
P A X H M  BEK>KOHOB

ATOM mPOCH 
BA 3APPAJIAP 

OH3HKACH

y36eKHCTOH XajiK TaiviHMH Ba3HpjiHrH neaa- 
rorHKa HHCTHTyTJiapn Ba yHHBepcHTeTJiap 

ynyH  yKyB KyjuiaHM a C H ^ a T H ^ a  TaBCHH 

3TraH

K A R T A  HLUJIAHTAH BA 

TyjlflM PM /irAH T y P T H H 4 M HALUPH

TOLLIKEHT «yK,MTyBMH» 1995



M a x c y c  M y x a p p H p :  (| )H 3 H K a- M aT eM a T H K a  (f )a H Jia p H  h o m 3 o a h  

K  A 3 U M O B

Ta K ,p H 3MH^ap: ne a a ro rH K a  (jiaHJiapH aoK TopH  B. M u p 3 a j f M e d o 8 ,  

a o n e H T  K  T e u ia 6 o e e

M a 3 K y p  K H T o fiA a  b to m  H iip o c H H H H r  x y c y c H H T J ia p H ,  H iip o  p e a K U H H Jia p H , 
(J- n a p n a j ia H H U j ,  y- H yp JiaH H U U , T e p M o n A p o  CHHTe3H x o 3 H p rH  33moh H a3ap H H -  
J ia p H H H H r  acocHii T y u iy H M a j ia p H ,  btom  3 H ep rH H C H H H  ojihui y c y ju ia p H ,  h h th  
3JieMeHTJiapHH xo chji k h jih u i, aTO M  a a p o j ia p H H H H r  y 3ap o  afijiaHHuiH, 
« L u a p n a »  3 a p p a  —  H eH Tp H H O H H H r o J ia M  T a p a K K H e T a a a r H  K a T T a  p o j ih ,  3 Jie- 
M e H T ap  3 a p p a J ia p H H H r  X H Ju ia p u ,  T a 6 H a T H , x o 3 H p rn  33moh ( J )H 3 H K a cH iia  
T y T r a H  y p H H , 6 y  c o x a A a r H  S H J iH M Jia p H H H r  (J)aH  B a  T e x H H K a a a rH  lo T y m ia p H  
e p H T H Jira H .

K h t o S  y K y B ^ H J ia p i t a H  K B a H T  M e x a H H K a cH H H , o j ih h  M aT e M a T H K a H H  
O JiA H H ixaH  6 h j ih u ih h  T a . ia 6  K H JiM a f if lH ,  u iy H H H r  y " iy H  X 0 3 H p ru  3 3 m o h  aTO M  
H A poC H  B a  3 a p p a J ia p  (|)H 3H KaCH HH y p r a H y B H H J ia p  y q y H  y T a  M a K 6 y j i  M yK aA A H -  
MaiiHp.

B 49

&eK)KOHOB P a \H M .
Atom tiapocH ea 3appajiap (|)H3HKacH: fle/i. 

HH-TJiapH Ba yH-TJiap ywyH yKyB KyjuiaHMa /  Max,- 

cyc Myxappnp: K- A3hmob/.— T.: $ KHTyBMH, 1994. 

576 6.

BBK 22.383h 7 3 + 2 2 .3 6 h 73

16 0 4 8 0 0 0 0 0 —  160
B ----------------------- 3 7 — 94  _  „

3 5 3 (0 4 )  —  9 5  ©  « y K H T y B iH »  H a u ip n e T H , T . ,  1982.
©  « y K H T yB H H )>  H a u ip n e T H , 19 9 5  h. y3- 

ISBN 5— 645— 02259— 9 r a p H iu j ia p  6 H Jia H .



TouiKeHT JXclbaclt ynueepcuTeTU H UH e  

75 i iu A A u e u z a  6 a F u u i A a n a d u .

KMPMLU

H/ipO (})H3HKaCH 3T0M HflpOCHHHHT Ty3HJlHLHH, yHHHT 

xycycHHTJiapn, H^po KyHJiapHHHHr Ta6naTH, H^po HMHflarH 
3appa;iapHHHr y3apo Tâ bCHp KOHyHJiapn Ba HflpoJiapHHHr 
napHajiaHHWH, y3rapHUJH xaKHflarH (})aHflHp. Hflpo <})H3HKacH 
c})H3HKaHHHr ujHflflaT 6HJiaH pHBO>KJiaHaeTraH TapMOFH 
XHCo6jiaHaflH. XIX acpHHHr oxnpjiapHAa xaM b t o m  hapoch 
XaKHfla 0JiHMJiap xeM KaHflaft Ma"bJiyMOTra ara 3Mac aflHJiap. 
JleKHH HHCOHHHT TapHXHfla XeM KaHAafi HJIMHH KaiU(})HeT Hflpo 
(})H3HKacHflarHiieK yjiKaH axaMHHTra mojihk  dyjiMaraH. 
OH3HKaflaH MyTjioKo y30K 6yjiraH KHUiHJiap xaM 6y 8>k o h h 6 

coxa lOTyKJiapHra 6ec})apK Kapaft oJiMafiflHJiap. Hzipo TyppncH- 
fla aHHarHHa MatJiyMOTra ara 6yjiHiUHMH3ra KapaMacflaH, 
TaflKHKOTMHJiap ojiflHfla xajiH 3a6T 3THjiMaraH nyKKHJiap 
Typn6flH. Hflpo c})H3HKacH MyaMMOJiapHflaH 6npH — MOflfla- 
HHHT Ty3HJIHUIH, HtHH MOflA3HH TaiUKHJI 3TyBMH «FHUITMa»- 
Jiap — 3JieMeHTap 3appajiap MyaMMocn/iHp. By 3JieMeHTap 
3appajiapHHHr Ty3HJiHiuH y eK/ia TypcHH, 6h3 xaTTO 
ajieMeHTap 3appa aeraHfla h h m 3 hh  TyuiyHHiu KepaKJiHTHHH 
X03HpHa 6HJlMaHMH3.

JleKHH yMHflCH3JiaHHUira ypHH fiyK. 5lApO (})H3HKaCH 
acpHMH3 ypTacHjja H33apHH Ba aMajiHH >KHxaTiiaH oJiaMuiy- 
Myji lOTyKJiapra apHiuflH. By lOTykjiaphhhr chphhh 6hjihiu 
ynyH >Ky/ja 6yjiMaraHfla, 3tom hapochhhhf Ty3HJiHuiH, iuaKJiH, 
TapKH^HH KHCMJiapH, yjiapHHHr X03HprH 33MOH MOflejUiapH 

xaM^a 3JieMeHTap 3appajiap Ba pe30HaHCJiap cncTeMacH, 
jienTOH Ba aApoHJiapHHHr xycycHHTJiapn, aHTH3appa Ba 
aHTHHflpojiap <})H3HKacH, 3appajiapHHHr c})yH/jaMeHTaJi y3apo 
Tai.CHpjiaujHUi KOHyHHHTjiapHflaH xa6apAop 6yjiHiu 3apyp. 
Yui6y khto6 6y 6opaaa xypMaTJiH KHTo6xoHJiapra 03 6yjica- 

a.a, ep^aM KypcaTap, aeraH yMHAAaMH3.
KHTo6fla yMyMHH H,upo <})H3HKacH KypcHAarHAaH c})apKJiH 

yjiapoK Hijpo Ty3HJiHiuHra KynpoK axaMHHT 6epHJiraH. CyHrrn 

VTTH3 HHJlfla Hflpo Ty3HJIHUJH TyFpHCHAaTH 6H3HHHT 6HJIHMJia- 

Phmh3hh MyKypjiauiTHpyBMH hhth MaTwiyMOTJiapra ara
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Gyji/iHK. yT K a3H /iraH  hjtmhh TaAKHKOTJiap ep /iaM H A a  3Jie- 

M eHTap  3ap p ajiap  opacH /iarH  (j>yH,a.aMeHTaji x ap aK T e p ra  sra 

SyjiraH y 3 a p o  T a b c n p  XHJiJiapHHHHr T3BCH(j)JiapH x a p  

TOMOHJiaMa ypraHHJi/iH. B h 3  yTa M y p a K K a S  hjimhh t3 /ik h k o t  

HiujiapH HaTH>KacHHH, H/ipo (j)H3HKacH, 3JieMeHTap 3ap p ajiap  

Ba lOKOpH 3HeprH H .iap  (j)H3HKaCH X aM A a  H A PO  (j)H3HKaCH 

lOTyKJiapHHH xaJiK x y *a jiH r H H H H r  x a p  xhji coxajiapH A a  

KyJIJIOBMH 3KC nepH M eH T3TOp  Ba Ha3apHHM HJiapH HHr MaH(j)a- 

aTHHH Ky3Jia6 h m kohh  SopHM a KeHr KyjiaMAa Ba M yKaM M aji 

TaXJlHJI KHJIAHK. B yH /iaH  H A PO  (j)H3HKaCH CO XaC H ^a  HIUJIOBMH 

3KCnepH M eH T3TO p  Hflpo Ty3HJIH LUH, 3JieMeHTap y 3 a p O  Ta"b- 

CHpJiap XHJiJiapHHH ypraHHiiiAa hhth  T a * p H 6 a j i a p  Ky H H iura , 

Ha3apHHM HJiap Hflpo 4>H3HKacH c o x a c H ^ a  xaJiH xaji khjihhm3- 

raH Macajiajiap, M yaM M OJiapHH eMHiura x a p a K a T  KHjicajiap 

MyajiJiH(j) y3 M aKcajiHra eT/iHM Aeca  6yjiaflH. T a 6 H H H K H , 

KHTo6/ia H/ipo (})H3HKacHHHHr M 0H0rpa(j)HH Ba M axcyc  

KyJiJiaHMaJiap/ia khm eKH eM OH epHTHjiraH yTa 3aM O H aB H H  

Macajia Ba M yaM M OJiapn  x a K H A a  MyajuiHtj) y3 (j)HKp- 

M yjioxa3ajiapHHH  Ba HyKTan  H a 3a p n H H  6HJiAHpraH. A(j)cycKH, 

Kyjie3M aHH Hauipra  Tafiepjiaui B aKTH Aa  h a p o  4>n3HKacHHHHr 

6ai>3H yTa Te3 pHBO>KjiaHaeTraH HyHajiHiujiapHfla Kyjira 

KHpHTHJiraH cyHiTH  lOTyKJiap KHTo6/ia  Tyjia y3 3 k c h h h  

TonM a/iH .

By khto6 MyajuiH(j)HHHr Kyn hhjijihk, neAarorHK Ta>KpH6a- 
cnra acocjiaHH6 esHJiraH. PncoJia/ia 3tom hapochhhht 
xycycHHTJiapn, Ty3HJiHuiH, H/ipo peaKUHHJiapH, 6eTa-napHajia- 
HHUI, raMMa- HypJiaHHIU, TepMOH/ipO CHHTe3HHH X,03HprH 
33MOH Ha3apHHJiapHHHHr acocHH TyujyHMajiapH, HHTH 3Jie- 
MeHTJiapHH XOCHJI KHJIHLH, 3T0M HApOJiapHHHHT y3apO 

aftjiaHHUiH, «uiapna» 3appa — HeftTpHHOHHHr ojiaM sbojiiouh- 
HCHAarn poJiH, 3JieMeHTap 3appajiapHHHr Ta6HaTH, x.03HprH 
33MOH (j)H3HKacHAa yjiapHHHr TyTraH ypHH, 6y coxaAara 
6HJiHMJiapHH (j)an Ba TexHHKaAa KyjuiaHHLUAarH lOTyKJiapH 
epHTHJiraH.

K h t o 6  yK yB M H A a H  o jiA H H /iaH  k b b h t  M e xa H H K a cH H H , o jin ft  
M a Te M a TH K a H H  6 h j i h i u h h  T a J ia 6  KHjiM aft/iH . U J y H H H r  yM yH  
y  3 t o m  h a p o c h  Ba 3 a p p a jia p  (})H 3H K acH H H  y p ra H y B M H Jia p  yM yH  
yTa M aK6yji M yK aA A H M a/iH p .

y36eK TH JiH A a  6hphhmh 6 o p  H a u ip  3 T H J ia e T ra H  6 y  K O M ycn ft  
khto6 ypTa MaKTa6HHHr iokoph CHH<j) yKyBMHJiapn Ba 
y K H TyB M H Jia p H fla H  topth6, to KyftH K y p c  C T y A e H TJia p H  Ba H/ipo 

(j)H3HKacH lO TyK Jia p H H H  6hjimokmh, y jia p H H  y 3  T a A K H K O T J ia p H - 
A a  (j)0ftAaJiaHM0KMH 6 y jir a H  x,ap xhji cjiaH c o x a c H A a r n  eui 
o jiH M J ia p ra n a , K O Jia B e p ca , H A p o  Ba 3 a p p a jia p  <})H3HKacHHH y3H
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Kac6 kh„th6 ojimokhh 6yjiraH hxujh hhhtjih yHHBepcHTeT, 
ne/jHHCTHTyT, CTy/ieHTJiapHra M y jm a ju ia H r a n .

Myaji.iH(|) Hiipo c{)H3HKacHHH ypraHHiura KHpHiuraH 
yKyBMH ywyH Ma3Kyp khto6 (|)OH/iajiH 6yjiap jjeraH yMHAAa. 
y khto6hhht HyKcoHJiapHHH KypcaTyBHH xap KaHAafl 
TaHKHAHfi C|)HKpjiapHH >KOH AHJIHA3H Ka6yjl KHJiaAH

K hto6 hh Harnpra TaflepjiauiAa (j)aH H0M30A.napn K- A3h- 
mob, F. KyJia6AyjuiaeB Ba M. Hap3HKyJioBJiapHHHr xh3- 

MaTJiapn KaTTa 6y.aAH.

1 A3H3 KHT0 6 X0 HJiapHMH3 ra U lyH H  aHTHfi K y H H U lH M H 3  KepaK-KH, HiipO 
(})H 3 H K acH  x a . iH  T y p r y H  a T a M a j i a p r a  ^ ra  S y j iM a r a H J in r H M H  M a 3 K y p  K H T o S a a  
6 a "b 3 aH  HApo xojiaT.iapH x a K H i ia  r a n  6 o p r a H H A a  Ky3rojiraH eKH y i i r o H r a H ,  
Hflpo K o 6 H K Jiap H  x a K H a a  kobbk  eKH TeuiHK, Ho6 ap K a p o p  a jip o jia p  x aK H fla  
i ia p H a j ia H H iu  eKH  eMHpHJimu, 3 H e p rn H B H H  c a T X J ia p  xaKH.ua T y p j ia H r a H , .  
afiH H raH , x H .u ia H r a H  eKH T H JiH H ra H , t h j i K a j ia H r a H ,  H/ipo 6 yjiH HH u i xo cH Jia Jia-  
pHHH TaBCHijwiaiuiia napwajiap Skh 6 y j i a K J i a p  a e 6  lo p H T H J ira H . B y j i a p  T e H r  
M aijH o-T ii cy3Jiap 6 v j ih 6  >KOHHra Kapafi M o c p o rn  H u i. ia T H . ia i iH .
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I 6  o 6

ATOM flAPOCH

1. l-§. AacTJiaSKH MaijjiyMOTjiap

XIX acp oxnpHAa xhmhhbhh sjieMeHTjiap y3rapMac Ae6 
XHCo6jiaHap/iH, Myhkh yjiapHHHr acocHH xoccajiapn TypjiH 
xhmhhbhh Ba (J)H3HK >KapaeHjiapfla y3rapMafl KOJiaBepap 3ah. 
JleKHH SyHAafl TymyHMaJiap/iaH paAHoaKTHB >KapaeHJiapAa 
6a"b3H 3JieMeHTJiapHHHr napMaJiaHHiiiH Ba 6ouiK ajiap H H H H r 

Xochji 6yjiHUiH aHHKJiaHHUiH 6HjiaH0K bo3 KeMHiura TyFpn 
Keji^H.

>K. >K- T o m c o h  1897 hhjia3 ajieKTpoHHH Kaiuc}) KHJiraHH.ua, 

3tom  K a H A aH A H p  CTpyKTypara ara 6yjiHLUH jio3hm Ae raH  (})HKp 
TyFHJiAH. 3jieKTpoH MaccacH BOAopoA aTOMH MaccacH^aH 

T a x M H H a H  2000 M a p o T a 6 a  khmhk SKaHJinrH aHHKJiaHraHH/iaH  

cyht, 3tom  M accacH H H H r KynMHJiHK khcm h  KaHAaflAHp Myc6aT 

3apH/uiH M acca  6hjuih  6o f .th k  iieraH TaxMHH n aH A O  6yji/i.H. 

3 h a h  6yTyH HeflTpaji aTOMAa Myc6aT Ba MaH(})Hfl KHCMJiap 

KaH^afl TaKCHMjiaHraHJiHTHHH aHHKJiaiu 3apypaTH  TyFHJiaAH.

A T O M A a r n  M y c 6 a r  Ba MaH(})Hfl 3apHAJiapH HHr TaKCHMJia- 

HHUI X apaK TepH H H  HXLHHpOK 6hJ1HUI yqyH  aTOMHHHT hmkh 

coxajiapHH H  CHHMHKJia6 «na fln ac jia6»  K y p n m  3 a p y p  sa h . LUy 

M aK c aA A a  M au ixy p  hhtjih3 (})H3HrH 3 p H e c T  Pe3ep<})opA 6HJiaH 

yHHHr xoAHMJiapH Ta>KpH6a y T K a3H 6, a- 3 a p p a  M OAA aH H H r 

lonKa K a u ia M H A a h  yTaeTraH Aa  y3 flyHajiHLUHHH y3rapTHpn- 

UIHHH —  COMHJIHIUHHH Ky33TAH . (a- 3appaJiap  6aTi3H 3Jie- 

MeHTJiap p aA H oaK TH B  n a p n ajiaH raH A a  KaTTa Te3JiHKAa a * p a -  

jih6 H H K aA H raH  rejinflhhht hkkh  M ap Ta  HOHjiauiraH aTOM jiapn 

3Kahjihth  1909 flHJiAa Ta>Kpn6ajiap acocHAa h c 6o t  khjihh- 

r a H ). B y  Ta>Kpn6ajiap  KyflHAarHMa yTKa3HJiraH. Kypfouihh-  

A 3 h  HcajiraH «yflna» ra a- 3 a p p a  M a H 6a H  6yjiraH paAH oaKTH B  

M OAAa  >KOHJiauiTHpHJiraH. «yflMa» h hh t  khm khh3 TeuiHrHAaH  

a- 3 a p p a jiap  AacTacn m hk 3ah . X lacTaH HHr flyjinra MeTaJiJi 

H n p o K n a  ((})OJibra) KyfiHJiraH, (})OJibraAaH yTaeTraH  a- 3appa- 

Jiap y3JiapHHHHr AacTJia6KH flyHajiHLUHHH TypjiH 6 y p n a K



ocTHfla y 3rap T H p raH . CoMHJiraH a- 3ap p ajiap H H H r  sxpaH ra  

ypHJiHHJHAaH x,ochji SyjiraH cuhhth jthuhh  (H a K H a iu ) * a p a e H H  

MHKpocKonfla Ky3aTHjiraH. T a * p H 6 a f l a  a- 3appaJiapHHH r 

SaiDSHJiapn >Kyfla KaTTa (AenpjiH 1 8 0 °  r a n a ) SypqaKfla 

coMHJiHHJH aHHKJiaHraH . OjjH H raH  H a T H ^ a jia p r a  acocjiaHHS, 

Pe3epc})opfl 3tom  HHHfla >Kyaa kh h h k  x a * M r a  TynjiaHraH Ba 

KaTTa M accara  TerHUJJiH KynjiH M y c6aT  3JieKTp Mafi/joH (Hiipo) 

MaB>Ky/i 6y jiraH A arH H a  a- 3ap p a jiap  ujyHflaft KaTTa 6y p n a K K a  

6ypnjiHUiH M yMKHH, fleraH xyjiocara KeJiaflH.

A t o m h h h t  6 y  Mo/iejiHAa 3JieKTpoHJiap Hflpo aTpo(})Hfla 

woftjiainaiiH. SjieKTpoHJiap cohh  aca uiyHAaftKH, yjiapHHHr 

ftHFHHflH MaH(()Hfi 3apHflH HflpOHHHT M y c6aT  3apHflHHH 

HeftTpajuia6 TypaflH. O a aT fla , ajieKTp 3apnflH 6hpjihth  

CH(J)aTHfla 3JieKTpoH 3apnflH e =  1 ,6 0 2 1  • 1 0 “ 19 K  ojiHHaAH.

A t o m h h h t  MapKa3Hft 3apn/i.H Z e  hh Ba a- 3 a p p a H H H r  3apH AH  

Z ae hh HyKTaBHfi a e 6  ojih6, Pe3ep(})opfl yjiap opacHiiarH y 3a p o

TatcnpjiauiyBH H  KyJioH K O H y h h

ra 6yficyHaji.H jxe6 x,nco6jiaAH; 6 y  ep/ia r —  3apnfljiap 

opacHflarn Maco(})a. Hflpo uiyHHa.iHK o fh p k h , TyK H auiyB  

nafiTHfla y hh th h h  xoJiaTAarH HApo  iie6 K apaui M yMKHH. 

Pe3ep(})opfl a- 3ap p ajiap H H H r  HApo  MaftflOHH/iarH TpaeKTopHH- 

ch TH nep6ojiaAaH  H6opaTJiHTHHH KypcaTjiH, Hflpo aca yHHHr 

TauiKH  c|)OKycHfla >KoftjiauiraH 6yjiaflH. ^ H e p r H H  Ba x a p a K a T  

M HKAOpH  MOM eHTHHHHT CaKJiaHHIIl KOHyHHHH Ba UjyHHHrfleK, 

rnnep^ojiaHH Hr reoMeTpHK xycycHHTjiapHHH X H Co6ra  ojiraH 

XOJifla Pe3ep(})opA y3HHHHr M au ixy p  (})opMyjiacHHH H p a T A H :

B y  ep aa  d N  —  cohhjihui HyKTacHflaH r Maco({)afla d Q  

>khcmohhii 6 y p n a K K a  Typpn KejiraH Ba 0 6 y p n a K  ocTHAa 

coHHJiraH a- 3appaJiapH H H r coh h ; 0 —  ajib(})a 3a p p a H H H r  

coHHJiHUiAaH ojiahhth Ba KeftHHrH ftyHajiHiiiH yp T acH A aru  

6 y p n a K , jV0 —  conyBHH n n p o K H a  TyuiaeTraH  A a c T a a a rH  

a- 3ap pajiap  cohh , t —  conyBHH n n p o K H a  KajiHH-iHTH, n a —  

conyBHH MOAijaHHHr 1 cm3 AarH  HApoJiapH cohh , m a Ba V a —  

moc paBHUiAa 3a p p a H H H r  M accacH  Ba 6ouuiaH FH H  Te3JiHra.

Pe3ep(})opA (})opMyjiacHHHHr ajiox,HAa xycycHHTH uiyHAa- 

k h , y a- 3appajiapHHHr coHHJiraH k h c m h  coh h jih u j  6ypnarH
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apMHCH CHHycHHHHr TypTHHMH jxapa>KacHra Ba a- 3appajiap  

SHeprHHCHHHHr KBazipaTHra TecKapH nponopuHOHaji 3K3hjih- 

thhh  KypcaTHS 6epaflH. Ta>KpH6ajiap a-3appajiapHHHr ofhp  

3jieMeHTJiapfla cohhjihujh ynyH Pe3ep(})opA (JjopMyjiacHHHHr 

TyppHjiHrHHH TacAHKJiaAH. a-3appa TyKHauiraHAa hapohhht  

chji>khihhhh *HCo6ra ojiraH/ia 6y H33apHH eHTHJi 3Jie- 

MeHTJiapaa a-3appajiapHHHr coMHJiHUiHra oha T a w p H 6a  

H3TH>KaJiapHHH ^aM  TyppH TyiliyHTHpaAH. (1 .1 ) AaH KypHHH- 

UIHHa,

“ • sin4y = > l = = c o n st. (1 .2)

ZleMaK, A y3rapMac 0 6ypMaKKa 6ofjihk 3Mac. By aca 

Pe3epc}>opAHHHr a-3appajiap MOAAa/iaH yTaeiraHHAa Myc6aT  

3apHjyiH ofhp 3appajiap/iaH KyjioH Kynn TatCHpH/ia comhjih6 

y3 ftyjiHHH y3rapTHpaAH AeraH AacTJia6KH t3Xm hhh TyppH 

3K3H.THrHHH HC6 0TJiaHAH. KyJIOH KOHyHH a-3appaJiap 6HJiaH 

coHyBHH H/ipo opacH/iarH Macoc{)a 10“ 12 cm 6y.TraHra KaAap  

Typpn sKaHJiHTH *aM  Ta>KpH6a/iaH aHHKJiaHAH. ZleMaK, 3tom  

MapKa3HAarn Myc6aT 3apH/iJiaHraH ofhp Macca (H/ipo) 

aTOMHHHT HHXOHTAa KHHHK X,3>KMHHH HUIFOJl 3Tap 3K3H.

4>yHAaMeHTaji y3apo Tafecnpjiap. X o 3 H p r H  B aKTAa  400 ra 

h k h h  3JieMeHTap 3ap p ajiap  Mat-nyM. Y jiapH H H r acocHft 

xycycHHTJiapHAaH  6 n p n  —  y s a p o  y3rapHU ira  ko6hjijihfhahp . 

3 a p p a jia p  h h x o h t a 3  Kyn 3JiacTHK Ba H03JiacTHK cohhjihiu 

*a p a e H J ia p H A a  x a M A a  >KyAa Kyn TyFHJiHiu Ba napnaJiaHHiu 

peaK UH H jiapH A a  h uithp o k  s t b a h . ByHAaft Kyn TypjiH xhji 

aftjiaHHUuiapHH (})aKaTrHHa 4 T H nA arn  (})yHAaMeHTaji y 3 a p o  

Ta-bcnp 6 o u iK ap a A H . Y jiapHH  (})H3HK * a p a e H J ia p  Ba x,OAHca- 

JiapHHHr 6ejirHCH A e 6  x a M  K apaui M yMKHH.

1. KyHJiH y3apo Ta^CHp aApoHjiap Ae6 aTaJiyBHH 3appa- 

Jiapra xoc. M acajiaH , npoTOH Ba HeftTpoH yjiap KaTopnra 

KHpaAH. Kynjin y3apo Tai.cHpHHHr 3Hr Ma^jiyM KypHHHUiH —  

HAPO KyH.iapHAHp.

2. SjieKTpoMarHHT y3apo Tai>CHp 3apnAJiaHraH 3appajiap 

Ba (})OTOHJiapra xoc. ^pTana x,0JiAa yuaa HeftTpaji 3appaJiap 

\aM KaTHauiHuiH MyMKHH. 3jieKTpoMarHHT y3apo TatCHp Kyn 

ypraHHJiraH.

3. KyncH3 y 3 a p o  Ta-bcup AenpjiH x a M M a  3ap p a jia p ra  xoc. 

3 a p p a jia p H H H r  H H c 6a T a H  ceKHH napnaJiaHHUiJiapH Ba 6ou iK a  

ceKHH yT aA H raH  >KapaeHJiap uiy y 3 a p o  Tai>CHp Ty(})aftjiH 

6yjiaAH . KyHCH3 y 3 a p o  Tai>CHpHHHr acocHH KypHHHUiJiapAaH 

6 h p h  —  3t o m  HApojiapHHHH r 6eTa- napHajiaHHUiHAHp.

4. fpaBHTauHOH y3apo Tai>CHp yHHBepcaji 6yjiaAH.
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KoHHOTflarH xaMM a 3appa Ba >KHCMJiap yHAa hujthpok s t b jih . 

YjiapHHHr Te3JiaHHUJH «rpaBHTau,HOH 3apnAra», hi>hh Maccara 

6 0 FJIHK 3MaC.

X a p  K,aHAaft y 3 a p o  Tai>CHpHH y^Ta  n ap aM e T p  SHJiaH 

TaBCH(|)Jiaiii M yM KHH: h h t c h c h b j ih k , Ta"bCHp paAH ycH  Ba yHHHr 

ajieMeHTap aKTH aMajira ouiHpHJiaAHraH opajiHK b b k t . 

yjiapH HHr KHftMaTjiapH 1.1- >KaABajiAa KeJiTnpHJiraH Ba 

KHCKaMa Tai-pHc^jiaHraH. TyjiHKJiHK ynyn  y H ^ a  x a p  6 n p  y 3a p o  

TaijCHpHHHr M exaH H 3M H  KypcaTHJiraH. y 3 a p o  T atC H p  Ty^aftjiH 

K)3 6ep raH  >KapaeHJiapHH 3JieMeHTap aKTJiapra 6yjiHiu 

M yMKHH. By aKTJiap opKaJiH uiy MexaHH3MJiap aHHKJiaHaAH. 

By x aK A a  VIII 6 o 6 A a  6aTat|)CHJi 6 a e H  k h j ih h 3 a h .

1 . 1 - x a A s a j i

N9 foapo Ta-h- 
CMp

Mexann3M HHTeHCMB-
JIMK

TatCMp
paAwycH

XapaKTepjiM 
Baî T, Ty c

1 KyMjin rjiwoHJiap 6h - 
jiaH ajiMamjiaiu

r o 10-15 10-23

2 3jieKTpo-
MarnHT

OoTotwap 6h- 
jiaH ajiMauuiaiu

1/137 00 _10-20

3 KyMCH3 S^pTana 6o3o h - 
jiap 6nnaH aji- 

Mauuiaui

^io-io -10-18 ~10_ 13

4 TpaBMTa-
UHOH

rpaBMTOH 6h- 
jiaH ajiMauuiam

10-38

Xap KaHAaft aTOMAa 3JieKTpoHJiap 6hp-6hph Ba HApo 
6HJiaH aMaJiAa 3JieKTpoMarHHT Ky^Jiap opKajiH 6oFJiaHraH, iuy 

ca6a6jiH 3tom  (})H3HKacHAa cfiaKaT 3JieKTpoMarHHT y3apo 

TatCHpHHH XHCo6ra  ojihui jio3hm. H a poAa HyKJioHJiap HApo 
KynjiapH epAaMHAa 6oFJiaHraH, np0T0HJiap opacHAa ajieKTpo- 
MarHHT KyMJiapn xaM Tai.cHp KHjiaAH. ByHAaH TauiKapn HApo 

KyMJiapn Ba p-*apaeHJiap yMyH >KaBo6rap 6yjiraH KyMCH3 
y3apo Tatcnp  TycJjaftjiH HApojiap TypjiH y3rapHiujiapra 

yMpaftAH. IUyHHHr yMyH anpo <J)H3HKacHAa rpaBHTauHOH 

Ta^bcnpAaH TauiKapH 6apMa (J)yHAaMeHTaJi y3apo Tai>- 

cnpjiapHH xnco6ra ojihlu jio3hm. By HApo (f)H3HKacHHH 6np 

TOM OH A3H , >KyAa M33MyHJlH, HKKHHMH TOM OH A 3H  3Ca, >Kyfla 

MypaKKa6jiauiTHpaAH. flHa/ia KynpoK Aapa>KaAa 6y  peJiHTH- 

bhcthk  KBaHT Ha3apHHCHra acocjiaHraH 3JieMeHTap 3appajiap 

(J)H3HKacHra TaajuiyKJiHAHp (VIII 6o6ra KapaHr).

9



1.2-§. # A p o  <]>H3HKacHAarH aT aM ajiap  B a  Karra./iHKJiap

yjinaMH

Atom  HApocHHHHr MaB>KyAJiHrHHH KypcaTraH 3 .  Pe- 

3ep(})OpAHHHr, HeftTpOHHH KaiU(J) 3TraH >K- MaABHKHHHr 

HiujiapHAaH 6oaiJia6 6apMa Ta>KpH6a HaTH>KajiapH 3tom 

hapoch HyKJioHJiap Ae6 arajiyBMH npoTOHJiap Ba Hefi- 

TpOHJiapAaH H6opaTJIHTHHH KypCaTAH. ftapo HyKJIOHJiap 

CHCTeMacHAaH H6opaT. ^A p oA arH  HyKJioHJiap, aMajiAa, y3Hra 

xoc xycycHH Tra  ara. A a p x a K H K a T , yjiapHHHr HApoAarn 

6oFJiaHHiu sHeprHHCH 3JieKTpoHJiapHHHr aTOMAarH 6oFjiaHHiu 

3HeprnHCHAaH aHHa KaTTa (npoTOH ynyH —  8  M a B ,  3JieKTpoH 

ynyH 10— 100 K s B ) .  JleKHH 6y  3HeprHH HyKJioHJiapHHHr t h h m  

x,ojiaTAarH 3HeprHHCH —  A f ,v ~ 1 0 3M 3 B  h h h t  6np (})OH3AaH 

K3MHHH TaUJKHJI 3T3AH.

HApoAa HyKJioHJiapHH 6oFJia6 TypyBMH t o p t h u j h iu  Kynjia- 

pn KyMJiH y3apo TatcHp Ae6 aTajiraH Ta^C H p jiap ra  TerHuuiH 

6yjiaAH. ByHAaH TauiKapn HyKJioHjiap opacHAa 3JieKTpo- 

MarHHT KyMJiap Ta^bCHp s t b a h , uiyHHHrAeK, HApoJiapHHHr 

6eTa-napMajiaHHUiHAa rcoara KejiyBHH KyncH3 y3apo Tatcnp  

MaB>KyA. H A po  CTpyKTypacH ynyH 3JieKTpoMarHHT Ba KyMCH3 

y3apo Ta"bCHpjiap >KyAa Karra poJib yfiHaMafiAH, jic k h h  yjiap 

TypjiH HApoBHfi >KapaeHJiapHH ypraHHUiAa Myx,HM ypHH 

TyiaAH. ^y M Jia A a H , yjiap opKajiH h a p o h h h t  HyKJioHJiap 

HHKapa OJiMafiAHraH 6oFjiaHraH xoJiaTjiapHHHHr Typpyhjihth  

aHHKJiaHaAH. ByHAafi X0JiaTJiap (JiaKaT KynjiH y3apo Ta"b- 

CHpjiap 6yjiraHH .aarHHa TypryH 6yjiaAH . Ky4CH3 Ba 3JieKTpo- 

MarHHT y 3 a p o  T atC H pjiap  6yjiraHJiHrHAaH 6oFjiaHraH x,0JiaT- 

Jiap 6era-3appaJiap Ba raMMa-HypjiaHHUira HHc6aTaH TyppyH 

6yjiMafiAH.

H a p o  CTpyKTypacHHH KypH6 HHKHiura yTHUiAaH aBBaji 

HApo (J)H3HKacHAa yHpafiAHraH KaTTajiHKJiapHHHr TapTH6HHH 

TacaBByp khjihui, yHAa KyJiJiaHHJiaAHraH 6HpjiHKJiapHH 

aHHKJiaiu, yKyBHHJiapHH HApoBHfi xoAHcaJiap TaBCH(J)HAa 

HuuiaTHJiaAHraH aTaMaJiap 6HJiaH TaHHiuTHpHiu MaKcaAra 

MyBO(})HKAHp.

H A po  (})H3HKacHAa >KyAa k h m h k  Macoc{)ajiapAa KenaAHraH 

>KapaeHJiap MaB>KyA- H a p o  yjmaMH TaxMHHaH 10-13 —  

—  1 0 “ 12 c m  h h , npoTOHJiap Ba HefiTpoHJiapHHKH 3ca, 1 0 “ 13 CM 

HH TaiUKHJl 3T3AH. FIpOTOHJiap, HefiTpOHJiap Ba 6oiUKa 

KynrHHa 3JieMeHTap 3appajiap opacHAarn Ta^CHp paAHycH 

xaM  aHa uiy KaTTajiHK opKaJiH 6eJirHJiaHaAH. KyHJiH y3apo 

Ta"bCHp aca, KHCKa Ta"bCHp paAHycnra ara. Y  b t o m  yjmaMJiapn 

( 10“ 8 c m ) Aarn Maco(})ajiapAa x ,aAA aH  TauiKapn k h h h k  6 y j iH 6 ,
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THponap Amontap

[p  tpnnn*
duaMe/npu uu/tu

Hhcoh maHocu- Epdon qyputeavQ 
huhs y/woM/iapu d$moH mcotpa Andpo/feda

rnyMOHlM̂U

70

♦

1K

8)

'///////A ndponoD

3/ieMeHmap
3appaJiop

10'

\

300 K

Kflmmwf /Kucnnap, MoneKVJtanap 

~ 3B103 10 n

fyetu uvudaeu 
meMnepamypa

HeumpoH tandy3- 
K,ammun Mummu on napMum uuku Kppa

xucM/iap mndymap caxa/iapu myiinyKAap

10" 10°\
Cv6

10* 10’

fidpoBuu
Modda

1. 1- paCM . a )  X a p a K T e p jin  M aco< t)ajiap .TaxM H H aH  1 0 ~ i7m n a H  K H 4H K  

e o x a jia p  a x u m  y p r a n H JiM a ra n . X o 3 H p r H  naHTiia 6 y  c o x a jia p a a  h h th  T y p a a n i  

Kyqjiap Ba h h th  xoiiHca-iapHHHr Karni)) k h .th h h ujh  KyTH jiM O K A a; 6 )  K y 3 r a T H in  

jH epriiHjiapH HHHr x a p a K T e p .m  KaTTajiHKjiapH. LLlyHHHriieK, KypcaTHJiran  

SH eprHHJiapra moc KCJiyBMH T C M n e p a T y p a jia p  K H H M a T jiap H  x a M  S epn jir aH ; 

b) 3 n luiH K .TapH H H r xapaKTepjiH  K H H M a T jiap n .

TaxMHHaH 10~13 cm jihk Hflpo Maco(|)ajiapHfla 3ca, >Ky/ia 
KyMaHAH (1.1- pacM).

OepMH Ae6 aTajiraH, 10“ 13 cm ra tchl Macoc})a H/Lpo 4>h3h- 
KacHAa xapaKTepjiH 6y,TH6, C H  cncTeMacH/ia 6y 6hpjihk ())eM-

-  13
CM = 10-TOMeTp iie6 aTajia/iH: 1 (})epMH=l c})M=10 

(c})eMT0 ... femten yH 6em cy3HAaH o.thhrah).
B a K T  LUKa.nacH Macoc})a m Kajiacnra  ajioKaaop . Hflpo 

3ap p acH H H H r  a/ipoHH Kecn6 vthlljh ywyH 3 a p y p  6yjiraH b b k t  

H/LpoBHH >KapaeHJiap yuyH xap aK Tep jiH anp . By KaTTajiHK x =  

=  R/v M y H o ca6aT A aH  ojihhhuih M ym khh. By epfla R —  Hflpo 

y jm aM H , v —  HyKJioHHHHr Te3JiurH. R =  10~ 13 cm, HyKJioHHHHr 

yTa K3TT3 Te3JlHTHHH epyFJlHK Te3JIHrHP3 TeHr AecaK , v =  
=  10"’ c m /c  6yjiraH xoji yMyH t = 1 0 ~ 23 cm 6yjiaflH. LUy 
BaKTiiaH aHHa Karra  6yjiraH BaKT.nap HApo >KapaeHJiapH ynyH 

yjiKaH 6yjiu6, >Ky/ia KHMHKJiapn —  KHCKa BaKTJiap XHCo6jia- 

Hajxtt.
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H ^ p o  (| ) H 3 H K a C H A a  3 H e p T H H  6 H p j l H T H  C H ( } ) a T H i i a  3 J i e K T p O H -  

B O J i b T  ( 3 B )  B a  y h h h r  K y n a H T M a j i a p n :  K H J i 0 3 J i e K T p 0 H B 0 J i b T  —  

103 (K^B), Mera3JieKTp0B0JibT— 106 (MaB), rnrasjieKTpoH- 
B O J i b T —  10° (TaB) o j i H H r a H .  1 aB ^ e r a H i i a  1 B n o T e H U H a j i -  

v i a p  c j ) a p K H  T a t c H p H i i a  T e 3 J i a T H J i r a H  3 J i e K T p o H H H H r  o j i r a H  

3 H e p r H H C H  T y u i y H H J i a A H ,  h t > h h  1 3B=1,6-10~19 K (KyJiOH).

1 B=l,6- 10~ 19 > K =  1,6-10 —  2 a p r .  R n p o  cJ)H3 H K a c H  c o x a -  

C H / i a  M e r a - a j i e K T p o H  B O J i b T  T a p T H 6 H 4 a r n  S H e p r n H  K y n p o K  

y w p a H i i H .  M a c a j i a H ,  a a p o / i a H  6 H T T a  H y K j i o H H H  a > K p a T H 6  o j i h u i  

y M y H  T 3 X M H H 3 H  8  M ^ B  S H e p T H H  C a p ( } ) J i a H a f l H .  3 j i e K T p O H B O J l b T  

T a p T H ^ H A a r H  3 H e p r H a  3 t o m  T H 3 H M J i a p n  y M y H  x a p a K T e p j i H ,  

3 T O M  H f l p O J i a p H H H H r  y H F O H H L U  ( K y 3 F O J I H L H )  3 H e p F H H J i a p H

Mera 3JieKTp0HB0JibTHHHr yH^aH 6HpjiapHaaH t o p t h 6 t o  

6np  HeMTacHrawa 6yjiaAH, rnrasjieKTpoHBOJibT TapTH6n/iarH 

SHeprHH 3ca, 3JieMeHTap 3appajiap coxacnra TerHiujiHflHp.

HyKJiOHJiap Ba H/ipojiapHHHr Macca Ba HMnyjibCJiapn xaM  

3HepTHH 6HpjlHKJiapHAa, HTjHH epyFJIHK Te3JIHTHHHHr, MOC 

xoji/ia, KBa^paTH Ba 6hphhmh ^apam acH ra  6yjiHHraH 

Mera3JieKTp0HB0JibTJiapfla H(})OAajiaHaAH. By 6npjiHK.TapHH 

TyiuyHTHpHin ynyH apKHH 3appaHHHr Tyjia 3HeprHH (£ )  ch, 

Macca (m ) ch Ba HMnyjibc (p ) hhh 6ofjiobmh Maxcyc 

hhc6hhjihk Ha3apHHCHHHHr (})opMyjiacHra M y p o *a a T  khjihui 

■103HM:

E2 =  p2c2 +  m V .  (1-3)

By c{)opMyjia4aH KypHHHiiiHMa, 3appaHHHr Tyjia 3HeprHHCH 

hkkh KHCMiiaH H 6o p aT : x a p a K a T r a  6ofjihk 6yjiMaraH thhm 

XOJiAarH 3HeprHH (moc2) Ba 3appa HMnyjibCH (pc) ra 6ofjihk 

3HeprHH. Arap 3appa thhm x,oji^arn SHeprnnra ara 6yjiMaca, 

y XOJi/ia (1.3)

E =  pc (m =  0)

KypHHHLUHH ojiaflH. A rap  t h h m  xoji/ia MaccacH HOJira TeHr 

6yjiMaraH 3appa xapaKaTJiaHMaca, y xojiaa Mauixyp

E =  mc2 (p =  0)

H(})Oil.aHH OJiaMH3.

A rap  3appaHHHr Macca Ba 3HeprHHCH Ma-b.iyM 6yjica, 

y xojiaa HMnyjibC KHHMaTHHH (1.3) (J)opMyjiaflaH Ka6yji 

K H JiH H ra H  6HpjiHKJiapaa ( Mera-3JieKTp0HB0JibTHHHr epyF.THK 

Te3JiHrHra HHc6aTH) aappoB  ojiHHaAH.

HyKJioHJiap Ba HiipoJiap MaccajiapH rpaMMJiap/ia xaM 

H(})OAajiaHaAH.

H a p o jia p  yMyH Macca 6hpw1hth CH(})aTH/ia M accaH H H r  aTOM  

6 h p jih t h  (M .a .6 .) AaH (})OH/iajiaHHJiaAH.
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(1 .2 ) 4)opM y.iaHHHr Ta>Kpn6aiia TacAHKJiaHHiuH Pe- 

3ep(})op/i TaKJiHtJ) 3TraH 3tom  a/ipo Mo/iejiHHHHr Tyjia K,a6yji 

KHJiHHHLUHra ojih6 KejiAH; aroM  x a M M a  M accacH  My>KaccaM- 

Jiam raH  M yc6aT  3apnjutn yKyj^a kh h h k  aj,po/iaH Ba yhh  y p a 6  

TypraH  MaH(})HH 3apn/iJiH 3JieKTpoHJiapAaH TauiKHJi TonraH 

CHCTeMa/iaH n 6o p a T . B yH /iaH  TauiKapH, Pe3epi})op/iHHHr 

COMHJIHUI KOHy HH 3T0M  H/ipOJiapHHHHr 3apH/l KaTTaJIHTHHH 

TonHiura m m  hm koh  6ep/iH. X y c y c a H , TypjiH Mo/i/iajiap/ia 

a-3appaJiapHHHr coHHJiHuiHra o h a  Ta>Kpn6a HaTH>KajiapHHH 

M y x o K a M a  khjih6, KaTop  aTOMJiap H/ipojiapHHHHr sapH/i. 

KaTTaJIHPH aHHKJiaHAH. HH rjlH3 (J)H3HTH Ma/IBHK MHC, KyMyUI 

Ba njiaTHHa yuyH  /4 (1 .2 )H H H r  KH HM aTHHH  y jm a 6 , 6y  

3JieMeHTJiap H/ipojiapHHHHr 3apHAH (Z )  mhc yqyH 2 9 ± 1 ,  

KyMyui yqyH  4 6 ±  1 Ba njiaTHHa ywyH 7 8 ± 2  3KaHJiHTHHH TonAH 

(h a p o  3apHAJiapn ajieKTpoH 3ap H A H  6HpjiHTHAa 6ep H JiraH ).

M aA B H K  Ta>Kpn6ajiapH HaTH>KacHHH KyHT 6HJiaH y praH raH  

BaH-AeH-BpyK 3JieMeHTJiapHHHr h a p o  3apHAJiapn  k h h m 3 th  

x h m h h b h h  3jieMeHTJiap >KaABajiHAath 6y  ajieMeHTjiap ypHH- 

hhht T ap T H 6  coHHra Typpn kcjihuihhh nafiKaAH. X h m h h b h h  

3JieMeHTJiap >KaABajiHAa ajieMeHTjiap ypHH yjiapHHHr 3tom  

OFHpjIHKJiapH 6HJiaH 3M aC , 6a.1KH HApO 3apH AH  KHfiMaTH, 3TOM 

HOM epn 6HJiaH 6ejirHJiaHaAH. X h m h h b h A  ajieMeHTjiap >KaABa- 

jiHAarn 6 h p  3JieMeHTAaH hkkhhm h 3/ieMeHTra yTHJiraHAa yHHHr 

aTOM  h ap o ch  3ap n A H  6 n p r a  y 3rap aA H . B y  mocjihk MycTaKHJi 

paBHUlAa M 03JIH  TOM OHHAaH  TaCAHKJiaHAH. y  HApO 3apH AH H H  

ahh kjiau ih hh r  ajieMeHTJiapHHHr peiiTreH cneKTpH hh  ypra- 

HHiura acocjiaHraH MeTOAHHH Kauu}) s tah . Mo3J1h 3Jie- 

MeHTJiapHHHr xapaKTepncTHK peHTreH HypHHHHr /(- MH3HFH 

MacTOTacH v s AaBpHfi >KaABajiAaph sjieMeHT T a p ™ 6  HO M e p n - 
HHHT Op T H 6  6opHLUH 6HJiaH aCTa-CeKHH Op TH 6  6opHUIHHH 

aHHKJiaAH: ^JvK~ Z ,  6y ep^a Z  —  HApoAarn Myc6aT 3apHA

KaTTajiHrH 6yjiH6, 6y ajieMeHTHHHr btom HOMepHra moc 

KeJiaAH. HefiTpaji aTOMAarn 3JieKTpoHJiap cohh x,aM Z ra TeHr.
SlnpoHHHr ajieKTp 3apHAH Myc6aT Ba ajieMeurap (ajieKT- 

poH) 3apHA KaTTajiHrn e =  1,6021 • 10-19 Kji ra KappaJiHAHp. 
Yhh Ze KynafiTMa KypHHHiuH/ia H(})OAaJiaHaAH (6y ep^a 

Z  aTOM HOMepn). LLIyHAafi khjih6, 6epnjiraH aTOMHHHr 
MeHAeJieeB >KaABaJiHAarH ypHHHH 6HJiAHpyBMH aTOM HOMepn 

Z  x,aM MyafiHH 3JieMeHTHHHr xhmhhbhA xycycHHTHHH aHrJiaTa- 
ah, MyHKH 6apMa xhmhhbhA >KapaeHJiap 3JieKTpoHJiapHHHr 
KafiTa >KofijiauiHuiH Ty(})aftjiH 103 6epaAH. 3jieKTp 3ap«AH 3tom 
HApocHHHHr acocHft xapaKTepHCTHKajiapHAaH 6npHAHp; y Hefi-

1.3- §. f lA p o  3apa,o.H ea  3to m  HOMepn
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Tpaji aTOMflarn 3JieKTpoHJiap c o h h h h , x h m h h b h h , onTHK 

(sH eprH H  caTXJiapn) Ba So iuKa  c{)H3HK xycycHHTJiapHHH 

aHHKJiaflAH.

A t o m h h h t  hhth  Hflpo MO/ieJiHHHHr KaSyji khjihhhuih  SHJiaH 

oriTHK Ba peHTreH cneKTpjiapHHHHr Ty3HJiHi±iHHH TyiuyHHiii/ia 

HHa/ia lOKcaKJiHKKa 3phluhji4h . H aTH > KaAa  1913 hhjih 

aTOM H H H r x a M M a r a  M atJiyM  H. B o p  Ha3apH H CH , KeflHHMajiHK 

3ca yHHHr KBaHT-MexaHHK t3 jik hh h  B y w y a r a  kcjiah: btom  

H/ipo/iaH Ba yHHHr aTpo(})Hiia TypjiH Macoc})aAa afljiaHHS 

lopyBMH ajieKTpoHJiapflaH TauiKHJi TonraH .

1.4-§. Jlflpo TaBCH(|)jiapH

Atom  HApojiapHHHHr rpaMMJiapAa H(j)OAajiaHraH Maccajia- 

pn wy/ia khhhk (10-24) 6yjiH6, yjiap o/iaT/ia ajioxHiia 

6HpjiHKJiap^a H(})OflajiaHaAH. 1960— 1961 fiHJiJiap.n,a XajiKapo 

yioiiiMajiap TOMOHH/iaH l2C h30tofih aTOMHHHHr MaccacHra 

acocjiaHraH 3tom OFHpjiHKJiapHHHHr iuKajiacn khphthjiah. '2C 
H 30T 0n H H H r  OFHpjlHTH pOCa 12,00000 6HpjIHKKa TeHT Ae6 

Ka6yjl KHJ1HH4H.

yui6y  KHTO^Aa Ba UiyHHHTAeK, HApO (})H3HKaCH Ba HAPO 

x h m h h c h  6yfiHMa KeflHHTH 6ocHJiraH afla6HeTJiapaa aTOM 

oFnpjiHKJiap h h f h  yrjiepoA uiKajiacHiia H(})OAaJiaHraH. Aiia6Hft 

MaH6ajiap 6njiaH HiujiaraHAa Ba Ta>KpH6a HaTH>KajiapHHH 

y3apo TaKKOCJiaraH^a aH^a HJirapHrn HUiJiap^a l60  ra 

acocjiaHraH uiKajia HuiJiaTHJiraHJiHrHHH xnco6ra ojihui KepaK.

UlyHH Ha3apaa TyTHiu KepaKKH, xap  KaHflafl uiKajiaHH 

HUiJiaTraHAa xaM  >KaABajuiapAa H/ipo Maccajiapn 3Mac, 6ajiKH 

aTOM MaccajiapH KeJiTHpHJia/iH, ht>h h  yjiapra HeflTpaji aTOM 

6apMa op6HTaji 3JieKTp0HJiapHHHHr MaccajiapH KHpHTHJiraH. 

Hc})OAaJiauiHHHr 6yHAafl ycyjiH HApo peaKUHHJiapHHH Ba 

H/ipoBHfl >KapaeHJiapHHHr SHeprHH 3(})(})eKTJiapHHH TaaKHK 

KHJiHui/ia Ma-bJiyM KyjiafljiHKJiapra ara.

Atom MaccaJiapHHHHr bhhk  KHflMaTH Macc-cneKTpoMeTpHK 

TexHHKa ep/iaMHfla T a w p H 6a A a  aHHKJiaHa/iH. Macc-cneKTpo- 

MeTpjiapHHHr xap  xhji Typjiapn MaB>Ky/i. O/iaT/ia, Myc6aT, 

3apHAJiaHraH HOHJiap 3apn/iHHHHr yjiapHHHr Maccacnra 

6yjiraH HHc6aTH (e / m ) MarHHT Ba 3JieKTp Mafl/ioHJiapHHHr 

yMyMHfl TatCHpH HaTH>KacH/i.a HOHJiap AacTacHHHHr ofhui 

KaTTajiHTH opKajiH aHHKJiaHa/jH.

Xo3HprH 33MOH MaCC-CneKTpOMeTpjiapH BO/lOpO/lAaH Top- 

t h 6 xaMM a 3JieMeHTJiapHHHr MaccajiapHHH m h j ij ih o h h h h f

0,02 yjiyuiH Ka/iap aHHKJiHK/ia yjmaui h m k o h h h h  6epa/iH.
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M ac c a jia p H H  *y f la  KaTTa aHHKJiHKfla J jm a m  yMyH oflaTfla 

AySjieT MeTOflHflaH (JjoftiiajiaHHJiaAHKH, 6 y H A a  M accaHH Hr 

aficojuoT KHHM aTHHH 6eBOCHTa yjiMaui h k k h  xhji 6np- 6HpHra 

>Ky^a h k h h  M acca ypTacnflarH (JjapKHH yjm aui 6njiaH 

ajiMauiTHpHJiaflH.
I2C yrjiepofl uiKajiacHfla Boaopofl aTOM HHHHr 6aTj3aH xaTo 

paBHUi^a  np 0T 0H  M accacH  A e 6  ropHTHJiaflHraH M accacH  

1,0078252, HeHTpoH M accacn , 1,0086654 Ba ajieKTpoH M accacH  

0,0005486 M acca 6HpjiHrnra TeHr. M a c c a c H H H H r  btom 

6hpjihth  (KHCKaM a M .a .6 .)  1,660-10~ 24 r ra TeHr.

Macca Ba SHeprHHHHHr SKBHBajieHTJinrHAaH M  MaccajiH 

CHCTeMaHHHr E  Tyjia aHeprHHCH KyflHAarHMa 6ejirHJiaHa;iH:

E = M c 2,

6y epAa c —  epyFjiHK Te3JiHrn (2,99792-10'° cm/c).

ZteMaK, HApo MaccacH yHAa My*accaMJiaHraH SHeprHH- 

hhht 6eB0CHTa yjmaMHAHp. HflpojiapHHHr yjmaHraH Maccajia- 

pn HflpoHH TauiKHJi KHJiraH 3appajiap MaccajiapHHHHr 

flHFHHAHCHflaH Xap flOHM KHMHK 6yjiaAH. By HKKH K3TTa- 

JIHKHHHT (})apKH H f l p O H H H F  6 0 FJia HH UI 3 H e p r H f l C H  

a e 6  aTajiaAH.
Ma-bJiyM coHflarH npoTOH Ba HeflTpoHJiapHH y3 HMHra 

ojiraH HApo, eKH HyKJiHfl ^ X N KypHHHiiiHfla 6ejirHJiaHaflH, 6y

ep^a X — sjieMeHTHHHr k h m c b h h  6ejirHCH, Z — npoTOHJiap 
COHH, N  — HefiTpOHJiap COHH, A — HflpOHHHT Macca COHH.

A =  Z-\-N. MacaJiaH, Macca cohh 58 6yjiraH hhkcji hapoch 

ilNi3Q KypHHHiiiHfla, Macca cohh 238 6yjiraH ypaH hapoch 

292U i26 KypHHHUIHAa 6epHJiaAH.

Hflpo 3tom Ka6n TypjiH SHeprHHBHfi xojiaTJiap^a 6yjiHuiH 

MyMKHH. 3Hr nacT SHeprHHJiH x,ojiaT H/ipoHHHr acocHfi xoJiaTH, 

6ouiKaJiapH aca, yflFOHraH xojiaTJiapn AeflnjiaAH. Xap  6np 

HflpOBHfl X,OJiaT yfiFOHHUU MaCCaCH eKH SHepPHHCH 6HJiaH 

xapaKTepjiaHaAH. X,hco6hhhf 6ouuiaHHmH acocHfi x,OJiaT 

MaccacH Ba SHeprHHCHAaH oJiHHaflH. Hflpo x,ojiaTH MatJiyM 

CIIHH (/) eKH HApOHHHT HHepUHH CHCTeM3CHfla OJlHHTaH 

x,apaKaT MHKflopHHHHr Tyjia MOMeHTHra ara. OflaTAa cnHH 

6HJiaH 6npra x,ojiaT >Kyc})TJiHrHHH *aM KypcaTHJiaflH. Yhhhf 

6ejirHCH cnHH 6ejirHCHHHHr TenacHfla yHr TOMOHAa 6epnjiaAH: 

/ “, 6yHfla n Myc6aT eKH MaH(})Hfi 6yjiHUiH MyMKHH.

Xap  6np HApofla HyKJioHJiap Ma"bJiyM TapTH^Aa TaK- 

CHMJiaHraH 6yjiaflH, uiyHHHr yMyH HApo xapaKTepHCTHKajia- 

pnflaH 6 h p h  HyKJioHJiap 3hmjihth —  p x,Hco6jiaHaflH. LUy-
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HHHTfleK, HflpOflarH 3ap H A H H H T  T3KCHM OT  3HMJIHTH —  p K3TT3-

jihk x,aM MaBJKŷ -
H a p o  xoJiaTJiapH ct3thcthk 3jieKTpoMarHHT MOMeHTJiap: 

MarHHT AnnoJi, ajieKTp KBa,apynoji Ba xoKa3o SHJiaH 

x a p a K T e p jia H a ^ H .
Arap Hflpo x,ojiaTH TypFyH 6yjiMaca, y xojiiia yHHHr ynyH 

eKH npHM napMajiaHHiu aaBpH (Tl/2) eKH Huiarn bbkth (t )

KypcaTHJiaflH: T |/2=Tln2. ByHAa napHajiaHHiu Typn raMMa-

HypjiaHHiu 6eTa- eKH ajib(J)a- napMajiaHHiu 6yjiHHHiu Ba 
x,0Ka30Jiap xaM HApo xoji3thhh xapaKTepjiaftflH. XojiaTHHHr 

hmkh CTpyKTypacHHH TyuiyHHiiiAa HflpoHHHr iuy x,oJiaT^a 
TypjiH H^poBHft peaKUHHJiapaa x,ochji 6yjiHm 3x,THMOJiJiHrH 
MyxHM axaMHHTra 3ra.

1.5- §. # A p O H H H r  T a p K H ^H H  KHCMJiapH

HapoHHHr Macca Ba 3apn^H npoTOH MaccacH Ba 3apH^Hra 
6yTyH KappajiH 6yjiraHJiHrH/iaH x,aMMa n^pojiap np0T0HJiap- 
jxaH Ty3HjiraH Ae6 TaxMHH khjihiu mymkhh. JIckhh napo Macca 
cohh A (A  — aTOM OFHpjiHrnra hkhh 6yjiraH 6yTyH coh) 
xaMMa H30T0njiapfla yjiapHHHr aTOM HOMepjiapH Z jxau 
TaxMHHaH 1,5 MapTa, AaBpHii CHCTeMa oxHpHiia aca yuaaH xaM 
Kyn MapTa Karra/iHp. OaKaT Bo/iopo/marHHa Z = A .  UlyHHHr 
yMyH A Macca cohjih Ba Z btom HOMepjiH H/ipo A Ta np0T0HAaH 
TauiKapH HHa (A — Z) Ta 3JieKTpoHra xaM sra 6yjiaflH Ba yjiap 
aMaji/ia MaccaHH y3rapTHpMaraH xojifla yHHHr Myc6aT 

3apnflHHH Z MHKflopraMa KaMaftTHpaAH. B y  rHnoTe3ara 
acocaH a30T HiipocH (A =  14, Z =  7) 14 npoTOH Ba 7 ajieKTpoH- 

iiaH, ypaH H^pocH aca (/1 = 2 3 8 , Z =  92)238 np0T0H Ba 

146 ajieKTpoH^aH TauiKHJi TOfiHiun KepaK.

Hiipo TapKH^Hra 3JieKTpoHJiap xaM  mpajxn jxeraH (})HKp 

Ta6HHftiieK KypHHaiiH, MyHKH paiiHoaKTHB napMajiaHHUi 

BaKTHiia HiipoiiaH f5-3appajiap yMH6 mhkhuih Ky3aTHJiaiiH. By  

rHnoTe3ara TaHHH6 a-3appajiapHH HflpoAa MaBJKyii 6yjiaiiH- 

raH eKH a-napMajiaHHiu naftTHfla xochji 6yjiaiiHraH 4 npoTOH 

Ba 2 3JieKTpoHAaH H6opaT MycTaxnaM 6oFJiaHraH 3appajiap 

CHCTeMaCH iieftHIU MyMKHH.

JleKHH Te3 opaiia HiipojiapHHHr xapaKaT MHKflopn 

MOMeHTHHH Ba CT3THCTHKaCHHH TeKUIHpraHiia, UiyHHHrfleK, 
Hiipo Ba SJieKTpOHHHHr yjIM3MHHH COJlHUITHpraH BaKTiia 

HApoAa spKHH ajieKTpoHJiap 6yjiHUiH KepaK aeraH TymyHMa 

MaiiJiyM KapaMa-KapuiHJiHKjiapra ojih6 kcjiah. B y  MOAeJib 

TyrpH  6yjiraH H A a  HiipoiiarH 3ap p ajiap H H H r  yM y m hh  cohh
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( 2 A — Z) Ta Syjim ujinrHHH KypHiu ocoh. ile M a K , 6 y  c o h h hh t  

>Kyc{)TJiHrH Z T a p T n 6  HOM epHHHHr *y(J)TJiHrHra 6ofjihk  

6 yjiaj.H.

F I p O T O H  B a  S J i e K T p O H J i a p H H H r  C n H H H  H p H M  C O H J I H  K H H M a T T a  

a r a  3 K 3 H J i H r H  a e H  6 y j i r a H J i H T H  y M y H  y j i a p / i a H  T y 3 H J i r a H  

H A p o J i a p H H  K y f l H A a r H  c n H H J i a p r a  a r a  a ,e6  X H C o 6 j r a i u  M y M K H H  

3Ah:

{ 0 , 1, 2  . . .  , a r a p  Z >Ky(J)T 6 yjica,

1/ 2 , 3 / 2 ,. . . , a r a p  Z t o k  6 yjica.

BnpoK HApoJiapHHHr Ta>KpH6 a fiyjiH 6 HJiaH aHHKJiaHraH 

cnHHJiapHHHHr KHfiMaTJiapH 6 yHra MyTJiaKO TyFpn  KejiMafiaH. 

M a c c a  cohh  >Ky(})T 6 yjiraH HApojiapHHHr ciihhh 6 yTyH cohjih 

KHfiMaTra 3 ra (Z hhht >Ky(J)TJiHrH a xa M H H T ra  ara 3M a c ) .

ByHj,aH  T au iK ap n , HoaHHKJiHKJiap M y H o ca6 aTHra Ky pa  x,aM 

H A p o ^a  3JieKTpoHJiap MaB>Kyfl 6 yjiHUiH M yMKHH 3 M ac : A p A r ^  
^ h .  Arap Hitpoaa 3JieKTpoH 6 yjiaAHraH 6 yjica, yHHHr 

ypH HHHH r HoaHHKJiHTH A r ~  1 0 -13 cm ra SKBHBajieHT 6 yjiraH- 

JlHTHAaH, SJieKTpOH HMnyjIbCHHHHT 6 yHra MOC HOaHHKJIHTH

A p « — — 6 yjiaAH. A p  h hh t  6 y KnfiMaTHra t P ~  108 aB
1 0 “ 13 2 m n

SHeprHH TyppH KeJia^H, 6 y sca h a p o h h h t  6 oFJiaHHiu SHeprHHCH 

6 yfiHMa TaxM H H  KHJiHHaAHraH KHfiMaTra K a p a r a H A a  >Ky^a 

KaTTa.

19 3 2  fiHJiAa M aA B H K  HefiTpoHHH Kaui(}) khjiah. LUy 

KaUl(})HeT HApo  (})H3HKaCH (})aHHHHHr pHBO>KJiaHHUIHra TypTKH 

6 yji/iH. LLiy finjiHHHr y3 HflaeK, H B a H e H K O  Ba refi3eH 6 epr 

aenpjiH 6 Hp B aK T ^a  Ba 6 Hp-6 HpHflaH MycTaKHJi p aB H iu ^a  

H ^p oH H H r  x o 3 HprH naihyia yMyMHfi K a 6 yji KHJiHHraH npoTOH- 

HefiTpoH MoaejiHHH takjih (}) KHJiflHJiap. B y  MOAejira K y p a , H ^p o  

Z npoTOH Ba ( A  —  Z) HefiTpoH/iaH TauiKHJi TonraH . Hefi-

TpoHJiap cnHHH HpHM  c o h j ih  KHfiMaTra Ba x a p a K a T

M H K flO pH H H H r O p 6 HTaJI MOMeHTH xaM H iua  6 yTyH COHJIH 

K H H M arra  ara 6 yjiraHJiHrHflaH, A  HyKJioHAaH Ty3 HJiraH 

HApojiap Ta>KpH6 ara  Tyjia moc KeJiaflHraH cnHHJiapra 3 ra 

6 yjiHuiH KepaK :

{ 0 , 1 , 2 , . . .  — A  >Ky({)T 6 yjica,

1/ 2 , 3 / 2 , . . . — A  t o k  6 yjica.

LUyHflafi khjih6 , 3 a M 0 H3 BHH TacaBBypjiapra  K y p a , 3 tom 

HflpocH T a p K H ^H ra  n p p T O H -Ra^HefiTnoHJiap K H paaH . LUyHHHr
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ynyH 6y 3appaJiap HyKJioHjiap AeraH yMyMHH HOMAa 
lOpHTHJiaAH («HyKJIOH» JIOTHHM3 Cy3 6yjlH6, HAPO, M3FH3 
Ma"bHOCHHH aHTJiaTaAH).

1.6- §. HyKJiHA. H30T0n, H3o6ap, H30T0H, H30Mep Ba «Ky3ry»
nApoJiap

ATOMJiap MaccacH 6yTyH coha3h 6npMyHMa (J)apK KHJiaAH. 

flApoHHHr m. a. 6. Aarn MaccacHra 3Hr hkhh 6yTyH coh 
HApoHHHr Macca cohh A Ae6 ojihhah. M a c c a  cohh aTOM 

HApocHAarH HyKJioHJiap (npoTOHJiap sa HeflTpoHJiap) cohhhh 
6HJiAHpaAH. BepHJiraH sjieMeHT aTOMHHHHr hapoch m y 

SJieMeHTHHHT XHMHHBHH CHMBOJIH 6HJiaH 6eJITHJiaHaAH Ba 

CHMBOJIHHHT Man TOMOHHTa loKopHra —  Macca COHH, Man 

TOMOHHra nacTra aca hapohhht 3apHAH — Z, yHr TOMOHHra 

nacTra aca HeflTpoHJiap cohh N  e3HJiaAH. M acajiaH , yrjiepoA 

62C hapoch 12 HyKJioH (6 TacH npoTOH) ra, ??Na hapoch 
23 HyKjioHra (6yHAaH 11 Tacn np0T0H) ara Ba )toKa3o. 

UlyHAaH khjih6, 3tom hapoch TapKH^HAa Z Ta npoTOH sa N =  
=  (A — Z) Ta HeHTpoH 6op. Bnp  xhji ajieKTp 3apHAHra (Ze) , 
HtHH 6np  xhji cohjih npoTOHra, bmmo xap xhji Macca coHHra 

ara 6yjiraH 3tom HApojiapH u30T0tiAap Ae6 aTajiaAH. 

M acajiaH , Ta6naTAa khcjiopoahhht yMTa '|0, '10, '|0  TyppyH 

H30T0njiapH, KpeMHHHHHHr xaM  yMTa ffSi, uSi, u S i  TypFyH 

H30T0njiapH ynpaHAH Ba x,0Ka30. Ba"b3H 6epHJiJiHH, (})oc(})op, 

MapryMyui, BHCMyT Ka6n 3JieMeHTJiap 6HTTaAaH 6apKapop  

H30T0nra 3ra 6yjiraH x,ojiAa Kajian 10 Ta 6apK apop  H30T0nra 

ara.

MyaftHH sjieMeHTHHHr 6apKapop  H30T0njiapH OAaTAa 

6HprajiHKAa yMpaftAH Ba yjiap y3apo MatJiyM 6np HHc6aTAa 

6yjiaAH. LLIyHHHr ynyH 6epHJiraH ajieMeHTHHHr 6yTyHJiaii 6oui- 

Ka-6ouiKa ycyji 6HJiaH ojiHHraH HaMyHajiap opKajiH aHHKJiaH- 

raH aTOM OFHpjiHKJiapn OAaTAa T a * p H 6 a  xaTOJinrH Herapacn- 

Aa 6np  x h j i a h p . JleKHH H30T0nHHHr 6y a o h m h h  y3apo HHc6aT 

KOHAacHAaH ce3HJiapjiH neTra MHKHuuiap *aM  MaB>KyA- 

M acajiaH  yMTa paAHoaKTHB OHJiaHHHr oxnprH HaTH>KaBHH 

MaxcyjuiapH 6yjiMHUi 206Pb, 207Pb Ba Pb H30T0njiap- 

h h h t  y3apo HHc6ara pyAaHHHr euinra Ba TapKH6nra 6 o f jih k  

3KaH. LLIyHra yxrnaui, TapKH^HAa py6HAHH 6yjiraH >KHHCjiap- 

Aa 87Sr H30T0nHHHr KynpoK 6yjiHuiH Ky3aTHJiraH, 6y  87Rb h h h t  

p-napMaJiaHHUiH HaTH>KacHAa 87Sr h h h t  x,ochji 6yjinuiH 6njiaH 

6 o f j i h k a h p - Ta3 KyAyKJiapHAaH MHKaAnraH rejiHH, at})THAaH, 

KeJiH6 HHKHiii >k h xaTAaH paAHoaKTHB *ap aeH Jiap  (a-napMa-
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JiaHHLUHHHHr) H3TH>KaCHilHp; yH/iarH HOAHp 3He H 30T0nH H H r  

MHKAopH aTMocc{)epaAarH rejiH flra HHcSaTaH aHMa 03.
TypjiH MaH6ajiap/iaH ojihhrah cyB/ia ‘H Ba 2H jiapHHHr 

6np xhji MHKAop/ia 6yjTHiiiH Ky3aTHJiMaftAH. BaT>3H 6np 

XOJiJiapaa 6y xoji uiy 6HJiaH 6ofjihkkh, ofhp cyB orjw h  cyBra 
HHc6aTaH 6upMyHMa KaMpoK 6yFJiaHaAH Ba 6yFJiaHHiu 

>KapaeHHaa cyiOKJiHK boaopoahhht oFHppoK H30T0nH 6HJiaH 
6oftHftAH. Fjihk /ieHrH3 cyBH/ia Ba 6ai.3H 6np ca63aBOTJiap/ia 

OFHp BOAopo/iHHHr HHc6aTaH KynpoK 6yjiHLUH xy^AH uiy Hapca 

6HJiaH TyiuyHTHpH.ia/iH. 2H hhht aHOMaJib toKopn mhkaoph 
6yjiraH cyB/ia OAaT/ia, uiyHHHr/ieK, l80 / l60  hhht o/iaT/iarHAaH 

6HpMyHMa KaTTapoK KHftMaTra ara 6vjihluh x ,a M  Ky3aTHJiaAH.

H30T0njiap 6np xhji XHMHHBHft Ba oiithk xycycHHTJiapra 

3ra. Ta6uaT/ia yMpaft/iHraH KynMHJiHK xhmhhbhii 3JieMeHTJiap 

6hp HeMa H30T0ruiapHHHr apajiauiMacu/iaH H6opaT. UlyHH 

3CJiaTH6 yT3M H 3KH , aTOMHHHT (})H3HK-XHMH51BHH XycyCHHTJiapH 

HyKTan Ha3apH/iaH Myx,HM xapaKTepncTHKacH yHHHr MaccacH 

3Mac, 6ajiKH H/ipoHHHr 3apn/iH/iHp. XaKHKaTaH xaM, ieO ,  l70  

Ba lsO  Jiap MaccajiapnHHHr xap xHjuiHrnra KapaMaft, 6up 

sjieMeHTHHHr aTOMJiapn, '®N Ba 110 Jiap aca y3JiapHHHHr 

Macca coHJiapn 6np xhji 6yjiHiuHra KapaMaft, xap xhji 
XHMHHBHft SJieMeHTHHHT aTOMJiapH XHC06jiaHa/lH.

«H30T0n» aTaMacHHH lOKopn/ia KejiTHpnjiraH TyiuyHMa 

/lonpacHAaH MeTra MHKa/iHraH HHa/ia KeHrpoK MaTaHO/ia xaM 
HuiJiaTHJia/iH. KynHHMa yHH Z Ba A hhht 6epHJiraH 
KHftMaTJiapH moc KejiraH 3hhk h/ipohhht homh CH(j)aTH/ia 
HiujiaTHiua/iH. By MaijHO/ia «H30T0n» aTaMacHHH, KynHHMa 
«HyKjiH/i» aTaMacHra a/iMaiuTHpHJia/iH. HyKJiH/i — aTOMJiap- 
HHHT H/tpOHHHT TapKH^H, H/ipOAarH npOTOH Ba HeftTpOHJiap- 
hhht 6epHJiraH cohh 6HJiaH xapaKTepjiaHaAHraH y3raMa
HOMH/lHp.

Macca, cohh 6np xhji 6yjiraH, mjHH 6hp xhji cohjih 
HyKJiOHjiap/iaH H6opaT, aMMo xap xhji Z ra 3ra 6yjiraH btom 
HApojiapH u3o6ap ndpojiap a.e6 aTajia/XH. JleKHH 6np xhji 
A 6yjiraH/ia xaM H3o6ap H/ipojiap Macca 6yftHMa 6npMyHMa 

(})apK KHJia/iH, MacajiaH:

3H — ^He, sLi-^Be

Ba xoKa30.

Macca cohh /1 =  36 jxan 6oiujia6 >Ky4>T A ra ara 6yjiraH 
H/lpojiap yMyH H3o6apjiap o/iaT/xa wy(})T->Ky({)T 6yjin6 
yMpaft/iH, MacajiaH:

36S---f^r; :°Ar---$Ca; 46Ca-- "Ti

Ba xoKa3o, xaMMacH 6yjiH6 58  Ta H3o6apjiap >Ky(j)TH 6op.

19



Bnp He^a H3o6ap H^poJiap y^JiHK (TpnaAa) H3o6apJiapHH 
x,o c h j ] KH Jia^H :

4oZr—

's?Te-

- SR u ;

£Ba; 'wXe- I?Ba- J i§Ce

B n p  xhji Macca coHJiapnra Ba 6np xhji btom HOMepjiapHra 

ara 6yjiHiujiapHra KapaMafl, paflnoaKTHB xycycHHTJiapH 6njiaH 

6np-6HpjiapHiiaH (})apK KHjiyBMH HApojiap u 3 0 M e p  n d p o A a p e a  

mhcoji 6yjia ojiaAH. TapM H  234T h  Ba 234Pa 6 n p  Hena HHJiJiapAaH 

6 e p n  M atJiyM  6yjica x a M , H 30M e p H H  x,OAHcacH to  1937 hhjih 

cyHijHH ojiHHaAHraH  p aA H oaK TH B  3JieMeHTJiap y p T acH A a  HHa 

6 n p  >Ky(})T 6poM - 80 H30M epw  TonHJiryHra K a ^ a p  Karra  

3T3TH6op K 0 3 0 H M 3A H . X o 3 H p r H  B 3K T A 3  300 flaH Op TH K  HflpO 

H30M epHH CH  Ma"bJiyM. H 3 0 M e p jia p  —  6 y  aflHaH 6 h p  Ty p A arn , 

jieKHH TypjiH 3HepreTHK X0JiaTJiap.ua 6yjiraH HApojiapAHp . B y  

XOjiaTJiap 6 a p K a p o p  6yjiMafi, yjiapHHHr x a p  6 n p H r a  M atJiyM  

ypTaM a Hiuaui BaKTH TyFpn Kejia^H. Ba"b3H 6 h p  HA pojiap aa  

XaTTO HKKHTaflaH Op TH K  H 30M ep  XOJiaTJiapHHHr MaBJKyAJlHTH 

Ky3aTHJiraH. MacaJiaH, l24Sb ra npH M  napMajiaHHUi A a B p H A a  

moc paBHiiiAa 60 KyH, 1,5 mhh Ba 21 m hh 6yjiraH  yMTa 

3KTHBJIHK MOC KejiaAH. H a P O  H30M epjiapH HHHT Ky3FOJiraH 

XOJiaTJiapHHH 6ejirHJiaui yqyH « m »  6eJirH HUuiaTHJiH6, y M acca

coHHAaH cyHr KyftHJiaAH. A rap  

acocHH xojiaTAaH TauiKapn hk- 

KH Ba yHAaH OpTHK H 30M e p  XOJiaT- 

jiap MaB>KyA 6yjica, yjiap Ky3Fa-

JIHUI SHeprHHCHHHHT OPTH6 60- 

pHiu TapT«6HAa m\, m 2 Ba x- k. 

6ejirHJiap 6HJiaH 6eJirHJiaHaAH. 

M acajiaH , cypbMaHHHr H30Mepjia- 

l24mSb (60 KyH, acocHH xo-

3,020
3.015
3000

■ 21 MUM 

1,3 MUH

Sb

1. 2- pacM. CypbMaHHHr 

H30Mep caTXJiapw (sHeprwH 

MsBjiapiia GepHjiraH).

pH

jiaT), l24m'Sb (1,3 m h h )

(21 m h h ) KypHHHUiAa e3HjiaAH 

(1.2-pacM). H30Mep HApojiap 

ajioxHAa HyKJiHAJiap 6yjia oji- 

MaHAH.

HApoHHHr napMaJiaHHui cxe- 

M3CH KyHHAarH TapTH6Aa Ty3H-

jiaAH (1.2- pacM ra k .) M axcyji 

HApoHHHr 6 h 3 KypaeTraH mhcoji- 

Aa l24T e  h h h t  3Hr nacTKH (aco- 

c h h ) 3HeprHH xojia™  nacTKH 

r0pH30HTajl HH3HK 6HJiaH, K3T-
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T a p o K  SHeprnHJiH x,0JiaTJiapH 3ca moc paBHiiiixa toKopnpoK 

ropH30HTaji HH3 HKJiap 6 HJiaH 6 ejirHJiaHa,aH. BepTHKaji 6 yHHMa 

yjiapHHHr o p ac H ^ar H  Maco({)ajiap \0JiaTJiapHHHr 3HeprHH 

(})apKJiapHra nponopuH OHaji paBHLUAa op TH 6  eKH K a M a n n 6 
6 op aA H .

- H n 3 M aH HHr lOKopHCH^a x y ^A H  iny ycyji^a napMajiaHyBMH 

OHa HApo (124Sb) hhht x,0JiaTJiapH TacBHpjiaHraH . B y H A a , 

arap  Max,cyji h a p o h h h t  aTOM  HOM epn OHa aapo H OM epHAaH  

KaTTa 6 yjica (M acajiaH , (3-napMajiaHHiiiAa) Max,cyji azipoHHHr 

caTX,JiapH OHa a ap o H H H r  caTX^jiapnra HHc6 aTaH  yHr TO M O H ^a  

^KOHJiaujTHpHjia/iH. Arap napqajiaHHiiiAa H^po 3apHAH KaMan- 

ca (M acajiaH , a-napqajiaHHUi, /C-KaMpaui, no3HTpoHJiap 

MHKapHiu Ba x,. k. II Ba III 6 o 6 jiapra K-)» Max,cyji njxpo 
caTX,Jiapn OHa n ^ p o  caTX,JiapHAaH qan  TOM OHAa MH3HJiaAH. 

H a p o h h h t  6 np  x,0JiaT,aaH HKKHHMHcnra 7 -KBaHT M H K ap n 6 
yTHUIH BepTHKaJI 4H 3H K  (CTpeJIKa) Jiap 6 HJiaH, H ^POHHHT 

napqajiaHHUiH aca ycTH/ja pa^HoaKTHBjiHKH HHr xhjih Kypca- 

THJiraH KHHLLIHK MH3HKJiap 6 HJiaH TaCBHpJiaHa/lH. B a ^ a H  

q H 3 M a ^a  M HKaeTraH  3ap p ajiap  eKH v-KBaHTJiapHHHr 3Heprnn- 

ch Ba yM yM H H  anjiaHHUi^arH  kh c m h h h h t  (})OH3JiapH, c a T w a p -  

h hh t  cnHHH, Hiuarn BaKTH Ba 6 ouiKa xapaKTepHCTHKajiap  xaM  

KypcaTHJiaAH.

Ba^bsaH «K y 3 r y »  n^po jiap  TyuiyHM acHAaH  x,aM (|)OHAajiaHH-

N -\-Z
jia^H. M ac a J ia H , Z n p 0 T0 H Ba N HeHTpoHixaH n 6 op aT  ZX 
3T 0M  HAPOCH 6 op A e 6  (|)apa3 KHJiaHJlHK. IlpOTOHJiapH COHH 6 y 

HApOH HHr HeHTpoHJiapn coHHra TeHr (Z\ =  N) HeHTpOHJiapn 

cohh  3 ca npoTOHJiap coHHra TeHr (N\=Z)  6 yjiraH hkkhhm h

N''*z 'y  ^ A p o  6hp hhm h  HApora H H c6aTaH  «K y 3e y »  n d p o  n e 6  

aTajia^H . B o u iK aq a  khjih6 aH T raH A a , 6hphhm h  HApOHHHr 

x,aMMa npoTOHJiapn HeHTpoHJiap 6njiaH , HeHTpoHJiapH np0T0H- 

jiap 6HJiaH aJiMauiTHpHJica, 6hp hhm h  a a p o  6HjiaH 6nprajiHKAa 

«K y 3 r y »  HiipOJiap >Ky(})THHH TaUIKHJl KHJiyBMH HKKHHMH HjipO 

x^ochji ^y jia^H . B y H ^ a n  «K y 3 r y »  aapojiap  >Kycj)THHHHr 

6 h p h h h h c h  HeftTpoH 0^1 Ba npoTOH  |H q x^HCO^JiaHaAH. Ehfhji 

HApoJiap co ^acH A a  «K y 3ry »  HApoJiap >Ky(J)THra mhcoji khjih6

?H2(lp +  2n) — iHe, (2p +  \n) 
lBe3(4p +  3n) — 73LU(3p +  4n)

hh KypcaTHiii MyMKHH. «Ky3ry» H,apojiapAaH HKKajiacHHHHr 

xycycHHTJiapn 6 np-6 HpHra aHMa h k h h , jickhh yjiap/iaH 6 npn 

KynHHMa p a^H o aK T H B  6 yjia^H .

Bnp xhji cohjih HeHTpoHJiapra, JieKHH x,ap xhji cohjih
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1. 3 - p a cM . C e r p e n H H r  HeftTpoH-npoTOH A H a r p a M M a c H .

npoTOHJiapra ara SyjiraH 3tom HApojiapn u30T0HAap jxe6 
aTajiaAH. H3otoh H/ipoJiapra MHCOJiJiap: jV=1 SyjiraHAa 

1/ / 1 — |Hei, N =  2 6yjiraHAa 2He2 — §Li2, 1 =  3 6yjiraH.ua

'iLi3 —  4 B e 3 Ba *O K a 30 .

A t o m  HApocH HHHr T ap K H ^H H H  H({)OAajiaui ynyH A, Z, N, 
T  coHJiapHHHHr HCTajiraH 6 n p  >Kyc})TH/iaH (})OHAaJiaHHUi 

MyMKHH. KynHHMa, M acca cohh A Ba TapTH6 HOMepH Z nan eKH 
HeHTpoHJiap cohh N  Ba TapTH6 HOMepn Z AaH (})OHii.ajiaHHJia- 
W -

A Ba Z eKH N Ba Z JiapHHHr KH H M aTJiap H ^aH  (})OH/i.ajiaHH6, 

M atJiyM  6yjiraH x,aMMa HApojiapHH a 6cu H c c a  yKHra A eKH N , 
op/iHHaTa yK H ra  Z KyHHJiraH hkkh  yjmaMJiH c x e M a ^ a  (Cerpe 
AH arpaM M acH) >KofljiauiTHpHui MyMKHH (1 .3- pacM ). By  

A H arp a M M a /ia  M a^JiyM  6yjiraH \ aM M a  HApoJiap aH H arH H a  Top 

flyjiaKHa/ia >KofljiauiaAH. n y jiaK H a H H H r  6ouiH/ia CTa6HJi

H ^pojiap  ynyH  y = l ;  cyH rpa  6 y  M y H o ca 6a T  op ra  6o p aA H .

MacaJiaH, loCa ynyH -| =  ~ = 1 ;  Zr ynyH 1,25; ^ 2Nd 

yHyH 1,36 Ba |o2Hg ynyH 1,52.

1.7 -§. flapojiapHHHr yjinaMH Ba 3 hhjihth

Ajib{}»a 3appaHHHr aTOMHHHr Myc6aT 3apHA coxacnra 
KHpojiMac/iaH opKara KaflTraHJinrH a-3appa 6HJiaH 3tom 
hapoch opacH/iarH y3apo KyJioH Kynn TatCHpHAaH KejiH6
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HHKaflH. H/ipo tomoh TyppH 3hhk HyHaJiHUi.na yMH6 KejiaeTraH 
a-3appa yHra LuyHAaft Rmin Maco4)aAa HKHHjiauiaAHKH, yHH 
a-3appaHHHr opKara KaftTHLUAaH ojiahh 6yTyHJiaft TyxTaraH 
BaKTiiarH noTeHunaji SHeprHHCHHH KHHeTHK SHeprHHCHra 

TeHTJiaLLJTHpH6 T0nHLLiHMH3 MyMKHH:

^ m̂iti

B y H A a H  H/ipo 3apH AH  TaKCHM JiaHraH coxaH H H r  paAH ycH H H  

TOnHLLI KHftHH 3Mac:

Rmin =  -4K-  (1-3)
mv~

X y A A H  uiy KHftMaTHH HApoiiaH c aM p a6 , o p K a ra  KaftTaeTraH 

a- 3ap pa  x a p a K a T  m h k a o p h h h h t  y3rapHLUHHH XHCo6ra  ojihlu 

ftyjlH 6HJiaH X aM  TOnHUl M yM KHH. HblOTOH HHH r HKKHHMH 

KOHyH Hra  MyBO(J)HK xapaKaT m h k a o p h h h h t  ysrap uuiH

^  At =  Ap^

M a t J iy M K H , a- 3ap p ara  Ta-bcnp KHJiyBMH KyM aziporaHa 

6yjiraH Macoc})ara 6o fjihk  6yjiam-  By KyM H/ipo M erapacH/ia  

MaKCHMaji KHftMaTra 3ra:

2 Ze2
Fn

R2

At CHc{)aTHAa a-3appaHHHr azipo MapKa3H/iaH yTH6 KeTHUi 

B3KTH HH  OJIHLU M yM KHH:

2R
At--

V

UlyHAaft k h j ih 6, xapaKaT m h k a o p h h h h t  Ap y3rapHuin

2 Ze2 2 R
A p « F max-A/ =  ̂ f - ^ .  (1.4)

R2 v

By mhkaophh a- 3appaHHHr 6oui.iaHFHM HMnyjibCH 6ujiaH 

COJlHULTHpCaK:

(^X”)
2 Ze2
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Pe3ep(})opA Ta>KpH6ajiapH uiyHH K y p c aT a^H K H , a- 3 a p p a H H H r  

cohhjihui Sy pnaKJiapH  ^ 9 0 °  6yjica, A p z z p ,  a-bHH

2 Ze2

1 2

2 mV

H H a  (1.3) h h h t  y 3 Hra kcjiahk. B y  uiapT a A p o  paAH ycH  

R  T a x M H H a H  2-^6-10“ I4m  SyjicarHHa 6 a>KapHJiaAH. A e M a K , 

HAPOHHHT yjIHaMH T3XMHH3H 10“  14 M HH TaUIKHJI 3T3AH. Y H A a  

aTOM HH Hr x a M M a  M accacH  My>KaccaMJiauiraH (aTOM H H H r 

y jm aM H  ~  10“ iom ). ULIyHHHr ynyH , HiipoHHHr 3 hmjihth o a a h h  

Mo/maHHHr 3HMJiHTHii.aH >KyAa xaM KaTTa 6 yjiH0 , 1014 t/ c m 3 ra 

TeHT.

fliipo yjm aM JiapHHH  TonHiuiia Ky nrH H a  ycyjuiapAaH  

(})OHAajiaHHJiaflH. U ly jiap A aH  6 ai>3 HJiapHHH K y p n 6  y T a M H 3 . 

H iipo  KyMjiapn MaB>KyA 6 yjiraH coxa  pa/xnycHHH, H/ipo 

«KeCHM HHH HT K)3 aCH » HH Te3 HeHTpOHJiapHHHr IOTHJIHUJH Ba 

coMHJiHUiHra o h a  T a * p H 6 ajiapAaH  x a M  Tonnui M yMKHH. 

3HeprHHCH 10 M a B  A a H  KaTTa 6 yjiraH HeHTpoHJiap yMyH moc 

KejiyBMH Ae-Bpoftjib TyjiKHH y 3yHJiHrn HApo  p aA H y cn ra  

HHc6 aT aH  khm hk 6 yjiaAH. A r a p  h a p o h h  R  paAHycjiH 6 yTyHJiaft 

H 0 iua({)(})0 ({) uiap  /ie6 ojicaK, 6 y xojiAa Te3 HefiTpoHJiapHH ioth6 
ojiaAHraH  Hflpo KecHM HHHHr K)3 acH ( n R ) aHHKJiaHn6 , 

R  TonnjiaAH . IU y  T a p H K a  KaTop  3JieMeHTJiap HApoJiapHHHHr 

paAH ycjiapH  TonHJiraH. Y jiapH H H r  KaTTajiHKJiapn 3,8-10“ 13 

m (yrjiepoA y ^ y n )  A a H  8 - 1 0 ~ 15 m ( BHCMyT y n y H ) ra*ia 

6 yjiraH opajiHKAa  eTaAH . B y  uzipo Ky^jiapn Ta"bCHp A o n p acH  

yyyH  u n p o  M a p K a 3 H A aH  XHCo6 jiaHraH R  Maco(|)aHH aHHKJiaui 

HM KOHHH H  6 ep aA H . H a T H W a J ia p H H  T 3 X M H H 3 H KyHHAarH  

SM n n p H K  (})opMyjia 6 HJiaH H(})OAajiaiu M yM KHH:

R  =  r J l l/3, ( 1 .6 )

6 y  e p ^ a  r0 —  H A p o  y^y H  a o h m h h  6yjiraH  KaTTajiHK, y HApo  

p aAH ycH H H  aHHKJiaui ycyjiHra 6 H p M y H H a  6 o f j ih k . T e 3  

HeHTpoHJiapHHHr coMHJiHiUHra o h a  Ta>KpH6ajiapAaH  /-0 = 1 » 4 (} )  

(1 ( } )=  1 (} )e p M H =  1 0 “ 13 c m ), a- napnajiaHHUi HaTH>KajiapHAaH 

r =  1,3(}), 3apnAJiH 3ap p ajiap  T a ^C H p H  ocTHAa 6y jiaAH raH  HApo  

peaKUHHJiapH  HaTH>KaJiapHAaH r0 = l ,6 < } ) . ( 1 .6 )  MyHoca- 

6aTAaH HApoHHHr Maccacn yHHHr xa>KMHra nponopuHOHaJi Ba 

x a M M a  HApoJiap T a x M H H a h  6 n p  xhji 3HMjiHKKa 3ra SKaHJinrn 

KeJIH6 HHK3AH. B H H o 6ap H H , HAPOHHHT X3>KMH (1 .6 )  Ta aCOCaH

V  =  y nr^A C M 3 , (1.7)

24



H tH H  x a M M a  HApojiapfla xa>KM SHpjinrHAarH  HyKJioHJiap c o h h  

6 n p  xhji

n =  4,• =  =  1038 HyKJTOH/cM3.

K 4" ro

LLIyH AaH  k h j ih 6 , H A p o /ia p H H H r  y p T a M a  3hm jihph >KyAa K a T T a : 

p =  n- M .a.6. =  1038-1,66- 1 0 _24«  l 4 t/cm 3.

H ^ p o  p a^H y cH H H  3JieKTpoHJiapHHHr coMHJiHUJHra acocjiaH- 

raH Ta>KpH6ajiap/ia x aM  aHHKJiam  M yMKHH. 3jieKTpoHJiapra 

HJipO KyMJiapH Ta-bCHp 3TM 3H AH . LLIyHHHr yMyH yjiapHHHT Hflpo 

TOMOHH/iaH c o m h j ih l u h  HA poA a  3JieKTp 3apH/i,jiap KaH/xafl 

TaKCHMJiaHraHJiHrH Ba KaHM a coxaH H  grajiJiaraHJiHTH 6HJiaH

aHHKJiaHa/iH. K h m hk  3HeprHHJiH (< 1 0 0  MsB) ajieKTpoH-

JiapHHHP COMHJlHLIiHra OHJX H3TH>KaJiap H/L,pO 3apH AH  TeKHC 

TaKCHMJiaHraH cc})epHK KypHHH iura ara A e 6  KapaiiiHH T a K 0 3 0  

3TaAH. JleKHH Luy flyji 6HJiaH aHHKJiaHraH H/ipo pa/iHycjiapH 

6ouiK a  ycyjuiap epAaM H /ia  TonHJiraHHra H H c6aTaH  ce3HJiapjiH 

/la p a w a /ia  khmhk. SjieKTpoHJiapHHHr coMHJiHLUHra OH/i.Ta>KpH- 

6 a  HaTH>KajiapH (1.6) H(})o/iara moc KejiMafl/iH, Myhkh eHTHJi 

H/ipoJiap yMyH r0~  1,4 4>epMH 6yjiH6, OFHp HApoJiap yMyH 

2,2 (}) raMa y3rapa/iH .

3.ieKTpoHJiapHHHr 3HeprHHCH 500 M ^ B  AaH KaTTa 6yjiraH 

XOJi/ia, H/ipo np0T0HJiapH coxacHHHHr yjiMaMHHHTHHa 3Mac, 

6ajiKH H/xpo 6yflHMa 3apnA TaKCHMOTHHH xaM aHHKJiaui 

MyMKHH. YTKa3HJiraH Kynjia6 3KcnepHMeHTJiap/i,aH MaiwiyM

1. 4- p a c M . a )  f lA p o J ia p .u a  ^ jie K T p o H  co m h jih lu h  6yiiHMa 
yTKa3HJiraH T aw pH S ajiap/ iaH  ojiHHraH 3apH,n,jiap t 3Kc h m o th  .
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SyjiHUiHMa 3 a p a A  s h h j i h t h  a a p o  M ap K a3H j.aH  yHHHr HeTpoFHra 

So p raH  c ap n  K a M a n p  3K3H . 3 a p « A  TaKCHM OTH HHH r H apo  

paAH ycH  SyHHM a y3rapH ui cxeM acH  1 . 4 -  a  p a c M / i a  Kypca- 

THJiraH. K,aHAaftAHp M ap K a3H H  coxa/ia  3apn /i s h m j ih t h  

T a xM H H aH  y3rapM afl KOJiaAH, KeflHH 3ca H/ipo ^eTHra t o m o h  

KaM aHH UI Ky33THJia/lH.

3ap H A  TaKCHMOTHHH 6up  napaMeTpHK (JjyHKUHH —  Taycc 

TaKCHMOTH 6HJiaH xaM  H(})o/i.a 3THIU MyMKHH. Am m o 6yHflaft 

T3KCHMOT T am p n 6a  HaTH>KajiapHra yHMa moc KejiMafi/iH. 

LUyHHHr yMyH t3Kchm othh Ta>KpH6ara hkhhpok  HaTH>Kajiap 

6epaAHraH hkkhtb napaMeTpHK O e pM H  (})yHKUHHCH 6HJiaH 

H^o /iaJiaH aA H :

p ( r ) =  i + * - « < ■ ■ ( i n

B y H / i a  p 0  —  H A p o  M a p K a 3 H A a r n  n p o T O H J i a p  3 H M J I H T H  (r  =  0 ) ,  

c Ba a  —  HApo Ty3HJiHuiH napaMeTpjiapn.

O ep M H  TaKCHMOTH 1 . 4 -  6  pacM^a KypcaTHJiraH: c —  hphm 

3hmjihk paAH ycH , t —  3 a p H A  3HMJIHFHHH H A po  p a ^H y c H  6yftHMa 

y3rapHUi Te3JiHTHHH xapaKTepjiafiAH Ba HApo  c h p th h h h t  

KajiHHJiHrH A e 6  aTajiyBMH 6 y  KajiHHJiHKAa 3apHAJiap  3hhjihth 

9 0  %  jxaH  1 0  %  r a M a  K a M a H A H .

( 1 . 7 ' )  cj)opMyjiaAarH a  napaMeTp t 6HJiaH KyfiHAarH H(})OAa 

opKajiH 6oFjiaHraH:

t =  ( 4 / « 3 ) -a .

K a T o p  Ta>KpH6ajiapra acocaH  y p T a ^ a  OFHpjiHKAarH Ba 

OFHp HApojiap ywyH 3 a p H A  t 3 k c h m o t h h h h f  y p T a ^ a  KBaAp aT H K  

paA H ycH :

6) HapoaarH 3apHfljiap TaKCHMOTHHHHr <t>epMH (Jjyhkuhhch: C — 
flpHM 3HMJIHK paflHyCH, t —  CHpT KaJIHHJIHTH.
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<r2> l/J= r 0M 1/3,

Sy H A a , /-0 =  0 ,9 4  (Jjm, A  —  aap o H H H r  M acca  (HyKJioHJiap) 

cohh . /I,eMaK, H ^p oH H H r  x,3 >kmh HyKJioHJiap coHHra nponopuH- 

OHaJl ( v ~ A )  3 K3 H. RfipO M aTepHHCHHHHT 3 HMJ1HTH T aX M H H 3H  

X aM M a  HApojiap yMyH 6 Hp xhji. A t o m  Hj,pojiapH KaTTHK 

>khcmjih rnapra eKH cyioKJiHK TOMM H/iapnra yxuiaflAH.

H p H M  3 H4J1HK paAHyCH Ba HApO  CHpTH Ka^IHHJIHTH 

T a X M H H 3 H

c =  ( 1, \SA l/3— 0 ,4 8 ) (J)M.

T  =  2 ,4  (j)M.

B y H A aH  HApo M a p K a 3 H 3 hmjihth

„  . HVKJIOH
P ~ 0 , 1 7  —-- -

( (J3 M )

HApO 3 H4JIHTH y^y H  1 0 14 — K3 TT3 JIHK 0J1HH3 AH. Ajl6 aTTa
CM'

H APO  HMHAarH 3 a p « A  T3 KCHM 0 TH O e p M H  T 3 KCHM0 THAaH 

M y p a K K a 6 poKAHp. Xycycan, HApo 3 hmjihth a o h m h h  3 Mac. 

y HApo  hmhra K a p a 6  op TH 6 , xaTTO KaMaflH6  xaM  6 ophuih  

MyMKHH.

^ A p o  tu a k.t h hxuih  y P raHH-n M araH  BaKTjiapaa  H/ipo 

3HMJIHTH 6 np  >khhcjih 6yjiH6, R paziHycH ( 1.6 ) cbopMyjia 

e p A aM H A a  a h h k jiah a p  3jxh. 3 h a h  R 2 6HJiaH < r )  hhht 

6ofjihkjihth:

< r2) =  4n J -3—  —  - o 2

0

6y H A a

R =  Rn ■ A l ;, R =  1,2 (J)M.

Ro n ap aM e T p  3 (J)(J)eKTHB pa- 

AHyc 6 yjiH6 , y HApo Map- 

K33H A 3  H 3ap H A  3HMJIHTH 

M a p K a 3Aarn ra  HHc6 aTan  

hkkh  6 a p o 6 ap  K a M a H A H r a h 

HyKTaraM a 6 y.TraH Maco(J)a- 

ra TeHTAHp.

M a c c a H H H r  HApoAarH

T3 KCHM0THHH aHHK.iaiU 3apHA 

T3 KCHM 0 THHH aHHK-Tailira 

HHC6 aTaH  KH HH HpOKAH p.

4jx/?:! 5 

P2 (r),<pM3

1. 5- pa C M . 4?Ca aa— lmPb M p o -  

napna 3JieKTpoH c o m h j i h l u h  Oym^ia 
yTKasM-iraH T a w p n S a J ia p jia H  o j i h h - 

ran  3apnflJiap T a n cH M O T H .
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Ta>KpH6aiiaH ojiHHraH AaJiHJiJiap HeflTponjiap Ba np0T0H.iap 

HiipoAa TaxMHHaH 6np  xhji TaKCHMJianraH AeraH (})hkphh ojifa 

cypaan (1.5- pacM ). A rap  ujyHAafl 6yjica, 3apnjx t3K,chmoth, 

yMyMaH ojiraHAa, napo HMHAarn HApo MOflAacH TaKCHMOTHHH 

X,aM aKC 3TTHpaAH.

K y nH H ^a  Hflpo c<})epHK uiaKJira ara ae6  t3xm hh khjihhbah, 

xaKHKaTaH 5;aM 6y  KynMHJiHK HApoJiap yMyH Typpn. A m m o  

6ai>3H HflpoJiapaa cc{)epHK KypHHHUi/iaH MeTJiauinui Kafl/i 

KHJlHHTaH.

1.8- §. 3jieKTpoH, HyKjioH Ba HApojiapHHHr cnHHJiapn, 

MarHHT sa  ajieKTp MOMeHTjiapn

R n pO  KyjIOH Mafl/lOHHHHHr C({)epHK CHMMeTpHK WJIHAa 

3T0M (})H3HKaCHAaH MaTaJiyMKH, 3JieKTpOHHHHT HCTaJiraH 6np  

xojiaTH n, l, m , s kb3 ht coH.iapH 6 HJiaH H(})OAaJiaHaflH. By  

COHJiapHHHT flHHaMHK MaTiHOCH UiyH/iaH H6opaTKH, 6 0 UI KB3HT 

COHH n 3JieKTpOHHHHT rt- Op^HTaflaTH SHepTHHCHHH aHHKJiaft- 

IX h:

z'2e4m 1

6yH/ia « = 1 ,  2, 3  ... 6yTyH c o h  KHftMaTJiapra 3ra.

Op6HTaji KBaHT cohh / 3ca, 0  jxaH n —  1 raMa (xaMMacH 

6yjin6 n Ta) 6yjiraH opaJiHKAa 6yTyH coHJiapra TeHr KHftMaT 

ojiaAH; MarHHT kb3ht cohh ( m , ) — / flaH +  / raMa 6yjiraH 

6yTyH coh KHftMaTJiapHH (x,aMMacn 6yjin6 2/-f- 1 Ta) ojia/iH.

CnHH  KB3 HT COHH + 1 / 2  Ba — 1/ 2  KHftMaTJiapHHTHHa 

ojiaAH. Op6HTaji kbbht cohh / sjieKTpoHHHht aTOM^arH 

x,apaKaT MHKAopn MOMeHTHHHHr KHflMaTHHH 6ejirHJiaftAH, 

MarHHT KBaHT cohh m\ sca 6y MOMeHTHHHr (})a30Aa 6epHJiraH 

ftyHajiHuiflarn npoeKUHHCHHHHr KaTTajinrHHH KypcaTaAH. 

BepnjiraH ftyHaJinui AeraH/ia (6y  ftyHajiHUiHH z  x,apt})H 6njiaH 

6ejirHJiaftMH3); 3JieKTp eKH MarHHT Maft,aoH xochji khjihuj ftyjiH 

6HJiaH TaHJiaHraH ftyHajiHin TymyHHJiaiiH. X a p aK aT  mhkao- 

pHHHHr MOMeHTH KyftnijarH KHftMaTra 3ra 6yjiaj,H:

m  =  k  v / i T + i y .

X a p aK aT  m hkaoph MOMeHTHHHHr 6epnjiraH ftyHa.THUiflarH 

npo eKU H H C H

M z =  mlh. 

H e M aK , ajieKTpoHHHHr aTOMAarH x,apaKaT mhkhoph 

MOMeHTH Ba yHHHr npoeKUHHCH xyjxiXH 3HeprHnra y xiljaui
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KBaHTJiaHraH KaTTajiHKJiapiiHp. h aohmhh KaTTajiHKHH x,apa-

K 3T  MHKAOpH MOMeHTHHHHr TafiHHH 6HpjIHTH Ae6 KapaUI 

MyMKHH.

CnHH MOMeHTHHHHr 6epHJiraH HyHaJiHUi/iarH npoeKUHHCH 

(2s -(— 1 ) XHJl KHHM3T Ka6yjl KHJIHtHH MyMKHH. LLlTepH Ba 

Tepjiax Ta>KpH6acHAaH MaT>JiyMKH, 3JieKTpoHHH ht cnHH 

MOMeHTH BeKTopH (J)a30Aa 4>aKaT hkkh flyHajiHUira ara, htjHH

2 s + l = 2 .  ByH^aH ajieKTpoH ynyH cnnh s =  KHHMaTra 

ara SKaHjinrH kcjih6 MHKa/iH. YHHHr npoeKUHHJiapn 3ca:

s , =  ±±K-

SjieKTpOHHHHT KB3HT COHH 5=-^-, OAaTfla, 3JieKTpOHHHHP

cnHHH iie6 aTajiaAH.

SjieKT^OHHHHT aTOMAaTH Tyjia MOMeHTH / yHHHT Op6HTaJI 

T Ba cnHH 5 MOMeHTJiapHHHHr HHFHHAHCH/iaH u6opaT: / =  /-)-s. 

Tyjia MOMeHTHHHr xycycnft KHHMaTH

i/i =  y / ( / + i ) *  ■

ByH.ua j Tyjia MOMeHTHHHr KBaHT cohh 6yjin6, 6epHJiraH 

/ Ba s coHJiap y^iyH

/ = | /  — s|, ]/ — s| —(— 1, ..., / +  s— 1, / —|— s

KHHMaTJiapHH Ka6yji KHJia/iH. Xo3HprH 3aMOH MatJiyMOTJiapH- 
ra Kypa, A  HyKjiOHAaH Ty3HJiraH haPohhht Tyjia MOMeHTH / 6y 
HyKJIOHJiapHHHT CnHHH Ba Op6HTaJI MOMeHTJiapHHHP BeKTop 
HHFHHAHCHra TeHr. Arap HyKJioHJiapHHHr cnHHH Ba op6HTaji 
xapaKaTH ypTacHAarn y3apo Tatcnp cnHHJiapapo y3apo 
Ta^bcnpAaH KyHCH3poK, ht>hh cnHH-op6HTaji ajioKa flyK eKH 

AenpjiH fiyK 6yjica, 3appajiapHHHr op6HTaji MOMeHTJiapn 
CHCTeMaHHHr Tyjia op6HTaJi momchth L hh, cnHH MOMeHTjiapn 

(s,) 3ca Tyjia cnHH momchth 5 hh 6epaAH, htdHk

I  =  2/, Ba S =  Ss,.
i i

y  BaKTiia CHCTeMaHHHr Tyjia MOMeHTH KyfiHAarHMa 6yjiaflH:

7  =  1  + S .  (1 .8 )

By CHCTeMaHHHr Tyjia op6HTaji MOMeHTH L hhht Ba Tyjia ciihh 

MOMeHTH 5 HHHT TaXMHHHfi caKJiaHHuiHra ojih6 KejiyBHH y3apo 

Ta-bCHp L — S 6ofao.hu.ui iie6 aTaJiaiiH. ByHAafi 6oFjiaHHUi
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HyKJioHJiap ypTacH^a MapK33HH Kynjiap Ta^bCHp KHJiraH 

T a K A H p ^ a  rc)3ara kcjihiuh M yMKHH.

YM yM aH  oJiraHAa, HApo Ky^Jiapn MapKa3HH KyMJiap 3Mac; 

HflpoAarH y3apo Ta^bcnp HyKJioHJiap cnHHH Ba opSHTaji 

MOMeHTHHHr 6Hp-6HpHra HHc6aTaH fiyHajiHiiiHra, mDHH (I-s) 

CKajinp KynaflTMara 6ofjihk 6yjiaAH. C(})epHK MaftAOH/ia x,ap 

6Hp HyKJIOHHHHT Tyjia MOMeHTH

jk =  4  +  Sk■

H aPohhh t  Tyjia MexaHHK momchth /  aca H/ipo TapKH6H- 

AarH HyKJioHJiap Tyjia MexaHHK MOMeHTjiapn jk hhht BeKTop 

HHFHHAHCHra TeHr:

7  =  2 / * .  (1.9)
k

By XHJiaarH 6oFjiaHHLU / — j 6ofao .hu iu  /ie6 aTajia/iH. / — / 

6oFJiaHHiiiHHHr ycTyH kcjihuih Ta> Kp H 6aaa  Tac^HKJiaHAH . 

O a K a T  3Hr eHTHJi H A pojiap AarH H a  L — 5 6oFJiaHHUi ypHHJiH- 

AH p .

HflpoAarH MafiflOH Ba H/ipo HyKJioHjiapHHHHr y 3apoTatC H p  

xapaKTepHHH 6HJiMaft Typn6, /  BeKTopjiap Ah f h h a h c h  KaH- 

flafi KOHyHra 6yftcyHHuiHHH ojiflHunaH aftTHiu KHfiHH. ByHAafi 

KOHyHHHTJiap Ta>KpH6a HaTHwajiapH^aH o jih h 3 a h . T a *p H 6a -  

Jiap^aH aHHKJiaHraH >Ky({)T->Ky(})T HApojiap cnHHJiapHHHHr 

TeHrjiHrH *y(})T HyKJioHJiap MOMeHTJiapn 6 h p -6h p h h h  fiyKOTa- 

AH, aeraH xyjiocaHH TaK03o 3Ta/iH, AeMaK

2  jk =  0. (Z, N  >Ky(J)T xoJiAa).
k

T o k  A jih (t .—  >k. eKH >k.—  t . ) H/ipojiap CnHHH 

>Ky(})TJiaHraH HyKJioHJiap cnHHJiapH fiyKOTHJiraHjiHrH/iaH, 

>Kyc{)TJiaHMaraH HyKJioH cnHHH 6njiaH aHHKJiaHa/iH .

MatJiyMKH, aJioxH/ia HyKJioHHHHr Tyjia momchth h  

6HpJiHTHAa npHMra TeHr. LUyHHHr yuyH >Kyc|)T cohjih nyKjioHra 

3ra 6yjiraH H/ipoHHHr ciihhh h  6HpjiHrH/ia KaH/iafi/iHp 6yTyH 

coHflaH, toK /4  ra ara 6yjiraH H/ipoJiapHHHr ciihhh hphm 6yTyH 

coH/iaH H6opaT. IOKOpH/ia afiTHJiraHH/ieK, 3KcnepHMeHTaji 

yjiHauuiap 6y  xyjiocaHH TacflHKJiaAH. X a M M a  >Ky(})T->Ky(})T 

(npOTOH COHH XaM, HefiTpOH COHH XaM «y(})T) H/lpOJiapHHHr 

cnHHH HOJira TeHrjiHrn Ta>KpH6aAa KypHJiAH. B y  KoujxanaH 

MeTJiaHHiu MyTJiaKO Ky3aTHJiMafi/i,H. BapK apop  >Ky(})T-TOK

H^pojiap Ba TOK-*y(})T Hflpojiap -- AaH ^  ra^na 6yjiraH
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apHM SyTyH c ohjih  cnHHJiapra ara. Tok-tok, HApojiap SyTyH 

cnHHJiapra ara.

1928 HHJiAa Mauix,yp hcm hc (})H3HrH B. flayjiH 3tom  

Hflpojiapn xycycHH M exaH HK  m om cht —  ciihh SnjiaH 6 n p  

KaTopjia xycycHH M arHHT M OM eHTHra x.aM ara 6yjiHiiiH 

MyMKHHJlHTHHH aHTraH  3AH. X a K H K 3 T a H  XaM , 3apHAJIH 

3a p p a H H H r  afljiaHHiiiH H a T H w a c H A a  M arHH T m om chth B y w y a r a  

KejiraHJiHTH ca6a6jiH , afljiaHHiu m om chth hojia3h  4>apKJiH 

6yjiraH H/ipo x,aM M arHHT M OM eHTHra ara 6yjiaAH .

^ A p o  MaTHHT MOMeHTH Hflpo TapKH^HflarH  HeHTpOH Ba 

npoTOHJiapHHHr cnHH M arHHT MOMeHTJiapn x,aMAa npoTOHJiap- 

hhht HApoiiarH op6HTaji xap aK aT Jiapn  Tyc})afljiH nafliio 

6yjiaiiH. H efiTpoH Aa  3JieKTp 3apnii,H 6yjiMaraHJiHrHiiaH, yHHHr 

op6HTaji x ap aK aT H  x,en KaHiiafl M arHH T 3(})(})eKTHHH xochji 

KHJiMaftiiH. 3apniiJiaHraH 3appaHHHr op6HTaJi x ap aK aT H  

afijiaHMa ajieKTp TOKHra aKBHBaJieHT, aftjiaHMa to k  aca 

MOMeHTJlH AHnOJI MafiflOHHra SKBHBaJieHT MaTHHT MafiAOHHHH 

X.OCHJ1 KHJiailH.

K.BaHT M exaH H K acH A aH  M atJiyM KH, 3ap H A H  e, M accacH  me 

6yjiraH sjieKTpoHHHHr op6nTaji M arHHT MOMeHTH (j ,=

=  / ’ 2m T ^  —  op6HTaji MOMeHT, 0, 1,2, ... KHfiMaTJiap Ka6yji 

KHJiaiiH). A to m  (})H3HKacHiia / =  1 6yjiraHiiarH

uB =  neH =  9,2732-10“ 21 3pr-rc“ ‘^ 2 mec

MaTHHT MOMeHTH B o p  MarHeTOHH HOMH 6HJiaH M auixyp . X y A A H  

uiyHiiaft HApo  (})H3HKacHiia x aM  Hiipo Ba HyKJioHJiapHHHr 

M arHHT MOMeHTJiapH 6hpjihth  khjih6

^  =  W  =  5 ’° 5 0 5 -1 0 ' 24-3 p r -'rC "

Hiipo MarHeTOHH Ka6yji KHJiHHraH (6y  epAa M „ =  1836,5 m e —  

npoTOH MaccacH).

Hiipo M arHHT MOMeHTJiapn khmhk 6yjiH6, yjiapHH yjm aui 

K3TT3 3KCnepHMeHTaJl KHftHHMHJIHKJiapra OJ1H6 KeJiaAH. 

OaaTiia, uiapTJiH paBHUiiia, M arHHT MOMeHTJiapn cnHHra 

napajuieji ftyHajiraH 6yjica — M y c6aT  ae6, KapaM a- KapuiH  

ftyHajiraH 6yjica —  MaH(})Hft A e 6  XHCo6jiaHaAH.

rip0T0Hra oiiiiHft, CTpyKTypacH3 3apHiiJiH 3appa iie6 

Kapaiu acoc khjih6 ojihhrah H33apHHHHHr Ta>KpH6a 6njiaH 

moc KejiMacjiHrH, npoTOH xaKHKaTixa uiyHiiaft oiiiiHftrHHa 

KypnjiMa 3Mac AeraH (})HKpra ojih6 KejiaAH. AftHHKca,
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HeHTpoHHHHr xaM — 1,91 H^po MarHeTOHHra TeHr SyjiraH 
MarHHT MOMeHTHra ara GyjiHiiiH a*a6jiaHapjiHAHp. By 

x,ojiaarH MaH(J)HH 6eJirn HefiTpoHHHHr MarHHT momchth Ba 
cithhh KapaMa-KapuiH ftyHajiraHJiHrHHH 6HjmHpaAH.

HeftTpoHHHHr MarHHT MOMeHTHra ara 6yjiHiiiH yHHHr 
MypaKKa6 Ty3HJiHiUHAaH AapaK 6epa^H. HeftTpoH^a 6np- 
6hphhh HefiTpajuia6 TypyBHH 3apHflJiapHHHr KaHflafiflHp 
TaKCHMOTH MaB>KyA Ae6 yfijiam MyMKHH; 6y BaKT^a MaH(J)Hfi 
3apan HeftTpoHHHHr MeKKapoFHra >KofijiauiraH, Myc6aT 3apan 
aca MapKa3nft coxa.ua My>KaccaMJiauiraHflHp.

YMyMaH, HApoJiapHHHr x,aKHKHft MarHHT MOMeHTJiapH 
0/m.Hfi Ha3apHH 6yfiH4a >CHCo6jiaHraH KHfiMaTjiapnra moc 
KeJiMafi^H. LLIyHHHr yMyH MarHHT MOMeHTjiapH (ji) KynHHMa 
eupoMaeHUT huc6ot (g hapobhA (})aKTop) 6HJiaH H<})OAajiaHa- 
ah. n =  g/; g (})aKTop Myc6aT eKH MaH^Hfi KHfiMaTJiapra ara 
6yjiHuiH MyMKHH 6yjiH6, y ciihh Ba MarHHT momchth 
BeKTopjiapHHHHr 6Hp-6HpHra HHc6aTaH KaHAafi (6np TOMOHra 
eKH KapaMa-KapuiH TOMOHra) fiyHajiraHJiHTHra 6ofjihk.

f t a p o  M arHeTO H H  6 H p jiH K Jia p H f la  y jiM a H ra H  H yK Jio H H H H r 
M arH H T  MOMeHTH n 6 H JiaH  yHHHr h 6HpjiHKJiapHfla yjiMaHraH 
cnH H H  (s ) y p T a c H ^ a  fis =  g ss 6 o F Jia H H U i MaB>Ky,a. O p 6 H T a ji 
M O M eH T Jiap  yM yH  );a M  m oc H ^ o ^ a r a  a r a  6 y j ia M H 3 : y,i =  g r l  (/, 
s  —  o p 6 H T a ji B a  cnH H  K B aH T  c o H J ia p ) .

LIpoTOH yMyH gp=  1, HefiTpoH yMyH g" =  0. HefiTpoH Ba 
l

npoTOHJiapHHHr cnHHH — ra TeHr, MarHHT MOMeHTjiapn aca

p.?=+2,79p.o; n?= — 1,91 jio- ByH.ua rnpoMarHHT coHJiap- 
hhht np0T0H yMyH g s  =  5,58, HefiTpoH yMyH aca g s  =  
=  — 3,82 3KaHjiHTH Kejin6 MHKa^H. By paKaM oJiAHAarn MaH-
(})Hfi Hiuopa MaTHHT MOMeHTHHHHT fiyHaJlHUIH CnHH fiyHaJlHUIH- 
ra KapaMa-KapuiH SKaHJiHrHHH KypcaTaAH.

>Kyc})TJiamraH HyKJioHJiap xapaKaT MHKAopn momchth —  
cnHHJiapn 6Hp-6npjiapHHH fiyKOTHuiraHJiHrHAaH, HyKJioHJiap- 

hhhp MarHHT MOMeHTJiapH xaM >Ky(})TJiauiraHAa fiyKOTHJiHUiH 
MyMKHH. UlyHHHr yqyH tok  HApoJiapHHHr MarHHT MOMeHTJia- 
Phhh *y(})TJiaHMaraH HyKJioH xapaKaTHHHHr HaTH>KacH 
CH(})aTHAa ^HCo6jiaui khKhh 3Mac. ByHAa HyKjiOHHHHr MarHHT 
MOMeHTH

\L =  g < + g s S

K y p H H H U I^a  H (^OAaJiaHaAH . HyKJIOHHHHT 3(})(})eKTHB M arHHT 

MOMeHTH |j, Ba j =  J+ s  BeKTopjiapHHHr CKajiHp KynafiTMacH- 

A a H  H 6o p aT . XHCo6jiaui HaTH>KacH npoTOH  yMyH
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/ 1 2,29 \.
/ =  / — 2 * OJlJxa i * =  y — j + v j i ’

j =  l + \  WJiAa î =  ^l + ^ Y ~ y  =  / +  2,29

HeHTpoH y^yH aca

, l 1,91

1 =  1 ---2 xo,niia P  =  7 + T ' 1’

t - 1 1,91 i n t
/ =  / +  -T XOJifla (X = --- :— I =  — 1,91

^ }

KHHMaTJiapHH SepaAH. T o k  H/ipojiapHHHr MarHHT MOMeHTjia- 

pHHH (})aKaT *y(})TJiaHM araH  6htt3 n p 0T 0H  eKH HeHTpoH xochji 

KHJiaflH AeraH (})HKp LUmh/it Ha3apHHCHHHHr acocHflHp. 

M arH H T  MOMeHTJiapHHHHr SKcnepHMeHTaji KHHMaTJiapH m y 

Ha3apHH ep^aM Haa TonHJiraH KHHMaTJiap opacHfla frraflH 

(1.6- a, 6 pacM ). T. )K. napojiap MarHHT MOMeHTJiapH opCHTaji 

MOMeHTHHHr opthuih SHJiaH opTwS SopaflH. >K- t . HApojiapaa 

aca 6yHAaft SoFJiaHHiu AenpjiH fiyK- By .aajiHJi lliMHATHHHr 

acocHfi fohch TyFpn 3KaHJiHrHHH KypcaTca xaM, JieKHH LUmhat 

MOAeJiHHHHr HaTH>KajiapH Ta>KpH6ara moc KejiMafiAH. Arap 
apKHH x,ojiAarH HyKJioHJiapHHHr MarHHT MOMeHTJiapn HApoaa- 

th  6oFJiaHraH HyKJioHJiapHHHr MarHHT MOMeHTHra TeHr 3Mac 

Ae6 (papaa k h j ic b k , kcjihuimobmhjihk 6np 03 TyppHJiaHaflH. 

J3,eMaK, Hflpo MarHHT momchth KfifiMaTJiapHHH (£aKaTrHHa 6np 

flOHa HyKJlOH XapaKaTH 6HJiaH TyUiyHTHpHIU MyMKHH 3Mac. 

Ha3apH H  Typpu 6yjiHuiH ywyH HyKJioHJiapHHHr HflpoaarH 

KOJiJieKTHB x,apaKaTJiapHHH Ba 6Hp-6upH 6njiaH y3apo 

TaTjCHpJiapHHH xHCo6ra ojihiu KepaK.

O jia h h  Ta"bKHflJia6 yTHJiraHuneK, a- 3appajiapHHHr cohh-

1. 6- p a cM . a )  3 a p R ii  (Z) jiapH to k  6yjiraH  HApojiap MariiHT MOMeHTJia- 

Ph; 6) HeftTpoH (JV) JiapH tok  SyjiraH MarHHT MOMeHTJiapw.

3 P. BeKJKOHOO

— i--- 1-i______ U_____ i___

t/z 3/Z 5/l 7/Z 9/Z j  

a

l/z 3/1 s/z Vl 9/Z j  
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1. 7- p a c M . 3 jie K T p o  a h -

nOJlb M O M eH T H H H H r  XOCHJI OyjiH- 

ujh : a )  y 3  y K H  aTpo(J)H,aa 

afijiaHaeTraH 3 apHA*nH 3a p p a  

an jia H M a  3JieKTp t o k h  xochji 

KH Jia^H , y y 3 H a B 6 aTH/ia Mar- 

h h t  AHnojib  M O M eH T H H  By>KyAra 

KejiTHpa^H; 6) HApojiapAa Hew- 
TpOH Ba npOTOH TaKCHMOTJiapH- 

h h h t  MapKa3.iapn CHJi>KHraHAa 
X,aM H A p O H H H T  SJieKTp MOMeHTH 
By>Kyii.ra KeJiaAH.

a 5

jihuih 6 yfiHHa y T K a3 HJiraH T a * p H 6 ajiapAaH  a n p o  r >  

> 1 0 “ 13 m Macoc})aAa HyKTaBHH  3 a p h a  xoccajiapH ra  ara 

SKaHJIHTH KeJlH6 M H KK 3H  3AH. A M M O  KeHHHTH T3AKHKOTJiap 

HA PO  X a * M H A a  3 a p H A  TaKCHM OTH HHH T C(})epHK CH M M eTpH H AaH  

^eTra  hhkhuu x,0JiJiapH 6 opjihthhh  KypcaTAH . T a 6 HHHKH, 6 y 

XOJiAa (})a3 0 A a  ajieKTp 3 apH A H H H H r  TaKCHM JiaHHUinra MyBO- 

(})hk paBH U iAa  HOC({)epHK H A po  ajieKTp M OM eHTHra X.3 M ara 

6 yjIHIUH M yM KHH  ( 1.7 - p a C M ). H a P O H H H T  SJieKTp —  KBaAPy- 

nojib MOM eHTH Q yHH Hr Myx,HM 3JieKTp xycycHHTJiapHAaH  6 npn  

6 yjiH6 , h a p o  uiaKJiHHH ypraH H uiA a  KaTTa a x a M H H T  K ac6  

3T 3 AH. H A p O H H H r  KBaAPynOJlb MOMeHTH

Q =  \p(r)(3r*-r2)dV  (1.10)

KypHHHiiiAa H(})OAaJiaHaAH. Q h hh t  k h h m 3 t h  cm 2 Aa  y jm aH aA H . 

By ep A a  p(r) h a p o h h h t  HM HAarn r H y K T aA aru  3hmjihth, 

r7 HApoHHHr Q  sht KaTTa KHHMaTra ara 6yjiaAHraH

Z ftyHajiHiu yKHra r h hh t  npoeKUHHCH. C(})epHK CHMMeTpHHra 

3 ra 6yjiraH HApoJiap ynyH 3r 2— r 2= 0 ,  Q =  0. H n p o  uiaKJiH

Z y K  6yftHHa My3HJiraH 6yjica, 3 r | > r  2 Ba Q > 0 ,  Ba hhxo-

ht 3r | < r  2 Aa Q < 0  (1.8- pacM).

H a p o h h h t  CHMMeTpnH yKH (Z) ra HHc6aTaH xoJiaTH HApo 

cnHHH /  hhht uiy Z yKKa HHc6aTaH ftyHajiHUi Ba yHHHr 

CHMMeTpHH yKHAarH npoeKUHHCHHHHr KHftMaTH (K) 6HJiaH 

aHHKJiaHaAH.

Hoc(})epHK (Ae(})opMauHHJiaHraH) hapohhht ciihhh yMy- 

MHft XOJIAa

7 =  K  +  Q

ra TeHr.
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C(f)epHK SyjiM araH  HApoJiapAa Tauikh  (eKH Ky3aTHJiyBMH) 

Ba hhkh  KBaApynojib MOMeHTJiap TyiuyHMaJiapHHH (})apK. 

KHJIHIU J103HM. OflaTJiarH KOOpflHHaTaJiapHHHT JiaSopaTOpHH 

CHCTeMacHAa y jm aH raH  Q  KBaApynoJib MOMeHT TaiuK,u, HApo 

SnjiaH afljiaHaAHraH KoopAHHaTa.nap cncTeMacHAa yjmaHraH 

Q o KBaAponyjib M OM eHT uhku  A e 6  aTaJiaAH. H a p o h h h t  

CHMMeTpHH yKH  HyHaJiHiuHAa JiaSopaTopHH  yKHra  HH cSaTaH  

KBaHT (J)jiyKTyau,HHJiapH OyjiraHJiHTHAaH Ta uikh m om cht 

aScOJIIOT KH H M 3TH  >KHX,aTHAaH HMKH M OM eHTAaH  x a p  AOHM 

khmhk SyjiaAH. Q  Ba Q 0 MOMeHTJiap

M y H o caSaT  opKajiH GoFjiaHraHJiHTHHH KypcaTnui M yM Knn. 

A c o c h h  xojiaT, ht»hh J =  K  SyjiraH x,oji ywyH

(1 .12 ) ra Kypa arap HApo cnHHH HOJira eKH npHMra TeHr 

6yjica, y x,OJiAa Q0 HOJira TeHr 6yjiMaraHAa x,aM TauiKH 

KBaApynoJib momcht HOJira TeHr 6yjiap 3K3h. ByHHHr ca6a6n  

uiyHAaH H6opaTKH, HOJira Ba npHMra TeHr cnHHJiapAa 

HApOHHHr CHMMeTpHH yKH KB3HT (J)JiyKTyaUHHJiap TaTjCHpHAa 

TapTH6cH3 flyHajiraH 6yjiaAH. HaTH>KaAa KoopAHHaTajiapHHHr 

jia6opaTopHH cHCTeMacHAaru 3apHA t3kchmoth c(j)epHK 

CHMMeTpHK 6yjlH6 KOJiaAH.

TauiKH KBaApynojib MOMeHTJiapHH T a *p H 6 a A a  yjmaui 

y^yH MarHHT AHnoJi MOMeHTJiapHHH yjmauiAarH ycyjuiapaaH 

(})OHAajiaHHJiaAH. OnTHK cneKTpjiapHHHr yTa ho3hk CTpyKTy- 

pacHHH ypraHHui Ba paAHOMacTOTaJiH pe30HaHC ycyjuiapn 

myHAafl ycyjuiapAaHAHp.

HaPOHHHT HMKH Qo SJieKTp KBaApynOJIb MOMeHTH aTOMHHHT 

3HeprHHJiH caTXJiapHHHHr yTa H03HK napMajiaHHUiHra Ta"bcnp 

KHjiMaflAH Ba 6yTyHJiafl 6ouiKaMa ycyjuiap 6njiaH aHHKJiaHa- 

ah. Q 0 hh yjmaiu yMyH hapohhht KyjioH yflFOHHUU x,OAHcacHAaH 

(})oflAajiaHHJiaAH. By x,0AHcaHHHr mox,hhth uiyHAaH H6opaTKH, 

HApo 3apHAJiaHraH 3appa 6ujiaH TyKHamraH.ua, ajieKTpocTa- 

thk y3apo Tai>CHp x,HCo6Hra yflFOHraH \OJiaTra yTHUiH 

MyMKHH. Arap hapohhht yflFOHaeTraH caTXH afljiaHMa 6yjica, 

y xojiAa >KapaeHHH 3hhk XHCo6jiaui MyMKHH. By yflFOHHUi 

HHTeHCHBJinrHHHHr Ha3apHft Ba Ta>KpH6aAa ojihhrah KHftMaT- 

jiapHHH TaKKOCJiaui acocHAa Q 0 hhht KHftMaTHHH TonHUi 

MyMKHH. M a 3K y p  >KapaeHHHHr HOKBaHTaBHft TacBHpn KyftHAa-

2K2- J ( J + \ )  q  

( / + l ) ( 2 /  +  3) Vo

(1 .1 2 )
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rnqa. Yhh6 KeJiaeTraH 3appa, MacajiaH, 6np Hena MsBjihk 

a- 3appa h apo h h h t MeKKacn HKHHH^aH yTaeTH6, iuy neKKacH- 
AaH HTapa^H Ba haPohh afijiaHHUi xoJiaTHra KeJiTHpa/iH. 
Aji6aTTa HApo KBaHTMexaHHK CHCTeMa 6yjiraHJiHrHflaH  
HApoHHHr uiaKJiH AeraH aTaMa aHHK. M atH o ra  ara 3Mac. 

OAaT^a, 6y aTaMa HApo HMHAarn xap 6hp HyKJioH y3apo 6np- 
6npHra 6ofjihk. 6yjiM araH  xojiAa, MycTaKHJi paBHiuAa 6ouiKa  
HyKJioHJiap TOMOHHAaH x,ochji KHJiHHraH y3apo Mocjiaui 
(MyBoc})HKJiaui)raH M aiiAoana x,apaKaT khjihu ihhh KypcaTa- 
AH. IUyHHHr yqyH h ap o h h h t uiaKJiH AeiiHJiraHAa yHHHr y3apo  
M ocjiaui (MyBo^JHKJiaui) raH MaftAOHHHHHr chm m ctphh t3 bch - 
(})h TytuyHHJiaAH. KefiHHrH ca*H(|)ajiapAa maKji 4>aKaT 

KJiaCCHK MaiiHOAa TaJIKHH KHJIHHaAH.
YM yM aH  ojiraHAa hapohhht iuaKJiH yHHHr hhkh KBaApy- 

nojib MOMeHTH Q q ra 6ofjihk. X,aKHKaTaH, c(j)epHK —  

CHMMeTpHK HApoJiapAa Q =  0 Ba Q 0 hhht HOJira TeHr 

6yjiMacjiHrH hapohh Hoct})epHK (Ae({)opMauHHJiaHraH) uiaKJira 

ara SKaHJiHrHAaHAHp. KBaapynojib MOMeHTJiapn hojia3h 

4 )a p M H  6yjiraH hapohhht Ha3apnfi \HCo6jiapra TyppH 

Ke^aAHraH Ba Ta>KpH6aAa TacAHKJiaHaAHraH sht oaahh  

maKJiH afijiaHMa 3JiJiHncoHA uiaKJiura yxm afiAH. 3.a.po 

uiaKJiHHH Ae(})opMauHH napaMeTpn —  p 6HJiaH TaBCH^JiaHa- 

Ah :

6yHAa 2R — cHMMeTpnH yKHHHHr y3yHJiHrH, 2 (R — AR) —  
yHra  t h k  yK H H H r y3yHJinrH eKH A R  aJiJiHncoHAHHHr KaTTa a  Ba 

k h h h k  b yKJiapHHHHr (a  —  b) $apKH  (1 .8 -pacM ra  KapaHr). 

A rap  HApoHHHr 3apnAH x ,a*M H  eyfiH^a TeKHC TaKCHMJiaHraH 

6yjica, OAAHfi x,HCo6jiap

3 .u 'K Tp  K n a A p y n o jib  m o m c h t h h h  

X o c h j I 6 y j iH m H : a )  K B a a p y n o J ib  

MOMeHTra ara CyjiMaraH 3apaa- 
jiap CHCTeMacn; 6) C(j)epHK 
Hflpo \aM KBaapynoJib MOMeHT- 
ra sra 3Mac, Q =  0; b ) Q — 
— Myc6aT, Q < 0 ;  r) Q — 
MaH(J}HH, Q < 0  6yjiraH xoJiJiap.
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6yjiHiujiHrHHH KypcaTaAH. O/iaT/ia KynuHJiHK H/ipojiap yLiyn 
Ae(})opMau.HH n ap a M e T p n  p hhht KHHM aTJiapn 0,01— 0,02 a a H  

opTM ah/ih . JleKHH jie^op M auH H JiaH ran  A e 6  aTajiMHiu HApoJiap

(A ~  23,150^/1^ 190 Ba A > 2 2 2 )  yMyH p 6a-b3aH
0,1— 0,3 raqa 6opa/iH. Kyhmhjihk a/ipojiap yqyH Q0>  
> 0  ( A # > 0 ) ,  6y xoJiAa H/ipo chmMeTpnn yKHra My3HJiraH 

aftjianMa 3.uiHncoH/i. (cnrapa) uiaKJinra ara. Ba, aKCHHMa, 

hmkh KBaApynoJib MOMeHTJiapn Q»<;0 (A/?<c0) 6yjiraH 

HApoJiap CHKHJiraH uiaKJiJiH 6yjia/in. By ep/ia R — a/ipo 
paflnycH, AR  —  Ae^opMauHHJiaHran HApoHHHr KaTTa Ba 

khmhk npHM yKJiapu ypT3CH/iaTH (})apK. KH3HFH UiyH/iaKH, 

Myx,HM ^hshk KaTTajiHK 6yjiraH p hh 6eBocHTa yjiMauj 

ycyjuiapH uiy KyHraMa ToriHJiMaraH. Arap H/ipo pa/iuycjiapH 

xaKH/iarH MaiwiyMOTJiapra acocJiaHH6, npoTOH Ba HefiTpoHJiap 

H/ipoAa TaxMHHaH 6np xhji TaKCHMJianran Ae6 oJicaK, Q0 Ba p 

6np-6HpH 6n.TaH

Q° =  - ^Z R fr

KypHHHUiAa 6oFJiaHraH 6yjiaAH. Bab3aH KejiTHpnjiraH KBaA- 

pynojib MOMeHT Q KeJ1T=  Q /Z R 2 AaH  x,aM c})ofiAajiaHHJiaAH.

1.2- w a/iB ajiAa  6ai>3H HApojiapHHHr Tauikh  KejiTHpH.iraH 

KBa/ipynojib MOMeHTJiapH 6epnjiraH .

1 . 2 - *  a  a  b a  j i

B a i 3 H  3TOM H A p O Jia p H H H H r  K B a a p y n O J Ib  M O M eH T Jiap H

Sflpo Q •10 24 cm2 Hflpo Q • 10_24 cm2

1»
0,00273 85Rb

37
0,27

0,0355

>
—0,30

>

0,0071 0,25

'1 °

0,027
l4lPr
59

—0,054

27a ,
13

0,149 175. 

71 Lu
5,9

33„

16
0,064 179Hf

72
3,0

35„ 

16
0,045 181

73 3
6,0
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1.2- otcadsaAHune daeoMu.

fldpodaeu mon nyK/ion/iap conu

1.9- pacM. Xap xhji HyioioHJiap coh- 
jiapwra sra 6yjiraH RApoJiapHHHr KeJi- 

THpHJiraH KBaApynojib MOMeHTjiapH. ByH- 

Aa npoTOHJiap §kh HeiiTpoHJiap cohh tok, 
6aT>3aH hkkh coh xsm tok. CTpejiKajiap 
Q =  0 6yjiraH Ko6HKJiapH TyjiAnpnjiraH 
H^poJiap ypHHHH KypcaTaflH.

lilyHflaft khjih6 , 6y 

HApoHHHr KBaapynojib 

MOMeHTH 6 n p  3appajiH  

K.HHMaT,a.aH KaMHfla 15 

M ap T a  opTHK- KynrHHa 

H ^pojiap  yHyH Q h hh t  

6 n p  3appajiH  xojiAarn- 

A 3H  6yHAaft K3TT3 6yAH- 

LUH HAPOBHH KBaApynOJlb 

M OMeHTJiapHHHT KOJIJieK- 

th b  x a p a K T e p ^ a  3K3hjih- 

rHAaH  a a p a K  6epaflH.

1.9- paC M A aH  KypHHHIUH- 

Ma, HyKJioHJiap co h h h h h t  

OpTHUIH 6HJiaH HAPO 

iuaKJiH My3HJiraH xoJiAaH 

6 h p  03  33HJiraH ci})epHK 

XOJiraMa AaBpnft y3rapa- 

AH Ba aK C H H ^a . B y  a>KO- 

h h 6  AaBpnftjiHK Ba 6np

1.2- >K3ABaJlAaH KypHHHUIH4a, Q HHHT KHftMaTJiapH >KyAa

coqHJiraH. Ma-bjiyMKH, 6ap ^a  MarHHT MOMeHTJiapu Bop

MarHHTOHH TapTH^Hra, ht^hh 6wp 3appajiH xapaKTepra ara.

KynrHHa HApojiapHHHr KBaApynojib MOMeHTJiapn 3ca, 6np

3appajiHAaH aHMa iokoph. J\a pxaKHKaT, 6HTTa HyKJioH

xapaKaTHAa x oc h ji k h -

JiHHraH Ba 1.2- >K3ABaJi-

A a rn  6HpjiHKAa yjinaHraH

KBaApynojib MOMeHT h a -

po paAHycHHHHr KBaApa-

TH R2 A 3 H  OUIMaftAH. 
I8It ^Ta HApo ynvH 6y 
MaT 0,4-10- 4̂ c m 2 ra

TeHr.
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3appajiHKKa HHcSaTaH *y iia  KaTTa KBa/ipynoJib momchthra 

sra HApoJiapHHHr MaB>Ky/i,JiHrH hapohhht yMyMjiaiuraH 

MO/iejiH epAaM H^a TyujyHTHpH/iaiiH.

1.9- §. BoFjiaHHiu 9HeprHncH

A t o m  h ap o ch  SoFJiam  KyMJiapn 6HJiaH 6 n p  >KOHAa yuiJia6 

TypHJiraH A HyKJioHAaH, atjHH Z  npoTOH  Ba N  =  A  —  Z  

HefiTpoHiiaH TauiKHJi TonraH CHereMa/iaH H6opaT. A rap  

HAPOHH yHH TaillKHJl KHJiyBMH HyKJIOHJiapra a>KpaTMOKMH 

6yjicaK, 6oFjiaiu KyMHHHHr T a tc H p H r a  KapuiH  hui 6a>KapHiura 

Typpn KejiaAH. By hiuhhht KaTTajiHFH 6oFjiaHHUi SHeprHHCH 

eKH HApo  6ap K ap op jiH rH H H H r  yjiH aM H /m p . LOyHHH r ynyH 

6oFJiaHHUI 3HeprHHCH 3TOM  HApOCHHHHr M yXH M  xapaKTepHCTH- 

KajiapHAaH x,HCo6jiaHaAH.

HApoAarn HyKJioHJia pHHHr y3apo Ta-bcnp KOHyHHHTH 

x,03HpMa HOMa-bJiyM 6yjica xaM , SHeprHHHHHr caKJiaHHiu 

KOHyHH Ba HHC6HHJIHK H33apHHCHHHHr Macca 6HJiaH SHepTHH- 

hh 6oFjiaftAHraH E  =  m c 2 Hcj)OAacHAaH (})OHAaJiaHH6, 6oFjia- 

HHiu 3HeprHHCHHH eTapJiHMa aHHKJiHKAa Tona 0JiaMH3. Arap  

HAPOHHHT MaCCaCH M  (A ,Z )  HH, yHH TaUJKHJI KHJiraH 

HyKJiOHJiap MaccacH hhfhhahch [Z m p-\- N m p] ra cojihuithp- 

caK, 6hphhmh Macca hkkhhhhcha3h 6np  03  khhhk A m 

3KaHJIHTHHH KypaMH3. By MaCCajiapHHHT 4>apKH Macca 

detpeKTu jxe6 aTaJiaAH. HApoAarn 3appajiap 6Hp-6npHra 

KaHHajiHK hkhh 6yjica, yjiap KaHMajiHK «3hh» >KOHJiauiraH 

6yjica, Macca Ae({)eKTH uiyHHa KaTTa 6yjiaAH. M a c c a  Aec})eKTH 

HyKJioHJiapHHHr HApoAarn «3HHjiaHHUiHHH» xapaKTepjiaHAH. 

LLIyHHHr ynyH yHH 6a"b3HAa 3HHJiaiUHUi §kh 3UHAauiuui 
K09<p(puUfUeHTu AeftHJiaAH. M a c c a  Ae<})eKTHHH aHHKJiafiMH3:

\m =  [Zmp-\-(A — Z )m n] — M ( A ,  Z).

By epaa m p Ba m „ —  npoTOH Ba HeHTpoHJiapHHHr Maccacn. 

M a c c a  Aec})eKTH HyKjioHJiapHHHr >KHncjiauiH6 Hflpo x,ochji 

khjihjuh HaTH>KacHAa a>Kpajjn6 hhkK3h E 6oFjiaHHiu SHeprHH- 
CHHHHT KaTTaJIHTHHH aHHKJiaHAH:

E 6or„ =  Am-c2= [ Z m p-f (A — Z )m n— M(A, Z)]c2. (1.13) 

ftnpoHHHr 6oFJiaHHiu SHeprHHCH 3 t o m  MaccaJiapH opKajiH 

E 6<„,,=[Z . M J l H )  +  (A - Z )m n- M J A , Z ) c 2

™ “r s T r =XHC06J13HMH3. ^He hhhf MaccacH 4,002604 ra tchf. h k
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BOAOpOA aTOM HHHHT Ba HKKH HeHTpOH MaCCaJiapHHHHT 

h h f h h a h c h : 

2 X  1. 0 0 7 8 2 5 2 + 2 X  1 ,0 0 8 6 6 5 4 = 4 ,0 3 2 9 8 1 .

IHyHAafi k ,h j ih 6 , H e  h h h t  6oFJiaHHUi SHeprHHCH 4 ,0 3 2 9 8 1  —  

— 4 , 0 0 2 6 0 4 = 0 , 0 3 0 3 7 7  m . a . 6 . eKH 0 ,0 3 0 3 7 7 - 9 3 1 , 5 = 2 8 , 3 0  

M a B  ra TeHrflnp. H e M a K , ^H e  H ^p o c H A a  6w p  HyKJioHra TyFpn

E  28 30
KejiaAHraH 6oFJiaHHiu SHeprHHCH TaxMHHaH —  =  — j —  =

=  7,1 M a B  ra TeHr.

ileHTpoHHHHr tuy ftycHHfla xnco6jiaHraH 6oFJiaHHUi 

SHeprHHCH 2 ,2 2 5  M a B  ra TeHr. XaK H K aTaH , aBBajinra 6y

KH H M 3T  3KCnepHMeHT3JI T a p 3 A a , AeftTpOHHHHr npOTOH  Ba 

HeftTpoHra (})0T0a>KpajiHuiHHH yjinaui opKajiH aHHKJiaHraH 

3AH. B y  KaTTajiHKHHHr M acc- cneKTponHK ycyjiAa aHHKJiaHraH 

npoTOH  Ba AeftTpoH M accajiapw  6HJiaH c o j i h u i t h p h 6 , Hefi- 

TpoHHH Hr M accacH  aHHKJiaHAH. HeftTpoH M accacH H H  6eB0CHTa  

a H H K  yjm aui ycyjiH xajiH TonHJiMaraH.

B n p  HyKJioHra TyFpn KejiraH ypTaua 6opjiaHHiu aHeprHHCH 

>KyAa eHrHJi 3JieMeHTJiapAaH TauiKapH 6apq a  3JieMeHTJiap 

ynyH TaxMHHaH 6np XHJi^Hp. M a c c a  cohh A >  11 6yjiraH 

HApojiapfla 6np  HyKjioHra Typpn KejiaAHraH ypTana 6oFjiaHHUi 

3HeprHHCH 7 ,4  AaH 8 ,8  M a B  rana 6yjiraH opajiHKAa eTaAH. 3H r  

K3TT3 KHHM3T ( ~  8 ,8  M a B )  MaCCa COHJiapHHHHT A =  

=  6 0  (TeMHp Ba HHKejib)ra hkhh coxacHra Typpn KejiaAH 

(1.10- pacM ). AproH  4 0  AaH Kajiafi —  12 0  rana 6yjiraH 

opajiHKAa 6oFJiaHHiu 3HeprHHCH KHHMaTH AenpjiH y3rapMafiAH 

(8 ,6  M a B ) .  O f h p  3JieMeHTJiap TOMOHra 6opraH capn 

arpHJiHKHHHr MaKCHMyMAaH nacTra TyiUHUiH aH^a ceKHH 

coahp 6yjiaAH. H h x o h t , sht ofhp HApoJiapAa 6np  HyKjioHra 

Typpn KejiaAHraH ypiana  6oFJiaHHUi SHeprHHCH TaxMHHaH 

7 ,5  M a B  hh TauiKHJi STaAH. AHHa eHrHJi 3JieMeHTJiap tomoh 

nacafiHui A hhht KaMafiH6 6opHuiH 6njiaH Te3poK coahp 

6yjiaAH .

B H TTa  HyKJioH yuyH  XHCo6jia6  TonHJiraH y p T an a  6oFjiaHHiu 

SHeprHHCHHHHT aCT3-CeKHH y3TapHUJHHH (1.10- paCM ) 3"bTH- 

6o p  6HJiaH K a p a 6  HH KcaK , aHMa k h 3 h k  AeTajuiapHH  aHrjiaui 

M yM KHH . EHrHJi 3JieMeHTJiap cox,acHAa E  hhht KHfiMaTH >KycJ)T 

A ynyH  y M y M aH  ojiraHAa E  hhht KyuiHH  t o k  A yqyH TyFpu 

KejiraH KHftMarjiapHAaH ce3HJiapjiH KaTTa 6yjiaAH . X y A A H  

uiyHAaft KOHyH HHT aHMa rc»KopH M acca  coHJiapH ynyH  x aM  

Typpu  KejiaAH. Srpn jiH K H H H r  m ohotoh  fiyHajiHuiHHHHr 6aT>3H 

6 n p  6y3hjihluh (M acajiaH , / 4 = 8 8  A a )  Ta>KpH6ajiapHHHr
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1. 10-pacM. flApo.a.arH x.ap 6np HyKJioHra TyppH KeJiaAHraH 

6oFJiaHHLu 3HeprHHCH ~  hhht inacca cohh A ra GoFjiHiwiHrH 

(HyKTajiap >k->k anpojiap, «-)-» 6e;irHjiap tok aapojiap ywyH)

xaTOjm KjiapHHH 3M ac , 6ajiKH xaKHK,aTji,a aHHKJiaHraH (})H3HK 

MaBJKyaJIHKHH aKC 3TTH paAH . Y jiap  KeHHH pOK  H ^p o  KO^HKJia-

pn x,aKHfla ranHpraHHMH3fla Ta^JiHJi khjihh3ah. 3ht  eHrHJi 

HApojiap coxacHAa 6np  HyKjioHra Tyrpn KejiraH 6oFjiaHHiu 

3HeprHHCHHHHr HOTeKHC y3rapHuiH Ky3aTHJia,HH. XycycaH, 

2H e , '|C  Ba '1 0  hhht 6oFjiaHHiiJ SHeprHHJiapn >Ky,aa 

K)KopHAHp. By xoji KaTTa ax,aMHHTra ara. Tan  uiyHjiaKH, Kyeiu 

TOMOHHAaH coMHJia^HraH 3HeprHH, a({)THAaH, KaTop hapobhh 

afljiaHHUUiap HaTH>KacHfla naftAO 6yjiH6, 6y HflpoBHft aftjia- 

HHUIJiapHHHr yMyMHH 3(})(})eKTH —  BOflOpOA aTOMJiapHflaH 

rejinft aTOMJiapHHH By*y ,ara KejiTHpaAHraH 3K303HepreTHK, 

y3HAaH 3HeprHH M HKapnui ftyjin 6HJiaH yTaflnraH >Kapa- 

eHJiapaaH n6opaTAHp. HH aAa oFHppoK HApojiapHHHr TeHr 

HKKHra 6yjiHHHUiH ^aM  SHepreTHK HyKTaH Ha3apAaH (})ofiAaJiH- 

AH p , KyHKH AaBpHfi cHCTeM aHHHr yp T ap o F H A a  >KofijiauiraH 

Hflpojiap 6np  HyKJioHra Tyrpn KeJiaflHraH 3Hr Karra 6oFjiaHHUi 

SHeprHHCHra ara 6yjiaAH. EpHHHr MapKa3Hfi khcmh acocaH 

TeMHp Ba HHKeJiflaH TauiKHJi TonraH, 6y  3JieMeHTJiapHHHr 

KynpoK TapKajiraH.iHrH H^po 6apKapopJiHrHHHHr opTHUiH 

60) cox,a/ia MaKCHMyMra ara 6yjiHUiH 6HJiaH moc 

KejiaAH.

BoFJiaHHUI 3HepfHHCHHHHr 3KCnepHMeHT3Jl H3TH>KaJiap

Z=20 N*Z82.28 
N=20 II , ° N:SO

• z - n | L 2-50

•++
+++^

?

N-8  

• +
N*126

M
•
+

- • ' * v
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6HJiaH Htyaa h k h h  KeJiaAHraH H(})OAacnHH 6 h p h h h h  MapTa 

Baflu3eKep aHHKJiaraH 6y.in6, y 6eui x,aAJiH H(})OAaAaH 

n6opaT:

E =  aKa6A — aCHpy4 2/3 — aKynZ'2- A ~l/ri— aC[IMM• ~ 2Z)— 1-6.

(1.14)

By ep^a E —  Tyjia 6oFjiaHHLu 3HeprHHCH (MaB A a ) , htjHH 
h a p o h h  ajiox,HAa HyKJioHJiapra a>KpaTH6 K)6opHiu yMyH 3apyp 

6yjiraH 3HeprHH. Ajiox,HAa xaAJiapHHHHr 4>h 3h k  MaTiHOCHHH 

KypH6 MHK3MH3.

(1.14) H(j)OAaAarH 6hphhhh xaa Tyjia 6oFjiaHHLii 3HeprHH- 
CHHHHr HyKJiOHJiap coHHra nponopuHOHajuiHrHHH Ky pcaT aA H . 

By HApo KyMJiapH KHCKa Ta-bCHp paAHycHra Ba TyflHHHUi 
xapaKTepHra ara AeraH (})HKpAaH Kejin6 MHKaAHraH xyjioca- 

AHp. 4He, '2C, ieO  Aa Ky3aTHJia.11.HraH KaTTa 6oFJiaHHUi 

SHeprHHJiapHHHHr KypcaTHLUHMa, 6y KynjiapHHHr TyflHHHLUH, 
at})THAaH TypTTa 3appaHHHr — hkkh npoTOH Ba hkkh Hefl- 
TpoHHHHr y3apo Ta^CHpHAa TyjiapoK 103 6epaAH.

H a p o  CHpTHfla >KofljiaiuraH HyKJioHJiap TyflHHMaraH 

Kynjiap Ta"bCHpHra sra 6yjiaAH Ba LuyHHHr ynyH cyiOK t o m m h  

MOAejiHAa 6oFjiaHHUi SHeprHHCHHHHr HApo CHpTHra nponopUH- 

OHaji paBHUiAa KaMaflHLUHHH XHCo6ra ojihui KepaK. ByHAafl 

3i>TH6opra ojihui A 2/3 h h  y3 HMHra ojiraH h k k h h m h  MaH(j)HH 

x,aA epAaMHAa aMajira ouiHpnjiaAH: A HApo xa>KMHra 

nponopuHOHaji 6yjiraHJiHrHAaH y42/3 KarrajiHK yHHHr cnpTH- 

h h h t  MCbepn XHCo6jiaHaAH. ^ A p o  yjinaMJiapHHHHr o p t h 6

6opHUIH 6HJiaH CHpT K)3HHHHT Xa>KMT3 HHc6aTH KaMaHAH, 

6yHra m o c  paBHLUAa h k k h h h h  xaAHHHr pojih  xaM nacaHAH.

IlpoTOHJiap ypTacHAa TatcHp 3TyBHH KyJioH HTapHJiHiu 

KynjiapH TyHHHHLu xycycHHTHra 3ra 3Mac, aji6aTTa. Yjiap y30K 

TaijCHp 3TyBHH KyHjiap 6yjiH6, HApoAarH 6apna  np0T0HJiap 
ypTacHAa HaMoeH 6yjiaAH. j],eMaK, Z np0T0HJiapA3H xap  6 h p h  

KOJiraH 6apna  ( Z — 1) npoTOHJiap 6HJiaH y3apo TatcHpjia- 

iu h 6, 6y  y3 HaB6aTHAa 6oFjiaHHUi 3HeprHHCHHH KaMaftTHpaAH; 

6y  yHHHHH xaA  opKajiH aiiTHeopra o j ih h 3AH. npOTOHJiap 

opacHAarn ypTana Maco(j)a HApo paAHycHra nponopUHOHaji 

6yjiraHJiHrHAaH, y h h h h h  xaA  A~2>3 KynafiTyBMHHH y3 HHHra 

ojiraH. KyJiOH xaAH h a p o  KaHHajiHK KynpoK npoTOHra ara 

6yjica, uiyHHajiHK KynpoK axaMHHTra ara 6yjiaAH. O a K a T  

iu y h h h r ynyH Z >  20 Aa 6apna  6apK apop  HApo.aapAa
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npoTOHJiapra H H c6aTaH  HeflTpoHjiap K y n p o K  Qyjiajw  

(1.3- p acM ra  k . ) .

1.3- pacMAaH KypHHHLUHqa, eHPHJi 3JieMeHTJiap coxacHAa 
HeflTpoHJiap Ba npoTOHJiap cohh 6np xhji 6yjiraH H/ipoJiap 3Hr 

KaTTa 6apKapopjiHKKa ara 6yjiap 3Kah. By KouyHHHTAaH 

neTra hhkhuj Z hhht opth6 6ophuih Ba roKopHAa KypHJiraH 

KyjioH xaiiHHHHr Ta^bCHpH 6njiaH 6ofjihk. LUyHHHr yqyH 

6oFjiaHHiu SHeprHHCH yqyH e3HJiraH H(|)OAa ys HMHra MaH^nfl 

xa^HH ojihujh KepaK, yHHHr KaTTajiHTH ( N —  Z) =  (A— 2Z) 
4>apK opTa 6opHUiH 6HJiaH opTaAH. N  =  Z  TyFpn mh3hkhhhf 

hkkh TOMOHHAa eTraH eHTHJi 6apKapop  6yjiMaraH HApoJiap 

6oFJiaHHIU 3HeprHHJiapHHHHr KaMaflHLUHHH COJlHUITHpHUl 

uiyHH KypcaTa/iHKH, ^cfx^eKT chmmctphkahp, h^hh npoTOHjiap 

opTHKHa 6yjiraHAa xaM, HeflTpoHJiap KynpoK 6yjiraHAa xaM 

y 6up  xhji AapaJKa^a HaMoeH 6yjiaAH.

YMyMaH ojiraHAa 1.3- pacMAaH KypHHH6 Typn6AHKH, 
HApojiap HefiTpoH 6apKapopjiHK qerapacH H KHHHAa ( S n =  

=  0) p~-paAHoaKTHBJiauiH6, y3HjjaH 6a"b3aH HefiTpoiuiap 
HHKapn6 napqajiaHaAH.

IlpoTOH 6apKapopjiHK nerapacHAa 3ca (5^ =  0) HApo 

P +  - paAHoaKTHBJiauiH6, y 3H A 3H  npoTOH M H KapH 6  x aM  napna- 

JiaHHUIH M yMKHH. Ba"b3aH npOTOH paAHOaKTHBJIHK ( S „< 0 )  Ba 

HKKH npOTOHJlH paAHOaKTHBJIHK ( S 2p< 0 ) XOAHCaCH XaM  

Ky33THJiaAH.

TpaHcypaH 3JieMeHTJiap coxaciiAa «6ap K a p o p jiH K  opojma- 

JiapH», H tH H  a  Ba p napMajiaHHiu Ba cnoHTaH 6yjiHHHiu 

SXTHMOJIJIHKJiapH HHc6aTaH KHMHK 6yjiraH HApOJiap M3B>KyA 

6yjiHLUH MyMKHH. By opojiMajiap 6ajiKH HHTHAaH XHCo6jia6 

TonHJiraH cexpJiH Z = 1 1 4 , yV=184 Ba Z = 1 6 4  coHJiap 

aTpo(})HAa BywyAra KeJiap.

HyKJiOHHHHr 6apKapopjiHK coxacHAaH TaiuKapHAa ( S n =  

=  0, S p =  0) yMpafiAHraH HApoJiap HyKJiOHJiap HHKapHiura 

HHc6aTaH Ho6apKapop 6yjin6, KHCKa HApo BaKTJiapHAa 

(isl0_22c) napMajiaHH6 KeTaAH. UlyHAafi 6yjica xaM oaahA 

HApojiap Ka6n Macca, 3apnA, cnHH Ba 6ouiKa xapaKTepncTH- 

Kajiapra ara. JleKHH 6yHH Ky3aTHUi MyMKHH 3Mac. IliyHHHr 

ynyH TypTHHHH —  chmm6tphkjihkhh XHCo6ra oAyBMH xaAHH 

(A —  2Z )2 KypHHHUiAa e3Hiu Ta6HHfiAHp. A _l KynafiTyBMH 6y 

xaAra uiyHHHr ynyn KupaAHKH, HefiTpoH —  np0T0H >Ky(})TH- 

hhht nafiAO 6yjiHiuH 6HJiaH 6oFjiaHHui SHeprHHcnra KHpHTHJia- 

AHraH yjiym myHAafi >Ky(})THHHr 6epHJiraH xa>KMAa 6yjiHui 

3XTHMOJiJiHrHra hh3hkjih 6ofjihk; 6y  sxthmojijihk aca HApo 

\a>KMtira TecKapn riponopuHOHa.i.

(1.14) H(})OAaAarH oxnp rH , 6euiHHMH x a A  6epHJiraH A Aa
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HApOHHHT SOFJTaHHUI 3HeprHHCH Z Ba N  HHHT >Kycj5T eKH 

T O M H T H r a  Sn p M y H M a  So fjihk  6y/iHUJHHH 6HJTAHpaAHraH 

Ta>KpH6aBHH ^ajiHJiHH aKC 3TTHpaAH. ^Ky(})T->Ky4)T fle6 (Z  Ba
N  — >Kyc})T) aTajiaAHraH Hiipojiap 3Hr 6apKapop a/ipo

1

x,Hco6jiaHaAH, 6y TypaarH aapojiap yqyH § =  +  12/1 'M sB . 
^yc})T-TOK H^pojiap (Z  — >Ky(})T, N  — tok) Ba TOK->Ky(})T
(Z — to k , N — >Kycj)T) y^y H  6 =  0. Ba hh\ oht, tok- tok (Z  —

l

tok, N  —  tok) napojiap y^yH 5=12/1 3M aB. By TypT Typ- 
AarH Hflpojiap 6apKapopjiHrHHHHr TypjiHMa 6yjiHiiiH, arap 6h3 
yjiapHHHr opacH4a 6apKapop HyKJiHAJiap KaHAafl TaKCHMjiaH- 
raHHra Ha3ap cojicaK HHaiia hkkoji KypHHaaH; wy(}>T->Ky(})T 
HApoJiap 163 Ta, TOK->Kyc})T Hiipojiap 50 ra, >Ky(})T-TOK 
H/ipojiap 55 Ta Ba tok-tok HApojiap (panar TypTTa 
(?H, iL i, '"B  Ba ^ N ). 3ht eHrnji 3JieMeHTJiap coxacH- 

iiaH TauiKapH^a >Ky(j)T->Ky(})T HApojiapHHHr KynpoK 6yjiHuiHHH 
Ba tok-tok HApojiapHHHr 6yTyHJiafl yMpaMacjiHTHHH hkkh 6np 
xhji Hykjioh KapaMa-KapuiH flyHajiraH cnHHJiapHHHHr >Ky(})T- 
jiauiHuiH Ba 3HepreTHK C3txhh TyjiAHpnujra hhthjihujh 6HJiaH 
TyuiyHTHpca 6yjiaAH. BoFjiaHHUi 3HeprHHCHHHHr TeHrjiaMacH- 
AarH 8 napaMeTp KynHHHa MycpTAatuuui K09(p(puu,ueHTU ae6 
iopHTHJiaAH. S^pTaMa ojiraHAa >Kyc})T Z  jih ajieMeHTjiap tok 
Z  JiH.napra HHc6aTaH aHMa Kyn (TaxMHHaH 10 MapTa) 
TapKajiraHAnp. >Kyc})T Z  jih 3JieMeHTJiapAa >Ky(j)T MaccajiH 
(>Ky(})T N) H30T0njiapHHHr hhc6hA mhkaoph onaTjxa 70—  
100 %  hh (6epHJiJiHfl, KceHOH Ba AHcnpo3HflAaH TauiKapu) 
TaUJKHJl 3T3AH.

BoFjiaHHiu 3HeprHHCHHHnr A ra 6ofjihk jih fhhh  Kypca- 
TyB4H (1.10- pacMAa KypcaTHJiraH grpu mh3hkhhhf A ~  60 Aa 
MaKCHMyMra sra 6yjinujH) xapaKTepn TypjiH (j)H3HK x,OAHca- 
jiapHHHr 6nprajiHKAa Ba TypjiHMa TatcnpH HaTH>KacHAa 
HaMoeH 6y./iaAH. A h hh t  opTnd 6opnuiH 6njiaH cnpT 3HeprHHCH 
KaMaflH6 6opaAH, JieKHH KyjioH y.3apo TatcHpjiaujHUi Ba 
HApojiapHH HOCHMMeTpHHjiHrH 6ujiaH 6of./ihk 6yjiraH SHeprHH 
opTaAH.

AMepHKajiHK (})H3HK TpHii Ta>Kpn6a HaTH>KajiapHHH nyxTa 
ypraHH6, 6oFjiaHHiu 3Heprnhch ynyH KOHHKap.iH HaTH>Ka- 
.lapHH 6epyBMH K03(})(})HUHeHTJiap KHflMaTHHH aHHK-naAH.

YMyMan, aTOMHH Tahjkh.i 3TraH x,aMMa 3appajiap Macca- 
JiapHHHHF flHFHHAHCHra Ty3aTMaJiap KHpHTHJIHLUH 3T0M 
MaccacH M(A,  Z) ynyH KyflHAarn HOMatJiyM K03(})(})HUHeHT.nH 
H(f)OAaHH 6 e p a A H :
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M(A ,Z ) = Z m p+  (A — Z )m n — a A + a - A  +

(4-*y
+  a r ~ m + a *--- A---- l - M  • ( * 1 5 )

a, a o h m h h h h  ahhK,^iaLLi yMyH (1 .1 5 )  TeHfJiaMaHH M accajiapH 

Mai^jiyM SyjiraH SeLUTa aTOM ra  Ky ju iam  Ba ojiHHraH SeiUTa 

TeHrjiaMa/iaH 6eui HOMaiiJiyMHH TonHiu KepaK.

M a c c a c n  * y i i a  aHHK, S y j i r a H  aT O M Jia p  c o h h  K y n  6 y .n  
rH A a H , epA aM H H  T e H r j ia M a j ia p  c o h h  HOMa"bJiyM  a o h m iih . la p  
coH H A aH  K y n p o K  6 y jia A H . B y  x,oji A O H M H H jiapH H  a H H K Jia u ir a -  
rH H a  3M ac , 6 a jiK H  y j ia p H H H r  6 a p K a p o p  aT O M Jia p  c o xacu  

H K H H H A arn  H XT H ep u fi A Ba Z  r a  a r a  6 y j i r a H  aT O M Jia p  
M accajiapH HHHr >Ky&a a iiH K  K H H M aT Jiap H H H  T o n n u ir a  x aM  

HMKOH 6 ep aA H .
B a f l u 3eK e p  ( J io p M y jia cH H H H r 3 H r 3 3 M OHaBHH T a j ia 6 j ia p r a  

* a B o 6  6 e p a  o jia A H ra H  Kyp H H H U iH  K y f lH A a rH u a :

M (A ,Z)  =  1 ,01464 /1  +  0 , 0 14A 2/3+

+  0,041905^-|—  1 y — Z^j +  0,036n • /4 _ '. (1.16)

ByiiAa

Z „  = ---------- m  (1-17)
1,981 +0,015-/!

6epHJiraH Macca c o h h  p- napnaJiaHHUira HHc6aTaH TypryHpoK 
XH C o6 j ia H r a H  h a p o h h h t  3 a p n w m p .  H j ,p o  3 apH /m  x a p  ao h m  
6yTyH c o h  6y.iraHH/i,aH, 6y Ht})OAa TaKpH^HfiflHp. B y  x o ji 
Ta>Kp-H6aiia xaM h x u ih  TacAHMaHaAH. MacajiaH, A =  
=  10 6 y jira H n .a  Z CTa6+ 4 ,8 5 ~ 5 , h i.h h  C T a6 n.n H30T 0 n 'j-B

ra m o c ; /1 =  100  6yjiraHAa Z cra0= 4 4 ,  6 y  aca CTa6nji ' ^ R u

ra m o c , / 4 = 2 0 0  6yjiraHAa Z CTa6= 8 0 ,  h b h h  c h m o 6 h h h t  cTa-

6 h ji H3 0 T 0 n n  2!soHg B a  x. K. ( 1 1 6 ) H tJioA a  Z  r a  HHc6 a T aH  
K B aA p a T  T eH rjiaM aA H p , yHH KyflH A arH M a K a flT a  e3HLu MyMKHH:

M  =  aZ2 +  bZ +  c — bA~\ (1 .1 8 )

6 y  e p A a

a =  0 ,5 8 5 /4  _i/3+ 72 ,4 /4  _ l , 

b =  — 0 ,5 8 5 /4  _l/3— 7 3 ,1 8 , 

c =  9 4 3 ,6 5 /4  +  1 3 ,1 /4 2/3
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Ton-monm

a
29 30 31 32 33 31 35 

AmoM mMepu 5
16 V  28 23 30 31 32 

AmoM Honepu

1. 11-paCM. H3o6apjiap napafioJiacH: (a) tok , Ba (6) wy(J)T H3o6ap 

supojiap xoccajiapH.

LLIyHAaH khjih6, A hh aHHKJiauiiia a, b, c KoacjKjJHUHeHiyiap 
AOHMHH KOJiaAH Ba 8 HHHT SepHJlTaH KHHMaTHAa (1.18) TeHT- 
jiaMa napaSojiaHHHr TeHrjiaMacHHH H(j)o/iajiafi/iH. A hhht xap 

KaHAafi TOK KHHMaTH/ia (a =  0) CHpT KeCHMH 6HTTa 
napa6oJiaHH 6epaj.H, A hhht *a p  KaH/tafi )Ky(J)T KHHMaTHAa 
( 6 =  ± 132) KecHM sHeprHR yKH 6yftHHa 6Hp-6HpHra HHc6a- 
TaH 2b/A ra CHJDKHraH hkkh napa6ojiaHH 6epaflH. Macca (eKH 

SH epreTHK) n a p a 6 0 JiaJiapHAaH p- napMaJiaHHiu JKapaeHJiapH- 

hh CHCTeMajiauiTHpHLLi/ia (j)oftflajiaHHiii Kyjiafi/iHp, nyHKH yjiap 
KyuiHH H3o6apjiap opacH/iarH p- yTHiujiap SHeprHHCHHHHr 

TaxMHHHfi KHfiMaTJiapHHH KypcaTa/iH. 1.11-a, 6-pacMJiap/ia 

(1.18) TeHrjiaMa 6yfiHHa >Ky(j)T A Ba tok A yqyH x.Hco6jiaHraH 
n apa6o jia jiap  KypcaTHJiraH. Xap 6 n p  n ap a6o jiaH H H r  KyfiH 
HyKTacH A hhht 6epHJiraH KHHMaTH/iarH mhhhm3ji MaccaHH 

eKH M3KCHMaJl 6oFJiaHHUI SHeprHHCHHH aHHKJiafiflH. Z A HHHT

H(j)OAacH (1.17) /iaH (j)ofiAajiaHH6, Macca napa6ojiajiapHHH 
Kyjiafi KypHHHiu/ia e3Hiu MyMKHH:

6yjiH6, yHH x,HCo6jia6 MHKapMaca xaM 6yjia/iH, MyHKH 

y (j)aKaTrHHa Hojib mh3hkhhht CHJi>KHraHJiHrnHH 6HJiziHpaziH. 

LLIyHHHr ywyH 1 .1 1-a, 6  pacMjiap^a op/iHHaTa yKH 6yfiHMa 

(j)aKaT a (Z —  Z a) 2— 8A~' KyfiHJiraH, htjHH Z a ra moc Ke-

jiyBMH 3tom  M accacH  mapTJiH paBHUi/ia HOJib /ie6 ojiHHraH. 

>Ky(j)T A jiap yMyH moc KejiyBMH hkkh napa6ojiara HOJib
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CHC^aTHfla 3 a p a a H  ZA 6yjiraH >Kyt})T->Ky4)T h a p o h h h t  M accacH  

ojiHHraH.

3HepreTHK napaSoJiaHHHr KeHrjinrH A KaHMaJiHK KaTTa 

6yjica,LuyHMajiHK khmhk 6yjiaAH raH  a a o h m h h h h h p  KaTTaJiHrn 

6HJiaH aHHKJiaHa^H. LliyHHHr ywyH SHeprHH CHpTAarn 

«6ap K a p o p jlH K  BOAHHCH» A HHHT OpTHLUH 6HJiaH KeHTaHH6 

6 o p a A H . Bnp  KaTop  H 3o 6a p H K  KecHMJiap ywyH napa6oJiaJiapHH 

H ^pojiapH HHr 6apKapop jiH T H  x,aKHAarH Myx,HM xyjiocajiapra 

KejiHUi M yM KHH. A b b 3jlo  paBLuaHKH , 6epHJiraH t o k  A jih 

H 3o6apjiap  o p acH A a  cf)aKaT 6HTTa  (3- 6 a p K a p o p  HyKJiHA 

MaB>KyA 6yjiH 6, y nap a6o jiaH H H r  M H H H M yM H ra  3Hr h kh h  

>KOHJiauiraHAHp. ^ K y ^ T  A x,ojiHAa o A aTA a  h k k h t3  Ba xaTTo  

yHTa 6 a p K a p o p  H 3 o 6a p  6yjiHLUH M yM KHH ; yjiapHHHr \ aM M acH  

*ycf)T->Kyc})T Typ ra  M aH cy 6 . M a c a jia H , a r a p  1.11 a , 6- pacM ra  

3"bTH6op KHJicaK, *yc})T A jlh HApojiapHHHr 6 a p K a p o p  

SKaHJlHTHHH KypHLU M yMKHH.

1.10- §. ^A P o jia p H H H r  6apKapop jiH T H

H30T0njiapHHHr 6apKapop .TH T H  Z Ba N h hh t  >Kyc})TJiHrHra, 

uiyHHHTAeK, A h hh t  >Kyc})TJLHrHra 6ofjihk. MacaJiaH, 6apKa- 

pop H30ToruiapHHHr KynMHJiHrnAa A >Kycj)T. >Kyc})T Z ra ara 

6yjiraH 6apKapop  H30T0njiapH HHr cohh  211 Ta, tok Z ra ara 

6yjiraHJiapHHHHr cohh  3ca 55 Ta. T o k  Z jih 3JieMeHTJiap 

6apKapop  H30T0nJiapHHHHF COHH HKKHTaAaH OLLIMaHAH, >Kyc{)T 

Z JiHJiap ynyH 3ca aflpnM x,ojuiapAa xarro yHTara eTaAH 

(5o S n ) . >Ky4>T cohjih npoTOH Ba >Kycj)T cohjih HeftTpoHjiapra 

ara 6yjiraH btom  HApoJiapH 6apKapoppoK  HApojiapAHp. >Ky<})T 

Z Ba tok  N  ra 3ra 6yjiraH HApojiap (>k. t .)  Ba LuyHHHrAeK, tok 

Z xaMAa *yc{)T N ra ara 6yjiraH HApoJiap (t. >k.) hhht 

6apKapopjiurH *yc})T->Kyc})T HApoJiapHHKHra HHc6aTaH KaM- 

poK.

T o k  Z Ba tok N ra 3ra 6yjiraH HApojiapHHHr KynMHJinrH 

6eKapopAHp. Tok-tok 6apKapop  HApojiap 2,H |, lLi3, '“Bs, 

'IN/ JiapAHp. n po TOH Jiap  cohh  (eKH HefiTpoHJiap co h h ) 2, 8, 
20, 28, 50, 82, 126, 152 ra TeHr HApoJiap yTa 6 a p K a p o p  6 yjiH6 , 

T a 6 naTAa  Kyn yqpaftAH. T a 6 n aT A a  yMpaftAHraH afipHM 

HApojiap Ba cyH"bHft fiyji 6HJiaH xochji KHJiHHaAHraH >KyAa Kyn 

HApojiap M acca  Aec})eKTH MaH(})HftjiHrHra K a p a M a c A a H  paAHO- 

aKTHBAHp.

Typjin HApojiapHHHr h h c 6 h h  TapKajiraHJiHTH 3jieMeHTJiap- 

h h h t  EpAa , caftepajiapHHHr aTMoccj)epajiapHAa, MeTeopHTJiap 

TapKH^HAa TapKajiraHJiHrH xaKHAarn Ma^jiyMOTjiap TaxjiHJiH 

epAaMHAa Ba Kyeui cneKTpocKonHHCH acocHAa 6e/irHJiaHaAH.
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1.12- p a c M ^ a  v 4 > 5 0  6yjiraH xojiAa TypjiH >Ky4)T->Ky(})T 

HiipoJiapHHHr TaSnaTflarH  h h c S h h  TapK.ajiraH./iHrHHHHr HApo- 

aarH  HVKJiOHJiap coHHra 6oFjiHKJiHrH KejiTHpnjiraH. P a c M A a

KypHHiiiiJHHa, N =  2 8 , 5 0 , 8 2  Ba 126  6yjiraH  Hflpojiap yqyH 

6oFjiaHHUi 3rpn  MH3HFHA3 hkkoji a>KpaJiraH MyKKHJiap Tyrpn  

KeJiaD 3K3H .

Ehth.1 HApojiap opacHfla KynpoK TapKaJiraHJiapn 2H I2, 

'gOg Ba 2(iCa2o- rjpoTOH (eKH HeflTpoH)jiapH cohh  cexpJiH coHra 

HTJiapn yjiapHHiir TypFyH H30T0njiapH  Kyn 6y u u iH rH A a  xaM 

HaMoen 6y„iaAH. >KyMJiaAan, Kajibuwfl sjicmchth (Z  =  

=  2 0 )  h h h f  ojiTHTa TyppyH H30T0nH  —  4 0 , 4 2 , 4 3 , 4 4 , 4 6 , 

4 8  C a  MaB>Kyfl. > K a A B a jm a  KajibUHflra h k h h  ^ofljiauiraH  

6npopTa xaM  ajieMeHT uiyHHa TyppyH H 30T 0n ra  3ra 3Mac. 

Ka.abUHfl H30T0n.iapH opacHAa HeflTpoHJiapH cohh  xaM cexpJiH 

conra Tenr 6vjiraH  hkkh  Kappa cexp^iH HApo 2nCa20 hhht 

hhc6hA TapKajiraHjiHTH 9 6 ,9 2  %  hh TauiKHJi 3T3ah. Z  =
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1.13- pacM. HefiTpaji aTOM ^aH  3JieKTpoHHH a>KpaTH6 ojihlu  SHeprHHCH —  

HOHH33U.HH nOTeHUHa/IH.

=  5 0  SyjiraH 3JieMeHT —  KajiaHHHHr 3Hr Kyn 10 Ta TyppyH 

H30T0nH  6op.

H ^p o jia p A arH  HeHTpoHJiap Ba npoTOHJiapHHHr a>KpajiHui 

eKH y3HJiHiu 3HeprHHJiapH 6yftHMa ojiHHraH HaTH*ajiapAa 
ce^pjiH coHJiap *y /i .a  hxuih  HaM oeH  6yjiaAH . ByH.ua aTOM ra 

yxm aiujiHKHH KejiTHpn6 yTHiu M a K c a ^ r a  MyBotJjHKAHp. A t o m - 
jj,a sjieKTpoHHHHr y3HJiHiu 3HeprHHCH —  HOHJiaiu noTeHunajiH  

6ofjiaH raH  3JieKTpoHJiapHH aT O M a a H  y 3H 6  ojihiu yMyH 3 a p y p  

6yjiraH 3Hr KaM  SHeprHHAHp.

1 .13- p a c M A a  aTOMJiapHH HOHJiaiu noTeHUHajuiapH  Var 
KejiTHpnjiraH. P a c M A a H  KypHHHiuHMa, ajieKTpoHHHHr a *p a -  

thui SHeprHHCH x a p  6 n p  3tom  k o 6 h f h  TyjiAHpHJiraHAaH cyHr 

KecKHH KaM aH/iH . B y  xoji aTOM HH Hr k o 6 h k  CTpyKTypacHra ara 

SKaHJiHTHAaH flapaK 6ep aA H .

HyKJioHHHHr y3HJiHiu SHeprHHCH KyftHAarHMa aHHKJiaHa^H. 

A rap  (Z , N) HApoAaH 6HTTa hchtpohhh MHKapn6 TauuiacaK, 

(Z , N —  1) H/ipo x,ochji 6yjiaflH. HeftTpoHHH a * p a T H 6  ojihui 

yMyH 3apyp 6yjiraH E a„xp SHeprHH uiy H^poJiap 6oFJiaHHiu 

3HeprHHJiapHHHHr aftHpMacura TeHr:
E :r (Z , N) = E 6of(Z, N ) - E 60F(Z , N — l).

n p o T O H H H  a * p a T H i u  SHeprHHCH yMyH x,aM lOKopHAarn 

CHHrapn Hcjjoaa e3HUi M yMKHH. Z sa N  h hh t  KeHr y3rapHUi 

coxacH.ua y p T an a  E anK,,=  E apxp= 7  M s B  6yjiaflH. 1.14- p a c M ^a  

HeftTpoHHH a>KpaTHui sHeprHHCHHHHr T a * p H 6 a A a  aHHKJiaHraH
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Heumpon/iap conu , N

1. 14- pacM. HefiTpoHHHHr a>KpaTHiu 3HeprHHCHHHHr TawpHSaaa 

aHHK.jiaHraH Ba SoFjraHHiu SHeprHHCH (jjopMyjiacH acocniia *HCo6jiaHraH 

KHfiMaTJiapH opacHflarH (}>apK AEnaxv hhht HeHTpoHJiap coHHra KapaS 

y3rapHixiH.

Ba x,Hco6jiaHraH KHHMaTJiapH o p ac H A a rn  4>apK, A E h hh t  

HeHTpoHJiap coHHra K a p a 6  y3rap H iuH  TacBHpjiaHraH . B y H ^ a  

E an*<p h h h t  \ Hco6jiaHraH  k h h m 3 t h  h a p o h h h t  k o 6 h k  CTpyKTypa-

c h hh  Ha3apa,a  TyTMaftAHraH M acca  (})opMyjiacH 6yftHMa 

ojiHHraH. T a c B H p A a  KypHHHUiHMa, HeftTpoHJiapHHHr 50, 82, 

126 ra TeHr cexpjiH coHJiapHAa 6oFJiaHHUi MH3HFHAa aTOM HH Hr 

HOHJiaru noTeHUHaJiJiapnra TerHUiJiH arpn 4H 3H K A a rn  K a6u  

MVKKHJiap naftflo 6yjia/iH.

Arap H ^ p o  CTpyKTypacH btom  CT pyKTypacura  yxuiaui a e 6  

4>apa3 KHJicaK, cex,pjiH HApojiapHHHr TyppyH 6yjiHuuiHrHHH, 

yjiapHHHr T a 6 H a T A a  TapKajinuiHHH , HyKJioHHHHr a>KpaTHUi 

SHeprHHJiapu TyFpHCHflaru Ma-bjiyMOTJiapHH TaxjiHji khjihui 

ocoHjiauiaflH. By x,ojiAa npoTOHJiap Ba HeftTpoHJiapHHHr 

cexpjiH coHJiapH H a B 6aT A a rH  k o 6 h k h h h t  TyjiflnpHjiHuiHra moc 

KejiHuiH Ba cex,pjiH Hflpojiap HHepT ra3Jiap aTOM jiapnra 

yxuiaui 6yjiHuiH KepaK.

1 .1 1-§. K h m c b h h  ajieMeHTjiap q e rap acn

MyaftHH A HyKJIOHJIH HApOHHHr npOTOH-HeftTpOHJIH TapKH- 

6hhhht y 3 ra p H u iH ra  ca6a6  6yjia/iHraH p - napMajiaHHUi 
MexaHH3MH 6opjiHrHflaH, xyAAH uiy A cohjih HyKJioHJiapHHHr 

6 a p K a p o p jiH TH  >Ky^a Karra 6yjiraH aTHrn 6HTTarHHa H3o6apH 
MaB>KyA, KOJiraHJiapn 3ca, p -  paAHoaKTHBflnp. 1.11- a, 6 

pacMfla A tok 6yjiraH HApojiap MaccajiapHHHHr npoTOHJiap 

cohh Z ra 6oFjiHK^iHrH KejiTHpnjiraH. ripoTOH Ba HeftTpoH- 

jiap cohhhhht MatJiyM onTHMaJi KHftMaTH^aH MeTJiaHHUiH
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(A  y3ra p M a ra H  x,ojiAa) SoFJiaHHUi SHeprHHCHHHHr KaMaHHiiiH- 

ra, H"bHH H ^p o  M accacH H H H r  opTHLunra ojihS KejiajiH. Arap 
M accacH  khmhk 6y.iraH xoJiaTra yTHiu M exaH H3MH M a B * y a  

6yjica, y xoji^a 6yH/i.aH yTHiu x,aMMa B3K.T y3-y3HiiaH op TH K na  

SHeprHHHH HHKapHLU flyjiH 6H /iaH  coiiHp 6yjiaAH .

O p T H K M a  HeftTpoHJiapra ara 6yjiraH HApo npoTOH- 

HeHTpoHJiH T a p K H 6n  M atJiyM  onTHMaji xoJiaTHH oJiraHra 

Ka /iap  KeTMa-KeT p- napHajiaHHLUHH y3 6ouiH A aH  KeHHpaiiH. 

O p T H K M a  npoTOH ra  ara 6yjiraH H^poJiap aca p + - napwajiaHHui 

xycycHH THra ara. M a c c a  coHJiapH A *y (})T  dyjiraH xojuiapaa 
HKKHT3JIH H 3o6apjiap H H H T  M3B>Ky/IJIHrH Ky3aTHJiraH, uiy 

6HJiaH 6 n p r a  6 h p  Hena yHTajiH, 6 a p K a p o p  H 3o 6ap jiap  xaM  

ynpaH A H .

p- napnajiaHaiiHraH  >Kyc})T A jih (>k . ->k .) napojiap  

t .- t . HApojiapra , t .- t . Hiipojiap aca >k .- >k . ra aftjiaHaAH. Tok-
TOK HApOJiapHHHT 6oFJiaHHHI 3HepTHHCH HKKHT3 TOK  HyKJIOH 

Ty(}iaHJiH KyuiHH >Kyc})T->Ky(})T HjipojiapHHHr 6 0 FJiaHHLU 3Hep- 

rHHJiapHra K a p a r a H ^ a  avma khmhk 6yjiraHJiHrH/i,aH M a3Kyp 

>Ky(})T A jih Hflpo M accacH H H H r Z ra 6ofjihkjihth op AH H aT a  

yKH  6yftHMa aHMa apajiauiH6 KeTraH h k k h t3 <})yHKUHH opKajiH 

H(})OAajiaHaAH ( 1.11- pacM ra  k . ) .  U ly H H H r  yqyH x aM  x a p  6hph  

>Kyt})T->Ky(})T T a p K H ^ ^ a H  H6op aT  6yjiraH h k k h t3 eKH yMTa 

6a p K a p o p  H3o6apjiapHH Hr 6yjiHUiH MyMKHH. Y n T a  6a p K a p o p  

H3o6apjiapA aH  6h p h h h h t  M accacH  sht khmhk K H H M aT ra  3ra 

6yjia/iH, a M M o  Z 6yflHMa HKKHTara (})apK KHJiraHJinrH 

Ty(})afljiH, KaTTa MaccajiH H3o6a p  napMajiaHHtu flyjiH 6HjiaH 

khmhk MaccajiH H3o6ap ra  yTa ojiMaflAH. Byunaft yTHiu 6up 
BaKTHHHT y3HAa H ApO  HKKHTa p- 3a p p a H H  MHKapHUIH M yM KHH 

6yjiraH/ia (Kyui p- napM ajiaHHUi) coaH p  6yjiap 3/ih. JleKHH  

Kyui p- napMajiaHHLu M a B * y /i  6yjiraH T a K A u p a a  x a M  yHHHr 

sxthmojijihth LuyHMajiHK khm hkkh, x,3 tto  Ta>KpH6aA a  K aH A  

KHJ1HIU M yMKHH 3MaC Ba H306apHHH T HKKaJiaCHHH XaM  

6a p K a p o p  A e6 XHCo6jiauira TyFpn KejiaAH. LUyHH xafl aflTH6 
yraui KepaKKH , x,ap 6up HyKJioHHH eKH HyKJioHJiap rypyxHH H  

a>KpaTH6 ojihui ynyH  cap(})JiaHaAHraH SHeprnH  k h h m 3th  x aM  

aJIOXHAa a X aM H H T  K ac6 aTaAH . H flpOAaH  HeHTpOHHH, npOTOHHH 

eKH a- 3a p p a H H  a>KpaTH6 ojihui ynyH  3Hr K aM H A a  KyflHAarH 

M H K A o p a a  SHeprHH cap(}) khjihui KepaK :

S = [ m n+ M { A - \ ,  Z) — M(A, Z)]c\ 

S p= [m p+ M ( A -  1, Z — 1) — M(A, Z)]c2, 

S a= [ m a+ M ( A - 4 ,  Z — 2) — M(A, Z)]c2.

( 1 .2 0 )
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By  H^OAaJiap HyKJioH ckh HyKJioHJiap rypyxHHHHr 

6oFJiaHHUI SHepTHHCH KHHM3THHH Sepa^H . X a M M a  HApOJiap 

yqyH S n, S p> 0 . XUbphh CHCTeMaHHHr cyHrrn 3JieMeHTJiapH 

yMyH S a< 0 .  LUy ca6a6jiH yjiap y3 -y3 H,naH a- 3appaJiap 

MHKapHiu ftyjiH 6ujiaH napMajiaHaAH. HyKJioHJiapHHHr 6oFJia- 

HHiu SHeprHHCH S HApoaarH HyKJioHJiapra Typpn KejiaAHraH

ypTaMa 6oFJiaHHUi 3HeprHHCH ~  aaH aHMa (})apK k h j ih u ih

MyMKHH (1.10-pacMra k .).
TapMH 6np  HyKJioHra TyFpH KejiaAHraH ypTaMa 6oFJiaHHiu 

SHeprHHCHHHHr KHHMaTH Macca cohhhhht >Ky,zia CeKHH 

y3rapaAHraH (JiyHKUHHCH 6yjica xaM, h a p o h h h t  6HprHHa 

KyuiMa npoTOH  Ba HefiTpoHHHHr KyuiHJiHiuHAa oJia^HraH 

6oFJiaHHIU SHeprHHCH 6np  HflpOAaH HKKHHMHCHra, ^aTTO 3HT 

HKHHHra yTraHAa x,aM ce3HJiapJiH Aapa>Kafla y3rapaA«. 

M acajiaH , KyuiHMMa HeftTpoHHHHr 6oFjiaHHiu SHeprHHCH (S„) 
45Ti, 46Ti, 4 Ti, 48Ti. 49Ti Ba 50Ti HApojiap^a moc paBHUiAa 
13,19; 8, 88; 11,61; 8,15; 10,93 Ba 6,36 M a B  ra TeHr. By 
ep.ua Macca cohhhhht >Ky(})T eKH TOKJinrHra 6 o f j ih k  6yjiraH 

3(})(})eKT 6np  HyKJioHra TyrpH Kejia/mraH ypTaMa 6oFJiaHHUi 

SHeprHHCHra HHc6aTaH aHMa KyMjiH HaMoeH 6yjiaAH. XyaAH  

uiyHra yxuiaiu xoAHca KyuiHMMa npoTOHHHHr KyiUHJiHUiHjxa 

xaM  c o a h p  6yjiaAH. M acajiaH ,

‘IgSn, 'I?Sb, 'ViTe, '§§J Ba 'ISXe

HfljjQJiapHra 6np  npoTOH HHH r KyuiHJiHUiH moc paBHiiiAa b ,5 ; 

8,6; 5,6; 7,6 Ba 4,4 M sB ra TeHr 6yjiran Sp 6oFJiaHHiu 

SHeprHHCHHHHr a>K paJiH 6 MHKHiunra ojih 6 KejiaAH.

JlHa 6 n p  m h c o j i :

^B yMyH S „= l ,6 7  M a B ,  Sp= 1 6 ,9  M a B  6yjica, ypTaMa 

-|«6,5 M a B .

S„, Sp h h h t  y3rapHUiH HflpoAarn HefiTpoH Ba npoTOHjiap 

coHHra 6 o f j ih k  6yjiH6, KaTop xycycHHTJiapra 3ra: >Kyc})TJiHK- 

AaTH HyKJIOHHH a>KpaTH6 OJIHUI SHeprHHCH TOK HyKJIOHHH 

a>KpaTHtu SHeprHHCHAaH \aMHixia KaTTa Ba x,0Ka30.

BaT>3H 6 hp xoJiJiapfla a - 3appaHHHr 6oFjiaHHUi 3HeprHHCH- 
hh XHCo6jia6 mhkhui MyMKHH. >KyMJiaaaH, a- 3appaHHHr 

(4,00260 ra TeHr MaccajiH 4He) ypaH 235U  (Maccacu 235, 
04393) AarH 6oFjiaHHiu aHeprHHCHHH ujy HApojiapHHHr 
MaccaJiapnHH Ba 23lTh (231,03635) hapochhhht Macca- 

chhh 6 HJiraH xoji^a \HC06j1a6 mhkhui MyMKHH: 231,03635-|-
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+4,00260— 235,04393=—0,00498 M.a. 6 Skh  — 4,64 M a B .  

M aH (})HH  SoFJiaHHiu 3HeprHHCH 235U  aap ocH  23lT h  Ba 4H e  ra 

napM aJiaHHiura HH cSaTaH  S a p K a p o p  SMacjiHTHHH KypcaTa/iH. 

a-3appaHHiir  SoFJiaHHiii 3HeprHHCH A ^ 1 4 0  A aH  6o m jia 6  

x,aMMa S a p K a p o p  azipojiap yqyH MaH(})HH.HHp.

T o k -t o k  Hflpojiap y 3 0 K  b b k t  6 a p K a p o p  Hm auiJiapH 

M y m k h h  3M ac . J/jiap Te3/ia p- napHajiaHH iu  iiyjiH 6HJiaH 

y3JiapHAaH  3JieKTpoHJiap Ba no3HTpoHJiap 4 H K a p u 6  e ywr 

TOMOHjxarH, e n a n  T O M O H ^arH  >Kyc})T->Ky(})T 3JieMeHT H,o.poJiapH- 

ra afijiaHa,a,H. LU ynH H r yMyH (baKaT 4 TarH H a  t .-t . HApo  6oii: 

2H ,  6Li, l0B  Ba 14N .

3 h a h  T a 6 H a T /ia  y M p a u iH  M y M K H H  6 y jir a H  x h m h h b h A 

3 jieM eHTJiap  c o h h  y c T H A a  T y x T a 6  yTafijiHK. K e fiH H r H  y H  A h j i- 

J ia p ^ a  y p a H ^ a H  KeftHHTH h h f h -h h f h  3JieM eH T Jiap H H H r  Kaui(j) 

K HJIHHH UIH  X ,03H p rH  3 3 M 0 H  (J)3HH OJIAHTa SJieM eHTJiapH HHF

yMyMHft c o h h  KaHMa Ba HHa KaHMa h h t h  3JieMeHTJiap Kauic}) 

K h j i h h h u i h  MyMKHH fleraH MacajiaHH K yftM OKiia . B y  MacaJia 

Z  h h h t  K)KopH M e rap a B H ii KHfiMaTHHH aHHKJiaui^aH H 6 o p a T . 

MatJiyMKH, 3 t o m  6hphhmh op6HTacHHHHr pa^nycH

r  = — — -  Hflpo 3 a p n /iH  Z  h h h t  o p t h u ih  6 u jia H  K a M a f in 6  

mZe

6 o p a ^ H .  X u c o ^ J ia u iJ ia p  u iy H H  K y p c a T a /iH K H , 6 h p h h m h  B o p  

O p 6 H T a C H H H H T  p a A H y C H  SJieKTpOHHHHT KOMnTOH TyjIKHH

y 3yH JiH TH  —  ra  h k h h  6 y jic a , s jie K T p o H H H H r  S H e p r H H C H  a a p o

MafiAOHHAa 3JieKTp0H-n03HTp0H *y (})THHH  By>KyAra KejlTHpHUI 

yMyH eTapjiH 6yjin6, 6yH^afi aTOM y3 6apKapopjiHTHHH 

fiyKOTa^H:

6yHAaH

Z < - ^ « 1 3 7 .  (1.22)
el

lilyHAafi khjih6, hapohhht c n o H T a H  6yjihhhuih Ba uiy K a 6 u  

6 o u i K a  aftjiaHHU ijiapH H  x ,H c o 6r a  0 J iM a r a H H M H 3 A a  3JieM eHTJiap  

A aB p n ft  C H C T e M a c H  T a x M H H a H  H ^ p o  3 a p a A H  Z = 137 6y jir aH  

aneMenTraMa iiaBOM 3Ta/iH. Z  hhht xyAAH myHaaft KHfiMaTHHH 

6oFJiaHH UJ 3 H e p r H H C H  (})OpM yjiaCHHH  Ta\JIHJI KHJIHUI 6HJiaH  

X,aM O.THUI M y M K H H .

YpaHA an  o f h p p o k  3JieMeHTJiap 6apKapop  \OJiAa MaB>KyA 

6yjia ojiMafi^H. MyHKH HApoAaru npoTOHJiapHHHr KyjioH 

HTapHUIHLH KyqjiapH HflpOHHHT TOpTHUIHLU KyMjiapHAaH OPTH6
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kcth6, H aTH w aaa  napo 6eK.apopjiauiaAH. HiipoAarH npoTOH- 

jiap KyjioH HTapHiiiHiii KyqjiapHHHHr HyKJioHJiap ypTacH^arH 

HAPO TOpTHLUHLLI KyMJiapHA3H opTH6 KeTHLUH Ky^lOH KyMJiapH 

TaijCHp A o n p acH H H H r  KaTTajiHTH HaTH>KacHfla B y ^ y A r a  

KejiaAH. X,ap 6np  npoTOH aapoAarH 6ouiKa \aMMa npOTOHJiap 

6HJiaH y3apo TaijCHpjiauiaAH, 6yHHHr HaTH>KacHAa y3apo 

TaiiCHp SHeprHHCH HApoAarH npoTOHJiap cohhhhhp KBa^paTH- 

ra ( « Z 2) nponopuHOHaJi paBHui/La opTaAH. O fh p  anpo- 

jiapaarH npoTOHJiap cohh TaxMHHaH HefiTpoHJiap coHHra 

nponopuHOHaJi SKaHJinrHHH XHCo6ra ojih6, 6h3 y3apo 

TaiiCHpHHHr KyjioH 3HeprHHCH H^poAarH 3appajiap cohhhhht 

KBaApaTH (Z2) ra Typpn nponopunoHaji Ae6 Ka6yji khji3mh3. 

BoiUKa TOMOHAaH, RZipo TOpTHUlHUI KyMJiapH KHCKa Ta"bCHpjIH 

KyMjiap 6yjiH6, yjiapHHHr Tai^CHpH 10“ 15 m aTpo({)HflarH 

Maco<J)ajiapAarHHa 6hjihh3ah, ht>hh HApo KyMjiapn opKajiH 

4>aKaT KyuiHH 3appajiaprHHa TaTiCHpjiauiHuiH MyMKHH. By  aca 

H^poHHHr y3apo TatCHp SHeprHHCH, KyjioH 3HeprHHCHflarH 

Ka6n, 3appajiap cohhhhht KBaApaTHra 3Mac, 6aJiKH 6hphhmh 

Aapa>KacHra nponopuHOHaji 3KaHJinrHHH KypcaTa^H. BHHo6a- 

pHH, 3appajiap cohhhhht opthuih 6HJiaH hapohhht y3apo 

Ta"bCHp sHeprHHCH KyjioH 3HeprHHCHra KaparaHAa ceKHHpoK 

opTa^H; 3appajiap cohh KaM 6yjiraHAa hapohhht y3apo 

Ta"bCHp SHeprHHCH KyjioH y3apo TaT>CHp SHeprHHCHra HHc6a- 

TaH aHMa KaTTa 6yjiaflH, MyHKH anpo KyMJiapn KyjioH 

KyMjiapnra KaparaHAa >KyAa Karra. JleKHH 3appaJiap cohh 

opTa 6opraHAa iuyHAaft nafiT Kejia^HKH, HApo topthuihui 

KyMjiapH KyjioH HTapHUiHUi KyMJiapHHH x,aTTO MyB03aHaTJiaiu- 

ra xaM koahp 6yjioJiMafi, nHpoBapflHAa K)KopHAa afiTraHH- 

MH3AeK, HApo 6eKapopJiauiaAH. Z TaxMHHaH 120=125 ra TeHr 

6yjiraHfla KyjioH HTapHUJHUi KyMJiapH HapoHHHr topthuihui 

KyMjiapn 6HJiaH TeHrjiauiH6, HApo y3 6apKapopjiHTHHH 

fiyKOTaflH.

1.12- §. 5iApoHHHr 3HeprHH caTx,JiapH

A t o m  HApoJiapHHHHr xycycHHTJiapn h a p o h h h t  TapKH6H Ba 

HyKJiOHJiap xapaKaTHHHHr xapaKTepn 6njiaH aHHKJiaHaAH. 

HyKJioHJiapHHHr HApo HMHAarn (j)a30BHfi t 3KCh m o t h  Ba yjiap 

x,apaKaTHHHHr xapaKTepH h a p o h h h t  hmkh 3HeprHHCHra 

6 o f j ih k . TypFyH HApoHHHr hmkh SHeprHHCH 6ouiKa *a p  KaHAafi 

napMajiaHMafiAHraH KBaHT CHCTeMacHAarH Ka6n, (JiaKaT 

AHCKpeT KHfiMaTJiapHHrHiia Ka6yji k h ji3 a h . H a p o h h h t  acocnfi 

x,ojiaTHra MyMKHH 6yjiraH 3HeprHHJiapHHHr s h t  kh m hth 'TyFpH 

KejiaAH.
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TaiuKH TaT>CHp HaTH>KacHfla HApo acocHH xojiaT/iaH 

SHeprHHCH KaTT ap oK  SyjiraH Ky3Fajiran x,0JiaTJiap (carxjiap ) 

ra yTHiiiH M yMKHH. K,y3FajiHiii 3HeprHHCH H/ipoiiarH HyKJioH- 

jiapHHHr 6oFjiaHHin SHeprHHCHAaH KaTTa 6yjiraH xojifla aca 

HApo  ajioxH aa HyKJioHJiapra napMajiaHajiH. K,y3FajiHui 3Hep- 

THHCH KHMHKpOK 6yjiraHAa 3Ca HApOJiapHHHT KynMHJlHFH 

y- KBaHTJiap M H K ap n 6 , M atJiyM  AHCKpeT khhm 3tjih  SHeprHH- 

jiapra ara 6yjiraH KyiiH xojiaTJiapra y T a /m . X a p  6 h p  

Ky3FajiraH xojiaT M a^jiyM  auiaiu a aB p H ra  ara.

A to m  HApocH/ia 103 6ep aeT raH  xoAHcajiapHH  TeKuiHpa- 

eTraH,a.a Ky3FajiraH xoJiaTJiapHHHr Hiuaiu AaBpHHH «HApo 

B a k t h »  n.e6 aTajia/i.HraH Ba KaTTaJiHTH epypjiHK Te3JiHTH 6HJiaH 

ynaeTraH 3appaHHHr napo opKajiH yTHuiH yMyH KeTa/iHraH 

ypTaM a BaKTra TeHr 6yjiraH b b k t  6HJiaH cojihuithdhui 

KyJiaftAHp. fl/ipoHHHr ypTaM a /inaM eTpH  (40-f-10) • 1 0 “  3cm 

HH TaUlKHJl KHJia/lH, UiyHHHT yMyH H/ipO BaKTHHHHT 6HPJ1HTH 

CH(|DaTH/ia 1 0 “ 23 c Ka6yji KHJiHHraH. S^pTaMa Huuaui A aB p n  

1 0 ~ l3-=- 1 0 “ '°  ceKyHA/iah KaTTa 6yjiraH pa/iHoaKTHB napua- 

jiaHHiu JKapaeHJiapn H/ipo BaKTH HHnr 6HpjiHrHra H H c6aTaH  

MeKCH3 ceKHH >KapaeHJiap/iHp.

H /Ip o  OpTHKMa 3HeprHHCHHH SJieKTpOMarHHT MaH/lOHHHHr 

KBaHTjiapu opKajiH fiyKOTH6, Ky3FajiraH xojiaT/iaH acocnfi 

XOJiaTra Kafiia/iH. Ba-b3aH Ky3FajiraH H/ipo acocHfi xoJiaTra 

yTH 6 yjirypM acAaH , y3H/iaH HeftTpoHJiap, npoTOHJiap, /i.efi- 

TpoHJiap, ajib(})a-3appajiap eKH H/ipoHHHr 6ouiK a  KaTTapoK 

KHCMJiapHHH M H K a p u 6  6ouiK a  H/ipora afijiaHa/iH. H h t h  xochji 

6yjiraH H/ipo acocufi eKH KysrajiraH  xojiaTAa 6yjiHiiiH MyM- 

khh . Pa /iH oaKTH B  H/ipojiap acocnfi xoJiaT/ia x a M  y3H/iaH 

3JieKTpoHJiap, no3HTpoHJiap eKH 6ou iK a  3ap p ajiap  M H KapH 6, 

6o u iK a  3JieMeHTJiapHHHr H/tpo.iapHra afijiaHa/iH. B H H o 6 a p H H , 

pa/iHoaKTHB H/ipojiapHHHr acocHfi xojiaTH x aM  Ma"bJiyM Hiuaui 

/laBpH 6njiaH xap aK Tep jiaH aAH .

HyKJioHJiap HApo HMH/ia MaT>JiyM 3HeprHH 6HJiaH xapaKaT 

KHjia/jH. H/ipo/iarH SHeprHH X0JiaTJiapH 6Hp-6npHra TeHr eKH 

HKHH 3HepFHHJlH CaTXJiapHH y3 HMHT3 OJiraH Ba 6up-6HpHAaH 

y30KpoK >KOHjiaiuran rypyxJiapra 6yjiHHa/iH. ByH/iafi carxJiap 

rypyxH nyKAOH k,o 6 u f u  /ieftHJia/iH. X,ap 6np  HyKJioH Ko6HFH/ia 

op6HTaji x a p a K a TH  Ba cnHHHHHr fiyHajiHUiH 6njiaH (J)apK 

KHJia/iHraH 6np  HeMa xoJiaT 6yjiHUiH MyMKHH. HyKJioH 

caTXJiapH 6up-6HpH/iaH mckjih SHeprHH HHTepBajiH 6ujiaH 

6yjiHHraHJiHTH TycfiaftjiH H/ipoHHHr Ky3FayiraH xoJiaTJiapH 

CHCTeMaCHHH eKH H/ipOHHHr 3HeprHH CneKTpHHH TaUlKHJl 3Ta/lH 

(1 1 5 - p a c M ) . H ap o  TOMOHH/iaH iothjihuih MyMKHH 6yjiraH 

3HepTHHHHHT 3HT KHMHK KHfiM3TH yHHHT 6HpHHMH Ky3FaJiraH
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3 L —  3/2 — Zfie—  w  1. 15 pacM.

75-----5/2 ™  5/2-
9fj'f  ~ | j ~  5jf_ (M3B).

0.40 1/2- Ofi3 Ifc-
—7------ V 2' —Z------- 3/2’
> >

JLi Ba jBe —  K y 3 ry  HApoJiap- 

h h h t  3 H e p r n H  c a T X J ia p H

XOJiaTHra moc KeJiaAH. Bhphhhh  Ky3FajiraH x,0JiaT eHTHJi 

HApojiap yqyH xapaKTepjiH 6yjiraH 6np  HyKJioHHHHr 3Hr hkhh 

6yui xoJiaTra yTHUiH 6HJiaH 6ofjihk. S^pTa Ba OFHp HApojiap^a 

aca y TyjiAHpHjlMaraH Ko6HKAarH 6np  rypyx HyKJioHJiapHHHr 

3Hr nacT uacTOTa 6HJiaH Ma>K6ypHH Te6paHHuiHHH H<J)Oflajiaft- 

ah. A rap  Ky3FajiHiu SHeprHHCH 6hphhmh Ky3FajiraH xojiaT- 

hhht SHeprHHCH^aH KaTTa 6yjica, y xojiAa 6np  Hena HyKJioH 

Ky3FajiaflH Ba opTHKMa 3HeprHHHHHr 6up  khcmh TauiKH 

TyjiflHpHjiraH KO^HKJiap^arH HyKJioHJiapra xaM  6epHJiaAH. 

ByH ^a  Ky3FajiHiuHHHr Tyjia SHeprHHCH KynrHHa HyKJioHJiap 

opacHAa TaKCHMJiaHaAH Ba 6ai>3aH 6np  HyKJioHra moc 

KejiyBHH 6oFJiaHHUi SHeprHHCHra KaparaHAa aHMa Karra 

6yjiHUiH MyMKHH. HyKJioHJiap opacHAarn y3JiyKCH3 SHeprHH 

ajiMauiHHHiuH HflpoHHHr opTHK^a 3HeprHHflaH Te3rHHa KyTy- 

jiHUinra TycKHHJiHK KHJia^H Ba Ky3FajiraH H^po aHMa y30K 

( «  10_14c) HiuaftAH. O a K a T  HyKJioHJiapH yTa KywcH3 6oFjiaH- 

raH eHTHJi HApoJiap —  2H, 3H  Ba 4He Ky3FajiraH x,0JiaTJiapra 

ara 3Mac. BouiKa HapojiapHHHr 3HeprHH cneKTpJiapn M a B *y A  

Ba yjiap azipo 0FHpjiauiH6 6ophiuh 6HJiaH MypaKKa6jiauiaAH.

Ta> KpH 6ajiap  n a p o  3H eprnH  caTx,jiapHHHHr >KoftjiauiHuuia- 

pHAa  xeM KaHflaft T a p T H 6  M a B * y A  aMacjiHTHHH K y p c aT a^ H . 

flapojiapAa 3 t o m  cneKTpjiapn yHyH xapaKTepjiH  6yjiraH  6 n p  

xhji Ta6HaTJiH cneKTpjiap ftyK (1.15. Ba 1.16-p a c M ) . IUy 
ca6a6jiH  n a p o  caTKJiapHHH KaHflaftAHp rypyxJiapra 6npjiaui- 

THpyBMH SM n n p H K  M y H o ca6aT H H  aHHKJiaiu M yM KHH 6yjiMa- 

h iit h . HyKJioHJiapHHHr KyMjiH y 3 a p o  T atcH p jiap H  Ba a n p o a a  

M a p K 3 3H H  *H C M H H H r  ftyKJIHrH CneKTpjiapHHHT M y p a K K a 6  

x a p a K T e p ra  ara SKaHJiHrHHH 6HJiflHpaflH. Hflpora x,ap 6 n p  

HHTH HyKJIOHHHHT KyUIHJIHUIH O K H 6 a T H ^ a  HflpOHHHr ypTaM a 

noTeHUHajiH y3rapaflH  Ba uiyHra m o c  p aB H U i^a  6ouiKaMa 

SHeprHH  cneKTpn  x oc h ji 6yjiaAH.

Ta*pH6ajiapHHHr KypcaTHiuHMa, HApo cneKTpjiapH xa- 
paKTepHHH caTX^iap opacHAarn Maco(})aHHHr 3HeprHH HHTep- 
BajiH 6yHHMa ypTaMa khhm 3th opKajiH aHHKJiaui MyMKHH:
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1.16-pacM. a) i °Be  Ba 6°C HApoJiapAa 6op xoJiaTJiapra yxmaiUH 

( T = l ,  2 T 1  = 3 ) .  6) J 2Be hhht 0+ acocHft Ba 6hphhhh KysraJiraH 
2+ xoJiaTJiapn 62B Ba 62C hhht Ky3FaJiraH xojiaTJiapwra yxiuafijiH. 128 aa 

6yH4aft xoJiaTjiap Kym yxiuaui xoJiaTJiap j.e6 wpHTHjiaAH. CaTXJiap yHrnjia 
cnHHJiap, ycTHAa SHeprHH KHftMaTJiapH (M ^B  aa) Ba ocTHAa sca, h30toiihk 

cnHHJiap KejiTHpnjiraH.

Ky3FajiHiu 3HeprHHCH KaHHajiHK io kop hp o k  Ba a a p o  TapKHdn- 

AarH  HyKjioHJiap cohh K a H ^ a  K y n p o K  6yjica, aH H aH  uiy 

caT^Jiap op acH A arH  ypTaw a  Maco(})a D uiyHMa khmhk 6yjiaAH 

Ba SHeprHH uiKajiacn 6yflHMa H ^ p o  caTX,JiapH uiyHMajiHK 3hh 

*oftjiauiaflH. RHFHJiraH  Ta>Kpn6a MatJiyMOTJiapHHHHr 3Hr 

Kyn khcmh eKH * y A a  khhhk (n acT K H ) Ky3FajiraH caTX,Jiapra 

eKH Ky3FajiHiu sHeprHHJiapn HeflTpoH 6oFJiaHHUi SHeprHHCH- 

^ a H  ioKopHpoK 6yjiraH caTX,Jiapra TaajiJiyKJiHAHp. K,yflH 

caT\jiap p a^H o aK T H B  napMajiaHHUi eKH 3appajiap  6HJiaH 

TyKHauiHui HaTHJKacH.ua Ky3FajiraH HApojiap y3HAaH y- kb3ht 

HHKapraHHjia Ky3aTHJiajiH. HeflTpoHJiapHHHr 6oFjiaHHUi 3Hep- 

rHHjiapH H K H H H ^arH  caTX^iap aca HefiTpoHJiapHHHr HApora 

IOTHJIHUIH eKH yHflaH COMHJIHLUH HaTH>KaCHfla XOCHJl 6yjiaAH. 

1.15-Ba 1.16- pacMflarn o p ^H H a T a  yKH 6yftHMa Ky3Fajinui 

SHeprHHCH >KoftjiauiTHpHJiraH AH arp aM M aJiap A a  x a p  xhji 

HApoJiapHHHr cneKTpjiapn cxeM aT H K  T a p 3A a  KejiTHpnjiraH. 

H A p O H H H r  aCOCHft E  CaTXH HOJIb KHftMaTJIH Ky3FaJIHUI

aHeprHHCHra moc KejiaAH. Hapohhhf xap 6np 3HeprHH cbtxh 
sca ropH30HTaji hh3hk opKajiH 6eJirHJiaHraH. Ehfhji HApo- 

jiapHHHr (A<50) S h p h h h h  Ky3FajiraH caTXJiapn E\ raxMH- 
HaH 1 M a B  aTpo^Hfla 6yjica, ofhp Hflpojiap (A>200) yMyH 

~  0, 1 M s B  eKH yHAaH xaM khmhk 6yjiaAH.
K,y3FajiHiu SHeprHHCH opTHLUH 6HJiaH caTX^iap op acH A arn  

yp T an a  Maco<})a K aM aH  6 o p a ^ H . Ammo eHrnji azipojiapAa 

3HepTHHCH HeftTpOHHHHr 6 0 FJiaHHUI SHeprHHCHra (8  MaB) 
TeHr 6yjiraH xojijiapaa x a M  caTX-nap o p ac H A a rn  Maco(j)aHHHr
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KHHMaTJiapH KaTTajlHTHMa ( 1 0 4 +

-+105 aB) KOJiaBepa^H. O fhp  

aapojiap  gca GyHjxafi K,y3 FajiHiu 

SHeprHHCHra ara 6 yjiraHHAa caTx,- 

Jiap o p acn A arH  MacocJ)a 1 — 10 sB

HH TaiUKHJl 3TaAH, XOJIOC. K,y3- 

FaJlHlU SHeprHHCHHHHT HHaiia 
opTa SopHiUHAa caTX,jiap HHa xaM 

HKHHJiauia SopaAH Ba o k h 63 t

l. 17- pacM. Caxx m «m ». HaTH*aAa HApo SHeprHH caTXJia- 

thhh KypcaTyB4H 3rpH MH3HK. pHHHHr AHCKpeTJIHK XycyCHHTH

iiyKOJiH6, anpo cneKTpn hxjiht 

6yjiH6 KOJiaAH- ByunaH MaH3apaHH xap xhji Macca cohjih 

HApojiapHHHr Ky3FajiHui sHeprHHJiapu 10 +  20 M a B  6yjiraHAa

Ky3aTHLU MyMKHH. XlHCKpeT CaTXJiapHHHT 6HpJiaiUH6 6opHUIH- 

ra ca6a6 HHa HApo caTXJiapHHHHr 3HeprHH 6yHHMa >KyAa aHHK 

KHHMaTra ara 6yjiMacjiHrH Ba yjiapHHHr Ma^JiyM 6np 

r KeHrjiHKKa ara 6yjiHmHAHp. XaMMa rari uiyHAaKH, caTXJiap 

3hhk 3HeprHHJiH 6yjiMaraHJiHrHAaH, aapojiapAaH HHKaeTraH 

y- KBaHTJiap xaM aHHK Eq ra TeHr 3HeprHHra 3Mac, 6aJiKH 

y3nra xoc SHeprHH TaKCHMOTHra ara 6yjiaAH (1.17-pacM). 

Arap r  c-aTX SHeprHHCHHHHr ho3hhkjihfh 6yjica, y caTXHHHr 

Hiuaui BaKTH t 6HJiaH KBaHT MexaHHKacH KOHyHJiapHra acocaH 

r-xmh refi3eH6epr MyHoca6aTH opKajiH 6oFjiaHraH. E 3Hep- 

THHJIH y- KBaHTHHHT HApOAaH qHKHUl SXTHMOJlJlHrH

i r2
w( E) =

2,1 (E — E„)2+ ~ r 2
4

AHcnepcHOH MyHOca6aT 6HJiaH aHHKJiaHaAH. By MyHoca- 
6aTAaH KypHHH6 TypH^AHKH, E0 3HeprHHJiH y- KBaHTJiapHHHr 

qHKHUi axTHMOJiJiHTH MaKCHMyMra 3ra 6yjin6, SHeprHH 
y3HHHHT 3Hr K3TT3 SXTHMOJIJlHKKa 3ra 6yATaH KHHM3THAaH

y30KJiauiHuiH 6HJiaH K a M a H H 6  6 o p a A H . E = E o ± y  f  3Hep- 

THHJIH y-KBaHTJiapHHHr UHKHUl SXTHMOJIJIHTH 9Ca MaKCHMaJl 

K H H M aT A aH  HKKH M ap T a  KHMHK. / '  K3TTaJlHK 3HepreTHK 

caTXH H H r KeHrjiHTH A e 6  HOMJiaHH6, y- KBaHTJiap cneKTpaJi 

M H3HFHHHHr HpHM  6ajiaHAJiHrHAarH KeHrjiHTHra TeHr. 

(1.15- p acM ra  K a p a H r ) .

^Apo  caTXH 6apKapop 3Mac. r  6HJiaH t y3apo t T x h  

MyHoca6aT opKaJiH 6oFJiaHraH (6yHAa t c AapAa, T aca aB 
jiapAa yAMaHaAH). MacaJiaH 57mFe TeMHp H30Mepn 14,36 ksB
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3HepPHHJlH CaTX,HHHHr KeHrJlHTH r ~  5-10-9 3B. M o c  

paB H U i^a  14,36 ksB c a T ^H H H H r  aujaiu BaKTH ~  10-7 c.

CaTXJiapH H H r KeHrjiHK (r ,)jia p H  yjiapHHHr opajiapH.a.arH 

Macoc})ajiapra TeHrjiauiHS KOJiraH x,ojuiapaa H A poH H H r 3Hep- 

t h h  cneKTpjiapu AHCKpeTJiHK xycycHHTJiapHHH H y K O T a^H  Ba 

Hiipo HXTHepHH KHHM3TJ1H 3HeprH HHH  IOTHU1 HM KOHHHTHTa 3ra 

Sy jia^H . C a T X  KeHrjinrn h /i p o h h h t  HHAHBHAyaji xycycHHTJia- 

pura  6 o f j i h k  6yjin6 , Ky3FajiHUi SHeprHHCH o u i h u i h  6njiaH 

o p t h 6  6 o p a A H . H ^p o jia p  ceKHH HeflTpoHJiapHH lOTraHHfla 

3HeprHHJiapH 6oFjiaHHUi 3HeprnHCH ( « 7 ^ - 8  M a B )  ra TeHr 

6yjiraH Ky3FaviraH caT\jiap o p ac H A a ru  Maco<})ajiap k h m h k  

6yjiHUJHra K a p a M a c A a H , yjiap op ajiH FH ^a  KeHrjinrH ~  0,1 a B  

6yjiraH caTXJiap x,aM Ky3aTHJiaAH.

CaTX,Jiap y3Hra xoc M exaH H K  m om cht —  cnHHJiap 6HJiaH 

xapaKTepjiaHa/iH . T.->k. Ba >k.-t. H ^p ojiap  caTXJiapHHHHr  

CnHHJiapH h H H H T  Kacp  COH.TH KHflMaTJiapHAaH, >k.->k. Ba 

T.-T. Hiipo CaTX,JiapHHHHF CnHHJiapH 3Ca h HHHT 6yTyH KHflMaT- 

jiapHiiaH H6opaT . >K ->k. H,upoJiapHHHr acocHfl xoJiaTHHHHr  

cnHHH o a a T A a  HOJira TeHr.

Y M y M a H  oJiraHAa 6epHJiraH 3tom  aap o c H  yMyH Ky3FaJiHUJ 

SHeprHHCH KaTop  KBaHTJiaHraH KHfiMaTJiap Ka6yji khjih6 , 

yjiapra Mai>JiyM Ky3FajiraH caTXJiap moc Kejia^H. M a c c a  cohh  

4 6yjiraH sht  eHrnji aap ojiap  Ky3FajiraH  \0JiaTJiap 

TynjiaM HHH x,ochji KHJiMafi^H, 6aJiKH xycycHfi 3HeprHHCHHHHr 

c})aKaT 6HTTa KHfiMaTHra ara 6yjiaAH. A > 4  HflpojiapAa KaTop  

Ky3FajiraH xojiaTjiap 6yjin6 , x a p  6 n p  xojiaTAa Hflpo (})aKaT 

MeKJiaHraH x BaKT  flaBOMH/ja HiuafiAH. By BaKT  yTHUiH 6HJiaH 

Ky3FajiraH HApo  e y3H H H H r 6 n p o p  3 a p p a c H H H  4 H K a p H 6  

Tauuiaui 6HjiaH napM ajiaHa/jH  Ba n a c T p o K  SHeprHHJiH caTxra  

y T a ^H , eKH 7 - k b b h t  M H K ap H 6 6n p A aH H ra  acocnfi xoJiaTra 

y T a^H .

H A p o H H H r  3HepreTHK caTXJiapH efiHJiraH 6yjia,a.H Ba 

yjiapHHHr KeHrjinrH r  h a p o h h h t  Ky3FaJiraH xoJiaT^a HmaiUH-  

h h h t  y p T a ^ a  BaKTH t  ra TecKapn  np o n op u H OH ajiA H p . flapo 

Ky3FajiraH x,ojiaT,a.a K a H 4 a  03 BaKT  nu iaca , yHH Hr 3HepreTHK

CaTXHHHHT KeHTJIHrH UiyHMa K3TT3 6yjiaAH. “  =  («) K3TT3JIHK

HApoH HHr Ky3FajiraH xoJiaTAaH nacTpoK xojiaTra §kh acocHfi 

XOJiaTra yTHiu axTHMOJiJiHrHHH H(})OflajiafiAH. KD kop h  3HeprHH- 

jih Ky3FajiraH xoJiaTJiapAaH H^poJiap  acocHfi xoJiaTra y3H A aH  

HefiTpoH Ba np0T0H iH K ap H iu  eKH a- Ba p- napM ajiaHHiu Ba 

K- K aM p auj fiy.TH 6HJiaH x aM  y T a ^H . Bnp Ba 6ai>3aH 6np He^a
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KeTMa-KeT ( K acK aA ) raMMa-KBaHTJiap MHKapHLLi ftyjiH SHJiaH 

x,aM n ^ p o  opTHKMa SHeprHHiiaH KyTyjraAH.

LU ynH H r yMyH iokoph Ky3Fa.nraH caTX  napM ajiaHHUiHHHHr 

Tyjia 3XTHMOJiJiHrH w  TaHJiaui KOHAaJiapH p y xcaT  3TraH 6 a p n a  

T yp aarH  yTHiujiapHHHr 3XTHMO.TJiHK.TapH ftHFHHAHCHra TeHr:

w \ =  w v\ +  W <\ +  ® , L, +  -.. +  w * +  w n +  w p+ ... =

=  Zwi. (1.23)

ByH /ia  w n , w el, w clw v w^, w ,„ w p—  moc paBHUi/ia raMMa- 

HypjiaHHiu, KOHBepcHH, a- Ba p- napMajiaHHiu, HeftTpoH Ba 

npOTOH MHKHUIHHHHr napUHaJI 3XTHM0JlJlHKJiapH. C aT X H H H T  

Tyjia KeHrjiHrH r  = w h  (1.23) (JjopMyjiara moc paBHUiaa 
napunaji KeHTJiHKJiap ftHFHHAHCHAaH H6opaT 6yjiaAH:

r = r yi + r , , , + r e2+ . . . + r a+ r p + r  n-\- r  p+  ...y^rh ( 1 .2 3 )

C a T X H H H T  apH M  HUiaiU AaBpH

0 ,6 9 3  4 ,5 7 •  1 0 — lfi 0 . .  
-- (1.24)

w r

X a p  6np napuuaji yTHiu 3XTHM0JiJiHrHra y3H ra  moc nuiaui

0  6 9 3
BaKTH T y Fpu KeJiaAH. TaMMa-yTHUi yMyH —  t v= ~ '-- . Arap

w y
y- yTHiu 6HJiaH KOHBepcHH xoAHcacH xaM pyft 6epca, y xoji/ia

V w
t  =  --̂ _--- 6yjiaAH, 6yH Aa  a n= ~  KOHBepcHHHHHr Tyjia ko-

3<J)(J)HUHeHTH 6yjiH6 , x a M M a  3JieKTpoH K o 6HKJiapaarH  KOHBep- 

CHH SXTHMOJIJIHrHHHHr M a3K yp  y- yTHUI SXTHMOJlJIHTHra 

6yjiran HHc6aTHra TeHr.

1.13-§. HyKJiOHJiapHHHr 3ap«fl xoJiaTjiapn. H30T0nHK cnwH

H 3 o 6 a p  aapoJiapHH KyHT 6njiaH ypraHHUi H aTH *acH A a  

xapaKTepHCTHKajiapn 6Hp-6HpnHHKHra >Ky^a yxuiaui HApojiap 

6opjiurH aHHKJiaHAH. K y n  xojuiap^a 6np  eKH 6np  HeMTa 

npoTOHH moc M H K .n o p ,n a r H  HeftTpoHra ajiMauiTHpnjiraH H/ipo- 

h hh t  xycycHHTJia pu y3rapMac 3K3h. ByHiiaft xojuiapHH 

TyuiyHTHpHiu yMyH npoTOH Ba HeftTpoHHH roKopuaa KypraHH- 

MH3a,eK, hkkh xhji 3apHA xojiaTHra 3ra 6yjiraH 6HTTa 3appa 

Ae6 xHco6jiaui MyMKHH. HyKJioH 6yHAaft TacBHpjiaHraH/ia 

KyftHflarH 6euiTa spkhhjihk  A a p a w a c H r a  gra 6yjiaAH: oaahA 

(J)a30AarH t:HJi>KHLUJiapra TyFpH KejiaAHran y3JiyKCH3 x, y, z Ba 

6hph cnnH >a>JiaTHHH, hkkhhmhch 3apHA xojiaTHHH TacBHpjiaft-
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A H raH  HKKHTa AHCKpeT apKHHJiHK AapaJKaJiapH . HyKJioHHHHr 

HKKH CIIHH X,OJiaTH y 3a p O  CIIHH npoeKUHHJiapHHHHr

Ba m 2=  — ~ KHHM aTJiapn SHJiaH (j)apK KHJia^H.

HyKJiOHJiapHHHr 3 a p H 4  x,0JiaTJiapH KaM  HKKHTa. /J,eMaK, 

HyKJiOHHHHr ciihh Ba 3apafl xojiaTJiapH y p T acH Aa  (})opMaJi 

yxiuam jiH K  6op. A r a p  3apH,o. xoji3th h h  h3otoiihk ciihh A e 6 
aTajiyBMH Ba T xap({)H 6njiaH eejirHJiaHyBHH M axcyc  KaTTaJiHK 

opKajiH H30XJiacaK, 6y yxiuauuiH K  H H aa a  OHflHHJiauiaAH. A r a p

HyKJioHra y  ' ra TeHr H 30T 0n H K  cnHH 6ep caK , y xojiiia 6y 

KaTTajiHK (})aKaTrHHa Tz= ^ B a T z= — ^ khhm 3tjih  hkkh  

n p o eK U H ara  3ra 6yjia^H . flpoTOH xojiaTH ynyH Tz= sa 

HeiiTpoH xojiaTH ywyH Tz= — 6yjiHuiH K a 6yji KHJiHHraH.

H 3 0 T 0 n H K  CnHH Ba yHHHT npoeKUHHJiapH U30T0nUK (pCL30 

jxe6 aTajia^,HraH M axcyc  a 6cTpaKT (j)a30Aa M a B w y /m H p .

H 3 0 T 0 n H K  cnHH HHHr 6y (j)a30Aa Tz= ^  x,ojiaT/iaH Tt= — l-

XOJiaTra 6ypHJiHUiH npoTOH HHH r HeiiTpoHra aftjiahhluhhh 

H(j)OAajiafiAH. H a p o h h h t  h 3o to h h k  cnHHH aJioxH/ia HyKJiOH- 

JiapHHHT H 30T 0n H K  CnHHJiapHHH KyiUHUi KOH/iaCH 6yfiHHa 

TonHJia/iH. M a c a jia H , hkkh  HyKjiounaH u 6 o p a T  CHCTeMa 

H 30T 0n H K  cnHH HHHr T = 0  Ba T = 1  KHfiMaTJiapnra 3ra 

6yjiHuiH M yMKHH. T = 0  KHfiMaTra (})aKaT 6 n p rH H a  3apn/i 

XOJiaTH (3 a p n A  cHHrjieTH) moc Kejia^H , MyHKH 6 y  x,ojiAa 

6H p rH H a  npoeKUHH  6yjinuiH M yM KHH. ByHAafi xojiaTHH 6 n p  

HefiTpoH Ba 6 n p  n p 0T 0H A aH  H 6o p aT  CHCTeMaAa aMajira 

OUIHpHUI M yMKHH. A r a p  HKKH HyKJIOHJIH CHCTeM3HHHr H30T0- 

nHK cnHHH 6 n p r a  TeHr 6yjica, y h 3o to h h k  ciihh npoeKUHH.iapn-  

h h h t  Tz=  1, Tz =  0 Ba Tz =  — 1 KHfiMaTJiapHra moc paBHiuAa 

yn xhji 3 a p H A  x,0JiaTJiapH (3 a p n A  Tpn njieT H )Aa  6yjinuiH 

M yM KHH. B y  x,0JiaTJiapHHHr 6 h p h h m h c h a 3  CHCTeMa hkkh  

npoTOH AaH  (p, p) TauiKHJi TonraH . H k k h h m h c h a 3  HefiTpoH Ba 

npoTOH AaH  (n, p), yMHHMHCHAa aca hkkh  HeftTpoHAaH (n, 

n) TauiKHJi TonraH , ms =  1, T =  0 x,ojiaTra napajuieji cnHHJiH 

HeftTpoH Ba npoTOHHHHr 6oFjiaHraH  xoJiaTH AeftTpoH Typpn 

KejiaAH. AH THnapajuieji ( 1 = 1 ,  ms= 0) cnHHJiH HeftTpoH Ba 

npoTOH AaH  H 6o p aT  CHCTeMa 6 e K a p o p  6yjiraHJiHTHAaH 6y 

XOJiAa y M y M aH  hkkh  HeftTpoH eKH hkkh  npoTOH AaH  Ty3HJiraH 

CHCTeMa x,aM MaB>KyA 3Mac.
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H ly H A a H  k,hjih6 , h kkh  HyKJiOHAah H6opaT CHCTeMa aftHaH 
yxiuaiu xycycHHTJiapra ara 6yjiraH 3 Ta x,ojiaTAa MaBwyA 
6yjiHuiH M ym khh . Xap 6hp  xoJiaT y3 H 30T 0n H K  cnHH Hra ara 
6yjiaflH: 7 =  1 6yjiraHJiHrHAaH 27 — 1 = 3  xoJiaT Ba 6ouiKa 

xycycHHTJiapra ara 6yjiraH 6nprHHa xojiaTAa 7 = 0  
(27"— 1 =  1) 6yjIHUlH M yMKHH.

Ehthji HApoJiapaa ajieKTpoMarHHT y 3a p o  Ta^bCHp KyMJiHpoK 

6yjiraHJiHTHAaH H30T0nHK cnHH hxuih caKJiaHaAH. LUyHHHr 
ynyH yjiapHHHr acocHH  xojiaTH H 30T 0n H K  cnHHH

T =  \ ~ ^ \  =  \ ^ = * \ , T MtK> A / 2

Gyjiajw. MacajiaH, ^He hapoch ynyH H30T0nHK cnHH 

~ 4—3 l ?  l
/ = — -— = — 6yjiaAH. T = — BeKTopHHHr npoeKUHHJiapH

c o h h  2 T — l = 2 - ~ — 1 = 2 . ZleMaK, p-Ie h h h t  xycycHHTHra 

yxuiaiu xycycHHTra 3ra 6yjiraH HHa 6np anpo 6yjiHuiH KepaK. 

By HAPO —  TpHTHH HApOCHAHp. MyHKH 6yHAa XaM H30T0- 

nHK cnHH Tz= ~ ,  npoeKUHHCH aca Tz( ?H) =  — XyAAH

uiyHAaft jLi Ba jBe HApoJiap xaM T =  h3otouhk cnHHra

sra . B a xo jia H K H , 6y HApojiap yMyH 7"= 1/2, 3/2, 5/2 Ba 

7/2 KH HM aTJiapra  x aM  ara  6yjiHuiH M yM KHH  s a h . '^Be Ba

'^C yMyH h3ociihh npoeKUHHJiapH T “ —  1 “ Ba “ +  1 “ KHHMaT-

ra TeHr. U ly H H H r  yMyH \ T\ >  1. A r a p  7 = 1  6yjica, xoJiaTJiap

cohh 2 7 + 1 = 3  6yjiaAH. YHAa '^Be Ba '$C HApojiap 6HJiaH 

6up BaKTAa uiyjiap xycycHHTHra yxuiaui xycycHHTJiH HHa 
6Hp —  yMHHMH HAPO XaM 6yjIHUIH MyMKHH.

ByHAafi a/ipo xycycHHTJiapHra 5°B h h h t  xycycHHTJiapu

yxuiauiA H p . H y H K H , 6y n ap o H H H r  acocnfi xoJiaTJiapHAa 
2 z _A

H3ocnHH 7 = — -— = 0 .  By HApoJiapHHHr 6ouiKa yxuiauuia-

pn TonHJiM aAH. LU yH H H r yMyH 7 = 1  Aa 4° Be, 5° B Ba g°C

HApOJiap H30T0ITHK TpHnJieTHH TaUIKHJI KHJI3AH. H 306ap  

HApoJiap yMyH 3 a p H A  Ay^JieTJiapH, TpnnjieTJiapH Ba 6ouiKa 

3 a p H A  MyjibTHnjieTJiapn , H  Ba 'H e  Ba 42 He K a 6H yxuiaiu

H3o6apjiapH 6yjiMaraH CHHrjiejjiap xaM yMpafiAH. By HApo- 

JiapHHHr H30T0nHK cnHHJiapH 7 = 0 ,2 7 + 1  =  1.
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H 3ocn H H jrap  o zw h h  cnHHJiap na6n BeKTop KyiuHLu 

KOHAaJiapnra SyftcyHaAH. ByH H H r  6 n p  iypyx, AaJiHJiJiapH 

H 3 0 6 a p  HApOJiapHHHT Op aC H Aa  H30CriHH MyJl bTHnJieTHHH 

a ^p a T H L U  M yMKHH 6yjiraH caTX,Jiap cxeM ajiapHHH  TaKKOcjiaiu- 

ra acocjiaHaAH. IliyHHHr ynyH  npoTOHJiap Ba HefiTpoHJiapAaH 

n 6o p a T  HyKJioHJiap cncTeM acHH HHr H3ocnHHH 6 h p  op a .iaT H 6  

y 3rap H 6  ( N  —  Z ) / 2  AaH  to  ( N-\-Z)/2 rana  KHHMaTJiap 

TynjiaMHHH Ka6yji KHJiaAH. H 3 0 c n H H  npoeKUHHCH H30cnHH- 

hhht KypcaTHJiraH x a p  KaHAafi KHfiMaTJiapHAa x aM  Tz=  ( N  —  

— Z ) / 2 ( T Z^ T )  M H KA opra  3ra 6yjiaAH . H a p o  (J)H3HKacHAa 

HyKJioHJiap H3ocriHHHHHHr npoeKUHHCH np0T0HJiap yqyH 

— 1/2 Ba HefiTpoHJiap yMyH + 1 /2  khjih6 TaHJiaHraHKH, 

KynMHJiHK HApoJiapAa N > Z  6yjiraHJiHrHAaH Z —  Tyjia 

H30cnnH  npoeKUHHCH KynMHJiHK HApojiap yMyH M yc6aT  

6yjiaAH. KynMHJiHK HApojiapAa uiyHAafi \OJiaTJiap, MaT>JiyMKH, 

yjiapAa H3ocnHH e T =  ( N  —  Z) /  2  eKH T =  ( | N  —  Z|/2) =  

=  1 KHfiMaTra 3ra. LUyHAafi x,0JiJiap x,aM Ma"bJiyMKH, yjiapAa 

TZ= ( N  —  Z)  /  2 6yjiraHAa T = ( \ N  —  Z | /2 )+ 2  6yjiraH 

xojiaTjiap MaB>KyA.

M hco«i T ap H K a c H A a  1. 16-p acM A a  KejiTHpnjiraH 5°B  

(Tz =  0 , T ^ 0 )  caTX,JiapHHH K y p n 6 M HKaM H3. H jirapH  afiTH6 
yTHJiraHHAeK, 6y H ApoAa  {°Be Ba g°C HApo xoJiaTJiapnra 

yxuiafiAHraH Ba yxuiaM afiAHraH  xoJiaTJiap MaB>KyA- O a K a T  

!°B 5 HApocH Aa  MaB>KyA x,0JiaTJiap 7 ^ = 0  ra ara 6yjiaAH A e 6

XHCo6jiaHHUiH T a 6HHfi, Myhkh 7 = 0  4°B e 6 Ba 4^4 H ApoAa

nafiAO 6yjio.iMafiAH, Myhkh yjiapAa (Tz) =  \ Ba h30Clihh 

6npA aH  KaTTa eKH 6Hpra TeHr 6yjinuiH KepaK  (7">1).

]°Be, 5°B Ba g°C HApojiapn yMyH yMyMHfi xoJiaTjiap

aKCHHMa 7 = 1  H 30cnH H  6HJiaH xap aK Tep jiaH aAH , ht^hh 

H30CnHH TpHnjieTHHH TaiUKHJI KHJiaAH.

H 3 o cn H H H H H r  yM KHfiMaTHra 3ra XOJiaT Ky33THJiaAHraH 

HApora ^  hapoch  mhcoji 6yjia ojiaAH. 1 .16- p acM A a

{2Be, s2B Ba ĝ C HApo caTXJiapH cxeMacH KypcaTHJiraH.

P a c M A a H  KypHHHUiHMa {^Be h hh t  HKKHTa 0 +  Ba 2 +  cnHHJiH

acocHfi Ba 2 ,0 9  M ^ B  3HeprHHJiH yfiFOHraH xoJiaTH s2B  

Ba e2C hhht caTXJiapnra yxuiauiAH p . BaT>3HAa 62C HApo- 

CHAa 6y x,0JiaTJiapHH caTXJiapnra hkkh  M ap Ta  yxuiarn eKH 

A y 6jib —  yxuiaiu  A e6 aTafiAHJiap.

K y p n 6 MHKHJiraH MHCOJiJiap uiyHH Ky pcaT aA H KH , acocHfi Ba 

nacTKH yfiFOHraH HApo xoJiaTjiapn H3ocnHHHH Hr mhhhm3ji
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M yMKHH SyjiraH K H H M a u ia p H  SnjiaH x ap aK T ep jiaH aA H , 6yHH  

AeftTOH 5°B Ba 6ouJKa KynMHJiHK eHTHJi N =  Z jih HApojiapAa

KypHiu M yM KHH. By HApoJiap nacTKH xoJiaTJiapn KyuiHH  

H 3 o 6a p  HApojiap xoJiaTJiapnra yxuiaui 3M ac , 6ouiKaMa  

aftTraHAa, 6 y  aap ojiapH H H r  acocHH  Ba yftFOHraH xoJiaTJiapH  

H3ocnnH  CHHrjieTH 6yjiaAH. By ^aJiHJi Tyjia 3hh kjihk  6HJiaH 

HyKJioHJiapapo KyHHHHr H3ocnHHra  6oFJiHKJiHrHHH KypcaTaflH. 

By 60FJIHKJIHK KHHHK H30CI1HH KH H M aTH Ta  9ra  XOJiaTJiapHH 

nacaftHiUHra ojih6 KejiaAH. H p H M  3 M n n p H K  M acca  (j)opMyjiacH- 

ra acocJiaHraH 6axo jiauuiap  m y H H  Ky p caT aA H K H , moc hhkh  

CTpyKTypajiH, 6 n p  xhji cuhhjih Ba *y(})TjiHKJiH, 6H p ra  

4>apKJiaHyBHH H3ocnHHJiH xoJiaTJiapHHHr SHeprHHJiap (})apKH 

(Mera3JieKTp0HB0JibTJiapa,a) T ax M H H a H  KyfiHAarHHa H(})OAajia- 

HHUIH MyMKHH.'

* E t= E (A J + \ ,T , =  T)-  

- E ( A J J Z= T ) - 200^111 ' (1.25)

K y p H H H 6 T y p n 6AH KH, acjiHAa x a M M a  M acca  coHJiapn ynyH 

6y SHepruHJiap (})apKH eTapjiHHa KaTTa MHKflopra araA H p , 

M acajian , e2C  ( T = 0 )  ynyH A £ r~ 8 M 3B , §28P b  ynyH 

A £ t~ 20M 3B .  fl/ipojiap/ia 6y xoji ynyH (})aKaT khhhk

H30cnHHjiH X0JiaTJiapHHHr Ky3aTHJiHLUHHH T y u iy H T u p a A H : 

T h h h t  Karra  KHfiMaTJiH xojiaTJiapn uiyHHaJiHK KaTTa  

3HeprH Hra  araKH , nnpoBapAHAa HyKJioH HH KapHiu  oeraHaBHfi 

SHeprHHCtiflaH eTapjiHHa i0K 0pH/ia eTHUiH KepaK  Ba uiyHHHr  

ynyH MaB>KyA 6yjia ojiMafiflH.

H30ciihh KBaHT coHJiapH OFHp HflpoJiapfla eHrHji H^po- 

.aapAarHiieK MyxHM 3Mac,neK TyiojiaAH. AcjiH^a 3ca, KyjioH 

y3apO Ta bCHpHHHT POJIH H^po 3apH/lH OpTHUIH 6HJiaH OpTaAH 

Ba y xap  xhji H30cniiHJiH xoJiaTJiapHH kbtthk  apajiauiTHpH6 

K)6opHLUH J103HM. AMMO y 6yHAaft 3MaC 3K 3H . OFHp  HflpOJiapAa 

xaM  yxuiaui xoJiaTJiap TonHjiraH.

lOKopHAarn yxuiaui H^pojiap Ta6uaTH yKyBHHra HHa^a 

TyuiyHapjiupoK 6yjiCHH ynyH KyuiHMHa paBHiuAa HHa 6np 

MHCOJI Kypu6 HHK3MH3.

7Li Ba 7Be HApojiapHHHHr acocHft xoJiaTJiapn 6Hp-6HpHflaH

AE =  A U Kyil—AmN 

3HeprH«ra (})apK KHjia/iH. ByH^a A U Kyil—  KyjioH SHeprHHJia- 

pn (})apKH, A mN—  HyKJiOHJiap MaccajiapHHHHr afinpMacH,
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m n>  m p-7L i ( 3/3 +  4 n )  Ba 7B e(4p- )- 3n)JTap  SH eprna  xojiaTjia-

pHHHHr yxiuaujJiHrH (p—  p) Ba (ti — n) y 3 a p o  Ta"bCHpJiapHHHr 

aHHaHJiHrHAaH KejiHS H H K a^H . B y  tb x m h h  H/ipo KyHjiapH 

3a p H A  CHM M eTpnHCHra ara eKH 3a p H A ra  So fjih k  3M ac , j,eraH 

THnoTe3ara ojihS KeJiaAH. « K y 3 r y »  HApoJiapHHHr xycycHHTJia- 

P hh h  ypraHHUi (n —  n) Ba (p —  p) y 3 a p o  TaijCHpjiapHHHr 

yxuiauijiHrHHH KypcaTAH . JleKHH (n —  p) y 3 a p o  TaiiCHp 

TyppHCHfla MaijJiyMOT ojihiu Ba HyKJioHJiap o p acH A arn  

(p — p), (n — n) Ba (p — n) KynjiapHH y 3 a p o  cojihuithphui 

ynyH  uiyHAaft yMTa h a p o h h  ojihuihm h3 KepaKKH , yjiap 6up- 

6H pH /iaH  6 n p  jKy4>T x,ap xhji HyKJiOHJiapn 6HJiaH <})apK khjichh. 

Ehthjt HApojrap amma *yc{)T M acca  coHHra 3ra  6yjiraH l0B e , 

l0B  Ba 1 C H 3 o 6a p  Hapojiap  uiyHAaft xycycHHTJiapra ara 

(1 .1 6 - p a c M r a  k ). 1 B e  Ba l0C HApojiapHHHr (1 .2 5 )  KOHAara 

MyBO({)HK x,HCo6jiaHraH h 3o tq u h k  cnHH  npoeKUHHJiapn moc 

paBHUiAa — 1 Ba + 1 .  U ly H H H r  yqyH  T =  1. A r a p  T =  1 A e 6  

Ka6yji KHJicaK, T h h h t  npoeKUHHjrap cohh  2 7 - 1 - 1 = 3  6yjiraH- 

jiHTHAaH, l0B e  Ba l0C jrapHHKHra yxiuaiu  xycycHHTJiapra ara 

6yjiraH yMHHHH H 3 o 6a p  H/ipo MaB>Ky/i A e 6  t 3 x m h h  khjihiu 

M yM KHH. X a K H K a T A a H  x a M  yxuiaui xycycHHTJiH yHHHMH 

H 3 0 6 a p  H ^p o  l0B  3KaHJIHTH TOnHJlAH. JleKHH 6 y  HAPOHHHT

2Z_A
aCOCHft XO.iaTHHHHT H30CriHHH T = — ---= 0  6yjiraHJlHTH-

A aH  yxiuauijiHK Ky3FajiraH xoJiaTHra TyppH KeJiAH. B o iu K a  

yxuiaui H 3 o 6a p  HApojiap TonnjiM aAH. jje M aK , x a K H K a T ^ a H  

x aM  ynajia l0B e , l0B  Ba l0C H A po  ynyH  7 " = !  6yjiH6 , yjiap 

H 30T 0n n K  TpnnjieT xochji KHJiap 3K 3h . B y  HApojiapHHHr x ap  

6h p h h h  yjiapra yMyMHft 6yjiraH (4p +  4n) ryp y x  Ba >Ky(})T 

(n —  n, n —  p, p —  p) HyKJiOHJiapAaH n 6op aT  a e 6 x H c o6jiaui 

M yM KHH. B y  yn H A po  xojiaTJiapn cTpyKTypacH HH  TaKKocjiaui 

x a M  yjiap^a  Tyjia yxiuauiJiHK 6opjihthhh  Ba 6HHo6a p H H , (n —

—  n) =  (n —  p) =  (p —  p) KynjiapHHHF MyTJiaKo aftHaHJinrHHH 

Ky pcaT aA H . H a p o  KyHJiapHHim r 3ap H A ra  6ofjihk  SMacJiurH 

TyrpHAaH- TyFpH (p, p) Ba (p, n) Ba 6hjibocht3  (n, 

n) coHHJiHuuiap 6yftHHa yTKa3HJiraH 3KcnepHM eHTJiapAa x aM  

TacAHKJiaHraH.

UlyHAaft KHJIH6 , H 30T 0n H K  HHBapHaHT.fIHK eHTHJl HApojiap 

ynyH  Tyjia 6a>KapHJiAH. Ammo KyjioH SHeprHHCHHHHr opTHiun- 

ra K a p a M a c A a H  (M acajiaH , k y p fo u ih h  H 30T 0n n  208Pb ynyH  

£ Kyyi~ 7 8 0 M 3 B ) ,  Ta>Kpn6ajiapHHHr Ky pcaT H iunH a , h3ociihh

ypTa Ba OFHp aapojiap ynyH xaM  caKJiaHaAHraH h x iu h  KBaHT 

c o h  3K3H. ^p T a  Ba oFHp HApojiap H30T0nHK MyjibTHnjieTJiapra 

ara, xycycaH, SHeprHH caTXJiapHHHHr Ty3HJiHUJH >Ky^a yxiuam  

6yjiraH HApoJiap xaM Ka m  3Mac. M hcoji TapHKacHAa

—
O P. I3eK/KOHOB wu



83̂ i Ba g09Pb H3o6apH H  K y p H6 MHKaHJiHK. (1.25) K O H A ara  

MyBocJjHK. 209Pb Ba 209Bi HApojiapHHHr acocHH Ba G h p h h ^ h  

K y 3FajiraH x,0JiaTJiapH ynyH  H3ocnHHJiap T Pb=22-^ Ba

TBi=  2 1y  KHHMaTra ara. Arap a^BOJi eHrnji hapojiap^athack

6yjica,
209

Bi HApocH^a H3ocriHHH T =  22— caTX,Jiap MaB>KyA

Ba yHra m o c  p aB H iu aa  H30T0nHK MyjibTHnjieT TapKH6nra

KHpyBHH
209 Pb h h h t  yxuiaui caT^JiapH 6yjiHiiiH 3a p y p . Bi h h h t

20 9 r '  . . .
uiy caTX,H h h h t  yxiuaiu (anaAoe) car^u jxe6 aTajiaan .

X y A A H  u iyH A an  Ky3FajiraH xojiaTJiapHHHr \aM  yxiuaiii 

W JiaTJiapH  x a K H ^ a  ranHpniii M yM KHH. Vxmaui w JiaT Jiap  

KaTTa Ky3FajiHin 3HeprH HCH ra ara. H 3 0 T 0 n H K  MyjibTHnjieTra 

KH pyB ^H  caT^JiapH HHr Ty3HJiHiUH 6 n p  xhji 6yjiraHJiHrHAaH, 

yjiapHHHr H A po  KyqjiapH By>KyAra KejiTHpraH 6oFJiaHHiii 

3HeprHHCH * a p  xhji 6yjiaAH . JXeM aK , 209Pb h a p o c h h h h t  acocHH 

x,0JiaT 6oFjiaHHiu SHeprHHCH yHHHr 209Bi AarH  aHajior  

x,ojiaTHHHHr 6oFjiaHHiu ^H eprH H CH AaH  6 n p  AOHa  npoTOH HHH r

2J51
2,47

2.01

1.S6

1.42

0,79

2U r 

**1/1

Ij/Sfi

n r%

3/2*
7/2*

‘ A £ Ky;i KyjioH aHeprHHCH 6njiaH (|)apK-

jiaHaAH . U ly H H H r  y ^y H  acocHH  x,o- 

jiaTHHHr yxiuaiu Ky3FajiraH caTX,H 

3HeprHHCH

£ G= A £ - fA £ Kyjl 

(bopMyjia e p ^ a M H A a  aHHKJiaHaAH . 

ByHAa AE  =  EP (209Bi) - E n (209Pb)
x,aA 209Bi Ba 20 PbHHHr 6oFJiaHHUi 

11/2 sHeprHHJiapn cf)apKH. KyJioH 3Hep- 
rnflCH K y H H Aarn  (jJopMyjia opKajiH 

aH Him aHaflH :

1/2*

5/2*
15/2'

at ,Pb
iOf

T  
*  .

i

9/2* A £ Ky =  1,45 • Z • A '/3-  1,03 MaB.

4 B h 3  T e K U i H p a e T r a H  H A p o j i a p  y n y H  

A £ « — 0,2 MaB, A£kvj« 19 MaB 
SyjiraHJiHrHAaH ZTa^ly—0,2=18,8 

MaB. fleMaK, 209Bi HflpocHAarH 
209Pb acocHH x,ojiaTH yxuiaui caTXH- 

HHHT SHeprHHCH 18,8 MsB 3K3H.

1. 18- pacM. 209Bi Ba J09Pb aa- 209Pb H A p o C H  Ky3FaJiraH X O Jia T Jia p H -

poj,apH„HHr 7-=22-i J.H H30-HHHr c™ aP” MOC Pa '
2 BHuiaa  Ky3FajiHiu SH eprHHCHra

TonHK MyjibTHn^eTra KHpyswn K a p a 6  lOKopH KyTapHJiraH SyJiaflH 

aneprHS carxjiapH (MsB). (1.18-p a C M ).
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yxiuaijj xojiaiviap ioK.opH K.y3FajiHiu aHeprHHJiapHra 

M aH cy S . 3 H e p rH H  opthujh  SHJiaH yjiapH HHr 3hmjihth 3Kcno- 

HeHTa SyiiHMa o p t h S  Sopa/iH . 2o5Bi h a p o c h h h h t  6hphhm h  

yxuiaui 18 ,8  MsB jih cb tx h  c o x a c H a a rn  3hhjihk: 1 MaB ra 

10 caTX-

H 3 o 6 a p  HApojiapHHHr y 3 r ap M a c  T KHHMaTJiH yxuiaui 

XOJiaTJiapH 6 u p  xh.i xycycHHTJiapra 3ra, uiyHHHr ywyH yjiap 

uiapTJiH paBHui/ia 3 a p H A  MyAbrunAeTAapu a,e6 aTajia/inraH 

rypyxJiapra 6HpjiauiTHpHJiaAH. T h hh t  KH H M aT H ra  M a3K yp  

MyjibTHnjieTAarH 2 7 " + 1  ko m noHeHTa TyFpn  Kejia/in. LUyH/iaH

k h j i h 6 , T =  ~  KHHMaTra 3apn/i Ay6jieTH, T =  1 KHHMaTra

3a p H A  TpnnjieTH m o c  KejiaflH Ba x  k . ^ K y ^ T  M acca  c o h j ih

H 3o 6ap jiap A a  3 a p n A  CHHrjieTH ( f ^ O ) ,  3 a p n A  TpnnjieTH

( 7 ^ = 1 )  Ba X-K. Jiap 6yjiHUiH M yM KHH. Tok A jih  H3o6apjiap/ia

1 3
3apHA Ay6jieTH T =  —, 3apHA KBapTeTH T =  — 6yjinuiH MyM-

khh Ba X-K. Ta> KpH6ajiap H 30T 0n H K  cnHH HHHr caKJiaHHiu  

KOHyH HHH TacflHKJiafiAH. LLIyHHHr ynyH  a a p o  xojiau iap H  

3HeprH H , cnHH Ba >Ky(})TJiHK 6HJiaHrHHa xapaKTepjiaHM afl, 

H 30T 0n H K  cnHH 6njiaH x aM  xapaKTepjiaHHUiH  jio3hm.

1.14- §. flapoH HHr KyjiOH Ba n a p o  noTeim najiH

X a H y 3 r a 4 a  HyKjioHJiapHH H/ipoAa >KHncjiauiTHpn6 TypyBMH  

Ky*uiapHHHr T a 6HaTH Tyjia aH H KJiaH M araH . A t o m  h a P o c h h h h t  

T ap K H ^H  y 3a p o  KyjioH HTapHJiHiu Ky^iH Ta-bcupH/ia 6yjiraH  

Z npoTOHJiap Ba A —  Z HeflTpoHJiap/iaH H6opaT/i.Hp. A t o m  

HflpocH npoTOHJiap y 3a p o  ajieKTp HTapnjiHui Kynjiapn  

TaiiCHpHAa a>KpajiH6 KeTMafl/iHraH 6a p K a p o p  CHCTeMa 3K3h- 

jihth 3tom  HApojiapH/ia «H A p o  KyMjiapH» ne6 aTajiyBMH 

TopTHiuHiu Ky^Jiapn 6ojiHrH/i.aH AajioJiaT 6ep aA H . H /ip o  KyMJia- 

pn KyjiOH, 3JieKTpoMarHHT Ba rpaB H T au H O H  KyMjiap^aH  

4>apKJiH yJiapoK, ajioxHAa TH an arH  Ky^flHp. LU yHH Hr ynyH  x aM  

H ^ p o  KyHJiapHHHHF T a 6H 3T H H H  ypraHHUI HAPO  ({)H3HKaCHAa 

MapKa3Hfl M acajiajiapaaH  6npH 6yjin6 \HCo6jiaHaAH . B h 3  

HApo  KyMJiapHHHHr xycycHHTJiapu Ba xapaKTepjiH  TOMOHJiapn-  

hh KeJirycH naparpa(})Aa  6aeH 3T3m h3 , xo 3H p  aca n p 0T0HJiap 

op ac H A a rn  sjieKTp T a t c n p  Kyqjiapn TyrpH CHAa  K H CKana  

TyXTaJIH6 yT3M H3.

Ze 3a p H A ra  sra 6yjiraH R paAHycjiH HApo  y3 arpotynAa 
Ze

r^>R Maco(|)aAa E = —^  KyMJiaHHUUiH 3JieKTp m 3 h a o h  x o c h j i  

KHJiaAH . H A p O H H H r  3JieKTp M 3H AO H H  Pe3ep(})OpA Ta>KpH6aCH-
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AarH  CH H rapn , 3apHAJiaH raH  3app ajiap H H H r  cohhjihluhhh 

ypraHHiii ftyjiH SHJiaH t 3 a k h k  3thji3ah . a- 3a p p ajiap  epaaMH- 

Aa yTKa3HJiraH SKcnepHMeHTJiap H A p oA aH  aHMa y 3 0 K  Maco(})a- 

JiapAarH (r >  1,3-10 13->41 /3 CM) MaftAOH KyjioH MafiAOHH 
6yjiH 6, MafiAOH noTeHunajiH  r Macoc})ara TecKapn  nponopuHo-

r 1HaJl U =  —— 3KaHJIHTHHH Ba K3TT3 SHepTHHJIH 3appajiapHHHT

COHHJIHLUHAa HKHH MaCO(})aJiapAa KyJlOH KOHyHHHHHT KeCKHH 
6y3HjiHiLiHHH KypcaTaflH. ^Apora 6eBOCHTa hkhh Macoc})a- 
JiapAa KyJioH HTapnijjHUj Kyqjiapn 6HJiaH 6np KaTop^a 
HyKJiOHJiapapo topthujhuj KyMJiapu — HApo KyMJiapn MaB>KyA 
6yjiaAH. Z\e 3apH/yiH 3appajiapHH HApo MafiAOHHAa KyJioH 
HTapHuiHLLi noTeHUHaji 3HeprHHCHHHHr Macot})ara 6oFjiaHHiuH

z-zr e2
U = ---r—  (1.26)

rHnep6ojia hh3hfhhh H(})OAajiafiAH (1.19- a pacM). Jlflpo 
TopTHLUHUi noTeHUHaji SHeprHHCHHHHr Maco(})ara HHc6aTaH 
y3rapHLUH 6H 3ra  HOMaijJiyM, uiyHHHr ywyH HApo KyMJiapHHHHr 
TaiaCHp KOHyHH x,aM MaiiJiyM 3Mac. Ammo HApoHHHr y3apo 
TOpTHLUHUI nOTeHUHaJI 3HepTHHCHHHHr HLUOpaCH MaH(})HftAHp, 
KHftMaTH 3ca HApoHHHr HMHAa y3rapMac 6yjin6 , yHHHr 
MerapacHAa HOJiraMa kcckhh opth6 6opaAH. Maco(})aHHHr 
OPTH6 6opHUIH 6HJiaH HAPO KyMJiapHHHHT Ta"bCHpH KeCKHH 
KaMaftH6 , r > R  Macoc})ajiapAa ftyK AapawaAa 6yjin6 KOJiaAH.

1 .19- p ac M . H r po dHJian M v c G a T  3apfl/uiH 3 a p p a  y3apo 

T a i> cn p  SHcprnscHHHHr Macoijjara K y p a  y3rapHUJH: a )  3appa Ba 

HApOHHHr K y jIO H  H T a p H U JH IU H ; 6 ) H^po KyHJiapHHH H(f)OiiaJIOBHH 

TyrpH 6ypqaKJiH noTeHunaji ypa ; b) aj,po Ba KyjioH y3apo 

TaiiCHp-TapHHHHr KyiiiHJiHUJHflan \ochji 6yjiran noTeHnnaji ypa.

68



B y  Maco(})ajiapAa c})aKaT KyJioH HrapHiuHUi KyMJiapn MaB>Kyfl,

XOJIOC.

X o 3 H p  oJiHMJiap HApo KyqjiapH noTeHUHajiHra h k h h p o k . 

KeJiaiiHran \ap x h .h TH nAarn  noTeHUnajuiapHH  t  a kji h  (})

KHJiHLiiraH. M acajiaH , Taycc noTeHUHajih U  (r) =  —

3KcnoHenuHa.n  yp a  noTeimHajiH U ( r )  = — U lp ~ ' r, KDKaBa

noTeim najiH  U  (r) =  — U„-~ - " kr Ba x .k . Ammo 6y  noTenun-

a.uiapHHHr xaMMacHHH HXTHepHH oJiHHran hkkhtb napa- 

MeTp —  noTeHUHaji ypaHHHr MyKypJinrn Uo Ba a/ipo KyMJiapn

l
T atC H p  paAHyCHHHHT KHHM 3TH  — =  r „ — xapaKTepjiaHflH.

/.

H a p o  KynjiapHHHHr T a 6HaTHHH xaJiH hxluh 6HJiMaraHJiHTH- 

MH3 yMyH arpH m h3hkhhht nacaflHui ep H A arn  3 h h k  uiakjihhh 

6ejirHJiaui k h A h h . M y x H M H  uiyH/iaKH, 3JieKTp KyMHHHHr 

T a t c n p H  Tyt})aHJiH, h a p o  aTpo({)H/i.a A B C D  noTeHunaji TycH K  

XOChji 6yj\am (1.19- e p a c M ). T a u iK a p H A a H  KeJiaAHraH x ap  

6np 3apHA-naHraH 3 a p p a  HApo HMnra khphuih  ynyH uiy 

TycHKHH 6apTapa(}) sthuih , 6ouiKaMa aftTraHfla, y B HyKTaAa- 

th TycH K  6ajiaHAJiHTHHH eH rn6 y r a m r a  eTapjiH A a p a jK aA a rn  

SHeprHHra ara 6yjinuiH KepaK. LLlyHra yxuiaui, HApo h m H A a m  

3 a p p a  cnpTra mhkhluh yMyH xaM  uiy TycHKHH eH rn6 yTHUiH 

KepaK (6y epAa  «T y c H K »  aT a M a c n  thmcoji T ap3H A a  

Ky^JiaHHJiraHHHH afiTH6 yTHLU 3 a p y p ) . Aji6aTTa, h ap o  

aTpo(}>HAa xeM KaHAafi m oaahh  TycH K  flyK, 6h p o k  HApo 

aTpo(j)HAarH 3JieKTp KyMH uiyHAaflKH, arap  yjiapHH co(}) 

M exaH H K  KyMjiap 6HJiaH aJiM auiTHpHAca, yjiapHHHr Tai>CHpH 

T ycH KKa  TeHr KeJiaAH. P a A H y c n  R\, 3a p n A H  Z\e 6yjiraH HApo 

aTpo(})HAath noTeHUHa.T rycHKHHHr R 2 paAHycjiH Ba Zie 

3apHAJiH M yc6aT 3 a p p a  yMyH 6yjiraH U  6ajiaHAJinrH 3 a p p a  Ba 

HApoH HHr 6np-6HpHra TyK H auiyB  naflTHAarH KyJioH HTapn- 

uihui 3HeprHHCH dnjiaH aHHKJiaHaAH :

Z ,2„e-

( l -2 7 )

A rap  R\ Ba R2 paAHycjiapHH (})epMHjiapAa, 3HeprHHHH M s B  

Aa H(})OAajiacaK:

H a PO (})H3HKaCHHHHr KeflHHTH AaB pA aT H  pHBO>KAaHHUlH 

noTeHUHaji yp aH H H r  yTH 6  6yjiMaflAHraH TycH K  SMacjiHTHHH Ba
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yHH MeTJiaS yTHUi MyMKHHJinrHHH KypcaTHfi 6epan. ypaHHHr 
napaSojiHK eKH TyFpn SypMaKJiH 6yjiHUJHflaH kbttjh Ha3ap, 
yHHHr MeTJiapn MyMKHH Kaaap eTapjiH Aapa>KaAa sfhjihS 
KyTapnjiHuiH JI03HM. LUyHHHr ynyH *aM oAaTAa TyrpH 
SypMaKJiH noTeHUHaji y p a ^ a H  (J)OHAajiaHHJiaAH:

r < r 0 6yjiraH/ia, U(r) =  — Uo,\ 

r > r o 6yjiraH,aa, U (r )= 0 .  J
(1.29)

1.19-6 p a c M ^ a  Typpu 6yp4aKjiH  yp a  TacBHpjiaH raH , 1.19- e 
p a c M ^ a  3ca  HApo  Ba KyjiOH KyMJiapHHHHr y 3 a p o  T atcn p jiap H  

6np- 6HpH ra  KyuiHJiHm H HaTH>KacHAa n a H ^ o  6yjiyB4H  srpH 

noTeHUHaji (noTeHUHaji y p a  Ba TycH K ) KypcaTHJiraH. Hijpo 

p a ^H y c H  CHtj)aTHiia R =  ro hh Ka6yji khjihui M yMKHH. LUyHAafl 

KHJIH6, 3T 0M  HAPOCHHH H4HTa HyKJIOH 3appaJiapH  >KOHJiaUJTH- 

pHJiraH yp a  — «K y T H M a»  n.e6 Ka6yji KHjiaMH3. Arap HymioH- 

HHHT KHHeTHK SHepTHHCHHH HyKJIOH 6oFJiaHHIU SHepTHHCH 

(8  MaB) ra tch t  ^ e 6  Ka6yji khjicbk, 6yHflaft KyTHM aHHHr 

yjiMaMJiapn HyKJiOHHHHr Ae-Bpofljib TyjiKHH y3yHJiHrHAaH 

khmhk 6yjiMacjiHTH KepaK :

y p T a M a  MaccajiH (A ~  100) HApoJiapHHHr paflHycHHH 

6,7 -10 i5m ije6 Ka6yji KHJiaMH3. A r a p  /? =  1,3-10 UX  
X ^ 4 i/3c m  3KaHJiHTHHH x,HCo6ra OJicaK, npoTOH yMyH 3apHAJiH 

H APO  KyjIOH TyCHFHHHHr 6aJiaHAJIHTH

U Ky„ ~ ^  MaB (1.30)

6yjiaAH . O A a T A a , 6o u iK a  eHTHJi 60M6a p A H M 0HMH 3ap p ajiap  

yMyH /?2=0 A e 6  Ka6yji KHJiHHaAH. H a p o h h h t  p aA H y c n  R =  

=  1,6- 10_13-j4 1/3 cm SKaHJiHFHAaH (J)OHAajiaHH6, 14N HApo- 

c h h h h t  a- 3 a p p a c H  yMyH noTeHUHaji TycHFHHHHr 6ajiaHAJiHrH 

~  3,2 MaB 6yjiHUiHHH To n aM H 3 . Y M y M a H , t/K T y cH K  6a-

jiaHAJiHTH oFHp (/4«200) HApoJiap yMyH » 3 0  MaB h h , 

npoTOHJiap Ba AefiTpoHJiap yMyH « 1 5  MaB h h  TauiKHJi 

KHJiaAH. H A p o A a H  m h k h 6  KejiaeTraH 3appaJiapH H H r  KHHeTHK 

SHeprHHCH aca 4 — 10 M s B  aTpo(J)HAa, H tH H  TycH K  6ajiaHA^iH- 

rHAaH  aHMa nacT  6yjiaAH . By x o j i  «TyHHejib 34>(})eKTH» 

M aB>KyA^H rH AaH  A a p a K  6e p a A H . By M exaH H 3M  KBaHT MexaHH- 

K3CH aCOCHAarHH a  TymyHTHpHJlHUJH MyMKHH.

HeflTpoHJiap 3a p H A ra  ara 3M ac . Yjiap  KyjioH T y cH K K a  

y M p aM acA aH , khm hk SHeprHHJiH 6yjica x a M  6eMajioji H A pora
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HK H H Jiam aBepaAH . HefiTpoHHHHr HApo  noTeHUHajiH aca 

npoTOHHHKH/iaft KHftMaTra sra. U JyH H H r ywyH HeftTpoHHHHr 

HApo SHjraH y3ap o  T a tc n p H  ynyH KyftHAarn t c h m h k  y p h h j i h :

u = - u 0 0 < / ■ < / ?

u  =  0  r > R . •} ( 1 .3 1 )

1.15- §. )Ky4>T-TOKJlHK ■

K a a H T  Ha3apHHCH/ia  3a p p a H H H r  xojiaTH x, y, z KoopAHHa- 

TaJiapra Ba BaKTra 6ofjihk SyjiraH (x, y, z ) TyjiKHH 

cj)yHKU,HH 6H.naH TacBHpjiaHaAH. A r a p  KoopAHH aTajiapHH Hr 
HiuopacH  y3rapTHpHJiraHAa (H H BepcHH /ia) cJ)yHKU,HH y3 huio- 

pacHHH y 3rap T H p M a c a , H tH H

V(-jc, -y, - z, t) =  W (x, y, z, t) (1.32)

6yjica, 6y xojiaTHH 3Kycf}T ^oaot, c})yHKUHHHH sca wycpT 
cpyHK.u,uH iieftHJiaAH. Akc xoji.ua, htjHH

*F(— x, — y, — z, t) =  — ¥ (* , y, z, t) (1.33)

6 y jica ,  tok, x̂ oacit eKH tok, cpynKnun AefiHJiaAH. B y  onepauHH 
KyfiHAaraMa e3HJia/iH:

P ^ (x ,y , z, t) =  W ( — x, — y, — z, t) =  ±  1 -^(x, y, z,t).
(1.34)

P — Koop/iHHaTajiap HiuopacnHH y3rap T H p y B Lin onepaTop

(1.34) ra MyBoc})HK P2xV =  P P w  =  ( +  1 )2*F =  lF, HtH H

KeTMa-KeT hkkh M apTa 6a>KapH.iraH P  o n e p a u n n  cj)H3HK 
CHCTeMaHH 6ouijiaHFHM xojiaTHra KafiTapa/iH. Y M y M a H , aKC 

3TTHpnui 6HJiaH 6ofjihk 6 y jira H  x a p  KaH/iaft o n e p a u H H  KeTMa- 

KeT hkkh  M a p ia  6a>Kapn.ica, c})H3HK CHCTeMaHH 6ouuiaHFHH 

x,o.T3THra KaftTapa^H .

P- >Kycj)TJiHK TyuiyHM acnra acocaH , 6y o n e p a u H H  Ta^CHpH-  

Aa 3ap p a H H H r  HMnyjibCH y3 ftyHajiHLUHHH TecKapH ra  y3rapTH-  

pnuiH KepaK. 3 a p p a H H H r  Ky3ry/iarH aKCH/ia HMnyjibciiHHr 

fiyHajiHiUH 3 a p p a  HMnyjibcnra KapaM a- Kapuin  ftyHaJiraH. 

/IeK H H  6y o n e p a u H H  T a tC H p H A a  HMnyjibc m om chth, uiy- 

HHHrzieK, cnuH  y3 ftyHajiHiUHHH y3rapTHpM afiAH . Bh3 6yHAaH  

6yeH P  Ky3ry (Ba KeftHHMajiHK KypHJia/iHraH T, C  Ky3ry) eKH 

y M y M aH  Ky3ry aKCH /ieraHHM H3/ia TernuiJiH o n e p au H H
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1. 20- pacM. Ky3ry aKCHra 
(P —  Ky3ryra) HHc6aTaH hm- 

nyjibc ( P ) h h h t  B a  x a p a K a T
M H KA O pH  M OM eHTH ( J ) HHHT 

y 3 ra p H iU H .

HHBepCHHCHHH TyLUyHaMH3, MyHKH Ky3ry  3KCH Ba HHBepCHH 

onepauH H JiapH  6Hp-6HpjiapH 6HJiaH 6opjiaHraH. M a c a jia H , 

(})a30 HHBepcHHCH j,eraH Aa KoopflHHaTajiap 6ouiH AaH  yTraH 

6np o p  TeKHCJiHKKa HHc6aTaH  Ky3ry 3kch  Ba cyH rpa  uiy Ky3ry 

a k c h h h  Ky3ry TeKHCJiHrnra th k  yTraH  y K  aTpocj)H4 a 1 8 0 °  ra 

6ypHiu.aaH n 6 o p a T  onepaUH HJiap  HaTH>KacHHH T y m y H aM H 3 .

1.20- pacM /jarH  Ky3ry TeKHCJiHrnra HMnyjibc HyH ajiHm n 

HopMaji 6yjiMaraHfla Ky3ry aKCH HHBepcHHHH 6e p M a raH  6yjiap 

3AH Ba Ky3ry opKajiH HHBepcHHHH xochji khjihuj yqyH 

ioKopHAa afiTraHfleK n m  TyTHiuHM H3 KepaK  6yjiapAH.

P- >Ky(})TJiHKHHHr caKJiaHH m  KOHyHH CHCTeMa/ja 6Hpop 

(})H3HK xo/jHca pyfl 6epraH/ja  yHHHr Ky3ry/jarH TacBHpn/ja  x aM  

uiy x.o/jHcaHHHr y m a  HyHajiHiu/ja pyfi 6e p H m H H H  KypcaTa/jH . 

M a T e M a T H K a  Ta-b6HpH 6HjiaH a ih ra H /ia , P- >Ky(})TJiHKHHHr 

CaKJiaHHIUH (})H3HK KOHyHJiapHHHT (j)a30BHH KOOp/JHH3TaJiap 

nm opacH H H H r y3rap n m H ra  6ofjihk SMacjiHFHHH H(j)OAajiaftAH.

K y 4C H 3  y 3 a p o  TatC H p /ja  P- >Ky(})TJiHKHHHr caKJiaHHiu  

KOHyHH 6y3HJia/jH. A m m o  KyqjiH Ba 3 .ieKTpoM arHHT y 3a p o  

Ta"bCHpjiapAa P- >Ky(})TJiHK caKJiaHaflH Ba 6yH/jafl >Kapa- 

eHJiap/ja axmH k b b h t  cohh  6yjin6  KOJia/jH. P- >Ky(})TjiHK 

«3TajioH » 3ap p ajiap  —  npoTOH , HeflTpoH, /\°- rnnepoHJiapra  

H H c6aT aH  aHHKJiaHa/jH. n p 0 T 0 H , HeftTpoH Ba ^ 0- rnne- 

poHJiapHHHr x a p  6 n p n  ynyH  P =  |-1 Ka6yji KHJiHHraH.

>KapaeHHHHr Ty/ia *y(})TJiHrH hmkh *y(})TjiHK (P ) Ba 

cijhh MOMeHTH ( I)  opKajiH 6ejirHJiaHraHJiHrH/jaH, o/jaT/ja, 6y 

hkkh  KaTTaJiHK 6n p ra  e3HJiaAH. M a c a jia H , npoTOH  yMyH

I =  y-  P =  +  1. LUyHH Hr yMyH I p= - L -  KypHHHiu/ja e3H m  

KyjiaftAHp.

MapKa3Hft CHMMeTpHK Maft/jOHAarH / op6HTaji xapaKaT 

MOMeHTHra Ba P  hmkh (})a30BHH >Ky(})TJiHKKa ara 6yjiraH 

3appaHHHr >Ky(})TjiHrH

n = (  — \)lP

6yjia/jH.

)Ky4>TJiHK caKJiaHHm KOHyHH H/jpoBHft >KapaeHJiapHHHr 

yTHmnra MatJiyM MeKJiaHHmjiap KyaAH. Illy ca6a6jiH H/jpoBHft 

CHCTeMa >Kyt})TJiHrHHH aHHKJia6 ojinm MyxHMAHp.

O ji/j h h  yMyMHft HH epuH H  M ap K a3H  t h h m  xoJiaT/ja 6yjiraH



KoopAH H aTa  CHCTeMacH.ua h k k h t3  A Ba B 3appajiap  

CHCTeMaCHHH K y p n 6  4H K 3M H 3 . ByHAafi CHCTeMaHHHT TyjlKHH 

4>yHKUHHCHHH yMTa TyjlKHH 4>yHKUHHJiap KynafiTMaCH KypHHH- 

\uwjxa H^JOAaJiam M yM KHH :

By ep/ia V A Ba ' F g — 3appajiapH H H r  hwkh X0JiaTJiapHHH 

HijjOAajiOBMH TyjiKHH cfiyHKUHHjiap, *Fmb— A Ba B 3appajiap

HHC6nft X ,apaK3THHHHr TyjIKHH (J)yHKUHHCH. >Ky4>TJIHKHH 

aHHKJiaui KoopAHHaTjiap HHBepCHHCH Ba XV(x, y, z ) lF ( —  x,
—  y, —  z) (JjyHKUHHjiapHHHHr Hm opaJiapH H H  TaKKOCJiauiAaH 

H Sop aT  SyjiraHJiHTH yqyH 6 y  o n e p a u H H H H  *Ffi, ^F^gra hhc- 

Sa T aH  KeTMa-KeT yTKa3HUi M y p a K K a 6  CHCTeMaHHHr >Kyc})TJiH- 

thhh  aHHKJiaiu K OH A acH ra  ojihS KejiaAH. Y h h  KyfiHAarnMa 

H(J>oAajiaiii M yM KHH:

P A +  B =  P A ' P B' P lAB'

JleM aK , M y p a K K a 6  CHCTeMaHHHr >Ky(})TJiHrH TapKH^Hfi 

KHCMJiapHHHT HMKH >Ky(})TJIHKJiapH Ba HHc6Hfi X ap a K aT  TyjIKHH 

(})yHKU,HHCH >Ky(})TJiHrHHHHr KynafiTM acHra TeHr. UlyHAafi 

Khjih6, x a p a K a T  m h k a o p h h h h t  op6HTajib  m om chth l 6yjiraH 

HHc6Hfi X ap aK 3T H H  HljlOAaJIOBMH TyjIKHH (})yHKII,HHCHHHHr 

>Kyc})TJiHrH

P lAB=  ( — 1)' 6yjiaAH . A + B  CHCTeMaHHHr >Ky(})TJiHrH / % +fl =

=  (- 1  )‘P aP b:
FIpOTOH Ba HefiTpOHHHHT HMKH >Ky(})TJlHKJiapHHH O A 3T A 3  

6 u p  x h ji Ba M y c6aT  A e 6  Ka6yji KHJiHHaAH. Y jiapHH Hr h m k h  

>Ky(})TJiHKJiapH uiapTJiH paBHiUAa + 1  a e 6  Ka6yji KHjiHHraH.

Arap npoTOH >Kyi})TJiHrH HXTHepHfi paBHUiAa Ka6yji 

KHJiHHraH 6yjica, 6 y  x,ojiAa 6o u iK a  3ap p ajiap  yMyH y npoTOH 

>Ky(})TJiHrHra H H c6aT aH  TaHJiaHaAH. M a c a jia H , aHTHnpoTOH 

ynyH  hmkh >Ky(j)TJiHK —  1 ra TeHr. B y  —  pcjihthbhcthk  k b 3 h t  

M exaH H KacH H H H r  HaTH>KacHAHp: a r a p  3 a p p a  (})epMHOHJiapra 

TaajuiyKJiH 6yjica, 3 a p p a  Ba aH T H 3a p p a H H H r  *y(})TjiHKJiapH 

KapaM a- KapuiH  6yjiaAH . B030H Jiap  yMyH 3 a p p a  Ba aHTH3appa-  

h hh t  hmkh >Ky(})TJiHKjiapH 6np xhji 6yjiaAH .

H m kh  >Ky^)TJiHK TyuiyHMacH M acajia.iapH  hojia3h  KaTTa 

6yjiraH 3ap p ajiap  yMyH aHHKJiaHran , MyHKH 3 a p p a H H H r  

*y(})TJiHrH y thhm eTraH KoopAH H aTa  CHCTeMacHAa aHHKJiaHa- 

a h . 3 a p p a H H H r  hmkh >Ky(})TJiHrH KB aH T OM exaH H K  TyuiyHMa 

6yjin6 , cnHH  K a 6n  KJiaccHK yxuiauuiH KK a  ara 3M ac .

A t o m  h a P o c h  K a 6 n  M y p a K K a 6  CHCTeMa xojiaTHHHHr 

*y(})TJiHJiHrH uiy x,oJiaT x,o c h ji 6yjiHUiH M yMKHH 6yjiraH TypjiH
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>KapaeH.nap 3X,THM0JiJiHrH xaK H /iarH  MaijJiyMOTJiap M a>KMyacn 

opKajiH aH H K ^aH aflH .

Arap H ^p oH H  H(})OAaJiaui yqyH  S n p o p  6 h p  Ha3apHii MOAeJib 

KaSyji KHJiHHca, y xojias yH A a  w ycJm iHK  H 33a p H H  paBHUiaa  

hkkh  3appajiH  CHCTeMa ynyH  KyjiJiaHHJiraH M yjioxa3ajiap 

e p ^ a M H A a  aHHKJiaHHuiH M yM KHH. M a c a jia H , aflpHM h a p o b h h  

XOJiaTJiap oxHprH  t o k  3a p p a H H H r  *yt})T->Kyc{)T acoc HyKJiOHJia- 

pn K)3ara KejiTHpraH MocjiauiraH ctJtepHK-CHMMeTpHK Mafl- 

AO H A arH  x a p a K a T H  acocH /ia  H(})o/iaJiaHHLUH M yM KHH. B y H a a  - —  - 

SyH/iafl XOJiaTHHHT >Ky(})TJIHrHHH acoc C{)yHKUHHCH >Ky(})TJIHrH-

hh ( — 1) ' ra KynaflTHpHjiraH KypHHHUi/ia aHHKJiaHa/iH . By

ep/ia lN— acoc M aflAOHHAa x a p a K a T  KHJiaeTraH oxHprH

HyKJIOHHHHT OpSHTaJIb MOM eHTH.

>Ky(})T->Ky(})T H A po .iap  acocnfl xojiaTJiapHHHHr >Ky(})TJiHrH 

+  1 ra TeHr a e 6  Ka6yji khjihh3/i,h. By KH H M aT  TypjiH 

Ta>KpH6a.napHHHr H a T H m ajiap n  Ba Ha3apHfl M yjioxa3ajiapra  

m o c  KejiaflH. Y u i6 y  H/ipoJiap cnHHHHH M y x o K a M a  KHJiHHraHAa 

Kafl^ khjih6 yTHJiraHH/ieK, 6 n p  xhji HyKJioHJiap >Ky(})TJiauiraH 

rypyxJiapra flHFHJia/w Ba yjiapHHHr HKyHHfl m o m b h t h  HOJira 

TeHr 6yjiaflH. B yH /iaH  >Ky(})TJiapAa HyKJioHJiap 6 n p  xhji 

o p 6HTajib M OM eHTra ara. HyKJioHJiapHHHr 6yHAafl >Kyt})TjiapH 

M y c 6aT  «y(})TJiHKKa, ( — 1) 2/=  +  1 pa TeHr, jitjHH x a M M a  

XOJiaTJiap >Kyc})TJiHrH M yc6aT 6yjiajiH.

K D K o p H ^a  Kafl/i. k h j i h 6  yTH.nraHH/ieK, raMHJibTOHHaHHHHr 

HHBepCHHFa H H c 6a T a H  HHBapHaHTJIHTH >Ky(})TJlHK-XapaKaT 

HHTerpajiH AeraH  xyjiocara o j i h 6  Kejia/iH. By aca, x a p  xhji 

aapoBHfi >KapaeHJiap^a >Ky(j)TJiHKHHHr caKJiaHHiun j io 3 h m j i h - 

THHH 6HJl/I,Hpa,aH.

JleKHH >Ky(})TJiHKHHHr caKJiaHHui KOHyHH yHHBepcaji 

x ap aK T e p ra  3ra 3Mac. M a t J iy M  6yjiHuiHMa KyqcH3 y 3a p o  

TaiaCHp ca6a6jiH  103 6 e p a A H ra H  >KapaeHJiap/ia y caKJiaHM ac 

3KaH. ByHHHr OKH6aTHAa H^po TyjiKHH (JiyHKUHHjiapHAa >Ky/ia 
khm hk KOMnoHeHTjiap (aM njiHTy/jacH «  10 “ 6) nafiuo 6yjia/iH. 

y .aapH H H r  >Ky(J)TJIHFH TyjIKHH (})yHKUHHJiapHHHHr aCOCHfl 

KOMnoneTJiapH >Ky(})TJiHrHra KapaM a- KapuiH  6yj\am- Sapo-  

bhA xojiaTJiap cTpy KTyp acH H H  y p raH H iuA a  Kyn xojuiapAa  

yjiapHH 3"bTH6opra ojiMac.THK M yM KHH. H a p o  xojiaTjiapHAa 

>Ky(})TJiHKHHHr caKJiaHMacJiHTH xoAHcajiapHHH  Ta>KpH6a/ia  

Ky3aTHJlHIUHHH III 6o 6 /ia  K y p H 6  HHKHJia/lH.

UJyHAaft khjih6, KaTTa ahh kjihk  6HJiaH x a p  6 n p  HApoBHfi 

XOJiaT SHeprHH , cnHH  Ba 6ou iK a  k b 3 h t  coHJiapn/iaH T a u iK ap n  

HH3 >Ky(})TJlHK KB3HT COHH 6HJiaH \aM  T3BCH(})JiaHail,H.

Arap HflpoHH 6H p- 6npH ra  6 o f .th k  6yjiM araH  x a p a K a T A a r n
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HyKJioHJiap TynjiaM H AaH  H S o p a T  ne6 T acaB By p  KHJicaK, yHHHr

r'K
>Kycj)TJiHrH HyKjiOHJiap >Kyc|)TJiHrHHHHr ( —  1) ra KynaflT- 

M acn ra  TeHr 6y.najw- HyKJioHJiapHHHr >KycJ)T-TOKJiHrH M ycSaT 

SyjiraHjiHrHAaH, yjiap xoJiaTHHHHr >KycJ)T eKH t o m h t h  l hhht 

>Kyc{)T eKH TOKJiHrnra 6o fjihk  6yjia/iH. 3 /ip o H H H r  >Kyc})T- 

tokjihth aca x,aMMa / JiapHHHP h hfhhahch  SHJiaH aHHKJiaHaAH.

1.16- §. JIapo KyMJiapHHHHr T a 6naTH

H /lpo  KyMjiapHHHHr T a tC H p  KOHyHH Ba 6 y  KyqjiapHHHr 

T a 6 n a T H  MacajiacH xo3npM a Tyjia eMHJiraHHwa flyK- LLIyHHHr 

yMyH x aM  aa,po KyMJiapHHHHF x ap aK T ep H H H  ypraHHLU MaKca- 

jXHj\a yTKa3HJiraH Ta>Kpn6ajiap KaTTa axa M H H T ra  ara. H a p o h h  

T a p K H ^H H  KHCMjiapra a>KpaTHUJ ynyH  KaTTa 3HeprHH  3apypjiH- 

th a/ipo/ia HyKJioHJiap KaTTa KyM 6njiaH 6np- 6HpHra 

TopTHJia/iH, AeraH  xyjiocara ojih6 KeJia/iH. By KyMjiap ndpo 

KtjHAapu A e 6  aTajiaAH .

3 /ip o  KyMjiapHHHHr xycycHHTJiapHHH ypraHHiu  yMyH 

HyKJioHJiapHH H/ipojiap/ia, M acajiaH , Bo/iopoA H 30T0njiapH Aa  

comhjihuih ycTH/ia yTKa3HJiraH Ta>KpH6a HaTH>KajiapH/i,aH 

\ aM A a  a/ipo aHJiaHHLUJiapHHH Ba HApo  HypjiaHHUUiapHHH 

TeKUlHpHUl H3TH>KaCHAaH cJ)OH/I,aJiaHHJia/I,H.

FlpoTOHJiapHH HApo/ia 6oFjia6 Typniu yMyH HApo/ia 

3JieKTpOCT3THK HTapHUIHUI KyHJiapHAaH K3TT3 6yjlTaH TOpTH- 

LUHUi KynjiapH M a B *y /i /iH p . H a p x a K H K a T , a r a p  6 h 3 h k k h  

npoTOHHH 3JieKTpocTaTHK HTapHJiHUiHHH eHrraH  xoji/ia 6np- 

6H p n ra  1 4)epMH MacocJ)araHa HKHHJiauiTHpcaK, yjiap ypTacH- 

A a rn  KyjioH H TapH Lunm  KyHH/iaH T ax M H H a H  100 M ap Ta  KaTTa 

TopTHLUHUi KyHH By>KyAra KeJiaAH. X y A A H  aH a  uiy Kyn M yc6aT 

3apH AA H  npoTOHJiapHH HA poA a  y u u ia 6  Typ aA H . JleKHH npHM  

cJiepMH Macocj)a/ia 3ca 6 o f j io b m h  KyMAaH Kyn M ap T a  KaTTa 

6yjiraH HTapHuiHiii KyMH By>Ky/i,ra KeJiaAH.

3jieKTpoMarHHT KynjiapHAaH Kyn MapTa KyHJiH 6yjiraH 

6yHAaft y3apo TatcHp c})aKaT npoTOHJiaprarHHa xoc 3Mac. 

HefiTpoHJiap x,aM y3apo Ba npoTOHAap 6njiaH xyAAH  uiy 

Kynjiap BOCHTacHAa 6oFJiaHaAH. KefiHHHajiHK K y paM H 3K H , 

6yHAafi y3apo TatCHp aApoHJiap Ae6 aTaJiyBHH rypyx 

3appaJiapHHHHr xaMMacnra xocAHp. ByHAaH y3apo TaiiCHpHH 

rpac})HKAa 3appaAap opacHAarn MacocJ)a c{)yHKUHHCH —  

11 noTeHUHaJi SHeprHH KypnHHuiHAa TacBHpAaui MyMKHH 

(1.21-pacM). 3appaAap opacHAarH MacocJ)aHH a6cuncca 

yK,H 6yfiAa6, noTeHUHaji sHeprHHHH aca opAHHaTa yKH 6yfijia6 

*0HAauiTHpaMH3. Arap h kkh  3appa 6Hp-6npHAaH 1,5 c{)epMH-
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1. 21- p a c M . T a> K p H 6 a-  
A a H  o j iH H r a n  n p o T o n  ^ H Jia H  
n p o T O H H H H r y 3 a p o  T a t c H -  
pHHHHr noTeHUHaJi 3HeprHH- 
CH.

ixaw KaTTa MacocjjaAa 6 yjica, yjiapHHHr y 3 a p o  noTeHunaji 

3HeprH «CH  (7 =  0 , ht^hh yjiap y p T a c n ^ a  y3a p o  Sofjiobmh KyM 

HyK- 3 a p p a jia p  6Hp-6HpHra HKHHJiaujHiUH SnjiaH yjiap 

ypTacHfla topthluhuj KyMH oiua 6oiujiaHAH Ba HaTH>Kajj.a 

y 3 a p o  noTeHunaji 3H ep rH H H H ht ajire6p aH K  k h h m 3 th  KaMaHflH. 

lOKopnzia  a H T raH H M H 3^e K , 0 ,5  4>epMHra h k h h  MacocjjaflaH 

6o u u ia6 3ap p a jiap  y p T a c n ^ a  HHa y 3a p o  HTapHiuHiu KyMH 

By>Kyflra KeJia^H Ba 3ap p ajiap H H  H H a ^ a  >KHncpOK HKHHJiauiTH- 

pniu ywyH KynjiH TauiKH CHKyBMH KyM ( U >  0 )  KepaK 6yjiaiiH.

BHJiaM H3KH, Hflpo 3ap p ajiap H  6Hp-6npjiapH SHJiaH y 3 a p o  

KyMJiH Ta^bCHp^a 6yjiaflH. By y3ap o  Ta^bcnp A O H p acn  khmhk 

6yjiraHJiHrH c a 6a 6jiH x,ap 6np Hiipo 3 a p p a c H  cfiaKaT KyuiHH 

3ap p ajiap  6njian y 3 a p o  TaiiCHp/ia 6yjia,o,H. H a T H m a A a  x a M M a  

XHM H HBHH 3JieMeHT.iapHHHr HApOJiapHfla npOTOH Ba Hefl- 

TpoHJiapHHHr 3HMJIHTH ypTaM a 6np xhji 6yjiaAH. R n p o  

3appaJiapH H H  y 3 a p o  6ofjiobmh KyMJiap uiy 3ap p ajiap H H H r  nH- 

M e30HJiap BocHTacHfla y3 xycycHHTJiapHHH y 3 a p o  ajiM aiuHHH6 
TypraHJiHKJiapn yMyH MaB>KyAAHp, a eraH  cjwKp TyFHJi^H. By 
y 3 a p o  ajiMauiHHHUi M e x ah h 3m h h h  KyfiHflarHMa T acaB By p  

KHJ1HLUHMH3 M yM KHH. ripOTOH eKH HeHTpOHAaH  X,ap AOHM  

3apn,/yiH eKH HeHTpaji nn-Me30HJiap m hkh6 T y p a ^ H . FIh- 

Me30HJiap >Kyaa KH CKa b b k t , T axM H H aH  1 0 ~ 8 c HiuafiiLH. By 

BaKT  HMHAa yjiap 1 c})epMH Macocj)aHH y i a w  Ba o p K a r a  —  

y3HHH Hypjia6 M HKapraH  3 a p p a r a  K aH T H6 lOTHJiaflH. Arap 6y 

3 a p p a  npoTOH  eKH HeHTpoH/iaH H6op aT  6yjica, y y3H ra  eTH6 
KejiraH nH-Me30HHH Te3/ia lOTaAH Ba K aH T a  MHKapaflH. LUy ftyji 

6njiaH HKKHTa y 3 a p o  h k h h  >KofljiaujraH HyKJiOH.iap 6up-
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Qnpnra nH-Me30HJiap « h p f h t h 6 »  T y p n m a A H  Ba HaTH>Ka/ia 

yjiap op acH Aa  a.noKa By>Kyzi.ra Kejiaan. HeflTpoH SnjiaH 

npoTOH y 3a p o  TaT>CHpjiaiuraH,a.a:

p -(- n+±n - fn °- f  n+±n +  p

np 0T 0H  nnoH MHKapwfi, y3H HeflTpoHra afljiaHaAH, iihohhh aca 

HeflTpoH lOTaflH, H tH H  3apH/i. ajiMaiiiHHyBH 103 Se p aA H . 

HeflTp0H- np0T0H  Tat>CHpjiauiyBH HeflTpoH nHOH b o c h t 3 c h a 3 

\aM  SyjiHUiH M yM KHH:

p -|— n+±p —(— jt -(- n+±p -(- n.

By  epiia 3 a p a A  ajiM auiHHyBH 103 SepMaflflH. H K K H T a  6up  xhji 

HyKJiOHJiap opacHflarn peaKUH H  x aM  myH/iaft yTa/iH:

p +  p+±p +  n °  +  p+^p +  p,

n +  n ' n +  ji +  n-*-̂-n +  n.

HeftTpoH Skh npoTOH HHH r y3H/iaH  KHCKa My/i/iaTra nH- 

M e30H q H K a p n S  Ba k>th6 Typnui >KapaeHH/i,a 3HeprHHHHHr 

caKJiaHHiu KOHyHH 6y3H .iraH A eK  6yjia/iH. HeftTpoH AacTaBBaji 

aH H K  3HeprHH (M a c c a )r a  3ra 3/ih. C y H r p a  6 y  e n n K  CHCTeMa 

(HTjHH, HeftTpOH) y3H/iaH nH-Me30H M H K ap H 6 , 3HeprHHCHHH 

nn-Me30H 3H ep rH H CH ra4a  ouinp/iH. H aTH > K aA a  enH K  CHCTeMa 

ynyH  3HeprH HHH Hr caKJiaHHiu KOHyHH 6y3HjiraHAeK 6yjiAH. By 

3HAAHHT KB3HT H 33ap H H C H A a  OCOHTHHa TyUiyHTHpHJiaAH. 

3 H e p rH H  —  BaKT HoaHHKJiHKJiapn M y H o ca6aT H ra  acocaH  

yjm aui y^yH  KaHMa khwhk BaKT a>KpaTHJiraH 6yjica, htjHh 

3 a p p a  KaHM a KHCKa b b k t  nu iaca , 3 a p p a  3HeprHHCH uiyHna 

KaTTa noaHHKJiHK 6njiaH yjinaHaAH. By  xoji yjiwoB ac6o6Jiapn- 

h hh t  xycycHHTJiapn eKH yjm auiH H H r y3Hra MyTJiaKO 6ofjihk  

3M ac . By —  M H Kpo ayH e  KOH yH H AH p . By  KOHyH ra aco caH , a rap  

6 h 3  npOTOH eKH HeftTpOHHHHT M3CCaCHHH 1 0 ~ 2>! C HHHAa 

yjiMaMOKMH 6yjicaK, nn- Me30HHHHr M accacHM a h o3hh kjihk  

6HjiaH y jm araH  6yjiap  sa h k , H tH H  6 h 3 h h h t  yjm oB ac6o6jiapH- 

mh3 ce3MaflAHraH * y A a  khmhk BaKT mwjya npoTOH  eKH Hefl- 

TpOHHHHT MaCCaCH y3HHHHr AOHMHfl KHflMaTH/iaH aHMa OpTHK  

6yjiaAH . B y H H H r  ycTHra, a r a p  6 h 3  nH-Me30HHHHr y3HHH KaflA 

KHJIMOKMH 6y.TCaK, MaCaJiaH, TyFHJIHUI M OM eHTHAa , yHHHT 

3HepTHHCHHH yjlMaiUHMH3AarH HOaHHKJIHK nH-Me30HHHHT 

xap aK aT C H 3  xoJiAarn M accacH A aH  Kyn M ap Ta  opTH K  6yjiaAH Ba 

HaTH>KaAa 6 h 3  nH-Me30H xochji 6yjiraHHHH aHHKJiafl oJiMaft- 

MH3.

fl/ipo 3appajiapH y3apo Ta"bCHpjiauiyBHHHHr Ta6HaTHHH 

nH-Me30HJiapHHHr ajiMauiHHHUiH acocHAa TyuiyHTHpHiu, aji- 

6a T T a , TaKpH^HHAHp. /I,apxH KaKaT, h k k h  3appaHHHr 6up 

M apTa  y3apo iiH-Me30H 6njiaH ajiMauiniu B a k t h  10-23 c ra
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TeHr. B y  B3K.T hmhjx.a nn-Me30H TyFHJiHS, 1 (})epMH Maco(})aHH 

yTHUIH Ba HKKHHMH 3 a p p a a a  KDTHJIHHJH KepaK . M a t J iy M K H , 

6yHMa.THK KHCKa BaKT  HMHAa 6 h 3  x,ew 6 n p  3 a p p a H H  Kaftfl KHJia 

ojimaftmh3. FlH-Me30HJiapHHHr peaji xoAHcajiapiia huithpo k  

KHJiaAHraH, .leKHH Ky 3aT H 6  dyjiMaftflHraH xoji3thhh  nw- 

M e30HJiapHHHr eupryaA ^ oaotu  eKH KHCKaM a khjih6  eupryaA 
nu-M.e30H.Aap /tefiHJiaiiH.

3 h a h  M a3K yp  BnpTyaji >KapaeHAa SH epruH H H H r caKJiaHHiu 

KOHyH HHH  KypafijiHK. K s a H T  H a3apH H C H ra  aco caH  (})H3HK 

KOHyHJiap 4>aKaT Ky3aTHJiaAHraH KaTTajiHKJiaprarHHa Ta- 

ajuiyKJiHAHp. X a K H K a T a H , a r a p  K)KopHflarH BHpTyaji w apa-  

eH/ia nw- M e30H  Ky3aTHJiMac ^KaH , 6ouiKaM a afiTraHAa, 

HeftTpoH SHeprHHCHHHHr y 3 r a p H 6  TypuiiiHHH aHHKJiam  M yMKHH 

3M ac  3K 3H , SH eprnHH HHr caKJiaHHiiiH x a K H A a r n  ran  y3-y3HAaH 

opTHKM aAH p . JleKHH 6y BnpTyaji nn-Me30HHH peaji nH-Me30Hra 

aftjiaHTHpHiu M yM KHH. B y H H H r  yMyH TauiKapH /taH  eTapjiH 

M HKAop/ia  (M acajiaH , npoTOH HH  Te3JiaTHUi 6HJiaH) 3HeprH H  

cap(}) khjihui 3 a p y p , xojioc.

H/ipo KyMjiapn, xyjioca khjih6 aftTraHfla, KyftHAarn 

xycycHHTjiapra  3ra :

a ) H a p o  KyMJiapn H K H H aaH  T a t c H p  3TyBMH Kyqjiap/iHp. 

M aco (})a  op thujh  6HJiaH 6y KyMjiap T a t c n p H  kcckhh  K a M a H /w  

Ba HApo  yjiMaMH/iaH K aT T ap oK , h t jh h  1 0 “ 14 m Macoc})aii,a 

AenpjiH ce3HJiMaft/iH. AKCH H M a, khm hk M a c o ^ a j ia p ^ a  a a p o  

KyMjiapHHHHr TaiiCHpH Te3 o p T a ^H  Ba uiy Maco(})aAa 

n p 0T0HJiap op acn /ia  Ta"bCHp 3TyBMH ajieKTp KyqjiapH/xaH 6np 

HeMa 6a p a B a p  KaTTa 6yjiH6 KOJiaAH;

6 ) H/IPO KyMJiapHHHHT KaTTaJlHTH y 3 a p O  T a tC H p  STyBMH 

HyKJioHJiapHHHr (eKH yjiap/iaH 6h p h h h h t )  ajieKTp 3apH /uiH  

eKH 3apn/iCH3 6yjiHUiHra 6ofjihk  3M ac . B ouiK aM a  aftTraH/ia, 

HKKHT3 npOTOH eKH HKKHT3 HeftTpOH, eKH npOTOH 6HJiaH 

HeftTpoH opacH /iarH  H/ipo y 3 a p o  T a t c n p H  6np  xhji 6yjia/iH. 

il,eMaK, H/ipo KyMjiapn 3apn /ira  6ofjihk  3M ac . B y  ran  H/ipora 

xoc y 3 a p o  TaijCHprarHHa TaajuiyKJiHAHp;

b) H/ipo KyMjiapH TyftHHHiu xycycHH THra  ara , ht>hh 6np 

HyKJiOHra yHra  sht h k h h  6yjiraH mckjih cohjih KyuiHH 

HyKjioHJiap T a t c H p  KHJia/iH. H /ipora  6np HyKJioH KyuiHJiraH/ia 

HyKJlOHHHHT 6oFJiaHHUl 3HeprHHCH T a X M H H 3H  6np  XHJl 

KaTTajiHKKa opTa/iH , 6yH A a  coJiHuiTHpMa 6oFJiaHHiu sHeprHH- 

ch y3rapMafi/iH . A r a p  x a p  6hp HyKJioH 6HJiaH KOJiraH x a M M a  

A —  1 HyKJioHJiap opacH /iarH  y 3 a p o  T a tC H p  6np  xhji 6yjica, 

HyKJioHHHHr 6oFJiaHHiu 3HeprHHCH A  —  1 ra nponopuH OHaJi 

6yjiap, A  HyKJioHJiap/iaH H6op aT  a u p o H H H r  6oFJiaHHui 

sHeprnHCH aca A op thuih  6HJiaH A (A —  1) K a6H o p T a p  3/ih.
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LUyHAafi k.hjih6, HApora xoc y 3 a p o  Ta^bcnpra, 3JieKTp 

TaT>CHpAaH c{)apKJiH yjiapoK,, cynepno3HU,HH npH H U H nH H H  

HUJJiaTnS SyjiMaftflH. M aijJiyM  6 n p  HyKJioHra KyuiHH HyKJioH- 

JiapHHHr TaT>CHpHHH x a p  6 n p  ajioxnfla HyKJioH Ta"bCHpHHHHr 

ftHFHHflHCH Ae 6  T acaB By p  KHJIHUJ M yM KHH 3MaC. JIAPO 

KyMJiapHHHHr 6 y  xycycHHTH MOJieKyjiajiapAa aTOMJiap opacn- 

jxa TaTaCHp sTyBMH MOJieKyjinp BajieHT.iH KyqjiapHHHr T y A h h h - 

UIHHH, HTjHH HKKHT3 KHCJIOpOA aTOMHflaH M yCT3X K3M  MOJieKy- 

jia, yMTa aTOMHjjaH aca o 3 o h h h h t  6 e K a p o p  MOJieKyjiacn xochji 

6yjiHUiHHH Ba KHCJiopoAHHHr TypTTa aTOM H y M y M aH  KyuiHJia 

OJIMaCJlHTHHH scjiaTa/jH;

r) H^po KyMJiapn y3apo Ta"bCHp STHiuyBMH HyKJioHJiap 

cnHHJiapHHHHr ftyHajiHujnra 6ofjihk- Hkkh HyKJiOH, MacajiaH, 

HeftTpoH Ba np0T0H 6np-6HpHra HKHHJiaujraHfla yjiapHHHr 

cnHHH 6np TOMOHra (napajuieji) eKH KapaMa-KapuiH (aHTHna- 

pajuieji) ftyHaJiHiUH MyMKHH. Arap yjiap 6np TOMOHra 

fiyHajiraH 6yjica, cHCTeMaHHHr yMyMHfi cnHHH 6Hpra TeHr 

6yjiaAH. AefiTepHfi-AeftTpoH HApocHfla HyKJioHjiap cnHHH aHa 

uiyHAaft ftyHaJiraH. CnHHJiapn TecKapn TOMOHra ftyHajiraH 

HKKH 3appaHHHr H3TH>KaBHfl CnHHH HOJITa TeHT. y XOJIAa 

3appajiap >Ky(})TH yMyMaH MaiwiyM 6np fiyHaJinuira 3ra 3Mac, 

yHHHr yMyH (})a30AarH 6ap4a fiyHajiHiujiap 6e(})apKaHp. By 
XOJifla hkkh 3appa opacnfla (})aKaT MapKa3Hfi Kynjiap ae6 

aTaJiyBMH KyMJiap Ta"bCHp 3T3jjh. MapKa3Hfi KyMJiap y3apo 

MyHOca6aTAarH 3appajiap opacHAa TyFpn MH3HKJiap 6yfijia6 

fiyHajiraH 6yjin6, 3appajiapHHHr (})a30AarH opneHTauHHCHra 

6ofjihk 3Mac. 3jieKTpocTaTHK Ba rpaBHTauHOH KyMJiap xaM 

aHa uiyHAafi xapaKTepra ara. Ammo MapKa3Hfi H^po KyMJiapn, 

aji6arra, 3JieKTpocTaTHK Ba rpaBHTaunoH KyMJiapAaH KaTTa- 

jihk *HxaTHflaH (})apK KHJia^H Ba yjiap/jaH (})apKJiH yjiapoK, 

Maco(})ara Kapa6 y3rapMafi,UH.

CnHHH 6npra TeHr 6yjiraH ijeflTOHHHHr MaB*yfljiHrH Ba 

cnHHH HOJira TeHr 6yjiraH AeflTOHHHHr flyKJinrH (HeftTpoH Ba 

npOTOHHHHr cnHHJiapH KapaMa-KapuiH ftyHajiraH ^eftTOH 

ftyK) np0T0H Ba HeftTpoHHHHr cnHHJiapn 6np TOMOHra 

ftyHaJiraHAa yjiap KapaMa-KapuiH ftyHajiraH xoJiAarnra 

HHc6aTaH 6Hp-6Hpnra aHMa MycTaxKaMpoK 6oFjiaHraHHAaH 

jxapaK 6epaflH. By cnHH KyMjiapn MaB>Ky;wiHrHHHHr epKHH 

AajiHJiHAnp. YMyMaH, xap KaHiiaft HyKJioHJiapHHHr opacH^a 

cnHH KyMJiapHHH nafiKaui MyMKHH.

A r a p  hkkh  HyKJioH, MacaJiaH, h kkh  npoTOH o p 6HTaji 

M OM eHTra ara 6yjica (6yHH Hr yMyH 6np npoTOH HHH r hkkhhm h 

npoTOH  eH HAaH  Te3 yMH6 yTHUin kh(})oh), y xoJiAa cnHH 

KyMJiapnHHHr KaTTajinrn Ba fiyHaJiHiun yMyMHfi cnHHHHHr
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opSHTaJi MOMeHTra HHcSaTaH opHeHTauHHCHra Sofjihk 6y- 

Jiaan.

Hflpo KyMJiapHHHHT CnHH Ty3yBMHCH CnHH MOM eHTHHHHT  

opSHTaJi M OM eHTra H H cSaT aH  ftyHajiHUJHra Sofjihkjihfh  

SKcnepHM eHTjiap  acocn/ia  aHHKJiaHraH . CnH H Jiap  6 h p  TOMOHra  

fiyHajiraHfla ciihh momchth 6npra TeHr. lllyHHHr yMyH 

KaHAafiAHp 6np fiyHajiHiu/ia, afiHH \OJiJia op^HTaJi M OM eHT  

fiyHajiHUiHaa yHHHr Ty3yBMHCH (jjaKaT yM K H H M aT ra  —  

napajuieji, nepneHAHKyjiHp  Ba aHTHnapajiJieJi K H H M aT ra  ara 
6yjiHiuH M yM KHH ; 6 y  KHfiMaTJiapHHHr * a p  6 h p h  ojiAHHTHCH/xaH 

6 n p r a  (})apK KHJia/iH. Arap ciihh momchth op6HTaji M OM eHTra  

napajuieji 6yjica, y  xoji/ia napajuieji cnHHJiH hkkh npoTOH  6np- 

6 n p H r a  caji TopTHJiaAH; cnHHJiap nepneH/iHKyjiHp 6yjica, 

npoTOHJiap 6np-6HpHflaH HTapHJia/iH, aHTHnapajuieji fiyHa- 

JIHUIfla —  KyMJIH TOpTHJiaAH.

HyKJioHJiap AefiTOH/la op6HTaji MOMeHTra ara 3Mac. A m m o  

AefiTOHAa KBaApynojib ajieKTp m o m c h t h  6op. ilefiTOHAarH cnHH 

KyMJiapH cnHHHHHr 6y MOMeHT fiyHajiHUinra HHc6aTaH 

fiyHajiHiUHra 6 o f j ih k -

LLIyHH afiTHiu 3a p y p K H , hkkh TyKHauiyBM H  npoTOH  (eKH  

HefiTpoH) hhht cnHHJiapn napajuieji 6yjiraHAa  op6HTaji mo- 
MeHT (paKai t o k  coHJiapra (1, 3, 5 Ba x- k.), aHTHnapajuieji 

6yjiraHfla (})aKaT >Ky({)T coHJiapra (0, 2, 4 Ba x- k) TeHr 

6yjiaAH . BHp- 6H pHHH Hr eH H AaH  yTaeTraH  HyKJioHjiap yMyH 

flayjiH npHHUHiiH/ia 6a e H  3THJiraH (})epMHOHJiapHHHr y3Hra  

xoc «HHAHBHAyajiJiHrH» a H a  m yH /iaH  H 6o p aT .

CnHHJiapHHHr y3apo TatCHpH Ty(})afijiH xochji 6yjiaAHraH 

KyMjiapAaH TauiKapn HHa ciihh — op6HTaji KyMjiap MaB>Kyfl- 

AHp. By KyMHHHr KaTTajinrH Ba fiyHajinuiH napajuieji cnHHJin 

3appajiap *y(})THHHHr fiyHajiHuiHra 6ofjihk. A rap  hkkh 
3appaHHHr cnHHJiapn aHTHnapajiJieJi Ba yjiapHHHr Shfhhahch 

HOJira TeHr 6yjica, cnHH — op6HTaji Kyqjiap 6yjiMafiflH. By 

aHHK (})aKT: cnHH fiyK 3K3H, zieMaK, ciihh — op6HTaji KyMjiap 

xaM  fiyK.

CnnH op6HTaJi momcht 6HJiaH 6np  TOMOHra fiyHajiraH 

6yjica, yHMa Karra 6yjiMaraH topthuihuj KyMJiapH MaB>Ky/i. By 
KyMjiap ciihh fiyHajiraH TOMOHra fiyHajiaAH. CnHH 6HJiaH 

op6HTaji MOMeHT y3apo nepneHAHKyjiHp fiyHajiraH/ia 3appa- 

Jiap opacH/ia KyMCH3 HTapHiUHUi KyMJiapH (6y  xoji/ia xaM  yjiap 

cnHH KyMJiapn fiyHaJiHUiHAa 6yjia /m ), ciihh Ba op6HTaji 

MOMeHT KapaMa-KapiUH fiyHajiraH/xa ce3HJiapjiH HTapnuiHui 

KyMjiapH nafi/i,o 6yjia/iH (MOMeHTJiapHHHr 6y  fiyHajiHiu/iarH 

ciihh KyMJiapn KapaMa-KapuiH fiyHajiHiura ara).

C n H H  —  op6HTaJi KyMjiapHHHr cnH H  KyMjiapn/iaH (})apKH
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uiyHjiaH wGopaTKH, yjiap cfihh SHJiaH opCHTaji M OM eHTHHHr 

y 3a p o  >KOHjraHHLUHrarHHa 6 ofjihk  SyjiM ac/iaH , SajiKH op6HTaji 

M OMeHTHHHT KaTTaJlHTHra XaM  SoFJlHK- CllHH —  OpSHTaJI 

KyMJiap y 3 a p o  Tai^CHp KHJiyBMH HyKjioHJiapHHHr sHeprHHJiapn 

KaTTa 6 yjiraHHAa, op^HTaJi MOM eHTJiapHHHHr iokoph KHHMaT- 

JiapHAa KyMjinpoK HaM oeH  6yjiaAH .

CnHH Ba cnHH —  op6HTaji KyMjiap M ap K a 3H H  KyMjiapra 

H H c6aT aH  y 3 0 K p o K  Maco(})ajiap/ia Ta"bCHp 3Ta/iH. H k k h  npoTOH 

o p ac H A a rn  M ap K a 3H H  KyMJiap x aM  0 ,5  A a H  1 ^ e p M H ra M a  

Maco(})aJiap/ia 3ap p ajiap H H H r  cnHHJiapH napajuieji eKH 3hth- 

napajiJieJiJiHrHra K a p a d  Macoc})a y3rapHU iH  6njiaH TypjiHMa 

y3rapa/iH.

H/ip o  KyMJiapn yMyH M aT eM aT H K  KOHyH HHHr HyKJinrH 

H/ipOHHHr HTOHa Ha3apH H C H H H  HpaTHUJ HM KOHHHTHHH 6epMa- 

HnTH. X ,03HpM a H/ipo xycycHHTJiapHHH H(})o/iaJiaH/iHraH 6 n p  

KaHM a TaxM H H H H  Mo/iejuiaprHHa MaB>Ky/i, 6 y  Mo/ieJiJiap H/ipo 

Ty3HJlHHIHHHHr Ma"bJiyM TOMOHJiapHHH aKC 3TTHpHUI 6HJiaH 

6 u p r a  xo/iHcaJiapHHHr M erapa/iaHraH  /lOHpacHHH H(})0/Iajiauj 

HM KOHHHTHHH XaM  6epa/lH .

1.17- §. HyKJlOHJiapHHHr Ty3HJIHUIH

n p 0T0H Ba HefiTpoH/ia KyTHJiMaraH KaTTa M arHH T mo- 

MeHTJiapHHHT 6yjlHUiH (npOTOH  yMyH 6np H A PO  M arHHTOHH 

ypH H ra  + 2 , 7 9 ,  HeftTpoH yMyH sca HOJib y p H H ra  — 1 ,9 1 3 )  yjiap-

H,a 3 a p H A  Ba M accaH H H r  6up xhji TapK aJiM araH H /iaH  /lapaK  

6epa/j,H. HyKJioHJiapHHHr 3apn/iH  yjiapHHHr M accacn ra  HHc6a- 

TaH  KynpoK T a p K O K A H p . Y h h h f  M accacH  acocaH  HApo 

M ap Ka3H /ia  TynjiaHraH . HeftTpoH/ia M arHH T MOM eHTHHHHr 

6yjiHuiH HeftTpoHHHHr ypTa  XHCo6/ia HeftTpajuiHrHHH, 

xaK H K aT /ia  aca M y p a K K a 6 CTpyKTypaJiH 3a p H A ra  ara 3KaHHHH 

KypcaTa/iH . HyKJioHJiap CTpyKTypaoHHH HyKJioHJiap 6HJiaH 

3ap p ajiap H H  TyKHauiTHpHiu  ftyjiH 6HJiaH aHHKJiaui M yM KHH. B y

>KHxaT/iaH CTeH(})op/i (AK,UI) yHHBepCHTeTH/ia 1 9 55  hhjia3 h 
6ouijia6 Xo(})uiTa/iTep yTKa3raH HyKJioHJiap/i,a 3JieKTpoHJiap- 
hhht comhjihui Ta>KpH6ajiapH HHXOHT/ia KH3HK HaTH>Kajiapra 

ojih6 Keji/iH.
P. Xo4)uiTa/i,Tep npoTOH Ba HeftTpoHJiapHH (AeftTOH 

TapKH6H/iarH) >Kyaa KaTTa SHeprHHra ara (2 TaB) 6yjiraH 
3JieKTpoHJiap /lacTacH 6HJiaH HHUioHra oJiraH, 2raB 3Hep- 
rHHra moc 6yjiraH /ie-Bpoftjib TyjiKHH y3yHJiHrH

h hc 10 27-3-1010 ,«-16 r\ i 
k  =  —  =  -=r =   5 « 1 0  M =  0,1 4>epMH.

P E 2-10 ■ 1,6-10“
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HeompoH PpomoH

1. 22- pacM. HyKJioHJiap 3apHAn- 1. 23- pacM. HeiiTpoH Ba

HHHT TaKCHMOTH (BOAOpOA (npOTOH) np0T0HHHHr «Ty3H/IHlUH».

Ba AeflTepHH (HeftTpoH) HHiuoHJiapH.ua 
sjieKTpoHJiap coHHJiHiiiH GyHHHa yTKa- 

3HJiraH T a> K pH 6aJia pA aH  OJiHHraH 6h- 

pHHM H HaTHJKaJiap) .

By  3JieKTpoHJiap npoTOHAa 3apHfl t3kchm othhh TeKiuH- 

pHiUAa 30HA Ba3H(})acHHH 6 a * a p a A H . Karra SHeprHHJiH 

3JieKTpoHJiapHHHr npoTOHJiapAa cohhjihuih npoTOH MypaKKa6 

CTpyKTypara ara SKaHJinrHHH KypcaTAH. A rap  q 6HJiaH 6np 

y3yHJiHK 6HpjiHrHra Typpn KeJiyBHH 3apHAHH 6eJirHJiacaK, qS.r 

6npop uiapHHHr r Ba r-\-\r pa^HycjiapH opacHAarn KaTJiaM 

3apHAHHHHT MHKAOpHHH 6epaAH. Ta>KpH6a H3TH>KaJiapH 

(1.22- pacM) npoTOH HyKTaBHH 3appa SMacjiHTHHH Ba yHHHr 

3ap«AH  MatJiyM coxaAa TaKCHMJiaHraHJiHTHHH, MatJiyM 

Ty3HJiHuira —  6hp  >khhcjih 6yjiMaraH hhkh MaFH3 khcm 

(KepH) Ba KaMpoK 3H4JiHKKa ara 6yjiraH KaTJiaMjiapjiaH 

H6opaT 3KaHJiHrHHH KypcaTjiH (1.22- pacM ). HyKJioH^a 3apHA 

TaKCHMJiaHHiuHHH yq cox,ara: 6hphhhh npoTOH Ba HeHTpoHAa 

6hp  xhji Myc6aT 3apHAJiaHraH MaFH3 khcm, paAHycn 0,4 ({)M 

6yjiraH 6y  cox,aAa npoTOH 3apHflHHHHr 0,4 khcmh >KOHJiauiraH; 

hkkhhmh, npoTOHAa Myc6aT, HefiTpoHAa MaH(J)HH 3 apH/yiaHraH 

ypTa khcm. ByHAa ypTana npoTOH 3apHAHHHHr 0,5 khcmh 

TynjiaHraH Ba yHHHHHCH aca npoTOH 3apHAHHHHr 0,1 khcmh 

TynjiaHraH npoTOH Ba HefiTpoH ynyH 6np  xhji ronKapoK TauiKH 

KaTJiaMJiapra 6yjiHUi MyMKHH. HeiiTpOHAarH Myc6aT 3a- 

pHA^iap ypTa xnco6Aa MaH({)HH 3apHAJiapHH MyB03aHaTJiam- 

THpaAH (1 .23- pacM ). Am mo 3apHA HeflTpoH x a * M H  6yflHMa 

uiyHAaft TaKCHMJiaHraHKH, yHHHr HKyHHft MarHHT MOMeHTH rye 

3apHA TOMOHHAaH x,ochji 6yjiraHAeK TyiojiaAH. Am mo 

3apnA HeflTpoH xa>KMH 6yflHMa uiyHAaft TaKCHMJiaHraHKH, 

yHHHr HKyHHfl MarHHT MOMeHTH rye MaH(})Hft 3apHA tom ohha3h 

x,ochji 6yjiraHAeK KypHHaAH.

HIvHAaft k h j i h 6 , HyKJioHjiap 6 n p  >k h h c j i h  6yjiM araH  h m k h ,
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M 3FH3 KHCM (K epH ) Ba K 3 M  3HMJIHKK3 3ra  SyjiraH TaUIKH 

KaTJiaM AaH H SopaT . T a u iK H  KaTJiaM n p 0T 0H  Ba HefiTpoH yMyH 

6 h p  x h ji uiaKJira 3ra 6yjiH 6, T ax M H H a H  npoTOH  3apH A H H H H r  

0,1 KHCMHHH TaiHKHJI 3T3AH .

KepHHH y pa6  o.TraH FOBaK ko6hkhh  Me30H k,o6ufu, Me3on  

6 y A y ru  eKH Me30H «nycTHHH» /ie6 xaM aTaflAHJiap. HyKJioH nn- 

Me30HJiap 6yjiyTH 6H.naH ypajiraH, yjiap aohmo naftAO 6yjin6, 

iothjih6 TypaAH. A h h k p o fh  nH-Me30H 6yjiyTH 6njiaH KepH 

6HprajiHKAa hykjiohhh TaiuKHJi KHJia/iH. IlpoTOHAa nn-Me30H 

6yjiyTH Myc6aT 3ap H /y iaH raH . BnpoK  npoTOHAa Myc6aT nn- 

Me30HJiap/iaH TauiKapn HeftTpaji HH-Me30HJiap 6yjiyTH x,aM 

6yjica KepaK, aji6aTTa. HeftTpoHHHHr Me30H nycTHHH.ua x,aM 

Myc6aT, xaM  MaH(J)Hft nH-Me30HJiap M aB*y A A H p . YH/ia 

HeftTpaji nH-Me30HJiap xaM  6op. ZleMaK, «co(})» nn-Me30H 

6yjiyTHAa HyKJioHHHHr 3JieKTp Ba H/ipo yjmaMJiapn 6np  xhji 

6yjiHinH KepaK. Am mo Ta>KpH6ajiap 6y yjmaMJiapHHHr 6np- 

^HpuuaH  6np  03 t}>apK khjihuihhh KypcaT/iH. Ha3apHHHHJiap 

Ko6nKAa nnoH 6yjiyTH/iaH TauiKapn nn-Me30HAaH ofhppok, 

xajiH MatJiyM 6yjiMaraH HHa hkkh xhji HeftTpaji Me30HJiap 6op 

/ie6 (})apa3 KHJiraH xoji.ua 6y KapaMa-KapuiHJiHKHH eM/uuiap.

Te3JiaTrHMJiapAarH 3ap p ajiap  SHeprHHCHHHHr opthuih 

6HJiaH HyKJioHHHHr M ap K a 3ra  hkhh CTpyKTypacHHH HJirapnrH- 

ra H H c6aT aH  a H H K p o K  TeKiuHpHin hmkohh TyFHJi/iH. A h h k  

yTKa3HJiraH yjiMauuiap HyKJioH Ty3HJiHiUHfla M apKa3flaH  

0,2 (}) Maco(})a opajiHFH/ia aenpjiH y3rapHiujiap  ftyKJinrHHH 

KypcaTAH . K e p H  ftyK 6y jin6  mhkah. HyK jioH H H H r 6apM a  

xoccajiapn , >KyMJia/i,aH, yHHHr 3hmjihth pa/inycH 6yftHMa 6 n p  

TeKHCAa y 3 r a p a p  3KaH . B n p o K  yHHHr lOKopH/ia 6a e H  STHJiraH 

6ap M a  xoccajiapn  y3 KyMHHH caKJiaft/iH. 3 a p n /i  Ba M acca  xa>KM 

6yftjia6 6 n p  xhji TaKCHM JiaHM araH . H k h h  Maco(})ajiapAa 

T a 6 n a T H  M atJiyM  6yjiM araH  >Ky/ia KaTTa HTapHiUHUi KyMjiapH 

M3B>Ky/I,. riH-Me30HJiap TOMOHH/iaH BHpTyaJl HyKJIOH-aHTH- 

HyKJioH >Ky(})THHHHr xochji 6yjiHUiH xaKH/iarH foh xaM  

y3 Ma"bHOCHHH ftyKOTraH 3M ac.



II 6  o 6

flAPOJlAPHHHT p a a h o a k t h b  a h j i a h h l u j i a p h

2.1-§. PaAHOaKTHBJIHKHHHr yMyMHH TaBCH(|)H

BoFJiaHHLU SHeprHHjrapH x a K H A a r n  M acajia Kypn /iraH Aa  

(I 6 0 6 ) 3tom  HApocH HHHr y3-y3HAaH napM a/iaHHUjra  HHc6 a- 

TaH  S a p K a p o p  SyjiHUi uiapTH TaT>pH(J)Jia6  SepnjiraH  s a h : a rap  

a /ipoHHHr M accacH  yHHHr napM ajiaHHuiH H aTH w acH fla  xochji 

Syjia/iHraH M ax c y jio u ia p  M accajiapH  HHFHHAHCHAaH khmhk 

6 yjica, y xoji/ia HApo  SHeprHH >KHxaTAaH KypHJiaeTraH 

napnajiaH H iu  T y p n ra , M acajiaH , a-, p- nap^ajiaHHU i eKH 

cnoH TaH  6 yjiHHHUira HHc6 aTaH  6 a p K a p o p  6 yjiaAH. B y  

u iapTA aH  TyFpnAaH- TyFpn KyflHAarH xyjioca kcjih6 M HKaAH : 

A > 1 0 0  6 yjiraH x a M M a  HApojiap T ax M H H a H  M a c c a A a p n  y 3 a p o  

TeHr 6 yA raH  hkkh  6 yjiaKKa a>KpajiHiura HHc6 aT aH , A >  

> 1 4 0  6 yjiraH HApoJiap 3ca a- napM aJiaHH Ujra  HHc6 aTaH  

6 a p K a p o p  6 yjiMaftAH.

Bnp XHMHHBHft SJieMeHT H 30T 0n H H H H r  y3-y3HAaH 3Jie- 

M eHTap 3ap p ajiap  eKH eHruji HApojiap q H K a p H 6 , 6o u iK a  6 n p  

sjieMeHTHHHr H30TOnHra  aftjiaHHUiH paduoaKTUBAUK A e 6 
aTajiaAH . PaAHoaKTHBJiHK (J>aKaT Ta6nHft m a p o H T A a  HaM oeH  

6yjiH6 KOJiMaft, yHH cyH^Hft fiyji 6HJiaH xaM  x o c h a  khjihui 

M yMKHH. Ammo HKKajia paAHoaKTHBJiHK op acH A a  n p H H U H n n a A  

(})apK ftyK. PaAHOaKTHBJlHK KOHyHJiapH paAH OaKTH B  H30- 

TOnHHHF KaHAaft OAHHHUIHra 60FJIHK 3MaC.

1896 ftHAAa BeKKepejib ypaHHHHr paAHoaKTHBJiHK xocca- 
CHHH Kauicj) KHAAH. H3JiaHHUIJiap H3TH>KaCHAa 1912 ftHAraHa 
TaxMHHaH 30 Ta paAHoaKTHB sacmcht tohhaah Ba yjiapHHHr 
xoccaAapn ypraHHAAH. ^uja naftTAa 3AeMeHTAap AaBpHft 
CHCTeMacHAa (})aKaT 12 Ta ypHH 6yui sah, uiyHHHr ynyH hhth 
TonHAraH 30 Ta 3JieMeHTHH 6y ypHHJiapra >KoftAauiTHpHUi 

MacajiacHHH xaji khjihui KepaK 6yjin 6  kojiah. Hhtah3 xhmhth 
Coaah 3JieMeHTJiapHHHr H30T0njiapH MaB>KyAJiHrH xaKHAaru 

rnnoTe3aHH HJirapH cypraM, 6y MyaMMOHH xaji khjihui hmkohh 

TyFHAAH.
PaAMOaKTHBJIHKHHHr aCOCHft XyCyCHHTH — 6np SJieMeHT- 

h h h t  MycTaKHJi paBH uiAa  6oujKa  3AeM eH Tra aftAaHHUiHAHp. 

MycTaKHJi paAHoaKTHB napnajiaHHuiAa xochji 6yjiaAHraH 
HHTH 3TOM XHMHHBHft XOCCaJiapH >KHX3THA3H AaCTJia^KH 

aTOM A aH  (})apK KHJiaAH. P aA H o a K T H B  H30T0njiapH H H r HApoJia- 
pH A a  opTHKHa HeftTpoH Ba npoTOHJiap 6yjiaAH. Yjiap 

y3 T ap K H ^H H H  M ycTaKHA paB H uiAa  y 3rap T H p H 6  Typpyn
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x,OJiaTra yiam- Ja6naTjxa a- Ba (3- 3 appajiap  M HK,apaAnraH 

H3 0 T0 njiap TonHJiAH- B y H A a n  paAH oaKTH B  y3 r a P HUJJIaP 

a- napHCLAaHuui sa (3- napnaAanuui Ae6 aTaJiaAH. LUyHHHrAeK, 

ornp HApojiapHHHr ( / 1 ^ 2 4 0 )  y3 xoJiH^a 2 Ta ypTaMa HApora 

(A  ~  120) dyjlHHHUIH X,aM T a 6 HHH paAHOaKTHBJlHKAHp.

A t o m  HOM epn Ba M accacH A aH  Tau iK ap H , x a p  6 n p  

p aAH oaKTH B  M OAAa  y3 aTOM HH HHr napMa.iaHHLii Te3JiHrn 

6HJiaH xap aK Tep .T3H aAH . M y aflH H  paAH oaKTH B  M O A A aA arn  

6 a p w a  aTOMJiap aflHH 6 h p  BaKTA a  napM ajiaHMafiAH : yjiapHHHr 

^aiiSHJiapHAa 6 y  >KapaeH >KyAa KHCKa M yAAaT  HMHAa, 

6ouiK a .TapH Aa  aca >KyAa y 3 0 K  BaKT A aB O M H A a  c o a h p  6yjiaAH . 

AflH aH  uiy >KapaeHAa 3X,thmojijihk KOHyHH HaM oeH  6yjiaAH ; 

6 n p o K  M OAAa  TaJiaftrHHa 6 e K a p o p  aTOMJiapra 3ra 6yjiap  3K 3H , 

6 y H A a  OAAHft CT3THCTHK KOHyH  ypHHJiH 6yjiaAH . B y  KOHyH HHHr 

MOX.HHTH —  TeHr B3KT  HMHA3 yMyMHft aTOMJiapHHHT TeHr 

yjiyuiH napM ajiaH aAH . O A a T A a , 6apM a  aTOMJiapHHHr apM H  

napM aJiaH aAHran  b b k t  napMajiaHHtu Te3JiHTHHHHr yjiMOBH 

6y jin6  XH 3M 3T  KHJiaAH. y  npuM napnaAanuui (eMupuAuui) 
daepu (TU2) A e 6  aTajiH6, 6epnjiraH  paAH oaKTH B  H 30T0nH H H r

xapaKTepjiH  xycycHHTH \ Hco6jiaHaAH . P aA H o a K T H B  HApo- 

JiapHHHr npH M  napMajiaHHUi A a B p n  1 0 '°  ftHJiAaH t o  1 0 “ 11 ce- 

KyHAraMa 6yjiraH * y A a  KeHr n e ra p a A a  y 3rap aA H . BajiKH npHM  

napM ajiaHHiu A a B p n  H H aA a  K aTT ap oK  6yjiraH HApoJiap x aM  

6 o p A H p , 6 n p o K  yjiapHH a h h k j ia lu >KyAa M y p a K K a 6  3KcnepH- 

MeHTaJi M acajia.

P aA H o a K T H B  HApoJiapHHHr HpHM napMajiaHHiu A aB p H ra  

KaHAaft fiyji 6HJiaH 6yjiM acHH T a ^C H p  KypcaTHiu yuyH  >KyAa 

Kyn coh.th ypHHHLUJiap 6yjiAH. B n p o K  6 y  ypHHHiujiap 

MyBa(j)(|)aKHHTCH3JiHK 6HJiaH TyraAH . H p H M  napMa-iaHHiu 

A 3B p H  HAPOHHHT y3HTa XOC XapaKTepH CTH KaCHAHp.

P aA H o a K T H B  napHajiaHHiujiap  H3TH>KacHAa H30T0njiap- 

h hh t  y3rapHiujiapH  O a H H C  Ba C o a a h  to m o h h a 3 h  1913 Ahjias 

npaTHJirah chjdkhui KOHAaJiapHra MyBO(J)HK 103 6 ep a A H . B y  

KOHAajiapHH  KyftHAariiMa e3HLU M yMKHH:

HtHH a- napMa.naHHUiAa AaBpnfl CHCTeMaAa hkkh KaraK 

MatipoKAarn sjieMeHTHHHr H30T0nn xochji SyjiaAH, KyftHAarn

A

z
Y —

A - 4  

Z — 2
X +  iHe,

(2 .2 )

f}- napMajiaHHUiAa aca 6np  KaTaK yHTAarn 3JieMeHTHHHr 

H3 0 T0 nn  xochji 6 yjiaAH Ba h h x o h t , p + - napMajiaHHuiAa eKH



ajieKTpoH K a M p a u i (T yTy b ) JKapaeH HAa  6 h p  KaTaK  qan/iarH 

sjieMeHTHHHr H 30T0nH  k o c h j i  Sy jia^H :

A

Z — I
X +  p' (2.3)

Y +  e' X .

2.2- §. PaaHoaKTHB onjiajiap

P a ^ H o a K T H B  y3rapHin  x,aMMa BaKT TyppyH H 30T 0n  x,ochji 

SyjiHLUH SHJiaH TyrajiJiaHaBepMaiiflH. Ky n^H JiH K  xojuiapAa  

KeTMa-KeT 6 n p  Hena paAnoaK TH B  y3rapHui Ky3aTHJiaAH. By 
x,ojiAa 6np- 6HpH 6njiaH «K a p H H A 0 u u iH K »  ajioKajiapu/ia  

6yjiraH pa/iHoaKTHB  napHajiaHHiujiapHHHr 6yTyH  6 n p  33h>kh- 

pn x,ochji 6yjiaAH . LLIyHHHr y^iyH paAH oaKTH B  3aH>KHpjiap 

K ynH H H a paduoaKTue ouAaAap  /xe6 ropHTHJiaAH (2.1 - a, 6, 
e, e- pacM).

Ta6HHH paAHoaKTHB H30TOnjiap opacHfla hphm nap^ajia- 

hhui AaBpH EpHHHr euiH ( 4 , 5 X  109 hhji) ra h k h h  6yjiraH yHTa 

H30T0n Ma-bJiyM. Byjiapra 238U ( 7  =  4 ,5 - 109 hhji) 235U  ( T =  

=  7 • 108 hhji) Ba 232Th ( T =  1, 4 • 1010 hhji) KHpaAH. By H3o-

[E3
238

U
231

23* J3

<Po

92 <r.‘aio3u 90

j  230 -4 226
± - » Thi t k : * Ra-

214

Th
'K 91 H75m \  2 „  <*/  2 4 JK  &

'4 - ^ P o -

W n - J^p L  
92U 82™

24.1 K 91
/

U
92 2.iam sr

67C.

Rn
218

322U 86 3t825K 8*Po

22, tu 83

206
Pb doptfopop

5.02 u &  '  4,t9ft

2. 1 -a pacM. TopHfi paflHoaKTHB OHJiacn.
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ajieMeHTHHHKHra yxmaHAH. YpaH X\ y3 H/ipocH/iaH 6eTa- 
3appa HHKapH6 , ypaH X 2 ra afljiaHaAH. YpaH X2 xh m h h b h A  

xoccacH >KHxaTHAaH npoTaKTHHHfira yxiuaftAH. YpaH X 2 xaM 
y3HflaH 6eTa-3appa MHKapH6 eMHpHJia/iH. ByHHHr HaTH>KacH- 
Aa x h m h h b h h  xoccajiapH ypaHHHHr xh m h h b h A  xoccajiapHra 
yxuiauj, 3 mmo 3 tom  oFHpjiHTH 234 ra TeHr 6y/iraH 
ypaH-2 xochji 6yjiaAH. YpaH-2 ajib(})a-3appa M H K ap n 6  

napMa/iaHraHAa, 3 tom  ofhpjthfh  230 ra TeHr 6y/iraH TopHfi 
ajieMeHTH xochji 6 yjraAH.

YpaH-238 hhht KeTMa-KeT napMajiaHHiuH HaTH>KacHAa 

KypFOUIHH XOCHJL 6yjLaj.H. XoCHJL 6yjiraH KypFOLUHHHHHr 3TOM 

OFHpjLHTH 206 ra TeHr. XX acpHHHr sjijihthhmh fiHJiJiapHra 

Ka/iap, yMTa paAHoaKTHB OHJia 6opjiHrH MaiwiyM 3ah. CyHrpa 
TypTHHMH pa/LHOaKTHB OHJia M3B>Ky/l SKaHJIHTH aHHKJiaHAH. 

Bhphhmh yMTa pa/iHoaKTHB oHJiaHHHr 6oui 3JieMeHTH ypaH, 

Topnfi Ba aKTHHHfi/iHp. OHJiara KHpyBMH xap 6np ajieMeHT 

y3H/iaH oJi/iHHrHCHHHHr ajib(})a eKH 6eTa napMajiaHHUiH/iaH 

XOChji 6yjia/iH. PaAHoaKTHBJiHK HaTH>KacHAa xochji 6yjiraH 

3JieMeHTJiapHH AaBpnfi CHCTeMara >KofijLauLTHpHLu/ia hhtjlh3 

OJLHMJLapn O a ^ H C  Ba C o a a h  TonraH paAHoaKTHB chjl>khlu 

KOHAaCHAaH (j)OHAaJiaHHJLAH.

Y p a H  OHJiacHHHHr (6 y H r a  paAHfi x aM  KH p aA H ) 6 ouj 

SJLeMeHTH y p aH  2 3 8  H 30T 0n n  6yjLca, Topnfi OHJiacHHHHr 6oiu 

3JieMeHTH TOpHfi-232 AH p. y H H H r  HpHM  napMaJiaHHLU AaBpH  

14 MHJLJLHapA Ahjl 6yjLH6, napMaJiaHHUi oxnpHAa aTOM 

OFHpjLHTH 2 0 8  6yjiraH KypFOUJHH H 30T0nH  (TOpHfi-ZI,) XOCHJL 

6yjLaAH.

AktHHHH OHJiaCH y3 HOMHHH aKTHHHfi 3JieMeHTHA3H OJiraH. 

JleKHH KefiHHMajLHK 6 y  oHJiaHHHr 6ouj sjieMeHTH aKTH H oy paH  

A e 6  aTajLyBMH ypaH- 235 H 30T0nH  SKaHJLHrH aHHKJLaHAH. 

Y paH - 235  H30T0nHHHHr apH M  napMaJiaHHiu AaBpH 7 ,1 3  mhjijih- 

oh Ahji 6yjin6 , Ta6HHfi y p a H A a  0 ,7  %  hh t8ujkhji 3TaAH. By 
H30T0n cyHrrn BaKTJiapAa, afiHHKca, 3tom 3HeprnficHHH 

ojiHLUAa KaTTa a xa M H H T ra  3ra 6yjLH6 60p M 0K A a . Akthho- 

ypaHAaH ypaH- y x,ochji 6yjiaAH . V  y3 H aB 6aT H A a  khckb 

A a B p  — 2 5 ,6  coaT  hm ha^ npoTaKTHHHfira afijiaHaAH- llpoTaK- 

THHHHHHHr HpHM HLUaUL A3BpH 3 4 3 0  HHA. Y  3AeMeHTA3p 

AaBpnfi CHCTeMacHHHHr 91- KaTarn ra  >KOHJiaiuraH. ripoTaKTH- 

HHfiHHHT 3T 0M  OFHpAHTH 231  6yjiH 6, Ta6HaTAarH ypaH  

MHHepaAJiapH TapKH^HAa yMpafiAH. Am m o yp aH  MHHepajuiapn- 

AaH a * p a T H 6  ojihhr a h npoTaKTHHHfiHHHF m hkaoph hhxohta3 

03 6yjin6 , MHJiAHrpaMM XHCO^HAa yjiMaHaAH. Akthhhli 

npoTaKTH HHHH HHr aAb({)a-napMaAaHHUJ MaxcyjiHAnp.

A k t h h h h  6eTa- napM aAaHHUi H aT H *acH A a  paAHoaKTHHHfi-



ra aHJiaHa^H. O p a H u y 3  ojiHMacH M aprap H T a  IlepeHHHHr 

KypcaTHLHHHa ( 1 9 3 9  HHJl), aKTHHHHHHHT 6np  khcmh eMHpH- 

JIh6, aKTHHHH-K SJieMeHTHra X,aM aHJiaHHUJH MyMKHH 3KaH. 

UlyHAaft khjih6, aKTHHHftHHHr napHajiaHHUiH ajib(j3a-6eTa 

«naH>KacHHH» xochji KHJiaflH.

A k t h h h B - K  x,o3HpMa ^ T a 6 n a T A a - y M p a M a r a H  -87- HOMepjiH 

ajieMeHTAHp. Y H r a  (JjpaHUHfi (Fr) A e 6  hom 6epHJiAH. A k t h h h A  

OHjiacHHHHr cyHrrn  Max,cyjin 3tom  ofhpjihth  2 0 7  6yjiraH 

aKTHHHfi KypFOUIHHHAHp.

P aA H o a K T H B  OHJia^a M acca  c o h h h h h f  y3rap H iuH ra  ajib(})a- 

3 a p p a H H H r  m h k h u j h  c a 6 a 6  6yjiaAH . U ly H H H r  yqyH 6 y  oHJiajiap 

x a p  6 n p  aT>3ocHHHHr M acca  c o h h  yrna OHJiaHHHr (JjopMyjiacHra 

m o c  KejiajjH. OHJiajiap o p acH A a  M acca  c o h h  4 « +  1 cj)opMyjiara 

m o c  Kejia^HraH  OHJiaHHHr 6yjiMacjiHrH a>Ka6jiaHapjiH x o ji s a h . 

A m m o  6 y  T H n aarH  pajjnoaKTHB oHJiaHHHr M aBm yjyiHrHHH  

1 9 35  fiHJiaa H p e H  > K o j i h o -Ki o p h  h c 6 o t  k h j i a h . By onjiara  

TerHuijiH M aT epnaju iap  (})aKaT 1 9 47  HHJiAaH KefiHHTHHa 

KynMHJiHKKa M a^jiyM  6yj\m- By onjiah h h t  6 o u j  sjieMeHTH 

1941 — 1 9 4 2  fiHJuiapAa Kauu}) 3THJirah  ypaH- 2 3 3  H 30T 0n H A H p  

(HpHM  HU iam  flaBpH 163  MHHT 0HJl). YpaH- 2 3 3  H30T0nH  

y3HflaH ajib(|)a-3appa H H KapH iun  6uJiaH TopHfl- 2 2 9  H30T0nn-  

ra afljiaHaAH. By OHJia BHCMyTHHHr CTa6HJi H3oronH BHCMyT- 20 9  

6nJiaH TyrafliiH. A m m o  6 y  OHJiara KeflHHrn naflTJiapAa Kauit}) 

KHJiHHraH (})paHUHft-221 Ba acTaTHH- 217 3JieMeHTJiapn x aM  

K H p a^H .

Y p aH - 233  H 30T 0n n  x a M  pa/iHoaKTHB eMHpHJiHiu MaxcyjiH- 

AH p . X ,03np rH  BaKTAa  M acca  c o h h  4 /i + 1 <}>opMyjiara m o c  

KejiyB4H 6y jjhth  o h j i3 h h  T p aH cy p aH  ajieMeHT —  M accacH  

241  6yjiraH KiopHft H30T0nnjiaH  6oiujiaHraH fleftniu MyMKHH. 

napM ajiaHHui KyftuaarH cxeMa 6yftHMa 6opajjH (2.1- 6  p a c M ) :

KiopHft-241 AaH 6oujjiaHH6 BHCMyT H30T0nn, htjhh bhc- 

M yT-209 6HJiaH TyroBMH OHJiaaa 3Hr y30K hluobmh H30T0n, 

TpaHcypaH 3JieMeHT —  HenTyHHfl 2 3 7  6yjiraHJiHrHAaH, 6y OHJia 

HenTyHHfl onjiacH ae6 aTaji/jH.

3 h a h  T a 6naT A a  npH M  napnajiaHHLu iiaBpH 6up cyTKa, 6Hp 

MHHyT Ba xaTTO ceKyHAHHHr 6Hp yjiyiUHAaH H 6op aT  6yjiraH 

H30T0ruiapHHHr MaB>Ky/iJiHrH aeH 6yjin6 kojiah. By H30T0njiap
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2. 1-a paCM. A K TH H oypaH  p a jiH o a k t h b  O H Jiacn .

TonjiapHHHr x a M M a c H  M eH AejieeB  flaBpHH cncTeM acHH HHr 

o x H p H ^ a H  )k o h  ojiraH 6yjTH6, yMTa pa;jHoaKTHB  OHJiaHH 

6ouiJia6 6 e p a ^ H . Y p a H  OHJiacH M eHaeJieeB  a aB p H H  cncTeMacn- 

Aa  3ht 6ap K .ap o p  6yjiraH KyppouiH HHHH r 206P b  Ba 207P b  

H30T0njiapH  6njiaH  ryraH AH . \ a p  6 n p  OHJia^a M acca  c o h h  

a- napMajiaHHUi HaTH>KacHAa y 3 r a p a ^ H . LLIyHHHr yMyH HCTaJi- 

raH OHJiaAarn H30T0njiapH HHr M acca coHJiapH 6 n p  xhji 

(})opMyjia 6HJiaH H(})OAaJiaHaflH:

A =  4n c, (2.4)

6y  ep^aH  n Ba c —  6yTyH coHJiap.

Y paH  OHJiacH ynyH c =  2; n 3ca 59 opajiHKAa;

aKTHHoypaH OHJiacn yMyH c =  3; 51 ^ / i  58 Ba TopHH OHJiacH 

yqyH c =  0; 51 ^ « ^ 5 8 ;  c = l  6yjiraH Ta6HHH paflHoaKTHB 

0HJI3HH KHAHpHUJJiap H3THJK3 6epMaAH. y  KeHHHHaJIHK 

cyH"bHH fiyji dnjiaH ojihhah. By HenTyHHH OHJiacn 6yjin6, 

6ouiHfla HenTyHHii H30T0nn ^ N p  TypaAH. yHHHr apHM 

napMajiaHHiu flaBpn 2,2-106 HHjira TeHr.

M hco ji T a p H K a c H A a  2.1 e- pacMfla KejiTHpHJiraH y p aH  

K 3T 0p H H H  —  OHJiaCHHH K y p H 6 MHK3HJ1HK. ypaH- 238 y 3 H ^a H  

ajib(})a-3appa M H K a p u 6 y p a H  3JieMeHTHra afijiaHaAH. Xochji 

6yjiraH y p a H  X\ 3JieMeHTHHHHr aTOM  ofhpjihth  y p aH H H H r  3tom  

OFHpjlHTHAaH 4 Ta K3M  6yjiaAH. By SJieMeHT aTOM  HflpOCHHHHr 

3ap H A H  9 0  ra TeHr. y H H H r  x h m h h b h h  xoccaJiapH TopHH
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6 n p  BaKTJiap y3 acocMHJiapH —  ypaH- 238, ypaH- 235 Ba to- 

Phh- 232 A aH  xochji 6yjiraH yTMHUJji,oiLiJiapHHHHr y 3 0 K  b b k t  

AaBOM Hiia y3rapHLii MaxcyjiH 6yjiH6 XHCo6jiaHaAH . Arap 
MHHepaji, M acajiaH , ypaH- 238 ra ara 6yjica, yHHHr naflAO 

6y jiraHHAaH  6 e p n  yTraH BaKT A a B O M H A a  yHAa ypaH- 238 eMH- 

PHJ1HLUHHHHT OXHpTH 6 a p K a p o p  MaXCyjIH, HTjHH KypFOLUHH-206 

Xochji 6yjiHuiH KepaK  sah . X,ochji 6yjiraH KypFOLUHH-206 hhht 

m h k ao p h  aca MHHepajiHHHr euiHra 6ofjihk . LLly K a6H , Ma"bjiyM 

M HKAOpAaFH  KypFOLUHH-207 ypaH- 235 HHHr eMHpHJlHLUH 

H a T H w a c H A a  By>KyAra KejiaAn. K ,YPFoujhh- 206 Ba 

KypFouiHH- 207 h hh t  MHKAopnfl H H c6aTH H H  ypaH- 238 Ba 

ypaH- 235 hhht m h k a o p h h  H H c6aTH ra  TaKKOCJia6, MHHe- 

pajiHHHr euiHHH b h h k  6eJirHjiaiu M yMKHH.

y ^ T a  paAH oaKTH B  onjiara KH pyB4H  41 Ta H 30T 0n A aH  

T au iK ap H , 6ouiK a  3JieMeHTJiapra xoc 6yjiraH 6 n p  KaHMa 

p aAH oaKTH B  H30T0njiap  x a M  MaBJKyA- Byjiap  KaJiHfl, py6H A H H , 

jiaHTaH, c a M a p n H , jiiOTeuHfl Ba peHHfl H30T0njiapH  6yjin6, 

yjiap y3HH HHr apH M  napHajiaHHUi AaB p H H H H r  anna y30KJinrH 

6nJiaH xap aK Tep jiaH aAH . T a 6 H a T A a  yMpafiAHraH paAH0H30- 

TonjiapHHHr sht Kyn TapKajiraHJiapH

40K(7’ =  4,5-108 «), 87Rb(7-=6,0-l° u) ,

152S m (T=2,5- 10" u)

Ba 6om K ajL ap A H p . T a6uH fl paAH oaKTH B  ajieMeHTjiapAaH sht 

eHTHJiH —  KajiHfi-40 yjiap o p acH A a  sht  a>KoflH6HAHp. Ka- 
.;iHH-40 KHLUHJiap Op raH H 3M H H H H r  H P0H 3 paAH OaKTH B  TapKH- 

6 h h  khcm h  XHCo6jiaHaAH . P aA H o a K T H B  KajiHHHHHr opra- 

H H 3M AarH  yMyMHfl aKTHBJiHFH (JiaKaT 0,1 MKKtopnra eTaAH.

T a p ™ 6  HOM epn Z>:81 (T1 3JieMeHTAaH 6ouiJia6) 6yjiraH 

H30T0njiap  o p acH A arn  reHeTHK ajioKa aHMa KaTtHfi aHHK- 

jiaHraH. B a t 3 H  6 n p  xycycHHTJiapHHHr yMyMHHJiHTH yMaJia 

p aAH OaKTH B  0HJ13HH y 3a p O  HKHHJiaUJTHpaAH. B H pH H M H AaH , 

x a p  6 n p  OHJia apH M  nap^ajiaH H ui A a B p n  E p H H H r  euiHra h k h h  

6yjiraH H 30T 0n A a H  6ouiJiaHaAH. M K K H H H H A aH , x a p  6 h p  OHJiaAa 

p aAOH  (Rn) sjieMeHTHHHHr H 30T 0n n  6yjiraH HHepT ra3 xochji 

6yjiaAH . y ^H H M H A a H , x a p  6 n p  OHJiaAarH H30T0ruiapHHHr 

y3rapHLUJiapH KypFOuiH HHH Hr 6 a p K a p o p  H 30T 0n n  6HJiaH 

TyrajuiaHaAH . Ba h h x o h t , x a p  6 u p  OHJia HH HAarn  3Jie- 

MeHTJiapHHHr M acca  coHJiapu (2 .4 )  (JjopMyjiara 6yflcyHaAH.

KeTMa-KeT y3rap nui 3aH>KHpjiapH O A aTA arn  xoA H caA H p . 

y jiap  6 n p  KaTop  o f h p  HApoJiapHHHr 6yjiHHHUiHAaH x o c h j i  

6yjiraH  M ax c y jio u ia p A a  x aM  6yjiaAH . AAhh 3 aM O H A a , 

npoTQHJiap coHHra H H c6aT aH  o p T H K p o K  HefiTpOHJiapra sra
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SyjiraH aapoJiapzia p . 3 a p p a  m h k h l u h  yMyH 3 a p y p  6yjiraH 

m apoHTJiap  By>Kyara KejiaAH. M hcojl T a p H K a c H A a

i K r - ^ i R b ^ -  H S r - ^ i Y ^ Z r  (2.5)

K 3TO p H H  KeJITHpHLU M yMKHH.

2.3- §. PaAHoaKTHB napMajiaHHiu KOHyHJiapn

P aA H o a K T H B  napMaJiaHHiu Ha3apHHCH  K y H H A aru  Ta>KpH6a 

HaTH>KacHra acocjiaH aAH : BaKT 6hpjihth  hm ha3 napMajia- 

H aeTraH  paAH oaKTH B  M OAAa  aTOM .TapHHHHr cohh  uiy MOAAaAa- 

th p aA H oaK TH B  aTOM JiapHHHr yM yM H H  cohh  N  (t) ra nponopuH- 

OH aA  6 y A a A H . M a c a jia H , dt BaKT opajLHFHAa aTOMJLap d N  ra 

K a M an e T ra H  6yjLca, d N = — XN(t )dt  6yjLaAH. ^JiMaMH 

c “ ' 6 y A r a H  nponopuHOHajLJiHK K03(})(|)HUHeHTH —  X hh paAHO- 

aKTHB napMajiaHHiu a o h m h h c h  eKH KHCKaM a, napHa.Aa.Huui 

doUMUUCU  AeHHJL3AH. y paAH OaKTH B  H 30T 0n H H H r  h h c 6 h h  

KaM aH H ui Te3JLHrnHH Ky pcaT aA H . ZlH(})(j)epeHUHaA TeHrjiaMa- 

A arn  MaH(})HH Hiuopa BaKT yTHLUH 6nJLaH paAH oaKTH B  HApoJLap 

COHHHHHr KaMaHHLLIHHH KVpC3TaAH . By TeH TAaM aH H  eMHUi 
yMyH yHH K y H H A arn  KypHHHiiiAa e3aM H 3 :

=  -  M t ,  (2 .6 )

(2.6) hhht HKKajia khcmhhh H H Terpaju iaH raH AaH  cyHr 

N(t )  = A - e ~ l 3K3HHHH Tonamh3. HHTerpa.njiaLu aohmhhch 

6ouijLaHFHM uiap T ,iap A aH  TonHJLaAH: t =  to 6yjLraHAa paAHO- 

aKTHB aTOMJLap cohh N o  ra TeHr 6yjiaAH. LLIyHHHr yMyH A  =  

=  N o- HaTH>KaAa paAHoaKTHB napMaAaHHUi kohyhhhh H(j)OAa- 

.tobmh TeHrjiaMa x,ochji 6 y A a A H :

N ( t ) = N lte~ }J. (2.7)

B y  KOHyH * y A a  KyriMHJiHK paAH oaKTH B  H 30T0ruiap yMyH 

ypHHJiHAHp. (2.7) TeHrjiaMa aflpHM aTOMAapHHHr HCTajiraH 

BaKT MOMeHTHAarn napMajiaHHiu axTHMOJUiHTHHH H(})OAajiaH- 

AH. H p H M  napMajiaHHUL A a B p H A a H  cyHr paA H oaK TH B  HApoJiap 

cohh  2 6apaBap KaMaflraHJiHrHAaH X Ba T opacHAarH

6oFJiaHHLU Ky HHAarHM a 6yjLaAH:

\  =  N ( t ) / N 0 =  e~ 'u, . HbHH  T =  f)f 3 . (2.8)

! HHc6aT t Ae6 6eArHJLaHaAH Ba paAHoaKTHB H30T0nJiapHHHr 

ypTaMa Hiuauj B3Kthhh KypcaTaAH. BHHo6apHH, T =  0,693-t
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(2 .8 )  TeHrjiaMa/iaH y jm a m  BaKTH.ua paAH oaKTH B  fl/ipo- 

.napHHHr cohh N  ce3HvTap.iH AapawaAa y3rapMaHAHraH, KaTTa
npHM  napMajiaHHHi AaBpjiapHHH ( H'bHH dt<^T)  aHHK..iaLUiia 

cfioftziajiaHHLH M yM KHH. A r a p  paAH oaKTH B  M OAAaHHHr mhkjxoph 

Mâ bJiyM 6yjica, y x,oji/ia dt bbkt HMH/iarH napMajiaHHLu cohhhh  

yjmaS T hh ah h k Jialu k h h h h  3Mac. MacajiaH, 1 ra pa/iHH (A  =  

=  226) 6np ceKyHAAa 3,7-1010 Ta a- 3appa coHaiiH. Y \o.njxa 
(2 .6 )  Ba (2 .8 )  ziaH

^  039-N-dl  0 ,6 9 - 6 ,0 2 - 102a t c n A  „
T =  TTT-- SS —-- ’-- 77j «  1600 H.

2 2 6 - 3 ,7 - 1 0 1U

2.4- §. KeTMa-KeT napiajiaHHiu

FlapMajiaHHUj najwmacnna x,ochji 6yjiraH HjipoJiapHHHr 

V3H x aM  6a"b3aH paAH oaKTH B  6y.aa;iH. Y M y M H H  p aAnoaK TH B  

y3rapHui « O H a »  (AacTJia6KH) h a p o h h h t  Ba xocHJiaBHii 

HApoHHHr napqajiaHHLUJiapH \HCo6Hra io3ara KejiaAH. M hcoji 

ynyH

A B C

cxeM a 6yiiHMa KeTMa-KeT napqajiaHa.THraH  pa/iHoaKTHB  

H 30T0njiapH HHr hhfhjihihh KaHAaii KOHyH 6yflH4a aMajira  

OLUHHJHHH aHHKJiaiiJIHK. B y  K 3 T 0 p  H30T0nJiap aTOMJiapHHHHT 

t MOMeHT/iarH cohh  moc paBHHiAa N\, N2, ••• 6yjicHH. Y x,ojijia 

XOCHJiaBHfl B H 30T0n  aTOMJiapH COHHHHHT B3KT 6HpjiHrH/ia 

opTHLuh A Ba B H30T0njiapH HHr napMajiaHHiu >KapaeHH  

Te3JiHKjiapHHHHr aflnpMacH 6H.naH a hh k .T 3H a /iH :

dN,
=  X.7V, -  X2N 2

eKH

dNn — k,t
_ i =  _  x .2n 2+ x ,n ^  ',

6y H A a  N\o — 6ouuiaHFHM  m om cht (/ =  0 )  A arn  A H 30T0nH H H r 

MHKflopn, A,|, 1*2 — A Ba B H30T0njiapHHHr napwaJiaHHUj 
aoh m h h c h . B y  TeHrjiaMaHHiir chhm h H3JiaHaeTraH N2(t) hh 

6 e p a ^ H . B y H ra  moc 6 n p  >khhcjih TeHrjiaMaHHHr e^HM H 

ajioxHAa ojiHHraH B H 30T0nH H H r  paAH oaKTH B  napMajiaHHHi

KOHyH HAH p :

n 2 = n 2 # - h\
6 y  e p ^ a  NM — B H 30T0nH H H r  / =  0  MOMeHTflarH m hk ao p h . 

TeHrjiaM a cmhmhhh
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2. 2- pacM.

KypFoiiJHH- 212 hh h t  6eTa-nap- 

MaJiaHHUiHAa BHCMyT- 212 nn- 
pO/iapHHHHT HHFHJlHIilH.

jiaHa/j,HraH Ba

^ 2= ^ lu(c ,e - x2 ' + c ^ ^ ' 2 ' )  

K y p H H H iu /ia r H  m h3hkjih  

k o m 6 h h 3 U .h h  ujaK /iH iia  

K H A H p aM H 3  (C| Ba C‘l —  

K03(})(})HUHeHTJiap) Ba OKH- 

SaTfla

N ,=  N,

- X , /  - A o / v

+  W  2(^

(2.9)

ra sra 6yjiaM H3.

2.2- p acM A a  hhfhjihuj 

KOHyHH 2l2Pb-v2l2Bi MHCO-

jiHAa rpa<})HK T a p 3 A a  Tac- 

BHp/iaHraH . 3 r p n  HH3HK/ia

dNn
=  0  ujapTflaH aHHK-

dt

ln

hhfhjihui BaKTHra TyFpn Kejia^HraH MaKCHMyM xaM/ia

2 - >

T syp In =  2 x n

BaKTra  TyppH Kejia /m raH  6ypHJiHUJ HyKTacH  M aB w y /i . KeTMa- 

KeT n a p n a jia H a a H raH  3JieMeHTJiap napnaJiaHHUJ aoHMHHJiapH- 

h h h t  KH H M aT /iapH ra  6o fjihk  6yjiraH 6aT>3H 6 n p  xycycHH 

XO^JiapHH K y p H 6  MHKafljIHK.

1. X,i<C 2̂ 'B  H30T0nHHHr hphm napHajiaHHijj AaBpH 
A  HHKH^aH *yaa khmhk, htjHH Ti^>T2\ Ky3aTHLU bbkth aca 
OHa H30T0nHHHr npHM napHajiaHHm AaBpH T{ /iaH JKy/ia 
khhhk. Mhcoji TapHKacHAa Ra /iaH Po hhht xochji 6y/iHiiiHHH 
Ke/iTHpHLU MyMKHH (2.3- pacM):

226]
‘Ra 2Rn 8Po.

1622 h h j i  3,8 KyH

UlapTra Kypa t<giTRa 6yjiraHnn.au, X\t^0, h t >h h  Ky3aTHUj 

MyA/iaTH/ia OH a H30T0n /tenpjiH KaMaHMaft/iH. N i0m  Ni ( t ) . 

Y xojifla
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0 4 8 12 >6 20 2h
t, tynnap

2. 3- p acM .  PaaoHHH Hr hhfhjihiu  (6 )  Ba napnaJiaHHm (A ) MH3HKjiapH.

N 2= N ~ (\ - e ~ h) = N 2oc( l - e " V K  

OxnprH c})opMy.TaHH

n 2 =  n 2„ (\

KypHHHUifla xaM e3HLUHMH3 MyMKHH. UJyHflaH khjihS, A ^ R n )  

hhht MaKCHMaJi MyMKHH CyjiraH N 200 MHKHopra HKHHJiauiHiJJ 

Te3JiHTH yHHHr npHM napMajiaHHiu AaBpura Sofjihk. BaKTHHHr 

/« 1 0 - 7 ^ ,, opajiHFHija Rn hhht hhfhjihuih AeapjiH TyraftAH.

3rpH 4H3HKHHHr yHflaH KeftHHrn ftyjiHra e~^T~ 0  mapT My- 

bo(})hk Kejia^H Ba iieMaK,

eKH

N j • X , =  N 2̂ 2-

By TeHrjiaMaHHHr roKopHAa KypnS yTHJiraH MHCOJiAaru 

(})H3 HK M atH OC H  LUyHAaH H ^O p a T : B3 KT SHpjIHTH HHHfla XOCHJI 

6yjiaeTraH  paAOH  aTOMJiapHHHHr cohh  n ap ^a jiaH aeT raH  paflHH 

aTOMJiapHHHHr coHHra TeHr. By M y H o ca 6a T  acpnft paAH oaKTH B
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M y B 03a H 3T  npH H U H n H  6y jin6 , yM yM H H  xojiaa , paziHoaKTHB  

OHJiajiapaarH HCTajiraH A  Ba B  H 30T0njiapH H H r  napnajia-  

HHUiJiap cohh  acp H H  M y B 03a H a T ra  eT raH A aH  cyHr y 3a p o  

TeHrjiauiH6, BaKT M o6afiHHAa y3rap M acjinrH H H  Ky pcaT aA H .

2. Xi <  X2 (T >  7*2) Ba Ky3aTHiu BaKTH H H H r KaTTajiHrH T 1 ra 

h k h h . (2 .9 )  ra acocaH

^ ( 0  =  ^ f f x ^ ( <?“ V - * ‘ V ) <2 1 0 )

(co A A a  xoji/ia t =  0 jxa Af20 =  0 ) .  LLJapTHMH3ra Kypa 

(2 .1 0 )  iiarH e~H> HOJira e ~ X|,ra K a p a r a u a a  aHMa Te3 hhthjj- 

raHH yMyH tx3T %  M OM eHTra KejiraHAa ( 2 .1 0 ) :

N * W  = N ' ° l ^ e ~h‘ (2-U )

KypHHHiiJHH ojiaflH. B o iu K a H a  khjjh6  afiTraHAa, N 2(t) arpH 

MH3HK ( 2 .1 1 )  6HJiaH H(})oflajiaHaAHraH arpn  M H3HKK3 acHMriTO- 

t h k  HKHHJiauiaAH. N 2(t) arpH m h3h kh hh t  6 y  KypHHHiuH 

ajiox,Hfla ojiHHraH OHa H 30T 0n H H H r  napM ajiaHHiu arpH 

HH3HFHHH SCJiaTaflH. Y H A a H  KefiHHrH B 3KT  Mo6afiHHfla

eKH

N £  2 =  A/,A,| +

M yH oca6aTJiapra  ara 6yjiaM H 3. By M yH oca6aTJiap  cn p naH yB H H  

eKH x a p a K a T H a H  M y B 03a H a T  tuapTJiapHHH xapaKTepjiafiAH. 

AcpHfi M yB03aHaTflaH  (})apKJiH yjiapoK , 6 y  x,ojifla H3OTonjiap 

napnajiaH H iu  coHJiapHHHHr TeHrjinrH Ky3aTHjiMafiAH. M a t J iy M  

6yjJHIUHHa, XOCHJiaBHfi H 30T 0n  BaKT  6HpjlHTH HHHfla OHa 

H 30T 0n ra  K ap a ra H /ia  K y n p o K  n a p n a jia H a p  3K 3H , htjHH N 2X2>  

>N\X\.  A m m o  HKKajia xhji M y B 03a H 3T  ynyH  x a M  yMyMHfi 

6yjiraH  y 3 a p o  reHeTHK 6oFjiaHraH  H 30T0njiap  aTOM JiapHHHHr 

coHJiapn p aA H oaK TH B  M y B 03a H a T  x,ojiaTHAa y 3rap M a c  Ba 

BaKTra  6oF jiaH M araH  M yH oca6aTJiapA a  6yjiaAH . By x,oji 6 n p  

H 30T 0n H H H r  M HKH OpH  M atJiyM  6yjica, HKKHHHH H30T0IJHHHr 

MHKflOpHHH aHHKJiaUI HM KOHHHH 6e p a A H .

3. K\>X2(T\<cT2). OHa H 30T 0n  xocHJiaBHfi H 30T 0n ra  

K a p a r a u a a  K a M p o K  yM p  K y p a /m r a H  6yHAafi H30T0njiap  

*y (J )TH ra  2l0Bi Ba 2l0Po mhcoji 6yjia ojiann:

210
B i ~ — 210 Po-r^—  206 Pb.

5 K yH  138 K yH
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B i  HHHT napM aJiaHHUIHAaH P o  HHFHJlHUJHHHHr arpH MH3HK,JiapH

2.4- pacM/ia KypcaTHJiraH. K a T T a  b b k t  opajiHFHfla e 1 « 0 .  

U ly H H H r  y^yH  (2 .1 0 )

a r p H  HH3 HK,K,a acH M n T O T H K  H K H H Jia u ia A H . B y  x ,O JiA a  x,eM 
KaHAafi M yB0 3 a H 3 T SyjIHUIH M yM KHH 3MaC.

M y B 0 3 aH aT  xoJiaTH.ua napMaJiaHHiu KeTMa-KeTJiHrHflarH 

M OAAa anpojiapH H H H r napHajiaHHiu coHJiapH SnpjiHK BaKT 

HMHAa y 3 a p o  TeHr Syjia^H . (2 .1 0 )  TeHrjiHK ypaH  py^aJiapuAa- 

th y paH H H H r  napMajiaHHui MaxcyjiH/iaH xochji SyjiraH 

gjieMeHTJiap m h k a o p h h h  yjm aiu fiyjiu SHJiaH tckiijhphS 

KypHJiraH. yjinauj M a 3 Kyp M yH o caSaT H H  3 h h k  TaciiHKJiaAH. 

3aH> KHpAarH  3JieMeHTJiapHHHr apH M  napMajiaHHUi aaBpjiapH- 

hh ahhkjiauj yMyH (2 .1 0 )  TeHrjiHKiiaH 4>ofiAaJiaHHUJ MyMKHH. 

P aA O H H H H r  npH M  napnaJiaHHUJ ^ a B p n  ( r Kn= 3 , 8  K y H ) 6e-

BOCHT3 aKTHBJlHKHHHT B3 KT 6 yHHMa K a M 3 HHUJHiiaH 3 HHK"

jiaHraH. Pa/iHfiHHHr npnm  napnajiaHHUJ naspn  1 622  HHJira 

TeHrjinrHAaH, yHHHr paAOH  6HjiaH M y B 03aH 3T H  TaxM H H aH  

4 0  KyHAaH  KefiuH pyfi 6ep a A H . 1 r pa/iufi 1 c HMHAa 

3 ,7 - 1 0 10 napM ajiaHHUjra 3ra.

M y a fiH H  M OAA aH H H r  aKTHBJiHK A a p a w a c H  aroM jiapHHHr 

yMyMHfi coHHra 3M ac , 6ajiKH ujy BaKT  HMH/ia napMajiaHyBMH 

M o/m aJiapH HHr MHKflopHra 6o fjihk  6yjiaAH . H p h m  napMajia- 

hhiu A a B p n  KHCKa 6yjiraH 03rH H a  MHKflopjiarH MOAflaJiap y 3 0 K  

caKJiaHyBMH TajiafirHHa Moiiiia.Tapra H u c 6a T a H  aHMa KyMJin 

pa/iHoaKTH BJiHKKa ara 6yjiHuiH M yMKHH. CeKyH /i cafiHH 

napMaJiaHyBMH MyafiHH MOiiAaJiap aTOMJiapHHHHr MHKilopn 

c l k t u b a u k  iie6 aTajia/iH Ba y k topu 6 HpjiHKJiapHAa yjm aHaiiH.
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M a 3 K y p  6 h p j i h k  6 h p  rp aM M  paflHHHHHr aKTHBJiHrnra TeHr. 

1 KK)pH=3,7-1010 napM aJiaH HUi/c . 1 m k i o p h  Ba 1 m k k k j p h  m o c  

paBHtuAa 10“ 3 Ba 10-6 KiopHra TeHr.

fl pOTOHAU paduoaKTUBAUK. Ma"bJiyMKH, 3TOM HApOCH 

6ap K ap op  6yjiHuiH yMyH HApoAarH nefiTpoH Ba npoTOHJiap 

cohh Ma"bJiyM MyHoca6aTAa 6yjiHuiH jio3hm: eHrHJi HApoJiap/ia 

HefiTpoH Ba npoTOHJiap cohh TaxMHHaH 6Hp-6Hpnra TeHr 

6yjiHUiH, npoTOHJiap opacHAarn ajieKTpocTaTHK HTapHUiHm 

KyujiHpoK 6yjiraH oFHp HApojiapAa aca HefiTpoH cohh npoTOH 

coHHAaH TaxMHHaH 1,5 MapTa opTHK, 6yjiHiUH KepaK. BepHJiraH 

xap  KaHAafi sjieMeHT H/jpocH/ia HefiTpoH cohhhhhf opTH6 

6opHUJH 6HJiaH npOTOHHHHr 6oFJiaHHUJ SHepTHHCH X,aM OpTH6 

6opaAH, H"bHH npOTOHHH HApOflaH y3H6 OJIHUJ KHfiHHJiaiUH6, 

aKCHHMa, yHra npoTOHHH Kyiunui ocoHJiauiaAH. HefiTpoHH 

K3MMHJ1 H30T0nJiapAa npOTOHHHHr 6oFJiaHHIU SHeprHHCH 

MaHcfiHft 6yjiH6 kojihiuh MyMKHH. B y  xojiAa H/ipo y3H/i,aH 

npoTOH MHKapaAH. H ap ohhht  npoTOHHH MHKapHUinra HHc6a- 

Tah Hiuaiu BaKTH npoTOH SHeprHHCH Ba yHHHr anpo/iaH yHH6 

'III K,HLUHra TyCKHHJIHK KHJiyBMH KyjlOH TyCHFH opKajiH 

.1 m II KJiaHaAH. TyCHKHHHT KyMJlH KapUIHJIHTH Ty4>aftjIH npOTOH- 

HHHT HApOAaH KeMHKH6 MHKHUJ XOflHCaCH npOTOHAU paduo- 

aKTUBAUK Ae6 aTajia^H. By  m apaeHHHHr npHM Huiaui /jaBpu 

KaTTa 6yjiMaraH (MacajiaH, 1 c AaH khmhk) xojiHAarHHa 

np0T0H Ky3aTHJiHUiH MyMKHH. (2.8) TeHrjiaMaaaH (})oftflajia- 

hh6, npoTOH-napMajiaHHiUHHHr npHM napMajiaHHiu AaBpHHH 

aHhKJiaui MyMKHH. Z =  10 6yjiraH xoji yMyH napMajiaHHiu 

SHeprHHCH 30 /jaH 80 ksB  ra Ka/iap 6yjiraHfla hphm 

napMaJiaHHiu ijaBpH 1 c nan 10_l° c raMa 6yjia/jH, Z =  30 yMyH 

3ca ujy HHTepBaji 0,2 AaH 0 ,5  MsB raMa SHeprHH opaJiHFnra 

TyFpH KejiaAH. UJyHHHr yMyH napMajiaHHUi 3HeprHHCH >Kyaa 

Top HHTepBajiAa 6yjiraH npoTOH Ba no3HTpoH napMajiaHHiu 

3XTHMOJIJlHKJiapHHHHr HHc6aTH npOTOH-paAHOaKTHB H30T0n- 

JiapHH Ky3aTHUJra hmkoh 6epaflnraH xoji >KyAa KaM sxth- 

MOJIJIH XOAHCaflHp.

2.5- §. TpaHcypaH sjieMeHTJiap

3jieMeHTJiap AaBpnft cncTeMacHHHHr Ta6HaTAarH MaB>KyA 
cvHrrH sjieMeHTH ypaHAHp. Ta6naTAa acocaH 238U  H30T0nHHHr
2 U  6HJiaH apaJiauiMacH yMpaftflH. 235U H30T0n HApo 

K030HjiapH yMyH §khjifh CH^JaTH/ia HUiJiaTHJiaAH. Ammo yHHHr 
MHKAopn >KyAa 03. JleKHH AaBpnft CHCTeMaAa ypaH/iaH KeftHH 

KeJiaAHraH 6np KaHMa 6eKapop 3JieMeHTJiap cyH"bHfi fiyji
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SHJiaH OJIHHHLIIH MyMKHH. YjLapHH TpaHCypaH 3AeMeHT Aap 

AeHHJiaAH, yjiap akth H O H /y iap  K,aTopHra KHpa/iH. Byjiap/iaH 

yMTacH: Topnfl (Z =  90), npoTaKTH HHH (Z =  91) Ba ypaH  (Z =  

=  92) rHHa TadHaTjja TypryH  x,o.i/ia MaB>Kyfl.

C y H t H H  paBHiuiia xochjl khjlhlli’3h  T p a n c y p aH  3.ieMeHTJiap 

KaTopH ra  KyHH/LarH.Tap KH pa /iH : HenTyHHH (Z =  93), iiJLyTo- 

HHH (Z =  94), aM epH U H H  (Z =  95), KIOpHH (Z =  96), SepKJlHH 

(Z =  97), Ka.TH(})OpHHH (Z =  98), SHHUJTeHHHH (Z =  99), 

4>epMHH (Z =  100), MeH/iejieBHH' ( Z =  101), ho6c .ihh  (Z =  

=  102), JioypeHCHH (Z =  103), KypM aTOBH h (Z = 1 0 4 ). B h -  
Phhmh T p aH cy p aH  9jieMeHTJiap —  HenTy hh h Ba njiyTOHHH 

1940 HHJLAa, HoSejLHH 1958 HHJi/ia Ba .ToypeHCHH 1961 HHJLAa 
ojihh/l,h. T p a H c y p a H  3JieMeHT.aapHHHr KyiiMH.THrn F. C n 6 o p r  
pax6apJiH K  KHJiaeTian JiaOopaTopHH ( A K L U )  jy a x,ochji 

khjihh/lh. B y  ep/ia T p aH cy p aH  sjieMeHTjiap x,aKH/iarH 6aT>3H 
6 n p  M aTJiyM OTJiapHHthHa KejiTnpH6 VTaMH3. T p a H c y p a H  3Jie- 

MeHTJiapHHHr 6hp hhm hch  —  H enTyhhh  (Z =  93, 6ejirHJiaHHUiH 

N p )  1940 HH.iAa ypaHiin UHKJioTpoH/ia Te3jialuthpHJiraH 
/L,eHTpoH.Tap 6njiaH Hyp.aaHTHpn.nraHAa xochji 6yji/iH. HacT- 

JLa6 AeftTpoH T a p K H 6H A a ru  HefiTpoHHH ypaH  t o p t h 6  o.th6 

ypaH H H H r  2!UU  H 30T 0n n  xochjl 6yjiaAH . KeHHH 6 y  H30T0n

2 3  MHHyT.lHK HpHM napMaJiaHHUL AaB pH  6HJLaH y3HA3H 

3JLeKTpoH M H KapaAH  Ba HenTyHHH (239N p )  ra afljLaHa/LH. 239N p  

hhht apHM  napMajiaHHUL /LaBpH 2 ,3  Ky H . H e n T y H H H H H H r  231N p  

/laH 240N p  raMa 6yjiraH H30T0njiapn  MatJLyM. H e u T y H H H  

H 30T0n .iapH H H H r  apHM  napMa.iaHHLU /LaBpn 7 ,3  M HHyTAaH

2 ,2 - 1 0 ° HHJiraMa. By 6hp hhm h  T p aH cy p aH  3JieMeHT Ky em  

CHCTeMacH/iarH Y p a H  njiaHeTacHAaH KeflHH >KoftjiaujraH 

HenTyH njiaHeTacHHHHr hom h 6ujLaH aTajLa/LH.

H a B 6 a T /ia r H  T p aH cy p aH  3JLeMeHT— njLyTOHHH (Z =  94, 
6eJLrHJLaHHLUH P u )  xaM  yuia 1940 HHji/ia TonHJLAH. Y  HenTy- 

HHHHHHT 3JieKTpOH MHKapHlXIH/L,aH XOCHJL 6yjLa/lH. HjLyTOHHH- 

hhht 234P u  /iaH t o p t h 6  242P u  raMa H30T0njiapH  6o p , 

H30T0njL3 pHHHT HpHM  napMaJLaHHLLI /L,aBpH 20 MHHyT/L,3H 

4,9 -10 10 HHJirana 239P u  h hh t  npnm  napMajiaHHUL /jaBpn

2 4  3 6 0  hhjl 6yjiH6, y3-y3HAaH napMajiaHHUL 6yftHMa auiauj 

AaB pH  5,5- 1 0 15 Ahji. By 3JieMeHTra xaM  Kyeuj cncTeMacH/iarH 

ujiaHeTajiapHHHr >Koft.iaujHUj T ap T H 6u ra  moc paBHUJAa 

njiyTOHHft /ie6 hom 6epH .iraH .

AM epHunft (Z =  95, 6e.nrHJiaHHLUH Am) 1944 hhjl/l3 

TonHJi/iH. H p H M  napMaJiaHHUJ jxaBpn 13 Bhji 6yjiraH 241Pu 

H 30T0nH  y3H/iaH SJieKTpOH MHKapHLUH H3TH>KaCH/ia 241Am 
H30T0nH ra  aftjiaHa/i,H. By H 30T0nH H H r  n p u M  napMajiaHHui 

/LaBpn 470 Ahjl. AM epnUHft H30T0njiapH  23/Am jxau 24(iAm raMa
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6yjw6, npHM napwajiaHHLu aaBpn 25  MHHyTaaH 8 0 0 0  HHJiraqa. 

By  SJieMeHT AM epHKa mapac^Hra aMepHUHH &e6 aTajiraH. 

A M e p H U H H  rpaMM Jiap/ia oJiHHraH.

KiopHH (Z  =  96, SejirHJiaHHUiH C m )  Shphhhh MapTa 

1944 HHJiaa 239P u  h h  32  M a B  3HeprHHJiH reJiHH HOHJiapn SujiaH 

HypjiaTHiu opKajiH o j i h h a h . Kkjphhhhht HpHM napMajiaHHui 

AaBpH 6np Hena coaTAaH 6np HeMa yH m h jijih oh  HHJiraMa 

6yjiraH 238C m  AaH 249C m  raMa H30T0njiapH MaB>KyA- By 

3JieMeHTra t 3 6 h h h  paAHoaKTHBJiHK coxacHAarn 3 t o k jih  

TaAKHKOTMHJiap —  ritep Ba M apHH KiopHJiapHHHr h o m h  

6epHJiraH. KiopHH MHJiJinrpaMMJiapAa ojiHHraH.

BepKJiHH (Z =  97r 6eJirHJiaHHuiH B k ) 6hphhmh M ap Ta  

1949 HHJiAa 24lA m  a a H  KHJiHHraH hhujohhh reJiHH HOHJiapu 

6HJiaH HypjiaTHiu opKajiH  x,ochji khjihhah. BepKJiHHHHHr 243B k  

A a H  250B k  raMa 6yjiraH  H 30T0njiapH H H H r hphm  napMaJiaHHiu 

A a B p n  « 3  A a H  7 0 0 0  HHJiraMaAnp. KynrnHa T p aH cy p aH  

ajieMeHTjiap ojiHHraH jia 6 o p a T o p H «  >KOHJiauiraH BepKJiH 

uiaxpn (A K L U )  uiapa(})Hra 6 y  gjieMeHT 6epKAuu n.e6 arajuxn. 
BepKJiHfi M H K p o rp aM M H H H r  y H A aH  6np yjiyuuiapH M H K A op H A a  

ojiHHraH.

KajiH(j)opHHfi ( Z  =  98 , 6ejirHJiaHHLUH C f) 1950 fiHJiAa 6 n p  

HeMa MHJiJinrpaMM 242C m  hh 35  M a B  3HeprHHJiH re-THfi 

HOHJiapu 6HjiaH HypjiaTHUiAaH xochji 6yjiAH. KajiH(})opHHfi- 

HHHr H30T0njiapH  244C f  A a H  254Cf raMa 6yjiH6, hphm  

napMaJiaHHiu A a B p n  25  M HHyTAaH  6np HeMa 103 fiHJiraMa. 

Ka.iH(j)opHHfi M H K p o rp aM M H H H r  io3Aah 6 H p  yjiyiujiapH MHKAO- 

pH A a  ojiHHraH. KaJiH(j)opHHH uiTaTH Aath  ( A K U J )  KaJiH- 

cj)opHHH yH H BepcHTeTH Aa TonHJiraHJiHrH yMyH yHra uiyHAafl 

hom  6epujiraH .

SfiHiuTeHHHH (Z  =  99, 6eJirHJiaHHLUH Es ) 1952 finjiAa 

Kauuj) kh jihhah . y 6HJiaH 6 u p  K aT o p A a  4>epMHfi ( Z = 1 0 0 ,  

6ejirHJiaHHUiH F m )  x a M  ojihhah. y jiap  T ep M O H A p o  nopTJiauiH- 

A a H  KefiHH y3H A a  oFHp sjieMeHTjiapHH caKJiafiAHraH HaMyHa- 

JiapAaH TOnHJlAH. SfiHUlTefiHHfiHHHr H30T0nJiapH  246Es  a b h  

256E s  raMa 6yjiH 6, apH M  napMajiaHHUiH A a B p u  6 n p  HeMa 

M H H yTAaH  T a x M H H a H  3 00  KyHraM a 6o p a A H . y  ofhpjihk  

M HKAOpJiapH Aa ojiHHMafi, (})aKaT h h a h k 3 t o p  M H KAopjiapH Aa  

OJiHHraH. y H r a  A . SfiHiUTefiH uiapa(j)Hra uiyHAafl hom 

6epHJiraH.

O e p M H fiH H H r  H30T0njiapH  250F m  A aH  25GF m  raMa; hphm  

napMajiaHHLU A a B p n  npH M  coaTA aH  30  coaTraM a; HH AHKaTop 

M H KAopJiapH Aa  o jiH h rah ; 3 .  O e p M H  hom h 6hjia11 aTa»iraH.

MeHAeJieBHfi ( Z = 1 0 1 ,  6ejirHJiaHHUiH M d )  1955 hhjia3 

25!Es  ra 3ra 6yjiraH HHUiomiapHH 41 M s B  aneprHHjiH rejinfl
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HOHJiapn fiHJiaH Hyp.iaTraHAa >Ky/ia 03 MHKjiop/xa x.ochji 

SyjiflH. Ta>KpH6 ajiapaa MeH*ejieBHHHHHr npHM napMaJiaHHUj 

AaBpH 3 ,5  coaTra hkhh 6 yjiraH 17 Ta aTOMh ojihhrah, xojioc. 

MeHAeJieBHH H3oTonjiapHHHHr Macca coH.TapH 251 SHJiaH 

261 opajiHFHfla, npHM napHaJlaHHLU AaBpjiapH 3c a '6 Hp Hena 

ceKyHA/iaH 6 np coaTraMa. KeftHHMaJiHK MeH/ieJieBHHHHHr 6 np 

H e 4 a  k j3  a T O M H  o j i h h a h . By a j ie M e H T  JX- M .  M e n a e j i e e B  

iuapac})Hra yHHHr homh 6 HJiaH aTaJiAH.

H o 6 eJiHH ( Z = 102 , 6 ejirHJiaHHuiH N o ) 1958 mjijia 256C m  

hh l2C  HOHJiapH 6 HJiaH HypjiaTHui HaTH>KacHAa xochji 6 yjiAH. 

ByHAa x,ochji 6 yjiaAHraH Ho6 eJiHH H30T0 nH (hphm napqajia- 

hhlu AaBpn 3 ceKyH.zi.ra hkhh) 250F m  ra aftjiaHaAH. By  ajieMeHT 

LUBeA ojihmh A. H o 6ejib uiapac{)Hra yHHHr homh 6 HJiaH aTaJiAH.

JloypeHCHft ( Z = 103 , 6 ejirHJiaHHiUH Lr) 1961 HHJi/ia 

Kaiucj) KH.THH/IH Ba UHKJlOTpOHHH HXTHpO KHJITaH O.THM 

JloypeHc homh 6 njiaH aTajiAH. AKTHHOHAJiap KaTopn Jioy- 

peHCHft 6HJian Tyra.i.iaHaAH.

104- 3JieMeHT 1964 ftnjiAa ,H,y6 HaAarH UHKJioTpoHAa 

HHTepHauHOHaji oJiHMJiap rypyx,H tom ohha3 h CHHTe3 khjihhah. 

YHra Maiuxyp ojihm H . B . KypnaTOB xoTHpacnra KypMaTOBHft 

( Z = 104 , 6 eJirHJiaiiHUiH K u ) Aeran hom 6 epHjiAH. Y  3 Kthho- 

HAJiap KaTopnra KHpMafiAH.

1974 hhji 6 ouuiapHAa H ap o  TaAKHKOT.iapH 6 Hp.Tauiran

HHCTHTyTHHHHT XOAHMJiapH 105- (HHJlbC6opH0 A e 6  HOM.iaiia- 

A h ) Ba 106- 3JieMeHTJiapHH Kauu|) KHJiraH.TapH x a K H A a  x a 6 a p  

khjihluah.

O fh p  TpaHCKiopH 3JieMeHTJiapHHHr y3-y3HAaH 6yjiHHHUi 

3Xt h m o j i h  uiyHHajuiK KaTTaKH, yjiapHH aMajiAa X.OCHJI KHJ1h 6  

6yjiMafiAH, n y h k h  yjiap eTapjiH M H K A op A a  x o c h .t 6yjiap- 

6yjiM ac n ap 4ajia H H 6  KeTaAH.

2 .6 -§. AjibfJja-napHajiaHHiiiHHHr acocnfi xoccajiapn

PaAHoaKTHBJiHK xoAHcacH OMHJiraHAaH cy ht a.ib(})a- 

Hypjiapn Ta6 HaTHHH ypraHHiu MaKcaAHAa yTKa3HJiraH tckluh- 

pniujiap yHHHr 4H e  HApo.napHAaH H 6opaT  3K3 hhhh KypcaTAH.

Ta6HHfi paAH oaKTH B  a.Tbc})a-napwajiaHHui c})aKaT AaBpHfi 

CHCTeMaHHHr o xn p H A arn  BHCMyTAaH KeftHH >KofijiauiraH ofhp 

sjieMeHT H3 0T0 n.napHra xoc. B n p o K  3apnAJiaHraH  3appa- 

jiapHHHr xo3HprH  3 a moh Te3.naTKHM.napHAa k h m h k  btom 

HOM epnra  3ra 6y.TraH, neftTpoH.aapH >KyAa KaMafiraH 3Jie- 

MeHTJiap H30T0HJiapHHH HAPO peaKUHHJiapH H3TH>KaCHAa 

CHHTe3 KHJiHUira apHLUHUi MyMKHH. ByHAaft H30T0n .nap  TypFyH 

H 30T0n .aap  coxacH A aH  y 30K A a  6y .nn6, >KyAa 6 e K a p o p ,
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JKyMJia^aH, y jiapaaH  CataHJiapH  ajib(})a-paAHoaKTHBAHp. 

H e H T p O H H  KaMMHJl H30T0nJiapHH  TeKLUHpHLU Ir — Bi coxa/ja ,

myHHHr/ieK, cexpJiH HApo hkhhha3 (Z =  50, N  =  82) ajibfya- 
paAH oaKTH B  H 30T0njiapH H  Tonnujra hm koh  6epA H .

Ajib(})a-napMajiaHHiiL 3HepreTHK * H x a T A a H  M yMKHH 6yjiH- 

luh yMyH yiiL6y TeHrcH3jiHK 6a>KapHJiHLUH KepaK :

H "bH H  OHa HApOHHHT MaCCaCH (SHepTHHCH) X,OCHJiaBHH HApO Ba 

a- 3appa Maccajiapn (sHeprHHJiapn) hhfhhahcha3 h KaTTa 

6 yjiHLiiH KepaK. O H a  h a p o h h h t  opTHKMa SHeprHHCH a- napMa- 

jiaHHiiiAa 6 yjiaKjiapHHHr khHeTHK 3HeprHHJiapH cH(})aTHAa 

a>KpaJin6  m hk3 Ah :

6y ep^a T T h— TypTKH H^po ( t .  h.) hhht khhbthk 3HeprHHCH, 

Sa — a 3appaHHHr 6oFJLaHHiu SHeprHHCH.
Arap napMajiaHyBMH H A po  H H c6aTaH  t h h m  xoJiaTAa 6yjica, 

|PJ Ba | P T a | HMnyjibCJiap TeHrjiHTHAaH x,ocHJiaBHH-TypTKH 

HA PO  KHHeTHK SHepTHHCH

ra eKH (2.12) ra Kypa

6y epaa M T „— TypTKH HApo MaccacH.

LUyHAaH k,hjih6, khhcthk 3HeprHHHHHr acocHH khcmh- 

HH a- 3appa, 03THHa ( « 2 %  ra HKHH) KHCMHHHTHHa xoch- 
jiaBHH HApo ojih6 KeTaAH. MacajiaH, 2 Bi hapochhhht a-HA- 

pocHHHHr a- napMajiaHHuiHAa T<,. =  6,08 MaB Ba Tr „ =  
= 0 ,1 2  MaB 3KaH.

BepHJiraH HApo t o m o h h a 3 h MHKapHJiaeTraH a- 3appajiap 
6np xhjl SHeprHHra 3ra 6yjiaflH eKH 6np HeMTa M0H03HepreTHK 

rypyxJiapra 6yjiHHaAH. Arap 6apMa a- 3appajiap 6np xhji 

SHeprHHra ara 6yjica (M acajiaH , 2l5Po eKH 2 2Rn hhht 

a-napMajiaHHiiiHAarH Ka6H), 6y BaKTAarn yTHiu 6eKapop 
H ApoH HHr Ma"bJiyM caTXH AaH  OA aTAa  xoclkt 6 yjLyBMH hapolihht 

acocHH xojiaTHra 3ra 6yjiaAH- Arap 6np iiyKJiHAHHHr napMa-

M (A , Z ) > M ( A - 4 ,  Z — 2 )+ M (| H e ) ,

E a =  \SJ = [ M ( A ,  Z) — M (A  — 4, Z - 2 ) -  

- M (lHe)]c2= T a+ T r „ , (2 .1 2 )
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jiaHHLiiH,ua 6 n p  Heua rypyx, a- 3 a p p a  Ky3aTHJica, a- yTHUJ x,o- 

chji SyjiyBMH HApoH HHr TypjiH Ky3FaJiraH caTX,JiapHra Tyf- 

pn KeJiH6, yjiap y3 H aB 6aT H A a  y- kb b h t  MHKapHiu 6HJiaH aco- 

chh xojiarAa yTaAH.

a- n ap M ajiaH H W A a  MHKapnjiaeTraH a- 3ap p ajiap H H H r  3Hep- 

THHJiapH 1,5 MaB (142Ce) AaH  11,7 MaB (2]{mPo) raqa  

opajiHKAa eiaA H . Arap a napqajiaHHiiiHHHr acocHH caTxra  

yTHLu 3HeprHHCH E d Ba 4He aTOM HH HHr M accacn  (/Ma) b h h k  

6yjica, 6oujjiaHFHq Ba oxH p rn  HApoJiap M accajiapH HHHr AM  
4>apKHHH ocoHTHHa XHCo6jiaui M yM KHH: AM  =  M a +  E d/c2. E d 
SHeprHH a - 3a p p a H H H r  E a kh h cthk  SHeprHHCH '6HjiaH TypTKH  

HApo E t„ SHeprHHCHHHHr HHFHHAHCHra TeHr 6yjiaAH; £ Ta 

o fh p  a- HypjiaTrHqjiap yqyH  0,1 MaB hh TauiKHJi 3T 3ah .

Ajib4)a- 3appaHHHr 6oFjiaHHiii SHeprHHCH S a ra H H c6aTaH  

a- napqajiaHHUiHHHr 3HeprHH uiapTHHH (2.12) ra Kypa 

Ky H H A arn q a  e3Hiu M yM KHH:

5| = E (A ,  Z) — E(A  — 4, Z - 2 )- E (t H e )  =  ~ E a. (2,12 ')

XleM aK, a- napqajiaHHUj pyfl 6epHUJH yqyH  3ap p a H H H r  

6oFjiaHHiu SHeprnHCH S a M aH^wft 6yjiHuiH iuapT. Ajib4>a- 

napqajiaHHUi aHeprHHCHHHHr Z Ba A ra 6o fji3h h iuh h h  coh 

>KHxaTAaH K a p a 6  q H K H 6 , a- 3 k t h b  HApojiapHH HefiTpoH- 

npoTOH A H arp a M M a c H ra  mofijiauiTHpHiu M yMKHH. ( 2 .1 2  ') 

4)opMyjiara acocaH  yTKa3HJiraH 3 h h k  XHCo6jiap Z >  7 3  coxa- 

A a  E a h hh t  M y c6aT  KHHM aTJiapra ara 6yjiuuiHHH Ba uiy c o x a A a  

Z OpTHLHH 6HJiaH E a Ba Ta OpTHLHHHH Ky pC3T3AH . Ajlb^^a- 

napqaJiaHHiu xoAHcacH  3JieMeHTJiap AaBpnft cucTeM acHHH Hr 

cyHrrH 3JieMeHTJiapHrarHHa xoc SKaHJiHrHHHHr c a 6 a 6 n  x aM  

a H a  uiyHAa. yTKa3HJiraH  XHCo6jiap m yH H  Ky pcaTaA H KH , 

E a h hh t  A ra 6o fjihk  paB H iuAa  y3rapHUJHAa h kkh tb  

M aKCHM yM  KHftMaT yqpaftAH: 6 h p h  v 4 » 1 4 5  aa, HKKHHqHCH 

A ~  « 2 1 2  na (2 .5 - p a c M ) . B n p H H q H  xojiaa E aa*82 HefiTpo-

h h  6yjiraH ‘ssCe h k h h h a 3 ,

HKKHHqn xojiAa aca E ™ax npo-

TOHJiap cohh Z =  82 Ba Hefi- 

TpoHJiap cohh N  =  126 6yjiraH 

slPb aTpo4>HAa Ky3aTHJiaAH.
M aiiJiyM KH, 126 Ba 82 coHJiapH 

TyjiAHpnjiraH HefiTpoH Ba npo- 

to h  Ko6HKJiapH ra TyppH KeJia- 

A h : TyjiAHpHJiraH HeftTpoH Ba 

npoTOH Ko6HKJiapH ra ara 

6yjiraH HApojiap KyuiHH hapo-
2. 5- pacM. Ajib(|)a-napMa-

JiaHHHI SHepTHflCH.
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Jiapra HHcdaTaH sht KaTTa SoFJiaHHiu SHeprHHCHra ara 6y- 
jiaAH. UlyHHHr yqyH aHa iuy HApojiapHHHr ajib({)a napMajiaHH- 

uiHAa MaKCHMaji SHeprHH a>KpajiH6 HHK,aflH. LUyHra Kapa- 
Mafi, /1=140 HKHHHAarH ajib(})a-HypjiaHyBHH HflpoJiapHHHr 

apHM napMajiaHHiu aaBpH hhxohta3 KaTTa. By coxaaa 

(|)aKaT 6np HeMTarHHa a- 3kthb anpoJiap yMpafiAH, xo- 
JIOC.

3hah yTa ofhp 3JieMeHTJiapAa 103 6epaAHraH aJibt})a- 
n ap M a^a H H iu  ycTHAa TyxTa ;iH 6  yT3 M H 3 . B y u n a  x a p  6 np  

HyKjioHra KapHfi6  7,5 M a B  SHeprHH  Typpw KeJiaAH, 6 n p o K  

1.10-p acM A arH  3 rpn mh3 h k h h h f  oFHUiHra K a p a 6 , HApoflarH 

KyuiHMM a 3 a p p a r a  KapHfi6  5,5 MaB 6 oFJiaHHiu aHeprHHCH 

TyFpn KeJiaAH, AefiHui MyMKHH. By AeraH cy3, ofhp HflpoAaH 

6hp npoTOH eKH 6hp hchtpohhh a>KpaTH6 ojihui yMyH HApora 
5,5 MaB 3HeprHH 6epHiu 3apyp, AeMaKflHp. Arap hkkh npoTOH 
6HJiaH HKKH HeHTpOHHH ^HTTaAaH a>KpaTH6 OJIHUI JI03HM
6yjica, napora 22 MaB ra hkhh SHeprHH 6epHmra Typpn 

KejiaAH. Hkkhhmh TOMOHflaH, Ma"bJiyMKH, ajib<j)a-3appajiap- 
HHHT 6oFJiaHHUI SHeprHHCH 28 MHJIJIHOH SJieKTpOH BOJIbTJiaH 
H6opaT. BopAH-io, 6y 3appajiap 6HTTaAaH 3Mac, 6ajiKH 
6HpjiauiraH x,0JiAa ajib(|)a-3appajiap uiaKJiHAa HHKca, y KOJiAa 

6 MaB co<|) SHeprHH Kyjira KHpHTHJiraH 6yjiap sah, nyHKH 6h3
22 MaB 3HeprnH KyuiH6, 28 M3B SHeprHH ojihuihmh3 KepaK 

3AH. LUyHAaH khjih6 , 6yHji,aH HApo npoTOH §kh HeHTpoH 

HHKapnui 6yHHHa 6apKapop 6yjiHQiHra KapaMafi, ajib(})a- 

3appajiap HHKapHiu xycycHfla x,ajiH xaM 6apKapop 3Mac, 

HyHKH ajib(})a-3appajiap HHKKaH.ua xap aohm KapHfi6 6 MaB 
AaH H6opaT Myc6aT 3HeprHH a>KpajiH6 MHKaAH. BapKapop 

6yjiMaraH ofhp 3JieMeHTJiapHHHr 4 AaH 9 MaB rana 3HeprHHra 
3ra 6yjiraH ajib(})a-3appajiap MHKapn6 napnaJiaHHUiHHHHr 

6ohch x,aM uiyHAaAHp.

LUyHAaft khjih6, ofhp HApoJiap uiyHHHr ynyH xaM 

6apKapop 3M3CKH, yjiap napnaJiaHaeTraHAa ajib(})a-3appajiap 

MHKapH6 napnajiaHaAH. HHMa ynyH yjiap 6np 3yMAa 

napnajiaHMafiAH? HHMa ynyH 6a"b3H HApoJiapHHHr napnaJia- 
HHiuH ynyH Kyn ftHJi Tajia6 3T3Ah? AeraH caBOJiJiapHHHr 

6epHJiHUiH Ta6HHHAHp. By caBOJiJiapra *aBo6 6epHiu ynyH 

aapo HMHAarn Ba yHHHr HKHHHAarn noTeHUHaji 3HeprHH 

y3rapHUJHHH Ky3A3H KeMHpHIU JI03HM.

27-$. Ajib({)a-napMajiaHHiii Ha3apHiicH

Hapo HMHAa MycSaT 3apHAJiaHraH npoTOHJiapHHHr Myc6aT 

3apaA TauiyBMH xap 6Hp hkhh  3appara HHcCaTaH HTapHuiHui 

KyMH HaMoeH 6yjiaAH; 3ap«AJiap ypTacHAarn Maco^aHHHr 
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U(r)
Z .Z

KHCKapH iuH  Qnnan  HTapHUJHiii

2. 7- p a c M . Ajib(j)a-3appa- 

h h h t  aj.po 6 H J ia H  y 3 a p o  T a i> cn p  
n o T e H U H a ji  S H e p rH H C H H H H r
M a c o ( f ) a r a  S o f j i h k j i h f h .

1 KyHHHHHT opTa SopHUIH  SJieMeH- 

Tap  (})H3 HKa K y p cH ^aH  Ma-bjiyM. 

M TapHUJHiu KyMH M ycSaT  iiotch- 

UHaji 3HeprH Hra moc K e J ia m ■ 

M y c 6 a T  3apHAJiH h k k h t 3 3appa- 

h hh t  noTeHUHaji 3HeprHHCH yjiap 

o p acH A arn  Maco(})a 4)yHKUHH- 

ch CH(})aTH/ia 1. 19- pacM /iarH  

D E ' arpn mh3 h k  SHJiaH TacBHp- 

JiaHraH.

noT eH U H aji tj/c h k  Sa-naH/yiH- 

th  H/ipo 3ap H A H  Ba pa/iHycHra 

6 o f j i h k ; o f h p  H A p o A a  .y 9 ,5  M a B  

ra h k h h  (2 . 6 - p a c M ) . lO K o p H A a  

aflTH6 yTHJiraHH^eK, H A p oA aH

yMH6 HHKaflHraH ajib4>a-3appa KapHfi6 6 M a B  SHeprHHra ara 

6yjiHiiiH KepaK . 2.7- pacMfla A  xap<})H 6HJiaH 6ejirHJiaHraH 6y  

KaTTajiHK noTeHUHaji T y cH K A aH  aH H a  nacT, A e M aK , 3 a p p a  HApo  

A O H p a c H A aH  TatuKapH ra  HH Ka ojiMafi/iH. KJiaccHK cf)H3HKa 

KOHyHJiapHra K y p a , x a K H K a T a H  x aM  noTeHUHaji T y cH KKa  

H H c 6a T a H  KaM  3HeprH Hra  3ra  6yjiraH ajib4)a-3appa H A p o a a H  

xen  KaMOH T a u iK a p H ra  m hkb ojiMacAH Ba ajib4)a-HypjiaHHUiHH 

Ky3aTa  OJiMac sahk .

Bh3 Ky3aTaeTraH ajib4)a-HypjiaHHUi x,oAHcacHHH 4)aKaT 

hhth TyjiKHH MexaHHKacH HyKTan Ha3apHflaH  T y p n 6  mapxJiaui 

M yM KHH. M a 3 K y p  M e x aH H K a ra  K y p a , HypjiaHHiu KyriHHMa 

M OAAa  T a p 3H A a , M o /w a  aca HypJiaHHiu T a p 3H A a  HaM oeH  

6yjiaAH . By H a 3 a p H « r a  MyBO^JHK, ajib4)a-3appajiap xapaKaTH 

TyjiKHH x a p a K a T  CH4>aTHAa, noTeHUHaji T ycH K  A O H p acH A arn  

6 y u u iH K  aca  TyjiKHH k h p h 6  6 o p a A H r a H  Houia4)4>o4) M yxHT 

T a p 3H A a  TaijpH^^-naHHUIH M yM KHH , TyjlKHHHHHT K H p n 6  6opHUI 

sXTHMOjuiHrH JKy^a KaM, 6hpok y M aB*yA. yui6y sxthmojijihk 

«yTH U i» yMyH 3 a p y p  6yjiraH  3HeprH H  Ba 3 a p p a H H H r  hhc6hh 

KHHeTHK 3HeprHHCH OpaCHAaTH 4>apKHHHr K8MSHHUIH 6HJiaH 

HHXOHT Te3, 3KCnOHeHUH3Jl paBHUJAa OP T H 6  6o p a A H . SHeprHH- 

ch noTeHUHaji T y cH K A aH  yTHiu ynyH  3 a p y p  6yjiraH 3H ep rH H AaH  

KaM  6yjiraH  3 a p p a , rapMH T y cH KAa  xeM KaHAaii TeuiHK eKH 

TyHHejib 6yjiM aca  x a M , rye TyHHejiAaH yTaeTraH AeK  SyjiaAH. 

X a K H K a T A a  aca  3 a p p a  kbjihh T y c n K  opKajiH  yTaA H  (2.7- pacM- 

ra k  ). By 34>4>eKT TynneAb 3(p(peKTu ne6 araj\u6, M H KpoAyH e 

X OAH cajiapHra xocAHp. M a K p o A y H e H H  6 a e H  3TyBMH KJiaccHK 

4)H3HKaAa  6y H ra  yxiuaui xojuiap  fiyK-

O f h p  HApojiapHHHF aJib4>a-3appajiapHH HypjiauiH x aM
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xyAAH iuy ycyjiAa pyfl 6 ep aA H . O n a T n a r n  (K y 3 FajiM araH) 

XOJiaT/ia HApo  HHHAarn HyKJioHJiapHHHr kh h cth k  SHeprHHCH 

yjiapHHHr 6 oFjiaHHiu SH eprHH CHAaH  kh h h k  6 yjiaAH. BoFJiaHHUi 

noTeHUHaji 3 HeprHHCH 3appaJiapHHH F HApo HMHAarH xoJiaTHra 

6 ofjihk 6 yjica, KHiieTHK SHeprHH HMnyjibcra 6 ofjihk. B n p o K  

k o op ah H aT acH  Ba HMnyjibCH 6 np  BaKTHHHr y 3 HAa Ma^JiyM  

KH H M aTra  3 ra 6 yjiojiMaftAH. LUy c a 6 a 6 AaH , HApo HMHAarn 

3 appaJiap  yMyH TyHHeJib scJxJjckth MaB>KyAAHp. 3 ap p aH H H r  

KHHeTHK SHeprHHCH 6 oFJiaHHiu 3 HeprHHCHAaH khmhk 6 yJiraH 

BaKTAa x aM  y h h h t  H A p oA aH  yMH6  mhkhiu sxthm ojijihfh 6 op. 

B y  acJjcfieKTHHHr o fh p  HApojiapAa HaM oeH  6 yjiHiUHHHHr c a 6 a 6 u 

uiyHAaKH, y jiap^arH  6 oF.riaHHLU 3 HeprnHCH HApoAa  3 appajiap  

cohh  K y n p o K  6 yjiraHH yMyH ypTaM a HApoJiapAarHra HHc6 aTaH 

KHMHKpOK, HAPO HMHAaTH 3 a p p aH H H T  KHIieTHK SHeprHHCH 3Ca 

KaTT ap oK  6 yjiaAH. BaKT- BaKTH 6 HJiaH kh h cthk  SHeprHH 

6 a"b3 aH 6 np  HeMTa 3 app ajiap A a  TynjiaHaAH . LUyHHHr yMyH 

OFnp HApojiapaarH  3 appajiapH H H r  noTeHUHaJi TycH K  6 a- 

jiaHAJiHTH 6 HJiaH KHHeTHK 3 HeprHHCH op acH A arH  cj)apK ypTaMa 

Ba eHTHJi HApojiapra K a p a r a H A a  aHMa khmhk 6 yjiHUiH MyMKHH. 

UJyHAaft khjih6 , ajibcj)a-3 appajiapH H H r  TycHKHH eHTH6  mhkh- 

luh TacoAHcjwfi 6 yjiH6 , MyaftHH M OAA aAarH  6 ai.3 H aTOMJiap 

>Ky^a Te3 , 6 ouiKajiapH aca foht y3 0 K BaKT A aB OM H A a  

napMaJiaHHUiHHHHr c a 6 a 6 n x aM  uiyHAa. Ajibcj)a-3 appajiap- 

HHHT TyCHK OpKaJlH yTHUIH uiy TyCHKHHHT KajIHHJIHFHra xaM  

6 ofjihk , aji6 aTTa. K a T T a  3 HeprHH.au ajibcj)a-3 ap p ajiap  lonKa 

AeB opA aH  o co hfh H a  y T a ^H  Ba, A em a k , yHHHr TaLUKapura yMH6  

m hkhuih yMyH x aM  eTapjiH acoc MaB>KyA. B y  M yjioxa3ajiapra 

acocjiaHH6 , KaTTa 3HepniHJiH ajibcj)a-3 ap pajiap  M H KapaAnraH  

p aAuoaK TH B  M OAAaJiapHHHr npH M  napMajiaHHiu A a B p u  aHMa 

KH CKa , MyHKH y ajib(j)a-3 appaJiapHH  Te3 rHHa ftyKOTaAH, khmhk 

3 HeprHHJiH ajib(j)a-3ap p ajiap  M H KapaAH raH  M OAA aH H H r npuM  

napMaJiaHHHi A a B p n  ^ca aHMa y3 0 K 6 yjiaAH, AeftHUi MyMKHH. 

X a K H K a T a H  x aM , ajibcj)a-3 ap p ajiap  3 HeprHHCH E  6 HJiaH 

MyaftHH M OAA aH H H r ap u M  napMajiaHHiu A a B p n  T ypTacH Aa  

uiyHAafi HHc6 aT MaB>KyA 6 yjiH6 , y «refirep  —  Herroji 

K O H A acH »  AeraH  hom 6 njiaH ropHTHJiaAH:

I g T = C  +  D /^ jE , (2.13)

6 y n A a  C, D  —  aohm hii KarrajiHKJiap 6yjiH6, A ra 6o fjihk  

3M ac, Z ra aca K a m 6 ofjihk. M a c a jia n ,

Z =  84 yMyH C =  -50,15; D  =  128,8 
Z =  90yMVH3ca C = — 51,94; D  =  139,4.
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B y  SM n n p H K  KOHfla aJib(})a-napMaJiaHHiu H 33apH H CH  

npaTHJiryHra Kajiap m ap xJiaH M a raH  sah . Y iu S y  MacajiaHH  

1928 HHJi^a mhkaop >KHxaT4aH T. TaMOB eHflH. Arap HApo 
aTpocjjHflarn MafiAOH ctjiepa CHMM eTpHHCHra ara 6yjica, Ze 
3apnAJiH xocHJiaBHfi H A po  Ba oc-3appa ynyH  LLIpeAHHrep  

TeHrjiaMacH KyfiHAarn KypHHHiura  3ra 6yjiajxu:

— ~1m v  ^  +  U  ( r* ^  =  ’

ByHiia noTeHUHaji SHeprHH KyfiH^arH iuapTHH KaHoaTjiaHTH-  

P h u i h  3 a p y p  (2 .6 - p a c M ) :

U(r) =
~  r > R 0jxa, 

U o r ^ R 0jxa.

rioTeHUHaji TycH K  HerapacH,aa (2.7- pacM /ia Rt}) a-3appa- 

HHHT X,apaKaTHHH H(j)OJiaJIOBMH TyjlKHH (jjyHKUHH HOJira 

afijiaHMafiAH Ba R 0 Macocj)aiiaH 6o u iK a  Maco(j)ajiapfla aca 

>Kyaa khmhk KnfiMaTra sra. M erap a  uiapTJiapn CH(j)aTHAa 

TyjlKHH (j)yHKUHH Ba yHHHP 6npH H H H  TapTH6jlH XOCHJiaCHHHHT 

Ro Ba r\ a a , h i.hh  noTeHUHaji 3H epruH  Tyjia KHHeTHK SHeprHH 

(a- 3appa  Ba TenKH Hj,po k h h cth k  SHeprHHjiapn A h fhh ahch )-  

jxaH KaTTa 6yjiraH TycH K  cox a c H A a  y3JiyKCH3 6yjiHiujiHK 

uiapTHjiaH (j>ofiiiajiaHH6, TyjiKHH TeHrjiaMacHHH cmhui MyM- 

khh. M a MaccajiH a- 3ap paH H H r  TycH K  CHHflHpyBMaHJinrH 

omhjih jxe6 aTajiyBMH r> r\  c o xara  yTHiu axTHMOJiJiHTH 

D  TyjiKHH (j)yHKUHHHHHr K B aapaTH  6HJiaH aHHKJiaHaflH Ba 

KyfiHAarHra TeHr:

D  =  e x p ^ - | V 2 M ;  J j V ( r ) - E . d r ^  (2 .1 4 )

ZleM aK , TycHKflaH yTHiu sxthmojijihth (2 .1 4 )  jxarw 
HHTerpaJlHHHT Op T H 6  6opHUJH , H"bHH TyCHKHHHT 6aJiaHA-HHrH 

(U  (r) — E a) Ba KeHrjiHTH (HHTerpaJiJiaui opajiHFH) h hh t  

op T H 6  6opH uiH  6njiaH SKcnoHeHunaji K a M a n p  3K 3h . R0 
pa^HycjiH  noTeHUHaji y p a  ynyH  k>'jioh noTeHUHajiH 

Z-Za-e2
U(r) = -----6yjiraHJiiirH.o.aH (2.6- pacM /ia BepTHKa.i nyHK-

THp MH3HK 6HJiaH KypcaTHJiraii), r > R 0 co\a/ia ( 2 .1 4 )  (J)op- 

My.Taijarn HHTerpajiHH KyfinAarwMa e 3 m u  M y M K H h :
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RI1 1

Tadr. (2.15)

ByHAa R r > 0 coxaaa Ea= T a SyjinuiH xncoSra oJiHHraH, 

Ta —  ajibc()a-3appajiapHHHr k h h cth k  3HeprHHCH.

Bnp ceKyHAAarH a-napMajiaHHiu ax,THMOJiJ[HrH X ajib(J)a- 
3appajiapHHHr noTeHUHaji TycHKAaH yTHLu sxthmojijihth D  ra 

TyFpH nponopuH OH aji:

k =  v-D. (2.16)

By TeHrjiaMa/iarH v K0 3 c})(})HUHeHT a-3appajiapH H H r  a ap o  

HMHAa HyKJlOHJiapAaH XOCHJI SyjIHLUHHH, yjiapHHHT Te3JIHrHHH 

Ba H/ipo Ty3HjiHLHHHH xapaKTepjioBHH 6 ouiK,a napaM eTpjiapH H  

y3 HMHra ojia/LH. lliyHHHr yMyH x o 3 HprH Ky H ^a  yHH TyFpH 

XHCo6jLam  w y /ia  MyiuKyjL.

A r a p  a- 3appaJiap HApo HMHfla Taflep xojLAa 6yjiaAH 

AeflHJLca, KJiaccHK TacaBBypjiapra  6H H o aH  v K03(})(})HLLHeHTH 

v Te3JLHKKa 3ra 6yjiraH a- 3appajiapHHH r TycH K  AeBopjiapHra 

ypHJlHUI MaCTOTaCH fle6 XHC06jiaLUHMH3 MyMKHH. y  XOJlAa V 

KaTTaJlHKHHHT KHflM3THHH KyftHflarHMa 3 H H K Jl 3 LIL MyMKHH.

H a p o  HMHfla Te3JiHTH v Ba HMnyjibCH M ava 6yjiraH a-3appa- 

hhht (h /M a va) Ae-Bpoftjib TyjiKHH y3yHJiHTH R0 hhht 

KiifiMaTHra h k h h  6yjiCHH, fnjHH

K»

A r a p  a- 3appa noTeHUHajL yp a  HMH/i,a yHHHF KapaMa-KapiiLH 

/LeBopjLapHra ypHJin6 x a p a K a T  KHJia/LH /i,e6 c})apa3 k h j i c b k ,

v =  ~  eKH v =  — -~̂ -Ro (2.17)
2*o 2 M aRl

6yjiaAH . JI,eMaK, napMajiaHHUi KOHCTaHTacH (2.14), (2.16) Ba

(2.17) ra acocaH :

^ =  ̂ e x p ^ - | J  A/2M a(U (r)- Ejdr^J. (2.18) 

ByH/ia v Te3JiHKHH v =  cbopMyjia acocH/ia Tonnui MyM-
M a^0

khh. (2.18) TeHFJiaMa R0 TerHLUjiHMa TaHJLa6 0JiHHraH/i,a, 

napMaJiaHHiu sxthm ojijihfh Ba ajibc})a-3appaHHHr 3HeprHHCH 

op acH AarH  6oFJiaHHiLiHH Typpn Hc})o/iaJiaH ojia/iH:
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\ g k=A  +  B-\gEri, (2 .1 9 )

6y ep/ia A sa B —  3apn,a cohh 

Ba aTOM oFHpjiHrnra Sofjihk. 

6y.nraH KOHCTaHTajiap. (2 .1 8 )  

Htjjoiia reftrep-HeTTOJi KOHy- 

hhhhht y3Hj,Hp (2 .8 - p a c M ) . 

Yhh6 MHKaeTraH a-3appaHHHr 
^HepFHHCH opthihh 6 HJiaH nap- 

MaJiaHHHJ 3X,THMOJIJ]HrH HHHr 

Te3 op T H6  6 o p H iuH (2 .1 8 )  H<j)o-

Aa/iaH  K y p H H H 6 Typn6.HH.

E a hhht K,H H MaTH 9  MsB ra 

H K H H jia u jr a H A a  h a p o h h h t  

a- napqaJiaHHiHra H H c 6 a T a H 

HLUaiH B3KTH CeKyH/JHHHr >Ky- 

jxa khm hk 6yjiaRjiapHHH Taiu- 

khji 'siajxw Ba 3HeprHH  9  MaB 
Ba ynjxan KaTTa 6yj\vanjxa 
eMHpHJiHLu oaaT/La 6 n p  oH ^a  

yTaAH.

(2.18) (})OpMyjiaHHHr MyX,HM TOMOHH LHyH/iaKH, y HHHr 

Maxpa>KHAa h TypH6/iH. KBaHT (j)H3HKacHAaH KJiaccnK 
(})H3HKara yTcaK, h-^0 /ia D-+ 0, A, =  0, T-+-oo 6yjiaAH, H-bHH 
H/ipojiapHHHr napHajiaHHujH MyMKHH 6yjiMafi KOJia/iH. Arap 
cncTeMa KaTTa 6yjica, npHM napMajiaHHiu /jaBpH (jjaBKyjio/uia 
opTH6 KeTa/LH. Ajib^a-napMajiaHHiu/La xy/LAH luy a^BOJi pyfi 
6epa/iH. MacajiaH, (2.18) (})opMyjiara acocjiaHH6 , U — E =  

=  20 MaB, d =  2-10^ 12 cm 6yjiraH x,oji/i,a TyFpn 6ypqaKJiH 
ypa yqyH T HH aHHKJiafljiHK.

ByH/ia 3KcnoHeHTa KypcaTKHHH

\ ^ 2 M i j r ^ E )  « 8 4

Ba yTHUi 3XTHM0JiJiHrH D  =  e~M «  1 0 -36 6yjia/LH. SKcnoHeHTa 

ojiAH/iarH K03(j)(j)H u He HT

h -  10~ 27 ~ 1 0 2Q 

MR2 7 . 1 0  -  2 , -10  -  24 ~  '

ByH/i,aH HpHM  napMajiaHHiu /iaBpn

t "  1 R i 16 i f \ 9 u
T ^ — = —̂ =  10 c . «  10 HHJI.

By paKaM Ta>KpH6 ajiap KypcaTHiuHra moc Kejia/iH, MacajiaH,

23 U  h h h t  apHM napnajiaHHui /iaBpnra h k h h .

2. 8- pacM. «reflrep— HeT- 
to  n» KOHflacHHHHr rpa<J>HK 
H(j)OiiacH. / —  ypaH, 2  —  TopHH 

Ba 3 sca, aKTHHoypaH paiino- 

aKTHB 0HJia.napHra MancyS.



M a 3Kyp Ha3apHH 6apna AajiHJiJiapHH CHcJ)aT TOMOHflaHTH- 
Ha 3Mac, 6aJiKH mhkaop >KHX,aTAaH xaM H30XJiafiflH. UlyHHHr 
ynyH 6 h 3 * 0 3 Hp HHM a yMyH o fh p  3JieMeHTJiapHHHr ajib(f)a- 

3appaJiap  M H K ap n 6  napMaJiaHHUJH, HHM a ynyH  yjiap^aH  

eaijSHJiapHHHHr apH M  napMaJiaHHUi a a B p H  y 3 0 K-Ky, 6 ouiKaJia- 

PHHHKH KHCKa 6 yjlHLUH T y  LUyHapjlHAHp, Jie6  3 HTHLUHMH3 

MyMKHH. YpaHAaH oFnp 6 yjiraH 3JieMeHTJiap ajib(J)a-3 appajia- 

P h h h h t  3HeprHHCH aHMa K)KopH, fleMaK, 6yHAafl 3JieMeHTJiap- 

h hh t  npHM napMajiaHHiu ^aBpH KHCKa 6 yjin6, yjiap napnaJia- 

h h 6  KeTraH.

Ajib(})a-napMajiaHHLu T a 6 n a T H  k b 3 h t  M exaH H KacH  acocH Aa  

TyFpn TyuiyHTHpHJiraH s a h . KJiaccHK M exaH H KaH H H r , arap  

ajib(})a-3appajiap aHeprHHCH T ycH K  6ajiaHfljiHrHAaH k h m h k  

6yjica, y TycHKflaH MyTjiaKO yTa OJiMacJiHTH xaKHflarH 

Ta"bJiHMOTHra KapaM a- KapuiH  yjiapoK, KBaHT M exaH H K acn  

6a"b3H ajibc})a-3appajiapHHHr TycH K  opKajiH « c h 3 h 6  yTHULH» 

MyMKHHJlHTHHH KypCaTAH (TyHHeJlb 3(})(})eKTH) . B y  KB3HT 

M exaH H KacH H H H r  Hflpo (})H3HKacHAarH 6 h p h h m h  MyBa(})(})aKH- 

HTJIH KyJIJiaHHLUH 6yjIAH.

TyHHeJib 3(})(})eKTHHHHr 3\THMOJiJiHrH ajibc})a-3appa 3Hep- 

rHHCHra 6 o f j i h k  Ba 6 y  aJibc})a-paAHoaKTHB H3OTon HpHM 

napMaJiaHHUi ^aB p jiap n  y3rapHU iHHH Hr >KyAa KeHr AHana- 

30H ra  ara 6yjiHiu c a 6a 6 H H H  T y m y H T H p aA H . M a c a jia H ,

2.1- >KaABajiAa X h h h t  (2 .1 8 )  TeHrjiaMa acocH A a  XHCo6jiaHraH 

Ba Ta>KpH6aAa aHHKJiaHraH moc KHHM aTJiapn KejiTHpHJiraH. 

XHCo6jiaui BaKTHfla KH HM aTH  HXTHepHH TaHJia6 ojihhrah 

nroHa n a p a M e T p  H apoH H H r  pa/iHycHAHp: Ro =  ( 1 ,30• -4 1/3—(—

2.1->k a a  b a a

2.8- §. Taw pn Sa  H3TH>KajiapH

n ap n ajiaH H m  ao hm hh ch  X HHHr ^HCofijiaHraH Ba SKcnepHMeirraji 

■(HHMaTJiapHHH COJIHIUTHpHUI

a- Hyp^O BHM Ea , MaB R ■ 10*5 M
^■^hco6' c * 1 r-1 

A3KCn* c

232Th 4,08 9,142 0,69 l<r18 1,20 10-18
230rh 4,76 9,118 1,62 10rl3 2,10 1(T13

228Xh 5,52 9,095 7,44 10"9 8,20 1(T9
226Th 6.44 9,072 2,46 1(T4 2,96 10“4
254Fm 7,32 9,390 1,31 KT* 5,05 10-4
214Po 7,83 8,927 4,35 103 4,23 103
212Po 5,40 8,878 9,61 1(T7 5,80 1(T7

146sm 2,62 7,982 1,90 10-15 0,44 10-15
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+  1,20) • 1 0 — 15 m .  >Ka/i.BajmaH KypHHHUiHna, HApoJiap napna- 

JiaHHLIi AOHM HHCHHH Hr X KHHMaTJiapH 6Hp-6HpHAaH 1021 Map- 

Ta (jiapKJiaHca xaM , aenpjiH xaM M a a-HypjiaTrHMJiap yMyH 

x,HCo6jiaHraH Ba Ta>KpH6aaaH ojiHHraH KHHMaTJiap TypT 

M apTa^aH  opTHK (J)apKJiaHMaflAH. A ^ o H H H r  a6coJiioT KHHMa- 

th acocaH Ka6yji KHJiHHraH HApo pa/m ycHra 6ofjihk 6yjia^H 

Ba R =  r0-A‘12 AarH r0 napaMeTpHHHr (JjaKaT 0,03-10 m ra
OpTHUIH, X a M M a  >COJlJiapAa X KHflMaTHHHHr T aX M H H aH  HKKH 

M ap T a  opTHiuHra o j ih 6  Kejia^H. /-0=  1 ,3- 10 — 15 m  KHflMaT^a

(2 .1 8 )  TeHrjiaM aHHHr Ta>KpH6a HaTH>KajiapHHH hxuih  Ty- 

UiyHTHpHUIHHH OpTHKMa 6 a X 0Jia 6  K)6opHUI HpaM aflAH, MyHKH 

XHCo6jiaui MeTO/iHHHHr y3H TaKp H ^H flA H p , htjhh: 1) noTeHUH- 

aji yp a  Typpn  6y p M aK  uiaKJiHAa o.e6 (})apa3 khjihhah , 

BaxojiaHKH, y « y T M a c »  KHppajiH  6yjiHUiH KepaK ; 2 )  3Kcno- 

HeHTa ojiflH (jjaKTopH H A p o  HM HAarn a- 3appajiap  yHHHr 

AeBopJiapHra ypHJiH6 x ,apaKaT KHJia/iH, ae6 xhco6jiobm h >KyAa 

cojuia (j)HKpra acocjiaH H6 kcjithph6 MHKapnjiraH s ^ h . K,a6yji 

KHjiHHraH 6 y  (})apa3Jiap X h hh t  T ra SKcnoHeHunaji 

6oFjiaHHiuHH (2 .1 8 )  TeHrjiaMa ce3HJiapjiH napayKajxa y3rap- 

T H p M aH A H , JieKHH X 6HJiaH HflpOHHHT 3^ )(j)eKTH B paAHyCH 

opacHflarH 6oFJiaHHiura ce3HJiapjiH T a t c H p  3iaj\H. a-napMa- 

jiaHHUiAaH ojiHHraH HaTH>Kajiap a c o c H ^ a  M y p a K K a 6  mo- 

A e ju iap ^aH  (})oflAaJiaHH6, H A po  - paA H y cn  yMyH huiohmjih 

KHflMaTJiapHH kcjithph6 M HKapHiura  Kyn ypHHHji/LH. X a p  xhji 

Mya.uiH(})Jiap kcjithph6 M H KapraH  HaTH>Kajiap 03  6yjica-fla 

(})apKJiH 6y jin6 , yjiapHHHr x a M M a c H  r'0=  (1 ,4 5 - ^  1 ,5 7 ) • 1 0 “ 13 

cm 6yjiraH/ia K y H H ^arH M a  H(})OiLajiaHHiuH M y M K H H :

R ^ = r ' 0-A'i 3 (2 .1 9 )

eKH 6o u iK aM a p o K  Ky pH H H U i^a  e3caK ,

R m =roA'/3+b.  ( 2 .2 0 )

By x,ojifla r0=  (1 ,2 5 4 -  1 ,40 ) • 1 0 -15 m, b =  1 ,2 0 - 1 0 “ 15 m.

R  HHiir XHCo6jiaHraH  k h A m b th  H/ipo p a^H y cH H H  aHHKJiaui 

6yflHMa KHJiHHraH 6o u iK a  SKcnepHMeHTJiap HaTH>KacHra 

H H c 6a r a n  opTHKpoK 6yjiH 6  m hkah . M a 3 K y p  (})apK H ^p o  

cnpTHHHH r AH({)(})y3HOH xycycHHTH, ajib(})a-3appa pa^HyCH- 

HHHF Ba H ^p o  KyMJia pH T a tC H p H  paAH yCHH HHT MeKJlHJlHTH, 

H ^ p o  CHpTHHHHr C(()epHK SMaCJIHTH K a6H  OMHJIJiapHHHr 

TabC H p H  6HJiaH TymyHTHpHJiaflH.
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2.9- §. yMyiMHH Myjiox,a3ajiap

KynrHHa TypFyH SyjiMaraH H/ipojiap Hiuauj BaKTJiapHHHHr 
MHKpoflyHe HyKTan Ha3apHfla *y/ia KaTTa SyjiHUJJiHTH 
paflHoaKTHBJiHKHHHr a>KOHH6 xycycHHTHflHp. Arap HyKJioHJiap 
opacHAa Hflpo KyMJiapHHHHr TaijCHpH MaB>Kyfl flecaK, y xoJifla 
6ap4a >KapaeHJiap, >KyM.iaflaH, napMajiaHHiu >KapaeHJiapn 
XaM TaXMHH3H X ~ 1 0 -22 C BaKT HMHfla yTHUIH KepaK. 
BaxoJiaHKH, aMaji/ia >Kyfla khmhk xHCo6jiaHraH ~ 1 0 ~ 7 c 
auiaui BaKTHra ara 6yjiraH ‘eoNd ajipocHAa xaM yHHHr 
MaB>KyjiJiHK jiaBpHfla HyKJioHJiap l5 Tara hkhh afljiaHMa 
XapaKaT KHJia^H Ba uiyHflaH cyHrrHHa HeojjHM HflpocH 
TycaTAaH a-3appa MHKapaAH. ZleMaK, KaHAafiflHp ca6a6jiapra 
Kypa Hflpo napMajiaHHuuiapHfla TyppyHJiaHHUi naflflo 6yjia/i,H.

UJyHAafl c a 6a 6 jia p A a H  6H p  HeMTacHHH KypcaTHUi M yMKHH, 

y jiap^aH  6a"b3HJiapH acocnfi xnco6jiaH aA H . y jiap  paAH oaKTH B  

napMajiaHHiiiHHHr TypjiapHHH 6ejirHJiaftflH.

K y n r H H a  xojuiapAa  napMajiaHHUi MaxcyjiH 6yjiraH HApo- 

h h h t  y3H  x a M  pa/iHoaKTHB 6yjiaAH , MyHKH y yfiFOHraH xoJiaT/ia 

XOCHJi 6yjia/iH. y h h h f  napMajiaHHUi ftyjiH y-HypjiaHHUiH Ba 

acocHft eKH n acT p o K  yftFOHraH xojiaTra yTHUiAHp. JleKHH  

<})OTOHJiap KyMjiH y 3 a p o  Ta-bCHp/ia 6yjiMaft/iH Ba 6yHAaft 

>KapaeH sjieKTpoMarHHT y 3 a p o  TaijCHp ocTH/ia c o a h p  6yjia/iH. 

B y  Ta"bCHp HHTeHCHBJlHTH KyMJlH y 3a p O  Ta"bCHpHHHr HHTeHCHB- 

jiHTHAaH 2 — 3  TapTH 6M a K a m  6yjia/iH. M a 3 K y p  TaTjCHpjiapHH  

xapaKTepjiOBMH BaKTJiap HyKTau  H a3apH /iaH  aca, xy/iflH uiy 

T a p T H ^A a , TecKapH  HHc6aT/ia  6yjiaAH . U iy  ca6a6jiu  H/ipoJiap 

y-HypjiaHHUira H H c6aT aH  k h c m b h  TypFyHJiauiraH 6yjiaflH.

Pa/i,HoaKTHB napMajiaHHUi >KapaeHH SHepruH >KHxaTH/iaH 

KeMHUIH MyMKHH 6yjlH6, JieKHH Ha KyMJIH Ba Ha SJieKTpOMarHHT 
y 3 a p o  TaiaCHpjiap X H C o 6n ra  103 6epoJiMaft/iHraH xoJiJiap/ia 

aHMa KaTTa TypFyHJiaHHiii naft/io 6yjiaflH. 3jieKTpoHJiap eKH 
no3HTpoHJiap Ba HeftTpHHO eKH aHTHHeftTpHHOJiap KaTHauia/iH- 

raH TypjiH xhji p-ajiMauiHHHiujiap yMyH KyMjiH y3apo 
Ta"bCHpHHKHflaH TaxMHHaH 10 TapTu6ra KaM 6yjiraH y3Hra xoc 

KyMCH3 y3apo TaT>CHp ypwHJiH 6yjiaflH. LLIy acoc/ia yjiap moc 

paBHUifla xapaKTepjioBMH BaKTJiap HHc6aTHra 3ra, ht̂ hh ceKHH 

yTa/iH.

Ofhp 3apH/i.TaHraH 3appajiap, ht>hh npoTOHJiap, AeftT- 
poHJiap, ajib4)a-3appajiap eKH xaTTo HHc6aTaH ornp Hflpojiap 

MHKapnui 6njiaH KeMaAHraH napMajiaHHiu wapaeHJiapH 6op. 

yjiap KyMjiH y3apo Ta"bCHp XHCo6Hra 103 6epam,  6yHAafi 
xojuiap/ia TypFyHJiauiTHpyBMH omhji CH({)aTH/ia KyjioH HTapn- 
jihuih, HtHH 3.neKTpoMarHHT y3apo Ta"bcnp KaTHauia/iH. JI/ipo
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C H p m  H K H H H A a  KyjiOH noTeHUHaji TycHFH 6yjiraH^iHrHAaH 

3apaAJiaHraH KJiaccHK HyKTan Ha3apAaH KapaJia/mraH Syjica, 

y TycHKAaH yTa oJiMaraH 6yjiap 3AH. HaTHJKa^a H/ipo TypFyH 

x,OJiAa caKJiaHapAH. M a 3K y p  m apoHTAa 3appaHHHr TycnK 

o p ac H A a H  yTa  ojihiuh TyHHejib 3(})4)eKTH HaTH>KacHAarHHa 

napMajiaHHUiHHHr hjiojkh 6yjiaflH. ByHAaft *ap ae H H H H r  

sxthm ojijihth TypjiHMa 6yjiaAH. YHHHr KHHMaTH 3appaHHHr 

Maccacnra TecKapn nponopUHOHaji 6yjiaflH. AjibcJja-napnajia- 

hhui Ba 6yjiHHHUi ^KapaeH/iapHAa Ma3Kyp MexaHH3M h k k o ji  

K y p H H a ^H .

n a p H a jia H H iu  TypFyHJiaHHiiiHHHHr KyflHAarH ca6a6jiapn 

HKKHHMH AapaJKaJIH XHCo6jiaHaAH .

S H e p r H H  a>KpajiHuiH KaHMajiHK k b m  6yjica, napMajiaHHui 

3XTHMOJiJiHrH uiyHHajiHK k h m h k  6yjiaAH . A r a p  yM H6 HH KaeTraH  

3a p p ajiap  KaTTa 6yjiM araH  k h h c t h k  SHeprHHra ara 6yjica, 

y x,ojlfl.a TypFyH 6y jiM araH  h a p o h h h t  nuiaui BaKTH * y A a  KaTTa 

6yjiHiiiH M yM KHH. TypFyHJiaHHiiiHHHr 6 y  c a 6 a 6 H  cocj) KHHeMa- 

THKaflHp.

S H e p r H H  a *p ajiH iiiH  KaM  6yjiraHfla paflHoaKTHB napnajia- 
hhui axTHMOJiJiHTH 6ouuiaHFHM  (o H a ) Ba Maxcyji H^pOJiap 

cnHHJiapnHHHr aftnpMacHra 6ofjihk  6yjiaj,H : 6 y  aftnpMa 

K3HM3JIHK K3TT3 6yjICa, SXTHMOJIJIHK UiyHMaJIHK KHHHK 

6yjiaflH. AftnpMa x,ochji 6yjiraH 3appa t o m o h h a 3 h  HHc6Hft 

op6HTajib  M OM eHT x,ojiH,na ojih6 KeTHJiaan (2.2- >KaflBaji).

2.2-* a a  b a ji

AfiyiaHniu Typw AZ Aj4 >Kapaen foapo

Tai»-
cnp
rypM

Karntj) 3TraH, 
Ky3aTran

a-napnaflanMUj -2 -4
^ + ^He 
Z-2 2

S+E 3. Pe3ep<Jx)pA, 
1899 m.

/3-afl.naHMui.nap + 1 0 — W —

-napMâ aHMiu +1 0
i * - Z+\Y + e  +Ve

W 3. Pe3epcjx)pfl, 
1889 m.

£ + -napMajiaHMui -1 0
z-\ y + e+ + ve

H. >Kojimo- 
KiopM, <t>. 
X ojiho-Kiopm, 
1934

K-K;aMpaui -1 0 A v . _ A . 
z X + e -*z_ xY + ve

W JI. A.nbBapen,
1937 h.

y-HvpjiaHHUi 0 0
z x* - z x + y

E n. Bnjijiapa, 
1900 m .
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C n o H i a H  
6vjimhmlu

z

2

A

2

.4 /1 A'y  

Z' Z-Z'

0

s+i■: K. IICTpjKaK, 

r. OjTCpOB, 

1940 (t.
1 IporOH paMHoax- 

rvmjinK

-1 -1
■4- 'y +  
Z-1 1

S+E >K. MepnM na 

6. 1970 m .

HKKM npO TO H /lH  

paflHOaKTMFiyiMK

-2 -2
A ~̂ Y +  ' / /  +  ' / /  
Z-2 1 1

s+/-: >K. MepHM Ba 

6. 1983 (1.
PaAMOaKTMDJlMK - 

hmht  mhim  i v p M
-6 -12

-14

226R a-,12c+214pb

223Ra->14c+209pb
X. Poy3 aa >K. 

>Koyne, 1972

M.

S-napHajiaHMiii -7 -12
AX ~
Z

/1-12 12 

Z-4

s+i< X. Poy3 Ba >K. 

JKoyHe, 1984

-4 -14
A.x ^
A

/1-4 14 

Z-4 c

S+H+.

2.2- m.anBaj\jia pa/iHoaKTHB afljiaHHiujiapHHHr acocnft 
TypjiapH KypcaTHJiraH. YHjia, >KyMJiaii.aH, AZ  Ba AA «chji>khuj 

KOHfla»CH, >KapaeHJiapHHHr cxeMajiH TacBHpn, VJiapHHHr 
KeHHiiiH Ba TyppyHJiaHHUiHra caSaSMH 6yjiraH y3aPO TaT>- 
CHpjiap Typn KypcaTHJiraH. S, E sa W  6ejirnjiap KyMjiH, 
3JieKTpOM3THHT Ba KyMCH3 y3apO TatCHpjiapHH H30XJiaftflH.

M a 3 Kyp >Ka/iBaji/ia HeftTpoH pa/iHoaKTHBJiHK KejiTHpnjiMa- 

raH. T a n  uiyHAaKH, Hiipojiap 3JieKTp >KHXaTjiaH HeftTpaji 

6 yjiraH HeftTpoHJiapHH c{)aK.aT KyMjiH y 3 ap o  T atC H p  x n c o ^H ra  

MHKapaiiH, x o j i o c . LLiyHHHr yMyH Hiuaui BaKTH HHc6 aTaH  

h k k h h m h  Aapa>KajiH caHajiraH OMHJiJiap XHCo6H ra opTaAH . 

HaTH>Kafla y H/ipo BaKTHra xoc 6 yjiraH BaKTra h k h h  6 yjiH6 , 

yHH yjiMauiHHHr h .t o >k h  6 yjiMaftiiH.

KDKopuiia aHTHJiraH ranJiap Ma^bJiyM iiapa>Kaiia HeftTpoH- 

T a h k h c  HiipojiapHHHr npoTOHJiap M HKapHiu >KapaeHHra xaM  

TerHiu.iHiiHp. B y  3appaJiap  3apaii.JiaHraH 6yjiHuiHra KapaM afi, 

HHc6aTaH  khmhk MaccaJiH 6yjiraHHiiaH KyjioH TycH K  opacHiiaH 

ocoHrnHa  yTaiiH. UlyHiiaft 6yjica-iia, oFHp HiipoJiap KyjioH 

TycHFHHHHr 6ajiaHiuiHrH Tyt})aftjiH 6y TycH K  xaTTO  npoTOHJiap- 

h hh t  MHKHuiHra x aM  TypFyHJiauiTHpyBMH T a t c n p  KypcaTaAH . 

/IeK H H  npoTOHJiH napMaJiaHHUi OA aTAa  Ky3aTHJiMaftiiH, MyHKH 

yHiiaH aMajiiia no3H TpoH p-napMajiaHHiu ycTyH KejiaiiH. LUy 

T a p n K a  HApo  opTHKMa npoTOHJiapAaH xojih 6yjiaAH. n p 0T0H 

paAHoaKTHBJiHK 1970 finjiAa >K- 4 e p H H  rypyxH  « y p ia M a »  

XHCo6jiaraH 27C 0 HApocH Aa  aHHKJiaHAH. Y M y M a H  ojiraHAa 

ujy TypAarH  paAHoaKTHBjiHK npOTOHJiapH yTa opTHKMa 6yjiraH 

Kam coH Aarn  <o>kh6» eHTHji HApojiapAa xaM  103 6epHiuH 

M yMKHH. LUy ca6a6jiH  xo3HprH  BaKTAa 6yHAafi HApoJiapra 

KH3HKHUI OPTH 6  KeTAH. A * h 6  HApOJiap XOCCaJiapHHH Ha3apHfi
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JKHX.aT.fl.aH T a A K H K  KHJlHllJAa (J)H3HK OJIHM H- B . 3eJlbAOBHM, 

n .  3 .  HeMHpoBCKHft Ba SouiKajiap  KaTTa xn cca  KyuiAHJiap.

A r a p  HeftTpoH-TaHKHC >Ky(})T->Ky(J)T H A p o ^a  npoTOH- 

napMajiaHHUi 3H ep rH H  SyflHHa TaiaKHKJiaHraH 6yjica, y xoji^a 

Rfl,pO HKKHTa Kyui npOTOH MHKapHUIH M yMKHH (B. H .  fojib^aH- 

CKHH, 1960 H .) . H K K H  npOTOH pa^HOaKTHBJIHKHH 1983 ftHJIfla 

BepKJia-(AK,LII)flarH Te3jiaTKH4.ua >K. 4epHH rypyxH omah. By 
napnaJiaHHUi CHHTe3JiaHraH f§Al HApojiapHHHHr p +  -napna- 

jiaHHUiHfla x o c h j i  QyjiaAHraH  yftfOHraH ? | M g  aapoJiapHAa  

Ky3aTHJIflH.

Y M y M a H  ojrraHAa azjpoJiapHHHr HeftTpoH, npoTOH , h k k h  

npoTOHJiH Ba xaTTO  h k k h  HeftTpoHJiH napM ajiaHHiujiapn 

Ky3aTHJiAH- JleKHH 6 y  >KapaeHJiap K yn 6 o c k h m j i h  6yjiH6, 

6 y H ^ a  KeMHKyBHH HyKJioHJiap ,a,e6 aTajiyBMH HyKJiOHJiap 

MHKa/jH.

a- napMajiaHHiu, p-ajiMauiHHHLu, Y-HypJiaiiHiu Ba y3-y3H- 

AaH  6yjiHHHiu paA H oaK TH B  ajiM auiHHHiujiapHHHr MyxHMpoK- 

jiapH XHCo6jiaHaAH . T a 6 n a T iia  o a a h B  uiapoHT/ia aMaJiAa 

(JjaKa-T a- napMa.aaHHui, p-napwajiaHHUi Ba y-HypjiaHHUi 

yMpafiAH- ByHfla p- Ba v-HypjiaHHUijiap ajieMeHTjiap AaBpnft 

CH CTeM acHAarH  HCTajiraH HyKJiHAJiapAa 103 6epH iuH , a-napna- 

jiaHHiu aca , acocaH  o fh p  HApojiapAa 103 6epH iun  M yMKHH. 

Jla6opaTopH5iJiapiia o jiH H a^H raH  >KyAa o fh p  3JieMeHTJiap,aaH 

a-napnaJiaHHUJ 6HJiaH 6 n p  K a r a p A a  y3-y3HAaH 6yjiHHHUi 

>KapaeHH x aM  Ky3aTHJia,a.H. Y H H H r  cajiMOFH h a p o h h h t  3ap n A H  

Ba M acca  cohh  op thujh  6HJiaH opTa 6opa/i,H.

2.10- §. P aA H au ,H H  (J)H3HKacHAarH y jm oB  6npjiHKjiapH

HoHJiauiTHpyBHH HypjiaHHUi M a H 6a H  h k h h h a 3  Typ raH  

HHCOHra T a t c H p  KHJiaAHraH p a ^ H a u H H  xaB(})HHH 6axojiaiu  

yqyH  TypjiH A 03H M eT p H K  ac6o 6jiap  MaB>Ky/j. Y jia p a a H  x a p  

6 h p h  a H H K  6 n p  (J>h3hk KaTTajiHKHH yjiHaiura xh 3m b t  KHJiaAH. 

K a H A a ft ^H p  (J)H3HK KaTTajiHKHH yjm auj ^ e r a H A a , yHAarH  

(J)h3hk KaTTajiHK 6HpjiHFH ,zje6 aTajjraH 6 n p o p  ajieM eurap 

KHCMJiap M H KA OpH H H H r  KaHHajIHFHHH 3 HHKJI3 LU TyiUyHHJiaAH. 

HoHJiaiUTHpyBM H HypjiaHHiu xoccajiapHHH yjiMaui ynyH  

KaHiiaft 6npjiHKJiap TaHJia6 ojiHHraH?

Pa^HoaKTHB MaH6aHH xapaKTepjioBHH acocnft (J)h3hk 

KaTTajiHK, y H ^ arH  BaKT 6H pjiH rH 4a  io3 6 e p a A H ra H  eMHpiJ- 

JIHUJJiap COHHAHp. B y  KaTTaJIHK aKTUBA.UK Jie6 3T3JIAH. y eKH 

6 y  M OAAaHHiir, M acajian , paAH oaKTH B  H 30T 0n H H H r  aKTHBjiHrn 

BaKT 6HpjiHrHAa (1 c a a  /jeftjiHK) eMHpHJiyBMH aTOMJiap cohh 

6HJiaH aHHKJiaHa/jH. ZleM aK , M o /m a  t o m o h h a 3 h  MHKapHJia-
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e ira H  pajjHoaKTHB 3appajrap  cohh  y h h h t  aKTHBJTHrnra TyppH 

nponopuH OHaJi 3K3H .

X a jiK a p o  SHpjiHKJiap cncTeM acH  (CH) Aa  a k T H b h k . 
6hpjihth  CH(})aTHiia 6eKKepejib ( B k , B )  ojiHHraH. 1 B k ' 

aKTHBJiHK 1 ceKyH/ifla 1 Ta eMHpHJiHiura TyFpn  KejiaAH. A m m o  

aMajiHH ,ao3HMeTpHH/ia Ba pamaixaH (pmnKacnjxa KynHHM a 

6 o u m a  6 h p j i h k — Kiopn ( K u ,  C) HiujiaTHJia/iH. K rapn : 6 n p  

6eKKepeji/iaH 3 7  MHJiJiHap/i. M ap T a  K a T T a : 1 K u = = 3 ,7 - l  °  B k . 

A k th b jih k  6hpjihth  yMyH M a3K yp  c o h h h h t  ojihhhuih 6e>KH3 

3M ac . T a n  iu y H A a kh , pa/i,HoaKTHB eMHpHjiHiu KOHyH .iapHHH  

ypraHHiu/ia  /iacTJia6KH 3JieMeiiT 6yjiraH pa/iHH-226 hhht

1 rpaM H A a  1 ceK yH /m a  xyAAH aH a  uiyHMa eMHpHJiHUi 103 

6epa /iH . Emhphjihlii Tyc})aHJiH M O /m aH H H r  pa/inoaKTHB  aTOM- 

.TapHHHHr MHK/i.opH Bak.t yTHLHH 6njiaH  KaM aH /iH . IUyHra Kypa 

moc paBHiu/ia aKTHBJiHK x aM  nacan/iH .

TypjiH pa/i,HoaKTHB M o/iAajiapAa ap n M  eMHpHJiHui /laBpn 

>KyAa Kenr opajiHK/ia ceKyHAHHHr m h.ijihoha3h  6 n p  KHCM HAaH 

t o p t h 6 , to  6 h p  HeMa MH,njiHap/i fiHjuiaprana y3rapa/iH . 

M a c a jia n , p a /m o a K T H B  H 30T0n  flo/i-131 h hh t  npHM  eMHpHJinui 

jxaBpH 8  KyHHH, ue3Hfl-137 hhkh  yTTH3 fiHjiHHi .ypaH-238 hhkh  

3ca  4 ,5  MHJiJinapA Ahjihh TauiKHJi 3Ta/LH. H /ip o  KypnjiMajiapn- 

jxa aB ap H H  103 6ep ra H  xojuiap/ia Aoa-131 Ba ue3nfl-137 H30- 

Tonjiapn 3Hr KaTTa xaB({) yflFOTa/LH. Y jiap  aTMOC(|)epara 

ocoHrHHa yTH 6, y ep/ia a3p030JiJiap xqchji k.hji3/i,h. Plojx- 

H 30T 0n n  6 n p  HeMa ofl/iaH cyHr eMHpHJiHui HaTH>KacHAa >Ky/i.a 

KaM aflu6 KeTa/i,H, u,e3Hfl-137 sca, H H c6aT aH  Kyn  My/i,/iaTraMa 

3apapjiaHTH pHUi k o 6h jihh thh h  caKJia6 KOJiaAH.

Pa/LHoaKTHBJiHK cy3H cynrrn naflTJiap/ia H epHO^HJib  A t o m  

3JieKTp0CTaHLLHHCH/ia 103 6ep ra H  (j)ajioKaT -TycjiaftjiH ra3eTa- 

>KypHaji caxH(|)ajiapHAa Ba pa/iHO-TejieBH/ieHHe suihtth- 

pHiujiapH/ia Te3-Te3 yM p a6  Typa/LHraH 6yjiH-6 kojiah. B y  

MaKOJiajiap/ia aTpo(J)-MyxHTHH paAH oaKTH B  3axapjiaH H iu , 

pa /iH auH H  jxapa>KacH, HypjiaHnui '/io3acH xaKH /ia  x a p  xhji 

paKaM Jiap  KejiTHpnjiaAH. M a c a jia H , M epHo6nJib  A 3 C  jxa 

(})ajioKaT/iaH cyHr 6a"b3H y 3 0 K  30Hajiap/ia  pa/iHoaKTHBJiHK 

coaTH ra  1 2 0 0  M HKpopeHTreH 6yjiraH. BaxoJiaH KH , hhcoh  yMyH 

70 Ahjijihk yM pH/ia  ypTaM a 35 6ap A 03a /ia H  HypjiaHHui 

xaB({)CH3 XHCo6jiaHaAH. A H a  3h/ih 6 y  HypjiaHHui (p a /L H au n a ) 

/103ajiapHHH 6hp- 6hph  6HJian KaHAaft TaKKocjiaui M yM KHH?

PaAHoaKTHBJiHKHH x a p  x h ,/i 6eKKepeji, KiopH, p e m r e H , 

pe3ept})op/i, rpeft, 3HBepT Ba 6oiuK a  6HpjiHKJiap/ia, p a /m a u H H  

KyBB3TH HH 3C3 yiUa 6HpjlHKJiapHH B3KT 6HpJlHTH (c, COaT, KVH, 

xac})Ta, ofl, A h j i) ra HHc6aTii 6HJian yjiMaHaAH. B y  6HpJiHK.nap- 

Aaii K y n p o K  (})0HAajiaHiuiaAMratuiap h h h  KejiTHpaMii3.
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nopmnaui 
MapK03udaeu Myp/raHum 

AmoM Bodopod

doMdacu KIOPM doMdacu

dup MUHymdaH . 
CQh! ►

~ 5up coamdaH i 
cyne

~ 5up HVHdQH ,j 
cQne

~ 6up x,atpmadaH » 
cyne 

~ 5up oudan 
cyne 

~ 6up uu/rdan 
cyne

70 uundaH 
cyne 

too uundaH 
cgne

10 ' 

,on

W

10

103 

10 6

10

10

io2

5up coamdaH 
CQHl

30 khh daSaMuda 
nypjianea M/iapnuHe 
50 % u  Kanox dyjiadu 

PeHmeen

_  5up Kyndan
CVHl

_  5up nacpmadan 
f w  

4 ~ oup oudaH  
cQh?

4 _  5up uundaH 
cyni

Hyp/ianuiu y/iuanu 
P63 /  uu/i

10

10

VepHodum M unm a- 
jq° Y Kocuda ftu/oSvu -

10

paduoamuB MOdda - 
nap iSunaH uu/noB - 
Hunap yvyn pyx - 
cam amumanu

nap onadueaHu

maSuamda MaSmd
MUffdOp

. tp/noopoipatpunda 
jJ2, _  * onuHadueanu

4 meneiArpoH opnanu 
Kenaduianu 

, u  coamnapdaiu 
10 — ~ epuuiadufan

nutpepinamdaeucu

woo-

150000 Qcum/juk

rooooo aMeSa

20000 yueanoK

8000-
20000

unoH

1000-
toooo Wuuopam

800-
2000 danuK, , qyu/

600-
1500

CUU^OH

700-
900 KanaMyu/

250-
600 m  auMyn

400 UHCOH

400 deneui vyv^acu

250-
400 um

350 3VKU

300•4 3U/OK

200 tfu

2. 9- pacM. PaanauHfl ao3a.iapH Ba xaB(|)CH3jiHK sxTiieTKopjinrn.

1 k v 6  camnMeTp xaBOAa 2,08-10° (c k h  1 r xaBOAa

1,61-10 2) >Ky(j)T h o h  xocHJi KHJiraH penTren (ei<H ra M M a) 

Hypjiap A 0 3 a c n  1 penreeH n,e6 aiajia/iH . 

X a p  Kanflafi HypjiaiiHiiiHHHr 1 peiiTren zi/nacHHH 6 h o j i o -

118



thk  Tai>CHpnra TeHr Ta"bCHp KypcaTyBMH MHKflopH 1 6ap eKH 

peHTreHHHHr 1 6uoaobuk aKeueaAemu ne6 arajiann.
HypjiaHHLU aapa>KacH HH  HHa pad SnpjiHKJiapHfla xaM  

yji^aHaflH. Pa,n —  HypjiaHHUiHHHr iothjihui m h k a o p h h h  

Ky pcaT aA H . 1 pa,o. HypjiaHHiu/ia MOflAa (M acajiaH , ojiaM 

T a H a )c h h h h t  x,ap 6 n p  KHJiorpamh 0 ,01  >K eKH 1 r M acca 

100  spr 9HeprHH raTaflH.

OflaTflarn XHCo6jiauuiap yMyH peHTreH, 63p, pa^ 6hpjihk- 

jiapHHH y3apo 6np xhji TeHr Ae6 Ka6yji khjihui MyMKHH: 

1 peHTreH~l 6sp ~ l  paA.

2.9- pacMAa x,ap xhji pafluoaKTHB MaH6ajiapHHHr KyBBaTH 

Ba yjiapHH t h p h k  opraHH3MJiapra TatCHpH KeJiTHpHJiraH. 

H a n ^ a r H  uiKajia^a 3tom  Ba Boflopofl 6oM6ajiapHHHHr 

nopTJiaui anHueHTpHflarn, 6wp coaT, 6np KyH Ba *OKa3 0  BaKT 

yTraHH^aH KeftHHrH paauauHH aKTHBJLHrn, yHr^arH uiKajiajia 

3ca x,aeTHMH3fla x,ap aohm  yMpa6 TypaAHraH pa^HoaKTHB 

MaH6ajiapHHHr KyBBaTH KejiTHpnjiraH. Ta6HHft paAHoaKTHB 

4)oh KOHHOTiiaH KejiaAHraH Hypjiap, TynpoK Ba pa/iHoaKTHB 

eFHHTapMHJlHK OKH6aTHflHp.

PacM fla  >K0HHB0pjiap yMyH * a M  ^ajiOKaTJiH /io3ajiap 

KejiTHpnjiraH. A r a p  khuih  KH CKa BaKTfla, aftTaftjiHK, 1 coaTAa 

4 0 0  peHTreH A03ajiH  HypjiaHHUi ojiraH 6yjica, 5 0  (})OH3 

3X.THMOJIJIHK 6HJiaH aftTHUI M yM KHHKH, y X,aeTflaH Ky3 lOMaflH. 

A r a p  HypjiaHHui A 03a c H  6 0 0  peHTreHra eTca y H ^ a H  xeM 

KaHjiaft yMH/i KOJiMaftflH.

MepHo6HJib A 3C h h  peaKTopnfla (J)ajioKaT 103 6epraHfla 
HypjiaHHLu KyBBaTH  co a ra ra  30000 peHTreHra eTAH, peaKTop

PeHTreH
napMaJiapHHHHr HypjiaHHui KyBBaTH aca 2 0 0 0  ^  - 3flH.

ByHAaH KypHHH6 TypH6flHKH, 6y >KoftAa 1,5  MHHyT 6yjiHuiHHHr 

y3H X,aM KHLUHHH XaJIOK KHJiaflH.

A 3 C  nopTJiaui ca6a6jiH aTpo(})ra Kyn MHKAop.ua y30K 

h l u o b m h , apHM Huiauj AaBpjiapH 3 0  hhji 6yjiraH CTpoH- 

Uhh-90 Ba ue3Hft-137 H30T0njiapH *aM  6op 6yjiraH paflHO- 

aKTHB MOAaajiap TapKajiflH. LUyHHHr yMyH MepHo6HJib A 3 C h  

3onacHAa 6 h p  HeMa yH HHJiJiap AaBOMHfla HHCOHJiap HiuauiH 

yHyH HopMaji uiapoHT 6yjiMaftAH.

2 . 1 1-§. T a S H H H  paAHoaKTHBjiHKHHHr nHTH TypjiapH

A .  BeKKepeji ypaH Ty3JiapHHH TeKuinpa TypH6, paAHo- 

aKTHB napMajiaHHUi xoflHcacHHH Kaui(}) 3TraH BaKTAaH KeftHH 

103 HHJIM3 flaBp yTH 6, (})H3HK OJlHMJiap Ta6HHH pa/lHO- 

aKTHBJiHKHHHr hhth TypHHH —  H^poJiap y3-y3HflaH a-3appa-
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jiapaaH xaM oFHppoK SyjiaKJiapHHH MHKapnd napnaJiaHHUiHHH 
aHHiwiaAHJiap. Okc(J)opa yHHBepcHTeTH ( A K U J )  Aa X . Poy3 
Ba )K .  )KoyHCJiap yTK a3raH  Ta>KpH6ajiapAa ypaH-235 h hh t  

napMajiaHHiii Maxcyjuiapn opacHaa l4C  HApoJiapH 6opjwrH 
KaiiA kh jihhah . ByHra K a ^ a p  pa/iHH-235 h ap o c h  a- 3appa  

4HKapH6 , 2l9Rn ra afijiaHHiiiH 6H3ra MatJiyM 3ah. Te3 KyHAa 
6y Kaui(})HeT 6ouiKa hjimhh jia6opaTopHHJiapfla yTKa3HJiraH 

Ta> KpH6aAa  TacAHKJiaHAH. IU y H A a H  khjih6 , T a 6 n a T A a  paAHO- 

aKTHB napMajiaHHUiHHHr HHa 6np TypH 6opjiHrH aHHKJiaHAH. 

B H 3 r a  Mai>JiyM 6yjiraH  a- Ba p-napMajiaHHiura moc xoji^a  6 y  

napM ajiaHHUiHH f-napMajiaHHiu (HHrjiH3Ma fr a g m e n t  —  (})par- 
MeHT, 6yjiaK cy3HAaH ojiHHraH) Ae6 aTafiMH3.

Ta6HHfi xojiAa paAHoaKTHB napnajiaHHiUHHHr «MaH 

3THJiraH» Typn KaHAafi khjih6 aMaJira oiuah? AeraH caBOJi 

TyFHJiaAH. Yhhht touhjihuih KyTHJiMaraH xojimhah §kh 
Ta>KpH6a TexHHKacHHHHr pHBo>KJiaHHUiH Ba a-napMajiaHHiu 
x a M A a  y3-y3HAaH 6yjiHHHui o p acH A a  n a p H ajiaH H m  6yjiHUiH 

MyMKHHJlHTH XaKHAaTH yfijiap Ba TaXMHHJiap HaTHJKaCHMH?

H A p o A a r H  HefiTpoHJiap Ba npoTOHJiap coHJiapHHHHr  

O A aT A arn  M yH oca6aTJiapH  6 n p o 3  y 3 r a p ra H A a  HefiTpoH (eKH  

npo TOH ) h h h t  6oFjiaHHiu 3HeprHHCH KaMafica-aa, jickhh  

HyKJioHJiap H A p o A aH  m hk h6  KeTaAH raH  A apa> KaA a  6yjiMaftAH. 

By x,ojiAa KyMCH3 y 3 a p o  T a t c n p  KyMjiapn X H C o 6n ra  (J>aKaT 

HefiTpoHHHHr npoTOH ra  (Ba  aKCH H M a) H H c 6a T a H  ceKHH  

afijiaHHuiH M yM KHH  6yjin6 KOJiaAH. X y /W H  a H a  uiyjiap 

p-napMaJiaHHiura c a 6 a 6  6yjiH6, paAH oaKTH B  h a p o h h h t  Ma3- 

Kyp napM aJiaHHiura H H c 6a T a H  aHMa KaTTa Hiuaui b 3 K t h h h  

6ejirHJia6 6ep a A H .

PaAHoaKTHB eMHpHJiHiuHHHr 6ouiKa TypjiapH KyMjiH 

(hapobhh) Ba KyJioH y3apo TaiiCHpjiapH kom 6hh3Uhhch 

XHco6nra 103 6epa/m . Ky^ioH Ba HApo KyMjiapn KyncH3 y3apo 

Ta*bCHp KyMjiapnflaH 6np  Hena TapTH6ra KaTTa. UJyHHHr ywyH 

y3-y3HAaH 6yjiHHHiu Ba a-napMajiaHHUi axTHMOJiJiHKJiapHHHHr 

HHc6aTaH KHMHKJiHrnra c a 6 a 6  hapohhht TycaTAaH hkkht3 

Myc6aT 3apHAJiaHraH 6yjiaKKa a*pajiHUiAaH  «caKJioBMH» 

noTeHUHaji SHeprHHBHH TycHKHH yTHiu 3apypHHTHAHp. Bnpop  

OFHp HAPOHHHT 6oFJiaHHUI SHeprHHCH E6 yHHHT HKKHT3 HHrH 

6yjiaKKa (yjiapAaH 6hph  ajib(})a-3appa eKH SyjiHHHiu napMacw 

6yjiHiuH MyMKHH) napMajiaHraHAarn Maxcyji HApojiapHHHHr 

SoFJiaHHUI 3HepTHHJiapH HHFHHAHCHAaH khmhk, ht>hh 

E6< .E (6[)-\-Ê ] 6yjica, y xojiAa uiy hapohhht Ma3Kyp

napnajiaH H U ira  H H c6aT aH  6eK apopjiH rn  By>KyAra k c j ia h  

A efiHJiaAH. O p T H K M a  KyJiOH HTapnjiHUiH nafiAo 6yjiraH  o f h p
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Hflpo y3HA3H 6 hTT3 eKH HKKHT3 npOTOH MHK,apa OJlMaftflH. 

4yHKH npoTOHJiap HApo^a HHcSaTaH KaTTa 6oFjiaHHiu.aa 

6yjia,n,H. JleKHH yHHHr ywyH KaTTa 6oFjiaHHUi 3HeprHHCHra ara 

6yjiraH h k k h  npoTOH Ba h k k h  HeHTpoHflaH H6opaT KyJiaftrHHa 

CHCTeMa a-3appa HHKapHUi eKH MatJiyM coHflarH HeftTpoHJiap 

Ba npoTOHJiapAaH Ty3HJiraH h k k h t 3 6apKapop Hflpora 

6yjiHHHUi aHeprHH >KHxaTHflaH Ma"bKyji.zi,Hp.

lOKopHAa Kypn6 yTraHHMH3fleK, arap 3appa 3HeprHHCH 

6npop TycHK 6ajiaHflJiHrHflaH khmhk 6yjica, my 3appaHHHr 

TycHKAaH yTHUiH KJiaccHK MexaHHKa HyKTan Ha3apHAaH 

KaT"bHHH MaH 3THJiaflH. ByHflaft xojuiapaa MHKpoayHefla 

ypHHJiH 6yjiraH KBaHT MexaHHKacn KOHyHJiapn 3appajiapH H H r  

noTeHUHaji TycHKflaH «ch3h6» yTHUiHra ftyji KynflH. By xo^Hca 

«TyHHejib 3({)(})eKT» homhhh ojiraH. 3appaJiapHHHr noTeHUHaji 

TycHKflaH 6yHflaft yTHiun 6ouiKa KBaHT MexaHHKa 3(j)({)eKTJia- 

pn Ka6n 3XTHMOJIJIH >KapaeHflHp. By sxthmojijihk 3appa 

MaccacH Ba TycHK 6ajiaHfljiHrH 6njiaH 3appa SHeprHHCH 

opacHflarH (})apK opthuih 6HJiaH KecKHH KaMaHAH. Ky-noH 

TycHFH ynyH Z\- Ba Z2 3appa KaHMajiHK khhhk 6yjica, 6y 

3XTHMOJIJIHK UiyHMaJlHK K3TT3 6yJiaflH. Arap 3TOM HflpOCH Z\ 
Ba Z 2 3apnflJiH HKKHTa 3appara napHajiaHHiura HHc6aTaH 

6eKapop 6yjica, htjhh napMajiaHHUi aHeprHHCH ae6 aTajiyBHH 

E f= E ^ ] +  E {62) —  E 6 KaTTajiHK Myc6aT 6yjica, y xojma KyJioH

TycHFH HflpoHH napHajiaHHixiAaH (})aKaT KaHflaftflHp x BaKT 

AaBOMHflarHHa caKJia6 Typa ojiaflH. By BaKT 6H3ra M atJiyM  

6yjiraH paflHoaKTHB hapohhht Hiuaui BaKTHflHp.

^ A p o H H H r  /-napHajiaHHUiH m ym khhm h?  E a m o p a T  khjihui 

s a  (|)apa3Jiap. OK Ct^opAA arH  T a * p H 6 a  TyraJiJiaHraH BaKT 

1984 ftHJira kcjih6, paflHoaKTHBJiHKHHHr napMajiaHHUU Max- 

CyJIJiapHHHHT KyJlOH nOTeHUHaJI TyCHFHAaH  «TyHHeJIb» yTHUIH- 

ra 6o fjih k  6yjiraH hkkh  acocHH Typn  M a^JiyM  3flH. 

Byjiap 6H 3ra  Mâ bJiyM 6yjiraH ajib^a-napnajiaHHUi Ba 

y3-y3HAaH 6yjiHHHuiflHp. B hp hh m h  xoJifla noTeHUHaji TycH K  

ajib(})a-3appaHHHr Maxcyji h a p o h h h t  KyJioH MaftAOHH 6njiaH 

y3apo TaijCHpH HaTHJKacHfla, h k k h h h h  xojiAa aca, h a p o h h h f  

6yjiHHHUi JKapaeHH/ia ,ae4>opMau.HHJiaHHm ca6a6jiH  H A po  Ba 

KyJioH KyqjiapHHHHr k o m 6 h h 3 U h h c h  HaTHJKacHAa naftAO 

6y jiaA « .

HKKajia *ap ae H H H H r  yxuiauuiHrH yjiapHH ofhp anpojiap 

M accacH  Ba 3apnflHHH ftyKOTHui MexaHH3MHHHHr TypjiHMa 

KypHHHuiH ae6  Kapam ra  yHflaitnH. ByHflaft TaxMHH H. Bop 

Ba >K- ynjiepjiap TOMOHHAaH (1939 ft.) btom h a p o c h h h h f  

6 yjiHHHUiH ypraHHJiaeTraH /iacTJia6KH flaBpjiapaa HJirapn
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cypnJiraH sa h . JIc k h h  ajib<})a-napHaJiaHHiuHH >Kyfla acHMMeT- 

P h k  6yjiHHHiu ne6  K .apa.iaaHraH  b h h k  H a3a p H H  TaflKHKOT/iap 

Ba reJiHH RnpocHflaH o fh p , bm m o 6y jiH H H m  M axcyjuiapH  ( 4 <  

<>4 < 8 0 )  flaH eHrHJi SyjiraH 3ap p ajiap H H  H H K a p n m  6HJiaH 

y T a ^H ra H  op a/iH K  napHajiaHH ui TypjiapHHHHr sxthm ojijihfhhh  

6a x o .n a m  KeHHHrH HHJiJiapflarHHa aMaJira ouihphjiah.

Atom oFHpjiHTH 4 flaH KaTTa 6yjiraH ( A > 4 )  H/ipojiap 

h h k h u ih  6HJiaH yTa^HraH eMHpnjiHiujiap MaB*yfljiHrH 

xaKHflarH TaxMHH 1966 HHJiAaeK HJirapH cypHJiraH 3flH. YpaH  

MHHepajuiapHfla opTHKHa HeoH Ba aproH H30T0njiapH 6odjih- 

thhh  TyujyHTHpnui yHyH Ta6HaTj,a y p a H  Hflpojiapn 21 Ne, Ne, 
28Ar, 40Ar Ba 6ouiKa eurHJi napojiap HHKapHiu ftyjiH 6HJiaH 

acHMMeTpHK 6yjiHHaflH ae6, (})apa3 k h jihhah . CyHrpa 235U  

h h h t  uiyHflaft 6yjiHHHUi Typn ynyH  apHM napnajiaHHUi jj,aBpn 

OJiflHHflaH 6auiopaT kh jihhah . By aaBp 10" — 1014 h. ra TeHr 

6yjiH6, ajib<})a-eMHpHJiHUira HHc6aTaH 10- 2 — 10-5  ra TeHr

3XTHMOJIJlHKKa MOC KejiaflH. X o 3H p T H  3 3M O H  Ta>KpH6aCH 

6yHAaii 3Xthm ojijihk yHyH >Kyaa k h h h k  KaTTajiHK —  10-9  flaH 

K aT fa  6y jiM araH  coh h h  6epaflH.

Pa^HoaKTHB  H^pojiap HHH^a uiyHflafijiapHHH TonHiu 

MyMKHHKH, yjiap ynyH Ha(j)aKaT a-3appa, 6ajiKH 6ouiKa aHHa 

6apKapop  6yjiraH eHTHJi Hflpojiap (MacajiaH, yrjiepoa, a30T Ba 

khcjiopoa) h h kk 3h xojuiapfla xaM  3HeprHH *HxaTflaH  

E 6oFj.=f t a M + ^ 60Fj, YPHHJIH 6yjiaflH. A r a p  ofhp napo uiy aapo 

HyKJiOHJiapHflaH Ty3HJiraH ajib(})a-3appaHH HHKapca, yH^a  yn 

eKH TypT ajib(})a-3appaflaH H6opaT uiyHra yxuiaui Ty3HJiMa 

H^poAa xochji 6yjiHuiHHH HHKop khjih6 6yjiMaHAH. By 
Ty3HjiMa yrjiepofl-12 §kh KHCJiopofl-16 HflpoJiapHflaH H6opaT 

6yjiHuiH MyMKHH. i^eMaK, paflHoaKTHB OHJiajiapaa 6np Hena 

KeTMa-KeT ajib^a-napnajiaHHUijiap 3aH>KHpH 6yjiraH xojifla 

rejiHHflaH oFHppoK 6yjiraH aapojiapHH HHKapn6 yTa^nraH  

KaMHHJi napnajiaHHiu xojuiapHHH Ta>KpH6aaa  aHHKJiauira 

xapaKaT  khjihlu MyMKHH. M acajiaH , Ta6HHH, ypaH-paflHH 

paflHoaKTHB oHjiacHflarn ( A = 4 «  +  2) paflnoaKTHB 226R a  

HflpocH 6apKapop  2l4Pb HApocnra afijiaHryHHa KeTMa-KeT 3  Ta 

ajib(})a-3appa HHKapH6 y3yHAaH-y3yH ^ R a ^ ^ R n ^ ^ P o 2*- 

2l4Pb flyjiHH yTaflH. ByH HHrypH Hra  y 6np MapTa 12C  HHKapHiu 

fiyjiH 6HJiaH uiy *a p a e H H H  yTHUiH MyMKHH: 226R a- vl2C  +  

+  2l4Pb.
70- HHjuiapAa TypjiH TaAKHKOTHHJiap uiy Ba uiyHra 

yxuiarn napnaJiaHHUi sxthm ojijihfhhh  6axoJiaflHJiap, uiy- 

H H H r^eK , ^TKa3HJiHuiH M yM KHH  6yjiraH  T a * p H 6 a j ia p H H  T 3b c h h  

STflHjiap. 3hah MaT>JiyMKH lOTyK X. Poy3 Ba )K. )KoyHCJiapra
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H a c n S  3t /ih . P a A H o a K T H B  aKTHHoypaH OHJiacH  (/l=4n +  3) ra 

M a H c y S  S y jir a H  227A c  p aA H O H y K JiH A JiH  M a H 6 a  e p A a M H A a  

y T K a 3 H Jir a H  h k k h  y 3 y H  c e p n H A a r n  T a > K p H 6 a A a H  c y H r  y jiap  

jF-napMaJiaHHiiiHH k s l l i 3 T A H J i a p .  A m m o  h h t h  xhji napnaJia-  

h h u i M a x c y jiH  l2C 6yjiM aft, 6a jiK H  y H A a H  oF H ppo K  l4C h a p o c h  

6y jiA H  (2.10- p a c M ) .

F-napwajiaHHiUHHHr Kaui()) s t h j i h h i h . P o y 3  Ba >KoyHCJiap 

Ta>KpH6ajiapHHHHr 6hp hhm h  cep H H cnAa  223Ra AaH  l4C hapoch

H H K K 3H  8  Ta , HKKHHHH CepHHCHAa 1 1 Ta XOAHCa KaftA 3THJIAH. 

BaKT 6hpjihth  h h h a 3  M a H 6 a A a H  H H KaeTrah  a- 3appajiap  

coh h hh  6HJiraH xoJiAa TaAKHKOTHHJiap Ra —  223 A aH  H H K K an  

xap 10 Ta ajibc})a-3appara 8,5±2,5 Ta l4C h ap o ch  TyppH Kejiap 

3K3H  A e 6  xyjioca HHKapAHJiap . BouJKana aftTraHAa, 1 MjipA- 

a- 3ap para  T axM H H aH  6 h t t 8  l4C ^A p ocH  HHKapHJiap 3K3H . By

2. 10- paCM. y 3 0 K RUIOBMH 23S£/ paAHOHyKJlHilHiiaH 

6 o w j ia H y B 4 H  t 3 6 h h h  paiinoaKTHB aKTHHoypaH OHJiacH. I l a p M a -  

jiaHHUiHHHr acocHH fiyjiH CTpejiKajiap SHJiaH KypcaTHJiraH. 

PajiHoaKTHB OHJia iieraHiia reHeTHK OorjiaHraii paiiHOHyKJiHii- 

jiap KaTopH TyuiyHHJiaiiH. YHiiarH paiiHOHyKJiHAJiap a- eKH 
p- napMaJiaHHiu oKHSaTHiia Bywyiira KeJiaiiH. X a p  6 np OHJia 3Hr 

K a n a  HpHM napMaJiaHHiu iiaBpjiapn «aBJiOA6 ouuioBMH» HyK- 

jiHAra 3ra 6 y j ia f lH  Ba TypryH HyKJiHiira yxuiafiiiH. OnjiaiiarH 

HyKJiHiiJiapHHHr A  Macca cohh 6 u p  xhji (p- napMaJiaHHUi) eKH 

4  ra  K a p p a J iH  (a- n a p n a j ia H H iu )  6 yjihluh M yM K H H . A r a p  

KaTopHHHr 6 apMa a"b30Jiapn ywyH A  4  ra ko .iahkch3 fiyjinnca, 

y xojiiia 4  n (n —  6 yTyH coh) paAHoaKTHB oHJiara sra 

6 y j iH H a A H . A r a p  kojiahk /, 2  eKH  3  r a  T e H r 6 y j ic a ,  y  xojijw moc 

paBiiuiiia ( 4 n 1) ,  ( 4 n - | - 2 ) ,  ( 4 n - ) - 3 )  onjiajiapra sra 6 y j ia -  

mh3 . P acM aarH  aKTHHoypaH OHJiacHaa A —  4n  +  3 . LLIyHHHriieK, 

232T h (4 n ),  238 («-(- 2 ) OHjiajiapH x a M  MatjiyM. P a c M A a  

H y K T a j iH  m h 3 h k  6 u J iaH  H K H H iia  T o n H J ira H  n a p M a j ia H H u iH H H r  l1C  

H iip o j ia p H H H  M H K a p H U i 6H J iaH  y T a i in r a H  h h t h  T y p n  K y p c a -  

T ii j ir a ii .  y  o H - ia H H u r  M a c c a  K O H yH H H H  « 6 y 3 a a n » ,  m v h k h  Ra  

iiHiir n a p M a j ia H H iu H A a  T a 6 u a T i i a  iiy K O J ira H  Np(4n-\- 

+  l ) o n j i a c n r a  M a n c y f i  6 y j i r a n  'm Pb  H iip o c n  x o c h j i  6 y j iH u iH
M V M KH H .
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moc muujaui cxenacu

E-&E

2. 1 1- p a c M .  H K K H T a  K p e M - 
HHH X H C O ^ J ia rH M fla H  H f io p a T  

T e J ie cK o n H K  T H 3H M  e p a a M H iia  

(AE —E) h h  y jm a rn  c x e M a c H . 
ByHiia 3 a p p a H H  lo n K a  K p e M - 

h h h  K a T J ia M H iia H  y T H iu H iia rH  

H 0 H H 3 3 U H 0 H  H yKO THUJ, E 3Ca 

3 a p « A J ia H r a H  3 a p p a H H  T y j ia  

T y x T a T H 6  K 0 J iH W H ra * ia  cap (})- 

jiaHraH 3HeprHH.

x,oji f-napMajiaHHiu x,OAHcacH Ta>KpH0ajiapAa iuy BaKTrana  

Ky3aTHJ7MaraHJiHrHHHHr c a 6a 6 jia p H A a H  Sn p H A H p .

B y H ra  6o u iK a  c a 6 a 6  k h h h h  Ta>KpH6a M acajiacHH HHr x,a;i 

6yjiHiuHra 6o fjihk  3A h : myjxa Kyn a- 3appajiap  o p ac H A a H  l4C  

M HKKaH  KaM  coH AarH  x,OAHcajiapHH a>KpaTa 6HJIHUirHHa 3M aC , 

6aJiKH hkkh  xhji xoA H cara  TerniujiH 6Hp- 6Hpnra >Ky^a yxuiarn 

HMnyjibCJiapHH (j)apK KHJia 6hjihui jio3hm sah .

Ajib(})a-3appajiapHH Ba a-rypyxJiapHH yrjiepo/i HApojiapH-  

A 3 H  a>KpaTHLU yqyH  HKKHTa HpHM  yTKa3rHMJIH KpeM HHH  

XHCo6jiarHMAaH H6op aT  TejiecKon th 3h m h  6yjiraH (AE —  E) 
yjiMaui T e xH H K a c H ^a H  (jjoH^ajiaHHjiAH (2.11- p a c M ) . X n c o 6jia- 

THMJiapAaH 6h p h  >Kyaa ionKa KpeM HHH njiacTHHKa (riJieHKa) 

jxaw H 6op aT  6yjin6 , 3 a p p a  yHflaH yTaeTraHjja KpeM HHH  

aTOMJiapHHHHF HOHJiaHHUI XHCO^HTa y3 SHeprHHCHHHHr  

K a H ^ a H A H p  03  KHCMH A  E HH HyKOTaflH. A  E K3TT3JIHK  

3a p p a H H H T  HOHJiaLUTHpHUI K 06HJIHHTHHH H(j)OAaJiaHAH. y  3ap- 

p a h h h t  3apHflH KaHMajiHK KaTTa Ba Te3JiHrn KaHMajiHK khmhk 

6yjica, iuyHMajiHK KaTTa 6yjiaflH. 3 a p p a H H H r  KOJiraH E —  AE 
KHHeTHK 3HeprHHCH HKKHHMH XHCo6jiarHMAa K a H A  KHJlHHailH 

Ba 3 a p p a  6yTyHJiaH TyxTaftflH. B y  XHCo6jiarHM KajiH HpoK  

KpeMHHft KaTjiaM HAaH  TaftepjiaHraH o /u h h  KpeMHHft aeTeKTO- 

pHflHp. y  H A PO  (j)H3HKaCHfla KeHT KyJIJiaHHJiaAH. HKKaJia  

XHCo6jiarHM moc TyuiHUijiapH cxeM acn ra  yjiaHraH 6yjiaAH.

LLIyH/iaft khjih6 , Ma3Kyp th3hm yunaH yTaeTraH 3appaHH 

«TeKiuHpaAH» Ba xap 6hp xo^Hca yMyH 3appa 3HeprHHCH Ba 
HOHJiaiUTHpHUJ K06HJIHHTHHH aHHKJiaftflH. A  E Ba E KaTTa- 

JiHKJiap 6HprajiHKAa 3appaHHHr KaHAaftjiHTH xaM.o,a yHHHr 
3apHflH Ba SHeprHHCH xaKHfla MatJiyMOT 6epaAH. Ta>Kpn6a 

HaTH>KaJiapH ojiaTjxa (AE — E) AHarpaMMacn KypHHHiuHAa 
6epHJiajjH. yHfla TypjiH (A, Z) Ba SHeprHHJiH aapojiap MHKKaH 
xoAHcajiap KaT"bHft 3hhk ypHHJiap^a TacBHpjiaHaaH. Kyn 
cohjih ajib(})a-3appaJiapHHHr KyuiHJiMacn Ba yrjiepoa Hflpojia- 

pn MHKKaH xoAHcajiap Poy3 Ba >KoyHC Ta>KpH6ajiapHAa 
AHarpaMMajiapHHHr TypjiH >KoftjiapHra TyiuaAH. LLIy acoc/ia 
yjiap OJiraH HaTHHtahh hhth pa/LHoaKTHB napHaJiaHHUiHHiir
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hhth  TypH 223Ra—>-14C-)- 209Pb
HHHT AaCTJiaSKH Ky3aTHJIHLUH

ne6 hujohh SHJiaH KapajiAH 
(2.12- pacM).

T a 0 H H H  paflHOaKTHBJIHK- 

HHHT HHTH TypH OMHJiraHH- 

h h  X . P o y 3  Ba >K. >KoyHCJiap 

3"bJiOH KHJiHmraH-napHAaH cyHr 

(1 9 8 4  h h j i ) Kyn yTMaft y Tac- 

AHKJiaHflH. B y  x,aKAarH h h t h  

Ta * p H 6 a  19 85  HHJi^a A p ro H

MHJIJIHH J ia 60 p a T 0p H H C H

(AK,LU)iia yTKa3HJiiiH. ByH^a 
223Ra hhht napMajiaHHiu cohh- 
hh 6 cyTKa AaBOMH^a caHaui 

HaTH>KacHAa 14C MHKapHJiraH 
2 4  ra xoflHca Kahr 3thjiah. B y  

Ta>KpH6afla aB BaJirncnA aH  

4>apKJiH yjiapoK 227Ac ypHHra 

227Th (T /̂2=  19 cyTKa) MaH- 

6an HiujiaTHJiAH. y  227Ac^- 

227Th2^223Ra 3aH>KHpHHHr yp- 

TacHra >KOHJiauiraH.
H h th  MeTOflHKa aco c H ^a  

aBBajirn 223Ra aaH l4C hh

100

80
60
40

20
0

A E Hucd. dup/i

26 28 30

2. 12- p a c M .  P o y 3  Ba  >Ko- 

yH C  T a > K p H 6 a c H j ia rH  (A£ — 

—  E) —  TaXJIHJI H 3T H >K aJ iapH . 

K ,y u i M H 3H K o p a c H ^ a r H  y r j i e p o a  
H A p O J iap H  4 H K K 3 H  X O A H C a j ia p  

y n y H  p y x c a T  aT H J iraH  SH e p rH H  

c o x a c H H H  T a c B H p j ia iif lH .  Ra- 
h h h t  12C  Ba  14C  M H K a p H 6  f —  
n a p i a j ia H H iu  y q y H  K y T H J ira H  

s n e p rH H J ia p  k h h m 3 t h  C T peJiKa - 

J ia p  o p K a j iH  K y p c a T H J ira H .  

r ia c T K H  a f i j ia H a r a  a -  3 a p p a j ia p  
H M n y , ib C J ia p H H H  T y p T  K a p p a j iH  

K a H A  3TH JiraH JIH TH , lO KOpHTHCH 
3 ca , M O M a K a j i f lH p o K  B a K T H jia  
âftii, KH.iHHraH x,oiiHcaHH 

K y p c a T a A H .  R y j i K a i i a r H  1 1 Ta 
H y K T a  y 3 0 K  B 3 K T  3 K C n o 3 H U H H  
KHJIHH I H a T H JK aC H A a  K y33T H J I - 
r a n  l4C  M H K a p n 6  6 y j iH H H iu  

XO iiH ca-Tap H .

MHKHLHHHHTHHa TaCflHKJia6

KOJiMaii, MyajuiH4>Jiap HHa h k k h  xhji paAH oaKTH B  napMajia- 

h h u i :

2Ra- 4C +  208Pb Ba 224R a ^ 14C +  2l0Pb

Kaill^) 3THUlflH.

P o y 3  Ba >KoyHCJiapHHHr TeKLiiHpHuiJiapH HaTH>KacH 6 n p  

HeMTa Ta>KpH6ajiapAa TacflHKJiaHraHflaH cyHr, yHHHr s x t h -

MOJlJIHTHHHHr KH HM 3TH  XaM  K3T"bHH K3TT3JIHK 6HJiaH 6epHJia-

AH raH  6yji,o,H: y a-eMHpHJiHiura H H c6aTaH  10-9 hh TauiKHJi 

3Ta/l,H.

3 h a h  oJiHMjiap /-napMajiaHHLUHHHr hhth  TypjiapHHH, 

>KyMJiaAaH 14C j\a\\ xaM o fH p p o K  MaxcyjuiapHH MHKapaflHraH 

napHaJiaHHLUjiapHH TaflKHK STHLura kh p h u ih 6  KeTflHJiap. 

Xo3HprH KyHra KejiH6 HeoH HflpojiapH MHKaflHraH 231Pa, 232U 
Ba 23 U h hh t  napM ajiaH HuuiapH  tohhji/lh. 3 k h h  KeJia>KaKfla 

uiy Ka6H  Ta>KpH6ajiap HHa x aM  KynaftHuiH M yMKHH. LLIy 
ca6a6iiaH  3HflHJLHKfla TypjiH HiipojLap ynyH  /-napMajiaHHiu
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3x,THM0JiJiHrHHHHr KaTTa.nHrHHH ojiflHHAan aflTa S h j ih iu  

M acajiacH M yxH M  M acajiaAHp.

F-napwajiaHHiu M exaH H 3M H . flapMajiaHHiiiHHHr h h t h  Typn 

/-napMajiaHHLHHH b chm M eTp nk  6yjiHHHiiiHHHr 6 h p  Typn iie6 

KypHJiaAHraH TacaBBypiiaH  cftapKJiH yjiapoK, 6 h 3  yhh  a-nap- 

4ajiaHHiu Ba y3-y3H/iaH 6yjiHHHLU ypT acH AarH  6 n p  xo.TaT 

CHt{)aTH/ia K a p a H M H 3 . B y H A a  6 h 3  M a3K y p  >KapaeHJiap Mexa- 

HH3M JiapHAaH ce3HJiapjiH npHHUHiiHaji 4>apKJiap 6 o p j i h t h h h  

H a 3 a p A a  TyTAHK.

A r a p  y3-y3HijaH 6yjiHHHLu >KapaeHH KaTTa aMnjiHTy/iajiH 

KOJiJieKTHB x a p a K a T  xoccajiapH  6H .iaH  6ejirHjiaHca, a-napna- 

jiaHHiu aca, napMajiaHyBMH a a p o A a  TypT HyKjioHJiH th- 

3HM JiapHHHr xochji 6yjiHiuHra Ba yjiapHHHr Maxcyji H/ipo 

MafliioHHiia hxjiht xoji/ia xapaKaT»aaHH iuHra 6ofjihk . ByjiH- 

HHiiiAa napM ajiapHHHr xochji 6yjiHiiiH H/ipo ite(})opMauHHCH 

H3TH>KaCHAHp, TypT HyKJIOHJIH TH3HMJiap 3Ca, HApO CHpTH 

H KH H H Aa  3HT K3TT3 3\TH MOJIJIHK 6HJiaH XOCHJI 6yJiaiJH Ba yHH 

y p a 6  Typ raH  KyJiOH TycHFH TatcH p H iia  y u u ia 6  TypHJiaiiH. A H a  

m y  aflTHJiraH (j)HKpjiap acocHiia opajiHK >KapaeH /-napMajia- 

HHLUHH TyiUyH H6 OJIHUI M yMKHH.

T a * p H 6 a  HaTH>KajiapHHH y3-y3HiiaH 6yjiHHHLU napnaJiapn  

M accajiapH H H H r T a K C H m o t h  6yflHMa 3KCTpanoJiHUHH KHJiHinra 

acocjiaHraH  OimHfi 6a xo Jia m  uiyHH Ky p caT aA H K H , M accacn  

/-napMajiaHHiu 6yjiaKJiapHHHHr M acc a c n ra  h k h h  6yjiraH 

napM ajiap  M H K A op u  Ta>Kpn6aiiarH KHHMaTJiapiiaH aHMa K a m 

3K3H . B y  Ta6HHfl x o j i a h p , Myh k h  223R a  h h h t  napM ajiaHHUiHAa 

14C x o c h j i  6yjiHuiH yMyH h a p o h h  Ty6iiaH KaflTa y3rapTHpH Ui 

j io3 h m  6yjiMaflAH. A r a p  /-napMaJiaHHuiHH a-napMajiaHHUi 

HyKTan  H a3apniiaH  TyuiyHTHpHJiaiiHraH 6yjica, y xojiiia paAHfl 

HApojiapHAa  6 h 3  K y 3aTraH A eK , KaTTa axTHMOJiJiHKAa 14 HyK- 

JI0HA3H H 6 o p aT  HyKJIOH aCCOUHaUHHCH (14C) M3B>KyA 

6yjiHUUiHrHHH Ky3 ojiAHra KejiTHpuui k h A h h . /Je M a K , /-napMa- 

JiaHHLHHHHr XOCHJl 6yjIHUI M e xaH H 3M H A a  KOJlJieKTHB X a p a K a T  

POJIHHH Tyjia HHKOp 3THLU M yM KHH 3MaC. PaAHOaKTHBJlHKHHHT 

HHTH TypHHH TyLUyHTHpHLUAa HApO CHpTHTa HKHH COXaAaTH 

HyKJioHJiapHHHr (})aKaT 6H p  KH CM nrH Ha  * a j i 6  3TraH  *a p a -  

eHJiapHH H a 3 a p A a  TyTHLu ypHHJiHAHp.

ByHAafl >KapaeHJiap HApo  c h p t h h h h t  T e 6p aH H u u ia p H A a H  

H 6o p aT . H a p o  peaK UH H jiapH A a  6yHAafi Te6paHHLUJiapHHHr 

nafiAO 6yjiHuiH rHraHT pe30HaHCJiapHH B yw yiira  KeJiTHpaAH. 

T H raH T  p e30H aH C  A e raH A a , 3appaJiap  iothjihui sxthmojijihfh- 

h hh t  3H ep rH H ra  6oFJiHKJiHrHAarH KeHr MaKCHM yM Jiap TyujyHH- 

jiaAH. AcocHfi xoJiaTAa yfiFOHM araH HApo  x aM  AaBpnfi 

Te6paHHUiJiap kh ji3ah . Byjiap  k b b ht M exaH H KacnijaH  MaiwiyM
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SyjiraH h o j ih h m h  TeSpaHHUJJiapAHp. A r a p  h o j ih h m h  Te6paHHLU 

>KapaeHHAa h a p o  h o k c h m o h  maKJiHH ojica, y xojiAa dyjiaK Ba 

k o j i a h k  HApo  x o c h j i  SyjiHuiH M yM KHH. Y jiap  K a H A aH A H p  

BaKTraM a KyJiOH T y c n f h  T a tC H p H A a  a- napMajiaHHUiAarH KaSn  

yuijia6 TypHJia/XH. Byua.afi «napM ajiaH H Ui» xoJiaTHra ( k o h 4»h - 

ry p a u H H ) yTHiu 3 x,t h m o j i j i h f h h h  a h h k j i a lu yMyH Te6paHHUi 

aM njiHTyAacHHH S h j ih u i  KepaK. W yH KH uiy TeSpaHHixi HaTHJKa- 

C H ^a  H ^ p o  AenpjiH c(J)epHK uiaKJi/iaH napMajiaHHUi xojiaTHHHHr 

MaKCHMaji LuaKJiHraHa Ae(J>opMauHHjiaHaflH.

JOKopH /ia  aHTHjiraH (j)HKpjiapAaH KyHHaarHJiap  kcjih6 

MHKa/jH. H a p o h h h t  /-napMajiaHHiura HHcfiaTaH Hiuaiu b 3 k t h  

HKKHT3 OMHJI napMajiaHHUJ XOJiaTHHHHT 3XTHM0JIJIHrH Ba 

noTeHUHaji TycH KHH Hr cHHr/iHpyBMaHJiHrH 6HJiaH aHHKJiaHa- 

Ah. T e S p a H H iu  3x .thm ojijihfh  yHHHr aMruiHTv/iacH opTHJUH 

6HJiaH KaM aH  SopraHJiHrHAaH  acocHH (yftFOHM araH) x,0JiaT/i.a 

/xeiJjopMauHHjiaHraH H/ipojiap KaTTa s x th m o jijih k  SnjiaH 

f-napHajiaHHiura ynpaH/iH . X la p x a K H K a T , Ta>Kpn6a Ba xhco6- 

KHTo6jiap/iaH MaT>JiyMKH, p aAH H  H30T0nJiapH  hkkh  xhji —  

KBa/ipynoJi Ba OKTynoji c t 3 t h k  /ie(})opMauHHra ara. KBa/ipy- 

noji Ae(j)opMauHH h a p o h h h t  sjuiHncoH/iaji uiaKJi oJiHiunra 

c a 6 a 6  6yjia/iH, oKTynoji /je(})opMauHH aca h a p o h h  hokchm oh  

KypHHHiura yTHiura Ba HaTH>Ka/ia, acocHH  xojiaT «napnajia- 

h h iu »  xojiaTHra ojih6 Kejia/iH. V 3 HaB6aTH .ua noTeHunaji 

TycHK/iaH yTHiu 3X th m o jijih fh  T ycH K  6ajiaHAJiHrH, TyHHeji 

Xochji KHJiyBHH H/ipojiap M accacH  Ba £} napnajiaHHiu 

SHeprHHCH 6HJiaH aHHKJiaHa/LH. T y c H K H H H r  CHHr/iHpyBHaHJiH- 

th K y n p o K  Ej h h h t  KaTTajinrHra 6ofjihk . F- napnajiaHHiUHHHr 

cyHrrH xoJiaTHAa, auanj\a x a p  /lohm  M acca  cohh  /4=208 ra 

h k h h  6yjiraH K y p fo u ih h  h ap o ch  xochji 6yjiHuiH xy/i/iH aH a  uiy 

XOJira ajioKaAop . 208Pb H/ipocH Ma-bJiyM coH Aarn  npoTOHra 

(Z = 8 2 ) Ba HeHTpoHra (N = 126 ) ara. Y KypHJiaeTraH HApo 

M accaJiapH co xacH A arH  3Hr 6 a p K a p o p  HyKJioH CHcreMacH/LHp. 

ByHAafl HApoJiapHH « h k k h  M ap Ta  (Kyiu) cexpJiH» A e6  

aTaJiaAH. U ly H H H r  ynyH  KypFouiH H  xochji 6y jiaAH raH  /-napna- 

jiaHHiu H H c6aTaH  KaTTa n ap naJiaH H m  SH eprHHCHra ara.

riJiyTOHHHAaH oFnppoK 6ouiKa HflpoJiap cox.acHAa /-nap- 
MajiaHHiuHH H3Jiaui napMajiaHHiu MexaHH3MH MacajiacHHH 

eMHUJH KepaK. Arap lOKopHAarH Myjioxa3aJiap ypHHJiH 6yjica, 
y xojiAa TpaHcnjiyTOHHfl HyKJiHAJiapn ynyH /-napnajiaHHUi 

3XTHMOJiJiHrH HOJira hkhh 6yjiaAH. Arap /-napnajiaHHUi 
y3-y3HAaH 6yjiHHHUiHHHF 6np TypH 6yjica, y xojiAa x,hco6 - 

KHTo6jiapra Kypa yHHHr sxthmojijihfh 3ht ofhp HApoJiap ynyH 
6yHHajiHK KecKHH KaMaflMaflAH. Ahhk xyjioca MHKapnui ynyH 

hhth Ta>KpH6ajiap yTK33HUi KepaK.
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III 6 o 6

JTHPOJIAPHHHr BETA-nAPMAJlAHHUIH 

3.1 - §. BeTa-napHajiaHHiUHHHr t3bch(J)h

H a p o h h h t  y3-y3HAaH 3/ieKTpoH 4 H K a p H 6 , M accacw  caK- 

.laH raH  xojiaa aroM  HOM epH  6H p ra  op T H K  6y ;iraH  HApora 

afljiaHHuiH 6eTa-napHaAaHuiu yoducacu AeflHjiaj.H- 3hah 
p-napMajiaHHiu naftTHAa H A poA a  3JieKTpoH KaH/iaft x,ochji 

6yjlHUIHHH UiapXJiaiIIHMH3 JI03HM. By H/jpO (})H3HKaCHAarH 3HT 

M y p a K K a 6  M acajiajiapaaH  6H p H A H p . H /ip o  KOM noHeHTajiapn  

6yjiMHUj npoTOH  Ba HeflTpoHJiap y3H ra  xoc topthujhuj 

KyMJiapH opKajiH 6H p- 6npH ra  TaT>CHp sraw- By KyMJiap 

ajiMauiHHyBMH x ap aK T ep ra  sra: M acajiaH , npo ro H  HeftTpoHra, 

HeftTpoH 3ca  npoTOH ra  aftjiaHa ojia/iH. ZleM aK , npoTOH  Ba 

HeftTpoH aftHH 6 n p  3a p p a H H H r  h kkh  TypjiH xojiaTHAHp: 

6hp hh m h  xojiaTAa y npoTOH 6yjica, HKKHHHHCH/ia HeftTpoH 

6yjiaAH . T e 3  HeftTpoHJiapHHHr Bo/jopoa aTOMJiapn 6HJiaH 

TyK H auiyB H H H  Ky3aTHiijjiap HeftTpoH Ba np0T0HJiapH HHr y 3 a p o  

ajiMaiuHHHUJHHH Tyjia Tac/jHKJiaAH. AjiMauiHHHUj JKapaeHH/ja 

HA po  T a p K H ^H A a  6 u p o p T a  y 3 r a p H m  x a M , x,aTTO Hyp TapKaJiH- 

iiiH x aM  103 6epM aflAH . B a ijsaH  3ap p ajiap  y 3 a p o  ajiMauiHHMa- 

raH x o jm a  x,aM y3rapHJUH co/jHp 6yjiaAH . ByHAaft y3rap nuj 

6 a p K a p o p  6y jiM araH , htjHH paAH oaKTH B  H A pojiap AarH H a  

Ky3aTHJia/iH. P a /in o aK T H B  H/jpoJiap h otckhc  Ty3HJiraH: yjiap 

e opTHKMa HeftTpoH, e opTHKMa npoTOHJiapra 3ra. Bop/jH-io, 

HeftTpoHJiap/jaH 6 h p h  npoTOH ra  aftjiaHca, 6hp hhm h  xoJi/ja 

H /jpOHHHr HOTyppH Ty3HJIHUIH TyFpHJTaHHUJH M yM KHH. B y H A a  

3apH/j^iap M yB 03aH aT H H H  caKJiaui ynyH  xochji 6yjiraH 

ajieKTpoH HApo/ia Typ a  oJiMaftAH Ba yH/iaH Te3jiHK/ia m hkh6 

KeTajiH. By xoJiAa 6eTa-HypjiaHHUj 103 6 ep a A H . U ly H ra  

yxuiauj, a r a p  H/ipoAa opTHKMa npoTOHJiap 6yjica, yjiap/iaH 

6 n p n  HeftTpoHra aftjiaHHUJH M yM KHH . B y H A a  M y c6aT  3JieKTpoH 

XOChji 6yjiH 6, Te3fla HApo/jaH  m hkh6  KeTaAH. BaT>3H 6 n p  

pa/iHoaKTHB  3JieMeHTJiapHHHr M y c6aT  sjieKTpoH comhujh aH a  

myHflaft H30XJiaHaflH.

p-3JieKTpoHJiap H A poH H H r h m h a 3 6yjia/iHraH  >KapaeH .iap  

HaTH>KacHfla HflpoAa x o c h j i  6y .iaA H  /ie6 XHCo6jia6, 6y  

>KapaeHJiap peaKUH HCH HH Kyftn/iarHMa e3Huj M yM KHH :

AzX->l+iY +  e-. (3.1) 

P~-aftjiaHHiuAa H/ipo 3apn /iH H H H r  6 n p  6npjiHKKa opthujh  

H/ipo/ia npoTQHJiap c o h h h h h t  6 n p  6npjiHKKa o p thu ih hh  Ba
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H A poH H nr M acca cohh  y3rapM araHJiHrH  yMyH HeHTpoHJiap cohh  

( N = A — Z) 6 n p  SHpjTHKKa KaM aH HiuHH H  KypcaTaflH . ileM aK , 

H/ipoAa co^H p  Syjia/iHraH P"-aHJiaHHUJ H A p oA arn  Heft- 

TpoHJiapAaH 6H p H H H H r  n p 0T 0H ra  aftjiaHHiiiHHHHr HaTH>KacH- 

AH p , HTjHH n ^ p  +  $~. A r a p  HA poA a  npoTOHJiap cohh  

HefiTpoHra H H c6aT aH  Kyn  6y ;ica , npoTOH HHH r wefiTpoHra 

afijiaHHiUH K)3 6 e p a A H :

p —>-rc-|-|3+ . (3 .2 )

(3 .2 )  afijiaHHUi 4>aKaT h a p o h h h t  HM HAarHHa y p h h j ih  

6yjin6 , apKHH xojiAa n p 0T 0H  MyTJiaK 6ap K .ap o p  3a p p a A H p . 

( 3 .2 )  * a p a e H  no3H TpoH  napMaJiaHHiu A e 6  aTajiaAH . B y H A a  

HApo  M accacu  y3rapMaftAH, 3ap H A H  aca 6 n p  6HpjiHKKa 

K aM aH AH .

p-3appajiap 6HJiaH o a a h B 3JieKTpoHJiapHHHr 6 u p  x h j ij ih t h  

T a>KpH6ajiapAa TacAHKJiaHraH . M y c 6 a T  Ba MaH(})Hft p-3appa-

Jiap yMyH ~  H H c6aT  xyAAH  3JieKTpoHJiapAarHAeK, p-3appa-

h h h t  M accacH  Ba 3a p n A H  aca m h k a o p  >KHxaTAaH 3JieKTpoH- 

h h h t  M accacH  Ba 3 a p n A H ra  TeHr. Y M y M a H  ojiraHAa, 3apH AH  

Z  Ba M acca  c o h h  A 6yjiraH HApo  yMyH p~-napMajiaHHiu uiapTH 

KyftHAarHMa e3HJiaAH:

M(Z, A )> M (Z + l , A )+ m e, (3 .3 )

HTjHH P — -paAHOaKTHB HApOHHHT MaCCaCH XOCHJiaBHft HAPO  

( Z +  1, A) x a M A a  3JieKTpoH M accajiapH H H H r ftHFHHAHCHAaH 

K a n a ,  P "- napM aJiaH Hiu  uiapTHHH aTOMJiapHHHr M accaJiapu 

opKajiH H(|)OAajiaui Kyjiaft. B y H H H r  yMyH (3 .3 )  TeHrcH3JiHK- 

h h h t  yHr Ba Man TOM OHHra Zme KyuiHJiyBMHHH KyuiHiu khcJj o h . 

Y  xojiAa

M,r(Z, A) > M „(Z+\ , A) (3 .3 ')

XOChji 6yjiaAH . M a 3 K y p  napMaJiaHHUJAa

E r = {M A Z , A )- M „(Z+\ , A)]c2 ( 3 .3 " )

SHeprHH a>KpaJiH6 M HKaAH.

Arap aTOM Maccacn yMyH M (Z, A ) ^  M (Z +  1, A ) uiapT 

6a>KapHJica, M(Z, A) HApoAa P“ -napMajiaHHiu pyft 6epMaftAH 

Ba aKCHHMa 6y HApo P“ -napMaJiaHHuira HHc6aTaH 6apKapop 

6yjiaAH. Flo3HTpoH-napMaJiaHHUJ yMyH ( 3 .3 ) ,  ( 3 ,3 ')  Ba ( 3 .3 " )  

H(})OAaJiap moc paBHUiAa KyftHAarn KypHHHUiHH ojiaAH: 

M(Z, A )> M (Z — 1, A )+ m e, (3 .4 )  

M aj(Z, A) >  M aj(Z—  1, A) +2m e, (3 .4 ')
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E p+=[AfaT(Z, A) A) - 2me]c2. (3.4")

Atom Macca/iapH M(Z, A) ^ M ( Z — 1, A)-\-2me mapTra 
TyppH Kejica, SyHAafl H/ipo p + -napMajiaHHiura HHcSaTaH 

6 apKapop  6 y/iaflH.

1938 flwjiAa 6eTa-napMa;iaHHUiHHHr yMHHMH Typn — 
3jieKTpoH KaMpaui MaB>KyAJiHrH aHHK/iaHAH. IlpoTOHJiapH 
HHc6aTaH opTHKMa 6y/iraH OHa Hflpo ^atsaH aTOMHHHr 
ajieKTpoH Ko6HKJiapHAaH 6up ajieKTpoHHH KaMpa6 ojiam —  

«ioTaAH». By xojifla xaM no3HTpoH-napMajiaHHUiAa 6yjiraHH- 
AeK, 6HTTa npoTOH HeflTpoHra afljiaHaflH: 

p +  e~^n. (3.5)

SjieKTpoH  aTOM HH Hr KaflcH K o 6H F H A a H  lOTHJica, uiy 

K .o6HKHHHr HOMH 6HJiaH 7C-3JieKTpOH, L-3JieKTpOH Ba X O K a 30  

iothjihui A e 6  ropHTHJiaAH. SjieKTpoH  lOTHJiraHAa h a p o h h h t  

T a p T H 6  HOM epH 6 n p r a  KaM anjiH . SjieKTpoH  K aM p a u iH H H r  

3H eprH H  uiapTH KyflHjiarHMa e3HJiaflH:

M(Z, A ) > M ( Z — 1, A ) — me (3.6)

eKH

M (Z +  1, A) > M (Z , A).

/C-KaMpaui oH a  H 3o 6a p H H H r  M accacH  xocHJiaBHfl H 3o 6a p H H H r  

M a c c a c H ^ a H  KynpoK 6yjiraHAa  Ky3aTHJiaAH. By >KapaeHfla

Ek =  [M„(Z, A) — M ar(Z— 1, A)]c2 (3.7)

SHeprHH a>KpajiH6 MHKajiH. SjieKTpoH K,aMpa6 ojihiu >KapaeHH 
HeflTpoHH KaMMHJi HApojiapfla aHMa KeHr TapKajiraH. (3.4") Ba 

(3.7) ra Kypa no3HTpoH-napMajiaHHUi 6ouuiaHFHM Ba oxnprH 

aTOMJiap MaccajiapHHHHr (})apKH 2mec2 jxan KaTTa 6yjiraHaa- 

rHHa, ajieKTpoH-KaMpaui xoAHcacn aca 6y (J)apK 2mec2 Ran 
KaM 6yjiraHAa xaM pyfi 6epaAH. FlapMajiaHHui 3HeprHHCH

2mec2 KaHMajiHK iokoph 6yjica, no3HTpoH MHKapHiu >KapaeHH 
ajieKTpoH-KaMpaui mapaeHH 6njiaH uiyHMajiHK KyMjiH paKo6aT 

KHJiaAH. ByH^aH TauJKapn, 6y >Kapa§HJiap sxthmojijihth 

(w) h h h t  HHc6aTH HiipoHHHr 3apHflHra xaM 6ofjihk:

W3 K
HHc6aT 6epHJiraH napMajiaHHUj 3HeprHHCH^a Z hhht

opthuih 6 HJiaH opth 6  6 opaflH. 3 h t  ofhp 3JieMeHTJiap opacH^a 

no3HTpoH-napMajiaHHiu * y A a  KaM yMpaftflH. p + -napMaJiaHHUJ 

>KapaeHH MyMKHH 6 yjiraH/ia /C-KaMpauj xaM 6 yjiHuiH MyMKHH. 

JleKHH /C-KaMpaui xap aohm p +  -napMajiaHHUi 6 HJiaH 6 npra 

K y 3 a T H J i a B e p M a f l A H .  S j i e K T p o H  / ( - K o 6 H K J i a p H H H H r  p a / j H y c H
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3- I-pacM . 64C u  napocH/ia 

p  n a p t a J i a H H W H H H r  ynaJia  

K^pHHHUIH x.aM 6 h p  BaKTAa pyfi 

fiepaAH.
e'(w%)

khm hk 6yjiraH  o fh p  aTOM Jiapaa /(- KaM paiuHHH r yTHUj 

3XTHMOJIH K3TTapOK.
Arap (3.4) mapT 6a>KapHjiMaca, y xojiAa p + -napMajia- 

HHiu SHeprHH >KHxaTH^aH MyMKHH SyjiMaftflH Ba napnajia- 
HHiiiHHHr nroH a  fiyjiH /C- KaMpam  >KapaeHH 6yjiH6 KOJiaflH.

BaTj3H 6hp (Z, A) aapoJiap  yMyH 6 n p  BaKTHHHr y3HAa  

p-napMaJiaHHiiiHHHr 6 a p M a —  (3.3), (3.4) Ba (3.6) uiapTJiap- 

hh sneprHH >KHxaTHflaH KaHoaTJiaHTHpaAHraH x,ojuiapH xaM 

yMpafiflH. B y H r a  64Cu h hh t  napMajiaHHUiH mhcoji 6yjia oJiaaH. 
B y  anpoAa p-napMajiaHHuihhht yMajia KypHHHUiH x aM  6 n p  

BaKTA a  pyfi 6 e p a a H . 64Cu nap ocH  40 %  ajieKTpoH MHKapnui, 
40 %  ajieKTpoH KaMpaui x,aMaa 20 %  no3HTpoH MHKapnui 
HyjuiapH SHJiaH 64Ni Ba 64Zn flflpojiapHra aHJiaHa^H 

(3.1- p a c M ) .

p-napMajiaHHUiHHHr (3.3), (3.4) xaMfla (3.6) uiapTJiapn- 
^aH 3ap«ji,jiapH 6np 6HpjiHKKa (})apK KHJiyBMH hkkhtb Af(Z, 
A) ea M(Z-j-1, A) 6apKapop H3o6apHHHr 6np BaKTaa 
MaBXyA 6yjIHUIH MyMKHH SMaCJIHTH KejIH6 MHKaAH.
XaKHKaTaH, 6y xojifla arap M(Z, A) > M (Z -f 1, >4) 6yjica, 
y xoJi.ua p_ -napMajiaHHUi pyfl 6epHUiH MyMKHH,

M(Z, i 4 ) > M ( Z + l ,  A) 6yjiraHaa aca, A>KaMpaiu pyfl 
6ep a A H . UlyHaafl khjih6, yjiapaaH 6npn paAHoaKTHB 6yjiaflH.

UiyHAafi H3o6ap (Z, A), (Z-fl, A) Ba (Z +  2, 
A) HApoJiap MaB>KyaKH, yjiapaa (Z, A) flapoHHHr (Z ± l ,  
A) HApojiapra KeTMa-KeT p-napMajiaHHiUH:

SH eprHH  >KHXaTH^aH  M yMKHH 6yjiMaca eKH M yM KHH 6yjica 

x a M , cnHHJiap y3rapHUiH  KaTTa 6yjiraHJiHTH Ty(j)aHJiH 6yHAafi 

p-yTHiujiap KaTT H K  TaKHKJiaHraH  6yjiu6 (3.6- § ra k  ) K y m  

P  —  p-napMaJiaHHiu hmkohh TyFHJiajiH. ByHfla flflpoHHHr 

3 a p n n H  h kkh  6HpjiHKKa y 3rap aA H :

(Z- \ ,A )± ~  (Z, A )~— (Z -\-\,A)

M (Z ,A )^ ± M (Z  +  2.A) (3.9)
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3a p H iy ia p H  hkkh  SnpjiHKKa c})apK. K,HJiybmh hkkh  >Kyc|)T 

(Z Ba Z ± 2) S a p K a p o p  H 3o 6a p  yqyH SHeprHH HyKTan  

H a3apHiiaH  8 —  p-napMajiaHHUi axjHMOJiJiHrH MaBJKya- M aca-  

jiaH, loCa, 2iSc  Ba 2|Ti H 3 o 6a p  TpnnjieTHAa 2oCa h h h t  acocHH  

0+ xojiaTHAaH $ T i hhht 0+ acocHH xoJiaTHra Kyui p —  

p-napMajiaHHiu 6njiaH  yTHiu bxthmojijihth 2oCa h h h t  0+ aco- 

chh  xoJiaTH/iaH cnHHH 6 +  6yjiraH 2?Sc hhht acocHH  xoJiaTHra 

HKKa p-nap4ajiaHHUi 6HJiaH yTHUi sxTHMOJiJiurHAaH aHMa 

iokoph. Arap Z HOMepjiH h a p o h h h t  M accacH  Z± 2 aapo- 

jiapHHHr M accacH /iaH  KaTTa, htjHH Af(Z, A )> M (Z± 2 , 
,4 ) 6yjica, y Kyui p —  p-napwajiaHHiuH M yM KHH , a r a p  

6opAH-io, M(Z, A) <Af(Z±2, A) 6yjica (Z ± 2, A) jih 

HApoiia HKKHTa ajieKTpoH K a M p a iu  eKH 6n rT a  /C-KaMpaui Ba 

6HTTa p-napqajiaHHUi §kh HKKHTa p _  —  p “ -napMajiaHHUi pyfi 

6epHUIH MyMKHH.

K y u i  p —  p-napqajiaHHui sxthmojijihth * y A a  khmhk 

6yjiH 6, vHflafi h a p o h h h t  hphm  napnajiaHHiu  A a B p n  T TaxMH- 

HaH 10 -f- 1023 hhjihh TauiKHJi KHJia^H. O p a J ia p H ^ a  Kyui p —  

p-napMajiaHHiu M yM KHH 6yjiraH 6 0  ra h k h h  6 a p K a p o p  

H 3o 6ap jiap  >Ky(})TH MaB>KyA- JleKHH yjiapHHHr KynMHJinrH yqyH  

T aHHKJiaHM araH . K,yui p —  p- napyajiaHHuira H H c 6a T a H  6 n p  

HeMa H 3 o 6a p  wy(})TJiHKJiapHHHr Ma"bJiyM 6yjiraH hphm  

napMajiaHHiu AaB pjiapu  KyfiH/iarHMa:

I30x« 2P I30v„ 116/-^ 2p I 16c«
52 * e---- 54Ae, 48 --- nr~ soon,

1,4-10 H 1 • 10 H

' ° ° M o  2p~ '??R u , 'S1 C d - ^ - ' S | P d .
3-10 fi 6-10 h

LUyHH HrAeK , KynrH H a  6ouiKa 6a p K a p o p  H3o 6apjiap

>Ky<})TjiHKJiapH ynyH  npH M  napnajiaHHUi A aB p H H H H r  KyHH 

^e ra p a c H  aHHKJiaHraH :

7-(2i | U — 2i? P u )  > 6 - 1  8 fi, T( l24Sn->-'24T e )  > 1 , 5 - 1  7 fi.

7-(S8Ca— SlTi) > 2 - 1  8 fi, T( 4oZr- ^4f M o )  > 5 - 1  7 fi.

K ojiraH  H 3 o 6a p  >Ky(})TJiHKJiapHHHr Kyuj p —  p-nap^ajia- 

HHiura HHc6aTaH  hphm  napMajiaHHiu iiaBpjiapHHH aHHKJiaiu, 

T h h h t  HHXOHTiia KaTTajiHrHAaH , aHMa MyuiKyji hui. U ly  

c a 6a 6,aaH yjiapHHHr npnm  napM ajiaHHiu ^aB p jiap H  x a M  

a h h kji a h m a ra h .

U lyHAafi khjih6 , p-napMajiaHHiu >KapaeHJiapH a-napwajia- 

hhui K a 6n co(}) HapoBHfi x,oflHca 6yjin6 KOJiM acAaH , 6ajiKH 

HAPOHHH T Ty3HJIHLUHra Ba KyMCH3 y 3a p O  TaiiCHpjiaiUyBMH

132



Kyqjiap TaQuaTura x,aM Sofjihk  SyjiraH M y p a K K a S  \OAncaAH p. 

LLIyHHHr y^y H  napqajiaHHUJ AaBpjiapw  ceK y h a h h h t  yjiyujJiapH- 

AaH  to p th G  MHJiJiHapA HH.araMa eTaAH.

3.2- §. BeTa-cneKTp ea  HefiTpHHO

Y M y M a H  ojiraHAa, p-riapMajiaHHUj x o ^H cacH  KaTop  My- 

p a K K a S  MyaMM OJiapHH c m h ljjh h  T a K 0 3 0  3 T 3 a h . B y jia p ^a H  6 h p h  

H A p oA aH  a>KpajiH6 M HKaeTraH 3JieKTpoHJiap SHeprHHCH Maca- 

JiacHAHp. P aA H o a K T H B  3 t o m  p-Hypjiap c o m h 6  napM ajiaH raHAa 

3JieKTpoHJiap KaTTa 3HeprH a  6HJiaH o t h j i h 6  MHKaAH. B y  

SHeprHHHH TypjiH ycyji 6njiaH , MacaJiaH, M arHHT MaflAOHAa 

3jieKTpoHJiapHHHr o f h u i h h h  yjiMaui flyjiH 6HjiaH aHHKJiaui 

M yM KHH. KfiaHT H 33apH H C H H H H r aCOCHfl KOHyHJiapHTa Ky pa, 

H A poA a  MyaflHH M H K A op A arH H a  3HeprHH SyjiaAH.

X ,a K H K a T 3H  XaM , HAPO AOHM  MyaflHH AHCKpeT M H KAOpAa  

3HeprH Hra  ara 6yjiraH ajib(})a-3appajiap Ba raMMa-Hypjiap 

coM aAH. U ly  ca6a6jiH  6eTa-HypjiaHHiuAa xaM  aftHaH uiy 

XOJIHHHT Ky3aTHJIHUIH 3 a p y p  3AH. AHHKJiaHHUlHMa, MyaftHH 

H 30T 0n  HAPOCH M H KapaAH TaH  3JieKTpOHJiap H0J1A3H TO Ma"bJiyM 

6 h p  MaKCHMaji M H KAopraM a 6yjiraH y3JiyKCH3 SHeprHH 

cneKTpnra  ara 3K3H . H a p o h h h f  KyjioH M a Aaohh  3JieKTpoH- 

JiapHHHT yM H6 MHKHIU SXTHMOJIJIHrHHH KaMaftTHpaAH, MyHKH 

no3HTpoHJiap HApo M erapacH AaH  m hkhuiha3  noTeHUHaji 

T y cH K K a  AyM KeJiaAH. B y  T a t c n p  3HeprHH cneKTpHHHHr 

iomiuok KHCM HAa ce3HJiapjiH 6yjiaAH (3.2-p a c M ).

f$-napMajiaHHUi SHeprHHCHHH 6ouuiaHFHM  Ba xocHjiaBHft 

HApoJiap M accajiapHHH c o j i h i u t h p h u i  ( A mc2) fiyjiH 6HjiaH 

aHHKJiaiu M yMKHH. lO K o p H A a  aTOM ywyH P '- napM ajiaH H iu  Ba 

/C-KaMpaiu 3HeprHHCH

3. 2 -  p a c M . H ^ p o A a H  

M H K a e T ra H  p - 3 a p p a .n a p ra  1 

KyjIOH M a H A O H H H H H r  T a b C H -

pH H a T H iK a c H iia  (5 Ba  (5+  —  

c n e K T p j ia p H H H r  K y iiH  9H ep - 

T H H J ia p  K H C M J ia p H H H  MOC 

p a B H U ia a  « 6 o h h u i h »  Ba  

« K a m u io K j ia u iH iu H » .  Z —
=  0  M H 3H K  (()apa3H H , 3apaii- 

CH3 H A p o r a  m o c .



E^*=[M„(A, Z) -M„(A, Z±l)]c2, (3.10)

P + -napMajiaHHUJ SHeprHHCH aca

Ej-=[MlT(A, Z)-M„(A, Z — 1) — 2me]c2 (3.11)

3 KaHJiHTHHH K y p n S  yTraH  3a h k . BeTa-napMajiaHHUifla aapo-  

h h h t  3 a p n A H  y 3 rapraHJiHrHAaH HyicnoHjiapHHHr 6 oFjianMui 

SHeprHHCH SHJiaH 0 Hp B aKTA a  3JieKTpoHJiapHHHr x a M  6 orjia- 

hhuj 3 HeprHHCH y 3 rapaj.H . MacajiaH, t 3 6 h h h  paAHoaicrHB  

2lQPb h h h t  p-napMajiaHHUJHfla a>KpajiraH SH eprHH  £p=0,14-h 
-̂ -0,018 MaB hh TamKHJi 3TaAH , BaxojiaHKH , KypFoiuH H

aTOM HH HHT BHCMyT aTOM HTa aHJiaHHlUHAa 3JieKTpOHHHHr

6oFJiaHHiu 3HepruHCH 0,015 MaB ra opTaflH, ht>hh p-y3ra- 
PHUIHHHT X,aMMa 3 HeprHHCH HAPOHHHT 3 M aC, 6aJIKH BTOM H HHr  

6oFjiaHHiu SHeprHHCHHHHr y3rapHUiH/iaH Kejin6  MHKaAH. Arap 
6y nap najiaH H uiA a  (})aKaT 6HTTa p-3 a p p a  a>KpajiH6  MHK.ca, 

yHHHT KHHeTHK 3HepTHHCH TenKH 3HeprHHCH aHHKJlHTHAa
( A m — m)c2 ra tch t  6yjiapAH . A m m o  Ta>KpH6a p-3appa- 

JiapHHHr >KyAa kbm  khcm h  6 y KH H M aT ra  h k h h  3H e p rH »r a  3ra  

SKaHJiHTHHH Ky pcaT AH . LUyHH Hr ynyH  p +  napM ajiaH HUiAa Ba  

/C- KaM pa6 ojiHuiAa 3HeprH HHH Hr caKJiaHHiu KO H yH H  6 a x a -  

pnjiMac 3KaH , AeraH  (j)HKp TyFHjiaAH. p-3appajiap SHeprHHCH-  

h h h t  6 hp  >KHHCJiHMacjiHrHra c a 6 a 6  —  yjiapHHHr aTOM  mafijio- 

H H ^a  op6HTaji 3JieKTpoHJiap 6HJiaH y 3 a p o  TaibCHpjiauiH6  

3HeprH H  fiyKOTHIUHAHp, AeraH  (})HKp 6eBOCHTa KaJIOpHM eTpHK  

Ta>Kpn6ajiap  6njiaH  p aA  khjihh 3 a h . p-3appajiap h a p o h h h t  

y 3H A 3H  x a p  XHJI KHHM3TJIH 3HeprHH 6HJiaH H H K 3A H . B y H A a H  

T a u iK a p n , p-napMajiaHHUiAa (})aKaT HA po  6ujiaH  p- 3appa  

K aT H au iaA H  AeraH  AacTJia6KH (})HKp x a M  H A po  c u h h h h h  y jm aui  

HaTH>KajiapHra 6 yTyHJiafi T y Fpn KejiMafiAH. BeTa-napMajia-  

HHUIAa CnHHHHHT 6yTyH  eKH HpHM COH KH H M aT H  XOCHJiaBHH  

H A p oA a  x a M  caKJiaHaAH , htjHH cnHH ( / )  6y T y H  coH ra

o  f

y3rapaAH. MacajiaH, 24Na——24M g  napM ajiaHHUiAa A I ciihh

y3rapHiuH h ra TeHr. Ta6HHHKH, cnHHH 6yjiraH  6H TT a

gjieKTpoH 6yHAafi y3rapHUiHH By>KyAra KejiTHpa ojiMafiAH.

By hkkh acocHH KOHyHHHHr MycTaxKaMJiaHHUinra apn- 
uihui yqyH xoCcajiapn 6eTa-napnajiaHHUi ^o A H cacH H H  T y rp n  

uiapxJiaui hmkohhhh 6epaAHraH 6HpopTa 3 a p p a H H  «yfijia6 
TonHui» Tajia6 STftjiaAH. By 6opaAa uiBefiuapHHJiHK 4>h3hk 

Bojib({)paHr IlayjiH KyfiHAarHMa Myjioxa3a lopHTaAH: arap 
6eTa-napnajiaHHUj xycycHHTJiapH caKJiaHHUi KOHyiuiapHra
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TyrpH  KeJiMac skb h , A eM aK , y * a p a e H  HOTyFpn t3jikhh  

STHJiraH. riapMajiaHHLU BaKTH Aa  SHeprHHCH Ba x ,apaKaT 

m h k ao p h  khmhk 6yjiraH, ny3ra  K y p H H M ac  HeftTpaji 3 a p p a  x aM  

HlllTHpOK ST3JXH AeHHLU TyFpH 6yjiaAH . JleKHH 6y X.0J1 Ta>KpH6a 

jxbbom njxa ce3HJiMaftAH. X a p  6np >KapaeHfla x a M M a  3appa- 

JiapHHHT M yaH H H  SHeprHH HHFHHAHCH a>KpajlH6 M HKa^H  Ba 6y 

SHeprHH 3ap p ajiap  opacH.ua HXTHepnft TaKC H M jiaH a^H , sjickt- 

poHra sca TypJiH uiapoHTfla uiy SHeprHHHHHr x,ap xhji yjiyuiH 

TyFpn KeJiaAH. S h p h k o  O e p M H  6y 3 a p p a H H  «neuTpuHO» fle6 
aTaAH . By HTajibHHMa «HeftTpajiMa» A eM aKA H p .

B. n a y jiH  TyuiyHTHpraH  3 a p p a  xo3HprH  33m o h  KJiaccu(})H- 

KaUHHCH 6yftHMa 3JieKTpOH aHTHHeftTpHHOCH AeftHJiaAH Ba 

v e eKH v e KypHHHUiAa 6ejirHJiaHaAH. U ly H H H r  yMyH IlayjiH  

rH noTe3acHra acocaH  h a p o h h h t  napMajiaHHiu peaKUHHCHHH  

KyfiHAarHMa e3Hiu Ka6yji KHJiHHraH:

( Z ,  A ) ^ ( Z + \ ,  A ) + e ~ + v e- (3 .1 2 )

HeftTpoHHHHr napMajiaHHUiH (3 .1 2 )  ra m o c  paBHLUAa

n - ^p  +  e ^  + v e (3 .1 3 )

cxeM a  6yftHMa y Ta^H .

P +  - napMajiaHHm Aa npoTOHjiap c o h h h h h f  6H p ra  KaMaftn- 

iuH, HeftTpoHJiap c o h h h h h f  3ca 6npra  opthluh  pyft 6epajiH :

( Z ,  A ) ^ ( Z —  1, A )  + e +  +  v.  ( 3 .1 4 )

By xoJi.ua H ^p o  no3H TpoH  Ba HeftTpHHO H H K a p a A H : p̂ -n-\- 

-|- e +  -(- Ve- A t O M  SJieKTpOHHHHHF HAPO  TOMOHH/I,aH KDTHJIHUIH

ypHHJiH 6yjiraH xoji

( Z ,  A ) + e ~ ^ ( Z - \ ,  A ) + v  ( 3 .1 5 )

KypHHHiu.ua Ht})OiiaJiaHaAH. B. riayjiHHHHr 6eTa-napMajiaHHiu 

B aKTH Aa  3JieKTpoH ( n o 3H T p o H ) jxslh T au iK ap n  cnHHH 1 /2  ra 

TeHr Ba ajieKTp > kh x3ta3h  HeftTpaji 6yjiraH , HeftTpHHO A e 6  

aTajiyBMH HHa 6 n p  3 a p p a  x aM  a>KpajiH6 m hk3ah , A e 6  KHJiraH 

TaxM H H H  Ta>Kpn6a HaTH>KajiapHHH T a 6 H a T  KOHyHJiapHHH 

neapjiH 6 y 3 M a c A a H  Tym yH THpH Lura hm koh  6epAH .

M exaH H K a  KOHyHJiapn 6 yH4 a 3JieKTpoH, HeftTpHho Ba HApo 

opacHflarH 3HeprHH TaKCHMOTHHH MeKJiaMaftjiH, uiyHHHr yMyH 

6 eTa-napMajiaHHLU BaKTHAa gjieKTpoH cneKTpH TyTaui 6 yjiaAH. 

p-napMajiaHHiu SHeprHHCHHHHr 6 up khcmh xocHJiaBHfi hapohh 

yftFOHraH xojira KejiTHpHLH yMyH eKH aTOMHHHHr 3JieKTpoH 

Ko^HKJiapura cap(})JiaHa/LH. By 3HeprHH p-napHajiaHHiu 

KeTH^aH 6 hp OHAa HypjiaHHm  cH(})aTH.ua MHKaAH: KaMpauiAaH 

cynr aTOM peHTreH HypjiaHHUi, yftFOHraH HApo 3ca y-KBaht



coMaAH. Y M y M H H  napHaJiaHHiu SHeprHHCH p-napMajiaHHiu 

B a K T H ^a  B y * y A r a  KejiraH y ^T a  3 a p p a  —  xocHJiaBHH aTOM, 

p-3appa Ba h c h tp h h o  eKH /C-KaMpauiAa HKKHTa 3 a p p a  (aTOM  

Ba HeftTpHHo) o p ac H A a  TaKCHM JiaHaAH. 3 a p p a  h k k h t 3  6yjica, 

yjiap 6 n p  xhji 3H e p rH «ra  ara 6y ;iaA H , a r a p  yMTa 6yjica —  x ap  

6H p H H H H r  SHeprHHCH HMnyjibCHHHr y 3 a p o  ftyHajiHUiHra moc 

paBHiiiAa HOJi/iaH MaKCHMaji KaTTajiHKKana KHHMaTJiapHH 

OJIHUIH M yM KHH. A T O M H H H r  MaCCaCH H H c6aT aH  K3TT3 6yjiraH- 

JiHrHAaH, TenKH 3HeprHHCH >KyAa k h ^ h k , uiyHHHr y^iyH 

p- nap^aJiaHHiuHHHr x,aMMa SHeprHHCH, acocaH  p-3appa Ba 

HeftTpHHo opacHAa TaKCHMJiaHaAH. A rap  p- 3appaHHHr 3HeprHH- 

ch MaKCHMaJi KHftMaTra TeHr 6yjica, y xojiAa HefiTpHHo 

SHeprHHCH Hojira TeHr 6yjiaflH Ba aKCHHHa. JleKHH HCTajiraH 

SHeprHHjiH p-3appa Ba HeftTpHHOJiapHHHr couhjihlu 3xth- 

mojijihth KarrapoK- AHHKJiaHHUiHMa, napnajiaHHiu  3HeprHHCH- 

h h h t  KHftMaTJiapn 0,019 MaB A aH  (3H y n y u ) 16,4 MaB ra ^a  

(l2N y^yH) 6yjiraH opajiHKAa eTajiH:

?H-»4He +  <?“ + v  +  0,02 MaB, 

'?N ^ I28 O +  e- + v +  16,4 MaB.

O F H p  SJieMeHTJiapHHHT HApOJiapHTHHa 3M aC , 6aJIKH eHTHJl 

3JieMeHTJiapHHHr o p T H K ^a  HefiTpoHra ara HflpoJiapn xaM  

paAHoaKTHB 6yjiHuiH MyMKHH. HApojiapAarn MyB03aHaT 
(onTHM aJi) 3 a p H A  —  npoTOHJiap cohh

Za = --- 7̂2-- (!-17)
0 , 0 1 5 / 1 + 2

(})opMyjia 6HJiaH aHHKJiaHaAH. Hapo 3apHAH Z < .Z A 6yjiraHAa, 
p-napHajiaHHUira Ba 3apHAH Z > Z A 6yjiraHAa no3HTpoH- 
napMaJiaHHiu eKH 3JieKTpoH KaMpauira Hiic6aTaH Ho6apKapop 

6yjiaAH. IIIyHHHr yqyH xap KaHAafi Macca cohjih p-6apKapop 
HApoJiap Z.A aTpo(})HAa TynjiaHHUiH, ht>hh N aa Z AHarpaMMa- 

CHAa 6apKapopjiHK cox,acHAaH ^HKMacjiHrH 3apyp (1.2- pacM- 
ra k.) • IUyHHHr y^yH, arap HefiTpoH Ba npoTOH coHJiapH 
(1.17) MyB03aHaTJiHK uiapTHHH KaHoaTJiaHTHpca-io, Z TOK 

6yjin6 , A >Ky({)T 6yjica, 6yHAaft HApo yMyH y eKH 6y 
p-napqaJiaHHiu ftyjiH 6HJiaH Z >Ky({)T 6yjiraH HApora aftjiaHHUi 

SHeprHH >KHX,aTA3H (})oftAaJiH. llly Ty(})aHJiH, ?H, |Li, ‘§B Ba 

'?N AaH 6ouiKa tok-tok HApojiap p->KapaeHra HHc6aTaH 
Ho6apKapopAHp. Bup mhcoji KypafijiHK. BpoMHHHr 35 npoTOH- 

jih Ba 45 HeftTpoHJiH IjjBr H30T0nHra (1.17) uiapTra Kypa A =  
=  80 yMVH 35 npoTOH 6apKapopjiHK cohh TyppH KejiaAH. 

JleKHH IsBr hapoch tok-tok HApo 6yjiraHJiHrHAaH, y *ap 

KaHAafi fiyji 6njiaH >Ky(})T->Ky(})T HApora aftjiaHHUira ^apaKaT
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KHJia/iH. Y H ^ a  x aM  p - -, xaM  

P +  napMaJiaHHLU x,aMj.a /C-3JieKT- 

poH K aM p aui (e K) >KapaeHJiapH 

pyfi S e p a ^ H  (3 .3 - p a c M ) . >Ky(})T- 

>Ky4)TJlHKKa HHTHJlHUJJIHKAaH

M acca  coHJiapn / 4 = 3 6  AaH  

2 0 0  raMa SyjiraH coxajiapA a  

6a i .3 a H  2 — 3 Ta/xaH M acca coHJia- 

pn 6np  xhji, JieKHH Z aji6aTTa 

>Kyt{)T 6yjiraH 6a p K a p o p  HApoJiap 

MaB>Kyfl: SoZr, 42M 0, « R u .  Akchh- 

^a , A to k  6yjiraHAa H 30T0n  cohh  

6npAaH opTMaflAH. Bnp 3JieMeHT- 
hhht 6apKapop  H30T0njiapH cohh,

sa
it,5dcoom

Br

MJ

M1 37*36
777/bw/.

3.3- pacM.

MepjiapnHMHr napMa/iaHnm cxe- 

Mac-n.

ht>hh Z JiapH 6 n p  xhji, A jiapn x ap  xhji 6yjiraH 6 a p K a p o p  

H^pojiap  cohh  M axcyc  KOH/iajiap 6HJiaH qeKJiaHraH 3M ac. 

M a c a J ia H , KypraHHMH3fleK, Z =  50 6yjiraH KaJiaHHHHr 10 Ta 

H30T0nH  6iop. MaB>Kyii eHTHJi 3JieMeHTJiapHHHr H/ipoJiapH/iarH 

npoTOHJiap Ba HeflTpoHJiap 6 y  H 30T0njiapH HHr 6apKapopjiH,rH- 

hh Tai.MHHJiafli],HraH M HKAopiiaAHp. Ehthji HApoJiap paiiHoaK- 

th b  6yjiHUiH yqyH yjiapHHHr M acca  cohh  ysrapTHpHJiHuiH, 

yjiap/ia HeftTpoHJiap cohh  oluhphjihlhh KepaK. B y H H H r  ynyH 

6 a p K a p o p  H30T0njiap  H/ipocHra KaTTa 3HeprnHJiH BOAopoA, 

iLeftTepnfl, reJiHfl hohh  eKH 6ouiK a  HOHJiap 6HJiaH T a t c n p  sthji- 

ca 6ac. A m m o  HiipoHHHr t3Pkh6hhh  6ouiKaMa y3rapTHpHUL xaM 

M yMKHH, 6yHH HT yMyH HeHTpOHJiap COHH 3M aC , 6aJIKH 

npOTOHJiap COHH OLUHpHJIHLUH J103HM. SH ep rH H H H H T  MHHH-

.  N N (SapKapop)
MyMJiHK uiapTHra 6H H o aH  —  >  7 ■, ----n^ -r- 6yjiraH HApo-

Z (6ap K a p o p )

jiaprHHa 3M ac , 6ajiKH —  < — - 6 y jira H  napojiap  x aM  opTHKMa
Z Zfi

3HeprH Hra ara 6yjia/iH. B H H o 6 a p H H , yjiap paAH oaKTH B  

6yjiHUJjiapH: pa/iHoaKTHB napM aJiaHHuuiapH  Ba 6 a p K a p o p  

H 30T0njiapH HHr HApoJiapnra afljiaHHUJJiapH j io3 h m . ByHAafl 

y3rapHUj opTHKMa npoTOHHHHr HeflTpoHra afljiaHHiUH 6HJiaH 

c o ^H p  6yjiaflH.

lilyHAafi khjih6, a rap  a-napMajiaHHUi x,oaHcacH (})aKaT 

3Hr ornp Ba 6 a i .3 a H  h o a h p  ep 3JieMeHTJiapH HflpojiapHAa 

y M paca, p-napMajiaHHui KeHr TapKaJiraH x o ^H c a  6yjiH6, 

y 3JieMeHTJiap aaBpHfl cncTeM acH H H H r 3Hr khmhk Macca coHHra 

ara 6yjiraH HflpojiapHflaH M acca  cohh  KaTTa 6yjiraH  

HflpojiapHHHHr x aM M ac H ra  xoc.
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3.3- §. BeTa- napHajiaHHUiHHHr <t>epMH H a3ap H n cH

flApoaa â eKTpoHJiap SyjiMaramiHrH Ty4)afljiH HflpoaaH 
MHKaflHraH P+ = ,  P“ -3appajiap Ba HeflTpoHJiap yjiapHHHr 
4HKHLU nafiTHAa nafl/jo 6yjia,o.H Jie6 TyiuyHMOK, jio3hm. 

lO K o p H A a  aflTHJiraHiieK, H /ipoAaH p- 3appaHHHr h hkhiuh

n-+p-f P~+v.

P + -3appaHHHT MHKHLUH

p- n +  p + + v  (3.16)

aiiJiaHHUJJiap TycjjafljiH Syjia/iH. HeflTpoHHHHr M accacn  np0T0H  

M accacH A aH  0,728 MaB KaTTa SyjiraHJiHTHAaH, y KypcaTHJiraH 

cxeMa 6yflHMa 11,7 MHHyT H uia6 , y3-y3HAaH napMajiaHaAH.
H A p o jiap aa H  p-3appajiapHHHr mhkhui Ha3apHHCH- 

hh 3. O e p M H  30- flHJuiapHHHr 6ouiJiapHAa aTOMJiapflaH 

epypjiHK HypjiapHHHHr mhkhui Ha3apHHCH  acocH Aa  HpaTraH 
3AH. K y n  ypraiiHJiraH 3JieKTpoH 3ap H A H  e 6HJiaH xapaKTepjia- 

H aAH raH  3JieKTpoMarHHT y 3a p o  Ta^bcup O e p M H  K O H d a H T a c H  

G 6HJiaH xapaKTepjiaHyBM H hhth  TH nAarn  yHHBepcaJi y 3a p o  

Tai^CHp 6HJiaH ajiMauiTHpHJiaAH. B y  KOHCTaHTa 3KcnepH- 

MeHTAa aHHKJiaHaAH.
3. OepMH BaKT 6HpjiHTHAa xapaKar mhkaoph Pe AaH Pe-\- 

-\-dPe raMa 6yjiraH 3JieKTpoHJiapHHHr HApoaaH hhkhiu 
3XTHM0JiJiHrHHH ujyHAafl e3aAH:

P(pe) dpe=  ~\  V e(0) 12| 4M 0) 12| M tl\ 2Gr2-~-. (3.17)

B y  e p ^ a  lVe Ba V v  —  3JieKTpoH Ba HeflTpnh o h h h t  TyjiKHH 

4>yHKUHHJiapH, j e(0) |2 Ba | 'Fv (0) |2 —  3JieKrpoH Ba HeflTpH- 

HOHH HApoyja xonHIll 3XTHM0JIJlHrH, Mjj —  HApOHHHT 60U1- 

jiaHFHM xoJiaTAaH cyHrrHCHra yTHUiHHH xa paKTe pjlOBMH 

dn _
M aT p H u a  3JieMeHTH, — —  cyHrrn  xojiaTjiap s h m j i h t h , G aca

at0

p-napMajiaHHUira * a B o 6 r a p  6yjiraH KyncH3 y 3 a p o  Tai>CHp 

a o h m h h c h . B y  H(j)OAaHH dQe, dQx 6ypnaKJiap  Ba xa>KM 6yflHHa 

HHTerpajuiaui M yMKHH. OjiH H raH  HaTHHta 3JieKTpoHJiapHHHr 

pe, pe-\-dpe opajiHKAarH  HMnyjibc 6HJiaH H A poA aH  h h k h u u  

3XTHMOJiJiHrHHH 6epaAH:

P ( P ' ) d P '= ^ £ ( E - E t)2P2/ipe (3-18)
2ji h c'
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M(z,A)c T777TTT
p(c>

— \~E’ 
h h r  

L/

M (Z H ,A )c ’

a
l 6

3 . 4 -  p a c M . p -  c n e K T p  u ia K j i H H H H r  H e H T p H H O  M a c c a c H r a  6 o F J iH io iH r H H H  

moc p a B H iu a a  y3rapHUiH: 1 )  — m , =  0 , 2 ) — m ,  =  m ,  3 ) — m , ^ t  0  *OJiJiap 

ynyH.

BaTj3aH HMnyjibc SyflHMa 3M a c , SajiKH 3HeprHH  SyflHMa 

T3K.CHMOT My}(HM a ^ a M H H T  K a c S  3T3AH . By J(OJIAa M 3T pH U a  

3JieMeHTHHHHr 3H ep rH «ra  6o fjihk  SMacjiHTHHH x.HCo6ra ojiraH 

x,ojijia yHH 6o u iK a  a o h m h A  KarrajiHKJiap 6HJiaH 6HpjiauiTHpH6, 

C 6HJiaH 6ejirHJiafijiHK:

3KaHJiHrHAaH 3HeprHH  6yflHMa t 3 K c h m o t  KyflnjiarHMa e3HJia- 

a h :

BeTa- 3appajiapH HHr 3HeprHH 6yfiHMa t3K C hm oth  HefiTpH- 

h o h h h t  THHKJiHKAarH M accacH ra  6ofjihk . (3.20) TeHTJiaMa 

mv =  0 xoji ynyH  e3HJiraH (3.4-a pacM /ia /- m h3hk). Arap 
aHTHHeflTpHHO M accacH  3JieKTpoH M accacn ra  TeHr &e6  t 3 x m h h  

KHJicaK (mv =  me), p-cneKTp y 3rap a ;iH :

P (E )= C 2E(E- Ee)2(E2e-\)''i(E-Ee)2-\]'/z (3.21)

By x,oji 3.4- a pacMAa 2 mh3hk 6HJiaH 6epHJiraH, 3 MH3HK 3ca, 
aHTHHeflTpHHOHHHr MaccacH KH4HK, 3mmo mv 0 AeraH 

TaxMHH acocHfla MH3HJiraH. K e H r  KyjiaMAa ojih6 6opnJiraH 

Ta>KpH6 ajiapHHHr HaTH>KajiapH aHTHHeflTpHHOHHHr thhmjihk- 

4 arn MaccacH HOJira TeHr 3KaHJiHTHHH TacAHKJiafiflH. Tphthh- 

hhht P“ -napqajiaHHUJ cneKTpHHH Tax̂ iHJi sthui aHTHHefiTpn- 

hohhht MaccacH mv<0,01 tne SKamiHrHHH KypcaTaflH. BeTa-
CneKTpra X,OCHJiaBHfi HJXPO KyJlOH MafiflOHHHHHr Ta"bCHpHHH 

HApoHHHr 3ap«AH  Ba 3JieKTpoHJiapHHHr 3HeprHHCHra 6 ofjihk

(3.19)

P(E) =  C2Ee(E — Ee)2(E2.— 1) '/2. (3.20)
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SyjrraH F(Z, Ec) K03(})(jDHUHeHT SHjraH x,HCo6ra ojihui MyMKHH. 

B y  Ky naHTyBM HHHHr KHHMaTjiapw  M axcyc  >KaABajuiapAa 

SepHJiraH. A ji6aT T a , 6y H A a  aTOM  3JieKTpoHJiapHHHHr HApoHH 

SKpaHJiaui Ta"bCHpHHH xaM  .\Hco6ra ojihiu 3a p y p . H e M a K , 

SKcnepHMeHTaji Ba H a3ap H H  HaTH>KajiapHH y 3 a p o  TaKKOcjiauj 

yqyH (3.20) TeHrjiaM aAarn  Tyfphjiobm h KyjioH KynaflTyBMHCH- 

hh X H Co 6ra  ojicaK, y xojiAa p Ba p-\-dp opaJiHKAarn 

HMnyjlbCJlH SJieKTpOHJiapHHHT MHKHHJ aXTHMOJIJlHTHHH yiLl6y 

KypHHHUIAa e3HUI M yM KHH:

P(p)dp =  C2F(Z, Ee)p‘2( E - E e)2dp. (3.22)

B y H A a  HMnyjibc rrioC 6HpJiHKJiapAa (E2— 1 ) 1/2 ra TeHr.

3.4- §. BeTa-Tatcnp onepaTopjiapH sa aflpo MaTpnua 
ajieMeHTJiapH

OepMH Ha3apH5iCHAa p -n a p M a j ia H H iu  >KapaeHH H yK JioH - 
HHHT 3 Jie K Tp O H -H e H Tp H H O  M 3H A 0H H  6HJiaH y 3 a p O  T3"bCHpH A e 6  
K a p a j ia A H :  H yK Jio H H H H r 6 « p  xo Jia Tf la H  h k k h h h h  x o J i a T r a  
( HeiiTpoH n p 0T 0H ra  Ba aKCH H M a) yTHiiiH 103 6ep a A H . B y H A a  

3JieKTpOH ( n 0 3 H T p 0 H ) X a M A a  a H T H H e H T p H H O  (H e H T p H H O )  
B y > K yA ra  KejiaAH. p - n a p n a J ia H H U J r a  c a6a6M H  6 y j i r a H  KyMH HHr 
H H X O H TA a KyMCH3JiHTHAaH, 6 y  x o j iA a  FajiaeHJiaHHUJ H a 3 a p H a -  
CHHH HIUJiaTHLU M yM KHH . B y H A a  CHCTeMaHHHP 6 n p  XOJ13TA3H 

HKKHHMHCHTa yTHIU 3XTHMOJIJIHTH

f  i r-f

6yjiaAH . B y  e p a a  ij), Ba %  —  6oiujiaHFHM Ba oxHprH 

x,0JiaTJiapHHHr TyjiKHH (JjyHKUHHCH, H — FajiaeHJiaHHui one- 

paTopH , dn/dE oxnprH  x,0JiaTJiap 3hmjihth. H ^ p o  X3>kmh 

HMHAa HeHTpHHO Ba 3JieKTpOH Ba ifcTyjlKHH (})yHKUH51JiapH- 

hhht Kam y3rapHUiHHH XHCo6ra oJicaK x aM A a  H onepaTop H H  

G AOHMHflra TeHr AecaK ,

^*v7n> v^T= ~M

6yjiaAH (tyHf, -ij] v,—  HyKJIOHHHHP OXHprH Ba 60UJJiaHFHM XOJiaT 

TyjlKHH C|)yHKUHHCH ) , 6yH A arH

M =   ̂ N/dT (3.23)

HApoH HHr Marput^a 3AeMenru A e 6  a ia jiH 6 , y p- y3rapHuuiap  

BaKTH Aa cnHH Ba >Ky(j)TJiHKHHHr y3rapH iuH ra  >KyAa ce3THp. B y

140



MHKiiopjiapHHHr M=^= 0  x,o.nAarH m ym khh SyjiraH y3rapHUJJia- 

pn pyxcaT  STHJiraH p-yTHLHjiap ynyH TaHJiaiu KOHijajiapH 

AeflHJiaAH. A m m o  pyxcaT  3THJiraH KHHMaTJiap H  Ta"bCHp 

one p aT op H ra  S o f j ih k  SyjiaAH.

O n ep aT o p jiap H H  Ty3HUi Ba yjiapHHHr KypHHHiiiH x aK H A a  

6aTa(})CHJi TyxTaMaft, luyHH afiTH6 yTHiu KepaKKH , 6eTa- 

napMajiaHHiiiHHHr yM yM HH  Ha3apHHCH  JlopeHU, HHBapnaHTJiHK 

Tajia6 KHJiHHraHAa H  onepaTop H H H r  5 Ta B ap n aH T H ra , htjHh 

KytMCH3 y 3a p o  Ta"bCHpHHHr 6euJTa xhjih MaBJKyAJiHrnra ojih6 

KejiaAH. Yjiap  Ty3HJiHuiHra Kypa CKajinp (H s), BeKTop ( H v), 

TeH3op ( H T) , aKcnaji-BeKTop (H A) Ba nceBAOCKajinp (H P) 

y 3a p o  Ta"bCHpjiap (o nepaTo pjiap ) hom hhh  oJiraH. By onepa- 

Topjiap p-yTHiujiapAa >Kycj)TJiHKHHHr caKJiaHHiu Ba caK- 

JiaHMacJiHrnra K a p a 6  x a p  xhji Ty3HJiaAH. BeTa-yTHUijiapAa 

HApoH HHr AacTJia6KH Ba cyHrrn xoJiaTJiapHHHHr >Ky(})T- 

tok-thfh x aM A a  x a p a K a r  m hk ao p h  MOMeHTH caKJiaHHUi 

KOHyHHHHHr 6a>KapHJiHiUHHH Tajia6 khjihiu MatJiyM  TaHJiaiu 

KOHAaJiapHra ojih6 KejiaAH. M a c a jia H , pyxcaT  STHJiraH 

p-yTHiujiap ynyH O e p M H  x a M A a  T a M O B  —  Tejuiep TaHJiaiu 

KOHAaJiapH M3B>KyA-

O e p M H  TaHJiaui KOHAajiapn pyxcaT  3THJiraH p-yTHUUiapAa 

HApoHHHr cnHHH /  Ba >Kyt})TJiHrH ji y3rapM acjiHrHHH Tajia6 

3 T 3 A H :

TaM O B  —  Tejuiep TaHJiaui KOHAajiapnra  MyBO(})HK 

p-yTHiujiap >Ky(})TJiHrH 6 n p  xhji, cnHHJiap (})apKH 3ca 0  eKH ±  

±  1 6yjiraH X0JiaTJiap op acH A arH H a  pyft 6epnuiH  MyMKHH:

CKajinp xaMAa BeKTop y3apo TatcHpjiap O e p M H  TaHJiaui 

KOHAaJiapn (3 .24 ) ra, TeH3op Ba aKcnaji-BeKTop y3apo 

Ta"bCHpjiap TaMOB —  Tejuiep TaHJiaui KOHAajiapH (3 .25 ) ra 

moc KejiaAH. FIceBAOCKajiHp y 3a p o  Ta^bCHpjiap (})aKaT cnHHjia- 

pn 6np xhji, *y(})TJiHKJiapH aca xap xhji 6yjiraH caTXJiap 

opacHAarHHa ypHHJiHAnp.

y 3ap o  Ta*bCHp KyMjiapn onepaTopjiapHHH xnco6 ra oJiraH 

XOJiAa HApoAaH 6 eTa-napMajiaHHUiAa MHKaeTraH 3JieKTpoH Ba 

no3 HTpoHJiapHHHr 6 epHJiraH Ee Ba Ee±dEe opajiHKAarH 

SHeprHHra ara 6 yjiHiu sxthmojijihth (3 .20 ) (})opMyjiara acocaH 

KyHHAarHMa (± H iu o p a  moc paBHiuAa no3HTpoH Ba 3JieKTpoH 

yMyH) e3HJiaAH:

A / =  0, Aji =  0. (3 .24 )

(3 .25 )

ui



P ±(Ee)dEe= ° ^ F (± Z ,  Ee)Ee(E2e- l) '/2(E- Ee)2X
4j i

X  [ (c ^ f  C2) | M F12+  (C2 +  C2a) | M aT\ *WEe (3.26)

6 y  epjia G —  6eTa-yTHUJ,narn 6ofacihuiu douMuucu  AefimiaAH.

B y  H(j)OAa yTHUJHHHr MaTpnna 3JieMeHTH TaiiCHp KynjiapH- 

HHHr O e p M H  (Mf) Ba TaMOB —  Tejuiep (MGT) BapnaHTJiapH- 

ra moc KejiyBMH MaTpnua 3JieMeHTJiapHHHHr hhfhhahch 

cH(J)aTH^ia e3HJiraH: SC2= 1 . ByHAa C, —  moc paBHiujia H v,

Hs, H t Ba H a onepaTop jiapH H H r  6eT a  TaijCHpjiaiiiyBMH Tyjia 

o n e p aT o p H  H .aarn yjiym jiapHHH K y p c a T a ^ H . BeTa-napMaJia- 

HHLUHHHr Tyjia S^THMOJIJIHrH (3 .2 6 )  HH 3HeprH H  6yHH M a 

HHTerpajuiaui AyjiH 6HJiaH oJiHHajm.

O A aT A a , 6eTa-napMajiaHHUiHHHr acocHH xapaKTepHCTHKa- 

ch cH(j)aTHAa cojiHiuTnpMa HpH M  napM ajiaHHiu jiaBpn fT A aH  

(J)OHflajiaHHJiaAH. ByH.ua:

E

f(Z ,E )=\ F(Z ,Ee)Ee(E2-\)U2(E- Ee)2dE. ( 3 .2 7 )

o

T a * p n 6 a j i a p  6eTa-yTHiujiapAa nceBjiocKajm p KyMjiap 

T a t c n p H  fiyK A a p a * a f l a  SKaHJinrHHH Ky pcaT AH . A r a p  6yHH  

x.HCo6ra ojiHHca, htjhh Cp«  0 AecaK *aMjia -% =  C2aT 6HJiaH

TaMOB —  TeJiJiep y3apo TaT>cHpHHHHr yjiyuiHHH 6ejirHJiacaK, 

y xoji^a O e p M H  y3apo Tai>CHpHHHHr xnccacH 

C2=  1— % =  1— CaT 6yjiaflH. H aTH w a .ua ,

(\ - x )\m f \2+ i \m gt\2

H(})oaa kcjih6 MHKaflH. By ep ^a  B =  2n3In2- G~' =43G~'.
BeTa-yTHiuflarH 6oFjiaHHui a o h m h h c h  G M yxH M  KaTTajiHK  

6yjiH6, 3JieMeHTap 3appajiap na3apHHCH.ua (J)yHflaMeHTaji 

ax,aMHHT Kac6 STa^H. T —  HpHM napMajiaHHiu AaBpn aca 

M a T p u u a  SJieMeHTJiapn opKajiH HApo xycycHHTJiapnra 6ofjihk . 

A r a p  MaTpnua 3JieMeHTJiapH aHHK \Hco6jiaHraH 6yjica, T hh  

yjiMa6 G hh aHHKJiam M yMKHH.

A m m o  cyHrrn BaKTJiapra K a^ap  6eTa-Ta"hCHpjiaiuyBHHHr 
KaficH xhjih (S, V, T, A, P) acjiH^a aM ajira  ouihuih  ManbjiyM 

3MaC 3AH. HK KH  KOMnOHeHT3JIHK HeHTpHHO H33apHHCH 

HefiTpHHOHHHr KyT^JiaHHUiH 6eTa-3appajiap KyT6jiaHHiUHra 
ojih6 KejiHUiHHH KypcaTaflH. By Ha3apHHra acocaH KyT6jia- 

HHUiHHHr HiuopacH ^eTa-TaiiCHpjiap XHJiHra 6ofjihk 6yjiaAH:



P R =

— V-S, T,Pynyn.

+ — V, A yqyH.

FIceBAocKaJiHp y 3 a p o  Ta^bcnpjiapHH x.HCo6ra oJiMacaK x aM  

6yjiaAH . LLlyHHHr yqyH  (3.26) Aarw  Cv, Cs, CT, CA k o 3(()4)h -

UHeHTJiapHHHr KaftcH 6 h p h  h o j i a s h  4)apKJiH 3 K 3 h h h h  aHHKJiaut 

M yMKHH.

y 3 a p o  Ta"bCHpjiapHHHr CKajinp Ba BeKTop XHJiJiapnra 

O e p M H  «TaHJiam  KOHiiacH», TeH3op Ba aKcnaJi-BeKTop XHJiJia- 

pnra  aca T a M O B  —  TeJiJiep KOH/iaJiapH m o c  k c j ih l u h  K)KopHAa 

Ta^bKHAJiaHraH B ouiK aM a  aH T raH A a , a r a p  3JieKTpoH Ba

HeHTpHHO HApoj.aH  «aH TH napajuieji»  cnHHJiap 6HJiaH HHKca, 

O e p M H , aKCHHMa, «napajuieji» cnHHJiap 6HJiaH MHKca, 

T a M O B  —  Tejuiep TaHJiam  KOH/iajiapH ypHHJiH 6yjiaAH .

25A 1, 34C 1 Ba l40  HApojiapnfla co<{) O e p M H  XHJiH/iarH 

0 + ->-0+  yTHiujiapHH TeKiuHpHLiJ O e p M H  y 3 a p o  T a t c n p  xhjih 

yqyH G F hh aHHKJiaui hm k oh hh h  6epA H . M hco ji T apH K acn /ia

O  h hh t  no3H TpoH  qHKaDHUi fiyjiH 6njiaH 1 'N  ra afijiaHHiuHHH 

K a p a 6  m hk3hjihk: 'sO->- 4N  +  e + + v .  H K K ajia  HflpoHHHr x aM  

Tyjia MOMeHTH (ciihhh) HOJira TeHr, >Ky<})TjiHrH aca 6 n p  xhji 

(M y c 6 a T ) . ZleM aK , co({) O e p M H  KO H ^a jiap n ra  moc 6 y  HApojiap 

raMHJibTOHnaHHAa C s eKH CyHOJin.au (|)apKJiH 6yjiHiiiH KepaK. 

XHCo6jiaiujiap  i40  H/ipocHflarH 6eTa-yTHUJJiap, xycycaH , 

0 + ->-0+  yTHiu yqyH | M f ( 0 + - ^ 0 + ) 12=  (M r) 2= 2  3K3hjih-

thhh  K y p c aT a^H . By napM ajiaHHtuAa a>KpajiH6 m hkk3h  

MaKCHMaji 3HeprH H  Ee— mc2 =  ( 1 ,8 1 0  +  0 ,0 0 1 )  MaB, npHM  

napMajiaHHUi a a B p H  r =  ( 7 1 , 4 ± 0 , l ) c .  KHCJiopozi-14 hapoch- 

h hh t  6 y  n ap aM eTpjiapH AaH  (})oftAaJiaHH6, O e p M H  TypHflarH 

yTHUJJiap yMyH 3(})({)eKTHB 60FJiaHHUl flOHMHftCHHH XHCo6jia- 

caK ;

G f=  ( 1 ,4 1 8  +  0 ,0 0 4 )  • 1 0 “ 493pr- CM3 (3 .3 0 )

KH H M 3T  M HKaAH. A M M O  G p H H H r  6 y  KHftMaTH O e p M H  XHJlHAarH 

y 3a p o  TaiiCHp CKaJinp eKH BeKTop xap aK T ep ra  3ra 3KaHjiHrn 

eKH yjiap apajiau iM acn  SKaHJinrH TyFpHCH/ia aH H K  Mai>JiyMOT 

6epMaftflH. On.avxa co(}) O e p M H  XHJiHiiarH 6eTa-yTHiujiap yMyH

- IC ^ - |Cs|2 (3 .3 1 )
|Cr|2+ | C s |2

K03({)(})HUHeHT yjiMaHaAH. yjiMauuiap HaTH*acHAa a =  
=  (0,97 +  0,14) 3Kahh aHHKJiaHflH. ByH/ia y3apo TatcHp
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raMHJIbTOHHaHHHHHT O e p M H  yTHIUJiapH KH CM HAa BeKTOp 

TatC H pjiam yB Jiap  K y n p o K  SKaHJinrH Ke^inS HH KaAH .

Xy/uw uiyHflaft yjmaiujiap coc}) TaMOB — Tejuiep xHJiHjia- 
th  yTHuuiap xaM^a xap h k k h  TaHJiaui KOH/iajiapHra  

SyficyHaflHraH yTHiujiap ycTHjia xaM o jih 6  6opHjiraH. Ta- 
m o b  —  Tejuiep TaiaCHpjiaiuyB xaKH/iarH M a t J iy M O T J ia p , Maca- 

jiaH, 6He h h h t  6eTa-nap4ajiaHHiUH |He->-3Li +  e _ -)-v AaH 
XOChji 6yjiaAH raH  ajieKTpoH-HefiTpHHO 6y p M aK  TaKCHMOTH-  

h h  y p r a H H U U i a H  o jiH H ra H . H K K a J i a  h a p o h h h t  x a M  * y < | m iH r H  

M y c6aT . CnHHJiapH aca 6npra c})apK KHJiaAH: |He(/ =  0) Ba 
®Li(/=l). XleMaK, 6y cocj) TaMOB — Tejuiep y T H U iA a  CTekh  

CA HOJiAaH ({japKJiH 6yjiHiuH KepaK. yjmauuiap

1 \ct\2-\ca\2

3 I Cr|2-f- I C„|2
(3.32)

K03(J)(})HUHeHT yMyH a = ( — 0,35±0,03) KH H M aTH H  6e p a A H . 

LUyHAaft k h j i h 6 , T a M O B  —  Tejuiep Ta"bCHpjiaiuyBHAa aKCHaji- 

BeKTop y 3 a p o  Ta-bCHp K y n p o K  k h c m h h  TauiKHJi KHJiaAH. 

iXeM aK , T a M O B  —  Tejuiep XHJiHAarH yTHiujiapAa A y 3 a p o  

TaijCHpjiap, O e p M H  XHJiHAarn yTHiujiapAa aca V y 3 a p o  

TaiiCHpjiap Karra  a x a M H H T  K a c 6  s t b a h . B oujK aM a  a fh r a H A a , 

6eTa- napMaJiaHHUiAa (})aKaT V Ba A TaiiCHpjiauiyBjiap 

ypHHJIH, y 3 a p O  Ta"bCHp raMHJlbTOHHaHH 3Ca HKKH KH CM AaH  

TauiKHJi To n aA H :

H =  C vH v+ C aHa. (3.33)

TaMOB —  Tejuiep TaijCHpjiaiuyB AOHMHiicHHHHr KHftMaTH 

HeHTpoH napMajiaHHLUHHH ypraHHUi HaTH>KacH/i,a ojiHHraH. By 
napMajiaHHUiAa 1 / 2+ — /2 XOJiaTJiap opacHAarn p-yTHUi xaM 

O e p M H , xaM  TaMOB —  Tejuiep TaHJiaui KOHAajiapn 6HJiaH 

pyxcaT 3THJiraH. HefiTpoH Ba npoTOHHHHr «Ky3ry» jinrHAaH 6y 

yTHUjjiap yMyH MaTpnua 3JieMeHTJiapn xaM  aHHK XHCo6jiaH- 

raH:

I Af̂ -12=  1 Ba | Af 07-12=3 . (3.34)

HeftTpoHHHHr hphm napMajiaHHLu AaBpn 7^= (1 l,7z-t0,3) mhh 
Ba 6yHAa a *p a jiH 6  MHKaAHraH 3HeprH«

E =  (me-mp)c2=  (1,2939 ±0,0004) MaB

SKaHJiHrHHH XHCo6ra ojih6 (3.27), (3.28) <J)opMyjiajiap 

ep^aMHAa HeftTpoH ynyH

(fT)n= (  1180±40) (3.35)
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SyjiHOiHHH To n aM H 3 . H e H T p o H H H H r  napHajiaHH UiH ra xoc 

SKcnepHMeHTJiap yMyH

/ fT\  ^Kcn_________ 2n h c______
1 > n .5 . „2 1 o/"'2 \

( m c )  (G ( r  +  3 G aT)

Ba 0 + ^ 0 +  yTHUjjiap ywyH

3KCn

(/7-)3Kcn G| +  3 G | r
0±M) +

( 3 .3 6 )

4>opMyjia ypHHJiH^Hp. KHCJiopofl-14 yMyH

(/7") =  ( 3 0 5 7  +  2 0 )  c. ( 3 .3 7 )

( 3 .3 5 ) ,  ( 3 .3 6 )  x,aMAa (3 .3 7 )  Jiapra K y p a :

--- jn t v  , »11
=  2 ,5 9  ± 0 , 0 9 .  (3 .3 8 )

G 2F \MnF \2 + G 2aT \MnGT\2 3057 +  20

G 2 |Af/r(0 +  ->~0+ ) |2 1 1 8 0 ± 4 0

( 3 .3 8 )  ra M aT p H u a  3JieMeHTJiapHHHHr TernujjiH KHHMaTJiapn- 

HH K yHH fi, H K K H  Ta"bCH p  A O H M H H Jia p H  HHCfiaTH yM yH

'OT

Gl
1 ,39  +  0 ,0 6  (3 .3 9 )

KaTTajjHKHH ojiaMH3 , fleMaK, TaMOB —  Tejuiep TaijCHp aoh- 

MHHCH OepMH TatCHp AOHMHHCHAaH 6Hp 03 K3 TTapOK 3K3 H:

G GT=  (1,67±0,04) • 10“ 493pr-CM3.

3 h t  cyHrrn BaKTJiap.ua yTKa3HJiraH Ta>KpH6ajiap Ba 

XHCo6jiaHHJiraH h h t h  H a T H w a jia p  p-napMajraHH i u h h h t  O e p M H  

H paTraH  3Hr O A A H H  H33apHHCH TyFpH 3 KaHJIHTHHH Ba JieKHH 

KyMCH3 y 3 a p o  Ta^bCHpAa >Ky(j)TJiHK caKJiaHMacjiHTHHH KypcaT-  

flH.

3.5- §. PyxcaT aTHJiraH p-yTHmjiap

BeTa-aKTHB HApojiapHHHr p-cneKTp rnaKJiH Ba auiaiu  

BaKTH HypjiaHaeTraH 3appajiap Tyjia x,apaKaT MHKflopH

M OM eHTHHHHr KaTTajiHrHra >Ky^a 6ofjihk . Ta> Kp H 6aH H H r  

KypcaTHUiHMa, p-napMajiaHHUiaa anpo cnHHH h h h h t  6yTyH 

coHHra y3rapaAH, hi>hh A/ =  0,l,2,3,... YMyMHH xojiaa 
3JieKTpOH Ba aHTHHeHTpHHOHHHT Op^HTaJl Ba CnHH MOMeHTJia- 

pn HHFHH^HCHra TeHr: / ^ L  +  S ^ + S ^ .

1 0  P. licK/fioiiuH 1 4 5



3jieKTpoH  Ba HeHTpwHOJiap ojihS KeTraH L opSHTaji 

M OM eHT HOJira TeHr xojuiapAarH  p-yTHaiJiap axTHMOJiJiHKJiapH 

iokoph SyjiaflH. ByH/ia ajieKTpoH Ba HeflTpHHOHHHr H,apo ciihhh 

y3rap H uiH ra  TeHr SyjiraH Tyjia x a p a K a r  m hkjioph m om chth 

eKH 0  (ajieKTpoH Ba aHTHHeftTpHHo cnHHJiapH aHTHnapaJuieji) 
eKH 1 (cnHHJiapn napajuieji) SyjiaAH. ByH/iaft yTHiujiap 

p y xcaT  3THJiraH p-yTHLUJiap AefiHJiaAH. £  h h h t  6H p ra  

OpTHUJHfla yTHUJ 3XTHMOJIJIHTH T aX M H H 3H  10 0  M ap T a  KaMaHflH. 

L KaHMajiHK KaTTa 6yjica, yTHiu sxthm ojih  ujyHMa K a M p o K  Ba, 
AeMaK, H/ipoHHHr ypTa^a Hiuam b3kth Karra 6yjiaAH. 
MacajiaH, K->-40Ca +  e ~ + v e 6eTa-napqajiaHHUiAa xapaKaT 
M HKAOpH HHHT  y3TapHUIH A / =  4 , yTHUI KyMJIH T3KH KJiaHraH , 

LuyHHHr ynyH  npH M  napqajiaHHUi A aB p H  KaTTa (T =  1,27X 
X  109ftHJl) .

Y H A a H  TaUJKapH , p-aKTHB H 30T 0n H H H r  HlUaiU BaKTH yTHUI

3HeprHHCHra >Kyj.a 6 o f j i h k . S^thuj aHeprHHCH KaH ^ajiH K  KaTTa 

6yjica, yTHiu s x t h m o j i j i h t h  uiyHMaJiHK K arra , Ba AeM aK , 

H30T0nH H H T  HUJaUI B3KTH  LUyHMajIHK K3M . I O k o p h  £ max 

3HeprHHJiapfla y p T a ^ a  Hiuaui BaKTH t  Ba £ max y p T acH A a  t ~

—  E ~ °max 6oFJiaHHui MaB>Kya.

3 H e p r H H  HyKTan  H a3apH j;aH  p-yTHiu Maxcyji HApoH HHr 

({jaKaTrHHa acocuft xojiaTHra 3M ac , 6ajiKH yftFOHraH xojiauia- 

p nra  x aM  6yjinuiH M yMKHH. A r a p  Maxcyji h a p o h h h t  acocHft 

XOJiaTHra p-yTHm TaKHKJiaHraH  6yjiH 6, H/ipoHHHr yftFOHraH 

XOJiaTJiapH^aH 6 H p n r a  yTHiu sca, SHeprHH >KHxaTAaH pyxcaT  

3THJiraH 6yjica, y xoji/ia yftFOHraH xojiaTJiapra yTHui 

s x t h m o j i j i h t h  ycTyHJiHK KHJiaaH.

M a x c y ji  ■y-KBaHT HypjiaTHUi ftyjiH 6HJiaH acocnfi eKH 

nacTKH yftFOHraH xoJiaTra y T a ^H . H o T y p F y H  h a p o h h h t  

p-napqa.aaHHUJH 6 n p  BaKTHHHr y3H A a  acocH H , 6 n p  §kh 6 n p  

H e m a  yftFOHraH x,0JiaTJiapAa 6yjiHLUH M ym khh  (3.4- 6 pacM- 

ra k ) . By x,ojiAa Ta>Kpn6afla OJiHHraH p-cneKTp sht  iokoph 

3HeprHHJiH napunaji p-cneKTpjiap fiHFHHAHCHAaH H 6o p aT :

£max =[M(Z, A ) - M (Z + \ ,A )- m\c2- E * 

EmaX2=[M (Z,A)- M(Z+\ ,A)- m ]c2- E t, 

Em.M =[M (Z ,A )- M  (Z +  1, A) — m]c2,

6y  epjia E\ Ba E2 —  Max,cyji HjipoHHHr Ky3FajiraH xojiaTJiap 

3 H e p rH H C H .

Ba"b3aH  Ky3FajiraH xo.TaTJiapra yTHiu h h t c h c h b j i h f h  

( 3\THMOJlJlHrH) acocnft XOJiaTFa yTHUI 3*THMOJIJlHrHAaH aHHa
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KaTTa SyjiaAH. M a c a ^ ia H , 'a O  h a p o h h h t  l4N-ra p +  -napMajia- 

HHiuHiia acocaH  (99,5 <J>oh3) p-yTHUi '| N  h hh t  6hphhm h  

Ky3Fa;iraH  (2310 K^B) caTXH Aa  K)3 Sep aA H . B y H A aH  

p-napMajiaHHm  >KapaeHHAa HApo  Ty3HJiHUJHHHHr Tai>CHpH yTa 

KyMJlH 3K3HJlHrHHH KypHUI M yMKHH. flapMajiaHHUJ 3X.THMOJ1J1H- 

th E$ SHeprHHra x,aM aHMa Sofjihk.

CnHH./iapH So uiKa  M aH 6a jiap A aH  M a^JiyM  SyjiraH xojiaT- 

Jiap yp T acH A arn  p y xcaT  3THJiraH yTHiujiap xaKHAarn MabJiy- 

m otjiaphhhr KypcaTHUiHM a, MaB>KyA SyjiraH SKcnepHMeHTaji 

Ma"bjiy MOTjiapHH O e p M H  KOH/iacH x a M , T a M O B  —  Tejuiep 

KOHiiacH x aM  HKKa xoJiAa TyuiyHTHpnG  OepoJiMaflAH- X o 3 H p r H  

3Hr HiuoHMjiH Ma"bJiyMOTJiap uiyHAaH AajioJiaT 6ep aA H K H , V Ba 
/4-y3apo Ta^bcnpjiapHHHr apajiau iM acn  aMajira ouiaAH Ba 
yjiapHHHr x a p  6n p H H H H r  KyuiraH  XHCcajiapn AenpjiH 6ap0- 

6 a p A H p .

lOKopHAa 6aeH KHJiHHraHJiapra acocaH 6apna pyxcaT 

3THJiraH p-yTHiujiap, htjHH cnHHJiapn 6 h p  xhji eKH 6HTTara 

(J)apK KHJiaAHraH (A/ =  0eKH A /= l )  Ba 6np xhji >Kyt{)TJiHKKa 

3ra 6yjiraH xoJiaTJiap ypTacHAarH yTHiujiap 6HpHHMHAaH, 

pyxcaT STHJiraH uiaKJiAarH cneKTpra Ba HKKHHMHAaH 6np- 

6Hpnra h k h h  f0T KHHMaTra ara 6yjiHiUH uiapT, Ae6 aflTHUj 

MyMKHH. Arap 6 h p h h m h  t b x m h h  rny AaBpraMa ara 6yjiHHraH 

6apMa SKcnepHMeHTaji Ma"bJiyMOTJiapra m oc  KejiaeTraH 6yjica, 

HKKHHMHCH 3Ca aKCHHHa MOC KejlMaeTHp. fT HHHT KHflMaTJiapH 

6Hp-6HpHAaH 103 AaH (MacajiaH, / i - ^ H ) ^  109 rana 

(MacajiaH, uO->-uN) opajiHKAa (})apK KHjiaAH. LUyHra 

KapaMacAaH, lgfT h h h t  >KyAa Kyn KHflMaTJiapn 3— 3,5 ra 

h k h h a h p , lg/7" h h h t  6ouiKa 6np rypyx KHflMaTJiapn HHaAa 

KeHr opajiHKAa (4— 7) eTaAH. fT h h h t  >KyAa khm hk  

KHflMaTJiapH 6HJiaH xapaKTepjiaHaAHraH 6 h p h h m h  rypyx 

yTHiujiap «ocoHJiaiuraH» eKH «yTa pyxcaT 3THJiraH» yTHUiJiap 

Ae6 aTajiaAH. ByHAafl yTHiujiap acocaH k hm h k  Z ra 3ra 6yjiraH 

p-HypjiaTrHMJiapAa, aflHHKCa, Ky3ry HApoJiapAa Ky3aTHJiaAH. 

ByHra N —  Z = ± l  6yjiraH HApoJiapAarn Ky3ry yTHuuiap, 

HeflipOH, TpHTHH Ba n03HTp0H HHK3pH6 napHaJiaHyBHH eHTHJl 

HApojiap, ujy >KyMJiaA3H, N =  Z sa N =  Z-\-2 6yjiraH H3o6ap 

>Kyt})TJiap xaM KnpaAH. M hcoji TapnKacHAa KyflHAarH 6eTa- 

yTHiujiapHH KypcaTHUi k h <})o h :

3H^iHe, !He—>-!jLi, 'SC-̂ ^gB, l48 0+ '?N  

'iF—*-‘IO, ?|Mg->-iiNa, K§Al-v?iMg, ?|K+?|Ar. (3.40) 

P y x c a T  3THJiraH yTHUjjiapAa fT h h h t  >KyAa KeHr 

HHTepBajiAa eTraH KHflMaTJiapHHHHr Ky3aTHJiHiun (yTa  pyxcaT
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STHJiraH yTHiujiap 6 yH A aH  h c th c h o ) A /  =  0 ±  1 ra ara GyjiraH 

Ba >Ky(})TjiHrH y 3 rapMafl KOJiaAHraH yTHUjjiap yqyH 

\Mif\2 h h h t  KHHM aTJiapn T a x M H H a H  6 np  xhji 6 yjiaA «, AeraH  

T axM H H  6 npM yHM a coA a ajiam ra H  3KaHJiHTHHH KypcaTaflH . 

H a p o b h A  M aT p n u a  ajieMeHTJiapn, sx,thmojikh, K y n p o K  Aapa- 

>Ka/ia 6 ouiKa (})aKTopjiapra 6 ofjihk ahp . B y H ra  ep K H H  mhcoji 

T a p H K a c H ^ a  l- M aporada T a ^ u ^ A a m a H  n.&6 aTajiyBMH yjHui- 

jiapHH KypcaTHiu  M yM KHH, MacajiaH, i2P->-',2S  +  e-  +  v. B y  

xojiAa y jm aH raH  cnHH KHflMaTJiapn moc p a B H iu ^a  1 Ba 0 ra 

TeHr. H K K ajia  x,ojiar 6 np  xhji >Ky(})TJiHKKa 3 ra. U ly H ra  

KapaMac^aH 1 g/T =  7,9. Acf)THAaH, 6yHAa d3/2 caTxa.arH 
HefiTpoH 5 1/2 caTX,AarH npoTOH ra  afijiaHAH. B y  e p ^ a  A /  =  

=  1 6 yjica-Aa, A / =  2.

H o p M aji  p y xcaT  sthjirah yTHUiJiapAa HA po  CT pyKTypacn  

6 h p  03 y 3rap aA H . Y jiap /ia : l g / T « 5 .  BeTa- napqajiaHHui 

nafiTHAarH HA po  CTpyKTypacH H H H r 6 n p  03  y3rapHiUH k o 6 h k  

MOAeJIH HyKTaH  H a 3 a p H A a H , HAPO  H30CnHHH eKH HyKJIOH CnHHH 

fiyHajiHUiHHHHr op6nTaJi M OM eHTra H H c6aT aH  y 3rap H iU H AaH  

H 6o p aT . M a c a J ia H , HopMaJi p y xcaT  STHJiraH

2o C a —vafSc-|-e -|-v

p-yTHUiAa 2p3/2 W Jia T A a r H  HefiTpoH x y ^A H  uiy 6 u p  3appajiH  2 p 
x,ojiaTAarH npoTOHra afijiaHaAH. BnpOK  6yHAa H3ocnHH 6H p ra  

y 3 r a p aA H :

7- =  -|(J§Ca)— r  =  ̂ -(S?Sc). (3.41)

HopMaji p y xcaT  3THJiraH

,4°?Ag-,SlPd +  e+ + v

p-yTHLHAa 3ca lg9/2 xoJiaTAarn npoTOH lg7/2 xoJiaTAarn 

HefiTpoHra afljiaHaAH.

3.6-§. TaKHMaHraH p-yTHUijiap

p-napMajiaHHiu >KapaeHHAa H A p o aa  *eM KaHAafl CTpyKTy- 

pa  y3rapHUiH  103 6 e p M a ra H  w i A a r n  yTHiujiap yTa  p y xcaT  

STHJiraH ry p y xra  M aH cy 6 . B y H ra  6 h p h h h h  H a B 6 a T A a  spKHH 

HeflTpoH eMHpHJiHiu, iH->-2H e  yTHiu, uiyHHHTAeK, Ky3ry 

HApojiapHHHr 6a p M a  6eTa-eMHpHJiHUuiapH KH paAH .

N =  Z±  1 6yjiraH HApojiap 6HJiaH N =  Z +  2 6yjiraH aapoJiap  

o p a c H A a r n  yTHUJJiap x,aM m y  rypyxxa TerHUJJiH. BouiJiaHFHM 

Ba cyHrrH anpojiap  cTpyKTypajiapn  M atJiyM  6yjiraH ^ojuiapAa
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/ T ^ H H H r  a/ipo CTpyKTypacnra  6ofjihkjih fhhh  erapjiH Aapa- 

xajxa aHHK, khjih6  H a3ap H H  XHco6jiaui M yMKHH. LLiyHHHr yqyH 

6yHAafl yTHLUJiapra TerHiujiH fTl/2 h hh t  SKcnepHMeHTaji 

KH HM aTJiapnra K a p a 6 ,H K K a  HyKJiOHHHHr sjieKTpoH Ba 3hth- 

HeHTpHHO 6HJiaH, LUyHHHraeK, n 03H Tp 0H  Ba HeHTpHHO 6HJiaH 

KyMCH3 p-eMHpHJlHUIJlH y 3a p O  TaTaCHpHHHHT HHTeHCHBJlHTHHH 

xapaKTepjioBM H (})yHAaMeHTaji /lohm hh G hhht k h h m 3 t h h h  

TOnHUi M yM KHH. By iLOHMHHJiap 'g O  HHHT p +  -eMHpHJlHUlHiiaH 

Ba HeHTpOHHHHT p-eMHpHJlHLUHiiaH a H H K J i a H r a H .

3.1 - >KaiiBaji.a.arH rypyxHH  HopMaji pyxcaT  3THJiraH A e6  

aTajiyBMH yTHUijiap TauiKHJi ST a^H . Byjiap  yMyH lg(/T 1/2) Tax- 

M HHaH  5  ra TeHr 6y jin6 , eMHpnjiHiuiia Hiipo CTpyKTypacn  

>KHiuiHH p aB H U iiia  y 3 r a p a A H . LUyHiiaH 6yjica-iLa, 6yHii,aH 

yTHUiJiap pyxcaT  3THJiraH \ HCo6jiaHaii,H . M yHKH  6yHii,a 

X a p a K a T  MHKilopn MOMeHTH Ba >Kyc{)TJiHK 6yflHMa t b k h k  

KOH iiacH 6y3HJiMafliLH. B y  TaKHKJiapra  ajioKaiiop 6yjiran 

ca 6a 6 jia p r a  Kypa  nacT 3HeprHHii,arH HApo  peaKUHHJiapniia 

3 a p p a jia p  HiipoiiaH (J)aKaT 5-xojiaTiia M H KaAu : M HKaeTraH 

3a p p a H H H r  nojira TeHr 6y jiM araH  op6HTaji MOMeHTH IljiaHK 

A O h m h A c h  h jxan kh m h k  6\/jihluh M yMKHH 3M ac , uiyh h h t  yMyH 

k h m h k  HMnyjibCJiap Ba k h m h k  Ta"bCHp K yM jiapu  p a A H y c H ^a  

6yHiiafl M OM eHT KJiaccHK HyK Tan  H a 3 a p A a H  6yjiHiUH M yM KHH 

3M ac , KBaHTaBHH  Hy KTan H a 3 a p iia H  aca >Ky^a k hm hk  

3XTHMOJiJiHKKa ara. B n p  xhji m apoHTiLa /  Ba HOJib 

MOMeHTJlH 3 a p p a H H H T  MHKHLU 3\THMOJlJlHKJiapH (DC)

H H C 6 a T H

R 1
B y  ep/ia R — Hixpo paAH ycH . O a a T iia  ----— - .

T a K H K  nacT 9HeprHH.iapiia ( KaTTa k) Ba Karra  

MOMeHTJiapH/ia KyMaHAH. (3.42) ra Kypa  3ap p ajiap

HJ10>KH 6opH M a KHMHK / ^HJiaH MHKH1UF3 X ap a K aT  

JleKHH, a r a p  6ouijiaHFHM Ba cynrrn HiipoJiap cnHHJiapHHHHr 

KaTTajiHK >KH\3Tii,ah c|)apKH ioKopH 6yjica, y \ojiiia Tyjia 

M OM eHTHHHHF CaKJiaHHIU K O H y H H T3 aCOCaH 3ap p ajiap  K3TT3- 

poK  / 6njian  MHKHUira Ma>K6yp 6yjiaiLH. HaTH>Kaii,a 

\g(fTir2) opTaiLH, H-hHH TaKHKJiaHraH yTHUijiap nafiiio 6yjia/iH. 

3 jieKTp0H  Ba aHTHHeflTpHHO Op6HTaJl MOMeHTJiapHHHHT 

HHrHHAHCH l HHHT KH HM 3TH  yTHUlHHHT TaKHKJiaHHUl TapT H ^H  

6yjiaiiH. M a c a J ia H , 3- TapTH6.TH t b k h k  STHJiraH yTHiujiap yMyH

1 =  3.

op6HTaji

O)o HH HT

(3.42)

/ l e M a K ,

op6nTaji 

H A p o A a w  

KHJia/i,H.
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Cym TH naHTjiap.ua yHra  h k h h  O e p M H  XHJiH/iarH 6eTa 

0+->-0+ yTHiujiap/ia yTa Karra / / «10  — 1010 c KHHMarjia- 

pnra AyM KejiHH/iH. B y  p-yTHinjiapHH M atJiyM  yra  pyxcaT  

3THJiraH 0+-.-0+ yTHUijiap /7~ 103c 6HJiaH TaKKOcjiaH- 

ra H ^ a  ft h h h t  yTa Karra KHHM aTJiapHra H 30cnH H  y3rapnujH  

6yftHMa TaKH KJiaHHiu T a t c H p  K y pcaT raH . BeTa-napwajia- 

HHUIHHHT JKHAAHH Ha3apHHCHfla O e p M H  XHJIH/iarH yTHIUJiap 

yqyH H30T0n cnHHJiap 6 y H H n a  TaHJiaui KOH/iajiapH

A T = 0 ; ATZ= Q ,

Ba TaMOB —  Tejuiep yTHuiJiapH ynyH aca 

AT =  0, ±1; AT?=  ±  1

3KaHJlHTHHH KypCaTHUI M yMKHH. Byjiap  MOC paBHUI.ua

(3.24) Ba (3.25) KOH/iajiapra k y u j h 6  KyfiHjiHiuH jio3 h m .

LLIyHH 3CJiaTH6 yTHiu jio3hm kh, OepMH Ba TaMOB —  Teji- 

Jiep yTHiujiap y M y M aH  pyxcaT  STHJiraH yTHiujiap 6yjiH 6, yjiap- 

h hh t  3XTHM0jiJiHKJiapH KOJiraH TaKHKJiaHraHJiapnra H H c6aTaH  

HKKH T ap T H 6 , H tH H  io3Jia6 M ap Ta  OpTHKpOK-

Hjtpo y jm aM H  mckjih 6yjiraHJinrHAaH, op6HTaji x a p a K a T  

M H KA opn  M OM eHTHra ara 6yjiraH 3JieKTpoH Ba HeflTpHHOHHHr 

HApO.ua H HHKHIU 3XTHM0JIJIHrH HOJIA3H (})apKJIH 6yjlHUlH 

M yMKHH. ZleM aK , 3JieKTpOH 6HJiaH HefiTpHHO ojih6 h h k h 6  

KeTaeTraH x a p a K a T  m h k ao p h  M OM eHTHHHHr x a p  6 n p  6npjiHKKa 

opTHUiH p-napMajiaHHUiHHHr sxthm ojijihthhh 6 n p  HeMa Tap- 

T n 6ra  KaM aflTHpaAH. LLIyHHHr yMyH 6 y  yTHiujiap 3JieKTpoH —  

HeflTpHHO *y(J)THHHHr x a p a K a T  m h k ao p h  m om chth / hhht 

KaTTajinrnra ( /— 1, 2, 3...) moc paBHUiAa 6hp hh m h , hkkhhm h, 

yMHHMH Ba xoKa3o TapTH6jiH TaK,uK,AamaH yruuiAap Ae6 

aTajiaAH.

T aKH KJiaH raH  yTHiujiap yMyH TaHJiaui k o h a 3 C h  KyflHAarH 

KypHHHiura  ara:

AI =  n, /z —|— 1; A ji=  ( — 1)" n=̂ = 1 

A/ =  0, 1,2; A ji=  — 1 n =  1

By  epAa n —  yTHiuHHHr TaKHKJiaHHiu TapTH6H (n =  l). 

TypjiH TapTHSjiH TaKHKJiap, yjiapra moc KejiaAnraH IgfT 
KHHM aTJiap Ba 6aTj3H 6np MHCoJiJiap 3.1 - >KaABajiAa KejiTH- 
pHJiraH.
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3.1 ->k a a b a ji

/ 3 - n a p M a j ia n M u iA a r H  T a i o a i u  ^ o n / ia j ia p H

S^THUJHHHr XHJIH l M fSJl lg  JT M H C O jij ia p

^ T a  p y x c a r  O TH jiraH 0 0  CKH  1 3 3 H ,  2 3 M g

I Io p M a j i  p y x c a T  D rn j ir a n 0 0  S k h  1 H y n 4 — 7 3 5 S , 6 9 / n

l 6 y t iH M a  T a i(H iy ia H H 6

p y x c a T  3TH JiraH 0 1 6 — 9 1 4 C l  32|>

1 -/ ia p a * a / iH  T a i^ H ^ j ia n - 1 0  C K H  1 6 — 10 ' ' * A g ,  ' ^ 3 C c

r a n

y i iH K a j i ,  1 -a a p a jK a j iH

T a ^ H ^ j ia n ra H 1 2 -9 38C1, 90Sr

2 - ; i a p a * a j iH  T a K H K J ia n - 2 2 f iy K 10— 14 36CI, l35Cs
r a n

Y i iH K a ^ ,  2 -a a p a > K a ^ H

T a ^H i^ j ia iira H 2 3 fiyn, -14 ? 0 B r ,  2 2 N a

3 - / ia p a * a j iM  T a n n iy ia H - 3 3 * a 17— 19 87Rb

r a n

y i iH K a j i ,  3 -A a p a > K a jiH

T a^H ii;j iaH ra ii 3 4 ^ a -18 40K

4 -/ ia p a « a / iH  T a ^ H iy ia i! - 4 4 i iy K -23 115,n

r a n

y i iH K a ^ ,  4-,napa>Ka/iH

T a K H ^ j ia i ir a n 4 5 Hyn,

Bhp hh m h  TapTH^JiH TaKHKJiaHraH  p- yTHiujiap ywyH IgfT 
HHHT KH HM 3TH  10 ra eTaAH . By K H H M 3T  HKKHHHH TapTH^JIH

TaKHKJiaHraH  p-yTHiujrap y^y H  13 ra h k h h , yMHHMH TapTH6jiH 

yTHinjiapiia 3ca 18 Jiapra 6 o p a ^ H  Ba )(0Ka30  (3.5- pacM).

3. 5- paCM. // —  MMKJlOp KHHMaTJiapHHH PHCTOrpaMMaCH, 

i i iT p H x j ia H ra H  co x ,a j ia p  K y 3 r y  y T H u u ia p H r a  T e rH iu jiH .
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n KappajiH TaKHK-naHraH p- yTHiujiapAa SHeprHHCH Ee Ba 
Ee-\-dEe opajiHKna SyjiraH 3JieKTpoHJiapHHHr HApoAaH mhkhuj
3X,THM0JlJIHrH KyHHflaTH KypHHH IUAa e3HJI3AH :

P (Ee) dEe=const-F (Z, Ee) pEe (E— Ee)2 an (Ee) dEe. (3.43)

ByHAarH a„ (Ee) K03(})c})HUHeHT ryFpuAoenu KynauTMa ae6 
aTajiaAH . y  <})aKaT sjieKTpoHHHHr SHeprHHCHra 6o fjihk  

paBHUiAa x a p  6np yTHiu yqyH  ajioxH Aa XHCo6jiaHaflH. an (Ee) 
K03(})(})HUHeHT aH H H K c a , O e p M H  TaHJiaui KOH ^ajiapH  6HJiaH 

TaKH KJiaHraH  yTHUjjiap yuyH  (A/ =  / + l )  ocoh XHCo6jiaHa/iH . 

y M y M a H , p- yTHiujiap 1 0 -2 a a H  6 - 1 ° HHJirana 6yjiraH  hphm  

napMajiaHHUi .aaBpjiapHra ara. 3 h t  k h c k b  Ba sht  KaTTa hphm  

napMaJiaHHUi ^aB p jiap H  6H p- 6npH AaH  1020 M ap T a  4>apK 

KHJiaAH.
lOKopHAa aflTHJiraH (})HKpjiapHH aMaji^a KypHiu yMyH \\Na 

HApocHHHHr p-napMaJiaHHiu cxeMacHHH (3.6- pacM) TeKuiHpn6 
M HK3M H3. P- yTHUJ f2M g  HHHT aCOCail HKKHHMH Ky3FaJiraH 
XOJiaTHra 6yjiaHnTH. By yTHiu ynyH 7 =  5,4-104 c (3.27) AaH 
/ HHHT KHHM3THHH XHCo6jia6 MHKH6 , l g /= l ,6 3K3HJIHrHHH 
aHHKJiam khhhh 3Mac. y xojiAa lgfT=6,3  aeMaK, 4+ —>-4+ 
p- yTHiu HOpMaji pyxcaT STHjiraH yTHiura TerHiujiH 6yjiH6 , 
6yHAa cnHH Ba >Ky({)TjiHK y3rapnujH pyft 6epMaftAH — A/ =  0, 
Ajx—  ftyK. 2+ Ky3FajiraH xojiaTra yTaeTraH  4,15 MsB  
3HeprHHJiH p - yTHiujja lg/7"=12,7. KoHAara MyBO(})HK 6y 
yTHiu 2-TapTH6jiH TaKHKJiaHraH yTHiu XHCo6jiaHaAH. ByH.ua 
4 + -v2 + , A/ =  2 Ba >Kyc})TJiHK y3rapMaftflH. By yTHuiHHHr

3XTHMOJIJlHrH >KyAa KHMHK.

24Na iiaH 24M g  hhht 
acocHft 0+ xojiaTHra 

(i- y T H iu  MyTJiOK Ky3a- 
THJiMaraH. By x,oji yMyH 

lg/ =  4 Ba lg/7 =  23 
6yjiraHJiHrHAaH lg T =  
=  19. fl^HH 24Na HHHT 
HpHM napMajiaHHiu aas- 
pn ~-3 • 10 ft. ra TeHr 
6yjiHLUH KepaK. By yTHiu- 
HHHT 3X,THM0JIJlHrH Ae- 
HpjiH Ky3aTH6 6yjiMaftAH- 

raH Aapa>KaAa khmhk: —

— 5*10 — '5.

-m9 b ,M3B t«K-v5o C a + e + v

3.6- pacM. 2AN a  —  HHHr p-napqajia- W r n  (i- yTHUI 3- TapTH6- 

hhui cxeMacH. jih TaKHKJiaHraH. HyHKH
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Sy H A a  40K  h hh t  cniiHn 4 ra TeHr. 40Ca h hh t  criHHH aca 
0 . > K y c J )T ^ H K j ia p  y 3 r a p a j iH  ( A j i  —  x a ) .  X a K H K a T a H  x,aM , 6 y  

yTHUiiia l g / r = 1 8 .  Huiaui BaKTH f a ^ l O 9 hhji, htjHk Kyeuj 

CHCTeMacHHHHr H u ja u j  BaKTHra h k h h . U l y H H H r  yMyH 40K K a -  

jihhhhht T a 6 HH H  H 3 0 T 0 n j ia p u  a p a j i a u iM a c H A a  x a j iH  x,aM  y M p a 6  

T y p a / jH .

3.7- §. 4>epMH sa Kiopn rpac|)HKjiapH

BeTa- 3appajiapH HHr pyxcaT  3THJiraH cneKTpjiapHAarH  

SHeprHH T3KCHM 0TH  KyjlOH (J)aKT0 p H  6HJiaH a H H M a H a iJ H  Ba 

eeTa-TaijCHpjiauiyBHHHr a H H K  KypHHHiiiHra 6o fjihk  6yjiMaft- 

a h . (3.22) TeHrjiaMara Kypa pyxcaT  3THJiraH yTHUiJiap ywyH

K3TT3JIHK E  SHepTHH 6HJiaH Ty FpH MH3HKJ1H
r p (p) i
\_p2F (Z  E e) J

6 o F j ia H H iu r a  s r a .  B o F j ia H H iu  h h 3 h f h ,  o A a T A a ,  (PepM U  eKH  

Ktopu h u 3 u f u  A e 6  aTajin6, p- cneKTpjiapHH TeKuiHpnuiAa 

K 3 T T 3  a X a M H H T  K a c 6  3T a A H  ( 3 .7 - p a C M ) .

B o u iK a  x h j i  yTHUijiap yMyH ( 3 .2 2 ) TeHrJiaMa Tac^HK- 

jiaHMaflAH, uiyHHHr yqyH OepMH >ih3hfh xaM TyFpH 6yjiMaftAH. 

JleKHH x a p  6 np  TaKHKJiaHraH  yTHUi yMyH y 3 Hra xoc 

TyFpnjioBMH KynaftTMa an hh KnpHTHJica, ( 3 .2 2 ) TeHrjiaMa 

( 3 .4 3 ) KypHHHuira yTaAH. ByH /ja  p -  cneKTp HHa TyFpn OepMH 
mh3hfhhh 6 epaijH. 3KcnepHMeHTaji HaTH>KajiapHH TaxJinji 

KHJiHiu yMyH, OAaT/ja, ( 3 .4 8 ) HC^o/jara MyBoc})HK,

f  P(Ee) dEe

F (Z , Fe)p E ean(E e)

JI/2

c o n s t  ( E  —  E e) 1/2

KypHHHUiAarH  O e p M H  MH3HFHAaH cJ)oftAaJiaHHJiaflH. PyxcaT 
3THJiraH yTHiujiap yMyH an ( E e) =  1. j3,eMaK, 6y TeHrjiaMaHHHr

0  Z 4 6  8  tO 1Z /4 16 18 £

3 .  7 -  p a c M .  S^Ta  p y x c a T  sthji- 

ra H  p- cneKTp y q y H  OepMH rpa- 
c()HrH.

—c- yma
\-*/KWCU3

3. 8 - pacM. T a K H K J ia H r a H  

y T H U iJ ia p  y * iy H  <l>epMH rpa(|)H rH : 

a )  S K c n e p n M e H T  H a T H w a j ia p H ;  6 )  

y m a  rpacJjH KH H H r a„ KynaiiTMa 
epAaMHAa TyFpnjiaHraHH.
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y ht t o m o h h h h  E ra S o f j ih k . ^ojiAa 4H3caK, p y xcaT  3THJiraH Ba 
TaKHKJiaHraH yTHUJ cneKTpjiapn ynyH  TyppH m h 3 h k k 3 3ra 
6yjiaM H3. B y  m h 3 h k h h h t  E yKH SHJiaH KecHiuraH HyKTacn  

napwajiaHHuiHHHr Tyjia 3HeprHHCHHH Se p a A H . ByHAafl O e p M H  

eKH Kio pn  rpa(})HrHHH o j ih u i  yqyH  SKcnepHMeHTaTop ionKa 

MaH6aAaH (})0 HAajiaHH6 , MarHHT cneKTpoMeTpHAa ojihhrah 

Ta>Kpn6a HaTHiKajiapHHH (3 .4 8 )  TeHrjiaMara Kyftca k h ({)o h . 

F(Z, E) Ba an(En) w a A B a ju ia p A a  6epnjiaAH .

3.8- p a c M A a  91 Y h hh t  p- cneKTpn KejiTHpnjiraH. H a 3 a p H « r a  

MyBO(})HK TaKHKJiaHraH  yTHUijiap cneKTpH HHHr m aKjiH pyxcaT  

STHjiraH yTHiujiap cneK TpnH H H r uiaKJiHAaH (})apKJiH 6yjiaAH . 

A m m o  6 y  cneKTpHH a,1/ 2 K03(})(})HUHeHT ep A a M H A a  mh3hkjih

x,OJira KeJiTHpHJiaAH. TaKHKJiaHraH yTHUijiapHHHr MaBwyAJiH- 

th TeH3op xaMAa aKCHaji-BeKTop y3apo TatCHpjiap p- napqa- 

jiaHHm >KapaeHHAa KaTTa pojib yftHauiHHH KypcaTaAH. TypjiH 

3JieMeHT.nap p- cneKTpHHH CHHMHKJia6 yjiMaui HaTH>KaJiapH 

OepMH rpa(})HrHHHHr Tyrpii 'i m 3 » k j i h j i h k  xapaKTepH 2 ksB A aH  

6ouiJia6 13 M s B  raMa 6 y.iraH 3HeprHH opaJiHFHAa caKJiaHH- 

im n m  k> pca r iii, B y  \<>. i Oep\iiniHnr p- napMaJiaHHUi Ha3apHH- 

Cll T>rpH.1HrHHH HC6 qT.IOB4H HLUOHMJIH AaJIHJIAHp.

M H K aeT raH  3ap p ajiap H H H r  A h f h h a h  c i i h h h  HOJira TeHr 

6yjiraH yTHiujiap <t>epMu yruuxAapu AeftHJiaAH. ByHAaft 

yTHUiJiap yMyH TaHJiaiu KOHAacH

A /  =  0 ; flyK ( 3 .2 4 )

KypHHHixiAa e3HJiaAH. B y H ra  Kypa HApo  cnHHH /  h h h t  A /  

y3rap H iuH  HOJira Tenr Ba HApo  >Ky(})TJiHrH y3rapM aflAH . 

W H K ae T ra H  3a p p a .ia p H H H r  A h f h h a h  c i i h h h  6 n p r a  TeHr 6yjiraH 

yTHUiJiap raMoe —  TeAAep yruuiu AeftHjiaAH. ByHAaft yTHiu- 

Jiap yMyH TaHJiaui K O H A acn  0 — 0- VTHiujiapAaH T au iK ap n  

6 a p M a  xo .u ia p A a

A /  =  0 ; ± 1 ;  ftyK (3 .2 5 )

(3 .2 5 )  KypHHHUira ara. 0 — 0- yTHUiJiapAa H A po  c i ih h h  

6ouiJiaHFHM x,ojiAa x aM  cyHrrH x,0JiAa HOJira TeHr 6y jin6 , yHAa 

T a M O B  —  Tejuiep yTHiujiapH KaTtHft TaKHKJiaHraH .

MacajiaH, '10  k h c j i o p o a  H 30T0nH H H H r  p + napM ajiannuiH

'g O — '^ N  +  e + + v  ( 3 .4 3 0  

Aa  6ouuiaHFH M  Ba cyHrrH HApojiap  cnHHH HOJira TeHr. 

^<y(})TJiHKJiapH x,aM 6 n p  x h j i . LU yHH Hr yMyH eMHpHJiHiu p y xcaT  

3THJiraH Ba T 03a  O e p M H  yTHUiHAHp, MyHKH y 0  —  0- yTHiu 

rejinft H30T0riHHHHr 

iH e - + |L i +  e “ + v “  ( 3 .4 4 )
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napMaJiaHHiuH T03a TaMOB —  Tejuiep yTHiiiHra mhcoji 6 yjia 

ojiaAH.

B y H A a  wytjnviHK y3rapMaflflH. | H e , fLi cnHHJiapn, moc 

paBHiUAa 0 Ba 1 SyjiraHJiHrHflaH A / =  +  l. EMHpHJiHuuiap- 
h h h t  pyxcaT  STHJiraHJiHTH yjiap yMyH OepMH rpa<J)HrHHHHr 
TyFpH MH3HKJIHJIHTH, \g(fT}/2) KH HM aTHHHH T  MOC XOJIAa 3,5 Ba 

2,7 ra TeHrjiHTH/ia x a M  y3 TacAHFHHH TonraH . Arap HeftTpHHo 

Ba aHTHHeftTpHHO cnHHH 1/2 a.a» KaTTa, M acajiaH, 3/2 6yjica, 

y XOJlAa 3JieKTpOH Ba aHTHHeftTpHHO criHHJiapHHHHr h h fh h a h c h  

4>aKaT 1 Ba 2 ra TeHr 6yjiHiuH M yMKHH. O e p M H  eMHpHJiHuiH 

aca , T a K H K  STHjiraH 6yjiapAH . LUyHHHr yMyH (3.43') h hh t  

p y xcaT  STHJiraHJiHTH HeftTpHHO cnHHH 1/2 ra TeHrjiHTHAaH 

a a p a K  6 e p a A H . HeftTpHHo cnHHH 3/2 6yjica, *y<|)TJiHKJiap 

y3rap H iucH 3 KOJiraH Ba A/ =  2 6yjiraH  yTHiujiap pyxcaT  

3THJiap 3a h . AcjiHfla aca , 6yHAaft yTHiujiap x a M  aohm  

TaKHKJiaHraH . MacajiaH,

??Cl-^?fAr +  e - + v  (3.45)

eMHpHJiHiUAa «A/ =  2; ftyK» TaHJiam KOH/iacH 6 a *a p H J ir a H . 

ffCl Ba ?|Ar aapoJiap *y<})TJiHrH 6np xhji, cnHHJiapn aca, moc 

XOJi/ia 2 Ba 0  ra TeHr. X,aKHKaT,aa ^ca, 6 y eMHpHJinuiH omhk- 

ohahh TaKHKJiaHraH, MyHKH yHHHr yMyH |g(/T|/2) =  13,5, 
O e p M H  rpa<})HrH aca, Typpn MH3HKaaH ce3 HJiapjiH a a p a w a a a  

OFraH.

BeTa- napM ajiaHHuiAarH 3appaJiapH H H r y 3 a p o  TaT>CHpH 

HApoBHft Ba sjieKTpoMarHHT Ta"bCHpjiapH/iaH aHM arHH a KyMCH3 

6y jin 6 , KaTTajiHK >KHxaTHAaH <})aKaT rp aB H TauH H  KyMjiapH/iaH 

ioKopHflHp. BeTa- paAHoaKTHB  H/ipojiap apH M  napMajiaHHiu 

AaBpjiapH H H H r KaTTa 6yjiHuiH p-y3apo Tai>CHpHHHr KyMCH3JiH- 

th  acocH/ia TyuiyHTHpHJia/iH.

riapMaJiaHHiuAarH 3JieKTpoH (no 3H Tp o H )Jiap H H H r  SHeprHH 

6yH H M a T3KCHM OTH , HT.HH ^-CneKTp UiaKJIH p-yTHUlHHHT 

p y xcaT  3t h j ir a h j ih t h  eKH TaKHKJiaHraHJiHrnra 6 o f j i h k - YH /iaH  

T a u iK a p n , napMaJiaHHiu ajieKTpoHH (n o 3H T p o H H ) Ba Maxcyji 

H/ipoHHHr 3apHfl MaftAOHJiapn ypTacHflarH KyJioH y 3 a p o  

T a t c H p n  cneKTp uiaKJiHra y3rapH iu  KH pHTaAH (3.2- p acM ra  

K a p a H r ) . LUy Ta"bCHp 0 K H 6 a T H A a  cneK Tp aa  6yjiraH 6y3HJiHui 

yHH Hr 6oiujiaHFHM KHCMH/ia, h t>h h  k h m h k  3HeprHHJiH 3appajiap  

yMyH aftHHKca ce3HJiapjiH. T a K C H M O T  srpn  m h 3 h f h  M aKCHM yM H 

ajieKTpoH yMyH k h m h k  SHeprHH  TOM OHHra , no3H TpoH  yMyH sca, 

KaTTa 3HeprHH  Tapa<})Hra c h j i^ h Aa h . B y H A a  H A po  3apH AH  

KaHM a KaTTa 6yjica, c h ji>k h i u  x a M  uiyHMa KaTTa 6yjiaAH .
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3.8- §. SjieKTpoH K.aivipam

p- napMajiaHHiu SHeprHH HyKTaH  Ha3apuj\aH TaKHKJiaHraH 

dyjiMaca, ajieKTpoH KaMpaS ojihuj >KapaeHH SHJiaH paKodaT^a 

6yjiaflH. Arap xap HKKajia y3apo paKo6aTfla 6yjiyBMH >Kapa§H 

3HeprHH >KHX,aT^aH MyMKHH 6yjica, no3HTpoHJiH napMaJiaHHiu 

eHrHJi Ba ofhp anpojiap yMyH o/iaTAa, 3JieKTpoH KaMpa6 ojihui 

>KapaeHHflaH ycTyHJiHKKa 3ra 6yjia/iH Ba KyriHHMa aMaJiAa yHH 

6yTyHJiafl 6och6 KeTa/iH. Tan uiyH/iaKH, H/ipora 3Hr hkhh 

6yjiraH K- Ko6HKAarH 3JieKTpoHHHHr H/ipo HMnra KHpn6 

KOJIHUI 3XTHM0JIJIHTH >Ky/ia KHMHK 6yjiraHJiHrH/iaH, 3JieKTpOH 

KaMpaui >KapaeHH >Ky/ia khHHHJiauia/iH. By  sxthmojijihk 

(to) KarraJiHK >KHxaTHAaH HApo *a>KMHHHHr 3tom ko6hfh 

srajuiaraH  \a>KMra 6yjiraH HHc6aTra TeHr:

w (3 .46 )

6y ep/ia H ^p o  p a ^ H y c n  R Tax M H H a H  1 0 ~ 14— 1 0 -15 cm ra, 

aTOMHHHr K  k o 6 h f h h h h t  paAH ycH  r* sca 10“ ' ° — 10” 12 m ra 

h k h h  6yjiaAH . O f h p  HApojiap tom oh K- k o 6 h k h h h t  paAH ycH  

KHMpaH 6 o p a A H  Ba 6y H ra  moc paBHiu/ia K- K a M p a 6  ojihiu 

3XTHMOJIJIHTH o p T H 6  6 o p a A H . ripoTOHjiapra 6o h  6yjiraH oFHp 

H/ipojiap yMyH, o/iaT/ia, ajieKTpoH K a M p a 6  ojihui acocHH  

p->KapaeH XHCo6jianaAH . K-K a M p a 6  ojihlu sxthmojijihth 

3JieKTpOHHHHr H ApO  HMHAa 6yjlHlU Ba yHHHT HApo  TOMOHHflaH 

IOTH6 OJIHHHIU 3XTHMaiJIHKJiapH 6HJiaH aHHKJiaHaAH. K- ko6hk- 

AarH  3JieKTpoHHHHr n a p o  HMHAa 6y jin6  kojihui 3Xthmojijihth 

6o u iK a  K o 6 H K a a r H  sjieKTpoHjiapra K ap a ra H /ia  aHMa KaTTa 

6yjia/iH. IHyHHHr yMyH aiiHaH K- K o 6H K A arH  3.ieKTpoHJiap 

H/XpO TOM O H H A 3H  K y n p O K  K a M p a 6  OJlHHa/lH. K- SJieKTpOHHHHr 

op6HTaji MOMeHTH HOJira TeHr. K a M p a 6  ojihiu *apaeHHAa  

aji6aTTa HefiTpHHO a>Kpajin6 MHKKaHJiHrw yMyH KaM p au i 

3XTHMOJ1J1HTH aH a  uiy H eHTpH ho ojih6 KeTaeTraH x a p a K a T  

M H K A o p n  MOMeHTHra KyMJiH Aapa> KaAa  6o fjihk  6yjiaAH . 

LU yHra  K y p a  p- napM ajiaHHUiAarH  K a 6 n  K- K a M p a 6  ojiHuiAa 

x a M  p y xcaT  3THJiraH Ba TaKHKJiaHraH  >KapaeHJiapHH (|)apK 

KHJlHUl M yM KHH . A r a p  HeHTpHHOHHHT Op6HTajl MOMeHTH HOJira 

TeHr 6y .aca , HtHH o .ih6  KeTaeTraH Tyjia momcht 1 / 2  ra TeHr Ba 

6oiujiaHFHM Ba oxnprH  x o /ia r ia p H H H r  >Ky(f)TjiHJiHrH 6np- 

6npHra moc Kejica yTHiu pyxcaT  STHJirah xnco6jiaHaAH. A kc  

xojiAa, K- K a M p a 6  ojihui >KapaeHH TaKHKJiaHraH Ba y aHMa

KHMHK 3XTHMOJIJIHK 6HJiaH COAHp 6yjiaAH.

SjieMeHTHHHr TypFyH H30T0njiapn TapKH^Hra HHc6aTaH 

npoTOHJiapH «opTHKMa» eKH HeHTpoH^napra «t3hkhc» HApoJiap
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noaHTpoH M HKapHC napnajiaHHLUH SHJiaH 6 n p  K a T o p a a  

y3 aTOM HHHHT 3JieKTpOH K 06HFHaarH  3JieKTpOHHH K a M p a S  

ojih6 x,aM napMajiaHHiuH M yMKHH. B y H A a  a/ipoHHHr npoTOHJia- 

pHAaH  6 h p h  ajieKTpoH K a M p a 6 , p-\-e~^n-|-v, HefiTpoHra 

afijiaHaflH Ba HApo  Typ ry H p o K  xojiaTra yTaAH. H A p o H H H r  

K- KaTJiaMHAaH 3JieKTpoH ioth6 ojihuj (K- K a M p a u i) sxth- 

mojijihth L- KarjiaMjxaH 3JieKTpoH K a M p a m  sxthmojijihfh- 

A a H ~ 1 0  M a p o T a 6 a  KaTTa. zX  +  e~ ^ z _ , K  +  v cxeM a 6yfiHMa 

y T a ^H ra H  3JieKTpoH KaM paui 3HeprHH >KHxaTAan [ ( 3 .6 )  eKH 

(3 .7 )  ra K a p a H r ] :

M(Z,A) nd— eK> M ( Z — M ) * d ckh zM — e„>z_,Af

6yjiraH xojiAa 103 6epHiiiH MyMKHH. By epAa e* —  aTOMAarn 

K- SJieKTpOHHHHr MaCCaHHHT 3 TOM 6 HpjIHTH (M .a .6 ) Aa  

H(|)OAaJiaHraH 6 oFjiaHHiu 3HeprHHCH. UiyHAafi khjih6 , o fh p  

HApOJiapHHHT Z A 3 H Z —  1 T3 afijiaHHIUHAa n03HTp0H >KapaeHH 
3M ac , aKCHHMa, K- KaM paui ycTyH KejiaAH (3 .9 - p a c M ) . 

X,HCo6 jiauuiapHHH r KypcaTHiuHM a K ,  L , M  —  K o 6 HKJiapAaH 

ajieKTpoH KaM paui sxthmojijihfh

Xx =  -L^g *.q*x.A  ( 3 .4 7 )
4jc

KypHHHLura 3ra. B y H A a  qx —  k o 6 h k h h h t  KaficH 6 n p H A a H  

KaM p au ira  6o fjihk  HefiTpHHO HMnyjibCH, X —  k o 6 h fh h h  

HiuopacH (X =  K, L , M  Ba xoKa3o), B x — sca cyHrrH 
TyjIAHpHJiraH 3JieKTpOH KO^H F H AarH  3JieKTpOHHHHr 6oFJiaHHUI 

SHeprHHCH. qx =  A M  —  B xjxa A M  —  KaM poBM H Ba KaMpajiraH- 

A aH cyHr xochji 6yjiraH aTOMJiap Maccajiapu <})apKH.

3 h a h  KDKopHAarH (J)opMyjiaHH om h6, coAAaJiauiTHpH6 K, 
L i —  Ko6HKJiap yMyH KyfiHAarHHH e3Hiu M yM KHH:

^ = ~ 2 v W + U {2aZk) 3{2aZ^  25+1

(2-flt )(2S +  2)-‘

8 l ‘~  4^(25+ l)[(2S +  2) l/2+  1] ( 2c lZ l )  ( 2 a Z L,R) + -

ByjiapAa

S = ( l + * 2Z2X)'/2 

Bk=\-S,

a ~  1 /1 37 .
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CjieTTepHHHr x,Hco6jiauiHMa

Z K= Z  — 0 ,3 5  

Z i = Z - 4 ,1 5 .

Ln, L m Ba M - KofiHKJiapaaH sjieKTpoH K a M p a u i 3*th-

MOJIJlHKJiapH yHMajIHK M y ^H M  3M aC . M- KOfiHKAaH 3JieKTpOH 

K a M p a u i K- K a M p a m  axTHMOJiJiHrHHHHr 2  (|)OH3HAaH kbm h hh  

TaUIKHJI 3TaAH .

X a M M a  B aKT  no3H TpoH  napM ajiaHHiu 6 o p  x o w  K- KaM- 

paui 6 o p . ByHAaft x o ju iap aa  K- K a M p a m  Ba p- napM ajiaHHiu 

3^THMOJIJIHKJiapHHHHr HH C6aTHHH

X* 2n(aZ)3(Ee-\-1 ) 2 /o  ^

\+ f(Z,Ee) ( 3 '4 8 )

ypraH H iu  M y *H M  a x a M H H T  K a c 6  st h a h . K a T T a  SHeprHHjiap 

yMyH khm hk Z  jih HApojiapjia fm  1. /le M a K ,

~ = 6 0 n (a Z /E e)3.
p+

UJyHAaft kh jih6 , cneKTpH Aa  iokoph M erapaBH H  SHeprHHjiH 

eHrHJi HApojiap  yMyH K- K a M p a u i axTHMOJiJiHrH npo3HTpoH- 

napMaJiaHHLU 3XTHMOJIJIHrHAaH KaM . Z  OpTHIUH eKH E —  

3H ep rn H  no3HTpoH- napMajiaHHiu 6y c a p a c H r a  eTa 6ouuiaraHH-  

4a K- K a M p a u i aM ajira  o iuaaH . S^THM OjuiHKJiap  H H c6aTH H H H r  

a H H K  XHCo6jiaHraH  KHHM aTJiapn 3.9- pacMfla KejiTHpnjiraH.

Z - nanpaiudaH cyHPZu 
ndpOHUHZ sapAdu

S to 15 20 K  ! 2 S .4 S

£/">c E/mc*
3. 9-pacM. K —  KaMpaui 3\THM0JiJiHKJiapHHHHr p+- napqajiaHHui 

S X TH M O JIJIH K Jia p H ra  H H C fia TH .
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3 h a h  K- K a M p a 6  ojthuj >KapaeHHHH KaHAafl Ky3aTHUj 

MyMKHHJlHTH X,aK.HAa TyXT3J1H6 yT 3M H 3 . H eH T p H H O H H  6eBOCH- 

Ta Ky33THUl M yMKHH 3M aC , TenKH HAPOHH XaM  K.aft/1, KHJlHUl 

M ypaKKa6flHp . K- K aM p au i ycTH/ia o j i h 6  6opHJiraH Ta>KpH6a/ia 

aTOMJiap T a p K aT ra H  3JieKTpoHJiap eKH xapaKTepH CTH K  peHTreH 

KBaHTJiapnHHHr HypjiaHHUiH Ky3aTHJia/iH. iJ a p x a K H K a T , 

K- K o 6 H K a a r H  3JieKTpoH io t h j ih u j h  HaTH>KacHaa yH/ja araji- 

JiaHM araH 6yuj xojiaT x o c h j i  6yjia/iH Ba yHH K)KopH k o 6 h k - 

iiarn 3JieKTpoHJiap 3raJiJiawH M yM KHH. A H a  wyH/jaft y T H W  

BaKTH/ja peHTreH k b 3 h t h  a>KpaJin6 m h k h w h  3 a p y p . B y  

BaKaHT  ( 6 y w )  >KoftHHHr Tyji/jHpnjiHW >KapaeHH oxHprn  

K o 6 H K a a r H  3JieKTpoHra 3HeprHH  y 3 a T H W  opKajiH x aM  y T H W H  

M y m k h h . B y  xoji/ia aTOM /jaH aHeprHHCH oxuprH  k o 6 h k  6HJiaH 

K- k o 6 h k  o p ac H A a rn  3HeprHH  cj>apKHra TeHr 6yjiraH SHeprHH- 

JIH 3JieKTpOHJiap yMH6 MHKa/JH.

3jieMeHTJiap /jaBpnft cncTeM acH A arH  Ma"bJiyM «aH OM ajiH H »  

K- K a M p a w  6HJiaH 6o fjihk : ap roH  H 30T0njiapn  Ta6HHft 

6H p H K M acH H H H r  3tom  OFHpjiHrH aproH /iaH  KeftHH TypraH  

K3J1HH H30T0njiapH  Ta6HHft 6H pH KM aC H H H H T  3T 0M  OFHpjlHTH- 

A aH  KaTTa/jHp. ByH/jaft 6y jiH W H ra  c a 6 a 6  —  H H c6aT aH  o fh p  

6yJiraH |gK  Kajinft H 30T0nH  «tok- to k»  6yjiraHjiHrH yMyH 

6 a p K a p o p  SM acjiHrH/iaAHp. LUyHH Hr yMyH 6 y  H 30T0njiapH HHr 

KynMHJiHK khcm h  K- K a M p a w  opKaJiH isAr ra, p- napMajia- 

h h w  HaTH>KacHAa 2oC a  ra aftjiaHraH.

A r a p  aTOM AaH  K- K o 6H K A arH  3JieKTpoHJiapAaH 6 n p H  

a>KpaTH6 ojiHHraH 6yjica, y xojiAa io kop hp o k  3HeprHH 

KaTjiaMH (caTX H ) AarH  3JieKTpoH k b 3 h t  yTaAH  Ba 6 y H A a  Ka- 
eKH Ky MH3HKJiapnra Teruw jiH  xap aK T ep n cT H K  peHTreH 

HypjiapHHHHT K B 3 HTH MHKapHJiaAH.

AZX  paAHoaKTHB H30T0nAa 3 t o m  HOMepjiH gjieMeHTra 

TerHWJiH xapaKTepHCTHK  peHTreH HypjiapHHHHr naftAO 6yjiH- 

w h  K- K a M p a w  c o a h p  6yjiraH H A aH  A a p a K  6e p a A H .

n p o TOH Jiap H  «o p T H K M a»  6yjiraH 6a"b3H 6 n p  HApojiapaa 

no3H TpoH  MHKapHw  eKH ajieKTpoH K a M p a w /ia H  T a w K a p H  

npOTOH pa/lHOaKTHBJlHK XaM 103 6 e p H W H  M yM KHH. JleKHH 6y  

>KapaeH sxhthm ojijihth khmhk. K y n r H H a  eHrHJi HApoJiap/ia 

p+- nap M ajiaH H W  ycTyHJihk KHJia/iH. O f h p  H/ipojiapAa tbxmh-

HaH Z3 ra nponopuH OH aji xojiAa 3JieKTpoH, aftHHKca 

K- K a M p aw  axTHMOJiJiHrH opTa/iH . M yH KH  Z o p t h w h  6HJiaH 

K- 3JieKTpoHJiap >KoftjiawraH coxa  xa>KMH K H M p aH /w . Eo =  

=  (\m—  z-\M)C2 y T H W  3HeprnHCH KaMafiHUiH 6HJiaH 3JieKT- 

poH K a M p a w  M aB K en  p +  - n ap M ajiaH H w ra  H n c6aT aH  o p T a A H • 

fl03H Tp0H  napM aJiaH HW  3Ca, 3HeprHH >KHXaTAaH E q >
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> 2 m o c 2 « 2 0 . 5 1 1 MsB 6y jiraH A arH H a  103 6 e p a A H . £ 0— hhht 

KHMHK KH HM aTJiapHAa H ApO  y 4y H  SJieKTpOH K aM p aU i eKH 

P _  M HKapnui Mai»KyJi 6yjiaflH.

3.9- §. BeTa- n apnajiaH H U iA a  Tai>CHp XHJiJiapn

Xo3HprH B 3K T A 3  3KCtiepHMeHTaT0pjiap OJlAHAa S  Ba 

T- y3apo TaiiCHpjiap apajiauiMacHHHHr io k o p h  MerapacHHH 

aHHK^iauiAaH o f h p  MacaJia TypH6flH. KyMCH3 y3apo Ta-b- 

CHpHHHT yHHBepcaJI H33apHHCH lOKOpHAa KeJlTHpHJiraH T3>K- 

pH6ajiap yTKa3HJiMacAaH aHMa HJirapH 6eTa-napMajiaHHuma

V Ba A y3apo TatCHp MyxHM axaMHHT Kac6 sthu jhh h  

ojiAHHAaH aftTH6 6epaAH. BeTa-napMajiaHHUi Ha3apHHCHHHHr 

TypjiH B ap n aH T jiapn ajieKTpoH-HeftTpHHo 6ypMaK KoppejiHUHH- 

c h h h h t  TypjiHMa 6yjiHiuHHH KypcaTaAH:

P(0) ~  1 + X xcos0e, v. (3.49)

BeTa-napMajiaHHUiHHHr TypjiHMa BapnaHTJiapH yMyH Xx 
KaTTajiHK yui6y KHHMaTJiapra ara 6yjiaAH:

>.,s=  — 1; k v= \ \  A,7-=1 / 3; XA=  —  ' / 3-

BeTa-napMajiaHHiu cneKTpjiapHHHHr TaxJiHJiH f)T Ba f}v 

O e p M H  TaijCHpjiauiyBH, uiyHHHTAeK flj  Ba TaMOB —

Tejuiep TatCHpjiauiyBH xaM  TatcHp  onepaTopHra XHCca 

K y uihuihhh  KypcaTaAH. BnpoK  6y  TypTTa TaijCHpjiaiuyBHHHr 

x a M M a c H  6HpAaHHra 3M ac , 6ajiKH xap raji (})aKaT 6HTTacHrHHa 

Ta*bCHp KypcaTaAH.

BeTa-napMajiaHHuiHHHr yMyMHH Ha3apHHCHra acocaH 

Ta"bCHpjiauiyBJiapHHHr TypjiH KypHHHUinra TyFpn KejiraH 

6opjiaHHUi KOHCTaHTajiapHHHHr KynaiiTMajiapH ym6y uiapTHH 

KaHoaTjiaHTHpniUH  KepaK :

CSC V Ba CjCA= 0. (3.50)

3KcnepHMeHT Ma-bJiyMOTJiapnra acocjiaHH6 6y uiapuiap 

3HHK 6a>KapHJIHUIHHH 3HTHUI MyMKHH. KoppejlHUHH Ta*pH 6a-  

Jiapn 6eTa-napMaJiaHHiUAarH TaijCHpjiauiyBHHHr KaficH Kypn- 

h h u ih  axaMHHTra m o j ih k  SKaHJiHrH Macajiacnra * a B o 6  

6epnuiH KepaK. H c h t p h h o h h  KaftA k h jih u i m y m k h h  6yjiMa- 

raHJiHTH ca6a6jiH, 3jieKTp0H-HeflTpHH0 >Kycj)THHHHr 6ypMaK 

TaKCHMOTH 3JieKTpoHJiap Ba TenKH HApo opacHAarH KoppejiH- 

u h h h h  yjiMam opKajiH aHHK/iaHa/iH. KoppejiHUHHHH yjiMaui 

yMyH HHpeT ra3JiapAaH 4>0HAajiaHnui aHMa KyJiaflpoKAHp. 6He 
h h h t  napMaJiaHHUiHAa (A /  =  1 A ji =  0 ) Ta>KpH6a HaTH>KaJiapH
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X = — 0 ,3 9 ± 0 , 0 5  KH H M aT  6njiaH HXLunpoK moc KejiaAH. 

B y H A aH  K y p H H a^H K H , T a M O B  —  Tejuiep TaTjCHpjiamyBH y 3 

M oxHHTHra Ky pa, aKCHaJi-BeKTop Ta"bCHpjiaujyB bkbh

(k = — 35Ar  h h h t  napqajiaHHUJH ( A/ =  0, Aj i  =  0 )  yMyH

^  =  0 ,9 7  +  0 ,0 4  6y jin6 , y BeKTop Ta"bCHpjiaujyBra ( X = l )  moc 

KejiaAH. B y  HaTH>Kajiapra acocjiaHH6 KyfiHAarHHH e3 Hiu 

M yMKHH: 

Cy=^= 0  Ba C 0. (3 .5 1 )

3 H A H  6 oFJiaHHIU KOHCTaHTaCHHHHT KaTTaJIHTHHH aHHKJiaiu 

3apyp. TaMOB —  Tejuiep TaHJiaiu KOHAacn 6 yflHMa thkhk- 

jiaHraH, 3m m o Oe p M H  TaHJiaiu K O H A acu  6 yH«Ma pyxcaT  

STHJirah '40->-l4N  yTHUJHHnr MaTpnua sjieMeHTHHH 3h h k  

XHCo6 jiaui M yM KHH. B y  XHCo6 jiaiuAaH O e p M H  TatCHpjiaLuyBH 

ynyH 6 oFjiaHHiu KOHCTaHTacHHHHr khhm bth TonnjiaAH:

g v =  ( 1 ,4 2  ± 0 , 0 3 )  • 1 0 -49 apr-CM3 (3 .5 2 )

O e p M M  sa T a M O B  —  TeJiJiep TaTsCHp-nauiyBH xoccajiapHH HHr 

HHC6aTHHH aHHKJiaLU JOKOpHAa KeJITHpHJiraH 3AH. Xo3HprH 

BaKTAa aHHKJiaHHuiHM a:

S a/ S v=  1-11 ± 0 , 0 5 .

(I/ —  A) Ta-bCHpjiaiuyBHHHr HuiopacH  x aK H A a rH  MacaJia 

KyT6jiaHraH  HeftTpoHJiapHHHr napM ajiaHHUiHAa 3JieKTpOH- 

HeftTpHHO 6 y p q aK  KoppejiHUHHCHHH ypraHHiu  Ta>KpH6 acHAa 

xaji KHJiHHraH 3AH. (A +  V) H a3apH H C H H H H r  KypcaTHUJHMa, 

HeftTpHHO AenpjiH c(jjepHK 6y p w aK  TaKCHM OTH ra  3ra , ajieKTpoH- 

jiap 3ca  cnHH ra KapujH  ftyHajinuiAa yM a /m , 6 n p o K  (V — A) 
H 33apH H CH  6 y H H 4 a  SJieKTpOHJiap AenpjIH C(})epHK CHMM eTpHK 

XOJiAa, HeftTpHHOJiap aca cnHH ftyHajiHLUHAa ynnuiH KepaK. 

^K C n ep H M e H T  (V — A) H 33apH H C H  6HJiaH HXLUH MOC KejiyBMH 

H3TH>KaJiapHH 6epA H .

3.10- §. AHTHHeftTpHHOHHHr KaUI({) 3THJIHUIH

FlayjiHHHHr aHTHHeftTpHHO x aK H A a rH  rHnoTe3acH  2 5  Khji- 

A 3 h  c y h t — 1 9 5 6  ftnjiAa aM epHKajiHK (})H3HKJiap K- PeftHec 

Ba O .  K o y ^ H  Ta>KpH6aJiapHAa h c6o tji3h ah . B y  3 a p p a  

TyFpHCHAa aftTHJiraH tb x m h h  6HJiaH yHHHr Kauu}) sthjihujh 

op acH A aru  KaTTa BaKT opajiHFH aHTHHeftTpHHOHHnr y3nra  xoc 

ajioxHAa xycycHHTra 3ra 6yjiHUJJiHrH 6HJiaH TyuiyHTHpHJiaAH. 

3 a p p a H H H r  th hh  x,ojiaTAarH M accacn , 3JieKTp sapnm  Ba
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Mar-HHT MOMeHTH HOJira TeHr. By x,oj\ aHTHHeftTpHHOHH 

Ky3aTHiura M yjiw aju iaH raH  Ta>KpH6ajiapHH <J)aBKyjioAAa 

KHftHHJiauiTHpaAH, Myhkh SyHAaft 3appa M o/m ajiap  Gnjiau 
xyna KyMCH3 y3apo Ta-bCHpjiamaAH. AHTHHeftTpHHOHHHr 
MyxHT/ia ypTaMa lorypHiu ftyjiH 1016 km aTpotj)HAa 6yjiH6, 
Kyeui 6njiaH Ep opacHAarn Macocj)aAaH 108 MapTa KarraAHp.

HeftTpHHOHHHT M3B>KyAJIHrHHH 3 HHKJI3 LH yMyH A3CTJia6KH 

ypHHHUiJiapAaH 6 hph hapohhht TypTKH HMnyjibCH cneKTpHHH 
yjiMauiAaH H6 opaT 3 ah. Arap HeftTpHHo MaBwya, 6 yjiMaraHAa 

3AH, HApOHHHT TypTKH HMnyjlbCH 3JieKTpOHJiap HMIiyjIbCHTa 
TeHr 6 y.iHiiiH KepaK sah. HeftTpHHo MaB>KyA 6yjiraH *oji,aa aca 

HMnyjibc yMTa 3appa opacH^a TaKCHMJiaHaAH Ba HMnyjibcJiap 
cneKTpH y3JiyKCH3 6 yjiaAH. yTKa3HJiraH Ta>KpH6 a eTapjiH 

Aapaw a^a nyxTa 6yjiMaraHJinrH ca6a6jiH, HeftTpHHOHHHr 

MaBwyAJiHTH xaKHfla huiohm 6 HJiaH >KaBo6 6 epn6  6 yjiMacAH.

MacaJiaHH xaji s t h u i  yMyH 1940 ftHJiAa A. H. AjiHxaHOB 
Ba A. H. AjiHxaHHH TOM OHHAaH  K- K a M p a u i x,oAHcacH 

H3TH>KacHiia x o c h j i  6yjianHraH  MaiwiyM 3HeprHHjiH HApo 

TypTKHCHAaH  (jjoftflajiaHHUi TaBCHH 3t h j i a h . ByH /ia  ran  ^B e  

HiipocHHHHr 3JieKTpoH K aM p au i w a p a e H H  ycTHAa 6 o p n n T H :

K- KaMpaui^a awpajiH6 MHKaflnraH 3HeprHHHH Maccajiap 
aftH pM acH ^aH  TonHLii k h A h h  3M ac :

E k=  (M lh,—M u) c - =  (7,0916 -  7,0822) 931,4 =  0,874M3B.

XapaKaT m h k a o p h h h h t  caKJiaHHiu KOHyHH.fl.aH (jjofiAajiaHcaK, 

7Li HAPOCHHHHT TenKH HMfiyjIbCHHH X,HC06jiaUIHMH3 MyMKHH:

By ep^a HeftTpHHo HMnyjibCH yHHHr Maccacn HOJira TeHr 

(mv =  0) SyjiraH x,oji yMyH x,HCo6jiaHraH. MypaKKa6 SyjiMa- 

raH x«co6jiaujjiapAaH KeftHH j ih t h A aapocHHHHr TypiKH 

SHeprHHCH

3KaHJlHrHHH aHHKJiaHMH3.

SKcnepHMeHTaji khhm3t aca (56,6±1) aB ra TeHr. ByHH 

nayjiH rHnoTe3acHHHHr TacAHFH ae6 Ka6yji khjihuj MyMKHH.

^ ;u = P v =  ^J2M ,Li -E>Li. (3.54)

(3.55)
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KefiHHMajiHK Typjin M OA^ajiapHHHr k ,3tthk  Ba ra3CHMOH 

XOJiaTJiapHAa K -  KaM p aiu  >KapaeHHAarH ajipo TypTKH 3HeprH- 

h chh h  yjiMam 6 y HHMa yTKa3HJiraH T a * p H 6 a j i a p  napMajiaHHiu 

B a K T H ^a  H eH Tpnno  HypjiaHHiiiHHH Ba x,ap 6 n p  napM ajiaHHiuaa 

(})aKaT 6HTTa  h c h tp h h o  m hkhuihhh  TacAHKJiaan. B n p o K  

HeHTpHHOHHHr HypjiaHHiuH (})aKaT 6eTa-napMajiaHHUi >Kapae- 

HHra a jioKaaop  6yjiraHJiHTH ca6a6jiH , 6 y  Ta>KpH6aJiap 

eTapjiHMa KaHoaTJiaHapjiH 3M ac  3ah .

K .  PeftHec Ba O .  K o y a H  yTKa3raH  Ta>KpH6ajiapAa 

KyftHflarH peaKUH H  KVJiJiaHHJiraH:

\e-\-p̂ n-\-e+ . (3.56)

AHTHHefiTpHHO M a H 6 a n  CH(})aTHAa ceKyHAnra 1 0 18— 1 0 19 Ta 

3 a p p a  6epaAHraH KyBBaTJiH HApo  peaK Top n  x h 3 M 3 t  KHJiraH. 

K- PeftHec Ba O .  K o y ^H H H H r  x n c o 6H ra  Kypa  x ap  6 n p  coaT ^a  

yM AOH a  aHTHHeftTpHHO HHUioHAa io t h j ih u ih  KepaK.

K- PeftHec Ba O .  KoyaHJiapHH Hr Ta>Kpn6a KypHJiMacn 

M 6aK-HHiuoH 6HJiaH a>KpaTHJiraH h k k h t3  KaTTa D\ Ba D2 
6aK- AeTeKTopjiapaaH Ty3HJiraH (3.10-p a c M ). BaK-aeTeKTop- 

Jiap CUHHTHJlJIHUHOH CyiOKJlHK 6HJiaH, 6aK-HHLU0H 3Ca Ka^MHfi 

Ty3HHHHr cyB Aarn  3pHTM acH  (CdCL2) 6HJiaH Tyji/iHpHJiraH. 

CUHHTHJIJIHUHOH CyiOKJlHK Xa>KMH 150 Ta (})0T03JieKTp0H 

KynaftTHprHM ep ^aM H iia  Ky3aTHJiraH. KypHJiM aHH  HeftTpOH Ba

V  (})OTOHJiapAaH caKJiaui yMyH CHCTeMa KyprouiHHJiH napa(})HH 

HiUHrHra >KoftjiaiUTHpHJiraH Ba nyjiaT KonjiaM a 6HJiaH 

6epKHTHJiH6, ep  ocTHra MyKypJiHKKa TyuiHpHJiraH.

Ta> Kp H 6a  KyftH^arHMa yTraH. Ro.po peaKTopn/iaH  MHKKaH 

aHTHHefiTpHHO 6aK-HHUJOHHHHr npOTOHH 6HJiaH v-\- p-+n-\- 
-\-e+ peaKUH H  6yftHMa y 3 a p o  TaiiCHpjiaLuca, HeftTpoH Ba

II03HTp0H XOCHJI 6yjiaAH . I”l03HTp0H  1 cm aTpo(})HAarH 

MaCO(})aHH 10-9 C Aa  yTH 6 3JieKTpOH 6HJiaH aHHHTHJlHUHHJia- 

HaflH Ba HKKHTa y a- i}’0 ' w

TOH XOCHJl KHJiaflH. OOTO- /  e

HJiap MOCJiaMa cxeM ara  

yjiaHraH D\ Ba D2 Ae- 

TeKTopjiap^a  KaftA k h j i h -

H3/I.H.

HeftTpoH sca  ceKHH- 

jiaTrHMHHHr nporoHJiapH 

6wjiaH KeTMa-KeT TyKHa- 

UIHUIH HaTH>KaCHfla V3 

3HeprHHCHHH KaMaftTHpH6,

C d  H ^ p O C H f l a  T y T H J i a A H .  3 i g .  p a c M  AHTH-HeftrpHHOHH K a i iA

K a ^ M H H  H/ipOCH Ky3F3Jl- KHJIHUJ K y p H J iM a c H .
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raH x,OJiaTAaH 6 np HeMa 7 Cd- cj30T0Hjiap MHKapn6  acocHH

XOJiaTra yTaAH. vCd- KBaHTJiap xaM D\ Ba D 2 AeTeKTopjiapaa

K.aflA KHJiHHaAH. ZleTeKTop^iapHHHr xap 6 hph yM HypjiH 

ocuHJiJiorpa4)HHHr ruiacTHHKajiapHra Term ujiHMa yjiaHraH. 

AHTHHeflTpHHOHHHr npOTOH 6 HJiaH y3apO TaTiCHpjia LUHUJH 

CeKHHJiaTHLH OpaJIHFH Ba HeflTpOHJiap AH(J)(})y3HHCH B3KTH  

(1 aaH  25  m k/c  raMa) 6 yflHMa CHJi>KHraH hkkh HMnyjibCHHHr 

Xochji 6 yjiHUiH opKajiH aHHKJiaHraH. KypHJiMa >KyAa Kyn BaKT 

Huuia6 , yH^a xap coaTAa 3 aHTHHeflTpHHO KaflA KHJiHHraH.

AHTHHeftTpHHOHHHr MaB>KyAJiHrH |3- napMajiaHHUi Ha3apH- 

hchhh acocjiaAH. JlHa uiyHH xaM  3CJiaTn6 yTHiu KepaKKH, 

HeftTpoHHHHr (3. 13) cxeMa 6 yftHMa napMajiaHuuiH yHHHr 3  Ta 

3appa,aaH TauiKHJi TonraHJinrHHH KypcaTMaft/iH: npoTOH, 

ajieKTpoH Ba aHTHHeftTpHHo HeftTpoHHHHr napMajiaHHUiHAa 

By>KyAra KejiaAH. By 3 tomhhht 6np aHepreTHK xojiaTAaH 

6 ouiKacHra yTraHHfla ({jotoh coMHUinra yxuiaftAH. ATOM/ia 

«Taftep» (})otoh 6 yjiMaraHHAeK, HeftTpoH wnnsxa xaM  «Taftep» 

3 appajiap ftyK.
JJetoaK, ajieKTpoH aHTHHeftTpHHocHHHHr y3 aHTH3appa-  

CH —  SJieKTpOH HeftTpHHOCH 6o p . 1956 ftHJI/ia P . /leBHC 

y3 Ta> KpH6ajiapHAa 6 y 3appajiapHHHr 6 n p  xhji SMacjiHTHHH 

Hc6oTjiaAH . Ta> K p H 6aH H H r  fohch  KyftHAarHflaH H 6o p aT . 

MaijJiyMKH, HAPO HMHAa npOTOHHHHT HeftTpOHra yTHIUH 

p-̂>-n +  e +  v cxeM a  6 yftHMa 6yjia/iH. P e a K U H H H H H r  KaftTHUi 

KOHyHnra acocaH  KyftHAarn >KapaeHJiap xaM  yTHuiH M yMKHH:

n +  e+ + v e-+p, (3 .57 )

ve +  n->-p +  e~. (3 .58 )

A r a p  ve Ba ve aftHaH yxuiaui 6 yjiMaca, y xoji/ia

ve +  n ^ p  +  e~ (3 .59 )

peaK UH H H H H T  yTHLUH MyMKHH 3MaC. M a H a  uiy XOJI P . ZleBHC 

TOMOHH/iaH KypcaTHJiraH sah. P . ileBHC Ta>Kpn6 acHAa Karra 

Xa>KMJlH TypT XJIOPJIH yrjiepOA aHTHHeftTpHHO OKHMHAa 

HypjiaHTHpHJiraH. A rap  (3. 5 7 ) >KapaeHHHHHr yTHLUH MyMKHH 

6 yjica, y xoji^a TypT xjiopjiH yr/iepoA TapKH^Hra KHpyBMH 

XJIOp HAPOCHHHHT 6 Hp HeHTpOHH npOTOHTa aftjiaHH6 , paAHO- 

aKTHB aproH H 30T 0n n  xochji 6 yjiap 3ah :

17C I—*-isAr +  e~. (3 .60 )

JleKHH HypJiaHTHpHJiraH cyiOKJiHKAaH awpajiraH ra3HH  

TeKUIHpHUI (3 .60 ) KypHHHUIAaTH peaKUHHHHHT yTMaCJIHTHHH 

KypcaTAH. LLIyHAaft khjih6 , HeftTpHHO Ba aHTHHeftTpHHo aftHH 

6np 3appajiH 3Mac.
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3 .11  - §. K,yeiii ea  h c m t p h h o  o k h m h

HefiTpHHO Ba aHTHHeflTpnHo .\ap \hji x,0Ancajiap/ia KaTTa 

pojib yfinaHAH. M acajian , Kyeni na io.T/iy3 9neprHHCHHHHr 5  %  
ra hkhhh v Ba v 3iieprnncH cn<})aTHAa Hyp.TaHa.T.H. Atom 

peaKTOpn  V - OpKa.flH V3HHH 10 %  KyBBaTHHH flyKOTaAH.

P . /leBHciiHiir 3KcnepHMeHTa.ii K y p m iM a c n  K,yeniAaH 

KeJiaeTraH HeflipHHO okh  M»na pn hh Ky3aTH hj yqyn  .\aM 

HLUJiaTHJiaAH. Byii/ia y 1,5 km E p  ocTHra >KOHJiauiTHpHJiraH 

3AH. 1 9 78  Ahji o^HiiraH n a T im a jia p  6np KyHAa 0 ,3 — 0, 4 'i7Ar 
aTOM H x,ochji SyjiHiuHHH KypcaTAH. B n p H H H H A aH , 6y Ta>Kpn6a 

K y e u iA a n  KejiaeTran neflTpH hohh 6op.nHiHHH 6HJiAHpca, 

HKKHHMHAaH, aCTpO(|)H3HK TaAKHKOTvTapHH HHTH COXaCH 

HeflTpHHO acTpoHOM HH CHHH omah. B y  hhth  (})aHHHHr K,yeui Ba 

K)JiAy3JiapnHHr hmkh Ty3H.THuiH, yjiapHHHr T a 6HaTHHH ypra- 

HHUJAa Kejia>KaKAarH x h 3 m at.taph KaTTa.

B w p  KyHAa Ke.iaAHran  HeflTpnno o k h m h  6yflHMa P . /JeBHC 

ojiraH HaTH> Ka K,yemiiHHr 3 Heprna M aH6 au TepMofl.zi.po 

peaKUHHJiapHAHp, Ae6 TaxMHH KHJiraH T. BeTeHHHr x,HCo6 jia- 

raH HaTH>KacHA3 H 2 ,5 — 3  M apoTa6 a k h m h k . ByHHHr ca6 a 6 jia- 

pHHH Kypn6 M HKH IU  MyMKHH.

K,yem Ba ynra  y x m au i i0JiAy3JiapAa 6hp hhm h , AacTjia6KH  

TepMOHApOBHfl CHHTe3 peaKUHHCH HKKH IipOTOHHHHr y 3a p O  

KyMCH3 Ta"bCHpHAa TaTiMHHJiaHaAH. YjiapHH HT T y KH3 LUHLUHAa 

AeflTpoH xochji 6yjiH6, no3H TpoH Ba HeflTpnHO MHKapHJiaAH:

p-\-p̂ >~d-\-e+ +  v. (3 .6 1 )

ByHAa x,ochji 6 y.iraH HeflTpHHOHHHr ypTana ^HeprHHCH 

0 ,2 5 7 M 3 B  hh TaLUKHJi 3T3ah . H a B 6 a T A a r u  peaKUH H  np0T0 H- 

h hh t  AeflTpoH 6HJian TyK H au iy B H A aH  103 6 e p a A H :

/? +  d->!He +  7, (3.62)

y H A aH  cyHr

3He +  ;,He-+He +  2/? (3.63)

HaTH>KacHAa 4He xochji 6yjiaAH .

LUyHAafl khjih6 , TypTTa npoTOH 0K u 6aT HaTH>KaAa h k k h t 3 
n o 3HTpoH Ba HKKHTa HeHTpHHO xochji khjih6 , 4He ra 

aflJiaHaAH. V 3 HaB6aTHAa, yjiapHHHr aHHHTHJiHUHHCH SHeprHH 

a>KpaJiHuiHra y3 x,HccacHHH KyiuaAH . B o a o p o a  uhkjih A e 6 
aTajiaAHraH 6y uhk .tah  yMyMHfl ^Heprnn a>Kpa.THUiH 

2 6 ,7 2 4  M a B  hh TainKHJi 5T3ah . MKKHTa HeihpHHO yHAaH 0, 5 1 4  

M a B  ojih6 KeraAH.

KyeuiAarHAeK eTapjiu Aapa>KaAa 4He HApojiapu Kyu
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SyjiraHfla lOKopHfla KejiTHpHJiraH peaK U H H  y p H H ra  So uiKa  

HKKHT3 peaKUH H  KeMHLLIH M yM KHH:

;iHe +  4H e ^ 7Be +  v, 7Be +  <?--̂ 7Li +  v. (3.64) 
P + 7Li-v24He.

3 8 He +  4He->-7Be +  Y, p +  7Be->-8B +  Y, (3.65)
8B-v8Be +  e+ + v , 8Be-v4He +  4He. (3.66)

K y pH H H U iH M a , x,ap 6 h p  T a p M O K A a  p- napM ajiaHHiu M aB *yA -  

(3.64) peaKUHH/ia  y 7Li xochji khjihS, HeflTpHHo M H KaAH raH  

3JieKTpoH TyTyB, (3.66) peaKUHH/ia  8Be h h h t  6hp hh m h  

yHFOH raH  xojiaTHra yTyBHH no3HTpoH- napHajiaHHUiAHp. Byn- 

A a  HeHTpHHOHHHr MaKCHMaji SHeprHHCH 14,0,6 MaB ra TeHr. 
C y H r rH  T ap M O K H H H r  cyHrrn 6ockhm h  —  8Be h h h t  h k k h t 3  a 
3 a p p a r a  napHajiaHHuiH  3 h a h  T03a  H A po  KyqjiapH T a t C H p H A a  

y T a^H .

37A r  hh xochji KHJiHiuiia ahh3h iuy 8B  napMa/iaHHUiAarH 
HeHTpHHo acocHH XHCca Ky uiaA H , MyHKH yjiapH HHr y p T an a  

3HeprHHCH aHMa iokoph, (3.60) peaKUHH ocTOHacH 3ca, 
0,814 ra TeHr. A m m o 6y «6op» HeftTpHHOJiapHHHHr o k h m h  Tyjia 
Kyern HefiTpHHO okhmhhhht (j)aKaTrHHa 0,005 $ o h 3 h h h

TaLUKHJI 3T3/LH.

P . JleBHc Ta>KpH6acH AaH  cyHr KypcaTHJinuiHMa, K y e u i 

xap o p a T H H H H r  Boflopofl eH aeTraH  coxaflarH M o /m aH H H r  

chjijkhluh XHCo6H ra  10 (})OH3ra KaMaftHLUH XHCofijiam 

H3TH>KaCHHHHr Ta>KpH6ara MOC KejIHtUHHH TatM HHJiaUIH  

M yM KHH 3flH. JleKHH Ta>KpH6aAarH  Ba K y e u iH H H r  Ha3apnft 

M oaejiHAarH 6a"b3H 6 n p  HoaHHKJiHKjiap xo 3H p rn  KyH/i,a 

Ha3apHft Ba P . XleBHC Ta>KpH6acH HHH r HaTH>KajiapH ypTacn- 

AarH  (J)apK x a K H A a  HKyHH ft xyjioca khjihlu h m k o h h h h  

6 e p M a n n T H . U iy H H H r  yMyH 6 y  (})apKHH TyuiyHTHpHiu yqyH  

«6ajiKH , HeftTpHHo 6ouiK a  xhji (3.13) HeftTpHHOJiapra 

aftjiaHap» —  zieraH HeftTpHHO ocuhjijihuhhch  rnnoT e3acH  x aM  

rHnoTe3a xoJiHAa KOJiMOKAa.

3.12- §. H eH TpH H OH H H T  HHTH KB 3H T  COHJiapH

E . KoHonHHCKHft Ba > K  M axM y /i, Hflpo (J)H3HKacnra anr 

eHTHJi 3ap p ajiap H H  TaBCH(})Jiaiu yqyH a jio xH ^a  k b h h t  c o h h  —  

jienTOH 3ap H A H  L hh khphthuiah. T aijp H ^JiaH H U iH M a  e~ —  
sjieKTpoH, MaH(})Hfi miooh ji_  Ba HeftTpHHo v yuyH L =  1; 
e+ ,H+ Ba v Jiap ynyH L =  — 1; KOJiraH 3appajiap yqyH L =  
=  0. L HHHT KHfiMaTH HefiTpHHO Ba 3 HTHHeHTpHyOHH 

(})apKJiaftAH.
JlenTOH 3ap H A H H H H r  KHpHTHIUHHHr MaijHOCH X a M M a
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*a p a e H j ia p A a  yHHHr caKJiaHHUJHAHp. M a c a jia H , 6y  caKJiaHHLU 

KOHyHH ( 3 .1 2 — 3 .1 5 )  jxaru x,aMMa afljiaHHLUjiapra h>ko33t 

Se p aA H  Ba yjiap xaK H KaT iia  \aM Kafl/i khjihhah . B oujK a  

TOM OH A aH  ( 3 .1 2 — 3 .1 5 )  >KapaeHJiap v hh v ra Ba aKCHHMa 

ajiMaujTHpHui xojuiapH Aa  jieiiTOH 3apHii,HHHHr caKJiaHHUj 

KOHyHH TOMOHHiJ.au T3KHKJJ3 HraH Ba yjiapHHHr SH pop TacH  xaM  

Ta>KpH6aAa Ky3aTH jiM araH . ByHAafl (J)HKpjiap M yc6aT  miooh 

Ba M y c6aT  n n o H J ia p H H  napM ajiaHnujHHH KyflniiarHMa e3HUira 

o.th6 KeJiaiiH:

[x+ —>e + -\- v -)- v,ji +  —>-jx+  -(- v. ( 3 .6 6 ')

X o 3 H p r a M a  6 y  eMHpHJiHLUHHnr Typn a h h kjj a h m a r a h . 

y  H K K H  HeflTpHHOJlH eKH HeflTpHH0CH3 6yJIHIUH M y M K H H . ByHH 

4>aKaT JTa6opaTopH5iJiap 6eB0CHTa  hkkh tb  vmh6 M H KaAH raH  

SJieKTpOHJiap 3HepTHHCHHHHr flHFHHflHCHHH yjlMalU opKaJIH 

aHHKJiauiH M y M K H H . 1 9 5 6 — 5 7  HHJiJiapiia c{)H3HKaii,a 6eBocH Ta 

HefiTpHHOJiapra aJioKaiiop 6yjiraH M yxHM  BOKeajiap 103 6epiiH: 

KyMCH3 y 3 a p o  TaT-cnpiia >Kyc()TJiHKHHHr caKJiaHMacjiHrn KaiucJ) 

khjihhah . 1 9 5 7  HHJiiia A 6 A y  Ca jiaM  x a M A a  J1h Ba flHrjiap 

HeflTpHHOHHHr T a 6n a T H H H  aHMa coAiiapoK  H a3ap H H  e p A aM H A a  

H({)OAaJiaui MyMKHHJiHrHHH KypcaTHiuAH . By H a3ap H H ra  

acocaH  v e a v  3ap p ajiap ra  KHflMaTH 6HJiaH (})apK KHJiaAHraH 

HH3 6HTTa KB3HT COHH 6epHJiaAH.

A r a p  HeflTpHHOHHHr x ,apaKaT flynaJiHuiHAa hkkh  M apTa  

KynaflraH cnHH  npoeKUHHCHHH X cnnpajuiH K  jxe6 aTacaK :

k =  2-^p~. (3 .6 7 )

M a iJ iy M K H , (S , P) 3JieKTpoH cnHHHHH yHHHr HMnyjibCHra 

KynaflTM acHAHp. y H H H F  ypTaM a KnflMaTH KyT^JiaHHiuHra 

K a p a 6  op TaAH  eKH KaM aH AH . B y  KBaHT cohh  (J)aKaT 

HKKHTarHHa M y c6aT  ( X =  +  l) eKH MaH(f)Hfl ( ^ , = —

—  1) K H H M 3T H H  Ka6yJI KHJiaAH.

B y  uiapTJiH paBHUiAa cnHH ra  6H p o 3  afljiaHHUi 6epnuj 

6HJiaH 6 o f a h k , X , =  -(-l 6yjiraH xoJiAa yHr 6y p a M a H H H r  

x a p a K a T H r a , X =  —  1 6yjiraHAa aca Man 6 y p a M a  xap aK aT H ra  

moc KejiaAH ( 3 . 1 1 - p a c M ).

Xo3HpMa mv =  0 XHCo6jiaHraHAHTHAaH hchtphho HMnyAb- 
ch h h h t  flyHaJiHUiHHH x,apaKaT KHJiaeTraH ca H O K  cncTeM acHra 

yTHUi fiyjiH 6 H A a H  y3rapTHpH iu  M yMKHH 3M ac  Ba 6 y  M a ^ H O A a  

cnupaAJiHK TyiuyHMacH H H B a p n a H T  6 y A a A H . A m m o cnHpajuiHK 

HiuopaAH  yHr KoopA H H aT  cHCTeM acHAaH  M annra yTraH A a , 

HTjHH (})a30BHfi HH BepcHHAa  y 3rap aA H . HaTH > KaAa  «p eaji»  Ba 

«K y3ryA arw  aKC» 3ap p ajiap  TypjiH xoccaAapra ara 6yjiaAH .
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3. 11-paCM. HeftTpnHO Ba aHTHHeHTpHHO \aMMa BaKT KyT6jiaHraH:
(а) HeHTpHHOHHHr cnHHH napaKaT HyHaJiHum (HMnyjibc) ra TecKapn,
(б) aHTHHeHTpHHOHHHr cnHHH sca, HMnŷ bc fiyHajiHw 6yfiH4a 6yjiaAH.

A r a p  TaCnar KOHyHJiapn Ky3ry CHMMeTpnHra a r a  SyjiraHHAa, 
HTjHH >Ky(j)TJiHK a6cojuoT caKJiaHaAH raH  kb3Ht coh SyjiraHHAa 

6yHAafi xoji yMyMaH 103 6epHUiH MyMKHH 6yjiMac sah. Ammo 
xaMMa r a n  uiyHAa kh, hchtphho (j)aKaT KyncH3 y3apo 
Ta"bCHpjiapAa KaTHamaAH, yHjia aca *ycj)TjiHK caKJiaHMaflAH. 
LLIy ca6a6AaH, arap v HefiTpHHora k = —  1 KnfiMaTHH, v —  

aHTHHefiTpHHora aca X =  + 1  KHfiMaTHH 6epcaK, 6 y  xoJi,aa x,eM 
KaH^afi xaTo 6yjiMafiAH. OaKaT *aMMa HefiTpHHOJiap wan 
Sy paM ajiH , x a M M a  aHTHHefiTpHHOJiap aca yHr 6ypaM ajiH  

6yjiaAH . 0a3O B H ft  HH BepcHHAa HeftTpHHo aHTHHeftTpHHora 

y T a ^H  Ba aKCHHMa.

Ta6H H fiK H , uuyHMajiHK KaTTa xyjiocajiapHH Ta>KpH6aAa  

TaCAHKJiaHHUUH TaJia6 KHJIHHaAH. AHTHHeftTpHHO CnHpaJIJIHTH- 

h h h t  HuiopacH  y3HJi-KecHJi aHHKJiaHraHJiHTH ywyH y 6HJiaH  

6 u p r a  p- >KapaeHAa TyFHJiaeTraH 3JieKTpoHJiap SyftjiaMa 

KyT6jiaHHuira , htjHH y3 HMnyjibCJiapn ftyHaJiHUiHra H H c6aTaH  

criHHJiapHHHHr KaHAafiflHp ycTHBopjiHK ftyHaJiHUinra sra  

6yjiHUiH KepaK. S^ma 1957 ftHJi^a |3- napMaJiaHHUi 3JieKTpoHJia- 

pHHHHr 6yftjiaMa KyT6jiaHHiUHHH 6H p A aH H ra  6 n p  Heqa rypyx  

raAKHKOTHHJiap  aHHKJia^HJiap (A .  H. A jinxaH OB , A . H. Ajih- 

xaH H H  Ba 6 o u iK a jiap ).

LUyHflaft khjih6, HeftTpHHO Ba aHTHHeftTpHHO JienTOH 

3apaflH HuiopacH  6HJiaHrHHa 6Hp- 6npH AaH  (})apK khjih6 

KOJiMac^aH, HHa x,aM b h h k  (j)H3HK KaTTajiHK-cnHpajuiHK 

HuiopacH  6HJiaH x,aM _(j)apKJiaHaAH. 3 h a h  X h hh t  KaHflafi 

KHfiMaTJiapHHM v Ba v —  3ap p ajiap ra  6epHUi jio3hmjihthhh 

aHHKJiaiu kojiah. 1958 fiHJiAa M. ro jib A x a6ep  y3 xo^HM JiapH  

6HJiaH BpyK^fiBeHAa (AK.LLI) EBponaAarH K- KaMpauiHH 

T a A K H K  KHJiHui^a HefiTpHHO v qan  6y p aM ajiH , H tH H  1 =  
=  — 1 (3.11 - a, p a c M ) , aHTHHefiTpHHo v sca — yHr 6ypaM ajiH  

X.= +  l 3KaHJlHTHHH (3.11-6, p a c M ) aHHKJiaAH.

HefiTpHH o x,aKHflarH cj)aHHHHr 6 h p h h m h  6ocKHM HHHHr
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HKyHH 1958 HHJiAa M. Tejui- M aHH Ba P. Oe flH M aH , P. M a p u j a K  

Ba P. C y A e p u ja H , >K- C a K y p a n  t o m o h h a 3 h  hhth , KyMCH3 y 3a p o  

TaiaCHpHHHr yHHBepcaji H a3a p n H c n  A e 6  aTajiyuMH Ha3apHH- 

h hh t  HpaTHJiHujh SHJiaH TyrajiJiaHAH. Ha3apHH x,aMMa KyMCH3 

>KapaeHJiap HHTeHCHBJiHrHHH nroH a  «KyMCH3 3a p H A  —  O e p M H  

KOHCTaHTacH GF opKajiH H(J)OAaJiaHraHH ynyH ujy hom hh  

ojiah. By cxeM a x a M M a  >KapaeHjiap yTHLUH HiiTeHCHBJinrHHH 

HroHa KOHCTaHTa —  gjieMeHTap e 3a p H A  6HJiaH xapaKTepjiaHa- 

AH raH  KB3HT 3JieKTpOAHH3M HKaCHra yXUJaillAHp. >Ky<j>TJIHK 

caKJiaHMacjiHTHHH y3Hra ojiraH Ky4CH3 y 3 a p o  TatC H p H H H r  

yHHBepcaji H a3apH H CH  SaojopaTJiapHHH Hr KynMHJiHrn O e p M H  

Ha3apH H C H  6 a m o p a T H r a  Ba KaTop  3KcnepHMeHT3Ji AaJiHJiJiap- 

ra KapaM a- KapujH ra  yxuiap  3ah . JleKHH TerHiujiH 3(})(j)eKTJiap 

KaflTaAaH y jm a H ra H A a H  cyHr yjiapHHHr x a M M a c n  hhth  

H a 3a p H H ra  moc SKaHJiHTH aHHKJiaHAH.

3.13- §. HeiiTpHHOHHHr Maccacn

HefiTpHHO Ba aHTHHeflTpHHOHHHT (})apKJlHJlHrH MaCaJiaCH 

HefiTpHHo M accacH  x a K H A a r n  Macajia 6HJiaH M aM 6ap M ac  

6oFJiaHraH. M aiiJiyM KH, HefiTpHHO Ba aHTHHefiTpHHO cnn- 

paJiJiHKJiapn 6HJiaH (})apK KHJiaAH. JleKHH, a r a p  3 a p p a  

epyFJiHK Te3JiHTHAaH khmhk 6yjiraH Te3jiHKAa x a p a K a T  KHJica, 

y xoJiAa cnnpajuiH K  (criHHHHHr HMnyjibc fiyHaJiHiuHra 

np o eK U H H C H ) KyJiJiaHHJiaeTraH KoopAHHaTajiap  CHCTeMacHra 

6ofjihk . Arap 3appa 6 n p  KoopA H H aTa  cncTeM acH A a  M y c6aT  

cnnpajuiH KKa  ara 6yjica, y xoJiAa 3 a p p a  fiyHajiHiuHAa yHAaH  

Te3 xap aK aT JiaH aeTraH  6ou iK a  CHCTeMaAa luy 3 a p p a  cnn- 

pajuiHTH MaH(j)Hfi 6yjiaAH . LLIyHHHr yqyH HeflTpHH0CH3 6eTa- 

napMaJiaHHiu sxthm ojijihthhh aHHKJiaiura KapaTHJiraH Ta>K- 

p H 6 a A a  HeflTpnHO M accacHH H  6a\ojiaui M yMKHH. K y u i  6eTa- 

napMaJiaHHiu 6yflHwa ojiHHraH Ta>Kpn6aJiap H a T H ^aJ iap H  

acocH A a  6 y  M accaH H H r  lOKOpH werapacH  5 aB AaH  ouiMafiAH 

AeflHiu M yMKHH. T a> K p H 6aA a  HeflTpnho M accacHH H  aHHKJiam  

M acajiacHHH xaji khjihui yqyH 6eTa-cneKTpHHHr qerapaBHfl 

khflMaTHHH 6eTa-napMajiaHHiu 3HeprHHCH 6HJiaH TaKKocjiaui 

kh(})ohack TyiojiaAH. Arap HeflrpHHOJiapHHHr M accacn  HOJib 

6yjica (mv=^0)Z—  3JieKTpoH.TapH 6o p  AM AT—  M a c c a j i H  

aTOM HHHT p n ap M ajiaH H W A a  aneprHH  6aJiaHCHHH KyflHAarn

AzMA1c2= Az+t A V 2+

(Z+l)m ,f3- £ £ ,+  £p (3.68)



m aKJiAa e3nui M yMKHH. B y H A a  m e —  3JieKTpoHHHHr M accacn , 

M „—  HAPOHHHT MaCCaCH, E —  Z SJieKTpOHJiapHHHT SoFJia- 

HHUJ 3HeprHHCH , f p  3JieKTpOH, HeHTpHHO, 3HTH HeH TpHH O 

3HeprHHJiapHHHHr >Kamh (m ec2 Ba m vc2 —  x,aM X H C o 6A a ). 

E 6ofji— HH HeHTpaJi aTOM SoFjraHHUj E {6i ^ l> 3HeprH HCH AaH  

>KyAa khm hk SKaHJiHrHHH XHCoSra oJicaK:

Ef,—  =  (zM at— z+iMAT)'C  (3 .6 9 )

ra ara 6yjiaM H3.

H eH T p H H O H H H T  THHM XOJlAaTH MaCCaCH HOJira TeHr 

Sy jiM aca , 6eTa-napMaJiaHHUi 3HeprHHCH E^ =  E 0 +  mvc2 4>op- 

Myjia SHJiaH H(})OAajiaHHiuH KepaK . Arap m v =  0 6yjica, 

y xojiAa Ef, =  Eo- JleKHH HeflTpHHo M accacH H H  6 y  fiyji 6«jiaH  

a h h kji a ui k h h h h . B eT acneKTpH H H r  n era p a  SHeprHHCHHH 

aHHKJiauiHHHr 6npAaH - 6H p  fiyjiH K iopn  rpa(j)HrHHH 3KCTpano- 

jihuhh  KHJiHiu. JleKHH 6yHAafi ftyjiaaH (})oftAaJiaHa 0JiMaftMH3, 

nyHKH rpa(})HK yMyH oJiHHraH yiua iuaKJi^a HeftTpHHOHHHr thhm 

XOJiAarn M accacH  HOJira TeHF A e 6  T axM H H  KHJiHHraH. XleM aK, 

HroHa ycyji 6eTa-cneKTp uiaKJiHHH iokoph M erapa aTpo(})HAa 

6aTa(})CHJi K a p a 6  M HKHuiaaH n 6o p a T .

B y  maKJi HeftTpHHo M accacn ra  6 o f j ih k j ih f h  M a^jiyM  

(3 .1 2 - p a c M ) . C n e K T p  iuaKJiHHH n e ra p a  h k h h h a 3 K y p n 6  

MHKaftjiHK. q =  Eo-\-mec2 — E e= E 0 — T e KaTTajiHKAa q hhht 

Eq  A a H  aHMa khm hk KHftMaTJiapHAa cneKTp KyftHAarHMa 

6epHJiaAH:

| ?<<£i~  (q  +  mvC2) -yj2qmyc 2+ q 2,

q =  E0- Te, (3 .7 0 )

6 y  ep Aa  Te —  3JieKTpoHHHHr KHHeTHK 3HeprHHCH, 6 y H A a  6eTa- 

3ap p ajiap  cneKTpn k h h ct h k  SH eprHH HHHr MaKCHMaji KHHMaTH-

Aa  m v =  0  eKH m v = ^  0  6yjiHuiHra 

K a p a 6  HOJira TypAHM a hhthjihuih 

KepaK. B h p h h h h  xojiAa y (Ee —
—  E0)2 KOHyH 6yftHMa y 3rap aA H , 

ht>hh SHeprHH y K H ra  ypH H M a  

6yftHMa H K HHJiam aAH . H k k h h m h  

XOAAa HOJira hhthjihiu (E e —

—  £ 0) 1/2 KOHyH  6yftHMa 6yjiaAH , 

H"bHH SHeprHH yKHra AenpjiH t h k  

ftyHaJiHUiAa y 3rap aA H  MyHKH 

m v=^=0 Aa

3 .  1 2 -  p a c M .  K D k o p h  w e r a -  

p a .u a  p -  c n e K T p H H H r  m aKJiH.
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HeflTpHHo MaccacHHH Typpn aHHKJiam ynyH 6eTa- 

cneKTpHHHr MerapaBHH SHeprHH KHHMaTH hjio>kh SopHwa 

khmhk SyjiHiuH MaKca,ara MyBO(})HKjiHp. ByHAa 6eTa-napMajia- 

HHuiHHHr hhc6hh yjiyiuH cneKTpHHHr «Macca ce3yBMH» 

cox,acHAa Karra Qyjiasxn. ByHAafl x,oji yMyH Bo^opoA H30T0nn- 

tphthhhh  ojiHLU KyJiafiflHp. Y  yTa pyxcaT STHJiraH p-napMaJia- 

HHUira sra: ]H-*lHe-\-e~ -(-v +  0,02M3B. Y h h h t  3JieKTpoH

napMaJiaHHLii & a B p H  12,5 HHJira h k h h , M erapaBHH 3HeprHHCH 

18,6 ksB ra TeHr.
TpHTHH 6eTa-cneKTpHHH AacTJia6KH yjiMaiujiap HeftTpHHO 

M accacH  ajieKTpoH M accacHflaH  aHMa k h m h k j ih t h h h  KypcaT^n.

1972 HHJiAa K- BepKBHCT iokoph a * p a T a  ojihuj ko6hjihhth- 

ra 3ra SyjiraH cneKTpoM eTp  e p A a M H ^ a  HeftTpHHOHHHr thhm 

x,OJiAarH M accacH H H  K)KopH M erapacn  yMyH 55 aB KHfiMaTHH 

ojiah: mv<;553B. XlyHeAarH  M aiu xy p  OJiHMJiapHHHr Ta>Kpn6a- 

JiapH xo3H prH  K y H ^a

14 ^  m v 46 'iB

M erapaHH 6epaan. Ta> Kp H 6ajiapH H  yTKa3Hiuiia KHJiHHraH 

KaTTa x a p a K a T r a  KapaM afi, HefiTpHHo M accacH  yMyH 3 h h k  

KHfiMaT xaH y 3raM a  ojiHHMaAH. T a n  iuyHAaKH cneKTpHH yjiMaui 

yMyH TpHTHfiHH M y p a K K a 6  o p ra m iK  6n p H K M a r a  6oFjiaiura 

TyFpn Keji^H. TpHTHfiHHHr 6eTa-napMajiaHHLHHfla 3He xochji 

6yjia SoiujiafiAH. LU yH A a  MOJieKyjinp 6oFjiaHHm  3HeprHHCH 

KyMjiH y 3rap aA H  Ba 6eTa-eMHpHJinui 3HeprHHCHra KaHiiaftAHp 

yjiyui KyuiaflH. m v M accaH H H r  KHfiMaTH 6 n p  HeMa 3JieKTpoH- 

BOJibT T a p T H ^H A arH H a  6yjiHUiH MyMKHHJiHTHHH H a 3a p A a  

TyTcaK , a H H K  6 a x o jia H M ara H  6 y  yjiyui caJiMOKJin SyjiHUiH 

M yM KHH. 3jieKTpOH  HeftTpHHO Ba aHTHHeftTpHHO UiyHHHriieK, 

So u iK a  XHJiAarn HefiTpHHO MaccajiapHHH a h h k .talu aTOM  

h ap o c h  Ba ajieMeHTap 3ap p ajiap  c})H3HKacH yMyHrHHa 3M ac , 

6aJIKH aCTpO(})H3HKa Ba KOCMOJIOrHH yMyH x a M  KaTTa 

a x a M H H T ra  sra. B y  (})aHJiapflarH Ky nrH H a  npH HUH nnaji 

caBOJiJiapra >KaBo6jiap HefiTpHHOHHHr thhm xoJi^a M accacH  

6 o p  eKH fiyKJiHrHra 6ofjihk . >KyMJia.ziaH, a r a p  3JieKTpoH 

HefiTpHHOHHHr thhm xojiiiarH MaccacH ~  10 sB 6yjica, 

y xojiaa K o H H O T A arH  HefiTpHHOJiapHHHr yMyMHfi M accacn  

KOJiraH M o /m ajiap  M ac cacH A aH  6 n p  r a p T H 6ra  KaTTa 6yjiraH 

6yjiapAH .

HeftTpHHOHHHr thhm  xoJiAa M accara  ara 6yjiHUiH, Maca- 

jiaH, rajiaKTH Kajiap^a  h u ihp h h  M acca  6yjinuiHHH TyiuyHTHpH- 

UlH M yM KHH. Xo3HprH BaKTiia KHMHK TaJiaKTHKaJiap Ba 6 oiUKa
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hh phk rajiaK T H K a^ap H H n r  flyjiAoiujiapHHH Ky3aTHJiraHAa 

y.aapHHHr x ,apaKaT Te3JiHrn M ap K a 3A a H  x,ap xhji y30K- 

jiHKJiap/ia 6 n p  xhjijihjihth aHHKJiaHflH. HeflTpaji Bo/iopoii, 

SyjiyTHHHHr KaTTa Macca.fiH rajiaKTHKajiap aTpoc})HAa xapaKa-  

th  ypraHHJiaeTraHAa \aM Te3JiHKHHHr op d n T a  p aAH ycH ra  

SoFJlHKMaCJlHTH X 3 K H A 3  HiyHAafl H3TH>Ka ojihhah. B y  XOJIAa 

TyuiyHTHpHiii yqyH raJiaKTHKa M accacn  yHHHr K y p H H H 6  TypraH  

xa>KMHAa >KofljiauiraH io»iAy3.iap 6HJiaH MerapaJiaHMafl, >KyAa 

KaTTa ij)a3ora T a p K a r a H , hi>hh khm hk rajiaKTHKa.nap Ba 

b o a o p o a  6yjiyTH K y p H H M ac  MaccaJiap op acH A a  xapaKaTjiaHa-  

AH A e 6  XHCo6jiaiu KepaK. ByiiAafl Ky pH H M ac  M accaHH  

raJiaKTHKajiap to>kh ,ae6 a ia u i OAaT 6yjiraH. B y  am npHii 

M acca khmhk Ba Ky3aTHiu ynyH  >KyAa x n p a  6yjiraH ioJiAy3Jiap 

M accacH  6y.nca KepaK , jxe6  Taxm hh  khjihhah . JleKHH 6yHAaft 

K)JiAy3JiapHHHr Kyn.Ta6 TyFH.riHiiiHHH rajiaKTHKaJiap naftAo 

6yjiHLU >KapaeHH TyppHCH Aarn  M au n y M  6yjiraH  Myjioxa3a- 

.Tapra Mocjiaui k h A h h . LUyiiHHr yMyH hujhp hh  M acca 

HeflTpHHOJiapra TeniuuiH A e6  hhth rHnoTe3a HJirapH cypHJiAH.

H eflTpHH OHH Hr THHM XOJlAaTH MaCCaCH K o H H O T H H H r  

KeHraflHiUH M acajiacnra  ajioKaAop . Ky 3aTH iujiapH H H r Kypca- 

THLUHMa, op ajiap H Aa  y jm aH  Macoc{)a 6yjiraH raJiaKTHKaJiap 

TynjiaMjiapn 6Hp- 6npjiapHAaH  y30KJiauiaAH. A. A. O p H A M a H  

KeHraflHLUHH SflHlUTeflHHHHr yMyMHfi HHC6HHJ1HK Ha3apH51CH 

a cocH A a  TyLuyHTH pn6 6epA H . KeHrafiHiu KaTTa Te3JiHKJiapAa 

103 6 e p a A H , y 3 a p o  rp a B H T a u H H  topthlhh iuh  aca yHH 

T y xT a iu n ra  Ba CHKHJiHiura fiy.njiauira x a p a K a r  KHJiaAH. 

KeHraftHUiHH eH rn 6  ythui yMyH K o H H O T A arn  M OAA a  3hmjihth 

KaHAaftAHp KpHTHK KHfiM3T —  (0 .5  -f- 1 0 )  • 1 0 “ 29r /  CM3 A 3H  

KaTTa 6yjiHUiH KepaK. TajiaKTHKa-iapHHHr 6yTyH  ({)a30 6yftHMa 

ojihhrah ypTaM a 3hmjihth 1 0 ~ 3° — 1 0 ~ 32r /  cm T a p T H 6ra  ara. 

Arap HeftTpHHOHHHr thhm xoJiAarH M accacH  ~  10 a B  HH 

TauiKHJi 3Tca, y x°JiAa  yjiapHHHr y p ia M a  3hmjihkk3 KyuiraH  

yjiyuiH ~  1 0 “ 29r /  cm 3 hh TauiKHJi STaAH. LUyHAaft khjih6, 

HefiTpnHOAa thhm xojiAa M acca  6yjiHLUH K o h h o t  T a K A H p n ra  

paAHKaji T a b c n p  3 T 3 a h : y n erap acH 3  KeHraftHLUAa AaBOM  

3T3A H M H  eKH 6y  KeHTaftHLU CHKHJIHLUra aJlMaLUHHaAUMH?

3 .14- § . HeiiTpH HOH HHr Typjiapn

HeftTpHHo TyFpHCHAaru  rnnoTe3a M yH o ca6aT H  6njiaH 

3.neKTpoH HeftTpHHOAah  T a u iK a p n  6ouiKa xhji HeftTpHHOJiap 

x aM  6opjiHTH 3CJiaTn6 yTHJiraH sa h . B y  x a K A a r u  6hp hhm h  

xyjioca m ioohhhht M yMKHH 6y.iraH napMajiaHHHi ftyji.napHHH 

TaXJlHJl KHJ1HUIA3H KeJIH6 MHK3AH. MlOOH.Tap' ( (X* ) 2 ,2  • 1 0 "  

jihk HLiiaui BaKTH OHJian e~ Ba h kkh tb  HeHTpaji 3 a p p a r a
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n a p q ajiaH m u H  aHHKjiaHAH. FlapMajiaHHui yM 3app£iJiH 3KaHJiH- 

th T y xTaraH  M ycCaT MiooHJiapHHHr napM ajiaHHUiH/ia xochji 

SyjiaAHraH  no3HTpoHJiapHHHi ryTaui cneKTpHHH Ky3aTHiu/i,a 

MatJiyM  SyjiAH. riapMajiaHnuiHHHr hkkh  3ap p ajiH  xoJiH/ia 

no3HTpoHJiap M 0H 0x p 0M 3T H k  3HeprHHra ara SyjiaMH- U iy H ra  

yxuiaui yjm aui Huuiapn ajieKTpoHJiap yqyH x aM  ytk33hji/i,h. 

C neK Tp H H H r  KypcaTHUiHMa, HeftTpaJi 3ap pajiap  khm hk 6ajiKH 

HOJira reHr Maccara 3ra. By xoji JienTOH 3a p H A H H H H r  

caKJiaHHUi KOHyH Hra Kypa  y j i a p H H  HeftTpHHO Ba aHTHneftTpHHO 

A e6  Kafta KHJiHiura hm koh 6e p a A H :

Jiap uy HCIrl 1 JJHMUJlcip t' -J- 'V Od ~p C “ p  V n

HeftTpHHOJiapra xeM y xu iaM ac  3a h . H a 3a p n ft  M yjioxa3a 

aco c H ^a  K- HHUiHfl>KHMa Ba K). UlB H H rep  nHOH Ba mioohhh 

napMajiaHHUiHHH KyftHAarH Ky pHHHUiAa e3HuiHH t3kjih(}) 

khjihuiah:

6 y  epAa  v ' = £ v  Ba hio p- napMajiaHHui HeftTpHHOCH 6HjiaH 

aftHHftflHp. B. M. n o H T e K o p B O  v Ba v ' o p a c H ^a r H  (JjapKHH 

ahhkjiaui 6yftHMa yTKa3HJiHiUH M yMKHH 6yjiraH Ta>KpH6aJiap 

AacTypH H H  acocjia/i,H. By Ta>KpH6a

TypH/iarH v Ba v- KaMpaui peaKUHHJiapHHH T aA K H K  khjihuira 
acocjiaHraH. Arap v Ba v' 6Hp- 6HpHra y x u ia M a raH  xoJi/ia 6y  

peaKUHHJiap KyftHAarHMa yTHUiH jio3hm:

B ouiK aM a  aftTranfla, miooh napMaJiaHHLUHAarH v HeftTpu- 

HOHHHT HApO TOM OHHAaH KaM pajlHUIHAa x a p  AOHM  3JieKTpOH 

MHKapHJiaAH (.leKHH MIOOH.Tap 3 M a c ) . AKCHHM a, nHOHJiap 

napMajiaHHLUH/ia naftAO 6yjia/iHraH v ' HeftTpHHOJiapHH KaM- 

pam /ia  <})aKaT MiooHjiap (nHOHJiap 3M ac ) nafi/jo 6yjiHLUH 

KepaK. BpyKxaftBeH/ia ( A K L U )  Jle/iepMaH 6ouiMHJiHrHAa 

yTKa3HJiraH Ta>KpH6ajiap/ia v Ba v ' x ap  xhji 3appajiap  

3K3HJlHrH Hc6oTJiaHAH. B y H A a  HeHTpHHOJiap Te3JiaTKHMAa

|i, -►e± -(-v +  v, (3.71)

jt+ —>-(j,+ +  v '; \k+ —>~e+  +  v +  v ', (3.72)

v +  z —\Y-\-e, Ba v +  z _AtV-\-e+

(3.73)
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ojTHHraH npoTOHJiapHHHr hhujoh  6HjiaH TyKHauiHiiJHAa nafi/io 

Sy jia^H raH  j i+  nHOHJiap A a c T a c H ^ a H  oJiHHraH, h td hh  

( 3 .7 3 )  A a r u  hkkhhm h >KapaeH Tax,JiHJi KHJiHHraH. By 
HefiTpHHOJiap AacT acH  KajiHHJiHrn 13 M eTp Ba ofhpjjhth  6 n p  

H e ^a  yH m hht t o h h 3  6yjiraH  nyjiar AeB op ra  TyuiraH . XleBop 

x ,aMM a 3apH ^JiaH raH  3ap p ajiap H H  yiujia6 kojjh6, 4>aKaT 

HefiTpHHOJiapHH yT K a3aA H . Y jiap  aca K 3 jjh h  6eTOH  AeBop  

6HJiaH (j)OHAaH XHMOHJiaHraH M accacH  10 tohh3Jih  yMKyH 

K a M e p a c n ra  T y iua ^H . T a> K p H 6a  apHM Ahji a 3 b o m  3 t h 6  yHHHr 

H ap xH  mhjijihoh ^o ju ia p ra  h k h h  6yjiAH. HaTH>Ka,aa 3 4  Ta 

miooh x,ochji 6yjiHUiH xoflHcacH Kafifl kh jihhah . H k k h h h h  

>KapaeH 3HepreTHKa  >KHxaTAaH Kyjiafi 6yjiHiuHra K a p a M ac /ia H  

6H TT a  x,aM 3JieKTpoH Kafi^ KH JiHHM a^H . UEPH fla (>KeHeBa , 

LLlBeuapHsi) uiyHra yxiuaiu  Ta>Kpn6a  K a T T ap o K  aHHKJiHK 

6HJiaH T aK p o p jiaH a^H . B y H A a  6ofi craT ncTH K ara  ara 6yjiHHflH, 

HefiTpHHOHH K a M p a u i p e aK U H H C H ^aH  1 0 0 0 0  ra h k h h h  KaftA 

KHJIHHAH. H K K H H M H  H3B HefiTpHHOJiap M3B>KyAJIHrH Cy3CH3 T 3H  

ojihhah. lOK opH flarH Jiap ^aH  K y p H H H 6  t y p h 6 a h k h , v HefiTpHHo 

X,ap AOHM  SJieKTpOHJiap (eKH n 0 3 H T p 0 H ) , v ' HeHTpH HO aca 

MiooHJiap 6HJiaH 6 H p r a  nafiAO 6y jia ^H . LUy  ca6a 6 jin  

6npHH M HCH  SJieKTpOH HefiTpHHO (v  =  v e) HKKHHMHCH 3Ca MIOOH 

HefiTpHHOCH ( v ' = v „ )  AeraH  h o m  o j i a h .

X ,03H prH  BaKTfla yjiap nafiao  6y jiaAH raH  acocnfi napMajia-  

HHiujiap KyfiH^arHMa H(})OAaJiaHaAH:

n ^ p  +  e~ + v e, p+->-e+ + v e +  v ,̂ ji+ ->-|a+ +v^. (3.74).

3 a p p a jia p H H H r  6yHMajiHK h k h h  «x ,aMAycTJiHrHHH» Ty- 

uiyHTHpHiu yMyH JienTOH 3apao,H  h k k h t 3 KyuiHJiyBMHJiapra 

a>KpaTHJiAH:

L =  Le +  Z,„ (3.75)

Y jiapH H H r  x,ap 6 h p h  a jio xH ^a  xojiAa caKJiaH a^H  A e 6  (|)apa3 

Khjihhah. 3jieKTpoH 3apaaH_ Ae6 aTajia^HraH Le KBaHT coh 

e' Ba ve yMyH + 1  ra, e+ Ba ve yMyH — 1 ra , KOJiraH 3appaJiap  

yMyH (uiy  >KyMJiaaaH MiooHJiap Ba yjiapHHHr HefiTpnHOJiapH  

yMyH x,aM) 0 ra TeHr. Miooh 3a_paflH, a e 6  a T a jia^H raH  L  ̂coh 

aca p _  Ba v  ̂yMyH + 1 ,  p + Ba v  ̂yMyH — 1, KOJiraH 3a p p ajiap  

yMyH 0 KHftMaTHH ojiaAH. Le Ba L^ caKJiaHraHJiHrn yMyH 

yjiapHHHr hhfhhahch L, ht>hh «3ckh» JienTOH 3apao,H x a M  

caKJiaHaflH. Ammo Le Ba L^ hhht ajiox,H^a-ajiox,HAa caKJiaHH- 

uih HHa.ua 6ofipoK  HH (})opMauHH KeJiTHpaflH Ba K aT T ap oK  

TaHJiaui KO H ^a jiap H H H  y p H aT aA H . M a c a jia H :

(x -*~e + v  (3.76)
napMaJiaHHiu xeM KaHAafi caKJiaHHiu KOHyHJiapn, uiy *yM Jia-  

a a H  jienTOH 3ap H A H  T O M O H a a a H  T aK H K JiaH M araH  sah. LUyHra
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K a p a M a c A a H  y x.eM k b m o h  T a> K p H 6afla  K y 3 a T H JiM a r a H . 

lO K O p H A a  6aeH KHJiHHraH 6hphhm h Mauix,yp h c h tp h h o  

Ta>KpH6a;iapH  p a \ 6apH  JI. /Ie j .ep M aH  KyftHAarHJiapHH 

aftTraH s a h : «O xn p rH  BaKTraM a 4>H3HKJiap HHMa yMyH 

T a 6H arra  M a c a jia j ia p n /ia H  T a m K a p n ,  x a M M a  TOM OHAaH  6np- 

6 n p H r a  yxuiaiu h k k h t b  3 a p p a  miooh Ba ajieKTpoH K e p a K  6yjin6 
kojiah? —  ae6 caBOJi 6 epHiuap 3Ah. 3 h a h  6yHra KyiuHMMa 

khjih6 , T a 6HaTra 3JieKTpoH HeftTpHHOCHijaH s^thm oji xaTTO 

M a c c a c H  6HJiaH x aM  4>apK KHJiMaftAHraH miooh HeftTpHHOCH  

HHMa yMyH K e p a K ?  —  iieraH caBOJiHH 6epHiu M y m k h h». A m m o  

TaxM H H aH  10 ftHJiAaH KeftHH Ta6 naT HHa 6HTTa KyTHJiMaraH —  

yMHHMH H eftTpH HOHH  6epAH.

1975 ftHJiAa CT3H<})opAAa ( A K L U )  TaAKHKOTMHJiap ry- 

pyXH M .  flepH 6oujMHJiHrHAa KapaMa-KapuiH ftyHajiraH 

3JieKTpoH-no3HTpoH AacTajiapH 6HJiaH yTKa3HJiraH Ta*pn6a-  

jiapAa a>KoftH6 peaKUHHHH Ky3aTHiuAH:

e+ +  e-^ix+ +e-, ( 3. 77)

6yHAa SHeprHHHHHr xaMAa ajieKTpoH Ba m io o h  3apHAJiapHHHHr 

caKJiaHHiuH 6y3HJiaAH.

( 3. 77)  h hh t  yHr t o m o h h a 3  T a * p H 6aA a  KaftA KHjiHHMaraH 

V|i Ba Ve 3appaJiapHH  KHpHTHUJ 6HJiaH CaKJiaHHIU KOHyHJiapHHH 

K y T K a 3H 6  kojihui M yM KHHra yxuiaftAH. JleKHH 6y KyMCH3 

y 3a p o  T a tC H p  H a3apH H C H ra  TecKapn . M ynKH  6y H 33a p H H  

6yfiHMa x a M M a  w ap a e H Jia p  TypT (^epMHotuiHAHp (§ k h  

yjiapiiHHr M axcy jin ). Kyn M yjioxa3ajiapAaH  cyHr, e+ — e~ 
T yK H auiyB A a  ojiahh hhth  3 a p p a  Ba aH T H 3a p p a  xochji 6yjiaAH 

Ba yjiap 6HTTa 3apRa,JiaHraH 3 a p p a  —  3JieKTpoH e~ eKH miooh 

p.+  (eKH e+ Ba n _ ) M H K a p n 6 napMajiaHHiu 6yfiHMa 

aHHKJiaHaAH , AeraH  xyjiocara KeJiHHAH. H h t h  3appaim o fh p  

jienTOH A e 6 aTajiAH. M yHKH  yHH Hr M accacn  npoTOH MaccacH- 

A aH  AenpjiH hkkh  M ap Ta  (mT~  1 , 8  T a B ) KaTTa sah  Ba y KyMJiH 

y 3a p o  T a t c n p A a  KaTHauiMaftAH. O f h p  JienTOHHH HHa Tay- 

jienTOH eKH TaoH  (aftpHM xojiAa t p h t o h )  A e6 xaM  aTajiaAH. 

Y h h  6 njiaH 6ejirHJiaHaAH Ba y aHTH3appa t +  ra ara.

TaoHJiap Kyn tom oha3h a>KOHH6AHp. JleKHH yjiapiiHHr y3H 

3Mac, 6ajiKH OAaTAarHAeK HeftTpHHOJiap (ve Ba v,,) xochji 

KHJ1h6 XaM Ba y3HHHHT HaftTpHHOCH V T Ba aHTHHeHTpHHOCH V T 

hh MHKapH6 xaM napMajiaHaAH. By napMajiaHHUUiap KyftHAarH 

cxeMajiap 6HJiaH H(})OAaJiaHaAH:

^ ■ e - + v e  +  vt, ~ e+ +  ve +  vT, (3.78)

T <̂ ‘ H '~ + 'V  +  vT; ^ » | i + + v |1 +  vT.
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YjiapH H H r yw 3appa.nn  nap4a.TaHHUiH  SeBOCHTa Ta/iKH- 

KOTJiap a c o c H ^ a  Tacn,nK.naHjiH (ajieKTpoH Ba MiooHJiapHHHr 

3HepreTHK cneKTpjiapn y3JiyKCH 3AH p). lO K o p n /iarH  aftTHJiraH- 

jiapHH XHCoSra o.nHHca, SeBocHTa Kaft/i KHJiHHaAHraH 

(3 .7 6 )  * a p a e H  c o /m a  6 y .i M a c A a H  hkkh  noFOHaJiH SKaHJinrH 

M atJiyM  6yjia/iH:

+ v M +  vT

’ + + g  -► T + + T "

-e +  ve +  v T (3 .7 9 )L
(6 y  Ta>KpH6ajiap/ia HeftTpHHo Kaft/i KHJiHHMaraHJinrHHH 

3CJiaTH6 y T 3 M H 3 ) . T a O H  HeftTpHHOCH v T h hh t  M aBJKy/yiHrnra 

/leHpjiH xeq  khm m y6x,a  KHJiMaft/iH. y hh 6eB ocH Ta  KaftA 

KHJIHUI —  X03H p rH  33M O H  3KCnepHMeHT3JI (j)H3HKaCHHHHr 

Ba3H(})aJiapH/i,aH Qnpnmp- T a o H H H H r  Kaui({) khjihhhuih  HHa 

6HTTa  KB3HT COHH —  T 3 0 H  3ap H A H H H  ( L T) KHpHTHUIFa M a * 6 y p  

khji/ih. y  x~ Ba v T yqyH + 1  ra, t +  Ba v T yqy u  — 1 ra, KOJiraH 

3ap p ajiap  yqyH  3ca  0  ra TeHr. y ,  Le Ba L^ ra yxiuaui, x a M M a  

>KapaeHJiap/ia caKJiaHa/iH /i,e6 xHco6jiaHa/iH . Tyjia  jienTOH 

3apn/iH  x a M  caKJiaHa/iH Ba yHH s h a h  KyftHAarn KypHHHiu/ia 

e3HUI M yM KHH :

L ^ L e + L ^  +  L,. ( 3 .8 0 )

SjieKTpoHJiap Ba MiooHJiapHHHr SHeprHH cneKTpjiapHHH 

ypraHHiu  acocH/ia t  JienTOHHHHr napnajiaHHUiH  m i o o h h h h f  

napqajiaHH UiH ra  yxuiaui, h td hh  6HTTa 3apn/i,JiaHraH (e eKH p,) 

Ba HKKHTa HeftTpaji 3 a p p a  x o c h j i  6yjinui ftyjiH 6HJiaH k >3 

6epHUiH  aHHKJiaH/iH:

' e+ +  Ve +  VT, 

. M-+  +  v^ +  vT, 

e - + V e + v „  ( 3 8 1 )  

M- + v M +  vT.

t —  JienTOHHHHr MaccacH KaTTaJinrH/iaH yHHHr napnajiaHH- 

UJH/ia JX Me30H XOCHJl 6 yjlHUIH MyMKHH: T +  —>-H+  + V T, 

+ v T.

T +  -^3X+ + V t, T “ ->-Il~+VT

t - JienTOHJiapHHHr napM ajiaHHiun 6yftHMa T a * p H 6 a  HaTH- 

>KajiapHHH TyuiyHTHpHUi y ^y H  napMajiaiiHuiAarH h k k h h m h  

HeHTpaji 3 a p p a H H  HeftTpHHOHHHr h h t h  Typn  /ie6 XHCo6jiaui

T +  -
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KepaK. LU yH AaH  K,H.nH6, x,03nprH BaKTiia JienTOHJiapHHHr v m  

>Ky(})TH (eve), ( ^ v j  B a  ( t v t ) MaB>KyA. ByH /ia  e, Ba t  hkkhtb  

3a p H A  xoJiaTHAa 6yjian.u: MaH(|)HH 3apHAJiaHraH 3 a p p a ra  

y3Hra moc + 1  ra TeHr (ajieKTpoH, mkdoh eKH TaoH ) JienTOH 

3apaji„ M ycSaT  3apHAJiaHraH 3a p p a /ia p  aca —  1 ra TeHr JienTOH 

3apH /y iap H ra  ara 6yjiaAH . y 3H H H H r  aHTHHeHTpHHOCH ( MaHc})HH 

jienTOH 3apaA-TH) M yc6aT  3apHAJiaHraH 3 a p p a r a  >Ky4)TJiaui- 

raHj,a x,ap aohm  HeflTpHHO (M y c Sa T  JienTOH 3apHAJin) xochji 

6y .iaAH . JlenTOHJiapHHHr mta 6ouiK.a Typn eKH t —  jienTOHHH- 

KHZian K aTT ap oK  MaccajiH 3apa/i.iaH raH  JienTOHJiap 6op M H ?  

^e ra H  caBO.nra \03HpMa >KaBo6 ftyK.

K,yui ajieKTpoH M H K ap n 6  yTa/iHraH 6eTa-napMaJiaHHiu 

>KapaeHH 6yflHMa ojih6 6opHJiraH Ky3aTHiujiap HaTH>KacH xaM  

HKKH TypjlH HeftTpHHO M a B *y fl  SKaHJIHTHHH TaCilHKJiafl/lH. 

K,ym P —  P napMaJiaHHUi xoA H cacH  v Ba v h hh t  aflHaH Ba 

aflH_aHMacjiHrH M aca .iacH  6HJiaH uiyHAafl 6oFJiaHraH. A r a p  v 

Ba v aftHaH 6 n p  xhji 3appaJiap  6yjica (ht^hh v  =  v ) ,  KyflHjiarH 

o a a h h  p napMaJiaHHiu peaKUHHJiapn pyfi 6epHUiH M y M K H H :

ByHAafl xo.nfla 6Hp HefiTpoimaH m h k k 3 h HefiTpHHo (eKH 

3HTHHefiTpHHO) HKKHHMHCH TOM OHHAaH  K)THJIh 6 , H3TH>Kaiia 

Kyui p —  p napMajiaHHUi >KapaeHH HefiTpHHOJiap MHKapMac- 

/iaH, nefiTpHHOCH3 yTaji,H. MacajiaH:

n i +  n2-wii + p 2 +  ef+ v-+p\ +er~i~P2 +  e~2- (3.84)

BopAH-io v v 6yjica, ( 3 .8 3 )  peaKUHHJiapHHHr sxth- 

mojijihth HOJira TeHr 6y jin6 , Kyui p —  p napMajiaHHiu 4>aKaT 

HKKHT3 HeflTpHHO MHKapHUI 6njiaH  y T a ^H :

/I,eMaK, HeflipHHo Ba aHTHHeftTpHHO y3apo <})apK KHJiMaca, 

y xojiAa 6hphhm h  HeftTpoH napMajiaHHUiH/ia xochji 6yjiran 

HeHTpHHO 6np OHAa HKKHHMH HeflTpOH TOM OH H A3H  lOTHJiaAH. 

Ht^hh ( 3 .8 4 )  >KapaeH HeflTpHHOCH3 yram'-

3.15- §. Kyui 6 eTa-napMajiaHHiu

(3 .8 2 )

(3 .8 3 )

n i +  n2->-n\ +  p 2 +  e2 +  v2—;*-p\ +  

+  £>r+V| + P 2  +  <?2_ + V , (3 .8 5 )
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Av  2fi /  v  | O n~
ZA  N-- Z +  2 '  N - 2 ^ ^ e ( 3 .8 4 ')

JlenTOH 3apha  caKJiaHraH x,o/uia (3 .8 4 ')  w a p ae H  TaKHK- 

jiaHraH 6 yjiaAH. H ap xaK H K aT , HeftTpoHJiapAaH 6 hphhh 

napnajiaHHLUHAa — 1 JienTOH 3apHAJiH aHTHHeflTpHHO xochji 

6 yjica, hkkhhmh HeflTpon napqajiaHHUJHAa + 1  JienTOH 

3apHAJiH 3JieKTpoH naflAo 6 yjiaAH, ht>hh AacTJia6 KH xojiaiHHHr 

jienTOH 3ap«AH cyHrrn xoJiaTHHHr jienTOH 3apHAHra TeHr 

6 yjlMaflAH. BopAHK) HeflTpHHO Ba aHTHHeflTpHHO 6 hp xhji 

6 yjiMaca (3 .85 ) >KapaeHHH uiyHAaft e3Hiu MyMKHH 6 yjiaAH:

ZX —-—  z+2 Yn -2-\-2e + 2 v .  (3 .85 ')

Ha3apHfl 6 axoJiauiJiapra Kypa, arap v Ba v aflHaH 6 np xhji 

6 yjica, y xoJiAa HeftTpHHOCH3 K y w  6 eTa-napMajiaHHiu HKKHTa 

aHTHHeftTpHHOJiH napHajiaHHiura KaparaHAa 10® MapTa KaTTa 

3XTHMOJiJiHKKa 3ra 6 yjiaAH. IlIyHHHr yqyH HeftTpHHo aHTHHeft- 

TpHHO 6 HJiaH ~  10 - 2  aMnjiHTyAaAa apajiauiTHpnjica, y x°JiAa 

Kyiu 6eTa-nap4ajiaHHtu (3 .85 ) napMajiaHHUiAa KyTHJiraHHAaH 

100 MapTa Te3 KeMraH 6 yjiapAH.

KyLU 6 eTa-napMajiaHHUiHHnr npHM napMajiaHHiu AaBpn 

7*1/2 hh ahhkjialli 6 yftHMa Ta>KpH6 ajiapAaH 6 npHAa HMHAa Kyn 

MHKAopAa 6 ouuiaHFHM A n HApojiapH 6 yjiraH Ta6 HHft HaMyHa- 

A a  eMHpHJiHui MaxcyjioTH z + An-i HH Khahphjiah. Emhph-

jihlu ajieMeHTHHHHr xochji 6 yjiHiu MOMeHTHAaH 6 ouuia6  yTraH 

yjiKaH AaBp (1 0 9 Ahji) Mo6 aftHHAa napMajiaHHiu MaxcyjiOTH 

Ce3HJiapJlH MHKAOpAa fiHFHJlHLUH MyMKHH. HMHAa ilSe

6 yAraH HaMyHajiap tckuihphjiah. YjiapAa f^Kr hhht H3Jia- 

pn khahphjiah, LuyHHHTAeK, 54X e  hhht H30T0njiapHra napMa- 

jiaHHuiH MyMKHH 6 yjiraH 528 Te Ba 520 Te x,aM tckiuhphjiah.

FlapMajiaHHiu MaxcyjioTJiapHHH H3JiauiAa Macc-cneKTporpa(})- 

jiap nuiJiaTH^AH. Yjiap epAaMHAa HHepT ra3JiapHHHr H3o- 

Tonjiapn aHHKJiaHAH. MacaJiaH, l30X e  h h h t  m h k a o p h  Kce- 

HOHHHHT yMyMHft MHKAOpHHHHT 0 ,7  KHCMHT3 TeHrJIHTH

aHHKJiaHAH. By mhkaop aTM 0 C(})epaAarH l30X e  AaH 6 hp

TapTH6 Ma OpTHKAHp. Y iu 6 y H30T0IlHHHr OpTHKMaJlHTH l30Te 

HHHT Kyui 6 eTa-eMHpHJIHUlH OKH6 aTHAHp. yHHHT MHKAOpHTa

Kap a 6  f i / a O ^ T e J ^  ( 2 ,6 0 ± 0 ,2 8 )  • 1021 ftnji SKaHH 3hhk- 

jiaHAH. By  AaBp (3 .85 ) KypHHHUiHAarn MyMKHH 6 yjiraH

H e H T D H H O C H 3  eMHpHJlHLLI 6 H J ia H  3 H H KJl 3 H 3 A H  .

7*1 /2 ( Te) T | /2 ( l28Te) HHc6 aT ( 1 , 0 3 +  1 ,13) • 10 14 ra TeHr 

3KaHH xaM Ma^bjiyM 6 yjiAH. y HApo xoJiaTJiapn cTpyKTypacHra
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M= 123,94278

3. 13- paCM. l54Sn  hapochhhht Kyiu p- nap- 

HajiaHHLliH (2p ) MyMKHH SKaHJIHrHHH Kypca- 

TyBMH AHarpaMMa. Atom MaccajiapH ())apKM- 

aaH (5- napMayiaHHiiiHHHr khhcthk SHeprHHCH 

~ 2  M a B  SKaHJlHTH KypHHH6 TypH6flH. ,,4Sb 

hhht MaccacH l24Te hhht MaccacHaaH 2,9 M s B  ra 

KaTTa.

yHHajiHK 6 ofjihk 6 yjiMaraHH y^yH yHH H33apHH 6 ax,ojiaui 

KHHMaTHra COJIHHITHPHIU MyMKHH. H a3apH H  KHHM3T aca, 

3 ,85  eMHpwjiHluh yqyH 2  -10“ 4 ra TeHr.

LUyHAaH khjih6 , Ta>Kpn6 a HaTH>KajiapH jienTOH 3apaAHHHr 

caKJiaHHUJ KOHyHHra Ba uiy TapHKa hkkh xhji HeftTpHHO 

6opjiHrHra 3ha 3Mac. JleKHH aMaji/ia yjiap KaHHajiHK 

apajiauiHuiHHHr /iapa>KacHHH 6axojiaiura hmkoh ftyK. LUyH- 

Aaft HeftTpHHOCH3 Kyui 6eTa- napHajiaHHuiHH H3Jiaui M a3K yp  

>KapaeHJiapAa, MacaJiaH 504 Sn->-524T e  eMHpHJiHiuaa hkkht3

3JieKTpoHHHHr Tyjia SH eprH acu  aTOMJiap M accaJiapH aftHpMacu 

2 M a B  ra tch t  6yjiHuiH jio3HMJiHTHra acocnaHa/iH 

(3 .13- p a c M ). (3 .85 ) >KapaeH/ia aca h k k h tb  aHTHHeftTpHHO 

ynu6  m hkhiuh ca6 a 6 jiH 3JieKTpoHJiapHHHr Tyjia SHeprHHCH 

y3JiyKCH3 y 3 r a p n 6  TypnuiH KepaK. Ta> Kp H 6a  Ajibn to fh  Tarn/ia 

hkkh  KHjioMeTpra h k h h  MyKypJiHKaarH TyHHejiaa yTKa3HJiAH. 

T o f  *H H C Jiap H H H H r  6yHAaft KaTJiaMH KypHJiMaHH kocm hk 

Hypjiap Ta^bCHpHflaH caKJiaraH. By  KypnjiM a, uiyHHHraeK, 

kocm hk HypjiapHHHr MOA/ia 6HJiaH y 3 a p o  TaTjCHpn/ia naft/io 

6yjiaflHraH HeftTpoHJiapHH ceKHHJiaTHiu Ba iothiuh y^yH  

n a p a ^ H H  Ba Ka/iMHft KaTJiaMJiapH 6HJiaH ypajiraH. TaMMa- 

HypjiaHHUi^aH  caKJiaui y^y H  k y p fo u ih h  KaTJiaMJiapH xaM  

6yjiraH. FlacTKH KaTJiaMjiap/ia y p a H  Ba TopnftHHHr Ta6HHft 

apajiauiM ajiapH  /lenpjiH 6 yjiMaraH ky p fo u ih h  HiujiaTHjiraH.

OxnprH  XHMOH K3TJI3MH Kyn MapTa T03aJiaHraH CHM06AaH  

H 6 o p aT  6yjiraH. KypHJiM a acocHHH TapKH6H/i.a l24Sb 6yjiraH 

KaTTa (6 8  cm3) repMaHHftjiH npHM  yTKa3rHMJiH AeTeKTop 

TauiKHji 3TaAH. B y  AeTeKTopHHHr xycycHHTH uiyHAaH h6 o-
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paTKH, a r a p  yH Aa  6 n p  B aKTAa  h k k h t b  3 a p p a  naftAO 6yjica Ba 

lOTHjica y x,ojiaa 6 y  x,ojiaT 6 n p  xoa,HcaAeK KaftA 3THJiaAH Ba 

h k k h  3a p p a H H H r  Tyjia 3HeprHHCH yjmawajxn. LLIy T a p H K a  

Kyui ^eTa- napMajiaHHUiHH H3Jiaui KyjiafijiauiaAH. B yTy H  

Ky3aTHiu A a B O M H A a  (1 8 7  cyTK a) 2  MaB j ih k  3HeprHH 

cox,acHAa 6HTTa x aM  qyKKH  Ky3aTHJiM a4H . H a T H J K a ^ a  

He0TpHHOCH3 eMHpHJIHUIHHHr HLUaiU A a B p H  (J)aKaT 6aXO JiaH ^H , 

x o j io c  — ^ 5 - 1 0 21 iihji. Z leM aK  jienTOH 3a p n A H H H H r  caK- 

jiaHHiuH 0,1 %  A a H  Kyn 6yjiM araH  xo ju ia p ^a  6y3H jia^H , 

HTjHH HefiTpHHO Ba 3HTHHefiTpHHO TypjlH 3appaJiapAH p .

3.16- §. BeTa-napMaJiaHHiiiAa *ycf>TJiHKHHHr caKJiaHMacjiHrw

Hflpo Ba 3ap pajiapH H H r  y3 -y3HAaH  napH ajiaH H iunra  c a 6a 6 
6yjiaAHraH  KyncH3 y 3 a p o  Tatcw p jiap  H a3ap H H C H A arH  acocnfi 

Kaui(J)HeTJiapAaH 6 npH U ,./] ,./Ih  Ba M . H  . 3  h r TOMOHHflaH 

1 9 5 6  fiHJifla oHHJiraH *y(j)TJiHK KOHyH HHHH r caKJiaHMacjiHrn- 

AH p. ^y<})TJiHKHHHr caKJiaHMacjiHTH ajieMeHTap 3appajiap- 

h h h t  y3-y3HAaH napM ajiaH HU iH^a  Ba xycy caH , HApoJiapHHHr 

eeTa-napMajiaHHUUHAa (})a30BHft acH M M eTpH H  opKajiH  H aM oeH  

6yjiaAH. K y n ^H JiH K  Ta>KpH6ajiap HaTH>KacHHH KyftHAarHMa 

HKyHJiaiU M yM KHH : 6H pH H H H AaH , CnHHH HyHaJlTHpHJiraH 

HApoJiap n a p q ajiaH raH H A a  ^H K aeT raH  6eTa-3JieKTpoHJiap 

acH M M eTpH K  6y p q aK  TaKCHM OTH ra  ara, ht>hh HA po  cnHH HHHH r 

ftyHajiHiiiH ^yfiH ^a  y ^ H 6 M HKaeTraH 6eTa-3JieKTpoHJiap cohh  

KapaM a- KapuiH  ftyHajiHtiiAa y q n 6 H H KathraH  3JieKTpoHJiap 

coHHra TeHr 3 M a c , HKKHHHHAaH , nap^aJiaH H U iAa  xochji 

6yjiaAHraH 3ap p ajiap H H H r , M acajiaH , 6eTa-napMajiaHHiiiAa

3. 14- pacM. 60Co- h h h t  

napwajiaHHUiHiia >Ky(J)TjiHKHHHr

caKJiaHMacjiHTH.

B

A
3JieKTpOHJiapHHHr eKH nH-Me30H 

n a p n ajiaH raH H A a  hhkybm h mio- 

Me30HJiapHHHr afijiaHMa KyT^Jia- 

HHUIH eKH CnHpaJIJlHTH MaB>KyA- 

ZlacTJia6 >Ky(})TjiHKHHHr caKJiaH- 

M3CJ1HTH Ko6aJIbT-60 HApOCHHHHr 

^eTa- napHajiaHHUiHAa Ky3aTHJi- 

raH 3ah . 3.14- p a c M A a  Ko6 ajibT 

HAPOCH CnHH afijiaHHIUHHH Kypca- 

TyBHH CTpejiKajiH uiap CH(})aTHAa 

TacBHpjiaHraH . Ta>KpH6a 3JieKT- 

poHJiapHHHr cnHH  afijiaHHUiHra 

HHc6aTaH  iuy p a c M A a  yMTa CTpeJi- 

Ka 6 njiaH KypcaTHJiraH Tapa({)ra 

K y n p o K  h h k h u ih h h  K y p caT aA H . 

3jieKTpoHJiapHHHr uiyHAafi fiyHa-



jinLUAa qHKHiLin Ky3ry chm m ctphhch  npHHLLHnHra 3 h a  KeJiaAH. 

X ,a K H K aT an  \aM , 6y  iipHHUnn aMajira oLuraHAa ko- 

6ajibT-60 hhhi' napM a^anHLUH OHJiaH yHHHr A sa B Ky3ry- 

jiapiiarH aKCH 6Hp- 6npHra moc KejiraH 6yjiap 3iiH. BnpoK 
3JieKTpoHJiap 6 n p  Tapa(j)ra K y n p o K  4HKK.aHJiHrH.aaH yjiapHHHr 

Ky3ry;i,arH aKCH 6oiiiKalia 6yjia/i.H. M a c a jia H , B Ky3ry/ia cnHH 

afljiaHHUiH y3rapMaflAH , JieKHH 3JieKTpoHJiap TecKapn  TOMOHra 

MHKa/iH, A K y 3ry ^a  aca aKCHHMa, htjHm cnHti afljiaHHLUH 

y 3 r a p n 6 , 3JieKTpom iaphhhr HyHaJiHiiiH y3 \ojiHMa KOJiaAH.

B y  Ta>Kpn6aAa  Ky3ry CHMMeTpHHCH 6y3HJiraHJiurH Ty(J)afl- 

JIH >Ky(j)TJlHKHHHr C3KJiaHHLU KOHyHH ypHH.1H 3MaC. KeHHHMa- 

JIHK >Ky(})TJlHK KOHyHHHHHI' CaKJiaHMaCJIHTH M e30H , rHnepoH B3 

K y n n iH a  6ou iK a  3JieMeHTap 3ap p aJiap H unr  napMajiaHHUiHAa 

\aM TacAHKJiaH/iH.

BeTa-napMajiaHHLU eKH n M e30HHHH r napMaJiaHHUiH/ia 

Ky3aTHJia/i,HraH 6y naTH>KajiapHH >Ky(})TJiHK KOHyHHHHHr 

caKJiaHMacjiHTH acocn/ia  Tym yH TH pnui MyMKHH. >Ky4>TJiHK- 

h hh t  caKJiaHMacjiHK xo/iHcacH MaiaJiyM afljiaHMa KyT6jia- 

H H m ra  3ra 6yjiraH HeflTpHHO Ha3apHHCH  AOHpacH/i,a y3 h3ox,h- 

hh Ton/iH. B u p  BaKTJiap fj —  napM ajiaH nm /ia  xochji 6yjiaAHraH 

HeflTpHHO Ba napw ajiaH Hm /ia  xochji 6yjia/i,HraH aHTHHefl- 

t p h h o  6Hp-6u p H A aH  xew KaH/iafi (})apK KHJiMafl/i,HraH/ieK 

K y p H H ap  3AH.

H eflTpHHOHHHr KyT6jiaHHm  xycycHHTJiapHra acocjiaHH6, 

3ap p ajiap H H H r  y3-y3H/iaH napM ajiaH Hm H/ia  >Ky(f)TJiHKHHHr 

caKJiaHMacjiHK xoA H cacH H H  napM aJiaHHm  MHCoJiH/ia ch- 

(})aT HyKTan  H a3apH /iaH  T y m y H T H p H m r a  y p H H H 6  KypafljiHK. 

>Ky(})TJiHK caKJiaHMafl/iHraH xoAHcajiap/xa Ky3aTHJiHm n jio3hm 

6yjiraH  (})a30BHfl acHM M eTpHH  napnajiaHHm/ia cnHHH H/ipo 

cnHH Hra  napajuieji Ba aHTHnapajuieJi 6yjiraH v ht bhhtchm oh  

aHTHHeflTpHHOJiapHHHr yMH6 M HKH m H ra  6ofjihk . B y  xoji/ia 

3JieKTpoHJiap cnHpaJiJiHFH aHTHHeflTpHHO cnHpaJiJiHTHra Tec- 

KapH , HTjHH nan  cnHpaJiJiHK xo.i/ia By>Ky/ira KeJia/iH. LUy flyji 

6HJiaH (})a30BHft aCHM M eTpHH XOCHJl KHJIHHa/lH Ba 6yHHHT 

H3TH>KaCH/ia H/ipo c h h h h h h h t  ftyHajiHmH 6yftHMa MHKaeTraH 

3JieKTpoHJiap cohh  K a p a M a- K a p m n  ftyHajiHm/ia MHKaeTraH 

3jieKTpoHJiap coHHra TeHr 6yjiMaft/iH. Y M y M a H , H/ipo KyT^JiaH- 

raH/ia yHr b h h t  \ochji KHJia/inraH ftyHaJiHm 6HjiaH ajieKTpoH 

HMnyjibCH ypTacH /iarH  0 6ypM aK Ka  6orjiHK xoji/ia yMH6 

MHKa/iHraH 9JieKTpoHJiap cohh  yMyH KyftH/iara (fiopMyjia 

ypHHJiH/iHp:

W e( 6 ) =  W70 (l —  acosB),

181



SyHfla a = v / c —  KyTSjiaHwuj KypcaTKHMH, y MycSaT Ba 

TaxMHHaH 0 ,4  ra TeHr, htjHH 3/ieKTpoH/iap napo cnHHHra 

TecKapH HyHajiHiu,na KynpoK MHKaAH.

By  acHMMeTpHH U. B y  Ta>KpH6acHAa cijhhh fiyHajiTH- 
pHJiraH 60C o  H ^p ocH H H H r  6eTa-napMajiaHHUJHAa Ba ujy- 
HHHr^eK, KyT6jiaHraH apKHH HeftTpoHHHHr 6eTa-napMajiaHH- 
uiHAarn 3/ieKTpoHJiapHHHr 6ypqaK TaKCHMOTH/ja Ky3aTH/iAH; 
HeftTpoH yMyH a « 0 , 1 .

P +  —  napMa/iaHHuiAa Man cnnpaji/iHKKa ara 6yjiraH 

HeftTpHHO yMH6 MHKKaH/lHTH yMyH aCHMMeTpHfl H33a pHHCH 

TecKapn 6yjiaj,H. XycycaH, yMH6 m hkk3h no3HTpoHJiap 

COHHHHHT 0 6ypMaKKa 6oFJIHKJIHrH

r f + (0 )  =  r o ( l + a c o s 0 )

(JjopMyjia 6yftHMa aHHKJiaHaAH, ht^hh xochji 6yjiraH no3HTpoH- 

jiap acocaH yHr cnnpajuiHKKa ara Ba KynpoK KDKopnra yMH6 

MHK3/JH.

P_ - napMajiaHHLUHHHr acH M M eTp H H cnra  TecKapn  6yjiraH 

a cH M M eT p n H  Ta>KpH6afla ftyHajiTHpHJiraH cnH H ra  sra 6yjiraH 

58C o  HApojiapHHHHr p + - napM ajiaHHLUH^a Ky3aTHJiijH.

ByftjiaMa KyT6jiaHHm aftHHKca nH-Me30HHHHr y3-y3HAaH 

Mi0-Me30Hra Ba H e f tT p H H o ra  napMajiaHraHH/ja bhhk  HaMoeH 

6yjia^H.

3 .1 7-§. C H M M eT p H H  sa  caigiaHHUi KOHyHJiapH

BeTa-napMajiaHHLu xo/jHcacHAa >Kyc})TJiHKHHHr caKJiaH- 

MacjiHTH MyHoca6aTH 6HJiaH yMyMaH napMajiaHHUi Ba y3apo 

TatcnpjiapAa (})H3HKaHHHr 6ouiKa caKJiaHHui KOHyHJiapHHHHr 

TaKAHpHHH x,aM Kypn6 yTHLu jio3hm. CaKJiaHHiu KOHyHJiapn 

3JieMeHTJiap 3appajiap (})H3HKacHHH ypraHHiuzja hhxohta3 

KaTTa axaMHHT Kac6 3T3AH. 4yHOHMH, arap MaKpo/iyHeAa 

caKJiaHHUi KOHyHJiapn (})aKaT TaKHKJiaca, MHKpoAyHeAa sca 

caKJiaHHiu KOHyHJiapHHHHr ryjia TynjiaMH TaKHKAaHMaraH 

HCTajiraH >KapaeH aji6aTTa 103 6epHUJH KepaK. KeftHHMajiHK 

xyAAH ujy acocAa hhfh 3AeMeHTap 3appa —  miooh HefiTpHHocH 

(v^) KaiU(}) KHJIHHraHJIHTHHH KypaMH3-KyftHAa 3Ca (})a30

BaKTH HHr TypT yjiMOBJiH reoMeTpHHCH 6 HJiaH 6 ofjihk  6 yjiraH

SHeprHHHHHr, HMnyjIbCHHHr,HMnyJlbC MOMeHTHHHHr,CnHHHHHr, 

CP-.T- >Ky(})TJiHKJiapHHHr caKJiaHHiu KOHyHJiaphhh  K y p n 6 
M HK3M H3.

CaKJiaHHui KOHyHH BaKTHHHr 6np >KHHc„imiHrHra TerHiujiH 

CHMMeTpHHHHHT MHKAOpHft H(})OAaCHAHp. BaKTHHHT X,ap 

KaHAaft MOMeHTJiapn Ta6HaTHHHr x,ap KaiiAaft x,OAHcajiapH

182



yMyH SnpAafijinni b3kt yK,n SyHHMa CHJiwHwra HHcSaTaH 

CHMMeTpHH AeftHJiaAH Ba y 3HeprHHHHHr caKJiaHHLu KonyHHra 

ojihS KejiajjH. O a30H H H r  6np  >khhcjihth aca HMnyjibCHHHr 

caKJiaHHUj KOHyHHra ojih6  Kejia/jH. MMnyjjbCHHHr caKJiaHHUi 

KOHyHH 4>a30Aa x,ap KaH/iaft cnji>KHiiJjiapra HHc6 aTaH \ap 

KaH/jaft >KapaeHHHHr y3rapMaft kojihujhhh H(})o/i,aJioBMH 4>a3o 

6 up >KHHCJIHJJHrHHHHr —  (})a30 CHMMeTpHHCHHHHT MHK/JOpnft 

TacBHpH/jnP- A rap  cj)a30 6 np >khhc.hh 6 yjjca, Ta6 nHftKH, yH/ja 

3appa 3pKHH x,apaKaT KHJia/jH, htjHh yHHHr HMnyjibCH 

caKJiaHa/jH. A rap  3a p p a H H H r  ftyjiH/ja 6 np >khhcjihjihk 

6y3Hjica, MacajiaH, TauiKH MaftAOH naftAO 6 yjica, 3appaHHHr 

HMnyjibCH y3rapaAH, htdJih caKJiaiiMaftAH. A e M aK , 4>h3hk 

KOHyHHHHr (})a30AarH x,ap KaHAaft CHJi>KHUUiapra HHc6 aTaH 

CHMMeTpHRCH 6 eB0 CHTa HMnyJlbCHHHr CaKJiaHHUJ KOHy HH 

6 HJiaH 6 orjiaHraH.

Ym yjiMOBJiH (})a3o (})aKaT 6 np >KHHCJinrHHa 6yjiM acAaH , 

H30Tpo n  x,aMAHp: yHHHr x a M M a  ftyHajinujjiapH ({)H3HK 

>KapaeHJiap yMyH 6 np xhji. O a 3 0 A a r H  aftjiaiiHUuiapra 

H H c6aTaH  T a 6 n a T  xoAHcaJiapHHHH r HHBapnaHTJiHrH x a p a K a T  

M HKAOpH  M OM eHTHHHHT CaKJiaHHUI KOHyHHTa ojih6 KeJiaAH. 

ileM aK , cnHH HHHr caKJiaHHUJH x a M  c})a30HHHr uiy xycycna- 

TH —  yHHHT H30Tp0nJIHTH 6HJiaH 60FJIHK- HHC6HHJ1HK H33apHH- 

CHia  acocaH  TypT  >'jimobjih c})a30Aa x a M M a  HHepunaJi 

KoopAH H aTa  CHCTeMajiapn TeHr xyKyKJiHAHp. By TeHr 

XyKyKJIHKHHHT CHMMeTpHHCH HHepUHH M 3p K 33H  ( MaCCa ) HHHT 

caKJiaHHUJ KOHyH Hra ojih6 KeJiaAH.

3 jieM eH Tap  3ap p ajiap  (})H3HKacHHHHr KeftHHrn ftnjuiapAa 

apHUiraH KaTTa lOTyKJiapHAan 6 npH lOKopH SHeprHHJiH 

>KapaeH»napHHHr M acu iT a6  HHBapnaHTJiHrH CHMM eTpHHCHra 

ara 3KaHJiHrHHHHr Kaiu(}) kh .th hh luhah p . M a c u iT a 6  HHBapn- 

aHTJIHTH (})a30 Ba BaKTHHHT My3HJIHUIHra HH C6aTaH  (})H3HK 

>KapaeHJiapHHHr yxuiauiJiHrHAaH eKH 6ouiKaM a aftTraHAa, 

(})h3hk KaTTajiHKjiapHHht HHBapHaHTJiHTHAaH n 6 o p a T  6yjiraH 

TaKpH 6 Hft CHMMeTpHHAHp.

Bh3 X03HpM a (j)a30-B3KTHHHr y3JiyKCH3 aJlMaUITHpHUJJiap 

CHMMeTpHHCHHH Kyp^HK. 9 h a h  AHCKpeT (y3 .iyKJiH) xa- 

paKTepra  sra 6 yjiraH ajiM auiTHpHuuiap  chm m ctp h hch h h  

KypaftjiHK. K s a H T  H a3ap H H C H A a  TypT yjiMOBJiH KoopAH H aTa  

yKJiapHHHHr xap xhji Ky3ry aKCHra HHc6 aTaH (})a30-BaKT 

CHMMeTpHHCH XyCyCHHTHTa MaHCy6  HH3 HKKHT3 CaKJiaHHUJ 

KOHyHJiapn KyuJHJiaAH. Yjiap  4»a30 HHBepcHHCHAaH  (K y3ry  

aKCH AaH ) Ba BaKT yK H H H H r  H H BepcH ncH AaH  H 6o p aT  ajiMauiTH- 

pHLUJiapAHp. H K Kajia  aJiM auiTHpHm  xaM  AHCKpeT onepauHH- 

JiapAHp, Myhkh yjiapHH y3JiyKCH3 aJiMaujTHpHiujiap —  aftjiaH-
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THpHLUJiap Ba CHJl>KHTHLLIJiap OpKaJlH H(})OAaJiaiIJ M yMKHH 

3M aC . ^y H O H H H , >KHCMHH KaHAafl afl^aHTHpMafljIHK Ba 

CHJI>KHTMaftjlHK, yHHHT Ky3ryflarH X,OJiaTHHH XOCHJI KHJIOJIMafl- 

m h3. M yH KH  Ky3ry 3kch  n a n  (y H r) KoopA H H aTa  cncTeM acHH H  

yHr (^ian) KoopA H H aTa  cncTeM acHra  yTKa3aii.H, h t ĥ h  ^an H H  

yHr SHJiaH, yHTHH aca ^ a n  SnjiaH ajiM auiTHpaAH .

KJiaccHK (})H3HKafla AHCKpeT ajiMauiTHpHuijiap xeM K a u a a ft  

caKJiaHHiii KOHyHJiapHra ojihS KejiMaftAH. M H K p o A y H e  (})H3H- 

KacH A a  aca (})a30BHfi HH BepcHHra H H c6aTaH  HHBapnaHTJiHK —  

P- >Ky<j)TjiHK fle6 aTajiyBMH AHCKpeT KaTTajiHKHHHr caKJiaHH- 

uinra, yHr Ba nan  KoopA H H aTa  cncreM acH ra  H H c6aTaH  

CH M M eTpuHra  (KyncH3 y 3 a p o  Ta"bCHpjiapAaH T a u iK a p n ) ojih6 

KeJia^H.

Y M y M a H , (])a3o, BaKT  Ba fiyHajiHUi —  h h c 6 h S  TyuiyH^ajiap . 

M a c a jia H , (})a30fla yHr 6HJiaH ^a n H H  6H p- 6npH AaH  a6cojuoT, 

srbHH ajioxHAa-ajioxHAa xoji/ia (})apK khjih6  6yjiMaftAH. S^Hr 

6HJiaH nan y 3 a p o  HHc6Hft Ba 6hp - 6h p h h h h t  MaB>Ky,zyiHrHHH 

T a K 0 3 0  KHJiyBMH TyuiyHMajiapflup. P- wy(})TJiHKHHHr caKJia- 

hhui KOHyHH xyAA H  uiy yHr Ba ^a n H H  6H p- 6H p H aaH  (})apK 

khjih6 6yjiMacjiHK np H H U H n H ra , peaji x o ^H c aH H H r  yHHHr 

Ky3ryAarH  aK C H ^a H  a6cojuoT (})apKH ftyKJiHrnra acocjiaHraH 

(3 .2 - >KaABajira K a p a H r ) .
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B a K T  yKHHHH T HHBepCHHCH, H^bHH Ky3ryra HMCSaTaH 

T a S n a T  x ,oaHcajiapHHHHr chm MeTpHHCH SornKa chmmctphh- 

JiapaaH y3raq a  H a MoeH SyjiaAH, Myhkh BaKTHHHr m u o p a c H  

TecKapnra aji Ma luth phji ra Hji,a (})H3HK cHCTeMaHHHr 6olu- 

jiaHFHM Ba oxHprn  xojiaT,iapH y 3 a p o  ypHH ajiM auiaAH. O h 3 h k  

>KapaeHJLapHHHr BaKTHHHr H H BepcHacHra H H c6aTaH  6 y  K a 6n  

CHMMeTpHHCHflaH Tyjia M y B 03 3 H a T  npHHUHnH KejlH6 MHKaAH. 

M a 3 K y p  np H H UH nra  MyBot|)HK, a r a p  m hKpo.zi.yHe.uath KaHAafl- 

AH p >KapaeHHHHr yTHuiH M yMKHH 6yjica, b b k t  HHBepcHHCHra 

MyBO(j)HK xochji dyjiraH TecKapH  >KapaeH x a w  ypHHJiHanp. 

O a 30  HHBepCHHCHra P- >Ky(J)TJIHK (K H H M a T H ± l )  K a6H  (})H3HK 

KarrajiHK ryFpn  Kejia/iH, BaKT hhbop chhch  yqyH aca xeM 

KaHflaft (j)H3HK K3TT3JIHK TyFpH KejIMaHAH. T onepaUH HCH HHHT 

3 a p p a  xoJiaTHra T atC H p H  3 a p p a H H H r  HMnyjibcn Ba HMnyjibc 

MOMeHTH HiuopajiapHHH Tec- 

KapH ra  y3rapTHUi/iaH h6o- 

paT/iHp.
KBaHT Ha3apHHCHiia 

Ky3ry aKCH onepauHHCHra 
reoMeTpHK Ta6HaTra 3ra 
6yjiMaraH C- onepauHHCH,
H"bHH Kyiu 3 a p h a  onepauHH- 

ch xaM KHpaji,H. C- Ky3ry 
TaTjCnpH/ia 3appajiapHHHr 
6apM a  3apniiJiapH (sjieKTp,

6apH0H Ba x k ) HiuopacH 

TecKapHra y3rapaflH, htjHm 
3appa y3nra >Ky(j)T ahth- 

3appara aftjiaHaAH (3.15- 

pacM). C Ky3ryra hhc- 
6aTaH Ta6HaT >KapaeH- 
JiapHHHHT CH M MeTpH HCH 

3apnfl >Ky(j)TJihPH /ie6 aTa- 
JiaAHraH (j)H3HK KaTTaJiHK- 

hhht caKJiahhlu KOHyhhra 
moc KejiaflH. Arap 3apn/i 
>Ky<j)TJiHrHHHHr caKJiaHHiu 

KOHyHH Ta6HaTHHHT 6eHC- 

thcho xaMMa >KapaeHJiapH 
yMyH 6a>KapHJiraHAa 3/i.h,
3appajiap/iaH TauiKHji toit- 
raH ojiaM/iaH aHTH3appa- 

JiapaaH TaiuKHJi TonraH 
ojiaMHH a6cojiioT a>KpaTa
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OJIHIU M y M K H H  6 y jlM 3 C A H . J le K H H  T a S H a T H H H T  6 a "b 3H  >Kapa- 

eH jiap w  y ^ y H  3 a p n fl  >KycJ)TJiHrHHHHr c aK JiaH H iu  K O H y H H  

6 y 3 H J ia A H . P- o n e p a u ,H H  c H H r a p n  6 y  o n e p a u H H r a  H H c 6 a T a H  

x,aM KyqjiH Ba 3Jie K T p o M a r H H T  y 3 a p o  T a t C H p j ia p /ia  y T a A H r a H  

* a p a e H J i a p i i a  3 a p H A  >Ky(J)TJiHrH c a K J ia H a A H . K y M C H 3  y 3 a p o  

Ta"bCHpiia  3 a p H A  >Ky<j)TJiHrHHHHr c a K Jia H H iu  K O H y H H  6y3HJiaflH , 

H"bHH K y q c H 3  y 3 a p o  T a t C H p  C K y 3 r y r a  H H c 6 a T a H  M ai.JiyM  

C H M M e T p H H r a  3 ra  3 M a c .

3apnfl >Ky4>TjiHrHHHHr caKJiaHHiu KOHyHH >Ky,aa k h h h k  

cox,a4a 6a>KapHJiaAH, Myh k h  xaMM a 3apn,zyiapH HOJira TeHr 

6yjiraH (})aKaT cocj) HefiTpaji 3appajiaprHHa MyafiHH 3apn/i 

>Ky(})TjiHrHra 3ra 6yjiHiuH Mym k h h . Hoji/iaH (J)apKJiH 3apH/i,ra 

3ra 3appajiap 3 h h k  3apHA >Kyc|)TJiHrHra 3ra 3Mac. LLlyHHHr 

y^yH 3apHA >Kyc})TJiHrH caKJiaHHiu KOHyHHHHHr 3apH/uiaHraH  

CHCTeMajiapAa 6a>KapHjiHuiHHH aMajiAa Ky3aTHiu k h Bh h . 

MyHOHHH, 4)o t o h  coc}) HefiTpaji 3appa CH(}»aTHiia —  1 ra TeHr 

3apHA >Kyc})TJiHrHra ara. LUyHH afiTH6 yTHOi jio3 h m k h , P- aa 
C- >Kyc}>TjiHKjiap MaB>Ky/i xoji/ia M ypaKKa6 CHCTeMaHHHr 

yMyMHH >Kyc})TJlHrH yHH TaiUKHJI 3TyBHHJiapHHHHr >Kyc})TJlHKJia- 

pn KynafiTMacHra TeHr. /LeMaK, >Kyc})T c ohjih  c})OTOHJiap 

CHCTeMaCHHHHT 3apH/l >Kyc})TJIHrH >Kyc})T ( +  1 ), TOK COHJIH 

(})OTOHJiap CHCTeMaCHHH HT 3apHfl >Ky(})TJlHrH 3Ca TOKAHp 

( —  1). LLIyHHHr y^yH, 3JieKTpoMarHHT >KapaeHJiapAa 6HTTa 

(J)OTOHHHHr HKKHT3 (})OTOHra afijiaHHlUH eKH yMyMaH, TOK 

COHJIH (})OTOHJiapHHHr >Ky(})T c ohjih  (})OTOHJiapra Ba aKCHHHa 

afijiaHHHlH MyMKHH 3MaC.

C, P, T- onepauH H jiap H /iaH  T a u iK a p n , yjiapHHHr KynafiT- 

M aJiapn/iaH  TauiKHJi TonraH  HHa TypTTa Ky3ry  aKCH onepauHH-  

jiapH: CP, CT, PT, CPT- onepauH H JiapH  MaB>Ky/i. M a t j iy M  

jxa p a w a /i a  U,. jj. J1h Ba M. H. ^H T H H H r  M au ixy p  Ha3apHfi 

HuijiapH Ky3ry 6HJiaH 6ofjihk 6yjiraH 6 y  eTTHTa T a 6 n a T  

CHMM eTpHHJiapHHH ypraHHLUHHHT 3X3MHHTJ1H 3KaHJlHTHHH 

KypcaTAH . 3 c jia T H 6  yTraHHMH3/i,eK, 1956 HHJi/ia yjiap 6hphhhh  

M ap Ta  KyncH3 y 3 a p o  Ta"bCHpAa P- >Ky(JmiHKHHHr caKJiaHMac- 

jihthhh Kaui(}) khjih6, K- M e30H H H H r napHajiaHHUiH/iarH 

MaB>Ky/l napa/IOKCHH eHHUl MyMKHHJIHTHHH HC6oTJiaAHJiap 

Ba y3 TaxM HHJiapHHH TeKuiHpH 6 KypHiu ynyH  KaT o p  Taw- 

pH 6ajiapH H  t3kjih(}) KHJi/iHJiap. By xycyc/ia  LI,. By tomohh- 

/laH Ko6aJibT- 60 hhht p- napnaJiaHHUiH ycTH Aa yTKa3HJi- 

raH TeKHiHpHiujiapHHHHr HaTH>KajiapH KyncH3 y 3 a p o  Tai.- 

CH pAa P- >Ky<})TJlHKHHHr CaKJiaHMaCJlHTHHH TaC/lHKJiaAH. 

M a 3 K y p  T a * p H 6 a  T a6H a T H H H r  nan Ba y hthh a>KpaTa ojih- 

uihhh, hi>hh yHH Hr P  Ky3ryra  ara SMacjiHTHHH KypcaT/iH. 

LUyH/iafi khjih6, T a 6 n a T  xaK H /iarH  TyuiyHHaJiapHMH3/ta
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h h k h jio 6h h  y3rapHiu  103 6epj,H . KeflHHMajiHK P- JKy<})TJiHK- 

HHHT 6y3HJIHUIH x a p  AOHM  3 a p H A  >Ky(})TJIHrHHHHr 6y3HJlHLUH 

6HjiaH  6H p ra  k>3 6epH uiH  aHHKJiaHAH. B y H H H r  HaTH>KacHAa 

T a 6 n a T A a  CP Ky3ry  6HJiaH 6o fjih k  chm m ctphh  6a>KapHJiHuiH 

4»apa3  kh jihhah . CP Ky3ry/ia c})a30BHH HHBepcHH, aji6aTTa, 

3 a p p a H H  a H T H 3a p p a r a  ajiMauiTHpHui 6HJiaH 6H p ra  6a>KapHJia- 

AH . T a 6 n a T  KOHyHJiapn ynyH  CP- CH M M eTpHHH HHr caKJiaiiHiUH 

peaji AyHe/iarH  nan H H H r  aH TH A yneA arH  yHrra  y thuihhh  

6 HJIflHpa^H.

JleKHH Kyn yTMafi, CP Ky3ry x,aM /ipaM aTH K  Tap3Aa P, 
C Ky3ryjiap CH HrapH , «hhji-mhji 6yjin6 c h h a h » . 1964 finji- 

Aa /l- Kp H CT eH C0H, >K. K p o h h h , B. O h t m  Ba P. TypA 

CP- Ky 3ryra  H H c 6a T a H  t o k  (aH T H CH M M eTp H K) K~ M e30HHHH r 

KyMCH3 y 3 a p o  TatC H p /ia  h k k h t 3  nH-Me30Hra napMajiaHHUiHHH 

M a w iy M  KHJiAHJiap. H K K H T a  nnoH /iaH  H 6 o p a T  CHCTeMa 

CP- Ky 3ryra  H H c 6a T a H  c h m m ctp h k  >Kyc})TAHp. By KaM ^aH- KaM  

yM pafiAHraH >KapaeiiHHHr MaB>Ky/uiHrH KyMCH3 y 3 a p o  Tai.- 

cH pH H H r CP- cH M M eTpnH ra  x,aM 3ra 3MacjiHrHHH, T a 6 H a T  ywyH 

M anH HHr yHr/iaH  x a M A a  AyH eH H H r aHTH/iyHe/iaH a6cojuoT 

c})apKH 6opjiHrHHH KypcaTa/iH .

CP- CH M M eTpHHH HHT CaKJiaHMaCJlHTH/iaH KejlH6 MHKyBMH 

T- CH M M eTpHHH HHT XaM  6y3HJIHIUH C})H3HKaHHHr 6y H A aH  

20 fiHJiMa 6 y p y H  Hc6oTJiaHraH 3Hr c})yH/iaMeHTaji TeopeMajia- 

pn/iaH  6 h p h  6yjiraH  M au ix y p  CPT- reo p eM acH ra  acocjiaHraH. 

M a 3 K y p  T e o p e M ara  acocaH  c})H3HK3HHHr x,ap KaHAafi KOHyHH 

(> K ap aeH n) CPT Ky3ryra  H H c6aT aH  H H BapnaH T /iH p  (chmmct- 

p H K A H p ). B o iu K a n a  afiTraH/ia, 6n p /iaH H ra  x a M M a  c})a30BHfi 

Koop/iHHaTaJiap H uiopacH H H , x a M M a  3apHAJiap  HUiopacHHH Ba 

B aKT  H iuopacH H H  TecKapH ra  y 3rap TH p raH H M H 3/ia  c})H3HKaHHHr 

X a M M a  KOHyHJiapn acji Ma"bHOCHHH y3rapTHpM acjiHrn , htjHH 

H H B ap H BH T  KOJIHUIH KepaK . 0 H 3 H K 3 H H H r  Ta6HaT/l,a CPT- CHM- 

M eTpnH H H H r ypHHJiH 3KaHJiHrHra hiuohmh KaTTa. A r a p , 

x a K H K a T a H  x a M , T a 6 H a T  CPT Ky3ryra 3ra 6yjica, P, C, 
CP- CHMM eTpHHJiapHHHr 6y3HJiHuiHAaH /lapxoji T, CT,
PT- CHMMeTpHHJiapHHHT XaM 6y3HJIHIUH KeJIH6 MHKa/l,H. B y  3ca 

X03Hpna <}>H3HKJiapHHHr THHMJIHTHHH 6y3raH 3HT OFHp 

MyaMMOAHp.

M H K p o A y H e  KOHyHJiapHHHHr P, T- Ba C- y3rapHUiJiapra 

H H c 6a T a H  ajioxHAa-aJioxHAa HHBapnaHTJiHrHAa yjiap PT, PC, 
CT- Kyui y3rapHUijiapra  Ba Tyjia HHBepcHH CPT- y3rap H iura  

H H c 6a T a H  x a M  H H B a p n a H T A H p . Tyjia HHBepcHH 6ou iK a  6ap M a  

y3rap H uijiapra  K a p a r a H A a  y3H ra  xocAHp.

1956 fiHJiraMa, T. JIioAepc Ba B. nayjiH cj)a30BHH 

>Ky<})TJiHKHHHr caKJiaHHuiH TyFpncHAarH MacajiaHHHr KyfiHJiH-
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Lunra K.a/iap C P 7 "- T eop e M a  /je6 aTa/iyBMH TeopeM a hh 

HcOoTjiaraH 3a h : KaHAaflflHp y 3rap H u u iap  >Ky(j)THra HHcGaTaH 

HHBapnanTJiHK 6y3H/ica  x aM  HCTajiraH pcjihthbhcthk HHBapn- 

aHT n a 3ap H H  cnHH SnjiaH CTaTHCTHKanw TyFpn x,Hco6ra o/ica, 

CPT- y3rapHUifla H H B ap n aH T  xojiH/ja KOJiaAH. A r a p  6HTTa 

T- HHBapHaHTJiHK 6yjica, y xoji/ia CPT- TeopeM ara  Kypa 

CP- HHBapnaHTjiHK 6op.iHFH kcjih6 M HKa^H . A r a p  KaH/iaflAHp 

c a 6a 6 jia p r a  Kypa HiiBapnaHTJiHKjiap/iaH 6 h p h h h  6eB0CHTa 

TeKHJHpHim kh A h h  6yjica, CPT-  TeopeM a yHH TeKLiiHpHiu 

flyjiHHH Ky pcaT a  ojiaAH. M a c a jia H , U,. B y  Ta>KpH6acHAa 

C- HHBapHaHTJlHKHH TeKUIHpHIU MyMKHH 3MaC , HyHKH 6yHHHT 

yqyH aHTHKo6ajibT 6njiaH Ta>Kpn6a yTK33Hiu 3a p y p . JleKHH 

C- HHBapHaHTJlHKHH TeKUIHpHLU ypHHTa HHBapH3HTJlHKHH 

PT- y3rapTHiura  H H c6aTaH  TeKiuHpnuj MyMKHii. IJJy hmkohh- 

HT/jaH (j)ofl/i,aJiaHH6, U .  B y  Ta>KpH6acH/ja ojiHHraH HaTH>Ka 

6eTa- napM a.iaHHiuAa 3 a p a A  HHBapnaHTJiHrHHHHr 6y3HJiHiuHHH 

K y p H 6  HH K3M H 3. ByH H H F  yMyH 3.16- paCM/ja H/Ipo CnHHH Ba 

sjieKTpoH xaM /ja  aHTHHeflTpHHOHHHr HMiiy,/ibCJiapH Ba cnHHJia- 

pn flyHajiHuiH o p acH A arH  M y H o ca6aT ra  H a 3a p  TauuiafijiHK. 

P a c M H H H r  a KHCMH/ja U,. B y  Ta>KpH6acHHHHr HaTH>KacH, 

6 KHCMH/ja yjiap flyHajinuiH BaKTHH afljiaHTHpraH/ja Kanaafl 

y3rapHLu Ba e KHCMH/ja hk k h t3  H H BepuHH  (PT)mnr  6n p  

BaKT/jarn Ta^bCHpH/jarH y3rapHUJH KejiTHpHJiraH. Arap C- hh-

BapnaHTJiHK ypHHJiH 6yjica, PT- HHBepcHH/ja ojiHHraH HaTH- 

>KaBHfl TacBHp  aacTJia6KH  xoji 6HJiaH AenpjiH ycTMa-ycT 

Tyuia/jH. Moc TyuiHiu aHHKJiHrn (jja30/jarH 6ypH /iH iura4a  

6yjiraH aHHKJiHK/ja/jHp. ByHAafl HHBapnaHTJiHK, MacaJiaH, 

T- HHBepcHH/ja ypHHJiH/jup: pacM /taH KypHHH UiH 4a a hh 

1 8 0 °  ra 6yp nui flyjiH 6hji3h  6 hh ojihiu M yM KHH, BaxoJiaHKH,

a

3. 16- pacM. flApo ciihhh  Ba HMnyjibcjiapH, 3.ieKTpoH Ba 

aHTHHeHTpHHO cnHHJiapH y3apo fiyHajTHLUJiapHHHnr cxcMajiapn.
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pacMAarn 6 k,hcm a iiaH T- HHBepcHH ep/iaMH/ia ojiHnraH. 

MabJiyMKH, T- HHBepcHHAa HMnyjibCJiapn Ba cnHHJiap flyHa- 

jihujh TecKapncHra ajiMaiiiTHpHJiHUJH KepaK. PacMAarH e Ba 

a TacBHp.aap aca 6 Hp-6 npjiapHra 6 ypHJiHUi acocn/ia moc 

TyuiMafi,o.H. e /ia 3/ieKTpoH a/ipo cnHHH 6 yfi.ia6  MHKa/iH, eHTHJi 

3appajiapHHHr cnHH Ba HMnyjibCJiapH a /jarH fiyHajiHiujiapra 

TyFpn KejiMaft/iH. /leMaK, PT- Ba C- HHBapnaHTJiHKjiap 

ypHHJIH 9MaC. C- HHBapHaHTJIHK 6y3HJIHUIHHHHr TyrpH hc6 oth 

napMajiaHHUi >KapaeHH/iarH MaH(|)Hfi miooh Ba 

3J ie K r p o H  K y T 6 j ia H H iu H H H  n a p M a j ia H H iu / ia r H

Myc6 aT miooh Ba no3HTpoH KyT6 jiaHHUiH 6 HJiaH TaKKocjiaui 

opKajiH KeJin6  MHKa/iH. C-HHBapnaHTJiHK 6 yjiraH/i.a 3appajiap 

Kyr6 jiaHHiuH moc KejiHuiH KepaK. JleKHH, KypcaTH6  yTHJiraHH- 

fleK, yjiapHHHr KyT6 jiaHHiuH TypjiH Hiuopajiapra ara. By 

>KapaeHJiap/ia PC- HHBepcHHAa 3apa/yiap HUiopacHAaH Taiu- 

Kapn HMnyjibc HiuopacH, htjHh KyT6 jiaHHiu HLuopacH y3rapa- 

AH. LUyHaafi khjih6 , 6 y >KapaeHJiap PC- HHBepcHH/ia HHBapn- 

aHT 6 yjiH6  KOJiaAH.

FlapMajiaHHiu >KapaeHJiapH/ia Man bhhtjih hchtphho Ba 

yHr bhhtjih aHTHHeHTpHHOJiap nafiAO 6 yjia/iH. P- HHBepcHH 

Man bhhtjih HefiTpHHOHH MaB>Ky/i, 6 yjiMaraH yHr bhhtjih 

HefiTpHHora afijiaHTHpraH 6 yjiap 3 /ih. JIckhh PC- HHBepcHH 

K y T 6 j ia H H u i  H u io p a c H H H  y 3 ra p T H iu / ].a H  T a i u K a p u  3appaHH 

a H T H 3 a p p a r a  yTKa3a/iH. U l y H H H r  y liyu PC- HHBepcHH Ta"bCH- 

pH/ia wan bhhtjih HeftTpHHO yHr bhhtjih aHTHHeftTpHHora 

yTa/iH.

K y M C H 3 y 3a p O  Ta-bCHpHHHr PC- H H B e p C H H A a  HHBapH- 

aHTJiHK KynrHHa T a / iK H K O T M H J ia p  T O M O H H A a H  T e K iu n p H J i/ iH .  

CPT- T e o p e M a r a  K y p a ,  T- B a  C P - H H B a p n a H T J iH K J ia p  3 k b h b 3 - 

jieHT 6 yjiraHJiHrHAaH T- HHBapnauTJiHK TeKiUHpnjiraH 6up 
HU IH H  Kypu6  yTaftjIHK.

ByHHHr ynyH KyT^JiaHraH HeftTpuHOJiapHHHr 6 eTa-napwa- 

.iaHHUJH/ia 3JieKTpOH Ba aHTHHeftTpHHOJiapHHHr HeHTpOH 

cuhhh (Sn) ra HHc6 aTaH mhkhuj ftyHajiHiujiapu P e Ba 

P v yjmaH/iH. P0 TenKH npoTOHJiapH. 6 yftHMa aHHKJiaHAH. 

Y x,oji/ia Ba P ,X  P, BeKTopjiap opacn/iarH 6 ypMaK 

T- HHBepcHHAa HuiopacHHH y3rapTaAH, MyHKH 6 yHAa 3 n hhht 

fiyHajiHUiH y3rapa/iH, Pe\ P v 3ca y3rapMafiAH. ByH/iafi xoji/ia 

ypTaMa 5„(P eX ^v ) CKajiap KynafiTMa HOJira TeHr 6 yjiHiuH 

KepaK. Ta>KpH6 a HaTH>KacH, x,aKHKaTaH xaM HOJira TeHr 

6 yjin6  mhk/ih, jieKHh S„ Ba Pe, P v ra thk fiyHajiHUj opacHAarH

XaTOJIHK 8 ° HH TaUIKHJl 3TTaHH yMyH T- HHBapHaHTJIHK/iaH

khmhk 6 yjica-/ia, MeuiaHHiu 6 op AefiHiu MyMKHH.

M a H a  uiy Ba 6 ouiKa Ta>KpH6ajiapra acocjiaHH6, KyMCH3
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y3apO T a " b C H p H H H r  CP eKH T- HHBapHaHTJIHTHHH 31>THpo<J) 
3THUI MyMKHH. JleKHH K° - M e 30H J i a p  napMajiaHHUiHHH y p r a -  

HHLUHHHr KypcaTHiUHMa, CP- HHBapnaHTJiHKHHHr 6n p o 3 6y 3H -  

jihluh MaB>KyA (8.8-§ K,apaHr).

3 .1 8-§. <t>epMH 6 eTa-napMajiaHHiu Ha3apHiicHHHHr 

KaMHHJIHKJiapH

BeTa —  6y 3tom HflpocH HMH/iarH 6np  npoTOH ckh 

HefiTpoHHH napMaJiaHHiuiiAHp:

p-*n +  e+ -f  ve 

n-+p +  e~ -f ve.

By ep^a ve Ba ve —  HefiTpHHo Ba aHTHHefiTpHHOAHp; e hhackch 

ajieKTpoH HefiTpHHocH 3KaHJiHrHHH GHJiiLHpa/LH. y  3apyp, 

MyHKH HHa HKKH 6oUIKa XHJl HeftTpHHO M3B>KyA-

Bhphhmh Kapaui^a 6yHAafi >KapaeHJiap TOKjiapHHHr 

TatCHpjrauiyBHra yxuiaMafiAH. Ammo, ajieMeHTap 3appajiap 

6HJiaH 6yjia4HraH peaKUHHJiapHHHr a>Kofin6 xycycHHTJiapnra 

31>th6op KHJiHHca, uiyHflafi yxuiauiJiHKHH Kypnui M yM KHH. 

PeaKUHHHH xapaKTepjiafi^HraH (})opMyjiaJiapfla KyuiHJiyBMH- 
JiapHH 6np TOMOH^aH HKKHHMH TOMOHTa yTKa3Ca 6yjiaAH 

(ajire^pa^a KyuiHJiyBMHJiapHHHr HiuopacHHH TecKapnra aji- 

MauiTHpHiu MyMKHH 6yjiraHHAeK, 3appajiapHHHr aHTH3appa- 

Jiapra ajiMauiTHpHiu MyMKHH) Ba HaTHxajia hhb peaji 

>KapaeHJiapra kcjihui MyMKHH. MacajiaH, npoTOH napMajiaHH- 
uihhh H(})o,ziaJiafiAHraH 6hphhmh H(})04aAa hchtphhohh yHr 

TOMOHflaH Man TOMOHra yTKa3HLUAai'H HcjxxzLaHH ojihui MyMKHH:

ve+p-+n +  e+ .

HhTH (J)OpMyjia aHTHHefifpHHOHH npOTOHAa cohhjihuihhh 

H(J)OAajia6, yuzia npoTOH HeftTpoHra, aHTHHeftTpHHO no3HTpoH- 

ra aftjiaHaAH. ByHAafi peaKUHH xaKHKaT/ja *aM Ky3a'THJiaAH. 

y 3 aaBpnaa 6y peaKUHH HefiTpHHOHH MaB>KyAJiHrHHH TacAHK- 

jiaraH Ba HefiTpHHO aca napo peaKTopn aTpo(J)HAa npoTOH- 

jiapHH HefiTpoHJiapra afijiaHHUiHra TypTKH 6yjin6 xh3mbt 

KHJiraH. X,o3HprH nafiTAa HefiTpHHo HUiTHpoKHAath >Kapa- 

eHJiap >Ky^a Kyn jia6opaTopHHJiapAa Ky3aTHJiMOKAa: khmhk 

3HeprHHJiH aHTHHefiTpHHO peaKTopjiapaa, KaTTa sneprHHJiH 

HefiTpHHOJiap aca Te3JiaTrHMjiapAa 0JiHHM0KAa. HefiTpHHo 

(J)H3HKacHHHHr pHBO>KjiaHHUiH HJirapH cypHJiaeTraH MaB3y- 

hhht 6 hphhmh 6 ockhhh XHCo6 jiaHaAH.

^Ha 6HTTa MHCOJI KeJITHpHIU MyMKHH —  SJieKTpOHJiap
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T 0 M 0H H A 3H  raM M a  KB3HTJiapHH COMHJIHLU (6 y  >KapaeH 

K o M n T O H  3(J)(|)eKTH ixe6 lopHTHJiaAH) (J)opMyjiacH—

y +  e~-+y +  e~

h h  K y H H A arn q a  e3Hiu M y M K H H :

e+ + e-->v +  Y.

B y  ep/ia 3jieKTpoH e~ Ba aHTH3JieKTpoH (no 3H Tpo H ) 

e+ T yK H aiuaA H  Ba aHHHTHJiHUHHra yMpafl/iH, ^ o t o h h h h t  3ca 

aH T H 3ap p acH  fiyK, a H H K p o K  aftTraHAa, (})o t o h  3 H t h ({)o t o h  

6njiaH m o c  KeJiaAH. AfiTHuijiapHMa, (})o t o h  —  cocj) HefiTpaji 

3 a p p a A H p . 3jreKTpOH —  n03H T p 0H  >Ky(j)TH HH aHHHrHJTHUHH- 

c h  —  yjiapHH HKKHTa (j)OTOHra afijiaHHW HAHp . ByHAafi >Kapa- 

eHHH MaB>KyA 6yjiHLUH, aji6aTTa, aJire6paHK ajiMauiTH- 

pHiujiapiiH H3TH>KacH 6yjiMafi, 6ajiKH k b b h t  M exaH H Kacn  

n pH H UH iuiapH AaH  k c j ih 6  M HKaAH. LUyHHHr ynyH 6y  ep Aa  ran 

T a 6n a T H H  (jtyHAaMeHTaji KOHyHJiapn x a K H A a  KeTaeTHp.

3jieKTpoHJiapHH npoTOHJiapAarH OAaTAarn com hjihlhh  

3JieKTpOAHH3MHKaAa TaCBHpjiaHHLUHMa, KyHHAaTHMa e3HJI3AH:

e~ +  P^e~  + p .

n p 0 T 0 H  3jieKTpoHHH KaM pa6 ojiaAH Ba cyHrpa yHH h h t h  

HMnyjibC 6HJiaH KafiTa TapKaTaAH. By —  h k k h  t o k h h , 

ajieKTpoH Ba npoTOHHH TaTjCHpjiauiHiu * a p a e H H A H p . B h p h h m h  

t o k  npoTOHJiapAaH, h k k h h m h c h  aca ajieKTpoHjiapAaH TauiKHJi 

TonraHJiHrH KJiaccHK (j)H3HK3Aa axaMHHTra ara 3M ac.

By hkkh  >KapaeHHH —  3JieKTpoHJiapHH comhjihuih Ba 

HeHTpHHOHHHT C0MHJ1HLUHHH TaKKOCJiaCaK, 6H 3  6HpHHMH 

>KapaeH xaM  comhjihiu >KapaeHH 3KaHJinrHHH K y p aM H 3 , (j)aKaT 

6y  ep Aa  3a p p a H H H r  HMnyjibCnrHiia 3M ac , 6ajiKH yHH hom h xaM  

y 3 r a p a p  3Kah. ToKJiap TaiiCHpjiaiuyBHHHHr 6yHAaft yMyMJiaiu- 

raH TyuiyHMacH KBaHT M exaH H K acn  yMyH Ta6HHfiAHp. By xoJiaT 

O ep M H  H 33apH H C H H H H r A3CTJia6KH FOHCH 3AH.

A ji6aT Ta , O e p M H  HeftTpHHOHHHr c o m h j ih u ih  6HJiaH 3M ac, 

6ajiKH 6eTa-napMa.iaHHUi H a s a p h h c h  6HJiaH LuyFyjuiaHraH. By 

>KapaeHAa HefiTpoH npoTOH ra afijiaHaAH (aHTHHefiTpHHOHH 

coMHJiHuiHAarn K a 6 n ) ,  a M M o  K)KopHAa 6a e H  KHJiHHraH 

c o m h j ih iu  >KapaeHHAaH  (j)apKJiH yjiapoK  6eTa-napMajiaHHiu- 

h h h t  6ouuiaHFHM  A a B p H A a  (f»aKaT 6HTTa  3 a p p a  —  HefiTpoH 6o p  

6yjin6 , SJieKTpoH Ba aHTHHefiTpHHO cyHrrH 6ocKHM Aa nafiAO 

6yjiaAH . K B a H T  ajieKTpoAHH aM HKacH Aa xyAAH 6ouiK a  Mafi- 

AOHJiapHHHr KBaHT H a3apH H C H AarH  K a 6n  (j)aKaT 3appa- 

jiapHHHr yMyMHfi c o h h  a xa M H H T ra  ara. Y jiapHH  6ouuiaHFHM  Ba 

oxH p rn  XQJiaTJiap 6yfiHMa KaHAafi TaKCHM JiaHraHH 6 h 3 ynyH
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axaM H H T H  flyK- Myx,HMH iiiyHiiaKH, c o m h jt h u j  c{)opMyjiacH 6op  

6y.Tca, yH A aH  napMajiaHHiu (JjopMyjiacHHH xaM  KejiTHpH6

MHKapHLLl M y M K H H . UJyHH HT yMyH COMHJIHLU X 3K H A 3  TallHpra- 

HH M H 3A 3  6 h 3  y3HM H3HH  M erapajiaM aH M H 3, 6aJiKH 6aeH  

KHJlHUIHHHr KypHHap»TH HV.THHH TaHJia6 OJiaeTHpMH3.

B h P  T 0 M 0 H A 3 H  npOTOH Ba HeHTpOH, HKKHHMH T 0M 0H A 3H  

n o 3 H T p o H  Ba HeHTpHHO HiuTHpoK STaeTraH  >KapaeH ({)a30HHHr 

Mat.JiyM 6 n p  xa>KM 6y .aarH Aa  c o a h p  6yjiaAH . O e p M H  

n a3ap H H C H A a  6y  xa>KMHHHr KaTTa-KHMHKJiHrn a xa M H H T ra  3ra 

6y jiM araH  Ba TypTaJia 3a p p a H H H r  6 a p M a c n  6 n p  HyK TaAa  

TaiiCHpjiauiaAH A e 6  T axM H H  KHJiHHraH. XyAAH uiyHHHTAeK, 

s j ie K T p o H j ia p H H  coMHJiHUJHra ( a H T H H e H T p H H o r a  a ft .n a H H u i 

opKajiH ) 6 y  H a 3a p H H A a  xeM KaHAaft >Koft araAAaM aftAH raH  Ba 

6 h p  oH Aa  c o a h p  6y jiaAnraH  y 3 a p o  TatCHpjiauiHiu A e6  

KapajiraH. A ji6aT T a , 6yHAaft T axM H H  HOTa6HHft 6 >'jih6 
K y p H H a A H ,  3m m o ran  4>aKaT 6 e T a -n a p M a j ia H H U i  x aK H A a  

KeTraHHAa H a3ap H H H H  6a p M a  KaMMHJiHKJiapn O e p M H  aohmhA- 

ch T O M O H H A a H  T y j iA H p H J ia p  3a h . O a K a T  K a T T a  3 H e p r H H J ia p r a  

VTHUI H 33ap H H H H  Cajl6nft TOMOHJiapH 6HJiaH aCTOftAHJl 

UiyFyjTJiaHHULHH T a K 0 3 0  KHJIAH.

K,HJiaeTraii 6aeHHMH3HH HHaAa aHHKpoK khjihiu MaKcaAH- 

Aa TaTjKHAJia^ yTHLU JI03HMKH, MaftAOH H33apHHCHAa TOK 

AeraHAa tok 3hmjihth, htjhh 6hpahk  KD3aAaH yTaeTraH tok 

TyuiyHHJiaAn; 6yHAaH TauiKapH, 3appajiap okhm hhhht 3hmjih- 

th xaKHAa ran KeTaeTraHJinrH yMyH 3.aeKTpoH 3apHAH uiyHra 

npauia ajioxHAa khjih6 e3HJiaAH. 3appajiap  okhm hhhht  

3HMJ1HTH (})opMyjia 6hji8h aHHKJiaHaAH, 6y  epAa n —  

6hpjihk xa>KMAarn 3appaJiap cohh, Te3JiHK sca SJieMeHTap 

3appaAap  (})H3HKacHAarH Ka6H epyrjiHK Te3JiHrn 6HpAHKjiapn- 

Aa H(j)OAajiaHaAH, HtHH cJjopMyjiara v Te3AHK ypHHra  

TC3AHKHH epyFJIHK Te3JIHrHra HHC6aTH P =  v/c KHpHTHJiaAH.

3jieKTpoMarHHT Ta"bCHpjiauiHui xaKHAarn AM nep  Ha3apHH- 

CHAa (MaKCBeAJiraMa 6 yAraH acocnft Ha3a pnn) a^eKTp 

T O K J ia p H H H H r  TaijCHpjiauiHiu KOHyHH acocHft KOHyH Ae6 
XHCo6 jiaHaAH. 3jieKTpoMarHHT MaftAOHHHHr 4>a30Aa Ba BaKT 

6 yftHMa KeMHKHLUH, TaKCHMOTH xaKHAa TyuiyHMajiap AM nep  

KOHyHHra 6 eroHa, T O K J ia p H H H r  TatCHpAauiyBH yjiapHHHr 

y3apo > K o f t j ia iu y B H r a r H H a  6 o f j i h k .  ToKJiapHHHr TaijCHpjia- 

i u h u i  KOHyHJiapn ( j )a K a T  yjiapHHHr reoMeTpHHCH 6\\Jian 
aHHKAaHH6 , 6 y TaijCHpAauiHUJHH o j i h 6  yTHiu BaKT Ta.aa6 
KHJiMac 3ah. By uiyHAa KypHHap ^ahkh, KyMjiapHH xnco6 jiaiu 

y M y H  AH(})4)epeHUHaji TeHTJiaMaJiapHH eMiiui Tajia6  k h j i h h m 3 C 

3Ah, (J^aKaT 6 np BaKTHHiir y3HAa TOKAapHH ftyHajiHuiH Ba 

MHKAOpHHH 6 hJIHUI KH())OH 3AH .
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MaKCBejui Ha3 apHHCH&a TaiDCHpjiaiiiHiu 3JieKTpoMarHHT 

M aH AOH  opKajiH coah p  Syjiap s a h ; 6 y  TaT.CHpjiaiiiHiiiHH 

y3aTHin yMyH BaKT TaJia6 KHJiHHap 3A h : MaftAOH Myx,HM pojib 

yftHaft SouijiaAH. A H a  m y  Hapca  H a3ap H H H H H r  MyBac})(})aKHH- 

THHH Ta"bMHHJiaAH. K B a H T  H 3 3 a p H H C H H H  pHBO>KJiaHHUIH  6h- 

jiaH KeMHKHin (})OTOHJiap 6HJiaH aftHp6ouuiaui M aH 3ap aC H ra  

ojih6 KeJiAH.

A(})THAaH, 6eTa-napMajiaHHUi x a M  uiyHAaft ftyji TyTHUiH 

JI03HMAeK Ky p H H ap  3AH. B yH H H T  yMyH HHTHMa MaftAOH 

k h p h t h 6 , HyKJioH Ba jienTOHJiapHH a H a  uiy MaftAOH KBaHTJiapH 

6HJiaH aftHp6ouuiauira  M a * 6 y p  khjihui KepaK . ByHAaft foh  

30- ftHJiJiapAaeK HJirapH cypHJiAH. A m m o  y BaKT.ua yHH A a B p n  

KejiMaraH sa h . HeftTpHHOHH comhjihujhhh xajiH xen  khm 

K y 3aT M araH , x a r r o  6yHAaft T a * p H 6 a j ia p H H  yTKa3H iura  yMuo. 

ftyK 3AH. n a y jiH  6 y  3 a p p a r a  aTaftjia6 JuyHAaft xoccajiapHH 

6ep ra H  sa h kh  (3 h h k p o f h , y H A aH  6a p M a  xoccajiapHH ojih6 

KyftraH sa h ) , 6 y  3appaH H  K y 3 a ™ 6  6yjiMaftAHraH KHJiraH sah.

B y u u a H  T a iu K a p n , 6eTa-napMajiaHHiu.aa y 3 a p o  TaiiCHpjia- 

uiHiuHHHr paAH ycH  KaHAaft 6yjiuujHHH, 6 y  p aA H yc  HApoBHft 

Ky^jiap Ta"bCHpjiauiyBHHHHr p aA H y cn ra  yxuiaftAHMH eKH 

y H A aH  KaMJIHTHHH XeM KHM ^HJIMaftiJH. B H p o H - 6H p  Ma"bJiy- 

MOTJiapHH fiyKJiHTH Ty(})afijiH (})H3HKJiap yHH Hojira TeHr A e 6  

0JiaBepAHJiap. BeTa- napM ajiaHHuiHHHr H a3apH H CH  6ouiK a  

KyMJiapHHHr Ha3apH H JiapH ra  yxuiaMafi k o ^ a h  Ba yHH pn- 

BOJKJiaHHiUH T y x T a 6  k o j i a h . A m m o  A M n e p  Ha3apH H CH ra  

yxu iaT H 6  Ty3HJiraH H a3a p H H  y3H A a  h m k h  KapaMa-KapuiH- 

JiHK/iap caKJiap 3AH. Y  y M y M aH  H a 3ap H H  Ba3H(f)aCHHH yTafi 

ojiMac 3a h , MyHKH yHHHr e p A aM H A a  y 3 a p o  Ta"bCHpjiaUiyBHHHr 

KyMHHH 6ejirHJiafiAHraH KOS(})(})HUHeHT 6yjiMHiu O e p M H  a o h - 

MHficHHHHr FapofiH6 xoccajiapH  Ty<})afijiH (})h 3 h k  * a p a -  

eHJiapHH x n co 6jia6  m h k h l u  M yM KHH  3M ac . A M n e p  H 33apH H C H Aa  

6yHAafi AOHMHftHHHr aHajIOrHK B33H(})aCHHH y3HH AyKUHH  

K03(})(})HUHeHTH 6 a * a p a A H .  O e p M H  a o h m h Ac h , OA aTAa  TauiKa- 

pn yjiMaMra ara Ba 6 y  TyuiyH H 6 6yjiM afiAHraH HaTH>Kajiapra 

o j ih 6  Kejia 6oiujiaAH.

3jie K T p o A H H aM H K aA a  3apHAJiaHraH 3appa t o m o h h a 3 h 

(})o t o h  MHKapHiu ajieMeHTap >KapaeH 6yjin6, y Ha3apHH yMyH 

KyJiafi SyjiraH t h j i a ^  sjieKTpoHHH fiyK k h j i h 6 , 6ouiK a  

HMnyjibcra 3ra  6yjiraH (}»o t o h  Ba 3JieKTpoHHH TyFHJiHUiH 

CH(})aTHAa TacBHpjiaH aAH . O a K a T  6 y  HMnyjibc SHeprHH  Ba 

HMnyjibCHHHr caKJiaHHiu k o h y h h h h  KaHoaTJiaHTHpHiun KepaK 

6yjiaAH. HefiTpoHHH c m h p h j i h u i h  t h j i h a 3 3ca HefiTpoH 

fiyKOJiHfi 6HpAaHHra yMTa 3appa: np0T0H, ajieKTpoH Ba 

aHTHHefiTpHHOHH TyFHJIHUJH TyiUyHHJiaAH. fapMH HApOJiap-
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HHHT eMHpHJlHLUHHH TaCBHpjiaiU yMyH O e p M H  H33apHHCH 

eTapjiH4a hxujh 6yj\ca-n,a, 6 ouiK,a >KapaeH.aapra yTHJiraH/ia 

3JieKTpo^HHaM HKa 6n .iaH  6y  H a3a p H H  yp T acH A arn  (})apK 

xajiOKaTJiH flapa>Kara eT,a.H.

Bh3 6HJiaMH3KH, 3JieKTpoAHHaMHKa/ia 3appa Ba Mafl- 

AOHHHHr y3apo TatcnpjiaujyBH 3 ap «A  eKH h o 3h k  CTpyKTypa-

h hh t  yjmaMra sra 6 yjiMaraH a o h m h h  a  =  -y^-6HJiaH xapaK-

TepjiaHaAH. O e p M H  Ha3apHHCH/ja 6 ouiK,a aohm hh naft/io 

6yjin6 , yHH O e p M H  /joHMHftcH /ie6 ajawam Ba G F 6HJiaH 

6 eJirHJiaHa/iH.

O e p M H  /JOHMHHCH MHKJJOpH Ba yjmaMJJapH 6HJiaH SJieKTp 

3 a p n A H r a  yxiuaMafiAH . G f HHHr yjmaMH aH4a 6ouJKa^a. A r a p  

3JieKTp 3apHAHHHHT KB3AP3TH kc KynafiTMaHHHT yjlMaMHTa 

yxiuauj y jm aM ra  ara 6yjica, ht>hh e /hc KaTTaJiHK y jm aM ra  

3ra 6yjiMaca, G f 3ca [3HeprHH] X  [xa>KM] yjmaMra 3ra. ByHH 

ujyH/iafi e3HUJ M yMKHH:

6 y  ep/ia M  —  tchtjihk 6a>KapHJiHUJHHH Ta"bMHHJiafiflHraH 

khjih6 TaHJia6 ojihhrah KaHjiafiiiHp M acca . ByH/xaH KypHHa/jH- 

KH,

[c m 2] y jm a M ra  ara 6yjiraH KaTTajiHK/jHp.

G/r AOHMHfiHHHr yjjMaMHra xafipoH KojiMaca x a M  6yjiaflH. 

a  —  flOHMHfi 3 a p H A  eKH TOKHHHT 3JieKTpOMaTHHT MafiflOH 

6HJiaH y 3a p O  Ta"bCHpHHH, G f —  AOHMHfi aca, HKKH TOKHHHT 

y 3 a p o  TaiDCHpHHH xapaKTepjiaft/ui, aH a  ujy 6H 3H H H r  4>opMyjia- 

JiapHMH3/ia opTHKMa y3yHJiHK KB aAp aT H H H H r  (h/Mc)2 naft^o 

6yjiHiUHra c a 6 a 6  6yjia/iH. y jm a M r a  ara 6yjiraH  ko3([)4)huh- 

eHTHHHr nafiAO 6yjiHuiH —  uiyHHaKH oaflHfi HUi 3M ac . A r a p  

O e p M H  Ha3apHHCH/i,arH (j)opMy.ia.TapHH 3JieKTpo/iHh a m h Kaiia- 

th (JjopMyjiajiap 6HJiaH cojiHuiTHpcaK, 6 h 3  y jm aM CH 3  /toHMHfi- 

h hh t  HMHra G F* AOHMHfi 6HJiaH 3 a p p a  SHeprHHCH KBa/ipaTH 

( £ 2)H H H r  KynafiTMacH KHpraHJinrHHH Ky p aM H 3 .

O a K a T  aH a  uiy B aK xaarH H a  KyMCH3 TatCHpjiauiyB  

H 33apH H C H H H H r  (JjopMyjiajiapH 3JieKTpo.o.HHaMHKa,a,arH (})opMy- 

^iajiapra y x iuaraH  6yjia/iH. A m m o  6 y  Ta"bCHpjiaujHUi Kynn 

E  3HeprHHra 6o fjih k  paBHiu/ia y3JiyKCH3 o p thu jhh h  Ba KaTTa 

3HeprHHJiap/ia H a3a p H H  HHK,Hpo3ra yqpauiH  MyMKHHJinrHHH 

6HJiAHpa/iH. HefiTpHHOHH npOTOHJiap/ia couhjihuj >KapaeHH/ia
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coMHJiraH 3appa./iapHHHr cohh  <})opMyjiajiapra 6 h h o 3 h  Tyma- 

CTraHJiapHHHr coHHiiaH KynpoK. 6yjin6 MHK,aiiH.

10K.opHAa aiiTH6 yTHJiraHJiapaaH M yxHM  xyjioca k c j ih S  

M H K a^H : T a S n a T  KOHyHJiapn yHHBepcaji x ap aK T ep ra  ara 

6y jiH 6 ,6o u jK a  y 3 0 K  coxajiap/ia  ujyHra yxujaiu KOHyHHHTJiap 

Ky33THJiM OK/ia. L U y h h h t  yMyH H a3ap H H A arn  yxuiauj H3Jia- 

HHUiJiapHHHr 6oiujiaHFHM nafiTHAa KyTHJiraHH/jaH Ky pa  aHa/ja 

M yKyp poK  M a t H o r a  3ra 6yjia 6o u u iaA H . O e p M H  Ha3apHHCH/i,aH 

B aflH 6epr, Tjieujoy Ba CaJiaM H H H r xo3HprH  3 3 m o h  Ha3apHHCH- 

raMa 6 o c h 6  yTHjiraH ftyji A M n e p  H a3apH H C H AaH  M aKCBejui 

H a3apH H CH raM a 6 o c h 6  yTHJiraH ftyjira >Ky/ia yxmaft/iH. 

SjieKTpoflHHaMHKa Ba O e p M H  Mo/iejiHHH TaKK0CJiaui/i,aH 

KyMCH3 y 3a p O  TaijCHpjiaLliyB H 33apH H C H H H  3JieKTpO/lHHaMHKa- 

ra y x u iaT H 6 , KaftTa «co3Jiaui» KepaK  /jeraH xyjioca k c j ih 6 

MHKa/lH.

3.19- §. 3apH/uiH TOKJiap

KyMCH3 Ba 3JieKTpoMarHHT Tai.CHpjiaujyBJiap op acH A arn  

yxiuaujjiHKHH Kypnui yMyH ajieKTpo/iHHaMHKara KaftTa Mypo- 

* a a T  KHJiaftjiHK. 3apH/i,.iH 3app ajiap H H H r  comhjihuj >KapaeHH- 

h h  HKKHTa KeTMa-KeT 6ocKHM AaH H6op aT  A e 6 x,Hco6jiacaK 

6 yjiaAH: 1- 3appajiap /iaH  6 n p H  (Jjotoh MHKapa/j,H Ba 2- hkkhh- 

mhch aca 6y 4>otohhh ioTa/iH. By *a p a e H J ia p /ia H  *a p  6 hph  

3HeprH H  3HMJ1HTH 6HJiaH aHHKJiaHa/JHTaH SJieMeHTap aKT 

XHCo6jiaHa/iH. Comhjihui * a p a e H H H H  TacBHpjiaiu yMyH hkkh  

3JieMeHTap aKTHH 6HpJiaiUTHpHlU J103HM, HTaHH hkkhhm h 

TapTHSjiH (})opMyjiajiapra yTHiu KepaK  6yjia/i,H.

O e p M H  Ha3apHHCH/ja  6 eTa-napMaJiaHHiu 6hp hhm h  TapTH6- 

jih * a p a e H  a.e6 KapajiraH. By Ha3apiiHHn 3JieKTpo/jHHaMHKara 

yxuiaTHiu yMyH (J)otoh HypjiaHHUiHra moh3h/j, paBHUJ/ia 

U^-6o3oh HypjiaHHuiHHH KHpHTHui KepaK. By BaKTAa Heft- 

TpoHHH 6 eTa-napMajiaHHiu >KapaeHH HeftTpoHHHHr npoTOHra 

afijiaHHiuH/iarH (6h p hh m h  TapTH6 jiH >KapaeH) W  HypjiaHHUi 

Ba fl^-6030HHHHr 3JieKTpoH Ba aHTHHefiTpHHora napMajiaHH- 

uiHaaH (6h p hh m h  TapTH6 jiH >KapaeHJiap/i,aH HHa 6 h p h )  H6 opaT 

6 yjia/iH. By hkkh >KapaeH 6 npraJiHK/ia O epM H  4>opMyjiacHHH 

6 epa/iH, yH/iarH K03(j)(|)HUHeHT SHeprHHra 6 ofjihk 6 yjiu6 
(Karra 3HeprHHJiapAa) «KyMCH3» 3apnAHHHr KBaApaTH 

(3JieKTpoHHHHr 3apHAHra yxiuaraH) 6 HJiaH aHHKJiaHaAH.

AHTHHefiTpHHOHHHT npOTOHAa COMHJ1HIU >Kapa§HH XaM 

ujyHra yxm auj T3BCH(j)JiaHa/iH: y npoTOH tom ohha3h 

W +- HypjiaHHUi (p—>~n afijiaHHiu 6 nJiaH 6npraJiHKAa) Ba 

U^+ - 6030HHH aHTHHefiTpHHO TOMOHHAaH lOTHJlHIU (Ve->-e +
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aftjiaHHLu 6 nJiaH 6 HprajiHKAa) >KapaeHJiapHiiaH TauJKHJi 

Tonaan.

O o to h  HypjiaHHLHH Ba W- HypjiaHHiu >KapaeHJiapH ypTacH- 

Aa MyxHM (jiapK. caKJiaHH6  Ko.iaiiH. 3jieKTpoMarHHT MaftAOH 

KBaHTjiapn 6 HJiaH aJiMama/iHraH x a p a e H J j a p n a  3JieKTpoH 

BJieKTpoHJiHrHMa, npoTOH aca npoTOHJinrHMa KOJia/iH. HeftTpn- 

hohhht coHHJiHmHAa 3appajiapHHHr y3rapHm H pyft 6 epaAH: 

aHTHHeftTpHHO np OTOH ra, HeftTpHHo aca 3JieKTpoHra aftjiaHa- 

AH. Bh3 HeftTpHHO IOTHJia/IH, 3JieKTpOH sca HypjiaHa^H /ie6 
e3raH 3ahk. Xo3HprH naftTfla y3 3apnAJiapHHH y3rapTHpaAH- 

raH 3appajiap tokh \aKHj\a rannpHm  K a 6 yji KHJiHHraH. 

W + - eKH W~- 3appajiapHHHr HypjiaHHmn eKH lOTHJiHmHra 

>KaBo6  6 epaflHraH 6 yHAafi tokhh 3apnaJiH tok /i,e6  aTama/iH: 

ajieKTp MaftAOHH 6 njiaH TaijCHpjiamHmra >KaBo6  6 epaAHraH, 

HTjHH (})OTOHHHHr HypjiaHHmH Ba iOTHJIHUJH 6 HJiaH 6 0 FJIHK 

6 yjiraH tok HeftTpa.i tok ae 6  iopHTHJiaAH. K a 6 yji KHJiHHraH 

x,03Hprn aTaMara Kyhhkhm  KepaK 6 yjiaAH, rapMH HeftTpaji tok 

3apHAJiaHraH sappanapixan TamKHJi TonraH 6 yjica xaM , 

>K03H6aJiH TyioJiaiiHraH «HeftTpaji» eKH «3ap«4JiaHraH» aeraH 

cy3Jiap TatCHpjiam Hm  >KapaeHH/i,a 3appajiapHHHr y3JiapHHH 

KaH/iaft TyTHmjiapnra 6 of.thk,.

K y p h h h 6  Typn6/iH KH , cy3JiapHH 6 n p o 3  y 3rap T H 6 , 3JieKT- 

Po h h h  npoTQH TOM OHH/iaH  MaH(jDHft W~ a jiM a m n m  6HJiaH 

COMHJIHmHHH X aM  TaCBHpjiaLU M yMKHH.

X o 3 H p r H  3 a M 0 H  K a p a m jia p u r a  6 H H o a H  3appajiapHH 

3apHAH Ba xaTTO Maccacn xaM  yjiapHHHr y3rapMac aTpn- 

6yTJiapH 6y.TH6 K0Ji0JiMaft/iH. 3apH /uiaHM araH HeftTpnHo Ba 

SjieKTpoH xaM  6np/iaH-6Hp 3appaHH —  jieriTOHHHHr TypjiH x,o- 

jiaTJiapn Ae6 x,nco6j]aHajm; HeftTpaJi HeftTpoH Ba npoTOH xaM 

6HpflaH-6Hp 3appa —  HyKjioHHHHr TypjiH xoJiaTH xnco6jiaHa- 

j w .  YftFOHraH aTOM  (})otoh MHKapraH xoji/ia m y  aTOMHHHr 6om- 

Ka SHepreTHK xojiaTHra yTraHH Ka6H, 3apH/uiH TOKjiap 6HJiaH 

6ofjihk 6yjiraH *apaeHJiap/ia 3appajiap y3 3apn/i,jiH xojia- 

THHH y3rapTHLLIJiapH M yMKHH.

A r a p  W + Ba W~ HypjiaHHmHH (})otoh HypjiaHHmn Ka6 n 

TacBHpjiaHca, hhth aohmhA g  naft/io 6 yjin6 , y 3JieKTp 

3 apH/iHra y x m a m  xojiAa W + Ba W~ yMyH 6np xhji 6 yjia/iH. 

BeTa-napMajiaHHmHHHr axTHMOJiJiHrHHH x,Hco6 jiam g  /toHMHft- 

hhht KBa/ipaTH 6 njiaH G f Oe p M H  /lOHMHftcH ypTacH/iarH 

Kyfiu/iarH MyHoca6 aTra ojih6  Kejia/iH:
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By m w M acca K,aTHaoiraH Shphhm h  4>opMyjraiiHp. ^Kapa-  

eH Aa KaTH aiuaeT raH  3app ajiap H H H r  3HeprHHCH mw M accara  

HHcSaTaH khmhk 6yjiraH xojuiapAarHHa 6y  c{)opMyjia yphhjth 

6 y ^ a A H . H y H K H  M atJiyM  6y .iraH  6a p M a  6eTa-napMajia- 

H H uuiap A a  3appaJiapH H H r 3HeprHHCH khmhk 6 yjiraHH yMyH 

6 yH/iaH TaXM H H  KHJIHUI MyMKHH.

3.20- §. HefiTpaji TOKJiap

A h t h 6  yTHJiraH 6 apMa (})HKpjiap chhmkob yKyBMHHH 

KOHHKTHpMaCJIHTH M yMKHH. Bh3 e3TaH (|)OpMyJiara HKKHT3 

HHTH AOHMHH KHpraH! Ta"bCHpjiaiUHUI flOHMHHCH g  Ba MaCCa 

m w. Aji6 aTTa, yHHTap jihmht xaKHAarn HOKyJiaiiJiHK 6 apTa- 

pacf) khjihhah, 3mmo ajioxHjia m w MaccaHH Ba g AOHMHfiHH 

KaH^afi aHHKJiaiu MyaMMo 6 yjin6  TypH6 ^H. ByHflaH TauiKapn 

(|)otoh 6 njiaH aHajiorHH khjihuj xaM  huiohmch3 6 yjiraHHMa 

Typu6 AH, x,03HpMa Maxcyc «KapziouijiHK» 6 oFJiaHHUuiap 

TonHJiraHH fiyK. Am mo 6 yHAafi (})HKp acocra  sra 3Mac. By 

acocaH  yfiHHra xaJiH yMHHMH HefiTpaji 3appa Z° TyuiMaraHJinrH 

6 nJiaH 6 ofjihk.

B h 3  yMTa 3 a p p a  hom hhh  acra ojiahk. Y jiapHH  opajiHK 

6030H Jiap  eKH c o A A a p o K  paBHiujia 6030H Jiap  A e 6  aTauiaA H . 

B y H ^afi hom cj)H3HKaAa c{)otoh BeKTop noTeHUHaji 6HJiaH 

TacBHpjiaH raH H  K a 6n BeKTop TyjiKHH (})yHKUHHJiap 6HJiaH 

xap aK T ep jiaH aA H raH  3ap p ajiap ra  t 8 t 6 h k  kh jih h3ah . B eK T o p  

3a p p ajiap  cnHH ra  ara 6yjiH6, B o 3 e — SfiHuiTefiH CTaTHCTHKacn- 

ra 6yficyHaAH. Y jiapHH Hr HOMJiapu uiyHAaH kcjih6 M HKKaH . 

CnH H Jiapn  6yTyH  cohjih 6yjiM araH  3ap p ajiap H H  —  JienTOHJiap, 

HyKJioHJiapHH —  (j)epMHOHJiap A e 6  aTatuaAH , MyHKH HyKJioH- 

jiap O e p M H  —  XlH paK  CTaTHCTHKacnra 6yficyHaAH.

W + Ba Z° 6 0 3 0 HJiapHH opajiHK Ae6  aTaJiHuiHra ca6 a 6 , 

yjiap apKHH xojiAa yMpaMafi, (j)aKaT TatCHpjiauiHiuHH ojih6 
yTaAH: yjiap TyFHJiraHJiapHAaH cyHr Te.3Aa eMHpHJiaAH, 

yjiapHHHr nuiaui BaKTJiapn ~  10_24c. Aji6 aTTa 6 yHAafi khmhk 

BaKT Ma"bHora ara 3M ac , Ae6  yfijiaui HOTyppH. By coxaAarH 

xapaKTepjiH BaKT h/mw-c2~  10_26c, AeMaK, BaKTHHHr 6 y 

uiKaJiacHAa W  Ba Z 6 0 3 0 HJiap y30K nuiafiAH.

H a 3 a p H n r a  yMHHMH opajiHK 6 o 3o h  Z °  KHpHTHJiraHHAaH 

cyHr, xaMMacH y3 >KofiHra KejiAH.

Z° HypjiaHHiu eKH uiyHflafi 6 0 3 0 H 6 njiaH ajiMauiHiu 

3appajiapHHHr 3apHAH y3rapMacAaH coahp 6 yjiaAH, 6 y 

M atHOAa Z° (j)OTOHra yxuia6  KeTaAH. H e M aK , Z° 6 0 3 0 H 6 njiaH, 

xyAAH uiyHHHrAeK, (})otoh 6 HJiaH xaM HefiTpaji tok 6 oFjiaHraH

3K3 H.
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HefiTpaji 6o3oh x,aKHAa aBBajiaaH yfljia6  KeJiwnap sah. 

YHHHr MaB>KyAJiHrH wyKyp Ha3apHfl Myjioxa3aJiap 6 HJiaH 

acocjiaHraH. y hhht  MaB>KyflJiHrHHH oJiaMHHHr a>KoflH6  KOHy- 

HH TaJia6  KHJiap 3AH. By  KOHyHHH H30T0riHK CHMMeTpHH eKH 

H30T0riHK HHBapnaHTJiHK ^e 6  aTaiuaflH.

1 9 73  A h jih  HeftTpHHo 3JiacTHK paBHU iAa , h t>h h  3apnflJiH 

3JieKTpoHra afljiaHM acaaH HyKJioHAa c o m h j i h u i h  MyMKHHJiHTH- 

h h h t  Ta> KpH6aAa  aHHKJiaHraHJiHTH H a 3ap H H H H H r  f o h t  yjiKaH 

lOTyFH 6yjiAH.

X a K H K a T a H  * a M , Ta6H aT H H H r  xeM Kauaaft W A H c a c H  HHa 

6n T T a  3appa (6yjiFyBMH Z °  6 o 3o h ) MaB>Kyzi 6yjiHiUH 

uiapTJiHTHHH KypcaTMaraH 3/ih. HeflTpoH  h a p o b h A  KyMJiapHH 

TyiuyHTHpHiu yqyH  KepaK  sah . H a p o b h h  Kynjiap nnoHJiapHH, 

KyMJiH TaT>CHpjiamyBHHHr opajiHK 6030H Jiap H H H  Tajia6 khjiah . 

BeTa- napMajiaHHiUAa SHeprHHHH caKJiaHM acjinrH HeftTpHHOHH 

MaB>KyaJiHrHHH T a K 0 3 0  KHJiflH. HeflTpaji 6 o 3 o h h h  M a B w y a  

6yjiHiujiHrH M acajiacHHH aca acocaH u3oronuK cuMMerpun 
y p T ara  TauiJiaAH.

3.21-§. H30T0I1HK CHMMeTpHH

3appajiapHH 3ap «A  sa MaccajiapH x,aKHAa BaKTHHMa 

yHyTH6  TypafljiHK. A H a  uiyHAa 3JieMeHTap 3appajiap AynecH 

6H3ra FOHTAa CHM M eTpHK 6 yjlH6  Ky pHHaAH. IlpOTOH  Ba 

HeflTpoH 6 np-6 HpHra uiyHAafl yxiuaraH 6 yjiap sahkh, yjiapHH 

6 Hp-6 npjiapHAaH a>KpaTHiu MyuiKyji Hiiira afljiaHapAH. 

yMjiHKHHHr aT>30JiapH —  ji +  , ji° Ba ji“  nHOHJiap 6 yTyHjiafl 6 np 

xhji 6 yjin6  KypHHraH 6 yjiyp 3ah. Atom  HOMepjiapH 6 np xhji 

6 yjiraH HApojiap 6 Hp-6 Ht>Hra yxuiaraH 6 yjiaAH, MacajiaH, 3H  

(TpHTHfi) Ba 3H e  eKH 4 K  Ba 40C a . By  THnAarn HApoJiapHH 

H3o6apjiap Ae6  aTauiaAH Ba 6h3 ({)HKp lopHTaeTraH xycycn- 

HTHH H3o6apHK HHBapH3HTJlHK Ae6  aTaUI JI03HM 3AH. AMMO 

KaHflaftflHp TyUiyHMOBMHJlHK HaTH>KaCHAa CHMMeTpHHHH H30- 

TonHK ^ e 6  HOTyFpn aTaiuraH .

H 30T0nH K  HHBapH3HTJlHK npHHUHnH JienTOHJiapHH >Kyc{)T- 

Jiapra (fly6jieTJiapra) 6 HpjiaiuHiuHHH xaM Ta6 HHft,ueK khjih6 
KyftflH. 3jieKTpoH y3 HefiTpHHocH 6 HJiaH 6 HpjiauiH6  (e~ , 

ve) AySJieTHH xochji KHJia^H. LLIyHra yxiua6  no3 HTpoH 

aHTHHefiTpHHo 6 njiaH 6 HpjiauiaAH (e + ve). SjieKTpoH 6 HJiaH 

6 ofjihk 6 yjiraH HeftTpHHOAaH TauiKapH Ta6 HaTfla HHa hkkh 

xhji HeftTpHHO MaB>KyA 6 yjiH6 , yjiap hkkh «o fh p »  JienTOH —  

M iooh Ba TaoHJiapra 3prauiH6 MHKaAH. OJyHAaft khjih6  HHa 

TypTTa Ay 6jieT (m-^vJ Ba (|x+ , v j ,  ( t _ , vt) Ba ( t + , vt) 

MaB>KyA.
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B y  ep/ia wyH.fl.aH a h h kjihk khphthlu  KepaK  SyjiaflH. B h 3  

6n .iaM H 3KH , neHTpnHo «Man» 3 a p p a  SyjinS , y hhht cnHHH 

Te3JiHK Hyna^H LUHra TecKapH  flyHajiraH: HeflTpnho x y /m n  qan 

p e 3b 6a ra  ai a 6yjiraH bhh t  Ka6H  4>a3ora « 6 y p a 6  KHpHTHJiaiiH». 

IU y  ca6a6jiH , /iy6jieTjiapra (JiaKaT «M a n »  3ap p ajiap  (uiyHra 

M OH aH A  paBHUi/ia yHr aH T H 3ap p ajiap  x a M ) KHpa/iH. -OaKaT 

m y H ^ a r H H a  yjiap 6 Hp-6 npjiapHHHHr ypHHJiapHHH 6 ocHiu.iapH 

MyMKHH.

ByHflafl k o 6 hjihht xajiH xaM  eTap.iH 6yjiMafl/iH. B n p  

OHJiara TaajiJiyKJiH 6yjiraH 3ap p ajiap  6 Hp-6HpjiapH/iaH (})apK 

KHJiaAH. M a c a jia H , n p 0T0H Ba HeiiTpoHHHHr M accajiapn 6 np 

xhji 3M ac , npoTOH  3apH/iJiaHraH, HeflTpoH 3ca flyK- lliyHHHr 

ywyH yjiapHH 3JieKTpoMarHHT MaflAOH 6HJiaH KaHflafl Ta"b- 

CHpjiauiHiUHra K a p a 6 aw paTH Jia /iH . 3jieKTpoH xaM  HeflTpHHo- 

AaH  ocoh 4>apK KHjia/iH. IilyHHHr yMyH h 3o to u h k  chm m ctphh 

3 h h k  6 yjiMaflj.H Ba 6y xojiaT 6yHaafl chmmctphhhh (})yHAa- 

MeHTaJi A e6 K a 6yji KHjiHHHLunra aHMa BaKTrawa xa .iaKH T  

6e p n 6 KejiAH.

Ta^naTuiyHocjiap HoaHHK CHMMeTpnflra aHMa HJirapn iiyi 

KejiraHJiap. IljiaHeTajiapHHHr op6 HTajiapH AOHpaBHfl 6 yjiMafl 

HOTyrpH ajuiHnc KypHHHUinra 3ra, Ep  —  HOTyrpn uiapAHp. 

UJyHflafl 6 yjica-Aa, 3JieKTpoMarHHT Ta^cHpjiaiuyB acocHfl 

pojiHH yflHaMaflAHraH >KapaeHJiapAa H30T0nHK chmmctphh 

ypHHJiH/iHp. H K K H T a  (e~ , ve) Ba (e+ , v f) Ay6jieT 3apa/i 

HUiopa.iapH  6 HJiaH (})apK KHJia/iH, 3appa Ba aHTH3appa- 

jiapHHHr Maccajiapn 3ca, iokoph aHHKJiHKia 6 np xhjiahp. 

LUyHHHrAeK, 3ap«iiHHHr a 6 coJiioT MHKHopjiapn xaM aflHHfl/iHp. 

«ATOM  CHCTeM3CH» 6 yjIMHLU no3H TpoH  Ba 3JieKTpOH/iaH 

TauiKHJi TonraH no3HTpoHHH/i,a 3JieKTp 3apa/i,HHH flyKJinrH 

>Ky/ia KaTTa ahhkjihK/ia Hc6 oTJiaHraH. n + , jx n~ nHOHJiapHHHr 

TpnnjieTH 6 y >KHxaT/iaH >Ky/ia KH3HK mhcoji 6 yjia 0 Jia/iH. 

YjiapHHHr y3Jiapn (n  +  , ji°, ji_ ) 6 y TpnnjieT/ia aHTH3appa 

6 yjiH6  XHCo6 jiaHaAH. O a K a T  TpnnjieTHHHr 3apHAiiaHraH 

a"b30JiapHrHHa KaflTa >KofljiauiraH. ByH/ian KaflTa >Kofijia- 

uiyB/ia HeflTpaji nnoH y3 >KOHH/ia KOJiaBepraH, Myhkh yHHHr 

aHTH3appacH fiyK Ba afiTHUi mymkhhkh, ji° Ba aHTHnnoH 6HTTa 

3appaHHHr y3rHHacH/iHp. ByHAafi 3appaJiapHH xaKHKHfi 

HefiTpaji 3appajiap /ie6  XHCo6 jiauia/iH. O o to h  xaM xaKHKHfi 

HefiTpaJlAHp. AKCHHMa, HeftTpOHHHHT 3HTH3appaCH —  3HTH- 

HefiTpoH 6 op. yMyM aH, cnHHH 6 yTyH cohjih 6 yjiMaraH 

3appajiapHHHr aHTH3appacn MaB>Ky/i 6 yjia/iH.

3 h /ih  6h 3  opajiHK 6030H Jiap H H H r xycycHHT.napH xaK H A a  

xyjioca M H KapcaK  xaM  6yjiaAH. ByHAafl 6030HJiap/iaH yMTacn 

W + , Z°,  W ~  nHOHjiapHHht TpnruieTHra yxuiaraH 6yjiHuin
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KepaK. W + Ba W~ —  3 a p p a  —  a H T H 3a p p a  >Ky(J)THHH TamKHJi 

KHJia^H Ba A eM aK , yjiapHHHr xoccajiapn (3 a p H A  HiiiopacHAaH 

T a u iK a p n ) 6 n p  xhjiahp. Z° 3ca xaK H K H H  HeftTpaji 3 a p p a  

GyjiHLUH KepaK. A m m o  x aM M ac H  uiyHAafi gyjiraH TaKAHpfla 

Ha3apHH  k h A h h  axBOJiAa Ko .iran 6y.nyp s a h , MyHKH (})OTOHJiap 

SnjiaH -xeM KaHAafi SoFjiaHHLu xajiH TonHJiMaAH Ba 6 y  yM 

3app aH H H r  xycycHHTJiapHAa xeM KaHAafi HHTHjiHKJiap nafiAo 

6yjiMa/i,H.

H hfhjihk  uiyHAaH H 6o p aT K H , Z° opajiHK 6030HJiapHHHr 

HDKopHAarn yMJiHTHHH aij30CH 3M ac , uiyHHHr yMyH 6eK op ra  yhh 

W° 6HJiaH 6ejirHJiauiMaAH. W"- 6 o 3o h  6HJiaH KefiHH HHa 

AyM KeJiHHaAH, 3m m o yHH T a p n x n  oflflH«3Mac. Peaji A y H eaa  

y HH3A3 OFHppOK, Z° 6030H  Ba (})OTOHra afijiaHH6 K e T a A H ,

3jieKTpoH Ba HefiTpHHo Ay6jieTH x a K H A a  HHa 6 h p o 3 h  

TyxT3JiaMH3 Ba 6 y Ay6 jieTHHHr Kaficn xoccaJiapH HefiTpaji 

6030HHHHr M aBW yAJIHTHHH UiapT KHJIH6  KyfiraHJlHrHHH KVPH6 
MHK3MH3.

A r a p  3JieKTpoH Ba HefiTpHHo 6Hp- 6HpjiapHHHHr ypHHJiapn- 

hh 6o c a  ojica, y xojiAa HApojiap h luthpok  3TaAH ra  h 

JKapaeHJiapaa x aM  yjiap uiy ko 6h jih h th h h  caKJia6 KOJiHUiJiapH 

KepaK . Arap h ap o , 3JieKTpoH Ba aHTHHeftTpHHo HypjiaTH6 

eM npHjica, y *ojiAa 3JieKTpoH ypHHra HeftTpHHO HypjiaTaAHraH  

eMHpHJIHUI XaM M3B>KyA 6yjIHLUH JI03HM, H"bHH HApOJiapAa ve, 
ve HypjiaHHiu 6njiaH 6yjiaAH raH  eMHpnjiHui xaM  Ky3aTHJiHUiH 

KepaK. ByHAaft napMajiaHHUi H A po  TypHHH y3rapTHpM aftAH  Ba 

Ta6HHftKH, y 6yHAaft >Kyc})THH xochji khjihui yMyH HApoAa  

opTHKMa SHeprHH 6yjiHLUH KepaK. B y H H H r  yMyH HApo  yftFOHraH 

XOJiaTAa 6yjiHuiH jio3hm.

BepnjiraH  h a p o h h h t  SHepreTHK X0JiaTJiapH ypTacHAarH 

yTHUijiap, OAaTAa (})otoh HypjiaHHUiH opKajiH c o a h p  6yjiaAH. 

HeftTpHHO >Ky<})THHH Ky3aTHiu 3jieKTpoMarHHT HypjiaHHLura 

KaparaHAa FOHTAa KaM  sxthmojijih >KapaeH 6yjiH6, aMajiAa 

MyMKHH^ 3Mac. TatcHpjiauiHui <})opMyjiacHAa opajiHK 6030H 

M accacH H H H r  KBaApaTH  caji6Hft pojib yfiHaftAH. A m m o  

(})H3HKJiapra Ta6u aT H H  y3H epAaMra KeJiaAH. ve, ve >Kyc})THH 

HypjiaHHLUH H33apHHAa HefiTpHHOHH HApo eKH npOTOH 

T0M0HHA3H COMHJIHUIH Ka6H TaCBHpjiaH3AH.

ByHAafi coMHJiHuiAa 3JieKTpoMarHHT MafiAOHJiap KaTHaui- 

MafiAH Ba HefiTpHHOHH c o m h j ih u ih  co(}) xoJiAa K)3ara KeJiaAH. 

HefiTpnHOHH  npoTOHJiapAa c o m h j ih u ih  T a * p H 6 a A a  Ky3a- 

THJiraH.

A r a p  3JieKTpoHJiapHH npoTOHJiapAa (3ap H A H H  y3rapHUiH  

6HJiaH) comhjihuih opajiHK 3apHAJiaH raH  W + 6 o 3o h  opKaJiH
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c o f lH p  S y j i c a ,  H e ftT p H H o  B a  a H T H H e ftT p H H o  a c a  H e ftT p a ji 

6 o 3 o h h h  M a B > K y A  S y j iH u u iH r H H H  T a j i a 6  K H J ia f lH  B a  6 y  6 o 3 o h  

( W + , W ~ ) — 6 0 3 0 H J ia p  >Kyt})THHH  T p n n j ie T r a  a f t j ia H r y H M a  

T y j iA H p a f lH .  L L Iy H A a f t  k h j i h 6 , H e ftT p a j i 6 0 3 0 H H a 3 a p H H H H  T y j iH K  

6 y j iH iU H  y q y H  6 y T y H J ia f t  3 a p y p  s ^ h .

H a 3 a p H H H H  3HT yMyMHft XOCCaCH 6yJIMHUI H30T0nH K  

CHMMeTpnH acocH/ia aHa myH/iaft KyMJiH 6 auiopaT KH.THHraH 

3AH.

H eHTpaji 6 o 3 o h h h h t  Maa>Ky/i,.aHrHHH r a K 0 3 0  KHJia/iHraH 

HHa 6HTTa apryM eH T  6op. 5 y  apryiieHT H a 3 a p h h h h  KaftTa 

HopM npoB KajiaH a  ojihlhh Ba Typ.nn >KapaeHJiapHHHr 3\th- 

MOJIJIHTHHH 3 H H K  X,HCo6.iaHHUJH 6HJiaH 6oF.THK.

BeTa-napMajiaHHUi H a3ap H H C hra  m w M accaH H H r  khphth- 

jihujh 3CKH H a3ap H H H H  acocnft KaM 4H .iHrH HH ftyKOTraH 6yjica 

^ a M  3({)(J)eKTJiapHH aH H K  X,HC06jiaiUHH HMKOHH ftyK 3AH. K s a H T  

ajieKTpoAHH aM HKacH Aa  x aM  KaftTa HopM HpoBKa.iaui npHHUH- 

nHHH KaiH({) 3THJlHLUHt'a Ka /iap  aXBOJl lliyHAaft 3/lH. KyMCH3 

Ta"bCHpjiauiyB Ha3apHHCH/ia  yHH op a .iH K  6030H Jiap  6HJiaH 

TyjlAHpHJirhHHHciH Cy HT XaM  XHC06-KHT06jiapHHHr TypjlH 

6ocKHMJiapH;;a MaT.Hora 3ra 6 y.iM araH  Kyn/jaH-Kyn H({)o/i,a- 

.aapHH naftuo 6 y.THUiH 6 H.iaH 6ofjihk KHftHHMHJiHK-iap 

caKJiaHH6 KC)/i/i,H, c{)aKaT 3apH /y iaH raH  6030HJiap  6njiaH 

a .iM au ;uuiH H  3"bTH6opra ojihlu xen H ap cara  ep/iaM  6epMa/i,H. 

Ha3api-:Hra HeftTpaJi 6030H Jiap H H  khphthlu  3ca aXBOJiHH 

6 v t v KJiaii y 3rapTHpAH . HeftTpaji Zo 6 o 3o h h h  KH pHTraHH/iaH  

cynr kvmch3 Maft/ioH H 3 3 a p h h c h  3JieKTpoAHHaM HKaHHHr 6ap n a  

KepaKJiH xycycHH T.iapHH H y3H A a  My>KaccaMJiauiTHp/iHKH, 

3h a h  6a p q a  3({)({)eKTJiapHH HCTajiraH aHHKJiHK/ia aMaJi/ia 

^H C o6jiaui hm kohh  naft/io 6 yji/iH. H K K H T a  AOHMHftHH 3appa- 

.lapHH Hr 3JieKTp 3apH/iH Ba M accacH H H  aHHKJiaui 6yH/iaH 

M ycTacHo/iHp. Yjiap  Ta>KpH6a/i,aH aHHKJiaHa/iHraH ojiAHH/iaH 

6epHJiraH coHJiap CH({)aTH/].a K aTH auiaA H . K y 4C H 3  TatcHpjia- 

uiyB H a3apH H CH  6y Mai>HO/],a 3JieKTpo/iHHaMHKa 6 H.iaH 

TeHrjiaui/iH, yH/ia x,aM 3apn /i M H KA opn  —  3KcnepHMeHT/i,a 

aHHKJiaHa/iHraH aohm hA /ihp .



IV B O B

flflPOJlAPHHHr TAMMA HyPJlAHHLUH

4.1-§. raMMa-yTHiujiap TaBCH(J)H

TaM Ma- Hypjiap paAH oaKTH B  napwaJiaHHiiiHHHr h k k h h ih  

Aapa>KaJiH Max,cyjiH \HCo6jiaHaAH. Ajib(J)a eKH 6eTa-3appa- 

JiapHHHT HypjiaHHLUH H3TH>KaCHAa paAH OaKTH B  3JieMeHT 

y 3rap aA H . KynHHMa, 6yHAafl y3rapHiiiAaH By>KyAra KejiaAH- 

raH H 30T 0n  Ky3FajiraH  xojiaTAa 6yjiaAH . By  yHHHr SHeprHHCH 

HopMaji xojiAarHCHra H H c6aT aH  K y n p o K  3K aH H A aH  AajiojiaT 

6ep a A H . M a 3 K y p  opTHKMa 3HeprHH  raMMa- Hypjiap A e 6  

aTaJiyBMH 3JieKTpoMarHHT HypjiaHHiu uiaKJiHAa m hkh6  KeTaAH. 

By * a p a e H  Ky3FaJiraH xoJiaTAarn aTOM Aa  coAHp 6yjiaAH raH  

w apaeH ra  yxuiaiiiAHp: yHHHr HopMaJi xoJira KafiTHUiH 

epyfjihk  M HKapnui 6ujiaH 103 6 e p a A H . H A p o A a r n  MaB>KyA 

3HepTHH aTOM HHHT CHpTKH K O ^H F H AarH  3HeprH HCH A3H  Kapnfi6  

mhjijihoh M ap Ta  op TH K  6yjiraHH yMyH x aM  paAH oaKTH B  

M OAAajiap T a p K aT aA H r a H  raMMa- Hypjiap ypTa x n c o 6 A a  

epyfjihk  TyjiKHHJiapn 3H ep rn acH A aH  AeapjiH mhjijihoh M apTa 

3n e A  3HeprH Hra  ara 6yjiaAH .

O o t o h  eKH raM M a  KBaHTJiapHHHr M accacn  HOJira TeHr 

6yjiraHJiHrHAaH, yjiap l op6HTaJi M OM eHTra 3ra 6yjiMafiAH. 

LLIyHHHr yMyH (})OTOHJiapHHHr xoji3thhh  6eJirHJiauiAa MyjibTH- 

nojib TyuiyHM acH AaH (^ofiAajiaHHJiaAH. B y  xoJiaT, ajieKTpo- 

M arHHT MafiAOHHHHr MyjibTnnoJiH Lh Ba >Kyc})TJiHrH it-6yjiraH 

XOJiaTHAHp. 3 p K H H  (})OTOHJiap Tyjia MOMeHTH L 6yjiraH 

XOJiaTJiapra 3ra 6yjia oJiaAH. B y H A a  iuyHH Ta"bKHA^ia6 yTHiu 

3apypKH, Tyjia M OM eHTHHHr x a p  6 n p  KHfiMaTHra 6HTTa 

*y(j)TJiHrH M yc6aT  Ba 6HTTa >Ky(})TJiHrH MaH(})Hfi 6yjiraH xoJiaT 

TyFpu KeJiaAH. O o t o h h h h f  L m om chth Ba n->Ky(})TJiHrH 3 h h k  

6yjiraH xojiaTH M atJiyM  MyjibTHnoJiJiHK 6HJiaH xapaKTepjiaHa- 

AH. B H H o 6 a p H H , KB3HT 3JieKTpOAHH3M HKaCHAa 2 1- KappaJlH 

MyjibTHnoji yTHUiAa (})otoh M a H 6a r a  H n c 6aT aH  Lh x a p a K a T  

M H KA opn  MOMeHTH ojih6 KeTHiiiH KypcaTHJiaAH. MyjlbTH- 

n o .u iap  L =  1 6yjiraHAa — AHnojib, L =  2 6yjiraHAa — KB aA ' 

pynojib, L =  3 6yjiraHAa oKTynoJib Ba X- k. HOMjiap 6njiaH 

aTajiaAH . U ly H ra  acocaH  ajieKTp AHnoJib Ba OKTynoJib x,aMAa 

M arHHT KBaApynoJiJiap to k  >Ky(})TJiHKKa, aKCHHMa, M arHHT 

AHnoJib Ba oKTynoJib x aM A a  ajieKTp KBaApynoJiJiap «y({)T  

>Ky(})TJihKKa sra. SjieKTp MyjibTHnoJiJiapHH E  xapc})H 6 ujiaH, 

MariiHT MyjibTunoJiJiapHH 3ca M  xapt})H 6 HJiaH 6 ejirHJiaui 

Ka6yji KHJiHHraH. Xap(})HHHr yHr TOM OHHra L M OM eHTHHHr
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KH H M 3T H  KyHHJiaAH. M aC aJiaH , 3JieKTp AHnOJIb KB3HT £ 1 ,  

MaTHHT AHnOJIb KB3HT M\, SJieKTp KBaapynOJIb  KB3HT £2, 
M arHH T KBaApynoJib KBaHT M2  Ba X- k .

HflpoJiapAaH M HKaeTraH  Y-KBaHTJiapHHHr aHeprHHJiapn 

ksB  aaH  6 Hp He^a MaB rawa Syjia^H. LLlyHra moc paBHiiiAa 

KeJlTHpHJiraH TyJlKHH y3yHJIHTH

2 .  1 0 _ i o -^5*  1 0 ~ I4m aTpotJ)HAa 6yjiam. Arap 4>oTOHHHHr 
TyjiKHH y3yHJiHTH X y 6 HJiaH y3apo Ta"bCHpjiauiaeTraH HApo 

yjmaMH R nan KaTTa, mjHH

6yjica, oflaT^a, 6 y  Ta"bCHpjiauiyBAa x .apaKaT M H KA opn  

MOMeHTH Ba >Kyc|)TJiHKHHHr caKJiaHHUi KOHyHJiapH pyxcaT  

3TraH MyjibTHnojuiHKHHHr 3Hr khm hk KHHM aTJiapH aMajira 

ouiHpnjiaAH . 2L MyjibTHnojuiHK ajieKTp KBaHTJiapH Hypjiaui 

(eKH lOTHJIHUl) 3XTHMOJIJIHrHHHHr £ 1  KB3HTJiap HypjiaHHIU

/  R \2L
aXTHMOJiJiHTHra HH c6aTH  -J T a p T H ^ A a  6yjiaAH . L MyjibTH-

nOJlJIHK MaTHHT KBaHTH HypjiaHHUI (eKH IOTHJ1HUI) 3XTHMOJIJIH- 

THHHHr £1 KBBHTJiap HypjiaHHIU SXTHMOJIJIHTHra HHC6aTH  sca

nojuiHKjiapH 6 n p  xhji 6yjiraH A a, M arHH T KBaHTHHHr HypjiaHH-

KHHHHJiauiaAH . LUy ca6a6jiaH £ 2  Ba M 1 KBaHTJiapHHHr 

HypjiaHHiu 3x,THMOJiJiHKJiapH ^enpjiH  6 n p  xhji.

H a P O H H H T  Ky3FOJIHUI 3HeprHHCH y3H A aH  HeHTpOH, npOTOH 

eKH ajibt})a-3appa M HKapnui yqyH  eTapjiH 6y jiM aca , HApo  

acocHH eKH khm hkpok  SHeprHHJiH Ky3FajiraH  xojiaTra raMMa- 

KBaHTJiap MHKapHiu ftyjiH 6HJiaH yTHiun M yM KHH. TaMMa- 

KB3HT HiXpOHHHT yTHUI 103 6 e p a A H ra H  HKKH XOJiaTHHHHT 

SHeprHHJiapH Ba cnHHJiapn (})apKHra Tyrpn  KejiaAHraH 

SHeprHHHH Ba L MOMeHTHH 0JIH6 KeT3JI,H. CnHH Ba MOMeHT 

BeKTOp xap aK T e p ra  ara 6yjiraHJiHrHflaH I\ Ba / 2 chhhjih 

XOJiaTJiap y p T acH A arn  yTHiujiapaa MOMeHTJiapH HOJi^aH 

(jjapKJiH 6yjiraH raMMa-KBaHTJiap m hkhuih  M y M K H H :

TaM Ma- KBaHTJiapHHHr HypjiaHHiun h a p o h h  opTHKMa 3HeprHH- 

A aH  « 030/1»  3THiuAarH acocHH  >KapaeHH XHCo6jiaHa/iH . Arap

TapTH6.ua 6yjiaAH . LU yH A aH  k h j i h 6 , MyjibTH-

UIH SJieKTp KBaHTHHHT Hyp .iaHHUIHra H H C6aTaH

L =\ Ii— /21, l/i — / 2+ I I . / 1 + ^ 2- ( 4 . 1 )
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6 y  SHeprnH  H A p oaarH  HyKJioHHHHr 6oFJiaHHiu 3HeprH HCH AaH  

KaTTa 6y jiM aca, 4>otohhhhf \ochji 6yjiHuiH (})aKaT ajieKTpo- 

M arHHT KyM TaiiCHpH/ia yTa/LH. H a T H J K a a a  H/ipo/ia ajieKTp 

yTHUJ, M aiH H T  yTHUI §KH Op6HTaJl MOMeHTJiapHHHT K 3H T 3  

TaKCHMJiaHHUiH 103 6 e p a A H . By  x,0JiAa H A po  cnHHH eKH yHH 

TauiKHJi 3TyB4HCH, aji6aTTa, y3rap aA H .

H A po  yjm aM Jiapn 10 - 1 5  m 6yjiraHJiHrHflan /tenpjiH 

x a M M a  BaKT raMMa-KBaHTJiapn yqyH

1 eKH K R <  1,

6y u a a  K  — raM M a  KBaHTHHHr TyjiKHH cohh , =  LOy  Ty-

({jafijiH, H^pojiapAa MyMKHH 6yjiraH yTHiujiapziaH MyjibTH- 
nojuiHKjiapH 3Hr KHHHKJiapn MaBwya 6yjiH6, KaTTa MyjibTHnoJi 
yTHiujiap AenpjiH fiyK (4.2-§ ra KapaHr).

flapo caTXJiapn opacH/iarH raMMa-yTHiujiap sxthmojijihk- 

jiapHHH ^HCo6 jiauj ywyH yjiapHHHr TyjiKHH (})yHKUHHJiapHUH 

6 hjihui 3apyp. ByjiapHH 6 HJiMaraH x,ojma x,aM axTHMOJiJiHKJiap 

TapTH^HHH 6 axoJiaui MyMKHH. By  6 axojiamjiap xaM  *a p  xhji 

EL Ba AfL-yTHiujiap 3XTHM0JiJiHKJiapH 6 np HeMa T a p ™ 6 ra 

(})apK khjihuihhh KypcaTaziH. Byuaafi 6 a\0 JiapHH BaficKonc}) 

dnjiaH MouiKOBCKHfi 6 epHiu/iH. Yjiap HflpoJiapaarH SJieKTpo- 

MarHHT yTHUijiap 6 np 3appajiH xapaKTepra ara, ht>hh 6 y 

yTHiujiap 6 np AOHa npoTOH eKH HefiTpoHHHHr xojiaTH 

y3rapHiUHAaH kcjih6  MHKaAH /i.e6  t3\mhh khjihuiah. ByHAa 

ajieKTpoMyjibTHnoji yTHUuiap sxthmojijihth

r(£ L )~ - |- -  2{L+l) i (-F̂ r ) 2K 2L+'R,L (4.2) 
v ; 137 L [ ( 2 t + 1)!!] \ i  +  3 /  ;

MarHHT MyjibTHnoji yTHUijiap 3XTHM0JiJiHrH,naH 3ca 10 MapTa 

KaTTa

W (M L)  20(Z-+I) 2 (- ^- f(- ^- )2K 2L+lR2L (4.3)
137 i.[(2Z.+ l)!!f \ i +  3 /  \MeRJ

( S —  CTaTHCTHK KynafiTMa, KynHHMa y 1 ra TeHr). KeJiTH- 

pHJiraH (})opMyjiaJiap SKcnepHMeHTaji HaTH>KajiapHH TajiKHH 

KHJiHUiAa 6hpjihk CH(})aTH/ia Kyn HuuiaTHJia/iH. SKcnepn- 

MeHTfla aHHKJiaHraH yTHiu sxthmojijihfh eKH yHHHr TecKapncH 

CaTXHHHHT HpHM HJUaUJ AaBpH BaHCKOIK}) 6 HpjiHKJiapHra 

HHc6 aTaH Te3JiauiraH eKH ceKHHJiauiraH AefiHJiaAH.

O ^a T A a  KeJiTHpHJiraH ^XTHMOJiJiHKJiapn B(oL) AeraH 

TyiuyHMa/iaH x,aM (})ofiflaJiaHHJiaflH. KejiTHpHJiraH (4.2) Ba
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(4.3) 4)opMyjiajiap acocHiia cnHHH /, x,ojraTAaH cnHHH / r 

xojiaTra o  MyjibTHnojuiH^HijHH E eKH M  XHJi/iarH y — yTHLUJiap 

3XTHM0JIJl.HrHHH KeJITHpHJiraH 3XTHMOJIJ1HK B(oL) OpKaJlH 

SyHaafl e3HUJ x aM  M yMKHH (4.2) eKH (4.3) K,apaHr:

W (oL; /,—►/ /) ~—jr-- L + ' J -~T+ ' B(oL J r + I ()
’ h [(2Z ,+  1)!!12 \ c /  '

hu —  caTX^iap siieprHHJiapH (^apKH, MaB Aa yjmaHaAH. 
B y H A a  B(oL) KejiTHpHJiraH 3XTHM0Ji/iHKJiap A e 6  aTajiaAH.

1 2A1
Arap /? =  1,2/1 l/2, KR = —1---E 3 KaHJiHTHHH XHCoSra ojicaK,

2 ji«

3JieKTp Ba M arHHT yTHiujiap yqyH KeJiTHpHJiraH 3XTH- 

MOJiJiHKJiap KyflHAarnMa GyjiaAH:

B (M L )& e 2A*f3'L-"l 0-2(<DM)Jt, (4.21) 

B(EL) m e2• A 2/iL(Q>Ni)'iL. (4.31)

/le M a K , x aM  ajieKTpHK, x aM  M arHHT yTHiu KejiTHpnjiraH 

3XTHMOJIJIHKJiapH yjIMaMH 3 3 p H A  KB 3AP3TH H H  M3C0(})aHHHr 2L 
Aap aJK acn ra  KynaflTMacH SHJiaH aHHKJiaHaAH. T a x M H H H H  

XHCo6jiap yqyH

W ( E L ) & E 2L+lA 2/iL, W (M L) ^ E * L+,-A 3 . (4.4)

ByHAa E —  yTHiu 7 -KBaHTJiapH 3 HeprHsiCH MaB Aa 6 epHJiraH. 

y p T a  ofnpjiHK A ~  100  ra 3ra 6yjiran  HApoJiap yMyH raMMa- 

KBaHTJiapn 3HeprHHCH 1 MaB A a  KRzz  1 0 “ 1 0 -2 .

H e M a K , (4.2) (})opMyjiara acocaH  MyjibTHnoJiJiHK L 6n p  

6HpjiHKKa op TraH H Aa  yTHiu sxthmojijihjihfh (KR) 2~ 1 0 5 Map- 

Ta KaM aH AH  eKH caTXHHHH r napMaJiaHHUi npHM  nujaui AaB pn  

7"|/2 moc paBHLUAa 10® M ap Ta  K y naH AH . BoLUKaMa aflTraHAa, 

6epHJiraH MyjibTHnojuiHK L —  Aa  ML  —  yTHLU EL —  y TH m ra  

HHc6 aTaH:

OMHJira eKH uiyHHa MapTara ceKHHJiauiraH 6 yjiaAH. Ammo, 

uiyHra KapaMacAaH 3KcnepHMeHTJiapAa ML  Ba E2 yTHUiJiap 

y3apo paKo6 aTJiauiraHJiHrH KypHHH6  TypaAH ByHAafl paKo- 

6 aT HApo CTpyKTypacHHHHr TaiiCHpHra 6 ofjihk. Ba"b3aH 

E2 yTHLUJiap sxthmojijihjihfh KeJiTHpHJiraH 6 axoJiapra HHc6a- 

TaH 6 np HeMa 6 op KaTTa 6 yjiaAH.
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(4 .2 )  <})opMy.na y M y M aH  yTH im iap  ax,THMOJiJiHJiHrHHH 

My-fibTHnojuiHKKa Sofjihkjihthhh 6ax,OJiaiiJ hm kohhhh 6epaAH:

W (E L )  « ---- !---~ ^ ( K R ) 2L̂
[(2Z.+  1)!!]2. hc

( 4 5 )

(6 yHfla fiij) —  MeraajieKTpoHBOJibTjiap^a oJiHHaflH).

SjieKTp yTHiujiapHHHr KejiTHpHJiraH 3XTHM0JiJiHKJiapH 

e2 ( O M ) 2L 6 HpjiHKJiapHAa, MarHHT yTHiujiap sxthmojijihfh aca, 

( i ^ i f O M ) 2<L _| ) 6 HpjiHKJiapHAa yjm aHa^H  (HyKJioH momchth 

( i / v = eh.!2mf ~  0 ,1 2 , O M ) .

(4 .4 ) Ba (4 .5 ) (J)opMyjiajiapAaH yTHiu axTHMOJiJiHKJiapH- 

hhht 3HeprHHra yTa 6ofjihkjihth ~ (/ic o )2L+l KypHHH6  Ty- 

Ph6 ah. ByHAa /ico kb3ht SHeprHHCH yTHiu caT^JiapH SHeprHH- 

jiapHHHHr c|)apKHAHp. X a M M a  BaKT 6h3 y3yH TyjiKHHjiap 

coxacHAa K R <C 1 Hiujia6 kcjiahk. A rap  6y  KHHMaTHH SHeprHH 

(M a B )  ^ a  H(J)OAa 3 tc3 k: /C/?~5(feco) • 1 0 _ 3 -/4'/3. ByHAaH

y3yH  TyjiKHHJiap HKHHJiauiyBH ypHHJiH SKaHJiHrnra H K p op  

6yjiaM H3. 3H ep rH H C H  f t c o ~ l M 3 B , MyjibTHnojuiHTH L —  

6yjiraH ypTa  o fh  dji h K ^ a  th A 1 /3— 5  nnpojiap  yqyH 

W  (E A )/W (E 2 )  ~ 1 0  6 yjia^H , a e M a K , 6epHJiraH SH eprnn

KHHMaTHAa yTHUI aXTHMOJlJIHTH L —  OpTHUIH 6 HJiaH yTa Te3 

KaM an^H, MacajiaH E2  Ba £ 4  6 np-6 HpH 6 HJiaH paKo6 aTJiauia 

OJIMaHAH.

(4 .2 )  Ba (4 .3 )  c{)opMyjiaJiap epAaMHfla p a K o 6aTJiauiyBHH 

M (L )  Ba £ ( L + 1 )  eKH E (L )  Ba M (L - |- 1 ) yTHUi sx,th- 

MOJIJIHKJiapH HHc6aTHHH x aM  TOnHUI M yM KHH:

^ ^ « ( ^ . 1 0 - « *  1 0 *. ( » « ) - * .

B y H ^ a H  3Hr o fh p  HApcuiap y^y H  \ a M ~ l M 3 B  SHeprHHJiH 

yTHUijiapaa nacT  MyjibTHnojuiH yTHUiJiap 3x,THMOJiJiHKJiapH 

K a T T ap o K  3 K a h jihth  K y p H H H 6  T y p n 6A H . By (JiopMyjiajiapAaH 

caTX,HHHr npH M  napwajiaHHiu A aB p H H H H r  3H ep rH H ra  6ofjihk-  

JIHTH MyjIbTHIIOJIJIHKHHHr OpTHIUH 6HJiaH KyMaH 6 o p H 6 , K3TT3  

MyjlbTHIIOJIJIHK yTHUIJiapHHHT T3KHKJiaHHUlH K y p H H H 6  Ty-

P h 6 a h . (4 .4 )  Ba ( 4 .5 )  c})opMyjiajiapHH KBaHTHHHr TyjiKHH
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y3yHJiHrn X Ba aap oH H H r  p a a n y c H  R opKajiH KyflHAarH4a e3HUi

M yM KHH: fL-BJieKTp MyjibTHnoJi yTHUiJiap yMyH

T (E L )= w '^L'L) ~  x ( t )  ’ (4 -4,)

ML  M arHHT MyjibTHrioJi yTHiujiap ywyH aca

(4 .5 ')

TaHjiauj KOHaaJiapH Ba (4.4') Ba (4.5') (})opMyjiaJiapra 

acocaH 3JieKTp AnnoJib yTHiujiap yTa pyxcaT 3THJiraH 6yjiH6, 

Te3JlHTH >KHXaTHAaH y H ^ aH  KeftHHTHJiapH 3JieKTp KBa^pynOJlb 

Ba M arHHT AHnojib yTHiujiapjiHp.

ZleM aK, HAPOHHHT TypjlH KB3HTJiap MHKapHUIH 6yftHMa 

ypTaM a auiaui AaB pH  3Hr khmhk MyjibTHnoJiJiH raMMa- 

KBaHTJiap Ba yTHUi 103 6ep a eT ra H  caTXJiapHHHr 9HeprHH 

(})apKH 6HJiaH aH HKJiaHa^H . H H noJib  KBaHTJiap M HKapaeTraHfla 

vpTaMa Hiuaui aaB p H  M HKaeTraH raMMa-KBaHTJiap 3HeprHHCH- 

hhht Ky 6nra  TecKapn  nponopuH OH a .1  6yjiaAH ; (4.4') Ba

(4.4) acocHfla

T(E\) ~  £ 4̂ _2/3.

K y n  HiipoJiap ywyH 6 y  BaKT 1 0 “ 13— 1 0 “ 17 c h h  TauiKHJi 

KHJia/iH. H a p o h h h t  KBa/ipynojib raMMa-KBaHTjiap M HKapHiura 

H H c6aTaH  y p T aq a  a m a u i  AaB pH  raMMa-KBaHTJiap SHeprHHCH- 

h h h t  6euiHHMH /iapa>KacHra TecKapn  nponopunoHaJi 6yjiH6, 

Ky nMHJiHK HApoJiap yMyH 1 0 " 10— 1 0 “ 15 ceKyHAra TeHr. 

KBa/ipynoJib raMMa- KBaHTjiap 3HeprHHCHHH 2 0  k ^ B  raMa 

KaMaftTHpHJiraH/ia 6y  b b k t  1 0 ~ 3 c raMa opTa/iH (4.1- >Ka/i- 

B a ji).

4 . 1- *  a  a  b a ji

fl^poHHHr 6np 3appanH Mo/iejin acocHAa ^nco6jia6 Hn^miran raMMa- 
ynmuiap ynyH carjyiapnHiir apnM napnajiaHHiu jiaBp.iapn

V TMIII XMJIM napuwaji sipnM napMajiaHmu AaBpH T, c A-125; E=0,1 

MaB y w yH  T, c

EI 5,7 • 10-!5 £T3 4-2/3 2 • lO-'3

E2 6,7 • 10-9 E~5 4 _4 /3 1 • 10~6

E3 1,2 • 10~2 ET~1 4-2 8

E4 3,4 ■ 104 ET9 4-8/3 9- 107

E5 1,3 • 1011 ,4-10/3 1 • 10‘ 5

M1 2,2 • 10-14 £~3 2- 10~11

207



4 1 -xadewiHUHd daeojuu
M2 2,6 • 10-8 E~s A -2 /3 1 • 10^4

M3 4,9- 10-2- ET1 ,1-4/3 8 • 102

M4 1,3 • 105 e ~9 /1-2
OOOO
M5 5,0- 1011 £ T n A~ 8/3 1 • l O ^

A r a p  anpo K.y3Fa.nraH xoJiaTHHHHr cithhh acocHH xojiaTH- 

h h h t  cnHHHflaH aHMa (})apK KH-nca ( | / i —  / 2 1 ^ 3) ,  yHfla 6y  

Ky3FOJiraH xojiaTHHHr ypTaMa Hmaui B aKTH  aHMa Karra  

6yjiaAH. Bai>3H 6np  xojuiap.ua, Ky3FaJiHiu SHeprHHCH khmhk 

6y jiraH A a , 6 y  a a B p  ceKyHAJiap, KyHJiap Ba x s t t o k h  HHJiJiap 

6HJiaH y jm a H a A H . K a T T a  auiauj B aKTH ra ara 6yjiraH 

Ky3FaJiraH xoJiaTJiap MeTacTa6 nJi xojiaTJiap AefiHJiaAH. 

T a p K H ^ H  6np  xhji 6yjiraH , JieKHH x a p  xhji y p T an a  H m aui 

BaKTHra ara 6yjiraH Ky3FajiraH xoJiaTJiap^a Typa ojia^HraH 

HApojiap u30Mep ndpoAap AefinjiaflH (4.9- § ra k )

Tok cohjih npoTOHjiap Ba HefiTpoHJiap cohh 39  ^aH  4 9  rana 

eKH 63  aan 81 raMa 6 yjiraH tok Macca coHHra ara 6 yjiraH 

Hflpojiapfla H30MepHH >Ky<})TJiHKJiap xoflHcacn Kyn Ky3aTHJia- 

ah. H 30M e p  HApojiapHHHr >KofijiaiuyBHAarH 6y xycycHHT 

ko6 hk MOAejib acocHAa TyiuyHTHpn6  6 epHJiAH. By Mo^ejira 

MyBO(})HK HefiTpoH Ba npoTOH coHjiapH tok  6 yjiraH napo- 

jiapHHHr acocHfi xoJiaTH^a 6np-6HpHra sht hkhh >KofijiauiraH 

TyjianpHJiraH Ba 6 yuj caTXJiap cnHHJiapHHHHr <})apKH KaTTa —  

3 - ^ 4h ra eTa/jH.

H /jp OH H H r  Ky3FaJlHUJ 3HeprHHCH 3T0M Ko6H FH H H H r  6 np 

eKH 6 wp Hena ajieKTpoHHra 6eBoc«Ta 6epHJiHiuH MyMKHH. By xcuiAa 

HflpOHHHT Ky3FaJIHUJ SHepTHHCH 3JieKTpOHHHHT 6 oFJiaHHUl 

3HeprH HCH AaH  Karra  6yjiraHJiHTH yMyH ajieKTpoH aTOMflaH 

4HKH6 KeTa/JH. H^po  Ky3FaJIHlU 3HeprHHCHHHHr 3T0M 3JieKTpOH- 

jiapnra 6 epHjiHuiH uhku Koneepcun qoducacu a,e6 Ba 6 yHAafi 

3JieKTpoHJiap KoneepcuoH 3AeKTpoHAap n,e6 aTaJiaAH. By 
>KapaeH HflpoaaH raMMa-KBaHTJiap mhkhui >KapaeHH 6 HJiaH 

paKo6 aT KHJiaAH. CXaaTAa, KOHBepcHH 3JieKTpoHJiapHHHHr 

HHC^Hfi MHKaopH HflpOHHHT Ky3FaJIHUl SHeprHHCH KaMafiHUJH 

Ba raMMa-HypjiaHHUi MyjibTHnojuiHrHHHHr opthuih 6njiaH 

OU1 H6  6 opaflH. HmKH KOHBepCHH SJieKTpOHJiapH MHKapHUI 

SXTHMOJlJlHTHHHHr raMMa-KB3HTJiap MHKapHUI SXTHMOJIJIHTHra 

HHc6 aTH xap  xhji HflpoJiapaa KeHr coxaaa y3rapaAH 
(1 0 - 2 - 1 0 - 3 ) .

A rap  HApoHHHr Ky3FajiraH Ba acocHH x,ojiaTjiapH HOJira
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TeHr cnHHJiapra ara 6yjica, fiHTTa raMMa- KBaHT m h k h u i h  

M yM KHH 3M aC , HKKHTaCHHHHT MHKHUIH —  >Ky^a K3M  3XTH- 

MOJira ara. ByHflaft naftT^a H ^ p o  Ky3FaJiraH x,ojiaTAaH 

acocH H cnra  KOHBepcHOH 3JieKTpoHjiap MHKapniii ftyjiH 6HJiaH 

yTa^H.

4.2- §. TaHJiaiu KOHAajiapH

HapojiapHHHr pa^HauHOH yTHuuiapHra moc KejiaAHraH 
ajieKTpoMarHHT Maft^OH HypjiaHHUiHHHHr 6 a t 3 H  6np xycycn- 

HTJiapHHH 3CJiaTH6 yT3MH3. SH ep rH H C H  h\ 6yjiraH y-KBaHT 

HApo cnHHH /, Ba >Ky<})TJiHrH jt, 6yjiraH xoJiaTflaH cnHHH / ,  Ba 

>Kyt|)TJiHrH nf 6yjiraH xoJiaTra yTraH.ua HypjiaHH6 mhkchh. 
3jieKTpOMarHHT MaftflOH HypjiaHHUIHHH M yaH H H  L MyjIbTH- 
nojuiHK 6HJiaH xapaKTepjiaui MyMKHH. Ma3Kyp MyjibTH- 
nOJiJiHKKa 3ra 6yjiraH y-kb3ht tomohha3h ojih6 KeTHJiaAnraH 
xapaKaT mhkaoph momchth KL ra TeHr 6yjiaAH. L 6yftHHa 
TaHJiaui KOH/iacH KyHH/iarHHaAHp:

|/,—  / , | < L < | / /  +  /,|. (4.6)

H yp jiaH H uiH H H r  TypH >Ky(})TJiHK 6yftHHa TaHJiaui KOHAaJiapn- 

A a H  aH H K JiaH aAH : >Ky(})TJiHK y 3 r a p M a c a  (Aji= +  1), M\, 
E2 Ba x. k. ( M arHHT Annojib, ajieKTp KBaapynojib  Ba x- k .) ,  

>Kyc})TJiHK y 3rap ca  (Aji= — 1), £1, M2  Ba x- k. (ajieKTp 

AHnojib, M arHH T KBaApynojib Ba x- k .) HypjiaHHiu 103 6 e p a ^ H  

Ba y KH CKaHa  K y H H A a n m a  6ejirHJiaHaAH:

, , 1) HypjiaHHUIHHHT EL  XHJIH yHyH,
An =  { (4 .7 )

( — 1) HypjiaHHiuHHHr ML  x h j ih  ynyH .

X a p  KaHflaft 3h h k  6hp yTHUi/ja, oAaTfla, 3Hr khmhk 

MyjibTHnoJiJiHKJiap 6njiaH hiu KypHJia^H (4 .2  >KaABaJi). MyHKH  

ioKopHfla afiTHJiraHHfleK, MyjibTHnoJiJiHK opTraH c a p n , raMMa- 

yTHUiJiap 3XTHMOJ1J1HTH (R / k ) 2L ra nponopuH OH aji xoji^a 

KeCKHH KaMaHAH, H"bHH L HHHT aMaJIAa 3Hr KHMHK KHHMaTJiapH 

eKH xeH 6yjiMaca L + 1  MyjibTHnoJiJiHK 6HJiaH 6np  03 

apajiauiMacH Ky3aTHJiaAH. ApajiauiMa yTHiu xaM  *y<})TjiHK 

caKJiaHraHjiHTH ca6 a 6 jiH, yuia  >Ky(})TJiHKKa sra 6yjiHUiH 

KepaK. MacaJiaH, cnHHH 1 / 2  Ba 3 / 2  6yjiraH Ba >Ky(^TjinrH 

6hp xhji 6yjiraH hkkh xoJiaT op aC H A arn  yTH Ui^a  (4.1-a pacM) 

HypjiaHHIUHHHr MarHHT AHnOJIb Ba 3JieKTp KBaAPynOJIb 

TypjiapHHHHr apajiauiMacH 6yjiaAH. HyHKH 6yHfla KBaHT y3H

(
3 1

— — - eKH HKKHra
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4.2-* ansaji

3 n r  M y ^ H M  (n a cT ) M yjibTHnoM  yTHiujiap  Ba yjiap  y n y H  

TaHjiaui ^onAajiapM

M yjibTnnojib H y p j ia H m u  Ty pn L C n M H

y 3r a p m u H

^Tm ujiapfla

*y(jjTJIMK

yarapHuiM

E 1 SjieKTpAnnojib 1 0 ,±  1 X|a

M 2 M a r n n T  flnnojib 1 0 , ± 1 iiyH

E 2 3 jieKTp KsaApynojib 2 0 , ± 1 , ± 2 iiyn

M 2 M a r H H T  KBaflpynoJib 2 0 , ± 1 , ± 2 * a

E 3 'JjieKTp 0 K T yn0 Jib 3 0 ,±  1 , ± 2 , ± 3 * a

M 3 M a rn M T  oKTynojib 3 0 ,±  1 , ± 2 , ± 3

- | + y )  TeHr ^yjiraH m o m c h t  o j i h S m h k h S  KeTaAH. LUyHra

moc p a B H W A a  yTHLu E2-\-M\ apajiau iM aA aH  HfiopaT (3lSi 
h h h t  napMajiaHHiu cxeM acn ra  K a p a H r , 4.2- a p a c M ).

—  KynaftTMa npH M  napMajiaHHLU A aB p H H H H r  H(})OAacHra 6H p

~ T W
E2+M1 

— l—  3/,

V2*

T
E1

I “—I—  3h~ - Ll_ O*

a

m s  • ■%+

E2*M1

Vl*

74 77

*S9

4. 1-pacM . raM M a-yTH iujiap- 
h h h t  MyjibTHnojiJiHKJiapH: a) apa- 
jiaui £2 +  M l , 6) £ 1 — , b) E2, 

£3 VTHiiiJiap Typjiapw.

4. 2- pacM. -'"Si. “ Zn, !6Ar 

niipo.iapnHHHr KyiiH 3HeprH« caTX- 

jiapn Ba yjiap opacwiiarH MyjibTH- 

nojib raMMa yTHHijiap (k sB ).

M 4

S/2+

69”

30 29

M190

1977

E3

36 
Ar 18 18

2*
E2
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x h j i  K yp caT K H M .u a  K H p r a H J in r H A a H , H K K ajia  M yjibTHnojuiH  

K B a H T J ia p H H H r  T aK H K JiaH H U JH  6 n p  x h j i . JleKHH a M a jiA a  H ^ p o  

C T p y K T y p a c H  A e T a ju ia p H r a  K a p a 6  a p a J ia u iM a  yTHUjfla E2 hhht 

HHTeHCHBJiHrH M 1 hhht HHTeHCHBJiHrHra KaparaH^a  10—

— 1 0 0  MapTa KaTTa 6 yjiaAH.

XyAAH iuyHHHTAeK, 4.1-6 pacMAa TacBHpjiaHraH yTHiiiAa 

ajieKTp AHnoJib E 1 Ba MarHHT KBaApynojib M 2  Hypjia- 

HHiujiapHHHr apajiaiuMacH 6 yjiHUiH MyMKHH. JleKHH M 2 yTHiu 

£1 ra HHc6 aTaH KaT"bHH TaKHKJiaHraH (1 0 4 -^105 Mapia 

KyMCH3). LUyHHHr yMyH 6 y HypjiaHHUi acocaH 3JieKTp AHnojib 

Ta6 HaTHra ara. 4.2- 6 pacMAa KypcaTHJiraH %lZn hhht 

napHajiaHHUiHAa (4 .6) TaHJiaiu KOHAacnra moc paBHUiAa 

M 4  HypjiaHHiu pyfi 6 epaAH. JleKHH 4 39  ksB jih raMMa-yTHUi 

XOJiaTJiap cnHHJiapn (})apKH KaTTa 6 yjiraHJiHrHAaH, KaTT>HH 

TaKHKJiaHraH. IUy  TycjiaHJiH 9 / 2 +  caTX, MeTacTa6 HJib 6 yjiH6 , 

yHHHr Huiaui BaKTH >Kyaa Karra: «  14 coaT.

3 h t  co/ma raMMa-napqajiaHHUi cxeMacH 4.1- e pacMAa 

KejiTHpnjiraH. ByHAa acocHH xojiaTHHHr cnHHH HOJira TeHrjiH- 

rHAaH, yTHiu 6 hd MyjibTHnojuiH 6 yjiaAH. Mhcoji TapHKacuaa 

4.2- e pacMAa A r  hhht raM M a  yTHuijiapn cxeMacn KejiTH- 

pHJiraH.

l58S m  h hh t  ra M M a -n a p q a j ia H H iu  cxeM acHHH  6aTa4>CHJi 
K y p n 6  MHKafijiHK (4 .3 - p a c M ) .  Bh3 6 y  caTXJiapHHHr KaftcH 

ycy jiA a  B y jK yA ra  KejiraHH  6HJiaH KH3HKMaftMH3. IO k o p h  
caTXJiap  H Apo peaKUHHJiapH, t
nacTKH caTXJiap aca P m  Ba E u  --------------  8
HApojiapHHHr p-nap*iajiaHHiujia- 

pHAa  naftAO 6yjiHuiH M yMKHH.

CnnHH 8 +  6 yjiraH xojiaT acocnft

XOJiaTra E8  MyjibTHnojuiH kb3ht- W fiJ _______________________  s*
Jiap MHKapH6 , KeTMa-KeT KacKaA- 

jiap opKajiH yTHiuH MyMKHH,

MacajiaH,

72.8
A m m o  6 y  Ty p aarH  yTHUijiap TaH- o o

Jiaui KOHAaJiapH TOM OH H A aH  Ta- 

KHKJiaHraHJiHTH TycfjafijiH, Myjib- 

THnoJiJiHKJiapH 3Hr khmhk 6yjiraH 4. 3- pacM. l58S m  H30T0nH- 

hhht 6 ai>3H 3HepreTHK cauyia- 

0 +  acocHH 

rviap 6aHAH

yTHUIJiapHHHr 3XTHMOJIJIHTH K3T-

Ph h h h t  raMMa napMajiaHHUiH (66-§ ra KapaHr).
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K y n p o K  3 x,t h m o j i j i h k  6uJiaH T a * p H 6ajiapra m o c  paBHLUAa

g  +_§^_ g  +  £2 ^ +  £2 ^  f Q +

KypHHHUiAa yTaAH. B y  K y 3 FajiraH x,0JiaTJiapHHHr E2 yTHiu- 

Jiapra HHcSaTaH Htuaui bbkth yHMa KaTTa 3Mac, oAaT^a, 

10 - 7 — 10“ 12 AaH  opTMaflAH. A p a jia m  MyjibTHnojuiHKKa 3 ra 

SyjiraH HypjiaHHLUHH xapaKTepjiaui yqyH 8 apaAauiuiu 
K03(p(pUtl,UeHTU KHpHTHJiaAH. By  K3TT3J1HK TeTHUIJIH MyjIbTH- 

nojuiHKKa ara SyjiraH HypjiaHHiu MaflAOHJiapH aMnjiHTy^ajia- 

pHHHHT HHCSaTHHH H(J)OflaJiaflAH Ba yHHHT KBa^paTH L' 
MyjibTHnoJiJiH HypjiaHHiu Ba L MyjibTHnoJiJiH HypJiaHHiu 

HHTeHCHBJiHKJiapHHHHr HHcSaTHra TeHr 6 yjia^H:

6 = x i i i 7fr- (4-8»

T a M M a  HypJiaHHUiJiapHHHr 6 ypnaK TaKCHM OTJiapnra aca xaTTO  

3Hr KHHHK apaJiaiUHUI K03(})({)HUHeHTJiapHHHHr X,aM Ta"bCHpH 

ce3HJiapjiH 6 yjiaAH.

4.3- §. faMMa-HypjiapHHHr SypnaK KoppeJiflUHsiCH

Hiipo Ky3FajiHiu 3HeprHHCH, OAaTAa, a-^b Ba b ^ c  k&6w 
K a c K a y T H iu jia p  HaTH>KacHAa raMMa-KBaHTJiap HHKapHiura 

cap(})JiaHaflH (4 .4- pacM ). A rap  HApo KeTMa-KeT hkkht3 

raMMa-KBaHT HHKapca, hkkhhhh raMMa-KBaHTHHHr dQ  (})a30- 

bhh 6 ypHaK HHH^a 6 HpHHMHcnra HHc6 aTaH 0 6 ypnaK ocTHAa 

MHKapHJiHuiH MatJiyM U?(0) 3x,THM0JiJiHKKa sra 6 yjiaflH. 

U?(0) (})yHKUHJi 6ypnaK KoppeAHU,uncu <pyHKU,UHCu AeftHJiaflH. 

Ta>KpH6 a/ia hkkht3 raMMa-KBaHT hkkht3 cMeTMHK opKajiH

---- JQ Kaflii KHJiHHa^H Ba 6 y CMeTHHKJiap

«m oc KejiHui c x e M ac H »  6yflHMa yjiaH- 

raH 6yjiaAH. U^(0) (})yHKUHHHH aHHK- 

jiam /ia, oaaTiia  0  6y p M aK  opa-

7 JIHFHAa >KOHJiaUITHpHJiraH CMeTMHK- 

s JiapAara moc KeJiHuiJiap cohh  yjma- 

H 3AH .

3 a p y p  6yjiraH ajieKTpoH annapa-  

T y p a a a H  (J)oflAaJiaHH6, TapKaJiaeT-

_______ jc raH KBaHTJiap ftyHaJiHUiH opacHflarH

a. a t ,  6  6 ypMaKKa 6o fjih k  x,OJiAa HKKajia
4. 4- pacM. KacKaAJiH ..J K ,» „

7 _ Y yxHmjiap. cneTMHKfla 6 np BaKTAa KBaHTJiap
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naftflo SyjiHuiHHH K a hjx khji3 m h3 . B y p q a K  KoppeJiHUHHCHHHHr

(jjyHKUHHCH

k ( M 3 K C )

r ( 6 ) =  S  AtPiicos 0 ) (4.9)

maKJi/ia e3HJiaAH. By ep/ia k (M a K c ) = m i n  (21, 2 / , ,  2  / 2) , 

P * ( C O S 0 )  J l e * a H A P  nOJlHHOMJiapH. T aK C H M O T  (JjyHKUHHCHHH 

/40 = 1  Khjih6 HopMaJiJiamTHpHUJ Kafiyji KHJiHHraH. tt?(0) 

6a-b3aH KyftHAarn KypHHHUjjiapAa xaM  e3HJia/iH:

Ak, bk, a.k K03(})(J)HUHeHTJiap o p ac H A a rn  ajire6paHK  M y H o caS aT  

OCOHTHHa XOCHJI KHJIHHHUIH M yMKHH. By KOppeJlHUHH 6y- 

3HJiM araH, ht>hh KacKa/iHHHr opajiHK (b) xojiaTH/ia H/ipora 

Ta"bCHp KHJiyBMH ce3HJiapjiH FajiaeH.iaHHUj 6yjiM araH  *0Ji,aa 

ypHHJIH/lHp. lOKOpHAarH Ak K03(J)(J)HUHeHTJiapHH hkkh Kynaft- 

TyB 4H ra  a * p a T H U i  m ym khh:

6 y ep/ia ^4^(1) <J)aKaTFHHa 6hp hhm h  v-yTHUjra, Ak(2) aca 

hkkhhm h yTHUira 6ofjihk .

Arap y —  y KacKa/wa apajiauiMacH3 MyjibTHnojuiHKKa ara 

6yjiraH  yTHiujiap 6yjica, y xoji/ia A k ujy MyjibTHnojuiHK 
T ap T H ^H  Ba LuyHHHr/teK, Ma3Kyp yTHUJHHHr 6oujjiaHFHM Ba 

oxH prH  XQJiaTJiapH cnHHJiapHHHHr (J)yHKUHHJiapH 6yjia/iH:

BapMa Fk K03(J)(J)HUHeHTJiap x,Hco6jia6 MHKHJiraH Ba >KaflBajira 

>KoftjiauiTHpHJiraH 6yjin6, yjiapHH Opay3H(J)eJib/iep Ba CTe(J)- 

(J)eHHHHr 6ypMaK KoppeJiHUHHJiapH 6yftHMa Mauixyp k h t o 6 h - 

jxan TonHUJ MyMKHH.

yTHLUJiapaaH 6 n p H r a  h k k h  L, L' MyjibTHnojuiH Hypjia- 

HHUiJiap apajiauiM acH  TyFpH Kejica (o/iaT/ia, L' =  L-\- 
+  1 ^yjiaAH )^ 6yH/iaft yTHUJJiap yMyH

X F k (L ,L„ / / )  + 2 8 F k(L ,/.',//) +  S2F k(L'L\lJ) (4.14)

r (0 )= z 6 ,c o s  ke. (4.10)
k

U7(0)=Za*cos jfe0. (4.11)
k

A k =  A k(\)Ak(2), (4.12)

A k(\ )= F k(L xL M ) ,

A k( 2 ) = F k(L2LJfI).

(4.13)
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SyjiaAH. ByH^a 6 —  MyjibTHnoJiJiHKJiap apaJiauiMacHHHHr 

K03(})(|)HUHeHTH. MacajiaH, 3Hr Kyn yMpafiAHraH M\-\- 

-\-E2 apajiauiMa raMMa-yTHuuiap yMyH Koppejijmna (})yHK- 

Uhhch KyiiHAarHHa e3HJiaflH:

n 7 (0 )  =  r , + 5 2r 2 + 2 8 r 3.

B y H A a  W i Ba W 2-nap «co({)» yTHUiJiap KacKaAH  Ia(L\)Ib(L 2)Ic 
Ba Ia(L')Ib(L2)Ic yMyH aHHKJiaHaAH . MyjibTHnojiJiHKJiap 

ap ajiauiM acH H H H r K03(})(j)HUHeHTH 6  sca  L Ba L' MyjibTHnojuiH  

yTHiujiapHHHr M aT pnua  sjieMeHTjiapn HHcSaTHflaH TonHJiaAH:

W 3=  2  y 4 l P * (c o s 0 ) ,
(̂>Kyc})T)

6 y H ^ a  A k= F k( L u L u lw I ^ - F ^ L *  L 2, lcI b). W 3 yMyH x aM  F k

K03(})(})HUHeHTJiap XHCodjiad MHKHJiraH Ba yjiap Maxcyc 

JKa^BajuiapAa  KejiTHpHJiaAH.

Kyn xoJiJiap/ia Syp^aK  KoppejiHUHH HKKHTarHHa A 2 Ba 

A 4 napaMeTpjiap SHJiaH xaM eTapjiHMa H(})OAajiaHHUiH 

MyMKHH:

IT(0) =  1 + A 2P 2 ( c o s d ) + A 4P 4(cos6) .  (4.15)

JleKHH A 2 Ba A 4 x aM  y3 HaBfiaTHfla h a p o h h h t  cnHHJiapH, 

MyjIbTHnOJlJIHKJiapHHHT TapT H ^H  Ba 6  K03({)({)HUHeHTJiap 

opKajiH aHHKJiaHaAH . Y M y M a H  aflTraHaa, 6 y  napaM eTpjiapH H  

ahhkJiaiu ynyH  HApo  x a K H ^ a  KyuiHMMa MaijJiyMOTJiap 3 a p y p  

6yjiaAH . A r a p  yjiMaHraH 6y p M aK  KoppejiHUHHCH hmkh y 3 a p o  

T a tc n p jiap A a H  FajiaeHJiaHMaraH 6yjica, y xoJiAa Ba3H(j)a 

FajiaeHJiaHMaraH KoppejiHUHHHH Ha3apHfl )K H xaT AaH  TonHiu 

Ba yHH T a * p n 6 a  6HJiaH cojiHm THpHuiAaH  H 6o p aT . O ^ a T A a , 

KoppejiHUHH 5 ra H H c6aTaH  >Ky,aa ce3rup  SyjiaiiH. JleKHH 6y  

K03(f)(})HUHeHT ojiAHHAaH MaiiJiyM 6yjiMaflAH. By mhcoji- 

jiap K- 3Hr6aH T a x p n p n  ocT H ^a  m hk k3h  «Ajib(})a-6eTa- Ba 
raM M a- cneKTpocKonHH » AeraH  T y n jiaM ^a  Tyjia-TyKHC 6aeH  

3THJiraH. B h 3  M a3Kyp  Ba 4.4- § na yuia k h to 6  MaTepnajuiapH- 

A aH  KeHr (})oflAaJiaHAHK.

UJyHAafl KHJIH6 , KOppeJIHUHH (})yHKUHHCHHH SKCnepH- 

MeHTiia ojiHHraH W ( 0 )  srpn  m h3hk 6HJiaH cojihuithph6 , 

yTHiujiapHHHr MyjibTHnojuiHrHHH aHHKJiaui MyM khh. Ko- 

6ajibT-60 M H K ap aA n raH  raMMa-KBaHTJiap KacKaAH  6ypMaK 

KoppejiHUHHCHHH yjiMaui^a H aM yH a  6yjin6 x h 3 M 3 t  KHJia/iH 

(4.5- p a c M ) . KoppeJiHUHH KaTTajinrHHH yjiMaui yMyH Ty6aHAa- 

rHMa aHHKJiaHaAHraH  accHM M eTpHH  KyJiafl x,Hco6jiaHaflH:
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4. 5- p a cM . 00Co h h h t  

R- napnajiaHHiii c x e M a c n  Ba 

®°Ni h h h r  v — 7 HyHaJiHiiiJiapH 

K oppejuiHU HHCH  (ksB). HyKTa-  

jiap —  SK cn epn M eH T .

W (180°) —  «/(90°

eKH aHH30Tp0nH51HH 

H(})o/iajiacaK:

A 2
r(90°) 

Ba A 4 K03(|)(t)HUHeHTJiap

'~ Y A2+T A4

1 .

(4.16) 

opKaJIH

(4.17)

B h 3 K»KopH/i.a K a c K a /m arH  7 -yTHUijiap/iaH 6 npH L Ba L’ > L  
MyjibTHnojuiHKJiap a p a jia m M a c H A a H  H6op aT  6 yjiraH/ia, y h h  

xap aK Tep jiam  ynyH  apajiauiM a K03(})4)HUHeHTH 6 hh KnpHTraH 

3^ h k  ( 4 .8 ) .M h c o j i  y M y H £ 2  +  Afl MyjibTHnojuiH apajiaui yTHLU 

yqyH

c 2 /(£2)
I(M I)

6yjiaAH . ByH.ua 1 (E2) 
Ba I ( M 1) —  moc pa- 

BHiu.ua E2  Ba M 1 

yTHLUJiap HHTeHCHB- 

JIHTH.

6 K03(|)(})HU.HeHT

( ± )  HUiopara ara. 

KejiTHpnjiraH (})opMy- 

jiajiapHH " lIn-»-l" C d  

nap^ajiaHHui cxeMa- 

CHra TaT6 HK KHJiaft- 

jihk (4.6- p a c M )  . 

A h h k  yTKa3HJiraH

Ta>KpH6ajiap aHH33T-

POIIHH K03(}>(})HUHeHTH

yqyH A = — 0,245± 

±0,015 KH HM 3THH  6e- 

paflH. 1111 n H/ipocH 

KynrH Ha  x,0JiaTJiapH- 

HHHT CnHHH Ba >Ky4)T-

4. 6 - pacM. '" J n  H30T0nHHHHr 

K- KaMpaLU TyiJjafijiH " 'C d  h h h t  caTXJia- 

pnra riap4ajiaHHUi cxeMaCH (ksB).
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j ih t h  >KyAa aHHK,. LUyHHHr yqyH Y "K B aHTJiapAaH Chphhh 
«apajiauiraH» Ae6 \HCo6jiaui MyMKHH.

Y 2-yTHUJAa E2 Ba A f3  apaJiauiraH a e 6 aflTHUi kh A h h . 

ByHHHr axTHMOJiJiHTH >Ky^a 03 . JleKHH Yi-yTHiu^a E2 6HJiaH 
Afl HypjiaHHiujiapHHHr apajiauiHiu axTHMOJiJiHrn KaTTa. 

IUyHHHr yMyH 7 1-yTHiu E2 Ba Ml HypjiaHHUuiap  apaJiauiMacH- 

A a H  H6o p aT  A e 6 ojih6 , apajiauiM a  KaTTajinrHHH aHHKJiaftjiHK. 

( 4 .1 3 )  Ba ( 4 .1 4 )  (})opMyjiajiapAaH (})oftAajiaHH6 , A2 Ba A4 hh 8 
opKajiH T o n a M H 3 :

A 2 Ba A 4 h hh t  6 y KHHMaTJiapHAaH (})oftAajiaHH6 , aHH30TponHH 

(/4) hh (4.17) (})opMyjiara acocaH 8 h h h t  (JtyHKUHHCH 

CH(})aTHfla TonHiu M yM KHH. 4:7- pacMAa aHH30TponHH KHftMaT- 

Jiapn 6 h h h t  x,ap 6 np Huiopacu ynyH 6 epHJiraH. By pacMflaH 

lnCd Aarn 7/2->-5/2 yTHiu apaJiauinui K03(})(})HUHeHTH 8 =  +  

+  0,145 +  0,015 6 yjiraH E2 Ba M\ HypjiaHHUi apajiauiMacn- 

AaH H6 opaT 3KaHJlHTH KypHHH6  TypH^AH. By HHTeHCHBJIHKJiap 

HHc6 aTH 6 2 =  0 , 0 2 1  ra moc KejiaAH. BouiKaMa khjih6  aftTraHAa,

A 2—
0,0714 +  0,74246 +  0,173462 

1 + 82

M1 —  yTHiujiap HHTeH- 

CHBJIHKJiapH HHC6aTH. 
ByH^a 4 vi _ V2 —  Kac- 

KaflHHHT aHH30Tp0IIHJ1- 
CH. Xap HKKH MH3HK 
Mai>JiyM 6 ra TerHiujiH, 
apajiauiHiu HHcCaTH 6 
hh SKcnepHMemra TyF- 

Phch pacMAa 1 khjihS 
OejirHJiaHraH.

h h h t  caT>uiapH 71— 72 
KacKaAHHHr 7 1- yTHiUH 
E2 Ba Afl — yTHiujiap- 
h h h t  a p a Jia u iM a cH A a H  

H 6 o p a T , A e 6  t b x m h h  

K H A H H r a H ,

4. 7-pacM. ln Cd

/ i0 im  tg1



Shphhm h  Y-yTHiu 2  %  £ 2  Ba 9 8  %  M 1 H yp jiaH H W A aH  TauiKHJi 

TonraH .

U ly H H  aftTHfi yTHUi KepaKKH , a r a p  H/ipoHHHr opajiHK 

b xo.naT.ua (4.4- pacM ra  k..) H iu a w  BaKTH 1 0 -11 c /iaH Karra  

Syjica, H/ipoHHHr M arHHT MOM eHTH 3tom  M arHHT M OM eHTHra 

H H c6aT aH  napaJiJieJi SyjiMafl KOJiraH x,oji/ia HApo  hkkhhm h 

KB3HTHH M HKapryHTa Ka /iap  y3 (j)a30BHH HyHaJIHLUHHH y3- 

rapTHpnuiH M yM KHH. YH/ia Y-KBaHTJiapHHHr SypM aK  KoppeJiH- 

u hh ch  6y3HJiaAH. lO K opH /ia  KejiTHpnjiraH H(})OAaJiap y3 

KywHHH fiyKOTa/i.H.

C y H r rn  fiHJiJiap/ia H/ipoHHHr Ky3FajiraH xcviaTjiapAarH 

M arHHT xycycHHTJiapnHH ypraH H iura  6yjiraH 3\THe>K y —  v 

KoppeJiHUHH ycyjiHHHHr HHa 6 n p  t 3 t 6 h k h h h  omhiu hm k oh hh h  

6ep A H . B H H o 6 a p H H , a r a p  pa/iHoaKTHB  h/ipohh y-KBaHTJiap 

TeKHCJiHrnra nepneH/iHKyjiHp 6yjiraH M arHHT MafiAOHra 

>KOfijiaUITHpCaK, H  M arHHT M afiAOHHHHr HAPO  MaTHHT MOMeHTH 

(|J.) 6HJiaH TaTiCHpH OCTH/ia HAPO

MH gVaH 
Ih ~  h

Jla p M o p  MacTOTacH 6HJiaH afijiaHa 6 oujjiafiAH. ByHfla g  —  

rnpoM arH H T  HHc6aT, ji0 —  h a p o  M arHeTOHH. IlpoueccH H  

fiyHaJlHLUH H/ipOHHHr MaFHHT MOMeHTH HLUOpaCH 6HJiaH 

aHHKJiaHaAH . H A p o H H H r  opajiHK x,OJiaTAa Hiuaui BaKTH t 

fiyjica, y xojiAa 6hp hhm h  Y-KBaHT 6njiaH hkkhhm hchhh  

M HKapnui opacH /iarH  BaKT/ia H A po  W /T  6ypM aKKa 6ypHJiH6 , vi 

Ba y 2 KBaHTJiap fiyHaJiHuiH op acn /iarH  6ypM aK 0 3M ac , 6aJiKH 

0 —  o)[T 6 y m 6  KOJiaflH.

Ulyn/iafi k h j i h 6 , FajiaeHJiaHMaraH 6ypM aK KoppejiHUHHCH- 

h h h t  4)yHKUHHCH (4 .1 0 )  Ba (4 .1 2 )  4»opMyjiajiap acocH/ia

fe(MdKC)

1^(0) =  E A k( 1 )A k(2) P k(cos 0)
6 =  0

KypHHHiura  ara 6yjica, vi Ba y2 KBaHTJiapHH KafiA khjihui 

TeKHCJiHFHra t h k  fiyHajiTHpHJiraH M arHH T Mafi/iOHH ocTH/ia yi, 

Y2 KBaHTJiapHHHr 6ypM aK  KoppejiHUHHCH FajiaeHJiaHa/iH. B y  

XOJi/ia (})yHKUHHHH KyfiHflarHMa e3Hiu M yM KHH:

6 (M3KC)

W(Q, t, H) =  2  A k( \ ) i 4 * ( 2 ) P * [ c o s ( 0 — o)2t)].
k = 0

O A a T /ia , H/ipo Ky3FajiraH xoJiaTHHHHr MarHHT m o m c h t h h h  

yjiMaui MarHHT Mafi/ioHra >KofijiauiTHpHJiraH HApoHHHr afijia-
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A0 =  ti>Lx

HHUi SypM aTH HH aHHKJiaUI eKH aH H 30Tp o nH H C H H H H r  KaMaHH- 

uihhh yuiMaiu flyjiH SHJiaH 6a>KapHJiaAH:

A k(H) =  n I /b "  ~ (419)[1 -f- ] /2

(4.19) Aa  t MaijJiyM 6yjiraHJiHrH.zi.aH, J la p M o p  MacTOTacn coL 
hh TonHiu Ba y opKajiH n/ipo x,ojiaTHHHHr {i M arHH T M OM eHTHHH 

X,HCo6jiaUI k h h h h  3M ac.

B y  ycyjl y 36eK H C T O H  O A  R a p o  (})H3HKaCH HHCTHTyTH- 

h h h t  P . BeK>KOHOB pax6apjiH TH AarH  Jia6opaTopH H CH Aa  

HApoJiap Ky3FajiraH  xojiaTjiapHHHHr M arHH T MOMeHTJiapHHH 

y jiM am ^a  KyJiJiaHHJiaAH. A e M a K , 6y p M aK  KoppeJiHUHHCHHHHr 

3KCnepHMeHT3JI (J)yHKUHHCH aCHM M eTpH H  K03(J)4)HUHeHTHra, 

Kyn napaxajia  TeKuiHpHJiyBMH H aM y H aH H H r  (Jjh3hk-xhmhhbhh 

xycycHH THra  Ba, uiyHHHr/ieK, TauiKH M aH AOH H H H r  MaB>Ky;iJiH- 

rHra 6ofjihk . KyMJiH TauiKH  MafliioH KyftHJiHUiH 6HJiaH 

6y3HJiraH KoppejiHUHH (J)yHKUHHCH aftpHM x o ^ a p A a  h a p o h h h t  

M arH H T  MOM eHTH 6njiaH  aTOM HH Hr hmkh MaftAOHH o p acH A arH  

60FJiaHHLUHHHr y3HJIHUIH OpKaJlH HH 3 THKJI3HHLUH M yMKHH

(4.5- §).

4.4-§. TaMMa-HypjiapHHHr KyT6jiaHHUiHHH yjmaui

y —  y fiyHajiHUuiap KoppejiHUHHCHHH yjiMaiu yfiFOHraH 

XOJiaTJiap x a p a K a T  MHKAOpH m om chthhh  aHHKJiaui h m k o h hh h  

6 epHUIHHH Kyp/IHK. JleKHH 6 y xhji SKcnepnM eH T  H^po 

caTXH H H H r >Ky(})TJiHrH xaKHfla M atJiyM OT 6 epMafiAH. fliipo- 

HHHT yTHUIAarH >Ky(J)TJlHTHHH y ^ O T O H H H H r  SJieKTp BeKTOpH 

fiyHaJlHIUHHH, H"bHH KyT^JiaHHUJHHH 3 HHKJI3 LU OpKaJlH TOnHLU 

MyMKHH.

3jieKTp Ba MarHHT MyjibTHnoJuiapra moc KejiraH (})OTOHJiap 

KyT6 jiaHHiUH 9 0 °  ra (J)apK KHJiaAH. K y T 6 jiaHHLU fiyHajiHUiHHH 

ahhkjiam  HypjiaHHiu TypHHH aHHKJiauira hmkoh 6 epaAH, HtHH 

7 1 -yTHiu BaKTHAarn >Ky(J)TJiHKHHHr y3rapHLUHHH aHHKJiaui 

MyMKHH 6 yjiaAH. A rap  yi —  y2 ftyHaJiHUi KoppeJiHUHHCH 

(J)yHKUHHCH U (̂0) hhhp Kos(J)(})HUHeHTJiapH MaijjiyM 6 yjica, 

H33apHHHHHr KypcaTHUIHMa, '

[r(90°; Q =  0°) - r(0 =  9O°, S  =  90°)]

aftnpM aH HHr H uiopacn  y i-KBaHTHHHr >Ky(J)TJiHFHHH 6epa/iH . B y  

e p ^ a  Q —  KyT6jiaHHUi (gjieKip) BeKTopH 6HJiaH HKKaJia 

y-KBaHTHHHr ftyHajiHiu TeKHC.iHrHra TyuiHpnjiraH HopMaji 

o p ac H A a rn  6y p M aK  (4.8-a pacM ra  k . ) .  O /ia T A a , HKKajia
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4 . 8- p a c M . y i — Y 2 —  K a c K a A H H H r  flyHajiHUiH ( a )  Ba 

KyT6jiaHH Uj KoppeJiJiHUHHJiapHHH ( 6 )  y jm a iu  K ypHJiM aJiapHH H : 

a) A, B, C  — c u h h th jijih u h h  cM eTM HKJiapn; 6 )  B— C noJiapH- 

MeTpjiH c x e M a , 1 K y t 6 jia h h ih  BeKTopHH Hiir flyHaJiHiiiH, 2  71 Ba 72 
HypjiaHHiu  TeKHCJiHrnra t h k  fiyHajiHui.

Y-KBaHT KyTGjiaHHiu AeTeKTopHra K H p a ^H  Ba x,ap xhji 

3(|)(})eKTHBJiHK 6HJiaH Kaiin. KHJiHHaAH. B H A e H x a p H  Ba P o y 3  6 y  

M acajiaHH  M axcyc  K y p n 6  MHKAHJiap. Y jiap  6 ep ran  (j)opMyjia- 

Jiap acocHfla 0 =  p Ba i2 =  (p xoji y ^y H  W(90°, 0°), W (90°, 
90°) JiapHHHr Ta>KpH6afla TonHJiraH KHHMaTjiapHflaH y-KBaHT 

x ap aK T ep n  x a M ^ a  Ak K03(|)(|)HUHeHTJiap Ba AeTeKTopHHHr 

3 (})(J)eKTHBJIHrHHH a H H M a U I  M yM KHH. Y "KBaHTJiap KyT6jiaHH-
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LUHHHHr HyHaJlHLJJHHH aHHKJiaiU yMyH nOJlHpHMCTp, H tH H  

raMM a- HypjiapHHHr KyTfijiaHHLUHra ce3rHp SyjiraH a c 6o6 
KepaK. O ^ a T A a ,  nojiHpHMeTpjiapaa 6ypM aK KoppeJinuHHCHHH 

TeKUIHpHLH yMyH K O M n T O H  34>c{)eKTHAaH (|)OH,aaJiaHHJiaflH. 

K o M n T O H  COMHJIHLUHHHHr 3(})({)eKTHB KeCHMH KyT^JiaHHLU 

BeKTopn 6 HJiaH coMHJiraH raMMa-KBaHTJiap op acH A arH  q) 6yp- 

MaKKa 6ofjihk  6yjia/iH (4 .8 - 6  p a c M ). TaMMa-KBaHTJiap 

acocaH  Ky T6jiaHHiLj flyHajiHUJHra th k  6yjiraH TeKHCJiHKfla 

COMHJiaAH.

FIoJiHpH3auHH TyFpHCHAarH  MaijJiyMOTjiap coMHJiraH raM- 

Ma-KBaHTJiapHH O  6y p M aK  <J)yHKUHHCH CH(J)aTHAa yjiMaui 

opKajiH ojihhah. A M ajiA a  B  comybmh CH(J)aTHAa cuhhthjijihuh- 

oh KpHCTajuiAaH 4>OHAaJiaHHJiaAH, C  Ba A  AeTeKTopjiap x aM  

cuhhthjijihuhoh  KpHCTajuiapAaH  H6op aT  6yjiH6 , yjiap B  KpHC- 

Tajui 6 HJiaH yMJiaHMa moc KejiHui cxeM acH  6yflHMa yjiaHraH 

6yjiaAH. K y T 6jiaHHUi KoppejiHUHHCHHH yjiMaiu A, B  Ba 

C  cMeTMHKJiapaa 0  Ba O  6ypM aKJiapHHHr (^y hku h hch  6 yjiraH 

moc KejiHiujiap cohh  N  (0 , O )  hh yjiMaiu/iaH H6op aT . TaMMa- 

KBaHTHHHr KyT6jiaHHUiHHH aHHKJiaiu yMyH moc KejiHiujiap 

co h h hh  yjiMaiu eTapjiu:

N t =  N ( 9 0 ° ,  0 ° )  Ba N ± =  N(90° 9 0 ° ) .

(N t—  N ±) (})apKHHHr HiuopacH KyT6jiaHHiu fiyHajiHLUHHn 

aHHKJia6 6ep a A H . A r a p  nuiopa M y c6aT  6yjica, KyT6jiaHHiu

BeKTopn raMMa-KBaHT-

l,w ^  -----------------  jiap yMH6 KeTaeTraH

TeKHCJiHKKa nepneH- 

v, ^ A H K y jin p  6 y j ia A H :

Ni  ̂ \  a r a p  Hiuopa MaH(}>HH 

6yjica, Ky T6jiaHHiu 

BeKTOpH ^JOTOHJiap- 

W   - p  1—;— HHHT yMHUI TeKHCJlHTH-

Aa eTaAH . B hp hhm h  

XOJiaT M arHH T yTHUira 

MOC KeJiaAH, HKKHHMH- 

ch ajieKTp yTHiu 6yjia- 

a h . B y H H  TacBHpjiaui

— -------- --------  yqyH 4.9- p acM A a  46Ti 

yMyH KyT6jiaHHiu Ba

flyHaJiHUi KoppeJiHUHH- 

c h h h  yjiMaui HaTH- 

>KajiapH KejiTHpnjiraH. 

TH T aH H H H r  napMaJia- 

HHUIH XyAAH 60C o  H H Hf

4. 9- p a c M . 46Ti hjxp o c H A a  77 —  ftyH a- 

jiHiujiap Ba K,yT6 ^aHHiu KoppejuiHUHHJiapH. 

3KcnepnMeHTaji HyKTajiap raMMa yTHiujiapn 

M yjibTHnoJiJiH KJiapH HH K y p ca T aA H .
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napMajiaHHLUHra yxLLiaftjiH, S y p ^ a K  KoppejiHUHHCHHH yjm aiu 

ftyjiH fiHJiaH 6y HKKajia (^o toh hh h t  KBaApynojib  yTHUijiapAaH 

H6o p aT  3KaHJinrH aHHKJiaHraH. Ta>KpH6a HaTH>KajiapHHHHr 

Ha3apHft XHCo6jiapra m o c  kcjihiuhhh KypcaTHLU M a K c a ^ H A a  

y jm a u u ia p  0 h hh t  x ap  xhji KnftMaTJiapHAa yTK a3 HjiaH. 

B axoJiaH KH , >Kyc|)TJiHKHH aHHKJiaui ynyH  9 0 °  Ba 1 8 0 °  JiapAa 

yjiMaui kh(J)oh. 4.9- pacM.ua TypTTa M yM KHH 6yjiraH (E 2 ,  E 2 ) ,  

( E 2 ,  M 2 ) ,  ( M 2 ,  E 2 ) ,  ( M 2 ,  M 2 )  KOM 6uHauHHJiap  yqyH 

H a3a p H H  x h c o 6 H a T H * a c H  KypcaTHJiraH. SKcnepH M eH Taji 

HyKTajiap, HKKajia 4»otoh x,aM E 2  TH nra TerHuuiH SKaHJinrHHH 

HUIOHMJIH paBHUIAa TaCflHKJiaftAH.

^ A P O  CaTXJiapHHHHT HHc6 uft >Ky(J)TJIHrHHH Y-KBaHT 

KyT6jiaHHLUHHH yjm aui ftyjiH 6HJiaH aHHKJiaui ycyjiH y— y, 

uiyHHHrAeK, p —  y Ba a  —  v KoppejiHUHH, xaT To  HApo  

peaKUHHJiapHHH ypraHHUJAa x a M  M yxH M  a x a M H H T  K a c 6 aTaAH. 

Ba"b3aH  y —  y K acKaA Aarn  7 -KBanTJiapHHHr x a p  6npH H H H r  x,aM 

KyT6jiaHHUiHHH yjm aui M yMKHH. B y  ycyji, aftHHKca, KOHBepcHH 

K03(|)(})HUHeHTJiapHHH y jm a m  M yM KHH 6yjiMaftAHraH KaTTa 

SHeprnHJiH v-HypjiapHH ypraHHU iAa  Kyji KejiaAH.

4.5- §. HHTerpaji sa AH(J)(})epeHUHaji 6 yp>iaK KoppejmuHnjiapH

3jieKTpoH MocjiaMajiap cxeMacHHHHr a m p a T a  ojihui b b k th  

h a p o  opajiHK (b) xoJiaTHHHHr Huiaui AaBpHAaH aH^a kh h hk  

6yjiraH xoJiJiap^a HApo x a K H A a  Tyjia Ba khm m htjih  Ma-bJiy- 

MOTJiap BaKTra  6o fjihk  6yjiraH 6 y p ^ a K  KoppeJiHUHHJiapHHH 

y jm auiAaH  ojihh3Ah . X o 3 H p r H  BaKTAa  3JieKTpoH MOCJiaMa- 

JiapAa ocohjihk 6HJiaH 1 0 “ 9 c a * p a T a  ojihui BaKTHra 

3pnuiHJiaAH. OieTMHKJiap e p A aM H A a  HApo  napnajiaHM aft 

opaJiHK xoJiaTAa TypraH  BaKTra Ky pa  moc TyuiHiujiap 

Te3JiHrHHHHr y3rapHLUHHH yjm aui M yMKHH. A M ajiA a  moc 

TyuiHuiJiap Te3JiHTH MocjiaMajiap cxeM acH H H H r 6 n p  ejiKacnra 

KHpHTHJiraH Ba Aapa>KajiaHraH «KeH H KTH pH iu» TapM OFHHHH r 

y3yHJiHrHra 6o fjihk  x,ojiAa y jm aH aA H . Y  xoJiAa 6 y p n a K

KOppeJIHUHHCH, yMyMaH aftTraHAa, «KeMHKTHpHUI» BaKTHHHHT 

(})yHKUHHCH 6 yjiH6 , HApojiap opaJiHK xoJiaTAa napnajiaHMaft 

KaH^a y30K  KOJica, FaJiaeHJiaHHui (ht^hh KoppejiHUHHHHHr 

6y3HJiHUiH) uiyHHa KaTTa SyjiaAH.

FajiaeHJiaHM araH  6y p q aK  KoppeJiHUHHCH h a p o h h h t  opa- 

jihk xoJiaTAa TypraH  BaKTHra 6ofjihk  6yjiMaftAH. FajiaeHJia- 

hhui 6yjiM araHAa

« 7 (0 , t) =  W (0, / =  0) =  W (0 ) .

FaJiaeHJiaHHUi MaBwyAJiHTHAa sca A 6 p araM  Ba flayHAJiap- 

h hh t  KypcaTHiuHM a,
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W(Q, t ) = 2 G k(t)AkPk(cos6), (4.20)

6 y epAa Gk(t) —  KoppejiHUHH Kos(j)cJ)HU,HeHTJiapHHHHr cyHH- 

U IH H H , HTjHH y3rapHUIHHH XapaKTepJIOBMH B3KT <J)yHKUHHCH-

AHp. Gk Jiap AOHMO 1 AaH khmhk 6 yjiaAH. X a p  KaHflaft 

T a * p H 6 aAa chctmhk 6 npjiaMMH HypjiaHHui aKTHAaH KeiiHHrH t\ 
AaH ti raMa 6 yjiraH mckjih BaKT opaJiHFHAa HKKHJiaMMH 

HypjiaHHuiHH KaftA khjihuih MyMKHH. K,y3FajiraH xoJiaTJiap- 

hhht 3KcnoHeHUHaji napMajiaHHiujiapH xnco6 ra oJiHHraH 

XOJiAa yjmaHaeTraH KoppejiHUHH (J>yHKUHHCH

h t

JW(Q,t)e xdt
oo t

W(d,tt,T2) = — ——-------= ±  J e T r ( 0 ,  t) dt (4.21)

KypnHHU iHra  ara  6yjiaAH. (t\ — 12) opajiHK , a ji^a rra , T a * p H 6a 

KypHJiM acHHHHr a * p a T a  o j ih u i  B aK T H A aH  k h m h k  6 yjia 

OJIM3HAH: T o < / i  —  t2=  T.

Arap HApo Ky3FajiraH xojiaTHHHHr auiaiu  BaKTH t  

MocjiaMa-ac6o6HHHr xaji khjihui b3k,th to AaH *yA a  khmhk 

( t < t o )  6yjica, o a a T A a , b h k t  6yftHMa HHTerpaji 6ypM aK  

KoppeJiHUHHCH yjiMaHaAH:

r ( 0, c o ) = ±  J r ( 0, ^ e - ^ d t ^ X b ^
c o s ( 0  —  <o l t ) 

(ka>Li)2

M arH H T  MaftAOH KoppejiHUHH TeKHCJiHrnra t h k  ftyHaJiraH 

6yjica, HHTerpaji 6ypnaK  KoppeJiHUHHCH

b0 (cos20 ±  2(o, xsin0)
W(Q, ± W )  =  1 + — ------ — - (4.22)

1 +  ( 2 o>l t ) 2

6yjiaAH. ByHAa b2 —  FaJiaeHJiaHMaraH KoppejiHUHHAarn 

COS20 OJIAHAarH K03(JxJ)HUHeHTH, H  TaiUKH M3THHT MaHAOH.

T a > K p H 6aA a  (oL MacTOTa M arHH T M aitaoHHHHr h k k h  xhji 

HyHajiHUiH ( H f Ba H \ )  ynyH  caH aui Te3JiHKJiapH 117(0, H )  hh 

6ypMaK 0 = 1 3 5 °  6yjiraHAa yjmaui Ba KyHHAarn HHc6aTHH

aHHKJiaui fiyjiH 6HJiaH TonHjiaAH:

n/ioco . u ,  . o 135°, H\) — W (135°, H\)

' ’ ’ ' r (1 3 5 ° ,//f )+  07(135°, H l) '
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A rap , aKCHHMa, a c 6o 6 HHHr x,aji khjihhj BaKTH  H/ipo caTXHHHH r 

HLuaui BaKTH AaH  >KyAa k h h h k  Syjica (ht.hh  t 0< t ) ,  y x,ojiAa

lOKopHAarH HHc6 aT A 2 Ba Aa K034)cJ)HUHeHTJiap opKajiH

H({)OAajiaHa/i,H:

_  n ( \2A<,-j-5A.) sin2(i),T
R (135 , t) = --- -- Y — Al---L--- .

8 +  2 ^ 2 ^ — ^ ^ 4 < 9  —  35 c os^ w ^t )
8

By HHc6aTHH Hr y 3 r a p M a c  M arHHT MaftzioHjia y3rapHiUHHH 

yjiMam TyrpH/iaH-TyFpH wL Ba q (})aKTopHH aHHKJiam  

hm k o h hh h  6ep aA H . A rap  M ocjiaM aHHHr a * p a T a  ojihuj 

k o 6hjjhhth H a 3a p ra  ojiMac Aapa> KaAa  khm hk 6yjica, H ^p o  

Ky3F3JIOH XOJiaTJiapH MaTHHT M OM eHTHHH yjIMaUIHHHr HH3 6 np 

ycyjiH Bo>KeK Ba 6ouiKajiap t o m o h h a 3 h  Kauu}) sthjiah. W ±(0,^
5 jt

+  //) Ba W x (0, t — H) 4>yHKUHHJiapHH h k k h t 3  0 =  -—- Ba
O

02=-^- 6 ypMaKJiapAa t BaKT 6 yflHMa yjiMaHca, yHAa
O

F(t) =
W^Q^t, + H ) - W ( Q ],t, - H) +  W(Q2, t, + H ) - W ( % 2, t, - H)

=  tt̂ (02, t, + H ) - W ( % ],t, + / / )  +  r (0 2, t, - H ) - W ( % {,t, — H)

HH c6aT to- Ct, t o C ^  uiapT yMyH

F (t) =tg2u Lt

6yjiaAH. Ta>KpH6a A a  F(t) hh yjiMaiu 0 : Ba 02 6ypMaKJiap yMyH 

<aL HHHT KHflMaTHHH, A e M 3K , |i, HHHT KHflMaTHHH eTapJlHMa 

ahhkjihk  6 HJiaH ojiHiu h m k o h h h h  6ep aA H .

U iyHAafl khjih6 , BaKT 6yfiHMa HHTerpaJi 6ypM aK KoppeJiH- 

U h h c h h h h t  y3 a(})3ajiJiHKJiapH 6op, JieKHH y yTa H03HK  

Ta"bCHpjiap x a K H ^ a  AH(J)(})epeHUHaji MeTOAra HHc6 aTaH  KaM 

M atJiyM OT 6ep aA H .

y36eKHCTOH OaHJiap AKaAeMHHCHHHHT HAPO (J)H3HKaCH 

HHCTHTyTHAa 6 y ycjiy6 jiapHHHr xap  xhji BapnaHTJiapHHH 

HUlJiaTH6 P . B. BeK>KOHOB HJlMHft XOAHMJiapH 6HJiaH Kyn 

HApojiap caTXJiapHHHHr MarHHT MOMeHTJiapHHHHr 3KcnepH- 

MeHTaJi KHfiMaTjiapHHH aUuKJiaAH- YjiapHH XHCo6 jiaHraH 

KHfiMaTJiapH 6 HJiaH cojihuithphiu xo3Hprn 33m o h  HApo 

CTpyKTypaJiapHHH TyuiyHHiu yMyH npaTHJiraH MOAejuiapHH 

HH3Aa T3K0MHJIJiaUITHpHLUra XH 3M aT  KHJiaAH.
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4.6- §. faMMa-KBaHTjiapHHHr pe30HaHC cohhjihuih

A t O M  4>H3HKaCHAaH MaTjJiyMKH, aTOMJiapHH M a w iy M  

TyjiKHH y3yHjiHKKa ara CyjiraH Hypjiap SnjiaH pe30HaHC

Ky 3 FaTHiu MyMKHH. M acajiaH , chmo6  6 yFHHH 2520 A 

TyjiKHH y3yHJiHKJiH Hypjiap 6 HJiaH epHTHJica, chmo6  aTOMjiapn 

pe30HaHC Ky3FajiaAH Ba yjiap xyzuiH uiyHflafi TyjiKHH 

y3yHJiHKAarH HypjiapHH MHKapn6  acocHH xoJiaTra yraaH. 

ByHAafi cneKTp MH3HK./iap pe30Hanc cneKTp nusuK^Aapu a.e6 

aTajiaAH .

ByH^afi pe30HaHC iothjihui HApoJiapAa xaM  Ky3aTHJiHUiH 

KepaK. MyHKH H^po xaM  aTOM CHHrapH KBaHTJiaHraH 

3HepreTHK caT>yiapra ara Ba iokoph SHepreTHK xojiaTAaH 

nacTKH eKH acocHfi xoJiaTra yTraHfla Y "HyP HHKapa^H. 

flflpoBHH raMMa Hypjiap 3HeprHHCH 3tom  HypjiaHHiu 3HeprHH- 

cha3h aHMa Karra 6 yjia^H, aji6 aTTa. IlIyHHHr yqyH xaM  oAAHfi 

uiapoHT^a HApoJiap^a pe30HaHC iothjihuj Ky3aTHJiMafiAH. 

ByHHHr ca 6 a 6 n uiyHAaKH, raMMa-HypJiap SHeprHHCH KaTTa 

6 yjiraHH yMyH yjiap aapoaaH  MHKKaHfla Ba lOTHJiraHfla hapo 

ojiraH TenKH 3HeprHHCH ce3HJiapjiH n,a p a m a ^ a  KaTTa 6 yjiaAH 

Ba raMMa-Hyp aHeprHHCH KaMafin6 , pe30HaHc uiapTH 6y3H- 

jia^H.

flApoHHHr sHepreTHK caTxh 6 HJiaH raMMa-Hyp SHeprHHCH 

KaHAafi aHHKJiHKAa moc KeJiraH^a pe30HaHC iothjihui Ky3aTH- 

JIHIUHHH XHCo6jiafiMH3. MaijJiyMKH, HAPOHHHT SHepreTHK 

caTXJiapH caTXHHHr Ta6 HHfi KeHrjiHrH fle6  aTaJiyBHH r  —  

KaTTajiHKKa sra Ba y hapohhht uiy xojiaTAa Hiuam  b3kth  

6 HJiaH KyfiHflarHMa 6 oFJiaHraH:

M acajiaH , llFe hapochhhht 14 ksB  jih yfiFOHraH \0JiaTH 

1 0 - 7  c Huiaui BaKTHra ara. Y  14 ksB  raMMa-Hyp MHKapH6 
acocHfi ^ojiaTra yTa^H. ByHAafi xojiaa caT* KeHrjinrH

r =  A £  =  4 = ----------r- 3 B « 6  - 10 _ 9 3B
1 10 “  • 1 ,6 -1 0 —

6 yjiaAH. TeMHp HApocH^a pe30HaHC iothjihiu Ky3aTHJiHUiH 

y^yH raMMa-Hyp 3HeprHHCH 3/2-caTX, SHeprHHCH 6 HJiaH 

KJKopHAa XHCo6 jiaHraH AE aHHKJiHK.ua moc kcjihuih uiapT.

YM yM aH ojiraHfla sHeprHHHHHr caTX,HH KeHrjiHnma y3ra- 

pHLUHHH Y ‘ HypHH pe30HaHC COMHJ1HU1H (lOTHJIHUlH) yCJiy^H 

6 HJiaH aHHKJiaLU MyMKHH. Pe30HaHC COMHJIHUI (eKH iothjihiu) 

>KapaeHHAa Ky3 FajiraH A hapohh acocnfi xojiaTra yTHinaa
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E*

E = h)>

TTTTTTTTrrTTTTT

A B

4. 10- p a cM . A* H iip o H H H r y- K B aH T jiap H  S H jia H  xyA flH  
y 3 H ra  yxmaraH B h a p o h h  a c o c H ii  xo^iaTAaH K y 3 F a jira H  

XOJiaTHra KyTapHiun. A m m o  TenKHra SHeprHHHHHr 6np 
k h c m h  HyKOJiraHJiHrH TycjjaiijiH B HApo E* xojiaTra Kjrra- 

pHJIM afiflH .

MHKapHJiraH y-kb3ht aHHaH uiy A hapohh acocHH xojiaTHAaH 

Ky3Fa;iraH xcwiaTHra KyTapa^H (4.10-pacni). Ammo aMaji/ia 

6y *a p ae H H H  TawpHfiafla aMajira oujhphiu hhxoht Myiuxyji 

Hiii. A r a p  A Ba B (B acocHH xojiaTflarn /1 a a p o H H H r  y 3H )  

a a p o j i a p  6n p  xhji 6yjiH6 6 hphhmh Ky3FaJiraH caTX a H e p r H H C H  

£  *  6yjica, A HApoaaH MHKKaH 7 - K B a H T  SHeprHHCH HflpoaaH 

MHKaeTraHfla 6n p  khcm 3HeprHHCHHH TenKHra c a p < } )  KHJiraHJiH- 

th yMyH £  * nan khmhk 6yjiaflH. ^HeprHH Ba HMnyjibCHHHr 

caKJiaHHUi KOHyHJiapHra acocaH:

BouiKa TOMOHflaH hv 1 lOTyBMH Hflpo (B) ra Kejin6  yHH 

yHFOTHiura 6op SHeprHHCHHH 6epa ojimbhah, MyHKH yHHHr 6np 

khcmh B HApora xapanaT m hkaophhhht caKJiaHHiu KOHyHHra 

acocaH moc paBHUi^a Te3JiHK 6epHui ynyH cap({MiaHaAH. By

SHeprHH captfr 6yjiaflH, SHeprHH c t h u j m o b m h j ih f h  A = -- „ .
AA n 2

OAaTfla A  khmhk KHHMaTJiapra 3ra: ofhp /4 =  200 HApo.ua 

Ky3FajiHui SHieprHHCH E  *=50  ksB 6yjica, A  =  0,013 a B  6 L i  aa 
aca ( E *= 2 189 k s B )  A  =  850 a B .

~ = M V ,  h v , + ± M V 2= E ‘ ,

6 yHaaH

2Mc‘

Mc2
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A 6

4. 11- pacM. Pe30HaHc K.y3FaTHUi yMyH B  nacTOTajiap 

T y Ta M H  (A a C T a c H )  jio3hm , jieKHH TenKH  Tycj)aHJiH A ra 

CHJiJKHraH A khm hk wacTOTajiap TyTaMH KeJiaAH. A Ba 

B  MacTOTajiap TyTaMJiapH 03 6yjica-.ua 6hp-6hphhh 

KonjiaiiflH. A r a p  xap  xhji ycyjuiap 6HJiaH 6 y  eTHuiMOBMH 

(A) SHeprHa KonjiaHca, A*. 6 h p h h m h  caTX,HaaH HHKKaH 

y- KBaHT acocHH xoJiaT.ua 6yjiraH A = B  hjipohh E* xojiaTra 

, pe30HaHc KyTapaaH.

U ly H A a H  khjthS, 7 -KBaHTJiap A * jj.au MHKKaHfla x,aM, B na 

lOTHJiraHAa x a M  HApoJiap ojiraH TenKH SHeprHHCH ce3HJiapjiH 

A a p a jK a ^ a  caTX, KeHrjinrH T  A a H  KaTTa ( r < C A )  Ba Y "hYP 

SHeprHHCH K a M 3 H H 6  pe30H aH C  m ap T H  6y3HJiaAH. H a p o h h  

p e 30H aH C  Ky3FaTHLU y ^y H  B MacroTajiap TyTaM H  K e p aK  6yjica, 

Kejia^HraH  MacTOTajiap A TyTaM HH  TauiKHJi 3 T 3 a h . 4acTOTa-  

jiap TyTaM jiapnH H H r chji>khiiih 6yjiH6 , 6hph-6h p h h h h f

ycTHra TyuiMaftAH (4.11- p a c M ) . /Ie K H H  acnnjxa HypjiaHHiu Ba 

K3THJ1HLU CneKTpaJI MH3HKJiapHHHHr T a 6HHH KeHTJIHKJiapH 

aTOM JiapHHHr hcchkjihk  x ,apaKaTH Ty({)afijiH /lo nnjiep  3(J)(})eK- 

th  XHCo6Hra aHM a KeHrafiraH 6yjiaflH. U lyHaafi khjih6 , 

pe30HaHC uiapTHHH Tyjia THKJiaiu yMyH ilonnjiep  3(j)4)eKTHAaH 

(})OHAaJiaHHUi M yM KHH. By ycjiy6HH 6hphhm h 6op  HHTJIH3 

ojihmh M y H  1 9 53  fiHJi^a Kyjuia6, HypjiaHHUi M a H 6aHHH iotkhm 

fiyHajiHUiHAa ueHTpn(})yra ep /iaM H Aa  KaTTa tc3jihk ( c » a 3 X  

X  104 c m /c )  6HJiaH x ,apaKaTra KeJiTHpflH. Y  x o j u a  raMMa-

KB3HT MaCTOTaCH A v  =  “ -̂v Ba yHHHT SHeprHHCH /lAv=- ^- £* 

ra op TaAH . /le M a K , p e30H aH C  uiapTH 6a>KapHJiHUiH yMyH

6yjiHUiH Tajia6 KHJiHHaAH. ByHflaH MaH6aHH io t k h m  TOMOHra 

Kauziaft Te3JiHK 6HJiaH xapaKaTJiaHTHpHUi 3apypjinrHHH
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4. 12- p a cM . A —  smpo- 

h h h t  Ky3Fa jira H  x.ojiaTH C hh 

p - n a p M a J i a H H L U H f l a H  g k h  

EOKopHj.a eTraH  A h h  Ky3FaJiraH  

caTX,HHH v- HypjiaHHiU HflaH  By- 

>Kyiira KejiaflH.

C

t i

E*

a) rrnfrrm 6) ni/h/i 777

A A =B

0JiHMJiap H^poJiapAa x,aM y-KBaHTJiap moc SHeprHHjiapAa 

pe30H aH C  iothjihui (comhjihui) xycycHH THra ara  SKaHJiHTHra 

HK,pop SyjiAHJiap. 5Inpo TenKHCHra flyKOTHJiraH 3HeprHHHH 

KonjiauiHHHr 6np Hena ycyjuiapH MaB>KyA-

M aH 6a  eKH lOTyBMHHH KH3AHpHiu, MaH6aHH iotkhm 

TOM OHra xap xhji Te3JiHKAa xapaKaTJiaHTnpHiu xaMAa h ap o h h  

ojiahhth  napMajiaHHUiAaH ojiraH TenKHCHAaH ({)OHAaJiaHHUi. 

M acajiaH , A jiapohhht E * Ky3FajiraH caTXH C h a p o h h h t  

p-napHajiaHHiUHAaH (4.12- a p acM ), op6HTaji /C-3JieKTpoHHH 

lOTHUJAaH eKH IOKOPH X0JI3TA3H v-yTHiu Ty(J)aHJIH (4 .12- 6 

pacM) By>KyAra KejiCHH. ByHAa arap E * caTXHHHr y-HypJia- 

HHUI (fllliaill) BaKTH HApOHHHr MyXHTAa T0pM03JiaHHUl 

BaKTHAaH khmhk 6yjica, HypJiaHHiu xapanaTAarH HApo^a 103 
6epaAH. TenKH HApoJiapHHHHr Te3JiHKJiapn xap  xhjijihjihfhhh, 

TenKH HApojiap fiyHajiHiuH 6HjiaH KBaHTJiap flyHajiHUiH 

opacHAarn 6ypnaKJiapH H H r xap  xhjijihjihthhh XH Co6ra  oJicaK, 

Jlonnjiep 3(J»(j)eKTH xap xhji TOMOHra H0M0H0xp0MaTHK, 

Ma^bJiyM cneKTpaji TyTaMJiH raMMa-KBaHTJiap M HKHiunra ojih6 

KejiaAH: M  MaccaJiH Ba E * caTXJiH HApo v-KBaHT hhkhui 

ftyHajiHiUHra MaiiJiyM a  6yp^aK  opKajiH Te3JiHK 6HJiaH 

xapaKaTAa 6yjica, 6yHAa y KBaHTHHHr SHeprHHCH

6 yjiaAH.

H k k h h ™  x,aA v-KBaHT h h k h u ih  naftTHAarH TenKH 3HeprHH, 

yMHHMHCH —  TenKH M OM eHTHAa OJlHHraH Te3JlHK Ty4»aftjIH 

AonnjiepMa SH eprnH  y3rapHUiH . A r a p  H A po  Y "K B 3 h t  ftyHajiH- 

uiHAa x ap aK aT jiaH aeT raH  6yjica ( a  =  0 , c o s a  =  l) pe30HaHC

(4 .23 )

E E
UiapTH: -- - =  — K  A3H  HApOHHHr Te3JIHTHHH TOnHUI MyMKHH:
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OAaT/ia 6 y Te3 JiHK KynH SnjiaH ceKyHAHra 300— 500 MeTp-

HH TaiUKHJI 3T3AH .

4acT0TaJiap cneKTpn TyTaMHHHHr KeHrjinrHHH ahhkjialh 

y^yH y-KBaHT HApo flyHaJiHLUHra HHcSaTaH x,ap xhji, HCTajiraH 

6 ypnaK a  flyHajinuiHAa mhkhujh MyMKHHJinrHHH x,Hco6 ra 

ojicaK Ba pe30HaHc uiapTJiapHHH THKJiaui y^yH cyHrrn 

cfjopMyjiaAarH yMHHMH xaAHHHr HKKHra KynaflTHpHJiraH

MaKCHMaji KHfiMaTH 2E — —  hh aHHKJiacaK khAoh. ByHAa
C

K m„ — ojiahhth p-napMajiaHHiu, /(-KaMpaui eKH y-Hypjia- 

HHUiAa TenKH hapohhht oJiraH MaKCHMaji Te3JiHru KHftMaTH. 

p-napwajiaHHUiAa HeftTpHHO HOJib SHeprHH 6 HJiaH MHKKaHAarn-

Ha TenKH HApo 3 Hr KaTTa Te3 JiHKKa sra 6 yjiaAH:

moc r  ■= »rY 2 ’m0c

6yHAa — p-cneKTpHH MerapaBHft 3HeprHHCH, m0 —  ajieKT- 
poHHHHr t h h m  xojiaTAarH MaccacH (m0c2 =  0,511 MaB). 
lllyHAafi k h j i h 6 , |5-napMaJiaHHiuAaH x o c h j i  6yjiraH  HApo  

MyxHTAa ceKHHJiauiTHpHJiMaca (T0pM03JiaHMaca) MacTOTajiap 
TyTaMHHHHr cneKTpaJi KeHrjiHrn KyfiHAarHra TeHr 6yjiaAH :

M ~\ I  ̂ 2 > ^  2 '
M Y  moc moc

KyfiHAa 6a"b3H 6 eTa-napMajiaHyBMH HApojiapAa pe30HaHC 

UiapTH 6a>KapHJlHLUH MyMKHHJIHTH KeJlTHpHJITaH (4.3- >K3A- 

Baji).

4.3-* a jj b  a ji

Hab3H /3-iiap>ia;iai[yBqH Hjpojiap y>iyii Dp HHiir ^MHwaTjiapH

D , = 2 E ' ^ K ^ V + 2 -

SlMpo E , MaB /•;*, MaB D p 3 B A, 3B

24Na 1,390 1,368 8,6- 105 222 83

63Zn 1,400 0,960 3,3- 105 60 15,5

'9 4A u 0,957 0,411 0,59 • 105 6,1 0,91

P e 3 0 H a H C  aMajira o u i h u i h  yMyH D p > A  6yjiHiuH uiapT. 

KeJiTHpHJiraH HApojiapHH xaM M acH A a  6 y  uiapT 6a>KapHJiraH. 

X y A A H  LuyHAafi uiapoHT y-yTHUJAaH ojiahh p-napMajiaHHui 

3M ac , /C-i?aMpaui eKH y-yTHiu 6yjiraHAa x aM  103 6 ep aA H .
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HiipoJiap TeriKHCH Sy H Aa  y-HypjiapHHHr D y KeHTJiHKAarH 

jia cT a c H  ( T y T a m h ) iih  By> KyAra  k c j i t h p a A H :

/IV

D y= 2 E
1 Mc2

ByH^a hv\ — pe30HaHC comhjihhjh (eKH iothjihhjh) 3apyp 
SyjiraH 7 -KBaHTJiapAaH ojiahh KBaHTJiap eKH /(-KaMpaniAa 
MHKa/iHraH HeHTpnho 3Heprnhch. 

4.4.- >Ka/jBa.nAa 6 a t 3 H paAnoaKTHB napoJiap y^yH Z)vhhht 

KHHMaTJiapH KeJITHpHJiraH.

4.4- >k a  ii b a ./1 

Caij3n paAHoaKTHB n^pojiap yMyn Dy  iiHiir ^HHMaxjiapH

Hjipo hv\, M:)B E*, MaB Dy A, 3B

24Na 2,755 1,368 19 • 105 334 83

60Co 1,171 1,332 1,7 • 105 55 32

1 24st) 1,692 0,603 1,4- 105 17,5 3,2

P e 3 0 H a H C  uiapTH 6yHfla hv\>E*  Ba D y>  A 6yjiraHAa 

6a>KapHJiHUJHHH * n c o 6 r a  ojicaK, KejiTHpHjiraH HflpojiapHHHr 

X a M M a C H ^a  pe30H aH C  XO/JHCaCHHH Ky3aTHIU M yMKHH 3AH.

KejiTHpHJiraH >KaABajuiapfla H/ipojiap TenKH aHeprHHCH A 
h h  Konjiaui yqyH eTapjiH aapaxajia Karra 3KaHJiHrn K y p H H H 6  

T y p n 6A H . ByH/iaH TenKH H/ipojiapHHHHr MaKCHMaji Te3JiHKJia- 

pnra moc 3(J)(})eKTHb TeM nepaTypajiapH H H  a h h kjialli

M y M K H H :

2 El 
+  2 —,[(m;2)

< T  \ /  * V 1 \

V ‘  3(bd)/ fe-KaMpanj.v I 2 )
V  moc /

2 K

M 2 K

ByH/ia K  —  BojibUMaH /iohm hhch.

Moc TeMnepaTypajiap lOKopH/iarH waABajuiapAa kcjith- 

pHJiraH, yjiapHHHr KHHMaTJiapn« 105 rpa/iycjiapra TeHr. 

/I,eMaK, pe30HaHC xoAHcacHHH (})h3hk MaKca/jjiap/ia Ky3 aTHUi 

y^iyH MaH6 aHH HCHTHiu/iaH Kypa h a p o h h h t  TenKH 3HeprHHJia- 

pn/iaH (})OHAaJiaHHLu Ma^Kyji. PaBiuaHKH, \ap HKKajia x,oji/ja 

xaM pe30HaHC >KapaeHHH Kafl/j khjihiu aHHKJinrH caT^HHHr
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KeHrjinrn 6HJiaH 3Mac, 6ajiKH mh3hkhhht Xlonn/iep KeHrjiHrn 
SHjraH aHHKJiaHaflH.

X ,03HprH  3aMOH.ua HApojiapHHHr K,y3FaJiraH xojiaT xycycn- 

HTJiapHHH yp raH H iuA a  y-KBaHTJiapHHHr HApoJiapaa pe30HaHC  

COMHJIHIU eKH [OTHJTHIII XOflHCaCH KeHT K,yjIJiaHHJlMOK,Aa. B y  

ycjiy6jiapHH x a p  xhji BapnaHTJiapHHH HHaiia TaKOMHJiJiauiTH- 

P h 6 , y 3 O A  HHHT H ^p o  4>H3HKaCH HHCTHTyTHHHHT HAPO  

cneKTpocKonHHCH Jia6opaTopHHCH/ia  P . B . Bck>kohob Ba 

xoAHMJiapH HApo  Ky3raJiraH xoJiaTJiapHHHHr TypjiH kb b h t  

TaBCH(})JiapH (Hiuam  BaKTH, KeHrjinrH, caTXJiap opacHaarH 

3JieKTpoMarHHT yTH m jiapHHH r T a 6n a T H  Ba x o K a 3 o )H H  ypra- 

HHiuaa Kyn ioTyK,.iapra 3pnm /iH . y 3 6 e K  ojiHMJiapn rypyx,H 
(BeK>KOHOB B. 6.) H/ipOJiapHH yTa HDKOpH X,0JiaTJiapH 

T a 6 n a T H H n  y P r a HHiu HeflTpoH K a M p a m ^ a  M HKapHJiaAnraH 

y-HypjiapAaH (jjoftiiajiaHHm ycJiy^JiapHHH a p a T H m A H . B y  

yc.ny6jiap aap ojiapH H H r iokoph ( 8 — 10 MaB) SHeprHHJiH 

XOJiaTJiapn T a 6H aT H H H  Ba yjiap o p acH A arn  3JieKTpoMarHHT 

yTHm jiap  3xthm ojijihkji3Phhh ypraHHUiAa KyJi.TaHHJiMOKaa.

TaMMa- KBaHTJiapHH pe30HaHC coMHJiHmn 3KcnepnMeHTJia- 

pn epaaMHiia HeflTpHHOJiapHHHr cnnpajuiHrHHH xaM aHHKJiam  

M yMKHH. M a c a J ia H , (4 .23 ) (})opMyjiara acocaH  pe30HaHC 

coMHJiHm m ap T H  £\,cosa =  £  *. A r a p  HeflTpHHOHHHr 3HeprHHCH 

y-KBaHT SHeprHHcnra TeHr 6 yjica, yHiia pe30HaHC mapTH 

HeflTpHHOJiap flyHaJiHmnra KapaMa-KapmH, htjHH napoH H H r  

HyH ajiHm n  6 yflHMa M HKapnjiaeTraH y-KBaHTJiap yMyHTHHa 

6a>KapHJiaAH. U iy H H H r  yMyH pe30H aH C  coMHJiHmHH KaflA 

KHJinm HeflrpHHOJiap M HKaeTraH flyHajiHmHH aH H K Jiam ra  TeHr. 

By aca pe30H aH C  coMHJiaeTraH y-KBaHTJiapHH afljiaHMa 

KyT6jiaHHuiHHH yjiMam 6HjiaH HeflTpHHOHHHr cnnpajuiHrHHH 

aH H K Jiam ra  epaaM 6 epaflH.

M. TojibAxa^ep Ba 6omKa ojiHMjiapHHHr Ta>KpH6acHfla 
HeHTpHHo cnnpaJuiHrHHH aHHKJiam yMyH / n =  0 _  jih 'llEu

H30MepHHH l52Sm HH Ky3Faji-
Eu

4. 13- pacM. EBponHH-152 
H 3 0 M e p H H H H r  napqajiaHHiu cxeMa- 

CHHHHP 6 h P  K.HCMH.

raH 961 k s B  / " = 1 “  jih xojia- 

THra napMajiaHnmHflaH (})oflAa- 

jiaHHJiraH sah  (4 .13- p a c M ). 

Ila p M a jia H H m  c x e M a c H ^ a H  

KypHHHLHHMa, HeflTpHHOHHHr

sHeprHHCH 8 9 0  ksB l52Sm 

6hp hhm h  caTX  SHeprHHCH 

961 k s B  jxa\i 6 n p o 3  khmhk 

o y jiraH H aaH  yHHHr afljiaHMa 

KyT6jiaHHmn 1 0 0  %  aaH  6Hpo3 

K a M p o K  6yjiH m H  KepaK. TaM-
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M a- KBam viapHH cnHpajuiHTH M arHHT MaftAOH e p a a M H ^ a  

y jm aH raH . AfljiaHMa coMybmh Kyn M HK^opfla l52S m  HApojiapH- 

ra ara 3a h . CoMHJiraH 7 -KBaHTJiap N a J (T l)  KpHCTaJiJiapn 

e p ^ a M H A a  Kafi/i KHJiHHraH. Ta>KpH6afla pe30H aH C  coMHJia- 

eTraH Y-KBaHTJiapHHHr HHTeHCHBJIHTHHH M aTHHT MafiflOHHHHT 

fiyHaJiHUiHHH y3rapHUiH SHJiaH opTHS-KaMafiHuiH Ky3aTHJiraH. 

Ta> Kp n6a HaTH>KajiapH, x n c o 6jiapra acocjianraH , KyTHJiraHH- 

AeK HaTH>Kajiap 6ep4 H: v-KBaHTJiap cnHpajuiHrHHH HiuopacH , 

A eM aK , HefiTpHHO cnnpaJiJiHrHHH HUiopacH MaH<|)Hft, H tH H  

aHTHHeftTpHHo cnHpajuiHrHra KapaM a- KapuiH  6y.th6 m hkah.

Ta>KpH6 aJiap Y3<t>A H O M  jx.a P. B. Bck>kohob rypyxH/ia 

xaM yTKa3HJiraH sah.

4.7- §. M e c c 6 ayap 3 ({)(J)eKTH

M a 3 K y p  n a p a r p a ^ A a  TeMHp-57 h a p o c h h h h t  x,ojiaTjiapH 

Xochji 6yjiyBMH peaKUH HHH  K a p a 6  MHKaftjiHK («  6ejirHCH u a p o  

Ky3FaTHJiraH xojiaTAa 3K3hjihfhhh 6HJiAHpaAH). 57*Fe npnM 
napMajiaHHiu a aB p H  2 7 0  KyH 6yjiraH 57Co H ApocH HHHr 

K - K a M p a 6 ojihuih H3 TH>KacH/ia x,ochji 6yjia^H :

57Co +  £_ ->-57Fe +  v.

ByH /ia  raMMa- KBaHT 3HeprHHCHHHHr MaijJiyM Eo khcm h 

TenKH HaTH>KacH/ia ftyKOTHJiraHJiHrn c a 6a 6jin H /ipoaaH  Ey =  
=  Eo — AE  3HeprHHjiH raMMa- KBaHT yMH6 m hk3/ih . B n H o 6a- 

p H H , uiy raMMa- KBaHTHHHr y3H Ky3F3THJiM araH  57Fe h ap o c h h h  

HHa KaflTa Ky3FaTHJiraH xojiaTra KeJiTHpa oJiMafl/iH, MyHKH 

raMMa- KBaHT K)THJiaeTraHH/ia 4>aKaTrHHa 57Fe h ap o c h h h  

Ky3FaTHiu yMyH 14 ,4  k s B  rHHa 3M ac , 6aJiKH lOTaeTraH 

H/ipoHHHr oJiaAHraH TenKHCH yMyH x aM  SHeprHH cap(})JiaflAH. 

LUyHH Hr yMyH 6y pe30H aH C  iothjihui

£{ =  £o +  A£ =  £t +  2A£ (4.24)

3HeprHHJiH raMMa-KBaHTJiap TaijCHpHfla aMaJira o u i h p h j i h i u h  

MyM KHH . 3pKHH 3T0M  yMyH TenKH SHeprHHCH

& E = - -  ( 4 .2 5 )
2  M c2

6 y j ia A H .  B y H A a  E0 — K y 3 F a j i r a H  c a T X H H H r  3 H e p rH H C H ,  M  —  

TenKH HApoH HHr M a c c a c H ,  57F e  h h h t  H 3 0 M e p  caTX,H  yMyH £ o «  

«  14,4-103 3B. 2A£ =  3,8-10_8= 3 B . Ammo 2AE  SHeprHH 

eTHiuMOBMHJiHFH uiyHMaJiHK k h m h k  6yjiraHHra KapaM afl, 

lOTYBMHHHHr 6H p o p T a  HApOCH X,aM pe30H aH C  Ky3FaJIMaflflH.
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TaM M a- KBaHT  >KyAa Top  MHKapHiii Ba k jt h jih u j  KeHrjiHrnra 3ra 

GyjiraHJiHTH Ba 6 y  KeHrjiHK TenKHra  capcj)jiaHraH 3HeprHHflaH 

Kyn  M a p T a  k h m h k  S y j i r a H J iH T H A a H  r a M M a - H y p j i a p H H H r  pe30- 

H 3 HC C O M H JIH U IH  B a  IO TH J IH U IH  X a K H f la r H  M a c a j i a  y 3 0 K

M y A A aT ra n a  eHHJiMaft KeJUH  (4 .6- §  ra K a p a H r .)

1958 fiHJiaa HeMHC <J)H3HrH P . M eccoay sp  TenKH 3tb({>eKTH- 

hh fiyKOTHiu ywyH KpHCTajuiapra KiipHTHJim:. paAHoa:'THB 

HApoJiapHHHr napMaJiaHHiuHAaH (jKWAa^aHHUiH:7 ^aKJiH^) 

KHJiflH. B y  xoji^a aHMa nacT TeMnepaTypajiapAa T e n K H H i;  

SyTyH KpHCTajui Ka6yji KHJiaflH. KpHCTajui ajio^HAa HApo 

Maccajiapnra KaparaHAa (J)aBKyJiOAAa KaTTa Maccara ara 

6yjiraHjiHTH ca6a6jiH, MHKapHJiHiu Ba iothjihiu >KapaeHJiapHAa 

aMajiAa TenKHra SHeprHH capc|)JiaHMafiAH. flHrn atjxbeKT 

Kaui(j)HeTMHCH M ecc6ayapHH Hr 6 hphhmh Ta*p H 6a jiap H  °Ir 

Aa yTKa3HJiraH sah. BnpoK 6y  Taw pH6ajiapAa cneKTpaji mh3hk 

KeHrjiHTH r hhht yTHui 3HeprHHCH E0 ra HHc6aTH HHc6aTaH
p

* y A a  KaTTa M HKKaH  3AH.- — « 4 - 1 0 _ “ . 57Fe A a H  (})oftAaJia-
0

p

HHJiraHAa 1 0 -13 6yjiAH. M ecc6ay 3p  3({)(|)eKTH 57Fe yMyH
h0

yfi xapopaTHAa naM  Ky3aTHJiaAH. A rap  64* Z n  AaH ^oPm ana-  

HHjica, r / E 0 H H c6aTH H  1 0 -16 raMa eTKa3Hiu M yM KHH. B y  ycyji 

MacTOTajiapHH Ba m y  6HJiaH 6npra BaKTH H MOJieKyjinp 

reHepaTop CHHrapH lOKcaK aHHKJiHKKa ara 6yjiraH ac6o6ra  

KaparaHAa xaM  aHHKpoK yjinaiu h m k o h h h h  6epaAH.

X,03HprH 33MOH (})H3HKacHHHHr Kyn coxaJiapHAa MacTOTa- 

JiapHH M ec c 6a y 3p  3(})(J)eKTHAaH (})OHAajiaHH6 yjiMaui ycyjiH 

KeHr KyJiJiaHHJiMOKAa. M ecc6ay ap  3(})(})eKTHAaH (})OHAaJiaHH6, 

KaTop HApoJiapAaru raMMa-HypjiaHHUiHHHr yTa H 03H K  Ty3HJiH- 

UIH TeKIUHpHJIAH, KpHCTaJIJiapAaTH HMKH M aTHHT MaftAOHHHHT 

KaTTaJIHTH, Ky3F3THJiraH HAPO JCOJiaTJiapHHHHr KBaAPynOJIb 

6oFjiaHHUj KHfiMaTJiapH Ba MarHHT MOMeHTJiapu yjiMaHAH Ba x,. 

k. YMyM HH hhc6hhjihk Ha3apH«CHra Kypa rpaBHTauHOH 

MaHAOHAa CneKTpaJI MH3HKJiapHHHr CHJIJKHUJJiapHHH TeKIUH- 

pnuiAa M ecc6ay ap  3(})(})eKThhhhr KyjiJiaHHJinuiH ajio^HAa 

k h 3 h k h u i  yfiFOTAH. M acajiaH , Macca Ba 3HeprHH opacHAarn 
£

A f = —5- MyHoca6aTHH x,nco6ra ojiraH *ojiAa rpaBHTaunoH
c

MafiAOHAa x,apaKaTjiaHaeTraH 3appa SHeprHHCHHHHr y3rapn- 

iu h  yMyH

£ ( r ) = £ ( r „ ) — Acp (4 .2 6 )
c
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H(j)OAaHH e3aMH3. B y  e p a a  A(p =  cp(r) — <p(fo) —  rpaBHTau.H0H 

noTeHUHaji opn-HpMacH.

BepHJiraH H y K T a a arH  aH ep rn a  v HaeroTa  SHJiaH E =  hv 
MyHocaSaT opKajiH SoFJiaHraHJiHrHflaH, TeSpaHHiu nacTOTajia- 

pH opacHflarH SoFJiaHHiu

v ( r ) = v ( r 0) [ l - ^ ] ,  (4 .27 )

6 y  e p aa rH  v (r )  Ba v (r 0) Jiap r Ba r0 H yK TajiapaarH  

MacTOTajiapHH h(|)OAajiahah, noTeHU Hajuiap  aftnpMacH A(jp aca 

3a p p a H H H r  th h h  xoJiaTflarn M ac c a c n ra  6o fjihk  3M ac . E p a a r H  

noTeHUHaji KyeuiflarHra K a p a r a H A a  KaTTa (A q > > 0 )  6yjiraH- 

jihth ynyH  (4 .27 ) Hijtoaa, xycy caH , Kyeui cneKTpaji HH3HKJia- 

pHHHHr e p a a r n  Ky3aTyBH Hra H H c 6a T a H  kh3hji c h ji*h u ih  jxe6 
aTajiyBHH x,oaHcara ojih6 KejiaAH. By  3(J)(j)eKT yMyMHft 

HHc6nftjiHK H a3apH H C H H H H r  y ^T a  acocHii 3(})(})eKTHAaH 6npH- 

HH —  CneKTpajI 4H3HKJiapHHHr KH3HJI CHJIJKHIUHHH H3MOeH 

KHJiaAH. y  Ta> Kp H 6aaa  Kyn M ap T a  TeKUiHpHJiaAH Ba K,yeui 

CneKTpaJI HH3HKJiapHHHHr KH3HJI CHJimHUIH MaB>KyflJIHrH 

cy3CH3 TacAHKJiaHAH. B h p o k  6 n p  KaT o p  xajiaKHT 6epyBH H  

(})aKTopJiap 6 y  chji>khuihh m h k a o p h h  aHHKJiauira hm koh  

6e p M a A H . C H p H y c  ftyjiflouuiapHHHHr cneKTpjiapHaarH  kh3hji 

chji>khui TeKuiHpHJiraHaa, huiohhjih Ma^bJiyMOTJiap ojihhah.

By  3(})({)eKTHH EpHHHr cyH"bHft ftyjiAoiujiapHflaH 6npHaa 

aTOM coaTH ypHaTHiu fiyjiH 6HJiaH TeKiiiHpH6 KypHUi xaM  

t3kjih(}) KHJiHHraH 3ah. Hhx,oht, IlayHA sa P e 6Ka (1 9 59 ) yMy- 

MHft HHc6nftjiHK Ha3apHHCHAaH Kejin6 HHKaflHraH (4 .27 ) 4>op- 

MyjiaHH epaarH uiapoHTfla TeKiunpH6 KypHUira hmkoh 

6epaflHraH KJiaccHK Ta>KpH6a yTKa3AHJiap. Yjiap y3 Ta>KpH6a- 

JiapHHH TapBapa yHHBepcnTeTH (A K U I) (})H3HKa jia6opaTopHH- 

chhhht 6ajiaHAJiHrH 21 MeTp 6yjiraH MHHopacHHHHr HHHAa 

aMajira ouihphjiah. B y  MHHopa HHHfla Te6paHHUiJiapAaH 

KyTyjiHiu Ba 6np >khhcjih TeMnepaTypa xochji khjihlu MyMKHH 

6yjiflH.

Ta>KpH6aaa  Hyp aacTacn xaBo opKajiH yraeTraHaa 

3aH(})JiaHH6 KOJiMacJiHrn yqyH aTMOc(J)epa 6ocHMHaarH rejiHfi 

6HJiaH TyjiflHpHJiraH, njiacTMaccaAaH KHJiHHraH Ba AnaMeTpn 

40  cm 6yjiraH uhjihhaphk Tpy6aAaH <})OHaaJiaHHJiflH. TaM M a 

HypjiapHHHr M aH6an CH(})aTHAa TeMHp KpHCTajiH 6HJiaH 

6oFJiaHraH 57*F e  aapojiapHaaH (})OHAajiaHHJiaH. TeMHp Kpnc- 

TajiH 57Co hh 56Fe ra khphthui fiyjiH 6njiaH raJibBaHHK 

ycyjiAa TaftepjiaHAn. 57Co hhht HApojiapH K-KaMpaui fiyjiH 

6HJiaH Ky3FaTHJiraH 57*F e  azipojiapHra afijiaHaaH Ba 6apKa-
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pop 56Fe 6njiaH GuprannKjxa KpncTaJiHK naH>KapajiapHH x,ochji 

KHjiaAH. 57Fe HflpocHAaH MHKKaH raMMa-Hypjiap SajiaHAJiHrn 

h =  21 m SyjiraH Tpy6aAaH yTH6 , 57Fe hhht Ky3FaTHJiMaraH 

HApojiapHra ara SyjiraH TeMHp KpHCTajijiapHAaH HdopaT 

lOTyBHH MOAAara Tyuia/iH. lOTHJiraH raMMa-KBaHTJiapHHHr

hhc6hh cohh NaJ KpncTajiH Ba <})OTOKynaftTHprHMAaH 

Ty3HJiraH CU,HHTHJIJIHU,HH CMeTMHTH BOCHTaCHfla Kaftfl KHJIH- 

HaAH.

YMyMHH h h c 6 h h jih k  Ha3apHHCHra Kypa £ v —  SHeprHHJiH 

raMMa-KBaHTHHHr rpaBHTauHOH MaccacH m = —j  6yJiH6,
c

raMMa-KBaHT rpaBHTauHOH MaflflOH KyH MH3HKJiapn 6yftjia6 

x,apaKaT KHJiraH/ia, MacaJiaH, lOKopHflaH naerra thk xapa- 

KaTJiaHaeTraH epypjiHK HypHHHHr SHeprHHCH A E  =  m g H =  
=  (Ey/c2)gH  KHftMaTra opTH6 kojihuih KepaK. By epAa g —  

apKHH TyuiHm Te3JiaHHLUH Ba h epyjjiHK kb3hthhhhf 6och6 
yTraH  Maco<})acH.

opTaAH. Arap epyFjiHK k b 3 h t h  rpaBHTauHOH MaftAOHra 

TecKapn ftyHajiHuiAa (raKopHra) x,apaKaT KHJiaeTraH 6yjica, 

yHHHr MacTOTacH, aKCHHHa, roKopHAarH KHftMaTra KaMaHAH. 

HacTOTa KaMaftraHAa epyFjiHK TyjiKHHHHHHr y3yHJiHTH opTra- 

hh y^yH 6y xoAHca kh3hji chji>khuj Ae6 hom ojiraH. K,«3hji 

c h ji*h u ih h  yjmauira M aH6a Ba iotkhm cncjjaTHAa 26*Fe 
4>oftAajiaHHiuraH. By H30T0n yuyH 3HeprHHHHHr HHc6nft 

y 3rap H uiH  r / £ v« 3- 10 — 13. TaM M a- KBaHT  21 m 6ajiaHAJi«KHH 

yTraHAa 3HeprHHCHHHHr hhc6hS y3rapHUiH 2,5-10-15 hh 

TaLUKHJI 3T3AU. By 3Ca r/Ey KHHMaTHAaH T aX M H H 3H  103 MapTa 

K 3M . /le M a K , KH3HJI CHJI>KHUIHH Ce3HUI yMyH SHepTHHHH 1 0 _ 3 r  

a6cojnoT xaTOJiHK eKH r/Eytt  5-10 —16 hhc6hA xaTOJiHK 6HJiaH 

yjmaui 3apyp.

h =  21 m 6yjiraHAa, KHCKa TyjiKHHJiap TOMOHHra chji>khui 

3(})(j)eKTH

ra

6yjiHUiH KepaK . By Ta>KpH6ajiapAa  —  KaTTajiHKHH 57*FeKaTTajiHKHH 57*Fe

p
yqyH - ^- «3- 10_ '3 ra TeHr 6yjiraH raMMa HH3HKHHHr h h c 6 h h

KeHrjiHTHra eTKa3Hui uiapT 3Mac. UlyHH aftTHiu KepaKKH,



(4 .2 8 )  cjjopMyjia Gyftima 6 y  KaTTajihkjiap  / z ~ 3  km 6yjiraH4a- 

rHHa 6 n p  xhji T a p T H 6ra  sra 6y jiaaH . X aK H K a T fla  aca 

MHKapHJIHLU K eHT JIHrHH HHr  OpajlHFHAa eTraH MHKapHJlHLlI Ba 

KDTHJIHUJ HHTeHCHBJIHTHHHHr MaKCHM yM JiapHTa TyFpH KeJiyBMH 

MacTOTajiap h h c 6 h h  CHJi>KHLUHHHHr y3rapHiiiHHH Ta>KpH6aAa 

aHHKJiaui 3Hr M yxHM  XHCo6jraHaiiH.

MHKapHJiHHL MacTOTacHHH 6 n p  03 «y3rapT H pH LU » ynyH 

M a H 6a H H  lOTyBMnra K a p a 6  ( y < 0 )  eKH yH/iaH y30KJiaiuTHpH6 

( u > 0 )  > K y a .a  khmhk Te3JiHK 6njiaH  x a p a K a u ia H T H p H uj KepaK ; 

M a3K yp  Ta>KpH6a/iaH  u =  6 - 1 0 ” 4 c m /c . M e c c 6 a y 3 p  scfxjjeKTH- 

Aa  a c 6o 6 H H H r  /],onnjiep CHJi>KHUiHra H H c6aTaH  ce3rHpjiHrn 

LUyHMaJIHK KaTT3KH , X a T T O ~ 0 ,l  C M /C  TC3JIHK XaM  pe30H 3H CH H  

6 y 3 n 6  io6opHLLJH MyMKHH. LUyHH Hr ynyH  6ynflaft Ta>KpH6a- 

Jiapiia MOJieKyjiaJiapHHHr h c c h k ^ h k  x,apaKaTH/iarH Te6pa- 

HHUJJiapH HaTH>KaCH/ja MH3HKJ1H KCHraHHUJHHHHr 0JT/3.HHH 

ojihlli 3a p y p , MyHKH T e M n e p a T y paHHH r 1°C ra y3rapHUJH 

3(j)(})eKTHHHr y3H ra  TeHr 6yjiraH KeHraftHUj xochji KHJiaAH.

Kyn/iaJiaHr /JonnJiep 3(})(j)eKTH HaTH>KacH/i,a MacTOTa 

y 3 r a p n 6

6 yjiaAH. Arap rp aB H TauH H  chjj>khluh 6 yjiMaraH/ia 3/jh, 

iothjihlu M aKCHM yM H v =  0  xojira Typpn Kejiap Ba iothjjhuj 

arpH m h3hfh  v hh —  u ra aHJiaHTHpiuura H H c6aT aH  chm m ctphk  

6yjiap  3/jh. T p a B H T aU H H  Maft/joHHHHHr Tai.CHpH HaTH>KacH/ja 

IOTHJ1HLU 3rpH MH3HFH V HH —  B ra aJlMaLUTHpHLUra H H c6aTaH  

HOCHM M eTpHK 6yjiaAH . By HOCHMMeTpHKJlHKKa 6H H 0 a H  V Te3- 

JIHKHH Ba LUyHHHr/jeK, IOTHJIHLU M aKCHM yM HHH HT MaCT0T3CHHH 

aHHKJiam  M yM KHH 6yji/i,H. T p a B H T a u H H  H a3apH H C H ra  moc 

paBHLU/ja Ta>KpH6a 6HHa<j)iua TOM OHra chji>khui 6opjiHrHHH 

KypcaT/jH. M a H 6 a Ba Ky3aTyBMH y3 ypHHJiapHHH y 3a p o  

ajiMauiTHpraHJiapH/ja rp aB H T au H H  chji>khujh TecKapn  to- 

M OH Aa, H"bHH kh3hji paHr TOM OHAa  6yjiap  3/LH. Arap Ha3apnft 

CHJ1>KHUJHH (2 ,5  * 10 ~  *5) 6upJIHK CH(j)aTH/ia Kafiyjj KHJlCaK, 

Ta>KpH6a Ma"bjjyMOTjrapH 4  %  xaTOJiHK 6nj]aH yHH Tyjia 

Tac/jHKJiaft/iH, uiyHHHr yMyH

/ie6 e3Hiii M yM KHH 6yjia/jH. FlayH/j y3 Ta>KpH6acH/ia 

apHUiHJiraH aiiHKJiHKHH cyHrrH  3hh k jjhk  A e 6 XHCo6jiaMaftAH; 

6 Zn H/jpojiapH/jaH cj)oft/jajiaHHJiraH,fl.a aHHKJiHKHH (})0H3- 

HHHi' yH/iaH Ba x s t t o k h  K)3/iaH 6 u p  yjiywjiapHraM a eTKa- 

3HIJJ MVMKHH.

(4 .2 9 )

(4 .3 0 )
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4.8- §. H h k h  KOHBepcna sjieKTpoHjiapn

TaMMa-KBaHTHH HypjiaHTHpHLII, 3TOM H/I,pOCHHH OpTHK.43 

3HeprHH .uah o 3o a  KHjiHiura ojihS KeJiyBMH 6npAaH - 6H p  >KapaeH 

3MaC . H a p O H H H T  KyJlOH M aHAOHH X,aMMa Ky3raJlHLU 3HeprHHCH- 

HH 3TOM  SJieKTpOHHra 6epHlLIH XaM MyMKHH. 5 y  X,OJIAa HAPO 

acocHft x,ojiaTra y-kbbht HypjiaHTHpMac/iaH yiam, aTOM AaH  

aca hmkh KOHBepcHH ajieKTpoHH HHKapHjiaAH, HTjHH Ky3FajiraH 

HApoJiap y3 3HeprHHjiapHHHHr 6np  6yjiarHHH y-KBaHTJiapra, 

KOJiraH 6yjiarHHH aca 3tom  BJieKTpoHJiapnra Qepajw. B y  

x,oji,a,a Ky3rajiraH  HApojiapHHHr napHaJiaHHiiiH h hkh  KOHBep- 

CHH K03(J)(})HUHeHTH 6HJiaH XapaKTepjiaHaAH. HmKH KOHBepCHH 

SJieKTpOHJiapHHH C04HHI HApOHH OpTHK^a 3HepTHH/I,aH 0 3 0 A  

KHJIHUIHHHT KyLHHMM3 M eX3H H 3M H H H  TaUIKHJl 3TaAH . U lyH H H r  

y ^y H  HHKH KOHBepCHH K03(J)(})HUHeHTH 3JieKTpOHJiap COHH Ne 
h hh t  Ne-\-Ny Tyjia napM aJiaHHUUiap coHHra 3M ac , 6ajiKH 

OAaTAa oaahh y-KBaHTjiap 4HKapH6 yTaA«raH Ny napnajia- 

HHiiuiap coHHra HHc6aTHAaH aHHKJiaHaan:

Hapora  3Hr h k h h  K  3JieKTpoHra SHeprHHHH 6epnui sxthmojijih- 

rH K3TTapOK- JleKHH HHKH KOHBepCHH 3JieKTpOHJiapH 3MHCCHH- 

ch L, M  Ba x- k. 3tom  Ko6HKJiapHAaH 6yjiHuiH xaM MyMKHH.
A r a p  sjieKTpoHHHHr ek 6oFjiaHHai 3HeprHHCHHH haPohhht 

Ky3FajiHui 3HeprHHCH hv ra HHc6aTaH xnco6ra ojiMacaK (e*<C 

< C ^ v ) , H"bHH hv —  ek~hv  6yjica, y xoji^a hmkh KOHBepcHH 

K034«j)HUHeHTHHHHr T3KpH6nft KHftM3TH /(-Ko6HKAarH KOH- 

BepcHHAa >Ky(J)TJiHK 6yftHHa pyxcaT 3THJiraH yTHiu yHyH 

KyftHAarHHa 6yjiaAH:

3jieKTpoHJiapHHHr ao,po 6HJiaH cocj) 3JieKTp Ta"bCHpJiauiyBHH 

ynyH oJiHHraH xycyCHft xoJiAarn 6y  T3K Ph6hh  H(J)OAa 

KOHBepCHH K03(J)(J)HU,HeHTHHHHr HApO 3apHAHT3 Ba yTHUIHHHT 

SHeprHHCH xaMAa MyjibTHnojuiHrHra 6oFJiHKJiHrHHH KypcaTHin 

■ynyH KejiTHpnjiraH. KoHBepcHH K03cJ)(J)HUHeHTHHHHr Z ra 

6ofjihk paBHLUAa >Kyaa Te3 opTa 6ophuihhh Tyuiyhhlu ocoh. 

MyHKH Z  ycHiuH 6HJiaH HApo yjmaMH KaTTajiauiaAH Ba 

K- ko6hk paAHycH KHMHKJiauiaAH, 6yHHHr HaTH>KacHAa 

K-a^ieKTpoHJiapHHHr Ba HApo TyjiKHH (J)yHKUHHJiapHHHHr 

KonjiaHHLUH opTaAH. U ly  HyKTan Ha3apAaH 3tom Ko6HKJiapn

(4 .32 )
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H O M ep M H M H T  o p T H  LU H 6HJiaH  K O H B e p C H H  K03(})Cj)HLI.HeHTHHHHr 

KyMJIH KaMaHHLHH TyuiyHapjiHAHp.

3jieKTpoHJiapHHHr K, L, M  sa x,OKa30 KOHBepcHH

3\THMOJiJiHKJiapH y pT acH AarH  M y H o ca 6a T

Ka6n 6yjiaAH, HtHH 6y 3x,t h m o jijih k  HApo h k h h h a 3 3JieKTpoHHH 

TonHiu axTHMOJiJiHrn TapTH6HAa KaMaflH6 6opaAH. Tyjia h m k h  

KOHBepCHH K03(})(J)HU,HeHTH \ap XHJl 3JieKTpOHJiap KOHBepCHH 

K03C{)(flHUHeHTJiapHHHHr HHFHHAHCHA3H H6opaTI

SjieKTpOM aTHHT yTHUIHHHr MyjlbTHnOJlb T ap T H ^H  L HHHT 

opTHUiH 6 nJiaH HApoH HHr Ky3FajiraH xojiaTHAa raMMa-yTHUira 

HHc6 aTaH  HiLiam BaKTH opTaAH  Ba, A eM aK , KOHBepcHH ftyjiH 

6HJiaH yTHUI 3XTHMOJ1H Op T3AH . TaM M a- KBaHT SHeprHHCHHHHr 

OpTHlUH 6HJiaH HAPOHHHT 7 -yTHlLira H H C6aTaH  HUiaUI B3KTH 

Te3 K aM aH A H , uiyHHHr ywyH hmkh KOHBepcHH XHCcacn x aM  

KaMaHAH.

SjieKTpoH KOHBepcHHCH xoA H cacH  6HJiaH TaHHiuraM , y eKH 

6 y  H 30T0nH H H r  p-cneKTpHAa 6aij3aH  M0H0x p 0M aTHK ajieKTpoH- 

jiap rypyxH yM p a6  kojihlu c a 6 a 6 H H H  TyuiyHHui k h h h h  6yji- 

M 3HAH.

Hm KH KOHBepCHR XOAHCaCHAa HAPOHHHT Ky3FaJIHUI 3Hep- 

thhch 3JieKTpoHHHHr HApo  6HJiaH 6oFjiaHHuiHHH eHrHiura Ba 

yHHHr Ei KHHeTHK 3HeprHHCHra capcj) 6yjiaAH :

6y  epAa  e K, e L — aTOM HHHr TerniujiH Ko6HKJiapH AarH  

SJieKTpOHJiapHHHr 6oFJiaHHUI SHeprHHCH. H A p O H H H r  K,y3FaJlHUI 

3HeprHHCH Ba 3JieKTpOHHHHr SoFJiaHHLU SHepTHHCH (J)aKaT 

M yaHHH KHHM aTJiapra ara 6yjiraHJiHTH yMyH hmkh KOHBepcHH 

BaKTH Aa  3JieKTpoHJiapHHHr AHCKpeT 3HepreTHK cneKTpu xochji 

6yjiaAH . p-napMajiaHHUiHHHr hmkh KOHBepcHHAaH  acocHH 

(J)apKH x aM  M aH a  uiyHAa (4.14-p a c M ).

Hmkh KOHBepcHHAaH cyHr xapaKTepncTHK peHTreH HypH Ba 
onTHK cneKTpaji mh3hkhhht KaiiTa HypjiaHHUiH 6ouiJiaHaAH, 
MyHKH 3T0M KO^HFHAarH 3JieKTp0HAaH 6HpH HAPO HKHHHA3 
6yuiaraH woflra yTaAH, 6oUiKa 3JieKTpoH «komok» 3JieKTpoH 
ypHHra ytaah Ba x. k.

KhmhkZ(Z<20) Ba KaTTa Ky3FajiHui 3HeprHHjiapH (Ey^

X K >  k i >  X m. ..

a. —  a K-\-<xL-\-aM-\-.... (4.33)

(4.34)
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N(E)

E2+M1

E, K3B

4. 14- p a cM . 2<13Hg H 30T0riH H H H r y3JiyKCH3 (5- cneK- 

Tpn  Ba y H H H r  ycTH ra  T y m r a H  h ^ k h  K, L, M K O H B epcH n  

SJieKTpOHJiapHHHHT MOC CneKTpH MH3HKJiapH KyUIHJiraH 

p- CneKTpHHHHT KypHHHIUH (K3B).

> 2 , 5 M a B )  c o ^ a c H ^ a H  fiouiKa * a M M a  x,ojuiapAa h m k h  

KOHBepcHH K03(|)(|)HUHeHTH yjiwaiH y ^y H  erapjiH A a p a jK a ^ a  

KaTTa SyjiaAH. Baii3aH hv >Ky^a k h m h k  SyjiraHfla, aH H H K ca  

K3TT3 L  MyjIbTHnOJIJIHKJiap yqyH  HHKH KOHBepCHH K03(|)(|)HUH- 

eHTH iuyHAafi KaTTajiauiHfi KeTaAHKH, 6y H A a  y M y M aH  y-Hypjia- 

h h h j h h  naftKam  M yM KHH  SyjiMafl KOJiaAH. ByHAaft naftTJiap^a 

KepaKJlH Ma"bJiyMOT Ko6hKJiap /iarH  HMKH KOHBepCHH K03(j)({)H- 

UHeHTJiapHHH cojiHiiiTHpHui ftyjiH 6HjiaH ojiHHaflH. M a c a jia H ,

K o H B ep c H H  K03(J)(})HUHeHTJiapH opKajiH (4.35) h h  uiyHAaft

e3HUJ MyMKHH:

Arap SHeprHH HyKTan Ha3apHflaH /(-KOHBepcHH MyMKHH 

SyjiMaft KOJica, yHAa L  Ko6HKJiap K03({)(})HUHeHTJiapHHHHr 

HHc6aTH

H H c 6a T a H  vYTHUiHHHr Typura ce3rH pp oK . Kaftcn HHcSaTHHHr 
My^HMJIHTH HAPO  3ap H A H T a , MyjlbTHnOJIJIHKKa X a M A a  *y(})T-  

j ih k h h h t  y3rap H uiH ra  6 o f j i h k . U ly H A a ft  x,ojuiap x,aM 6yjia/ui-

K Ne(K)

L Ne(L) '
(4.35)

6yH.ua

Ne(L) — N e(L\) -\-Ne(L 2) N e(L$).
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KH, L KOHBepCHH L\, L2 Ba L3 K,o6HKJiapHHHr HKKHTaCHAarHHa 
6yjiH6 yTaAH. Xap xoJiAa 6yHAafl HHc6aTJiap Ha3apHH ftyjr 
6HJiaH Kynjia6 OJiHMJiap tomohha3h ,\Hco6jia6 MHKHJiraH.

Hapohhht Ky3FaJiHiii 3HeprHacn 2mc2=l,22  M^B AaH 
KaTTa 6yjica, y xo/iAa aapoHHHr KyjioH MaftAOHHAa btom 
HApOCHHHHT X,aMMa Ky3FaJIHUJ SHeprHHCHHH OJ1H6 KeTyBMH 
3JieKTp0H-n03HTp0H >Ky(j)TH (e~, e+ ) X,OCH.n 6yjlHLUH MyMKHH. 

3jieKTp0H- n03H Tp0H  >Ky(j)THHHHr X.OCHJI 6yjlHUIH Y-KBaHTHHHT 
aftjiaHHiUH 3Mac, 6ajiKH (})aKaT HApo Ky3FajiHiu SHeprHHCHHH 

HMKH SJieKTpOH KOHBepCHHCH >KapaeHHTa yxuia6 TaiUKH 

4>a3ora y33TyBMH KyuiHMMa >KapaeHAHp. ByHAaft >KapaeH 

3*THMOJIJIHrH y-KBaHT 3MHCCHHCH SXTHMOJIJlHTHra HHC6aTaH 

xap  aohm kh^hk: >Ky(})T x,ochji khjih6 napMajiaHHUi y-KBaHT 
comh6 yTa^HraH napMajiaHHUiHHHr~10 khcmhhh TauiKHJi 
3TaflH Ba Ky3rajiHiu SHeprHHCH opth6 6ophuih 6HJiaH 6y yjiyiu 
OpTH6 6 o p H 6 ~ 0 ,1 %  ra eTHLUH MyMKHH.

Hmkh KOHBepcHHra KapaMa-KapuiH yjiapoK, *y(})T x,ochji 
KHJ1h6 yTyBMH KOHBepCHH 3XTHMOJ1JIHTH HMKH KOHBepCHH 
x,oaHcacHra TecKapn paBHiuAa hapo 3apnAH Ba yTHiu 
MyJlbTHnOJIJlHTH OpTHUIH 6HJiaH K3M3H 6opaAH. >Ky<})T XOCHJl 
6yjiraHaa EM=frv — 2mc2 khhbthk 3HeprHH sjieKTpoH, no3HT- 
poH Ba TypTKH aTOM opacH^a TaKCHMJiaHaAH. Atom Maccacn 
KaTTa 6yjiraHH yMyH aenpjiH 6apMa SHeprHHHH ajieKTpoH Ba 
no3HTpoH ojih6 KeTa^H.

>Ky(})T xochji KHJiHui ftyjiH 6HJiaH 6yjin6 yTaAHraH hmkh 
KOHBepcHH xoAHcacHHH Ta>Kpn6aAa 6hphhmh 6yjin6 1934 Khji- 
Aa Maiuxyp coBeT (})H3HKjiapH A. H. AjinxaHOB Ba A. H. Ajih- 
xahhh Kaui(}) STaHJiap. LOy BaKTHHHr y3HAa 6y xoAHcaHH 
AKLU aa n. BjieKKeT xaMAa T. OKKHajiHHH xaM Ky3aTraH 3an. 
>Ky4>TJiHK xochji KHJiyBMH 3appajiap (e~, e+ ) hapohhht 
KyjioH MaftflOHH TatcHpHaa xap xhji 3HeprHH 6HJian mhkh6 
KeTa^H. By HHc6aTaH khmhk KyjioH TatcnpHHH xHCo6ra 
ojiMaraH^a 3JieKTpoH-no3HTpoH >Kytj)TH HOJiAaH MaKCHMaji

3HeprHH Em rana 6yjiraH AHana30HAarH Ba ± Ex ra HHc6a-

TaH CHMMeTpHK TyTaui SHeprHH cneKTpHra ara.

X.03HPTH BaKTAa HHKH KOHBepCHH K03(})(})HUHeHTJiapH HApO 
3apHAHHHHT HypjiaHHUl MyJlbTHnOJlJlHTH Ba SHepTHHCHHHHr 
xap xhji KHftMaTJiapH ynyH XHCo6jia6 HHKHJiraH Ba yjiap 
>KaABajuiapAa KejiTHpHJiaAH. Hapo cneKTpocKonHHcn ynyH 
HMKH KOHBepCHH K03(})(})HUHeHTJiapHHHHr XHCo6jiaHraH 
KHHMaTJiapn MyxHM axaMHHT Kac6 3T3Ah. yjiapHH Ta>KpH6aAa 
ojiHHraH KHftMaTJiap 6HJiaH cojihuithph6, HypjiaHHiu Ta6HaTH 
aHHKJiaH3AH. Xo3Hp HMKH KOHBepCHH K03(})(})HUHeHTJiapHHH
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IOKOPH 3HHKJIHK SHJiaH yjIHaiU HMKOHHHTJiapHHH SepyBMH 

ra M M a  Ba 6 eTa- cneKTpoMeTpjiap Karntj) 3THJiraH.

flApoHHHr acocHH  x.aMAa Ky3FajiraH  xoJiaTJiapHHHHr 

cnHHJiapn HOJira TeHr 6yjica (/, =  / f =  0 ) ,  MOMeHTJiapHHHr 

caKJiaHHUi KOH yH H ra  MyBO(j)HK 6htt3  raMMa-KBaHTHHHr 

MHKapHJlHUIH M 3H  STHJiraH, HKKHT3CHHH M HKapHIU  3XTHMOJIJIH- 

th aca wy/ia khm hk. ByHAaft BaKTJiap^a HapoHHHr acocHH 

);ojiaTra yTHiun (})aKaT K O H B ep cns  3JieKTpoHJiapH MHKapHiu 

fiyjiH 6nJiaH 6yjiaAH. B y  yTHuuiap H/ipo cneKTpocKoriHHCHAa 

MononoAb yrutuAap a e6  a ja jiH S , yHH TaflKHK khjihui M y ^H M  

Macajia XHcoSjiaHaaH. MoHonojib yTHiujiapaarH wy(})T koh- 

BepCHHHHHT SXTHMOJIJlHrH y 3 C C P  O A  flApO (})H3HKaCH 

HHCTHTyTH H/ipo cneKTpocKonHHCH Jia6opaTopHHCHHHHr XO- 

AHMJiapH TOMOHHflaH XHCoSjiaHraH.

4.9- §. H30Mep nAponap

K y p n S  yTraHHMH3AeK (4.3- § ), b t o m  H/ipoJiapHHHHr 

Ky3FajiraH xojiaTHHHHr raMMa-KBaHTJiapra HHc6aTaH Hiuaui 

BaKTH HflpoHHHr flacTJiaSKH (HypjiaHryHHa) Ba cyHrrn 

)t0JiaTJiap SHeprHHJiapH (}>apKH Ba c iihh  afiupMacHra S o f j ih k .

(4 .1 ) ra acocaH (4 .4 ) Ba (4 .5 ) 4>opMyjiaJiapHH E yTHiu 

SHeprHHJiapn opKajiH H(j)OflajiacaK, caTX,JiapHHHr nuiaiu 

BaKTJiapn EL xhji yTHUiJiap ynyH

_ 2L
T(EL)~E~i2L+,)A (4 .37 )

ML xhji yTHiujiap yqyH
- 2 L - 2

T(M L)~E~i2l+i)A 3 (4 .38 )

4)opMyjia opKaJiH H(})OflajiaHaAH. ByH/ia A hapohhht MaccacH
_ J

cohh (R =  ro’A  3) .  UlyHHHr ynyH aTOM hapochhhht H30Me- 

Phhch acocHH Ba nacTKH Ky3FajiraH xojiaTJiapHHHHr cnHHJiapn 

w y/ia naTTa (j)apK khjiybhh btom aapojiapHfla KeHr Tap- 

KaJiraH.

TafiHHH pa/w oaKTHB  OHJiajiapHHHr 6eTa-napHajiaHHuiH 

BaKTHAa 234T h  aaa 23+P a  ^ochji 6yjia/iH. ByHflafi napnajiaHHUi 

BaKTHAa 234P a  6njiaH 6nprajiHKfla 6a"b3Hfla Ky3FajiHiu 

SHeprHHCH 0 ,4  M a B  ra hkhh  SyjiraH 234P a  H30T0nHHHHr HH3 

6ouiKa Ky3FajiraH * 0JiaTH xaM  kochji 6yjiaflH. 234P a  

H30T0nHHHHr p _ -eMHpHJiHUiHra HHc6aTaH HpHM napMajiaHHiu 

AaBpH 6 ,7  coaT 6yjiH6, Ky3FajiraH 6eTa-paAHoaKTHB H/ipo
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x,oJiaTHHHHr npHM napMaJiaHHm AaBpn aca CouiKaHa —  

1,22 mhh ra TeHr. UJyHHHr yqyH 1921 fiHJi/ia O . TaH 

TOMOHHA3H aHHKJiaHTaH 234P a  HHHT Ky3FaJiraH X,OJiaTH 

MyCTO,K,UA U30Mep HOMHHH OJIAH. 3apHfl Ba MaCCa COHJiapH;6Hp 

xhji 6yjiH6, paAHoaKTHB napyajiaHHui MexaHH3MH Ba Te3JinrH 

TypJiHMa 6yjiraH aApojiapHHHr MaBJKyAJiHK xoAHcacn Hflpo 

H30MepHHCHHHHr MHCOJIHflHp.

BnpoK  Ta6HHH paAHoaKTHB H30T0nJiap opacHAa 234P a  

H30MepH aroH a  m h c oji *H C o6jiaH aA H . g y  ^OAHcaHHHr xycycHH- 

t h h h  ypraHHiu 1935 HHJiaa 79Br  h /x p o c h h h h t  HefiTpoHHH 

lOTHiiiHAaH x oc h ji 6yjia/m raH 80Br  pa/iHoaKTHB H30Mepn 

ojiHHraHHAaH cyHrrHHa KeHr Tyc ojih6  k c t /i h .

H .  B . Kyp^aTOB  Ba yHHHr xoAHMJiapH 6poMHHHr Ta6HHfi 

79B r  Ba 81 B r  H30T0njiapH apajiauiMacHaaH a-aKTHB 80Br  Ba 

82B r  H30T0 njiapHHH Tafiepjia6, yjiap^a yw xhji —  17,6  m h h ,

4 .5 8  Ba 34  coaTJiH npHM napMaJiaHHUi .aaBpra TeHr 6yjiraH 

p-napMajiaHHUiHH aHHKJia/iHJiap. CyH rpa  B r  Ba 81B r  hh 

raMMa-KBaHTjiap 6HjiaH 60M6ap/iHM0 H khjih6,

78B r - ^  78Se  

80Br-^—  80K r

p-aKTHB H30T0njiap ojih u i/xh . ByHAa 6 ,4  m h h , 17,6  m h h  xaM/ia

4 .5 8  coaT /laBpjiH pa/iHoaKTHbjihk toiihji/ih. HKKaJia T a * p n 6 a  

H3TH>KajiapHHH cojihiiithph6 KypH6, 17,6 MHH Ba 4 ,5 8  coaTJiH 

HpnM napMajiaHHiu aaBpjiapH 80B r  H30T0nHra TerHiuJiH 

SKaHJiHTHHH naHKaui khhhh 3Mac. UlyHAaH k h j ih 6 , 80B r  

H/ipOCH HKKH XHJI H30Mep —  aCOCHH Ba y30K  HUIOBMH 

Ky3FajiraH xoJiaTJiap/ia 6yjiap 3K3 h  (3.3- pacMra k .)

80mBr H30T0I1HHH XOCHJl KHJlyBMH H/ipO peaKUHHCH 

H aTH*acH /ia  Hflpo 3.3- pacM/ia KypcaTHJiraH/ieK acocHH 

XOJiaTAa §kh 85  ksB  3HeprHHJiH Ky3FajiraH xoJiaTAa B y *y A r a  

KeJIHUIH MyMKHH. B y  XOJiaTHHHr MOMeHTH aCOCHH XOJiaT 

MOMeHTHAaH w h /w h h  <|)apK KHJiraHH ca6a6jiH acocHfi xojiarra 

^THIII aXTHMOJlJlHTH KHMHK. ACOCHH XOJiaTJW *°Br  H/ipOCH

17,6 m h h  /iaBp 6HJiaH napwaJiaHaAH. A m m o  6y  acocnfi 

XOJiaTHHHr y3H 5 _  cnHHJiH Ky3FajiraH xoJiaTHHHr 4 ,5  coaTra 

TeHr HpHM napMaJiaHHui /iaBpH 6HJiaH ^5~ ) M 3  (2~) 
M 1  ( 1 _ ) KacKa/iJiH raMMa-HypJiaHHiUH oKH6atH/ia coflHp 

6yjiaAH. 4.15- pacMHHHr TaxJiHJiH yKyBHnra xaBOJia k h j ih - 

Ha/iH.

JlHa 6 h p  m h c o j i . A c o c h h  xoJiaT/ia 6apK apop  6yjiraH H/jpo 

H30MepjiapH/iaH 6 h p h  raMMa-KBaHT HHKapniii fiyjiH 6njiaH

I 6  P. BeKJKOHOB.



I50K3I

4. 15- p a cM . 85Kr H30Mep 

4,5 coaiviH  Ba 10,8 hhjijihk 
caTXJiapHHHHr napMaJiaHHum
(ksB).

6ap K ap op jiaH H iu H H H  K y p n 6  yTafl- 

jihk. B y H r a  87S r  H 30M ep  caTX,H- 

h hh t  napHa/iaHHiiiH mhcoji 6yjia 

ojiaAH. H30Mep x,ojiaTaa K- KaM- 
p au i fiyjiH 6 H Jia H  87S r  

(4 .1 6 - p ac M ) 87R b  HApocnra  

afijiaHaAH. A m m o  py6HAHfiHHHr 

acocnfi xojiaT SHeprnHCH CTpoH- 

unfiHHHr acocHfi xoJiaT SHeprna- 

CHAaH K)KopH 6yjiraHJiHTH yqyH 

8 “ - napMajiaHHiu fiyjiH 6HJiaH 

R b  HHa 87S r  ra afijiaHaAH. 87R b  

acocHfi xojiaTH 6HJiaH 87S r  H30- 

Mep X,0JI3THHHHr CnHHJiap (|)apKH 

khmhk 6yjiraHJiHrHflaH, 6 y H A a  y- KBaHT MHKapniii fiyjiH 6HJiaH 

K- K aM p au i >KapaeHH p a K o 6 a T a a  6yjiaaH . ByHAafi napMajia- 

hhlu x,ap 6 n p  yTHLUfla HefiTpHHO MHKapnui 6HJiaH Ky3aTHJiaAH.

{95In  \aM H 30M ep  h a p o a h p  (4 .1 7 - p a c M ) . Y h h h t  acocHfi 

xojiaTHHHHr x ap aK T ep n cT H K acH  r  =  9 /2 + , 6hp hhm h  caTX  

SHeprHHCH khmhk —  3 3 5  k s B  ( l / 2 ~ ) .  LLIyHHHr ynyH 6y  

caTXJiap o p ac H A a rn  raMMa-yTHiu MA  Ta6HaTJiH 6yjiH 6, (4 .3 8 )  

(})opMyjiara acocaH  Karbnfi m bh 3THJiraH: T (335 k s B , M 4 )  =  

=  14 ,4  coaT.

By H 30M ep  caTXHH  TeKuinpHui ynyH  k o 6 h k  MOAejiAa 495In 

hhhi' npoTOHjiap cohh  cexpjiH npoTOH  cohh  5 0  A aH  6HTTara  

K 3 M SKaHJIHTHHH, H"bHH npOTOH «TeiUHK» 6opJIHTHHH 3CJiaLU 

kh(})oh. IlpoTOH  TeuiHK acocHfi xojiaTAa 2 p i /2, Ky3rajiraH

XOJiaTAa 3ca  l g 9/2 c 3 t x h h  arajuiaflAH. LLIyHAafi k h j i h 6 ,

H 30M ep H H  XOAHCaCH aCOCHfi XOJiaT H K H H H A a  X a p a K a T  M HKAOpH 

MOMeHTH acocHfi xoJiaTHHKHAaH 6 h p  Hena h 6HpjiHKKa (})apK 

KHJiyBMH caTX  MaBwyA-nnrHra 6o fjih k ah p . Y M y M a H  ojiraHAa, 

HApo H30MepjiapH ^jieMeHTjiapHHHr AaBpnfi CHCTeMacHAa 

TeKHC TapKajiraH  3M ac.

4.16- p a c M . 87Sr 
aa po H H H r  H3 0 Mep caT- 

x,hhhht nap^aJiaHH-  

iuh (ksB).
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KynMHjiHK H 30M ep  caTX,jiap 

3T 0M  HOM epH Z Ba HeHTpOH 

coHJiapn N  cex,pJiH coHJiap 50, 
82 Ba 126 /i.aH o jiahhpok  

KejiaAHraH HApoJiapAa Kyn  yw- 

paflAH (4.18-p a c M ) . >KyMJia- 

AaH, |fRb49 (N =  49), il'Te79 
(N =  79 cexpJiH 82 ra h k h h ) .  

so9Hg (SyH^a Z =  80 cexpjrn

595
}jf

MU

5/2- 

' Vt ficoam

■ 9/2+

49
In

4 .17- pacM. ll5Jn  H3OT0nH- 

hhht H30Mep caTXHHHHr napMaJia- 
n «  \ „ „ „  HHUIH (ksB).
82 ra h k h h ) Ba xoKa30Jiap

W30Mep xoJiaTJiapra ara. By xycycHHTHH k o 6h k  MoaeJib 

acocH^a TyuiyHHHi M yM KHH . X aK H K aT aH  xaM, H/ipo KoSHKJia- 

pw TyjiAHpHJiHui ojiAHAaH acocHfl xojiaTra h k h h  >KofljiaiuraH 

MOMeHTH KaTTa SyjiraH SHeprHH  caTXJiapn naflflo SyjiHiiiHHH 

XHCo6jia6 mhkhui k h h h h  3M ac . M a c a jia H , 50 hykjiohjih 

Ko6HKa,aH  ojiahh lg9/2 80 jih K o 6 H K a a H  ojiahh lA11/2 Ba 126

jih Ko6HKiiaH ojiahh h ' 13/2 Ka6H * y A a  KaTTa cnHHJiH hhth

4.18-pacM. Y3ok BaKT hhjobmh M a c c a  cohh (A ) tok SyjiraH H30Mep- 

JlapHHHP TOK COHJIH HyKJIOHJiap (Z eKH N —  TOK) COHHra MOC TaKCHMOTH.
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caTjyiapHHHr aftHHKca, tok  hykjiohjih H/ipojiap,o,a naftao 

SyjiHUJH cnHHJiap 4>apKH A/ hhht opthhjh, caTXJiap SHeprHH- 

jiapn (JiapKHHHHr KaMaftHUJHra ojih6  Kejia/iH:

3 9 < t o k  N  eKH Z <  4 9  ( 3 p ,/2 Ba 5g g/2 caTXJiap), 

6 9 < t o k  y v < 8 1  (3S|/2, 4 d 1/2 sa 6 h u/2 caTXJiap), 

1 1 1 < t o k  jV s ^1 2 5  (4/7,/2, 4 p 3/2, 5 / 5/2 Ba 7z' , 3/2 caTX^iap)

EHrH.fi H/ipojiap/ia H30Mep xoJiaTjiapHHHr 6 yjiMacjiHrHra 

ca6 a 6  —  I Ba III Ko6 HKuarH 1 s ,/2, 2 p i /2 Ba p3/2 xojiauiap

opajiHFH/iarH yTHuiJiapaa cnHHJiapHHHr 6 npAaH KaTTa 3Mac- 

JIHTHAHp. III KO^HKKa MOC KeJiyBMH 2s; |/2, 3 ^ 3/2 Ba 3 d 5/2

XOJiaTJiap opacHAarn cnHHJiap <J)apKH hkkha3h  KaTTa 3Mac. 

LLIyHHHr yqyH II Ba III Ko6 HKJiapHHHr Tyji/mpHJia 6 omjiaHH- 

uiHAa * y A a  KaM bbkt hhjobmh H30Mep xoJiaTjiap By>Kyara 

Kejia/iH.

H 30M ep  xoJiaTjiap, aftHHKca, IV  Ba V  Ko6 HKnapHHHr 

3p 1/2 Ba 5g9/2 xoJiaTJiapn TyjiaTHJia 6 ouuiaHHm HAa By>KyAra

KejiaAH. OjiAHHrH TypTajia Ko6 HKAa 28  HyKJioH >Koft- 

JiamraHJiHTH, 3p3/2 xojiaT/ia 4 Ba 4 / 5/2 Ra 6  Ta HyKJioH

6 yjiraHjiHrHaaH, 3 p 1/2 xojiaTHHHr TyjiAHpHJiHmn 39  3appaaaH

6 omjiaHaAH. HKKa 3appajiH Mo/iejira Kypa 30  Ta HeflTpoHJiH 

eKH npoTOHjiH Hapojiapaa xojiaTJiap >KycJ)TJiHrHHHHr x,ap 

XHJiJiHrH/iaH, M4- raMMa-yTHmjiap pyft 6 epHiuH KepaK. 

XaK H K aTaH  xaM , 39  Ta npoTOHJiH eKH 39  Ta HeftTpoHjiH 39Y, 

39Y , 39Y, b9Z n 39 Ba 7lG e 39 Ka6 n HApoJi,apAa M 4  XHJi/iarH 

yTnm ra ara 6 yjiraH H30Mep xoJiaTJiap 6 opjiHTH MatJiyM.

39  TaaaH  50  Tarana npoTon eKH HeftTpoH 6 yjiraH 

HapojiapAa xaM  H30Mep xoJiaTJiap Ky3aTHJiHLUH KepaK. 

XaKHKaTflaH, 6 y H/ipoJiap 6hphh4h  H30Mepjiap «opoJi» hhh 

TamKHJI 3THHIH. 4.18- paCMAaH KypHHH6  TypH6 /lH. V I  ko 6 hk- 

hhht Tyji/iHpHJiHmH/ia 6 h u/2, 3 s , /2 Ba 4d [/2 X 0JiaTJiapHHHr

y3apo h k h h  >KofijiamraHJiHrHAaH H30Mep X0JiaTJiap By>Ky/ira 

Kejia/iH. By  rypyxra KHpyBHH H30Mepjiap h k k h h m h  H30Mep 

«OpOJIH» HH TaiUKHJI 3Ta/lH.

7/|3/2, 4 p , /2, 4 p 3/2 Ba 5fb/2 xoJiaTJiap hkhh >KoftjiamraHJiH-

THaaH V II  ko6 hk TyjianpHmH/ia xaM  H30Mep xoJiaTJiap naftao 

6 yjiaan. CyHrrH yH Shji Mo6 afiHH/ia H30Mep xojiaTJiapHHHr 

HHTH TypjiapH TOnHJIAH. " ^ C d  H/ipOCHHH K ap a 6  MHK3MH3; 

yHHHT TOK HefiTpOHH —  OJITMHLU 6 emHHMH HefiTpOH aCOCHH 

XOJiaT CnHHHHHHT 3KCnepHMeHT3JI KHHM3TH /  = 1 / 2  6 HJI8 H MOC
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KejiHLLiH yqyH 3 S  i/]2 xojiaTAa SyjiHLUH KepaK. LUy k o S h k h h h t

y3H/ia SouJKa MyMKHH oyjiraH TyjiAHpHJiMaraH xojiaTJiap KyftH 

>KoftjLaLuraH 2 d i/2 Ba 1 h u/2 caTX,jiap Syjica KepaK. A r a p

S h p h h h h  Ky3FajiraH caTX, 1 h u/2 Syjica, y x,oji/ia acocnft

x,ojiaTra y- yTHiu h u / r -*-sl/2 (cnHHJLap (papKH A /  =  5; >Kyc})T- 

jihk y ^rap a /iH ) E5- yTHiu/iaH H S o p a T  6yjiH 6, >Ky/i,a KaTTa 

HiuaLU BaKTHra 3ra 6yjia/iH. Ta> KpH6a/ia  Ky3aTHJia/iHraH 

1 l3mC d  H30M ep  yqyH 7 = 1 4  Bhji; y acocaH  p- napqajiaHa/iH . 

MIC d  H/ipocH/ia x aM  oji/LHHTHra y x iu a w  M a H 3a p a  Ky33TH-

, 1
Jia/iH: acocHH  x,ojiaTHHHr cnHHH /  =  —  Ba ojitmhlu ywHHMH 

HeftTpoH 3 S | /2 xojiaT/ia >KoftjiawraH. 1 h u/2 caTx acocnft

x,ojiaT/iaH 0 ,3 96  M a B  iokoph *oftjiawraH Ba yhhht hphm 

napMajiaHHiu /laBpn 49  mhh ra TeHr. y- yTHW Typpn acocHft 

x,ojiaTra 6yjiMaft, yH/iaH 0 ,247  M a B  i o k o p h  erraH 2 d 5/2opa-

jihk xojiaTra 6yjiHWH Ky3aTHJia/iH; /ieMaK, cnHHJiap (})apK.H 

A /  =  3 ; xa (>Kyc})TJiHK y3rapa/iH), mjHH 6y  £ 3 - yTHw/iHp. 

2 d 5/2 caTX, y3 HaB6aTHAa acocnft x,0JiaTra napMajiaHa/iH; 6y 

y T H w  yMyH. A /  =  2; ftyK (*yc})TJiHK y3rap M aft/iH ), 3KcnepH- 

MeHTaji HpHM  n ap M ajiaH H w  naBpn 6 y E2- y T H W  yMyH 

8 -1 0 -8 c ra TeHr.

HeftTpoH coHJiapn 63  /i,aH 81 raMa 6yjiraH 4g 'C d  Ba 567B a  

opajiHFH/iarH Kyn MHKAop/tarH >Ky<})T-TOK H30MepjiapHH xy/iAH 

IOKOpH/iarH/ieK TyW yHTHpHW  MyMKHH. KynMHJIHK >Ky(})TJiap- 

hhht lOKopH x,ojiaTH \ hu/2 6yjia/iH Ba 6yHra moc H30Mep

y TH W jiap  /xenpjiH * a M M a  b b k t  h u / r ^ d 3/2 6yjia/iH, A /  =  4; 

\a (>Kyij)TJiHK y 3 r a p n 6  T y p a /iH ) ; wyH/iaft khjih6, 6 y  H30M ep  

yTH W Jiap  M 4 - 6 y j in 6 , Af 1 - y T H w  ( d 3/2- +si/2) hw T H p oK H /ia

Ky3aTHJia/i,H. >Kyc})T-TOK H/ipoJiapAa, MacajiaH, 785Pt, 787Pt, 

8o7H g ,  8o9H g  Ba 827P b  KeftHHTH HeftTpoH Ko6HKJiapH (82  nan 

126 raMa) khcmbh TyjiAnpnjia 6owjiaHraHAa, y30K  hwobmh 

H30Mep caT^H, oAaTAa, 1113/2 6yjiaAH Ba il3/2-+fs/2 yTHWJiap

M 4- THnaa pyft 6epaAH. M 4-  H30Mep yTHwjiapHHHr 6 o w K a  

rypy^H, tok  HyKJioHJiap cohh 50  AaH khmhk 6yjiraH cox,aAa 

gg/2 Ba p U2 caTX,Jiap opajiHFHAa naftAO 6yjiaAH- Ce3HJiapjiH

MHKAOpAa TOK-TOK H30MepJiap M3B>KyA, SHpOK HKKH HyKJlOH- 

JIH XOJiaTJiapHHHT KOHC})HrypaUHHCHHH aH H K JiaW  k h A h h  

6yjiraHJiHFH ca6a6jiH, 6y H30MepjiapHH OAaTAarn Ma-bJiyM 

ycyjuiap 6HJiaH cHH(})jiapra a>KpaTH6 6yjiMaftAH. LLJyHHHrAeK,
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6 n p  HeMa >Kyaa KH3HK.napn >Kyc})T->Ky(})T H30M epjiap  6op . 

Y jiapH H H r 6 h p h  yMyH ^ G e  (x  =  3 - 1 0 “ 7c, £  =  0 ,6 9  M a B )  

acocHH Ba 6npHHMH Ky3FajiraH xojiaTJiap^a In =  0 + ’, 

0->-0 TH n A ara  yTHiu oiyHAafi k h .i h 6 , yTHiu 3HeprHHCHHHHr 

aHMa KaTTa 6yjiHiiiHra KapaM afi, 6yTyHJiafi h m k h  ajieKTpoH 

KOHBepcHHCH H yp jiaHHW H  x,Hco6nra pyfi 6e p a A H  ( ( 4 . 6 )  t b h - 

Jiaiu KOH/iacHra 6 H H o a H ) . K y n r H H a  >Ky(})T->Ky(}>T H30M epjiap  

>Ky^a k h m h k  Huiaui B aKTH ra ara ; a>Kofin6 HCTHCHOJiapAaH 

6npH H/jpocH (T =  5 ,5  coaT).

4 .10- § . M o H o n o jib  yTHUijiap

lOKopHAa KypraHHMH3/jeK, hapo /, chhhjih x,ojiaTflaH /, 

cnHHJiH xojiaTra yTraHAa HypjiaHaflnraH y- KBaHTHHHr Myjib- 

THnojuiHrH KyftHAarn Tai^Jiaui KOH/jacHra 6yficyHa/jH:

|/,— / , | < A <  |/,- +  / , |.

B y  lUapT/jaH K y pH H H 6  TypH6iJHKH, HApO CnHHH HOJJb ( / , =  

=  0) 6yjiraH 6np xojiaTAaH cnHHH HOJib (/, =  0) 6yjiraH 

HKKHHMH XOJiaTra 6HTTa KB3HT MHKapu6 yTHUIH MyMKHH 3MaC,

MyHKH KBaHTHHHr xapaKaT MOMeHTH L 6HpijaH khmhk 6yjia 

OJIMafiAH. flApOHHHT 6 0 UJJiaHFHM Ba CyHTrH XOJiaTJiapH 

cnHHJiapu / , —  / ,  =  0 6yjiraH yTHUijiap 0 — 0 eKH MononoAb 

yruiuAap homh 6ujiaH Mauixyp. 0 — 0 yTHuuiapAa 6HTTa 

y- kb3ht HypjiaHHiu MyTJiaKO TaKHKJiaHraH. JleKHH aTOM 

Ko6HKJiapHAarH 3JieKTpoHJiapAaH 6npH HApo HMHra KHpn6 

KOJica, HApo 6HJiaH ajieKTpoH y3apo TatcnpAa 6yjiHiuH Ba

0— 0 yTHIIJJiap KOHBepcHH 3JieKTpoHJiapH M HKapniu  fiyjiH 

6HJiaH yTHUlH MyMKHH.

0 — 0 yTHiujiap >Ky(})TJiHrH y3rapaAHraH (EO- yTHiujiap) 

Ba y3rapMafiAHraH (MO- yTHuuiap) yTHiujiapra 6yjiHHaAH- 

flApOHHHr yTHLU XOJiaTJiapHHHHT >Ky(})TJlHKJiapH 6hp xhji 

6yjiraHAarH MOHonoJib yTHuuiapAa y- kb3htch3, (})aKaT 

KOHBepcHOH sjieKTpoHJiap HypjiaHHUiH Ky3aTHJiaAH. A rap

0— 0 yTHiujiapAa, X0JiaTJiap >Ky(})TJiHrH xap  xhji 6yjica, ht>hh 

y3rapca, HApo opTHKMa SHeprHHCHAaH 6HTTa kb3ht eKH 6HTTa 

3JieKTpoH MHKapHiu fiyjiH 6HJiaH KyTyjia ojiMafiAH. JleKHH HApo 

cnHHHHH y3rapMaraH xoJiAa opTHKMa 3HeprHHA3H KyTyjinuiH 

yMyH y3HA3H HKKHTa KB3 HT MHKapHLUH UiapT. ByHAafi 

yTHuuiapAa v  HypjiaHHiu cneKTpn TyTarn 6yjiaAH.

Xo3HprH BaKTAa TaAKHKOTMHJiap y HJia6  HApoJiapAa 

0 — 0 yTHLUJiapHH ypraHraujiap. M acajiaH , l40Ce Ba 2l4Po  

jiaphhhr 1905 Ba 1414 ksB  3HeprnHJiH caTXAapH moc paBHUiAa 

y- KBaiiTJiapcH3 1905 Ba 1414 ksB  aneprHHJiH KOHBepcHOH
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3JieKTpoHJiap MHK.apH6 napMajiaHa^H. 

By  caTX,JiapHHHr ypTawa auiauj BaKT- 

-iapH «  1 0 ” 12 c. I60  AarH 0 — 0 yTHUiHH 

6aTac})CHJipoK K y p n S  qHKafljiHK. I60  
h h h t  Ky3FajiraH xojiaTJiapH (4.19- 

p a c M ).

'SF+IH— SHe+'|0

peaKUHH BOCHTacH/ia By>KyAra KejiaAH.

YHHHr 6 ,13 ; 6,91 Ba 7 ,12  M a B  SHeprHH-

jih caTX,JiapHHHHr napMajiaHHiuHAa 

MHKaeTraH y- KBaHTJiapHH Ky33THiu 

MyMKHH (caT X  >Ky(})TJIHKJiapH X,aM 

4.19- p acM A a  KejiTHpnjiraH). A m m o  skc- 

nepHM eHTJiapaa xajinraMa xeM khm

6 ,05  M ^ B  3HeprHHjiH y-kb3hthh KaflA 

KHJiraH 3Mac. H a p o  6y Ky3FajiraH caTXAaH acocHfi xojiaTra 

(})aKaT HMKH KOHBepCHH 3JieKTp0H-n03HTp0H >Ky(})THHH MHK3- 

pn6 yTraHH Ta>KpH6ajiapAa TacaHKJiaHaaH. I60  hhht 

613 0  M a B  SHeprHHJiH 6hphhmh Ky3FajiraH xojiaTHHHHr cnHHH 

Ba >Ky(})TJiHrH acocnfi xojiaT cnHHH Ba >Ky(})TJiHrHra MyTJiaKO 

yxuiaui: 0+ ->-0+ .

JleKHH xajinraMa TyTaui cneKTpra ara 6yjiraH y- Hypjiap 

MHKapn6 MO- THnaarH yTHUiJiap 6opjiHrHaaH flapaK 6epyBMH 

AaJiHJiJiap MaB>Kya 3Mac M\, £ 2- THnaarH pyxcaT STHJiraH 

yTHUijiap 6op >Kofiaa, MacajiaH, 2->-2 yTHiujiapaa, aji6aTTa, 

£0- THnaarH yTHiujiapHHHr xaM XHCcacH 6op. M acaJiaH, l92P /, 

l96Pf, l98H g  Ba 6ouiKa KaTop *y(})T->Ky(})T HapoJiapaa 

2->-2 yTHiujiap Ky3aTHJiraH.

p- napMajiaHHiu nafiTHjia HApoaaH 3JieKTpoHJiap mhkk3hh 

Ka6n £0- yTHuuiap xaM  kb3ht yTHiu nafiTH/ia HApo HMH^arH 

ajieKTp 3apn/i,JiapHHHHr pa/maji TaKCHMOTHHHHr y3rapHUiHAaH 

kcjih6 MHKaAH. UlyHHHr yMyH xaM 0 — 0 yrauuiapHH Ha3apwfi 

Ba SKcnepHMeHTaji ypraHHUi H/ipo Ky3FajiraH xoJiaTJiapHHHHr 

Ta6naTHHH TaflKHK khjihuihh Ba m o c  paBHUiAa Hflpo 

MO/xejuiapHHH (V I  6o6ra k.) TaHJia6 ojihuihhht 3Hr caMapajiH 

ycJiy6HflHp.

X a p aK aT  m h k a o p h h h h t  caKJiaHHiu KOHyHH/xaH lOKopHAa 

KypraHHMH3j,eK, £0-  yTHLUJiap (})aKaT cnHHJiapH Ba *y(})TjiHK- 

jiapH 6np  xhji 6yjiraH, ht>h h  /, =  // =  0  eKH /, =  / ^ 0  xoJiaTJiap 

opacH/iarHHa MaB>Kya. B h p h h m h  xojiaa £0- yTHiu MyMKHH 

6yjiraH HKKa-io nroHa 0 — 0 yTHiu. H k k h h m h  xojifla 3ca (/,->// 

yTHiu) £0- THnHAarn yTHiu M L  Ba EL  THnaarH yTHUijiap 

6HJiaH paKo6aTAa 6yjiaAH.

7120 

6 9 /0

6 /3 0

O ---------  O

4. 19- pacM. Khcjio- 

poA-16 hhht caTXJiapH 

cxeMacHHHHr 6hp khcmh 

(MsB).
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EO- yTH W JiapHH  By>Kyflra KejiTHpyBMH H A po  npoTOHJiapH

6HJiaH aTOM  k o S h fh  3JieKTpoHJiap opacH /iarH  Kyjion y 3 a p o  

T a t c n p H  H A po  HMHAa pyft S e p a a H . ile M a K , sjieKTp MOHonojib 

yTHUiJiap ajieKTpoHjiap H A po  HHHra k h p h 6  KOJiraHJiHrH 

Ty4>aftjiH By>Ky/i,ra KejiaflH. By x,oji KOHBepcHOH ajieKTpoH- 

jiapHH eKH Ky3FajiHiii 3HeprHHCH > 2 /n ec2=l,02  MaB 
6yjiraH A a  hmkh KOHBepCHHHHHr 6 n p  3jieKTpoH-no3HTpoH 

^<ycJ)THHH HypjiaHHUiHra ojih6 KeJia/iH. H /ip o ra  sh t  h k h h  

K- KaTJiaM AaH KOHBepcHH 3XTHMOJiJiHrH MaKCHMaJi 6y jiaA « . 

YMyMHft ^o jiaa  0+->-0+ T H n aarH  EO- yTH im iap H H H r Tyjia

3XTHM0JIJIHTH

w(EO) = w e(EO) + w x(EO) + w yy(EO) 

(})opMyjia 6HjiaH Hc})OAajiaHaAH. ByHAa we— K, L Ba M  K3T-

JiaMAaTH SJieKTpOH KOHBepCHHCHHHHr S^THMOJIJIHrH; wm Ba

W yy—  MOC p a B H W A a  HMKH KOHBepCHHHHHr 3JieKTp0H-n03HTp0H

>Ky(|)THHH H H K a p H W  Ba HKKH (})OTOHJlH yTH W H H H T  3*TH- 

MOJIJIHKJiapH. H K K H  (})OTOHJIH >KapaeH 3*THMOJIJIHrH 3H r KHMHK. 

LUyHHHr yMyH EO- y T H w  3\t h m o j i j i h t h h h  x ,HCo6jiaw Aa

w(EO) = w e(EO) -\-wx(EO)

(})opMyjia 6HJiaH qeKJiaHHJiaAH. S ^ a p o  p a K o 6 a T A a  6yjiraH 

3JieKTpOH Ba >Ky(f)TJIHK KOHBepCHH >KapaeHJiapHHHHT 3KTH- 

MOJIJlHKJiapH

we(EO) =Q '(EO) p 2 

w J E O ^ ^ Q J E O )? 2

6HJiaH aHHKJiaHaAH . B y H A a  p —  M OHonojiHHHr H A p o  M a T p n u a  

3JieMeHTH, Q e(£0) Ba Q ^ E O )—  moc p a B H W A a  3JieKTpoH Ba

>Ky(})TJIHK KOHBepCHHJiapHHHHT KCJITHpHJITaH 3\THMOJIJIHKJia- 

pn. By epaa p, Q e(EO) Ba Q x(EO) jiapHHHr MypaKKa6

(})opMyjiajiapHHH K e jiT H p H w hh ht  3ap yp H H TH  ftyK W'

HHc6aT 0->-0 yTHWAa HApo CTpyKTypacHHHHr moxhhthhh 
TywyHHwra hmkoh 6 e p a A H . K,aftA khjih6 yTHW jio3hmkh, 
Q e(EO), Q x(EO) Ba p KaTTajiHKjrapHHHr x,03HprH 3 3 m o h

3HHK KHHMaTJiapHHHHT >K3 ABaJlJiapHHH P. B. BeKJKOHOB 

xoAHMjiapn 6HJiaH Ty3raH. T a « p H 6 a  H3TH>KajiapHHH khjihh- 

raH Ha3apHft \H(;o6Aap 6HJiaH TaKKOcjiaui yTKa3HJiraH 

x.Hco6jiap Ta>KpH6ajiapra eTapjiHMa moc kcjihlijhhh KypcaTAH 

(4.5- * a A B a j i ) .
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4.5-)k aflian

3jierrpoH Ba jKycJrrjiHi KOHBepcHa 3\iHMOJuiHiuiapH aKcnepHMeHTaji 
HHc6atjiapHHH HasApHB 6hji8h cojiHnrmpHm

51flpo EO-
^THUIHHHr
3HeprnsCH,

K3B

M E O )

w* ( £ 0 )

TajKpnfia

w^EO)

wx{E O ) 
BetQKOHOB Ba xo^HMjia- 

pH Ha3apH9CH

16q 6052 (4,00+0,46) • 10-5 1,3- 10-5

^ C a 3350 (6,94±0,20) • 10-3 8,4 • 10-3

« C 8 1836 (1,11 ±0,22) • 10_1 1,3-10-1

90Zr 1752 2,08±0,08 2,9

140Ce 1905 6,3 8,7

214p0 1414 440— 625 446

H k k h  KBaHTJiH >KapaeHHH \Hco6ra ojiMacaK, EO- yTHUi- 

hhht Tyjia axTHMOJiJiHrH/iaH caTX,HHHr EO- yTHuira HHc6aTaH 

auiaui BaKTH t hh iuyunaH xuco6jiaui MyMKHH:

w(EO) = w q(EO) -\-wx(EO) =-^

eKH

l

T —  w(EO) '

SjieKTpOH Ba >Ky4miHK KOHBepCHH 3XTHMOJlJIHKJiapH 

HHc6aTHHHHr Ta>KpH6a,aa ojiHHraH k h h m 3 t h  opKaJiH HApo 

MyXHTHHHHr HeHTpOH Ba npOTOH TaiUKHJl 3TyBMHJiapHHHHr 

y3apO ajIOKaAOpJlHTHHH aHHKJlOBUH SJieKTpOH Ba >Ky4)TJIHK 

KOHBepCHHJiapHHHHT M3TpHUa 3JieMeHTJiapH HHc6aTH MHKAOpH 

TOnHJiaAH. SjieKTpOH Ba >Ky(})TJIHK KOHBepCHHJiapHHHHT 

KejiTHpnjiraH axTHMOJUiHKjiapH Ba yjiap HHc6aTJiapH- 

HHHT P. B. BeK>KOHOB Ba XOAHMJiapH TOMOHHA3H x,HCo6jiaHraH 

KHHMaTJiapH 4.20- Ba 4.21- pacMJiapaa KejiTHpnjiraH.

Ta>KpH6ajiapAaH HApo caTXJiapHHHHr E0 yTHUira HHc6a- 

T3H Hiuaui B3KTH T HH aHHKJia6, MOC paBHUlAa £2e(Z:0) Ba

Q „ ( ( f  0 ) HH H33apHH *HC0 6 jiaHTaH KHHMaTJiapHHH OJIH6,

MOHOnOJlHHHT Hflpo M3TpHUa 3JieMeHTH P HH TOnHUI MyMKHH. 

BnpoK  P. B. B e K * 0 H0 B Ba 6ouiKa 0JiHMJiapHHHr xHCo6jiauiH- 

qa, x,o3HprH Mat>JiyM H33apHHjiapHHHr 6HpoHTacH *aM  

T a *p H 6 a r a  moc KHHMaTJiap 6epMaiiflH.

KynMHJiHK ^ojijiap^a E0- yTHiujiap KyuiHH 2- caTKJiapra
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4. 20- pacM. MoHonoJib yTHOi- 
jiapaarH >Ky4>TJiHK KOHBepcHMCH- 
hhht KeJiTHpHJiraH ^xthmojijihth- 
hhht x.ap xhji Z aa 3HeprHHra 
6ofjihkjihth.

4. 21-pacM. KejiTMpHJiraH
3XTHMOJlJlHKJlap HHC6aTH 

Qk(E O ) /Q x  (EO) hhht (xap xhji

Z aa) 3HeprHHra 6oFjiHKJiHrH.

napajuieji yTHiujiap 6«jiaH paKo6aTJiamaAH. £0 MaTpnua

3JieMeHTH P  HH a 6C0J!K)T KHHM3THHH TOnHUJ yMyH 60 lllJiaHFHM 

0+- ^ojiaTHHHr Huiaiu BaKTH t hh 3h h k  yjiHaui KepaK. BaxTra 

KapuiH 6yHflaH Huuiap Kyn HApoJiap ywyH xajinraMa 

KHJiHHMaraH (4.6-* a A B a j i ) . flm am  bskth  Ba E0/E2  Tap- 

MOKJiap HHc6aTH opKajiH £0- yTHiuHHHr 3xthmojijihth liP(£0) 
HH TOnHUI MyMKHH. £0' yTHUIHHHr MBTpHUa 3JieMeHTH

„2 VIEO) /0

p =  -QAm  ( 3 4 7 )

£0- yTHUiHHHr KejiTHpnjiraH s^thmojijihfh Qe(£0) 3tom 

HOMepH Z Ba SHeprHHHHHr (JjyHKUHHCHAHp.

BnpoK  ioKopHjia aHTHJiraHHAeK TaHjiaui KOH^ajiapH 

HKKHTa 6np xhji cnHHJiH Ba 6np xhji *y(})TJiH caTXJiap opacHAa 

£ 0 - yTHUiJiapra pyxcaT 3TaflH. YMyMHH xojifla £0-t-Afl +
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+  £ 2  a p a j i a i u M a  yTHiu  6yj\wum m y m k h h ,  EO- y th lu  M I Ba 

E2- yTHLiijiap 6n .na H  p a K o 6 a T J i a m a A H .

4.6-w a A s a j i

EO-yiunuiap. Ta*pH6ajiapflaH ojinnrau iiaTHacajiapH (0+— 0+)-yTHnuiap

Jlapo CaT3( 3HeprHHCH, K3B MoHonojiHHHr MaTpHua 

3jieMeHTH, p
12C 7860 <=■ 0,5

160 6060 •=0,5

40Ca 3348 0,15 .

42ca 1836 0,41 ±0,04

7°Ge 1215 0,09

90zr 1750 0,06

72Ge 680 0,11

240Pu 858 0,2±0,1



V B O B

flAPO PEAKUHflJIAPH

5.1-§. flapo peaKUHncHHHHr Tai>pH(|)H

KeHr Ma"bHOAa HApo peaKUHHCH —  6y 3appa 6 njiaH HApo 

(eKH HKKH R 0.po) Tai.CHpjiaiUyBH H3TH>KaCHAa yjiapHHHT HMKH 

x,0JiaTJiapHHHHr y3rapnmH eKH SouiKa HApoJiapra aHJiaHHLUH- 

AH p. M acajiaH , HeflTpoHJiap, npoTOHJiap, AefiTpoHJiap sa 

6 ouiKa o F n p p o K  HOHJiapHHHr aapojiap  6 HJiaH TyKHauiyBH  

HaTH>KacHAa, yjiapHHHr (jjaKaT flyHaJiHLUH y3rapn6rHHa 

(ajiacTHK cohhjihui) KOJiMafi, 6aJiKH TyKHauiyBAaH cyHr 

6 ouiKa 3appajiap Ba HApojiap xochji 6yjiHUiH MyMKHH. By 

>KapaeHJiapAa acocHfi pojihh «KyMJiH» ra^bCHpjiap yfiHafiAH. 

3appajiapHHHr hhuioh- haPo 6HJiaH TyKHaujyBHAa y3apo 

TaijCHpjiauiyB >KapaeHHHHHr B akth  h a p o  peaKUHHjiapn ynyH , 

oAaTAa, 1 0 “ l2c ra h k h h  6 yjiaAH. Aji6 aTTa, hhuioh- hapohhhf 

6oiUJiaHFHM XOJiaTHHHHT y3rapHIUH peaKUHH H3TH>KaCHAa 6Hp* 

6kh  6 np Hena HApoJiapHHHr xochji 6yjiHUiHra ojih6 kcjihuih 

MyMKHH.

X,ap KaHAafl TyKHauiHiii >KapaeHHHHHr ox up H A a  x a p  xhji  
3XTHM0JIJ1HK 6HJiaH 3appaJiapHHHF TypjIH MHKHUI KaH3JIH A e6  
aTaJiyBMH r y p y x J ia p u  By>KyAra k c j ihu ih  MyMKHH. 3appa- 

jiapHHHr 6oiujiaHFHM TynjiaMH x ycy cH A a r a n  6 o p r a H A a  aca, 

KHpHiu KaHajiH TyuiyHHJiaAH. ByTyH com hjihiu  >KapaeHH 
yMyMaH KyflHAarH KypHHHiuAa e3HJiaAH:

By ep^a xap 6np xap(}) bhhk  6np 3appa —  aapo Typnra 

TaajuiyKJiHAHp. Mhkhuj KaHaJiJiapn opacH/ia, (5 .1 ) hhht yHr 

TOMOHHAa sjiacTHK Ae6 aTajiyBMH Ba 3JiacTHK coMHJinuira 

>KaBo6 rap (a, b) KaHajiH xap aohm MaB>KyA 6ynaw-

a -|- b —*- a -}- b.

(5 .1 ) AarH KOJiraH 6oiuKa xaMMa KaHajuiap HoaJiacTHK 

6yjiaAH. YjiapHHHr 6a-b3HJiapHra HoaJiacTHK com hjihuj >Kapa- 

eHJiapH TerHiujiHAHp:

(6 y  H(})OAaAarH iojiAy34a yui6y  >KapaeHHHHr Ky3FaJiraH 

XOJiaTHHH 6ejirHJiafiAH). BouiKa HosjracTHK KaHaJiJiap 6yfiHMa 

yTyBMH peaKUHHJiap thiih:

m
(5.1)

a +  b̂ >-a* +  b
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a -)-b—*-xi -f- ... —)— JCjn

ynr TOMOHiiarH 3ap p ajiap  TynjiaMH 6HJiaH (a, b) nan (JiapK. 

KHjiaAH.

BapMa comhjihui >KapaeHJiapH bhhk  caKJiaHHiu KOHyHJiapn 

opKaJiH SoiiiKapHJiaAH. Yjiap  opacHjiaH SHeprHH Ba HMnyjibc- 

jiapHHHr caKJiaHHtu KOHyHJiapHHH x,03HpMa Ma"bJiyM n,e6 

x,HCo6jia6, KOJiraHJiapHHH aca 6aeH khjihlu >KapaeHHj,a 

K H p H T aMH3 Ba MyxoKaMa KHJiaMH3. A r a p  SepHjiraH 3h h k  6hp 

* a p a e H  6apMa caKJiaHHui KOHyHJiapn opKajiH pyxcaT aTHJiraH 

6yjica, y xoji^a y aji6arra hojia3h (j>apKJiH sxthmojijihk 6HJiaH 

yTa^H. YHra MyBO(})HK KejiyBMH mhkhlu KaHajiH aca, omhk ae6  

aTajia^H. XycycaH, xap aohm myH,aaH 3JiacTHK KaHaji 

MaB>Ky4. CoMHJiHiu >KapaeHH 6npopTa caKJiaHHiu KOHyHH 

6HJiaH TaKHKJiaHraH 6yjica xaM, y yTMaflflH Ba 6epHJiraH 

KaHaji enHK ae6  aTajiaAH.

M a c a jia H , 6yHAafl xojiaT 3HeprH HHH Hr iothjihujh 6njiaH 

ytajxn, yMH6 KejiyBMH 3appaHHHr 3HeprHHCH Kam 6yjiH6, 

peaKUHHjiap KypHJiaeTraH naflTfla By>KyAra KeJiaAH. H o 6ap-  

Kapop 3appajiapHHHr napMaJiaHHiu >KapaeHJiapH xaM xyjWM 

uiyHAafl x a p  x h j i  KaHajuiap  6yfiHMa yTHUiH M yMKHH:

LLiy6xacH3, x a M M a  napMajiaHHiu >KapaeHJiapH x aM  yjiapra 

eTapjiHMa KaTTHK  MeKJiauiJiapHH KyioBMH 3 h h k  caKJiaHHiu 

KOHyHJiapn opKajiH 6ouiKapHJiaAH . CaKJiaHHLU KOHyHJiapn 

MyTJiaKo yMyMHfl xapaKTepra ara Ba >KapaeH jjHHaM HKacH/iaH  

fl-bHH, 3ap p ajiap  CTpyKTypacHHHHr AeTajuiapH Ba y 3a p o  

Ta*bCHp Typjiapnra 6o fjihk  6yjiMafiAH.

X o 3 H p r n  BaKTra K a ^ a p  Ky3aTHJiraH AeapjiH 6ap M a  HApo 

peaKUH HJiapnaa  HyKJioHJiapHHHr Tyjia cohh , atiHH hhluoh- 

HApoH HHr Ba yHra TyuiaeTraH 3a p p a H H H r  M acca coHjiapH 

fiHFHHflHCH y3rapHUiCH3 KOJiaAH. B y H A a H  T a u iK a p n , Hflpo 

peaKUHHJiapH >KapaeHHfla p eaK UH H ra  KHpyBMHJiapHHHr Tyjia 

3 a p n a H , SHeprHHCH, HMnyjibCH, HMnyjibc m om chth, flayjiH eKH 

B o 3e  cTaTHCTHKacH Ba *y(|)TjiHrH caKJiaHaAH.

OixaTAa, h a p o  peaKUHHJiapH KyfiHAarHMa KHCKa e3M a 

Ht|)OAa 6HJiaH 6epHJiaAH. MacajiaH, a 3a p p a H H H r  A  hhujoh- 

HApo  6njiaH TyK H auiyB  peaKUHHCH HaTH>KacHAa B  HApo  Ba 

b 3 a p p a  xochji 6yjiCHH, AefijiHK. y  xoji^a 6 y  peaKUH H  KHCKaMa 

ujyHAafi e3HJiaAH: A (a , b)B  y M y M aH  KyfiHAarHMa >KapaeHJiap 

103 6epHLUH M yM KHH:

^I "t“ ••• -\-Yrn-
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A-\-a eKH KHCKa^a A (a, a) A, 
A +  a — " — " — A (a, a) A*, (5.1) 
B +  b — " — " — A (a, b)B.

B h p h h m h  >KapaeH, aJiSaTTa, ajiacTHK coHHJiHiura KH paAH . 

M yHKH  6 y  >KapaeHAa aacTJiaSKH h a p o h h h t  x,ojiaTH y3rap- 

M aH AH .

A(a , a)A* >KapaeH sca  Ho^JiacTHK coMHJiHiu/iaH H 6o p aT  

6yjiH 6, 6 y  >KapaeHAa A h a p o h h h t  h m k h  xojiaTH y srap aA H .

Y m h h m h  A (a, b) B >KapaeH/ia HHUJOH-H/ipoHHHr a 3 a p p a  

6HJiaH TyK H au iy B H A a  6o u iK a  B H ^p o  Ba b 3 a p p a  naPiRO 
6yjiaAH . Xy /m ,H  m y  x h ji >KapaeHJiapHH H A po  peaKUHHJiapn /i,e6 

lopHTHJia/iH (5.1-*aflBaji).

5 . 1 -  j k  a  «  b  a  j i

N9 P e a ic -
U H a T y -  

PH

M h c o ji H 303(

1 . ( « . p ) 1 9 1 9  i o u w a  P e3 ep 4 > o p A  
TOMOHHflaH a M a jir a  o n m -  
p w jiraH .

2 . ( a , n )
f ^ A l  +  j H e - $ •  +  ; * B y  T y p A a rn  p e a K q H su ia p  

H . B a  O .  yK O JIH O -K w p H -
ji a p r a  c y m in f l  p a f ln a x -
THBJIHKHH K aiII(}) CTHHITa
h m k o h  6 e p ra H .

3 . ( a , n )
^ B e  +  j H e  ■* ' g C  +  q H 1 9 3 2  iiH jm a  H aflB H r 6 y  

peaK ifH SH H  Jp ra H H u i H a-

4 . ( P . « ) ’ U  +  } H  -  ^ H e
TH jK acH fla  H ein p oH H H

K aiu ^ ) 3TflH . 1 9 3 4  f tH jm
KoKpo<J)T a a  Y o jit o h  t o -  
MOHHflaH T e 3 J ia m m f la  
T e 3 jia u iT H p n jira H  3 a p p a -  
j i a p  ep n aM H fla  a M a jir a  
o n iH p H jiraH  6 h p h h h h  
p e a ic u H a .

5 . (p ,  pn) « C u  +  ! H - “ C u t | H + J „ B y  peaK U H iuiap H H  
y p r a m tiH  peaK itH SH H

6 - (p, 2n) « C u  +  ! H . « Z n  +  2 ; „
a M a jira  o u ih p h h i  M e x a -  
h h 3 m h h h  y p ra H H in ra  e p -
a a M  6 ep flH .

7 . ( p .y ) ^Li +  JH  - *  jBe  +  y E y  p eaicu H a ronopH  a n e p -  
im suih ( E y  =  1 7  M a B  y -  

KBaH Tjiap o j i h i u  M aH 6aH  
CH (j)aTHfla XH 3M 3T l(H Jia - 
flH.

A +a-+ 

B



f l a a o M u

8. («.y )
292U  +  ^ -  292U  +  ^

T p a H c y p a H  3jieM 6H T 
o jiM m ra  hm koh  6epraH 
6h p m h m h  a flp o  peaKijHH-

9. ( U Af,a) llM  +  >  - ; j A r  +  * H e
TeananiTM pM jiraH ornp  

aaoT MOHJiapM 6njiaH 

awajira ouiHpMjiraH smpo 

peaKUM 9CM .

R a p o  peaKUHHcn.ua KaTHauiyBM H A, B HApojiap Ba a, 
b 3appajrap, OAaTiia, Macca coHJiapHHH Ba TapTHS HOMepjiapn- 

hh KypcaTyBMH TerHiujiH 6ejirHjiap opKajiH e3HJiraH 6yjia/iH. 

MacajiaH, 1919 fmjiRa 3 . Pe3ep(})opA TOMOHHAaH 6hphhmh 

6yjiH6 aMajira ouiHpHJiraH peaKUHRaa ajib(j)a-3appaHHHr a30T 

HAPOCH 6HJiaH TyKHaUiyBH HaTH>KaCHAa KHCJlOpOA H30T0nH- 

hhht hapoch 'bO  Ba npoTOH |H x,ochji 6yjiraH. By peaKUHH 

KyfiHAarHMa e3HJiaAH:

'yN  - l - j H e - ^ ^ O + i H  eKH KHCKaM a ') N ( a ,  p)'lO. ( 5 .2 )

X h m h h b h h  peaKUH HJiapAarn  K a 6n  H A po  peaKUHHJiapHAa 

x,aM MaiwiyM M HKAop/ia  3HeprHH  ioth/ihujh eKH 3HeprnH  

a>KpajiH6 m hkhuih M yMKHH. By xoji OA aTAa  peaKUHH 

H(})OAacHHHHr yHr TOM OHHra Q  KH HM aTH  e3HUJ 6HJiaH 

KypcaTHJiaAH. ZleM aK, xo3H p  mhcoji T a p H K a c H A a  KejnnpHJiraH 

peaKUH HHHH r Tyjia e3HJiHUiH KyfiHAarHMa 6yjiaAH :

' z N + l H e - ^ s O + l H + Q .  (5 .3 )

Q  HApO peaKUHHCHHHHT 3HepTHHCH A e 6  IOpHTHJlH6, KHftM3T 

>KHXaTA3H 60UJJiaHFHM Ba H3TH>KaBHft >Ky(})TJiapHHHr 3HeprHH 

(})apKHra TeHr 6yjiaAH :

E(A, a) — E(B , b) = Q .  ( 5 .4 )

SHeprHHJiap ypHHra xap 6np 3appaHHHr thhm  xoJiaTAarH 

SHeprHHCH 6njiaH KHHeTHK SHeprHHJiapHHH e3aAuraH 6yjicaK,

Q =  [(ma+ m A) —  (m b+ m B)]c2 (5 .5 )

6yjiaAH, 6y ep Aa  ma, m A, mb, m B pe aK U H H A aH  ojiHHraH Ba 

KeftHHrn 3appajiapHHHr Maccajiapw 6yjiH6, c —  epyFjiHK 

Te3JIHTH.

SH e p r H H  a * p a j i H 6  m hkhujh 6njiaH 103 6 e p a A u r a H  ( Q >  

> 0 )  HAPO peaKUHHJiapHHH 9K30TepMUK (3K303HepreTHK) 

peaKHunAap, SHeprHH HHHr iothjihuih 6ujiaH  y T aA n raH  (0<C  

< 0 )  HApo  peaKUHHJiapHHH andorepMUK (3H A 03H epreTH K ) 

peaKu,UHAap Ae6 aTajiaAH.
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5iapo peaKUHH-napH TaijCHpjiaujyB SH eprHH CHra , peaKUHH- 

hh io3ara KejiTHpaeTraH a 3appaHHHr Typnra, xoccajiapHra 
xaMfla A HApoHHHr Macca coHHra, p eaK U H H H H H r  6o p n ai 

M ex aH H 3M H ra , peaK U H H  SH eprHHCHra Ba xoKa30Jiapra  KapaO  

TaBCH<})./iaHaAH. PeaKUHHra KHpHiuaeTraH 3appa;iapHHHr 

T y p n ra  K ap aS  peaKUHHjiapHH HefiTpOHJiap, 3apHAJiaHraH 
3appajiap Ba raMMa-KBaHTJiap Ta"bCHpHfla pyfi SepaaHraH 
peaKUHHJiap fle6 lopHTHJiaAH. TaijCHpjiaiuyB MexaHH3MH 

H yK Tan  H a 3 a p n a a H  peaKUHHJiap hkkh CHH(})ra: KOMnayHA « A p o  

xochji khjih6 6opaAHraH peaKUHanapra Ba 6eB0CHTa y3apo 
Ta"bCHpjiH peaKUHHJiapra 6yjiH H aaH .

5.2- §. S a p o  peaKUHnjiapH KHHeMaTHxacH

PeaKUHHra KHpHiuaeTraH 3appajiap MaccacH, SHeprHH Ba 

HMnyjibcJiapn KHfiMaTJiapHHHHr TynjiaM H OKapaennum Kune- 
MaruKacu homh 6njiaH ropHTHJiaAH. CaiyiaHHiu KOHyHJiapH 

peaKUHH MaxcyjiOTJiapHHHHr SHeprHH Ba HMnyjibCJiapHHHHr 

KHHMaTjiapHra MatJiyM 6np  nerapa kyhah . CaKJiaHHiu 

KOHyH JiapHAaH  4>OHAaJiaHH6, KH HeM aTHK  KaTTajiHm iapHHH r 

eouuiaHFHM (khphui) Ba oxHprH (mhkhui) KaHajuiapAarH 

KHfiMaTJiapH opacHAarn xaMAa 6y  KaTTajiHKJiapHHHr xap  xhji 

caHOK CHCTeMajiapHAarH KHHMaTjiapn opacHAarn 6oFJia- 

HHUIJiapHH TOnHUI MyMKHH.

H A po  peaKUHHJiapHHH TaBCH(})jiaiu yMyH Ky3aTyBMHra 

HHc6aTaH Ky3FajiMac Ba KoopAHHaTa yKJiapH yjiMOB ycKyHa- 

jiapH 6njiaH M axKaM  6oFJiaHraH jia6opaTopHH CKCTeMacn 

(J1 cHcreMa) xaM Aa KoopAHHaTa yKJiapH TyKHauiaeTraH 

3appajiapHHHr Macca MapKa3H 6HJiaH M axnaM  GorjiaHraH 

Macca MapKa3H cncTeMacH (M CHCTeMa) KyjiJiaHHJiaAH. 

O a a T A a , T a w p H 6 a  MaT>JiyMOTJiapH J1 CHCTeMaAa ojihh3ah, 

peaKUHHJiapHH H33apHH TaBCH())jiaui aca M  CHCTeMaAa coAAa 

KypHHHiura ara 6yjiaAH. lUyHAafi khjih6, TaJKpH6a 6HJiaH 

Ha3apHHHH TaKKOCJiam yMyH JI CHCTeMaAa yjinaHraH Ba 

XHCo6jiaHraH KaTTajiHKjiapHH M  CHCTeMara yTKa3Hiura TyFpu 

KejiaAH.

K y fiH Aa  hhuioh  Ky3FajiM ac 6yjiraH  J1 CH CTeM aAaH  Te3JiHK- 

jiapHH, 3HeprHHJiapHH , 6ypM axjiap H H , AH(}>(t>epeHUHaji 3(|j(|)eK- 

THB KeCHMJiapHH M  CHCTeMara yTK33HLU HM KOHHHTHHH 

6epaAHraH (J>opMyjiajiapHH KejiTHpaMH3. C o A A ajiH K  yMyH 

HopejiHTHBHCTHK 3ap p a jia p H H H r  coMHJiHuiHra o h a  6yjiraH  

Xojihh KypafijiHK. T y K H a iu a e T r a H  3appajiapHHHr Maccajiapn 

rti\ Ba m2 6yjiH 6, yjiapHHHr M  c H c reM aA a  TyK H auiH iu  103 
6e p ry H ra  K a ^ a p  Ba TyKHauiHiu 103 6epraHAaH KefiHHrH
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xe3JiHKJiapH moc paBHUuaa i>i, v2 Ba v\, v2 SyjicHH. T y iuaeTraH  

3a p p a H H H r  Jl CHCTeMa/iarH Te3JinrHHH vq Ba M acca 

MapKa3HHHHr TesjiHTHHH vM CnjiaH SeJirHJiacaK, y xoji/ja

V\ =  — ^ — Vq, v 2 = ----— v0. (5.6)
m |+ m 2 m | + m 2

I v\| =  \v\\, I v2\ =  \v'2\. (5.7)

M  M accajiap M ap K a3H  CHCTeM acHAa 3a p p a ;ia p H H H r  h h c 6 h h  

Te3JiHKJiapH v\— v2 =  vo, htjhh TyK H au iaeT raH  3ap pajiapH H H r  

6 y  cHCTeM aaarH  h h c 6h h  Te3JiHKJiapH J1 CHCTeMa/ia TyiuaeTraH  

3 a p p a H H H r  Te3JiHrHra TeHr.

CoMHJiraH 3a p p a H H H r  M  Ba J1 CHCTeMa/iap/iarH 0M +  0

Ba 0j! KyT6 6ypMaioiapH opacH Aara  6oFjiaHHm HH TonHUi yMyH

Vn — v\ +  (5.8)

BeKTop TeHrjiaMaHH Ba

VfA =  ^5 '9 )m | m2

3KaHJiHrHHH XHCo6ra oJicaK, yH^a

tgOj,=  *in-9- (5.10)
h  v  +  c o s B

m l
6orjiaHHUiHH xochji KHJiHiu MyMKHH, 6y ep/ia y = -- • M

m2

Ba JI CHCTeMajiap^arH SHeprnnjiap Ba flH(})4)epeHUHaji 

3c|)(|)eKTHB KecHMJiap opacHAa

m 2 +  m 2 +  2 m , m 2c o s  0
E n = --- ----- -j--- E0 (5.11)

( m , + m 2 )

dG* _  ( 1 + v 2 +  2 v - c o s 0 ) 3/2 do 12^

dQ j, 1 + Y C O S 0  dQ

KypHHHiuuarn 6oFjiaHHUj MaBwyflJinrHHH KypcaTHiu xaM 

KHHHH 3MaC.

5.3- §. Jlflpo peaKUHfijiapHflarH caMaHHUi KOHyHJiapn

fl/ipO peaKUHHJiapHHHHT X,ap XHJl XyCyCHHTJiapHHH aHHK- 

Jiaiu/ia caKJiaHHiu KOHyHJiapn MyxHM ypHH TyTaflH. Bh3 

KyHH/ia 3Hr acocHH caKJiaHHUi KOHyHJiapH ycTHAa TyxTajiH6 

yTa mh3.
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1. SneKrp  3 a p n d u H u m  ca^Aanuui K^OHynu. B c h c t h c h o  x,ap 

6 h p  Hflpo peaKUHHJiapHfla peaK U H H ra  KHpyBMHjiapHHHr Tyjia 

ajieKTp 3apH AH  peaKUH H  M axcyjiOTjiapHHHHr Tyjia 3JieKTp 

3apHAHra TeHr.

2. HyKAOHAap  ryAa cohuhuhz ca^A aH u m  K,oHynu. A rap  

HApo peaKUHHJiapn w a p a e H H /ia  aHTHHyKJioHJiap K aTH auiM aca  

eKH By>KyAra KejiMaca, p eaK UH H ra  KHpyBMH HyKJioHJiapHHiir 

Tyjia cohh  peaKUH H  yTHiiiH >KapaeHHAa caK /iaH aAH . K y H H A a rH

5.2- >KaABajiAa Hflpo peaKUHHJiapnra MHCOJUiap KejiTHpnjiraH. 

X a p  6np  peaKUH H  ywyH M a3Kyp  caKJiaHHUi KOHyHJiapHHHHr 

6 a *a p H JiH U jH  KypcaTHJiraH.

5.2- w  a n b a ji

PeaKUHSUiap 3jieKTp 3apoAH Hymiomiap cohh

!h  + - ?Be + Jn 1+3-4+0 1+7-7+1

1„ ^ _  1Von + 7n-  6c  +  ,h 0+7-6+1 1+14-14+1

y + jgAl - J*Mg + 1H 0+13-12+1 0+27-26+1

^H + fH-^He + Jn 1+1-2+0 2+3-4+1

iH + ^ O - ^ F  + in 1+8-9+0 , 1+17-17+1

HyKJioHJiap c o h h h h h t  caKJiaHHiu KOHyHH 6 h 3  n u ia 6  TypraH  

AyH eH H H r 6apKapopjiH TH H H  TatMHHJiaftAH. M a c a jia H , npoTOH- 

h hh t  ajieKTpoH 6njiaH peaKUH H ra  kh p h u jh 6 , y 3 a p o  ftyK 6yjiH- 

ujHra —  aHHHTHJiHUHHra M a3Kyp KOHyH ftyji KyftMaftAH, ht ĥ h

p +  e— /~+2y.

M yHKH  Man TOMOHjja HyKJioHJiap cohh  6H p ra  TeHr, yHr to m o h a s  

sca HOJira TeHr (M aiwiyM KH , 3JieKTpoH Ba (Jjotoh yqyH HyKJioH 

cohh  HOJira Te H r ).

3. dnepzuHHUHe ca^Aanuui K,onyHU. M a"bJiyMKH, x ap  

KaHAaft enHK CHCTeMa ywyH SHeprHH, Tyjia HMnyjibc Ba 

HMnyjibc MOMeHTH caKJiaHaAH . ^ A p o  peaKUHHJiapn >KapaeHH- 

Aa 6y  KJiaccHK 4>H3HKa KOHyHJiapHHHHr x aM M ac H  ypHHJiHAHp. 

T a 6 n a T A a r H  sht  KyqjiH y 3 a p o  T a^C H pjiap  ocTHAa yTaA H raH  

HA po  peaKUHHJiapH >KapaeHHAa a>KpaJiH6 4HKybm h eKH 3 a p y p  

6yjiraH  TaUIKH 3HeprHHHHHT M HKAOpH  UiyHMajlHK KaTTa 

6yjiaAH KH , 6a i)3aH  yjiap peaKUH Hra KHpyBMH 3 a p p a  Ba 

HApOJiapHHHT THHMJIHKjjarH 3HeprHHJiapHTa H H c6aT aH  Ce3H- 

jiapjiH Aapa> KaAa  KaTTa 6yjiHuiH M yMKHH. LLIyHHHr ynyH , HApo

258



peaKUHHJiapn/ia 3HeprHHHHHr caKJiaHHiu kohyhhhh sht 

yM yM H H  KypHHHLuaa TatpH<})Jiauj 3a p y p . K y H H A a rH

a + A ^ B + b  (5 .13 )

peaKUHH yMyH 3HeprnHHHHr caKJiaHHiu KOHyhh

(ma+ m A)c2+ T a+ T A=  (m „+m B)c2+ T  „ + T  B (5 .14 )

KypHHHiu/ia e3HJiaAH. P e a K U H H  >KapaeHHAa A h a P o h h h t  

B H ^p o ra  aHjiaH H m H  yjiapHHHr t h h m  xojiaTiiarH 3HeprHHJiapH- 

HHHT, H"bHH HMKH 3HeprHHJiapHHHHT y3TapHUIH H3TH>KaCHiI,a 

pyfl 6e p a A H . SH ep rH H H H H r  caKJiaHHiu KOHyHH acocHAa 

peaKUH H  3HeprHHCH yMyH

Q =  (Tb+ T B) — (Ta+ T A) =  (ma+ m A)c2— (mb+ m B)c2

(5 .15)

TeHTJlHKHH XOCHJl KH.T3MH3, 6y epfla To , Tb, TA , Tb — moc 
•  43 * ' ■ " 0 

3appaJiapH H H r  khhcthk 3HeprHHJiapH, Q > 0  SyjiraHAa 

(5 .15 ) 4>opMyjiara 6HH oaH  peaKUH H  >KapaeHHAa thhm x,ojiaT- 

flaru 3HeprH HHH Hr KaMaflHiuu x,Hco6Hra khhcthk SHeprHH 

op TaAH . P e a K U H H  HaTH>KacH/ia 3HeprHH a * p a j i H 6 MHKa/iH, 

HTjHH w a p a e H  3K30TepM HK  6yjiaAH. HeflTpaji a  3 a p p a H H H r  x a p  

KaHflaft SHeprHHCHAa x,aM peaKUHH 103 6epHuiH  MyMKHH. 

3apHAJiaHraH 3appaJiap yMyH yjiapHHHr SHeprnHJiapH KyjioH 

TycHFH noTeHUHajiHHH eHrnui yMyH eTapjin 6yjiraHiiarHHa 

peaKUH H  aMajira oiuaaH.

Arap Q-<0 6yjica (sHAOTepM HK p e aK U H H ), peaKUHH

KHHeTHK SHeprHHHHHT KaMaflHUIH XHC06HTa THHM X,OJiaTflarH

SH eprHH HHHr ouihujh 6HJiaH yTaflH ( (5 .1 4 )  cf)opMyjiara k .) 

ByHAafl peaKUH H  peaKUH H ra  KHpyBMH a  3 a p p a H H H r  kh h cthk  

SHeprHHCH 4>aKaT Mai^JiyM KHflMaTAaH KaTTa 6yjiraH xoJiitarn- 

Ha pyfi 6epHUiH M yMKHH. (5 .14 ) c|)opMyjiaiiaH KypaM H3KH , 

3HAOTepM H K  >KapaeHAa peaKUHH MaxcyjioTH M accacHH HHr 

ftHFHHflHCH peaKUH H ra  KHpyBMH 3appajiap  M accacHH HHr 

ftHFHHflHCHflaH KaTTa 6 yjiaAH. B y , aji6 aTTa, TyKHaiuyBMH 

3ap p ajiap  k h h ct h k  SHeprHHCHHHHr KaM aflH6, THHMjiHKiiarH 

3HeprH Hra  afijiaHHiuH XH Co6n ra  103 6epaflH.

(5.14) (}>opMyjiara Kypa  3H ep rH «H H H r  caKJiaHHUi KOHyHH 

KyfiH^arHMa e3HJiaji,H:

(ma+ m A)c2= ( m b+ m B)c2+ Q .  (5 .16 )

(5 .16 ) <})opMyjiaHH Ta>KpH6aAa 6eBocHTa TeKUinpH6 

KypHiu M yM KHH. Ta> K p H 6aA a  p eaK UH nra  KaTHauiyBMH x aM M a
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3ap p ajiap H H H r  M accacH H H  M acc- cneKTpoMeTp opKajiH  a H H K  

yjm aui M yM KHH. P e a K U H H  3HeprHHCH Q hh aca peaK U H H ra  

KHpyBMH 3ap p ajiap H H H r  Ba peaKUH H  Max,cyjioTH 3appajiapH- 

h h h t  KHHeTHK SHeprHHJiapHHH SHJiraH x,ojiAa y jm a m  M yM KHH . 

LLIy ftycHHiia yTKa3HJiraH Ta>KpH6ajiap (5 .16 ) ({)opMyjiaHH 

>Ky,o,a KaTTa aHHKJiHK^a 6a>KapHJiHiiiHHH TacAH KJia^H . LUy- 

h h h t  yqyH  (5 .16 ) cf)opMyjia, y3 H a B 6aTH A a  3ap p a jia p H H H r  

M accacH H H  eKH peaKUH H  SHeprHHCHHH aH H K Jia m a a  acoc  6yjia 

ojia^H . H yH OHM H , a r a p  p e a K U H a a a  K aT H am y B M H  TypTTa  (a, A, 
B, b) 3 a p p a ^ a H  6H po pTacH H H H r  M accacH  HOMaT>JiyM 6yjica, 

yHH KOJiraH 3ap p ajiap H H H r  M atJiyM  M accacH  Ba p eaK U H H  

3H ep rH «C H  Q opKajiH  aHHKJiam  M yMKHH.

3 a p p a jia p H H H r  M accacH H H  (5 .1 6 )  (})opMyjiara acocjiaH H 6 

M a3K y p  ycyji^a aHHKJiam  y3H H H H r aHHKJiHrn >KHxaTHAaH 

M accaH H  Macc-cneKTpoMeTpjia y«m am flaH  KOJiHmMaftAH. LUy- 

h hh t  yMyH 3 a p p a jia p  M accacH H H  6 y  XHji^a yjiMam M H K p o ^y H e  

(J)H3HKacHfla KeHr KyjiJiaHHJiajjH. X y c y c a H , HeftTpoHHHHr 

M accacH  6hphhm h 6 o p  x y ^A H  m y  SH eprHH HHHr caKJiaH H m  

KOHyH Hra  acocaH  yjiMaHraH.

SHeprHHHHHr caKJiaHHm KOHyHH yHHBepcajiAHp, JieKHH 

yHH Ta>Kpn6afla (J»aKaT H,npo peaKUHHJiapH m apaeH H  yMyHrn- 

Ha TeKm npH6 Kypnm  MyMKHH. Xhm hhbhS  peaKUHHJiap^a, 

HT.HH MOJieKyjinp >KapaeHjiap/ia peaKUHH 3HeprHHCH m y 

jxapamajxa khm hkkh, yHHHr a 6cojnoT KHHMaTH MOJieKyjiajiap 

MaccacHHH xaTTO 9Hr 3aMOHaBHft ycyjuiap opKajiH yjiMamAarH 

xaTOJiHKaaH xaM  aHMa khmhkahp.

A r a p  Q  =  0  6yjica, sjiacTHK coMHJiwm 6yjiaAH . By  xoji^a 

Tyjia 3HeprH HHH Hr caKJiaHH m  KOHyHH (5 .1 6 )  rHHa 3M ac , 

6ajiKH KHHeTHK SHeprHHHHHT Ba jjeMaK, 3ap p ajiap H H H r  

THHMJIHKHaTH SHeprHHCHHHHr, H"bHH 3ap p ajiap  M aCCaCHHHHT 

x a M  caKJiaH H m  KOHyHH yphhjih 6yjiaflH.

4. MMnyAbCHum caK,AdHuui K,onyHU. PeaKUHHra KHpyBMH 

3appajiapHHHr Tyjia HMnyjibCH peaKUHH Max,cyjiOTH 3appaJia- 

Phhhht Tyjia HMnyjibCHra TeHr 6yjiaAH. (5 .13 ) (})opMyjiara 

6HHOaH

Pa~\- Pa =  Pb +  Pb- (5 .1 7 )

O ^ a T ^ a , Ta>KpH6a BaKTHAa (jia6opaTopHH cncTeMacHfla) 

HHmoH-HApo xapaKaTCH3 6yjiaAH, hi.hh  pA =  0 . U ly H H H r

yMyH Jia6opaTopHH CHCTeMacH^a HMnyjibCHHHr caKJiaHHm 

K O H y H H —  (5 .17 ) KyftHiiarHMa e3HJiaAH:

pa =  Pb +  PB■ (5 .18 )
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HMnyjibCHi 

KH H M 3T H  MaTH 

ep^aMH/ia eKH 

raH x,OJiAa 3He( 

opacHflarH 

6oFjiaHHiu/i,aH 

a h h kji a ni Myf 

BeKTopjiapn c 

naKJiap 3ca

M axcyc  <|)0T0njiacTHHKa/iarH 

H3JiapHHH Ky3aTHLU flyjiH 6h- 

jiaH aHHKJiaHa/iH.

Mg

5. 1-pacM. a-f-A-*-B +  b Ky- 

pHHHUJilarH Hiipo peaK U H H C H H H H T

3 H e p rH H  Ba HMnyjIbCHHHT Jia6 o p a T o p H H  C H C TeM acH A arH  cxe- 

CaKJiaHHHJ KOHyHJiapH aCOCHfla m s t h k  T acB H p H .

peaKUH H  ma xcyjiotjia p h h hhr 3HepreTHK Ba 6ypM aK  tbkch- 

MOTJiapH OpaCHAarH  60FJiaHHLUJiapHH aHHKJiaUJHMH3 MyMKHH. 

J la 6 o p a T o p H H  cncTeMacH/ia  (5.13) >KapaeHHH KypaftjiHK 

(5.1- p a c M ) . By >KapaeH ywyH 3HeprH HHH Hr caKJiaHHiu KOHyHH 

KyflHAarHMa e3HJia/iH:

M M nyjibCHH Hr caKJiaHHUi KOHyHHHH x Ba y yKJiapnra 

npoeKUHHJiap KypHHHLUH/ia e3caK,

6yjiaAH. By oxH p rn  yM TeHrjiaMaHH 6HpraJiHK/ia c h h 6 , va, vb, (p,

0  KarraJiHKJiap ynyH x ap  xhji 6oFjiaHHUi H(})0/iacHHH Ty3Hiu 

M yMKHH.

S H e p r H H  Ba HMnyjibCHHHr caKJiaHH m  KOHyHJiapHHH 6npra- 

JIHK/la K y p n 6 , 3HAOTepM H K peaKUH H H H H r yTHUI UiapOHTHHH 

aHHKJiauiHMH3 M yMKHH. HuuioH- HApora TyuiaeTraH  3appa- 

HHHT KHHeTHK 3HepTHHCH 3 a p p a H H H r  THHMJlHKflaTH 3HepTHHCH- 

ra ( HTiHH M accacH ra ) afljiaHaAH. B y H H H r  ynyH  k h h c t h k  

3HeprH HHH Hr KHflMaTH uiy 3HeprHH/i,ah  K a n a  6yjiHuiH KepaK. 

J Ia 6 o p a T o p H H  CHCTeMacH/ia hhuioh- hapo xap aK aT C H 3  xoJiar- 

Aa 6yjiraHJiHTH ca 6a 6 jin , 3 a p p a  Ba HHUioH-HApoaaH H 6o p aT  

CHCTeMaHHHr Tyjia HMnyjibCH 3a p p a H H H r  HMnyjibCHra TeHr, 

H"bHH pA =  0 ; pa +  pA =  pa=£0. A e M a K , sa p p a  Ba hhuioh-

H/ipoAaH H6opaT CHCTeMa Jia6opaTopHH CHCTeMaoHjia xapa- 

KaTAa 6yjia/iH. Y h h h t  HH epuHH  M ap Ka3H H H H r  HMnyjibCH

2 2 ' 2
( 5 .1 9 )

m ava =  m bvb cos (p +  m BvB cos 0

0  =  m bvh sin (p —  m BvB sin 0
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Pi =  (m a-\- m a)v \ =  pa =  m ava Ba 6y xapanaTra TerHLUJiH 

K H H e T H K  3 H ep T H H C H

2
1 / ... . ... V . 2 P\

T\ =  -k (ma+ m A)v, =
2 a A' ' 2(m a +  mA)

=  r =  m - Ta. (5.20)
*\ma~rmA> ma +  mA

3appaHHHT KHHeTHK 3HepTHHCH — Ta OpTHIlJH SHJiaH yHHHT 
Mai^JiyM KHHMaTHAan 6oiujia6 3HflOTepMHK peaKUHH >KapaeHH 

6oujiaHaAH. By k h h m 3 t h h , OAaTAa s h a o t c p m h k  peaKUHH 

ocTOHacH AeflHJiaAH. (5.20) (JjopMyjiara acocaH, 3appa 
KHHeTHK 3HeprHHCHhlHHr T\ KHCMH CHCTeMa KHHeTHK SHeprHH- 
CHra afijiaHaAH. K,ojiraw khcmh aca 3appa Ba HApoAaH H6opaT 
CHCTeMaHHHr Ky3FajiHiu 3HeprnHCHra, ht>h h  peaKUHH SHeprHH- 
cHra capc{)JiaHaAH:

m„ m .1
| Q | = T a -  Ta “ =  Tu— - . (5.21)

mu +  mA a ma +  mA

3 a p p a  KHHeTHK gneprHHCHHHHr (5 .2 1 )  TeHrjiHK 6a>KapHJiaAH- 

raH KHHMaTH peaKU,UH ocTonacu  /ie6 ropHTHJia/iH, ht>hh

m„ +  m j /  \
Ta„ =  UZ  A\Q\ =  (l +  - ^)lQl ■ (5-22)

mA \ mA /

LUyHAaH khj!h6, peaKUHH octohcich Tuct khhm 3t >khx,3th- 

iiaH \ap aohm peaKUHH 3HeprHHCH Q AaH KaTTa 6yjiap 3Kan. 

JleKHH Kyn xojuiapjia hhluoh-h/ipohhht MaccacH —  m A 3ap-

pa MaccacHra HHc6aTaH KaTTa 6yjiâ LH: mA^>ma, ujyHHHr

yqyH KynHHHa peaKUHH ocTOHacH peaKUHH 3HeprHHCHra 
KHfiMaT >KH\aTAaH AenpjiH TeHr 6yjia.nn: 7'0CT̂  | Q|. >̂otoh-

Jiap TatcnpHAa yTaAHraH shaotcpmhk peaKUHHAa 3ca 
T„„ =  \ Ql, MyHKH (})otoh yMyH ma =  0.

5. X,apanaT Mut^dopu MOMeHTUHUHS cat^AaHuui K,onyHU. 
H a p o  peaKUHHJiapHAa afiHH BaKTAa TyKHaiuyBHH 3appa- 

jiapHHHr Tyjia xapaKaT m hkaoph momchth xaM  caKJiaHaAH. 

M acajiaH , (5 .13 ) peaKUHH ywyH

1 I =  1 IA+  l aA =  I 6+  I B+ l 6fl= /2- (5.23)

/ u, /,„ I A, I B— TerHiujiH 3appajiap Ba HApoJiap cfihhh, 

lua, lbB—  TerHiujiH >Kyi})TJiapHH xapaKTepjioBMH HHc6nfi xapa-
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5. 2- pacM. 3 a p p a  Ba h h -

LUOH-HAPO TyKHalUyBHHHHr 

KJiaCCHK «TaCBHpH». Re— opSH- 
Taji MOMeHT / ra m o c  TyKHaiuyB 

napaMeTpn, R — aapo KyMJiapn 

Tabcnp AOHpacHHHHr paaHycH.

KaT ynyH op6HTaji m o m c h t  BeKTopH. X ap aK aT  m h k a o p h  

MOMeHTHHHHr MatJiyM TaHJiaHraH HyHajiHiura npoeKUHHJiapH 

yMyH x,aM (5 .23 ) TeHrjiHKKa yxuiaixi nc{)Oiia e3a ojiaMH3.

X,apaKaT MHKflopn MOMeHTHHHHr caKJiaHHiu KonyHH  nacT 

SHeprHHJiapfla yraAHraH peaKUHHJiap yMyH Myx,HM ax,aMHHTra 

sra. K B a H T  M e xaH H K acn ra  acocaH  hkkh  3 a p p a  h h c 6h h  

x ap aK aT H H H H r  opSHTaji m om chth / (})aKaT ^HCKpeT  KHHMaTJiap 

KaSyji KHJia^H. M a c a jia H , FIjiaHK aoh m h h ch  h  SHpjiHTHfla / =

=  0 , 1, 2 .......... A r a p  a a p o  paAH ycH H H H r  MeKJiH SKaHJinrHHH

x,Hco6ra ojicaK, y xoJiAa 3HeprHHJiapAa / h hh t  M atJiyM  khmhk 

KH HM aTJiapHAarHHa Hflpo peaKUHHCH By)KyAra kcjihuih 

M yMKHH. / HHHT 6 y  KHHM 3TJiapHHH HpHM  KJiaCCHK flyjl SHJiaH 

ocoHrHHa 6axo jiauiH M H 3 M yMKHH (5 .2 - p a c M ) . A r a p  hkkh  

3 a p p a : 3 a p p a  Ba hhuioh- hapo yMyH h h c 6 h h  HMnyjibCHHHr 

KaTTaJiHTHHH p fle6 6ejirHJiacaK 5.2- pacM ra  6H H o aH  x a p a K a T  

MHKflopH M OM eHTHHHHr KH HM aTH  L  =  Rep, 6y H A a  Ri —  3 a p p a  

HHUioH-Hflpora h k h h  Kejia ojiaflHraH sht  khmhk Macoc})aHH 

KypcaTyBMH n a p a M e T p  (T yKH auiyB  n a p a M e T p u ). P e a K U H H  Ri 
h hh t  4>aKaT Hflpo paflHycH R rsh  KaTTa 6yjiM araH  

KHflMaTJiapHAarHHa 103 6epnuiH M ym khh. JleMaK, C L  =  %1

6 yjiraHHflaH, / < - ^ - p < 4  XOJiHfla peaKUH H  acocaH  1 =  0,Ti I\
HTjHH s  xojiaTflarHHa yTaAH.

flApo peaKUHHJiapn >KapaeHHfla HHa KaT o p  6ouiK a  aH H K  

eKH TaKpH6nfl 6a>KapHJiaAHraH caKJiaHHUi KOHyHJiapH MaB- 

* y A .  Kyflnfla uiyjiap^aH  HHa H KKHTacnra —  >Kyc})TJiHK Ba 

H 30T 0n u K  cnHH HHHr caKJiaHHUi KOHyHJiapHra TyxTaJiH6 

yTaM H3. ^ A p o  peaKUHHJiapn w a p a e H H A a  >Kyc})TJiHKHHHr 

caKJiaHHui KOHyHH >KyAa Karra  3 h h k j i h k  6HJiaH 6a>KapHJiaflH. 

K a T o p  Ta>Kpn6aJiap 6y caKJiaHHui KOHyHH KyMjiH Ba 

sjieKTpoMarHHT y 3 a p o  Ta"bCHp peaKUHHCHflarnHa y p h h j ih  

3K3HH HH  KypCaTflH. ^y<|)TJIHKHHHr CaKJiaHHIU KOHyHH 

KyHHflarHMa Hc})OAajiaHaAH:

n a-nA- (- \ )laA =  n ^ B( - l ) 'bB (5 .24 )
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na, nb, n A, n B—  TerHUiJiH 3appa/iap Ba HApojiapHHHr hmkh 

*y(})TJiHrH. 
AtOM  HAPOCHHHHT SaijSH XOCCaJiapHHH HyKJIOHJiapHHHT

HyKJioH/iapfla comhjihiijhhh ypraHHinra oha T a *p H 6a jiap  

>KapaeHHAa aHHKJiam MyMKHH, MacajiaH, kb3ht coHJiapH 6np  

xhji 6yjiraH xojiaTJiapAa xap  KaHAafi HyK/ioHJiap >Ky<})TH (p—

—  p, n —  p, n —  n) opacHAarn HApo TaijCHpjiaHHUj (ajieKTpo- 

MarHHT TatcHp  XHCo6ra ojiHHMaca) afiHaH 6np  xhji 6yjiaAH. 

BoujKaMa khjih6 afiTraHAa, Ma3Kyp *apaeHJiapA a  npoTOH 

6HJiaH HefiTpoHHH afiHaH 6np  xhji Ae6 Kapaui MyMKHH. IlpoTOH 

6HJiaH HefiTpOH XOCCajiapHHHHT 6np  XHJI 3KaHJIHTHHH KB3HTO-

MeXaHHK BeKTOp — H30T0nHK CJIHH 7^| T\ opKajiH Tac-

BHpjiaui MyMKHH. H 30T0nH K  c})a30Aa (aji6arra, OAaTAath yM 

yjiHOBJiH (})a30 MatHOCHAa 3Mac) npoTOH TacBHpjiaHaAHraH 

6yjica, 6y  BeKTopHHHr TaHJiaHraH fiyHajiHiu 6yfiHua npoeK-

uhhch T=-\-~, TecKapn fiyHajiHiuH 6yfiH^a npoeKUHHCH 

T 1
/ z = -— 3Ca yHHHT HeHTpOH XOJ13THHH T3CBHpjiaHAH.

HyKJiOHJiap opacHAarH TatCHpjiauiyBHHHr 3apHAra 6ofjihk 
6yjlMaCJlHTHHH H30T0nHK CIIHH THJIHA3 HApO TaTiCHpjiaiUyBH
T BeKTopHHHr npoeKUHHCHra 6ofjihk 3MacjinrH MatHocHAa 

TyiuyHHiu jio3hm (6yHH KHCKana u3oronuK UHeapuanrAUK 
xoccacu AefinjiaAH).

H A po  peaKUHHjiapH KyMJiH TaT>CHpra oha w a p ae H  6yjiraH- 

JlHTHAaH, H 30T 0n H K  CnHHHHHT CaKJiaHHlU KOHyHH ypHHJlH 

6yjiaAH. UlyHra Kypa

Ta+ T A= T h+ T B. (5.25)

5.4- §. JIapo peaKUHHJiapHHHHT KecHMjiapn

(5.13) TeHrjiaMa HApo peaKUHHJiapHHH (})aKaT cH(})aT 
>KHxaTAaH xapaKTepjiaHAH. By TeHrjiaMa acocHAa 6npop 
x,a>KMAarH HApoJiap 6HJiaH TyKHauiH6, peaKUHHra ojih6 
KeJiaAHraH 3appajiap cohh TyppHCHAa 3hhk ranHpniu KHfiHH. 
LUyHHHr y^yH 3appaHHHr HApo 6HJiaH TyKHaiUHUi sx,th- 
MOJIJIHTHHH TaCBHpJlOBMH K3TT3J1HKHH aHHKJ13UI J103HM. 
ByHHHr ynyH KyfiHAarH hkkh x,ojihh KypafijiHK.

1. lOnKa hhuioh HefiTpaJi 3appajiap 6HJiaH 60M6apAHM0H 
KHJiHHaeTraH 6yjicHH. Hhuioh ionKa 6yjiraHJiHTH yqyH 
TyuiaeTraH 3appajiap x,aMMa HApoJiap 6HJiaH 6np xhji

264



5. 3- p acM . flApo peaKUHH- 
cnHHHr ypraHHiura aoh p  x a * -  

p n 6 a cxeMacn: / — TymaeTraH 

a- 3 a p p a jia p , 2 —  hhuioh-ha- 

po, 3 —  p e a K U H H  H a TH JK acH Aa  

Xochji Sy jiraH  3 a p p a Jia p , 4 —  

jieTeKTop.

ds

uiapoHT/i,a  T y K H a u ia /iH  (5 .3 - p a c M ) . H H iu o H /i a r H  H /ipo jiap  

3HMJIHTH n, TymaeTraH 3a p p a ;ia p H H H r  okhm h  (hi>hh Tyrna- 

eT r a H  3 a p p a /i a p  AacTacH ra  t h k  y T K a 3 H Jir a H  6hpjihk  io3/iaH  

6hp jihk  BaKT/ia y T a e T r a H  3 a p p a j ia p  co h h ) nava(na — 
TyuiaeTraH  3ap pajiapH H H r  shmjihth, va —  yjiapHHHr Te3JiHrn) 

6y jiC H H . Y  xoji/ia p a c M /ia r H  mckch3 kh h h k  ds io3/iaH  6 h p  

ceKyHA/ia yTaeTraH  3 a p p a j ia p  cohh  TyuiaeTraH  3 a p p a j ia p H H H r  

okhm  3HMJIHTH Ba  H H iu o H /ia r H  H A p o jia p  cohh  o p K a jiH  

a H H K Jia H a /iH :

Qynnan

dN =  do■ nava-n- V,

da =  - -r> (5 .2 6 )

6y ep/ia V — h h u io h h h h t  w jk m h , do —  nponopuHOHajuiHK 

K03(})(|)HUHeHTH. By K03(})cf)HUHeHT TyuiaeTraH  3appajiap 

oK H M H ra  x a M , HHiuoH/iarH H/ipojiap coHHra x,aM 6o fjihk  

6yjiMacAaH, 3appajiapHHHr H/ipojiap 6HJiaH 6yjia/iHraH aftpHM 

Ta-bcnpjiaHHUi ajieMeHTap aKTJiapHHHHr m hkaophA xapaKTe- 

pHCTHKaCHHH Ht})0/iaJiaft/IH Ba 3<p(peKTU8 KeCUM  HOMH 6HJiaH 

IOpHTHJia/IH.

do hh  c})a30BHH 6ypMaK ajieMeHTHra 6yjiH6, /iH(})(})epeHUHaJi 

3C})(})eKTHB KeCHM H(})0/iaCHHH X.OCHJ1 KHJI3MH3. 5^3 HaB6aTH/ia 

AH(})(})epeHUHaji 3(})(})eKTHB KecHMHH (})a30BHft 6ypMaK 6yftHMa 

HHTerpajuiacaK, HHTerpaji 3c})({)eKTHB k c c h m h h  xochji KHJia- 

MH3:

o =  \do =  S-^rdQ = -- ,7  , (5 .2 7 )
J 1 dQ na-va-n-V

6y epAa & N  —  ronKa HHiuoHAaH yMH6 MHKaAHraH Ba

5.3- pacM/ia KypcaTHjiraH yM Typ/iarH (TyuiaeTraH, yTaeTraH 

Ba coMHjiaeTraH) 3appajiapHHHr Tyjia h h f h h a h c h . KynHHMa 

HHTerpaji k c c h m  ypHHra HHTerpaJi cy3HHH Taiujia6, TerniujiH 

>KapaeHHHHr KecHMH aeraH aTaMa HiujiaTHjiaAH. HHTerpaji 

KeCHM peaKUHHHHHT 6opHLU HHTeHCHBJlHTHHH XapaKTepjiaft/lH. 

PeaKUHH HaTHwacH/ia h h t h  H30T0n xochji 6yjiaeTraH 6yjica,
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yHHHr KaTTajiHTH TerHaiJiH peaKUH H H H H r HHTerpaji KecHM Hra 

nponopuH OHaJi SyjiaflH.

Arap (5.27) c{)opMyjiara KHpyBMH KaTTajiHKJiapHHHr yjm oB 

SnpjiHKJiapHHH x,HCo6ra ojicaK

3appa 7__ m __ 3appa
3 ’ ly uJ =  " "([«« y H ^ a  a h h h t  y jm oB

SHpjIHTH K)3a 6HpjIHTHra TeHT 3K3HJIHrHHH KypHIH M yMKHH. 

3(J)(J)eKTHB KecHM Sa p H Jiap ^a  y jm a H a A H : 1 6 a p H =  1 0 _ 2 8 m 2. 

(5.27) (})opMyjia, a r a p  HHLUoHAarn HApojiapHH T y m a e T ra H  

3ap p ajiap  A acT a c n ra  nepneHAHKy .T«p  JKoiiJiamraH ajieMeHTap 

K)3aHaJiap 6njiaH  ajiM auiTHpH6, HHiuoHra T y m a e T ra H  HyKTa- 

b h h  3 a p p ajiap  uiy K )3aHajiapAaH  yTraHJiapH AarHHa peaKUH H  

io3 6 e p a A H  A e 6  k c j i h u i h 6  oJicaK, yH Aa  6 y  io3aHajiap h h f h h a h c h

o  ra TeHr 6yjinuiH KepaKJinrHHH Ky pcaT aA H . By 3app ajiap H H H r  

reoM eTpHK KH H M aTH H H  S =  nR2(R —  H A p o  p a A H y c u , y t h x m h - 

HaH 1 0 ~ 14 m  ra TeHr) opKaJiH TonHui M yM KHH. KypH JiaeTraH

x.oji ynyH y TaxMHHaH 10 -28
ra TeHr 6yjiaAH . X a K H K a T A a

Ta>KpH6aAa peaKUHH KecHMH ynyH 6yuaaH  MHHrjia6 KaTTa §kh 

khmhk KHHMaT Ky3aTHJiaAH. M acajiaH , SHeprHHCH 0 ,0 25  aB  

6yjiraH HeflTpoHJiap 6HJiaH ypaH-235 H30T0nn 6 0 M6 apAHM 0 H 

KHJiHHraHAa kcchm 705  6apHra TeHr 6yjiHuiH aHHKJiaHraH, 

XOJi6yKH, ypaH hapochhhht KyHAajiaHr kcchmh TaxMHHaH

2,5  6apHra TeHrAHp. ByHAaft KaTTa c{)apK 3appajiap HApojiap 

6HJiaH TyKHauirauna yjiapHHHr TyjiKHH Ta6HaTHHHHr HaMoeH 

6yjlHUIHHH XHCo6ra OJIHUI 6HJiaH TyUiyHTHpHJIHUlH MyMKHH.

Y M y M H H  xoJiAa a peaK U H H  >KapaeHHHHHr m h k a o p h h  

xap aK Tep H CT H KacH  6yjiH 6, peaK UH H H H H r 6opH iu  >KaAajuiHrHHH 

6HJiAHpaAH. a 3 a p p a  A H A po  6HjiaH TyKHauiHiu  >KapaeHHAa 

B  H A po  6HJiaH b 3a p p a H H H r  By>KyAra kcjihui 3xthmojijihth 

TyuiaeTraH  okhm  3hmjihth na va ra nponopuH OH aji 6yjiH 6 

K y H H A arH  KypHHHLUfla e3HJIHUIH M yM KHH:

w  =  o-nu-va- (5 .28 )

2. KajiHHJiHTH d 6yjiraH hhuioh HeiiTpaJi 3appajiap 6HJiaH 

6 0 M6 apflHM0 H KHJiHHaeTraH 6yjiCHH (5.4- pacM ). A rap  Tyuia-

eTraH 3appajiap AacTacnra nepneH- 

AHKyjinp >KOHJiauiraH 6hpjihk io3a 

opKajiH 6hpjihk BaKTAa yTaflHraH 

3appajiap cohh (okhm  shhjihth eKH 

HHTeHCHBJiHrn) N  6yjiaflHraH 6yjica, 

„  „ 6y  flacTa dx MacocbaHH VTraHflaH
5.4- pacM. HeHTpoH c^ Hp N _ d N  fi K,OJiaflH. H yH K H

3appajiap AacTacHHHHr d J J  '
KajiHHJiHKjiarH hhiuoh 6h- Tym aeTraH HeHTpaji 3appajiap fla-

.iaH TaTjCHpjiawyBHra aOHp. CT3CH HHIUOH MOflAaCHHHHr HApO-
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jiapH 6njiaH 6yJiaj.Hran peaKUHHJiapn x,Hco6Hra KaM an/iH .

A r a p  3H4J1HTH p 0 6 y jir a H  M o /m a H H H r  6 n p jiH K  M a c c a c H A a r H  

a ^ p o j i a p  c o h h h h  no 6H JiaH  6e jirH JiacaK , H H LH O H H H H r  d x  

KajiHHJiHTHjiarH  H A p o jia p  c o h h  riopodx 6 y jiH 6 , j ia c T a H H H r  

cy c a H H U JH  N rio po d x  ra  n p o n o p u H O H a j i  6y jia /iH  s a  n p o n o p u H O -  

HajuiHKflaH (})OHAajiaHH6,

—  ~  =  o-rto-pfldx (5 .2 9 )

6 o F J ia H H H J H H  XOCHJl K.HJ1HUI M yM KHH. By epAa  M3H(|)HH HJHOpa 

AacTa cycaflHujHHH 6HJiAHpaAH. riponopuHOHajiJiHK ko3(})(J)h- 

uneHTH ct h hh t  yjiMOB 6HpjiHTH io3a 6HpjiHrHAa 6yjin6, 

HeflTpaji 3appajiap iothjihluhhhhf 3(})(})eKTHB kcchm hhh  

6epaAH. ( 5 .2 9 )  TeHrjiaMaHH HHTerpajuiacaK,

N  =  N n-e~n-n-d ( 5 .3 0 )

x,ochji 6yjiaAH, 6y ep^a n = n 0p 0 Ba N n 3ca d =  0  6yjiraHAarH 

HHTeHCHBJlHKAHp. ZleM aK , HHTeHCHBJIHK HHLUOH KaJlHHJIHTH- 

h hh t  opTHUiH 6ujiaH 3KcnoHeHUHaji KaMaap 3Kan . By oxHprH  

H(})OAaAaH (})0HAajiaHH6, 3(})(})eKTHB kcchm hh Ta>KpH6aAaH  

TOnHUI MyMKHH.

H a P O  (})H3HKaCHAa 6H 3 lOKOpHAa K y p H 6  MHKKBH MHKPOCKO- 

nHK KecHMJiapAaH TauiKapH  6 h p  Ky6 ca h t h MeTp xa>KMAarn 

HApoJiapHHHr Tyjia KecHMHra TeHr 6yjiraH

Z  =  N a

M aK p ocK o nnK  KecHM KeHr KyJiJiaHHJiaAH. By KaTTajiHK x.ap 6n p  

HAPO 6HJiaH aflpHM TyKliaUiyBHH XapaKTepjIOBMH MHKpOCKO- 

nHK 3(})(})eKTHB KeCHM A3H (})apKJlH 6yjlH6, M OAAaHHHT MaiaJiyM 

M accacH ra  TaajuiyKJiHAHp. B n p  Ky6 caH TH M eTpAaru  HApoJiap

cohh  N =  —  A , 6 y  ep Aa  p —  3hmjihk ( —!— Y  N A— ABoraA-
A \ CM )

po COHH Ba A  —  3TOM  OFHpjIHTH.

5.5- §. flapo  peaKUHHJiapHHMHr i h k h u i h

Ta>KpH6aAa Kecnm  3Mac, 6ajiKH HApo peaKUHajiapHHHHr 

m h k h u j h  yjiMaHaAH. ^ A p o  peaKUH HCH HHnr m h k h l u h  AeraH Aa  

Ma"bJiyM 6np  (})h 3h k  uiapoHTAa 3KcnepHMeHTaji KypHJiMa 

epAaMHAa xap 6np  peaKUHH aKTHra moc k b h a  KHJiHHaAHraH 

3appajiap c o h h  TyuiyHHJiaAH. Ta>Kpn6aAa yMyMaH 6Hpop 

aHHK eKH xap xhji 6ypMaK ocTHAa Ba 6np  xhji 3HeprH^jiH eKH
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x a p  xhji SHeprHHJiH 3 a p p a jia p  K.aftA khjihhhluh mymkhhjihth- 

A 3 h , peaK U H H  m hkhujh KeHr Ma^bHora ara. X y c y c a H , ronKa 

HHiiioHra 6 n p  xhji SHeprHHJiH 3ap p ajiap  T y w a e ir a H  xojiAa 

peaK U H H  m hkhihh 6HJiaH KecHM o p ac H A a  ojmnft 6oFJiaHHUi 

M a B * y A A H p . Arap K>nKa HHUioHra TyuiaeTraH  3appajiap 

OKH M H H H H T  3HMJJHFHHH N (N = n aVa) ^HJiaH, HHUJOH KJ3aCHAa- 

th 1 cm 2 ra TyFpH KeJiaflHraH HApojiap co h h hh  Ns 6HJiaH Ba 

3ap p ajiap H H H r  x a M  roTHJiHuiwa, x a M  coMHJiHUiHra flOHp 

KecHM HH o, 6HJiaH 6ejirHJiacaK, y  xoji^a ujy ionKa h hu io hh hh t  

6hp jihk  io3acHAa c o a h p  6yjiaAH raH  peaKUHHJiap cohh  ji,- = 0 ,- 

■NSN  6yjia^H . n , hh  TyuiaeTraH  3appajiap o k h m h h h h f  

3HMjiHrnra 6yjicaK, ionKa hhuioh  yMyH peaK U H H  m hkhuih  y , =  

=  O iN s xochji 6y jiaA « . 1 cm3 x a * M f l a r H  aTOMjiap cohh  io3acH

1 c m 2 Ba KaJiHHJiHTH 1 c m  6yjiraH  HHUioHAarH napojiap 

coH Hra TeHr sKaHJiHTHHH xaMfla K)3acH 1 c m 2 6yjiraH 

h KajiHHJiHK^arH HHUioH^a

Hflpo M aBw yAJinrH HH  XHCo6ra  ojicaK, peaKUHH m h k h u i h  yMyH

TeHTJIHKHH XOCHJI KHJI3MH3. By epjja p —  HHUIOH M OAAaCHHHHT 

3HMJIHTH, A —  3TOM  OFHpjIHTH.

( 5 .1 3 )  KypHHHUIflarH peaKUH HHHH T KeCHMH Oat, HHHr KBaHT 

Ha3apHHCH acocHfla KejiTHpn6 MHKapa^HraH H(})OAacHHH

KypHHHLUAa e3Hiu MyMKHH, 6y ep^a va, Vb moc paBHiiiaa a Ba 
b 3appajiap Te3jiHKjiapH, pb — b- 3appaHHHr HMnyjibCH jb, 
jB— moc paBHiiifla b Ba B 3appaJiapHHHr cnHHjiapn, Tab —

CHCTeMaHHHr a-\-A xojiaTAaH b-\-B xojiaTra yTHuinra aohp 

MaTpnua 3JieMeHTJiapH eKH my >KapaeH 3XTHM0JiJiHrHHHHr 

aMnjiHTy^acH. S comhjihui >KapaeHHfla (op6HTaji momcht

l HOJira TeHr 6yjiraH/ia) HOJi/iaH (J)apKJiH 6yjiraH nacT 

3HeprHHJiapAa T MaTpnua sjieMeHTH Q 3HeprHH cneKTpH^a 
acocaH HKKa, 6ai>3HAa 3ca >Kyt})T MaKCHMyMJiap HaMoeH 

6yjica-fla, yHHHr 3appa.iapHHHr hhc6hA SHeprHHCHra 6oFjia- 

hhluh cycT 6y.naAH. HeftTpaji 3appaJiapHHHr 3JiacTHK comhjih- 

uiHAa va =  vb =  pb/m b 6yjia^H, iuyHra Kypa, 3(})(})eKTHB KecHM 

6y xoJiAa y3rapMaftAH. LLly 6HJiaH 6npra 6yH/iaft SHeprHH-

N s =  -^--6,02-10305 ^ (5 .3 1 )

^ » = 1 ^ 1  t ^ - ( 2 / * + 1 )  ( 2 / / j +  1) 
a B

( 5 .3 2 )
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5. 5- p a c M .  r i a c T  3HeprnH.ua Heft- 
T p a J l  3 a p p a H H H T  3 K 3 0 T e p M H K  (a) Ba 
' i H A O T e p M H K  ( 6 )  p e a K U H H  K e C H M J i a p H -  

h h h t  3 H e p r H H r a  6oFJiHK JT HrH .

Jiapaa (£a<ClQI) HeflTpaji 3ap p ajiap  6njiaH  6yjiaAH raH  

3K30TepMHK peaKUHHJiapAa Pb =  mbVb— ^J2mb\Q\ = co n st

6y^raHJiHTHAaH  (5 .3 1 )  H(})OAaHH

KypHHHtiiAa Ky w H p n6  e3Hiii M yMKHH. iJ,eMaK, k h m h k  3HeprHH- 

jiap.ua HeiiTpaji 3appaJiapHHH r Te3JiHrn KaMaflHiiiH 6HJiaH 

3(})(})eKTHB KeCHMHHHT KH HM 3TH  Op Tap  3K3H .

SHjjoTepMHK peaKUHH a 3appaHHHr 3HeprHHCH E,KJ AaH

KaTTa 6yjiraH/iarHHa aMajira oiuaAH Ba SHeprHH uiy KHflMaTra 

r k h h  6yjiraHAa ya =  const= -\j2ma\ Q| A e 6  ojihhhuih MyM-

khh. y  xojiAa yMH6 MHKaeTraH  b 3 a p p a HHHr Te3JinrH 

TyKHauiHiu sHeprHHCHra vb=  ^j2mb(E — £,„..,) KypHHHiUAa

6oFJiaHraH 6yjiaAH Ba SH AOTepM HK peaKUH H  k c c h m h  yMyH

6oFjiaHHUiHH xochji KHJiaMH3. 5.5- p acM A a  nacT 3HeprHHJiapAa 

HeflTpaJI 3ap p aH H H T  3K30TepM HK Ba SH AOTepM HK peaKUHH 

KecHMJiapHHHHr 3HeprHHra 6oFJiaHHiuH KejiTHpnjiraH. Hefl- 
Tpaji 3appaJiap  yMyH KeJiTHpHJiraH KecHMJiapHHHr sH ep rH ara  

6oFjiaHHUiH 3apHA^iaHraH 3appaJiap  yMyH KyjioH TatCHpjiaiuy- 

bh XHCo6H ra KyflHAarH y3rap H uira  ojih6 KeJiaAH. Ty u iae T raH  

3 a p p a  6nJiaH H ap o  o p acH A arn  KyjioH Tai>CHpH Karra 

Maco(})ajiapAa x aM  MaB>KyA 6yjiraHJiHrHAaH, H A po  Ba KyjioH 

Ta^bCHpjiauiHiujiapHHH ajioxHAa x n c o 6 r a  ojiHHca, Tab MaTpn-

Ua 3JieMeHTHHH

KynaflTMa KypHHH iuAa e3Hui M yMKHH. By epaa T"ab—  (})aKaT

a a p o  TaiaCHpHra OHA M aT pH U a  3JieMeHTH, Pa Ba Pb —  MOC 

paBHUiAa a Ba b 3appaJiapHHH r KyjioH TycHKJiapHAaH  yTHUi 

3XTHMOJIJIHKJiapHHH XapaKTepjlOBMH KaTT3JIHKJiap. Ky^ioH

=  const =  -yJE — E (5 .3 4 )

(5 .3 5 )
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TaijCHpH XHCo6 ra OJiHHraHfla KyflH SHeprHHJiapAa a 3appa 

SHeprHHCH KaMaflHUJH SHJiaH KeCHM opTHLU ypHHra KeCKHH 

KaMaHAH. SHAOTepMHK peaKUHH ywyH xaM TyiuaeTraH a 3appa 

3HeprHHCHHHHr KaMaHHLHH KeCHMHHHP KeCKHH HOJira HHTHJIH-

uiHra ojihS KejiaAH (5.5- pacMra k.)

5.6- §. flapo peaKUHHJiapHHHHr KOMnayHA «A po  MexaHH3MH

flApo peaKUHHJiapHHHHr aHHK Ba Tyjia Ha3apHHCH 

flyK. XyAAH HApo OTpyKTypacH x,ap xhji HApo MOAejuiapH 

opKajiH coAAaJiaiiiTHpHJiraHHAeK, HApo peaKUHHJiapHHHHr 

6opHuiH xaM xap xhji peaKUHH MexaHH3MJiapn opKajiH 

TyuiyHTHpHJiaAH. PeaKUHH MexaHH3MJiapn >KyAa Kyn. LUy- 

jiapAaH 3Hr a co c n fljiap H  6 y jir a H  K O M n a y H A  H A p o  MexaHH3MH 

Ba TyrpH y 3 a p o  TaiiCHp MexaHH3MH 6 HJiaH T a H H U ia M H 3 .

HHJibc Bop  TaKJiHtj) KHJiraH HApo peaKUHHJiapHHHHr 

KOM nayha HApo MexaHH3MHra Kypa, HApo peaKUHHCH hkkh 

6ocKHHAaH H6opaT. Bhphhhh  6ockhh hhiljoh-hapo 6nJiaH 

3appaHHHr 6npHKMa xoJiaT TaiUKHJi STHiUHAaH H6opaT, htjHH 

A +  a-^-C*. BnpHKMa xojiaT C*  xap  aohm KynjiH Ky3 FajiraH 

6yjiaAH, HyHKH HApo-HHiuoHra a 3appa y3HHHHr Tyjia khhcthk 

SHeprHHCHHH 6epaAH. H k k h h h h  6ockhh aca 6npHKM a xoJiaT- 

hhht y eKH 6y 3appara napnajiaHHiuHAaH H6opaT, ht>hh C *  —

—  b-\-B. /leM aK, 6y MexaHH3Mra acocaH (5 .13 ) peaKUHH 

KyflHAarHHa yTaAH:

a +  A - + C *^b  +  B  (5 .36 ) 

^ A p o  KynjiapH TaT>cHpn octha3 pyfl 6epaAHraH *ap a-  

eHJiap / afl=  10 “  1 0- 23 BaKT opajiHFHAa yTaAH. B y  KHflMaT

Te3JiHTH epyFjiHK Te3JiHrHra hkhh 6yjiraH 3appajiapHHHr HApo 

AHaMeTpnra TeHr Maco(})aHH yTHUiH ynyH KepaK 6yjiaAHraH 

BaKTra moc KejiaAH. YM yM aH , 6hpoh E SHeprHHJiH 3appaHHHr 

THHH XOJiaTAarH HHUIOH HAPO 6HJiaH TyKHaUIHLU B3KTH tm 

(m jHH peaKUHHHHHr yTHiu BaKTH) 6HJiaH t„a o p a c H A a r H

nponopUHOHajuiHKHH KyflHAarHHa H^OAaJiaui MyMKHH:

/ m~ / M . £ - |/2( M 3B ) .  (5 .37 )

PeaKUHHHHHr yTHui BaKTH tm hapohh xapaKTepjioBHH 

BaKTAaH KaTTa 6 yjiraH xojiAarHHa 6 HpHKMa hapohh

KOMnayHA HApo Ae6 TacaBByp sthlu ypHHJiH 6 yjiaAH. 

KoMnayHA HApo nujaui b3 kth y30KpoK 6 yjiHLUHra ca6 a6 

hnma? AeraH caBOJi TyrH.THUiH Ta6 HHfiAHp.

H a PO KyHJia pH TabCHp AOHpaCHHHHr KHHHKJlHTHAaH,
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HHiuoH-Hflpo 3H 4  *ofljiaujraH  HyKJioHJiap TynjiaMHflaH u So p a T  

SyjiaAH. HHUiOH-Hflpora KejinS TyujaeTraH  a  3 a p p a  y3  ftyjiHAa 

y n p a ra H  KaTop  HyKJioHJiap SHjiaH TyKH aui kcjih6, Te3iia 

OpTHKMa KHHeTHK SHepPHHCHHH SyTyHJJaft ftyKOTaflH. Y H H H r  

SHeprHHCH HApo/iarH HyKJioHHHHr SoFjiaHHUi SH eprHH CHAaH  

KHMHK 6yjIH 6 KOJiaflH Ba 3HAH y HHUJOH-HApOAaH M HKH 6 KeTa 

ojiMaftaH. X.OCHJ1 6yjiraH KOMnayHfl H/ipo Ky3FOJiraH x,ojiaTfla 

6yjiaAH. LLIyHHCH MyxHMKH, KOMnayHfl HApo TapKH^HAarH 

6HTTa x,aM HyKJioH 6oFjiaHHUi SHeprHHCHHH c h th 6  m hkh6  KeTa 

OJiaflHraH Aapa>KaAarH  3HeprH Hra  ara 3M ac.

M a c a jia H , HHuioH-HApora 3 a p p a  TOMOHH.uah ojih6 Ke- 

JiHHraH Ky3FaJiuui SHeprHHCH 15 M s B ,  K O M n ay H A  HApo/iarH 

HyKJiOHJiap cohh  3ca A =  100, a e 6  cj)apa3 KHJiaftjiHK. y  xoji.ua 

x a p  6np HyKJioHHHHr Ky3FaJiHui SHeprHHCH ypTaM a 0 ,15  M a B  

ra TeHr. HyKJiOH HApo/iaH  m hkh6  kcthiuh  yMyH aca yHHHr 

KHHeTHK 3HeprHHCH 6oFJiaHHiu SHepFHHCH (8  M a B )  A a H  Karra  

6yjiHUiH KepaK . B a K T  yrHuiH 6HJiaH 6y opTHKMa 15 M a B  

SHeprHH  K O M n ay H A  HApo  HyKJioHJiapH ypTacHfla 6np HeMa xhji 

TaK C H M OT^a  6y jia^H . TacoAH(})aH , uiyHflaft cj)jiyKTyauHH 

B33HHTH By>KyAra KejiaAHKH, 6 y H A a  n a p o  CHpTHAarH  6 n p o p  

HyKJiOHAa H ^p o H H  T ap K  3Ta oJia/iHraH Aapa> Kaaa  SHeprHH 

ftHFHJIH6 KOJIHUIH M yM KHH. y  XOJIAa 3XTHMOJlJIHrH >KyAa KHMHK 

6yjiraH «6yFjiaHH Uj» * a p a e H H  103 6 e p a A H  Ba HyKJioH h a p o a s h  

m hkh6  KeTaAH. K o M n a y H A  H A p oA aH  a>KpajiH6 m hkK 3h  3 a p p a  

(b) HHiuoH-Hapora kcjih6 TyuiraH  AacTJia6KH 3appa.z1.aH (})apK

KHJIHLUH M yM KHH, H"bHH b =/= a, AC M 3K , B^=A.
LUyHAaH khjih6, KyMJiH y3apo TaiiCHp Ky3FaTHJiraH HApoAa 

HyKJioHJiapapo Ky3FajiHiu SHeprHHCHHH h h tc h c h b  p a b hiua3  

KaftTa TaKCHMJia6 TypnuiHH TatMHHJiaftAH. Ba"b3aH KOMnayHA 

HApoHHHr opTHKMa 3HeprHHAaH 6HpopTa 3appaHH MHKapHIU 

ftyjiH 6njiaH KyTHJiHui >KapaeHH * y A a  y30K b b k t  a 3 b o m  sthujh  

M yM KHH. M acajiaH , arap KOMnayHA HApo y- Hyp MHKapca, 

6yHAaft HypjiaHHiu >KapaeHH 10~ 13 c AaBOMHAa 103 6epHuiH 

MyMKHH. BouiKaMa khjih6 aftTraHAa, KOMnayha h a p o  7 - kb3ht- 

AaH «KyTyjiHiuHH» h a p o h h  xapaKTepjiOBMH 1 0 -22  c

BaKTra HHc6aTaH MHJiJiHapA^ia6 MapTa Kyn BaKT a3bom ha3 

xaji KHJiaAH. LUyHHHr yMyH (5 .36 ) peaKUHHHHHr ynr tom ohh  

KOMnayHA flApo y3HHHHr KaHAaft By>KyAra KejiraHJiHTHHH 

6yTyHJiaft «yHyTraHHAaH» cyHr aMajira ouiHpHjiaAH. XyAAH 

uiy (})aKTJiap acocHAa KOMnayHA HApo MexaHH3MH takjih(}) 

KHJiHHraH.

KoM nayHA  hapohhht napMajiaHHUi Typn yHHHr Ky3FajiHUi 

3HeprHHCHra, xapaKaT m hkaoph MOMeHTHra Ba 6ouiKa 

xapaKTepHCTHK KaTTajiHKJiapnra 6ofjihk. JleKHH KOMnayHA
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IJfltjl

-EBMdBW BH HOirXM —  HMITIBI IHHMwAw mHXBd>KB BJB^OD HHMH 
HHHDBdHOir mHmBirdHDq.Bl HBirH9 0dVB-H0mHH JHHHBddBE V 

HMHAj-j -HtrHBWirX9 M<3HlXe BJmHITO BhBJlBWHHM £HDM3h 

HHHVHHJHH BhHHXg XH9W0W IfBlHgdO / BirBirXwdO(}) (6g 'S ) ‘HBlT 
-HJHITHBJHBITBdBJ9h HDBdHOff dHDH-BX JHHHHdBIThXM odtTft

MHIfBXXBM MHdHUWe —  >ll ‘HJHIWOWHXXe MHITmHITHp 

BlX HBVHHOWOX BddBE V HHHdBIThXM BWhOM HBlTEBMdBW 

BH HOirXM JHHHOdlTB-HOmHH —  'rf ‘HJHITITOWHXye mHITlAl 

BJHDBdHOtT HdHDq.BX HdBIThXM odffK JHHHBddBE —  'f] BtTda X9

(6SS) "U J f l '!  =
OO

:HHMwXw EHWHmHED BtrmHHHdXM MHdHUWe BhHJ 

-BVHHXM BDe HHHWHD9M mHiraM BJVA>KXe JHHHOdlTK ithX b u w o >i

(8  Q ) ■qan ‘mD =  qvo

:hhmwXw mHea BlTHDBMHdBX hdbwxhbuXm 

jhhh  HJHirirowHxxe mHHBirBhdBu BJBddBe q bs mo 
HWHD8M mHI/3M BJtrXMfAa JHHHOdtTB IThXeUWOM HH qD3. HWHD3M HD 
-BHtTMBad odPB ‘HBVHJHITHBJBWirXp MHITJOg BJHH3BdBM< mHITDM 

BJtrXwXa JHHHA HmHHBITBhdBU JHHHOdtTB IThXbUWO}!

dHtrHICHHdX BtTHHBJI^Xg BtTHDBWDXDHD HEBMdBW BHjd3H€ H H 1K  

‘BtTBWaXDHD EHDXBMBdBX odtTB IThXbUWOM XOWHDMBX HBtTHXg 

BXXB9I/Y HlTBirXg HBJHBITWHDMBX HBtfdHg BtTdBirmHITBHXH 

bwwbV HdBirxoirXDXBW BHtiMBad — dBirBddBe HhWBirHMMpj mXh 

mHHBirjog ombitxXw BtTHDBxdX HdBirDqirXuwH BddBE q Ba v Btr 
-HdBITKHtlMBDd OdtTK HBJHtTBXX HITBMdo odtfK IThXbUWOM ‘MBWD^/ 

HtrBirXg B1TXB9DHH MafHJBtrHdoMOI HtnrXx WBX HdBITOqirXuWH 
(HJBtTXBiroy HHMde) HJHHH9M HBtTmHHBirBhdBU BH HJBtTodlTK 

JHHHBddBe q BtTHmHHBirBhdBU JHHHOdtTK IThXbuwo^ MXh 

mHHBITJ09 BtTHDBXdX HdBITDqirXuWH HJBtrodtTK-HOmHH Ba HJ 
-BtfXBirOy HHMde ‘hHJHBirmOg JHHHBddBE V ‘MBWatf HtrHBWirXg 

Bje bjxbwhhm  mhhb HDqirXuwH jHHHBddse v hbjithxXx BtrodtTK 
HBOHH9 BJHXBgBDOHXw dBITMHITMHHBOH dHtTMBWatr mBITBdBJSh 

HBITH9 HWBhirX OdtTK HHHHdX HH30EB(j) JHHHX HUIHITHxXx 

BtrodtTK-HomHH JHHHBddBe HhWBirdng ‘wbx hbxbm hm b^ 

•HtTBXBDdXM HHHJHirMXH mHHBITJOg OMBirxXw BtTHDBdO mHITBHXH 

HMMH X9 dBiraXxBeX^ HtTBHBirMHHB HODO HdBirmHITBHXH 

JHHHBddBe q HhWBirHMMH Ba V HhWBirdH9 BtTBgHdM<BX

EHWBXX gHITBXXXx irHD(|)BX 

-B9 BtTMBX X g  dHlTHXKHDXDXx WH*XW  JHG JHHHdBITBHtlMBad



5.6- p a C M .  X,apanaT M H K f lo p H  

M u M e H T H  l 6 y j i r a H  3 a p p a , i a p H H H r  

T a T iC H p j ia ijU H iiJ  cxeMacw: l — m o m c h t -  

j ih  3 a p p a jia p  h h u i o h  6 HJiaH m o c  

p a B H U ia a  Rt p a flH y c jiH  x .a jiKaJ iap  h m h -  

aa TyKHauiaAH.

A3H K.OHM3 KyM TaTiCHpH AOHpaCH Ba HHKH Hflpo KyMJiapH 

TatCHpH AOHpaCH.

A r a p  Z ykhhh a 3appa xapaKaTH 6yfijia6 TaHJiacaK, /?, 
TyKHauiyB napaMeTpnra TerHiujiH xapaKaT MHKaopn momchth 

TaKpn6aH  Kl ra TeHr, ht>hh pRtxhl  6yjiaAH. 3 ap p a  

HMnyjibCHHH yHHHr fle-Bpoftjib TyjiKHH y3yHJinrH opKajiH

H(|)OAaJiacaK, p=4-=-^- h h  0JiaMH3. ByuaaH
A A

Ri=%-1. (5 .40 )

XleMaK, xapaKaT m hkaoph momchth hl 6y;iraH 3appajiap 

HHIUOH HApO TaijCHpH flOHpaCHAa Ri =  fcl A3H Re+1 
-(-1) raMa M aco ^aaaH  yTa/iH (5 .6- pacM ). Ri 3appajiap 

Tym aeTraH x,ajiKaHHHr khmhk (hmkh) pa^nycHra TeHr 6yjica, 

Ri+ 1 yHHHr KaTTa paflHycHra TeHr 6yjiaAH. Pa/wycJiapH Ri Ba 

Ri+ 1 ra TeHr aftjiaHajiapflaH TauiKH/i TonraH xajiKaHHHr k)3h 

Ui KecHMflHp:

U i=n R ?+ 1 — n R j=nk2(2l-j- 1). (5 .41 )

A rap  HHiiioH-Hflpo 6njiaH y3apo TaT>CHpra KHpyBHH xap 

6np 3appa H/ipo peaKUHHCHHH Bywy/ira KejiTHpaflH, ae6 4>apa3 

KHJicaK, Ui peaKUHHHHHr hl xapaKaT m hkaoph MOMeHTH 6njiaH 

xapaKTepJiaHyBHH napunaji kcchmhhh H^oflaJiaft^H. 3 ap p a

HHHIOH-HflpO TaTjCHp AOHpaCHTa TyUIHUIHHHHr Tyjia KeCHMHHH 

TonHiu ynyH (5 .41 ) H({)OflaHH l hhht 6apMa KHftMaTJiapn 

6yftHMa ftHTH6 hhkhui jio3hm. 3 a p p a  hhuioh-hapo 6njiaH y3apo 

Ta"bCHpfla 6yjiHUiH ywyH y napo KyMjiapHHHHr Ta"bCHp 

AOHpacHra khphuih, htjHH 5.6- pacMra 6HHoaH Ri napa- 

MeTpHHHr 3Hr KaTTa R  KHHMaTHra TeHr 6yjiHiuH KepaK:

/? /(m ax ) ~hl^LR. (5-42)

p
ZleMaK, / ^ —  MOMeHT 6HJiaH xapaKTepJiaHyBMH 3appajiaprH-

7t"

Ha h h u i o h -h a p o  6HJiaH y3apo Ta"bCHp/ia 6yjiafln. Y  xoJifla Tyjia

KeCHM

R/t.

U =  Z U ,= n k 2=  Z ( 2 l + l )= n (R  +  it)2.
/ t/o
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( h h f h h a h  apH(})MeTHK nporpeccHH  K O H yH H ra  acocaH  x,Hco6jia- 

H a ^ H ) .

U Jy H a a H  khjihS, K O M n ay H A  aap oH H H r  MaB>Ky/i SyjiHm  

KecHMH ynyH  (5.39) ra Kypa KyftHAarn H(})OAara KejiaMH3:

R/iz

CTac= n t 22 ( 2 / + i)Pr ri, (5.43)
1=0

TaiipH^ra  6hho3h  P t 3a p p a H H H r  TauiKH  c o x a a a r H  

XOJiaTHra 6 o fjih k ah p . M a c a jia H , u 3 a p p a  HeftTpoHAaH H 6o p aT  

6yjica Ba / =  0 AecaK , P0=l-r]( h hh t  KH H M aT H , O A a T ^ a , 

MaijJiyM T axM H H ra  acocjiaHraH  xoJiAa (5.43) hh 3KcnepH M eH T  

6HJiaH T aKK ocjia6  TonHJiaflH.

5.7- §. KoMnayHA h a p o h h h t  napMajiaHHuiH

K o M n a y H A  h a p o h h h t  Wb napMajiaHHUi sxthm ojijihfh 

napMaJiaHHUi >KapaeHHHHHr (})H3HKa acocHH H  Ba K O M n ay H A  

HApoH HHr 6 a p K a p o p  xoJiaTra yTHiun KaHAaft ftyji 6HJiaH 

6opH UIHHH  XapaKTepJIOBMH KaTT3JIHKAHp. KoM nayH A  HApo- 

h h h t  B Ba b 3appaJiapra  napMaJiaHHiu 3Xthm ojijihfh yHHHr 

Ky3FajiHiu 3HeprHHCHHHHr uiy b 3 a p p a A a  ftHFHJinui sxth- 

MOJiJiurHra 6ofjihk . Ky3Fajinui 3HeprH HCH HHHr M atJiyM  6 n p  

3 a p p a r a  TaKCHMjiaHHUiH TacoAH(j)Hft xojiAHp. Y M y M a H , KOMna- 

yHA  HApoH HHr TypjiH 3ap p aJiap ra  napMajiaHHUiH 3Xthm ojia3h  

Xojih 3M ac . Xap 6 h p  M yM KHH  6yjiraH  napM ajiaHHiujiap 

sXTHMOJiJiHKJiapnHH w i, W2, ... Ba X- k. A e 6  6ejirHjiacaK, 

K O M n ay H A  H A po  napM ajiaHHuiHHHHr Tyjia axTHMOJiJiHrn 

KyftHAaru ftHFHHAHra Teur 6yjiaAH :

W ^ W f  +  WQ-h ... =  2 W/r (5.44)
k= 1

A h h k  b >KapaeHHHHr sxthm ojijihth Wb, O A aT A a , SHeprHH 

caTXH H H H r  KeHrjiHTH T* hh 6ejirHJiaHAH. K y 3F ajiraH  HApo C* 
xoJiaTAa cj)aKaT t b BaKTrHH a  nuiaftAH, cyHrpa y B  Ba 

b 3ap p ajiap ra  napM ajiaH aAH . H A p o  neKjiH b b k t  HiuauijiHrH 

ca6 a6jiH Ky3FajiraH xoJiaTHHHr SHeprHHCHHH HoaHHKJiHKJiap

MyHoca6aTHra Kypa r* =  A £ * ~  —  aHHKJiHKAa Tonnuj MyM-
rb

KHH. H K KH H M H  TOM OHAa  H, >KapaeHHHHF SXTHMOJIJIHTH Wb =

=  — , y xojiAa rb =  AEb =  hwb Ba
rt

r = r ,- j - r 2+ r 3 + . . . =  2  (5 .45 )
*=i
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ileM aK , 3HeprHH caTX,HHHHr Tyjia KeHrjinrH napunaji KeHrjiHK- 

jiap HHFHHAHCH/iaH n S o p a T  SyjiaAH.

K hm hk  SHeprHHJiapaa Ky3FajiraH KOMnayHA HApojiapAa 

cjjaKaT r? pajiHauHOH kchtjihk  HOJiAaH (J)apKJiH SyjiaAH. 

MacajiaH, >KapaeHHHHr ypTawa B3K,th tt=  ( 10“ l4+  10~ l5)c, 

y x,ojiAa p aA H au H O H  KeHrjiHK:

„  h 6 , 6 - 1 0 _ 1 6 3 B - c „  c c  d
r., =  —  =  ---- p.-- =  0,66 3B.

1 tt 10“  c

ByHAafl khmhk SHeprHHjiapAa KO M n ayH A  HA poA aH  HefiTpoH eKH 

npOTOHHHHT a*paJlH6 HHKHLHH MyMKHH 3M8C, HyHKH 6y 

SHeprHH yjiapHHHr HApoaarH 6oFjiaHHiu SHeprHHCHAaH >Ky,na 

KHHHK. BHpjiaMHH 3appa SHeprHHCHHHHr opTHUlH 6HJiaH 

napHajiaHHiii fiyjuiapHHHHr Typn KynaHAH. ^Ta Ky3FajiraH 

KOMnayHA HApoHHHr Hiuaiu BaKTH >KyAa KHCKa, SHepreTHK 

caTX KeHrjiHTH 3ca myHHa KaTTa 6yjiaAH.

3 h a h  KO M n ay H A  h a P o h h h t  b 3 a p p a ra  napHajiaHHiu fiyjiH 

6HJiaH acocHH B xoJiaTra KafiTHiu sxthm ojijihfhhh aHHKJiafi- 

jihk. K o M n a y H A  h a P o h h h t  Ky3rajiHiu 3HeprHHCH HApo  HHHAa 

TacoAH(J)Hfi xojiAa TaKCHMJiaHraHJiHrHAaH, x a p  xhji napnajia- 

hhiu KaHajuiapH  y 3 a p o  paK ,o6aTAa 6yjiaAH. M a iw iy M  b KaHaji 

6yfiHHa napHajiaHHLtiHHHr sxthmojijihfh w b moc napuuaJi 

KeHrjiHKHHHr Tyjia KeHrjiHKKa H H c6aTH  6njiaH aH H K JiaH aAH :

Wb =  ~ .  (5.46)

(5.13) peaKUHHHHHT 3(j)(j)eKTHB KeCHMH yHyH 6 h 3  KyfiHAarH 

H(j)OAara Kejiam h 3:

r/*
oab=  Z ( 2l +l ) Pnh (5.47)

1 /= i

A rap  6epHJiraH K,y3FaJiHiu 3HeprHHCHAa KO M n ayH A  h a p o h h h t  

(})aKaT 6HTTa napnaJiaHHUi KaHajiH MaB>KyA 6yjica, h ^ h h  T =  

=  r„ 6yjica, y xojiAa w b= l .  3 ap p a  3HeprHHCHHHHr xap xhji 

coxajiapHAa (5.13) peaKUHHHHHr y3nra xoc xycycHHTjiapHHH

6aTa(j)CHJi KypafijiHK. (5.41) TeHrjiHK, h t jh h  /< [y  iuapT, 3ap-

paHHH r Ae-Bpofijib TyjiKHH y3yHJinrH ( k = — ) hhiuoh-ha-

poHHHr Ta^CHp AOHpacH paAHycHAaH >Ky^a Karra (k^>R) 

6yjiaAHraH Aapa>KaAarH nacT 3HeprHHjiapAa (j)aKaT / =  

=  0 xojiAarHHa 6a>KapHJiaAH. XaKH KaTaH  x,aM, arap k^$>R 
R

6yjica, /<! —<C 1, hi.hh  /<c  1, ACM aK, / =  0. ByHAafi khhhk
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3HeprnH.nap.aa HHiuoH-aapo 6HJiaH p y n a p a  TyKHauiyBMH 

3ap p ajiap  yM yHrnHa (5 .1 3 )  peaKUH H  3x,THMOJiJiHrH hojia3h  

4)apKJiH 6yjiaiiH. 3 a p p a H H H r  6yHflaft nacT  k h h c t h k  3HeprHHJia- 

p H ^ a  (5 .1 3 )  peaKUH HHHH T 6opHUlH yMyH y HHUJOH-H/ipOHHHr 

KyjioH TycnrH HH  ce3M ac;iHrH KepaK  (M ap K a 3 /ia H  KOH M a KyM

1 =  0  xoji yMyH HOJira T e H r ), ht^hh HeHTpaji 3 a p p a  6yjiHUiH 

KepaK , M acajiaH , HeftTpoH. /le M a K , nacT 3HeprHHJiap/ia 

peaKUH H H H H r 6opHUl UiapTH Pi=  1 3K3H .

K h m h k  3H ep rH H AarH  HeftTpoHJiapHH K a M p a 6  oJiHiuAa 

K O M n ay H A  h a p o h h h t  xochji 6yjinuiH x a p  ao h m  y- KBaHTHHHr 

yMH6 MHKHUiHra ojih6 KejiaBepMaftAH, 6ajiKH uiyHHHr/xeK, 

iieftTpoH yM n p n 6  M HKapHuiH  Ba (n , p ) eKH (n , a ) peaKUHH- 

jiapHHHr aMajira ouihuih M yM KHH . KoM iiayH /i HApo  Mo/iejiHAa 

p eaK U H H  h kkh  6ocKHM ra —  K O M n ay H A  h a p o h h h t  xochji 6yjiH- 

uih Ba napM ajiaHHUiHra 6yjiHHraHJiHTH ca6a6jiH , TypjiH 

M yM KHH 6yjiraH xoAH cajiapH H H r h h c 6hA sxthm ojijihth KOMna- 

yH/l HApOH HHr KB3HT XOJiaTJiapH OpKajlH 3HHKJiaHHUIH KepaK. 

X y c y c a H , a r a p  a u p oH H H r  SHeprHH caTXJiapH —  pe30HaHCJiap 

6hp-6h p h h h  K onjiaM aca , KOMnayH/i, h a p o h h h t  T a d n a T H  ajioxn- 

Aa-ajioxHAa k b b h t  xoJiaTHHHr xycycHHTJiapn opKajiH 6ejirH- 

jiaH a^H  Ba A e M aK , yu i6y  xojiaTHH io3ara KejiTHpraH ycyjira 

6 o fjihk  6yjiMaftAH. MacaJiaH, yMHpnjiaeTraH y- k b 3 h t  Ba 

HeftTpoHHHHr h h c 6hA HHTeHCHBJiHrH HeftTpoHJiap 6HJiaH

HypjiaHaeTraH  \X a/ipo ynyH  npoTOHJiap 6HJiaH 6o M 6apAH- 

moh KHJiHHaeTraH Z_*X  H/ipo yMyH 6np xhji 6yjia/i,H. ByH- 

A a  aji6aTTa , TyiuaeTraH  3app ajiap H H H r  SHeprHHCH uiyHAaftKH, 

yjiap 6up  xhji pe30H aH C  xoJiaTHH ByjKyj,ra KeJiTHpaAHJiap. 

lO K op H /iarH  xyjioca «MycT3KHJiJiHK rH n o T e3acn »  A e 6 aTajia/iH. 

Ky ftn ^a  6y THnoTe3a H/ipozia 6np KHftMaTJiH 6yjiMaraH 

pe30HaHCJiap 6up-6HpHHH KonjiaraH  Ba3H H TA a  HHa KaftTa 

K y p H 6 MHKHJiaflH.

Ky 3aTy BJiap  nacT  SHeprHHjiap/ia HeftTpoHHHHr hhuioh- 

a ^ p o A a  iothjihuih Ba cyH rpa  K O M n ay H A  h /xpohhht napMaJia- 

hhui peaKUH HCH  H ypHHHr comhjihui * a p a e H H r a  * y f l a  yxiuam- 

jihthhh KypcaTaflH . O n T H K a H H H r  flHcnepcHH xoflHcacH K a 6 H  

(n , b )  peaK UH H Jiap^a  x a M  peaKUH H  kcchm h arpn  MH3HFHAa 

pe 30H aH C  M aKCHM yM Jiap Ky3aTHJia/iH. By p e 30H aH C  MaKCH- 

MyMJiap KOM nayH /i H ^ p o  Ky3FajiHiu 3H eprnH CH H H H r M atJiyM  

KHftMaTJiapHAa Ky3aTHJiaflH. ( 5 .3 6 )  peaK U H H  kcchm hhh  

Kyftn/iarHMa x a M  §3hui m ym khh:

o a-+c-»b= o a—cw b> ( 5 .4 8 )

6 y  ep/ia y Â c—  KOMnayHfl H/ipoHHHr xochji 6yjiHUi KecHMH,
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w B—  yHHHr (5 .36 ) peaKUHH cxeMacnra acocaH (ht^hh Bb

KaHaji opKaJin) napMajiaHHiu 3XTHM0JiJiHrH. (5.48) H<$oaan,a 
>KapaeHHHHr h k k h  Go c k h m j t h t h  Ba ujyHHHraeK, MycTaKHJiJiHK 

rnnoTe3acH  x aM  3 h h k  KypcaTHJiraH.

T. BpeftT Ba E . BHTHep 1936 HHJi.ua (n, b) peaKUHH ynyH 

KyiiH/iarH AncnepcHOH cf)opMyjiaHH tbkjiH(f) KHJiAHJiap:

1 2 2 (fC +  1 > r /4cr
oA , r= n k A„------------------- ------ (5 .49 )

(2//, +  1) (2/0+  1) ( ^  — ^o) -f (r /2)

6y ep^a  XAa—  A a KaHajiHflarn hhc6hh tyjikhh y3yHJiHK, —

Maccajiap MapKa3HAarn pe30HaHC SHeprHH, F —  caTXHHHr 

Tyjia KeHrjiHrH, r^,a caTXHHHr Aa  KaHaji 6yftHHa napnajia-

HHiura HHc6aTaH napunaji KeHrjiHTH. MaT>HO >KHxaTAaH

K3TT3J1HK KOMnayHA HApOHHHT J K3H3J1H 6yftHMa B3KT

6 HpjinrHAarH napHajiaHH ui 3 x t h m o j i j i h f h h h  6 njiAHpaAH . By 
epAa

r = 2 r, (5.50)
i

ftHFHHAH xaMM a Kanajuiap 6yftHMa ojihh3ah Ba

Wb =  ^ .  (5.51)

(5.48) Ba (5.51) TeHrjiHKJiapHH (5.48) MyHOca6aTra KyfiHiu 

pe30HaHC y^yH BpefiT —  BHTHepHHHr M am xyp  4)opMyjiacHHH 

6epaAH:

. ^ c + a  =  ------- — -----  (5 .52 )
2(lA+\)(2Ia+ \ ) (V - V u)2+ (r /2 )2

X y c y c a H , (n, y) p e a K u n a  yMyH

2i 4- 1 i' r
a (n ,y )= n k 2------ £ ± _ ^ L _ I ---  (5 .53 )

2(21A+\)(%- %Q) (r /2)2

6 y  ep Aa  r n Ba T Y —  HefiTpoH Ba y- KBaHT yM H pn6  M H Kapuuira  

moc KeJiyBMH n ap u n aji KeHTJiHKJiap.

BpefiT —  B H T H ep  4>opMyjiacH e p ^ a M H A a  KO M n ay H A  HApoAa  

x a p  KaHAafi 6epHJiraH p e 30H a n c  c o x a c H A a  KecHM HHHr 

KHfiMaTH aHHKJiaHaAH . HefiTpoHHHH r KyMyui HApo^iapH 

6HJiaH TyKHaiUHUi k c c h m h  0,01 A aH  100 a B  raMa 6yjiran 

3HeprHH  opajiHFHAa 6 n p  neMa pe30H aH C  —  MaKCHMaji KHfiMaT-
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.napra ara. LLIy pe30HaHCJiapflaH 6 npHH4HCHHHHr SHeprHHCH 

^ o  =  5 , 1 2 0  aB  6yjin6 , y pe30HaHC y- MHKapnui Ba HefiTpoH

HHKapHiura H«c6aTaH rT=136-10-3 sB Ba r„ =  5,9X 

X  ^  1 /2• 10 3 sB KeHTJiHKJiap 6HJiaH xapaKTepjiaHa/iH.

HeflTpoHJiapHH «K aM p aui»fla  Ky3aTHJiraH pe30HaHCJiap 

HApoJiap Ky3FajiraH x,OJiaTJiapHHHHr SHeprHHCH Ba uiyHra moc 

Kejia/iHraH caT^Jiap KeHrjiHFH x a K H A a r n  MatJiyMOTJiapHH 

6epa /iH . By xnji/iarH Ta>KpH6ajiapHH 3apHAJiH 3ap pajiap  

6HjiaH aMajira oiunpHiu M yMKHH 3M ac . O a K a T  3Hr eHrHJi 

H^pojiap  6yH /iaH  hcthcho . ByHra c a 6 a 6 , khmhk 3HeprHHJiap.ua 

KyjioH TycHFH hh (|)aBKyJioflfla KaM aflTHpH6 io6opaflH.

HeflTpoHJiap y^yH 1 = 0  xojiaT^a r„ 3Hr KaTTa KHflMaTra 3ra, 

KO M n ay H A  H/ipoHHHr cnHHH aca I A= 6yjiaAH .

K,yuiHJiH6 KeTa/inraH caTXJiap coxacH/ia MycTaKHJiJiHK 

rnnoTe3acH  TeKuinpHJiraH Hiujiap c o h h  yHHa Kyn 3Mac. 

YjiapaaH 6 h p h h m h c h  Ba KynpoK 3CJia6 TypHJiaAHraHH rxoiuaji 

TOMOHHAaH aMajira ouiHpHJiraH. rxouiaji h k k h  xhji ycyji 

6HJiaH ojiHHraH 64Zn h h h t  yflFOHraH H/ipoJiapH Ta6HaTHHH 

ypraH/iH:

§gNi +  *He

29Cu +  |H

oZn +  n 

6-Zn +  2n 

gCu +  1 H +  tl.

(5.54)

(5.48) M yH O ca6aT ra  acocaH  MycTaKHJiJiHK rHiioTe3acH, 

MacajiaH, Kyfln/iarH TeHrjiHKHHHr 6a>KapHJiHLUHHH Tajia6 

KHJia/iH:
a(a,pn) __  w(pn) __

w(2n)o (a , 2n)

_  o(p , pn) 

n(p, 2n)
(5 .55 )

5. 7- pacM. HeftTpoH- 
h h h t  ypaH- 238 smpocwAa 
lOTHJlHLU KeCHMHHHHT Hefi- 
Tpo H Jiap  SHeprHflcnra pe3o- 
H3HC 6oMHKJIHrH.

By TenrjiaMaAa xaMMa KecHMJiap 

64Zn KO M n ay H A  h a p o h h h t  6HTTa 

Ky3rajiHiu aHeprHHcnra m o c  Ke- 

jia/iH. Txouiaji y3 Ta>KpH6ajiapn- 

HHHT H3TH>KajiapH OpKaJlH Myc- 

T3KHJIJ1HK THnOTe3aCH (5 .48 ) Ba 

(5 .51 ) KypHHHUiAarH Tajia6jiapH-

HHHT TyFpHJlHTHHH TaCAHKJiaflH.

Pe30HaHC 3HeprHHAa (7  3B , 

5 .7- pacM) KOMnayH/i hapohhht 

By>KyAra kcjihiu KecHMH, (n , n)
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a/iaCTHK COMHJIHLU KeCHMH Ba HOSJiaCTHK (tl, b) peaKUH H  Ke-

c h m h  KyiiHAarHMa aHHKJiaHaAH:

0« =  4 « * ^ ;  a m = 4 « ^ ;  a si =  4 n * 7 2- ^  (5 .56 )

<J>apa3 KHjiafljiHK, (JjaKaT fiHTTa HoajiacTHK KaHaji MaBJKya 

SyjICHH, H-bHH r =  ra+ r 6, y X,OJIAa 3JI3CTHK COHHJIHIII KeCHMH 

r 6 =  0, r „  =  r  CyjiraHAarHHa MaKCHMyMra spHiua/iH, ntHH

a *„ (m a x ) =  Ankl.

HoajiacTHK comhjihui KecHMH aca r *  =  r n =  —  xoJiAarHHa 

MaKCHMaji KHHMaTra ara 6yjiaAH:

onb( m a x )  =  nl2n.

> K y ^ a  nacT  SH eprHH jiapAa, ht>hh F  <c T pe3 A a , peaKUH H  KeHr-

jihthhh r f ,= c o n s t  A e 6  XHcoSjiaui M yM KHH ; r „ ~ t v  Y  xoji^a 

(n, b) peaKUHH KecHMH Ba (n, n) 3ji3cthk comhjihiu KecHMH 

KyftHAarHHa (})yHKUHOHaji Ky pH H H iuaa  6yjiaaH :

a n4~ ~ ;  onn =  const. (5 .57 )

/XeMaK, yTa nacT aHeprHHjiap^a (n, b) peaKUHH kcchm h 

v~ 1 Ka6H ycap 3K3H. By xoji HeftTpoHJiap (})H3HKacHAa Ba HApo

SHepreTHKacHAa M yxH M  a xaM H H T ra  ara SyjiraH —  KOHyH-

AHp. By  KOHyH acocHAa peaKTopjiapAa MyxHM peaKUHH- 

jiapHHHr yTa ceKHH HefiTpoHJiap SHJiaH * y A a  xaM mu/maTJiH 

yTHUiH TyiuyHTHpHJiaAH. X aK H K aTaH  xaM, arap HeftTpoHJiap- 

h hh t  Te3JiHrH ceKHHJiaca, yjiapHHHr hhiuoh- hapo SujiaH 

pynapa TatcHpjiauiHiu BaKTH ouiaAH, HaTH>Ka,zi,a HeftTpoHJiap- 

HHHT IOTHJIHUI 3XTHMOJIJIHTH XaM OUiaflH.

flacT SHeprHHJiapAa acocaH (n, 7 ) eKH (n, n) >KapaeHJiap 

pyft 6epaAH, xojioc. (n, 7 ) peaKUHHra oAAHft MHC0JiJiap 

TapHKacHAa |H  (n, 7 ) ?H ; ?H (/i, 7 ) ,H ;  l9F (n, 7 ) I °F  Ba

XOKa30JiapHH KeJITHpHUI MyMKHH. BHpHHMH peaKUHHHHHT 

KeCHMH KHMHK —  g„y =  0 ,3  6apHJ peaKUHH 3HepTHHCH aca Q  =  

=  2 ,18  M a B .  Hkkhhm h peaKUHHHHHr kcchmh >KyAa khmhk 

ct„y= 0 ,4 6 -  10-3 6apH. Ba-b3H peaKUHHJiapaa sca Ma3Kyp 

KecHM * y A a  KaTTa 6yjinuiH MyMKHH. MacaJiaH, Te3jiHrn 

0 ,0253  3B  ra TeHr HeftTpoHJiapHHHr KaflMHft hapoch tomohh- 

AaH iothjihiu KecHMH 1 ilCd (n, 7 ) ‘JgCd peaKUHHCH yMyH
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19 500 6apH ra TeHr. LLIyHHHr ynyH xaM  peaKTOp/iapHH 

6ouiKapHiiiAa KaAMHfi TaeKnajiapH/iaH KeHr (})OHAajiaHHJiaAH.

A r a p  HHUioH-HApora TyiuaeTraH 3appaHHHr ae-Bpoftjib 

TyjiKHH y3yHJiHTH H/ipo yjmaMHflaH * y A a  khmhk, hi.hh h<^R  
6yjica, 6yHflaft >KapaeHJiap iokoph 3HeprHHJiH HApo peaKUHH- 

cnra KHpaflH. 3appaHHHr SHeprHHCH 6np Heua M s B  6yjiH6 , 

y HHiuoH-HApoHHHr noTeHUHaji TycHFHflaH 6eMaji0Ji yTa 

OJiaflH —  Pi~  1.

IOkoph  SHeprHHJiH (n, b) wapaeHJiapaa KynHHMa (n, n'), 
(n, p), (n, a ) Ba (n, 2n) Ka6n peaKUHHJiap 103 6epaflH. 

HeftTpoHJiap SHeprHHCHHHHr Tn>  1 coxacH/ia HoajiacTHK 

comhjihui (n, n') peaKUHHCH pyft 6epHiuH yqyH HeftTpoH 

3HeprHHCH HHUIOH-HApOHHHr 6npHHMH Ky3FaJiraH XOJiaTH 

SHeprftHCHAaH nacT 6yjiMacjiHrH KepaK. By xhji peaKUHHJiapHH 

H^po peaKUHHCH H33apHHCHHHHr KOMnayHA HAPO MOAeJIH 

6HJiaH TyUiyHTHpHUI MyMKHH.

(n, p) peaKUHHJiapHra lgF (n, p) 'fO ; ^ A l  (n, p) ?lMg Ka6n 

peaKUHHJiap mhcoji 6yjia OJiaAH. By xhji >KapaeHJiap HeftTpoH 

SHeprHHCHHHHr (JiaKaT npoTOHHHHr KOMnayHA HApoAaH mhkh6 

KeTa ojiHiuHra eTapjiH 6yjiraH KHfiMaTJiapHAarHHa aMajira 

ouihuih MyMKHH. npoTOHJiap KOMnayHA H^poAaH «6yFjiaHH- 

iuh» yqyH yjiapHHHr khhcthk 3HeprHHCH 6oFjiaHHiu 3HeprHHCH 

6HJiaH nOTeHUHaJI TyCHK fiHFHHAHCHAaH K 3TT 3 6yjIHUIH KepaK. 

HefiTpoHHH eTapjiHMa iokoph 3HeprHHJiapAa SKcnepHMeHTaji 

Ky33THUI H3TH>KajiapH HAPO peaKUHHCH H33apHHCHHHHr 

KOMnayHA HApo MOAejiH acocHAa XHCo6jiaHraH KecHMHAaH 

4>apK KHJiaAH: 3KcnepHMeHT HaTH>KajiapH Ha3apHfi xnco6AaH 

KaTTa. By Ta(J)OByT (n, p) npoTOHJiap Ba a- 3appajiapHH 

TyFpHAaH-TyppH HHUioH-HApoAaH ypn6 MHKapwui fiyjiH 6HJiaH 

x,aM yTaAH.

$ T a  KJKopH 3HeprHHJiapAa (Ta >  100 M a B )  HApo peaKUHH- 

jiapH ynyH H. BopHHHr KOMnayHA HApo moacjih Typpn 6yjiMafi 

KOJiaAH. M a 3Kyp 3HeprHHJiapAa a 3appa hhuioh-hapohh Taui- 

khji 3TraH HyKJioHJiap 6HJiaH TyKHauiraH xoJiAa y3 3HeprHH- 

chhh TaMOMaH fiyKOTHUira yjirypMafi HApoAaH yTH6 KeTaAH.

5.8- §. BeBOCHTa y3apo  Tai>CHpjiH »A po  peaKUHHJiapH

A rap  HApo peaKUHHCH tw eKH yHra HHc6aTaH KHCKapoK

BaKTAa pyfi 6epaAHraH 6yjica, 6yHAafi peaKUHH 6eeocura 
y3apo TObcupAu HApo peaKUHHCH AefiHJiaAH. ByHAafi KHCKa 

BaKT HMHAa HApora kcjih6 TyiuaeTraH 3appa  HApoAarn (J)aKaT 

6«TTa eKH KynH 6HJiaH HKKHTa-yMTa HyKJioHJiap 6njiaH 

TyKHauJHUira yjirypaAH. KoM nayHA  HApo MexaHH3MHAaH
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4>apK,.nH yjiapoK, 6 y  xoJiAa 6HTTa  HynjioH 6HJiaH TyK H aiuraH  

3 a p p a  yHra 6eBOCHTa HMnyjibc 6epaa,H  Ba najnxaaa 6 y  3 a p p a  

H A p o ^a H  y p n 6  MHKapHJiHiiiH M yM KHH 6y jia^H . ByHAaft 

M exaH H 3M  acocHfla HHiuoH-HflpoAaH npoTOHjiap xaM /ia  Heft- 

TpOHJiap TeHT HHTeHCHBJIHK 6HJiaH yM HpH6 MHKapHJIHUJH 

M yM KHH, MyHKH HDKopH SHeprHHJiapAa TyiuaeTraH  3 a p p a  6njiaH  

hhuioh- hapo opacHflarn KyjioH T a tc H p H H  XHCo6ra  oJiMaca x aM  

6y jia^H .

Arap hhuioh- hapo 6HJiaH T y K H a m a e T r a H  a 3 a p p a  TapKH- 

6 nft KHCM ra ara 6yjica (M acajiaH , AeftTpoH —  d) yHHHr 6 n p  

KHCM HTHHa HHIUOH-HAPO 6HJiaH 6eBOCHTa y 3a p O  Ta"bCHpAa 

6 yjiHuiH M yMKHH. KojiraH  khcm h  sca Ta"bCHpHH ce3M araH  

xojiAa y3 ftyjiH^a (})aKaT TpaeKTopHHCHHH y 3rap TH praH  xoji/ia 

AaB OM  3T3AH . By xhji >KapaeH peaKUHHJiapn 6eBocH Ta  y 3 a p o  

Ta^bCHpjiH M exaH H 3M ra  KH paAH . M a c a jia H , AeftTpoHjiap 6HJiaH 

6 yjiaflHraH CTpnnnHHr-y3HJiHui peaKUHHCH (AeftTpoHHHHr 6up 
HyKJIOHH HHUIOH-HflpOAa KOJiaAH, HKKHHMHCH 3Ca peaKUH H  

>KapaeHHAa 6HpHHMHiiaH a>Kpajin6 —  «y3HJiH 6» y3 fiyjiHAa 

AaB OM  3 T 3 A H ) eKH yHra TecKapn  nHKannjiHui peaKUHHCH 

(TyuiaeTraH  HyKJioH HHiuoH-HApoAaH 6 h t t 8  eKH h kkh t3  

HyKJioH hjih6 o jiaAH ). 5.8- p acM A a  (d, p) y3HJiHiu peaKUHHCH- 

ra TernuiJiH npoTOHJiap m hkhuihhhht 3HepreTHK 6oFJiaHHUiH 

KeJiTHpHJiraH. P a c M A a  H H c6aTaH  KaTTa SHeprHHJiH npo- 

TOHJiapra TerHUiJiH MaKCHMyMJiap x aM  hkkoji Ky pH H H 6  

T y p n 6A H . (d, p) peaKUH HJiap^a  xochji 6yjiraH npoTOHJiapHHHr 

6 ypM aK TaKCHM OTHHH ypraHHiu  n aer  3HeprHHJiapAa 90° ra 

H H c6aTaH  CHMM eTpHH MaB>KyAJiHrHHH K y pcaT ca , lOKOpH 

3HeprHHJiapAa 6 y  chm m ctphh  ftyKOJiaAH.

(d, p) peaKUH H  HaTH>KacHAa naftAo 6yjiraH Ba 5.8- pacM- 

AarH  KeHr M aKCHM yM HH xochji KHJiaAHraH nacT  3HeprHHJiH 

np0T0HJiap AeftTpoHJiapHHHr napM ajiaH H6, K O M n ayH A  HApo  

Xochji 6yjiHiu * a p a e H H  opKaJiH io3ara Kejica, H H c6aTaH  

lOKOpH 3HeprHHJIH npOTOHJiap HHTeHCHBJIHTHHHHr afipHM 

M aKCHMyMJiapn y3HJiHLU >KapaeHH XHCo6H ra xochji 6yjiaflH 

A e 6  TyuiyHTnpHui M yMKHH. /],e- 

M aK , cneK TpA arn  x a p  6 n p  MaKCH- 

MyM XOCHJiaBHft HAPOHHHT aCOCHft 

eKH yftFOHraH xoJiaTJiapHHHHr 

6 HpoH TacH Aa  xochji 6yjiaAH raH  

peaKUH HCH ra moc KejiaAH.

C. BaTJiep xocHJiaBHft HApo 

HeftTpoHJiapHH KyftH xoJiaTra 

KaMpa6 oJiaAHraH xoji yMyH KaT- 

Ta SHeprHHAarH AeftTpoHJiapHHHr

5. 8- p a c M . (d, p) pe-
a K U H H  M HKHLUM HHHr npO TO H - 

jiap SHeprH H C H ra  Sofjihkjih- 

TH .
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(d, p) y3HJiHm peaKUHHCH AHcJxjjepeHUHaji 3(})(})eKTHB kcchmh- 

hh H 33a p H H  >KHxaTAaH y p raH A H  Ba dyHAafl peaKUHHJiapHH 

Hflpo cneKTpocKonHHCH yqyH T a T 6 H K  sthih m ym khhjihfhhh  

KypcaTflH. Ed SHeprHHJiH a c h t p o h h h  K a M p a 6  ojiraH hhujoh- 

H ApOH HHr 6oFJiaH HW  SHeprHHCH

E ^ E d+ W p + W n-Wd (5.58) 

6yjiaAH , 6 y  e p ^ a  & p, W n —  npoTOH Ba HefiTpoHHHHr hhujoh- 

HApoaarH 6oFjiaHHUi SHeprHHJiapH, yjiapHHHr KHfiMaTJiapn 

TaxMHHaH 8  M s B  ra TeHr. &  d —  npoTOH xaMAa HefiTpoHHHHr 

AefiTpoHAarH 6oFjiaHHiu 3HeprnHCH (W dm2,2 MaB). (d, 
p) peaKUH H  ynyH  yfiFOHHUJ SHeprHHCH 

E2 =  Ed+  ^  n— % d — Ep (5.59) 

6y.na.UH Ba arap £ d« 2 M ^ B  ae6  ojiHHca, Ed— ‘& dzz 
« 0  6yjiaflHraH x,oji ywyH 

E2 =  Wn - Ep (5.60)

H(})OAara KejiaMH3. ByHaaH , arap yMH6 HHKaeTraH npoTOH 

3HeprHHCH E pzzW n 6yjrca, £ 2~ 0  6yjiHHiH KepaK, /jeraH 

xyjiocara KeJiaMH3. LUyHAafi khjih6, y3HJiHui peaKUHHCHHHHr 

Myx,HM xycycHHTH ujyHAaKH, x,ochji 6yjiraH hapohhht 

Ky3FaJiHui 3HeprHHCH >Kyaa khmhk 6yjiHuiH MyMKHH Ba 

y3HJiHUi MexaHH3MH Ty4>afijiH AefiTpoHjiap TatCHpHAarH 

peaKUHHjiap KyMCH3 Ky3FajiraH xojiaTjiapHH ypraHHUi hmko- 

hhhh 6epaAH. HH a  LuyHH xaM KafiA khjihui KepaKKH, 6yHAafi 

peaKUHH H aT H *acH A a  xochji 6yjiraH npoTOHJiap SHeprnHCH 

Tym aeTraH AefiTpoHJiapHHHr 3HeprHHCHAaH xaM Karra 6yjin6 

KOJIHUIH MyMKHH.

Y3HJIHUI peaKUHHCH >KapaeHHAa y3HJiraH HefiTpoH Mai>JiyM 

6np  caT^ra Tym raHAa 3(})(})eKTHB KecHM 3Hr KaTTa KHfiMaTra 

spHUia^H. B y  x,0 jw a  yMH6 MHKaeTraH 3appajiap 3HeprHHCH 

aHHK 6np  KHfiMaTJiH 6yjiH6, xochji 6yjiraH aapo  caTXJiapnra 

moc Kejia^HraH KaTop MaKCHMyMJiapAaH ndopaT 6yjiaAH. 

B yH ^aH  TauiKapn, caT^jiapHHHr xoccajiapH yMH6 MHKaeTraH 

3appaJiapHHHr 6ypMaK TaKCHMOTHra xaM  Tai>CHp 3Ta/iH. 

K ,o6hk MOflejira acocaH, y3HJiHUJ H aTHw acuaa  H/ipo HMHra 

khph6 6opaeTraH HefiTpoHHHHr 6ypMaK MOMeHTH y TyujH6 

KOJiraH Ko6uKHHHr MOMeHTHra TeHr 6yjiHUiH KepaK.

BeBOCHTa y3apo Ta"bCHp peaKUHHJiapn 6np  KaTop y3Hra 

xoc xycycHHTJiapra ara. Ulyjiap/iaH 3Hr My^HMJiapH ycTHAa 

TyXTajlH6 yT3MH3.

M H e p u H H  M ap K a3H  CHCTeMacHAa peaKUH H  Max,cyjioTJiapH-
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h h h t  Sy pM aK  TaKCHM OTH  SwpjTaMMH 3 a p p a  flyHaJiHLHHra

H H cSaTaH  KyMjiH a H H 3 0T p o n H a ra  ara 6ynam- H y H K H , 6 h -

pHHM HAaH, 3 a p p a  y3 HMnyJlbCHHH HHLUOH-HApOHHHr acocaH  

6HTTa  HyKJioHHra 6 e p a A H ; HKKHHMHAaH, 6epHJiraH 3HeprHH 

eTapjiHMa i o k o p h  6y jiaA « . H aTH > K aA a  HHUioH-H/ipoAaH y p n 6  

MHKapwjiraH HyKJioH acocaH  6HpjiaMMH 3 a p p a  HMnyjibCH 

flyHajiHLHH 6yflHMa M yMKHH 6yjiraH  3HeprHH 6HJiaH x ,apaKaT 

KHJiaAH. M a c a jia H , (n, n) 6eBocH Ta  y3apoTaT>CHp peaKUHHCH- 

0,a HHinoH- HApoAaH y p n 6  MHKapnjiraH HeflTpoHjiapHHHr 

HH epUHH  M 3p K 3 3 H  CHCTeMaCHAaTH 6y p M aK  TaKCHM OTH 6HpjiaM- 

m h  HefiTpoHHHHr ftyHajiHiun 6yftHMa My3HJiraH, 3HeprHHCH 3ca 

6HpjiaMMH HeftTpoH 3HeprHHCHra h k h h  6yjia/iH. Bh3 roKopHfla 

Kyp/iHKKH, K O M n ay H A  flflpo MOAejiHAa HKKHJiaMMH 3appa- 

jiapHHHr 6y p M aK  t 3 K c h m o t h  HH epUHH  M ap K a3H  CHCTeMacHAa 

c(f)epHK c h M M eT p n n ra  3ra 6yjiaziH.

BeBOCHTa y 3 a p o  T a tC H p  >KapaeHJiapHHH, OA aTAa , cnpT 

peaKUHHJiapu AeftHJiaflH, Myh k h  a r a p  3HeprHH T axM H H aH  

l O M a B  aTpo(})HAa 6yjica, 6eBocH Ta  y 3a p o T a "b c n p  peaKUHHJia- 

pu acocaH  HHiuoH-HApo cnpT H Aa  pyfi 6e p a A H . BeBOCHTa y 3 a p o  

T a t c H p  H ^p o  peaKUH HJiapuHHH r 6 y  xh ji xycycHHTH KyfiHitarn- 

Ma T3JIKHH KHJIHH3AH. S^pTa SHeprHHAaTH HyKJlOHHHHT HHLUOH- 

Hflpo cnpT H AarH  HyKJiOHJiap 6nJiaH TyKHaui KejiM ac^aH  h m k h  

c o x a ra  yTHUi s x t h m o j i j i h t h  >Kyaa k h m h k . B y H A a H  T a u iK ap n ,

HHLUOH-HApOHHHr HM KapHCHAaH  6 n p o p  HyKJlOHHH y p ^ 6  MHK3- 

pHLU 3XTHMOJ1J1HTH XaM  >KyAa KHMHK. M yHKH  HM KapHAaH  

M HKaeTraH HyKJioH y3 ftyjiHAa HHa TyK H au iy B A a  KaT H au iH 6, 

m hkh6  KeTOJiMacjiHTH M yM KHH . B eB ocH Ta  y 3 a p o  T a t c n p  

peaKUHHJiapHHH hhujoh- hapo CHpTHAa 103 6epniUH  y p n 6  

M HKapnjiran 3ap p ajiap H H H r  6y p M aK  TaKCHM OTH Aa  y3Hra xoc 

>KoftjiaiuraH M aKCHM yM JiapHHnr nafizio 6yjiHiuHra ojih6 

KeJiaAH. B y  xojihh (n, n) peaKUH H  m hcojiha3 KypafijiHK. flacT 

3HeprHHJiap coxacH  ( ~ 1 0  M a B )  MaB>KyAJiHrH ca6a6jiH  

M acajiaHH hphm  KJiaccHK xoji^a K y p aM H 3 .

<Papa3 KHJiaftjiHK, M a3K yp  (n, n) >KapaeH 3JiacTHK 

COMHJIHJU 6yjICHH. M yHKH  6npjiaM MH Ba HKKHJiaMMH Hefl- 

TpoHJiapHHHr HMnyjibCJiapH M a3K yp  M exaH H 3M ra  acocaH  

a6cojiioT KHftMaTH 6yflHMa 6Hp- 6Hpnra >KyAa h k h h , ht>hh 

I p i l ~ l p 2l- A r a p  peaK U H H  R paAHycjiH HHuioH-HApoHHiir

cu pTH Aa  103 6 e p c a , pe aK U H H A a  6eBocH'ra KaTHauiyBMH 

HefiTpOHJiapHHHT Op^HTaJI MOMeHTJiapH MOC paBHUJAa 

[R, p] Ba [R, p 2] 6yjiaAH . LUyHH afiTHUi KepaKKH , 6HpjiaMMH

HeflTpoH HMnyjibCH HA po  cnpTHra AenpjiH ypHHMa xoJiHAa 

flyHajiraH (5.9-pacM). LUyHAafi coAAaJiauiTHpHUiflaH cyHr
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op6HTaji MOMeHTJiap y3rapHiuH 

y^yH K,yflHAarH H(J)OAara Kejia- 

M H 3 :

M /  =  2 p !/? - s in y .

Op6HTaJl MOMeHT KaTTaJIHTH 

A /  MaiwiyMKH, 6yTyH coh k h h m 3 t - 

Jiap Ka6yji KHJiaAH. B yH ^aH  Taiu- 

Kapn, y MOMeHT Ba *y(j)TJiHK- 

h h h t  caKJiaHHiu KOHyHJiapH t o - 

MOHHAaH KyHHJia^HraH KaTop TepMa KOHAajiaphh k3ho- 

aTJiaHTHpaflH. M acaJiaH, arap peaKUHH *a p a e H H A a  enpJiaMMH 

HeflTpoHHHHr cnHHH y3 flyHaJiHiuHHH y3rapTHpMaca, A /  HKKH 

TOMOHHAaH nerapajiaHraH 6yjiaAH, 5n>HH

+  — (5-61) 

6 y  e p ^ a  1A, IB—  moc paBHUi/ia A Ba B anpojiapHHH r chhhh.

P e a K U H H A a  *y(})TJiHKHHHr caKJiaHHUi KOHyH Hra 6H H o a H , a rap  

A Ba B HflpcwiapHHHr *y<})TJiHrH y 3 r a p M a c a , A /  (})aKaT *y (})T  

coH ra TeHr 6yjiHiUH M yM KHH Ba a r a p  peaKUH H  *a p a e H H fla  

HApoJiapHHHr *y(})TJiHKJiapH x a p  xhji 6yjica, A /  (})aKaT t o k  

KHHM aTJiapHHTHHa Ka6yji KHJiaAH. UlyHflaH khjih6, caKJiaHHUi 

KOH yH H ra  moc KeJiraH A /  hhht x a p  6 n p  k h h m 3 t h  (5 .61 ) (})op- 

Myjiara 6 H H o a H  MaT>JiyM 6ypHaKJiapflarHHa ypHHJiH 6yjiaAH . 

Comhjihiu 6ypM arH H H H r ioKopHAarHAeK A /  opKaJiH TaHJiaHHiun 

peaKUH H  MaxcyjioTJiapHHHHr 6ypM aK  TaKCH M OTH Aarn  m3kch- 

M yM Jiapnra TyrpH  KejiaAH.

BeBOCHTa y3apo TatcHp peaKUHHCH *a p a e H H A a  hhiuoh- 

HApoAaH ypn6 MHKapHJiraH hkkhji3Mhh 3appaJiapHHHr 3Hep- 

thh cneKTpn MaKCBeJiJi t 3 K c h m o t h  6yHHMa 6yjiMaHAH. By 

cneKTpAa io k o p h  SHeprnHJiH 3appajiap c o h h  eTapjiHMa KynAHp. 

M hcoji TapHKacHAa, 6npjiaMMH HeiiTpoHJiap SHeprHHCHHHHr

14,5 M a B  KHHMaTHAarH 2glBi (n, n) 28®Bi peaKUHH hkkhji3mmh 

HeHTpOHJiapHHHHT 3HeprHH T3KCHMOTHHH KCJITHpHIU MyMKHH. 

B y  >KapaeHAa hkkhji3mmh HeftTpoHJiapHHHr SHeprHH 6yfiHMa 

T3KCHMOT MH3HFH 6upjiaMMH HeHTpOH 3HeprHHCHHHHT yCHUIH 

6HJiaH TeKHC Ba Te3 HOJira HKHHJiauiMacaaH, 6ajiKH 9  M a B  

aTpo(})HAa MaKCHMyMra apniuaAHraH «AyM »ra ara. KoM nayHA  

HApo MOAejjHAa ypHHJin 6yjiraH MaKCBeJiJi TaKCHMOTHAa aca 

6y  xhji «AyM » fiyK. By  xycycHHT xaM 6eBocHTa y3apo Ta"bCHp 

peaKUHHCHHH xapaKTepjiafiAH. M a3K y p  «AyM » MaiwiyM 3Hep-

5. 9- pacM. CwpT TyK-
H a u iy B  p e aK U H H C M H H H r  bgk- 

Top AnarpaMMacH.
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rHHAa, 6 h 3 h h h t  MHCOJiAa 9 M a B  Aa, HKKHJiaMMH 3 appaJiap

COHHHHHT OpTHUlHHH KypCaTaAH.

BeBOCHTa y3apo TaiiCHp peaKUHHCH >KapaeHHAa, arap 

SHpjiaMMH 3appa SHeprHHCH eTapjiHHa iokoph Syjica, hhuioh- 

HApoAaH AeapjiH 6np  xhji sxthmojijihk 6njiaH HeftTpoHJiap, 

npoTOHJiap, xaTTO AeftTpoHJiap, TpHTOHJiap, iH e  haPoch, 

a- 3appajiap, Li, C Ka6n HApo-(})parMeHTJiap Ba ajieMeHTap 

3appajiap —  nHOHJiap, KaoHJiap, THnepoHJiap x,aM ypn6 HHKa- 

PHJIHIUH MyMKHH.

(n, n) , (n, p), (p, n), (p, p) peaKUHHJiap 6HpjiaMHH 

3appajiap 3HeprHHCHHHHr 10 M a B  ra hkhh KHftMaTJiapHAa pyft 

6epaA«. Bnp  03 iokoph SHeprHHJiapAa roKopHAa 3CJiaTH6 

yTHJiraH (d, p), (d, n) CTpnnnHHr peaKUHHJiapn Ba (p, d) (n, 
d) nHKan peaKUHHJiapn 103 6epaAH. XleftTpoHHHHr 6oFJiaHHui 

3HeprHHCH JKy^a khmhk ( ~ 2 , 2  M a B )  6yjiraHJiHrH ca6a6jiH, 

Ma3Kyp peaKUHHJiap AeftTpoHAa hhtchchb yTaAH.

BnpjiaMHH 3appa SHeprHHCHHHHr 100 M a B  Ba yHAaH xaM 

K)KopH KHftMaTjiapHAa (n, ? H ) ,  (n, i H e ) ,  (n, a), (p, a) ( ,H ,  

a) Ka6u peaKUHHJiap 6ophuih MyMKHH. YMyM aH, JKyAa iokoph 

3HeprHHJiapAa HHiiioH-HApOAa «nopTJiauiJiap» 6yjinuiH MyM- 

khh. HaTH>KaAa HApo khhhk-khhhk 6yjiaKJiapra napnajiaHH^ 

KeTaAH.

5.9- §. <t>0T0HAP0 peaKUHHJiapM

IOkoph  SHeprHHJiH y- KBaHTJiapHHHr HApojiap 6njiaH 

TyKHauiHuiH H aTH^acHA a npOTOH, HeftTpoH, AeftTpoH Ba 

6ouiKa 3appajiapHHHr x,ochji 6yjiHuiHra ojih6 KejiaAHraH 

>KapaeHJiap (poTondpo peaKU,uhAapu (hapo  4)0T03(})4)eKTH) 

AeftHJiaAH. KoM nayHA HApo xochji KHJiMacAaH 6opaAHraH 

(})OTO-HApo peaKUHHJiap —  6eB0CHTa (})0T034)(})eKT AeftHJiaAH. 

H ap o  (})0T03cbd)eKTH 1934 ftHJiAa Zl- MaABHK Ba rojibAra6 ep

T0M0HHA3H T1 paAHOaKTHB H30T0nA3H MHKaAHTaH E  =

=  2 ,62  M a B  3HeprHHJiH 7 - Hypjiap 6 HJiaH ofhp boaopoahh 

6 0 M 6 apAHM 0 H KHJiHUiAa Ky3aTHJiraH. B y  peaKUHHJiap shao- 

TepMHK 6 yjiraHJiHTH ynyH y- Hypjiap SHeprHHCH MHKapHJia- 

eTraH HyKJioHJiapHHHr HApoAarn 6 oFJiaHHUi SHeprHHCHAaH 

KaTTa 6 yjiraHAa aMajira ouihiuh MyMKHH. SHeprHHCH yHJia6 , 

K)3jia6 M a B  6yjiraH y KBaHTJiapHH xochji khjih6  6epaAHraH 

6eTaTpoH, CHHxpoTpoHJiap KypnjiraHAaH cyHr HApo (})oto- 

3(})(})eKTH x,aKHAarH MaTaJiyMOTJiap aftHHKca Te3 KynaftAH. 

TaMMa-KBaHTjiapHHHr 6 y KHftMaTJiapHAa jt Ba p,- Me30HJiap- 

HHHT X.OCHJ1 6yjIHUlHHH X,aM Ky3aTHUI MyMKHH.

KynHHJiHK HApojiapAa MatJiyM Aapa>KaAa HaMoeH 6yjiaAH-
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5. 10- pacM. OriTMK MOAeJib acocnaa Kapajiaflnran HApo 
peaKUHHCHHHHr y^Ta 6 o c k h h h .

raH 7 - KBaHTJiapHHHr K a M p a S  o jih h h w  kcchm h (oa) hhht 

3H ep rH ara  SofjiaHHiu xycycHHTJiapn 5 .1 0 - p a c M A a  KejiTH- 

pnjiraH. P a c M ^ a  SHeprHH  yKH  yMTa c o x a r a  a>KpaTHJiraH.

1 c o x a r a  TerniujiH 7 - KBaHTJiapHHHr (c})OTOHJiapHHHr) 3Hep- 

THHCH HyKJIOHJiapHH yMHpHfi MHKapHUJra K3MJIHK KHJI3J1H. By 
c o x a ^ a  (})OTOHJiapHHHr K a M p a 6  ojihhhuih KaT o p  caTX-napHHHr 

Ky3FajiHiuHra ojih6 KejiaAH. II c o x a ra  TerHUijiH (})OTOHJiap- 

h hh t  SHeprHHCH HyKJioHJiapHH y p n 6  M HKapHiura  eTapjiH, 

JieKHH yjiapHHHr afipHM caTXJiapra iothjihiuh ce3HJiapjiH 

Aapa> KaA a  6yjiaAH . III c o x a a a  3(})(})eKTHB KecHM  3H e p rH «  

OpTHUlH 6HJiaH CeKHH Op TaAH . By COXaHH y3AyKCU3AUK COJfaCU 

AeHHJia^H . PacM^a 0 (7 , n) HyKjioHHH yM H pn6  M HKapnui 

KeCHMHHH, 0 (7 , 7 ) Ba 0 (7 , 7 ') Jiap 3Ca 3JiaCTHK Ba HOSJiaCTHK 

COMHJlHUira AOH p  KeCHMJiapHH 6HJIflHpaAH ■ E H’ E  '211 —  (})OTOH- 

JiapHHHT 6 n p , HKKH Ba X. K. HyKJlOHJiapHH yM HpH 6 MHKapHlU 

yMyH KepaK  6yjiaAH raH  3HeprHH  KH HM aTJiapn. A, A =  1 Ba A =  
=  2  HApojiapHHHr 3HepreTHK caTXJiapH cxeM aT H K  T a p 3 A a  uiy 

UiaKJIHHHr lOKOpH KH CM HAa KeJITHpHJiraH.

BapMa HApojiap yMyH lOKopHAa KejiTHpnjiraH coxajiap 6np- 

6upHAaH aHHK Merapa 6HJiaH a>KpaTHJiraH 6yjiaBepMaHAH.
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I cox,ara TerHimiH HHTerpaji KecHM II Ba III coxa^iapra  

TerHLUJiH HHTerpaji KecHMJiapra K a p a r a H A a  >KyAa khmhk  

6yjiH 6, eHTHJi HApoJiapAa HHTerpaJi 3(})(})eKTHB KecHM yMyH

II co x a  acocHH xn cca  K y iuca , o fh p  H/ipojiapAa HHTerpaji 

KecHM ynyH  III c o x a  acocHH pojib yfiHaflAH.

Khmhk 3HeprHHJiH (})OTOHJiap hapohhht <})aKaT Tyjia 

3apHAH 6njiaH TaiaCHpjiaiiiaAH Ba haPobhA Tomcoh cohhjihihh- 

ra ojih6 KejiaAH. OoTOHJiapHHHr HApoAarH Tomcoh comhjihluh- 

ra AOHp KJiaCCHK H(})OAaCHHH 3JieKTpOHHHHr MaccacH Ba 

3apHAHHH HApoHHHr m MaccacH Ba Z 3apHAHra aJiMauiTHpH6 

KyflHAarHwa e3HUi MyMKHH:

^  =  ^ (1- COS20)’ (5 '62) 

6y ep/ia 0 —  6ouuiaHFHq flyHaJiHLura HHc6aTaH comhjihuj 

6ypMarn. HApojiapiiarH Tomcoh comhjihuihhhhf Tyjia kcchmh 

a T 3tom 3JieKTpoHJiapHflarH TernuiJiH comhjihiu KecHMHHHHr 

MHJIJlHOHAaH 6np (})OH3HHH TaLUKHJI KHJI3AH. By XOJl 

IOMUIOK Y KBaHTJiapHHHF HApOJiapAaTH COMHJIHUIHHH Ta>KpH6a- 

Aa ypraHHLHHH KHflHHJiaLUTHpaAH Ba Ta>KpH6a HaTH>KajiapHHH 

TyFpH T3JIKHH KHJlHUIAa KHfiHHMHJlHKJiapra OJ1H6 KejiaAH.

TaM Ma- KBaHTJiapHHHr pe 30H aH c  coMHJiHUiHra A O H p  3(})(})eK- 

THB KeCHM KyfiHAarH KypHHHLUA3 e3HJIHUIH M yM KHH:

xv(2 /+ i )
---T T (5 .63 )

8n(2/0+ l )  , r2 ’
(£t- £ 0)2+ —

6 y epaa T —  HApo caTXHHHr Tyjia KeHrjiHrn, Ey Ba Xy —  moc 

paBHUiAa y- KBaHT 3HeprHHCH Ba TyjiKHH y3yHJiHTH; /  Ba /o —  

Ky3FajiraH Ba acocHH xoJiaTJiapHHHr MOMeHTjiapn, E0 — 
pe30HaHC pyfi 6 epaAHraH caT\ 3HeprHHCH, r Y —  Ky3FajiraH 

XOJiaTAaH acocnfi x,0JiaTra 6 eBocura y- yTHiura aohp napunaji 

KeHTJIHK.

TaMMa-KBaHT 3HeprnHCH E H AaH KaTTa 6yjiraHAa HApo-

A3H npOTOH eKH HeHTpOH yMHpn6  MHKapHUIH MyMKHH. 3HeprHH 

HyKJioH MHKapHiu ocTOHa KHflMaTHAaH Karra 6 yjiraHAa 

caTXJiap KeHrjiHTH KecKHH opTH6 , caTXJiap opacHAarH Maco(})a 

KeCKHH KHMpaHAH Ba 3HAH afipHM XOJiaT TyppHCHAa (})HKp 

lopHTHUi hm kohhhth fiyKOJiaAH. (7 , n ) , (v, p) Ba 6 ouiKa 

KypHHHiUAarn (})otohapo peaKUHHJiap 3(}>(})eKTHB KecHMJiapH- 

hhht 3HeprHHra 6 ofjihkjihfh (Ky3FajiHin (JtyHKUHHJiapu) 

SHeprHHHHHr 12— 25 M a B  opajiHFHAa KeHr MaKCHMyMjiapAaH
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6y 5. 11-pacM. Pyx a a p o c H  6HZn hm 

K a T T a  s H e p r H H ^ H  r a M M a - K B a H w a p  C H J ia H  

HypjiaHTHpHJiraHAa Bywyara KeJiaAHraH 
(7, n), (v. 2n). (y, np) Ba (y, 2np) 
peaKUHHJiap SXTHMOJIJIHKJlapHHH 3HeprHH- 
ra 6orjiHKJiHru. fliw w i kVphhh6 TypraH 
KeHr pe30HaHcjiap <J)aKaT ' v n  ra TernuuiH 
3Mac. XaM Ma HflpoJiapra xoc <J)0T0pe- 
aKUHH pe30HaHCJiapH —  rHraHTpe30HaHC- 
jiapflHp.

/

/0 20 30 40 Er

H 6 o p aT  6y jin6 , yjiapHHHr yM yM H H  KypHHHiiiH 5 .11-pacMfla 

KeJiTHpHJiraH. 

EHrHJi 3JieMeHTJiap yqyH KecHM MaKCHMyMH TaxMHHaH

22  M a B  ra Tyrpn Ke^ica, o f h p  H^pojiap yqyH 6y  k h h m 3 t 

TaxMHHaH 10 M a B  ra Typpn KeJiaAH Ba 6y  6oFjiaHHUi 

£ M«const- y4-0'186 SMriHpHK <})opMyjia 6HJiaH TacBHpjiaHaAH.

K y n  xojuiapaa pe30HaHC KeHrjinrH 2 M a B  ,o,aH 8  M a B  raMa 

6yjiaaH.

TaM M a- KBaHTHHHr HA po  TOM OHHAaH  K a M p a 6  OJIHHHLU 

*a p ae H H H H  TyuiyHTHpHiii ynyH, aBBajio, y KBaHTHHHr 

sjieKTpoMarHHT TyjiKHH Ta6HaTra ara 3KaHJiHTHHH acjiaui 

KepaK. H ^ p o  6HJiaH TatCHpjiauiaeTraH 6y 3JieKTpoMarHHT 

TyjiKHH 3JieKTp MaHAOH KyMJiaHraHJiHTH TOMOHHAaH 6apMa 

npoTOHJiapra ajieKTpocTaTHK Kyn 6HJiaH TaT>CHp STaAH Ba 

yjiapHH HeftTpoHJiapra HHc6aTaH cHJiJKHuira ojih6 KenaAH. 

ripOTOH Ba HeHTpOH OpaCHfla TOpTHUiyB KyWJiapH MaBJKyflJIHTH 

Tyc|)aHJiH HeftTpoHJiapra HHc6aTaH CHJi>KHraH npoTOHJiap 

MyB03aHaT x,o;iaTHra tomoh KaHTa^H Ba Hflpo MexaHHK 

CHCTeMaHHHr ziaBpHH x,apaKaTHHH acjiaTaflHraH Te6paHMa 

xapaKaTra Kejia^H (flHnoJi Te6paHHUiJiap). HuiKaJiaHHiu 

MaB>KyAJiHrH Tyc})aHJiH Te6paHHiujiap acTa-ceKHH cyHaflH Ba 

TapTH^JiH Te6paHHUijiap TapTH6cH3 hcchkjihk xapaKaTHra 

afijiaHaflH, HaTHJKaaa Ky3FajiraH KOMnayHA napo xochji 

6yjiaAH. JlapoAarH 6y flHnoji Te6paHHiujiap wacTOTacH 

MexaHHK CHCTeMaHHKHra yxuiauiJiHTHAaH ( } )O H ,n ,a J i a H H 6
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0) =  -y jf/m  , (5.64)

fle6 e3Hiu MyMKHH, 6y epAa f —  aa.po MOimacHHHHr ajiac- 

THKJIHK K03(j)4)HUHeHTH, m  —  Hflpo MaCCaCH. SjiaCTHKJIHK 

K03(})(})HUHeHTH HApo io3acHra, MaccacH aca xa*M Hra 

nponopUHOHaji 6yjiH6, K)3a 6HJiaH Macca y3 HaB6aTHAa moc 

XOJiiia hapo paAHycHHHHr KBa^paTHra Ba Ky6nra nponopuHO- 

HajiAHp. Arap R =  R0-A'/2(R0=  1,2-10~15 m) SKaHjiHrHHH 

Xnco6ra oJicaK, a» qacTOTara moc SHeprHH y^iyH

KypHHHUiAarH 6oFjiaHHiura KejiaMH3. UlyHAafi k h jih 6, coAJia 

MOAeJib acocH A a  Ta> Kp n6aA aH  oJiHHraH HaTH>Kara moc 

6oFJiaHHUira KeJIHIU MyMKHHJIHTHHH Kyp3MH3. KsaH T  MexaHH- 

KacH acocH AarH  aHHK XHCo6jiauuiap HApoAarH 6apna 

HyioioHJiap 6yHAaft flHnoji Te6paHHiujiapAa huithp o k  sthuih  

MyMKHH ^eraH TaxMHHHH TacauKJiafiAH.

KefiHHTH BaKTJiap^a  6aT>3H eHrHJi HApojiap.ua (y, n)  pe- 

aKUHHJiap yjiKaH pe30H 3H CH H H H r «T a p K H 6nft Ty3HJiHuiH» 

Ky3aTHJiM0KAa. B y  (})aKTJiapHH afipHM Ky3FajiHui caTXJiapH 

x aK H A a rH  Myjioxa3aJiap acocH A arH H a  TyuiyHTHpHui MyMKHH. 

O o t o h a p o  peaKUHHJiapn x a K H A a r u  6y hkkh  xhji K a p a u u ia p  

6hp-6h p h h h  hcthch o  KHJiMaca KepaK  Ba (})OTOHJiap SHeprHHCH 

X aM A a  HApo  M accacn ra  K a p a 6 y- KBaHTJiap (othjihiuhhhhf x a p  

xhji fiyjuiapH 6yjica KepaK, A e 6 xyjioca khjihiu m ym khh. 

OoTonpoTOHJiapHHHr SHepreTHK Ba 6ypM aK TaKCHM OTHHH 

ypraHHiu  (})otohapo peaKUHHJiapHHHr (})0T03(})(})eKTH Ba 

6yFjiaHHiu M exaHH3M Jiapn MaB>KyAJiHrHHH Ky pcaT aA H . BeBO- 

CHT3 (})0T03(j)(})eKT M eX 3H H 3M H Aa  V  KB3HTJiap SHeprHHCHHHHT 

acocnfi k h cm hh h  «c u p T A a »  >KofijiaiuraH npoTOHra 6ep aA H . B y  

XOJiAa KO M n ay H A  HApo  xochji 6yjiMafiAH. LUyHAaft khjih6 , 

npoTOHJiapHHHr SHepreTHK t3K C hm o th  6yFjiaHHiu M exaH H 3M H  

opKajiH xochji 6yjiaAuraH  SHepreTHK TaKCH M OTH AaH  KecKHH 

(})apK KHJiaAH 5.12- p acM A a  h h a h A  HA pocH Aaru  (7 , p) peaK- 

u h h h h h t  Ta>KpH6aA aH  oJiHHraH cneKTpu Ba 6ypjiaHHUi x aM A a  

6eB0CHTa (})0T03(})())eKT MexaHH3MJiapHra o h a  Ha3apnfi rpa-

E =  h(n =  const-/4 0,17

MH3HKJiap. N, —  H H C Sm H  H H T e H C H B J IH K .  2,5 S 10 15 Ep^MlB
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(})HKJiap KeJiTHpHJiraH. PacM jiaH  Ky pH H H S  TypHS/iHKH , ra>KpH- 

6 a A a H  oJiHHraH h h t c h c h b j i h k  aflpHM w ap a e H Jia p  Se p aA H raH  

3(})4)eKTJiap HHFHHflHCHra TeHr 6yjiH 6, x a p  6np >KapaeH 

x,HCcacH y- KBaHTJiap 3HeprHHCHra Ba M acca  coH Hra 6ofjihk  

6yjia^H.

5.10- §. HeHTpoHJiap huithpokhahth HApo peaKUHHJiapH

HeiiTpoH  HeHTpaji 3 a p p a  6yjiraHJiHrH/i,aH, 3HeprHHCH 

KaHAaft 6yjiraHAa x a M  yHHHr yqyH Hflpo HM-nra K H p n 6  6 o p H 6 , 

TypjiH XHJiAarn a n p o  peaKUHHJiapHHH aMajira ouiHpHui 

HMKOHHHTH M3B>KyA. IlIyHHHr yqyH  XaM  HeiiTpOHJiap HUlTHpO- 

KHAarH  HApO peaKUHHJiapH H A PO  (j)H3HKaCHHHHr pHBO>KJia- 

HHiuiia KaTTa pojib yiiHaAH.

HeiiTpoH —  HApo peaKUHHJiapHHHHr kcchmh HeftTpoHJiap 

3HeprHHCH 6HJiaH Ky^jiH 6oFjiaHHuifla 6yjiaAH. KecHMHHHr 

SHeprHHra 6oFjiaHHUiH 6np HApoflaH HKKHHMHcnra, A  eKH Z  hh 

y3rapTHpn6 yTHjiraH.ua KyMJiH Ba TapTH6cH3 paBHiu^a 

y3rapaAH. LLIyHra KapaMacAaH, HeftTpoHJiap SHeprHHCHHH 

Ma"bJiyM Typ^arH peaKUHHJiapHHHr yMyMHftjiHTHHH aKC stth- 

pa^HraH coxajiapra a>KpaTHiu MyMKHH. H/ipo 3HepreTHKacH4a 

HeiiTpoHJiapHH 3HeprHHJiapHra Kypa iokoph 3HeprHHJiH Ba 

nacT SHeprHHjiH (cckhh) HeftTpoHjiapra a>KpaTHjiaAH. CeKHH 

HeftTpoHJiap «coByK», «hcchk» Ba «pe30HaHC» HeftTpoHJiapra 

6yjiHHaAH. CoByK HeftTpoHJiap 3HeprnHCH 0,025 aB jian khmhk 

6yjiH6, yjiapHHHr Ta"bCHpjiauiHUJ kcchmh >Kyjja KaTTa Ba 

TyjiKHH xycycHHTH KyMJiH HaMoeH 6yjiaAH. Hcchk H e f i -  

TpoHJiapHHHr SHeprHHCH TaxMHHaH 0,025 aB aTpo(|)HAa 

6yjiaflH. 3HeprHHCH 0,5 aB nan 1 ksB raMa 6yjiraH 

HefiTpoHJiap pe30HdHC HeurpoHAap AeftHJiaflH, MyHKH 6y 

coxafla ypTa Ba ofhp HApojiap yMyH Tyjia kcchm eTapjiHMa 

KaTTa KHftMaTra 3ra 6yjinui 6HJiaH 6npra >Kyaa Kyn 

MaKCHMyMJiap 6yjiaAH. SHeprHHCH 1 ksB AaH 100 ksB raMa 

6yjiraH HeftTpoHJiap opaAUK, HeurpoHAap, 100 ksB AaH 14 M sB  

raMa 6yjiraH HefiTpoHJiap aca re3 HeurpoHAap AefiHJiaAH. Te3 
HeftTpoHJiapHHHr TaijCHpjiaiUHiu kcchmh ceKHH HeftTpoHJiap- 

HHKHA3H aHMa KHMHK 6yjiaAH.
CeKHH HeftTpOHJiap HlUTHpOKHAa aCOCaH SJiaCTHK COMHJIHUl 

Ba 3K30TepMHK peaKUHHJiap coahp 6yjiHuiH MyMKHH Ba 3Hr Kyn 
TapKaJiraH  3K30Tep M H K  w a p a e H  p a A H au H O H  K a M p a 6  o j ih u i  (n, 

y) 6yjiaflH. Mhcoji yMyH
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n  + 'iiCd~ 'i|Cd + 7  +  9,04 M 3B, j 

« +'i45X e ~ ‘^Xe +  7  +  7,91 MaB. }

Bwp K,aTop HApoJiap ywyH (n , p ) , (n , a )  Ba (n , / )  SyjiHHHiu 

peaKUHHJiapn 3K30TepM HK  6yjiaAH . M a c a jia n , iHe (n , p )  ?H;
? B  (n , a )  ^Li; ®Li (n , a )  ?H; ' / N  (n , p )  'J-C. C c k h h  

HeHTponjia p ywyH S h p h h h h  y ^T a  peaKUH HHHH r kcchm h, 

aftHHKca, KaxTa SyjiaAH. '^B  (n , a )  lV\ peaK U H H AaH  

HeftTpoHJiapHH Kaft^, KHJiHW,a,a c|)oftAaJiaHHJiaAH. ®Li (n , a )  'iH 
peaK U H H  ?H h3otoiihh ojihw  y ^y n  HWJiaTHJiaAH. B y  hkkh 

p e aK U H H A aH  HeftTpoHJiapAaH xhm oh  T ap H K acH A a  x aM  (J)oft/ia- 

jiaHHJiaAH. 'y N  (n , p )  'JSC peaKUH H  yrjiepoAHHHr Myx,HM 'gC  

H30T0IIHHH X.0CHJ1 KHJIHW HMKOHHHTHHH SepaAH .

OjiflHHrH naparpac{)Jiapfla 6 a e H  3THJiraHHji,eK HeftTpoHHHHr 

SHeprHHCH HOJira HHTHJiraH/ia HefiTpoHJiapHHHr 3JiacTHK 

c o h h j i h w  KecHMH y 3rap M a c  KHfiMaTra h h t h j i h 6 , p a a H a u H O H  

KaMpa6 o j i h w  k c c h m h  « 1 / „ »  KOHyH  6yfiH ia  o p t h 6  6opaAH. 
HeftTpOHJiapHHHT SHeprHHCH O p T H W H  6HJiaH TypjiH XHJI 

SH ^OT ep M H K  peaKUHHjiapHHHr aMajira o w h w  h m k o h h h t h  

nafiAO 6yjiajiH.

KyftHAarH w a/iBajiAa  HeftTpoHJiap Ta^bcnpH^a 6opa/iHraH  

TypjiH peaKUHHjiap  KecHM HHHHr KHftMaTH Ba 3HeprHHJiap 

cox,acH KejiTHpHJiraH.

5.4- jk a a  b a ji

PeaicnHsi rypn Peaicu.ua KecnMn

PanHauHOH naM- 

pa6 anmu (n, y)

Bapqa aapojiapfla Ky3a™ jiaflH. KecHM : m cchi  ̂ HeflTpoH- 
q 135 

jiap ŷ ryH 0,1 Aa» 10 6apH ra«ia, ^ ^ X e  h30t0iih yvyH

103 6apH rawa; Te3 HejiTpoHJiap yqyH 0,1 aaH  6n p  H eia  

6apH raqa 6opafln,

3jiacnoc coqMjDnn 
(n, n)

KecH M  6np Heia 6apH opajiHFHna y3rapaflH.

HoanacTHK c o ih - 

jDan (n , n ')

OcroHajDf xcapaeH. K c c h m  Taprn6M 6np  Hena 6apHra 

TeHT.

(n, p)

3 ht Myj(HM peaKitHsuiap:

q /I +  ^H e  -► j H  +  JH  +  0,7 6M3B, a =  5400 6apn 

*n +  -» !*C  + j H  +  0,63 M3B, a =  1,75 6apH
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PeaxijH s TypM P e a u iH i  KecHMH

(n,a) 3 h t  M y^HM  peaiuiHajiap: 

n +  j L i  -* j H  + a +  4,78 MaB, 

a MC.HeftT "  ^  6apn ; 

n +  !®B - ^Li +  a  +  2,79 MaB, 

ffHc.HeftT “  3840 6apH.

(n, 2n) OcTOHajiM p ea iu u u . OcroHa ^HftMaTM Tapm fi xoo^aTflaH 

10>-15 MaB ra tcht. Kbchm 6np Heqa 6apH.

(n, fi K^ipouihk 3(aiuiapfla ocroHajiH peaKUHa.

Ba 6onna aApHM j^ojuiapHH ^HCofira oji- 

MaraHAa kcchm wy«a kothk 6yjiaAM.



V I  B O B

flAPO MOAEJIJIAPM , HA3APHJ1J1AP

6.1-§. Jlflpo CTpyKTypacw Ha3apHncura KHpHiu

MaijjiyMKH, aTOM H/ipocH h k k h  xhji HyKJioH-HeHTpoH Ba 

np0T0H,/iap/iaH TauiKHJi TonraH MypaKKaS KBaHTOMexaHHK 

CHCTeMa/iHp. HyKJioHJiapHHHr y3apo TatcHp KOHyHJiapHra 

acocjiaHn6, 3 t o m  ajjpocH xycycHHTJiapHHH 6aeH s t h o i , H/ipo 

CTpyKTypacHHH aHHKJiaw Ba xap  xhji uiapoHTJiap/ia yH/ia 

co/iHp 6yjiaeTraH >KapaeHJiapiiH tb ak h k  khjihui aapo  

(|)H3HKacH 6yHHMa ojih6 6opHJiaeTran hjiMHH-Ta/iKHKOT Hiujia- 

pHHHHT aCOCHH Ba3H(J)aCHHH TaiUKHJl KHJiaflH.

H k k h  HyKJioH o p ac H A a  y 3 a po T a b c n p  3Ty bmh KyM 

TyFpncH/ia  MaijJiyMOT ojihiuhhht 6eBOCHTa ycyjiH hykjiohhh 

HyKJIOHAa COMHJIHUIHHH ypraHHUI Ba /XeHTpOHHHHr xycycHHTH- 

hh TaxJiHJi KHJiHui/iaH H6op aT A H p . X ,nco6jiap yMyH hkkh

HyKJlOH Op aC H Aa  Ta"bCHp 3TyBMH KyMHHHT KaTTaJIHTHHH 3M aC , 

6aJlKH (4 )a30BH H , CnHH, HyKJIOH THnHHH 3HHKJI0BMH H30CnH H) 

Koop/iHHaTajiap  (})yHKUHHCH 6yjiran noTeHunaji 3HeprH HHH  

6 h j ih u i  KepaK  6yjia/iH. UIyH/i,aH k h j i h 6 , t 3 /i,k h k o t  k h j i h h 3- 

eTraH 6 y  (})yHKUHH H/ipo c|)H3HKacH/],a xy/iAH 3 t o m  Ba 

MOJieKyjiajiapHHHr xycycHHTJiapHHH ypraH H U iAarH  KyjioH 

noTeHunajiH  K a 6 n  eKH njiaHeTa Ba ftyji/iouijiapHHHr xapaKaTH-  

hh TaxJiuJi KHJiHiu/iarH rp aB H T au H O H  Maft/iOH noTeHUHajiH 

K a 6 n  pojib yftHaft/XH. B h p o k  H/tpo noTeHunajiH  KyjioH eKH 

rp aB H T au H O H  noTeHUHajiJiapnra H H c 6a T a H  aHM arHH a My- 

paK K a6 /iH p . TapM H  X03HpM a H/ipo noTeHUHajiHHH aHajiHTHK 

paBHiu/ia  H(})OAajiaui M yM KHH 6yjiM aca  x aM  y h h h t  aftpHM 

xycycHHTJiapn x a K H A a  eTapJiHMa MaiaJiyMOTra 3raM H 3 : HApo  

noTeHunajiH  c(})epHK CH M M eTpHHra ara 3M ac . B y H r a  Aeft- 

TpoH H H H r KBaAponyjib  M OM eHTra ara 6yjiHuiH m h c o j i a h p . H a p o  

noTeHUHajiH  MeKJiH p aA H ycra  sra. Y  0,5- 1 0 “ I5m A aH  khmhk 

Maco(|)ajiapAa HTapHuiHuiH, 2,4- 1 0 ~ I5m raHa  6yjiraH Maco(})a- 

jiapAa MyKypjiHrH 6 h p  nena yH m h j ij ih o h  3JieKTp0H-B0JibT 

6yjiraH t o p t h u i h u i  noTeHunajiH  —  noTeHUHaji y p a  6HJiaH 

aJiMauiHHHiuH M yM KHH. $ A p o  noTeHUHajiH ypacH H H H r  KeHrjiH- 

TH Ba MyKypJlHTH AeftTpOHHHHT HTOHa 6oFJiaHraH X,OJiaTHHHHr 

k h c m  (npoTOH  Ba HeftTpoH) .iap ra  napnajiaHHUira  H H c6aTaH  

6 n p o p  6 a p K a p o p  Ky3FajiraH x,ojiaT MaB>KyA 3M ac.

H A p o  KyMjiapn aTOMJiapHH MOJieKyjiajiapAa 6HpjiauiTHpH6 
TypyBMH XHMHHBHH KVMJiapia HHc6aTaH  MHJIJIHOH M ap Ta  K3TT3 

Gyjica x aM , Ta 'bcnp paAHVCJiapn khmhk 6yjiraHJiHrHAaH, yjiap

293



HHcSaTaH 3aHt|) TyiojiaiiH. H H M a  yMyH uiyHAaft 3KaHJinrHHH 

TyiuyHHui yMyH R  Maco(})a/iarH hkkht3 SoFjiaHraH 3appa  

2 R ^ X  fle-Bpoftjib TyjiKHH ysyHJiHrnra ara SyjinuiHHH acjiaiu 

kh4)oh: X =  -±, SyHAa v —  3appajiapHHHr hhcShA Te3JiHrH,

(  m\m2 \
u, — KejiTHpHJiraH Macca | li = -- --- L
^  V \ m\+m2 /

2 R ^ k  eKH SouiKaMa khjih6 e3caK,

^6 ' 1 )

uiapTAaH  3ap pajiapH H H r  KHHeTHK 3HeprHHCH 

- %  (6-2 )
2 8|i/?2

3K3HJIHrH KeJlHS MHK3JJ.H. UlyHAaft KHJTh S, HAPO KyMJiapHHHHT 

TaiiCHp paAuycH MerapacHAa 6yjiHiuH yMyH HKKajia HyKJioH- 

HHHT KHHeTHK 3HeprHHCH 3HT K3MHA3

% , 2= ________________ (^-.LQ-J V --------- =  71 M 3 b

2 8 - ~ - (1,67-10“ 27) (2,4-10-1’)2-1,6-10 6

6 yjiHuiH KepaK. By HyKJioHJiapHH 6Hpra yuuia6 TypyBMH 
noTeHUHaji y p aH H H r  MyKypjiHrHAaH aHMa KaTT aA H p .

XleMaK, AeftTpoHHHHr Ky3FajiraH xoJiaTra 3ra SMacjiHrnra 

ca 6 a6  yHHHr khmhk 6oFjiaHHUi 3HeprHHCHra 3ra 6yjiHiUH 

( « 2 , 2  M aB), KaTTa yjiMaMJiapn (~  2 ,5 - 1 0 ~ I5m) Ba HApo  

KyMHHHHT K3TT3 MaCO({)aJiapAa HHC6aTaH 3aH4»JIHFHAaHAHp. 

/JeHTpoHAarH HeftTpoH Ba npoTOH AenpjiH HpHM BaKTHHH HApo  

KyMjiapn TaiiCHpH cox,acHAaH MeTAa yTKa3aAH.

Rn.po noTeHUHaJiH CHCTeMaHHHr KBaHT xojiaTHra 6ofjihk  

3Mac. M acajiaH , AeftTpoHHHHr 6apK apop  x,ojiaTHAa HeftTpoH 

Ba npoTOHHHHr cnHHJiapH napajuieji (TpnnjieT xoJiaT) 6yjiaAH; 

CHHrjieT xoJiaTHHHr noTeHUuaji 3HeprHHCH TpnnjieT \ojiaT 

3HeprHHCHA3H UiyHMaJIHK K3TT3 (})apK KHJI3AHKH, 6y  KOJI 

aHTHnapajuieji cnHHra 3ra 6yjiraH 6np npoTOH Ba 6np  

HeftTpoHAaH n6opaT CHCTeMaAa 6oFjiaHraH x,ojiaT 6yjiMacjiH- 

THHH TaT>MHHJiaftAH.

Comhjihui 6yftHMa yTKa3HJiraH Ta>KpH6ajiap hkkh HyKJioH- 

hhht y3apo Ta"bCHpH yjiapHHHr hhc6h{i x,apaKaT MHKAopn  

MOMeHTHra xaM 6ofjihk 6yjiHuiHHH KypcaTAH. M acajiaH , 

C ep6ep  homh 6HJiaH aTajiyBMH TaiiCHpjiaiuyB comhjihui 

Ta>KpH6acHHH TaxJiHJi KHJiHuiaa >KyAa (j)oftAaJiHAHp. Y H A a
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x,apaKaT m hkaoph MOMeHTH h >Kyc{)T KHHMaTJiapra ara SyjiraH 

x,0JiaTJiapAa topthuihui KyqjiapH 6op Ba h momcht tok 

KHHMaTra ara SyjiraH xoJiaT/iap/ia sca SyHAafl Ky^Jiap flyK,

J,e6 T3XMHH KHJIHHaAH.

HyKjioHJiapHHHr iokoph SHeprHHJiapHAa comhjihui 6yflHHa 

yTKa3HJiraH 3KcnepHM eHTJiapHH TaxJiHJi khjihui noTeHUHaji 

3HeprHH H(J)OAacHra HyKJioHJiap cnHH  BeKTopjiapHHHHr h h c 6hh 

*ofljiaHHuiHra  Ba CHCTeMaHHHr o p 6HTaji x a p a K a T  m h k ao p h  

M OM eHTHra 6ofjihk  6y;iraH xa/iHH kh p h th u ih h  T a .ia6 KHJia/m . 

By Ta>KpH6ajiapii,a Ky T6jiaH M araH  coMyBMH t o m o h h a 3h 

C04HJlHIHHAa npOTOHJiapHHHT KH CM 3H  KyT^JiaHraHJlHIH aHHK- 

jiaHAH. ByH/iaft KyT6jiaHHuiHH KejiTHpn6 MHKapyBHH raij- 

CHpjiauiyB «cnHH- op6HTaji 6oFjiaHHUi» hom h 6HJiaH lopHTH- 

JiaAH.

JJ^po noTeHUHajiH ajiMauiHHyB xapaKTepnra ara. IO k o p h  

SHeprHHJiH HeftTpoHJiap np0T0HJiH h h u io h  6HJiaH TatCHpjiaui- 

raHHfla TyiuyBMH HeftTpoHJiap ftyHajiHUiHAa HHc6aTaH KynpoK 

coH/iarH lOKopH SHeprHHJiH npOTOHJiapHHHr a>Kpajin6 m h k h iu  

XOAHCaCH Ky33THJiaAH. By  H3TH>KaHH TaXJIHJI KHJIHUI HeftTpOH 

Ba npoTOHJiap HApo KynjiapH Ta-bCHpn c(})epacHAa 6yjiraHHAa 

y3 pojuiapH 6HJiaH ajiMauiHHajiH, zieraH (})HKpra ojih6  KejiaAH. 

B y  SKcnepHMeHTaJi H a T H *a  HApo noTeHUHajiH ajiMauiHHyB 

xapaKTepnra 3ra AeraH <})HKpHMH3ra > K y /i a  h x iu h  m hcoji 6yjia 

OJiaAH. Xy,OAH XHMHHBHft 6oFJiaHHUI HKKH 3T0M OpaCHAaTH 

3JieKTpoHJiapHHHr ajiMauiyBHra 6 o f jih k jih th  Ka6H, HApo 

KyHJiapHHH HKKH HyKJIOH OpaCHAaTH 6Hpop 3appa BOCHTaCHAa 

6yjiaAH, Ae6 TyiuyHTHpHiu ynyH (})H3HK 0JiHMJiap, aftHHKca, 

HnoH (})H3HrH X . lOKaBa Kyn y p H H H 6  KypAHJiap. JleKHH 6yHAaH 

HyKJioH xyAAH aTOMra yxuiaui M ypaKKa6 3appa AeraH xyjioca 

KeJIH6 HHKMaftAH, HyHKH aJIMaiUHHyBAa HUITHpOK STyBHH 

3appa (})aKaT HyKJioH t o m o h h a 3 h iothjihui BaKTHAa f o Ah 6 

6yjiaAH. M yM KH H  6yjiraH (BHpTyajib) 3appaJiap 6HJiaH 

ajiMamHUi c o a h p  6yjiaAHraH 6yHAaft THUnarH wapaeHJiap 

KJiaCCHK (})H3HKaHHHr MaCO(})aAaH Tai>CHp KOHUenUHHCH 

HerapacHAaH TauiKapHra HHKyBHH x,03HprH 3 3 m o h  MaftAOH 

Ha3apHHCHHHHr TypjiH KypHHHiujiapHAa ynpa6 TypaAH. 

M acajiaH , h k k h t b  3apaAJiaHraH 3appa opacHAarH KyjioH 

Tai>CHpjiaUiyBH X,03HprH BaKTAa «BHpTyajIb» (})OTOHJiap 6HJiaH 

ajiMaiuHui BOCHTacHAa Tax,JiHJi k h j ih h 3 a h . BnpTyajib 3appa- 

h h h t  naftAO 6yjiHUiH uiy OHAaeK SHeprHHHHHr caKJiaHHiun 

TyppHCHAarH MacajiaHH KejiTHpH6 MHKapAH, HyHKH yHHHr 

Xochji 6yjiHUiH ynyH 3HeprHH Tajia6 KHJiHHaAH. «3apyp 

6yjiraH SHeprHH KaepAaH o j ih h 3a h », AeraH cypoKKa «xeM 

KaepAaH 0JiHHMaftAH» Ae6 6epHJiraH >KaBo6 3appaHHHr
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«B H pTy ajib» x ap aK T e p ra  ara  sKaHJinrHHH K y p caT aA H  Ba 

3HeprH HHH Hr caKJiaHHiiiH 3 a p p a  auiaiu  B aKTH H H H r  * y j i a  

KHCKajIHTH 6HJiaH TyiliyHTHpHJiaAH.

refi3eH6epr h o 3 h h k j ih k  npHHUHnHHHHr KypcaTHiiiHMa,

AE-At^h ,  (6 .3 )

6 y epAa At —  cHCTeMa 3 HeprHHCHHH yjmaui BaKTH, AE 3ca At 
B 3KT  HMHAa 3HeprHHHH aHHKJiaUJ XaTOJIHTH. ^HeprHHHHHr 

caKJiaHHUiH ywyH 3appaHHHr nuiaui bbkth

(6 .4 )
S.E

6yjiHiUH KepaK , m MaccajiH 3 a p p a H H H r  xochji 6yjiHiuH ynyH  

3a p y p  6yjiraH SHeprHH

A E =  mc2.

Shhuitchh  MyHoca6aTH 6HJiaH aHHKJiaHaAH, uiyHHHr ynyH

A t = —̂ j. (6 .5 )
m c

Arap BHpTyajib 3appa epypjiHK Te3jiHrn 6HJiaH xa- 

paKTepjiaHca, KyMHHHr Ta^bcnp paAHycn

/ ? ^ c A / > —  (6.6)
mc

6yjiaAH. R ~  2■ 1 0 ~ i5m kh 8m 3t  BHpTyajib3appaHHHr MaccacH 

ajieKTpoH MaccacHAaH 2 0 0  MapTa KaTTa 6yjiHuiHHH Tajia6 

KHJiaAH. TyKHauiyBAa 3apHAJiaHraH 3appajiapHHHr MatJiyM 

SHeprHHCHHH lOTHJlHUIHAa, SJieKTpOMaTHHT MaftAOH KB3HTH 

(BHpTyajib 4>otoh) 4>h3hk AyHeHHHr peaji 3appacnra aftjiaHra- 

HHAeK, HApo MaftAOHH KBaHTH xaM  HyKJioHJiapHHHr TyKHauiy- 

BHAa (})H3HK 3appa KypHHHUiHAa B y *y A r a  KeJiHUiH MyMKHH, 

6yHHHr yMyH SHeprHH KBaHTHHHr THHHJiHKAarn MaccacHHH 

TaijMHHJiauira eTapJiH 6yjiHiuH KepaK. ByHAaft * a p a e H  

xaKHKaTAa coahp 6yjiaAH Ba 6yHAa n-Me30H —  ajieKTpoHra 

HHc6aTaH 2 7 3  MapTa ofhppok  6yjiraH 3appa  xochji 6yjiaAHKH,

yHH HAPO MaftAOHHHHHT KB3HTH Ae6 lOpHTHJiaAH. BHpOK 

TyKHamyBMH HyKJIOHJiapHHHr SHeprHHCH OpTHUIH 6HJiaH 

6ouiKa «FajiaTH» Ae6 aTajiyBHH 3appajiap xaM xochji 6yjiaAH. 

Xo3Hp4a yjiapHHHr HApo KyMJiapn MafiAOHHAa KaHAafi pojib 

yfiHauiH aHHKJiaHMaraH. X,o3HpraHa 6yHAafi MafiAOHHHHr 

Me30H ajiMauiHHyBHra acocjiaHraH AenpjiH Tyjia H33apHHCH 

MaBJKyA 3Mac, 6npoK TaKpH6nfi Ha3apHHJiap TaAKHKOTJiap 

ojih6 6opHUiAa MyxHM KypoJi 6yjin6 XHCo6jiaHaAH.

UlyHAaft khjih6, M aBJKyA 6yjiraH Ta>Kpn6a AaJiHjuiapH i 

HyKJiQHJiapapo y3apo Ta"bCHp noTeHUHajiHHHHr nroHa maKJiH-
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hh TaHJiaS cwiHUira hm koh  SepMaAH. Xarro h k k h t 3  apKHH 

HyKJioH y^yH xaM y3apo TaiiCHp noTeHUHajiH Tyjia 3 h h k  3Mac 

Ba 6y Ta*bCHp Kyn HyKJioHJiap MaHAOHHaa y3rapHtiiH xaM 

MyMKHH. X,o3HprH KBaHT MexaHHKacH annapaTHHHHr My- 

paKKa6jiHTH HApo xycycHHTJiapHHH eTapjiH A a p a *a a a  TaxJiHJi 

KHJiHiu yMyH h m koh  6epMaftflH. fl/ipo xapaKTepncTHKajiapHHH 

XHCoQjiam ywyH 3aMOHaBHft XHCo6jiaui MauiHHaJiapHHHHr 

KyBBaTH xaTTo / 4 ~ 5  6yjiraH 3Hr eHrHJi HApoJiapra xaM 

eTMaftflH. U l y  ca6a6jiH, xo3HpMa HApo xycycHHTjiapHHHHr 

6apMa Ta"bCHpJiapHHH xnco6ra ojiraH xoJiAa XHCo6jiauiHHHr 

hjiojkh 6yjiMa«nTH. Peaji HflpoJiapHHHr xapaKTepHCTHKajiapn- 

hh 3Mac, 6ajiKH MaTeMaTHK Ba (})H3hk >KHxaTAaH co/wajiauiTH- 

pHJiraH Hflpo Mo/ieJiJiapH ae6 aTaJia/iHraH xap xhji CHCTeMa- 

jiapHHHr xycycHHTJiapHHH XHCo6jiauira Typpn KejiMOKAa.

Kyn H H M a H A p o Mo/iejiH Ta>KpH6 a  H a TH > K ajiap H ra  a c o c j i a H -  
raH x o J iA a  TaH Jia6  o j iH H a / w ,  c y H r p a  6 y  M o zie j ira  m o c  KejiyBMH 
TypjiHM a TaxM H H Jiap H u u i a 6  m h k h j i3a h .  i 3,eM aK, 6 HprHHa 
(J)H3 HK >KapaeHHH 6 aeH  k h j i h i u  yMyH TypjiHM a M O A e ju ia p  
MaB>KyA 6 yjiHUiH MyMKHH; y j ia p H H H r x a p  6 h p h  KyftHJiraH 
M acaJiaH H H r aftpHM x o ju ia p H H H  T y u iy H T H p n u i  yMyH KyJwiaHH- 
jia f lH .  H a p o h h h t  x ycycH H TJiapH H H  XHCo6 j i a u i  MyMKHH 6 yjiHLUH 
yMyH MOAeJib e T a p j iH  A a p a > K a A a  c o / m a  6 yjiHuiH  B a  u j y  6 HJiaH 
6 u p r a  y p e a j i  H A p ojiap H H H r xycycH H TJiapH H H  xeM 6 y j i M a r a H A a  
TaXMHH3 H aKC 3TTHPHUIH JI0 3 HM. A tO M  HAPOCHHHHT C T p y K T y -  
p a c H  Ba xycycH H TJiapH H H  T y m y H H U iA a  h a p o h h h t  x a p  x h j i  
({)H3 HK MOAeJiJiapHAaH (})oftAajiaHHUi * y A a  K a r r a  e p ^ a M  
6 epA H . U l y H A a f t  MOAeJiJiap p e a j i  3 t o m  H A poJiapuH H H r K a H A a ft-  
AH p xycycH H TJiapH H H  MyMKHH K a ^ a p  a H H K p o K  aKC s t t h p h i u  
6 n jiaH  6 H p r a ,  M a c a j ia H H  eMHUiAa (})h3 h k  B a  M aTeMaTHK 
c o A A a j iH K J ia p  x a M  KHpHTaAH. H ^ p o  x y c y c H H T j i a p n  x a K H A a r n  
M a c a j ia H H  M a t J iy M  A a p a > K a A a r n  HKHHJiaiuyB 6 u jia H  M aT e M a - 
t h k  TajiKHH KHJiHiura B a  c o A A a j i a u i T H p H u i r a  o j i h 6  K e j ia A H r a H  
m y  K a 6 n x a p  KaH/iafi (})H3 HK T a c a B B y p j i a p ,  (})ap a3J ia p  T y n j ia M H  

«MOAeJib» A e 6  a f a J i a A H .  X a p  K a H A aft  MOAejib H Apo x y c y c H H T -  
. ia p H  x a K H A a r u  (j)H3HKa/i,a MaB>KyA 6 y j i r a H  6 HJiHMJiapHHHr 

x y j i o c a c H  Ba yM y M J ia u iy B H A a H  u 6 o p a T A H p .  M y T J i a K o  p a B m a H -  
k h ,  x a p  K a H A a f i  o/mnfi MOAeJib M y p a K K a 6  KBaHTOMexaHHK 
CHCTeMa 6 yjiM Hiu H A po xycycH H TJiap H H H H r xaM M acH H H  aKC 
3TTH pa ojiM aftAH. LUyHHHr yMyH MOAeJiJiapHHHr xeM 6 h p h h h  
3h t  MyxHM MOAejib, A e 6  x n c o 6 j i a u i  MyMKHH 3 M ac.  X a p  6 n p  
MOAeJiHHHr KyJiJiaHHui M e r a p a c H  MaB>Kyfl. Y  § k h  6 y  m o a c j i h h  
T a T 6 HK 3THUI MyMKHHJIHTH XaK H /ja  yHHHT XyJIOCaJiapHHH 
T a> K p n6 a A a H  aHHKJiaHraH n/xpo xycycH H TJiapH H H  TyiuyH T H - 
pHiuAarH  lOTyKJiapH Ba KaMMHJiHK.iapn coJiHUiTHpHJiraHAaH
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KeHHHTHHa X,yKM MHKapHIU M yM KHH. Y  eKH 6 y  MOAeJlHHHI' 

aX,aMHHTH UiyHAaH H Sop aT K H , y TaAK H KO TH H  A 3B O M  3TTH- 

pHiiifla acocHH  HyHajiHiHHH K y p caT aA H  Ba x a p  x h ji xoflHca- 

jiapHH Ma"bJiyM H yK Tan  H a 3 a p A a  TyTHS 6np-6HpH 6HJiaH 

6oFJiauira h m k o h  d ep a A H .

H a p o  MOfleJuiapH h k k h  x h ji 6ouiKa-6ouiK,a flyHajiHUi 

acocH A a  HpaTHJiraH. B h p h h m h  fiyHajiHiu «KyqjiH y 3ap o T a"bC H p  

MOAeJiJiapH»HHHr npaTHJiHUiH 6HJiaH x ap aK T ep jiaH aA H . By  

M OAejuiapra  K y p a  h a p o  y 3 a p o  KynjiH Ta"bCHp sTyBMH Ba y 3 a p o  

Ky^JiH 6oFJiaHHiuAa 6yjiraH  3ap p ajiap  aHcaM 6jiH  CH(})aTHAa 

T a c a B B y p  k h j i h h 3 a h . 5Ia p o  M OAejuiapHH HHr 6 y  rypyx,Hra  

KyflHAarHJiapHH kh p h thu i M yM KHH : «cyioK  t o m m h  MOAejib», 

«ajib(})a 3 a p p a  m o a c j i h » , « 6 n p H K M a  h a p o  m o a c j i h » . H k k h h m h  

HyHajiHiu «3p K H H  3 a p p a jia p  MOAeJiJiapH» h h h t  npaTHJiHUiH  

6ujiaH xapaKTepjiaHH6, yjiapAa Ka6yji KHJiHHHUiHMa, x,ap 6np 

HyKJioH H A poH H H r 6o u iK a  HyKJioHJiapHHHHr ypTanajiauiTH-  

pHJiraH M aflAOHHAa AenpjiH 6 o f j i h k c h 3, apKHH paBHUiAa  

xapaKaTJiaHaAH. B y  rypyxxa  4>epMH-ra3 m o a c j i h h h , noTeHUH- 

aji y p a  m o a c j i h h h , Ko6HKJiap  m o a c j i h h h , yMyMJiauiTHpHJiraH  

eKH KOJIJieKTHB MOAejIHH Ba OnTHK MOAeJlHH KHpHTHIU MyMKHH.

KeflHHrH 6yjiHMJiapAa H A po  (})H3HKacHra ajioKaAop  6yjiraH 

K y n rH H a  MacajiajiapHH, xycycaH, HApo xoJiaTJiapHHHHr  

SHeprHHCH, cnnH H  Ba M<y4)TjiHrHHH, uiyHHHrAeK, M arHH T Ba 

KBaApynoJib  M OM eHTjiapHH TyuiyHTHpHuiAa (})OHAaJiH 6yjiraH 

M OAejuiap  M y x o K a M a  k h jih h3ah .

A t O M  HApOCHHHHT HrOHa H3MHJI H 33apH H C H  ypH HTa K 3TO p  

H A p o  M OAejuiapHH HHr MaB>KyAJiHrH Ba yjiapHHHr MaiijiyM 6np 
Ba HeKJiaHFaH x,OAHcajiap A O H p a c H A a  T a T ^ H K  khjihhhui (})aKTH 

KeJirycHAa 6y c o x a A a  KaHAafl KaTTa xaJKM Aa  H3JiaHHiu ojih6 
6opHUI KepaKJlHTHHH Ky pC3T3AH .

6.2- §. T o m h h  MOAeJiH

3 h t  AacTJia6KH HApo MOAeJiJiapHAaH 6npH Shphk a3hhh- 

AHK OJIHM, 6HPHHMH 3TOM H33apHHCHHHHr aCOCMHCH HHJIbC 

B op  T0M0HHA3H TaKJIHtj) KHJIHHTaH 3AH. B y  MOAeJlAa HAPO 

3HMAHTH * y A a  K3TT3 ( ~  1 0 U  r /cM 3) 6yjiraH CHKHJlMaflAHraH 

cyioKJiHK t o m m h c h  Ae6 KapajiaAH. R u p o  xa>KMHHHHr yHAarH  

HyKAOHAap coHHra nponopuHOHajuiHrH Ba TypjiH HApoJiapAa 

HyKJioHAap 6oFjiaHHUi ypTaMa SHeprHHCHHHHr TaxMHHaH 

AOHMhhjihth (^ y A a  eHrHJi HApoJiap 6yHAaH MycTacHo) 

H A p o  MOAAacH 6HJiaH cyioKJiHK TOMMHCHHHHr yxiuauijiHrHAaH 

AapaK 6epaAH. ByHAaH HApo KyMJiapH xaM  cyioKJiHK m o - 

jieKyjiajiapH opacHAarn Ta"bCHp 3TyBMH KyMjiapra yxuiaui
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TyHHHHIU KoSH-JIHHTHra 3ra  SKaHJlHTH KejlHS M HKaAH. By 
Mo^ejib n d p o H u m  tom hu  M od eA U  j,e6 aTajiaAH . ^ A p o

MOflAaCHHHHT HApOAaTH 3H4J1HTH AeHpjlH 6« p  XHJl 3K3HJ1HPH 

TyFpncH/iarH  SKcnepHMeHTaji Ma"bJiyMOTJiapra acoc/iaHraH  

XOJifla Bop HApoAarH HyKJioHJiapHHHr ^apaKaTH cyioKJiHKAarH 
3tom  Ba MOJieKyjiaJiapHHHr x a p a K a T H r a  yxm aH jiH , A e 6 (})apa3 

khjiah . CyiOKJiHKHHHr TaiuKH  TaijCHpjiapra y n p a M a r a H  

tommhch CHpT TapaHrjiHK Tyc^afljiH c(})epa iuaKJiHAa 6yjia^H.

M cTajiraH  h a p o h h h t  M accacw  Ba 6oFJiaHHUi 3HeprHHCH- 

HHHT HpHM  SM nepH K  (})OpMyJiaCHHH M HKapHIUAa, HApOJiapHHHT 

3ap p ajiap H H  Hypjiaui Ba 6yjiHHHUira TypFyHJiHniHH ojiAHHAaH 

aflTH6 6epHHJAa, w yHHHr.aeK , 6y >KapaeHJiap/ia a>KpajiaAHraH 

3HeprHHJiapHH x n c o 6jia w A a  tommh moacjih >Ky^a (})OHAaJiH 

6y j w 6 m hkah . Y  h a P o h h h t  HeftTpoHJiap, npoTOHJiap Ba ajib(})a 

3a p p ajiap  6HJiaH Ta"bCHpJiawyBHiia K)3ara KejiaAHraH aftpHM 

xycycHHTJiapnHH T y w y H T H p a A H . X y c y c a H , 6y MOAejib epAaMH- 

A a  HeftTpoH HApo  6HJiaH T y K H a w r a H A a  HH M a c a 6a 6A aH  

HeftTpoH iothjih6, opTHKMa 3H ep rnH  raM M a  KBaHTJiap w aKJiHAa 

a>KpajiH6 m h k h w h h h  T y w y H T H p n w  M yMKHH. HyKJioHJiapHHHr 

H A PO  HHHAa HH XOHTAa K3TT3 3HMJIHKK3 3ra 6yjlHW H Ba HAPO 

Ta"bCHpjiapHHHHr Kynjihjihth Ty(})afijiH HApora KH praH  HefiTpoH 

y3 aHeprHHCHHH 6o w K a  iiyKJioHJiapra 6ep H 6, w y  ep A a  KOJiaAH. 

HaTH > KaAa  6y 3jieMeHTHHHr 6owjiaHFHM  H Apocnra  HHc6aTaH  

opTHKMa 6HTTa HeHTponra ara 6yjiraH hhth  H30T0nH  xochji 

6yjiaAH. H A p o r a  HefiTpoH op Ka/in  KHpraH  3HeprHH  x aM M a  

HyKJioHJiap o p acH A a  6Hp 3yM Aa  TaKCHM JiaHaAH. H A p o  

HyKJiOHJiapHHHr H H aA a  T e 3p oK  x a p a K a T H  6HJiaH xapaKTepjia- 

H aAH raH  Ky3FaJiraH xoJiaTra yTaA H . LliyHHHr ynyH  Ky3FajiraH 

HApoH H KH3AHpnjiraH  HApo-TOMMH A e 6 K a p a w  Ba HApo 

«T e M n e p a T y p a c H »  T y w y H M a c H H H  k h p h t h w  M yMKHH. A r a p  

lOTHJiraH HyKJioH y3H 6HJiaH HApora 10 M ^ B  ( 1 0 7 3 B = l , 6 x  

X l O ^5 apr) 3HeprHH ojih6 KH pca, Ky3FajiraH h a p o h h h f  

TeM n e p aT y p acH

t ___________ ______ 1 , 6 - 1 0  S p r ________ ^  | o . | n 1 1 i n a  n

k i ,38 - 10_ "'3pr.rpaA ' ’

6yjiaAH.

T o M H H  MOAeJlb HAPO-TOMHH HHHA3 CHpT Te6paH H W Jiap H , 

c h k h jih w h  M yM KHH 6yjiraH M OAA a  ynyH  3hmjihk Te6paHHWjia- 

PH K a 6H KOJlJieKTHB X,apaKaTJiap 6opjIHFHHH'3'bTHpO(}) 3T3AH . 

Hapo-tommh M y B 03a n a T  x,ojiaTHAa R paAHycjiH c(})epHK 

w aK jira  sra 6yjiaAH. ^ A p o  to m o iiha3h  iothjiraH HyKjioH yHHHr 

c(j>epHK uiaKJiHHH 6ynaAH , H A po  Ae(J)opM anHH.iaHaAH . C H p T  

TapaHfJIHK HAPO  WaKJIHHH KafiTa THKJIOBMH KyM pOJlHHH
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yHHaft,an. H aTH JKa /ia  h a P o -t o m h h  cnpTHiia TyjiKHH y3yHJiHTH

A, =  —  6 yjiraH cnpT TyjiKHHJiapH BywyAra KejiaAH (SyHAa

/ —  TOMMH CHpTHflarH TyJIKHH AyHrJlHKJiapHHHHT co h h ) . Khhc- 

T H K B a  noTeHUHaJi SHeprHHJiap H(})Oii.acHAaH ( / »  2 na) TyjiKHH 

MaCTOTaCHHHHT KH HM 3TH

2 4TtOl / r> <"7 \
® / =  - W  (6-7)

SKaHjiHrHHH aHHKJiaHMH3 ( 6yH Aa  M  —  HApo  M accacH , CT — 
CHpT TapaHTJIHK K03(})(})HUHeHTH) . Ta>KpH6aJiapAaH CHpT

TapaHTJIHK SHeprHHCHHHHT KH HM 3TH  E„ =  U aA 2̂ =  4jlCT/?M 2/3 
SKaHJiHTH M atJiyM . B y H A a H  hapo-tommh cnpT TapaHrjiHK 

K03(})(})HUHeHTHHHHr KH HM 3TH  C J = 1 0 2° 3 p r /c M 2. flApO TOMHH- 

h h h t  Te6p a H M a  SHeprHHCH:

— < V T « . 3/2 (6 .8 )
V 3MR2 J

Tom m h MOAeJira acocjiaHH6 HflpoHHHr chpt T e 6p aH M a  

3HeprHHCHHH HApOHHHT Ky3FaJiraH XOJiaTJiapH 3HeprHHCH A e 6  

T3JIKHH KHJIHIU M yMKHH. X a M M a  >Ky(})T->Ky({)T HApOJiap 

6 hp hh m h  Ky3FajiraH  xojiaTHHHHr xap aK Tep ncTH K acH  2 + . 

A m m o  cyHrrH (6 .8 )  (})opMyjia acocH A a  XHCo6jiaHraH  SHeprHH 

KHHM aTJiapn HApoH HHr Kyfln Ky3FajiraH caTX  3HeprHHJiapHra 

H H c6aT aH  aHMa KaTTa 6y.TH6 m hkah. OH 3H K Jiap  (J)ohohhhhp 

T e 6p a H M a  x a p a K a T  m h k ao p h  m om chth 2 Ba >Ky(})TJiHrH njiioc 

AeftHuiaAH. B hp hh m h  yflFOHraH xojiaTAa 6np (})ohoh, hkkhhmh- 

CHAa h kkh  (})ohoh 6yjiaAH Ba xoK a3o . >Ky<}>T->Ky(})T h a p o h h h t  

acocHH xojiaTH 0 cnHHJiH 6yjiraHJiHrHAaH yHHHr 6hphhm h 

. T e 6p a H M a  yfiFOHraH xoJiaTJiapHHHHr cfihhh 2 + 6yjiHuiH 

jio3hm. H K K H T a  (})ohoh 2fto) 3HeprHHra ara, yjiap x a p a K a T  

M H KA OpH  MOMeHTJiapHHHHr 6oFJiaHHlUHAaH 0 + , 2+ Ba 

4+ xojiaTJiapra KeJiaMH3. CnH H Jiapn  1 Ba 3 6yjiraH xojiaTJiap 

TaKH KJiaHraH  6yjiaAH . 6 .1 - p a c M A a  HApoJiapHHHr T e 6p aH M a  

yHFOH raH  SHeprHH caTXJiapHHHHr H a3ap H H  cxeM acn  kcjith- 

pnjiraH.

6. I - pacM. TeOpaH-

N = J  E = 3hu) -------  0\ Ma caTX-iap. Te6paHMa

(|)OTOHJiap xapaKaT m h k -

N  - 7 F - 7hu) -------  n* b ' a °P H MOMeHTH 2, >Ky(j)T-
' jih ih  MycSaT. CaTXJiap

* .♦ fbOHoHjiaD cohh ;V 6njian
N  = 1 c - hui ------ - 2 a. *

TaBCH(pjiaHa.aH. A cochm

t \o.naTHHHr sHeprHHCH
N  = O E = 0 “  0 hojii. khjihG o.t h hrah .
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Peaji H,upcwiap x,aKHK.aT3H xaM  T e 6p aH M a  M OAejiHhhht  

OJiflHHAaH aftTraH TaBCH(})JiapHra moc cneKTpra ara. ByHAafl  

cneKTpjiap >Ky<})T->Ky(})T Ko6HKJiapH 6yjiraH HflpojiapAa  

yMpafiflH. HyKJioHJiapapo kojiahk, y 3a p o  T a t c n p  0+ , 2 + , 
4 + X,OJiaTJiapHHHr 6HDJiaHHLUHHH flyKOTaAH. HapOJiapHHHT  

hkkhhm h xojiaTJiapn/ia x a p  aohm  x aM  3 ra c a T ^  Ky3aTHJia- 

BepMafiaH. By TpnnjieTHH hkkh  k b 3 h t  KBaapynojib  Te6paHH-  

uiHHHHr HaTH>KacH ne6 K a p a m  M yMKHH (6 .2 - p a c M ) .

/tenpjiH 6apM a  >Ky(()T->Ky4)T HApojiapaa 3~ c a T ^  Ky3aTHJia- 

a h . By caTX, H ap o  —  tommh c h p th h h h t  oKTynojib Te6paHHuuia-  

pn (6.3- p acM ) Max,cyjiH 6yjiH6, 2+ c a T ^ a H  hkkh  6 a p a B a p  

K)KopHfla eT a^H . Y M y M a H  Ta>KpH6aiia Ky3aTHJiraH SH eprnn  

caTXJiapH tommh MOAeJib 6yfiHMa xnco6jiaH raH H ra  K a p a r a H A a  

6Hp- 6Hpnra aHMa h k h h p o k  >KofijiauiraH 6yjiaAH . LLIyHAafi 

Khjih6, aap oH H H r  cyioK tommh MOAejiH Ky3FajiraH x,0JiaTJiap- 

HHHr coh h hh  Ba yjiapHHHr 3HeprHHJiapHHH TyuiyHTHpH6 6ep a  

OJIMafiilH.

Arap Ky3FajiHUi SHeprHHCHHH (J)aKaT 6 n p  HyKJioH y3Hfla 

Tynjia6 ojica, y H ^p o  topthuihui KyMjiapHHH eHTH6, HapoflaH  

T aiu K ap n ra  yMH6 mhkhuih M yMKHH. K,y3FaJiHUi KyMjiH 6yjiMa- 

raHAa  6 y  >KapaeHHHHr c oah p  6yjiHiu sxthm ojih KaM . O A a T A a ,  

HHTH HApOHHHT Ky3FaJIHUI 3HepTHHCH aHMa OJIAHH raMMa-  

KBaHTJiap KypHHHiuHfla HypjiaHH6, Hj,po acocHfi xoJiaTra 

KafiTa^H . Ba-b3H *0JiJiapAa HefiTpoHJiap opthkjihth  HaTH>Ka- 

CH/ia HApo  6 e K a p o p  6yjin6 KOJia/iH. Y u n a  6eTa-napMajiaHHUi 

HaTH>KacHAa HefiTpoHJiapAaH 6 h p h  npoTOH ra afijiaHa^H. 

KyMJiH Ky3FajiHuuiapAa aapo 6 n p  eKH 6 n p  HeMa HeftTpoH Ba 

npoTOHJiap M HKapnuiH MyMKHH. By K a p a e H  tommh MOAejiHAa  

cyioK-iHKiiaH MOJieKyjiajiapHHiir 6yFjiaHHiUHra yxiuaiu khjih6  

OJIHHAH.

JleKHH t o m m h  MOAejib HApoJiapHHHr 6ou iK a  Kyn Myx,HM 

xycycHHTJiapHHH TyuiyHTHpu6 6epoJiMa/iH. M a c a jia H , HApora  

yMH6 KHpraH  HeftTpoHJiap Ba npOTOHJiap KynHHMa H A p oaaH

6.2- paCM. T o m m h  Hiipo- 

h h h t  K B a i i p y n o J i b  T e S p a H H iu j i a -  

pH . Hiipo AaBpHH paBHiuaa 

afljiaHMa 3Ji^HncoHfl uiaKJiHra 

sra SyjiaiiH.

6.3- pacM. T o m m h  h a p o - 

h h h t  0KTyn0jib Te6paHHLujiapH. 

Hiipo iiaBpHH paBHUiAa h o k  

uiaKJinra 3ra.
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yM H6 KHpHLu 3HeprH HCH ra TeHr 3H e p rH «  6HJiaH m h k h 6  k cthllih  

aHHKJiaHAH , H"bHH SJiaCTHK COMHJIHUJ 103 6epflH.

A r a p  H A pora  yMH6 KH praH  HyKJioHHHHr k h h c t h k  SHeprHHCH 

6ouiKa HyKJioHJiap ypTacH.ua Te3rH Ha TaKCHM JiaHca, cyHrpa  

6y 3H ep rH H H H H r 6Hp HyKJioHra K a H T a ^ a H  h h f h j i h u i  3X,t h - 

MOJIJIHrHHHHF 6yHMaJIHK K3TT3 6yjIHUIHHH TyLUyHHUI KHHHH. 

T a * p H 6ajiapAa  HeHTpoHJiap eKH npoTOHJiap h a p o h h  KecH6 
yTaeTH 6 H/ipo HyKJiOHJiapH 6HJiaH Kyn  M ap T a  H03JiacTHK 

T y K H am y B Jiap ra  yM paHBepM acJiHrn Tyjia aHHKJiauaH .

HApOHHHr TOMMH MOfleJIH Mai>JiyM HeHTpoHJiap Ba npOTOH- 

jiap coHHra sra 6yjiraH H^pojiapHHHr ajio^H^a 6apKapop  

SKaHJiHrHHH Ty iuyHTHpa ojiMa^H. M acajiaH , 50 Ta HeflTpoHJiH 

unpKOHHH, 50 Ta npoTOHJiH Kajiafi, 82 Ta HeflTpoHJiH 6apnfl, 
82 Ta np0T0H Ba 126 Ta HeflTpoHJiH KypFouiH H  Ka6H  

3jieMeHTJiap Ep io3HAa iiaBpHfl CHCTeMa^arH K y uihh sjie- 

MeHTJiapra KaparaH ^a  KynpoK yMpafl^H. M atJiyM  6yjiraH 

Typrra paAHoaKTHB OHJia 82 Ta npoTOHra eKH 126 Ta 

HeflTpoHra ara 6yjiraH 6apK apop  H30T0njiap 6HJiaH Tyrajuia- 

Ha/i,H. 2 Ta npoTOH Ba 2 Ta HeflTpoHJiH 4He, 8 npoTOH Ba 

8 HeflTpOHJIH l60  HApOJiapHHHHT yTa 6ap K ap op jIH T H H H  

yjiapHHHr x,ochji 6yjiHUiHAa a>KpajiH6 m hk kh h  3HeprHHHH 

KyiuHH H30T0njiap  xochji 6yjiHiuHAa a>KpajiH6 MHKKaH 

3HeprHH 6HJiaH cojihuithph6  KypraHAaH cyHr TyuiyHHUi 

MyMKHH. By Ba 6o u iK a  cJ)aKTJiap uiyHH KypcaTa^HKH, 

npoTOHJiap Ba HeflTpoHJiapH cohh  2; 8; 20; 28; 50; 82; 126 ra 

Typpn KejiaAHraH H^poJiap Maxcyc xoccara araAHp.

JlApoHHHr cyioK tommh Mo,ziejiHra acocjiaH H6 B aflu3eKKep  

^enpjiH  6apM a HApojiap yMyH Ta>KpH6ajiapra  KaHoaTjiaHapjiH  

paBHiufla Typpn  KejiaflHraH Hflpo 6oFJiaHHUi SHeprHHCHHHHr 

npH M  s M n n p H K  (})opMyjiacH (1 .28 ) hh  t 3kjih({) khjiah . By 
4>opMyjiaHHHr 6hphhm h yM x,aAH tommh M oaejiHAaH  kcjih6 
MHKa/iH, 6ouiKajiapH 3ca  KB aH T OM exaH H K  3(j)(})eKTJiapra 

6ofjihk .

A rap  HApo MeKCH3 6yjiraHHfla sah, 6oFjiaHHUJ SHeprHHCH 

H^poHHHr xa>KMHra Typpn nponopuHOHaji 6yjiap 3ah . JleKHH 

peaji HApoHHHr c n p T H  6yjiraHJiHTH Ba M e r a p a .u a  TypraH  

HyKJioHJiap TyflHHMaraHJiHrH ca6a6jin 6oFjiaHHUi SHeprHHCH 

KaM an^H . BapMa HyKJioH *y(J)TjiapH opacHAarn KyjioH 

HTapHUIHUIH HAPO 60FJiaHHIU 3HeprHHCHHHHr majxa KaMa- 

flHHiHra ojih6 KejiaflH. B yu aaH  T a u i K a p n ,  cHMMeTpnn SHeprHH- 

CHHH H({)OAaJIOBMH X,aA W M  M3B>Ky/l,. By  SHeprHH HApOHHHr 

6np  xhji MHKAOp^arH npoTOHJiap Ba HeflTpoHjiapra 3ra 

6yjiHiura h h th jih u iha3h  KejiH6 mhk3ah. flHa 6Hp xaA  >Ky(})T-
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>Ky(})T HApcwiapHHHr ajiox.HAa 6apK,apop.THrHHH Ky pcaT aA H  

( 1 .2 8 ) .

B y  MO.ae.rib acocH A a  H/ipo/iapHHHr 6yjiHHHiiiHHH TyiuyHTH- 

pHiii ocoh. MacajiaH, HApo/iarH npoTOHJiap KyjioH y 3 a p o  

Tai>CHp SHeprHHCHHHHr cnpT  ii,e4)opMauHHCHra Ta-bcnpH 

Z  h hh t  KaTTa KHHM aTJiapHAa ce3HJiapjiH 6yjiaflH. Arap 
npOTOHJiapHHHT KyjlOH HTapHUIHUI SHeprHHCH CHpT TapaHTJIHK 

SH eprHH CHAaH  KaTTa 6yjica, E K^ 2 E a uiapTHH KaHoaTJiaHTH- 

p aA H raH  H/ipo CHpT Ae(})opMau,HHJiapHra H H c6aT aH  6 a p K a p o p  

6yjiojiMafl KOJia^H Ba y3-y3H/i,aH h kkh  6yjiaKKa napM ajiaH H6  

KeTa^H. HApoH HHr 6yjiHHHm ra HHc6aTaH 6apKapopjiHK uiapTH

“ < 4 6 , 5 2  (6 .9 )

Ta>KpH6a HaTH>KajiapHra m o c  KejiaAH. LLIyHAaH k h j i h 6 , t o m m h  

M Oflejib 6yjiHHHiuHra H H c 6a T a H  h a p o h h h t  6 ap K ap op jiH K  

M erapacH xaK H /ia  Typpn xyjiocajiap 6e p a A H . A m m o  6y  

MOAeji/iaH HApoJiapHHHr Ky3FajiraH  xojiaTH xoccajiapHHH Ty- 

uiyHTHpHiujia c})OHAaJiaHHUira ypHHHUi h x u i h  HaTH>Kajiap 

6e p M a A H . T ap H H  Ky u m h j ih k  HApoJiapHHHr >Kyt})TJiHrH Ba 

jiacTJia6KH Ky3FajiraH xoJiaTHHHHr m o m c h t h  t o m m h h h h t  

A acTJia6KH h k k h  Te6paH HUi xojiaTHflarHAeK 6yjica-Aa, 3 m m o  

6 y  xojuiap/iarH  3HeprH H  cyioK t o m m h  MOAeJiHHHHr 3HeprHHCH- 

A 3H  aHMa K3TT3 3K 3H . KeHHHMaJIHK 3T 0M  HApOCHHHHT TOMMH 

MOAe.THra KapaM a- Kapiun  6yjiraH TaMOMHJia 6ou iK a  ac- 

neKTAarH CTpyKTypacH  aHHKJiaHAH.

6.3- §. <I>epMH-ra3 m o a c jih

H a p o h h  TauiKHJi KHJiraH HyKJioHJiap cnHH ra  3ra Ba O e p M H  

CTaTHCTHKacnra 6yflcyHaAH . M a 3 K y p  MOAejiAa h a p o h h  Taiu- 

khji KHjiraH x a p  6 n p  3 a p p a  h a p o h h h t  6ou jK a  HyKJioHJiapH 

T 0 M 0H H A 3H  XOCHJI KHJlHHTaH ypTaM a MaftAOHAa AenpjIH  

MycTaKHJi x a p a K a T  k h ji^ a h , A e 6  XHCo6jiaHaAH . M ycTaKH Ji  

x a p a K a T  A eraH A a  uiyHAafl x a p a K a T  TyuiyHHJiaAHKH, 6yH A a  

3a p p a H H H r  HApo  HMHAarn ypTaM a apKHH torypHiu flyjiH 

HApoHHiir A H aM eT p n ra  h k h h  Aapa> KaAa  6yjiaAH . y 3 a p o  KyMjiH 

Ta"bCHpjiaujaAHraH HyKJioHJiap TynjiaMHHH AenpjiH y 3ap o  

TaiiCHpjiaiuMaftAHraH 3a p p a jia p A a H  TauiKHJi TonraH  ra3 A e 6  

Ka6yji khjihui M yM KHHM H? T a n  uiyHAaKH, npH M  cnH H ra  ara 

6yjiraH HyKJioHJiap IlayjiH npH H U H n H ra  6yftcyHaAH. By 
n p H H u n n ra  Ky pa  hphm  6yTyH  cnHH ra  3ra 6yjiraH 3ap p ajiap  

(4>epMHOHJiap) 6 n p  BaKTH HHr y 3H A a  6 n p  xhji xo jiau ia p ra  ara  

6yjia ojiMaftAH, ht>hh aftHaH 6 n p  xoJiaTAa, 6 n p  3HepreTHK
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caT X A a  c i ih h  flyHaJiHUiJiapH SHJiaH 4>apK KHJiaAHraH (})aKaT

HKKHT3 npOTOH eKH HKKHT3 HeHTpOH SyjIHUIH M yM KHH  XOJIOC. 
MHKpo3appajiapHHHr IlayjiH npHHUHnnra aMaji KHJiyBMH Ba 
xaMMa nacTKH caTX-iapHH TyjiHK TyjiAHpyBMH SyHAafi 
CHCTeMacH aHHHraH OepMH-ra3 ae6 aTajiaAH. AiiHHraH 
OepMH-ra3Aa HyKJioHJiap ypTacH^a KyMJiH y3apo HApo 
Tai>CHpH SyjiHiiiHra KapaMacAaH, HyKJioHJiapHHHr TyKHauiyBH 
TaKHKJiaHaAH Ba yjiap xyAAH y3apo Tatcnp *yAa khhhk 
SyjiraHAarHAeK, y3JiapHHH spKHH TyTaAHJiap. AcjiHAa aca 
1 - HyKJioH KaHAafiAHp 2- HyKJioH SHJiaH TyKHaiiiHiUH Ba 
y3HHHHr SHeprHH Ba HMnyjibCHHHHr 6np khcmhhh 2- HyKJioHra 
6epHuiH MyMKHH. By xoJi^a 2- HymioH 6yuipoK Ba ioKopHpoK 
caTxra yTHiun mymkhh. 1- HyKJiOH aca SHeprHHHHHr caKJiaHHiu 
KOHyHHra acocaH nacTpoK SHepreTHK caTxra yTaAH. A m m o  

xaMMa nacTKH caTXJiap, IlayjiH npHHUHnHra acocaH, MeKJiaH- 
raH ypHHJiap coHHra ara 6yjiH6, yjiapHHHr xaMMacn 6aHA 
6yjiaAH, uiyHHHr ynyH 1- HyKJioH nacTKH 6aHA >KOHJiapra 
yTOJiMaftAH. By rnyHH 6njiAHpaAHKH, 1- HyKJioH 6HJiaH 
2- HyKJioH opacHAa TyKHaiuyB 6yjiMaftAH, TyKHaiuyBHH IlayjiH 
npHHUHnn TaKHKJiaftAH. IllyHAaft khjih6, aftHHraH OepMH-ra3 
3appajiapn y3apo TyKHauiyBra >KyAa 03 Ay^ KejiaAH, htjHH 
aftHHraH 4>epMH-ra3 6y 6opaAa 3appajiapH >KyAa KaM 
TyKHauiaAuraH cHftpaKjiaiuraH ra3HH scjiaTaAH. By Myjioxa- 
3ajiap h a p o h h  aftHHraH <I>epMH-ra3ra yxuiaTHiura acoc 
6yjia ojiaAH.

LLIyHHHr ynyH hapohhht 6apMa HyKJioHJiapH IlayjiH 

npHHUHnHra Kypa hapohhht ypTana MaftAOHH xochji KHJiraH 

noTeHUHaji y pa^a  3ht nacTKH caTXAaH topth6 O e p M H  SHeprHH 

caTXH Ae6 aTajiaAHraH E r caTxrawa 6yjiraH xaM M a caTXJiapHH 

KeTMa i<eT arajuiaftAH. KyftHAarH O e p M H  3HeprHHCH

E , =  4 ,  (6 . 10)

HyKJioiiHHHr MaKCHMaji KHHeTHK SHeprHHCHAHp. KBaHT Mexa- 

HHKacMAa HMnyjibcJiap (})a3acHAa xoJiaTJiap s h h jih t h

4Q 4V
p = --- -- (6.11)

(2itk) h2

KanrajiHK opKajiH 6epHJiaAH. ByHAa V = ^ - R A— h ap o h h h t

xa>KMH, R =  ro-A l>3— n d p o H u m  paduycu. (6.11) (popmyAa- 

dasu CmpuHHU KynauryeHu 6up  xua  anepeuHdaeu %OAarda  

cnuHAapu K,apaMa-K,apuiu uynaATupuAeaH ukku neurpoH ea  

ukku npoTOH 6 y A u m u  MyMKUHAueunu Kijpcaradu. JXeMaK,
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d n =  : R(p2dp (6. 12)
3 (2 jiA )3

KaTTa/iHK a/ipoAarH  HyKJioHJiapHHHr K aH M acn  p a a H  p-\-dp 
r a ^a  HMnyjibCJiapra ara SKaHJiHTHHH K y p caT aA H . 4ji Kynafl- 

TyBMH MaCaJiaHHHT C(|)epHK CHMMeTpHKJIHTHAaH KejIH6 MHKaflH. 

^ A p o A a  x .aMM acH 6yjiH6 A ra HyKJioH 6yjiraHH yMyH

6 4 n 2/?g Pf  _ 2 j _  6 4 i i 2 / ? q

73
A = [ p2dp = ----(6 .1 3 )

3 (2nh)6 J 9(2n/i)

LUyHflaH khjih6, MaKCHMaji HMnyjibC

P F= h (  9 n ) l/3.- ± .  ( 6 .1 4 )
zrQ

B y  ep/ia Ro=roA '/3 H({)OAaAaH (JjoflflajiaHflHK [/-o^(l,2-r- 

H- 1,4) • 1 0 - i5m]. U Jy H A ah  khjih6, O ep M H - ra3  Mo/iejiHAa 

acocHH xoJiaTAa h a p o h h h t  HyKjioHJiapH HOJiaaH 6ouiJia6 
O e p M H  3HeprHHCHraM a 6yjiraH 6apMa SH eprnn  caTX,JiapHHH 

3vaj\j\a\\j\u- Ojxama, Ky3FajiraH x.o.iaTJiap 3H ep rnhch  3Hep- 

rHHHHHr aH a  uiy K H H M aT H A aH  6ouiJia6 x n c o 6jiaHaAH.

3 h a h  flayjiH npHHUHiiHHHHr M aB w y jy in rH  KaHflafi khjih6 
HA poA a  HyKJioH TyKHauiHiujiapH  ftyK-iHrHra ojih6 kcjihuihhh 

TyiuyHHiu ocoh. H k k h  HyKJioH T y K H a iu raH A a  3HeprH H  aJiMa- 

UIHHHUIH 103 6ep aA H , H-bHH HyKJIOHJiapjjaH 6HPH lOKOpHpOK 

caTXHH  arajuiaftAH, hkkhhm hch  aca y3 KHHeTHK BHeprHHCHHHHr 

6np  k h cm hh h  6ep H 6, n acT p o K  caT x ra  yiaixn. JleKHH nacTKH 

6apM a caTXJiap 6aHA , 6HHo6ap H H , 6yHAaft TyK H auiyB H H H r  

6yjiHiUH M yM KHH 3M ac . A r a p  H A po  T a p K H 6ura  Ku p aA H raH  

HeftTpoH Ba npoTOHJiapHH aJioXHAa Ky p caK , 6y 3ap p ajiap  

TypraH  noTeHUHaji yp aH H H r  MyKypjinrHHH (m jH H  O e p M H  

SHeprHHCHHH) x u c o 6jia6 to u h iu h m h 3 M yMKHH. A r a p  

(6 .1 3 )  (})opMyjiaHHHr Man TOM OHHra H A p oA arn  HyKJioHJiapHHHr 

Tyjia co h h h h  3M ac , 6ajiKH npoTOHJiap eKH HeftTpoHJiap coh h hh  

KyftcaK, y xojiAa O e p M H  HMnyjibCH

(6 .1 5 )

6yjiaAH. (6 .1 5 )  ^ o p M y jia A a  npoTOHJiap yMyH n =  Z, Heft- 

TpoHJiap yMyH aca n =  A — Z . /I,eM aK , ( 1 6 .1 0 )  ra Ky pa  O e p M H  

CHpTHAa >KoftjiauiraH HyKJioHHHHr k h h ct h k  SHeprHHCH

'616)

2 0  P .  B c k > k o iio u 3 0 5



6 .4 - paCM. HitpoAarH npoTOH (Z )  Ba HeHTpoH (N) ra3JiapH ywyH 

MeKJiaHraH Tyrpn Gyp^aKjiH noTeHUHaji ypaHHHr cxeMacn. ripoTOHJiap KyJioH 

KyMJiapn Ta-bCHpH^a y3apo HTapHJiaaH. CnMMeTpHH 6y3HJia,HH. IlpoTOH Ba 
HeHTpoHJiap xap  6hphhhht y3 ypajiapw 6yjiaAH. ByHAa E  HyKJioHJiap 

6oFJiaHHUI SHeprHHCHHHHr KHHMaTH, E f —  <t>epMH CaTXH, E K —  KyJIOH 
3HeprHacH.

Arap npoTOH Ba HeflTpoH M accajiapn  op acH A arH  k h h k h h 3  

(JjapKHH ^HcoSra ojiMacaK, HApo  Q a p K a p o p  6yjiHUiH ynyH  3Hr 

roKopH npoTOH  Ba HeHTpoH KOJiaTJiapHHHr SHeprHHJiapH 6np 

xhji 6yjiHuiH 3a p y p . O f h p  aap ojiap A arH  HeiiTpoHJiap cohh  

npoTOHJiap coHHra K a p a r a H a a  aH^ia Kyn 6yjiraHJiHrHAaH, 

HeHTpoHJiap JKOHJiaiuraH MyKypjiHK npoTOHJiap >KOHJiauiraH 

nyKypjiHKKa K a p a r a H A a  aHMa K arraA H p . By 6.4- pacM,a,aH 

aHHK KypHHH6 TypH6j,H. (6.14) (JjopMyjiaAaH cj)OHAajiaHH6, 
6np HyKJioHra TyrpH  KejiaflHraH y p T a ^ a  3HeprH HHH  ^H c o 6jia 6  

MHKHUl M yMKHH:

<£>=i$i^=î ~20’4M3B- (617̂
0

HyKJioHjiapHHHr t h h m  xojiAarH SHeprHHCH ~  1000 M a B  

6yjiraHH ynyH HyKJioHJiap >;apaKaT Te3JiHrHHHHr epypjiHK

Te3JiHrHra H H c6aTH  < - ^ > « 0 , 2  ra TeHr, uiyHAafi k h j i h 6 ,

Oe p M H - ra3  moacjih 6yflHMa KHJiHHraH x n c o 6jiap HyKJioHJiap- 

HHHT HOpeJIHTHBHCTHK T3J1KHHHHH TaCAHKJiaHAH.

A t o m  CTpyKTypacHHHHr acocHH xycycHHTJiapH (jjaKaT 

3JieKTpoHJiapHHHr HApo aTpo(j)HAarH op6HTajiap 6yfiHHa 

^apaKaTHHH Ha3apAa TyryBMH Moaejib acocHAa TacBHpjiaHH- 

u ihhhht ca6a6n MaiwiyM. X,aKHK3TaH xaM, 3JieKTpoHJiapHHHr 

aapo io3ara KejiTHpraH sjieKTpocTaTHK MaflAOH 6HJiaH y3apo 

Ta"bCHpH 6np-6HpjiapHHH HTapniu Ta"bCHpjiapHAaH Kyn MapTa 

KyUjiH. HApoAa aTOMAa 6yjiraHHAeK Kyq MapK33H fiyK Ba
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HyKjicmjiap y 3 a p o  Kynjiw TaTaCHpjiam aAn. UJyHjiaH 6yjica-Aa, 

H 33a p H H  TaX,JIHJlHHHr KypcaTHUIHM a, HApOAa k,o6hk. CTpyKTy- 

p ara  ojih6 KejiyBMH uiapoHTJiap MaB>KyA-

P a A H y c H  R =  l,2A ‘/3 4>m 6yjiraH C(j)epa a e 6 KapajiaAH raH  

HApOHHHT X,a>KMHHH HyKJIOHJiapHHHT yM yM HH  X,a>KMH 6HJiaH 

TaKKocjiacaK , yjiapHHHr T a x M H H a n  TeHrjiHTHHH K y p aM H 3 , 

4y h kh  HyKJion paAHycH-1 (|)m . /I,eM aK , HA poA a  xapaKaTJiaHa- 

AH raH  x,ap 6np HyKjioH yHra h k h h  HyKJioHJiapHHHr topthhjhhj 

KynjiapH T a t C H p n A a  6yjiaAH Ba H A p o aaH  m hkh6 KeTa 

ojim3h/i,h. LUyHitaft khjih6 , HApo/ia TopTyBMH M a p K a 3 6yjiMa- 

ca-iia, HyKJioHjiapHHHr y 3 a p o  topthjihihh  HaTH>KacH.n,a yjiap 

CHCTeMaHHHr HH epuHH  M ap K a3H  aTpo4>H/i,a TynjiaHraH  6yjia/iH. 

B y H A a  H /ipoHHht cHKHJiHUiHra HyKJioHJiapHHHr h k h h  Macoc})a- 

Jiap/ia y 3 a p o  HTapHJiHUi TaiiCHpjiapH KapuiHJiHK KHJia/iH.

A r a p  HApo/iarH nyKjioHJiap x ap aK aT H H H H r  peaji TacBHpH HH  

BaKTHHMa coAAaJiauiTHpH6, HyKJioHJiapapo KyMjiap HyKjioH- 

jiapHH HApo  xa>KMHAa 4)aKaT  y u u ia6 Typ aA H  A e6 x n c o 6jiacaK, 

y xojiAa HApo  CTpyKTypacHHH TacBHpjiaui M acajiacn aJioxHAa 

caTXJiap eKH HyKJioHJiap xap aK aTJiaH aeTraH  o p 6HTaJiapHHHr 

3HeprHRjiapH Ba 6ouiKa KBaHT xapaKTepncTHKajiapHHH  

aHHKJiaiuAaH H6op aT  6yjiaAH. B y H H H r  yMyH 6np HyKJiOHHHHr 

TyjiKHH 4>yHKUHHCH yMyH U lp eA H H rep  TeHrjiaMacHHH eMHiu 

KepaK. B y  TeHrjiaM aAa noTeHUuaJi SHeprHH onepaTop H  eKH 

coAAa khjih6 aftTraHAa, noTeHunaji HA poA a  Mai.JiyM coHAarH 

HyKJioHHH y u u ia 6 TypnuiHH  TatMHHJiaftAHraH khjih6 ojihhhuih 

KepaK. B ouiK aM a  aftTraHAa, noTeHUHaji MyKypjiHK eTapjiH 

Aapa> KaAa  MyKyp Ba KeHr 6yjiHLUH KepaK. LLIyHAaft 6yjiraHAa 

flayjiH n p H H U H n n ra  Ky pa  H A poA arn  HyKJiOHJiap >KoftjiauiaAH- 

raH MaH(j»Hft 3HeprHHJiH caTXJiap (6orjiaHraH xoJiaTjiap) cohh 

Kyn 6yjiaAH. 3 M n n p H K  Ma^JiyMOTJiap Ba Ha3apnft Myjioxa3a- 

jiap uiyHAaft noTeHUHaji MyKypJiHK M3B>KyAJiHrHHH KypcaTaAH.

flApoJiapHHHr acocHft xoJiaTJiapHAa HyKJioHJiap 3Hr nacT- 

KHCHAaH 6 o u u ia 6  to  O e p M H  caTXH (TyjiAnpHJiraH oxnprH  

caT x ) raMa 6yjiraH 6apM a  SH eprnn  caTXJiapHHH Tyjia TyjiAHpn6  

6opHUiH KepaK . LU yH A a  HApo  mhhhm3J1 SHeprHHra 3ra 6yjiaAH . 

C a T X A a r n  HyKJioHJiap cohh  3tom  cj)H3HKacHAaH Mai>JiyM 

6yjiraH K O H A ara  yxuiaui ycyjiAa TonnjiaAH.

H A p o  CTpyKTypacHHH Hr 6 a e H  3THJiraH coAAa TacB npn  

MycTaKHJi 3ap p ajiap  MOAeJiHHHHr y3H A H p . M yHKH HyKJioHJiap- 

hh ypTa M aH AOH  caTXJiapH 6yftHMa KaftTa TaKCHMJiauira o j ih 6  

KeJiyBMH y 3 a p o  Tai>CHp 3(j)(j)eKTJiapH 6 y  epAa  XHCo6ra  

ojiHHMaftAH. HyKJioHJiapapo KyMJiapHHHr nroHa 3(j)(j)eKTH 

HyKJioHJiapHH HA poA a  yiujia6 TypyBMH ypTa  y 3 a p o  MyBO(j)HK- 

jiauiraH MaftAOHHHHr naftAO 6yjiHuiHAHp. B y  3(j)(j)eKTHH
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XH CoSra  ojihlu mOAeJihhhr acocHH H  TauiKHJi s t h a h . M ai.-  

jiyMKH, HyKJioHJiap >Kyc})TH (pp, pn, nn) y p T a c n ^ a  KaTTa 

Kynjiap MaB>Kyn.- Y jiap  TaiaCHpHfla HyKJioHJiap x ,apaKaTHAa 

KoppeJiHUHH n a H A O  .SyjiHuiH KepaK . M a c a J ia H , KaHAaftflHp 

3H ep rnH  HHTepBajiHAa GyjiraH op SH T ajiap  SyftHHa ^apaKaTJia- 

HaeTraH  h k k h tb  HyKJioH y 3 a p o  to pthuihui Tai>CHpHAa 

HKHHJiaiUHiUHra, htjHH yMyMHft o p SH T ara  yTHiura hhth ji3Ah . 

JleKHH yjiap 6 n p o p  opajiHK o p ^H T a ra  eKH yjiap/iaH 6 h p h h h h t  

op 6H T a c H ra  yTH 6  ojiojiMaftflH, MyHKH op 6H TajiapH H H r  ^ a M M a c n  

HyKjioHJiap 6HJiaH 6aHfl Ba IlayjiH npH H U H n H  x,aM 6y H ra  hm koh  

6epM aftAH. IUyHra aco caH  KypHJiaeTraH 6 y  *y (})T  HyKJioHJiap 

y3 op6HTajiapHflaH  h h k h 6 , O e p M H  caT^HflaH iokoph >Koft- 

jiaiuraH 6 a H A  6y jiM araH  o p 6H T a ra  y TH 6 , 6Hp-6npjiapHra 

HKHHJiaiUHUiH M yM KHH . K,yftn op ^H T ajiap A a  6yiu  ypH H  eKH 

«TeuiHKJiap»HHHr, roKopH op 6H T ajiap A a  3ap p ajiap H H H r  naftflo 

6yjIHlUH CHCTeMaHHHT Tyjia 3HeprHHCHHH OUIHpHUIH KepaK . 

A m m o  SH eprHH ra  MaHcf)Hft xn cca  KyuiyBMH HyKJioHJiap 

o p a c H ^a r H  topthuihui sHeprHH  o p th u ih h h  Tyjia KonjiaftAH. 

H aTH > K aA a  H ^ p o A a  HyKJioHJiapHHHr caTXJiap 6yftHMa TaKCHMO- 

th  MycTaKHJi 3ap paJiap  MoaeJiHflarw K a 6H  aH H K  M erap ara  ara 

6yjiMaftAH. Y jiapH H H r  6 n p  khcm h  O e p M H  caTX,HAaH K)KopHAa- 

th  caTXJiap^a  >KoftjiaiUHiUH M yM KHH . IU y  BaKTH HHr y3H/ia  6y  

caTXUiaH n a c T ^a  x y ^A H  m yHM a «TeuiH K» naft^o 6yjiaAH , H tH H  

nacTKH  caTXJiapHHHr 6 n p  khcm h  TyjiM araH  6yj\ajw. U lyHaaft 

khjih6 , HyKJioHJiap ^ a p a K a T H ^ a r H  KoppejiHUHHJiap TaTjCHpH^a 

O e p M H  M erap acH H H H r KecKHHJiHrn ftyKojia/iH, M erapa «iobh- 

jih 6»  K eTa^H . By iobhjihlu ,aapa>KacH eKH 3ap p ajiap H H H r  

O e p M H  c a T X H ^a H  nacTKH  caTXJiap/iaH roKopHpoK caTX,Jiapra 

yTHUI 3X,THMOJIJIHrH O e p M H  C3T XH GHJiaH H 3 B 6 a  T A aiH  carx, 

o p ac H A a rn  SHeprHH HHTepBajiHra >Kyaa 6o fjihk . ^Kcnepn-  

MeHTaji M atJiyMOTJiap Ma>KMyacn Ba Ha3apHft 6ax,0JiauiJiap- 

h h h t  KypcaTHUiHM a, 6 y  HHTepBaji KaTTa 6yjiraH  xoju iapA a  

h a p o h h  noTeHUHaji MyKypJiHK/iarH 3HeprHH  caTX,jiapHHH 

4>epMH caTXHraM a Tyji/iHpaiiHraH HyKJioHJiap cncTeM acH  a e 6  

T acaB B y p  khjihui, HApo/iarH HyKJioHJiap x .apaKaTHH HHr peaji 

T a c B H p n ra  aHMa h k h h  6yjiraH 6 h p h h m h  HKHHJiauiHm  6yjia,o.H. 

By xoji «cex,pjiH» H/ipojiap^a Ky3aTHJiajiH.

6.4- §. K o6hk  MOflejiH

K a T o p  3KnepHMeHTaJi HiujiapAa h a p o h h h t  3Hr nacTKH  

Ky3FaJiraH xojiaTH SHeprHHCHHHHr M acca  coH Hra naBpnft  

6oFjiHKJiHrn aHHKJiaHAH. Hflpo cnHHJiapH, MarHHT Ba KBaapy- 

nojib MOMeHTJiapHH yjiMaui yjiapHHHr hapohh TauiKHJi 3TyBMH
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HyKJioHJiap coHHra x,aM 6oFjiHKJiHrHHH KypcaTAH. FIpoTOHJiap 

ckh HeHTpoHJiap cohh 2,8, 20, 50, 82, 126 ra TeHr SyjiraH 

HApojiap 6apKapop  6yjiH6, Ta6naT/ia KynpoK TapKaJiraHJinrH 

Ma"bJiyM 6yji^H. N na Z Jiap 2,8, 20, 50, 82, 126 ra TeHr 

6yjiraH/ia, hapohhhf KaTop xoccajiapHHHHr y3rapHiiiH inyHMa- 

jihk KynjiH 6yjia/i,HKH, (|)H3HKJiap 6y  coHJiapHH «cexpJiH 

coHJiap» Ae6 aTa^HJiap. Atom CTpyKTypacn/ia 6y  K a 6n  

KOHyHHHTjiap ajuiaKaMOH Ma"bJiyM 3/ih. CexpjiH coHJiapHHHr 

m oxhhth rnnnepT-Maflep Ba Ehcch TOMOHH/iaH t3kjih({) 

KHJiHHraH Ba hapohhht ko6hk  moacjih Ae6 aTajiraH hhth 

MO^eJib acocH/ia TymyHTHpHJiAH. R n p o  MOA/iacHHHHr 3hmjihth 

Karra (2- 1014 t/cm 3) 6yjiHiunra KapaMacAaH, HyKJioHJiap 

HApo HMH/ia 6Hp-6npjiapH 6HJiaH TyKHauiMafl, y3apo Mocjiaui- 

raH xojiaa xapaKaT KHjiaAH, Ae6 (})apa3 khjihh/ih.

M afle p  Ba E H ceH H H H r  KeflHHrn H a3ap H H  Him iap  6HJiaH 

Tac/iHKJiaHraH THnoTe3acHra Kypa H/ipo/iarH xap 6w p  HyKJioH 

6np- 6HpH AaH  M ycTacHO 6ou iK a  HyKJioHJiap TOMOHH/iaH xochji 

KHJiHHraH ypTaM a 3tj)(j)eKTHB KyM Mafl/ioHHAa x a p a K a T  KHJia/iH. 

By noTeHUHaji Mafl/ioHHHHr x ap aK T ep u , xycycaH , yHHHr  

CHMMeTpHHCH HyKJlOHJiapHHHT HApO HMH/iaTH (j)a30BHfl T3KCH- 

MOTiira 6 o f j i h k .  By t3Kchmot  3ca y3 H aB6aTH /ia , HyKJiOHJiap- 

hhht coHHra Ba yjiap ypTacn/iarH  TaTjCHpjiauiyB KOHyHHHTHra  

6ofjihkahp- T a> K p H 6aH H H r  KypcaTHUiHM a, h a p o h h h t  ypTaMa  

MaflAOH noTeHUHajiH HApoaarH M o /u a  TaKCHMOTHra moc KeJiap 

3K 3H : HyKJioH yMyH noTeHUHaji ypaH H H r  MyKypJiHrn HApo  

HMHAa AeapjiH a o h m h A Ba M erapaAa KecKHH paBHUiAa HOJira 

TyuiaAH. rioTeHUHajiHHHr uiaKJiH TaxMHHaH KyfiHAarH TaKCH- 

mot 6HJiaH 6epHJiaAH:

U (r )= U Q[\ +exp{^- )\ \  (6.18)

6 y  ep Aa  a —  AH(})4)y3HH Maco(})acH (a^0,5-\0~'5m),R =  

=  1,33-y4';i *10-15 m , f70~ 50 MaB. (6.18) noTeHunaJi 6 h-

jiaH KHJiHiiaAHraH XHCo6jiap >KyAa Kyn M exH aT  Tajia6 KHJiaAH, 

j ic k h h  CH(})aT >KHxaTAan, 6a-b3aH aca, x,aTTo, m h k a o p h A 

TaxJiHJi KHJiHuu yMyH c o A A a p o K  noTeHUHaJiJiapAaH (})OHAaJia- 

HiiJica x aM  6yjiaAH . O A a T A a , h k k h  M erapaBHH x,oji KypHJiaAH:

y q  yjIM3MJIH, C({)epHK CHMM eTpHK TapM OH HK OCUHJlJlHTOpHHHT 

noTeHUHa.in

u =  — Uv+  !jMa2r2 (6.19)

Ba MeKCH3 TyppH 6ypM3K.iH ypa noreHUHaJin:
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u = {
Uo. r R,

oo, r>R ,
(6 .20 )

6 y  ep Aa  U (r) — h a p o h h h t  M ap K a 3A a H  r opajiHKAarn  

noTeHUHaJiH.

M a c a jia H H H r  M aTeM aTHK c m h m h h h  coAAajiauiTHpHiii yMyH 

HKKajia noTeHUHaji H A poA aH  Tau iK ap H A a  HOJira 3M ac , 6ajiKH 

MeKCH3JIHKK3 HHTHJI3AH A e6  0JIHH3AH. B y H A a H  KeHHHTH 

coAAajiauiTHpHuiJiap HApo  x,OJiaTHHHHr h h c 6 h h  6apKapopjiH- 

rnra Ba 3HeprHHCHra ce3HJiapjiH T a t c n p  KypcaTMaflAH .

(6 .1 5 )  Ba (6 .2 0 )  noTeHUiiajuiapHHHr c ^ e p H K  CHMMeTpHHJiH 

6yjiraHH ca6a6jiH , yjiapra moc KejiraH x,0JiaTJiapHH hkkhtb 

KB3HT COHH —  tl 6oiU KB3HT COHH Ba 3ap p a H H H T  / Op^HTaJl 

x a p a K a T  M HKAopH  momchth 6HJiaH xapaKTepjiaui MyMKHH.

U Ip eA H H rep  TeHrjiaMacHHHHr rapM OH H K  o c u h j i j i h t o p  yMyH 

eMHMH SHepreTHK caTXJiap cncTeM acHHH 6e p a A H :

ByHAa jV  =  0,1 , 2... 6yTyH Myc6aT coHjiap Ka6yji k h j ib a h . 

Y m yjiMOBJiH rapMOHHK o c u h jijih t o p  noTeHUHajiH Ba yHHHr 

SHeprHH caTXJiapn 6.5- pacMAa KypcaTHJiraH.

3 h a h  LLIpeAHHrep TeHrjiaMacHHHHr eMHMHHH coAAapoK 

Khjih6 TyiuyHTHpaftjiHK. K y p H H H 6  Ty p n 6A H K H , N coh caTXJiap  

Tap T H ^H  paKaMH. X a p a K a T  m hkaophhhht op6HTaji MOMeHTH  

l(l^ZN) 6yjiraHAa yHHHr M arHHT k b 3 h t  cohh m  —  / A a H  -f-/

EN= ( N  +  3/2)hw.

£

Utr)

N-- 1 E --(5/j) f,u> 

N--0 E(Vz)hu)

\-3 E'-(9/2)hu>

N = 2 E--(?/2)hu>

6 . 5 - paCM. y-J VMMOBJIIl rapMOHHK OCUH.1.'lHTOp Ba 

yHHiir ^nepiHH caTXJiapH.
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rana  6yjiraH 2 / + 1  KH HM aTHH  K.a6yji KHJiaAH. Ocuhjijihtop

X,OJiaTHHHHr >Ky(})TJlHrH J l = (  —  1) l.

OcUHJlJlHTOp X,OJiaTJiapH M3H(|)HH Ba M y c6aT  >Ky(|)TJlHKKa 

3ra 6yjia ojiaflH. O p 6n T a ji  k b b h t  coHJiapHHHHr / KHHMaTJiapn 

KyfiHAarHMa y3rap H iuH  m y m k h h :

N —  >Ky(|)T 6yjiraHAa ji >Ky(})T; L =  0 ,2 , ..., N 
N —  t o k  6yjiraH/ia, n  t o k ; / = 1 , 3 ,  ... N.
N —  caTXHHHr KappajiaHHLUHHH x,HCo6jia6 m h k h l u  M y m - 

KHH.

Xap 6 np / xojiaT ( 2 / + 1 )  KappajiH TypjiaHraH (aHHHraH) 

6 yjiaAH, AeMaK, Tyjia aflHHiu yMyH TypJiaHHiu Kappajinrn

Y ( / V + l )  (/V +  2 )  ra Tenr 6y jia4H . S H e p r n a  caTXJiapH

6.5- pacM^a KejiTHpHJiraH rapMOHHK ocuhjijihtophh Kypn6  

MHKafijiHK. n hhht ahhk  KHHMaTHra TerHimiH 3HeprHHJiapH 

6yfiHMa xHJiJiaHraH caTXJiap rypyxn ocuhjijihtop ko6hfh  p,e6 

aTajia^H.

H/ipojiapAa x a p  6 n p  caTX  hkkht3 HyKJiOH 6HJiaH 6 a H A  

6yjiHiiiH M yM KHH, A eM aK , xhjijihjihk ( jV + 1 ) ( j V  +  2) KappajiH 

6 yjiaAH. 6.1- >KaABajiaa ocuHJiJiHTopHHHr N =  0 A3H N =  
=  6  raMa 6yJiraH Ko6HKJiapH  caTXJiapHHHHr >Ky(j)TJiHJiHrH 

xHjiMa-xHJiJiHK K ap p a c H  Ba Tyjia cohh KejiTHpnjiraH. CaTXJiap  

XOJiaTHHH KyfiHAarn TypTTa kbbht coHJiap TaBCH(j)JiafiflH: 

op6HTaji M OM eHT / (0, 1, 2... KHfiMaTJiapHHH Ka6yji khjibah eKH

S, p, d), Tyjia MOMeHT / ' ( / + 1 / 2  Ba / — 1/2  KHHMaTJiapHH 

Ka6yji KH Jia^H ). Tyjia momcht npoeKUHHCH m M HHyc j a aH  

njnoc j raMa 6yjiraH 2 / +  1 KHfiMaTra sra: n coh 6epHJiraH / Aa

6 .1- *a«B aji

y q  yjIHOBJIH rapM O H H K  OCUHJUIHTOpHHHr OCUHJUIHTOp n o ^ H iy ia p H

n K,o6h»; )Ky<J)TJIHK XHJIMa-XHJI- 
jihk KappacH

CaT\nap HyK-

JIOHJiapHHHHr 

T̂ Jia COHH

0 ls + 2 2

1 lp — 6 8

2 2s ld + 12 20

3 2p lf — 20 40

4 3s, 2d, lg + 30 70

5 3p, 2f, lh — 42 112

6 4s, 3d, 2g, li + 56 168 J
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U(r)
6.6- pacM. £Upo 

HyKJlOHJiapH 3H4JlHrHHM 

TyppH aKC 3TTHpyBMH 

peaJiHCTHK noTeHUHaJi 

Ba rapMOHHK ocuhjijih- 

Top noTeHUHajiH.

caT^Jiap 1, 2, 3... t3Pth6hhh KypcaTaflH. CaTX.napHH 
6ejirHJiauiAa ojiahh n, cyHr op6HTajr m om cht / KyftHJiaAH. 

riacTKH h h ackc  Tyjia m om cht j hh KHHMaTHHH KypcaTaAH. 

MacajiaH, 2ds/2 — e3yB 6epHJiraH caT^ ynyH « =  2, 1 =  2, j =  
=  5/2 3KaHJiHTHHH KypcaTaAH. >KyMJiaAaH, 6y caT^ 6 Kappa 

TypjiaHraH, nyHKH 6y xojiaa 2/+  1=6 .
>KaABajiAaH KypHHHUiHMa rapMOHHK o c u h jij ih t o p  yMyH 

HApojiapAa HyKJioHJiap c o h h  2, 8, 20, 70, 112 Ba 168 6yjiraHAa- 

rHHa TyjiraH Ko6HKJiap By>KyAra KejiaAH. O j ia h h t h  yMTa c o h  

« cexpjiH» coHJiapra TyrpH KejiaAH. ByHAaH «cex,pjiH» coHJiap- 

h h h t  xaMMacHHH 6epa OJiaAHraH h h t h  noTeHUHaji maKJiHHH 

TOnHUIHMH3 3apypjiHrH aHHKJiaHAH.

6.6- pacMAa p c j ih t h b h c t h k  peajiHCTHK noTeHUHaji OepM H  

noTeHUHajiHHHHr nacTKH k h c m h , o c u h jij ih t o p  ypacHHHKHra 

KaparaHAa KeHr, AeHpjiH KaTTa Maco(})aAa qyKyppoKAHp. 

ZleMaK, KaTTa m o m c h t j ih  3appa ypaHH nyKyp SKaHJinrHHH 

ce3aAH: XHJiMa-XHJiJiHK 6eKop k h j ih h h 6, KaTTa / jih SHeprHH 

XOJiaTJiapu nacTpoKKa CHJi>KHftAH. ByHAaft xoji Ty Fpn 

6ypnaKJiH ypa yqyH h k k o j i  KypHHaAH (6 .7- pacM ).

X a p  6np  Ko6HKAarH HyKjiOHJiap c o h h  y3rapMaftAH Ba 

«cexp^iH» 50 ,82 , 126 coHJiap xajiH KypHHMaftAH. OjiHMJiap 6y 

coHJiapHH ojihui yqyH M ypaKKa6 uiaKJiAarn, MacajiaH, 

napa6ojia, iiiHUi-a iuaKJiHAaru ypajiapHH Kypn6 MHKAHJiap. 

A m m o  ojiHHraH coHJiap «cexpjiH» coHJiapra yxuiaMaAH.
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6 . 7- p a c M .  O c u h j i j i h t o p  K o 6 n t v i a p H .  4 a n a a  r a p M O H H K  

o c u H J iJ iH T o p H H H r  S H e p r H H  c a T X J i a p n ,  y H r j j a  o c u h j i j i h t o p  n o T e H -  

U H a j IH H H H T  K y p H H H U iH H H  y 3 r a p T H p H U l  H y J IH  6HJlaH T y p j la H H IH H  

6 e K o p  K H J iH H r a H  S H e p r H H j i a p  c a T ^ j i a p H .  MyKypHH 6 e p H j i r a H  

K o 6 H K K a M a  T y j i A n p a A H r a H  H y K J io H J ia p  T y j ia  c o h h  K y p c a T H J ir a H .

U JyH H H r  yMyH k o 6h k  moacjih cox.acH.aa «cex,pjiH» coHJiapHH 

Tonnui yMyH xy n  ypHHHiujiap SyjiAH. O f h p  ax.BOJiAaH kythjihlu 

fiyjiHHH M aiuxyp  HeMHC ojiHMacH M. TH nnepT- M afiep  TonAH.

LUy BaKTra  K a a a p  SH eprnH  caTXJiapHHH (JiaKaT n, / KBaHT 

coHJiapH SHJiaH TaBCH(j)Jia6 KeJiraH 3 A «k . HyKJiOH HHH r ciihhh 

6opjiHTH XHCo6ra ojiHHM araH  sa h . HyKJiOH / mombhtjih 

XOJiaTAa Tyjia x a p a K a T  m h k a o p h  M OMeHTH /± 1 /2  6yjiraH 

HKKHTa xojuiapA a  6yjiHuiH M yM KHH. M a c a jia H , n =  1 K o 6H M .a  

1 p xojiaT^a  HyKJioHHHHr x a p a K a T  m h k a o p h  m om chth  1/2 eKH 

3/2 6yjiaA H - M oc  paBHUiAa xojiaTJiap l p 1/2Ba l p 3/2CH(})aTHAa 

6ejirHJiaHaAH. T a p M O H H K  ocuhjijihtop yp acH  ywyH 6y hkkh  

XOJiaT XHJiJiaHraH. By XHJiJiaHHiu cnH H ra  6ofjihk  KyqjiapHH 

XHCo6ra oJiHHraHAa 6eK op  KHjiHHaAH. TH nnepT- M afiep  Myxo- 

K a M ar a  cnHH-op6HTaji KyqjiapHHH k h p h t a h , yjiapHHHr noTeH- 

UHaJIH

U,5= - U ( r ) (/•? ), (6.21)

6yHA a  S  —  HyKJioHHHHr cnnH H , U (r) —  HyKJioHAaH h a p o h h h t  

M a p K a 3H r a 4 a  6yjiraH Maco(})a r Ba 6ofjihk  (j)yhkuhh. Ciihh- 

o p 6HTaji KynJiapHHHr khphthjihiuh  h k k 3  3appajiH  caTXJiap-

313



f— j - l - V? 6. 8 - p a c M . / M O M e H T ra  3 ra
6 y j i r a n  caTX,H H H r h k k h t b  c a T \ r a  
a w p a/ iH U JH . C n H H -o p 6 H T a j i  V 3 a p o  

TaT>CHp T y j ia  x a p a n a T  m h k a o p h  
^  ls M O M eH TH  /' =  / + 1  / 2  S y j i r a H  carx,-

J-l ± '/f \  | HH  K 3 M a H T H p H 6 ,  /' =  /— I / 2

6yjiraH c a T X H H  K y T a p a a H .

= L + '/2

HHHr 3a p p a H H H r  Tyjia m o m c h t h  J* SyflHMa >KofljiaiuHUJHAarH 

6y3HJlHUJHH HyKOTaAH- 3 h a h

/ =  ( / —(—s ) 2 = /2 —j— —(—2 (7-s) (6 .22 ) 

T e H r j i H K ^ a H  4 > o f l A a j i a H a M H 3  B a  (6 .21 ) n o T e H u n a j i H H H r  T a p K H -  

6hA KHCMJiapn yMyH KyflHAarH KHHM aTJiapra ara 6yjiaM H3:

±l,j =  l+ \/2

(6.23)

— ^ ( / +  1) , /  =  / —  1/ 2 .

LUyH/iafi khjih6, SH eprnn  caT^JiapHHH l-\-\/2 Ba / —  

— 1/ 2  caTX,Majiapra a>KpaJiHiUH HyKJiOH ciihhh Ba yHHHr 

Op6HTaJl MOMeHTHHHHT y3apO TaTiCHpHAaH 3K3H (6 .8- paCM ). 

CnHH-op6HTaji TaiiCHpHH xHco6ra ojiraHAa x,aMMa «cex,pjiH» 

COHJiapHH OCOHTHHa OJIHLU MyMKHH.

CnHH- op6HTaji napMajiaHHUi (thjihhhuj) op6HTaji x a p a K a T  

M H K A op n  / h hh t  opTHiUH 6HJiaH KynaflH6 6 o p a A H . LUyHHHr 

yMyH caT^JiapHHHr thjihhhujh  / jiapn Karra  6yjiraH o fh p  

HApojiapAa M y x H M p o K  ax,aMHHT K a c 6  3TaAH . K )K o p H A a  

aflTHJiraHHAeK, 6epHJiraH / h hh t  KnflM aTHAa / =  / +  1 /2  jih 

caTX, /' =  /— 1/ 2  jih caT X A aH  nacTAa  eTaAH . Y c a T ^  yMyH 

xHJiJiaHHUi K ap p acH  2 / + l = 2 /  +  2 6yjiaAH . M om cht  / =  / —

—  1 /2  6yjiraH lOKopHrH caTX, KappajiH  XHJiJiaHraH 6yjiaAH ,

6.7- p a c M A a  ocuhjijihtop N =  3  k o 6 h k h h  Tyjia TyjiAHpyBMH 

HyKJioHJiap cohh  40. H k h h p o k  «cexpjiH » coh sca  50. 6.9- pacM- 

Aa l g 9/2 xoJiaTHHHr xHJiJiaHHUiH 10 3K3HJiHrH KypcaTHJiraH.

lgg/2 CaTXHH SHeprHHCH CnHH-0 p 6 HTa.T KyMJiap Ta"bCHpHA3

K 3M 3H A H  Ba OCUHJIJIHTOpHHHr N =  3  KO ^H F H ra  KH pH 6  OJiaAH. 

LLlyHHHr yMyH yH A a  HyKJioHJiapHHHr Tyjia cohh  5 0  ra eTH 6 , 

TyFpn  «cexpjiH » k o 6 h k h h  TyjiAHpyBMH coh h h  0JiaMH3. XyAAH  

uiyHAafl M yjioxa3ajiapHH  \h\i/2 caTX, ycTHAa x aM  k»phthiu 

M yM KHH. By  caTX, yMyH XHJiJiaHHiu KappaJinrH 12. ^H e p rH H C H  

6 yflHMa 6 n p o 3  nacTra  chji>kh6 , N =  \ 6 yjiraH ocuhjijihtop 

K o 6 HFHra k h p h 6  KOJiraH 6 y caTX, 82  «cexpJiH » coH ra ojih6  

KeJiaAH. 1 / 13/ 2 SHeprHH caTXH  nacaflH6 , N =  5 K o 6 n K K a  k h p h 6  

KOJiaAH Ba yHra  14 HyKJioH KyuiHJiH6 126 «cexpjiH » HyKJioHJiap
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6. 9 -  p a C M .  ripoTon B a  nefiTpoHJiap yqyH cnHH-op6HTaji y3apo 

T a t C H p  x , H C o 6 r a  o j iH H r a H  x o j i f l a r n  H .a p o  c a T X , j ia p H H H H r  a n a r p a M M a c H .  

X a p  6 H p  caTxjiarH npoTOH B a  HeiiTpoHJiapHHHr c o h h  xaM na  « ce .x ,p jiH »  

coHJiap KypcaTHjiraH. O c u h j i j i h t o p  caTjyiap r y p y ^ H  ManAa. HeiiTpoH 

B a  i ip o T O H J ia p  A-50 ra^ia T a x M H H a H  6 h p  x h j i  AHarpaM M ara sra. 

K a r r a  A j i a p  y q y H  (JiapK naftao 6 y j i a  6 o u u i a H j iH .  K h ^ h k  * a p a K a T  

M H im o p H  M O M e H T J ia p n r a  3ra 6 y j i r a H  H e H T p o H J ia p  caTXH k h ^ h k  

M O M e H T J iH  n p o T O i i  sneprHH c a T X . j i a p H 4 a H  n a c T p o K  e T a a H .

c o h h h h  T y F A H p a^H . By M yjioxa3ajiapHHH r x aM M ac n  6.9- pacM- 

;ia y3 aKCHHH TonraH . Y H A a  flflpo 3iieprHH caTXJiapHHHHr 

KeTMa-KeTJiHrH Ke.nTHpHJiraH. HeHTpoii Ba npoTOH yqyH  

6yHAafl A H arp a M M a jia p  ajioxn,n.a XHCo6jiaHHUijiapH x,aM M y m - 

khh . Yjiap  >KyAa 03  (})apK KHJiaAH. /Je M a K , Ta>KpH6a«iapAarH

4Au>'

5hu><
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HApO SHepTHH CaTXJiapHHHHT KeTMa-KeTJIHTHHH Ty FpH Ty- 

LuyHTHpHiu ywyH HApojiapaa /jenpjiH KyMjiH cnHH-opSnTaji 

y 3a p o  TaisCHpjiapHH XHCoSra ojihuj 3a p y p  3K3h . JleKHH, uiyhh 

3CJiaTH6 yTHLLI J103HMKH, KHMHK 1(1=1 B3 1 =  2) Jiap/ia 

2 ,8  2 0  K a 6 n  «cex,pjiH» coHJiap h a p o h h h t  noTeHunaji maKJiH Ba 

cnnH-op6HTaji T atc H p H H H  ce3MaflijH. A m m o  1 =  3 jibh 6ouiJia6  

6 n p  3appajiH  caTXJiap >KOHjiaujHLUHra cnHH-op6HTaji KyMJiap 

Karra  T a t c n p  KypcaTa/iH . X a K H K a T a H  x aM , KypraHHM H3/ieK , 

x a M M a  A Jiap yMyH /- (-1/2 Ba / ^ 3 jih caTXJiap nacT p o K  

TyiuraH Ko6HKJiapHH Tyji/jnpyBMH 5 0 ,8 2 , 126  «cex,pjiH» coHJiap 

B y w y ^ r a  KejiaAH. Z lH a rp aM M a a a rH  Ko6HKJiap op acH A arn  

Maco(|)a T axM H H aH  /iw ra TeHrjiHrHaan, ocuhjijihtop k b 3h th  

HApoJiap carxH H H  3HeprHH <|)apKHHH yjmaui.ua 6hp jihk  

XH CO^H Aa  HLUJiaTHJiaAH.

H/ipo KyMJiapn k o 6 h k  MO/jeJiH/ia XHCo6ra ojiHHMaraH ( /  =  

=  0  xojiaTJiap^a) nyKJioH JKyc^TJiaiuHuuiapHHH Bywy/ixa 

KejiTHpaAH. LOyHHHr yMyH napo cneKTpjiapHHHHr ajioxnfla 

XHCJiaTJiapHHH TyFpu TyLuyHHiu yMyH 6y 3(})({)eKT \HCo6ra 

ojiHHHLUH 3apyp,o,Hp. MacaJiaH, 206Pb Ba 2 7Pb HApojiapnHHHr 

CneKTpjiapHHH COJIHUJTHpaHJlHK (6.10- paCM). 282Pb |25 H4pO- 

h h h t  (2  =  8 2  «cexpJiH» c o h , N =  125  «cexpjiH» coH/Lah  6up 

K3m) caTXJiapH 126  HeftTpoHra m o c  «reuiHK»Ka 6np  HeftTpoH 

KyTapHJiHiuHAaH By>Ky/xra Kejia/iH. YH/xa Ko6HKJiap MO/ieJiHra 

acocaH 126 HeftTpoHJiH Ko6HK.nap caTXJiapn 2 / 7/2, 2 / 5/2, 3/>3/2, 

3/71 /2, 1*3/2 KeTMa-KeTJIHK 3MaC, 2 /7/ 2, 1/3/2, 3p3/2, 2/ 5/ 2, 3p,/2 

KeTMa-KeTJiHKKa 3ra 6yjiaAH. 2UfaPb h h h t  caTXJiapn x y /U H  

LuyH/iaft KeTMa-KeTJiHKKa 3ra. JleKHH 6yHAa 6HTTa HeftTpoH 

TeuiHK ypHHra h k k h t 3 c h  6yjia/iH. 2 6Pb h h h f  Ha3apHft

Tatfpuda
Qcocudaeu cxeMa

6

2,00 Mj8

0.80

/.68
147
1.M

6. 10- pacM. 20,>Pb Ba -’"'P b  HiipojiapiiKHr eaT\jiapn 

cxeMacH: a) 2l:'P b  k o 6h k  MOAeJinra acocaH; 6 )  20,,Pb 

XHCoS-aanran, a'LHH kvth.irah caTx.iap KeTMa - kotjimrh ; b )  Ky.ia- 

THJirah 9KcnepnMeHTaji caTXJiap cxeMacn.
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c a T V ia p H  6.10-6 pacM /ia KypcaTHJiraH. A m m o , Ta>KpH6a 

6.10- 8  p acM AarH  cxeM aH H  6epa/iH . CaTXJiapHH  a>KpajiHiiiH 

KyTHJiraHAaH xaM  Karra «3HeprHH opaJiHFH» By>KyAra KejiaAH.

ByHAafi SHeprHH opajiHKJiapHHH HyKjiOHJiap >Kyc})TJiaujHiiiH 

MaB>Ky/yiHrH 6HJiaH TyiuyHTHpHJia/iH: 206Pb hhht acocnft 

XOJiaTH/ia x a M M a  HeftTpoHJiap >Kyc})TjiaiiiHuiraH Ba x a p  6 np 

>Kyc})TJiHK yMyH /  =  0  K,y3FajiraH xoJiaTjiapaa >Ky4>TJiHK 

6y3HJiaAH.

K a T T H K  >KHCMjiapAa yTa yTKa3yB4aHJiHK Ha3apHHCH  xaM  

3JieKTpoHJiapHHHr >Kyc})TjiauiHUJHra acocJiaHraH. Y H A a  x aM  

caTX  (3H e p rH H )jiap  opajiHFH TyluyHMacH 6o p . Hflpo c})H3HKa- 

CHAa 6 y  TyiuyHMaHH B . T . CoJiOBbeB KHpHTraH.

Arap cnHH-op6HTaji TaT.CHpjiauiyB HaTH>KacHAa nap^a- 

jiaHraH xoJiaTJiapHHHr 3HeprHH (})apKH xyAAH k o 6h k  MO/ieJiH- 

AarH  caT\ opajiapHHHH r KarraJiHrn T ap T H 6H/ja 6yjica Ba 

KaTTa KHftMaTJiH / '(/  =  /-(-1/2) ra ara 6yjiraH xoJiaT K y n p o K  

6a p K a p o p , KHMHK KHftMaTJlH / ' ( / = = / — 1/2) XOJiaT K 3M p O K  

6a p K a p o p  6yjica, caTXJiap cncTeM acn  69- p a c M ^ a  TacBHpjiaH- 

raH KypHHHiura  h k h h  6yj\am- By xojiAa 28, 50, 82 Ba 

126 HyKJiOHJiH ennK K o 6HKJiap moc paBHUi/ia 1/;1/, 1 h Ba 1 i 
XOJiaTjiapHHHr napMajiaHHUiH/jaH xochji 6yjiHuiHHH Kypnui 

M yMKHH.

6.5- §. H a 3 a p n H  x.Hco6jiapHH Ta>KpH6a H3TH>KacH 6njiaH 

TaKKocjiaui

6. ll- pacM ^a TypjiH noTeHUHaji ypara moc KeJiyBMH 

SHeprHH caTXJiapnHHHr xojiaTJiapH TacBHpjiaHraH. 6 .1 1-a 

pacM/ia 4eKCH3 4yKyp Typpn 6ypMaKJiH noTeHUHaji ypa/jarn 

caTXJiapHHHr >KofijiauiHiu TapTH6H aKC STTHpHJiraH. CaTXJiap- 

hh 6ejirHJiaui ywyH o/jaTAarH cneKTpocKonHK  6eJirHJiapflaH 

(cHMBOJiJiapAaH) c})ofiflajiaHHJiraH. 6.11-6 pacMAa mckjih 

wyKyp TyFpn 6yp4aKJiH noTeHUHaji ypaAarn caTXJiapHHHr 

>KofijiauiHui TapTH^H Hc})OAajiaHraH. KypHHHiUHAaH y xy/mn 

HeKCH3 MyKyp noieHUHaji ypa 6yjiraH xojiAarHAeK-y, c})aKaT 

caTXJiap opacHAarH Macoc})a KaMafiraH. CaTXJiapHHHr HaB6aT- 

Aarn TyruiaMH (6 .1 1-e pacM) weKKajiapH CHjuiHKJiaHraH 

noTeHUHaJi ypa 6yjiraH xojiHAa o j i h h 3 a h . Byuna <})aKaT 3Hr 

MyKyp caTXJiaprHHa y3 TapTH6HHH y3rapTHpMafiAH. IOkoph- 

Aarn caTXJiap opacHAa >KofijiaLUHUi TapTH6H y3rapHiUH 

MyMKHH.

FlayjiH npHHUHnHra MyBOc})HK, / KBaHT coHHra moc 

KeJiaAHraH xap 6np SHepreTHK xoJiaTAa OepMH —  ,ZI,HpaK 

CTaTHCTHKacnra 6yficyHyBMH Ba nerapaAa enHK k o 6 h k h h
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4s 6. 11 pacM. Typjiw
grf \  x h j t  n o T e H U H a j i  y p a r a

fJ<2 “ oc KejiyBMH 3HeprHH

Z L _____ __ . 3/2 c a T X ,J ia p n  X O n a T J ia p H -

Cn  \  £ £  c ' . -----------  7/2 h h h t  c o j ih lU T H p M a  M a *

Up

Sf

\ 
N \ 45
\ v
\ Sd s

6g

4p

7c V

5 f \
-> \

6 g  ------------ 5/2 MyH TacBHpjiapn.

____— n/2

7, /  ^
< V26

=c'— 'J/^
3S 5f S______  7/2
6h \  / ----

\ '  %
fjr y  4' '- T T --- / %

\

\  S9 '----

4f \ ___££.

JS
-\

\

4d

\ Sg /
/

3p

\N_

4f ✓

' V 2S

N _ 3d ✓

N

ZP

Vz

-3/2
—  1(2

, ,  — 3/2 
* f  -- (n

2s " Vz

^  ( V )

*  -  -  %

-  Vz

/S Js JS
'b

©
a> dj B) e)

Xochji KHJiyBHH 2 ( 2 / — 1) T a ^ a H  op TH K  6yjiMaraH 6np  xhji 

3a p p a /ia p  wofijiauiHiuH m ym khh. 6.2- w aA B aJiA a  afipHM 

caTXJiap^arH  v 3ap pajiapH H H r  M erapaBHH coHJiapH kcjith- 

pHJiraH, uiy 6HJiaH 6n p ra  TyrpH  6ypwai<jiH noTeHUHaji yp a  

yMyH 6yjiHuiH M yM KHH 6yjiraH x,0JiaTJiapHHHr h h fh h a h  cohh  

2 v  x aM  KejiTHpnjiraH.

Arap  TaBCH(})jiaHaeTraH MOAejib TyFpn 6yjica, y xcwiAa 

TyjiAHpnjiraH xojiaTJiapHHHr iihfhhah  cohh  «cexpJiH» coHJiap- 

ra moc KejiHuiH KepaK. BnpoK mocjihk (})aK,aT 3Hr MyKyp 

XOJiaTJiap yMyHrHHa Ky3aTHJiaAH. X aK H K aT aH  xaM, TyjiAH-
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6.2- ac a a b a ji

^ojiaT
(cant)

1 2 3 2 4 3 5 4 6 3 5 7 4 6

V 2 6 10 2 14 6 18 10 22 2 14 26 6 16

£v 2 8 18 20 34 40 58 68 90 92 106 132 138 156

pHJiraH ^ojiaTJiapHHHr h h fh h a h  coHJiapn opacnjia 2,8, 

20 coHJiapn ynpaitnH. TyjiAHpHJiraH xoJiaTJiapHHHr h h fh h a h  

coHJiapHHHHr KeHHHrHJiapH, 6.2- >KaABajiAaH KypHHraHHAeK ,

3h a h  28 ,50 , 82  Ba 126 coHJiapnra moc KejiMaftflH. A e M a K ,

noTeHUHaji ypaHHHr uiaKJiHHH y3rapTHpHLU 6HJiaH caT^Jiap- 

hhht TypjiHMa >KOHJiauiHHiHra ara 6yjinuiHMH3 MyMKHH. B y  

x,OJiAaH «cexp.TH» coHJiapra moc KeJiyBMH HyKJioHJiap coHHra 

ara SyjiaAHraH TyjiAHpHJiraH Ko6nKJiapHH oJiHUira moc 

KejiyBMH noTeHunajiHH TaHJia6 ojinuiAa c})OHAajiaHHUi mymkhh. 

M a c a jia H , noTeHUHaji ypa MapKa3HH khcmh Ty6HHH KyTapnui 

6njiaH TyjiAHpHJiraH xoJiaTJiapHHHr hhfhhah  coHJiapn opacn- 

Aa 50  Ba 82  coHJiapHHHHr nanno 6yjiHUiHra 3Phuihji/ih. JleKHH, 

HApoHHHr 6eTa-yTHuuiapHAa, cnHH Ba MarHHT MOMeHTjiapHAa 

Ky3aTHJiyBMH KOHyHHHTJiapHH TyliiyHTHpHUIHHHr HJ10>KH 

6yjiMaAH. AflTraHHMH3AeK, 6y khhhhmhjihka3h mhkhuihhhf 

6ouiKaMa ftyjiH M .  rHnnepT- M afiep  TOMOHHAaH KypcaTHJiraH 

3AH. M aftep  TaXMHHHfa MyBO(})HK HOJIAaH (})apKJlH / KBaHT  

coHJiapn moc KejiyBMH xaMM a caTXJiap KyMjiH cnHH-op6HTaji 

6oFJiaHHUi ca6a6jiH hkkhtb caTXMara a>KpaJiHUiH MyMKHH 

3K3H. CaTXMaJiapHHHT 6HpHTa XapaKaT MHKAOpHHHHr Tyjia 

MOMeHTH / =  / + 1 / 2 ,  6ouiKacnra 3ca / =  / — 1 / 2  moc KejiaAH. 

AwpaJiraH  caTXMaJiap opacHAarn Macoc{)a, onTHK cneKTpjiap 

Ha3apHHCHAaH Ma"bJiyM 6yjiraHHAeK, / hhht ouihluh 6HJiaH 

OpT3AH.

C a T X J i a p  CHCTeMacHHH T y 3Hui yMyH y j iap H H H r Kafi 6H p H ra  
K a T T a  3HeprHH m o c  KejiHuiHHH aHHKJiaui 3a p y p A H p .  T a> K p H 6 a 
Ma-bjiyMOTJiapH x a M ,  H a3apHft c})HKpjiap x a M  k h m h k  3HeprHH 

/ =  / + 1/2 j ih  c a T x r a  My boc})hk KejiHUiH K e p a K  A e ra H  
x y j i o c a r a  o j i h 6  KejiaAH. H a T H > K aA a ,  6.11-2 p a c M A a  cxe M aT H K  
T a c B n p j i a H r a H  c a T X J ia p  T y n j ia M H  x o c h j i  6 y j ia A H .

AacT aB B aJi / =  / + 1/2 caTXHH / =  / — 1/2 caTXAaH  

n a c T A a  6yjiHuiH KepaKJiHTHHH KypcaTyBMH 6 u p  KaTop  Ta>K- 

pH6aBHft AaJiHJiJiapra TyxTaJiafiJiHK. ByHHHF yMyH 6 h 3  >Kyc})T- 

to k  eHFHJi HApoJiapHHHr cnHH KHfiMaTJiapHAaH c})ofiAaJia- 

H3M H3.

3H ep re T H K  caTXJiapHHHr 6 y  A H arp a M M a c w  6 n p  HeMa M yxHM
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x y c y c H H T j i a p r a  s r a / u i p .  BHpHHMH/iaH, S e p n j i r a H  c a T X J ia p  
TapTH^HHH M ycT aK H ji  paBHLu/ia H e fiT p o H J ia p r a  Ba n p oT O H Jiap -  

r a  K y j u i a m  MyMKHH. M a c a j i a H ,  |He H A pocH  1 s i 02 c a T X H A a  
HKKHTa npoTOH Ba HKKHTa H eH TpoH ra  s r a :  ^ B e  T y p T T a  
n p o T O H r a  a r a  6 y j i H 6 ,  yH/iaH h k k h t3C h  1 s  1/2 B a  KOJiraH 
HKKHTacH 2 p 3/2 x o j i a T f l a A H p  (6yHH K H C K a u a  1 s 2i/2, 2p23/2 
KypHHHHJAa e 3Hiu MyMKHH) Ba 6 e u i T a  HeflTpoH 1 s 21/2, 2p 33/2 
x o J ia T /ia  >KOHJiauiraH 6 y j i a A H .  S H eprH H H H H r a 6 c o J i i o T  u i K a j i a -  
CHAa npoTOH caT X J iap H  Z h hh t  OpTHUlH 6HJiaH HefiTpoH 
c a T X J i a p n r a  H H c6a T a H  T o 6 o p a  iokoph >K ofij iauiH 6 6 o p a A H .  
K yJ ioH  HTapHUiHLUHAaH Ma"bJiyM 6 y j i r a H  6 y  3(}){})eKT, 6 h p h h h h  

T a K p n 6 H f l  HKHHJiauiHiu/ia 6ep H JiraH  T H n A a r u  H yKjioH Jiap  y n y H  
caT X Jiap H H H r T a p T H 6 n r a  yHHajiHK y 3r a p H i u  KHpHTMafi/iH. 
Bhpok H H c6aTaH  k h h h k  S H e p r n a j iH ,  3m m o K a r r a  Z x a M / ia  
MaKCHMaji o p 6 H T a j i  M O M e u r r a  ara 6 y j i r a H  (1 / ,  lg , 1 h, lr) 

npoTOH caTXJiapHHH H A po/ia  Kyu iH M H a p a B H U if la  6 a p K a -  
pOpjiaUITHpHUI TeH/ieHUHHCH M3B>Ky/l, HyHKH HAPO M a p K 33H- 
ziaH >Ky/ia y 30K J ia u ira H  c o x a / i a  x a p a K a T J i a H a e T r a H  n poT O H Jiap 
K yJ ioH  HTapHUiHuiHHH KaM / ia p a > K a A a  x h c  KHJia/iH.

HKKHHMH/iaH, 6 e p H JiraH  T a p T H 6  x a p  6 n p  k o 6 h k  H e r a p a c H -  
/ ia ,  ys m o x h h t h  6 n j ia H  uiapTJiH p a B H u iA a  c x e M a T H K / m p  Ba 
y K o 6 H K .ia p H H H r x,aKHKHfi TyjiAHpHJiHiUHHH H<})o/iajiaMacjiHrH 
MyMKHH; x a K H K a T j j a  6 y  T a p T H 6 ,  T y p jiH  H /ip oJ iap A a  T au iK H  
K o 6 u K A a r H  HyKJioHJiapHHHr c o H H r a  6 o fjihk  x a M f l a  6n p M y H H a  
(JtapK KHJiaflH (ca T X Jia p H H H r 6yH /iaf i  CHJimHUiJiapH o f h p  
3JieMeHTJiapHHHr aTOM T y 3HJiHuiH/i,a hxuih  M a ijJ iy M A H p ) .

K o 6 h k  MOAeJiH/ia *yt})T->Kyc})T H / ip o j ia p  a c o c H f i  x o J iaT Jia -  
pH/ia HOJib c n H H r a  B a  M y c 6 a T  *y(j)T JiH K K a 3r a  6 y « ir a H  /tenpjiH  
HHepT acocHH ( o c t o b )  io3a r a  KeJiTHpa/iH ae6  TaxMHH 
KHJiHHaAH. A(})THAaH, 6 y H A a ft  TaxMHH h k k h  K a p p a  «ce^ p JiH » 

H A p oJ iap :  2 H e 2, '«08, 2oCa2o, 2lNi28, 282Pb|26 y n y H  K y n p o K  Typp H  
6 y j i a f lH .  y  x o j i A a  nlj T y j i / u i p n j i M a r a H  caT X Jiap H H H r 3Hr 
OCTKHCHTa >KOfijiaUiyBHH TOK HyKJlOHHHHT KyUIHJIHUIH 6HJiaH 
H/ipOHHHT CnHHH j TOK HyKJlOHHHHT CnHHHTa TeHT 6yjIHUIH 
K e p a K .  Arap K o6H KJiapH  T y j i r a H  >Ky(})T->Ky(})T H/ipo/iaH 6HTTa 
HyKJioH, M a c a j i a H ,  HeftTpoH y 30K J iauiTH pH Jica,  KOBaK x o c h j i  
6 y j ia / iH  Ba yHHHr nlj k b 3 h t  c o H jia p H  y 3H i03a r a  KeJiraH c a T X  
c o H J ia p H r a  m o c  Kejiaf lH . By x o J iA a  h a p o h h h t  cnHHH HHa 
j KOBaKHHHr cnH H H ra m o c  K ejiaA H . 3 a p p a  K y u iH JiraH  § k h  k o b 3k 
n a f i/ io  6 y j i r a H  HOF/iarH HflpoHHHr >Ky(})TJiHrH m o c  p a B H u i/ ia  

3a p p a  eKH KOBaKHHHr o p 6 H T a j i  m o m c h t h  >Ky(})TJiHrH 6HJiaH 
6eJirHJiaHa/iH. By x y j i o c a j i a p  T a> K pH 6a/ia  t o k  c o h j i h  npoTOH 
ekH H e f iT p o H J ia p r a ,  « c e x p J iH »  c o H -(-6 H T T a  HefiTpoH (eKH 
n p o T Q H ) ,  r a  3r a  a a p o j i a p  y n y H  wy/ia h x u i h  T ac^ H K JiaH ajiH .  By
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HiipojiapHHHr criHH;iapH Ba yjiapHHnr k o 6 h k  MOAejiH 6auiopaT 
KHJiraH KHHMaTJiapH 6HJian TaKKocjram  x a K H ^ a r H  MaTjJiy- 

MOTJiap 6.3- >KaABajifla KeJiTHpHJiraH.
6.3- *  a n b a ji

nlj i(o6hvih K0H(J>HrypauH9jiap. TemHKjiH KOHtJjHrypauHiuiap (nlj) *

HyKJIOH-
nap co-

HH

Ko6m^ MOAejin,
nlj

3KcnepMMeH- 
Taji CITHH Ba 

*y<J)TJIHK

Acocnii ĵ ojiaTfla™ (jeptuiraH ciihh 
Ba >Ky4>TJIMKJIH H30T0IUiap

3
lp3/2

3/2— 5He,

7 a Pl/2>-1
1/2- 13C, 150 ,  ^ N e , 13,15,17n

9 ld5 /2 ’ ^ 1 /2
5/2+
1/2+

!70 , 2lMg, 17.2l.23p

19 <lrf3/2)— 1
3/2+ 35S, 37Ar, 3^Ca, 4ITi, 

37,39,41,43,45,47K

21
(XhlT}

7/2- 39Ar, 41 Ca, 45Cr, 

41,43,45,47,49Se

27 (1/7/2) _ 1
7/2— 49Ti, 51 Cr, 53Fe, 55Ni,

53,55,57,59,61Co

29 2p3/2
3/2— 51Ti, 53Cr, 55Fe, 57Ni, 

57,59,61,63,65,67,69Ca

49 (1*9/2>_ 1
9/2+- 83Se, 85Kr, 87Sr, 89Zr, 91 Mo,

92Ru 107,109,111,113,115,117In 
V u’ 119,121,123,125jn

51

i

5/2+
7/2+

87Kr, sySr, 91 zr, 93M0, 95r Ui 

111,113,115,117,119,121Sbj 

123,125,127Sb

81 3/2+
1/2+

137Ba, l39Ce, ^ l N d , 143Sm, 

145Gd, 

193,195,197,199,201,203Tii 

205,207,209x1

83

'k '/2

7/2-
9/2-

137Xe, 139Ba, 141Ce, l43Nd, 

145Sm, 147Gd, 149Dy, 

199,201,203,205,207,209,211,213Bi

125 (3Pl/j )- 1 1/2— 205Hg, 207Pb, 209Po, 21'Rn, 

213Ra, 215Th

127 2g9/2
9/2+ 209pb, 2llPo, 213Rn

2 1  P .  Bt*K)KOHOfl 321



6.3- w aA B a jiH H H r  hkkhhm h ycTyHHAa nlj koChkjih  koh({)h- 

ry p au H H  KypcaTHJiraH, uiy 6 HJiaH 6 n p ra  y KOBaKJiH KOH({)Hry- 

p a u H H  y^y H  ( n / / ) _ l  K a 6 w 6 eJirHJiaHraH. B a p n a  6 yHAaft 

HApoJiap ynyH  k o 6 h k  m OAejihhhhr 6 a iuop aT  KHJiraH cnHH  

KHftMaTJiapw Ta>KpH6 a a a  aHHKJiaHraH KHftMaTJiapnra moc 

KejiaAH. AfipHM  (M acajiaH , yV =  Z  =  5I,81, 83 6yjiraHflarH) 
XOJiJiap y^yH  HKKHTa 6 yjiHHHtu MyMKHH 6 yjiraH KOH(})HrypauHH-  

.iap  KypcaTHJiraH. H y H K H  noTeHUHaji n apaM eTpjiapH H H H r  

o3THHa y3rapHiUH x,aM y3apo h k h h  *oftjiaiuraH  caTX,JiapHH 

6Hp-6 H pn ra  HHc6aTaH  KyMHpnuiH M yM KHH. 6.3- w aA B a jiA a rn  

MatJiyMOTJiap k o 6 hkjih KOH(})HrypauHHHHHr aap ojiapH H H r  

*y (})T  KaTTa TynJiaMH 6 HJiaH, aftHHKca N, Z ^ 2 0  ynyH  

TacAHKJiaHHUiHHH K y p c aT a^H . Tok HyKjioHJiap cohh  49 6 yjiraH 

( ^ 9/2) 1 KOBaKJiH KOH(})HrypauHH 16 Ta napojiapiia TacAHK-  

jiaHraH.

n p O T O H  Ba HeftTpoHjiapn en H K  k o 6h k h h  xochji KHJiyBMH 

to k  HflpoJiapHHHr acocHH Ba 6hphhm h Ky3FajiraH xojiaTJiapn- 

h h h t  cnHHJiapn KeTMa-KeTJiHTHHH Ky3aTaftjiHK. B y  x,ojiAa 6 h 3  

TOK HyKJIOHJiap COHHHHHT OUIHUIH 6HJiaH CnHHHHHT 6np 

KHftM aTH^aH  6ouiKacHra  6np 3appajiH  cxeM aH H H r  6auiopaTH- 

ra MyBO(})HK yTHiiiHHH K y phuihm h3 KepaK . B y H A a  caTXJiapHH 

Tyji^HpyBMH, acocHft Ba 6h p h h h h  Ky3FajiraH  xoJiaTJiapaarH 

HyKJiOHJiapHHHr A h fh h a h  c n H hh 6HTTa HyKjiOHHHHr cnHH Hra 

TeHT il,e6 T3XM H H  KHJIHHaflH, MyHKH 6oUIKa HyKJIOHJiap HOJIb 

cnH H ra  3ra  6yjiraH >Ky(})TJiHKjiapHH xochji KHJia^H.

B hp hh m h  k o 6h k  (})aKaT 6HTTa Is i/ 2 caTxra  ara 6yjiaAH. B y  

K 06H K  HKKHT3 npOTOH Ba HKKHT3 HefiTpOH 6HJiaH TyjIflHpHJia- 

/ih. B y  K o 6n K K a  KHpyBMH hkkh  npoTOHHHHr cnHHJiapn flayjiH 

n p H H U H n H ra  MyBO(})HK aHTHnapajuieji 6yjiHUiH KepaK , uiy- 

HHHTAeK, HefiTpoHJiap cnHHH x aM . ByH^aft sm po (^ H e )  HOJira 

TeHr cnH H ra  3ra 6yjiHUiH 3a p y p . X a K H K a T a H  x a M ^ H e  

HApOCHHHHr CnHHH HOJITa TeHT. H K K H T a  npOTOH Ba 6HTTa 

HeftTponflan Ty3HJiraH (|He) gkh h k k h t3  HeftTpoH Ba 6HTTa 

n p 0T0H.aaH Ty3HJiraH (|He) aflpo cnHH Hra  1 /2  ra TeHr 

6yjlHUIH JI03HM, MyHKH >Kytf)T 6yjlH6 KHpyBMH 3appaJiapH H H r 

cnHHJiapn aHTHnapaJuieji 6yjiHUiH KepaK. B y  xyjioca x a M  

Ta>KpH6afla TacflHKJiaHAH.

H a B 6a T A arn  H/ipo cnHH-op6HTaji y 3apoT a"bC H p  H aT H *acH -  

IXa HKKHTa 2pU2 Ba 2p:i/2 caTXM ara a>KpaJiraH 2 p 3/2 caTXHHHr 

TyjiHUiH 0K H 6aTH A a  xoch.i 6y,iaiiH. B y  hkkh  caTXHHHr 

TyjWHpHJiHUJH MOFH/ia ( 2 p3/2 c a T ^ a  TypTTa 6np xhji HyKjioH 

>KOftjiaUIHLUH M yM KHH, 2 p[/2 CaTXAa 3Ca H K K H T 3) HHTH TyjlKHH 

k o 6h k  io3ara Kejia^H. B y  k o 6h k h h h t  npoTOHJiap 6njiaH 

TyjiflnpHJiHUiH yMTa npoTQHra 3ra 6yjiraH jihthA h a p o c h h h h t

322



x,ochj] SyjiHiuH SHJiaH SoiujiaHaAH . J Ih t h h h h h t  TyppyH tok- 

>Ky(})T H 30T 0n n  iLi 6yjia/i,H. Y h h h t  h ap o c h h h  K)3ara kcjith- 

py BMH eTTH HyKJlOHAaH TypTTaCH ( HKKHT3 npOTOH Ba 

HKKHT3 H eH TpOH ) SHpHHMH K 06HKHH TyjIAHpaflH. B n p  HyKJlOH- 

jih MojieJiHH Kyjijiaui SnjiaH H/ipoHHHr Tyjia x a p a K a T  M H K aop n  

M OM eHTHHH \L\ HflpoCHHHHT T a p K u SH ra  KHpyBMH yMHHMH 

npoTOH HHH r x ,apaKaT m h k ao p h  M OM eHTHra TeHr ae6 oJiraH 

6yjiaM H3. B y  npoTOHJiap yiu6y caTXJiap/iaH KaflcH 6npn  ojiahh 

TyjiAHpnjiHLUHra K a p a 6 2 p i/2 eKH 2p3/2 xojiaT/ia 6yjiHiuH 

M yMKHH. 1 s 1 /2 caT xra  h k h h  >KofljiaujraH caTX  HJirapnpoK 

TyjiaAH /ie6 tb x m h h  khjihui T a 6HHHAHp . lL\ h h h t  cnHHH 3 / 2  ra 

TeHr, 6y lh\ h a p o c h h h h t  T a p K H 6nra KHpyBMH yMHHMH 

npoTOH HHH r 2p3/a xojiaTAa 6yjiHiUHHH K y p c aT a^H . B H H o 6a- 

P hh , 2ps/2 caTX  2 p i/2 caT X A 3H  n a c T ^a  Typa/tH.

Y H A a H  KeiiHH t o k  cohjih npoTOHJiapAaH TauiKHJi TonraH  

H a B 6aTAarH  h a p o h h  K y p n 6 M HKaM H3. By 6euiTa n p 0T0H Ba 

ojiTHTa HeHTpoHAaH  n6op aT  6yjiyBMH 5B  HflpocHAHp. B y  

HAPOHHHT 6eiUTa npOTOH H AaH  yMTaCH HKKHHMH K O ^ H K K a  

TyiuajiH. Y jiapH H H r  x a M M a c u  2p 3/2 xojiaTAa 6yjiHiUH M yMKHH, 

MyHKH 6y xoJiaT TypTTa npoTOH  6HJiaH TyjiAHpnjiaAH. Arap 

2p 3/2 caTX  x a K H K a T a H  x aM  2 p  1/2 caT X A aH  nacTAa  eTca, 

y xojiAa '56 H ApocH H H H r cnuH H  3 / 2  ra TeHr 6yjiHuiH KepaK. 

B y H H  Ta>«pH6aBHH  MatJiyMOTJiap TacAHKJiaftAH. JleKHH 'sB  

h hh t  M arHH T MOMeHTH 2 ,6 8 8  h a p o  M arHeTOHHra TeHr, aftHH 

naftTAa LIIm hat MOAejiH 3ca 3 ,7 9  ha- M arH . 6e p aA H . B y  K a A a p  

KaTTa (})apK TacoAHc|)Hft 6yjiMaca KepaK, Myhkh y (})aKaT '56 
yMyHrHHa Ky3aTHJiMaftAH.

HaB6aTAarH  >Ky(})T-TOK HApo '7 N AHp. yHHHr TapKH6nra 

KH pyBMH eTTHTa npOTOHHHHT 6eUITaCH HKKHHMH KO^HKAa 

>KoftjiamraH. yjiapAaH TypTTacn 2p.y> caTX.HH TyjiAnpaAn, 
6euiHHMHCH aca 2 p 1/2 xoJiaT.ia .ov-ihihh KepaK. CxeM a 

'7 N HApOCHHHHT CnHHH 1 /2  ra TOIir 6yJIHUIH KepaKJIHTHHH 

ojiahha3h KypcaTaAH Ba 6y xaKHKaTaH x aM  uiyHAaft.

N h h h t  M arHHT MOMeHTH 0,283 HA M arH .ra  TeHr, k o 6h k  

MOAeJiH h k h h  KH H M aT  0,26 hh 6ep aA H .

3 h a h  t o k  cohjih HeftTpoHJiap Ba >Ky(})T cohjih npoTOHJiap- 

A aH  TaiUKHJl TOnyBMH HApOHH K y p H 6 MHKHLUHMH3 MyMKHH. 

Ma"bJiyM  6yjiHiUHMa, hkkhhm h K o 6HKAarH  yMTa HeftTpoHJiH 

^B e  h ap o c h  3/2 cnHH ra  sra, hkkhhm h k o 6 h f h a 3  6euiTa 

HeftTpoHH 6yjiraH '|C hapoch  aca 1/2 cnHHra sra 6yjiap 3K3h .

HaB6aTAarn HApo 's O  a h d . By HApora TyjiAHpnjiraH 

hkkhhm h k o 6h k  moc KejiaAH. 's O  h a p o c h h h h t  c u hh h  HOJira 

TeHT. yMHHMH HeftTpOH K 06HFHHHHr TyjIAHpHJlHLUH TyK KH 3T 3  

HeHTpoHra sra 6yjiran H A poA aH  6ouiJiaHaAH. T y K K H 3 T a
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H e w T p o H ra  a r a  >Ky(J)T-TOK H A p o r a  'gO h a P o c h  M a H c y S  6yj\ajw. 
YH /ia  HKKHT3 6 HpHH4H HefiTpoH Ba n p o r o H  k o 6 h f h  T yjlA H - 
pHJiraH Ba 6HTTa HefiTpoH TytuyBMH ymhhmh HefiTpoH 
k o 6 h f h h h h t  TyjiAHpHJiHuiH 6 o u iJ ia H r a H  6 y j i a j , H .  6 . 11- r  p a c M -  
A a r H  c a iX J ia p H H H r  c x e M a c n r a  MyBO(})HK '10 T a p K H 6 n r a  
KHpyBMH T y K K H 3HHMH HeHTpOH 2ds/2 XOJiaTAa 6yjIHUIH Ba 
H^poHHHr cnHHH 5 /2  r a  T eH r 6yjiHLUH ; i p 3HM. f l a p o  
MOMeHTJiapHHHHT >KaAB3JIH 6yHH TaCAHKJiafif lH . ' s O  HJipOCH-
h h h t  cnHHH 5 /2  r a  TeHr. ' g O  h h h t  MarHHT m o m c h t h  LL Im ha t  
a r p n  MH3HFHAa eTaA H  / =  / + 1/2  ( 1.6 - p a c M ) .  3d5/2 x o j i a T
OJITHT3 6 n p  XHJI HyKJIOHJiap 6HJiaH TyjlAHpH JiaAH . By yMHHMH 
K o 6 H F H ra  m o c  p a B H u i A a  yMTa Ba 6 e u i T a  HefiTpoH KHpyBMH ,4Ne 
Ba ?lMg Ka6H  HApoJiapH HH r cnHHH k o 6 h k  M O A e jin r a  K y p a  
5 /2  r a  TeHrjiHrHHH 6H jiA H paA H . M a t J i y M  6yjiHiUH M a, i l M g  
h h h t  c f i h h h  5 /2  r a  T eH r, 6 n p o K  foNe h h h t  cnHHH 3 c a ,  3 /2  r a  
TeH r. B y H A a H  T a i u K a p n  foNe Ba ?2Mg h h h t  MarHHT 
MOMeHTJiapn m o c  p a B H u i A a  —  0,73 Ba 2— 0,855  H A .M a rH .r a  
TeH r, afiHH B a K T A a  L U m h a t  m o a c j i h  6 y  H A p o J iap  yMyH —  

1,91 H A .M a rH .r a  T eH r, ht jH h HefiTpoHHHHr MarHHT MOMeHTHra 
T eH r MarHHT m o m c h t h h h  6 e p a A H .  / l ,eM aK , T y j i A n p n j i r a H  
k o 6 h k  y cT H A a  yMTa eKH 6 e u i T a  HyKJioHJiap 6 y j i r a H  x o j u i a p A a  
L U m h a t  MOAeJiHHH K y j u i a u i  MyMKHH 6 y j i M a f i  KOJiap 3K3h.

C a T X J i a p  c x e M a c H  6 . 11-2 p a c M r a  MyBO(})HK 14S/ h a p o c h  
3 /2  r a  TeH r c n H H r a  a r a  6 y j i H i u n  K e p a K  3AH, MyHKH yMHHMH 
HefiTpoH K o 6 H F n r a  eTTHTa HefiTpoH T y u ia A H .  Y j i a p A a H  
0JITHT3CH 3ds/2  CaTXHH T y jIA H p aA H , eTTHHMH HefiTpOH 3C a ,  
HDKopnpoK TypyBMH 3d i/2 c a T x r a  TyuiH u iH  K e p a K .  BnpoK 

M a t J iy M  6yjiH iu H M a, 'fjSi h h h t  cnHHH 1/2  r a  TeH r. ByH H  2s i /  2 
c a T X  3c?3/2c a T X A a H  n a c T A a  T y p a A H  A e 6  t 3x m h h  KHJiraH x o j i A a  
T y i u y H T n p c a  6 y j i a A H .  T a n  u iyH A aK H , 3d c a T X  2 s  c a T x r a  h k h h  
> K o fi j ia u ira H  (6 . 11- a p a c M A a r n  c x e M a ^ a  M a c u i T a 6  c a K J ia H M a - 
r a H ) .  3d  caTXHHHr a > K p aj iH u in  HaTH>KacHAa 3d5/2 c a T X  2 s i / 2 
A aH  n a c T A a ,  3c?3/2 3c a  2s !/2 AaH lO K op H A a >KofijiaiUHiUH 
MyMKHH 3AH.

Arap x a K H K a T a n  x a M  2s i /2 c a T X  ^rlA/2 c a T X A a H  n a c T A a  
6 y j i c a ,  y  x o j i A a  17 Ba 19 T a  H e fiT p o H r a  s r a  6 y j i r a H  TOK->Ky(})T 
H A p o j i a p  3 /2  c n n n r a  i r a  6 v . i " i " n  e p a K ,  MyHKH y j ia p H H H r 
yMHHM.H H efiTpoi,  K " i ' ,n H h A a,  Moc p .m H u i A a  9 Ba 11 T a  HefiTpoH 
6 o p ,  u i y  6 n . i . i '  6 n p r a  T y K K H 3HHMH Ba yH 6 h p h h m h  HefiTpoH 
2>di/ 2 c a T X j i a  TypnuiH  K e p a K .  By uiapTHH KaHoaTJiaHTHpyBMH 

i|5 Ba fuS ^ A p o j i a p H  MaB>KyA- By H K K ajia  h a p o  x a K H K a T a H  
x a M  3 /2  c n H H r a  3r a .  H e f iT p o H  Ba npoTOH k o 6 h f h h h h f  6y H A a H  
KeHHHTH TyjiAHpHJiHiU HAa, 20 T a  npoTOH Ba 20  T a  Hefi- 
T p o H J ia p A a H  H 6 o p a T  6yjiyBM H 2oCa h a p o c h  x o c h j i  6 y j i a p  3K3 h.
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By Hiipoaa yMHHMH HeflTpoH Ba y4hhmh npoTOH KoSHKJiapn 
Ty.i/iHpHJiraH, yHHHr cnHHH sca Ho.ara TeHr.

TypTHHHH HeflTpOH K06HFHHH Ty3HUJ TapKH^Hiia 21 Ta 

HeflTpoH 6yjiraH a/ipoAaH 6omjiaHHUiH KepaK 3ah, 6hpok 

Ta6 HaTj.a 21 Ta HeflTpoHra ara 6 yjiraH TyppyH a^pojiap 

MaB>Kyii 3Mac, uiyHHHr ynyH moc KejiyBHH HApojiapHHHr 

6hphhhh TapKH^Hra 23 Ta HeflTpoH KHpyBHH 2oCa hapoch 

6 yjiaAH. Yjiap (HeflTpoHJiap) hhht 20 Tacn yHTa 6hphhhh 

K06HKHH TyjIflHpa^H, yHTa HeHTpOH aca TypTHHHH KO^HKKa 

Ty uia^H .

6 .11 - s pacMra MyBoc})HK 6y ko6h khhh t  Tyji^HpHJiHUiH 4/7/2 
ko6hkhh  TyjiAHpHJiHLUHflaH 6ouiJiaHHUiH KepaK. IUyHAaH 

3K3H, 2oCa hhht ciihhh 7/2 ra TeHr 6yjiHUiH 3apyp. 

MoMeHTJiap >KaflBajiH 6y xyjiocaHH TacAHKJiafljH: ^ C a  hhht 

MarHHT MOMeHTH 1,315 H/i. MarH. ra TeHr, ht>hh TyjiraH ko6hk  

ycTH^a yHTa HeflTpoH 6yjiraH 6y xoji^a xaM LUmhat 

MO/iejiHflaH HeTJiaHHUuiap Ky3aTHJia/i,H.

3 h a h  6h3 yHHHHH npoTOH Ko6HFH/i.a K aH^aH  xoj.Hca pyft 

6epHuiHHH Kypn6 HHKHiura KaftTaftjiHK. By ko6hkhhht 

TyjijHpHJiHUJH TyKKH3Ta npoTOHH 6yjiraH (})Top nflpocHAaH 

6oiUJiaHaAH. TyKKH3HHHH npoTOH yHHHHH K,o6HKHHHr 3d 5/2 
caTXHra Tyiua/iH. 'gF hapochhhht cnHHH 5/2 ra TeHr 6yjia/jH 

j e 6  yfljiaiuHMH3 KepaK 6yjia/jH. JlapxaKHKaT, 'gF hapoch 

1/2 cnHHra ara. 'gF H/ipocH cnHHHHHHr 6yH/i,aft KHftMaTHHH 

npoTOHJiap ynyH 2 si/2 caTX c})aKaT 3 ds/2 caTXAaHTHHa 3Mac, 

xyAAH HeftTpoH Ko6HKJiapH/ja 103 6epraHHAeK, 6ajiKH 3^3 /2  

caTXAaH xaM  ojiahh Tyji/iHpHJia/jH /je6 t3xm hh khjihuj 6HJiaH 

TyiUyHTHpHJlHUlH MyMKHH. '®F HHHT MaTHHT MOMeHTH 

2,6285 h jx. m a r h . ra TeHr, ht^hh np0T0HHHHr MarHHT 

MOMeHTHAaH 03rHHa 4>apK KHJiaflH. By 'gF hapochhhht MarHHT 

MOMeHTHHH io3ara KejiTHpybhh npoTOHHHHr op6HTaji xapaKaT 

6yjiMaraH 2« 1/2 xojiaT/ia 6yjinuiHra HHa 6up  hc6ot 6yjia 

ojiaAH.

llNa HAPOCHHHHT CnHHH HAPO KO^HKJiapH CXeMaCHTa 3HA 

KeJiaAH. By h a p o h h h t  TapKH6nra k h pyBHH 11 Ta npoTOHAaH 

yHTacH yHHHHH Ko6 HKKa Tyiua/iH. A rap  6 y H/ipo ynyH Maftep 
cxeMacH KyjuiaHHJica, y xoji/ia yHHHr cnHHH 5/2 6 yjiap 3K3H. 
X,aKHKaT/ia sca ,?Na h h h t  cnHHH 3/2 ra TeHr, 6 yHHHr ycTHra 
ifNa h h h t  MarHHT MOMeHTH KaTTaJiHTH yH 6 h p h h h h  npoTOHra 
c?3/2 xojiaT/iaH Kypa KynpoK P3/2 xojiaT m o c  KeJinuiHAaH 
AaJioJiaT 6 epa/jH. HaB6 aT/jarH H/ipoJiap: fjAl, 15P, 17CI, fiK Ba 
19K  h h h t  ciiHHJiapH Maftep cnHHJiapnra m o c  KejiaAH. BnpoK 6 y 
H^pojiapHHHr MarHHT MOMeHTJiapn U I m h a t  Mô ejiH 6 epraH 
k h ftMarjiap/iah (})apK KHJia/jH.

325



E>HTTa 4 f7/2 caTxra  3ra  Ba 28 «cex,pjiH» coh h h  Se p a A H ra H  

TypTHHMH npOTOH KOfiHFHHHHT TyjlAHpHJlHUlHAa X.OCHJI 6y/iyB-" 

mh Aenp/iH  6 a p 4 a  aap o /iap H H H r  criHHJiapH M a fie p  cxeM acH HH  

KaH o aT /iaH T H p aA H . X a K H K a T a H  ^ a M , Ty pthhm h K o 6H K Aa  

6HTTa, yMTa Ba eTTHTa npoTOH ra ara 6yjiraH 2?Sc, 23C 0 Ba 27C 0 
x a M ^ a  |?Co H/ipo/iapHHHHr cnHHH 7/2 ra TeHr. Typ TH H H H  

K o 6HFHAa 6euiTa npoTOH ra  3ra 6yjiraH 2lMn  h ap o c h  6yH/i.aH 

M ycTacH OAH p . y x a M  7/2 ra TeHr cnH H ra  3ra  6yjiHuiH KepaK  

3Ah , JieKHH yHHHr cnHHH 5/2 ra TeHr.

V I  k o 6h k  TyjiHuiH pyft 6epyBMH H/ipojiap opacH /ia  (M a fie p  

c xeM ac n ra  6H H oaH ) / =  9/2 jih H A po  yM paMafi4H, 6yH/iaH 

T au iK ap H  uiy k o 6h k  T a p K H 6nra 6/ i n /2 caT\ KHpca );aM  j =  
=  11/2 jih H A po  yMpaMafi/iH. By AajiHJiHH TyuiyHTHpHUi yqyH  

M a fie p  KaTTa / KHftMaTJiapH (M acajiaH , / =  11 /2) moc KejiyBMH 

caTX,jiap (})aKaT aHTHnapajuieji cfihhjih 6np xhji 3ap p ajiap  

6HJiaH Tyji/iHpHJiHuiH M yM KHH /ie6 T axM H H  khji/ih. A rap  

6yHAafi caTX,ra TyujH m H  KepaK 6yjiraH 3appajiapHHHr cohh  

t o k  6yjica, y x,oji/ia yjiapHHHr 6h p h  h k h h  TypyBHH khm hk j jih 

caTxra  Tyiua/iH. M a c a jia H , V I  K o6HK/iarH 5^ 7/2 Ba 4*4/2 
caT^jiap  TyjiHuiH 6HJiaH 6/111/2 C 3tx h h  Tyji/iHpHJiHuiH 6ouuia- 

hhuih  KepaK : 6np o K , 5/ 7/2 Ba 4 d 5/2 caTX,JiapHH Tyji/iHpraH 

HyKJioHJiap cohh  ycTH/iaH 6HTTa npoTOH eKH HeftTpoH 6yjica, 

y xojiAa 6y npoTOH  eKH HeftTpoH lOKopn/ia TypyBHH c aT ^ra  

TyiuaAH , 6^ 11/2 caTX  aca 6yuuiHrHHa KOJiaAH. Arap 57/2 Ba 

4d5/2 caTXJiapHH TyJi/iHpraH HyKJioHJiap coHJiapn ycTH/iaH 

HKKHTa 6hp  xhji HyKJioH 6yjica, y X 0Ji/ia 6yHAaft HyKjioHJiap 

>Ky(})TH 6611/2 CaT^HH  TyjIAHpHUIHH 6oiUJiaft/lH. yHHHM H 

Hykjioh HHa ioKopH/ia TypraH  caT xra  Tyuia/iH, 6h p o k  TypTHHHH 

HyKJioHHHHr KyuiHJiHHiH lOKopH/ia Typ raH  carx,HHHr 6yuiaTH- 

JiHLUHra ojih6 KeJia/iH, 6hu/2 caT\ra 3ca  T y p rra  HyKJioH 

Tym a/iH .

3 h a h  M. rnnnepT - M afiep  cxeM acH H H  t 3Cahkjiobmh Ha3a- 

pufi cj)HKpjiapHH K y p n 6 HHKHiura yTafijiHK. B h 3  uiy BaKTrana  

H ApOH HHr T a p K H ^H ra  KHpyBMH HyKJIOHJiapHH nOTeHUHaJI 

y p a A a  T y p n 6/iH AeraH  T axM H H A aH  4)ofiAajiaHAHK. ZlacTaBBaJi, 

6y MOAeJiHHHr HHM ajiapra  JiofiHKJinrHHH ( HH M a 6HJiaH 

x,aKJiHrHHH) aHHKJiauiHMH3 KepaK. H A p o A a  noTeHUHaji yp a  

KypHHH iuHra  3ra 6yjiraH MapKa3Hfi-CHMMeTpnK MafiAOHHH 

K)3ara KeJiTHpyBMH Kynjiap M ap K a3H  fiyK, (})aKaT x,ap 6up 

HyK»TOH oJiAHAa, MaMacH MeKJiH MyKypJiHKKa 3ra 6yjiyBMH, MyHKH 

Hykjioh HyKTaBHfi 3M ac , noTeHUHaji yp a  MaBJKyAJinrHHH 

H a 3 a p A a  TyTHLu KepaK. LUy c a 6a 6jiH H A p o A arn  HyKJioHJiap 

3HMJ1HTH >KyAa K3T T 3A H p , * a p  6Hp HyKJlOHHHHT noTeHUHaji
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ypacn  6 h p -6h p h h h h t  ycTHra TyrnaAH Ba itesipjiH 6 n p  >k h h c j ih

HHFHHAH nOTeHUHaJlHHH X.OCHJI KHJiaAH.

LLIyHHHr yMyH HA poA a  HyKioHJiap  BaKTra  6 o f j i h k  6yjiMa- 

raH, KaHAaftAHp y3-y3Hra MyBO(})HKJiaiuraH MaflAOHAa xapa- 

KaTJiaHajiH /ie6 TaxM H H  k h j ih u j  M yM KHH, rny 6HJiaH 6H p ra  

6HpHHMH HKHHJiaLUHUi yMyH 6 y  M aH AOH HH  M ap K 33H H  CHMMeT- 

pHHra ara 6y«ia/iH A e 6  x,HCo6jiaui M yMKHH.

K,o6HKJiap Mo^ejiH Ky3FajiraH X0JiaTJiapra TernuijiH 

Ta>Kpn6a H3TH>KaJiapHHH TyuiyHTHpHiujia aHMa Karra  lOTyK- 

jiapra apHuiHuiHra K a p a M ac /ia H , 6 y  MOAejib AOHpacH /ia  

TyuiyHTHpHJiHiUH k h h h h  6yjiraH K aTo p  Ta>KpH6a AaJiHJiJiapH 

MaB>Ky/i,. M a c a jia H , HApo M arHHT MOMeHTJiapHHH aHHKJiaui/ia  

6 y  MOAeJib Kyn xaTOJiapra ojih6 KejiaAH. K o 6H K Jia p  MOflejinra 

acocaH , HApo  wytjrr-wycjrr >KOHJiauiraH HyKJioHJiap 6HJiaH  

Tyji^HpHJiraH ccj)epHK chm m ctphk  Ko6HKJiap  CHCTeMacHHH  

TauiKHJi 3Ta/iH . By Ko6HKJiap CHCTeMacH ryeKH H A po  y3arH H H  

X.OCHJ1 KHJiaAH. ^ A p O H H H r  M eXaH HK , M aTHHT Ba 3JieKTp 

MOMeHTJiapn Ko6nKJiap  Mo/iejiH 6yftHMa oxH prH  t o k  nyKJioH 

6HJiaH aHHKJiaHaAH . ZleM aK , x,aMMa TOK->Ky(|)T Ba >Ky(j)T-TOK 

H/ipojiap y3HH HHr M arHHT KHftMaTJiapH 6yftHMa LLiMHflT arpH  

MH3HFHAa eTHUijiapn KepaK. X a K H K a T ^ a  aca 3tom  H/ipojiapH- 

HHHT aCOCHft KHCMH U JM H AT  3rpH MH3HFH/l,a eTMaft/lH Ba 

IilMH/iTHHHr k o 6 h k  Mo/iejiHra acocjiaHraH  HKKa hykjiohjih  

MoaejiH 6yftHMa XHCo6jiap H/xpo Ma th ht  MOMeHTJiapHHH  

TyuiyHTHpHiura KO/iHp s»Mac.

6.6- §. ^ApoHHHr k o 6 h k  MOflejiH Ba 6eTa-nap4ajiaHHiu

K,o 6 h k  Mo/iejiHra Kypa HeftTpoHJiapHHHr k o 6 h k  caTXJiapn  

npoTOHJiapHHHr caTXJiapn/iaH cj)apK KHJia/iH. JI/ipoHHHr 

acocHft xojiaTH/ia HeftTpoHJiap Ba npoTOHJiap 3Hr nacTKH  

k o 6 h k j ih  HeftTpoH Ba npoTOH caTXJiapHHH TyjiAHpa/iH.

B a p K a p o p  HApoJiap/ia np0T0H Ba HeftTpoHJiapHHHr cohh  

uiyH/iaftKH, npoTOH k o 6 h fh h h h t  toKopn/iarH 6aHA caTXHHHH r 

3HeprHHCH HeftTpoH k o 6 h f h h h h t  K)KopH/i,arH Tyji/iHpHJiraH 

caTXHHHHr SH eprHH cnra  AenpjiH TyrpH KeJia/iH. Arap 6y  >Kycj)T 

6a*apH JiM aca , y xoji/ia HeftTpoHJiap Ba npTOHJiapHHHr h h c 6h h  

cohh  6 y  uiapTHH KaHoaTJiaHTHpryHra Ka/iap  HeftTpoHJiapHHHr 

npoTOHra (eKH aKCH HM a ) aftjiaHHUiH 103 6epaAH. Maca.aaH, 

arap iokoph HeftTpoH caTXHHH 3rajuia6 TypraH HeftTpoHHHHr 

SHeprHHCH npoTOH Ko6HFHAarH 6yui ypH H H H H r 3HeprHHCHAaH 

0,511 M a B  (sjieKTpoHHHHr hmkh SHeprHHCH) eKH yHAaH 

K y n p o K  opTHK 6yjica, HeftTpoH y3HAaH 3JieKTpoH Ba aHTHHeft- 

TpHHO M H K a p n 6  npoTQHra aftjiaHaAH Ba yuia 6yui ypH HHH
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3raji./iaH.zi,H. AKCH H M a, a r a p  n p 0T0H HeftTpoH K o SH F H a a rn  6 y m  
ypH H H H H r  3HeprHHCHiiaH toKopHpoK c a T x a a  T y p raH  Syjica, 

y y 3 H ^ a H  no3H TpoH  Ba h c h tp h h o  H H K ap nuj SnjiaH £kh opSHTaji 

3JieKTpOHHH KaMpaiil Ba HeftTpHHO MHKapHLH SHJiaH HeftTpOHra 

a ft j ia H a ^ H  Ba 6 y u i  y p h h h h  s r a j u i a f t A H .
KyJIOH Ta"bCHpjiapHHH, HeftTpOH Ba npOTOH M accajiapH HHHr 

(JjapKHHH x n c o 6ra 0JiMaraH,aa HeftTpoH Ba npoTOH K o 6HKJiapH- 

h h h t  3HepreTHK caTXJiapn Tyjia aftHHft^Hp. IIlyHHHr yMyH 

>Ky(})T H 3o 6ap jiap  yMyH / ,  =  0 6yjiraH HApojiap , t o k  H 3o6apjiap

ywyH aca  Iz =  6yjiraH HApoJiap 6a p K a p o p  H^pojiap

6yjiHUiH KepaK , MyHKH 6y Hiipojiapra acocnft xojiaTAa /  h hh t  

M yM KHH 6yjiraH KuftMaTJiapHiiaH 3ht  khm hth moc KejiaAH.

flpoTOH Ba HeftTpoH M accajiapH HHHr (j)apKH 1,3 M a B  ra 

h k h h  sneprHH HH Tajia6 KHJia/jH Ba khmhk Iz ra (htjHh Kyn 

cohjih neftTpoHra) ara 6yjiraH caTX,jiapHH ioKopHra cypajjH. 

KyJion Ta^bcnpjiapH KaTTa Iz ra ara 6yjiraH caTXJiapHH 

raKopHia cypa/i,H. LOyHAaft khjih6, 6y 3(})(j)eKTJiap KapaMa-  

KapuiH  ftyHajiHiujiap.ua Tai.cH p  KHJia^H. >Ky,zi.a chthji Hiipo- 

Jiap/ia npoTOH  Ba HeftTpoH M accajiapn  (})apKHHHHr 3(})(})eKTH 

KyMjinpoK 6yjiaflH. M a c a J ia H , 3He HjjpocH 6a p K a p o p , 3H  

H/ipocH 3ca 6e K ap o p A H p . Ehthji H^poJiap HMH/ia 6np  xhji 

cohjih HeftTpoH Ba npoTOHJiapra 3ra 6yjiraHJiapn yTa 

6a p K a p o p A H p . M a c c a  cohh  30 /iaH ouiraHiia sca KyjioH 

HTapHiuHiu 3(})(})eKTH KyMjiH 6y,iaAH , uiy c a 6a 6jin opTHKMa 

H eHTpoHra sra 6yjiraH H/ipojiap K y n p o K  6a p K a p o p A H p . 

M a c a jia H , UHpKOHHft H 30T 0n n  90Zr 40 Ta npoTOH  Ba 50 Ta 

HeftTpoHra 3ra Ba 6a p K a p o p . KypFOUJH H  208Pb 82 npoTOH ra  Ba 

126 HeftTpoHra sra. Y  hkkh  K a p p a  cexpjin Ba 6a p K a p o p A H p . 

A e M a K , uupKOHHftAarH 40- npoTOH Ba 50- HeftTpoH caTXJJapH 

Ba K y pFouiH H Aarn  82- n p 0T0H Ba 126- HeftTpoH caTXJiapn h k h h  

3HeprHHjiapra  3ra.

H 3o 6 a p j i a p A a r H  H efiTpoH Jiap Ba npoT O H Jiap M y H o c a 6 a T H -  
h h h t  y 3rapHiU H 6HJiaH 103 6 e p a A H r a H  p a A H oa K T H B  y 3r a -  
pHUlJiapHHHr MHCOJIH CH(})aTHAa UHpKOHHfi H30T0nJiapHHH 
K y p H u i  MyMKHH. 93Zr H A p o c H A a  40 Ta npoTOH Ba 53 T a HefiTpoH 
6 o p .  n p o T O H J i a p  6 h p h h m h  T y p T T a  npoTOH k o 6 h f h h h  Ba 
KHCM3 H 6eiUHHMHCHHH T y jlA H p a ^ H . 50 T a HefiTpOH 6npHHMH 
6 e u j T a  HefiTpoH Ko6HKJiapHHHHr 6 a p H a  caTXJiapHH H, 3 Ta 

H eftrp oH  a c a  o j i t h h m h  k o 6 h k h h h t  nacTK H  caTXJiapHHH 
s r a j iJ ia f tA H .  LUyHHCH 6 o p K H , HefiTpoH a r a j u i a r a H  i o k o p h  
CaTXHHHT 3HeprHHCH npOTOHHHHT 3pKHH C3TXH 3HeprHHCHflaH
0,547 M s B  KaTTa 6yjiaAH. LLIyhhht ynyH, hapohhht Hefi- 

TpoHJiapHAaH 6 hph 106 Ahji hphm napnajiaHHUj AaBpH 6njiaH
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ajieKTpoH Ba aHTH HeHTpHH O M H K a p n S  npoTOH ra aftjiaHaAH. 

H a T H > K aA a , 41 Ta npoTOH  Ba 5 2  Ta HeftTpoHra ara 6yjiraH 

6apK ,apop 93N b  xochji 6yjiaAH.

U,HpKOHHft H 30T0nH  89Z r  40 Ta n p 0T0H Ba 49 Ta HeftTpoHra 

3ra. By H A p o ^a  40- npoTOH caT\H 50- HeftTpoH caTXH AaH  

ioKopHAa eTaAH. IU y H H H r  yqyH 89Z r  h a p o c h h h h t  6np npoTOHH 

n03H T p 0H  Ba HeHTpHHO H H K a p n 6 eKH UHpKOHHH aTOM HHHHT 

K- Ko6HFH/iaH 6 n p  3JieKTpoHHH K a M p a 6 , HeftTpoHra afijiaHaAH 

Ba 50- HeftTpoH caTXH ra  yTaAH . By >KapaeHHHHr y p T an a  HLuauj 

AaB p H  79 coaTra  TeHr. H aTH > K aA a  39 npoTOHJiH Ba 

50 HeftTpoHJiH 6ap K a p o p  HTTpnft 89Y hapoch  By>KyAra KejiaAH.

K o 6hkjih Mo^ejib KynrH H a  Ty3aTHLUJiap Ba KyuiHM HajiapHH  

TaJia6 KHJiraH 6yjica x,aM, HiipoJiapHHHr Kyri xycycHHTJiapHHH 

TyuiyHTHpH6 6ep/iH. H A p o A a r n  HyKJioHJiap ypTacHflarn y 3a p o  

TaiiCHpjiap (J)aKaTrHHa y p T an a  y3H MocjiaHraH MaftAOHAaH 

H6op aT  SMaCJIHTH aHHKJiaHAH. HiipO TaTaCHpjiapHHHHr y3H 

M ocjiam raH  MaftAOHra KHpMaftAHraH khcm h  K^oAdu^Au TWbcup 
AefiHJiaAH. X y c y c a H , kojiahkjih Tai>CHpra MyBO(j)HK KapaMa- 

KapiLIH CnHHJIH HyKJlOHJiapHHHT 6H p .iam yB H  3HepreTHK >kh- 

x aT A a h  KyJiafiflHp. LLIyHHHr ynyH  >Ky(|)T cohjih npoTOHJiap Ba 

>Ky(})T cohjih HefiTpoHJiapra ara 6yjiraH HApoJiapHHHr 

x a m MacH acocHH xojiaTAa HOJira TeHr 6yjiraH cnHH ra  ara. 

•HyKJiOHJiapHHHr >Kyc})TJiauiyB 3(})(})eKTH >Ky(})T Z 3apaAJiH aHHa 

6a p K a p o p  (Z, A) (Z —2, A) H3o 6ap  *y(})Tjiap MaB>KyAJiHrHra 

o.th6 KeJiAH. A h h h  BaKTAa opaJiHKAarH (Z— 1, A) H3o 6ap 

H/LpO 6a p K a p o p  3MaC 3K3H .

6.7- §. JlAPOHHHr KOJlJieKTHB MOAejlH

O jia h h th  naparpa(})JiapAa 6np HyKJioHHHht KOJiraH 6ap n a  

HyKjioHJiap TOM OH H A aH  xochji KHJiHHraH y 3rap M a c  ypTaH a 

MafiAOHAa x a p a K a T  xoJiaTH y3rapHUiH  HaTH>KacHAa By>KyAra 

KeJiraH Ky3FajiraH x 0JiaTJiap x a K H A a  cy3 ropHTHJiraH s a h . 

ByHAafi Ky3FaJiHui HKKa 3appaJiH  eKH hkkb  HyKJioHJiH A e 6 
aTajiHLUHHH a f iT r a H  3ahk . H a p o  (})H3H K acH Aa yjiap 6njiaH  6 h p  

K a T o p A a , 6np BaKTH HHr y3H A a  Kyn  HyKjioHJiap y3 x a p a K a T  

x,0JiaTJiapHHH y 3rap T H p a A n ra H  KOJiJieKTHB Ky3FajiHUuiap xaM  

ypH H  TyTaAH .

Ta> Kp H 6a  uiyHH K y p caT aA H K H , HyKJioHJiapHHHr s h h j i h t h  

6 a p n a  HApoJiapAa AenpjiH y 3 r a p M a c  6y jin6 , 2- 1 0 ~ I5m  ra h k h h  

Maco(})aAa h a p o h h h t  n e ra p a c H A a  kcckhh  KaMaftH6 HOJirana 

TyUiaAH . B H H o 6 a p H H , aTOM  HApOJiapHHHHT CHpTH Ba UiaKJIH 

TyF pncH A a  6eMaJi0Ji ranHpHUi M yM KHH. H a p o  M OAAacHHHH r  

CHKHJiyBHaHJIHTH HH XOHTA3 KHHHK 6yjiraHJlHTHAaH, KOJIJieKTHB
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K,y3FaJiHUJJiap azipoHHHr ypTaMa shmjththhh caKJiaraH x,ojiAa 

uiaKJiHHH y3rapTHpaflH. CyHrH 20 hhji HMHiia 3tom HiipojiapH- 

hhht uiaKJJH TyppHCHflarH 6h3hhht TyuiyHMajiapHMH3 aHMa 

y3rapAH. 1950 HHJira Kaiiap fiapMa smpojiap ccJjepHK uiaKJira 

ara ne6 x,HCo6jijaHap 3jw- 1950 HHJiflaH 6ouiJia6 Kyn a^poJiap 

acocHH XQ^iafAa cc})epHK uiaKJi/ia sMacjiHrn TyrpHCHiia 

huiohmjih 4>aKTJiap nafliio 6yjia 6ouiJiaiiH. BapMa hkkh Kappa  

cexpjiH Ba yjiapra hkhh HitpoJiap ct})epHK uiaKjira araiiHp. 

A rap  npoTOHJiap eKH HeHTpoHJiap cohh cexpjiH coijJiapiiaH 

K3TT3 4»apK KHJlCa, HiipOHHHT UiaKJIH C(})epHK CHMMeTpHHTa 

sra 6yjiMaftiiH —  Ae^opMauHHJiaHaAH. Y hh  TaxMHHaH My3HJi- 

raH eKH cHKHJiraH aftjiaHHiu ajuiHncoHiiHra yxmaTHUi MyMKHH. 

BatSH  6Hp HiipOJiapHHHT UiaKJIH, 3X.THMOJI, yM yKJlH SJlJIHnCO- 

Hijra yxiuaca KepaK.

A(})THiiaH, Hiipo M y cT axK aM  cTpyKTypa  3M ac . U ly H H H ry M y H  

TyjiiinpHJiraH K o 6nKJiapii,aH TauiKapH iia  >KoftJiauiraH HyKJioH- 

jiap TyjiiiHpHJiraH K o 6HKJiapAaH H6op aT  y3aKiia KyMjiaHHiu 

XOCHJI KHJiaAH, H tH H  HiipO KyT^JiaHHUIH —  iie(})OpMaUHHCHHH 

By»<yiira KeJiTnpaAH. H iipoHH Hr iie(})opMaUHHJiaHHUiH Ta>Kpn- 

6a A a  KaHAaftAHp KBaiipynojib momcht T a p H K a c H A a  Ky3aTHJia- 

AH. /I,e(})opMauHHJiaHHiu KaHMajiHK KaTTa 6yjica, KBaiiponyjib 

M OM eHT uiyHMajiHK KaTTa 6yjiaiiH. A r a p  TyjiAHpujiraH 

Ko6nKiiaH TauiKapH iia  (})aKaT 6hp §kh hkkh HyKJioHrHHa 

>KoftjiamraH 6yjica, y 3 a K  Ky T6jiaHHUiHHHHr >Kyiia khmhk 

3(})({)eKTH Ky3aTHJiaiiH. Ce3HJiapjiH Hiipo iie(})opMaUHHJiap 

acocaH  6Hp HeMa HyKJiOHJiap T atcH p H iia  By>Kyiira KeJiaAH.

6.12- pacMAa TyjiiiHpnjiraH ko6hkjih HApojiap opacHiia 

AOHMHft iie(})opMaUHHJiaHraH Hiipojiap TonHJiraH 6aiD3H 6np  

coxajiap KypcaTHJiraH. Z =  4, N =  4 AaH 6ouuia6 TyjijjH- 

pHJiraH npoTOHJiH k o 6h k  Z =  82 Ba TyjiAHpnjiraH HeftTpoHJiH 

k o 6h k  N =  126 naH TauiKapnra MHKKyHra Kaiiap yTKa3HJiraH 

HKKH MH3HK OpaCHfla N Ba Z HHHT UiyHiiaft KHHM3TJiapH 

>KoftjiauiraHKH, yjiapra Ta>Kpn6aiia eKH 6apKapop , eKH 

paiiHoaKTHB HiipoJiap moc KeJiaAH. By HApoJiapHHHr AenpjiH 

KynMHJiHTH TyjiiiHpHJiraH Ko^HKJiapra ara. IIIyHHHr yMyH 

yjiapHHHr acocHii xoJiaTJiapHHHHr aoHMHft Ae(})opMauHH- 

JiaHraHJiHTH Ky3aTHJiMaft/iH. 6.12- pacMiia 6yn6 KypcarajiraH 

cox,aiiarH 6a-b3H 6np HApoJiap yMyH iie^opMauHHJiaHraH  

acocnft x,0JiaTJiap Ky3aTHJiaii,H. By HiipoJiap KaTTa KBaapynojib 

MOMeHTJiapnra ara. KaTTa KBaiipynoJib MOMeHT aca HixpoHHHr 

aohm Aec})opMauHHJiaHraHJiHrHHH KypcaTaiiH. Ta>KpH6ajiap- 

hhht KypcaTHUiHMa, OAaTiia, Macca coHJiapn A x 2 5 ,  150< 
< i4 < 1 9 0  Ba A >222  6yjiraH HApoJiap iie(})opMauHHjiaHraH 

6yjiaiiH.
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6. 12- pacM. BepTHKa/i Ba ropn30HTaji MH3HMap «cexpjiH» npoTon 

Ba HeHTpoH coH.TapnziaH VTKasHJiran. IUTpHXJiaHiaH coxajiap ae- 

4>opMauHiiJiaHraH Hiipo.nap coxacH.

Hocc})epHK RnpcuiapHHHr K,y3FajTHUjHAa maKJi TeSpaHHiiiH- 

Aah Tam KapH a/ipoHHHr aftjiaHMa x,apaKaTH xaM By>KyAra 

Kejia/LH. Hoct})epHK uiaKjira 3ra SyjiraH HApojiap MaB>KyAJiH- 

rHHHHr 3Hr My^HM Ba huiohmjih /LajiHJiJiapHAaH SupH —  Macca 

coHJiapu KypcaTH6 yTHJiraH cox,a/iarH >Ky(})T->Kyc{)T H/ipo- 

jiapHHHr cneKTpjiapH/ia aftjiaHMa 6aH/LJiapHHHr 6yjiHimiHrH- 

/LHp. AftjiaHMa 6aH/i /ie6 E\ 3HeprHHCH Ba /  cnHHjiapn y3apo  

E /~  / ( / + 1 )  6oFjiaHHLU/ia 6yjiran caTXJiap KeTMa-KeTJiHFHra 

aftTHJia/LH. ByH/iaft >Ky(})T->Ky(})T HiipoJiap/La caTViap  cnHHJia- 

pu 0, 2, 4, 6... KHHMaTJiapHH Ka6yji KHJia/iH, M acajiaH,

4.3- pacM/ia ir’8S m  hhht 3ht o/l/lhA KeTMa-KeTJiHKKa sra 
6yjiraH KyftH aftjiaHMa 6aHAH KejiTHpnjiraH.

Bop-MoTTejicoH 6yHAaft aftjiaHMa 6aHAJiap caTXJiapn 

SHeprHHCH ynyH  KyftHAaFH:

Ej =  - ^ J ( J + 1) (6 .24 )

(})opMyjiaHH 6epHHiAH, 6yHAa cnHHjiap /  =  0, 2, 4... KnftMaT- 

jiapHH Ka6yji khjibah, f —  HHepuHH MOMeHTH. 6.13- pacMAa  

KeJlTHpHJiraH l7<)/ / /  CaTX,JiapHHHHF KeTMa-KeTJIHTH (6 .24 ) (})Op- 

Myjia^aH ojiHHraH HaTH>Kajiapra moc KejiaAH. Arap hapohhht  

6hphhmh Ky3FajiraH xojiaTHHHHr 9HeprHHCH MatJiyM 6yjica, 

K)KopHAarH caTXJiap 3HeprHHCH KyftHAarH H(})OAaAaH xhco6- 

jiaHaAH:
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Ej =  \j ( J+\)  E-2r ( 6 .2 5 )  

B y  4>opMyjia acocn/ia 

XHCoSjiaHHJiraH caTX,jiap 3Hep- 

r H R C H H H H r  K H H M a T J i a p H  yMy- 

M 3H  Ta>KpH6aiia ojiHHraH KeT- 

Ma-KeTJlHKHH 3 H H 3 H  aKC 3TTH- 

paAH. MacajiaH, xojiaTJiap 

3HeprHHCHHHHT OpTHUJH CnHH- 

JiapHH OpTHtli TapTHfiH^a, J =  
=  2, 4 ,6 , 8... moc paBHiH/ia 

op TH S S o p a n H : 

E2:EA:Ef,:Es=  1 :3 ,3 :7 :1 2 . 

( 6 .2 5 ')

B y  KOHyH unrepeaAAap 
KOHyHH A e 6 aTajia/iH. l70Hf
CaTXHHHHT XHCoOjiaHraH khh- 

MaTJiapn Ta>KpH6a A a  ojihh- 

raH KHHMaTJiapniiaH a H 4 a  k b t - 

Ta. B y  HApoHHHr aHJiaHHiu yKH- 

ra HH c6aTaH  4y 3aj.H raH  Map- 

Ka3iiaH KOMMa KyMJiap 6op- 

JIHTH 6HJiaH Tym yHTHpHJiaAH . 

M a p K a 3 iia H  KOHM a KyMJiap ha- 

POHHHT HH epUHH  MOMeHTJiapHHH OUJHpaAH, afijiaHHUI 3Hepi'HH- 

CHHH KaMaflTHpaflH.

HHTepBajiJiap  KOHyH HHHH r 6a>KapHJiHiUH 6.4- >KaABajiAa 

KejiTHpHJiraH. >Ky(})T->Ky(j)T napojiap yMyH E<\/E2~2>.2> BapMa

6.4-  jk a  n  b  a  ji

flflpo
£2 £ 4

e 4/e 2

l ^ G d 88,97 288,16 3,23

1 5 8 c d 79,10 260,80 3,3

1 60j)y 86,5 283,0 3.27

162Dy 80,8 265,6 3,29

1 1 7 D y 72,8 248,0 3,4

166gr 80,8 266,5 3,31

I 7 0 Y b 84,23 277,7 3,3

1 7 2 v b 78,7 260,2 3,31

176H f 88,34 290,4 3,28

178H f 93,17 306,87 3,29

£ ,kj8 

Majapt 

5700

M500

3500

7600

700
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E.X3B r

6. 13- pacM. He4>opMaUHH- 

jiaHraH >k->k rac|)HHH- 170 ha- 
pocHHHHr aiijiaHMa SHeprHH 

c a r ^ J ia p n  cxeMacw.
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KejiTHpHjiraH MHCOJiJiap/ia x,ojiaT- 

jiap criHHHHHHr Ta>KpH6a Ba 

x,HCo6jiaHHJiraH 3HeprHRJiap mhk-

AOpHH HHT  KeTMa-KeTJI H TH HH H T

mocjihth, y jm aH raH  Ba Ha3apH H  

ojiHHraH 3HeprHHJiap mhkaoph- 

hhht 6 Hp-6npHra hk,hh.thth E j E 2 
hhht 4>apKH pyxcaT  3THjiraH 

nerapajiap/ia  3KaHJinrH Ky pH H H 6  

Typn6iiH . /],eMaK, a/ipo x aK H A a rn  

Ky p w 6  MHKHJiraH T acaB By p  ne- 

c})opMau,HHJiaHraH o fh p  HApojiap 

ynyH ypHHjiH.

B o p  Ba M oTTeJibcoH aftjiaHMa 

6aHfl caTXJiapHHHHr 4 Ta a oh m h h

x a p a K a T  m hk ao p h  m om chth; x a p a K a r  M H KA opH H H H r  Tyjia 

MOMeHTH ( / ) ,  X ap a K aT  M HKAOpH  M OMeHTHHHHT 4>a30BHft 

HXTHepnft ftyHaJiHUJHAarH y K K a  npoeKUHHCH (Af), x a p a K a T  

M HKAOpH Tyjia M OMeHTHHHHT HApOHHHr CH MMeTpHH yKHra  

npoeKUHHCH ( K ) Ba KOJiJieKTHB aftjiaHMa x ap aK aT H H H r  Tyjia 

MOMeHTH (R) ep/iaMH/ja H(})o/ia.naiu MyMKHHJiurHHH KypcaT/iH 

(6.14- p a c M ). X a p  6up aftjiaHMa caTX  6anjin ynyH  K a oh m h A  

6y.aa/iH. Y H H H r  x a p  6np KHHM aTH yqyH y3HHHHr aftjiaHMa 

6aH/i,JiapH 6yjiaAH Ba y aftjiaHMa 3HeprHHjiap 6aHAH yqyH 

KyftH/iarH <})opMyjia ypHiuiH/iHp (J ^K ) .

E,.k= ^ { ] (J + \ )- 2 K \  (6 .26 )

Onajjxa K  aftjiaHMa 6aH/iHHHr 3Hr kh h hk  cnHH ra 3ra 

6yjiraH caTXH 6aH/iHHHr 6oui caT\H /ie6 lopHTHJiaAH. K  =  

=  0 6yjiraH/ia caTX-iap —  ciiHHJiap >Ky(})T KHftMaTJiapra (J =  
=  0 ,2 ,4 . . . ) ,  K=/= 0  xoji/ia aca HApo  caTXJiapH cnHHH

] =  k\k+ 1, k +  2... (6 .27 )

(})opMyjia 6HJiaH aHHKJiaHaAH.

B y H A a  6oiu caTXAaH  K)KopHAa eTyBMH K y 3FajiraH xoJiaT- 

jiap 3HeprHHCHHHHr HHc6aTH (6 .25 ) (ftopMyjia 6HJiaH x h c o 6- 

jiaHMaft/i,H. M a c a jia H , hkkhhm h caTX  SHeprHHCHHHHr 6hphhm h 

caTX  SHeprHHCHra HHc6aTH HH TepBajuiap KOH yhh  (6 .2 5 1) ra 

6yftcyHMaftAH, 3,3 6yjiMaftAH Ba KyftHAarHMa XHCo^JiaHHJiaAH:

^K-IK 1 ( 6 2 g )

Ek+ l k - E ^ k ^  K + l '  y

K — HMHT KHHMaTHHH Hiy HHC^aTAaH 3HHK, TOnHJiaAH.

6. 14- p a c M .  Z le c ^ o p M a u H H -  

^ i a H r a H  H A p o J ia p  T y j i a  \ a p a K a i  

M H K A O p H  M O M e H T H H H H F  B C K T O p  

i iH a r p a M M a e n .
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LLiyHH TabKii.via6 yTHLii MyMKHHKH, cnHHH 0 SyjrraH 

acocHii x,0JiaTJiH (cnHHCH3) aapojiap yMyH (6.26) cftopMyjia 

y3-y3HAaH (6.24) (})opMyjiara y T a a n  ( /  =  / C = 0 ) .  Tyjia 

SypMaK MOM eHTHHHHT npoeKUHHCH K aKCHaJl CHMMeTpHK 

HApojiap.ua Myx,HM axaMHHT Kac6  3TaiiH. MacajiaH, L —  

MyjibTHnoJiJiHK, jt —  >Ky<j)TJiHK (KiJiJti)-*-(Kf,Jfn.f) XOJiaTjiap 

opacH^arH raMMa-yTHLUJiap yMyH TaHJiam KOHAacn:

AJ (Ji —  Jf) < Z - <  (Ji-\-Jf)i, k  =  n, • K/

A K =  (Ki — Kf) < L  (6.29)

A K — L  =  v  M H KA op  SepHJiraH yTHUi yMyH M aH  sthuijihk 

Aapa>KacHHH KypcaTaAH. v —  mhkaop KaTTa 6 yjiraHiia 

yTHiujiap yTa ceKHHJiauiaAH. ByHAafl yTHiujiap H30M ep

XOJiaTJiapHH By>Kyflra KejiTHpajiH (K —  H30MepHH). K T
H 30M epH H H H H T  epKHH  MHCOJIH Hf HHHT C3TX.JI3pHAHp. By 

HiipoAarH 7 'i/2= 5 , 5  coaT, ciihhh 8 “  6yjiraH MaH(})HH nuiopajiH 

H 30M e p  xojiaT ( K = 8 ) acocHH aiijiaHMa 6aH A H H H H r  8 +  Ba 

6 +  xoJiaTJiapnra napajuieji E /1  Ba E /2  xhji yTHUijiap 6HJiaH 

napM ajiaH aAH  (K =  0 ). By yTHuiJiap yMyH A K = 8  Ba moc 

paBHUiiia v =  7 Ba 5. CeKHHJiaTHiu omhjih moc paBH iuAa  

10l6(v =  7) Ba 109(v =  5 ) ,  H-bHH x a p  6 h p  K  TaKHKJiaui 

6HpjiHTHra 100 M ap T a  ceKHHJiaTHUi omhjih Typpn KejiaAH 

(6.5- >KaflBaji).

6.5-  «  a  a  b  a  j i

K-Ta^HVMnran yTHnuiap

Jfapo Myjib-
TMIIOJI-

JIMK

3Hep- 
r a a , K a B

CnMHjiap
*i

V CeKHHjia-
TMUl OMHJIM

1 7 8 m i H f
£ i

8 8 ,8 8 ~ -  8 + 8 0 7 ~1014

1 8 0 m i H f
£ i

58 8 “ -  8 + 8 0 7 • « i o 1 6

1 8 0 m 2 H f 501 8 ~ -  6 + 8 0 5 «109

190mOs m 2 3 8 ,4

+0
0t1o

10 0 8 »108

K-KBaHT c o h  Ae(})opMauHHJiaHraH HApoJiapAa h x u i h  

caKJiaHM aHAH . CaKJiaH M acjiH K  Aapa>KacH  6np 3appajiH  Ba 

afijiaHMa x,0JiaTJiapHHHr 3HeprHH (})apKH Ba HHa 6np xhji cnHH 

Ba >Kycj)TJiHKKa 3 ra x,0JiaTJiapHHHr TacoAH(j)aH HKHHJiHrnra 

6 o f j i h k - Ba"b3H ceKHHJiauiraH /C-TaKHKJiaHraH yTHiujiapHHHr  

TaBCH(j)JiapH 6.5- >KaABajiAa KejiTHpnjiraH. l90mO s  yMyH K-Ta- 

KHKJiauiHH 6npjiHrHra ceKHHJiaTHiu o m h j i h h h  yTa KaM aHHUiH  

6aJiKH l90O s  h a p o h h  KyMjiH Ae(})opMaUHHJiaHraH HApoJiapAaH
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(jf - medpaHutu fi-meSpanuui

6. 15- pacM. HociJiepHK HApojiap KOJiJieKTHB Ky3FajiHUUiapHHHHr 

Typjiapw.

LuaKJiH c(J)epHK (iiyMajioK) a/ipojiapra yTHLu opajiHFHAa 

SyjiraHHiiaHAHp.

Tommh MOiiejiHHH M y x o K a M a  KHJiraHHMH3/ia, o fh p  H/ipo- 

jiapHH Ta"bpH(})JiaiiiAa KaHiiafl MyjibTHnojuiHK Te6paHHLUJiap 

X n co6ra ojihhhulh KepaKJiHrn x aK H A a rH  M acajiara  T y x T a 6 
yTraH  sahk . OiiaTiia, >Ky<|)TJiHrH M yc6aT 6yjiraH kojijickthb 

yftFOHHLUJiap H(J)OixajiaHraHiia KBaiipynojib Te6paHHUiJiap 

(A, =  2 ) ,  MaH(J)Hft >Ky(})TJiHKiia 6yjiraH kojijickthb yftFOHHimiap 

H(})OiiaJiaHraHiLa 3ca KBaiipynoJib Ba OKTynoJib Te6paHHiujiap- 

AaH  (J>oftiiajiaHHJiaii.H. H iipo  y3H h hh t  uiaKJiH h k h h h a 3  

Te6p a H H 6 TypaiiH. By Te6paHHiujiapiiaH a/ipoHHHr c(J)epoHii.aji 

CHMM eTpHHCHHHHr C3KJ10BMHCHHH fi-Te6pa.HUUlAap, 3JIJlHnCOH- 

iiaji cH M M eTpnH ra  ojih6 kcjiybmhchhh 3ca y-re6panuuiAap iie6 
aTajiaAH. M o c  xojiiia xojiaTJiap x a M  $-Te6panuui sa 
y-Tedpanuui yoAaTAapu jxe6 aTaJiaiiH. 6.15- pacMiia noccJ)epHK 

Hiipo Ky3FajiHiujiapHHHHr x ap  xhji Typn  KypcaTHJiraH. 

OKTynoJib Te6paHHLUJiapra HiipoHHHr hokchm oh  LuaKJiH TyFpn 

KeJiaAH. >Ky(J)TJiHrH M yc6aT 6yjiraH caTXJiap cneKTpjiapHHH 

TaXJlHJl KHJIHLU A . C . /laB H A O B  Ba yHHHT epiiaMMHJiapH 

(acH M M eTpH K  poTaTop MOiiejiH) x a M a a  A . Oeftcjiep 

Ba B. TpaftHep (afljiaHMa-Te6p a H M a  Ta^bCHpjiaiuyB MOiieJiH)- 

hhht HLUJiapHiia aflHHKca MyBa(J)(J)aKHHT 6HJiaH aMajira 

OLUHpHJliLH.

>Ky<})TJiHrH MaH(J)Hft 6yjiraH r =  1“ , 3_ , 5“ Ba x. 
k . caTXJiap 1953 ftnjua ofhp >Ky(J)T->Ky(J)T HApoJiapHHHr 

cneKTp.iapHAa, MacajiaH, 224Ra  hapochhhhf cneKTpHiia, 

cyHrpa ,226Ra, ^ 228^  Ba 6ouiKajiapiia Kaftii. khjihhah. 

JlaHTaHOHiiJiap >Ky(J)TJiHrH MaH(J)HH caTXJiapHHHHr 3HeprHHJia-

pu 1-^1,5 M a B ,  aKTHHOH/iJiapHHKH aca 0 ,3^- 1 ,5  M s B  

SKaHJiHTH aHHKJiaHAH. A ~ 2 0  6yjiraH chthji Hiipojiap coxacHiia 

xaM 5 — 8 M s B  SHeprHHJiH >Ky(J)TJiHrH MaH(J)Hft caTXJiap 

Ky3aTHJiaAH. j3,e(J)opMauHHjiaHraH ofhp *y(J)T->Ky({)T HiipoJiap 

3HeprHH cneKTpjiapHiiarH >Kyc})TJiHrH MaH(J)Hft caTXJiap onry- 

noAb Te6paHMa yoAaTAap Ae6 ropHTHJiaiiH. ByHiiaft xoJiaTJiap- 

ra CHMMeTpHH yKHra K  =  0  npoeKUHH TyFpn KejiaiiH. Uly caTX
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30 + 8385.5

28* 7450,5
- medp.

26* 6580,3
(24*) 6376,6

24* 5174,0
2Z* 5648,7

22* 5035,4
20* 4921.2

20* 4369.7
78* 4788.3

78* 3180.6
76* 3489.7

76* 3273,2

74* 2891. 4
74* 2779.4

72* 2537.3

10* 2214. 2 72* 2115 .7

8* 2030.0

0*

'£6Ybq
70 96

OKrrtr meSp.

J i -m edp.

70* 7605. 1 6*

8* 7098.3

6 * 6678

4* 330.50

2* 702.38

0

70* 2318

8* 7852.1

6* 1607.5

4* 734 3

2* 7144

o + 7043

K "= 0

X-medp.
75 3354

13* 3198

13' 2862

12* 2609.1 _
2476.2

9* 2750.4

10 + 

8 +

2142.6
c 9

1812.6  
7947.1

7+ 1104,6 7 7833 7

6 + 1481,1

5 + 1328.3 5 ~ 7569.6 

7479. 7 

1358.9
4 + 1762.5

1039. 0  

9 3 2 A K = 0

-7777777777^77777777777777777777777777777777777777777777777777777777777777777777777777777/ 

6. 1 6 - p a c M .  a )  JS6 Yb96 H y K J iH A H H H r P. B. B e K ) « 0H0B T aJ iK H H  K H J ira H

3 H e p rH H  c a T X J ia p n  cxeMacH. B y j ia p  nanra 6np y c T y H r a  T y n j ia H c a  r y e  

« 6 e T a p T H 6 »  M y c 6 a T  B a  M aHt})H ii HiuopajiapH a p a j i a i i iH 6  KeTraH ca T X J ia p  

T y n j ia M H r a  aiijiaHH6 KOJiaflH . By c x e M a  K h h h t  m h k a o p h  a c o c H f la  >Ky<j)TJiHK- 

j i a p H r a  K a p a 6  afljiaHMa Ba T e 6 p a H M a  c a T X J ia p  6aHAJiapHra TaKCHMjiaHraH: 

K" =  0 + p-Te6paHMa, K" =  2+v- Te6paHMa Ba K n =  0“ — O K T y n o j i c a T X J ia p  

6aHi.napHAHp. flacTKH K ^ ^  1" acocHii aiiJiaHMa caTXJiap 6aHflH.

acocHfla OKTynojib T e S p a H M a  caT^Jiap 6bhjw Ty3HJiaAH. 

6 .1 6 - p a c M /ia  ,66Yb Ba l20Xe aapojiapHHHHr KOjmeKTHB 
XOJiaTJiap c n e K T p H  KeJiTHpHJiraH. TymyHHUi o c o h  6 y jiH iu jiH rH  
yqyH l66Yb Ba Xe cneKTpn  acocHH x,oJiaT afijiaHMa caTX,Jiap 

6aHAH (/Cn =  0+ ), p — T e 6 p a H M a  c a T X J ia p  (/(n =  0+), y — 
T e 6 p a H M a  c a T X J ia p  ( K n =  2+ ) B a  O K T y n o j ib  T e 6 p a H M a
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OKm. medp. 

27~ 10998.1

22+ 7836,2

20+ 6954.2

18+ 6050.6

76+ 5232,2

14 + 4456,6

12+ 3674,6

10* 2871.1

8 + 2097.9

6 + 1396.5

4 + 795,6

2 + 322.4

fi

22+

- medp. 

7558,3

20+ 6621.5

18+ 5666,0

16 + 4784,8

14+ 3983,5

12+ 3262,0

■■ 0 +

120 „
Ae

5« 66

X- tnedp

I0+ 2637.1

(12+) 3933

(11V 3918,7

(10+) 3326. 2

(9*) 3174,0

(9+) 2653,5

(7 +) 2461.2

6 + 1985,9

5 + 7817,0

4 + 7401.5

3 + 1271,6

2 + 875,0

K = 0

25~ 9870,9

23 8907.1

21 7796.1

19~ 6832.6

X-oxm. medp

(17') 5920 17~ 5928.7

(161 5480

(151 5060 15 ~ 5085.0

14' 4667,5

12' 3956.6

\
 

I 
£ 

£

3648.5

3383.4
11~ 3591.6

9 ' 3149,4

8 ~ 2967 9~ 2970. 7

1~ 2830.3

6 ' 2727.4
7 ' 2495.6

5~ 2072.2

4 ~ 2072

K*=3~
K * '= 1~

0 + 0
'///////////////////77777//////7//////7///////////7/7//////////;////?

6 . 1 6 - p a c M  6 )  Xe H a p o c H H H H r  c a T X J ia p n  (P. B. BeK >K O H O B  t 3 j i k h h h ) .

caTXJiap (/C" =  0 _ ) xap x h ji *yc})TJiH SaHjjiapra a>Kpa- 

THJiraH.

ByHAafl MaH(})Hfl HiuopajiH caTXJiap Ta6HaTHHH ypraHH6 

m h k ,h 6 P. B. BeioKOHOB yjiapHHHr naflao 6yjiHUUHHH TyuuyHTH- 

pHLU ynyH *y(})T->Ky(})T Ae(})opMauHHJiaHraH HApojiap/ia 

HCTajiraH MyjibTHnojuiH Te6paHHiu Ba K o p h o j ih c  y3apo 

Ta^bCHpjiapHHH XHco6ra o.TraH xojiaa hhth Mo^ejib HpaTAH.

22  P. BeK>KOHOB ^3 7



MoAejib acocnaa a/ipojiapHHHr oKTynojib x,0JiaTJiapH TafiHaTH 

x a K H A a  o/iHHraH Kyn  HHrn 3KcnepHM eHTa/i H3TH>Kajiap, 

AajiHJiJiap y3 t 3 b c h ({)h h h  TonAH  (6 .1 6 - p a c M r a  K a p a H r ) .

Ba"b3H HOC(})epHK HApojiapAa cneKTpjiapHHHr Ty3HJiHiiiH 

aftjiaHMa SaHAJiap caTXJiapHAaH  M y p a K K a 6 p o K  Ty3HJiHuira 

3ra . ByHAaft anpojiap  cneK TpH Aarn  caTXJiap SHeprHHJiapn  

H H TepBajuiap  k o h y h h  ( 6 . 2 5 )  ra 6yftcyHMaftAH, aftjiaHMa 

6aHAJiap  cox,ajiapHAa KyuiH M H a 2 + , 3 +  Ba x. k. xapaKTepnc-  

THKajiH caTXjiap nafiao 6yjiaAH , 6yHAafi cneKTpjiap yn yKJiH 

sjuiHncoHA uiaKJiHra 3ra  6yjiraH HoaKcnaji HApoJiapra xoc  

3K 3H  (6 .8- § . ra K a p a H r ) .

6.8- §. flAPOHHHT CHKHJiyBMaHJlHTH

C y H r rH  B aKTJiap^a  cnHHJiap 14- ^20/z  6yjiraH  >Kyaa 

HHTeHCHB aftjiaHMa xojiaT,aarH HApojiapHH xochji KHJinuira 

3PHLUHJIAH. ByHAaft HHTeHCHB aftjiaHHUlfla M a p K 3 3 A 3 H  KOMM3  

KyMJiapHHHT T3"bCHpH >KyAa KyMJIHAHp. H a PO  K 3 H 4 3  «IOM UIOK»  

6yjica, 6 y  T a t C H p  uiyHMa KaTTa 6yjiaAH . JIa p o  afijiaHMa 

XOJiaTJiapHHHHT M a p K 3 3 A 3 H  K 0H M 3  KyHJiapHHHT Ta"bCHpHHH

x n c o 6 r a  ojiHHraH xojiAarH H a3apH H C H  A .  C .  /Ja B H A O B  

TO M O H H A aH  pHBo>KjiaHTHpHJiraH 3AH. 6.7- >KaABa.aAa TypTTa 

HA poH H H r  afijiaHMa x o jiau ia p H  3HeprHHJiapHHHHr Ha3apHfi Ba 

3KcnepHM eHTaji K H fiM au iap H  HHc6aTJiapH KejiTHpHJiraH. 238t/ 

h h h t  aap o c H  H H c6aTH  « K 3 T T H K »  H A poA H p . Y h h h t  afijiaHMa 

caTXJiapH SHeprHHJiapHHHHr H H c6aTH  h a p o  afijiaHHiuHAa 

Xochji 6yjiaAH raH  Aei})opMauHHJiap x n c o 6 r a  ojiHHM araH 

XOJiAarH (6 .2 9 )  HH c6aTJiapra  h k h h .

>KaABajiAa KypcaTHJiraH HApojiapHHHr KOJiraH yHTacH  

H H c 6a T a H  aH H a  « i o m u i o k »  afijiaHraHAa Aet})opMauHHJiaHaAH, 

uiyHHHr ynyH  yjiapHHHr afijiaHMa SHeprHHJiapn H H c6aTH

(6 .2 9 )  a3h  KaTTa (})apK KHJiaAH. MacajiaH, l66H f  HApocHAa 

12 cnH H ra  sra  6yjiraH aftjiaHMa caTX  3HeprnHJiapHHHHr 

6 h p h h h h  caTX  SH eprH H cnra  H H c6aTH  16 ,6  BaxoJiaHKH,

(6 .2 9 )  K O H A ara  MyBO(})HK aca 2 6  ra TeHr 6yjiHiUH KepaK  s a h . 

/^a A B a JiH H H r  cyHrrn  y c iy H H A a  h a p o h h h t  Ae(})opMauHHjiaHHUi 

A ap a^K acH H H  6ejirHJiaftAHraH p, n a p a M e T p H H H r  KHfiMaTJiapn 

KejiTHpnjiraH.

^ApoJiapHHHr Ky3Fa.iraH aftjiaHMa xoJiaTJiapH 6o u iK a  xap 

KaHAafi xoJiauiapH K a 6n  6eKapopAHp, HApo raMMa-KBaHTJiap 

(eKH HHKH KOHBepCHH SJieKTpOHJiapH) H H K a p H 6 , acocHfi 

XOJiaTra yTaAH. OA aT A a , 6y  yraujjiap KeTMa-KeT (KacKaAJiap 

6njiaH) nacT >KofijiaiuraH 6apna  afijiaHMa xoJiaTJiap opKajiH 

c o a h p  6yjiaAH. I70H f  h a p o c h  1 6  cnHHJiH afi.naHMa xoJiaTAaH
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6.6- *  a a b a ji

Hflpojiap aiuiaHMa ^ojiarjiap 3HepnuiCHHHHr S h p h h ih  canyiap 

aneprHJiCHra HHc6aTH

CnHH 2 4 6 8 10 12 14 16

3KCn 1 3,31 6,93 11,6 17,7 24,6 — — —

Hasap 1 3,32 6,93 11,8 17,8 25,0 — — 0,15

3KCn 1 3,07 5,92 9,33 13,2 17,3 21,8 — —

Ha3ap 1 3,08 5,91 9,26 13,0 17,0 20,9 — 0,35

17®Hf 3Kcn 1 3,21 6,41 10,4 15,0 20,1 25,6 31,5 —

Ha3ap 1 3,21 6,40 10,4 15,0 20,1 25,7 31,6 0,26

166Hf 3Kcn 1 2,97 5,66 8,87 12,4 16,6 — — —

Ha3ap 1 2,96 5,51 8,45 11,7 15,1 — — 0,40

14 cnHHJiH xoJiaTra, yHjjaH 12 cnHHJiH x,ojiaTra Ba h h x o h t  HOJib 

cnHHJiH acocHH xojiaTra yTaAH.

ByHAaft yTHUjjiapHHHr xap  SnpHAa ajieKTp THnHAarn 

KBa^pynoJib raMMa KBaHTJiap MHKaAH. TaMMa-KBaHTJiap 3Hep- 

thhchhh yjm a6, aftjiaHMa xoJiaTJiap ypTacHAarn SHepreTHK 

Macot})aHH aHHKJiaui Ba 6HHo6apHH, aftjiaHMa X0JiaTJiapHHHr 

Tyjia MaH3apacHHH THKJiaiu mymkhh. Tok cohjih HeftTpoHJiap 

eKH npoTOHJiapra ara 6yjiraH HApoJiapHHHr acocHft xoJiaTH 

HOJiflaH (})apKJiH 6yjiraH Ba ' / 2, 3/ 2, 5/ 2, •••■ coHJiapaaH 6HpHra 

TeHr 6yjiraH cnHHra ara. LUyHiiaft THnaarH Hocc})epHK aapojiap 

aftjiaHMa xoJiaTJiapra xaM yTHiiiH MyMKHH. MacaJiaH, arap 

Hflpo acocHft xoJiaT^a V 2 cnHHra 3ra 6yjica, yHHHr aftjiaHMa 

XOJiaTJiapH 3HeprHHHHHT OpTHUlH TapTH^Hfla / 2, 7/ 2, 9/ 2) " / 2, 

... cnHHJiapHH Ka6yji KHJiaAH. LUyHHHrfleK, 6y Ky3FajiraH 

XOJiaTJiapiiaH acocnft xoJiaTra yTHiu x ,a M  KacKa^JiH paBHiuj,a 

pyft 6epaaH. X,ap 6hp  yTHiu^a 3JieKTp THnHAarn KBa^pynojib 

raMMa-KBaHTJiap Ba MarHHT THnH^arH AHnoJib raMMa- 

KB3HTJiap eKH KOHBepCHOH 3JieKTpOHJiap MHKaAH.

Ba^bSH 6 u p  t o k  Hflpojiap^a TauiKH hykjioh >Ky(})T cohjih 

HeftTpoHJiap Ba npoTOHJiapziaH TaujKHji TonraH  HOC(}>epHK y 3aK  

6HJiaH KyMCH3 6oFjiaHraH . S ^ a K  xyzm n *y(})T-*y(})T a n p o  K a 6n  

aftjiaHa^H. A r a p  TauiKH HyKjioH ’ / 2 ra TeHr 6ypM aK  MOMeHTHra 

ara 6yjiraH xojiaTAa 6yjica, y H ^ a  y33KH H H r  6ypM aK  mo- 

MeHTHra H H c6aTaH  cnHH HHHH r h k k h t b  xap  xhji >Koftjiauiy- 

BHra 3/ 2 ~ 7/ 2 ; 1/2 — ̂ /2; “ / 2 —  l3/2  caTXJiap >Ky(})TJiapH 

TyFpH KeJia^H. AftjiaHHUlHHHr TaiUKH HyKJlOH 6HJiaH 6oFJiaHH- 

UIH KaHMaJlHK KyMJlH Ba 6ypM aK  MOMeHTH KaHMaJIHK KaTTa 

6yjica, x a p  6 n p  uiyHaKa *y (})TAarH  KOMnoHeHTajiap 6np- 

6npHiiaH  LuyHMajiHK y 3 0 K  >KoftjiauiaAH. X y c y c a H , 6.17- pacM-
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6. 1 7 - p a c M .  BaT>3H  t o k  6. 18 - p a c M .  T y j iH H - 1 6 9  8a
H A p O J iap H H H T  M y M K H H  6 y j l -  K C e H O H - 131 H a p O J la p H H H H r

r a H  a i i j ia H M a  x o j ia T J ia p w - T a > K p H 6 a a a H  o j iH H ra H  a f lj ia H M a
h h h t  \ H c o 6 j ia H r a H  c n e K T p j ia -  c n e K T p j ia p H  ( k s B ) .
p n : a )  T a u iK H  H yK J ioH  y 3 a K  6 h -  

j ia H  K y 4 C H 3  6 o F J ia H ra H ;  6 )  T a u i-  
k h  H yKJiO H  y 3 a K  6w JiaH  KyM jin  

6 o F J ia H ra H .

AarH  a  Ba 6  xoJiJiap SyjiHiuH M yM KHH. HKKaJia  B a p n a H T  x,aM 

l69T m  Ba l3lX e  HApojiapHAa aMajira ouica KepaK. 6.18- pacM /ia 

6y HApojiapHHHr 6hphhm h Ky3FajiraH x,0JiaTJiapH 3HeprHHJia- 

pHHHHr jKOHjiam yBH KypcaTHjiraH. S n ep re T H K  caTX,JiapHHHr 

6yHAafl JKOHJiaiuyBHAa 3/2 ciihhjih acocHH xojiaTAa HApo  

y3arH  afljiaHaAH, /2 chhhjih 6hphhm h Ky3FajiraH x,OJiaTAa aca 

afljiaHMaflAH. Arap TauiKH  HyKJioH 6ypM aK  M OM eHTHra 3ra 

6yjica, y xojifla afljiaHMa caTXJiap TypTTa caTXM ara a>Kpa- 

jia^H.

Hiipo afljiaHHUiH 6HJiaH 6np KaTop/ia  yHAarH  KOJiJieKTHB 

xapaKaTJiap  Kyn HyKJioHJiapHHHr c h h x p o h  Te6p a H M a  kymhuih- 

AaH  H6op aT  6yjlHUIH M yM KHH. fl/ipo M OAAaCHHHHT >Ky^a K3M  

CHKHJiyBMaHJIHTH Ty(})afljIH Ky3FaJIHUJ SHeprHHCH KHMHK 

(1 0  M a B  A 3H khm hk) 6yjiraHAa, 6yHAafl Te6paHHUijiap cnpT 

Te6paHHiujiapHAaH , ht>hh n/ipo uiaKJiHHHHr y3rap H U iH AaH  

H6op aT  6yjiaAH. C(})epHK HApojiapAa 6yHaafl Ky3FajiHuuiapra 

Hiipo cnpTH  6yfljia6 rorypyBMH TyjiKHHJiap moc KejiaAH. >Ky(})T- 

*y<})T cc})epHK HA pojiap aa  6y TH n aarH  3JieMeHTap Ky3FajiHui- 

jiap E 3HeprH Hra  Ba 2  ra TeHr 6ypM aK M OM eHTHra ara. H K K ajia  

3JieMeHTap Ky3FajiHm jiapAaH  0, 2 , 4  6ypM aK MOMeHTJiapn 

6HjiaH (})apKJiaHyBMH 2  E SHeprHHJiH Ky3FajiHiujiap xochji 

6yjiaflH. YMTa 3JieMeHTap K y3FajiHiu/iaH 2 E SHeprHHjiH Ba 0 , 2 , 

3 , 4 , 6 6ypM aK momchtjih Ky3FajiHm jiap  xochji 6yjia/iH.

O /iaT /ia , RnpojiapHHHr kojijickthb Ky3FajiHUiH afljiaHMa Ba 

Te6paHMa xapaKaTJiapHHHr Ma>KMyn cnc})aTH/ia By>Ky/ira 

KejiaAH. LUy ca6a6/iaH , Hoc(})epHK H/ipojiapHHHr Ky3FaJiraH 

XOJiaTJiapHHH afljiaHMa eKH Te6paHMa caTXJiapra a *p aT H U i  

KaM/iaH-KaM MyMKHH 6yjia/iH.
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Xyjioca KHJTHS m yH H  aflTHHI M yM KHHKH, HyKJlOHJiapHHHT 

KOJiJieKTHB xap aK aT H H H  K a p a S  m h kh u j >Ky4>T->Ky4)T Hjipo- 

jiapHHHr Ky3FajiraH x,0JiaTJiapHHHHr cneKTpHHH TymyHTH- 

pniu/ia Ba 6 y  cneKTpH HHr M acca  coHHra Sofjihkjihthhh  

KypcaTHuijia eTapjiH japa>Ka/i,a MyBacfxjjaKHHTJiH 6yjin6 

m hkah . T o k  cohjih A ra ara 6yjiraH  ajipojiap ynyH  aca b 3 3h h t  

aHMa M ypaK K a6jia iu aA H , MyHKH y 3aK  x ap aK aT H H H H r  to k  

HyKJioH 6HJiaH 6oFJiHKJiHrH 6y H ra  c a 6 a 6  6yjiaAH . ZleM aK , 6y  

t o k  HyKJioH x a p a K a T H H H  k o 6 h k  Mo^ejiH a c o c H ja  T y m y H T H p H L U  

ypHHJiH 6yjiMaft KOJiaAH, MyHKH y c t 3 t h k  y3aK K a  TerHLUJiHjiHp. 

By M yaM M OH H  TaxJiHJi khjihlu yM yM JiaiuraH MOAeJira ojih6 

KejiflH.

>Koftu KejiraH/ia uiyHH aftTH6 yTHiu hm h3 M yMKHHKH, 

y 36eK H C T O H A a  6y XHJl HApOJiap H a3apH H C H H H  HpaTHLU- 

Aa  P. B. BeK>KOHOB LU. U la p n n o B  6HJiaH aHMa MyBa(})(j)aKH- 

htjih TaAKHKOTJiap  ojih6 6op H uiraH .

6.9- §. yM yM JiauiraH  MOAejib

HApojiarH  aftpHM HyKJioHJiap Ba yjiapHHHr kojijickthb 

x a p a K a T  xHJiJiapu y 3 a p o  y3BHft 6 o fjih k a h p  Ba yjiap h a p o h h h t  

yM yM Jiam raH  MOAeJiH^a X H Co6ra  ojiH H ajH . A jioxH A a  HyKjioH- 

jiapHHHr x ap aK aT H  H ^p o  k o 6 h k  MOAejiHHHHr xyjiocajiapHHH  

X H Co6ra  ojihui 6HJiaH, kojijickthb x a p a K a T  aca cyioK tommh 

MOAejiHHHHr xyjiocajiapHHH x n c o 6 r a  ojihlu 6HJiaH t 3 a k h k  

KHJiHHa/iH. By MOAeJiJiapHHHr x a p  6 n p H  lOKopHAa y K TH pH 6  

yTHJiraHHAeK, Hjipo xoA H cajiapH H H H r y3H ra  TerHLUJiH coxacn-  

Aa  KOHHKapjiH  H3TH>KaJiap 6epa/jH . LU yHH Hr ynyH  6y  

MOflejuiapHHHr acocHft TOMOHJiapHHH peaji HApo  xycycHHTjia-  

P hh h  TacBHpjiaujAa a ji6arra  3ijTH6opra ojihuj KepaK. 

H a p o h h h t  yMyMJiaiuraH moacjih cyioK tommh Ba Ko6nKJiap  

MOAeJinra H H c 6a T a H  M yKaM M ajipoKA H p .

O . Bop Ba B. MoTTejibcoHHHHr Hiujiapn acocHAa i03ara 

KejiraH yM yM Jiam raH  MOAejib y3H A a  k o 6 h k  Ba t o m m h  

moAejijiaphhhhr roTyKJiapHHH My>KaccaMJiaujTHpAH. X o 3 HprH 

B aKTAa  yM yM JiaiuraH MOAeJib aHMa KeHr AOH pa/ja  Ky3aTHJia- 

eTraH HApo xoAHcajiapHHH t 3 j i k h h  k h j i h 6  6ep a A H .

^Apo  /ie(})opMauHHJiapHHH ko6hkjih x0JiaTJiapra TatcHpH- 

hh ypraHHiu  yMyMjiaiuraH mOAejihh HpaTHiujarH 6hphhmh 

K3A3M 6yjIAH. CH({)aT >KHX3THAaH 3HT MyXHM lOTyK LUyHiLaH 

n6opaTKH, 6yH^a xapaKaT mhkaophhhht Tyjia momchth 

(})a30AarH MyMKHH 6y.araH (2/-)- 1) TypjiH >KoftjiaLUHLUHHHr 

M3B>KyAJiHrH ca6a6jin Kejin6 mHKaAHraH aftjiaHHiu KHCMaH
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6ap T ap a< })  k h j i h h a h .  B h p h h m h  6 y j iH 6  6 y  c o x a A a r n  HinjiapHH 
/LaHHH OJIHMH C. HHJIbCOH HUIJia6 MHKJIH.

Hapo CHpTH afij iaHyBH H a ju iH n co H A  (6.6 Ba 6.7- § r a  K.)  
u iaK JiH ra  a r a  6 y j i r a H  x ,o ju ia p  yMyH HHJibcoH SHeprHH 
CaTXJiapHHH HHC6HH >KOHJiaiUHUIHAa KyTHJIHIUH MyMKHH 
6 y j i r a H  y 3r a p H u u ia p H H  k o 6 h k  MOAeJib a c o c u z i a  x ,H Co6jia6  
m h k a h .  H o ccfiep H K  aKC H aji  CHMMeTpHK H /ipofla  HKKa 3a p p a j i H  
CaT X Jiap  >KOHJiaUIHUIHHH K y p H 6  MHK3HJIHK. C(})epHK CHMMeT- 
pHK noT eH U H ajiA aH  Hoct})epHK n o T e H U H a jira  y T H J ir a u n a  / Ba 
j KB3 HT COHJIH X apaKaTH HHT AOHMHHJIHTH CaKJiaHMaHflH. /71/ 
MOMeHTHHHP HApOHH CHMMeTpHH yK H T a npoeKUHHCHHHHT X a p  
6 n p  KHHMaTHra m o c  c a T X J ia p  x a p  x h j i  3Hep rH H ra  a r a  6 y j i a A H ,  
(ntj) r a  H H c6aTaH  aftHHiujiHK 6 a p T a p a ( } )  KHJiHHa^H. JleKHH 
CHMMeTpHH yKHHHHT X a p  HKK3JI3 HyHaJIHUIH x a M  T eH r 
x yK yK JiH  6yjiraHJiH THAaH m, h h h t  H i u o p a c H r a  H Hc6aTaH 

aftHHiujiHK c a K J ia H a jiH .  A f t j i a H a e r r a H  H A p o iia  mj  T y j i a  

MOMeHTHHHr CHMMeTpHH y K H r a  npoeKUHHCH K r a  a j iM a u iH H a -  
4H. ZI,e(})opMauHH T a-b c n p H A a  x a p  6 n p  c a T X  (2/ +  1) /2 c a T x r a  
a> K p ajiaA H  Ba 6 y a a a  m , h h h t  x a p  6 n p  KHftM aTHra a j i o x H A a  
c a T X  T y F p n  Kejia^H. M H K a op H ft  cmhm hh TonHUi yn yH  HHJibcoH

U(r) = y M (a )^ 2+co^2+ io ^2) + C /s '+ D 1 2 (6.30)

( 6yH4a c o ^ c o ^ c o ^ l  + ^ p ) ,  co2= c o 2( l  — -|p),

(o)o, C, D —  AOHMHftjiap/iHp) uiaKJiaarH noTeHUHaji/iaH 

c})oftAaJiaHH6, x, y, z KoopziHHaTa y^JiapH ftyHajiHUiH/ia 

Te6paHHUiHHHr napunaji MacTOTajiapn (cox, cov, co2) 6np  xhji 

6yjiMacjiHrH Aec})opMauHHra c a 6a 6 6yjiaAH, A e 6 TaxM H H  

Khjiah. A H a  uiy ynajia Te6paHHui 6HprajiHKAa h a p o h h h t  

k o 6h k  MO/iejiHAa yM yjiMaMJiH rapM OH H K  ocuhjijihtophh 

TacBHpjiaftAH. H njibcoH  T axM H H H ra  6iiHoaH aap o H H H r  Ae- 

(})opMauHHJiaHHuiHHH eKH Ae(})opMauHH n a p a M e T p H  P HH 

rapM O H H K  ocuHJiJiHTopHHHr yHajia spkhhjihk A a p a * a c H  

6yftHMa Te6paHHiujiap nacTOTajiapH (})apKH opKajiH H(})0Aa- 

jiaui M yMKHH. BaT33aH, cc})epHK CH M M eTpHHAaH  neTJia- 

hhuihh  xapaKTepjiaftAHraH p nap aM e T p

P =  (631) 

Ka6H aHHKJiaHaAH. ByHAa Ri Ba R2 HApo MapKa3HflaH yHHHr 
6 y f t j i a M a  Ba K y H A a j ia H r  aKCHaji  CHMMeTpHHCH C H p T H ra n a  
6 y j i r a H  Macoc})a, R0 a c a  xa>KMH h a p o  xa>KMHra T eH r 6 y j i r a H
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m ap H H H r  paAHycH. XncoSjiap h a p o h h h t  maKJiH cc})epHK 

KypHHHLUHAaH MeTJiaUJHIIIH SHJiaH m.j M aTHHT KB3HT COHH 

opKajiH H(})OAajiaHaflHraH caTXJiap SHeprHH 6yflHMa an<pajiH6 

KeTHUiHHH KypcaTaAH. BouiKaMa aflTraHAa, HApo chp'1'hhhht 

TaSHHfl Ae(})opMauHflCH aApo HHHAa th a>Kpajin6 TypraH 

flyHajiHiiiHH aHHKJiam ra hm koh  6epa/iH. By xy/iAH T a ujkh 

M arHHT Maft/ioHHHHr cijhhjih x,ap KaHAafl 3appaHHHr M arHHT 

MOMeHTH flyHajiHLUHHH a hhkjiauih ra yxuiaft/iH. 6.19- pacMAa 

HApojiapHHHr 6np  HeMa TaHJia6 ojiHHraH hkkb  3appajiH 

X0JiaTJiapH yMyH 3HeprHH caiXJiapHHHHr hapohhht Ae4>opMa- 

UHHJiaHHiu KaTTajiHrnra 6o fjjhk  x,0JiAa y3rapHiuH Kypca- 

THJiraH. JloHpajiapAarH coHJiap 6yftHMa KyftH HyKJioH x,ojiaT- 

jiapHAarH HyKJioHJiap c o h h hh , Kacpjiap 3ca yjiapHHHr cjjhhhhh

6. 19- p a c M .  H w j i b c o H  MOiiejiH a c o c H a a  X H C o 6 j ia H ra H  S H e p rH H  c a T \ j i a p H  

A H a r p a M M a c n .  M a b J i y M K H ,  x a p  6 n p  c a T X A a  H K K H T a j ia H  o p T H K  H y K i o H  

WOHJiaUlHHlH M y M K H H  3M ac.
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KypcaTa/iH, «-)-» Ba « — » Sejirnjiap X0JiaTJiapHHHr >Ky(})TJiHrH- 

hh H(})OAaj]aH/iH. M a c c a  coHJiapn tok  SyjiraH H^pojiap y^yH 

SyHflafi t3K P h 6h h  KapatiiHHHr Tyjia Ta^JiHJiH HHjibCOH 

Ba O. MoTTejibcoH TOMOHH/iaH aMaJira oujhphji/ih. 3 h ^ h  3ht 

MyxHM HaTH>Kajiap axSoporaHH KejiTHpaMH3. 6.19-pacM/ia 

KejiTHpnjiraH HHJibcoH cxeMajiapHHHHr khmhk A Jiap ynyH 

XHCoSjiaHraH SyjiarHHH 6Hpo3 TaxJiHJi khji3hjihk. H ap o  

je(})opMauHHJiaHMaraH xojiAa (/ie({)opMauHH napaMeTpH p =  

=  0) HnjibcoH xnco6jia6 HHKKaH caTXJiap 6hp  3appaJiH ko6h k  

MojejiHAa XHCo6jiaHraH caTXJiapra moc TyuiaAH. YjiapHHHr 

ocu.HJiJiHTop ko6h fhhh  N, j Ba / coH«iap 6njiaH H^OAajiam  

MyMKHH (6 .1- >Ka/iBajira KapaH r). By (p =  0) c(})epHK- 

CHMMeTpHK xoji/ia caTXJiap (2/-)-l) KappajiH TypjiaHraH 

6yjiaAH Ba P 3/2 caTxra 4 Ta HyKJioH >KOHJiauiTHpHiu MyMKHH 

(6.11- pacM ra K apaH r). Hiipo ii,e(})opMauHHJiaHraHfla (|3=^= 

^=0 ) 3ca, TypjiaHHiu flyKOTHJiaAH, caTx /= 3 /2  BeKTopHHHr 

hkkh *y(})T npoeKUHHJiapH KHHMaTJiapHra moc paBHui/ia hmkh

1 3
c a T x n a r a  a w p a j i a ^ H ,  y' =  3 /2 ± — Ba —h. P - x o j i a T j a  / =

=  1 6 yjiraHJiHrH/iaH hkkh caixna MaH(})Hfl HUiopajiH 6 yjiaAH. 

X a p  6 hp caTx^ara 2 TaaaH Hykjioh >KOHJiauiTHpca 6 yjia/iH. 

/I,e(})opMauHH napaMeTpH p > 0  6 yjiraH.ua, aBBaji j? =  ±  

±  1/2 jih caTX, cyHr j2 =  3/2 jih caTX TyjiAHpHJiaAH, p < 0  Aa 

aca, aKCHHMa.

Xy/iflH LuyHHHr/ieK, dhj2 c a T X  /  =  5/2 BeKTOj)HHHr 3 >Ky(})T 
n poeKUHHJiapHHHHr KH fiM aTH ra m o c  paBHLu/ia  / =  5/2 ±1/2, 
± 3/2 ± 5/2 yMTa y 3a p o  CHJi>KHraH c a T X  ( c a T X ^ a ) J i a p r a  
a>Kpajia/iH .

X a M M a  a > K p a j ir a H  c a T X J ia p  M y c 6 a T  >Ky(})TjiHKKa a r a  (/ =  
=  2 ). X a p  6 u p  caT X ,ra  HHa HKKHTa^aH HyKJioH >Kofij iauiTH pHiu 
MyMKHH. CaTX,JiapHHH r p > 0  n.a T yjif lH p n jiH uiH  jz h h h t  
o p T H i i i n r a  m o c  K ejia^ H . p < 0  6y j i r a H A a ,  o j i a h h  ±5/2, c y H r  
±1/2 B a o x u p H f l a  ± 3/2 caTX,Jiap T yji j jn p H JiaA H  B a  x o K a 30 . 
LUyHflafi k h j i h 6 ,  H A p o /ie(})opMauHHCH c a T X J ia p  XHJiMa- 
x h j i j i h t h h h  (TypjiaH HiiiHH H) fiyKOTa/iH. X a p  6 n p  CaTX 
y 3 KBaHT c o H J ia p H r a  a r a .  KyMJiH Ae(})opM auH H JiaH raH  H Apo- 
j i a p A a  (6.30) (} )o p M y jia f la rH  C, D  K03(}>(})HUHeHTJiapHHHr 
axaM HHTH K a M aftH 6 ,  f ty K  i i ,a p a > K a ra  k c j i h 6  KOJia/iH. LLIyHHHr 

y ^ y H  ( C  =  Z) =  0  A e 6  X H C o 6 j i a c a K )  HyKJioHJiapHHHr HHJibCOH 
noTeHUHaJiH/iarH x a p a K a T H  rapMOHHK o c u h j i j i h t o p h h  y m a  
y K J i a p n  6 y ftH w a  T e 6 p a H M a  x a p a K a T H r a  m o c  KeJiaAH. By 

T e 6 p a H M a  SHeprHHCH hn\(ox, hn2(oy, hnzu>z (nL =  0, 1, 2...). 
LLIyHHHr y q y H  ti\, n2, n3 co H J ia p  x a p  6 u p  MH3HKJIH o c u h j i j i h t o p  
HyKJIOH XOJI3THHH Ta(})CH(})JIOB4H KB3 HT COHJiap/lHp. By KB3 HT
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coHJiapH/iaH yH Tacnra  yTHiu M yM KHH : KBaHTjrapHHHr Tyjia 

cohh  A  ̂=  n , + t t 2 +  « 3  sa  A-op6HTaji m om chthh  CHM M eTpna 

yKHra npoeKUHHCH. B y  k b 3 h t  coHJiap chm m ctphk  CHCTeMa- 

jiapaa Tyjia caKJiaHaAH . Arap 3 a p p a  cnHH ra ara Syjica, yHHHr  

npoeKUHHCH x,aM k b 3 h t  coh GyjiaAH. C n H H  npoeKUHHCH S?  =  

=  2  =  ± 1/ 2.

H j i m h h  a /ia6HeTjiapAa KBaHT coHJiapHHHHr 6y  h h FMacn  

[,Vn3A ] —  KB3HT COHJiapHHHT aCHM nTOTHK HHFM3CH HOMH

6, JiaH Mauix,yp. HHJibcOH A H ar p a M M a c H A a  x a p  6 n p  MH3HK  

Hykjioh Tyjia M OM eHTHHHHr CHMM eTpHH yKHra npoeKUHacH  

M HKAOpH , >Ky(J)TJIHK Ba yMTa aCHM nTOTHK KB3HT COHJiap 

[jVn3A ]  opKajiH TaBCH(])JiaHaAH. n3 —  kb b h t  coh c(])epHK- 

chm m ctp < MaftAOHAa caKJiaHMaflAHraH coh 6yjica xaM  KyMjiH 

Ae(])opM au..ix ’aH raH  aApoJiap yMyH rxuih  caKJiaHHJiaAnraH  

coh. /ZeM aK , AetJtopMauHHJiaHraH RApoJiapAa TypjiaHraH  

caTXJiap 6yjiMaflAH. 3c jiaT H 6  yTH m  M yM KHH: - 1 :i,

/iajo = 4 M  _l/;iM 3 B ,  A + E  =  Q .

HhjibCOH MoaeJiHHHHr KaHAaft Hm jiauiHHH KypcaTHiu yMyH 

HeftTpoH eKH npoTOHJiapH T axM H H aH  11 TeHr 6yjiraH 

HApoJiapHH mhcoji T a p H K a c H ^ a  K y p n 6  MHKaftjiHK. B y  HApoJiap 

yMyH Ae(])opMauHH n a p a M e T p n  p =  0,l 3KaHJiHTH 6.19- p acM A a  

k v p h h h 6  T y p n 6A H . /JeM aK , 6 y  aApojiapra HnjibcOH  moacjihhh  

HiujiaTca 6yjiaAH . A Jiapn 23 ra TeHr 6yjiraH 6 n p  HeMa 

HApoJiapHHHr acocHft xoJiaTJiapHHHHr TaBCH(])JiapH 6.7- >KaA' 

BajiAa KeJiTHpHJiraH. Arap 6 y  HApoJiapHH 6 n p  3appajiH  

C(])epHK-CHMMeTpHK K o 6 h K  MOAejIHAaTH T3BCH(])JiapHHH 6 h J1- 

mokmh 6yjicaK, 6.9- p acM ra  K apaui KH(])oa. B y  MOAeJiAa 

aApoH H H r  x a p a K a T  m hk ao p h  m om chth cyHrrH HyKJioH m om chth  

6nJiaH aHHKJiaHaAH. 6.7- >K3ABajiAa KejiTHpnjiraH aApoJiap 

TyjiraH k o 6 h k a 8 h  T au iK ap n  6 n p  eKH yM HyKJioHra ara. 

6 .1 9 - p a c M A a H  (])OHAaJiaHH6 , 6 y  aApojiapra  (5/2) + cnHH Ba

6.7- *  a a b a ji

A ” 23 Ae<|)opMaumuiaHraH nnpojiap

Slflpo Z N Q, <J)M2 P Acocnfi ^ojiarHHHr KBaHT coHjiapM

Ta*pn6a K,o6n>yin

MOflejib
HlUIbCOH
MÔ ejIM

19p 9 10 (l/2)+ (5/2)+ (l/2)+

21 Ne 10 11 9 0,09 (3/2)+ (5/2)+ (3/2)+

21 Na 11 10 (3/2)+ (5/2)+ (3/2)+

23Na 11 12 4 0,11 (3/2)+ (5/2)+ (3/2)+

23Na
12 11 (3/2)+ (5/2)+ (3/2)+
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>Kyc})TyiHKHH 6epHLU M yM KHH . A M M O , X,aTTO «CeX,PJIH» 8  HyKJlOH- 

jih TyjiraH k o 6 h k a 3 h  Tao iK ap H  6 n p  npoTOH/iH F h ap o c h  yqyH  

x a M  cnHHJiap 5/2 3M ac . 6.19- pacMiia nyHKTHp  t h k  m h3hk p =  
=  0,1 A 3 H  yTKa3HJiraH. B y H A a H  K y p H H H 6  TypH6.zi.HKH, TyjiraH  

8  «cex,pJiH» cohjih K o 6 n K K a  6 n p  HyKJioH KyuiHjica, (l/2)+ jih 

caTX  xochji 6yjiaAH .

TyjiraH Ko6HKAaH TauiKapn 3 Ta 3appajiH xoji^a aca 

(3/2)+ jih caTxra Kejiamh3. By coHJiap 6.7- >KaABaJiAarn 

Ta>Kpn6aAa ojiHHraH ciihh KHHMaTJiapnra moc KejiaAH. iJeMaK, 

HnjibcoH MOAeJiH Ae4»opMauHHJiaHraH HApojiapHHHr 6aTj3H 

TaBCH(})JiapHHH TyFpH aKC ST TH p a^H . Bh3 Myjioxa3ajiapAa 

>Kyt})T HyKJioHJiap, MacajiaH, l9F Aa 10 HyKJioH, 6np-6HpH 

6HJiaH >Ky(})TJiaiiiH6, yjiapHHHr Tyjia m om chth  HOJib 6yjihuihhh  

T3XMHH KHJIAHK.

HnjibcoH MOjiejiH aflpojiapHHHr 6ouiKa Kyn ypraHHJiraH 
xycycHHTJiapHHH xaM  H 33a p H H  >KHxaTAaH ypraH H U iA a  y3 a<})- 

3aJiJiHKJiapHra ara.

6.10-§. H a Po h h h t  ajib<})a-3appa m o a c jih

E hthji HApoJiapHHHr 6oFJiaHHiu SHeprHHjiapH xaKHAarn 

Ta>KpH6a Ma"bJiyMOTJiapHHH CHCTeMajiaui HyKJioHJiapHHHr 

H A po  HHHAa aJibc[)a-accoUHaUHHJiaiiiyB M yaM M ocH H H H r  naH A O  

6yjiHUiHra o jih 6 kcjiah.

HApoJiapHHHr ajib^a-napMajiaHHiu xoAHcacH HApo (})H3H- 

KacH naiiAO 6 yjiHUiHHHHr 6hphhmh HHJiJiapHAaeK ypraHHJiraH 

3AH. ByHHHr HaTHwacHAa ajibc})a-3appajiap HApojiap hmha3 

6apKapop 6HpHKMajiap CH(})aTHAa MaB>KyA, AeraH c})HKp kcjih6 

hhkah . H k k h  HeHTpOH Ba hkkh npoTOHAaH Ty3HJiraH 4H e  

aTOMHHHHr hapoch —  ajibcf)a-3appaHHHr 6apKapopjiHrH Flay- 

jih npHHUHnHra acocaH TyuiyHTHpHJiHLUH MyMKHH. By npHHUHn  

cnHHJiapHHHHr npoeKUHHCH TypjiHHa 6yjiraH HeHTpoHjiap Ba 

npoTOHJiap >Ky(})TJiapHra 6np xhji c})a30BHH xapaKTepncTHKa- 

Jiapra ara 6yjiHui hmkohhhh 6epaflH. KsaHT MexaHHKacn thjih 

6HJiaH aftTHjiraHAa ajib(})a-3appa TapKH^HAarH HyKJioHJiap- 

hhht TyjiKHH (JiyHKUHHJiapH 6Hp-6HpHra Tyjia moc TyiuaAH, 6y 

ajib(})a-3appa 6oFjiaHHUi 3HeprHHCHHHHr KaTTa (28 MaB ra 

hkhh) 6yjiHUiHra ojih6 KejiaAH. BnpoK cyHrrH 3KcnepnMeHTaji 

TaAKHKOTjiap Ba HyKJioHJiap opacHAa Ta^bCHp KHjiyBHH KyMjiap 

xaKHAarH hhth TyuiyHMajiap napoAa 6apKapop ajib(})a- 

3appajiap MaB>KyAJiHrH xaKHAarH HyKTan H a3ap H H H r  paa 

STHJiHiUHra ojih6 KejiAH Ba HApoAarH ajib(})a-3appajiH 

6npHKMajiap HyKJiOHJiapHHHr BaKTH kcjih6 napMajiaHaAH-
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r a H ,  k.hck.3 HLUOBMH a c c o u H a u H H J ia p H  CH(J)aTHAa K a p a j ia  6 0 111- 

jiaHAH.

H y K J io n  6 H p jia iu M a jia p H  m o acjih  6 k h  K JiacTep  M o ^e jiH  a e 6  

aTajiy B M H  x ,03H p rH  3 3 M o h  a jib (})a- 3ap pajiap  MojiejiH H j.p o  

HM Hj,a  6 e K a p o p  6 n p H K M a j ia p  CH<|)aTHjj,a (})aKaT  ajib(})a- 

3 a p p a j ia p r H H a  3 M a c , 6 ajiKH  A efiT p oH Jiap  Ba  T p H T O H Jia p  x a M  

n afla o  6 yjiHiiiH M y M K H H , fle6  x ,Hco 6 jiaflAH. Y M y M a H  6 y  M O ^e jib  

6 yflHMa a T O M  H A p o J ia p H  e H T H Jip o K  H ^ p o j ia p  K OM njieK C H  

CH(})aTHAa K apajiH iiiH  M y M K H H . MacajiaH, 6Li h a p o c h  y 3 a p o  

Ta^bC H p jiau jyBH H  ajib(})a-3 a p p a  Ba  ^ e flT p o H  c H (})a T H A a , 8B e  

H A p o c H  y 3 a p o  T a ijC H p jia u ja e T r a H  h k k h  ajib(})a- 3appa  CH(})aTH- 

A a ,  l2C  HiipocH  y 3 a p o  T a^b C H p jia iu a eT raH  y n  a jib(})a- 3appa , 

4lCa H iipocH  40Ca h a p o c h  6 HJiaH y 3 a p o  T a "b C H p jia iu a e T r a H  

HeflTpOH CH(})aTHfla KypHJIHUJH M y M K H H . 40Ca H A P O C H  H K K H  

K a p p a  cexpJiH lOKcaK  6 a p K a p o p j iH K K a  a r a .

E h t h j i  a a p o ji a p  (})H3HKacHfla 6 np K a T o p  M a c a jia jia p  

T y p H ^ A H K H , y jia p H H  HyKjioH  6 H p jia u iM a J ia p H  m o acjih  c o ^ A a  

k h j ih 6  T y u iy H T H p a A H  Ba  m y  c a 6 a 6 jiH 6 y  M o ^ e jir a  kh3hkhiu 

flyKOJiraHH fiyK Ba y waiiaji cypT.aTAa pHBOKjiaHTHpnjiaHiiTH.

6. 1 1-§. J Ia p o h h h t  yT a  yTKa3yB*iaHJiHK moacjih

Hiipojiapaa >Ky(})TjiaHyBMH KynjiapHHHr MaBJKyzyiHrn rap- 

mh Kyn HHJiJiapflaH 6 e p n  MaijjiyM 6yjica-Aa, yjiapaaH  yTa  

yTKa3yBMaHJiHK H a3apH H C H A arH  Q a ^a  Hiujiap.ua acoc CH(})a- 

Tuna (})ofiAajiaHa 6 o u u ia H r a H A a H  KefiHHTHHa 6y KyMJiapra 

eTapjiH a xa M H H T  6epHJia 6ouiJiaHAH. B y  H a 3a p H H ra  acocaH  

yTa yTKa3THM (« A p o )  hhht (})epMHOHJiapH 3ht nacTKH  3 H e p r H H  

XOJiaTJiapH^a 6np- 6HpH ra  *y (})T  6oFJiaHraH 6yjin6, 6y 

>Ky(})THHHr x a p  6 h p  (})epMHOHHHHHr x a p a K a T  M H KA opn  

MOMeHTH HKKHHMH (})epMHOH X a p a K a T  MHKJIOpH MOMeHTH F3 

TeHr, flyHajuiuiH 3ca  KapaM a- KapuiH  6yjiaflH. LLlyHAafl khjih6, 

3ap p ajiap  cohh  >Ky(})T 6yjiraHAa  CHCTeMaHHHr Tyjia x a p a K a T  

M HKAOpH  MOMeHTH HOJlTa TeHTAHp. S^Ta yTK33rHMJIH CHCTeMa- 

Jiapaa <})epMHOHJiap —  3JieKTpoHJiapflHp. ^ A p o  CHCTeMajiapn-  

Ha sca  6np- 6HpH ra  6o fjih k  6yjiMaraH hkkh  *y (})T  CHCTeMa, 

hkkh  Typ 4>epMH0HJiap —  npoTOHJiap Ba HefiTpoHJiap CHCTeMa- 

ch Ky3/ia TyTHJiHiUH jio3hm. X,ap KaHflafi wy(})T aijSOJiapH 

o p acH A arH  T a t c n p  KyMjiap >KyAa KH CKa MyzmaTJiH 6yjin6, 

c})aKaT aH a  uiy 3appaJiap  >Ky(j)TH M erap acH A arH H a  MaB>Kyji,- 

ilHp, y 3 0 K  TaiiCHp 3TyBMH KyMjiap aca 6a p M a  >Kyc})TJiapHH HApo  

CHOTeMacH M erap acH Aa  TyTH6 T y p a ^ H . B y  xoJiAa KHCKa  

MyAflaTJiH *y(})TjiauiTnpyBHH Kyn T a t c H p H A a  6o u iK a  npoTOH 

(HefiTpoH) 6HJiaH 6Hpjiauia oJiyBHH npoTOH  (HefiTpoH) Hiipo
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CHCTeMacHiia xeM KaMOH apKHH K0.T0JiMaH/iH. K,HCKa MyAAaT 

Ta^bCHp STyBMH >Ky(J)TJiaiUTHpyBMH KyM y 3 0 K  TatCHp 3TyB4H 

KywiiaH aHMa KaTTaflnp. Y  *y(})T->Ky4)T HjpoJiapHHHr acocHH 

XOJiaTH opacH/ia aneprHH (|)apKH xochji KHJiaijH.

By MOAeJira Kypa xap  6Hp HyKJioH ko6hk  MOAejiHAaH 

Kejin6 HHKaAHraH y3 xojiaTJiapHHH acocaH caKJiafiAH. y  xoji/ia 

HyKJioHjiapHHHr >Ky(J)TJiaiUHUiHHH ko 6 hk MojeJiHAarH KBaHT 

coHJiapn epAaMHAa 6aeH sthuj MyMKHH. A rap  6np HyKJioH /, 

j Ba m,- KBaHT coHJiapH TynjiaMH 6HJiaH 6aeH 3THJica, >Ky(})T 

HyKJioH /, j, — mj  KBaHT coHJiapH TynjiaMH 6njiaH TaBCH(})Jia- 

HHLUH JI03HM. flflpOHHHr K06HK MOAejIH HyKJIOH xoJiaTJiapH 

TyjlAHpHJIHlUHHHHr MatJiyM TapTH6HHH OJIflHHAaH aHTH6 
6epaAH. M acajiaH , 6y Mo^eji HeiiTpoH coHJiapH N =  28  Ba N =  

=  50  6yjiraH TyjijmpHJiraH Ko6 HKJiap opacH^a 2p3/2> 1 / 5/2, 

2p i/2 Ba 1 g g/2 xojiaTJiap 6 yjiHiiiHHH KypcaTa^H. A r a p  aftpHM 

HyKJioHJiap ko6 hk MojiejiHHHHr 3Hr co^Jia BapnaHTH/ia, 

TaxMHH KHjiHHraHHAeK, y3apo MyHoca6aT ja  6yjiMaraHJiapHja 

3 W ,  Tyji^HpHJiraH ko 6 hk ycTHflarn 6 np eKH h kkh  HyKJioHHH 

TyjiraH Ko6HKflaH 6eBOCHTa KeftHHrn 3Hr khm hk 3HeprH H  

KOH(J)HrypauHHCH 6HJiaH TaBCH(})JiaiiJ MyMKHH 6yjiap sah, 

aji6 aTTa. M acaJiaH, 5SNi h kkh  MapTa TyjiAHpnjiraH ko 6h k Z  =  

=  28 ; N =  28 ycTH.ua HHa h kkh  KyuiHMMa HeftTpoHra ara. By 
hkkh HeftTpoH p3/2( l =  1, j =  3/2) KOH(})HrypauHHra ara 6yjia,a,H 

Ae6 afiTHUj MyMKHH. TapHH ko6 hk moacjih 6a"b3H xojiaTJiap- 

h h h t  >KyAa nacT 3HeprH Hra ara 3KaHJiHTHHH K a p o M a T  KHJica- 

0. a, KB3HT MeXaHHKaCHHHHT npHHUHnjiapH TypjlH SHepTHH- 

Jih xoJiaTJiap apajiaiUMacHHHHr 6y«iHiUH MyMKHHJiurHHH Kyp- 

caTa^H.

BaKTHHHT KynMHJlHK KHCM HAa (66 % )  HKKH opTHKHa 

HyKJioH p3/2 xoJiaT^a 6yjiaaH, bmmo 6y hkkh HeftTpoHHHHr 

6ouiKa xoJiaTAa 6yjiHUi 3X,THMOJiJiHrH MyaftHHflHp. XHCo6jiaui- 

jiapHHHr KypcaTHLUHMa, yjiap y3 BaKTHHHHr 28 %  ra hkhhha3 

fh/2 HeftTpoHJiap, 3 %  Hfla p U2 HefiTpoHJiap, 3 %  njxa 
g 9/2 HefiTpoHJiapflHp. >Ky(})T->Ky(})T HApoaa 6yHflafi chji>khui 

HflpoHHHr acocHfi xojiaTHfla y3rapHiuHHHr 6yjiHUJHra ca6a6 

6yjiojiMafiflH. MacaJiaH, 58M hhht acocHfi xojiaTH 6ap4a 

KOH(})HrypauHHJiapAa xaM y3rapn6 KOJiaflH, MyHKH TyjiflH- 

pHJiraH ko6hk ycTHAarn hkkh hykjioh xaM 6np KOH(})Hrypa- 

UHHAaH 6ouiKacHra yTraHiia *y(})TJiaHHUJ mapTHHH caKJiam 

y^yH y3 KBaHT coHJiapHHH 6up BaKTfla y3rapTHpHuuiapH 

JI03HM (6HpHHHHr KB3HT COHH m „ HKKHH4HCHHHKH 3Ca —  ITlj) ■

HflpoAaH TauiKapHiiarH Ky3aTyBHH yMyH ftyK 6yjiraH, 

oj\ai3\a, TeuiHK jxe6 aTajiyBMH hykjioh x,aM Ba opTHKMa HyKJioH 

xaM 6np  xhji 3(})(})eKT KypcaTa/iH. LLJyHAaft khjih6, 6aeH
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STHJiraH Foara Kypa hkkh npoTOHH ( HeH TpoH H ) K a m 6y./iraH 

HAPOHH HKKH HpOTOHH ( HeH TpO H H ) opTHK  6yjiraH HApOAeK  

KypHLU M yMKHH. H K K H  TeillHKHH 6H p  >Ky(|)T A e 6 X,HCo6jia6, 

TerHiujiH >Ky(})TJiaLiJTHpyBMH KyMHH XHCo6jiaiu M yMKHH. TyjiAH- 

pHJiraH Ko6HKJiap ycTHAarn 6a p w a  3ap p ajiap  >Ky(})TJiapHHH 

(TeiUHKJiapHH 3M ac ) >Ky(J)TJiaiUTHpyBMH KyMJiap h h fh h a h c h h h  

x,HCo6jiaraHAa KaHAafl HaTH>Ka M H Kca , H a3ap H H  >KHX,aTAaH 

x,aM yuiaHAafl xyjiocara kcjihiu M yM KHH sah , bm m o 6yHAafl 

XHCo6jiauuiap , aflHHK,ca >Ky(})TJiap cohh  >KyAa Kyn 6yjiraHAa  

>KyAa M y p a K K a 6A H p . B y  xojiAa 6yjiHiUH m ym khh 6yjiraH  

XOJiaTJiap k o m 6h h 3 U h h c h  * y A a  Kyn 6yjiaAH . TyjiAHpnjiraH  

k,o6hk T auiK ap H C H A arn  3ap p ajiap  (eKH TeuiHKJiap) >Ky(})TH- 

hhht cohh KaM  6yjiraH xojiAa xaM  6 y  hluhh 6a>Kapnui khAhh .

O a K a T r H H a  >Ky(})TJiapAaH n 6 o p a T  6yjiraH H A po  cncTeMacH-  

A 3H  apKHH npOTOH (HefiTpOH) HH OJIHUI yMyH >Ky(})THH 

napM ajiaiura eTapjiH 6yjiraH 3Hepi'HH TaJia6 3thji3Ah . >Ky(})T 

napM aJiaH raHAaH  cyHr, x a p  6 n p  aflpHM 3 a p p a  (TeuiHK) k o 6 h k  

MOAeJiHHH KyJiJiaHraH xoJiAa o a a h A  KOH(})HrypauHH e p A aM H A a  

TacBHpjiaHHiUH M yMKHH 6yjiraH xojiaTra yTaAH . XleM aK, 6 y  

>Ky(})T 6y .iM araH  xoJiaTJiapHHHr 3ap p ajiap n  k o 6 h k  MOAejiHAa  

y 3a p o  M y H o ca 6a T A a  6yjiM araH  3appajiapH H H r  KynMHJiHK 

x ap aK T ep n cT H K acH ra  ^ra 6yjiaAH . B h p o k  yjiap aBBajirHACK  

y 3 0 K  Ta"bCHp 3TyBMH HApo KyMjiapH e p A a M H A a  6ouiK,a >Kyc})T 

3appaJiap  6njiaH 6oFjiaHraH 6yjiaAH . B y H A a H  T au iK ap n , 

aflpHM 3a p p a H H H r  a hhh xojiaTH IlayjiHHHHr M aH  sthui 

np H H U H n n  Ty(})aH.nH 6ouiK a  >Ky(})TjiaHraH HyKJioHJiap yMyH 

TaT>KHKJiaHraH xojiaT 6y jin6  KOJiaAH. IHyHAafl khjih6, 

oA aTAarn  uiapoHTAa sraju iaH M araH  SHeprHH xoJiaTJiapHAaH  

6H p H A a  aflpHM 3a p p a H H H r  6yjiHUiHAaH >Ky(})TJiaHraH xoJiaT- 

jiapHH 6 a e H  3THiUAa c})oflAajiaHHUi M yM KHH. Xy (})TJiaH raH  

XOJiaTJiapHHHr 6yjiHuiH M yMKHH 6yjiraH cynepno3HUHHJiapH-  

h hh t  uiaKJiH y 3rap aA H . Xochji 6yjiraH x a p  6 n p  x,ojiaT 

MycTaKHJi 3 a p p a  xojiaTHra yxuiaui 6yjiraH H A aH , OA aTAa , 

y K8a,3U3appaAu %oacit A e 6  aTajiaAH . B y  xochji 6yjiraH x a p  

xhji xojiaT >Kyt})TJioBMH KyMJiap Ba k o 6 h k  KOH(})HrypauHHCHra  

6o fjihk  6yjiraH SHeprHHra 3ra.

>Ky(})T->Ky(j)T HApoJiap y3JiapHHHHr acocnfl xojiaTjiapHAa 

TaMOMHJia >Ky4)TJiam raH HApo  3a p p ajiap H A aH  H 6o p aT . >Ky(f)T- 

h h  napMajiaiu ynyH  2 E  ra TeHr 6yjiraH SH epruH  cap(})Jiaui 

j io 3 h m , 6y H A a  x a p  6 n p  3 a p p a r a  E  SHeprHH TyFpn KejiaAH. B y  

SHeprHH HHHr M HKAopH  H A poA aH  HApora yTraH A a  y 3rapaA H , 

6 n p o K  KynMHJiHK xojuiapAa  0 ,5 + 1,5 M s B  A a H  ouiMaflAH. 

Y iu 6 y  SHepreTHK opajiHKAaH  K)KopHAarH xojiaT h k k h  afipHM 

3a p p a  yMyH k o 6 h k  m o a c j i h h h h f  X0JiaTJiap a T a M a c n  e p A aM H A a
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T3BCH(})JiaHHlJJH M yM KHH , UiyHHHT y4yH  6y X,OJiaT KynHHM a 

ukku Kea3u3appanu yoAar a c 6  aTajiaAH .

M a c c a  cohh  A  tok, 6yjiraH napojiap  6HTTa >Kyt})TJiaHMaraH 

3 a p p a r a  3ra . By 3 a p p a r a  E >Ky(})TJiaHHiu 3HeprHHCH 

6epH JiM araH H AaH , M acca  cohh  t o k  6yjiraH h a p o  acocHH 

X,OJ13THHHHr SHeprHHCH >Kyc})T->Ky(})T H A PO  aCOCHH X,OJiaTHHHHr 

SH eprHH CHAaH  iokoph  6yjiaAH. H K K a , >Ky(})TJiaHMaraHv3 a p p a H H  

acocHH  caTXflaH iokoph 6yjiraH SHeprHH  coxacn /ia  6np 

KB33H3appaJIH XOJiaTra Ky3FaJITHpHUI M yM KHH , 3 M M O  xap 

KaHAafi 6ouiKa  HyKJioHHH lOK opn poK  SH eprHH  caTXHraM a 

Ky3Fa.iTHpHiu ynyH  >Ky(})THH napMajiaiu Ba yM KBa3H3appaJiH  

XOJiaT XOCHJl KHJIHLU JI03HM. U ly H A a H  K.HJIH6, aCOCHH XOJiaTAaH 

2 E  ra opTHK 6yjiraH SHeprHHJiapAa 6np  eKH yM KB 33H 3appajiH  

XOJiaTJiap CH(})aTHAa 6aeH  KHJiHHaeTraH caTXJiapHHHr 3hmjihth 

aHMa o p T a ^H .

T o k -t o k  H ^p ojiap  h k k h  ajioxH Aa my(})TJiaHMaraH 3 a p p a r a , 

6hp  opTHKMa npoTOH Ba 6np  opTHKMa HeHTpoHra 3ra. By 

3ap p a jia p H H H r  xeM 6 h p h  xeM KaHAafl >Ky(})TJiaHHUi aHeprHHCH-  

h h  depMaftflH. LUyHHHr yMyH t o k -t o k  h a p o h h h t  acocHH  xoJiaTH 

yHra m o c  >Ky(})T->Ky(})T h a p o h h h t  acocHH xoJiaTHAaH E ra 

opTHK- HcTajiraH >Ky(})TJiaHMaraH 3appaHH k o 6 h k  MOAejiH 

KOH(})HrypaUHHCH e p A a M H A a  TaBCH(})JiaHyBMH Ky3FaJiraH xo- 

.laTra (m jH H  KB a3H 3appajiH  xoJiaTra) aftjiaHTHpHUi M y m - 

KHH, 6 H p O K , yHHHT 3HepTHHCH aCOCHH XOJiaT 3H ep rH H CH A3H  

opTHK 6yjiaflH.

LU yHH HrAeK , yTa  yTKa3yBM aH  MOAejib SHeprHH  opajiHFH 

c o x a c H A a  Ky3aTHJiaflHraH B H 6 p a u H H  (T e 6 p a H M a ) Ba p o TauH H  

(aftjiaHMa) xoJiaTJiapHHH x a M  TaBCH(})Jiap 3K 3H . B y H H H r  yMyH  

H A PO  KyMHHHHT y 3 0 K  Ta"bCHp STyBMH KHCM H TypJIH Op^HTa-  

jiapAa, u iyHH HraeK , 6 n p  o p 6 H T a a a  6yjiraH  3a p p a jia p  o p ac H A a  

Ta"bCHp 3TyBMH KBaApynoJib  KyM ^ e 6  Ka6yji k h jih h 3a h . 

K B a 3 H 3 a p p a jia p  (npoTOH eKH HefiTpoH) Ba n a p o  2 +  xoJiaTAa  

6yjiraHfla KBaApynoJib  KyM aftHHKca hkkoji H aM oeH  6ynam- 
H a T H * a A a  KynMHJiHK K B a3H 3ap p ajiap  xoJiaTJiapHAaH  

2 +  xoJiaTrHHa 6 y  KyM T a t c H p H A a  6yjiaAH . HeftTp0H- np0T0H  

y 3 a p o  M y H o c a 6 a T A a  6y jiM a ra H A a  HeftTpoH Ba npoTOH H H H r  

XOJiaTJiapn MycTaKHJi kojih6, h k k h tb  2 +  xoJiaT SHeprHH  

opajiHFnra TyuiraH  6yjiap  3AH . 2 +  h h h t  6 n p  k o m 6 h h 3 U h h c h  

HeftTpoHHHHr xoJiaTH, hkkhhm h k o m 6 h h 3 U h h c h  aca npOTOH 

XOJiaTH 6yjiyp s a h . SK cnepH M eH TaJi Ky3aTHiujiap >Ky(})T->Ky(})T 

HApoJiap^a c^aKaT 6H p rH H a  >Ky(})TJiaHMaraH nacTKH 2 +  caTX  

6opjiHrHHH K y p caT aA H . B y  MOAejira Ky pa  HeftTp0H-np0T0H 

M y H o c a 6 a T  HefiTpoH-HeftTpoH Ba np0T0H-np0T0H MyHoca-  

6aTJiapAa cajiMOKJiH ypH HHH  arajuiauiH jio3hm.
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H a p o h h h t  yTa yTKa3yB4aHJiHK MOjieJiHra (J>opMajiH3M 

T ax M H H a H  douiK a  M OAejuiapAarHAeK  HaTH>Kajiapra o j ih 6  

Kejia^H. B y H ^ a n  HaTH>KajiapAaH Taa>K>Ky6jiaHHm KepaK  3M ac , 

qyHKH x,ap K a H ^ a n  Mo^ejib Ta>Kpn6ajia Ky3aTHJiraH SHeprHH  

CaTXJiapHHH T aX M H H aH  KypcaTHIUH J103HM. A k C XOJIAa, 

y Mo^ejiHH TaKA H M  3THLU M a K c a ^ r a  MyBO(|)HK 6yjiM aHAH . y ^ a  

yTK a3y BH aH  MOAeJib 6ouiK a  M OAejuiapra  H H c6aT aH  K y n p o K  

KaHoaTJiaHTHpaixnraH MOAeji^Hp.

6. 12- §. flUpo peaKUH HjiapHH H  Tai>pn(|)jiaHAHraH MOAejuiap

H A p o  p e aK U H H J ia p H A arn  ( V  6 0 6 )  y 3 a p o  Ta^bCHp HaTH>Ka- 
CHj3,a x ,ap  x h j i  H y H a jiH iu ^ a  y q n 6  K e T a A H ra H  6 n p  H ena  3 a p p a j i a p  
x^ochji 6 y j iH m H  MyMKHH. PeaKUH HJiapHH  y p r a H H i i iA a  T e 3JiaT- 
TH4 AaH  ^ H K a e T raH  3 a p p a j i a p  (H yK Jio H jiap ,  A eH Tp o H Jiap ,  
a jib (} )a -3 a p p a j i a p  Ba x,. k .)  t h h h  T y p r a H  h h u j o h - h a P o  6njiau 

TyKH auiTH pH JiaAH . T y K H a i u a e T r a H  3 a p p a J ia p H H H r  HyKJioH 
TapKH^H Ba HMKH XOJiaTH y 3 rapMaCJIHTH ( 3JiaCTHK COHHJIHUl) 
eKH H K K ajia  a a p o  y 3 hmkh x,ojiaTHHH y 3 rapTH pH iiiH  (H o a jiac T H K  
COMHJIHLU) MyMKHH.

B y H ^ a n  h k k h  M y p a K K a 6  3 a p p a H H H r  y 3 a p o  T a T jc n p n  
M ac aj ia cH H H  eHHLu >Ky^a k h h h h .  U ly H H H r y ^ y H  3 HeprHH 
cn e K T p jiap H H H  T y u iy H T H p H J ir a H A a rn  K a 6 n  H ^ po p eaK U H H J iapn - 
hh TyiLiyHTHpHiUAa x,aM M O A e ju ia p ^ a H  4>OHAaJiaHHJia,aH. 
H a p o h h h t  TyuiaeTraH 3 a p p a r a  Ta^bCHpH n o T e H u n a j i  ypa 6 n j ia H  
a j iM a i u T H p u j i r a H  MOAeJib H A po peaKUHHJiapHHHHr 6 h p h h h h  
MOAeJiH 3 ^ h .  B y  M o ^ e jib  p e a K u n n r a  a j ia c T H K  > K a p a e H jia p  
a co cH H  y j i y u i  k h p h t h u i h h h  aHTH6 6 e p r a H  3AH.

30- HHJiJiapHHHr y p T ajiap n ^a  nacT  3HeprHHJiH HeHTpOHJiap 

TOM OHHAaH  By>KyAra KejiraH peaKUHHJiapAa TonnjiraH pe3o- 

HaHCJiap noTeHunaji yp a  MOAeJinra 3 h a  6yjin6  m hkah . B y  

XOAHcaJiapHH TajiKHH khjihui ynyH  1 9 36  Piujijxa HHJibc B o p  

T ap K H ^H H  (K O M n ay H A ) a a p o  x a K H A a r n  4>apa3HH ojiFa cypAH. 

T a p K H ^ H H  h a p o  y3HAaH  HyKjioHJiap Ba raMMa-KBaHTJiap 

^H K a p a  0JiraHJiHrHAaH, yHHHr x,ojiaTH KB a3H C T au n oH ap  

(^enpjiH  6 a p K a p o p )A H p . T a p K H ^ H H  H A p oA aH  HyKJiOHjiapHHHr  

MHKHiu >KapaeHHHH fl. H .  O p eH K ejib  Ba B . BaftcKon(})jiap 

cyioKJiHKJiapAaH aTOMJiapHHHr 6yFjiaH H6 MHKHUiHra yxu iaT H 6  

Tax,jiHJi KHJiHUiAH. B y  H a3a p H H A a  KaTTa 3HeprH Hra  3ra 6yjiraH 

HyKJiOH eKH HyKJiOHjiap rypyxn  HApo  cnpTHra h k h h  >koh- 

jiapjxa n aH A o  6yjiaAH Ba aap o /iaH  TypjiH sxthm ojijihk 6njiaH 

y n n 6  M HKaAH, /ie6 x^HCO^JiaHaAH. 3appajiapHHHr aapojiap-  

A  a comhjihluh, OA aTAa , n oT eH unaju iap  khphthui 6HJiaH 

TyuiyHTHpHJiaAH. K h m hk  3HeprHHJiapAarn coMHJinuiAa 103 6e-
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d6/da, Mdapn/cp

6. 20- pacM. npoTOHJiapHHHr 

H A p o J ia p A a  sjiacTHK c o m h j ih iu  KecH- 

m h h h h t  6 y p M a K K a  6 o f j i h k j i h t h  
(E„ =  22 M s B ) .

p a ^H r a H  6 n p  KaTop  xo/inca- 

JiapHH T a p K H ^H H  H ^p O  MOfle.TM 

TyiuyHTHpHS 6e p a A H . lO K o p n  

3HeprHHJiapjia yTKa3HJiraH 

Ta>KpH6a;iap  aca h ap o hh h p  

K H CM 3H  IUa4)(()04) SKaHJIHTHHH 

KypcaTAH .

H a p o h h h t  yHra TyuiaeTraH  

3 a p p a  6HJiaH y 3 a p o  Ta-bCHpHHH 

KOMnjieKC noTeHUHaji opKajiH 

H(})OiiaJiaiii M yM KHH . B y H ^ a  

HAPO  KOMnjieKCH CHHJHpHlU 

KypcaTKHM Hra sra 6yjiraH 6 n p  

>KHHCJIH M yXHT CH(})aTH/ia 

Kapajiafln:

n = i k .  ( 6 .3 2 )

KypCaTKH M H H H T  X 3KHKHH 

khcm h  anpora  TyuiaeTraH 3ap- 

pajiapHHHr 3HeprHHCHra moc 

TyjiKHH y3yHJiHK M y x H T ^a  Hewa 

M ap Ta  y3rapHiiiHHH, M aB xy M  

khcm h  sca TyiuaeTraH  TyjiKHH 

KaHAafl y3yHJiHKAa 6yjiraHHAa 

iothjihuihhh KypcaTaji.H. ByH- 

Aafl MOAeJib onruK Modenb fle6 

aTajiaAH . IOthjihiu , comhjihui 

Ba HflpOAaH KH CM 3H yTHUI 

HAPOHHHT «O n T H K »  XyCyCHHT- 

Jiapnra Ba yHra TyuiaeTraH  

3ap p ajiap  o k h m h h h h t  SHeprHH- 

cnra  6ofjihk- Arap H jp o  Tyjia

lOTyBHH, H1.HH K o p a  Hflpo 

6yjica, y xoji^a TyuiaeTraH  

3ap p ajiap  o k h m h h h h t  tyjikhh  

naKeTH Hflpo wmijxan yTOJiMafi, 

yHHHr weKKajiapHfla AH(})paK- 

UHHra a y q  Kejia^H. HaTH>Ka.aa 

coMHJiraH 3appaJiap  flH(})paK- 

u h h c h  By>KyAra KeJia^H 

(6 .2 0 - p a c M ) . B y  p a c M ^ a  x a p  

xhji H ^p o jia p a a  2 2  M a B  3Hep-

THHJIH npOTOHJiapHHHT COMHJIH- 

u ih  KypcaTHJiraH. C o m h j ih u i  

6ypM aK  TaKCHM OTHHHHT M3K-
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CHMyM  Ba M HHHMyMJiapH HApOJiapHHHT y 3a p O  TatiCHpjiapHHH 

Tax,JiHJi KHJiHuiAa TyjiKHH xoccajiapHHH H a3a p A a  TyT H m  3ap y p

SKaHJIHTHHH aJlOXHAa TaijKHflJiaHAH.

C h h a h p h l u  K03(})4)HU,HeHTHra m o c  paBHLUAa noTeHUHaji 

y p a  ynyH  x aM  KOMnjieKC H(})o/La KaSyji KHJiHHraH:

O n T H K  noTeHUHaji M aB x y M  k h c m h h h h f  KaTTajinrH HoajiacTHK 

>KapaeHJiapHHHr K y aaajiaH r  KecHM Hra 6ofjihk . O iith k  MOAejib 

noTeHUHaji y p a  Ba t 3 P k h 6 h h  h a p o  MOAeJiJiapH op acH A arH  

Mo^ejib 6yjiH 6, yH A a  H A po  3appaJiap  o k h m h h h  y3H A aH  

y T K a3aA H raH , K a H T a p a A H r a H , C H H A H p aA H raH  Ba roTaAHraH 

Hpn M  ma<})(})o<}) uiap CH ^aTHfla  T3BCH(})JiaHaAH. KDthjihiu 

6yjiM araH.ua oiithk noTeHUHajiHHHr M aB x y M  kh cm h  HOJira TeHr 

6yjiH 6, 6 y  xojifla Macajia noTeHUHaji y p a  moacjih opKajiH 

KypHJiaflH, (o h hh t  * y A a  KaTTa KH H M aT Jiap H ^a  aca  iothjihlu 

uiyHMajiHK KynaH AH K H , y H ^ a  t 3 p k h 6 h h  H A po  MOAeJiHHHHr 

6ejirajiapH ypHHJiH 6yjia 6 o p a A H . O iith k  noTeHUHaji 

(6 .3 3 )  h hh t  x a K H K H H  khcm h  y3  uiaKJiH 6yflHMa HApoflarH 

MOZUia 3HMJIHTHHHHr TaKCHM OTHTa TyFpH KeJiaflH, JieKHH OnTHK 

noTeHUHaji y 3 0 K p o K K a  qy3HJiH6 KeTaAH.

> K y aa  Kyn 3KcnepHM eHTaji MatJiyMOTJiap TynjiaHraH Hra  

K a p a M a c ^ a H  a ap o H H H r  y 3 a p o  TaiiCHpjiapH 6yflHMa KHJiHHaAH- 

raH HiujiapAa HflpOHHHr noTeHUHaji MyKypJiHTHHH KaHaafl 

maKJifla oJiHiu KepaKJiHTH xaJiH x a M  TyraJi aHHKJiaHM araH . 

A r a p  H A po  KecKHH MerapajiH cyioKJiHK TOMMHCHra yxm aflAH , 

A e 6  (j)apa3 KHJicaK, y xoJiAa noTeHUHaji 3HeprH H  cnpTAa 

KecKHH KaManflH Ba 6hp hhm h  HKHHJiauiHiUAa

H(})OAa opKajiH KypcaTHJiaflH, 6 y  e p a a  u 0 Ba coo —  y 3rap M ac  

KaTTajiHKJiap, R —  n a p o  p aA H y cn . S^rapMac hmkh 3hmjihkk3 

3ra 6yjiraH kcckhh  MerapaJiH jkhcm KypH H H UiH aarH  6yHAafl 

H 4 p o  xojiH^a  yM H6 KejiaeTraH HyKJiOHHHHr hapo- hhujoh 

cnpTHflaH KafiTHiu 3XTH M 0J1JIHTH KaTTa 6yjiaAH. By xyjioca 

Ky3aTHUjjiapAa TacAHKJiaHMaAH. SKcnepHMeHTHHHr KypcaTH- 

UIHM3 , M a3Kyp HyKJlOHHHHT H A PO  HMHT3 KHpHUJ 3XTHMOJ1JIHTH

H H c6aT aH  roKopH 3K3H . Arap h a p o  M eKKacHAarH 3hmjihk 

H0J1A 3H 6ouiJia6 acTa-ceKHH Mai>JiyM MaKCHMaji KH HM aTHraM a 

y3rap ca , y  xojiAa H A p oA a  AH(})(})y3HHJiH cnpT  nafiAO 6yjiaAH . 

ByHAafi CH pTAaH  KafiTHiu sxthm ojijihth K aM aH A H , HA po  HMHra 

k h p h 6 6opHui 3XTHMOJiJiHrH aca moc xoJiAa opTaAH. ByHflafi 

TyuiyHTHpHiu Ky33THJiaAHraH xoJiaTra aHMa h k h h . Hflpo

U =  u-\-iw. (6.33)

/-</? yMyH U(r) =  — (u0+ iw 0), 

r > R  yMyH U(r) = 0

(6.34)

(6.35)
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3HMJiHTHHHHr y3rap H uiH  103 6epaflHraH  Macocj)a, ht>hh HApo

CHpTHHHHT KajlHHJIHTH HApO AH aM eT pH H H H T  Ce3HJiapjlH KHCMH- 

HH TaUlKHJl 3T3AH .

K y n H H M a  Hflpo CHpTHHHHT AH(})4)y3HHJiaHraHJlHrHHH XHC0 6 - 

ra ojiyBMH xaKHKHH noTeHunaji CH(})aTHAa CaKcoH —  By/ic 

noTeHunajiH  ojihh3/Ih:

un-\-iwn
U { r ) = ---- (6-36)

1+ e x p ( ^ _ A )

ByHAa u0, w0 —  y3rapMac KaTTajiHKjiap, r, R , a Jiap 3ca 1.6- § 

A arH  KH HM aTjiapra  sra. Z^H(})({)y3HH (JiaKTopH H A p o  chpth  

KajiHHJiHTHhhht yjmaMH x,HCo6jiaHaAH. CaKCOH —  B y ^c  no- 

TeHUHajiH TyuiaeTraH  HyKJioHJiapHHHr iothjihuih 6yTyH  HApo  

x ,a * M H  6yftHHa 103 6epniU HH H  Tajia6 3TaAH . IOthjihuihh  

K y p caT aA H raH  x ,a^ yMyH hkkh  xhji xoji k h p h t h ji3 a h :

1) Xa>KMHH JOTHJlHIUAa

wn
w  = ----- --~-=— = W o g ( r ) .  ( 6 .3 7 )

2 )  CHpTKH lOTHJlHUlAa

i « = a y ^ x p [ —  ( ^ — f ^ w & i r ) .  (6 .3 8 )

B y H ^ a H  T a u iK a p n , oiithk noTeHUHajira cnHH-op6HTaJi y 3 a p o  

Ta"bCHpHH XHCo6ra oJiaAHraH xazuiap x a M  KHpHTHJiaAH:

u ^ = ^ s „ + i w so] ^ ^ l  ( 6 .3 9 )

A r a p  3KcnepHM eHTJiapAa coMHJiraH HyKJioHJiapHHHr 6yp- 

MaK TaKC H M OTH Aa  (})aKaT M aKCHM yM  Ba M H H H M yM  xoJiaTJiaprw- 

Ha TonHJica, y xoji^a R HApo  paAH ycH  Ba noTeHUHaji x aK H K H H  

k h c m h (w )h h h t  3 h h k  KHHM aTJiapHHH T o n H 6  6yjiM aH AH . Llly 
c a 6 a 6 A a H , o a a T A a , H A po  p aA H y cn  uiyHAafi TaHjiaH aAHKH , yHAa  

U KaTT3JIHK y3HHHHT MaKCHMaJI KH HM aTHHHH T  HpM HTa TeHT 

6yjiaAH . By MoaeJiAa R =  r0A '/3 A e 6  Ka6yji KHJiHHaAH. 

SK cnep H M eH Taji Ky3aTHiujiapra hxuih  moc kcjithphiu yMyH  

H A pOH H H r 3T 0M  HOM epH  Z OpTHUIH 6HJiaH r0 aCTa-CeKHH 

KaM aflH 6 6 o p a A H  Ba tommh MOAeJiAarn t 3 x m h h h h  r0 =  
=  1,3 (})epMH K H H M aT ra  Z > 2 0  6yjiraH  HApoJiapAarH Ha  

apHUiHJiaAH, a e 6  Ka6yji KHJiaMH3. O flaT A a , AH(})(l)y3HH 

(})aKTOpH a hh  sjieKTpoHJiap coMHJiHiuHAarn (1.6- § ra k  )
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K H H M a ir a , ht^hh 0 ,5  c{)epMHra TeHr j e 6 oJiHHaAH. ByHAaft 

a yMyH C a K c o H  —  B y a c  noTeHunaJiH MyKypJiHTHHHHr chhtah- 

pyBMaHJiHTH KecKHH M erapara ara 6yjiraH Typpn 6ypMaKJiH

MyKypJlHK CHHTAHpyBMaHJIHTH/iaH TaX M H H 3H  yM M ap Ta  K3TT3

6yjiajH . LUyHHHr ynyH  H ^p o  c h p th h h h t  KaftTapHLU k o6hjihhth 

uiyHMa M apTa  KaM aH AH .

3 h AH  npOTOHJiapHHHT COMHJlHlll H3TH>KaJiapHHH

(6.20- p acM ra  K-) K y p n 6 MHKaftjiHK. H y K T a jia p  Ta>KpH6aiia 

OJlHHTaH KaTTaJlHKJiap, TyTaill MH3HK 3Ca MeTH itH({)4)y3H51- 

jiauiraH C aK C OH  —  B y ^ c  TH nH AarH  noTeHUHaJi ypa  uiaKJiHra 

acocjiaHH6 noTeHunajiHHHr xaKHKHft Ba M aB xyM  KHCMJiapn
7__ D

yMyH ----  HHHT x a p  XHJI KHftMaTJiapHHH Kyftn6 KHJIHHfaH

x n c o 6jiap HaTH>KacHHH Ky pcaT aA H . X,HCo6jiap,aa noTeHunaji 

y p a  yMyH

H(})OAa Ka6yji KHJiHHraH. ByH.ua 64Z n  yMyH TyTaiu m h3hk u =  

=  5 3 ,4  M s B ,  o ) =  14 ,9  M a B ,  r0 =  1 ,5 3 7  (})epMH, a =  0 ,5 9 9  ({)ep- 

mh, R ' =  1 ,6 9 0  (|)epMH, a ' = 0 , 4 1 6  4>epMH KHftMaTJiapra 

acocjiaHH6 XHCo6jiaHraH . PacM jiaH  aKcnepHMeHTaji Ba onTHK 

Mo^ejib aco cH ^arH  XHCo6jiap y 3 a p o  moc kcjihuih k y p h h h 6  

Ty p H ^A H . O iith k  MOflejib 6yftHMa yTKa3HJiraH XHCo6jiapHHHr 

Ta>Kpn6a MaijJiyMOTJiapH 6njiaH moc kcjihujh Kyn  M apTa 

TacflHKJiaHraH. B n p o K  onTHK MoaejiHHHr 6 y  MyBa(J)(^aKHHTJia- 

pnra  KapaM aft, x a p  KaH^aft Mo^ejib CH H rapn , yHH Hr x aM  

KyjuiaHHiu ^O H p a c H  MeKJiaHraH.

SKcnepHMeHTaji MaijJiyMOTJiap KynMHJiHK aapojiapaa 

KBa3HMOJieKyjiap xoJiaTJiapHHHr M aB *y /i  6yjiHiuH MyMKHHJiH- 

thhh KypcaTa^H. ByH^aft X0JiaTJiap MarHHft-24 TapKH6HH 

HflpOCHHHHT 6aT>3H X,OJiaTJiapHfla Ky3aTHJIAH. HApO-HHUJOH 

C hh 60M6apflHM0H khjihlu yMyH yrjiepo^-12 3appajiapHAaH 

(})oftflajiaHraHfla, 6a"b3aH 12C  THUHAarn hkkh KOMnoHeHTajaH 

H6opaT H jpo  CHCTeMacH x,ochji 6yjiaAH. 20Ne-(-4H e  peaKUHH- 

CH^a xaM  uiyH^aft xoJiaTJiap Ky3aTHJiaflH. B y  hkkh xojma xaM 

yjiap napMajiaHa^H, KyriHHMa napMajiaHHiu hkkh chmmctphk 

C  Hflpocnra awpajiHiu/iaH H6opaT 6yjiH6, 6y sca yjiapHHHr 

KBa3HMOJieKyjuip Ta6naTra ara SKaHjiHrH^aH aapaK  6epaflH.

LUyHAaft khjih6, 3tom  HjjpocH >KyAa khmhk 6yjica x aM , 

yHHHr Kyn xycycHHTJiapn ypraHHJiraH. JlflpoHHHr TapKn6nft 

KHCMJiapn, yjiMaMH Ba uiaKJiH, ae(J)opMauHHJiapra H H c6aTaH

U =
U

( 6 .4 0 )
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SJiaCTHKJlHIH, yH/iarH SJieKTp 3a p n A H H H H r  TaKCHM OT KOHyH H , 

Ky3FajiraH x,0JiaTJiapHHHHr 6a"b3H 6 n p  xycycHHTJiapn Ba x- 

k. jiap aHHKJiaHAH. H A p o jiap H H H r  T a p K H 6n Ba xycycHHTJiapHHH 

6hjihlu yjiapHH ohtjih paBHUi/ia Ty3Hai Ba hhth  3JieMeHTJiap

XOCHJl KHJIHUl HM KOHHHH 6e p a A H .

6.13-§. X,ap xhji ajieKTpoMarHHT yTHuuiap 3x,t h m o jijih fh

K o 6H K Jiap  M o^ejiHAaH  KypHHHLUHMa (6.9- p acM ra  K a p a H r ) 

6HTTa  k o 6 h k  A O H p a c H A a  x a p  aohm  h k h h  >KOHJiauiraH caTXJiap 

MaB>Kyfl 6yjiaflH. Y jiapH H H r /  m om chth 6 n p ra , op6HTaji 

MOMeHTH HKKHTa 4>apK KHJia/lH. y jiapH HHT 6 n p  He^Ta 

>KytJ)THHH c a H a 6  yTaM H 3 :

8<iV. Z <20, \d-.\r> — 2si/2
2 0 <  /V, Z <  50, 1/5/2 — 2/03/2 (G.41)

5 0 <  N, Z <  80, 1^ 7/2 —  '2di/2 —  3s 1/2 
82  <  /V, Z <  126, 1 /19/2 —  2/ 7/22/ 5/2 —  3/93/2 (6 .42 )

A r a p  H/ipoHHHr TyjiKHH 4>yhkuhhch K o 6HKJiap moacjih 

4>yHKUHHjiapHra h k h h  6yjica, KeJiTHpHJiraH >Ky(})TJiap op acH A a  

M l- yTHUiJiap TaKH KJiaHraH  6yjiHUiH KepaK , qyHKH yjiap y^y H  

/  HKKHra y 3 r a p a /iH . A m m o  Ta>KpH6a/ia k v  laTHJiaAHraH 

K y n rn n a  M 1 -yTHiujiapHH (6 .4 1 )  X0JiaTJiap o p ac n A arH  yTHiu- 

Jiap A e 6  T3JIKHH KHJlHLU MyMKMH. ByHAafi yTHLUJiapHH / —  

TaKHKJiaHraH  yTHUUiap a e 6  aTajiaAH . / —  TaKHKJiaHraH  

yTHLUJiap 3XTH MOJIJIH THIIH CnHH Op6HTaJI JiyilJieT KOMIIO- 

HeHTJiapn (/-)-1/2-<— >-/— 1 /2 )  op acH A arH  yTHiujiap 3xth- 

MOJiJiHrH 6H ,iaH  TaKK oc .aam  iuyHH KypcaTa/iH KH , / —  TaKHK- 

.naHraH ytnm jiap  / —  pyxcaT  3THJiraH yTHUijiapra Kapa- 

raH Aa  y p T a ^ a  6np-HKKH T a p T n 6 K aM p o K  3Xthm ojijihkk3 ara. 

By ^ajiHJi yTHiujiap/ia h luthpo k  3TaeTraH  xojiaTJiap T a 6n a T H  

K o 6HKJiapHHHr 6np 3appajiH  moacjih 6ep a/iHraH  T a 6HaTH ra 

H H c 6a T a n  M y p a K K a 6 p o K  3KaHJinrniiaH ziajiojiaT 6e p a ^ H . 

HyKJioHJiap xap aK aT H /iarH  Koppe.Tau.HH xojiaTJiapHHHr 

TyjiKHH (JjyHKUHHCHHH M y p a K K a 6jiauiTHpaAH. /J.eMaK, / —  

pyxcaT  3TH.iraH y THUiJiaP bxthmojijihth KaM an /iH , l —  

TaKHKJiaiiraHJiapHHKH sca  HOJi/iaH (})apKJiH 6yjia/iH. LUyHra 

K a p a M a c n a H  / —  TaKHKJiaHraH  M \-yTHiujiapHHHr / —  pyxcaT  

3THJiraiiJiapHHKHra HHc6aTaH  y p T an a  KaMJinrn K o 6nKJiap 

Mo/iejiHra acocjiaHraH  cH({)aTHH xyjiocajiapHHHr Tyfp hjihth hh  

K y p caT aA H .

K ,o6HKJiap MO/iejiH yqyH TyFpn  6yjiraH apryM eHTjiap  

HApojiapiiHHr nacTKH xoJiaTJiapH o p a c H ^a r H  £1  -yTHUiJiapHHHr
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6.  2 1 - p a C M .  K h  4h  k 3neprHHiiH £ l - y r n m j i a p  y ^ y n  

KejiTHpHJiraH Hiuau] B a K T J ia pn n H n r  N H eHTpoHJiap  coHH ra  

6orjiiiKJiHrH. H a 3 a p H i i  h h 3 h k  - 6 n p  np0T0HJiH yTHiujiapra 

TerHiujiH caT\. 3 n e p r H a . n a p n  M bB, sipnm Hiuaiu B a K T i a p w  

c e K y n iu ia pA a  6epn ,nraH .

yMyMHH cycTJiHTHHH x,aM CHtjjaT >KHxaTAaH TyiuyHTHpHUira 

h m k o h  SepaAH. By cycTJiHKHH 6.21- pacM^aH Kypnui MyMKHH. 

Y h a 3  l g (7 ’\nEyA 1/;t) HHHT KHHM aTJiapHHHHT HeHTpOHJiap 

coHHra Sofjihkjihth  KejiTHpHJiraH. A^^Ey —  KarrajiHK caTX,- 

h hh t  apH M  Hiuaui A a B p n  eKH £ 1 -yTHUJHHHr KeJiTHpHJiraH 

Huiauj BaKTH &e6 arajianii-
6.21- pacM^a KejiTHpnjiraH £l-yTHUiJiap npoTOH yTHiujiap- 

ra HHc6aTaH 103— 10 MapoTaSa ceKHHJiaiuraH. By  xoji 

k o S h k jih  Mo/ieji £ 1 -yTHiujiap/ia, ajiSaTTa * y a a  MypaKKaS 

KyHH 3HeprHHJiH x,0JiaTJiap 6yjiraHJiHrH 6njiaH TyuiyHTHpHJia- 

AH. E hthji HApojiap^a 3XTHMOJiJiHKJiapH Ha3apHH XHCo6jiaH- 

raH KH H M aT ra  h k h h  KaTTa 3HeprHHJiH yTHiujiap MaBJKy^. Arap
4.1-§ Aa KeJiTHpHJiraH (})opMyjiajiapHH paKo6aTJiaiuaeTraH 

M L  Ba £ ( L + 1 )  eKH EL  Ba A J ( L + 1) yTHUijiap sx ,t h - 

MOJiJiHKJiapH HHc6aTHHH XHCo6jiauiAa HuuiaTcaK:

w m r i n  ” f c ) !' ' ° ~ 'A ~n‘a m A ~W ( h u ) , 6 -4 3 )

( 6 '4 4 )

6yjiaAH. B y H A a  (-e-)(})M na, hu —  Mera3JieKTp0HB0JibTJiapAa

cwiHHaAH. KypHHH 6 t y p h 6 a h k h , 1 M a B  3HeprHHJiapAa, xaTTo 

yTa o f h p  ( / 1 ~ 2 0 0 )  H/i,po,napAa xaM k h m h k  MyjibTHnoJiJiH



VTHLUJiap 3X,THM(WUlHrH K3TT3 pOK. LLIyHH KaHjX KHJIHLU 

KepaKKH , 6 y  x,HCo6jiap y M y M aH  oJiraHfla CH(|)aTHH KH HM aTra  

ara. Ta>KpH6a/ia Ky n H H ^a  Ml sa £2-yTHLUjiap paKo6aTJiam H-  

luh Ky3aTHJiajLH. By 6ax,c/ia Hiipo CTpyKTypacHHH  Tai.CHpH 

£ 2  yTHUJJiap 3x,THMOJiJiHKJiapHHH KeJiTHpraH Myjioxa3aJiap/iaH 

OJiHHraH KH HM aTJiapHAaH  yTa KaTTa 3KaHJiHrH/iaH ce3HJiH6 

T y p aA n . O a a T /ia , £l- yTHUiHHHr KeJTTHpHJiraH HUiaiu b b k th  J3,e6 
aTaiuaA H . Arap B (E  1) KeJiTHpHJiraH sxthmojijthkhh 6axojiauj 

yqyH (4 .41 ) H(j)o/ia KyjuiaHHJica, yHAa

W = —, Ti/2=  (ln2)x M yHOca6aTJiapHH  xnco6ra oJiraH xoji/ia 

KyHH/iarHMa e3Hm MyMKHH:

Tir£lAVi~  1 0 “ l4c. (6 .45 )

LUyH/iaH khjih6, arap (4 .4) 6axojiauj TyFpH 6yjiraHAa 3/lh, 

yH/ia xaMM a £1 -yTHUijiap aroHa KHHMaTra 3ra 6yjjap 3/j.h: 

10-14 c (pacM/iarH nyHKTHp m h3hk). A r a p  peaji KeJiTHpHJiraH 

3XTHM0JIJ1HK (4 .4 ) acoc/ia ojiHHa/iHraH/iaH KaM 6yjica, yH/ia 

peaji Huiauj bhkth 10-14 c aaH kbttb 6yjia/iH. (6 .22 ) Ba 

(6 .21 ) pacMJiap/xaH KypHHH6 Typn6/iHKH, £l-yTHmjiap yMy- 

MaH (6 .45 ) ra HHc6aTaH TypT Ba yHAaH Kyn TapTH6ra 

ceKHHJiaiuraH 3Kah. £1 -yTHiujiapHHHr 6y xycycHHTHHH Ty- 

ujyHTHpHiuAa TaHjiaui KOH/xajiapn 6yHAafi yTHLUJiap/ia n/ipo- 

hhht Tyjia MOMeHTH ynyH KyHH/iaFH y3rapHiujiapra ftyji 

6epa/iH: A /  =  0 ,± 1  Ba TyjiKHH 4>yHKUHHCHHHHr >Ky(})TjiHrH 

y3 rapHuiH KepaK. A r a p  yTHiu acocaH  6 HTTa HyKJioH xojiaTH- 

hhht y3rapHiuH XHCo6Hra 103 6epca, yHAa yHHHr MOMeHTH xaM 

y3rapHUiH KepaK, ht>hh ( A / ) = 0 , 1 ; (  —  1) II,+n'+ l= - f- 1. ByH- 

A3H A / = l  Ma"bHO KeJlH6 HHKa/lH. JleKHH 6np  3appaJlH 

cxeM a^a y3 a po >KOHJiaiuraH xoJiaTJiap opacn/ia LuyH/iaH 

y3rapHiura sra j Ba / caTXJiap flyK- 6.22- pacM/ia KejiTHpnjiraH 

auiaui BaKTJiapH/iaH £2-yTHiujiapHHHr 6 np npoTOHJiH yTHUj- 

Jiapra HHc6aTaH yTa Te3 SKaHJinrn KypHHH6 TypH6 /iH. ByH/ia 

MaTpnua 3JieMeHTJiap HeHTpoH coHHra K ap a6  opTH6 6opH6, 

HKKHTa cexp/iH coh opacH /ia  MaKCHMyMra eTa/iH. ByH/ia 

£2-yTHLUJiapHH Bop-MoTTejibcoH KOJUieKTHBjiamraH aftjiaHMa 

yTHmjiapH AeftHJia/iH.

LIpoTOHJiap Ba HefiTpoHJiap cohh 30  AaH KaTTa 6yjiraH 

H/ipojiapHH KypH6 MHKcaK, yjiapHHHr caTXJiapH cxeMacHAa 

A/ =  1 ra ara 6yjiraH y3apo hkhh *oftjiam raH x0JiaTJiap 

Ky3aTHjiaAH. B y  cnHH-op6HTaji y3apo TaiaCHp Hara>KacH/ia K)3 

6epa/iH. By  y3apo TatCHp /-(-1/2 rypn/iarH caTXHH ocuhjijih- 

topjih 6om  KBaHT cohh N  6yjirau Ko6nKKa /V-|-l Ko6HK/jaH
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6. 22- p a c M . E2- y T n w / ia p  y q y H  K e jiT H p H J ira H  a u ja u i  B a K T Jia p w -  
h h h t  N  H e iiT p o H Jia p  c o H H ra  G o f j i h k j i h t h .  H a 3 a p H H  n y H K T n p  M H 3 H K Jiap  
6 h p  n p oT O H JiH  y T H U i J ia p  y n y H  X H C o 6 jia H ra H .

TyuiH paAH . M a c a jia H , l g 9/2 caTX, 1 / 5/2, 2 p3/2> 2 p  1/2 caTXJiapra 

eKH \h ll/2 caTX, 2d5/2, 2d3/2, l7/2 caTXJiapra hk,hh >KOHjiamraH. 

By MHCOJiJiap KypcaTHUiHM a, A l=  1 SyjiraH M aBJKy^ xo jiau iap  

opacHfla ( A /)  = 0  eKH (Aj) =  1 SyjiraH >Ky(J)TJiapHH TaHJiaui 

M yMKHH 3M ac . B y H ^ a H  xyjioca uiyKH, Ky3aTHJiaeTraH nacT 

SHeprHHJiH £l-yTHLUJiap kcjih6 HHKHiujiapH cafiaSMHCH TyjiKHH 

(j)yHKUHHJiapHHHHr KHMHK KOMnOHeHTJiapHflHp. By KOMnO- 

HeHTJiapaa fl- yTHiujiap  yMyH 3 a p y p  M y p a K K a 6  xoJiaTJiap 

apajiauiM acH  M a B * y a  Ba 6 y  yjiapHHHr yM yM HH  cycTJiauiraH- 

JIHTHHH T y m y H T H p aA H .

H ap o jiap H H H r  afipHM K y 3FaTHJiraH xoJiaTJiapHHH 3appa- 

TeuiHKjiH K y 3FajiHUiH A e 6  TaxJiHJi khjihui M yMKHH. By 
XOJiaTJiap H ^p o r a  SH eprnn  6epHJiraH/ia O e p M H  caTXHflaH 

nacTKH caTXHH  TyjiAupraH Hym ioHJiapAaH 6 h p h  toKopH 

caTXJiapjaH  6 n p H r a  y T a^H . 3 HeprHHCH 10-^20 MaB 6yjiraH 

6 y  T yp Aarn  K y 3Fa.iHiujiapra rHraHT pe30HaHCJiap ^ e 6  aTaji- 

raH K y 3FaJiHUiJiap KH paAH . Y jiap  a a p o r a  raMMa-KBaHTJiap
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eKH 6otu K .a  3 a p p a j r a p  t o m o h h a 3 h S ep H J ira H  K y 3 FajiH ui 3 Hep- 
rHHCHra S o f j i h k .  paBHUJAa KeHr MaKCHMyM Jiap CH(j)aTHAa 
K y 3 aTHJiaAH. By x o j ia T J ia p H H H r x ycycH H TJiapH H H  6 h p h h m h  
6 y j i u 6  T .  B o j i3 y H H  B a  T .  K J i a f t 6 e p  H A p o jia p H H H r raMMa- 

KB3HTJiapHH (J)OTOIOTHUlH ( H3TH>Ka/I,a HflpO 6yjlH Ha^H) KeCH- 

MH^a aHHK MaKCHMyMHH K y 3 aTflH Jiap. KeftHHHaJiHK rn y H ra  
y x u i a u i  MaKCHMyMJiap 6 o u i K a  ( J ) o to io t h iu ,  MacaJiaH, 6HTTa eKH 
6 n p  He^Ta H efiT poH Jiap  yMH6 M HKa/m raH ( y ,  n ) ,  ( 7 ,  2 n ) , ( y ,  
np ) , ( v ,  3 n),  ( v ,  2np) eKH npoTOH M H K a^ nraH  ( y ,  p) peaKUHH- 
j i a p  KecH M JiapH ^ a x a M  t o h h j i a h .

O o to io th u i peaKUHHJiapH M axcyjioTjiapHHHHr 6ypM aK 

TaKCHM OTH HH  ypraHHUi uiyHH KypcaTa/iH KH , 6y >KapaeHfla 

H/ipora 6n p ra  TeHr 6y p n a K  m om chth  6epHJia/iH Ba 6ynjxa 
4>a30BHfi >Ky(|)TJIHKHHHr y3rapHiUH  103 6e p aA H . M h c o ji , aCOCHfi 

XOJiaTH / "  =  0 +  6yjiraH >Ky(^T->Ky<J)T H/ipo k b 3 h t h h  lOTraH/ia 

6HJiaH xapaKTepjiaHaflnraH  xoJiaTra yTa/iH. LUy 

acoc/ia / " = 1 “  xojiaT 3JieKTpHK AHnojib £ l- p e30H aH C  hom hhh  

ojiah.

10— 20 M a B  SHeprHH opajiHFH/ia H/ipojiapHHHr Ky3FajiH- 

uihhh ypraHHUi yqyH 6ouiKa  3JieKTpoMarHHT >KapaeH —  

SJieKTpOHJiapHHHT H03JiaCTHK couhjihuih KyjiJiaHHJia/iH. By 

coHHJiHui/ia yHH6 KejiaeTraH 3appajiap 3HeprHHCHHHHr 6np  

khcm h  H/ipora 6epHJiaAH Ba H3TH>Ka/i,a y Ky3Fajia/i,H. 

SjieKTpoHJiapHHHr yjmaHraH 6yp 4aK  t3Kchm othhh Ha3apHfi 

X h c o 6 6HJiaH TaKKocjiauiH HHr KypcaTHU iHHa , 3HeprH HHH Hr 6 y  

KHftMaTJiapH^a (|)aKaT £1 pe30HaHCJiaprHHa 3M ac , 6ajiKH 

>Ky(})T->Ky(t)T H ApoJiapaa cnHH  Ba >Kyc|)TjiHKHHHr 6ouiKa 

KHftMaTJiapnra 3ra  6yjiraH  6ouiKa  xojiaTJiap x a M  naft/1,0 
6yjiaAH: 0 + (MOHonojib pe30HaHCJiap —  EO), 1+ (MarHHT 

AHnoJib pe30HaHCJiap —  M 1), 2 + (sjieKTpHK KBaApynojib  —  

£2), M2 (M arHH T K B a /ipyno Jib—  M 2), 3 “  (sjieKTpHK 

0KTyn0Jib) Ba xo K a3o . LUy xoJiaTJiap HHa KyMJiH y 3ap oT a"bC H p  

ocTH/ia yTa/iHraH  peaKUHHJiap.ua, ht>hh iokoph SHeprHHJiH 

npoTOHJiap, a- 3appajiap , 3He, Li HOHJiapn xaM /ta  ajieMeHTap 

3appajiap, ji —  M e30HJiap 6HJiaH 6yjia/iHraH peaKUHHjiap/ia  

x a M  TonHJiraH.

OjxaTjxa, pe30HaHCJiap xaKHAa ranHpHJiraHfla, Ma^JiyM 

cnHH Ba *y(J)TJiHKKa ara dyjiraH Ky3FajiHiu kb3hth eKH (})ohoh 

TyuiyHMacH KyjiJiaHHJia/jH. M acajiaH , £1 -pe30H3HCHH / n= l _  

ra TeHr 6yjiraH (^ohohhhht, £ 2  —  pe30H3HCHH aca / "  =  

=  2 +  (})OHOHHHHr naft/io 6yjiHuiH a.e6 KapajiaAH.

K y n  c oh jih  Ta>KpH6ajiapHHHr KypcaTHUiHMa, 6aeH k h j ih h - 

raH pe30HaHCJiap Macca c o h h h h h f  y3rapHUiH 6HJiaH 

( ^ A 1/*) TeKHC y3rapa/iHraH 3HeprHHra Ba pe30HaHC Typnra
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6.8- jk a a b a ji

Pe30HaHCmfHT MyjIbTM- 3Hepmn KeHrjiHK H30CriHH
nojuinrn MaB

EO-3JieKTpMK 80 A— 1 / 3 2+4 0
EI-3JieKTpHK flMnOJIb 78 A~ 1 / 3 4+8 1

E2 3jie.KTpnK KBaflpynojib 63 A~ 1 / 3  
(120— 130) A“ -1/3

2,5+7
5+10

0
1

K,apa6 6 n p o 3  y 3 r ap aA H ra H  K a ir a  KeHrjiHKJiapra 3ra 

(6.8- >KaflBaji).

KaflA  khjih6 yTHJiraHHAeK, THraHT pe30HaHCJiapHHHr 

M HKpOCKOnHK Ta6H aT H  3appa-TeiUHK Ky3FajIHLHJiap 6HJiaH 

6eJirHJiaHaflH. U ly H H H r y 4 y H  pe30H3HCJiap SHeprHHCHHH CH(j)aT 

6y H H H a  T a K H K  khjihhj ynyH  h a p o h h h t  acocHfl x,ojiaTH 6HjiaH 

6oFjiaHraH , Karra  KejiTHpHJiraH axTHMOJiJiHKKa 3ra  6yjiraH 

3appa-TeuiHK Ky3FajiHUjjiapHH K y p n 6  M HKaM H3. i3,acTJia6 

£l- yTHiujiapra TyxTajiaM H3. M a 3 K y p  naparpa({)Aa  KypcaTH- 

jiHuiHMa k h u h k  3HeprHHJiH E 1 -yTHiujiap cycTJiauiraH, ko6hk- 

Jiap Mo^ejiH 6yflHMa h k h h  >KofljiauiraH caTXJiap opacn/ia  

A / = l  Ba A /  =  0 ,1  6yjiraH xoJiaTJiapHH TonHiu M yM KHH 3M ac . 

A m m o  3HeprHHjiapH T axM H H aH  Ko6nKJiap  opacHflarH Maco(j)a- 

ra TeHr 6yjiraH yTHUiJiap o p acH A a  iuyHAafl xoJiaTJiapHH TonHiu 

ocoh. M a c a jia H , Z = 8 2  npoTOH  CHCTeMacHija yjiap KyflHflarH 

yTHiujiap 6yjiHiuH M yMKHH:

( I & 9/2) n ( I 6 9 /2) 10’ ( 2 ^ 5/2) n ( 2 f 7/2) 10

( I 611/2) n— ( lf 13/2) iw (2^3/2) n-*" (2/ 5/2) 10 ( 6 .4 6 )

( 3 ^ 1/ 2) n ( 3 p 3 / 2) 10’ ( 3 s  l/2) n * ( 3 P  1/ 2) 10

By ep/ia « n »  HuaeKc O e p M H  caTXH/jaH  n a c T K H ,« IO »  HH/jeKC 

aca ioKopH caTXJiapHH 6ejirHJiaflAH. By yTH uuiap H H H r x a p  

6 h p h  nacTKH caTXAa  >KofljiaujraH HyKJioH raMMa- KBaHTHH 

ioth6, iokoph caTX,ra yTraH Aa  103 6epa,HH. HaTH > KaAa  3appa- 

TeiUHK Ky3FajiHuiH K)3ara KejiaflH. By yTHiujiapHHHr SHeprHH- 

jiapu KaM  (})apK KHJiaAH, sm m o yjiapHHHr ypTaMa MaMajiaHraH 

3HeprHHCHHH ocuHJiJiHTop noTeHUHajiH MOAeJiH e p ^ a M H A a  

aHHKJiaui M yM KHH. By Mo/iejib 6yftHMa Ko6HKJiap  opacH /iarH

3HeprHHJiap (})apKH Sa)0 ~ 4 0 / 1  _I/3M3B.

K a T T a  3HeprHHJiH EO  Ba E2 TypHAarH  yTHUjjiap, aji6aTTa 

Ko6nKJiap  ouia *oftjiaujraH  caTXJiap op acH A a  103 6epHiUH 

KepaK , 6 o u iK a 4 a  aftTraHAa, 6y H A a  6oui ocuhjijihtop cohh
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N  HKKHra y3rapHUJH KepaK  (AjV =  2). ByHflafi TaHJiam  

KOH AacH  EO  Ba E2 yTHUiJiapaa xojraT >Ky(J)TJiHrH y3rapMac;iH- 

th 6HJiaH 6ofjihk . B y  >Ky(})TJiHK N  eKH l SnJiaH aHHKJiaHaflH: 

( - 1 ) ' = ( - 1 ) «

A A / =  0 yTHUijiap «cexp jin»  cohjih H /ipojiapAa M aBJKya 

3M ac , 6 e p K  6yjiM araH  Ko6HKJiapra  ara 6yjiraH H ApoJiapaa aca 

3HeprHHJiapH ~ 1  M a B  ra TeHr 6yjiraH xojiaTJiapHHHr x,ochji 

6yjiHuiHra ojih6 KejiaflH.

UlyHAaft khjih6, iokoph 3Heprnhjih  3appa-TeuiHK xoJiaTJiap 

yMyH SHeprHHJiapHH MaMajiaui pe30HaHCJiap 3HeprHHCHHHHr

M acca  coHHra ( y 4 _ l / 3 ) 6ofjihkjihfhhh  H^oAajiaflflH, jieKHH 

HOTy Fpn a 6coJiioT KHHM aTJiap 6e p aA H : £ 1  —  pe30HaHC  

y u y H ~ 4 0  A - '/ ;iM 3B ,  EO  Ba E2 pe30HaHCJiap y M y H ~ 8 0 A - '/ 3 

M a B  (6.8->KaABaJira K a p a H r ) . Pe30H aH CJiap  3HeprnHCHHHHr 

TyFpn  a 6coJiioT KH HM aTHHH  ojihui yMyH O e p M H  caTXH/iaH  ioko- 

p H A arn  Ba nacT A arn  caTXJiap/ia JKOHJiauiraH HyKjioHJiap opa- 

CH Aarn  y ^ a p o  TaTicnpHH x,HCo6ra ojihui jio3hm.

6 .14- § . ^ A p O H H H r  HHepUHH MOMeHTH

AfljiaHMa xojiaTJiap Ta6HaTHHH ypraHHiu hapo cneKTpo- 

CKonHHCHHHHr KaTTa KH3HKHUIHHH y3Hra TopTa^H. Tan  

uiyHAaKH, aftjiaHMa xoJiaTJiapHH kcjih6 mhkhui ca6a6jiapH —  

x,aHy3raMa MHKpocKonHK, ht>hh raMHJibTOHH Kyn 3appajiH 

CHCTeMa yMyH LUpeflHHrep TeHrjiaMacn eMHJiMaraHJinrHAHp. 

LUy 6oHCAaH iokoph Ba yTa iokoph SHeprHHJiH Ba J cfihhjih 

caTXJiapHH Ta>KpH6a ftyjiH 6HJiaH TonHui, ypraHHiu 0JiHMJiap- 

hhht ^oji3ap6 MacajiajiapHflaH 6npH 6yjiH6 KOJiMOKAa. Bop  

SKcnepHMeHTJiap (AK,LLI, Ahtjihh, O p a H U H H )A a  >Ky(})T->Ky(})T 

Ae(})opMauHHJiaHraH H/ipojiap/ia cnHHH 567i, tok  H^poJiapaa 

8 1 1 »
aca c n H H H ---- n 6yjiraH caTX^iapraMa ypraHHJiraH.

Z

C y H rrH  naftTJiapAa o fh p  HOHJiap Te3JiarrHMjiapH HUira 

TyiUHpHJIHUIH 6HJiaH yTa  lOKOpH 3HeprHHJlH Ba CnHHJlH 

CaTXJiapHH Ta /IKH K  KHJIHUI HMKOHHHTJiapH OMHJIMOKfla. X o 3Hp- 

th KyHJiap^a cnHHJiapn J = 100h  —  d  h k h h  6yjiraH  H/ipo 

XOJiaTJiapHHH K y 3FaTHUI M yM KHH. O F H p  HOHJiap 6HJiaH 

H^p ojiap  6 0 M 6 a p A H M 0 H  KHJiHHraH.ua acocaH  HpacT  caTX.nap, 

H"bHH 6epHJiraH cnHH  m om chth J p,a 3Hr nacT  SHeprHHJiH 

caTXJiap Tyji^HpHJia/iH.

6.23-pacMAa caTX 9HeprHHJiapHHHHr (,4->-160 6 yjiraH 

H ^ p o  yM yH) ciihh MOM eHTH J ra 6ofjihkjihth  KejiTHpnjiraH. 

LU ipH XjiaH raH  io3aHH  nacTKH mh3h fh  —  npacT  mh3h fh  6e-
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pnjiraH J yqyH sht khmhk 

3HeprHHJiap KH H M aTH H H  6e- 

paAH. By HpacT caT^JiapHH 
6Hp-6H p n r a  yjiaftjiHraH 

HpaCT MH3HKJiap HApOJiap- 
HHHT aftjiaHHHI Te3JIHTH Op- 
THHJH 6HJT8H HHepUHH MO- 
MeHTJiapHHHHT y3rapHHJHHH
K y pcaT aA H . Y c t k h  m h 3 h k  

aca t o m m h  acocHAa x,h c o 6- 

jiaHraH HApojiap 6yjiHHHUj 

OCTOHa 3HeprHHCHHHHT CIJHH 

(})yHKU.HHCH CH(|)aTHAa 6e- 

pHJiraH.

£, M36

6. 23- pacM. ^HeprHHHMHP caTX,- 
jtaphhhr cnHH KHHMaTHra Sofjihk^h- 
thhh KypcaTVBMH /inarpaMMa.

K h 3h f h  uiyHjiaKH, Luy KyHrana HApo xaKHAa Ma-bJiyMOTJia- 

pHMH3 6.23- pacMAarn AHarpaMMaHHHr s h t  k h h h k  6 ohj

coxacH^a Man 6ypMarHAa eTa^H. Bh3hh KH3HKTHpraH Macajia, 
npacT-HH3HK aTpoc})Hfla 6np o p  a>KoftH6 xoA H ca  tohhjthhjh 

M yM KHH 3M 3CM HKHH? /la p x ,a K H K a T  xyjiAH uiy coxa/ia  «op$aea 
K,aupuAMa» xoiiHcacH Kaujc}) 3thjjah, yHHHr ycTHra 6yHAaft 

H/jpOJTapHHHF COHH KyH/L3H-KyH Op TH6 6op M O K A a .

LUyHiiaft khjih6, KaTTa M apK33A .ah  KOHM a Kynjiap TaJ^cnpH 

ocT H ^arH  H ^ p o  M aTepHH CHH HHr xycycHHTJiapHHH ypraHHHJ 

HMKOHH TyFHJlAH. ^K C n e p H  MeHTajl H3TH>KajiapHH TyUiyHHLH 

yqyH h a p o h h h t  aftjiaHMa 6ypM aK  Te3JiHrn ( coaiij, ) Ba x a p a K a T  

M HKAOpH  MOMeHTH J  =  h —  -yjJ ( J 1) 6yjlFaH aKCHaJI-CHM-

M eTpHK pOTOpHHHT HHepUHH MOMeHTH OpaCHAa  UiyHAaft 

6oFJiaHHUI 6opJlHPHHH aftTHUJ MyMKHH!

dE dE

dJ

r-

hd[J (J - 

hl

1)
,1/2 ■

dE 

hdj'
(6 .47 )

(6 .48 )

By (j)opMyjiajiapuaH KyftHAarH mvxhm (})opMVJiara KejiaMH3,-

J =  h2J
dJ

~dE'
(6 .49 )

H p acT  TpaeKTopHH (m h3hk) 6epHJiraH HApo ywyH 3HeprHH 

E h h h t  J ra 6ofjihkjjh fhhh  K y p caT aA H . (E, J) TeKHCJiHKAa

(6 .41 ) Ba (6 .42 ) <})opMyjiajiap acocHAa xap 6 n p  h a p o h h h t  

HpacT xoJiaTJiapn ynyH a)aiijI Ba J h h h t  KHftMaTJiapHHH TonHiu

2 J
Mymkhh. O^aTAa

hz
h h  aH .naHM a SH eprHH HHHr KBaapaTH
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6. 24- a, 6  pacM. HeitTpoH 

coHJiapH 9 6 - ^ 1 1 6  Ba 88-^ 

- ^96 npoTOHJiap cohh 74 

-^-80 Ba 6 2 - ^ 7 2  raHa 6yjiraH

HApOJiapHHHT HHepUHH MOMeHT- 

JlapHHH Hflpo aHJlaHHUIHHHHr 

SypMaK Te3.THTH KBaapaTHra 

OoFJIHKJIHrH. KhHUIHK MH3HK- 

Jiap ycTHAarH HyKTajiap HpacT 

x,o.iaTJiapHHHr cnnH KHHMaTJia- 

pn (cHCTeMaJiauiTHpraH P. B. 
B e K W O H O B ) .

(^®afiji.)2 ^HJiaH 6oF^aHAHraH HH3HK TaflKHK KHJlHHaflH.

6.24- a, 6, pacM/ia Ae(|)opMauHHjiaHraH Hiipojiap afljiaHMa 

6aHflJiapHAarH HOMyHTa3aMJiHK, «opK,aea K,aupuAUUi» KejiTH- 

pHJiraH. O p K ara  KaftpHJiHUi eKH HHrjiH3Ma 6eK6eHAHHr 

3(|)(|)eKTH hoahp ep 3JieMeHTJiapHAa /=10-^16, yTHui 

HapojiapAa sca J =  4- ^8  6yjiraH x,0JiJiap/ia xaM Ky3aTHJiMOK_ 

j.a. BeK6eHflHHr xoAHcacn xap Tapa(})JTaMa ypraHHJiMOKAa.
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Hf

62 64 66 68 70 —  2
A M M O  OJIHMJiap HflpOHHHr HHepUHfl MOM eHTHHHHr afljiaHHIU 

qacTOTacHra 6oFjiHKJiHrHHHHr (})h3hk Mat>HOCHHH oxnpH raM a 

TyujyHHS eT M a^H .

CnHH /  hhht 6a'b3H KHHMaTJiapHiia 6ab3aH  hapohhht 

HHepu,HH MOMeHTH 6HpAaH uiyHAafl Te3 KaTTajiauiH6 KeTaAHKH, 

y H A a  KaTT a cnHH MOMeHTjiapH y ^ y H  h/ipohhhf aftj iaH H ui 
Te3JiHFH KaMan 6ouuiaflAH, 6.25- pacMfla C s  H^po HpacT 

TpaeKTopHHCH KejiTHpnjiraH. YH.ua / = 1 0  6yjiraH/ia o p K a r a



^ammaq pomamop 
y*/y/f o/tuHzaH 

K^auMam

6.25- p a c M . Ue3HH- 132 h

pOCH yny H  HHepUHH M OM eHTH HHHI 

anjiaHMa SHeprHHJiapHHHHr KBaA- 

paTHra 6oFJiHKjiHrn. K aTTHK  >k h c m  

HHepUHH MOMeHTH HApOHHHT aCO- 

c h h  xojiaTH yny H  (o) =  0 )  x,h c o 6- 

jiaHraH.

K aHpHJiHiiiH  B y > Ky Ara  KeJin6 

HApOHHHr aHJiaHHUI Te3JIHTH 

/  =  2 Ba / = 1 4  cnHHJiap ynyH 

A e n p jiH  6 h p  xhji. H H e p u n n  

MOMeHTHHHHT 6yHAaH  KeCKHH 

y3rapHIUH HAPO MaTepHHCHHH 

y T a  o K y B M a H  x o ji a a H  H o p M a ji  

W Jira  (J)a30BHH yTHiujiapH- 

A a H A H p .  U l y H ^ a H  k ,hjih6 , o f h p  

HOHJiapHH Te3JiaTHUI 6HJiaH 

6Hpra HApo (j)H3HKacH coxacH- 

AarH Kyn h h t h  Kaui(})HeTJiap- 

H H H T  ryBO^H 6yJIHUIHMH3 3*- 

THMOJI^aH XOJIH 3MaC.



VII 6 o 6

f l A P O  3 H E P r E T M K A C M

7.1- §. # A p o jia p  SyjiHHHUUHHHHr acocH H  xycycHHTjiapH

O jia h h th  6o 6 jia p A a  THJira ojihhrah HApo  peaKUHHJiapn 

6yflHHa yTKa3HJiraH Ta>KpH6aJiap H A po  crpyK TypacH  x a K H A a  

M atJiyM OT ojihui BocH TajiapHAaH  6npHiiH p . JleKHH sht KyujiH 

Te3JiaTrH4jiap epaaM Hiia  aMajira ouiHpHJiraH Hiipo peaKUHH- 

JiapH^a xaM  6 h d  coaTiia napqajiaHHiiiH M yM KHH 6yjiraH 

aTOMJiap cohh  10 5 hh TauiKHJi 3TaAH  xojioc, BaxojiaHKH, 6 n p  

rpaMM MOA/iafla y p T an a  OFnpjiHKAarH aTOMJiap cohh  1022 hh 

TamKHJi 3TaflH. H ^ p o  SH eprHH CHAaH  aMaji/ia (})OHAajiaHHiu 

ynyH  uiyHAaft uiapoHT HpaTHiu KepaKKH , 6 y  * a p a e H A a  M OAAa 

HiipOJiapHHHHT KynMHJIHK KHCMH HUJTHpOK 3THUIH eKH Te3JiaT- 

KH4JiapH/i,arHra K a p a r a H A a  mhjijihoh M ap T a  Kyn hht6hchbjihk- 

Ka ara 6yjiran  3ap p ajiap  M a H 6a H r a  ara 6yjiHui KepaK. 

ByjiHHHUiHHHr Kauuj) 3thjihuih 6hji8h  6ynflafi M aH 6ajiapH H  

HpaTHlU HMKOHH TyFHJIAH.

S^Ta OFnp HApojiap Kyn cohjih npoTOHJiapra ara 6yjiraHH- 

A 3 H , 6 a p K a p O p  6yjIMaCJIHTHHH 6 h 3  6HJiaMH3. ^ A p O H H H r  

6yjlHHHLU TapH XH  3 .  O e p M H  Ba yHHHT H3AOIUJiapHHHHr 

1934 ftHJi/ia y p a H  h a p o c h h h  HeftTpoHJiap 6H.TaH 6 0 M 6 a p A H M 0 H 

khjihui 6yftHMa yTK a3raH  Ta>Kpn6ajiapH AaH  6ouuiaHajiH . 

B h p o k  yjiap T a * p H 6 a  HaTH>KacHAa TpaHcypaH (ht>hh aaBpnft 

CHCTeMaAa y p a H A a H  KefiHH Typ a/iH raH ) 3JieMeHTJiap xochji 

6yjia^H , iie6 HOTyppn xyjioca M H KapraH  3flHJiap. X a K H K a T ^ a  

aca yjiap 6yjiHHHUi n ap uajiapH H H  Ky 3aTraH  3flHJiap. O. T aH  

Ba O. U lT p acM e H  1939 ftHJiAa 3 .  O e p M H  Ba yHHHr H3A0LujiapH 

Ta>KpH6ajiapHHH TaKpopjiap  3KaHJiap, 6yHAaft peaKUHH 

H a T H w a c H /ia  6ouiJiaHFHM HApo  y 3 H ^ a H  aHMa eHrnji 3Jie- 

MeHTJiapra napMaJiaHHUiHHH KypcaTflHJiap. B y  xyjioca- 

hh JI. MeftTHep, O . Opnui TacAHKJiaflH Ba 6y xoA H caH H H r  

6H0Ji0FHHAarH x y *a ft p a jia p  6yjiHHHUiHra yxHiauuiHrHHH  

K y3Aa  TyTraH xojiAa « h a p o  6yjiHHHUiH» aTaM acH H H  khphtah- 

jiap. LUy 6HJiaH 6 n p r a  yjiap H A p oA arn  3 a p H A A aH raH  3appaJiap  

y p T acH A aru  KyjioH HTapnuiHui KyMjiapu 6ujiaH  h ap o h h  

6 a p K a p o p  xoJiaTra KaftTapyBMH cnpT TapaHrjiHK KyMjiapn 

o p acH A arn  p a K o 6aTHH XHCo6ra oJiraH xoJiAa (3apnAJiaH raH  

cyioKJiHK TOMMHCHra y x iu a u i), 6y >KapaeHHHHr 6hp hhm h  

h 3 0 x h h h  6epAHJiap. T a u iK a p H A a H  KyMAH Tai.CHp ojiraH 

c y io M H K  tomm hch MaftAa TOMMHJiapra 6yjiHHraHHAeK, Heft- 

TpoHHH K a M p a 6  ojiraH y p aH  h a p o c h  x a M  6 e K a p o p  xoJiaTra
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yT H 6 , T 3 XMHH3 H T eH r HKKHra 6yjiH H aA H . KeHHH^ajiH K y p a H  
HApocHHHHr 6yjiHHHUiHHH y p r a H H i u  y c T H ^ a  o j i h 6  6o p H JiraH  
H i u j ia p  n a c T  SH ep rH ajiH  H eftTpoHJiap 6 n j i a H  ( j)aK aT 2| l U  h 3 o t o -  
nHTHHa 6yjlHHHUIHHH, OFHppOK 2g | U  H3 0 T0 I1H 3 Ca HeHTpOHHH 
K)TH6 KOJIHUIHHH B a 6yjlHHMaCJlHrHHH K y p c a T A H .

A B B a j i r H  6o6na K y p n 6  yTraH H M H3A eK , x a p  6 n p  o f h p  3 t o m  
h a p o c h h h  cyioKJiHK TOMMHCHra yxiiiaTHUi MyMKHH. /I,apx,aKH- 

K a T ,  H A p o a a r H  HyKJioHJiapHHHr x a p a K a T J i a p H  H a T H * a c H A a ,  
a f iH H K c a ,  y j i a p  T au u K a p H A a H  HefiTpoH i o t h u i  fiyjiH 6HJiaH 
SHeprHH oJ ira H Jia p H ^ a  h a p o - t o m m h h h h f  rnaKJiH y 3 r a p a A H .  
Tomm h Te6paHHLU HaTH>KacHAa uiap, SJiJiHncoHA eKH 6ouiK a  

M y p a K K a 6 p o K  u ia K J ira  KHpaAH. JleKHH a jio x ,H A a  Ae(})opMauHH- 

Jia p  HaTH>KacHfla My3 HJiraH h a p o h h h t  6 H p -6H p H flaH  3 Hr 
y 3 0 K J ia iu ra H  KHCMJiapn y p T a c H A a  npoTOHJiapHH 6H p -6H p H A aH  
HTapyBMH KyjioH KyMJiapn B y> K y A ra  K ejiaA H . B y  KyMJiap 
Ta"bCHpHAa aBBajiHra HApo My3 HJiH6  s j i j i h i i c o h a ,  cyHrpa 

r a H T e j ib  uiaKJiHHH ojiaA H  ( 7 . 1- pacM ). TaHTejib 6yjiaKMajiapH 

6H p -6 H p H A a H  T o 6 o p a  y3 0 KJiauiH6 , HApo cyioKJiHrH «6yfiH H M a» 
c h 3 y 3 HJia/ui. H a T H > K aA a  x a p  x h j i  H H c 6 a T A a  3 a p H A  Ba 
HefiTpoHjiap c o H H r a  ara 6yJiraH h k k h t 3  (Z\, N\\ Z 2, N 2) HApo 

napMacH x o c h j i  6 yjiaAH. ByH/ia yMyMaH n p 0T 0H  Ba Hefi- 

TpOHJiapHHHr OJIAHHTH c o h h  c aK J iaH a A H :

Z\-{- Z 2 =  Z, A\ -{-A2 — A.

JleKHH 6 y  napM ajiap  moc Z  ra 3ra 6yjiraH  6 a p K a p o p  

HApojiapra  H H c6aT aH  opTHKMa HefiTpoHJiapra 3ra 6yjiraHJiHrH- 

AaH, TaxMHHaH 10— 15 c AaBOMHAa 6 n p  KaHMa KeTMa-KeT 
HefiTpoHJiap M H KapH 6 , acocHfi 3HeprHH xojiaTHra (Z 3 , Z 4, A 3, 
A 4) yTca x a M , yjiap xajiH op raK M a  HefiTpoHra ara 6yjiaAH . 

C y H r rH  6ocKHH.ua, to  6 a p K a p o p  HApojiap (Z5, i45; Z 6, 

A§) xochji 6yjiryHra K a /iap  6 n p  §kh KeTMa-KeT 6 n p  HeMTa 

ajieKTpoH Ba 7-KBaHT M HKapHjiaAH. By 6ockhm  * a p a e H H A a  

e-napMajiaHHiu 6HJiaH 6 h p  BaKT/ia op TH K na  —  KeMHKKaH 

HefiTpOHJiap X aM  MHKHUIH M yMKHH.

y3- y3HAaH  eKH cnoH TaH  6yjiHHHUi x o A H cacn  SHeprHH 

>KHXaTHAaH 3JieMeHTJiap AaBpHfi CHCTeMaCHHHHr h k k h h m h

7. 1- p a c M . HefiTpoH KejiH6 

lOTHjiraHaaH cyHr h a p o-tom m h- 
HHHr SyjIHHHUI KeTMa-KeTJIHTH.
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np M H A a  JKOHJiamraH x a M M a  3JieMeHTJiapfla 103 6epHLUH 

M yM KHH. X a K H K a T a H  x aM , M-MaccaJiH h a p o h h h t  M t Ba M 2 
Macca.nH h k k h  napM ara  S y j i h h h u j h  3H ep rH «H H H r  caKJiaHHUi 

KOHyH Hra Kypa Ky H H Aarn  uiapoHTAa 103 G ep aA H :

M > M \  -f-Af2. (7 .1 )

ByjiHHHUu peaKUHHCHHHHr SHeprHHCH (M acca  6HpjiHKJiapHAa)

Qf =  M — (M\ -f-M2) . (7 .2 )  

ByjIHHyBMH HAPOHHHT MaCCaCH K aH H a  K3TT3 6yjica, 

3H eprnH  >KH^aTAaH h a p o h h h t  M\ Ba A f2 MaccajiH hkkh  

n a p n a r a  6yjiHHHUi ax,THMOJiJiHrH x aM  uiyHMa KaTTa 6yjiaAH . 

ila B p H H  cHCTeM aHHHr y p T acH Aa  >KofijiauiraH sjieMeHTjiapHHHr 

HApoJiapn x,aM 6yjiHHHUiH M yM KHH. M a c a jia H , 96Ru h h h t  hkkh  

48Ti H A pocnra  6yjiHHHui 3HeprHHCH 10 ,2  M s B :  B y  3Hr KHCKa 

huiobmh oc-HypjiaTrHMjiapHHHr a-napMajiaHHUi SH eprHH CHAaH  

KaTTa. JleKHH uiyHra K a p a M a c a a H , T a 6 n a T A a  yM paH AnraH  

96Ru x a M , yH A aH  H H a a a  oF H p p o K  3JieMeHTJiap x,aM cnoH TaH  

6yjiHHMafiAH. 4>aKaT A aB p H H  cHCTeM aHHHr o x n p H A a rH  6 n p  

KaHM a 3ht oFHp 3JieMeHTJiapHrHHa uiyHAafi paAH oaKTH B  

y3rapHiu  xycycHH THra ara.

X a p  KaHAafi h a p o  peaKUHHCH K a6H, 6yjiHHHiu x a M  M a3K yp  

peaKUH H H H H r aKTueau,un anepauxcu A e6 aTajiyBMH SHeprHHHH 

OJIAHHAaH capcj) KHJIHHHUIHHH T a K 0 3 0  KHJI3AH. JJflpOHH 6yjlHUl 

yMyH yHH 3 a p p a  6HjiaH 60M6a p A H M 0H kh jih h 3a h . B y H A a  

3a p p a H H H r  k h h c t h k  3HeprHHCH H A pora  6epHJiaflH. H a T H * a A a  

a a p o  TOMMH KH3HfiAH Ba K3H T M aC  Ae(})OpMaUHHJiap H3TH>KaCH- 

A a  6yjiaKJiapra 6yjiHHH6 KeTaAH.

ByjiHHHLU >KapaeHHHHHr 3HeprHH KOHyHJiapHHH Kypn6
A

MHKafijIHK. \X H A PO  HKKHT3 6 H p  XHJI 2 ( y )  6yjiaKKa 6yjIHH-

raHHAa a * p a j i H 6 M HKaAH raH  Qf 3HeprHHHH KyftHAarHMa 

H(J)oaaJiaui M yM KHH:

Q f= M ( Z , A ) - 2 M ( ^ , ^ y  (7.3)

H A p oH H H r  6oFJiaHHUi 3HeprHHCH H<J)OAacHHH xw co6ra ojicaK, 

Q [= 0 ,2 l6 Z 2A- ',3+0,\52-Z-A-'/3— 3,41 -Aw  (7.4)

A Z
6yjiaAH. Macca cohh  — Ba 3apHAJiapH —  6yjiraH h k k h t 3

HApoH HHr noTeHUHaji TycHFH (1.28) ra acocaH
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(7Ky,=0,144-Z2./l-|/3 (7.5)

6y/ia/iH . B y  e p ^ a  r0=  1 ,5 7 - 1 0 -15 m K.a6yji KHJiHHraH. 

nOTeHU HaJI TyCHKAaH  «C M 3h 6»  yTHLU 3X,THMOJIJlHrHHH XHCo6ra 

ojiMacaK, Q i ^  U Kyjl 6yjiraHfla o fh p  HApo  6 n p  Hena T e 6p a H H m  

HaTH>KacHAa 6yjiaKjiapra 6yjiH HaAH. B y  uiapT (7 .4 )  Ba 

(7 .5 )  ra Kypa KyfiHAarHMa e3HJiaAH: 

0 ,2 1 6  Z 2A _1 /3+ 0 ,1 5 2 - Z - /1  _1 /3— 3,41  -/12/3> 0 , 1 4 4 Z 2./1 ~ l/3 

eKH 6yHflaH 

4 > 4 7 , 4 _ 2 , 1 - | .  (7 .6 )  

O f h p  napojiap  y^y H  Z/A , o A a T ^a  ~ 0 , 4  6yjiraHJiHrHAaH, 

aApo H H H r  y3-y3HiiaH 6yjiHHHiu n ap aM e T p H  yMyH 

^ > 4 6 , 5 6  (7 .7 )
/\

uiapTHH 0JiaMH3. B y  Myx,HM n a p aM e T p H H H r  KH HM aTH  H .  B o p , 

YHJiJiep Ba c o 6 h k  cobct ojihmh O p eH K ejib  tbkjihc}) KHJiraH 

HApOHHHT TOMMH MOAeJlH aCOCHAa OJIHHTaH. 

HflpoHH CHKHJiMafiAHraH 6 n p  w hhcjih  3apH/iJiaHraH 

cyioKJiHKHHHr cc()epHK TOM HHCHAaH  H 6 o p aT  jie6  XHCo6jiaHca, 

H A p oA arn  npoTOHJiap 6Hp-6HpHflaH KyjioH Ky4H  6HJiaH 

HTapHJiH6, tommh-hxipohh 6H p  KaHM a 6yjiaKJiapra 6yjiHUira 

y p H H aA H ; hkkhhmh T O M O H ^aH  aca HyKJioHJiap h h h t  y 3 a p o  

TaT>cH pH/iaH cnpT KyMH B y *y flr a  kcjih6, y h a p o h h h t  

napqaJiaHHiUHra KapuiHJiHK KypcaTa/iH . B y  Kynjiap MyB03a- 

HaTJiauiraH BaKTAa H/ipo y3 6ap K ap o p jiH rH H H  fiyKOTaAH Ba 

cnoH TaH  6yjiHHaflH. B y u a a  KyjioH HTapnjiHUi 3HeprHHCH w Kyjl 

h hh t  cnpT TapaHrjiHK £ CHJ)T ra H H c6aTH  H A po  6yjiHHa ojihui 

Ko6HJIHHTHHHHr yjIMaMH 0yjIH6 XH3M 3T  KHJiaflH. W Kyjl HAPO- 

hhh t  3ap H A H  Z 2 ra, £ CHpT 3ca A Macca coH nra  nponopuH OHaji 

6yjiraHjiHrHAaH,

w Ky.i Z2

CHpT 1

(a —  npOnOpU HOHajU IHK  K03(})(J)HUHeHTH) .

7 2
ByjiHHHUi n a p a M e T p n  —  KaHM a KaTTa 6yjica, o f h p  

H ApOHHHT y3-y3HAaH 6yjIHHHIUH ui y h  m a JIH K OCOH 6yjiajl.H.

z2
- ^ - > 4 6 ,5 6  rnapT 6a>KapHJiaziHraH x a p  KaH/iaH  H/ipo 6 e K a p o p
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6yjTH6, cnoHTHH napwajiaHHiu HM KOHHHTra 3ra. M a c a jia H , 4oZr 

aap ocH  HKKHTa loCa Hapo-6yjiaKKa napHajiaHHiu hmkohhhth-  

ra SHepreTHK >KHxaT.aaH h k h h . B h p o k  o fh p  HflpoJiapaaH 

6onJKa a/ipojiap yMyH cnoH TaH  6yjiHHHiura zioHp Hiuauj 

^aB p jiap n  >Kyjia KaTTa 6yjiaj,H. 5?Apo 6yjiHHHiiiH ynyH 

KyftHAarH m a p T  6a>KapHJiHuiH KepaK :

A M  =  M — (m, +  m 2 +  E K„„) > 0 ,

6y ep/ia M  —  6yjiHHaeTraH Hiipo Maccacu, m\ Ba m2 ■- 
6yjiaKjiapHHHr Maccajiapu, /; KllH— 6yjiaKJiapHHHr Macca 

6HpJlHTHAarH KHHeTHK 3HepTHHCH.

7.1- pacM^aH KypHHH6 Typu6AHKH, TauiKapHflaH lOTHJiraH 

3HeprHH H^poHH KyMjiH ,ne({)opMaUHHJiaHraH,zi.arHHa 6yjiHHHUi 

103 6epnuJH MyMKHH (7.1-6 Ba 7.1-e pacMJiap). HApoHHHr 

TypjiH LuaKJiJiapHHH a  fle<})opMauHH napaMeTpn xapaKTepjiafi- 

AH Ae6 ojiHHca, Ky3FajiMaraH c(})epHK aapo yMyH a  =  0 6yjin6, 

KyMCH3 Ae(})opMaUHHJiaHraH H^po yMyH sca y sjijihucoha

(})OKycjiapH opacHflarn Maco(})a,a.aH H 6 o p aT  6yjiaflH. a  h hh t  

KHfiMaTH op TH 6  6o p h u ih  6HJiaH y 6yjia>KaK napM ajiap 

o p ac H A a rn  Maco(})a M atH O C H ra  3ra 6yjiH 6 KOJia^H. A r a p  

T a u iK a p H ^ a H  lOTHJiraH SH eprnH  MyafiHH Ef k p h th k  6yjiHHHUi 

SH eprnH CH AaH  khm hk 6yjica, h a p o h h h t  ,o,ec}>opMauHHCH ( a <  

< 2 R) yHH raHTejib uiaKJinra ojih6 KejiMafiflH, m jH H  H ^p o  

6yjiHHMaft^H Ba Ky3FajiraH xojiaTAaH 6 n p  HeMa raMMa- 

KBaHTJiap MHKapHui fiyjiH 6HJiaH opTHKMa 3H ep rH H AaH  

KyTyjiH6, acji xojiaTHra yTaAH .

H a p o h h  6yjiHHHiura ojih6 KejiaAHraH Ky3FaTHui 3HeprHH- 

CHHHHT KHfiMaTH 6yjIHHHUl SHeprHHCH (Ef) HOMH 6HJiaH 

ropHTHJiaflH. JlflpOHHHr CyiOK TOMMH MOfleJIHfla Ef 6yjIHHHUi

z2
3HeprHHCH —  6yjiHHHiu n a p a M e T p H  6HJiaH KyHHflarHMa 

6oFJiaHraH :

E j =  0 ,18y 42/3(5 ,5 9  —  0 ,1 2 “ ) . (7 .8 )

yjiM auuiap  U ,  Bi, Pb, A u  azipoJiapHHHr Ef 6yjiHHHiu 

3HeprnHCH moc paB H U i^a  6 — 7 ; 2 5 ; 3 5  Ba 5 5  M a B  ra TeHr

SKaHJIHTHHH KypCaTAH. HflpOHHHT 6yjIHHHUl SHepTHHCH 60IU- 

jiaHFHM Hflpo SH eprHH CHaaH  khmhk 6yjiraHJiHrH,aaH, 6yjiHHa- 

eTraH H^po SHeprHHCHHHHr a  Ae(})opMauHH napaMeTpHra 

6oFJiaHHUi rpa(})HrH ojiahh M aKCH M yM ra  3 p h u jh 6 , cyH rpa  

KaM afin6 KeTaAH. M a K C H M y M  KHfiMaTra TyFpn KeJiaflHraH 

H ^ p o  SHeprHHCH 6HJiaH Ky3FajiM araH  H ^p o  6oFJiaHHUJ
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7. 2- p a c M . Hiipo 6 yjiHHHiu 

SH e p rH H C H H H H r  jie<j)opMaUHHJia- 

HHinra S o n H K J i H r H .  T v T a m  MH3HK  

Z2/A  <46,6 Ba y3JiyKJiHrn Z2/A >  
>46,6 SyjiraH  a a p o j i a p  y i y H .

3HeprMHCn ( £ 6ofji.) o p ac H A a rn  (j)apK aKTHBaitHH SHeprHHCH 

( £ aKT) AeftHJiaflH (7.2- pacM ). A k t h b 3 U h h  3HeprHHCH 6yjiHHHiu

7 2

napaMeTpnra 6 o f j ih k  6yjia,aH (7 .8 ) .  Arap —  ̂ 4 6 , 6  6yjica,

z2
y HOJira TeHr 6yjiaAH. --^->46,6 6yjiraH aapojiap TauiKH Kyq

z2
Ta"bCHpHCH3 x,aM y3-y3Hj,aH 6yjiHHaAH. —̂ - < 4 6 ,6  6yjiraH

OFnp H30T0njiap  cnoH TaH  6yjiHHMafl, a- napqajiaH aAH .

Y p a H H H H r  6yjiHHHUi xycycHHTJiapHHH (7 .8 ) HcJjo^a epaa- 

MHjja aHHKJiam  M yM KHH. M a c a jia H , 235U hcchk HeflTpoHHH 

ioth6, Ky3FajiHui 3HeprHHCH 6,8 M ^ B  6yjiraH 236U ra 

afljiaHaAH. 2i6U hhht 6yjiHHHiu n a p a M e T p n  35 ,9 ; aK T H B au H H  

3HeprHHCH sca 6,6 MsB. LU yHH Hr y^y H  U HCTajiraH nacT 

3HeprHHJiH HeHTpoHJiap Ta"bCHpHAa 6yjiHHa ojiaAH. H cc h k  

HeflTpoHJiap 235U A a H  T auiK ap H  33U Ba 39U H 30T0njiapH H  x a M  

napnajiafl/iH. HeflTpoHJiap Tai>CHpHAa 6yjiH H aAH ran  HApojiap 

aMajinfl *H x a T /i ,a H  M yxH M  a x a M H H T  K a c 6  3Ta/i,H. K D K o p H ^a  

aHTHJiraHHiieK, HApora KnpyB',iH HeflTpoH yHHHr M acca  cohhhh 

6 n p  6np„iHKKa op TTH p H 6  K o ^ M a c A a H , y3H 6HjiaH 6H p ra  

KHHeTHK Ba 6oFJiaHHUI SHepi HHCHHH X,a M OJ1H6 KHpaAH. 7.1 Ba 

7.2- >Ka/i,Baji.napAa moc paBHiUAa 6yjiHHHUiHHHr aKTH B auH H  

SHeprHHCH Ba iieflTpoHHHHr 6 a b 3 H  6hp HApoJiapHAarH 

6oFJiaHHiu SHeprHHCH KejiTnpnjiraH.

7.1- }k a a  b a ji 

Bai>3H nflpojiap 6yjiHHHmHHHHr aKTHBauHii 3HeprHHCH

I Sflpo ■ 267fli 2 1 0 po 23i-rh ■23W 239pu 240pu

E f, M3B 19,8 2 2 ,2 19,7 5,4 6 , 6 7,1 5,3 5,1

2R  oL
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7.2- *  a n b a ji 

HeinpoHHHHr n^po^arH 5orjiaHHin SHeprmiCH

BOUUiaHIKI Hflpo '■•73'Su 235u 239pu 232u 232Th

BoiunaHFHw aapo + n 239u 236u 240pu 233u 233xh

BopjiaHHiu 3HeprHacH, MaB 6 ,0 6 ,8 5,3 5,1 5,1

B y  >KaABajurapnH cojihihthphuj x,aM 2!5U  Ba 2,t9P u  

HiipojiapH >Ky;ia khmhk 3HeprHHJiH HeflTpoHJiapHH ioth6 

KV3FajiHLU SH eprHhch  aKTH B auH H  3HeprHHCHitan KaTTa SyjiraH 

236U  Ba 240P u  HApojiapnra afljiaHa ojihiuhhh KypcaTaiiH. 

CeKHH HeHTpOHHH lOTHlUAarH 2i9U  HHHT Ky3FaJIHUI 3HeprHHCH 

aK T H B au H H  3HeprHHCH/i,aH 1,1 M ^ B  ra KaM . LUyHHHr ynyH 238U  

H ^p ocH  SHeprHHCH 4>aKaT 1,1 M a B  ra TeHr SyjiraH Ba yH/jaH 

K a T T a p o K  3iieprHHJiH HeftTpoHJiap T a tC H p H A arH H a  SyjiHHajiH, 

xojioc. 238U  H/ipocH 3HeprHHCH 1,1 M s B  A aH  kh h hk  SyjiraH 

HeftTpoHHH K a M p a S  oJiraHAa Ky3FaJiHiu SHeprHHCH 7,1 M s B  

4 aH khmhk SyjiraH 2:,9U  h ap o ch  xochji SyjiajiH. By  Ky3FajiHiu 

SHepTHHCH HAPOHHHT aKTH B 3U H H  3H eprH HCH A3H  KHHHK, LUy- 

h h h t  ynyH  raMMa- KBaHT CH(})aTHfla h h k h S  KeTaan :

„  +  " « U - ^ 39U  +  v,

239u w w 239N P + e “ + v ’

239N P-2jK y ,r 239Pu +  ^  +  -

(7 .9 )

, X,ochji SyjiraH njiyTOHHft-239 pa/iHoaKTHB 6yjiH 6, a- 3appa  

H H K a p a ^ H  Ba 235U  HApocH ra  aftjiaHaAH. 233U  H 3 0T 0n n  xaM  

T a 6 H a T A a  ynpaMaftflH, y  cyH"bHft ftyji 6HJiaH KyftH^arH peaKUH H  

ep/jaMH/ja o j i h h 3 A h :

n +  29oTh->29oTh-̂ -—291 Pa-^—2glU.

LUyHflaft k h j i h 6 , o f h p  Hiipora k c j ih 6  TyuiaeTraH  Heft- 

TpOHJiap 3HepPHHCH

En ~(” E  fj0r:! 1-5 E  aKT

TeHrcH3JiHKHH KaHoaT .naHTH pran /ia , 6yjihhhlu peaKUHHCH 

aMaJira ouihuih M yMKHH. 7.3- >Ka/iBaJiAa 6ai>3H Hiipo./iapAa 

6yjiHHHiu p e a k u h h c h h h h f  aMajira oujhuih yHyn TyiuaeTraH 

neflTpoHJiap 3HeprHHCH KaHAaii 6>'jihuih KepaKJiHFH Kypca-
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7.3-xc a a b a ji

Boiim aHFMM

HAPO
KoM nayH fl »a- 

po
Z2

A Tte- & En'
MalB

112—  124Qt, 

50

113— 115 e n 

50

22,12-20,0 6,5+8 40+50 34+52

186— 204 t t~ 

80 H g

187— 205 Hty 

80 H g

32,5-31,2 6,6+8 11+15 5+7

233 t t 

92 U
234 u  
92 U

36,32 5,2 5,5 HCCHiyiMK

234 u
92 u

235 u
92 U

36,01 5,8 6,2 Te3 . 0,4

235 TT 

92 U
236 u
92 u

35,90 6,8 6,6 HCCHiyiHK

238 t T 

92 U
239 u
92 u

35,46 5,7 7,1 Te3 . 1,4

239 p  

94 r u
240 U
92 U

36,81 6,9 5,1 HCCHI^JIHK

THJiraH. >KaABaji4 aH K y p H H H 6 T y p n 6 AHKH, njiyTOHHH Ba 

ypaHH HHT  TOK H 30T0njiapH  HCCHK HeHTpOHJiap Ta^bCHDHAa 

6 yjiHHaAH. B y H H H r  c a 6 a 6 n h c h tp o h h h  K ,aM pa6  ojiraH 92U ,  

292U ,  29? P u  H^pojiap  >Ky(j)T->Kyc})T K O M n ay H A  H^pojiap  xochji 

6 yjiHHiHra ojih6 KeJia^H. By >Ky({)T->Ky(})T H A pojiap ^a  6 oFJia- 

HHLU 3HeprHHCH KyuiHH t o k  H^poJiapra  HHc6 aTaH  lOKopn. U ly  

c a 6 a 6 jin 6 yjiHHHiu c o ^ n p  6 yjiHUiH y ^y H  nacT  SHeprHHJiH 

(HCCHK) HeHTpOHJiap 6 yjIHUIH KH(})OH.

C e K H H  HeHTpoHJiap e p A a M H A a  238U ,  241 P u , 242A m ,  249C f , 

25,C f  HApojiapn x,aM 6yjiHHaAH. A m m o  6 y  H30T0njiapHHHr 

M HKAOpH  H H XO H T^a  KaMJiHTHAaH, HApo  3HepreTHKacH Aa  

X,03HpH a M y ^H M  aX,aMHHT K ac6  3TM aHAH .

ByjiHHHUi nap aM e T p H H H H r  KejiTHpnjiraH KH HM aTH  —  

(7 .7 )  T p a H c y p a H  aap ojiapH H H H r cHHTe3 k h j i h l u h h h  T a p T H 6  

HOMepH Z ~ 110— 120 6yjiraH 3JieMeHTJiap 6HJiaH ^eKJia-

z2
HHUIJIHrHHH K y p C a T a ^H , qyHKH —  HHHr OpTHUIH 6 HJiaH H^po-

/\

h h h t  cnoH TaH  6yjiHHHUira mohhjijihth o p t h 6 6op aA H .

HHHT a H H K  KH HM aTH ^OFJiaHHUI 3HeprHHCHHHHr HpHM SM nHpHK  

cf)opMyjiacHAarH K03(J)(})HUHeHTJiapHHHr KaH /ian  TaHJia6  ojih- 

uinra x,aM 6 ofjihk , aji6aTTa.

3 h a h  HHMa ca6a6jxan  ^aBpHH CHCTeMaHHHr ypTacH^a 

>KOHJiamraH 3JieMeHTJiap 6 0 M6 apAHM 0 H KHJiyB4H 3appajiap

(4)
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ep ^aM H iia  6yjiHHHLura Ba x,aTTO c n o H T a h  6y jiH H H m ra  m o j ih k  

3MacjiwrH M acajiacHHH 6aTa4>CHJipoK. KypafijiHK. ByjiHHHUi- 

HHHT aKTH BaUHH  3HeprHHCH flaBpHH CHCTeMaHHHT ypTacH Aa

wofijiamraH ajieMeHTJiap yqyH 40— 50 M a B  hh (7.3- * a 4 Baji), 

ofhp ajieMeHTjiap ynyH 5 M a B  ra hkhh KHHMaTHH TauiKHJi 

KHJia/tH. MacajiaH, hkkht3 AeflTpoH yMyH 6y SHeprHH 0,5 M a B  

ra TeHr. /JaBpHH cHcreMaHHHr ypTa ajieMeHTjiapn yuyH

Ẑ
—  HHHT OpTHLUH 6HJiaH Te3 op T u6 6opaflH. LUyHAafl khjih6,

y p T a ^ a  MaccajiH H^pojiap  MyTJiaKo 6a p K a p o p , KOJiraHJiapH 

aca rye M eTacTa6nji xoJiaTAa 6yjiH6, x,ap xhji peaKUHHJiap 

yqyH —  o fh p  H ^pojiap  6yjiHHHUi peaKUHHjiapn yuyH , eHTHJiJia- 

pn 3ca 6HpjiauiHHj —  CHHTe3 peaKUHHJiapn ywyH «eHHJiFH» 

xom aiuecH cntyaTnaa XH3M aT KHJia^H.

O f h p  3JieMeHTJiap aK T H B au n n  SHeprHHCH 5 M a B  ra h kh h  

6yjiraHHAaH, aaBpnfl CHCTeMaHHHr o x H p n ^ a  >KofljiaiuraH 

3JieMeHTJiap x aM  cnoH TaH  6yjiHHMaflflH, AeraH  xyjioca Kejin6 
MHKaflH. /IeK H H  Ta>KpH6ajiapiia 6np KaHM a o fh p  H30- 

TonjiapHHHr cnoH TaH  6yjihhhuih Ky3aTHJiaAH. ZleM aK , 6yjiHHa- 

eTraH h a p o h h h t  xycycnfl Te6paHHiujiapH HaTH>KacH,aa TauiKa- 

pHAaH  3HeprHH  ojiHHM araH T a K A H p ^ a  x a M  6yjiHHHUiHHHr 

M atJiyM  6hp  3x,thmojijihfh MaB>KyA 3K3H. B y  sxthmojijihk eKH 

noTeHUHaJi TycH K  uia({)(})0(})JiHrH uiy TycH K  6aJiaHflJiHrHra 

6ofjihk  6yjiaii,H.

Ba"b3H 6 h p  XHCo6jiauuiapra  K y p a , M acajiaH, 6HTTa 

pyTeHHfl aTOM HH HHr 5-109 Ahji flaBOM H^a cnoH TaH  nap^ajia- 

hhui 3XTHMOJIJ1HTH 10-26 ra TeHr. B axo jiaH K H , noTeHUHaji 

TycH KHH Hr uia(j)(})0(})JiHrH Ty4>afljiH uiy A aB p  HMHAa 238U  h hh t  

1 r p a M H ^ a H  l 6 Ta btom  y 3-y3H4 aH napMajiaHaflH. A t o m  

HApojiapHHHHr 6 y  XHJiaarH cnoH TaH  napMajiaHHUi xo/iHcacHHH 

1940 flHJiAa c o 6 h k  cobct (})H3HKJiapH T. O jiep o B  Ba K- IleTp- 

>K3K Ky33TAHJiap.

7.2- §. CnoHTaH SyjiHHHiu

Hflpo 6 a t 3H 6 n p  sxthmojijihk 6ujiaH yHra T au iK ap H A aH  

SHeprHH 6epHJiMaraH 6yjica x a M , 6eBOCHTa acocHH xoJiaTHAa 

6yjIHHHUlH M yM KHH. ByHAafi CnOHT3H 6yJlHHHUl M exaH H3MH 

a-napMajiaHHiu M exaH H3M Hra yxuiauiAH p , MyHKH 6 y  HKKaJia 

>KapaeH x a M  TyHHejib 3(})(})eKTH ac o c H ^a  pyfl 6ep a A H . 

ByjiHHHUi napM aJiapHHHHr MaccajiapH KarrajinrH ca6a6jiH  

yjiap aeHpjiH KJiaccHK 3ap p ajiap  Ba cnoH TaH  6yjiHHHUi 

3XTHMOJiJiHrH O A a ra a  x a ^ A a H  T au iK ap n  khmhk 6yjiaAH . A m m o
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Z /A  HHHT yCHLliH fiHJiaH aKTHBJiaLU SHeprHHCH, HTjHH 

noTeHUHaJi TycHK 6ajiaHflJiHrH KaMaHAH Ba cnoHTaH 6yjiHHHUi 

3XTHMOJIJ1HTH OpTaAH. «KpHTH K» HApOJiap yMyH aKTHBJiaUi 

3HeprHHCH HOJira aftjiaHaAH Ba cnoHTaH 6y/iHHHm t ~ t m 

BaKTHAa aMa^ira ouih6, 6yjiHHHUi ohhA 6yjiaflH.

H K K H T a  m h c o j i h h  Kypn6 MHKafijiHK. YpaH-238 yMyH 

Z 2/ A ~  35,5. By m h k j j o p  (Z2/y4)Kp« 5 0  ra K a p a r a u n a  k h m h k . 

LLlyHAaH 6yjica x a M  (})aKaT f o h t  KaTTa HpHM  napwajia- 

h h i u  A a B p n  6HJiaH cnoH TaH  6yjiHHHiura yM paHAH : 

r , /2 = 0 .8 - 1016 h h j i . By yHHHr a-3appa M HKapHiun  6HJiaH HpHM  

napMajiaHHui AaBpHAaH 6 — 7 TapTH6ra opTHK- Chhtc3 

KHJiHHraH 3JieMeHTJiapHHHr cyHrrncH Z =  107 Ba >4 =  2 6 1 ara, 

HTjHH Z2/ ^ ~ 43,9. By KaTTajiHK (Z2//l)Kp ra h k h h  Ba Z =

7. 3- pacM. C noHTaH  S y j iH H H W  
3XTHMoriJiHrHHHHr SyjiHHHUj napaMeT- 

pnra Sofjihkjihth.
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=  107 HAPOHHHT CIlOHTaH 

6yjiHHHiura HHc6aTaH hphm 

napqajiaHHUi ^aBpH  10-3 c ra 

TeHr, 6y  hapohhht a-3appa 

MHKapniura HHc6aTaH hphm 

napMajiaHHiu AaBpHra hkhh.

1961 HHJIH HHTH (|)H3HK 

XOflHca —  H30Mep (MeTacTa- 

6hji) xoJiaTJiapj,a 6yjiraH ha- 

POHHHT CnOHT3H  6yjIHHHIUH 

Kaui({) 3THJ1AH. ByjIHHyBMH H30- 

Mepjiap OAaTjiarH H30Mepjiap- 

AaH Karra yftFOHHiu SHeprHHCH 

KHMKHHa ciihhh (6np  Hena h 
6hp jihk ) Ba cnoHTaH 6yjiH- 

HHUIHHHT aHOMaJI K3TT3 3X.TH- 

MOJIJIHTH 6HJiaH (j)apK KHJiaAH. 

MacajiaH, aMepHUHftHHHr 

295A m  H30T0nHHH aCOCHH 

XOJiaTHHHHr npHM napMaJia- 

hhuj AaBpH 1014 ftnjira TeHr, 

H30Mep XOJiaTHHHKH 3Ca

6op-ftyFH 0 ,0 14  c. Ta^KHKOT- 

Jiap uiyHH KypcaTaflHKH, 6yH- 

ji.aH H30Mep xoJiaTJiapaa HApo 

6ooiKa xojiaTjiapAarH uiaKJiH- 

AaH KeCKHH (})apK KHJiyBMH 

m aKJira —  y KaTTa KBa3HMy- 

B03aH3TJIH Ae(})OpMaUHH 6HJiaH 

xapaKTepjiaHaAHraH maiuira 

3ra 6yjiaAH. UlyHAaft khjih6,



H30M epHHHHHr HHTH TypH —  LIiaKJI H30M epHHCH Kaili(}) KH~ 

jihhah.

Z2/A  hhh t  o p th 6  6opHiiiH 6njiaH HApoJiapHHHr cnoHTaH  

6yjiHHHLu 3X,THMOJiJiHrH x,aM o p th 6 , H ^p oH H H r  npHM  nap^ajia- 

HHLLJ AaB pH H H H T  KaMaHHLUH HHTH TpaH C ypaH  SJieMeHTJiapHHH 

CHHTe3 KHJiHiiira Ma^bJiyM qe rap a  KyflAH. B y H ^ a H  cyHTjHH 

oJiHHaAHraH HApojiapHHHr npHM  napMaJiaHHLU ^ a B p n  >Ky^a 

khmhk 6y jiraH H ^aH , yjiapHHHr CTpyKTypacHHH Ta>Kpn6aJiapAa 

ypraHHiu ynyjxa k h h hh  Macajia 6yjin6 KOJiMOKAa (7.3- p a c M ).

C n o H T a H  6yjiHHHiiiHHHr npH M  napnajiaHHiu  jxaBpjiapH 

ceKyHAHHHr 6yjiaKJiapHAaH t o  1 0 18 HHJiraqa (7.4- >KaAeaJi) 

6yjiraH >Ky^a KaTTa op ajiH K^a  eT a^H . X a p  xhji 6yjiHHyBHH  

M o/m aJiapH HHr cnoH TaH  6yjiHHHiu Te3JiHKJiapH x,aM TypjiHMa

6yjiaAH (7.5- >KaiXBaJi) .

7.4- xc a a b a ji

TopHH, ypaH ea 6ai>3H TpaHcypaH ajieMeHTjiap cnoHTaH 6yjiHHHmHHHHr 
HpHM napHajiaHHm Aaspjiapn

H30T011 rs H30T0II Ts H30T0n Ts

230xh 1.5-1017 fi. 240Pu 1.34-1011 h.. 246cf 2.1-103 fi.

232Th i,4-io18 a. 242pu 7.45-1010 a. 250cf 1.73-104 fi.
232(j (8±5,5)-1013 fi. 244Pu 2.5-1010 fi. 252cf 85,5 fi.

234^ 1.6-1016 fi. 241Am 2.3-1014 fi. 2S4CJ 60,5 KyH
235jj i,9-io17 «. 240Cm 1.9-106 h. 253cf 6.3-105 h.
238^ 8-1015 fi. 242Cm 7.2-106 fi. 2 5 4 Es 3-105 fi.
239^ 5.9-1015 a. 244Cm 1,35-107 fi 252Fm 3000 KyH

237n P s
. 00 246Cm 1.66-107 ft. 2 2 0  KyH

236pu 3.5-1019 fl. 248Cm 4.6-106 ft. 255Fm 1 • 104 8.
238Pu 4.9-1010 fi. ^ C m 2.10-104 fi.. 3 coat
239pu 5.5-1015 fi. 249Bk 6 .10-108 ii.

7.5- jk a ^ b a ji

CnoHTaH 6yjiHHHm Te3JiHmiapH

Sflpo CnOHT&H 6yJIHHHUIHHHr
sipHM nap*iajiaHHm ^aB-

p H , HHJI

1 Kr MOAAâ a 1 c aarn 
cnoHTaH 6yjiHHHm cohh

232xh 2.4-101 8 0^04

233u 3-101 7 0 ,2

235u 1.9-101 7 0,3

238u 8-1 0 1 5 7

239pu 55-101 5 1 0
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T p a H c y p a H  3.neMeHTJiap HApoJiapHHHHr cnoH TaH  SyjiHHH- 

IUHHH TeKUJHpHLUAa OJJHHTaH SHpHHMH Ma"bJiyMOTJiap KyHHAa- 

t h  o a a h h  2  npH M  SM n n p H K  M y H o ca S aT  SHJiaH H(})OAaJiaHraH

3AH:

lg Ts =  ai- a2Z2/A, (7.10)

6y epj.a  Ts —  ceKyH/yiap/ia  yjiMaHa/uiraH npH M  napMajiaHHUi 

AaBpH a ,«1 5 7  Ba a2=3,75.
V p a H , njiyTOHHH, k io p h hh hh t  chthji H 30T0njiapH  yMyH 

A opTHixiH SHJiaH yjiapHHHr cnoH TaH  SyjiHHHUj koShjihhth  

KaM aflnS , kch hh  aca M acca  c o h h h h h f  opTa  6ophujh  6HJiaH 

cnoH TaH  SyjiHHHUiHHHr HpHM  napMaJiaHHUi a a B p H  x a M  K aM aH  

SouiJiaHAH. ByHAafl kcckhh  y3rapHUJ KajiH^opHHfl Ba 

(})epMHflAa hkkoji KypnHajiH .

C n o H T a H  SyjiHHHiura H H c6aT aH  npH M  napM ajiaHHiu AaBp- 

jiapHHHHr 6yH/iaft k c c k h h  KaMaflHiun HeflTpoH 6HJiaH TyjiAH- 

pHJiraH k o 6 h k  aTpo(})HAa pyft 6e p a A H . C n o H T a H  6yjiHHHLUHHHr 

6yHAafl Te3JiauiH6 k c t h i u h  Ae(})opMaUHHJiauiraH H.npoJiap,a,arH 

HyKJioH *y(})TJiapH >KofljiaiuraH c a T V ia p  y p T ac H A a rn  3Hepre- 

t h k  yTHiujiap 6HJiaH 6 o f j i h k a h p . H a p o  A e ^o p M a u H H Jia H r a H A a  

HyKJioH >Ky(})TJiapH n a c T p o K  caTx,ra yTa  ojica, y xoJiAa 6 y  yTHiu 

sHeprnHCH H/ipoHH 6yjiHHHiura o j i h 6  KejiafluraH yHHHr 

KOJiJieKTHB Ky3FajiHuiHra afljiaHaAH. JleKHH x a p  6 n p  ajieMeHT 

yMyH Ts MatJiyM Z Ba N  /ia M aK CH M yM ra  3ra  6yjiaAH . By sca 

ajiox,HAa HyKJioHJiap 3(})({)eKTHHHHr cnoH TaH  6yjiHHHiu jiaBpn 

Ts ra Ta"bCHpH 6opjiHrHAaH  AajiojiaT 6e p a A H .

CnoHTaH 6yjiHHHiu h p h m  napMaJiaHHiu /laBpjiapH 6HJiaH 

HApojiapHHHr Maccajiapn ypTacnaa h k h h  6oFjiaHHiu 6opjiHTH 

aHHKJiaHraH. M acajiaH , h a p o h h h t  yjmaHraH Maccacu 6HJiaH 

A Ba Z Jiap ypTacH^arH t c k h c  6oFjiaHHiuAaH Kejin6 MHKaAHraH 

MaccacH ypTacHflarH (})apK h p h m  napMajiaHHiu /laBpn 6ujiaH 

KyflHAarHMa 6oFjiaHraH:

Trj=  18,2 

rT' * =  24,8 

7 ^ =  29,7

- 7,8 • 0 +  0,3502+  0,0730 -  (5 -  0) AAf. (7.11)

Z'
ByH^a 0 = ^ — 37,5; AAf —  M accaH H H r  MeTJiaHHLUH. (7.11)

H4)O A aA aH  K3TT3 3 HHKJIHK Tajia6  KHJlHHMaftAHraH X,HCo6jiaiU- 

JiapAarHH a (Jiofi/iaJiaHHUi MyMKHH. y H A a r n  T KaTTajiHKHHHF 

naCTKH HHAeKCH HApOHHHr XHJIHHH (npOTOH Ba HefiTpOH 

c o h h h h ) H(})OAajiafiaH.
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H h t h  T p a H c y p a H  3JieMeHTJiapHH ch htc3  KHjiHLUAa |3-Ba 

a-napMajiaHHLu x,OAHcajiapHHHHr m o x h r th h h  K y p n S  MHKafl-

JIHK .

p-6apK,apopjiHK SHJiaH M erapaAoiu 6yjiH6 >KofljiaujraH 

HeflTpoHH KaM H 30T0njiapA a  BJieKTpoH K aM p aui a-napMaJia- 

hhlli 6HJiaH ce3HJiapjiH Aapa> KaAa  p a K o 6aT KHJiajjh, jieKHH 

HaHTpOHJiap COHH K 3 M 3 H  6opHLUH 6HJiaH a-napMajiaHHLu 

yCTyHJlHK KHJia 6oLUJiaflAH, MyHKH yHHHT Te3JlHTM 3JieKTpOH 

opTHUiH 6njiaH >KyAa Te3 opTaAH . SjieKTpoH  K a M p a m  x,aM, 

p-napMajiaHHiii x aM  hhth  TonnJiaAHraH ajieMeHTHH Ba 

H30T0njiap  c o h h h h  MeKJia6 K y a  oJiMaflAH, MyHKH 6y w apa-  

eHJiapHHHr ^ a B O M  3thhjh  HHc6aTaH  Karra . X a T T O  n p 0T0H 

M HKapHUira HHc6aTaH  6apKapopjiH K  M erapacH Aa x a M  H30- 

TonjiapHHHr 3JieKTpoH lOTHUira HHc6aTaH  Hiuaui BaKTH ceKyHfl

eKH ceKyHAHHHr MaijJiyM 6 np KH CM nra  TeHr 6yjiap 3KaH. 

7-napMajiaHHiu pyfi 6ep aA H raH  H&poJiapAa HeflTpoHJiap aHMa 

opTH K  6yjiraH xojiAa hphm  napMajiaHHiu jiaBpn MHJiJince- 

KyHAJiapjia 6yjiaflH. B y  BaKTHH yjiMaui M yM KHH, 6y H A aH  

T a u iK a p n , p _ -napMaJiaHHiu aTOM  H OM epHHH Hr opTHLunra ojih6 
Kejia^H, aH a  uiyHHHr yMyH y Karra  Z  ra 3ra 6yjiraH hhth  

3JieMeHT oMHJiHUiHra xajiaKHT 6epMafliiH.

a- napMajiaHHUiAa sca h u i  6ouiKaMa 6yjia,o.H. y  h h t h  

CHHTe3 KHJiHHaAHraH ajieMeHT Ba H 30T0njiap  AOHpacHH H  

MerapaJia6 KyflnuiH M yMKHH. a- napMajiaHHiura Hnc6aTaH 

HApoJiapHHHr Hiuaui BaKTH a- 3appaJiap 3HeprnHCHHHHr 

OpTHLUH 6HJiaH HAPO B3KT-

jiapnra K a ^ a p  ( 1 0 - 21—  1

—  1 0 ~ 23C) KaMaHHLUH MyM- 

khh . a- napMajiaHHiu Te3jiH- l0u 

TH aHMa KHMHKJlH TH 6HJiaH 

xap aK Tep jiaH aAH raH  108- m<»

3JieMeHTra Kajiap Kyn c o h j ih  

H30T0 njiap 6opKH, yjiap w’

6 ouiKa MeKJiaHHiujiap 6 yji- 

M araH  xoJiAa o j i h h h l u h  w‘

M yMKHH.

Am m o 1 9 39  HHJiAaeK lfl"
H. O p eH K eJib  o fh p  H,o.po- ; 

jiapHHHr 6yjiHHHUiH 6HJiaH 

a- napMaJiaHHUi xoAHcacH  

ypT acH AarH  yxuiauuiH KK a  w

3-bTH6op  6ep raH  3a h . B y  

hkkh  >KapaeH x aM  m oxhh t  Ba 

>KHxaTAaH aflHaH 6np xhji aa

35 M '7 3» 33

7. 4- pacM. CnoHTaH  6yjiHHHUj 

ajib(})a-napMajiaHHiiJ apHM Hiuaiu 

BpjiapHHHHT HHc6aTH.
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n p w h u h riHaji M exaH H 3M ra  ara Ba y/iap (JjaKaT napMajiaHHin 

MaxcyjioTiiapH MaccaJiapHiiHHr KaTTajihth SHJiaHTHHa 4)apK  

KHJia/iH. a- napMajiaHHixi Ba cnoH Tan  6yjih iihui M exaHH3MJiapn 

yxLuauuiHni/taH, yjiapHHHr apHM  napMajiaHHiii AaBpjiapu  xaM  

MaijJiyM 6 u p  6oFjiaHHUira 3ra 6yjiHUiH KepaK. 7 .4 - pacMfla

— - Ba —  Koop/iH HaTa^apiia  6HTTa a- paaH oaK T H B  OHJiara

M aH cy 6  6yjiraH n/ipojiap TyFpu mh3hk,hh xochji KHJia/i,H. Arap 

Z 6yftHMa 2 ra, A 6yfiH4a 4 ra c})apK, KHJiybmh aApojiapHH Hr

Xo c h ji  6yjia/iH. ByjiHHyBMH H/ipo/iarH HeflTpoHJiap c o h h  N Ba 

Ts/Ta H H c6aT  yp T acH A arn  6oFjiaHHm  x aM  6y  h k k h  xhji 

napMajiaHHUi ypTacH/ia  y 3 a p o  h k h h  6oFjiaHHiu 6opjiHrHaaH  

AajiojiaT 6epa/iH .

OjiHMJiap k o 6 h k  3(j)(})eKTJiapHHH x n c o 6 r a  ojiyb m h  h h t h - 

jiaHraH apH M  3M n n p H K  M acca TeHrjiaMacHra acocjiaHH6, 

T p aH cy p aH  ajieMeHTjiap H30T0ruiapHHHHF c n o H T a h  6yjiHHHUira

136 HO m  148 15? 156 /60 m  168 172 
H e u m p a H n a p  c o h u

7. 5- pacM. TpaHeypaH  sJieiueHTJiap H 3 0 T o n jia -  
pHHHHT CIIOHTaH SyjlHHHLU 4aBpjiapHHHHr H H TH  
H a 3 a p H H ra  a c o c j ia H H G  X H C o O jia H ra n  K H H M a T Jia p n .

1 nTs

32

lU U Jl
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HH cSaTaH  npH M  HHjaui AaBpjiapH HH  K,aHTa/iaH x,HCo6jia6 
m hkh6, yjiapHHHr Z 21A op thujh  6HJiaH KyTHJiraHra Kypa aHMa 

KHCM HHHHT KaM 3HHUlHHH KypCaTAHJiap. 7.5- paCM Aa  H30- 

TonjiapHHHr HHrn/iaH 6axojiaHraH  Ts KHHM aTJiapn kcjith- 

pnjiraH. Arap hhth  XHCo6jiap TyFpn 6yjica, Z ^  114  AaH  

KeiiHHrH 3JieMeHTJiap eTapjiH^a  6a p K a p o p  6yjiaAH. By aca 

6a p K a p o p  6yjiMaraH Z =  1 0 8 - ^ 1 1 2  H ^pojiap  coxacn /iaH  

yiraHiiaH  kchhh  HHa a- Ba p- napMaJiaHHiura Ba cnoH TaH  

6yjiHHHiura HHc6aTaH  auiaiu BaKTJiapn eTapjiHMa KaTTa 

6yjiraH Hiipojiap c o xacn  M a B w y a , aeraH  Ma"bHOHH Qepanu.

7.3- §. ByjiHHHUi Ma\cyjioTjiapH e a  yjiapHHHr sHeprnsi x.aMaa 

M acca  6y H H M a  t3K,chm oth

2g|U  HAPOCH HCCHK HeHTpOHJiap Ta"bCHpHil,a 6yjlHHHUira 

4 yq KeJiaaH Ba 6 y  w a p a e u A a  yTTH3AaH  op TH K  TypjiH xhji 

>Ky4>TJiapHH x o c h j i  KHJiaAH. >Ky4)T napM ajiap  M accajiapnH HHr 

h h f h h a h c h  2 3 4  ra TeHr 6y jiu6 , 6yjuiHHiu HaTH>KacHiia HKKHTa 

HeHTpOH M HKaAH. Y M y M a H  OFHp HApOJiapHHHT 6yJIHHHUlHAarH 

napMaJiap M accaJiapHHHHr t 3 K C h m o t h  6Hp-6HpuflaH 3 5 —  

5 0  M acca  coHHra (})apK KHJia^HraH KecKHH M aK CH M yM .iapAaH  

H 6 o p a T  6yjiraH  acH M M eTpH K  TaKCHM OTra ara. 7.6- p acM A a  

6yjiHHHUi Max,cyjiOTjiapH TaKCHM OTH HHH r M acca  coHHra 

6oFJiaHHUiH KejiTnpHJiraH. H A pojiap H H H r napMajiaHHLUHHH 

xap aK Tep jiam  yqyH napHaAapnum Hur^uuiu AeraH  TyuiyHMa 

KHpHTHJiraH. riapMaJiapHHHr m h k h u i h  jxe6, ojxarjxa, 6epHJiraH 

napM aH H  x o c h j i  k h j iy b m h  6yjiHHHinjiap c o h h h h h t  yM yM HH 

6yjiHHHiujiap coHHra 6yjiraH H H c6aTH ra  aftTHJiaAH. 2!' U  h h h t  

6yjiHHHiuHra TyrpH  KeJiyBMH x a p  xhji MaccajiH napM aJiapnHHr 

m hkhlli rpacj)HrHHH Ty3caK , « h k k h  ypKanjiH» arpn m h 3 h k  x o c h ji  

6y jia^H  (7 .6 - p a c M ) . ByjiHHHLU Ko6HJiHHTHra sra 6yjiraH 

HApOJiap yMyH CHMM eTpHK Cn0HT3H  6yJlHHHUl 3X,THMOJIJIHrH

M accajiap c o h h h h h t  H H c6aTH  2 :3  6yjiraH napM ajiapra  

6yjiHHHiu 3XTHMOJiJiHrHAaH 5 0 — 100 M apTa  khmhk. 7.6- pacM- 

^ a H  KypHHHUiHMa, 3ht Kyn mhkhui cohh  eHTHJi n a p n a  yMyH 

8 0 — 110 Ba o fh p  napM a yMyH 1 2 4 — 156 M acca  coH H ia  TeHr; 

6yjiHHHUiHHHr 9 9  %  xoJiH^a o fh p  Ba eHrnji napnajiap  \ochji 

6yjia/iH, KOJiraH 1 %  xoJinaa Macca coHJiapn 1 1 0 — 125 ra TeHr 

6yjiraH h k k h t3  6hp xhji n apM ara  6yjiHHHUi xoAHcacH  

Ky3aTHJia/iH. ByjiHHyBMH HApoJiapHHHr M acca  cohh  opTa 

6o p n iuH  6ujiaH Man «y p K aM »  o F n p p o K  M accajiap  c o xacu  

TOM OHra CHJ1>KHH/IH, HTjHH M 3KCHMyMJiap y 3a p O  HKHHJiaUiailH. 

« ^ p K a M »  jiapra TernuuiH HyKTajiap a 6cu n cca jiap H  y 3ap o
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60 80 /00 120 m  /SO 180

7. 6- p a c in .  y p a H -  235 a a p a n a p H  6 y j iH H H iu  n a p M a jia p H H H H r  
Macca A 6 y ftH w a  T aK C H M O TH . B e p T H K a J i  yKH.ua napHajiapHHHr 

M HKHUI 9X ,TH M O JIJlH rH  K y H H J i r a H .

2 — tok  A jiap y^yH,

3MrmpHK MyHocaSaT opKajiH SoFjiaHraH. ByHAa A 6 yjiHHyB4 H 

HApoHHHr, Ao Ba Ae —  m o c  paBHiuAa axjHMOJiJiHrH * y A a  

KaTTa 6yjiraH o f h p  Ba eHTHJi napMaJiapHHHr Macca coHJiapn. 

napMaJiap acHMMeTpHHcn opTa 6opH 6, yjiapHHHr Macca 

coHJiapHHHHr HHc6 aTH 2:3 ra eTraHAaH k c h h h  m h k h u i  c o h h  

TycaT/iaH KaMaHH6 KeTaAH. M acaJian, Macca c o h h  12 6 h p j ih k - 

Ka y3rapraHAa m h k h l h  c o h h  1 0 0 0  MapTa KaM aa^H .

riapMajiapHHHr Macca 6yfiHMa TaKCHMJiaHHiu arpn mh- 

3HFHAa MaiiJiyM 6np  H30T0njiap mhkhiuhhhht o^aTflarHflaH 

MeTJiauiHiu xoJiJiapn Ky3aTHJiaAH. By xoAHcara ca 6 a6  —  

6yjiHHHiu ^ a p a e H H ^ a  napMaJiapHHHr 50 eKH 82 HefiTpounaH 

H6opaT enHK ko6hkjih xojifla xochji 6yjiHujra mohhjijihthahp. 

KyMJin Ky3FajiraH aapojiapHHHr 6yjiHHHiu xycycHHTH anpo

Ao- Ae =  288-l,04-A+8,

0 — >KycJ)T A Jiap yMyH,

(7.12)
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MaxcyjioTJiapHAa HyKJioHJiap SHJiaH Tyjia 3rajuiaH raH  ko- 

SwKJiap xochji KHJiHiu h m k oh hh th  SHJiaH Kam /iapa>KaAa 

aHHKJiaHaAH , Myhkh KO^HKJiapjia HyKJioHJiapHHHr t3P th6jih  

>KOHJiaiuyBH acocHii eKH KyMCH3 Ky3FajiraH X 0JiaTJiapjia 

6yjiraH H/ipoJiapra xocAHp. ETapjiHM a iokoph Ky3FajiHiu 

3HeprH«JiapHfla MaxcyjioTJiap m hkhluhhhht M acca  coHHra 

6oFjiaHHLLiHiiarH acH M M eTpH nra  xoc «M y K y p »  ftyKOJiaAH Ba 

KeHF CHM M eTpHK M aKCHM yM  xochji 6yjiaAH.

H a p o  yM Ba TypTTa napM ara  6yjiHHHLUH x aM  M yMKHH. 

O flaTA a , h k h h  MaccaJiH yMTa n apM ara  6yjiHHHm  3K30TepM HK  

6yjin6, 6yHAa a>KpajiH6 M H KaAH raH  3H eprnH  hkkh  napM ara  

6yjiHHraHAa a>KpaJiH6 MHKyBMH 3HeprHHAaH  20 MsB opTHK 

6yjiaAH. LUyHflaft khjih6, HApoJiapHHHr M accajiapH  6ap  xhji 

6yjiraH yM n apM ara  6yjiHHHOiH 3HeprHH >KHxaTHAaH KyJiaft- 

AHp. JleKHH yjiMaui.iapHHHr KypcaTHUiHM a, MaccaJiapH h kh h  

yM napM ara  6yjiHHHUi sxthm ojijihfh hkkh  napM ara  6yjiHHHLU

SXTHMOJIJlHFHAaH >KyAa K3M  3K3H .

C n o H T a H  6yjiHHHUiHHHr x a p  6np aKTHra TyFpn KejiyBMH 

HeftTpoHJiapHHHr ypTaMa cohh  v aMaJinft >KHXaTAaH KaTTa 

axa M H H T ra  ara Ba y 6yjiHHyBMH h a p o h h h t  M acca coHHra 

x a M A a  K y n p oK  3ap H A H ra  6ofjihk 6yjiaAH: TpaHC-ypaH- 

3JieMeHTJiap cox a c H A a  v h hh t  KnftMaTH, 2,13( 29Th) nan
4,05 ( 254Fm) raMa o p iaA H . AftpHM napM ajiap M HKapaeTraH  

HeftTpoHJiap cohh  aca napM ajiapHHHr M accajiapnra  6ofjihk : 

eHTHJi napM a o fh p  napM ara  HHc6aTaH  ypTa  XHCo6Aa  1.02— 1, 
24 M apTa  Kyn HeftTpoH M HKapaAH .

ByjiHHHiij HeftTpoHJiapHHHHr ypTaM a 3HeprHHCH 2 MaB ra 

h k h h . O h h h  y-KBaHTjiap HeHTpoHJiapra H H c6aTaH  KV3FaJiraH 

napMaJiap t o m o h h a 3 h  aHMa KeM, htjHH moc paBHLUAa 1 0 -8 Ba 

1 0 -I4C A 3H  KeftHH MHKapHJiaAH. B H p  6yjlHHHUI aKTHra TyFpH 

KejiaAnraH y- KBaHTjiap cohh  8— 10 Ta 6yjica, yjiapHHHr y3H 

6HJiaH ojih6 KeTaAHraH  Tyjia 3HeprHHCH 6 — 7 MaB hh TauiKHJi 

3T3AH . O p T H K M a  HeftTponjiapra 3ra 6yjiraH napMajiap 

6yjiHHHUiAaH T ax M H H a H  1 0 ~ 6c yTraH A aH  KeftHH 6 a p K a p o p  

napM ajiapra  aftjiaHaAH.

riapMajiap 6a p K a p o p  xoJiaTra yTryHMa x ap  6np paAHO- 

aKTHB 3aH>KHp 3— 4 Ta |3- napMajiaHHiii m a p a e H H H H  KeMraHJiH- 

rHAan , MaiiJiyM 6yjiraH 45 ra 6yjiHHHUi ftyjiHAa 300 ra h kh h  

R- HypjiaTyBMH naftAO 6yjiaAH. X o 3 H p r H  KyHra K a A a p , acocaH,
U, 239Pu, 233U, 232Th paAnoaKTHB 3aH>KHpJiapHHHr x ap  

6H p H A arH  HApoJiapHHHr napMaJiaHHiu cxeM ajiapH  6aTa(J)CHJi 

ypraHHJiraH.

ByjlHHHLU MaXCyjIOTJiapHHHHT XHMHHBHH 3JieMeHTJiap 

6yftHMa T a p k h 6h p- napMajiaHHiu Ty<})aftjiH y 3rap aA H . KyftHAa-
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rn SnpHH-KeTHH pyft CepaAHraH napnajiaHHLU 3 3 h >k h p h  6yHra 

m h c oji  6yjia ojia/w:

140Y r  "  . I40p„ P , 140D „ p . I40i „ P . !40/~„

54 55 ~6 6 c ~ ^  5eBa 12,8 KyH "  5 7 L a ~4 0 ^ i 7 ^  5 g C e

(6 apKapop).

Arap 6yjiHHHiu * a p a e H H  eTapjiHMa yarapMac Te3JiHK 6HJiaH 

iiaBOM 3TaanraH 6yjica, y xojiaa MyB03aH3T pyft 6epnuiH 

HaTHJKacHAa 6yjiHHHiu MaxcyjioTJiapHHHHr TapKH6H y3rapMaft 

KOJiaAH. M y B 03aH aT  pyfi 6 e p ra H  x,0Jiaa 6apMa 6yjiHHHUi 

Max,cyjiOTJiapHHHHr TypTflaH 6up  khcmh —  hoahp ep  3Jie- 

MeHTJiapH/jHp. BouiKa ajieMeHTJiapAaK unpKOHHft —  15 %  hh, 

mojih6ach —  12 %  Ba ue3Hfi —  6,5 %  hh, kphiitoh Ba kcchoh 

ra3JiapH aca 16 %  hh TauiKHJi 3TaflH. 1 Kr y p aH H H H r  6yjiHHHUi 

* a p a e H H 4 a  eTapjiHMa BaKT yTraH^aH cyHr (4 ftHJira hkhh) 6y 

ra3JiapHHHr xa>KMH HopMaji uiapoHTaa 25 m3 hh TauiKHJi 

KHJia^H.

7.4-§. 3aH>KHp peaKUHd. Ha3apHn

Hflpo 6yjiHHraHHAa a>KpaJiH6 M HKa/uiraH  SHeprHHHH 

XHCo6jia6 MHKafijiHK. Macca coHJiapn >4^100 6yjiraH 

6yjiHHHiu napMajiapH^a 6 n p  HyKJioHra Tyrpn KejiraH ypTaMa 

6oFjiaHHiu 3HeprHHCH A ^ 2 3 5  6yjiraH HflpojiapAarnra HHc6a- 

TaH  T a x M H H a H  0,85 MaB K arra . ZleMaK, 6yjiHHHiu H araw acH -  

Aa x a p  6np HyKJioHra 0,85 MsB ra TeHr 6yjiraH SHeprHH 

a>KpajiaAH, ht>hh xap 6np H/ipora Typpn KeJiaflHraH 6yjiHHHUi 

3HeprHHCH Q =  235-0,85 « 2 0 0  MaB.
Q  h h h t  6y k h h m 3 t h h h  6 omKaMa h ^ ji 6HJiaH xaM TonHiu 

MyMKHH. HapoHHHr 6yjiHHHiUHAa a*pajiH6 MHKa/uiraH 3Hep- 

THHHH 6yjlHHHUI napMaJiapHHHHr KHHeTHK 3HeprHHCH CH(|)aTH- 

aa a *p a jiH 6  MHKa/iH, a e 6  XHCo6 jiafijiHK. ByHra acoc k h j i h 6  

6 yjiHHHiu napMajiapu 3apHflJiapHHHHr KyjioH HTapHJiHiu 

KyMjiapH TaiaCHpH ojiHHa^H. PaAHycjiapn R i Ba R 2 6 yjiraH 

napMajiap opacn/iarH Macoc|)aHH /? =  /?, -f-/?2 Ae6 6ejirHJiacaK,

(7.12')

H(})OAara Kypa napM ajiapHHHr KyjioH htbphjihujh sHeprHHCHHH 

XHCo6jia6 MHKHIU M yM KHH.

MacaJiaH, (7.12') n ,a  R  =  r 0A  '/3 (JiepMH, r0=  1,4 (|)epMH Ba

238U CHM M eTpHK 6y jIH H a^H , HTdH H  Z| =  Z 2=-y- =  46 Ba
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A  {= A 2= —g—=  119 ne6  ojicaK, 6 yjiHHHUi SHeprHHCH Q  ra

TeHr 6yjiraH KyjioH SHeprHHCH t/Ky;l«2 0 0  MaB 3KaHJinrH

TonHJia^H. Q  h hh t  acocHH kh cm hh h  napnajiapHHHr khhcthk 

SHeprHHCH TauiKHJi st h 6 , KOJiraH khcm h  oh h h  y- Hypjiap Ba 

napnajiapH H H r  paanoaKTHB napqaJiaHHiiiHAarH p- Ba 7 - Hyp- 

Jiap, 6 yJIHHHUI HeHTpOHJiapHHHHT KHHeTHK SHepTHHCH Ba 

HeHTpHHOHHHr SHepTHHCH XOJIHAa a>KpaJIH6 MHKaAH. ByjIHHHUI 

SHeprHHCHHHHr TaxMHHHH 6 aJiaHCH KyHHAarnqa:

ByjiHHHUi nap^aJiapH H H H r khhcthk SHeprHHCH ... —  169 MaB
O h h h  y-KBaHTJiap 3HeprHHCH........................ ~  " 8 M a B

ByJIHHHUI HeHTpOHJiapHHHHr 3HeprHHCH ............. ~  5 M 3 B

p- napMajiaHHUi 3HeprHHCH ..................................  ~  9 M aB

y- HypjiaHHUi SHeprHHCH ............................................. ~  7 M aB

HeftTpHHO SHeprHHCH ........................................  ~  11 M aB

ByjiHHHUiHHHr 6yTyH 3HeprHHCH ........................... ~ 2 0 5  M aB

ByjiHHHUi 3HeprHHCHAaH 194 M a B  hh, ht^hh HeHTpHHo 
3 HeprnHCHAaH T a u i K a p H  x,aMMa k h cm hh h  HCCHKJiHKKa a f l j ia H -  
thphui MyMKHH. Ammo uiyHH 3T>TH6opra ojihui 3 a p y p K H ,  
6yjiHHHUiAa a> K pajiH 6 MHKKaH SHeprnHHHHr x ,aM M acn  —  
( 1 9 4 + 1 1 )  M a B  ypaH  h ap o ch  M a c c a c n r a  Tyrpu  KeJiaAHraH 

T y j i a  3 HeprHH (Mc ) h hh t  c})aKaT 0,1 (})OH3 HHHrHHa TauiKHJi 
3TaAH, XOJIOC.

K a T T a  SHeprHHJiapHH ojiHiu/ia a n p o  afljiaHHiujiapHAaH 

(^OH^aJiaHHUI MyMKHHJIHTH TyFpHCHAaTH (})HKp pa^HOaKTHB- 

jihk x,aKHAarH (})aH pHBO>KJiaHHUiHHHHr hjik A aB p jiap H ^a  

By>KyAra KejiraH sah . JleKHH 6yjiHHHUi peaKUHHCHHHHr 

OHHJIHUIH Ty(})aHJIHrHHa H/ipO SHeprHHCHHH a>KOHH6 3HepTHH 

M a H 6a n r a  afljiaHTHpHUi H uuiapn  KeHr Tyc ojiah. K y n  SHeprHH 

ojiHiu ynyH  HApojiapHHHr y3JiyKCH3 napnaJiaH H 6  TypHUiHra 

3PHUIHUI JI03HM. B y  huihh aMajira ouiHpHiiiAa y p aH  hapoch- 

hhh t  ^yjiHHHLUH^arH a>KOHH6 xycycHHTH >Ky,aa Kyji kcjih6 

Kojiah: h ap o  napM aJiaH raH ^a  2 — 3 Ta op T H K ^a  HefiTpoH 

T a u iK ap n ra  othjih6 MHKaAHKH, yjiap ypaH H H H r  6ouiK a  

HApoJiapHHH napnajiaH  ojia^H. B u H o 6 a p H H , 6yjiHHHui >Kapae- 

h hh h  M aH a  uiyHra acocjiaHH6 TauiKHJi 3THJiry#eK 6yjica, 

HApoJiapHHHr y3-y3HAaH y3JiyKCH3 6yjiH HH6 TypHiunra sp n -  
lUHUi M yMKHH. LJLIy 3aHJiAa KenaAH raH  >KapaeH 3anoKup  
(y3- y3H^aH  pHBO>KJiaHyBHH) peaKUfUR jxe6 iopHTHJia/iH.

Arap x,ap 6 n p  h a p o h h h t  6yjiHHHUiHAa yMTa HeHTpoH 

By>KyAra KeJiaAH, A e 6  (J)apa3 KHJicaK, y xoji;ia * a p  6 n p  

HeHTpoH y3 H aB 6aTHAa HHa yMTa hhth  HeHTpoHHHHr naPino 
6yjiHUiHra ca 6a 6M H  6yjinuiH MyMKHH. B y  HeHTpoHJiapHH
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S h p h h h h  aBJioflra TerHLUJiH ,o,e6 ojican, yjiap y3 HaBSaTHiia 

3 2= 9  Ta hkkhhm h aBJioAra TerHLUJiH HeHTpoHJiapHH ByjKy^ra  

KejiTHpa^H. Ym hh hh  aBJioaaa aca 3 3= 2 7  Ta HeHTpoH xochji 

SyjiaflH Ba x,.k. LU yH A aH  cxeM a a c o c u a a  HeftTpoHJiap cohh  

KynaiiH S  6o p aA n . HeftTpoHJiapHHHr KynaftHixiH 6HJian 6opaAH- 

raH 6 y  peaKUHHJiap x a M  xhm hhbhii 3aH>KHp peaKUHHJiapHHHr 

6opHUiH  6HJiaH aftHaH yxuiaiu  6yjiraHJiHrHflaH, 3 a H * H p  

peaK U H H  A e 6  aTajia^H . 3aH>KHp p eaK UH H H H H r 6ouijiaHHuiH 

y ^y H  03 M H K A o p a a rH  HeftTpoHJiap x a M  eTapjiH 6yjiaAH .

A r a p  HeftTpoHJiapHHHr KynaftHLUH 6h3 t3bchcJ) 3TraHH- 

M H 3^eK  aMajira ouica , y H ^ a  6HTTa HeftTpoHHHHr sjijihfhhhh  

aBJioflHra M aH c y 6  6yjiraH HeftTpoHJiap cohh  3 50ss; 1025 6yjiaflH. 

X a K H K a T ^ a  sca x a M M a  HeftTpoHJiap x a M  6yjiHHHiura ojih6 

KejiaBepMaft^H.

C n o H T a H  6yjiHHHUiAa KaTTa M H K A o p A arn  SHeprHH  a>Kpa- 

jih6 M H Ka^H . B y  >«apaeHJiap roHT/ia cnftpaK Ba 6ouiKapHJiMaft- 

AH raH  6yjiraHJiHTHAaH 3HeprHH M a H 6a H  6yjiH6 XH 3M aT  KHJia 

ojiMaft^H. AMajiHft H yK Tan  H a 3a p A a H  ornp  HApojiapHHHr 

HeftTpoHJiap T a t c n p H A a  Ma>K6ypHft 6yjiHHHuiH 6exa,a. KaTTa 

KH3HKHIU  yftrOTa^H. ByjIHHHUI peaKUHHJiapHHHHT HHTeHCHB- 

j ih t h  HeftTpoHJiap SHeprHHCH En ra Ba 6yjiHHyBMH X  h a p o h h h t  

Ty p n ra  6o fjihk  6yj\ajx\\.
HeftTpoHJiapHHHr 3HeprHHJiapH 0 ,0 2 5  naw 0 ,5  a B  rana 

6yjiraHJiapH h c c h k j ih k , 0 ,5  aB  AaH 1 k s B  ra^a pe30HaHC, 

SHeprHHJiapn 1 jxaH 100  k s B  raMa 6yjiraHJiapH opajiHK, 

SHeprHHJiapH 100  k s B  ^aH  t o  14 M a B  ra^a 6yjiraHjiapH aca, 

Te3 HeftTpoHJiap jie6 arajiajin. 0 ,0 2 5  aB  sHeprHH a>«paTHJiH6 

KypcaTHJiHUiHra ca 6 a6  y xoHa TeMnepaTypacHflaru kT 
h c c h k j ih k  3HeprHHCHra m o c  Kejia^H. UJyHHHraeK, 0 ,5  a B  

3HeprHH xaM peaji HApo KypHJiMajiapHaani TeMnepaTypa 

6HJiaH 6orjiaHraH. UiyHAaft k h j ih 6, h c c h k j ih k  HeftTpoHJiapH 

aTpo<})-MyxHT 6HJiaH TepMOAHHaMHK MyB03aH3TAa 6yjiaAH. 

Pe30HaHC HeftTpoHJiapHHHHr 6yHflaft HOMJiaHHiunra ca6a6 , 

yjiapra TernuuiH SHeprHH cox,acHAa Tyjia Heih-poH KecHMH.ua 

pe30HaHCJiap TycHFH K)3ara Kejia^H.

ByjiHHHUi >KapaeHH H H c6aTaH  Te3 yTMafiflHraH >Kapa- 

eHflHp, MyHKH y Hflpo CTpyKTypacHHH Hr KaftTa y3rapHUiHHH 

By^Ky^ra  KejiTHpa^H. jX  h a p o h h h t  HefiTpoH K a M p a u i nafiTH- 

jxaH , to  6yjiHHHUi nafiTHrawa t ~  1 0 _ l 7 c, h ^ h h  r m JxaH

4 — 5 T ap T H 6ra  op TH K  b b k t  yTa/iH. LLIyHHHr yqyH ?+iX

TapKH6Hfi aapoHHHr nafiAO 6yjiHuiH xaKH^a ranHpHui MyMKHH. 

y afiHaH acocHfi xoJiaTHAaH 3M ac , 6ajiKH Ky3FajiraH 

\o.iaTHAaH 6yjiH HaAH. B y  >KapaeHHH TaBCHt|)jiaiii ynyH
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TOMMH MOfleJIHHH KyJlJiaLU MyMKHH. ByjlHHHLU E K̂ t>  E  aKT

m ap T  6a>KapHJiraH naflTiia K)3 SepaflH. /JeM aK , SepHJiraH 

x,ojiaT ynyH E Ki3F=  E 6„r;[(A +  1) -(-£„ SKaHJiHTHHH ^cJiacaK,

AX  HflpOHHHT

E  „ >  E  i =  E a„ — E 6ttrj,(A +  1) (7 .1 3 )

KHHeTHK 3HeprHHJIH HeHTpOHJiap T3"bCHpH OCTH/ja SyjIHHHLU 

HMKOHHHHHT aCOCHH HJapTHHH T 0n a M H 3 ; 6 y  ep/I.a SoLJJJLaHFHM 

AZX  H/ipoiiarH 3M ac , 6ajiKH t 3 p k h 6 h h  a+-zX  HiipoflarH Hefl- 

TpOHHHHT 6oFJiaHHLU SHeprHHCH E 6ol-:,(A -)- 1 ) OJlHHaflH, E

K3TT3JIHK 6yJlHHHLUHHHr 3({K})eKTHB 6ycaFaCH  iie6 aTajiaflH, 

wyHKH >KapaeH 0 3  sxthmojijihk 6HJiaH 6ycaFaflaH  nacTAa x,aM 

TyHHejuiaiu (cnoH TaH  6yjiHHHiu) x,nco6Hra pyft 6epHiUH xaM  

MyMKHH.

TatpHcfjjiaHraH K O H ^a  HeftTpoHJiap TatcnpH iia  6yjiHHHLU 

>KapaeHJiapHHHHr aftpHM KOHyHHHTJiapHHH M y xo K aM a  khjihuj- 

ra hm koh 6epaflH. A r a p  HApo  >Kyaa xaM  o fh p  6yjiM aca, Z 2/ A 

KHfiMaT KpHTHK KHHMaTflaH Kyn KHMHK, y X,OJIiia z + 'X Hil-

poHHHr aKTHBJiaiu 3HeprH acH  >Kyiia Karra  Ba y yTa Te3 

HeftTpoHJiap fiHJiaH 6yjiHHaiiH. T a x M H H a H  A = 2 1 0  iiaH 

aKTHBjiaui 3HeprHHCH iuyHflaft KaM aaA H K H , nHpoBapflHiia 

6yjIHHHIUHH Te3 HeftTpOHJiap K53ara KeJlTHpHUJH MyMKHH. 

H h x o h t , 6a-b3H 6 n p  o f h p  aiipojiap yMyH £ aKT<  E (mr:](A -(- 1 ) , 

H"bHH yjiap yMyH 6yjiHHHUiHHHr 3(})4)eKTHB 6 y c a ra c H  £ / 

MaH(j)Hft 6yjiaiiH. ByHijaft aflpojiap 6ap M a  aHeprnaJiH Heft- 

TpoHJiap, iuy >KyMJiaflaH, h c c h k j i h k  HeftTpoHJiapH 6HJiaH xaM  

6yjiHHaiiH. ByHra 3Hr aBBaji ypaHHHHr îjlU, llU H30T0njiapH  Ba 

njiyTOHHftHHHr ^ P u ,  xaMija 6ouiK a  T p aH cy p aH  3JieMeHTJiapn- 

h h h t  6a"b3H 6 n p  H30T0nJiapH M aH cy6 .

H H M a  yMyH ypaH- 235 xarroK H  hcchkjihk HeftTpoHJiapH 

6HJiaH x,aM 6yjiHHHiuHHH, ypaH- 238 hhht 6yjiHHHUjH yMyH sca 

Te3 HeftTpoHJiap 3 a p y p  6yjiHuiHHH aHHK-nafijiHK. B y H H H r  yMyH 

xaKHKaTiia  SyjiHHHiura aiipoJiapHHHr y3H 3M ac , 6aJiKH yjiapra 

TerHLUJlH TapKH^Hfi HiipOJiapH 2|®U Ba 29®U iiyM KeJlHIUHHH 

x,HCo6ra OJiaftjiHK. YjiapHH Hr 6hp hhm hch  yMyH Z 2/ A 03rH Ha  

KaTTa 6yjiraHJiHrH c a 6a 6jiH aKTHBJiaui 3HeprHHCH 6 h p  KaHMa 

khmhk 6yjiaiiH. X aK H K a T iia  Ta>Kpn6aAa TaciiHKJiaHraH x,hco6- 

jiap KypcaTraHHiieK:

,5  M s B  2g|U yMyH,

,1 M s B  2g®U yMyH.

( 6,£

17,1

387



A m m o  acocHficn 6yH/ia 3M ac . 3 h t  axaMHHTJiHCH m yKH , 

y p a H - 2 3 6  H /ip o c H  >Kyc})T->Ky(})T, y p a H - 2 3 9  aca >Ky(})T-TOKAHp. 

LLIyHHHr yqyH yjiapHHHr cojiHiuTHpMa SoFjiaHHio SHeprHHCH

1 M sB  TapTHSHAarH MHKAopra cf)apK KHJiaAH

By K H H M 3THH (7 .1 3 )  ra KyflHS, ypaH- 235 Ba yp aH - 238 6y/iHHH- 

uiHHHHr 3(}>(})eKTHB 6y c a F a c H  ynyH  KyflHAarH KHHM aTJiapHH 

ojiaMH3:

O F H p  HApOJiapHHHT HCCHKJIHK HeHTpOHJiapH TatCHpHAa 

6yjiHHHLUH KaTTa a(})3ajiJiHKJiapra 3ra. KynMHJiHK xojuiap/ia 

6yjIHHHIU KeCHMH 5 nj KHMHK. TopHH 2g?Th, ypaH H30T0nJiapH

“ U ,  292U ,  2s2U  Ba njiyTOHHH 294P u  6yHiiaH M ycTacHo. BnpoK, 

xaTTO  ypaH- 238 yMyH x aM  SH eprHH HHHr 2  A a H  6 M a B  raMa 

H H TepBajiH ^a  6yjiHHHUi kcchm h 6op-fiyFH 0 ,5  6ap H ra  TeHr. 

H K KH H M H  TOM OH A aH  HCCHKJIHK HeHTpOHJia pH T a tC H p H A arH  

6yjiHHHiu peaKUH Hjiapn  3K30Tep M H K  6yjiaAH, uiyHHHr yMyH 

x a M  khm hk 3HeprHHJiap c o x a c n a a  yjiapra 1 /v  KOHyHH T a T 6HK 

3THJiaflH.

ByjiHHHiu peaKUHHCH (n, f) 6HJiaH 6yjiHHHiura xajiaKHT 

6epyBM H HOSJiaCTHK COMHJIHLU (tl, tl') 3JI8CTHK COMHJIHUI (n, 
n) Ba p a ^ H a u H O H  K aM p au i (n, 7 ) >KapaeHJiapH p a K o 6aTJiauia- 

JW. A m m o  khm hk 3HeprHHJiapiia HoajiacTHK comhjihui 6yjiMafi, 

3JiacTHKJiHK comhjihui aca, AenpjiH 6ocTHpHJiraH 6yjiaAH. By 

XOJifla hcchkjihk  HefiTpoHjiapH yMyH p a A H a u H O H  K a M p a u iH H H r  

TyjiHK KecHM ra K y m r a H  yjiyuiH 6op-fiyFH 16 %  hh  TauiKHJi 

3T aaH  Ba T a x M H H a H  8 4  %  x,ojuiapAa 29| U  h ap o c h  lOTraH 

HefiTpoHJiap 6yjiHHHUiHH By>KyAra KejiTHpaflH.

YpaH-235 H/ipocHHHHr 6yjiHHHuiHAa a>Kpajin6 MHKyBMH 

3HeprHH ( Q 6j , , « 2 0 0  M a B )  hhht 8 0  %  ^aH opthfh 6yjiHHHiu 

napMajiapHHHHr KHHeTHK areprHHCH KypHHHUiHfla m h k 3 / ih . 

S^pTa ^HCo6aa napMaJiap KpnnTOH (36K r ) Ba KceHOH (54X e ) 

HKHHHfla rypyxJiaHaAH Ba yjiapaaH 6npH hkkhhmhcha3 h 

TaxMHHaH 1,5 MapTa oFnppoKAHp. TaxM H HaH  6np  xhji 

napMaJIH 6yjlHHHUI COHH 1 %  AaH KaMpOKHH TaUIKHJl STaAH.

CH(})aT >KH*aT,naH 6yHflafi a c H M M eT p n n  k o 6 h k  m o a c j i h  6HJiaH  

TyuiyHTHpHJiaAH. H a p o  yMyH HefiTpoHJiapH cohh  5 0  Ba 

82  «ce^p jiH »  coHJiapHAaH 6H p H ra  h k h h  6yjiraH  napM ajiapra  

6yjiHHHUiH a(})3ajiflHp.

6,8 M a B  292U  yMyH,

5,5 M a B  2|!U  yMyH.
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H H c 6 a T a H  eHTHJi 6yjiHHHLu n ap ^a jiap H  opTHK.iia nefi- 

TpoHJiapra ara. O p T H K M a  HefiTpoHJiap HApoiiaH MHKapHJia/iH. 

By HeiiTpoHJiap oh h h  HefiTpoHJiap ne6 arajiam, MyHKH yjiap 

SyjiHHHiu n a H T H ^a  eKH y H ^ aH  cyHr iiapxoji yMH6 MHKaflH. 

ypaH-235 6yjiHHHLHHHHHr x,ap 6 h p  aKTH/ja ypTa  xnco6fla

2 — 3  HefiTpoH xochji 6yjiaAH . O h h A  HefiTpoHJiapHHHr ypTaMa 

KHHeTHK 3HeprHHCH Kapnft6 2 MaB hh TauiKHJi 3Tajxu Ba yjiap 

6yjlHHHILi peaKUHHCH 3HepTHHCHHHHr 30 %  HHH ojih6 KeTaflH.

O h h A  HeHTpoHJiap MHKapraHHflaH KefiHH napM ajiap  

Ky3FajiraH *oji aTJiap.ua 6yjiaAH . Yjiap  Te3Aa ohhB  y- KBaHTJia- 

pn M HKapHiu 6HJiaH acocHH  xojiaTra y T a ^H . ByjiHHHUiHHHr x a p  

6 n p  aKTH ra ypTaM a SHeprHHCH 1 MsB T a p T H 6 n A a  KapHft6 

8  ({)otoh Typpn  Kejia^H, yjiapHHHr x a M M a c n  ojih6 KeTyB- 

MH SHeprHH  aca, Qgyj, HHHr T aX M H H aH  3 ,5  %  HHH TaUlKHJl kh- 

jia^H .

ByjlHHHHira KeMHKyBMH HefiTpOHJiapHH MHKapHLU M.e6 
aTajiyBMH HH a 6 n p  x,OAHca x,aMpox, 6yjiaflH. y jiap  6yjiHHHUi 

MOMeHTHflaH eTapjiHMa KefiHH —  6 n p  MHHyTraM a eTyBMH 

B a K T ^a H  cyHr x,ochji 6yjiaflH. JleKHH 6 y  y M y M aH  HefiTpoH 

paflHOaKTHBJIHTH pyft 6epHLUHHH 6HJIflHpMafiflH. KeMHKyBMH 

HeHTpOHJiapHHHT KeJlHfi MHKHLUH KyHHflarHMaflHp. M ax c y jl  

HflpoHHHr acocHfi xojiaTHra napM aH H H r  p- napM ajiaH H m H  

K a r b H H  TaKH KJiaHraH  Ba y HefiTpoHHHHr a>KpajiHuiH M yMKHH 

6yjiraH  SHeprHHJiH Ky3FajiraH xojiaT ^a  6yjiraH x,oji 6yjiHuiH 

M yM KHH. By Hflpo 6 a p K a p o p  xoJiaTra 3HeprHHCHHH Hefi- 

TpoHJiapAaH  6 n p H r a  6epH iu  Ba yHH MHKapHiu 6HJiaH y T a ^H , m y  

6HJiaH 6H p ra  6 y  >KapaeH «oHHfi» 6yjiaflH. Kcm hkhui BaKTH  aca, 

ojiflHH yTraH p- napM ajiaHHiura  KeTa^H . M hco ji TapHKacH .ua  

ypaH- 235 h hh t  6yjiHHHai BapnaHTJiapHiiaH 6wpnjxa xochji 

6yjiyBMH paflHoaKTHB 6 p o m h h h t  y3rapHiu  KeTMa-KeTJiHfHHH 

KypcaTHLU M y M K H H :

8 7 Q r  P  8 7 1/ ^ n _ 86
.3 5 p r  /r r ~\~ 3 6 ^ r  — — ► 3 6 i \ r .

(56c ) ( ~ t m )

HefiTpoH  6yjiHHHUi aKTH AaH  t ~ 5 6  c cyHr MHKapnjiaiXH. 

KeMHKyBM H HeHTpoHJiap HeHTpoHJiap yM yM H H  COHHHHHT  

T3X M H H 3H 0 ,7 5  %  HHH TaUIKHJI STaflH, JieKHH yjiapHHHT 

MaB>KyflJIHrH 6oUlKapHJiyBMH HiipOBHfi 6yjlHHHHJ >KapaeHHHH 

aMaJira o ijjh p h lu  yMyH MyxHMflHp. KeM H KKaH  HefiTpoHJiapHHHr 
nafiflo SyjiHUi BaKTH  n a p n a H H H r  npH M  napMajiaHHUj flaBpnra 

6oFJiHKflHp. LLIy xycycHH THra K a p a 6 KeMHKyBMH HefiTpoHJiap 

ojith rypyx,ra 6yjiHHaflH. By rypyx^iapHHHr KeMHKHLu BaKTH 

ceKyH/i, 6yjiaKJiapHii,aH t o p t h 6 6 h p  HeMa yHJia6 ceKyHflra 

K a ^ a p  y3rapaflH (7.6- >Ka,a.Baji). HefiTpoHJiapHHHr ypTaM a
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7.6- jk a n b a ji

ypan-235 hhht 6?jiHHHmHAani KenHcyBHH HeihpoHjiapHHHr hhcShh
HH^HIUH B8 AHBpH

rypy^H ByjiaKwaHHHr 
apHM napwa- 
jiaHnrn aaB- 

PH, c

Hhc6hh rypyjjH E ĵiaxqaHHHr 
apHM napia- 
jiaHHiu naB- 

PH, c

H hcChh

<on;Himi

1 55,6±0,2 0,034±0,009 4 1,52±0,05 0,319±0,017

2 2 2 ,0 ±0 ,2 0,220±0,023 5 0,43±0,05 0 ,1 1 2 ±0 ,0 1 1
3

4,51 ±0,10 0,282±0,017 6 0,05 ±0,05 0,033

KeMHKHLU B3KTH 12,4 C HH TaUJKHJl 3TaAH . 235U yMyH KeMHKyBMH 

HeHTpoHJiapHHHr yM y m h h  6yjiH HHm  HefiTpoHJiapH coHHra 

HHcSaTH  0,0064 ra TeHr. By KarrajiHK k h m h k  SyjiHUiHra 

K a p a M a c A a H  KeMHKyBMH HeftTpoHjrap 3aH>KHp aj.po  peaKUHH- 

CHHH 6oLUKapHLUfla MyX,HM pojlb yHHaftflH.

KeMHKyBMH HeftTpoHJiapHHHr m hkhluh 6yjiHHHUi Maxcyjuia- 

P h h h h t  p a^H o aK T H B  xycycHHTJiapHra 6ofjihk . M a c a J ia H , o fh p  

HapojiapHHHr 6yjiHHHiii M axcyjuiapH  6yjiMHUi 84Br eKH l27J Ba

X-K. y3Hj.aH  HeftTpoHJiap M H KapH6 
opTHKMa SH ep rH H ^aH  KyTyjia/LH. 

HeftTpOHJiapHH MHKapHLU HHTeH- 

CHBJIHTHHHHr B3KT  yTHUIH 6HJiaH 

KaM aHHUiH  e~u KOHyH a cocH ^a  

6yJiH6, 6y >KapaeHHHHr jjaBpH 

moc paBHum a B r  Ba J hhht 

p- napMaJiaHHUira H H c6aTaH  hphm  

auiaiu aaBpHra TeHr 3KaH. Ilap- 
MajiaHHUi cxeM ajiapn  yxuiaui 

6yjiraHJiHrHflaH, 7.7- pacM^a 87Br
HflpOCHHHHT CXeMaCH KeJlTHpHJI- 

raH. 87B rH H H r  p- napMajiaHHUiH 

( r ^ S ^ c )  Ty(})aftjiH Kr Hflpocu 

acocHH Ba Ky3FaJiraH x,0JiaTJiap- 

a. a By>Kyara KejiaflH. Bhp hhm h  

xojiAa xochji 6yjiraH 87Kr hap o ch  

8- n ap M ajiaH H iu  HaTH>KacH/ia 

R b , cyH rpa  6 a p K a p o p  87S r  an- 

pocnra  aftjiaHa^H. H k k h h m h  xoji-

7.7- pacM. BpoM-87 KpHn- KV3FaJiraH X,OJiaTAa XOCHJl
toh-87 Ba Py6HAHH-97 hapo- A ,,  „
jiapHHHHr napMaJiaHHiu cxeMa- 6yjiraH Kr HAPOCH y3HflaH HeH-

jiapH. TpoH M H K ap n 6  acocHft xoJiaTra
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yTaAH . 87Kr h a p o c h h h h t  K.y3FajiraH x,OJiaTHflaH M HKaeTraH 

HeHTpoHJiap cohh  BaKT 6H p ^H TH A a  87Br h hh t  87Kr hh 

Ky3FajiraH x,ojiaTHra p- napMajiaHHUi coH nra  nponopunoH aJi, 

y3 H aB 6aTHAa 6y coh aca napM ajiaH M araH  87Br HApoJiapHHHHr 

M H K A op n ra  nponopUHOHaJi. LOyHHH r yqyH HeftTpoH 3kthbjihk- 

h hh t  KaMafiHiu apH M  n a B p H  87Br HApojiapHHHHr npH M  Hiuaiu 

A a B p n r a  reHr.

LUyHH aftTHiu KepaKKH , x a p  HKKaJia x,ojiAa x aM  kcmhkybmh 

HeftTpoHJiap Hflpo 6HJiaH KyHCH3 6oFJiaHraH 6yjiaAH . 36K r 5i 

H^p OCH Aa  HeHTpOHJiap COHH 5 1 = 5 0 + 1 ,  IiiyHHHT/ieK 

'^ J - ^ l l X e g a  aa aca HeftTpoHJiap cohh  8 3 = 8 2 + 1 ,  hi>hh 6y  

HflpoJiapAarH HeftTpoHJiap cohh  enH K  HeftTpoH Ko6HKJiap/iarH 

HeftTpoHJiap coHHflaH 6HTTa o p th k . By cyHrrn  6HTTa HeftTpoH 

en H K  k o 6 h k  TauiKapHCHiia 6y jiraH H A aH , huikop  3JieMeHTJiap- 

nam  BajieHT 3JieKTpoH K a 6n  Hiipo 6HJiaH >Kyna KyHCH3 

6oFjiaHraH . LLIyHHHr yMyH Ky3FajiraH HApo  yHH y3HAaH 

eHTHJlJIHK 6HJiaH M H K ap H 6  K)6opail,H.

ByjlHHyBMH H30T0nJiapHH Hr HeftTpOHJiapHH Oa Tyjia IOTHUI 

KeCHMH Of 6yjlHHHUI KeCHMH Ba Oy paflHaUHOH TyTH6 KOJIHUI 

KecHMJiapH/iaH TauiKHJi TonaAH :

Oa =  Of +  Oy =  Of ( 1 +  a ) ,

6y ep A a  a =  oy/of. B ouiK aM a  khjih6 aftTraHAa, HApoJiapHHHr

6yjIHHHUIHHH IOTHJiraH HeftTpOHJiapHHHT (J)aKaT |- KHC-
I -f" a

MHTHHa io3ara KeJiTHpaAH. /L eM aK , 6yjiHHyBHH H 30T0n /ia  6 h p  

HeftTpOHHHHT IOTH6 KOJlHHHUlHTa TyFpH KeJiaflHTaH 6yjlHHHIU 

HeftTpoHJiapHHHHr ypxaM a COHH

6 y  ep A a  v —  x a p  6 h p  6yjiHHHiura TyFpn KejiyBMH 6yjiHHHiu 

HeftTpoHJiapnHHHr ypTaM a cohh . Ta> Kp H 6ajiapH H H r KypcaTH- 

UIHMa, HCCHKJIHK Ba Te3 HeftTpOHJiap Tai.CH pH Aa  6yjIHHyBMH 

X aM M a  H3OTonjiap yMyH t \ > 2 , a M M o  opaJiHK HeftTpoHJiap ynyH 

y 1,5 raMa K aM aH A H . LLIyHHHr yMyH oFHp HApoJiapHH h c c h k  eKH 

Te3 HeftTpoHJiap Ta"bCHpHAa 6yjiHHraHH  M atKyJi.

ByjiHHyBMH H30T0iuiapHHHr h c c h k  HeftTpoHJiap T a^C H p H A a  

6yjiHHHUi KecHMH Te3 HeftTpoHJiapAarH 6yjiHHHiu KecHMHra 

H H c6aT aH  103 M ap TaM a opTHK- LOy c a 6 a 6 A a H , o A aT A a , Te3 

HeHTpoHJiapHH M axcyc  ceKHHJiaTyBMHJiap e p ^ a M H A a  hcchk  

HefiTpoHJiapra aftjiaHTHpHJiH6, KeftHH yjiap e p ^ a M H A a  6yjiH- 

HyBMH H30T0njiapra T a t c n p  STHJiaAH. M c c h k  HefiTpoHJiapAarH 

3aH>KHp peaKUHHJiap T a p K H ^H A a  6yjiHHyBMH H30T0njiap Ba
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ceKHHJiauiTHpyBMH M ojm ajiap  6yjiraH KynaftTHpyBMH cHCTeMa- 

jiapjia (aTO M  peaKTopjiapH /ia ) aMajira ouiHpHJiajiH. ByjiH- 

HyBHH y p a H  H 3 0T 0n n  Ba ceKHHJiauiTHpyBHHflaH n 6 o p a T  >ieKCH3 

CHCTeMa ynyH  HeftTpoHJiapHHHr Kynaftnui >KapaeHHHH K y p n 6  

HHKaftjIHK. B npH H M H  aBJIOfl HeftTpOHJiapHHHHr 3HHJIHTH tl\ 

6yjica, y x,ojifla h k k h h h h  aBJioa HeftTpoHJiapHHHHr 3hmjihth 

«2 =  /«i 6yjiaflH. By ep A a rn  / hc c h k  HeftTpoHJiapHHHr HiujiaTH- 

JIHUI K03(|)({)HUHeHTH 6yjIH 6, y HCCHK HeftTpOHJiapHHHT KaH H a  

khcm h ypaHfla iothjihuihhh KypcaTaflH . HeftTpoHJiapHHHr  

Ma*bjiym 6 n p  khcm h  ceKHHJiauiTHpyBMH MaTepHajijia lOTHJiraH- 

jihth Ty4>aftjiH /  x,ap ao h m  6 H p a a H  khm hk 6yjiaAH . fni Ta 

HeftTpoHHHHr x,ap 6 u p H  ypTaM a ri 6yjiHHHiu HeftTpoHJiapHHH 

XOCHJI KHJiraHJIHTHJiaH, Te3 HeftTpOHJiapHHHT yMyMHft MHKflOpH  

fniT) ra TeHr 6yjiaAH . B y  HeftTpoHJiap 238U h h h t  HflpojiapH 

6HJiaH T y K H a u iH 6 , 6yjiHHHUiHH By>Kyflra KejiTHpajiH. HaTH>Ka-  

a a  Te3 HefiTpoHJiapHHHr shhjihth er)/ni ra Kajiap opTajiH (e —  

Te3 HeftTpoHJiapflarH KynaftHUi K03(j)(})HUHeHTH).

CeKHHJiauiTHpyBHH MOfl/iajia ceKHHJiauiyBHH HeftTpoHJiap- 

h h h t  6 n p  khcm h  238U h h h t  pe30HaHCJiapHji,a paflnauHOH  

K a M p a 6  ko jihhhuihhh  x n c o 6 r a  ojicaK, KeftHHTH aBJioji h c c h k  

HeftTpOHJiapHHHHr 3HMJ1HTH Te3 HeftTpOHJiap 3HHJIHTHJiaH 

khmhk 6yjiaji,H:

«2 =  per)/n|. (7.15)

By epjia p K03(})(})H'UHeHT Te3 HeftTpoHJiapHHHr KaHM a k h c m h  

h c c h k j i h k  SH eprHHCHra K a ^ a p  ceKHHJiauiraHHHH KypcaTajiH : 

MeKCH3 MyxHTjia h c c h k  HeiiTpoHjiapHHHr KynaftHiu k o 3(})(})h u h - 

eHTH HCCHK HeftTpOHJiap n\ Ba n 2 3HMJIHKJiapHHHHr HHC6aTH  

K a6H  aHHKJiaHaAH :

£«. =  P-e-v/. (7.16)

A r a p  r ^ d  6yjica, HeftTpoHJiap 3hmjihth aBJio/maH-aBJioflra 

K a M aa  6opajiH  Ba HaTH>Kajxa peaKUH H  cyHajiH. 3 a H * H p  

peaKUH H  f t « ,=  l Jia y3-y3HHH HeftTpoHJiap 6HJiaH TatM H H JiaS  

TypajiH, k „ > \  Jia aca pHBO>KjiaHHUi jiaBOM STajiH.

OjjaTjja, peaji mckjih KynaftTHpyBHH CHCTeMaHHHr ko3(})(})h- 

UHeHTH 3<p(f>eKTue K.o9<p$uu,ueHT n e 6 aTajiajiH Ba fe3(M> 6HJiaH 

SejirHJiaHajiH. HeftTpoHJiapHHHr 6 np kh cm h  Myx,HTjiaH c h3h 6 

m hkh6 KeTajiH Ba 3a H * H p  peaKUH H/ia  KaTHauiMaftjiH. /le M a K , 

hkkhhm h aBJiojwarH  HeftTpoHJiap shmjihth n2 ceKHHJiauiHiu 

B aK T H ^arH  HeftTpoHJiapHHHr CHCTeMajxaH m hk h6  kcthuih  

HaTH>KacHjia KaM anjiH , uiyHHHr y ^y H  k ^ C k ^  6yjiajiH. k ^  

Ba k x o p ac H A a rn  6oFJiaHHUi KyftHjiarHMa:
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k k oq  ■ p [ * p2' (7.17)

B y  ep A a  p i, p2 —  ceKHHJiauiHw  B aKTH Aa  Te3 Ba hcchkjihk 

HeftTpoHJiapHHHr cH C TeM a^a  kojihui sxthm ojijihfh. C n cT eM a  

Xa>KMHHMHr oujhuih HaTHJKacHfla p i Ba p2 Jiap 1 ra, £ 3(M)3ca 

k^  ra HKHHJiaiuaAH.

7.5- §. 3aH>KHp peaK U H R H H  aiuajira ouiHpHUi. ^ A p o  peaK Top n

<J>apa3 KHJiaHJiHK,Ta6HHH y p aH H H H r  6 n p  * h h c jih  6jiokh- 

ra,H"bHH 9 9 , 3 %  2||U  Ba 0 , 7 %  92U  H30T0njiapHHHr apajiauiMa- 

cnra  3raM H3.K ,aHAaftAHp  BaKT opaJiHFHAa 6yjiHHHUi 103 6 e p n 6  

M y ^H T A a  y p T a ^ a  KHHeTHK 3HeprnHCH 2  M a B  ra h k h h  6yji- 

raH MaijJiyM M HKAop.ua Te3 HeHTpoHJiap xochji 6yjiCHH. 

Y jiapHH Hr T a K A n p H  TypjiHHa 6yjiHiiiH M yM KHH (7.4- §. ra Ka- 

p a H r ) .

a )  SH ep rH H C H  £ n > £ f 8 ~  1 M a B  6yjiraH Te3 HeftTpoH 

ypaH- 238 eKH ypaH- 235 h a p o c h h h  6yjiHiuH m ym khh. B y  

* a p a e H  3aH>KHp peaKUH HCH HHHr pHBO>KHra KyMaKJiauiHiuH 

M yM KHH, JieKHH yHHHT 3X.THMOJIJIHTH K3TT3 3MaC . ByjIHHHLU 

HeHTpoHJiapHHHHr (JjaKaT 6 0 %  h h hh t  3HeprHHCH E n>  
>  Ef jieKHH 6 y  HefiTpoHJiapHHHr 6eu iTacH A aH  6HTTacH  y 3 a p o  

TyKHauiyBJiap HaTH>KacHAa SHeprHHCH £ „ < £ f 8 rana  nacafi- 

ryH 4a  6yjiHHHiuHH aMajira o iun p aA H . H k k h h h h  TOM OHAaH , 

Ta6H H H  apajiau iM aA a  >KyAa KaM  6yjiraHJiHrH yMyH 

ypaH-235 h h h t  HApoJiapH 6yjiHHHUiH >KyAa cycT. /le M a K , 

Ta6H H H  y p a H A a  Te3 HeHTpoHJiap e p A aM H A a  3aH>KHp peaKUH H  

103 6epHlUH M yM KHH  3M ac.

6 )  T e 3  HeHTpOHJiap KaTTa aX^THMOJIJIHK 6HJiaH HOSJiaCTHK 

(n, n') coMHJiHiura yM paHAH Ba y3 3HeprHHCHHHHr KaTTa 

KHCM HHH ftyKOTaAH, 6 n p  HeMTa TyKHaiU HU IAaH  KeftHH 3HeprHH- 

ch E c  100  k s B  6yjiraH  opajiHK HeftTpoHJiapra aftjiaHaAH. B y  

HeftTpoHJiap ypaH- 238  h hh t  h a p o c h h h  6yjia ojiMaftAH. JleKHH 

6H p  03 khm hk 3xthm ojijihk 6HJiaH ypaH- 235 h ap o c h h h  6yjiHuiH 

M yM KHH. Y p a H H H H r  Ta6Huft apaJiauiM acH A a  opajiHK Heft- 

TpoHJiap ep A a M H A a  3aH>KHp peaKUH HCH 103 6epHuiH MyMKHH 

3Mac.

b) OpaJIHK HeHTpOHJiap yMyH KaTTa 3X,THM0JIJlHKKa 3ra 

6yjiraH * a p a e H  —  ajiacTHK (n , n') comhjihuiahp. ByHAa 

y y3 3HeprHHCHHH khmhk nopuHHjiap 6HJiaH ftyKOTaAH, MyHKH 

mn<irnx. 3aH>KHp peaKUHHCHHHHr phbo>kh yMyH 6y w ap aeH  

HeftTpajiAHp, JieKHH y HeftTpoHJiapHH pe30HaHC cox,ara 

yTK333AH.

r) Pe30HaHC co*a  aHMa KeHr, HeftTpoH yHH ceKHH yTaAH,
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I

yHHHr HApo/iap GHJiaH y3apo Tatcnp kcchmh KaTTa. ByHAa 

HeHTpoH KaTTa 3XTHMOJ1J1H SHJiaH Kyn cohjih ypaH-238 HAPO- 
jiapHHHHr SnpH TOMOHHAaH pa^HauHOH (n, y) KaMpajia/iH. 

By 6ockhh aHMa c|)OH/i.ajiH SyjiHiUH MyMKHH. Ammo 3aH- 

>KHp peaKUHHCHHH aMajira ouiHpHiu HyKTaw Ha3apHAaH 

>Kyaa xaB(})JiHflHp. Arap KyuiHMMa Mopajiap KypHJiMaca, 

yH^a oiy pe30HaHC coxaaa HeHTpoHjiapHHHr KaTTa khcmh 

MHKa/tH.

a )  KypcaTH JiraH  x a M M a  SocKH M jiapaa apajiauiM ajiap , 

peaK U H H  MaxcyjiOTJiapH Ba x o K a 3 0  napojiapH  TOMOHHflaH 

HeHTpoHJiapHHHr >Ky^a x a M  HOM aKSyji KaM pajiHUiH 103 
6e p a A H .

e) flHa 6HTTa 3appajiH omhji MaB>KyA —  HeHTpoHJiapHHHr 

ypaH 6JIOKH CHpTHAaH yMH6 MHKHUIH. HAPO eKHJIFHCHHHHr 

MHKflopH KaHMa KaM 6yjica, 6y >KapaeH uiyHMa Kyn 6yjiHuiH 

aeH: HeftTpoHJiap nafiAO 6yjiaAHraH >khcm X3>kmh yHHHr 

HeftTpoHJiap yMH6 MHKaAHraH CHpTHra HHc6aTH mh3hkjih 

yjiMaM Ka6HflHp.

>k) X ,aM M a  xaB4)JiH 6ocK H M jiapaaH  yTraH  HeftTpoHJiap 

h c c h k  3 H e p rH «ra  K a ^ a p  ceKHHJiauiaAH Ba Karra  3>;thmojijihk 

6HJiaH ypaH- 235 h h h t  anpojiapH H H  6yjiaziH. JleKHH Ta6HHft 

y p a H  6jioKH^arH  HeftTpoHJiapHHHr 6ouuiaHFH M  M H K A op H A a  

h c c h k  HeftTpoHJiap >Ky^a x a M  03 6yjiraHJiHrH yMyH 3aH>KHp 

peaKUH HCH HH  io3ara KejiTHpa ojiMaftAH.

O F H p  HiipOJiapHHHT 6yjIHHHUIHJ],arH 33H>KHp peaKUH H H H  

H a 3o p a T  k h j i h 6  Typnui M yM KHH  6yjiraH  KypnjiM ajiap ndpo 
peaKTopu Ae6 aTaJia^H. 1942 ftHJma HHKaro (AKLU) 

yHH BepcHTeTH Aa  3 .  O e p M H  6ouiMHJiHrHfla 3aH>KHp peaK U H H  

acocH A a  HiujiaftflHraH, > KaxoH 4a 6 h p h h m h  6ouiK apH JiaAH raH  

peaK Top  KypHJiAH. By peaK Top  o p ac n ra  T a 6H H H  y p a H  uiapJiapH  

Ba yHH Hr h k k h  o k c h a h  KyftHJiraH rpa(})HT 6jiOKJiapHAaH  

H 6 o p a T  3a h . 235U  h h h t  6yjiHHHiuHAaH  x o c h j i  6yjiraH  Te3 

HeftTpoHJiap r p a ^ H T A a  ceKHHJiauiH6, h h t h  H A po  napMajiaHH-  

u i h h h  By>KyAra KejiTHpaAH. By p e a K T o p ^a  a n p o  napMajiaHHUiH  

h c c h k  HeHTpoHJiap Ta-bCHpHAa 6y jiraH H A aH , y h c c h k  Heft- 

t p o h j i h  peaK Top  AeftHJiaAH. Te3 o p a ^ a  c o 6 h k  C C C P  Aa  

x a M  H. B. Ky p M aT O B  Ba A. H . AjiH xaH OB  6ouiMHJiHrHAa  

peaK Top  KypHJiH6 Huira TyuiHpHJiAH.

3aH>KHp  H A PO  peaKUHHJiapHHHHT H 33apH H C H H H  1939 Bhji- 

Aa H. Bop Ba >K- YHJiJiep (AKLU) H paT raH  SAHJiap. Rzipo  

peaKTopjiapHAa y3-y3HHH TyTH6 TypyBMH Ba y3-y3HAaH  

pHBO>KJiaHyBMH 33H>KHp peaKUHHJiap (})aKaT k ^ ^  1 UiapT  

6a>KapHJiraHAarHHa pyfi 6e p a A H . O A aT A a ,6y jiH H y B M H  MaTepn- 

ajiHHHr k = \  a a r H  m h k a o p h  KpuruK Ba 6 > 1  a a r n  m h k a o p h
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aca yra KpuTux. MUK,dop fleHHJiaflH. H c c h k , HeHTpoHJiapAa 

HLUjiafliiHraH CHCTeMajiapHHHr x ,a * M H  aHMa KaTTa, SyjiHHyBMH 

MOAflaHHHF KpHTHK MHKflOpH >Kyfla K3M  SyjiaiiH. Te3 
HeftTpoHJiapflarH 3aH>KHp peaK UH H H H  co(}) SyjiHHyBMH MOAfla- 

jiap eKH SyjiHHyBMH Ba o f h p  MOAflajiapAaH TauiKHJi TonraH  

CH CTeM ajiapaa aMajira o l h h p h u j  M yMKHH. ByjiHHHui acocaH  

Te3 SHeprHH coxacH /ia  6yjiaflH, MyHKH 6 y H A a  235U, 239Pu Ba 

X0Ka30JiapH H H r SyjiHHHUi k c c h m h  2  6 a p H  A aH  opTMaftflH.

B n p  HeMa 6o p  Kaftfl KHJiHHraHHfleK, h c c h k  HeftTpoHJiap 

6HJiaH 3aH>KHp peaKUH HHH  aMajira oluhphiu aHMa ocoh. 

U ly H H H r  ywyH 6yjiHHHiu HaTH>KacHAa x,ochji 6yjiraH  Te3 

HeHTpOHJiap 3HeprHHCHHH K a M p O K  HCpO(})rapMHJIHK 6HJiaH 

ceKHHJiam THpyBMH MOflfla ep/iaMHiia hcchkjihk  3HeprHHCHraM a 

KaMaftTHpHiu KepaK. A M a jiA a  ceKHH HeftTpoHJiap 6HJiaH  

6 o p a A H r a H  33H>KHp peaKUH H  Ta6HHft eKH 235U H 30T 0n H ra  6 n p

03 6oHHTHJiraH ypaHfla aMaJira oiUHpHJia/LH.

A r a p  HeHTpOHHHHr CeKHHJiaLUTHpyBMH MOA/ia anpocH  

6H .iaH  TyKHaiUHUiHHH 3JiacTHK TyKHauiHiu  j\e6 oJicaK, y x,ojiAa 

6 n p  TyFpn MH3HK 6yfljia6 co/jnp 6yjiaeTraH  TyKHaiuyBJiap 

yMyH SHeprHH Ba HMiiyjibCHHtir caKJiaHHiu KOHyHJiapH acocH/ia

TeHrjiaMaJiap cwcTeMacHHH e3Hiu MyMKHH. By CHCTeMaHH 
eMH6, HeHTpoHHHHr xap 6 h p  TyKH aiuyB /iaH  KeftHH

MaKCHMaJi 3HeprHH flyKOTHUiHHH TonHUi MyMKHH, 6y  ep/ia 

£,i —  HeiiTpoHHHHr 6ouuiaHFHM 3HeprHHCH ; HeflTpoH ^aM/ia 

ceKHHJiaiuTHpyBMH MOAiia HApojiapHHHHr MaccajiapH m Ba 

M  moc paBHiu/ia 6npra Ba Macca cohh A ra ajiMauiTHpH6 

e3HJiraH.

HeflTpoH b o a o p o a  h a p o c h  (,4 =  1) 6njiaH T y K H auiraH A a  

y3 3HeprHHCHHHHr x ,aMM acHHH fiyKOTa/iH, yrjiepoA 6HJiaH 

T y K H au iraH A a  0,28£0 M H K A o p A a , y p aH  h a p o c h  6HJiaH TyKHaui- 

raH Aa  3ca 0,016 E0 M H K A O p A a  3HeprH H  ftyKOTaAH. IIIyHAaft 

k h j i h 6 , M acca  c o h h  o p t h 6  6 o p h l u h  6HJiaH HeftTpoHJiapHHHr 

CeKHHJiaLUHLUH CyCTJiaLHH6 6 o p a A H .

HefiTpoHJiap MapKa3Hft TyK H am H LU A aH  T a u iK a p u , MapKa- 

3uft 6yjTMaraH TyKHaiUHiUAa x,aM KaTHauiHiujiapH  M yM KHH, 6y  

x,ojiAa yjiapHHHr 3HeprHH ftyKOTHLUH K a M p o K  6yjiaAH  (A£<;

(7.18)
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< E MaK). Xap 6w p  TyKHauiHiijra TyFpn KeJiaAnraH ypTaMa

3HeprHH  HyKOTHLU AE MaKCHMaJT HyKOTHLHHHHr npM H ra  TeHT 

SyjiaAH . A M a jiA a  y p T an a  3H ep rH « h y k o t h l u  ypH H ra  Heft- 

TpoH H H H r 6wp TyKHauiHiU AarH  ypTa JiorapH(})MHK 3HeprHH 

ftyk,o t h LiiH (ceKHHJiauiTHpHLu n a p a M e T p H ) HUiJiaTHJiaAH:

£ hhht 6y  H(})OAacHAaH (})ofiAajiaHH6, £ 0 3HeprH Hra  sra 6yjiraH 

HefiTpoH 3HeprHHCHHH £ HCC hcchkjihk x,apaKaTH 3HeprHHCHraM a 

KaMafiTHpHiu ynyH  H A po  6HJiaH y p T a ia  Hena M ap Ta  TyKHaiun- 

IUH KepaKJIHTHHH XHCo6jiaUI MyMKHH.

^ H e p r H H  Jio rap H ^M H H H H r  Tyjia y3rapHLUH l n f o  —  ln £ „ccBa 

6np  coMHJiHiiiAarH SHeprHH Jiorapn(})MHHHHr ypiawa y3rapHiUH 

£ ra TeHr 6yjiraHJiHrHAaH, ceKHHJiauiHiiiAarH y p T an a  TyKHa- 

m yBJiap cohh

H({)OAa opKajiH  aHHKJiaHaAH .

CeKHHJiauiTHpHui eHrHJi HApojiapAa 3(})(})eKTHB aMajira 

ouiaAH. ByHAaH TauiKapn, 3(})4)eKTHB ceKHHJiauiTHpaAnraH 

HApojiapAa HeftTpoHJiapHH 6yjiHHHiura ojih6 KejiMaftAHraH 

KaMpafi ojihui k o 6 h jih h t h  cycT 6yjiHUiH KepaK. ByHH XHCo6ra 

ojiaAnraH 6yjicaK, s h t  HAeaji ceKHHJiauiTHpyBMH MOAAa —  

reJiHftAHp. 3 h a h  arap ceKHHJiauiTHpyBMH Mo/waHHHr (J)h3hk 

X,OCCaJiapHHH, HKTHCOAHft >KHXaTflaH ap30HJlHTHHH XaM 

x,HCo6ra OJiaAnraH 6yjicaK, y x,0JiAa o f h p  cyB, yrjiepoa Ba 

6ouiKa MOAAaJiap ceKHHJiauiTHprHM ypHHAa HUiJiaTHJiHiUH 

MyMKHH.

A k th b  Myx,HTHHHr ceKHHJiauiTHpyBMH xoccaJiapH, ceKHHJia- 

LUHUl B aKTH Aa  HeftTpOHHHHr CeKHHJiaLUTHpyBMH M OAAa HAPOCH  

Ba 238U HAPOCH TOM O H H A 3H  K a M p a 6  OJ1HHM3CJIHK SXTHMOJIJIHTH 

P  Ba HHXOHT, eHHJIFH H ApO  T 0 M 0 H H A 3 H  K a M p a 6  OJlHHMaCJlHK 

3XTHMOJlJIHrH /  OpKaJlH H(})OAaJiaHHUIH M yM KHH. KupHTHJiraH  

6 y  P  Ba /  K anaJiH K Jiap  ceKHHJiauiTHpyBMH M o /m aH H H r  (})aKaT 

M H K A O p n ra rH H a  3M ac , 6ajiKH yHHHr bkthb 30H a A a rH  >Kofijia- 

LUHUi reoM eTpHHCHra x,aM 6ofjihk 6yjiaAH . Y p a H  x a M A a  

ceKHHJiauiTHpyBMH M OAA aH H H r  6 n p  >khhcjih apaJiauiM acHAaH  

H 6 o p aT  6yjiraH 3kthb 30Ha eoMozen anTue 3ona, yp aH  6HJiaH  

CeKHHJiaiUTHpyBHH M OAAa  6.10KJiapHHHHr 6HpHH-KeTHH >Koft- 

jiauiraH cncTeM acH  eeTepozen anrue 3ona cucreMacu AefiHJia-

(7 .20 )
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a h . CHc})aT >KHX,aTflaH reTeporeH CHCTeMa m y  6 HJiaH c|)apK, 

KHJiaAHKH, VHAarn  ypaH /iaH  ynw6 MHKKaH Te3 HeflTpoHJiap 

ceKHHJiauiTHpyBMH M OAA ara  3HeprHRCH pe30H aH C  3HeprHHraM a 

KaM aflM acAaH  ojiahh c t h 6  6opaflH Ba yjiapHHHr 6 yHAaH  

KeflHHTH CeKHHJiaUJHHJH T03a  CeKHHJiaLUTHpyBMH M OAA3 HMH/ja 

AaB OM  3T3AH . By, aji6aTTa, pe30H aH C  K a M p a 6  ojihhhlh 

3X,TH MOJIJl H TH P  HHHT KH H M 3TH H H  OUIHpa/JH: P  reT>  P  roM. 

M KKHHM H TOM OHAaH , CeKHHJiaUJTHpyBMH M OAAa  HMHiia hcchk- 

jihk 3HeprHHCHraM a ceKHHJiaiuraH HeflTpoH 33h>khp peaKUHH- 

A a  HUJTHpOK 3THLH yMyH CeKHHJiaiUTHpyBMH MOflflaflaH 

/LH(})({)y3HHJiaHH6, m hkh6 KeTHLUH KepaK . LLIyHHHr yMyH 6y  

XOJi/ia / r,T< / roM 6yjiaAH .

UlyH/iafl khjih6, h c c h k  HeflTpoHJiap HUJTHpoKH/ia Hujjiaft- 

AH raH  peaKTopHHHr k x  KynaftHUi K03(ji(})HiiHeHTHHH 6ax,oJiaui 

yMyH

^oo =  T|p /e  (7 .22 )

KypHHH UiAarn  TaKpH^Hfl c})opMyjiaAaH (})OH/i,aJiaHHiLi M yMKHH. 

(7 .2 2 )  (})opMyjia/LarH 6hp hhm h  yMTa KynaflTyBMH TyFpncH/ia 

ioKopH/La TyxTajiraH sa h k . TypTHH M H e KynaflTyBMH 9ca Te3 

HeflTpoHJiap/ia KynaflHiu K03(})(})HUHeHTH /LefiHJia/iH. By ko- 

3(})(})HUHeHT Te3 HeHTpoHJiap ceKHHJiaujHiLiryHra Ka /iap  6yjiH- 

HH LUra 0J1H6 KeJIHUJH MyMKHHJIHFHHH XHCo6ra OJIHUl yMyH 

KHpHTHJia/iH. y 3 Ma"bHOCHra acocaH  e /lohm 6np /iaH  KaTTa 

6yjia/LH. H c c h k  HeflTpoHJiap HUiTHpOKH/ia 6opa/LHraH  peaK- 

LLHHJiap yMyH yHHHr k h h m 3th  1 ,03  aTpoc})H/La 6yjia/LH. T e 3  

HeflTpoHJiap HLUTHpoKH/ja 6opa/LHraH  6yjiHHHUi peaKUHHJiapn 

yMyH TypTTa KynaftTyBMH/iaH H 6o p aT  6yjiraH (7 .2 2 )  c})opMyjia 

ypHHJiH 6yjiMaft/iH. ri KaTTaJihk eHHJiFHHHHr TypHra  6o fjihk  

6yjiraH,nHrH, e 3ca ceKHH HeflTpoHJiap 6HJiaH aMajira 

ouia/iHraH peaKUHHJiap yMyH 1 ra h k h h  6yjiraHJiHrH/LaH, 6 n p o p  

aKTHB M yxHTHH Hr CH(})aTH p / KynaftTMa 6HJiaH aHHKJiaHa/iH Ba 

(P / )  re T = 0 ,823 ; (p / )  roM= 0 ,5 9 5  6yjia/iH. Ta6HHft y p a H  yMyH t) =  

=  1 ,34  3KaHJiHrHAaH ( k x ) m > \ ,  (& « ,)  „ ,» < !■  B y  coHJiap 

reTeporeH M yxHTHH Hr roMoreH M y^H Tra  H H c6aT aH  a(})3ajiJiHrH- 

hh KypcaTa/iH .

3/ipOJiapH HHr 33H>KHp peaKUH H  BaKTHfla HeftTpOHJiapHHHT 

6 « p  KHCMHHH K a M p a 6  OJIHUJJiapH peaKUH H  HHTeHCHBJIHTHHH 

cycaftTHpaflH, 6 n p o K  6y  * a p a e H  hhth  khm m 8tjih  H30- 

TonjiapHHHr By>KyAra KeJiHULH/ia M yxH M  a xa M H H T ra  ara/iHp. 

3aH>KHp peaK U H H ra  h do k c h 3  6yjiraH HeflTpoHJiapHHHr y p a H  

(2ilU) sa  Topnfl ( 2 Th) tom ohh /l3h  K a M p a 6  ojihhhujh, 

V3 H3B6aTHfla KHMM3TJIH H/ipO eHHJIFHCH 6yjIMHLU nJiyTOHHfl 

9®Pu Ba yp aH  (2i|U ) H30T0njiapH HH  ^ochji khji3Ah :
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By h k k h  >KapaeH a,apo c h h j i f h c h h h  KafiTa x,och ji 

KHJiHiUHHHr peaji h m k o h h h t j i 3 P h h h  o m h 6  6e p a A H . Heft- 

TpoHjiapHHHr KepaKCH3 HcpotJjrapMHJiHrH 6yjiM araH  Hfleaji 

m apoHTfla eHHJiFH anp ocH  TOM OHHAaH  HeftTpoHHH K a M p a 6  

ojiHUiHHHr x,ap 6 n p  aK T H ^a  ypTaM a ri— 1 Ta HefiTpoH KafiTa 

eHHJiFH Hiujia6 H H KapH iura  cap(J)JiaHHUiH M yMKHH.

Ta6H H fi uiapoHTfla yMpafiAHraH 2|oTh Topnfi H30T0nn, 

ypaH H H H r  Ba 2||U  H30TOnjiapH eHHJiFH Ba3H(})acHHH

yTauiH M yM KHH. B y jia p ^a H  6 h p h h m h  HKKHTacH 3 3 h >k h p  

p e aK U H H ^a  KaTH auiM acajiap- ^a , yjiap (7.23) Ba (7.24) pe- 

aKUHHJiap a c o c H ^ a  c h h j if h  B33H({)acHHH yTafiAHraH H3o- 

Tonjiapra afijiaHaAH.

Cy H M afiA H raH  3 a H * H p  p eaK UH H H H  aMajira oluhphlu 6HJiaH 

6 h p  K a T o p a a  yHH 6ouiK apH Ui MacajiacH x a M  M yxHM  

a xa M H H T ra  ara. l O K o p H ^ a  Kafifl KHJiraHHMH3,o.eK, 3aH>KHp  

p eaK UH H H H  6ouiK apH Uij,a  KeMHKyBMH HefiTpoHJiapHHHr axa- 

MHHTH KaTTaflHp. KeMHKyBMH He(})TpOHJiapHH XH Co6ra  ojih6, 

KynaHHUi K03(})(})HUHeHTHHH k =  k0-\-kKeM (6 y  e p a a  ko —  oh h h

HefiTpOHJiapHHHT KynafiHIU K03(})(})HUHeHTH) fiHFHHAH KypHHH- 

UIHAa e3HUI M yM KHH . 3 H A H  KeMHKyBMH HefiTpOHJiapHHHr 

3aH>KHp p e aK U H H ^a rH  xaji KHJiyBMH pojihhh KypcaTHiu  yMyH 

yjiapHH fiyK, fle6 (})apa3 khji3m h3. Y  xojifla 3aH>Knp  

p e aK U H H ^a  n Ta aBJio^AaH  cyHr HefiTpoHJiap m h k a o p h , uiy 

6HJiaH 6npra peaK U H H  Te3JinrH Ba KyBBaTH ko M ap T a  opTaAH , 

HTjHH BaKTHHHf t M OM eHTHAaTH  KyBB3TH

6yjiaAH , 6 y  ep/ia A/o —  Ky BB aTH H H r  t =  0 6yjiraHAarH  

KH H M aT H , t  —  h c c h k  HefiTpoHjiapAa HiujiafiflHraH peaKTopjiap  

yMyH 10“ 3 c ra TeHr 6yjiH 6, 6 n p  aBJioAHHHr nuiaui BaKTH.

K y B B a T H H  e =  2,718 M ap T a  opTTHpHui yMyH KepaK  

6yjia/iHraH BaKT 3anoKup peaKU,uH daepu eKH peaKTop daepu 
AefiHJiaAH. KeMHKyBMH HefiTpoHJiapHH \HCo6ra ojiM araHAa  

h c c h k  HefiTpoHJiap HUiTHpoKHfla HUJJiafiAHraH peaKTopHHHr  

A a B p H  10 c ra h k h h  6yjiaAH . (7.25) ,o.aH KyBBaTH H e M ap Ta  

ouiH praH Aa

x o c h j i  6yjiaflH. ByHflaH KypHHH6 Typn6AHKH, KeMHKyBMH

N  =  Noko (7.25)

2,718 =  ko10/10 3; ko=  1,0001 (7.26)
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HeflTpoHJiap SyjiM aca x aM A a  3aH>KHp p eaK U H H Aa  KaHAaftAHp 

c a 6a 6 jia p ra  Ky pa  ko hhht KHftMaTH 1 A a H  KaTTa KHftMaTra, 

mhcoji yqyH 1 ,0 0 5  raMa op TH 6  KeTca, KyBBaT KHftMaTH 

( 1 , 0 0 5 ) t/t ra nponopu,HOHaji p a B H m a a  uiyHAaft KaTTa Te3JiHK 

6 nJiaH o m ra H  6yjiapAHKH , 6 y H A a  x,eM KaH/iaft KyTKapnui 

Mopajiapn K y p n 6  yjirypHJiMacAaHOK peaKTop nopTJia6 KeTraH 

6yjiap 3ah . LUyHHHr yMyH KeMHKyBMH HeftTpoHJiapH 6yjiM araH  

3 a H W H p  peaKUH HHH  6oiiiKapHUJAa ko KHftMaTHHHHr BepryjiiiaH 

KeftHH yHHHMH COHHHHHT y3rapHUIHHH X,HCo6ra OJlHIlira Tyrpn  

KeJiaAH. By TaJia6HH aM aji^a  6a> K ap H 6  6yjiMaft>a,H. KeMHKyBMH 

HefiTpoHJiap 3aH>KHp peaKU.HR ^a B p H H H  6 h p  Hena T apT H 6ra  

ou ih p h 6  6ouiKapHJiHiiiH M yMKHH 6yjiraH peaKTopHH KypHuiAa 

x,aji KHJiyBMH pojib yftHaAH.

k =  1,001 6yjiraHAa CHCTeMaHHHr « A a B p n »  eKH Heft- 

TpoHJiap c o h h h h h t  e M apTa  KynaftHui BaKTH 8 0  c hh TauiKHJi 

3T3AH . By B3KT 33H>KHp peaKUH HHH  UJOUJMaCAaH 6ouJKa- 

pHiura hm koh  6ep a A H . UJy c a 6 a 6 A a H  6oiuKapHJiyBMH HApo 

p e aK U H H ^a p H H H  ojihiu ynyH kcm hkh6 MHKyBMH HeftrpoHJiap 

B3KTH HH X,aMAa HeHTpOHJiapHHHT KyMHlU BaKTJiapHHH K3TT3- 

JiaiuTHpHiura x a p a K a T  kh jihh3A h . Co({) chhjifh M yxH TH Aa, 

0 A 3 T A 3 , HeftTpOHJiap UHKJIHHHHT B3KTH  «  1 0 _ 8 C ra TeHT, k =  
=  1,1 6yjiraHAa AacTJia6KH 1 AOHa HeftTpoH 6  mkc Aa  102B Ta 

HeftTpOH XOCHJl KHJiaAH eKH 6HTTa 6yjIHHHUI 1026 6yjIHHHUIHH 

B y * y A r a  KejiTHpaAH. By t =  6  mkc ox n p H A a rn  6 n p  neftTpoH 

uhkjih BaKTH Aa  4 0  Kr y paH H H H r  6yjiHHHiuHra TeHrAHp. 

LUyHAaft khjih6, 33h>khp peaK UH H H H H r Te3JiHrn HHXOHTAa 

KaTTa 6yjiH 6, aMajiHft > kh x3ta3h  SHeprHHHHHr 6 n p A a H  

a>KpajiH6 mhkhiuh —  nopTJiaui xoAHcacHHH  3CJiaT3AH.

U lyH H  x.aM aftTH6 yTHiu KepaKKH , h ap o  6yjiHHHiu 

peaKUHHCHHHHr M yxH M  xapaKTepH CTH KajiapH AaH  6 u p n  —  xap  

6 h p  6yjiHHHUj aKTH Aarn  6yjiHHHUi HeftTpoHJiapHHHHr ypTaMa 

c o h h  v AH p (7 .7 - >KaABajira K-)- >KaABajiAaH  6yjiHHHUi

7.7- jk a n b a ji

Bup 6 yjiHHHm  annra TyrpH KejiyBiH 6yjiHHHm  HeinpoHjiapHHHHr 

ypriia c oh h  Ba k phth k  yJiiaMjiap

HefiTpOHHMHT 3HepmiICH KpMTHK ĵinaM

H30T0n £„-0,025 aB E n- 1,8 MaB ^KD' CM

YpaH-233 2,52 2,71 6 (16 Kr)

YpaH-235 2,47 2,74 8,5 (48 Kr)

ypaH-238 — 2,70 —

IljiyTOHHH-239 2,92 3,21 6 (6 Kr)
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HeHTpoHJiapHHHHr c o h h  JOTHJiaeTraH HeHTpoHJiap 3HeprnH CHra 

Go FJIHKJIHTH Ky p H H H S  TypHSflH.

K y n r H H a  M aM JiaKaT Jia6opaTopHHJiapH/ia  SyjiHHyBMH 

M oaaajiap  yHyH v h h , paflH aunoH  io t h j ih iu  KecHM HHHHr

6yjiHHHiu KecH M nra  h h c 6 3 t h  hh  Ba 6np  HeHTpoH  iothjih-

uiHra Typpw  KeJiyBHH 6yjiHHHiu HeHTpoHJiapHHHHr y p T a n a  c o h h  

t) hh 3 h h k  yjiMaui M aK caflH ^a  Kyn  TaflKHKOT HiujiapH ojih6 

6opH JiM OKAa.

TaxMHHHH XHCo6jiauuiapfla peaK Top H H H r  HUiJiam *a p a e -  

HHfla ftyKOJiaeTraH HefiTpoHJiapHHHr yjiyuiH yjiapHHHr Kynaii- 

TyBMH My^HTfla 6yjiHHHiu 103 6 e p ra H  ep/iaH  iothjihui )KOHHraMa 

yTraH  ypTaM a flyjiH L ra npon op u H OH aji, fle6 ojihiu M yM KHH. 

y xojifla R pa/m ycjiH  cc})epHK peaK Top  yqyH  HefiTpoHJiapHHHr 

Kynaflnui K03(})4)HUHeHTJiapH 4>apKH

k „- k  =  a L (7.27)

6yjiaflH. X H C o 6jia u u ia p  nponopU H O H ajuiH K  K03<})<})HUHeHTH
2

a = 3KaHJiHrHHH K y p c aT a^ H . k=\  6yjiraHflarH R h hh t  
R

KH HM aTH  k p h th k  p a ^ n y c  (R Kp) jie6 aTa jia^H :

* , = i = T -  (7-28)

(7.28) o flaT^a, h c c h k  HefiTpoHJiH peaK Top H H H r  k p h t h k  

yjiMaMHHH Typpn  aHHKJiaui h m k o h h h h  6 e p a A H . B a t s a H  

peaKTopjiap  Ky6 uiaKJiHflarn 3 k t h b  3 0 H a ra  ara 6yjiaflH. 

ByHflafi peaKTopjiap  yMyH k p h t h k  yjiMaM

a =  ̂ L  (7.29)

M yH oca6aTflaH  aHHKJiaHa/iH ( a —  Ky 6H H H r  t o m o h h ).

(7.28) Ba (7.29) nam k — HeflTpoHJiapHH KynafiTHpyBHH 

MeKCH3 M y ^H T  K03(})(})HUHeHTH. 7.7- JKaflBaJIHHHT CyHTTH 

ycTyH H A a  uiap maKJiH/ia ojihhrah 6yjiHHyBMH MOA/iaHHHr 

KpHTHK yjIM3MH (paflH y CH ), KaBC HMHAa 3Ca KpHTHK 

M accajiapH  KejiTHpHJiraH.

PeaKTopjiapfla  HefiTpoHJiap flyKOJiHuiHHH KaM afiTHpnui 

ynyH , O A a T ^ a , yjiapHHHr 3 k t h b  30H ajiapH H H  HefiTpoHJiapHH 

KafiTapyBMH rpa<})HT eKH o f h p  cyB KaTjiaMJiapn 6njiaH 

ypajia/iH. A M a ji^ a  6 y  KaHTaprHM jiap  epflaMHfla HefiTpoHJiap- 

h h h t  90 %  aKTHB 30H a ra  KaflTapHJia/iH. LUy Tyt})aHjiH k p h t h k  

M accajiapH  Ba 6yjiHHyBMH M o/m aJiapn  K a M p o K  6yjiraH 

p eaK Top  Kypnui h m k o h h  TyFHJiaflH.
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BoiuK ap H JiaAH raH  3aH>KHp peaKUHHJiap H A po  peaKTopjia- 

pHfla aM a/ira  ouiHpHJiaAH. 3aH>KHp peaK U H H H H H r  xnjiHra 

K a p a S , peaKTopjiap ceKHH, ypTa Ba Te3 HeftTpoHJiap/ia 

HiujiaHAHraH peaKTopjiapra  SyjiHHaflH.

P e a K T o p  aKTHB 3 0 H a , h c c h k j i h k  TauuyBMH M yxHT, 6ouiK-a- 

pHiu CHCTeMacH, p a ^ H a u H O H  x h m o h  Ba y 3 0 K a a H  SouiKapH iu  

nyjibTH K a6n  acocnft KHCM JiapaaH H 6 o p aT  6yjiaflH. P ea K T O p  

HiujiaeTraHAa h c c h k j i h k  a *p a jiH iu H , c h h j if h  c h h i u h  Ba KaftTa 

HUJJia6 MHKapHJIHUIH, 3KTHB 3 0 H 3H H H r  6yjIHHHUI MaXCyJIOTJia- 

PH 6HJiaH «H(})JIOCJiaHHIUH» (MyHKH 6yjIHHHUI Ma^CyJIOTJiapH 

yTa p a^H o aK T H B  6yjiHiUH 6njiaH 6 n p r a  HeftTpoHJiapHH 

HHTeHCHB lOTaflH), KOHCTpyKUHOH Ba XHM OH yMyH HUIJiaTHJia- 

AH raH  M aT epnaju iapH H H r  HeftTpoHJiap 6HJiaH HypjiaHHUiH 

x a M ^ a  yjiapHHHr (j)H3HK-XHMHHBHft xoccajiapHH HHr y3rapHiuH  

Ka6H  KaT o p  >KapaeHJiap 103 6epa,a.H.

P ea K T o p H H H r  acocnft khcm h  peaKUH H  aMajira oiuaAH raH  

aKTHB 3 0 H a a a H  H 6o p aT  (7 .8 - p a c M ) . H c c h k jih k  Ba ypTa 

SHeprnHJiH HeftTpoHJiap 6HJiaH HiujiaftAHraH peaKTopHHHr 

aKTHB 30H acH  ceKHHJiauiTHpyBMH M o ^ a a  Ba ojxaTjxa, 

eHHJiFHHHHr 6yjiHHMaftflHraH 2g|U  H 30T0nH  6HJiaH apajiauiMa- 

CHAaH H 6o p aT  6y jia^H . T e 3  HeftTpoHJiapaa HiujiaftAHraH 

peaKTopHHHr b k th b  30H a c H A a  ceKHHJiauiTHpyBMH M o /m a  

6yjiMaftAH. reTeporeH  peaKTopjiapHHH r 3 k t h b  30H acH  ce- 

KHHJiaiUTHpyBMH M OAAa HMHTa >KOftjiaiUTHpHJiraH eHHJlFH 

TaeKM ajiapH AaH  H 6o paT .

H c c h k  HeftTpoHJiap HUiTHpoKHAa HiujiaftAHraH peaKTop- 

jiapHHHr aKTHB 30HajiapH  hxuih  KaftTapyBMH M OAAa  6HJiaH 

ypajiraH 6yjiaAH . T e 3  HefiTpoHJiH peaK Top jiapaa  KafiTapyBMH 

MOAfla T a p K H ^H ra  chhjifhhh  KafiTa Hiujia6 M H Kapniura  ojih6

7.6-§. H a p o  SHepreTHKacH

7.8- p a c M . H c c h k j i h k  
HeHTpoHJiapAa HiHJiaHanraH 

H A p o  p e aK T O p H  cx e M a C H :

/ — a kthb 30Ha, 2 — KaHTaprHM, 

3 —  ceKHHjiauiTHprHH, 4 —  c h h / if h  

CTep>«eH.iapH, 5 — 6ouiKapHtu CTep- 

>KeH.napH, 6 — h c c h k h h  T a iu y B H H  

Mo/ma lopaflHraH KaHa.a;iap.
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KejiaAHraH ^ i U  eKH 2g8Th H 30T0njiapn  K y n p o K  MHKflopAa 

KHpHTHJiraH dyjia^H .

A t o m  ajieKTp CTaHUHHJiapHHHHr peaKTopHfla HCCHKJIHK 

TaiiiyBHH MyX,HT HCCHK-flHKHH 3KTHB 30HaflaH  HHTeHCHB 

paBHiiifla ojih6 KeTHixiAaH T au iK ap H , yHH 3/ieKTp 3HeprHH  

Hiujia6 H H KapaflHraH  KypHJiM ara JKy^a 03 Hcpo^rapM H JiHK  

6HJiaH y3aTHUiH KepaK . M c c h k jih k  y3aT y B 4H  KHCM jiapHHHHr 

HCCHKJIHK CHFHMH lOKOpH 6yjIHIUH, HeHTpOHJiapHH K 3M p O K  

10THIUH Ba cycT x h m h h b h h  aKTHBjiHKKa sra  6yjiHuiH KepaK . 

M c c h k jih k  y3aTyBHH M o /w a  CH(})aTHAa cyB, cyB 6yFH , xaB O , 

a30T , K a p 6 o H a T  aHrH/ipHfl ra3H , Te3 HeftTpoHJiapfla HiujiaiiflH- 

raH p eaK Top jiapaa  aca  cyioK HaTpH H  HuuiaTHJiaAH. K a T T a  

KyBBaT  6HJiaH HuuiaflflHraH p eaK Top jiap^a  300°C TeMnepaTy- 

p a ^ a r n  Ba iokoph 6ochm  ocTHflarH cyB hcchkjihk  y3aTyBMH 

MOflfla B33H(j)aCHHH yTafiflH.

3aH>KHp  p eaK UH H H H  6ouiK apH U i, oaaTna HeflTpoHJiapHH 

KyHjiH lOTa^HraH  M aTepnajiA aH  TaflepjiaHraH CTep>KeHJiap 

ep ^aM H fla  aMajira ouiHpHJiaAH. By erep>KeHJiap 3 k t h b  30 H a ra  

Tyjia TyuinpHJiraHAa peaKUH H  TyxTaflAH, yjiapHH k h c m 3h  eKH 

Tyjia H H K a p n 6  oJiHHraHAa aca peaK U H H H H H r  6opH iu  hhtchchb- 

jihth y3rap H uiH , htjhh Te3JiaiUHUiH M yM KHH . B o iu K ap H iu  

CTep>KeHJiapH k 3 a m h h , 6o p  Ba 6o u iK a  M aT ep n aju iap A aH  

TafiepjiaHraH 6yjiaAH . 1 i iC d  Ba '5B  H 30T0njiapH  ynvH  h c c h k  

HeHTpOHJiapHH K5THUI KeCHMJiapH MOC paBHlUAa 2- 10  6 a p H  Ba 

4 - 1 0  6 a p H  ra TeHr.

T e 3  HefiTpoHjiap 6ouiK apH ui ynyH  ypHaTHJiraH CTep>KeH- 

jiapAa cycT K)THJiraHJiHKJiapHAaH, 6yHAafl HeflTpoHJiapAa 

HiujiafiAHraH kh h h k  yjinaMJiH (ceKHHJiauiTHpyBHH M OAAa 

6y jiM araH H A aH  xa>KM k h h h k  6y j\ a w )  peaKTopjiapHH  6ouiKa- 

pniu HefiTpoH KaH TaprnH jiap  6HJiaH 3 k t h b  30H a  o p ac H A a rn  

Maco(})aHH y 3 r a p T H p H m  opKaJiH aMajira ouiHpHJiaAH.

P e a K T o p H H H r  3 k t h b  3 0 H a c H A a H  HHKaflHraH HeftTpoHJiap 

OKH M H  XaB(})CH3JIHK HOpMaCHflaH >KyAa K3TT3 6yjiraHJIHTH 

x,aMAa p- napnajiaH H ui HaTH>KacHAa Kyn M H K A o p A a  iokoph 

SHeprHHJiH y- KBaHTJiapHHHr xochji 6yjiHuiH peaK Top  aTpo(})H- 

A a  HUIOHHJIH ^H M O H  HOpaJiapH KypHUIHH T a K 0 3 0  3T3AH .

M aijJiyM KH , KaTTa 3tom  coH H ra  sra 6yjiraH  M OAAajiap 

y- HypjiaHHiuAaH  3Hr hxuih  xhm oh  BOCHTacH )(HCo6jiaHaAH. 

HeftTpoHJiapHH ceK H H A auiT H p aA H raH  Ba KynjiH iothui ko6h- 

AH HTH ra  ara 6yjiraH  M aT ep n aju iap  y3 H a B 6 a T H A a , HeftTpoH- 

JiapAaH ^H M O H  B33H(})aCHHH * a M  yTaftAH.

P eaK T o p jiap  JioHH^ajiaHraHAa k K03(})(})HUHeHT 6 n p A a H  

K a rra  6yjiHuiH, m jH H  peaKTopjiapHHH r op TH K H a  peaKTHBJiHKKa 

sra  6yjiHiuH Ky3Aa  TyTHJiaAH. PeaKTHBJiHKHH 6axoJiaui ynyH
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— -—  HHcSaT/iaH ({)OH/i,ajiaHHJia/i,H: k = \  6yjiraH,o,a pe-

aKTHBjihk HOJira Tenr. Ehh jifhhh  khcm 3h  HLUjia6 6yjiraH 

xojiaTAa Ba peaKTopHH 3ax,apjioBHH, ht^hh HeflTpoHJiapHH 

aKTHB HDTyBHH 6yjiHHHLu MaxcyjioTJiapH TynjiaHraH/ia x aM  

peaKTopHHHr HopMaji HiujiaujHHH TaTjMHHJiam ywyH pe- 

3KTHBJ1HK HOJI^aH K3TT3 6yjIHHJH 3a p y p . PeaKTHBJIHKHHHT 

HOJlflaH K3TT3 6yjlHHJH 6a"b3aH HeHTpOHJiapHH KyMJIH lOTyBMH 

M aTepnajuiapH H  peaK Top Aa  HypjiaTHUj HiujiapHiia xaM  KepaK 

6yjiaiiH. A m m o  peaKTop CTaiiHOHap m ap o H T A a  HiujiaraH/ia 

AOhm o peaKTHBJiHK Hojira KejiTHpnjiaAH. PeaKTopjiapH HHr 

TypHra K a p a 6  yjiapHHHr HopMaji Hiujia6 TypHUiH yMyH 

peaKTHBJlHK K.HHM3TH 1 0 ~ 5 /LaH 1 0 -7 raMa aHHKJIHK 6HJiaH 

yuiJia6 TypHjiHLUH KepaK.

PeaKTopjiap Ky3JiaHraH Ba3Hc()aJiapHra Kypa SHepreTHK, 

3CKnepHMeHTaji, HJiMHH-TaaKHKor peaKTopjiapn xaMiia hhth 

6yjiHHaAHraH 3JieMeHTJiap Ba paAHoaKTHB H30T0njiap Hiujia6 

MHKapaaHraH peaKTopjiapra 6yjiHHaAH. X a p  KaH/iaft peaKTop:

a ) eHHJiFHHHHr T y p H ra ; 6 )  ceKHHJiauiTHpyBMH M OAA acH ra;

b) aKTHB 30H acH H H H r  Ty3HJiHuiHra; r) hcchkjihk y3aTrHM ra; 

a) 6a> KapaAH raH  Ba3H(})acHra; e) Hiujiaiu pe>KHMHra; 

>k) KOHCTpyKUHOH xycycHHTJiapHra K a p a 6  xapaKTepjiaHaAH.

SH ep reT H K  peaKTopjiap acocaH  cyB-cyBJiH, ra3-rpac})HTjiH 

xaM /ia  cyB-rpac})HTJiH (6 y  ep Aa  6 h p h h m h  cy3 h c c h k j i h k  

y33TKHMHH, HKKHHMHCH 3Ca CeKHHJiaLUTHpyBMH M0/L/L3HH 

aHrjiaTa/LH) peaKTopjiapra a>KpaTHJia/LH. 0 6 h h h c k  uiaxpH/ia- 

th  6 h p h h m h  3 t o m  3JieKTpocTaHUHHCH (A3C) h h h t  peaKTopn 

cyB-rpat})HTJiH peaKTop/LHp.

y36eKH CTOH  O a H J iap  aKaaeM H H CH H H H r cyB-cyBJiH 

BBP-C-M 3 t o m  peaKTopn  h j i m h A t 3 A K h k o t  Ba h a p o  (})H3HKa- 

c h h h h t  lOTyKJiapHHH xajiK xy w a jiH rH A a  T a A 6 H K  k h j ih iu  

MaKca/uiapH /ia  YjiyF6eK u ia xa p M a c n aa  19 59  HHJi/iaH 6ep n

2  0 0 0  /iaH 10 0 0 0  k B t —  raMa (hcchkjihk) KyBBaTH Aa  Hiujia6 

TypH6/LH.

P eaK T o p jiap h hh r  hkthco/lhA  Te>KaMJiHJiHrHHH Ba 3(})(})eK- 

THBJlHTHHH Ta/LKHK KHJIHLH yMyH KyBB3TH yHMa K3TT3 

6yjiM araH  3KcnepHMeHTaji peaKTopjiap KypHJia/LH. HjimhA- 

Ta/LKHKOT peaKTopjiapH HeflTpoHJiapHHHr H/ipoJiap 6HJiaH 

TaT>CHpjiaHHiuHHH ypraHHiu  Ba HeHTpoHJiap Ta"bCHpHAa TypjiH 

KpHCTaJlJiapHHHT Ba Op raH H K  6HpH KM aJiapH HHr x a p  XHJI (})H3HK 

Ba xhm h k  xoccajiapnra  Ta-bcnpHHH ypraHHUJ yMyH HUJJiaTHJia- 

/LH. U iy H H H r  yMyH 6 y  peaKTopjiapHHHr M yxHM  xycycHHTH 

K3TT3 l 2 -^ 1 0 U  HefiTpOH /C M 2 -C HeHTpOHJiap OKHM HHH XOCHJI
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k h j i h 6  6epniiJAHp. ByHAafi HjiMHH-TaAKHKOT peaKTopjiapn- 

HHHT aKTHB 30H 3C H A aH  HeHTpOHJiap AaCTaCHHH TaiuK,apHra 

MHKapHUi yMyH 6hp HeqTa KyuiHivma ropH30HTaji KaHajuiapH 

6yjiaAH .

HHTeHCHBJlHTH HHa W M  lOKOpH 6yjiraH HeHTpOHJiap 

OKHMHHH X.OCHJI KHJIHUI yMyH KHCK3 A3BpjIH (H M nyjl bC J1H) 

pe>KHMfla HiujiafiflHraH peaKTopjiapAaH c})OHflajiaHHJiaAH. 

Mhcoji yMyH HMnyjibCJiH rpac})HT peaKTopaa (HrP), HMnyjibc- 

hhht KaTra KHfiMaTH^arH KyBBaT 105 M B t  ra, HefiTpoHJiap 

okhmh 3ca 10 IB HefiTpoH /c m 2 ■ c ra eTa/jH. HMnyjibCHHHr 

AaBOM 3THUI BaKTH 0,1 ceKyuara TeHP.

B apn a  peaKTopjiap HHH.ua c h h j if h h h  KafiTa HUJJiafiAHraH 

peaKTopjiap (6pHAep peaKTopjiap) My)(HM a^aMHHTra ara. By 

peaKTopjiapAa 3JieKTp 3HeprHH Hiujia6 M HKapniu  6HJiaH 6 n p  

KaTop^a peaKUHH *HCo6Hra HHTeHCHB eHHJiFH Hmjia6 MHKa- 

Phiij >KapaeHH aMajira oiuaAH . E h hjifh  Hujjia6 MHKapHiu 

K03(})(})HUHeHTHHH

k =  ^
' fe +  C,

(})opMyjia a c o c H ^ a  6ax,oJiaftAHraH 6yjicaK (6 y  ep/ia C e Ba C  —  

moc paBHLuaa  2i u  Ba 2g|U HflpojiapHaa HefiTpoHJiapHH 

p a a n a u H O H  K a M p a 6  ojihui coHJiapn, / 6 — eHHJiFH^a pyfi 

6 e p a A H ra H  6yjiHHHiujiap c o h h ) , y x,ojiAa oimwfi peaKTopjiap  

yqyH  6 y  Kos(}>(})HUHeHT KHftMaTH 0 , 6 -f-0 ,8  opajiHKjja 6yjiaAH . 

Te3 HeftTpOHJiap HUITHpOKH/ja 29®U H 30T 0n H A a  k\ K03(})(j)HUH- 

eHTHHHT KHftMaTHHH 6 H p A aH  K3TT3 6yjIHIUHHH TaTiMHHJiaUI 

M yM KHH. LU yH H H r ynyH  KeHr KyjiaM/ja chhjifh Hiujia6 

M HKapniu  HA po  SH epreTHKacHH HHr acocHH H  Te3 HeftTpoHJiap 

HiuTHpoKHAa HuijiaftAHraH peaKTopjiap  TamKHJi STajw- B n p o K  

Te3 HeftTpoHJiap h iu t h p o k h a 3  HiujiaftflHraH peaKTopjiapHHH r 

cojiHiuTHpMa KyBBaTH  oAAHfi peaKTopjiap  Ky BB aTH ra  Kapa- 

raH A a  T a x M H H a H  5 M ap T a  nacT  6yjiaAH . \ o 3 H p  eHHJiFH Hiujia6 

M H Kapa /u iraH  peaK Top jiapaa  eHHJiFH m h k a o p h h h h t  h kkh  

M ap T a  OpTHUIH yMyH T aX M H H aH  10 ftHJlMa BaKT  KepaKJIHTH 

MaiiJiyM.

Atom  3HeprHHCH/iaH (})oftAaJiaHHUi ByTyH AyHe areHTJinrH- 

hhht xa6ap  6epHiUHMa, 1985 ftHJiHHHr oxnpHAa AyHeHHHr 2 6  Ta 

MaMJiaKaTHAa 3tom 3JieKTpocTaHUHHJiapHfla yMyMHfi KyBBaTH 

2 4 8 5 7 7  M B t  6yjiraH 3 74  peaKTop Hiujia6 TypraH. Ulyjiap^aH 

yMyMHH KyBBaTH 77851 M B t  6yjiraH 93  peaKTopjiH AK,UJ 
6hphhhh  ypHHfla, KOJiraHJiapH sca, O p aH U H H  (3 7 5 3 3  M B t ) ,  

co6hk  CCCP (2 6 8 0 3  M B t ) ,  Hiiohhh (2 3 6 6 5  M B t ) ,  TOP 
(1 6 4 2 9  M B t )  Ba Ahfjihh ( 1 012 0  M B t ) .
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1975 HHJiAaH 6 o u u ia 6  AyHe/ia btom  3JieKTpocTaHUHH.napH-  

jxa Hiujia6 MHKapHJiraH 3JieKTpo3HeprHH y MyMHH Him ia6  

MHKapHJiraH ajieKTpoaHeprHHHHHr 5,3 (})oh3hhh, 1985 HHJiAa 

aca 15 (})OH3H HH TaiUKHJI KHJIflH. JlnOHHHfla 3Ca, 3T0M  

3JieKTpocTaHUHHJiapHfla Hiujia6 MHKapHJiraH SHeprHH  

1975 h. jxa y M y mhh ajieKTp SHeprHH HHHr 6,1 %  hhh  TauiKHJi 

KHJiraH 6yjica, x ,03Hpaa 6 y  p a K a M  26 %  rana opTAH . Y M y M a H  

cyHiTH  10 hhji HMHfla AyHefla 3tom  3JieKTpocTaHUHHJiap  

KypHJiHUinra KaTTa 3TjTh6op 6epHJiM OKAa. LUy KyHJiap.aa 

ayHefla HHa 224 peaKTop Kypm iMOKfla. X h h a h c t o h  xyKyM aTH  

xajiKHHHr T y p M y m  /iapa>KacHHH KyTapHiu yMyH 3tom  3HeprHH- 

chhh  HUiJia6 M HKapnuiHH  KaMHfla 10 M a p o T a 6 a  opTTHpnui  

3apypjiHPHHH aflTAH. AK.1-U 0JiHMJiapHHHHr aflTHiuHMa, AK .I1I 

xajiKHHH X 03Hprn KyHflarH TypMyui j,apa>KacHHH caKJia6  

kojihuihh 3tom  3HeprHHCHCH3 TacaB B y p  khjih6 6yjIMaflflH. 

O h 3hk 0JiHMJiapHHHr yKTHpHiuHMa, nHpoBapAHAa, khuih 

CaJIOMaTJlHTH yMyH aTOM  3HeprHHCHHHHr Ta"bCHpH >KyAa K3M . 

T a 3 , He(})Tb Ba KyM Hp  c k h 6  SHeprHH oJiHHraHHfla KHCJioTajiH 

eMFHpjiap eFHiuH, kh u ih h h h f  Ha<})ac ojihui opraHJiapHHH  

KacajuiaHHUiH ba y M y M aH  xaBOH H  T e M nepaTypacH H H  KyTapn-  

J1h6 «HCCHKJIHK 3(^4>eKTHHH» By>Kyflra KejlHIUH MyMKHH.
UJy 6HJiaH 6 n p r a  T e p M o n f l p o  p e a K T o p n  HMHflarH H o e 6  

UiapOHT —  lOKOpH X,apOpaT Ba KyMJlH HeHTpOH HypjiaHHUIHH 
B y > K y a r a  K ejiTH p aflH raH  6 o u i K a  u i a p o H T A a  c o f l n p  6y j iM a f lA H .  
B y H fla H ,  a j i 6 a T T a ,  (})ofif lajiaHH6 kojihui K e p a K .  M a c a j i a H ,  
lO K o p n  T e M n e p a T y p a  ep/iaM H/ia T e p M o n f lp o  peaKTopH H H 
6 hphhm h a e B o p H  eHH^a cyBHH Hr TepMHK n a p M a j i a u i  o p K a j iH  
BOflOpOA HUIJia6 MHKapHlU M yMKHH. OjlHHTaH BOflOpOflHH 
KeflHH 6eH 3H H  y p H H r a  eKHJIFH CH(})aTHfla HUIJiaTHUI MyMKHH.

A3C iiarH hcchkjihk SHeprHHCHHH ajieKTp SHeprHHra 

afijiaHTHpHuiHHHr HKKHTa KOHTypflaH H 6o p aT  6yjiraH npHHUH- 

nnaji cxeM acn  7.9- pacM /ia KejiTHpHJiraH. B hp hhm h  A3C hhht 

Hiujiaui >KapaeHHHH K y 3aTH uuiap  3tom  SH eprHH CHAaH 3JieKTp 

3HeprH H  OJlHIUfla (})OflflaJiaHHUI MyMKHHJlHTHHH KypCaTH6rHH a

7. 9- p a c M . A3C ra hcchk-

JIHK SHeprHflCHHHHr 3JieKTp 

3HeprHHCHra aftjiaHHiu cxewa- 

c h :

/ - -  AApO pcaKTOpM, 2 -  OyF K030HH,

3.'icKTp HU)wia6 HHKapyBMH, 3 —  rypSore- 

nepaTop, 4 - KOH/iencaTop, 5 Hacoc, 

(') —  u h p K y .in i i ,n a  H a c o c .ia p n .



KOJiMafi, m y  SHJiaH S n p ra  KeflHHMajiHK Karra  KyBBaTJiH A3C  
JiapHH K y pnujAa  6 a 3 a  6yjin6  XH3M aT khji/lh. T yn jiaH raH  

Ta>KpH6a HaTH>KajiapH aTOM  SHeprHHCHHHHr Kejia>KarH yMyH 

CeKHHJiaLLJTHpyBMH Ba HCCHKJIHK y33TyBH H  M O /m aC H  OflflHH 

c y B ^a H  H 6o p aT  6yjiraH KopnycjiH peaKTopjiap Ba ypaH-rpacj)HT 

T H n H ^arH  peaKTopjiap M a K c a ^ r a  MyBocJ)HK A e 6  toiihjiah.

X o 3 H p r n  B a K T fla  A3C JiapHH KypHUu x a p a > K a T J i a p n  6 o u i K a  
3JieKTp cTaHUHHJiapHH KypHiu x a p a > K a T J i a p H r a  K a p a r a H A a  
K)KopH 6 y j i c a - A a ,  jickhh yj iap H H  3 K c n j i y a T a u H H  k h j i h u j  
x a p a > K a T J i a p n  (chhjifh  KHHMaTHHH K y u i n 6  o j i r a H f l a )  6 o u i K a  
a j ie K T p  CTaHUHHJiapHHKHra K ap a ra H /ia  K a M /m p . T a K K o c j i a m  
yqyH  7.8- w a /iB a jm a  yMTa KaTTa 3JieKTpocTaHUHHAarH 3JieKTp 

SHeprHHHHHr T aH H a p x jia p H H H  KejiTH paM H3 . ( 1 9 8 0  hhji H a p x -  
j i a p H A a . )

7.8- *  a a b a ji

E h h j if m KyBBaT,

M Bt

K H H M a T H ,

t h m h h / k B-t

coaT

HoBOBopoHe*flarM A 3 C 6oHHTMjiraH ypaH 2455 0,641

KpMBoA PoKnam r P 3 C  N“2 AOH6aCC K^MHpH 3000 0,895

K a H a K O B O A a m  r P 3 C Ma3yT, ra3 2400 0,712

X 03HprH KyHiia Hflpo 3HepreTHK3CHHH HHTeHCHB pn- 

BOKJiaHTHpMafi T y p H 6 , aHeprHH HLUjia6 M HKapnui A a p a w a c H H H  

6 n p  xhji y u u ia 6  6yjiMacjiHTH aeH A H p . A to m  3HepreTHKacH 

6ap M a  pHBO>KJiaHraH MaMJiaKaTJiap/ia acocHfi 3HepreTHKa 

M a H 6a H r a  afijiaHH6 6opH uiH  Ky3Aa TyTHJiMOKAa.

7.7-  §. Xas())CH3 peaKTop

PeaKTopjiap^a 3aH>KHp peaKUHHCHHH 6oiuKapHiu 7 .6 -§ ,o.a 

KypraHHMH3AeK, HefiTpoHJiapHH KyMjiH lOTyBMH MaTepnajuiap- 

/laH TafiepjiaHraH, o/iaT/ia, Ka/LMHfi/iaH ncajiraH CTep>KeHjiap 

ep/iaMHAa aMajira ouiHpHJiaAH. CTep*eHJiapHH io k o p h  KyTa- 

Ph 6 eKH nacTra TyuiHpH6 k p h t h k  \ojiaTra m o c  paBHuiAa 

33H>KHp peaKUHHHH KyMaHTHpn6 eKH CyCaHTHpn6, HTjHH 

peaKTop KyBBaTHHH 6ouiKapH6 Typnrn MyMKHH. A m m o  6up 

(})ajioKaT 103 6epn6  (WepHo6HJi A3C aBapHHCHHH 3CJiaHr),aK- 

t h b  30Ha/iaH xaM M a 6ouiKapyBMH CTep>KeHJiap, MacajiaH, 

aBTOMaT CHCTeMajiap HOTyFpn HiujiauiH Ty(})aftjiH MHKapn6 

ojiHHca, 3aH>KHp peaKUHH y3-y3H/iaH KyMafiH6 (})ajioKaTra 

ojih6 KejiaAH. LOy HyKTan Ha3apaaH xo3Hprn 3aM0H/ia 

MaB>Ky/L peaKTopjiapHH MyTJioK xaB(})CH3 /ie6 6yjiMafiAH.
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H c c h k jih k  Ba Te3 HeflTpoH/iH peaKTopjiap  x,aKHj,a TyxTa- 

jih6 yTafljiHK. H c c h k jih k  hchtpohjih  p e aK Top jiap^a  ce- 

KHHJiaTKHM Kyn. Y H ^ a r H  HeftTpoHJiap cneKTpn MyB03a- 

HaTJiaHraH MaKCBejui cneKTpnra  h k h h  Ba T e M n e p aT y p acn  

aTpocj)-MyxHTHHKHra TeHr. T e 3  HeftTpoHJiH p eaK Top A a  aca, 

aKCHHMa, HeflTpoHJiapHHHr ceKHHJiaHHUiHra ftyji KyftMacjiHKKa 

HHTHJlHHaAH, UJyHHHT yMyH yjiapHHHT CneKTpH SyjlHHHUI 

HeftTpoHJiapH cneKTpnra  h k h h  —  yjiapHHHr SHeprHHCH SyjiH- 

HHuiAa xochji SyjiaAHraHJiapHHKHfleK KaTTa. CeKHHJiaTKHM- 

HHHT ftyKJIHTH 3HT a p 3 0H  HCCHKJIHK TaUiyBMH 6yjiraH  CyBflaH 

(JjoftAajiaHHuiHH HHKop KHJiaAH (yjiap,na cyB yp H H A a  cyioK 

M eTajuiap HLUJiaTHJia/m ). LUy ca6a6jiH  k o h c t p y k u h h  >kh- 

x,aTaaH Te3 peaKTopjiap  h c c h k  HeftTpoHJiH peaKTopra  Kapa- 

raHAa  aHMa M y p a K K a 6  Ba KanHTaji xapa>KaTJiap >;aM 

roKopuAHp. JleKHH yjiapHHHr yjiKaH a4)3ajuiHKjiapH 6 o p , 

y jiapaa dyjiHHHUira moShji 6yjiraH aTOM JiapHHHr (y p a H  Ba 

njiyTO H hfthhhr t o k  H30T0njiapH ) ftyKOJiHuiH 6HJiaH 6H p ra  

yjiapHHHr aftpHMJiapH KaftTaAaH M acajiaH, 238U  +  «  peaKUHH- 

ch HaTH>KacHAa 23®Pu xochji 6yjiaAH  (p e r e H e p a u H n ) . Pe- 
aKTopjiapHHHr 6 y  xycycHHTH AT-KaftTa Hiujia6 M HKapHiu 

K03(j)(})HUHeHTH 6HJiaH xap aK Tep jiaH aAH . B y  Koa(j)(})HUHeHT 

*ochji 6yjiaeTraH  6yjiHHHuira k o a h p  aTOMJiap c o h h h h h t  

ftyKOJiaAHraHJiapH (co H H ra ) H H c6aTH ra  tcht Ba y KaftTa 

Hiujia6 M HKapniu K03<j)<})HUHeHTH Ae 6  aTajiaAH . H c c h k jih k  

HeftTpoHJiH peaKT-opjiap yqyH  /C-xap ao h m  1 A a H  khmhk, 

y jiap^a  hcchkjihk  HeftTpoHJiap Tai.cH pH  ocTHAa acocaH  235U  

h h h t  KyftHiUH —  eHHiUH io3 6e p a A H . T e 3  HeftTpoHJiH peaK Top Aa  

/C-6npAaH KaTTa Ba a p 3 0H , T a 6 H a T A a  KeHr TapKajiraH  U  

eHHiora >naji6 kh jih h 3a h . ByHAaft peaKTop  6ap BaKTH HHr 

y3H A a  peaKTop-KynaflTHprHM x a M  6yjiaAH . Y  hcchkjihk  Ba Te3 

peaKTOpJiapHH 6yjiHHyBMH M OAAa  6njiaH TaijMHHJiaui ko6hjih- 

HTHra ara.

Te3 HeftTpoHJiH peaKTop h k k h  30Hara 6yjiHHraH: 3aH>KHp 

peaKUHHCH Ba 6epaAHraH MapKa3HH (3 k t h b ) Ba 238U  A3H 

H6opaT, njiyTOHHH TynjiaHaAHraH M apK33AaH y30K 30Hajiap. 

EnH K  UHKjiAa MaiwiyM BaKT yTHiun 6HJiaH peaKTopAaH 

6yjiHHyBMH MaTepnaji o j ih h h 6 KafiTa Hiujiaiu ynyH KHMe 

KOM^HHaTJiapnra io6opHJiaAH. YjiapAaH a>KpaTH6 oJiHHraH 

njiyTOHHft Ba ypaH HHa peaKTopjiapHHHr aKTHB 30HajiapHra 

KaftTapnjiaAH.

A rap  peaKTopjiapHHHr h k k h t 3 30 h 3 c h h h  6 h t t 8 6HJiaH 

ajiMauiTHpcaK (yjiapHH uiyHAaft nponopuHHAa apajiauiTHp- 

caKKH, yHAa k p h t h k  x,ojiaT Ba c k h jif h  Tynjiaui k o 6 h jih h th  

TaijMHHJiaHraH 6yjica), HeflipoH peaKUHHCHHHHr h k k h  (})yHK-
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u h h c h  —  eHHLu Ba p e reH ep au H H  4>a30BHH y 3 a p o  M ocjiam raH  

6y ;iaA H .

ApaJiaUITHpHUIHHHT MaH(f)HH TOMOHH —  eKHJlFHHHHT KpH-

t h k  MaccacH M Kp ypaH-235 eKH njiyTOHHH-239 H30T0nn 

ypaH-238 H30T0nM SujiaH KaHna Kyn apaJiauiTHpHJica, 

uiyHHajiHK Kyn MapTa ouiaflH (7 .9- >KaflBaji).

7.9- x t A B a j i

yp aH - 238 6 h j u b  aayroHHH- 239 ap ajiam uaca k p h t h k  MaccacH M Kp  h h h t  

njiyTOHHii-239 h h h t  KOHqeHTpaiiHncHra 6oFjiH^jiHrH.

239pu> % 100 50 25 10 7,5 6 5 4.8

Mkd ’ Kr
11 34 120 800 2000 5500 30000 OO

239pU' icr 11 17 30 80 150 330 1500 00

B y  ep/i,a uiyHH aijTHSopra ojihiu jio3hmkh, kphthk Macca 

239P u  KOHueHTpauHHCHra oaahh TecKapu nponopUHOHajuiHK 

KOHyHHra Kypa Sofjihk 3Mac; M acajiaH, KOHueHTpauHHHH 

100 AaH 50  4)OH3rawa KaMaHTHpHJiraH.ua, kphthk Macca

3 M apTa^aH  Kynra opTaaH. ByHflaH TauiKapn, kphthk Macca 

6 ycaFa KHHMaTra ara, yHAa Af Kp neKCH3 opth6 KeTa/m. By  aca 

6yjiHHyBMH Mo/uia M H K ao p H ra  3M ac , 6 ajiKH yHHHr HApojiapH 

opacHAarn Maco4)ara 6oFjiHKJiHrHflaHAHp.

LUyHflaft 6yjiHuiHra KapaMac/iaH apajiaiUTHpHUiHHHr 

KypcaTHJiraH KaMHHJiHKJiapn yHMajiHK ax,aMHHTra ara 3Mac. 

4yHKH KyBBaTH 1 T B t  (sji) 6 yjiraH A 3 C  fijioKH^a ckhjifhhhhf 

Ahji AaBOM H^a eHaAHraH 6 yjiHHyBHH khcm hhhht MHKaopn

1 t ra hkhh. PeaKTop/ia yHHHr 6 ouuiaHFHM yMyMHfi m hkaoph 

aca, 6 Hp HeMa tohh3hh TauiKHJi 3Ta/iH.

3h /ih  KaH/xaft uiapoHTJiap/ia peaKTop eHHiu 3Mac, TynJiaui 
pe>KHMH/ia HiujiauiH MyMKHHJiHrHHH aHHK/iaftjiHK. PeaKTopAa 

njiyTOHHft 6 np BaKTHHHr y3H/ia x,aM naft/io 6 yjiaflH, xaM 
fiyKOJia/iH. «TyFHJiHiu» cohh njiyTOHHH KOHueHTpauHHCHra 

6ofjihk 3Mac, JieKHH «yjiHuuiap» cohh aca, yHra TyFpn 

nponopuHoiiajiAHp. B y  njiyTOHHfi KOHueHTpauHHCHHHHr MyBO- 

3aHaTra (p) HHTHJiHUiHra ojih6 Kejia/iH. FIjiyTOHHftHHHr 

6oiUJiaHFHM po KOHUeHTpaUHHCH K3HM3 (p /laH K3TT3 §KH 

khmhk) 6yjiHUiH/iaH KarbH Ha3ap bbkt yTHUiH 6njiaH y p ra 

HHTHJia/iH. A r a p  p o > p  6 yjica, njiyTOHHii eHH6, KaMastw, p o <  

< p  x,OJi/ia y ftHFHJia/iH. U ly  6HJiaH 6Hpra, 238U  aTOMJiapn 

TOMOHH/xaH HeftTpoHJiapHHHr KaMpajiHLUH Ty(})aftjiH ypaH Ba 

njiyTOHHft apajiauiMacH/ia kphthk xojiaTra apnuiHJia/iHraH 

nJiyTOHHftHHHr KaH/iaft/lHp MHHHMaJI p K KOHUeHTpaUHHCH
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M aBw yA . fltHH, peaKTop/ia  CTauHOHap p e *H M  M aBw yA  

6yjiHUiH MyMKHH. K p h th k  p K KOHUeHTpauHH p ra KaparaHAa 

6ouJKa <})h3hk AOHMHHJiap opKajiH aHHKJiaHaAH. LLIy ca6 a 6 ;iH, 

p K aMajiAa p nan Karra 6yjiHiiiH xaM , khmhk 6 yjiHUiH x,aM 

MyMKHH. By  MyHoca6 aT HeflTpoHJiap cneKTpnra, mjHH 

peaKTopHHHr xHJiHra 6 ofjihk^ hcchkjihk peaKTopJiap y^yH 

p K> p T e 3  peaKTop ynyH pK<p- BouiKaMa aftTraHAa, ckhjifh 

TynjiaHa/iHraH peaKTop KypHtu MyMKHH.

KDKopHAa KejiTH£HJiraH K- KaftTa Hiujia6 MHKapnui ko- 

3(j3(j)HUHeHTH p K Ba p AOHMHftjiapH OpKajlH H^OAaJiaHHUJH 

MyMKHH:

/C =  — (I — pK) • (7.30)
P k

B y u n a H  K y p H H H 6  Typn6/i.HKH, K >  1 6yjiraH peaKTop  yqyH 

p K< p ,  htjhh y eHHiu 3M ac , Tynjiaui pe>KHMH/ia Hiujiaiun 

M yM KHH.
P e a K T o p ^ a  p—>-p, jickhh p K j\an KaTTa 6yjia ojiMacjiHTH 

ca 6a 6jin , k p h th k  xoJiaT aBTOM aTH K  paBHiu/ia caKJiaHH6 

TypHJia^H. B ouiK aM a  aftTraHfla, 3Hr K a M u a a  eHHUi peJKHMHZia 

Hiujiaft/iHraH peaKTopjiapHH  6ouiKapyBM H  CTep>KeHJiap ep/ia- 

Mnjxa Mocjiaiu TaJia6 KHJiHHMaftAH. Z leM aK , 6yH/jaft peaKTop  

napoBHft nopTJiauira H H c6aT aH  xaB(})CH3 6yjiaAH . ByH/jaft 

peaK Top Aa  c k h jifh h h h f  3(})(})eKTHB (50— 70 % )  eHHLUHra 

3PHIUHIU M yM KHH. 3aH>KHp peaKUH HCH TyXTaLUH yMyH p KOH- 

u eH T p au H H  238U  h h h t  MHKZLopnra nponopUHOHaji 6yjiraHJiHrH- 

A aH  p < p K 6yjiHuiH kh(})oh. Arap 6ouiJiaHFHM uiapoH TAa 

p / p K= 2  6yjiraH 6yjica, y xoji/ia y p aH H H H r  (})aKaT npM H  eH H 6  

6yjia/jH.

3 (})(})e K TH B  eHHLU eKHJlFH e TH U IM a C JlH rH  6H Jia H  6 o f j ih k  
6 y ji r a H  M yaM M OHH c y c a ftT H p a A H  Ba 6 o u u ia H F H H  n a ftTJia p A a  
eKHJiFHHH p e reH ep au H H  KH JiH iu/jaH  bo3 KeM HUjra h m k o h  
6epa/LH.

K p hthk  xoJiaTHH aBTOMaTHK paBHUi/ia caKJia6 TypHUI 

MyMKHHjiHrH Hoe6 , xaTTO a(})coHaBHft jioftHxaJiap Ty3Hiura 

uiapoHT npaTa/LH. Y p a H  ofhp MeTaJiJi 6yjiraHjiHrH ynyH Ep 
CHpTH/iarH >KHHCJiapHHHr COJIHLUTHpMa OFHpJlHrH/iaH K3TT3 

cojiHLUTHpMa oFHpjiHKKa sra 6yjiraH peaKTopHH TacaBByp 

khjihuj khAhh 3Mac. ByH/ia y3 ^oJiHra KyftHJiraH peaKTop 

MyxHT >KHHCJiapHHHHF spHiu TeMnepaTypacH/iaH KaTTa TeMne- 

paTypa 6epa ojica, y epra nyKa 6ouuiaft/LH. ByH/iaft 
peaKTopHHHr yjinaMH Ba lu3kjihhh y3rapTHpn6, Epra KyMHJiH- 

UIHHHHr KOHHKapjlH Te3JIHrHra apHUJHIU MyMKHH (TaXMHHaH 

6 hp HHJi/ia 6 up KHJiOMeTp). By xoJiAa HyKHiu >kohh aTpo(})HAa
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K,H3HTaH Ty n p O K H H H r  KaTTa ^a>KMH ( ~ 0 , 1 K M 3) ^OCHJI 

dy jia^H . B y  * O H A a H ,  x y / u m  reoTepMajib CTaH UH HjiapaarH AeK  

HCCHKJIHK OJIHLU M yM KHH . M y X H M H  UJyHflaKH, Ep  >KHHCJiapH 

peaK Top  HeiiTpoHJiapH Tai>CHpHAa cycT aKTHBJiam aflH. X,ochji 

fiyjiraH p a ^H o aK T H B  H 30T0njiap  aca KH CKa ap H M  napMajiaHHiu 

A a B p n r a  ara. 3x th m o ji , 6 y  ftyjma 3tom  SH epreTHKacHH HHr 

aCOCHH M yaM M OJiapH AaH  6 n p H  —  paflHOaKTHB MHKHHflHJiapHH 

KyMHUI M yaM M OCH H H  eUHUI HM KOHH TOIIHJiap.

7.8-§. BouiK.apHJiaAHraH T e p M o n A p o  CHHTe3H (BTC)

3 K 3 0 T e p M H K  peaK UH H Jiap^a  3H ep rnH H H H r  nyn  MHKflopAa 

am p a jiH S  m h k h u j h  6 y  p eaK UH H JiapaaH  KeHr M acuiTa6jiH

3H e p r e T H K a z ia  c})OHAajiaHHui M y M K H H  S M a c M H K a H ,  A e r a H  (})HKp

T y F ^H p a A H . X a K H K a T a H  x a M , x h m h h b h h  peaKUHHJiap,aa 

SHeprHH  a * p a j i H 6  m h k h u i  6 n p  Hewa 3JieKTp0H-B0JibTHH 

TauiKHJi KHJica, H ^ p o  peaK U H H JiapH ^a  MHjiJiH0HJia6 sjieKTpoH- 

BOJIbTHH TaUIKHJl KHJia^H. JleKHH H ^p O H H H r  6yjlHHHUIHra 

acocjiaH raH  3HepreTHKafla 6yHAaft peaK UH H JiapaaH  aM ajiaa  

(})OHflajiaHHiu a H ^ a  MyuiKyji 3KaHJinrHHH KypAHK .

SH e p r e T H K a A a  3K 30T ep M H K  peaKUHHJiapflaH (})OHAaJiaHHiu 

y ^y H  p e aK U H H ra  KHpyBHH M aT epH ajuiap  eTapjiH n a p a m a n a  

Kyn, ojiHHHiUH aca yHMa k h Ah h  6yjiMacjiHrn Ba TaHJiaHraH 

p eaK U H H  x h j ih  KeHr KyjiaM.ua o c o h  k c m h u i h  3 a p y p . B y  

uiapTJiapHH aM aji^a  6a>KapHui aHMa M y p a K K a 6 . M a T e p H a ji  

TonHJica x,aM peaK U H H H H H r  o c o h  yTHiunra H^p ojiapH H H r  KyjioH 

TycHFH xajiaKHT 6e p a ^ H . LUyHH Hr ynyH  6y  M aKcaflJiapaa 3Hr 

eHrHJi H ^p o jiap A aH  (})oft.najiaHHiura TyFpn Kejia^H. HeftTpaji 

3a p p ajiap  sca  T a 6HaTfla apKHH x,0Jifla yqpaM afiAH . M a c a jia H , 

HeftTpoHJiap HApojiapHHHr T a p K H ^H ra  KHpraHJiHFHAaH, yjiapHH 

ojiraH >KOHHHHr y 3 H ^ a  HiujiaTHiu KepaK.

Ehthji HApoJiapHHHr kyuihjih6 CHHTe3 peaKUHHCHHH io3ara 
KejiTHpHiUH yqyH Ma"bJiyM mapoHT npaTHui KepaK. MatJiyMKH, 
3apnAJiapH  Myc6 aT 6 yjiraH h k k h  3tom h a p o c h h h  6 Hp-6 Hpnra 
HKHHJiauiTHpHLU yqyH yjiap opacH^arH KyjiOH HTapHJiHiu 
KyqHHH eHrHiu jio3hm. 3apnflJiapH -\-Z\e Ba -\-Z2e 6 yjiraH 
h k k h  Hflpo opacH^arH KyjioH TycHFHHHHr 6 ajiaHfljiHrH 

2| -Zg-e2

U*yn= — n--- ra TeHr 6yjia^H  (/? ,, 2 —  HApojiap o p ac H A a rn
"l , 2

M aco (})a ).

LUyHflaft k h j i h 6 , CHHTe3 peaK U H H jiap ^a  eTapjiHHa KaTTa 

KHHeTHK 3H ep rH H ra  ara 6yjiraH  H ^p ojiaprH H a  h i u t h p o k  s t h u i h  

M yM KHH . ByHflaft aapoJiapHH  (peareH TjiapH H ) >Ky^a i o k o p h
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T e M n e p a T y p a raH a  KH3flHpHUi x,Hco6Hra ojihui M yMKHH. A r a p  

KepaKjiH T e M n e p a T y p a  CHHTe3 peaKUH HCH  >KapaeHHAa xochji 

6yjiaAH raH  6yjica, y x,ojiAa peaKU,HH y3-y3HHH TaT.MHHJiaflAH- 

raH 6yjiaAH . Y M y M a H  oJiraHAa, KynjiH KH3flHpHiii xo 3H p n a  

M atJiyM  6yjiraH nroH a  ycjiy6j,Hp. IU y H H H r  ynyH  6 y  ycyji 

6HJiaH xochji KH JiHHaAHraH CHHTe3 peaKUHHJiapHHH O A a T ^a  

T e pM O H A po  peaKUHsuiapH ae6 aTajiajiH.

3cJiafljlHK, kT =  1 aB HCCHKJIHK 3HeprHHCH T ^ I O ^ K  

T e M n e p a T y p a ra  moc KejiaAH. lU y H H H r  yqyH  KyJiOH 6a p b ep H  

M Ky.q= 0 , 1 M a B  6y jira H ^a  TepM OH/jpo  peaKUH HCH 103 6epHiiiH 

yqyH T~10 K9 Te M n e p a T y p a raM a  KH3flHpHUi jio3hm. B y  aca 

Ky eui H M KapH CH ^arH  T e M n e p aT y p a /iaH  T a x M H H a H  50 M apTa

K3TT 3AH p . ZleM aK , CHHTC3 peaKUH HCH HHHT HCCHKJIHK yCJiy6HTa 

ftyji ftyK ae6 yftjiaiu M yM KHH . JleKHH 6yH.ua Ba3HHTHH 

6yTyHJiaft y 3rap T H p a A H raH  HKKHTa M yxH M  omhjihh x,HCo6ra 

0J1M3AHK. BHpHHMHflaH, 3appaJiapH H H T  SIieprHH 6yfiHMa 

TaKCHM OTH MaKCBeJiJi KOH yH H ra  6yficyHaAH , ht^hh 6epHJiraH 

TeMtiepaTypa/ia ajjpojiapHHHr MaiwiyM khcm h  ypTaM a 3Hep- 

rHH/iaH K aT T ap oK  3HeprH Hra 3ra  6yjiaaH . B y u a a H  Tau iK ap H , 

3HeprHHJiapn E  <  U Kyj, 6yjiraH  H/ipoJiap x a M  TyHHeJib 3cJ)(J)eKTH 

x,Hco6Hra KyJiOH 6a p b ep H /ia H  y ™ 6  peaK U H H ra  khphuihujh  

M yM KHH. Ky p caT H jiraH  c a 6a 6 jia p r a  Ky pa  T a6H aT /ia  TepMO- 

H/ipo peaKUH Hjiapn  h h tc h c h b  103 6epa /iH  Ba K y eui xaM /ia  

6ouiK a  i0JiAy3JiapHHHr SHeprHH  M a H 6 a n  6yjiaAH .

C h h t c 3 peaKUHHCH/ia  K aTH auia /iH raH  H/xpojiap KaTTa 

KHHeTHK 3HeprHHra 3ra 6 yjiHiuH KepaK. iJeMaK, 6y ep/ia eHPHJi 

HApOJiapHHHT HHTeHCHB JiaCTaJiapHHH XOCHJI KHJiaflHTaH KyMJlH 

t o k j ih  Te3JiaTrHMjiap ep/iaM  6epHUiH  M yMKHH A e 6  yfljiaui 

M yMKHH. A m m o  Te3JiaTHiu ynyH  capc}) SyjiraH SHeprHH CHHTe3 

H3TH>KacH/ia a>KpajiH6 MHKa/iHraH 3H ep rH H AaH  K a T T a . B y H A aH  

TaUIKapH, CHHTC3 peaKUH HJiapHH HHr KeCHMH H O HH33U HH  

KecHMH/iaH 8 — 10 T a p T H 6ra  k h m h k . LLIyHHHr ynyH  Te3Jia- 

THJiraH eHTHJi H/ipojiapHHHr 3Hr Kyn k h c m h , chhtc3 peaKUHH- 

c h h h  6 a*a p M a c /ia H , h h u i o h  aTOMJiapHHH Ky3FaTHiu Ba 

H O H Jia u ira  capc})JiaflAH.

XleM aK, x,03HpMa T e p M o a a p o  p e a k u h h c h h h  ojihiu ynyH 

4>aKaT peareHTJiapHH HHTeHCHB KH3/iHpHuira yMH,o, 6oFjiaui 

M yMKHH. ByHHHr yMyH yH Ba 103 mhjijihoh rpa/iycJiH 

T e M n e p aT y p a  jio3hm. B yH /iaH  iokoph TeM nepaTypajiap /ia  

MOA/ia (})aKaT Tyjia HOHJiauiraH njia3Ma uiaKJiH/ia MaB>Kyfl 

6yjiaAH . BTC M yaM M ocH  njia3M a (})H3HKacH M yaM M OJiapn 

6 HJiaH MaM6 apMac 6oFjiaHraH. X.o3HprH BaKTAa, BTC >KyAa 

M ypaKKa6jiH rH  c a 6a 6 jin , x a M M a  yMHfl nroH a peaK U H H  —  

iieflTepHH —  TpHTHfi peaK UH H CH ra  6oFJiaHraH :
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? H + ? H - ^ H e + A n + 1 7 , 6  M a B . (7-31)

B y H H  HH cSaTaH  nacT KyjioH Sap b e p H  B a  H H cSaTaH  riacT 

3HeprH HAa  KaTTa kcchm  xapaKTepjiaflAH. B y  peaKUH HHHH r 

3HeprHH MHKapHLHH </ =  Q /,4~ 3 ,5  M a B  OA aTAarn  o fh p  

HApoJiapHHHr SyjiHHHLUHAarH q~  1 M a B  A a H  a H 4 a  KaTTa.

Kejiaw :aK Aa  AeflTepHH —  AefiTepHH peaKUHHCH acocH Aa  

B T C  h h  y3JiaiLLTHpHUJ M yji>KaJiJiaHraH:

YjiapHHHr KypcaTKHMJiapH AeflTepHfi —  tphthh peaKUHHCH- 

h h h t  HHcSaTaH aHMa eM OH, JieKHH ycTyHJiHTH uiyHAaH 

H6 opaTKH, yjiapAa 4>aKaT AeftTpoHjiap h u i t h p o k  3T 3 a h . 

.HeHTepnftHHHr EpAarn  3a n ac H  aMajiAa TyraHMacAHp, nyHKH 

y OKeaH cyBHAarn xaMM a b o a o p o a h h h t  0 ,015  %  h h  TamKHJi 

KHJiaAH. H k h h  Kejia>KaKAa, s x t h m o j i , TepMOHApo SyjiHHHiu 

peaKUH HJiapHAaH  (})ofiAa-iaHHJiaAH.

Ekhjifh TaSHHft, KeHr TapKajiraH: a-3appaJiap aHMa ofhp Ba 

y3 SHeprHHJiapHHH Te3 y3aTaAH, xeM KaHAafi paAHoaKTHB 

mhkhhah Ba yTyBHH HypjiaHHiu (HefiTpoHJiap okhmh KypHHH- 

LUHAa) xochji GyjiMafiAH. ByHAafi peaKUHHJiapHH aMajira 

ouiHpHLu fiyjiHAarH acocHfi TycHK —  TeMnepaTypa Ba 6ouiK.a 

napaMeTpjiapHHHr yTa iokoph KHHMaTHAHp.

KyfiHAa  (7 .31 ) TepM O H A po  peaKUHHCH x a K H A a  cy3 

ropHTHJiaAH. Y H A a  HUITHpOK 3T3AH raH  KHMMaT6 aX.O TpHTHHHH 

p e reH H p auH H  khjihui MyMKHH. B y H H H r  ynyH jihthii 6jiaHKeTHH 

HUuiaTHJiaAH. T a n  uiyHAaKH, CHHTe3 >KapaeHHAa SHeprHHCH 

14 M a B  6yjiraH Te3 HefiTpoHJiap xochji 6yjiaAH. y jiapH H  

MOJiH^AeHAa 103 6ep aA H raH  (n , 2 n )  peaKUHHCH opKajiH 

KynafiTHpHiu MyMKHH. A rap  6y HefiTpoHJiap cycTJiauiTHpHJica, 

yjiap iLi H 30T 0n n  TO M OH H A aH  lOTHJiaAH. H aTH > KaAa  TpHTHft 

Xochji 6yjin6 , 6 np 03 KyuiHMMa 3HeprHH xaM  awpaJiH6 
MHK3AH:

(7 .32 )

(а) i H + '4 B - > 3 S H e + 8 ,7  M a B .

(б ) | H + l L i ^ 2 ^ H e + 1 7 , 3  M a B .

(7 .33 )

(7 .34 )

An +  3L i - ^ H e + ? H + 4 , 8  M s B . (7 .35 )

A rap  jihthA -6  y p H H ra  acocH 3Li H 30T 0n n  KyjiJiaHHJica 

HeftTpoHJiapHH cycjiaHTHpM aca x a M  6 yjiaAH. By  h 3otoii 

H A p o ^ a p H A a  3H A0T epM H K  peaKUH H  103 6 ep aA H :



o« +  ?iLi—> 4He +  iH  +  l,n —  2 ,5  M a B .  (7 .36 )

^HepreTHK >KHxaTAaH 6y peaKUHH (JjofliiajiH 3Mac, JieKHH yHAa 

TpHTHfl X0CHJ1 6yjlHLl]H HeflTpOHJiap HyKOTHJlMaCAaH t03 

6ep a A H .

7.9- §. TepM OHflpo peaKUH djiapHHH  aM ajira  o i u h p h u j

LLIyH/iafl khjih6, TepM OH/jpo peaKUHHJiapHHH aMajira 

OLUHpHLUHHHr 6Hp/iaH- 6Hp flyjiH p eaK UH H ra  KHpyBMH H/ipojiap 

apajiaujM acH HH  6 h p  Hewa 103 mhjijihoh epadyc TeMnepaTypa-  

jiaprana  kh3/lhphuj/lhp . ByH /iaH  iokoph xapopaTJiap /ia  x,ap 

KaH/iafl M o /w a  x a M  Tyjia HOHJiauiraH njia3M a xojinra yTa/LH. 

B y  K)KopH TeM nepaTypa/iH  njia3Ma KaHM a y 3 0 K  a iu aca , yH/iaH 

TepMOH/ipO 3 HeprHHCHHH OJIHUJ UiyHMa OCOHJiaUia/LH.

B a p K a p o p  TepM OH/ipo peaKUHHJiapn MaB>Ky/i 6yjiHuiH 

yHyH iuia3M aHHHr n ap aM eTpjiapn  KaH/iafl KHHM aTJiapra 3ra 

6yjiHuiHHH 6 a x o jia 6  KypafljiHK. T e M n e p a T y p a c n  T, KOHueHTpa-

UHHJiapH 6 n p  xhji — j  6yjiraH /xeflTepHfl Ba t p h t h A apa-

jiauiMacH/xaH H 6o p aT  njia3Ma h i u h h  xa>KM/ia t  BaKT yuu ia6  

TypnjiCMH. A ji6aT Ta , TepM 0H /ip 0  peaKUHHJiapn pyfl 6epa- 

eTraHAa  a>Kpajin6 MHKa/LHraH 3HeprHH  MHK/Lopn c h h j if h  

apaJiauiM acHHH k h 3/l h p h l u  Ba 6ou iK a  Hcpo(|)rapHHJiHKJiapra 

cap(}) 6yjiaeTraH 3H ep rH « MHK/Lopn/LaH op TH K  6yjiHUiH ynyH 

nJia3MaHHHr 3 h h j ih t h  xaM  K)KopH 6yjiHLUH uiapT. I O k o p h  

TeM n e p aT y p a  Ba 3 h h j ih k  Ta^bMHHJiaHca, njia3M aHH h u im h  

xa>KMAa TyTH6 Typnui b b k t h  t  x,aM eTapjiHMa KaTTa 6yjiHUiH 

TaJia6 KHJiHHa/LH. B y  uiapTJiapHH XHCo6ra  0JiraH/ia 6 a p K a p o p  

njia3M aH HHr x o c h j i  6yjiHUiH ynyH nx Ba T KarrajiHKJiap 

o p acH A a  uiyH/Lafl M y H o ca6aT  6opjiHTH aHHKJiaH/iH:

n-xf(T). ■ (7 .37 )

B y  ep/ia f(T) —  njia3Ma/i,arH hcchkjihk  ajiMauiHiu mapaeHJia- 

P h h h h t  HHTeHCHBJiHTHra 6ofjihk  (})yHKUHH. B y  >KapaeHjiap- 

h h h t  yTHiuH xaK H /ia  KHJiHHraH onTHMaji TaxMHHJiap acocn/ia  

ni Ba f(T) (JiyHKUHH opacHAarn 6oFJiaHHUi d-\-x Ba d-\-d 
apaJiauiMajiapH/iaH  xochji KHJiHHraH njia3Ma ynyH  7.10- pacM- 

/larH KypHHHiura  3ra  SKaHJiHrH aHHKJiaH/LH. Xa-n KHJiyBHH nx 
KynaflTMa nAa3Ma.HU yuiAa6 rypuui napaMerpu /ie6 aTajiaAH. 

B a p K a p o p  T e p M 0H/ip0 peaKUHHJiapH kjkoph TeM nepaTypajiH  

njia3Ma/ia n x ^ f (T )  uiapT 6a>KapHJiraH/*arHHa pyfl 6epa/iH. 

Y iujia6 TypHiu n ap a M e T p n  (n-x) h h h t  arpn HH3HKJiapn 

T e M n e p a T y p a ra  6ofjihk XOJiAa HHc6aTaH  ocohjihk 6HJiaH
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7. 10- p a c M .  / l e H T e p H H  —  t p h -  
t h h  8a fleiiTepHH —  aeHTepHH Tep- 

m o h a p o  p e a K U H H j i a p n  y w y H  y u j j i a 6  
T y p n i u  n a p a M e T p H H H H r  TeMnepaTy- 

p a r a  6 o F j i H M H r H .

d +  d

d  +  JH e

{
n-x

T =

yTKa3HJiHiuH M yM KHH SyjiraH 

S a p K a p o p  Te p M O H A p o  peaK- 

UHHJiapHHH aMajira ouuHpHiu 

uiapTjiapHHH aH H K Jiam ra  hm- 

koh 6epaflH. M a c a jia H , d + t  

peaKUHHCH aMajira oiuhuih 

yMyH 7.10-pacM^aH KypHHH6 
Typ H 6 AHKH, K y H H A arn  mhhh- 

MaJi uiapT 6 a>KapHJiHiuH Ke- 

paK :

n r =  1 0 I4c /c m 3, |

T =  2- 108K ( «  17 ksB). J 

(7.38)

B y H ^ a H  uiapTJiap hhtjih3 ojih- 

mh >K- H- JIoycoH  HOMH 6 HJiaH 

iopHTHJiaAH. /IeftTepHH+Aeft-  

TepHH Ba fleftTepHft+rejiHft-3 

peaKUH HJiapn  ynyH  JloycoH  

uiapTJiapH moc paBH iuAa  

KyftHaarHHa:

=  1 0 I6 c-cm 3, |  

109K ( » 1 0 0 k3B). J 

t =  1 0 15-c-cm~3, |  

= 109K ( « 1 0 0 k3B). J

(7.39)

(7.40)

KejiTHpHJiraH paKaM Jiap  d +  t peaKUH HCH HH  aMajira oluhphiu 

OCOH pOK 3KaHJIHTHHH TaCflHKJiaHAH.

Y M y M a H , 6ouiK apH JiaAH raH  T e p M O H A p o  JK ap aeH H ^a  Kyn 

M H K A op A a  3HeprH H  a>KpajiH6 h h k h u i h h h h t  ( 1 0 0  B t / c m 3) Ta- 

Jia6 k h j i h h h u j h  x,aMfla 3 h m j ih t h  1 0 14-^ 1 0 16 3 a p p a /c M 3 6yjiraH 

njia3M aH H roKopH T e M n ep aT y p araM a  ( 1 0 8 -^ 10® r p a ^ )  KH3an- 

P h u i  j io3 h m  6yjiHUiHflaH TauiKapH, yHH y 3 0 K  B aKT  a a B O M H A a  

TepMOHflpO peaKTOpH  KB M epaC H H H H r HMKH AeBOpjiapH/iaH 

eTapjiHMa Maco(J)aaa y u u ia 6  Typnui Tajia6  k h j ih h 3 a h  (MyHKH 

6yHAaft K>KopH T e M n e p a T y p a ra  xeM KaHAaft h a h u i  AeBopJiapH 

6apfloui 6epoJiM aftAH). Iljia3M aH H  h a h i u  aeBopjiapHflaH y 3 0 K  

Maco<J)afla y u u ia 6  TypHUi yMyH M arHH T MaftflOHAaH ^oftziajia- 

HHiu M yM KHH. M a iw iy M K H , ra3  opKaJiH ajieKTp t o k h  y T ra H ^a  

(p a 3 p H A ) , 6 y  t o k  aTpo(J)Hfla x o c h j i  6yjiraH M arHH T MaftflOH 

ra3HH  HHTHMKa UIHyp KypHHHUIHHH OJlHUira yHflaftAH 

(7 .1 1 - p a c M .) . 3ap H A JiaH raH  3ap p ajiap H H H r  uiy 3apn.zi.Jiap 

Xo c h ji  3TraH 6yHAaft HHTHMKa uiHyp uiaKJinra t o p t h j i h u i h
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nUHH-3(f)(peKT HOMHHH OJIAH.

LLlHyp MapK33HAaH r Maco({)aAarH 

MarHHT MaftflOH KyMJiaHraHJiHTH

H =
2ji r

(7.41)

(})opMyjia 6HJiaH H(})OAaJiaHaaH. 

B y H ^ a  /  — r pa/LHycjiH LiiHyp 

HMH/LaTH TOK KyHHAHp. LUHyp 

yKHra  napajuieji paBHLu/ia x,apa- 

KaTJiaHaeTraH HOHra 6 y  MaftflOH 

TOMOHHflaH, m y  Maft/LOH ypH H M a 

6yjrraH aftjiaHa M ap K a3H  TOMOHra 

ftyHaJiraH Kyn Tai>CHp STajLH Ba 6y  

KyM

iiH2

2nr
(7.42)

ra TeHr. rijia3MaHH KHCHJiHiura 

yHAaftAHraH F Kynra P = ( n HOH+
-\-n̂ )kT ra30KH HeTHK 6ochm  

KyMH KapLLJHJlHK KHJ13/LH Ba (6 y  

ep/ia « HOH —  HOHJiap cohh , n.M —
3JieKTpoHJiap c o h h ) .

M arH H T  Maft/LOHHHHr MatJiyM 

6np Ho KHHMaTHAa Ba njia3Ma 
HJHyp pa/LHycHHHHr r0 KHHMaT-

jiapn/ia F — P 6yjia/LH. ByH/iaft MyB03aHaT xojiaT^a MarHHT 

MaftAOH KyMjiaHraHJiHrH Ba t o k  KyMH KyftH/tarH (})opMyjiajiap 

6HJiaH H(})o/iajiaHa/LH:

7. 11- paC M . M a r H H T  M a fi- 
jioh TaiiC H pH A a njia3M aH H  

LU H yp ra  a fijia H ry H M a  c h k h u j.

H o— (n "OH +  n 3

I 0= 2 n r 0^ J ^ 2 ( n H

I kT
V F »

«-\~n v)kT,

(7.43)

(7.44)

6yH/ia  [x —  M arHHT CHHr/LHpyBMaHJiHK, k —  BoJibUMaH aoh- 

mhAch, P0 =  (nK0H-\-nM) kT —  HOHJiap x a M 4 a 3JieKTpoHJiap 

KOHueH TpauHHCH  moc paBHiu/ja n HOH Ba n .t.t 6yjiraH T TeMnepa- 

TypajiH njia3M aHHHr hmkh 6ochmh. Tok  KyMH 6 n p  HeMa 

a M n e p ra  TeHr 6yjiraH/ia M arHHT MaftAOHHHHr 6ochmh uryHMa- 

jthk KaTTa 6yjia/LHKH, p a 3 p a A  Luy pa3pnfl xochjl KHJiHHraH 

h/lhiu /ieBopjiapH/iaH a>KpajiaAH Ba njia3Ma hahlu AeBopjiapH- 

iiaH H30JiHUHHJiaHa/LH. M a r H H T  Maft/LOH Ta^bCHpH/La njia3Ma
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a A H a S a T H K  CHKHJiraHfla T- K 2/^ = c o n s t  Ba p- V ^ /s ^ c o n s t  

KOHyHJiapra acocaH  yHH Hr T e M n e p aT y p acH  Ba 6och m h  srnajxa 
KyTapHJia^H . lOKopH fla  lopHTHJiraH M yjioxa3ajiapra  Kypa  

n /ia3M aH H  4>aKaT eH AeBop/iapziaH h3ojihuhh  khjihui M acajiacn  

om hk KOJiaAH. By KaMMHJiHK: 1) M arHH T  TyTrHM —  TypT 

6 y p n a K  inaiuiHfla TaftepjiaHraH K aM ep a H H H r  h kkh  M eTH^a 

KyMJlH M 3THHT MaftflOH ^OCHJI KHJIHUi (MyHKH 6yHAaft MafiAOH 

3a p p ajiap H H  KaftTapyBMH « K y 3 r y »  Ba3H(j)acHHH y T a 6 , yjiapHH 

A e B o p a a H  y 3 0 K p o K  Maco(})aAa x a p a K a T  KHJiHUira M a w 6 y p  

KHJIHUIH M y M K H H ) J 2) K aM ep aH H  XaJIKaCHM OH (TOpOHAaJl) 

khjih6  Tafiepjiaui fiyjiH 6HJiaH 6apTapac|) sthjihuih M yM KHH. By 
h kkh  ycyjifla TafiepJiaHraH K aM epajiap  e p a a M H ^ a  afipHM 

3appaJiapH H  yujjia6 TypHiu MyMKHHflafi 6y jin 6  Tyiojica-Aa, 

jieKHH yjiap njia3M aH H y m jia 6  Typ a  OJiMaft^H. H y H K H  njia3M a 

T a 6 n a T a H  aftpHM 3ap p ajiap H H H r  o a a h h  TynjiaMH (r a 3 ) hh 

3M ac , 6ajiKH K y n p o K  cyioKJiHKHH 3CJiaTa/iH.

M arH H T  TyTrHM^arH « K y 3 r y r a »  )(ap KaHAaft 6y p M aK  ocTHaa  

TyuiraH  3appajiap x a M  « K y 3 r y ^ a H »  KaftTaBepMaft/iH Ba 

uiyHHHr yqyH  TyTTHM njia3M aHH y 3 0 K  B aKT  y u u ia 6  TypnuiH  

KHHHH.

TopoHAaji KaMepaHHHr h m k h  xajiKa MapKa3Hra h k h h  

TOMOHHAarH MarHHT MaftAOHH TaiuKH (MapKa3^aH y30K) 
TOMOHH/iarH MarHHT MafiAOHHAaH KaTTa 6 yjiraHJiHrHAaH, 6 y 
x ,oji 6 yTyH njia3MaHH t b u i k h  AeBop t o m o h  cypujiHiura Ba iuy 
6 HJiaH TauiKH TOMOHAarH .aeBopra ypHJiu6 «xajioK» 6 yjinuira 
o j i h 6  Kejia^H. njia3MaHHHr 6 y «cypn6 MHKapHJiHiu» 3(}>(})eKTH- 
h h  6 apTapa<}) k h j ih u i  yMyH JI. CnHTuep KaMepaHH caKKH3 
paKaMH KypHHHUiHaa TaftepjiauiHH TaKJiHt}) 3tah (7.12- pacM). 
ByHAaft KaMepa^a npHM aftjiaHHiuflaH cyHr 6 npop TOMOHra 
cypHJin6 KOJiraH njia3Ma h k k h h m h  h p h m  aftjiaHHUi^a 6 ouiKa 
TOMOHra cypHJia/iH Ba KaMepa HMH/iarH AeBop/iaH eTapjiHMa 
y30Kp0K Maco(})afla 6 yjiaflH. ByHflaft KaMepa creAAaparop 
HOMH 6 HJiaH lOpHTHJiaAH.

CoByK  nJia3Ma xochji khjih6 , yHH lOKOpHAa c a H a 6  M HKKaH 

ycyjijiap a c o c n a a  K aM ep a  AeB opjiap H AaH  h 30jihuh h  khjihui 

HM KOHHH THra sra  6y jiraH H M H 3AaH  cyHr, s h a h  n jia3M aH HHr 

T e M n ep aT y p acH H H  TyxTaM aftAHraH  Te p M O H A p o  peaKUH HCH HHHr 

aM ajira  ouihuih yMyH KepaK  6yjiaAH raH  T e M n e p a T y p a ra  Ka/iap  

OUIHpHUIHM H3 J103HM 6yjiaAH . FIjia3MaHH KH3AHPHU1HH:

7. 12- pacM. CTejuiapaTop. 

B' AA ' Ba BB ' KecHMJiapaa MafiAOH 

Kyw MH3HKJiapH KapaMa-KapiuH 

TOMOHJiapra WyHajiraH.
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1) njia3MaiiaH ajieKTp t o k h  y T K a3H 6  (S n p o K  6 y  ycyji 6njiaH 

njia3M a TeM n e p aT y p acH H H  1 k s B  rana  o h j h p h l h  M y M K H H ) ;

2 )  HOH UHKJlOTpOH p e30H 3H C H  epj.aMHfla; 3 )  TOByUJ —  MaTHHT 

p e30H 3H C H  e p ^ a M H A a ; 4 )  KyqaftH6 6opyBM H M arHHT Maft- 

AO H A aH  4>oftflajiaHH6; 5 )  ajwa6aTHK chkhuj (MaftAOH y3rapH- 

luh 2 5  k s /m k c )  6HJiaH 6 n p r a  Typ6yjieHT k h 3ah p h u j opKajin ; 

6 )  jia3epAaH  (})oftflajiaHH6 aMaJira oujhphui M yMKHH.

n .ia 3 M a H H  KaM ep a  iieBopjiapHAaH h 3 0 v1h u h h  KHjiHiuAaH 

Taiu K ap H , yHHHr KyftHAarn:

1) CTecjjaH —  BojibUMaH KOHyHHra acocaH SHeprHHHHHr 

u ^ o r ^ S ^ S - l O - ^ - l O 7) = 9 , 0 7 - 1021 > K /m 3c m hKAOpiiarh

HypjiaHHiura ncpo(})HHH;

2 ) yTa K H 3 HraH njia3 M a ^ a H  oflflHft AH(j)(})y3Hfi fiyjiH 6 njiaH

HCCHKJlHK M H KA OpH H H H r ftyKOJIHUIHHH;

3 )  njia3 M a ^a r H  3JieKTpoHJiapHHHr HApojiap 6 HJiaH

T y K H aiuraH A a  3HeprH HHH Hr T0pM 03JiaHHiu HypjiaHHiUHra 

6yjiraH H cpo(j)H H H  M yM KHH K a ^ a p  KaMafiTHpHiu KepaK.

BoiuK ap H JiaAH raH  Tep M O H A p o  M yaM M ocn.ua  1 9 62  fiHJi^a 

C o B eT  (}>H3HrH Jl. A .  A p u h m o b h m  6oiuHHJiHrHii,a KypHJiraH 

T O K 3 M 3K  (TOK, MaTHHT Ba KaTyiUKa ( FaJIT3K) Cy3JiapHAaH 

K H C K a p T H p n 6  ojiHHraH) KypHJiM acn HpaTH JirauuaH  cyHr 

ce3HJiapjiH chjijkhju 6ouuiaH A H  (T eM n ep aT y p acH  4  * 10 7 rpa- 

/lyc, 3HMJ1HTH l ° 3 a p p a /c M 3 6yjiraH  njia3M aH H 0 ,0 6  ce- 

KyiiiiraMa yiujia6 TypHiu M yM KHH 6y jiA H ). By  MyBa(})(}>aKHHT 

KefiHHMaJiHK pHBO>KJiaHTHpHJiflH Ba x,o3HprH B aKTA a  /lo y c o H  

uiapTHHH KaHoaTJiaHTHpyBMH njia3M aHH x,ochji khjihuj Ba yHH 

T a ^ K H K  KHJiHiura a o h p  hjimhS HUiJiap khmhk 3hmjihkk3 ara 

6yjiraH Ba KaM  BaKT A a B O M H A a  y u u ia 6  TypHJiaflHraH 

njia3M aHHHr xoccajiapHHH y p ra H H iu ^ aH  6ouijia6 ojih6 6o- 

pHJiMOKUa. K h m hk  3HMjiHKJiapaa ioKopH TeM nepaTypajiH  

njia3Ma xochji KHJiHLU.ua, yHH eTapjiHMa BaKT (T axM H H aH  

ceKyHflJiap) A a B O M H A a  yiujia6 T y p H m  acocHfi KHfiHHMHJiHK 

X nco6jiaH aAH . lOKopn TeM nepaTypaJiH  njia3M aH H M arHHT 

MafiflOH ep iiaM H ^a  TepM 0H30JiHUHn KHJiHiu/ia acocHfi khAhh- 

mhjihk —  o a a h A  reoMeTpHK KypHHH iHAarH  6a p M a  M arHHT 

Maft/ioHJiapAarH njia3M aH HHr 6eK apopjiH rH AH p . M hco ji yMyH 

TyppH mh3hkjih njia3M a lUHypn y3H opKa.iH  oK aeTraH  to k  

e p ^ a M H A a  yuiJia6 TypHJiaAH Ba y 7.13- pacM .ua KeJiTHpHJiraH 

6eK apopjiH KKa  ara 6yjiaAH . K )3 a r a  KeJiraH 6yHAaft ae(})opMa- 

UHHJiap SKcnoHeHUHaJi paBHUiAa o p T « 6  6 o p a A H , MHKpoceKyHfl 

HMHiia njia3Ma LUHypHHH 6 y 3 H 6  io6opaflH eKH yHH K aM ep aH H H r  

AeBopH  TOM OHra yjioKTHpn6 TaiujiafiAH.

lOKopHAa KeJiTHpHJiraH 6eKapopjiHKJiap 6HJiaH 6 h p  

K aT o p A a  njia3M aAa  HHa Kyn 6y3HJiHUiJiapHH B y * y A r a
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7. 13- pacw. rijia3Ma uJHypn- 

narH oaahh  «6yF H 6  K.yHHLH» (a )  Ba 

<orH^HUJ» (6 )  THnHiia ph 6eKa- 

popJiHKJiap. UJHyp yKH 6yHHHa 

CTpeJiKa tok HyHa*iHLiiHHH, aftjiaHa- 

jiapaarH CTpeJiKa aca, tokhhht 

njia3Ma x,ochji KHJiraH MarHHT

M a H A O H H H H H r  HyH3JIHLUHHH KypC3- 

TaAH.

KejiTnpaAH: aH M exaHH3M Jiap  MaBwyA- By M yaM M OH H  xaji 

aTHUI f io p a u m a  TypJIH XHJI KOHCTpyKTOpjIHK eHHMJiap T3KJIH(|) 

3THJiraH. By/iapra 6 h 3  lOKopHAa KaiiA khjihS yTraH  CTejuiapa- 

Top Ba T O K a M a K  ycyjuiapH x aM  KH paAH . KeftHHTH BaKTJiapAa 

iijia3MaHM ia3ep ep/iaMHAa KH3AHpHW  ycyjuiapH xaM pH- 

B0>KJiaHTHpm iM0KAa. 7.14- pacMAa CTejuiapaTop TH nH Aarn  

KypHJiMajiapHHHr yM yM HH  cxeM acH  KejiTHpnjiraH. 1967 HHJira- 

Lia A K U J  ia njia3M aHH h htch chb  p a B H W A a  erejuiapaTop  

KypHJiMajia pH e p A a M H ^ a  T a A K H K  s t h 6  KeJiHHraH sa h . C o 6 h k  

C C C P  jxa 3ca 6 y  M acajia x aM  cTeJuiapaTop, x aM  TO K aM aK  

KypnjiMaji ;)h ep A a M H A a  ypraHHJiaAH. 7 .1 5 - p a c M A a  TOKa- 

M aKH H H r c\i_‘MacH KejiTHpHJiraH. T o K a M a K A a  njia3M aHH y u u ia 6

7. 14- pacM. rijia3MaJiH Top 

eKH CT&nJiapaTop THnn/iarH KypHJi- 

Ma.

7. 15- pacM. To KaM aK  THnnAa- 

th KypHJiMa.
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Typrnu Ba yHH AeBopjiapAaH  TepM0H30Jinu,HH k h jih iii  KyM 

MH3HKJiapn TopoHAaji KaM epaH H H r  AeBopjiapHra napajuieji 

SyjiraH M arHHT MaflAOH e p A aM H A a  aMajira ouiHpnjiaAH. 

1 9 67  HHJiAa H .  B . KypM aTO B  HOM H Aarn  3tom  SHeprHHCH

HHCTHTyTHAa 13- TO K aM aK  KypHJiM acHAa KyTHJiMaraH lOKcaK 

HaTH>KaJiap o j i h h a h  —  yH Aa  njia3M aAarH  3JieKTpoHJiapHHHr 

T e M nepaTypacH H H  eTTH m h j i j i h o h  rpaaycraM a e T K a 3 H iu r a  

MyBa(^(})aK SyjiHHAH. B y  B OK eaAaH  cyHr A M e p H K a  oJiHMJiapn 

njia3M aHH T a A K H K  s t h h i h h  CTeJuiapaTopjiapAa 3M ac , SaJiKH 

TO K aM aK  XHJiHAarn KypHJiMaJiap ep A a M H A a  ojih6 6opH iura  

KHpHUiAHJiap. 1 9 7 6  HHJi^a CTejuiapaTopjiap/ia HyKcoHJiap 

6apTapa(}) 3THJiraHAaH cyHr, c o 6 h k  C C C P  a a  T O P  Ba 

AH rjiHHAaru  TOKaM aKJiapra H H c6aTaH  njia3M aHH caKJia6 

TypHiu BaKTH 2 — 3  M ap Ta  KaTTa 6yjiraH h h t h  CTeJuiapaTopjiap 

KypHJiAH. X o 3 n p r H  B aKTAa  A K L U  Aa  x aM  CTejuiapaTopra 

KaftTa yTHUi H uuiapn  ojih6 6opHJiM OKAa.

X ,03HprH  B aKTAa  10 m h j ij ih o h  r p a ^y c  T e M n e p aT y p ara  

c o 6 h k  C C C P  a a 7 = 1 0  Ba A K I U  A a  FIJIT  TOKaM aKJiapAa 

spHUiHJiAH. B y  ycKyHaJiapAa njia3M aHHHr 3 h m jih t h

( 3 - ^ 5 )  • 1 0 13 3aPPa Ba yHH caKJia6 Typniu BaKTH ceKyHAHHHr
CM

io3AaH 6eui KHCM HraM a eTKa3HJiAH.

C y H r rn  naftTJiapAa A K L U  h h h t  M epH JieH A  yHHBepcHTeTH 

0JiHMJiapH h h t h  x h ji —  «n a p a M a r H H T  c(})epoMaK» A e 6  h o m j i 3 h - 

raH KypnjiM a ep A a M H A a  3 h m j ih t h  1 0 15 c m -3, h o h h h h f  

T e M n e p a T y p a c H ~ 1 0 7 K  sa  caKJia6 Typnui b b k t h  0 ,0 3  c 6yjiraH 

AeftTepHftjiH njia3M a ojiHiura MyBa<|)(t)aK 6yjiAHJiap. TaAKH- 

KOTJiapHHHr KypcaTHLUHMa, 6yHAaft njia3M aAa  x a p  xhji 

6eKapopjiHi<jiap H H c 6a T a H  03  s k b h .

C(})epoMaK KypHJiMacH (7.16- p ac M ) MeTJiapHAa 3JieKTpoA- 

Jiapn 6yjiraH u h j i h h a P h k  p a 3 p n A  K aM ep a c n ra  yxuiaftAH. 

K a M e p a H H H r  ajieKTpoAJiapH o p acH A aru  k h c m h  ftyHaJiHLUJiapH

jiMflarn nJia3Ma MyB03aH3T xanaTAa.
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y 3 a p o  TecKapn  SyjiraH hkkh  KaTJiaM/iH FajiTaK SHJiaH 

y pa /iraH . Fa /iTaKH H H r  Shphhm h  KaTJiaMH K aM ep a H H H r  

y K H A a ~ 4  kT c  HHAyKUHHJiH SyfljiaMa M arHH T M 3 h a o h h  (B z) 

X.OCHJI KHJICa, HKKHHMH K 3B 3T H  yHTa TeCKapH flyHa/IHIUAa

KH CKa  BaKTJiH, hi>hh 1,5 mkc Aa  10 kT c  ra eT aA H raH  HMnyjibc 

MaflAOHH (— Bz) xochji KHJiaAH. 3jieKTpoflJiap o p ac H A a rn  

pa3paa. to kh  150 k A  ra eTaAH.

C(J)epoMaK KypmiMacH TepMOHapo peaKUHHJiapHHH aMaji- 
ra ouiHpHuira Myji>KajuiaHraH KypHJiMajiapaaH xo3Hprn 
B aK TA arH  3Hr MyBac})cj)aKHHTJ]HCHflHp.

ToKaMaK-10 KypHJiM acHAa apHUiHjiraH cyHrrH  MyBac})- 

cJ)3KHHTHH 3CJiaTH6 yTafljIHK. FIjia3M aHHHr HOH 3HMJIH- 

r H ~ 1 0 14 M “ 3, T e M n e p aT y p acH  8  - 10 6 K, caKJiaui BaK- 

t h ~ 0 , 0 6  c. i3,eMaK, x a p  hkkh  x,0JiAa x aM  Ky3JiaHraH 

M a p p a  —  6 n p  HeMa 103 mhjijihoh rp aay c  T e M n e p a T y p a  Ba 

^ I O 14 s a p p a /c M 1 raMa x,ajiH aHMa 6o p .

fljia3M aHH yHra HeflTpaji aTOMJiapHH h h jk c k u h h  khjihui 

ftyjiH 6njiaH  KH3flHpHiu ycyjiH x a M  HCTHK6ojira ara. ByHAaft 

aTOMJiap njia3M aH H y u u ia 6  Typ raH  M arHH T M aftAOHHAaH spKHH 

yram Ba KH3AHpHJiraH njia3M ara  k h p h 6  HOHJiauiaAH. B o u iK a  

MeTOflJiapaaH h htc h c h b  Jia3ep HypjiaHHiuH Ba Te3 ajieKTpoH- 

JiapHH HH>KeKUHH KHJIHIUHH K a H A  KHJ1H6 yTHUI M yM KHH . 

J la3ep  B aKTH Aa  njia3M aHH KepaKJiH T e M n e p aT y p araM a  

( 2 - l 08K) KH 3^HpHU i m yam m och  eTHJiraH A e 6  XHCo6jiaui 

M ym khh . B y  ep Aa  h k k h t 3  flyji MaB>KyA. B hp hh m h ch  —  iokoph 

TeMnepaTypajiH njia3M aH H eTapjiHMa y 3 0 K  t  B aKT  yuiJia6 

Typnui, Hj,po 3ap p ajiap H  n KOH ueH TpauH H C H  yHMa KaTTa 3M ac , 

6ochm  p =  nkT H H c6aT aH  KaTTa 3M ac . H k k h h m h c h  iokoph 

KOHUeHTpaUHHJlH (K3TTa rt) HAPO eKHJlFHCHHH >Kyfla Te3 

KH3AHpHUi. B y H A a  x,ochji 6yjiraH njia3M aH HHr Ta6HHft 

comhjihui BaKTH (khm hk t ) HMHAa CHHTe3 peaKUH HCH aMajira 

ouiHUira yjirypaAH, A e 6  yM H A  kh jih h 3a h . AM aJiAa  6 y  hkkh  

ftyHaJiHUiAa x aM  t 3 A K h k o t  H uu iap n  ojih6 6opHJiM OKAa.

Ep uiapoHTHAa ch htc3  peaKUHHJiapn xo3HpMa TepMOHApo 
nopTJiaui uiaKJiH^a aMajira ouinpHJiaAH. BouiKapHJiaAnraH 

T ep M O H A p O  CHHTC3HHH OJIHUI M y p a K K a 6 HJIMHft-TeXHHK B33H- 

(J)aAHp. OxnprH yM hhjijihk A aB O M H A a  yHH eMHiura ajiox,HAa 

3"bTH6op 6 epHJiAH Ba KaTop yMHA^axiu HaTH>Kajiap ojihhah. 

C u H T e 3  peaKUHHJiapHHH Tyjia arajuiaui 'ih coh hh t  yMyH 

6 HTM ac- TyraHM ac aH ep rnn  M a H 6 aHHH 6 ep aA H . By peakuhh- 

JiapHH KyJIJiaLU aTpO(|)-MyXHTHH H(})JlOCJiaHTHpMaHAH. M yHKH  

yH A a  SyjiHHHUi peaKUH HJiapHAarHAeK  paAH oaKTH B  mhkhhah- 

Jiap x,ochji 6 yjiMaHAH.
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X o 3 H p r H  B aKTA a  K ,yem  Ba i0Ji/i,y3Jiap K)JiAy3Jiapapo 

ra3H HHr acTa-ceKHH rp aB H TauH O H  KOHAeHcanHHJiaHHLUH HaTH- 

* a c H A a  x,o c h ji SyjiraH (Ba 6y .aaeTH p) A e 6  XHCo6jiaHaAH . 

K )jiAy3Jiapapo  ra3 acocan  s c k h p o k  K)JiAy3JiapAaH M H KapH 6  

io6opHJiraH b o a o p o a  aTOM JiapHHHHr 6 a b 3 H  6 n p  6oLUKa 

3JieMeHTJiap 6HJiaH apajiaLUMaciiAan H 6o p aT  6yjica KepaK. 

M a c c a c H  K,yeiu M accacn  (2- 10 3H r) ra h k h h  6y„iraH 

!OJlAy3HHHr T 3 X M H H 3H  10 7 HHJira HKHH A 3 B 0 M  3T 3A H r3H  

6 h p h h m h  c h k h j i h u i  4 )a3acH Aa  iojiAy3 T e M n e p aT y p acH  (faKaTrH- 

Ha rpaBHTau,HOH SH eprHa X H Co 6n ra  KVTapHJiaAH.

IO jiAy3H HHr hmkh KHCMJiapHHHHr TeM iiepaTypacH  107 K  ra 

eT raH A a  6 y  KHCMJiap h c c h k  iuia3M ara afljiaHaAH.

K y eiu  Ba K)JiAy3Jiap 3HeprHHJiapHHHHr Kejin6 mhkhlu 

M yaM M OCH  0JiHMJiapHH K y n A aH  6yeH  KH 3H K T H p aA H . A m m o  yHH 

eMHiu a cp H M H 3H H H r  20- HHJiJiapH oxH p nraM a  T a6H H H  ca- 

6 a 6jiap ra  Ky pa  Ta<})aKKypHH xap aK T e p ra  ara sah . 1 9 29  HHJiAa 

A t k h h c o h  Ba X o y T e p M aH C  (yiua  B aKTAa  TeTTHHreH yHHBepcH- 

TeTHHHHr lOKopn Kypc CTyAeHTJiapu) K y eu i 3HeprHHCHHHHr 

M a H 6 a n  eHrHji HApojiapHHHr KyiuHJiHuiHAHp, 6 y  >KapaeH 

K)JiAy3Jiap H M KapucH Aa  MaB>KyA iokoph T eM n e p aT y p ajiap A a  103 
6epHiUH  MyMKHHJiHTHHH (})apa3 khjihluah. B y  foh  T . BeTe, 

K- K p htm op hjia  Ba K- B aH U 3eK K ep jiap H H H r  1 9 3 8 —  

1 9 3 9  hh . 6a>KapHLuraH HuiJiapHAa m h k ao p  > k h x 3ta3h  Tac- 

AHKJiaHAH Ba pHBO>KJiaHTHpHJlAH.

T e p M O H A p O  CHHTe3HHHHT aCOCHH H3TH>KaCH TypTTa npo- 

t o h h h h t  rejiHH HApocnra  aftjiaHHiUHAHp. B y H A a  h k k h t b  

no3H TpoH , 4>OTOHJiap Ba HeftTpoHJiap MHKapnjiaAH. Kypca- 

THJiraH HiujiapAa oxnprH  HaTH>Ka h k k h  ycyji 6HJiaH o j i h h h u l h  

MyMKHHJiHTH aHHKJiaHraH : yrJiepoA (yrjiep0A-a30T) u h k j ih  Ba 

B OA OpOA  UHKJIH (npOTOH-npOTOH 33H>KHpH) .

YrjiepoA  u h k j ih  oJiTHTa p eaK U H H A aH  H 6o p aT . y jiap

7.10- >KaABajiAa KejiTHpnjiraH. >KaABaJiHHHr oxHprH  ycTyHHAa 

peaKUHHJiapHHHr ypTaM a BaKTJiapHHHiir KHftMaTJiapn 6e- 

pnjiraH. U h k jih h h t  yTHiu b b k t h  y M y M aH  ujy BaKTJiapHHHr 

HHFHHAHCHFa TeHF T HHHT KH H M 3T H  KyeiU  M 3p K 3 3 H A a  

T e M n e p a T y p a  1 ,3- 10 7 K, b o a o p o a h h h t  3hmjihth aca 

105 k t / m3 A aH  H 6o p aT  AeraH  c{)apa3ra acocaH  xuco6jiaH raH . 

yMHHMH ycTyHAa K y e m  HeftTpoHjiapHHHHr MaKCHMaji 3HeprHH- 

Jiapu 6epHJiraH, 6y yjiapHH KaftA khjihui HyKTan- Ha3apHAaH  

M y xH M A H p . B y  >K3ABaJiAaH K y p H H H 6 t v p h 6a h k h , 6y uhkjia^ 

yrjiepoA KaT3JiH3aTop pojihhh yHHafiAH.

K y e u iA a  6y s j ic m c h t  K a e p A a n  naH/io 6y.aran? Aeran

7.10-§. K,yeui Ba KuiAy3JiapHMHr SHeprwfl MaH6ajiapn



7.10- x a A s a j i

PeaxuHH Q, MaB ^max

M3B

T

[ H  + ^ C - ^ N + y 1,95 1.3-107 HMJI

^ N -  l36 C  + e+ +v 2,22 1,2 7 MHH

} H  + ^ C -  ^ N  + y 7,54 — 2.7-106 HHJI

j H + ^ N - ^ f O + y 7,35 ---- 3,2-108 HHJI

“ O ^ N  + e+ +v 2,71 1,7 82 c.

j H  + ^ N ^ C  + j H e 4,96 1,1-105 HHJl

XaMH:

4{ H  - ^ H e  +  2e+ + 2v + 3y26,73
1,7 3,2-108

.............

HHJI

TafiHHH caBOJi TyFHJiaAH. By caBOJira >KaBo6  xh m h h b h h  

3JieMeHTJiapHHHr kcjih6  hhkhiu  M yaM M OCHHH  eHHiu 6 HJiaH 

6 ofjihk.

Boflopofl uhkjih yMTa 3JieMeHTap aftjiaHHUiAaH H 6o p aT  

(^ a M M a c H  6y jin6  5 Ta p e aK U H H ) Ba yjiap 7 .11- >Ka,ziBaji,a,a 

KypcaTHJiraH. PeaKU HHJiapH HHr y p T a u a  b b k t h  yrjiepoA 

UHKjiHflarH K a 6 n  XHCo6jiaHraH . B h p h h h h  aftjiaHHiu KyMCH3 

y 3 a p o  T a t c n p  6yjiraHJiHrH ynyH  6 y  peaK U H H H H H r  KecHMH

7.11- >k a n b a ji

PeaKi^HH U mkji-

Aam

peaK-

UHSI-

jiap

COHH

Q, MaB ^max

MaB

T

,} H  +  J H - f  H e + + v 2 2— 0,421 0,4 1,4-1010 HMJI

J H  +  J H  - \ H e +  y 2 2—5,49 -- 5,7 c.

\ H e  +  \ H e  - \ H e  +  2* H 1 12,85 — 10 hhji I

XaM n:

4j H  -»  ̂H e  +  2e+ + 2v+2y
5 24,67 0,4 1.4-1010 HHJl
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>KyAa khmhk, y p T an a  BaKTH aca 

KaTTaAHp. E p  iuapoH THAa Qywjxah 

p e aK U H H Jia p  K y 3a T H JiM a ra H H  

a>Ka6jiaHapjiH x,oji 3Mac.

C H H T e 3 peaKLLHHJiapHHHHT Ba 

iLeMaK, LLHKJIJiapHHHr yTHLU HH- 

TeH CH BJiH TH  Kyri jxap a > K a A a  Te M - 
n ep aT y p a  SnjiaH SeJirHJiaHaAH.

7 .1 7 - pacM.aa cojiniuTHpMa

SHeprHH MHKapHLLI q, H-bHH 1 Kr 

HApo  eKHJiFHCH eHHUiHfla a>Kpa- 

jih6  MHKaflHraH KyBBaTH HHr TeM- 

n ep aT y p a ra  6 ofjihkjihk rpa(|)HrH 

KejiTHpHJiraH. YH /ia  l-arpn m h3hk 

yrjiepoji, 2-BOAopoflJiH U H K Jira  
TaaJiJiyKJiH. P acM iiaH  Ky p H H H 6 
t y p h 6 a h k h , HH c6 aT an  nacT TeM- 

n ep aT y p a jia p ^a  bo/lopoa uhkjih 

acocHH ypHHHH sraJiJiaflAH. Jle- 

khh , TeM n e p aT y p a  ouiraH capH  

yrjiepoA UHKJiHHHHr pojih Te3 ouia 6 op aA H . K,yeiu LuapoHTHiia 

yM yM H H  SHeprHH HHKapHui/ia  yjiapHHHr xnccaJiapH AeapJiH 

6 n p  xhji. X n p a p o K  K)JiAy3JiapAa bo/lopoa, epyrjiHK K)Jifly3Jia- 

pn/ia yrjiepofl uhkjih acocHH ypH HHH ^rajuiafi/iH. TH raH T  —  

K)Jifly3Jiap y^y H  rejinfi Ba HeoH UHKJiJiapH M yxH M A H p .

K y eu i HeHTpoHJiapHHH Kaft/i k h j ih u i  m y a m m o j i a p h  HyKTan- 

H a3apH /iaH  BoflopoA u h k j i h h h h t  oxHprn  CTa/LHHJiapHjLa y4Ta  

B ap n aH T ra  TaKCHMjiaHHiiiH MyxHM/Lnp. YjiapHH Hr acocHftcH 

H H c6aTaH  nacT  TeM nepaTypa /ia  M yxHM  y p h h h h  arajuiaraHH

7.11- wa/LBaji/ia KypcaTHJiraH. 10— 15 m j i h . rpa/L. TeMnepaTy- 

p a ^ a H  6 o m jia 6 , 6ou iK a  rejiHH-3 h h h t  eHHUi m a p a e H H  acocHH 

6yjiH6 KOJia/LH:

i H e + ^ H e ^ B e + v  (7 .4 5 )

(rejiHH —  4 6 h p h h 4 h BapnaHT/ia  yrjiepoa UHKJiH/iaH x aM  

XOChji 6yjia/LH). ^ p T a M a  TeMiiepaTypa/ia  b o a o p o a  u h k j ih  

K yHH/iarHwa HKyHJiaHa/iH:

(a )  e - +  jBe- >jLi +  v, ( 6 )  [ H + l L i ^ H e .  ( 7 .4 6 )

l O K o p n p o K  TeM nepaTypajiap /ia  ( 7 .4 5 )  peaKUH H  KyflHAarH 

a H JiaH H U I 3 3 H>KHpH K a6 H A 3 BOM 3Ta/iH :

Igt

r, i o 6k

7. 17- pacM. Boaopo A  

( 1-) Ba y r ^ e p 0f l - a 30T  ( 2 ) u h k j i -  
Jiapn.aa ^Heprwa mhkhlu Te3JiH-
TH.
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(a) |H +  47Be-+!B +  .y
(6 ) |B->-4Be +  e+ + v
(b) ?Be-^2|He. (7.47)

HeflTpHHO ojih6 KeTaAHraH MaKCHMaji 3HeprHH £™ax (7.46 a)

peaKUHHJiapAa 0,86 MaB ra Ba (7.47 6 ) na 14,1 MaB ra TeHr. 
O x H p r H  peaK U H H  6yflHMa Kyeujfla yayjxa 03  M H K A op A a  xochji 

Sy jiaAHraH  HeftTpHHOJiap «Bop nocTyjiaTJiapH» A e 6  arajiann. 

Xo3HprH BaKTfla 4>aKaT m yjiap  xjiopaTaproH AeTeKTopn 

epaaMHAa KaflA khjihh3ah.
IOjiAy3AarH TepMOHApo peaKUHHjiapH/ia cojiHiUTHpMa 

SHeprHH a>KpajiHiii q, ep/iarH yjmaMJiap 6yflH4a * y A a  KaM. 

Kyeui yqyH y ~ 1 0 ~ 4 >K/Kr-c ra TeHr, mjHH MO,zma 

ajiMauiHHHiuH HaTH*acHfla thphk opraHH3MAarH cojihuithp- 

Ma SHeprHH a>KpajiHui/iaH 4 0 0 0 0 0  MapTa khmhk. Ammo, 
KyeuiHHHr MaccacH >Ky^,a KaTTa GyjiraHJiHrn ynyH (2- 1030 Kr) 

y HypjiaTaAHraH Tyjia KyBBaT xaM  * y A a  Karra/m p —  

y ~ 4 - 1 0 26 B t  hh TauiKHJi KHJia/iH. HypjiaHHiu x,Hco6 Hra Kyeui 

MaccacH xap  ceKyH/ma 4 ,3  mjih ra, ht>hh TaxMHHaH 2 -1 0 “ 19 %  

ra KaManflH.

Boaopoa 3axHpajiapHHHHr TyrauiH 6 HJiaH boaopoa uhkjih 

Ba yrjiepoA UHKJiH/iarH peaKUHHJiap TyxTaftAH. IOjifly3 
rpaBHTaUHOH CHKHJiaflH, yHHHr TeMnepaTypacH rejiHfl uhkjih- 

iiarH peaKUHHJiap aMaJira ouiaAHraH uiapoHT Bywy/ira 
KejiryHMa, H-bHH 10 8 K rana KyTapHJia/in:

4 H e + 4H e + 4He->-l2C + Y  )

4H e + 4He-v8Be 1 (7.48)

8B e + 4He->-l2C*->-l2C + Y  +  y •)

T e M n e p a T y p a  KyTapHJiraH capH  reJiHft HApojiapHHHHr 

X O c hji 6yjiraH H/ipoJiapra KyuiHJiHiu peaKUHHJiapn B yw y /ira  

Kejia^H:

l2C + 4He-»-'60  +  -y |

l6O + 4H e ^ 20Ne 1 (7.49)

20N e + 4He-^24Mg. )

(7.48) Ba (7.49) peaKUHH/iap HaTH>KacHAa rejinftHHHr 
mhkaoph KaMaHAH Ba iojiAy3HHHr MapKa3Hfl khcmh yrjiepOA, 
khcjiopoa, HeoH Ba MarHHfl 6 njiaH TyjiaAH. TejiHfl mhkaoph 
KaMaflraH capH HApo peaKUHHJiapHHHHr HHTeHCHBJinrH naca- 
Ah6 , 6 y aca iojiAy3HHHr hhkh TeMnepaTypacn nacaftHUinra Ba
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K>JiAy3HHHr CHKHJiHuiHra ojih6  Kejia/iH. By chkhjihuj yr/iepoA 

H^poJiapH y3apo KyjioH TycHFHHH eHrH6 yTHiiiH Ba hhth  

THnaarH peaKUHHJiap xochji 6 yjiHiiiH yMyH ioji,ny3HHHr eTapjiH 

AapaJKa/iarH TeMnepaTypara (6 -108 K) 3ra 6 yjiHuiH Ka^ap

ZiaBOM 3T3AH :

2C +  l2C-

20N e + 4He 

-23Na +  p 

23M g  +  n

(7.50)

Xochji 6yjiraH 4He npoTOHJiap Ba HeflTpoHJiap HHrn aapo- 

jiapHH B y m y A ra  KejiTHpaAHraH 6ou iK a  peaKUHHJiapra khph- 

iuaAH. M a c a jia H ,

p + ' 2 C ^ l3N  +  v.

4H e + l3N->-l3C + e + + v  +  4He, 
24M g  +  4He-K28Si +  v 
20Ne +  p->2lNa +  y.

YrjiepoA  Ba KHCJiopoA eH raH A a  iojiAy3HHHr T e M nep aTyp acH  

acTa-ceKHH 2 - 109 K rana  KyTapnjiaAH . By xoJiAa <})OTOHJiap 

3HHJIHTH Ba SHeprHHCH UiyHMaJlHK OpTaAHKH , yjiapHHHr 

HApojiap 6njiaH  y 3 a p o  TyKHauiHuiH  6a"b3H 6 n p  6ap K ap op jin rH  

K a M p o K  HApoJiapHH napHajiaiiAH. H a T H JK a A a  yrjiepOA Ba 

khcjiopoa UHKJiHAarH peaKUH H  MaxcyjiOTJiapHra KyuiHJiH6 

KeTaAH raH  4He HApoJiapn, npoTOHJiap Ba HeflTpoHJiap n aH A o  

6yjiaAH . By >KapaeHJiap AaBpnfi cHCTeM aHHHr o fh p p o k  

3JieMeHTJiapH, xycycaH , TeM H p rypyxH H H H r  ajieMeHTjiapHHH 

XOCHJI KHJiaAH.

K)jiAy3 M apKa3HAarn HApo chhjifhch  KaMaftHuiu Ba 

HApojiapHHHr napMajiaHHUiH 6HJiaH 6npra c o a h p  6yjiaAH raH  

<})OTOHJiapHHHr lOTHJIHLUH OpTHULH 6HJiaH IOJIAy3HHHr MapKa- 

3Hft khcm h  coBHfi 6ouLjiaftAH, hhkh  6ochm  n acaH A H , 6y sca 

rpaB H TaU H OH  CHKHJLHUIHHHr HHa A 3 B 0 M  STHLUHra Cada^HH 

6yjiaAH . IO jiAy3H HHr 6y H A a H  KefinHrH Tap aK K H eT H  yHHHr 

Maccacnra 6ofjihk . Arap iojiAy3 MaccacH 1,2 K y e u i Maccacn- 

Aau khm hk 6yjica, yHHHr chkhjihuih  3JieKTpoHJiap x a p a K a T  

KHJiyBMH Xa>KMHHHHT KHMpafiHULH H3TH>KaCHAa 3JieKTpOH- 

JiapHHHT KHHeTHK 3HeprHHCH rpaB H TaU H OH  CHKHJIHUI KyMJia- 

P h h h  M yB03aHaTJiaryHra  K a A a p  A aB OM  STaAH . B y  x,0JiaTAa 

iojiAy3HHHr MapKa3Hft KHCMHAarH 3hmjihk 104-hl07 t /c m 3 

KHftMaTJiapra apHiuaAH . ByHAafi iojiAy3 H H c6aTaH  khmhk 

(107 m ra h k h h )  yjmaMra ara 6yjiH6, o k  m htth  (mhtth-

KapAHK) IOJlAy3 Ae6 aT3A3AH. O K  MHTTHJiap CeKHH (MHJIAH-
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ap/yiapHa h h ji) c o b h h 4 h . ByTHn/iarH ioji,ay3JiapHHHr MaB>Kya,- 

jihth  acTpoHOMJiap TOMOHHaaH aHHK Kaftii KHJiHHraH. Maca- 

JiaH, CnpHycHHHr ftyji^ouiH uiy >KyMJiaAaHflHp.

K)jiAy3 MaccacH Kyeui MaccacHAaH 1,2 MapTaaaH KaTTa, 

JieKHH HKKH M 3p T a A 3 H  KHMHKpOK 6 yjlCa, IOJlAy3HHHr CHKHJIH- 

UJH 109 r /C M 3 3HMJ1HKK3M3 SopHHJH M yM KHH. ByHAafi 

3HMjiHKJiapzta 6 eTa- napMajiaHHiura TecKapn  >KapaeHJiap 6 oiu- 

JI3H3AH , H-bHH 3T 0M  HJpOJiapH 3JieKTpOHJiapHH TyTH6  OJiaAH, 

npoTOHJiap HeftTpHHo M H K ap H 6 HeftTpoHJiapra afijiaHaAH. By 

>KapaeH toAdy3Hum HeurpoHAaHuuiu .aeftHJiajiH. A ji6 aTTa, 

HeHTpOHJiaHHUJ IOJlAy3HHHr HMKH COX,aJiapH^arHHa 103 6 epHLUH 

M yM KHH , xojioc. HeftTpoHjiaHHUi H a T H * a c H A a  3JieKTpoHJiap Ba 

npoTOHJiap ( HeftTpHHO M H KapH 6 ) HeftTpoHJiapra afijiaHa^H Ba 

T a x M H H a H  10 km paAHycjiH Ba 1014 t /c m 3 3hmjihkk3 3ra  6 yjiraH 

iojiiiy3 M ap K a3H  6 yTyH.iafi HefiTpoHAaH H6 op aT  6 yjiraH 

MOAflara aftjiaHa^H. B yH jaft  K3Jia,y3 HeurpoH K)Ady3 A e 6 
aTajia^H . HeftTpoH K)JiAy3 HHHr TauiKH  k o 6 h fh  ojw.hPi HA po  Ba 

3JieKTpoHJiapAaH Ty3HJiraH. ByHAaft ioji.a,y3 HHHr HMH/iarH 

T e M n e p a T y p a  6 hp  HeMa MHJiJiHap^ r p a jy c r a  e T a^H . HeftTpoH 

IOJlAy3 y3 3HeprH HCH HHHr aCOCHH KHCM HHH MafiHH peHTreH 

Hypjiap uiaKJiHAa M H K ap aA H . Pa /iH y cH H H H r  khmhkjihth Tyt})afi- 

jih HefiTpoH K)JiAy3HHHr cneKTpH HHr Ky3ra  KypHHaflHraH 

KHCMHflarH epHTHUIH Kyeiu epHTHlUHHHHr MHJlJIHOHAaH 6 np 

yjiyuiHra TeHr. CyHrrn BaKTJiapra Kaiiap acTpoHOM Jiap 

HefiTpoH !OJiAy3JiapHHHr MaB>KyAJiHrHHH TacAHKJiaftAHraH 

eTapjiH M atJiyM OTra ara 3M ac  a^HJiap. K y fiH ja  6 h 3  TajiaKTH- 

K3MH3iia HefiTpOH IOJlfly3Jiap 6 opjlHTHHH ac})THiiaH Tac^HKJiafi- 

AH raH  hhth  ocm oh >KHCMJiapH (nyjibcapjiap) xaKH.ua x h k o h

KHJI3MH3.

7 . 1 1- §. K o H H O T A a  h h t h  3 H e p r H H  M a H 6 a j i a p n

M accacH  Kyeui MaccacHAaH hkkh 6apaBapjiaH opTHKpoK 

K3TT3 6yjiraH K)jl.ny3 HMH^arH «HApO eHHJ!FHCH» §hh6 

6yjiraHAaH cyHr K)3ara Ke.iaj.HraH chkhjihlu HaTH>KacHAa 

y3 6apKapopjiHTHHH fiyKOTaflH —  hmkh 6ochm hhht rpaBHTa- 

Uhoh CHKHJiHUira KyMH eTMaft KOJiaflH. Topthuihui KyMjiapn 

hmkh 6ocHM jaH  aHMa KaTTa 6yjiraH^a chkhjihiu Te3JiaoiaflH. 

By aca TeMnepaTypaHHHr KecKHH KyTapHJiHiunra Ba K)JiAy3- 

hhht HeftTpoHra 6oft 6yjiraH MapKa3Hft khcm ha3 nopTJiaui 103 
6epHuiHra ojih6 Kejia^H. M ap K a3H H  KHCMAarH KyMjiH Aapa>Ka- 

4a  KH3HraH MoaaaHHHr comhjihuih iojijj,y3HHHr KHCMJiapHiia 

TeMnepaTypaHH aHMa KyTapaflH. By TauiKH KHCMJiap K)JiAy3- 

hhht 9BOJUOUHOH TapaKKHeTHAa opT.ua KOJia^H Ba TeMnepaTy-
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pacH  nopTJiaiu M OM eHTHra Ka /iap  H ncSaTaH  nacT Sy/iraHJiHrH- 

AaH  xajiH HApo  eHHJiFHCHra ara SyjiaAH. T a iu K H  KHCMjiapHHHr 

Te3 KH3HUJH H3TH>KaCHAa (HMKH KHCMJiapHHHT HOpTJiaUJHAaH) 

HApo  peaKUHHJiapHHHHr Te3JiHrH opTaflH. By peaKUHHJiapaa 

a>KpaJIH6 4 H K K 3H  3HeprHH M ap K 33H H  KHCMJiapHHHr nopTJiaili 

3(j)(j)eKTHHH HHaiia KyqaflTHpaAH. KyMJiH SHeprHH a>KpajiHiiiH 

6HJiaH 6 n p  BaKTjia iojiAy3Aa M ap K a3H H  KHCM JiapaaH y q n 6  

^H K aeT raH  Te3 HeflTpoHJiapHHHr TyTHJiHUUH ca6a6jiH  anpojiap  

x a M  KaflTa Ty3HjiaAH. HefiTpoHJiap TyTHJiHiiiH/ia Topnfl Ba 

y p aH ra  K a A a p  6yjiraH o fh p  3JieMeHTJiap xochji 6yjiaAH .

M ap K a3H ft  KHCMHHHHr nopTJiaiUH H3TH>KaCHiI,a KH3HTaH 

K)JiAy3 k o 6 h f h h h h t  KeHrafiHiiiH uiyHMaJiHK Te3 103 6 epaAHKH, 
rpaBHTau,HOH TopTHUiHUi 6 y  >KapaeHHH TyxTaTa  ojiMaftflH Ba 

y cj)a3ora coMHJia/iH. B y H A a  M H K a p n 6  TaiujiaHraH M OAAaHHHr 

MaccacH ioji/iy3 MaccacHHHHr 10~5— 10~4 kh cm hh h  TauiKHJi 

KHjiaAH.

K n c K a  Myii^aTJiH epyF uiybJiajiaHHuuiap acTpoHOMJiap 

TOM OHHAaH  K y n  M ap Ta  Ky3aTHJia/iH. 1950 ftHJiraMa 6 h 3 h h h t  

rajiaKTHK3M H3/ia !OJifly3JiapHHHr 100 4 a H  op TH K  uiyiaJiajiaHH- 

uih *H C o 6ra  ojiHHraH. B o u iK a  raJiaKTHKajiapra TerHiujiH 

6yjiraH i0JiAy3JiapHHHr x a M  uiybJiajiaHHuin Ky3aTHJiaAH. 

B y H ^ a H  T a u iK a p n , 6aij3H  6 u p  K)JiAy3JiapHHHr 6 n p  HeMa 

yH ftnJiJiHK op ajiHKAaH  KeftHH T a K p n 6H H  uiyi>jiajiaHHUiH xaM  

Kafl/i khjihhah .

E p h th u ih  TycaTA aH  103 mhjijihoh M ap Ta  op TH 6  KeTaAHraH 

yTa hhth  K)JiAy3JiapHHHr uiybjiajiaHHUiH aHMa CHftpaKAHp. 

$ T a  hhth  K)Jiiiy3JiapHHHr uiybJiajiaHHmH HaTH>KacHfla Hyp- 

jiaHH6 Ty p aA H raH  TyMaHJiHKJiap xochji 6y jiaan  Ba yjiap- 

HHHT aJlOXH^a KHCMJiapH M a p K a 3A a H  * y ^ a  KaTTa Te3JlHK 

6HJiaH y30KJiaiuaflH. ByHflaft TyMaHJiHKJiap KaT o p H ra , xycy- 

caH , Tejieu  iojiAy3 TypKyM H/iarH  KH CKH M 6aKacH M OH  TyMaHJiHK 

KH paAH . y xo3H p  TapHXHft e3yBJiapra K a p a r a H A a  1054 
yTa hhth  K)Jifly3HHHr ujy-bjiajiaHHuiH Ky3aTHJiraH >Koftfla 

Ty p H ^A H . B y  TyMaHJlHKHHHT HAPOCH HeftTpOH K)JIfly3 6yjica 

KepaK. 1968 ftHJi/ia aM epHKajiHK acT p 0H 0M  T o M a c  ToJibA 

T0M0HH.zi.aH hhth  acTpoH OM H K  o^iDeKTJiap —  nyjibcapjiapHHHr 

T a 6 n a T H  xaK H /iarH  afiTHJiraH rHnoTe3a 6 y  t 3 x m h h h h  Tac^HK- 

jiafiflH.

flyjibcapjiap ae6 , KaT"bHfi AaBpnft paBHUifla nyjibcapjia- 
HyBMH pa^HOHypJiap MHKapn6 Typa/iHraH kocmhk MaH6 ajiapra 
aftTHJiaflH. Bhphhmh nyjibcapjiap 1967 ftHJiaa KeM6 pHA>KAarH 
paAH0acTp0H0MHK Jia6 opaTopHHAa AOKTop XbioHiu pax6 apjiH- 
rHflarH acTpoHOMJiap TOMOHHAaH Kauu}) khjihhah. By nyjibcap 
xap 1,3 ceKyHAaa TaKpopjiaHH6 TypaA^raH Ba 0,3 ceKyan
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AaB OM  3T aAH raH  paAHOHM ny.ibCJiap M H K ap nS  T y p ap  sa h . By 
Kaiu(})HeTAaH kchhh  ceKyHAHra 3 0  Ta cnrHaji loSopyBmi 

nyjibcapjiapAaH  t o p t h S , x,ap h kkh  ceKyHAAa 6 h t t 3  cnrHaji 

loSopyBMH 100  A a H  op TH K  nyjibcapjiap owhjtah. HMnyjibCJiap 

1 0 “  ceKyHflraMa 3hh k jihk  SHJiaH TaKpopJiaHaAH . Y jiapHH Hr 

aM njiHTVAacH  ty x to b c h 3  y 3 r a p H 6  T y p aA H . O A a T A a , nyjibcjia- 

HyBMH paAHOHypjiaHHHj 6 n p  Hewa MHHyT A aB O M H A a  Ky3aTH- 

jih6 , cy H rp a  ftyKo,naAH Ba cyH rpa  HHa naftAO 6 yjiaAH. 

HM nyjibcjiap  aM njiHTyAacHHHH r y3rapHiu  x ap aK T ep n  x a p  xhji 

TyjiKHH y3yHJiHKAarH ( 1 — 8  M e T p ) paAHOHypjiaHHiujiap  yMyH 

x a p  xhjiahp . nyjibCJiapHHHr T a6H a T H  xaJiH a H H K  ypraHHJiMa- 

raH.

riyjibcapjiap T a 6 n a T H  x a K H A a r n  sht 3\THMOJira h k h h  

TyuiyHMa 1 9 6 8  fiHJiAa KopHejib  yHHBepcHTeTHHHHr npocj^ecco- 

pn T o M a c  ToJibA TO M OH H A aH  6epHJiAH. ToJibA rHnoTe3acHra  

MyBO(})HK nyjibcapjiap afijiaHaAHraH HefiTpoH K)JiAy3JiapAaH 

H 6o p aT , HefiTpoH iojiAy3Jiap o fh p  iojiAy3 y3arH H H H r  Te3 

CHKHJIHUIH H a T H * a C H A a  XOCHJl 6yjiaAH . B y p M aK  M OM eHTHHHHr 

caKJiaHHiiiH HaTH>KacHAa iojiAy3HHHr 10 km y jm aM jiap rana  

CHKHJIHUIH yHHHT 6H p  CeKyHAra HKHH A 3 B p  6HJiaH afijiaHHlUH- 

ra ojih6 KejiaAH. K a T T a p o K  yjiMaMAarH o6"beKTJiap (o A a T A a , 

!OJiAy3Jiap) 6yHAafi afijiaHraHAa M a p K a 3A 3 H  KOMMa KyHjiap 

HaTH>KacHAa napMaJiaHii6 KeTran 6yjiap  3a h . IOjiAy3 KyHJiH 

CHKHJiraHAa Tyjia M arHHT SHeprHHCH caKJiaHaAH Ba yHHHr 

6oiujiaHFHM M arHH T MafiAoiiH (i Tc  ra h k h h )  HefiTpoH iojiAy3 

cn pT H Aa  1 0 l2r c  rana eTaAH . HeftTpoH iojiAy3HHHr h h x o h t a 3  

K3TT3 MaCCaCH aftjiaHHLUHHHr AOHMHftjlHTHHH Ba 6HlM )6apHH, 

E p A a  Ka6yji KHJiHHaeTraH HMnyjibCJiapHHHr AaBpnftj!hthhh 

Ta"bMHHJiaftAH.

Flyjibcapjiap HypjiaHHUi 3HeprHHCHHHHr \ian6 aH — ynHHr 
aftjiaHHin SHeprHHCHAHp. U iy H H H r  yqyH TojibAHHHr (})HKpH4a, 

BaKT yTHUiH 6 HJiaH aftjiaHHUiHHHr Ba nyjibcauHHJiap MacTra- 
chhhht *yAa khmhk cycaftHUiH Ky3aTHJiHujh KepaK. Ep/ia 
Ka6 yji KHJiHHaeTraH HMnyjibCJiap MacTOTajiapHHHHr 6 yHAaft 
cycaftniiJH KHCKHM6 aKacHMOH TyMaHJiHrHAarn nyjibcapjiapAa 
Ba HHa yHTa nyjibcapjiapAa KafiA khjihhah. FoJibA rHnoTe3acH- 
ra MyBO(|)HK nyjibcap KaHMa em 6 yjica, uiyHMa Te3 afijiaHaAH. 
By (})apa3 xaM TacAHKJiaHAH, KncKHM6 aKacHMOH TyMaHJinrH- 
AarH nyjibcap sht eui 6 yjin6 , 3Hr khckb nyjibcauHHJiap 
AaBpnra ara.

X o 3 H p r n  3aM O H  H a3ap H H C nra  MyBO(})HK, M accacn  Kyem 
M accacH A aH  aHMa K a n a  6yjiran io;iAy3.fiap y3 sbojiiouhhchhh  

>KyAa V3Hra xoc pan n u jA a  TyraTHui m vm khh. X y A A H  6 e K a p o p  

XOAaTra  s p n m r a n A a  (H A p o  £‘hhjifhch eKH-infi 6y.'im un
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HaTHJKacH/ia) yjiap y/iKan rpaBHTauHOH Kyqjiap TaiiCHpH/ia 
gpKHH TyuiHiu Te3JiHrH .̂a chkhji3ah. K)jiAy3 pa/iHycH epaeura- 
UfUOH paduyc /ie6 aTajia/iHraH Ba MaccacH 10 Ta K,yeui 
MaccacHra TeHr SyjiraH i0Ji/iy3Jiap yMyH 30 km pa/inycra Ba 
100 mhht K,yeui Maccacnra TeHr K)Ji/i,y3Jiap ywyH 30 mhht km 
6yjiraH pa/inycra hhthji3/i,h. K)jiAy3HHHr rpaBHTauHOH 
pa/iHycraMa chkhjihiuhhh epaeurai^uoH koaaohc /ie6 aTajia/iH. 
ByHAafl ioji/iy3HHHr HMH/ia HHX,OHTAa KaTTa Macca TynjiaHraH 
6yjin6, ioji/iy3 HMH/iarn topthiuhlu KyMjiapn uiyHMajiHK KaTTa 
KHHMaTra spHLua/iHKH, 3appajiapHHHrrHHa 3Mac, x,aTTO 
epyFJiHK KBaHTJiapHHHHr xaM TaiuKapHra MHKHiunra hmkoh 
6epMafl/iH. HeMaK, io.a/iy3 6y xoJiaTAa 3HeprHH MHKapMafl/iH 
Ba y3HHH (})aKaT rpaBHTauHOH Mafl/iOH opKajiH 6HJiAHpa/i,H. 
«KoJuiancjiaHran» ioji/iy3 HKHHJiamraH xap KaHAaft >khcm 
TyxTOBCH3 paBHiu/i,a yHra TopTHJia/iH. KZ)jiAy3 «Kopa My- 
KypjiHKKa» afljiaHaaH — yHHHr MaHrajiH/iaH xeM Hapca 
TauiKapHra MHKOjiMaftAH. X,03Hprn BaKT/ia 0JiaM/ia rpaBHTa- 
uhoh KOJiJianc xoji3thhh KeMHpraH i0Ji/i,y3Jiap M3B>Ky/i,jiHrH 

xaKH/ia TyFpHAan-TyppH KypcaTMa ftyK. BajiKH «KOJiJiancJiaH- 
raH» !OJi/ty3Jiap 6op/i,Hp, JieKHH yjiap xa.TH Kauu}) KHJiHHMaraH. 
K)jiAy3Jiap Ba rajiaKTHKajiapHHHr kcjih6 mhkhuih Ba sbojiio- 
UHHcnra 6oFj1hk 6y.nran Kyn MyaMMOJiap xo3HpMa ahhkjiah- 

raH 3Mac.
A ctpohom Cafl/i,eHA>K 1963 HHJiAa 6H3ra hkhh 6yjiraH 

M-82 rajiaKTHKacn TapKH^Hra KHpyBMH TOJiacHMOH ra3 
6y./iyTJiapH rajiaKTHKa MapKa3HAaH ceKynAHra mhht khjio- 
MeTpMa Te3JiHK 6HJian y30KJiaiuaeTraHHHH aHHKJiaAH. Yjiap- 
HHHT TC3JIHK T3KCHMOTH lUyHH KypCaTAHKH, yjiap raJiaKTHKa 
HApocHAaH 6yHAaH 1,5 mhjijihoh iiHJiMa ojiahh 6np BaKTHHHr 
y3HAa comh6 io6opHJiraH. JJaxmaTjiH nopTJiam (})a3ora Kyeui 
MaccacHAaH 10 mmjijihoh MapTaAan opTHKpoK MaccaHH comhS 
io6opraH. X,03npMa, 6yHMajiHK KaTTa 3HeprHH mhkaophhhht 
a>KpajiHuiH KaH/jaft >Kapaenjiap xncoSHra 103 6epHUJH 

HOMatJiyM.
Ojiamhhhr y30K KHCMjiapn xaKHAa Ta>Kpu6a MaiwiyMOTJia- 

pn >Ky^a KaM. 1963 HHJi/ja acTpoHOMjiap Kea3apAap eKH 

Kea3utoAdy3Aap /ie6 hom ojiraH hhth cupjiH o6"beKTJiap 6njiaH 

TaHHiuAHJiap. A(})THAaH, yjiap 6H3/jaH >Ky/i.a y30KAa 

109 epyrjiHK ftHJinra hkhh Maco(})ajiapAa >KoftjiauiraH. 

ByiiMajiHK KaTTa Maco(})a 6H3,aaH y30KJiamaeTraH KBa3apjiap 

MHKapaeiran cneKTpaj: mh3hkjiap tyjikhh y3yHJiHKJiapHHHi;r 

kh3hji chji>khuih 6v HHMs aHHKJiaHaAH. KBa3apjiap yMy.H

Hormjiep 3({)(})eKTHra 6ofjihk 6yjiraH 6y J-^L chji>khuj aHMa
A,
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Karra  — 0,2-^-2 KHiiMaTJiapra eTaAH . K B a 3 ap jia p H H H r  k,h3hji 

CHJT>KHIUHHH SHJiraH XOJIAa yjiapHHHT 6H3JiaH y30K,JiaUJHILI 

Te3JiHTHHH aHHKJiaui M yM KHH . K e H T a n eT raH  O jiaM  rHnoTe3acH- 

ra x y p a , Te3JiHK KaHM a KaTTa Syjica, y30KJiauiaeTraH  

oS^beKTHH 6 H 3 A a H  uiyHMa Karra  Macoc})a a * p a T H 6  Typ aA H .

K B a 3 a p jia p A a H  E p r a  c t h 6  KejiraH pajiHOTyjikhh Ba ofithk 

A H a n a 3 0 H A a r H  Hypjiap uiyHAaH  jjajiojiaT 6ep a A H K H , yjiapHHHr 

6ab3H Jiap H  6 h 3 h h h t  10 "  iojiAy3ra 3ra 6yjiraH  6yTyH  

r  3JiaKTH KaM H 3AaH  K)3JiapMa M ap T a  H K H H p O K A H p . TaAKH- 

KOTjiapHHHr KypcaTHUiHM a, 6 y  K)JiAy3Jiap TynjiaM H 6yjiMafl, 

6ajiKH HJirapH HOMaiiJiyM 6yjiraH  kocm hk o6"beKTJiapflHp. 

> Ky Aa  HHTeHCHB paAH OHypjiaHHIUHH  TyUiyHTHpHUI yMyH 

y rnraH T  nopTJiam  HaTH>KacHJia rc>3 6epaflH , iie6 (})apa3 

khjihiuhm h3 KepaK . JleKHH 108-^109 K y e iu  M accacH ra  sra 

6yjiraH  o6"beKTHHHr nopTJiauiHra c a 6 a 6  H H M a? Hiipo  SHeprHH- 

ch §kh rp aB H T au H O H  topthuihui KB a3ap jiap  SHeprHHCHHHHr 

M a H 6 a H  6yjia  ojiaAHM H? BajiKH KBa3apjiapiia 6H 3ra  HOMai>- 

jiyM, h hth  3H eprH H  M aH 6a jiap H  KypHHaeTraHjiHp? B y  ca- 

BOJiJiapra xajiH >KaBo6 fiyK-

7.12- §. XaB(|)CH3jiHK M yaM M OJiapH

T a * p H 6 a  T e p M o H A p o  peaK Top H H H H r  jiofiHxacH ycTH/ia 

Hiujiaiu >KapaeHHfla co^) TexH H K  M yaM M OJiap aaH  T a u iK a p n  

oiiaMJiap Ba aTpo(j)-MyxHTHHHr xaB(})CH3JiHrHra x,aM KaTTa 

3t>t h 6 o p  6epH JiM OKaa .

T epM O H iip o  peaK Top H H H , n p H H u n n  >KHxaTAaH, aTOM  

peaK Top H  Ba , xaT TO  oiumfi ajieKTpocTaHUHHra K ap a ra H /ia  

o^aMJiap Ba aTpo(})-MyxHT yMyH auajxa xaB(})CH3poK k h j ih 6 

HpaTHUI MyMKHH. A M M O  6y  HM KOHHH TJiapaaH  TyjiapOK 

4)OHflajiaHHiu yMyH KynrHHa HapcaJiapra 3"bTH6op kh jih u i 

KepaK.

T e p M O H A p o  p eaK U H H CH Aa  K a T H au ia A H raH  nroH a  pa^HO- 

aKTHB M OAA a  —  6 y  jih th h ah p . FIjia3MaHH y3Hfla tp h t h h  * y A a  

03  —  rpaM M JiapHH Hr yjiyuiHAa. T p h t h h h h h t  acocH H  Macca- 

ch —  6np  HeMa KHJiorpaMM 6jiaHKeTAa jihthS 6njiaH  6H p H K M a  

XOJiaa 6yjiaAH . Y  e p a a r H  t p h t h h  (})aKaT KyMjiH aB ap H H  c o ^H p  

6y jiraH A arH H a  aTM0C(})epara TapKajiHiun  M yM KHH . B y H H H r  

OJIAHHH OJIHUI yMyH eKHJIFH 6HJiaH TaTiMHHJiaHilHraH, C0BHT3- 

A H raH  Ba uiyHra yxuiaui CHCTeMajiap 6aTa(})CHJi repM eTHK 

kh jih6  TafiepjiaHaAH. UJyHHHriieK, peaK Top  6H H OCH ra  x aM  

KaTTa 3t>th6op k h jih h 3a h . LUyHflafi dyjica x a M  jiofiHxaJiap^a 

XeM KaMOH TpH THH HH CH 3H 6  KeTHIU 3XTHMOJIJIHTH HOJITa TeHr 

A e 6  ojiHHMafiflH.
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Pea K T o p H H H r  x,HMOHCHra 6yjiraH TajiafiHH aHHKJiam  ywyH, 

XaTTO, 3HT HOe6 Ba3HHTJiapHHHr SyjlHIUH MyMKHHJlHTHHH XaM  

3"bTH6opra OJlHHaAH.

H eH TpoH ,napH H  ceKHHJiauJTHpHHJ y^yH  ofhp cyB/jan 4>oh- 
AaJiaHHJiaAnraH aTOM  peaKTopjiapHHH Hujjiaiu Ba yjiap/jaH 

4>oH/iajiaHHiiJ Ta>KpH6acH uiynH KypcaT/iHKH, KejirycHflarH 

TepM OH/ipo  p eaK Top H Aa  tphthhhh TaiiiKapHra KyTHJiMaraH 

XOJifla mhkh6 KeTHLU mhkaophhh xaB^JJiH Aapa>KaAaH 20 Map- 

T araw a . KaMaftrapHUJ MyMKHH 3KaH.

A m m o  6 yjiapHHHr x a M M a c n  peaKTop H H H r y3JiyKCH3 oAaT- 

AarH  hui w a p a e H H A a  ujyHAaft 6 yjiaAH. A B a p w a  xoJiH.ua HHMa 

6 yjiaAH? AeraH  caBOJi TyFHJinuiH T a 6 HHft. U JyH H H r yqyH 

jioftHxaJiaiu B aKTH Aa  >KyAa o fh p  Ba X 3tt o k h  >KyAa K aM e6 
XOJiJiapHH x aM  3T3TH6 op ra  o jihh3ah . M a c a jia H , aB ap H H ra  

y n p a ra H  caMOJieT peaKTop  6 H H 0CHra kcjih6  ypHJica HHMa 

6 yjiaAH? Ep KH M H pjia6  6 hho  6y3HJica-MH? Ba xoK a3o .

M a t j iy M  6 yjiHm HMa, T e pM O H A po  peaKTopn  yMyH xaTTOKH 

6 yHAaft o4>aTJiap x aM  yHMa KaTTa 3 a p a p  eT Ka3M ac  3K3H . 

M y H K H  TpHTHftHH  p a A H O a K T H B JlH F H  yHMa K 3 T T 3  3 M a C .

XaB^JH H  K y n p o K  HeftTpoHJiap 6 HJiaH HypjiaHHiu HaTH>KacH- 

Aa KOHCTpyKUHOH 3JieMeHTJiapHAa xochji 6 yjiaAHraH cyHiiHh 

paAHoaKTHBJiHK TyFAHpaAH . Xochji 6 yjiaAHraH cyHtHft paAHO- 

aKTHBJiHKHH Aapa>KacH  Kyn >KHxaTAaH peaKTopHH  kohc- 

TpyKUHOH  KHCMJiapu TaftepjiaHraH M aT epnaju iapH H H r  hmkh 

TapKH6nra 6 ofjihk  6yjiaAH. Xo3Hp rypjiH chhob  HUijiapH ojih6 
6 opHJiM OKAaKH, yjiapAa aTOM peaKTopjiapHAa  TypjiH MaTepH- 

aJiJiapHH HeftTpoHJiap 6 HJiaH HypjiaHH6  TepM O H A po  peaKTopn  

yMyH 3Hr KaM  cyHT>Hft paAHoaKTHBJiHK 6 ep aA H raH  MaTepH- 

ajuiap TaHJia6 ojihhm okA3. Arap peaKTop KHCMJiapn ynyH 

3aHrjiaMaftAHraH eKH oA aT A arn  nyjiaTAaH ^^oiwajiaHHJica, 

y xoJiAa peaKTop T y x ra raH H A a H  10 coaT yTraHHAaii cyHr 

KOJiraH cyHtnft paAHoaKTHBJiHK Tep M O H A p o  peaK Top H Aa  

O A aTA aru  3tom  pe aK T op H A arn ra  K a p a r a H A a  25 M ap ra  khmhk 

6 yjiaAH. KeftHHMajiHK 6 y m h k ao p  TepM O H A po  peaKTopn

4)oftAacHra H H aA a  oluh6  6 o p aA H , MyHKH yH A aH  CTpon- 

uhh-90 eKH njiyTOHHftra yxm auL  y 3 0 K  hhjobmh H30T0njiap 

ftyK- 100 ftHJiAaH cyht Tep M O H A p o  peaK Top nH H H r  KHCMJiapHHH 

paAHOaKTHBJIHTH OAaTAaTH  3T 0M  p eaK TOp H H H K H AaH  300 Mapo- 

T a 6 aMa Kam 6 yjiaAH.

r H 6 p H A  TepM O H A pO  peaKTOpHHHHI' paAHOaKTHBJlHTH, Ta- 

6HHftKH, oA aT A arn  3 t o m  p e aK Top H AarH ra  h k h h  6yjiaAH . 

LLlyHHHr yMyH 6 y  xojias X 03H p  H u u ia 6  TypraH  aTOM 

peaKTopjiapnHH  6ouiK apH ui Ba 4)0 ^ a '/,aHH1IJ 6o p a c H A a  

TynJiaHraH Ta> Kp n6aA aH  6eMajioJi 4*oftAajiaHca 6yjiaAH .
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BTC M yaM M OCH  ycTHAarH  raAKH KOTJiap  HKyHJioBMH 4>a3a- 

ra KHpHfi S o p M O K A a . KaHflaflflHp 10— 15 hhji yTran , 6h3  

Shphhmh Ta>KpH6 a TepMon/ipo peaKTopHHHHr H m r a  TyuiH- 

pHJiraHHHH ryBox,H 6yjicaK  a>Ka6 3M ac .

A rap  yHHHr CHHOBJiapH MyBa4>(J)aKHHTJiH 6 yjrca Ba (JjaKaT 

TepMOHApO CHHTe3 peaKUHHJiapHHH 6oiUKapa OJIHUJ MyMKHH- 

JIHTHHH HC60T KHJIHHHUJHrHHa 3MaC, 6 aJlKH yHH HKTHCOflHH 

>KHX,aTj,aH paKo6 aTra MH/iaiiiH Ba o/iaT/iarH hcchkjihk Ba b t o m  

3JieKTpocTaHUHHJiapHra KaparaHAa skojiophk T03ajinrH xaM 
HC60T KHJIHHCa, TepMOHApO 3HepPHHCHHH pHBO>KJiaHHUJ 

cyptaTJiapH HHajia opTa/iH.

A ji6aT T a , a p 3 0H  ajieKTp SHeprHHCHHH Myji-KyjuiHrn 6 h 3- 

h h h t  xae T H M H 3ra , xy>KajiHK cox a c H A arH  6yioK pe>KajiapH- 

m h 3 h h  aMajira ouiHiiJHra KaTTa ep A aM  6epHiiiH T y p raH  ran.



V I I I  B O B

3JIEMEHTAP 3APPAJIAP 4>H3HKACH

8.1-  §. S ^ e M e H T a p  3ap p ajiap  AyHecH  x.aK.HAa Aacrjia6 KH 

TyuuyHHajiap

K,HCK.a TapHXHii o 6 3 o p . X X  acp  6 oujh (})H3HKa (J)aHHAarH 

6yioK hhkhjio 6 hh  y3rapHiujiap AaB pH  6ynm- Y u j6 y  hhkhjio- 

6 hh  y3rapnujjiap  hhth  Ha3apHHJiapra  acoc 6 yjiyBMH (JiyH/ja- 

MeHTaji TaAKHKOTJiapHHHr nafl/io 6 yjiHLUH 6 HJiaHrHHa xapaK- 

TepjiaHM acAaH , 6aJiKH HpaTHJiraH Ha3apHHJiapHHHr TaH ojih- 

hhlu Ba yjiapHH 0JiHMJiapHHHr huj KypojiHra afljiaHHiu A a B p n  

6 yjin6 x aM  XHCo6 jiaHaAH. O a H /ja r H  6 yioK hhkhjio6 hA y3ra- 

pHUIJiap (})H3HKJiap 3"bTH6opHHH MHKpO/jyHe A e 6  3T3JiyBMH HH- 

th c o x a fa  Kap aT A H . X a K H K a T a H  x aM , MHKpo/jyHe dpmuKacujxa 

6 h p h h ^ h  H3JiaHHUiJiapiiaH 6ouiJia6 khujhhh  HHXOHT/ia xaflpaT- 

na KOJiflHpyBMH Kaui(})HeTjiap 103 6 epa  6 ouuia/iH. M n K p o /iy H e  

(})H3HKacHAarH hjimhA hhkhjio6 h h h t  6 hphhm h 6 ockhm h, 

uiapTJiH paBHU iAa , 1927 flHJUiapaa KBaHT M exaH H KacH H H H r 

HpaTHJiHiiiH 6HJiaH TyraJiJiaHca, KeflHHrn 6 ockhm h ajieMeHTap 

3ap p ajiap  (})H3HKacH 6 HJiaH 6 ofjihk. H k h h  BaKTJiapraMa 

3JieMeHTap 3ap p ajiap , y3 HOM Hra moh3h/i, paBHUi/ia, K o h h o t h h  

TauiKHJi 3TraH M aTepHH HHH r 6yjiHHM ac 6 ouuiaHFHM 3Jie- 

MeHTJiapH, HTaHH flyHe Ty3HJIHlUHHHHr 3HT KHMHK 3JieMeHTap 

(6 ouuiaHFHM) «FHUiTMaJiapH» /ie6 XHCo6 jiaHH6  KeJiraH sa h  Ba 

6 y 3appajiapH H  HH a 6 ouiKa HHM a/jaH /jnp  T ap K H 6 nfl Ty3HJiHiUH 

xaK H /iarH  caBOJi Ma"bHocH3 A e6  Kapajiap  sa h . A m m o  

M HKpoAyH e Ty3HJiHiiiHHHHr ajieMeHTap 3ap p ajiap H  ycTHflarH 

X03H p rH  3 3 MOH TaAKHKOTJiapH yJiapHHHT lOKOpHflarH MaijHO/ia 

SJieMeHTap SMacjinrHHH KypcaT/jH.

1930— 1935 fiHJiJiapaa 3tom  Ha3apHHCH  acocaH  Ty- 

raJiJiaHraH 3/ih. O/iAHfi xoJiaTAarn M O /m aH H H r  /jenpjiH x aM M a  

xoccajiapH M yc6 aT 3apHfljiH H/ipo aTpo(})H/ia x a p a K a T  KHJiyBMH 

MaH(})Hfi 3apH^JiH SjieKTpoHJiap x aK H A a rH  TyuiyHM ara acocjia- 

h h 6 M aTeM aTH K  fiyji 6 HJiaH KeJiTHpn6 MHKapnjiHuiH M yMKHH 

3/jh. By ziaBpra Kejin6 gjieMeHTap 3 appajiap/iaH  >K- )K. Tom- 

coh TOMOHH/iaH KaTOA HypjiapHHH ypraHHUJ >KapaeHH/i.a 

SJieKTpOH Kauicj) KHJlHHAH. PeHTreHHHHT X-HypjiapH 

(1895 finjifla Kaiu(}) KHJiHHraH) Ta6 naT 6 HJiaH 6 ofjihkjihfh Ba
3fiHUJTeHHHHHr T3"bpH(})HMa, 3 .ieKTpOM arHHT Mafi/JOH KB3H- 

TH —  (})OTOH, BOflOpOA 3TOMH H^pOCH —  npOTOH Ma"bJiyM 3flH. 

B y jiap aaH  T auiK ap H  fiHrnpMaHMH HHJiJiapHHHr oxnpH /ia  6 yioK 

HHTJIH3 (})H3HrH II. RnpaK  ajieKTpoH xap aK aT H  TeHrjiaMac^-
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HHHT CHM M eTpHHCHTa aCOCJiaHHS, MaCCaCH 3/ieKTpOHHHHr 

M acc a c n ra  TeHr, jickhh M y c 6aT  aapazyiH 3 a p p a  —  no3HTpoH- 

HHHT Ta6H aTJ.a  M3B>Ky/lJlHrHHH H 33a p H H  flyjl 6HJiaH HC6oTJia- 

a h . By 3 a p p a  6yuuiHKfla (BaKyyM fla) x a p  K aH H a  y 3 0 K  HUiaft 

OJica x a M , T a 6H H H  m a p o H T A a  6 H p o p  ajreKTpoH 6HJiaH 

yH p auiryH H a  ceKyHflHHHr yH M H JiJ iH a p ^ a H  6 n p  kh cm hh 3  

( 1 0 _ I O c) HIJLiaH OJiaAH, XOJlOC. r i03H Tp0H H H H r  3JieKTpOH 6HJiaH 

ynpauiyB H  H a T H w a c H j a  yjiap y 3 a p o  flyK 6yjiH 6, ajieKTpo- 

M arHH T HypjiaHHUi —  (})OTOHra afljiaHaaHJiap. n o 3 H T p o H  

Hiuaui BaKTH HHHr KH CKa 6yjiHiuHra K a p a M a c ^ a H  1 9 3 2  HHJi^a 

aM epHKajiHK  (})H3HK K- A H ^ e p c o H  t o m o h h a 3 h  ko cm hk  Hypjiap- 

hh  T a A K H K  KHJiHiuaa Kafia kh jihhh6 , T a 6 n a T A a  MaBJKyAJinrH 

TacaHKJiaHflH.

1932 HHJIAa HHTJIH3 (})H3HrH >K- M aA B H K H H H r  ojih6 6o p r a H  

Ta>Kpn6acH  HaTH>KacHfla M accacH  npoTOH  M ac c a c n ra  TeHr 

6yjiraH  o fh p  HeiiTpaji 3 a p p a  —  HeftTpoH Kauu}) sthjiah. 

H flpoAa  npoTOH JiapAaH  T a u iK a p n  HeftTpoHJiap x a M  MaB>KyAJiH-

TH aHHKJiaHAH.

1935 HHJi^a an o H  4»H3HrH lO K a B a  HefiTpoH Ba npoTOHJiapHH 

HApojia 6opjia6 TypaflHraH K y n  H A p o ^a rH  3ap p ajiap H H H r  6np- 

6 h p h  6HJiaH y 3 a p o  y h h h h h  3 a p p a  —  nnoHJiap, ht>hh iih- 

M e30HJiapHH aJiM auiH6 TypHiujiapH HaTH>KacHAa MaB>KyA 

6yjiaAH , jieraH H a3ap H H H H  y p T ara  T au u iaA H . B o u iK a n a  khjih6 

aflTraHfla, a a p o  3ap p ajiap H  y 3 a p o  nH-Me30HJiap BocHTacnjia 

TatcH p jiau iaA H . O p a a a H  11 hhji y T r a H ^a H  kch hh  M y c6aT , 

M3H(})HH 3apHAJlH Ba HeHTpaJI nH-Me30HJiapHHHr MaB>KyAJIHrH 

Ta> Kp H 6aA a  Tac^HKJiaHAH . B y  a a B p a a  \ap 6 n p  h hth  TonHJiraH 

3 a p p a  (})H3HKJiap TO M OH H A aH  K3TT3 TaHTaH3JlH X,OflHCa 

CH(})aTHAa Ka6yji KHJiHHap^H . JleKHH jh r a H  A a B p  h h h a 3  

sjieMeHTap 3ap p ajiap H H H r  cohh  yTTH3AaH , pe30HaHCJiap ae6 
hom oJiraH 6 h p  rypyx, 3ap p ajiap H H  X H Co6ra  oJicaK, 3appa- 

jiapHHHr yM yM H H  cohh  6 u p  Hena io3AaH oluh6 KeTflH.

SjieM eH T ap  3ap p ajiap  6ai>3H Myx,HM rypyxJiapHHHHr 

xoccaJiapHHH 6a e H  KHJinuiAaH ojiahh yjiapHHHr CH H ^jiap ra  

6yjiHHHUiH y c T H ja  TyxTaJiaM H3. Y h h h t  acocHH H  3appa- 

JiapHHHT HKKHT3 CHH(})ra 6yjlHHHUIH TaiUKHJI 3T 3A H : JienTOH- 

jiap Ba a^poH Jiap . H jira p n  x aM  aftTH6 yTHJiraHuneK, 

napnaJiaHHU iAa  nafiAO 6yjiyBHH, KyncH3 y 3 a p o  T a t C H p  opKaJiH 

aHHKJiaHyBHH 3appaJiap  AetiTOHAap o,e6 aTajia^H . Y jiapH H H r 

K aT o p H ra  SJieKTpoH, no3H TpoH , MiooHjiap, x- JienTOHJiap Ba 

moc KeJiyBHH HefiTpHHOJiap KH paAH . X a M M a  JienTOHJiap 1/2 ra 

TeHr cnH H ra  ara. 3 a p aA Jia H ra H  JienTOHJiap y 3 a p o  Ba 6o u iK a  

3apH AJiaH raH  3appaJiap  6HJiaH 3JieKTpoMarHHT y 3 a p o  Ta"bCHp 

opKaJiH TaijCHpjiauiaflH.
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Bnp- SHpH SnjiaH KynjiH y 3 a p o  TaijCHpHH aMajira ouih- 

pyBHH x a M M a  3ap p ajiap  adponAap K a T o p n ra  KHpaflH (y  rpeK- 

Ma h ad ro s  cy3Hflan oJiHHraH 6 yjin6  —  K arra , KywjiH Ae- 

M aK A H p ) .
V 3 H aB 6 aTH/ia ajipoHJiap x a M  hkkh  rypyxxa  6 yjiHHaAH: 

6 apHOHJiap —  hphm  6 yTyH ciihhjih 3appaJiap  Ba Me30HJiap —  

6 yTyH cnHHJiH 3ap p ajiap . B ap n o H jiap  K aT o p n ra  HyKJioHJiap Ba 

aHTHHyKJiOHJiap x.aMAa aH H a  o fh p  3ap p ajiap  —  THnepoHJiap 

Ba pe30HaHCJiap KHpa/iH . H p n M  6 yTyH cfihhjih 3appajiap  

O e p M H  —  JXnpaK CTaTHCTHKacnra 6 yiicyHaAH Ba iuyHHHr yMyH 

(})epMHOHjiapra TaajuiyKJiH 6 yjia^H . M e 30H Jia p ra  nHOHJiap, 

K- Me30HJiap Ba 6 ouiKa aHMa o fh p  3ap p ajiap  (nnoHJiap Ba 

KaoHJiap CHCTeMacHflarH pe30HaHCJiap, «> K 03H 6a A o p »  3appa- 

Jiap Ba xo K a3o ) TaaJiJiyKJiHAnp. B y  3ap p ajiap H H H r  6 yTyH 

cohjih cnHHH yjiapHHHr B o 3 e  —  SftHuiTeHH CTaTHCTHKacnra 

M aH cy 6 jiHTHHH 6 ejirHJiaftiiH, ht>hh yjiap 6030HJiap /iHp .

TaijKHflJiaiii M yM KHHKH , aA a6H eT Jiap aa  AyM KejiyBMH n  —  

M e30H  aTaM acH H H  6np M yH M a  3 C k h p h 6  KOJiraH n,e6 \HCo6jiaiu 

KepaK, ^yH KH  6 y  3appa jienTOHJiapra o h a  sa x a M M a  jienTOHJiap 

KaTopn (})epMHOHJiap CHH(j)Hra TerHiujiHflHp. 3aMOHaBHft 

a ^a^H eT Jiap A a  miooh a T a M a c H A aH  (|)0fi/iajiaHHJiM0KAa.

8.2- §. 3appajiapHHHr Maccacu Ba aHeprHncn

SjieMeHTap 3appaJiapHHHr thhm xoJiaTflarn MaccacH yjiap 

yqyH STaJioH 6 yjin6 XH3MaT khji3Ah. Bnp TypAarn 3appajiap 

6Hp-6npHra iuyHMajiHK yxiuauiKH, yjiapHH 6 Hp-6 HpHflaH 

a>KpaTH6  6 yjiMafiAH- By x,oji aftHHKca yjiapHHHr M accacn  

y3apo aHHK TeHrjiHTHAa KypHHa/iH. 3appajiapHHHr M accacH  

oAaT^a yjiap x,apaKaTAajiHrHAa yjiMaHa/ui: x,apaKaT HaTH>Ka- 

CH/ia hhuioh  >khcm Ty3HJiHiiiHHH 6y3H iU H ra  K ap a 6 yHHHT 

3HeprHHCH, MarHHT MafiAOH^a ^apaKaT  TpaeKTopHHCHHHHr 

srpHJiHTHra K ap a 6 yHHHr HMnyjibCH aHHKJiaHaAH. Xy/iAH 

MaKpoAyHe^arHAeK, MHKpoayHefla x,aM MexaHHK xapaKaT 

yMyH 3appaHHHr MaccacH, Tyjia 3HeprHHCH Ba HMnyjibCH 

opacHAa 6oFjiaHHiu MaB>KyA- SjieMeHTap 3appaHHHr Maccacn 

aHHK MHKflopra TeHr. U ly H H H r  ynyH 3appaHHHr SHeprHHCHHH 

Ba HMnyjibCHHH aHHK yjiMarn 6 HJiaH yHHHr M accacH H H  Typpu 

TonaMH3, cyHrpa 3appaHH y3HHH aHHKJiaftMH3.

3ftHiUTeftHHHHr h hc6hh jih k  Ha3apHHcnra Kypa, Te3JiHK 

OpTHUIH 6 HJiaH >KHCMHHHT MaCCaCH OpTaflH, H"bHH KyiUHMMa 

x,apaKaT Maccacnra ara 6 yjiaflH:

435



(8 .1 )

Synm a c —  epypjiHK Te3JiHrn, m — v Te3JiHK SHJiaH x,apa- 

KaTJiaHaeTraH >khcm hhht M accacH , mo —  iuy >khcm hhhf 

THHMJlHKAarH MaCCaCH. >KHCM HHHr MaCCaCH y H H H r  Te3JIHTHHH 

y3rap TH pH iura  SyjiraH KapuiHJiHrHHHHr MHKflopnft H(|)OAacH- 

AH p. LUyHH Hr ynyH  x a M  >khcm Te3JiHTHHH epypjiHK Te3JiHrHra 

h k h h  eKH TeHr KHftMaTra eTKa3Hiura  >khcm M accacH H H H r 

MeKCH3 KHfiMaTra hhthjihujh  fiyji KyftMaftjiH (8.1).

H h c S h Ajihk  Ha3apHHcnaa >k h c m h h h t  Tyjia 3HeprHHCH (£ T) 

Ba HMnyjibCH (p) yHHHr Te3JiHrn opKajiH KyfiHAarHMa 

H(J)oflajiaHraH:

> K h cm hh ht  Te3JiHTH epyFJiHK Te3JiHrnra h k h h  KaTTa KHfiMaTra 

y 3rap H u iH A a  yHHHP SHeprHHCH Ba HMnyjibCH (8.2) Ba (8.3) ra 

fiHHOaH 4eKCH3JIHKKa H H TH JI3A H . By MCKCH3 3H e p T H H  >KHCMTa 

TauiKapHAaH SepnJinuiH KepaK. TaSnaTjia 6yH.fl.aft SHeprHH 

M aH6an 6yjiMacjiHTH ca6a6jiu >khcm hhhf Te3JiHTH epypjiHK 

Te3JiHrHra TeHr 6yjiojiMaftAH, x,ap a o h m  yHAaH khmhk 6yjia^H. 

>KncMHHHr Tyjia SHeprHHCH Ba HMnyjibCH (8.2) Ba (8.3) (})op- 

Myjiajiapra acocaH y3apo KyftHAarHMa 6oFJiaHraH:

6yH,o,a E o  >khcm hhht thhm xoJiaTAarn M accacnra  TyFpH 

KejiaflHraH 3H ep rH H CH :

ByH /iaH  6yeH  (8.5} (})opMyjiara 6H H o aH  ajieMeHTap 3 a p p a H H H r  

t h h m  x,ojiaTAarH M accacn  mo h h  SHeprnn yjiMOBH/ia 6e p a M H 3 , 

MyHKii btjieMenrap aappajiap (JihshriacHAa MaccaHH SHeprHH 

SnpjiHTnAa i> _; ani Kyjiaft.

3appaHHH r MaccacH, SHeprHHCH, HMnyjibCH y3rapyBMaH

2

£ t=  mc2 (8 .2 )

m 0v
(8.3)

(8.4)

Eo =  moc‘2. (8.5)
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lappa
mesjiamu/ica

6

8. 1- pacM. M a c c a , tc3.thk, HMnyjibC sa Tyjia ^HeprHHHHHr y3apo 

60MHKJIHK yM6ypMaKJiapn: a) thhh x,0JiaTAarH Macca, HMnyjibC Ba Tyjia 

SHeprHH; 6) Te3.THK opTraHAa, Tyjia SHeprHH rHnoTeHy3a, HMnyjibC sca KaTeT 

Ka6H opTHfi CopaiiH.

KaTTajiHKJiapAHp. T a 6 H H H K H , KyHHAarH  ypHHJiH casoji TyFHJia- 

A h : 3 a p p a  yMyH K,aHAafl y 3 r ap M a c  xap aK Tep ncTH K a  yHHHr 

SejirHCH C H ^ a T H A a  KyJiJiaHHJiHLUH M y m k h h . B y H H H r  ywyH 

ioKopHflarH (8.4) 4)0PMyjia^ a c  HH S n p r a  t c h t  a e 6 , yHH 

KyftHaarHHa e3aM H 3 :

E2—p2=mo2 (8.6)

Y iu S y  4>opMyjia riH(})arop TeopeM acH H H H r M aTeM aTHK  H({)OAa- 

chhh  acjiaTa^H (8.1- a p a c M ) . A r a p  Typpn 6ypMaKJiH 

yM SypM aKHHHr r0pH30HTaji KaTeTH 3a p p a H H H r  thhm xoJiaT 

M accacH  mo —  BepTHKaji, KaTeTH sca, HMnyjibCH /i,e6 K,apajica, 

yHHHr rnnoTeHy3acH  3a p p a H H H r  Tyjia SHeprHHCHHH 6epa,o,H. 

A r a p  3 a p p a  xap aK aT C H 3  Syjica, yw SypM aK y3yHJinrH mo ra 

TeHT r0pH30HTaJI MH3HK,K,a aftjiaHaAH. 3 a p p a H H H T  Te3JI3THJIH- 

uih GHJiaH yH6yp M aKH H H r  BepTHKaji KaTeTH —  3ap p a H H H r  

HMnyjibCH Ba y 6HJiaH 6H p ra  y H 6y p n aK H H H r  rHnoTeHy3acH , 

HiaHH 3 a p p a H H H r  Tyjia SHeprHHCH yca 6ouuiaftflH (8.1-6 

p a c M ) .

ABB ajinra  3HeprH HHH Hr ycHiiiH 03 , nyHKH nacT  yn6ypHaK- 

.nap y liyn rHnoTeHy3a ropH30HTaji KaTeTra aenpjiH TeHr 

SyjraAH. B y  o a /i h h  HbiOTOH M exaH H K acn  TaBCH(|)JioBHH k h h h k  

Te3.THKa.arn xap anaTJiap  xojrnra m ocahp . Te3,nHK.aapHHHr 

KarTa KHHwaTJiapHjia ( v  —  c )  y'i6 ypH aK  (OKcpnra w y /ja  

HysHJiran Ba rHiioreny3acH BepTHKa.i KaTe in ra  /leapjiH Teiir. 

X leM aK, KarTa Te3JiHKJiap/iarn xapai<aT.iap ynyn HMnyjibC Ba 

3 H ep n ia  ( h b h h  3appaiiHHr M ac e ac n ) o p a c H /ia m  (j)apK, neKCH3
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K a M a n p  3K 3H . A ji6aT T a , yu i6y  (})apK xen  K aq o H  HOJira TeHr 

6yjiMaftflH Ba x a p  a o h m  ( 8 .6 )  ra MyBO(j)HK 3 a p p a H H H r  thhm 

XOJiaTflarH M accacH ra  TeHr 3 K 3 h . LLIyHHHr yqyH mo hh  3 a p p a  

x a p a K a T H  >KapaeHHHHHr y 3 r a p M a c n  —  H H B ap n aH T H  AeftHJia- 

A h . B oLUK aq a  aftTraHja , 3 a p p a  KaHqajiHK  Te3JiaTHJiMacHH, 

yHH Hr HMnyjibCH Ba SHeprHHCH uiyHflaft y 3 a p o  MyBO(})HK 

paBHiujia y 3rap aA H K H , yjiapHHHr (})apKH (8 .6 )  ra MyBO(})HK 

coh >KHX,aTAaH 3 a p p a H H H r  t h h ^  x,ojiaTAarH M accacHH H  

xapaKTepjiaftAH. UJyHAaft k h j i h 6 , 3a p p a H H H r  3HeprHHCHHH Ba 

HMnyjibCHHH SHJiraH xojijia ( 8 .6 )  jiaH yHHHr M accacHH H  

aHHKJiaui^a  (})oftflajiaHHUj M yM KHH. HoMa"bJiyM  3ap p ajiap  

ycT H ^arH  Ta>KpH6ajiap naftTH^a xyAAH  uiy ftyji 6njiaH 

3 a p p a H H H r  M accacH H H  aHHKJiaftMH3, c y H rp a  8.1 - >KaABajiAa 

KejiTHpHJia^HraH Ma"bJiyMOTJiapAaH (})ofiAajiaHH6, KaHAafi 

3 a p p a  6HJiaH hiu Ky praH H M H 3H H  aHHKJiafiMH3.

Karra Te3JiHK 6HJiaH xapaKauiaHaflHraH 3appajiap pejia- 

THBHCTHK KHHeM3THKa KOHyHJiapHra 6yficyHaAH. PejIHTHBHC- 

t h k  KHHeMaTHKara acocaH 6np  caHOK CHCTeMacHAaH HKKHHqn- 

cnra yTHiu yqyH JlopeHU ajiMaiuTHpHiujiapHAaH (})ofiAaJiaHH- 

iuhm h3 KepaK. A r a p  6 h 3  3appa ycTH/ia ojih6  6opHJiaeTraH 

Taw:pH6aHH 6npop Te3JiHK 6HJiaH x,apaKaTJiaHaeTraH 6oiu 

caHOK CHCTeMacnra KyqnpcaK Ba luy caHOK cncTeMacHjja 

yHHHr 3HeprHHCH Ba HMnyjibc KBaApaTJiapHHHH r aftnpM acHHH 

XHCo6jiacaK, 6 h 3  HHa yiu6y afinpMaHHHr 3appaHHHr t h h ^  

XOJiaT Maccacnra TeHr 3KaHJiHTHHH KypaMH3. UlyHAaft khjih6 , 

3appaHHHr SHeprHHCH Ba HMnyjibCH KBaApaTJiapHHHHr aftnp- 

MacH 3appaHHHr Te3JiaHHiu 6HJiaH xapaKaTJiaHHiuHflarHHa 

HHBapnaHT 6yjin6 KOJiMacAaH, xaTTo Ky3aTyBqHHHHr xapaKaT 

XOJiaTH y3rapHiUHAa, htjhh  3HeprHHHH Ba HMnyjibCHH yjmoBqH 

ac6o6jiapHHHr xapaKaTH y3rapHuiHfla xaM  HHBapuaHTflHp. 

BouiKaqa aihrauna, xap  xhji Te3JiHKJiap 6HJiaH xapaKaTJiaHa- 

eTraH x,ap xhji Ky3aTyBqHJiap 6epHJiraH 3appaHHHr 3HeprHHCH- 

h h  Ba HMnyjibCHHH yjm a6 xap xhji HaTH>Kajiapra 3ra 6yjiaAH. 

JleKHH, x,ap 6HpH^aH  y m 6y  3appa SHeprHHCH Ba HMnyjibCH 

KBa^paTJiapHHHHr afinpMacHHH x,HCo6jiaui Tajia6 KHJiHHca, 

xaMMacHfla 6np  xhji H3TH>Ka xochji 6yjia/iH. ByunaH 6yeH, 

3JieMeHTap 3appaHHHr Maccacn Aerauaa yHHHr t h h h  xojiaTAa- 

th  MaccacHHH TyuiyHaMH3 Ba yHH K)KopHAa KaftA 3THJiraH 

Maxcyc 3HeprHH 6HpjiHKJiapHAa (aB) yjiqaftMH3.
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8.3- §. 3 a p p a jia p  x ,apaKaTHH HHr KBaHT T a 6 n a T H .

HoaHHKJiHKjiap M y n o c a 6a T H

X a p  KaHflafi MMKpoo^^beKT^a TyjiKHH Ba 3a p p a  xycycH- 

HTJiapH M y>KaccaMJiaHraH. Xap KaHAafi 3 a p p a r a  Ae Bpofljib 
TyjiKHHH A e 6 aTajiyBHH TyjiKHH moc KejiaAH. TyjiKHHHH 

xapaKTepjioBHH acocHH 4>h3hk KaTTaJiHKjiap HacTOTa v Ba 

TyjiKHH y3yHJiHK \ AH p . 3a p p a Jia p H H  xapaKTepjiOBHH acocHH 

4>h3 hk KaTTajiHKJiap 3ca  6 h 3 lOKopHAa K y p raH H M H 3AeK 

SHeprHH  Ba HMnyjibCAHp. 3 a p p a  —  KopnycKyjia xycycHHTH- 

h h h t  6 ejirHCH —  (p) HMnyjibCHra (x a p a K a T  M H K A o p n ra ) 

TyjiKHH xycycHH THHH Hr 6ejirHCH 6 yjiraH Ma"bJiyM ryjiKHH 

y3yHJiHTH (X ) moc KyflHJiaAH. LUyHHHrAeK , 3 a p p a  SHeprHHCH 

nacTOTa opKajiH H(})OAaJiaHaAH. K s a H T  H a3apH H C H ra  acocaH  

6 y KaTTa/iHKJiap y p T ac n a a  KyflHAarHHa 6 oFJiaHHUi MaBJKyA:

E = h v .  (8 .7 )

p =  ± . (8 .8 )

(fljiaHK a o h m h h c h  h ~  1 0 ~ 27 3pr- c.)

3 a p p a H H H F  KopnycKyjia cH({)aTHAa HaM oeH  6yjiHiuH 

TyjiKHH y3yHJiHrH 6HJiaH neKJiaHaAH. T a 6 n a T H H  ypraHHU iAa  

6yHAafl^ ^OJIHH (AyaJlH3M H H) KHUIHJIHK OHTH 6HpH HM H 6o p  

y H p aT M O K A a . ilyaJiH3M ra 6H H o aH  «p HMnyjibCJiH 3 a p p a  

x H y K T a ^ a  >KofijiauiraH» AeraH  ran  Ma"bHOCH3. K B a H T  

H a3ap H H C H ra  acocaH  «p  HMnyjibcJiH 3 a p p a  3x,thmojijihk 6HJiaH 

x H y K T a ^ a  KaflA khjihhhuih  m y m kh h » AefiHHiHMH3 KepaK.

B h p  BaKTHHHr y3H A a , MacajiaH, sjieKTpoHHH x,aM 3 a p p a , 

x a M  TyjiKHH CH^JaTHAa KaHAafi T acaB B y p  3thji3ah  A e 6  

KHT06X 0H STjTHPOS 6HJIAHpHUIH M yMKHH. A x H p  6 y  HKKH 

TyuiyHMa 3 h a  TyuiyHHa-Ky. Typpu, jickhh 3 a p p a H H  x aM  

TyjiKHH, xaM  3appa Ae6 X HCo6jia6, 6 h 3  uiy 6np  BaKTAa yHH Ha 

TyjiKHH, Ha 3appa SKaHJiurHHH TaH ojiaMH3. UJyHAafl 

6yjiHUiHra KapaMacAaH ajieKTpoHHH xaM  TyjiKHH, xaM  3appa 

A e n p  3K3HMH3, 6 h 3  TaKpH^HH Mai>HOAa afiTHUIHMH3HH Ky3Aa 

TyTaMH3. LLIyHHHr ynyH, ajieKTpoHHH TaKpn6aH  3appa Ae6 

Kapauj yHHHr Ko op A H H aracH , HMnyjibCH Ba SHeprHHCHHH 

TaKpH6aH  6epHJiHUiHHH aHrjiaTaAH. M h k a o p  >KHxaTA3H yui6y 

afiTHJiraHJiap refi3eH6eprHHHr HoaHHKJiHKjiap MyHoca6aTJia- 

pn opKajiH H(})OAajiaHaAH. K B a H T  M exaH H K acH A a  kh h hk  

Maco(})ajiap KoopAHHaTa HMnyjibc HoaHHK/iHKJiapn, KaTTa 

3HeprHHJiap 3HeprHH-BaKT HoaHHM HKJiapn MyHoca6aTH 6 h - 

jiaH 6oFjiaHraH.

3 a p p a  B33HHTHHH yjiHauiAarH Ax h o 3h h k jih k  yiiHHr
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HMnyjibCHHH y jm a m ^ a r H  A p h o 3hh kjihk  SHJiaH KyftHflarHMa 

6oFJiaHaflH:

Ax-Ap^h, h =  h/2n. (8.9)

Arap 6 hp BaKTHHHr y3HAa 3appaHHHr Ba3H$iTHHH xaMAa 
HMnyjibCHHH 6 h j i m o k m h  6yjicaK, (8.9) M y H o ca 6 a T  opKa^iH 

M erapajiaHraH  T a K p H 6 H H  KHHM aTJiapn 6HJiaH KaHoaTJiaHHiiiH- 

M H3 KepaK .

HoaHHKJiHK npHHUHnHHHHr Ta"bCHpHra TyuiraH hkkhhm h 

jKy({)T KaTTajiHK 3HeprnH Ba B a K n m p . CHCTeMa 3HeprHHCHHH 

yjmaui MaijJiyM BaKTHH Tajia6 KHJiaAH. yjm aui b b k t h  KaH^a 

k h h h k  6yjica, CHCTeMa 3HeprH HCH ra Taw pH 6aHH Hr  TatcnpH  

uiyHMa KaTTa 6yjia^H. BouiKaqa afiTraHfla, CHCTeMa 3HeprHH- 

c h hh  yjmaui y^yH KeTraH BaKTHH KaHMa 3 h h k  6HJicaK, 3HeprH« 

KH H M 3T H H H  UiyHMa H 0 3 H H K  6HJI8M H3. B y  XOJIAa *aM  HKKH 

HoaHHKJiHKHHHr KynafiTMacH )teM BaKT K aaH k h h h k  6yjia 

ojiMafiflH:

AE-At^h (8.10)

KBaHT MexaHHKacHHHHr 6 y  h o 3 h h k j ih k  npHHUHnn s p h i u h i u h - 

m h 3 M yM KHH 6yjiraH MaKCHMaji 3 h h k j ih k h h  K y p c aT a^ H .

M a 3K y p  HoaHHKJiHKJiap MyHoca6aTJiapHaaH KaTTa 3Hep- 

THHJiapHHHr KH 4H K  MaCOC{)aJiap 6HJiaH GoFJiaHHIUH K y p H H H 6  

TypH6an: KaHHa k h h h k  Maco<})aHH ypraHMOKMH 6yjicaK, uiyHHa 

KaTTa 3HeprHHJiH 3appajiap KepaK  6yjia,HH. M HKpocKorm a 

epypjiHK TyjiKHH y3yHJiHrHAaH k h h h k  6yjiM araH  Macoc})ajiap- 

Aarn 6yiOMjiap Ty3HJiHuiHHH Ky3aTHUi m y m k h h  6yjiraHHAeK 

Te3JiaTHJiraH 3ap p ajiap  epaaMH/ia yjiapHHHr ae Bpofijib Tyji- 

K h h  ysyHJiHrnra TeHr Ba yH A aH  KaTTa Macoc^ajiapAarH mhk- 

po/iyHe Ty3HJiHUiHHH TeKuiHpHiUHMH3 MyMKHH. 3appaHHHr 

Te3JiHTH KaHHa KaTTa 6yjica, (8 .8 ) ra 6HHoaH yHHHr ae 

Bpofijlb TyjIKHH y3yHJIHTH UiyHMa KHHHK 6yjiaAH.

SjieMeHTap 3appaJiap MHKpoayHecHHH ypraHHUi MypaKKa6 

Macajia. ByHHHr ynyH MaTepHHHHHr 10_  — 10-18 m  KeJia/w- 

raH k h h h k  Macoc{)ajiapAarH xycycHHTJiapHHH ypraHHUira 

TyFpn KejiaAH. ByioK h t 3 jihh  (})H3HrH 3 .  O e p M H  mapacfmra 

« O e p M H »  ae6  aTajiraH Ba 10-I5m ra TeHr 6yjiraH y3yHJiHK 

6npjiHrH SJieMeHTap 3appajiap Ka6u o6"beKTJiapHHHr KyjiaMJia- 

P h h h  yjinaiu ynyH  xapaKTepjiH  MacuiTa6AHp.

MHKpoo^TjeKTJiapAa <})aKaT yjiapHHHr xapaKTepjiH yjinaM- 

jiapHTHHa 3Mac, 6ajiKH khhhk Macocjjajiapaa 6yjiaAuraH y §kh 

6y  *apaeHJiapHHHr yTHiu BaKTH *aM  KypcaTKHH 6yjin6 

XH3M3T KHJiaAH. By *apaeHJiapHHHr 3Hr khhhk yTHiu BaKTH 

3JieMeHTap 3appaHHHr ypTana yjinaMH 6 np cfiepMHHHHr
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epypjiHK Te3JiHTH (3-108 m / c ) ra H H c6aTH  6HjiaH aHHKJianaflH 

Ba T a K p H 6 a H  10_  c ra TeHr. X,03Hp 6 y  MatJiyM  6yjiraH s h t  

Te3 *a p a e H J ia p H H  xapaKTepjioBMH B aKTAH p . >KapaeHJiapHHHr 

yTHHi BaKTH ajieMeHTap 3appajiapH H H r  y 3 a p o  TatcHpjiaiuyB  

KyMHHHHr cneuH({)HKacHra 6 o f j i h k  6yjiaAH .

M H K p o jiy H e  3ap p ajiap H H H H r  x ap aK aT H H H , x,ojiaTHHH TaB- 

ch^Jiobm h Ba KjiaccHK M exaH H Ka  x a p a K a T  KOHyHJiapHHH 

yMyMJiauiTHpyBMH k b b h t  M exaH H KacH  20- HHJiJiapHHHr ypTa- 

cnra  kcjih6 npaTHJiraH 6 yjica, yHHHr xyjiocajiapHHH TyuiyHHiii 

Kyn HHJUiap aaB O M  3TraH  TopTHiuyBJiapra c a 6 a 6 6ynw- 

K B a H T  M exaH H KacH  t3bch(|)jiobmh M H K p o ^yH e  >KapaeHJiapH 

ce3rn op raH jiapH M H 3rarH H a  3M ac , xaTTo  TacaB By pH M H 3ra  x aM  

CHFMaflAH. M H K p o A y H e  >KapaeHJiapHHH M aK p o ^y H e  o6pa3JiapH  

opKajiH T acaB By p  sthui TyjiKHH-3appa K a 6 n Ma"bHOCH3JiHKKa 

ojih6 KeJiHuiH M yMKHH. B h 3  M H K p o ^y H e  >KapaeHJiapHHH TacaB- 

Byp STHiuflaH M ax,pyMM H3, MyHKH A. O p a H C  aftTraHHfleK, 6h3- 

HHHT T3CaB B ypH M H 3  «HHTH o6pa3JiapHH  H paTM aCA aH , (})aKaT 

6H 3ra  M atJiyM  o6pa3Jiap  k o m 6 h h 3 u h h c h h h  Ty3a  ojiaAH».

K B a H T  M exaH H KacH H H H r  3Hr xaftpaTJiaHTHpyBqH xycycHH- 

th  yHHHr y 3raq a  sxthm ojihh  xap aK Tep H A H p . X a T T O  nroHa 

3a p p a H H H r  x a M  x ap aK aT H  yHra KyftHJiraH M HKpocKonHK uiapT- 

uiapoHTJiap opKajiH aHHKJiaHMaftAH. M H K p o A yH eiiarH  x ap  

KaH^aft >KapaeH axTHMOJinft x ap aK T ep ra  ara. MacajiaH, aTOM 

peaK Top jiapH ^a  y p a H  h a p o c h h h h t  eMHpHJiHiUH H a T H w a c H A a  

naft/io 6y jiaan raH  HeftTpoHJiap yqyH y p T an a  Huiaui BaKTH 

960 c. By a ji6arra , x a M M a  HeftTpoHJiap 960 c Hiua6, 

6 a p a B a p H ra  napqaJiaH aAH  AeraH  Ma"bHOHH aHTJiaTMaftAH, Bax,- 

XOJiaHKH, 6ai.3HJiapH  sca xaTTO 180 c raqa HiuauiH 

MyMKHHJiHTHHH x,aM Ky pcaT aA H .

Y M y M a H , (J)H3HKa TapHXHfla 3XTHMOJlHH-CTaTHCTHK KOHyH- 

jiap hhth  3Mac, 6ajiKH HJirapHAaH M atJiyM . M a c a jia H , 

P. KJiay3Hyc, >K. M aK CBejui Ba JI. B ojibUM aH  to m o h h a 3h  

npaTHJiraH ra3Jiap k h h cth k  H a3apH H C H H H H r c t3 th c th k  KOHy- 

HHHTJiapH XIX aCpHHHT HKKHHHH HpMHfla OHHJlTaH. KJiaccHK 

CTaTHCTHK KOHyHHHTJiap Kyn coHAarH  3ap pajiap  CHCTeMacHra 

TaajuiyKJiH 3flH. K B a u r  M exaH H K acH A a  3ca  axTHMOJinft 

KOHyHHHTJiapra HKKa 3 a p p a  x ap a K a T H  x aM  6yftcyHap 3K3H . 

K s a H T  CT3THCTHK KOHyHHHTJiap CHCTeMaCHHHHT KaHH3JIHK 

M ypaKKa6jiH rH  Ba KaTTa coH Aarn  3ap p aJiap aaH  H6opaTJiHTH 

6HJiaH MyTJiaKo 6 ofjihk 3M ac . K n c K a n a  aftTraHfla, KOHyHJiap- 

hh (*a p a e H J ia p H H H r ) 3xthm ojihK xap aK Tep H  X03H p rH  3a- 

M OHAa M H KpoAyH eHH Hr (J)yHflaMeHTaji (acocHft) xycycHHTH 

XHCo6jiaHaAH.
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8.4- §. 3appajiapHHHr y 3 a p o  6 Hp-6 HpHra aifJiaHHiiiH

M o p  aTpocj)HMH3Aa Ba y3HMH3fla x,aM x a p  flaKHKa M y^H M  

y3rap H iu  —  6 n p  Typ /iaH  HKKHHHHCHra afijiaHHiujiap 103 6 e p n 6  

T y p aA H . M a c a jia H , ryrypT MynHHH c h a h p a h k  AefijiHK. B y  

XOflHca xaKHKHft afi/iaH Hm ra m hcojiahp. A ji6aT T a , 6np Typ/iaH 

HKKHHMHCHra afljiaHHm MynHH c h h 6  fiyK 6yjiH m H /iarH H a  3M ac , 

yrjiepo,n aTOM /iapH H H H r x,aBOHHHr khcjiopoa Mo^ieKyjiajiapH 

6HJiaH 6 h p h k h 6 , M aT epH H H H H r  6 o m K a  (})opMacH —  K a p 6o H a T  

aHTHApH/i, ra3H ra  afljiaHHUiH/ia x a M  3M ac , 6a/iKH acji afijiaHHm 

epyFJiHK H yp nH H H r  nafl/io 6y jiH m H A a  103 6epan.n- M aTepH H -  

h h h t  a T O M a p  TapKH^Hfi Ty3HJiHm Hra sra  3M ac , MyTJiaKo HHrn 

(})OpMaCH —  (})OTOH TyFHJIAH. B h 3  a>KOflH6 Ta6HHfi XOflHCaHHHT 

ryBox,H 6yji^H K . B y  K a 6H  xoflHca —  h hth  3/ieM eHTap 3appa- 

jiapHHHr TyFHJinmH —  (})aKaT epyF/iHK H y p /ia H H m H A a rH H a  pyfl 

6 e p n 6  KOJiMac/iaH, 6ajiKH M H KpoAyH eAa  AaM - 6aA aM  103 
6epyBM H x o A H c a A H p . EpyF/iHK  H y p /iaH H m H A aH  T a m K a p H , 

AeHpjiHK Kyn  x,o/iJiapaa M aT epH H H H H r  6 n p  T y p a a H  hkkhhmhch- 

ra afl/iaHHm  xoA H cacH H H H r  6eB ocH Ta  Ky3aTH /iH m H  k h A h h  

6yjiH 6, M aT epH H H H H r  3ht  hmkh y 3 a rH A a , ht^hh ioKopH/ia Kafl/i 

KHjiHHraH >Ky/ia khm hk Maco(})ajiap 6H /iaH  xapaKTep /iaHyBM H  

coxa/iap /^a  H H Ko6jiaH raH .

Y m 6y y/ibTpa KHCKa Maco(})ajiapAa co/iHp 6y/iaeTraH 

XOAHca Ba ajieMeHTap 3appa;iapHHHr Ty3HJinmHHH ypraHHm  

yMyH a^ieMeHTap 3appajiapHH KaTTa SHeprHHJiaprana Te3/ia- 

T n m  KepaK. EpyFJiHK Te3JiHrHra hkhh Te3JiHK 6nnan 
xapaKaT^iaHaeTraH 3appajiapHHHr 3HeprHHCH yHHHr HMnyjib- 

CHra nponopuHOHajiAHp: E =  cp. Y xo^i/ia KoopAHHaTa- 

HMny/ibc HoaHHKJiHTH (8.9) MyHoca6 aTH/*aH 6 Hpop khmhk 

Maco(})ara spHiiiHm yMyH KaHMa SHeprHH (AE^c/Ax =  2X  
X l O “ " / A *  MaB) KepaKjiHrHHH aHHKJiaflMH3. M aca /iaH , 

1 ( H 7m Ba yH/iaH xaM  khmhk Maco(})ajiapra khpm ok yMyH 10 

MaB 3HeprHH/iaH KaTTa SHeprHHraMa Te3/iaTHJiraH 3appa 

KepaK. ByH/iafi KaTTa 3HeprHH/iH 3/ieMeHTap 3appajiapHHHr 

TyKHam yBHAa Ta6 HaTHHHr a>K0HH6 xoaHcaJiapH/i,aH 6H pH , 

HTsHH 3appajiapHHHr y3apo 6 Hp-6 HpHra afijiaHHiiiH co/iHp 

6 yjia/iH. B y  aca ajieMeHTap 3appajiapHHHr acocHH xycycn- 

HTJiapH/iaH 6 hph —  yjiapHHHr 6 om Ka  3appajiap TyKHamyBH- 

/xa nafiAO 6 yjia ojiHm (TyFHJinm) ko6hjihhthahp. ByHAafi 

>KapaeHJiapHHHr yTHmH ynyH  3apyp 6 yjiraH SHeprHH (8.4) Ba

(8.5) c})opMyjiajiap opKajiH aiiHKJiaHa/iH. JIhth 3appajiapHHHr 

TyFHJlHmH MyMKHHJIHTH SfiHmTefiHHHHr (8.4) (})OpMyjiaCH/iaH 

KejIH6 MHKyBMH peJlHTHBHCTHK 3(})(})eKTAHp. X aK H K aTaH , 6y 

(})opMyjiara 6hho 3h  SHeprHH MyB03aH3TH (hi>hh TyKHa- 

myB/iaH oji/xhhth Tyjia 3HeprHHHHHr TVKHamyB/iaH cynrrH



Tyjia aneprH H ra  TeHrjinrH) TyK H am yB M H  3appaJiapHHH r 

KHHeTHK 3HeprHHCH Ba th h h  \ojiaT/i.arH M accacHra  Typpn 

KeJiaanraH SH eprHH CHAaH  H 6 o p aT  6y jin6 , 3a p p a /ia p  TyKHam y- 

BHj\a 6 y  h kkh  xhji SH eprna  6Hp- 6Hpnra yTHiiiH MyMKHH. 

M a c a jia H , nn- Me30HHHHr th h h  xoJiaT/iarH M accacH  135 MaB. 
JleM aK , yHHHr TyFHJiHOiH ynyH  xyAAH  uiyHHa 3HeprH5i capt}> 

khjihhhujh  KepaK . IU y H H H r  ynyH  x aM  150 MaB kh h cthk  

3HeprHHJiH h kkh  npoTOH HHH r y 3 a p o  TyKHaiuyBH /ia  HeflTpaji 

nH-Me30H (n ° )  TyFHJiHiiiH M yM KHH . B y  peaKUH H  KyflHAarHHa 

e3HJia/iH:

P +  P~*~P +  P +  n°- 

T y K H a u iy B ^ a H  aBBajirn npoTOHJiapHHHr 150 MaB kh h cthk  

3HeprH HCH HHHr 135 MaB kh cm h  j i ° M e30H H H H r th h h  xoJiaT 

SHeprHHCH KypHHHiiiHra yT/in; KOJiraH khcm h  6 y  yn 3appajiap 

y p T a c H ^ a  yjiapHHHr k h h c t h k  SHeprHHCH CH(J)aTH/ia TaK- 

CHMJiaH/iH. Y M y M a H  h kkh  3 a p p a H H H r  TyKHaiuyBH /ia  yjiap 

eTapjiH KHHeTHK 3H ep rH H ra  ara 6yjica, M accaJiapH HHa/ia 

K aT T ap oK  3a p p ajiap  * a M  ^ochji 6yjiHuiH M yM KHH. T y K H a iu y B  

>KapaeHHAa *ochji 6yjiaeTraH  HKKHJiaMHH 3appajiapH H  xen 

KaHOH 6HpjiaM HH 3ap p ajiap H H H r  TapKH6nfl KHCMJiapH CH(})aTH- 

/ia K a p a iu  M yM KHH 3M ac .

X,o3np Ma-bJiyM 3JieMeHTap 3appajiap/iaH KynHHJinrH 
MaiwiyM  BaKT  y thuih  6HJiaH y3-y3HAaH napnajiaHHiu  xycycHH- 

THra sra . By ^O A H c a  napnajiaH yB H H  3appaJiapH H  TapKH^Hfi 

Ty3HJiHuiH uiy n ap najiaH raH  3ap p ajiap  jxe6 XHCo6jiaiura acoc 

6yjiMafiflH. M a c a jia H , HefiTpoHHHHr napnajiaHHUiHH H Kypafi- 

JIHK. y  T 3 X M H H 3H  16 MHH B aK T A 3H  CyHF npOTOH, SJieKTpOH Ba 

ajieKTpoH aH TH H eH TpH H ocH ra  napnajiaHa/iH . OjiAH H/iaH  afiTH- 

IUHMH3 M yM KHHKH , 6H 3  6 y  *OJIAa HefiTpOHHH TapKH^Hfi 

KHCMJiapra napnajiaH H iuH H H  3M ac , 6ajiKH h hth  3ap pajiapH H H r  

TyFHJIHIUHHH K y p H 6  H H K 3M H 3 . X a K H K 3 T a H , aHTHHefiTpHHOHHHr 

M accacH  T a x M H H a H  HOJira TeHr Ba  y, 0 o t o h  cHHrapn, (JjaKaT 

x ,apaKaT/iarH Ha M a B w y A  6yjiaflH. A r a p  yHH HefiTpoHHHHr 

TapKHfiHH khcm h  A e caK , aHTHHefiTpHHOHH HefiTpoH KyjiaMH/ia- 

th Ka(})acAa x ap aK aT C H 3  M aBJKya 6yjiHuiHHH x aM  TaH  

OJIHUIHMH3 KepaK . Y u i6 y  x,ojiaa x,aM, x y /U H  ryrypT nynH HH  

e H A H p raH H M H 3A a  ryFHJiraH epyFJiHK HypHHH —  (})OTOHJiapHH 

ryrypT nyn H H H H r  TapKH^Hfi khcm h  a e 6  KapaMacJiHTHMH3fleK 

3HTH H eH TpH H OH H  HeHTpOHHHHT TapKH^Hfi KHCMH fleH OJIMafi- 

MH3.

3jieMeHTap 3appajiapAarH peaKUHHjiapaa 6np rypyx 
3appaJiapHHHr fiyK 6yjiHUi Ba 6ouiKa 6np rypyx 3appa-
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jiapHHHr TyFHJiHLU >KapaeHJiapH y 3 a p o  6np- 6HpjiapHra afljia- 

HHHJAaH H6opaTJiHrH, a H H H K ca , 3ap p a- aH TH 3ap p a  TyKHa- 

LuyBJiapHiia aH H K  HaM oeH  6 yj\an,w. M a c a jia H , ajieKTpoH Ba 

yHHiir a H T H 3ap p acH  no3H TpoH HHH r y 3a p o  TyKHaiuyBHfla 6y  

HKKajia 3 a p p a  fiyK 6y jin6 , h k k h tb  c^otoh T y fh ji3 a h .

y M y M a H , 3ap p ajiap  yp T acH A arn  6 h p j i h k  x,aM, yxuiauuiHK  

xaM  yjiapHHHr y 3 a p o  6np- 6HpjiapHra aftjiaHHiu Ko6HJiHHTHra 

srajiHTHiia y3 nc})oziacHHH ronraH .

M H KpoiiyH eH H H r  >Ky/ia k h c k b  BaKT HMHiia 103 6epaj,H raH  

>KapaeHJiapH BaKT yTHUiHHHHr fiyHaJiHUJHra H H c6aT aH  chm- 

MeTpHHra 3ra. By KOHyH ra  acocaH  TyKHam yBJiapiia  3 a p p a  

TyFHJica, y iothjihiuh, htjHh fiyKOJiHUiH M yMKHH. ByHflaH 

T a u iK a p n , 6 n p  peaK UH H H H H r ysnna 3ap p ajiap H H H r  iothjihiu Ba 

Tyfhjihlu >KapaeHJiapH 6yjiHLUH M yMKHH. M a c a jia H , ({jotoh 

6HJiaH npoTOH HHH r T y K n au iy B H A a  yjiap fiyKOJiH6, h k k h t 3  hhth  

3 a p p a  —  M y c 6aT  3apHAJiH nn-Me30H Ba HefiTpoH TyFHJiHuiH 

M yM KHH:

y +  p->~n+ + n ,

HTjHH 3ap p ajiap  TyKHaiuyBJiapH/ia  y 3 a p o  6 h p -6h p h h h  

fiyKOTH6, 6o iu K a  3ap p ajiap ra  afijiaHHUiH M yMKHH.

UlyHiiafi khjih6, 3ap p a jiap  AyH ecH A a  y 3 a p o  TyFHJiHiu Ba 

fiyKOJiHiu h m k o h h h h h t  M aB w yAJinrH  yjiap Ma-bJiyM Ty3HJiHuira 

araM H , «6HpjiaM M H 3JieM eHTap» 3a p p a jia p A a H  H 6o p aT M H  eKH 

fiyKMH, jieraH caBOJiJiapHHHr MaijHOCHHH ftyKOTaAH.

X o 3 H p r n  MaijjiyM ajieMeHTap 3ap p ajiap H H H r  KynMHJinrH 

3JieMeHTap ^ e r a H  hom hh  oKJiaMaftAHJiap. H k h h  BaKTJiapraMa 

HHTH 3a p p a H H H r  Kaui(}) 3THJIHUIH fyaHJXa FOHT K3TT3 TaH T 3H a  

x,Hco6jiaHap s jh . 3 h a h  aca x a p  6 n p  HaB6,aTjiarH TaH T aH a  

H a B 6aT A a rH  6ecapaH>K0MJiHKHH T yF AH p M O KAa . M yH KH , TaHTa- 

Hajiap uiyHMajiHK 6HpHH-KeTHH Kyn M ap T a  «33 6e p a A H K H , uiy 

KyHra kcjih6 3ap pajiapH H H r  H H c6aT aH  CTa6HJiJiapHHHHr cohh  

3 5  T ara , yMyMHft cohh  sca  6 np HeMa K)3ra eTAH. M aB > K y A  

3ap p ajiap H H H r  6 y  j x  apaxaaa  KynjinrH Ba 6Hp- 6npHra 

aftjiaHHUjjiapH yjiapHHHr sjieMeHTapjiHrnra ryMOH TyFflHp- 

M OKA a .

B y H ^ a H  TaU IKapH , (})H3HKaHHHr *03H p T H  3aM OH  pHBO>KJia- 

HHiu 6ocKH M H Aa  c})yHAaMeHTaji (6HpjiaM M H) acoc khjih6 

3JieMeHTap 3ap p ajiap H H  Ka6yji KHJicaK, T a 6 H a T A a  yjiapHHHr 

6yHMajiHK cepo6jiHTH MHKpoiiyHeHHHr (3a p p ajiap H H H r) Ty3H- 

jihuih x,aKHiia 6 n p o H  c o A A a p o K  T y m y H Liara gra 6y jiH m H M H 3ra  

6yjiraH yMHiiHH m ytjiako y3an H . «3 jie M e n T ap  3 a p p a »  cy3H- 

hhht V3ii « a r o M »  (rpeKMa « 6 y ,iH H M a c » ) cy3n K a6n  anaxpo- 

HH3M , htjHh acKHpraH  T ym ynM a  6y.nh6 KOJiMOKiia.
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3 ^eM eH T ap  3 appajiapH H  M HKpoAyH e Ty3 HJiHiiiH/ia SnpjiaM- 

4H acoc cH({)aTHAa KaSyji k h j iMacaK , h h m 3 h h  KaGyji k h j i3 m h 3? 

A x n p  c{)H3 HKa T apaKK H eT H H H H r  x ap  6 hp SocKHMHiia SyHAafl 

caBOJira >KaBo6  TonHJiraH sa h . KefiHHMajiHK K y p a m h 3 k h , 

3JieMeHTap 3appaJiapHHH r Ty3 HJiHuiH a h h b m h k  x ap aK T ep ra  ara 

6 yjiH6 , y 3a p o  Tai.CHpjiaujraHJiapHAarHHa HaM oeH  6 yjiaAH. 

B h 3 K y p aM H 3 KH, 3 ap p a H H H r  xyAAH  ujy y 3 a p o  Ta-bcnpjiauiyBH- 

h h  ypraHHiu  flyjiH 6 HJiaHTHHa yjiap h m h a 3 h  Ty6  MatHozta 

ajieMeHTap 3 appaJiapHHH a>KpaT3 M H3 .

8.5- §. SjieMeHTap 3appajiap ciihhh. FTayjiH npHHUHnH Ba 

3appajiapnHHr afiHaHJiHrn

C iihh  3ap p a H H H r  hmkh xycycHH THAHp. 3 jieM eH Tap  3 a p p a  

y3 cnHH Hra sra xoji^a By>Ky4ra KeJiaAH Ba yHHHr criHHHHHHr 

KHflMaTHHH y3rapTHpHUJ M yMKHH 3M ac , HT.HH 3 a p p a H H H r  

xycycHfi afljiaHHLU m om chthhh  (afljiaiiHiuHHH) KyMafiTHpH6 

xaM, cycafiTHpn6 x aM  6yjiMafl/iH. S jieM eH T ap  3appaJiap  

CtlHHHHHHr COH KHflMaTH 3H H K  Ma"bJiyM. CnHH Xap  flOHM 

FIjiaHK a o h m h h c h  h hhht 6HpjiHrH.ua 6yTyH  eKH apHM  6yTyH  

coH ra TeHr.

SjieM eHTap  3 a p p a H H H r  cnHHH (1 )  BeKTop KarrajiHK 6yjiH6, 

SouiKa  BeKTop KaTTaJiHKJia pji,aH (})apKJiH paBHUiAa, xap  

KaHAafi flyHaJiHUira yHHHr np o eK u n acH  x ap  a o h m  (21 +  1) Ta 

k h A m 3 t  Ka6yji KHJiaAH. M a c a jia H , ajieKTpoHHHHr cnHHH 

HpH M ra TeHr, jitjHH 1 =  1 /2 . 3jieKTpoH  cnHH HHHH r 6H p o p  

flyHaJiHiura, M acajian, Z  y K K a  npoeKUHHCH

Iz=  — L  Ba i z—  +  ±  KH ftM auiap  Ka6yji KHJiaAH. IlpoeKUHH

HuiopajiapH Ky pcaTaA H KH , ajieKTpoHHHHr aftjiaHHLUH x ap  

KaHAaft ftyHajiHUi, w yM JiaA aH , Z  flyHa,iHm 6H.naH yHr, e Man 

BHHT XOCHJl KHJiaAH (8 .2 - p a c M ).

3jieM eH Tap  3ap p a H H H r  c n h h n —  yHHiir y3 y k h  aTpoc})HAa 

afljiaHHLUHHHHr x a p a K a T  M HKAopH  m o m c h t h  AeraH  TyuiyHMa

< P
■ ' ,

8.2-pâ 'M. KDKopnaa cnnH- 
jiapw apiiM Ba nacma cnnH.Ta- 
pn 6yTyH — h KHHMaTJiapra 
3ra SyjiraH 3appajiapHHHr <f)a- 
3oaarn MyMKHH SyjiraH fiyHa- 
jiHUJJiapH.
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acjiHAa TaK.pH6 HH.ziHp. M acajiaH , 3JieKTpoH / =  -^ cnHHra ara

6yjiHLUH yMyH KaTTa 6 y p w a K  Te3JiHTH 6nJiaH afljiaHHLUH KepaK . 

B y H ^ a  SJieKTpOHHHHT CHpTKH K3TJiaMH epyFJIHK Te3JlHrHra 

H H c6aT aH  h k k h  6 a p a B a p  K a rra  Te3JiHK 6njiaH  afijiaHHiUH 

j io3 h m . M a t J iy M K H , T a 6 H a T ^ a  epyFjiHK Te3JiHrHflaH KaTTa 

Te3JiHKKa ara 6yjiraH  JKapaeH  M a B * y A  3M ac .

B H H o 6 a p H H , 3JieKTpoHJiap CHCTeMaoH, Ta>KpH6aH HHr 

KypcaTHUiHM a, xy/m,H afiHaH 3a p p a jia p  CHCTeM acnra  yxiuaiu  

y3raM a  xap aK aT JiaH aA H . ByHAafi CHCTeMajiap/iarH 3a p p ajiap  

1925 fiHJiaa IlayjiH Kaiu({) 3TraH  KO H yH ra  —  llayjiH npnHUH- 

nu ra  6yficyHaAH . flayjiH n p H H U H n H ra  K y p a  HKKHTa 6 n p  xh ji 

3 a p p a , 6 n p  x h ji ^o jiaT ^a  6 n p  B aK T A a  6yjia ojiMafiAH, 

xoccajiapH  6njiaH  yxuiaiu  3 a p p a jia p  yxuiaui xoJiaTJiapra ara 

6yjia ojiMafiAH. M a c a j ia H , aTOM /ia  3HeprH HCH , HMnyjibc 

M OM eHTH, HMnyjlbC MOM eHTH npoeKUHH CH  Ba  CL1HH npoeKUHH CH  

6 n p  x h ji 6yjiraH  HKKHTa * a M  3JieKTpoH yM p aT H 6  6yjiMafi,o.H. 

B o u iK a  m h c o j i  KypafijiHK. H k k h  sjicktpohhh 6Hrra en H K  

CHCTeMara jKofijiauiTHpAHK a e 6  4>apa3 KHJiafijiHK. Y jiap  6np- 

6 n p n  6HJiaH uiyHMajiHK aflHaHKH, 6 h 3 yjiapHH a % p a T a  

ojiMaflMH3. B y  h k k h  3JieKTpoH \aM  y 3  yK H  aTpo^)H A a  

aftjiaHaAH, j ic k h h  yjiap * y A a  khm hk 6yjiraHJiHrH ca6a 6 jiH  6 h 3 

6 y  x a p a K a T H H  ce3M afiMH3. 3 h a h  CHCTeMaHH Z  y K  6yfijia6 

fiyHajiraH M arHH T M afiAOHra >KofijiaiuTHpafijiHK. y  ^oji/ia 6 n p  

3JieKTpoHHHHr afljiaHHiu yKH  MaflAOH fiyHajiHuiH 6yfijia6, 

HKKHHMHCHHHKH MafiAOHra KapUJH HyHBJlHUlAa JKOHJiaiUaAH. 

y jiap H H H r  SHeprHHCH 6np - 6H p H A aH  4>apKJiH 6y jin 6 , 6h3 6up 
3JieKTpOHHH HKKHHMHCHA3H a * p a T a  OJiaMH3. /I,eM aK , 3JieKTpOH 

M yM KHH  6yjiraH  h k k h  xoJiaTHHHr (ftopnAa 6y jiaAH  Ba  y3H H H H r 

M arHH T xycycHH TjiapHra HHc6aTafi Ay6jieTHH  (4>paHUy3Ma —

HKKHJiaHraH) TaiUKHJl KHJiaAH. SjieKTpOHHHHr CIIHHH /  =  —

6yjiH6, Z  yKKa HHc6aTaH cnHHHHHr TauiKHJi 3TyBMHJiapH 

—1/2 AaH H6 opaT, HibHH MyMKHH 6 yjiraH hkkh ^ojiaTra Typpn 
KejiaAH (8.2-pacM ra  Kap aH r).

IilyHAafi k h j ih 6, MHKpoAyHeHHHr kb3 ht KOHyHJiapn 

x,aKHAa roKopHAa 6 a e H  3THJiraHJiapAaH KyflHAarn M yxH M  6eui 

TyuiyHMaHH y3JiauiTHpH6 ojihujhmh3 KepaK: 1) MHKpoo6 "b- 
eKTJiapra xoc xycycH H T  KopnycKyjia —  TyjiKHH AyajiH3M H ;

2) HoaHHKJiHKJiap npHHUHnn; 3) MHKpoAyHe KOHyHJiapn Ba 

JKapaeHJiapHHHHr sxthmojihh Ta6HaTH; 4) ajieMeHTap 3appa- 

jiap cnH H H ; 5) n a y jiH  n p H H U H nH .
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\ a p  6ap 3 a p p a H H  KBaHT coHJiapH A e 6  aTaJiyBMH 4>h3hk 

6 ejirHJiap TynjiaMH xapaKTepjiaflflH. Y M y M a H  3appajiapH H  

xapaKTepjioBHH KaTTaJiHKJiap Kyn  Ba XHJiMa-XHJiAHp. HlyHAaft 

6 yjica x aM , yjiapAaH  6 H popTacH H H  3JieMeHTap 3ap pajiapH H H r  

KJiaccH(})HKau,HHCH ynyH  acocHft xap aK T ep n cT H K a  CH(})aTHAa 

a>KpaTHUi KHftHH. KyftHAa x a p  6np k b 3 h t  cohh  Ba yHHHr 

(})H3HK M atH o c H  ycTHfla aJioxH^a  TyxTaJiHfi yTaM H 3. ABBaJio, 

x a p  6 np  3 a p p a  thhm xojiaTAarH M accacH  6 njiaH xapaKTepjia- 

HaAH . 3a p p a jia p H H H r  6 y x ap aK T ep n cT H K acH  8.1- >KaABajiHHHr 

6 euiHHMH ycTyHHAa  KejiTHpnjiraH. 

SjieM eH T ap  3ap p ajiap H H H r  H a B 6aT A a rH  xap aK T ep n cT H K acn  

3JieKTp 3ap H A H A H p . Y  SJieKTpOH 3ap H A H  6HpjIHTHAa y jm aH aA H . 

8 .1 - >KaABajiAaH K y p h h h 6  T y p H ^A H K H , 3ap p ajiap H H H r  sjieKTp 

3ap H A H  6yTyH  coh 6yjiH 6, 0  ra eKH ±  1 ra TeHr.

>KaABaJiAa KejiTHpHJiMaraH pe30HaHCJiap A e 6  aTajiyBHH 

3ap pajiap  rypyxH /ia  x b tto k h  ± 2  3apHAJJH 3ap p ajiap  xaM  

MaiwiyM.

M a T e p H H H H H T  TapKH^Hft KHCM JiapHAaH XHCOSjiaHTaH Ba 

'/2  cnHH ra  3ra (JiyHAaMeHTaJi (})epMHOHjiap A e 6  aTajiyBMH

. 2 .. 1
KBapKJiap aca eKH — -e ra TeHr Kacp  khhm 3tjih

3apHAra araAHp.

SjieM eH T ap  3ap p ajiap  h iuthpokh  6 HJiaH 6 yjiaAHraH Mtapa- 

eHJiapaa SHeprHH HHHr caKJiaHHiu k o h y h h  K a 6 n 3apH AH H H r  

caKJiaHHiii KOHyHH x a M  MaBJKyA- 3 a p » A H H H r  caKJiaHHUiH 

6 a t 3 H  3app ajiap H H H r  6ap K ap op jin rH H H  TaT>MHHJiaftAH.

3 h a h  npoTOHHHHr HHMa cada^AaH  6apKapop  3KaHJiHrnra 

* a B o 6  6epHUira xapaKaT KHJiaftjiHK. B h 3 6HJiaMH3KH, xap 

KaHAaft KB3HT CHCTeMaCH MHHHM3J1 (HlbHH, 3HT K 3 M ) 

3HeprHHJiH xojiaTAa 6yjiHuira x,apaKaT KHJiaAH. 3ftHuiTeftH- 

h h h t  (8 .5 )  (J)opMyjiacHra acocaH m hhhm 3ji SHeprHHjiH xojiaT 

3Hr k h m h k  MaccajiH xoJiaTHH H(j)OAaJiaftAH. LliyHHHr yMyH xaM 

KynrHHa o f h p  3appajiap k h m h k  3appajiapra napMajiaHaAH. 

H n M a  ynyH 3JieKTpoHHHHr napMajiaHMacjiHTHHH 6HJiaMH3, 

MyHKH yHH y3HAaH eHTHJi (})o t o h  eKH HefiTpHHora napMaJia- 

HHUira 3JieKTp 3apHAHHHHr caKJiaHHUi KOHyHH ftyji KyftMaftAH. 

JleKHH HHMa yMyH np0T0H chthji 3appajiapra —  MiooHJiap, 

nHOHJiap eKH no3HTpoHJiapra napnajiaHMaftAH? SHeprHH Ba 

sjieKTp 3apaAHHHHr caKJiaHHiu KOHyHHra acocaH npoTOH 

no3HTpoH Ba (})OTOHra aftjiaHHUiH MyMKHH. JleKHH T a «p H 6 a A a  

6y Hapca Ky3aTHJiraHH ftyK- LLIyHHHr yMyH npoTOHfiHHr eHrHJi 

3appaJiapra aftjiaHHUiHHH MaH k h jiy b m h  HHa 6np  caKJiaHHiu

8.6- §. KsaHT  coHJiapH sa  yjiapHHHr caM aH H U iH
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KOH yH H H H H r MaBJKy/UlHTHHH (})apa3 KHJIHUI 3apyp. npOTOH- 

h h h t  SyHAafl >KapaeHra HHcSaTaH SapKapopjiHTH yHHHr 

SapHOH 3apH^H (B) ra ara SKaHJiHrHAaH kc jih6  m h k 3 ji,h .

> K a A B a jm a H  K y p H H H S  TypHSflHKH, npoTOH HHH r Sap H O H  

3a p n A H  + 1 ra TeHr, no3H TpoH  Ba (})otoh aca, Sa p H O H  3 a p n A H ra  

sra 3Mac. BapnoH 3apHAHHHHr caKJiaHHiu KOHyHHra acocaH 

npoTOHHHHr Ma3Kyp napMajiaHHUiH MaH KHJiHHajH:

p-fr-e+  + y -

IlpoTOH Ba yHjiaH o fh p  xaMM a 3appajiap SapnoH Jiap  jxe6 
aTa.aaflH Ba yjiapHHHr xap  6npH + 1  6apnoH  3apaaHra ara. 

AHTH6apHOHJiap aca —  1 6apHOH 3apH^Hra ara 6yjiaAH.

lOKopHAarn jKaAsajiHHHr oxHprn ycTyHHjia 3appajiapHHHr 

napMajiaHHiu MaxcyjioTJiapn KejiTHpnjiraH. JlHKKaT 6njiaH 

KapacaK, xap  Kauziaft 6apHOH npoTOH Ba 6ouiKa 3appajiapra 

napHajiaHHiUHHH KypaMH3. M acajiaH , KCH-MHHyc-rHnepoHHH 

ojiaftjiHK. y  jiaM6fla-rHnepoH Ba nH-Me30Hra napuajiaHaflH; 

jieKHH A° y3 HaB6aTHAa np0T0Hra Ba nH-Me30Hra napnajiaHa- 

a h . flpoTOH 6apK apop  6yjiraHH yqyH y 6HTTa o f h p  3appa 

( S )  6yjiraHJiHTH Ba yHH Hr napHajiaHraHJiHTH x a K H A a r n  

HH(})opMauHHHH y3H,aa caKJiaftflH. Byuaaft MapaeHJiap^a 

3appaHHHr « o f h p j i h k » xycycHHTH ftyKOJiMacflaH 3CTa(j)eTa 

6yftHMa npoTOHra yTa^H. A r a p  npoTOHAaH o f h p  1000 Ta 3appa 

6yjica, yjiap 6ap H 6n p  1000 Ta npoTOHra Ba 6ouiKa 3appajiap 

TynjiaMnra napnajiaHaAH. BapHOHjiapHHHr 6apHOH 3apH^H- 

h h h t  caKJiaHHui KOHyHH yjiap napMajiaHraHAa « o f h p j ih k » 

XycyCHHTHHHHT CaKJiaHHUIHHH aKC STTHpaflH. ripOTOHHHHr 

6apKapopjiHTH aca yHHHr 6ouiKa 6apHOHJiap oJUUWarH 

yjiapHHHr « o f h p j ih k » xycycHHTHHH caKJiaui^aH H6opaT.

B a p H O H  c o h h h h h t  caKJiaHHiu KOHyHH 6HJiaH 6oFjiaHraH, 

jieKHH X03HpraMa eMHJiMaraH M y aM M O  6ap H O H  c o h h  ynyH 

caKJiaHHUi KOHyHHHH KaHoaTjiaHTHpHiUHAaH 6ouJKa 6npop 

Ma-bJiyM xycycHH THHH r ftyKJiHTHAHp. M a c a j ia H , 3a p p a H H H r  

3JieKTp 3apHAHHH yHH Hr 3JieKTpoMarHHT MaftflOHAarH xapaKa-  

THra a c o caH  MycTaKHJi p aB H u iaa  aHHKJiaiu Ba yjm aui M yMKHH. 

B a p H O H  3apHAHHHHr 3ca 6 h 3  6epraH «cyH"bHft» xycycHH THAaH  

6ouiKa xycycHHTH ftyK. B a p H O H  3ap H A H H H H r  ajieKTp 3apHflH 

K a 6H  xycycHH Tra ara 3MacjinrH yH H H r nyxT a  Ha3apHft acocHH H  

Hiujia6 h h k h u i h h  Tajia6 KHJiaflH. JleKHH m yHra K apaM ac^aH  

6y KOH yH H H H r KaTTa aHHKJiHKaa 6a>KapHJiHUiH 6HJiaH 

KaH OaTJiaH 3M H 3.

>KaABajiAarH sht eHrHJi 3appajiap JienTOH 3apHflHra 3ra. 

SjieKTpOH (e~) Ba SJieKTpOH HeftTpHHOCH (Vc) +  1 3JieKTpOH
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■neriTOH 3apaAHra_ (Le) , rio3HTpoH (e + ) Ba ajieKTpoH 
aHTHHeHTpHHOCH (v<.) 3ca — 1 JienTOH 3apH^Hra ara (Le=  —
— 1). BoiHKa xaMMa 3appajiap ynyH Le=  0- Mi0Me30H e| 
Ba MIOOH HeHTpHHOCH yMyH MIOOH JienTOH 3ap«AH L m = - |- 1 ,

MycSaT MK)-Me30H Ba miooh aHTHHeftTpHHocH y^yH L ^ =  —
— 1. BoiuKa xaMMa 3appajiapHHHr miooh jienTOH 3apH,a.H 
HOJira TeHr: L» =  0.

1951 HHJiAa oJiHMjiap * y / i a  FajiaTH ;cj)H3HK xycycHHTjiapra  

3ra Sy jira H  3appajiapHH Kaui(}) KHJiflHJiap. OjiHMJiap FaJiaTH 
3appajiapHH SouiKa o^aTAarH 3appajiapAaH (})apKJiauj yqyH 
5  FajiaTHJiHK AeraH kb3ht 6ejirHCH fiHJiaH 6e;irHJiaflH. 
OaKaTrHHa uiy FajiaTH 3appajiap y^yH FajiaTHJiHK HOJi/iaH 
(})apKJiH 6 yjin6 S = ± l ,  ±2, + 3  6 yjiaflH. O^aTfla, 
SKBHBaJieHT K3TT3JIHK V' THnep3apHfl HHJJiaTHJiaAH. y  FaJiaTH- 
jih k  Ba 6apnoH 3apHAH kb3ht coHJiapH 6HJiaH 6oFJiaHraH:

V = S  +  B.

KyMJiH y3apo Tai>CHp 3appajiapHHHr *a p  6np  3ap «A  

MyjibTHnjieTHra MatjiyM h30T0iihk ciihh (H30cnHH) khhm 3th 

TaKKoc KyHHJia^H. Arap 3apHA MyjibTHnjieTH 6 HTTa 3appaAaH 
TauiKHJi TonraH 6yjica, y m 6y  3appaHHHr (3ap n ^  MyjibTHnjie- 

THHHHT) H30T0IIHK CnHHH HOJITa TeHT 0,e6 XHCO^JiaHaAH. 

M acajiaH , 3Ta-Me30H. H k k h  3ap pa^aH  TauiKHJi TonraH 3apHA 

MyjlbTHIlJieTHHHHr H30CIIHHH (MacajiaH, HyKJlOHJiap —  npOTOH 

Ba HeHTpoHJiap A>'6jieTH) npHMra TeHr. YMyM aH, arap 3apnj, 
MyjibTHiuieTH i Ta 3appaflaH TauiKHJi TonraH 6yjica, yHHHr 

H30T0nHK CIIHHH KyHHflaTHMa aHHKJiaHaflH:

T = ( i - l)/2.

Ma"bJiyMKH, «H3o» cy3H TeHr AeraH Ma-bHOHH 6HJiflHpaAH. 
«Tonoc» cy3H aca ypnH, *ofl MaijHocHHH aHrjiaTaflH. 
«H30T0nHK» cy3H 3appajiapHHHr MatJiyM 6up « y p H H »  ra —  

MatJiyM MyjibTHnjieTra TaaJiJiyMHJiHrHHH KypcaTaAH. Arap 
3appaHHHr ciihhh npHMra TeHr 6yjica, y cnHHHHHr fiyHaJiHUiH- 
ra HHc6aTaH MyMKHH 6yjiraH hkkh xoji^a SyjiaflH. XyAflH 
UiyHHHTfleK, H30T0nHK CIIHHH HpHMTa TeHT HyKJIOH 3apHA 
MyjlbTHIlJieTH HyKJlOHHHHT HKKH: npOTOH Ba HeHTpOH X,OJiaTH- 
aaH H6opaT 6yjiaAH. KyHJiH y3apo TatcHpaa 6np 3ap»A 
MyjibTHnjieTHra KHpybmh Ba y3JiapHHH 6HTTa 3appa Ka6n 
TyTyBHH 3appajiap 3JieKTpoMarHHT y3apo Tâ bcnp ocTHjia 
Maccajiapn Ba 3apHAJiapn 6HJiaH (|)apKJiaHyBMH 3appajiapra 
afijiaHaflH. (8.3- pacMra k.) MaijJiyMKH, y^Ta nn-Me30H — 
ji+ , ji° Ba n~ 6Hp-6HpHAaH (|)aKaT 3apHAJiapH 6njiaH t}>apK 
KHJiaAH. FIh — Me30HHHHr H30cnHHH 6npra TeHr 6yjiH6,
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h3ocithh npoeKUHHJiapH aca Tz =  -j— 1,0— 1 ra TeHr. Yu iSy  
yMTa 3appaHHHr 3apna mhkaoph Tz 6njian KyfiHAarHMa 
SoFjiaHraH :

q =  e-Tz.

B y  M y H o ca S aT A a H  3JieKTp 3apaflHHHHr caKJiaHHin K O H y hh 

Ty(J)aHJIH Tz HHHT CaK-fiaHHUJJIHrH KeJIH6 M HKaAH.

A r a p  ^ y H e ^ a  3JieKTp 3ap H A H  Sy jiM araH A a  sah  (ht^hh 

3JieKTpoMarHHT y 3 a p o  T a t C H p ) , y xojiAa 6 h 3  <})aKaT 6 n p  xhji 

ji- 3a p p a jia p rarH H a  ara 6yjiap  3a h k , xojioc. B y  3 a p p a r a  nH- 

M e30H  fleraH hom 6 e p H 6 , 6 h 3 h h h t  peaji flyHera >KoftjiaiUTHpaH- 

jihk. 3 h a h  riH-Me30H y3H H H H r xoJiaTJiapH^aH 6HpHfla: 

e  M y c 6aT  3apHAJiH, e 3apnACH 3 , eKH MaH(})HH 3apHAJiH xojiaTAa 

HaM oeH  6yjiaAH . 3a pH AJiapH H H H r  MaBJKyAJiHrn c a 6a 6 jin  sh a h  

6 y  xojiaTjiapHHHr 3JieKTpoMarHHT y 3 a p o  T atC H p H  x a p  xhji 

dyjiaAH  Ba H3TH>KaAa yjiap 6H p- 6npH AaH  M accacH  6HJiaH x aM  

4>apK KHJiaAH. Ky^Jin  y 3 a p o  TaiiCHpra H H c6aT aH  yjiap 

aBBajirHAeK 6 n p  xhjiahp  (8 .3 - p a c M ) .

KyHJiH y 3 a p o  T a t c H p r a  H H c6aT aH  H3ocnHH Ba yHHHr 

npoeKUHH CH HXIIIH KB3HT COHJiapH —  CaKJiaHyBMH KB3HT 

coHJiapn 6yjica, sjieKTpoMarHHT y 3 a p o  TaiiCHpra H H c6aTaH  

sca  (})aKaT yHH Hr npoeKUHHCH h x u j h  k b 3 h t  c o h h  6 yjiaAH,

XOJIOC.
SjieM eH T ap  3appa- 

jiapHHHr acocHH xycy- 

CHHTH —  X a p a K a T  mhk- 

flopn, H"bHH HMnyjIbCHHHT 

CnHH MOM eHTH eKH CIIHHH 

(1 )  6HJiaH fioFjiaHraH.

C i ih h  6HJiaH h k h h  6oFjia- 

HHUiAa 6yjiraH KBaHT co- 
HH P HWKH >Ky(j)TJlHKHH 
H(J)OAajiafiAH Ba yHHHr 

caKJiaHHUi KOHyHH cncTe- 

M a ^ a  6 n p o p  (})H3HK xoah- 
ca  pyft 6 e p r a H A a  yHHHr 

Ky 3ry A arH  TacBHpH.ua 

x a M  uiy xoA H caH H H r  yuia 

fiyHajiHuiAa pyft 6epHuiH- 

HH K y p caT aA H . M aT eM a-  8. 3- pacM. Mkkh HyKJioH Ba y4 nHOH

TH Ka HyKTaH  H a3a p H A a H  6 H p -6 n p J ia p H A a H  H 3 0 T0 II c n H H Jia p H H H T

afirraHAa P >Ky(i)TJlHK- H y H a jiH U iJ ia p w  6 h j is h  (| )a p K Jia H a iiH . 3 j i 6 k _

h h h p  c - A K n a u u m u  f h n i n K  T P O M a r H H T  y a a p o  Ta-b CHp 6 y j i M a r a H A a  
CaKJiaHHUIH (pHJHK 3 c a  n H 0 H  B a  H K K H  H y K J I 0 H  g H p .

KOHyHJiapHHHT (pa30BHH S H p n A a H  (})apK. K H J iM a ra H  6 y j i a p  3ilii.

©  ©  ©
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KoopAHHaTajiap  HLuopacHHHHr y3rapHiiiHra So fjihk  3MacjinrH- 

HH H(})04aJiaHAH. P  >Ky(})TJIHK (})aKaT HKKHT3 ±  1 K.HHM3THH 

KaSyji KHJia^H. P  onepauH H C H  x a p  KaHflaft ^aKH KH fi, ht.hh 

nojiwp BeKTopHHHr HLuopacHHH y 3rap T H p aA H . AKCHaji BeKTop- 

Jiap, >KyMJiaflaH, x ,apaKaT m h k a o p h h h h t  m om chth, cnHHH eKH 

yjiapHHHr BeKTop A h fh h a h c h  —  x a p a K a T  m h k a o p h h h h t  Tyjia 

MOMeHTH P  T a t C H p H ^ a  HUiopacHHH y3rapTHpMafiflH. M aca-  

JiaH, >capaKaT m h k a o p h h h h t  MOMeHTH: L =  rxp.

P  o nep auH H C H  Tai>CHpH,a,a 3 a p p a H H H r  pa^Hyc- BeKTopn r Ba 

HMnyjibCH p H iuopacHHH y 3rap TH p aA H .

K y 4C H 3  y 3a p o  Ta"bCHpfla P  >«y(})TJiHKHHHr caiyiaHHUi 

KOHyHH 6y3HJia^H . A m m o  KyMJiH Ba 3JieKTpoMarHHT y 3 a p o  

Ta"bCHpAa P  >Kyc})TJiHK caKJiaHaflH Ba SyHaafl * a p a e H J ia p A a  

HXIUH KB3HT COHH 6yjIH6 K0JI3AH. >Ky(})TJIHK P  «3TaJ!OH » 

3ap p ajiap  —  npoTOH , HeftTpoH Ba A°- rnnepoHJiapra H H c6aT aH  

aHHKJiaHaflH. lipoTOH , HeflTpoH Ba rnnepoHJiapHHHr * a p  6 « p H  

yqyH P =  +  1 Ka6yji KHJiHHraH.

)K a p a e H H H H r  Tyjia >Ky(})TJiHrH hmkh >Ky(})TJiHK ( P )  Ba cnHH 

MOMeHTH ( / )  a a H  H 6o p aT  6yjiraHJiHTH ynyH  o a a T A a  6 y  hkkh  

KaTTajiHK 6H p ra  e3HJiaAH. M ac a J ia H , npoTOH  ynyH  >

J +
P =  +  l. IIIyHHHr y iy H  / H=  —  KypHHHiUAa e3HUi Kyjiafi- 

AHp.

8.7- §. C n M M e T p H d  s a  caKJiaHHiu KOHyHJiapn

Oafljiacy(}) TepaKjiHT aflTraHHAeK, x,eH Hapca a o h m h A 

3M ac , x a M M a  Hapca y3JiyKCH3 x a p a K a T ^ a  Ba y3rapHui.ua. 

JleKHH uiy HapcaHH 3Cj,aH MHKapMacjiHK KepaKKH, y3ra- 

pniujiap xaKHfla ra n n p raH H M H 3A a  (})aKaT 6 n p o p  y3rapMac 

Hapcara ((})OHra) HHc6aTaH aflTa 0JiaMH3. K h u ih j ih k  OHru *a p  

Ao h m  y3rapaei;raH  xycycHHTJiapHHHr TauiKH KHec})acH ocTH^a 

y3rapMac xycycHHTjiapHH (c h m m c tp h h h h ) aHHK^iauira xapa- 

K3T KHJiraH. OH3Ht<aHHHr pHBO>KJiaHHIUHfla XyAAH uiy Ka6H 

H3JiaHHUiJiap a>KoflH6 MyBa(})(})aKHHTJiap —  y 3 r a p M a c  xycycn- 

HTJiapHHHr acocH 6yjiMHUi KaTop caKJiaHHUi KOHyHJiapHHHHr 

Kaui(}) 3THJIHUIH 6HJiaH HKyHJiaHraH. CaKJiaHHiu KOHyHjiapura 

6HHoaH, 6 n p o p  caKJiaHyBHH c})H3h k  KaTTaJiHK, MacaJiaH, 

3HepTHH eKH SJieKTp SapHAHHHHT KHHM3TH B3KT 6yHHMa 

y3rapMafiAH. Aji6aTTa, caKJiaHyBHH KaTTajiHKJiaprnHa 3appa- 

h h  xapaKTepjiaflAH. lOKopHAa uiy K a 6H  KaTTajiHKJiap 6HJiaH 

3JieMeHTap 3appaH«H r kb b h t  coHJiapn CH^aTHjia TaHHUiH6 

yTHJIAH.

CaKJiaHHiu KOHyHJiapu (})H3HKaHHHr x a p  KaHflafi 6yjiHMH-
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ra K a p a r a H A a  3JieMeHTap 3 appaJiap  (})H3 H KacH Aa  Karra  pojib 

yHHaflAH. B yH H H r  c a 6 a 6 jiapHAaH  6 hph  m y H A aH  H SopaTK H , 

x,03Hp sjieMeHTap 3 ap p ajiap  ynyH  6 Hpop  h 3 mhji H3 3 apHH  

flyK,- H k k h h h h  c a 6 a 6 H ajieMeHTap 3 ap pajiap  caKJiaHHiu 

KOHyHJiapHHHHr KyruiHrn Ba yjiapHHHr hxluh  6 a>KapHJiHiiiH- 

A np . 3 jieMeHTap 3 ap pajiap  Ay H ecH aa  K,aTop caKJiaHHiu 

KOHyHJiapn 6 opKH , yjiap M aK p o ay H e  x,OAHcaJiapH yMyH x,e4 

KaHAafl pojib yflHaMaflAH. H h x o h t ,  yMHHMH c a 6 a 6 n m y H A aH  

H6 opaTKH , M H Kpo AyH e x,oflHcajiapHAa caKJiaHHiu KOHynjiapH 

H H a ^ a  3(})4)eKTJiH T a ^C H p  Ky pcaT a  6 omjiaftAH. HyHOHMH, arap 

MaKpoAynefla caKJiaHHUi KOHyHJiapH (})aKaT TaKHKJiaHca, 

M H KpoAyH eAa  6 y H A a n  T a u iK a p n  t b k h k  ocTHra TyuiM araH  

^ a M M a  JKapaeHJiapHH yTHiuHra ftyji Ky nAH . B o u iK an a  

aftTraHAa, MHKpoflyHeaa caKJiaHHUi KOHyHJiapHHHHr Tyjia 

TynjiaMH TaKH KJiaM araH  x a p  KaHflaft JKapaeH aji6 aTTa 103 
6epHUiH KepaK . X y A A H  uiy acocfla hhth  3JieMeHTap 3 a p p a  —  

MIOOH HeHTpHHOCH (v^) KaiU(}) KHJIHHTaH.

CaKJiaHHUI KOHyHJiapHHHHT (})H3HK MaTjHOCHHH TyUiyHHUI 

6 y H ^ a H  6 hp Hena yH hhji HJirapn 6 ouuiaH raH . ZlaCTaBBaJi, 

yjiap 3M n H p H K  KOHyHJiap CH(})aTHAa K a 6 yji KHJiHHraH 3a h . 

B n p o K , caKJiaHHiu KOHyHJiapHHHHr yHHBepcaJiJiHTH Ba 3hhk- 

jihth yjiapHHHr H yKyp  <})h3hk acocra  ara 3KaHJinrHAaH A a p a K  

6 e p aA H . X o 3 H p  * a p  6 np caKJiaHHui KOHyHH 6 h 3 h h  y p a 6  TypraH  

O^^beKTHB AyHeHH HT 6 n p o p  CHMMeTpHHCH 6 HJiaH 6 0 FJIHK 

SKaHJiHTH aHHKJiaHraH . X a p  KaHAaft CH M M eTpHHH HHr yHra 

TernuiJiH caKJiaHHui KOHyHH 6 HJiaH ajioKacn k b 3 h t  Ha3apHH- 

CHAa 6 eBocHTa kcjih6  MHKaAH.

3 jieM eH Tap  3appaJiap  (})H3HKacHAa caKJiaiiHiu KOHyHJiapn 

(})H3HK T a 6 n a T H  6yftHMa yM rypy xra  6yjiHHaAH. Bhp hhm h  

ryp y x  (})a3o- BaKTH HHr TypT y-i^oajiH reoM eipHHCH  ^H JiaH  

6 o fjihk  6yjiraH SH eprHH , HMnyjibC, HMnyjibC MOM eHTH, ciihh, 

CP —  >Ky(})TJlHK, T —  JKy(})TJlHKHHHr CaKJiaHHUI KOHyHJiapH 

KH paAH . H k k h h m h  ry p y x ra , O A aT A a , 3JieKTp, 6 a p H O H  Ba hkkh  

xhji jienTOH 3apHA^iapH HHH r caKJiaHHUi KOHyHJiapH KH paAH. 

H h x ,o h t , yMHHMH (TypjiH >khhcjih) rypyx,ra (})aKaT 6ai>3n 
y 3 a p o  TaT>CHpjiapAarHHa 6 a * a p H J ia A H r a H  caKJiaHHUi KOHyH- 

jiapn K n p aA H . B y  yMHHMH rypyx, caKJiaHHiu KOHyHJiapH 

T a K p H 6H H  x,HCo6jiaHaAH. ByHAaft TaKpH6nft caKJiaHHUi KOHyH- 

JiapHHH ypraHHUi x,ap xhji y 3 a p o  Ta"bCHpJiap TypjiH xhji 

Aapa> KaAarH  CHM M eTpHHra ara 6yjiHUUiHrHHH KypcaTAH. 

y 3 a p o  Ta^bCHp KaHMajiHK KyMjiH 6yjica, y uiyHMaJiHK 

C H M M eTpnKA H p , HiiHH y yMyH uiyHMajiHK Kyn caKflaHHUi 

KOHyHJiapn 6a>KapHJiaAH.

455



8.8- §. 3 a p p a jia p H H H r  n ap ia jiaH H U iH  B a  TyFHJiHiu 

p eaK UH fuiapn

3 H e p r H H  Ba HMnyjibCHHHr caKJiaHHiu KOHyHH M H K p o ay n eA a  

Kynra ara caKJiaHHUi §kh TaKHKJiaui KOHyHJiapn u m m a  sht 

acocHH  XHCo6jiaHaAH . M H K p o a y H e H H H r  x,ap KaHAaft TyKHauiyB  

(B a  napnaJiaH H iu ) >KapaeHJiapHfla T yK H au iaeT raH  (napnajia- 

HyBMH) 3ap p ajiap H H H r  6oiujiaHFHH SHeprHHCH By>Kyflra 

KejiraH 3ap paJiap  SHeprHHCHHHHr HHFHHflHCHra b h h k  TeHr. 

riapMajiaHHiu * a p a e H H /i a  x,o c h ji  6yjiraH 3ap p ajiap H H H r  t h h w  

x,ojiaT M ac c acH H H H r  h h f h h ^ h c h  napM ajiaH raH  3a p p a H H H r  t h h m  

XOJiaT MaccacHflaH op TH K  6yjia o j im a h a h . H M n y jibc  yqyH 

caKJiaHHui KOHyHH KyfiH,narHHa Ta-bpH(})JiaHaAH. T y K H a u iy B  

(n ap n a jia H H iu ) >KapaeHHraMa 3a p p ajiap  HMnyjibCJiapHHHHr 

BeKTop h h f h h a h c h  >KapaeHAaH  cyHr By>Ky^ra KejiraH 3appa- 

Jiap HMnyjIbCJiapHHHHT BeKTOp HHFHHflHCHTa 3 H H K  TeHT. 

B H H o 6 a p H H , napMajiaHyBMH 3 a p p a  t h h m  xoJiaT^a  6yjica, 

napM ajiaHHiu w a p a e H H  103 6 e p r a H A a  x o c h j i  6y jia4H raH  

3ap p ajiap  h k k h t 3  6yjica, yjiap aji6aTTa KapaM a- KapuiH  

xap aK aT JiaH a^H Jiap . A r a p  6 h 3 napM ajiaH aeTraH  3 a p p a  6HJiaH 

6HpAafl x ap aK aT jiaH aeT raH  c a H O K  CH CTeM acH ^aH  T y p n 6  

napM ajiaHHiu >KapaeHHHH Ky3aTcaK , y u i6y  xo ji ypHHJiH 

6yjiaAH . B y H A a  H H a ^ a  Kyjiafi TaKHKJiaiu K O H A acn ra  ara 

6yjiaM H3. A r a p  ca H O K  cncTeM acH ra  H H c 6a T a n  napMajiaHyBMH 

3 a p p a  t h h m  xojiaT^a  6yjica , yHH Hr 3HeprHHCH t h h m  xojiaT^arH  

M accacH  (m o ) ra TeHr ( c = l )  6yjiaAH . By>KyAra KeJiraH 

3ap p a jia p H H H r  uiy cHCTeM ara H H c 6a T a H  t h h m  xoJiaT^arH 

M accajiapH H H r h h fh h ^ h c h  x a p  aohm  m o  A a H  khm hk, htjHH

m\ +  /n2 +  m3 +  ...<mo-

Y iu 6 y  TaKHKJiaiu KOH^acHjjaH eHrHJi 3appaHHHr oF H p p o K  

3appajiapra napMajiaHHiUH MyMKHH SMacjiHrn kcjih6  HHKaAH.
MacajiaH, KaH^afiAHp aHHK 6 hp KaHaji.ua yTyBHH napnajia- 

h h u i :

a-+xi +  , ...,xn (8 .1 1 )

Ka6 n yMyMHH KypHHHUira ara. a— 3appa ynyH thhh xojiaT^arH 
CH CTeM a^a  Tyjia 3H ep rH H H H H r caKJiaHHui KOHyH H  KyfiHAarHMa 

e3HJiaAH:

E =  mac2 =  ̂ m ac2 +  Ta). (8.12)

By ep^a Ta= E a — mac2 — Xa. 3appaHHHr khhcthk SHeprHHJia- 
pn. Z leM aK , napnajiaH H U iH H H r 3 a p y p  uiapTH:

m o > S m a. (8.13)
a
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L U y 6x ac H 3 , 6 y  napMajiaHHiu y n y H  e ra p jiH  uiapT 3M ac , 

MyHKH 3HeprH HHH Hr caKJiaHHiii KO H y H H aaH  T auiK ap H  yHHHr 

6o u iK a  caKJiaHHiu KOHyHJiapHHH x,aM TaKitKJiaiu M yM KHH. 
FlapMaJiaHHiii JKapaeHH,o.a a > K p a jiH 6  MHKyBMH S H e p rH H , htjHk 

Xa 3appajiapH H H r  k h h c t h k  aiieprHHJiapHHHHr h h f h h a h c h  
napMajiaHHiii 3H eprH H CH  Q a.e6 aTajia^H . (8 .1 2 )  ra K y p a  
y 6oiujiaHFHM Ba oxnprH  3a p p a jia p H H H r  M a c c a jia p n  (}>apKHra 

T e H r :

Q =  2  Ta =  moC2 —  Xm ac2. ( 8 .1 4 )
a  a

y 3 - y 3H A aH  n a p M a jia H H iii yM yH Q ^ O ,  htjH H  6 h 3 HHa 3a p y p  
rn a p T r a  K ejiaM H3 ( 8 . 13 ) .

Mhcoji. HeiiTpoHHH Hr 6eTa-napMajiaHHiiiH. flpoTOH , Hefi- 

TpoH Ba sjieKTpoH Ky H H AarH  M accajiapra ara: mp^  

^ 9 38 ,2 6  M a B ,  m n~ 9 39 ,5 5  M a B ,  m e^ 0,51  M a B .  K y P h h h 6 

TypH6flHKH, mn> m p-\-me, a r a p  6 y  6ouiK a  caKJiaHHUi 

KOHyHJiapHra 3 h a  KejiMaca, apKHH HeftTpoHHHHr p- napnaJia- 

hhuih acocaH  n->-p-\-e~ cxeM acH  6yftHMa yTHiun m ym khh. 

X ,aK H K aT A a  aca, 6yHAaft * a p a e H  yTMaftflH, M acajiaH , HMnyjibc 

MOMeHTH caKJiaHMaftAH Ba aMaji.ua HeftTpoH, npoTOH , ajieKTpoH 

Ba aHTHHeftTpHHora napM aJiaH a^H . m v =  0  6yjiraHJiHrHAaH 6y  

napMaJiaHHUiHHHr SHeprHHCH Q ~  0 ,78  M s B  ra TeHr. H k k h h m h  

TOMOHflaH 3Ca, apKHH npOTOHHHHT HeftTpOH Ba 6oU IKa  

3appaJiapra  napMajiaHHUiH M yM KHH 3M ac , MyHKH mp<Zmn.
3 h a h  h k k h  3appajiH  napMaJiaHHUiHH K y p H 6  M HKaM H3:

a-*-xi-\-X2- ( 8 . 15 )

B a p M a  M accajiapH  Ma"bJiyM Ba a 3 a p p a  thhm x,ojiaTaa a.e6 
TaxM H H  khjih6, xochji 6 yjiyB M H  3appajiapH H H r  3 iieprH H C H H H  
T onaM H 3 . O ^ a T A a ,  6 y  M a ca jia H H  a H e p rH H  Ba HMnyjibCHHHr 

c a K Jia H H iu  KOHyHHH H 3  yjiMOBJiH e3y B  K yp H H H U iH A a  K y JiJ ia u i 
ftyjiH  6 H jia H  eMHJiaflH. B y H A a fi T y p ^ a r H  *H C o6 jia p ,a a  T e 3 -T e 3 

K yju ia H H JiyB M H  6 n p  ycyjiHHHr c a M a p a A o p jiH TH H H  KypcaTHiu 

M aKcaAHfla  6ouiK aM a ftyji T y T a M H 3 . H M n y jib C H H H r caKJiaHHiu 

K O H yH H A a H : 

pa =  p \ + p 2- ( 8 . 16 ) 

T e H r jiH K H H H r H K K a jia  to m o h h h h  K B a ,a p a Tra  O H IH p H 6 : 

p l = p 1+ p l  +  2 ( p r p 2).  ( 8 . 17 ) 

p2 h h  ( 8 . 16 ) e p ^ a M H fla  C K a jiH p  K y n a fiT M a A a H  ftyK O TH 6 , 

p l = p ' i + p l + 2 (p-pu) — 2 p*  ( 8 . 18 ) 

hh  0Jia M H3 . (pi ,  pa) c K a jin p  K y n a fiTM a H H  pa =  0  Ba Ea =  ma
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(a  3 a p p a  coKHHJiHKAa) j t h t h h h  a-bTHSopra ojicaK, (8.18) 
KyHH.uarn KypHHHLura Kejia^H:

m2a=  — m]-\-m\-\-2E\ma. (8.19)

B y H A a H  6 h 3 h h  KH 3H KTH paeTraH  HaTH>Kara KeJiaMH3:

m a  +  —  m 2 m a  +  m 2  —
1 2-, E2=  a (8.20)

2 ma ' z 2 ma

( h k k h h m h  4>opMyjra SnpHHM HCHAaH  1 Ba 2 HHfleKCJiapHH y3apo 
ajiMaLUTHpHLii ftŷ iH SHJiaH Tonn^aflH). ( 8 .2 0 )  h h h t  xap 
HKKajia TOMOHHflaH TerH iujih  M accajiapHH  aflHpH6, X\ Ba X2 
3app ajiap H H H r  k h h c t h k  SHeprHHCHHH To n aM H 3 :

(ma m, )2 m2 (ma- m 2)2- m ]

T ' = -----2 ^ ---- ' 2 = ------2 ^ ---- ' ( 8 -2 1 )

Ba"b3Hiia yjiapHHHr napMajiaHHiu 3HeprHHCH opKajiH H(J)OAa-

jiaui cfjoHflajiHpoK fiyjiâ H (8.14):

<8-22»

Arap SHeprHH a>KpajiHUiH yHMa KaTTa GyJiMaca (Q<^.ma) Ba 

6 n p  3 a p p a , aftTafijiHK eHTHJi ( m i < m a) 6yjica, y  x,ojifla 6y  

3 a p p a  aM aJi^a  6ap M a  k h h c t h k  SHeprHHHH o j i h 6  KeTa^H :

T\z&Q.

Arap yHHHr ycTHra m i< Q  uiapT 6a>KapHJica (M acaJiaH , 

m i=0) x,aMAa /n2« m a — Q ne6 ojihui MyMKHH 6yjica, 

y x.ojiAa OFnp 3appa X2 hhht TenKH 3HeprHHCH KyfiHAarHMa 
x.Hco6jiaHaflH:

T Ql/ /N/ _____

2~  2ma

(m i=0 Aa 6y TeHrjiHK aHHK 6yjiaAH). (8.20) Ba (8.22) (})op- 
MyjiajiapaaH MyxHM xyjioca kcjih6 MHKa^H. Hkkh 3appajiH 
napMajiaHHUijia nafiAo 6yjiyBMH 3app ajiap H H H r  3HeprHHCH 

KaT"bHH 6ejirHJiaHraH, yjiap Maccajiap 6HJiaH aHHKJiaHa^H.
3 h j .h  KaHflafi^Hp aH H K  KaHaji opKaJiH y T y b m h  h k k h  

3appajiH  yMyMHfi KypHHHUiiiarH

a +  b-*X\+... +  Xn (8.23)

TyKHaiuHiii >KapaeHHHH K y p n 6  MHKafijiHK. Y h h h t  yMyH 3HeprHH 

caKJiamiLU KOHyHHHH e3aM H 3 :
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E u+  E-b— 2
OL

K h h c t h k  3HeprHHJiapra y t h 6,

2 (Ta+ T h) =  (m u+m ,,) — 2 m a
a a

3K3H H H H  T o n aM H 3 . H a n  TOMOH/ia peaKUH H  SHeprHHCH A e 6  

aTaJiyBMH 6ouiJiaHFHH Ba oxH p rn  \0JiaTJiapHHHr kh h cthk  

3HeprHHJiapn 4>apKH t y p h 6 a h :

Q =  Tomp—T6nmjl= ( m a+rnb) —2,ma. (8.24)
a

K H M e  (J)aHHAarH Ka6H  ynn  KynHHM a peaKUH H  6ejirHCH- 

h h h t  y3H ra , yHr TOMOHHra Q Ky uiH 6  KnpHTHJiajiH. A r a p  

peaK U H H  KHHeTHK 3HeprHH a>KpajiHiiiH 6HJiaH y T a ^H ra H , htjHH 

a r a p  Q > 0  6yjica, y xoji^a y 3K3orepM U K  peaKUH H  & e 6  

aTaJia/iH. ByHAaft peaKUHHJiapAa 6om jiaHFHM  3ap pajiapH H H r  

MaccaJiapH h h fh h a h c h  oxnprH  3appaJiap  M accajiapn  Ahfhhah-  

CHijaH KaTTa 6yJiaAH. Ba"b3Hiia 6 y  x,0JiAa «M a c c a H H H r  6 n p o p  

Khcm h KHHeTHK SHeprHHra aftjiaHaAH» A e 6  afiTHJiajjH. B y  

c|)HKpHH aftHaH (cy3M a- cy3) TyuiyHHLii KepaK  3M ac . Y  3HeprHH- 

h h h t  6 n p  Typn  HKKHHMHcnra, H tH H  AacTJia6KH 3appajiapHHHr 

cokhhjihk  3HeprHHCH x,ochji 6yjiraH 3appajiapH H H r  kh h cthk  

SH eprHHCHra yTraHJiHTHHH 6HJi/jHpaAH.

A r a p  peaKUH H  k h h cth k  3HeprHHHH iothhj 6njiaH yTaflHraH, 

H"bHH a r a p  Q < 0  6yjica, y xoji.ua y andorepMUK peaKUH H  ne6 
aTajia/jH. B y  x,0Jiaa 6oujjiaHFHq 3appaJiap  M accajiapn 

HHFHHiJHCH OXHpTH 3appaJiapHHH T  MaCCaJiapH HHFHHJJHCHAaH 

khmhk 6yjiaAH . B y H ^ a  « k h h c t h k  3HeprHH M accaHH  kcjithph6 

4 H K a p a A H » . SjiacTHK  coMHJiHui/ia Q =  0 6yjiaflH. (8.23) Typ- 

rarn  ypHJiHUi >KapaeHJiapHHH K y p n 6  m hkhujhh Jia6opaTopHH  

CHCTeMacHjja, X03HpM a «b» 3 a p p a  thhm xoJiaT/ja, htjhh Pb =  
=  0 ae6 yT K 33aM H 3 . 3 K 3 0 T e p M H K  peaKUHHJiap Ba sjiacTHK 

comhjihui >KapaeHJiapH ym h6 KeJiyBMH « a »  3a p p a H H H r  khhcthk  

3HeprHHCH HCTajiraHMa khmhk 6yjiraHHAa x,aM yTa/jH. Ym h6 

KejiyBMH 3ap p ajiap  eTapjiHMa Te3 6yjiraH aiJAOTepMHK peaKUHH 

yMyH MyTJiaKO 6ou iK a  Ba3HHT k>3 6epa/iH . LLiy ca6a6jiH  

KyftH^arH MyX,HM KHHeM aTHK TyUiyHMa KHpHTHJiaiJH. TyuiyBMH 

3ap p ajiap H H H r  m hhhm 3ji khmhk SHeprHHCH 6epHJiraH peaKUHH- 

h hh t  0CT0H a  3HeprHHCH To ne6  aTajia/i,H. B y H ^ a  peaKUHH 

3HeprHH >KHX,aTjjaH m ym khh 6yjia/jH: T o = T amin. O H 3 H K a  

a/ia6HeTJiapHfla ocTOHa 3HeprHHHH TyppH/iaH-TyFpH 0CT0H a 

/je6  HOMJiauiaAH. A r a p  Ta< T o  6yjica, y x,ojiAa peaKUH HHHH r 

KypHJiaeTraH KaHajiH a —  b ypHJiHUi w a p a e H H A a  en H K  6y jia^H : 

Ta= T o  x,ojiHfla y oMHjia/jH. Ta^>To 6yjiyBMH yjibTpapejiHTH- 

b h cth k  peaKUHHJiap yMyH ocTOHa To « a »  3a p p a H H H r  Tyjia 

MHHHM3J1 SHeprHHCH E mtna 6HJiaH MOC KeJiaAH.
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yJlMOBJIH HMnyjIbCHHHT CaKJiaHHlll KOHyHH XOCHJl 

SyjiraH 3ap p ajiap H H H r  Tyjia HMnyjibCH HojrjiaH cj)apK khjihlhh- 

hh TajiaS KHJiaaH. B y  xoji yMH6 KejiyBMH 3 a p p a  3HeprHHCHHHHr 

x a M M a c H  «M a c c a r a  afljiaHMaHflH» yHHHr 6np khcm h  KHHeTHK 

3HeprH H  KypHHHiiJH/ia kojihhjhhh 6HJiAHpaflH. BouiKaM a 

afiTraHfla, Ta kh h cth k  SH eprHn (})aKaTrHHa hhth  M accaHH  

io3ara KejiTHpH6rHHa KOJiMafi, 6ajiKH yHH T a p K a ™ 6  x a M  

K)6opHiiiH KepaK. B y H A a H  aeHKH, m jHH  ocTOHa 3HeprHHCH xen 

KaHOH lOTHJiyBMH 3HeprH H  |Q | a a H  KHHHK 6yjiM aHAH :

To>\Q\.

By KaTT3JiHKJiap c})aKaT 3appajiap cncTeMacHHHHr Tyjia 

HMnyjibCH HOJira TeHr xojuiapAa, mjHH Macajia HHepuHH 

MapKa3H CHCTeMacHAa KypnjiaeTraHAa eKH peaKUHH TyKHa- 

uiyBMH jiacTajiap^a aMajira ouiHpHJiraH,z*a moc Kejia^H. 

(8 .23 ) peaKUHHHHHr OCTOHaCHHH X,HC06jiafijIHK. BoiUJiaHFHH 

a Ba b 3appajiapHH nroHa CHCTeMa n.e6, 6 HTTa 3appaaeK  

ojiafijiHK. YHHHr MaccacHHHHr KBaapaTH ynyH KyHHflarH 

TeHrjiHKJiap 3 aH *H p H r a  ara 6yjiaMH3:

M 2==E2 — p1 — (Ea +  E „)2-  (pa- p b)2=  (E a+ m b)2-

— (pa +  0 ) 2 =  E 2 +  2 Eamb +  m2b — pa =  m 2 +  m2b +  2 Eamb.

LLIyuaaft k h j i h 6 , CHCTeMa M accacH  ynyH

M-\j m2a+ m l+ 2E jn b (8 .25 )

KH H M 3T H H  OJiaMH3. M o ^ O M H K H , 6oUJJiaHFHM CHCTeM3HH HTOHa 

3 a p p a ^ e K  K a p a p  3K 3h m h 3 , y xojiaa ypHJiHiu >KapaeHHHH 6y

3 a p p a H H H r  X , .......X n 3 a p p a jiap ra  napqajiaHHUiH  K a6H  Kypn-

UIHMH3 MyMKHH. (8 .13 ) TypflarH napMajiaHHLUHHHr 3apyp 

mapTH 6H3ra KyfiHAarnHH 6epaflH:

^jm l+m l+^E jnh ^I*  m a.
OL

By ep^aH a 3appaHHHr m hhhm 3ji SHeprHHCH Eaax ywyH

(Zma)2 -  m2a- m 2b
£7 m in ___

£ - = — ^ —  

ra 3ra 6yjiaMH3. Y u aaH  ma MaccaHH afiHpH6 , (8 .23 ) peaKUHH 

OCTOH3CHHH TonaMH3:

[2ma— K  +  m J I I Z m ^  (ma +  mb)]

460



SH A O T ep M H K  peaKUHHJiap yqyH / o > 0 ,  3K30Tep M H K  pe- 

aKU.HH.nap ynyH T o < 0 ,  aJiacTHK comhjihui yqyH aca 70 =  0.

M h COJI. AHTHfipOTOHHHHr Kailict) KHJIHHHUIH. AH TH npO TO H  

x,ochji 6 y jiH u iH  y n y H  S H e p rn f l  >KH\aTflaH

p +  p-^p +  p +  p +  p (8 .26 )

w a p a e H  (JjofiflajiHpoK. XHCofijiaHaAH. AH T H n p o T O H  M accacH  

np 0T 0H  M accacH  0 ,94  M a B  ra TeHr. U JyH H H r ynyH  (9 .9 ) ra 

Kypa

To =  6mps2*5,6 T sB . (8 .27 )

UlyHAaft k,hjih6, aHTHnpoTOHHHHr xochji 6yjiHin ocTOHacn 

eTapjiHHa iokoph Ba uiy c a 6 a 6 a a H  aHTHnpoTOHHH y30K BaKT 

Tona ojiMa^HJiap: 6yHAaft SHeprHHJiap ynyH Te3JiaTKHMJiap 

XaJIH ftyK 3flH, KOCMHK Hypjiap HHTeHCHBJIHrH 3Ca K3M 3AH. 

AHTHnpoTOH BepKjiH (AKLU) Aa 6  TaB 3HeprHHJiH npoTOH 

Te3JiaTKHM HLura Ty uinpHJiraHHAaH cyHr iiapxoji Kauicj) 

khjihhah  (O. MeM6epjieH, 3. Cerpe Ba 6ouiKajiap 

1955 ft.) (8 .23 ) ra MyBO(j)HK (8 .26 ) peaKUHHHHHr SHeprHHCH 

MOAyJi 6 yftHMa 2 mp ra TeHr, atjHh y (8 .27 ) 0CT0Ha SHeprHHCH- 

A aH  3 M apTa  k h m h k a h p .

3 h a h  KyHHiiarH, MaijJiyM M atH oaa  aBBajirncHra TecKapn 

6 yjiraH MyaMMOHH Kypn6 MHK3MH3. AftTaftjiHK ma MaccajiH, 

E  3HeprHHra 3ra 6yjiraH 3appa xy^AH uiy xHJi^arH Ky3FajiMac 

3appara ypHJiaeTraH 6yjiCHH (a =  b) . ByHAaft ypHJiHUi 

>KapaeHHj,a KaHAaft MaKCHMaji MaccajiH 3appajiap TyFHJiHuiH 

MyMKHHJiHTHHH aHHKJiaui Tajia6 KHJiHHaAH. By  xojiaa xaM 

6 ouuiaHFHM 3appajiapHH nroHa cncTeMafleK KapaftMH3. 

(8 .25 ) aa ma =  mb =  m ae6, yHHHr Maccacu yMyH

M =  ^j2m (m +  E)

h h  0 JiaM H3 . H k k h h m h  TO M O H ^ a H  « n a p M a j i a H H i u » H H H r  3 a p y p  
u ia p TH fla H

(2 m „ )  m„ =  ^2m (m  +  E) (8 .28 )

3K3HH MaijJiyM 6yjiaa.H.

M h c o j i . KBapKJiapHH  H3jiaui. TH noTeTHK KBapKjiap

p +  p-^p+p +  q +  q (8 .29 ) 

peaKUHHJiapaa TyFHJiHUiH MyMKHH, 6 y ep,a.a <7~  KBapK, q —  

aKTHKBapK xaM^a mq =  mq. By  >KapaeH yMyH (8 .28) <J)opMyjia

(2mp+ m q) max=  ^2mp(mp+E)  (8.30)
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KypHHHLUHH OJiaAH (E  —  V 4 h 6  KeJiyBMH npOTOH SH epTHHCH). 

£ = 7 6  T a B  6y jiraH A aH , m jH H  C e p n y x o B  Te3JiaTKHMHAarH 

npoTOHJiap SH eprH H CH ^a  (8 .3 0 )  h h h t  yHr to m o hh  T ax M H H a H  

12 T a B  ra TeHr. j],eMaK, mqmax=  5  T a B . B y H A a H  MaccaJiH 

KBapKJiap Ta> Kp n6aA a  KafiA KHJiHHMaAH. IUyHflaH  cyHr 

yjiapHHHr M accajiapn  ^eM 6y jiM araH A a  np0T0H MaccacHflaH

5  M ap T a  op TH K  6yjica KepaK , A e 6  xyjioca khjihhah . 

£ = 4 5 0  T a B  SHeprHHJiH npoTOHJiap Te3JiaTKHMHAa (B a T a B H H , 

A K .U I )  KBapKJiap M accacH H H H r  nacTKH  M erapacH  mq>  13 T a B  

A e 6  OJIHHAH.

HM nyjibC H H H r  caKJiaHHLUHra 6 n p  mhcoji KejiTHpaMH3. 

AfiTafijlHK, SJieKTpOH M yM KHH  \OJIAa CeKHH n 03 H T p 0 H r a  

HKHHJiauiAH Ba yjiapHHHr aHHHrjiHUHHCH 103 6 e p ^ H . Ahhhpjih- 

u h h  HaTH>KacHAa HKKHTa 4>otoh B y * y A r a  KejiaAH Ba yjiap 

y 3 a p o  KapaM a- KapiU H  TOM OH ra  TapK ajiaA H . H H M a  c a 6 a 6 A a H  

HKKHTa 4>otoh By>KyAra kcjiah Ba Hera yjiap K ap aM a- K ap uiH  

^a p aK aT JiaH aA H . Y iu 6 y  caBOJira >KaBo6 6epH iu  yMyH ajieKT- 

pOHHH II03HTp0H 6HJiaH TyKHaiUHLUHAarH y 3 a p O  T a tC H p H H , 

T yK H aiuyB  H y K T acH A arn  >KapaeHHHHr h hkh  T a 6 n a T H H H  6hjih- 

LUHMH3 uiapT 3M ac . B y  hmkh >KapaeHJiap T y K H aiu y B raH a  HOJira 

TeHr Tyjia HMnyjibCHH y3rapTHpa ojiMafiAff- A r a p  >KapaeH 

HaTH>KacHAa 6H TT a  (J)otoh By>KyAra Kejrca, yHH Hr HMnyjibCH 

a ji6arra  hojia3h  4)a P K',1H 6yjiaAH : p =  cE. M y H K H  epyFJiHK 

3 a p p a c H  th h h  xojiaTAa M a B m y A  6yjiojiMafiAH. /l e M a K , 3Hr 

K aM H A a  y 3 a p o  K apaM a- KapuiH  TOMOHJiapra >;apaKaTJiaHa- 

eTraH  h k k h t 3  (Jjotoh nafiAo 6yjiHiUH jio3hm.

8.9- §. 4>a30-BaKT y3JiyKCH3 CHMMeTpHnjiapHHHHr caKJiaHHiu
KOHyHJiapH

3 jieMeHTap 3a p p a jia p  (})H3 HKacH HHHr KefiHHrn finjuiapAa 

apniUHJiraH 3Hr KaTTa lOTyKJiapHAaH 6 n p H  i o k o p h  SHeprHHAa- 

th *a p a e H J ia p H H H r  M aciU Ta6  HHBapHaHTJinrH CH M M eTpHHCHra 

3ra  3KaHJlHTHHHHr Kaui(j) KHJIHHHUJHAHp. M a C U I T a 6  HHBapH- 

aHTJIHTH (})a30 Ba BaKTHHHT My3HJIHUIHra H H c 6a T a H  <})H3HK 

*apaeHJiapHHHr y xuiauuiH rH  §kh 6ou iK aM a  aftTraHAa (})H3HK 

KaTTajiHKJiapHHHr HH BapH aH TJinrHAaH  H 6 o p a T  6yjiraH  TaKpH- 

6 H H  CH M M eTpHHAHp .

FxiuaiujiH K  TyuiyHM acH x a M M a M H 3 r a  KyHAajiHK ^aeT H M H S  

TawpH6aJiapHAaH (MacajiaH, reoMeTpHK 4)HrypajiapHH TaK- 
KocjiauiAaH ) h x u i h  M atJiyM . M a c a jia H , n n 4 )a r o p  Teop eM acH  

T y rp n  6ypnaKJiH  k h m h k  y n 6y p M a K  ynyH  x,aM, TyrpH  6ypMaKjiH 

KaTTa y n 6 y p H a K  ynyH  * a M  6HpAafi T y rp H A H p . Sx iu a m jiH K  

ryuiyHM acH  4>H3HKaAa, M e x a H H K a a a  Ba T e xH H K a a a  KaTTa pojib
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yftHaft/ui. X o ^H c a jia p H H H r  yxiuaujJiHrHHH Ba y SHJiaH 6 o f j ih k , 

MOAeJiJiauiTHpHUJHH ypraHMaft T yp nG  KeM a, caMOJieT Ba 

XOKa30JiapHH Ky p u u iA a  3aMOHaBHfi TexH HK  Ta>KpH6ajiapHH 

yTKa3HLU M yM KHH 3M ac.

y x u i a m j i H K K a  6 h 3  t o K o p H A a  Ky praH  K B a H T  M e x a H H K a c n i ia  

3appaJiapH H H r (M a c a J ia H , 3 JieK Tp o H Jia p H H H F ) y 3 a p o  aftHaH- 

jih k  n p H H U H n n  x a M  KH paAH . A ji6aT T a , ajieKTpoH eKH 

a T O M Jia p H H H r  a ftH a H jm r H  A e r a H H M H 3 a a  M H K p o A y H e  >KHCMJia- 

P h h h h t  y xu ia iu JiH rH  Ma"bHOCHAa TyiuyHMaftMH3. M HKpoayHe-  

A a  y xu ia u iJiH K  y n y H  > KH CM JiapHHH r uiaKJiH, y jm a M J ia p n  Ba  

X0K a30Jiap  acoc 6yjica, MHKpo/jyHe/ja 3app ajiap H H H r  KBaHT 

x a p a K T e p H C T H K a J ia p n  a co cflH p . L U y H H H r /je K  y xu ia u iJiH K  xoah-  

c aJiap  y p T a c H A a  x a M  6yjiHUiH m y m k h h .

M H K p o A y H e /ja  103 6epaeTraH >KapaeHJiap h h x o h t  /japa>Ka- 

A a  M y p a K K a 6 /jnp. SjieMeiiTap 3 appajiapH H H r  T yK H auiyB H A a  

6 wp Typ 3appaHHHr hkkhhm h Typ 3appara aftjiaHHUiH Ba yHJia6 

h hth  3 appajiapH H H r  naft/jo 6 yjiHuiH K a 6 n xoAHcajiap  pyft 

6 ep aA H . ByH/jaft iokoph SH eprH H AarH  >KapaeHJiapAa hkkh- 

JiaMMH (H H rH AaH  nafiAo 6 yjiraH) 3appaJiapHHHr TypH Ba 

xap aK T ep ucT H K ajiap H A aH  K a T t H H  H a 3 ap , yjiapAaH  6 HpopTacn- 

HHHr 6 epHJiraH HMnyjibCAa TyFHJiHiu ^xthmojijihfh yjiMaHaAH.

B h p  ry p y x  <|>H3HKJiapHHHr yTK a3raH  Ta>KpH6acH Aa Te3Jia- 

THJiraH npOTOHJiapHHHT aJIIOMHHHft HHUJOH 6ujiaH TyKHa- 

uiyBH Ky3aTHJiraH. HKKHJiaM MH 3 a p p a jia p A a H  MaH(|)Hft 3apHA- 

jih Me30HJiap, /C-Me30HJiap Ba aHTHnpoTOHJiap KaftA KHJiHHraH. 

T a * p H 6 a  H3TH>KajiapH ujyHH Ky p caT aA H K H , /C-Me30HJiap Ba 

aHTHnpoTOHJiapHHHr naftAO 6yjiHUi 3XTHM0JiJiHrHHHHr n-Me- 

30HJiapHHHr naftAo 6yjiHiUH axTHMOJiJiHrnra H H c6aTH  (})aKaT 

HKKHJ13MHH 3 a p p a  HMny«lbCHHHHr npOTOHJiap 6oUJJiaHFHM 

3HeprHHCH HH cdaTH ra  6ofjihk . >KapaeiiHHHr M aciuT a6  HHBa- 

pnaHTjiHrHra 6H H o aH  npoTOHJiapHHHr 6om.Taiw'HM snepruHCH 

Ba HKKHJiaMMH 3 a p p a  HMnyjibCHHH 6 n p  xhji coHra Kynaft- 

T n p raH A a  (M a c u iT a 6  aJiM aiU TH pH U iAa), >KapaeH sxthmojijihk- 

jiapHHHHr M a3K yp  H H c6aTH  y3rapMaftAH. By (})aKT 6ouuiaHFH H  

SHeprHH Ba hkkhji3M hh  3 a p p a  HMnyjibCHHHHr Kyn KHHMaTJia- 

p H A a , xycy caH , xo3Hpi'H 33m o h  Te3JiaTrHHjiapHAa 3 P h u jh 6  

6yjiMaftAHraH SHeprHHJiapAa 103 6 e p a A H ra H  H03JiacTHK >Kapa- 

eHJiapHHHr axTHMOJiJiHKJiapHHH XHCo6jiaujra hm koh  6ep a A H . 

M a c a J ia H , 6ouuiaHFHM  3HeprH HHH Hr 700 MHJiJinapA a B  

KHfiMaTHAa 300 MHJiJiHapA a B  3HeprHHJiH /C-Me30HHHHr

TyFHJlHUI 3XTHM0JIJIHrH 6oUIJiaHFHH 3HeprHHHHHr 70 MHJIJIHapA 

s B  KHfiMaTHAa 30 MHJiJinapA a B  3HeprHHJiH /(-Me30HHHHr 

TyFHJlHUI 3XTHMOJ1JIHPH 6njiaH TyFpH KeJiaAH. LUyHAaH k h j i h 6 , 

MaB>KyA Te3JiaTrHHJiapAa s p h u j h 6  6yjiMafiAHraH 3HeprnH
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A n a n 0 3 0 H H  y^y H  103 SepHuiH KepaK  SyjiraH *a p a e H J ia p  

aXTHMOJiJiHKJiapHHH aHHKJiauira M y n ccap  6yjiaM H 3. An6aTTa, 
3a p p ajiap H H  KaTTa 3HeprHHJiapraMa T«3JiaTyBMH h h p h k  

Te3jiaTrHMjiapHH K y p n u iA a  h h c o h h h h f  h m k o h h h th  Merapa- 

jiaHraH . U ly H H H r  yMyH iokoph SHeprHHJiapAa M a3K y p  CHMMeT- 

pna fiyK 6yjiraHAa x,eM BaKT K)KopH 3HeprHHJiap,aa MHKpoAyHe 

x a K H ^ a  6 H p o p  Tyjia-TyKHC 6HJiHMra ara 6yjia  oJiMac s a h k  Ba 

T a S n a T  hhco h  ycTHflaH 3mmhk KyjiraH 6 yjiap^HT

SjieM eH T ap  3ap p ajiap H H H r  KyMCH3 y 3 a p o  Ta"bCHp aohmhh- 

ch (G) —  KaTTajiHK y3yHJiHK K B a ^p a T H  6HpjiHrHflarH yjmaM- 

ra ara . A r a p  y 3 a p o  T a t c H p  a o h m h h c h  yjiMaMCH3 SnpjiHKAa 

6y jiraH H A a  s a h , x a p  KaH^aft M ac u iT a6A arH  *a p a e H Jia p fla  x aM  

y 3 a p o  TatcHp KyMCH3JiHTHMa KOJiaBepap 3flH. yjiMOBJiH 

6HpjiHKflarH AOHMHiira ara  y 3 a p o  T a t C H p  * a p a e H J ia p H A a  

yxu iau uiH K  flyK. U ly H H H r  yMyH G = 1 0 -18 m A a H  Karra  

c o x a jia p ^a  KyMCH3 y 3 a p o  T a ^C H p  KyMCH3JinrHMa KOJica * a M  

10~18 m c o x a r a  HKHHJiauiHiiiHMH3 6HJiaH c o 6 h k  KyMCH3 y 3 a p o  

T a t C H p  6HJiaH 6o fjih k  >KapaeHJiap iiiHiwaTJiHpoK, KyMjinpoK 

103 6 e p a  6ou u ia H A H . ByHflafi k h m h k  coxaJiap aa  KyMCH3 y 3 a p o  

Tai>CHp KyMJiH pyfl 6 e p a  6ouiJiaHflH. IU y H A a H  kh jih 6 , KyMCH3 

y 3 a p o  TaT>CHp 6HJiaH y T a ^H ra H  HcapaeHJiapaa 10“ 18 m co*a- 

Jiap^a  M ac u iT a6  HHBapnaHTJiHrH , ht>hh T ad n a T H H H r  M a c m T a 6  

y 3rap H u iH ra  6yjiraH  yxuiauijinrH 6y3HJiHUJH M yM KHH  3K 3H .

Y m yjiMOBJiH 4>a30 c|)aKaT 6np  JKHHCJiHJinrHHa 6yjiM ac.aaH , 

H30Tpon xaMAHp, yHHHr xaM M a ftyHaJiHuuiapH 4>h3hk 

>KapaeHJiap yMyH 6np  xHJiflHp. O a 3 0 A a  aftjiaHHUUiapra 

HHc6aTaH Ta6naT  xoflHcaJiapHHHHr HHBapnaHTJiHrH (y3rap- 

MacjiHTH) xapaKaT m h k a o p h  MOMeHTHHHHr caKJiaHHiu KOHy- 

HHra ojih6 Kejia^H. B h 3 6HJiaM H3KH, cnHH 3appaHHHr 

x,apaKaTCH3 xoJiaTHAarn HMnyjibC MOMeHTHAHp. jjeMaK, 

cnHHHHHr caKJiaHHiiiH xaM  (J)a30HHHr uiy xycycHHTH yHHHr 

H30TponjiHTH 6HJiaH 6 o f j ih k . H h c 6 h h jih k  Ha3apHHCHra acocaH 

TypT yjiMOBJiH (J)a3oaa xaM M a HHepuHaJi KOopflHHaTa CHCTeMa- 

Jiapn TeHr xyKyK ^iH ^H p . By TeHr xyKyKJiHJiHKHHHr chmmctphh- 

c h  HHepuHH (M acca) MapKa3HHHHr caKJiaHHUJ KOHyHHra ojih6 

Kejia^H.

UlyHflaft k h j i h 6 , SH eprnH  Ba HMnyjibCHHHr caKJiaHHUi 

KOHyHH Ka6n  x,aM MaKpocKonHK WHCMJiap, xaM  m h k p o c k o i i h k  

3appajiap yMyH HMnyjibC MOMeHTHHHHr caK^iaHHUi KOHyHH 

KyMra ara. 3jieM eH Tap  3appaJiapAa cnHH xycycHH HMnyjibC 

MOMeHTH 6HJiaH 6upra op6HTaji x,apaKaT m hkaoph MOMeHTH 

x,aM KBaHTJiaHraH (y3JiyKJin) 6yjiaAH. YHHHr KHHMaTJiapn 

njiaHK a o h m h S c h  h ra HHc6aTaH 6yTyH KHftMaTJiapra ara. 

A r a p  3appaJiapH H H r  y3apo ajiMauiHHyBHfla op6HTaJi m o m c h t
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y3rapMaca, CHereMaHHHr Tyjia (h h fh h ah ) ciihhh aohm hh 

KOJiaAH. Thhm  \0JiaTAarH jt +  -Me30HHHHr napMaJiaHHixiH xyfl^H 

ujyHAafi k>3 SepaAH. n  +  -Me30H thhm xoJiaTAa (x +  -Me30Hra Ba 

miooh HeHTpHHocnra napMajiaHHUiH MyMKHH. MaiiJiyMKH, 

n + -Me30HHHHr cnHHH HOJira TeHr. Y  thhm xojiaTAa SyjiraHJiH- 

th ca6a6jiH yHHHr op6HTaji momchth x,aM HOJira TeHr. IIIyHHHr 

yqyH napMaJiaHHUiAaH cyHr miooh Ba HeiiTpHHO KaT"bHH 

KapaMa-KapuiH TOMOHJiapra K ap a6  uiyHAaii xapaKaT KHJiaAH- 

jiapKH, yjiapHHHr HHc6nft ^apaKaT  op6HTaji MOMeHTJiapn 

hhfhhahch HOJira TeHr 6yjiaAH. llly ca6a6A aH  w m  miooh Ba 

HeHTpHHOJiapHHHT CnHHJiapH ftHFHHAHCH HOJlTa TeHr. IUyHHHr 

y^yH miooh Ba HeftTpHHO KapaM a- KapuiH  aftjiaHTHpHJiraH 

6yjiaAH.

M y p a K K a 6  WJiJiapAa napHaJiaHHUi * a p a e H H  y^yH op6n- 

Taji M OM eHT HOJira TeHr 6yjiMacjiHrn M yM KHH . ByHAaii 

^OJiJiap^a HMnyjibCHHHr Tyjia m o m b h t h , mtjHh op6HTaji Ba c iih h

MOMeHTJiapHHHHT ftHFHHAHCH caKJiaHaAH .

8.10- §. 4>a30-BaKT AHCKpeT cHMMeTpHSiJiapHHHHr 

c a M a H H iu  KOHyHJiapn

X o 3 H p M a  (})a30-BaKTHHHr y3JiyKCH3 aJiMaiUTHpHUi c h m m c t - 

P h h c h h h  KypAHK . 3 h a h  AHCKpeT (y3JiyKJin) x ap aK T e p ra  ara 

6yjiraH ajiMauiTHpHiujiap c h m m b t p h h c h h h  K y p aM H 3 . K B a H T  

H a3ap H H C H A a  TypT yjinoBJiH KoopA H H aTa  yKJiapHHHHr )(ap xhji 

Ky3ry aKcnra  H H c6aT aH  (j)a3o-BaKT CHM M eTpHHCHra M aH c y 6  

HKKHT3 CaKJiaHHUJ KOHyHH KyiUHJiaAH. Yjiap 4>a30 HHBepCHH- 

CHA3H  (K y3ry  aKCH AaH ) Ba B aKT  yKHHHH T HHBepCHHCHAaH 

H Sop aT  aJiMauiTHpHiujiapAHp.

KJiaccHK (})H3HKaAa AHCKpeT ajiMauiTHpHiujiap *eM KaH- 

Aaft caKJiaHHiu KOHyHJiapHra o j i h 6  KejiMafiAH. M H K p o A y H e  

(})H3HKacHAa aca (})a30BHH H H BepcHHra H H c6aT aH  HHBapn- 

aHTJiHK —  P-*y(})TJiHK A e 6  aTajiyBMH AHCKpeT KaTTajiHKHHHr 

caKJiaHHiuHra, yHr Ba Man K o op A H H aTa  cncTeM acH ra  H H c6aTaH  

CH M M eTpHHra (KyMCH3 y 3 a p o  T a tc n p jia p A a H  T a u iK a p n ) o j ih 6  

KejiaAn.

K B a H T  H a3ap H H C H A a  3a p p a H H H r  ^ojiaTH KoopA H H aTa  (x , y, 
z) Ba BaKT (t) ra 6o fjihk  6yjiraH  TyjiKHH (JiyHKUHHCH 6HJiaH 

TacBHpjiaH aAH . Arap KO Op AH H aTa  HiuopacHHH y3rapTHpraHH- 

M H 3A3  (H H B epC H H Aa) 3 a p p a  X,OJiaTHHH TaCBHpJIOBMH TyAKHH  

4>yHKUHHCH y3 H iuopacHHH  y 3rap T H p M a c a , 6 y  ^OJiaTHH *y (})T  

XOAaT  AeHMH3, aKC X,OJlAa, HTjHH TyJIKHH (})yHKUHHCHHHHr 

HUiopacH y3rapca, t o k  x,0JiaT AeiiMH3. By onepauHH 

M aT eM aT H Ka  thjihab  KyfiHAarnMa e3HJiaAH:
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y, z, t ) = \ — — y, -z,t) =  ±\-iSp(x,y, z, t).
(8 .3 1 )

P- Koop/iHHaTa H iuopacHHH  y3rapTHpyBM H  o n e p a T o p  —  ko- 

op aH H aT ajiap  HH BepcHHcn . ( 8 .3 1 )  ra MyBO(J)HK T^^> —  P P ^  =  
=  ( ± l ) 2i|> =  ^ ,  H tH H  KeTMa-KeT h k k h  M ap T a  SaJK ap n /iraH  

P  —  onepaitHH (})h3hk CHCTeMaHH SouuiaHFHM  xojiaTHra 

KafiTapaAH . Y M y M a H , aKC s tth p h u i SHJiaH 6o fjih k  x a p  KaHAaft 

o n e p a U H H  KeTMa-KeT hkkh  M ap T a  6a>KapHJica, (})h3hk CHCTeMa- 

hh  6oujjiaHFHM xoJiaTHra KaftTapaAH.

P- >Ky({)TJiHKHHHr TyujyHM acHra a c o caH  6 y  o n e p a u H H  

Ta"bCHpHAa 3a p p a H H H r  HMnyjibCH y3 ftyHajinuiHHH T e cK ap nra  

y3rapTH pH UiH  KepaK . 3 a p p a H H H r  K y 3ryA arH  aKCH yMyH 

HMnyjibc ftyHajiHUiH 3 a p p a  HM nyjibcnra K apaM a- KapuiH  

ftyHajiraH. JleKHH 6 y  o n e p a u H H  Ta"bCHpHAa HMnyjibC m om chth, 

iuyHHHrAeK, cijhh y3 ftyHajinuiHHH y3rapTHpM a/XH . B h 3  6 y H A a H  

6y eH  P-Ky3ry (KeftHHMajiHK KypHJiaflHraH T-, C - K y 3ry ) eKH 

y M y M aH  Ky3ry  aKCH A e raH H M H 3A a  TerHUijiH o n e p aU H H  

HHBepCHHCHHH TyiIiyHaMH3. H y H K H  Ky 3ry  3KCH Ba HHBepCHH 

onepauH H JiapH  6np-6HpH 6HJiaH 6oFJiaHraH . M a c a jia H , 4>a30 

HHBepcHHCH K o o p ^H H a T a  6ou iH A aH  yTraH  6 n p o p  TeKHCJiHKKa 

H H c 6a T a H  Ky 3ry  bkch  Ba m y  Ky 3ry  3 k c h h h  Ky3ry  TeKHCJinrnra 

HopMaji y K  aTpo<})Hfla 1 8 0 °  ra 6y p H U iA aH  H 6 o p a T  onepauHH- 

jiap HaTH>KacHra TeHr. 4 y H 0 H M H , Ky3ry  TeKHCJiHrnra HMnyjibC 

ftyHajiHUiH HopMaji 6yjiM araHfla Ky3ry  aKCH h h b c p c h h h h  

6 e p M a r a H  6ynam  Ba Ky3ry  opKajiH  h h b c p c h h h h  xochji khjihui 

ynyH  x.o3Hp aftTraH/jeK hui ty th u jh m h3  KepaK  6yjia/iH.

P-w:y(|)TJiHK Kynoji kh jih6  aftTraH/ja, 3 a p p a H H H r  uiaKJiHHH 

(<})opMacHHH) xapaKTepjiaflAH. P — w y (| )T j iH r H + 1 6yjiraH  

3appaJiapH H H r  uiaKJiH uiap K a 6H  Ky3ry/jarH  aKCH 6HJiaH aftHaH 

6yjiaAH . P->Ky(})TJiHrH—  1 3ap p ajiap  xyjiAH M a^JiyM  H3ra ara 

BHHTra yxuiaflflH. b h h t h h h t  K y 3ry aarH  aKCH M an BHHTra, 

Man BHHTHHHr aKCH aca  yHr BHHTra yTaA H . A ji6aT T a , 3 a p p a H H  

BHHTra y x m a T r a H H M H 3 A a  yHH P-*y(})TJiHKKa H H c 6a T a H  xycy- 

CHHTHHH Ky3/ja TyTAHK.

P-^Ky^TjiHK KyMJiH Ba 3JieKTpoMarHHT y 3 a p o  T atC H pjiap  

6HJiaH yTa/iHraH  >KapaeHjiap/ia caKJiaHaflH. JleKHH KyMCH3 

y 3 a p o  Ta"bCHp 6yftHMa 103 6 e p a A u r a H  >KapaeHjiap/ja P->Ky(})T- 

jihkhhht caKJiaHHUiH 6y3HJiaAH , m jH H  KyncH3 y 3 a p o  TaiiCHp 

Ky3ry cH M M eTp H H cnra  3ra  3M ac . T a 6 H a T H H H r  6a"b3H >Kapa- 

eHJiapn ynyH  (})a30HHHr Man-yHr ch m m ctp h hch  ftyKJiHrn 

/jacTJia6 4>H3HKJiap yqyH >Ky/ja KyTHJiMaraH xoji 6yjica, xo3H p  

P->Ky(})TJiHKHHHr 6y3HJiHUiH 6HJiaH 6o fjih k  K aT o p  >Kapa- 

eHJiapHH 6HJiaM H3. P->Ky(})TJiHK 3 a p p a H H H r  hmkh T a 6 n a T H
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SHJiaH SOFJIHK.. B y H H  XHC 3THLUHMH3 yMyH Ky H H AarH  MHCOJIHH 

KypaMH3.

Xo3Hprn  BaKTAa jrenTOHjrapHHHr, MyHOHMH, ajreKTpoHHHHr, 

HeHTpHHOHHHF HMKH Ty3HJlHUira 3ra SMaCJlHrw XaKHiiaTH (J)HKp 

TyppH x,Hco6jiaHaAH. y m 6 y  3appajiap HyKTaBHH KypHHHLUji,a 

TacBHpjiaHa/iH. JleKHH yjiap cnHHra ara SyjiraHJiHKJiapH yMyH 

TaKpnSaH yjiapHH y3 yKH aTpo(})H/i,a afljiaHyBMH uiap (Man Skh  

ynr b h h t ) Ka6H TacaBByp STHiura Tyrpn KeJia^H. IXIyHH Kaftii, 

3THLU KepaKKH, HeHTpHHo y3 yKH aTpo<J)HAa (J)aKaT Manra 

afijiaHaAH (nan b h h t ) . yH r  HefiTpHHOJiap fiyK- XyAAH  iuyaaafi, 

Man aHTHHefiTpHHO Ta6naTAa MaB>KyA 3Mac. LUyHHHr yMyH 

x,aM HeHTpnHOHHHr y3 yKH aTpo(J)H^a afijiaHHLUH yHH 

aHTHHefiTpHHO/iaH (J)apK KHJinui/ia 6eJirH 6yjin6 XH3MaT 

KHJiaAH.

3appaHH aHTH3appaAaH (J)apK KHJiHLUAa yjiapHHHr 3apazi,H 
(a jieKTp eKH 6apHOH) 6ejirH 6yjia/iH. HefiTpHHOAa yu i6y  Man 
afijiaHHUi/iaH 6ou iKa 6e j irn  fiyK. yHHHr cuhhhhh KarbHH 
fiyHajiHLura a ra  3KaHJiHrH M accacHH H  TaKpH6aH HOJira Ba 
Te3JiHrHHH epyFjiHK Te3JiHrHra TeHrjiHrHflaH kc jih6 MHKaAH-

<l>apa3 KHJiaHJiHK, 6 h 3 3a p p a H H H r  xapaKaTJiaHHUiHHH 

y 6nJiaH TeHr xap aK aT JiaH aeTraH  CHCTeMa/iaH Ky3aTHUi 

HM KOHHra 3raMH3. M a c a Jia H , ajieKTpoHHH op KacH /iaH  Ky 3aTH 6  

yHH coaT CTpejiKacH afijiaHHLUHra m o c  yHr afijiaHHLUHHH 

a H H M a /iH K , aefijiHK. 3 h a h  ajieKTpoHAaH Te3p oK  xapaKaTJiaHa- 

eTraH CHCTeMa/iaH yHHHr oJiAHflaH Ky3aTcaK , y coaT CTpeJiKacn 

aftjiaHHLUHra TecKapn  Man afijiaHHiUAa 3 K 3 h j i h f h h h  aHHKJiafi- 

MH3. XleM aK, sjieKTpoHHHHr Man eKH yHr afijiaHHiiiH Ky3a- 

TyBMnra 6 o f j i h k  6yjiHUiH M yM KHH. HefiTpHH O yMyH aca yHHHr 

epyFjiHK Te3JiHrH 6HJiaH xapaKaTJiaHHiuH  ca6a6jiH , 6 h 3 

ajieKTpoH xoJiH/iarHAeK, h k k h  TOMOHJiaMa Ky3aTHUiHH yTKa3a

OJlMafiMH3. Bh3 HeHTpHHOHH Xap AOHM (})aKaT 6np TOMOHAaH 
(o p K a c H /ia H ) Ky 3aT 3M H 3 , XOJIOC. YMyMaH, oxnprH  afiTHJiraH- 
j iap  iuyHMaKH ran . MyHKH HeftTpHHOHH 6yHaaf i  ftyji 6HJiaH 
Ky3aTH6 6yjiMafi/iH. Y  e p y f j ih k  coMMaftflH, yHH Kypnui MyMKHH 
3Mac, yHHHr By>Ky/ira KejiraHJiHTHHH Ba By>KyAra KeJiHiu Ba 
ftyK 6yjiraHJiHTHHH KafiA KHJiaMH3, xojioc. HefiTpHHO nafiAO 

6yjiHUiH Ba f iyK  6yjiHUi opajiHFHaa KaHflaft MaB>KyA 
6yJlHUJHHH 6h3 6HJlMaHMH3.

HefiTpHHO xHJiMa-XHJi >KapaeHJiap,na, XHJiMa-xHJi u iapo- 
HT/ia By>KyAra KejiaAH, jieKHH HeftTpHHO (JiaKaT Man afijiaHyBMH 
XOJi/ia /lyHera KejiaflH Ba yTaAH. KwcKacH, yHHHr ManjiHK 
xycycHHTH T y fh j ih lu  >KapaeHH 6HJiaH 6o f j i h k  3Mac. H e r a  
HefiTpHHO «M a n a K a f t? »  By caBOJira 4>H3HKJiap xaJiH >KaBo6 
TonraHHMa fiyK- UlyH Aafi  kh j ih 6 , HefiTpHHO 6HJiaH 6h3 oJiaMHH
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(|)a30BHH CHMM eTpHHCHHH KyMCH3 y 3 a p 0  Ta"bCHpjTap COXaCHAa 

HyKOTflHK.

3 h a h  T- KV3f'\' \;iKn.ia tvXTaJiHS y T a MH3. O a 3o - B a K T  

CHMMeTpHHCHra MaHcyS b b k t  yKHHHHr HHBepcHHcnra HHc6a- 
T3H aCOCHH KOHyHJiapHHHr HHBapH3HTJlHTH SCKHflaH (J)H3HK3- 
hh h t  4>yHAaMeHTaji npHHUHnjiapHflaH x,HCo6j iaHraH. T a 6HaT 
KOHyHJiapH B3KT yTHUlHHHHr HyHaJlHUiHra HHC6aTaH CHMMeT-
pHKAHp. Yjrap yMyH yTraH 33MOH 6HJiaH Kejia>KaK ypTacHAa 

cj)apK ftyK- KaHAafi khjih6  (j)H3HK KOHyHJiapHHHr TecKapH 

(yTMHUira fiyHajiraH) BaKTra HHc6aTaH y3rapMacjiHrHra 

MHCOJI TapHKaCHAa OCMOH MexaHHKaCHHH KypafijlHK. MyHOHMH, 
6yTyH ojiaM topthu ih u i KOHyHHHH K,yeui cncTeMacHAa (})aKaT 

Ofi TyTHJiHUiHHH OJiAHHflaH aHHKJiaui yMyH KyJiJiaMacAaH 

yTraH 3aMOHAa K3m oh iuyHAafi TyTHJiHLUJiap 103 6epraHJiHrHHH 

aHHKJiauiAa xaM KyjuiauiHMH3 MyMKHH. yTMHUiAarH Oh 
TyTHJIHUlJiapHHH aHHKJiaiU yMyH BaKT HHBepCHHCHflaH, H"bHH 

BaKT yTHUiHHH opKara y3rapTHpHUiAaH (})ofiAajiaHaMH3.

H k k h h m h  m h c o j i  T a p H K a c H ^ a  6HJiJiHapA uiapJiapHHHHr 

y 3 a p o  T yK H auiyB H H H  K y p aM H 3 . <I>apa3 KHJiaHJiHK, h k k h t 3 

iuapH H H r y 3 a p o  TyK H auiyB H  KHHOJieHTara TyuinpHJiraH 

6yjICHH. AfiTafijIHK, KH H OM exaH H K  KHHOJieHTaHHHT 6 o u i h  Ba 

o xn p H H H  aA au iT H p H 6 , yHH o xH p H A aH  6 o u u ia 6  TecKapn  

fiyHajiHuiAa Ky n  6ou u ia c H H . U lap jiap H H H r  y 3 a p o  3JiacTHK 

T y K H auiyB H H H H r  b b k t  H H BepcH H cnra  H H c 6a T a H  HHBapnaHTJiH- 

t h  c a 6a 6 jiu  (J)HJibMHHiir TyFpn  Ba TecKapn  HaM OHHUiH 6 H p ^ e K  

4)h3hk  M a t H o r a  ara 6yjiaAH . X a K H K a T a H , Typpn  HaM ofiHuiAa 

* a M , T e cK ap n  HaM ofinuiAa ^ a M  uiapjiapHHHr y 3 a p o  TyKHauiy- 

b h  103 6 e p a A H . B h 3 k h h o  3ajiAa y T H p n 6  (})HJibMHHHr 

Ky HHJiHUiHra H H c6aT aH  yHH KaHAafi b b k t  fiyHajiHuiHfla 

OJiHHraHJiHrHHH a>KpaTa ojiMafiMH3. Y M y M a H , T-Kysryra 

H H c 6a T a H  6 y  K a 6H  c h m m c t p h k j i h k  KJiaccHK xaMfla KBaHT 

(})H3HKacHHHHr 6eHCTHCHo x,aMMa (x o 3H p M a ) KOHyHJiapHra 

oHAanp.

JleKHH 6 h 3  KyH/iaJiHK x,aeTHMH3aa WAHcaJiapHHHr BaKT 

HHBepCHHCHTa HHC6aTaH CHMMeTpHKJlHTHHH Ky3aTa OJIMafiMH3, 

MyHKH x,ap aohm  M ypaKKa6 >KapaeHJiap 6HJiaH ryKHaui 

KeJiaMH3. MacaJiaH, uiapjiap x,aKHflarH lOKopuziarH m h - 

cojiHHHr M ypaKKa6 x,o j i h h h  KypafijiHK. HKKHTa uiap ypHHra 

6np  HeMa uiapjiapHHHr TyKHauiyBH KHHOJieHTara TyuinpHJiraH 

6yjiCHH. AfiTafijiHK, coKKa uiap yM 6ypMaKJiH K)3aAa 6np  x h ji 

3HMjiHKfla >KofijiaiuraH uiapjiap TynjiaMH 6HJiaH TyKHaiucHH. 

By TyKHauiHiu HaTH>«acHAa xaMM a uiapjiap xap  TOMOHra 

TapKajin6 KeTaAH. 3 h a h  arap KHHOMexaHHK JieHTaHH TecKapn 

fiyHaJiHiuaa Kyfica, 6 h 3  6yHH aapxoji ce3aMH3. Aji6arra, x,ap
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TOMOHiia TypraH  luapjiap S H p a a H  x,apaKaT khjih6, yM Syp naK  

iuaKJiHziarH io3a ra  >Kofljiauica Ba 6 h t t 3 u iap y j iap^aH  
a>KpaJiH6 6 n p  neKKaiia TyxT aca  —  6 y  a * a 6 j ia H a p jiH  M a H 3a p a . 

/I,eMaK, M y p a K K a 6  CHCTeMa/iarH xoflHcajiap acocaH  BaKTHHHr 

Ma"bJiyM (ry F p H ) f iyHajiHuiHAa 103 6 e p a A H . JleKHH M y p a K K a 6  

CHCTeM aAarH  xo^H cajiap H H H r  6 y  Ka6w  a>Ka6jiaHapjiH KeTMa- 

KeTJIHTH, H"bHH B 3KT  HHBepCHHCH 6 yHHMa yTHUIH XaM (})H3HKa 

KOHyHJiapHra xhjioc}) KeJiMaftAH. O a K a T  M ypaKKa6 CHCTeMa^a 
BaKTH HHr TecKapH  (y T M H iu ra ) flyHajiHiiiH 6 yiiHMa >Kapa- 
eHHHHr io3 6epHiu ax,THM0JuiHrH >Kyn,a xaM khmhkahp.

T-Kysryra, mjHH BaKT yKHHHHr HHBepcHHCHra HHc6aTaH 

T a 6HaT XOAHCaJiapHHHHT CHMMeTpHHCH 6oiUKa CHMMeTpHH- 
jiap aaH  y3raM a HaM oeH  6yjiaflH, MyHKH BaKT HiuopacH  

TecKapHra ajiMauiTHpHJiraHfla (})h3hk CHCTeMaHHHr 6om - 
jiaHFHM Ba oxHprH xojiaTJiapH y 3 a p o  ajiMaujaAH. B aK T  
HHBepcHHcnra HHc6aTaH (})h3hk >KapaeHJiapHHHr 6 y  Ka6n 
CHMMeTpHHCHAaH AeTaJl MyB03aH3T npHHUHnH KeJIH6 MHKa^H. 
M a 3 K y p  npHHunnra MyBO(} )HK,arap  KaHAaHAHp MHKpo/iyHe 
>KapaeHH MyMKHH 6yjica, BaKT HHBepcHHCH/jaH xoch j i  6yjiraH  

yH ra  TecKapn * a p a e H  x,aM MyMKHH. B aK T  HHBepcHHCHHHHr 
6ou iKa  xapaKTep jiH  xycycHHTH y  yMyH KBaHT Ha3apHHCHAa 
xaM 6npop  caKJiaHyBMH KaTTajiHKHHHr MaB>Kya, SMacjiHrn/iHp. 
O a 3 0  HHBepCHHCH yMyH P->Ky(})TJIHK (K H H M a T H + 1 )  Ka6H 
(})H3HK K3TT3J1HK TyFpH KeJlCa, B3KT HHBepCHHCH yMyH 3Ca XeM 
KaHAaft (})h3hk KaTTajiHK TyppH KejiMaft/iH. r- onepauHHCHHHH r  

3 a p p a  xoJiaTHra TaiiCHpH 3appaHHHr HMnyjibCH (3) Ba 
HMnyjibc MOMeHTH HiuopajiapHHH TecKapHcnra  y3rapTH- 
pHiUAaH H6opaT.

3 a p n A  CHMMeTpHHCH onepauHHCH. K saH T  MexaHHKacn- 

h h h t  6hp hh m h  ftHJiJiapHAaeK 3apnflJiH 3 a p p a  yMyH e3HJiraH 

HHC^HftjlHK H a3apH H C H H H H T  TaJia^JiapHHH KaHOaTJiaHTHpyBMH 

x a p  KaHAafi TeHrjiaMa 3apn /iH H H r HKKajia xhji H iuopacH  yMyH 

x a M  3 a p p a  x a p aK aT H H H  ^H p aafi t3bch(})jiobmh eMHMra ara 

SKaHJlHTH MaiaJiyM 3AH. SjieKTpOH yMyH e3HJiraH peJlHTHBHCTHK 

KBaHT TeHrjiaMa no3H TpoH HH  x aM  TaBCH(})JiaftflH. lO K o p H A a  

Kaftfl KHJiraHHMH3/ieK, n03H T p 0H H H H r  Kaui(}) 3THJ1H1UH XyAAH 

uiyHAaft 6yjiraHji,H. K a p a M a- K a p u iH  3apHAJiH 3appaJiapH H H r 

M aB w yzyiH rH  xo 3H p  6 h 3 h h  a>Ka6.TaHTHpMaftAH. M ac a J ia H , 

KapaM a- KapuiH  3JieKTp 3apHA^iH MiooHJiap, nHOHJiap Ba 

X 0K a 3 0 . LLIyHHHr/ieK, KapaM a- KapuiH  6 a p H 0 H  3apnAJiH 3appa- 

jiap >Kyt})THra np0T0H - aH TH np0T0H , HeftTpoH-aHTHHeftTpoHJiap 

Ba x o K a 3 o  mhcoji 6yjiaflH. X a M M a  3ap p ajiap  *y(})T-*y(})TH 

6njiaH  eKH mhh neftTpaji xojiiia MaB>KyAAHp.

IIIyHHHrAeK, xen KaHAaft >KapaeHAa xeM KaHAaft 3apnA
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HiuopacH  atj)3aJiJiHKKa 3ra  3M ac . jt+  h h  |j,+  Ba v^ ra 

napHajiaHHUiH  x,aMMa >KHX,aTAaH jx“  hh  Ba (miooh  

aH TH H eH T pH H Ocn) ra napMajiaHHLUHra yxuiaiu . A r a p  6 h 3 

ajieKTp 3a p n A H  H iuopacHHH  aHHKJiafl ojiM araH H M H 3Aa  6 y  hkkh  

JKapaeH HH 6Hp-6npHflaH (JtapKHHH ce3M acA H K . X y A A H  luy 

CHM M eTpHHHH 3apHfl CHMM eTpHHCH A e 6  lOpHTHJiaAH.

SjieM eH T ap  3ap p ajiap  A y H ecH A arn  M ap ae H Jiap H H H r  3a p H A  

CHMM eTpHHCH KB3HT H 33ap H H C H A a  TeHrjiaMajiapHHHr Ta6H- 

aTra sra 6yjiM araH  Ky3ry  bkch  o nep auH H C H  (H H B epcH H ) ra 

M a H c y 6  —  S- onep auH H , htjHh Ky uiM a  3 a p H A  o nep auH H C H  C ra 

H H c6aT aH  CHMMeTpHKJiHrHAa aKC 3TaAH . y u i6 y  C-Ky3ry 

Ta"bCHpHAa 3appaJiapH H H r 6 c h c th c h o  x a M M a  3apHAJiapH HHH r  

(sjieKTp, 6 a p n o H , FaJiaTHJiHK, JienTOH, miooh jienTOH) HLUopacn  

TecKapH ra  y3rapaAH, ht>hh 3 a p p a  y3Hra KyuiM a  a H T H 3a p p a r a  

aftjiaHaAH. <t>H3HKJiap, 1 9 5 7  HHJiraMa, x a M M a  3appaJiapH H  

aH TH 3appaJiapra  aftjiaHTHpHiu 6HJiaH x a M M a  H ap ca  xyAAH uiy 

6 h 3  HuiaeTraH  Ay H eA arH A eK  103 6epaAHraH aHTH AyHeHH  xochji 

KHJiaMH3, A e 6  HuioHraHJiap, H tH H  T a 6H a T H H  K y uiM a  3a p H A  

on e p au H H C H ra  H H c6aT aH  CHM M eTpHK A e 6  XHCo6jiaraHJiap.

JleKHH HeftTpHHOHHHr xoccaJiapHHH scjiaftjiHK. C -on ep a -  
uhh T a tcn p H A a  xaMMa HeftTpHHOJiap aHTHHeftTpnHora (Ba 
TecKapH cn ) yTaAH. HeflTpHHOHHHr cnHHH KaT"bHfl flyHaJiHUiAa 
6 yjiHiuH Ba Kyu iMa 3apHA onepauHHCHAa cnnH flyHajiHLUHHHHr 
y 3rapM acjiH rn  ca6a6jiH C -onepauHH T a tc n p H A a  xoch j i  6yjiraH 

HHTH aHTHHeftTpHHOHHHrCnHHHTa^HHft 3H T H H eftT p H H 0CnHHH- 

ra  TecKapn (ht .hh cnHHH xa pa K a T  ftyHajiHLUH 6 y f i m a  3Mac, 
6ajiKH yHra TecK apn ) 6yjiH6 KOJiaAH. T a 6 naTAa 6 yHAaft 
cnnHJiH HeftTpHHo M a B * y A  3M ac . /JeMaK, C -K y 3r y ra  HHc6 aTaH 
HeftTpHHo CHMMeTpHHra ara  3Mac, C -K y3r y r a  HHc6 aTaH T a 6 naT 
>KapaeHJiapHHHHr chm m ctphhch 6njiaH 3apHA >Ky(})TJiHrH A e6
a ia j ia A H ra H  4)h3hk KaTTajiHKHHHr caKJiaHHUi KOHyHH 6 o f j ih k .
A r a p  3 a p a A  *y(J)TJiHrHHHHr caKJiaHHin KOHyHH T a 6n a T H H H r  

6eHCTHCHo x a M M a  * a p a e H J i a p H  yqyH  6a>KapHJiraHAa 3appa- 

jiapAaH  TauiKHJi TonraH  ojiaMAaH aH T H 3ap p aJiap A aH  TauiKHJi 

TonraH  oJiaMHH a6coJiK)T a>KpaTa ojiMaraH 6yjiap  3ahk . 

B o u iK a H a  aftTraHAa, 6opAH-io, 6 n p  K e ^a A a  x a M M a  3appa- 

JiapHHHr x,aMMa 3ap H A H  TecKapn  Hiuopara y 3rap c a , 6 h 3  6 y  

x,ojihh ce3M araH  6yjiap  3 a h k . JleKHH 6a xT H M H 3ra  T a 6n a T H H H r  

6a"b3H >KapaeHJiapH y^y H  3 a p H A  >KycJ)TJiHrHHHHr caKJiaHHiu  

KOHyHH 6y3HJiaAH . By onepaiLHHra H H c 6a T a H  x,aM (P-onepa- 

u,hh CH H rap n ) KyqjiH Ba 3JieTpoMarHHT y 3 a p o  TaT>CHpjiap 

CHM M eTpHK, H1.HH 6 y  y 3a ;po  T a t c n p A a  yT aA H raH  >KapaeHJiapAa 

3 a p H A  >KycJ)TjiHrH caK /iaH aA H . Ky H C H 3  y 3 a p o  T a t C H p A a  3 a p H A  

>Ky(J)TJIHrHHHHT CaKJiaHHUI KOHyHH 6y3HJiaAH , HTjHH KyHCH3
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y 3 a p o  Ta"bCHp C- Ky3ryra HH cSaTaH  MatJiyM  CHM M eTpHHra ara 

3M ac.

3 a p h a  >Ky(})TJiHrHHHHr caKJiaHHLU KOHyHH >Ky,n,a khmhk 

c o x a ^ a  6a>KapHJiaAH, MyHKH 6 c h c th c h o  x.aMMa 3apaflJiapH 

HOJira TeHr 6yjiraH (paKar mhh HefiTpaji 3appaJiaprH H a  

MaiaJiyM MyafiHH 3 a p n A  JKycf)TJiHrHra ara 6yjiHiiiH M yMKHH.

A r a p  N  opKajiH ajieKTp 3apnflH (e), 6 a p H O H  3 a p H A «  (B), 
FajiaTHJiHK ( 5 ) ,  jienTOH 3ap H A H  (Le) Ba miooh jienTOH 3ap H A H  

(Ly) K a 6n  3 A A h t h b  k b 3 h t  coHJiapHHHHr TynjiaMHHH 6ejirHJia- 

caK , C- onepauHH CHH HHr ^OJiaT TyjiKHH (JiyHKUHHCHra TatCH- 

P h h h  KyHHAarHM a e3a ojiaMH3.

=  i|}( — N).

S- onepauH H  HMnyjibc Ba criHHflaH T auiK ap H  x,aMMa KBaHT  

COHJiapHHHHF HUJOpaCHHH y3rapTHpaflH. £-ty(N)=£:X
X C ^  — N) =i|)(jV), H"bHH C 2= l .

H e M aK , C-onepauHHCHHHHr xycycHfi k h h m 3 th  + 1  eKH

—  1 ra TeHr. JleKHH, C  *a p  a o h m  xaM  xycycHH x,ojiaTra ara 

6yjiaBepMafiflH. M h h  HefiTpaji 3appajiap yMyH aca lOKopuaarH 

xycycHfi KHfiMaT Ba xycycHH xoJiaT TeHrjiaMacn KyfiH^arHMa 

e3HJiaAH:

C^ (N  =  0) =  C • ip (N  =  0) =  ±  i|) (N  =  0)

XycycHfi K H 0M a T  C  3 ap n j, >Ky(})TJiHrH eKH KyuiM a 3ap H A  

KB3HT cohh  jxe6 aTajia^H .

ZleM aK, HOJi^aH c})apKJiH 3apnflra 3ra 3ap p ajiap  aH H K  

3apnfl >Ky(})TjiHrHra 3ra 3M ac . UJyHH Hr yMyH aMajiAa 3apnfl 

>Kyc})TJiHrH yMyH caKJiaHHiu KOHyH HHHH r 3apHAJiaHraH CHCTe- 

M ajiap ^a  6a>KapHJiHiUHHH Ky3aTHiu k h A h h . HyH OHM H , c})o t o h  

m h h  HefiTpaji 3 a p p a  CH(})aTHfla —  1 ra TeHr MyafiHH 3apHfl 

>Ky(})TJiHrHra 3ra. 4 h h  HefiTpaji 3appaJiapAaH  n °  Ba r)° Me- 

30HJiap 3JieKTpoMarHHT fiyjiH 6HJiaH h k k h t b  (})OTOHra napMa- 

J13H3AH, H"bHH JI°-v2y, T)o->2Y-

U ly H H H r  yMyH, n °  Ba r)° Me30HJiap M y c6aT  3a p H A  

>Ky(})TJiHrH ( +  1) ra ara, MyHKH 2y CHCTeMaHHHr 3apnfl 

>Ky(})TjiHrH ( +  1) ra TeHr. U ly H H  afiTHiu jio3hm kh, P->Ky(})TJiHK 

X,aM, C->Ky(})TJlHK X,aM MyjlbTHrUlHKaTHB KaTTajiHKJiap^Hp, 

htjhh M y p a K K a 6  CHCTeMaHHHr yMyMHfi *y(})TJiHrH yHHHr 

TauiKHJi STyBMHJiap >Ky(})TJiHKJiapH KynafiTMacHra TeHr. 

ZleM aK, >Ky(})T cohjih (^OTOHJiap cncTeM acHH HHr 3ap H A  

>Kyt})TJiHrH —  *y<})T ( +  1 ) , t o k  cohjih (})OTOHJiap OHCTeMacH- 

HHHT 3apHfl >Ky(^TJlHTH 3Ca TOKAHp  ( —  1 ). IIIyHHHr yMyH 

3JieKTpoMarHHT >KapaeHJiapfla 6HTTa (})OTOHHHHr h kkh tb  

(})OTOHra afijiaHHiUH eKH y M y M aH , t o k  cohjih (})OTOHJiapHHHr

471



*ytj)T  cohjih (j)OTOHJiapra Ba , aK C H H ^a , afijiaHHiiiH M yMKHH  

3Mac.

A r a p  3 a p « A  >Ky(})TJiHrH (J)aKaT ({)OTOH/iapra Ba jt°, 

T]° M e30HJiaprarH Ha  TaajuiyKJiH 6yjiraH,aa s a h , yHH axaM H H T H  

6yjiMacAH. C-onepaitHHCH >KyAa Kyn HefiTpa^i «3appa  —  

a H T H 3 a p p a »  CHCTeMajiap ynyH  x a M  KyjiJi_aHHUiH m ym khh. 

ByH/iafi cHCTeM ajiapra e+ e~, ji+  ji- , pp, nn Ba  x o K a3o  

mhcoji dy jia^H . Y u j6 y  CHCTeMaJiap yqyH 3apao . *ycf)TJiHrHHHHr 

KH H M aT H  yjiap ynyH  x a p a K a T  m h k a o p h  M OM eHTH Ba cnHH  

KHHM aTJiapH  6yfiHMa aHHKJiaHa/iH .

8.1  l-§. H 3 0 T 0 n H K  CIIHH, FajiaTHJIHK, SJieKTp, 6 a p H O H , 

jienTOH 3 a p n A H H H H r  caKJiaHHiiiH

CaKJiaH Hiu  KOHyHJiapnHHHr yquHMH r y p y x n r a  KHpyBHH  

H 30T 0n H K  cnHH  caKJiaHHiu KOHyH H  ajieMeHTap 3ap p ajiap H H H r  

KyqjiH y 3 a p o  Ta"bCHpHra o h a  M atJiyM  CHMM eTpHHCH 6ujiaH  

6oFJIHKflHp.

H 3 0 T 0 n  cnHH eKH H 30cnH H  ( T) x a K H ^ a r n  TyuiyHMa 

AacTaBBaji (J)H3HKara npoTOH  6HJiaH npoTOH  (p —  p), npoTOH 

6HJiaH HefiTpoH (p —  n) Ba HefiTpoH 6HJiaH HefiTpoH (n —  n) 
6 n p  -XHJiAa HApoBHfi (Ky^jiH ) y 3 a p o  TaiaCHpjiapfla 6yjiHuiHHH 

TyuiyHTHpHUi ywyH KHpHTHJiraH 3AH . M a t J iy M K H , p Ba n h hh t  

3JieKTpoMarHHT xycycHHTJiapn 6H p- 6H p H AaH  KaTTa (J)apK 

KHJiaAH: p M y c 6 aT  ajieKTp 3 a p n A H r a  ara, ra-HefiTpaji 3 a p p a , 

npOTOH HHH T MaTHHT MOM eHTH M y c 6aT  HeHTpOHHHKH MaH(|)HH 

KaTTajiHK/xaH H6opaT. LIIyH/iaft khjih6, 3JieKTpoMarHHT y3apo 

Ta^bCHpfla, npoTOH  Ba HeftTpoH h kkh  xhji 3 a p p a  cutyaTujia, 

HApoBHft (KynjiH) y3apo TaiiCHpAa aca h kkh  xhji (npoTOH Ba 

HeftTpoH) xoJiaTAarH 6wTTa 3appa-HyKJioH (N) CH(})aTHfla 

K aT H aiu aA H .

KBaHT COHH (T) —  H30CIIHH TyUiyHMaCHHH KHpHTHJlHIUH 

KyqjiH Ba SJieKTpoMarHHT y3apo Taijcupra HHc6aTaH 3Jie- 

MeHTap 3appajiapHHHr KaH/iaft HaMoeH dyjiHUMHH Kypnuira 

epaaM  6epaAH. Ky^JiH y3apo Tai>CHpHHHr a6cTpaKT H30TOnHK 

(})a30AarH CHMMeTpHHCH/jaH 3JieMeHTap 3appajiapHHHr KyqjiH 

y3apo Ta"bCHp JKapaeHHAa h3otohhk cnHHHHHr caKJiaHHUi 

KOHyHH kcjih6 MHKaAH. B y  KOHyHra acocaH HKKHTa (p, 
n) 3appa  ypHHra H3ocnHHH 7 = 1 / 2  6yjiraH 6nTTa 3appa- 

HyKJioH TyFpncHaa ranHpaMH3. OAflHft cnHHra KHec khjicbk, 

a6CTpaKT H30T0IIHK (})a30fla HyKJIOH H30CnHHH, HT>HH «H30M0- 

MeHTH» npOeKUHHCH H30T0nHK (J)a30HHHT Z  yKHra HHC6aTaH

(})aKaT HKKHTa KHHMaT: Tz=  Ka6yji KHJia/iH. HyKjioH
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np 0T0H x,OJiaTH, T = — ~ khhm 3th  aca HeiiTpoH xonaTH

SHJiaH SoFJiaHraH. H 3 o to h h k  cnHHHHHr caKJiaHHiu KOHyHH 
H30T0nHK (})a30AarH ajiMaiuTHpHiujiapra HHcSaTaH KyMJiH 
y 3 a p o  Ta"bCHpHHHr chm m ctphhch (HHBapHaHTJiHrn) SuJiaH 
6o f j ih k .  Ky^JiH y 3 a p o  TaTjCHpaaH Sou iKa x.aMMa y 3 a p o  
Ta^bcnpjiap 6y  CHMMeTpHnra a ra  3Mac, hi.hh y j ia p ^ a  h3o tou h k  
cnnHHHHr caKJiaHHiu KOHyHH 6y3HJiaflH. i teM aK ,  H30T0nHK 
cnHH 4>h3hk KaTTajiHK CH(})aTHAa (} )aKaT KyHJiH y 3 a p o  T a t c n p  
3appajiapHHHrHHa xapaKTepjiaft/iH. H 3 o to h h k  cnHHHHHr H3o- 
TonnK Z yKHra npoeKUHHCH 3JieKTpoMarHHT y 3 a p o  Ta^bCHp/ia 
xaM caKJiaHaAH.

M y p a K K a 6 CHCTeMaHHHr Ty j ia  H30T0nHK cnHHH uiy 
cHCTeMaHHHr TapKH6nra KnpyBKH 3 a p p a j ia p  H30T0riHK ciihh- 
JiapHHHHT BeKTOp HHrHHAHCHTa TeHT. H30T0nHK CnHHHHHT 

BeKTOp HHFHHflHCH OAflHH CnHHHHHT BeKTOp HHFHHflHCH Ka6H 
XHCo6jiaHaAH. M acaJ iaH , HyKJioH —  nnoH cncTeMacHHHHr

1 3 t I
H30T0nHK cnHHH —  ra  Ba —  ra TeHr. 4yHKH HyKJioHHHHr

l ,
M30T0nHK cnHHH —  r a ?nHOHHHKH sca  1 ra  TeHr Ba y jiapHHHr

1 .. 3 
BeKTop h h fh h a h ch  —  ra eKH —  ra TeHr.

O a K a T  Ky^jiH y 3 a p o  Ta^CHpjiauiyBMH aJieMeHTap 3appa -  
jiapHH xapaKTepjioBMH HHa 6np (})h3hk KaTTajiHK —  FajiaTH- 
JIHK (S) KB3HT COHHAHp. FaJiaTHJIHKHHHT CaKJiaHHUI KOHyHH 
KyMJiH Ba ajieKTpoMarHHT y 3 a p o  TaiiCHpjiap iia  ypHHJiH 6y jiH6 , 
Ky4CH3 y 3 a p o  Ta"bCHpiia 6y3HJiaAH. FajiaTHJiHK aiiAHTHB 
K3TT3J1HK, HTjHH M ypaKKa6 CHCTeMaHHHT FaJiaTHJlHTH yHH 
TaUIKHJl STyBHHJiapH FaJiaTHJIHKJiapHHHHr apH(})MeTHK HHFHH- 
ilHCHra TeHr. FajiaTHJiHK caKJiaHHUi KOHyHHHHHr 4>h 3h k  kcjih6  

mhkhui Ta6HaTH xo3HpraMa aHHKJiaHraH 3Mac.
3jieMeHTap 3appaJiap  cj)H3HKacHAa caKJiaHyBMH TypT xhji 

3apHA.nap: ajieKTp Q, 6apHOH B, ajieKTpoH jienTOH Le, m io o h  

jienTOH Ln 3apnflJiapH Ma"bJiyM. By KarraJiHKJiap a/uw THB  

6yjin6 x,aM Myc6aT, xaM MaH(|)HH KHHMaTJiap Ka6yji k h jih u ih  

MyMKHH:

Q, B, Le, L» =  ...., - 2, -1,0, 1, 2,....

3 a p h/i. caKJiaHHUi KOHyHJiapHHHHr KeJiH6 mhkhiu Ta6naTH Ba 

yjiapHHHr (})aKaT 6yTyH KH H M au iapra  TeHrjinrHHHHr ca6a6n

H30CIIHHH npoeKUHHCHHHHT T z =  -\— ^  K H H M 3T H  HyKJlOHHHHT
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X03H p M a  HOMa^wiyM . 3ap H A Jiap H H H r  caKJiaHHiu KOHyHJiapH-  

h hh t  pojiH 3ap H fl^ap  KH H M aT H H H H r  y3rapHiHH  SnjiaH GyjiaAH- 

raH >KapaeHJiapHHHr yTHiUHHH m bh KHJiMOKAaH H 6o p aT . 

M a c a jia H , 3JieKTp 3a p n aH H H H r  caKJiaHHiu K O H yH H ra  Kypa  

aeH T poH H H H r  (d ) M y c6aT  n n o H ra  Ba y-KBaHTra napMaJiaHHiiiH  

M yM KHH  6yjica, 6 a p H O H  3apH A H H H H r  caK^iaHHiu KOHyH Hra  

Ky p a  M aH  KHJiHHaAH. W yH KH  AeflTpoHHHHr 6 a p n o H  3 a p « A H  2  ra, 

nno H  Ba c|)OTOHHHHr 6 a p n o H  3 a p « A H  aca HOJira TeHr.

X a M M a  3apHfljiapH HOJira TeHr 3„ieMeHTap 3appa  m h h  

HefiTpaJi 3appa AefiHJiaAH. M h h  HefiTpaji 3appara cJj o t o h  Ba t] 

Me30H m hcoji 6yjia oJiaAH. M h h  HeflTpaji 6yjiMaraH x,ap 6np  

3appa ywyH yHHHr a HTH3appacn MaB>KyA. 3 a p p a  Ba b h t h - 

3appaHHHr Macca Ba niuaiu BaKTJiapn TeHr, 3apn/uiapH aca 

KapaMa-KapuiH. LUyHHHr y*iyH 3appa >Kyc})THflaH H6opaT 

CHCTeMa m h h  HeflTpaJi x,HCo6jiaHaflH.

8.12- §. SjieM eH T ap  3ap p ajiap H H H r  <J)yH/i,aMeHTaji 

y 3a p o  Tai>CHpjiapH Ba rypyx,JiapH

SjieMeHTap 3appajiapHHHr xjiaccjiapH. SjieMeHTap 3appa- 

Jiap yM acocHfl KJiaccra 6yjiHHaAH. B h p h h m h  KJiaccra (})aKaT , 

6HTTa 3appa  —  (Jjo t o h  (epyrjiHK k b 3 h t h ) KHpaAH.

H k k h h h h  KJiaccHH JienTOHJiap TaiUKHJi 3 T a ^H . KDKopHflarH 

w a A B a jiA a H  K y p aM H 3K H , JienTOHJiapra TypTTa 3 a p p a  ajieKT- 

pOH, SJieKTpOH HeflTpHHOCH, MIOOH, MIOOH HeHTpHHOCH KHpaflH. 

HeflTpHH O JienTOHJiapHHHr JienTOHHflHp. HeflTpHHOJiap SJieKTp 

3apnflHra ara 3M ac  Ba yjiap y 3 a p o  KyMCH3 TaT>CHpflarHHa 

6yjiaflH. HeftTpHHO 6o u iK a  >k h c m  3a p p a jia p n  6HJiaH uiyHMajiHK 

KyMCH3 y 3 a p o  T a ^ c H p a a  6yjiaflHKH, x,aTTo ep K y p p a c n  x,aM 

y ynyH  x y ^ H  epyrjiHK ywyH uiHUiaaeK t h h h k a h p . Ymhhmh 

m iacc —  aApoHJiap (rpeKM a —  h h p h k ) A e 6  aTajiyBMH 3appa- 

JiapAaH TauiKHJi To nraH . A /ipoHJiapra iOKopHAarn  >KaABaJiAaH 

M e30HJiap Ba 6apHOHJiap r y p y x H ^a r H  3appaJiap  KH paAH . 

Yjiap^aH  TauiKapH 6np  HeMa 103 pe30HaHCJiap ae6  aTajiyBMH 

3appajiap xaM  KHpaAH.

3appaJiapHHHr y m 6y  Kjiaccjiapn yJiapHHHr ysapo Ta"b- 

cnpjiapHHH xapaKTepjiaflAH. M acajiaH , (Jjo t o h  ^ a K a T  ajieKTpo- 

MarHHT y3apo TatcHpAarHHa 6yjiaAH. jlenTOHJiap KyMCH3 Ba 

rpaBHTaUHOH y3apo TaiiCHpfla, a/ipoHJiap 3ca rpaBHTaUHOH, 

KyMCH3, sjieKTpoMarHHT Ba KyMJiH (h a p o b h h ) y3apo raij- 

cnpjiapAa 6yjia ojiaAH.

3appajiapHHHr y3apo Ta"bCHpHHH ypraHHUiAa 6030HJiap 

Ba <})epMHOHJiap opacHAarH 3 h h k  (}>apKHH scjiaiu KepaK 

6yjiaflH. MyHKH 6030HJiap HKKa xoJiAa By>KyAra KeJiHUiH §kh
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f i y K .  6 y j i H i u H  M y M K H H .  O e p M H O H J i a p  3 c a ,  a K C H H H a ,  J i e n T O H  e a  

6 a p n o H  c o H J i a p H H H H r  c a K . J i a H H H i H r a  M y e o ^ H K  x , a p  a o h m  > K y ( } ) T  

6 y j i n 6  B y > K y A r a  K e j i a A H  e K H  > K y (J )T  x . o j i H ^ a  f l y K .  6 y j i n 6  K e T a A H .  

L U y H A a H  k h j i h 6 , 6 H T T a  6 0 3 0 H  M H K a p n u i  e K H  i o t h i u  6 H J i a H  

y T a ^ n r a H  y 3 a p o  T a i > C H p  3 H r  c o i w a  y 3 a p o  T a i > C H p r a  m h c o j i  

6 y j i a  o j i a A H .

3 a p p a jia p H H H r  KyqjiH y 3 a p o  Tai>cHpH. /lacT aB e aji iuyHH 

aHTHUi KepaKKH , H A po  Ba H A p o  peaKUH HJiapHH HHr xycycHHTJia- 

pH ra  acocaH xy^uiH uiy KyHJiH y3apo Ta*bCHp KynjiapH 

>KaBo6rap. IlpoTOH  Ba HeHTpOHJiapHH a a p o a a  6oFJia6 TypyBMH 

SHeprHH acyaa Karra. po TapKH6nra KHpyBHH npoTOHJiap 

M y c 6aT  3 a p H A r a  3ra. IlpoTOHJiapHHHr 6np  >KOHAa 6yjiHUiHra 

6 n p  x h j i  3 a p a a J i a p H H H r  K y ^ i O H  K O H y H H r a  a c o c a H  6 n p - 6 H p H A a H  

HTapHJiHuiHra flyji KyH M acjinrn  KepaK . JleMaiK, npoTOHJiapHH 

H A p o ^a  6opjia6  Typniu  yqyH  njxpojia ajieicrpocTaTHK H Tapnui 

KyqjiapHAaH  K a rra  to p thu ih u i KyMJiapH MaB>KyA- Zlap\aK,H- 

KaT , hkkh  npoTOH H H H r ajieKTpocTaTHK HTapuuiH HH  eH rraH  

XOJiAa 6Hp- 6HpHra K.apa6 1 4>epMH M aco(})araqa HKHHJiauiTHp- 

caK, yjiap y p T ac H A a rn  KyjioH HTapnjiHiu KyMHjxaH T a x M H H a H  

100  M ap T a  K arra  6yjiraH  TopTHUiHUi Ky4H By>KyAra Kejia/ui. 

Xy,/uiH a H a  uiy Kyq M y c 6aT  3apazuiH  npoTOHJiapHH aa.poaa 

TyTH 6 T y p a ^ H . HpHM  (J)epMH M a c o ^ a ^ a  3ca 6 y  y3apo Ta^bCHp 

KyMH KaTTa 6yjiFaH HTapnuiHiu  Ky*iHra afijiaHaAH.

SjieK Tpo M arH H T  Kyqjiapn/iaH  Kyn M ap T a  KyujiH 6yjiraH  

y 3 a p o  Ta^bCHp (J)aK.aT npoTOH JiaprarHH a xoc 3M ac . Hefi- 

TpoHJiap * a M  y 3 a p o  Ba npoTOHJiap 6njiaH  x y ^A H  uiy Kyqjiap  

BocH TacH Aa  6oFjiaHa,aH. KefiHHMajiHK K y p aM H 3K H , 6yHAafi 

KyqjiH y 3 a p o  Tai>CHp aap oH Jiap  Jie6 aTajiraH ry p y x  3appajia-  

P h h h h t  x ,aM M acHra xoc. B y H ^afi y 3 a p o  TaT>cnpHH Fpa(J)HKaa 

3a p p ajiap  opacn /iaFH  Maco(J>aHHHF (J>yHKUHHCH —  noTeHUHaji 

^HeprHH  U  K y p H H H iu H ^a  TacBHpjiaui M yM KHH. 3 a p p a jia p  

op ac H ^aF H  Maco(J)aHH a 6 c u n c c a  yK.H 6yfijia6, noTeHUHaji 

3HepFHHHH 3ca  o p A H H aT a  yK.H 6yfijia6 >KofijiauiTHpaMH3. A r a p  

hkkh  3 a p p a  6H p- 6H p H AaH  1 ,5  (J)epMH Maco(J)aAaH y 3 0 K A a  

6yjica, yjiapHHHr y 3 a p o  noTeHUHaJi 3HeprHHCH U  =  0 , ht>hh 

yjiap y p T a c H ^ a  y 3 a p o  6ofjiobm h Kyq fiyK. 3 a p p a jia p H H H r  6np- 

6n p H F a  HKHHJiauiHUiH 6ujiaH  yjiap y p T a c H ^ a  topthuihui KyMH 

opTa  6ouuiafiAH  Ba HaTH>KaAa y 3 a p o  noTeHUHaji SH eprHH HHHr  

aJire6paHK  KHfiMaTH K a M a a a H , MyHKH noTeHUHaJi 3H eprH HHH Hr  

HOJIb KH H M aT H  yMyH yHHHT KaTTa MaCO(J)aAarH KHfiMaTHHH  

K.a6yji KHJiraH s a h k . IO K o p H A a  afiTraHHM H3AeK, 0 ,5  (J)epMHFa 

hk.hh M aco(J)a^aH 6oiujia6  3a p p a jia p  y p T acH A a  HH a y 3 a p o  

HTapnui KyMH By>KyAFa KejiaflH Ba yjiapHH nnajxa HKHHJiauiTH- 

pnui yqyH  yTa KyqjiH TauiK.H Kyq ( U > 0 )  KepaK 6yjia/ui.
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8. 4- pacM . M y c 6 a T  >Kyc|)TJiHKJiH cnHH-TpnnJieT 
x,ojiaT jiapH Aa Ta^CHp KHJiyBMH HyKJioH-HyKJioH KyqjiapH - 
HHHT M a p K 3 3 H H  CHMMeTpHK TaiUKHJl 3TyBMHJiapH yHyH 
^ M a A a  —  >K ohcoh  noTeHunaJiHHHHr KypH H H iuH .

OjiHMJiapHHHr 4>HKpHMa y3apo TaTjCHpjiamaeTraH HyKJiOHJiap- 

h h h t  xaMM a vwiaTJiapH ynyH 6np  xhji pa/iHycjiH y3HflaH 

HTapyBMH y3aK 6op 6yjiH6, noTeHUHaji (JlM aAa  —  /I,>kohcoh 

homjth) H T ap M a  xap aK Tep ;iH  Ba r (y T K a 3M a c  y 3 a K ) = 0 ,4 8  <|)m  

A aH khm hk Maco(})ajiapAa MeKCH3JiHKKa aiiuiaHaAH (8.4- pacM ). 

By xhji H M a ^ a  —  /Ijk o h c o h  noTeHUHajiH HApo  KyMjiapHHHHr 

MyXHM XyCyCHHTJiapHHH aKC 3TTHpa.au.

BHJiaM H3KH, H/ipo npoTOH Ba HefiTpoHJiapAaH ry3HJiraH Ba 

H ^ p o  3appa/iapH (npo TOH  §kh  HefiTpoH 6yjiHUiH/iaH KarbH 

H a 3 a p )  6np- 6HpH 6HJiaH y 3 a p o  KyMJiH T a t c H p A a  6yjiaAH . By 
y 3 a p o  Ta-bcnp A O H p acH H H H r  k h m h k  6yjiraHJiHTH ca6a6jiH x a p  

6 n p  H ^ p o  3 a p p a c H  c})aKaT KyuiHH 3ap p ajiap  6HJiaH y 3 a p o  

Ta"bCHpAa 6yjiaAH . H a T H w a /i a  x,aMMa x hm h hb h A  3JieMeHTJiap- 

h h h t  anpojiapH  yMyH npoTOH Ba HefiTpoHJiapHHHr 3hmjihfh 6w p  

xhji 6yjiaflH. By aca lOKopHfla acjiaTHfi yTHJiraH lO K a B a  

H a3apH H C H H H , HTjHH H/ipo 3appajiapH H H  y 3 a p o  6ofjiobmh 

KyMjiap uiy 3ap p ajiap H H H r  nH-Me30HJiap BOCHTacHAa xycycn- 

HTJiapHHH y 3 a p o  a jiM auuia6  TypHUiJiapH HaTHJKacn/ia MaB>Kya 

AeraH ({i h k p h h  TacflHMafi/iH. y 3ap o  ajiMauiHHHUi MexaHH3MH- 

hh KyfiHAarHMa TacaB B y p  khjihui M yMKHH. FIpoTOH eKH 

HefiTpoHAaH x a p  ao h m  3apnflJiH eKH HefiTpaji nH-Me30HJiap 

m hkh6 Typa/iH . By 3ap p ajiap  —  nH-Me30HJiap >KyAa KHCKa 

BaKT, T a x M H H a H  10“  c niuafiflH. By BaKT  HMH/ia yjiap
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1 cJjepMH MacocfjanH yrantf Ba opKara —  HypjiaS MHK,apraH 

3appara KaftTHg, lOTHJiaAH. A rap  HApo KyMJiapHHHHr Ta^bcnp 

AO H pacH /ia , htjhh 1 4>epMH MacotjjaAa SoujK a  n p 0T 0H  eKH 

HeHTpoH jKofijiaiuraH 6yjica, y y3Hra cth6 KeJiraH nn-Me30HHH 

Te3 lOTaAH Ba KaftTa MHKapaAH. HaTH>KaAa iuy ftyji 6HJiaH 

HKKHTa y3apo hkhh >KofijiaiuraH 3appajiap 6Hp-6npHra nH- 

Me30HJiap hpfhth6  TypniiiJiapH/iaH yjiap opacHAa ajioKa 

By>KyAra KejiaAH.

SjieM eHTap 3 a p p a j iap  y3JiapHHHHr Macca Ba 3apaAH 
6HJiaH xapaKTepjiaHaAH. Y  x,ojiAa HeftTpoHHHHr y3HA3H KHCKa 
M ya aaT ra  nn-Me30H MHKapH6 Ba io th 6 TypHUi >KapaeHHAa 
3HeprHHHHHr caKJiaHHiu KOHyHH 6y3HJiraHAeK 6yjiaAH. Hefi- 
TpoH AacTaBBaji bhhk  3HeprHnra (M a c c a r a )  ara .  C y H rp a  6y  
enHK CHCTeMa (htjHh HeftTpoH) y3HAaH nH-Me30H MHKapn6 
SHeprHHCHHH nn-Me30H 3HeprHHCHraMa opTTHpAH. HaTH>KaAa 
enHK CHCTeMa yMyH SHeprHHHHHr caKJiaHHui KOHyHH 6y3HJira- 
HHAeK 6yjiaAH. B y  3h a a h h t  kb3h t  Ha3apHHCHAa ocoHTHHa 
TyuiyHTHpHJiaAH. SHeprHH —  BaKT HoaHHKJiHKJiapH MyHOca- 
6aTH ( 8 .1 0 )  ra acocaH  yjiMaui yMyH KaHMa khmhk b 3 k t  
a>KpaTHJiraH 6y j ica ,  3appa  SHeprHHCH uiyHMa KaTTa ho3hhk- 
j ihk  6HJiaH yjiMaHaAH. By Hapca MHKpoAyHeHHHr KOHyHH 
6yjiH6 , yjiMOB a c 6o 6jiapHHHHr xycycHHTJiapn eKH yjiMOBHHHr 
y3H 6HJiaH MyTJiaKO 6o f j i h k  3Mac. By  KOHyHra acocaH  npoTOH 
§KH HeftTpOHHHHr MaCCaCHHH 10- 23 C HMHAa yjlM3MOKMH 
6y jicaK , nH-Me30HHHnr M accacHM a ho3h h k jih k  6HJiaH yjiMaraH 
6y j ia p  3Ahk, H"bHH yjiMOB ac6o6jiapHMH3 ce3MaftAHraH >KyAa 
KHMHK BaKTJiap HMHA3 npOTOH eKH HeHTpOHHHHT MaCCaCH 

y3HHHHT AOHMHH KHHMaTHAaH aHMa OpTHK 6yjiaAH. ByHHHT 

ycTHra riH-Me30HHH KaftA khjimokmh 6y jicaK , TyFHJiHiu 
MOMeHTHAa yHHHT SHeprHHCHHH yjIMaiUHMH3AarH HOaHHKJIHK 
nn-Me30HHHHr t h h m  xoJiaT MaccacHAaH opTHK 6yjiaAH Ba 

H3TH>KaAa nH-Me30H TyFHJiraHJlHTHHH aHHKJiaft OJIMaftMH3.
3 h a h  Ma3Kyp BHpTyaji >KapaeHAa 3HeprHHHHHr caKJiaHHUi 

KOHyHHHH KypafijiHK. KBaHT Ha3apHHCHra acocaH 4>h3hk 

KOHyHJiap 4>aKaT Ky33THJiyBMH KaTTajiHKJiapra TaaJiJiyKJiH- 

AHp. lOKopHAarH BHpTyaji >KapaeHAa nn-Me30HHH Ky3aTa 

OJlMaC 3K3HMH3, SHeprHHHHHT CaKJ13HHUlH x,aKHAarH ran 

y3-y3HAaH opTHKMaAHp. JleKHH 6y  BHpTyaji nn-Me30HHH peaji 

nn-Me30Hra afijiaHTHpHuiHMH3 MyMKHH. ByHHHr yMyH TauiKa- 

pHAaH eTapjiH MHKAopAa (MacajiaH, HefiTpoHHH Te3JiaTHiu 

6njiaH) 3HeprHH cap4> khjihuihmh3 KepaK, xo jioc .
SjieMeHTap 3appajiap KyMjiH y3apo Ta"bCHpHHHr yjiMaMCH3 

AOHMHfiCH nHOHHyKJIOH Ta"bCHpjiaUiyBHHHHr AOHMHHCH —  

g opKajiH KyHHAarHMa xapaKTepjiaHaAH:
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3appajiap ypTacHflarH Ky«uiH y 3 a p o  TaT>CHpHHHr M yxH M  

xycycH H TJiapH ^aH  6 n p H  6 y  Kyq Ta"hCHp A O H p acH H H H r  >Kyaa 

KHIHKJIHTHAa T a 6 H a T A a  3Hr HKHH  TaT>CHpJiaUiyBMH KyMJIHTH- 

A H p . Y jiapH H H T  pojiH 1 (})epMHflan K a ir a  M aco())ajiapAa fiyKOJia 

6o u u ia H A H  (u iyH H H r yMyu HApojiap  xap aKTep jiH  M a c o ^ a jia p u  

1 0 0 0 0 0  ())epMH 6yjiraH  htom  \ OAH cajiap ura  y M y M a H  TaTbcnp 

KHJiMafiAH). yjiapHHHr 6ouiKa 3aH({) to m o h h  yHHBepcaji 

SM acjiH T H ^aAH p . IlH- M e30HAaH  eiirHJi 3appajiap ((J)otoh, 

3JieKTpoH, no3H TpoH  Ba X- k.) y 3 a p o  K y u iH  TaiiCHpAa 

6yjiM aH AH . Ymhhmh xycycHH TH  uiyHAaH  H 6o p aT K H , KynrHHa 

caKJiaHHui KOHyHJiapH 6ouiKa KyMjiap T a t c n p H A a  6a>Ka- 

pHJiMaHAH, HTiHH 6yHAafi Kyqjiap TaijCHpH Aa y T aA H raH  

xcapaeHJiapAa 3Hr Ky n  caKJiaHHiu KOHyH Jiapn  6a>KapnjiaAH . 

X a p  6 n p  caKJiaHHiu KOHyHH MaiiJiyM CHMMeTpHHHHHr mhkao-  

P h h  H(j)OAacHAHp. /l e M a K , KyMJiH y 3 a p o  Tatcnp  3Hr Kyn 

CH M M eTpHHra  sra .

M H K p o A y H e A a  3JieKTpoMarHHT y :*apo  Tai>CHp Ky ijiap H . 

3appajiapHHHr sjieicrpoMarHHT y3apo  Tatc n p  KyMjiapH Tyjia- 

poK ypraHHJiraH. 3appajiapiiHHr ajieKTpoMarHHT y3apo 

Tatcnp KyMH KyqjiH y3apo  Tatcnpra KaparaHAa aHMa 3aH({), 

6oiuKa KyMJiapra HHc6aTan aca yTa KyMJiHAHp. 3jieKTpo- 

MarHHT KyMjiapHHHHr Tai>CHp A o n p a c H  1 0 ~ 14 m AaH topth6  

KOCMHK MaCO<)>araMa AaBOM BTaAH. KynMHJIHK ())H3HK XOAHCa- 

Jiap: 3tom  Ba McuieKyjiajiap Ty3HJiHUiH, KpHCTaJiJiap, xhmhh- 

bhh peaKUHHJiap, >KHCMJiapiiHiir TepMHK Ba MexaHHK xycycH- 

HTJiapH, paAHOTyjiKHHJiap, Kyem Ba i0JiAy3JiapHHHr HypjiaHH- 

uih Ka6n  xoAHcajiap 3JieKTpoMarHHT KyMJiapHHHHr Ta-bcnp 

AOHpacnra KHpaAH.

3jieKTpoMarHHT y3apo  Tai>CHp TypjiH 3appaJiapAa xap xhji 

uiHAAaT 6HJiaH HaMoeH 6yjiaAH. 3jieKTp 3apHAHra ara 6yjiraH 

3appajiapAa Karra sjieicrpoMarHHT y3apo  Tatcnpjiap By>KyAra 

KejiaAH. M acca  Ba cnHHH HOJira TeHr 6yjiMaraH 3apHACH3 

3appajiap y3apo KyMCH3 ajieicrpoMarHHT y3apo Ta"bCHpAa 

-6yjiaAH. 3 ht  KyMCH3 ajieKTpoMarHHT y3apo  Ta"bCHpAa HeftTpaji, 

ci]hhch3 3appajiap, MacajiaH, HefiTpaji nn-Me30H 6yjiaAH. 

3appaJiapAaH HeftTpHHO 3JieKTpoMariiHT Tai>CHpHH ce3MafiAH. 

3jieKTpoMarHHT KyMJiapHHHHr Taicup AOHpacHAa uiyHAaft 

caKJiaHHiu KOHyHJiapH 6 o p K H , 6y KOHym iap KyMCH3 y3apo 

Tai>CHp AOHpacHAa 6y3HJiaAH.

3jieKTpoMarHHT y3apo Tai>CHpHHHr Myx,HM xycycHHTH 

KyJioH KOHyHHra acocaH HTapHUiHUi Ba topthuihui KyMJiapn- 

hhht MaB>KyAJiHrHAaAHp.



SjieM eH Tap  3appaJiap  <|)H3HKacHHHHr M ap K 33H H  a o h m h h -  

CH/iaH \HCo6jiaHyB4H y 3 a p o  3JieKTpoMarHHT Tai>CHpHH xa- 

paKTepjioBMH y jm aM CH 3 KaTTajiHK, htjHH h o 3 h k  cTpyKTypa 

a O H M H H C H  KyHHflarHMa KHpHTHJiaAH:

e —  3JieKTpoHHHHr 3apajiH . K B a H T  o^TieKTJiapHHHHr y3Hra xoc 

xycycH H T Jiap nra  Kypa  3app ajiap H H H r  y 3 a p o  TyKHaiuyBHHH  

H 33a p H H  ftyjl 6HJiaH TaAK H KO T  KHJIHUI OFHp M yaMMOflHp Ba 

acocaH  TaKpn6Hft ojih6 6opHJiaAH. A r a p  y 3 a p o  Ta^C H pH H  

XapaKTepjI0B4H  AOHMHHHHHr KHftMaTH 1 iiaH KHMHK 6 y j ic a ,  
XHCo6jiaiu a H H M H T H  lOKopH 6yjiaAH . 3jieKTpoM arH H T  KyMJiap

2 1
yMyH a 3KaHJiHTH TyravT KBaHT 3JieKTpoziHHaMHKacH-

HHHT HpaTHJIHLUHra HMKOH 6ep/iH.

SjieKTpoM arHHT  y 3 a p o  Ta^bCHp 3appajiapH H H r  y3H A aH  

(|)otoh M H K a p n 6  Ba ioth6 TypHLUH >KapaeHHAa xochji 6yjiaAH 

j\e6 TyuiyHTHpHJiaiiH. ByHAaft >KapaeH BHpTyaji, 5n>HH Ky 3aTH 6  

6yjiMaftAHraH * a p a e H A H p . T a u iK a p H A a H  eTapjiH M H K A o p ^a  

3HeprHH cap(}) KHJicaK, M acajiaH, 3jieKTpoHHH Te3JiaTcaK, 

BHpTyaJi (})otoh peaji cj)OTOHra aftjiaHaflH.

K B a H T  Ha3apHHCH.ua y 3 a p o  T a ^ c n p  >KapaeHHHHHr O eft-  
H M ah  A H arp a M M a c H  (6h p hh m h  M ap Ta  aMepHKajiHK 4>h3hk 

OeftH M aH  KyJiJiaraH) opKajiH rpacJ)HK paBHUiAa TacBHpjiaui 

M y M K H H .  M a c a jia H , 8.5- (a )  p acM A a  h k k h t3  sjieKTpoHjiapHH 

3JieKTpoMarHHT y 3 a p o  Ta^bCHpn (6Hp- 6H pHAa  comhjihluh) 

TacBHpjiaHraH . / In a r p a M M a  A Ba B  T y ry H r a  sra. /I,HarpaMMa- 

h hh t  TvryHH A e 6  y 3 a p o  Ta"bcnp 103 6epa/iHraH H yKTara 

aftTaMH3. MyHOHMH, A H arp a M M a H H H r  A ryryHHAa 6 n p  3JieKT- 

poH <J)otoh 4 H K a p n 6  h h ih  xoJiaTra yTaAH . B y4H/ia 3ca  uiy 

4)otoh hkkhhm h 3JieKTpon,aa iothjih6 yHHHr xoji3thhh  xaM  

y 3rap T H p aA H , x y ^A H  uiyHAaft, 8.5- (6 )  p acM A a  c})otohhh 

3JIt‘KTpOHAa COMHJIHLUH —  K0MnT0H-34)4>eKT TacBHpjiaHraH .

8.5 - paCM. OOTOHHHHI' 3JieKTpOH.ua COMHJlHHJHHHHr OeHHMaH A H arpaM - 
MaCH.
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OeHHMaH AH arpaM M ajiapH Aa SepHJiraH >KapaeHHHHr 
yTHUJ MexaHH3MH TacBHpJiaHraH SyjiaAH. Bh3 KeJiTHpraH 

AHarpaMMajiap 4>a30HHHr 6np HyKTacHAa 6np  MOMeHT.ua k>3 

SepaAHraH jioKaji ajieMeHTap >KapaeHHH TacBHpjiafiflH. A  Ba 

B  TyryHJiap opajiHFH 3ca Ky3aTH6 SyjiMaftflHraH BHpTyaji 

(MaB>Kyfl SyjIHUIH MyMKHH) XOJiaTJiapHH TaCBHpjiaftAH. 

YMyMHft xoji^a yui6y BHpTyaji xoJiaT M ypaKKa6 6yjica, 

y M ypaKKa6 MexaHH3MJiH qeKjiH >KapaeHHH H({)OAaJiaftAH. 

y  xojm a M ypaKKa6 >KapaeHHH x a p  xhji Tap™ 6,uarH ajieMeHTap 

MexaHH3MJiH jioKaji >KapaeHJiap opKajiH TacBHpjiaftMH3. X a p  
6np  TyryH a ra nponopuHOHaji 6yjiraHJiHrH ca6a6jiH 

«-Tap™6jiH HKHHjiauiyB nponopuHOHajiAHp. ZleMaK, y3apo 

Tai>CHp aohm hhch  6Hp,uaH khhhk 6yjica, MypaKKa6 * a p a -  
eHJiap 3XTHMOJIJIHrHHH XHCo6jiaUUiap MeKJIH.

8.13- §. 3jieMeHTap 3appajiapHHHr KyncH3 Ba rpaBHTauHOH 

y3apo Tai>CHpjiaujyBH

lOKopHAa 3CJiaTraHHMH3AeK, MHKpoayHeAa y eKH 6y 

X OA H caH H H r  yTHiu BaKTH 3appaJiap «x a e T H /ia »  acocHft 

KypcaTKH^jiap/iaH 6 h p h  6yjin6 x h 3M 3t  k h ji/j h . 3appajiapAa 

6yjiaflHraH xapaKTepjiH >KapaeHJiap KynjiH y3apo Tai>CHp 

ocTH^a 10~22— 10“ 23 c HHH/ia 103 6epca, 3JieKTpoMarHHT 

y3apo TatCHp ocTH/ia 10-16— 10-17 c HHH.ua k >3 6epa/iH.

ByHflaH  x a M  ceK H H poK  (T ax M H H a H  1 0 “ 10 c nau  yHJia6 

M H H y T ra n a ) * a p a e H J ia p  3ap p ajiap H H H r  KyncH3 y 3 a p o  Ta"bCH- 

p n  ocTHAa  yjajxn- K v h c h 3  y 3 a p o  T a t c n p  KyqjiH y 3 a p o  

Ta"bCHpra H H c 6a T a H  10  M ap T a  3aH(})poKAHp. JleKHH iuyHra 

K a p a M a c /ia H  o xH p rn  yH ftHJiJiHKfla (})H3HKaflarH M yxH M  

Kaui(})HeTJiap xyAAH  aH a  uiy y 3 a p o  T a tC H p  6HJiaH 6ofjihk .

RyHCH3 y3ap0 TaTjCHpHH HKKOJI Ky3 OJIflHMH3ra KejITHpHUI 

ynyH KyHJiH 3JieKTpoMarHHT Ba KyqcH3 y3apo TaijCHpjiapHH 

'6 H p M a - 6 n p  Ta6HaTAa ftyK,Ae6 (})apa3 khji3hjihk. A rap  KyHJiH 

y3apo TatCHp 6yjiMaraHAa sah, nH-Me30HJiapaaH eHrHJipoK 

3appaJiap/ia Ba yjiap SHJiaH 6ofjihk 6yjiraH (})H3HK xoflHca- 

JiapAa afiTapjiH y3rapHUjjiap 6yjiMac/iH. JleKHH ofhp 3appa- 

jiap 6yTyHJiafi dyjiMac eKH MyTJiaKo 6ouiKa 3appajiapflaH 

H6opaT 6yjiap 3/jh. UlyHHHr yqyH jxyne hxjiht xoji/ia 6yTyHJiafi 

6ouiKaMa 6yjiapaH. SjieKTpoMarHHT y3apo Ta^CHp 6yjiMara- 

HH.ua sca Ta6uaTjxa nH-Me30HJiapaaH ofhp 3appajiaprHHa 

KOJiap 3/ih. M accacH  aenpjiH 6np  xhji, JieKHH (^aKaT 

3apHAJiapH 6HJiaH (})apK KHJiaanraH 3appaJiapHH 6Hp-6npHAaH 

3h,uh a * p a T H 6  6yjiMac sah (MacajiaH, npoTOHHH HefiTpoH/iaH, 

yMajia nH-Me30HJiapHH 6Hp-6HpnflaH Ba xoKa3o ). Atom  Ba
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yH/iaH x a M  KaTTa M aciU Ta6jiapAa  ( 1 0 ~ '°  m ) AyHe y 3rap w 6  

KeTapAH- A t o m  x,aM, MOJieKyjia x a M , epypjiHK x,aM, >k h c m  x aM  

6yjiMacflH.

B n poK  KyMCH3 y 3 a p o  Ta^bCHp 6y j iM aca ,  3appajiap/iaH 
(j)aKaT HeHTpnHo ( v )  6yjiMaflAH, xojioc. K,0JiraHJiapH aHTapjiH 
y3rapMafl/iH. H/ipoJiap, aTOMJiap, MOJieKyjiajiap, KpHCTaJiJiap 
aBBajirn/ieK M aB *y/ i  6yjia/iH. B a p K a p o p  3appajiapHHHr cohh , 

6HHo6apHH, aTOMJiap /iapa>KacH/iaH t o p t h 6  MaTepHHHHHr 
Ty3HJiHLu uiaKJiJiapn aHMa Kyn 6yjiap/iH. KyMCH3 y 3 a p o  
Ta"bCHpHHHr fiyKJiHTH aTOMJiap, MOJieKyjiajiap, >KHCMjiap 
Ty3HJiHuiH HyKTan Ha3apH/iaH aftTapjiH y3rapH u ira  ojih6 

KejiMac 3/ih. AKCHHMa, AyHe m yA a  TypjiH-TyMaH 6yjiap/iH. 
KyMCH3 y 3 a p o  TaijCHpHHHr MaB>Ky/i,jiHrH 6a"b3H 6hp 3 appa  Ba 
WHCMJiapHHHT 6ai.3H Ty3HJlHUl tjlopMaJiapHHH 6eKapOp KHJia- 
ah. LUyH/iaft khjih6 , KyMCH3 y 3a p o  Ta tC H p  Kyn poK  3appa-  
jiapHHHr napMajiaHHiuH 6yftHMa «M yTaxaccH O > /iHp. M a ca j ia H ,  
Mi0-Me30HJiap 3apnAJiH nH-Me30HJiap, HefiTpoH Ba 6ou iKa 6hp 
r y p y x  o fh p  3appajiapHHHr napMaJiaHHUiH (J)aKaT KyMCH3 y3 a p o  
Ta^bCHp opKajiHTHHa pyfi 6epa/iH.

KyMCH3 y 3 a p o  TatC H p >KapaeHJiapHHHHr 6yHMajiHK XHJiMa- 
XHJUiHTHra K apaM acAaH  yjiapHHHr xaMMacn yMyH KyMCH.3 
y3apO Ta"bCHp /lOHMHftCH 6HTTa

---—  napMajiaHyBMH 3appaHHHr k o m h t o h  TyjiKHH y3yHJiHrH,

G  —  HeftTpoHHHHr napMajiaHHui * a p a e H H  yMyH 6oFJiaHHui 
AOHMnftcH (h =  c =  1 6y jiraH  6npjiHKjiap CHCTeMa/ia G  Macca 

(h i .hh  y3yHJiHK) KBa/ipaTHra TecKapH 6npjiHKKa a r a ) .
KyMCH3 y3apo Tai.cHp AOHpacHHHHr pa/iHycH 3Hr KHCKa 

6yjin6, TaKpH6aH 1 0 -19 m ra TeHr. KyMCH3 y3apo TatcHpHHHr 

areHTH (htjHH y3apo Ta^bcnpHH TauiyBMH 3appa) BeKTop 

Me30HJiap (W ) /lefiHJiaflH. KyMCH3 TatcHp 3appaJiap 6Hp-6npH 

6HJiaH y3apo ofhp W-Me30HJiapHH ajiMauiHiu HaTH>KacH/ia 

By>Kyflra Kejia/iH /i,eraH H33apHH MaB*y/i,. KyMCH3 y3apo 

Ta^bcnp *a p a e H H  xaKHAa KeftHHpoK 6aTat{)CHJi TyxTajiH6 

yT3MH3.

KyMCH3 y3apo TaisCHp KyMjiH Ba ajieKTpoMarHHT y3apo 

ra^bCHpjiapra KaparaHAa KaMpoK CHMMeTpHHra ara, ht>hh 

caKJiaHHiu KOHyHJiapn KynpoK 6y3HJiaAH. X,03HpMa KyMCH3 

y3apo TatCHpAa MHKpoAyneAarn wapaeHJiapHHHr yHTHH Man 
6HJiaH, ManHH yHr 6HJiaH, 3appaHH aHTH3appa 6HJiaH,

( 8 .3 4 )

h
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;iHTH3appaHH 3appa Gnjian aJiManiTHpHiura HHcSaTaH SyjiraH 

CHMMeTpHflCH 6y3HJl/lH. Ky4CH3 y3apO TaT>CHp yHTHH ^an, 

3 a p p a H H  aHTH3appa SHJiaH ajiMaaiTHpHLUAaH HSopaT My- 

p a K K a S  CH M M eTpHnra  x aM  ara 3M ac .

T paBHTaUHOH y 3 a p o  T a t c n p  6 h 3  6HJiraH y 3 a p o  T a t c n p j i a p  
HHHfla 3Hr 3aH(J)HAHp. T a 6 H a T j .a  M aBJKy^ TypTTa y 3a p o  

TatCHp HMHAa 3appaJiapHHHr y 3 a p o  rpaBHTau.HR TatCHpH 

y^yH xapaKTepjioBMH BaKTHHHr KaTTajiHrn ( 1 0 17 c )  Ba yHra 

x o c  TatCHp KyHHHHHr wy/ja  khmhkjihth ( 1 0 ~ 40) c a 6a 6/iH 
/jenpjiH x o 3 H p r a ^ a  3jieMeHTap 3a p p a jia p  H a3ap H H C H A a  3t>th- 

6opra 0JIHHM3HAH. TpaBHTaUHOH y3apO TaTjCHpHHHr 3aH(|)J]H- 

thhh  KyHH^arH o a a h h  Ta>KpH6aflaH paBUiaH 6hjihiu m ym khh. 

K h h h k  MeTa.iJi >khcm ojih6 yHH kh h hk  6ajiaHAJiHKAaH TyuiH pH 6 

io6opaM H 3. Y  6yTyH E p  MaccacH/jaH x,ochji 6y j iraH  rpaBHTa- 
UHH M3HAOHH Ta bCHpHAa epra TyinaAH. 3h A H  KHMHK MarHHTHH 

uiy MeTajui >KHCMra h k h h  KejiTHpcaK, y epflaH KyTapHJin6 

MarHHTra TopiHJiaflH. ByHiiaH KypHHaAHKH, KHHKHHa MarHHT- 

h hh t  MafliioHH 6yTyH E p  Maccacn By>Kyj,ra KejiTHpraH 

rpaBHTauHH MaflAOHHjiaH KynjiHpoK 9KaH. SjieKTpoMarHHT Ba 

rpaBHTauHH KyqjiapH op acn f la  xy/iAH ujyHAafl MyHOca6aT 

3JieMeHTap 3 a p p a j iap  yMyH xaM xapaKTepjiHflHp.
TpaBHTaUHOH y3apo TatcHp y3HHHHr yqTa MyxHM 

xycycHHTHra: MeKCH3 KaTTa Ta^bcup aonpacHra sraJinrH, 

a6coJiioT yHHBepcajuiHrH Ba xap KaH/jaft hkkh Macca 

ypTacHAarH Tatcnp  Kyqn HUiopacHHHHr 6np XHJiJiHPHra 

acocaH 6yTyH KoHHOT/ia, acTpoHOMHK MacLUTa6/ia KaTTa pojib 

yftHaflflH. yMHHqn xycycHHTHra acocaH rpaBHTaunoH y3apo 

Ta-bcnp Kyqn m y Ta"bCHp/i.arH >khcmji3phhht Maccajiapn 

opTHLUH 6HJiaH Te3 opTa/iH. LLJy ca6a6jiH 3JieMeHTap 3appajiap 

H33apH H C H H H H r  OXHprH lOTyKJiapH UiyHH KypCaTaflHKH, 

rpaBHTauHOH y3apo Tai>CHp KaTTa 3HeprHHra ara SyjiraH 

3appaJiap «\aeTH/i.a» MyH0CH6 ypHHra 3ra 6yjiHUiH MyMKHH. 

X,aKHKaTaH xaM (8 .2 ) 4>opMyjiara acocaH KaTTa 3HeprHHra 

Te3JiaTHJiraH 3appajiapHHHr xapaKaT Maccacn opthujh 6HJiaH 

rpaBHTauHOH y3apo Tai>CHp ce3HJiapjiH 6yjiHLUH mymkhh.

3jieMeHTap 3appaHHHr rpaBHTauHH MaftAOHH 6HJiaH y3apo 

Tai^cHpH KaHflan flyji 6HjiaH 103 6epaAH? SjieKTpoMarHHT 

MaftAOHra KHec kh j ih 6 rpaBHTaunoH y3apo Tatcnp  rpaBH- 

TOHJiap ne6 aTa.iyBqH  3a p p ajiap  BOCHTacnAa  By>Ky/ira Kejia/iH 

a e 6  xnco6jiaH a/iH . X ,ap  KaHflaft >khcm, 3a p p ajiap  y3H/iaH 

rpaBHTOHJiap q H K a p n 6  T y p aA H . T p aB H T O H H H H r  M accacH  (THHq 

JCOJiaT M accacH ) 1 0 “ 39— 1 0 “ 42 M s B  ra, htdHH /tenpjiH HOJira 

TeHr, x a p a K a T  Te3JiHrn epyFjiHK Te3JiHrHAaH 6 n p  03  KaM , cnHHH
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KKKnra TeHr. TpaBH TOH H H H r TyjiKHH y3yHJiHrn 102<’ m . By
K3TT3JIHK KOH H O TH H H T  pa/lHyCHra TeHr KeJiaAH.

r p a B H T a u H O H  y 3 a p o  T a t c n p H H  xapaKTepjiOBMH BaKT Ba 

rpaBHTOHJiap TyjlKHH y3yHJIHTHHHHr 4eKCH3 KaTTaJlHKJiapHA3H 

rpaBHTau,HOH y 3 a p o  Ta"bCHpHHHr 6yTyH  oJiaM 6yfljia6 .nenpjiH 

cy H M a c A a H  TapKajiH  hih kcjih6 4H K 3A H . LLIyH/iaH khjih6, 

rpaBHTau.HH M a iU o H H  6HJiaH y 3 a p o  Tai.CHp/ia 6yjiaAH raH  x a p  

KaHAafi 3 a p p a  ywyH rpaBHTOHjiap x a p  aohm  peajiAHp. PeaJi 

rpaBHTOHCH3 x e i  KaHAafi xoJiaTHHHr 6yjiHLUH M y M khh 3Mac. 

LLIyHHHr yMyH x a M  r p a B H T a lj,hh BaKyyM HHH Hr MaBJKyAJiwrH 

X aK H A a rn  MacaJia M a3M y H ra  ara 3M ac . By (})HKp x a p  KaHAafi 

y 3 a p o  T a t c n p A a  x a M  h hithpok  KHJiyBMH rpaBHTaU HH  Ma Aaohh  

yHHBepcaJi 3KaHJiHfHHH Ky pcaT aA H .

8.14- §. 4>o t o h . 6 030H Jiap  s a  (JiepMHOHJiap

Bh3 lOKopHAa 3JieMeHTap 3ap p ajiap  yM KJiaccHH TauiKHJi 

3TH1UHHH Ky p raH  3Ahk . 3 h a h  x a p  6 « p  KJiaccra xoc t h h h k  

3ap p ajiap  rp y n n a c H  6HJiaH TaH H iuaM H 3 . TaHHiUHUiHH  thhm 

XOJiaTAarn M ac c a c n  HOJira TeHr 6yjiraH 3 a p p a  —  (Jiotoh 6HJiaH 

6oillJiafiMH3. O O T O H  HypjiaHHIUHHHr KB3HT 6hpjihth  3JieKTpo- 

M arHH T MafiAOHHHHr «KypHJlHIU FHLUTMaCH» flHp. 3jieKTpo- 

M arH H T  MafiAOH H H M a A a H  H 6o p aT , 3Hr Mafiaa 3appaJiap  eKH 

(})aKaT TyjiKHH * a p a e H H M H ?  K a A H M A a H  AaB OM  3TraH 6y  

6 a x c r a  SfiHiiiTefiH 1905 fiHJiAa a H H K  >KaBo6 6ep A H . 3jieKTpo- 

M arHHT MafiAOH y 3n ra  xoc M axcyc  Typ AarH  TyjiKHH *a p a e H H -  

A H p . SjieK TpO M arH H T  MaftAOH y3JiyKJlH, AHCKpeT, KB3HT 

x ap aK T e p ra  ara. Y  khm khh3 nopuHHJiap , KBaHTjiap, HT3HH 

(})OTOHJiap KypHHH UiH Aa  HypjiaHaAH , TapKaJiaAH  Ba lOTHJiaAH. 

O o t o h  h kkh  xhji T a 6 u a T r a  3ra 6yjiH 6, x aM  TyjiKHH, xaM  

3 a p p a  CH(})aTHHH K ac6  aTaAH . Y  6 n p  TOM OHAaH  Te6paH Hiu  

MacTOTacH 6HJiaH xap aK Tep jiaH ca , hkkhhm h to m o h a 3 h  3 a p p a

Ka6n SHeprHH (E  =  h\) Ba HMnyjibcra (py= ^ ~ )  sra.

ByHAaft AyaJiH3M 3JieMeHTap 3appajiap yMyH yMyMHft 

6yjin6 , 3JieMeHTap 3appajiap Aapa>KacHAa Ta6naT Ty3HJiHuiH- 

HHHT 60UI, aCOCHH XyCyCHHTHAHp. MHKpOAyHeHHHT KJiaCCHK 

MexaHHKa KOHyiuiapHra 3Mac, 6aJiKH Karra ahhkjihk 6HJiaH 

KBaHT eKH TyjiKHH MexaHHKacH KOHyHJiapHra 6yftcyHHUiHHHr 

acocHft ca 6 a6 n  xaM uiy AyaJiH3MAHp.

O o t o h  6ap K ap op  3appa 6yjin6, cnHHH 1 ra TeHr. O o to h  

cnHHHHHHr yKHra npoeKUHHJiapn / ? = ± 1 , 0 .  Ooto h h h h t  

cnHHH epypjiHK HypHHHHr KyT^JiaHHUi xycycHHTJiapHHH
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xapaKTepjiafi/iH. EpyFjiHKHHHr afijiaHMa KyTSjiaHHiiiH yMyH

4)o t o h  -f-1 cnHHra ara SyjiaflH. CriHHHHHr HiuopacH epypjiHK- 

h h h t  yHr eKH wan KyTSjiaHHiuHHH SHJiAHpaAH. EpyFJiHKHHHr 

m h 3 h k jih  KyTSjiaHHLiiH ywyH cnHH HOJira TeHr 6yjiaAH.

3appajiap  y3 cnHHJiapHra Kypa TySAaH 6Hp-6HpnAaH 

(})apK KHJiyBMH h k k h  OHJiara: 6 o 3o h  Ba (})epMHOHJiapra 

6yjiHHaji.H. B030HJiap 6yTyn c iihh jihk  3appaJiap /  =  0, 1, 2 ...

KH pca , (j)epMHOHJiapra h p h m j i h  6yTyH  c iih h j ih k  /  +  -i-, A (.

3appajiap KHpaAH. By HOMJiap 3appaJiap 6yfiCHHHUiH jio3hm 

6yjiraH ct3thcthk KOHyHJiapHHHr HOMJiapHAHp. B030HJiap 

Bo3e — SfiHuiTefiH cTaTHCTHKacnra 6yftcyHaAH. By ct3thcth- 
Kara acocaH \ap KaHAaft enHK CHCTeMaAa 6np  xhji 
xycycHHTJiapra ara 6yjiraH HXTHepnft MHKaopAarH 3appajiap 

>Koftjiaiua ojia^H. OepMHOHJiap aca O e p M H  — ZlnpaK ct3thc- 
THKacnra 6yftcyHHiuaflH. Bnp ennK CHCTeMaAa 6np xhji 
xycycHHTJiapra 3ra 6yjiraH xaTTO HKKHTa (})epMHOH xaM  

>Koftjiauia ojiMaftAH.

SjieKTpoH. H hco hhhht  MHKpoAyHe coxacHAarH Kaui(})H- 

eTJiapH 8.1- JKaABaJiHHHr 6- HOMepHAa KeJiTnpnJiraH 3JieKT- 

poHAaH 6ouuiaHaAH. Yhhht  ajieKTp 3ap«AH  MHKpoAyHe 3appa- 

JiapH OHJiacHra 3Hr khmhk KHHMaTra ara 6yjin6, 3JieKTp KBaHTH 

XH3M3THHH 6a>KapaAH. SjieKTpoHHHHr 3apHAH e =  (4 ,8 0 2 9 4 ±  

± 0 ,0 0 0 0 8 )  • 1 0 “  . C T C E  3apaA  6HpjiHrHra TeHr Ba 6y 

KHftMaT 6np  3apnA 6hpjihth khjih6 Ka6y.T KHJiHHraH.

SjieKTpoH —  6a p K a p o p  3appa. 3pKHH xojiaTAa MeKCH3 

y 3 0 K  B3KT  HUiaUIH M yMKHH. 3jieKTpOHHH Hr CIIHHH HpHM Ta 

TeHr. /],eM aK, (})epMHOHJiap OHJiacHra KH paAH .

K hu ih j ihk  oHTHAa 6 hphhmh MapTa m oaas  Ba aHTHMOAAa 
CHMMeTpHHCH XaKHAaTH TyUiyHMaHHHT nafiAO 6 yjlHUIH n03HT- 

POH 6 HJiaH 6 oFJlHKAHp. f l 03HTp0 H SJieKTpOHAaH (})aKaT 
3apHAHHHHr HUiopacH 6 HJiaH (} )apK KHJiaAH. H h c 6 h h jih k  

H33apHHCH Ba KB3 HT MeXaHHKaCHHHHT yMyMHfi npHHUHFIJiapH- 
ra a coc « ia i iH 6 ^jieKTpoH y iy n  e 3H.iran H n p a K  TeHr.iaMacH 
ajieKTpoHHHHr xaMMa xycycHHT.napHHH TacBHpjiafiAH. S jieKT- 
pOHHHHT CIIHHH, CnHH 6 HJiaH 6 0 F.THK M3 THHT MOMeHTH, 
b o a o p o a  aTOMHAarn xojiaTH / InpaK  TeHrjiaM acHra 3JieKTpoH- 

h h ht gjieKTp 3apHAH Ba MaccacHHH Kyf iraHAa M yK appap  
paBHUiAa MaTeMaTHK ftyji 6 H.naH kc j ih6 miKaAH. 3 a p « A  Ba 
M accara  acocjiaH H6 6H p rH H a  TeHrjiaM aAaH  3JieKTpoH x a K H A a  

6yHMa.iHK Kyn Mat. iyMOT oJia o j ihu ihm h3 /I,npaK TeHrjiaMacH- 
HHHT a>KOftH6 lOTyFH 3AH. JleKHH TeHTJiaMa 3JieKTpOH 
3apHAHHHHT HKK3J13 HUlopaCHHHHr XaM 6 yjIHIUHHH T a j ia 6 
KHJiaAH. TeH rj iaM a (JiaKaT MaHt})Hft 3apnAJiH 3JieKTpoHHHrHHa

484



3M ac , 6a /iKH  3a p aA H H H H r  TecKapn  n u iop acn A aH  6oa iK a  6apM a  

xycycHHTJiapH 6HJian 3JieKTpoHra aftHaH ch m m ctphk  3appa- 

HH —  n03H T p 0H H H  XaM  H(})OAaJiaH/lH. FIo3HTpOH SJieKTpOHHHHI' 

aHTH 3a p p a c H  x,nco6jiaHa;in. KeftHHMajiHK 3 a p H A  HUiopacH 

3 a p p a H H  aHTH3appa/iaH a>KpaTyBM h eJi fh3 6e.irH 3Mac 

3KaHJIHTHHH Ky paM H 3 .

n p O T O H , HeMTpOH, HH THnpOTOH, 3HTHHeftTpOH, a H T H M O A A a . 

ripOTOH BOAOpOA  aTOMHHHHT HAPOCHHH TaUJKHJI KHJiaAH.

Y H H H r  CnHHH / =  3JieKTp 3a p H A H  Q =  +  1 H 30 C n H H H

T = ~ ,  y CapKapop 3appaAHp. YHHHr 6apnon 3apnAH 6 =  +  l.

HeftTpaJi 3appa HeftTpoH 3apHACH3JiHrnAaH 6ouiKa x a M M a  

KBaHT xapaKTepHCTHKaJiapH 6HJiaH npoTOHra  yxiuaftAH. 

JleKHH HeHTpOH BpKHH XOJiaTAa T 3 X M H H 3 H  103 C HUJafiAH, 

xojjoc. B y  BaKT yTraH A aH  cyHr HefiTpoH

n-*p +  e~ ( 8 .3 5 )

peaK U H H  6yfiHMa napM ajiaH aAH .

H a P O  T a p K H ^H A a  HeftTpOH MeKCH3 y30K B3KT HLUafiAH. A k c  
XOJiAa x a M M a  HApoJiap npoTOH Aah  n 6 o p a T  6yjiH 6, HeftTpoHJiap 

H A p o  Ty3HJiHLUH Ba KOJiaBepca, y M y M aH  M OAAa  Ty3HJiHLUHAa 

K aT H aiU M araH  6yjiapAH . HeftTpoHHHHr HA poA a  6 a p K a p o p  

6yjiHLUHra c a 6 a 6  yHHHr n p 0T 0H  6HJiaH KyMjiH y 3 a p o  T a tC H p A a  

6yjiHUiHAHp. n p o T O H  Ba HeftTpOH H A poA a  6np- 6HpH ra h k h h  

TypraHJiHrH c a 6a 6 .iH  y ^ a p o  nn-Me30HJiap 6HJiaH ajiMaLU«6 

T y p aA H . B y  >KapaeHra acocaH  HeftTpoH 1 c b b k t  hm ha3 

10 M ap T a  n p 0T 0H ra  afi/iaHH6 (n p 0 T 0H  aca, HeftTpoHra 

aftjiaHH6) Ba m ynM a  M ap Ta  y 3h h h h r  HefiTpoH xojinra KafiTaAH. 
ile M a K , H A p oA a  xyAAH 3pKHH HefiTpoiiAeK HefiTpoH 6yjiHUJH 

x a K H A a  ranHpHui MyMKHH 9Mac.

lO K o p H A a  3CJiaTHJiraH ,H,HpaK TeHrjiaMacHHH n p 0T 0H  yMyH 

xaM  e3HUi MyMKHH. B y  xojiAa xaM TeHrjiaMaAaH Myc6aT 3 a p n A  

ypHHra MaH({)Hft 3apHAHH, jickhh 6ouiKa x,aMMa xycycHHTJiapn 

6HJiaH npoTOHra aftHaH aHTH3appa-aHTiinp0T0HHHHr MaB>KyA- 

JIHTH KeJlH6 MHKaAH. AHTHnpOTOHHHHr KHCK3M3 XapaKTe- 

pncTHKacH  KyftHAarHMa:

1) MaccacH npoTon M accacn ra  reHr;

2 )  3a p n A H  npoTon 3 a p n A H r a  Tenr, j ic k h h  HUJopacH 

TecKapn;

3 )  B aKy y M Aa  MeKCH3 y 3 0 K  B a k t  HUiafi o .t h i u h  HyKTan 

H a 3 a p H A a H  6 a p K a p o p ;

4) npoTOH eKH HefiTpoH 6HJiaH yMpaiuyBAa y3apo 

f tyK 6yjiHiuH6 , HypjiaiiHUj aneprnHCH a>KpajiH6 MHKaAH;
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5 )  XeM K3MOH eJIFH3 TyFHJlMaHAH, (j)aKaT npOTOH eKH 

HeHTpoH 6HJiaH 6npra By>KyAra KeJiaAH;

6 )  TypTHHMH Ba 6eiUHHMH xycycHHTJiapHra a c o c a H  6 a p n o H  

3 a p a a H  6  +  -1;

7 )  npoTOH cnHH Hra  TeHr x a p a K a T  M HKflopHHHHr m o m c h t h - 

ra —  cnHH ra  ara. FIpoTOH CHHrapH  aH TH npoT OH  x a M  M arHH T 

M OM eH Tnra  sra.

UiyHHCH 6opKH, a r a p  npoTOH aHTHnpoTOH 6 HJiaH 6np  xhji 

f iyHajiH iiiAa a f i j iaHca, aHTHnpoTOHHHHr MarHHT momchth 
npOTOHHHHT M3THHT MOMeHTHTa MHKAOp >KH*aTAaH TeHT, 
HinopacH aca TecKapH 6yjiaAH. H ^ h h  MarHHT « K y T 6j i a p H »  
a jiM ainraH  6yjiaAH.

H efiTpoH  HeHTpaji 3 a p p a  6yjiraHJiHrH c a 6a 6 jiH  aHTHHefi- 

TpOH  y H A aH  CjjaKaT M arHHT M OM eHTHHHHr HyHaJIHUlH 6HJiaH 

(jjapK KHJia/iH. 3ap H A JiaH raH  3JieMeHTap 3 a p p a H H H r  afijiaHH- 

UIHHH TaCaB B yp  KHJiraHHM H3Aa M 3THHT MOM eHTH TyiUyHHaCH- 

ra KeJiaMH3. By (KJiaccHK) TyiuyHM ara 6 H H o a H  HefiTpaji 

3 a p p a , xycycaH  HefiTpoH, M arHHT M OM eHTHra ara  6yjiojiMafiAH. 

JleKHH lOKopHAa 6 n p  HeMa 6 o p  acjiaTraH TyiuyH M aM H 3ra  

acocaH  HeHTpoH BHpTyaJi nH-Me30HJiap 6yjiyTHHHHr MaB>KyA- 

j ih t h  HefiTpoH/ia yMyMHfi XHCcacH HOJira TeHr 6yjiraH  h m k h  

ajieKTp 3ap«AH  TaKCHMOTHHH By>KyAra KejiTHpa^H. 3ap »A H H H r  

6yHAafi T3KCHM OTH  H3TH>KaCHAa HefiTpOHHHHr M 3T H H T  MO- 

MeHTH HOJiAaH (j)apKJiH 6yjiH 6, Hjipo M arHeTOHH  6H pjinrH Aa  

— 1 , 9 1 3 1 4 + 0 , 0 0 0 4 0  KHfiMaTra TeHr Ba cnHH  fiyHajiHUiHra 

aHTHnapajiJieJi fiyHajiraH.

Xo3HprH nafiTAa 3JieMeHTap 3appaJiap Te3j1aTrHMj1apH.ua 

aHTHnpoTOH Ba aHTHHefiTpoH KaTopH 6np  rpynna 6eKapop  

aHTHTHnepoHJiap KafiA KHJiHHraH. MyHOHMH, aHTHrnnepoHJiap- 

AaH 6hph  —  aHTHCHTMa-MHHyc-rHnepoH —  Xly6HaAa 6np  

rpynna (j)H3HKJiap TOMOHHAaH CHHxpo(j)a3aTpoHAa KafiA 

KHJiHHraH. X a M M a  aHTH3appajiap ajieMeHTap 3appajiap 

OHJiacHra KHpaAH.

H a 3 a p H fi  TyuiyHM ajiapra acocaH  ajieM eurap aHTH3appa-  

Jiap K a r a p H A a  aH TH npoT OH  Ba aHTHHefiTpoHJiapAaH TauiKHJi 

T o n raH  aHTHHApoJiap  MaB>KyA 6yjiHiUH KepaK . B y H A a H  

T a u iK a p n , 3JieMeHTJiap AaBpHfi >KaABajiHHHHr x a p  6 n p  x h m h k  

3JieMeHTHHHHT aTOM HTa aH T H H A P 0  Ba 3HTH3JieKTpOHJiapAaH 

(n o 3H T p o H Jiap A 3H ) TauiKHJi T o n raH  aHTHSJieMeHTJiapHHHr 

aTOM Jiapn Typpn  KejiHUiH KepaK.

IUyHAafi k h j ih 6, aHTHnpoTOH Ba aHTHHefiTpoHJiapHHHr 

6opjiHTH «aHTHAyHe»HHHr MaB>KyAJiHrH x,aKHAarH MacaJiaHH 

ypTara Ky»AH . OAaTAarn  aTOMJiapAaH Ty3HJiraH xap  KaHAafi 

XHMHHBHfi 6npHKMa 6HJiaH 6np  KaTopAa aHTHaTOMJiapAaH
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Ty3HJiraH xhmhhbhh Sn p H K M ajiap  MaB>KyA SyjiHLUH M yMKHH. 

BoaiKaMa aflTraHAa, xo3nprH 3aMOH Ha3apHHCH KOHHOTAa 

3H T H M 0A A 3Jiap A 3H  T3IIJKHJ1 TO nraH  aHTHAyHeHHHT M3B>KyA 

6yjiHUJHra flyji K y n A H . By luyH/jafi AyHeKH , yH AarH  acocnfi 

3appaJiap  6eHCTHCHO xaMM a 3apaAJiapH  6yfiHMa 6 h 3 h h h t  

AyH eM H 3H H H r 3ap p ajiap H ra  KapaM a- KapuJH AH p . M ac a J ia H , 

aH TH BOAOpOA  aTOM HHHHT HApOCH aH TH npOT OH A aH  H 6o p aT  

6yjiHLUH Ba H A po  aTpo(})HAa 3JieKTpoH ypHH/ja no3H Tpon  

aftjiaHHiHH KepaK.

3 a p p a H H H r  a H T H 3a p p a  6HJiaH y 3 a p o  T a t c H p n  y3ran a  

xapaKTepjiH  xycyCHHTra ara. Bnp- 6HpH 6HJiaH 6yjiraH 

T y K H a m y B A a  yjiap fiyK 6yjiHuiaAH —  KaTTa aHeprHH a>KpajiH6 

MHKKa hh xoJiAa khm hk MaccaJiH 3appaJiapra  afijiaHHiuH 

M yMKHH. M yHOHMH, no3H TpoH  3JieKTpoH 6HJiaH Ty K H aiu raH A a  

3JieKTpOH n 03H T p 0H  >Ky(J)TH HKKHT3 eKH yMTa (J)OTOHra 

afijiaHHIUH M yM KHH. A H TH npO TO H H H H T  npOTOH 6HJiaH TyKHa- 

iuyBHAa HyKJioH-aHTHHyKJioH >Ky(})TH 6 h p  HeMa M e30HJiapra 

afijiaHHUIH M yM KHH (MyHKH HyKJlOHJLap M e30H M 3H A 0H H  

opKajLH y 3 a p o  T a t c n p A a  6 y jia A H ). /I,eMaK, M OAAa  Ba 

a H T H M o /m a H H H r  TyK H auiyB H  HaTH>KacHAa yjiapHHHr 6HpopTa- 

ch TaM OM  6yjiM aryHM a yjiap « y 3 a p o  efiHiuaAHJiap». ByHAafi 

* a p a e H A a  a>KpajiH6 M HKKaH SHeprHH HApo  napMaJiaHHLUHAa- 

rHra K a p a r a H A a  6 h p  Hena m hht M ap Ta  KaTTa 6yjjaAH.

3jieMeHTap 3appajiapHH yHJia6 MHJiJinapA 3JieKTpoH BOJibT 

(TaB) 3HeprHHra Te3JiaTyBMH finpHK Te3JiaTTHMJiapHHHr Hiura 

TyiUHpHJlHLUH aHTHMOAA3JLapHH Ta>KpLj6aAa ypraHHJIHUJH 

yMyH KeHr h m k o h h h t  TyFAnpAH. 3appajiapHHHr TyKHaiuyBHAa 

aHTH3appajiapHHHr TyFHJiHUJH yMyH HHiuoHra fiyHaJiraH 

3appajiapHHHr SHeprHHCH i o k o p h  6yjinujH KepaK. MacajiaH , 

6 — 10 MHJiJiapA aB  3HeprHHJiH Te3JiaTrHMJiapHHHr Hiura 

TyiUHpHJlHLUHAaH KefiHH aHTHnpOTOHJiapHHHT K3HA KHJIHJU 

HMKOHH TyFHJIAH. 30  MHJIJlHapA SHeprHHTaMa Te3JI3TyBMH 

Te3JiaTrHMjiapAa aHTHAefiTepnfiHH KafiA k h jih u i MyMKHH 

6yjiAH. /JaBpHH >KaABajiAa BOAopoAAaH KeflHHrn sjieMeHT —  

reJlHfi-3 aHTHHApOCHHH Ky33TH JH HMKOHH JipOTOHJiapHH 

70  MHJiJinapA sB  SHeprHHraMa Te3JiaTyBMH CepnyxoB Te3JiaT- 

THMHHHHT HUJTa TyiUHpHJlHLUHAaH KeHHH TyFHJlAH. AHTHTe- 

JlHfi —  3 HAPOCH HKKHT3 3HTHLipOTOH Ba 6HTTa aHTHHefi- 

TpOHAaH H6opaT.

AHTHreJlHH HAPOCHHHHT KaUJ(}) KHJIHHHLUH M yXHM  aXaMH- 

HTra 3ra , MyHKH y aHTH M O AAa  x a K H A a  sht lOKcaK Aapa>KaAarH  

3 a p p a  a H T H 3a p p a  CHM M eTpHHCHra acocjiaHraH Ha3apHfi 

TaXM H H H H  TaCAHKJiaHAH. A H T H M O A A a H H H r  M a B W y A ^H T H  KOH- 

h o th h h t  3BOJ1IOUHHCHHH Ba yH Aa  103 6ep aeT raH  xoAHcajiapHH
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TymyHHUIfla MyXHM pojlb yHHaUJH MyMKHH. KOHHOT/ia 

aHTHMOAiaHHHr pojiH x,aKHAarH caBcuira KeJiancaK TaJKpnSa- 

jiapH * a B o 6  SepHiiiH KepaK. Xo3HpHa aHTHMOAAajiapHHHr 

TaAKHKOTH ftyjiH/xa 6npHH4H Ka/iaMJiap KyHHJiflH.

IlH-Me30HJiap. KyHJIH y3apO Ta*bCHpHHHr XaKHKHii BOCHTa- 

4hch 6yjiraHH ynyH nn-Me30H Mo/i/ia H/ipojiapH TOMOHHAaH Te3 

lOTHJiaAH. UJy ca6a6jiH Kaft/i. khjihhhuih wy/ia KHftHH. 

LUyHHHr ynyH xaM  MaBJKy/uiHTH Ha3apHii ftyji 6HJiaH Hc6oTJia6 

6epHJiraHAaH 11 Ahji yTraH/iaH KeftHH Ta>Kpn6aAa tohhjiah. 

FlH-Me30HJiapHHHr yMajiacH xaM  6apKapop  3Mac, y3-y3H/iaH 

eHTHJi 3appajiapra napnajiaHa/iH.

3apanJiaHraH nHOHJiap 1948 HHJiAa BepKJiH (AKLU) flarH 

Te3JiaTKHMfla h h u io h  H/ipojiapHAarH HyKJioHJiapHH npoTOHJiap 

6njiaH 60M6ap4HM0H k h jih u i HaTH>KacHfla oJiHHraH s a h :

p-\-p->~p +  n +  n + ; p +  n-*p +  p +  n~ (8 .36 )

SHeprHH Ba HMnyjibCHHHr caKJiaHHiu KOHyHJiapH/iaH 

Ma"bJiyMKH, (8 .36 ) peaKUHH 6yftH4a nHOHJiap xo c h ji  6yjiHuiH 

ynyH TyuiaeTraH npoTOHJiap SHeprnHCH 3 00  MaB aaH  Karra 

eKH yHra TeHr 6yjiHiUH KepaK. By 3HeprHHHH x,Hco6jiaui yqyH 

peJiHTHBHCTHK MexaHHKa ({jopMyjiacHflaH (j)oftAaJiaHHUi MyM- 

k h h :

(E2—  p2-c2) i =  (E2—  p2-c2) 2 (8 .37 )

By ep/ia Pt —  CHCTeMaHHHr i —  MOMeHTAarn Tyjia 

SHeprHHCH Ba Tyjia HMnyjibCH. By x,OJiAa (8 .37 ) KaTTajinrn 

caHOK CHCTeMacnra 6ofjihk 3Mac. LUyHHHr y^yH (8 .36 ) pe- 

aKUHH/ia 6oiUJiaHFHH ( / = 1 )  MOMeHT/ia npOTOHHHHT 3HeprHH- 

chhh )CHCo6jiaui ynyH Koop/jnHaTajiapHHHr jia6opaTopHH 

CHCTeMacH/iaH <J)oftAaJiaHaMH3. TyuiaeTraH np0T0HHHHr KHHe- 

THK 3HeprHHCH E KlfH:

k̂hh = E  — mpc2, E 2 =  mp2-c* +  p2-c2.

By epaa E p, p —  npoTOHHHHr Tyjia 3HeprHHCH Ba 

HMnyjibCH. IlHOHJiap xochji 6yjiHUiH ynyH KepaK 6yjiraH 3Hr 

KHMHK SHeprHH (£ „„„) min HH aHHKJiaUI yHyH HH epUHH  M 3p K 33H  

CHCTeMacHAa (8 .3 6 ) peaKUHH Max,cyjioTJiapH HMnyjibCJiapn 

HOJira TeHr a e6  (J)apa3 KHJiaMH3. H H a  npoTOH Ba HeftTpoH 

MaccajiapH TaxMHHaH TeHr Ae6 *HCo6jiaftMH3. Y  xoji/ia

(8 .37 ) AaH KyftHAarHJiapHH e3Hui MyMKHH:

[ (Ep +  mpc2)2 — p2c2] i =  2 Emi/npc2 +  4 m2p ■ c4,
(E2 — p2c )2<min)=  (2mpc2 +  mnc2)2 =  4mpc4 +

+  4 mpmnc4 +  m2c4,
(EKJmin =  2mnc2(l + m n/4mp).
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H ef iTpa j ib  riHOHjiap ( j i ° )  1950 HHJiaa yjiapHHHr na p^a j ia -  
HHiiiHAa xoch j i  6yjiaAHraH raMMa —  KBaHTJiap opKajiH  
aHHKJiaHraH sah , MyHKH HefiTpajib nnoHJiapHHHr napnajiaHH- 
LiiH 3JieKTpoMarHHT y 3 a p o  TaiiCHp opKajiH  aM a jira  ouiaflH: 

j t ° - ^ Y  +  Y-
n° — Me30HJiap (8.36) peaKUHHra yxuiaui p +  p->-/3 +  /7 +  

+  n °  peaKUHH^a §kh KaTTHK raMMa —  Hypjiap TatcHpHAa

Y +  p->-p +  Jt0 XOCHJI 6yjIHUIH MyMKHH.

FlHOHJiapHHHr MaccajiapH  Ba Huiaui BaKTJiapn A acT j ia 6 
yjiapHHHT (J)0T03MyjIbCHHAarH H3JiapHHH TaAKHK KHJIHIU 
HaTH>KacH/ia 40- fiHJiJiapHHHr oxnpH/ia aHHKJiaHraH sah. 
Te3JiaTKH4JiapAa ojiHHraH nHOHJiap jiacTacH  6y KaTTa- 
jiHKJiapHH aHHKpoK TonH m ra hmkoh 6ep/iH:

T n ±  =2,6- 10_8c, T n =  0,83- 10~l6c. 

mn± = 2 7 3 m e=  137M3B, mn =  264m<.~ 132 MaB.

Te3JiaTKHHJiapAa yTKa3HJiraH Ta>KpH6aJiap j i +  Ba n~- Me- 

30HJiapHHHr MaccaJiapH Ba Hiuaiu BaKTJiapn TeHr SKaHJinrHHH 
aHHKJiauira hmkoh 6ep/iH. A eM a K ,  y j iap  3appa  Ba aHTH3appa 
3K3H. J l *  Ba Jl°- Me30HJiapHHHT Hiuaui BaKTJiapH/iarH 
(JjapKHHHr c a 6a 6n uiyKH, 3apHflJiaHraH Me30HJiap Ky^CH3 
y 3 a p o  TaT>CHp, HefiTpaji Me30HJiap aca 3JieKTpoMarHHT y 3 a p o  
TatC Hp HaTHJKacHAa napnajiaHa/iH.

3apHflJiaHraH Ba HefiTpaji nnoHJiapHHHr MaccajiapHHHHr 

HKHHJIHJIHTH yJiapHH HTOHa 3appa  —  IlHOHHHHr TypjlH H30T0- 

nnK X0JiaTJiapHAaH H6opaT, AeraH xyjiocara ojih6  KeJiaAH, 

H30T0nHK CnHHH 7” =  1, H1.HH 3apHA Myjl bTHnjieTHHHHT yM 

KOMiiOHeHTHra 3ra:

T z =  — 1 (ji“ ), r* =  0(ji°), r ,=  +  l ( n + ) .

nHOHHHHr 3HHK T = \  H30T0I1HHH M3B>Ky/lJlHrH XaKHAaTH 

rHnoTe3a Ta>KpH6a/ia TeKuinpHJiraH s a h . A rap  nHOHJiapHHHr 

H30T0nH 6npra TeHr 6yjica, H3ocnHH 6yfiHMa TaHJiaui 

KOHAaJiapHra Kypa

d  +  d—>-ot +  ji

peaKUHH TaKHKJiaHraH 6yjiaAH.

X,aKHKaTaH xaM, 6ouuiaHFHH *0JiaT H30T0nH HOJira TeHr, 

4yHKH AefiTpoH H3ocnnHH HOJira TeHTAHp. LLIy 6HJiaH 6npra 

OXHprH XOJiaT H30CnHHH Jl°- MC30H H30CIlHHHra TeHr, HTjHH 

6Hpra, MyHKH a- 3appaHHHr H30cnHHH HOJira TeHr/uip. By 
peaKUHH KyHflajiaHT KeCHMHHHHr Ta>KpH6aBHH KHHM3TH * y A a  

khmhk, 10-34 CM2 aaH KaM. CojiHuiTHpHui yqyH HyKJlOHJiap- 

hhht nnoHJiap 6HJiaH H30cnHH 6yfiH4a TaKHKJiaHMaraH y3apo
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TatCHp >KapaeH.napH k c c h m h  ^  10“ 26 c m 2 SKaHJiHTHHH ac/ia-

THULI M yM KHH .

Mi0-Me30HJiap. M i 0 - M e 30H J i a p H H H r  Kaui(}) khjihhhuih T a p H -  

xh HApo cJ)H3HKacH Ha3apHHCHHHHr cepTauiBHiu ftyjuiapH 
SnjiaH S o F j i H K A H p .  M r o - M e 30 H  lOKaBa H a 3a p H H C H f l a H  6 n p  hhji 

KeHHH, Ujy H33apHH T3XMHH KHJiraH nH-Me30HJiapHH KOCMHK 
Hypjiap/ia khah phu i >KapaeHHAa TonuJiAH. V  Aapx,oji KDKaBa 
TaxMHH KHJiraH 3appa  nH-Me30H CH({)aTHAa KaSy ji  khjihhah. 

A M M O  KeHHHHaJIHK MaTjJiyM 6yjlAHKH, MIOOHJiap KOCMHK 
Hypjiap  TapKH^H^a Kyn, HApojiap  6HJiaH >KyAa cycT  TatCHp/ia 
6yjiaAH (aTM oc ( { )epa  KaTJiaMHAaH ocoh yTa/tn ),  y30K  Hiuafl/iH 
Ba au iau i BaKTH /taBOMH/ia 10 0 0 0  cm ftyji yTHiun mymkhh, 

H"bHH lO KaBa 3appacHHHHr x j  jycHHTJiapHra MyTJiaKo TecKapu 
xycycHHTJiapra 3ra. XaKHKaTaH, Kynjin y 3 a p o  Ta"bCHpra 
>KaBo6ra p  3 appa  KHCKa BaKT nuiauiH, x a p  Kaunaft MOA/iaHHHr 
h a po ch  6HJiaH y 3 a p o  Te3 TaijCHpjiauiHuiH, aTMOc(J)epa 
KaTJiaMHAaH yTa  o j iMacjinrH KepaK sah . ByHAaH TauiKapH, 
a r a p  mioohhh KynjiH y 3 a p o  TatCHpHHHr bocht3hh 3 a p p a cn  A e 6 
K apacaK , KyHJiH y 3 a p o  Ta tCH p  AonpacH  HApo Ky^JiapHHHHr 
Ta tC H p  AOHpacHAaH 6chhxoh 6y j ia p  sah. Xo3H p  aca 
mioohhhht KyHjiH y 3 a p o  Tai>CHpra MyTJiaKO a j ioK a cu  ftyKJiHTH- 
hh 6njiaMH3. y nu-Me30HJiapHHHr napnajiaHHUiHAaH xochji 

6yjiaAH. M r o - M e 3 0 H  HacjiHAa nH-Me30HAeK «O T a -6o 6o r a »  ara  
6y jiMaraHHAa xaAAaH  TauiKapH HOAHp 3appa  6y j ia p  3AH.

M iooh  MaccacHAaH TauiKapn xaMM a xycycHHTJiapn 6HJiaH 

a>Ka6jiaHapjiH Aapa>KaAa 3JieKTpoHHHHr y3THHacHAHp. Myc- 

6aT (e + ) Ba MaH(J)Hft (e~ ) 3JieKTpoHjiap Ka6H Myc6aT Ba 

MaH(j)Hft MiooHJiap MaB>KyA- T a6n aTA a  HeftTpaji miooh Ba 

3JieKTpoHJiap ynpaMaftAH. MiooHJiap 3JieKTpoHJiap Ka6H 

TauiKH AyHe 6HJiaH 3JieKTpoMarHHT Ba KyHCH3 y3apo TatcnpAa 

6yjiaAH. HKKajia 3appa xaM  KyqjiH y3apo Ta"bCHpra MyTJiaKO 

mohhji 3Mac. HKKaJiacHHHHr xaM  cnnHH npHMra TeHr. 

SjieKTpoMarHHT y3apo  TaiiCHp HKKajia 3appa ywyH xaM  Ta- 

MOMHJia, xaTTO MarHHT MOMeHTHHHHr KyuiHMHacHraMa 6np  

xhji. KyMCH3 y3apo TatCHpra HHc6aTaH xaM  3JieKTpoH Ba 

miooh 6hp XHJiAa 6yjiaAH. X a p  6npH  yMyH y3Jiapura TerHiujiH 

HeftTpHHOJiapH M3B>KyA. MiOOHHHHr KyMCH3 y3apO  T3"bCHpHAa 

3JieKTpoHra napMajiaHHUiH Ba ajieKTpoHHHHr MiooHra napMa- 
jiaHMacjiHTHHHHr ca 6 a6 n  mioohhhhf ajieKTpoHAaH 2 07  MapTa 

OFHpjIHFHAaAHp, XOJIOC. SjieKTpOH Ba MIOOH JienTOHJiap 

TOH({)acHra KHpaAH, HeftTpHHO 6HJiaH 6HpraJiHKAa JienTOHJiap 

coHHHHHr caKJiaHHiu KOHyHHra 6yficyHaAH.

1962 fiHJirana Mi0-Me30H 6HjiaH MyuiKyji xoji 6o fjih k  s a h , 

MyHKH MaB>KyA caKJiaHHUi KOHyHJiapHHHHr TynjiaMH m ioohhh
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SJieKTpoH Ba (})OTOHra napnaJiaHHuira  flyji Kynp/lH. LUy 

c a 6a 6AaH m i o o h  ajieKTpoH Ba cjioTOHra nap*iajiaHHiu MyMKHH 
AeraH  TaxMHH M a B * y A  3AH. Am m o >KyAa Kyn ypHHHiujiapra 
KapaM ac^aH , Mi0-Me30HHHHr 6y x h ji  napMaJiaHHiiiHHH Kafl/i 
Khjih6 6yjiMaflAH. 1962 HHJiAa K o n y M 6HH yHHBepcHTeTHHHHr 
6hp r y p y x  (})H3HKJiapH TOMOHHAaH BpyKxeftBeH TesjiaTrHHH- 
a a  MyBa(})(})aKHHTJiH yTKa3HJiraH Ta>KpH6aaaH cyH r  m k >- 

Me30HHHHr HHMa c a 6a 6/iaH ajieKTpoH Ba (})OTOHra napMa- 
j iaH M ac jiH rnra  >KaBo6 TonHJi/m. Ta>KpH6a napMajiaHHiu 
>KapaeHJiapHAa SJieKTpoH 6HJiaH 6n pra  na flAo  6yjiaAHraH 
HeHTpnHOHHHr m i o o h  6HJiaH 6Hpra riaii;io 6yjiaAH raH  

HeflTpHHOAaH (MIOOH HeHTpHHOCHJiaH) (})apK khjihhhiuhhh 
KypcaTAH. M ai.J iyM  6yjiAHKH, m i o o h  y 3HHHHr miooh HeflTpHHo- 
c h  v „  6HJiaH 6HpraJiHKna 6np OHJiaHH TauiKHJi kh jih6, 
y3JiapHHHHr Ty j ia  c oh h h h h t  ( m i o o h  JienTOH 3apHAHHHHr) 
caKJiaHHUi KOHyHnra 6yflcyHaAH. XyAAH uiy c a 6a 6 aaH m i o o h  

ajieKTpoH Ba 4>OTOHra n ap^a j iaH a  ojiMafiAH.
JleKHH MIOOH Ba 3JieKTpOH XyCyCHHTJiapHHHHT xa p  

>KHxaT^aH 6Hp-6npHra >KyAa yxuiauuiHrH ajieMeHTap 3appa- 

j ia p  (})H3HKacHAarH 3Hr cnpjiH MyaMMOAHp.
H H M a  c a 6 a 6 A a H  Ta6HaTfla M accajiapH  6Hp- 6npH AaH  Karra  

(})apK KHJiaAHraH, 6ou iK a  x a M M a  >KHxaTaaH aflHaH yxiuaui 

HKKHTa 3 a p p a  M a B w y a ?  A r a p  miooh y 3 a p o  Ta^bCHpjiapAa 

3JieKTpoHJiapra yxiuaui 6yjica, HH M a c a 6 a 6 A a H  y 3JieKTpoHAaH 

207 M ap T a  o f h p  6yjiHUiH KepaK? B H 3ra  M atJiyM KH, 3a p p a H H H r  

M accacH  yHH Hr y 3 a p o  TaTjCHpH 6nJiaH 6 o f j i h k - H K K ajia  3 a p p a  

(gjieKTpoH Ba miooh) y 3 a p o  T a tC H p jia p ^a  6 n p  xujiAa HaM oeH  

6yjiH 6  T y p raH  BaKTA a  M accajiapH HHHr (})apKHHH TyuiyHTHpHUi 

ynyH  xen  KaHAafl M exaH H 3M H H  e p ^ a M r a  M aKHpniu M yMKHH 

3M ac . By 3JieMeHTap 3appaJiap  (})H3HKacHAa yu i6y  hkkh  3 a p p a  

M accajiapH H H H r (})apKHHH yjiapHHHr 6 h p  xhji y 3 a p o  Ta"b- 

CHpjiapAa KaTHauiHiujiapHra acocjiaH H6 TyuiyHTHpH6 6yjiMa- 

raH 6H p 4aH - 6n p  xojiAHp. IUyHAafl k h j i h 6 , 3JieMeHTap 3appa- 

jiap (})H3HKacHAa miooh c h p j ih  caH A H K H a  6y jin6  KOJiMOKAa.

HeHTpHHO. HeiiTpHHO xaKHAarH AacTJia6KH TyuiyHMa 6eTa- 
paAHoaKTHB H Apo j iapaa  AenpjiH apKHH HeiiTpoHJiapHHHr 
y3-y3HAaH npoTOH Ba 3JieKTpoHra napHaJiaHHiun ^HJiaH 
6 o f j i h k . A r a p  >KaABajira Ha3ap TauiJiacaK, HeftTpoHHHHr 
MaccacH npoTOH Ba gjieKTpoH MaccajiapHHHHr h h fh h a h ch a 3h  
0,89 MsB ( } )apK k h j i h i u h h h  KypaMH3. By o p T H K ia  SHeprHH 
3HeprHHHHHr caKJiaHHtu KOHyHHra acocaH  npoTOH Ba ajieKTpo- 
HJiapHHHr xa pa K a T  SHeprHHCH ( k h h c t h k  SHeprHHCH) uiaKJinra 
yTHUiH KepaK sah. J Ickhh HeftTpoHHHHr napnajiaHHiuHHH 
AHKK3T 6HJiaH Ky33THUl UiyHH KypcaTaAHKH, npOTOH Ba
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sjieKTpoH x a p  aohm  6y  3HeprHHHHHr >KyAa khmkhh3 khcmhhh- 
rHHa ojihS KCTajiH. B yH ^aH  TauiKapn 6y kh h cth k  SHeprHHHHHr 

npoTOH Ba ajieKTpoHra TerHiujiH khcmh y3rapn6 Typa^H. B y  
sca SHeprHHHHHr, iuyHHHr/i,eK, HMnyjibCHHHr caKJiaHHiu 

KOHyHnra 3HAAHp. B y  MyuiKyji axBOJiAaH KyTyjiMOK 
yMyH B. IlayjiH opTHKMa 3HeprHHHH Ba cnHHHH ojih6 

KeTaeTraH, j ickhh hhmb ynyHAHp KaflA KHJiHHaeTraH yMHHMH 
3appa  6opjiHTHHH TaKjiH(}) khjiah . 3 .  O e pM H  6y  HOMa"bjiyM 
3appaHHHr xycycHHTJiapHHH ypraHH6, yHra HeHTpHHo A e 6  hom 

Sep^H. YHHHr xycycHHTJiapHHH HeHTpoHHHHr 6eTa napMajiaHH- 

uih (8 .35 ) aaH ocoHTHHa a hh kjia iu  MyMKHH (III 6o6ra K-)-

8.15- §. THnep3apHA k b 3 h t  coHjiapH

1950- hh jihhht 6ouiHAa rajiaTH xycycHHTJiapra a ra  6y jiraH  
3appaJiapHHHr 6np r y p y x H  Kaftfl kh jihhah. Y jiapHHHr xycycH - 
HTjiapHHH yu ia  BaKTAa M aB w yA  6y jiraH  ajieMeHTap 3appajiap 

H a3apH H C H  acocH Aa TyuiyHTHpHiu MyMKHH 6yjiMaflH. UJy 
BaKTra K aAap  x a p  6np Kaui(|) KHJiHHraH 3appa  KaTTa BOKea 
CH(J)aTH^a K a 6yji kh jihhc3 , 6y  FaJiaTH 3appaJiap MaB*yAJiHrH- 
HHHT y3HJl-KeCHJI T3H OJIHHHIUH yH fiHJIJia6 flaBOM 3TAH.

K ocm h k  HypjiapHH KafiA KHJiyBMH ac6o6Aa 6y  3appa- 

jiapHHHr V  xap(})H KypHHHUiiiAa napMajiaHHUi H3H x a K H A a r n  

6hphhmh MaT.JiyMOTHH PoM ecTep Ba BaTJiep 1947 fiHJiAa 

6epraH aAHJiap. riapMajiaHHiu h3hhhht V  x,ap<J>H KypHHHUiH 

KaHAaftAHp HOMai>JiyM HeftTpaji 3appaHH 3apHAra sra 6yjiraH 

HKKHTa 3appara napMajiaHaeTraHJiHTHAaH AapaK 6epaAH.

napM ajiaH H uiAa  V  xap<})H KypHHHUiHAa H3 KOJiAHpyBMH 
3appaJ iap  ycTHAa o j ih 6 6opHJiraH hjimhh TaAKHKOTjiap 
KyftHAarHJiapHH KypcaTAH: 1) 6yHAaft 3 a p p a j ia p  Ta6naTAa 
eTapjiH Aapa>KaAa Kyn yMpafiAH; 2) y j ia p  HefiTpaJi eKH aneKTp 
3apHAHra ara  6y jiraH  3appaJiap 6yjiH6 , MaccaJiapn >KHxaTAaH 
hkkh rp y n n a r a : Me30HJiap 6HJiaH HyKJioHJiap ypTacHAa 
>Koft.iauiraH K- Me30HJiap Ba HyKJioHJiapAaH KeftHH >koh- 
J iamraH THnepoHJiap rp y n n a c n r a  6yjiHHaAH. THnepoHJiap 

napMajiaHHUi T yp n ra  K a p a 6 cnHHH TaxMHHaH 1 /2  ra  TeHr 
4>epMHOHJiap A e 6 XHCo6jiaHaAH. B y  3 a p p a j ia p  6apHOH 
3apHAHHHHr ca M a H H U i  KonyHHra 6yftcyHaAH. MyHKH y j iap  
KyMJiH y 3 a p o  TaT.CHp >KapaeHHAa nafiAo 6yjiaAH Ba napMajia- 
HHUiHAa a j i6a r r a  HyKJioH xochji  6yjiaAH. K- Me30HJiap 
6030HJiap T y p n ra  KHpaAH. MyHKH y j iap  6030HJiapra, MacajiaH, 
hkkh nn-Me30Hra napM ajiaH aAH .

B y  3appaJiapHHHr FaJiaTH xo c ca j ia p n  y jiap iiHHr na fiAo  
6yjiHiu Ba napMajiaHHUiHAa iiaMoeH 6yjiaAH. BnpHHMHAaH, 6y
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3appaJiap  aapoHJiap 6yj\\\6, HyKjioH-HyKJioH Ba nwoH-HyKJioH 

TyKHauiHiuJiapHfla TyFHJiaAH. A m m o  yjiap (})aKaT >Ky(})T eKH 

yMjiHK x,ojiaa naft/io 6yjiH 6, 6 n p o p  M ap Ta  x,aM HKKa xoJi/ja 

Ky3aTHJiMaraH. H K K H H H H a a H , 6 y  3ap p aJiap A aH  aftpHMJiapH 

HyKJioHJiap Ba nHOHJiapra napHajiaHHUiH aHHKJiaHAH. /le M a K , 

yjiapHHHr naft/jo 6yjiHiUH K a6H , napnajiaHHiUH  x aM  KyMJiH 

y 3 a p o  T a t c n p  HaTH>KacHfla A e 6 , ht>hh Hiuaui BaKTJiapHHHHr 

Tap T H ^H  10 - 23— 10 - 22 C 6yjIHIUH J103HM 3AH. JleKHH HUJaUJ 

BaKTJiapn 6 n p  Hena Tap T H 6ra  KaTTa 3K 3h : 10“ '°—  10” 8 c. By 
aca KyiJJiH y 3 a p o  T a t c n p r a  xen x a M  moc KejiMaftflH. 

y M H H H H ^aH , y3JiapHHHHr o^aTflaH T au iK a p n  xycycHHTJiapw 

6HJiaH FajiaTH 6o30HJiap K- Me30HJiap eKH KaoHJiap, M yc6aT , 

MaH({)Hft Ba HefiTpaJi 3appajiap  a>KpaJin6 Typ aA H . yjiapH H H r 

MaccajiapH /jenpjiH TeHr, K +  Ba K ~ - Me30HJiapHHHr 6o iu K a  

aApoHJiap 6HJiaH y3aP° T a tC H p H A a  FajiaTH accHM eTpH H  

Ky3aTHJiAH. K- M e30HJiapHHHr yn Ba hkkh  nHOHJiH napnajia- 

HHIUJiapHHH aHHKJiaUJ KyMCH3 y 3 a p O  Ta"bCHpAa >Ky(})TJIHKHHHr 

caKJiaHMacJiHTHHH Kaui^) KHJiHiura ojih6 Keji/jH.

FaJiaTH 3appajiap  TyFHJinuiH, KH H eM aTH K acn , M accajiapH  

Ba yjiapHHHr napMajiaHHiUHHH T a A K H K  khjihiu FajiaTH 

6apHOHJiap  (rnnepoH) hh KyfiHAarn xHjuiapHHH aHHKJiaiura 

HMKOH 6epw-

JlHM6/ja (A): Q =  0, T =  0, /" =  m «1 1 0 0  MsB; 

CnrMa (X+ , Y~, 1°)- Q = ± 1 ,0 ,  T =  1, m ~  

«  1200 MaB;

Kch ( S " S ° ) :  Q =  — 1,0, r  =  y ,  / n= - ^ - ,  m w  1 3  0 0  

MsB;

OMera (Q “ ): Q =  — 1, T =  0, /” =  -̂ -, m «1700M3B.

THJira ojiHHraH 6ap M a  THnepoHJiapHHHr aHTH 3appajiapH , 

FajiaTH M e30H (K ao H )jiap

K°, K + : Q =  0, + 1 .  T =  ̂ , F  =  0, m « 500 MaB: 

/(- , K°: Q =  — 1,0, 7’ =  y , /n= 0 ,  m« 5 0 0  M 3B

6opJlHTH aHHKJiaHAH.

Fa J i a T H  3a p p a J i a p  H 3o c n H H J i a p H H H H r  K H f i M a T j i a p H r a  ajio- 

XH/ja A H K K a T  6 HJiaH KapafijiHK (8.2- >Ka/jBaji). H y K J i o H J i a p  B a
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8.2- jk a « b a ji

3appa T Q B s
A 0 0 0 1 — 1

z — 1 — 1 — l 1 — 1

z o 1 0 0 1 • — 1

Z+ 1 +1 +1 1 — 1

H— 1/2 —  1/2 — 1 1 — 2

h o 1/2 +1/2 0 1 — 2

Q 0 —  1 — 1 1 — 3

K« 1/2 -1/2 0 0 +1

K+ 1/2 +1/2 +1 0 +1

K 1/2 — 1/2 — 1 0 —  1
K0 1/2 +1/2 0 0 — 1

nnoHJiapAaH  (})apK.JiH yjiapon, FaJiaTH Sap n o H Jiap A a  T h h h t  

KH H M aTH 6yTyH  coH AaH  HfiopaT SyjiHHiH M yM KHH , KaoHJiap/ia

aca, T =  —. ByH/iaH TaiiiKapn, arap THnepoHJiap yuyH B =  1,

KaoHJiap ynyH aca , B =  0 AecaK, rHnepoHJiap Ba KaoHjiapHHHr 
SHpopTacH ywyH xaM 3apHAHH (8.40) (JjopMyjia opKajiH
H(})OAaJiaU] M yM KHH 3M aC  3K 3H .

FaJiaTH 3appaJiapH H H r  6HpraJiHK/i,a TyFHJiHUiJiapH MyM- 

KHHJIHTHHH KypCaTyBHH 6 « p  HeHTa peaKUHHJiapHH KeJITHpn6 

yT 3M H 3 :

n ~ + p ^ A  +  K°, n + + p ^ T +  +  K+

~+Y°_+ K°,+

p +  p I ^ + +  £ + ’+ „  n- +  n ^ 3 -  +  K° +  K°

+  K + + p  p +  n ^ A  +  K° +  p (8.38)

-+A +  K + + P  ->-A +  K +  +  n.

KaH O H  Ky3aTHJiMaraH Ba yTHiu ^ x t h m o j i j i h f h  a M a ji^a  

HOJira TeHr 6yjiraH 6a"b3H 6np  peaKUHHJiapHH KeJiTHpaMH3:

n - + P ^ I + +  KZ
N + N  ->-A + A

+ X + X  (8.39)
- ^ Z + A

By  ep^a  N HCTaJiraH HyKJioHJiapAaH 6 h p h h h  H(})OAaJiaHAH.
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( 8 .3 8 )  Ba (8 .3 9 )  xn.fi.narn peaKUHHJiap 3XTMMcwi.nHK.napn- 

hh  >KyAa * a p  XHJiJiHTHHHHr c a 6a 6 H H H  6hjihuj ,  ujyHHHrfleK, 

FajraTH 3ap pajiapH H H r  a/ipoHJiapra napMajiaHHiu BaKTH HHHr 

eTapjiHMa KaTTajiHFH:

HH TyUiyHTHpHLU 33pypH H TH  1 9 5 3  HHAHa M. reJIJI-MaHH 

(AKIIJ) Ba T. HaKaHO ^aMjja K- HHLLiHA>KHMa (HnoHHH) 
jiapra hhth  k b b h t  cohh  FaJiaTHJiHK ( 5 )  hh K H p H T H L u ra  Ba 6 y  

coh KyMjiH Ba  3 J ie K T p o M a r H H T  y 3 a p o  TaTaCHpjrapAa K aTiaHHH  

caKJiaHa^H, KyMCH3 TatcHpAa 3ca, y3rapHUJH MyMKHH Ae6 
T a x M H H  KHJiHLura M a * 6 y p  khjiah . By coh 6 a p n o H  3 a p n A  

T y u iy H M a c H H H  T y j iA H p a ^ H . K eflH H M ajiH K  aHHKJraHHiiiHMa, Ma3- 

Kyp KBaHT cohh  aApoHJiap M acaJiacH^a *aJi KHJiy bmh 

axaMHHTra 3ra 3K3h.

FaJiaTHJiHKHH aHHKJiam  yMyH HyKJionjiap Ba nnoHJiapra 

TerHuiJiH Q = T z-\- B/2 (J)opMyjiaHHHr M. TeJiJi-MaHH

Ba T. HaKaHo, K- HHUJHA*HMajiap yMyMJiamTHpraH.

KypHHHLUHflaH (J)OHjiajiaHHUJ M yMKHH. By e p ^ a  Y —  KarrajiHK 

TH nep3apH A  A e 6  h o m  oji/l h . Y  6 a p u o H  c o h h  B  Ba FaJiaTHJiHK 

COHH S. HHHT H HFHHiLHCHTa TeHr:

LLIyHiiaH khjih6, Me30HJiap yMyH Y — S(B =  0), 6apH 0H Jiap  

yqyH K =  S + 1 ( S = 1 )  Ba aH TH6a p H 0HJiap yMyH Y =  S  —

— 1 ( B =  — 1). (8.40) yMyMJiamTHpHLura Kypa THnep3apHiiHH 

TypjlH Tz JIH, JieKHH T H30CnHHJIH aApOHJiap MyjlbTHnJieTHHHHT 

HKKHJiaHraH ypTaMa 3apHflH x,0JJHii.a aHHKJiaiu MyMKHH. 

(8.40), (8.41) (})opMyjiaJiapra xypa, nHOHJiap HyKJJOHJiap B a  

yjiapra T e rn jujjh pe30HaHCJiap yMyH S =  0, HbHH KyTHJiraHH- 

AeK, 6y 3appajiap FajiaTH 3appaJiap 3Mac. (8.41) Ba 

THnepoHJiap x,aMiia KaoHJiap 3apHAH acocniia 8.2- >Ka.aBajiAa 

KejiTHpHJiraH TernujjiH FaJiaTHJiHKJiap KHHMaTJiapH 6evTrHJia- 

h h u j h  MyMKHH. >KaABaJiAa rHiiepoHJiap Ba KaoHJiap yMyH 

H30CLIHH KH H M 3T H , H30CnHHHHHF yMHHMH npoeKUHHCH, 6 a p H O H  

coHJiapH Ba FajiaTHJiHK 6epHJiraH.
3 h a h ,  a r a p  KyMjiH y 3 a p o  T a i a C H p j i a p A a  FajiaTHJiHK

P +

( 8 .3 9 ')

( 8 .3 9 " )t ~3-10“ '°C

Q  =  TZ+  Y/2 (8.40)

Y =  B +  S. (8.41)
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caKJiaHaAH  A e 6  KaSyji KHJicaK, (8 .38 ) x h ji peaKUH H  pyxcaT  

3THJiraH, (8 .39 ) —  x h j ih  aca m b h  STHJiraHJinrHHH Tym yHHUi 

KHHHH 3M aC . By  HKKH XHJl peaKUHHJiapAa X aM  SoUJJiaHFHM 

x,OJraTJiapjia FajiaTHJiHK Ho.ara TeHr, uiyHHHr ynyH  o xn p H A a  

xaM  HOJira TeHr SyjiHWH KepaK. (8 .38 ) peaKUHHJiapAa xyAAH 

iuyuziaH Sy jia^H . 4 y H K H  A  Ba £  rHnepoHJiapHHHr FajiaTHJiH- 

th —  1, K °-Ba K + - Me30HJiapHHKH a c a + l .  Kch  rnnepoH 

(S =  —  2) TyFHJiaeTraH (8 .38 ) p eaK U H H A a  6 n p  B aKTA a  

HKKHTa K°- Me30H ( S = l )  TyFHJiaAH. LLIyhhht yqyH oxHprH 

XOJiaTAa FajiaTHJiHK h h f h h a h c h  HOJira TeHr. (8 .39 ) peaKUHH- 

Jiapaa aca, o xH p rn  xojiaT FajiaTHJiHrn —  2, h t ĥ h  yjiap 

TaKHKJiaHraH .

(8 .3 9 ')  —  (8 .3 9 " )  peaKUH HJiapaaH  FajiaTHJiHKHHHr y3ra- 

P h u i h h h  Kypnui M yM KHH : AS =  1, H"bHH 6 y  peaK UH H Jiap^a  

KyMJiH y 3 a p o  TaiaCHp KaTHauiMafliiH, 6yjiap  KyncH3 y 3 a p o  

Ta"bCHp HaTH JKacH^a  103 6epaflH.

8.16- §. K-Me30HJiap.

K- Me30Hjiap Ba rHnepoHJiapHHHr H30T0nHK MyjibTH- 

njieTJiapn KejiTnpHJiraH. 8.6- pacMra Ha3ap TauuiafljiHK. 

Me30HJiap rpynnacH ynyH 3apHA MapKa3H nH-Me30HJiapHHHr 

3apHA M apK33HA3H XHC06jiaHaAH. y XOJIAa Kyp3MH3KH, 

K- Me30HJiap A>'6jieTHHHHr 3apHA MapKa3H yHrra +  -y

KHHMaTra CHJiwnraH. XyAAH uiy chji>khiu 3appaHHHr acocHH 

(j)H3HK x a p a K T e p n c T H K a c H  6yjiraH FajiaTHJiHK KBaHT cohhhhhf 

HpMHra reHr. FajiaTHJiHK KBaHT cohhhhht 6y  TaTjpHtJjHra 

acocaF riHOHJiap yMyH S  =  0, MyHKH yjiapHHHr 3apHA MapKa3H 

Xhco6 6ouih 6y.iH6 xh3M3t khjimoka3. A h th  K- Me30HJiap

(K°,  K ~ ) ,  Ay6jieTHHHr 3apHA MapKa3H aca ~  ra CHJi>KHraH "

Ba uiyHHHr yMyH S =  —  1.

M e 3 0 H Jia p  rp y n n a c n  y^y H  nnoHJiap KaHAafi pojib yftHaca, 

6apH om iap  ywyH HyKJioHJiap xyAAH uiyHaaft pojib yfiHaft/w. 

HyKJlOHJiapHHHT 3 a p H A  M 3p K 33H  6apH 0H Jiap  3a p H A  MapKa3H- 

h h  xnco6jiaiuiia x h c o 6  6 olu h  6yjin6  x h 3 M 3t  KHJiaAH. 

A H T H 6a p n o H Jia p  ynyH aHTHHyKJioHJiapHHHr 3 a p H A  M ap K 33H

Q = — - x h c o 6 6 o u ih  6yjiw6 XH3M3T KHJiaAH. MyjibTH-

njieTJiap 6yftH‘ia 6y  KJiaccH(})HKauHH aHTHHyKJioHJiap HyKJioH 

Ay6jieTHHHHT HOJIHHMH 3apHA HH3HFHTa HHc6aTaH CHM M eTpHK 

aKCHAaH H6opaT Ay6jieTHH TauiKHJi KHJiaAH. H e M aK , xap
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8. 6- p a c M .  3 a p p a . i a p  a n e K T p  3 a p a A H H H H r  M a p K a 3 H .

KaHAan 6apnoH y4yH TerHiujiH MyjibTHnjieT/ia y3HHHHr 
aHTHSapHOH 6y/iHUiH KepaK. LUyHflaH k,hjih6, rHnepon Ba 
aHTHrnnepoHJiapHHHr a j ioxH Aa MyjibTHnjieTJiap TauiKHJi khjih- 

ujh 6HJiaH rnnepoHJiap HyKJioHJiapra yxu iau iAHp. Am m o 

rHnepoHJiap yqyH HyKJioHjiap Ka6H A y 6j ieTJiapflaH u6opaT  
6yjiHUiH uiapTH 6a>KapHJiMaflAH Ba 3apHA M ap n a3H  CHJi>KHca 

6yjiaAH. X aK H K araH  xaM , 8.6- pacM^aH KypHHH6 TypH6/tfiKH, 

jiaM^Aa (A°) Ba aHTHJiaM6fla (A°) 3appaJiap rHnepoHJiap- 

HHHT H 30T 0n H K  CHHTJieTJiapHHH, CHTMa Ba aHTHCHTMa sca —
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H30T0IIHK TpHIUieiyiapHHH TaUIKHJl KHJ13AH. OaK,aT KCH Ba 

aHTHKCH rnnepoHJiap h30T0iihk A y 6.neTJiap,aaH nSopaT. THne- 
poH Ba aHTHrHfiepoHJiap h 3 o toh h k  MyjibTHnjieTJiapHHHHr 
3apHA MapK33H HyKJIOH Ba 3HTHHyKJIOH AySjieTJiapHHHHT 
3apHA MapKa3Hra HHcSaraH CHjDKHraHAHp. B y  CHJi>KHiiiHHHr 
HKKHJiaHraHH rnnepoHJiapHHHr FajiaTHJiHK k b 3 h t  coH Hra TeHr. 

3 a p n A  MapKa3JiapHHHHr lOKopHAarH CHHrapH chjijkhu ihhh 
S h p h h m h  6op  M .  Tejui-MaHH Ba K- HHUiHA>KHMa 3tTHpo(J) 
KH„iraHJiap.

X a p  6np H3oxonHK MyjibTHnjieTHH 6aTa(})CHJi TacBHpjiaui 

yMyH MyjibTHnJieT 3 a p «A  MapKa3HHHHr HKKHJiaHraH khhm 3th- 
ra TeHr SyjiraH HHa 6np k b bh t  cohh —  r H n e p 3 a p a a  ( 7 ) :

Y =  2Q.

HyKjioH  Ba nHOHJiap yMyH ajieKTp 3 ap «A H  h 3o toh h k  
cnHHHHHr Z  KOMnoHeHTacH (T z) opKajiH hc|)OAajiahaah:

Q » = t z+ ' / 2, 

Qn =  T y.

B y  6oFJiaHHUiHH x,aMMa 6apnoH Ba Me30HJiap yMyH KyHHAarn- 
Ma yMyMjiauiTHpHiu MyMKHH:

Q  =  T z -\— ^-(B +  S) =  T z -\— ^ Y— T z + Q  6apHOHjiap yMyH 

Q =  Tz+ y S =  Tz +  Q — Me30HJiap yMyH

/leM aK, FajiaTHJiHK KBaHT cohh TyuiyHMacH KaoHJiap Ba 

rHnepoHJiapHHHr ajieKTp Ba 6apHOH 3apHAJiapH 6HJiaH 

HKHHAaH 6oFjiaHraH. LUyHHHr yMyH FajiaTHJiHK KBaHT cohh 

KaTTajiHrHHH KyMjiH Ba ajieKTpoMarHHT y3apo Ta"bCHpJiapAa 

caKJiaHHUiH jio3hm Ae6 (})apa3 khjimok Ta6HHHAHp. 5^3 

HaB6aTHAa FaJiaTHJiHK K B a m  cohh KaTTajiHTHHHHr caKfiaHH- 

u ih  KOHyHHAaH K- Me3oH Ba rHnepoHJiapHHHr 6nprajiHKAa 

naHAo 6yjiHuiH TymyHTHpHJiaAH. X aK H K aTaH , 6y  3appajiap 

HyKJioH Ba nHOHJiapHHHr y3apo TyKHauiyBHfla B y *y A r a  

KeJiaAH. HyKJioH Ba nHOHJiap yMyH FaJiaTHJiHK KBaHT coHH 

HOJira TeHr. 8.6- pacM AaH KypaMH3KH, aHTHrHnepoH Ba 

KaoHJiap Myc6aT + 1 ,  rHnepoH Ba aHTHKaoHJiap 3ca — 1 Fajia- 

THJiHKKa ara. A e M aK , peaKUHa HaTH>KacHAa Myc6aT Ba 

MaH(})HH FaJiaTHJiHKKa ara 6yjiraH 3appajiap 6HprajiHKAa 

By>KyAra KeJiaAH. CaKJiaHHiu KOHyHHra acocaH FaJiaTH 

3appaJiap KyMjiH eKH 3JieKTpoMarHHT y3apo TaiiCHp 6 y HHMa 

napMaJiaHaAH Ba uiy e a 6 a 6 A a H y30K BaKT auiaftAH.

498



K- Me30HJiap TaSH aT H H H  ypraHHiu  3JieMeHTap 3ap pajiap  

(J)H3HKaCHHHHr peBOJlIOUHOH CaXH(})?.CHHH OMAH. KaOH Jiap  

nHOHJiapAaH  y3HH HHr H 30T 0n H K  XyCyCHHTH SHJiaH KeCKHH 

(})apK, KHJiaAH. A c o c h h  (f)apK HeHTpaji KaoHHHH r HeflTpaji 

aH TH KaoH  SHJiaH aH H aH  6 n p  x h ji aMacjiHTHAaAHp.

HeftTpaji KaoHjiap (K°,  K° >Ky(})TH FajiaTH xycycHHTJiapra) 

sra. K° Ba K° Me30HJiap y3H ra  xoc «TOBJiaHyBMH» 3appa- 

Jiapitnp. K° Ba K° KynjiH y 3 a p o  T a tC H p ra  M aH c y S  TypjiH 

w ap a e H Jia p A a  By>KyAra KeJia/iH. X e i  KaHAafl Tam joi Tai.- 

CHpCH3 Ma"bJiyM BaKT yTHLHH CHJiaH K°- Me30HHHHr 6n p  khcmh, 

K°- hkkhhm h khcm h  K t  Me30HJiapra afljiaHH6, T a6n aT H H H  

yairapTHpaAH. X y A A H  uiyHitafl K°- M e30H  x a M  K ?  Ba K 2- Me- 

30HJiapra aftjiaHaAH. K°- M e30H  acocaH  hkkh  nH-Me30Hra, 

K r  M e30H  aca , yMTa nH- M e30Hra  napM ajiaH aAH . B y H H H r  

ycTHra /C§- M e30H  K°- M e30H ra  K ap a ra H /ia  600 M ap T a  y 3 0 K  

B 3KT  HHiaftflH.

H aTH > K aA a  HeftTpaji KaoHJiap yMyH 6 n p  TOM OH A aH  K° Ba 

K° HKKHHMH TOMOHflaH K° Ba Ki —  Me30HJiap CH(})aTHAa (})apK 

KHJiHHa^HraH  MaJiKam xoJiaT By>KyAra KejiiiH. T a 6 n a T  HeftTpaJi 

K- Me30HJiapHH yjiapHHHr By>KyAra KejiHiu >KapaeHHra acocaH  

6 n p  T a p 3A a  (})apK KHJica, yjiapHHHr napMajiaHHUi >KapaeHHra 

acocaH  h k k h h m h  Tap3/ia  (})apK KHJiaAH. KyMJiH y 3 a p o  T a tc H p ra  

H H c6aTaH  HeftTpaji KaoHJiap x,aMMa BaKT (})aKaT K° Ba 

K° KypHHH iura  ara.

K- Me30HJiap K + , K° 3appajiap_HHHHr h3o to h h k  A y 6jieTH- 
AaH Ba aHTH3appajiapHHHHr (K~  K ° ) H30T0nHK A y 6jieTHAaH 
H6opaT  6y jia^H . H e f lTp a j i  KaoHHH ( K ° ) yHHHr aHTH3appacH —  
HeftTpaji aHTHKaoH^aH (K° ) ( } )apK stybmh 6npAaH-6Hp kb3h t  
cohh  6y  TH n ep 3ap H A  ( rajiaTHJiHK) k b 3 h t  c o h h a h p . Me30HJiap 
yqyH Y =  S.K°- 3a p p a  yMyH FaJiaTHJiHK k b 3 h t  cohh  S =  +  l, 

K° yMyH S =  1. LUy c a 6a 6/iaH nHOHHHHr HyKJioH 6HJiaH KyMjiH 
y 3 a p o  T a t c H p  peaKUHHCH/ia (JtaKaT / C ° +  rHnepoH *y ( } )T H  
B y * y A r a  kcjihuih MyMKHH ( A ^ + r n n e p o H  *y<})THHHHr' By- 

>Ky/jra KejinuiHra FajiaTHJiHK kb b h t  c o h h h h h f  caKJiaHHuiH flyji 
KyftMaca, KOJr  aHTHTHnepoH *y(} )THHHHr B ym yA ra  KejiHiunra 
aca 6apHOH 3apnAHHHHr caKJiaHHUi KOHyHH flyji KyftMaft f lH ):

n - + p ^ A °  +  K°.

i^eM aK , KyMJiH y 3 a p o  T a ^C H p  HeftTpaji KaoHHH aHTHKa- 

OHflaH ocoh  (})apK KHJia/iH. A r a p  KyMCH3 y 3 a p o  T a t c H p  

6yjiM aca  3 a h , 6 y  hkkh  3 a p p a  a H T H 3ap p aH H H r  OA aTAarn  

>Ky(})THHH TauiKHJi KHJiraH 6yjiapAH . JleKHH KyMCH3 y 3 a p o  

Ta"bCHpAa FajiaTHJIHKHHHT CaKJiaHHIU KOHyHH 6y3HJiaflH. K°- 
K°- Me30HJiapHH 3HflH 6Hp-6npHflaH (})apK khjihui yMyH xeM
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KaHAaft KB3HT COHH Ba CaKJiaHyBMH 3 a p « A H  ftyK- KyMCH3 

y 3 a p o  T a tC H p  JKapaeHJiapHAa HeftTpaji KaoH Ba HeftTpaji 

aH TH KaoH  aftHaH 6 n p  xhji 3appaJiap  cntyaTnjia H aM oeH  6yjiap 

3KaH , yjiapHHHr KyqcH3 y 3 a p o  Ta^bCHp >KapaeHH opKajiH 

napqajiaHHuijiapH  x,aM 6HpAaft yTHLu KepaK  AeraH  (j)HKp 

TyFHJiaAH. JleKHH HeftTpaji KaoHJiapHHHr napHajraHHUiH aHMa 

HHraji Nfacajia 6yjin6  u h k a h . H y H K H , yjiapHHHr aftHaH 6up 

3 a p p a r a  aftjiaHHuiH 6njiaH  yjiap ynyH  h hth  6ouiK aM a  

h m k o h h h t  6yjiaAH . Y jiap  3HAH KyMCH3 y 3 a p o  Tai^cHp XHCo6H ra  

6Hp- 6HpHra BHpTyaji xojiaTflarHHa 3M ac , 6aJiKH peaji xojiaTAa 

X aM  yT H 6  TypHUIJiapH M yM KHH, MyHKH SHepTHH Ba HMnyjIbC- 
h hh t  caKJiaHHui KOHyHH 6y H ra  ftyji Ky aA w :

K°-+n+ +  n- ^K°,

K°- Ba R°- M e30HJiapHHHr y 3 a p o  6Hp- 6npH ra  roKopHAarH 

CHHrapn yTHUiH yjiap ypTacHiia y 3 a p o  Ta"bCHpHHHr MaB>KyA- 

JIHTHHH 6HJIflHpaAH.

ByHAaft y 3 a p o  Tai^CHp KaHAaft O K H 6a T ra  ojih6 KejinuiHHH 

KypaftjiHK. Arap 6 n p o p  4>h3hk KaTTajiHK caKJiaH M aca, y  b b k t  

6yftH4a y 3rap aA H . ABBaji 6ou iA a  FaJiaTHJiHrn a H H K  + 1  ra 

TeHr cot{) K°- M e30H  6H p M yH M a  B aK T A aH  cyHr y3 ^o ji3thhh  

KH CM aH  y 3rap T H p aA H , y kh cm b h  K°- M e30H ra  y T a ^H . (B y  

>KapaeH xycycHft nacTOTacH  6 n p  xhji Ba 6np- 6HpH 6HJiaH Kyw- 

CH3 6oFJiaHraH h kkh  M aaTH H KH H H r Te6p aH H U iH ra  yxuiaftAH). 

Arap M aH THHKJiapaaH  6 h p h h h  (K°) T e 6p aT c aK , 6 n p  03 BaKT- 

A aH  cyHr 6 h p h h 4 h  M aH T H H K aaH  SHeprHH ojihui XH Co 6n ra  

hkkhhm h M aH THHK (K°) x a M  T e 6p a H a  6ouuiaftAH, K, K° y 3 a p o  

6Hp- 6HpHra yTHLUH ca6a6jiH  k h c m 3h  K° A a H  Ba k h c m 3h  K% 
A a H  H 6 o p a T  HHTH HKKHT3 MyCT3KHJl XOJiaT By>Kyflra KeJiaAH:

K° =  ~^r(K° — Ko),
V 2

K"=-^(K° +  K0).
V 2

K° sa K% 3appajiapHHHr acocwft cfiapKH yjiapHHHr xap  xhji 

nap^ajiaHHUi KaHajuiapnra arajinrHAaAHp:

K °—*-{ji +  +  jx —, 2 n°| Hiuaui bbkth TaxMHHaH 10_ l ° c.

K%-+{3n°, j t + + n - + j i ° ,  ...( » » » 0 ,6- 10- 7 c.

KyncH3 y3apo TaiaCHpAa P- >Ky(f)TJiHKHHHr caK-naHMacjiH- 
THHH 6HJiaMH3. X aK H K 3T3H  XaM, /C°^-2tC° Aa P- >Ky({)TJIHK
—  1 KHHMaTflaH + 1  KHHMaTra ysrapa-HH. (P- onepauHHra 

HHc6aTaH HMnyjibCHHHr HOJira TeHr KHftMaTHfla K° Ba 
K° 3appajiapHHHr TyjiKHH 4)YHKIlHH-,iaPH tok Ba HHc6Hft
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op6HTaji M OM eHTHHHr HOJira TeHr KHHM arHjia 2ji CHCTeMaHHHr 

TyjlKHH (|)yHKUHHCH >Kyc{)T, 3k_ HHKH T O K A H p ). 3 a p p a H H  

a H T H 3a p p a r a , M acajiaH , K° h h  K° ra y T K a 3a a H ra H  onepau,HH- 

h h  (C  h h ) P- onepauHH 6 h .t 3 h 6nprajiH K Aa  KapafijiHK. 3 h j ,h 

6 y  h h t h  CP- o n e p a u H H H H H r  xycycHfi k h h m 3 t h  K°—>-2n° >Kapa- 

e H ^a  caKJiaHaaH , iiyHKH K° 3 a p p a  2 n° CHCTeMa x aM  

CP- o n e p a u n a r a  H H c6aT aH  6 n p  xhji KHfiMaTra —  >Ky(})T 

K H H M aT ra  ara. JleKHH K%- M e30H H H H r 6aT.3H xhji napwajiaHH- 

mHfla CP- >Ky(})TJiHK xaM  caKJiaHMaftAH. M a c a J ia H , 1964 A h ji- 

HHHT e3HAa  K r  M e30HHHHT  HKKH IIH- M e30HTa napHaJiaHHUlH 

M atJiyM  6yjij.H. KZ y ^yH  lOKopH Aarnra  KyuiHM w a HHa h k k h t 3 

napqajiaHH iu  KaHaJiH 6yjiHiiiH M yMKHH:

/C2— Jt , 2n°}.

By >KapaeHfla CP- >Kyc})TJiHK caKJiaHMafi/iH, qyHKH napqa- 

jiaHHiu/iaH oji/i h h  K°i CHCTeMaHHHr CP- t o k  xojiaTH napqajia- 

HHUiAaH cyHr CP- >Ky(})T xojiaTra y3rap a/u i.

ByH/iaH TauiKapn Ma^jiyM 6yji/iHKH,

K ^ { n ~  +  e + +  vc} 

iiaH n 6 o p a T  napqaJiaHHUi >KapaeHH

/<2->+i+ +  e~ +  vc}

napqajiaHHUi >KapaeHHra H H c 6a T a H  6H p  03 uiHim aTJiHpoK 

6yjiaAH . A r a p  C P  >Ky(})TJiHK caKJiaHca, HKKajia napqajiaHH U^, 

>KapaeHJiapH 6 h p  xhji uiHiiAaT 6HJiaH yTap  3iiH. HyHKH-- 

CP- o n e p a u H H ra  H H c 6a T a H  jx_  +  e+ — ve 6HJian jt + + e ”  +  ve 
iiaH n 6 o p a T  CHCTeMa *y(})Tii,Hp. CP- o n e p aU H H  TatCHpHiia  

6 h p h h ih  CHCTeMa hkkhhm h CHCTeMara yTaAH .

IHyHAaft khjih6, HeftTpaji KaoHJiap 6HJiaH yTKa3HJiraH 

Ta>KpH6ajiapiia KyTHJiMaraH, JieKHH 3Hr (})yHiiaMeHTaji Kaiu(})H- 
eTJiapiiaH 6 h p h  CP- >Kyc|)TJiHKHHHr caKJiaHHiu KOHyH HHHH r 

6y3HJlHLUH OMHJIAH. A rap  P- >Ky(})TJIHKHHHr CaKJiaHMaCJlHTH 

MHKpoiiyHeiiHHr Ky3ry CHMMeTpHHCiira ara SMacjiHrHiiH 

6njiiiHpca, CP- >Ky4>TJiHKHHHr caKJiaHMacjiHTH s a p p a  Ba 

a H T H 3a p p a  ypTacHiiarH cnMMeTpHHHHHr xaM ftyKJinrHHH 

6HJiAHpaAH- M o a o m h k h , CP- >Kytj)TjiHK caKJiaHM ac 3KaH , 4>a3o 

Ky3ry CH M M eT pnnra  3ra  3M ac  A e 6  XHCo6jiauira TyFpn KejiaAH 

( HeHTpHHo x aK H A a rH  M a^JiyM OTra K a p a H r ) . Kaniiaft ysapo 

rabCHp XHCo6Hra CP- >Kyc})TJiHK 6y3HJia;ui Aeran caBOJi xo- 

3 H pMa OMHK KOJlMOKAa.
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8.17-§. Pe30HaHCjiap

FajiaTHJlHK KB3HT COHHHH KHpHTHUI Ba K + Me30H yMyH 
S =  +  l, K~- M e30H  ynyH  S =  —  1 3KaHJinrHHH aHHKJiam  6y  

Me30HJiapHHHr 6oLUK,a aApoHJiap 6HJiaH y 3 a p o  TaT>CHpHAarH 

acHM M eTpHH HH  t 3 6 h h h  xojifla TyuiyHTHpHUira h m k o h  6epA H . 

M a c a j i a H ,  y 3 B a K T H ^ a  TypjiH 3 H e p r n a j i H  K~- M e 3 0 H j i a p H H H r  

K~-\-p CHCTeMâ a
A O 1 o

-j— Jl

X + n=t
K-+P- + r  +  n° (8 .42 )

■s +  K+ 
E° +  K°

Ka6n >Kŷ a KynjiH peaKUHHJiapH Ky33THJiHuiH >Ky,a,a a>KOHH6 
TyiojiraH sah. flacT 3HeprHHjiap.ua K +, p- CHCTeMaAa 3JiacTHK
COMHJIHIU >KapaeHH, SHeprHH OCTOHa KHHMaTHAaH K3TT3
6yjiraH x,0JiHfla nnoHJiap nafiAo 6yjiHuiH Ky3aTHJiaflH. A m m o  

xen KaMOH rnnepoHJiap xochji 6yjiMaftAH. XaMMa rHnepoHJiap 
Ba K~- Me30HHHHr MaH(J)HH FajiaTHJiHKKa ara SKaHJinrH 
XHCo6ra ojiHHca, 6y xojihh ocoHTHHa tvuiyHHUi MyMKHH. LLIy 

ca6a6jin (8.42) peaKUHHJiapaa K~- Me30HHHHr MaH(})Hft 
FajiaTHJiHTH A  Ba £- T H n e p o H J i a p H H H r  MaH(})Hft FajiaTHJiHrnra 
yTa^H. K+- Me30HHHHr FajiaTHJiHTH Myc6aT, uiyHHHr ynyH 
y khmhk SHeprHHAa 6Hpop-6np rHnepoHra «6epHJiHui» MyMKHH 
3Mac. OaKaT eTapjiĤ a KaTTa SHeprHHjia MaH(})HH FajiaTH- 
jihkjih runepoH naftAO 6yjiHuiH MyMKHH, MacajiaH

K+ + n ^ K °  +  K° +  T+.

K~ Ba K+- Me30HJiap >Kyc})TJiHrH Ta>KpH6aAa aHHKJiaHraH 

FajiaTHJiHTH HOJira TeHr 6yjiMaraH 6hphhmh 3appa —  b h t h - 

3appa >Ky(})TJiHrHAHp. By  *yc})TJiHK MHCOJiHAaH KypHHH6 

TypH^AHKH, 3appaj,aH —  aHTH3appara yTHiu FaJiaTHJiHK huio- 

pacHHHHr y3rapHUiH opKajiH 103 6epaflH. B y  KOHyHHHT 

aHTHrHnepoHJiap TonHJiraHAa TacflHKJiaHflH. Yjiap acocaH 

npoTOH —  aHTHnpoTOH y3apo TyKHauiyBJiapH^a Kauu}) khjihh- 

raH sah:

A° +  A°, 

A ° + r .  

H “ + _ 3 - ,  

3  + H °  +  ji +  .

AHTHiHnepoiuiap x o c h j i  6yjiaAHraH aftpHM peaKUHHJiapAa 

yjiap FajiaTHJinrHHHHr «a6cojiioT» KnftMaTHHH aHHKJiaui

P +  P-
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h m k o h h  6yjiAH. M h c o ji T a p H K a c H A a  aHTH OM era —  rnnepoH  

OMHJiraH peaKUH HHH  KeJlTHpHLU M y M K H H :

K + + d - + t i  + + A °  +  A °  +  p  +  ji+ + j x -  

S ( t C + ) =  +  1, 5 ( A ° )  =  —  1 /lefiTOH, n p o T O H  B a  n n o H J i a p H H H r  

FajiaTHJiHTH HOJira TeHr SyjrraHJiHrH ynyH FaJiaTHJiHKHHHr 
c a K J i a H H i u  K O H y h h  acocH/ia 

S ( S + ) = 3  Ba 5 ( Q ~ )  =  — 3 6yjiaAH.

lO K o p H A a  HyK^OHJiap Ba nnoHJiap CHCTeMaCHAarH pe3o- 

HaHCJiapHH KypraH  3/i h k . U iy H r a  yxiuaiu pe30HaHCJiap 

nHOHjiap Ba THnepoHJiap xaM /ia  KaoHJiap Ba nnoHJiap 

CHCTeMajiapH/ia x,aM aHHKJiaHraH . X o 3 H p r H  BaKT/ia A _ , Y, ~ , 

3 "  rHnepoHJiapra m o c  pe30HaHCJiap oHJiacn aHHKJiaHraH. 

Yjiap  h 3 o c i ih h  Ba FajiaTHJiHKJiapHHHHr KHHM aTH 6 n p  XHJI Ba 

TypjiHHa cnHH  xaM /ia  >Kyc})TJiHKKa ara. K- M e30H —  pe3o- 

HaHCJiap CHCTeMacH oHJiacHHHHr 6 n p  HeMTa a"b30JiapH xaM  

Maij-iyM. 8.3- m aA B ajiA a  uiy pe30HaHCJiap/iaH y3 OHJiaJiapH/ia 

MHHHMaJi M accara  ara 6yjiraH aflpHMJiaDH KeJiTHpHJiraH. B y  

pe30HaHCJiapiiH x,HCo6ra ojihlh  a/ipoHJiap rypyx,JiaHHLUH 

npHHUHnJiapHHH TyiuyHHiura ep/iaM  6epa/iH .

Pe30HaHCJiap  6 o 3o h  Ba 6apHOH Jiap  rypyx,Hra 6yjiHHaflH. 

B o 3o h  pe30HaHCJiapra, xycycaH , h k k h t b  nH O H aaH  H6opaT 

CHCTeMa KHpaflH. M a c a jia H , n *  +  /,-^P +  ji° +  ji± peaKUHHHH 

3(J)(J)eKTHB KeCHMHHHHT pe30H aH C  MyKKHCHHH TaX,JIHJl KHJIHUlfla 

aHHKJiaHraH p- M e30H  uiyjiap >KyMJiacHflaHflHp. 3(})(})eKTHB

qyKKH M ^ j i * ,  jt°) = 7 5 0  M a B  ra TyFpH kcjiah, qyKKHHHHr 

KeHrjiHrH r=100 M a B .  M y K K H H H H r  6 o p j ih t h

ji* + p-^p +  p(jt± , ji°)

*—>-jt± +  jt°

peaKUHHHHHr hkkh noFOHajiH 6yjiHuiHHH KypcaTa/iH. Oji/ihh 

6oFJiaHraH p- 6npHKMa By>Kyflra kcjih6, cyHr y Te3 BaKT/ia 

HKKHTa nHOHra napMajiaHa/iH. B 030H pe30HaHCJiapra, Maca- 

jiaH, 6y  peaKUHa:

jt+  +d-*-p +  p +  co

L->-Jt +  +  jx~ +  Jt°,

h h  ypraHHLU naHTH/ia Kauu}) STHJiraH co- M e30H  c o (k + , ji_ , 

jt') K a 6 n  yHTa nnoHflaH H 6o p aT  pe30H aH C  CHCTeMajiap x aM  

KHpaflH.

BapHOH pe30HaHCJiap ojxaTna 6apnoH Ba Me30HJiapra 
napMajiaHyBMH 6HpHKMajiap/iaH H6opaT. C>epMH TOMOHH/iaH 
OMHJiraH HyKJioH —  pe30HaHC A e 6 aTajiMHUi pe30HaHCHHHr
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MaccacH 1238 M a B .  Ba"b3aH 6yHflafl pe30HaHCJiap hyk/ioh- 

H3o6apjiap fle6 xaM aTa^iaAH. HyKJioH-H3o6apjiapHH ypra- 

HHiiiAa KaTTa cfihhjih 3appa;iap xaM  KaiucJ) sthjiah, *yMjia- 

AaH, 1920 m e MaccajiH N f  6apnoH pe30H3HCHHHr ciihhh 

7 /2  h ra TeHr. Pe30HaHCJiap KyMJiH Ta"bCHpjiaujyBAaH By>Kyflra 

Kejia^H Ba uiy KyMJiap H aT H *acH A a  napMajiaHaflH. 8.3- >Kaii- 

Baji.ua KeJiTnpHJiraH xaMM a pe30HaHCJiap «  1 0~ 23 c. ra TeHr 

Huiaui BaKTHra ara, htjHm yjiapHHHr napMajiaHHUiH KyMjiH 

Ta"bCHp opKajiH yTaflH.

TyK H auiH U i 3HeprHHJiapHHHHr MHKitopnra K a p a 6  x,ap 6up 
BnpTyaji (})otoh e+ e~->- a/ipoHJiap pe aK U H H A a  HeflTpaji p, w  Ba 

(p Me30HJiap xapaKTepH CTH KajiapH ra  3ra 6yjiraH  pe30- 

HaHCJiapHH By>Kyflra KejiTHpaAH. ByjiapjjarH yMyMHHJiHKHH  

6h .ihui yMyH 8.3- >Ka;iBajira /iHKKaT 6HJiaH K ap au i khc})oh. 

yMaJiaCHHHHT XaM  CI7HHH 1, >Ky4)TJlHTH M3H(j)Hfi, THnep3apHflH  

HOJib Ba X 0K a 3 0 . y ^a jia  M e30H  x aM  BeKTop M e30H  AeHHJiaflH, 

MyHKH yjiapHHHr cnHHH 1.

8.7- pacMfla K apaM a- Kapiun  flyHajiraH yTa KaTTa 3HeprHH-  

JIH 3JieKTpOH Ba n03HTp0H flaCTaJiapHHHHT TyKHaiUHUI 

e+ e~^-(fi^>-K+ K ~  >KapaeHH 3(})(})eKTHB KecHM HHHHr Tyjia 

2E- sHeprH Hra  6ofjihkjihth  KeJiTHpHJiraH. ByH/ia KeHrjinrH 

4 M a B  jih 1020 M a B  SH eprnnra  Typpn KejiyBMH yTKHp MyKKH 

K y p H H H 6  TypH6/iH . By  pe30H aH C  HeflTpaji cp- M e30H ra  TyFpH  

KeJia/iH. e+ e~-*-n + n ~ n °  peaKUH HHH  Ky3aTraH/i,a aca MyKKH  

780  M a B  ra TyFpn KejiaAH. KeHrjiHTH 3ca 12 M a B .  By  HeflTpaji 

co- M e30H A n p . Ta> Kp H 6a  /laBOM STTHpHJica, 770  M s B  jih

2£ , M3B

8.7- pacM. S^Ta KaTTa SHeprHH (2E) jih 3JieKTpoH Ba 
no3HTpoH TyKHauiHiiiH HaTH>KacHAarH e+e~->-K+K~ 

>KapaeHHHHT 3Cf)(J)eKTHB KeCHMH.
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8. 8- pacn. BwpTyaji (Jjotohhmht (e+ e~) BeKTop Me30Hjiapra aiijiaHHUiH 
napMajiaHHiiiH KapaMa-KapmH fiyHaJiTHpHJiraii sjicKTpoH Ba no3HTpoH 

AacraJiapHAarH Ta*pH6a.iapaa Ky33THJiybmh pe3onaHCjiap x.ochji 6yjiHUiHra 
0jih6 KCJiaiH. By AHarpaMMajiap p°, o>°. (p° BeKTop Me30HJiapHHHr (e+ e~) 

JtacraJiapHAa TyrHJiHiUHHH KypcaTaAH.

KCHivmrH 106 M aB  f iy j iraH  nyKKHra TyFpn KeJiaMH3, 6y 
p- Me30HAHp. HeHTpaJI p- Me30HHH H30CIIHHH 1 Ba y  H30- 
BeKTop, KOJiraH h k k h t3ch  H3ocKajinpAHp. Ootoii ajieKTpo- 

M a n iH T  KynjiapHH TamyBMH 3 a p p a  CH(})aTH,zi,a BeKTop Me- 

30HJiapra y x u ia ra H  h3ociihh xycycH aTJ iapnra  a ra  6yjiHiiiH 
KepaK. 8.8- pacM Aa  a&THJiraH yMTa BeKTop Me30HJiapHHHr 
TyFHJiHiiiHHH KypcaTyBMH AHarpaM M a KejiTHpnjiraH.

8.1- M a a B a jiA a  KejiTHpnjiraH x a M M a  3 a p p a  Ba aHTH3appa-  

HHHT 3Hr aCOCHH XyCyCHHTJiapHHH HM KOHH 6opH M a  6aTa(j)CHJI 

Ky p w 6  m hkahk . B h 3  Ky praH  3a p p a jia p A a n  (jiaKaT (J>otoh, 

HeHTpHHo, 3JieKTpoH Ba npoTOHJiaprHHa a6cojnoT 6apKa-  

po p A H p . B o u iK a  x a M M a  3a p p a jia p  8.1- *a flB ajiH H H r  14- ycTy- 

HHfla KypcaTHJiraH/ieK KH CKa b b k t  hmha.3 napM ajiaH H 6 KeTaflH. 

A m m o  6 y  3a p p a jia p  e 3JieKTpoMarHHT y 3 a p o  TaiiCHp eKH 

KyMCH3 y 3 a p o  T a t c n p  flyjiH 6MJian napMajiaHHUiH ca6a6jiH  

KyMjiH y 3 a p o  TaiiCHpHH xapaKTepjioBM H 10 22— 10~23 c BaKT- 

ra H H c 6a r a H  100 MHJiJiuapAJiapMa M a p ja  y 3 0 K  BaKT  HiuaHAH. 

llly ca6a 6 jiH  6 y H A a A  fiyji 6HJiaH napMajiaHyBMH 3appajiapH H  

o/iaTAa M eTacTa6nji (hx .hh  6 a p K a p o p A a H  KefiHHrn) 3ap p ajiap  

A e 6  lopHTHJiaAH. 3 h a h  3ap p ajiap H H H r  pe30HaHCJiap A e 6  

aTajiyBMH h hth  rpynnacH 6nJiaH TaH H iuaM H 3 .

1 9 5 2  HHJiAa M au ixy p  HTaJibHH (Jihshth 3 .  O e p M H  nn- 

Me30HJiapHHHr nporoHJiapAa comhjihuihhh TeKuiHpuui * a p a e -  
HHAa xycycHHTJiapn MyTJiaKo 6ouiKaMa 6yjiraH hh th  3appa  —  

pe30HaHCJiapiiH Kaui(|> kh jiah .  O jihm TypjiH 3HeprHHjiap 6HJiaH 
npoTOHJiapra fiyHajiTHpHJiraH nH-Me30Hjiap npoTOHAaH eTap- 
jih A a p a M a A a  y30K  Maco4>aAaH yTca ,  y3 fiyHaJinuiHHH
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Ekuh (17), Mj B

8. 9- pacM . flHOHjiapHHHr 
n p  r o H J i a p a a  c o m h j i h h j  T y j i a  

K e CH M H H H H r k h h c t h k  S H e p r H H r a  

6 o F J iH K J iH r H . M ycO a T  n H O H J i a p -  

HH Hr  COMHJIHUl Ke C H M H  M3H(J)HH 

3 a p s w i H  n H O H J i a p H H H r  c o m h -  

j i h i h  K e c H M H r a  H H c 6 a T a H  ae- 
a p j i H  yM 6 a p o 6 a p  K a r r a .

y 3rapTHpMacjiHrHHn, TyKHaui KejiraH TaKAHpfla 3ca  xyfl^H 
To iu ra  ypn j iraH  coMMa yKaa ft  x a p  TOMOHra comhjihluhhh 
aHHKJiaflH. ByHAafi Ta>KpH6afla ,  MatJiyM 6ouuiaHFHM uiapT- 
j ia p r a  Kypa , com hjihu ihhhf xapaKTepn  6yftHMa HyKJioH KaM/ia 
HflpOHHHr AHaMeTpHHH, H"bHH KyMJTH y3apO TaijCHp xycycH- 
HTJiapHHHHT XapaKTepjlH yjlMaMHHH aHHKJiaLU MyMKHH.

JleKHH nH-Me30HJiapHHHr 3HeprHHCH 200 MaB ra hkhh- 
Jiauica, coMHJiaeTraH nH-Me30HjiapHHHr cohh TycaT/iaH  o p t h 6 
KeTa/iH. SH e p rH H H H H r  HH a x aM  opTHJiHuiH/ia nH-Me30HJiap HHa 

xy/iflH aBBaJirH/xeK coMHJia 6ouuiaftflH. A r a p  coMHJiaeTran nn- 

Me30HJiap c oh h h h h t  nH-Me30HJiapHHHr 3HeprHHCHra 6oFjiaHH- 

luhhh H<|)OflajiaftflHraH arpH M H3HKKa K a p a c a K , (8 .9 - p a c M ) , 

y H ^ a  200 MaB 3HeprH Hra  Typpn Kejia/iHraH KecKHH MaKCH- 

MyM HH Ce3HLU M yM KHH. By KOJI MaHTHHKHHHT M a *6 y p H ft  

Te6paH HUiH /ia  k>3 6epaflHraH  pe30H aH C  x,oflHcacHra yxuiaftflH. 

M a H T H H K H H H r  Ma>K6ypHfi Te6paHHiUH/ia )caM Te6paHHUi 

MacTOTacHHHHr MaijJiyM KHftMauiapH/iarHHa KyMjiH Te6pa- 

HHiu —  Te6paH HUi pe30HaHCHHH  Ky3aTHiu M yMKHH. Ma>K6y- 

Phh  Te6p aH H iu  MacTOTacHHHHr 6ouiK a  KHfiMaTJiapH/ia Ma- 

HTHHKHHHT Te6p aH H U IH  CyHa 6oUIJiaftflH. FlH-Me30HJiap COMH- 

JIHUIHHHHT 3rpH MH3HFH pe30H aH C  Te6paH HUIHHH Hr srpH 

hh3h fh  6HJiaH y x u ia iu /w p . LUyHH Hr yMyH nn-Me30HjiapHHHr 

nporoHJiapfla coMHJiHiuHAarH M a3Kyp  M aKCHM yM  xojiarjiap/ia 

By>KyAra KejiraH 3appaJiapra pe30HaHCJiap /ie6 hom 6epHJiraH.

CoMHJiaeTraH nH-Me30HJiap c o h h h h h t  200 MaBra h k h h  

3HeprHH/ia k c c k h h  ycHUiH xyAAH npoTOHJiap yjiMaMHHHHr 

6npAan  1000 MapTa KaTTajiaiuraHHfla com hjihui c o h h h h h t  k>3 

6epH uiH  KepaK  6yjiraH  ycH uinra  yxmaftflH. X a K H K a T a H  x aM , 

npoTOHJiap yjiMaMH 6n p /iaH  Karrajiaiuca, yjiap 6HJiaH K y n p oK  

nH-Me30HJiap TyKHauia/iH , K y n p o K  y3 ftyHajiHLUHHH y3rapTH-
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paAH , H"bHH COMHJiaAH. JleKHH H H M 3 Ca6a6.0.aH nH-Me30HJiap

SHeprHHCH 2 00  M a B  ra TeHr SyjiraHfla npoTOHJiap KaTTajiamH- 

luh  KepaK  3K3H ?  By  x o j ih h  TyuiyHTHpHiu yMyH So uJKa  flyji 

K H ^ H p H m r a  TyFpH KeJi^H. MacaJiaH, nH-Me30HJiapHHHr npo- 

TOHJiapjxa coMHJiHUiHAa nH-Me30HJiapHHHr 3HeprHHCH 2 0 0  M a B  

ra h k h h  6yjtca, KHCKa BaKT h u i o b m h  3appaJiap  —  pe3o- 

HaHCJiap ByjKy^ra  KejiaflH Ba x a p  TOM OHra coHHJiraH nu- 

Me30HJiapra napM aJiaHaAH. XyAflH M aH a  uiy HH rH AaH  By>Kyara 

KejiraH nnoHJiap c o m h j ih u i  arpH MH3HFHAaH M yKKHHHHr x o c h j i  

S yjiHUiHra ca 6a 6M H A u p .

P e 3 0 H a H c  3 a p p a  h h m b : h h t h  3 a p p a M H  eKH h k k h  HflpoHHHr 

(nH OH  Ba HyKJioHHHHr) 6H 3ra  HOM atJiyM  h h t h  KypHHH UiH Aarn  

y 3 a p o  Ta"bCHpHHHr M axcyjiHM H? BHpHHMHflaH, pe30HaHCJiapHH 

CTa6HJi (6apKapop) Ba MeTacTa6HJi 3appajiapHH xapaKTep- 

JIOBMH KB3HT COHJiap 6HJiaH TaCBHpJiaUI M yM KHH. LUyHHHr 

yMyH pe30HaHCJiapHH 3 a p p a  ae6 XHCo6jiaui M yMKHH.

A r a p  pe30HaHCJiap 3 a p p a  CH(})aTHfla MaB>KyA 6yjica, 

yjiapHHHr auiaui BaKTHHH aHHKJiaui M yMKHH. X a K H K a T a H  

pe30H aH C  M yKKHHHHr KeHrjinrH (6ajiaHAJiHrHHHHr n p M H A a )

TaK p«6aH  0,1 • 103 M a B ,  HtHH pe30HaHC SHeprHHCHHH 0,1 • 103

M s B  H03HHKJIHK 6HJiaH yjlM3HMH3. Y  XOJlAa HOaHHKJIHKJiap 

M yH o ca6aT H ra  (8 .10 ) acocaH  pe30H aH C  3a p p a H H H r  nuiaiu

h
BaKTH At =  — • 5- 10—23 c ra TeHr. Aji6aTTa, 6yHflaft khckb 

B3KT HUIOBMH 3appaHHHr MaB>KyAJlHrHHH aHHKJiaiUHHHr y3H 

khhhh MacaJia, MyHKH 3appaHH 1 0~ 23 c hmhab 6eBOCHTa KaftA 
KHJIHUI MyMKHH 3MaC.

YMyM aH pe30H3HCJiapHHHr nuiaui BaKTH 10~ 22—  10-23 c 

6yjiH6, yjiap 6yHMa KHCKa BaKT HMH^a epyFJiHK Te3JinrH 6njiaH 

xapaKaT KHJiraH xojifla xaM KyMjiH y3apo TatCHp AonpacHAaH 

y30K Macoc{)ara 6opa ojiMaft/iH. A r a p  pe30HaHC azipo hmhab 

naftAo 6yjica, y3HHHHr nuiaui BaKTH hmha3 y KaHMa Te3 

xapaKaT khjim3Chh, xaTTO HflpoAaH TauiKapHra xaM mhkh6 

yjirypMaftflH. U lyHHH r yMyH, h k k h h m h  TOMOHAaH, nnoHJiapHHHr 

npoTOHJiapAa coMHJiHUiHfla By>KyAra KeJiraH pe30HaHCJiapHH 

KHCKa B3KT HUIOBMH FIHOH Ba HyKJIOHHHHT 6oFJiaHraH XOJiaTH 

0,e6 Kapaui MyMKHH, mjHH nHOH 6HJiaH HyKJioH 6Hp-6npH 

6HJiaH «enHUiraH» xojiaTAa ^apaKaT  KHJiaAH. CyHrpa  6y 

«enHUiMa» 3appa HyKjioH Ba nHOHra napMajiaHaAH. P e 30- 
HaHCJiapHHHr lOKopHAarHAeK TapKH6nft Ty3HJiHUiH xaKHAarn 

Macajia MyxnM MyaMMo, MyHKH \o3Hp pe30HaHC 3appaJiapHHHr 
yMyMHft COHH HKKH 103,3,3 H OpTH6 KeTAH Ba HH 3 OpTMOKAa.

Pe30HaHCJiap 6 h j ib och t3  ftyji 6HJiaH, HtHH yjiap napMa- 

jiaHraHAa xoch ji  6yjiaAHraH 3appajiapHH ypraHHUi ftyjiH
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SHJiaH KaHA KHJiHHaAH. PeaKUHH Max.cyjioTH 3appajiapHHHHr  

HMnyjibc/iapHHH yjiMafi Kaficn 3appajiap 6n p  HyKTaaaH  

(pe30HaHCAaH) comhjiraHJiHTH, KaficH 3appajiap 6HpraJiHKaa 

MaijJiyM ftyji 6och6  cyHr comhjiraHJinrH pcjihthbhcthk xoji 

yMyH yMyMJiauiTHpHJiraH MexaHHKaHHHr xapaK aT  MHKflopH 

hhht caKJiaHHiiiH KOHyHHra acocaH auHKjiaHa/iH.

Pe30H3HCJiapHHHr CIIHHH yHHHT TaUIKHJI 3TraH 3appa  

cnHHJiapH Ba hhc6hh op6HTaji MOMeHTJiapHHHr hhfhhahcha3H  

H6opaT 6yjiaAH. H h c 6 h h  op6HTaJi momcht 6HpAan  Karra 

6yjiraHJiHTH yqyH 6aT33H pe30HaHcjiap 6npAaH  Karra cnHHra  

3ra 6yjiaAH.

CTa6HJi (6ap K ap o p ) Ba MeTacTa6HJi 3appajiap Ka6n  

pe30HaHCJiapHH \aM h30T0iihk cnHHJiap 6njiaH xapaKTepjiaiu 

MyMKHH. Pe30HaHCJiap yqyH 6 y  kb3ht cohh ax.aMHHTjiHAHp. 

BouiKa HyKTan na3ap/iaH 6np  XHJiAa 103 6epHUiH KepaK 

6yjiraH peaKHHHJiapnHHr sxthmojijihth h30toiihk cnHHra 

KarbHH 6ofjihk 6yjiaAH. >KyMJiaAaH, Ha3apHH afiTaAHKH, 

(np) pe30HancH.ua Myc6aT HHOHJiapHHiir nporoHAa comhjihiu 

KeCHMH MaH(j)HH nHOHJiapHHHT npOTOHAa COMHJIHUI KeCHMHTa 

HHc6aTaH yq 6 ap o 6ap  Karra 6yjiaAH.

Pe30H3HCJiapHHHr y eKH 6y  xapaKTepucTHKajiapn JJajiHTU 

AHarpaMM acH 6yfiHMa aHHKJiaHaAH. A r a p  6ouuiaHFHM hkkh  

HApoHHHr KyMjiH y3apo Tai>CHpH H aTH xacH A a  yM 3appajiH 

XOJiaT ByjKyara KeJica (MyHKH ByjKyAra KejiraH 3appaJiap c o h h  

opTa 6ouiJiaraHAarHHa pe30Haiicjiap xaKHAarn  Myjioxa3a 

ypHHJiH 6yjiaAH ), pe30HaHC xo c h ji  6yjiraHH eKH 6yjiMaraHHHH  

H ajiHTu  AHarpaMMacHHH Ty3Hiu fiyjiH 6ujiaH aHHKJiaui 

MyMKHH. Y m 3appajiH xojiaTHHHr 9  Ta y3rapyBMH KaTTanHKJia- 

pHAaH 3HeprHH —  HMnyjibc sa op6HTaji MOMeHTJiapHHHr 

caKJiaHHiu KOHyHHra acocaH HKKHTarHHa apKHH y3rapyBMH 

KarrajiHK KOJiaAH Ba yjiap /laJiHTU AHarpaMM acHAa a6cuncca 

Ba opAHHaTa yKJiapHHHiir xh3M3thhh yTafiAH. B y  Karra- 

jiHKJiap CH(j)aTHAa yM 3appaHHHr Macca MapKa3H CHcreMacHAa 

6HpOp HKKH 3appaHHHT Tyjia 3HeprH HCH HH eKH KHHeTHK 

SHeprHHCHHH ojiHiu MyMKHH. B y  y3rapyBMHJiapAa ilaJiHTU 

AHarpaMMacHAarH HyKTa 6njian yq 3appaHHHr T a * p H 6 a A a  

yjiMaHraH xap  6n p  \oJiaTH TacBHpjiaHaAH. A r a p  HyKTaJiap 6np  

xhji 3 h m jih k  dnjiaH JKOHJiaiuca, yM 3appajiH xojiaT xeM KaHAafi 

pe30H3HCHHHr napMajiaHHiuHAaH B y *y A r a  KejiraH 3Mac. 

ilajiHTU AHarpaMMacHHHHr 6npop  coxacHAa HyKTajiapHHHr 

3HMJiamyBH pe30H3HCJiapHHH r MaBJKyAJIHK 6ejITHCHAHp.

Pe30HaHCJiapHHHr h k k h  Karra uiaccH  MaiwiyM: rajiaTHjiH- 

th  HOJira TeHr x,aMAa rajiaTHJiHrn HOJiAaH (jiapKjiH Me30H Ba 

6apHOH pe30HaHCJiapH KJiaccn. M e 3 0 H  pe30HaHCJiapn (jiji) ,
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(K Q ) ,  (KK ) h h h t  y3apo KyMJiH 

TatCHpjiapHAa Ky3aTHJiaflH. Ba- 

P h o h  pe30HaHCjiapH  3ca (n N ),
(KN ), (NN)  x,aMfla rnnepoH- 

nnoH , rnnepoH-HyKJiOH Ba rnne- 

poH-rHnepoHJiapHHHr k y m jih  y3a- 

po TabcHpjrapH Aa  Kafla k h j i h - 

HaflH.

BapHOH pe30HaHCJiapHra 6 h 3 

roKopHAa KypraH  (np )  w apaeH  

pe30HaHCJiapH KHpaiiH. y u i6 y  >Ka- 

paeH KyflHAarH KypHHHUiAa yTa- 

A h : aBBaJi h k k h  gjieKTp 3apHflHra 

TeHr pesoHaHC 3 a p p a  x o c h j i  6yjia- 

AH, cyH rpa  y napM ajiaHaAH .

ji+ + P + -+/V* + + -ktc+ + /? .  (8.43)

YMyM aH (np) >Kapaenjiapiia HHa yMTa pe30HaHc: N *~ , N*°, 
N * + (yuj6y pe30HaHCJiap, moc paBHLUAa A -|— \-, A~, A°, 
A + opKaJiH 6ejirnjiaHaAH) x,ochji 6yjiaiiH.

B a p H O H  pe30HaHCJiapnra h k k h h m h  m h c o j i  TapnKacnjia  

1960 HH.1 KajIH(j)OpHHH y HHBepCHTeTHHHHT (AKUU) 6 n p  

rpynna  c})H3HKJiapH TO M O H H aaH  Te3 K- Me30HJiapHH cyioK 

BO/iopoA npoTOHJiapH 6njiaH T yK H auiyB H A a  a h  h  kji a h  r a h 

pe30H3HCHH  K y p 3M H 3  (8.10- p a C M ).

K~ +  p—>-A° +  ji +  + J t “ .

Arap  yui6y (K p )  TyKHaiuyBAa yMTa 3appa (A ° ,  jx +  , n _ ) 

6 a p a B a p H r a  Bywy/ira Kejica, K ~- Me30H Ba npoTOHHHHr 

6omjiaHFHM sHeprHHCH yjiap opacHiia x,ap xhji ftyji 6HJiaH 

TaKCHMJiaHHuiH KepaK. Ta> Kp H 6a  KypcaTaAHKH, xochji 6yjia- 

eTraH nHOHJiapHHHr cohh 6ouuiaHFHM khhcthk 3HeprHHHHHr 

MatJiyM KHftMaTH^a (3 0 0  M a B )  KecKHH paBHiu/ia ouiaAH. 

KynMHJiHK nHOHJiap /tenpjiH a H H K  3HeprHH/ia TyFHJia/iH. By 

x^ojihh TyuiyHTHpHiu yMyH /KapaeHHH KyftH/iarHMa VTaAH ae6 

K apaui jio3hm:

K ~ + p - ^ Y * ~  +  n + . (8 .44 )

l+ A °  +  ji

Yui6y xojiAarHHa >cap 6np xochji 6yjiraH 3appaHHHr 

3HeprHHCHHH 3HepFHH Ba HMIiyjIbCHHHr CaKJiaHHlU KOHyHH 

opKajiH TyFpn aHHKJiaui MyMKHH 6yjiaAH.

Pe30HaHC 3appaHHHr napMajiaHHUiH uiy Aapa>KaAa Te3 103 
6epa/iHKH, H 3 J ia p H H H r  (j)OTOcypaTHfla yMaJia 3appaHHHr (ji +  , 

jx“ , A ° )  x,aM 6np  HyKTa/iaH TapKajinuiHHH KypaMH3. CypaTAa 

A °  h h h t  h 3 h  y3JiyKJiH m h 3 h k  6HjiaH KypcaTHJiraH. A °  MaijJiyM 

BaKTAaH cyht p + Ba n~ napMajiaHaAH. JleKHH SHeprHH Ba

8. 10- pacM. K ”  —  Me30 H -  

HHHT npOTOHiia COHHJIHUIHAaH 
pe30HaHC 3appa Bywyara Ke;ia- 
ah .



HMiiyjibCHHHr caKJiaHHUJHra acocaH  Y+~ pe30H 3H C H H H r  t h h m  

x,ojiaT 3HeprHHCH (M a c c ac H ) 1 8 3 2  M a B  3KaHJiHrHHH aHHKJiafl- 

MH3. Y M y M a H , K- Me30HJiapHH npOTOHJiapAa COHHJlHWHAa 

M ycSaT  Ba HeftTpoH pe30HaHCJiap (K*_ Y*°) x a M  x o c h j i  

S yjiaAH. y u i6 y  y^ajia  pe30H aH C  3 a p p a ;ia p  H 30T 0n  cnHHH 6 n p r a  

TeHr 6yjiraH H30TpnnjieTHH x o c h j i  KHJiaflHJiap Ba 6Hp- 

6npjiap H ra  h k h h  M accara  arajiap.

P e 3 0 H a H c  3ap p ajiap  Ta6HaT.ua >Kyiia Kyn. Y jiapHH Hr 

6yH 4ajiH K  Kyn  6yjiHiiiH, 6 n p  t o m o h a 3 h  KynjiH y 3 a p o  

Ta"bCHpHHHr CHM M eTpnHCHHH KypHUira e p ^ a M  6 e p c a , h k k h h m h  

T O M O H ^aH, 3JieMeHTap 3ap p ajiap  Ty3HJiHUiH xaKHflarH My- 

3M M O H H  OFHpjiaiUTHpaAH.

O f h p  pe30HaHCJiap, MatJjTyHjiHK, ry3ajuiHK, x,aKHKHHJiHK 

KBaHT coHjiapH. S jieM eH T ap  3ap p ajiap  (})H3HKacHfla 19 74  Ahji- 

aa 6yioK a xa M H H T ra  ara BOKea 103 6epj,H . Y u i6 y  fiHJiHHHr 

Hon6pboftHfla hhth  o fh p  pe30H aH C  3 a p p a —  (J/ty- (*efi- ncH) 

M e30H  Kaiuc}) 3THJIAH. S jieM eH T ap  3appaJiap  (j)H3HKacHfla 6 y  

K a 6n  y 3H A a  M yxHM  a xa M H H T  K ac6  3TraH  Kaiuc})HeT K y n ^a H  

6ep H  103 6 e p M a r a H  am- / /^ - 3 a p p a H H H r  MaB>KyfljiHrH Ha3apHfi 

6a u ia p H eT  KHJiHHM araH Ba yHHHr xycycHHTJiapH Kyn >kh- 

x a T A a H  KyTHJiM araHAa a>KofiH6 3Ah . //i|)- 3appa 6 a p a B a p H r a  

hkkh  r p y n n a A a : BpyKxefiBeHAa C. T H H r  Ba yHHHr xoflHMJiapn 

xaMfla CTeH(})opflfla B . P n x T e p  Ba xo^H M jiapH  TOMOHHflaH 

Kafifl STHJiraH. Y iu 6 y  Kaui(})HeT yMyH T H H r  Ba P H X T ep ra  

1 9 76  fiHJi,aa (})H3HKa cox a c H A a  H o6eJib  MyKO(})OTH TaKA H M  

3THJIAH.

T h h t  rp y n n acH  6epHJiJiHfi h huio hh h  6 h p  HeMa yH (3 0 )  T a B  

3HeprHHJiH npoTOHJiap 6HJiaH 60M 6a p A H M 0H KHJiHiujiapuna 

a H H K  KHflMaTra ara 3JieKTpoH-no3HTpoH >Ky(})THHH nafiKafiflH. 

P e a K U H a  HaTH>KacHfla xochji 6yjiraH 3JieKTpoH-no3HTpoH 

>Ky(})THHHHr SHeprHHCHHH aH H K  6up KHflMaTra sra  6yjiHLUHHM

TyuiyHTHpHiu y4yH  yHH M accacn

3.1 T a B  TeHr KaHAaflflHp 3appa- 

h h h t  napM ajiaHHUiHAaH  x o c h j i  

6y.iaflH a e 6  x,Hco6«iaui KepaK  s a h .

8.1 1- paCM Aa  3JieKTp0H-n03HTp0H 

>Kyc})TH c o h h h h h t  SHeprHHra 

^ofjihkjihth  TacBHpjiaHraH . Pe3o- 

H3HC MH3HFHHHHT KeHTJlHTH 5 

M s B  Ran ouiMafliiH. Byunaft 

HHTHMKa M aKCHM yM HH  aHHKJiaui 

Ba Ky3aTHiu x a A A a H  T au iK ap H  

KHftHH 3AH.

H h t h  Kauu}) sTHJiraH 3 a p p a ra

’yo J.2S

8. 1 1 -p acM . H w ujoH flaH  
e + e~  >Ky({)THHHHr hhkhu i 3X.th- 
MOJlJIHTHHHHr 6 0 M6 apflH M 0 H 
KH.'iyBMH npOTOHJiapHHHT 3Hep- 
rHHCiira 6oF.THMnrH.

512



T nH r  / (>Keft )-Me30H  A e6 hom 6epAH. /-Me30H mhh HeflTpaji 
3 appa  SyjiHfi c f ihhh 6Hpra , M accacH  3,1 T a B  ra TeHr. Oa30BHH 
HHBepcHH Ba Kyu iMa 3apHfl onepauHHJiapra HHcSaTaH yHHHr 
*y(})TJIHrH MaH(j)HH.

CTeHtJjopflAa PnxTep SouiHHJiHrHAarH (J)H3HKjiap rypy^H 
aca 3 h h h  BaKTAa i o k o p h  SHeprHHJiapjiarH ajieKTpoH Ba 

no3HTpoHJiapHHHr K.apaMa-K.apiiiH o k h m h h h h f  TyKHaiuyBHAa 

3JieKTp0H-n03HTp0H flHHHTHJIHUHHCH (y3apO HyK, SyjIHUIH) HH

Ky3aTHiu ycT H ^a  hhi ojihS 6 o p a p  3 ^ h . Ky 3aT H iu jiap A a  

3JieKTpoH-no3HTpoH >Ky(J)THHHHr 3,1 T s B  SH eprHH JiapaarH  

aHHHrjiHUHHCHAa aflpoH ^ap H H H r eKH (jx+ , ji_ ) Ba (e+ , e~) 
JienTOHJiap >Ky(J)THHHHr B y w y a r a  kcjihuih 103 6 e p a p  3^h. 
SKCnepHMeHT HaTH>KaJiapHHH TylliyHTHpHIU yHyH aHHHTHJIH- 

u h h  >KapaeHH/i,a h hth  3 a p p a H H H r  (p e 30H aH C  paBHUifla ) 
By>Kyara Kejihuihhh  Ba y  aapoHJiap eKH JienTOHJiap * y ( { )T H r a  
napnajiaHHiUHH H  TaH  ojihui KepaK  3 a h . P H X T ep  y iu 6y  pe30H aH C  

3 a p p a H H  aj) (n c n ) M e30H  A e 6  aTaAH . iJ)-Me30H Ba /-Me30HJiap 

aH H aH  6 n p  3 a p p a  6yjiraHJiHrH ca6a6jiH  HHrn 3 a p p a r a  //ij;- 

M e30H  &e6 KyiuajioK hom  6epHJi,HH.

CTeH(J)opA rypyxH //ij3-Me30HHHHr Huiaui BaKTHHH h h ^ o h t  
3 hh k  yjiMafl o jiah . Y h h h t  Hiuaui BaKTH 10-20 c ra TeHr 
Ba SouiKa xaMMa pe30HaHCJiapHHHr Hiuaui AaBpHAaH mhht 
MapTajiapwa KaTTa. O p a a a H  Kyn  BaKT yTMaft yui6y rypyx 
TOMOHHflaH MaccacH 3,75 T ^ B  ra TeHr hhth  iJ)-Me30H Kaui(J) 
STHJiflH. aJ)-Me30HHHHr Huiaui BaKTH //\J)-Me30HHHKHra Kapa- 
raHAa TaxMHHaH yn MapTa khmhk 6yjin6 hhkah. KefiHHnajiHK 
3ca J/\J) ra  yxmaui 6ouiKa 3appajiap xaM Kaui(J) khjihhah. 
UlyHAafl kh j ih 6 , ajieMeHTap 3appajiap x,aM Kaui(J) kh jihhah. 
UlyHAafl kh j ih 6 , ajieMeHTap 3appajiap KaTopHiia yTa oFHp 
B33HJ1H Me30HJiap naflAO 6yjiAH. 3 h t  a>Ka6jiaHapjiHrH yui6y 
Me30HJiapHHHr 6ouiKa pe30HaHCjiapra HHc6aTaH >KyAa y30K 
HiuauijiHrH 3jxa. Jluiaiu BaKTHHHHr 6yH4ajiHK KaTTajinrn //ij)- 
Me30H ynyH Te3 napHajiaHHiu (1 0 ~ 23 c) >KapaeHHHHr x,03HpHa 

6H3ra HOMa-bJiyM KaunaitnHp KOHyH to m o h h a 3 h  TaKHKJiaHH- 
iuhhh KypcaTaAH. UJyHHHr ynyH (})H3HKJiap ypTacHAa yui6y 

KOHyHHH Ba y 6njiaH 6ofjihk KBaHT coh hh  aHHKJiauira 6yjiraH 
^apaK aT  KyHaflAH.

H h T H  KB3HT COHHHHHT aapOHJiapH HHr TyraJI H 33apH H C H H H  

HpaTHin flyjiH^a 3apypjiHrn yH HHJiJiapAaH 6 e p n  (J)H3HKJiap 

TOM OH H A aH  M y ^o K a M a  kh jih hh 6  KejiHHap 3 ^ h . Y iu 6 y  KBaHT 

co h h h h  (})H3HKJiap Ma(J)TyHJiHK (HHrjiH3HaAaH  «charm»  Ma(J)- 

TyH KHJIHUI, MaX,JlHe 3THUI M3"bHOHH 6HJIAHpaflH) A e 6  

aTa/iHJiap. JleKHH //\J)-Me30H y^iyH Ma(J)TyHJiHK KBaHT cohh  

(Ma(J)TyHJiHK 3apniiH ) ^a M  FajiaTHJiHTH K a 6 n  HOJira TeHr
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LUyHHHr yqyH x a M  //i|3-Me30HHH 

Ma(j)TyHJiHrH + 1  ra Ba — i ra 

TeHr TapKH^HH KHCMflaH nSopaT 

a e 6  K ap a iu ra  Ty Fpn KeJiaAH. 

Y u jS y  Mai})TyHJiHrH HOJiAaH 0apK-  

JIH T a p K H 6H H  KHCMJiap (6 h 3  

KeHHH Ky paM H 3K H  yjiap c Ba 

c Ma(J)TyH KBapKJiap AefiHJiaAH) 

6oFJiaHraH x,0JiaT x,ochji khjih6, 

6y  xo /iap  //t|}-Me30HflHp. X a p  

KaHAafl 6oFjiaHraH  xoJiaTHHHr 

yfiFOTHJiraH xo^iaTJiapH xaM  

6yjlHLUH M yM KHH. / / \J)-Me30HHHHr 

XOJiaTJiapHHH 6 h 3  lOKOpHAa K aH A  

KHJiHHraH ij)1 Ba yHra  yxiuaui 

M e 30H Jiap  XOCHJI KH JiaAH .

8 .1 2 - p a c M ^ a  //\ )j- 3appaH HHr 

napnajiaHHiiiH O e flH M aH  m a -  
rpaMMajiapH KejiTHpHJiraH.

Xo3HprH naflTra kcjih6 3Jie- 

MeHTap 3appajiap ycTHflarH Ta>K- 

pH6ajiapAa ojitht3: D ° ,  D ° , D + , 

D~ , F + , F~ AaH H6opaT Mat})TyH- 

JIHK Ba F3JI3THJ1HK KB3HT COHH 

6Hpra TeHr 6yjiraH Mat{)TyH —  FajiaTH Me30HJiap KaflA 

KHJIHHAH. ByjiapHHHT KB3HT COHJiapH XafipaTAa KOJiap 

A a p a w a A a  Ha3apHfi xhco6 HaTH>Ka.iapH 6njiaH moc, Maccajia- 

pn, moc paBHUiaa, 1,863; 1,869; 2,01 ra, Huiaui BaKTJiapn 

aca 10“ 13 ra TeHr. Yui6y  ofhp Me30HJiapHHHr Kamc)) 
khjihhhuih 3JieMeHTap 3appaJiap (j)H3HKacHHHHr oxnprH 

flHJiJiap^a apHUjraH 3Hr KaTTa lOTyFH 6yjiA.H.

8.18- §. fo a p o  TatcHpjiap nroHa MafiflOHHHH npaTHUi fiyjiHfla

4>yHAaMeHTaji y3apo Tatcnpjiap. YjiapHHHr y3apo 

yxuiamjiHTH sa  (j)apK,H. SjieM eH T ap  3appajiapHHHr y 3a p o  

Ta"bCHpjiapH xaKHflarn  TyuiyHMa M H KpoAyH e (f)H3HKacHAarH 

3Hr MapKa3Hfl TyuiyHM ajiapAaH 6 u p H  XHCoSjiaHaAH . 3jie- 

M eHTap 3a p p ajiap  x a p  aohm  y 3 a p o  T a tC H p  >KapaeHHAa 

By>KyAra KeJiaAH, 6np- 6HpjiapH 6nJiaH T y K H auiyB Aa  6yjiaAH 

Ba fiyK 6yjiH 6  6om K ,a  3appaJiapra  afijiaHaAH. SjieM eH Tap  

3appaJiapH H  y3H A aH  eHTHJi 3ap p ajiap ra  napMaJiaHHUiH xaM  

M axcyc  y 3 a p o  T a ^C H p  >KapaeHH opKajiH 103 6e p a A H . Bh3 
K)KopHAa Ky praH  FajiaTH 3appaJiapH H H r kvmch i y a a p o T aijC H p

J h

6)

)/n>

B)
8 . 12- pacM. Jjv) —  3appa- 

hhht BHpTya.n (})otoh hhkhlu 
ftyjiH 6HJiaH jienTOHJiap (e + e~  
eKH n + n” ) *yt{)THra (a ), eKH 
aapoHJiap (acocaH nwoHJiap) 
ra napMajiaHHiuH (6 ), (b) — 
pacMaa 3ca, 7 / cp — 3appa 
OpKajlH <{>OTOHCH3, TyppH-
aaH-T^fpH aapoHJiapra napna- 

.naHaAH.
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ocTHfla napMaJiaHHUiHHH SyH ra  mhcoji TapHKacHfla KypcaTHm 
MyMKHH.

O a a T iia  T a d H a T A arn  M a B * y A  y 3 a p o  TatC H pjiap  xaKH,aa 

ran H p raH H M H 3A a  yjiap HH HAaH  (JjyHflaMeHTaji y 3 a p o  Ta"b- 

cnpjiap (KyMJiap) hh ajioxHAa (})apK. 3T3m h3. <J>yHAaMeHTaJi 

y 3 a p o  TaiiCHpjiap j.eraHHMH3fla So iu K a  Typ y 3 a p o  TaT>- 

CHpjiapAaH KeJiTHpnS MHKapHJiMaitnHraH Ba SnpjiaMM H Jie6 

K ap a jia^H raH  y 3 a p o  TatC H pjiapH H  K y 3^a  TyTaM H3. O y H ^a -  

MeHTaji y 3 a p o  TatcH p jiap H H H r  yui6y  TatpHCfjH eTapjiH 

iiapa>Ka/ia uiapTJiH 6yjiH6, y y 3 a p o  T a t c n p  *a p a e H J ia p H  

x.aKHAarH 6HJiHMHM H3HHHr KaHMajiHK Tyjia Ba qyKypJiHTHHH 

aKC 3TTHpaAH. M a c a J ia H , 6H 3ra  JKy^a hxuih  HUiKaJiaHHUi, 

3JiacTHKJiHK, KOByuioKJiHK Ba BaH- aep B aajibc  eKH (J)eppo- 

M arHHTJiapaarH aJiMauiHui Kynjiapn aTOMJiap 3JieKTpoMarHHT 

y 3 a p o  TaijCHpHHHHr HaM oeH  6yjiHUiHAHp, xojioc. LUyHHHrfleK 

h k h h  BaKTJiapraMa H A p oA arn  np 0T 0H  Ba HeftTpoHJiapHHHr 

y 3 a p o  KyMJiH TaiiCHpjiauiyBH (})yHAaMeHTaji xnco6jiaH raH  sah . 

X o 3 n p  KynjiH y 3 a p o  T a ^C H p  3appajiapH- aApoHjiapHHHr KBapK  

Tap K H ^H H  Ty3HJiHiuH aHHKJiaHraH/iaH cyHr aca, aApoHJiapHHHr 

KyMJiH y 3 a p o  TaiiCHpH yjiapHH TauiKHJi 3TyBMH KBapKJiapHHHr 

Ky^JiH ysapoTaijCHpHHHHr HaTH>KacH SKaHJiHrn aHHKJiaHAH.

LUyHAafi kh jih 6 , MHCOJiJiapAaH KypaMH3KH, (j)yHflaMeHTaji 

y 3 a p o  T a t c H p j ia p  T a 6HaTj.a MaBJKya 3Hr 3JieMeHTap, 3Hr 
6npjiaM4H «FHUiTMa» Jiapn z iap aw acH A a  HaMoeH 6 yjiHuiH 
KepaK. Xo3HprH KyHfla jienTOHJiap Ba KBapKjiaprHHa co(}) 

3JieMeHTJiap x,HCo6jiaHaAH. I l lyHHHr yqyH Kyn BaKTJiapaaH 6e- 
pn xaMMa >KHCMJiapHH (yMyMaH oJiaMHHHr 6h3 K ypn6 TypraH  
khcm h) TypTTa 3JieMeHTap 3appa j iapAaH : npoTOH (p ) , 
HeHTpoH ( n ) Ba sjieKTpoH (e), h c h tp h h o  ( y )  AaH H6opaT  
TapKH^HH Ty3HJIHUIH XaKHflaTH ypHHJlH FOH MaBJKyA 3flH. 
X,aKHKaTaH xaM, Ky3aTHUi MyMKHH 6yjiraH  x a p  KaHflafi 
MaTepHaji o6"beKT aHa uiy 3appa j iapAaH  Ty3HJiraH. A h h h  

XOJifla, yiu6y TypTTa 3appaJiapHHHr y 3 a p o  TaiiCHpjiapH TypT 
(acocHfl) XHJifla 6ynam- Bh3 roKopHAa K apa6  MHKKaH 

sjieMeHTap 3appaJiapHHHr KyqjiH, 3JieKTpoMarHHT, KyqcH3 Ba 

rpaBHTauHOH y 3 a p o  Ta%cHpJiapH u iy j iap  >KyMJiacHAaHflHp.
Oy H A aM eH T aJi y 3 a p o  TaijCHpjiapHHHr yui6y  TypT xhjih 

y3HHHHr xoccaJiapn SHJiaH 6np-6HpHra a>Ka6jiaHapJiH Aapa- 

>Kaaa yxmaMaHflH Ba Ta"bCHp coxacn Ba TaiiCHp khhm 3th 

6HJiaH KecKHH (})apK KHJia^H.
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8.19- §. JloKaji KajiH6poBHK c h m m c t p h h

OH3HKafla 6HHo6apHH, 3JieMeHTap 3appaJiap  4>H3HKacHii.a 
CHMMeTpHH Ba y  6HJiaH HHBapHaHTJiHK (caKJiaHHm) TyuuyHHa- 
JiapHHHHr Myx,HM pojib  yftHauiHHHHr hc6o t h  CH(})aTHAa HHa 
6np  hh th  CHMMeTpHHHH ypraHaM H3. YMyMaH, (})H3HKara chm- 
MeTpnn My^HM TyuiyHMa CH({)aTHAa 1905 ftHJma SftHUJTefiH- 
hh h t (J>a3o-BaKT HHBapHaHTJiHrH rypyx-napn 6 HJiaH khph6 
KeJiflH. WyHOHMH, T a 6 HaT KOHyHJiapHHHHr 6 np HHepuHaji 
Koop^HHaTa CHOTeMacHAaH HKKHHMHCHra yTHiura HHc6 aTaH 
HHBapnaHT 6 yjiHiu T a j ia 6 H HHc6 HfijiHKHHHr M axcyc  Ha3apHH- 
CHra o j ih 6 KeJiraH sah. 30- ftHJiJiap.ua peaJi <})a30-BaKTra x,eM 

KaHflaft aJioKacH 6 y jiM araH  H30T0 riHK cnHHHHHr caKJiaHHiuH 
Ka6 H hmkh CHMMeTpnHJiapHHHr MaB>KyfljiHrH M aw iyM  6yjiAH. 

By CHMMeTpHHJiap KyMJiH y 3a p o  Ta"bCHp 6 HJiaH 6 o f j i h k  3^h. 
50- HHJiJiapAa KyMCH3 y3apo Tai.CHpfla 6y3HJiaflHraH HHa 6 np 
HMKH CHMMeTpHH-FaJiaTHJIHKHHHr CaKJiaHHLUH MatJiyM 6 yjIflH. 
KeftHHpoK 67- ftHJiJiapaa xaTTo  KyMJiH y 3a p o  Ta"bCHpAa xaM 
6 y 3HJiyBHH yHHTap CHMMeTpHH (KeftHHpoK HHa yu i6 y  Ty- 
uiyHMara KaftTaMH3 ) th h  o j ihhah . ByjiapHHHr xaMMacn 
r j io 6aji CHMMeTpHHJiap, mjHH chm mctphh ajiMauiTHpHiujiapH 
( } )a3o-BaKTra 6 o f j i h k  6y jiMaraH CHMMeTpHHJiapflHp (<})a3o- 
hh h t xaMM a >KoftHAa 6np x h j i ) .

20- ftHJiJiap^a KBaHT MexaHHKacHHHHr HpaTHJiHUiH 6HJiaH 
6ou iKa Typaa rH  hmkh CHMMeTpHHJiapHHHr xaM MaB>KyfljiHrH 
aHHK^iaH/lH. MyHOHMH, MHKp03appa X0JI3THHH TaCBHpJI OBMH 
KOMnJieKC TyjlKHH (})yHKUHHCH lF  HXTHepHft flOHMHH (})a3aBHH 
KynaftTyBMH (eia) ra KynaftTHpHui 6HJiaH 3appa  xojiaTHHH 
TaBCH(})J10BMH KB3HT MeXaHHKaCH TeHrjiaMaJiapH y3 KypHHH- 
uihhh y3rapTHpMaftflH. BouiKaMa a ih ra H A a ,  KBaHT MexaHHKa- 

ch  TeHrjiaMaJiapn r j io 6aji (})a3aBHH aJiMauiTHpHuuiapra 

HHc6aTaH CHMMeTpHnra ara. A R hh  BaKTfla k b b h t  3JieKTpo^H- 

HaMHKacH SouiKa aHnarHHa KyapaTJiH chm m ctphh —  ty j ik h h  
(})yHKUHHCHHH (})a3o-BaKT Koop flH H au iap ra  S o f j ih k  (})a3a- 

BHfi Kynaf iTyBM H (e 'a(77)) ra KynafiTHpHUira HHc6aTaH JioKaji 
CHMMeTpHHra 3ra 3KaHJiHTH xaM aHHKJiaHraH s a h . Oa3aBHfi 
KynaHTyBHHCH y3 rap M ac  6y jiraH  r j i o 6aJi (})a3aBHfi ajiMauiTH- 
pHiuJiapAaH (})apKJiH paBHUi^a JioKaji (})a3aBHft aJiMauiTH- 
pnuiJiapAa KBaHT MexaHHKacH TeHTJiaMaJiapH y3 KypHHHUiHHH 
y3rapTHpa^H : TeHrjiaMaJiapaa (})a3aBHfi KynaftTyBMHHH r Ba 
t 6yftHHa AH(})(} )epeHUHajiJiauiAaH KyuiHMHa xaAJiap n a fU o  
Syjia flH .

JIoKaJi ({)a3aBHfi aJiMaiuTHpHuiJiapra H H c 6a T a H  chmmct- 

pHHra spHUiHUJ yqyH TyjiKHH TeHrjiaMara ypraHHJiaeTraH

516



3appaHHHr ajieKTpoMarHHT MaftAOH SHJiaH y3apo Ta"bCHpHHH 

■ t 3 B chcJ)j io b m h  x a A  KyuiHUi j io 3 h m . y m a H A a ,  (J)a3aBHH Kynaft- 

TyBMHHH AH(})(J)epeHU.HaJiJiaiiiflaH naftAo SyjiyBMH KyuiH M q a  

x,aflJiapHH sjieKTpoMarHHT MaftAOH noTeHUHajiHHHHr rpaAHeHT 

eKH KaJinSpoBHK a e 6  aTaJiyBMH, ajieKTp Ba M arHH T MafiAOH 

KyMJiaHraHJiHKJiapHHH y3rapTHpMaftflHraH ajiMaujTHpHUijiapH 

SHJiaH f ty  k o t h u i  M yM KHH. U JyH H H r yqyH  x a M , TyjiKHH 

(J)yHKU,HHCHHHHr JlOKajI (J)a33BHH aJIMaLUTHpHUira (ajieKTpo- 

M arHH T Maft/iOH noTeHUnaJiHHHHr x,aM 6 h p  B aKTAa  aJiMauiTH- 

p nuira ) H H c6aTaH  k b 3 h t  3JieKTpojiHHaMHKacH TeHrjiaMajiapn- 

HHHT CHMM eTpHHCHHH KaJIH^pOBKaJIH eKH TpaflHeHTJlH HHBapH- 

aHTJiHK aeftHJiaAH (K aJiH 6p oB H K  —  KajiH6pJiauiTHpHJiraH, 

MyBocJ)HKJiauiTHpHJiraH M a"bHOA.a).

1954 HHJi^a M. ^ H r  Ba P. M h j i j i c  y 3JiapHHHHr M am xyp  
MaKOJiacH^a KyMJiH y 3 a p o  Ta"bCHpHHHr JioKaJi H30T0riHK 
aJiMauiTHpHiujiapHra HHc6aTaH HHBapHaHT, HbHH SU(2 )  Ka- 
JIH6pOBHK H33apHH KaHAaft HpaTHJlHUIH MyMKHH-lHTHHH KvpcaT- 

AHJiap. ByiiHHr yMyH y j iap ,  X03HprHHa 6h3 KypraH, TyjiKHH 
(J)yHKUHHHHHr jioKaJi 4)a3aBHH ( 6up BaKT^a 3JieKTpoMarHHT 
noTeHUHaJiHHiir x aM  rpaAHeHT eKH KaJiH6poBHK) ajiMauiTH- 

puu ira  HHc6aTaH KBaHT 3JieKTpoAHHaMHKacH TeHiviaMaJiapH- 
HHHF HHBapHaHTJIHTH MaCaJiaCHHH 6oLUKaMa TaJIKHH STHUIAaH 
6ouiJiaAHJiap. Y j ia p  3JieKTpoMarHHT y3apoTa"bCHp MaB>KyAJiH- 
rHHHHr y3H JioKaJi (J)a3aBHft HHBapnaHTJiHK T a j ia 6n 6HJiaH 
6oFJiHKAe6 KapaAHJiap. BouiKaMa aftTraHAa, y jiapHHHr fo h ch  
6yftHMa ajieKTpoMarHHT MaftAOH Ba yHHHr KBaHTH —  ( } )o toh  
KB3HT MeXaHHKaCH TeHTJiaMaJiapHHH KaJIH6pOBHK CHMMeTpHH- 
ra  ara  6yjiHUiH yMyH T a 6naTAa M aB *y A A H p .  Y u j6y  foh h h  
yMyMJiauiTHpH6 , y j iap  yMyMaH jioKaJi HHBapnaHTJiHK TaJia6H 
x a p  aohm 3hh k  xocca jiH  6npop  y 3 a p o  Tai>CHpHHHr MaBJKyA 
6yjiHui 3apypnHTHra o j ih 6 KejinuiHHH naftKaAHJiap.

^ h t  Ba M hjijic, yui6y yMyMJiauiTHpyBMH Myjioxa3aJiapAaH 

cyHr, KyMjiH y3apo TaT>CHp jioKaji h 30T0 iihk  ajiMauiTH- 

puuijiapra HHc6aTaH HHBapnaHT 6yjia oJiMacMHKaH AeraH 

caBOJiHH KyHAHJiap. y  xojiAa xapaKaT AH(})(})epeHUHaji 

TeHTJiaMaJiapHAa yui6y JiOKaJi H30T0riHK aAMauiTHpHiu napa- 

MeTpjiapnHHHr AH({)(})epeHUHajiAaHHUiHAaH KyuiHMMa xaAJiap 

naftAO 6yjiaAH. A m m o , 6yjiapAaH ioKopHAa JioKaJi (J)a3aBHH 

aJiMauiTHpHiiiAa KypraHHMH3AeK, h h t h  yMTa (H30T0nHK 

(})a30AarH aJiMaiiiTHpHLUJiapHHHr yM xaKHKHH apKHH napa- 

MeTpn coHHra m o c ) «KaJiH6poBHK» MaftAOH opKajiH npoTOH Ba 

HeftTpoHJiap y3apo Ta"bCHpHHH KHpHTHiu Ba 6np  BaKTAa y m 6y  

M3 HAOHJlapHH HyKJlOHJiap H30T0nHK aJlMaLUTHpHLUJiapH 6HJiaH 

KepaKJiHMa y3rapTHpHUi ftyjiH 6HJiaH KyTyjinui MyMKHH.
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y u ia H f la  KyHJlH y3apO TaiaCHp H33apHHCH J10KaJI-H30T0IIHK 
(KHCKaHa-KajiHSpoBHK) ajiMauiTHpnuj SyfiHMa HHBapnaHT 

SyJia^H. JlHr Ba M n ju ic j ia p  KHpHTraH MaitaoHJiap, JioKaJi 
a jiMauiTHpHiu jiapAa n a i iA o  6yjia/iHraH xa jy iapH H  iiyKOTHUiHH 
TatKHAJiaui MaKca/iHAa, KOMneHcaUHHJioBMH eKH oaflHiirHHa 
^ H r  —  Mhjijic MaitnoHJiapn i ie 6 xaM aTajia^H . Y j ia p  a/ieKTpo- 
MarHHT MaiiAOHra yxu iau i :  yjiapHHHr KaJiH6poBHK 6030HJiap 
A e 6 aTaJiyBMH KBaHTJiapn, <})OTOHra y x u ia 6 , ciihhh 6npra TeHr 
MaccacH3 3appaflHp.

A ap o H Jiap H H H r  peaji KyMjiH y 3 a p o  Tai>CHpjiapH Kajin6po- 

BHK H30T0I1HK HHBapHaHTJIHKKa 3ra  SMaCJIHTH Ba UiyHHHT yMyH 

T a 6 n a T  H H r  —  M hjijic M aiU oH JiapH H H H r  fiyKJinrH ca6a6jiH  

M a3K yp  4>HKp aHMa BaKTraM a yHyTHJin6 io6opHJiraH 3a h . 

KefiHHMaJiHK M atJiyM  6yji^H KH , KOMneHcauHHJioBMH Mafl- 

AOHJiap fo h c h , acjiHAa, H h t  Ba M hjijic HiujiapHflaH 40 HHJiJiap- 

Ma HJirapH SHHUiTeiiHra Ma"bJiyM 6yjiraH  3K 3h . B njiaM H 3KH , 

HHc6HHJiHKHHHr M axcyc  n p H H U H n n ra  acocaH  6 n p  tckhc  

xap aK aT JiaH aeTraH  * a M M a  HHepunaJi CHCTeMajiap 6H p- 6npH ra

3 ^BHBajieHTAHp, HT>HH JIo p eH U  ajiM aiuTHpHUUiapHra H H c6aT aH  

x,ap K aH ^aii H a 3 a p H H  HHBapH aH Tflnp . Y u i6 y  xoji^a  napa- 

MeTpjiapn y 3 r a p M a c  6yjiraHJiHTH ca6a 6 jiH  JIo p eH U  aJiMauiTH- 

pHiujiapn rjiodaji ajiM auiTHpnujjiapra KH paAH . A r a p  uiy 

nap aM e T p jiap H H  K o op A H H aTa  Ba B aKTH H H r (Jjyhkuhhch a e 6  

K a p a c a K , M acajiaH , CHCTeMaHHHr x a p a K a T  Te3JiHTHHH BaKTra  

6o fjih k , HTiHH CHCTeMa Te3JiaHHUi 6HJiaH x a p a K a T  KHJiaAH 

AecaK , pejiHTHBHCTHK TeHrjiaMajiap ( * y M J i a a a H  xap KaHAafi 

H a 3 a p n H ) HHBapnaHTJiHKKa ara 6yjiMaiiflH. Te3JiaHHiu 6HJiaH 

x ap aK aT JiaH aeTraH  KoopA H H aTajiap  CH creM acH A a  x a p a K a T  

TeHrjiaM ajiapH Aa H H epuH H  KyMjiapn B y * y A r a  KeJiaAH. A r a p , 

H a 3 a p H H r a  rp aB H T au H O H  y 3 a p o  T a tC H p H H  x,aM K y u in 6  (H t H H  

x a p a K a x n a r H  * h c m h h h t  rp aB H T au H O H  MaiiflOH 6HJiaH y 3 a p o  

Ta"bCHpHHH *H C o 6 r a  ojih6) K a p a c a K , n a H A O  6yjiraH  HH epuH H  

KyMjiapHHH rpaB H TaU H OH  MaiiflOHHHHr y3rapHiiiH A e 6  TaJiKHH 

3THUIHM H3 M yM KHH  6yjiaAH . B ou iK aM a  afiTraHAa, JioKaji 

J lo p eH U  aJiMaiUTHpHUiJiapH yMyH rp aB H T aU H OH  MaiiAOH 

ajiM auiTHpHuiH (y 3ra p H iu H ) K0MneHcauHHJi0BMHflHp. UJyHflaii 

Khjih6, H a 3a p H H  HH a H H B ap H aH T  H a 3 a p H H r a  aiiJiaHaAH. 

T p a B H T a u H O H  MaiiAOH x aM  ajieKTpoMarHHT MaiifloH K a 6n  

KajiH 6poBHK  CH M M eTpHHra ara 3K 3h . B n p  K a p a u m a , uiyHflafi 

6yjiHuiH Ke p aK  x a M . M yH K H , TypT (fiyHflaMeHTaji y 3 a p o  

T atC H p jiap  HMHfla 3JieKTpoMarHHT Ba rp a B H T a u n o H  KyMjiap 

Kyn *H X a T fla H  y x u ia m : HKKaJiacH yMyH x aM  Ta"bCHp flOHpacn 

MeKCH3, y 3 a p o  Ta"bCHpHH TauiyBMH BOCHTaMH 3appaJiap  

MaccacH HOJira TeHr.
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1961 HHJi/ia >K. ToJiACToyH hhx,oht MyxHM fohhh HJirapn 

cypiiH. O h 3 h k  Ha3apHH, >KyMJiaaaH KBaHT Ha3apHHCH 3hhk  

C H M M e T p H H r a  ara SyjiHUiH MyMKHH, JieKHH (})H3HK xoJiaTJiap 

yuj6y CHMMeTpHHHHHr TacBHpnra >KaBo6 6epMacjinrH MyMKHH. 

MyHOHHH, H33apHHHHHr CHMMeTpHHCH BaKyyM CHMMeTpHHCH 

SyjiMacjiHTH MyMKHH. B y  foh a cocH/ia ToJiflCToyH Myx,HM 

TeopeMaHH Hc6oTJia/iH. TeopeMa KyHHAarn Ma3MyHra ara. 

AfiHHraH BaKyyM C HMM e Tp H HC HH HH T CIIOHTOH 6y3HJJHUI CHCTe- 

Ma/ia MaccacH3 6030HJiapHHHr Bywyzira KejiHUin 6HJiaH 6npra 

103 6 e p a A H . T e o p e M a r a  acocaH  FaJiaTHJiHK eKH h3ociihh Ka6n 

y3JiyKCH3 CHMMeTpHHHHHT dlOHTaH 6y3HJIHUlHAa X,aM CIIHHH 

HOJira TeHr MaccacH3 3appaHHHr By>KyAra kcjihuih MyMKHH. 

B y  TeopeMa Ba yHHHr xyjiocajiapnra KefiHHpoK HHa KafiTaMH3, 

X03Hp aca cnoHTaH 6y3HJiHiu TymyHMacH 6HJiaH TaHHiUH6

M H K 3 M H 3 .

K a T T H K  >KHCMJiap (})H3HKaCHAa CHM M eTpHHHHHT CnOHTaH  

6y3HJiHLUH 6H 3ra  hxuih TaHHiu . M a c a Jia H , cyiokjihkhhht  

COBHlUHAaH K 3T T H K  KpHCTaJIJl >KHCMJiapHHHT XOCHJI 6yjIHUl 

>KapaeHH x a p  aohm  CH M M eTpHHH HHr cnoH TaH  6y3HJiHUiH 6HJiaH  

103 6 e p a A H . KpncTaju iH H  TauiKHJi 3TraH aTOMjiap xap aK aT H H H  

TaBCH(})JIOBWH KB3HT M eX3H HKaCH  KOHyHJiapH (})a30BHH CHJl- 

>khui Ba afijiaHHUiJiapiia y3rapM afiAH  (H H B a p n a H T a H p ) . 

O a 3 0 H H H r  xen  6 h p  fiyHajiHiuH a>KpaTHJiMaraH. JleKH h 

KpncTaJiJiHHHr xochji 6yjiHUiH/ia (})a30HHHr yiij6y CHMMeTpHH- 

ch 6y3HJiaAH . K p n c T a ju i— aH H 30T p o n  >khcm 6y jin 6 , yHHHr 

xycycHHT.aapH x a p  xhji fiyHaJiHUiJiapAa x a p  XHJiflHp. Kpnc- 

Tajui yKH —  a>KpaTHJiraH ftyHaJiHui xochji 6yjiaflH. B y H H H r  

c a 6 a 6 n  CHCTeMaHHHr mhhhm3J1 SHeprHHJiH acocHfi xojiaTHra 

aTOMJiapHHHr TapTH6jiH  (cyioKJiHKAarnfleK Tap T H 6cH 3  3M ac )  

>KofijiauiHLUH TyppH KeJiaAH. TojiACToyH TeopeMacHra acocaH  

CHM M eTpHHHHHr 6 y  K a 6H  cnoH TaH  6y3HJiHUiHfla M accacH 3  

6030H By>Kyflra KeJiHUJH KepaK . X a K H K a T a H  x a M , KpHCTaJiJi 

naH>KapaHH Hr By>Kyiira kcjihujh 6HJiaH yHHHr Te6p aH H iu  

3appaJiapn  —  (})0H0HJiap x a M  nafiflo 6yjiaflH. O o H O H Jiap  

khmhk SHeprHHJiH E =  ttic2 (m iH H  KpHCTaJiJi naH>KapaHHHr 

khmhk Te6p aH H iU H ra  moc xojiAa) 6y jin6  MaccacH3 6030H Jiap ra  

KHpaAH. OoHOHJiap KpHCTajui naH>KapaHH 6y3H6 aTOM-Jiap 

CHCTeMacHHH 3ckh xoJiaTra —  cyioKJiHKKa KafiTapnuira xapa- 

K3T KHJiaAH, JieKHH SHepTHHCH eTapJlH 3M aC . HKKHHMH MHCOJl 

TapnK acH iia  (})eppoMarHeTHKJiapHH KejiTHpniu M yM KHH . Oep- 

poM arH eTH 3M H H  (K iop H  TeM nepaTypacHflaH  nacT/ia) B y * y A r a  

Ke-TTHpyBMH aTOMJiapHHHr ajiMawHHVB y 3a p o  Ta"bCHpH (})a3o

8.20- §. C H M M e T p t f H H H H r  CflOHTaH 6y3HJIHlllH
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ajiMauiTHpHiiiHra H H c6aTaH  H H B ap n aH T , htjHh (J)a30HHHr 

6 n p o p  HyHaJiHLUHHH ac})3aJi flyHajiHiii CH(})aTHfla aw paTM aftAH . 

JleKHH, (})eppoMarHeTHKHHHr y p T a ^ a  HOJiAaH (^apKJiH Mar- 

HHTJiaHraHJiHK BeKTopH 6 n p o p  HyHajiHiuaa 6yjiH 6, (})eppo- 

M arHeTHK HHHAa h3otpoiihhhh  6 y 3 a A H , HaTH>Kafla (})eppo- 

M arH eTH K aH H H r  M arH H T  Ba AH3JieKTpHK CHHrAHpyBHaHJiHrH  

3 h a h  yjiHaui ftyHaJiHiiiHra 6o fjih k  6yjiaAH . LUyHflafi khjih6, 

(})eppoMarHeTHKHHHr m hhhm 3ji 3HeprHHJiH acocHft xojiaTH  

yHHHr y 3 a p o  Ta"bCHpHra 6yjiraH CH M M eTpHara  (yu i6y  xojiAa  

H 3 0 T p o n H H r a ) x aM  ara  3M ac  3KaH . B H H o 6 a p H H , MarHHTJiaH- 

raHJIHKHHHT Ma"bJiyM fiyHaJlHIHHHHHr TaHJiaHHLUH (aJKpaTHJlH- 

uih) cnoH TaH  paB H U iaa  103 6epaflH, uiy c a 6 a 6 A a H  x,aM 

CHM M eTpHHHHHT CnOHTaH (CHpTKH Ta"bCHp OCTHAa 3M aC , 6aJIKH 

hmkh c a 6 a 6  HaTH>KacH/ia 6eHXTH ep  By>KyAra KejiyBMH) 

6y3HJiHuiH A,efiMH3. A ji6aT T a , c h m m c tp h h h h h f  cnoH TaH  6y3H- 

jihuih yMyH x a p  6 n p  acocHft xoJiaT 6yjia oJiaflHraH KaMH.ua  

HKKHTa 6 n p  xhji 3HeprnHJiH xoJiaT M a B m y A  6yjiHuiH 3a p y p . 

M a 3 K y p  xoJiaa 6yjiap MarHHTJiaHraHJiHK ftyHaJiHuuiapH 6HJiaH 

c^apKJiaHyBMH X0JiaTJiapAHp. Oe p p o M a rH eT H K Jiap A a  KiopH  

T e M n e p a T y p a c H ^a H  nacT  TeM nepaT y p aJiap aa  CHM M eTpHHHHHr  

yui6y  cnoH TaH  6y3HJiHUiHHHHr 0 K H 6 a T H  CH(j)aTHAa naftAO 

6yjiyBMH 6030H Jiap H H  MarHOHJiap a e 6  aTafiflHJiap. M arH O H Jiap  

aTOMJiap M arHH T MOMeHTJiapHHHHr yMyMHft opneHTaUHHflaH  

HeTJiaHHUiHHHHr KpHCTajui naH>Kapa 6yftjia6 TapKaJiaeTraH  

TyjiKHHJiapHflHp. MarHOHJiap, (})OHOHJiap Ba y M y M aH  Tojiacto- 

yH 6030H Jiap H  x a p  aohm  fiyKOJiraH c h m m ctp h hh h  THKJiauira 

MHTHJia^H, JieKHH 6y H H H r  yMyH yjiapHHHr 3HeprHHJiapH KaMjiHK  

KHJiaflH.

XyAAH UiyHAafi Ba3HHTHH KaJlH6pOBHK CHMMeTpHH XOJIHAa 

xaM  ywpaTHUi MyMKHH. 1963 fiHJiJiapAa Xnrrc, K h 6 6 ji Ba 

6 ouiKaJiap uiyHH Hc6oTJiaAHJiapKH, arap 6y3HJiraH c h m m c t p h h  

xy^flH KajiH6poBHK HHBapnaHT 3JieKTpoAHHaMHKaaarHfleK 

JioKaJi KaJiH6poBHK CHMMeTpHH 6yjica, peaji MaB>KyA Tojiacto- 

yH 6030HJiapHHH KaJIH6pOBHK aJIMaiUTHpHUIJiap 6HJiaH 

fiyKOTHUI MyMKHH. HyKOTHJlTaH rOJlflCTOyH 6030HJiapH 3HAH 

xapaKaT fiyHaJiHiiiHra cnHHHHHHr npoeKUHHCH HOJira TeHr 

MaccajiH BeKTop 3appajiapHHHr xoJiaTJiapH CH(})aTHAa HaMoeH 

6yjiaAH. IIIyHAafi k h jih 6, TojiACToyHHHHr MaccacH3 6030HJia- 

pn MaccaJiH BeKTop 6030HJiapra afijiaHaAH.
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8.21-§. KyncH3 Ba sjieKTpOMarHHT y3apo Tai>CHpjiapHHHr 

iiroHa Ha3apHncH

CHMMeTpHHJiap x.aKHAa 6h3 Kyn MapTa rannpflHK Ba 
H33apHH c})H3HKaAa CHMMeTpHH npHHUHIIJiapH KaHMaJIHK 
MyXHM pojib  yftHauijiHrHHH Kyp^HK. ByHra 3JieKTpoMarHeTH3M 

H 3 3 a p H H C H J i a  C H M M e T p H H H H H T  poJIH HKKOJI MHCOJI 6y j ia  OJiaAH. 
BHprHHa jioKaji KajiH6poBHK c h m m c t p h h  Tajia6HAaH 3JieKTpo- 

MarHHT Mafi,uoH TeHrjiaMaJiapnHHHr xaMMacHHH, x,aTTO 

(j)OTOHHHHr MaBJKyflJIHTHHH XaM KejITHpn6 MHKapHLH MyMKHH.
A j i6 a r r a ,  (Jjotoh KajiH6poBHK HHBapHaHTJiHK epaaM H ^a 
« n e p o »  yMHfla Kauicj) KHJiHHMaraH. AKCHHMa, 6h3 roKopHAa 
6a e H  KHJiraHHMH3AeK KaJiH6poBHK ajiMauiTHpHiii, HHBapn- 
aHTjiHK MaKCBejui TeHrjiaMajiapH Ba k b 3 h t  MexaHHKacn 
TeHrjiaMajiapn xoccajiapHHH ypraHHUiaa  TonHJiraH sah. 
KeftHHMaJlHK, KB3HT 3JieKTp0AHHaMHK3CHHHHr HpaTHJIHHJHAa 
3Ca KaJIH6pOBHK CHMMeTpHHHHHT HHafla MyXHM poJiH —  
3ap p ajiap  3JieKTpoMarHHT y 3 a p o  Ta^bcnpH xoAHcaJiapHHH x a p  

KaHAaft aHHKJiHK 6HJiaH xnco6jiaujHH TaijMHHJiauiH MatJiyM 

SyjiAH. LllyHHHr yqyH 4eKCH3JiHKJiapAaH xo j ihc  ajieKTpoAHHa- 
MHK3 H33apHHCHHH K 3H T a  HOpMaJIJiaHyBMH H 33a p H H  fle6 

aftTaflHJiap.
ByHHHr 3kch, KyMCH3 y 3a p o  Ta^bCHp Ha3apHHCHHHHr 

AacTJia6KH (})eH0MeH0Ji0rHK Mo^ejiH TaJKpn6a HaTH>KajiapHHH 

>Ky^a hxuih TaBCH(j)Jiaca xaM 3JieKTpoAHHaMHKaflaH 4>apKJiH 
XOJiAa, KafiTa HopMajuiaHyBMH 3MacAH. H a 3apHH y 3a p o  
Ta^bcnpHH apKHH 3appa  X0JiaTJiapHHHHr khmhk FaJiaeHjiaHH- 
u inra TyppH KeJiaAHraH 6hphhmh TapTH6jiH HKHHJiauiyBAarHHa 
3KcnepeMeHT 6 HJiaH moc KeJiyBMH H a T H * a j ia p  6 e p a p  3AH. 
y 3a p o  Ta"bCHpHH aHHKpoK XHCo6 ra o j in m ra  KapaTHJiraH x a p  
KaHAaft ypHHHiu Ma"bHocH3 HaTH>Kajiapra o j ih6 Kejiap sjxh.

K h m h k  SHeprnHJiapAa KyMCH3 y3apo TatCHp xaKHKaTaH 

xaM KyMCH3flHp Ba uiyHHHr yMyH Ky3aTHJiyBMH (})aKTJiapHH 

TyLUyHTHpHUI yMyH 6HpHHMH TapTH^JIH HKHHJiaiUHUl KH(})OH. 

A m m o K)KopH SHeprHHJiapaa KyMCH3 y 3a p o  TatCHpHH xaMMa 
T a p T H 6 ^ a  Tyjia *H C o 6 r a  ojihuu KepaK. UlyHHHr yMyH xo3HpMa 

KyMCH3 y3apo TatcnpjiapHHHr h 3mhji Ha3apHHCH ftyK Ba 

SJieKTpoMarHHT y3apo Tai>CHp Ha3apHHCHra yxiuaui KaftTa 

HopMaJiJiaHyBMH Ha3apHH npaTHUi M acajiacH  aKTyajiAHp. By 

6opaAa MyxHM lOTyKKa 1967 HHJiaa sphiuhjiah .

KyMCH3 y3apO Ta^CHp Ha3apHHCHHHHr pHBO>KJiaHHUIHAa 

h h t h  >Kyaa MyxHM Ka^aM  yiu6y y 3 a p o  Tai>CHpHH 3JieKTpo- 

MarHHT y3apoTa"bCHp 6njiaH 6HpjiauiTHpHiu ftyjiHAa aMepHKa- 

j ihk C . BaftH6ep r  Ba h o k h c t o h j ih k  A. C ajiaM  TOMOHHAaH
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KyHHJlflH. KyMCH3 y3apO Tai>CHpHHHr 6y HHrH Ha3apHHCH 

j iona j i  KaJin6poBHK chm m ctphh npHHHnnn Ba yhmhr cnoHTaH 
6y3HJiHLUH f o h c h  a c o c H .i a  a p a T H JiA H .  Y m 6y Ha3apH« 
yMyH C. BaHH6epr ,  LLI. r,n3i i io  Ba A. CaJiaM 1979 HHJifla 
H o 6eJib MyKO(J)OTHra ca30B0p 6yjiAHJiap.

B afiH 6ep r  Ba C a .ia M  iHiioTe3acH acocHfla, H.irapH yjiap 

TO M OH H A aH  6 n p  He^a  6 o p  aHTHJirah, 3 a p p a .ia p  ypTacH /ia  

KyMCH3 y 3 a p o  T ab cn p jiap  o fh p  Ba3HJiH opaJiHK BeKTop 

6030H Jiap  —  W - M e30H .iap  a.iMauiHHHiii fiyjiH 6H .iaH  103 
6e p a A H , a eraH  tb xm hh  eia ;iH . ILlyHiiaH kh .ih 6 , 6hp hh m h  6o p , 

KyMCH3 y 3 a p o  T ab C H p  BocHTaMH 3 a p p a  a c o c n a a  103 6 e p a a n  

AeraH  c()HKp H a^ap H H  aap a> K acn ra  KVTapH.i;iH . yui6y  cjniKp 6y 

hkkh y 3 a p o  TaiiCh p.Taphh h r 6np-6HpjiapHi a yxniam jiHFHHH 

HKHH.naiHTHp;iH. H K KajiacH  xaM TeHr xvkvkjih  p a n m i n a , 

chhhh  6Hpra TeHr 6yjiraH 6 o 3 o h  3 a p p a .ia p  boch racn;ia 

aM a .ira  ouiHpnjiaAH .

Hhi h rHiioTe3aHHHr ac.n MatHOCH KyHH^arHnaH n6opaT: 
KyMCH3 Ba 3JieKTpoMarHHT y 3 a p o  Ta bcnp T a 6HaTaH 6 n p  xhji Ba 

3Hr 6HpjiaMMH ( nacTKH 3JieMeHTap) caTXAa yjiapHHiir 
xaK H K H H  KyMH 6npjiaH; (})OTOHJiap 3apHAJiaHraH 3ap p ajiap  

6HJiaH KaHj.aft y 3 a p o  TaijCHp/ia 6yjiHuica, opajiHK BeKTop 
6030HJiap xaM jienTOHJiap Ba a/ipoHJiap 6HJiaH khmhk 

Macoc()ajiapAa xy;i;iH uiyH^aft y 3 a p o  Tai>CHpAa 6yjiaAH. 
KyMCH3 Ba sjieKTpoMarHHT y 3 a p o  T a tc n p jia p  yMyH 3hah x a p  

xhji 3apnAJiap  (eKH y 3 a p o  TatCHp itOHMHHJiapn) khphuih  

iuapT 3M ac . By hkkh  xoji/ia x a M  y 3 a p o  Ta^CHp HHTeHCHBJinrH 
3JieKTp 3apaflH 6nJiaH 6ejirHJiaHaji.H.

>Ky/ia khmhk Maco(})ajiapAa KyMCH3 y3apo Ta^cHp 

3JieKTpoMarHHT y3apo Ta"bCHpfleK KyM 6HJiaH HaMoeH 6yjinuiH 

KepaK. KyMCH3 y3apO Tai>CHpHHHr CeKHH Ba KyMCH3 yTHUlH- 

hhht ca 6 a6 n  yHHHr Ta"bCHp AonpacHHHHr KHMHKjinrHAa. 

Ta"bCHp AOHpaCHHHHr KHMHKJlHTH OpaJlHK BeKTOp 6030HJiap- 
hhht —  yui6y y3apo Tai>CHp BocHTaMHJiapHHHHr MaccajiapHHH 

HOJi^aH (})apKJiHJiHrHHH Ba 6np HeMa yH npoTOH Macca.aapHra 

TeHrjiHTHHH ^HJiflHpaAH. KncKaM a aftTraHAa, 3appajiapHHHr 

«(})otohjih» y3apo Ta"bCHpH HCTaJiraHMa Maco(})aJiapraMa eTca, 

KyMCH3 y3apo Ta"bCHpHH TauiyBMH BocHTaMH 3appaJiapHHHr 
«m 3kohh» >Kyaa khmhk. X y f l f l H  MaHa uiy c o x a / i a  KyMCH3 y3apo 

Ta-bCHp sjieKTpoMarHHT y3apo Tai>CHp 6HJiaH 6ap o 6ap  6yjiaAH, 

jieKHh 3appajiap ypTacH^a yTa khmhk ( 1 0 ~ 18 m) Maco({)ajiap 

> K y ^ a  Ka m xochji 6yjia/i.H. 3 a p p a j ia p  6Hp-6HpjiapHHHHi 

e H H A a h  k v m c h 3 y 3 a p o T a i > C H p  c o x a c H  p a ^ n y c H  ( R k =  h /  ( m „  c )  

A a n  K a T T a  M a c o ( } ) a . T a p A a  vthuih 3Xthmojih KaTTapoK. O a K a T  

K> Ko pn  ' i i i e p i  H H . i a p ; i a r i i H a  y . i a p H H H r  6 H p - 6 n p H r a  h k h i i  K t v m u i
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iXTIlM().U']HrH Olliail

Bv na3apH Hiia  y :iapo Tai^CHp 3(})(})eKrHB ko hct3H T a  (a o h m h h ) 

CHHH OpaJlHK BeKTOp fi()30HJiap MaCCaCHHHHT KBaApaTHTa 

TccKapn nponopu.HOHa„L'iHrHAa aKc ^TaiiH.

O o t o h  Ba o p a ^ H K  BeKTop 6030HJiap  M accajiapH Aarn  

Ta({)OByT CHMM CTpHHHHHr CIIOHTaH 6y3HJlHlUH H3TH>KaCHiia 

nafliio 6yjiaAH . K a jm S p o B H K  CH M M eTpHHH HHr cn oH Tah  6v3h:ih- 

UIH OpaJIHK BeKTOp 6030H JiapH H H T  MaCCaCHHH n a H A O  KHJiaAH 

Ba uiy 6HJiaH 3JieKTpoM athht Ba KyqcH3 y 3 a p o  Ta^bCHpjiapHHHr 

x a p  xhji TauiKH  HaM oeH  6yjiHiiiHra ojih6 KejiaAH. OoTOH Jiap  

rojiACToyH 6030H Jiap n ra , opajiHK BeKTop 6030H Jiap  (W-Me- 

30HJiap) 3ca XHrrc 3ap p ajiap H ra  KH paAH .

y K y B M H A a  HOTyrpH  TacaB B y p  TyFHJiMacjinrH yqyH uiy 

HapCaH H TaKpopJ13HM H3KH, 6 h 3  KaJIH6pOBHK CHMM eTpHHHHHT 

cnoH TaH  6y3HJiHuiHHH ran H p ra H H M H 3A a  3JieKTpoAHHaMHKa- 

HHHT KaJlH6pOBHK CH M M eTpHHCHAaH  lOKOpH KaJlH6pOBHK 

CHM M eTpHHHHHT CIlOHTaH paBHUIfla 3JieKTpOAHH3M HKa Ka- 

JIH6pOBHK CHMM eTpHHCHTaM a 6y3HJIHUJHHH Ky3Aa  TyT3M H3.

1971 hhji TOJiJiaHAHHJiHK Ha3apneTM H  4>h3hk ojihm T. Xy(})T 

Hc6oTJiaAHKH, a r a p  y 3 a p o  Tai.cH p  bocht3m h 3appajiapH H H r  

M accacH  CH M M eTpHHH HHr cnoH TaH  6y3HJiHLUHAaH By>KyAra 

KejiraH 6yjica, H a3ap H H  KaflTa HopM ajuiauiyBM H H a 3 a p H H ia  

afljiaHap 3 K 3 h . BouiKaMa aflTraHAa, H a 3a p H H ra  M acca 3iir 

6ou iA aH  (6npjiaM M H SJieMeHTap A ap a> K aA aH ) khphthjiM araH  

6yjica, H a 3a p n H  y3H H H H r KaflTa (})0pMajiJiaHyBMaHJiHK xycycn- 

h thh h  caKJiaHAH. X y A A H  uiy aflTHJiraHJiap KyMCH3 y3apo 

Ta^bcnp ynyH  ypHHJiH. BafiH6epr —  CajiaM  FOHcnra acocaH  

KyMCH3 y3apo T a t c H p  Ba 3JieKTpoMarHHT y 3 a p o  Ta^bcnp 

aacTJia6 lOKOpH JioKaJi KaJiH6poBHK CH M M eTpHHra ara 6yjiraH. 

CyHrpa 3ca cnoH TaH  6y3HJiHLUH 103 6 e p n 6  yMTa MaccajiH, 

6HTTa  M accacH 3  6030H Jiap  nafiAO 6yjiraH. JleKHH 6030HJiap  

MaccajiH 6yjica x a M , KyMCH3 y 3 a p o  T a t c n p  H a3apH H CH  KafiTa 

HopMa.i.iaHyBMaHjiHrHMa Ko.naii.H.

8.22- §. HefiTpaji KyncH3 TOKJiapHHHr Kauic}) 3t h j ih h ih

HlyHAafi khjih6, KyMCH3 Ba sjieKTpoMarHHT y3ap o  

TaiiCHpjiapHH HTOHa H 33a p H H  OCTHra 6HpjiaLUTHpHUIHMH3 

M yMKHH 3K3H . B a H H 6epr —  C a jiaM H H H r  yui6y hhth  Ha3apHHCH  

MaB/KVil 3KCnepeMeHTaJI MaijJiyMOTJiapHH MHpofijIH TaBCH(})- 

jia6rHtia ko jim ;k ;u ih , \ap KaHAafi hhth  Ha3apHHra xoc, 

T a6n a T H H H r  h h ih  m vxhm  xycycHHTJiapHHH HaM oeH  KHJiaAH.

KyMaH/iH. UiyHflafi 

pailHVCHHHHr KHMHK
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M acajiaH , MaKCBejuiHHHr ajieKTp Ba MarHHT MafimoHJiapHHHHr 

SH pjiaiuraH  ajieKTpoMarHHT m 3 h a o h h  H a 3 a p H «c H  (})yHAa- 

MeHTaji (})aKT —  3JieKTpoMarHHT TyjiKHHJiapHHHr MaB>KyaJiH-

thhh 6aujopax 3ta oji,hh BafiH66pr —  CaJiaMHHHr 6Hpjiaui- 
raH MaHAOH Ha3apHHCH (6a"b3aH BaftH6epr —  CaJiaM Mo.aeJiH, 

6at3aH CTaHAapT Mo^ejib, 6a"b3aH 3ca 3JieKTpoKy4CH3 KyMjiap 

Ha3apHHCH, 6ai>3aH x,aTTO, acTeHHK KyMJiap Ha3apHHCH ne6 
aTaflAHJiap), Ta6naTna HeflTpaji TOKJiapHHHr, MaBwyzyiHrHHH 

Hc6oTjiafiAH. Yui6y Ha3apHHflaH Myc6aT, MaH(J)HH, HeHTpaJi 

3apHA^iaHraH yn xhji opajiHK BeKTop 6030HJiapHHHr MaB>KyA- 

jihth kcjih6 MHKa^H. 3apHAHHHr TOKJiap 6HJiaH yTa^HraH 

>KapaeHJiapH 3apnAJiaHraH opajiHK 6030HJiapHH aJiMauiHHHiu 

flyjiH 6HJiaH 103 6epaAH. Xyzuui uiy ca6a6jiH 6yHAafi 

>KapaeHJiapAa aApoHJiapHHHr Ba jieiiTOHJiapHHHr 3apHAJiapH 

y3rapaAH. MacajiaH, (8.35) aa H(j)OAajiaHraH Ba 8.13- pacMiia 

TacBnpjiaHraH >KapaeHra KapaHr.

ByiiHnr aKCHMa, KyqcH3 y3apo TabcnpHHHr AacTjia6KH 

Ha3apnHCH hhkop -3TyBMH Ba BaHH6ep —  CaJiaM Ha3apHHCH- 

jxaw kcjih6 MHKyBMH HeflTpaji TOKJiap opKaJiH yTa.fl.HraH KyMCH3 

y3apo TaiaCHpjiapAarH >KapaeHJiapAa Ha aApoHJiapHHHr, Ha 

jieriTOHJiapHHHr ajieKTp 3apn.AJiapH y3rapaaH. ByHAaft >Kapa- 

eHJiap 3apH/I,CH3 opaJlHK BeKTOp 6030HHHHr aJIMaUIHHHUlH 

6njiaH yTHiiiH KepaK.

1973 h h ji  3JieMeHTap 3appaJiap (|>H3HKacHAa MyxHM 

XOAHca 103 6ep^H. KyMCH3 Ba ajieKTpoMarHHT y3apo 

Ta"bCHpjiapHHHr nroH a  MaftaoH H a3apH H C H  Ky pcaT raH  HeftTpaji

TOKJiapHHHr T a 6 n a T A a  M aBw yAJinrH  3KcnepeM eHTiia Kaft^ 

KHJIHHAH.

HeftTpaji TOKJiapHH Ky3aTHiu yMyH Ha KyMjiH Ba Ha 

3JieKTpoMarHHT y3apo Tai>CHpra MoftHJi 6yjiraH cocj) HeftTpaji 

*apaeHJiapHH KaftA Khjihui KepaK. By SKcnepHMeHT yTKa3HUi 

HyKTan Ha3apAaH khhhh MacaJia. MyHKH, KyMCH3 y3apo 

TaiiCHp >KapaeHJiapHHHHr 3XTHM0JiJiHrH KyMjiH Ba sjieKTpo- 

MarHHT y3apo Tatcnp >KapaeHJiap 3*THM0JiJiHrHra Kaparanaa  

6np Hena TapTH6ra nacT Ba uiy ca6a6,uaH co<j) HeftTpaJi TOKjiap 

Tai>CHpHAarH MapaeHHH KyMCH3 ysapoTaiiCHpHHHr 3apHAJiaH- 

raH TOKJiapn Bywynra KejiTHpaAHraH >KapaeHAaH a>KpaTH6

8. 13- pacM. OpajiHK  6o- 

30 H  HUITHpOKHflarH HeitTpOH 

napMaJiaHHuiHHHHr OeiiHMaH

AHarpaMM aCH.
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Ky3aTMLU OFHp. YujQy KHHHHJlHKAaH KyTyjlHLLlHHHr HyjIH 

HeftTpHHOJiap ycTH^arH Ta>KpH6aJiapHH yTKa3HUiAa. HeftTpH- 

h o  coc}) KyHCH3 y3apo TatCHp >KapaeHjja SyjiaAH Ba iuyHHHr 

yqyH roKopHAa Kafta KHJiHHraH k h A h h m h j i h k  y3-y3HAaH 

6apTapa(}) 6yjiaAH. IOkoph 3HeprHHJiH HefiTpHHOJiapHH aca 

ajieMeHTap 3appajiap Te3JiaTrHHJiapHfla x o c h j i  k h j i h i h  MyM- 

KHH.

3hah  Macajia 3ap aiy iaH raH  TOKJiap By>KyAra KejiTHpraH 

HeftTpHHO peaKUHHJiapAaH HeftTpaji TOKJiap By*yAra kcjithph- 

jiaAHraH peaKUHHJiapHH a>KpaTa oJinuiAaAHp. ByHHHr yqyH 

HeftTpHHOHH aApoHJiap (npoTOH eKH HeftTpoHJiap) Shjoh (eKH 

3JieKTpoHJiap SHJiaH x,aM) y3apo TaijCHpHHH Ky3aTHiu jio3hm. 

MacajiaH, miooh HefiTpHHOCHHHHr npoTOH SHJiaH y3apo 

Ta"bCHpH 3apHAJiaHraH tok opKajiH xaM, HeftTpaji tok opKajiH 

xaM 103 SepHUiH MyMKHH. Bhphhmh x,0JiAa, aApoHJiapHHHr xaM, 

jienTOHJiapHHHr x,aM yMyMHfi TynjiaMHHHHr ajieKTp 3apHAJiapH 

y3rapaAH. MacajiaH,

peaKUHH ajiSaTTa 3apHAJiaHraH tt̂ + -6030H ajiMauiHHyBH 

opKajiH y T a ^H . Yui6y  >KapaeHHHHr OefiHMaH A H arp a M M a c H

8.14- a pacMAa TacBHpjiaHraH. ByHAafi >KapaeHAa aji6aTTa 

miooh (v^ h hh t  yp H H ra  miooh jienTOH 3a p «A H H H H r  caKJiaHHUiH- 

ra 6HHoaH) By>KyAra KeJtaAH.

Arap xyAAH  uiy >Kapa§HHH HeftTpaJi W°- 6o3oh opKajiH 103 
6e p a A H  AecaK , m k j o h h h h t  B y * y A r a  kcjihuih JienTOHJiapHHHr 

ajieKTp 3apHAHHHHr y3rapMacjinrH ca6a6jiH TaKHKJiaHaAH 

(HefiTpfJji m i o o h  T a 6H a T A a  MaB>KyA 3M ac ) Ba peaKUH H  

HaTH>KacHAa m i o o h  HefiTpHHOCH KOJiaAH (8 .14- 6 p acM ra

IlIyHAafi khjlh6, MacaJia yu i6y  hkkh  peaKUH HHH  6np- 

6 H p H A a H  a>KpaTHiuAaH w 6opaT . Aji6aTTa, HefiTpHHOHHHr 

xoccaJiapHHH 6HJiraHHMH3 xojiaa 6 y  MacaJiaHH ofhpjihthhh  

TaH 0JiaMH3. IUyHra K a p a M a c ^ a H , HefiTpaJi KyMCH3 TOKjiap-

(8 .4 5 )

V |1 +  p->-V|1 +  rt +  Jl+ .

8. 14- pacM. M iooh  HeHTpHHocHHHHr: a) npoTOH 6HJiaH 

W + 6030H  HHJTHpOKHiiarH, 6 )  npOTOH fiHJiaH W° —  6030H  

HuiTHpoKHAa y3apo Ta"bCHpjiapHHHr xaMiia, b) 3JieKTpoHaa

c o 4 h ; ih u j h h h i ' (peflHMaH AHarpaM M acn.
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hhht MaB>KyAJiHrH 1973 hhjiahh 6ouu\a6, aBBaji U.EPH (>Ke- 
H e B aA arn  aapo TaflKHK0T4HJiapHHHHr E B p o n a  TaHiKHJiOTH), 

cyH rpa  A K ,lliA a  Ba co6hk CCCP na Kafla khjihhah. 

>KyMJia.naH, U.EPH n,a (v^p) w ap a eH Jia p H H H r  300000 Ta 

(})OTOcypaTH K a p a S  mhkhjiah Ba yjiapHHHr HM H^aH  Shphhmh 

peaKUH H H H  aKC stthpybmh 428 Ta, hkkhhhhchhh aKC 

sTTnpyBMH 102 Ta 4>0T0cypaT aHHKJiaHAH. 8.15-p a c M ^ a  

HeflTpaJi KyqcH3 TOKJiap opKaJiH yTraH  peaKUH HHH  Ky paM H 3 :

H e H T p H H O  Ba HeflTpOH, M a 1>/1 VMKH, H3 KOHAHpM aflAH, 

n + -Me30H sca  TyFH^iH6oK m i o o h  Ba neflTpHHora napqajiaHaflH. 

CyHr (x +  -3JieKTpoH Ba HeflTpHHora afljiaHaAH. By (})h3hk 

XOflHcaJiapHH cypaTra  o.iraH K aM ep a  KyqjiH M arHHT MafiAOHra 

>KofljiauiTHpHJiraHJiHrHAaH 3JieKTpoH cnnpaJiCHMOH afljiaHa^H.

AflHHKca, HeflTpaji TOKJiapHHHr MaB>KyAJiHrHHH co({) 

jienTOHJiapAarn, ht>hh aj,poHJiap KaTHauiMafl^HraH peaKUHH- 

Jiapiia Ky3aTHiu KaTTa a xa M H H T ra  ara. >KyMJiaAaH, miooh 

HeflTpHHocHHHHr 3JieKTpoHJiap ^HJiaH y3apo comhjihui >Kapae- 

hh 4>aKaT HeflTpaji TOKJiap X H Co6H ra  ythujh  M yM KHH , qyHKH 

miooh jienTOH 3a p n aH H H H r  ( L ^ )  caKJiaHHiu KOHyHH miooh

v ^ +  p ^ v „ +  «  +  ji +  . (8.46)

8. 15- pacM. Kyn-
8 . 16- paCM. MlOOH HeHTpHHOCHHHHr 3JieK- 

TpOHila COHH.IHIU peaKUHHCH:

+  yv +  e~.

CH3 HeHTpaJI TOK  HUITH- 

poKH.ua B yw ya ra  Kejia- 

ilHraH MIOOH HeHTpHHOCM  

GHJiaH n p o T O H H H H r  pe- 

aK U H H C H .
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HeHTpH HOHHHI' W + 6 0 3 0 H  MHKapHfi 3JieKTpOHra afijiaHHUIHHH 

TaKHKJiaiiiiH. 8.14- e pacM/ia HeflTpaji to k  x,HCo6Hra yTaAHi aH 

>KyAa K3M  'JXTHMOJIJIH /JiapaeH MroOH HeflTpHHOCH 3JieKTpOH.ua 

comh»thluhhhhr O e flH M aH  A H arp a M M a c H  TacBHpjiaHraH .

yui6y >KapaeHra 6aFHLUJiaHraH 6hphhhh MyBa<|)(J)aKHHTJiH 

^KCiiepuMeHT Li,EPH Aa yTKa3HJiraH 3jxh. ByHiia 1,3 mhjijihoh 

(|)OTOcypaTAaH (!) (j)aKaT yMTacnziarHHa (!) miooh HeflTpHHO- 

hhht sjieKTpoiiiia cohhjihiuh Kaflii khjihhah. 8.16- pacMAa uiy 

cypaTJiapaaH  6 n p n  KeJiTHpHJiraH.

ILlyHAafl kh .th6 , 3JieMeHTap 3appaJiap  Ha3apnfl (j)H3HKacH- 

;ia »a  v m ym ah h h c o h h h t  nroHa MafliioH npaTHUi flyjiHiia HHa 

6 n p  Karra  3acj)ap.TH FaJia6ara spnmiiH. lOK opH /iarH  6 h 3 6aeH  

khji ra h 3KcnepHMeHTjiapiia HeflTpaji KyncH3 TOKJiapHnnr 

MaB>Ky4JiHrH KarbHfi Hc6orjiaHraH s a h . JleKHH xo3H p ran a  

Ta>KpH6ajiapAa opajiHK BeKTop 6030HJiapH  K a h a  KHJiHHraHHMa 

flyK- 3\thm oji opaJiHK BeKTop 6030HJiapHHHr MaB>Kyii,JiHrH 

3KcnepHMeHTiia h kh h  flHJiJiap h h Hiia Hc6oTJiaHca KepaK.

8.23- §. 3a p p a jia p H H H i  yH H Tap  c h m m c t p h h c h

3 a p p a j ia p  c ncTe M acH A a  c h m m c t p h h  T y m y H H a c H H H H r  p o j i h .

C h m m c t p h h  HH Ma Ba y x a K A a r u  6hjihm KaHiiafi HMKOHHHTJiap 

TyFiLHpHLUH MyMKHH? K y H A a j i H K  x a e T H M H 3 i ia  xap  6HPHMH3 

6yH ra  Typpn >KaBo6 6 e p a  0JiaM H 3 .  M a c a J ia n , c h 3  n  xap(j)H 

maKJiHiia K yp H Jira H  S h h o h h h t  yHr KaHOTHAa HinaHCH3, 

AefljiHK. ApxHTeKTop FOHCHra CHHoaH 6hhohhhi- h k Ka.i a 

KanoTH 6itp XH.n —  CHMMCTpnK. 3n;ui CH3 y3 h h rn:i nmafi 

TypraH xoHa hh hxihh  ypraHraii xojiiia 6hhohhhi '  ‘ian 

KaHOTHAa >KofljiamraH pynapa-aKC xoHa xaKHAa Tyjia 

TacaBBypra 3ra 6yjiHiuiiHrH3 ynyH 6 h h o h h h t  HKKajia KaHOTH- 

HHHT XaM CHMMeTpHK 3KaHJlHTHHH 6HJIHUIHHrH3 KH(j)OH, XOJIOC.

3jieM eH Tap  3appaJiapHH CHCTeMaJiauiTHpHiu ynyH xaM  

yjiapHHHr xapaKTepjiH xycycHHTJiapHHH ypraHHUira epiiaM 

6 e p a A H ra H  cHMMeTpHHJiapHH TonHin MyMKHH Ba yjiapHHHr 

M yxH M  a xa M H H T ra  ara SKaHJinrnra 6 h 3 roKopHAa 6 h p  Hena 6 o p  

ryBox 6yjiAHK. X o 3 H p  uiyHAafl CHMMeTpHHJiap aHHKJiaHraHKH, 

(j)H3HKJiap yjiapHHHr e p A a M H A a  x a M A a  6 n p  3 a p p a H H H r  

xycycHHTJiapHHH 6HJiraHH xojiAa yHJia6 3 a p p a  Ba aHTH3appa- 

jiapHH Kaui(j) KH»iraHJiap. M a c a j i a  3JieMeHTap 3appajiapH H  Ba 

yjiapHHHr y 3 a p o  TaijCHpjiauiyBHHH 6HTTa  yM yM H H  KOHyHH- 

HTra —  « F o n r a »  6 o f j i o b h h  c h m m c t p h h h h  ToriHiiiAaAHp. B y  

tj)HKp y M y M aH  yTonHH 3Mac. MacaJiaH, c o b c t  (})H3H- 

TH B .  A .  0 O K  M HKpOAyHe B3KHJ1H —  BOAOpOA  aTOMHHHHT 

x a M M a  xoJiaTJiapn nrona  C H M M eT pnnra  6yficyHHLUJiapHHH
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aHHKJiaraH. KBaHT MexaHHKacwra acocaH 6y CHCTeMa 6up 
Hena xoJiaTJiapAa MaBwyA SyjiHiUH MyMKHH. X a p  6np xo^iaT 

yMyH aca ajieKTpoHHHHr aTOM hapoch —  np0T0H SnjiaH 

xycycHH 6oFJiaHHiu 3HeprnHCH xapaKTep/iH. Boaopoa 3tomh 

yqyH yHHHr xaMMa xoJiaTJiapHHH TacBHpjioBMH xapaKaT 

TeHrjiaMacH MatJiyM. LLIyHHHr ynyH xaM 6y CHCTeMaHHHr 

XOJiaTJiapHHH XHCO^JiaUJAa CHMMeTpHHAaH (J)OHflajiaHHUIHMH3 

3apyp 3Mac. SjieMeHTap 3appa;iap ywyH aca yjiapHHHr 

xycycHHTJiapHHH TacBwpjioBMH TeHrjiaMa, a(|)cycKH, ftyK. IUy- 
hhht yqyH ajieMeHTap 3appajiap (})H3HKacHAa chmmctphh 

TyuiyHHacH  acocHH ypHH TyTaAH.

A m m o , 6h3 KypAH KKH , SJieMeHTap 3ap p ajiap H H H r  xycycn- 

HTJiapH uiy K a ^ a p  XHJiMa-xHJiKH Ba 6 y  xycycHHTJiapHHHr 

acocH A a  eTyBHH KOHyHJiap uiyHHaJiHK xap x h j i k h , 3appaJiap  

AyHecH  x ao c A a H  H 6 o p aT  AeraH  T a accy p o T  t y f h j i h i u h  m v m k h h . 

3appajiapHHHr Hiuaui BaKTH  HXTHepHH paB H U iAa  10-2 c A a H

oo r a n a  y 3rap aA H . Y jiapH H H r  y eKH 6 y  KBaHT coH Hra ara 

6yjiH UUiapHH H T y uiy H TH p n6  6yjiMaftAH. ByHAaft Ba3H H TA a  

ajieMeHTap 3appaJiapH H  CHCTeMajiauiTHpHiu M yaM M OCHHH  

eHHUira KapaTHJiraH  x a p  KaHAaft x a p a K a T  MyBa(})(})aKH- 

HTCH3JIHKK3 yHpaiUH  M yMKHH.

H a 3 a p H e T H H  (})H3HKJiapHHHr acocHft x a p a K a T H  T a *p H 6 a -  

jiapAa TacAHKJiaHraH  T a S n aT H H H r  (J)yHAaMeHTaji KOHyHJiapn 

x a K H A a r n  x o 3 H p n a  apHuiHJiraH 6HJiHMJiapHMH3ra acocjiaHH6 

3ap p ajiap H H  CHCTeMajiauiTHpHiu M yaM M OCH H H  eHHiura Kapa- 

THJiraH.

Ta6HaTHHHr XHJiMa-XHJi MexaHHK xoAHcajiapH 3HeprHH, 

HMnyjibc Ba HMnyjibc MOMeHTHHHHr caKJiaHHiu KOHyHJiapnra 

6yftcyHaaH. By KOHyHJiapHH ypraHHiu, 6hphhhha3h, yjiapHHHr 

xaMMacH (})aKaT (})a3o Ba BaKT xycycHHTJiapHHHHr aKC sthiuh 

3KaHJIHTHHH KypCaTraH 6yjica, HKKHHHHAaH, X03HprH 3aM OH  

MeXaHHKaCHHHHT aCOCHHH 3HT 03 aKCHOMaJiap 6HJiaH H({)OAa- 

jiauira hmkoh 6epAH. XyAAH uiyHAaft 3appaJiapHHHr xycycn- 

HTJiapH Ba yjiapHHHr y3apo TatCHpjiapH 6yftcyHaAHraH 

caKJiaHHiu KOHyHJiapHHH ypraHHUi 6H 3ra  MaTepHH Ha3apHHCH- 

Hy«r acocHra KyftHJiaAHraH yMyMHft npHHUHn Ba aKCHOMa- 

jiapHH KypcaTHiuH KepaK.

0 a 3O - B 3 K T  CHMMeTpHHJiapH (})a30-BaKTHHHr 6hp >khhcjih 

Ba (})a30HHHr H30Tp0njlH K  XyCyCHHTJiapHHH £KC STTHpaAH. 

B o u iK a n a  aftTraHAa, x a p  KaHAaft (})H3HK KOHyH (})a30HHHr x ap  

KaHAafi H y K T acH A a  Ba x a p  KaHAafi fiyHaJinuiHAa x a p  aohm 6 n p  

xhji 6yjiaAH . By CHMMeTpHHJiap uiyHHHr ynyH  x a M  myxhmkh, 

yjiap acocHfi caKJiaHHiu KOHyHJiapn 6HJiaH 6ofjihkahp.
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XycycaH, caKJiaHyBMH (y3rapMac) KaTTaJiHKJiaprHHa 3appa- 

jiapHH xapaKTepjiaft ojihiuh MyMKHH.

SjieMeHTap 3appa;iap (})a3o Ba BaKTHHHr xycycHHTJiapnra 

6ofjihk 6yjiMaraH KBaHT coHJiapH 6H^iaH xaM xapaKTepjiaHH- 

uihhh ioKopHAa KypraH sahk. By kbbht coHJiapH ajieMeHTap 

3appaJiapHHHr HMKH CTpyKTypaCHHH aHHKJIOBMH HHKH CHMMeT- 

pHHJiapH 6HJiaH 6oFjiaHraH. Hmkh chmmctphh y3HHHHr 

FaJiaTHJIHK, 6apHOH 3apHAH, 3JieKTp 3apHAH, H30T0I1HK 

cnHH^aH H6opaT caKnaHyBMH KaTTajiHKJiapra ara. Ky*uiH 

y3apo TaijCHp yqyH 6yHAaft hmkh chmmctphh aapo KyMJiapn- 

hhht 3appa 3apHii.Hra 6ofjihk 3MacjiHK xycycHHTH 6HJiaH 

6oFjiaHraH. MacajiaH, KyqjiH y3apo Ta"bCHpra HHc6aTaH 

npOTOH Ba HeHTpOHHH 6Hp 3appaHHHT (HyKJlOHHHHr) HKKH 

XOJiaTH CH(})aTHAa Kapaiu MyMkhh, mjHH KyqjiH y3apo Ta^bCHp 

ynyH 6y hkkh xojiaT (npoTOH, HeftTpoH) cHMMeTpHK/tnp. 

KyMJiH y3apo TaiiCHpra HHc6aTaH 6Hp xhji y3apo TatCHpAa 

6yjiaaHraH 3appa;iapHH h3otohhk MyjibTHruieT (oHJia) Jiapra 

6HpjiaiXITHpHIU MyMKHH. KyHJIH y3apO TaTaCHpHHHr 6y 

CHMMeTpHHCH aflpOHJiapHHHr X3MM3CHHH H30T0I1HK MyJIbTH- 

njieTJiapra CHCTeMaJiaiiiTHpHLura hmkoh 6epaAH. Bh3 KyftH^a 

3appaJiapHH aBBaji h3otoiihk, cyHrpa aca yHHTap MyjibTH- 

njieTJiapra rpynnaJiauiTHpHixiHH KypaMH3. ByHAaft CHCTeMa- 

jiauiTHpHiu (})aKaT a^poHJiapra TerHiujiHAHp.

AApoH JiapHM Hr h30T0iihk  MyjibTHnjieTjiapH. lO K o p H a a  

H 30T 0n H K  CnHH, H30T0I1HK MyjlbTHnjieT Ba H30T0IIHK (})a30 

xaKHfla Tym yH M ajiap  6epHJiAH. X o 3 H p  uiyjiap ycTHfla 6a- 

Ta(})CHJi TyxTajiH6 yT3M H 3 . AB Bajio , H 30T 0n H K  (})a3ora Ba 

H 30T 0n n K  cnHH ra  Tai.pH(}) 6ep nuiA aH  6ouiJiaftMH3. B h 3  H iua6 
TypraH  (})a3ora x e 1! KaHjiaft ajioKacH 6yjiM araH  Ba h 3o to h h k  

A e 6 aTajiyBMH yq yjmoBJiH (})a3o M a B M y a  &e6 (})apa3 

KHjraftjiHK. By (})a30Aa xaM  AeKapT  Koop/iHHaTajiapH x, y, 

z aHHKJiaHraH . H H a  (})apa3 KHJiaMH3KH, x a p  6np 3 a p p a  

(aiipoH) 6np BaKTH HHr y3Hj.a  x a M  o a a h S  (})a30Aa, x aM  

H 30T 0n H K  (})a30fla >KoftjiauiraH. LUy 6HJiaH 6H pra , h3o to h h k  

(})a30fla x a M M a  3ap p ajiap  x a p  aohm  KoopflHHaTa 6ouiHfla 

>KOHJiaiuraH 6yjiaflH. 3 a p p a jia p  H 30T 0n H K  (})a30fla (J)aKaT 

aftjiaHHiujiapH M yM KHH , HJirapHJiaMa x a p a K a T  KHJia oJiMaftflH. 

U ly H H H rae K , h3otoiihk (})a30iia 3ap p ajiap  HMnyjibc Ba o p 6HTaji 

M OM eHTra 3ra 6yjiMaftflH, jieKHH cnHH  m om chth  CHHrapH 

x a p a K a T  MHKflopHra 3ra  6yjiaflH. By m om cht, aJi6aTTa, 

oaaTiiarH M OM eHT 6HJiaH xeM KaHflaft 6ofjihk 6yjiMacii.aH

H30T0IIHK CIIHH (T) Ae6 lOpHTHJiaAH.

H 3 0 T 0 n H K  CnHH BeKTOpH H 30T 0n H K  (})a30/ia y3HHHHT 

npoeKUHHJiapH 6HJiaH aHHKJiaHaAH . 3a p p a jia p H H H r  H 30T0nH K
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cnHHH xyAAH yHHHr y3 MOMeHTH (c h h h h ) KaSn KBaHT/ianaaH,

MyHOHMH, H30T0n H K BeKTOpHHHT y3yHJlHTH (7 ) 6VTVH Ba 

6yTyH coHJiapra TeHr. Z  yKnra npoeKUHHCH 7 aca +  r a a n  — 7 

rawa 2 T — 1 KHHMaTJiap Ka6\.i khjia;iH:

7 =  0, ± 1 , { ,  2 ....

r, =  T, T — 1, T — 2, ... — T.

H30T0nHK cnnHH T  ra TeHr 3appa h3otohhk (})a30Aa 2 T 

+  1 xoJiaTJiapra ara 6yjiaAH. XaMMa 2 T + \  xoJiaT.iap 

TV H-TaMH H30T0nHK M yjl bT H njl eTJl 3 p H H TaLUKHvH KHJiaAH. 

IIpoeKUHHJiap cohh MyjibTHnjieT yjmaMHra, ht^hh 2T-\-\ ra 

TeHr. Bnpop  MyjibTHnjieTHH TaiuKHji KHJiraH aApoHJiapHiiHr 

xap xhji 3apHA-iH xojiaTJiapn H3oronHK (})a30HHHr Z  yKHra 

HHC6aTaH H30T0HHK CnHHHHHT Xap XHJl npoeKU.HH.TapH 6HJiaH 

TacBHpjiaHaAH. JleKHH 6np KaHMa 3appajiapAaH TauiKHJi 

TonraH MyjibThnjieT H30T0nnK (})a3ora HHc6aTaH 2 7  +  

+  1 xojiaTra sra SyjiraH 6HTTa 3appa CH(})aTHAa Kapa.ia;iH. 

M acajiaH , np0T0H Ba HeftTpoH HyKJioH Ae6 aTajiyBHH 6htt8 

3appaHHHT HKK 4 XOJiaTHAHp. HyKJTOHHHHT H30T0nHK CnHHH

apHMra TeHr: 7 = + 1  xo.TaT np o t o h h h ; 7 = --x,ojiaT

sca , HeHTpoHHii 6ejirHJiaHAH. LLlyHHHrAeK, jx +  , n{\ n~ —  

Me30HJiap H30ToriHK (})a30Aa H 30T0nH K  cnnH H  6 u p r a  TeHr yHTa 

xo^iaTra ara 6 ; JiraH 6HTTa  nnoH  CH(})aTHAa KypnjiaAH .

Yh yjmoBJ^H cf)a30Aa bhhk cohjih npoeKUHHJiapra ara 

6yjiraH  KaTTaj HKJiap (BeKTopjiap) M axcyc  HOMjiapra sra. 

H30T0nHK CHHrjieT (H30CHHrjieT) 6HTTa npoeKUHHra ara 

6yjiH 6, H 3 0 T 0 n h k  (})a30AarH anjiaHHUjjiapAa xyAAH CKajinp

KaTTajiHKAeK y3rapaAH. H30CKajinp aapoHJiapra A°, A" Ba 

6up KaHHa pe?OHaHCJiap mhcoji 6yjiaAH.

H30T0iihk Ay6jieTJiap (H30Ay6jieuiap) h3otohhk (})a3oAa 

HKKHTa npoeKL-HHra ara 6yjiH6, cnHHopjiap Ka6H V3rapaAH. 

MacajiaH, 6yHi a HyKJioH, K-Me30H, KCH-3appajiap mhcoji 6yjia 

ojiaAH.

H30TpH njierjiap  H 30T 0n n K  (})a30Aa yHTa npoeKU H H ra  sra 

6yjiraH H 30T 0n H K  BeKTopjiapAHp. B y H ra  m h c o j i : nH —  

Me30HJiap, 2  t.a E  —  OapHOHJiap.

H30T0nHK cnHHHHHr MaTeMaTHK (})opMajiH3MH J\n rpynna- 

JiapHHHHT Ha3apHHCHAHp, HbllH yH yjIHOBJlH H30T0nHK 

(})a30Aa afljiaHHUi rpynnacH Ae6 KapajiaAHraH S U  (2) rpynna 

ajire6pacHAHp. X,ap 6np h3otohhk MyjibTHnjieT S U (2) rpyn-
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n a h h h t  KejiTHpHJiMaftflHraH M y H T 33aM  TacBH pjiapH AaH  6n p H  

6yflHwa ajiM aiuaAH (y 3ra p a iiH ).

^ A P O  KyMJiapHHHHT 3JieKTp 3ap H A H Ta  6orjlHK 3MaCJlHTH 

KyMjiH y 3 a p o  T a b c n p a a  H 30T0nH K  (J)a30HHHr \ aM M a  flyHa- 

JlHLUJiapHHHHT TeHT XyKyKJlHJlHTH ( H 30T p 0n H H C H ) CH(})aTH,ZI.a 

H 30T0nH K  CnHH (|)OpMaJlH3MHJiaH 6eBOCHTa KejlH6 MHKa.IH.

3jieKTpoM arH H T  y 3 a p o  T a t c H p  h3oto[ihk (})a30HHHr 

H 30Tp0nH H CH H H  6 y 3aA H . B y  x,0Jiaa 4>a30Aa H3ocnHHHH Hr 

TerHLHJiH KOMnoHeHTH y p H aiuraH  HKKa TaHjiaHraH flyHajiHui 

naflAo 6yjiaAH. 3jieKTpoM arH H T  MafiAOHAa H 30T0nH K  MyjibTH- 

njieTHH TaiuKHJi 3TyBMHJiapHHHr M accajiapn  6np-6npnn,aH 

4>apK KHJia/iH. M o a o m h k h , peaji iuapoH TAa  3JieKTpoMarHHT 

MaflflOH x a p  AOHM  MaB>Kyil 3K3H , H 30T 0n H K  Myjl bTHnJieTHH 

TauiKHJi 3T y b m h  3appaJiapH H H r M accajiapH  6np-6HpH AaH  (})apK 

khjihui KepaK . M a c a jia H , HyKJiOH A y 6jieTHHHHr TauiKHJi 

3TyB4HJiapH npoTOH Ba HeHTpoHHHHr 3KcnepeM eH TAa  Ky3aTH- 

jiaAHraH M accajiapH  6H p- 6npH AaH  1 M s B  ra (})apKJiH ( A m ~  

~  1 M a B ) ,  Me30HJiap TpnnjieTH yMyH A m « 5  M a B  6yjiaAH Ba 

X OKa30 .

A r a p  h3otoiih k  MyJibTHnjieT yMyH KBaHT coHJiapH: B, Y, T, 
/, P T y n J ia M H  6epHJica, y Tyjia aHHKJiaHraH 6yjia;iH. B h ph h m h  

yMTacH —  B, Y, T MyjibTHnJieTJiapHH aHHKJiauihhiir ;ic o c h h h  

TaUIKHJl KHJiaAH.

LLlyHAafl k h j i h 6 , 6 np h 3 o t o i i h k  MyjibTHnjieTra k h p v b m h  

aapoHJiap  AenpjiH TeHr M accaJiapra , cnHHJiapHHHr kh h m u th  

aca x aM M ac H  yMyH 6 h p  x h ji Ba h h x o h t  6Hp-6 HpjiapH/iaH 

± 1  KHflMaTJiap 6 HJiaH (J)apKJiaHyBMH gjieKTp 3apn,HJiapHra 

ara. H 3 0 T 0 n H K  MyjibTHnjieTJiapHHHr B y m y ^ r a  KejiHUi T a 6HaTH 

KyMjiH y 3 a p o  Tai>CHpHHHr ajieKTp 3 a p H A H ra  6ofjihk  SMacJinrH- 

h h  aHrjiaTajiH. B n p  MyjibTHnjieT 3ap p ajiap H  M accaJiapHHHHr 

6 Hp-6 H p H ^a H  03  KHfiMaTra (})apKJiaHHUiH yjiapHHHr MaccaJia- 

p nra  3JieKTpoMarHHT y 3 a p o  Ta"bCHpHHHr k h m h k  xncca  KyiUHiUH 

6HJiaH 6ofjihk. B n p  H 30T 0n H K  MyjibTHnjieTra KHpyBMH aapoH- 

jiap 6 HJiaH y T a ^H ra H  >KapaeHJiap Kyn xo ju iap aa  6 Hp-6 npH 

6HJiaH afiHaH yxuiaui 6yjiaAH.

y H H T a p  CH M M eTpHH. H 3 0 T 0 n H K  CHM M eTpHH COXaCHfla 

aApoHJiapHHHr xap  xhji h30toiihk  MyjibTHnjieTJiapH 6np-6HpH 

6HJiaH xeM KaHAafi 6oFJiaHHUjra ara 3Mac. AapoHJiapHHHr 

yMyMHfi coH H AaH  yui6y  MyjibTHnjieTJiap cohh  khm hk 6yjica 

x a M , 6 a p H 6 n p  6 y  coh K a T T aA «p . LU yHH Hr yMyH, 60- HHJiJiap 

6ouiH A a  KyMJiH y 3 a p o  Tai>CHpHHHr H H aA a  iokoph chmmctphh- 

c h hh  ToriHLU fiyjiHiia KaTTa iopHui 6yjiflH. SjieM eH T ap  

3ap pajiap  Ha3apHHCHfla rpynnajiap  M aTeM aTH K  Ha3apHHCH- 

HHHr KyJlJiaHHJlHLUH H 30T0nH K  MyJl bTHnJieTJiapHH HH3 XaM



ftnpnKpoK OHJiajiapra SnpjiaiuTHpHiii hmkohhhh 6epAH. By 

Qopaaa yHHTap rpynna SU  (3) MyBa<}>4>aK,HHT.7iH 6yjin6 

4HKAH. KsaHT COHH H30T0riHK CIIHH T SU  (2) H30T0I1HK 

rpynnaHHHr KeJiTHpH^iMaHAHraH TacBHpHHHHr h3otoiihk Myjib- 

THIlJieTJiapHHH XapaKTepjlaHflH. H30T0nHK CHMMeTpHHHHHr 

Ta6HHH yMyMJiauiyBH 6yjiraH SU  (3) chmmctphh Ha3apHHCH- 

Aa x,ap 6np yHHTap MyjibTHnjieT 3apHAH, h3otoiihk ciihhh, 

rnnep3apHAH xap xhji 6yjiraH 3appaJiapflaH HSopaT 6yjiaAH. 

SU  (3) rpynnaaa SU  (2) rpynna woHJiamraHAHp.

CHMMeTpHH H33apHHCH 6yHHHa yHHTap S U (3) CHMMeTpHH 

3JieMeHTap 3appaJiap Ta6naTH ynyH Typpn 6yjica, 3appajiap 1, 

8, 10, 27 Ba xoKa3o 3appajiapaaH H6opaT oHJiaJiapra 

6HpjiauiHiiiH KepaK. S U (3) chmmctphh Ha3apHHCHfla 6apn- 

OHJiap 8 xoJiaTAaH H6opaT yHHTap MyjibTHnjieTHHHr h3otoiihk 

Ty3HJlHUIH 6HTTa H30CHHTJieT (T =  0), HKKHT3 H30Ay6jieT

Ba 6HTTa H30TpHnjieTAaH ( f ^ l )  n6opaT 6yjiaAH.

UlyHHHrAeK, rnnep3apHA KHHMaTH H30CHHrjieT ynyH HOJira 

( /  =  0 ) ,  6 h p h h h h  H30Ay6jieT yqyH 6npra ( y = l ) ,  h k k h h h h  

H30Ay6jieiO ywyH MaH^JHH 6npra ( K =  —  1) Ba H30TpnnjieT 

ynyH HOJira ( K  =  0) TeHr 6yjiHiiiH Kepan. 3 h a h  8.1- >KaABaJiAa

YjiapHHHr cohh  poca caKKH3Ta (oKTeT) 6yjiH6, 6Hp-6npHAaH 

H 30T 0n H K  CnHHH Ba TH nep3apH A H H H H r  (FaJiaTHJIHK) KHHM3TH 

6HJiaH 4>apK KHJiaAH. Bv oKTeTra jV-Ay6jieTH, A°-CHHrjieTH, 

E-TpnnjieTH, S-!iy6jieTH' KHpaAH (8.17- p acM ). OKTeTAarn 

HyKJioHJiap 6aphOHJiap ch h^jhh hh t  acocHH 3appajiapH, rnne- 

poHJiap aca H y KJioHJiapHHHr Ky3FaJiraH X0JiaTJiapH 3K 3 h , 

AeraH  4>HKpra KejiHiu M yM KHH. ByHAa FaJiaTHJiHK Ky3FajiHiu

MOCCO 5 Tz
/318 -l l/z

8. 17-pacM.

<f> --1193 -I l JiapaaH HfiopaT cy-
HyK^oH Ba rHnepoH-

nepMyjibTnnjieTSa-

0 jih th ) . By o KTeTra 

N —  ayn^eTH, A  °— 
CHHTJieTH, 3 —  ayn-

pHOH OKTeTH (C3KKH3-
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AapamacHHH KypcaTaAH. Acochh xoJiaT (p , n ) yqyH S =  0, 
Shphhhh Ky3FajiraH xojiaT (2 + , 2 “ , 2°, A°) ynyH S = l ,  
h k k h h h h  Ky3FajiraH x,o;iaT (H°, E~) yMyH aca S =  — 

—  2. FaJiaTH/IHKHHHT CaKJiaHHLU KOHyHH 6a>KapHJIHUlHHH 

XHCo6ra ojiHHraHAa y3apo aftjiaHHUjjiap 6hp xhji Ky3FajiraH 

XOJiaTAarH 3appa;iap opacH/ia 6yjiaflH. By KyMjiH y3apo 

TatcHpra MaHcy6 >KapaeHAHp. Arap A S = 1  6yjica, y3apo 

yTHUjjiap KyuiHH caTXJiap opacn/ia 6yjin6, yHHHr s x t h m o j ij ih - 

th  10 TapTH6aaH KynpoKKa KaMaann. FajiaTHJiHK HKKHra 

y3rapraH^arH (AS =  2) y30K xojiaTJiap opacH^arH yTHUijiap

SXTHMOJIJIHTH HOJITa HKHH.

Q _ -rHnepoH 6ap H O H  pe30HaHCJiapH 6njiaH 6HprajiHKjaa
Q

/ p= — 6yjiraH yHTa KOMnoHeHTiiaH HGopaT S U (3) MyjibTH-

njieT —  AeKynjieTHH TaiuKHJi khji3a h .

LUyHHCH avTH^opra ca30B0pi<H, Tejui-MaHH Q ~  hhht 

xapaKTepHCTHKaJiapn ( S = — 3, Q  =  —  1, 7"2 =  0) hh 

SU(3) cxeMara acocaH aflTAH Ba yHHHr napMajiaHHUi fiyjiH

Q “ ^ H - + n °

S =  — 3=^ — 2 +  0; AS =  1,

eKH

Q ^ H °  +  n”
S =  — 3=^  — 2 +  0; A S =  1

6yjlHLUJlHrHHH T a X M H H  KHJiraH  3J.H.

/leKynjieTiia Maccajiap caTXH rHnep3apnflra mh3hkjih 

6oFjiaHraH. /LeKynjieT^arH THnep3apHA KeTMa-KeT — 2, — 1,0, 
+  1 KHftMaTJiapra ara 6yjiraHJinrHAaH yHflarH Maccajiap xaM 

6np x h ji HHTepBajiaa op TH 6  6 o p h u i h  3 a p y p . X ,aKHKaTfla x a M  

AeKynjieTAarH 3appajiap £2-, H, 2, A MaccajiapH opacHAaru 

4»apK OMera-MHHyc-rHnepoHHHHr M accacH H H  oJiAHHAaH aftTH6 

6epHUira h m k o h  6epflH.

Ha3apHft 6auiap KHJinnraH yui6y Q _  Te3 opa/ia 
(1964 ft.) 3KcnepeMeHTAa Kaftfl k h j ih h a h . By SU(3) c h m m c t -

pHHHH, Ha3apnft (J)H3HK3HHHr >KyAa K3TT3 3a(})apJlH Fajia6aCH 

3AH. OMera-MHHyc-rHnepoH Ae6 hom 6epHJiraH yui6y 3appa- 

HHHT Kauicj) KHJIHHHUIH 3JieMeHTap 3appaJiap (})H3HKaCH 

SU(3) CHMMeTpHHCHHHHT Ba y 6HJiaH 60FJ1HK CHCTeM3THKa- 

hhht uiapacf)JiH caxH(})acHHH om^h.

3 h a h  >KaflBajiAarH 6apnoH k b 3 ht c oh h  B =  0 6yjiraH 

Me30HJiapHHHr H30T0nHK MyjibTHnjieTJiapHra Ha3ap Tauuiaft- 

jihk . XaMMacH yMyH / p =  0 “ ; (})aKaT FajiaTHJiHK Ba H30T0nHK
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CIIHIUiapHHHHr KHHM3TH SHJiaH (J)apK KHJ13AH. By Me30HJiap, 

h l i i h  H 3 0 T 0 n H K  c h h t j ic t  i], TpH iu icT  ji, ; iy 6 .ieT  K Ba 

K{SU(3)) O K T e T H H H  TalllKHJI Kll.ia,Ul.

AflpoHJiapiiH KaTTa M\vii/rini.icmapra K.iaccH(J)HKaiinH- 

Jiaiii/ia yiiHTap CHMMeTpwn Ha:uipHHCHHH TaTfiiiK khjihiii yivii 

K)KopHji,arH/iaH TauiKapn KvaiHMMa ;iaJiHJira xaM ara Ovjihiii 

KepaK. ByHAati AaJiHJi MaB>KVJ.. YiiHTap chmmctphhhh (JiaKaT 

«yTa KyM.iH» y3apo Tatcnp yqyn Tyrpn ,tchmh3, hi>hh (j)aKaT 

SnprHHa «yTa KyiuiH» y3apo Ta"bcnp MaB>Ky;i 6yjiraH N =  
=  j,y6jieTH, .\°-CHHrjieTH, X rpHnjicTH, H-acojicth 6yjiMacAaH 

MaccacH uiy Kc;iTnpH.Tian H30T()n hk MyjibTHnjieTjiapHHHr 

ypTa^a Maccacnra tciii 6htth aaponrHiia MaB>KyA 6y.na;iH. 

KyMJiH y3apo Tai>cnp yHHTap chmmctphhhh 6y3a;iH Ba aapon 

K)KopH;iarH h30toiiiik My.ii>rHii.ieT.iapHHHr 6Hpnra afljiaHa^H.

| +
YHHTap cHMMOTpHH na3apnHCH f)vhhma —  6yjiraH a;i-

poH M accacn  i o k o p h j.arn H30MyjibTHnjieTJiapHHHr MaccaJiapH- 

ra h k h h  M acca .iap ra  6yjiH Hap  3 K 3 h :

m  =  m u-\- <xY -\- b[T (T  -\- \ )-- —  ].

Bvn;ian

~(m.v+ m E) = | ( 3 m  +  m 3).

ilcMaK, yHHTap CHMMeTpHH 6 yflHMa H30MyjibTHn.neT 

Macca.iapH ypTacH^a MaiwiyM MyHoca6aT MaB>KyA- LUy 

HapcaHH ajioxHfla TatKHAJiaflMH3KH, S U (2) h3otoiihk chm- 

MCTpHHHHHr eKH SU  (3) yHHTap CHMMeTpHHHHHT 6y3HJIHUlH 

yui6y Ha3apHHJiapHHHr HOTyrpH-iHrHHH 6HJiji,HpMaflAH, 6ajiKH 

KV3aTHJiyBMH MaccaJiapH 6yflHMa 3appajiapHH a>KpHM khjih6, 

KynrHHa xoAHcaJiapHH XHCo6jiauira hmkoh 6epn6 Ba My- 

Ba(})(})aKHHTJiH Ha3apHH Ka uu})HeTJiapH 6HJiaH y yHHTap 

CHMMeTpHHHH XaeT^aXUI 3TaAH.

YHHTap CHMMeTpHH Ha3apHHCHra acocaH  Q  —  rnne- 

poHHHH r Ha3apHH Kauu}) khjihhhuih Ba KeflHH^ajiHK SKcnepe- 

MeHTfla MaB>KyAJiHrHHHHr a h h kji a h h ui h xaM ajieMeHTap 

3appajiap AyHecHHHHr S U (3) CHMMeTpHHra 6yftcyHHuiHHHHr 

HH3 6Hp HKKOJI AaJlHJIHflHp.

8.18-pacM.ua caKKH3 KOMnoHeHTJiH SU (3 )  rpynnaHHHr

TaCBHpHHH TaUlKHJl KHJIT3H, Jp=-~^- 6vjiraH a/ipOH XOJiaT- 

.aapiiHHr Y, T, 7\ KOopaHHaTa VK.iapHra HHc6aTaH rpa(})Hi H
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KfcviTHpHJiran. B h3 c})aKaT TY, YTZ Ba T T , yK.Tapn.iarH 

(p acM .ia , moc x.o./i/ia, a, 6, b) rpa())HrHHH kcjithp/uik . ByHAaft 

i'pa<|)HK,iapHH 6oiiiKa yHHTap MyjibTHnjieTJiap ynyn x,aw 

KeJITHpHlll MyMKHH.

A ;ipoH .iap  VHHTap CHMMCTpHHCHHHHr TyFpHJlHTHHH Ka6y.T 

k h j h 6  6h;s K)3.ian opTHK 3 a p p a  Ba aHTH3appa«iapra  3Mac, 

aTHTH 6 n p  nena yiiHTap MyjibTHnjieTJiapra kcjiahk. Y n H T a p  

MyjibTHinunviap 6np- 6HpH AaH  yMTa KBaHT coH.TapH (cnnH , 

P->Kyc})T.iHK Macca.iapH) 6iuiaH cf)apK KHJiaAH. Bnp 

S U ( 3 )  My.Ti»Tnri.ieTra ciiHHJiapHH KH HM aTH  6 n p  xh.t 6yjiraH, 

.leKHH \a[) xh.t 3apna.TH (6y  xo.t H30T0nHK MyjibTHnjieT.iapAa 

xaM  ypnH.Tii j.th) Ba rniie[)-3apHA.TH a/ipoHJiap KHpaAH. 3 h a h  

fjnpHHHH M ap ra  h 30to hh k  My.ibTHn.ieT.iapra, hkkhhmh MapTa  

\ HHTap My.TbTnn.ieT.Tapra o.ih6 Ke.iraH M y j io x a 3 a H H  fiHa 6n p  

MapTa  yMym.iaiiith[)nm ra  x a p a K a T  KHJiaMH3. Arap KBaHT 

COHJlapHHHHT (CIIHH, /K\c|)T.T H K CKH MaCCa) 6n p H H H  M y XH M p O K

;j.e6 KapacaK, v xoji;ia 6y  «K.ypf)oH» khjihhraH k b b h t  cohh Ba 

T 6H.iaH aHHKJiaHVBMH O.UIH CIIM M eT p H H H H XOCHJl KHJIHLU 

mvmkhh. By nyji 6HJiaH 6n p  n e lia vnnTap My.ibTHnjieTjiapHH 

6 n p  ojihh MyjibTHnjieTi a SHpjiaiiiTHpHUi MyMKHH.

By fohhh KaHAaii aMa.ira oiiinpHiii mvmkhh? Bh3 6yHHHr 

yMVH e cnHHHH, e >KycJ)T.TiiKnn, e \iaccann Taii.iauiHMH3 Ba yTa 

k\’m.i h y3apo TaT)Cnp;ia 6y Karra.iHK caKJiaHaAH ne6 

0.1HIIIHMH3 KepaK. By CXT H H C H M M eT p H H H H H r 6y3HJlHUIH 

(Ma3Kyp TaHJiaHraH KaTTa.ihkhhht caK.TaHMacjiHrn) aapoH- 

JiapHHHT yHHTap CHMMeTpHHCHHH CaKJlOBMH yTa KyMJlH y3apo 

TaT-cnpaa pyh 6epa/iH. A.i6aTTa, 6y >3apo Tai>CHp H30T0I1HK 

myjibThii.TeTHh 3apHA.Th \o.TaT.iapra a>KpaTaiiHraH gjieKTpo- 

M arHHT y3apo T a t c n p i a n  xaM, yHHTap MyjibTHnjieTHH 

H30MyjibTHnjieTra ancparajHraii kvmjih y3apo Ta"bCHpflaH xaM 

KyMJlHilHp.
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Ojihh y3apo xatCHpHHHr oaahh Ba yHHTap criHHJiapHHHr 

y3rapHiiiHra 6ofjihk SyjiMacjinrH S U ( 6 )  rpynnacHra ojih6 

KeJia^H. S U (6) rpynnaAa, MacaJiaH, Me30HJiap ynyH 35, 189, 

280,.. Ka6n ojihh MyjibTHn^eTJiap MaB>KyA. Arap S U (6) ypHH- 

ra yHHHr TapKH6nra KHpyBHH S U (2 )X S U (3 )  rpynnaHH 

OJicaK, 35 K0Mn0HeHTaJiH ojihh MyjibTHnjieT S U (2) criHH Ba 

SU(3) yHHTap MyjibTHnjieTJiapaaH (cnHHH 6npra TeHr yHTa 

OKTeT, cnHHH 6Hpra TeHr y^Ta CHHrjieT Ba cfihhh HOJira TeHr 

6HTTa OKTeTaaH) H6opaT 6yjiaAH.

{35}- v3X BeKTop Me30HJiapH o k t c t h  +

+  3 X  BeKTop Me30HJiapH CHHrjieTH +

+ 1 X  nceBflocKaJiHp Me30Hjiap o k t c t h .

S U ( 6 ) ^ S U (2) X S U (3 )  cxeMaTHK KypHHHUiAa e3caK;

{35}—>-{3}X {8 }+ {3 }X  {1}+{1 } X  {8}.

ile M a K , S U (6) r p y n n a A a  y M y M aH  >Ky(})TJiHrH MaH(})HH 

Me30HjiapHHHr x aM M acn  6np ojihh MyjibTHnjieTra 6HpjiauiaAH.

BapHOHJiap xaMAa pe30HaHCJiap SU (  6) rpynna^a 
KyHHflarn ojihh MyjibTHnjieTJiapra 6HpjiauiHUiH MyMKHH: 

20, 56, 70, S U (6) chmmctphhhhhf 3Hr MyxHM lOTyFH np0T0H 
Ba HeHTpoH MarHHT MOMem ^apn HHc6aTHHHHr 3KcnepHMeHTAa

aHHKJiaHraH k h h m 3t h  6 h p h h h h  6op 6y  Ha3apHHra

aCOCaH KeJITHpH6 4HKapHlUH/lHp.

8.24- §. Pea>Ke TpaeKTopHHJiapH

B h 3 lOKopHfla Kaft Tap3fla c h m m c t p h h  TyuiyHHacn ctihhh  

Ba >Ky(})TJiHrH ( I p) 6 n p  x h ji, JieKHH Maccacn, rHnep3apnflH , 

H30T0I1HK c iih h h  x a p  XHJi KHftMaTJiapra ara 6yjiraH  3appa- 

jiapHH 6 n p  OHJiara (SU  ( 3 )  MyjibTHnjieTra) 6HpjiauiTHpHUira 

HM KOH 6epH UIH HH  KypflHK. 3HflH  CriHHH Ba >Ky(})TJIHrHHHHr 

K H H M aT H  x a p  XHJI, JieKHH 6oU IKa  KB3HT COHJiapH 6 n p  xhji 

3a p p ajiap H H  6HpjiauiTHpHuiHHH KypaMH3. 3 a p p a jia p H H  6 y  

XHJIAa 6HpjiaiUTHpHIU HTaJIbHH 4)H3HTH T . P e A * e  TOMOHHflaH 

1 9 6 9  HHJlfla T3KJIH(}) KHJIHHTaH FOH aCOCHAa pHBOJKJiaHAH. 

PeA>Ke Ky n rH H a  xojuiap  ynyH  cnHH HHHH r KHftMaTH /  6HJiaH 

yHHHr M accacH H H  ^ o f jio b h h  M aTeM aTH K  MyHoca6aT MaB>KyA- 

JIHTHHH KypCaTAH.

3 a p p a H H H r  xapaKTepHCTHKaJiapHflaH 6 h p h  6yjiraH  Macca- 

chhh HMnyjibc MOM eHTH KH0MaTHHHHr ( / )  y3JiyKCH3 y3rapH- 

lUHHHHT M3TeM3THK 4>yHKUHHCH CH({)aTHAa Kapaui M yM KHH. 

KBaHT MexaHHKacnra acocaH /  (})aKaT 6yTyH Ba hphmjih 6yTyH
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KHHM afJiap  KaSyji khjihujh ca6a6jiH Ma3Kyp cJ)yHKUHH 

apryMeHTHHHHr xy/iAH my KHHMaTJiapAarHHa (j)H3HK Ma"bHora 

3ra 6yjiaAH . CnHHHHHr xap xhji KHHM aTJiapnra moc KejiyBHH 

4>h3hk  M acca KHHMaTJiapHHHHr TeKHC 3rpn HH3HFHra «Pefl*e 

TpaeKTOpHHCH» AeHHJiaAH.

rap M H  (})H3HKJiap 6 y  Fon/iaH KeHHHrn HHJiJiap^a 4)oftfla- 

jiaHMacaJiap xaM  Pea>Ke TpaeKTopHHCH TyuiyHMacH 3tom  

(})H3HKacHHHHr aJiJiaKanoH M atJiyM  6yjiraH  M acajiajiapnra 

KyJIJiaiU MyMKHH. M a t J iy M K H , BOAOpOA  3TOM HH H TaUIKHJI 

3TyB4H ajieKTpoH Ba HflpocH-npoTOH xap  XHJI lOKOpH 

yHFOTHJiraH xoJiaTJiap^a MaB>KyA 6yjiHUiH, uiyHHHr/ieK, 

3JieKTpoH npoTOH aTpo(})HAa xap xhji op6HTaJiapHH arajuiauiH 

MyMKHH. K B a H T  M exaH H K acH ra  acocaH 3JieKTpoH op6H TajiapH  

KBaHTJiaHraH, htjhh MatJiyM 6hp  >KOHJiaHHiura ara 6yjia/iH. 

X ap aK aT  3HeprHHCHHH xapaKTepjioBWH pa^Haji k b b h t  c o h h - 

h h h t  xap 6 n p  KHHMaTH y^y H  BOAopoa 3t o m h h h h f  xap xhji 

XOJiaTJiapHAarn 6oFjiaHHiu SHeprHHCHHHHr (6oFjiaiiHiu 3Hep- 

THHCH —  BOflOpOA aTOM HHHHT TeTHLUJIH XOJ13TH.Ha 3JieKTpOHHH 

npoTOHAaH a>KpaTHiu yqyH cap(}) KHJiHHaflnraH 3HeprnH) 

KHHM3TJiapH HMnyjIbC MOMeHTHHHHr yCHUIH 6HJiaH KaMaHflH.

Arap M OM eHT KHHMaTJiapH opKajiH TeKHC arpH m h 3 h k  

yTKa3caK, Pe/i>Ke TpaeKTopHHCH x o c h j i  6yjia/iH (8.19- pacM).
KsaHT Ha3apHHCH ftyji KyfiraH J hhht KHHMaTJiapn (0, 1, 

2...) 6HJiaH Peii*e TpaeKTopHHCHHHHr KecniuraH HyKTaJiapH 
BOAOpOA aTOMHfla 6oFJlaHHUI SHeprHHJiapHHHHr KHftMaTJlapH- 

ra m oc  KejiaflH. SKcnepHMeHT HyKTan Ha3apHAa 6oFJiaHraH

Bapnupop wnamnap 6eK,apop x,onamnap —*■

8. 19- pacM. BoAopcm 3t o m h  ynyH Peii>Ke TpaeKTopHHJiapw.
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x o jia T H H n r  n a i u o  OyjiHUiH  xap xhji MaccaJiH xap xhji 

« 3 a p p a J i a p » r ;i  ryrpn KeJia^H. BorjiaHraH xoJiaTHH nafliio 

SyjiHLUH x a p  .iohm  3JieK Tp o H H H  n p o T O H fla H  a > K p a T a A H r a H  

3 H e p r H H A a  (y 3 ;iy K C H 3  c n e K T p ^ a )  T y ra fiA H . S H e p r H H H H H r  6 y  

qerapacH 6apKapop xoJiaTJiapHH 6eKapop xoJiaTjiapaaH 

a>KpaT3AH.

BoiiopoA aTOMH yMyH P e A w e  TpaeKTopHHCH KaHAafi

KypHJica, xy^flH iuyHAafi TpaeKTopHHHH aapoHjiap yMyH xaM 

KypHLu MyMKHH. By xojiAa TpaeKTopHHJiap 6apKapop Ba 

6eKapop X0JiaTJiapHH a>KpaTyBMH Merapa/ia TyraMacaaH 

/  hhht KHflMaTJiapw 6HJiaH KecHinraH xojifla y3JiyKCH3 AaBOM 

3Ta/iH. KyMJiH >’3apo TaTaCHp/iarHHa 3appaJiap yqyH 6np 

Pe/i>Ke TpaeKTopnHCHAa e (J)aKaT >Kyc{)T KHfiMaTJiH /  xoJiaTwiap 

eKH (jiaKaT tok KHfiMaTH /  xojiaTJiap eTaAH. ByHflafi 

TpaeKTopHHJiapHHHr MaB>Kyji.iHrHra hujohm xochjt khjihul 

yqyn boaopoa aTOMnra KHec KHJiraH xoJifla MOMeHTH/iaH 

6oujKa xaMMa kb3ht coHJiapH 6hp xhji 6yjiraH 3appaJiapHH«r 

MOMeHTHHH 6hp yK 6yfinMa, MaccacHHH hkkhhmh yK 6yfiHMa 

>Kofl.iauiTHpHUi jio3hm. yiuaHAa KyTapHJiaeTraH 3rpH MH3HK- 

;ia — Pe^>Ke TpaeKTopHHCH.ua eTyBMH 3appajiapHHHr 6npjia- 

ujhiiihhh  Kypwuj MyMKHH (8.20-pacM). Hkkh 3appaHHHr 

Hos.iacrHK >KapaeHJiapHHH ypraHHUi/ia Pe/i>Ke Ha3apHHCHra 

acocaH MyxHM HaTH>Kajiap ojihilj MyMKHH. Byjiapra Me30H- 

Me30H Ba HyK/ioH-HyKJioH y3apo TatcHpjiapH^a Me30H Ba 

6apHOH pe3onaHCJiapHHHHr nafi/io 6yjiHLU, opKara (180° ra) 

3JI3CTHK  COMHJIHILI X a M A a  /(-Me30HJiapHHHr HyKJIOHJiapH/ia 

3ap«A ajiMaujyBH 6HJiaH 103 6epa/iHraH comhjihuj >KapaeHJiapH 

KHpaflH. CaKJiaHHUi KOHyHJiapn (H30criHH, 3JieKTp 3apn/iH, 

P->kv(})t.thk) uiy Hapcara ojih6 KeJia/iHKH, HoajiacTHK

Mucco, Mj6

n 20- |>;ic m . 15a|)iioH.TapHMnr Pe^>Ke rpaeKTopH»jiapH.
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>KapaeH^iap aMnjiHTyAacHHHHr acHMriTOTHKaCHra \ a M M a  

Pea>Ke TpaeKTopHH.napH.aaH (})aKaT 6 h p  eKH hkkh  XHJiAarn 

TpaeKTopnHJiaprHH a xncca  Ky m a/iH .

8.25- §. 3 a p p a jia p  Ty3HJimiiHHHHr flacTJia6KH MOAejuiapn

Hflpo Ty3HJlHLLIH X,aK H A aTH  6 HJ1HM  3 TOM  (})H3 H K aC H  

T y u iy H T H p a  o j iM a r a H  3J ie M e H T J ia p H H H r M e H A e J ie e B  A a B p n f t  

C H C T e M aC H H H  T y m y H T H p a A H  B a  X,aTTO HHTH SJ ie M e H T J iap H H  

CHHTe3 KHJiHiu 6HJiaH MeHAejieeB aaBpHH cncTeMacHHHHr 

T y 3 HJlHLLIHHH A 3 BO M  3T TH pH LL ira  aC O C  COJIAH. LUy HHHT/ieK, 

3J ie M e H T a p  3 a p p a j ia p  ^ a K H A a r H  6 h jih m  a j ie M e H T J ia p  C H C T e M a -  

c h h h  a H T H a T O M , a H T H H ^ p o  coxacHraMa K e H r a H T H p H iu ra H M KO H  

6epaAH. L U y 6 x a c H 3 3J ie M e H T a p  3 a p p a j ia p H H H r  T y 3 H JiH u iH H H  

y p r a H H u i  y j ia p H H  C H C T e M a j ia u iT H p H u i/ ia  T y r p H  fiy ji Ky p caT H 6  

6epyBMH 6 H p A a H -6 n p  o m h ji 6yjiH6, y 3J ie M e H T a p  3appajiapH H H r  

T a 6 H aTH , y j ia p H H H P  K B a H T  C O H J iap H H H H T  MOX.HHTH, 3J ie M e H T a p  

3 a p p a j ia p H H H r  y3apo 6Hp- 6HpjiapHra a f t j ia H a  ojiHiujiapHHH 

TyuiyHTHpHiura h m k o h  6 e p a A H .
3jieM eH Tap  3appaJiapH H H r Ty3HJiHLHH xaK H /iarH  MyaMMO- 

h h  eHHLu ynyH  Kyn x ,apaKaT KHJiHHraH. JleKHH sjieMeHTap 

3appaJiap  A y H ecH A a  x,OAHcajiap LuyHHajiHK xhjim3-xhjikh 6y  

xap aK aT JiapH H H r  6H p o p T acH  w m  M a3K yp  M yaM M OH H  xaTTO 

KHCM aH 6yjica x a M  xaji KHJia ojim 3ah.

X o 3 n p r H  K y H / ia  y n  K33ra h k h h  ( p e 3 0 H a H C J ia p H H  x,nco6ra 

ojiraH aa) 3appaJiap  M a t J iy M .  By 3appaJiapH H H r x a M M a c H  x,aM 

T e H r  x ,yK yK JiH  3Mac. Yjiap ypTacn^a acocHfijiapn 6op Ba  

at})THAaH 6o u iK a  * a M M a  3ap p ajiap H H H r  Ty3HJiHLUHAa KaTHa- 

uiaAH. /I,acTJia6 x a M M a  3appaJiapH H  eHTHJi 3appaJiapAaH  

K y p M O K  y n y H  6 e * y a a  x a p a K a T  KHJiHHraH s a h .
B y  6 o p a A a , 3JieMeHTap 3ap p ajiap  TapKH6nfi Ty3HJiHiiiH- 

h h h t  O e p M H  Ba H h t  MoaejiH ( 1 9 4 9  A h j i) 3 h t  6 h p h h h h  

M o a e j u ia p A a H  x,HCo6 j ia H a A H .  ^ u i a  A a B p ^ a  a A p o n j ia p A a n  

HyKJioH Ba nHOHJiaprHHa Ma"bJiyM s a h . M a 3 K y p  .vio.uvira 

acocaH  i i h o h  HyKJiOH Ba aHTHHyKJiOH >Kyc{)THAaH n 6 o p a T  A e6  

KapajiaAH . JleKHH FajiaTHJiHrn HOJiAaH (})apKJiH rnnepoH  Ba 

KaoHJiapHHHr T a 6 n a T A a  M aBm yAJiHrHHHHr KaftA k h j i h h h u j h  6y  

f o h h h  nynra  H H K ap A H , nyHKH h h t h  3app a jiap H H H r  rajiaTHJiHrn 

HOJira TeHr 6yjiraH HyKJiOH —  aHTHHyKJion >Kyc})THAaH KypHUj 

MyTJiaKO M yMKHH 3M aC  3AH.

H n o H  (})H3HrH C a K a T a  hykjioh >Ky(})THra KyiiiHMHa 

CH(})aTHAa A-rnnepoHHH K ap au iH H  TaKJiH(|> KHJia/in. C a K a T a  

MOAeJiH nceBAOCKJiap (P-*y(})TJiHrH MaH(J)Hfi) KaoHJiapim , 3Ta 

M C30HHH, BeKTOp Me30HJiapH OKTeTHHHHT M 3 B >K y J,'l HI' H H H
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Ha3apHH Kafi/i khjthS, Me30H a/ipoHJiapH yqyH MaB>KyA 

KOHyHHHTJiapHH TyFpH axc 3TTHpa^H. Ammo CaKaTa MOfleJlH 

SapHOH a^poHJiapHH TacBHpjiamfla SyTyHJiaft o>kh3jihk khjiah.

3appajiap Ty3HJiHiiiHHH TymyHTHpHm yqyH yjiapHH 

«apncTOKpaT Ta6aKa»ra —  (JiyHAaMeHTaji 3appaJiapra a>Kpa- 

THUiflaH nSopaT 6yjiraH y §kh 6y MOAeJiHHHr «ioTyKJiapH» 

x,aMAa ajieMeHTap 3appajiapHHHr 6a"b3H KOHyHHHTJiapn xaMMa 

a/ipoHJiapHHHr TeHr xyKyKJiH 3KaHJiHrHHH KypcaTaflH. Moao- 

m h k h , ajieMeHTap 3appaJiap AyHecHAa «apHCTOKpaTHH»ra ftyji 

ftyK 6yjica, yjiap ypTacn^a «AeMOKpaTHH»HH THKJiaftjiHK. By 

6opa^a yHHTap c h m m c t p h h c h  Ha3apHHCH 6np Kaaap iOTyKKa 

sra. By Ha3apHHra 6HHoaH 6eHCTHCHO xaMMa a/ipoHJiap TeHr 

xyKyKJiH, JieKHH yjiap Ta6HaTHHiir KBapKjiapaaH Ty3HJiraH 

HKKHJiaMMH 3appaJiapnAHp.

8.26- §. KBapKJiap

3appajiapHHHr yHHTap chmmctphhch Ha3apHHCHAa S U (3) 
rpynnacHHHHr 1— , 8 — , 10 — njieTAaH H6 opaT KOMno- 

HeHTaJIH MyHT333M TaCBHpjiapH K3TH3IU3AH. JleKHH S U (3 ) 

rpynnacH 3 K0Mn0HeHTaJiH (J)yHAaMeHTaJi TacBHpra x,aM 

ara. Arap aApoHjiap yHHTap CHHrjieTra, yHHTap BeKTop- 

OKTeTra, AeKynjierra >Koftjiaiuca HHMa yqyH xeq 6 hph yHHTap 

cnHHop-TpHnjieTra >KofijiaiuMaftAH, yq KOMnoHeHTajiH kcjith- 

pnjiMaHAH, TacBHpra 6 HpjiauiMafiAH? MyHKH 6y (JjyHAaMeHTaji 

yq yjiqoBJiH TacBHpHHH TauiKHJi KHJiaAHraH yq 3appa 

HHXOHTAa FaftpH Ta6 HHft xycycHHTJiapra ara 6 yjiHUiH KepaK. 

MacajiaH, uiy BaKTra Ka^ap 6h3 ajieKTp 3apHAHHHHr sht 

KnqHK yjiyuiH CHt[)aTHAa 3JieKTpoH 3apHAHHH XHCo6jia6 KejiraH 

3AHK. JleKHH Ma3Kyp (J)yHAaMeHTaji yq 3appa ajieKTpoH 3apnAH 
2 i __i

6 HpjiHrHfla + - 3-. — j  sa ——  3apHAra 3ra 6 yjiHUiH KepaK.

X ap  6 npn yqyH 6 apH0H 3apHAH xaM Kacp coh -)--j ^ a H

H6opaT. HaB6aTAarH caKJiaHyBqn KarrajiHK —  cnnH yjiap

yqyH  xaM oaaTAarH 3appajiap Ka6n ~  ra TeHr. SjieMeHTap

3appajiapHHHr KypHJinui MaTepHajiH cy6ajieMeHTap (6oui- 

JiaHFHq) 3appa pojihhh yTaui yqyH yjiapHHHr hkkht3Ch HOJira, 

yqHHqncH MHHyc 6npra TeHr FaJiaTHJiHK KBaHT coHHra ara 

6yjiaAH. By 3appajiapra M . TeJiJi-MaHH tomohha3h KBapKJiap 

Ae6 hom 6epHJiraH. Cy63JieMeHTap 3appajiapra ym6y homhh 

6epHJiHiiiH yjiapHHHr uiy6xaJiH MaB>KyAJiHrHHH Tai>KHAJiaftAH.
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Xo3HprH 3 3 M 0 H  Ha3apHHCHAa HyKJlOHJiap SoUJJiaHFHH 

3appajiap Ba3H(})acHHH yTaMafl KyflAH. ByHAafi Ba3H(})a 

KBapKJiapra ToniUHpHJiAH. UlyHHHr yqyH KyMCH3 TatcHpjia- 

ujyB AOHpacHfla 3JieMeHTap wapaeH ae6, W- Ba Z-6030HJiapHH 

HyKJioHJiap SHJiaH 3Mac, SaJiKH KBapKjiap SnjiaH TatcHpjiaiuy- 

BHHH XHCoSjiaiH JI03HM 6 yjiaAH (8.4- >K3ABaJl) .

K B a p m i a p H H H r  k b s h t  coH jiapH

8.4-  *  a  «  b  a  ji

I KBapx B / T
r z

S Y Q
1 / 3 1 / 2 1 / 2 + 1 / 2 0 1 / 3 2 / 3

1 / 3 1 / 2 1 / 2 — 1 / 2 0 1 / 3 —  1 / 3

1 / 3 1 / 2 1 / 2 0 —  1 - 2 / 3 - 1 / 2

\o3Hp ojith xhji HaBJiH KBapKJiap 6op Ae6 XHCo6jiauiaAH. 

B h 3hh ypa6 TypraH ojiaM yqyH 3Hr MyxHMH —  np0T0H Ba 

HefitpoHJiap TaiuKHJi TonraH KBapKJiap/uip; 6yjiap u (np —  

roKopHra) Ba d (d o w n  —  nacTra) KBapKJiap/mp. flpoTOH —  

yHTa uud KBapK/iaH Ty3HJiraH CHCTeMa/iHp (3apH/j,JiapHHHr 

fiHFHHAHCH —  /  3 —{— 2 /  3 —  1 / 3=  1 HeftTpOHTa udd yMJIHK
2 1 1

>KaBo6 6ep aA H  (3apnAJiap  h h f h h a h c h  — - — — — - =  0 )  .

d-KBapK («HyKJioH HMHfla») u-KBapKKa aftjiaHraH BaKT/ia 

HyKJIOHHHHT 3apH/J.H fa °PTa’ZlH- Ky3a-

TyBMH HeftTpOH eMHpHJIHIUHHH Kaflfl KHJiaflH. K B ap K H H H T  

3apH AH  Kacp  cohjih 6y jm uiH  a xa M H H T ra  ara 3M ac , M yxHM H  

3apn/iHH  6 n p r a  y3rapHUJHii.Hp. LUyH/iaft khjih6, ioKopH/i.a 

r a n H p n 6  yTHJiraH 3apHAJiaHraH  to k  aeraH H  u- Ba d-KBapKJiap 

o p ac H ^arH  yTHiu to k h a h p . B y  KBapKJiapHHHr up Ba down 
AeraH  HOMJiapH KaHiiafi nafi/io 6yjiraHJiHTHHH TyiuyHHiu 

M yM KHH. KaJlHT KB3HT M eXaH HKaCH AaTH  X a p a K a T  M HKAOpH  

MOMeHTH (6y p M aK  M OM eHTH) 6HJiaH COJIHUITHpHlUfla. KBaHT 

M exaH HKacH /ia  6 y p q a K  m om chth 6Hp- 6HpH/iaH  6yTyH  coHra (h 

6upjiHKJiapAa) (})apK KHJia/iHraH npoeKUHH jiapra  3ra  6yjiHiUH 

M yMKHH. 3 a p H A H H  BeKTop npoeKUHHCH (KaH/iafi/iHp a6cT p aK T  

(j)a30/ia) CH({)aTH/ia KypHui M yM KHH. KBapKJiap ynyH  x aM  

uiyH/iafi FOHflaH (})oft/i,ajiaHHJica, KBapKJiapHHHr 3 a p H A  bckto-

pn HKKHTa npoeKUHHra ara 6yjiHUiHHH K y p aM H 3 : Ba

— Ta6HHfiKH, arap BeKTOp Myc6aT npoeKUHHra 3ra 6yjica,
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y KJKopnra Ba arap MaH(j)HH npoeKUHHra ara Sy^ica, y nacTra 

HyHajiraH SyjiaAH. HoMJiap uiyHAaH kcjih6 MHKKaH Ba MyKyp 

hjimhh  MatHora 3ra 6yjiMaca-Aa, yjiapaaH xo3Hprana 

(})0HAajiaHH6 KeJiHHaflH.

u- Ba d-KBapKJiapra Kyn B aK T ra n a  HHa 6H T T a , s-KBapK 

(3apHAH —  ' / 3) KyiUHJIH6 KeJIAH. By KBapKHH  FajiaTH KBapK  

j e 6 aTauiAH . A m m o  KefiHHMajiHK yHHHr rnepnrH c-KBapK 

(3apn /iH  + V 3) TonHJiAH; yHHHr hom h HHrjiH3Ma c h a r m  

(Ma(j)TyH) cy3HflaH ojiHHraH. Y jiapH H H r  3ap H A H  6 hphhm h hkkh  

6 o 3 o h h h h t  3ap H A H  K a 6H  6yjiH6, yjiapra x,aM yuia ttP-60- 

30HJiapHH 6HPHKTHPHUI M yM KHH . H H X O H T , 6eiUHHMH &-KBapK 

n a H A o  6yjiAH. Y H r a  KaHAafi hom KyftHiu M acajiacHAa  

0JiHMJiapHHHr <})HKpjiapH HKKHra 6yjiHHAn: M yM KHH y beau ty  

MHpoftjiH, eKH y bottom  —  nacTKH , KyfiH, xyAAH d o w n  K a 6 H. 

6-KBapKHHHr 3ap H A H  — '/3 Ba  XHC06-KHT06jiapHHHr KypCaTH- 

UlHMa yHHHT lUepHTH, /-KBapK (top —  lOKOpH eKH M yM KHH, 

truth —  ^aKK OH H fi) 6 yjiHiiiH KepaK . B np  HeMa M a p o T a 6 a 

/-KBapKHH OMHJIAH Ae6 STjJIOH KHJIHIUAa, 3 M M O  yHHHT

MaB>KyAJiHrHHH TacAHKJiafiAHraH xaKHKHfi AajiHJi ftyK. A h t h 6 

yTHiii jio3h m k h , (})H3HKjiap y3jiapH KHJiraH 6aiuopaTJiapHHH 

pye6ra MHKHUiHra uiyHMajiHK ypraHHS k ojih lua hkh , xeM k h m  

/-KBapKHH MaBJKyAJiHrnra uiy6xa k hjim 3 h a h .

LLIyHAaft khjih6, ojitht3 — +d, c-<— >-s, — *-b KBapKJiap 

6o p . S^Hr TOM OHra yTHiu opajiHK W + 6 o 3 o h h h h p  HypjiaHHiiiH 

6HJiaH, Man TOM OHra  yTHiu W~ 6 0 30 H H H H r  HypjiaHHiiiH 6HJiaH 

aMajira oiuaAH . Z°  HypjiaHHiu KBapKHH y3rapTM afi KOJiAHpa- 

ah. MacajiaH, c—>-s +  i2>+ , s—yc-\-w~, s—►s-j-zw0 Ba ?;0Ka30. 

Ta6H H fiK H , uiyHflafi caBOJi TyFHJiaAH: yM >Ky<l)T KB ap K  MaBJKy/i 

AeftHUj MyKyp Ma"bHora sraMH? Yjiap  w y a a  bhhk a>KpajiraH.

*» 2 
TyFpn, s->-M +  ay yTHiu (3apHA 6ajiaHCH —  * /3 =  — —  1) \aM

Ky3aTHJiaflH, aMMO yHHHT SXTHMOJIJIHTH «OAAHft» s->-c-f-Dy~ 

napMaJiaHHUiaaH aHMa khmhk.

FajiaTH 3appajiapHHHr napMajiaHHiiiHfla, 6a"b3aH, FajiaTH 

s-KBapKHH u-KBapKKa afijiaHHUiH Ky3aTHJiaAH. MacajiaH, 

y(_ -HH ( HpHM JienTOH) IiapMaJiaHHUlH -f Vn-|-

4 ; v 0 KBapKJiap THJiHfla_ KyftHflarHMa e3_HJiaflH: 

s u - +u u - \ - \ l~  - j - v ^ ^ u u  —  d d )  -f- + V , ! ,  ( j i °  =  u u  —  d d ) .

(8 .4 7 )

BouiKa HpHMJienTOH napMajiaHHiujiap xaM uiyHAafi 

e3HJlHUIH MyMKHH. flHa &Hp MHCOJI TapHKaCHfla A-6apHOHHH 

n p o T O H  Ba ji Me30Hra napMaJiaHHiUHHH K y p a f i j i H K . ByHAa 

s-KBapK (A  =  uds)u-KBapKKa afijiaHH6 Ty3HJiMacH u u d  hh
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6epaAH. YHAaH TamKapH du =  ji~ >Ky<})TJiHKHHHr TyFHJihluh 

Ky3aTHJiaAH.

3 h a h  KBapKJiapHHHF 3JieKTp 3apaAJiapHHH K y p n 6  yTaii- 

JIHK. —  THnepoH ( Q =  — 1, T =  0) yMTa S  KBapK/iaH 

H6opaT . LLiyHra Kypa, S  KBapK 3ap H AH  — 1 / :J ra renr. 3  Ba H *  

THnepoH.iap (T = l /2  Ba S  =  —  2) hkkh xhji —  Q =  —  1 Ba 

Q  =  0 6yjiraH 3apa /i  xojiaTJiap/ia 6yjiaaH. B y  rnnepoH.iap  

HKKHTa S  —  KBapK AaH  n6op aT ,  HijHH 3 a p H A J i a p H — 1/3. /Le- 

MaK , H° Ba H*° HeHTpaji 3appajiapHHH r  3apHAJiapn Ba 

H30CnHHHHH TyUiyHTHpHLU yMyH HKKHT3 S-KBapK eHHra t =  

=  1/2 Ba 3ap«flH + 2 /3  6yjiraH yMHHMH u-KBapKHH ( t z =  +  
+  1/2) KHpHTHiu KepaK. H _ Ba H *_ 3appaJiapHHHr  MaH(})HH 

3 a p a H H  yMHHHH — 1/3 3apHAJlH KBapKHH KyHlHUJ flyjlH 6HJiaH 

TyuiyHTHpmiaAH. B y  d KBapKAHp  (tz=  — 1/2). BapHOHJiap 

3apn/iJiapHHH 6HJiraH xoJiAa yjiapHHHr KBapK T 3 P k h 6 h h h  

6hjihuj MyMKHH (8.5- >Ka/iBaJi) .

S 5- *  a ;i n a :i

My:n.i m 
i t:u' i

li,i|Hi(iii:iap Kiiap^ 'apiatf>n (KiiapK.iap 3apH,m)

( ) K H' 1

rT= i /2"

p. ii 1/2

0

1

1/2

ti u tl u d d 

+ 2'3 +2<3 -1/3 +2/3 -I/3 -1/3

11 d s .
+ 2'3 -I/3 - 1/3

d d s u d s 

~ 1/3 -1/3 -1/3 +2/3 -1/3 -1/3 
11 u s 

+ 2/3 + 2 3  —1/3

d s s u s s 

-1/3 ~V3 -1/3 + 2 3  _ l /3 -1/3

/ Ic k v  i i : ic r 

l-T=3/2+

A , A°, A + , A + + 3/2 d d d u d s 
-1/3 -1/3 -1/3 + 2 3  - 1/3 - 1/3

£*0 x* + 1 u u d u u u 
+ 2/3 +2/3 -I/3 +2/3 + 2 3  + 2̂ 3

H*— H*0 1/2 d d s u d s 

-1/3 -1/3 “ 1/3 +2^3 -1/3 -1/3 
u u s ! 

+ 2/3 +23 - 1/3

£2— 0 d s s u s 

-1/3 -1/3 -1/3 + 2 3  -1/3
i S 5 S

-1/3 -1/3 -1/3 -1/3
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U, d, S KBapKJiapHHHT HOMJiapH (KefiHHHaJlHK c, b, 
t KBapKJiap xaM k h p h t h j ia h ) s h a h  6np aTaMa —  xyuiSyfijiHK 

(hhtjih3 THJiHAarn flavour) cy3H opKajiH afiTHJiaflH.

SpKHH  xojiaTfla KBapKJiap Ky3aTHJiMaraHJiHrHAaH yjiap- 

hhht Maccajiapn (J)aKaT Ha3apHfi 6axoJiaiu opK,ajiH oJiHHaAH. 

cfljiaHFo1̂  u- Ba d-KBapKjiap aHMa eHrHJi Ae6 TaxMHH 

k h j ih h 3A h : u-KBapK MaccacH TaxMHHaH 5 M a B  ra TeHr. 

d-KBapKHHKH sca, 7 M a B  ra hkhh. B y  (})apK npoTOH Ba 

HefiTpoHJiap MaccajiapH opacHflarn 4>apKKa aJioKa/iop. 

ripOTOH HefiTpOHflaH U-KBapKHH d-KBapKKa aJIMaiUTHpHIU 

6HJiaH 4>apK KHJiraHJiHrHAaH u-KBapK d-KBapK/iaH eHrHJi 

6yjiHUiH KepaK. JleKHH KBapKJiap BaKyyMHH KyMjiH KyT6jiaHTH- 

pa^H  Ba BHpTyaji 3appajiap 6yjiyTH 6HJiaH ypajiraH 6yjiaflH. 

H a T H * a A a  yjiapHHHr Maccacu TaxMHHaH 3 0 0  M a B  ra opTaflH. 

HyKJiOHJiap MaccacHHH A-rHnepoH Maccacn TaKKOcjiaiu fiyjiH 

6njiaH s KBapK u- Ba d-KBapKjiap/iaH o f h p p o k  6yjiHUiHHH 

aHHKJiaui MyMKHH. HyHKH A-rHnepoHfla HyKjiOHJiap u- eKH 

d-KBapKH s KBapKKa ajiMauiTHpHJiraH. TaKKocjiaiu/iarH 

Maccajiap <})apKH 150 M a B  ra hkhhjihfh Ma^bJiyM 6yjiAH.

KsapKJiap cnHH Ba >Ky({)TjiHrH 1 / 2 +  6yjiraH (JiepMHOHJiap 

6yjiHiUH KepaK . HyHKH (})aKaT uiyH/iafi 6yjiraHAarHHa y^Ta 

KBapKHHHr cnHHHHH KyuiraHfla 6apHOHJiapHHHr Myc6aT hmkh 

>Ky({)TJlHKJlH HpHMTa TeHT CnHHH XOCHJI 6yjlHUIH MyMKHH.

H a 3 a p H H r a  c-KBapKHHHr khphthjthujh  6njiaH Ma(|)TyHJiHK 

KB3HT COHH HOJI/jaH (})apKJIH M3(})TyH 6 apHOHJiapHHHr MaB>KyA- 

jihthhh x a M  atT H p o ^) STHiura T y Fpn Kejia/iH. KBapK Jiap  

H a3ap H H C H ra  acocaH  6apHOHJiap yMTa M e30HJiap, h k k h t 3  

K B apK Jiap ^aH  Ty3HJiraH. M hco ji T a p H K a c H A a , 1975 fiHJi/ia 

BpyKxefiBeH mhjijihA Jia6opaTopH HCH/ia  ( A K ,U I )  Kafi/i khjihh- 

raH TypTTa Ma(})TyH 6 apHOHJiap: A c+ A CT 2 C+ + , 2? hh KejiTH-

PHUIHMH3 MyMKHH. ^KCnepHMeHT H3TH>KaJiapH £ +  + ' HHHr

MaccacH 2 ,4 3 ± 0 ,0 1 2  T sB  ra, 3apHAH hkkh sjieKTpoH 

3apHAHra, A c+ hhht Maccacn 2 ,2 6 ± 0 ,0 1  T aB  ra, 3JieKTp 3apn/iH 

+  1 ra, A c_ — hhht MaccacH xaM 2 ,6  T aB  ra, 3apHAH — 1 ra, 

2?  hhht MaccacH 2 ,5  T s B  ra, 3apHAH HOJira TeHrjinrHHH 

KypcaTaAH. Yui6y 6apHOHJiapHHHr KBapK tbpkh6h KyfiHAarH-

Ma: 2  + + (c u u )2 °(c d d ), A + (cud) Ba Aj(c , u, d). KsapKJiap

Ha3apHHCHra Kypa Ma(})TyH 6apHOHJiapHHHr yMyMHfi cohhhh 

xaM aHHKJiauiHMH3 MyMKHH. BHHo6apHH, cnHHH 3 / 2  ra TeHr 

Ma(})TyH 6apH0HJiapHHHr yMyMHfi cohhhh KBapK Ty3HJiHiu 

epaaMH/i,a aHHKJiaui MyMKHH. Ahhkkh, Ma(})TyHJiHrH ynra TeHr 

6apHOH 6HTTa (ccc) 6yjiaAH, xojioc. Ma(})TyHJiHrH HKKHra tcht
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SapHOHJiap: (ccu), (ccd), (ccs) yMTa. H h ^ o h t ,  xy^flH uiy ftyji 

6n^iaH aHHK,JiaftMH3KH, Macj3TyHJiHrH 6npra  TeHr 6yjiraH 

SapH OHJiapHHHr yMyMHft cohh , cnHH 3 / 2  ^ojiHAa oiTHTarHHa- 

AH p.

19 77  ftHJiHHHr Maft-HioHHAa ajieMeHTap 3appajiap 

(j)H3HKacHAa HHa 6np hhth caxH({)a oMraH Mam^yp BOKea 103 
6ep^H. BaTaBHH^a (AK,LLI) <t>epMH HOMHAarn Jia6oparopHH- 

hhht npoTOH Te3JiaTKHMHfla 3KcnepHMeHT yTKa3aeTraH (})h- 

3HKJiapHHHr Jl. JleA epM aH  pa*6apjiHrHAarH 6np ry p y *H  

M accacH  9 ,4  TaB Ba 10 ,0  TaB ra TeHr hh™  3appa Kaiu<}> 

STHJiraHJiHrHHH xa6ap khjiah. JIhth Kaui(J) KHJiHHraH 3appara 

e (HncHJioH)-Me30H ae6 hom 6epHJiAH. Ma(})TyH 3appaJiap 

OHJiacHAa J/W- Ba ^'-MesoHJiap KaHAaft pojib yftHaca, 

HncHJi0H-Me30HJiap ^aM Maccacn foht KaTTa Ba HHrn KBaHT 

cohh 6HJiaH xapaKTepjiaHyBMH 3appaJiap OHJiacHHH oMaflH. 

yui6y KBaHT cohhhh ry3aJiJiHK ae6 aTaflHJiap. e-Me30H 

HiiiHpHH ry3aJiJiHKKa ara 3appaAHp, htjHh yHHHr TapKH6nft 

KHCMHHH TaUUKHJI 3TyBMH KBapK-aHTHKBapK CHCTeMa yMyH 

ry3aJiJiHK HOJira TeHr. By KBapK KBapKJiapHHHr 6euiHHMHCH 

6yjiH6, + 1  ry3ajuiHK KBaHT cohh 6HJiaH xapaKTepjiaHaAH. 

KyMCH3 y3apo Ta"bCHpAa Ma3Kyp KBaHT coHJiapn (Ma<})TyHJiHK, 

ry3ajuiHK) caKJiaHMaftAH. LLIyHHHr yMyH );aM, ofhp Me- 

30HJiapHHHr Ma(})TyHJiHK Ba ry3ajuiHK KBaHT coHHra ara 

6yjiMaraH eHTHJipoK 3appajiapra napnaJiaHHiiiH TaijKHKJiaH- 

MaraH. LLIyHflaH khjih6, 12 jienTOH Ba KBapKJiap, HHa 

yjiapHHHr yuiaHMa aHTH3appajiapH MaB>KyA. YjiapHH oAaTAa 

yMTa acocHH (})epMHOH rypyx —  «aBJioa»: (ve, e, u, d) • (v^, (x, 

c, s) Ba (vT, t, t, b) Jiapra a>KpaTHiiiaAH. X a p  6np aBJiofl 

TypTTa 3 a p p a A a H  H6opaT 6yjiH6, 3Hr eHrHJiJiapH 6hphhm h 

aBJioAHH, KOJiraHJiapH aca KeftHHrH oFnppoK 3appajiapAaH 

H6opaT aBJioAJiapHH TauiKHJi 3T3Ah . TypjiH aBJioflJiap 

ypTacH^a yTHUUJiap MaH KHJiHHraH, aMMo 6yHflaft MaH khjihui 

Maxcyc xapaKTepra ara. KBapK Ba JienTOHJiapHH HHafla 

OFHppOK HHTH aBJIOAJiapH M3B>KyAJIHrH X,3KHJia (})H3HKJiap 

aHHK (})HKpra ara SMacjiap.

y H H T a p  TpnnjieTHH aapoHJiap —  KyMjiH y 3 a p o  Ta"bCHp 

3JieMeHTap 3ap p aJiap n  Aapa> KacHAa  3M ac , 6aJiKH KBapKJiap 

A e 6  aTaJiyBMH HHa.ua 6ouuiaHFHM  cy 63ap p a jia p  A a p a * a c H A a  

MaB>KyA A e 6  (})apa3 KHJiaMH3. AnpoHJiap, xyAAH  HApoJiap 

n p 0T 0H Ba HeHTpoHJiapAaH TauiKHJi TonraH H AeK , KBapKJiapAaH 

Ty3HJiraH. U ly H H H r  yMyH 3JieMeHTap 3appaJiap  CHHrapu  

KBapKjiapHHHr x,aM 3Hr M y ^H M  xap aK Tep ncTH K acH  yjiapHHHr 

M accacH A H p . Arap 3 a p p a  TapKH6nft Ty3HJiHUira ara  6yjica, 

yHH TauiKHJi 3TraH (})yHAaMeHTaji 3 a p p a  M accacn  >KHX,aTAaH
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o f h p p o k  SyjiHiiiH KepaK  (6 h 3  Ky praH  OepM H- SiHr MOAejiHAa 

nHOHJiap HyKJIOH —  aHTHHyKJIOHAaH H 6 o p aT  T a p K H 6 H H  Ty3H- 

jiHiura ara . HyKJioH Ba aHTHHyKJioHJiapHHHr t h h m  *ojiaTAarH  

M accajiapn  h h f h h a h c h h h h p  nno H H H H r  t h h m  xojiaTAarn  Macca- 

CH AaH  OpTHKMa KHCM H nHOHHH XOCHJI KHJlHUIAa HyKJlOH- 

3H TH H yKJ10H H H H r 6oFJiaHHUI 3HeprHHCH KypHHH UiH ra y T a A H ). 

lO K o p H A a  K y p raH H M H 3A eK , 3ap p ajiap H H H r  KaTTa SH eprH H Aa  

T y K H a m H U iH A a  o f h p  3a p p ajiap  t y f h j i h u i h  M yM K H H , j ic k h h  

KaTTa SHeprHHJiH aApoHJiapHH Hr np0T0H JiapA a  T^KHauiHiiiHAa 

X 03 H p ra  K a a a p  KBapKJiap KaiiA KHJiHHM aAH. By <J)aKT, a r a p  

H a 3ap H H H H H r  Ky p caT H U iH 4a , KBapKJiap x a K H K a T a H  x a M  

M a B * y A  6yjica , K arra  M ac c a ra  ara  6yjiHUiHHH TaJia6 k h j iaAH. 

B a p n o H  Ba M e30H  M accajiapH HHHF  H H c 6a T a H  k h h h k j i h f h  aca 
yjiapHHHr KaTTa 6oFJiaHHUj 3HeprHHcnra ara  3KaHJinrHAaH 

AajiojiaT 6 e p a A H . X H C o 6jia u u ia p  KBapKJiapHHHr M accacHH H  

6 n p  HeMa yH T a B  A a H  x a M  KaTTa 3KaHJiHrHHH K y pcaT aA H  

(1 0  T a  HyKJioH M ac c a c H A aH  op TH K ) ■

Xo3HprH 33M0HA3 KBapKJiap H33apHS(CH pHBOJKJiaHHUl 

A a B p H H H  6o u iH A a H  KeM np M OKAa . BapH O H JiapH H H r  KBapK 

Ty3HJiHUiH Ha3apHHCHHHHr 3Hr acocHH  KJTyKJiapn KyHHAarH- 

jiapAaH  H6opaT:

1) aApoH Me30HJiapH, aflHHKca, 6apHOHJiapHHHr yHHTap 

MyjibTHiuieTJiapHHH *y A a  hxuih TacBHpjiaHAH;

2 )  x a p  6 n p  y H H Tap  MyjibTHnJieTAarH H 30T 0n H K  MyjibTH- 

njieTJiap MaccaJiapnHH Ba 6yjiap  TauiKHJi 3TraH  3appaJiapHHHr 

3jieTpoM arHHT M acca  (J)apKJiapH y p T ac H A a rn  MyHoca6aTJiapH- 

h h  6 o f j i o b h h  Ha3apHH (})opMyjia 3KcnepH M eH T  MaijJiyMOTJiapH- 

ra Typ pn  KeJiaAu;

3) aApoHJiapHHHr KaT o p  sjieKTpoMarHHT xycycHHTJiapH, 

>KyMJiaAaH, HyKJioHJiapHHHr M arHH T MOMeHTJiapH H ac6aT H  

3KcnepH M eH T ra  moc KejiaAH;

4 )  KB ap K  MOAeJiHAa aApoHJiapHH Hr KyncH3 y 3 a p o  TaiiCHp 

6yfiHMa napM ajiaHHUiH yjiapHHHr T a p K H 6 n r a  KHpyBMH KBapK- 

jiapAaH  6H p H H H H r  napMaJiaHHUiH H a T H * a c H A a  103 6 e p a A H . LUy 
acocA a  aApoHJiapHH Hr KyMCH3 y 3 a p o  Ta"bCHp 6yfiHMa napMajia- 

hhuih  yMyH KaTop  xapaKTepH CTH KaJiapn  X H C o 6A a H raH  FajiaTH- 

JIHK Ba H30T0ITHK CI1HH KB 3H T  COHJiapHHHHT y3rapHUJH

^ A S = 1 ,  A 7 " = Y ’ A Q  =  A 5 ^  TyuiyHTHpHJiraH.

BH3 KBapK H a3apH H C H H H H T  3Hr aCOCHH lOTyKJiapHHH C a H a 6  

yTAHK. By roTyKJiapHHHr AenpjiH x a M M a c H  (J)aKaT KBapK  

MOAeJinra xocA H p . JleKHH  KB ap K  moacjih K a T d p  M yxH M  

KHiiHHHHJiHKJiapra x aM  ara:

1) KBapKJiap apKHH xojiaTAa MaB>KyA 6yjia oJiaAHraH
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3 a p p a M n , eKH yjiap 4)aK.aT CHCTeMa (3 a p p a )  T ap k H SH A a rH H a  

rye 3 a p p a  CH(})ai H£a  HaM oeH  6yjiyBHH M aTeM aTH K  TyuiyHwaM H, 

AeraH  caBon x,aHy3 >KaBo6cH3AHp. K sapicnapH H  H3Jiaiii/ia 

KHJiHHraH w y A a  Kyn xapaKaTJiap  6ex,y,aa KeTM OKAa . KBapK- 

Jiap x aH y 3  Kafia  KHJiHHraHH fiyK;

2 )  arap KBapK (})epMHOHJiapra o h a  6yjica (c h h h h h h

-j  ra TeHr^ecaK) SU  (6) rpynnaHHHr 56 yjmoBJiH TacBHpHHH

TauiKHJi 3TraH 6apH 0H JiapH H H r  acocnfi xoji3thhh  TacBHpjiaui- 

Aa KyfiHZiarH KHfiHHHHJiHKKa yHpajiaflH. B y  6apH0HJiapHHHr 

aCOCHfi XOJiaTH TyjIKHH (})yHKUHHCHHHHr SU  ( 2 ) ,  SU  ( 3 )  CnHH 

Ba yHHTap KHCMH aHTHCHMMeTpHK 6yjIHUIH KepaK. 4yHKH 

(})epMHOHJiapHHHr Tyjia TyjIKHH (})yHKUHHCH 3HTHCHMMeTpHK- 

AHp. H aTH > KaAa  yHTa KB apK  6apH OH JiapH H H r acocHH-XOJiaTHHH 

TacBHpjiauuiapH  ynyH  T a 6 H a T A a  M a B * y a  y 3 a p o  Tatcnpjiap-  

h hh t  xycycHHTJiapnra MyTJiaKo yxuiaui 6yjiM araH  y 3 a p o  

Ta"bCHpaa 6yjiHiUH KepaK. /Je M a K , KBapK  MyaMMOCH-yjiapHHHr 

y 3 a p o  Tai>CHpH x a K H A a r n  M yaM M OH H  TyF AH p aA H ;

3) a rap  KBapK  aApoHJiapHHHr TapKH^HH khcmh 6yjiraH 

4>yHAaMeHTaJi (6ouiJiaHFHH) 3ap p ajiap  6yjica, HHMa ynyH 6 y  

(})yHAaMeHTaji aApo H  Kacp  3apHAJiH, jierrroHJiap aca <})aKaT 

6yTyH  3apa/iJiH?

4 )  aApoiuiapHH KaTTa MaccaJiH KBapKJiap/iaH TauiKHJi 

TonraH  AecaK , yjiapHHHr 6yHHaJiHK Karra 6oFjiaHHiu SHeprHH- 

cnra araJiHTHHH Ba uiy 6 n p  BaKTHH y3H/ia sca Me30H «6yjiyr»H  

6«JiaH KonjiaHraH  6yjiHUinnn (htjHh KynoJi khjih6 aflTraHAa, 

6np BaKTHHHr y3HAa xaM yra MycTaxKaM, xaM Ty3FHraH 

KypHHHUIAa 6yjIHLUHHH) KaHAafi Tym yH THpUUI MyMKHH?

Y u i6 y  M yaMM OJiapHH chhuj 6o p a c H A a  KBapKJiap Ha3apHH- 

ch fo h t  Karra  lOTyKJiapra sp h u iah k h , y T a 6 n a T  x a K H A a r n  

6h. IUMHMH3HH HHa 6 n p  noFOH a lOKopHra KyTapAH . KyfiHAa  6 h 3 

yu i6y  x a K H A a  6aTa(})CHJi TyxTajiaM H3.

8.27- §. KsapKjiapHHHr paHrjiH TaSnaTH. AapoHJiap

flayjiH npHHUHnH 6 HJiaH 6 ofjihk khhhhhhjihkhh 6 aTa(})CHJi 

KypH6 HHK3HJIHK. KBaHT H33apHHCHHHHr c})yHAaMeHTaji 

npHHUHnH —  flayjiH npHHUHnHra acocaH hphm 6 vTyH cuhhjih 

6np xhji (afiHaH) 3appajiap 6np  KBaHT xojiaTAa MaB>KyA 6yjia 

ojiMafiAH. CnnHH 1 = 12 6apHOHJiap AeKynjieTH, aftnn nafiTAa 

3ca CnHHH 1= ' / 2  6apHOHAap OKTeTHHHHT M3B>KyAJIHrH XaM, 

xyAAH uiy riayjiH npHHUHnHra 3ha KeJiaAH. 4 yHKH Ae- 

Kynjietra KHpyBHH 6apHOHJiap KBapKJiapHHHr KyfiHAarHHa
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KyuiHJiHUiHAHH naflflo SyjiaAH : A +  +  =  uuu , A ~ =  d d d  Ba 

Q _ =sss. K B a p K ^ a p H H H r  6 y  xhji KyuiHJiHiuHnaH naiiAo 

6yjiaAHraH A + + , A _ , Ba LuyHHHrfleK, AeKynjieT-
h h h t  KOJiraH 3appaJiapH H H H r  c i i h h h  3/2  ra TeHr. By aca yiu6y  

3 a p p a jia p A a  ynajia KBapK H H H r K aM  c i i h h h  6 n p  x h ji fiyHajiraH- 

j i h t h h h  K y p c a T a ^ H . IlayjiH n p H H U H n n  6HJiaH 3 h a j i h k  h k k o j i -

A H p .

M a3Kyp KapaMa-KapiuHJiHKAaH KyTyjiHiu ynyH 6apHOH 

TapKH6nra KHpyBMH yM KBapKHHHr y3apo yxuiaiu (aiiHaH) 

SMacjiHrHHH, 6ouiKaMa afiTraHAa KBapKjiap yMyH yM xhji 

KHHM3T Ka6yjl KHJiyBMH HHTH KB3HT COHHHH KHpHTHUI JI03HM. 

Yui6y KBaHT coHHra paHTJiHJiHK ae6 h o m  6epHJiAH. y HHHT 

MyMKHH 6yjiraH yM KHHMaTJiapn CH(})aTHAa yM xhjt paHr: 

KH3hji, huihji, KyK Tyc Ka6yji KHJiHHraH. AHTHKBapKJiap 3ca 

KyuiHM M a paHrjiapra: «aHTHKH3HJi» —  xaBO paHr, « 3 h t h - 

huihji* —  TyK kh3hji; «aHTHKyK» —  capHK TycjiaHraH ae6 

x,Hco6jiaHaAH. Me30HJiap Ba 6apHOHJiap aca KBapK-aHTH- 

KBapKJiapHHHr LuyHAafl KyuiHJiyBHAaH naflAO 6yjiaflHKH, KBapK- 

aHTHKBapK (Me30H) Ba yM KBapK (6apHOH), yM aHTHKBapK 

(aHTH6apHOH) xcwiaTJiap paHrcH3AHp, htjHH ok paHrjxa 

6yjiaflH. By paHrcH3JiHK npHHUHnn ae6 lopHTHJia/ui.

PaHrcH3JiHK  npHHUHiiH KBapKJiapAaH  6apHOH Jiap  sa  

Me30HJiap Ty3HuiHHHr aH H K  K O H A acH ra  ojih6 KeJiaAH Ba hkkh  

KBapKJIH eKH TypT  KBapKJIH KOM 6H HaUH HJiapHH  aBTOM 3TH K  

paBHiufla fiyK KHJiaflH. PaHrcH3JiHK  iipHHUHriHHH khphth- 

jiHUiHfla aflpoHJiapHHHr KBapKJiapaaH  Ty3HUi K o n n a c H  y3rap- 

M aca  * a M , M atJiyM  aaJiHJira ara 6yjiaAH . JleKHH, paHrcH3JiHK 

np H H U H n n  KaT"bHH Ha3apnfi H c6oTra  ara  3M ac . U ly H ra  

K a p a M a c ^ a H , paHrjiH KBapKJiap fo h c h h h h t  6hjibocht3  aMa- 

jihA (aKcnepHM eHTaji) TacAH FH ra  araM H 3 . y m 6 y  Tac^HK- 

jiap aaH  6 h p h  3jieKTpoH-no3HTpoH *y<})THHHHr a^poH Jiapra  

Ba 6a"b3aH MiooHJiapra >Ky(J)THra aHHHrHJiHUHHCH *a p a e H -  

jiapHHH 6hp - 6hph  6HJiaH TaKKOCJiauira acocjiaHraH . H K K ajia  

* a p a e H  * a M  3JieKTpoH-no3HTpoH >Ky(J)THHH aBBaji «BH pTyaji»  

4>OTOHra afijiaHHUiH Ba c y H rp a  y u i6y  (})otohhh miooh *y({)- 

TH ra  eKH KBapK- aHTHKBapK —  uu, dd , ss —  *y<})TJiapHra 

afijiaHHUi fiyjiH 6HJiaH y T a ^H . KB apK - aH TH K B apK  >Ky(})TJiapH 

n H p o B a p A H A a  aJi6aTTa 6 n p o p  aapoHJiap  TynjiaM H ra afijia- 

HaflH, 3 M M 0  6 y  *OJI KBapK- aHTHKBapK >Ky<j)THHHHr y3HHHHT 

nafiao 6yjiHUi sxthm ojih  6HJiaH xapaKTepjiaHyBM H * a p a e H  

a^THMOJiJiHrHra Ta"bCHp KypcaTM acjinrH  KepaK . SjieKTpoH- 

n 03H T p 0H  >Ky<j)THHHHr lOKOpHrHiieK HKKH XHJI 3HHHrJlHUHH- 

ch * a p a e H J ia p H  y p T ac H A a rn  (})apK B y * y ^ r a  KeJiaeTraH 

3ap p ajiap  ajieKTp 3apHAJiapH  K H H M aT n ra  6oFJiHK-KBapK-
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aHTH KBapK  >Ky(|)THra ojih6 KejiyBMH >KapaeHHHHr miooh 

>Kyc})THra ojih6 KeJia^HraH >KapaeHra HHc6aTH, 3JieKTpoH 

3 a p «A H  6npjiH rH Aa, KBapKjiap 3 apaan KB aAp aT H H H H r  hhfhh- 

Ahch 6HJiaH xapaKTepjiaHa,zm. A rap  KBapKJiap paHrcH3 6yjica, 

y ui6y  h h fh h a h  e2u-\-e2d-\-e2s=  /3 ra TeHr 6yjiap  3jxh. 

KBapKJiapHHHr *a p  6 h p h h h  yq xhji paHrra sra 6 yjiHiUH 

ca6a6jiH aca yui6y h h fh h a h  yn M ap T ara  opTa^H, htjHh 2 ra 

TeHr 6yjia^H. Ta> Kp H 6aH H H r  £ = ( 1 , 5 — 3) TaB SHeprHHJiapH- 

AarH HaTH>KacH Ma3Kyp h h fh h a h h h  2 ra hkh hjih fh hh  

KypcaTaAH (E —  3JieKTpoH-no3HTpoH >Ky(J)THHHHr Maccajiap 

MapKa3H CHCTeMacH^arH Tyjia 3HeprHHcn). SHeprHHHHHr 

HHa/ia lOKOpH KHHMaTJiapHAa HHFHHAHHHHr SKCnepHMeHTJiaH 

aHHKJiaHraH KHHMaTH 2 jian KaTTaJiama 6oiujiaHAH. By x,aM 

a^poHJiapHHHr KBapK Ta6naTH ^aKHAarn fo h h h  HHa^a KaTi>HH 

TacAHKJiaHAH. XaKHKaTaH xaM 6 y  Ka6n iokoph SHeprHHJiapAa- 

th >KapaeHJiapaa h h fh  KBapKJiapHHHr Ta^bCHpH HaM oeH  

^yjiaAH.

Ma(|)TyH, ry3aji, ^ e k h k h h  —  «H a  yMTa KeapKjiap

jlacTJia6 TypTHHMH KBapK ^aKHAarn Fonra ({)H3HKJiap 6np 

03 *a#HKCHpa6 KapaAHJiap, ^yHKH 6 h p h h m h  y^rra KBapKHHHr 

MaB>KyAJiHrHHH y3H, 3KcnepHM eHTJiapAa xaJiHrawa K a H A  

KHJiHHMaraHJiHTH ca6a6jin, KynpoK Ha3apHH (})apa3ra yxuiap 

3AH. JleKHH, TypTHHMH KBapKKa 6yjiraH MyHoca6aT J/\|j- Me- 

30HHHHT Kafl^ KHJiHHHUiH 6HJiaH 6yTyHJiaft y3rap/iH. MaiiJiyM 

6yjiHiuHMa, yui6y hh th  o^HJiraH Me30H c —  KBapK Ba yHHHr 

C —  aHTHKBapKHHHHT 6oFJiaHraH XOJiaTH 3K3H //l|) —  Me-

30HHHHT oMHJiHUiH^aH cyHr 20 oh HMHAa aApoHJiapHHHr 

MaccacH 1,8 T sB  AaH t o p t h 6  4 ,5  F sB  rana 6yjiraH yHJia6 

MyTJiaKO h hth  xoJiaTJiapHH Kam({) sthji^h . Byjiap 6HTTa 

Ma(})TyH KBapK eKH Ma(jyryH aHTHKBapK Ba h k k h h h h  KBapK 

CH(j)aTH,na u eKH d §kh s eKH yjiapHHHr aHT^HKBapKJiapHAaH 

Ty3HJiraH a^poH Jiap  sah . O K y M J ia a a H , cu, cd, cs, ucyds,sc, 

Me30H xx>JiaTJiap.) XyAAH iuy BaKTJiapAa udc TypHAarn 

MacJ)TyH 6apnoHJiap xaM oMHJiraHJinrHHH 6h3 lOKopH^a 6aeH 

STraHAHK. LUy fiyji 6nJiaH TypTHHMH Ma(})TyH KBapKHHHr *aM  

M aB>Ky^HrH  a6cojiioT huiohmjih paBHiu^a TaH ojihhah.

y 3H H H H r  6np H H H H  6op (})H3HKara KHpHTHJIHUIH BaKTHAaH

to J/yp anonenraMa S U  (3) CHMMeTpnn FOH^aH Hum aH 

THnoTe3araMa, HiimaH rnnoTe3aAaH MOAeJib Aapa>KacnraHa, 

MOAeJi^aH TaHHJiraH Ha3apHH ,aapa>KacHraMa uiohjih flyjiHH 

yTAH. JleKHH S U  (3) Ha3apHH yiu6y uiHAAaTJiH ycnuiHAa 

TypTHHHH KBapK By>KyAra KejiTnpraH >khaahh Jiap3ara x,aM 

yqpaAH. Mai>JiyM 6yjiAHKH, S U  (3) Ha3apHHHHHr KyjuiaHH- 

JIHIU COXaCH (x,3TT0 CHMMeTpHHHHHT 6y3HJIHLUHHH S^bTH^Opra 

oJiraHAa x,aM) eTapjinna khhhk skbh. A rap , 3hah yui6y TypTTa
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KBapKHHHr xaM  MaccajiapnHH 6Hp-6HpHra TaxMHHaH h k ,h h  ae6  

x,HCo6AacaK, MaTeMaTHKa 6 h 3 h h  KarbHH paBHiuaa SU  
(4 ) CHMMeTpHHra ojih 6 KejiaflH.

SU  (4 ) CHMMeTpHHHH T3H 0J1HLUHMH3 6HJiaH 6H3 

3appajiapHHHr yMyMHH c o h h h h  6 h p  Hena MapTa KynafiHLUHHH 

xaM  TaH 0JIHUJHMH3 KepaK . A rap  3appajiapHHHr SU
(3 ) CHMMeTpHHflarH OHJiajiapHHH 8.15- pacMflarnAeK Te- 

KHCAHKAa yH6ypnaK, afiTH6ypMaK Ka6n  TacBHpAacaK, SU
(4 ) CHMMeTpHHAa 3appaAap  OHAacn sca acocjiapH aHa uiy 

yn6ypMaK, 0JiTH6ypMaKAaH H6opaT (j)a30BHH cj)HrypaJiapHH 

XOCHA KHJiaAH. HyHOHMH, yHTa 3appaHH 6HpjiaUlTHpyBMH 

6apHOHAap iieKynjieTHHH T3Cb h p a o b m h  yM6ypMaK ypHHra SU  
(4 ) Aa , 3 h a h , 64  Ta 3appajiH 6HpjiauiTHpyBMH (j>a30BHH 

(})Hrypa —  yn6ypHaKJiH rinpaMHAa TeTpaaApra KeJiaMH3. SU  
(3 ) —  Ha3apHHHHHr yHJiHK MyjibTHnjieTH, 3h a h  yui6y nnpaMH- 

AaHHHT 3C0CHHH XOCHJI KHJ13AH, UHpaMHAaHHHr lOKOpH 

( k h c m h ) Aa aca Ma(})TyH 3app aA ap  JKOHJiamaAH.

KBapKJiap H33apHHCHHHHr KypCaTHUIHHa TypTHHHH KBapK- 

HHHT XaM SAeKTp 3apHAH, H-KBapKHHKH Ka6H, SJieKTpOH 

3apHAH 6HpjinrHAa 2 / 3  ra, FajiaTHJiHTH HOJira TeHr. Ma(})TyH- 

ah k  KBaHT cohh c- KBapK ynyH  + 1  ra, c- KBapK ynyH —  1 ra 

(6H3ra 3CKHA3H T3HHU1 U, d, S Ba yJiapHHHr aHTHKBapKJiapH 

Ma(})TyHJiHKKa ara 3Mac, mjHH Ma(})TyHJiHrH HOJira) TeHr Ae6 

Ka6yji KHJiHHaAH. Ma(})TyH C —  KBapK cnHHH npHMra TeHr 

4>epMHOHJiapra MaHcy6 6yjiraHH ynyH yn xhji: kh3hji, hiuhji, 

KyK TycJiH paHTAa M a B K y A  6yjiaAH. 5 —  KBapK Ka6H, C —  

KBapKHHHr MaccacH xaM  KyMJiH y3apo  TaisCHpHHHr 3Mac, 

6ajiKH KyMCH3 y3apoTaT>CHpHHHr xoccajiapn 6HAaH 6ofjihk Ba 

u-, d- KBapkjiap MaccacHAaH KaTra (TaxMHHaH 1,5 T s B ) .

Ma(j)TyH KBapKHHHr TajKpnoaAa TacAHKJiaHHUiH —  //\jj —  

Me30HHHHr oMHJiHuiHAaH 6ouuia6 ajieMeHTap 3appaAapAa  

6 h p h h -k c t h h  MyxHM Kaiu(j)HeTjiap io3 6epMOKAa. BHHo6apHH, 

MaccacH 1 ,9 ± 0 ,1  T a B  ra TeHr 3apHAAaHraH o f h p  B33hjih 

T- JienTOHHHHT MaBJKyAJIHTH (HOMH TpeKMa «yMHHHH» Cy3H- 

h h h t  6 ouj xapi})HAaH oJiHHraH) 3KcnepHMeHTAa KaftA k h j ih h - 

a h . t- JienTOHHHHr MaccacH HHXOHTAa Karra, Knec ynyH 

ajieKTpoHHHHr MaccacHHH 0 ,5  M a B  ra TeHr (TaxMHHaH TypT 

m h h t  MapTa k h h h k ) , m i o o h h h h t  MaccacHHH 3ca 105 M a B  ra 

TeHr (TaxMHHaH HHrnpMa MapTa k h h h k ) 3KaHAHrHHH acjiaft- 

JIHK. OFHp  JieriTOHHHHr MaBJKyAJIHTH 6HPHHMH 6op 1975 HHJIAa 

aM epHK3JIHK  (})H3HK-3KCnepHMeHTHHAap T0M0HHA3H M a V  

jiyM aTHJiraHAH. O f h p  jienTOHHHHr auiaui BaKTH 6ouiKa 

jienTOHAapra KaparaHAa h h x o h t a 3 k h h h k — 1 0 _l3c AaH 

OIIIMaHAH.
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LLIyHAaH khjihS, KBapKJiap H a3apH H C H  xo3HpM a ojith xhji: 

u, d, s, c, b, t KBapKJiapHHHr, yjiapHHHr ojitht3 aHTHKBapKJia- 

P h h h h t  Ba yjiapHHHr xap  S h p h h h h t  yM xhjt paHrra: kh3hji, 

flLUHJI, KyK TyCJiaHHLUH MaBHiyflJIHTHHH 3T>THpO(}) STaflH. 

K ,HCKacH 18 Ta KBapK, 18 Ta aHTHKBapKJiapra kcjiahk.

A a p O H J i a p  T a p K H d H H  Ty3HJlHUJHHHHr 3JieMeHTJiapH CH(})a- 

TH Aa 6 h 3  KBapKJiapra KaTTa yMHfl Sor-naraH sa h k . JleKHH 

yjiapHHHr co h h h h  ceKHH-acra o lu h S  6o p a eT raH H H H  3appaJiap  

Ty3HJiHuiHHHHr KBapKjiap/iaH  x a M  H H a ^ a  (J)yHflaMeHTaji 

SJieMeHTJiapH MaBWyflJIHTH TyFpHCHAa (})HKp TyFflHpaflH. 

3 jieM eH Tap  3appaJiapH H H r  hhkh  Ty3HJiHiUHHH 6 h 3  iokoph 

3HeprH«Jiap  (eKH yHra  moc k h h h k  Maco(}»ajiap) co x a c n ra  

acTa-ceKHH k h p h 6  6opHUi 6HJiaH ypraH A H K . H a T H JK a A a , 

SJieMeHTap 3ap p ajiap H H H r  y 3 a p o  ratcHpjiaujyB  >KapaeHJiapH- 

A a rH H a  yjiapHHHr h hkh  4>yHflaMeHTaJi Ty3HJiHUUiapH HaM oeH  

6yjiHUiHHH KypflHK. LLIyHHHr ynyH  KyftHfla, 3appaJiap  y 3 a p o  

TaijCHpjiaiuyBH H yK Tan  H a 3 a p A a H , aflpoHJiapHHHr AH H aM H K  

T a6H aT H H H  ceKHH-acTa khmhk Maco<|)aJiapra HKHHJiauiH6 

6o p h u ih m h 3  6HJiaH KaH^aft y 3 r a p n 6  6o p h u ih h h  6aTa(})CHJipoK

K a p a 6  M H K 3 M H 3 .

8.28- §. riapTOHJiap

HyKJiOHHHHr ajieKTpoMarHHT Ty3HJiHiUH 6yftHHa 6 h p h h m h

Ta>KpH6a 1955 HHJifla Xo^uiTaflrep TOMOHHAaH yTKa3HJiflH. B y

T a > K p H 6 a j , a  n p O T O H  3 a p H f l H H H H T  Ba MarHHT MOMeHTHHHHr 

(})a30BHft T3KCHMOTHHH XapaKTCpjlOBMH npOTOHHHHT SJieKTp Ba 

MarHHT <})opM(})aKTopjiapH aHHKJiaHAH.

O o pM (})aKT op  (fiaKaT 3JieKTpoHHHHr npoTOH  6HJiaH TyKHa- 

UJHUIHAaH OJIAHHTH Ba KeHHHTH HMnyjIbCJiapH (j)apKHHHHr 

(q) (})yHKUHHCHAHp. q HHHr KaTTa KHftMaTHAa (})OpM(})aKTOp 

HyKJIOHHHHT SJieKTpOMaTHHT XyCyCHHTHHH M yKyp TaCBHpJiaft- 

AH.

HefiTpoH cnHHra ara 6yjiraHJiHrH ca6 a6jiH y MarHHT 

MOMeHTHra xaM ara. By  aca 3JieKTpoHJiapHHHr MarHHT 

4>OpM(})aKTOpH T0M0HHA3H TaCBHpJiaHaAHTaH COMHJIHUITa ojih6  

KejiaAH.

M a 3K y p  Xo(})uiTaATep 3KcnepHM eHTHHH  HHa x a M  iokoph 

3HeprHHJiapAa, CTeH(})opA mh3hkjih Te3JiaTrnMHAa KaftTapHJiH- 

luh HyKJioH (})opM(})aKTopjiapHHH 6yHAaft 3HeprHHJiapAa * y A a  

Te3 (q ~ 4) HOJira hhthjihuihhh  KypcaTAH . By  xojihh HyKJioHJiap 

x a K H A a r n  X03H pM a 6 h 3  6HJiraH lO K o p H A a rn  TyuiyHM ara, ht>hh 

HyKJiOHJiapHHHr M e30H  6y.ayTH x a K H A a r n  TyuiyHM ara acocjia- 

h h 6  TyuiyHTHpHUi M yM KHH 6yjiM aAH . By  3KcnepHM eHTAa
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3JieKTpoHJiapHHHr npoTOHJiapAa K y H H A arH H a  H03JiacTHK c o m h - 

jih l u h  x a M  KypHJiraH:

e+ p - *- e  +  p  +  {pe30HaHC ^ojiaTJiap}. (8 .5 4 )

HyKJioH ^ a K H ^ a r H  TyuiyHM ara acocjiaH H6, H 3 3 a p H H  xhco6- 

jiaiujiap 6yflHMa 6 y  JK ap aeH ^a  ajieKTpoHHHHr HoajiacTHK 

COHHJIHIU KeCHMH ((JjOpM ^aKTOpra  60FJIHK K3TT3JIHK) XaM  

SJiaCTHK COHHJIHUI

e-\-p->-e-\-p ( 8 .5 5 )

*a p a e H A a r H  Ka6n § k h  yHra h k h h  KypHHHUiAa HOJira 

HHTHJIHIUH KepaK. JleKHH SKCnepHMeHTfla SJieKTpOHJiapHHHT 

HoaJiacTHK coHHJiHUiHHHHr KecHMH Ha3apHH XHCo6ra HHC6aTaH 

4 0  MapTa KaTTa 6yjiH6 h h k h h . /IacTJia6KH xyjioca KyiiHAarHHa 

6yjiHiiiH MyMKHH. ByHAaft c o h h j i h i u  103 depaeTraH HyKJioH 

Ty3HJiHiiiHHHHr h h k h  sjieMeHTH HyKjioHHHHr x a p  KaHAaft 

^oJiaTHAarn yjmaMHflaH xaM  aHHa k h h h k  yjinaMra sra. 

^ K c n e p H M e H T  H aT H w acH fla  ajieKTpoHHHHr HyKJioHAa c o h h j i h -

UIH HyKJIOH HHKH Ty3HJIHUIHAa XyjUXH H yK T3BH H  SJieMeHTJiap- 

A a H  H 6 o p a T  M y p a K K a 6  KypH H H iura  ara 6y jiraH H A a  103 
6 e p a A H ra H  coHHJiHUira yxuiaftAH.

M a 3K y p  SKcnepHMeHT HaTH>KajiapHHH TyuiyHTHpHui 

ynyH  P. OeftHMaH HyKJioH napTOHJiap/iaH H6opaT 6yjiraH 

TapKH^Hft KHCMra ara, AeraH HyKJioHHHHr napTOH (napTOH —  

HHrjiH3Ha cy3 6yjiH6, 6yjiaK, k h c m  fleraH Ma"bHOHH aHrjiaTa- 

A h ) Ha3apHH MOfleJiHHH t 3 k j ih (}) k h j i a h . Y h h h t  Ha3apHHCHra 

6HHoaH napTOH 6 h p o h -6h p  Ty3HJiHUira 3ra 6yjiMaraH HyKra- 

b h A 3appaAHp. Aji6aTTa aKJira 6 h p h h h h  KejiaAHraH <})HKp 

HyKJioHHH KonjiaraH 6yjiyTHH x,o c h ji KHJiyBHH Me30HJiap xy/uiH 

uuy napTOHJiapflHp Ae6 KapauiAaH H6opaT 6yjiHuiH MyMKHH. 

Ammo KaTtnft 3KcnepHMeHTaji AajiHJira acocaH napTOHJiap, 

arap yjiap yMyMaH MaB>KyA 6yjica, Me30HJiapHHHr MatJiyM 

xycycHHTJiapHra ara 3Mac. X,aKHKaTaH, arap napTOHJiap 

TyuiyHHacHHH Me30HJiap 6yjiyTH TyuiyHHacH 6HJiaH 6oFjiaui 

MyMKHH 6yjica, HyKJioHJiapHH Me30H 6yjiyTH 6HJiaH KonjiaH- 

raHJiHTH J^aKHAarH TyiuyHHara acocjiaHH6 Ma3Kyp aKcnepH- 

MeHTHHHr HaTH>KajiapHHH TyuiyHTHpa oJiraH 6yjiap sah.

FlapTOHJiapHH 6 h 3  lOKOpHAa TaHHiuraH KBapKjiap Ka6H 

XHco6jiam  ftyjiH 6HJiaH Ma3Kyp 3KcnepHMeHTAa HaMoeH 

6yjiaeTraH HyKJioH xycycHHTJiapHHH KeJiTHpn6 HHKapnui 

MyMKHH.

riapTOHJiapHH aapoH TapKH^HAarn KBapm iap n e6  *hco6- 

JiacaK, 6npHHHHAaH KBapKJiapiiH, 6hjibocht3 ftyji 6HJiaH 6yjica 

xaM , Kaftfl KHJiraH 6yjiaM H 3, HKKHHHHAaH, KBapKjiapHH
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MaccacH 6np HyKTafla TynjiaHraH  Ba TapKHfiHH Ty3HJiHUiCH3 

HyKTaBHH  3 a p p a  CHCf)aTHAa 3"bTHpO(}) 3T3M H 3 . By aca 

y3 HaB6aTHfla  aflpoHJiapHHHr M accajiapH HH  yHHHr 6yTyH  

coxacHfla 3M ac , 6aJiKH hkkht3 eKH y w a  H yK Tara  TaK- 

CHMJiaHraHJiHTHHH aHrjiaTaflH. UlyHHHr yqyH hkkh aapoH- 

hhht y 3 a p o  m a p a e H H H H  yHH Hr t3Pkh6hh KHCMJiapn —  KBapK- 

jiapHHH y 3 a p o  T a ^C H p H  6idJiaH yTajw  A e 6  XHCo6jiaft oJiaMH3. 

X a K H K a T a H  x a M , aApoHJiapHHHr y m 6 y  t 3 P k h 6 h h  Ty3HJiHiUHHH 

x n c o 6 r a  ojih6 nnoHHH HyKJioH 6HJiaH y 3 a p o  TyK H auiyB  

* a p a e H H H H H r  I03 6epH UIH  SXTHMOJIJIHFHHH HyKJIOHHH HyKJIOH 

6HJiaH y 3 a p o  TyK H auiyB  >KapaeHHHHHr 103 6epHUi sxthmojijih- 

rnra  H H c6aTH H H  XHCo6jiacaK , Ta>KpH6afla Ky3aTHJiaflnraH 

2 /3  H H c6aT ra  KeJiaMH3.

Xo3HprH naflTAa napTOH-KBapKJiapHHHr h k k h  Typn Mai- 

JiyM SKaHJiHTH Hc6oTJiaHraH. BnpHHMHflaH, BajieHT KBapKJiap. 

By x h ji KBapKJiap 6apH0HJiapfla yMTa, Me30HJiapAa HKKHTaflaH 

H6opaT 6yjiH6, yjiap ujyHflaH 6npHKMa x o c h j i  KHJiaflHKH, 

HaTHwa/ia aApoHJiap TyfpH ajieKTp 3apaflra Ba 6apnoH coHHra 

sra 6yjiaAH. Hkkhhmha3h, aflpoHfla KBapK-aHTHKBapK >Ky<})T- 

jiapHHHHr 6yTyH 6np «0KeaH-aeHrH3H» MaB>Kyii,.

8.29- §. rjitooHJiap

AflpOHJiapHHHT KBapK-npOTOH T a p K H ^H H  Ty3HJlHUIHHH 

sbTHpot}) 3THIUHMH3 6njiaH 6h3 yjiap y p T acH A a  y 3 a p o  Ta^bCHp 

x a K H A a r n  TyiuyHM ara KejiaMH3. Bh3 ioKopHAa Ky p raH  i o k o p h  

SHeprHHJiH 3JieKTpoHJiapHHHr npoTOHJiapAa MyKyp H03JiacTHK 

c o m h j ih u i  ^ a p a e H J ia p n  6ouuiaHFHM  npoTOHJiapHH cok hh , thhm 

XOJiaTAa 3M ac , 6ajiKH Karra  Te3JiHK 6HJiaH xap aK aT JiaH aAH , 

A e 6  K a p a c a K , h h x o h t  KH3HKapJiH HaTH>Kajiapra o j ih 6  KeJiaAH. 

>KyMJiaAaH , 6yHAaft xapaKaT- iaHaeTraH  ca H O K  cncTeM acH ra  

H H C6aT aH  COMHJIHUI >K3paeHHHHHr KeCHMH (103 6 epHUl 3XTHMO- 

j ih ) napTO H H H H r  sjieKTp 3apflAHrarHHa 6 o f j i h k  6 yjiH6 

KOJiM acAaH , yu i6y  napTOH  6ouiAaHFHM  npoTOHHHHr SHeprHHCH 

eKH HM nyAbCHHH Hr K a H A aH  KHCM ra ara 6yjiHUiHra x aM  

6 o f j i h k . M aijJiyM  6yjiHUiHMa, 6ouiJiaHFHM npoTOH HHH r x a M M a  

3 HepFHHCHHHHr 35 %  HHH npOTOH AaTH  yMTa BaJieHT napTOH- 

KBapKJiap o j ih 6  KeTap, 15 %  h  aca  KBapK- aHTHKBapK 

«A e H T H 3H » X H Ccacnra  Typpn  KeAap  3K3H . R o A r a H  50 %  

h (aHeprHHHH Hr n p M H ) K a H A aH A H p  h hth  o6"beKTJiapra 

k o j i h u i h h h  aijTHpo^}) STHUira TyFpH  KeJiaAH. By o6T>eKTJiap 

ajieKTp 3a p n A H r a  x a M , 6 a p H O H  coH Hra x a M  ara 3M ac . X y A A H  

ujy o6-beKTJiap KBapKJiapHH aApoHJiapAa  6np- 6HpH ra  >KHnc- 

jiaiUTHpH6 6 o f j io b m h  A e 6  (})apa3 k h j i h h a h . U ly H H H r  ynyH , 6 y
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o6i>eKTJiapHH iviiooHJiap (HHrjiH3waAaH  eJTHM, ejiHMJiaMOK 

Mat>HocHHH aH rjiaTaAH ) Ae6 araui Ka6yji KHJiHHraH.

KsapKJiap Ka6H, rjiiooHJiap xaM  apKHH xojiaa Kafta 

KHJiHHMaraH. TjiiooHJiap xaM , KBapKJiap Ka6n  paHrra 6yHJiraH 

Ba paHrjiH o6"beKTJiap Ka6n  apKHH x,oJiAa M a B w y a  6yjia 

ojiMaftAH. rjiiooHJiap KBapKJiap ypTacnfla y3apo Ta"bCHpHH 

aMaJira o u ih p h 6 , yjiapHH 6H p- 6H p nra  KaHflaft eJiHMJia6 

*Hncjiaca , xyAA H  uiyHAaft, rjiiooHJiap 6HJiaH aJiMauiHiu paHr 

6HJiaH aJiMauiHiura ojih6 KejiaAH. KBapKJiapHHHr rjuooHJiap 

ajiMauinHyBMAa KBapKJiapHHHr p a H rn  y3rapaAH, TypH aca 

y3rapMaftAH, mjHH MacajiaH, u- KB ap K  tjiiooh 6epH6, §kh 

tjiiooh ojih6, u- KBapKHHHr 6ouiKa paHrufla HaMoeH 6yjiaAH. 

UlyHAaft khjih6 , rjiiooHJiap 6HJiaH aJiMauiHHyB, a/ipoHJiapaa 

KBapKjiap y3 paHTHHHHr y3JiyKCH3 y3rapTHpn6 TypHUiHra 

ojih6 KeJiaAH. AapoHJiap TapKH6HAafH KBapicnapHHHr paHTHHH 

6y  xhji y3rapn6 TypnuiH aApoHJiapHHHr xap aohm  paHrcH3 

MaB>Ky/i 6yjiHuiHra 3ha  KeJiMaraH xoJiAa 103 6e p a A H .

K B a H T  X p O M O A H H aM H K aC H A a  KBapKJiapHHHT y 3 a p O  Ta"bCH- 

P h h h  TyuiyHTHpHiu yMyH caKKH 3Ta  paHrjiH 3 a p h a  Tam yBM H  

KHpHTHJIHUIH 3 a p y p  3KaiI. M yH KH  KBapKJlapHH y 3 a p O  Ta"bCHpH 

paHrjiap aJiMauiyBH 6HJiaH yTaAH . BHJiaM H3KH, 3JieKTpoAHHa- 

M H K aA a  3apHAJiap  o p ac H A a rH  y 3 a p o  TaT>CHpHH 6H TT arH H a  

4>o t o h  aM ajira  o u in p ap  s a h . K B a p K  Ba aH TH KBapKJiapaaH  

TauiKHJi STHJiraH M e30HJiapra  y x u iaT H 6  rjuooHJiapHH x a M  paH r  

Ba a H T H p aH raa H :

RY, RB, YR, YB, BR, BY, (-)=-) (RR- YY),

( ± y R R  +  Y Y + 2 B B )

Ty3HUi M yM KHH . By ep^a paHrcH3 (R R + Y Y  +  BB) 6 n p H K M a  

tjiiooh cH(J)aTHAa KypHJiMafiAH, R —  kh3hji, Y —  c a p H K , B —  

xaB o p aH T H H H r  6eJirHJiapHA«p.

PaHrjiH 3apnAJiap KyMjiH y3apo TatCHp MaH6 aHAHp. 

TjiiooHJiap MypaKKa6 paHrjiH 3apHAJiaHraH 6yjiraHJiHrH yMyH 

(J)OTOHJiapAaH 4>apKJiH paBHUiAa yjiap opacHAa y3apo TatcHp 

103 6 epHlUH Ba 6H TT a  rJIIOOH HKKHHMHCHAaH COMHJIHIUH, HKKHT3 

6o u iK a c H ra  napMajiaHHUiH MyMKHH.

HKKa 3apHAHHHr ajieKTpoMarHHT MaiiAOH 6HJiaH y3apo 

Ta"bCHpHAa y (})OTOHJiap 6yjiyTH 6HJiaH MyjiraHraH 6yjiaAH Ba 

y3 HaB6aTHAa <})OTOHJiap 3JieKTpoH-no3HTpoH *y<})TJiapHH 

naftAo KHJiaAH. By >Ky(})TJiap AacTjia6KH 3apHAHH sKpaHJiaftAH. 

ByHAa * a p a e H  BaKyyM KyT6jiaHHUiH Ae6 aTaJiaAH, MyHKH 

y KHCMaH AHSJieKTpHKAa 3apHA >KOHJiauiTHpHJiraHAarH KyT6-
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,/iaHmiiHHn acjiaTaAH. 3 a p n A A a H  y 3 0 K  MacocJ)aAa yHH Hr KaT- 

TaJiHTH Ky3aTHJiraHHra TeHr, jieKHH 3 a p « 4 r a  HKHH/iauuraH 

cap H  yHH Hr k h h m 3 t h  opTa So p a A H .

A iipHM  Mo.aeJiJiap 6yiiHMa *H C o6jiapH H H r  K^pcaTHuiHM a, 

KaHflaiiflHp 6 n p o p  M e30HHH  n ap najiau ira , ht>hh KBapKHH  

a H T H K B a p K ^a H  ysoKJiauiTHpHuira ypHHHLUAa yjiap o p acH A arn  

rjiiooH KyH MafiAOHH <jja30Aa uiyHAaii M yw accaM Jiau iaA H K H , 

x y ^A H  KBapKJiap opacH /iarH  Top  (c T p y H a ) ra y x iu a 6  KOJiaflH. 

M a c o 4 »a  H H aA a  y30KJiaiuTHpHJiraHAa, 6 y  t o p h h h t  y3HJiHUiH 

103 6 ep a£ H . y3HJIHUI >KOHHAa KBapK- aHTHKBapK >KycJ)TH X 0CH.JI 

6y^iaflH. LUyHAafi khjih6 , m c3ohhh  KB apK  Ba aHTH KB apKKa  

6yjiHUi, M arHH THH Hr iu h m m h h  Ba >KaHy6HH KyT6jiapHHH 

a>KpaTHiura ypHHHUira y x u ia 6  KOJiaAH. 3 *t h m o ji , Maco(J)ara 

6o fjihk  xcwiAa y 3 a p o  Ta-bCHpHHHr op thuih  KBapicnapHHHr 

3pKHH X.O/IAa Ky3aTHUI M yM KHH  SMaCJlHrHHHHr C a 6 a 6H A H p .

KB apK Jiap  o p a c H ^ a r H  KynjiH y 3 a p o  TaijCHp aApoHJiapHHHr 

KBapK  Ty3HJiHUiH TacBH pH H H  M y p aKKa6jiau iTH paAH . y jiap  

CTpyKTypacHHH  Tym yH HU i ynyH  TypjiH p a H r  Ba xyui6yftjiHKKa 

ara 6yjiran  tjiiooh Ba KBapK- aHTHKBapK >Ky(})TJiapHHHHr nafiflo 

6yjiHUi xojuiapH  KaTTa a xa M H H T ra  ara. H aTH H < aAa  x a p  6 n p  

a ^ p o H  aH H a  M y p a K K a 6  o6"beKT 6yj\n6, y  BajieHTJiH KBapioiapH 

A e 6  aTajiyBHH h k k h t 3  M e30H  eKH yMTa 6apH 0H A .aH  H 6o p aT . 

BajieiiT KBapKJiapn neKCH3 Kyn  eKH tjiiooh Ba KB apK  Ba 

aHTH KB apK  >Kyc})TJiapH «a e H r H 3 H »  6HJiaH ypajiran.

riapTOH MOfleJlH y3 TaJIKHHHHHHr KB3HT XpOMOAHHaMHKaCH 

acocHAa ojiah. ByHAaH xyjioca iuyKH, HefiTpaji napTOHJiap —  

nrciooHJiap, 3apHflJiaHraHJiapH aca KBapKJiapjinp. iiapTOHJiap- 

HHHT COHH KynJlHTHHH, lOKOpHfla KypcaTHJiraHHAeK xap 

KaHAafi a^poHAa fjiiooh —  KBapK «AeHrH3H» MaBwyaJinrH 

6HJiaH TyiuyHTHpHJiaAH.

KBaHT XpOMOAHHaMHKaCHHHHr HH3 6np  6auiopaTH —  

k h h h k  Maco(J>ajiapfla KynjiH y3apo  raijCHpHHHr aHHa KaMafiH- 

UIHAHp, HTjHH aCHMriTOTHK 3pKHHJIHK y3 T3CAHFHHH 3J1CKT- 

p0H-np0T0H ^a M ^a  np0T0H-np0T0H coHHJiHUiHra AOHp Ta*pH- 

6ajiap HaTH>KajiapH np0T0HJiapHH aMajiAa MycTaKHJi Ae6 

x,HCo6jiaHraHAa TyuiyHTHpHJiHiUH MyMKHHJiHruzia TonaflH.

HyKJioHJiap CTpyKTypacH x,aKHAa Kyn MatjiyMOTJiap 

jienTOH (3JieKTpoHJiap, MiooHJiap Ba HefiTpHHo) JiapHHHr 

c o h h jih u ih  Ba peaKUHHJiapH 6yfiHHa yTKa3HJiraH Ta*pH 6a-  

jiapaaH o j ih h a h . M acajiaH , m io o h  HefiTpHHocHHHHr 3JieKTpoH 

HefiTpHHOCHflaH (J)apKHHH Hc6oTJiafiAHraH Ta>KpH6ajiapHHHr 

AaBOMH CH(J)aTHAa'v(1 +  /7 - v n +  a^poHJiap peaKUHHCH k c c h m h - 

h h h t  SHeprHHra 6oFjiHKJiHrH ypraHHJiiiH. AHHKJiaHHUiHHa, 

HeHTpHHO (eKH aHTHHeHTpHHO) 3HepTHHCH ~  3 A3H 100 TsB
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rana 6yjiraH opajiHKAa  k c c h m  3HeprH«ira mh3hkjih 6ofjihk- 

jiHKKa ara 3KaH. Arap * a p a e H  6ouuiaHraH flaBpaa h k k h t 3  

0TpyKTypacH3 (MacaJiaH, hchtphho Ba KBapK) 3appajiapHHHr 

3JiacTHK comhjihui * a p a e H H  6yjica, y xojiaa k c c h m  3HeprHHra 

nponopuHOHaji 6yjiHiiiH KepaK. UiyHAaH khjih6, peaKUHH 

HKKHTa HyKTaBHii 3appajiapHHHr comhjihuih CH(})aTHfla 6oiujia- 

HaAHraH *a p ae H H H H r  HaTHwacHAHp. C y H rp a  HyKTaBHH 

TauiKHJi STyBMHJiap MaibJiyM Aapa>KaAa napMajiaHH6 Ky3aTH- 

jiaAHraH aapoHJiapHH 6epaflH, htjHk HyKJioHJiap xaKHKaTaH 

xaM  y3 TapKH6jiapHAa HyKTa CH<})aT o6"beKTJiapra ara.

SjieKTpOH Ba MlOOHJiapHHHr COMHJIHLUH 6yHHMa yTKa3HJiraH 

Ta*p H 6aJiap A a  3apHAJiaHraH yui6y HyKTaBHH o6i>eKTjiapHHHr 

cnHHH 1/2 ra TeHrJiHrn aHHKJiaHAH. ByHHHr yMyH JienTOHJiap- 

h h h t  opKa TOMOHra c o m h j i h i u h  ypraHHJiAH. ByHAafi c o m h j ih u i  

MarHHT MOMeHTJiapHHHHr y3apoTa"bCHpH 6njiaH 6ejirHJiaHaAH. 

MoMeHTJiap aca y3 HaB6aTHfla c i ih h  KaTTajinrH 6HJiaH 

aHHKJiaHaAH.

HeftTpHHO Ba 3JieKTpoHJiap 6HJiaH 6np  HyKTaBHH o6t>- 

eKTJiap M accacH H H H r  HyKJiOHJiap M acc a c u ra  HHc6aTHHH 

yjiMaui 6yiiHMa yTKa3HJiraH Ta>KpH6ajiapHH TakkocjiauiAah 

aHHKJiaHHUiHMa, 6y  KaTTajiHK 3apHAJiaHraH 3appa 6HJiaH 

yTKa3HJiraH Ta> Kp H 6aA a  HeftTpHHO 6HJiaH yTKa3H JiraH AarHAaH  

18/5 M ap T a  k h m h k  3KaHJiHrn aHHKJiaanH. By <})apKHH 

3apHAJiaHraH 3appajiap y3apo TatcHpH ajieKTpoMarHHT 

KyMjiapH opKajiH 103 6epHUiHHH, uiy ca6a6jiH yjiap 6HJiaH 

yTKa3HJiraH T a *p H 6afla  <})aKaT KBapK MaccacHHHHr HyKJioH 

Maccacnra HHc6aTH yjiMaHMacflaH, 6y  HHc6aT KBapK 3apHAJia- 

pH KBaApaTHra KynaftTHpHJIHUIH 6HJiaH TymyHTHpHIU M yM KHH. 

U- KBapK 3apHAH, 2/3, d-KBapKHHHr 1/3 ra TeHr, AeMaK, 

3apHA^iap KBaApaTHHHHr ypTaMa khhm 3th 5/18 ra TeHr. 

LUyHAaH khah6 , 6y cohhhht TacoflH<{)aH naftAO 6yAraHHHH 

TacaBByp khjihui khhhh, ht>h h  6y  Ta>KpH6aAapHHHr HaTHJKa- 

jiapn KBapK 3apHA^iapH KacpjiH SKaHJiHrHHH TacAHKJiaftAH Ae6 

Kapaui MyMKHH.

lUy T a*pH 6aJiap  HHa 6HTTa a * O H H 6  HaTH>Ka 6epAH: 

aHHKJiaHHUiHMa, HeftTpHHO coMHJiraH 3appa (KBapK) jiapHHHr 

HKyHHH MaccacH HyKJioHJiap MaccacHHHHr <J>aKaT hpmhhh 

TauiKHJi KHJiaAH. ETHUiMaftAHraH MaccaHH KBapKJiap y3apo 

TaiiCHp * a p a e H H  aAMauiaAHraH rjiiooHJiap 6 HAaH 6 oFJiaui 

M yM KHH.

KDKOpH 3HeprHHJIH 3JieKTpOH —  ri03HTp0H AaCTaJiapHHHHT 

TyKHaiuyBH 6yftHMa yTK33HAraH Ta>KpH6aJiap HyKJiOHJiapAa 

KBapKJiapHHHr y 3ap o T a"bC H p H ra  A o n p  M yXH M  Ma"bJiyMOTAapHH 

6epAH. KynHHMa h k k h t 3 * a p a e H  Ky33THJiaAH:
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e+ +  e_ ->-a/i,poHJiap. (8.57)

Bhphhmh xoJi^a vmh6 MHKaflHraH MiooHJiapHHHr 6ypMaK 
TaKCHMOTH (l+cos0) KypHHHiura sra, 6y 3ca KBaHT 
3JieKTpoAHHaMHKacH HaTH>KacHra moc KeJia/iH (0 — MiooHJiap 
yMH6 KeTaAHraH mh3hk 6HJiaH 3JieKTpoH Ba no3HTpoH 
6ouuiaHFHM xapaKaT mh3hfh opacHAarn 6ypMaK). Mkkhhmh 
jKapaeHfla HKKHJiaMMH Me30HJiap KapaMa-KapuiH TOMOHJiapra 
xapaKaT KHJiyBMH oKHMJiap KypHHHUiHfla naftflo 6yjia/iH. By 
OKHMJiapHHHT HaTHJKaBHH BeKTOpJiapH UiyHAafl HyHaJITH- 
pHJiraHKH, 6ypMaK TaKCHMOTH HHa (l+cos20) KypHHHiura ara 

6yjiaflH Ba (e+e~) aHHHTHJiHUHH/ia (n+ fx— HHKHra yx- 
rnaui) criHHH 1/2 6yjiraH hkkhtb 3appa xochji 6yjiHUiHHH 
KypcaTa^H, HtHH ojiahh KBapK-aHTHKBapK xochji 6yjiaflH 
Ba yjiapHHHr rjuooHJiap okhmh 6HJiaH 6HpraJiHKfla pyfl 
6epaflHraH yMH6 KeTHUiHflaH 6ouiKa a/ipoHJiap xochji 6yjiaAH. 
ByHAa ciihhh 1/2 ra TeHr (p,+ (j,~ eKH qq) HKKHTa 3JieMeHTap 
3appajiap xochji 6yjiaAHraH hkkh 3JieKTpoMarHHT HtapaeHJiap 
KecHMH 6np xhji paBHiu/ia SHeprHHra 6ofjihk Ba 3appajiap 
3apHAH KBa/tpaTHra nponopunoHaJi 6yjiHuiH KepaK. TyKHa- 
iuhui 3HeprHHCH ^  4 TsB 6yjiraHfla, HtHH (uu), (dd), (ss) 
)Ky(})TjiapH nafi/io 6yjiHUiH MyMKHH 6yjiraHAa (8.56) Ba 
(8.57) >KapaeHJiap KecHMHHHHr HHc6aTH TaxMHHaH 2 ra TeHr. 
By xojifla 6y HHc6aT KBapKJiap 3ap«AJiapH KBa/ipaTHHHHr 
HHFHHflHCHHHHr (paHrjiH xoJiaTJiap c o h h ) 3 ra KynaflTMacnra 
TeHr:

[ (2/3)2 +  (1 /3 )2 +  (1/3) 2]X 3=2 . (8.58)

SHeprHH 10 TaB ra ouiHpHJiraH/ia (cc) Ba (bb) 
>Kycj)TJiapH naitno 6yjiaAHraH xojiaa (8.56) peaKUHHCH 
KeCHMHHHHT (8.57) HKKHTa HHc6aTH paHr X H Co6ra  OJIHHMa- 
raH/ia 11/9 ra, paHr XHCo6ra ojiHHraH/ia sca 11/3 ra TeHr. 
Ta*pH6a HHa hkkhhmh mhkaophh Tac/mKJiafi/iH. IilyHflafl 
Khjih6, 6y TawpH6ajiap paHrjiH KBapK xoJiaTjiap MaB>Kyj,jiH- 
thhh Tac^HKJiaHAH. (e+e~) aHHHrnjiHUHH *apaeHJiapH 
opacH/xarH afipHM xojuiap.ua yM okhmjih BOKeajiap Ky3aTHJia- 
AH. YjiapHH TJlIOOHJiap MaBKy/lJlHrHHH Hc60TJiaiUH MyMKHH 
6yjiraH BOKeaJiap/iaH 6npH Ae6 KapaJiaAH. (qq) *y(J)TH xochji 
6yjiraHAaH cyHr KBapKJiapHHHr 6hph TacoflH^aH KaTTa 
6ypMaK ocTH/ia iokoph 3HeprHHJiH rjuooH MHKapa/iH ae6 4>apa3 
KHJiHHa/iH. CyHrpa 6y tjiiooh, y3 HaB6amaa (qq) *y4>THra 
napMajiaHaAH, ht̂ hh yMHHMH okhmhh 6epaw~ 6hphhmh hkkht3
OKHM 6oLUJiaHFHM >Ky(})T TOMOHHA3H XOCHJI KHJlHHTaH.

e+ +  e~-»-(i+ -f-(x~> (8.56)
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Xo3Hprw BaKTraMa aHHKJiaHraH (JjyHflaMeHTaji KyMJiH Ba 

3JieKTpoKyMCH3 y3apo Tatcnpjiap xoccajiapHHH TaKKOC- 

jiaiuflaH yjiap KaHflafiAHp yMyMHH 6e./irHJiapra srajmrH 

KypHHaAH. By y3apo Tatcnpjiap ywyH 6ouuiaHFH4 ofiijeKTJiap 

(j)epMHOHJiap —  JienTOHJiap Ba KBapmiap, yjiap opacHAarn 

ajioKa BeKTopjiH 6030HJiap W, Z, y, rjiiooHJiap opKajiH aMajira 

ouiHpHjiaAH. A cH M n T O T H K  apKHHJiHK Ba KBapKJiapHHHr yuijia6 

TypHJiHiiJH x.aKHAarH ojiahh KejiTHpnjiraH (jjHKpjiap/iaH xyjioca 

uiyKH, wyna khmhk (~ 1 0 -28 cm) Maco(j)ajiapAa eKH TyKHa- 

maeTraH 3appaJiapHHHr >KyAa Karra SHeprHH (~ 1 0 -14 TaB) 
ra ara xojiHAa 3JieKTp 3apHAH opTaAH, paHrjiH 3apaA 

aca KaMaaflH. HaTH>KaAa 6y y3apo TaiiCHpjiap KyMH 

TeHrjiauiaAH. By xyjioca w h a a h h  *HCo6jiap epaaMHAa 

TacAHKJiaHAH. 3*thmoji, 6yHAafi khhhk Maco(j)aJiap Ba >KyAa 

Karra aneprHHJiap kohhot TapaKKHeTHHHHr 3appaJiapHH >KyAa 

KaTTa 3HMJinrH Ba Karra TeMnepaTypa ( >  1027 K°) 6HJiaH 

TaBCH(j)JiaHaAHraH AacTJia6KH AaBpHAa MaBwyA 6yjiraHAHp.

UlyHAafi khjih6 , 3appaJiap opacHAarn Macocj)a * y A a  

khmhk 6yjiraH KBapKJiap Ba JienTOHJiap opacHAarn 4>apKHHHr 

axaMHHTH 6yjiMaft KOJiaAH *aM A a  6y  3appajiap aroHa 

cj)yHAaMeHTaji (j)epMHOHHHHr KypHHHiUH CH(j)aTHAa aMaji 

KHJiaAH. By (j)epMHOHJiap opacHAarn y3apo Tai>CHp BeKTopjiH 

6030HJiap ojiahh Mai>JiyM 6yjiraH §kh aftpHM HHTHJiapn 6HJiaH 

6eBOCHTa aJiMauijiaui fiyjiH 6HJiaH aMaJira ouiHpHJiaAH. JlHrH 

rnnoTeTHK 6030HJiapHH M H K a p n m  eKH lOTHUiAa KBapKJiap 

jienTOHJiapra afijiaHaAH, Ba aKCHHMa.

KyMCH3 Ba KyMjiH y3apo TaiiCHp 6np  acocAa KapaJiaAHraH 

TypjiH Ha3apHH MOAejuiap Karra 6HpJiaiiiTHpHiii MOAeJiJiapn 

homhhh ojtah. YMyMHfi cxeMara rpaBHTaiiHOH y3apo TatCHpHH 

KHpnTaAHraH MOAejuiapHH Yjiyr 6HpjiauiTHpHui MOAejuiapH 

eKH cyneprpaBHTaUHH ne6 arajiaAn. By yMyMHH cxeMaAa 

(j)yHAaMeHTaji 3appa  TyuiyHMacH aHMa KeHrafiTHpHJiaAH. 3 h a h  

yHHHr KOJiaTJiapn M aw M yacH  —  cynepMyjibTHHJieTH opacHAa 

xap  xhji cnHHJiH KOMnoHeHTJiap: htjHh (j)epMHOHjiap Ba 

6030HJiap VMpafiAH. By 3appaHHHr hmkh xapaKTepncTHKacH 

6yjiMHiu Tyjia cnHHHHHHr hkkh Kappa 1/2 ra y3rapTHpHUJAa, 

(J)a30-BaKT CHJI>KHUIH MyMKHHJIHTHHH 3"bTHpO(j) 3THUJ yHyH 

KHJiHHraH. By ftyjiAa cnHHJiapn hojia3h HKKHrana, h^hh  

rpaBHTaUHOii MaftAOH k b 3 h t h — rpaBHTOH cnHHHrana 

1/2 opKajiH y3rapaAHraH Kyn rnnoTeTHK 6030HJiap Ba 

(j)epMHOHJI3pHH KHpHTHUira TyFpH KeJiaAH.
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8.30- §. Ka6ii6o Ba BaflH6epr 6ypwaKJiapH

SjieMeHTap 3appajiap uiyH4 aft Ty3HJiraHKH, d- Ba s- KBapK- 

Jiap x a M  6Hp- 6HpjiapH 6HJiaH apaJiauiH6 , h hth  xoJiaTra 

yTHLUJiapH M yM KHH. By XOJiaTHH TaXJlHJIH aH3JIH3aTOpHHHr 

B33H H TH ra  60FJIHK.

d- Ba s- KBapKJiapHH 4>apK k h j i h u i h h h f  h k k h t 3 ycyjiH 6 o p : 

KyqjiH Ba KyMCH3 Ta"bCHpjiaiUHUijiap. HeftTpoH (udd)A- rnne- 

poH AaH  (usd) d->-s aJiMauiHLU 6yftHMa <})apK KHJia^H. By 
A- rHnepoH  6 a p w a  peaKUH HJiapAa FajiaTH 3appa CH(})aTHAa 

KaTHaiuaflH fleraH cy3AHp. FajiaTH 3appa KyMJiH TaiiCHpjia- 

uiyBJiapaa caKJiaHH 6 KOJiaAH.

BeTa-napMajiaHHin *apaeH H fla , KyMCH3 Ta"bCHpjiaiuyB 

>KapaeHHfla «KynjiH» KyT6jiaHHUi x a M , T 03a  d- KB apK  x aM , 

MacaJiaH, HeftTpoHfla 5- KBapK H H H r xeM KaHflaft KHpHTM acH  

ftyK Ba T03a S- KBapK  x a M , M acajiaH , rnnepoHAa

(T a p K H 6 n : yMTa 5-KB apK  Ba 3apHflH 3* =  —  1) nap-

MajiaHMaftflH. Ta>KpH6aHHHr KypcaTHiuHMa, KBapKJiapHHHr 

mh3hkjih k o m 6 h h 3 U h h c h  (6ypHJiraH aHaJiH3aTopflarH Ka6H) 

napMajiaHap 3K3h:

HeftTpoHHHHr 6eTa-napMajiaHHUiH >KapaeHHAa d' xoJiaT 

huithpok 3TaflH, y3Hra xoc aHaJiH3aTop uiy ycjiy6fla 

6 y p H J ia A H .  BouiKaMa aftrraHfla, W~ 6HJiaH d'-*-u yTHUira 

>KaBo6 6epaflHraH 3apHflJiaHraH tok 6oFjiaHraH. Bhphhmh 

KapauiflaH 3ca d —>-« yTHiura >KaBo6 6epaflHraH tok 6HJiaH 

6oFJiaHraHfleK 6yjin6 KypHHaflH.

K,a6H6o 6ypM arH  —  0 KyT6jiaHHiura  y x iu a m  6yTyHJiaft 

(})opMaji paBHiufla KHpHTHJiraH. A r a p  xoJiaTHH yMyMHft 

KypH H H Uiaa  KyftnziarHMa e3caK ,

y xojiaa A, B, C, R  K03(})(})HUHeHTJiapra yui6 y d/2+ S /2 =  d2-)- 
• 4 -S2 ( HopMnpoBKa uiapTH) uiapTHH KyftHui KepaK 6 yjiaflH, 

yHHHT Ma"bHOCH 6 H p rH H a  3 appa 6HJiaH HUI KypHHHLUHMH3HH 

6HJIflHpHUIiiaH H 6o p aT .

d' Ba s' ynyH  e3HJiraH H(})oflaJiapfla ypHH a.iM auiT H pH uuiap  
yTKa3HJiraHH/xaH cyHr, ioK opH flarn  uiapTHH K y^uiaui yMTa 
TeHrjiaMara ojih6 KeJiaflH:

d' =  d cos 0 +  s-sin 0, 

s ' = — d sin 0  +  s-cos 0. ( 8 .5 9 )

d '= A d + B S , 
S' =  cd +  D S ,

A 2 +  C2=  1; B2-fD2= l .  Ba AB +  CD =  0.
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TeHrviaMajiapHHHr eMHMH ( — 1,1) HHTepBajijja eraAH Ba 

4>opMaJi paBHiuaa 0 —  6ypnaKHH k h p h t h 6, yHH co/ma 

KypHHHUIAa e3HUI MyMKHH. K03(J)(})HUHeHTJiapHH 6ypHaK 

KypHHHiuaa e3HUi craH.aapT onepaUHH 6yjin6 k o jia h .

UlyHAafl kh jih6  A- rnnepOH H H H r 6eTa- napnajiaHHuiH  

a- KBapKHHHr afljiaHHUiH 6HJiaH 3M ac , 6aJiKH d'- KBapKHH 
aftjiaHHUiH, d '- * u  6HJiaH 6oFJiaHraH . B y  w a p a e a n a  A- rnne- 

poHHHH r « * a M M a c H »  3M ac , 6aJiKH sinQ KaTTajiHK 6HJiaH 

aHHKjiaHaflHraH 6 n p  kh cm h  h uithpok  3TaflH. K B a H T  MexaHHKa- 

c h h h h t  yM yM H H  KOHAaJiapnra aMaji KHJicaK, CHHyoHH KBafl- 

paTra  ouihphuihm h3 KepaK  6yjiaAH ; d'- KB apK  TapKH^Hfla  

s- KBapKHH  y^paTHUI 3XTHMOJIJIHTH K03(})(})HUHeHTHHHr KB3JI,- 

paTH  6HJiaH aHHKJiaHaAH . TeHrjiaM aJiapH M H3H H d Ba s ra 

H H c 6a T a H  eMcaK, s- KBapK H H H r T ap K H 6H H H  KypHiu M yMKHH:

d = d ' cos 0 — S sin 0, 
s =  d' sin 0 +  s' cos 0. (8.60)

TeHrjiaMaJiapHHHr cmhmh 0->— 0 ajiMauiTHpHiu (TecKapu 

TOMOHra 6ypHJiHiu) 6HJiaH 3KBHBajieHTflHp. LUyHAafl e3H- 

jiHUi^a napMajiaHHiUHH TymyHTHpHiu aHHKpoK 6yjiaflH. 

HkKHHMH CaTpHHHT KypCaTHIUHMa, S- FaJiaTH KBapK TapKH^H- 

Aa sin20 sxTHMOJiJiHKfla d- KBapKHH (u- KBapKKa afljiaHaflH- 

raH ) Ba cos2Q 3XTHMOJiJiHKfla s'- KBapKHH  (c- KBapKKa  

afijiaHaflHraH) yMpaTHiu M yMKHH.

8  6ypHaKKa 6ypnui A- rnnepoHHH 6eTa-napMajiaHHUiH 

HHM a ywyH HeflTpoH napMajiaHHUiH/iaH KaMpoK 3Xthmojijihkk3 

3ra 6yjiraHJiHTHHH TyuiyHTHpH6 6epaAH: ca6a6 sm 20 ko3(})<})h- 

UHeHT^a 6yjiH6, yHHHr mhkhoph A- rHnepoHHHHr nuiaui 

BaKTHflaH TonHJiaAH:

sm20 =  0,226(4); 0=13°. (8.61) 

K a B C  HM HAarn c o h  oxnprH  coHflarH M yMKHH 6yjiraH 

X3T0JIHKHH 6HJIflHpaAH.

FajiaTH KBapKHHHr KOJiraH «s'cos0» jih 6yjiarn FajiaTHJiHK 

caKJiaHH6 KOJiaflHraH 6eTa-napMaJiaHHUiHH 6ejirHJiafiAH, 3mmo 

y MaH KHJiHHraH, MyHKH yHra moc KeJiyBMH rnnepoH (ucd) 
A- rnnepoHra HHc6aTaH Karra Maccara ara 6yjiaAH.

ByHAafl TapKH^AarH rnnepoHHH A c- 6njiaH 6ejirHJiaHaflH. 

y h h h t  M accacH  2281 (3 ) T s B . K B ap K M o ae jib  HHXOHT.ua 

xaKKOHHfl 6yjin6 KypHHa/iH : yMajia KBapKHHHr M yM KHH 

6yjiraH  6a p M a  k o m 6 h h 3 U h h c h  —  rnnoTeTHK THnepoHJiap ce- 

KHH-acTa T0nHJiM0Kfl,a. IUyHra yxuiaui KB apK  Ba 3 h t h k - 

BapKJiapAaH  Ty3HJiraH 3appaJiap  —  Me30HJiapHHHr oHJiacn 

x a M  KeHrafln6 6 o p M o K A a .
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H a 3apHaa.a HefiTpaji opajiHK 6030H —  W° naftflo 6 yjiraHH- 

A aH  cyHr, yHH (})OTOHra M y H o ca 6 aTHHH TyuiyHHUi KepaK 

6 yjiaAH. S jie K T p o A H H a M H K a ^a  (Jjotoh hkkhtb HeflTpaji tok 

yp T acH A a  TatCHpjiauiyBHH  ojih6 yTyBMH Ba3H(J)acHHH 6 a>Ka- 

p n 6 , 3JieKTpoAHH aM HKaaa  yjiapHH c o /u a  khjih6 TOKJiap A e 6  

aTajia^H . XyAAH aiyHAaft (j»yHKUHHHH IF 3- 6o3oh x aM  6 a>Ka- 

paAH . —  ,

y3apo TaTjCHpJiaiuaeTraH h k k h t b  ajieKTpoH y3apo 4>o t o h - 

Jiap Ba, LuyHHHrAeK, W°- 6030HJiap 6njiaH aJiMauiaAH. d- Ba 

s- KBapKJiap apaJiauiH6 KeTraHH Ka6n (})o t o h  Ba W°- 6o3oh 

)CaM apajiauiH6 KeTaAHMH eKH flyKMH, uiyHH tckujhph6 KypHiu

J103HM.

H K K H T a  HeiiTpHHO y 3 a p o  TaTjCHpjiauiH6 , W°- 6 0 3 0 H 6 HJiaH 

aH H p 6 oiujiauuiapH KepaK  s a h , MyHKH yjiap y p T acH A a  3JieKTpo- 

M arHHT TatcHpjiauiHiu  ftyK- A m m o  d- Ba s- KBapKJiapHH 

KyuiHJin6  KeTHiu mhcojih  6 h 3  (})o t o h  Ae 6  aTaeTraH Hapca  

«apajiauiMa» 6yjiH6, yHra W°- 6 0 3 0 H x,aM KHpaAH AeraH 

<})HKpHH naftAO 6yjiHiUHra TypTKH 6yjiAH, HeflTpHHOHHHr 

TaijCHpjiauiyBHAa aca , Ha (J)aKaT W° K aTH auiaA H . B h 3 
6HJiaMH3KH, x,aKHKaTAa x,aM uiyHAaft 6 yjin6  m h k a h . Kaui({) 

KHJiHHraH Z°- 6 0 3 0 H W + Ba W~ ra yxuiaMaftAH , y Karra  

M accara  ara. ByjiapH HHr x a M M a c n  (J)OTOHra HHaAa c h h m k o b - 

JIHK 6 HJiaH KapaLUHH T a K 0 3 0  KHJiaAH.

X aK H K aT aH  xaM , arap 4)OTOHra h3otohhk chmmctphh 

HyKTaH Ha3apHAaH Kapajica, yHAa KaTTa KaMMHJiHK 6opjihth 

MaT>JiyM 6yjiaAH. Y  npOTOH 6HJiaH TaiiCHpjiauiaAH —  n p 0T 0 H- 

hhht 3ca  e ajieKTp 3ap H A H  MaB>KyA, 3mmo (J)otoh HeftTpoH 

6HJiaH TaijCHpjiauiMaftAH —  HeftTpoHHHHr 3apHAH ftyK-

OOTOHHHHr «XyjIK-aTBOp»HHH w°- 6030HHHHr H30T0nHK 

CHMMeTpnHAaH kcjih6 MHKaAHraH «xyjiK-aTBOpH» 6HJiaH 

TaKKocjiaftjiHK. W°- 6030H xap  hkkh HyKJioH —  npoTOH Ba 

HeHTpOH (H30T0IIHK Ay6jieTHHHr HKKH a"b30CH) 6HJiaH 

TaxMHHaH 6np  xhji TaiiCHpjiaiuaAH; y3apo TaTaCHpjiauiHiu 

(}>aKaT HiuopacH 6HJiaH (JiapK KHJiaAH. A r a p  W°- 6o3oh Ba 

npoTOHHHHr TatCHpjiaiuyB AOHMHftcHHH -\-g/ 2 6HJiaH 6ejirn- 

JiaHca, Ba HeftTpoHHHHr TaijCHpjiamyB aohmhhch —  g / 2 ra 

TeHr 6yjiaAH.

A H a  m y  AaJiHJiJiapra acocJiaHraH x,0JiAa m yHAaft THnoTe3a 

HJirapn cypHJiAHKH, yHra  acocaH  W°- 6 0 3 0 H A a H  T a u iK a p n  HHa 

B- 6 0 3 0 H x a M  MaB>KyA 6 yjiH6 , y W°- 6 0 3 0 HAaH  4>a PKJiH 

yjiapoK  TpnnjieT T a p K H 6 nra  KHpMaftAH, 6 ajiKH y HKKa xojiAa 

MaB>KyA 6 yjiaAH. ByHAaft 6 0 3 0 H cum AeT, hkko,%oa 6030H A e 6 
aTajiaAH . H a 3 a p H H H H H r  KOH A ajiap nra  MyBO(J)HK CHHrjieT x a p
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HKK3J13 npOTOH  (flOHMHHCH g ')  Ba JienTOHJiap (flOHMHHCH

—  g ')  SHJiaH 6 np xhji TaijCHpjiauiaAH.

B°- 6o3oh <|)OTOHHHHr xaTTH-xapaKaTHHH TyuiyHHiura 

hmkoh fiepaAH. ByHHHr yqyH (Jjotohhh W°-  Ba B°- 6 0 3 0HJiap 

apajiauiMacHaaH H6 opaT ae 6  XHCo6 jiaui KepaK. A h h h  naftTfla 

6 y 6030HJiapHHHr xnccajiapH uiyHflaft 6 yjiaaHKH, HeftTpoH 

yqyH yjiap y3apo 6 Hp-6 HpjiapHHH HefiTpajuiafiflH Ba npoTOH 

yqyH yjiapHHHr KyMJiapn KyuiHJiaflH. LUyHra yxuiaui Zo- 6o3oh 

xaM  apajiauiMa 6 yjiH6 , HefiTpHHo Ba HeftTpoH uiy 6 0 3 0 H 6 njiaH 

aJiMauiHHaflH. YHra  6 ouiJiaHFHM, HHrH TyFHJiraH Ba B- 6 0 - 

30HJiapHHHr «KOJiraH khcm h» cap(}) KHJiHHaflH.

U ly  xojifla Ha3apHRaa hkkhtb KyMCH3 MaftfloH Ba uiyHra 

myhoch6 HKKHTa g '  xaMfla g  KyMCH3 3apafl By*yflra KeJiaAH.

HKKHTa flOHMHH ypHHra 6 HTTa flOHMHfi —  e SJieKTpOH 

3apHflHHH xapaK aT^a  kojiahph6 , BaftH6 epr 6 ypMarHHH khph- 

thui K a 6 yji KHJiHHraH:

g ' / g = t g Q „  (8 .62 )

BafiH6epr 6ypnarH —  0 W K a 6 H 6 o  6ypMarH Ka6H 6H3HHHr 

(})a30MH3flarH 6ypMaK 6yjiMaft, y <})aKaT 6 ejirHJiauiHHHr Kyjiaft 

ycyjiHAHp. 3 a p a a  e hh KyMCH3 3apHAJiap 6HJiaH 6oFjiaHHUiH 

npoTOH 6 HJiaH Ta"bCHpjiaujHUJHflaH aHHKJiaHa/ui. Ba"b3H 6np  

TaijCHpjiauiyBJiapHH KyfiH/iarH 8 .6 - waABajiAa KejiTHpHiu 

MyMKHH.

8 .6- jk a b a ji

npoTon HCMTPOII HcfiTpmio 3^eKTpon I
OOTOII e 0 0 —e
/P e/tg20w c/sin20w e/sin20w —e/tg20w |

MafiflOHJiap KaHAafi apajiauinujHHH K ap a6  MHKaftjiHK. 

W°- MafiflOH 6HJiaH TaiiCHpjiaujyB ( ht>h h  3HeprHH 3h m jih t h ) 

g T zW °  H(})ozi.ara nponopuHOHaJiflHp. T z K03(})(})HUHeHT h k k h t b  

KHHMaT Ka6yji KHJiaAH: npoTOH (Ba HeftTpHHo) yMyH 1 /2  Ba 

HeftTpoH (Ba SJieKTpoH) y n y H — 1/2.  HKKHTa KHHMaTHHHr 

(})apKH 6npra TeHr 6yjiHUiH Ba + 1 / 2  Karra 3apHAra TyrpH 

KejiHUiH ynyH npHMTa KHHMaTJiap e3HJiraH.

HyKJioHJiapHH B  MafiAOH 6 HJiaH Ta"bCHpjiaiuyBHHH xaM uiy 

KypHHHUiAa e3Hui mymkhh: 1 / 2 -B.

Tz —  K3TT3J1HKHH H30T0nHK CnHHHHHT yMHHMH KOMnO-

HeHTacH Ae6 aTajiaAH. Bhphhmh hkkh KOMnoHeHTajiap T ^ n a T^  

§KH aHHKpOFH VJiapHHHr KOM6 HHaUHHJiapH T \ ± T 2 u ^id  

aftjiaHHlUHH Ta"bMHH KHJI3AH.

3 h a h  W °  Ba B  MafiAOHJiapHH apajia iuTH paM H 3 , 6 y p a M H 3
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(d - KBapKHK s- KBapK 6na»  apaJiauiTHpHiu/iarH KaSn). Hhfh 

MaHAOHJiapHH A (SJieKTpOMarHHT MaHAOHHHHT «X03HprHS> 

BeKTop-noTeHUHajiH) dnjiaH Ba HefiTpaji opaJiHK 6o3ohhh 

Z °  (6y 6o3oh TaJKpnSaAa Ky3aTHJiaAH) 6HJiaH 6eJirHJiaftMH3:

A =  B  cos Qw+ W °  sin Qw. (8.63)
Z = — B  sin Qw+ W °  cos 0*. (8.64)

By 4>opMyjiaJiap MaftflOHJiapHH eKH 3appajiapHH apa- 

jiauiTHpHiu HHMaHH 6HJiflHpHUiHHH aHHKJiaftflH. By epAa 

BaftH6epr 6ypwarH 6 h p h h h h  MapTa naftAO 6yjiaeTHp.

lO K o p H A a r H  H(|)OAaJiapHH HyKJioHJiap 6HJiaH TatCHpjia- 

UiyBJiapHHHT ftHFHHAHCHra KyH M H 3:

1/2  g 'B  +  g T zW °

Ba A Ba Z °  jih  xaAJiapHH TynjiafiMH3:

A  ( j g 'C o s Q v+ g T  jSinQjj,

Z ° ( - ^ g 'S i n Q w+ g T zCosQv).

HeftTpoHHHHr HeftTpaJiJiHTH uiapTHAaH  A  h h  ojiAHAarH 

KaBC Hcwira aftjiaHaAH (T  =  —  \ /2n a ) (g ' =  gtgQw 6yjiraHAa- 

rHHa uiyHAaft 6y jiaA H ).

U Jy H A aH  c y H r .4  oJi/w/iarH K o s ^ H U H e H T  (K a B c ) KyftHAarH 

KypHHHiura  KeJia^H:

gSinQw (\ /2 +  Tz) =  j | j „ 0) t ! =  +  1 /2  ga.

Ammo 6y K03(J)({)HUHeHT (T z=  1 /2  /i.a) npoTOH 3a p n m  e ra 

TeHr 6yjiHUiH KepaK. ByHAaH a*oftn6 6np (J)opMyjiaHH x,ochji 

KHJI3MH3:

gSinQv= e  (8.65)

Ba y ajieKTpoMarHHT x,aM/ia KyncH3 TaiiCHpjiaujyBJiapHH 

6oFjiaftflH.

Z  6HJiaH Ta^CHpjiauiyB s h a h  h h f h h a h  6nJiaH H(j)oflaJiaHa-

AH.

, 8 '661

JlenTOHJiap yMyH g ' h h h t  HU iopacHHH TecKapnra  y3rapTHiu 

KepaK  6yjiaAH .
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AiimnraH-napHHHr MaT>H0CH uiyHAaKH, KyMCH3 TaiiCHpjia- 

uiyB oxHpn 6opw6 HKKHTa napaMeTp: s;ieKTpoH 3apHA« e Ba 

BaiiH6epr 6ypMarH Q w 6HJiaH aHHKJiaHap 3KaH.

AMajira ouiHpHJiraH KyncH3 Ba SJieKTpoMarHHT Tatcnpjia- 

uiyBJiapHH dnpjiaiuyBH MaT>JiyM M a t H o a a  HOKaftTyBMaHflHp. 

BafiiH6epr 6ypqarHHH HCTaJiraHMa TaHJia6 ojihui 6HJiaH 6np  

TatCHpjiauiyBHH  hkkhhmhcha3h a * p a T H 6  Ba KywcH3 Tai.- 

CHpjiaiuyB/iaH KyTyjin6 6yjiMafiflH.

 ̂ BypnaK  Q w= 0  Ae6 ojiafijiHK, y x,0JiAa (})opMyjiajiap 

6yHH4a e 3apH 4  HOJira aiijiaHaAH, SJieKTpoMarHHT Tatcnpjia- 

iuyB iiyKOJiaflH. Arap Q w=  j i / 2  6yjica \aM 3apHA e HOJira

aiiJiaHaAH (e=0 ). Q w= n / 4 aa 3apHA e=-^- g ,g=g ', W°
V 2

Ba B MaiiAOHJiap 6HJiaH TaijCHpjiaiuyBjiap TeHrjiauiaAH. UJyH- 

Aaii khjih6, Ha3apHH >KyAa MycTaxKa6 6yjiH6 hhkah. H3oto- 

nHK HHBapnaHTJiHK npH H U H nH  Hiura TyuiH 6, y 3JieKTp 3apH- 

ahhh KywcH3 TaTjCHpjiaiuyB 6HJiaH 6y3HJiMac khjih6 6oFjiaAH.

K y uiH M M a  k h j i h 6  uiyHH aflTHiu j io 3 h m k h , T a * p H 6 a  

BaiiH6epr 6ypM arn ynyH Sm20w=O,226 (4) KHHMaTHH 6epAH.

On3HKJiap ynyH KyiiHAarH MacaJiaJiap *yM6oKJiHrHMa 

k o jia h : 6y  c o h  KaepAaH naiiAO 6yjiAH, y H a 3 a p H H H H H r  

HaTH>KacHMH, arap iuyHAaii 6yjica, KaiicH H a3apH H H H H r?  

K a 6 H 6 o  6ypHarH Ka6n  yHHHr kcjih6  m h k h u ih  >KyM6oKAHp.

8.31-§. OpajiHK 6030HJiapHHHr Maccacn

W + , Z- 6030HJiapHHHr acocHii xoccaJiapHHH TyjiHK 6hjihiu 

ynyH yjiapHHHr MaccacH ynyH e3HJiaAHraH (J)opMyjiajiapHH 

6hjihui Tajia6 khjihh3Ah. MaiiAOH Ha3apHHCHAa xap  aohm 

6yjiraHHAeK, Macca MyaMMOCH khhhh M acajia  6yjiH6, AenpjiH 

xen KanoH Macca ynyH Ha3apHii (})opMyjiajiap 6yjiMaiiAH. By 
MyaMMOHH eHHUiHHHr oAaTAarH ycyjiH CKajinp 3appaJiapHHHr 

MaiiAOHJiapH 6yjiHuiH MyMKHH AeraH rHnoTe3ara acocjiaHraH. 

CKaJinp 3appaJiap Xnrrc 3appajiapH eKH oaahh khjih6 

XHrrcjiap Ae6 HOMJiaHraH Ba 6y  hom yHH yiijia6 TonraH (})h3hk 

HOMHra KyiiHJiraH. By MaiiAOHJiap 6HJiaH Ta"bCHpjiaujyB 

3appajiapAa, xyAAH apHTMaAarn HOHAa KyuiHMHa Macca 

naiiAO 6yjiraHH Ka6n, Macca naiiAO 6yjiHUiHra ojih6 KejiaAH. 

XHrrcjiapHH RHrn aBJioa Te3JiaTrHHjiapHAa kh ah p h 6  TonHUi —  

3Hr 4>yHAaMeHTaji MacajiajiapAaH 6npHAHp.

H a3apH H A aH  Z° Ba W ^  h h h t  MaccajiapH MycTaKHJi 

SKaHjiHTH Ba yjiap y3apo BafiH6epr 6ypnarH opKajiH 

6oFjiaHraHJiHrH kcjih6  HHKaAH:
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mw =  mzcosQw. (8.67)

By H(})OflaHH 0„, SypqaKHH aHHKJiaiu (}>opMyjiacH flecaK 

6yjia/iH. By  4»opMyjiaAaH 3apHA e Ba BaftH6epr 6ypnarH 

opKajiH Macca KBaflpaTH yuyH KyftHflarw H(})OAaHH ojihui 

MyMKHH!

« !- = — T — ( 8 '6 8 > Sin 6V 4 ^ 2  G F

m l=  2 1 -2 ...' ■ (8.69)
Sin\-Cos'20 w 4 V 2

B y jiap aaH  M accajiapH HHr y3Jiapn yqyH  MHKflopHH (})opMy- 

jiajiap 0JiaMH3:

37 ,3
m„ TaB, (8.70)

m =  , 37,3 r3B. (8.71)
s m 0 w -cos0w

By H(})OAaJiapHH kcjithph6 MHKapHui yuyH 6H3ra MatJiyM 

6yjiraH h k k h t 3 MyHoca6aTflaH <})ofiflaJiaHflHK:

( 8 7 2 )

4 = » " j  <8 -7 3 )
m w »

By MyHoca6aT^apflaH mw Ba mz JiapHH XHCo6jiaui MyMKHH: 

m w= 8 1 ,4(6) TaB , (8.74)

mz =  92,5(5) r3B. (8.75)

Ta>KpH6aJiapfla aHHKJiaHraH Macca KHHMaTjiapn Ha3apHH- 

HH HUIOHMJIH paBHUIfla TaCflHKJiaflH.

BafiH6epr 6ypMarH, uiyHAafi k h jih 6, xaM  HefiTpHHOHHHr 

com hjihu i H(})OAacHfla, x.aM Maccajiap HHc6aTHAa KaTHauiap 

3K3H. O a K a T  Ha3apHHrHHa 6yHflafi nyKyp Ma"bHOAarH 6oFJia- 

HHUiHH aHHKJiafi oJiflH. W  Ba Z BeKTop 6030HJiap 1983 fiHji^a 

R n p o  TaflKHKOTJiapH EBpona MapKa3H (U.EPH) jxa TyKHa- 

uiyBMH npoTOH —  aHTHnpoTOH o k h m  AacTacH^a Kauu}) s t h j ia h . 

ByHAa x,ap 6np  AacTaaa SHeprHH 270 T aB  3a h . IlpoTOH —

aHTHFIpOTOH TyKHaUiyBHfla npOTOH Ba aHTHnpOTOHHHHT 

KBapKJiapHflaH 6npH W  eKH Z 6030Hra aftjiaHaflH. n p 0T0H Ba
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aHTHFipOTOHHHHr S o W K a  TatlJKHJl STyBHHJiapH y 3 a p O  Ta"b- 

CH pjiam raH A a  TypjiH aapoHJiap  x o c h j i  6yjiaAH . Y jiap  h k k h  

3 a p p a  Ky pH H H uiH Aa  AacTJia6KH 3a p p ajiap  flyjiHaaH flyHajiaAH. 

3 H r  Karra  s x t h m o j i j i h k  SHJiaH Ba AewpjiH 6np o H ^ a  W- § k h  

Z- 6030H Jiap  KB ap K  Ba aHTH KB apKKa  napnaJiaHaflH. LU yH AaH  

cyHr, naflAo 6yjiyBMH KyuiHMM a a ap o H  m apM aJiapHH H  a M a jm a  

npOTOH —  aHTHIipOTOH TyKHaUiyBHHHH T 6HpH HM H 6oCKHM HAa 

naflflo 6yjiraHJiapHa,aH a>KpaTHiu M yM KHH 3M ac .

UJyHHHr ynyH W- Ba Z- 6030HJiapHH Kaitn kh.thui yMyH 

yjiapHHHr JienTOHJiapra napHajiaHHiiwiapHHHHr KaM ynpafiAH- 

raH

W +-*-e+ + v e; W ~^e-  +  v,, z+e+  +  e~ (8.76)

x,0JiJiapHAaH (JioflAajiaHHJiaAH. JleKHH 6yHAafl napnaJiaHHUi 

3X T H M O J I J I H T H  W y / i a  K H H H K .  W'Ba Z- 6 0 3 0 H J i a p H H  Kafi/i. 

K H J i H U i ^ a  3a p H f l J i a H r a H  jienTOHJiap A H K K a T r a  c a 3 0 B 0 p A H p .  

B y j i a p  A a c T J i a6 K H  n p o T O H  B a  a H T H n p o T O H  * a p a K 3 T H  flyHaJiH- 

uih 6 HJiaH moc T y u i y B H H  K y p H J i M a  y K H r a  A e a p j i H  thk T O M O H r a  

y H H 6 H H K y B H H  SJieK T p O H J i a p A H p .  y j i a p H H H T  3 H e p r H H J i a p H  

T a x M H H a H  n a p n a j i a H y B H H  6 0 3 0 H  M a c c a c H H H H r  n p M H r a  TeHr. 

LUyHaafl khjih6 , K e p a K J i H  flyHajiHUUiH moc K a T T a j i H K A a r H  

H M n y j i b c r a  ara 6 yjiraH uiy S H e p r H J i A a r H  3 J i e K T p o H J i a p H H H r  

Kafifl K H J i H H r a H J i H r H  6 o 3 Q H J i a p  T y F H J i r a H H ^ a H  A a p a K  6 e p a A H .  

S j i e K T p o H H H H r  H M n y j i b C H  6 HjiaH 6 h p  B aKT.ua K y p H J i M a  y K H r a  

thk 6 yjiraH flyHajiHUiAarn 6 a p n a  3appajiapHHHr HMiiyjibCJiapH 

xaM yjinaHHiiiH jio3hm. LUy flyHaJiHUUAarH HMnyjibCJiap 

Ahfhhahch W- 6030HHHHr napnajiaHHUiHfla 3JieKTpoH 6 HJiaH 

6 np B a K T ^ a  n a f l A O  6 y j i a A H r a H  a H T H H e f l T p H H O  H M n y j i b C H r a  

TeHr. I O k o p h  S H e p r H H J i H  K y n j i a6 3 a p p a j i a p H H H r  Kafi^ khjihui 

3 a p y p H H T H  K y p H J i M a H H H r  K a T T a  oFHpjiHKfla (6 np H e n a  mhht 

T O H H a ) 6 y j i H i U H H H  B a  M y p a K K a 6  3 J i e K T p o H  a c 6 o 6 - y c K y H a -  

j i a p H H  H U IJiaTHUIHH T a K 0 3 0  3 TAH. LlpOTOH —  a H T H f i p O T O H  O K H M  

A a c T a c H H H H r  CH(})aTHra x,aM K a T T a  Tajia6 jiap KyflHJiaAH.

1984 fiHji^a K- P y6 6 na Ba C. BaH aep Meepjiapra W-va 
Z- 6030HjiapHH Kaui({) 3TraHJiHKJiapn ynyH xajiKapo H o 6ejib 

MyKO({)OTH 6 ep H JlflH .

8.32- §. JlkyH ypHHAa

A t OM  (j)H3HKaCH (})H3HKJiap TOM OH H AaH  Uiy KyHTa KeJIH6 

JKy^a h x u i h  TyuiyHHJiflH. A t o m  Ty3HJiHiuH acocaH  TyFpn 

TacBHpjiaH raH  o a a h h  Pe3ep<})opA M o^ejiHra K y p a  o f h p  a a p o  

M apKa3Hfi MafiAOH x o c h j i  KHJia^H Ba 3JieKTpoHJiap acocaH  aH a  

uiy MaitaoH T a tC H p H A a  x ,apaKaTJiaHaAH . A T O M A a r n  6 a p n a
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Kyqjiap 6H 3ra  MaijJiyM. Y H A a r H  sjieKTpoHjrap AHHaMHKa- 

c h h h  LLIpeAHHrep TeHrjiaMacH, p c j ih t h b h c t h k  Ty3aTMajiap 

\Hco6ra cuiHHraH xojiAa aca, JlHpaK TeHrjiaMacH TaBCH(J>Jiaft- 

AH. ATOMJiapHHHr Ma3Kyp Ha3apHHCH KynrHHa TypjiH h x t h p o - 

jiap Ba TaAKHKOTAarH h jim h h  lOTyKJiapHHHr 6 h p h k h i u h  

HaTH>KacHAa io3ara k c jia h . K h m c b h h  sjieMemviap HiaABajiH, 

BOAOpOfl aTOMHHHHT CneKTpHflarH BaJIbMep CepHHCH, KyJiOH 

KOHyHH, 3JieKTpOJIH3, KOpa JKHCMHHHT HypJiaHHlUH, K3TOA 

HypjiapH, ajib({)a-3appaJiapHHHr c o m h jih iu h  Ba Bop m o a c jih  

6 yJiapHHHT XaMMaCH aTOM (J)H3HK3CHHHHr pHBOJKJiaHHUIHAarH 

M yxH M  KaAaM JiapAH p .

X,03Hprn KyHAa 3JieMeHTap 3appajiap cj)H3HKacH Ba HApo 

cj)H3HKacHAa axBOJi KaHAafl? Arap cy6aT0M AyHecHHH aHHK 

TacBHpjiaui ywyH MaB>KyA MatJiyMOTJiap eTapjiHMH? —  AeraH 

caBOJi TyFHJica, yHra paA >k3bo6hhh 6epaMH3. YMyMaH 

o/iraHAa, HApoJiapHH Ha3apHfl TaBCH(J)jiauj KOHHKapjiH xojiaT- 

Aa: KaTop HApo MOAejuiapH MaB>KyA 6yjiH6, HApo Ty3HJiHuiH 

Ba yHAarn HyKJioHJiapHHHr y3apo TaijCHpHra aJioKaAop 

6yjiraH KynrHHa xojuiap eTapjiHMa TyuiyHTHpnjiaAH. JleKHH 6y 

MOAeJiJiapHHHr Kynjiapn, yjiapAa 6ap*ia MaT>JiyM 6yjiraH HApo 

KynJiapHHHHr xoccaJiapH XHCo6ra oJiHHca-Aa, HApoAarH 

HyKJioHJiap xapaKaTHHHHr (J)aKaT 3Hr oaahh  TypjiapHHH 

ypraHaAH. UlyHHHr ynyH btom hapochhhht Ha3apHHCH 3tom 

(J)H3HKacHAeK TyraJiJiaHraH Ba HXTHepnfl TaxMHHJiapAaH xojih 

6yjiHiUH yMyH Kyn Himiaiu KepaK. 3jieMeHTap 3appaJiap 

coxacHAarH Ba3HHTHH xaM yHMajiHK KOHHKapJiH Ae6 6yjiMafl- 

ah. y aTOM Ha3apHHCHHHHr Bop, HIpeAHHrep Ba TeH- 

3eH6eprjiap AaBpHAarn 3Mac, 6ajiKH yHAaH aHMa HJirapnrH 

XOJiaTHHH scjiaTaAH. IIIynAafl 6yjica-Aa, Ma^JiyM TaBCH(})Jiap- 

ra ara 6yjiraH cy63appa (KBapK) Jiap TyiuyHMacH KHpHTHJica, 

y xojiAa Ma"bJiyM 6yjiraH ajieMeHTap 3appaJiapHHHr 6ai>3H 6np 

xoccajiapHHH Ha3apHft >khx3ta3h eTapjiH Aapa>KaAa Ty- 

UIVHTHpHUI MyMKHH.

Xo3HprH BaKTAa 6np  He^ia KaTTa 6HpjiauiTHpHiu Ba 

cyneprpaBHTauHH MOAeJiJiapH TaKJiH(J) KHJiHHraH. Yjiap xajin 

MyKaMMaJiJiHKAaH y30K, j ic k h h  yjiapHHHr aftpHM 6auiopaTJia- 

pHHH Ta>KpH6aAa TeKUiHpHm M yM KHH. M acaJiau, xaMM a 

MOAejuiap npoTOH Ba HApo hhha3 6oFjiaHraH HeftTpoHHHHr 

xaM  H0cra6HJiJiHrHHH 6auiopaT KHJiaAH. M oAejuiap  (J)apKH 

npoTOHHHHr Huiaui BaKTHHH ( i r) 6axoJiauiAa KypHHaAH. 

JleKHH 6y  BaKT yMyH xaMM a MOAejuiap Tr>  1030 A hji 

KnftMaTHH 6epaAH.

ripoTOHHHHr napMaJiaHHUiHHH TonHuira  a o h p  Ta>KpH6ajiap 

M y p a K K a 6  t c x h h k  Ba3H(J)aAHp, Myh k h  Tr>  1030 hhji 6yjiraHAa
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1 HHJi,o,a 100 Ta napHajiaHHLUHH Ky3aTHiu ywyH aeTeKTop 

MaccacH ~  102 t 6yjinuiH KepaK. Ha3apHH 6yHHMa npoTOH 

napMaJiaHHiUH JienTOH Ba 6HTTa eKH 6np HeMTa Me30HJiapHH 

HHKapHui opKajiH (p - v e + +  Jt°, v +  fe+  Ba X0Ka30) 103 

6epaflH. ByHflafi oxnprH MaxcyjioT/iap kocmhk 3appaJiapHHHr 

EpAarH Mozuajiap HApoJiapH 6nj\an y3apo Ta-bcnpHfla xaM 

XOChji 6yjiHiUH MyMKHH. LLIy ca6a6jiH Ta)KpH6ajiapHH MyKyp 

ep eKH cyB ocTH/ia yTKa3Hiura Typpn Kejia/m.

1986 HHJirana yTKa3HJiraH TawpH6ajiap.ua npoTOHHHHr 

napnajiaH H iuH  n.e6 a ro H a  t3 jik hh  KHJiHHaflHraH BOKeajiap 

Ky3aTH ^M aflH . TypjiH  MaMJiaKaTJiap/ia TaflKHKOTMHJiap tomo- 

HH/iaH TypjiHMa KypnjiM ajiapaa  OJiHHraH Mai>jiyMOTJiapra 

K y p a  t p ynyH nacTKH  n e ra p a  — 1032 HHJira TeHr. By H a T H * a  

TaKJiH(|) KHJiHHraH MOflejuiapHHHr afipHMJiapHra MeK k y h a h  Ba 

HHTH H a 3 a p H H  XaMfla HHTH T a *p H 6 a J ia p H H  JIOHHXaJiaiUHH 

par6aTJiaHTHpaflH . By fiyjifla yMpafiflHraH KHfiHHHHJiHKJiap 

xa;iH,>KyAa Kyn . U iy H H H r  ynyH  sxthm oji X X  acp  (})H3HKJiapH 6y  

M yxH M  Ba HKyHHfi nroH a  (})yHflaMeHTaji Ta"bCHpjiauiyBHHHr 

aHHKJiaui M yaM M OCH H H  X X I  acp  (})H3HKacHra M epoc khjih6  

6epHUiJiapH x a M  M yM KHH.

3aMOHaMH3 (})h 3 h k  Ha3apHHCH a>KofiH6 xycycHHTra ara. 

YHfla c})aKaT 6HTTarHHa fiyji MaKca^ra eTKa3aiiH. HoTyrpH 

Ha3apHHJiap fiyKOJiH6 6opaflH. ByHra ca6a6 yjiapHHHr 

Ta>KpH6ara moc KejiMaraHJiHKJiapnrHHa 3Mac, 6ajiKH yjiap 

ysjiapHAa Ty3aTH6 6yjiMafiflHraH HyKCOHJiapra arajiHrn- 

AaHflHp. X X  acp (}j h 3 h k  Kaui({)HeTJiapHHHr TapHXH 6yHflafi 

MHCOJiJiapra Tyjia.

KyncH3 B a  3J ie K T p o M a rH H T  T a ijC H p j ia u iy B J ia p H H H r  6 n p j ia -  
u iy B H  —  c o f j io m  o p r a H H 3 M H H H r n u ia 6  KeTHU iH  y n y H  h k k o j i  
MHCOJIflHp.

Aji6 aTTa, (})H3HK AOHMHfijiap xo3Hpaa xaM T a *p H 6 aflaH 

cuiHHMOKAa Ba Ha3apHH yjiapHH xo3Hpna TyiuyHTHpH6 6epa 

ojiMaeTHp. MacajiaH, xeM khm 3JieKTpoH 3apHAHHHHr KBaapaTH 

e' Ba h IlJiaHK aohmhhch y3apo 137 cohh 6 HJiaH 6 oFjiaHraHJiH- 

thhh, H"bHH hhm3 yMyH hc/ e =  137 SKaHJinrHHH TyuiyHTHpH6 

6epa ojiMafiflH. By coh 6 ouiKaMa 6 yjiraHHfla 6 H3HHHr 

OJiaMHMH3 6 yjiapflHMH eKH fiyKMH 6 y xo3HpMa TyuiyHapcH3. 

ByHflafi caBOJiJiapra, a(})THAaH, HHrn HHa/ia yMyMHfipoK 

Ha3apHH * a B o 6 6epca KepaK. X X I  acp 6 ouuiapH (})H3HKara X X  

acp 6 oiujiapHflarH Ka6 n Kaira lOTyKJiap ojih6 KejiaflH fle6 

KyTHiu MyMKHH. X X  acp 6 ouuiapHfla nafiAO 6 yjiraH kb3ht 

Ha3apHHCH TyuiyHTHpn6 6 yjiMafiflHraHfleK TyiojiraH Kyn 

HapcajiapHH TyuiyHTHpH6 6epflH. X IX  acp 6 ouuiapH sca,
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epyFjiHKHHHr TyjiKHH H a3apH H C H H H H r By>KyAra KeJIHUlH 6H .iaH  

xapaKTepjiHAHp.

H a 3 a p H H H H H r  pHBo>KJiaHHiiiH 6HJiaH Ta>Kpn6aHH Hr pOJIH, 

yHHHr axaM H H T H  a o h m o  o p t h 6  6 o p a A H . H a 3 a p H H H H H r

pHBO>KJiaHH6 6opHUIH  6HJiaH yHHHT pHBO>KJiaHHHJ ftyjIHHHHr 

TyFpHJinrHHH K y p caT H 6  T y p aA n raH  KypcaTKHH  Ta> K p H 6aA «p . 

O a K a T  pHBo>KJiaHraH H a 3a p H H A arH H a  yHH KapaMa-KapuJH- 

JIHKJiapAaH XOJIH 3K3HJlHrHHH T a * p H 6 a A a  K ypH H J M yMKHH.

B h 3 ajieMeHTap 3ap p ajiap H H H r  KB ap K  M OAejuiapHHH Ba 

3tom  HApojiapu CTpyKTypacHHH Hr x o3H p ru  33M O H  Ha3apHHJia- 

pn x a K H A a  aHwa M atJiyM OT 6 e p A « K . A c o c a H  aApoHJiap 

M yaM M OJiapHHH M y x o K a M a  khjiahk. JleKHH JienTOHJiap x a K H A a  

y M y M aH  ranHpHJiM aAn Aeca  x aM  6yjiaAH . By 3ap pajiap  

ajieMeHTap 3ap p ajiap  AyHecHH HHr 3Hr FajiaTH, 3Hr CHpjiH 

BaKHJiJiapHAHp. yjiapH H H r MaB>KyAJiHrH y M y M aH  TyuiyiiHJi- 

MaftAHraH Aapa> KaA a  a>Ka6jiaHapjiH.



MyAJUlH* X.AKMAA

KyJiHHi H 3AarH  Ba SornKa KyiuiaS KHTofijiapHHHr MyaJiJTH- 

(|)H —  PaXHM BeKJKOHOBHM BeKJKOHOB —  (|)H3HKa-MaTeMaTH- 

Ka (j)aHjiapH a o k t o p h , npo<j)eccop. ^ s O A  h h h t  aKaaeMHTH, 

pecnyd^HKaMH3Aa HApo (})H3HKacHHHHr acocHHJiapnflaH 6npH.

y  k h u i h  —  A M e p H K a  K y u iM a  LLlTaTJiapH H b io - n o p K  

4>aHJiap aKaj,fiM Hhchhhht * a M  aK a a eM H rH , y 36eK H C T O H A a  

X H 3M 3T  K y p caT raH  (})aH a p 6 o 6 H , B e p y H H H  h o m j i h  /LaBJiaT 

MyKO(j)OTH Ba C. H. BaBHJIOB  HOMJIH HHUIOH COBpHHflOpH,

y 36eK H C T O H  xaMfla c o 6 h k  H t t h ({)o k  MaopH(j) a"bJioMHCH Ba

HXTHpOHHCH.

OJIHM  y3HHHHT eTyK HJIMHH HUIJiapH 6 HJiaH y 36e K H C T O H A a  

3TOM  HflpOCH (j)H3HKaCHHHHr pHBO>KJiaHHUIH Ba y M y M aH  yHHHT 

uiaKjuiaHHUiHra 6 eBocHTa Kyn «H*aT,o.aH xncca KyuiraH 

HHpHK Ba JKy^a Kyn KHppaJiHK (})h 3 h k  o j i h m a h p .

PaX ,HM  BeK>KOHOB 3T 0M  HflpOCHHHHT 3HeprH HBHH  xoJiaTJia- 

P h h h  raMMa- HypJiap e p ^ a M H ^ a  K y 3 F a ™ 6  xoJiaTjiap xycycH- 

HTJiapHHH ypraH H U iaa  raMM a- HH3HKJiapHHHr AonnJiepMa c h j i- 

>k h u i  Ba KeHraHHUiHHH Hr h h t h  ycyjuiapHHH TaKJiH(j) 3 t h 6 , n a p o  

XOJiaTJiapH opacHflarn 3JieKTpoMarHHT yTHUiJiap 3)qth- 

MOJiJiHKJiapHHH KOMnjieKC opHTHHaji ycKyHajiapfla T a ^ K H K  

KHJiraH, A y H eA a , 6 h p h h m h  6y jin 6  yTHiu cox,acHAarH aapo- 

jiapHHHr TaBCH(j)JiapHHH yM yM HHJiauiTHpraH  Ba CHCTeMa- 

JiauiTHpraH, Ky nrH H a  X 03H p rH  3 a M 0 H  HApo  Ty3HJiHUiH 

H a3apHHJiapH HH  M y x o K a M a  kh jih6 , HHrHJiHKJiapHHH Ty3H 6  Ba 

yjiapHHHr lOTyKJiapHHH K y p caT H 6 , t 8 t 6 h k  M erapaJiapHHH 

aHHKJiaraH , H ApO  <j)H3HKaCHHHHr 33M O H a B H H  M yaM M OJiapnH H  

epHTyBMH 6 h p h h m h  M 0H0rpa(})HH Ba MaT>JiyMOTHOMaJiapHH 

n p a T ra H , H ^ p o  (j)H3HKacH cox,acHfla y3 ypH H ra  ara, >KaxoHra 

TaHHJiraH ojihm.

X,aJioJiJiHK, HHHTJiapHHHHr co(})JiHrH, y3Hra 6yjiraH Ta- 

jia6MaHJiHK Ba yjiyFBop KaMTapjiHK —  6y  ojihm xapaKTepH- 

h h h t  3Hr a>K0HH6 xycycHHTJiapHAHp. y k h i u h  —  Me^HaTceBap,

aaoJiaTJiH Ba 6eFapa3 h h c o h . - - .....

PaXHM BeK>KOHOB 2 0 0  JiaH OpTHK HJIMHH HUJJiap, 4 0  Ta 

M 0H0rpa(})HH, AapcjiHK, yK yB  Ba ycjiy6HH KyJuiaHM ajiap  xaMfla
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H^MHH-OMMa6on KHTo6jiap MyaJlJlH(j)HAHp. y36eK THJIHfla 

6 h p h h m h  6 op Haujp KHJiHHraH ypTa MaKTa6 yKyBMHJiapn yqyH 

«3HHUlTeHH Ba HKC6hHJIHK H33apHHCH», «Atom», HAPO Ba 

3appajiap», a6HTypneHTJiap ynyH «OH3HKa», o j i h h  yKyB 

ropTJiapH TaJia6aJiapn ynyH «Atom (J>H3HKacH», «^Apo  

(J)H3HKacH ajieMeHTap KypcH», «0H3HKaAaH pycHa-y36eKMa 

aTaMaJiap JiyFaTH» (y4 x h j i ) ,  «Atom h a p o c h  Ba 3appaJiap 

(})H3HKaCH», «ATOMAaH KOHHOTraMa», «y36eKHCTOH Hjxpo 

<})H3HKaCH TapHXH» HOMJIH KHTO^Jiap Uiyjiap JKyMJiaCHflaHAHp. 

Pyc THJiHAa Mon 3THJiraH «CoBpeMeHHbie MoaejiH aTOMHoro 

HApa», «RnepHaH (|)H3HKa b  3 aAaMax h  npHMepax», «Cnpa- 

b o h h h k  no HAepHoii (})H3HKe», «CrpyKTypa nepexoflHbix 

aroMHbix naep», «TaMMa —  cneKTpocKonHH aTOMHbix Hflep», 

«CnpaBOMHHK no HAepHOH cneKTpocKoriHH» Ba «Pa3BHTHe 

HflepHoft cneKTpocKonHH b  Y36eKHCTaHe» Ka6n KHTo6jiap xaM 

y KHiUHHHHr KajiaMnra MaHcy6. ^HJia^ h j i m h h  MaKOJiaJiapn 

XOpH>Kfla 3"bJ!OH KHJIHHTaH.

O j ih m  e3raH KHTo6jiapiia (|)HKpjiap h 3Mhji 6 yjiH6, a>KOHH6 

6 aeH 3THJiraH. iluKKaT 6HJiaH yKHraH xap KaHAafl k h u i h  yHHHr 

KHTo6jiapHfla MycTaKHJi (})HKpjiaiu Ba xyjiocajiap MHKapHiu 

yMyH Kynjia6 kh3hk MaTepnaJiJiap TonaAH.

P a X H M  BeK>KOHOBHHHr H ^ p o  (})H3HKaCHHH pHBO>KJiaHTH- 

pHiu, ioKopH MajiaKajiH (J)H3HK-MyTaxaccnc Ba ycjiy6MH —  

neflarorjiapHH Taflepjiaui, yKHTHUi >KapaeHJiapHHH t b k o - 

MHJiJiauiTHpHiu, (})aH lOTyKJiapHHH (})aoJi OMMaJiauiTHpHiu/iarH 

xu3M aTJiapH , (})H3HKaAaH aTaM auiyH ocjiH KHH Hr uiaKJiJiaHHuiH 

Ba TapaKKHeTHflarH  flnpHK xHCcaJiapH x a M ^ a  ojihh 6hjihmtox- 

Jiap yMyH 6 h p h h m h  e3raH  y K y B  KyJiJiaHMajiapn, ypTa  M aK T a 6  

yKyBMHJiapnra aTajiraH 3aMOHaBHfl AapcjiHRjiapH, HApo  

(})H3HKacHHHHr spHUiraH  MyBa(})(})aKHHTJiapH Ba AOJi3ap6 

M yaM M OJiapHHH TaXJlHJl 3TyBMH opHTHHaJl MOHOrpa(})HH XaMfla 

M atJiyM OTH OM ajiapH  ajuiaKaM OH TaH  oJiHHraH, Kynjia6 Tax- 

CHHJiapra c a 30 B 0 p .

Ojihm (})aH lOTyKJiapnHH KeHr yKyBMHJiap oMMacnra 

MypaKKa6 MaTeMaTHK H(})OAaJiap ep/iaMHCH3, TyuiyHapjiH 

THJi,aa xaMMara ypHaK 6yjiaAHraH Aapa>Kafla MaxopaT 6nJiaH 

eTKa3a 6HJiaAH. ByiOK oJiHMJiap xaeTH Ba H>KoAHra oha MaB3y 

yHHHr 3Hr HxuiH KypraH MaB3yjiapHA3H 6npnmp. By coxaAa 

PaXHM BeK>KOHOBHMHHHr XH3M3TJiapH Wyfla K3TT3 Ba 

npHHUHnnaji xapaKTepra ara.

XapKajiafl y3HHHHr xaMMara MaT>JiyM M0H0rpa(})HHJiapH 

Ba ^apcjiHKJiapH Ty(})afljiH xaM ojihm  H^po (})H3HKacH Ba yHHHr 

pHBo*JiaHHUiHra k h m m 3tjih XHCca KyuiAH.

ByHflafl caMapaaopjiHK aJiJiOMaHHHr opnrHHaJi, y3Hra xoc

571



HUJ yCJiyfiH SopjIHTH, THHHfi-THHHHMaCJlHrH, KyM-FaftpaTH Ba 

HHX.OHT, HCTeTaAOAHflaHflHp. O a H r a  HUIKH603J1HK, X aM M a  B3KT  

THHMafl HJIX.OM 6HJiaH HlUJiaUI, H3JiaHHLU 6 y  KHUIHHHHT XaeT  

M a3M yH H  6 y jin 6  KOJiraH.

y c t o 3 yMyH h x j i h t  6 u p  SyTyH  A e 6  KypHJiaAHraH  (})H3HKa 

(j)aHH y3HH HHT Ta>KpH6a Ba H33apH H JiapH H H H r MyKaMMaJIJIHTH 

6HJiaH x a p  AOHM  HHCOHHHT AaXOCHTa  KyHHJiaAHraH  s h t  h x u i h  

xafiKaJiflHp.

P a x H M  BeK>KOHOBHHHr HApo  (})H3HKaCH —  HApo  cneKTpo- 

cKonHHCH fiyHaJiHuiH 6yfiHHa HpaTraH hjimhh M aK Ta6H  

OJIHMJiap AH K K aT H H H  y3H ra  TOpTyBHH HJIMHH HIUJiapH ^HJiaH 

M au ixy p . yHHHr uiornpAJiapHAaH  60 ra hkhhh (})H3HKa- 

M aT eM aT H K a  4>aHJiapH H0M 30AJiapH  x a M A a  AOKTopJiapn hjimhh 

A a p a w a J ia p n r a , 10 Tacn  aca, npo(})eccop yHBOHJiapnra 

M y n c c a p  6yjiraH.

y 3 c o x a c H A a  P a X H M  Bck>kohob K y n rn H a  xaJiKapo Ba 

c o 6 h k  H tth (})o k  hjimhh K eH rauuiapH , a H w y M a H Jia p n  Ba 

Kynjia6 yTKa3HJiraH c o 6 h k  B y T y H  H tth (})o k  H A po  (})H3HKacH 

spH iuraH  MyBa(})(})aKHHTjiapHAaH x a S a p A o p  KHJiaAHraH hjimhh 

M aK Ta6jiapH H H T  TaUJKHJlOTHHCH, T3UIKHJIHH Ky M H T ajiapn  paH- 

CH, aT>30CH Ba (})aOJl KaTHaUlHHCHAHp.

A K a A e M H K  P a X H M  BeK>KOHOB >KaXOH H A PO  (})H3HKaCH 

(})aHHra XHCca KyuiraH 3 t o k j i h  y36eK ojihmhahp.
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