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Acocufi KBaHT TymyHYaJdapH GWJaH TaHHIUTaHaH CYHT
YUHHYH 60GAa 6a€H STHJITaH aToM TY3HJIHIUK Ba Bop HasapHsaCH
XaKHjaru Macananap OWJIaH TaHHUWHG OJMIN YKYBUHIAp y4yH
KHHMHYHIMK TYFAMPMadAH Ba MHKPOOOBeKTJIapAiarH KBaHT
XOJHCA/IaDHUHT y3BUI GOFIMKJIHTH STHAlla aHUKPOK KyPHHaAH.

Keiluarn 6o6ja KBaHT MEXaHHKACHIa TeTMILIM aCOCH
Macananap: - TyaKHH Qyskuuscd, Illpenunrep Tenryamacy,
MHKDOXYHEHHHT HOAHMKJIMK [PUHIMIH, NOTEHIHaJ TYCHK,
TYHHEIb 3(dekTH Ba GowKanap Gaéu stuiran. Bynua XaMMa
MaTeMaTHK XHCOOJAlLIAp Ty/Na-TYKHC KeJATHPHIMAraH. AMMo
CTYRCHTJADHHHT MYyCTaKHJ HIIaDH YYyH eTapiuya KjpcaT-
mMasiap GepuJira.

Bemmnyn Go6aa kBanT MeXaHHKacH NPHHIHIVIADHHHHT
BOTIOPOJICHMOH aTOMJIap CHEKTPHHH TaXJHJ KHJIHIra KyJia-
HHJIMIH KOHKDET MHCO/MIapAa KypCaTHAHG, XORHUCANADHHHT
(H3HKaBHA MOXHATH aHHK TYLIYHTHPHJITAH.

DJIeKTPOH CNHHH, XapakaT MHKJIOPH Ba MATHHT MOMEHT-
JlapH, (a3oBHA KBaHTIAHHIIHHHT TaxpHGaza Ky3aTHJIUIIN,
MarHHTOMeXaHHK 3¢peKTiap Ba BOXOPOACHMOH aToM/Iap carx-
JIADHHHHT HO3MK CTPDYKTYPacH KaGH Macajanap OJTHHUH
60612 E€puTHJIraH.

Mypakka6 aromaap TysuMmH, 3JIEMEHT/IaD AaBPHH CHc-
TEMaCHHHHI KBAaHT acoc/iapH, PeHTreH HypJapH, I[layanm
TIPHHIMIY, TaHJalml KOHJajJapu, Mypakkal aTOMJIapHHHT On-
THKaBHH CIEKTPJapu KaGu Macajalap eTTHHUHM 6GoGja, Xamaa
akat KBAaHT MeXaHMKACH acoCHZA TYUIYHTHDHJIAzgural See-
MaHHHHT HOpMan Ba aHoMan sdpexrH, [Tamen-Bak Ba [rapk
addexapu cakkusunun 6o6ia Y3 YpPHUHH TONraH.

Cyurrn 1X—X GoGnapaa Momexynanap TY3HJIHILIH, XH-
MHSBHA GOFJIAHALI KyWIapH, BaJEHT/IHTH, SPYFIHKHHUHT KOM-
GHHAIHOH COYHIHIIA XaMJa KaTTHK JXUCMJIaD (H3HKACUTa OHJ
Macalanap, MeTainap Ba siPHM YTKA3STHWIADHHHT 3JIEKTPOH
Ha3apHsCH, KPHCTa/VIaplarH MOH Ba KOBAJNEHT GOFJaHHMILIAD,
Ban-nep-Baanbe Kyunapu, Bogopos GOFMaHHII Ba aToM ¢busu-
K4aCH COXacuJa SDHIIMJITAH CYHITH IOTYKJap, JasepJapHHHT
HXTHDO KH/IHHHIIH B2 KY/UIAHHJIMIIK XaKHIA Y3 GOpajH.

Marepuanuu 6y Tapru6aa rannam XIX acp oxupu Ba XX
aep Gomuiapufia ¢usuka ¢anupa pyi Gepram PEBOJIIOIHOH
ysrapuuiap caGaGnapHHHHr (H3HKaBHE Ba ¢ancaduii mo-
XHATHHH TYLIYHHO ONHIIAA BA, WIYRHHIACK, CTYACHT/IApra YHH
TYWYHTHPHIUAA GHPMyHYa KyJalJHKIap spaTafd.
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Kuto6 yabek Tnanpa ésunaérranaury yuyn xam Myasud-
JIapAaH KN KHAHHYMIMKHH EHCMIIHH Taja6 3THH. Mynunr
YIYH XaM y KaMUWIHKNapJaH XOJH 3Mac, anbarta. AitHukca
WYHH Ka#J| KWJHII KePakKH, KHToGjaru Macananapau 6aén
KHIHUIla GHPMYHYa MypakkaG MaTeMaTHK amnapaT/ad ¢doii-
Aanauunpd. Jlekun GusHMHIua, Oy KaMUMJIHK 5Mac, YYHKH
XOSHDTH BaKTAA OJHH YKYB IODPTVIADHHHHT HKKHHUH, YIHHYH
KypClapuia TaxCHl Kypub atoM (DH3HKACHHM §praHaérTran
CTYNCHTIAD 3aMOHABHH MaTeMaTMK amnmapaTiad XxaGapiop-
aupnap. Iy ca6abau §Kysumnap yuyH acocui KHAWHYHIHK
MaTeMaTHKa GyJ/Mall, MHKPOOGBEKTJIapHa 103 Gepafuran ¢usu-
KaBHH XONMCAJIaDHHHT y3Hra Xoc XYCYCHATIAPHAHUD.

Cyurrn Hmiiapia atoM CHOEKTPOCKONHSCHHHHI ILIa3Ma
AHArHOCTHKACHTa, ACTPOMH3UK TaJKHKOT/IApra, rasiH Jasep-
Jlap CHEKTPOCKONMHACH Ba GOMIKa coxajapra TaTOHKHM aHYa
puBOX TOnAH. AMMO 6y MacanalapHH EDHTHII aTOM CIEKTp-
JIapH Has3apusCHra, aToMia 103 GepaérraH paiHauyOH XKapaéH-
JIADHHHT 9XTHMOJIJIATH Ba KYHJAJIaHT KECHMH KaG¥ MyXuM
XapaKTEPHCTHKaapra TeTHIUIH KOHKPeT XHCOGIapHH YTKa-
SHIUHH, Wy OHJaH GHpPra KHTOO XaKMHMHH XaM aHua OpTTH-
PUIMUHHK Tana6 Kuiajd. Jlekun GyHAaHl MacananapHu CTy-
AEHT/IApra MyJIKajlauTaH YMyMHit QH3HKa KypCH JOH PacHAarH
aToM (HM3HKaCH KYJIAHMacHAA EpPUTHJIHINH YHYAJIHK 3apyp
6jiMaca Kepak, KWUTOGHHHr XaKMH yHYa KaTTa 6yMaca
XaM, aToM (pM3HKAcH KypcH GyiiMua mejaroruka HHCTHTYTJa-
PH Ba YHHBEPCHTETVIADHUHT (DHSHKA MYTaXacCHCIHTH XaMzAa
KBaHT MEXaHHMKacH acocjapH yKuajauran G6OWIKa oauil yKyB
IOPTAApH  CTYy[EHTVIaPH YYYH MY/KaJ/JIaHTaH Nporpammapa-
TH acoCHA MacajlaJiapHH y3 MYHra oJras.

Myannudnap KHTOOHMHT CH(ATHHH OMIMPHIIra XH3MAT
KHIYBUH Xap KaHZad Takiud Ba TaHKHAMA KypcaTMalapHHH
1000PYBUH KHTOGXOHJIAapra OJIHHAAH ¥3 TaWwakKypJapuHH
Guagupasuiap.

Kuro6 xakunarm ¢ukp Ba MyJ0xasalapHHCH3HU Ky#fn-
Aaru anpecra roGopuur: Tomkent, 700129, Hasouft xjuach,
30. «YKUTYBUH» HAWIPHETHHHHT ¢H3uKa-MaTeMaTHKa aja-
OHETH pelakmMsCcH.
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SIKUH Bakmiapia ¢usHKa Ba XuMHA (DaHJapPHHUHT 6up
KMCMH GYJIraH MOJJIa TYSHJIHIUH XaKHAATH TACaBBYpPJIapHMH3
MaTeMaTHK annapaT HJIMHH MeTOOJIOTHsCHra 3ra GyJrad
anoxuaa Qaura ainanné Konau. X03upru BakTaa ¢an Ba TeX-
HHKAHHHI TYPJH COXaJapUHHUHT TapaKKWil STHIIHHH KBaHT
MEXaHMKaCH IOTYKJIapura acoCJaHraH MOJja TYSHJMIIH Ha-
8apUACHCH3 TacaBBYp 3THIN KuiuH. IIly caGabnan ¢usuka,
KoJlaBepca, XHMHsl HXTHCOCHHTH Gyiduya VYKYBYH CTYIEHT-
JIapHH UMKOHH GOpHYa Te3POK MOAJA TYSH/JMIUHHHHT XO3HPIH
3aMOH Ha3apHsACH acocaapu OWJaH KYpOJJIAHTUPHUG GOpHIY
3apyp. Maskyp KHToG 11y MaKcajijia ésmuras.

Monja TysMAMmIM Ha3apHSCH aHya MypakkaG Gy.ub,
(u3HKaHUHT Nespiu Gapua IOTYKJapH Ba XO3HPTH 3aMOH Ma-
TEMaTHK annapaTHHHHT Kyjapartura Ttasurad. Iy ca6a6aan
KHTOGA2 MOANA TYSHJIHIUM — aTOM (PM3HKACHHHHT acOCHik
MacalalapHHH Oa€H STHIIJA YHHHT (USHKABHH MOXHATHHH
TYWIYHTHPHIITa aloXuia 3BTHOOP Gepuniub, ¢GuU3HKAHHHT Gy
COXajiark SHr CYHITH IOTYKJIapH XaKHAa XaM eTapjHda TyXTa-
JHG YTHJITaH.

Onataa, kynruma Myannuduiap aTom ¢usnkacuEn Gaéu
KHJWINHA  YHUHT DHBOXJIAHHIN TapHXHAaH GoIaiauaap.
Maskyp KATOG MyaHMIapH 3ca MaTepHalIapHH TaHJall Ba
Y/IapHH KOAJIALITHPHIIHH MaHTHKHH Tap3ja 6aéH STHII 3a-
pypauruuH agsan xypaunap. Iy ca6a6nan KMTOGHUHT GHPHH-
4H GoOH aGCOMIOT KOpa JXKMCMHHHI HCCHKJHK HYPJAHHIIH Ba
KBaHT XdaKHJArH TYIUyHYaJapHHHT BYXKYAra KeJHIIHra Ga-
FUILJIAHT aH.

Mkkunum 60612 €pyFIHKHUET KOpHycKyJsap Ba 3appajiap-
HUHT TYJKHH Tabuatd, ¢orosdxpekr, KomnTon sdbeKTH Ba
KBaHT MEXaHMKACHHHHI aCOCHHM TalUKH/J STYBYH OOIIKa

OHp KaTop XOAMCAaIap TampPHOaIap acoCHAa HIIOHADIH pa-
BHHINa GaéH KUJIHMHTaH.
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HYpP 4MKapa OJAI KOOHMUsATHHH OGuamupysun E (A, T)karra-
JIHK HYDJIaHHII KYBBATHHH XaM xapakrepJiaHiH.

OJIEKTPOMArHUT HyPJIAHHII SHEPTUSCHHHHT CIIEKTpas (aud-
(epeHuHan) MOHOXPOMATHK OKMMH A TY/JKHUH Y3YHJIMIH KMi-
MartH atpopuia dA MHTEDBAJHJArH CIEKTPaJ 3HYWIHKHH Kyp-
caTalu:

dE,

9
Sl (1.1)

SBHU A TYJAKMH YSYHJHMKAAQ HYDJIaHHII 3HEPrds OKHMHUHHHT
CHEKTPAJ SHWIMIH TYJAKHH Y3YHAHKHUHT dA arpodugaru
GupJIMK HHTEpBalula OMPJHK BakTaa TeMiepatypacd T ra
TEHr GHPJHK CHDPTAAH HYpJaHraH sueprusira Tenr. Uynonuw,
E) dhdSdt A nam A - dA raua TYJAKHH Y3YHJHTH HHTEp-
Baiuja df BakT HuHja TemnmeparypacH T ra Teur dS cupr
s/eMeHTHIaH HypJaHaétrad sseprus. Hypaanaérran xucm-
HHHT GMPJIMK 1034/IaH OMPJMK BaKT HYHIA XaMMa HyHa/IMIja,
TYJKHH Y3YHJIHIHHHMHI' XaMMa KHHAMAaT/apHia YHKAETraH JJIeKe
TPOMArHHT 3SHEPrHSl OKHMM IKHCMHMHT 3HEpPreTHK EpHTYB-
YaHJUTH €KH YHHUHT TyJla YHKApHIIl KOGHJIHATH Je6 aTajlamd
Ba KyHUJaruya aHHKJIaHaIU:

E, =

E,=E/S=] E,d, (1.9)
0

6ynja S — KU3AUPHITAH KUCMHHHT HYDJIAHYBUH [O3H.

Bus OunaMusku, arap »KHCM CHPTHra HYpJAHHI (HypHH
SHEPrus) Tyllca, HKKH Xojuca Pyl Gepaau: HYpJaHUIIHHHT
MabjiyM OUp KUCMH XKUCM CHPTHIAH KalTaqu, KOJrad KUCMH
JKHCMra yTagd. Y3 HasGaTHma ucM 6yitia6 Tapkamaérran
HypJaHuWl OujlaH Kydujard xopuca py#i Gepamu: y KHCMaH
(€kn Tysa) KHUCMA IOTHAAJH, KOITaH KHCMH JKHCMHHHL Hyp-
Januiira nucOaran mwapdodauk Aapaxkacura GUHOAH, YHHHT
KapaMa-KapIili TOMOHH/IaH YMKHIIH MyMKuH. Kafitran unypaia-
HHUIUHUHT OHP KHCMH KY3HMH3ra TYLWIHINH Tydaluu 6u3 y éKu
Gy HCMHH Kypa onamu3 (a10aTTa, arap »KHCMHUHT Y3H HYp-
JIaHHUII Man6au Gy/IMacaaH, Gakat KafiTapuul XyCyCUATUTa 3Ta
6yusica). )KucM HypJapHH KaH4Ya KaM Kaltapca, y LIyH4Ya KOpa-
pOK TyioMagd. Arap y3ura TymiraH HYDJIaHHIIHM KaHTapMac-
JaH TyJa I0THG KOJMajHraH XHCM Gyiranna y 6usra MyT/aKo
Kopa Tyiunapay. bus 6ynnan 6yén abcosrom xopa scucm pera-
HUMH3Ja XyAQH IYHAaH XyCyCHATra 3ra GyJarad »KHCMHH Ha-
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JUJIMTH OCOH Hc6omIaHagu, akc xoJja abajuil JBuraresb
KypHIl MyMKHH 6yiap spu. dapas KuaaHyivk, KoBakxa Gup
KHHCTHJIHK YPHHIH 3Mac. ¥ X0/ia KOBaK COXaCHHHMHI GHPOp
HyKTacula HypJiaHum Gomka 6upOp HyKTacura Kaparasia
KaTTa HHTEHCHBJHMKKA 3DHUIMIIH MyMKuH. HMKKH 6up Xund
IOTHII KOGUIUMATHra 3ra OyJral >KHCMHM LIy MKKH HYyKTara
JKOHJAIITHPCAK, MablyM GHP BAaKTHAAH CYHT HKKHHUH HYK-
tajgarura Huc6ataH GHPHHYM HYKTaJarw XKHCM Karrta TemIiepa-
Typara spumagy. Harmkana WCCHKJIMK MallMHacH YYyH yJap-
JaH GupHHUMCHAAH MaHGa, HKKHHUMCHJIAH COBHTKHY CH(a-
tHaa dorinanannm MyMxus. Hlynnad kuau6, 6y xo/na cucrema
Xed KaHjail y3rapuLiCH3, HIIYHM Kyd MaHOaura aijaHap 31H.

KoBaknaru HypJaHHII a0COJIOT KOpPa XKHUCM HYpJaHHIIHIA
alllaHTaHJMTHHE Ky#ujaard ojuii MyJsoxasanap €piamuia
TYIIYHTHPHIN MyMKuH. Papas Kusaiiuk, KHYKHHA THPKHIIra
sra €nuK, CHCTEMa — KOBaK Oepu/rai Ba y TAallKH MYyXHT
6unan (aKaT THPKMLI OpPKaau Gornanrad Oy/icHH. TupKuil
OpKaJH KOBaK MUMra yTraH Hyp KOBAaKHHHT HYKH CHDTHAAH
KyT MapTa KaiTH6 OXHDH KOBaKja TyJa roTuiaid. Hucon To-
MOHH/IaH APATHJTaH HYDJAHHII SHEPTHCHHH aGCoJOT I0TYBYH
JKHCMIra 3HT SKHH KHCM — Howaddod MarepHaniaH sicanran
KH4HK THPKHILIH KOBakiIuMp. Maskyp KHUMK THPKHIUIH KO-
BaK, aKCHHYa, SHT Ky HypJaHHII YMKAapa OJNYBYUH KHUCM XaM-
aup. Arap 6u3 THPKHUI ODKAlTH HYpJaHWII MaBxyj Gyirax
KOBAaK MUHra Kapacak, KOBAKHHHI THPKHIIrA KapaMa-KapulH
JeBOpHJAH HyHaJraH HypJaAHHIIAH TallKapH KOBaK JEBOPH-
HUHT GOLIKA KMCMJIAapuWiaH Wy KapaMa-KapliM KHCMra TyIHG
KaliTraH BypJaHMIIHK xaMm Kypamus. Illynnaét xunu6, KoBak
KaHYaJIHK Ky HypJIaHHII I0Tca, y MIyHYa Ky MHKIOpAA SHep-
rusi HypJaliy.

KoBak Ba abCcoMIIOT KOpa KUCM HYPJAHHIIK ypTacuia My-
BO3aHaTHH Kypaiiuxk. Bynuur yuyn T Temmeparypara sra
KOpa MKHCMHH JeBOPHHUHI Temmeparypacu T ra TeHr Gyaras
KOBAaK MUUra KohJafiiuk. Arap BakT GHPJHMIHAA XKUCMHUHT
GMpAHK 103Mra TyuWaéTraH TYJKHH Y3YHJHKHHHT GHPJIHK
MHTEpPBANHIATH » TYJIKHH Y3YHJHKHM HYPHH 3Heprus @, ra
TeHT GyJica, aBCOMOT KOPa XXHCM TabpHHTra Kypa Oy SHeprHs-
HHHT XaMMacH 1O0THaaJu. MKKHHUM TOMOHJaH, OHPJHK BayT
HuHjga aGCoMIOT KOpa KHCM [03HJAaH TYJKHH Y3YHJIHKHHHT
GUPJNK WHTepBaJIHAAr¥ HypJaHHI 3HeprusicH E, Omia
@, opacuaa MyBO3aHaT X0JaT 103 OepHUIH Kepak, aKC Xo/la
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HCCUKJHUK HYPJIAHHUIIH BA KBAHT XAKHJATH
TYIYHYAHUHT BY)KYATA KEJMLIN

1-§. Hccukauk HypaaHuim

Xosupru saMoH ¢usukach acocupa XX acp Gomwiapupa
¢daH oJaMira KMpPHTHJIraH UKKH NPUHLIHUINHAJ FOSI: HUCOHHIMK
Ba KBaHT Haszapusjapu &éragu. HHCOHAMMK HA32pUACHHHHT
SKCTepUMeHTasl acocH, abHUM Maiikesbcon—MopaH Taxpubacu,
XIX acppaék sipatuirad sau. HucOuiInK HasapHsICHHHHT ¥3H
3ca Mamxyp oauMm AuasGepT DHHIITEHH TOMOHHMAAH SIPATHJIAH.

KBaHT HasapusiCHEMHF TapuxK Mypaxka6 GockHusapra .
sra. bupuHun Kapamiia KBaHT Ha3apUsACH 5PKHH aTOM Ba aToM
CTpYKTypacu (TapKHGHH TY3HAHIIH) HHHI HA3apHSCHJIEK TYIO-
JUIIM MYMKHH. Acsauja 3ca, KBaHT Ha3apHsiCH MMKDOAYHE
(U3HKAaCHHUHI' XaMMa COxaJjapura TaaJaykauaup. Ksaur
Ha3apHACHHMHT mafijo OynumM xam aToM (U3HKacH 0 1JaH
3Mac, GaJIK{ UCCHKJINK HYPJIaHUIIHRHY TyJa TaBCHaam Gopacu-
Ia onuG Gopuaras ypuHHMILIAp OusaH GOFIMK. )KHCMJIapHHHT
HCCHKJIMK HYDJIaHHIIM KOHYHHATIADMHM HasapHd TYyWIyH-
tupuiy XIX acp oxupu XX acp Gouwiapura Keau® KjiacCHK
¢usMKajaru SHT MyxUM MyamMora aiiiarad 3gu. Ky#nnaa
63 KypaMH3KH, 3JEKTPOMATHUT HYyDJAAHWIIHHHT WHTEHCHB-
JIUI'H Ba CIEKTpPJIaDH YCTHAA oaub GOPHJraH H3jaHHILIapia
KJIaCCHK (u3HMKa OUpHHUM 6Op KUIAZMH Marnybusarra yypa-
IH Ba SHEPreTHK CaTXJapHHHT JUCKPETJIHIH Xakujaard Ilaank
FOSICH BYXKyAra KeJJH.

JKucMmiiapHUHT KU3HIINAAH BYXKYAra KejaJurad Hy pJaHHiul,
S’PHH HMCCHKJIHK HYPJIAHHIIH KOHYHJApHHH G6a€H STHIUAAH
OJIIHH, MXTHEpHI TeMmeparypaja BYXYAra KeJTHPHJCaH HC-
CHKJIUK HYpJaHHIIHra OHA 6ab3H TabpH(UIapHH KYpaHsHK.

HypnauumHe MHKJOpHH XapaKrepJailfia HMHTerpaa Ba
auddepennan (EKM CHeKTpaj) SHEPrUs OKHMH TYIIYHYacH
guputHiagu. Viurerpan €ku 1yaa Hypaanum okumu E (A, T)
6upop CHPTAaH GHPJIHK BAaKT HYHMAA yTraH 3JeKTPOMAarHuT
TYJAKUH SHEPTHSCHHU MHKJIODHE Xapakrepaafgu. JKuCMHHHT
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JUJIHCH OCOH HcGOT/IaHamM, akC xoJAa abajuil JBUTaTeNb
KypHII MyMKuH Gysap sau. ®apas Kuiailnuk, Kosakaa Gup
KHHCTHIMK YPHHIM 5Mac. ¥ X0/fia KOBaK COXaCHHHMHT GHpOp
HYKTacHJa HypJaHHm Oomka OupOp HYKTacura Kaparania
KaTTa MHTEHCUBJHKKA SPHIUHIIM MyMKHH. MKkn Oup xua
IOTHII KOGUHsSTHra 3Ta Oy/raH XXKHCMHH LIy MKKU HYKTara
WOHJAITHPCAK, MablIyM OHP BAaKTAaH CYHI HKKHHYH HYK-
Tajarura Huc6aTaH GHPUHYM HYKTAJard 3KHUCM KarTa TeMiepa-
Typara spuiagy. Haruxana HCCHKJIMK MallHHACH YYYH yJap-
JaH OHpHHUMCHAAH MaHGa, MKKHHYHCHJAH COBUTKMY CHpa-
mHaa dodnasanum Mymrus. lynnaé xun6, Oy xosixa cucreMa
Xed Kaujai yarapuuicH3, HUIYH KyY ManGaura aijiasap S1H.

KoBagjars HypJaHuml abCooT KOpa KHCM HYpJaHMIIHTa
alilaHTaHJWTHEA KyHugard ojjuil MyJsoxasanap €pramuja
TYMYHTUPUII MyMKHH. Papas KuIalivK, KHUYKHHA THPKHIITa
sra €nMK, CHCTEeMa — KOBaK OepHiraH Ba Y TallKH MYXHT
6uian ¢akaT THPKHIU OpKamH Goriamran Gyiacud. Tupxum
OpKa/i KOBaK WYHIa §TraH HYp KOBaKHHHI HYKH CHPTHIaH
KyT MapTa KafTHOG OXHPH KOBakja TyJa rorunanu. Hucox To-
MOHH/IAH SPATHJTaH HYPJAHUII SHEPTHsICHHH a0COJIOT I0TYBYH
JKHCMra SHT KHH XHCM — Homaddod MaTepuanfaH sicanraH
KHYHK THPKHIIA KOBaKAMP. MasKyp KHUMK THPKHILIH KO-
BaK, aKCHHYA, SHT Ky HYPJaHHII YMKapa OJIYBUH XKHUCM XaM-
nup. Arap 6M3 TMPKHMUI OPKaJH HYPJAHWII MaBXyxA Gyirad
KOBAaK MUYHMra Kapacak, KOBaKHHHI' THPKHIITA KapaMa-KaplliH
JIeBOPHIAH HyHaJIraH HypJaHHILJaH TallKapd KOBaK AEBOPH-
HHUHT GOWIKa KMCMJApHJaH 1y KapaMa-Kapli¥ KHCMra TyuinG
KafiTran HypJaHumHE XaM kypamus. Illynna#l xuiu6, KoBak
KaHUYAJIHK KYO HYpJaHHUII I0TCa, Y IyHYa Ky MHKJAOpJa SHep-
THd HYpJaiaH.

KoBax Ba aGCoJIOT KOpa KHCM HYDJIaHHIIH ypTacHia My-
BO3aHAaTHH Kypadiiuk. Dywudr yuym T Ttemmeparypara sra
KOpa MKHCMHH J€BODHHHHT Temmeparypacu T' ra TeHr Gy.ira
KOBaK MuHra oijaijug. Arap BakT OHDJHMIHAA XKUCMHHHT
GUPJIHK 103MTa TYWATraH TYJKHH Y3YHJHKHHHT OHDJIHMK
WHTEPBA/IUAATH A TYJIKHH Y3YHIWKHH Hypuit sueprust @) ra
TeHT 6yJ1ca, aGCOMIOT KOPa JKHCM TabpuHra Kypa Oy SHeprus-
HUHT XaMMacH IoTuiafd. VMIKKHHUM TOMOHAaH, OUPJHK BakT
puufa abCoMIIOT KOpa KHCM [03UHJAAH TYJAKHH Y3YHIHKHHHT
GUDJMK MHTepBaAWJard HypJaHHIl 3HeprusacH E, Onian
@, opacuia MyBO3aHAT X0JaT 103 OepHlIH Kepak, akC X0J1a
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sapaa Tytamus., AGCOMIOT KOPAa KHCM TYLIYHYacH OHPHHYH
mapta 1860 #imapga I'. P. Kepxrodp TOMOHMAAH KHPHTHJTaH.

Hypaanmmu xucmaa oTanaérranaa, anbarra y ysu Ouiad
sHeprus oau6 yragu. HaTmkana »KMCMHHHI HUKH SHEPTHSCH
OpTajy Ba MOC PaBHILIA YHHHT TeMIEPaTypacH KyTapuiaiu.
Arap xap Kaujail KHuCM YUyH XYM Iy HYPJAHHII KapaéHH
BOCHTACHJa MyXHTTa HUCOaTaH HYKHM OPTHKYA 3HEPTHAHH HY-
KOTHII MMKOHHHH GepyBUM MeXaHH3M MaBXYyJ GyJMaraHja
314, a6CcoJOT Kopa (Ba Xap KaHJaH) XKHCMHHHT TeMmeparypa-
CH BaKT YTHINM OWJaH y3-Y3uJaH YEKCH3 KyTapHIHO KeTapiu
(4yHKH Xap KaHJafl peas HIaDOMTAATH MyXHTJAa YeKCH3 KHUHK
6ynca xaMm, HypJIaHUIIl MaBxkyA). Maskyp mMexaHusaMmra 6uHOaH
JKHCM XaTTO BakyyMJa koinamran 6yjca xaM, SbHH HCCHK-
JMK yTKa3yBUaHJHMK Ba KOHBEKIHS MYMKHH OyJMarau xoJja
XaM, OpTHKYAa WYKH SHEPrusichHH Hykotaiu. DBy xapaén
¢dakar SneKTPOMArHHT HypJAHH HyJau Oujan 103 Gepam.
X aKUKaTaH xaM y3rapMmac TamKH MyXHT IHApOMTHAa aGCoMIOT
KOpa, XaTTo, Xap KaHfma#l GollKa >KHMCM OMDJIHK BaKT HYHAa
KaH4a HYPJAHHKII SHEPTUACHHH I0TCA, Y ¥3 UUKH SHEPrHACHAAH
IUyHIacHHH HyKoTamu xaM. Uukapunaérran HypJaHHI Ty.I-
KVH Y3YHJHTH yJbTpabunagpmanan HHppagKu3uiarada sa Gomka
cOXajlapHH -§3 HUYMra oJirad Y3JYKCH3 CHEKTPHH TallKu
STajlH.

Kopa XHCM HYpDJaHHIIMHM YpraHum Gopacuia ByxXKyAra
eNTaH €HJAHIIHT K{paiiuK. _
& AGcomor Kopa xucm. Muean KadTapyBun MOIJUA JeBOPJaH

cust 6yaran agnabatik KoGMK Ounan ypanran ¢aso — €nuyg
KOBaK MaBxkyj Gyucun. Papas KHUJalJHK, KOBaK AEBOPHAA
MyalissH TeMnepaTypa cakJaaHcuH.J/Y xonza I. P. Kupxrod
KypCaTTaHHAEK, KOBAaKJarH MaBXyl HYDJIaHHI KyHuiaru
xoccanapra sra. Dupunuufad, $akaT TYJAKUH Y3yHJIHK/IAp
HUFHHJMCH YYYHTHHA 5Mac, XarTo alpuM TYJKHH Y3YHJIMKJap
yuyH XaM HYPJIaHHII H30TPoNl (Xap KaHja#l HyHaauumga Gup
XuJs1) Ba OUp KHHCIAM (KOBaK HUMHMHI Xap KaHJall HyKTacuja
6up xun) 6ysnamu. MKkuHUMAAH, Y KOpa JKHCM HYpPJaHHIIN
6uaH KyAHAary MabHOZA afiHaH: GHPJIHNK CHPTra BaKT GUPJH-
rHia TYWraH 3HePTHs BaKT GUPJHMIHAA KOpa XKHCMHHHT GHp-
JHK CHPTHIAH HYypJaHraH 3HeprusAra TeHr. By xom Tyagun
y3yHJIMTH 6yHHYa GYTYH CIEKTP YYyH XaM, aHHK OMTTa TYJ-
KUH Y3YHJHUK YYYH XaM YDHHJHAHD. ‘

KoBakaarn HYpJaHHIUIHHHT H3OTPOIVIMTH Ba GHp KHHC-
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JOTHIIY Ba, AKCHHYa, KaM 3SHEPrUsl YHKApYBUM IKHCM KaM
SHEPrHusl I0THINY JIO3UMJIHIHHHE TAK030 KHAaiu. JleMak, :HCM-
HUHT' YHKapHII KOOHJIHATH GU/IaH IOTHII KOGUIHSTH ypTacuaa
anuK GOFJIaHHMII MaBXyA. By GOrMaHHIUHMHI MHKIOPHH Ho-
JacHEN KypaHJuK.

Taxxpubana kapanaétran 6Up Heya JKUCM XKOUIAIITHPU/Irad
KOOHK OVILIMFUJard HYPHH SHEPTHSHHUHI' BakT GHPJMCHJA
OHDJIVK [03Ta TYIIA€TTaH TYJKHUH Y3YHJIHKHWHT OHPJIHK HH-
TepBaNuJary KHCMHHH aBBaiaruiek @i ra tenr nefiiuk. By
SHePTUSIHHHT OHD KHCMHM — Dyor kHCMAA IOTHNIAAU, OuD
KacMH — @) KUCMAAH KaHTanu, KoiraH KucMH @,y sca
JKHCMIaH VTHIOH MYMKHH, SIBHH SHEPIUSHUHT  CaKJ/IaHHII
KOHYHHMIa acocaH Xap KaHJad KHMCM I03Hra TyWaéTraH Hyp-
JIaHWIN KYAuAard AUFUHAM KYPHHHIINAA ubomagaHau:

o®, = cphm + CDAK -+ (Dkyr' (1.3)
Tenrnukuunr MKKana ToMoHHHE ®) MuKnopra G6y.1amus:
Dror . Pag | Dy,
B, -+ T, -+ o, =1, (1.4)

By ¢opmynanary 6MpHHYM HHCOAT JKUCMHHHT IOTULI KOGHIHS-
THHH XADAKTEPJOBUH JJIUAMCH3 KATTANHK — CHEKMpPan romuu
Koauyuenmu peHunany:

(D}“IOT .
(Dx = aM‘ (]5)

JKucMHUHT crekTpan 10THII KOGMMHATH (@);) YHra Tyliaér-
rag MOHOXPOMATHK HYPHH 3HEPrHsl OKUMHHHMHT KaHUa KHCMH
IOTHIMIIHHY Xapakrep/aaian. By kaTtanuk Hypnauum Ty/akus
Y3YHJIHTHra Ba XHCM Temneparypacura Goriuk. ¥ (1.5) ra
Gunoan GupJaH KarTa GyauuIM MyMKHH sMac. (1.4) Tenrsuk-
HHHT Yal KHCMHJArH MKKMHYM HHC6AT TYyIIa@TraH MOHOXpPO-
MaTHK 3HEPIUsi OKMMHHHMHT KaHYa KHCMH JKHCMIAH KaHTH-
LIMHA KypCaTyBUd V/I4aMCH3 KaTTalIHKHH Oepafd. Y UMHUH
HHCOAT 3ca TylaéTraH MOHOXPOMATHK HYpJaHMIUra HucOGaTaH
JXKHCMHMHT 1adopIuTHHE XapakrepJsiahay.

A6comoT Kopa MHCM TabpHOHra Kypa YHHHT IOTHII KO-
Gunusata (1.5) Tenrsiamara 6unoan ayr =1. Bus Gynpan 6yén
ayr < 1 Oyaran KUCMIAapHH Kyapaxe scucmaap je6 arai-
MH3.
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3apaa Tytamus. AGCOJIOT KOPAa KHCM TYWIYHYacH OHPHHYH
Mapra 1860 #innga I'. P. Kupxrod TOMOHHMIAH KHDHTHJAH.

Hypnauuw xucMaa roTdaaérranja, anbarra y y3u GHJIaH
sHeprus onu6 yrapu. Harwkana KHUCMHHHT HUKH SHEPTHACH
OpTaJy Ba MOC PaBHIIJla YHHHT TeMNepaTypacH KyTapHJajH.
Arap xap xaHma# XHCM YYyH XYAIHM Iy HYDJIAHHIN KapaCHH
BOCHTAaCHIA MyXHMTra HUICOAaTaH HYKH OPTHKYa SHEPrusHH HY-
KOTHII HMMKOHMHH GepyBUH MeXaHH3M MaBxyJ 6y/amaranjia
371, aGCOMIOT KOopa (Ba Xap KaHJal) JKHCMHHHI TeMIlepaTypa-
CH BaKT YTy OusaH ¥3-y3ulaH 4eKCH3 KyTapuaub KeTapiu
(4yHKH Xap KaHJafl peas LIaDOMTAATH MyXHTAA YeKCH3 KHYHK
6ynca xaM, HypJaHHII MaBxynl). Maskyp Mexanuamra GHHOaH
JKHCM XaTTo BaKyyMJa xoHJamraH 6§jca xaM, sSbHH HCCHK-
JIHK VYTKasyBUaHJHMK Ba KOHBEKIHs MYMKHH OyJMarad xoJja
XaM, OPTHKYAa MYKM 3HEPrHsicMHH HyKoTamd. DBy xapaéu
dakar 5JMeKTpPOMATHHT HyDJaHHII HKyAu GuaaH 103 Oepaju.
X aKuKaTaH xaM y3rapMac TallKH MyXHT IIapOHTHAA aGCOJIOT
KOpa, XarTo, Xap KaHjah 6omKa »xucM OHUDJIHK BaKT HUHJA
KaH4a HypJIaHHIL SHePrUsiCHHH I0TCa, Y §3 HUKH SHeprusicufian
IIyHYacHHH HyKoTaau xaM. Uukapuaa€rran HypJaHHII TYJI-
KHUH Y3YHJHrH yJabTpabuHadafaH HHppaKH3uarada sa Gomka
COXaJapHH -y3 HUHra OJITaH Y3JYKCH3 CIEKTPHH TALIKHJ
3TajH.

Kopa xHCM HYPJAaHHIIMHH Yyprauuiul 60opacuia ByxKyAra
eNrad €HJAIIMIIHY KypalIuk. ,
£6 A6coaor xopa xucMm, Muean kafiTapyBun moaauii JeBopian

cust 6yaran apuabatuk KOoOWK OusaH ypanraH ¢aso — €nuK
KOBaK MaBxyZ OyucuH. dapas KuJa#JIMK, KOBaK JeBOpHJA
MyalisH Temnepatypa cakiaucuH.J/Y xonga I'. P. Kupxrop
KypcatranyieK, KOBakKJarH MaBXyJd HypJaHHII KyHuaaru
xoccanapra sra. Bupunumian, Qakar TYJKUH Y3yHJIHKIAAp
HUFHHJMCH YUYHTHHA 5MaC, XaTT0 aHpHUM TYJIKHH Y3YHJIHKJAAD
YVUyH XaM HYDJaHHII H30TpPON (Xap Kauaah Hymamumja Gup
XHJ) Ba OHp XHMHCJH (KOBaK MUMHMHI Xap KaHKall HyKTacHia
6up xun) 6ynanu. Mkkuuuugan, y Kopa KHCM HYDJIaHHIIN
6usan KyAuJard MabHOZa aliHaH: GHPJHK CHPTra BakT GUpPJH-
THJA TYITaH 3HePTHs BaKT OUPJMIHAa KOPa XKHUCMHHHT GHp-
JIMK CHPTHIAH HYpJIaHTaH 3Heprusra TeHr. By xoa TYJIKuH
y3yHJaurs 6yinda OyTyH CIEKTP y4yH XaM, aHHK GHTTa TyJ-
KHH Y3YHJHK Y9YH XaM YPHHJIHIHUD. '

KoBakjaarn HYpJaHMIIHMHT H3OTPOIVIMTH Ba GHP XKUHC-



[image: image292.png]3- §. HccHKIHK HYPIAHALIMHHHT KNACCHK HasapHACH 15

JKHCM abCoJoT TeMnepatypack T HHHT TYPTHHUM JapakacHra
INPOTIOPIHOHAN SKAHJUTHHU TOIJH:

E, =ZE,vd?» =0T, (1.9)

6y epla ¢ — y3rapMac Karraiauk. Jliogsur BoasimMan 1884 i
6y GOraHMIIHM Hasapui Uy GHJIaH abCOJIOT KOPa XKHCM YUYH
Xocun Kujamd. KelimHuasnk, abcosllOT KOpa JXHCM 3Hepre-
THK EPUTYBUAHJMTHHUHT a6COJIOT TeMIepaTypaHHHT Typ-
THHYM Japaxacura GOrIMKJIMrHHH KypcaryBud (1.9) udona
Cmeghan — Boasyman KoHynu 1e6 HOM OJIH Ba ysrapmac
KaTTaluk 6 — Cmegpan — Boavyman Ooumuticu ne6G aranpu:

6 =5,7-107° Br/m2. rpant. (1.10)

1893 iimnna BuabrennM BuH HKKHTA MYXHM KOHYHHSITHH
6aén xuanu. dapas KUMAHIHK, IOKOpHAA O6H3 KeITHPraH Ko-
GUKHWHT HUKH XaXKMHHH, MacajaH, yHra agpabaTHK ypHAaTHI-
ra MOpPINEHHH CH/DKUTHII Hy/H OujaH KHUpaHTHPHII MYMKHH
G6yacud. Y xonna B. Bun tan6upn GunaH a#Ttranna, KoOHK-
HHUHT GHPJIMK XaXKMHTa TYFPH KeNaJWTaH HypJaHHULI SHeprus-
cH (haKar SHePTUSTHH KHYMK XaXKMra TYIUIaHULIH XUCcoOuraruHa
opT™MacjaH, 6alku HYpPJAaHHLIIHUHT INOpLIeHra Kypcarrad 6o-
cuMH TyQaHnad HYpJaHHIIHH CHKYBUH IIOPIUICHHMHI Xapaka-
THAA 11y GOCHMHH €HTHII yYYH HII OGa)kapuJIHIIH XHcobura
XaM OpTafd. DHeprusi SHYIHIMHHHT Oy HKKHM cabara Kypa
OPTHIIM TePMOZUHAMMKAHMHT MKKHHYM KOHYHMTa OHHOaH
103 Oepajau Ba yjap ypracuiari HUCOAT TYJa SHEPrus 3UUJIHIH
YUYYH XaM, TYJKHH Y3YHJIMKHHUHT YeKCH3 KHUNK HHTEePBaJHJaru
SHEPTHsl 3UWINCH YYYH XaM Oup XHJI.

Jleknn, ukKuHuM TomoHaaH, Honmiaep addektH Tydadhau
NOPILIEHHUHT XapaKaTH HaTHXKacHAa YHAaH KaHTraH HypJa-
HUIIHKHT TYJKMH Y3YHJHTHAA Y3rapHu coaup Ojnanu.
Hemak, kKo6HKJIa TeMnepaTypa OPTHIIM SHEPrust 3HYJHTHHHUHT
TYJIKHH Y3YHJIHK GyfHua TaKCHMOTH V3rapuuid OujaH 103
6epanu. By wMyJsoxasanapiaH HKKM XHJI XyJioca YHKanH.
Bupununjan, arap TYJIKHH Y3YHJIHKHUHT QYHKIHUSCH Gyaras
AKKH XHJ (H3HKABHH KAaTTaJHK KHHMaTJapHHH MKKH XHJ
TeMIepaTypajga TaKkocaam Jio3uM G6yiaca, 6y KHHAMAart/JapHH
6up TYJIKHH Y3YHJIHKIA OJMII HOTYFpH Gysamu. Boukaua
afitranja, arap a6coqoT TeMneparypa 7 jAa Ba TYJKHH y3YyH-
JMK A Jla aHMKJaHTaH (QU3HKaBHi KaTTaJHKHH 1 TeMnepa-
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6Up XWJI TeMmnepaTypajard HKKH XHCM YpTacuza SHEPTHSIHHHT
SPKHH YySaTW/HLIK nafifo 6ynapiu. Taxpu6a HCCHKAMK Hyp-
JIQHHUIIK BOCHTacH OpKaJMIHHa abCoJIOT Kopa KHCM GuJaH
KOGHK ypTacuia HypPJaHHUIHHHT MYBO3aHAT XOJIaTH BYyAra
KeINWHUHY Kypcaray. Bynjan ramkapu, acommor kopa ucM
HYDJIaHHIIH OunaH GOFMNK Gyaran xartanuk @, uu aHuKJIai
OJIMII MYMKHHJIMTH aGCOMIOT KOpa MKHCMHH peaJl acocra KYy-
Tapaj. i

JKueM Gunan HypJIaHKII ¥PTacHaard MyBO3aHATIH 3Heprus
/IMaIIMHYB Xap OUp TYJIKUH Y3YHJIMK YYYH aJoXHia 6axapu-
JUIHE Kepak. XakuKataH, GHPOp TYJKHH Y3YHJIHK YUyH
E;, > @), Mymkuniury 6Gomka TYJIKUH Y3YHJIHK]IA TECKapH
TEHICU3NUKHUNT @), 5= E;, MaBXyJIJIHTH GHJIAH KOMIIEHCA-
IS KMIHHHOG, TYJKHH Y3YHJIUTHHHAT TYJa COXacH yYyyH MyBO-
SaHATHH CAK/All MyMKHMH GyJca, A; Ba A, TYJIKUH Y3VHIMK-
AaH anoxuja ¢oijananrad xonaa abajuil ABUraTeNb KYPHIH
MyMKHH Oyiaju. JleMmak, >XKuCM GHiaH HYpJaHHuI opacuza
MyBO3aHATJH XOJaT xap OHP TYJKHH Y3YHJIMKIA SHeprus
AIMAIHHYBHUHT GUD XHJ COMMD GYJ/IMIIMHH TAKO30 KHJALH.
Taxpubanunr xypcaruiunya, IOKOPHAAru 1IapTHH KaHoaT-
JIAHTHPYBYH (aKaT MCCHKJIMK HYPJIAHMIIHTHHA KHCM GHJIAH
MyBOSQHAT XONAaTJaH €NHK CHCTEMaHH XOCHJ KHJIaiH.

Hypaannmmuer Gowka Typaapn xam MaBxyJn, MacasiaH,
€PYF/IUK, PalHOTYJKMH Ba XOKaso. Hypaamum SJeKTpoMar-
HHUT TYJKUH Tabuatura sra 6y/u6, YHMHT TypJtapu Gup-GHpH-
JaH TYJAKHH y3YHJHTH (4acToracu) GuiiaH ¢dapx Kulagu Ba
Xap XHJ1 Uy OHIaH BYXKYAra KeJATHDHJIANH Ba Ky3aTHAAmH.
Hypnanmununr xamma typsaapu siroma Ha3apusi HYKTaH
HasapuJlaH Kapanapd.

2-§. Kupxrot koHyuu

Papas KunaianK, Gepk KOGHK Humra KOpa/llMK Japaxacu
Xap XWJ OyJrad HKKHTa KHCM HKOHTAIUTHPHITAH 6YJICHH.
bus xypaukku, 6ynpait cucremana GUpOp BAaKT yTHIUH GHJsaH
TEPMOIHHAMHKA KOHYHHIa MYBOQHK HCCHKJIHK MYBO3aHATH
X0/IaTH BYXKYAra KelajH, s’bHH KOOHKHHHI Ba XaMMa JKHCM-
JIADHUHT TEMUepaTypacu TeHrsawagd. Enng cucrema yuyn
6y MyBO3aHAaT X0JIaT BAKT yTHIIM GHJIaH yarapmaiinu. Maskyp
MyBO3aHAT XO/IaT YHKapHIl KOGWIHATH KaTTa GyaraH Ba
LIyHHHT yYYH KYI SHEPrusi UHKApYBUH JKHUCM KyH 3HepTHs
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Bus 1oxkopuaa KypAHKKH, OHp XHJ IIApOMTAA YHKAPHII
Ba IOTHII KOGHJIHSATH Xap XU XKHCM y4yH Xap xujjup. Tepmo-
JMHAMHKAHMHT HKKMHYH OPHHUMNUra GHHOAH TepMOAHHAMUK
MyBo3aHaT IluapTi Ky#hugaaru Kupxrod xomyHuzan ubopar.
Xap Kanpgall XUCM Y4yH HYPJAHHUIUHMHT MOHOXPOMAaTHK
CNIEKTpaJ 3UWIHTHHH CHeKTPaJ IOTHII KO3(bHIMEHTHTa HHC-
6aTH IXHCMHMHT TabHaTHra €KM YHHHI' Xoccacura GOFRIHK
6ysMacaan xaMMa JKHCMJap yuyH 6up Xuima 6yaub, dakar
TYJIKHH y3YHJHK Ba TeMrepartypara GOFJHK.

Kupxrod KOHYHHHHM KyHMAarnua OCOH HcOOTIacak Oy-
Jnagu. Papas Kunafauk, KOOUKHHHT JeBOpH ¢axaT afnabaTik
6yaMacmaH, Kysry XyCYCHATHIA XaM 3ra 3JJIHNCOML Kypu- |
Humaa GyJcuH. Arap a/uIHICOMA (OKycaapura HKKH JKHCM
XKOHNAMTHPCAK, OUPHHYM KUCMJIAH YHKKAH HypJaaHHl L,
TyJla WKKHHYHCHIa, HKKHHYMCHJAH YHKKaH HypJaanum FEg
TYJa GHpHHUYHCHTA eTHO KeJaaH. )KvcMmza I0THJIraH HypJIaHHII
@y HM YHAAH YHKKAH HypJauum Ej ra TEHIVIHTHHH XH-
cobra oJicak, GUPHHYM JKHCMra KeJqu6 TymraH HYpJaHuul
VHIAH WKKHHYUCHTA KeJaéTraH, s’bHU TylIaéTrad HypJaHuira
TEHI Ba y ¥3 HaBOaTHIAa MKKHHYMAAH OHPHHUMTa TYILAETraH
HypAaup. [eMak, HKKajla XucMra GHpP XHJ MHKIOpAa HypJaa-
HHID TylmMoKaa, Macanal, @, . ¥ xoaza (1.5) ra Guxoan Gu-

PHHYH JKHCM HYPJAHHIIH

Dy, = En =000y
MKKHHYH JXKHCM HYDJAHHIUHK
Dy, = Eop = Oy Dy,

Ounan anukJaHagd. By ukku TeHriMKAaH Kupxrod xomy-
HHHHHT UCGOTH KeaMG YHKajH, ABHU

Ep, Ey,
= = ... (1.6)

anT ot

Hemax, XHCM/JIApHHHT HYpPJaHMIl, YHKapHIl Ba IOTHII
KOOMIHATHHHHT ¥3apo HHCOATH TYJKHH Y3YHJHK Ba TeMepa-
TYPaHHHT YHHBEpCaJ QYHKUMSCHAMD:

2o, (1.7)

IQr
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By udonanap aGcomoT Kopa KUCMHHHT MyXHM DOJIH HY siHa
6up MapTa TabKHJIaian. Arap G6u3 aGCOJIOT KOpPa JXHCM HYp-
JIaHHIIHHH TYJKHH Y3YHJHK Ba TeMIepaTyPaHUHT QYHKIHACH
cupaThia aHHKJACaK, Xap KaHHa# KUCM YYyH HypJaHHUI
KOHYHH aHuK Gyiazu. Uynks (1.7) dopmysara GuaoaH aGeo-
JIOT KOpa JKMCMHHHI HYDJIaHHII (YHKapuw) Ko6uaustd Kupx-
rodbHHRT yHMBepcaa ¢yHKuusicura Tenr. by xon xap Kannai
KYJIDaHT XHCM YUyH, arap YHHHT HYDJIaHHIU IOTHII KOGHJIHS-
THHH TYJIKMH Y3YHJHK Ba TeMmleparypara GOFJaHMIIH aHHK
6ynca, HypJaHMIl KOOWJIHMATHHM Ba, aKCHHYA, HYPJIAHUII
KOGHMMATH aHMK GyJraH XoJia HYpJaHMLI IOTHIN KOGHJHS-
THHH aHHKJamWra MMKOH Gepaau. Arap a6cosiorT Kopa XKHCM
CHIEKTPaJ MOHOXPOMATHK HYPJaHHII (3HEPTHs UMKapuul) Ko-
GunustaEd E3r OpKaiu Gearmiacak, yuu KHpXropHHHT yHH-
Bepcan ¢ynkuuscH f(A, T) ra TeHIJIMIHHH xHcobra oAraH
xoJaa xap Kaupa# xucM yayH Kupxrod nypJaHHII KOHYHHHH
Kyfujarusya €sHIIMMH3 MYMKHH!

EA. =a,p* E°r. (1.8)

IOkopuparu 63 kypran Myjoxasanap XIX acp oxupJa-
pHIa a6CoMOT KOpa XHCM HYPJaHHIUH NpoGieMacHra HHcGa-
TaH KaTTa KUSHKHII YAFOTraH 31u. JIEKHH SHI KU3HKApJH Ha-
THXAJAPHUHT Ky KHCMH peaj XXKHCMJIap HypJaHHIHHHHT
CIIEKTpaN TaKCHMJIAHHIIMHH Ky3aTHIl GOpacHja OJHHraH Mab-
JiyMOTJIapra acoc/iaHras SMIMDHK XyJocajap XapakTepura
sra SiM.

Mlynap sxymnacuman 1879 funga WM. Credan TomonHpaH
O/NUHTaH STOHA SMIHPHK HATHXAarWHa Iy KyHraua y3 Kui-
MaTHRH HYKOTManH.

3-§. HccHK/MK HYpAAHMIIHHHHT KJACCHK Ha3apHACH

JKMCMHHHT TYJla HYpJaHHII SHEPTHSACH, anbarra, TeMnepa-
typara GornuK. Bepuiran Temneparypaia y (1.2) ¢opmyinara
Kypa HCMHHHT CNEKTpaj 9YHKaphm KoOuiusTH Ej opkann
anHknanagu. JleMak, acocufi Macana Gepuiran TeMmnepary-
paja MOHOXPOMATHK CIEKTpal HypJaHuil sHeprusch Ej
HHHT X8P XHJ TYJAKHH YSYHJHKAap Oyfinda TaKCHMJIaHHI
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AMHAMHKA, CTaTHCTHK (QH3HKa JOMpacura TYFpH KeJMaiiauran
KaHIaHXUp OOIIKA TacaBBYD Ba KOHYHHATIAPHHHT MaBxXy -
JUTHJAH Japak Gepaju.

Bus 1oKopuna xymumua ros xan6 KuiaMaciaH  ¢axat
KJIaCCHK HA3apHs acOCHAa KeJITHPHG YHKADHII MyMKHH G{JraH
MyHOCabaT/apHH KypHO YHKAMK. XaKuKaTaH, Bun Y3HHUHT
1896 fimnna sbaoH Kuiran maMmii MakosacHza HYpJIaHHIIT
SHEPTHACHHUAT 4acTOTa GyfMYa TAKCHMOTHHH a3 MOJIEKYJa-
JIaDHHUHT Te3/HK Gyiinya MakcBe/I TaKCHMOTHra §Xmar je6
aHya HJrapu Kajgam Kyiamu:

Ey p =AM BT, (1.22)

By epna A, B — noumuitnap. Bun (opMyJacura 6uHOAH Yac-
TOTa Oyfinya SHeprust TAKCHMOTH 3I'DH UYH3HFHAA MaKCHMyM
coxa MaBxyJl. Bupox Bun Takcumord opmysacu TaxprGaia
TaCJUKIaHMaH. Y aGCoMOT KOpa MHCM CIEKTPHAA SHEprHs
TAKCHMOTH 3TDH YM3HFHHUHT (aKaT KHCKA TYJKHH KHCMHHHU-
rHHa ugozanail onap sxaH.

J’ 4-§. Jlommep — MpuHrcreiiv TaxpuGacu

llynnait Kxuau6, HKKH acp erapaciia KiIacCHK ¢usnKaza
HCCHKJIMK HYDJIAHUIUH HasapusiCHTa OUJ BasHAT SHTH FOA
Tanab Kuaap sau. [lyunait 6up BasusaT XykM cypu6 Typrasja
Xajq KWJIyBYM Taxpuba JliomMmep Ba IlpuurcrefiM ToMOHHAaH
YTKA3WIM. YNap Y3IapHHEHT TampHGA METOAHKACHHH acoc-
Jail ydyH KOBaK HypJIaHHIUM OHJIaH abCOMIOT KOpa KHCM
HYPJIAHUIIA YPTACHAATH SKBUBAJICHTIHKAAH Kydunaruda qoi-
Ranaujnnap. KoBak neBopHia KUUKHHA TEIUHK MaBKyJ J1e6
¢apas xunaiink. Temuk 108M KOBAaK JeBOpJapH CHPTHHHHT
YMYMHH 103HJaH eTapinya KWuuK Gyacud. ¥ X0JIa, TallKa-
PHJaH 1y TEIIHKKA TYIUa€TraH Xap KaHjafl HypJaHULI JAesp-
JIH TyJa KOBaK HMYHra yragu. Ilynnait Kuaub, TelHK KOBak
XyCYCHATHHH a6COIOT KOPa KHUCM XYCYCHATHTA XyJAa SKHH-
JauTHpany (abCco/loT KOopa KHCMra TyWraH HypJaHuim Gy-
TYHJIaH IOTWIMIUK Kepak). TelMK OpKaiW TalIKapura YHK-
KaH HYPJAHUII 5ca GH3 l0KOpHAa abCOMOT KOpa XKHCM Hyp-
JIaHHIINrA SKBHBA/ICHT/IHIHHY HCOOT/IaraH KOBAK HYPJIaHMIIH

2*
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KOHYHHHH aHHUKJalIfaH H60paT. AGCOMIOT KOpa XKHCM yYyH
3ca acocuil Macasa Gepuarad Temneparypaga Kupxrod ¢yHk-
uusic f(A, T) HUHT TYJIKMH Y3YHJIHK €KH HYPJaHHII YaCTOTACH
OumaH OOFJIAHHIUMHHM aHHMKJALITHP.

OKCNepHMEHT TEXHHKACH YCTHAA TYXTanuG YTHpMachaH
OJIMHTaH HATHXKANapHU aHAIH3 KHJICAaK, KYHHAarn ymymuit
XyJocanapra KejlaMus:

1. Hypnanum wutencusauru Ej, Gepuwiran TeMmuepary-
pana TYJKHH YSYHJHTH KHAMaTapH — aGcuucca G6Gyiidua
aBBaJI T€3 YCYBUM, A HHHT MabJyM KHAMATHIAH CYHT CEKHH
KaMaloBUH Ba MaKCHMyM' KMAMaTura HucGaTaH aCHMMETPHK
3TPH YH3MK KYVPHHHIINIA GYranu.

2. JKucMm TeMnepaTypacHHHHT OLIMIUMJA CIEKTPaJ] HHTEH-
CHBJIMKHHHT XaMMa KHAMAT/IaDUHHHT Te3 YCHIUM Ky3aTHJajH.
IOKopu Temneparypara TyEpH KelaiWraH HypJAHHII SIpH
YM3UFH NAaCT TeMNeparypajarura HUCGATaH IOKOPH KOHJIa-
mWajy.

3. Hypaanum crnekTpan SWUIMTHHHHT TYJKHH Y3YHJIUK
Gyiinya TAaKCHMOTH Xap XuJ TeMIepaTypa yduyH TypJHua.
Jlekun xap KaHAai TemmepaTypaja XaM aCHMMETDHK SIpH
YHSHKHHHI' YMYMHH KJPUHMIIH I'a3 MOJIEKYJAJapHHHHT Te3-
JUK GyiiHYa TaKCHMOTHra yXliam XapakTepra sra.

4. Kopanuk papaxkacu xap Xua 6yaras peain XHcMIap
yuyH, Oepuirai Temneparypaja HYpJIaHHUI CTEKTPal 3uu-
JUTHHHHI TaKCHMOT 3IDH UM3HFH Xap XWJ Oyammura Kapa-
MaciaH, GHpP XHJI XapaKTepra 3ra Ba TaXMHHaH TYJKHH y3yH-
JUKHUHI OHP KHAMATHIa MAaKCHMyMra 3pHmIajd. YMyMaH,
OHp TeMmmeparypaja Kym MHKIOPAA Xap XHJI JKHCMIAPHHHT
HYPJAHUIUMHY yPraHuil CWaH Xap XHJ STPH UH3HKJADHH
onamMu3. JIeKHH yJapHMHT Xed GHPH XYAAM LIy TeMIepary-
pajiary aGCoMOT KOPa JKMCM HypPJIaHHII WHTCHCHBIHMTH STPH
YH3UFHIAH I0KOPpHU Gyuia onmaiigy.

OKCIEpUMEHT/IAD HATHXKACH HYDJAHHUII 5TPH UH3HFH Xa-
PaKTePHHHHI HYDPJAHYBYH KMCM TabHatura GOF/IMK 3MacJu-
THHH KypcaTajH.

Credan — Boabumad Konysn. Bupauk Bakt uunma Gup-
JIMK 103JlaH HYDJIQHTaH TYJla SHepTHs HYDPJaHULI 5TDH YH3HFH
OH/Ian uerapajanrad 10sra NponopuuoHan 6ynanu pa KuiMatn
I211.2) Gopmy/ia OpKadu aHHKJIaHAAHM. IMOHDPHK Ky GumaaH

. Credan 1879 finnna xap Kanaai xucMm yuyH Tysia SHeprus,
S'BHH SHEPreTHK EpUTYBYaHJHK Es, HCCHKJIMK HYPJIaHyBYH
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TyPaja aHHK/aHTaH GOIIKA KATTa/IHK GHJIaH TaKKOCJAIl JIO3HM
Gyuca, 6y KaTTamukHHHr A'T' = AT IIAPTHH KaHOATJIRHTHD-
TaH A’ TYJIKHH ySYHJIMKAATH KHAMATHHH OJTHII Kepax.

HMkxnuunpan, a6eomor Kopa sucMu HEr Oy TYIKHH Y3YHJHK-
Jlapra TYFPH KeJYBUH CIEKTPaa SHUJIHIH— E°,,r Temneparypa
Oyiiuua Kyfingaruya yarapuiuu Kepak:

Bur s (1.11)
By T8

Yynonun, arap E}, r TeMneparypa ysrapMac Gyiraspa,
TYJKUH Y3YHIMKHUHT A, KHAMATHAA MakcHMyM Ej3: ra spHm-
Ca, TEMNEpaTypaHMHT GOLIKA KHAMAT/IADH YYYH KYHHEArH
MyHocaGaTyiap ypunau 6ymanu:

E; T~ =const, (1.12)
A, T = const, (1.13)

By MKKH MyHOCaGar Gupranmkna ymymuil xoana Efr yuym
Kyfunarn udonauu Gepamu: -

E; . =V°F(\, T) =Tog(, T) {1.12a)

IOKopunaru Mynoxasanap F (A, T) Ba ¢ (A, T) dynKuus-
JIapHM OWIKOp KYPHHHIIJA aHHKJAIra oauG Keamaca xaM,
AEKHH yaapHuHr A Ba T Jap KymaATMacHHMHT ¢byHKIHSICH
SKauIuruHM Gepamu. (1.13) Mymocabar Bumnunz cusscuw
KOHYyHU €6 opuTHIanH. [JOMMUARMHET KHAMaTHHY, TabUHRKH,
E3.r (éxu F Ba @) byHKuusHU OIIKOD KYDHHHIIMHH GHJMac-
AaH TYPHO aHHKJIaml MyMKHH 3Mac. By ¢ (A T)égu F (A T)
QYHKUHSHE aHHKJAII YYYH TepMOXMHAMHKANAH tdoinananut
Gynmaling. Bynunr yuys anuk Mozens 3apyp, YyHKH TepMOJH-
HaMHKalaH MabJyMKH, HYDPJAHUII KOHYHHHHHT KyPHHHIIH
HYPJIAHUII MeXaHUSMHHHHT aHMK GHp Typura GOFJHK 5Mac.

Peaeit — Xunc dopmynacn. Knaccuk cratcrnka ¢usu-
KaCHHHHI' SHEPTUSHHHT TEHI TAKCHM/IAHHIIH TeOpPeMaCHra
GHHO2H 3JIEKTPOMATHAT HypPJIAHHUIHHHT Xap GHDP SPKHMHJMK
Rapaxacu yprada kT sHeprusra sra 6ynamu (k — BoabmMan
RouMHiicH). Y xonna anuaGatHk &muk KOGHK HUHIArH HypJa-
HHII SHEPrUSCHHUHT TY/1a KHAMATHHH aHHKJIAl IOy XakKMJa-
TH SJIEKTPOMArHHT MaBNOH SPKHHIHK JapaaCHHHHT Tyla
COHHHH aHHKJall MacajJacHra yraju.
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Bynunr yuyn Peselt Ba )Kunc kopakmarn MYBO33HATIH
S/IEKTPOMATHUT HYDJIaHHLIHH TYDFYH TYJKHH/JIAD CHCTeMa-
cHjpaH nbopar me6 xucoGiaxumap. Typryn Tyaxunsunr naiino
GyJHIWA yu4yH GYILIHK TOMQHJIADHHH KOOPAHHATA CHCTEMa-
cununr Ox yku 6yinua L va, Oy §ku Gyinua I, ra, Oz yxu
6yiinua I, ra tenr Gyaran TYFpU GypUaKIH NapaJienenumnes
maknuaa ne6 Kapafimus. ¥ xomna Ox VKU 6yinaé TypryH
TYNKHE Nalifo Gy wapTd Kyhngaruua ubonanaHany:

=m.%  (m=01,2..) (L1

Oy Ba Oz yxnapu 6yi1a6 naiigo 6y1yBUH TYPFYH TYJKHHAAp
yuyH xam (1.14) xabu wapriap GamapHiaHIIE JO3HM.

Tomonnapu 1, I, , I, 6yaran TYFpH 6ypuakin KOGHKAAru
j-TYPFYH TYJKUH Y3YHJMIHHHET MYMKHH Oyaran KuAMaTH
Kyisusiarn opmynia GHiIaH aHHKTIaHALU:

T o

x v Iz

my, m, , m, — HXTHEPHI GYTYH COHJap.

j-TYPFYH TYNKHHHHHT A Ba A--dA HHTEPBAJHAA TYJIKHH
Y3YHIHKHUHT A; KHHAMaTH yuyH MyMKHH 6yJraH 3pKHHJIMK
JapaxacH COHH 3ca

82
d,=-—}~:‘idh (V=xly12—xoaax Xaxmy). (1.16)

OHIM Xap GHP SPKUHIMK Aapaxacura ypraua kT sueprus
TYFPH KENHUIMHA XHCOOTa oicak, V xawMia A Ba A + dA
MHTEPBANAATH Tyna sHeprus (kT)-d; ra Tenr. A Ba A + dA
MHTEpBA/IATH HYDJIAHHII SHEPrUSICHHHHI SHWIMTH 3Ca KyHH-
Raru Penelt — )Knnc popmysracy 6unan aHHKJaHanU:

bt i

0 _C kT, on’ckT Carpanps vnrynt
E},Td}" - T Vdi - Y gg&q}"'.’.:’.’!f’? HRU g e

i

e LS

E?.T = % RT. 2 - ‘H;; (I:ﬁ)

Hypaamumnu A tyaxun ysynauk 6unan 6up Karopla gac-
TOTa ® OPKa/X XaM Xapakrepjiaml MyMKHH. d)\ TYJKHH y3yH-

2—2180
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Hypsarum sneprusicuuuHr wactora 6yiinua TAKCHMOTHHHE
TaXpHGa HaTHXanapH GHJaH TaKkocaaw yyyH JlioMvep Ba
Ilpuurcreéim §3 nartmxanapuuy Bununur (1.22) dopmynack
Gunan conmmrupau. Byuusr yuyn yaap (1.22) dopmynann
KYAHJArH KYPHHHULITA KeJTHPAAHAap:

A
3

IgE;, ;=g (A-N"°)— F(ige) (1.23)

Arap y=1gE;h rra=lg (A-M); b= — —i— lgera x= -%— Je6
anvamrupeak, (1.23) upoma y =a -+ bx kjpunulira Kenaj.

Hemak, Bun Qopmynacura 6Gunoan, Gepwiran A 7a lg E, ;

HUHT 1/T ra GormukJEK rpadurd, sbHE M30XpoMmarta feG ara-
JIYBYH YH3HK KUSJIAK (TaHreHc) 6ypuaru b ra mponopiHoHal TYFpH:
YH3HKJaH uGopataup. Msoxpomaranunr Ig ES,: yK Guian Ke-

CHLIraH KecMacH OepHJraH A YYyH @ HHHI KHAMaTHHH Kyp-
catagu. Bun (OpMyJacHHUHT KeJNTHPUO YHKAPWMILHAA acoc
6yran MyJoxasanapra kypa B kosh(UUHEHT YHHBEpCAN OH-

\h_\\\\;( :
L« [T Wkl =f/n) ‘

o — X /L}")’
*\\\-X:x

—_
—_
——lme
==

iy | e
T i ‘!\\\);\\\\X-x \N
. i .‘\Tx‘\ %
' 5
i

ol i i 1 ﬁ T ) [ .
LGS 899K B73K\ 625K 273y 2874
L L7520k 1055k GL5K

e

L1772

2- pacM. Hsoxpomarajap Tymnamm.
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JIMK HHTEPBAJHIa COEKTPHHHT d® KHCMH Moc Kenajd. AiHan
6up coxaHu xapakTepsioBuH dA Ba dw Jiap y3apo
c 21 ¢

dopmynajan Kenu6 YHMKyBUM KyHHuaruua MyHocabatia OOF-
JIaHTaH;

A Sdv="rdo. (1.19)

Opnarna, ¢opmynanapia dA €ku do KaTTaJMKJIapHHHT
dakar abcoioT KHAMaTJapuruHa Karsamagd. Dy MyHo-
cabarnap épiamufa Peneii — JKunc gopMy/acCHHHHI 4acToTa
opkaJsu udojacu KyHuaaruya €3usiaju:

kT
s R, (1.20)

Eir=
Peneit — YKunc opMynacH xap KaHaak XOJ yUyH yPHHIH
6yaran Ba TePMOJMHAMHKAJaH TYFPHAAH-TYFPH KeJTHP 0
yUKapuirad BHHHHHT CHJIKHII KOHYHHTa MYBOQUKAMD.
Vaprpabusadma Xanokar. HypaaHWmIHHHT y3yH TyJI-
KMHJIaD COXacuja, S'bHH v HHHT KHYHK KHEMAaTJapHia XaMm
HypaanumEuer Pejefi — JKuHC KOHYHH LIy COXaja 4acTora
KBaJpaTUra IpONOPIHOHA/ yCyBUH HYDJaHHII HHTEHCHBTHIH
TAKCHMOTHHHMHT JKCIIEPHMEHTaJl 3TDH UH3HFH OHWJIaH SXILIH MOC
Kenajid. DKCIEePUMEHTIAaH OHJIaMH3KH, HYPJIaHMII HHTEHCHB-
JIUTH MabJyM OHD 4YacToTaja MaKCHMyMra 3pHIUHO, CyHIrpa
sina nacaand. Ammo, 6y xoanu Peseit — )Kunc ¢dopmynacu
aKC 3TTHpa OJMaiji¥, YYHKU IOKOpHAA KeJTUpuiIrad ¢opmy-
Jaja Xeu KaHAad MakcUMyM KypHuMainu. Akcunya, Penedr —
JKunc ¢opmynacura GHHOAH HYPJAHHIIHUHT CIEKTpaj HH-
TEHCHBJIHTH IOKODH 4acroTajap u4erapacuja (fbHH KHCKa
TYJKHHIAD COXacHja) XaM YaCTOTAHHHT KBaJpaTH KyPHHH-
muAa yeumn kKepak. HypianuwHuHr Ty/1a SHEPrHACH YUYH
XaM XyJAM LIy XOJ1 YPHHJIH, S'BHH

o (o)
E=[Edh=[Edv= o (1.21)

* 0 0
TEerHIIIM HHTErpaiap ysokjamaau. By xoa ¢usuka Tapu-
xuja «yJapTpabuHaduia XajloKaTs> HOMH Oujan MabiayM. Pe-
neii — JKunc ¢opMysacHHHMHT Taxpubara MoC KeJMacsHry,
«yapTpabuHaduIa XaJ0KaT» Ia OTHO KEeTHIIH KJACCHK 3JIEKTpPO-
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Muit, A xostpuuuent sca daxar Xap GHp 3KCIEPHMEHT yyyH
yarapmac Gymumy kepax.

Jliommep Ba Ilpunrcreim 3 TaXPHOANADUHUHT AHHK~
JHMI'UHA OLMPUL Ay 6uan (1.22), swru(l .23) uonanapuunr
HOTYFPUJIMTHHH H30XPOMATa/JapHHHT STPUJHKKA 3ra 3KaH-
JMIHEH aHHKJIapanap. Taxpuba Hatmxanapu 2- pacmaa Tac-
BHDPJIaHTaH.

5-§. Ilnank dopmynacu

[lnank Taxpuba HaTxKalapura acocnanu6 (1.22) gopmy-
JIaHH Y3rapTHpHIIra xapakar KHIIH. AGCOmOT Kopa ucm
YUyH TETHUIIH TaKCHMOT KOHYHMHHHT a6COJIOT Xapakrepra
STAJUIHHH, SIBHH HYDJIaHHUI KOBaK JeBOpPJapHra GOFJINK
smacauruny Ilnank y3 usnanunna xosak J€BOpJIaPHHHU rap-
MOHHK OCUMJIIATOpJIAp cupaTHaa TacBHpJall GWJiaH KiJ-
nanu. Ilnank ongupa Typrasm Macana TapMOHHUK OCUHJLISITOD-
Jlap aHCaMOJIH YYYH TEPMOJAMHAMHK KATTAIHK — SHTPOIHSHH
XHMCOG/IAI 3/M, YYHKH GHPHHYHM TOMOHJaH, GH3 I0KOpHJa Kyp-
TaHHMHSICK, KOBAK HYHJA MyBO3aHAT X0JaT KOBAKHH aGCOMIOT
KOpa KUCM HYDJaHHIIK GHIaH TYAMMPHITAHHAA 103 Gepaju.
Vkkunun ToMoHAam sca, chcTeMamumr MyBO3aHAT XoJarTyja
SHTPONHsl MAaKCHMas KMHMATra 3pHINaju.

1877 #iun BoabnmMan KypcaTranuyek, Gupop xoisar 3HTpO-
NHACH LIy XOJATHHHT BYXKYAra Kela OJMHLI 39X TUMOJLTHTH
ymuoBuaup. VIKKuHYH ToMOHRaH 3ca, XyAIH 11y 3X THMOJIIMKHH,
OCUH/IIATOPJIAPAPO  SHEPTHSI TAKCHMOTHHHHL MyMKHH G-
TaH yCYJJIAaDHHHU TEHI 3XTHMOJLIH 166 ¢apas kunu6, TagcuM-
JIaHHOI yCYJIJIapH COHHHH caHam GHJIay aHugJaca Gyiany.
AmMo Gy xunt canam SHEPTHAHH UXTHEDHH YSIyKCH3 Kulimar-
Jap sMac, Gaiku daxar yanykmau, AUCKDET Ba, JIeMaK, GHpop
acoCHH SHEPTHs GHPJMTH & Ta, sThHH KBAaHTHra KappaiH Kui-
Mariap xabya Kuiagu ne6 XHCOG/IaraHUMU3/IaTHHA MYMKHH.
IInauK, mys#er yuys, OCHUHJLIATOD SHEPrHSCHHH acoCHH 3Hep-
THsl GHPJIUTH & Ta NPONOPLHOHAT Ba aCOCHI SHEprus GUpJUTH
5Ca OCHHIIATOD YaCTOTacHra IMpPONOPUHOHAN & = fv Ieb
Kabys Kuaad. 1900 fimana Ilnauk IOKODHJIard TaxXpu6a HaTH-
KaJlapuHH XHMCoOra osiraH Xo/ja Ba KEeITHPH/IraH MyJOXa-
Sajap acoCHla HYPJIAHMLIHMHT KyHAHzaru ¢bopmynacunn Hemue
$H3UKA XKaMHATHAA 3baoH KHJ1a1u;

o 85 hc?
E, r=3 T (1.24)
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6unan afimanaup. JeMmak, KOBaK TeLIMrujaH YHKKaH HypJaa-
HHIDHHHT XOCCaJlapUHH TeKWIHPHII abCOJIOT KOpa XKHCM HYp-
NaHHIIH XaKHAa MabJymoT Gepaju.

Hsnaupmnunr 6uprHuM 60C-
kuuu Credan — Bosbiman Ko-
HYHHHM TeKIIHpHIIJaH ubopar
6ysu6, Taxpuba HaTHKacHra
6uHoan 6y KOHYH TYrpH Jieb
tonuJaH. WKKRuHYUH 6GocKHUzA

. Gepuiras TeMmmeparypajna Hyp-
JaHMII KOOUNHSATHHHMET TYJIKHH
y3yHJIHK OyfiHua  y3rapuirH
Macajach Ky#uaauM. Macana,
aBBaJl HYpJIaHHIUHH TNPH3MaJH
cneKkTpoMeTp €pAaMHla axpa-
THII, CYHrpa KYBBaTHHH ¥JI-
gamgad u6opar 3mH. TaxpubGa
HaTHKalapHHH TaCBHPJIALIHHHT
6up ycyau, ainbarra, xap XHia
temneparypanapia E°, r HH A
HUHT QYHRUMACH cHpatHia 4H-
sumaup (1- pacm). Jliommep Ba
Ipunrcrefiv Maskyp Goria-
HHOIad CNeKTpa’ su4nuK Ef, 7
MaKCHMyMHra TYFpH KeJraH
TYJAKHH Y3YHJIMKHHHT A, KHH-
MaTuHH Ba E%; HUHI MAKCHMYM-
JarH Kuiimatd EA,, HH aHHKJIaA-
aunap. By gufimaTiap €pramu-

\\ na (1.12) Ba (1.13) wudonanap-

S\ HUHT TYFPUJIHTH TEKMHPHO K-

1- pacm. ACcoaoT Kopa
JKHCM HypJIaHHLI HHTEH-
CHBJIHTHHHHT TyAKHH
y3ymauk GyfiHua Xap Xua
TeMNepaTypaja TaKCHM-
i JIaHHIH. OTPH YHSHKJIAD
J & Away  Jhommep Ba Ipuurcrefid

(kpecTiapRan yTKasHA-

TaH Y3JAYKCHS 49HSHKJAp) TaxkpubacujaH OJNHHraH. Jlompauanaphard Kpecrt-
sapjaH  yTkaswaraH YaAYKAH  unsHkiap (1.22) jaH  Kesw§ uHKagM,
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[lysga#t KuauG, KBaHT Ha3apHSCHHMHT BYXY/Ara KeJHIIA
KJIacCHK Hasapusra roaT 3ull, 6eroxa 0yjrad, MyIJaKo SIHFH
TYIIyHYa KAPUTHIUHH TaK030 KWIYBUH SKCNIEPUMEHT HATHKACH
Gunan GorauK. JleMak, 6ab3u CHCTEManap/ia SHEPrUst MXTUEPHH
yanyKkcus KuMMar KaGya Kunonmaiad, OyHAad cHCTeManap
KOHHOTHHHT KOJIFaH KHCMU OHJ1aH JUCKPET MUKJIOPJIH SHeprud,
SbHY KBaHTJIap OWJIaH SHEPrusi ajMallajgH. )

[IaHKHHAT KBAaHTJIAP XaKWAATH SIHCH FOsCH OMTTa 3KCe-
DHMEHT HATHXKJapHHH TYNYHTHPUIL OHJIaH GOFIHK 6ya-
raina, an6aTTa, y V3uAa YHUAJHK KH3HKHMII YHFOTMara
6ynap au. KeauTiap FoscH JXacTaBBajl COHD SKCNEDHMEHT
HATIKANAPUHH TYLMIYHTHPHMILAA SITOHA TYFPH #yn KypcaTuG
XaMMaHW KOMMJ Ku/ras Gjuca, KefiMHUalHK 5ca Oy FOs aco-
CHa SHI'H FOSJIADHMHT TYFHJIHIIH OJAT TyCHra KMPHO KOJIIH.

6-§. Inauk fOMMHIACHHBH ONTHKABUA NHPOMETPHS
#iyyn OuaaH aHMKJauw

Bun KoHyHuHU ndofatoBud © ~ T OGOFIAHHII KYHIAJIHMK
Taxpubajan MabJyM. YH TeMneparypacuja XHCMJIAPHHHT
HypJAHUIUA OMMil Ky3 Guiaan cesub Gy/iMaiauran MHGpaxw-
3uJa coxafla 103 Gepaau. Bus Oy HypJaHHIIHM KH3AHPHJ/raH
JKHCMJIap/iaH KeJyBuM MCCHKJHK chdathpa cesamus. JKuem
‘TeMIepaTypPacHHUHT KYTapHJHIIHAA Ky3ra KYpPHHYBUH HacT-
TaBBaJl TYK KH3HWJ, CYHrpa, o4 KHM3WJ, HHUXOST, CapFUll Ba
XaTTO, OK HYypJaHHUI XOCHI 6yaaad. By XOnHH MaTeMaTHK
rapafia Bunnunr (1.13) gonysu TaBcuduiaiiu. Temneparypa-
HUHT KHSJUPWIraH KHCM PaHrura GOFMHKJMIH (aHAa XaM
kyananmnagy. Uysowun, my #yn Gunad Kyém gorocdepa-
CHHHHT TeMIepaTypacH aHukjaHraH. JKucM HYpJaHULIHHH
TeKWMPHII #yau Oujiad YHHHr TeMIepaTypacH aHHKJaHalH.
‘TOKopH TeMnepaTypaHH aHHKJAlIAa adTWiraH MyJioxasanapra
acoc/IaHTaH ONTHKABHA METOLJIap KeHr KyjjaHuiaamd. JKUCM-
HUHT MCCHKJAMK HYDJAHUUWIMHK yJadaml Hyad Oujad TeMie-
paTypacHHH AaHHKJIOBYM acGobra onmukasud nupomemp
Jefinagy. OnTukaBuii Metopjiap €pAamuja TeMIeparypaHu
aHuKJan Ay1JIapHHK Ypranysun amaaufi QU3HKa coxacura on-
muxasuil nupomempus IeHHIaIH.

ONTHKaBH#l NMPOMETPHS] METOZHAA Ky3aTHI4ETraH XKHCM
Hyp/AAHUIIMHUHT GHPOP XapaKTepHCTHKacH OuiaH aGcomor
®0pa XHUCM HYPJIAHHIIMHHHT XYMIM LIYHJAd XapaKTepHCTH-
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Kacu conumtHpuiany. OpaTia, HypJaHHID XapaKTepHCTHKa-
JIAPHHU TAKKOCJAIl HYPJAHWIJIADHHHT HHTErpal €Kd CIeK-
Tpall MHTEHCHBJIMTHHHHT TEHIVIUTUTa €KH CIEKTPal TapKH-
GHHMHI afHAHJHTHra acocjaHajd. Yu XWJ TaKkKocJjallira Moc
paBHIIJA XHCMHUHT HYDJAHHII KOOHJIHATH Ba TEPMOAMHAMHK
TeMIEpaTypaHHHr GYHKUMOHAMH OyJrag y4 XHJI: SHEpPreTHK
(paznanyoHn) Tsy, panran Tpesr, paBmadHdvK (K0pa) Tpasm.
TeMnepaTtypanapuuu (apx Kuaapuiap.

DuepreTHK €KH PajHalHOH TeMneparypa e, €pHUTyBYaH-
JIITH KY3aTHNaéTraH MUCM 3HEPreTHK HHTerpan €puTyBYaH-
JHUTUTa TeHr abCoMI0T KOopa KHCM TeMIepaTypacH TyLiyHH-
nanu, Bepwiran WKKY TYJKHH Y3YHIHK YUYH SHEPTeTHK CIeK-
TpaJl PaBIIAH/NKJAP HHCGATH aGCOMIOT KOpa MHCMHHHT XYRIH
Wy TYJAKWH Y3YHJIUKJIApJAAard SHEPreTHK CHEKTpaj paslluaH-
JAHKJIApH HUCOGAaTHra TEeHT GyJarania abcosioT KOpa XKHCM TeMIe-
paTypacH paHIJid TeMmreparypa neG ioputiiagu. Huxosr,
PABUIAHJIKK TEMMEepaTypacH He6 Ky3aTHJIa€TraH HypJaHuii
CIIeKTPajl 3HEPreTHK PaBLIAHJIHIHrA Y TYJAKHH Y3YHJHKIA
CHeKTPaj SHEPreTHK PABIUAHJMIH TEHI a6COJIOT KOpa KHCM
TeMreparypacH TYLIYHHJAZH. A

Bu3 paBlIaH/HK TeMIepaTypacHHH yJYaffiuran ONTHKaBHHA
NHPOMETPHH KYypaMus. PaBIaHJHK NHEPOMETPHHHHI TIPHH-
LunHaj cxemacu 3- pacMaa Gepuirad. Kusfupuiran xucwm-
HYMHT TEMIepaTypacHHH YJyaimr ToJacH FOHHO 6yJyBYH ONTH-
KaBu#i, SpHH PaBIUAHJIMK NHpoMeTpuAa Oakapuaanu. ByHunr
yUYH Ky3aTHJAETTaH IKHCMHUHT OGBEKTHBIArd TACBUPHHH
06beKTHB (OKYCHTa KOHJIAIraH Ba KH3JMPWIraH Tojia OullaH
conumrapunany. ly meron-
HU GaTadCHIPOK KYypaHiIHK.

Mabaym Temneparypara-
Ya KU3JMPHJIraH K0opa XHCM-
HUHT OOBEKTHBJIArH TAacBH-
pura namna tojacH A ko-
Aamran 6ysacun. Kucm Ba
ToJla Ky3aTHldafuraH OKy-
asip O, onjura xamma CIex-
TPAAH MaBJAYM  TYJKHH
ysynankka (A = 0,66 Mx)
5ra HYDJAHMIIHM a&XpaTu6  3- pacM. PapmalIMK NHpOMETpH:
GepyBud (QUILTP KofJiaml- A~ ToK Guian yYPIaHTHPHIANHTAH TONa;

o 04 ~06beKTHB; Os — OKYJnp; G ~— peocTar
THpaMHus. Tona Ky3J1aH FO- ! OpKaJiH yJaHraH rajibsa HOMETDs




[image: image306.png]5- §. Maank popmynacu 23

h — Ilnank noummuiicu, k— Bonbuman ROMMHICH, ¢ —&pyF-
JIHK TE3JIHTH.

By ugona SKCNEPUMEHT HaTHKaJapHHU XyJa sXUIH Tap-
cudpnadiny. Wkkungy TOMOHJ@H, TY/IKHH YSYHJHCHHHHT &Ky
TEMNEPATYPAHUHT KHYHK KHAMaTiapuna,  swvay Av/kT > 1
ra (1.24) wucdomauunr MaxpaxuJlarH 3KCIoHeHTa 6upran

1237032070500 (1.22) gopmynacura KeJjiamus.

Tynxun ysywanru A muur éxy TeMnepatypa T HUHT KaTTa
KHAMaTIapuna, seyu m/kT < 1, SKCNOHeHTaHH Av/kT HUHT
Adpaxkanapu Gyiuga Katopra éfmm MYMKUH. KaTopuuur 6u-
punuH xanu Peneit — )Kunc KouyHy (1.20) uu Gepanp.

Abcomor xopa uem YUYH SHEDreTHK EpUTYBUAHJIHKHH
xucobnacak, Crethan — Bonsuman KOHYHMHH XOCHJ KH-
JIaMu3:

E,=[E ,dh=oTs. (1.25)
0

Huxosr, Ilnank dopmynacuzan BuHHEHT cHBRHI KO-
HYHUHH KeNTHPHG YHKapaMus. (1.24) dyskuusHunr makey-
MYyMHHH KHAMpaHJHK. ByHunr yuyH (1.24) dynxnusuu A ra
HHCOaTaH GUPHHYM XOCHAACHHH HOMra TeHry1alMus,

s, 7 g op (oI AT) T g riaT =0. (1.26)
dh :%{ﬂl:m

A

By renrnama CypatHiary Hponanu wmojra alNaHTHPYBYH
A =}, Kuiimatna ¢yukuns Ejr y3 MaKCHMyMHIa 3pHILaH.
A =LA, Kuiimar KYHHJary TpaHCIeHaenT TEHIVIAMaHHUHI eYH-
MMIHD:

x-e—5(" 1) =0,

Tpaucuennent TCHIrJIaMaHH eucaK, x =— 4,965, rnemak,
he/AmkT = 4,965, 6yHpan

\S ,
A, T = 29057 — const. (1.27y

(1.26) Tenrnamann KaHOAT/IaHTHPYBUH A =0 Ba A = oo

eunmnap Eir  GymRuusHHED MHHHMyMJapHHH Gepanu.
Hemax, ITnank ¢opmysacu MyBosamati HCCHKJIHK HYp-

JIQHHIIHHUHT TYraJJaHrag TaCHNOTHHH Gepagy.
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HHG GYaryHua samma TonacHHHHr SJIeKTP TOKHHH peocrar
€plaMuia yaraprupamus. Bepunraun épyriuk TYJIIKHH y3yH-
ANTUIA KUSNADHIraH KECM TACBHPH POHHAA TONAHHEHT K¥3laH
FOAMO6 6y/iHIIM ToMa Ba uCM PaBLIAHJIMTH  TeHIJalmraHga
103 Gepanu. Tosamaru Tok KUAMATHHH GHirayg X0J1a TaXpH-
GaHU KOpa MHCMHHHT Xap XHI TeMleparypanapu yuyn yrka-
SWJIalM Ba Xap raji TOK Ba TeMIeparypa KHAMaTIapunu co-
JIMIUTHDHG yJap YPTacCHAArH MOCHMK aHUKJaHAOH, DHau
JlaMna TOJIaCHHH TePMOMeTp cHpaTuaa KyJam MyMKus. Ma-
CalaH, GHPODP KyJPaHT IKHCM TEMIIEPATYPACHHH  aHHKJIalI
YIYH YHUHT HYDJaHHIN (GOHHAA TOJAHUHD Ky31laH roiuG
Gy/1MII TOKHIa TYEPH Kesagurax abCoJIIOT KOpa 3KHuCM TeMIlepa-
TYPaCHHH aHMKJIAll Kepak.

Bus mabnym TYJAKHH Y3YHJHKAA a6COMIOT KOpa KHCM
PABIIAH/IMTHIA TEHT PaBIUAHJHKKA 3ra KYJIDAHT XKHCM TeMITe-
PaTypacHHU aHukJamuk. Jlekun y KYJIDAHT KHCMHHHT Xa-
KHKHI TeMIleparypacura Teur Oyamaiian. Y ¢$axar xucMm
HYPJIaHHIIH DaBLIAHIUTHHHHT TeMneparypacunu Gepagu. Pag-
LIaHTHK TeMIepaTypacu xap RouM XaKUKHH TeMmeparypapan
nacr Gyuanu, 4yHKu Gepuiram Oup XHJ Temneparypanaa xap
KaHJai KyJIPaHr XHCM aGeoutioT KOpa XKHCMra HHCOaTaH KaMm
HypJIaHHIl 4uKapann. [lemax, a6comor KOpa XHCM Guian
6Up XHJ DaBIIAHJHKKA SPHIITAH KyJIPAHT KHCMHHHT XaKHKHH
TEPMOIHHAMHK TeMIepaTypacH aGcosioT KOpa XuCM Temnepa-
TYPacHIaH IOKOpH.

A6comot Kopa xucwm Ba KYJIDAHT 3KHCM PaBIIAHIHKAAPHHY
Moc pasuuiga R°(A,T) Ba R(A,T) opxann Genrunacax, aGeostoT
KOpa KHUCM DaBIIHJMIH TeMnepaTypacu YHHHT XaKuKui
TEMIEPATYPACHHH Ky pCATHIIHHH XHco6ra osué Ky#umaru
MYHOCaGaTHH E3HUINMU3 MyMKUH:

R MT ) =R (MT). (1.28)
Xap 6up cnekTpan Tamkmi STYBYH HYDJIAHHUI yyyH
E, ; =aR(,T) (1.29)

Ba ExrT yuyH sca (1.7) dopmynauu SCacak, Ky#ujara MyHo-
cabatra KeJaMus:

R(MAT) = w wr [T, (1.30)
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AGcomor Kopa ucM YayH apr = 1 3KaHJAHTHUHH XHcobra
omu6 (1.28) Tenrsmuknuur Xap HKKH TOMOHHTA DPaBLIAH/IHK-
HuHr (1.30) udomacunu KYAMH3 Ba HYDJIAHYBUH IKHCMHHHL
XaKHKHI TeMnepaTypajard 0TI KOOH/IMATH Y4yH Kyiugarn
Hpoxara Kenamus:

- \Ay.ﬂvme.v

= (1.31)

a

A6comotr Kopa xucMEMHT CNCKTPaJl MOHOXDOMAaTHK HYp-
JIAHUII SHEPTHACH YHKADHII KOGHIHATH Ej . yuyH (1.24)
ngonanu Ba E3, uu Kvipxroduusr yuugepcan GyHKUHsICH
f(A, T) ra renraurnun scaacak, (1.31) yuyn anumg Hozara
KeJIaMH3:

N\-N\Pbﬂ.l ~
G,r = e MhTramm, " (1.32)

A=066 wmx, T~ Tpasm, ~3000° K 1e6 Kapacax, 3KcHo-
HEHTa JapaxkacH TaXMHHaH 7 ra Teur 6ynamu, sbHH €91,
Ulynunr yuyn (1 .32) udonanunr cypar sa Maxpaxujaaru GUpHH
Tauviab 1o6opcak,

QP. r — QQ:.\PNV (1/T— _\N.UNNE.V ‘ Am.wWV
6ynanu (1.33) nan Gusmu KUBHKTHDA€TraH TeMnepartypa YUYyH
KyHnznaru ndogann xocun KHJ1aMH3:

T
= paBI. 1 w%
’/- .
T A+ (Ak/hc) In @ 7. ﬂn»wa . ( )
Tpaem  TEMIEpaTypanunr XaKHKHH TePMOAHHAMHK TeMIle-
patypa T ra sIKMHHJHTHHU Hasapaa Tytu6 T HHHr GMpHHUH
TapTHO/H TY3aTHII XaXuHH XHcobaafimMus:

Ak AT2
AT = —3=In Q? r ﬂwqu. = — wmvmwa. Ig a,r (1.35)
Y Xonna
T = T pew. + AT. (1.36)

Credas — Bosbuman KOHYHHra GHHOaH TeMnepatypacu

T ra Tenr a6commor KODPa XXHCMHUHT GHPJMK 103UIaH TeMnepa-

Typacu Ty ra TeHr a6Gcoior KOpa MyXHTra yTraH MCCHKJIHK
MHKIOpH

W=0(T"—T} (1.37a)
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By ungona épyrnuxsuur (GOTOMEKTPHK TOTHIHIINAA 3Heprus-
HHHT CaKJaHHII KOHYHHHH GHJITUpajH.

Iy napcann sciaTui JIOSHMKH, NIaCTHHKAHH MOHOXpoO-
MaTHK €PYFIHK OpPKaJu EPUTraHUMU3/A XaM (OTO3/IeKTPOH 1ap
SHEprusicH xap XuJ OyJaid, YyHKH Xap XHJ 3JIEKTPOHIIap
METa/l CHPTHra YMKHUIZA Xap XHJI MacodaHH Gocu6 VTajH.
Ulynuar yuyn (2.5) TEHIVIHK KMHETHK SHEPTHUSCH MaKcHMas
6yaran snexTpomsapra TaaNIyKJIUIHD.

Epyrauk Tabenpuia uuxaérran SJIEKTPOHJIAPHHHT MaKCH-
MaJl KHHETHK SHeprusicH 3 Has6athia (2.3) ra 6HHOAH Tax-
puGana ynuanaérran eV, KaTTATHKKA TeHT:

lnw mvl = eV =hv—eq, (2.6)

PoTO3/IEKTPHK 3eKTra GarHULIAHTaH KeHHHIH 3KcnepH-
MEHTJIaDHHHT HaTHXallapu J#HITeHH dopmyaacuia uona-
JIaHraH KyHuJard XyJIocalapHHHT aHHK GaXapHIHIIMHH Ky p-
catiu.

1) dorosnexrponnapuu BYXYAra KelTHPA ONyBYH &pyr-
JIHKHHHT Xap GHp 4aCTOTAaCHra 3JeKTPOH/IaPHUHT yayam mym-
KHH GyJIraH MaKCHMaJ Te3/HTH TYFPH KeJlanu;

2) Vo Ba v Jap ypracuma uMBHKIM GOFJaHHI MaBXyJ;

3) dVo/dv munr Kufivatu (éku Vo = f(v) Tyrpu uusnx-
HUHI OFMAJIHTH) COH KBHMATH XHXaTAaH hle ra Teur;

4) KpUTHK wacrota v, yuyH V, = 0 ra Ba YHKHII HIOH
hv, ra Tenr, spuu V, = [(v) TYFpPH UMBHKHUHT v YKH Guian
KECHIII'aH HYKTaCH TaXpuba YTKa3unaéTraH MeTaqjaH 3JeK-
TPOHJIADHHHT YHKA OJIMIUM Y4yH 3apyp SHT IACT YacTOTAHH
Genrunafigu. v, wacrorara TYFPH KEJNYBUH TYJIKHH Y3YHJIHK

vyl =2, = m 6y.nanu;
5) A, B anekTpoasap ypPT2CHA2TH KOHTAKT NOTeHIHaJIIap

hapxu* AWV (v —v§) — (V4 —VB) ra renr.

* Arap UKKH X1 Meramn SJEKTD 3AHXKHpHIa CHPJAMTHPHIIAH 6.1
ca, ymap ypracujpa TawkapuiaH xyinaran NoTeHLHaIap dankunan 6ymak
KOHTAKT NOTCHUHANIAD GapKH XaM BYMKyAra KeJagd. KOHTAKT moteHnuas-
N1ap HapKH SJAEKTDOH TPYGKAHHRT HKKH 3NICKTPOANIAPH  YPTaCHIArH HOTEH-
IHan dapkra xucca kywanu. Xakugarad XaM, 3JIeKTPOH 4YHKapysyu B Ba
SJEKTPOH HWFYBUH A 5J€KTpONap ¥pTacCHRArd XaKHKHA nOTEHnHasan
(hapkH TawkKapHiaH Kyiuirad noTeHuHannap Gapke Kuimaty GHJaH KOH-
TAKT DNOTEHUHAMIADP (apKm cpacupard afupmara Tewr,
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6ynanu, 6ynna o — Credan—DbBoabiMan n[oMMHiiCH.

Kyapanr xucMIap HYPJAAHHIIHHHHT TaKCHMOT XapaKTepH
abcomoT KOpa XHCM crekTpura Yxwampup. HIyHeHF yuyH
KyJPaRr XHCMJA2D YYYH XaM :

W =0[a(T)-T*—a(T,) T, (1.376)

By epna o(T) — XHCMHMHT KOpAJHK Japaxacd Exku Kosge
¢uunentd, 7 xy — KyJ pair MyXHT TeMIeparypacu.

Arap 6u3 ToNaHH KM3JMPHIU Y4yH capd GyiraH 3JeKTp
KYBBaTHHH aHHKJacaK, y OMPJHK BaKT HYHAA OOBEKT Y3HAaH
Crepan — BonbuMan KonyHu GyiiMua HyKOTaérradn 3SHeprus
MHKJOpHra TeHr 6ynanu:

IV =0S[a(T)eT* —a(T,) T4 1 ~0¢ Sa(T) T4 (1.38)

S — HypJIaHyBuH KHCM 103H; | — TOJJANard 3JeKTp TOK KyduH

V — xyunannm. (1.38) udonanan Ba Gupunun mapra [Inank
KeaTupub JHKapran

2 5k4
0 =T (1.39)

MyHoca6atjaH [11aHK IOUMHACHHUHT COH KUHMATHHH aHWKJaLI
myMkun. (1.38) na o(T') TaxkpuGa yuyH Gepusran 6yaanu.
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7-§. Epyraskuuer xopnyckyasp Ba
3appafapHMHT TYJKHH TaGuaTh

Epyraukeusr kopnyckyasp ra6marn. ILIaHKHHHT KBauT-
Jap FOsICHra GMHOAH JXUCMJAPHHHT HYDPJAAaHULI SHEPTHACHHH
IOTHII Ba YHKAPHIU Xapa€HH Y3NYKAM paBHuija 103 Gepand.
By ros kiaccHK MexaHHKa Ba K/IaCCHK CTAaTHCTHKA €4a OJ-
Marad HCCHKJIHMK HYPJIaHHMIUM MYaMMOCHHH XaJl KHJIHO XKHCM-
J1ap UCCHKJIMK HYPJAHHIIMHHHT TYraJ Ha3apHsICHHH SIPATHINra
onub KeiraHJuruHd  6u3 1 Go6man kypauk. llly maspraua
¢usukaBuii KaTTajaukiaap (akaT YSJIYKCH3 y3rapyBuM KaTTa-
JUKIAp Oyau6 xucobnaHap 31d. YB3IYKCH3 KaTTalHK/Iap
ypHHra y3IyK/MH, RUCKPeT Y3rapyB4d KaTTANUK/Aap KHPHTH-
JIHIIH QaH TapHXHAA GYIOK PEBOMIOUHUOH KanaM 6YJiau.

Jlexun IlnaHK rosicH EDPYFIHKHUMHT KJIACCHK 3/1€KTPOAUHA-
MHKAa Ha3apHsCHHH TaMOMMJIa SIHFH acocra Ky4yupHuul 3apyp-
JUTHHH Kypcatmamu. Ilnank roscura OMHOAH HYpJIAHHII
SHEPI'MSICHHUHI JKHUCMJIAp/la IOTHJIHII Ba YHKApWJIHII XKapaé-
H¥ SIHTH acocla TYIUYHTHPHJICA XaM, JIEKHH HYpJIaHHII-
HHUHT TapKaiuml XapaCHJapH Xalu XaM KJacCHK Ha3apus
KOHyHsapura GyicyHranuya xodaran 9iu. IL1amk roscH
HYDJAaHMUIHUHT, SBPHU EPYFAMKHMHT TabuaTH XaKuja xed
KaH[a# MabJayMoT GepMam.

1905 #iun Anpbepr DfAHIITEAH Y3HHMHT yuTa MamIXyp HJ-
Mufl HulTapuHd 9bioH Kuagd. llynapaan 6upu Tamke ¢oro-
sbgekrra ouz 344, By nnna Diinmrefin [T1aHKHHAT HY pIAaHHII
KBaHTJIaDH FOSICHHM sHA3fa OJFa CypHOG, KBAaHT XyCYyCHAT
yMyMaH E€pyFAMKKA TETHUIH XYCYCHATAHD, A6 XHCOGJIAIUHH
TaKAHD 3TAH. DAHIUTCHHHUHT EPYFAMK KBaHTJIaDH XaKHJard
Fosicura GMHOaH €DYEJIMK AV SHEPrusira 3ra Ba €PYFJIHK Tes-
JIUTHAA XapaKaT KHJyBYH KBaHTJapAaH — ¢oTOoHJapAan HGo-
paraup Ba y <¢oToHNap Tap3HiIa HypJaHagd, TapKanajd,
IOTHIaH, IBHH Y (oToHAap chdpaTHaa MaBxymup. PoToH1ap
rosicH TLTanKHHHT PEBOJIIOLHOH KBaHTJIAP FOSCHHHHT MaXCyJIH
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6ysu6, yra mamua GHKP 3AM. Y KBaHTIap NpoGseMacvHH
€pYFIMKHHHI TNOpUMAJapiaH, YJayuwapaad uHGOpaTIHIHHH
GeBocuTa HcGoTsall OWilaH eUHIIHH Tastab Kujaap 3u.

XX acp Gomsapuaa €pyFIHKHHHT KJacCHK TYJKHH Hasa-
PHSICH acocH[a TYIIYHTHPHO 6y/iMaran GHDP KaTOp 3KCIEPHMEHT-
Jap MaBxkyJa 3ad. DOTOHJAD FOSACHHMHT TYFPHJIMIH Iy 3KC-
MEePUMEHT/IAPHH TYLWIYHTHPUII OujiaH HcOOTaaHAM. DyHHHT
yUyH OHHINTEHH KOPNYCKYJNSP XYCYyCHSITHH XapaKTepJOBYH
MeXaHUK (KWHETHK) SHEPTHAra €PYFIHK SHEPTHSICH TYFPHIaH-
TYFPH alilaHMIIMAN aMaJra omrpazurad doroadoexr (I, Tepo,
1887 #., A. T. Croneros, 1888—1889 #i., Jlemapn 1898—
1902 #i1.) skcnepuMeHTH HaTHKAJapHHK HCOOTIANH,

He-Bpoitab Tyakubn. Bua 10Kopupa 3JEKTPOMarHuT Hyp-

aHUIUHUHT Gab3aH TYAKUH, Oab3aH 3appa cH(aTHAA HaMOEH

GyMUULTATHHA KYPAUK. 1924 fimnnapra Kennb 31eKTPOMarHUT
HYDPJaHUII XaKWjar¥ TYJKHH-3appa AyalusMH YMyM KaGyJa
KWIHHTaH HyKTaW Hasapra adjanrad sau. Xyamu 1y &uiy
bpanuys ¢usuru acnupant JIyu ne-Bpofinb TynKus-3appa nya-
JIM3MH XaMMa GOIIKa 3appaJjap Ba KHCMJAp YYyH XaM PHHJIH
Gy/MUIA Kepak, JeraH XyJa KyTHIMaran TeHual (QUKpHH
yprara tauuiaau. Uynonuw, y, SHEPrHsl Ba HMIYJbC KaGu
KOPIYCKYyJAp XapaKTePUCTHKalap VpracHiard MyHoca6ar
Gup TOMOHJAH, TYJKHH Y3yHJHK Ba 4acToTa KaGu TYJIKHH
XapaKTepHCTHKAJapH YpTacHjarn MyHocabaT HKKHHYH To-
MOHJaH, MOAJA XaMAa HYpPJaHHII ydyH OHpP XHWJIAHD, Jeral
FOSIHM WirapH cypau. Hartuxana xam €pyrinkka, xaM Moj-
Jlara TeruIlId KOPTYCKYJAsp Ba TYJKHH XOCCAJADHUHI CHH-
TE3H BYXKYAra Kelajd. EPyRIUK yUyH XaM, MOAJA Y4YH XaM
KOPIYCKYJsip Ba TYJKHH Xoccajap ypracuiard GOFIaHWI
Gup XuJ TenrsaMajap Gu/iaH TaCBUPJIAHAMH.

By TeHr/aMalapHH XOCHJI KHJHII OCOH. DHEPTHSHMHT
PeTSTUBHCTHK Ba KBaHT HdojaacuiaH (OTOH SHEPTHSICH Ba
HMIYJIbCH OHJIaH €PYFAMK TYNKUHH Ba YaCTOTACH YpTacHaaru
KyHHIary GOF/aHHUIIHN aHUKJAI MYMKHH:

Arap TJ/IKMH COHMHH KHPHTCAK: k = 7' = ? UMIYJEC YUYH

=tk  h=h/2n @.1)
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TEHIVIHKHH XOCHA Kuaamus, (2.1) mynocaGat ne-Bpo#sis To-
MOHHJIaH XaMMa 3appanapra TaréuK KuIHHAH. (2.1) ra GuHoan
p uUMnynasc OMJiaH XapakaT KWJIAGTraH MaccacH m ra TeHT
3appaHUHT TYJIKHH Y3YHJ/HTH

2 2.2)

OpKaJu aHHK/IaHafH. By TYIKHH Y3yHJHK 3appaHunr je-
bpoiie TyaKuMH y3yHaura jae6 aranany.

Monna éku sappa TyaKuH Xycycustiaapunu ge-bBpoiin-
raya Cesw/IMarawJMTHHUHT cababH MAaKpPOCKONMK  MHKIOP
OWiiaH XapakTepjaHyBul MoAZa Y4yH Ae-Bpoiab TyiKuH
Y3YHJIUTHHMHT 3KYIa KHUUKIUraaup. Macanan, maccacu 10—6
rpaMM, Te3JIUTH 1 MM/ceK GYy/iraH 4aHr 3appadacHHHHT fe-
Bpoisie TyAKHH y3yHAHTH

6,6.10—2%
b=

= 6,6-10720 cm.

Hemax, sappaua yayamiapura Huc6aTal YHHHAT jAe-Bpoiiib
TYNKUH y3YHJMTH TaKKocaal GyiMmaiauran gapaxafa KHYHMK
sKaH. Anbatta, GyHiall IapOMTAA X€Y KaHAad TYJIKHH Xycy-
CHSIT Ce3sWJMaiifd. 3apPaHHHT TYJIKHH XYCYCHATJIAPHHH Ky-
3aTHI YUyH Yia4yamnapy Je-Bpodne TYAKMH y3yHAHrH Tap-
THOUa OyJiajurad aroMm Maciurabumaryt OGBEKTIApHH OJIHII
kepak. llynunr yuyn pgactiaab ge-Bpofiib FosiCH KyMUHJIHK
¢u3nKAap IBTHOOPUAAH YeTaa KOJITaH 31H. ‘

g 8-§. Poroanekrpux addiexr

DoT031eKTPUK 3(DPEKTHTa TOUP FKCTIEPHMEHTHUHT IPHHIH-
nHas cxemacu 4-pacmpa Gepuaran. IOkopn Bakyym Imapou-
THAa 0§Jirad A Ba B MeTasl1 macTHHKasap OpacHia NOTeHuall-
Jap dapku masxyj Oyacud. Ilnacruekanap BakyyMmra xofl-
JAraHIUrd cababnu samKHpAa TOK HYK, 3aHKAD Y3YK.
Arap Mmeran1 nuactMHKajgapiad OMPH — B HUHT WUKM cHp-
THIa €PYFIHK HYDM TYWIMpCAaK, 3aHKUPAA TOK maiigo G-
FaHJIHIUHA rajbBaHoMerp G Kypcatand. 3aHXKHPAa TOKHHHT
naijfo 6y/umu EpyrauK TabCUPHAA aKPAIU UHKKAH 3apsijl-
Jap Mauduil uimopara sra 6yaumuan kypcaragd (A. I'. Cro-
neroB, 1888—1889 #manap). DuekTpoH Kamd STHITAHAAH
KeliuH Oy axpannG YHKKaH 3apsiiviap 3JeKTPOHJAp SKAHJH-
rund 1898 fun Jlenapx Ba Tomcon K{pcatauaap.
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. JlacTaBBaaq YHKHII HIIH
S8/ TYLIyHYacHra TyXTanu6
yrainuk. Ily napca pas-
IIaHKH, JKHCM (MacaJjaw,
MeTa/) OusaH 3JEK TPOH-
HHHT OOFJIaHHII SHEPTHSCH
MaBXKyZA OYJHILH Kepak, akc
XO/Ja 3JIEKTPOHJAp KyJa
KYYCH3 3JIeKTp MaiifoHza
JKHCMJAH aXpanuG YHKHILH
MyMKHH 6ysnap 3au. Diek-

@- > TPOHHHMHI KAaTTHK XHCMAa
GorIaHHII SHEPTHUACHHH

SJIEKTPOHBOJMBTAPAA V.-

YaHYBYH e OpKadu 6en- .

— TUJIalIHK. ¢ — BOJbMIApia

' VIUaHyBUH YHKHII HLIH. eQ

T llilllll — KHEMAT 3JEKTPOHHH MeTal-

JlaH aXpaTHII Y4yH 3JI€K-

4- pacm. Qoroddrbext  THXpHGACH- TPOHTa 3apyp 65'7.111‘81{ MH-

pibbily (S HuMaJ sHeprusaup. Oxataa,

o O vy TeP; O MMt MeTa/la SHEPTUSACH 3HT NacT

JHrH B TYAKHH ysyHaurH Porapuac Epyr-  KUHMaTAaH OHD Heda 3JIEKT-

THK ManGa. POHBOJIBT/IApraya  GyJiran

Xap XWJ 3JeKTPOHJAD MaB-

KYLAUP. ¥ XOJ/a e SHT KYN SHEPrUsira 5Ta 3JIeKTPOHHH Me-

TaJIlaH aXXpaTHIl Yu4yH 3apyp Gy.IraH SHT KaM SHEPTUSAHH GuJI-
Jupany.

ODJNEKTPOHHUHT Kamip STHIHIIM GuIaHOK (POTOSNEKTPHK
5(«peKTHH TYLIYHTHPHIN YYYH MeTaJll 3JIeKTPOHJIAPH Ba EpYF-
JHUK TYJKUHY 9JEKTP MAUJIOHMHHHT §3apO TabCHDJAIIYBH Xa-
KUja (UKp 3BTHGODP KO3OHIH. .

Arap dorosanekTpHK 3(deKTAa KaTHAABTraH  MeTas
3JIEKTPOHJIAPHHH 3DKHH 1e6 (apas Kuicak, MaBKyJ KJIaCCHK
Hasapusra GOHHOaH, OGEPUJraH HHTEHCHBJHKIATH E&pYFINK
YaCTOTACH OPTHLIM OHM/IaH 3JEKTPOHJIADHHHT KHHETHK 3Hep-
THACH KaMaHMIUM Kepak, SbHH KaTTa TYJKHH Y3YHJHKAArd
EPYF/IHK TabCHPHAATHHA METAJIIaH JEKTPOH YHKHIIH MyMKHH.
X aKHKaTaH XaM, EPYFIHK TYIKUHHHHHT 3JIeKTp MafioHu E
Cosw? TAbCHPHAA METANJAarH SPKUH 3JEKTPOHHHHT XapakKar
TEHJIaMacH KyAHJaruya €3W/IHIIH Kepak:
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dv
m— = ek cos wf.

By ugonanu Gup Mapra BakT Gyiinga HHTErpa2sa6;
__eE . ¢
mv = —sin ot,

Ma3Kyp Xap2€H YYyH 3/JeKTPOHHHHT KHHETHK SHEPTHSICHHH
TOINAMHS;

2 2
=mt_ 1 (é sin? m?.
2 2m \o

JleMak, KnaccHK Hasapusra GuHOaH €PYFIHK YacTOTACH
® YCHIIM GHJIaH 5JEKTPOHHHHT KHHETHK SHEPrUsACH KaMasiiy.
Bus ky#una kypamusku, 6y X0/l GOTOINEKTPUK SPEKT Tax-
pHOasapn HaTHXKacHra MyTJIaKo 3UAIUP.

Arap QorosnekTpuk 3(pdEKT 3JEKTPOHNAPUHH MeTanna
MyCTaxkaMm 37acTHK GOF/aHraH J1e6 Kapacaxk, 3JIEKTPOHHH
METa/IaH YMKApPYBYH GHDAAH-GUD XaélHH MeXaHH3M — épyr-
JIUK HaCTOTAaCH 3JEKTPOH TeGDaHHIIMHHHT XyCYyCHH uacTITa-
Cura TYFPH KeJHIIHIA 103 Gepajuras pesoHancaup. Ammo,
6y xon1a ¢oTosdpekt EpyraHKHUHT allpuM JHCKpPET YacToTa-
JlapHJaruHa €KH 4aCTOTaHHHT JKyJAa KHUHK COXacHaaruHa 103
Gepran 6ysap sagu. Byupau TallKapH, 6y Xos1 OTO3JIEKTPOH
SHEPTHACHHHHT EPYF/IHK YaCTOTACHTa GOFMHKJIUTHHHU MyT-
JIaKO TYLIYHTHPMaHIHU.

Huxosr, xnaccuk masapusira 6umoan €PYFJIHK HHTEHCHB-
JITH SJICKTPOHTA TabCHP KYPCATYBYH SJIEKTP BEKTOPH aMILTH-
TYRACMHHHT KBaJpaTHra nponopuuonansup. Iy caGa6u
EPYFIMKHUHT WHTEHCHBJIHTH KaHua IOKOpH O.ca, Meranian
YHKAETraH 3/IeKTPOHMAPHHHT KHHETHK SHEPIHUsCH IIyHYa 10KO-
pu GYJHLIH Kepak.

GotosdperTHH pranuira TaalMyKJad Taxpubaga, oxart-
A8, YMKAETraH 3JIEKTPOHJAp COHM (EKH 3aHXHpJArd TOK) Ba
YAGpHHHT SHEPTHACH TYIUAETraH MOHOXDOMATHK —EpYFIHMK
HHTCHCUBIHTHHUHT BAa YAaCTOTACHHHHT (YHKUMACH CH(aTuia
Kapanafu. EDYFIHKHHHI cleKTpaq TapkuGumH yaraptup-
Maran XoJja (sS’bHH MabJIyM 4acToTana) TYIIaéTran €pyr/uK
MHTCHCHBINIHHA ysraprupafinuk. By mapoutaa 3aHXKHD-
Aarl TOK KyYHHHHT 3JIEKTPOJapapo NOTeHIHa/Iap ¢apkura
GOFMUK/IMIHHA Ky3aTaliuK (5- pacM). DxcnepuMeHT HaTHKa-
CHra Kypa 3aHXHpPAa TOK V = Vg — V4 HuHT XaMMa MaH}ui
KHAMaTaapuaa xamaa Myc6at coxana V, KuiiMatraua MaBxya,

32180
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5-pacM. TOK KYUHHHHr EpYFJIMK MHTCHCHUBJMIUra Ba TNOTEHIHaNNap
¢ apxura GOFJIMKJHK T padury,

V="Vg—Vs=V, aan Gouua6 TOK OKHMH Ty XTaiIH.
Horennuannap ¢gapkuuuur V, kuiimata (ApHH Vy= Vp—
— V) myxmamysuu nomenyuas 16 10puTHIaAA. KydaanHm-
sap ¢apKUHHHT Oy KMEMaTHAa Xeu Kanjal 5JeKTPOH, XarTo
SHI MaKCHM4J KHHETHK SHepPrusira 3sra 3JIeKTpOHJap Xam
A ra eru6 Gopa osnmaiiay. TyXTaTyBuH NOTEHUHAN 3JEKTPOH-
JIADHUHF MakCHMajl KHHETHK SHeprusick Gujan KyHujaraya
6orsaHrag:

V=T, = m?/ /2 (2.3)

5-pacMaa MasKyp 4actoTaja pyFaIHK HHTEHCHBJIUTH [ HUHT
MKKHHUM KHHMATH yYyH XaM TOK KYYHHHHT MNOTeHLHaJIap
dapkura 6orIanuIy TacBupaanran. TaxpuGa HathxKajlapura
6uHOaH EpYFIMK HMHTEHCHBJIMTHHHHT KaTTa KHAMatd yuyH
TOK KYuH { HMHT V ra GOFRTHKJHK YH3HFH IOKODHAAH yTajiu.
VINTeHCUBAMKHMHT Xap KaHlalh KufiMaTH YYyH XaM TyXTa-
TyBuM notenuyan V, yarapmaiau.

Jlemak, TaxpuOAHHHT KypcaTHIIM4a TOK KYyuH, SABHH
B naacTHHKajaH UYHKaéTraH 3JEKTPOHJap COHH €PYFIHK
HHTCHCHBJIMIHIA TYFPH NponopuuoHad. MKkuHYHAaH, IOTeH-
nHanaap GapKHHUHT MabiayM KuifiMaTHaaH Gouwiab TOK Ky-
YHHHHT TYHMHHII XOAHMcacH lo3 GepamH, AbHH B miacTuHka-
LaH WYHKAGTTaH 3JIEKTPOHJIAPHHHI XaMMacH A IJIacTHHKara
eTH6 Gopau. MOHOXpPOMaTHK EPYFAHK Tywiaérranfa ¢oTo-
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9JIEKTPHK TYHHHHUII TOK K-
uM Ba JeMaK, OHDJIHK BakT-
Ia GUpPAMK I03[]aH YHKaéT-
raH (OTOICKTPOHAAD COHU
CTEKTPaJ TapKUOH y3rapmac
6yaran épyrauk OKHMHTA .
(MHTEHCHBJIHTHT2) TYFPH
nponopunonan  (Croseros
KOHYHH):

i= kO, (2.9

6y epia k—IponopuyOHal-
JIHK KO3(pHIHEHTH.,

Taxpubauuur  axoiu6
TOMOHH INyHAAKH, V, HH-
TEHCHBJIHKKa 6oruK smac (Jlenapn, 1902 #.). Monoxpomarik
€PYF/IHK HHTCHCUBJIUTHHHHT, SBHH JIEKTPOHTa TabCHD Kypca-
TYBUH SJIEKTDOMATHAT TYIKUH 3JEKTP Maii/IOHH Kyd/aHTaH-
nurd E HEHr {3rapuind, 4ukaéTran SJAEKTPOHJIAD KHHETHK
SHEPrHSICHHH y3rapTHpMaifd, (akar YyJapHUHT COHH — TOK
KY4YHHH Y3rapTupann.

HuxosT, TaXpHOAaHHHT KyTHIMAraH HATHXACH EPYFIHK
WHTEHCHBJIMIHHHAT OepHJraH KHAMarHia EpyrIHK YacToTa-
CHHH Y3rapTHpHIl OusiaH xocHa Gysiamd. TaxpuHGaHuur 6-
pacMia KeITUPH/ITaH HATHXKAcura kypa QoroajekTpoHaap-
HHHI' MakCUMa/l 3Heprusicu eV, Epyraux vyacrotacura Hucha-
TaH YHM3HKJIH NPONOPUHOHAJN Y3rapajH, TYFPH YHUSHKHUHD
OFMaJINTH 3JIEKTPOH YHKApYBUYM IJIaCTHHKA — 3MHUTTED Ma-
TepHanura Goraug GfiMainu. Porosdexr 103 Gepaguran
SHT KHYHK €PYFJIHMK YaCTOTAaCH V, = wo/27 2a gpomospexm-
HuH2 Ku3ua weeapacy jedunagd. Ku3ua derapa sMHTTep Mate-
pranura GOrJUK.

DHHITE RN Taknu¢ura kypa metanl 3MeKTPOH/IapH 6unan
¥3apo Tabcup jKapa€HHAA MEKTPOMArHUT Mafifon hv 3Heprus
nopuusiiapu Tapsuaa tortHaazd. Poroadderrra Dfuuirein-
HHHT GOTOHNAD Ha3apHACHHH KYaulaiink. [Inactuukara épye-
JHK HYPH TyWIraH[a >HCM S3JIeKTPOHJIapu GH/iaH EpYr/IHK
y3apo Tabcupuaa QOTOH SHEPLHSCH 3JIEKTPOHTa GepHiand.
OIEKTPOHHMHT MaKCHMaJl KHHETHK 3HEPIHsCH  KyHHAarm
DitHiuTtedin dopmyacu Guiian aHHKJIaHAH:

T = hv—egp. (2.5)

Y

- 8- pacM. TyXTaTyByn nOTEHIHAJHUHT
yacrorara GOFNMKIMK rpaduru.

3*
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yCyauaup. ¥YMyMaH, TYJIKHH Ba 3appa Oup ¢H3UKaBuil MOXHAT-
HHHT' HKKH (dopmacuiup.

10-§ Jesuccon sa Xepmep rtaxpuGanapu

He-Bpoitnb Fosicu y4 HHIAaH CYHT aMepuUKaJHK OJHMIap
K. II. Hesuccon Ba JI. X. JKepmepsiap TOMOHHA2H IKCIIEpHU-
MeHTal Tacaukaanad. OMuMIADHHHT aHTHIIHYA, Ma3Kyp SKC-
NepUMEHTHH YTKa3uIUra YJapHH acnupaHT Ae-bBpolabhunr
Jactiaab kyha «EBBOHM» XUCOOJAHTAaH PEBOJIOLMOH FOACH
pyxJiaHTHpraH sMac, Gajaku tacofud cababum Gyarax. Opar-
Jarujiex, ofiuil HUKeJb KYKYHHJAaH HOOpaT HULIOHAA COYU-
JIaéTraH 3/eKTPOHJApHUHI Oypuak OyiHYa TaKCHMOTHHH Vp-
rannu yeruga 1920 finnnapaan Gepu onn6 Gopunaérran ynap-
HHHT TaxuprOacH BakKTHAA HHIIOHHMHT KH3HO KeTHIIHJAAH
CYIOK XaBOJH MMl &puaub, HUKeIb KyKYH OKCHAJIaHHO
Kosaad. HUIIOHHUHT OKCHIJaHIaH KaT/JaMH I0KODH TeMnepa-
Typanapia Bakyymza OyFIaHTHPHIN #yan GHJaH To3aJaHHb
Taxpuba siHa NaBOM 3TTHpUJIrad. TaxpuOAHHHT SHTH HATH-
JallapHia COMMJTAH S5JeKTPOHJNApHUHT Gypuak Oyduua Tak-
cuMOTH OyTvHnait Vy3rapu6 xosamu. HaTmka xyamu HHTEp-
¢depennys 103 Gepaérranjiek 34H. By X0/ HHIIOH MOJANACHHMHT
peKpHCTaNIaHub KOAraHJuryjian Ae6 TONHJIANH.

DKCNepUMEHTHUHT Tacoauduil HaTuxKanapura OHHOAH co-
YMJITaH 3JEKTPOHNAapHUHT Oypuak O6yiivua TakCHMOTH KPHCT AN
HYIUOHHUHT OpHeHTanusicura GoraMK 3. Taxpnba HaTHXKaA-
JlapH XalpoH KOJapJH Japaxala 3JEKTPOHJIAPHHHI KpHCTajl-
Jla COUMJIMIIHMHM DEHTreH HYDJAapHHMHIT Y4 YJYOBJH MaHkKa-
paja (Mopimaja) €ku, Gab3w HaTHMKadap 3ca, €PYFRIHKHMHT
MKKH VJYOBJIM NaHxkapaja COYWJMILIApUTra aiHaH IKaHJIHK-
JIapUHHU KypcaTtap 3au. By yxmwaumnuk cab6abiu 3JeKTPOHIAp
AuppaxiHoH AacTajlaDUHHHT PaTOPUHHM Ba HHTepepeHlHs-
HUHT' BYXY/JAra KeNUIUHHH HYDPJAAHHIIHHHT KPHCTaNI aToM-
JapuJa COYMJIMINH Ba CYHIpa YJNApPHUHT HHTePhEPEHUHUSICH
XaKHJard TywyHya €pAaMuja TaBCHQUIALl MyMKHHTHHA GYi1-
MacJaH, 3HT COAAa Ba TaGHHH X0 344. By TyliaéTran 31eKTpoH-
Jap jactacd OHIan aHHK oup TYJKUH Y3YHJIUKHH GOrJaml
MyMKHH, Jeran ¢ugpra onu6 Kenaau. HarmkaHunr kypca-
THmnya, 6y TYAKUH Y3YHJIHK Je-Dpoilip TyIKHH Y3YHJAHTH
6usaH KOHHKapJN MYyBOQUK/IHKIAA 31H. '
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OitnuiTeiH GopMynacuuu Ba YHIAH KeJU6 YHKYBYH XYJIO-
CanapHy SKCHEDHMEHTa TEKIHPHLI YUyH KyII YPUHHILIAD
6yu1au. DOTOEKTPHK S¢PKpeKTHHHT Tyraa 3KcnepumentTH Ug-
Karo ynusepcareruaa P. A. Musiuken ToMouugan VTKa3uau6,
SKCICPHMEHT HaTHkadapu 1914—16 #uinapna swion Ku-
JHHTaH. DHHIITEAH TEHIJ1aMacH 3BJIOH KHWJIMHTaHUAAH KeHuH
yTraH YH HHA WYMAA TeHI/aMajgan TYFPUAAH-TYFPH KeaHG
YHKYBYH GEIMHYH XyJoca yMyMaH TEeKIIHPHJIMArad, YYHHYH
Ba TYPTHHYH XyJocajap ycTHAA 3ca X€d KayoH aHHK SKCHEpH-
MEHT YTKa3uJIMaran 3g4. Muiinken SKCHEPHMEHTHHHHT aco-
CHE Makcajnapujan GHpH XaMm Wy mnoTeHUHaMIap ¢apKu-
HUHT TYWIa€Trad €PYFIMK YacTOTACHTa GOFIAHHII TYFPH
UH3HFHHUHI OFMAa/IHTMHH I10KODH aHHKJHKAA TeKIIHPHINIaH
H6opar 1. ByHHHT yuyH &pyrIuK yacToTacHHH IOKOPH aHHK-
JIHKA@ OWJIHII Ba GOIIKA 4acTOTaMH €PYFIMKHUHT SMUTTEpra
TYWIHIIAra A§J KYAMacAHK JIO3UM 3[4. Epysank mau6au cu-
datupa cumo6 namna mypuman dofinananunran. dxcnepuMent
YIyH KHCKA TYJIKHHJIM 4YacToTaJap COXacHAa CaTe/THTIIapH
6y/MaraH YMSHMK TaHJAHTaH.

MHIIHKeH SKCIEDHMEHTH HaTHXAacHIa Vo HHHT yactoTa
GH/IaH YMBHKJIH GOFNAHHIITA 5ra SKAHJIUCH IOKOPH aHHKJIHKAA
uc6oTnangy. (2.6) upozaHuHr §HT KHCMHJArH TeHIVIMKHHHT
Xap MKKH TOMOHHHHM 3JIEKTDOH 3apsiiH e ra Gyjamus, Mxru-
€puil yacToTa yuyH xocHI 6yaran 6y TEHIVIHKAAH KPHTHK gac-
TOTa vy YUYH €3HJIraH MOG TeHIJIHKHU aHupcak, TyXTaTyBud
[IOTEHLHAIHMHT YacTOTa OUJIaH KyHHAarH GOrIaHHIIMra

Vo = (—"-) v — (f) Vo, @.7)

e

ABHH (h/e) oFrManHKKa 3ra TyFpH UH3HK TEHIJIaMacHra Keja-
mu3. Ulyupaét kuiu6, V, = f(v) TYFpH YHSHKHHHT OFMaHTH
6yinua e HUHT KHAMATHHYE XHCOG/1A6 A HMHD KHAMATHHH aH¥K-
Jlalll MyMKHH. MHJITHKeHHHHT aHMKJIamuga i = 6,56 . 1027
5pr - cek. by Ilnauk Tomonunan a6comior KOpa KHCM HCCHK-
JIMK HYDJaHHIIH KOHYHJIAPHTA KHPYBYH NOMMHMIAp opkanu
@HUKJIAHTaH KHHAMATHra aHHK TeHr S1H. (h/e) Bu (2.7) pmau
anuKna6 (2.6) ra Kyicak, wuKHI Hum YYYH Ky#unaru dopmy-
JIAHH XOCHJI KHJIaMH3:

=2y, (2.8)

v—v,
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Munnuken ¥3 SKCHepHMEHTH HaTHXKalapura Kypa Din-
WTeHH TEHIVIAMaCHHUHT Ba YHJIAH KeJHOG YMKYBYH XyJocana-
PHHHMHT IKYyJAa IOKODH aHMKJHKIA TYFPUJIMTHHH aHUKJaIH.
DUHINTEAH TeHI/IaMacH OWJIaH TaCBHPJAHYBYH (OTOJIEKTPHK
(et 3ca KBaHT Ha3apHiACH (yHAAMEHTal acOCJHapHHHHT
TYFPHJIHTHHY, SBHH aTOM 3JIeKTPOHJApHra YHra TYIIaéTraH
€PYFIHK TYJKMHMAAH GepHJIAETraH SHeprust KHAMATH Y3JYKJIH
XapakTepra 3ra 3KaHJUrHEH ucGotnaagu. ¥Y IlnankHuur a6eo-
JIIOT KOPa YXHCM HCCHKJ/MK HYDJAHHLIHHH YpraHuia KHPHT-
raH JOMMHHCH A HU MOLAuiIalITHPAH Ba [lnanK FOACHHH acoc-
JIOBYH 1acTiabKH (usnKaBHH TadCHIOTIAD TYFPH SKAHIHTHHH

KypcaTad.

Lt 9-§. Komnron afipextn

®orosdbekT EpYFIMKHHUHT KBaHT TabHaTra 3ra 3KaH/u-
THHH pajJ KHJIMG Gy/Maiiaurad xapaxana Tyna HcOOTIarau
6yaca-na, finmTedHHUHr (oToHNap HasapuscH 1923 Huana
sHa OHp TacaMKKa sra 6yamu. Amepuka ¢usuru Komnron
KHCKAa TYJKHHJHM 3/eKTPOMarHUT HYPJaHHLULIAPHH, SBHU
PEHTreH HYDPJapHHH KaTTHK JKHCMJApAA COUUNHIIUra GOFIHK
H3JTAHHINIADK/IA HYPJAAHHITHUHT TYJKHH Y3YHJHTH Y3rapHIIH
xonucacunu Kamd xuamu. By xompuca Komnmon agpgpexmu
e HOM OJITaH.

1912 finnpa Jlays takandu Gyhimua Opuapux Ba Kuun-
NIUHT TOMOHUJIAH PEHTIeH HypJapH OuiaH yTKaswiras nudpax-
UHs TaXpuOajapu PEHTreH HypJapH 3JeKTPOMArHHT TYJKHH-
JaH u6OpAT SKaHJIUTHHH K§¥pcaTraH sau. EpyFINKHUHT TYAKHH
XycycusaTiapn MakcBelsl Ha3sapusiCH acocuja TYLIYHTHpHJap
sn4. YyHOHYM, KJAcCHK TacaBBypra GHHOAH €pyFJIHKHMHT
ysrapyBud 3jieKTp MaflOHM COYYBYH MOJJA 3JEKTPOHJIapH-
HUHI MaxOypHd TeOpPaHHIIHHH BYXKYIra KeJATHPHLIH Kepak.
Tesnanuur o/irad 3JeKTponsiap 3ca y3 HaB6ATHNA MKKHJaMuu
Hyp/iauuil u¥kapagd. MkkuiaMuym HypJaaHuin uacToTacH,
anb6arra, OupJaMyH, S'BHH YKHCMra TYINAaéTraH HYpJIaHHII
4aCTOTACHIa TEHT, YYHKH HYD YHKapaéTraH 3JEeKTpOHJap Te6-
paHMLIN TeOpaHHUIUHH BYXKYAra KeJTHPraH EPYFAHK 4acTo-
TacH 6uaad 103 GepanH.

Pentren HypJiapuHHHT 3JEKTPOMAarHUT TYJIKHH Hasa-
pusCH OJNAMAA TYIWIYHTHPHO GyJsMac Japaxajgard KUAHHYH-
auknap maigo Oynnr. dKymnanad, xyAa KUCKa TYJIKHHIH
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PeHTreH HypJapu €xu y- HypJapH yuyH Gupaamun Hyp HyHa-
Juik Gyin4a COYHATAH HYPJAHMII HHTEHCHUBJUTH TeCKapH
AyHaNvILJa COYMJraH HYPJAaHHII HMHTEHCHBIWIHIAH KaTTa
3AH. By XO/HH MUKIOPHI TYWIYHTHPUIN YYYH 3EKTPOH P2HT-
TeH HypJIapH TYJKHH Y3YHJIHMIH GHJIaH TaKKOcJAab Gyiajuran
Ynuamra sra 1e6 $apas KWIMHAZM Ba YHHHI Xap XHJ KHCM-
JIapHAAaH COYHJIraH HypJlap HHTEeP(EPeHIHUACH XaKHJard Tax-
MHH KJJUIaHHIZH. PEHTreH HypJapHHHHI XHCMJIapia COYH-
JIHNINTa OHMJ Taxpuba MabJyMOTJIAPH TYIIaM¥ LIYHH Kyp-
CaTAMKH, Ma3Kyp TaxXMHH GyAuua 5/eKTPOH AHAMETPH YHra
TYWA€Tral HYPJAHMII TYJIKHH Y3YHJHTHEMHT y3TapHIIH Gu-
JlaH Xap XHJ KHHMaTtra sra Gy.aju.

By xuilunyninkka Kywumua pasumpa A. X. Kommnron
COYM/ITaH HYPJIAHMIIHHHT 4actoTa Oyiuuya OGUp/aMuu HypJa-
HUIAaH GapK KUIHIIMHE Kawd Kuaaau. Kiaccuk 9JIEKTPO-
AVHAMYKAHUHT Oy KHHMHUMIMK/IADHHH Xal KWIHI Bi 3
SKCNEPHMEHTH HATHXKANapUHH TYWYHTHpH YuyH Kommron
HypJIaHHII COYHJIMIUHHH TacBHpJamiia (OTOHIAD XaKu[arH
TYWYHYaHH KJ/1ajd. PeHTreH HypJapH COYHNMIIMHUHT KBAHT
Ha3apUsICHra Kypa Xxap GUP MyalisiH PeHTreH KBaHTH §3 IHep-
THSICHHH aHHMK OUTTa 3J€KTPOH GHJIaH ¥3apo TabCHpJallHLIAA
iykoranu. By snextpon, y3 naeGatupna, Gupnamun Hyp Aac-
TacHra Gupop Oypuak ocTupa #yHaaran Hyp couamu. Hyp-
JIaHHII KBaHTH HYHANMIIMHMHT GyHAal y3rapuilH YHHHT HM-
NYJbCHHHHT y3rapHmura oau6 Kenamu, an6arra. Hatuxkana
HYDJIaHHUI COYa€TraH 3JIEKTPOH HMIYJbC XaM PEHTIeH HYpH
MMIYJIbCHHUHT ¥3TapuilMra TeHr KuiiMaTra ysrapagu. Coumi-
TaH PEHTreH HYDHHHHT SHEPTMSICH TYIWaéTraH HYyp 3Heprus-
CHIaH SJIEKTPOHHHHI' KHHETUK 3HEPTHsCH y3rapuuln aifup-
Macura TeHr, sibHH KaMasiii. Couu/ran Hyp XaM GyTYH KBAaHT
GYJIMLLIM YYyH YHHMHT YacTOTACH 5HePrHsi Kabu kamasiau. Illyn-
Jai KuaHG, KBaHT HA3apHSICHra acocaH COYW/ITAH PeHTreH
HYpJIapH TYJKHH Y3YHJUIMHHHT TyIIaéTraH Hypjaap TyJ-
KHH y3YHJMTHAAH KaTTa OYJHIIMHH KYTHILIHMHS JIO3HM.

KOMNTOH penTreH Hyp/iapd COYHJHIIHHHHT KBAaHT FOSICHTa
acocaH Ha3apHi Hy/ GuaH GHPIAMYH HYD TYJIKUH Y3YHJIHTH
OulIaH WKKWIAMYH HYD TYJIKHH YSYHJIMKJAApH YpTacHia Mas-
KyA GysiraH GOFIaHHIIHH MHKIOPHH Hdomasamu. COUHTHIIHHA
HasapHi XHCOOJIall yYyH IHEPrHsl Ba HMNYJAbCHHHT CaK/a-
HHW KOHYHHIaH ¢o#fananamus. Bupaamun Hyp TYJAKHE
YSYH/IHPHHHHT Ay Ba YHra MoC PaBHIIA8 TYIaéTrad (oTOH
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YaCTOTACHHH V,, HKKHJIaMUH
HYp YYyH 3ca A Ba Vv OpKalH
Gesnrunainuk. HypHUHT COYH-
Juui 6ypuars 6 G6yJcHH.

7- pacMza TYKHAIIKII COAUD
6yJaryRra Kajmap THHY XoJar-
Ja GyJiran 5pKHH 5/1€KTPOH 6u-
Jad (GOTOH  TYKHAIIHIIHHHHT

7- pacM. QOTOHHHHT SpKHH e HMIyJbcIap AHarpaMmacy Kea-

TpOH GHMaH TykHAwysuparu wM-  TAPHJTAH. OpKHH  3JIEKTPOH
NyJabC BeKTOPAApH, ne6, atroM OmjaH OGOFJIAHMII

sHeprusick GoToH GHJIaH TYKHa-

I TafTHAA ONTaH SHEPTHSCHIAAH aHuYa KHUMK Oy/ras
—

5MeKTpOHTa afiTunafu. DBupnaMud (OTOH HMOYABCHHH Py,
->
MKKHJIaMyu GOTOH HMMYJIBCHHU p, THHY TypraH 3JeKTPOHHUHT
—_

TYKHAIIHII HATHXACcHAA 3ra GyJraH HMIYJbCHHH p, OPKaM
Genrunacak, TYKHALIKII jkapaéuuja ypumaun OYaran uM-
NyJbC CaKJaHWII KOHYHH Ky#ujaruda uponananaiu:
' > > >
Po=p+p, (2.9)
PeqsiTUBHCTHK ¢opMyJsia Oyiinya 3appaHUHT MacCacH, HUM-
NyJeCH Ba SHEPTrHACH Ky#njarnya OOFJIaHTaH:

E? = p*%c® 4 m%*. (2.10)

DOTOHNAPHUHT MacCacH HOJTa TeHT GyJIraHjury cababau
6UpJaMUH  BAa HKKHJIaMuM (DOTOHJIAPHHHT HMIYJLCH (2.10)

dopmyJiaZian OCOH aHHUKJIAHAU:

Po = Ey/c = hvo/c, } 9.11

p=E/c=hv]c. 1)

MyJIsC CakJIaHuIl KOHYHUHH Hponamosyu (2.9) dopmyna-

HA pecMAa KYPCaTH/IraH KOOpAMHATA YKJApHra NPOEKUHFACH

hvy  hv1

< ¢

cos 0 - p, cos 0y,

hv . .
0=Tsm6—p‘sme1

G6ynanm, €ku
cp‘cosel=hvo—hvcose, }

¢p, sin 6, = hvsin @12)
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(2.12) TenrnaManapHHHET Xap KaHCHCHHM KBaJpaTra KyTa-
pamMu3 Ba XOCHI Gyaran TeHrJamanapHd Oup-Gupura Ky-
mwamua. Hatuxkana ky#vaara ngogara Keaamus:

c2p? = (hvy)2 — 2h?vyvcosB - (A V)2 (2.13)

By udonanu CORJajalITHPHII YUYH SHEPTHSHUHT CakJa-
HUIl konymnujaad dofifananamus. TyxHamum copup 6yJrysra
Kajap (OTOH SHEpPTHACH h v, Ia 3JeKTPOH 3neprudacH (2.10)
ra 6unoaH mc? ra tenr. TyguamyB 03 OepraHjan CYHr 3ca

(oTOH 5HEPrHACH hv Ta, 3JeKTPOH 3deprusicu |/ pZc® 4 mict

ra tedr Oymagu. JleMak, OU3HUHT XOJ Y4YH SHEPTHSHMHT
CAKJIaHULI KOHYHM KyHujaruua €susiaju:

hvy 4 me? =hv 4V pic® -+ m¥ct (2.14)

(2.14) Tenraukpan p%? mu amugma6 (2.13) ra xysmus. Ha-
THXKA/a

h (vyg —v) mc? = hvy-hv (1 —cosb) (2.15)

udonara kenamus. (2.15) udomana vacToTanu v =c/A ra Ky-
pa TYakMH y3yHJMK Oujan aamamtHpcak, Komnron MyHO-
cabaTHHU XOCHJ KHJ/AMH3:

0
'é‘-
By MyHnocaGaT KypcaTaJuKH, COUHJIMII Gypuyarn KaHud KaTTa
GyJca, aJaeKTpoHra GOTOHAaH OepHJajMral MMIYJbC IIyHYaA
Karra Gysanu. JeMak, GHpjaMud QOTOHAAH §3/AaIUTHPHAZET-
raH SHeprus IUyHYa KaTTa Ba LIYHHHT YYyH MOC paBHIIfa,
HKKHJaMUH (QOTOHHHHT YacTOTacH ILIyHYa KHYHK E€KH TYJIKHH
ysyunuru ysynmaawran 6ynaad. (2.16) Komnton dopmynacuaa
KaBC OJIAMAArd KO3(p(dHIHeHTAAH Ty3HJIraH

h
= Zame (2'17)

nbona m Mmaccajdu 3appaHuHT Komnmon Myakun Yaynaiuu
ne6 woputunagd. Macanad, 3JeKTPOHHMHI KOMNTOH TYJKHH
Y3YHJIUTH YYYH

A—hy = m—’Z-(l — ¢0s 0) =,—i§-8in2 (2.16)

A, =3,86-1071 cm

KUHMAaTHH XOCHUJ KHJIAMH3.
KoMmntoH ¢opMmyaacuja peHTreH HypJapH COYHJIaéTraH
MOJIaHUHI' XapaKTepUCTHKanapH KaTHammMaiau. By 3ca 6us



[image: image324.png]42 11 606. KBaHT Ha3apuacH acociiapH

8- pacM. KomnTon sipexTuHH KY3ATHII KYPHIMACHHUHL cxe-
MACH,

KypraH x0//1a PeHTreH HypJIapUHHHT COUH/IHIIA (OTOHJIAPHHHT
5PKHH 3JEKTPOH/Iap GHIaH ¥3apo TabCHPH OPKaJlH A HHKJIAHHIH-
HH KypcaTaid. X aKuKaran xam, Komnton sdxpekTH/IA@ MO AAra
Tymaérran (OTOH 3SHEPTUSCH IIYHYANHK IOKOPHKH, aTOMJa
Huc6aTaH Kyucus GOFJIaHTaH 3JEKTPOH YHHHI TabCHPH OCTHAA
ama/ija 3pKMH Xxapakatiaa Gymiany.

8-pacmaa Komnton 3¢deKTHHH KysaTHll y4yH MyJKal-
JaHraH SKCIEDHMEHT CXEMacH KeJTHpuiaraH. PenTred Hyp-
Japu MaHOGad Oy/irad peHTreH Tpy6kacu T aHOAMAAH YHKAET-
ras Hyp AacTaBBai Auadparmajap Ba & GuALTP OpPKAIH JTalH.
Haruxana Hyp JacTaciulaH MabiyM A, TYIKHH y3yHJIHKKZ
sra Gjarad HypJaHHull axpanang. Axpanran Hyp COYYBYH
momaa C ra fiynanrupuarad. Moafajad COUMJraH HypJaHHII
cnexTpJapra axparysud D nereKTopla Ky3arHiald. etek-
Top GupJiaMdH Hypra HucGaraH @ Gypuak ocTH/ia ypHATHIraH.
TpyOkaHHHI Xap XHJ X0JaTAa )KoinamwTHpyL OHJIaH COYH-
au Gypuard ysraprupusiajd. Komnron 3¢peKTHHH HETeK-
TopAia KysaTHUI y4yH COYHJITaH HyDJIaHHII TYJKHH Y3YHJH-
CHHH YJdall MyMKHH GYJ/IHIIN KepaK. PacMmja peHTreH HypJapu
KpHCTa/l AA(paKIHOH CIEKTPOMETPH KeATHPHJIraH. CrnexTpo-
MeTp Taxpuba BaKTHIa TeGpaHYBUH K xpucranagaH Ba ¢oTo-
naactunka /1 JiaH TAWKWI TOTraH acocHit Kucmra sra. Kpuc-
TaJAaH peHTreH HypJapHHHHT COYMJIHILHAQ Bperr — Byasd

¢dopmy.iacu
2dsinv = ni, n=1,23, ... (2.18)
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GuJaH aHHKJIAHYBUM iiyHanumuapja AMGPAKIHOH MAKCHMyM-
nap xocus1 Gyaanu. (2.18) aa d — xpuCTaLl aTOMJIapH XOCHI
KH/IT2H KailTapyBud (apasufl TEKHCIHKJIApH OpaCHJary Ma-
coda, v — cHKHII Gypyard, n — KaHTapuaran Hypjap Max-
CHMYMJIADHHHHT TapTHOH.

Tlractumka I7 ja KOpafiuil YM3HKJIAPHHHHT JPHUTa Kapa
CWJKHII Gypuar v aHuKJaHamd. Y XOJJa COYH/TaH PEHTIeH
HyPJapHHUHT TYJKHUH Y3YHJHTH (2.18) opkanu aHUKJIaHAAH,

KomnToH yTKasraH SKCIEPHMEHTAA COYyBYH MO cuga-
THEa TpauT OJNHMHraH 3xu. 9-pacMia IauvadparMa TUDPKHIIH-
HEHT MKKM XWJ KEHIJIHTHJA OJIMHTaH HaTHxanap Gepuirad.
PacMial KypaMusky, OHP MKMHC/IH DEHTreH HypJapH Jac-
TacMHH TpaduTia COUMNHMIUMAA HYPJAHHUII CHEKTPH 6up-
6upujad aHuK GapK KHUJIYBUH HKKH XHJ] TYJIKHH Y3YHJIHKIH
kuemra axpanrad (9-B, C, D pacm). Xap 6up 3TpH YH3HKAA
6upJaMuid HYp CIEKTPUHHHT MaKCHMyMHJaH (9-A pacm)
P uu3HK, CMEKTPHHHT COUHJTaH Hyp TYJKUH YSYHJHUTH Kuit-
MaTura Moc Makcumymujad T 4H3HK yTKa3u/JraH.

Hasapus 6H/iaH 5KCIIEPHMEHT HATHXKaJIAaDWHH MOC KEJIHLIH
PEHTreH HypJAPHHHHT COUMJIMIIM KBaHT XOAHCA SKAHJMIHHH
Kypcaragd. Maskyp Hasapusira GMHOAH Xap 6Up 3JeKTPOH
6yTyH KBaHTHH coyafy. HasapusiHu TaCAUKJ/IOBYH SKCIIEPUMEHT
HATHXKaJIapd KypcaTafuKi, HypJaHHul (QOTOHNApU SHEprus-
raruHa sra GysiMaciaH, HMMIOyJbCra xaMm 3ra. by 6opana,
KomntoH addekTy Guian G0FNHK GYaran napafiokCHy 3caaTHil
703uM. KpucTasn cnexTpomeTp €plaMuia THIHK TYJAKHH
XYCYCHST — MHTep(EpeHIUARA KysaTHil GHJIaH HypJanHLl-
HHHT TYJKHH XYCYCHSATH — TY/IKHH Y3YHJIHTH yayanrad. Jle-
KMH COYYBYM MOJJA IpaQuUTHHHI TYJIKHH XapakTepHCTHKara
TABCHPMHH DEHTreH KBaHT/Iap# y3Japunu 3appa cudarnia
HAMOGH Kuiamu Ae6 TywyHTHpuaad. COuMNran peHTreH HypH
TYNKUH YSYHJHTHHHHT Y3rapHUIMHH SHEprus Ba WMIYJBCra
sra (OTOHJAp acocHia TYWYHTHPHJIMM. -

[llynpait kuiu6, KomnroH SKCHepHMEHTHAA €PYFIUKHHHT
XaM TYJIKHH, XaM KOPITyCKYJIsip X0CCara 3ra SKaH/Iuru GupUHYY
6op sKkon HaMoéH G6ynau. By xon danxa EPYFIUK Oyarusm
€6 afiTHAALH, STHHU 6pPYFIUK peall pusukaBuit OOBEKT 6y.1ub,
OfIMH MabHOJA Ha TYJKHMH KypHHHIIMIA Ba Ha 3appa KypH-
HHULIMra 5ra. YMyMHHDOK XYCYCHSTra 3ra OGBeKT (xBaHT) HH
TYJAKMH Ba 3appa Ae6 TYIIYHTHPHJIHILH Mypakkabpox Xxycy-
CHATTa 5ra 6yJraH o6beKT (KBaHT) HHHT TaKpuOHi TaBcH(uIal
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15- pacM. BoJOpoi AaTOMMHHHT CHEKTpaJ HH3HKJApH,

JacHHY IuBednapusauk ¢usuk oauM DBanaemep 1885 Hmina
annxJarad. Y OuMpHHuUHM 6yJau6 YH3HKJADHHMHT TYJKHH y3YH-

ey W

R

X AN 507,

JIMKJapH ypTacuja I GOFJaHHIIHH

n3 o
A=1, S A ‘ 3.1
¢opmyna GuiaH aHuK HpOAaJaHHLIMHK KypcaTid. Dy epaa
Ay — ysrapmac coH, n, m — GyTyH Yy3rapyBuH COHJAp —
n=3,4,5, .., m=2 Dby cepusra keiiunuanux Bbaiomep
cepuacu 1e6 HoM GepuJraH.

1888 finnpa K. Pysre (3.1) dopMmynaga TYJKHH Y3YHJIHK
Vypuura yacroranu xuputiu. 1890 ifmaga sca, Puabepr sogo-
pornunr (3.1) cepus ¢opmynacura X03MPrH 3aMOHAA YMyM
Kaby/J KHJIWHTaH YHHBepcaJ KyPHHHII Gepau:

1 1
V=R(;;—n—2) (32)
Ym6y Puabepr (popMyJIaCHIarH TIPONOPUHOHAMIHK ~ Koapdn-
npgenTd R Pundepr joumuiicy ne6 atanaay Ba KyHHAaru kuii-
Marra TeHI:

R = 109677,581 cm™?

Batn3an crekTp uyu3dkaapu uactotracusuur (3.2) dopmy.acuk
cnexkmpanr mepmaap fie6 aranyud T COHJIapHHHMHT afiHpMacH
cudatuia XaM HbojasaHay:

~R_R_p _T AT
R n2 '1
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9- pacm, I'paduraa couniaran peHTreH HypaapH (MOJHGHeHHHHr Ko uH3HFH)
HHTEHCHBJIMCHHHHT CHKHI Oypuard v Gyfiuya TacBHpH:
A — GHpJaMuH HypradHmuH xapaxkrepiafign; B, C, D — coumnum Gypuar® ¢ HHHr

Moc paBnuiga, 45°, 90°, 135° ra Tedr XoanapHd Taceupaahgd; P — cuakdamaraw, T —
CH/DKHraH KOMIOHEeHTaJsap,



[image: image328.png]46 Il 606. Ksant Hazapusicu acocnapu

By myxum xomucamu uy-
Kyp Ba aHMK ypranuuiia yr-
KAa3HJITaH Xall KWJIYBUH 9KC-
NepUMEHT OGYIOK 3KCHEePUMEHT-
Jlapra xoc cojgna sxu. JleBuccon
Ba JKepMep TampHGACHHMHT
cxemacu 10- pacMaa KeJTHPHII-
raH. DJIEKTPOH NYMIKaJa KH3-
Aupuirad A CcuUMIaH YHKapH-
JaéTran anektpounap A Gunau
B snextpox ypracura Kyiua-
ran mnoteHmuasaap ¢apKuia
Te3/MaTUIajH. B 3JeKTPOJHUHT
TEIUHTHAAH UHKKAH Te3JaTHJ-
raf 3JeKTPOHJIap X THETKOPJIHK
10- pacw. Jleuccon — JKepwep OHJIaH Taiépsanran C HUKeNb
TaXPHGACHHHHr mpuHmunuan cxe- KPHCTaJuJaH HGOpaT HUILOHTA

MacH: : ypunanu. TesnaTkuy HoTen-

A, B — RU3ANpHITAH ToNA Ba SJEK- OHAJHHHAT Xap XuJa Knﬁmama-

TR K syomra © P DHJA, S'BHH 5/IeKTPOHJapHHHT

xap xus 3Heprusicufia C Kpuc-

TaJUIJAH COYHJIraH 3JeKTPOHJIAp HMHTEHCHBJUTH 0 Gypuyak-

HUHT ¢yHKuMscu cudaruia D jerektop épramuzpa VJuada-

. Taxpuba paBoMHIa HULIOHHHHT HHCOGHH OpHEHTALUs-
CH Ba KaHTapuIl cUpPTH ¥3TapTHPHO TypHaaau.

Taxpu6a narmxanapHHH TYWYHHII YYYH, OJMMJIApHHHT
aHTHIINYA, SJEKTPOH NacTacH TyIaéTraH KpHCTalla aTomjap
MKOHJIAUMIIMHUAT aHHK TaCaBBYDHIa sra GyUIIMMH3 Kepak.
Hukens xpucranm éxnapH Mapkasjaliras KyOHK CTPYKTy-
para sra, sbHH KpPHCTaJJl XyMJH yusrapuja Ba EKJapHHHHT
}“IpTacn,ua HHKeNb aToMJIapH MKOHJalraH Ky6 TaCBHPHHH
(aneMeHTap sYedKaHH) y4 ¥3apo NepneHAuKyadp HyHaaum-
JapJa Kyn Mapra TaKpOpJaHHIIHAaH Xocua 6yaamn. (Ek-
JapH MapKasjalran KyOHK IaHxapaja atomnap Ky6 yunia-
puaa Ba €K MapKasnapuza xonnamazm) Hukenp kpucranu

namxkapa KyOMHMHT Kuppacu 3,51 A.

Huxkesnp kpHcranupa couwsiran 60 3B aneprusiu s/1eKTpos-
JIap MHTEHCUBJINTH TaKCHMJIAHHULIHHUHT JHarpaMMaci/ia HHTeH-
CHBJIMK 6=25°ra TyFpu KeiraH Gypyakia MaKCHMyMra 3pH-
waau. bepunran norenunaniap dapkuia, aMMo 6 HHHT Xap XHJ



[image: image329.png]10- §. Hesuccon Ba X epmep Taxpubanapu 47

KUHAMaTJapHuja yJYaHraH HHTEHCHBJHK
11-pacmMaa kypcatuirad. V norennmad- ¢
Jap (GapKuja Te3JaTHJAraH 3JEKTPOH-
Jlap KHHeTHK 3Hepruscu T=eV Gynamu
(6—>/1eKTPOHHHMHT 3apsifn). Arap xapa-
KaT MHKJODHHH M , U=")/%m, T 9KaHJHU-
THHH XxHco6ra ojcak, V noTeHumauiap
(dapKuja Te3NaTHITaH 3JEKTPOHJap-
HMHT Jie-Dpoliib  TYJIKHH  y3YHJHIH
(2.2) dopmysara 6unoan

AC agrarud

h
A= Vom v (2.19)
opkanu anukjJaHami. DBy epra m, — 11- pacw. Counnran
9JIEKTPOHHUHI MacCacH. SIEKTPOHAAD HHTEHCHB-
Hesuccon Ba )KepMep TawpuGacHAa aurusuEr O — 25° jard
noTeHuMas1ap ¢apku Oup Heua VH MAKCHMYMH.

BOJIbTHH TalUKHJ KuiaraH. Arap (2.19)

¢dopmyna 6yiiM4a 3€KTPOHHHHT V =

= 100 B noresuuan ¢apkuia spumaguran jge-bpoiap TYIKHH
Y3YHJIUTHHH XHCOGJacaK,

2 he )
'[/2m£ Ve .
L10—27 . .3.1010 . —1 °
6,6.10 apr-cek-3-1019 cM-cex — 1,95A.

V25105 3B 100 3B I,6-10—12.5pr.sB—1

Pentren Hypsiapu xam Xyjid IyHAAH TJJIKHH y3YHJAUKKA 3ra.
Ilemak, siekTponnap xu(PAKIHOH MaH3apaCHHH PEHTIeH
HYPJIADHHHHT XYJIM Wy KPHCTajja COYWJHILH AHQPAKIHOH
MaH3apacHra yXwauuiury axa6ianapin sMac. Kpuctamnam
KadTran Hyp HHTepQEPeHUHSICH MaKCHMyMJIADHHUHI BasHSTH
Bperr — Byasgp dopmynacu

2dcosO =nh (2.20)

opkanu aHHkNIaHagd. By epma n =1, 2, ... — 6yTyH coH
6yau0 KaHTraH Hyp MakCHMYMJIapHHHHT TAPTHOHHH Oe/iru-
Jaiad, 0 — gaiitHin Gypyard. PenTre mypaapu 6uniad yr-
Kasuarai Taxpubaza (2.18) opkanu mnamxkapa moumuiicu d
HH aHugjam Mymxud. Arap (2.20) ¢dopmynara 3/eKTpoH-
HUHT (2.19) dopmyaana Gepusiran ae-Bpoisb TY/AKHH Y3YHH-
THHH Kyiicak, 12-pacmpia kypcatuaran noteHusanaap ¢apku-
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KPUCTA/IaPHH ypraHyilia KyAparid Kypoara ananju. Byn-
Jal M3NIaHWILTApAa PEHTIeH HYPJADUHHHT Ba 3JEKTPOHJAp-
HHHT JU(paKuusacH KaM (OHAAMHIAMp, YYHKH BOJOPOJ aTOMH
¢dagar 6uTTa 3JMeKTpoHra Ba GHp Kappa/au 3apsiiJIaHTaH sifi-
pora sra. IIIyHHHT y4yyH peHTreH HYpPHHHHT €KH 3JIEKTDOH-
JIAPHHHT BOJOPOJJa COYHJIHIIH OFHP 3JeMeHTJIapAarn CoyH-
JHLIra Kaparanja xyaa xaMm kKam. Iy ca6a6iu BOJOPOAHHHT
KPHCTAJJI TaDKHOHJA MaBXKYMJIUTHHH Ce3Ull Ba PEHTreH Hyp-
JIapH €KH 3JIEKTPOHJIap AMGPAKIHACH METOJH 6unan BOXOPOX
ATOMHHUHT KDHCTalja TYTraH YPHHHM aHHKJIAUl MYMKHH
sMac. AKCHHYa, HEHTpOHJap ANPO GHIaH sAPO KydsiapH op-
Ka/li Ba, IIYHHHTJEK, aTOM Ba HEHTPOHHHUHI MarHHT MOMEHT-
JapH Tydaian xam y3apo Tabcupia 6ynagu. Helitponnapuuur
BOJOPOZ OuslaH ¥3apo TabCHPH XaM KyYJIHAHP.

Iysnafi Kuan6, MabiayM Te3NMKKa Ba HyHamumra sra
6yJraH MaTepust TYJKHH XOCCACHHHU V3HJa HaMOEH KHJaju.
Epyrmux ayanusmu Matepusira xaM xocaup. Arap K/accHk
TacaBBypra Kypa TYJKHH Y3JYKCH3 MYXHT XapaKaTHHHHT
XOJIaTUHHU TacBHpJlaca, KBAHT TacaBBypra Kypa sappa Gupop
TYJKWHIA KapauliuieK TapKajald Ba HHTeppepeHIHOH MaH-
sapara TakcuMiananu. He-Dpoiiab afitranngex, dasoza Kop-
nycKyJa OGHpOp aHHK BasHATHH 3rajjaMaiid. ¥ 3apypust
6usian (Ga3oHMHI TYJKHH SrajljlaraH CoXacHAa KOHMalaiu.
Bepunran Hykraga TYNKMH aMILIMTyJacH KaHdua Karrta Gyica,
Iy HYKTaja 3appaHd cesuwra Gyaran yMuj IUyH4Ya Karta.

11-§. dotonnap Ba sappajap XapakaTHHHHI KBaHT Tabuatw

Mukpoobbektiap xapakatunn Mydaccan ypramamus. lac-
TaBBaJ, OMp-OHMpHra SKHH MKOHIAIITHPHITAaH MKKHTA THPKHIL
opxanu (GoToHIap XapakatHHH (EPYFIHKHUHI TapKa/HIIHHH)
kypamus (13-pacm). Epyrnuk netektopu cudaruja anoxuia
¢doToHJIapHH XaM KaHJ KHJIYBUH Ce3THp (oToIeMeHTAaH (oi-
Aajianamu3. TUpkuIIapAaH yTran épyrIuK AUPPaKUHSACHHH,
€PYFIMK HMHTEHCHBJIUIMHUHT KOOpJAUHATAra GOFIHKJIUK Tpa-
(UTHHH 4YH3H0 OCOHTHHA XOCHJ Ku/jaaMu3. ©OTO3/JeMEHTHH
HHTep(EepPeHUHAHEAT GOl MaKCHMyMra ypHaTu6 (oTo3/IeMeHT-
ra kaicu THPKHILIaH (oTonsap TYIIHIIMHE aHHKJAAIra Xa-
paKaT KuJaijiuK. ByHMHT yu4yH aBBaj Gup THPKHIUHH, Maca-
JaH, a THDKHIIHH GepKHTHG KYsi/iK. EpyriMK HHTEHCHB-
JUTH, SBHH (OTO3/eMEHT Kalj Kuiaran ¢oToHsiap COHH, b

4—2180
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THPKHIIAGH §TraH &pyriuK

~ TYJIKHHH aMITHTY ZACUHUHT
' KBajpatd A? ra npornopuuoHas

’ Oynajgu. DHAM @ THPKHIIHH

ounb, b THPKHIUHU GepKHTa-

MH3. LEpYFIMK MHTeHCHBJIHIH

a fHa aBBAITHJAEK AaMIVIHTYJAa-

HUHT KBajpaTH A? ra TeHr.

\ Arap ukkana THpKHI GapaBa-

pura ounyg Oysarania 3ay, om-

b THKaJlaH _MabJIyMKH, (Poroane-

MEHT KalJ KHJIraH €pyrIuK

HHTEHCHBJHTH (2A)? = 4 A?

GyJapad, S'BHH HHTEHCHBJIHK

: : Xap OHp THPKHIIJAH XOCHJI

‘ 6y/ran nudpakuHOH MaHsapa
HHTEHCHB/IMKIAPHHUHT  IIyH-

13- pacM.  EpYFAHKHHHT  HKKH JafruHa HUFMHAHCH 2A2 ra
THPRULL  OPRAM  RMODAKUMACH.  pepr Gyivacnam, Gankh A4A2

ra TeHr.

Arap xap Gup cdoronsap THDKHLTAPNAH XYIIU OALHHArHHA
3appanap KalH, sA'bHH Gab3H GHpJApH a THPKHIIAAH, Gor-
Kanapu b THDKMUINAH yTca 51H, EPYFIHK HHTEHCHBJHICH TVpT
Mapra smac, GajlKM MKKH MapTa oprap sid. Jlemax, peHTreH
HYPH HKKala THDKHUIAAH yTaérrania (OTOHJIApPHHHT (oTO-
SJIEMEHT/IA KA/l KHIHHHII 3X THMOJIIMTH HYPHUHT xap GHp THD-
KHIIAAH ajoXxujia §TraHjard SXTHMOMHKJADH HHFHHIMCHIa
TEHT SMac. ByHjia, peHTreH HypHHUHT TapKajuwuna xap 6up
$oToH xapakaTHHHHT XapaKTepura xap MKKaja THPKHII XaM-
TabCHP KypcaTajH, feraH XyJaoca Keaus uuKajgu. Anbarra, Gy
XyJoCa 3appa XapakaTHHHHT TDPaeKTODHsJIApH XaKHI4ar
TacaBBypra MyTJIaKo 3HJJHD, YYHKH TaxpuHOa HaTHXACHTa
Kypa, xap 6up ¢oron, sappa cudaruza MaBxyJ GyJaHIIHra
KapamaCiad, Xxap MKKala THDKHUIZAH GapaBapura yTam.
Arap, ¢oToHHHHT Xap 6up BaKT MOMeHTHZa (hasonarH ypHu
MabiyM GyianG, Ba y MablyM TpaeKTOPHs 6yitna6 xapakar-
JIaHCa, YHHHT @ €KH b THPKHIUAAH yTraHu anuk 6ynapnu.

QOTOH ypHHIA SJEKTPOHJIAPHH Kapacak, 3JIEKTPOHJIapHH
@ Ba b THpKHWJaH GapaBapHra YTHIIH, SBHH YJIapHHHT Tpaek-
TOpHATA Sra SMacnury OH3HHHT KJAacCHK TacaBBYpHMH3AAH

fHaj2 y30KIHp. DIEKTPOH/IAp JacTacu YYyH xaM pudpaxius

Pomasnemenm
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STHIIMHH KypcaTaju. AuGaTra, STEKTPOH a Ba b THPKHIAaH
MKKH KHCMHra GY/MRHG yTamu neG TACaBBYP KHJIHMII HOTYPpH
Gynanu, uyHkH y xamma MHKDO3appajiap kKaGH JOHMO SIXJIUT
R0/1a Maccara, 3apsiara Ba GOIIKa MOJHil Marepusira Xoc
XapaKTEpUCTHKa/lapra 3sra XoJxa HaModH 6ynanu. Jlekun
allHH BaKTZa Wy SJEKTPOH YUYH YHHHT (asojard ypHH Ba
TPACKTOPUSICH TYLIYHYANaPHHH K§J1J1a6 GYimaii iy,

Arap 6us doronuu Ce3yBYH (POTOIIEMEHTHH EéKH SJIEKTPOH
YUYH RETEKTODHH AH(PPAKIHOH TACBHPHHHT MUHHMYMHTa ¥Oii-
JlalTHpCaK, 6y XyJoca siHaga AKKON 6§u1anu. THPKUIIIapHUHT
MKKaJIaCH OUHK XOJHJa SKPaHHHHT 6y HyKTacHia 3appanap
KaiA KunuaMaiign. Arap mkku THDKHIIJAH OHTTACHHH émub
KyAcaK, MHHHMYM CHJIKHIAIM Ba YHHHT aBBaJITH ypHMAA 3ap-
panap kaiij KWIHHA Gomutaiiny. Hemak, TUpKMIIHHHT HKka-
JIaCHHH €KH (akaT GHTTaCHHH OYHK 3KaHJIMTMHH 3appajap
«cesanny. llynnaét xuauo, SJICKTPOH Ba LIYHHHIAEK, (POTOH
XaMMa OYHK THDKHIUIApAAH GHPJAHWTa JTai.

IOkopuparu Taxputanan KYpHHAJHKH, MHKpO3appanap
KJIaCCHK ¢u3Mkara xypa 3appajlapHUHT KaHCH Typura ouj
6ymacun, GapaBapura xam 3appa, XaM TYJKHH Xoccajiapra
sra. Tynxun xoccanap alHHKCa MHKDO3appajiapHHHT TapKa-
JHIIHAA AKKOJM HaMOH GyJaam. Kopnycrynsp xocca sca
SappajapHUHT §3aDO0 TABCHPH KapadHHTa TAATYKJIHIHD.
Maxkposappanapaan ubopat Momuit Marepusia TYJIKHH XOC-
Canu ceaMaitMu3. ONTHKAZaH MabJIyMKH, €PYFIHKHHHT TyJKHH
XOCCaCHHH XapaKTepJIOBUH AHU(PPAKUHSICH YHUHT TYJIKHH y3yH-
JIMrH GHJIaH TaKKOCaa6 Gyaaguran y/9amnapra ara TycHkaH
STHJHO YTHIUMAA SHT SIKKOJ XOCHII 6ynanu. TYIKUH y3YHIHK-
HUHT TYCHK J/YaMIapHIan Kyl MapTa KHYHK KHAMaTiapuaa
€PYFIHKHHHT TYJIKHH Xoccanapu cesuwsapeus 6ynaau. Ilys-
Jai, TeOMETPHK ONTHKAna TYJIKUH TacaBBypCH3 HIl TYTHJa H.

Hesucon Ba Kepmep Taxpubacuia KypIuKKH, 9JIEKTPOH-

HHUHT J1e-Bpoiinb T§aKun y3ynauru TapTHOHM xuxataax 1 A ar-
poduia 6ynamu. DeKTPOHJApPHHUHT KDUCTa/NIAaH KafTuiouia
YJ8DHHHT KPHCTAJT aTOMIapHAa COUUJIHIIH 103 Gepaan. Kpuc-
Ta/l1 IaHxapaja aTtoMiap OpacHAaru Macoda 5ca Tagpuban 1
(o]

A; Xynau wynunr yuyn epuccon sa )Kepmep Taxpubanapuaa
STEKTPOH/IADHUHT aHMK AuGPAKIHOH MaH3apacH Ky3aTHJ/TaH.

4'
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DJIEKTPOHJIADHHHT 3HEPTHSCHHH  OPTTHPCAaK, YyJapHHHT
ne-Bpofns TYAKMH y3yHaurH Kamasiu. Macanan, 1 I'sB
raya Te3JaTHJATAaH 3JeKTPOHJAapHUHT Ae-Bpoins Tyakun y3yH-
auru (2.21) ¢opmynara kypa 10— cM ra Tenr. Aunbarra,
GyHaai TYJKUH Y3YHJIHK/IH 3JIEKTPOHTADHUHT KPHCTAJLI NMaH-
’KapaJaH COUMJIHUINAA TYJKHH Xoccalap HaMoéH GyJMaiiiw,
uynkd A & d. Arap obwekr ynauamnapu 10— cm ra skum
GyJca, TYJIKHH Xoccanap siHaja sIKKOJIPOK cesunaid. Xymuu
IUYHUHT YYYH $7poJap Ba SAPOHH TAllKHJ KHJIraH 3appa-
Jlap — HYKJIOHJIap CTPYKTYDACHHH yPraHHuiiIa 3JeKTPOHJIapHHU
tesnarkuuiapia 1 3B Jlan I0oKOpH 3Heprus/apraya Tessa-
THII 3apyp.

Bus wxopuaa Maccacu 10— rpamm, Tessurn 1 Mmm/cexk 6ya-
raH YaHr 3appPaCHHHHT TYJKHH Y3yHAHrHHH 10—%° cM 1ne6
Tomrau sjuK. JleMak, yHualMK KarTa y/4yamra sra Gyamarax
MaKpOCKONHK OOBEKT — YaHT 3appacH y4dyH Je-Bpoiap Tia-
KHH Y3YHJHTH GeHHXOAT KMUHK. An6arta, 6y TYJKHH €KH
TYJKHH XOccajlap Xed Kau/Jail IIapoHTAa HaMoéH Oy/aMafiju.

e 12-§. Jle-bpoiiap TYJIKHHHBHHT XoCCanapH

Tyagun GyHRUHA Yrran naparpadsa kyp-
JMKKH, MHKpO3appajJapHHUHI TapKaiHulId TYJIKHH XapakaT
6uIaH TACBHDJIAHMIIM MyMKHH. MacasaH, MabliyM KUHETHK
SHEPrHsJ/IM 3JEKTPOH XapakaTH YYyH aHuK KuHMatra sra
ne-Dpoliip TYJNKUH Y3YHJIHTH TYFpH kenianu. HlyHunuraex,

ONTHKAaJaH MabJyMKH, ® YacToTara Ba R TYJKHUH BEKTOpDHTra
sra EpYFJIMKHHHT TapKaMIIM fCCH TYJKHH OPKalH TaBCH(-
—

JlaHaJH. ® 4acToTara Ba k TYJKHUH BEKTOPHIa sra siCCH TyJI-
KHH Ky#uJard KYPHMHHULIJArd KOMIVIEKC (YHKIHS OpKain

Honananazau:
—_—

B 1) = A @1 FD, 2.22)
Kenrupuaran udonana o = 13 E=ho, —E = h—l; aJIMallITH-

2

pHllap YTKa3aMu3: .

> —= (Bt =5 7)

P(r, &) =Ae . (2.23)

—

OyHAa k — TYJKHH BEKTODH TYJKHHHHHI TapKaJuill HyHa-
JHIIHra MOC HyHa/Arad Ba KHHMAT XXKHXAaTAAH TYJKHH COHHIa
TeHT, AbHH k = 2n/A. QoToH yuyH (2.23) TYAKUH QYHKUHA
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épyrIMK TYJIKMHUAMD. 3appa YuyH 3ca siccH je-Bpoiinb
TYAKMEUAED. (2.23) dyHKUusHH KBauT (u3ukacuma «[ICH
Gyuxuus» ne6 aravpusnap. llynpalt kunuG, sHepruscd Ba
HMITYJIbCH

E=ho, @24

- —>

p="hk (2.25)
ra TeHr OyJiraH 3appaHHHT TYJIKHH XoccacH (2.23) siccH ne-
Bpoitnp TyaKuHE OpKanm TaBcHduamamd. Slccu  jge-Bpoiis
TYJIKHHH ONTHKA KOHYHJapHra Moc xoja Tapkanamu. Hurep-
Gepennus Ba Iudpakuusa XoCHI Kuiagu: Arap sappa HMnyJbcH
—

p x YKu 6Yinab hymanran 6yiaca, TYJIKUH (a3acCHHHMHT JOH-
MUK wapti Ef — px = const kypunnwina 6y1u6, 6y Tenr-
JaMaHu BakT Oyitnua audbepennuaniab, ¢asaBuil Te3NTHKHH
aHHKJIalMu3:
dx __ _E o _
F=%=p=F~T
Ilemak, Mopnuit 3appa yuyH ae-Bpoitnb Ty1KuHHHEHT hasoBHi
TE3JIUTH Xap JOMM €PYFJIHK Te3JHTHAAH KaTTa Oyiagu, YyHKH
v << ¢. By xoa HuCOMHINK Hasapusicura 3uj KenMaiiau. Huc-
GuAINK Ha3apHsicUra GHHOAH MOAJA TE3NUTH Xed BaKT EPYFINK
Te3JIUTUJiaH KarTa 6yJionmaiin. Huc6uinuk HasapHUsCHHUHT By
IIapTH 3HEPTHsl Ba MAaCCAaHMHT OJMO yTHII GusaH GOFIHK 6Yii-
rau xapaénnap yuyH ypHHAMAup. TyJAkuHHUHT (a3aBuil Tes-
JIMTH, YMyMaH, 3appa Maccacd Ba 3HEPTHSCHHMHI Ky4upHO
VTUIHILMEE XapakTepJaMaiiid. 3appa XapaKaTHHHHI Te3-
JIMTH TYJIKHHHHHT TPYNNaBui Te3THrH GUilaH XapaKTepJaHaiy.
®azaBuil Te3qHru GeBOCHTa (HU3UKABHHl MabHOra 3Ta 3Mac
Ba y, arap MyxuT jAucnepcusira sra GyJjmMaca, s’bHH TapKa-
JIMIUHWHT (pasaBUH Te3JMTH yacToTara GOFJIMK Gy.iMmaca, TyJ-
KHHHHHT TDyNNaBUi Te3Jurura Teur 6ynanu. By xoa Bakyym-
Ja QoTOoHJIAD YYYH YPHHIMAMD. X aKHKATaH XaM, (GOTOH yYyH
Macca HOJITAa TeHT Ba 3Hepruacd E = p.c. ¥ xomana (2.26)
¢opmyniajan Bakyymia €pyFIMK TYJIKUHM YYyH (pasaBuid
TE3JIUTH EPYF/IMK TE3JMTUra TeHr GyJamu:
e _E _p°
V=7 =7 =¢ (2.27)
Bakyymaan Tamgapu xoisapaa épyrauKHUET (aKaT rpyi-
MaBHH Te3JIUCHHH Yayamr MyMKHH, xosoc. Llly mapcanu Kaiip
KWIaMHM3KH, arap ¢ < ¢, sS'bHH MOJJMH 3apPaHHHT XapaKaTH

=Z.c. (2.26)
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14- pacM. ONEKTPOH XapakaTHHKEI AH(PAKLMOH TAaGHATH.

Illynnafi Kuauo, HODEJIATHBHCTHK 3appaHuHT Je-Bpoiib Tya-
KHHH yqyn rpynnapuil Te3JHK 3appa TE3JIHTUTA TEHT.

: -Bpotfinse TYNKUHUHHHT 3XTHMOJ-
JHK x apakKTepH. 3appanapumu‘ TYJKHH XocCCajlapH
YJIapHUHT TapKaJuLl 3Kapa€HHJAA KYIJIMCHAaH 3MacCMHKaH,
JeraH CaBOJIHM TyFAMpazu. By caBosnra xapof Gepuin YuyH
bubepman, Cymkun, ®abpukanT KyHuaaruua Taxpuba Kysau.
Auoxuaa-anoxuaa HyHaATHPHITAH 3JeKTPOHIAp I0NKa . METaJLI
fIJIaCTHHKA OpPKajH COoYHIu6 (OTONMJIacTHHKajAa KaiJ KUJIHH-
CHMH. ¥ XO/ha Xap 6Up 3JeKTPOH (GOTOMACTHHKAHHHT Xap XHJl
HyKTajlapuia TapTHOCH3 €HHK H3 Kosaaupaau. l4-a pacum.
AMMO y30K BakT JaBOMHJA KyI MHKIODAATH 3JEKTPOHJIAPHHHT
COYHJIMIIHAA POTOMJIACTHHKAJA 3JIeKTPOHIaPHHUHT Kalx KHIHH-
ral HyKTallapH TYIJaMHHUHT IJIACTHHKAJATU TAKCHMOTH HH-
TEHCHBJMKHHHT MaKCUMyM Ba MHHHMYM TacBHpHra sra GyJaau.
Xocua Oy/arad MakCUMyM Ba MHHHMYMJIADHHHT VpHH Iud-
pakuuoH (opMmyJianap acocuia xucolJIaHMIIH MYMKHH.

DAeKTpoHJap OHTTA-OHTTA COYWJATaH Ba KaHA KUJIMHTaH
6yica xaM, xap OMDHHHHT XapakaTH TyJja JuQPPaAKIHOH MaH-
sapara OMHOAH aHHKJAaHA[H; Xap OUP SJEKTPOHHHMHT (OTO-
IVIaCTHHKAZarH ypHH Au(QpakuHOH KOHYHra GHHOAH y COUH-
JIMIIMAAH aBBaJ Genru/aanrad. Akc xonga AHdpakIHOH MaH3apa
xocust Oyamac 3AM. 3appaHunHr Oy XuJa TaGHaTHHH, SBHH
sappa Ou/1an yHuHr Je-Bpoinp Tyaxuun ypracuparu Goraa-
HHLIHHM KauJad TylryHMoK Kepak. M. Bopu €pyriuk Tyaku-
HHHHHT €KH Je-Bpoiiab Tyaxuuy (2.22) HUHr aMIVIMTYAACHHH
¢asonuur 6upop HyKTacuia (OTOH E€KM 3appaHH Kak KMIHLY
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HOPEJIATHBHCTHK Te3JHKKa 3ra G6y/ca, YHHHI KHHETHK 3Hep-
2 W =

THACH -QL— ra TeHr GyJIMIIHHK XHcobra onraH xoJjaa ¢asaBuit
~ ,

Te3JMHK yYyH KYIHAATHHH XOCHJ KH/IaMH3:
E p my v
= m Tam T 2 (2.28)

By ¢opMynanan KypHHHLINYA, HOPENSTUBHCTHK 3apPaHUHT
(a3aBuil TE3NUTH YHHHT .XapaKaT Te3jurura GOFJIHK, IeMak,
YHHMHT 3Heprusicura Ba uacrotacura Ooriuik. [e-Bpoiiab
TYJKUHUHHHT JUCIEPCHSCH BakyyMia HosajgaH Gapyad. Iy-
HUHT YYyH X4aTTO BaKyymaa xawm je-bpoilib TYJKHHHUHHHT (da-
3aBUH Te3nurMHU yy4ab OyimMaiiny; ¢asaBHH TE3JHTHHH Xap
JONM xHcofianuiap acocuia aHukJaiMu3. DyHHHr akcuua,
Je-Bpoiinb TYNKUHEHHAT I'PYINAaBHH Te3/TUTHHH 6EBOCHTA aHHK-
Jail MyMKHH. MacajlaH, v Te3MHKAa xapakaT KHJIaétra” m
Maccanu 3appaHHHT Tyjia 3Heprusicu ioxopupar# (2.10) ¢op-
MyJda Ounad udoxanananu. Dyujali sueprusra sra Oysran
Je-Dpofinp TYAKHHUHMET yacrotacH v>> E/h, da3a Tesmuru

(0] o o o
3cavy= - =Av. TYIKHHHHET IPYNNaBuii Te3JHIH (me-Bpoitnn

TYJAKHHMAAH TALIKWJ TONIAH TYJKHH NAaKeTH Te3JIHIH) KyuH-
Jaruya xucoGJaHajgH:

pHopest. =

o= (2.29)
dt  dp E
(2.29) dopMymara acocan (POTOH YUyH rpynnaBnu Te3JIHKHH
XHCoOnaiMus: . .
oy =E=F=c (2.30)
pc
JleMak, E€pYFIHK TYJAKHUHHHUAT (a3aBufl Te3JHrd Xawm,
IpynnaBuil Te3JUTH XaM E€pYRIHK Te3/JUTHHUHT Y3ura TeHr.
(2.29) dopmynaaH HOPeJNATHBACTHK 3appaHMHT Je-Bpofiab
TYJKAHA YUYH TPYNOaBu# TE3JMIHHH XUCOSJaHIHK. ByHuur
yuyH (2.10) dopmysana KHYHK KHAMaT Gyaran MMmyJsC 6§-
AHYa TYJa SHEprHSHH KaTopra &sMus3:

E=EQ+E@OQ)p+E PP+ ...=mS+ .. (2.31)
Tyna sHeprust yuyH KaTopHM GHpHUHUHM Xaid OusaH yerapa-

nauran xonza (2.29) ra gyHcak, HOpesNITHBHCTHK 3appa yuyH
Je-Bpofisib TYJKWHHHHAT TpYNNaBHA Te3JMIHHH aHHKJAHMH3:

HOpeJl. pc2 _.mo
Urp ',n—cz = = = 7. (2.32)
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sxtumosiur e6 takind xuanu. Mlynna#t xuiau6, sappanuur
Kafil Kunupum sxtumosuurd |[APR ra Temr. Ontukaza |A[?
HH épyraux unmercusaueu 1e6 roputunaid. Kyn Muxpopuaru
dotonsiap €kH 3appanap JacTaCHHH Ky3aTcak, AH(pPaKIHOH
MaH3apaHUHT OUpOp HYyKTacujaaru €pyrauK €xku Je-Bpoiab
TyAKUHM HHTeHCcHBANTH |A 2 my HYKTaza (OTOHHHM KM sap-
paHy Kai KUIHI 3XTHMOJUIHTH |A|* ra TeHr, sBbHH (POTOHJAp
€Kd 3appajap COHH Kyn Oyaranfa Oy HKKH Tyulynia Gup-
Gupura TeHr 6ysamu.

Je-Bpoitnb TYJKHHUHUHT 3XTHMOJIIMK XapaKTepu IOKOpH-
Jard Taxpubana OYHMK-OMIMH Kypuuu® TypuOmd. bus kyp-
JIHKKH, Xap GHP 3JIEKTPOHHUHI ITACTHHKAJArd ypHH Auppak-
I[MOH MaH3apa IuapTura OYHACyHajd, JeKHH 3XTHMOJIIHK KO-
HyHu Ounan TaBcuduiaHanu. I[lnactuHkara Kenu6 TyIUajuran
aipUM SEeKTPOHHUHT YPHHHH OJAMHJAAH aHUK AHTHII MyMKUH
sMac. AMMO (oToruracTHHKAra Kesiu6 TYIIaéTran 3/JeKTPOHJIap
COHHM ODPTHILIH GWJIaH yJapHHHT (GOTONMIACTHHKA GYinab Tak-
CHMOTH 3XTHMOJUIMK TAKCHMOTH KOHYHHIa SIKHHJIAUIajH,
sbud A2

Bab3aH NCH-QYHKUMSHUHT 3XTHMOJ/UIHK MabHOCH HO-
TYFPH TaJKHH 3THAajH. KjaccHk TacaBBYpra Kypa, MHKpO-
3appa xap ZouM GHpop XKo#ja KoiJamrany, JeKHH GH3 aHuK-
Jail oaMaiiMH3 Ba TYJAKHH (QYHKUHS (asOHHHT Xap OHD HYK-
TAacHJA 3apPAaHUHT Ka#J KWJIHII SXTHMOJJIMIHHM Oepaju, ne6
xucobJam HOTYFpH OYnmagu. lasmapHuHT KJIaCCHK KHHETHK
HasapHACHAAa XyJIM UIyHAafi TacaBBypra sramu3. BakTHHHT
xap Gup MoMeHTHZa Xap GHp 3appa ¥3 ypHHra 3ra, JeKHH
3appajap COHHM Kyl Ba Xap GHPHHMHI XapakaTHHH KY3aTHIl
myMkuH sMac. IlyHunr yuyn Guppas-6up Tyrpu Hya — 3ap-
paJlapPHHHT TAaKCHMOT SXTHMOJUIMIMHM Kyjsiawaup. ByHpai
HyKTau Haszap uHTepdepeHIUs Xomucacura suuup. Uynku
TioAreHCHUHT HHTEp(EPEHI(MOH TNPUHIMINIA Kypa TYJIKHH
$a3soHH TyJa Sra/UIAlIK Kepak. 3appa »KOHMAIIraH HyKTaJaH
KeJaéTrad TYJKUHHH 3appa HVK KofiJaH KeJa€IraH TYJKHH
6uiaH Kymum MabHocuazup. VMuTepdepenuusi xamMma Hyk-
TaJJADHUHT TEHT XYKYKJIWJIHTHHH Tanab Kujald.

D/IeKTPOHH NCH-QYHKUHSHUHT aMIVIUTYJacura MocC paBHIL-
na dasoma «Eiimnran» ge6 xapam MyMKHH. OJIEKTPOH Mojja
6uaan Xymuud Gup HyKTara TyIlanrasfexk Oup 6yTyH xosja
{3apoiTabcupia Gyaamu. Ysapo TabcupiaH cyur, anbarra,
y apBaiaru ¢-¢yHkuHs GuJaH TacBHpJIaHMaiad. YHHHT ¢a-
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307a «EHUJATAHJMIM» KHUHKJAIIraH, SbHH Y (OTOILIACTHH-
KaHUHT KOpalraH coxacujaruHa HaMoéH GyJiajd.

duan 6u3 OHNaMH3KM, Hera KjaccHK oObekTiapia 6y Xua
éitnan6 MaBxya 6yaum HyK. Huma yuyH 3J€KTPOH MKKH THp-
KHII OYMKJMIMHM ce3afu Ba yJapjian OapaBapura yrauu-io,
KJ1aCCHK OOBEKT, Macajad, OMIbap/ WapH OUIbAPA CTOJHHHUHT
XamMma Jysacura 6up BakTAa Tymmaipu? Cababu map xapa-
KaTHHHHT Je-Bpoliap TYNKHH y3yHJANTH IIap YJdamiapura
uuc6aTaH HOJTA SKUHJIMTHAMP Ba IIYHUHT Y4yH IIap €HuI-
rad Jes oJMaiMH3 Ba Xed KaHJai AH(PaKIHOH XOJHCAaHH Ky-
3aTHII MYMKHH 3Mac.

Kiaccuk MeXaHWKaja 3appaHHHT acOCHH XOCCACH YHHHT
TPAEKTOPHSACH MaBXKyMIMIHAMp. 3appa (asoHHHT GHPOD HYK-
Tacuia ypHauu6, KoJarad KUCMHAA HaMOEH 6yJIMaiy, akCHHYA
KJI4CCHK TYJIKMH ONTHKAacHAa TYJKHH (pasOHMHI XaMMa KHC-
MHa GapaBapura MaBXyAIup. KBaHT Ha3apHACHHHHT TacaB-
BypHra OuHOaH XxaMMa MHKpo3appanap XYyAIH TYJKHH Kabu
6upnanura (GasoHUHT XaMMa HYKTajlapHia MaBXyJ, JEKUH
yHl GHpOp HYKTaja KaHA KHJIHHHIIN Y3 3XTHMOJUIHTH OHJIaH
xapakrepsananu. HIyHuHr yuyH 3jeKTpoH, (OTOH Ba 6olIKa
MHKpO3appajiap XapakaTHHU TPaeKTOpHS TYIIyHYacH GHJIaH
TaBcudJIall MYMKWH 35Mac. ¥YJap KBaHT XapaKTePHCTHKa-
JapJaH TallKapd KJaCCHK XapaKTepUCTHKara — aHuK 3a-
psiira, Maccara, SHeprusra sraiup. '

Mukpo3appa Xonarmra TtaxpuGasuer Ttascupn. IOxopuaa
3/JIeKTPOH OWNaH VYTKasuiraH Taxpubara KaHTahjuk. Xap
6up 3/IEKTPOH COUYBYM OOBEKTAAH YTraHMJaH CYHr ¢oromaac-
THHKaHUHT GHpOp coxacuza Kaij KuiuHaau. KBaHT Hasapus-
cura Kypa yJapHUHT xap 6upH oTtonnacTiHka OusaH y3apo
TabcupAa 6yaryura xanap ¢asofa éimsrad spu. ¥3apo Tab-
CHp HATHXKACHJAA YJApPHHHT Xap Gupu aHuK OMp HyKTaja Kauj
KuJuHIH. JleMak, SJCKTPOHHHMHT INCH-QYHKLUHSCH  ¥3apo
TabCHP HaTHkKacuia 6ataMoM yarapajgu, S’bHH TaKpuba s/eK-
TPOH XOJAaTHHH y3rapTHpHO 1o6opagu. TaxkpubGa 371eKTPOHHH
TaxkpubazaH KeHUHTH YpHUHH anukgjaiau. IliactuHka 6uiaH
y3apo TabcHpraua 3/eKTPOHHHHTI' XOJIaTH HOaHHK. Bu3 6y
Ta)pubalaH 3JeKTPOHHHM ¥y3apo TabcHpraya Mypakkab Iu-
¢pakIHOH MaH3apara 3ra XOJaTHHH aHHKJIad oJMaiMus.
YHHHT Mypakka6 JudpakIHOH MaH3apacH ¥3apo, TabCHPAAH
cyHr GoTOMIAaCTHHKA/AA KYI MMKAOPAA KaH/J KWJIHHTaH 3appa-
Jlap TaKCHMJIQHHMIUMHH Ky3aTHII OHJ1aH aHHKJaHHIIH MYMKHH,
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FOKopHaarH HKKH THPKMII OHJaH VTRa3HAraH TaxpH-
Gauu sina Gup Gop KaHTapa#/JaHK. DJIeKTPOHHH HKKH THPKHLI
HUHr Kaiich Gupuian VTTaHJIHTHHHM aHuKjamra ypunub xy-
paiutuk. IOkopugarn THPKHIIHH 3/eKTPOH YuyH Haddod
IONKa NJacTHHKA OusaH GepKHUTHO Kya#auk. IlnacTHHka op-
Kasii yTaéTraH 3JIeKTPOH IVIaCTHHKA 3JIEKTPOHH OHJIaH TyK-
Hammxa OyJjajyl Ba YHra <«TeNKH» HMIYJAbCH Gepamu. Iy
HMOYJbCIAPHU Kalifl KUJIHIIHMH3 MYMKHH AesHIuK. ¥ X0iAa,
arap 5KpaHJaru JAETEeKTOP Ba THPKMINNATH HMIYJbCHH Kaijx
KWIYBUH JIeTeKTOp GHpJaHWra KaHJ KWJca, 3JEeKTPOH I0KOpH
THPKHUINAH YTTaH, akC X0J/a, AbHHU (aKaT SKpaHiary JAeTeKTop
Ka#lJ Kuica, 3/7eKTPOH NAacTKH THPKHIIJAH VTrad OyJjand.
Hkkana perekropnapaa Oupjanvra Kafij KHIMHTaH 9JEeKTPOH-
Jlap TaKkCHMOTHHH Ky3aTCak, Y 3JEKTPOHJIapHH (haKaT I0KOPH
THPKHIIJAH XOCHJI KH/raH JU(PaKUHOH MaH3apacHHH GepaiH.
Bouika snekTponsap 3ca NacTKH THPKHII OepraH audpax-
IMOH MaH3apaHH XOCHJ KWJaAu. DJIEKTPOHJAPHHMHT 3IKpaH-
Jary TaKCUMOTH TyOjaH yarapanu. Xap Gup THPKHII anoxuja-
ajoxuja JM(PPaKUHOH MaH3apa XOCHJI KHJSIITH.

IOKopu THpKHILra JIeTeKTOp KyHuaMarad xo0/ja 3JeKTPOH-
Jap OHpJAaHura HKKala THPKHUaH YTHO yMymu# Au¢ppax-
IIMOH MaH3apa Gepap 3. IOKopu THPKHIIAAry AETEKTOP TabCH-
puia 6yaran s7eKTponsap ¥3 xapakaTJIapHHH TENKH HMIYJIbCH
XapakTepJOBUH KHHAMATra, YJapHHHT X0JaT TYJKHH (YyHK-
uusicH — ncu-QyHkuud 3ca ¢asacuHu Tacogudui xouaza ys-
raptipany. Haruxkana nkkana THPKHII XaM ajoxHAa-aloxHia
IudpaKkLHOH MaH3apa XOCH/1 Kuaajd. Taxpuba HaTHKacHia
O6u3 3JIEKTPOHHM KaliCH THPKHLJAH VITaHJINTHHH aHHKJai-
Mu3. JIekWH y aBBajJrH HKKH THPKHIUAAH YTHO AH(PaKIHOH
MaH3apa XOCHJ KHJAYBUH 3JEKTPOH 3Mac, Gajku OOIIKA Tawx-
pubajga wWIITHPHK 3TaéTraH 3JeKTPoHAup. Mukposappanap
¢usukacuaa xap Kanpa# Taxkpuba, 3appa xakuia 6upop Mab-
JYMOT OJIHII YuyH OyJran xap Kaujadl ypHHHII 3appaHHHT
XOJaTHHH Ba TYJAKHH GYHKUMSICHHH OyTyHJal §3rapTHpuG
1o6opagd. Makpockomnk yauamsapra sra o0beKTAAp XoJaTd
XaM yJap YCTHAA yTKasusaéTran TaxpHOa BakKTHja yarapanuy,
JIeKHH V3rapuil Iy Japaxala KHUMKKH, Taxpuba HaTHxKa-
cura Kymaguras XHccacuHH 5>bTHOOpra osnmaca xam 6yianu.
Ilynnak xuau6, MEKpo3appaiap yCTHAA Taxphba yTKasuiljaa
JnuoB acGobnap GunaH 3appa y3apo TabCHPH HATHIKACHAA
MHKpO3appa GOIIKa KBaHT X0J1aTra yTajiH.
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Crnektpockonuk yauam Oupaukaapn.  Cnekrpockonusaja
HYPJIaHHIIHA TYJKHH Y3YHJAHK KufiMaTH OHJaH XapaKrepJail
Kabya kuaunrad. COeKTPHHHT oK Ba yJipTpaGHHadma coxa-

o

Japuia TYJKHH Y3yHIHK aHrcrpemnapaa (1A = 10-8 cm)
€KH MH/UTHMUKPOHJIapAa, HHPaKH3HJ coxanapia 3ca MHKPOH-
Japaa yauanagu. CH 6upaunk/aap cucreMacuja TYJKHH Y3yH-
JUKHH HanoMeTpyapza (1 um = 10—°® M) yuuam kKynai.

bus Kyiiuaa KypaMH3KH, CNEeKTP KOHYHHATJIApHHH ypra-
HUIa, Oy KOHYHHSATIAPDHH aToM TY3WJIHIIM OHUJIaH TaKKoC-
Jana Ba Katop OoliKa X0Japia CIEKTP YHU3HKJIApUHUHT
TYJIKHH Y3YHJHTH YDHHra TYJKWH 4acTOTacH €KHM yacrorara
NPONOPLUHOHAA KATTAJIHK OHM/JIaH HLI KYpHII aHya KyJauJuK
tyrappaau. lIysuHr yuyH, CHEKTPOCKONMK yawaniiapiaTyJa-
KHH Y3YHJHK OuJiaH-GOFIHK TYJKHH YacTOTacH KyJJaHHJafH.
MabayMky, €pYyFIHKHUHI YacTOTaCH Ba TYJKHH Y3YHJHIH
y3apo

Cuyxur Coakyym

MyXHT

BaKyyM

ndona Gunan Goraaurai. By epna ¢ wyxur, Csaxyym, Awyxar,
Apakyym MYXHTAA Ba BayyMJa €pYFJIMKHHMHT TapKajlHIl Te3-
JUCH Ba TYJAKHH Y3yHaurn. Yacroramuur 6y udopacupax
ONTHKABHH coxXajapja 4acToTa Y4yH XaiJaH TallKapH KarTa
COHJIap XOocHJ 6yJjianu, Macanial

2 3.1010 cm/cek

A=3000 A mpav= =
3-10—% cm

VIKKMHUH TOMOHJ2H, YaCTOTAaHHHT Oy KUAMaTJapHHU XHCOGsall
YuUyH €PYFIUK TEe3JMIHHUHT aHHK KHAMAaTHHH OHJMLI 3apyp.
JlekVH épyF/IMKHUHT Te3JUrd YHHUHT TYJKHH Y3YHJIUTHra Ka-
paranjia KaTTapox HOZHHKJHK Cunau yiiadau. [HyHuur yuyH,
ONTHKZBHil CIeKTPOCKONHAJA YacTOTa YpPHHIa TYJAKHH Y3YH-
JIMKKA TeCKapH NpONOPUHOHAN Gyaran TYJIKHH COHHM v' K-
JIAHUJIA[H:

= 10 cex—1.

N 1 1

A nmyquAMyan xeaxyyu

Tyarun conu v — 1 cM f1a kofiamraH TYJKHH Y3YHJHK

Maxyyuw 718D COHHHE Ouanupaan. Tyaxun comn cM—! na yar-

yauand, )Kym/ajiaH, I0KOpHAArs TYJIKEH y3yHJHK A = 3000 A
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Unsukm cnextp cepusaapn. PusnxaBuil xoxucanap HYH-
Aa, XaJ/laH TallkapH paBlIaH Ba Tyral uajiairad Gynia Typuo,
TYIYHTHPHIMIUH OEHHXOAT MYIUKYJIHKAaH u6opar GyJraH
rasnap Ba GYFapHHHT €DYFIHKHH YU3HKJM IOTHII Ba 9YHKa-
pull xoxucacuiaH OollKa XOAMCAHH KypcaTHIl KHAHH. [as
Ba MeTa/sl GyFNapHHHHI SIKKAQJAlUTHPWJITaH aToMaaph éKu
HOHJIapU rpynna-rpynna 6yJaraH Yu3UKJIH CHEKTpJAap uuKa-
panu. CriekTp/apHH TeDMHK €KM 5JEKTPHK YHFOTHMII BOCH-
Tanapd GMNaH YHKApHII MyMKHH. UHSUK/IM CHEKTp Trpynna-
JIapura 4usuxaap cepusarapu ne6 aranand. Xap Gup cepusiaa
YU3HKJIAp KeTMa-KeTIUIH KHYHK TYJKHH Y3YHJHKJAap COoXa-
CHra Kapa6 3uunamuG Gopanu. SIHru cepusi sina cuiipak o
Jlalirad YMsHKJapAaH OOLLTaHay. 4

Kyn xosnapma atoMnapHHHT afiHH GHD XHJ CIEKTpP 9H-
8HKJIaDH XaM IOTHI, XaM YHKapHul CIIEKTpJapHia Ky3aTHJ-
rai. by epaa, an6arra, Kupxrod taxpubacunu kaiita sciam
MYMKHH. ¥ HaTpu#l GyruHuHT 6UTTa D YH3KFH YUyH EPYRIHK-
HHHT YHKapHII Ba IOTHII YaCTOTACH TeHT GY/IMILIMHH KypcaTraH
3nu. CUeKTp UH3HKJApPHHH Ba yJap TALIKHJI 3TraH CepHsJa-
PHHH 3HT OJIHE aTOM — BOJOPOJ aTOMH CHEKTPHAA Ky PULIHMHS
MYMKHH. 15- pacMia BOJOpPOJ, AaTOMHHHMHT YHKApHII CIEKTPH-
paru Banemep unsuknapu xypcarwiran. Yuxapum Bannmep
YH3HKJApH [0JAy3 atMocdepacH CNEKTPHAArH IOTHII YH3HK-
Japu — Ppaysrodep uH3HKJIapH GunaH Mocaup. Pacmaa
OK €pYFIHK Ba YHTa SIKHH yJabTpaGuHaiua coxacupard Hg,
Hg, H,, Hs, cumBojiap Gunan GenrwianraH KypHHYBYH
YH3WKJIAD KeATHPHIraH. H, TyTaml CnekTp yerapacHHH Kyp-
catagu. PacMaaH KypuHHG TypUOAHKH, BOJOPOA ATOMHHHHT
CNeKTP YH3HKJIApH TapTHOJH PaBHILAA CepHsapra a)paliras.
Yusugyap KHCKA TYJIKMHJIAD CAapH MabAyM KOHYHHAT Gyiinua
suwialrai. By KOHyHHATHHHT MHKAODHE K§pHHHWAATH H(o-
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Xap 6HD UM3HK 4YaCTOTaCH MKKHTAa TEPM alHpMacHura TeHT.
X .ap 64p aTOM TepMJIaDHHHT MabJIyM TYIIaMH GHJIaH XapaKTep-
nanagu. Kyminanan, Gepu/raH cepusi y4yH tepmiap TYIUIaMH
6uTra yarapmac Ba Gouika OMTTa y3rapyBud TepMmaapiaH HGO-
par 6yuaand. Uusukjap YacTOTaCHHHUHI Ba LIYHHHIJEK, TEPM-
JIADHHHT Y/190B GHPJIHTH cM L,

CnekTpJapHi ypraHuil HaTHKACHAA BOJOPOX ATOMH CIIEK-
TpHAa BanbMmep cepusicupan Tamkapu siHa GUp KaHua cepHsi-
Jap MaBXyJIJIUTH aHUKJaHAH. XO3HPrH BaKTAA BOJAOPOA
aTOMHHHHT KyHuJaru Gemita CepHACH MabjayM:

= R(—l— —i), n=2,3,4,...J laiiman (1906 fun) cepuncy,

12 n?
v = R(QI2 ’:2), n=23,4,5,...bamnmep (1885 iiun) cepuscy;
v= R(;2 ;2) n=4,5,86,...Iamen (1908 fin1) cepusicy;
v= 1’?(4~12 ——%), n=>5,6,7, ... Bpakker (1922 iiun) cepuscy;
= R(gla _ﬁ) n=6,78, ... Tpynn (1924 finn) cepusic.

JlafiMaH cepusicH CIIEKTPHUHT yJbTpabuHadiia KucMuaa €taju.
Banbmep CepHsiCH KYPHHYBUH CIEKTPAA IKAHJIUIHHH GH3.
I0Kopuaa afitran 5AuK. Koaran cepusiiap, MOC paBHLIA3,
CNIEKTPHHUHI HHPAKH3WI coxacuia €raiu.

Bonopoa atoMu CNEKTPH UH3HKJAPHHHHT 4YaCTOTaJapH yp-
Tacujard OOFJAHHIIHK CEePHUAJAPHUHT OUTTA yMyMHA#

v—R<’ —;2)—Tm—T,, (3.3)

m2

dopmysacH onkanu udoaasaml MyMidd. By epaa m —OyTyH
coH Gymub, Jlafiman cepusacu yuyn 1 ra, Basbmep cepuscu
VYYH 2 ra Ba X0Ka3o., xap OHp cepuUfl YUYH aHHK GUTTa KHil-
MaT KabyJa Kuaand. (3.3) ¢opmysaga Gepuarad m Y4yH f CO-
HM m -1 JaH Gouwiad xamma OyTyH KaTTa COHJAapHH Kabyn
kuiaapd. T,, T,—Moc paBuIljJa m-B1 N-TepMJIapHH  OHJI-
aupaau. (3.3) dopMmyna Gan3an BanoMepHuHr ymymaauieas
gopmyracu jneG xaM arasiajiH.

(3.3) dopMysanary n COHMHHHI YEKCH3 KaTTa KHiMarraua
ysrapuinja Cerusl YM3HFMHHHT YacTOTacH Xap GuUp cepHs YUyH
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JIeMaK,

Yo =755 (4.28)

lynpaft kum6, Maskyp GYHKIHA KOOpAUHATA X HHHT ¢YHK-
nusicd cupatuia

0, arap+i<<x<—3,
b0 = Irwnmmlmhxﬂ+m.
V3%

(4.29)

Kuiimarnap KaGys KH/Iajd. AnGarra, (4.29) dynkuus ne-
bBpoiiab TYJAKHH (QYHKIUSICH eikx gpac. IIyHHHT y4YyH XaMm,
TapuGajaH CYHT 3JeKTPOHHUHI HMIYJbCH HOAHUKAHDP. AMMO
(4.29) ncu-pynkuusnu Pyppe HHTErpaura SHHIIMMU3, SBHH
yHH Je-Bpoiiis TYJAKMHJIApH CYyMNeproSHIHMACH Ky pUHHIIHIA
TacBHpAamuMu3 Mymxus. QDypbe TeopeMacura Kypa [MCH-
GYHKUMAHA

y(n) = a\_lmnm. % f (k) et dk (4.30)

KYpHUHHIIAA TACBHPIANIMMU3 MyMKHH. By epaa f(k) ne-Bpoia-
HHHT Xap XWJ TYJKUHJIaPHHANT MasKyp TYJAKHH (QYyHKIMATa
XHMCCACHHH Genruaiy. Mabaymks, JAe-Dpoinb TYAKHHH
SJEKTPOHHMHT aHHK HMIYJIbCra Sra X0JAaTHHH TacBUpJIaHIH.
HIyHuHT YYYH XaM (4.30) udona Masxyp TYJAKUHHUHT HMITYJIbC
Gy¥nd4a TaKCHMOTHHH tacsupnaiau. (4.30) ¢popmyJaHHHT ¢du-
sYKABHIl MabHOCHTA KYpa SJIEKTPOHHUHI TYJIKHH COHUHH k Ba
k 4 dk opanukiaBa JIEMaK, YHHHT uMnyabcHud R k Ba
f (k + dk) opanukia Gy/HII SXTHMOMH

|f () Pk (4.31)

ra Tenr. Ilynpalt kuiuG, yMyMufl X012 KOODAHHATA 6yiuua
TaKCHMOT, s’bHH ¥ (X, ¥, z) OpKany HMIyJbC Gyiinya TaKCHMOT
auuKJanagd. Koopausara Ba UMIYJIBC TaKCHMOTJIapH HOHHK:
JIMK NpUHUMIH Guyan GOFJaHraH.



[image: image344.png]62 111 606. Atom Tysunumn Ba Bop HazapusicH

cepus weeapacu Je6 aTajyBYd % =T, uerapasuil KufimMarra

HHTHMaNH. Macanan, DBajbMep CepHACHHHHI IOKOpHJAA Kaij
KHJIMHTaH verapaBuil unsurn H _ opkau Gesrusianany (15- pacm).

ChekTp YM3HKJIADHHUHT I'pyNna-rpynna KypHUHHILA XKOH-
JAIUHII KOHYHUATH (akaT SHT COJia aTOM — BOJAOPOJ aTOMH
yYyHTrHHa Xxoc Oy/MaciaH, xaMMma aToOMJlap y4YyH Xapakrep-
aupup. By ymymuiviuk 1900 fiunnaék anuksanrad. Pupbepr
cepusyap (OpMYJaCHHHHI YMyMHH CTPYKTYpPacHHH Kypcar-
raH spu:

1 1
_ __ 1 3.4
v R[(m+s)2 (n+p)=] 3.4

By epna m — apBanrumek, cepussap coxacuja aHdk OHTTa
KHAMaT Kabys KuiyBuM GyTyH KHYMK COH, n 3ca m -+ 1 jau
Gouw1ab6 m jpaH karta GYTyH cOHJap Kabys KuJajy, JeMax,
n — y3rapyBud COH. S, p COHJIApPH 7 Ba /m I'a KYLIWIYBYH YHIH
Kacp COHJIapAup.

16-pacMaa sAXJIMT cXeMaja HaTpHH ATOMHMHMHT yuTa My-
XHM CepHsaJapH KeJTHpHraH. MKKusanran yusuxap (ayomaer
YH3HMKJAp) siKKa UusHK GunaH KypcaTHarad. Cepust uerapacu
wrpuxianrat. By xakzaa V 606aa Garadcun TyXxTanub yramus.

CRINE TGnkuH Y3yHaux mmx
250 300 400 s00 600 800 1000 2000
i —— T T L L T T T

”Hl I I j H“Uwaw'”]
] conus
v
; dow
Il ) cepus
RN UHUK
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L 1 L 1 L —

s I 4 3 2 7 /]

16- pacm. HaTpuil aroMuHHHHr YyTa CIIEKTpaa CepHACH,
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«XyJJIH CH3 MIANHPYC KOFO3HIa KapaTH6 TynaaH yu Gewt GyaTan
CHapsAJ OTraHMHTH3JAa CHapsJ opkara KaHTHO Keaub CHU3HH
IIHKACTIIAHTHPHIIH MYMKUHJIMTHHHKT I0KOPH Japamaja 3XTH-
MOJICH3JIUTH» KaOH 5. a-3appajiap 3ap KOFO3 CHPTHIAH XyIAH
KY3ryaan KaHTran Hyp Kabu KalTaéTraH 3sMacMHKaH, Jeras
TaXMHUH ONIMH Taxpuba acocupa paj KHIHHIAH. 3ap KOFO3-
JIapHH nauka Kuaud gacrasa6 @ Hu YpHUra Kyiuanuinga nay-
KaHH KaJMHHJIAITHPUJIMIIE GHJIaH KaTTa GypuakKa COYHJITaH
o-3appajlap COHHHHHT OpPTHINHM Ky3aTHJAH. XyJoca aHHK
5MH. «a-3apPaJlaDHMHT 3apKOFO3JaH KaTra Oypyak OCTHJA
opKara KadTHIIH cUpT xoauca 6yamacian, GaJkH OJTHH MOJ-
Jacy €K aTOMH HYHJATH HOMabJyM KYY TABCHPH HATHMKACH
sn4. Humon Marepuanunu xanaira, rJaTHHara, KyMyIra,
MHCTra, TEMHMpra, aJIOMHHHMATa Ba X. K. aJMaliTHPHJIHG Ki-
puian. MeTaJHHHT aTOM OFHMPJIHUIH OPTHILIM GHJaH Karta Gyp-
YaKKa COUWJTaH a-3appajlap COHHHHHT ODPTHINM AHHUKJAH[IH,

Taxpubanap natmxkacuaa Pesepdopn wmynpail XyJjocara
KeJIU: @-3appajlapHUHT 3ap KOFO3JaH COYHJMIIM (akaT Gup
HYKTara My»KacCaMJIaHTaH KaTta MycOaT 3apsiiHUHT BJEKTP
MaiJIOHH TabCUPHJA pYil Gepuiuy MyMKuH. [leMak, atomnapaa
XKyla Karra MycOaT 3apsilHMHT 3JeKTP KYud KylAa KHUHMK
Xaxkmra Tymianrad 3kaH. Illysusr yuyH a-sappa oatus aro-
MHHMHT KHYHK XaXMHJa TYIUIaHTaH KaTra Myc6ar 3sapsj
O6uaH TYyKHall KeJraHjardHa KaTtra Oypuakka COYHJIAJM.

By xyaocara accocnann6 Pesepdopx 1911 #uaza aToMHuHT
PO MOJEJHHH 3BJOH KHJIIH.

ATomHHEr spo MojeJH. ATOMHHHI SIIPO MOJEJIHTA acocaH
aToM Mapkasujia aApo xohjamrad. Hapo ymuamnapu 10—12 em
paauyc OuaH XapaKTepjlaHYBUM XaxMra sra. SIAPOHHHT 3a-
psiIM 3ca MHKIOD XHXaTAaH Ze ra TeHr 6yau6, myc6ar Hio-
para sra. flxpo aTtpopuna aTOMHMHT KOJITaH XaxMH Gyiuua
3ca Z J0Ha 3JIeKTPOHJAp Gy/JyTHTa TAKCHMJAHTaH. ATOMHHHT
JedApJH XaMMa MaccacH d1pofa Myxaccammaanrad. lympai
KH/IHO, AaTOMHUHT AP0 MOZeNHra GHHOAH MasKyp »KapaéH-
Jard acoCHi ¥3apo TabCHP HKKH MycGaT sapsiju a-3appa
Gunan -Ze 3apsaJu MacCHB SIAPO YpTacHia coaup 6ymaany Ba
a-3appajap aTOMHUHI MacCHB SAPOCHAAH COYMJIANH.

a-3appajlapHHUHI aTOM fAPOCHJA COYMJIHII HazapusacH Pe-
3epdop/ TOMOHMAaH MIIAaHKG YHKHJraH. Pesepdopn nasapus-
CHTa Kypa a-3appa GuJaH aTOM sAPOCH YpTacHiar#d y3apo
TaBCHP KYYH yJap ypTacuia MaBXyJ GYJraH 3jeKTPOCTaTHK

5‘
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HHHT GyJMHMAC JleraH acPui TyMIYHYacHIa Hex kyiaau. By
TaxpuGanap aTOMHHHT MaBXyAJIHIHHH Ba GOlIKa 3appasapra
paZHOAKTHB EMHDHWJIMIIA MyMKHHJHTHHH Kypcatap 31H, Xo-
Aoc. [y najfiTrada MabjyM GyJrad aMaJui H3JaHHLIIaDHHHT
xey 6HpH aToOM CTPYKTYPAaCH XaKuia Xed KaHAafl MabJyMoT
6epMac 514. X03HD GH3 3/EKTPOH 1e6 I0PHTAIUIaH 3apPPaHURT
aToM TY3HJMIIKAA KauAaHmup posin Gop, JeraH QUKp MaBKyA
spM, xoJoc. JIEKHH KaHjaH poJb VHHAOIH HOMabJayM 3IH.
dakaT aToM HYDJAHHUIMHUHT EPYFJIHK CIEKTpUra JaxJju
60pJIMrH aHHK 3IH. =
Jlexun myura kapamacaan 1911 fuara kenu6 arom Tysu-
XUDIMHHHT KaMujJa YuyTa THIIOTe3aCHHH KYPCaTHII MYMKHH
spu. Illynapnan §3 samonupa Gupunumcd )K. Tomcon moze-
aunup (1903 it.). ToMcoH Mojennra Xypa atoM myc6ar 3apsi-
: . 5

HMHT Ba aTOM MaccacHra TeHr Maccanuur ! A jpuamerpsun coe-
pajla TeKHC TaKCHMJIaHHLIMAAH.HGopar O6yJHO, Muuja anpuM
HyKTajap[a 3JeKTPOHJIap kohamran. TOMCOH MoAenH 6ab3u
Takpuba HaTHKAJApPUTa MOC KeJiraH Ba SHT BTHOOD KO30H-
rag MojieJb 6y/ca xaM, aTOM XOJAHCAJapHHH TYLIYHTHPHIIAA
KaTTa KUAHHUHJAMKIapra yupagd. MKkuHUH rumoresa  xam
my 1903 #uanapaa b/0H KHaHHraH 6yau6, asropu @. Jle-
Hapj 1. JlemapA XyJocacHTa Kypa Xap XHJ MOAAA aTOMH
%ap XHJ COHJArH SirOHA TAIIKHJ TYBYHJIAH Ty3HJTaH. ¥ YMHUH
monenb sinon ¢usurd X. Haraokora Taannyxnau suu. By mo-
Jefra Kypa aToM KaTTa Maccali MycGar sapsji aTpoduia
aHHMK WHTepBa/lapjard afsaHa GYyAagab 3JEKTPOH KOHJal-
raH KypuHHIAra sra. by MoJie/lb aTOMHHHT IJIaHeTap MOJIEJIHTa
SAKHH 1.

Iemak, aToM (DHSHKACH OJAMAArd MyaMMO ac/ujaHeHTpai
aToM HYKH TY3HJIHMIUIHAA MycGaT Ba MaH(HH 3appajapHUHT
MaBXyIJUIMHE Ba YJapHHHT aTOM HYMJAA TaKCHMJIaHHLIHHH
XapakTepJsialll Ba Ky3aTHIIHM Tanab Kujaap sgu. By 6opana
3. Pesepdopa, yuunr morupau I'. Tefirep Ba acnupautu
. Mapcien TOMOHHJAH C-3appajlapHHHT HHIIOHJAH COYH-
JUIIMHKE Yprasuul yctuiaa oiubé Gopuarad Taxpubasiap HaTH-
JKaCH aTOM CTPYKTYpacH XaKHAard TacaBBYPJIapHHHI PHBOXK-
JaEHIIMAAa XaJ KWIYBUH Kajiam Oyaau. By taxpunbanapaa
KyJJIaHW/Iral o-3appa 3apsiii 3JeKTPOH 3apsajd OMpJHriia
MycOaT HKKHMTa TEHT Ba Y3Hra MKKHTA JIGKTPOHHH GHDHKTH-
pHu6 oJraHufa HEHTpaJ reJiMfl aToMHra a#/aHyBYH 3appa 3JH.

5—2180 5 4 (
d ‘ C' “ ‘. yi ¥4 lé"

s O,
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Huwonra osum napameTpuHuHr gude peHUda ui B2 3H-
HH (3.10) dopmynanan Keatwpus kViH3 ¢ Ba @ 4 dp Gyp-
Yak/ap ypTacuia COYMJIAETTaH @-3appaJidp COHHHH TOMaMH3;

Cos '%‘

| d o)

sind -
nﬂ:i_2

do,=mD%

@283 ¢ + dp Gypuak oCTHNA SAPONAH COUMJIAETraH 3appaJap
6upsmK cepanunr dQ = 2n sind ¢ hasoBuil 6ypuak oCTH-
Mard Xaikacufia OHp TEKHC TaKCHMJaHAld. ¢ Ba ¢ - dg 6yp-
YaK/[a COYHJIAETraH Xamma 3appajap TyJa COHH dG HH GHPJHK
chepata dQ dasouii Gypyak XOCHJ KU/TaH XaJKaHHHT 103Mra
HHCOaTH OHMpJMK Coepanudr dQ dasosuil 6ypuak ocTuiar
GMp/MK 103WJa Kalj KWJHHTaH 3appajap COHMHH Gepaju.

By xarraquk @- 3appajsapHuHr GupaMK (asoBuii 6ypuakia
COUHMJIMLI 3XTHMOJIHHH Oepaju:

do D2 Zer \2 |
Wip) =% = — ( ) ENERT
() dQ 4 ey Mo® . _;p ( )

.. 9
4 .
4 sin p)

Oxupru dopMysa sikka sAPOAaH -3appajap COYH/IHLIH-
HuHT Pesepdopn ¢opmynacunup. Counnran «-3appanap co-
HAHYU Ouwiaran xoaga (3.11) dopmyna opkamu GoriaHran Z,
M, ¢, v ypracunarm xap Kaugail MyHOCaGaTHH aHHKJALI
MYMKHH.

Bupank xaxmaarn saposnap CoHH n ra Teur GyucuH. Arap
SIApOJIap 3ap KOFo3/a Oup TeKHC TaKCHMJIAHTaH Ba GUP-GHPUHH
TycMalan 1e6 (apas KHJCaK, COYYyBYM S/IPOJAPHHHT XaMMa-
CHHM XHccacH xucobra osunuiid yuyH (3.11) dopmynanu
n ra KynadTHPHIIMMH3 KepakK. Arap SHIM Tywaérran q-3ap-
panapHuHT 3u4aurHHd N ne6 oncak, d€2 ¢asosuit Gypuaxka

COYM/ITaH 3appafapHHUHT yprada COHM KyHujaruya aHHK-
JIaHaIu:

Ze? 2 dQ

lN- - L] —— .
neN-W(g)dQ nN(ma,,Muz)mg%
2

By dopmynanaru n, N, Z, e, &,, M Ba v KaTTa/MKMap TaxpH3a
BaKTHIA yarapmac komaau. KypuuuG Typubaukd, ot-3appaHUHT
OOLIJIAHFUY Te3MUrH v JaH GOlIKAa XaMMa KaTTaJHKJap JOM-
MHH. DHJM Ta)kpnba IIApOHTHHH Y3rapTHpMacak, Xap KaHuail
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17- pacm. o- 3appaJapHEBr APOAA COUWIHIUMHH KYy3aTHII YuYH
KypuaMa, © — MeTall 3ap Koro3; E — sxpan; M —— mugpockon.

Pesepopn  TampuGacH. Pesepdopl TaKPHOACHHUHT yMy-
MHH cxeMacH 17-pacMpaa KeJITHPH/raH. KyprouwivH FrHiiTYa-
JIapH[aH KyPH/raH KoBaK P MuMja a-pajHoaKTHB MOAJA XKOH-
JamTHpuarad. PanuoakTnB MaH06agaH xamMMa TOMOHJapra
Kapab uukaéTrad a-sappanap P KoBak JeBOpJapH — KYypFo-
mHEAa  Tyaa oTHIHG, ¢akar OHp HYyHAHILAA — KOBAaK-
HHHI' HMHTHUKA TUPKWIUWAAH HHTHYUKA HYP KYpPUHUIIHAATH
a-3appanap JAacrach TallKapura 4Ydka oJajH. o-3appanap
fijaura OATHH IypKalrag IONKa 3ap KOF03 ¢ KYHHIraH.
v 6y puaKKa CouniraH o-3appanap E skpaHra Tymajd Ba my
epAa Kaiig xunuHag#. DYTYH KypuiMa BakyyMra sKOHIaTH-
pHJITaH.

K{muuiuk o-3appanap 3ap KOFO3/laH JTranja JactiaGKu
AyHaTMIIAPHHN cakJadau €KM KHYHK Gypuakaapra codu-
nagu. Jlekun Pesepdopn 6ab3u a-zappanapHu xajlad Taul-
Kapy Katta Gypuakka (150°—180°) coumnumuuu cesagu. By
XOJHH MaBKyJ MoJe/ap acocHia TYIIYHTHPHO OY/IMaiiu.
Masxyj mojessiapra 6uHoan 6y xoJ, Pesepdopi aiTraHuzex,
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HTAPUJUII  Ky4H, XoJoc. ¥
X0Jla MasKyp KapaéH Y4yH
JIEKTPOCTaTHK KyJson HTa-
pull Xyyd KyHduaaruuya udo-
JanaHanu:

F_____2e2e

41, ,1,2‘

(3.5)

by epaa ey — BakyyMuunr au-
SJIEKTPHK CHHIAHUPYBYAHJIHTH,
g, =8,86 - 102 A . cex/B - M,
g — anba-3appa OGuiIaH -
po YpTacujgaru Macocpa.
Slxpo 6unanm o-zappa TyKHa-

18- pacm.a- sappanaprunr  sagpo-  IIYBH reoMerpuscu j18-pacmua
JaH COYWIMII reOMEThHACH @ BA  GepHJIraH. MexaHHKanaH Mab-

b — runepGonauanr gpuM  YkJaa- JYMKH, arap §3apo TabCHp
pu, K —szpo. KY4YH MAacO(paHHHI' KBajpaTura
TeCKapu IPONOPIHOHa GYJica, y Kyd KOHYC KeCHMH Gyiinua 103
GepyBuM xapakarra oaul Keaafd. ¥Y3apo TaAbCHP Kyud MTapHLI
Kygu Gyjca, xapakaT TPaeKTODHSCHHHHT KOHYC KECHMH TH-
nep6osia makauaa 6ynaau. PacMaa c-3appaHHHF TPaeKTOPHSICH
HYFOH 4M3HK OHJIaH KypCaTHJraH THNepGOJiaHUHT GHp MIOX-
vyacHjaH wu6opar. I'mnepGosaHuHr OHD (OKYCH SIAPOHHHT
¥puu K 6usan Moc KenajH. «-3appa y3 HyHanuumuu ¢ Gyp-
Yakka ysraprupazd. Slapojan runepfoja acHMITOTACHrada,
S’bHH Q-3apPaHMHT OOLLTaHFHY HYHAJIHIIMraya 3SHT KHCKA
Macoda b HU Huwoxea oauws napamempu Aedusnand. TaGuuii-
KM, b KaHua Ku4HK Oy/ca, counsuul O6ypuard ¢ yHua KaTTa
6y/1anu. Humonra osum napaMeTpH Gu/iad COYHNHIN Gypuaru
ypracugard 6OrTaHANMHUHT MHKAOPHH HPORaCHHH aHUK IAHTHK.
JlacraBBasl 3HEPTHSHHHI CAKJIaHMLI KOHYHUAaH Qo#ina-
JaHaMH3: KWHHETHK Ba IOTeHIHaN 3JHepPTHAIap HHFHHAUCH
ysrapMacaup. c-3appaHHHI AAPOJaH eTap]uya Y30K Maco-
(dajary Te3NHTHHH v Jie6 Gedrujacak, YHHHT iy macodajard
TyJa 3HeprusdcH ¢GaxaT KUHETHK SHeprusiad ubGopat Gynamu.
OnIU Wy 5HEPTHSHM Q-3apPaHMHAT runepGosa y4umaaH yraér-
radi MOMEHTHJATH 3HEPTusiCHra TeHIVIAIITHDPCaK, KyHAujar
uporara KejgaMmus:

Mo? Mvg 2Ze2
T - 2 4 Tigg q

. (3.6)
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by epra M —a- 3appaHuMHT XapakaTCH3 XOJJAard MacCCacH.
TeHrnamandHr YHr TOMOHHJATH OMPMHUH Xai o- 3appaHHHT
runepbosa y9HJaH YTaéTraHHAArd KHHeTHK SHEPrHsiCH, HKKHH-

UKW Xall 3JEKTPOCTATHK HTapHIl KYUYHHUHT 3JIEKTPOCTATHK TMO-

au

TEHIHaJ SHEepPTHACH, ABHH F = — 5+ (3.6) HEAT HKKH TOMO-

HUHH M0?/2 ra KMCKapTHDaMH3 Ba HaTHXKaHH KYHHZArH K-
pHHHWIAA €3aMU3;

v} 2D

- =1— T' (3.7)
bus D opkanu xyhunara LOMMHH KUAMaTHH GesrHJafpK:

2
D= 2Ze )

4 Tigy M2

Knaccuk MexaHMKaHMHT CakJaHHII KOHYHJapura OHHOaH
SIIPOHUHT MapKasHH 3JeKTPOCTaTHK MaHIOHHIATH o-3appa
XapakaTHja SHEPTHSHHHT CakJaHHIIH OHlaH Oup KaTopia
XapakaT MMKJIODH MOMEHTH XaM CakJaHald, AbHH

Muob = My
€xu
Bt (3.8)
v g :

Tunep6onanunr ¢oxycunan yunrada GysraH MacodaH# YHHHT
OKCUEHTPUCHTETH € OusiaH aCUMNTOTACHHUHT KOOpAMHATA
yKura nucbarar XOCHJ KW/Irad OypyaruHu 9 opxranu upoja-

JafMu3:
g =2¢(l +cos¥).

Huwonra omum napamerpy b GulaH runepGOJaHUMHT SKCUEH-
TPHUCHTETH & YpTacHAard OOFaHHILIHK PACMJAH OCOH aHMKJALl
MYMKHH:

& = b/ sin 8,
y Xoafa

b sin & N
—_—= — =tg—, 3.9
q 1 4 cos & 8 2 ( )
(3.9) ndonanan q muar xuimatunn (3.7) ra xyiuG, kydna-
THHH XOCHJI KHJIaMH3: ’
2
v 2D, ¢
w= = Fley
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YMKapHull Ba IOTHLI YH3HKJIH CHEKTPJAPHHH TYLIYHTHPA OJI-
Macad. MKKuHuUM TOMOHJaH, €PYFAMKHHHT (POTOH Has3apHscH
KJaCCHK 3JeKTpPOJMHaMHKara 6§J/iran HMIIOHYHH KaMaHTHpPran
3au. Il1anKHHHT KBaHT FOACHHM 3cnaiiauk. Ksant roscupa
Xap 6up YHMKapHll €KH IOTHII CIIEKTP YH3HFUI'a Mab/JyM v yac-
ToTa OMJlaH TeOpaHa€Trad TapMOHHK OCHMJISATOPHHHL Typ-
FYH CTAlHOHAp x0/aTH TYFPU Kenagu Ae6 dapas KUaunus,
abcomoT Kopa XKHUCMHUHT HYDPJaHHII Ha3apusCH spaTu/rad
sau. KutaccMK HasapusifiaH ¢apk/ju paBulija KBaHT OCLMJ-
JATOPJAP SHEPTUSIHUHI KBAHT/IAHTAH IOPUHSJIADHHH IOTHIIH
Ba YHKAPHUIUHM MYMKHH.

1913 #inn Hanusi ¢usurn Hunse Bop 6y ocumsistopiaap-
HHUHT §3apo 6Hp-6HpH OHJIaH Ba aTOM TY3WJIMILIH OuJaH OOFJa-
HUIIMHHM TYWYHHII Hyaupa Oyiok Kadam Kyinu. H. Bop
9/JeKTPOHJIapDHH aTtoM Ty3ujumuia [lnaHk roscura Kypa ksa-
3M3JaCTHK Ky4 TabCHPHAATH OCLUMJJIATOPJAAp cupaTHia Ka-
pamiiaH HOOparT HYKTaH HaszaplJaH BO3 KeuiH. ¥ ATOMHHHT
6ap KapopJIHrHra Ba IOTHII XaMJa YHKApPHIL CHEKTPaJ YH-
SHKJIADHHHHT MaBXKYLJIMTHTd acociaHHb sjapo  atpoduiaa
3JIEKTPOHHHUHI JHHAMHK XapaKaTHHH JHUCKPET CTalMOHAp XO-
Jatyapia 103 6epanu ae6 ¢apas kuaau. By HypJaHHIIHHHT
JUCKpeT KBaHTJap — ¢oTongIap rosic Ouian PesepdopiHHHET
aTOM TY3WJIMIIH MOJEJIHMHHHT yHryHJawyBu 3ad. Huisc Bop
aToM TY3HJHIIMHHHT KBaHT Has3apuACH acocura KyHuaaru
HKKH TIOCTYJAaTHH KVHAu:

[. Kiaccuk Mexanukara OHHOAH aToM SAPOCH arpodupa
3JeKTPOHJIAD YUYYH YPHHJIM OYJraH yeKCH3 Ky opGuTanapian
XaKuKartla ¢akar 6ab3niapuUTuHa MaBXkylA. Dy TypryH opGu-
Tasap OYyHMYa xapakar/JaHaéTraH 3JIeKTPOHJap YYyH HypJa-
HULW, TbHY SHEPrHs HYKOTHJHMK comup Gyuamaipu. IlHckper
9HepreTHK caTxJapra TYFPH KeJyBUH TYPFyH opGHTajap Mab-
JIyM aHHK KBaHT IIapriapura GyAcynauu.

Kpant mapTiaapu éxu, 6ab3aH alTHAUIINYA, 6aPKAPOPIIHK
WapTiaapy KyHuaaruda TabpudiaHajy: TabCUP, SSBHU UMITYJThC-
HHHI Hyara xynadtMacH TabCHp KBaHTH A ra OyTyH Kappa-
JILIHD.

DNeKTPOHJIAPHHUHT aToM sipock aTpodunary opbura 6yina6
Xapakarsjaa 6apKapopJ/IHK LapTH yMyMHH X013 yMyMJalITH-
pHIATaH KOOpIMHaTajap OpKaan Ky#huaaru kypunmuwga udgo-
AaslaHau:

¢ p;dg; = nh, (3.14)
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Xocun 6yJraH TeHriaMaHWHr uyanm Tomonu (3.8) Ba (3.9) ra
o 4

Kypa tg27 ra TeHIVIMTHHHM XHCOOra oJIC2K, HMIUOHTA OJIHLI [ia-

pameTpusu 9 OypuaK OunaH Ky#uaard OOFAHHMIITA KeJaMu3:

b=Dtgd
€kU pacMAaH ¢ = — 2%, nemak,
. Q¢ 2Ze @
b=D ctg TN ctg 5" (3.10)

Bu3 HMIIOHra OJNHII NapaMeTpH, S'bHH AAPOJAAH o-3apPAHHHT
YeKCH3JIHMKIATH TPAEKTOPHACUTA TYLIMPHJITAH TMepreHaHKy-
nsip GHJIAH o-3apPalHHT AAPOAAH COUMMHLI Oypyaru ypracu-
Jard MyHoCaGaTHH TONAUK. DHAM Oepuiran Gypuyakka COUH-
JaéTraH o-3appajlaDHHHT YMYMHH COHMHH OCOH aHHKJaca
Gyaaan. Ysok MacodajaH sapora Tywa€Tran o-3appajap
JAcTacHra lepreHHKYJsIp TEKHCIAHKHH TacaBBYp KHJIAHJIHK.
Slpgponuar E TeKHCIHKAATH IPOEKUHACHHH 19-pacMaarujex
C uyKra 6usan Germaaiiyink. Y xonia ¢ Ba ¢ + de¢ Gypuak
HHTEpBa/Hla CcoYMIaéTran xamma o-3appajap paguyciapu
b Ba b 4 db OyaraH aliaHaJapHHUHI TEKHCIHKIAA XOCHJI
KHJATaH XaJKacu OpKaau yragu. Arap GUPJHK r031aH GHPJIHK
BAKT MYMAA yTrad o.-3appajapHUHT COHMHH OHpra TeHr 1e6
XHCO0JacaK, MasKyp XalKajaH yTraH c-3appajiap COHH Kyiu-
Jaruua udojanaHanu:

3

do=2nb\db

19- pacM. - 3appanap COUMJHIHHHHT 3KpAHAA Kafil KHJIMHHIIH,
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TaOMUH ot-DaJHOAKTHB MaHGANaH XOCH. 0YnaéTran o-3appaJap
AeApad GHp Xunm Teanukka sra. Ulyeuur YUYH OXMpT# TeHr-

JUKHA Xap HMKKH TOMOHHHH sin‘*—;ﬁra K{nalTupuo,

neN-W(g)sint T-4Q — n.N (2& Jdae .12

dmey Mu? )

KysaTHIIHY Da3oBUil OypuakHUHI akaT Ourta KHiiMaTHA2
ommb Gopcak, (3.12) TeHrJaMauumsr YHr TOMOHM yarapmac coH-
ra ailiananu:

n-N.W (¢) -sin4g dQ = const. (3.13)

Mynnaét xunn6, Pesepdopx Gdopmyaacuza GakaT coydsum
Gypuarn ysrapca, y (3.13) kypunuimnra xenann. Taxpubana
hacrasBal (3.13) waprtHE Kyna KatTa aHUKJIHKAA Gaxapu-
JIUIUH aHUKJaHIH.

Pesepdopn kamduéru ¢an onmura smru AapobJaeManapHu
Kyd1d. ATOMHUHT SO MONENH K/IacCHK MeXaHHKa Ba 3/1eK-
TPOAMHAMHKa KOHYHJapHTra 3HJ 3IH. : :

HetoTornunr xapakar xomymnapura pa 3JIEKTP KywIapu
y3apo Tabcupu xakugarun Kyion KOHYHHra acocnaurad Pe-
3epopJl MOJENH aToM GapKapopJIHTH XaKHIard MabJyMoTra
3HJL Mac. AMMO aTOMHHHT 6y XHJI COAja TaCBHPH KJIAaCCHK
SJIEKTPOAMHAMUKAra 6aTaMoM 3uJ Kesaaid. MakcBest KOHYH-
Jlapura GHHORH Te3JaHHIl GHJIaH XapakaT KUJIa€Tral 3JeKTPoH
Vauuan 3JIeKTpC;MaI‘HI/IT TYJIKHHIAH HOOPAT HYpJaHHII YHKa-

PHILIY Kepax. UT (6y epaa r— op6ura pPazuycH) TesJlaHHIL

OHJIaH XapaKaT KMJIaéTran 3JeKTPOHHHHT HYDJIaHHII KYBBATH
KI4CCHK SJCKTPOAMHAMHKara 6MHOaH Kyfuaar# udoja Guianm
aHuKJIaHaju:
Fp2 .10—26
P=2 ( ¢ ) ! —( 2RI >sB/ceK.

dmeyc Smi r rt

Q

Arap artoM juuammmm taxmumas 1 A ne6 xucoGmacak,
HypJanuil KyBBaTH P = 3 . 10'° sB/cek ra Tenr 6ynaau.
Hemax, sHeprust HyKoTHII XKYyJa KaTTa Te3NMMK GuJaH pyii
Gepap sKaH. DJIEKTDOHHHHT SHeprHsi AYKOTHIIHM GHJIaH YHHHT
SHEPTUSACH aGCOMOT KMAMaTH 6yiiuya Kyxa Te3 yeanu (IyHKH
SJCKTPOHHUHT GOFIAHMUI SHEPIHACH Mau(ui Ba VHHHT Ka-
MafiHIIH  a6COMOT KHAMATH JCHIIHHU BYXKYJAra KeJTHPajmH),
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ODJIEKTPOHHH r MacodajaH YEKCH3NHKKa KyYupHII YUyH
Gaxxapu/raH HIIHH XMC06,1a0, MEKTPOHHHHT NOTEHLHA JHED-
THACHHH TONaMH3:

[ee)
. a a
VnoT. = _SFdf—— - S'ﬁdl‘:—?
r T
Ajinanma op6uTa 6yilna6 XapakaTJaHa&TraH 3JeKTPOHHHHT T -

Ja 3Heprudacu sca
E=T . +V ,=—= (3.18)

KHH, 2
Xosupraua (akaT KJIacCHK Ha3apUsl HyKTad HasapAaH HIl

Kypauk. Duuu (3.14) dopmynana udonananran GapKapopiiuk
IIAPTHHH KYAAaldnuK. DJEKTPOHHM aftaHMa op6urta OyHaa6
TeKHC XapakaTuja r = const Ba Guprusa yMymJalITHpHJraH
KOOpJMHAaTa asuMyT 6ypuard @ aup. By ysrapysun KoopiuHata
(p ra MOC MOMEHT 3/IEKTPOHHHHT XapaKaT MHKIOPH MOMEHTHAHD,
ABPHH pP; = m, v r. DJEKTPOHHUHI OpGHTa 6yilna6 xapaka-
THA2 ¢ asumyT Oypuar¥ O man 2m rava ysrapapu. Ulynpai
KHIHO, OH3HHHI MHCOJ Y4yH OGapKapopJHK wapTH KyHHAa-
ruya €3uJany:

2r
Y m,vrde = nh

0
€KH HHTerpasiallHu Gaxapcak,

my-2nr = nh. (3.19)

Bapkapopauk maprunudr (3.19) nboaacuian doinananné n-

X0JaT TYPFYH OpOUTaCHHHMHT paauycHHu (3.15) dopmysanax
r,= so—hz———nz, n=1,23,..., (3.20)

T m, Ze?

DJIEKTPOHHUHT OpGuTa Gyisaé alyasmm uactoTecuHH (3.16)
topMyaaaan

4, n=1,23 ... (3.2

E,=— , n=1,23... (3.22
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Oy 5ca r HHHT Te3 KaMafiHIINTra Ba, HaTtHxajga, P ~ rt ca6a6iu
SJEKTPOHHUHT SHEPTHSCHRH fHA TEe3POK KaMaHHIIkra OJIHG
KeJlajH. JIEKTPOH ¥3 3HEeprHsICHHH HYKOTHIIH OKuGaTHaa
Taxmunan 10— cex na atom smpocura Keiug Tymand. by aca
Pesepdopn opmynacuuunr acocura KYHHITaH KJ1acCHK Hasa-
Pl KOHYHJIapu aToM GapKapopJHIH Macajiacuia HOTYFDH
HaTHXXaJlapra oJIH6 KeJHIIHHY Ky pcaTaiu.

Banku Pesepdopa dopmyaacu HOTYFPUIMD Ba MapKasuil
ANPO, YHHHT arpoduuard op6ura 63ilnab XapakaTJlaHyBUH
S/MEKTPOR XaKHIATH aTOMHUHT Pesepdops Moxemn xakukaTian
GaJKH Y30KAHD, [E€ran CaBo/l TyFHJHIIA MyMKHH. Pesepgopa-
HUHT KJIACCHK XHMCOO/ALIAPH TaXMHHAH TYEDH, YHHHT aTOM
MOJIC/IH 5Ca YHH aTOM TacaBBYDH MOHIEBOPHHHHT CHHYH 3KaH-
JUIHHE KYPCATHUI YUYH «-3appajapHHHT ne-bpoinb. TynKun
YSYHJIHTHHA aHHKJa#Mu3. Arap paguoakTHB Maun6ajaH uu-
Ka€TraH o-3apPalapHUHT YPTaua TesAHTHHH 2-10° cM/cek neb
xHcob6iacak, yHHHT je-Bpoiin TYJKHH Y3YHJIHTH

A= 5010713 oy

Moy

Ta TeHT. a-3appaHuHr Oy fe-Bpoiib TyaKHH y3yHAUrH OTHH
SJPOCHHHHT XapakTepau yadyamiapu 3 - 10—12 ¢ym (x-3appa-
HHHT AJpOra SHT AKHH Ke/la OMHII MacodacH) faH 6 MapTa
KHYHK. [leMak, 6u3 a-3appanapHuHT SIAPOJAH  COUHMHINM Ma-
canaCuiia y/napHH KJaCCHK 3appa cHatHia KapalunMH3
MYMKHH.

[Mynnaf xumu6, kaaccuk dusukara acocan sIApo aTpoduna
aiiNaHaéTTaH 3/eKTPOH V3UIAH JOHMO HYPJIaHHII YHKAPHE
SHeprus HYKOTHIIM OKHGAaTHAA sIAPOra TyLIMIIH KepaK, S'bHH
KnaccHK ¢usukara acocan Pesepgopx monenu Ky PHHHIUMAATH
Xap Kanzaail atoM Gexapopiup.

15- §. Bop nocryaaraapu. Artomumer 3HEePreTHK CaTXJapHHH
' yprasp

Bopuutr keantaam maprtu Pesepdopauunr’ arom Tysu-
JHIIH MOZENUra acocaH 3JEKTPOH aToM sAPOCH aTpoduna
SJIEKTDOCTATHK KY4Y TabCHPHAA XapaKaTiaHaj. AnekTp 3a-
PAMJIH 3appajiapliaH TaWKMJI TONraH atoM Mogead HpioTon
MeXaHHKacH Ba MakcBeNI 3/1eKTPOXMHAMMKACHTA 3H] KeJjiap
3au. By Mozesb atoMHHHT Gapkapop MaBXYAJIHIHHH Ba YHUHT
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Y3rapTHpHILra Xapakat KU/IHlI
iyan Gunan Maskyp (HKpHH
aMaJra OLIMPHUII MYMKHH 3JH.

1914 #unga Hemuc (QU3UK-
Japu Kemc ®pank Ba I'ycros
[epu ToMOHM1aH MOXHPOHA KV il-
HJITaH KCIIEPUMEHT aToM SHep-
FeTHK caTXJapHHH Ky3aTHILra
Garuuiianrad apu. DBy akcne-
pHMEHT Ba YHAaH parGarJa-

.
____EU
HH6 amajra olHpuarad fouw- =

Ka XHJ SKCIEDHMEHTIAp aTOM o0 oo\ ane 2 Fepy raxc-
SHEpreTHK CaTXJapH, SHEPTETHK  pygacynunr cxemacH, A — aHop;
carxJjiapra Moc aToM XxoJaTJa- K — xaton; C— 19p.
pH, YJapHHHT Ba yMyMaH aTOM
TY3WJHIIM XaKHJard MYaMMOHHHT KaauTtd 6ynad. 20 -pacMaa
dpank Ba ['epl KcTepHMEHTHHHr cxemacu Gepuarad. Tax-
pu6a KypHJIMacHHHHI acOCHH KMCMH 3JIEKTPOH TPyOKamup.
Tpybka TteKwMpuaaéTrad aTomyaap OHJIaH TYJIJUPHUJITaH.
Tpy6kanar#t ymby atomiap rasuHHHT OGocumu (€KM  3HMY-
JIMTH) ATOMJIAPHHHI 3DKHH IOTypHII HyJaHHM TpyOKa yiava-
MUTa TYFpH KejajuraH Kuan6 tannauran (®Ppanx Ba lepn
cuMo6 Gyriapu GusaH MII Kypran). Tpy6ka HyMra KH3gupH-
ayeuk Katon K, C 1yp Ba A aHop xoitamtupuarad. C Typra
KaToJJaH UMKAETTaH 3JIeKTPOHJAapHH Te31aryBud Ve NOTeH-
nuan Gepuiaan. TesnaTyBuH NOTEHUMaJHHHI KHHMaTH peo-
CTAT OpKaJH OUp TEKHC Y3rapTHPHJIUIUM MyMKuH. Typ Ounan
apoJ YpTracuia aca TYXTaTyBuH KHUYMK NOTeHUWas Oepuiras.
IOkopuaa ¢oTo3/1eKTPUK 3hdeKT XO0AHCACHHH YpraHHIIra
Garuiuianrad P. A. Mussuken TtaxpuGacuHu 6aéH 3THIDAA
TabKUAJAHTaH KOHTAKT NOTeHIHasiap dapku 6y Taxpubana
xam anGartta 3pTHOOpPra osuHrad. TesnaTyBuH NOTeHUHA
Hosra TeHr GyJjraH xonaja xaM TOK HoOJJaH (apkau 6yJjaiu
YYHKH aHOJ Ba Karoj MaTepuaj/apH ysapo aiHaH GyJja oJ-
MarauJury ca6adjau yJjap ypracuja 3JeKTPOHJAPHH AHOJAra
XaHA0BuM KVIIMMYa KOHTAKT NOTeHUMamIap (apKxu MaBkyX.
(Teckapu HyHanHIIAa TOK MyMKHH 5Mac, YYHKH 3JIeKTPOHJIAp
dakarT KM3AHPU/IraH KaTOANaH 4uKaiu). XYyAAd Iy KOHTaKT
notenivannap (apxHHH KOMIEHcalluajalll yuyyH  TOPMO3-
JIOBYM HOTEHLHAJ OyJHIIK Ba TaxpHOa HaTHXKANAPHHH Taj-
KWH KHJHIIAA xHcobra ONIMHHLIH Kepak.
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By eppa ¢, — yMymIaWTHpU/IraH KoOOpAWHATa, p; — YHra
MoC XapaKaT MHKJODH MOMEHTH, n; — OYTYH COH, 6U3 KeHHH-
Ya/IHK KyPAMH3KH, 71; GOUI KBAHT COHH €0 I0PUTHIaAHU. § GesrH
g: yMyMJAIITHPHIraH KOOpJWHATa Y3TapHIIHHHAT XaMmMma
coxacd 6yfinya MHTerpaliamiHd Ouspupand. (3.14) xap kaH-
Jail 1aBpuii Xapakar y4yH KBaHTJaUl IIADTHHH yMyMHH X0Ja
TaBcuGuIaiy.

I1. Dnektponnap y3 opburanapu 6yinya xapakaTiaa Hyp-
JIaHHII YHKAPMAaC 5KaH aTOMJIAPHHHT HYDJaHMII YHKADHILH
8KM 10THIIH 3JEeKTPOHJIApHH 6apKapop/HkK Iuaprura OyHCy-
HYBYH OpGHTAJapHUHT OMPHJAAH MKKMUHYHCHra YTHIIHAA CO-
aup Gyaasd. By mocrysar a/eKTpOHJApHHHT Oup 6apkapop
op6uTajaH WKKHHUHCHIA YTHIIMAA aTOM TOMOHMJAH €PYF/IHK
yuKapuul €K IOTHIIHHA (DOTOH MEXaHHW3MH acocHra Kysiu.

Muicost Tapukacuia Ze 3apaajiu aApo arpoduiaru alnanma
op6uTaga GUp TEKHC aliaHa€TraH GUTTA 3JEKTPOHHHHT Xapa-
KaTHHU Kypainuk. Myc6aT --e-Ba MaH(uil —e 3apsj opacu-
Jard y3apo TabCHD Ky4H

F— Zetem a
T ime,rr 7
By eppa r — 3apajsap ypracuiard Macopa €ku ailsiana pa-
JHYCH.

Abnana 6yiaa6 v UMSH(JIM Te3MHxJa XapaKaT KWJaéTrax
3/MeKTpoH Oy Kyu TaBCHPHA , KJaCCHK MeXaHHMKara acocad,
MapKasra MHTHJIMA Te3JaHHUl OJIajiH:

m ==L
r re
Y6y udonasan opOuTa PajuyCHHU aHHMKJIAHMH3:

a -
= , (3.15)
m, v%
m, — 5MeKTPOHHHUHT MaccacH = 9-107% kr. Afinzanma opfura-
Ja SJEKTPOHHUHT alJIaHHWII YacTOTACH Te3JUKHH Gocub YTHJ-

ran #yara HucOaTH KYpHHHINHMJA TOUHJIA[H:

o_ v __ 1 a_, 3.16
VvV =3ar T on 1/mer3 ( )
SJIeKTpOHHHHF KHHETHK 9HepFHﬂCH aCca

T =Lme==2 (3.17)

Ly 2 2r
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anukJaiMus. OxuprH TeHIVIaMa KypcaTajiukd, GYTYyH COH
7l HHHT OPTHLIH HuJat TYPEYH opfHTaja aigaHaéTraH 3JeK-
TPOHHHHT TyJIa 3HEPTHSACH Y3UHUHI MaKCHMasa KuiimaTd O rava
Varapand.

DMeKTPOHHUHT GHD TYPFYH OpGHTaZlaH HKKHHYHCHra, Ma-
cajiad, m X0JaT opOHTaCHAaH n ra YTHIIMAA 3HePrus Iop-

IUICHHUHT IOTUIMMM (arap n > m) €KH YHKAPHJMIIH COAUp
6ynaznn:

—Lem L o

€ 82 \m?2 n2

H. Bop roscira GuHoan 6y SHepras MOHOXPOMATHK HYpJia-

HHLIra KHpajy Ba YHHHT uactotacH [lnaHk foumuiicH opgand
aHUKJIAHAH:

AE = hv, (3.24)

Xocun 6§aran upopanu (3.3) CuiaH anaMallTHpcak, Punbepr
JOHMHICH YUYH KYHHJar# TeHIVIHKKA KeJIaMHu3:

R=— %:e". (3.25)
0

By epaa R HuHr yauoB Gupauru cek—l. R Hu cM—! Gup/auKKa
VyTKasum yuyH (3.25) udofaHm E€pyFJIHK Te3aurura OY/aHIl
Kepax.

Hlyspait KunuG, cnexTp YH3UKJIApHUHT QopmyJsacu (3.24)
HH KeaTHpu6 upkapuua bop nazapusicupa Ilnank Jgoumuil-
CHI'a UKKH MapTa MypoxXaaT KMJIHHIH. A HUHT GHPUHYH KUPH-
THJIHIIAJAA aTOMHHHT OapKapopJHTH TabMHHJAHAM; h Oyiiuya
MabJyM TYDPFYH opOHTalap TaHJaHAu. DJIEKTPOHHUHT OHpP
TYPFYH OpOHTajaH HMKKMHUHCHIra VTHIIMAArH HypJaHHII gac-
TOTAaCH A HHMHI HKKHHYM MapTa KUDHUTHJHIINIA aHUKJaHIH.
ATOM TY3HJHIIMHMHT DOp Mojenuja HypJaHHII YHKAPHLI Ba
IOTHII MeXaHH3MH XakKHAa xed Kaujal MabayMoT GepuamManiu
(KyZa KHYHK 4acToTaTanapra TaalIyKIH Xou 6yHaaH mycrac-
Hozmp) KywHe >xofinamrad karra opOuTajappart mimm
KypaiiauK, sibHU

I R
m*  (m4+132  md
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Y xonga (3.24) paH HypJaHHIl YacTOTacH KyHujaruya aHuK-
JlaHafH:

By ugonanu sogopod xoJaH yuyH (3.21) Ouaan Takkocaa-
caK, v = V% 3KaHMHW Kypamu3. JleMak, KUYMK HacToTasnap
yerapaBHil X0J11a YHKAPHJITaH €KH I0THJITaH €PYFIHK 3JI€KTPOH-~
HHUHT afJIaHUII YacToTacH OMJIaH MOC KeJaid, S’bHH JHIOJB
TeGpanul 6unan IliaHk JOMMHICH XapaKTepJ/IOBUH HYPJaHHUIII
MeXaHH3MH YerapaBHil X0Jila HypJaHaéTraH KJIacCHK JHUMOJra

TYFPH KeJaju.

(* J. ®pavk ea I. I'epy Taxpubacn. PesepdopiHHHT aTOM Xa-
KHJArd IJIaHeTap TacaBBypHra acocjaHrad H. Bop atom mo-
JleNTi— 3JIeKTPOHIAPHUET MabJAyM TyPFYH opOuTalapia xapa-
KaTJIaHHLIA NOCTysaT cudatnia Kabys KHJIMHTaH 314. Bydnan
HyHZal XyJjoca KeJH6 YMKaAuKH, arap aToMia 3JeKTPOHHHHT
anuK GHpOp Xapakar cXeMacHI'HHAa MYMKHH 6yJ/ca, aToM CH ‘Te-
MacHHHHT TyJIa 5Heprusicu 6y Xapakarra MOC KeJyBUH MabJayM
KHAMarraruia sra Gy.agd. ¥ XoJla 3HeprHSHHHT MYMKHH
6yaran KHHMaTIapd YypTacHAa OpalHK, Y3H/JIHUI MAaBXKy[
Gyjand Ba IUYHHHI Y4YyH, aTOMHHMAT HYKH SHEPTHsICH Tall-
Kapuian Oepunaérran 3Heprus xHucoOura ¢axkar MabiayMm
JUCKpeT KHiMarjiaprargia ysrapa oaaiu. By sca 6u3s ioxo-
pHUIa TAabKULIAraH aTOMHHHI YHKApPHILU Ba IOTHII CIEKTD YH-
3UKJapy XAaKWAaru JKCHEpHUMEeHTas] HaTHXKaKapra MOCIHp.
Iy 6unan Gutra Myxum caBos Tyruaagd. Ly cnexTp umauk-
JlapHra MOC KeJyBYH Ba 3JCKTPOHJAPHHHT TYPFyH op6uTa
6yiaab xapakaty GusaH XapaKTepJaHyBYH aTOMHHHI JHCKpeT
SHEPTeTHK caTxH (akaT EpyFJIHK HYDPJAHHII Kapa€HHrarkHHa
XOCMH EKH aTOM HYKH TY3WJIMIUHHHHP TabHaTHra XOCMH?
AToM sHepreTHK caTxsapH (aKaT HypJaHHMILI XKapaéHHHH Xa-
pakTepJaoBYH cxeMa Oy/JMaclaH, YHHHT HYKU Ty3ujum TaCHa-
THrAa XOC 3KaH/AUTHHM TEKUWMPHMII YUYyH aTOMra HypJAaHUII
KypHHHIIHAA G6Y/iMaran GOKA XWUJ 3Heprusi 6epub yHH GHp
SHEPreTHK XOJAaTZaH HKKHHYHCHIA VTHIIHHH Ky3aTHII JIO3HM.
Dy ¢uxpun OeBocura Tekliupu6 KypHum bBop momenn yuyn
KaTta axamuaT KacG6 stagd. ATOMIapHH TYFpHIAH-TYFPH
3JEKTPOHJIAD OpKaliH GOoMOApAUMOH KHJIHO, 3/JeKTPOHJAPHHHT
KUHETHK 3HepTHsiCH XHcoGHMra arom/ap HYKH 3HEpPIHsICHHH
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PHCTHKACH XOC THIHK KYPH- 35
Huura sra. JIeKHH pacMian & i
Kypub T1ypuOMu3ku, V.=
=49 B na TOoKk KReckum
nacafirad, CyHrpa siHa Mo-
HOTOH ycrad. V. muar 4,9 |
B nam xarra mabiaym Kuit- ‘Vt
MaTJapija TOKHHHT CyCTPOK
CaKpalH Ky3aTHJTaH. 2

f ®pank Ba Tepu osran
SKCMepUMEHT HaTHKalapHHH
XO3HPrH 3aMOH aToM TacaB- 0
BYPH HYKTaW Ha3apHJaH Ka-
patunk. CHMO6 aToM/Japu Ba
HWIYHHHTJEK, BOJOPOJCHMOH
€KY YMYMaH XamMMa aTtomJiap |
JUCKPET 3HepreTHK caTxaap- X0
ra 3ra, WYHHUHT Y4YyH Kam
KHHEeTHK 3HePTHSAra sra 3JekK- ,
TPOHJIAap yJapHU YyHFOTa OJ- 0 5 0 -
Malan. DJIeKTPOHIAp aTOM- ' bowimap
HHUHT acOCHH XoJaT 3Hepre- o1

. -pacm. BoasT-aMnep XxapakTenHc-

THK caTxd OuaaH KVIIHH Ten
IOKODH 9HEPreTHK caTxH yp-
Tacuaaru sHeprus ¢apkura tenr AE = E, — E, sHeprus 6epa
OJlafiraH KHHETHK 3Heprusra sra OyJaraHaapujaruHa CHMoG
aToMJapuHH YiHroTa ojand. dueprusi dpapku AE HY 31eKTPOH
sapamura OGyJcak, YHFOTHII MNOTEHUHANHMHH AaHHKJAAMH3.
DnexTponaap Oy 5Heprusara 3puiuragnapuia cuMod atomaapH
6uJaH HO3/MACTHK TYKHallajd Ba HaTHxKajla Jedpad XaMmma
SHePTUsICHHE, TYFpUpPOrH, AE Ta TeHI 3HeprHsACHHH aToMra
Gepaiu. DHEprusicd KeCKHH KamaliraH 3JeKTPOH SHAH aHoira
eTu6 6opa onmaiiau. llly caGabaaH aHOA TOKH KeCKMH nacasi.
IOKopunaru pacMpas cuMOG ATOMHHHHT OMPUHYH YHFOHHII
norenuyann 4,9 B ra rteursuruHH Kypamua. OHEPrHscH
4,9 5B nad opTHK 3J€KTPOHJIAD XaM CHMOG aTOMJapH ®HJIaH
HO3JACTHK TYKHawuiuAa 6yaazn. DBy Tykmammmpa yJaap
4,9 5B sHeprusiciiHu cuMo0 aTtoMira 6epaid Ba OpPTHKYA KH-
HeTHK 3HEprHsCH XHCOOUra TYXTaTyBUH IOTEHIHAJHH EeHTHO
anoara etu6 xeauuru xam MyMmiruH. Ilysusr yyyn Ve HuHT
4,9 B gniIMaTHAAH CYHT TOK sHa MOHOTOH yCajH.

6—2180

ESR—

< 1001
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JoBud JlaliMan cepHsCH YUYYH 4acToTa V3rapHml COXacu
3R/4 pan R rauya. D/eKTPOHHHHI UKKWHYH KBAaHT op6HTara
(m = 2) ytumunHu TacBHpJOBUM BajbMep cepuscH YYyH 3ca

YaCTOTa Y3rapHill coxacy % R (TyAKHH Y3yHIHK A, =6562,8 A

ra MOC KeJyBUM CEepPUSITHHHT OGHPHHYM KH3WJ UH3HFH) JaH

?- raua. 22- pacMAa  BOJOpDOR A&TOMHHHHI  Xap Xui

cepHsiiap YMKapHIll YH3HKJIapH yuyH GeBOCHTa yJI4aHraH TyJ-
KHH Y3YHJHK KHEMaT/apH KeJTHPUJraH.

TyaKEH Y3YHIUK (4aCTOTa) JIADHHHT Y3rapull KOHYHHSITH
KJAacCHK (pU3HKA KOHYHHSITIApUra KECKHH 3HA. XaKuKaTaH
XaM, KJacCHK (pM3HKara Kypa, arap 3JEKTPOHHUHT sipO aTpo-
¢una Gorrmannmuja y OUTTa SPKHMHJMK Japaxkacura sra je-
caK, YHHHT CHeKTpH GHTTa 4acTOTaJaH Ba XaMja yacTora obep-
ToHJapujaH ubopar GYJHILY, arap y4Ta 3pKHH/HK Aapaxacura
sra Jlecak, y X0JJa 3JEeKTPOH YUyH yuyTa acoCcHii yacrtoranap
Ba yJlapHUHT 06GepPTOHJIApH MaBxKy/ O)/IHIIN Kepak 3. X aKu-
Karfa 3ca BOJOPOJ aTOMH CHEKTPHHHHI OOEepTOHJapH, SBHH
rapMOHHK KAaTOP XOCHJ KHJYBYH 4acToTajap Ky3aTHJIMaijH.

Bonopox aromwunur Bop nasapuscH. DBu3 suam Bojopog
aToMHHH TaBcHGJaml yuyyH DBop mocTyJsartiapuHHH KyJai-
MH3.

Bop mocrysiaTura Kypa 37eKTPOHHUHI XapaKaT MHKJIOPH
(éxu uMmnysabc) Momentd Ilnank jgoumuicura GyTyH COH Kap-
panu Oysran opGurtanapruHa TypryHmup. By (3.19) ¢opmy-
Jaja udoaanaHran 31M.

h
m v, r, = nh, h=—.
EhE omn

By epia r, — 5JeKTPOHHHHT afljlaHa WAKJHAArH OpGHTAacH-
HHMHT DPaJHyCH. DJEKTPOHHHHI XapaKaT MHKJIODH e U YYyH
yHHHT Je-Dpolinbp TYNKHH Y3yHJAHTH opkaad upofacd (2.2)
HH 3CJacak,

m,v, = h'A,
toxopuaary (3.19) ncdonanu
2nr, = nh (3.26)

KypuHuiga €sa onamus. Jlemak, 3JeKTpon OpGHTAaCHHHHT
afllaHa Y3YHJIHTH 3JEKTPOHHHHT je-Bpolab TYJIKHH y3YHIUMH
6unan 6yTyH Kappanu GoraanraH. Boukaua Ku/aub aitranja,
3JIEKTPOHHHHT aijlaHa IUaK/JAMAaru opOHTacHra €TKU3WJTaH
Je-Bpofinb TYJIKHH YSYHJAHTHHHHT COHH OYTyH COHra TeHT.
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Karog Ba Typ opacura KyHHJITaH Te3JaTyBYH NOTEHLIHAJ
BOCHTACHJA MyalsaH TE3JaHHIU OJITAH 3JIEeKTPOHJIAp 3JEKTp
MafilonAaH Xoau coxara yragu. TpyOkara TYJAupH/raH ras
aToMJiapH GWJIaH Te3JIaTHJAraH 3JEeKTPOHJIAPHHHT TYKHAIIHUIIH
acocaH XyJJH Iy coxara TYFDH Kenamd. T yKHaAUIHIIHHHT
3NMacTHK EKHM HO3MACTHK XapakTepHHH aHukJam yuyH A
aHop OMnaH yHTa SIKHH TYp OpaJHFMAA TyXTaTyBUH MOTeH-
Uuas Gyaand.

Mlyan scnatuml J03UMKH, GOULTAHFUY KHHETHK SHEPTHS-
HHUHT y3rapumura Kapa6 TyKHaHLLIap 3/JacTHK €KHM HosJac-
THK Typra axpajaid. Arap HMKKH 3appaHHHI TYKHAUIHII Xa-
paéuuja yJapHMHT OGOLLIAHFHY KHHETHK 3HEPrHsJIapHHHHT
HMFMHJAMCH TYKHAWMIN coaup OyiraHiaH KeHHHT'H KHHETHK
SHeprusmapy HUFHHAHCHra TeHr OyJca, rapyd KapaéHial
KeliuH sHeprus Golukaua TakcHMJaHrad Oysca xam, Oy xKa-
paHHH ssacmuk mykrawuw Aeduaand., Akc Xonna, arap
TYKHaNI }KapaéHuja GOLITaHFHY KHHETHK 3HEPTHAHHHT GHp
KMCMH TYKHAllyBYH 3appaiapiaH OUDHHHHT MUKW 3SHEeprus-
CHHH Yy3raprupuiura capd 6yica, Oynaak xxapaéHHH H0AACMUK
myjxnawmuys 1e6 IOPHTHIIAIH.

®pank Ba I'epr Taxkpubacuaa 3JeKTPOH OHJIAaH ra3 aToMu
TYKHAIIYBHHUHT 3JaCTHK €KH HO3JACTHKJHTHHH XapakTep-
Jlaill YYyH TYKHAIIMIIAAH KeHHH Te3JHKJIap TAKCHMOTHHH TeK-
IIHPHI 3apyp 3au. By TyXTaryBud noTeHOnHal BOCHTacHIa
anukJaHAH. Arap TYKHAIIMMI XapaeHHAA 3JeKTPOH OyTyH
KHMHETHK SHeprHsicCHHH HYKoTrad 6yJica, y TyXTaTyBUH IOTEH-
[HAJHH eHra oJIMai¥ Ba aHojra eTHb Kena onMaiad. Kuneruk
SHEPrUsICH TYXTATyBUU NOTEHIHAJIHH €HIHUIIra eTajHraH 3JeK-
TPOHJAPTUHA aHOAra KeJaub Tyiiaid.

By xoJ aHox 3aHxkupuia naffo 6yaran Tokuu G rajbBaHo-
MeTp OpPKasiu Kalj KUIMHHIIM OWJIaH aHHKJIaHald.

Typ notenunany Ve HUHr OPTHIIM OHJIaH KaTOAJLAH YUK aéT-
raH 3JEKTPOHJAPHHUHI SHaja Kyl KHCMH aHoAra eTtué KeJaa
Gornafinu. AuHoj 3aHXKHUpUAA TOK JAacrial MOHOTOH Ycaniu.
JIeKHH TOKHHHI TYp NOTeHIHANHra GOFJIHK, YCHIIHK Ve HHKHT
MabJyM KUAMaTHIA TycaTAaH TYXTaHAH Ba CYHT KECKHH Ka-
Masiig. 21-pacMza Gepuarad aHoOJ TOKMHHMHI Te3JaTyBYH IIO-
tenuuad Ve ra Gornanumy DOpank Ba lepr TaxkpubacHia aHHK-
JadraH. By Taxpudaga snexkTpoHsaap GHIaH CHMOO aToMJapH
GOMGaPAUMOH KUJAMHTaH. AHOJ TOKHMHUHT GOUUIAHFHY YCYBUH
KHCMH TepMO3JIeKTPOH acGoG/apHHUHT BOJIBT-aMIleD Xapakre-
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Bupunyn yiiFOHHII NOTEHIHANH PEOHOHC NOMeHyuan 1ed
aTasagy Ba y ATOMHHHI SHT IIaCT SHEPreTHK CaTXHIaH YHIa
K{UIHH I0KOPH 3HEPreTHK CaTXHra yTHIIra MoC Ke/lalu. dek-
TPOHJIAD SHEPTUSICHHUHT aTOM CaTxJapH sHeprusi (apgura
TeHr KHHAMaTJapuiaruHa 3JeKTpOHJap Oujiadn TYKHAUIraH .
ATOMJIZPHUHT YHFOHHII 3XTHMOJINTH Katra 6yaaan. Llynusr
yuyH cuMOG aTOMH yYyH TOKHHHI pacMjia KypcaTHaras Ou-
punuu cakpamu V, = 4,9 B aa xeckuH. D/eKTpPOHJIAp HEp-
THSCHHUHF KHAMATH MKKH CHMOG aTOMHHH GUDHH-KETHH Yi-
FOTHII yuyH erapiu Gysiran V, = 9,8 B norenunania anoa
TOKH CaKpallMHHHT KeCKHHJ/IHK JlapaXacH CyCTJalllu.

DJeKkTpoHJap OuiaH TYKHAIUMIILA NACTKH SHEPTeTHK CaTX-
JaH KVIUHH SHEPTeTHK caTxla yTraH, s’bHH OPTHKYa 3HEprHd
onu6 yiiFoHraHn CHMOG atoMH 6y SHePTHsiHH 6MPOD BakT y3Hja
caknaiijiy, CYHrpa sca FaJaéHJIaHMll TabCHPHAA OpPTHKYA
SHEpTHsAHM HypJaHuu cudaThia KaiTapu® uMkapaid sa ysu-
HHHT acocuii xoJatura KaHtagd. DBuiamusku, cMMOG aToMu
yuyn caTxjap sHeprus ¢apxu AE = E,— E; = 4,9 5B ra
tenr. Y xoana H. BOpHHHT MKKMHUM TOCTyJaTHra Kypa CH-
MOG aTOMM V3MHHHT acocuil xoJartura yrumpaa 4,9 3B sHep-
FHSIHHHT XaMMaCHHH MOHOXPOMATHK €pYF/IHMKHHHI GHTTA KBaH-
TH Tap3uja YHKAPHIUH Kepak:

AE = E,—E; = 4,9 3B = hv = ”f

Byujan A HH aHHKJ2CaK,

.10—27.3.1010 o
b = heJAE, = 2810778 100 9590 A.
4,9-1,6-10—12
Ilemak, H. Bop arom mogenn Ttyrpu 6yaca, 4,9 3B ra tenr
SHEPrUSJH 3JEKTPOHJap OuiaH GOMOApIUMOH KHJIHHAETraH

cuMo6 aTomu (akar Gutra A = 2520 A ynprpabunadiua yu-
3uKIaH u6opaT crektp Gepuun kepak. Hasapuit xucob Ha-
THXKACHHH Taxkpubala TeKWHpH6 Kypum makcaauaa Ppask
Ba 'epil 3/1eKTpoH TpyGKaHH KBapiuaan acaman. Ksapu yaprpa-
GuHadia HypHH 0THO KOJMalfM. DKCIEepHMEHTAa L1y Hapca
aHuKAaHau. TesjawrtupyBun mnoTenunan V, < 4,9 B na
3JIeKTPOH TPyOKajard cumof OyFH Xeu KaHJal HypJ/IaHHIL
Gepvanu. V. >>4,9 B 1a 3ca cumod Gyrr dakaT GuTTa A

— 9536 A yabTpabunadia Uus'1K XapakTeDJIoBYH HYpJaHHII YH-
Kapa ColuIanu.

I
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22- pacM. Bojopos aTomu yuyH 3HepreThk caTXJap LHarpaMmMacH.

Slnpo artpoduia pajuycu r, ra TEHT n-KBaHT OpOUTaja
U, Te3JMK OH/aH XapakaT KHIaéTraH 3JIEKTPOHHHHT sIpo
6unan 6apKapop aToM XOCHJ KHJIHLIH YYYH KJIACCHK MeXaHHKa
mapTH KyHHparuua é3usanu:

m, vt r, = e2] (4mey).
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THJacaK, y Xoaga @ = R -+ r ra TeHr 6yaanu. duau R Ba 7
ypracuzard 6y MKKM XHJ GORJaHHLIJAH
m,
R=p me+ M
M
m,+M
Kequb uMKaZd. $11po Ba ssekTpoHIaH HOOpPAT CHCTEMAHHHT
6apkapopJMK IapTira Kypa B5JeKTPOHTa Ba 1pora TabCHp
KypCaTyBUH MapKasfiad KOUMa KYUJapHHUHT Xap OMpH 3JEKTPOH
Ba AApo YpracHjiaru Ky.non 'ropmmnm KYYHTra TeHr:

2
m,r =M co .
n® Rn 43129,‘(, p%‘
IOkopuna (3.35) ma Gepwiran R Ba 7 BUHT uQojacHHN IbTH-

Gopra oJcak, Gapkapop/JHK WapTHHH KYHHIarmua E3MIIAMHS
MYMKHH:

r =

Mm, 0, ® e?
m,+M " 4neopn

DIeKTPOH Ba SApOjaH HGOPAT CHCTEMAHHHT TVJIa Xapakar
MHKIOpH MOMEHTH 3JEKTPOH B SIPO XapakaT MHKIOPH MoO-
MEHT/JIaPHHHMHI HMFHHIMCHAAH BOOpaT:

m,var,+ Mo R, =m, r w,,—]—MR

Mm, ¢ @y
me +M Pn

Atomuusr 6y Tyaa xapaKaT MHEKIOpH MomeHTHHHM (3.19) ra

2%

Mm, o h
— o e, =n—; n=12 3 ... 3.36
M-I—mep” “ on (3.36)
(3.36) Ouaan (3.19) HH COMMIUTHPCAK, SADO XaP2KATHHU XH-
cobra oymm jactaabku (3.19)—(3.33) Q)opmvmnapll?m 3/IeK-
TPOH MAaCCaCHHHM 3JEKTPOH Ba AApOAaH HOOpaT CHCTEMaHMHT
KEeJITHDHJIT2ZH MacCacH

h
CHHOAH N ra TEeHTJIaMTHPaMH3.

m = e (3.37)

m,+ M
OumaH aaMamTapumra o6 xenapd. Wlywmar ydyd Ry, E¥
JIGpHH XHCoGsalifa m, BW m’ CUNaH aJMallTHDUJIAa]H, SBHH

eAmeM 1
- e =R — . 3.38
R 8eg 1 (m, + M) R°°1+f1e S
M
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®pank Ba I'epy sipatran yiuam KypuiMacuJa HOHJALITH-
PHILI NOTEHUHAJHHH XaM aHMKJAIl MyMKHH. ATOMHH ULOHAGUI-
mupuus nomenyuasy 1e6 aTOMAaH 3JEKTPOHJAPHU aXKPaTHIN
yYyH 3apyp Oy/J1aiuran HOHJIAIUITHPHII IHEPTUSCHHHUHT 3JIeK-
TPOH 3apsjura HUCOaTHHH aTaiMu3. ATOMHHHI Xap XHJ 3Hep-
TeTHK XOJaTJapUHHHT HOHJ/AITHPHII TNOTEHUHANHMHH YJIyall
atoM Oexapop (YHFOTHJTAH IOKOPH) 9SHEPreTHK XoJaTjapH
sgepruaaapunuur Ey, E,, ... E, XHAMaTNapHHH aHHKJALNIra
HMKOH Oepazu.

DJleKTpoHJaap OHJiaH TYKHAIUMII HATHIKACHAZ MOHJIAlUTraH
ATOMHHHT Myc6aT HOHJapH TOKHHH Y/4am HyJjad Gujiad HOH-
JIALITHPHII NOTeHIHAJTHHH aHHKJAll MYMKHH. By xua ynvam-
JIapHH YTKas3uIl Y4yH TYp Ba aHOJ MNOTeHUHaJJdap ¢apKuHU
KaTTaJIalITHPHII Kepak. ¥ xosia Typ OH/JaH aHOJA OpajuFHja
3/eKTPOHJIAPHH TOPMO3JIOBYH, aTOMJApPHHHT Myc6aT HOH-
JIaPHHHU 3Ca Te3JaTyBUM MaHAOH BY:XKyAra kKedaiu. By xua
Taxkpubana G rajdbpBaHOMeTp (aKaT HOHJALITHPHII NOTEHIHA-
JHAAH KarTa V, HUHI KHHMaTjapujaruia naiao 6yaran ason
TOKHHH KalJA KHJI3JH.

Xymaoca KuIuO IUYHH aATHHIHME3 J03UMKH, @DpaHkK Ba
Iepn taxpubanapu atomiapia AHCKDeT SHEPreTHK caTxJap
MaBXYAJMUTruHH GeBocHTa HCOOTIafH.

?\ 16-§. Bonopox atomunmar bop rasapuscu

Bojopon aTtoMH YHM3HKJH CHEKTPJapH Ba JHEPreTHK car-
XJapuHH VprauvmHH bBop nocrysaTiapHHUHT TATGHKH CH-
¢arupa Kypamus. [lactnaG BoZOpOJ aTOMHHH YPraHuum yc-
THAa YTKa3WJIraH 3KCIEeDPUMEHTJapHHMHI HaTKajlapd Gusad
KHMCKaua TaHHIUAMH3. BOJOpOA AaTOMHHHUHI YHKAPUII Ba IOTHII
CMEKTPH SKKOA TacBHpra 5ra. CHOEKTPHUHT KVIIHM YH3HK-
J1apH YacTOTaJapUHHHT (PAapKH YacTOTaJapHHHT KaTTaJallNIIH
6unan kamahu6 Gopaau. Bomopox cnekTpu YH3HKJIAPHHHHT
KOHJAIIMII KOHYHHATH MaTeMaTHK pasuifa DanabMmep xamaa
Pun6epr dopmynanapu 6unan udomasanau.

Bojopon atoMuM HypJaaHHUIIMHH YpraHuiiia aHuKJaHraH
Jlatiman, Banemep, Ilamen, Bpskker Ba X. K. CIEKTp CepHsi-
aapu (3.3) HaH a€HKH # —co Ja aHWK YerapaBHH JIHMMHTTa
uaTANanU. By xoa xap 6up cepust yUyH ¥3 4acToTa y3rapuil
COXaCHHHM aHHKJjamra HMKOH Gepaid. MacajaH, 3JeKTPOH-
HHHI OMPHHYH KBaHT op6urara (m = 1) YTHLIHHH TacBHp-

6*
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By udonanan 31eKTPOHHHHT OpOHTa 6ViHaab xapakar Te3JHIH
U, HH aHukja6 (2.2) maH 3MeKTPOHHUHI Ae-Bpofnp TYJAKHH
Y3YHJHTH YYyH

A= %V 4ne,r,/m, (3.27)

HHM XOCHJI KHJIAMH3, CYHIPa 3JIEKTPOHHHHT TYpPFYH opGurtacd
paguycunn (3.27) Ba (3.26) dopmynanap/ian aBHK/IaAMH3:

Wk pe, (3.28)

T m, e?

re

IOkopuparu (3.20) udonara KeJfuK. n-opOUTaja Xapakar
KAJIa€TTaH 3/IEKTPOHHUHT TyJsa SHEpruscu sca (3.22) dopmy-
JiaJlaH aHHKJaHaju:

E, = — et ] n=1,2 4, ... (3.99)

!
8egh? n?

BopHHHI HKKHHUYM MOCTYJAaTHra OHHOIH BOAOPOJ AaTOMUHHHT
YRKAPHII YH3WFH YaCTOTacH

I meet (1 1 1 1
N o= =
e% 8h3 <m2 nz) R (m2 n? )
¢dopmysa Guaan udoassanai, 6y epia Ru— BOAOPO]1 aTOMH
yuyn PunGepr poumuiicu:

e m,
Ru = 86(2) e . (330)

(3.29) ¢opMyna BOJOPOZ aTOMH YUYYH £ HHMHT Xap XHJ
KuAMaT/apura TYFpPH KeJaJuraH sHeprusl kuiimatiapu E, HH
xucobjamra HMKOH Gepamu. By acocpa 3ca BoJAOpoj aTOMH-
HUHT SHEPreTHK CaTXJapHHH YM3HII MYMKHH. 22-pacMmia BO-
JOPOA ATOMHMHHUHI 3HepreTHK CaTXJapHHHHT JAdarpamMmMmaci
Gepuaran. Crpeskajiap 6uiad (OTOH YHMKApHII OPKaJIH pyi
Gepajuran 6ab3u yTHuuiap Kypcatwarad. Xymau my (3.29)
¢opMysa BOAOPOJ ATOMHHHHI HOHJIAWITHPHII NOTEHIHAIH
V., uH xaM xHcoOjamira HMKOH Oepaau. XaKHKaTaH XaM,
VOHJIAIITHPHIN MM eV, HKKH caTx 3HeprusCHHUHI (dap-
KHra TeHT:

€V1 == Em _El; (3.31)
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by epna R opkam Ry HUHT m—”i—-» co TYFPH KeJaJUraH Ba
(3.30) 1a udomananran xuiiMaTH GeJrHIAHTaH.

) 1
Bonopon yuye %:m, IIYHHHT YYYH
Ru = 109737,32 __‘_l_ — 109677,57 cM~1,
1+ 1835

Pun6epr poumuiicunuHT Bofopos yuyH Bop Hasapusicu 6ep-
FaH KHUAMaTH 3KCIEePHMEHT HATHXKACHHH TyJa KaHOATJaHTH-
paj.

Bop nasapusicH SIHFH KBaHT KOHYHMSTJApHH TYIIYHHIIAA
KarTa KajaMm GyJau. ¥ MUKpOAYHE (Qu3HKacH OJauja naijio
6y/raH atoMJIapHUHT HypaaHuwinra 60rauK OyTyH OHp KarTa
MyaMMOHH eyJy Ba 1y OHJjaH OHpra KJIacCHK ¢U3HKa KOHYH-
JIADHHH aTOM XOJHCa/JapHra KyJuiam MYMKHH 3MAacJHCHHH,
aTOM KBaHT KOHYHJIQDHHHHT 3Ca acOCHH DPOJIMHH KypcCaTiu.
JlekuH GomnaHok Bop HasapusiCHHUHT KHIIME KaMYHJIHKIap-
JlaH XOJIM 5MacJIUrH a€H Gynnu. Y spHUM KJAcCHK, SIPHM KBaHT
Hasapusi 3]H.

I0Oxopuna xypAukkH, Dop HazapusicH BOAOPOA ATOMHHHHE
€reKTPaJ] YH3MKJIapH YacToTajJapHHH TYFpPH TaBcH(uab Gepa
onanu. JIeKMH Iy 9U3UKJIap MHTEHCHUBJIMIHUHH XHCOGIall HM-
KOHHHH KypcaTMaau. By nasapus HIIKOPHI MeTasjap CeKTp-
JIAPUHHUHT AyOJeT XapaKTepHHH Ba MypPaKKal aTOMJIap CHIEKTp+
JIADHHH TYFPH TYIIYHTHpa oJaMajd. JlaBpuf CHCTEeMaHHHT
BOJODOJ aTOMHMIAaH KedHH KOHJallraH reJUH aTOMH Y4YyH
bop Hasapuscura 6uHoan onub GopuiaraH xucobsauniap ai-
HHKCAa Mypakka0 Ba 3KCHEPHMEHT HaTHxKajlapura MYTJIako
3uj XyJjocajsapra oaub KejaJu.

Dop HasapuaACH Y3MHHHT KaMUHJHKJApHra Kapamachal
TabHaT XaKuJard OHM3HHHI TACaBBYPHMM3HH SIHTH HOFOHAra
kyrapiH. Bop MOAeNMHHHHT ypHHra KeJraH KBaHT MeXaHHKAacH
SHEPreTHK caTxJiap XakKuaa Oy MOesNb KHPUTFaH TYLIYHYaHH
TacJUKJa]4 Ba acocjafi. X 03UPry BaKTAa aTOM TY3HIHIIHHUHT
Bop mogmenn dan tapakkuéru Hyaupa MyxuM OHD TapHXHI
IaBp Gynu6 KOJJIH.
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Outra Kuiimarra sra Oynagd. SIHTM Hasapusga wy TYJIKHH
¢YHKIHA MHKpO3appajapHHHT Xap KaHIaH XOJaTHHH TaB-
cudmamn Kepak. TYJKHH QYHKUHS y3u4a xeu Kaumad ¢dusu-
KaBHH MabHOTa 3ra 3Mac, JeKWH BaKTHHHI MabJyM MOMeH-
THAA (a3sOHMHT GHPOP HYKTACH YYYH XHCOOJIAHraH NCH-QYyHK-
sl abCcoMIOT KUAMaTHHHUHT KBajpatd 5ca, M. BopHHHT Kyp-
CaTHIINYa, BAKTHUHT XYJJH LIy MOMEHTHAA (a3sOHHHT XyAIH
Iy HYKTacHAa 3appaHH KaHJ KHJHII 3XTHMOJJIMIHra Iporop-
nvonnapavp. Hemak, SHTH KBAaHT HA3apUACHHHHT acOCHH
MacajacH TallKH KydY TabCHPHAA XapakaT/JaHa€TraH MHKPO-
3appa TYJKHH (QYHKUMSICHHM aHMKJAmjaH u6opat OGyaumu
Kepak. :

IOkopupa kyiunrag 6up xKuliMaTauaux Ttanabura Gyicu-
HyBuH TyJaxkuH ¢yukius ¥ HuHr 6ab3y Xoccajapura GaTadcui
TyxTanud YTaliuK. DHPHHUHJAH, BAKTHHHI OHPOD MOMeEH-
THHA (a3OHHHT GHPOp HYKTacH YuyH xucoGnaurad|¥? saxr-
HHHT Iy MOMEHTHJAA ()asoHMHT IUy HYKTacuja Iy TYJIKHH
(yHKIHsA TaBCH(}JIOBUM 3apPAHHUHT KaHJ KHJIHHUID 3XTHMOJ-
Jurura nponopunonan. By sca [¥|? gan 6yTyn ¢daso 6yiinua
OJIMHTAH HHTETPAJHHHT YeKJH OyJHIIMHH Tanal KuiIajgd.
Uynku s3appa xap Kaujai xonpa xam (pa3oHUHT GHpOP COXa-
CHJa MaBXKYyLIup, SBHHU OollKauya alTragaa, (asoHUHT XaMma
coxacuja 3appa aibarTa, Gop. Arap, ¢aso anemeHTHHH dV
opkanu Oenrunacak, KyHHIard wHTerpast

oo

Y[m;W:O (4.1)

GyJca, yMyMaH 3appa xed Kaepja HVyK, JAeras xasofra Kena-
mus. Arap

[ea)

| |PaV = oo (4.2)

!

—

Gyaca, 3appa GHP BakTHHHI y3uaa (Ga3OHHHT XamMMa KHCMHIa
MaBXyA. Dy xon, an6arra, xaknkartgan ysog. |¥[* Humr
tabpudura xypa |¥® munr KuiiMariapy Ha MaBXyM Ba Ha
mandui Kuiimar xabysa kuwia onaad. Llyuunr yuyun [¥? nau
6yTyH (as3o O6yiNYa OJIMHIaH HHTErpas 4ek/aHu OYJHIIN Kepak,
YyHKH 3appa Oepujarad BakT MOMEHTHAa (asoHHHr GHpOp
HYKTacHAarHHa MaBXKyI.
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6y epra E; — sApo Ba 3JEKTPOHJAAH HEOPAT CHCTEMA — aTOM-
HHHT acOCHil XOJIAT[arM 3HepruscH, s'bHH

Ey=——%—=—hRy= —13,633B. (3.32)

E_ —s1po Ba yHIAH ueKCH3 y30KJAa KOHI2IraH 31eKTPOH-

Ran uCopaT CuCTeMauunr suepruscd, awvHu (3.18) ra kypa
r—coJaE_=0. JleMak, BOIOPOA YUYyH HOHJALITHPHUI IO-

TeHUnaau

V, =" _ 13 63B. (3.33)

8e2 h?

Boznopon aTOMHHHHI HOHJAWITHPHLI TOTEHUHaJH y4yH Bop
Hasapusick Gepran Oy xuiiMaT TaKpuba HaTHXKajlaphra TYEpH
KeJazH.

Bop nasapusicu BOAOpOA ATOMHHHMHT {/YaMJApPHHH XHCOS-
Jlalira xam WMxon Gepaau. n =1 na (3.28) nan d, = 2a; =

2 (e}
ff;;’ehezfvl A, 6y epaa a; — BOJOPOJ, AaTOMH YUYH OHPHHUYH
Bop opGuracHHuHT paimycH.

Arap Bop nasapuscu acocuia aHukJauran Puabepr nou-
MHECHHHHT COH KHHMatuHH R)/'= 3,292 . 10 cek—! (éku
109737,32 cm—') sKCepUMEHT HaTHKaJapu GWJIaH COJHII-
THpPCaK, KHUHK 6yJca xaM, TahoByT MaBXKY/l S5KaHJIUTHHH Tal-
KaiiMmus. By TadoByTHHHT caGabuHH Kypainuk. Bu3 1o0Ko-
puna (3.30) HH KelTUPHO YHKAPHIIMMH3JA 3JI€KTPOHHU KY3-
FaJaMac fJpo aTpoduia xapakatiaHaay, ne6 xucobjiarad 14K.
Acnuaa, 3neKTPOH Ba SAPO Y3JAPHHHHT YMYMHH OFHMDJIHK
MapkKasu artpopujida XxapakariaHaid. SIIPOHMHI MacCacHHH
UeKCH3 KaTTa e xucobsacak, OFHDPJAMK Mapkasu sapo Guian
ycTMa-yCcT Tywran 6ysap saM, aab6arra. Arap 3J€KTPOHHHHT
MAacCacHHH #, , BOAOPOJ, ATOMH SIAPOCHHHMHI MaccacuHu M,
OFHPJIMK MapKasHiaH 3JeKTpoHraya Macodanu r, sjporaua
Macodany 3ca R opxaau Gelrusacak,kKaacCHK MeXaHHKAHHMHT
OFUPJIMK MapKa3uHHM anukJjall, S’bHU MNapajyies KydIapHH
KYWHIl Koujacura OHHOaH yjaap ypracuia KyHupgaru 6OF-
JIAHHII MAaBXyA:

MR =m,r. (3.34)
DJyieKTPOH OusiaH AP0 ypTacuaard MacodaHud p opkaad 6Geu-
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KBAHT MEXAHUKACH
17- §. TyakuH dysknus

Bus 0KOpHAa KBAaHT FOSICHHHHT KaHjad na#go Gyarad-
JUTH Ba MHKpO3appasjap xapakaTd, XoJaTJapHHH TaBCH}-
Janja YHHHT Gocub §Tran Mypakka® #yaM OH/IaH TaHMIIIHK.
By peBOJIIOLHOH FOSHUHT TapaKKHET HYJIHHM sIKYHJIa0 XyJoca
cudaTuia KyAUAArHAapHA TabKUAJaHMHS.

1. MHKpPOOOBEKT XOJIaTJIAPHHE XapaKTepJoBUH (PH3NKABHH
KaTTaldKAap Y3AyKJId OUCKpeT KufiMatiaap KalyJ KHiand.
Artom yauamnapuparu xoiucanap OusnaH GOFIHK XaMMa Myam-
MOJTAPHHHT eUHJIHIH acocHaa £ > kv Ba A > h/mv myHO-
cabatnap KyHU/raH.

2. MugpooObekTsiap OHpP BAKTHHHT V3HJa XaM 3appa
(XoprycKyJia), Xam TYJKHH Xoccajapura sra 6yaanu. [Ilynunr
y4YH yJap, KJIaCCHK MabHOJA, Ha 3appa Ba Ha TYJKHHIUD.

3. Mukposappa xoJariapu TYJIKHH (QYHKUHA OpKaJH
TaBCH(WIAHALH.

DpKUH XapakaT KHI1aétraH 3appaHuHl TYJKWH, SbHU
ncH-QyHKUHSICH de-Bpoiis sicCH TYJIKHHHIHD.

4, Mugposappanap K/acCHK MabHOAA aHHK TPAaeKTOPHSI-
Jlapra sra sMac. JIeKuH 3apsifl, Macca Ba X0Kaso Kabu KJIacCHK
3appa XapakTepHCTHKalapH MHKPO3appalapHH XaM Xapakrep-
JNanzgy.

5. MUKpOIYHEHHHT V3raua XyCyCHSITH TaxKpHOAHH SIHTH
HYKTau HasapJaH TYIUYHHUIHM TaKo3o KHJaid. Mukposappa
yeruia Taxpuba YTKasHUl 3appanapHHAT TaxpuOarada Xo-
JIaTHHH Y3rapTHpHLI JeMakiup. 3appasnapHuHT Taxpubaraua
TYNKHH (QYHKUHSICH TaxpubanaH KeHHHTH TYJIKHH QYHKIUs-
CHJIaH MyTJIaKo (apk Kumaaid.

ynpait kuiaub, oxopuma GU3 TaHHIUraH Taxpubanapra
Ba yJapJaH KeIub YuKajuraH XyJocajapra acocjlaHraH siHTH
KBaHT Hasapusicd Kepak 3au. Ly magcaguum Ky3aa TyTran
DOpHUHI aTOM Ha3apHsCH KaTop MyaMMOJIADHM €YHIIa KaM-



[image: image372.png]94 IV 606. KBaHT MeXaHHKacH
YMKAPUJHMIIM MYMKWH 3Mac. JIeKMH [ysra Kapamaciat,
Illpenuurep TeHriaMacura OJHG KenyBuH fabsu MyJ0xa-
3ajap YTKa3HIUMMH3 MYMKHH.

MabnyMkH, xap Kaujait MHKposappa ne-Bpoiinb TYIKHH
XOCCACUTa 3Ta Ba VHUHT XaJaT/iapH TYJKUH QYyHKIHAS (2.22)
éxu (2.23) opKanu TaBCH(IaHaIH. (2.23) udoga E sueprusra

- >

Ba p MMIyJbCra 5ra Ba 7 HyHAIMIIIA XapakaTJaHyBuH sappa-
HUHT MaTeMaTHK TYJKHH TacBHDHJMD. (2.23) tyaxuH QyHK-
LASIHY pajdyc BekTop Oyiindya HMKKH MapTa IudbdepeHuuan-
JIafiMHU3,

Y oy _ [0 a2 02 .
S 2 IIA%N+.MM.TMMVG = —prW/R? (4.4)

Ba GUp MapTa BagT Oyilnua nudde peHliHaIA MU

W BT (4.5)
ot
Epyrnuk Te3Jurura HucOATaH KHYHK TE3JIUKI3pla sappaHHHT
TyJla SHePTHsICH YHHHT KMHETHK SHEeprusich p?/2m Ba MOTeH-
IMaJd SHEPTUSACH V HUHI HWFHHAMCHIA TEHT. (Ymymu#t xos7a
3appaHMHr [OTEHIHan 3Heprusicu V 3appaHuHT tazogaru
ypuura Ba BakTra OOFJIMK GYHKUHSAAHD)

E=p}2m+V. (4.6)

(4.6) TEHIMKHUHI MKKand TOMOHHMHH XaM TYAKUH  YHKILUSA
¥ ra xymafTHPaMH3:

EV = (p2¥/2m -+ VY). 4.7
(4.4) Ba (4.5) QopmyJsanapra Kypa
T = —h2 2 W (4.8)
Ba
E nlﬁmn (4.9)
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Onaraa, (¥)® HUHT KHAMATHHH 3apPAHUHT Kailf KMIMHALI
SXTAMOJUIMTATA TeHT Je0 xwcobaam Kynail. Arap |¥[® uumr
KHAMaTHHH GepUITaH BaKT MOMEHTHZA (Da3OHMHT GepH/Iran
Hykracuaa ¥ OyHKuMA TaBCH(IOBUM 3appaHMHT Kaila KH-
JIEHUII 95X THMOJIIMFHTA TEHT [e6 Kapacak, OyTyH daso 6yiinua
|¥[® nan onmHram uHTErpan

% |V 2V =1 4.3)

GyJ/IHIIM Kepak, uyHKH MaTeMaTHKa THIM GWJaH afiTH/raxia
GyTyH ¢daso Oyinab sappaHuHr KaHJA KHIHHHII 5XTHMOJIIHTH
Gupra Tenr. (4.3) MynocaGarra 6yiicHuyBYH TYIKHH dyHRIYs-
ra Hopmarawear (ynkyus pefinnagu. Bus Kyhupa x§pavusgu
Xap xaniail 4ekad QyHKUMSHH YeKJIH MHKIOpra KynalTupue
HOpMaJsialll MyMKHH. Qa30HHHT Xap GHpP HYKTacHIa 3appaHmHr
Kall[ KWIMHHII S5XTHMOJH aHMK OHp KHHMaTra sra 6y i
YYyH TYJIKHH QYHKUHMS XaM HOPMalaHyBYH, XaM GHD KHuii-
MaT 6yuin 3apyp. W-dyHKuus Ba yHUHT Xycycuit XOCH-
nanapu 0¥/0x, 0¥/oy, 0¥/dz dasonunr xap kaumpaii HyKra-
CHA Y3JYyKCHU3 GY/HIIH 11apT.

Tyagnu ¢ynkumusra nncGarad €3u/Irad KBaHT Ha3apHSICH-
HUHT TeHTJiaMackH — llpejuHrap TeHr;iaMacH TY/iKuH TeHrJa-
Ma OyanG MUKDOAYHE MeXaHMKACH — KBAHT MeXaHHKAcHIa
XYJAM RJIACCHK  MeXaHuKajgard HbIOTOHHMHT HKKHMHUH KO-
HYHHHH HQOJAJIOBYM XapaKaT TeHI/1aMacu KaGH dbyHiaMeHTas
TedrnaMaup. TeHrsama Gepafiuras HaTHXanapHi Taxpuoa
Ounan gy#umaruua takgkocaanagd. TeHIIaMa euuMH — TVJ-
KUH QyHKIHS aHHKJaHAa[H, YHHHT 8pJaMmjia sca MHKpO3appa
XapAKaTHHHHT  XapaKTePHCTHKATAPUAAH — SHEPTUSCH, HM-
My bCH Ba €KW GepH/IraH HyKTaJa 3apPaHH MaBKYLTHK SXTH-
Moan xucoGsianami. Tyaxun ¢ynkums Tampubana aHUKJIaH-
MaHJH, y MHKPOAYHE XONaTHHH TaBcu(Iamaa épraMun poJib
Vinaiu.

18-§. Llpenunrep Tenraamacu
lpenyuurep TeHrIaMAacH HOPEJSTHBHCTHK KBaHT MeXaHHu-

KaCHHHUHI MOCTYJIaTHAUP. XaKHKaTaH XaM, xap KaHjai Ty6-
AaH SIHTH Ha3apMA 3CKH TYyNIyHYanaap acocHia KeJTHPUG
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YHJIHKJAH XOJH 3Mmac 31u. By kamumiuKiIapHu ypranuim atom
MaciTabujard xoAucajdap Y4YyH sHajAa YMyMHH EHjaliuit
JIOBUMJIHUTHHHE KypcaTad. Xyaau wmy énpamumay dpsun [lpe-
aunrep 1926 #unga takand xuagu. KBant dusukacH Katop
GH3HK OoNMMIAp TOMOHMIAH PHBOXKJAHTHPHAAH. 30-Huniap-
HUHI GOIIHJA KBaHT MeXaHHMKacH €piaMujaa siapo, aToM, Mo-
JeKyJa Ba KaTTHK XKHCMiap (PH3MKacura TaalJyKJId KeHr
JIOMpajard Macajajap euuJiiH.

Bus roxopuna 16-§ aa xypaukku, BopHHHT KBaHTJaII 1ap-
THIAH 3/JeKTPOH yuyH Dop TypryH opGutacH ailjaHacHMHHHT
YSYHJHIH 3JEKTPOHHHHT Je-Bpofine, TYAKHH y3yHJAHCHTa
OyTyH COH Kappaauiup. ¥ XoJaJa MOMEHT y4yH LIy KBaHT-
Jall [apTHHHHT MabHOCH HHUMajaH ubopar? Arap uxrtué-
puil TYJAKWH Y3YHJAHMKKA 3ra TYJKHHHHHT aillaiMa opGHTa
6yinab TapKaJULIMEH Ky3 OJJHMH3ra KeJTHpPCcaK, OpOHTaHUHT
UXTHEpUH HYKTacuaad OouuwianFuy ¢asa Guian Tapkanaérran
TYJIKUH 1y aiiiaHa 6Yia1ab TapKaauiinia MabayM BaKTAaH Ke-
HHH LIy HYKTara KaiTH6 Kesnaj, JekuH Gollka ¢asana Kejgann
JedauK. ¥ xoJja MXTHEpUH OuUp HyKTara MabiyM aHuk ¢a-
3aHM MOC Ky o1MaiMu3. Arap TyJIKUH y3yH/IUK afjlana 6yina6
OyTYH COH KappaJju Kofinamica, 6yTyHJAaH GomlKa TacBHpra
KeJaMu3, OpOMTaHHHI Xap OHD HYKTachaa TYJIKUH Gdasacuuu
aHuKJail onamus. Opbuta 6yinad Tapkana€rran TYJIKHHHUHT
Y3YHJIMTH KBaHTJall WIAPTHHH KaHOATJAHTHpHIIN cababiu
y opbutanu Tyja YTHO OOLINAHFHY HYKTara JAacTaBBaJTH
(bazacu 6unaH kenaiu. Dy xonaa TYJAKHH Xxapakar aHHk GHD
KHAMaTad O6yJaany; TVJaa afiaHMII 5ca Xed KaHJaH ysrapHiura
onub kenmaipu. [emak, KBaHTJIam IIapTH OujaH TYJKHH
)Kapa€HHU TaBCHQUIOBUM TYJNKHH (YHKUMSHHHT GHpP KuiMar-
JUIUK waprtH afiHad. HIyHuHr yuyH gHru ymyMma#l KBaHT Ha-
3apusicuia DOpHMHI ak/ara cHFMac KBaHTJIAll LIAPTHHH TYJI-
KHH (QYHKUMSA yu4yH OJIMH OHp KMHMATAH (ABHH YeKIH KHii-
MaTjH) JHK 1apTH OHJIaH aJMaliTHPHIINMH3 Kepak.

IOKopuaaru MyJsoxasanapiaH xap Kauiaall 3appa yuyH
Je-bpoiae TyNKHH QYHKIUSICHHHHT YEKJH 6P KHIMATIHIHK
Xoccacura 3ra GyJIHIIK 3apypPJIUTH XaKHJIary mapTra KeJlavus.
(2.22) dopmysa 6usnaH upoAaTaHYBUH HCH-QYHKIHS YMYMHiE
Xo/ja X, y, z Ba t HuHT ¢yHKuMsAcH, sbHu ¥ (x, Y, 2, £) 30H.
BopHuHr KBaHTJall MapTHra KBUBAJeHT GyJjrad Oup Kuil-
MaTIMIMK wWapTtara Kypa sca Y-¢yukuus ¢asoHuHr xap Gup
HYKTacuJa Ba BaKTHHUHT Xap KaHJAal MOMEHTH/A aHHK YEKJH
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Kypunuia é3amus. By epaa ¢ (r) — dakar KoopAHHATajIap-

HUHT QYyHKUEACH, @ (f) — (paKaT BaKTHHAT GyRKUUACH. (4.18)

wn (4.13) ra iy, 2000 =2 Ay () @ ()

[

—V ¥ (ry @ (f) Tenrnamara kesmamu3. XOCHJ GYJraH Tesr/amas
HHHT HKKH ToMOHMHH § (r) @ (f) ra Gyacak,

Bl A2
Rl%_ P pAg—y
i ® ot 2mvy

TeHr/iaMara KejaMu3. Dy TeHTJIAMaHWHI yall KHCMH (akar
BAKTra, yHT KHCMH 3ca (aKaT KopJuHaTara GOFIIHK. HeMax,
TEHrJIAMAHHHT Yal TOMOHHM (akar BakTra GOFJIMK (QYHKIHsTa
KM y3rapmac KaTTaiuKKa TeHT GyJuiid MyMkuH. Tenriama-
HHHT YHT TOMOHH 3Ca aKCHHYa (paKaT KOOPAMHATAHUHT (pyHK-
nusicy 8Ku yarapMac 6yna onaju. JIeKuH HKKana TOMOH GHp-
Gupura TeHr GyuarasHu yuyH, OupJaH-OHD HMKOHHAT, HKKana
TOMOHHH y3rapmacra TeHr 6yaumuaup. By ysrapMacHu 4.9)

TEHTIMKHAHAT HKKH ToMOHHHH ¥ ra G)/IHG aHWK/IaiMu3:]

Fe_Bl0¥_ 8% de_  R1J0® g
- i ¥ ot i Yo o b o

[lyupgalt guus, Kyfujard TeHriaMara Keslamus:

B A+ E=V) () =0 (4.20)

(4.19) TenriamaHu KyAHJarH KypUHHUIAA &3ub,

euHMBHH OCOH aHMKJAWMH3:
-t

- —— Et

p=e¢ " . (4.21)

(4.20) TenrsamMa 3appaHHHI CTalHOHAP XOJaMIapHHH TaBCcH}-
nopuy IIIpeuHTepPHUHT CTAl{HOHAp TEHIJIaMacH €KH KHCKaya
cmayuonap xoaam ysyr Llpedunzep menaaamacu el aranajd.

AToM coxacHaard GHpop Macanara Taaanykax Ipenun-
Tep TEHJIAMACHHH eYHil GHJaH GH3 MasKyp JKapa€HHH TaB-
cubnoBuH TYAKUH QYHKIUHACHHH aHHKJAaAmus. (4.10) renraa-
MaHHHT €49HMH — TY/JKHH (YHKUHA MaccacH m ra TeHT Ba
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TeHrJiaMaH# XOCHJ Kuaamus. Busra my auddepenunal TeHr-
Jama GepujraH 6yau®, YHHHT €IMMHHHM aHHKJall Tanaé K-
JMHCHH. 3appaHHHT TYFPU UH3HK/IH Xapakar XOaH yuyH
TynKuE QyHKIHA (2.23) opKann Gepusinb, 6y eynuM 3appaHHHT
XaMMa KoOpAHHAaTazap 6yiinya — o JaH oo raia COXa-
JarH XapakaTHHH TaCBHpJalIH.

Copfanvk yuyH (4.14) tenrjamand KOOpAuHata yrJyapura
npoekiysiap KypHHHIIALA €36 xocus OyJarag yura TeHrJa-
MajiaH M6OpaT CHCTEMAHHHT X YKHIa TYFpH Kejajura GUpHH-
yncugan qoiiiananamMus (KoJAraH TeHrJamalaap yuyH xaM
KyHHKard MyJoxasanap TyFpH 6ynann).

R 0y
Px P W, (4.15)
Arap sappa X yKu 6yfinad xapakaTaanca, YHUHI TEHIJAMacCH
(4.15) opkamu Gepunaiu. TenraManuur eHnMH 5¢a
X
¥ = Ae (4.16)
opkaJau HgojalaHalH. Illysnaéi Keau6, sappa ¥ yku HyHa-
JMMHEJA —oo JaH —~-co coxajia XapakaT/aHca, YHHHT Xxapa-
kar Tenrnamach (4.15) uur eunmu (4.16) KypHHMIIMZA 6y-
Janu. :

Arap 3appa y3yHJHIH [ ra Temr opbuta afijanacuja xa-
pakar KuJaaérran Gynca, y Xoaaa x €1 KOOpAHHATACH XH3Ma-
THHM YTalijH, S’bHM 3apPaHHHT GolLMIaHFHY YpHHra TYFpH
KeJyBuM aijiaHajard HyKTajaH Gowsab afinana €in Gyhiaab
yarapaju. X y3rapyBUMHHHT Ka6ya KUJIHIIH MYMKHH OyJraH
kuiiMariapu 0 Ounas [ = 9nr (r — afiaHa pajuMyCH) OpaJH-
FHAry coxaja Oynaid. X HHHT KuiiMaTd [ ra ysraprasaad
sappa opOuTaja OouliaHFMd HYKTara Kelajd. 3appaHHHT
GynjaH KeHMHTH Xapakariia yHHHT KOODIMHATAaCH X JaBPHH
papuia sua 0 nax Gomiab 277 raua ysrapagd. 3appa xapa-
KaT XOJATUHH TacBHPJIOBUH YHUHT (4.16) mncH-QYHKIUSCH
TPAEKTOPUACHHUHT Xap KaHiail HykTacuja OMp KuHHMaTJH
GyuuM yu4yH KOOpJMHATA X HHHT | '= 2nr ra opTHIIMAA TYJ-
KUH (QYHKIHS Y3rapMaciuryd Kepax. X HHHL | = 2nr ra op-
tumgaa (4.16) pyHruns exp (ipxl|h) Ta Tenr Gynanu. @yHKURA-
HuHr Gy KuiiMatiH x = O KHHMATHIA TEHT 6yaNIIH Kepak.
JleMak,
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TeHIvIamMara KeJamua. (4.10) TeHIyiaMa MEKpO3appaHUHT BaKT —
thasofiary X0M4THHH TaBcH(/10BUH [llpeAUHTrepHUHT BAKTra GOF-
JUK, TeHTJlaMacH el atananu. Kyilinpgaru

e 02 02 5
Vz‘lf'_ax2 Lo Gy_2 ! EZ—Z‘L (4.11)

ndonaa

2 2 2

AT i (4.12)
dx2 dy? dz2

V=

—
opkanu Jlamaac onepatopd A = y? Ba yHHHT JleKapT Koop-
JuHaTa’lapuAard udogacu 6epunrad. bByHpxan OyEéH GH3 TeHT-
JaMaja Jlamsac omepaTOpHHHM y4YpaTraHHMH3Ja YHAaH VHIAA
Typrasd xap Kasgad udojajaH xamMma KoopAdMHaTanap GyHuya
HKKHHYH TapTHOJH XycycuH xocuia GaxapUIHUl Kepakid-
THHM TYIIYHAMHS. (4.10) Tenrnamana 6us my Jlanmac onepa-

TOPHHUHT y? KypuHMIIZard GeNTHCHHH MUUIaTIWK. Kymuu-
—_—

JUK afabuérnapia Jlamaac onepaTOpPHHHHT y? KypUHHIILATH
CHMBOJIM VPHHUra fiHAja KHCKauapoK A CHMBOJI MIIJIATHJIraH.
bus xawm Jlannac onepatopuHuHr 1y KyJaid A cuMBoJsmaan
tofigananamus. Y xonpa (4.10) Illpepgunrep Tenrsiamacu
Kyfugard Ky puUHHIIA Hq)OlIaJIaHaIlH'

F.2 ]

- AV —yy =T at‘F. (4.13)
i

IOkopuaarn TeHrnamanapia h = h/2n — [lnauk  pgoUMHE-

CHHUHT 2 ra Oyaunramy, [= 71/—]— MaBXyM coH, V =

= V(x, ¥, 2, ) 3appaHusr NOTEHLHAJ SHEPTHIACH, /1 — YHHHT
MaccacH.

Bu3s roxopuaa 6aéH 3TraHUMH3LEK, 3appa TYIKUH QYHKIHUA-
cM yuyH KYHHAraH 4ekyau GHp KHUMAaTIHIMK TalaGn BopHHHT
TYpPEYH opOHTajap xakKugard nocrysnatura adHad. Xosup Ous
OyHH HCOOTJAIMMH3 MYMKHH. (2.23) TysaKNH QyHKUHSIIAH
paguyc BekTop Oyhnua OHpPUHUU TapTPl6JII/I XOCHJIA OJIAMH3:

a‘l’—v‘l’ p‘F
ar

Xocun 6yaran Mdonany MKKH TOMOHMHHM A|i ra xynadTupuo,
-
p¥ yuyn

—_— n—

—y ¥ (4.14)
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Tupxuiuzan yTran 3/1eKTPOH HMIYJBCH YUYH X VKH fyHa-
JIHIIHAArH XOCHT GY/IraH HOAHMKJIMKHH Gaxonaiiuk. Kewr-
JHTH Ax Ta TeHT THPKMILAAH YTran GHPOpP 3JEKTPOHHH Ky3a-
Taluk. By anekTponnn @ (OTOMIACTHHKAHHHT Kaficn Gup
HYKTaCMra KeiHO TYWMIIMHH OJJMHAaH aHTu6 OysMaiau.
AMMO oTONNACTHHKAHMHT Xap GHp HyKTacHra 3JIEKTPOHHHHT
KeJHG TYWIKII SXTHMOJJIMIHHH DacMia KeJATHDPHATAH JH(PaK-
IIHOH MaH3apa acocuja aHukJaca 6yJamy. DIeKTPOHJIApHHUHT
KYIYUIHTH GOl MaKCHMYMHMHT MapKasuil COXAacHra TYIIaLd.
By coxaHMHT KeHNJIMIH MapKasull MaKCHMYM KeHIVIUTHra
TeHT Je6 Kapajaiu. MaKCHMyM KeHTJIMTH 3Ca HHTEHCHBJIHK
GasauJTUTHHHHT SIDUM CaTXHAAH EKH 6ol MaKCHUMyM YyK-
KHCHJaH OHDMHYM MHHMMyMraua Macodajan aHHKJIaHAJH.
Bupunyn MuaEMyM ¢ Gypuakaa oHJamICHH.

THpKHIUZaH JTran s/1eKTPOH XapaKaTHHH TaBCH(VIOBUH
TYJIKMHHUHT TapKaJluul yJidaMH cHatha 6ol MaKCHMyMJaH
OHpUHYM MHHHMyMrada Gyuran Gypyak OpajMFHHH OJaMH3.
Arap THpKHII KeHMMIMrH Ax ra, TYJKUH Y3YHJAHK A ra TeHr
GyJica, THPKHIAAH XOCH/I GYJran ANGPaKIHOH MaHsapa y4yH
GHPHHYH MHHHMYyMIa TYEPH Kearad Gypyak

Axsin g = A (4.22)

IIaPTHH KAHOATIAHTHPalH. DU3HHHT TakpuGaMu3ia 3JeKTpPoH
HMITY/IbCHIAry HOAHHKJIHK HMIYJIbCHHHHT p, TALIKHJ 3TYB-
UHCHHUNT HOAHHKJIUIH Ou/aH XapakTepsaHagu. PacMra xjpa
Ap, xy#iugarn udona 6uaan apukIaHaH:

Ap, = pysind. (4.23)
(4-22) Ba (4.23) ndonanapaan
A
Ap, = p, ™

kenu6 unkaau. Mmnysabe Guian TYAKHH Y3YHJIMK ypTacHiard
(2.2) mynocabaTHu xucobra oJcax,

AxsAp, = 2nh (4.29)

MyHOCA0arra KenaMu3. DJEKTPOH TapKalHUIAa THPKHIILAH
X0oCuJ Gy/1anuran AuGPAKUMSACH YUYH KEITHPHG YHKAPHJTaH
(4.24) myHnocaGaT MHKpOAYHE COXaCHAA YMYMHIJIHK Xapakrep-
ra sra Ba l'edsenbeperune HOaHUKAUK myHocabamu 1e6 aTanay.
By MyHocaGatra Kypa »/MeKTpOH KOODIMHATACHHH KaHua
AHHKDPOK aHHMKJIAMOKYM 6y/ncaK (THPKUILIHHHT KEHIVIMTHHH KH-



[image: image379.png]18- §. Illpeaunrep TEHTNAMacH 97

Y xonpa napaxaparu udona i p,l [h = 2xir, sbHHU

h h
px=pxn=n7 =2'n;‘- (4-17)

Xocun GyJaran MyHocabartra Kypa, arap 3appa afiaHa 6yina6
XapaxkatyaHca, (4.15) TenrjamMa HMIYJbCHHHT 6ab3u JUCKpeET
KufiMaTyiapujariHa edyuMra sra 6ysap skadH. KMmysancHHHT
IuCKper KuitMaTiapH 5ca (4.17) TeHriamajaH aHHKJaHaJH.
V3 nas6atuaa (4.17) DOpHHHr KBaHT/ALl UIAPTUHUHT V3CH-
Hacuaup.

Myunnaét kuau6, 6u3 Bop nocTynaTuHH §3 MyHMra oJrax
Ba TYJKHH XoccacHra sra GyJraH MHKpO3appa XapakaTHHH
taceupsaoBun (4.10) tenrnamara xenpuk. HlpexuurepHunr Gy
TEHI'JIaMaCHHH XOCHJ KHJMmja OGU3 3PKHH Xapakar KuJaér-
rai 3appaHuHr TYJKHH QyHKUMACHIaH Qoipananiuk. [loTen-
nuan sHeprus V = 0 jmoummit 6ysiranjard spKHH 3appaHHHT
IIpenuurep TeHrjaMaCHHH BaKT — (a3oja HXTHEpUH Yara-
pysun V = V(x, y, 2z, t) Mafifonaaru sappa xapakaTd TeHIJa-
Macura yMyMJIITHPHII TYFPH OYJIMIIIMIUHN HcGOT/IAIAMHAS
kepak, ajbarra. Byuunr yuyn Ilpeausrep TeHnrsamMacHEH
TyFpH 1e6 ¢apas Kuaub, YHH Xap XuJ (pU3nKaBHH MacasiajlapHH .-
eyHulira KyJuafMH3 Ba HasapHH HaTHKATapHU SKCIEPHMEHT
HaTHXatapu Ounan Takkociaab KypaMus. Arap Takkocsam
mKoOul HaTH:Ka Gepca, Ulpenuurep Tenrnamacd Kaupaft #yn
GuaH Keaub YHMKMacHH TYFpH Ae6 Kalysa KuauHamd. Domr-
Kaua Kuau6 afitravza, llpeaunrep Tenrsamacusu ¢akar
KJIaCCHK TyLIYHYAJap acocHia KeJATHpHMO uuxapHO Gysamaimu.

bus KeliMHUaNInK KypaMuskd, xakukaria llIpenunrep Tewr-
JlaMacH €UHMMHHMHI HaTHKajlapH SKCIEePHMEHTra XyJa TYFpPH
Kenamu. Jlemaxk, (4.10) TeHryiaMa xapakaTHHHI HOPEJSITHBH-
CTHK COXacHJa 3HT TYFPH TeHIJIaMaJup. YHHHF OHp KHHAMAaTIH
YeKJ/IH €UHMJIapH HOPEJSITHBHCTHK coxafia ¢pusHka xoaucaapu-
BU TYFPH aKC 3TTUPaIH.

Kyn macananap yuyn Illpenunrep TeHrsiaMacHHH COAfia-
JIAITHPHII MyMKHH. Arap norteHuuas 3Heprus ¢axat Koophu-
HaT/IapHUHT QyHKuuAcuruHa Oysca, sipHu V = V(x, y, 2),
y xonna (4.10) TeHrmamaza ysrapyBUHJIaDHH axpaTaMH3,
TYJKHH (YHKUHSIHH 3ca

¥=(,0)=0()9) (4.18)
7 — 2180
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V norennman mafiloH TabcHpuAard xap Kaszail 3appaHuHT
KBaHTOMEeXaHHK TaBCH(HHH Oepaau. By oyskuus dasonunr
3appa XKOWIAWMII 3XTUMOJMH KaTTa GyJraH HyKTacuia ysu-
HUHT SHT KaTTa KMHMartdra spHmaid Ba ()asoHMHT GOIMKa
HYKTanapuja akCHHYa, HOJra AKuH Gynamu.

19- §. MuKponyHEHHHr HOAHMKJHMK NPUHUMOH

Bu3 317 6H/1aMH3KH, MHKPOOGBEKT XaKHAATH MacaJgaJnapaa
KJIaCCHK TacaBBYPHUMHM3HH Kyanab Oyamainan. HyHonuw, xa-
PaKaTaHa€TraH MHKpo3appajapra aHWMK GHPOP TPaeKTOpHs
Geqrunaul, S'bHM BaKTHHHT Xap OGP KYIUHH MOMEHTAAPHAA
3apPaHMHI KOODAHHATAJaDUHH aHHKJAl MyMKHH 3Mac. KBaur
Ha3apUsACH 3apPaHHHT YpHH XaKuia (akar sXTHMOMHE Mab-
JyMOTrHHa Gepaju. Bop Momenupa Kupuruaran opGHTa SIHTH
HasapHusajla MHKOD KHiMHanu. KBaHT HasapuscH acocHpa €T1-
ran Gy HOAHWKJIWK 3aPYPHATMH, JeTaH CaBOJ Tyruaanu. Arap
HOAHHKJIHK fIHTM Ha3apHsjla 3apypaH maijao 6yJica, 6y KBaHT
HA3apUAHHHT HYKCOHHMH €k adsannurumu? Kpant masapusi-
CHHHHT HOAHHKJHK XOCCaCH MHMKDONYHEHHHI a)pajMac Xoc-
CacH SKaHJIHTHHH KypcataMH3. BYyHMHT yuyH 3/eKTPOH Koop-
JHHATACHHH HMKOHH 6GOpuuYa TYFPH aHHKJall HHMara OoJuG
KEeJHIUHHH Kypahiuk.

OKpaH TUPKHUWIMAAH yTaéTran SJMEeKTPOHJapHHHT O ¢oto-
NJaCTHHKara TYMHIIUAA XOCHA O6yiraH AM(pPaKUMOH MaH3a-
panu Kysartaiuk. 23-pacMpia KypCAaTHITAHHUJEK, 3JEKTPOH-

>

Jap 3KpaHraya GyaraH coxaga p, HMIYJIbCra sra GJICHH.
IKpan x KU AyHATHIIMAA KOAJAMWran Ba 3JIEKTPOHJIap yHTa
NEepNeHAHKYIAP y YKu 6§Hna6 IKpaHra Keu6 TyWwany, AeHIuk.
Y xoaga S/MEKTPOHJIap MMNYJbCH IKpaHraua GyuaraH coxana

aHHK MabBAYM (py pr =0, p,=p,). By xun anektponap
613 OM/IaMH3KH Je-BpOHIHHHT siccH TYIKHHK GHiaH TaBCHG-

JaHafH. TYJKHH COHM 3/IEKTPOH HMIYJbCH GHJaH MabJIyM
MyHOcabaT opKaJd GOrjIaHraH:

-

ky = p,/h.

fcen tyague 6yTyH aso Gyinab TakcumuaaHraw, HIYHHHT
Y4yH Xap OGHD 37eKTPOH XaM (a3o Gyiinua «EHUMHG» KeTrau
Oymamu. 12-§ na kypraHMMusieK, THPKHIIAH yTram snek-
TPOHJIAp fICCH TYJKHH OHJIaH TapcH(VIAHMaiaH, Yyapra 3Hau

7«
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HYKTara KoOpiuHata GOLIMHM Kyuupaiiuk. Arap JIEKTPOH
KOOp IMHATACHHH §J14all 8 aHHKJIUK GUlaH YTKasuaran 6y.ca,
YHUHT TNCH-QYHKUHACH X YKM 6§ilal TaxMugan —=o JaH
+0 coxana Hosnan dapxn Gynagu. —8 Ba 46 coxaza Hon-
ZaH (apkIH OCH-GYHKIHA KOOPIHHATAHHHT yavam ycyau
Ouian Karbuil 60FIMK GY.aran XO0JIla YMyMaH Xap XHJ KypHu-
HHWra sra. OCOHJMK y4yH 6u3 NcH-QyHKUMAHM — & Ba 46
coxaja 24-pacMia GepHiiran KyPHHHLIIA OJaMH3. S1eKTpoH-
HHUHT KOODIMHATACHHH J/I4allra TaaMTyKad 23-pacMiard Tax-
puba HATHXKACHIA 5/EKTPOHHHHT TYJIKHH QYHKUHSCH Uy XU/
KypHHuIUTra 5ra 6yaanu.

DJIeKTPOHHH GepH/raH coxaga KAy KHIHI 3XTUMOJIH
P nen-dynkuus opkamu

P©)=[¢(v)Pdx

KYPUHULIIA aHMK/Ianand. KOOPIMHATAHHAT — oo JaH oo
rada UXTHEPMH COXaja S3JeKTPOHHH Kaiig KHJIMIL X THMOJIH
3ca

wﬂ% |4 (x) Pdx
—C0
Hpoa OpKaNH aHHKJIAHAMH. By sxtumomnnk Gupra renr,

UYHKH SJCKTPOHHH —oo JaH --co Taya coxaja Kalg KuiHe
HHIIH MyKappap XOJAMp, S'bHHU

wifis_ﬁxn_. (4.26)

Ymymuit xonna, xap kasnait TYJIKUA QYHKUHSA 3X THMOIIHK-
HUHT aMILINTYRacH Gyurauauru yuys (4.26) mapTra yxmar
IOKOpH/Ia Kail] KuanHran (4.3)

& [V (% g, 2) Pdxdydz = 1 (4.27)

LUaPTHH KAaHOATJAHTHDHIIM Kepak. (4.3) &xu (4.27) mapraap-
HU 0ab3aH NCH-QYHKUUAHE HOpMaJail ImapTd xaM je6 afita-

mu3. Maskyp Xon yuyn ésusiran (4.26) unTerpanHH ocon Ga-
JKAPHIUMMH3 MYMKHH:

o 3-8 +3
%_iu:.&n% _ix:&an?w&ﬂ 2028 =1,
-—00 -3 5
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23- pacM. D/eKTPOHJADHHHY THPKHUIAH YTamary RHbpaKuuscy.

TapkaayBud (y30KJallyByH) TYJKHH MocC Kenaxd. Tapka-
JYBYH TYJKHWH MHTEHCHBJIMIH HYHAIHIUHHUHT Mypakkab ¢pyHK-
nusicu G6ynagu. Pacmpad KYpHHHO TYyPHOAMKM, TYJIKHHHUHT
THPKHIIJAH KefiMHTH coxaja TapKaIUWK Xap XHT HyHanum-

Jiapza conup 6yau6 aHHK TYJAKHH COHH kg ra sra amac. lllyrunr
-—

YUyH THPKHIUJAAH §TraH 3JeKTPOHJIAPHHHT HMIYJbCH p, Ta
TEHT' 5Mac. DJIEKTPOHJAPHHHT THPKHIIAAH YTHIIHAA HMITYJIbC-
HUHT 3KpaHrauya coxaja HoJIra TeHI p, NPOCKLUHSICH 3HT Karta
KufiMarra 3"13rapa;m._»BH3 JKpaHraga coxaja 3JeKTPOHHHHT

HMIYJIbCHHH aHHK p, Ta TEHIJIUTHHH Macanlad, p, = 0,
py =P, Ounappuk. Jlekud ymly 3JeKTpoHAap KOOpAUHA-
TacHHH OyTyHJall OHAMac 30UK. DJICKTPOHHHUHT THPKHILLAH
yTHmHga 5ca O3 YHMHT KOODAHHATACHMHM 3HAM aHMKJaH
OJIaMH3, MacajiaH, X KOODJIMHAaTaCHHH THPKHII KEHIJIHTH
Ax aHukapg Ounad, Y KOOPAMHATACHHH 3Ca THPKHIIHHHT
Y YKUAarH XOAH Gu/IaH aHHWKJaiMH3. AMMO 3HJIH 3JEKTPOH-
HHHT MMIOYJbCH XaKHAa Xe4 Hapca OuiMaiiMu3. Jlemak, sJiek-
TPOHHHMHT KOOPJHHATACHHH AHHKJAII KapaéHuaa 6u3 YHHHT
HMITyJIbCH XaKHJATH aHHK MabJyMOTIAH alpUJIIMK.
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YUKJIATAPUG), DJIEKTPOH HMIYJIbCHHHUHT WY KOOPJAHHATA
yKUIarn NMPOEKUHUsICH IIyHYa HOAHHKJIAIIaH.

3appaHMHT KOOpJAMHATaCHHH Ba HMIYJbCHHH OHD BakTia
aHMKJIall HyJufa BYXKYAra KeJraH KOOPAMHATA — HMITyJbC
HOBHHKJIHMTH 3JEKTPOHHHHT TYJKUH (QYHKUHMSACH, SBHH V3H
xaKHKaTaH xaMm Ap Ba Ax coxana éfuiraniury cababiu rosara
KeJlajH.

Koopsunata Gyiiuua HOAHMKJHMK IOKOPHIArH TaxpHOGaxa
THPKHII KeHIJIMIM GuiaH Xapaxtepsianagu. Mmnyisc Gyiinua
HOaHMKJAHKHH (aKaT Au(paKIMOR MaH3apa acoCHAaruHa sMac,
GanKu TYFPHUEAH-TYFPH yJYall XaM MyMKHH. DYHHHT yuyH
GoTONNIaCTUHKA yPHHra 3JeKTPOH HMIYJbCHHH YaYadauras
ac606 ypHaTHLl KHOS.

(4.24) myHnocabGaT yMyMHil X0JJa HMOYJLCHHHT XaMMa
TAIUKHJ ITYBYHJIADH YUYH YPHHIH:

Ax-Apx ~ Qﬂh,
Ay-Apy == 2neh, (4.25)
Az« Apy o~ 2mh.

Tefizen6epr HOaHMK/IMK MyHOCa0aTH 3appa KOODAHHATACH
Ba MMIYJIbCHHH yHra MoC Gy/MaraH TalIKH/I 3TyBuuaap Gu-
JIaH, MacanaH, X KOODJMHATaHH Ba p,, p; HU OHp BAaKTAArd
yAyall aHMKJMTHMra xed Kawjaf derapa KyiMainu. Ymyman,
6Hp BaKT/a aHHUK VJyall MyMKUH 6yJran GH3HKaBHi KaTTa/luK-
Jap TymJamMura CHCTeMaHH XapakTepJ/OoBUH mijaa myniam
nedunany.

[lynnak Kuaub, MUKPOAYHE XOAMCANAPHHH TaCBHPJIOBYH
KBaHT HAa3apHsCHia MHUKPOOOBEKT/IAp XapakarH, dbasonaru
{DHH, HMIYJIBCH XaKHAArd KJacCHK TacaBBypAaH OyTyH/ai

BO3 Keumll Kepak 3KaH. By xoa 1927 iiunna Beprep Teiisen-
Gepr TOMOHMJAH OUMIraH Ba KBAHT MEXaHHKACHHHMHI acocHi

TNPUHIUIIAPHAAH XUCOGTIaHTan
MHUKPOLYHEHHHI  HOAHHKJHK
OpUHOMIUAA V3  MasMYHHUHH
tonrai. HoaHHMKJIHK NDpUHIH-
NV HHHT MaTeMaTHK Ma3MYHUHH
KypalJuK.

DNeKTPOHHHHT  KOOpJAHHAE-
TacuHH OHpoOp Taxkpuba Hyam
6unaH apMKJIanl MyMKHH OYJ-
24- pacm, Tyaxud (QYHKuHS. CHH., OJJeKTpOH KOHJallraH
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®ypbe uuTerpanu Hasapuscura kypa (4.30) udponapam
MMIYJIbC TAKCHMOTH (yHKUMsicH f(k) HU aHMKJAal ONaMu3:

ﬂgfuiw %e@riaﬁ. (4.32)

—00

(4.29) uu xucobra oncak, (4.32) 1a uaTerpanallHA Gaxapu-

HIMMH3 MYMKHH:
3

I_..|_l L?I_ I.Pl;ml.iuu
MO =yevs ) © de= e (— )¢ )

1 1 .
_— — sin k8.
<?»z
JleMaK, 3JeKTpOH HMNyJnCHHHHT Ak Ba A (R -- dk) opammugna
6ysmiu 3xTEMOMH, AbHH (4.31) nbona yuyH
2 qp _ 1 sin?k8 4o
| f (k) |2dk i d (4.33)
HHE Xocui Kunamus. Arap (4.33) dyukuus rpaQurund 4uscax,
9J1EKTPOH MMIYJILCHHHHT TAKCHMOTH Y4yH OMIHil AH(paKIHOH
Mansapara Xoc 25-pacmpiari TacBHMpra Kenamus. HMirapuuex,
TAKCHMOT <KEHIJIATH» YYYH MaKCHMyM UJKKHCHIAH KYIIHH
MHHEMyMraya Macobanu Kalys KW/IaMH3, sbHH Ak s/,
Iemax, (2.19) ra 6uHoan

>uun>»nwm

?:51

Sy
!

3 - v/
I i)

25- pacM. Mmnyasc TakcuMotH rpadurh.
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MexaHHKaBHil cucreMa x yku 6yAaab x, Hyktama N, 3appa-
haH, x, HyKTaga N, 3appajiad Ba X. K. X, HyKraga N, sappa-
Jan uOopaT KYpHHHIIAA TaKCHMJaHTaH 6yica, MeXaHHKaBHM
CHCTEMaHHHT OFHPJHK MapKasH, €kd Kyn muguopiaru (N Ta)

sappaJlapHHHT X YKMra Huc6aTaH ypraua VpHH (X) Kyitupard

N1+Nz+---+Nn ZNl

dopMyJia opKanu aHMKIaHanH.

bus kypaérran Macanaga sappa 6urra. By xo0/1a X; HyK-
Tajlard 3appanap coH¥ N; HM Xx; aTpoduiard dx opanukia
3appaHUHT KakJl KHIHHHUII SXTHMOJIH &; GMJIaH ajMalliTHPHILH-
MH3 Kepak:

Py =19 P dx, b= 9 (xp 1) (4.36)

Masxyp anmamrupuinay (4.35) na Gaxapu6 Ba HMFMHIMAAH
HHTErpajira yTcax, siKKa 3appaHHHr X YKUra HHcGaTaH JpHH-
HMHT ypTa KHAMATHHH aHUKXall y4yH KyHujaaru ¢opmyaara
KeJlaMH3:

:{'=§x|q)|2dx j[q)lzdx. (4.36)

(4.36) ndonara 6uHOAH X Ta TYFPH KeJraH <HYKTa» | Y |2 HHHD
macca Mapkasuna 6y/aand, SbHH X [P HAHT X YKH GHuan
XOCHJI KH/ITaH 103aCHHUHI MYBO3aHAT MapKasuuup. Arap Ty-
KMH (QYHKUHA Y HopManaurad 6yica, (4.36) udonanunr max-
paXH x = — oo JlaH X = oo raya COXaHMHI GHPOP HYKTacHAa
3appagHHT MaBXYMJIHK 3XTHMOJINra, s’bHHM GHpra Ttenr. [le-
MaK,

X =

x| ¢ Pdx. (4.37)

g8

By ndona omatna y3ura Teur Kyunau Gyaran Kyhuzariu:

.?=j‘<{a*xq)dx (4.38)
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xocua 6Ynagu. Maskyp Taxpubana KoopamHata 8 aHHMKJHK
6unan anukAauran sau. UlyHuar yuyw x 6yimua Takcumord

YuyH
Ax =28

6ynapu. By udonanan § = Ax/2 nu 10KOopHAar# udoaara Ky-
in6 sHa HOaHUKJHK MYHocabaTHra KeJjlaMus,

KBanT MexaHMKaCHHMHT HOAHHMKJHK INPHHIUNHK, YMyMaH,
MabJyM y3rapyBuH (H3HKABHH KaTTaJUKAap XYGDTHHH OHp
BAaKTJAa y/yalll MacajlacHra Taa/nIyKJau. MHKpo3appaHuHr,
MacaJlaH, 3JeKTPOHHHHI HMIYJIbCHHU Ba KOOPAHHATACHHH GHP
BaKTAa Ysdam OHJaH GOFJIMK HOAHHKJIMKHH IOKODHIA Kyp-
Juk. Xyaau WY HOAHMKJMK TNPHHOMON TABCHPHra TYIITaH
¢u3HKaBUH KaTTAJIUK/IaPHUHT MKKHHYH XyQTH 3appa sHeprus-
CH Ba SHEPTHSHH yJ4alll yYyH KeTraH BaKTIAUD:

AE« At ~ 2nh. (4.34)

(4.34) mMyHocabaT 3appa sHepruscuHn AE aHUKJIHMKAQ Yyal
yuyH Kampjaa A {~h/AE Bakr yTumuHd Kypcaraau. Bom-
Kaua a#Trasja, arap cHcTeMa yJjvaml kapaéHupa Af Bakr
JaBoMHJa GHPOpP XoJaTAa MaBKyx 6yJica, yHUHT 6y XoJaTiar
sHeprusAcH h/Af man kam 6yimMaraH HOQHHKAUK GuJaH Viiyan-
rad. (4.34) mysocabarra 6MHOaH, arap y/vaml YY4yH KeTrax
BaKT Af KuuHK GyJica, cUCTeMa HEPTHSICHHH YJ/Idalifard HOoa-
HHUKJIHK KaTTa GyJjaiu.

KBanT MeXaHKKaCHHUHI HOAQHHKJHK NPHHIMINTA (PH3HKa-
BHH MabHO Oepull Makcazuaa 1928 #inmnpa H. Bop mijadupye-
quauk npunyunudy Takand stau. By npunnumnra xypa Gup-
OUpHHHU TYJAMDYBYH KaToP KJIACCHK KaTTaJHKJap y3apo Gup-
6Gup/iapuHU paj KWJIaAu Ba yJapHUHI aToMyap COXacCHAaru
XOpucanapuu taBcudnamu 6up-GUpUEHE TYyaaupMaiiny. Dxcie-
PMMeHT HYKTaH HasapliaH KaTop :Ky(QT (U3HKABHH KaTTaTHK~
JapHHU VJHampard aHMKJIWK HOAHMKJIHK NPHHIMIH UIapTHAAH
I0KOpH OyaMaiiu. By X0/l TakpuOaHUHT MyKaMMAaJUIHTHra
6GoraMK, GV/iMachaH, OGajJKH MHKDOAYHEra XoC XYyCYCHSITRHP.

Iefisenbepr HOaHUKJMIHTA OHHOAH, 3HAM OH3 (HAa3OHHHT
6upop HyKTacHAa 3appaHH MaBxyJ OVJIMINH XaKuaard ¢HKp-
laH KaHTHIUMMH3 JO3HM. AKCHHYA, 3HIM 3apPaHU Y3UHUHT
Je-Bpo#lab TYNKHHM srajayarad (aso KUCMHHHHT XaMMacH[a
Cup BaKTAa MaBXYA Aeb KapauumMus Kepaxk.

CnexTpas €HHLI NPHHUMINTAa GHHOAH 3apPaHUHT TYJIKHH
¢dynkuuscunn (4.30) kypunula Oup KaHya 3j€MeHTap TyJa-
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KypuHHIAa é3unagy. (4.38) na v*— ¢ ra HucGaTaH KOMIVIEKC
Kymma ¢QYHKUHUSA.

Ypraua KHAMaTHH XHCOGMAIIHUAT 6y YCYJIMAAH 3APPAHUHT
HMIYJIBCH B4 YHHHT SHEPrHsiCH KabH IMHAMHK KaTTaJlHKJIapHH
auukJamAaa TYFPpHAAH-TYFPH

Px= j V¥ py, bdx (4.39)

E= j o* E b dx. (4.40)

-—00

(4.38) xypunnwaa cofinananné 6yimaigu. Uyaka 1§ (x,)
OWJIaH MHTErpa/JaliKK Gaxapuui yuyH p Ba E JapHu xam
X Ba ¢t HUHT QYHKUHMSICH KYpHHHIIJAA HOONANAlIHMH3 Kepak.
3appaHHHT HMIYJIbCHHH Ba SHEPTHSCHHU X Ba { HHHT (ByHK-
uuscd p(x, t) pa E(x, f) KypUHHIIHAA €3MIIMMU3 YuyH X Ba
! aHuKJ/aHTaH 6yaMIIM KepaK. X Ba ! aHUKJ/aHTaH 3aXOTHEK,
HOQHUKJMK NpPUHUMNHra OuHOaH p Ba E HU TYrpH anukai
onMaimus. lynaait xuin6, toxopuaaru gopmyJanapra p Ba E
HHUHT aHWK KUAMat/japuHy KyPMOKuYM OyJCcak YJapHHHT x Ba
t napamerpnapu Hoauuk. IlyHusr yuyH, ojatrna, p sa E HH
AHUKJIALD SPKAH 3appasuHr Je-Bpoillb  TyJKHH GyHKUHACH
—L(Et—px
b (x, 1) =Ae B )
HU x Ba ¢ Gyiinua jaubdepesunainam uyam 6Gujad aMaJara
omupunaiu. Judpepennnanism HaTHRKACUAA

Ed(et)=—= 24 (1) (4.9)

Pet(nt) =220 (x1) (4.15")

HpolanapHH XoCHJ Kuiaamus., (4.9') xampa (4.15°) nan Ba
yJapHaHr acau (4.9) xamua (4.15) cdopmyaamapran p, Ba E
AHHAMHK KaTTaJgukJapra (—ih)o/ox Ba (ih) 0/0f kaGu onepa-
TOpJap MOC KYMHJMIUM KypUHHO TYpPHOLH, ABHH

A )
px = —lha}-’ (4.41)

A ., 0
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[lyun galtd KHIMI JO3HMKH, ONepatop Ypra KHAMaTHHH XH-
cobaalupa, anbarta, (4.39) Ba (4.40) KypHHHIIJA €3M1U LIAPT.
Uynky, akc X0J1a

[e<]

€K1
S'p*q)pdx=th b* & —dx
ox

KaGH HOTYEpH éKH MabHOCH3 HaTHKara Kesamus. Arap omepa-
Top 6upop (yHKLMsra KynalTmpumi amamupad uGopaT Gica,
(Macasia, x éku V (x) ka€u), ONEPATOPHUHI YPHH aXaMHATTa
ara 3Mac. VIMOYJBCHHHT YyuTa TPOEKUMACH Ba MMIYJLC Bek-
TopH omepatop (4.41) ra moc paBuuIAa

.y 0
Py = — iR P (4.41)
.y O
py = ‘_lh b;'/) (4-47)
.y O
P, = —Iih = (4.48)
N
p=—ihy (4.49)

KypUHHUIIAA E3UJIANH.

Jlemak, KBaHT MeXaHHKaCHJa MHKPOOOBEKTHH Xapakrep-
JIOBYH Xap OUp Ky3aTHJAyBUM (PH3HKABHH KaTTajJMKKa Mare-
MaTHK omnepaTtop Moc Kyiunanu. ®usnkaBuil KaTTaIHKJIAPHUHT
COH KuiiMaT/iapu ypracuparu GOFJaHHLIHK GepYBUH KJAaCCHK
¢dusuka GHopMyJanapH KBaHT MeXaHuKacuja Iy KaTTalukjaap
onepaTopsiapd ypTacuiard GOrJaHHII cHpATHAA Kapalajy.

21- §. Xycycuii kuitvar Ba Xycychid ¢yHkuus

KpaHT MexaHMKacula 3HePrHSHHMHT CaKJaHHUI KOHYHHra
6uHOaH, arap cucreMa OUpOp KBaHT xoJaria SHEPTHIHUHT
aHuK KuliMathra sra Gyica, 6y KWHMaT BakT yTUIUM OHJIaH
caknanajau. CucreManunr GyHfad XxoMaTiapd CTallHOHAP XO-
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KMH ¢/%* japra €Auil MyMKHH. Xap OuUp SJeMeHTap TYJKHH
Ky3aTHIL JaBOMHJA TE3JHK YUYH MYMKHH GyJIraH KHAMaTHUHT
aHUKJAHUII 3XTHMOJHHH XapakTepJaliu.

3appaHUHT Te3JIUTHHH OujonMaimu3, ¢dakaT Te3JHKHHHT
SXTHMOMHH KUHMatiapu Tymiamura sra 6ysnauk. Hoanukmauk
NPUMHIHMNNTA Kypa yayall YTKaswJumura Kajap sappa aHHukK
Te3JMKKa 9ra 3Mac, Oalky OMp BAKTHMHT Y¥3HJa KaTOP TE3JHK-
Jlapra sra. Xap GUp Tes/MK 5Ca Ky3aTHJHLI 3XTHMOJIUra 3ra.
By xoJ 3appaHM KOpPOyCKyJsp CH(aTuiard KJacCHK Tacas-
BYPHMH3ra MyT/1aKo 3uAAUpP. VIKKMHYM TOMOHJAAH 3Ca 3appaHi
TyNKHH 1e0 xaM Gynmafiiy, YyHKH YHH Ky3aTHII 1aBOMHIA,
Jokanaab, sbHH Gup HyKTara Huru6 Oyamaiinu. Hlynpai
KUIub, sHA Kalj KWIaMH3KH, 3appa, MacajaH, 3JeKTPOH Ha
3appa Ba HA TYJKHWH 3Mac, y 6P BaKTHHHT V3Hla WKKaJjacH-
naH xenu6 yukkad. Uymkn H. Bopumer aifitumnya, KBaHT
MeXaHHKacula OOBeKTHB MaBXkyJA (GUSHKABUH KaTTaIUKIap
KUAMATIapHHUHT TAKCHMOT 3XTHMOJHHH XHcoOJjaMalMu3,
Ganku 6u3 Taxpu6a UMKOHUAAH KYTH/Iaaurad Kuimar GuiaH
HII KypaMu3, KMCKaua aliTraHja, 3appa Y3HHUHT TYJIKHH QYHK-
LHUSICH HYura oJrad TaKpubGa HMKOHHUSTIAPH TYIVIAMHIAHD.

20- §. Ypraua xumiimat. Onmeparopaap

Myaiisin ¢usukaBuii wapoutAard 3appa yuyd Llpezunrep
TeHTJIAMAaCHHH eyHIl OHJaH 3appa XOJaTHHUHI' HOAHUKIHK
NPHHUHUNY HYJ KViiran HHbopManusra sra TyJKHH QyHKIHACH
¥ (x, ¥, 2, t) HU aHukJAakMu3. By unpopmauua anbarra, 3XTH-
Mosuii xapakTtepra sra. ®apas Kuiawauk, V(x, ) TYJIKUH
dyuknus 6unaH TaBcuGUIaHyBUM OUPOP 3appaHUHr X VYKuUra
HUcOaTaH BasHATH YYYH ypTa KMHAMAaT x HH XHcobsam Kepak
6yacuH. By KuiiMaTHH XoJsaTsapu OHp Xua TVIKUH (PyHKIUS
opxa/iH TaBcH(/IaHAAUTaH KYN COHJArd 3appaHUHT X YKHra
Huc6GaTan VPHUHH GepH/TaH BaKT MOMEHTHAA aHHKJIa6, XOCHA
6yJaran KuiMariapud yprayajam AYaM GuiaH aHMKJIAlIHMH3
MYMKHH.

A#ATUNTAHJIADHH STKKOJIPOK TAcaBBYP KHJIHKII VUYH KJIACCHK
MeXaHHNKaJa OFUPJMK MapKasHHH TONHUIU YCYJHHU 3CJAaNIHK.
®apas kuaakauk, N 1a 3appaaad uGopaT TYFPH YH3UEK LUAKAK-
JlaTH MeXaHHKaBUH CHCTEMaHUHT OFHPJHK (éKH Macca) MapKa-
SHHHU aHHKJAall JJO3UM. X ap 6Up 3appaHUHT OFHPJIUIHHHU, OCOH-
JIMK Y4yH, OMp rpamMmzaad ne6 xucobaaiimMu3. Arap, Macajad,
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Y xonna

_ . /\2 A A
132:5'4»1. Hl.xpidxdydzzysb- H-H {;dxdydz =

L

. A >
=Eij v, HY;dxdydz = E; Xq)

Bus 6y xucobmamja wxke mapra (4.54) nan ¢olnananiux.
Ilynnait K6 Maskyp Xon yuyn E = E; E:=E:

i
skaH. JleMak, ¢; XoaTJard CHCTeMaHWHT 3Heprascu Ej ra
TEHT fKKa-10 siroHa xufiMaTra sra Ba E; xHiimaT[an QapxJa-

HUIIHHU XapaKTepJOBYH

E; =E -+ A, naru
KylmpMua KudMar A, xaM, LIyHHHIJEK

—

E; =E)+A;

*

l;)idXdde =E12 .

i

o © 2
Jarg yprasa KufMaT TaKCUMOTH A, XaM HOJra TEHT.

IOkopuza afituaransnapfad XxyJoca KHJHO KBaHT MeXaHH-
KaCHHHHT 3HT acOCHH TOCTYJATHHH TabpudJ/aliMu3: arap CHC-
TeMAaHHHT TYJAKHH (YHKUHACH Xycycmit Kuiimar — XyCycuit
GyHKUUS YUYH YpUHJIM Gyaran (4.54) kabu

A
G'llJ,, = U, q)n

TeHIVIaMaHH KaHoat/naHTtHpca, G, XycycHd KuimMartra Moc
G ¢u3ukaBuil KaTTAIHKHH y/Iyall HaTHXacuia Gakar XyCcycHi
¢yHKIHS §, Ta MOC KeJyBuM GHTTa Xo/naTraruma sra Gj.a-
Mu3. Arap xonmatnapu GUp XHJ XycCycuii GyHKuus $, OuIaH
TaBCH(IaHYBYHA KYI COHJM GHP XMJI CHCTeMasjap yCTHAA §JI«
vam onu6 Gopusca, xap Gup Yuyam HaTHxacuaa siroHa G,
KuiMaT xocua1 Oy/iajy.

22- §. Tyrpn Gypuakau noTeHuuan ypa

Kearycu naparpagaa Llpenunrep Tenryiamacunu 6up Heua
CyHBHil MacanajapHy euulira Kyjnaidmus. By macananap Ma-
TeMaTHK JKHXaTJaH eTapiuua conia 6yica xaMm, acinpia aToM-
JaTH 3JEKTPOH XapakaTH XaKuiard Macajajapra yXWallaup.
By xun ogawmit Macananapiy ednuiad Makcas, Lipeausrep Tenr-
JIAMACHHHHT MaTeMaTHK annapaTHHU srajjaumaup. [actia6,
sappaHuHT GHp YJIYOBJH OJIMH XapaKaTHHU KypaMH3.
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KBaut Mexaumkacupa, OJaTha, ONEPATOPHH KaJMNOKyaaH
xapd opganu Tacsupnam Kabyn kusnuurad. )Kymrazas, (4.41)

Ba (4.42) na p Ba E OpKaJy HMIYJbC Ba SHePrHs oOnepaTop-
Japu OeJruJaHras.

bBunobapus, (4.41) Ba (4.42) udonanap 3pKHH 3appa XOJH
YUYH KeJaTHpuG 4HKapuwiras Oymca-ja, yMyMuH XOJ Y4YyH
XaM TYFpU. YMYMHH X0JIa 3apPaHUHT TYJa SHEPIUsICH YHHHT
KMHETHK Ba IOTEHIHA] SHEPTHUSCHHHUHT HUFMHIHCHTA TeHT,
avid E = T 4 V(x). By TeHrnuKHy, pacMuil paBHIIAa,
MOC OllepaTop TeHIJIMK OHJaH aJMallTHPHUIUMH3 MYMKHH:

/\
A px

E=—24 12 (4.43)
Arap (4.43) na ummyJsc Ba SHepI‘l/Iﬂ onepaTopJiapd  ypHHra
yaapuuur (4.41), (4.42) udonacunu gyicak,

inl=_ 2%y (4.44)

pacMmmil TeHrJlamara KeyiamMu3., JHAM Oy TeHIVIaMaHd HKKana
TOMOHHMHH ¢ (X, f) dyHKuUMAra KymalTHpuO y3WMH3ra AXuik Ta-
pum lpefunrep TeHTVIaMACHHH XOCHJ KHJIAMH3:

W B,y
ot 2m ox*

Ilemak, uMIyJsC Ba 3HEpTHs omepatopJjapH xakugard (4.41)
Ba (4.42) xabu mocryjar KBaHT MexaHukacuuuHr IIpeauurep
TEHIJIaMacH XaKHIArd IMOCTyJaTra SKBHBAJIEHT.

KBaHT MexXaHHKAaCHHHHT MaTeMaTHK alnapaTd acocuja
TaXpubaja Kys3aTHIaJuraH xap KaHAafl XagkukKuii QH3UKaBui
KarTalHKKa JpMHT omeparop KyAuaumu €ragu. boruxaua
aliTranfa, uMnyJasc Ba smeprusra (4.41) Ba (4.42) onepatop-
s1ap Moc KyRuaanu. JdeMak, y x0Jja HMIYJbC Ba SHEPTHAHUHT
ypra kuitMatu yuyn (4.39), (4.40) ndomama p Ba E ypuura
YJapHUHT OllepaTopJapHHH HULIaTHIIHMH3 JIO3HM:

= (vrpyvar=[ve(—ind)par= 2[4 Pdx, (@15)

> o

- A . 0 N T % 0P
E=[yrEyde= [4*(ing)pde=in {4+ Pax. @16)
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Jatnap Jne6 aranagu. Crauuonap xonmatra anGarra, EmuK
cucreMa sra Gynagu. KBaHT CHCTEMAaCHHHHT CTallHOHap Xo-
JIaTJapura oMj Macalla MaTeMaTHKaHUHT XyCycu# KuilMaT Ba
Xycycuil GyHKuHs (BEKTOP) Macanacura oJHG Keaaji. Xynou
iy Macanara ous, UIpenuHrepHHHr cramuMoHap TeHTrJaMacH
GuiaH 1okopuaa 18- § rammmran spuk. (4.20) dopmyna Guaan
ubosanaHyBud CTalMOHAD TEHI/IaMara onepaTopsiap TYLIyH-
YacH opxany Gowka 4y Guaan XaM KeJTHIIHMHS MyMKHH.
Cucremannur Tys1a sueprusich E = T + V uu wy ¢usnka-
BHil KaTTaJHKJapra MOC omepaTopJsap opkanu wudonanab
(4.43) xypnuumza &amus. Crauuonap Macanana NOTEHIHAJ
sHeprusi V Baktra Gornug sMac, Tyaia sneprus E sca IOKOpH A
afiTranuMussiek yarapmac. Mlynunr yuyn TyJla 5HEPr'Hs Olle-

A A
patopu E opauit con E = E. TloTeHuuan sgeprus onepaTopH,

A
wirapurujiek, V = V(x). Ilemak, Ty;a sHeprusHumr yarap-
Mac xond yuyH E = T - V mynoca6arra

=—=2 4V (4.50)

KYPHHHIIAATH ONEpaTop TEeHIJIaMaCH MOC KeJsiajH. (4.50) nuar
MKKH TOMOHHHH VHIJaH ¢ (x) GyHKuusira KymafiTupcax, Gup
ymaoBaK cratMoHap XapakaTHuar IlIpesHHrep TeHrJiamacHra
KeJlaMu3:
Eb=— %, vy (4.51)
2m ox2
Ymymuit xonna HIpenunrepHunr cTallMoHap TeHIIaMacH (4.20)
opkaym Gepuyand. Tyaa osueprusmmpr (4.50) Kypupmmgarn
onepaTop TeHI/aMaCH YMyMHHR xoama [amuiemon onepamopu
nefiMyaiH Ba KYHUAaruua é3msaju:

A B, ,,
H = -—FnA + V(x, y; 2)1 (4'52)

A

H — opgamu T'amusTon onepatopH Gesmrusanran. Ulynpaf KH-
Ju6, CrallHOHap Xonataap yuyn Lpenunrep TeHr/iamacu KYy-
AWfary KypHHAILLA E3UUINM MYMKHH:

Hy=Ey. (4.53)

Mpenuurepuunr (4.53) cTanHoHap TeHrJamacH Tyaa sHep-
THAHUHT (akar Mabiym KuAMatjiapd YYyHTHHA €uYHMra sra.
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3appaHuHT OTEHIHAN JHEP-
ragcu V(x) x Yguauar 0 <
< x < a opalurHaa HoJra,
x<<0 coxanayekcusra Bax > 0
coxaja MabayM Yysrapmac V,
MycOaT KaTTaluKKa TeHr Jesid-
Juk. [IloTeHnuan  3HepruacH
nry Tap3fia aHuKJaHraH 3ap-
paHMHr XxapaxkatH 26- pacmaa
TacBHpJIaHTaH IIOTEeHIIMaJ ypa-
na 103 Gepaxd. Arap 3appa-
HHHT TyJa suepruscu E <V,
6yJaca, sappa noTeHIHan ypa-
Ja xapakamianagu jefimps. Dy Macama Ou3HHM acocaH yd
KHUXATAAH KU3UKTHpaju: 1) deksnab KyHHJIraH xoJjaru sappa
xapakatuuHT [lIpeausrep Tenraamacuay KaHxa# euum; 2) my
TeHIJIaMa €UMMHHMHT XapaKTepJH XoccanapH; 3) MacajaHu
KBaHT MeXaHHKacH xamaa HbioToH MexaHHKacH €pJlaMuza
eypIIapja XOCHJA OyJraH HaTHXaJapHU y3apo TakKKoc/aml.

Maskyp moreHuman Ypaja KJacCHK 3appaHuHr xapika-
THHH kypaimuk. ¥ 0 < x < a opajlHKja ysrapMac KHHETHK
SHeprusa OWJaH Ba JeMak, y3rapMmac Te3lHK OuJaH xapakar-
Jganaju (dyHku 3appara 0 < x < @ opalMkaa Xeu Kanjaad
TallKd TabCHP KyuM KVHW/IMarad, SbHM YHHUHT XapakKaTd
apkuH xapakataup). [Torennuan ypajara Ka1acCHK 3appaHHHT
SHEPTHSACH 5Ca HUXTHEPHH KuiimMarra TeHI OYJMIIM MYMKHH.
Arap sappanunr Tysaa sHeprusicu 0 < E < V, 6yaca, y no-
TeHLHaJ YpajaH YUKHG KeTa OJIMakilH, UyHKH, aKC XoJija, arap
3appa noTeHUHaJs ypajaH yuKuO Keta oJica 31H, MoTeHIHaa ypa-
JIaH TallKapH CoXafa YHHHT MOTeHLHAan SHEPTHSCH Tyja 3Hep-
THSCHAAH KaTTa Ba YHHHT KMHETHK 3HEepPrusAcH 3ca MaHdu i Kui-
Marra TeHr 6yJiap sgd. By, anGarra, KijaccHK 3appa xapakaTtd
VIyH MyMKHMH OyJIMaraH xoJ1, 9yHKH Xed KaHja# sappa MaH-
dufl KMHETHK SHeprus Ouian xapakar kusa onmaiinu. Hlysunr
yUyH NOTEHIMa/J ypa YeKKacHra eTraH KJacCHK 3appa NOTeH-
nuan ypa JeBopHAaH KalTaiu, CYHIpa, TeCcKapH HyHaJuLaa
XapakatjlaHajd, ypaHMHT KapaMa-Kaplld JeBOpHra eTub siHa
opkara Ka#rtamd Ba X. K. Ilysmalt kuiuG, KJacCMK ¢(pU3HKa
KOHYHJapura OHHOAQH 3appa NOTeHLHaJ {pa TallKapHCHAA
6y/na oaMaiaM Ba ypa MuMia xap KaHjaH HyKTaja GHD XHJ
9XTHMOJ OHJIaH Kaij KUJIMHHLIIM MYMKHH.

Py
a

26- pac. [lorennuan §pa.
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HKKHHUYH cOXa Y4YyH 5Ca

a2y
Ox?

KypuHuwra sra. By tenriamanapna

k2 = %E, I x2=— 2;’; (E —V,) (1)

—ug, =0 (4.59)

Kabu CeJrualuiap KUPHTIMK. k2, %®— Myc6aT KaTTaJmKJap.
Tynguu Tenrsama KypuHHmparu (4.58) TeHIVIaMaHHHT yMY-
MUl euMMH XaM TYPFYH TYJKHH XapaKTepura sra GyJanu:

by (x) = Asin (kx + 8). (4.60)

(4.59) TenrnaMaHMHT UYEKCH3JHKAA HOJra aHJaHYBYH euHME
SKCTIOHeHIHan xapakTepra sra. LHIyHHHr yuyn 6y TeHIziaMma-
HHMHT YMYMH# euMMH KyHHIAard KypHHHIIAA Gyaagm:

¢y (¥) = Be™ ™% (4.61)

IOxopunaru A, B, 8 — uxTuépuii y3rapMac KaTTaJHKJap.
Tlotenunan ypa uverapacuna 6y UKKH eunM GHp-GHpHra TeHr
OVMMIIM yuyH YJapHH X = a Ja TeHIVAIITHPaMH3, SBbHH

by (@) = by (@)
Asin (ka 4 8) = Be— "*, (A)
Hkkana euuMHH x = a Ja Oup-OupHra TeKHC YTHUIIHHH Tab-

MHHJIall YYYH yJapra X = @ HYKTaja XOCHJaJapHHHHT TEHI
6y 1ML

o | _d% ]
dx | x=a T dx lx=a
WapTHHH KVsMH3. By maprtra kypa
kAcos (ka 4- 8) = —x Be™ ** (B)

MyHocabaT XocHa1 Gysamu. (A) Ba (B) mbonanapuu Gup-Gupura
Oym6G KyHHAarH TEHIJIAMaHH XOCHJA KHJIaMH3:

tg (ka 4 68) = -%. (4.62)

INorenunan {panuHr uwam JeBopHra TaaAYKJIH Voo
XOJIHHH KypaMH3. 3appaHHHI NOTEHIHaJ 3IHEPTHACHHH YeK-
CH3 KaTTajaliMilufa R ysrapmaiiju, % 3ca NPONOPIHOHA
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A
(4.53) eunmra sra sHeprUAHUHT Gy KuiiMaTaapu H oneparopu-
HHHT xycycud xuidmamaapu je6 aranamd. Xycycuit Kuiimar-
A

Jlapra sra xoJar, abHH (4.53) HuHr eunmu H yuyn xycycuit
byHRUHA GYagy.

(4.53) Tenrnama TaxpubGana KysaTHIyBuH GHpOp (hH3HKa-
BHH KaTTaJMK MacajaH, 5HePrHsi aHWK, KHAMATra sra xonar
(4.53) TeHrnaManMHT eyMMH nCH-QYHKUMS OPKAmH TaBcH(JIa-
Hajy JleraH KBAHT MEXaHMKACHHUHT (yHAaMeHTa] NabBOCHHH
upopanainu. Myalian cucrema yuyn (4.53) Ilpeaunrep Tenr-
JIaMaCHHH €YHII — TEHIVIAMaHH Ba KVHWIraH yerapaBuit
IIapTVIapHH KaHOATJI4HTHPYBYHTMHA 3Mac, GaiKd TYJKMH
¢ynxuusacura KyHuaysun GHp KHAMATIHIHK, YEKIWIHK, (YHK-
HUSHUHT BA YHUHT XOCHJIaJlaDHHHHT Y3J1YKCH3J/IUK Tasabjaapura
XaM xaBo6 OepyBuUH TYJIKHH QYHKIHAHH aHUKJALl IeMaKIHp.
Arap mysnah QyHKUMSIHH TONMII MYMKHH GyJIMaca, cHCTeMa
CrauyoHap xonatfa 6yna onmabiau. IMlynpali kuiu6, Qpusuka-
BUH KaTTaIMKJapHH, MacajaH, SHEPTHSAHH KBaHTJIAIl KBaHT
MEéXaHHKaCH Ha3apHsCHHUHI TaOMMH Ma3MyHHAHp. MHuKpo-
OGBeKTIap AYHECHA SHEPTHAHKHT KBAaHTJAHWUIY 5Ca Xap
KaHjafd TYpFyH CHCTeMara XapakKTepJH XOCCaiup.

byunan 6yén 6u3 xycycuit Kuiimatnapuu E,, Xycycuii
TYyIKHH (QYHKIUATADHH §, OPKaIH GelrunaiiMus. Y xonaja
[penuHrepHunr CTaumOHap XxoJatd TeHrnamacu (4.53) Kyiiu-
Jary KYPHUHHINIra Kejaju:

o
H ¢y =E, {,,. (4.54)

Ouau xyduaraw wmacanaun (4.54) Tenrsama TYFPR Xaa
KWIHIIJHTHHE HCOOTJalyMK. ByHHHT yuyH CHCTemaHHHT ¢,

(YHKURA OpKaJH TaBCHIaHYBYH GHPOP XOJATH SHEPrHACH-
HHHT VpTa KUEMAaTHHU XHCOGJaHMHUS:

— A
E= 5 $* Hy;dxdydz = Ey 5 b* Y;dxdydz = E;, (4.55)

A
XucoSyall BaKTHAA MHTerpan ocTH upofafa H ¢, un (4.54)
ra 6uHoan E;{, OWian aJMaITHPJMK B3 TYJKMH (PYHKUHA
yuYyH HopMasawl waptH (4.3) Aan ¢oinananHkK.
OHeprusi KBaJpaTH YuyH XaM ypra KefiMaTHH XHCOGJafi-
A

JHK. ByHHHT yuyH onepatop H HHHI KBAJDAaTHHH aHHK/ANMH3:
A A A A
H*=(H’=H.H.

82180
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Mlynpait xum6, TYyAkuH QyHKUHATa Kydunran 6y TanaGH@
xucodra oncaxk (4.60) euum Kybupar# KypunHIlra KeJaju:

b=Asin (kx) = Z sin (k). (4.63)

Y xoana (4.62) Tenriama

tg ka=—2% (4.64)

®

KypuHHIUra Kejaid. Dupu (4.64) Tenrsamama GuTra XaM HX-
THEpHH y3rapMac KHiMaT KaTHaIIMalan. ¥ 3appaHy NOTEHIHAI
ypajarn xapakaTHHHM XapaKTepJOBUH KaTTalHKJIap oOpacH-
Jaru MyHocabatHu upomanainu. [loteHunan ypa KeHIVIUTH
a 11y TeHIVIMKKa 6uHOaH, k Ba % J1ap sca (I) Ba (II) dopmynanap
OpKald anMgJaHand. IloTeHnHaJ VpaHUHT KeHIVIMTH a4 Ba
uyKypaurn Vo, Oepuica, (4.64) rTenriamMaja KaTHAIIYBYH
E nuHr MyMruH OyJraH KuAMaT/iapu aHHKJaHaid. JIeKuH
(4.64) TpaHcueHAeHT TeHIVIamMa Oyarapiuru ca6a6Giu yHra
acocad E HHMHT KMHEMAaTJapMHM KuUAupHLI HokyJja#. IIyHuHr
yuyH jAacrasBBaa (4.64) HM cofia KYpHHHIUTA OJIHG KEJTyBYH
XOJHH KypHO YHKaMHu3.

Arap noTeHuHaJ YpaHMHT HKKaJjla JeBOPHHH 4eKCH3 GamaHy
Je0 Kapacaxk, (4.64) renrnama

tg (ka) =0 (4.65)
Ol Iull KYPUHUINTA KeJsiaiW. TeHrjama apryMeHTHHHHI
ka=(-+)x, n=0,1, 2, (4.66)

KUHMATJaprR/ia KaHOATJIAHTUPHAAIY. Pacmm papumiza (4.66)
TeHrMama k = (O euumra xam sra. Jlekun 6y xosna IHpemm-
rep TEHIJIAMaCHHHMHI eudMH aiHaH Hoara ¢ = 0 afianagm
(7pHHM 3appaHHHI §3uM Xeu KaepJa HyK). XagugartaH, £ = 0 Jia
by Ba y Gunan Gupra ¢, Xam Hoara aisianaju. Bomkava abit-
ranfia, ncH-QyHKUMsA XaMMa COXaja HOJI'Aa TEHT, B YUYH aHMK-
nauray Oy udoganm (I) ra xjyHcak, Tyna >HEPrUAHUHT KHY-
MaTyapuHH GepyBuH

E, =2—k2——— n+12 n=012 ..., (467
¢opMmysara KenaMu3. Arap 3appa NOTEHUHAN Vpala «Ka-
MOKJa» 6yJca, YHHHT SHEPTHSCH (4.56) TeHrIaMaHHHT MabJIyM
HACKPET XYCyCHH KHAMaT/iapurarnHa TeHr KHHMatiap Ka6ys
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KBaut Mexanukacura OVACYHYBUH 3appaHHHI IOTEHLIHAJ
ypanaru xapakaru OyTyHnal 6omkaya yragd. KeaHT/IalIHHHT
acocuil apTHTa Kypa 3appa XapaKaTHHUAHT TYJKHH QyHKIHACH
yanykcus, OHp KHHAMaTIH Gy/aulIH Kepak. [lemak, sappaHHHT
TVJAKHH QYHKOHSCH ¥ YKHHHHT MycOar Hymanumu Gyina
KoOpAvHaTaHuHT x >> 0 coxacuia TeKHC y3rapuiux ydyH Mo-
TEeHI(Ma/J YPaHHHT YHT JEeBOPHJAH TAlIKH KHCMHIa XaM J1aBOM
STHIIM Kepak. lloTeHUHMaJ] 3Heprds 4YeKCH3 KaTTa OyaraH
XO0JIHfla, S'PHH TOTEHLMAaJ VPAaHWHT ual JEeBOPUJAH TallKH
KHCMHJAA 3appPaHHHT XapaKaTHHH KaHjad pyH# OepHIUHHH
Kyituga kypamus. [lpegunrep TeHIJaMacHHH eyMaciaH TypHO
3appaHMHT yal JeBOpJaH TallKM COXaJard XapakarH XaKHuaa
wynaai u3ox GepHIIMMH3 MyMKHH. KnacCHK HyKTau HasapJaH
3appaHUHr MyT/Iako TG G6ynmaiauran x < 0 coxara kupa
OJIMII 3XTHMOJIH 3appa KaHya MaccuB Oyica, abHH KaH4a
KJ4CCHK 3appara siKHH 6yJica, yHYa KHYHK OYJajH.

INotenunan ypaparu sappa xapaxarura joup Ilpeaunrep
TEHIJIaMacHHY eyHLIZaH aBBaj Oy Macaja y4YyH yYerapaBHil
mwapraapuu udopanaiiMus. Bup yauosnn xapakat yuyH Ilpe-
JIMHTED TeHrJaMacH KyHujgard KypHHHINra sra 6yaaau:

2YP(x) , 2m
Py + = [E —V (x)]1¢ (x) =0. (4.56)
IMotenuuan sueprust V(x) x HUHr noroHanu QyHKnuscH 6yi-
TaHH YYYH X HUHT MycOarT HyHaMHMIIJard ysrapuil COXacHHH
HKKHra axparamus. ¥ xoJja (4.56) TeHInaMaHH e4HUI OCOH-
Jamajy, YyHKH y3rapyBud X HHHT Oy MKKH COXAaCHHHHI Xap
6upuna V(x) ysrapMac kui#Marra TeHr, SBHU

| 0, arap 0 < x < a,
V(x)—l 4V, arap x> a.

x Huur 0 < x < a coxacuuu 1 coxa je6 araiiMus Ba Gy
coxana (4.56) HuHr eunMuHH | MHJekc Ousan OesrujaanMus.
Xyanu wyHpa#, x > a — II coxa Ba my coxara TeTHIUIH
eunmiiapuu Il mujekc Ounad Gearuiadimus. Xap 6up co-
Xaza (4.56) HHHT equMJIapH Y HH aHHKJAHMH3 Ba X HUHT OYTYH
COXacHaa TYJKHH (QYHKUHSA Y3JIyKCH3 Ba OUp KHAMaTIH 6y-
aumd yuyyH Oy HKKala eUHMHH X = @ HYKTajla <THKaMmH3»,

IIpepnurep Teuriiamacu OHPHHYH COXa YUYH

a2y
0x3[ + B9 =0, (4.58)

(4.57)
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TEHICH3JIMKKA KeJlaMHu3 €KH

VIKKHHSH TOMOHJAH, GHJIAMH3KH, MaCaJaHHHI IIapTHra Kypa

E <V, nemak,

nhe

Vo > '_20

OxHprd TeHICHM3/HKIaH NMOTeHIHasn Ypajar# 3appa SHePTHsACH

YUYH JHCKpeT CaTXJapHHHT Maifo GyJHIL IIapTHra KeJlaMH3:
n2h?

Vea® > o (4.68)

By TeHrCH3JMKHHHI YHI TOMOHHAa (aKaT ysrapmac AOHMHH
KaTTaJHK/Jap KaTHAllagd, Yaln TOMOHH 3Ca NOTeHUHal ypa
YYKYPAWCHHMHT Ba KEHIVIHTHHHHT (YHKUMscuiup. Arap
(4.68) mapt 6axapuiMaca, SbHH TOTeHUMa) ypa yra TOp
éKY yTa caés 6yJica, YHIA GHTTa XaM SHEPTETHK CaTX KoHJjam-
Majiiu. By xonna mnoreHnuan ypama GOFlaHraH xoJaTaap
AyK Ba ypa 3appaHH TyTHO Typa O/IMaijH.

Oupu (4.64) TPaHCIEHJEHT TeHIVIAMAHH €UHIIra YTaMH3.
Bynunr yu4yH KyAujarda ajaMalmITHPUIVIAPHH YTKasaMus:

1 S S
Vo—E
1
]/ +

2_.

'
VTF1/tg* (ka) —V 1_+ (%)
~VE-3E.

y = ka CGenrunaml KApUTHO (4.64) Tenrsiamara 3KBHBAJEHT KY-
figard TeHrJamara KeJlaMH3:

sin (ka) =

. h

m = .
smy=y V2mv, Y
. i}
Oxupru TeHIVIAMAHUHT €YHMHHH 2; = SIN Y BA Zp == A

a’y2mv,

dyHKIUANAD STPH YASHFHHHMHT KeCHIINaH HYKTaJIapHHH aHHK-
Jall OpPKaNH KUAMDaMH3. 2, Ba z, QyHKuHMsanap rpaduru 27-
pacMja TacBHpPJAHTaH. 2; Ba 2, 5TPH YMSHKJIAP KECHILHII
HYKTaJapHHHHT XaMMaCH XaM JMCKPeT 3HepPreTHK CaTXJapHH
tacBupnaMaiind. Kecumum Hykranapuauur [¢dakar (4.64)
HUHT HIIODACHHH KaHOATJaHTHPajuraH, sbHH HKKHHYH Ba
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pasuuia Karranawand. LIysunr yuyn V — co ga k/x HHcGar
sHoara wHTHNam4. [emak, yekcus GajaHj NOTEHIHAJ JleBOpa
€YMMJIAPHHHT Y3JIYKCH3JIHK Ba TeKUCJHHK wiaptH (4.62) nad
KyHugaru

tg(ka+6)=0

KypUHHIIra Kesiagd. Dy TeHIVINKHH OaxKapuJIHIIH YUYYH
sin (ka - 6) Ba geMak, ¥ (a) HoJra TeHr Gysumu Kepak. llyn-
nail KHIHG, MOTEHIHad SHePrusl YeKcH3 MycOaT Karra KHi-
MaTra TeHr HYKTala, sSbHH JeBOpAa 3apPaHHHI TYJKHH (QYyHK-
uMsacH Hoira afiyiaHamd. JIeBOPHHHT OpKacHAa 3ca (QYHKIHS
‘HoJJad Gonuianuy Ba (4.61) ra Kypa sKcnoHeHIMaJ KaMaiuo
Gopuu Kepak. DBomkaua afitranja JeBop OpKacuia 3appa
QYHKUMACHHEHT HOJrAa TEHIVIMTH YarapMail Kouamd. Ammo
TYAKUE QYHKIUS XocunacH dy /dx yeKcH3 JeBOpJa XaM HoJIra
TeHr smac. JleMmak, moTeHIHMaJ 3HepTHsl HOJAaH OHpJAaHHra
YeKCHSra ailaHraH HYKTaJa 3apPaHuHT TYJKHH (QYHKIMSCH
HoJra adyiaHafy, Y3JYKCH3/JHMK ILIaPTHHH KaHOaTJIaHTHPajH,
AMMO LIy HYKTaJa YHHHI TeKHCaurd Oysuiaiy, SBHH
4y ldxzdyy /dx. By aifiTuaran MyJaoxasaiap TaMOMHJA
{IOTEHIMAT YPAHHHT yall JAEBOPHUra TAalJyKJH, SbHH

q)l(O)=0, '-Pl(x<0)=0.

¢, GyHKIES x =0 Ja Hoira TeHrswrafaH 6 =0 keaub uu-
Kajd.

Bus Kyduaa Kypamuskd, ¢, TYJKMH (YHKLUHA JHCKpeT
DHEPreTHK CaTXJapra MoC KeJyBYH XYCYCHH (YHKUHSIapAUp

(kN”—“). [lynunr yuyn ¢, ¢yskiust nopmananran Oymajiu.
a

HopMasiam 1aprura GHHO2H

L a
S gy bydx = A2 Ssinzkxdx=A2 -‘2’-= 1.
0 )

HOMawBiayM Kos(duiuneHT A yIYH KYHuAarH KHAMAT XOCHJI

oynanu:
A= 'l/ S
a
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By eydMMapHUHT K{pHHH-
mHu 28-pacMja TacBHpJAaHTaH.
n COHH ypajard TYJIKHH (QYHK- %
IUSAHUHT HOJLJIADW COHUTA TEHT-

JIMTH pacMIaH SIKKOJA KYpPHHHG ~
ZaN

Typubau. Ilemak, xapakat 4ek- ¥
Janran 6yJsca, CHCTEMaHHHT
XaMMa XOJarJapHHM Ba Moc
paBULIZa SHEpreTHK caTxJjapu- %
HM TapTH6 OHAaH HoOMepJab .o xea
YUKHII MYMKHH.

33PP3HH§1' Xap KavJaH 98 pacu. [lotemmman Ypajars
HYKTaZa KaHhJ KHJIHHHUII 3XTH-  sappaHHHr TYAKWH (YHKUHICH B3
MOJIH |$|* ra mpomopLHOHA. SXTHMOJVIHK ~ 3HUJIHTH,
28-pacmaa n =0, 1, 2 xonnapu
VUVH | |2 HHHT KYPUHHIIM KeJITHPHIrad. PacMian KypaMH3KH,
9HT nacT (acocCHil) SHepreTHK carxla, SbHH 71 = 0 xosuza,
3appaHy 3HT KaTTa 5XTMMoJs GWiaH MoTenuuan ypa ypracuia
TONAMK3, TOTEHI[HMa] §paHWHr 4YEKKajapuja 3ca 3appaHH
Kaitl KUJHII 5XTHMOJIH aKCHHYa HOJTa SIKMH. 3appaHuHr Gy
XHUJ1 Xapakatd Ou3 I0KOpHJa KypraH KJacCHK 3apPaHuHT Xapa-

KaTHIaH MyTJaKo GapK KuJaid. 3appaHHHT MHHHMal dHep-
h2 2

rusicu (4.67) ra Gumoan n =0 138 E, = g5 MyTMako

HoaAaH ¢apkau. Kiaacck s3appa 3ca akCuHd4a ypa Ty6uja xa-
paKaTCH3, SbHH SHEPrusicd HOJra TeHl XOJiaTAa Xam Gyuaa
oJamd. KBanT MexapWKacH[a 3ca 3appaHHHr SHI KHYHK Hep-
THSCH XaM HOJIJaH KarTa. DYHHHT ca0abuHH HOAHUKJHKJap
MyHOca0aTH/aH KUIMDHLUIHMH3 Kepak, YYHKH 3appaHu ypara
xOi1a6 6M3 YHHHT KOOpPJAWHATACHHM uekJaiHK. By sca ys
HaB6aTvla MMIYJbC KHAMATHIA HOAHHMKJHK XOCHJ KHJIaJH.
MMOy/bC HOAHUKJMIHIa MOC KeJIraH SHEPrus KUHMaTHHHHT
TapTUGUHH XHCO6Ma6 KypaliMK. DHSHHHT X0Jja 3appa Koop-
JMHATACHHHHT HOQHUWKJIHTH TapTHO XKMXAaTAaH @ ra TEHT Jecak
6ynaau, spHH AX = @, ¥ X0JjJa MMIYJbC HOAHUKJIUTH YUYH
Ap =~ 2 o, 2R
Ax a
HH XOCHJ KHMJIAMH3. 3appa SHePrHsICHHHM 3Ca TakpubaH KyiH-
JlaTHua aHHKJIaHMH3:

E=£?5M;~432Zf._1_ =92 htn

2m 2m a? 2m ma?
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KHJla oJlap 9KaH. 3appa 3HePrusCHHUHT 6y KHAMAaT/apu 3Hep-
retuk carxjaap ne6 aranand. Illynpa# Kuau6 6u3 KypAHMKKH,
YEKCH3 UyKYp ypajaru 3appaHHBr SHEPTHs CaTXJapHHH XHCOG-
Jlall OCOHJIMK OHJIaH OXMPHIa eTKAa3WJIHIIM MYMKHH. YMYMH#
X0J11a 3ca, SHepreTHK carxJjap (4.64) TpaHCUEHJEHT TeHI/1aMa
OpKaJlN aHHKJAHAJH.

" DHjay NMOTEHIMaJa ypaja CTalHOHAP XOJaTAard 3appaHHHT
SHEPTUSICHHHMHT KBAHTJIAHHIIM ca6abUHH KYpalUaux. OasoHHHT
xap xua coxacuna [lpenunrep tenrnamanapu (4.58) Ba (4.59)
HH eyuul OWJaH GM3 KBaHTJIaHTaH 3SHEPTUATa KeJMadMu3,
an6arra. OHEPrHSHWHT KBAaHTJAHMIIM Xap XWi COXajarn
TeHrJlaMa eYMMJIapHHH COXa Yerapacnja «THKHII» HaTHKacHja
103 Gepau. KBaHT MeXaHHKaCHHHHT YMYMHu# TeopeMacura Kypa
arap CHCTeMa UYeKCH3JHKKa KeTa 0JIMaca, YHHHT 3HEepTHSCH
KBaHTJaHTaH, aKCHHYa, arap CHCTeMa YeKCH3JIHKKa KeTa OJIHLI
KobunusiTra sra 6y/ca, SHeprusicH KBaHTVIaHMarad OyJand.
{4.64) TeHrJaMaHHHT MKKH TOMOHMHH R ra 6jnaMu3:

1 1
-;tgka = ——;.

Xocus 6yAraH TEHIJIAMaHHHI VHI TOMOHM MaHGUH, YYHKH
% =1/2m (V, —E)/h Ba 6u3 Kapaétran xoana E < V,. Tenr-
JIAMaHHHT Yall TOMOHH XaM MaHduil OYJHUIIATH YY4yH TpHUro-
HOMeTPHK (YHKUHMA apryMeHTH KyHHJar# coxafia ysrapuilH
Kepak: g

ﬂ(-é—+n)<ka<“(l+n)» n=0,1,2,3, B

‘S'pHH HMKKHHYM YOpakla Ba TYPTHHUM yopakja. JleMak, Tpuro-
HoMeTpHK (PYHKUMA apryMEHTHHHHI MYMKHH 6Vjrad sHT KH-
YUK KUHMaTH

19
ka > —
2
GyndmE Kepak. By TEHICH3/IMKHUHT MKKH TOMOHMHH XaM KsBa-

JApartra kyTapu6 Ba k? uu E opkamu udojacu (I) nam dofiga-
J1aHub,

2mE rY
S a =
ns > 4
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MyMKHH Ba IUYHHMHI Y49YH 3ap-
panapru III coxara yTum axTH- vy,
MOJIK MaBXKyA Oynamu. x>b
6yaran 111 coxara yTHO 3ap-
pajap YeKCH3JIHKKAa KeTajH,
s’bHH Oy XHJI NoTeHLHaN ypala
MabayM OGHPOp BaKTAAH ' CYHT

Xey Kauja sappa KoJMaiiu.
JappajnapHHHT OOTeHUUaa TY-
CHKJAH VTHILNra MyHHeab 3g-
ghexmu 1e6 aranagu. 3appaHUHT
pacMaa Kypcatuijras

0, arap 0<x<a 29« pacm, TloTeHnuan TcHK.
Vx) {Ve arap a<x<h;
0, arap x> b,

NOTeHIHaNd TYCHKJAAH YTHII 5XTUMOJIHHU XucobjaiMus. 1 co-
Xaja 3appa xapakaru (4.58) Tenrsiama opkanu TaBcu(pUIaHaIH.
TeHrnaManuHr eUUMHMHM Kyaaitnuk yuyH (4.60) xypunuuiga
sMac, GajKH

Py (9) = Coe™  + G

Kypunumpa é€samus, II Ba III coxama eunmiap xyHuparxua
€3usanm:

Y (x)=Cye™™* + Cye"%,
,lpnl (x) — C5 eikx + Ce e—lkx,

yarapmac k Ba % Japuu E Ba V,, Guian GOFaHHIUK IOKOpH-

Jargriex
2mE 2m
k= 72—; 1) =*= W Vo —E) (IT)
o o ikx ~ikx
Kypunumpa 6ynamu. C;e™ Ba C,e™", Moc paBumja, io-
TeHUHaJ TYCHKKA TYIUaéTraH Ba KalT2€Tran TY/IKHHJIApHAY,
Cs ¢® Ba C, e *  aca TYCHKOaH VTragd Ba YeKCH3JHKIAH
KRalTraH TYJKHHJAapHE Hbofanaiinu. bBus xypaérray xouana
YeKCH3MUKAAH TYJAKHH xahtMmafigy, mysudr yuyn C, = 0 6¥-
JHIH KepaK. TyHHe b 3(eKTHHH KMAMAT MKUXaTHAaH Xapak-
TepJjall MakCajHuja MOTeHUHaJ TYCHKHHETD Iaddodaurunu
KypcaTyBuM YTHII Ko3(pHuueHTH [) HH Kuputamus. D KaTTa-
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~alm gy Y
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27- pacm. DHeprustHUHT Xycycuii KHAMATAADHHE aHHUKAAL,

TYPTHHYH YOPaKJArW/apPHIHHA JUCKPET SHEPIeTHK catxJapHH
TacBupaaiiiu. CoHH uekaH G§araH 6y HyKrasap (Y, = ka)
ra KyHuJaru sHepreTHK CaTxJjiap TYFDH Keslalu:

En = w y2 .

2ma? 7

DHEPreTHK CaTXJIAPHUHT Nailo GYJIHm IIapTH XaKuJard Cyx-
GaTHMH3HH sSKyHJAIUJaH OJAHH Iy HapcAHH TAbKUAIA0 yTa-
MU3KH, NOTEHUHA! ypaja OOFIaHraH XOJMaTHH HAHIO 6yJdm
wapty (4.68) cod KBaHT Xoccanup, YYHKM KIACCHK MeXaHHKAra
GUHOaH 3appa Xap KaHJall NoTeHnHal ypajia GOrIanTan xoJar
XOCHJI KHJIAajH.

OHJY TOTeHIMAN Ypa HMudAa TNCH-DYHKUHS KYPHHUIIMHK
aHHK/IaiMu3. Uekcus uykyp noTeHuuan ypaja acocuit SHepre-

THK catX YuyH (4.66) ra Guhoan n = (), k= % Ba TYJKHH

byuguus sca ¢, = A sin % X = ]/—2— sin = x. IOxopu caTxap-

a a
HHHT TYJKHH QYHKUHSJADH 5Ca KYHHAArMda aHHKJIaHaLH:

n P
n=1, k=2-a—, %=V;sm2?x;

n=2, k=3%, %:‘/%sin3%xsa X0Kas30.
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HUHT KBajpaTdra nporopuuonasn. UIysuHr yuym Tycux opka-
CHI2 OKHMM 3HYJHIH TYCHK ONJAMIATH OKHM 3HYJHTHAAH

D = ¢ (=0 _ ~2VIRWEy t-a) (4.69)

KyNadTyBun GusiaH Qapyianaim. (4.69) dopmysa Tyrpu 6yp-
YaKJ/IH NOTEHIHA TYCHK YUyH JTHII KO3hDUIUEHTH GKH TYCHK-
HUHT wapdogaueu ned aranagu.

Hxtuépuit makaparn mnorenmuan TYCHKAAH YTHII KO3(-
¢uuEenTH yMyMu#i X042 KyAHAArH K PHHULITA 3ra:

b
D=enp|— [ VIRVW—Fdr]| (@

Yrum KoshdunmenTHRUET (4.70) dopmynacu uxTnépuii noren-
nuax TycuK V(x) HE TYFpH Gypuakiu yekcHs KO NOTeHIHaT
TYCHKJIap HMFUHIMCH OPK&JIH TACBUPJIALINAH KeTHG YUKaIH.
Y xoi1a Tyna YTHII Ko3(hdHLHEHTH TaKpuGaH xap 6up TYEpH
Oypyak/id TYCHKAAH YTHII Ko3ppuuuenTIapy KynaiitMacu
Tap3uja Mgpoxasanaiy.

XotuMaza 3appa sueprusicura H30X Gepamus. 3appa (Tyx-
KHH) NOTEHIMAN TYCHKAaH YTHIIMAA ¥3 SHEpruscHHu HYKOT-
Maijd 1e6 XHCOGJMaHAmd. 3appaHMHT TYCHKKA TyLITyHYa
SHEePruaACH Kawua Gyjca, TycHKAaH yiuannaft sueprus Guian
YHKaAH. [leMak, moTeHuHan TYCHKNaH yTaérran sappanapHuHr
COHMTHHA KaMasiii. Tycuxnan yTuimnu Gabsan 006pasu KHinb
TYHHeJIb S(QeKTd nednnagu: sappa TYCHKIAH YTHIOH yuyH
YHHHT YYKKHCHra YHKMa#nd, GaJku Yy TYCHK opKanu Xy
TYHHeJJaH YTIraH CHHTapH yTaju.

24~ §. Tynuenv agdexrura AOHD MHCOJJIAp.
CoByK amuccus

MHuKpO3appaHHHT noTeHUHA TYCHKAAH JTHII xomucacu
KaTop SKCIEPHMEHT HaTHXANAPUHK TYLIYHTHPHILIA acoc 6y.1-
Au. Bynapra Gupunun wasGatia 3JIEKTPOHJIADHUHT MeTaJsLI-
A8H COBYK SMHCCHSCH, SIBHH SJIEKTPOHJADHHUHI' MeTaiiaH
3JIEKTP MaiJIOH TabCHPHJAA HCTAJTaH NacT TeMmIlieparypanapia
XaM HUKHIIM Ba KOHTAKT NOTEHUHANIAD (hapKHHHHT BYXyJara

KOHIIH XaMJa SIPOJAPHHHT PalHOAKTHB Q-EMHPHJHIIH X0
R¥caJiap¥ KHpajH.
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By naruxany Eo GunaH COMMIITHPCAK, XaKHKATaH xaM yJap-
HHHT TapTHG XUXATHAH TEHIJIMTHHH KypaMus.

28- pacMra siHa Ha3ap TalIafAHK, HOTEHIHAJ ypana Mabaym
HYKTaja 3appaHHHT KaHX KHUJIHUI 3XTHMOIM 1 HUHT {3TapHLlIH
Onntan keckuH ysrapamu. Macanan, ypa ypracuaa P Makcu-
MaJl KufiMaTtra TeHr 6yJica, (p4|? HoJra TeHr. ’

DHepreTHK carxjiap YDPTaCHAATH ODAaNUK KATTANUTMHH Ga-
XosaiiMH3. Bynunr yuyn (4.67) pam Jorapudmux XOCHJIa
(AE/E xypunuumiza) onamus:

AEy g B
E, n+41

Xocusi 6yaran 6y Tenrsmkaan AE yuynm

AE, =25 (n 4 1y2 A2
2ma (n+1)
ngoja Kemu6 UMKanu. DHEPreTHK CaTXJaap ypTacHAarH tapy
7. COHMHMHT KarTajalWuuu 6usas optud 6opany.

OHJ\M TOTEHIHAN ypa AEBODHHHHI YEKJIH 6yaran xosura
KaiTaiauk. Vkkunun coxamarm euunMmmar wugonacu (4.61)
ra GMHOaH 3appa x > a COXaja XaM MaBKYJX 9KaH. KiaaccHk.
Pusnkara kypa sappa Gy coxara yTa oiMaiiny, uyHkd E < V
Oj/Iran/MrHAaH 3apPaHHHT KHHETHK sueprusicd (T) man-
¢uiira adnaHann. Keaut Mexanmkacuaa sca sappa E <V
coxara xam yTHIIM MyMKuH. Kanr Mexannkacuga E = T - V
TEHIVIMKHE MUKJIOD JKHXATAaH TYLWIYHMOK KepakK aMac, GalkH
YHH onepamop meHziuey [e6 TYWIYHHIN KepakK. MHKIOp KH-

XaTAaH yJapHUHr ypra KuiiMatiapuruua E = T 4+ V kabu
6ors1aHTaH.

x>a coxana (4.61) Tyakun dyngums e—* VI Ve—ENA
NMPOMOPUHOHAN. X HHHT KaTTa/AIALIN GHMAH P, TIKHH bYHK-

U 3KCNOHEHUHAJT KaMasiAiu Ba JeMak, 3appaHuHT K&ﬁ}l KH-
JUHHIT 3XTHMOJM XaM Kamasiiu.

23- §. Ilotenupan Ttycuk. TyHHenn adwbextu

3appaHuHr GHD J/IYOBJIH XaPAKATHHHHT MyXHM XO0nUxaH
GHPH YHHHI NOTEHIMA/ TYCHKAAH §Tauumaup. 29-pacMia Tac-
BHDJIAHTaH MOTeHIHaJl ypauu Kypaiauk. Jactab, 0 < x << a
coxala GHp Heda sappa Gepusirad Gyucud. Il coxaHuHT uek-
Kacu X = b Ja 3KCTOHEHIHA/ eyHM HOMAaH hapKIH G§JHmm
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30- pacm. Unxuwr HinM Ba MuxH moTeHmuan.

KUHETHK suepruscu (2.6) dopmysaara 6uHoan YHKHI HIOHTa
6OFJIHK:

T ..=hv—ep=hv—W.

Jlemak, wnknH WM snekTpon SHEPTHACHHUHT TOTEHIKaJj
ypa Ganananurugan xkartra 6yIHuIM yuyH 3apyp GysiraH mu-
HUMaJl SHEPrUara TeHr.

Arap MeTa/sjarH SJeKTPOH TasUHHET TEMEepaTypacu a6-
COJIOT HOJIAAH I0KOpH GyJca, 5JeKTponsiap depmu carxuaan
aHya I0KOPH CaTXJ/IAPHH XaM TyJAxupan. Metaman TeMneparypa-
CUHUMHT KyTapuiuiiga 6ab3u SJEKTPOHJIAPHUHT TyJa 3HEp-
THSCH NOTEHUHAN Ypa GalaHIUrHAaH IOKODH SHEPTHsTra sra
6yHn xam Mymkud. By xosna TEPMOJIEKTPOH 3MHCCHSA
xonucacu 103 Gepanu. Tepmosmuccus 3JIEKTPOH JlaMIalapia
V3 TarGMKMHM TOnraH.

CoByK aMuCcCH 4. Arap wmerann cuprtn SIKHHAAA
Kyu/iu SJIEKTD MaiJoH MaBxkyA Gy.ca, 3JICKTPOHJIAD TacT TEM-
neparypaja XxaM MeTaJllaH YHKa GOLLTAMNIH. By xomucara
cosyr; amuccus ne6 HoM Gepuaran. COBYK sMuccHs XOJHCacHHH
KJIaCCHK Ha3apus HyKTan Hasapiad Tyaa TYWyHTHPHO 6Y.1-
Maiiiu. DJIeKTP MafiIoH MeTal Huura yTa onMafizy Ba IWYHUHT
YUYH (GaKaT METa/ll CHPTH NOTeHIHAJ sneprusacuny 3l-pacMua
KYpCaTHATal NyHKTHpraua yaraptupanu. IlorteHnuadn Vpa
AeBOpHHHUHT Gynpafl yarapuumn KyAHJarnya TYWIYHTHDHAAIH.

92180
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JMK TYCHKNAH YTraH 3appajiap OKHMH 3HUJMIHHH TYCHKKA
TYIWAETraH 3appasjap OKMMH 3HUJHIHIa HHCGAaTHra TeHT. Y Xoi-
Aa D yuyH TycHKlaH YTraH Ba Tyra TYJKHHJAD aMILIH-
TyJaJIapUHUHT MOLYJWIaDH KBAJDATHHHHT HHCOATH XOCHJI G-
Jaju;

XyAanu wynpa#i, TYCHKAAH KaliTran Ba yHra TYIIraH TYJIKHH-
Jap aMIVIATYAAJIapHHEHT MOAYJVIADH KBaApaT/NapHHUHT HHC-
Gati

_lGp

1G 12

SappaHHHT NOTeHNWaJ TYCHKAAH Kadmuumi kospuyuenmu 1e6
araJjajy.

IOkopuparu 1]:1, ﬂ’u’ '1pm €UHMJIApHH Ba YJAapPHHHT XOCHJA-~
JAPUHU X =@ Ba b HyKkTasapia TeHr GYJMIl IUapTHIaH C,,
Cs, Cs, Cy, Cy Ko30(pHUMERTNIAD yUYH TeHIJIaMaJlap CHCTeMa-
cura sra Gysamus. Iy TeHrsamanap éppammpa C; Ba C; Ko-
5(pulHeHTIaD HUCOATHHH aHHKJA0 wadbopauk KoathpuiueH-
THHHHT TYCHK INapaMeTpJapd OusaH GOFMaHHINHHH XOCHJ
Kunamu3. JIeKuH 6u3 6y KN BakTHH OMYBYH MATEMaTHK aMaJl-
Japeu GaxapHO yTupMmaciaH KyRuparu onnuii (H3MKaBHi MY-
J0Xasanap éplamuja D HUMHT HQOLACHHH aHMKJaiMHS.

IloTentuan TYCHKHMHI X = a Nard JeBOpHra uyaliaH Ke-
quS Tywran C, e ryaxum TYCHK Munia e ** KypHHHIIJAard
3KCTIOHEHIHAl KOHYH GyfiHua KaMasju, S'bHH

iq:‘rymyxarm ~ e—u sl
TycuKHHHT X = b HYKTafard UKKHHYH AeBopHTa 6y TYJKHH

JacTnabKu KulMaTHra HucGaTan

C~ e—n {b=—a)

MapTa 3au¢Jaind eTHO KeJaiu, SBbHH NOTeHLHAa TYCHK ZaH
YTraH TYJKMH TYCHKKA KeJH6 TYMraH TYJKWHJan C Kynafi-
TYBYH KO3(HUHEHTH GusaH apK ksiaid. OKHM 3HUJIHTH EKH
8appaHH KahJ KWIMI SXTHMOMM TYAKHH GYHKUHS MOZLYJH-
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Merana cupruparu (mores-

P oual ypaga KOUJaIraH)
et | GaxggM 3pexTpoHra TAalIKH  3JEKTP
N\ MaiZIOH/iaH TalUKapH JJIEKTP

«TacBUP Ky4YH» XaM TabCHp

by véx o
° Kypcaragd. OJIEKTPOH Me-
: TaJJl CHPTHJAAH KHUHK X Ma-
LS B "T“ ; copara YHKHIIH MyMKHH, Y
L 0Ji]a YHra METajsl CHPTH-
AL 0 X, X X A y . p

JaH ryé —x Macodanarud Hu-

: KU HYKTajaa --¢ 3apsix (3Jek-
31- pacm. Meranngaru 3J/1eK- TPOHHHHI 3JIEKTP TaCBHpH}
TPORHHMHrY  TIOTEHIHAT SHEpFHﬂCIfl

(ypa) mH Tamgm aaexTp madionw TyPTaHACK METa/LI CHPTHAA-

Tabchpuia  yarapumu  (wTpux TH (X Macodajiaru) 3J1eKTpOoH-

qH3HK). r'a 3JIEKTPOCTATHK HHJYKIH-

OH Kyu TabCHP KypcaTaju.

Hlyngait Kuiiu6, a/ekTpoHra TabcHp KypcaTyBuH TyJia SJeK-
TPOCTATHK KYyY

e!
F (x) e — o

ra Teur 6yJyanau. By kyu mafifonuja sJeKTPOHHHUHT 3¢deKkTHB
TIOTEH[IHaJl 3HePrusCH KyHHAard

&x — &
V9¢(x)=V0~e X'—'Z;

opmviia opranav HbOAaNAHATH. V,N (x) HUHT MaKCHMyMH X,
HyKTaga Oyaanu.

@VSCM)(X) — eé’—l—- e ___0.
dx L 4t ’

DKCTPEMaJ WApTAaH X, HU aHHKJaAMH3:
1 &
Yo =g /_Z"

Jlemak, TOTeHUHaa Vpa JAeBOPUHHHT Oanaimurd Vo -

=V,—)/ &6 ra nactnamap sKkan. ¥ X0JAd UHKHI HIUH
xam ysrapaju:

W=V _—t=V,—VeE—t=W-—)eé.
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Mertanan yuyH notennuaan ypa Mogeam
Mertainapaaru Ky 4,1 s1eKTp JTkasyBUaHIUK 3JIEKTPOHIAPHUHT
METa/ll KPUCTaJLl NaHXKapacH 6yiaab nespiu apKHH XapakaTt
KUIMIIMHY KypcaTamu. JIEKHH 3/eKTPOHJApHHHT MeTa/lJiiaH
BaKyyMra YHKHIIH MabJyM YHKHII HIH GaxKapuIIHIINHY Taaa6
KWJIaI|, SDHH METaJJard 5/1eKTPOHJIADHHHT NOTEHUHAN SHep-
THACH BaKyyMIard S/EKTPOH/IAD TMOTeHUHAJ] 3HEepTHSICHAAH
KuuuK. By 3ca morenuuan ypana, spHH MeTana MuHAa moTen-
LHAJl SHEPTUSCH IWAPTIH PaBHIUAA HOJMra TEHI Ba JleMak,
IapT/M  paBHIUAA SPKHH XapaKaTNawa€Tran 5JeKTPOHJap
rasujaH HGopar Gy/iraH MEeTalHHHT COAZA MOMEJIMHH TACAB-
BYD KMJIHLIra UMKOH Gepaju. Merannuur 6y comna Tacsupura
6MHOAH MeTals WYMaru SJIEKTPOHJIADHUHT TYJla SHEPTHSCH
YJIAPHHHT (aKaT KHHETHK JHEPTHSCHAAH nbopataup. Iloren-
LHaJI JpajiaH YeKCH3IHKKA KeTa O/IMaliHran SJIEKTPOHAPHHHT
SHEPTHUACH, OH3 I0KOPHAA KyPraHMMH3leK, (akar JHCKpeT
KuiiMaTiapra sra GyJuwu MyMmMkuH. Yeksu Ya14amnapra sra
GyJraH Meral napyacu y4yH NOTEHIHA ypa sHeprus carx-
J1apH opacujaru Macoha 4eKCH3 KHUMK Gyaamu. Ilaymu npus-
nundra OuHoaH (6y NPHMHIMI GHJIAH KeHUHPOK GaTadcHa
TAHWIIAMH3) MeTajll NMOTeHUMAas ypacuparu JHEPreTHK caTx-
JIADHUAT Xap GUpuAA dakaT HKKHTAAAH S/MEKTPOH KOKJIAIITraH
Gyiapu. DIeKTPOHIAD SHEPTETHK CaTXJIapHH 3HT NAaCTKH cartx-
Jan Gomiab Tyaaupagu. A6cosior TeMIlepaTypajaru MeTaJi-
HUHT TYJIAMPHITaH SHEPIETHK CATXMAPHHHHT SHT I0OKOpH car-
XHHH Pepmu camxu ne6 atanamu. Oepmu catxu abCoIoT TeM-
TI€paTypajarys METNHHHT TYJIAMPUNTAH Ba GYLI CATXJAaPHHH
Oup-OUpHIAH aXpaTH6 Typaiu (30-pacm). (A6coaot Temnepa-
TyPajaH I10KOPH Temnepatypajapia SHEPTeTHK CaTxjiap TyJ-
JUDWIMIUMHUHT Oy TapTubu Oysuaagu. Duiu SJIEKTPOHMIAD
Qepmu caTXulaH I0KODH CaTX/apia XaM ofuJlalia ojMIIra
eTapJiu Gy/ran KMHETHK SHeprusra sra 6y1anu.)

Jlemak, 3/1eKTpOH Meraijam YMKHIIH YUYH YHTa 3HT Ka-
MHJa OTeHNH A Ypa YyKypsurd V, Ba ®epmu catxu SHeprus-
cu § opacuzaru dapkka Tenr Gyaran SHEPTHUsI Kepak.

W>V.'—§.

Tamwku dorosdbekt xapaéuyupa merann 3JIEKTPOHH EpyF-
JUKHHHT AV SHEPTHACHHH OJIaji Ba Y OJTaH SHEPIUSCH eTapJu
Gyuica, MeTa/jiaH BaKyyMra YHKagH. DIeKTPOHHHHT MAKCHMAJ
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MeTaan yuyn norennuan ypa Mozean.
Meransiapaara Kyu/4 s/1€KTp JTKa3yBYaHJIHK 3JEKTPOHIAPHUHT
METaJll KPHCTa/ll NaHXapacH 6Yinab jespau spKMH Xapakar
KHJMIIMHE KypcaTafd. JIeKHMH 3/1eKTpOHJapHHHT MeTaiiaH
BaKyyMra YWKHIIH MabJIyM UHKHKII HINH Ga:KapUJIHIIMHH Tasia6
KWJIali, s'bHH METaJIarH 3JEKTPOHNAPHUHT NOTEHUMas SHep-
THACH BaKYyMIarH SJEKTPOHJIAD TOTEHUHAl 3SHeprusiCHAaH
KHuHK. By aca notennnan ypana, sbHM MeTals HUHMAA MOTEH-
UHal SHEPrHACH INAPTIH PaBHIIJA HOJAra TEHT Ba JeMakK,
IapTJIH  paBHNINA SPKMH XapaKaTJaHAETTaH 3JEKTPOHJIAp
rasyjian u6opaT GyJraH METAJHHHT COINA MOJEJHHH Tacas-
BYp KHJIMIra MMKOH Gepaiu. Metanuunr Gy Comia TacBHpHTa
GHHOAH MeTallJl MUMJArM SJIEKTPOHNADHUHT TyJja SHEPruscH
Y/IapHHHT (paKaT KHHETHK SHeprHsicHiaH ubopataup. [loTen-
uHas ypajaH YeKCH3JIHKKa KeTa OJIMaiuran SJIEKTPOHJIaPHUHT
SHEPTHACH, OH3 I0KODHAA KypPraHuMusiex, dakar JHCKDET
KuiiMatniapra sra Gysaumy¥ MyMKuH. Yekin Vo4amiapra sra
Gy/iran MeTa/ul NapuacH yYyH NOTEHHHaI ypa sueprus carx-
J1apH opacHjaru mMacoda yekcus KuuMkK Gysiamu. Ilaymu npus-
uunura OuHoad (6y NPHHUHMN GUNAH KeHHHPOK Gartacgcun
TaHHIIAMH3) MeTaJl NOTeHNHAl YPacHAATH SHepreTHk carx-
JIaDHUHT Xap GHpuia $akaT HKKHTafaH 3JeKTPOH JKOH/IAIIran
GyJtaly. DNEKTPORIAP SHEPreTHK CATXJAPHH SHT MaCTKH caTx-
AaH GomiaG TYAAupamu. AGCOMIOT TeMNepaTypajarH MeTajl-
HHUHT TYJIMDUIITaH SHEPIETHK CATXJIAPHHHHT SHT I0KOpH cart-
XMHH Pepmu camxu 1e6 atanapu. PepMu caTxy aGCOMIOT TeM-
neparypajard MET/UIHHHT TYJIAMPUIraH Ba GYII CATXAapHHH
6up-6upunan axpatn6 Typanu (30-pacwm). (A6coaoT TeMniepa-
Typajal 10KOpH Temneparypajapia SHepreTHK carxjap Tii-
JUDUJIHIIMHUHT Oy TapTHOH Oy3uiagu. SHiu 3JIEKTPOHJIAp
GepMu caTXuIaH IOKOPH CaTxnapja XaM skoisamia oJMInra
€TapJu GY/iran KMHETHK 3HEprusra sra 6ynanu.)

Jlemak, 3/1€KTPOH MeTalJaH HUKHIUK YuyH YHTa 3Hr Ka-
MHJla IOTEHUHAT Ypa YyKypJurd V, Ba DepMu caTxy SHeprs-
cu § opacuaaru ¢apkka TeHr 6yJran SHEPTHs Kepak.

W>V."—§.

Tawku dorosdipekt xapaéuuna meransa 3JIEKTPOHH E€pyF-
JHKHHHT hv SHEPTHSCHHHU OJIafH Ba Y OJIraH SHEPIHsICH erapJu
Gyuica, MeTaJjaH BAKYyMra YHKagu. DMEKTPOHHUET MAaKCHMa
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IMotentwman Tycug mwahdodaura yuysn xyAHAATHHE XOCHJ KH-
JIAMH3:

&y
4 - m= (Vo —E)*2 g
D—exp|—§ VEILZI] =TT, )
o _ 3/2
Oy epia &, = %— V .‘ng—/"—e—h—9 ne6 OearHNaiK. OMHCCHA

TOKH TYCHKI3IH YTHII Ko3hpuUHeHd THra MDONOYIHOHAN OYJ/raH-
JATH ca6z6/M SMUCCHST TOKHHHMHI 2JeKTp MaHJoH KYuJaHraH-

JIMrHra COFJIUKJIMTH
¢
j :] oeg

KypuHHlra sra Gyaumu Kepak. CoBYK SMHUCCHS TOKHHUHT
TAUWIKM MaiIoH KywIaHTaHJurura Oy XuJ OOFJAHHILHM TaXKpH-
6ana TachUKJaHAU.

KonTakTtT noteHnuaJaaap ¢apgu Xap
XHJ UMKHIL HIUra sra GyJras TypJu Tabhatin MKKH MeTalHu
6up-6GupHra TeKKM3ranja BYXYyIra KeJaJuraH KOHTAKT IOTeH-
mvaniap Gapkdnu xaM TyHHeab 3(dexTH acocuia TyUIyH-
THPHII MyMKMH. KOHTaKT noTeHuHamiap GpapKi HKKH MeTaTHH

)
Gup-6upura arom §mauamiapu (A) TapruGuja SIKUHJIALITH-
pHLIA3, KOHTAaKT COXaja TallKU NOTeHUHMas] (hapKura KyuuM-
ya paBULIA Mafifo 6ynagd. By xomucann BoJbra ouran spu.
Xo03up 3ca YHHHT acoCHZA TYHHeJb 3bdeKTd ETHIIHTH HCGOT-

JIaHT aH.
Arap MeTaJJIapHUHT 9HKMII HIIH Xap Xuil Gyqca, MeTaut

MOTEHUHAJ] Vypacufa SHEPreTHK CaTXJIAPHUHI 3JieKTPOHJap

GuaH TYMAMPUIHLIE XaM Xap Xun 6yaanu. UyHoHun, aGeosor

HOJIb TeMIIeparypa IIApOUTHAa HKKH METasl TeTHLIIH MOTeH-

npaj YpasapuHHHT 3JIEKTPOH XKOHIAIUraH 3HI I0KODH 3Hepre-

THK caTxu — depMu caTXH xaMm IOTeHIHMa] ypa TyGHAAH Xap

XU GanagiinKaa Gyaagu. 32-pacM. JuAau Oy MKKM METaAHH
o

6up-6upura TaxMuHan A Macodara sIKUH/IAUITHPCAK, HKKH HO-
TeHIHa] ypa OGHp-OMpHAAH YEKJIH KeHIVIMKJAAarH MOTEeHIHasl
TycHK GHJaH axpairai TacBHp Byxyara keiamu. Hkkana
MeTtanna xaM DepMH caTXHIAH IOKOPH 3HEPreTHK CarxJsapia
3eKTPOHJIap Gy/Marannuru cababau ®epmu carxu HucGarTad
IOKOPH GyJraH IOTeHIHaI yPaja 3NeKTPOHJIaPHHHT GHP KUCMH
KyUIHH IOTeHIMa] YpPaHHWHT Oyl 3SHEPreTHK CaTXJapHAaH
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Vi

30- pacm. UnxMiu MM Ba MYKH nOTeHiHAN,

KUHETHK 3Heprusicu (2.6) gopmynara GuHOaH YMKMII HiLHra
6OFNHK:

T ,.=hv—ep=hv—W.

JleMaK, 4MKHUI MIH 31€KTPOH SHEpPrHSCHHHHT MOTEeHIHAJ
ypa Ganaupaurnpan xarra Gyaumu yYyHd sapyp 6yaran mu-
HHMAJ JHEPTHATa TeHr.

Arap Meranjaru 3JeKTPOH rasHHHHT TeEMEepaTypacu a6-
COMOT HOJIaH I0KOpH Gyiica, s/1exTpoHsiap DepMu caTxupaH
aita YOKOpH CaTXJIaDHH XaM Ty/IAHpafH. Merai Temneparypa-
CHHHHT KyTapuiumuga 6ab3u SJEKTPOHJIADHUHT TY/1a 3HEp-
THACH NOTEHUMAN ypa GalaniIuTHAaH I0KOPH SHEpTHATa 3ra
OyaMwKM XxaM MyMKHH. By xosga TEPMOJIEKTPOH 3MHCCHS
Xonucacn 103 Gepazu. TepMosmuccHs aJeKTpon Jlamnasnapia
¥3 TATOHKHHH TOMNTaH.

CoByx smuccus Arap meramr CHDPTH SIKHHHJA
KY4JIH 3J1eKTp MalJoH MaBKyx 6yuca, 3JEKTPOHJIAD HACT TeM-
Neparypaja xaMm MeTajjilaH 4HKa OGouLTaiiiy. By xomucara
cosyr; Imuccua 1e6 oM Gepuiran. COBYK SMHCCHS XOAHCaCHHH
KJIACEHK HA3apHA HYKTaH HasapiaH Tyja TYWIYHTHPHE 6YJ1-
MaHaH. DAeKTP MafZOH MeTaq HYHra V¥Ta oaMakiny Ba LIYHHUHT
YIYH $aKaT MeTaslJ CHPTH IOTEHIMAT SHEePruacHHH 31-pacMaa
KypCaThira NyHKTHpraua yaraprupand. ITorenuman Vpa
AeBOPHHUHT OywAa# ysrapumu Kyiuzarnua TYWYHTHPHJA[H.

9—-2180
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caTxJap 6y sMac Ba 6yil caTXJapHH sSrajjialld YYyH 3ca
yJAapHHHT SHEPTHACH KaM.

DJIEKTPOHJIAPHMHT 6y XHJ TYHHeJNb yTHIIH ca6abau op-
THKYa 3JIeKTPOHJsapra sra 6y.aran 11 merann mauduit 3apsj-
JIaHaJ{ Ba akCHHYa | MeTas1 3/1eKTPOH HYKOTraHu yYyH MycC-
6ar sapsanaHagd. Mkkaga meTann ypracuga TepMOAHMHAMHK
MyBO3aHAT BYXKYArd KeJrasiad CyHT, SbHH MeTajlJIaDHHHT
®epMu caTxJiapH TEHIVIAIITaHWAAH KeHHH, 3JIeKTPOHJAPHHHT
I merannan 11 ra yrummpa Byxyara keiaran 37€KTp TOKH
TyXTaiijiu. AMMO MeTaniap ypracuia YHKMII Hiitapn We—W,
¢apKura nponopuroHan 6yJaran KOHTaKT NOTeHIHALIAp GapKH
BYXyAra KeJiajgy:

Wy —W
E4 —— - 1 = Qs — ¢ = Ag, (4.72)

A¢ xoHTakT nMoTeHUHaIap (hapKH Aeb atagany.

Panunoakrtrus aapda-emupuaunm  3ap-
pajlapHHHT TOTEHLHAJ TYCHKIAaH TYHHeJb VTHII XOXHCacH
PaJAMOAKTHB SIIPOJIADHHUHT Q-EMHDHJHIUMHE XaM TYLIYHTH-
PHLIM MYMKHHJIMTHHH Kypamu3. TaxpuGanapiaH MabJyMKH,
KYNUHINK OFHD 3JIeMeHTap $ApOCH V3-y3ujaH (CHOHTaH
paBHIUfla) «-3appaNapHH, S'PHH HKKH TIPOTOHJAH Ba HKKH
HeATpoHAaH HOopar, 3apsiun -2 e ra TeHr GYAraH rejui
aTOMMHHUHT SJADOCHHH YHKAPaJ¥. CO-3aPPAHMHT YUKaPHJIHIIN
UKKHJIAMYH XOCHJIaBH# aapo KyJoH MaHJOHHHHHT TabCHPHIA
sHaAa Te3Jallaju. O-eMHPHJIMII INOTeHHMAN TYCHKAAH 3ap-
pajlapHUHT TyHHENb YTUIR HasapusacH cudaruia Lpemunrep
KBaHT MEXaHUKACHHHHT KJacCUK Macasacura avJiaujiy. o-eMH-
PHJIMII TaMOMHJIa SIAPOHMHI HUKH XyCycHsSITJIapura GOFJIHK,
Ba TalIKH IUapOUT HYKTAaM HAa3apJaH CHOHTaH 103 Gepaju.
Baktaunr df opanMruaa eMHpPHITaH sIpoJiap COHH Kyhuja-
rHya HdoaanaHagm:

dN = — AN (1) dt,

N(#) — BakTHHHT ¢ MOMEHTHIA EMHDHJMIIH MYMKHH Gy/ran
AJPONaDHHHI YMYMHH COHH, A — eMHDHJIMII JOMMHHCH. By
TeHIVIAMaHH HHTerpajniab, KIODMHHHT DaJiHOAKTHB €MHPUJIHII
KOHYHHHH XOCHJI KHJIaMH3:

N () =N ™™, (4.73)

6y epna No — BakTHHHI OOILIAHFHY MoMeHTHAa (f = 0)
PajuOaKTHB sAposnap COHH, N(f) — BakTHHHT ! MOMEHTHra
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Unkuw wmn W’ =0 xonja ToK MakcUMyMra spumagd. Ma-
CajiaH, BOJIb(PAM YUYYR YHKHMII MIUHHH HOJra alJaHTHPAJMraH
TAWKH KYAMATaH 37eKTP MaliloH KyuJaHTaHJ/HTH
w2 . .
= — = 2.]08 B/CM
e3

KUAMATra Tenr 6ymanu. AMMO MAaKCHMAl TOKHH BYMKYAIa KeJ-
THPYBUH TaIIKH MaHJOH KyUYJaHTaHJHTHHHHT KJAacCHK Ha3a-
pusira acocad xucoG/ianrad, 6y KuiMaTH MHILIHKEH Tampu-
Gacunuur & = 4 - 10° B/cM martukacura MyTnako TYFpH
keamaiiju. Hlynpali kuiu6, KnaccHK Hasapuara acocad COBYK
SMHCCHSIHM TYIIYHTHPHO OYJIMaHIH.

Meranjan 5/EKTPOHHHMHT COBYK SMHCCHSICHHH KBAHT TYH-
HeJb 3(eKTH acocHja TYLWIYHTHPHII MYMKHH. IloTeHIuas
TYCHK OpKaj# YTa€Tran 3/JEKTPOBHMHT INOTEHIHA] SHEprHsi-
CUra MHJYKUHOH 3JIEKTP «TacBHD KYUYH» KVIUraH XHCCACHHHHI
KHYHKIHTH ca6abiu yHu 3bTHOOpra oJMaiiMus. ¥ XoJaia Io-
TEHUHAJX SHEePIHsIHUHT TacBUpH 3l-pacMuard KYpUHHIITA 3ra
6ynagu. Pacmaan KypuHu6 TYPHOIHKH, TAlIKH /KT Maifou
NOTEHUHAN TYCHK KEHIVIMTHHM KHYHKJIATHDAgH. TyHHeNF
s¢pdekTura GHHOAH 3J1EKTPOH 6y UEKJH KEeHIVIMKKA 5Ta MOTEH-
UM IeBOPAaH yTa osajy. [[eBOPHUHT 3/]eKTPOH YYyH Iiad-

¢dodurn

D = exp {-—2]?71 EIVV(x)-—gdx }
0

By epma V(x) =V, —efx, E — 3NeKTPOHHMHI TNOTEHUMAJ
ypajaru sHeprusicd. MHTErpaJHHHT I0KODH uerapacH x = x,
KYHHJArH MapTAzH aHMKJIaHAJH:
Vo—E
E =1 Vo ‘—eénxl, ABHHU x1 =J=a0 5 .
&

¥ xoama

Xy -

g

N vv@=Fa = | VW= —Fdx =
]

xt

B 2 oV, — B2
=V865Vx1——xdx=§V?é'-xf'lz-—-—————-(v"sef) .

s

=
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Oxupru MHTErpajja Yy3rapyBuMHK r = R;sin*¢ ra anmMam-
THPHO, HHTErpaJlGIIHH GaKapaMK3:
n

2
? —
2R, \cos2 xdx = ‘;ME R, (11 — 2y — sin 2gy).

*
Onatia R « R, skanjuruay xucofra oJjCak,
. _1/R __VeME V R
Po ~ sin @, R, B I = R1-<n———4 Rl)
6ynapu. Oxupru udopaman Ry, Bu (4.77) épiaammna uuxapuod
Tallslacak Ba KYHHjard

] 2VIME
7

o
a=1In 5”13 + Tf V MR (Z—2),
b=+ %H(Z——Q)ezl/Q—/VI

[

OeJruyialliapH  KHPHTCAaK, eMHPHJMIN §noummiicHuuary sora-
pubMH yuyH

InA=a—b/) E=lnln2—InT (4.78)

172
uposnara kesamus. (4.78) dopmy/a a-3appaHUHT YMKHIIIATH
SHEPrusicH OHJIaH eMHPHJIMLI JOMMHHCHHUHT (EKM SIDHM J1aB-
pHHHHT) JorapudMu ypracuiard GOrIaHHIIHM Gepaid. By
IKCIepUMEHTal  aHuKJaHrad — [efirep—HeTToax

KOHYHHU Jeb aranamu. [efirep — Herronr xonyuura kypa,
C.-3aPPaHUMHT SIAPOJAH YHKMINKJA SHEPrUSICH KaHdua IOKOPH
6y/ca, ANPOHUHT SPHM eMHDHJIMII JaBPH IIyHYa KHYHK. By
¢opMmyJia GUP PaJMOAKTHB OMJIara MaHCYG sAPOJAPHHHT SPHM
eMHPHJIHII JaBpU ypTacuia MaBXyl Karra (GapKHu TYIIyH-

THPAAHU. , =

25-§. YM3EKJIH TapMOEHK OCUMAIATOP

I'apmonux (éxu 3pKuH) TeGpaHHIl Ae6 CHCTEMAHHHT V3
MyBO3aHar X0/1aTd atpodua 103 6epaguran TeGpaHuilira aiTH-
Jagu. CHCTEeMaHHHT TapMOHHK TeODaHHUIMra MHCOJ TapHKa-
CHJa MPYKHHAra OCUJIraH €KH CYIOKJHK I03UJa CY3HG I0pyBUH
JKACMHHHT €KH KDHCTA/WJ IaHXKapa aTOMHHUHT TeOpaHHIIHHU
KeJITHPHUII MYMKHH. CHCTeMaHUHI MYBO3aHAT X0JaTaa rap-
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Buaxyyr Memann I Bakyyr Meimann 11 Bakyym

Saeyym  Memani [ Baxyym Bakyym

J)

32- pacm. Mxxkr MeTanuuHr KOHTaxTJawryHra Kajap (a) Ba
KOHTAK TVIAMITAHJaH KeHuuryu (6) moTeHuHan ypanapu:

a) Wy Ba W, — quKum wnaapd, Loy Ba (g — TYNAUpRJran caTxJjap-
HHHr I0KOPH uerapatapy (Pepmu carxu); 6) KoHTakT noTcwyHaiAap
(hapKHHHHT BY)KyJAra KeJIMIUH.

I0KOpH OHJlamran 6ynanu (32-a pacm). By saekrponsap y3
9HEPreTHK CaTXHAaH nacT Oy/araH KyIIHM TOTeHUMAan ypa
caTXJlapHHH  TYJAUPHIIH MYMKuH. [lorenuman TycmKAan
3/IEKTPOHJIADHHHT TYHHENb YTHIIN ca6abau [ morenuuan ypa-
Hau II noreHunan ypara 3/1eKTPOHJAD TYJAHUPH/ITaH 3SHepre-
THK CaTXJlap TeHIVIaluryHya ytagu (32-6 pacm). II€KTPOH-
JIApHHHT HKKHHYM MOTeHUHas ypafad [ ra yTHM MyMKHH
3Mac, YYHKH Oy 3/eKTPOHJAp Irajjlalid  MyMKHH OysraH
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e e e R
Ke/ING pajiHOaKTHB eMUDHJIHILE MyMKHH Gy/Iran sAposap COHH-~
A — eMMDHJIMII SXTHMONHM MABLHOCKHTA 5Ta Ba EMHUPHJIHIN SPHM
nappu T/, 6unan Gornanrad. T/, BakT OpalHFHAA HACT/Ia6
MapxyJ 6y/ran sApPONapHUHT IDMH eMHPHJIANH, THHH

. —AT

Hemax, _In2
T1/2 - T-

- 1In2

Taxpubanapna Kysartunran Kiopu KOHYHHHH KBAaHT Mexa.
HHKacH spaTHIraHJaH KeHHH TyHHeJb 3(eKTHra acocsa-
HHOG TYIIYHTUPUIU MyMKHH Gyanu. 3apsigu -2 ra TeHT a-3ap-
paHuHr Myclar 3apsAjiH XOCHJIABUH /(PO MallJOHHAATH NOTeH-

Lnan SHEPrusCHHH y30K Macodanapaa KyJsoH wrapummm
KOHYHH OWJIaH SIXIIM TacBHPJALI MYMKHH: :

v _2Z=2e
r

Arap Kynon mrapum xyuunas Gomxa Kyu Gysimaranjga spiu
@-3appajap sApoga OMp OH XaM MaBXyA 6yJa onMac 35IH.
YnapHHHT sjpoAa yuwiaG TYDHJIHIIMHH KyJa Ky4iH SApo
Ky4/lapH acoCHja TYIIYHTHPWJAAJH. SIAPO TOPTHIMII Kydy-
Japu TabCHD NOHPacH siAPO VJadamsiapH GHJIaH XxapakTepJia-
Hagi. Kywid siipo TOpTHAMII Kyuwlape HaTHKacHia a-3ap-
PaHHHT TIOTEHUHAN SHEPTHSICH sAPONaH KHYHK Macodasiapia
KeCKHH y3rapaju Ba NOTEHIHAN yPa XOCHT Kuaafu. 33- pacMia
NOTEHUHAN SHEPTHSHUHT KYyHHAarud

2_(_2:_.’.1)82’ arap r>R;

0 ,arapr<R

TakpuOuit udojacu TacsHpJIaHTraH.

EMupuinm soumuiics A Ba noreHunan TYcHK wagpodauru
D opacuaars GOrFNaHWIIHH aHHKJAfMH3. «&-3appaHH sapoja
XapaKkaTJaHHIIANA y MOTEHIHAaJA TYCHK AEBODH GHJaH TYK-
Haw xenany. IloTeHunan TycuK AeBopH Guian 6up MapTa TYK-
HAWKIJA TYHHEJIb YTHIHHHT 3XTHMOJH D ra Tenr. BupJnk
BaKTJard TYKHAIUHWIAD COHH (n) TAaXMHUHAH G-3apPAHHHT
TE3NUTY U, HU SAPO paguycH R ra HHCGATHTAa TeHT, SBHH
n o~ v,/2R. Arap spponapHHHT yMyMuii cOHM N ra TeHr
6ynca, y xoama df BakT OpaJHFHHA NOTEHIHAN TYCHKIAH

14 (4.74)

n =
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THpann. uzu (K) xatopHu Gupop (n=0, 2, 4, 6 ...) xamaa
y3ailmmk. ByHuur yuyyn

A=2n+41 (4.89)
WapTHH Kysimuas. ¥ xoama C,, C, ... C,550 Ba C,- nau
I0KOpH KO3((HIHEHTIap 3Ca

Cn+2=Cn+6="'=O'

(4.89) nu (4.81) ra Kyficak, JHCKpET CIEKTPHHHT MYMKHH
Gysran KuAMAaTIapH yuyH

E,=ho (n + é) (4.90)

(dopmysara Kesamus,
(4.89) wWapTHH KMPHTHIIHMH3 GHJIAH HKKUHUH XYCYCHil euuMm
6yaran (T) xaTopuumr b, 410 0,45 Ba XOKa30 KoS(HUHEHT-

JapH HOJTa aiiyianMakizn. By KaTODHHHT HKKHTa KYIUHH Kosg-
¢uunetsapy HucOatH (4.88) ra Kypa n— co aa

Gy 2@n4+1)+1—2 1

_— ~

Cop | Cn+)yen+2,. 0 n

KHAMaTra HHTHIaH. MabayMKH, n COHHHH Xy(dT 3M2C fied
XHC006/1a6

S o o ot
xex2=x(l+T+T+"'+L—m—+(n+l)!+"')=

. 2 1
=X + agx® - ax® + . . .—l—ai,n_i_lx"+ +
3
8y, X 4
ra Kejamus., Y xoafa

Bnts _ ! -n!=( 1 ) 1 Gongs,
Bn 41 (n+1nr n--1/n—>c

n Cong
Hemak, (T) xatop & nunr £t xa6m HKUIUACH cHpaTHA2
K y

udojananank, sbEH (4.85) GYHKUHA aCHMIOTOTHK Y30KJa-
waau. Ulynuar yuyn, (K) xaTop vyeksau mapakanarg HoJH-
HoM Gyuaca, (T) kaTopuu TamaG JOGOPHWIHMH3 KepaK (S'BHH
n XKydr xonupa), akcurua arap (T) KaTop uekaH NOMHHOM
ne6 xapajica, (4.89) mapTHH 3HIM TOK 7 Jap KaHOATJaH-
THpasu Ba (JK) xaTopum Tamuiab oGopamus. Llynpait kumus,
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2(7-276°

r

V=

!
|
|
1
r=R r=m, r

33- pacM. «- 3appaMMHI pajHOAKTHB sApPO MAMIOHHAArH MOTEHUMAJN SHep-
THSICH,

€-3appaJapHHHr VTHIIH HaTHXKACHAA o-eMHDHJIral sapoJap
COHH dN KyHHIaruua aHHKJaHAIH:

dN = —ANd t= — nDNdt. (4.75)

Byunan
Ry

LI
= nD Uy D U e_—ﬁ- V2MR VV — Edr. (4.76)
2R 2R
by epra M — a-33ppanunr  maccacm, V — (4.74) mnoreH-
IIHaJ SHEeDPrHA.
R, — KyAHJaTH WapTAaH aHUKJIIHAIM:

2= _ p (4.77)
Ry

E —a-3appainnur noTeHUMasn Ypajard  (di1pojard)  TyJa
sHepruscH. Onau (4.76) ¢opMmyJsajarH SKCIOHEHTa Kypcat-
KHIMHHU xncoﬁnaﬁmm-

_—VzMjVV Edr~3V2M\]/ER1—Edr—
2 R
=TV2MERV7‘-—1dr.
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MOHHK TeOpaHHIIA YHHHT [O-
TEHIHAJ SHEPIHACHHUHT MHHH-
MyM KuiiMaTa aTtpoduaa pyi
Gepagu. Bup JuyoBaM Kuyuk
Te(paHUIAArH  CHCTEMAHHHT
TOTEHIMANl SHEPTHSICHHU MHHH-
MyMH arpodHuia KaTtopra é€u-

Avix)

Caxk,
o V<x>=V<0>+%(§%’)x'z+
a3V
T (6»'*) 2t

34- pacm. UH3HKJIH rapMOHHK OC-
UMIATOP TNOTEHNUan SHepruacH. npofia XOCHA  6Yyaagd. By

epJa X — MyBO3aHaT HYKTafiaH
oruil. [Torennuan sueprus V(x) HBHr x O6yHnua OGHPUHUH
XOCHJIaCH HOJITa TeHT, YyHKM y V(x) QyHKIUAHUHT SKCTpemas
HYKTaCHIArH XOCHJIacHaup. Arap MyBO3aHaT HYKTacHHU XH-
co6 Gown fe6 Kabys guiacax, V(0) xam Houra afinanaau. Arap
3appa MyBO3aHAT HYKTa aTpoduja KHUYHMK TeGpanuuja Gy.ca,
KaTopHHHT x? Ta MpONopUHOHAd OHMPHHYM HOJJAAH QapkJ/u
Xanura Huc6aTaH KeHHHTH Xaj/lapH HOJra 4YeKcu3 SIKHH OVJia-
au. IIyHHHT y4yH rapMOHUK TeOpaHaéTral CHCTEMAHHHT MOTEH.
nuaji SHEPruscCHHU KyHuaarid Kypunuiuaa osnamus (34- pacwm).

Vi(x) = ”;‘”_2 X2, (4.79)
By epaa

v,

(axz - 0: i

Arap 6u3 mosexyJaanap €KH KpPHCTalJ NaHKapa atoMaapu
TeOpaHHIIUra OMJ aToM GH3MKAcH MacajalapHHH Xad KHJ-
MOKYHM G6yJcakK, KBAaHT MeXaHHKaCHHUHI yIIOy MacaJacHHH
kynnafimus. Ksant nasapusicupa (4.79) ¢opmyaa TtaBcud-
JIOBYH rapMoHMK Tebpannin yuyH llpexaunrep tenrsamacu

iR dep mw?
T om do

X = Fy (4.80)
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—

Kypunnwaa €sunazn. (4.80) Tenrmamana Ky#fuaars yuuamcus
Varapysuura

mo 2F
VTCaK, TeHIvIaMa conja K}"fpﬂﬂﬂﬁjra KeJaju:
d2
Y+ —eyp=0. (4.82)

dg?

Tynkua GYHKUHSHHAT aCHMITOTHKACHHH aHHKJall Makcanuaa
(4.82) TeHrmamaza x muHr Xyja KarTa (§>> 1) 6yaran uera-

paBHi XoauHK KapaliMus. Y Xouaza (4.82) Tenrsnamaga E® ra
HHCOaTaH A HHM 3LTHOOPra 0JMacak XaM 6Vnanu:

d%p, =
T — B =0, (4.83)

XOCHJI GyJIraH TeHr/JaMaHMAT eyuMH [ AYCCHHHI' XaTOJHK/JIAp
KYPHHHIIMAA GYJanu: :

& MO 42
. 2 h
Y_o=ae ° =qye (4.84)
" (4.83) Tedrnamanusr Myc6ar HILOPAH 3KCIOHEHTara nponop-

LHOHAJ EYHMUHH TYNKHH PYHKLUHUATA KYHHIraH YeKJIHIHK IIap-
THra GMHOaH Tamuiab 60pIHK.

Tynkun ¢ynkuusnunr (4.84) KaGH acHMOTOTHK KypH-

HHINHHY 9bTAOOPra O/rad X044 (4.82) TeHraaMaHuHT YMyMHi
€UUMHHH KYHHAArH

Y€ =N, € H ) (4.85)

KypuHHIAa Kuaupamu3, Ilcu-pyukuus verau 6Y/MIma  yyyH
HOMa®BayM oynkuus H (§) (4.84) kypunuwmaru Y PyHK-
LUHAJaH Te3 YCMacJHru Kepak, SI'HHH

éim H (§) <exp (§%/2).

(4.85) eunmum (4.82) Ulpenunrep TeHr/IaMacHra KV SIMH3:

%?%(e—&/zmx)) =[—H(g)__2gdid§_>_+§zﬂ(§)+
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HH XHCOSTa 0H6, HoMabiayM [DyHKUHS yuyyH

d*H dH

— — 2=+ (A-DHH= 4.86
e BEFO—hH=0 (4.86)
TeHrsamara sra Gysamus. (4.86) TenrsaMaHusr CUMMH _6YJIran
H ¢ynxuusHu §3rapyBYHHHHT JHapakacH1an H30paT KaTop

KYPUHMLIAA KHAHPAMH3, S'TBHH

HE = DCE=Co+CE+CE+...  (487)

Tyaxun QYRKUMAHHHT YeKJWJMK XOCCACHIAH, MacalaH, Ko-
opiuHata Gomnna, (4.87) KaTOPHHHT japaxacu ¢akat Myc-
6at napaxajiaH WGOpaT OyJHMINH KeJub unkaau. H (§)Jyuyn
(4.87) ubonaun (4.86) ra kyim3, xvimgara

Dk —1)CE + X (h— 1 —28) Cy 2t = 0
k=2 k=0
MyHocabartra Kesamus. DapHHuM] HUFHHAMAATH HHIeKC k HH
I 42 ra, mKKuHYHCHAA 3ca [ ra aJMaImTHPaMH3 Ba Varapys-
YHHUHT GHP XHJ lapakaJapHHA TYIIIa6 Kyiuparn

2EIC, 4y (420 +1) —C, 2L +51 —2)] =0

KYPHHHILJATH MyHOCa0aTra KesMamus. By TeHIVIHKHHHT 6axa-
pwmH yyyH &' HUHT KOsUNHEHTIADH HOJTa TeHT GYJHuUIK
Kepak, HaTuxana xosdduuuentaap C, yuyH pekyppeHT dop-
MyJsara sra 6yJiaMus: :

2+1—h S

Cl+2 (l+2)(l-|-1)cl' (4.88)

lapMOHHK ocuuasTop sHepreTHk carxjapu. Arap (4.87)

KAaTOPHUHT GHMDHHUM Ba HMKKHHUM XaJHHWHT KO3(UUHeHTH

MabayM Gyica, (4.88) pekyppeHT dopmysaa KosddulHenT-

JapHH OGHPHH-KETHH XHCOS/IAWra HMKOH Gepaid, HaTHxana

OYTYH KATOPHH THKJAIIHMH3 MYyMKHH., Maakyp PeKyppeHT

¢opmysara Gunoan (4.87) kKatop HKKHM KaTopaaH: Xypr na-
paxajap KaTopuiaH

Co + ngz + C4§4 T+ = 2 C2k§2" (>K)
k=1
B2 TOK JapakaJjap KaTopHIaH

C1E+C3§S+ng5+,,,+=Ec2k+l§2k+x M
Py
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CHAA HOJIMHYM caTXJaH IOKOPH CaTXJapHHHT GHpOpTacHra
YTHIIH MYMKHHJEK TYIOJaIH.

MaBxyn MHKDOCKONHK OCHHJISATOPJApAd 3HEPLHS I0TH-
Juii (EKM YHKApHJIMIIN) XaKHKaTAa Kaujadl 103 GepHILIH-
FHHH KY3aTHII YYyH MHKPOCKOIHK OCHMJ/LIATOP, Macanlad,
KPHCTa/I1 TaHXKapacHiard aTtoM Ousad E€pyrauK (¢hoToH)
HHUHI ¥32pO TabCHP Kapa€HHHH YPraHHUII JO3UM. DyHUHT yuyH
y3apo Tabcup Kapa€HH JaBOMHAA V3 XxoJaTJapHHU y3rap-
THPYBYHM CHCTEMasap Yy4YyH TeHIJIaMa €E3HLIHH Ba eYMIUHU
yprasvimuMu3 J03uM. By Xua Macananap siXild ypranuiras
Ba OM3 yHra KeHHHDOK KHCMaH TYXTaaub yTamus. Xo3up
onpuHAaH 6y/ca xaM Iy Macasna Gopacujaa KyAuaars Xyjaocagu
Kail KHIMOKUMMH3. AHMK XHUcCOGJauuiap KypcaTajuku, épys-
JHK GuJad y3apo TabcHpAA OYNyBUM MHKDOCKOUHK OCHHJIISA-
TopAa (akaT KYIIHM SHEPTeTHK caTxJjapra VTHIIIHHA 108
Gepany: GoliKa X/ X0/1aT YTHLLIAPD Mab/AyM IIapTiapra Kypa
MaH 3THJIANH.

By HaTmkaud KyAujardya TYMIYHHII MyMKHH. KBaHT
mexanukacuauHr H. Bop TomoHmpan rtakiaud KMauHran moc-
JIMK NPHHIMIINra acocaH KJIACCHK MeXaHUKa KBAaHT MeXaHHKa-
CHHHUHI 4YerapaBuif xXycycu#l xosampup. ILyHHHT yuyH ymby
My./I0X43aHH IOPHTAMH3: KBAHT COHH 7 HHHT (S'BHU SHEPTHHA-
HHMHT) 3KyJa KarTTa KHAMATJapuaa KBAHTOMEXAaHHK €YHM
KJAaCCHK eduM OHiaH Moc GYJIMIIM Kepak. AMMO GHJIAMHU3KH,
KJACCHK HATHXXa PE30HaHC YaCTOTAaHWHT OHpAaH-OHp KuUHMa-
THra 016 Kesany. By aca xyja 6yMaranjia 10KOpH 3HEPTEeTHK
caTxsiap yuyH GMp Heya caTxJapHH Tanuvia® YTUIIHH MaH Ku-
JYBYM Kouja GYJUIIMHH KypcaTaju. DHeprHsi CaTXJapHHHUHT
TACBUPH (34- pacM) n HHHI KHAMaTHra GOFJIHK 3SMACAHTHIAH
sca Oy KOMJaHM Xap KaHall n YYyH xaM VDHHJIH GYJuiuu
Kesnub uMKamu.

IOKopuza KypAMKKH, KBaHT OCHMJ/LIATOP YYYH MYMKHH
6y/rad MUHMMaJ SHeprus HoJjAaH ¢apyiu. Kiaaccuxk Ba Bop
Ha3apHscura acocaH 3Ca OCUMJUIATOD 3HEPTHSCH HOJra TeHT
XaM OV/IMIIM MyMKHH. X aKUKATaH, KJIACCHK OCIHJIISATOPHUHT
XapakaT TeOpaHHII TeHIJaMacH

x}=="a’cos ot (4.93)

KypuHHmda ugomananand. by ‘epna a — TebpaHuII] aMIUHTY=
Jacd. OCUHVIATOPHHHT TYJIa 3HEPTHsCH gydyH 3Ca



[image: image424.png]25- §. Yusukan rapmMoHuk OCUHINATOP 141

TallKU/1 Tonrad. by ukku katop (4.86) TeHrvIamamuur ¥3apo
Gup-6upura GOFIMK 6Y/MaraH HKKH Xycycuii euumppup. Ka-
TODNapHUHT Xalljlap COHM YEKCH3JIHKKA HMHTH/ICA KM, SbHH
k— co yuaap SKCNOHEHTd,  MacajaH, GHPHHYMCH — eb?,

HKKHBYUCH — £ ¥ Kabn TyTand. Mabaymky,
2 n
=144
1! 2! n!

€xH GHHOGapHH,

X2 xt x X" n42
=1 " T " 1 Faret ")' ‘I nx !
(ﬁ' (7+1)-

= b°+b2x2 +ib4x4+ oo +b,,x”+bn+2 Xn+2+ e

n -+ 2- Rapaxkaqu Xai KospHUHEHTHHH n- Jlapaxand saja Ko-
apuLlneHTHra HHCOATH

+ =

bppgg 1 _(g), _ 1
b N T n
B SRV £ Y
ra rtenr. Etapimva xatta # yuyn ym6y nucGar
Loadp 2
by T n

ra Tenr Gysajd. By aca (4.88)TpexyppenT ¢dopMysara 6uHOAH

(K) katop xazaap conunmar eTapsMua KaTTa OyJran XoJHpa
MOC Xajsmapn Koa(h(UUHEHT/NaPHHHHT HHCGATH Kabuaup, spHH

Coppo_y 2+1—-d 2 bota
Cﬂ h(na_i— 2)(”’..'-1_ l)n — 0 ‘fl bn

Hemak, (K) xatop xaxukaran XaM & nuer €% Katm ¢byHK-

uaacu. Y xoana 6y XyCycHil eunmra moc (4.85) ncu-pynkuus
Ky#unaruua Honananazm:

b =e Y2Hx {) =& ¥l — B,

SIBHM 2CUMINTOTHKANA ) (§— o) = oo Gysaau. By xoam nc-
GbyHKnuara KYHWIraH YekJIH/nK IIapTHra 3uj Keaaad. XyJauac,
KaTOPHHHT XalJlap COHM YeKJH OJJIHIIA Kepak, SBHHU KaTop
CHpOp YeKJH Aapakamu MNOoJHHOM OYJIMIIN Kepak, YYHKH Iy
XO/zariHa NCH-QYHKUMS GSekJHJAHK TasiaCHHU KaHOoaTJ/IaH-
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TlcH-QyHKUMAHHAT HOPMAJIOBUH KYMafiTyBYHCH X03Mpua aHHMK-
Mac, my caGabmu (H, () nomuHoMuuHr C, Ko3()(pULMEeHTHHE
HXTHEPHH COHTra, Maca/aH, 2" Ta TEHr JeJ OJHIUUMM3 MYM-
KMH, S'BHU

Cpo=2n, n=0, 1,2 3, ...

Y xonna (4.88) pekyppeHT MyHocaGaTHaH A = 2n-- 1 Xonu
YUYH TOJMHOM KO3pGHUHEHT/IaDHHM aHHKJakimMu3. C, Ko3g-
¢uunent yuyH (4.88) kyi#uaaru KYpHHUIIZA é3uMaagH:
C,—=_ 20=A+1—1b c.,
[(n—2) +2ll(n—2) + 1)

€KY
C - n(n—1) C. — n(n+1)c .
22 9 (n—2) + 1—@n+1) 2.2 "
ﬁ_n(n—‘) n—1
- n 2
C ,——0=26=3 o _nG=D0=26=9

n—4 9.4 n—2 9l

Ka6u anHKJaHagd. (4.87) nosuHOoM, arap a,=2" Ba A=
=27 41 6yaca, DpMHT NOJHHOMHU je6 aTajagu Ba
H, () opkamu GearmnmanHamu. [eMak, ueKk/aM aapaxaad DpMUT
nonsHoMH (4.97) Kyiuaargua ésunajy:

Hy () = @ — 2= (ogy=* . 2O=DODE gpyot

C, arap n xydr 6yica,
ECEER C, &, arap n Tox GyJca,

JKymianaH, oxupra mdosara Kypa KYHAHAard TOMHHOMJAPHH
XOCAJI KH/IaMH3:

Hy@€) =1, H (§) =28 H,(§) =48 —2, Hy() =812,
H, (E) = 16E'—48E2 + 12, Hy = 32E5—160E* - 120E Ba X. K.

OpmuT nosuHoMH f, (§) nm yMmyMmu#l Xoana KyHnaaryua Hxyam
udoaa KYPHHHIIHAAA €3HL MYMKHUH:

Ha(®) = (— et -‘%‘;i (4.98)
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ymymu# xoana (4.90) dopmysana n (4.89) mM KaHoaT.iau-
THPYBYH OYTYH COH, SBHH

E,,=hm(n+%), n=0,1,23 ... (490

Ocuunnsitop sueprusicununr (4.90) KaGi KBaHTIaHALIH xam
TYJAKHH (QYHKUHSIHUHT GYTyH (asona uek/H 6yumINry Ta-
GHHil IIaDTHHHHT HATHXACHAUD.

KyTuiranmek, KBaHT OCHMJIATOD SHEPrHSACHHWHT 3HT

KHUHK KHHAMaTH Hosjan ¢apkau, abHE nn = 0 ja E(,=h—;)-Eo

HUHI KHAMaTH «HOJIMHYH 3Heprus» fe6 atantanu. Ksaur
sappa napaGoJuK (34-pacM) YeKCH3 INOTEHUMAN §PaHUHT
TyOula koHnaa onmaiiu. XyuuM IYHHHTAEK, 3appa TYFpU
GypuakJ/iu €Ky 60LIKA WAKJIAArY YeKJIH KeHTJIHKAATH I0TeHIH A
ypaHuHT xaMm TyGuma xofnama oamaiimd. (4.90) udonamu
(4.67) Gunan TaKKoCJaG OCHMJIIATOP CaTXJaapH 3SHepruscu
KBaHT COHM 71 HUHI OMDHHYH Japa)kacHra, TYFpH Oypyakiau
TNOTEHIHAN ypa caTXJ/IapH HEPTHsICH 3Ca 7 HHHT KBajpaTHra
NPONOPLHOHAN 3KaHJauruH¥ Kypamus. Iy ca6abupan ocrui-
JIATOD YYyH SHEPTeTHK caTxJjap Oup-OMpHiaH GHp XHJ y30K-
JHKJIA (9KBHAMCTAaHT) xoHiawral. By suepretux carxnap
34-pacMia TacBHpJaHrai. KBaHT OCHMJUISTOD Ly TacBHpJ/aH-
TaH SHePTreTHK CaTXJIapHHHT Xap KaHaall uxTuépuii 6uTTacuaa
OHJIAIIA ONUIM MYMKHH. Bupop Kjmwnu suepretux carxra
OCUHJUISITOPHHY KY4HPHII YYyH YHTa

AE=E, , —E,=ho. (4.91)

SHeprusi Gepuil Kepak. Arap SHEPIHst yY3aTHII (OTOHIAD BOCH-
TacHza 103 6epca, GoToH

w=23E (4.92)
i
yacToTara sra GyJMIIM Kepaxk.

MabayMKH, K1aCCHK OCHHJIATOPAA TeGpaHHul aMILIUTY I~
CHHHMHI TEODAHTHPYBYM KyY 4YacTOTAacH GHJAaH GOFJAHHLIH
KEeCKHH Pe3OHaHC XapakTepra 3ra; K/JIacCHK OCUH/IIATOP dakat
¥3 yacroracura Tesr Gy/iran GUTTarMHa 4acTOTAHH Ce3ajH.

AkcuHua, GMDHHUM KapalifaH KBaHT OCUMJLIATOP XYM
(4.92) uyacrorara kappaau Gyaram 6yTyH GHp yacrorasnap
TyIaMura Moc (4.91) sHeprusiny IOTHIIM Ba IIYHHHT HaTHXKa-
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_ _ my? me? o dx
E=THV="F+75x x=3

upoNaHH E3MMMH3 MyMxHH. By epia noTemuman suepras
(4.79) ra Ounoan €smaran. Arap (4.93) Hu 3BTHGOpra OJICAK,

OCLU/IATOPHUHT TyJa SHEPrHACHHH KyHHJAarHya aHHKJAILH-
MH3 MYMKHH:

mo?a® . mw? a?
E = 'sin® wf -

cos? of =12
2 2

[(4.94)

S'BHH KJIACCHK OCLUMJ/IIATOD SHEFTHSCH MXTHEPHH, IYHHHIIEK
HOJIb KUHMAT XaM KalOyJl KWIHIIA MYMKHH.

H. Dopuunr (3.14) xpauTJall WapTuaan 3ca AaBpHil Xapa-
KaTJIaHYBYM YH3HKJM OCUHJIATOP YUVH

$p.dx = 2mhn (4.95)

R

Hdorara xenamus. By epia yMyMmuamuran uMmyJssCHM

oT) T
Pe=gy = mx.

A2H anukJaiMus. Mnterpan octuiard udora yuyn 3ca (4.93)
ra GUHOaH

(L

Padx =Imx L dt = mea?sin ot df = 2Esin ot -dt

HHM XOCHJ KusaMu3. MuTterpannam sca tyaa nasp Gyiimua Ga-
Wapuiajy, HaTHxaza (4.95) JAa WHTerpansamiHd  Gaxapud
OCUM/IIATOP SHEPTHACH CHEKTPH YUYVH

E = nho n=0,1 23, ... (4.96)

(opMyJTaHH XOCHJ KHJ1aMH3.

Hemak, xiaaccux ¢usnka Ba DBop nasapuscura 6unoan
TefpanaéTran sappa nmoTeHLHMaJ ypa TyGHIA HOJIrA TEHT SHep-
rUsi OHJaH XapakaTCH3 XOJAa XaM OYJHIUH MyMKUH. AMMO
KBaHT Ha3apHACHJA 3apDAHUHT KOOPAMHATACH Ba HMIYJb-
CHHH KJ/IACCHK OCHH/UIATOP XOJHJAaruAeK OHp BakTAa aHHK
CGWIHLIMMH3 MYMKHH 5Mac. 3appaHH HOJITA TeHT MMIYJbC GuIaH
NOTEHIHAN Ypa TyOHAa aHuK KOHUJAIIMIINIA KBaHT MEXaHHKa-
CHMHHHT HOQHHUKJIHK NPHUHIHNH Ay KYAMadau.

10—2180
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v, A

vix)

35- pacm. OCUHNAATOPHHAT XyCY- 36- pacm. OcummIATOp YuyH no-
CHit (YHKILBSICH BA XyCycuh  Kui- TeHEHMaJ SHeprust Ba IXTHMOJLIMK
MaTH TACBHPH. 3HAMKAAPH | P [2, [Py 3, |y |3

yuyH aCcuhcca YKH  CHpatuga
n=0, 1,2 paru E=hv(n+

1
-{——2—) caTXj1ap OJHHraH,

KJIaCCHK 3appaHUHT Te3JUTH HOJITa SIKUH Oy PHJIHII COXACHIHP.
Kuuux KBaHT comsapu n = 0, 1, 2 yuyH pacMiaH KypaMH3IKH

BTN

KBaHT OCUHJIISITOPH MYTJIAKO y3uHHM GOWKzua Tyrapu. KeaHt
OCHU/ASTOPY VIVH K2#L KUWIHII 3XTHMOJH MaKCHMasl coxa
TYJAKHH QYHKIUSHMHT MaKCHMyMsiap COXacuia GyJuaH. Jle-
KUH KBAHT COHM fi HUHT KaTTa KuiiMatjapuja sca 3xTUMOJJIap
SUWIMTHHHMHT TaKCHMOT 3TPH YH3HFH KJaCCHK OCLHJ/UIATOPra
CEeKHMH-aCTa SIKMHJAIIanH.

IOkopHaa TacBUpJAHTaH TYJAKHH QYHKUMSHHHT Ba YHHHT
KBaJpaTHHUHT ST'PH YH3HMKJapH HOTEHIHMal JEBOPH OpKacH-
rada, S’bHH KJIaCCHK 3appa XapakaTH MyYMKHH 6y/MaraH coxaja
xaM HosiiaH dapkiu. TYaKuH QYHKIMACKHUHT 6y XU/l TabHaTH
IOKOpHIa Kafil KWITaHUMH3JIeK, YHHHT Ba XOCHJIaCHHHHT

GyTyH €oxaja Y3JIyKcH3 OYJHII XOCCACHHMHI HaTHXKaCHAMD.

26-§. Mapkasuit Ky4 MmailioHMIarn_xapaxar]

Mapxkasuil Ky4 MaiilOHHaTH 3apPaHUHT XapaKaTHHH Ypra-
HYII KBAHT MeXaHHKACHHMHT acoCHH MacajlaCHHH TallKHJ
Kuaau. XyJUiM Iy Macasa, Macajiad, BOJIOPOJA aTOMH Ha3apus-
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OcuHNATOPHHHT MHHHMAJ SHEPTHSCHHH (SBHH CHCTEMa-
HUHI abCO/IOT HOJb TeMIepaTypajard SHEPrUsICHHH) HOJra
TEHI 3MaC/HIHHH SKCIePHMEHTAA KY3aTHII XaM MYMKHH.
BynuHT yuyH KpHCTaqnapja TeMnepartypa yarapuimu Oyinua
€PYFINK COYMJIMIIMHHHI Y3TapHIl XapaKTePHHH Ky3aTHIL

JIO3KM.

Kpucraaa nanxapa atoMJapuia €pYFIHKHHHI COYH/IHIIH
acocan arOMJAapHUHI TeOpaHHIUM HaTHKacHAa pyH Gepamu. -
Kpucrana temneparypacn Kamafiuiun Gusan atoMnap tebpa-
HHIIM aMIUINTYJAcH KHYMKJallafd, HATHKala E€PYFIHK COo-
YHJHMIIE HyKosa Oomamy Kepak. Kuaccuk Hasapusara aco-
CaH aBCoJIIOT HOMb TeMIiepaTypaja €PYFIHK COYMIIHIIM GyTYH-
Jlail TyXTamy j103uM. KBaHT HazapusicH HyKTaM HasapHaaH 3ca
TeMIlepaTypa KaMaiulwu GuJaH ypTaua TeOpaHHII aMIVIUTY-
Jacu Hoara 3Mmac, 6aJku GHPOp KuiiMaTra UHTHIKIIM Kepak.
A6comoT HOJMb TeMnepaTypajard ypTaua aMIIATYAAHHHT
KHAMaTH TeOPaHHWIIHHHT HOJIMHYH SHEDPIUsICH OPKalH Xapak-
tepaanagd. HlyHuHr yuyH, TeMneparypaHuHI aGCOJIOT HOJTA
AKHHJIAMAIINAA EPYFINK COYMJIMIIM OHPOp yerapaBHil KHH-
MaTra MHTHJIH. EPYFIHK COUHIMILIMHUHT TeMneparypa Gyiu-
ya y3rapuild XyJIAd WyHAad TYAHHHI KYPHHHIIKIA 3ra KaH-
JUrH Taxpubajga KysaTHJamd.

Fapmosuk ocuuaaaropeuur Tyakud ¢yekuugcd. Ccuui-
asitop yuyH Hpenuurep TeHrsiamacusy eduin JaBOMHAA OCIHJI-
JIITOD 3HEPTHsICHHHUHT Xap Oup Xycycufi KuiimaThra (4.90)

ra x.)
¥, =Npe™ §2/QHn ('é)

xycycuit dyuxkuns (4.85) ra K.) MOC KeJHLIHHH KKOPUAA
anugIafuk. by epa N, — yarapmac HopMeJIoBUH KYynalTyBuH,
H, () —(4.87) B2 (4.88) ¢opmyaanap 07KaJM aHHKJIAHTEH
Ba (4.89) maprtra GMHO3H YEKJH f- Aapaxanay NOJMHOMIAa TeHT
6ysran ¢ynkuuda. (4.88) pekyppent dopmyaazan H (E) uusr
KYOQTAHTH 1 COHHHHHT XYQTAUrH GHAaH MOC SKAHJHWIH Ke-
aud unkanu. Wyunwer yuyn H (§) nosunoM Kyhngard Kypu-
HHITA 3ra:

Cq» arap n xygpr 6yaca,
—2 [
Hy@) =G+ Cp 8"+ .. + C,§ arap n ToK Gy.ca.

(4.97)
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3 — panmyc-BekTop OMJGH 2z YK TAIKWI Kuiaran OGypuars;

¢ = arcig (l\),
x )]
Panuyc-BeKTOPHUHT (xy) TEKHCHUTHra NpPOSKUHMACHHH X VYKH
OujaH TallgkEA Kuaran (asumyTt) Oypuary.
Ilpeaunrepuunr (4.102) TenryiamacuHH CdepHK KOODIH-
HaTanapia é€suil yyyd Jlamac onepaTOPHHHHT CQEpHK Ko-
opIMHaTajapjard ubonacusan golifananamus:

16 [ 0% 1 0. o0p 1 o
r’ | sin &
re ar( ar } ‘ r'~’sim‘)61‘}< l 66) +rzsm2 ¥ dg? +

+=E—-VNly=0.
I

Iorentyan sueprusnwar (4.100) udosacujan dolhnananusé
Ba yw6y TeHIVIamanu 7,sin?$ ra xjynafitupus,

. d (o Py |, o
2 9 2
sin xar(r )—}—sm{} ﬁ(sm{} >+0q32+

or

+m—“’;§1—11—1—9(E—V)1p=0 (4.103)
"y

HH XOCHJ KWJaMH3. 3appaHHHr TYJKHH QYHKUHSACH 1 yMy-
MHH X0HA yuTa KoopiuHaTa QYHKUMACHIMD. Y =1 (r, ¥, @).
Cohepur koopAunaTasapiary (4.103) TedrJaMaruHT KyJail
TOMOHH YHH YUYTa TeHIVIaMa OpKaJH €3HIl MYMKHHJIHTH-
qup. Byuunr yuyn (4.103) uunr euwmu § (r, ¥, ¢) HH yuTa
¢ynkuua kynafiTMacu Tapsuia HdoaasaiMus:

$(rs 8 ) =R(N6(3)D(9), (4.104)

6y epAa R(r) —9 Ba ¢ HUHT y3rapmac OMp xu¥MaTuja nCH-
GYHKIMAHMET PajHyC-BeKTOD O6VHMua V3rapHIIMHE XapaKTep-
Jaainy; O (9) —r Bz @ HHUHI Y3rapMac KHHMaTtHla MapKasui
Mmafifion cdepacH MepHJHaEH OYiaad TYaKUH (QYHKUHA P HHHT
3eHUT Oypuark ¢ ra OOFJMK V3rapriuMH@d TapcuIaiiay,
@ (p) —r Ba 4 HHHr ¥y3rapMac KHHMaThia 1 HHHT MasKyp
cdepa mapasnend O6Fina0 yarapyBun aczuMyT. Oypuyarn @ ra
GOEJIMK V3TapHIIUHH XapaKTepJaiily.

Tyaxua ¢yukuusuuur (4.104) nponacuuu (4.103) Tenr-
JaMmara Kyiub Ba TenryaMann RO® ra 6ysmd,

sin?® 9 [ 4 OR sin® @ 1 320
—_— r —_——
R or ( or ) + 0 6\‘)( T &

aﬂ) @ og
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(4.85) xycycuit (yHKUMSHHET HOPMAJOBUH KyMaHTyBuHCH
N, un TyaxuH ¢yuxuusara xyduaran waprt (4.3) opxaiu
aHHUKIalMU3; :

oo _
: 2 R : ST .
(rwapag= w2 ) L | o w1,

Hurerpan ocTHiarH DpMHT MOJHHOMJAPHHHHT CHTTacHHH yp-
Hura (4.98) ndonacunu Kyin6, oxupru TeHIVIMKHH] KyHHza-
ruya é3aMmus:

o0 0

j' H, & g,

i

1 —

V= | et o=y

—o0 —0

Opmut nosmuomMu yuyH_ (4.97) udonann spTHCOpra 04C2K,

&H, 3 on T _
= = 9nn| Ba je R Ve

—00

TEHIVIMKJIAPHH XOCHJ [KHJIaMM3 Ba HOPMaJIOBYM KjDalTyBuH
yuyH

(ﬂo"/‘
Vorn Va
Kuuuk KBaHT! CoHsap coxacd, MacadaH, n =20, 1, 2 yyyn

Xycycuil KHAMaTt/apra MoC RXYyCyCHH (YHKUMAJAD TaCBHPH
35- pacMaa KeaTHPUAraH:

Ny

- % Po = N 2%,
v —1/2 g2
2 _51_?
E2=5%", Yo=N, (48 —2)e 27,

Taceupaanran TYJAKHH (GYHKUUSI 5FPH YH3HKJApH TNOTEH-
mMan ypa TyAKMH QyHKOHsAcHra yxmamaup. 36- pacmzaa sca
Iy XoJaTyiap Y4yH 3XTHMOJJIAp 3UUJIHTH [$|> HHHT TaKCHMOT
SIpU YM3HFH TacBHpJaaHras. Ilorennuana ypa xojam KaGH oc-
IUAJIATOPAA XaM KJAacCHK 3appaHuHT Kaij KUJIHHHIIH 5XTH-
MOJIM MaKcHMaJ GyJsraH coxa MNOTeHLUaJ AeBopJiapHra, sS'’bHH
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1 odf . do .
sinﬁd_o(S'“*?o)+[l(l F1) Sin%]@—o, (4.109)

L d( 28R\ _[2my 1 o LU+ DT
e d,(’ dr) [m V()= E) +—— 11? 0. (4.110)

By TeHrnaManapHHHT Xap GHpH 6UTTa GYHKUMAHUHT OfIUIH
quddepennuan TenrjaMacd G6yau6, Gutra yarapyBuura 6or-
anx. Hlynnait xunub, Mapkasuit Maiinon yuyn lllpexunrep tenr-
AaMacHHy yuTa offHél audepenuman TeHrjaMara axxpaTAuK.

Xyeycuit pynxyusaap. (4.104) dynkous Ipexunrep renr-
AAMACHHHHT €YHMH CcH(}aTHIA YeK/IH, Y3JyKCH3 Ba OGHD TEKHC
¥arapyBuu xoccanapra sra. Crauuonap xoJaTHH TaBCH(JIAIIH
VUYH HOpPMaJiauraH xaM OVJ/IMHIH Kepak, AbHH

. R 2%
jw*ﬁdx dy dz=SR’r2a’rJ925inod0 D2dep=1.
o M »

By wmaptaan R, 8, © GyHKUMAHHHT Xap GHpH YUYH &@JIOXM-
1a-aJloxHna

\Rardr =1, (4.111)

n
g'eﬂsinﬁdf}: 1, (4.112)
P

2x

"

Drdg =1 (4.113)

0
wapraap xeaut uukaad. HOgo-
pujary (4.108) teHrjama xyna
OCOH eudJafH. YHHUHT eUuMH
onaTaa

D(g) = N,-e

ims ®

(4.114)

KypHHHWAA €3n/any, N  —Hop-
MaJoBuM KospdHUHeHT. KBanT-

Jaul WapTHre OHHOaH TYJKHH  g3g. pacM. A3MMyTax OypUaKERMT
$YHKUNA (a3oHAHTI Xap KaH- 27 ra ysraphiws.
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CHHHHT acocura Kyiniarad. Mapkasuft Kyy maiinonuja xapa -
KaTJlaHa€TraH 3appaHuHT MOTeHIHA] SHEpPrHsCH dakat Maco
QaHHHT QYHKIMACH GyJagd, SBHH:

V=V(V]) =V (4.100)

MapKa3HH-CHMMETPHK MalJOH XOCHJ KHJIafH. By wmaiigonzna
X4paKaTNaHaeTraH 3apPaHUHI CTAUMOHAD (TYPFYH) XosaTH
KyfAnparu

v + % [E~V ()] =0 (4.101)

Ulpenutrep TenrMaMacH opKaaM T2BCH(IAHALH. V (r) — 1oxo-

pHla aWTraHHMU3JeK, 3appajal Kyd MapKasHraua 6yJran
MacodaHUHT (GYHKUHACH.

Yarapypuunapan  amparuu. (4.101) Tenrnamanu [lexapt
KOOp/IHHATasapuia HQosasaiauK:

a2 a2 92 2m, —
(a?+¢ﬁ+¢3_z;)1p(x' ¥ )+ 2 E=VOIb (%, 4. 2) =0.
(4.102)

Tenrnamagan KYpHHHG TypuSauxu, Jlaniac ollepaTopH Ba
NcH-QyRKUHA X, y, 2 ra GORIHK, aMMO HOTeHIHaJ 3Heprus
V (r) %, y, zuuHr sMaC, GajKH r MacopaHHHT ($yHKUHACHIHD.
Tenrnamand euydm yuyH HKKE #§a  Gop: Macopa r HH

V x® + y* +-2* Gunan anmawmrupus, V uu JleKapT KOOpaHHA-
Tazapu opxamu Hpomanamn &ékx Llpenunrep Tenrsamacumm,
TYFPHPOFH, Jlamiac onepaTopunn ciepHK KoopaMHAaTamapAa
(37- pacm) ndonanaw. Iorennuan syeprusiHEur (4.100) xypn-

HHUIard MapKasuii CHMMeTpHK

z *f[j."”;,?'m XOMH YUyH CHEPHK KOOpPAHHA-
T Tajsap r, 4, @ ra yTHIO TeHr-

JIAMAHH  eYHLIHH OCOHJIALITH-
pamu. 37- pacMna TaCBHpJaHTaH
cheprK KOOpAHHATa/ap KYHuja-
ramap: r = VX2 F F 2% r—
KOoopJiuHaTa 6owuaae P HyxTa-
rava yTKasHJrai paamyc-BeKTop-
HHHT Y3YHJIUIH;

9 = arc 0§ ——————u—,
37- pacM. ChepHK KoopAuHATAIA. VeEtite
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A4rH KaTop KYpHHHWMAA M3nafimu3. Kartop Kosdduurentrapu
YuyH gy#uaars MynrocadaTra KeJaMHs:

D k1) a2 o [ (k) (kb 1) g, 4] =,

k=0
Bup xun napaxanu x fap KaTHamraH xalJapH HHFHG

D+ 2) (4 1)y + O — (btm) (e mt1) Ja, 5 | =o0.
k=0

uponara keanzmu3. OXHDPIH TEHIVIHK X HHHT XaMMa KHAMAT-
Japula TYFpH OYJHMWK YYYH X JIADHHHT OJAHAArH KO3(h(H-
uvenTaap(k BHM k =0,1, ... ¥3rapumuna) anoxuma-asoxuia
HOJITa TeHT OYJMIA 3apyp, FbHH

(k+2)(k+1) a, ,+ [h— (k- m) (14-m4-N]a, =0. (4.119)
(4.119) pexyppent mynocaCusT (4.117) KaTOPHUHT XaMMa Ko3h-
¢uudenTiaapunn Gornafign. (4.119) pexyppenT mMyrocabarra
mMyBoguK U Xydr €kd ToK (QYHKUHSAAUD. X HUHT XamMMa KHi-
maTazpuaa x2M 0(x) vexkan Oyaumn yuyn (4.117) gatop uvek-
JA XalJlap PHFMHJMCHASH TAIUKWI TONraH OYJHIIM  3apyp.
Bouikava afttrauga (4.117) Karop GHpop MakcHMaJs Aapaxa
k = g fujan verapajaHray HOJMHOM OyJmmM Kepak. Y xonaa

_— »l._ —— —
a, _aq—;LO, ak+2~aq+2—0.

(4.119) pexyppent MyHocabaTra acocan sca (k HA ¢ ra aJ-
MalTHPHO)

A=@+m(g+m<+1)., ¢g=0,1, 2,3, ...
Kesn6 ungany. HOkopaga A uu ! opganu A = [({ 4+ 1) kabu Gea-
TWiarad  3MMK. [JleMak, [ KaTTalMK asumymaa (opbuman)
KBaHT CoHH 6yJmb,

I=g+m (4.120)

ra Tenr. [ comm ¢ xoMra m KalH HomjaH Gouwiad (pakar
mycbat CYTYH cousap kaCyn xuasiu. (4.120) ra 6umoan

I>m, (4.121)
ABHK
my=—I, —I+41,...01—1,1 (4.122)
mlE I} I—my;
§=(1—cos’®)T 3 aq cos* 9 =sin’"102’ak cos* &=
h=6,1 =0,1

=P, (coso)-



[image: image435.png]152 IV 606. Kzant Mexaumygacu

2myrisin®y ]
P (E—V)=29
R!
H(DOJaHH XOCHJI KUJAaMH3. YUHHUM Xai ¢akat asumMyT Oyp-
yard @ HHHT yskuuscuaup. [LyHHHr y4yH YHH TeHrJiama-
HHHI VHT' TOMOHUra VTKasud €3aMus:

sin%® 6»( 2 6R) |’ sind 0 (Sifl{) 09) | Imyr? sin? & (E—V) =
R or\ or 9 o0 oY n
S
O o9
Xocua 6Y.raH TeHIVIHK HKKH TOMOHMHH ¢(axaT GHp yarap-
Macra TeHr OyaraH Xosfarusa YruHasgup. By  Vsrapmacum

KYJaUIiK | yuyH m; OpRaJIH GeJrudacaK, asuMyT (PYHKUIHACH
yiyH

A E .
- 5= I (4.105)

TeHTJI: MaH! XoCHJT) kuamu3.§l0kopunarn [lpeaunrep Tenr-

o 2 o
JaMaCHHHUHT ,VHT TOMOHUTra m; HH KYfdMH3 Ba TeHIJaMa-

HHHI MKKH TOMOHUMHY sin?{§ ra 0Ysu6 3esut Gypuard ¢ ra
GOF/IMK XaJJIAPHH VHT TOMOHTA yTKa3zamms:

2
r % m .
- (rzfiR> P2 (V) = — L _ 4 (sm ¥ 2

R dr\ dr niz - sinz ¢ 0sind do dd
SlHa HKKM TOMOHM Xap XHJ ¥3rapyBUHJIADHHHT (YHKIHSICH
6yran TeHIVIaMaHH XOCHI KWIJUK. TeHIVIAMAHHHT HKKH To-
MOHH XaM OutTa V2rapMacra Terr OyaumM xepak. Kefinn
paBwan GjJauran ce6abmapra Kypa Oy Yarapmacum /(! 4 1)
opkanu Oenrnnaiimus, ¥ xonza 6 Ba R QyHKUHAIAD YYYH

. s
m I N
sing—\=1({+41 4.106

sin? @ esinﬁdﬁ( d\'}) ¢+ ( )

Ba

1 d[ ,dR\ 2myrt
-— | r — V{r Ey=1(+1 4.107
Rl ) =BV =B =1+ @107
TeHI/aManapad xocua xunaamus. llynpall kum6, [lpeaunrep
TEHIVIAMACH yuTa TeHTJAMAara axkpajaju. By yurta TeHrJiama
OJaTAa KyHuOard KyJail KypHHHIUJA €3uJafH:

d:f, o ® =, (4.108)
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[Myupa#t gkuamb, (4.101) Ipeausrep TeHIJIaMacH eYHMH
(4.104) Gypuak xuCME Ky#hupaaru

Y, (00 @) = 67 () @ () =

_ 2141 (U—m ) o im; ®
l/ el Pt (cosd) ¢
wap ¢yuxuusaap sxan. [lap ¢yuwumsaap Y, , (8, ¢) HOp-

Manauran (yHKuuAaapaup. XaKkukartad, arap dQ opkanu da-
30BHi Oypuak 3JeMEHTHHH OeJIrHjacak,

n
Sﬁ Y, m) )* Y, d Q= const§ sindgde PRl «

P24
my ) i(mi —mhyo __
XPP \doge 19 =5, .8
0
Kyfinga Mucos TapukacHia KMYHMK KBaHT COHJI2ZDHra TYFDH Ke-
JyBud OHp Heya HOpMaJiaHTaH Iuap (YHKUMAJADHUHT OLIKOP
(opMy1asiapu  KesTHPU/IraH:

1
Y =
LBy Vin
— 3 —_ 3 . +i @
Yl.o = ]/——4ncos 9; Y,li, = 4 Vﬁsmﬁe SR8
5
Y,, = Vﬁ (3 costo —1);

15 . i Q.
Y, , = {b;“]/—gft—cosﬁ51nﬁei‘w,

» . 15,4 . o +2i Q.
Y2,:l:2‘~ “/—'—3'2?“5“1 [ XX ’

(4.110) Tenrnamanu equd, paguan QyHKuus R(r) HH aHHK-
Jalli yuyH NoTeHuHan sHeprust V(r) HuHT owmkop Qopmyna-
CHHH GMJIHIINMH3 3apyp. Kearycu 60612 R(r) panuan GyHKIHS-
ra MHCOJ TapHKACHIa BOAOPOI SAPOCHHHHI MapKasHi-CHMMeT-
puk Kyson MafifoHufa xapakaTiaHa€Irad 3JIEKTPOH Maca-
aacunu Kypamms. Snponudr Kyson maiijionnja Gurra 3sek-
TPOH XapaKaTHHH YPraHHIl aTOM TY3HJMUIIH (PH3UKACHTa
iya odagd.

mymy
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Jail HyKTacHla ueKnd Ba OHp wufiMaTid Xamiaa GHp TEKHC
6ymmmy Kepak. [IyHHHT YYYH nCH-QYHKUUSHUHT GHD KHCMH
6yaran @ xam XyAAW Wy Xoccasnapra sra GyJjaan. 38- pacu-
laH KypaMH3KH, CHpDOD MEPHAM3HAAH JTraH TEKHCJIHKKA @
Ba 2 -} @ Oypuyaknap TyFpd kKeyagd. Dowmkaua aiitranna,
D (p) = O (p + 2n) mynocabar ypusan GVJIHMH Kepak, SbHH
im; @

Dlp)=e " =e

imy (o 4.2

(4.115)

bup KUAMATIAIMK WAPTHHHHT HaTHxacH Oyaran (4.115)
WAPTHUHT Oaxapuaumn yuyH m, =0éxu 41, 42, +3, . .
Kabu MycGaT €xku Mandui GyTYH COH KuiMaTaap xabyn Ku-
JIMIIH JIO3HM. f; KaTTaJHKHH MQ2HUM KEAHM COHu 1e6 aTa-
JlajH.

AswmyT Gypwarn yuys é&smras (4.109.) aupgepenunas
TEHIJIAaMAa MYpakka® euMmra sra. TeHIJIAMaHH euYHlI YYyH
YHZa Y3raDyBUM/IADHK aIMAIITHPAMH3. X == COS & OpKaJH STHIH
yarapysun KHpuTamH3. Y xoaia (4.109) Tenrnama

m2

%[(I—xz)%%] + (x— i )e=o, =141y (4.116)

1—x2

KypuHHuwra xenaid. By Tenrsamana x = 4-1 myxra Maxeyc
HYKTa 6y/MG XHCOOJAHANH, YYHKH X = 41 Ja 0 dynxuus
OJIAKAATH KO3(pQUUUEHT ueKCHra alilaHajd. ¥ = -+ | HykTa

MYXHMMaC MaxcyC HykTagup. LIyHHHr YYYH TeHIr/JaMaHHHT
CUHMHHH KYURAArH KYpHHMILAA H3JafMH3;

m .o, m
0=(—1)7 3 g =(1—)2U(x). (4117
£=0
By epram = +|m,|, a— asuknauumu kepax 6yaran Kosd-
duauenr. (4.116) tenrnamanuur esum, anbarra, |m,| ra Gor-

JuK, 6ynafid, YYHKH TeHIrJaMara MaTHHT KBAaHT COHHHHHET
kBajpath m? kdpran. (4.117) um (4.116) Tra xyin6 nomasn-

JayMm ¢yskuua U yuys
( _xz)%’__Qx(m +1) Y (h—m (m + 1)]Uo = 0(4.118)

TEHIVIAaMaHA XOCHIT KHiamus., U oyukuus yuyn &unaras 6y
TEeHIJIaMa MaxCyC HYKTara sra 3Mac. YHHHT euHMHHH (4.117)
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By epaa Ze — sApOHUHT 3aps/iy, BOAOPOL, ATOMK yuyH Ze = le
ra TeHr, r-— siApO OHJIaH 3JEeKTPOH OpacHiard Macoda,

£y — BAKYYMHHHI' [H3JEKTPDHUK KHPHTYBYAHJHTH. Y X0Jija,
BOZOPO aTOMH XOJHJa NPOTOH MaHIOHHIA XapakaTJaHaér-

rag s1ektpoH yuyH UlpenunrepHunr yu yauoBax craumonap
TeHI/1aMacH

A+ e (E—V ()19 =0 (5.2)

Kypunumga Oynagu. (5.2) TEeHTJIaMaHUHT €UHMH CHCTEMa-
HHHT [12BpH# CTauMOHAp XOJaTHHH TaBCHAWM YYyH GuUp
KUAMATIH, Y3JYKCH3 Ba TeKHC Y3rapyBuad GY/IHIIH JIO3HM.
Torenitnan sueprusuunr (5.1) uomac chepux-cHMMET-
pusinupup. lynunr yuyn (4.2) Tenriamanu cpepuk KOOpaH-
HaTa/lapja eyHIl MaKcaara MyBopuK. ¥ xo/1a T{JIKHH (yHK-
s y4ra chepux KOOpAHHATA 7, &, ¢ Jap QYHKUHACH Gyaamu
Y = ¢(r, &, ). JIleKHH MapKa3uil CAMMETPHK MaiiloHxa CTa-
IHOHAp XapakaT KHWJAéTraH 3/JeKTPOHHHHI SHEPreTHK Carx-
Japu TYJIKMH (QYHKUHSHHHT paiual KHCMH y4yH €3HJTaH
(4.110) TenraamaHu euyMI GUIAH aHHKJAHAJH:
1 d dR 2m, Ze? I(t4-1 )
3 odr (r2 dr ) { { n? [E : 4naorJ_ 3 }R‘O (5'23)
(YMymuismk yuyn 6y TenrsaMaza Ba 8ysaaH Kefinu xaM azpo
3apsAAMHH —+Ze ra TeHT Ae6 Kalys Kuiamus. Iy 6unan 6u3
OuTTarnHa 3JEKTPOH CakJaHHG KoaraH Z > 1 myc6aT HOH-
HHHT XaM 3HEPreTHK CaTXJIapuHu aHWKJjaraH Gyjamus. Duep-
TeTHK CaTX YYYH aHHKJAHTaH OXHPru Hudopaga Z = 1 peb
BOJIOPOJ, AaTOMHHHHT 3HEPreTHK CAaTXMHH aHMKJai OJaMu3).
By TedryiaMaHu ewdIIHH siHaji@ OCOHJALUTHUPHII MaKCagwia
(5.2) HHHT cepUK CHMMETPHSIH euuM/IapH OHIaH Kwosiia-
Hamu3, sbHU [ = 0 ge6 xucoGaaiimus (I 5= 0 xonmra Keims-
poK kairamus). Ulynpait Kuiu6, Gus Kyiugarn

1 d{ dR, 2m,[ 232]
7’47(’271?) B+ gor | Ry =0 (5.3)

wakizara Hlpenunrep Tenrnamacuuu xypamus. TeHriaMaHu

CONNAJAaWITHPHII YYyH OelrHjaiiap Ba y3rapyBYHJIapHH
aJIMalUTHPHILIAD YTKA3aMH3:

2m, Ze? U(r)
N VLI
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By epna P™ (§) -— JlexaHIAp OMPJALITAPH/ITAH TOMHHOMJAPH,
[Mynpait xumu6, (4.116) TeHrJaMaHMHT evlMM YMYMHH XoJ-
Ja Ky#mjargya HdojanaHanH:

87! =C P (cos 9).] (4.123)

C7 Ba N, xospdunnentaap (4.112), (4.113) mapraapaan
anukJanaau. IlacraBsaJ NQ HH aHHKJNAHIHK;

2n
2 im; @ — i _ N2 __
N%je (OTimL @ o — N2 2n =1,

JeMak,

o 1 1 im; @1

- o —. 0)] = el 1 A 4,124
* Vo @) Ve ( )
C/ 'kospduunenty zHMKAam Yuyn (4.112) mepTaE Kybu-
Jlargua é3amms:

£ 1
g' 6,6 singdo = 5 0™ (x) B (x)dx = 1.
¢ Ea

Huterpanun xucoSaam yuyn Jlexkanip CHpJaliTHPHIraH IMo-
JIHHOMH _Xoccacuaan dolinananamus;

2 (4m)
TFI—m )

1
[ Preco P s
=i

By epna

s 0, arap [ =1’
w = g
i, arap | =1

C;’” KoahhuiMenTI2p YUYH KYHHAard
cm =‘/ 21+ 1(l—m )
L 2 (+m)

m
udonann xocH1 Kunamus. Hatuxaga 6" ¢tynxuns

Tri(—m . _
6;"’—1/ T P" (cos @) (4.125)

KYPHHHILJA TaCBHPJaHAIH.,
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wapTu KyfAuaran paguan GYHKUHA R, Y30KJALIYBUH aCHMI-

TOTHKara sra GY/Iajd, SBbHE r—- oo Aa Ry—> =P r(k' ) xatu Ja-

rapaju. PasHK XaKHKATHH 3KC 3TTHPa OJMaraHjurd cababin
6y eunM Tamiab ro0OpHIaNH.

Zann  (5.9) karop OHDOD n- Xaaula YsHJHMIUra TYFDH
KeJajUraH IapTHY aHukAaindx. Karop ysuanmu yuys (5.11)
pexyppeHT ¢opMmyJara Kypa Oupop MycOat OyTyH COH N AaH
Gomma6 (5.11) HHAr JHr TOMOHHA2CH Kacp CypaTH HoJra
aliyIaHAIUM JI034M, STBHH

2k.n—f=0.
€éKH
_ b
k-—2—n-

Auepretux carxaap. Oxupru mbona (5.12) ra k Ba p muur
(5.4) naru gufiMaTiapuni KyHAuS BOJOPOJCHMOH aToMiap Y4yH
MYMKHH Gy/raH 3HEpPreTHK CaTXJ/apHH aHuKAaAMu3;

m, -Zb-ét 1 R, hZ?

e 32~uzs§~h2 n? n?

(5.13)

By epaa n —6yTyn MycOaT con Gyuub, y Gous Keaum coRu
ne6 atamapy, Ra— BonopoA yuyH Punbepr Aoumuiicu:

Ra -et

m,

T 8eln’

Illy napcauu amoxuia Kaij KWadul KepakKH, BOAOPOA aTOMH
SNEKTPOHHHHMHT CTAIIHOHAP XOJATIADH SHEPrUsICH YUYH KBAHT
MeXaHHKacH acocHfa amukgaanrad (5.13) udoaa 11y xol y4yH
Bop nasapusicufas anuKjaanrad (3.22) ra aHug TYFPH KeJlalH.
(5.13) dopmysasan n HUHT GUp Heya KMAMATapH yYyH BOJO-
PO aTOMH SHEPreTHK CATXJIapUHH aHHKJAATHK:

E, = —13,6 3B,
1
Ey = — 13,60 5r = — 3,4 3B,

Ey=— 13,6._;T — —1,51 3B,
E,= —13,6-45 = —0,853B,
E, = —13,6.- = — 0,544 3B.
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BOOPOLCUMOH ATOMJIAP

KBanT MeXaHHKaCHHMHT SIDATHJIHIIM OHIAHOK, ATOMHUHF
KBaHTOMEXaHHK Ha3apHACH PHBOXKJIZHTHPUIAW. ATOMHHHI
KBaHT Ha3apKsACH TabHaT Ba YHHHT TYSHJHIIH XaKHJard GHJIH-
MHMH3HH TyOiaH ysraptupiu Ba MeHJeJeeBHHHT 3/eMeHT/Iap
JaBpUH CHCTEMAaCHHUHT KeJHO UYHKHMII HEerHsuHu, GapKapop
MOJIeKyJlaJlap TySHJIMILMJA aTOMJap V3apo TABCHPHHHHT Xa-
PaKTepHHH, KATTHK XHCMJIAD SJEKTP, MarHHUT XaMla MeXaHHK
XoccaJlapHHH Ba 6OIIKa KYN MUKPOAYHE MyaMMOJNapHHH Tyuly-
Huwra UMKoH Oeppu. Kearycn naparpadsap Ba GoGjapHMHT
acocHil MasMyHH XyJAH 11y Macajanapra GaruilJaHraH,
JacraBBaJl, OU3 BOAPOJ Ba BOLOPOACHMOH aTOM KBAaHT HasapHsi-
cura 6yTyH 3bTHOODHMH3HH KapaTaMu3.

Bozopoa Ba BOZOPOACHMOH aToMJ/ap, S’BHH sIAPO Mafijo-
HHJa OMTTaruHa 3/JeKTPOH OysraH aToMap 3JeMeHTJIapPHHHI
Menjienees 1aBpuil CHCTeMacCHJaTH SHT COJAJA aTOM CHCTeMa-
Japura Mancy6. BojopoicuMmoH atoMmra GHp Kappaau HOH-
JIaHTaH 3apsii COHH Z = 2 ra TeHr reqiuii atomu He, uHKkkH

KappaJH HOHJAHTaH Ba 3apsf COHH Z = 3 ra TeHT JHTHH
atomMu Lit+ Ba Xoka3o kupagy. AToM CHCTeMaJlapH HYHJA SHT
coppacu, anbarra, BOAOpOJ aTtoMu xucobaaHazu. Bomopon
aTOMH 3JIEKTp 3apsiii -l-e ra TEHT 3appa — NPOTOHAAH HGOpAaT
6yaran snpojiaH Ba —e MandHi 3apALIH 3JEKTPOHAAH TYy3HI-
ras. [TpoTOH Ba JEKTPOH yPTACHAA HJAEKTPOCTATHK TOPTHUIIHLI
Ky4d Tabcup KuJaaau. IIpoTOHHHHI MaccacH 3JIeKTPOHHHKHIA
HucGaTaH Kylda Kynm Maprta Karra. LyHudr yuyn, Macasnadu
OCOHJALUTHPHIN Magcajyuja INPOTOHEH, SIBHH BOJODOI aTOMH
SIPOCHHH TYPFYH ne6 Kapall MYMKHH.

[27- §. Bozopox aromu

Bogopox aromm yuyn Ilpegusrep tenrsamacH. Kyson
TOPTHIUHKIU KYYH TABCHPUAATH GUTTA SJACKTPOHHHHI NOTEHIHAN
SHEPTHSCH

]
Vi) =—-2 (5.1)
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Y xeqxa (5.3) TenrJama xy#uzaru Coifia K pHHHIITA KesajH:

@y U,
o B L= U (5.5)

Chepnk — cummetpusinn  eunm.  Jacraspai (5.5) Tenrsama
CUUMHHHHT aCHMITOTACHHH YpraHamus. Panuyc-BeKTOp r HUHT

YEKCH3JUKKaA MHTHIHIIKAA (5.5) TenrnaMaza k2U xaara mmc-
U .
GataH 57 XalHH 4YEKCH3 KHUYMK KUHMar cudpartupa Tamsnab

16opHIL MyMKHH., BDHHOGapuH, eTapiuua Karrta ryuyn (5.5)
TeHIVIAMaHH KyHHJaTu4ya yarapTHPHUI MYMKHH:

By TeHrJaMaHHHN eYuMy
' —hr kr
UcQ = A.e -+ B.ej

KypunHuira sra. A Ba B — poumuiliap. Tyakuu dyHKUHUATa
KYAHIran 4eKJUIUK Talabura kypa U., eunMm 7 HUHT XaMMa
KHAMAaTJapuia Ba Wy GHIaH r— oo 1a XaM YeKJIH 6y1uum
wapTt, abHH B = 0. Ilemak,

U,=A.e™" (5.6)

(5.6) dynkuust (5.5) TeATIAMAHHHT eYHMH 6yn1a osnMaca xam
U3/AHACTIaH E€YNMHH YEKCH3IHKAA TacBupaaigu. Ilymunr

yuyH (5.5) TEHIVIaMaHHHT EYHMHHH KyAulary KypuHHLIAQ
H3JafiMu3:

U=e*F(r). (5.7

By epna uomawsaym f(r) dynkunsuuur OLIKO) TaCBHPH aCHMII-

ToTafa e * pan res yCMauauran GynumM Kepax. (5.7) eunm-
nu (5.5) Tenrnamara kyiicak, f ¢pyHKuus YUyH pupdepeH-
M3 TEHIVIAMa XOCHJI OVJiaj:

@2r) daf
D —d L By, (5.8)
(5.8) TeHrMAMAHMHT e4MMH [ DYHKUAAHUHT OIIKOp KYpPHHHU-

INHHH, IOKOPHIATH WAPTra Kypa, AApaxKkiiH KaTo) cHdaTHna
H3J1aiMus;

fr)=2 a, . (5.9)

f=]
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Knaccuk nasapus uykrau Hasapupan XapakaT MHKJIOpH
MOMEHTH HOJIb GYJraH 5/7EKTPOHHHHI TYDFYH XOJaTH MaBxy [
sMac. HyHku arap xapakaT MHKJIOPH MOMEHTH HOJIb 6y.ica,
SJCKTPOHHHHT ANpO aTpoduia xeu Kaunail (Bop Hyxran Ha-
3apliaH aiTranaa) afnanMa xapakatd HyK. ¥ xoina 3JIEKTPOH
Aupora Tymuul kepak. KBaHT MexaHWKaCH HyKTau HasapjaH
3ca OyHjail Xo/1 xed KauoH pyit Gepmaiigy. YyHKH, 3JeKTpoH-
HUHT fJpora sIKHHJIAIIMIINAA YHHHT KOODIHHATACH HOAHHK-
JMTH KaMasiii. By sca HOaHMKJIHK/IAp MyHOocaGaTura GHHOAH
SJEKTPOHHHHT MMITYJIbCHHH T€3 KaTTA/IAIlHIIHTa OJIHG Keslajy.
-Harmxkana sapora sxunnamaérran 3JIEKTPOH SIApOra KaHuya

2
SKMH KeJjCa, YHHHI KHHETHK SHECPTHUACH = (QAP) uryHua
Mme

KaTTa Gynamu. By sca smexrpommumr TyJa SHEPTHUSICHHH
OWMIIAra OMHG Kelajd, YYHKH 3/eKTPOHHHU ajapora SIKHH-
JIalIMIINJary NoTeHnuan suepruscu (5.1) nuHr Kamaiiuuman
KyPa KHHETHK SHEPTHsCH Te3pPOK OLIAH. Bunamusku, siek-
TPOHHUHI Ty/la SHEPTUACH aCOCHH X0JaTia MHHHMAT KHii-
Matra sra GyJand. DIeKTPOHHHHT spora SIKHH KeJIHIIHAa
5Ca SJEKTPOHHHUHI SHepreTHK (oiiach3 xonatd 103 Gepai.
Illynnat Kuau6, kBauT 3appa — 3JEKTPOH sIAPOra «TYIIHG»
KeTa OJMaHzH.

28- §. BopoponcumoH atomaap CIIeKTPH

K2 Bonopox aromu cnexrpu. Bojopoacumon atoMm siexTponn
YIyH KBAaHT MEXaHHMKacHIa Xocusi Kuiaueran (5.13) dopmysa
Bop nasapusicu acocuna osunran (3.22) dopmysanan MyTaako
(apk xuimadiau. Iy caGa6ran Bojopos aTomu JIEKTPOHHHHT
KBAaHT MEXaHMKACH OepraH SHEPreTHK carxjiap cxemacH Bop
Ha3apHsICHIAH OJIMHTaH CaTxXjap CcXeMacH OHJaH TyJa Moc
kenan. Bogopox atomu mypaanum wactoranapn Ba CIIEKTpPH-
HUHT Xap XU/ CephsIapH KBaHT MEXaHHKAacH Ba Bop nasapus-
cuia afiHan yxmau hopMyJanap opKaan TaBcudIaHagm.
Boxopoa aToMHHUHT acocuil XOJaTH KBAaHT MeXaHHKACHTa
OuHOaH n = 1 KBaHT COHH GuiiaH Xapakrtepsianagu. Arap Bop
Hasapuscuaa n = (0 XOMMHHHT Tauwia6 roGopumn caGaGH Ho-
MabJIyM Ko/araH GyJca, KBaHT Hasapuscuia sca n =.0 xo-
JaTHUHT HYKJIUCA TYIKHH GYHKUMATA KYHHITAH YeKITHIHK
(afinn xonma koopauHaTa Gounja) mapTara Kypa tabuuii pa-
BUlia KenuG uukamu. llympait xuau6, (3.22) éxm (3.29)
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Y xoama (5.9) un (5.8) ra kyiuo,
2 a,n (n —1)r"2 —2k2 apnr® 4 [32 a r" =0
n=1 n=1 n=1

HH XOCHI KHJamus. Xocua OyJaraH yura HHFHHAM XalJap-
HUHT CHPUHYHCHAA n HU n -+ | ra anmamTHpamus, Bupunum
AnFBAMAa n =1 XaA Hoara aHJaHHMMHHE XHco6ra oJraH
X0JiJla TEHIVIAKHH KyHHjJaruua €3umHMH3 MYMKHH:

2[% (n+1)n—2ka n+Balr = (5.10)

(5.10) TeHryMK pajMyC-BEKTOPHUHI OJAKJA TYPras Ko3(u-
HHeHT/ap aJOXH/A-aJIOXHIa HOJra TeHI Oyaranjarupa ypuH-
Jaupup. By ranabnan xyfiuparn pekyppeHT QopMysa Keau6
YUK aH:

2kn — 5
I (e N (5.11)

Pekyppent gopmysiafian kypamusku, (5.9) katop k Ba §
ysrapMacjiap ypracuparu MyHocaGarra GOFMHK PaBHIIAA UeK-
Cu3 fapaxaju €KH YeKJW ]apaasd, sbHH NOJIMHOM KaGH Ka-
TOpra aiJiaHaid. Arap xaTop ysmwsiMaca n— co fa

B
2k — .

n+1 n-1 nT n+4l Ta a T n-+1

n

a

6ynaau. By xua pekyppeHT (opMysa SKCIOHEHTa KYPHHHLI-
Jarn GyHKUHAJAD YUYH YpUHJH. XakHKaTaH,

kr 1 < n
= zl—n-!— (2kn)" =k2_'l bn r.

Katoprunr * Ba r"V! xapzapn ommmmarw Kos(QHUHEHTIAPH-
HUHT HHUCOATH

bn+1 @ k)rl—l-l n 2k

by (DU (28" a1

ra Tenr. emak, (5.9) katop ueksau GyJMaca, # HHHT KaTta

kuiiMatsiapuna f (r) uu TapcmdaoBun KaTop €% pyHKUHMS Ka-
6u yarapaj¥ Ba 7 HUHT YEKCH3ra WHTH/HIIKAA YeKJad Oy

11—2180
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Ba (5.13) nan =1, 2, 8, ... kabu yarapuum XOJIaT TYJIKHH
¢GyHKnusicHra KyHuarad TajgaGuuHT MaxcyJiu 5KaH.

(5.13) dopmynanan dotinananran X0JIJla BOJOPOA aToMH
CIEKTP UH3HUKJIapH SHEPTHACH YyuyH HQPOJARH KEJITHPHG k-
Kapuil MymMkuH. Bysunr yuyn (5.13) na Z = 1 ne6 xuco6na6,
Xap XWJI KBAaHT caTxjapra TYFPU KeNaJuraH SHEPrUAJapHH
Oup-Oupunan aliupub KyHHAaruHu XOCWI KHJIHHI MYMKHH:

AE=hv=E,—F, = ?ﬁ%l.& (3.24)
(3.23) ra K.). Bogopox aromummmr Gy carxJiapH, GH3 10Ko-
pHuja Kypram, 22- pacMja TacBHPJIAHTaH SIH. Bogopox aromu
yuyH Puabepr noumuiicn R, — (3.30) opkanu Gepuagu. Ily
HAapCaHu sHa 3ClaTaMuskd, Pupbepr poHMHHCHHHET 6H3
KenTHpran udonanapuza R BakTra Teckapu GHpJIHK (cex—1)
Guian yiyaHagu. DKCIepHMEHT HaTHXKalnapu sca ojaria
TYJIKHH YSYHJHKHHHT TeCKapH GHPJIHIH (cM—') na Gepunanu
Bus kearupraun Punbepr noumuiicuann Taxpuba GH/IaH TaKKoC-
Jall Y4yH IOKOPHAard H(pojanapHH €pPYIHK Te3THIHTa 6yHI
Kepaxk, SbHH

R R 2 elm, 1 I m,c /[ e\2
Fe oUW e g anfvc  (mp @k \Ae)
2
-~ L.l (5.15)
(4 g5 A

A — sexTponnnHr KoMNTOH T{JKHH V3YHJHMIH. Q-HO3HK
CTPYKTypa pouMuicH. Hosuk crpykrypa noumuiich 6uian
KeAHHPOK GaTadCHi TaHHMIIAMHS.

PunGepr noummuiicunuur Bogmopox atomu yuys (5.15) udo-
A4CH  SKCIICPHMEHT HATHXKACHHH aHWK TaBcuduaMaiizu. By-
HUHT' caGabn BOJOPOX SAPOCH — MPOTOHHHHT MACCACHHH Uek-
CH3 XarTa Jie6 Kaby, KH/Iu6 NpoToH Ba 3JIEKTPOHIAH uGopar
cucremManunr Illpexunrep Tenriamacunn (5.2) opxanu ugo-
AJ1alIMMU3AHP. X aKHKATAd 5Ca NPOTOHHMHI MAaccacH 4eKJIH
Ba y Xapakaria G6ynaan. By sca Punbepr monmuiicu YUYH sIHa
(3.38) xabu Kaiita anuKI0BUK topMynara oMb Kesaagu.

Bus xkypnukxn, Bop wnasapusicuga SHEPTeTHK caTxXJsap
SJIEKTPOHJIADHUHT TYPFYH OpOHTanapiard XapakaTHra Moc
Kyiunanu. KBaHT MexaHukacuia sca JIEKTPOHHUHT Op6HTa
6yinab xapakatd xakuia xeu KaHjail TacaBBYp GyJiMaiigm.
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OHeprusi HOJIra SIKMHJIAIIHIIH
6ujlaH 3HEPreTHK CaTXJap SUYJIH-
TM OPTHIIMHH Ky3aTamus. E >0
Aa 3JIEKTPOH 3IDKHH  Xapakar
Kuiagu Ba Oy xoama TYJKHH
¢oyuxous (2.23) wexnu Gyamaran-
JIUTH €ababnu  SHEPreTHK carx-
Jap KBaHTJaHMaigd. Opxun
3JIEKTPOH 3HEPTHSCH JUCKpPETMAC
TYyTall CIIEKTD XOCHJ KHaajH. Bo-
ZI0pPOJ aTOMH 3/IEKTPOHHHUHT IHEp-
reTUK caTxjapu 39-pacMpa Tac-
BUpJIaHTaH.

Bonopon atomn yuyn Illpe-
JQHHIeD TEHIVIaMaCHHH IOKOpPH Ja-
THIEK €YHIUMMH3ra GOFJIHK MyXHM ]
u30x Gepamus. YMyMaH oaranja,
6H3 aHUKJaral e4uMm

39- pacM. BOROpOA aTOMH yuyn

ek SJIEKTPOHHHUHET NOTEHNHAN 3Hep-
Rye=Ulr= f(r)= THACH Ba aTOM SHEPIeTHK cat-
r Japu:
br B/2R
e =1 — acocHfl * X0JaT, n =2 Ba
= r 2 a, r’ (5-14) “n = 3 — yiiroTHATaN XoJaT,

n=1

€YHMJIADHUHT  TyJa TYINIaMHHH TalIKWJ KuiMaiiad. Uyuku
Boopoa, atoMH yuyn IllpexuHrep TeHrJiaMacHHH eyuliga Gu3
TYAKHH (YHKUHSHUHT ¢ Ba @ Oypuakjapra GOFIHKJIUTHHH
xucobra oaMaauk. IIyHuHr yuyn 6u3 aHHKJaras SHePreTHK
catxnap (5.13) acauzaa ¢ Ba ¢ Gypuaknapra GOFJIHK OYiMaran
Xonarsap SHEPreTHK caTxjapiup. Bus pajuan TeHrsaamazga
opbuTan kBaHT COHMHH [ = 0 jge6 ouauk. Harwxana 6us
aHvKJlaraH SHEPTeTHK carxJjiap GujlaH XapakTepiaHajuran
xonataap yuyH [ = 0, ABHH XapakaT MHKJIOPH MOMEHTHTra
sra smac. )Kymnanan, wyHu afiTuin xepakkd, I == 0 ne6
aHHKJIaHTaH 3HEPreTHK caTxJjap GH3 aHHKJaraH SHepPreTHK
carxJiapiad ¢apk KHiAMainn. By Xon HyKTaBHH 3apsi 3J1€KTp
MafJIOHHTa XOC XYCYCHATAHP. SIBHH HYKTaBuii 3apsij 3JeKTp
MaHJIOHH y3Hra Xoc WyHAa#l XyCcycHaTra SrakH, Xapakar MHK-
IOpY MOMEHTH HOJIb Gy/Maran xosar yuyH (5.2a)Ty/1a TeHrJaa-
M2HHHT €YHMH SHTH SHEPreTHK CaTXJapHHHT HMaknNo GY./IHIuHra
onu6 kenmaiau. [lynunr yuayn (5.13) na"Boxopos aToMH 3Jiek-
TPOHHHHUHI' XaMMa JHEPreTHK caTxjaapu 6op.
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GHPHMHYH YYTacH YUYH TYJKHH Y3yHNHKIAp KHHMATH KeJaTH-
pmiran.

1 xaasan

Bogopon crekrpuna Banbmep cepusicHHHHT afipum
uH3uKaapy — H,, Hﬁ Hv
_

o o

YH3UK Asken.r A Miasap.s A
-_
H, 6562,78 6564,7
Hg 4861,32 4862,7
H, 4340,64 4341,7

_

MyaiisiH sneMeHTHHHr Xap XW/J H30TOIJIapH CeKTpHja
afiHaH YHSHKJAPHHHT TY/IKHH Y3YHJIHKJIADHHH (papK KHJIHIIH
CNEKTD YHM3HKJIaDHHUHT H30TOHHK CH/IKHIIM fe6 artajani.
Boxopon Ba gefitepuii cnekTpmapuzaru xagsanga KEITHPHJI-
T'aH H30TONMK CH/DKHILIAP LIYHYANMK KATTakKH, OMHMH CHEKTp
ac6o6/1apaa xaM cesHir MymkuH. Bogopox Ba JeHTepHH CIEKTp
YHBHKJAPH TYJAKUH Y3YHJIUKIAPHIATH H3OTONMK CHJIKHIL
Banbmep cepuscn yuyn sinaza Karragup. Macanan, Bogopon
Ba JefiTepuii CreKTpHHHHTr BaiabMep cepuscuparu 6UpHHYH

(=]

6OLI YH3HK YUYH TYJIKHH y3yHJHKIap dapku 1,7 A HH TamkHA
KHJIagy.

Bonoponcumon Honnap. BuTTa 3MeKTPOHH KOJTYHuA HOH-
Jlallirad aTOM/IapHHHT CIEKTPJapUHH Kypamus. Bup xappanu
HOHJIAUITaH TeJIUA aTOMH y4yH CIeKTp (GOPMyJIacHHH Eé3aMH3.

1 1
AE =hv =En_Em=RHeZ%ie(-F2 _71_2-) =

R, 1 1
=4 , m, me ’n_z')
+ MHe

R, — (3.38) dopmynana tabpudaanran,
~* CHeKTp UM3HKJApPHHHHI YacTOTajapH ypPTacHAarH 6y ¢op-
Mysna Oepamuran MyHoca6aT XaM JacTaBBaJ TaxkpHbanap
acocujia aHMKJaHTaH 31u. YHH (akKaT KBaHT MEXaHHKACH-
THHA TYIIYHTHpA OJIIH.

AfiHaH Xyjmm my #ya 6u1aH Katop GOmIKa MOHJAp, Maca-
zad, Lit+, Be +++Baxokasonap yayn xaM cnexTp dopMysas
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éfinnanan. TyaKkHH, «kKecMa» cH cudatHaaru EpyrIHK HypJa-
HHMIIMHH TaBCHuGUIOBUH F(f) GyHKUHS KHPHTAHINK, SBHH

191 L =
F(t)={Ae » arap — 5 <t <5
0, OolIKa X0JIapha.
F (t) oyuxkunsuun @ypre HHTerpasura ésaMus:

F(t)=2—:t—§t(co)ei‘“dm,

6y epra f (o) Pypre uHTErpa/Iapu XaguJard TeopeMara aco-
CaH

f (©) =SF(t)e‘“"’dt

ra TeHr (o) dyskuuARM Gaxonafivk:

Fs A Q- @) iR — e) —

= i@t g A [t T eTE T
f () XAe it = | 5t

ey

Jlemak,
sin (Q — ) —;—

f((:)) At Q —o) —;—

Q Ba ® vacToTasap Oup-6upura fAKHHJIAIDHIIKIA TeSPaHHUII
AMIIATYJACH KaTTajaliagu B2 akchHua (2 — @) HHHT KaTTa-
JAIIMIIHAA aMIVIATYJA KHYHKJawajgy. TakCHMOT KeHIJIMTHHH
faxonall Makcaiuaa Gor MakKCHMYMaH OHPUHYH MHUHHMYMrada
MacohaHH aHMKJAHIHK. BHpHHUM MHHHMYM

Ao=@—0) =2

Ja Byxyara kKejaau. OXUMPrd TEHIVIMKHH T ra KynmaldTHpPCaK,
Aot=2n (5.16)

ra Kenamus. By epaa T — EpyriMK YUKAPUJHILK YYYH Ker-
ran BakT. KBaHT MexaHHKacuja €pYyFJIHKHH «CEKMH-acTa»
HypJaHHIIK MyMKHH 3Mac. Hypaanuw tynaa xonga 6up symaa
103 Gepaznu. BomnanFuy Ba CYHITH KBaHT X0JaT/1apH ypTacuza
Xed KaHAa# opajliK xoJarra ypHH HyK.
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Dynunr cababuH¥ 2HAH OHJIaMHU3KH, KBAHT MeXaHHKacuia
MHKDO3aDPaHHHT XapaKaTHHH TaBCH(JIall 3XTHMOJIHK Xa-
pakrepHura sra. DJEKTPOHHHHT OpbuTa Oyilaé xapakaTH Ty-
INyHYaCH YpPHHra YHHHT TYJIKUH (YHKUMSICH TaBCH(JIOBYH

XapakaT XOJaTH XakKHAaru TyLlyHuacHra kKegaMu3. MacanaH,
XapakaT MHKIODH MOMEHTH HoJra TeHr (! = 0) acocuil xonat-
jard n = 1 37eKTPOHHUHT Xxapakatd (5.14) ma R, = R,,
TyAKHH GYHKUHA OpKand TaBcuanagu. KiacCHK HyKkrau
HasapjaH Oy XoJ1aTAa 3JeKTPOH (akar paauyc G6yina6 xapa-
KaTJIaHUIIH, S'BHY SApOra TYUHINH Kepak. An6aTTa KaaccHK
HYKTau Hasapjad OyHAaH xapakaT MyMKHH 3sMac. KsauT
MexXaHHKacHIa 3ca 3JeKTPOHHMHr [ = 0 opburach — S-x0-
JaTH ypUHIM. By xonarhard sm1eKTpoH GyJyTHHHHT TakKCHM-
JIAHHMIIK CpepHK CHMMeTpHanaupup. )KymianaH, acocuil xo-
JIaTJaTH 3JIEKTPOHHMHT OpPOHTal XapakaT MHKIOPH MOMEHTH-
HUHT HOJIra TeHraury [ = O Taxxpubana KysaTujand.

Bop HasapuscH HyKrau Hasapura OHHOAH 3JEKTPOHHHHT
Gup opOGHTaJaH HMKKHHUMCHIA YTHIIH KBAaHT MEXaHHKacHJa
3J1€KTPOHHHHT OHMD XO/MaTAaH MKKHHYHCHTA YTHIUH KaOu Tab-
pudianand. Bop HasapuacHla 3JAeKTPOHHHHT OpGUTalapapo
VUM $asoBUl KJUHII KabHM TacaBBYp 3THJICA, KBAHT MeXaHH-
KacuJa 3JMEeKTPOHHUHI OUp XoJaTAaH HKKHHUHCHTA YTHIIH
¢asoBufl Kyuuuira yxwam GUpOp SIKKOJ TacBHpra sra 3smac.

CnexTp YH3MKJAPHHHHI M30TOMHK CHAXHWH. MabiayMKH,
Tab¥atTia BOJOPOA ATOMHHHHI EHTHJ H30TONHWJAH TalIKapH
sHa MKKHTa OFMp H30TONU Maexyx. Dynap nefitrepuit D Ba
tputuit T aup. Jefitepuit aTOMUHHMHT SAPOCH OGUTTa HPOTOH
6uTTa HEATpPOHAAH HOOPAT HUKKH SIAPOBHMH 3appajiaH TaIlKHJ
Tomrad cucreMazup. Tpurtuii aipocuzia sca OUTTA NPOTOHIAH
TallKapH sTHAa HKKHTa HEeHTPOH MaBXyA. Bomopox aToMuHuHT
OFHMpP H30TOIJIAapH CIeKTPH XaM (3.24) ¢opmyna opxanu ugo-
nxananasu. ®axat Ry ypHura RyBa Ry JlapHU Kapaiml Kepak.
BynuHr yuyH, Moc pasuiuja (3.38) Aa mpOTOH MacCacHHH HK-
KHra Ba yura KynalTHpHLI JIO3UM XoJjoc. ¥ xonia

R,=109707,4 cm™; R, =109717,5 cm™?

KufiMaTiapra sra 6ynamus. Ry, Rp, Rt napHunr y3apo dapxu
BOJIOPOJHMHT Xap XuJA H30TOIVIADH CHEKTPHAA OHP XUJA 4H-
3UKJap TYJKUH Y3YHJHKJIADHHMHT KHHMAaTiapH ypTacuiart
radoByTra oJiH6 Kesnaid. DupuHYM 3KajBanga BOJAODOJA Ba
IeHTepHil cnekTpsaapuaaru JlafiMan cepusicH YH3HKJAPHHHHT
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Ulyunnar yuyn, xap xaugait pean HypsaHHII }KapaéH aTom-
HUHT GOLIaHFHY Ba OXHPTH XOJIaT/IapHHU aHHMK Ba T{/a Tap-
CHQJIOBYH TYIKHH (YHKUHSAIAD CyNeprosHuMsACHAaH HGOpaT
Gyaran ¢pyHKuHS BOCHTACH GHJaH 8HHK KBAHTOMEXaHHMK TaB-
cura sra Gynanu. CynepnosHIHSHH TALIKUIT KHIAYBYH TY.I-
KHH (YHKIHAJIAD MabiyM Ko3(ppuuueHT Guian KaTHamaju.
Bownanruy xonar Tiakuu GyHKIMsACH onuparu KO3(pHIHEHT
SKCIIOHEHUHAN DaBHINAA KaMasji#, OXHPTH XOJar TYJIKHH
GyHRUMsICH onxuaaru KOS(QHIHEHT 5ca MOC paBHImTa jcagy.
Bouikaua aiitranga, Gowsamruu XOJaT TYJKHH OGYHKUHSACH
FOHMO OyMuIIra «MaxkyMm» STH/raH, YPHHTa OXMPrH xonar
TYAKHH GYHKUMSACH THKJIaHAAH. BOWITAHFHY X0J1aTHU Gara-
MOM Tyraur BaKTH, ’'bHH aTOMHMHT YHFOTHATaH XO/IaTAa smiam
BaKTH HYDJIaHHII NaBOMHIA TYJAKHH «KeCMAacCH» HHHT BYXKYyara
K&/ BaKTHHY Ousigupagu. Bus oKopuma Kuputran 1 BaKT
TYJIKHH «KeCMaCH» HH BYXKYAra KeJHII BaKTHHH XapakTep-
Nainy, SBHH TYJIKHH «KecMacH» HHHT VY3YHJIHTHHH T-C ra
TEHT J1e6 Kabya KHJIIMK.

(5.16) TenraukHn A ra KynaiTHpaMus:

Aoht=AET=_2nh, (5.17)

By epma AE — yiirouran CaTX KeHIVIHT'H, T — aTOMHHHP
YAFOHTaH  xoJaTAa smam BakTH. (5.17)  mymnocaGar
aToMJIap CHCTEMAaCHHHUHT YH-
FOHT'aH XOJaTAaH acoCHi Xo-
JlaTra YTHIIHAA HYPJaHyBYH
¢oronnap AE opanuk Guian
XapaKTepJlaHyBYH SHEPrHsra
sra GYJIMIIMHH Kypcarag.
DOTOH 3HEpPrusgCcHHU aHHK
JMCKDET KHHMATra sra smace
JUTH YHFOHTaH AaTOMHHUEHT
SIUall BaKTHHH YeKJIH 6Y-
JIUIUIMTH  GHlaH  GOFJIHK,
Hypnaunm sueprusicuuunr
AE nHOaHMKJHrH YHFOHTaH
aTOM 5HEPreTHK CATXHHHHT
. YEKJIH KEHIVIAKKA 3ra GyJiu-
40- pacm. YiiFoTraraH carxmap xemr- WIMHA KypcaTaj.

JIETH. CIEKTD UHSHFHEHHT KeHIJIHrH Vi
YHH BYXYArra KeTHDYBUH catxaap HFOTHJ/ITaH aTOMJI2PHHHT

KEHDIMTHHRHr , fiMPvHpucara  temr,  YpTaya silwuaml BakTH, OXAT-

£ yaz.
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JIapHHHU E3ULIMMH3 MyMKHH. By HOHJIap CnieKTpu y4yH Jlaiiman
CepUSICHHMHT OMDHHYM UH3HKJApH aToM/jap COEKTPHHHHT
yapTpabunaduia coxacuia €raju.

29- §. CnekTp YH3HKJAPHHHHI KEHIJIHIH

IlIpeauHrep TeHIJIaMaCHHH BOJOPOJA aTOMH, TNOTeHIHAJ
ypa, TapMOHHK OCIHJATOpIAp y4yH euub, GH3 Maskyp Cuc-
TeMalap SHEPrHUsCHHHHI MyMKHMH GyJras KuHMaTjapd Juc-
KpeT TYIUIaM XOCHT KWJHWHHH KYpAHK. Xap OHp 3Heprug
CATXMHHUHT aHHK KHAMaTra sra GyJIHIIM SHEPTH CaTX/apHHUHT
KeHIVIMKKA 3Ta AMac/jurHHM Guijupand. By xakukarra TyFpH
KeJMaiiid, YyHKM Gu3 TerHuutd Macananap yuys Lpegunrep
TeHTJIAMAaCHHH €sraHuMHsja 6Gabsd coOAjanallTHpHuLiap yT-
Kasral 3/HK.

AToM GHp SHEPreTHK CaTxJaH MKKHHUMCHTa yTHINZA (OTOH
ynkapumu ek fotuik Kepak. Iy xapa€uuu TaBCH(JIOBUM
TYFPH TeHINaMaja, alGaTTa, aTOMHHHI 3JEKTPOMATHHT Ma-
JOH 6uaaH y3apo TABCHPH XaM XHcOGra OJIHHTaH OYJIHIIM
sapyp. Hypranuwraua éxku HypJaHuWl Xapa€HHAa BYXKYyAra
KeJYBUM SMEKTPOMATHHT Mai/IoH OH/IaH aTOMHHHT §3apo Tab-
cupunu [penunrep TeHrsaMachia xucobra OJHIN aToOM 3Hep-
FeTHK CATXJAapHHUHT MabiyM AEKeHIMKAA €HUIHIIHHE BY-
JKyAra KeJITHpaau. MabiyMku, EPYFIHK HYP/IaHUIIM y3YHJIHK
TapTHOM TaXMHHAH MeTpJapra TYFpU KejJajuraH KerMa-ker
TyAKURIAp «KecMacH» cubathia o3 Gepamd. Xap 6up Tya-
KHH «KeCMacH» MOHOXPOMATHK TY3H/IMaclaH, Xap JOUM Mab-
AyM GHp yactoTajap Opanurd OMJIaH XapakTepJlaHaid, Je-
Mak, TyJKHH KecMacura TeCHIIH KBAHT XaM aHHK 4acroTara
Moc G§AMaciaH SHEpPrusicH MabiyM HOAHMK/IHKKA sra OF-
jgagd. Hypaasuil TYJKHHH SHEPTHACHHMHT Oy HOAHHKJIHIH
dakar YHFOTHJIraH CaTX IHEPTHsICHHHHF HOAHHMKJIHIHIAH,
S'bHU SHEPrHsl CATXHHHHI KeHIVIMKKA 3Ta 3KaH/JIHTHAAH BYXKY.-

ra Kejuaiy.

KBaHT SHEPTHACHHMHT HOAHHKJAMTHHM Oaxonafink. Pa-
pa3 KuialuHK, €pysIHK Tesaur (¢) OniaH xapakar KHJIaéT-
raH TYJIKHH <KECMa» UeK/IH T BaKT MUK/ HypJIaHraH Ba y OyTyH
ysyHJIHTH GyiiHua Q 4acTOTaiH aHHK CHHYCOHAA CHOpaTHAArA
tacBupra sra 6y;acud. Onataa, HypJaHHIIHHET CIEKTPAJ Tap-
KHOMHM aHMKJjall MaKcaaujaa TyAxuHHM Pypbe MHTerpanura
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A3, YAFOTHII SHEPTHACHHUHT KaTTa KHAMATH YUYH KHyukjama.
AH, THHH aTOM CHCTeMACH KaH4ua «KyuIH» YHFOTH/ITaH (3exTpon
Kanda I0KODHPOK SHEPreTHK caTxra KYUHDHATaH) Gyiica,
CHCTEMa WIyHYa KaM BakT suuaiinn. Jlemak, CaTXJIapHHHT
IOROPH/IAMIUINH GUJIaH aTOMHHHT 10KOPH SHEPTeTHK caTxJapH
KEHrIMry opranu. By xon 40- pacMaa TaCBHPJIAHTaH. ATOMHUHT
aCoCHH XOJIaTH, S'BHH YHFOHMara XOJIaTH CTalHOHAp XOJaT
ne6 atanand. Atom CTallHOHAP /X0JaTHa YeKCH3 Y30K BakT
Awainy. Mysunr yuyn, acocuit XO0J1aT SHEPTeTHK CATXHHUHT
KeHrVIMTH AE = (. Yiirouran XOJaTIaDHH  ATOMHHHT KBas-
CTalHOHap XosaTiapu AeG aTaimua. mew:,.nemnxommw XoJiar-
71ap KBA3HAHCKDET SHEPTeTHK CaTXJapHH Maiifo KHJIa]H.

30- §. SAnpo xapakatunmHr xHccacu

Xo3upraua 63 BOAOPOA ATOMHHHHT KBaHTOM@XaHHK Maca=
J1aCHra CHepHK-CHMMETPHAIH MapKasuir MaHJIOH TabCHPHAATH
SJEKTPOH XapakartH cHpaTHAa KapaiHk. Bynuur yuyn anpo,
SBHH TIDOTOH MAacCacHHH WYeKCH3 KarTa e XUCOOa UK.
Bavsan nporon maccacunu ueknu Aeb Kapam sapyp 6y.ra-
HHAA GH3 GYHH CYHBHH paBHIIIA aMmaira OMIUPAMK. Aciuja
aroM yuyH Ilpenunrep Tenriamacuun €3MIaan 60mnat ALpO
MaCCaCUHHHI YK/ 3KaHJUTHHH XHCOOra OJIHIIMME3 Kepak
5aM. BuHOGapuH, smpoHuur maccach wexsn 3KaH, y xoJjja
SJICKTPOH Ba SIAPOfaH HGOpPAT CHCTEMAaHH VJIapHHHT HKKa-
71aCH YUYH yMyMuii Macca Mapkasu atpodwua XapakarJaHagu
Ze6 Kapaw sapyp. SIApoHuHT  XapakaTianmmy CesuIapu
Aapaxaja (aMMO KMYHMK) aToM CrexTpHra TabCHP KypcaTaiu.

OJIEKTPOHHHHT xoogx:mamozmsﬂ panuyc-Bektop, sigpo-
HHHT 3ca ﬂuv pajuyc-BeKTOp opkanu GenrmaaiMus. Y X0JIAa
SJIEKTPOH Ba SIAPOJAH MGOPAT aTOM CHCTEMACH yuyH Ilpenun-

TE€p TEHIVIAMACH CHCTEMA SHePrHsICHHHHT ymby Kaaccuk wudo-
Jacu

1 E
T Pl g V(L= =E

ra MOC paBHIINZ Kyhumaru
ﬁ n2 - -

fi2 > -> o
m, Vi Vo V(=) —E 9@ 6.18)

TYJIKHH TEHITaMa OpXanu udofanananu. By epga m, Bam,—
MOC paBUWINA 31eKTpoH Ba AAPOHUHT MaccacH. [lorenuuan
sHeprus V dakar SJEKTPOH OHJIaH sAPO opacHzaru Macoda-
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uupr dynguuscH xojoc. (5.18) renriaMana, KyJalaIuK yuyH'
Nv Ba N pazmyc-BeKTOp/apaan Gouka wwm@v 5PKUH MKKHTA
pajuyc-BeKTOp: HHEpUUs MapKasH BeKTOpH rm Ba y3apo Ma-
coda BekTOpH 7 JaH uGopar yarapysunnapra yTamus.

-> >
\ SmeTSmS

M 3n+3m
> > >
\”\M.II\H.

Y xosaa pamuyc-Bekrtop Gyimua Au(pdepeHUHJIAI ONepaTO-
pu y4yH

>~ > m, > > > my >
ﬂﬂ»u dnl_l m, Fm, QJS. ﬂw»xl ‘IQ\ + m, + my 4\3
MOOE& ﬁﬂbwzm\—wv JAeMaK,

1
m,

I >, 2 m

>3 > > e )
Vo=, v, + m, + m, Ve Vey T (m, + my v.<§ !

1 =y 1 >y 2 > o my >,

“my, Vo= m, Ve =, Tm, v, <Js+ (m, +my)? Vim'
(5.18) Tenryamaziaru auddepeHIHAIIAII ONEPATOPJIAPHHH HOKO-
pujark udoianap Guian anMamTHpuo, oaau#t xucodmalaap-
IAeH cyur [penunrep TeHT/IaMaCHHMHT SIHCH yarapyBum/apAa-
i xydujary KypHHMIIMIa KeJaMHs:

{ = mﬁﬁ;.qw + &zi + V) Tim e =

> o -
=Ev(r, ry). (5.20)
By epaa
& d @, , & dz 4
Vi e T T Vi T wg T @Ws.f E
1 1 1 m, 4 m,
.._H\uu m, + m, = Tm,m My = n, +m,

JL — 2JeKTPOH Ba sApoAaH MOOpaT aToM CHCTEMaCHHHHT KeJl-
THPUJIraH MACCACH, /11 — 3JIeKTPOH Ba AAPO MacCCaJlapHHHHT
MFUHAMCH (TAXMHHAH aTOM Maccackra skus kKarrtaiuk). (5.20)
TEHTJAMAHMHT WKKMTA MYCTaKWJ] KHCMJapAaH MOOpaT 3KaH-
aurn AkKoa Kypuuu® rypubau. UWlywwur yuyn TYJIKkuH QYyHK-
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41- pacm. Bopmopop vsoromllapH YuyyH
CIeKTP UYHSHKJAPHHHHP CHJDKHILH,

YH3HKJAPH SHaJa KYNpoxK CHIxKuran 6yaanu. 41- pacMzaa soxo-
POJL aTOMH Ba YHMHT H30TOILIAPH YUYH CHEKTP YH3HUKJAPHHHUHT
HUCOMH KOHWJANIMII CXeMacH TacBHUpJaHras.

31- §. uepretnk carxnapHunr Kyjaon afisnmm

bus okopuma 27- § ;a BOZOPOACHMOH aTOM 3HEPTHSICH
(5.13) Bu anugnampa Ilpenunrep Tedraamacu (5.2) xa op6u-
TaJl KBaHT COHH [ HH HOJTa TeHr e6 xucobjaraH SAUK. Xo03up
OpOHTaJ KBaHT COHM [ HH HoAjaH ¢dapxin Ae6 (5.2) Tenria-
Manu egamu3. Bynunr yuyn (5.2) ja Kyfiugaruua anMaiitHpHin-
Jap YTKasamus:

Z-e?, -
= et p=2VA.r. (5.25)

(Bu3 371€KTPOH MaccacH YpHHra KeJITHPHITAH MacCaHM E€3JHK.
By Gunan 643 sapo xapakaTHHH XaM XHcobra ojamus.) (5.25)
ysrapTupumaap ytkasub (5.2) teHriamagan

4R, 2 dR, 1
dp? p dp +{ _4—+
B 1+ 1)
L7 T }Rnlz (5.26)

ra Kejamus, CranuoHap XoJaTiap TYJKHH (YHKUHSACHTA
KyAHJafurad YeKJIHJIHK 3apypHil IIapTHAAH MasKyp TeHIVIa-
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HUSIHY HKKATA (QYHKUHSHHHT KYyHMAard kymaTMacd IakJjnaa

AonasaiMu3:
> ->

o) =e(m)w(7) =" M) e

—
‘P(fm) $YyBKUMA MaccaCM m ra Tedr OysraH HHepUHST Map-

—
Ka3HHUHT TEKHC 3DKMH XapaKaTWHH Tascuduiabiny, P (7) QyHK-
IHA 3Ca 3/1eKTPOH BA SIJIPOHMHT HHCOHH XapakaTHHH XYAIH

—
V(|r|) mapxasuil mafijoHfa W Maccasu 3apPaHHHT XapakaTd
cupatuaa Tacudiaind. (5.21) udomanm (5.20) Tenrsamara

KyinG  (7) dynxuns yayw
. >
r

vie(7) + 2 e g —venelt) =0 622

TeHIJIAMAHH XOCHJ Kuaamu3. Tenrnamaza Em opxajd HHeplUHA
MapKa3HHHHT

2 42

2m,

Ey=

ra TeHI KMHETHK 3HepruscH Cearuwnanran. Arap (5.22) reHr-
JaMajna CaHox COIIMHHM HHePUHs Mapkasura Kyuupcax, S'bHH
SJEKTPOH Ba s1poJaH HOOpPaT CHCTEMAHHHI OFUDJMK MapkKa-
3UHH XapakaTcH3 el XucolJacdk, TEHIJaMa

V2 4 2% [E—V ()] =0 (5.23)

KypuHura kenafd. OXuPTH TEHIJIAMA MaccaCW Ji I'a TeHT
3appaHuHT Mapkasuwd Maliion V (r) TabCHpHAard XapakaTHHH
udopanopun [lpenunrep tenrsaamacu (4.101) ra magman yx-
wamw, [lysusr yuyn, (4.102) Tenrsama acocujpa €smJiras
(5.3) TenrsaMauu euMIJaH ONMHTAH XaMMa HaTHXKaJap m,
HH U ra aJMaluiTHpum CMaH V3 KyyHHHM cakJaiigu. JKymuna-
AaH, BOJOPOICHMOH aToMJap CTallHOHAp XOJIATJApH SHeprufacH
vuyn (5.14) dopmyna ypuura

E — AN 1 (YA 1 1
== —

= P —— T —e——— e ——

323‘[2-8(2)-712 n2 32 n;‘-’-aghz n? 14+ me
mﬂ

m, 22 et 1 m h
— Ml € ~ DN _R22.L (5.2
32 3283}‘12 n? ( > n3 ( )

My
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BOJODOACHMOH aTOM TYJKHH (YHKUHSACHHHHT DPaAHaJ KHCMH
(5.31) ra Gunoan

R, () = Ny, P2 L2 (o). (5.43)

By epna N — nopmanioBust ko3ppHuMenT. ¥ TYIKHH (YHK-
HHSHHUHT pafidaj KUCMH YYYH HopMajam mapTH (4.41) ra
O6HHOaH AHMKJAHAJM, SBHH

¢ 2 02__1_3221—;) DYRRIN o

R (r)r dr=j VA N2p~e P L 0 (p)| pPdp=1. (5.44)
b 0 .

Arap VA= B/n un bTHGOpra oym6 B yuym (5.23) jaru
HosacunH KyJiacak,

i 4 e, 12 a,
—_— = n—=-—=:n

VA pZe? VA

ra kejaMus. Dy epma a, —MaccacH p ra TeHI' 3appaHHHT
Kynon Maiifonunarn Oupunud  Bop  op6urack — (3.28)
dopmymnaga n =1 Gyaran  Xon. (5-44) Hu xucobaam YuyH
L:’fl(p) TIOMHOMHHMHT SPaTyBuK GYHKUHAICHAaH (ofifiaiaHuim
Kepax.

[ynaa#i xuamb, paadan $yHKUES YYYH

T —1—=DI( 2\ (2! _pm
R () =Vrf+wz‘?m—1)3-(a_l) (7 | e70i" L2 (2pfn) (5.45)
udoiann XoCHa Kujaamus. By epja

4ng, B2 VA 2l +1
(R p:;l-r, Ln+l (=

_ e 407D n
=r dr(rl.—— {—1) °

IOkopuna 26- § na anMKJ/IaHraH Wap GyHKUHAIAPHH XHCOOra
oAraH XOJJA BOJOPOA BAa BOJLODOACHMOH AaTOMJAPHHHT KYHH-
Ja HOpPMaJaHTaH XycycHii QyHKUHSICHIa KesaMus:

Boim, = Ry ()Y, O9) =€ |/ wedl—mi )+ DI
m 32 2
xp,z.(cosg).(_azl_>/ (%p_)e nLilill-<2_:>' (5.46)

Tynkun GYHKIMAHEHT OXHPTH H(pOAacHja yuTa MNapamerp,
S'BHH y4YTa KBaHT COHJapH n, [, m; MaBXyn. Jlekun wmy xo0-
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¢opmynara Kenamus. by dopMyJsa IIyHH KypcaTagukd, Hyp-
JaH{II CHeKTPH YM3UFUHMHT YacTOTacH sAPO MacCacHHU HUeK-
cu3 ne6 (AbHH SAPOHH XapakaTcH3 Jie6, YyHKH m,—-co Jia

(5.18) na —2”+- r’ip) XdcoOJIaHraH  XOJijard  KudMaTtHra
A

Huc6ataH y3rapras 6yaaad, 6oilKaua aiTraHa YH3UKIapauHr
CHEeKTPAArd. YpHH CHKHHAH. By ysrapuumr sapo Maccacura
G6ornuk, an6arra. [Iynunr yuyH MyafssH aTOMHHHT Xap XHJI
M30TOIIAPH YUYH HYDJIAHHII CIHEKTDHHHHT YH3MKJapd Oup-
6upura HucOaTaH CH/DKHraH Gyjaamd. By Xua H30TONHK CHI-
JKHILIAap Xakujaa yrran 28-§ na Garadcua TYXTadrad SfHK.

ATOM HYpJIaHHII CHEKTPH UH3HKJIapHHHHI YacTOTAaCH aToM
ANPOCHHHUHT Maccacura GOFJIMKJHTH cababJH CleKTPOCKONHSA
MeToiiapH GMJIaH aTOM OFHDJIMTHHH VJYall YYyH HMKOH Ty-
runany. JKymnagau, Maskyp OOFJIHMKJIHK acocHja OFHD BOJO-
PORHHHT, GHP KappaJH HOHJIAWraH FeNHH aTOMHHHHI MaBXKYA-
JUrMHE aMajuii ucGomiam MyMKuH 6ysiau. Kucmopox atoMu
OFMpJIUTHra HHCOATaH XHMHSBHH MeTOAap OPKalH aHHK-
JIaHTaH BOJOPOJ aTOMH OFHDJHTHra BOAOPOJ ATOMHMHHHI' Ta-
6uuit apanamMacu Jefitepuii xaM xucca Kymagd. Mace-
CIEKTPOCKONHMSAA 3Ca aTOMJAp CHEKTP YHU3HKJIapHHM aToM
orupauru Gyinvya xapaxanam Hy/JaH OHIaH ATOM OFHMDJIMIH
aHUKJAHUIIK ca6aGiy To3a BOACPOA ATOMUHHHT OFMPJIMTHHH
ynyaim MyMKHH.

CrekTpOCKONHs MeTofiapu Gyfinua KysaTuiuiap nedtepuit
H30TONMMHHHT MaBXYAJIHCHHH TacAukaajd. Macanan, BogopoX
aToMHM crneKTpuHHHT Basbmep cepusicuna (5.18) 6yiinua m = 2

= Ro (1= ) (7 o) =R (7 — )

YH3HKJIapH KaTOPHAA SIAPO MACCAaCHHH MKKH MapTa OLIMIIHIra
TYFPH KeJajurad

_ 1 V11
vp=R,, (1 — z180) (32‘ . Fé‘)

/

YM3MKJAAp XaM 3KcnepuMentina KysatHirad. IlyHunrek,
TPHTHA aTOMM CHEKTPHHHUHI MacajaaH, Banbmep cepHsiCHHUHT

1 1 1
vi=R.(1 — 575m) (2 — )
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MaHUHT p->» (0 Ba P — 00 €UNMIAPH MOHOTOH KaMAlOBYH
Qyuxnusiiap 6ynand. R, HHHT aCHMOTOTUK KypHHHIIHHH
aHUKJIaHNTUK. Arap p — co Gyica, (5.26) Tenrsamama 1/p,
Ba 1/p? ra mponopuxoHasl XaJJapHy TauL1ab GOpUII MyMKHH.
Y xonpa (5.26) HMHT aCHMOTOTHK KYDHUHHIIN Kyiugarnua
6ymanu:

d?R,, 1

7t — TR0 (5.27)
Hemak, p— co-xomuaa (5.26) HAHT eyumu

Roo =C e—D/2+ C, P

GYyHKUHA KYpUHHINKMAA 6Ynaau. BU3HH KH3HKTHPYBUH UEKCH3-
JIMKJa HOJITa aiJlaHajurad eJuMHH GHPHHYH xaj ubojataiiy.
C, xo3hduuuenTHH TyAKUE QYHKIOUS R HHUHr yMyMuH HOpMa-
JIOBYH KYNaHTyBYHCHra KymH6 lo6opuimn MyMxud. [IyHuHr
yuyH 6u3 C, = 1 ne6 Kabya1 kuaamus. Harmxazma (5.26)
TEeHIJIaMa €YHMHHMHI' aCHMITOTHK KYDHHHIIH yYyH

R =P~ (5.28)

o

ugozara sra 6y/1amus.
p HHHT KHYMK KMHAMAT/IApHAQ UeKJMJIMK 3apypHil IapTHH
KaHOAT/IAHTUPYBYH €UMM KYDHHHIIHHH

d?R 2 dR 1L+ -
dpzo S T d; — 0T Ro__. 0 (029)
TeHIVIaMafiaH KHIWpamu3. buz p— 0 na (5.26) na— 1 ma

4
B/(V A-p) xapnapuu Tawad w6opauk. (5.29) wmur p— 0 Aa
YEKJUJIMK LIAPTHHR KAHOATJIAHTHPYBYH €YUMHHH
Ry=p°

KypHHHIIAA kuaupamus. Y xompa (5.29) man

SS—D)4+25—1({+1)=0
mynocabarra kesamus. OXMPrH TEHIVIHKHH

SEHS—I1(+1H)=0

KYPHHHIIZA €3M5 TEeHIJAMIHY KAHOATJAHTHPYBUM S HUHT KuiH-
MAaTJAPHHH AHHKJIaAMH3:

81.22—*;—il/—;—+1(l+ ) =—-§:{:(l :t%) ={l

—I-1
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Hemak, R, yuyH
Ry=Cyp' + C,p™"
upopara sra 6ynamus, C,=0 Ae6 XMCOOJALIMMH3 KeDak, aKC

xoifa p—0 faa R, e4dM UeK/M/MK INAPTHHH KAHOATJAHTHP-
maiiau. By epna xam Cy=1 ne6 R, yuyn

Ry=¢' (5.30)

KYPUHHIIHK XOCHA Kuamu3. Panpan ¢ysxkuusgunr 6y uxku
uerapapHil KypHHHUIIMHA 3BTHOOPra osirad xouia (5.32) HHHT
eUUMHHHA

R,=R,R.U(p) = p' €U (p) (5.31)
kypunuwaa €amus. (5.31) nu (5.26) ra gyiu6 U (p) yuyn

& u ! — iu_,l B 5
P HREE) =l (5 I—1)U=0 (5.3

TEHI/IaMara KeJiamHs,

Pagunan eunMHHHT p-+ (0 B3 p— co Jard aCHMIITOTACH
(5.30) Ba (5.28) xabu xapakTepra sra Gyummu yuyn (5.31)
Jard U QyHKUMS YeKCH3JMKAA exp (p/2) maH CekuH YCHiuM,
p=0 ga sca Hoara €kHM yarapMacra TeHr OYJIMIUH Kepak.
[ynuAr yuyr (5.32) TEHIIGMAHHHT €YHMHHH

U= X ap" (5.33)
k=0

KaTop IakJauAa H3jaimus. (5.33) mu (5.32) ra gyuud

+ D020 + 1)+ (k+Dlka,p* "t =0
k=1

MyHocabartra kejamu3. VIkkuuum furuHIuza HHFYBUH MHIEKC
k uu k -1ra aamamtupus

[e¢]

2[(7%_1_1_;@) g, 4+ (k1) 2142+ Kya, +1p*

k=0

TEHIJIaMAHH XOCHJ KHJIaMu3. TeHrsuK OakapHJHIIN YUYYH
KaTop Ko3(g¢dHUNEHTIapH

12—2180
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B
k+1+1——_|/—7
-a

T 7
k41 (k+2142)

PeKyYpPPeHT, (popMy/IaHH KAHOATJAHTHDHIIA Kepak. PexkyppeHT
¢dopMyJiaHH KyHuaard HUCOAT KYPHUHHIUKJA €3aMH3;

(5.34)

a

B

I+ 14+ —=
Yppr_ b Va =
—_— 1— R —————— ) 5.30
G Er1U T %) O k42042 .

Unneke k£ nunr OBpop eTapiuya KaTTa KUEMATHHH R, OpKaM
6esrunab

exp{ (Il —o,)p} Oynkuus

 (1— 0y )k

1= %) P = ¥ ——r—p* (5.36)

k=0

KATOPHHHHT K - - Xall KO3(HIMEH THHHHT k-xan xoadodu-
IIMEHTHra HUCOATHHH E€3ailJIMK

(1 —op )t (1—g )b

1
o =) 63

Arap k— o 5a 6,— 0 n4, apau (1 —o0,) > (1 —o0,) 9Kkan-
JWTHHM 9BTHO0Pra ONICAK, kB HHHT Ky JaB KaTTa KHAMAaT/IapH-
ZaH Goiwniab

Gpyy L 1
%G k4l (I =0)> k1 (=0

TEHICH3JNK YPHHJIM GyulIH Kennb unkanu. emak, k = k,
ZaH Gomy1ab (5.33) Karop xannapH (5.36) sKcnoHeHIHaX QyHK-
nMsAjaH Te3pok ycap 3KaH. (5.36) QyHKIMALA ~KaTHAIIYBYH
0, HH HCTaJIraHya KMYMK COHMa TEHI KHJIMO TaHJalll MyMKHH,
y xonpa arap (5.33) kypunumpuard U HH 4eKCH3 KYN XalJH
Katop 71e6 xapacax (5.31) ynkuus p — couekcHsIukka aina-
Hald, AbHH pajdKajJ TYJIKHH QYHKUHSHHHT YEeKJUTH Oy3u-
aamu. By xoajan KyTyJauml yuyH (5.33) KaTOPHH YeKJIM Japa-
JKaJH NOJHHOMIa aiJaHHIIMHKE Tanab KU/IHII Kepak Oyaaid.
(5.34) pekyppenT ¢opMynajaH KypuHuG Typubauku, (5.33)
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KaTOpPHH k-JapakalM NONHHOMra a#jaHHIlM, SBHH a; <+ 0;
et = 0; Qpyo = 0; ... OYIHILIH yUyH

k+H4—77=0

GaxapHMIIN KeDak. Dy TeHIVuKzaH

B Z-e? 1
=S l 1=‘_'._. =E—— O————— .
OUIe e VA  4ne,h V—2pE Ery,

mapTra Kejaamus, (5.38) GopMysaiaH BOZOPOICHMOH aTOM 3Hep-
TeTHK CATXH YYYH

-z 1 pat (5.39)
. n?

ndoxara kenamus. by epra n — G6yTyH coH 6§46 aBBalrHAeK
6o KBaHT COHHM JAeb aranagu. Bom KBaHT coHM n KyHuAaara
6yTyH COH KuiMatiap KalyJ KHJIyBYH

1=0,1,23,...
0p6HT3JI KBaHT COHHJAAH Ba
n=~k=0123,...

pamuan KBaHT COHMJAH Oup Oup/iukka Karranup. (5.38) ra
61HOaH 6Ol KBAHT COHH

n=1, 2, 3,

KabH MycOar OyTyH KHAMATJapra Teur.

Mynnait xuiub, ymyMmud xonma xucoGnauinap KypcaTa-
nukY, KyJsoH MaliioHnJa 3JEeKTPOH 3SHeprusicH axar OGom
KBaHT COHHra GOrIHK Gysagu. DJIEKTPOH SHEPTHSCH OpOUTan
Ba pajMa] KBaHT COHJApHHUHT Xap Oupura aroxujia-ajo-
XHAa MYTJIaKo GOFJIMK 3Mac, YJapHUHT HMFMHIMCHIa, S'’BHH
n=n, -1-41ra 6ommg bus oKopuga kyprat ccpepm{
cuMmeTpnsIJm eyumnap (I =0 xomu) yuyH n=n, |1
(5.38) man kypamusku n = 1 na l = n, = 0 6ymuum KepaK
Bom KBaHT COHHHMHT 6HpJAaH KaTTta xap KaHjaii xuiimaria-
puza sca [ 6yiinua dapxJaHyBYH XOJATJIADHUHT

1=0,1,2,3..,n—1 (5.40)

TAaCH MYMKHH., YOy n Ta XOJAaT/aPHHHT XaMMaCHHHHT 3Hep-
rusicu 6urra xudmar (5.39) ra TeHr.
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Il xageaan

OKBHBANEHT 3JCKTPOHJAD GYNYTHHMHF ceDHK CHMMETPHKJIHCH

2
! ' m; eml , 2‘9[2
0 0 1 !
2 2
3
p 1 <= 7 sin®*d 3
3 }‘
0 7cos21‘) 2
1
+2 I_Zsin i)
15 08 cost 5
d 2 =+1 7 sin?® cos V) 9
5
0 ) (3 cos? ¥ — 1)2

_— e —

5 kuAMaTIapy yuyH opbutan KeauT coHu [ =0, 1, 2 ra Tenr
XomaTJapia SXTHMOJVIMKHUHT (a30BHH 3u4IHrH P Ba pamuan
suwinrd D rtacBupianran. PacMian KypamuskH, ¢asoBuil Ba
paauan sHYIHK Oup-Oupura MyT/IaKo yxiuamr smac. Macanas,
D suwiuk KoopiuHaTa GOLIKMAA, STBHH SAPO KOHJIAIIraH co-
Xajla XxaMMa xoJaT/apia XaM HOJira TeHI Ba y n — [ MapTta
MaKCUMyMra spHinafd. bup MakcUMyMIaH HKKHHYHCHIA HOJICa
TEHT MHHHMYM OpKaJsu yragu. Bepunran n yuyn [ Hunr ga6y.
gaigagurad 0, 1, ..., n — [ KuHMamIapuHMAT KaMmaiiMumua
MakCHMyMJiap COHM MOC paBulIia ycaid. [lemak, myaiisn n
yuyH I HUHT KaGys KUIyBUM KHIMaTJIapH COHM KaHya GyJica,
MaKCHMyMJIap COHM XaM 3HI' KyNH GHJIAH LIyHYa, S'BHU 1 Ta.
MacanaH, pacMia n = 3 yuyn [ = 0, 1, 2 ra Tenr xonnapaa
D nuHr Moc paBwmuja, 3 ta, 2 ta Ba 1l Ta MakcuMyMJiapra
Spumdmyd  TacBupJaurad. Iy O6usman Oupra Kypamusky,
MaKCHMyMJIap COHMHM OIIMIIM GHaH GHMPHHYH MAKCHMYMHMHT
AApora SKHHJIAIMIIE Ba KHYHKJAWIHIIH XaMAa OXHPTH Mak-
CHMYMHHUHT 3Ca, aKCHHYA, SIAPOAAH Y30KJALIMIIH Ba KaTTala-
WHINH  Ky3aTH/Iagd. KaaccHk HyKrau Hasapian Gy xod,



[image: image463.png]182 V 606. Bonopoacumon aromaap
-_— T T

JIaTra TYFPH KeJafuraH SHeprHsHHHT XyCycHH KuAMaTH, SBbHH
(5.13) ugpona daxar n ra GoruK. Wynnur yuyn xap 6up 3Hep-
THs caTxuu, (5.41) ra xjypa, n® rjnKus GyHKuusi TaBcHg-
Jaiau.

33- §. dnextpoHunsr thasosuii TaKCHMOTH

Bop monemira xypa manaymku, SMEKTPOH SApo aTpoduia
TYPFYH opburanap aitianacu 6yitna6 Xapaxariauagd. Bop
TacBUpHra GUHOAH, 3JEKTPOHHH Xap JOHUM ANpoJiaH r = a;n?
Macopana Kalx KH/IHIIHMH3 MYMKHH (1 — 60 KBaHT COHH,
a, — Bop op6uracu panuycu). DNIeKTDOHHHUHT aHJaHHII Te-
KACIHrH & = 90° HM TaWKuA Kuiajy. AsumyT Gypuak @
BaKT Gyiinua yarapanu. 42- pacMzaa XYIAH 11y BOZOPOA aTOMH-
HHHT Bop Mozenn kenTHpHiran.

Boxopon aToMHEHHT KBaHT MexamHKacura Kypa aca r, 9,
P KaTTalMKJIapHH aHHK GHPOp KHiMaT/iapra TeHr 6yuim
SXTHMOJIMHA XapakTepra sragup. ®asoHuHr Xap X1 coxa-
CHJa 3JIEKTPOHHHHT KaiJ KUJIHHHIIH SXTHMOIHHAMD. Bogopox
ATOMH JIEKTPOHHUHT XOJIaTHHH TaBCH(IOBYH Xycycuii pyukuus
Y = R-0-® nan wubopar. Xycycui OYHKIMS  MOAy uHUAT
KBajparu |¢ |® sgpora’ HucGaran SJIEKTPOHHUHT TaKCHMJIa-
HUIUMHK Gepaau. |y |2 BakTra GOF/IMK 3Mac Ba (haso 6Vitna6
$asoHunr xap 6up coxacura HucGatan KaThHA KuiiMat Kaby.
KHAran xonpa ysrapamu. Lynunr yuayn, snexrponnnur mac.
CaCHHH Ba 3apAAMHHM aTOM SLAPOCH aTpoduiard ¢asona TaK-
CHMJIQHTAHIEK TacBHpJall xam
MYMKHH. ¥ XOJI1a 57eKTPOH Mac-
CacH Ba 3apAJAMHHHT (DA3OHUHT
Xap OHp HYKTacCHAarH SHYJIHIH
(asonunr xyamm my HYKTacuaa
S/IEKTPOHHHHI  MaBXYyJ GyJIHIU
SXTHMOJIHr2 NpOnopuHaHas 6y.aa-
au. Uy caGa6aan, 6ab3aH, sjek-
TPOH OyayTHma (Macca Ba sapsn
KaGH) SHYIHK TAaKCHMOTH XaKnaa
GMKp opHTHIAH.

ODJeKTPOH OyJyTHIA SHWIHK
42-pacm. Bogopon atomnga T2KCHMOTHHHHT (HSHKABHH MabHO-
SACKTPOH  Xapakatunmar Bop CHHH KyHAHAarMda TywyHMmmMus

TaBCHDH, MyMKHH. Qapas Kunailauk, ai-

X
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HaH GHp XHJ XOJaTAard xyja Kyl COHJH  BOJOPOR
ATOMJIADHHUHT Xap GHDHAA 3/EKTPOHHHHT JPHHHH aBUKJaI
6yiinua ymyamuiap yTKasuwiacum. Y X0J11a, (asoHHHT y &KH .
6y SJMEeMeHTHIA 3JEKTPOHHHHT KalJl KHJIMHHUUIADH COHH
GasonnHr 1wy saeMeHTHAa SJMEKTPOHHHHT MAaBXKYZA Gynm
SXTHMOJIHra NpONopuHoHan Gynanu. DiekTpoH GyayTuaa
SHUIHK TAKCHMOTH €KH SXTHMOJJIHK SHUJHTH INyHAAM ¢bH3u-
KaBHil TaJKUHTa 5ra Ba XyAM ITyHAaM Taxpuba opKa/H Tek-
INHPHG KYDHJHIIH MYMKHH.

Mapkasufi Kyu Mafifonusa xapakar Kunaérram 3JIEKTPOH-
HHHT (asofiard JPHMHH XapaKTepJIOBuU 9XTHMOAJIHK 3HY-
JIMrHHH KYHHJaruuya €3HIIHMH3 MyMKHH:

P=19p=|R,I6,, "D, [ (5.47)

AsumyTt Gypuaru @ HHHF Gupop MabJIyM KHBMaTHIa 3JIEKTPOH-
HHHT KaHJ KWJIHHHII 3XTHMOJIH, STBHH SXTHMOJNHKHHHT A3H-
MyTal SHUJMTHHH Y3rapMac SKaHJMTHHH Ba ¢ ra GOFJIHK
SMACJIUTHHHY OCOH KypcaTHII MyMKHH. O Huur (4.124) ugopna-
CHra Kypa
L im;® —im 1
e N”e..eo = —¢ LN N%”'... .

XocHn1 G§Jran HaTHXA KYPCATaguKH, 2 ¥KHra Huc6aran ssiex-
TPOH YUyH SXTHMOJJIMK SHWIHIH CHMMETPHK G6§JHG, yHHUHT
KBAHT XO/IaTHI 2 GOFJIHK 5MaC, ’bHH 3JIEKTPOH KaHxail XoJaTaa
6ysMacHH Ka#il KHJHII 3XTHMOJJIHTH ¢ HHHT' Xap KaHzaah
KHAMaTHIa GHp XHJI. ,

OJIEKTPOH GYJYTHHHHI pafHa Aynanum 6yiinua ([ = 0
X0J1) €M (YMyMHil XOJT) Wap KaTIaMUHHHT (r, r 4 dr) xanuu-
JIUTH GYfiHYa TaKCHMIaHHLIMHHE K§pailJHK. Arap dV, opxamu
IIap KaTIaMu XaXMHHH Gearunacak, dV, yuyn

dV, = 4nridr
uonara xenamus. Y xoaxa supogan r Macodaga (r, r - dr)
Kar/aMla SJEKTPOHHHHI M2BXKyI GYJMII 3XTHMOJIIHIH
— 2 2
D =4ar?*|R,,| (5.50)

GyHKUMA GUIaH XapaKTep/aHaid. SHWIHKHHHT paguaJs fyna-

JIHLI GyiMyua TaKCHMJAHMIIH 5ca (5.14) ra xypa
B/2k

4t |R, P =dmre™ Y grm (5.51)

n=1
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Arap 6n3, T{aKMH QyHKUEA  ymymmd Xomma Y, .. =
=R, KaGH n, [, m; KBaHT COHJapura aJjoXuja-ajJoxuia

60FJII/I}§ 3KaHJIP]I‘HHPI 3CJIaCaK 7 HUHT MabjayM 6Gup ;guma'm 6u-
JIaH XapakTepsaHYBYH SHeprus carxura [ 6ymwa n Ta"Ba Xap
6up ! yuyu m, Gyiinua (—[) man (- [) rava y3rapyBuH TYJKUH
GbyHKIHAMAp TYPPH Kesaaid, Collkaya adTranjia n- HUH 3Hep-

rufg CaTxHra

XoJIaTaap MOC KeJajiu.

m, KBaHT coHM OVinua allHMII Xap KaHJal MapKasuil Kyu
MaiJIOHH y4yH XapakTepjuaup. By xoa koopAuHarta Goluygan
YTYBUHM xap KavJa#H HYHaJHIWIADHHHT TEHI XYKYKJIHJIHTHHH
6ungupagu. Op6utan kKBaHT coHd [ Gyiinua adHum Qakar
Kysnon malijoHd yduyHruHa xocaup. Bomka Xua Mapkasuii
CAMMeTPUK MaiiJoHJIap Yy4yH [ Oyfinua afiHMII Ky3aTHIMa#-
BH, S'BHU 71 HHHT Oepuirad KuiMatiia SHeprus caTxJjapu n Ta
! nap kuiiMaTHra XOoC carxyasnapra axpasnagu. Arap GyHuai
CHCTeMa MapKa3HH CHMMETDHUSIHH HYKOTYBYH TalUKH MaHAOH
(MacajaH, MarHuT MafJOH) TabCHPHJA KOMJIAITHPHJTraH
6yaca, m, 6yiinua allHuIn xaM AYKo/a1aau, s’bHH xap OUp 3HEp-
reTHK carx n® caTxyajapra axpasnaid.

! n-1

m= % (2l + 1) =n (5.41)
= =0

-+

I l%

32- §. BonopoacumMon aTOMHHHr TYJAKHH (yHKLHSCH

Tyakun GyskuusTra KyHHIran 4eKJuIuK mwaptiaan (5.32)
TEHTJIAMAHUHT eYMMHMHM YeKAW Japaxaliyu NOJHHOM OyJ/iumu
KeH0 YHKATH. (5.38) uu »pTHOOPTA ONraH xosna (5.32) TeHr-
JaMaHu KyHujparuuya €3amus:

SW; (21 4-2—p) dp +n—1—NHU=0. (5.42)

JlareppHHHT KYIIMa NOJTMHOMHHA KAHOATJIAHTHPYBUM KyHHJAard

d2L dL? (p)
pgpr—+(P+H1—p)— =+ @—P)L () =0

TeHIviaMand (5.42) 6unan Takkocmaal (5.42) Hunr evwmu Jla-
repp TNOJHHOMH SKAHJHMTHI4a HINOHY XOCHJ KuJamus. Jlemax,

—
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MaKCHMyM KHHMaTHra TYFPH KelIyBUH 7 HM aHUKJIAHJIHK.
Byuunr yuyH (5.53) pynKuusHUHT 7 6yiiuua OGUPHHYM XOCH-
JIACHHH HOJITA TEHTJIAlITHPaMH3

~—By 2, P T __
2re ' ||P_xw g’ — (.

Ilemak, acocuit Xoaar (YHKUHACH YSMHHHI MaKCHMYMHra
7 HUHT

A

a

= 4me, (5.54)

"t max

Pl

ra TeHr KuiiMaTHia spuwiafd. Xocun 6yaran ndopanu (3.28)
opkanu Oepuiran Bop opGutacu paauycH (OpMyJTaCHHUHT
n = 1 xouu 6unaH COMHIITHPCAK, YNAPHHHT OUP-GHPHra TEHT
SKAHJIUTHra MIDOHY xocua Kunamus. IIyHuwnr yuyH xam,
(5.54) ucoara TeHT @; = Fyyay KATTAJIHK BOJOPOA aTOMHHHHI
6upunun Bop opburtac: je6 atanamu. (Aciuja, 10KOpHia
TabKUAJaTaHUMH3JEK, aToMJIapAa 3JeKTPOHJIAPHUHT Xe4 KaH-
faii op6utacu Gymumn MyMkuH smac.) Com XuxarTian Ou-
punun Bop op6urach acocuil xoJaTAard aTOMHHHI y/yaMmia-
puHH Oepaj.

Bojoposi aTOMHHHHT OHPHHYHM YHFOHraH Xoaatd (n = 2)
yuyH TYJKUH GYHKIMACHHH KYypallmuk. n =2 ja k =Pu /4
ra tenr. (5.9) éku (5.14) KaTop 3ca HKKMHUH Xaiuja TyradjH.
yunar yuyn (5.14) paguan TYAKUH OYHKUMA KyHHJard
KypHHHILra 3ra O6ynagu:

— mmﬂ

Ry(r)=¢e 7 A IWJ (5.55)

Kyiugarn 44- pacmaa  Ryo(r), | Rao(r) P B2 | Ryo(r) r?
¢yHKUMsap TacBUp/IaHTaH. )KymilajaH, |Roo(r) | 2r* GyHKIHSA
A7po aTpoduiark pajuycH r ra TeHT 6YJrad ¢aszosuil cdepa-
Ja SJIEKTPOHHMHI MaBKyJA OYJIHIIHHH XapakTepaaiju. 44-
pacMfiaH KyPaMH3KH, 1 = 2 X0/IHAa 3JIeKTPOHHUHT 0y TaKkCHM-
JaHHmM £ = 1 XONHJarura Kaparamja erapinya Mypakkal
K{DHHHIUra 5Ta. # KBAHT COHMHMHI KaTTa KMHMaTiapura TYE-
pH KeJyBUM TaKCHMJIaHHIUIAp siHAja MypakkabJialaiy.
JlexuH, xaMMa XON yuyH TaKCHMJIAHMILIAPHUHT GUTTa yMyMui
X0CCacH MaBKyA. ¥ xaM 6yuca, [3JIEKTPOHHHHT spora xyzxa
SKMH KM JXyJa y30K cOoxajapia MaBkyj OY/IHII 3XTHMOJH-
HHHT KHUHKJIUTHIHD. :
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udozra Ounan Ttascubsanard. Bomopox atomu acocut XosaTH,
SBHA n =1 yuyH pajuan TYJIKMH GYHKUHSTHH aHHKJAHJHK,
n HUBT Oy kuiMaTuuk (5.12) dopmysara gyiicak, k£ = B/2 ra
KeJaMH3. @; HUHT KuiéMatua#t (4.111) maprra kypa éku (5.45)
lad [ ra HOJMb, n ra 6up KHAMaT CepHO aHHKJIALIEMH3 MYM-
KuH. k= f/2 nu (5.11) ra xyicar, (5.14) xaTopuuHT a, HaH
Oomab XaMMa XaJUIaDHHHHT HOJra afiJlaHMIIMHE KypaMus,

Arap, ocoHsHK YuyH a; = 1 Jeb oucak,
R]_o — e—kr — e-—?r/2. (5.52)
By epna
Bu _ mee? 1 myc e? 1 a

2 dmgh? 4me, R BC 4me, A

A — snexrponnunr KomnToH Tyakud ysyuauru ((2.17) ¢op-
MyJiara Kapanr) oo — HO3HK CTPYKTYpa AOHMHHCH.

Ilyapaét xunu6, BOAOPOA ATOMHHUHT acoCHi XOJIaTH (yHK-
uusAcH (5.52) SKCIOHeHTa KYpUHHIUMAA Gyau6, MaKCUMyMH
KoOp/MHaTa GOLUMra, S’bHH SIAPO KOHJIALITAH COXara TYFpH
Kesjaad. KiaccHK HyKram Hasapiad 3/eKTpPOH KOOpI4HaTa
GommjardHa 3HT KMYMK 3Heprusira sra Gysamu. Ksant mexa-
HHKacura O6HHOAH 3JEKTPOH-
HHHT pajivaJj HyHa HLILa MaB-
XKy 6yauwr sxtHMoaH (5.52)

Ba (5.51) ra kypa P~rie — Pur
ra TeHI 3KaH, KyAugara 43-
S—— pacMaa (5.52) Ba r®| Ryl ?
>¢  (YHKUHSIJADHUHT IpadurH KeJ-
THPHJITaH.
‘!r Bogopon aTOMHHHHT acocHiH
X0/IaTHAA 3/1E€KTPOHHHHT (baso-
BHH TAKCHMOTHHH XapaKTePJiOB-

uu R2) r? pynkuus

2 2 __ ,2,~Bur = g

- Rigr2=r?e™"  (5.53)
Tinax r

43- pacm. Bojopox arommuusr  KOOpIMHATa Gommupa r® Kabu

acoculi XonatW YViyH paian  HoJTa alJIaHaNM Ba £ HUHT Kart-

TYIKHH QYHKUUACH BA 7, '+ 75 gpjiMargapufa 3ca 9KCIO-

-+ dr ¢asosuit cdepanap coxa- }
CHJa SJeKTpOHHWHT Mapxyn ~ HCHIMAT paBHIINA HOJArd HH

6y SXTUMOIVIHTH. THA34. (5.53) QyHKUMAHHHT

Rul??

ol

i
|
!
|
|
{
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44- pacm. Bojfopon aroMuHEHT GHpHHUYM YAFOTHAraH XOMATH

YUYH pajgpan TYAKUH GYHKuusS, pajuan HyHainmga 9X THMOJJIHK

SHYJHrH Ba 7, r 4+ dr chepuk KallaM COXAacHja 3JeKTPOHHHHT
Kalh} STHIMIL SXTHMOJJIAIH,

YuMymuit xonna paguan ¢yukuus (5.45) upona éku (5.31)
ra 6uHOaH

KaTop KYPUHMILKLA TacBHPJaHAZH,

Tyakun GyHKUHAHHHT 3eHUT Gypyaru ¥ ra GOFIHKJHTHHH
TaBcuyioBun © GYHKUHs [ Ba m; KBaHT COHJIAPHHHHT [ =
= m, = 0 mau TamIKapy xamma Kufimatiapuna ¥ Gypyak-
HHHI KHiMartHra Oorauk Oyaagd. [ = m; = 0 ra moc S-
xonar y4uyH |6|® 9XTHMOJJIHK SHWIMIH y3rapmac Ba Y/, ra
renr. Iy ca6aGran S-xonaT yuys siApojan xamma fyHaaui-
Jap 6yinda MyaiiaH r Macobaia 3/71eKTPOH SHUIHTH GUP XHJI,
S’bHH MapKasuja sipo OHJaliragd pajdycH r ra TeHr cbepa
Gyinab snekrpon Oup XHJ TakcMMaadran. By xon 45-pacmaa
({ = 0) racBupJanray.

Ksanr connapu [ Ba m, HUHT OOLIKA KHHMAaT/IapHAa SJ/€K-
TPOH TAKCUMOTHUHHUHT 3eHHT Oypuard & ra GOFJIHKJIHIH MypaK-
Kab TacBupra sra Gysagu. XucoGiauliap KypcaTajukd, n Ba
I uvHr MyaiisH KufiMaTiapuja m, HHHT MyMKHH GyJirad xamMMa
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opOHTaNapHUHT aiilaHa INaKIHAaH YY3HIHG GOPYBYH SJTHIC
wakaura yTHO GOPHIUMHM aKC 3TTHPagu. DJIEKTPOH 3JUIHIC
IaK/NAufary opbura GYH1a6 xapakaT/aHMuifa KHCKA BakT
HaBOMHJA fApOra XYAa SIKHH KeJIHIUM Ba CYHI'Pa y30K BaKT
JaBoMHJA AAPOAaH KaTTa Macodana OYIHIIH MyMKUH.

DNeKTPOH 3UUNHTMHHHT TAKCHMJIAHHIIH XUMHSI YUYH KaTTa
axamHsTra sra. ¥ €pjammuia MosieKyJanapiaru KYIIHH aToM-
Jap y3ap0 TabCHPHHHHI XapakrTepH, UYHaNra" BaNEHTAHK
Has3apHACHIA XUMHABHH GOFJIaHHIUIADHHHT BYKYATa KEJIHIIH
Ba X0Ka30J1ap TyWyHTHPHIAJH.
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45- pacm. ¥arapmac pamaan:auq.nuxua a3UMyTAT SXTUMOJVIHK SHUJIHIH
SJIEKTPOH OY/NYTH 3SHWIMIMBHHT AKCHAI-CUMMETPHK TAKCHMIMAHAMIN

le3

(I, —1 41, ..., l) guiimaTnapu Y9yH HATHKABUH 3XTH-
MOJIJTHK XaM ¢ ra GOFJIUK 3Mac, SbHH
+1

2 [0 () | = const.

my ="l

n Ba [ KBaHT COHJIapDH GHP XHJ XOJaTJIapHH 3JEKTPOHHHHT
oKeusaenm xoramaapi 1e6 atanagd Ba YJapHHHI 3JEKTPOH
GyNyTJIapUHHHT HHFHHAHCH c<pepnx-cummerpmmu 3JIEKTPOH
6yayTund Oepuinn 11 KajBanfan KYpuHHG TypuGau.

slnpo anoqmzxam da3zona 3XTHMOJIJIHK SHUJIHTH 'raxgcn-
MOTH XaKWia TyJa TacaBBypra sra Gy.IHm yuyH R?, Ba
@? s1ap TakCHMOT/IapHU HUFHIN Kepak. Bus kypiaukkuy, (D2 =
= const Ba (asosuit TakcumoTHZa R? Ba 02 acocuil axa-
MHATra 3ra. 46- pacMaa 60w KBaHT COHMHHHT n = 1, 2, 3, 4,
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paraya yTKasuarad paiuyC-BeKTOD 7 HUHI 3appa HMIYJbLCHra

(Xapakar MHKAOpHTa) BeKTOp KymafiTMacH TYLWIYHUTaAM,
S'bHU

M=[r,p]= x y z| (6.1)
Px Py P2

By epma p-—sappa umnyascu, p,, Py, Pz— YHHHT MoC pa-
BUIIA X, Y, Z KOOPJMHATA YKJapHAara npoeklusiaapu. Keant
MexaHUKaCha KaGyJ KHJMHTaHLeK, (6.1)HH omepaTop KjpH-
HHIIMA KYAMjaraya €3ull MyMKHH

A A A
M= r Py
A A
OyHAa r — KOOpRHHATAMAD (X, y, 2) ONEPaTOpPH, P — HMIYJILC
OnepaTopd. YHHHT KJaCCHK NpOeKUHSJIApHra Moc KYAHIyBYH
.. 0 .y O .. 0
NPOeKUHAMAPH — ih —, —ih—, —ih—. lMnyasc momenTH
ox dy 02
OnepaTopy NPOEKIHAJIAPHHAHT OLIKODP KYPHHHIUKHAATH Hdojacu
Kyiuaaruua €sumaju:

A A A . 9 o
My=yp,—zp,=ih (zd—y—ya);
My=z2p— xp, =in(x 2 — 72 6.2
y=2P— Xp; =i X5 —2—7-), 6.2)

A A A , 0 F)
M, =xpy—yp,=ih (yd—x —x@)-
By Tenrnamanapaa [dexapt koopaumarasapH x, Y, z laH, ynap
6usan
X=r sin ¢ cos ¢,
y=r sin ¢ sin g,
Z2==r COS ¢

Hosiamap opramm GormaHran cdepuk KOOpAHHATamap r, ¢, ¢
Japra yramms, Macaman,

9 _0x 9 9 0 40 08 ___, sinasin(Pi‘f‘
dp Op ox ' dp dy ' 0p Oz *
. a
+rsing cosg Z=x 2 _y 2

dy dy o0x
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XYAAH wy H{CHHAA MMIYJbC MOMEHTH NPOEKUHSJIAPHHHHT
CipepHK KOOpAMHATANAPAArH HPOAACHHH AHHK/IAIHMHS MYMKHH:

A . . d d
M, = ih ﬂm_:e 55 T ctgd cosg v“

o9
A . 0 .. -0
My =+ in A.ISme 55 +ctgo sing ﬁv. (6.4)
A 5 0 .
gh”lu m.nn‘ﬂ-

A

Oneparop M, uuHT K{puHHIH HMITYJIbC TIDOEKUMSICH omnepa-
TOpAapuHHUHT [leKapT KoOpAMHATaIapHAATH K PHHHIIHTA XKyja
yxwaw. ByRunr axa6aamapin xofu AYK, YYHKH KJIacCHK
MexaHukajna ¢ Ba M, Jlap yMyMialiran KoopiHHaTa Ba yMyM-
JIallirag UMIyJIbC BasupacHHu Gaxapand. bus xocmn KHJITaH
upoxa Xy[AM yMyMJIAmras HMNyasc M, HHHT YMyMJIaliran
KOOp/MHATaflarH TacBUPH KaGH HQOXamHp.

OHJIM XapaKaT MHKIOPH MOMEHTHHHHT KBaJipaTH yuyH Ho-
AaHu aHHKIaiMu3. Kaaccuk mexamukaja HUMIYJLC MOMEHTH-
HHUHT' KBaJpATH YHHHT KOODAMHATA YKJapHJArH NpPOoeKLHUANapH
KBaJIpDAaTHHHHT HUFHHJIUCHUIA TEHT:

M =M+ MM

KBanT Mexannkacuzna sca 6y TeHTVIHKKA TerHun oreparop-
JlapHH 6OFI0BUH POpPMyJia cHpaTHAA Kapalll Kepak, sSbHH

>n >m >. >w
M =M, + M + M.

(6.3) nu 3pTHGOPra OnTAH K042 HMIYJbC MOMEHTHHHHT KBaj-
patu yuyu

A 1 a(. 9 1 @&
M = luvmrmn@wdAmE,vmﬂv + e mﬂ; - |N»<we (6.5)

noxanu Xocwsa KumaMmus. :

Hmmyanc MoMeRTHHEHr KBaHTMAHMIM. Hunynsc momentu
Ba YHUHT NPOEKUHSICHHH KBaHT/IAl KOHAACH MOMEHT KBazpaTH
Ba MOMEHT NPOEKUHSANAPH ONepaTOPIaPUHHHT XyCYCHI KHH-
MaTIapUHH aHMKJAlra KeNTHPHIaau. MMmyasc MomenT
TNPOCKIHsANAPH OPACHAATH KOMMYTAlHsl KOHAACHHH, STBHH

13180
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34- §. Xapakar MUKIOpH (MMMYJbC) MOMEHTH Ba
YHHAT NPOCKUMACHHHUT KBAHTJIAHHIIHA

AfipuM 3appaHuHr &kH Oup OyTYH €NHK CHCTEMAHHHT SHT
MYXHM XapaKTepHCTHKaNnapuAaH OUDH XapakaT MUKIODH (HM-
MyJbC) MOMEHTHAMDP. Xamma HyHaJlumiap y3apo TeHT KyuJH
Gysran u3oTpon ¢aso GyHnab €nuk cucreMa €KH sKKaJaHraH
sappa xapaxaTuJa YJapHHHT XapakaT MHKIODH MOMEHTH
cakjaaHajd. TallKH MaHJOHJA XapakaTJaHa€IraH CHCTeMa
€KM 3appaHMHI XapaKaT MHKJODH MOMEHTH 3Ca yMyMaH cak-
JanMaiau. JIekud, afipum xo/71a, MacajaH, MapKasHil CHMMeT-
PHK MaijioH/ia HMIYJIbC MOMEHTH CaKJaHHIIH MyMKHH. UyHKH
MapkasHii CUMMETDHK MafijoHJa MapxasjaH YHKYBYH Xamma
AiyHanuuap y3apo GHp XU GyJaqu Ba LIYHHHT YYYH CHCTE-
MaHHHT GyHAall MalJOHAard XapaKaTHIa MaiJOH MapKasura
HHCOATaH MMIYJIBC MOMEHTH cakJjanHajd. XyAAu LIyHHHTeK,
6upop YKKa HucOAaTaH CHMMETDHK MaiJOHAA HMIYJbC MOMEH-
THHHHT CHMMETpPHS YKHra NpoeKLHMsCH CaKJaHajH.

Mapkasuil CHMMETPDHK MaMJIOHJIap KYIHHYA aTOM CHCTe-
Majapyzia yupaiinu. bus roKopuia BoIOPOA Ba BOJOPOACHMOH
aTom/1apja siroHa 3J1eKTPoH Aipo KyJoH KydJapuHHHT MapKa-
3uil MaiIoNMAA XapakaTJaHHIIMHH Kypran 3auK. Mypakka6
aToMJlapJa 3/IEKTPOHJIApTa TabCHP KYPCATyBUM 3JEKTP Maii-
NOHHM, Karhuil alfTrasja, Mapkasui cuMmmerpusra sra Gyi-
Maiil, YyHKHd Xap GHp 3JEKTPOH MapKasuil siipo MaHJOHH
6unan Gupra GOLIKa 5JEeKTPOHJAp BYyXKYyAra KeJATHPraH Mai-
JIOH T&bCHPHAA XaM XapakaT Kujaid. AMMO OMDHHYH SKHH-
Jamuiaa 6y Xoaia xaM, MyaisiH 3JIeKTPOHTa TabCHD 3TYBUH
6olKa 3JEKTPOHJAp Ba fAAPO 3JeKTP MaHIOHHHU ChepHK
cuMMeTpusiH Ae6 Kapam MyMmkuH. llyHpa#t Kunn6, KaaccHK
¢usuKajaruieK KBaHT MeXaHHKACHAa XaM HMIYJbC MOMEHTH-
HHHT CaK/aHHII KOHYHH MYXHM pOJIb VHHalxu.

Hmnyibc moMenTH. KJlacCHMK MeXaHHKaja 3appaHHHT Xa-
paKar MHKIODH MOMEHTH Ae0 Kyd (MafifoH) MapkasuJaH 3ap-
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A A A A A
M, M,— MM, = iaM,,
A A A A A
M, M,—MM,=inM,, (6.6)
A A A A

MyHocabaT/iapHH OCOHJIMK GHsaH uc6OTIIaL MyMKHH, Kowm-

MyTrauus Koujacura G6GHHOAH MOMEHT NPOEKUHATAPHHHHAT

OnepaTopJ/iapH  §3ap0 KOMMYTATHB 3MAaCJHMIHHU Kypamus. [e-

Mak, y1apHd GHp BaKTHa YJIYalli MyMKHH 3Mac. KBAaHT Mexamy-

Kacnia ukkuta A Ba B KarTanuk GHp BaKTAa aHHK KHiMaTra

sra GY/MIUH YYyH yJAapHUHT onepatopJiapH KOMMYTaTHB Gy-
A

AA A
JHIIH  3apyp, a9bHH AB — BA = 0.
AflHM BagTZa MMDYJIBC MOMeHTH TNIPOEKUHSICHHHHT X ap
OUPH MOMEHT KBajpaTH Gujan KOMMY TaTHBIHUP:

A A A A

M M — MM, = 0,

AA AA

My M2 — MM, = 0, 6.7)

AA A A

M, M2 — MM, = 0.
(6.7) udomanap HMIIy/JIbC MOMEHTHHMHI KBajpaTH GuiaH iy
MOMEHT NDOCKUUSIIAPUHEHT HCTAIraH GHPUHH 6up BakTAa
aHHK YJI9alll MyMKHHJINTHHH KYPCATau. IlyHusr yuyn MomeHT
KBaJpaTH OUNaH YHMHT NpoeKUHATapHAaH OUPHHH KypaMH3.

Hmnynsc MoMenTHimar KBaJpaTH yUyH XyCycull KHAMaTJIapHH
aHHKJIOBYH

A

My = M2y (6.8)
TEHIVIAMAHUAT eudMH P = P (9, @) ynKuuS Gy.ianm. (6.5) ra
OuHoan (6.8) HM xyiimzardua &samus:

1 3/, oy 1oey

sin ¢ %Am:ﬂ@ %v + sin® & % +Mp=0 (6.9)
By epma M?%*n? unm A Opxayu GeJrunajuk. Xocua Gjaran
TeHIVIaMa 1map ¢yHKUHASAJAPUHHHT TeHraamacuaup. Euumnuur
0<o<nmmlO<op<2n OpaJIMKJIapAa UYeKJH, GHP KHAMATJIH
Ba y3NyKCH3 GY/MIIA yuyH A Ky#HAarn MapTHH KaHOATJaH-
THPHILH Kepak:

A=1(+1), (6.10)
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6y epna ! —6yTyn MycSarcon, [ =0,1,2, ... | COHHHHHT
Xap OHp KHAMaTH yuyH (6.9) TeHrJaMaHHHT eYHMH (2l —1) Ta
MJpu3apra sra GyJaamu:

‘ QLN —m ), .
Vi, (0, 9) = a\ ey VN_ Pcos 0) eim, ¢ (6.11)

A=I(l+1) naruua (6.8) eunmra sra 6ymanu. Bumo3apuu,
MMIYyJEC MOMEHTH KBaJpaTH ONePaTOPHHHHI XyCYCHH KHAMAT-
JIapH

M=n2I(l41) (6.12)
6ynanu. KOkopupmaru (6.11) Ba (6.12) udonanapran mmmyssc
MOMEHTHHHHT KBajpatH 2/ 4 | mapaxkanu aHHMrad/MrMHHA Ky-

A
pamus. By afiHHIHHURT MOXHATHHH TYILIYHHIN ocoH. M? one-
A
PATODHHHHT XyCYCHH (YHKIHAMAPH GHP BAKTHHHT ysuna M,
ONEPaTOPHUHT XaM XyCycu#i (pyHKUMSCHIUD, SHHH

A
&Su Gs ! = \Su ﬁ:&.

€xH
Y,
—.J Il:: = gump—v?: .
I de (]
E€MaK,

M, =tm,, m=0, 31, +£2, ..., £/, 6.13)

(6.13) xypcaramuku, uMmysbc MoMeHTH 'BEKTODH TaHJIAHT'aH
2 HyHamum Gyhuya 2/ -1 Ta Hycunza xofinamran 6yaap
5KaH. (6.12) Ba (6.13) Temriuk xapakar MHKJIODH ' MOMEH-
TH KBaJIpaTHHU Ba 2 MPOEKUMACHHH KBaHTNAW KOWIACHHH
6epany.

Oy naparpaduu skymnammas ommuu UIYHH TabKUAI2H-
MHSKH, MMIyJIbC MOMEHTH BAa YHHHT NPOCKUHAMApH XaKH-
flard xamma XyJocazap yMyMHA XapakTepra sra Ba sappa
Xapakar/iaHaéTran MafiZioHra GOFMHK 5Mac.

35- §. Xapakar MuKxopu MOMEHTJapHHH Ky

—_—

By macanann ! opgamu Gearunanysan opGuran xapakar

MHKJODH MOMEHTHHH KYIUHIl MHCOMHMAA K{paMus. Xap Ou-

PUHHHI ODGHTal XapakKaT MUKJAODH MOMEHTH, MOC paBHLIza,
== —

l, Ba 3 ra TeHr HKKuTa 3appajaH HOOpaT €mHK CHCTEMaHH,
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KBaHT COHJIapH ypracujiaru GOFNAaHHIIHHM aHHKAafimu3. By-
HAHT Y4YyH, aBBaJ, 47-pacMjla TacBHpJIAHTAHJEK XapakKaTr
MHKJIOpH MOMEHTJAPHHHHT Z YKHra NPOEKUHSCHHH Kypa-
MH3. BEKTOPJIAPHHHT OJIaTJarH KYIIHII KOMAAcHTra GHHOaH MO-
MEHT TPOEKUHACH YYYH KVIUHII KOWJIAaCHHH OCOH KeJNTHPHO
UHKapaMH3, SBHU Amy  KaTTajuk hm;, Ba hm, nap #urun-
JHCHTa TEHT:

my=m, +-m,. ~ (6.16)

Op6uran xBanT COHHM L HUHT MyMKHH 6§/ran KuiMaT/IapHHH
aHHKJIalnuK. By xom yuyn Kymumn KOMAacH oKopujaruaexk
coqna Gyamafiiu.

Masbaywmky, (6.14) ra Moc pasumga L GyTyH con Kuiimar-

—

—

Jap Kabys kuiagd. L nuHr Kuiimatd [, Ba [, naprunar y3apo
HyHanumura GOraHK, an6arTa. L KBaHT COHH YYyH MyMKHH
6yJIran SHI KHYHK Ba 3HT KarTa KUAMAT/Iap aHHKJIaHHIIH GHIIaH
KyHuIran Macana TyraJd eunjand, YyHKM L HUHT KOJraH
KHAMAT/apHHH YHUHT ymGy derapaBHil KHAMaT/iapupaH oa-
KaT OHD COHMra KeTMa-KeT yarapHil Hy/iu GunaH KeATHDHG
YHKaApHIl MyMKHH. Arap, 3HIH rm;, Ba m;, KBaHT COHJapH-
HHHI MyMKMH OyJ/IraH 3HT KaTTa KUAMaT/IapHHH, MOC PaBHII-
Za, I, ra Ba I, ra TeHr GyJHUIMHH 3CHACAK, My YYYH MyMKHH
Oysran SHr kKarra KHiMatHu (6.16) ra GUHOAaH aHMKJIaHMH3.

m = =1, 41, 17
Linax ml,max + m 12 max 1 + e (6 )
VIKkMHYM TOMOHZAH, XYM Iy KHAMar L HHHr MakcHMal

KMAMATHra TEHT, YyHKH MarHHT KBaHT COHHHHHT TabpH(Hra
Kypa y HoJjaH ==L rava ysrapamu. [emax,

My max = Lm:x =hL+1 (6'18)
L,.x YUyR aHHKJaHraw HGONAHUHT TEOMETPUK MabHOCHHH
~

Kypaiauk. KylWIHIyBUH BekTop /, Ba Iy JIADHUHT KaTTaCHHH
TanaafiMus. Macanan, [, > l, 6yacuu. Z JxuHH myHjaai

—
AyHanTHpaMu3KH, Oy VKKa [, HHHT NPOEKIHSCH MaKCHMaJ

>
6yncun. 48- pacMua /; BeKTOpDHHHT Z JKH GHJIaH MyMKHH G¥JI-
ray 9Hr KHYMK Oypuak XOCHJ KHJTQH XOAM TACBHpJIAHTaH.

—_—
Ounu [, BEKTOPHHY XaM Mas3Kyp Z YKHra MakCHMaJ NpPOEKIHs
Gepaguran xoana Hynantupamus. Illynpalt kuau6, Z yxuza
llz max ==hm11 max =hll Ba lzgmax = hml. max = hlz UPOEK‘
udgnapra sra GyafuK. MyMKHH GjyJaraH MakCHMaja KHAMAar
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¢uit xuiMatra Tenr 6ynanu. Jlekun Gunamusku, L > 0. Ily-
HHHT YuyH

L =|li—1] (6.19)

kuiiMatra Tenr. (6.18) Ba (6.19) ra GuHoan L KBaHT COHH-
HHUHT y3rapHil COXaCH YYYH KYHHIATH INApTra KeJIAMH3:

Ih—hL|I<L<hL+1, (6.20)

(6.20) waptaan L KaGys1 Kuaamuran KuiMaT/ap T§Jia COHHHH
aHUKJaWw ocoH. Arap [, >/, 6ysca, L keanT conn 2/, + 1 Ta,
l, <l 6yaca, 2, 41 ta guiiMaT KaGya Kumaiu.

L nunr Gepunran kuiiMaTHAa m, xBauT comd 2L -1 Ta
KHUMAT KabyJs Kuaaan. AHMKIMK YuyH [y > I, ne6 xucoSnai/mk.
Y xonna ysrapum coxacu (6.20) 6y#iuva aHMKJAHra® L KBaHT
COHH YUYYH Mm; HHHT KaOys KaJafuran KuiMAT/IApH YMYMHi
COHH

141,

2 @+

L=l,—1,

ra teir 6ymagu. Bus xapmap afinpmacu 2 ra Tenr G6yJaran
apppMeTHK nporpeccusira keJmuk. (2/, 4 1) Ta Xagmas' uGo-
par ymby HHFMHAUHH apH(METHK TMpOrpecCUsi MHFUHAMCH CH-
datura gapafiMua;

L+l

NeL+y=tb=WEI+2hth+l o 4y~

el 2
= (2l 1) (20 4 1). (6.21)

Xymnu wy #yn 6unan b << I, Xouu yuyH xaM Mas3Kyp Haru-
xKara Kejamus. JleMak, HKKHTa ¥3apo 5pKuUH 3appajaH néopar
€nMK CHCTEeMaHHHI' MYMKHH GJJiraH xo/aTiapu YMYyMHil COHM
xap 6up 3appa yYyH MyMKHH GyJrad xosnataap coHH (2I; +1)
Ba (2l + 1) nunr ‘xynafitmacura tenr. llyngah xuau6, arap
sappanap ¥3apo Tabcupia GysMaca, CHCTEMaHHHT HaTHKa-
BHA MOMEHTHHHHT Xap OHp KHAMAaT/IapHra MoC SHEPTeTHK carx-
Jap
E=E , T E,

ra TeHr 6yJagu. Ymby Xo/ja CHCTEMaHHHI TyJa SHEPTHICH
HATHXKAaBUA MOMEHTHHHT KufiMaTjapura GOrIHK SMac Ba

(24, +1). 23 + 1) napaxanu aituuuwra sra 6yaay.
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S'BHH XOMatTH y3apo Oup-Gupura Gornuyk Gyamaran [, sa [,
MOMeHTJIap OHJIaH XapaKTeP/JaHYBYH CHCTEMaHH Ky pailJIHK.
Fkku MOMeHTHHHT Gup-GHpura GOFNHK SMACTHMTH yJIAPHHUHT

_——
¥3apo KOMMYTATUBJIUTHHH GUIIKPaRH (/; HUHT XaMMa TaKHJI
- —
STYBYMJIApH [y HHUHT XaMMa TallKKJ STYBUMJIapu GU/iaH KOM-
Py 2 B2 :

MYTaTHB Ba [y, I, HUHT xap OMpH YUyH aJoXHia-aJoXHia pa-
Buiaa (6.6) Kouna ypunan). AfTunrannapaan, 6y MKKH Mo-
MEHTHM ¥3apo 3pKMH 3appajapra TaalJyKJu €Ku MyailsH
Oup sappaHuHr opbutan MOMeHTH GusiaH Xycycuil (¥3 ykura
Huc6aTaH) MOMEHTJADHHH TacBUpPJAHAd [Ae6 TYWYHAMHS.

Maskyp CHCTEMaHMHT TyJa, SBHH JKaMJAaHIaH Xapakar MUK-

—_—-
Zopd MOMeHTH L yuyn MyMKHH Gy/iras KUAMAaTJIapHH aHHK-
JailMu3. XapakaT MHKJAOPH MOMEHTH BEKTOp KaTTaJIUKIUD
Ba yJap BEKTOPJApHH KYIIHII KOMAAcH Gyiiuua KylIHJIafu.

— —
Tyna moMent L uunr aGcomoT KMAMATH TalIKHJI 3TYBYH [, Ba
—_—

[, MOMEHTJIADHHHT §3ap0 BeKTOp HyHaJIHIIHra GORIHK GYJaiu.

KBaHT MexaHMKacH[a MOMEHT/IAPHHMHT BEKTOp XapaKTepu

cagJapajd, JIEKHH KYIUHII KOMAACHHH KeJITHPHUO UYHKapHII
—

yUyH MOMeHT L HHM XaM, MpoeKuMsich L, HH XaM Mabiaym
KoHsla 6yiiyua KBaHT/IaHaH Je6
TYIIYHMOK KepaK:

- 12

Il =mrw+n, 614

- L,=hm, (6.15)

6y epza L — cucreMaHMHT Op-
OMTaN KBAHT COHH, YMYMHH X0ija
0,1, 2 ... 6yryd myc6ar cox
KuiiMaraap KabyJa KuJamu. my =
=0,41,42,... 4= L — MOMeHT
L uydr Z ygura npoeKuHsiCHHH

TAaCBUPJIOBUA MArHHUT KBAHT COHH,
-

-
Iyseyu TabkuanaliMusky, [, Ba I,
Jap xam xyamu 1wy (6.14), (6.15)
Kab¥y KBaHTJaHA[H.
Cucremanunr opburai L Ba
MarHuT m; KBaHT COHJIapH OGuiad

47 pacm. FT Momentiaphu YHHUHT TAIKKWJI KH/TdH 3appasap
Kimm, opburan I,,l, Ba Mariut m , my,
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ca6abra Kypa BYXyJAra Kejamd. DJIEKTPOHHUHT opSuta Gy
Ja6 xapakatsia, O3 IOKOpPHAZ KYpraHuMH3JeK, opOHTan
MeXaHHK MOMEHTH [03ara KeJajH. DJeKTPOH Maccara Ba 3apsf-
ra sra 6yaraHaurd cab6abad yHHHT OpOHTa/] XapakaTula Me-
XanMK MOMEHT OHJiaH GHpra MarHuT MOMEHT XaM BYXKYAra
Kenaju. XaKuKataH xaM, sApoaTpopuia XapakariaHa€Trau
3/eXTPOH MHKDOCKOTHK TOK XaJIKaCHHH HaMOEH KHJIHG Mar-
HHT MaHJOH BYXKYAra KeJITHPamH.

DeKTPOH Ba SAPOHMHT MAarHAT MOMEHT/IapHHHM YJIapPHHHT
CNHHE — V3 VKJapH aTpodHjard xapakaTH BYXYATa KeJTH-
pand. By xakna Gu3 COHH TYLIYHUacHHH GaéH KUMMIIAA Tyaa
TyXTaAu6G yTaMH3.

Opburan MarsMT MOMeHTH. JDJIEKTPOHHHHT SIApO aTpoduia
opbura 6y#nab xapakaT/aHUIIME XYAOH TOK KyuH

ra TeHr aiJiaHMa TOKKa yxmamaup (6y epjia ¢ — 3/1eKTPOHHUHT
sapsaad, T — yHHHT aljaHHII JaBpH, v, v’ — dacroranap).
ApfanMa TOKHHHT MarHUT MafJIOHH, MabJAyMKH, MOMEHTH

eS

p==Sei= o

(6.23)

ra TeHT MarHUT JMIIOJMHUHT Malfonura SksuBasieHT Gynaznu.
by epra S — aiinanMa TOK Kamparad 103. Arap XoopjauHar-
Jlap CHCTEMacHHHUHI MapKasH aroM sIApOCH GHJIaH YCTMa-yCT
Je6 xucobnacag, sapo arpoduja xapaxariaHaéTraH 3JeKTPOH
opOHTacH KaMparaH 3/JIHIICCHMOH 103 KyTO KOOpAHHATaJsapu-

aa (r, ¢)
2
|
S =? OSV rzd(p

ndoaa Ounan aHHMKIanagu, VIKKHHYM TOMOHIaH, MapKasdil

Kyd Mafifodufa opbuTtan xapakaT MHKAOPH MOMEHTHHHHT
CaKJIaHHILIH
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48- pacm. Maxcuman AHFHHIH 49- pacM. MurnrMan AUFUHZM
MOMEHT, MOMEHT,

GepyBum Gy XOJ Iapajjiesl BEKTODJIAPHH KYHIMINIa MOC Ke-

JajH.
K Viua1yBuH HKKH BEKTODHHHT MYMKHH 6yaran MHHEMAaN

HATIKABHE KuiiMaTH YJIapHHHT Kapama-Kaplun HyHaIraH —
aHTHIApaLIeN XOJHAa XOCHJA Gynand. MOMEHT/IADHHHT BeK-
TOp AMAarpaMMacuja HaTHXKaBHH MHHHMAaJ KUAMAaT BEKTOD
—_—

—
I, Ba l, napHuHT Z JKHMIa TMPOEKIHACH MaKCHMan, JIeKHH
KapaMa-Kapii Humopa Gepajurad HyHANHIIHAR XOCHT 6y-
-—

faju. Bynunr yuyH /, BEKTODHH aBBAITrH HyHaNWIIHAA KOJ-
-—
Jupu6 I, BexTopHH 49- pacMia TacBHDJAHTaHHAEK y3ura Ka-
-

paMa-Kapuid AyHanTHPHIN KHGOAAHD. [ BEKTOPHHHT Z yxura
npoeKnuscu AU —Hhly ra Tedr. LIyHHHT yuyH,

My in = Lmln = ll - lz‘

Xocan Gjaram wmyHocaGar daxar Iy >, Xon YuyH TYFpH.
I, <l, xonpa upoexums L, =m; . =(hL— 1) < 0 Man-
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KpaHT MeXaHMKacHia MOMEHT TYLIYH4acMra YTHII YYyH
KnaccHK (QU3HKaHHHI MHKJODHH TEHIVIMKJADHHH OIEepaTop
TEHIVIMKJAPHUIa aNMalTHpui Kepak. (6.25) popmyna opburan

—
XapaxkaT MHKJIOPH MOMEHTH ! HHHI' ODOHTal MarHHT MOMEHTH
I

N
p, G6unan Goranumuuay Gepamy, sIbHU

&, 4
=g 0 (6.25')

Illy6xacuski, MeXaHHK Ba MarHAT MOMEHTJADHHHI Z YKHra’

npoeKUuAIaps ypracuzaru MyHocabar
A A
b= g @29

oneparopJiap ypracuaaru GoraaHHIIEYM Gepajd. DHAM Xapakar
MUKJODH MOMEHTH Ba YHHHT Tpoekuusicd yayr (6.12), (6.13)
dopMynanapHu scjacak, opGHTaJ MarHHT MOMEHTH Ba YHHHT
HPOEKUHSCH Y4yH KBaHTJall KOHJIACHHH XOCHJ KHJI4MHS.

pr=— s hVITF ) =—h VIU+]) =
=—pu; VIU+1), (6.27)
Uy =— 2’: chm, = —yhm = —pm,. (6.28)

Mynnafi xunu6, op6uTan XapakaT MMKIODH MOMEHTH XaM
Ba y 6uiaH (6.25) GornaHHIIra 5ra MarHAT MOMEHT xaM GuTTa
yMymu#l | KBaHT COHH OpKa/H, XYJIHM LIYHHHTAEK, MOMEHT-
JADHHUHT MPOEKIHSIapH XaM OUTTa YMyMHH M, KBaHT COHM
opkamu aHugiaanand. lIyHMHr y4yH XaM m, HHHT Mar"uT
KBaHT COHH Jie6 HOM OJMIIH Gexu3 5Mac. MexaHMK MOMEHT Ba
VHUHT NPOEKIMsACH GHIaH MarHUT MOMEHT Ba YHHHT NPOEKIUsA-
cH ypracuia YmuoB GupauxnapujaarusHa ¢apx 6op. MexaHMk
MOoMeHTIap h O6upauruga udomananca, MarHHT MOMEHTJap
Bop maenemonu ne6 atanysan

= (6.29)

2m, c

Oupaukpa yiauanand. DBop Marnetons wugonacHra yHHBepcan
" nouMuiviap: ¢ — €pyrJHk Tedsaurd, h—Illgank JoHMHiCH Ba
e — 3JIKTPOH 3apafuaH TallKapH 3JeKTPOH (3appa) Mmaccacd
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Arap sappanap ypracuia y3apo TabcHp MaBxyJ Gyaca,
L KBaHT coHHra HHCGATaH CHCTEMa XOJAaTHHHHT afHHIIH HYKO-
Jajd, S'bHH Xap OHp 3HepreTHK catX L HUHI MabayM GHTTa
KuiiMaty OusiaH XapakTepJaHafd. ABBalrH carxJjap 3IHIH
L nunr Kabys KWIaaural KMHMart/iap COHHra TeHr caTxJapra
axpanamd. Arap [, > [, 6yaca, (2l; 4 1) Ta, [, << I, 6yaca,
(21, 4~ 1) Ta carxaapra axpanuu 103 Gepagd. by simru carx-
JapHUHT aHHMIl japaxacH (g)m; HUHT KuMAMATIap COHHTa
TeHT Oy/1ajiH, YYHOHUH:

L=4L+1 g=2(L+10L)+1],
Lelitli—1  g=2(,+L—1)+1,
L=1—I, g=2(,—1l)+ 1

Y6y xosza xam CHCTeMa KBAHT COHJAPHHHHT KalyJ KuJja-
IWraH KUAMAaTIapy TyI/iaMH, CHCTeMaHH TallKHJ 3TYBYH KHCM-
JIaDHHHHT ¥y3apo Tabcupia OyauiiuMra KapamaciaH sHa
(21, + 1)2l, 4 1) ra tenr. By DpenecTHHHr MalXyp Teo-
peMacuHH TYJa HCOOTNIaiAH, S'BHH CHCTEMAaHMHT OOFJIaHHII
IIapTJaDHHA YEeKCH3 CeKHH aJuabaTHK BHPTyas y3rapHiuuia
CHCTEMaHMHT KBaHT COHJIapH y3rapMa#iy.

Ilyunaft xuau6, (6.20) KoMAA MKKH 3apPaHHMHT HHFHH]IH
XapaKaT MHKIODHHHHI MyMKHH GyJrad KHAMaTJapuHH Ty/aa
anuKJainy, (6.20) xounara acocan 6up BakTaa MKKH yK Gyin-
ya JOMpaBUil XapaKaTJarH 3apPaHUHT YMYMHH Xapakar MHK-
JIOpH MOMEHTH XaM aHHKJaHaiH.

Arap cucTeMa MKKHJaH OPTHK 3appajapjaH TallKujl ToI-
raH GyJca, 3appajap opOHTaJl Xapakar MUKJIOPH MOMEHTH Bek-
TOPJAPHHHHT HHFUHIHCHAAH HOODAT HaTHXKaBUH MOMEHT Bek-
TOPH

L=l gy byt ... (6.22)

HY aHMKJIOBYM OpGHMTall KBAaHT COHM L 3appanap MOMEHTJIapu-
nuur xkydhTH yuyd (6.20) KoMAaHH KeTMa-KeT KyJjiam #yiu
6unag TONHJIAAH.

\&36— §. Op6uTajs MareMT MOMEHTH

ATOM MarHeTH3Mu MauGau. ATOM MarseTHsMH 3JEeKTPOHJap-
HUHT OpOHTa 6yina6 xapakaTH, S/MEKTPOHHHHT XyCyCui Mar-
HHT MOMEHTH, AJPOHHHI XYCYCHH MarHHT MOMEHTH Xafu yd
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Cy3d spin JaH osiMHraH 6yau6, y3 VKM aTpoduia afinaHum
Aeran MabHOHU Oepapy. CIMH TYIIYHYaCHHUHT KWPHTHJHIIH
HO3MK CTPYKTypa Ba 3eeMad 3(peKT/apHHH TYLIYHTHPHII-
AaruHa MyBaddakuaTan 6YH6 KoaMacaaH Katop KeHT JoHpa-
Aar¥ aToM XOJHCANaPHHM XaM TYFPH Kapaiura UMKOH GepiM.
DJIEKTPOH XYCYCHH MEXaHMK MOMEHTHHHHT KHAMATH aToM
CMeKTPJIapHHM ypranuil Gopacuia OJMHTaH Taxpuba HATH-
xKanapuiaH GeBocHTa Kenub ynkagd. CIMH 3appPaHHHT Xapa-
KaT MHKJOpH Gyuiraniurd ca6abnd y xaM xap KaHpal xapa-
KaT MHKIODH MOMeHTH (6.12) xabu XBaHTJIQHHIUH Kepak.
Tannanrag (TalKuM MarHuT Maigony) AyHAIHIIN3 NPOEKUHSICH
aca (6.13) xabu keauTaanany. lyuunr yuyn arap h 6upauruia
MEXaHHK CIHH MOMEHTHHHHI KuiiMath S ra Ttenr GyJca, ¢a-
30BMH KBaHTJIAHMLI KOHJAcHra GHHOAH Y y4yH z YKura Hucba-
Tan (2S - 1) Ta #yHamuI MyMKuH 6Yaanu. JeMak, alTHIraH-

Japaan
ST=nmS(S+1) (6.30)

KeHO uukaud. Tamianran. z AyHaaum GYAMYA CIMHHHHT
(2S + 1) Ta NpoexIMANADHHHHT KUAMaTH GuUP-GHpHJaH GHp
6up/MKKa (apK KHIHIIM Kepak:

S, =hmg
Mg — MeXaHHK CIHH MOMEHTH HPOEKIHSICHHH aHHUKJIOBUH
MarHuT KBaHT COHH. Taxpu6a HaTHXKaAJApHIAH MabJIyMKH,

o
MacasiaH, BOJOPOJ aTOMHHHHT GH3 IOKOpHJA KelTHprad 6563 A
CIEKTP YH3HFH Kalu AyO/eT 4M3HKJap BYXKYATa Keland. By
aca cOoMH (PaKaT MYMKHH OYy/iraH HKKM HyHajuLIrarkdHa 3ra
Jerad Xxyjocara o0 Kenaud, fipHH 25 -1 = 2 éku S =

=—12—. Y xoa1a, MyMKHH 6y/irad ymly WKKH HYHaJIHUII CIHH-

HHHI 2 JKWra npoeknusnapu GUIaH XapakTepJsaHaid, SbHH
TaH/JAHTaH HYHATHIIAA CIOMHHUHL TIPOEKIHSICH HKKHTarHHa
KHiiMatra sra:

S;=hm;, m_  =+S=+4— m =

9 Smin —
S =1 (6.31)

llynnat KapampgaH sfipuM GYTYH KBaHT COHJIADHHHHT XO-
€/l GyJIMIUM XapakaT MHKIOPH MOMEHTHHH KBAHTJIAHHIIH
(6.12), (6.13) xakumarn GH3HHHI TacaBBYPHMH3ra MYTJAKO
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Ka6u uponananagi. By Tenrnuknan do HY aHHKa6 HHTErpa
OCTHTa KeJATHPHOG KysAMH3:

T.

M M
S=-l—5r’ Lt =
2 J m,r? 2m,

ODnexTpoH OpOUTAaCH KaMparaH 103 YYyH KeATHPHO 9MKapH.I-
rad Oy udonanu (6.23) ra xyi#cax, 5/€KTPoH XapakaTH 103ara
KeJITHPraH OpOHTa) MAarHHT MOMEHT YuyH KJacCHK Has3apus
Gepagurad '

B=— ——M, (6.24)

2m,c

¢dopMmysanu XocHa1 Kuaamu3. OpGHTaJ MeXaHUK Ba MATHUT
MOMEHTJIaD BEKTOD KarTaluk O6ysn6, Myc6ar 3apsijiaHTaH
sappa yuyH GHp XHJ HyHAJHIIra MaHuii 3apsifiaurad 3appa
YuyH 5ca KapaMa-Kapuu #ynanuuira sra. Bus (6.24) udopanu
KEITUPHO YUKAPHUIIAR JICKTPOHHMHI MaH(uil 3apAJMHH XH-
cobra oJran SAHK. DHIAH MOMEHTIAPHHHT BEKTODJIMIHUHH XH-
cobra oJicax,

- e -

2m, ¢

Hemak, siccu op6ura 6yiinat xa-
pakar/iaHaéTraH 5JeKTPOHHUHT
OpOHTal  MarHHT = MOMEHTH,
50- pacMaa TacBHpJIaHTaHAEK,
YHHHT Xapakar MHKJIOPHHHHT
OpOHTa/ll MeXaHHK MOMEHTHra
TECKapH HyHaaraH. SJEKTPOH-
HUHT OpPOHTan XapakaTH y4yH
MarHMUT MOMEHTHHHT MeXaHuK
MOMEHTra HucGaTH

Moo ¢ m (6.26
M 2m, ¢ ¥ ( )
7 3EKTPOH OPOHTaJ XapaKati-

o Mexamix sa marggy DHHT 2UPOMOZHUM EKH MQ2HU-

- pacM. K R

MOMEHTJADHHAEr  Kapama-xapmn  /TIOMEXAHUK HucGatH Je6 ara
AyHanumy, Jaau.
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Cnmn MomenTaapusn Ky KoHpacn. MowmeHTaapau
KYIHII KOMAACH CHOHH MOMEHTH YIYH XaM y3 KyuHHH Tyaa
caknadgu. N Ta snekTponpan HOOpaT CHUCTEMaHHHT Ty.a
CIHH MOMEHTHHH aHHKJIAll Kepak Gymcun. Xap 6up 3JIEKTPOH-

HHHT COHHMEHA §; (i =1, 2, .. ), (cuCTeMaHHHT) aTOMHHHT
—

TyJ1a CIUHEHY S OpKaJu GesrunaliMus. Y Xxo/lga CHCTeMaHUHT
Tysa CIHH MOMEHTH alfipHM SJIEKTPOMJAp CHHHHHHHT BEKTOp
HHFHHIMCH

N
..Y_ >
Si= M Si
i=]}

Gynann. Xap Gup SNIEKTPOHHHUHT CIHHH §; KaGH, Tysa chouy
BEKTOPH yuyH xaM (6.12) éxu (6.30) kBanTsam ApTH YPHHIH
6ynany, sabHH

|3)=r vsETT;

6y epaa S — Tyn1a cnuH KBauT COHU. S KBaHT COHH KaGyJ
KWJIaJUran KHHMATiap MOMeHTJIApPHHHT KYIIHII KoHAacu
(6.20) ra acocan

grg—1..., 0, arap’ N xydr 6yuca,

&

5= yoN 1 _mm\z 6yJ1c
M.cwl LY v.m..- H.mu .—.Omm %.:Nu

TYIVIaMHH XOCHJ KHJIafH. X aKuKatan xam,
z 1,1 1
.M.BNN" M m«"W...Tuwll_l sy =
i=1

N ——

N

Smin HH 3Ca S,,,, aH Xap JOUM OHp GUPJHKHH KeTMa-KeT aiid-
PHIU AJAM GHNAH XOCHJ KH/IaMH3.

2 YKHra Tyna COMH NPOeKUHSACHHHHT MyMKHH Gy./raH
KUiMaT/1apH Ky#uaaru ¢opMmyna opxanu xucobnanamu:

S; = —hm,, mg=—S§, —~S+1,...8—1, S,

HeMax, Tyna cCHHHEMHT MyMKuH 6yiran  HyHaIMIMIAPHHHET
Tyaa coHu 2S +- 1 ra Tenr.
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8HA 69au6 KypuHanu. ACNHRA, CIIHH MeXaHHK MOMEHTH yuyx
Xaparar MHKNOPH MOMEHTHHHHT (6.12) koupara omu6 kenran
KJIa€eHK TacaBBYpHHH KyJab GyaMaiinn. - DJIeKTPOHHHHT
CIHH MOMEHTHHH 3JIEKTPOHHUHI ¥3 VKH 67iira6 XapakaTHAaH
GyAHIUH Kepak JeraH KJIacCHK TacaBBYpra acoc/auH6 TymryH-
THPUO Gyamalinu. Uyuku, Gy X0Ja YeKJH Ysgamiapra sra
SNEKTPOHHHHT afiPUM CHPT KHCMIADHHUHT Te3JIHIH €PYFIHK
TE3NMIHJAH KaTTa Gynajgd. X akHKataH xam, 3N€KTPOH yUyH
aHNaHMa MOMEHTHHHHI MaKCHMaJl KHAMaTH YHHHT XaMMa

MaccacH CHpT KHCMHJA XKOAAUITaHHAA XOCHIT GYJIaz. Yxouna,
—
CHPT KHCMH TESIIMTHHH aHMKNAW YUyH m,ury = |S| Moment

¢dopmynacugan toiinananamus. By epnra m, — snexrponnunr
MaccacH, 7o — YHMHT pamuycH, Takpu6ad 107! cM ra Tenr
Ae6 onamus. CnuH KuAMaTHHU (6.30) dopmynanan aHHKJ1a6
SJIEKTPOH CHPT KHCMHHKHT TE3/THTHHH aHHKIAHMHUS:

ls 10~

AT AT
Epyrank Tesnurunu c = 3 . 108 m/cex ra Tenr 9KaHJIHTHHH
Scjiacak, SJIEKTPOH CHHHHHHHT MaBXYAJHIHHH KJACCHK Tac-
BHDA@ TYIIYHTHDHII YYYH YHHHT CHPT KHCMHHH €pyrauk
TE3JHrHlaH KaTTa Te3NMKKa 3ra Gyaamu gaeb xucobJarra
TYFPH Kelagu. By sca HucOuimuk Hasapusicura suanup.
OKCIEPHUMEHT HaTHXKANAPHHH TYWYHTAPHII Y9YH MEXaHUK
CIIMH MOMEHTH GHJIar GHp KaTopAa y Guian
- e == P -
bs=-— S=29S=y,S (6.32)

mec
KYPHHHIIA GOFNAHraH MArHHT MOMEHTHHH XaM MYMKHH Je6
XHcobnal Kepak Gysamu. OVIEKTPOHHHHT CIIHHH GHJIaH G6of-
JIMK THPOMarHMT HHCO2aT OpGHTan xapakaT OuJan 6OFIHK
FHPOMATHHT HHCOATAaH Paco MKKH MapTa KaTTa 5KaH. (6.31)
Ba (6.32) ¢opmysnanapra kypa SJIEKTPOHHHMHT MarHHT MOMEHTH
—_—

Us Oupop uxtuépuit KyHaiaraum YKKa HHCGATAH HKKH XS
HYHA/IMIIH MYMKHH. MxTuépuli hymanumra wuc6atanm cmuy
IpoekuMsIapuuH (6.31) Kabu ne6 xHCOGIacaK, MATHUT MOMEHT
npoekuysIapy Wy AYHaIuMmzaa
eh
Bs, = b= o

2m, ¢

= 10" M/cex.

=, (6.33)

ra TeHr Gysaau.
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m, Xam kupaju. Faycc Gupaukaap cucremacuia pg =0,927X
% 107 spr.Tc ra Tewr.

37- §. JNeKTPOHHAHr CRUHH

Vrran naparpaduiapna 6us 6aén Kuaras KBauT HazapHusacH
V3MHMHI aHMK Ba COAJAJIMIHIa KapaMacIaH KaMuMJAMKAaH
xond sMmac. Iy kaMumukiapfaH MKKHTACHHH MHCOJ TapH-
Kacujia Kypamus. ATOM CHEKTDP YHM3HKJIApPHHH Vpramdiuia
. KyITHH2 CNEeKTP YM3HKJADHHHHT acauga Gup-Gupura xyaa
SKUH JKOAMAIITaH WKKHTA YM3HKJIAPJAH TY3UJIHIUH aHHUK-
Jaupu. Bopopon aromu BanmbMmep cepusicuHuHr Gupinyu gu-
3uFd Oy XWJ HO3HK CTPYKTypara Mucos GyJua onagu. IOxo-
pHuaa ypraHwjiran Hasapusra OHMHOAH BOJOPOX ATOMHHHHT
n = 3Ba n =2 carxjlapufiard yTHIJA TYJKHH Y3YHJHIH
6563 A ra TeHr sKKa UH3MK XOCHJ GYJMLIM Kepak 514. AMMO,
acnupa y3apo 1,4 A macodafa xofnamiraH MKKUTA YM3HK
MaBXyJI.

KBaHT Hasapuscu GuJaH TaxpHGa HaTHXKAIAPH ypTacuia
MaBxyJ 6yJ/iraH HKKHHYH MyxuM TadoByT KeHHHTH naparpad-
Japia 6aH KHIMHAAUraH 3eeMaHHHUHT aHoMasa 3(deKTHAUp.
ChexTp 4M3UKJIAPHHUHT HO3WK CTPYKTYDACHHM BA 3eeMAHHHHT
aHoMman 3pQeKTHHH TymyHTHpHI YuyH 1925 finaga Cayacmur
Ba YaenOex KyHujarn rOsiHM ypTara Tauuiagu. DJEKTPOH,
OpOuTan XapakaT MHKIODH MOMEHTHIAH TallKapH XyCycHH
XapakatT MHKJODH MOMEHTHra XxaM sra. layjacMuT Ba ¥.JeH-
GeK:3/IeKTPOHHH YeK/H YIuaMiapra sra Ba 3apsiilaHTaH KHCM
cudpatuia racsupaadaunap. Anbarra, y Xo/ia 3JEKTPOH Xap
Kanjail d4Yeknd YJYaMIH JKHCMJIap KabM yuyTa HJrapu/jaMa
XapakaTu Gu/laH GHP Karopia yu HyHanum 6Viinua aijamum
SPKHUHJIMK Japa)acura xaM sra Oy/nliu MyMKHH. Xap KaH-
Jail yeKaH Y/uamiy XMCMHMHT aianuiiuja siHa KyumiuMya
XapakaT MHKJIOPH Ba YHIa MOC MarHUT MOMEHTH 103ara KeJaji.
Arap 6y KymuMya SDKHHJIMK Japaxacura TYFPH KesaJura
KBaHT COHHMHM m, OPKaJHu GeJrujiacak, 3JeKTPOHHUHI 3Hepre-

THK CaTXJIapHHH YMYMHHI XOJiia y4 KBaHT COHMra GOFJIHK
I1e6 Kapalmi MyMKUH:
E=E

nl mg'

DJIeKTPOHHHHT XYCyCHA MeXaHHUK XapaKaT MHKIOPH Mo-
MEHTHHH YHHHI cnunu JAe6 atanangu. CnuH TEPMHHH HHIJIH3
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p, =—vhm, my=L L—1,...0...—L (6.34)
2 —_ p—

Kabu xBanTianafd. llyaunr yuyn, B Ba pp opacuaaru Gyp-
YaK ¢ Xam

Br, —y fim;, himy, my
COS¢ = —— =g = — —— (6.35
b —y|I] AVLZ+D  VIZ+D b

JHUCKPET KHHMATJapra TeHr GyJafu, S’BHU GYDUaKHHHT KOCH-
HYCH
L —L
S =———, ..., 0 000 ym—— >
VIL+D ' VIZ+D
KufiMaTiap KalyJa Kanapu.
Arap TawkH MarHuT MaijoH Oup KuHC/M GyaMaca, y Mar-
HAT MOMEHTH [1;, Ta TEHT aTOMra
F=(HL.V)B=}LL£ b.—¥+p’l‘y('9—-y+”1‘z—5‘z (6.37)
Ky4 GMJIaH TabCHP KypcaTajd. .
Xap NOHMrujiek, 2 YKUHH TalUKA MAarHAT MaiJoH HyHamM-
-> >

WHia TaH/MAAME3, Y X0/ MArHHT MOMEHT {, HHHI W, Ba

_)‘ 1)
K, TAIIKHJ STYBUYHJAPH, I0KOPHAA KYPHAraH MpellecCHs Ha-
Y ,

THXXaCHJa, YMYMHH Xoaja CHHY-
COHJA IaKJMAa ysrapafu. 3appara
KyPCaTHJaEéTraH TasCHp KyuH (6.37)
HHHI [pelleccHs JaBpura HucGa-
TaH Karta Bagr Oyiimua ypra .
KHAMAaTHHH XHCOO/IACAK, CHHYCOHAA
6yfnua ysrapyBud OHDHHYH HKKH
Xaj Hojra afianaiu Ba HaTHXKa-
Ja dakar KyHhujparu

(6.36)

zh

Fo, —p, & 6.38
<EF>pm =M, (268

38
ndona gonanu. Jlemak, aTtom 5

AyHa/mwaa Teanammmi onmap skam, O2- pacw. Llrepu- Tepraxeunr

o aromsap pactacu GunaH Oup
Arap MAarHHT MailloH XOCHJI KH- JKUHCIH Gy/IMaran Mar HUT Mail-

JYBYH 3JIEKTPOMarHUTHHHI 1gyT6- JOHAa yTKAasraH TaxpuGacH.

1 4=m2]80
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®aszoenit kpanTaavuml. KBaHT HyKTaW HaszaplaH aToMiap
MarHuT MOMEHTJIapPH TalIKH MarHHT Ma#fgouna (6.35), (6.36)
ra kypa (2L 4 1) Ta #ynanmmra sra. JleMar, MOMEHTJIapPHUHT
yuu 53-pacmparu chepa rosuaa 2L 4 1 Ta xanka XOCHJA KH-
Japd. Xap OHD XaJKaHH XapaKTepJIOBUH OFHII 6ypuak 3Ae-
MEHTHIa 3Kpanja OHTTa HeTJIAHHII 3JIEMEHTH dz MOC KeJiajiH.
DKpaHjary 4YeTasuiuiap COHM OFHI Oypuard do 3JeMeHT-
Jlapy coHura renr. Jlemax, sKpaHia XOcuJs Gysafuran yera-
HUIINAP 3J1EMEHTHHUHI YMyMHH cOoHHM XaM (2L -- 1) ra Tedr.
Iynna# xuub, KBAaHT MeXaHUKACHTa acocaH aToOMjiap jacra-
CHHHHT' OHP XHMHCJIM OYJIMaral MarHHT MaifOH OpKaJH {TH=
muga gacra (2L 4-1) Ta gacranapra axpanagu. leMax, aToM-
Jlap JacTacHHH OUp XKHHCIH GyIMaraH MaTHUT MaiIoH OpKajin
VyTKa3ub KBaHT Ha3apUACHJA BYXKYAra KeJjrad (pasoBUll KBaHT-
aHull XaKuJard QUKPHY SKCIEPHMEHTAA TEKIIHPHII MyMKHH.,
f Ilirepn Ba I'epaax taxpubacu. 1921 finnpa O. lrepn Ba
B. Tepnax ToMoHMAaH KyHHIraH 3kcnepuMeHTAa (a3oBHil
KBAHTJIaHUII OUPHHYM GOP SKKOJ Ky3aTHJAHK, KU3ANPHLL YCYIH
Oujian OyFIaHTHPHJITAH HEHTpas KyMyIl aTOMJIapH AACTAacH
52- pacMpa TacBHpJIaHraH OHD JKHHCJAM OYJIMarad MarHuT
MafiIoH OpKasi# yTKasuarad. Hopman xonariarua xkymym ato-
MHHHMHI MariiT MOMEHTH OYTyHJali CIHH Xapakrepra ara,
UYHKH 2acocHii XonaTHAa KyMYylLl aTOMH YuyH TyJa opburan
XapakaT MHKJIODH MOMEHTH HOJTIa TEeHT Ba OuTTacHiaH Tall-
Kapu XamMma 3JI€KTPOHJIAPHUHT CITHH MOMEHTJIapH XaM y3apo
Gup-Gupunu Hoara ainantupazn. Iyupafi xunu6, xymym
aTOMUHHHT MarHUT MOMEHTH OHTTa 3JIEKTPOHHHHHT CIHH MO-
MeHTH OHJIaH XapaKTepJaaHau. Arap 3JIEKTPOHHHHT CHOHHH
Cy/mMaranjia 5AH KyMyll aTOMUHHHI acGCHH xonaaTé (S- xo-
Jgati) L = 0 Ba atomnap gacracH OHp KHUHCIU OjJiMaran
MarHuT Maiiionja jacTajiapra axpa/jmaraH 6y.ap sau. Arap
Jacraja yHFOTHATaH XoJartaard, macajiadH, L = 1 aromnap
xaM MaBxyj OyJca, gacta my HuHr myp = 0, 41 guiimataap
COHHra MOC PaBHILIJA y4Ta jacTara axpajap 1.
litepn Ba Iepyax Tampubacu KypcaTiuKH, acoCHH X0.JaT-
Jarn («COBYK») KyMyIU aTOMJIapHHMHT JacTacH GMTTa jJacrara
XaM, yura JacTara xaMm axpaJjMaciaH, ¢akaT HKKUTa jacrara
axpanap 3kaH. VIKKH Jacrara axpaidUHHHT ¥3ap0O OFHLI
Macodacuny Ouiran xosja 4deTaaHHm (6.41) ra Kapa6 kymyuw
aTOMHHHHI MardHHT MOMEHTHHH aHHKJaml MyMkuH. TampuGa
HaTHXKaCH Hasapus OuJaH xyja TYFpH KeJajH.

|
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38- §. da3osuil KBAHTJAHHIIHHHT SKCTIEPHMEHTAA Ky3aTHIHMN
—
Yrran naparpagpnapaa 6u3 ! opGuran XapakaT MUKJIODK
-_—

MOMEH TH HaTHXKaCHAa 3/JE€KTPOHHHUHT [, MArHHT MOMeHTra s5ra

GY/MLIHHH aHHKJIATaH SAKK.D/IEKTPOHHHHT CITHHTa ra 6y IHIIH-

Jau 3ca y opOuTaj MarHUT MOMEHT/AH TalKapH Xy CyCHH Mar-
—

HUT MOMEHT i, Ta 5ra GYIUIIHHE XaM KypAHK. X03Hp 6H3 w1y
BEKTOD KaTTaNuKIapuu Gasofa ¢pakar MabayM fiyHaauuuiapra-
THHA 3ra 6yNMIIHEY, TbHH (a30BHH KBaHTJaHHIIHHU KYpaMus.

Bup XaHCIH GYIMaraH MarlHT MaiiloHla XapakaTJaHaérraH
3appaHdHr MAarHUT MOMEHTH.  KJIacCHK  3JIeKTPOJHHAaMH-

KaJlaH MabJayMKH, MArHHT MOMEHTIA 3Ta 3appa Mar”Hut Maiijgo-
—

HUja Kymiumya sueprusra sra Gysnaaum. Macanan, L xapakat
—_—

MHKJAOPH MOMEHTHIa NPONOPIHOHAJ] ML MAarHiT MOMEHTTAa
—_

——
sra 6y/aran aromra OHp XHHCIH B Marnur Malijon B xamaa
—

—
Ba JAeMak, L) ra nepmeHAHKYyJAAp HVHAJIALIZA ARJAHTH-
b, L

PyBYH MOMEHT XOCHJ KHJYBYH Kyd GHJIAH TabCHP KypcaTaiu’
AlnagTHPYBYY MOMEHTHHHT KaTTaJIHTH MarHHT MafifioH OHJIaH
opOUTan MOMEHT KuliMatira Ba
yl1ap  opacujard  Gypuakka
6orMK. AToMAa opGuTa Gilnat
XapakaT/aHaéTrad  3JeKTPOH-
ra TallK{ MarHuT MaljOH Tab-
cupy, 5l-pacMaa raceupaanra-
HHUJIEK, 3JEeKTPOH OpPGUTACHHUHT
MailoH HyHaauwWM atpoduna

OMp TeKHC alJaHWIINHH, IBHU
—>

SJCKTPOHHUHT ”L MarHutT Mo-

MEHTH NPELeCCHSICHHE BYXKYAra
Kenrupagd. ArtoM yuyH 3ca

3JIEKTPOHJIapra MOC MPeleCCHs-
—

JIADHHHI HATHXKACH CHATHAA UL
aToOM MarHHT MOMEHT IpeleccH-
51-pacm. Tawku wMarner Mali- SCH ByXyAra xenaad. KBaHT
zouna (B) S7exTpOH OpGHTan 6Yp-  MeXaHHKACHTa KyPa MarHHT MO-

YyaK Te3JIHK BEKTODHHHHI nperec- . Ho .
CHACH — JIapMOP TIDELECCHSiCH. MEHTHHHT MauJOH HYHAJHIUIHAA

”
ATom MarkuT MomenTH xam mys. TH IPOEKIHsICH (6.25") na udo-
Jail npemeccusaga Gysand. JaJlaHTaHHJAEK
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Japm 52- pacMparu kabu wakanza 6yaca, MOKOPHAATH STHFCH-
-

. - - aB
MoH» KYTOra siKEH COXaga B sur karra KuiMarra Ba —

6unan MoC KeayBuM HyHamumra sra Gynams. Maccacd m ra
TEHT Ba THFCHMOH KYTOra mapaJjulesl XapakaT KHJIaéTraH aToMm
MasKyp coxana

dv > 573 1
d—tz= <F >yp'ra/m = "Lz 7' m (639)

ra TeHr Te3JaHHWm ojaigd. TesnaHHmHUHr #yHanumH (6.39)
ra Kypa aTOMHHHI' jactnaGKH HYHaJMUIMra neplneHauKy/sip-
Zup. Arap aToM MasKyp COXaHH { BaKT HYHAa yTca, Y Y3HHUHT
HacTiabku Hynunan

dv, 12

2. (6.40)

Macodara ueTnmaHaau. ! BaKT MAarHHT KyTGnapH Y3YHJIHTH d
HUHT aTOM TESJIUTHra HUCGATUTa TeHr, abHu { = d/v. ¥ x01113,
HeT/IaHHIDHHMHT KHAMaTH

2=

-
@
0z

1

d?
e 2m M‘Lz

v2?

(6.41)

ra TeHr GyJany.

Kaaccuk HyKTaM HasapjaH 5JeKTPOMarHuT COXafian Xap
XM MarHAT MOMeHT HyHaJMIIADHTa STa aToMJap JacTacH-
HHHT JTHIDMAA BYXYAra Kejaaaurad (6.41) ueTyaHHm

‘ > "N >
z2=const . B, = constp, e cos(u, - B) (6.42)

>
KOCHHYC ¢os (ur B) uunr —1 fay -1 raua pnTepBajnja MyM-
KMH OV/JraH ysmIyKCH3 KHHMAaraapu GHJaH XapaKTepJaHaId.
Haruxana, Maskyp OMp KUHCJUMac MarHHT Ma#JOH OPKaJH
yTranjaH CyHr aTomsap nacracu z yku Hywanumupa (6.42)
MHKJopra €iduaran 6ynanu, xonoc. DKkpanaa sca (6.42) udoza
XapakTepJIOBUH KeHIVIHKAaru nojoca xocus GyJaaj.

Arap aromnap JacTacCHHHHI KeCHMHM GyiHua YJapHHHT
TaKCHMJIGHHIIHN HOTeKHc Gysca, MacanaH, AacTa 4eKKajlapuia
TaKCHMIaHHII MAKCHMyMra 3pHIICa, KJAacCHK XOJJary HaTHxKa
XaM KBaHT KypHUHHIUHAAZ 6YJHO KOJNMIIH MYMKHH, SBHH 3K-
paHja MHTEHCHBJMKHHMHI MaKCHMyM-MUHUMyMHAaH uGopat
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Taxkpuba HaTHKACHIA Kypa aHUKJAHTaH CIHH MarHuT
MOMEHTHHUHI MaHJOH AYHANHIIMAATH TPOEKUUACH P . Bop

MarHeToOHHra TeHT OV/uO YHKAH. Dy KyTH/AMAraH HaTHxa 34.
XaKukaraH xam, arap CIHH MeXaHHK MOMEHTH OHJIaH CHHH
MATHUT MOMEHTH ypTacuia opOHTan MEXaHHK Ba MaFHUT Mo-
MeHTJIapH ypTacuparu Gorjanuw (6.25)

Be, =— 7yl =—yhm, =—pm, (6.28)

ra yxuwaig

1
Bs, = — VS, = —yhmg =& iy
OOFJIaHuLI YPHHJIM OGyaraHja 344, COMH MarduT MOMEHTHHHHT
Mallon HyHanHmpAard NpPOeKUHACH Dop MarHeTOHUHHHT

sipmura Tenr Gynap snu. Taxpubagan sca us, HUHI KHHAMa-
THHH OyTyH DBop MarseToHura TeHIJIMTH Kenu®b umyau. He-
Mak, MEXaHHK Ba MarHHT MOMeHTJIapd ypracuiarn (6.28)
Kabu GOFJIaHMILI CNUH yYyH ypuHaH sMac. Taxpubanad

pg = —2yS,=—2yhmg = 4 1p, (6.33)

r

HatnKa Kequb 9ukagu. CndH MarHHT MOMEHTH BEKTODHHHHT,
KUAMaTH 3Ca

sl =2 (S| =2V SEF 1) =1 3 (6.44)

IMIreps Ba ['epnax tampubacupan cyur ¢asopuil KpaHTIa-
HMIUHA Ky3aTHUI YCTHIA KyN Taxpubanap yTKaswigd. ¥Jaap-
HHMHT XaMMaCHJia XaM CIIHH MOMEHT yUYH XaM, OpGHTa MOMEHT
YVuyH xaM (a3oBHil KBAHT/IAHHIUHHUHT YPHUHJH 3KAHJUTH Tac-
JUKJaHaH.

g38- §. OAEeKTPOHHUHI TyJAa MeXaBMK Ba MArKHT MOMEHTH

Tyna xapakar MEKAOpM MOMeHTH. AToMAa Xap GHD 3/eK-
TPOH aHHK OpOHTas xapakaT MUKAODH MOMEHTH [ ra Ba auMK
—_—

COMH XapakaT MHKIODH MOMEHTH s ra sra. bynjas Gyéu anex-

TPOHHHHT CHMHHHHM KHYHK § Xaphu OHJaH OGeardjiaidMus.

ATOM MarHeTH3MH 3Ca 3JIEKTPOHJADHHHI OpGUTAl Ba CHHH

MOMEHT/IapUra Nponiopiionan 6yaran opburajs Ba COHH Mar-
—_—

HAT MOMEHTJIapu W, W, OujaH XapaxTtepsaHajgu (sApo Mar-
HUT MOMEHTH HUCOATaH XyJa KHYHKAHD). Xap OUp 3JeKTPOoH-
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Amam
55- pacm. OpSuras Ba cnud 56- pacm. OpSuran Ba cnud
MOMEHTH  BEKTOp/aDUHHHT MOMeHTJIapHHHHT BEKTOD
TEHr TaLCHD STYBUHCH aT- KVIIMARON CXeMacH,

poduiari npeneccusicy.

——
9¥cH j ra auTHmapaaes sMac. Tamgun Mafion GysMarad
N ale

€x1 MapKasufi xyy MaHJOHH XOJH YUYH j HHHT CaKJaHUIIH
> - -
IOKOpUAa aliTunran 3MM. [ Ba 5 BektopJjap 3ca j arpodmia
- >
npelleccHOH Xapakar Kuiagd. Jemak, g, W, Ba  YJ4PHHHT

—
AUFMHZECH P, XaM j aTpodufa NpeueccHoH XapakaT KHJIalH.
> > > >

B By My, BEKTODJIADHHHF j HYHAJMIUAZAard  TPOEKUHSCH

-

CagJaHal¥, anbarta. p, . HUHT j HYHaJMIITa NPOEKLUSCHHHU
> . -
I, opxam CesrunaiiMus, W, . HUHT | ra MepeHAAKYJSp Taul-
KB/l STYBUMCHHHMHT TaIlKH MarHUT MafiZoHH OdlaH Vpraya
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MaHsapa BYXYAra KeJHIIH MyMKuWH. Arap Maruer mafiion
coxacdraya aTOMJIapHHHI MarHMT MOMEHTJIaDH Xap XHA HyHa -
Jaunuiap 6yiuua GHpP TEKHC TakcHMaHraH 6yJaca, 6y xoan 103
GepMac/IMTHHH KypcaTHI OCOH.

DKpan/a HHTEHCHB/IHUK TAKCUMOTH YeTJIAHUII 2 HUHT 6epuI-
ran KuiiMaruja OGUPJMK HHTEpBaJjard aToMIap COHM GwJaH
xapakrepJjiaHanu, ainGarra. [lemak, ordm OypyarHHHHT & ra
TeHr KuiMaTH atpoduiaH d¢ HHTEpBANla OKKaH aToMJsap
COHHHHHT Iy d9 ra TYFPH KeJraH YeTJaHHuil dz HHHI KHiMa-
THra HUCGATHHM aHHKJall Tanab KuiuHaau. Arap z Ba v
y3apo (6.42) opkaau GorJaHrad 06yJca, YeTJaHUIIl SJIEMEHTH

yayn dz = const -u, -sin¢ d & (6.43)
udozpara keJlaMus. -
HKgHUHYY TOMOHJAH, ATOMJIAp MarHHT MOMEHTJIAPH Wy YUYH
—

XaMMa HyHaTHULIaDHEHT TeHT XYKYKJIWIMIHIAH |4 BEKTOp-

JIaDHHHT Y9JIapHHH DAJMyCH Mr Ta TeHr cdepa cupTHAa GHp
TEKHC TAKCHMJIAHMIUH KeJHG YHKaju. 2 yKura HucGatan &
_—

6ypuak arpoduaa d4 MHTepBanmia MyHaJUraH y; BEKTOpJap-
HHUHT yuu cepa CHPTHIA KeHTJMrH pg d§ ra TeHr InoJjioca coxa
xocua Kuaand (53- pacm). TTosoLovmur 1031 aiiiana y3yHJIHTH
2na HAHC TOJOCA KEHIVIMTH (i, dy T8 KyNaHTMacHra TeHT.
a sca y3 masGaTuia chepa pajrycH p HH sin & ra Kynaur-
Macura TeHr. ¥ Xojija mojoca io3n 27 p? sin & do ra Temr.

—
JleMaK, p; MarH#T MOMeHTH B Guiai OFM OypuarHHHMHT ¢ ra
TeHr Kuimatd arpoduparu do
uHTEpBasjga Oyjran aTromnuap
couu sin §d9 ra mpomopuyo-
Hal sKaH. Arap Oy aTtomaap
conunu (6.43) opragM aHHK-
JIaHTaH YeTJIaHHII 3J1eMEHTH dz
ra 6yicak, HHTEHCHB/AMK TaK-
CHMOTH Y4YyH XocHJ OyJaran
udonaga ¢ Oypuakka OORIHK-
nuk #ykosnagu. llynna#t Ku-
6, KJacCHK HYKTaH Hasapra
Kypa 5KpaHJard z ra TeHT 4er-
JIAaHHII CcOXaja HHTEHCHBJIHK-

HHHT OHp KHHCIH TAKCHMOTH 53 pacw. Coepafarh Kewraxk-
py# Gepan. Ka Moc 9 Gypuax
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.
HHHI' TyJ1a XapakaT MHKAODH MOMEHTHHH j OpKalH Geslru-
— —

—
Jlacak, y xoaaa j opbutan [ Ba COHH S MOMEHTHHHHT BEKTOD
HUFHBIHCHTA TEHT OyJaju:

> > >
j=1+s. (6.45)
Xap KaHjal xapakarT MHKIOPH MOMEHTH CHHFapH 3JeK-

TPOHHHUHT TyJia MEeXaHHK MOMeHTH j xaM (6.12) Ba (6.13) kabu
KBaHTJIaHTaH Ba KyHujaard udojajap OpPKaJH aHUKJAHTAH
6y1aau:

TI=aViG+D, T,=tm,. (6.46)

By epaa j — Tys1a MOMeHT KBanT conH, 3oMMepdeabIHHHT Ge-
TuJalivya, HIKH KBaHT COHHU Ae6 aTalafu. m; — T{ja MOMEHT-
HYHT MarHHT KBaHT COHH.

IOxopuaa (35-§) Kypuiaran MOMEHTJIAPHHHI KYLIMII KOH-
JacH xap KaHAaH MOMEHTVIapHH KYIIMIl Y4YyH KYyMJajaH,
OpOHTa/l Ba CIHMH MOMEHTJIADMHH KVIUMII YYYH XaM §pHHJIM-
aup. IIyHUHT yYyH S/MEKTPOHHHHT TyJia Xapakar MHKIOPH
MOMEHTHHH XapaKTepJIOBYM UYKH KBAaHT COHH

1 . 1 . 1
l:l:;'. h=Il+73, je=1—75 (6.47)

ra Tear. OpGuTa;n Ba COMH KBAHT COHJIADH MOC DaBHIIAA
(6.12) Ba (6.30) opkams ammgnananu. Ulyupalt xum6, (%0
A3 ] HWKKHMTaruHa gadMat; [ =0 Ja sca Outrarusa KuiiMat

j— L KabyJ xuaagn. T{/1a MOMEHTHHHI MarHHT KBaHT COHMHH

ang.nani yuyr (6.45) um 2z yxHura npoekuuanafiMH3, SBHH
i,=1-+s, Y xompa 6y udonara Xap GHp NPOEKUHS YUYH,
MoC paBHIlfa, (6.13) TeHrMMKHH TaTOMK KHICAK,

mlh = m1h+msh

j=|l+£s]|=

x0cHa GyJamu €xu
m;=m, 4 m, (6.48)

ra Kenamm3. MabJyMKH, m, HUHT MyMKuH Oyaran KuiMar-

Japu - [ Xag —[ raya HOJMb XaM KMpraH HHTepBajiia &Tajiy.
m, HUHT MYMKHH OyJaran kuiiMaTjapd 53 oS ra Tewr.

| KBaHT COHH Xap [JouM GYTYH COH/IND, CHHH KBaHT COHH s
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3Ca SIPUMra TEHT, SABHH § = % Hemak, m, Xap noum spum
6yTyH COH KHMAMATJap KaGyJs Kujajd. m, HUHT MYMKHH GY.-
rag kHAMaTIapy
y=—h—i+ 1 =1

6ynand. By epna j conn opSutan COHMHHHr GepusraH [ Kui-
matna (6.47) na udonanaHraH MKKHTA KHAMATHH KaGya KH-
JIajiH.

& > > >

Tyana, opbutan Ba cnuu MOMEHTJIapH j, [, s Gup BakT-
Jla KBaHTJIAHTaHJMTH Cabab/H yJap y3apo Qakar Gupop ammuk
Aynaqumra sra 6ygaanu. Bus kypaérran Gup S/1eKTPOH/IH
aTOM XOJIH[a MOMEHTJApHHHI (axaT HKKHTa HuCGui }xoma-

WAL pH Vpuuan Gynanu. Y.napnau 6npn j=1+4s( 1|>
>|ll) ra, HKKHHUHCH | = l—s(|1|<ll|) ra TYEPH KeJajH.
54-pacmzaa [ =1 Ba s_% yuyH Oy MKKH XOJ TacBHpJAH-

ras.

OpGuran Ba CNHH MOMeHTJIapH ypracunaru Gypuak. OpGu-
Taj BA CIHH MOMEHT/IApH ypTacHiard GypyakHH aHHKJALL
yuyH (6.45) HE KBajgpatra KyTapamus;

>
j“=l’+s’+2llHS|cos(l- 5). (6.49)
Y xoagma
.)./\.y _]?i__lz__sz
cos(l  s)= il

>

6ynanu. By ndonara j, I, s sapuunr (6.46), (6.12), (6.30)
#doJanapHaK KYHHO,

G-+ ) —s@E+1
2VIU+ 1) Vss+1D
ra keqamu3. Hukk kBaHT conu j HuHr (6.47) garm HKkHTa

MYMKHH KHAMAT/JapHHH 3Cra OJICaK, OpOHTAaJ Ba CIIHMH MO-

MEHTH YpTacHjard 6ypYakHHHI MKKUTA MYMKMH OyJjaran gui-
-> ->

MaTHHH XOCH/J KHiamu3. Arap 6M3 ¢asopa [ Ba s BekTOp-
JapHBHT KWK fYHa/MINM XakWla Xeu Hapca aiita OJMAacak,
y XoJja yJap ypracHparn 6ypuakHH KauJafl TYIIYHAID Ke-

—>= >
cos(l, s)=
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ra xenamus. (6.50) ra kypa Jlanne daxropu Bop MarHeToHH
GupJuryuja TyJia MarHUT Ba MeXaHHK MOMEHT YYYH THPOMArHUT
HucOar Bazudacunu 6axapasu. Arap 6upop atoMm yuyn S = 0
6ynaca, / = L Ba (6.52) nan g = 1 kequ6 wukapu. Tyaaop-
Guran XapakarT MHKIOPH MOMEHTH HOJITA TEHI aToM Y4yH 3ca,
abud L =0Ba J = Srag =2 ra, Tenr 6ynanu. Xakukaran
XaM, (6.32) ra Moc CIHH YYyH THPOMATHUT HUCGAT OpOHTAN

MOMEHT Y4YYH THPOMArHHT HHCOATra Kaparamjga MKKH MapTa
KaTTagHp.

40-§. Opbmran Ba cnMH MOMEHTJAPUHMHT {3ap0 TaBCHPH,
LS§- Ba jj- Gornanuuinap

Cnun-opGuTan y3apo tancup. ATOM CIIEKTPHHH SKCIEPHMEH-
Tal YpraHull HATHXACHAA CHEKTP YHM3HKJIAPHHUHT AyGaer
Xapakrepra ara 3KaHJHMIH aHMKJaHiu. AfiHu Bagtaa Gy Xo-
AHCa aToM 3JICKTPOHMHUHT CHOUWH Ba OpOHTa]d XapakaT MHK-
JOpH MOMEHTJIapH ypTacHAarn MarHUT y3apo TabCHP acochua
TYIIYHTHPUJIaiH. Mucos TapHKacula BOXOPOA AaTOMHHH K-
paMus, ABHH aToMAard OWTTarvHa SJeKTPOH NPOTOHAaH HEO-
par sagpo Kyson Mafifonuna xapakariaHaéTran GYJICHH.
Croun-op6uTan §3apo TAbCHPHHUHT MaBXKYIJMIHMHH HKKH XU
Ayy Ounian KypcaTHIl MyMkuH. Dupununaan, xapakariaHaér-

—_—

FaH JIEKTPOHHUHT OPOHTAN MAarHUT MOMEHTH [, Xap KaHaaf

MarHUT MOMEHTH CHHTapH KYHHIarn 3JeKTP IHIOJbh MOMEH-
THra 3ra

> ] > o
d= r [v, “l]'

-
By Aaunosb MOMeHTHHH SIAPOHHHT KYYJAHTAHJHIH 6 T4 TEHT

Kyson mafinonn Gunan ysapo Tancup smeprusce
3> 1, > > - =
Ey=—d-6) =—z (v, p,I+¢) (6.53)

——

ra teur. by epna 6 — 3/1eKTpOH KOHMAIraH HYKTajka SIAPO

Kynon Maiponn Kyunanranaury. Jemar, sinpoHurr KyJon
—

MaH/IoHH OWJIaH JIEKTPOH OpPGHTa] MarHMT MOMEHTH W, HHHT
y3apo Tabcup sueprusicu [s= 0 xoanapma HoAfaH (apKiH
6y/MIIH MyMKMH.

Cnun-op6uTan §3apo TabCHPHHHT MaBXKYJJIHTHHH KYfH-
Fard COMMa KJIAacCHK MOJIeNM €pAaMuzia XaM TYIIYHTHPHII MyM-
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pak, Jeras CaBOJ TYFUJIH-
IUH MyMxuH, anfarta. By’
Oypuak Ky#HZard MabHOTA
sra. Tamgu Tapcup 6Gyama-
ranna (pHH cHCTeMa €NHK)
TyJa XapakaT _MHKJIOpH  MO-
MEHTHHHHT HyHajumm Ba
MHKIOpH CakjaHand. Xycy-
cuit amaﬂmpysqn MOMEHT-

Jap sca l Ba S BeKTOleapHH

YJIAPHHHT TEHT TaBCHD STYB-
—>

YHCH | aTpocdmja npeneccus

KaOH XapakaT KUJHIUra OjHG
-> > ->

KeJald. [ Ba s JIADHHUHT |
HyHaauIura [IpOEeKLUsACH

54-pacm. Tyaa I, opbutan L pa aHHK xuiMatra sra Gymajy,
cnEH S MOMEHTJIADH BEKTOpH. v e

S’bAH [ Ba S BEKTOpJAp-
-—

HHHT Xap OHpHHH | OnJaH

XOCHJ/l KWJrag OypuvarMHM aHBKJaml MYMKHH. ¥ X0ana, aJ-

6arTa, OpOHTan Ba CIHH MOMEHTJIapH VDPTACHIarK Oypuax

XaM XaKUKHA MabHOra 3ra OyJall B2 COH KHAMATHHHW aHHK-
aml Mymxud, DBy Xoa 55-pacMpa TacBUpJIaHTaH.

Tyna MarHAT MOMeHTH. SDNEKTPOHHUHT opGHTA] Ba CIHH

‘ OMEHTJIADHHUHT KVIUWJIMIIKY TETHILIK MAarHdT MOMEHTJIApH-

HHHT XaM Kyumuadmura ommd xenand, Bus 6y macaiansn Bek-

TOPp MOZeJH[Ia KYpaMus. 56_->paCM11a opbHTas Ba CHHH Xapa-

—_—

KaT MHKAOPH MOMEHTJapH [ Ba S Xam[a YJAPHHUHT TEHT Tab-
-

cup sTyBuucH j Tlnamk Jowmuiich A GHpJMCHIA TaCBHPJAH-
raH. TerdmJu MarHUT MOMEHTJAPH 3Ca KapaMa-Kaplunm HyHa-

—
sumfa Oynanu. OpOutan Ba CIHH MAarHUT MOMEHT/ApH W,
.

M, aca p:emza bBop MarHeToHH OGHpJHIMAa TaCBHPJIAHTAH.
—-
bupaukaapuunr 6y xua cuctemacuna (6.25) ra kxypa p, Bek-

S
TODHHHT Y3YHJHIH [ BeKTOPHUHT Y3yHJHMrMra aHdk TeHT,
>

R, BEKTOp 3ca (6.32) ra xypa S JaH HKKH Mapta y3yH Oy-
Jalu. Ulynunr yqys, p, Ba p, JAPHUHT TeHI TaBCHP 3TYB-
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KHH. SIapo artpoduma xapakarsiaHaéTraH 3/eKTPOH GHJaH
GOFJIUK CaHOK cuCTeMacura yTalauk. ¥ xosja 31eKTpon Ouian
6ornUK CHCTeMaja SIAPO 3JEKTPOH arpodupa xapakaTJaHajH.
Y §3 xapakati HaTHXKACHAA 3/IEeKTPOH KOWJamran HyKTaga
3(heKTHB MarHUT l\_a_ajmor{ XOCHJI KUJIa[H. DJIEKTPOHHUHT CIIHH

MATHMT MOMEHTH u; Xap KaHAal MarHuT MOMEHT CHHTrapH Oy
«Taikyi» ppeKTHB MarHHT MaijoH OunaH y3apo TabcupJaa-
mwagd. Ymby y3apo TabCHD 3HEPTHSACH

—

ElS = (“'sBafbdy. )
ra Tenr 6yaaau. Tamxu 3p(eKTHB MarHUT MaiifloHra Hucbaran
5JEKTPOHHUHT CIMH MAarHHT MOMEHTH, MablyMKH, (akar
MKKH X fynanuiura sra 6yaanu. IyHusr yuys §3apo Tabcup

SHEPTUsCH
ehi

Eis= =% 55 ¢ Boge. = F s Bogs, (6.54)

ra TeHI MKKH XdJ Kuimar Kabysa xuaapu. Hlynpain xuauo,
aToMJla MyailsH KBaHT X0J/1aTAa KOMJAaumraH 3JIeKTPOH 3Hep-
THSICH CIHH-OpPOGUTAN y3apo TabCHP HYK XOJHIArH SHEPrHsi-
CHIaH CIHHHHMAT HyHanumura kapab ps Bspp. 'a OPTHK €KH
KaM Gyaamu. BynuHr HaTHmxacupa xap 6up kBaut (I = 0,
S-xonarhan TallKapH) XOJaTHH HKKHTA JIOXHAAa X0J/aTra,
ABHE CHNEKTP UYHM3MFHHU MKKHTara axpajuil XOAHCacH 03
Gepaay. S-xosaT aRpanMaiy, Gpakar CUIKHHAN X0JI0C.

LS- Gornanpuwi. ATOMHHHT TyJa XapakaT MHKIOPH Mo-

—_—
MeHTH J ra GHp Heua 3JeKTPOHHUHT OpOHTas Ba CIHH XapaKaT

—_—
MUKJODH MOMEHTJapH xHcca kyuica, J 1y MOMEHTJIAPHHHI
BEKTOD HHFHHIMCH Oyan6 Konasepaid. OJIEKTPOHIAPHHHT
y3apo Tabcupia Gy/unuACH ca6abau, yJapHHET opOurtan Ba
CIMH MOMEHT/IAPHHH KYIIMII aTOM CHCTeMAacHAard MaBXKyn
y3apo TabCHpPJAP XapaKTepu OUNAH aHHKJIAHYBUM KOMJajap-
ra 6yficynaau. Arap sMeKTPOHJIp CHCTEMAaCHHHHI OpOHTal Ba
CIIMH MOMEHTJIApU ¥3ap0 TabCUPH Xap GUp 3JEKTPOHHHHI Op-
6uTan Ba CIMH MOMEHTJIapH y3apo TabCHPHIaH Kyuwid GyJca,
aNleKTPOHJAD cHCTeMacuAa LS- GOFaHUIW aManra OIIafH.
LS- 6ornanum  kynunya Paccen-Caynnepc €ku HopMmain
GornmaHum JAe6 XaM aranajd. DKCIepUMeHT HaTHXKalaphAax
TabuaTia KYMUMWIHK Xo/apia LS - 60FnaHuil aMajra OLIH-
punmmu aHukJjanran. IIyEUHT yYyH XaM aTOM TY3HJIHIIH
Hasapuscuia LS- GOFIaBHII MyXHM POJb §HHAMMH.
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KYHHAATHMA TacaBBYp KHJMII MyMKuH. bu3 10KOpuia BOJO-
POZL aTOMM MHCOJHJAA AP0 aTpo(uAa SJIEKTPOH B3UYTHIH IXTH-
mosiaiurk | ¥ |* HHHT BOJIOPOJI aTOMHHHHT Xap XHJ X0JaTiapHia
KaHJall ysrapuummHM Kypras saux (45- pacmra K.) AnGarra,
5/eKTPOH SHLIMTHHUHT Ma3Kyp TaKCHMOTH GoOlLiKa aToM/apia
sHaza Mypaxka6 Gyaand. YMyman, | ¥ |* takcumor, I = 0 S- xo-
AaThad TAWKAapu xodiapaa chepuk-cuMmerpusra sra 6§i-
MaiaH,

3apsanap (37€KTPOHJIAp) SHWIMTHHHHI acCHMETPHK TaK-
CHMJIAHHIUK €a6abay aTOM 3JIEKTPOHJIADH OpacHiard ysapo
5JEKTPOCTATHK TABCHP SJEKTPOHJAD XapakaT MHKAOPH MO-
MEHTH BEKTOpJIapHHHHT HHCOHI fiyHanumura GOFJIHK. Cucre-
MAHMHF TYDEYH xomatiapu dakar 6ab3n KaTbiil HHCOHH fiyua-
JUIJIapAATHHA MYMKHH GYJajH. DIeKTpOHJapHHHI Oy Typ-
ryn kongurypauusnapu (6.56a) ra MyBOQHK KBaHTIaHyBuH
TyJa OpOHTaNl XapakaT MHKJIODH MOMEHTH Gujian xapakrtep-
AaHAAH. DHT KHUMK SHEPTHsUIH KOHQHrypanus yuyH L Hunr
KHIMATH SHT KaTTa Gysand. Macanan, sapo arpoduia 6urTa
Bop OpOHTacHAA HKKHTa 5JEKTPOH XapaKaTlaHaeTra 6yJr-
cuH. ¥3apo 3/eKTPOCTATHK HTAPHJHII cababiau 3JMEKTPOHIAD
aapo atpoduza 6up Bymanmm Gyinua XapakamapHLIra HH-

Twaagu. Y XoAja SJEKTPOHJAPHHHr TY/a OpOHTaJ Xapakar
—

MHKZOpH MOMeHTH |L| opragu. AKcHHYa, arap 3JEKTPOHJIAp
—

KapaMa-Kapiii Hysaauiiia XapakaT/JaHranuaa, | L| xamaii-
ran Ba y3 XapaKaTvja YJIapHHHT Te3-Te3 GHD-OHpHra fKHH-
JNANMIIKAAH CHCTEMAHHHT SHEPTHsICH opTrad 6yJsap 314.
DJIeKTPOH CIHH MOMEHTJIADMHHHI §3apO TabCHPHHHM Tacas-
BYp KHJIMII MypakkaGpoK. bus Gabsh TymryHuajiapHu Gaéu
3TraHAMH3AAH CYHT KeHHHPOK Oy Macajnara KadTaMmus.

jj- 6ornapmm. Orup aToMsIapia sApO 3apsiH IIyHHa-
- —_

JIIK KarTakH, [, Ba §; Jap yPTacHia y BYXKYATa KelITHPAAUraH
CIIHH-OPGHTA ¥3ap0 TABCHP 3JICKTPOHJIAD YPTACHLArH 3/eK-
TPOCTATHK §3apo TabCup Ounan TeHIJamany. Haruxana
LS- Gornannm 6ysuiama (6y Xua Oyswauil KyWwIH TalKH
MATHHT MafiioHuja xaM o3 Gepanu). LS- GOFaHHIIHHHT
tyna Oy3unrmuuia »mmuv:z 3JIEKTPOHJIaDHUHT TyJa Xapakar

MHKJODH MOMEHTJIapH j; TYFPHAAH-TYFPH KYIIHIALH. My iya
GuaaH aTOMHHHT XapakaT MHKJOPH MOMEHTH XOCHJI GyJand.
DneXTPOH Xapakar MHKAOPH MOMEHTJIADHHHHT 6y Xua Kyuu-



[image: image502.png]218 V1 606. XapakaT MUKAOPH BA MATHHT MOMEHTJIADH

V3apo Tabvcupu Hojra TeHr. LIyHMHT yuyd Tamku MaioHIa

5 -
SJEeKTPOH VBHHMHT «3(eKTHBY MATHHT MOMEHTH y, Ounan
- -
XapakTepJaHafu. Tyjga MoMeHT j GHJaH W, ¥ysapo aHTHNa-

paasienfinp, SbHHA
> >
B, =—gug], (6.50)
6y epia g — nponopuHoHaLIMK Koahduuuentu 6ymud, Jlanae
¢daxkTopu ne6 arajafu.
Tyna momenT (6.45) ra moc KyiiuayBud AUFHHIM Mardut
MOMEHTH

- - >
By, = — g I —2U5s (6.51)

-
ra Tenr. by BekTop MyHocabaTHM j HyHajuIIra INpOEKIHs-

Jafimu3. DBynuur yuyn aeean (6.51) HMHI MKKM TOMOHHHH

-> >

-j_ra crangp xynmaftupuG, j HHHI y3syHaurara G6yjamus. Y
-

X042 ji, HAHT

> > >
B, = Paue, "/ =—U Lit+2
J j BT
. > . >
Ta Tenr KuiMaTHHY aHWKJAAMH3. [, BEKTODHWHT y3usca h =
> T 2T > -
=—pt= _PB‘_’%—S‘]‘“I. =—2 gpgjra renr. Oxupra

TeHIMUKAan Jlange (akTOPHHUHI Ky#mAard Hdopacu

) B 1=>> > e
g=7U7+20)=FlU+3+20+9 =
B4 3ls
i

e ! i

HE XOcHs Kuiamu3. ([-s) uu (6.49) ZAam awwknab, 2, %, j2

Jap YuyH KBaHT/Aall Iuapryapuiad ¢ofnananamus. ¥ xomaa
e )

A5 =P =2+ )— L+ D —s(s+ .

.(-)-_E) HUHT Oy ;nq)onacnan g YuyH ésuiran dopmynara Kyino
e 4 .
I*, s% j? napHHHI' KBaHTJIall LIapTJIapHra Kypa

] JU+DFseED—IEFD
g=1+ D (6.52)
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OHT OFMp aTOMJIapJaH TallKapH XaMMa XoJLIapia ypHHIH
Gyaran LS-GORanuml aTOMHHHT y3apo T&bCHPJIALTYBRArH
Xap XuJ 3JEKTPOHJAp opbuTan xapakaT MHKAOPH MOMEHT-
Japuny Gup-Oupsapu Gunan KYuInIub aTOMHHHT Ty/1a opGHTAT

—

Xapakar MUKIOPH MOMeHTH L ra, xap GHp 3/JIeKTPOHHUHT CITUH-
—
JIapH 3Ca aTOMHUHT T§J/1a CIIUH MOMEHTH S ra GUpJIaLHIIN HYJIH

— >
Gunan amanra ommpuiaagd. L Ba S MoMeHTaIap 3ca HuCGATaH
KY4CH3DOK CIIMH-OPOHTAJ y3ap0 TabCHP HATHKACHAA aTOMHUHT
—_—

Tyna xapakar MHKIopH J ra Gupnamanu. LS- Gorsmanum-
HHHT CXEMAaCHHH KyHHJarxya TaCBUDJAIl MyMKHH:

1=X1,

$=373, (6.55)
-5 > >

J=L-S8.

> - -
\LL ST {4, L, S, J, nap opartnarniex KBaHT/aHai# Ba
ynapra L, S, J, M, Mg Ba M, KBaHT COHJaDH MOC KeJsia-
I, SIBHH

IZ|=aVIGFI), L=hmM,

M, =—L, —L4+1,...L, (6.562)
|S|=0VS8(S+1). S, =nM,,
Mg=—8, —S+1,...5, (6.566)
T =aVITFD, J,=hM,
My=—J,—J+1, ... J. (6.568)

By epaa L Ba My, — xap noum 6yTyH EKM HOJITa TeHT, KOJraH
KBAHT COHJIAPH 3Ca Xap KOMM sipuM OyTyH (arap s/eKTpOHJap
COHH TOX GyJIca) EKH Xap JouM OYTYH € HOJIra TeHT (arap JJeK-
TPOHJIAP COHH KYPT OFsica). LS- GOFNaHHUIHHHT ByRyAra
KeJIHILH aﬁpnm_}opmran Xapakar MHKJIODH MOMEHTJIAPHHH

Gutta yMyMmuii L MOMEHTra Ba IUYHWHT CHHTapH afipAM CIHH

—
Xapakar MHUKJIODH MOMEHT/JapHHM GUTTa yMyMuii ciud S Mo-
MeHTra GUpJIALIMINrA OJHG KelyBYM 3JEKTPOCTATHK Kywiap-
HHHT HHCGATaH KyWIH TabCHPH OCTHAA 103 Gepanu. Opburai
XapakaT MHUKIODH MOMEHTIAapH YpTAacHAATH y3apo TaeMpHH
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/laMacyHy eunInja KeJTHPUO uMKapuiaran sau. TepMm guiiMar-
JapH acocan OOLI KBAHT COHH 7 Tra GORJIHK.

Arap atoM TYJIKHH TEHrJiaMacHia SJeKTPOHHHHT peasaTu-
BUCTHK MaCCaCHHH Ba CIHHHHH XHCoOra o0Jicax, aTOMHHHT OJ-
AMHTH TepMmJiapHra Tysat™Ma AE,, KHDHTHII Kepak Gy.uiaiu,
UYHKH 3JIEKTPOH CHHHH Tyaiyid KyluuMya KBaHT COHH BY-

. 1
XKyAra Keapu; j = I 4= 5 PenatuBuctHK Ba cnuH 3¢dekT-

JlapuHK  xucobra oJajuraH TYJKHH TeHIvaMa 1928 imsna
Jlupak ToMommzaH Taknud xuamaram. Bogopop Ba BOJOPOJ-
CHMOH aToM/1ap y4yH Oy TeHIVIAMaHHHT €UHMH TEePMJIAPHHHT
KyHunara ¢opMysacura onu6 Kesami:

Rh a?Z4 i 3
e IOV
Jt7
0y epia o - ROZMK CTPYKTYpa LOHMHICH 6yJm6,
e 1.

Z — aToM SIAPOCHHHMHT 3apsif, COHW; E, — aTOMHMHT (5.39)
OPKaJIM aHUKJIaHYBYH SHepreTHK caTxH; A E,; — carxaap-
HHHT HO3HK axpajumura ca6auu Gyuiran Tysata.}(6.58)
HHHT UKKHHYM (Ty3aTMa) Xajura HOSHK CTPYKTypa JOHMui-
CHHUHT KBajipaTd KMPai¥ Ba y CaTXJIapPHUHI COHH-OPOHTAN
y3apo TabcHp caGabujaH BYKYyAra KENAUTaH axKpaJHIIH-
HUHI HO3MKJIMIHMHE Hdoaanahay.

Bus iokopuna kypuukkm, [0 J1a B51eKTpoH MaBJIyM
MarHuT MOMEHTra 9ra Ba IWIYHHHT YYYH MaBJYM MATHHT

-
Mmafinon B 4. BYXKYAra Kearupanu. By mafizon #i§maimmuaa
SJICKTPOHHMHT CIHHM MKKHT4 KMAMAT KaGys KWJIMIUM MYMKHH,

YyHKH ms=i—;—. Iynaali kuauG, Is40 sneKTpoH YyuyH

ji= 11 —;; ja = l-——;— XapaKTepJIOBUH HKKHTA XOJAT MYM-

KHH. j HHHT Oepujran kufiMatupa TyJa M, Mar#ut KBaHT
COHH j NaH —j raua ysrapu6 (2j - 1) Ta Kufmat KaGya ku-
napu. [emak, Cepunran n, [, j yuyn alivuiu papaxacu

g, =2j+1 (6.60)
ra teur. Exku j HH | 6M/aH GOFMaHHWHHK XHcofra oJicak, Ge-

punras n Ba [ yyyH MYMKHH GyJran Xo/aTJap COHH, SBHH
alHMII fapaxkacu

15—2180
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JIMIINIa, S'PHU 3JIEKTPOHJNADHHHI aTOMAard yuiy GoriaHu-
wura (jj)- 6ornanum fe6 aranaau. (jj)- COFNaHUIUHE KY#H-
JarH cXeMa ODKaJH TacBHpJall MyMKHH:

Ti=l+s,i=1...,N, (6.57a)
- i —
J=7,. (6.576)
i=1

Bornanumnapra Mucosa Ttapukacuja [ = 0,1 xonatparu
HKKHTAa 3JIEKTPOHHHHT XOCHJ KWIraH KOHQHIYpaUHsICHHH

Kypamu3 [; =0, ly =1, 5, =35, =%— 6yacun, Paccen — Cayn-
Iepc GorjaHMIINMra Kypa

-5
'lehl/L(L+l), L=ll+l2’ e ooy Ill“‘—lzl; A=l
IS|=hVES+I1), S=s,4+5 «v.,|55—5; S=1,0
lil=hVJIUT+DY, J=L4+S, ...,|L—=S}
J=1BaJ=2 1,0,
SAbHH TypPTTA carxra ara Oymnamms. By Typrra carx J, =1
Ba Jq = 2, 1, 0 carxnapran uGopaT HKKHTA 6O TePMMM Tall-

kun stagd. MKkuHYH J, TepM yura GHp-Gupura XyAd AKHH
carxjapiad ubopar. (jj)- GorsaHuMmira xypa 3ca, asBal
—_ = =

i=hL+s
e sy 0 . l
(L=t VEGF1) h=b+s...[L—s =7

Tl =2 VEGTF ) fa=bts .. |b—sl;
ja=3/2 Ba 1/2.

! Ba § ypTacHAard Kyuad ¥3apo TABCHD HATHXKACHZA | == 3

xonamap_ﬁnpéﬁpnﬂan KarTa (papK KHJajuraH SHeprRAra sra
g)‘?na,zm._) ji, Ba jo ypracupard Kyucu3 OGOFNAHHII HATMXKacHAa
J = 2], spHH
—> T T 1. [3 3 . 3
[J=baVIT+D J=ji+is .- lh—]al;
J=2,1 Bal,Q,

IeMaK, sTHa TYpTTaruHa catx xocuJa Gyuaamu. 57- pacMas ymeéy
HKKH THI OOFJIaHHILIAp Gepajiurad SHEPTHs CaTXJ/1apn TaeBNp-
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S- xonmamiap GMp XUJl 3Heprusira 3ra, YyHKH ! = 0 yuyn
CIIHH-OpOHTAN ¥3apO TabCHP Hosra TeHr. JleMax, 6y caTx

yayH aHHHIC caknawamu. [ = 1 Gyuran carx j =1 -4 é—: 3

2

Baj=1-— _;' = —;- Cunan BaprJIaHyBUH HKKM CaTXIa K-
panamu. By xonatnap pacmaa xyhuparuua TacBUPJIaHTaH
(op6utan xapakar MHKAODH MOMeHTH [ GUp XuJ, NEKHH 3nep-
THACH Xap XHJ CaTXJIaDHH j KBAHT COHMHUHT KHAMATHHH
xHcobra onuml Guian Gup-GHpHAAH dapg Kuaum Mymkum).
Pacmpa [ conununr 0, 1, 2, 3, . . . KHHMAaT/Iapy, MOC paBHIIzA,
KWYMK JaTHH Xapduapu s, p, d, f opkamu Gearunanran. n co-
HUHHUHT KuiiMath 3ca ymby xapdaap osnura ésuaras. j HHUHT
KHAMAaTH 1wy xapduiapHUHT VHT TOMOHMAA WHAEKCra €3HI1-
rad. Kypamusku, xap Kaugait 6epuaras n YUYyH aactaab 6urra
Gynran carxHuHr I 6yiinda aliHUILIY BEyKonap Ba xap 6up /=40
caTx sHa 2 ra axpanap sKad. Bepunran n yayn ! kBauT coun
0 nan n — 1 raua jsrapumu, sBHH n Ta KHAMAT Kabyn ku-
JHIIH CH3ra MabAyM. | HHHT n Ta KuiiMaTaapuian n — |
TACH SIHA MKKUTaNaH CaTX XOCHJI KWJIalH. Y XoJja, GepHirau
n Ja GuTTa CaTXJiaH aXpPairaH CaTXJapHUHT YMyMHH COHM
1 +2(n — 1) = 2n — 1 ra Tenr Gyaanu. Bomxkaua aiitranza,
ractiab MaBxyn 2n® alHHMIIZAH CHOHH-OpGHTAM y3apo Tabcup
cababau 2n — 1 rtacu HyKonmanu.

AMMO pDENATHBHCTHK Ba CIHH-OPGHTaN sddexriaapuu
xucobra onysuyu (6.58) garu Kywumua TysatMa 3Heprus [ fau
daxar j opkanu Gornauras, s'bHH j KBaHT COHH 6up xuJ, Je-
KHH [ KB2HT COHM Xap XHJ CarxjJap YCTMa-yCT TYLIAjH, Maca-
JaH, pacMaard 2s;,y Ba 2p ;. By mynn GUIIUpaZHKH, BOJO-
DOJICHMOH aTOM yuyH SHeprusicd Gepusran n fa (6.58) ra tenr
Xap 6up carx j = - s uunr = O garu 1/2 nau [ = n —1

—— T,
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57- pacm. (LS)- Ba (j])- GOFNaHUINADHAHT HUCGHI TacBHpH,

nanrad. Ilynpali kuau6, 6y UKKH THI GOFJIaHHIIA caTXJap
COHH TEHI 3KaH. YHJaH TallKapH, CUCTEMaHHHT TyJa xapakar
—

MHKJODH MOMeHTH J HHUHT KMHMAaTjapu xaM Gup xusa. Mkku

—
THI GOFJIaHMIUAA XOCHJ Oyarad J HUHT KHUHMaTiapH ypracH-
Jlary MOCJIHK 57- pacMia NyHKTHDP YH3HK OWJIaH TacBHpJaHran.

Atomnapxa opmarna Paccen—Caysaepc Gorapuimn Tes-Te3
yupafifu. (jj) - GornaBuim 3ca KyJAa KaM yupabiad. Kynuxua
HEKH XoJjaH mb6opaT opaiauk Gorjgasum yupafigu. Paccen—
Caynaepc 6ornanvaan (jj)- OOFNaHHIIra YTHII aTOM HOMEPH
opTHIIH 6miaH 103 Gepaiu. .

41-§. Bonopox Ba BONOPOINCHMOH aTOMJap
€ATXJAPHHHHT HO3WK CTPYKTYPacH

AToM crekTp UM3HKJADUHHHT HOSHK CTPYKTYPacH CIIHH-
opOutan y3apo TabCHp HaTHKacHla ByxkyAra kenamu. Hosuk
CTPYKTYypaHH VpPrafHuml y4yH COHH-OPGHTAN §3apo TahCHPHH
xucora oJiraH XOJa SHEPreTHK CaTxJap XapaKTepHHH aHHK-
JaiiMu3. By Macaniand, OCOHJHMK YUYH, BOJODOX 4TOMH MHCO-
JAuza Kapa6 unkamus. Cudar xuxaTAaH, oaMG GOpHJIANHUraH
¢uKp-Mys0xasanap BOZOPOAAAH GOINKA Xap KaujaH aToMjap
VYYH XaM YPUHIH Gyaaju.

Bosnopon Ba BOJOPOACHMOH aTomjlap 3HEPreTHK caTXJapH-
HHHT éku Tepmaapunusnr (5.39) dopmyaacH 3J€KTPOH CIHHHAHH
xuco6ra oJIMafiiural HopeJasiTHBHCTHK, abHH lllpenunrep Tenr-
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Maskyp sJeKTpoHHMHT sjiporava Gysran ypraua MacodacH
yuyd (4.37) ra GuHoan

n n n
i =— nt"’LEnt
=J o wry, (dee T TR
+00 * .
= [ P xy,dx (7.1

Hpofa xocusa GyJiamd.

HleMak, craimuOHap XoMaThard aTOMAa 3JMEKTPOHHMHT sii-
poraya Gyuran ypraua Macodach BakT Gyiinua Y3rapmac
sKad. CrauuoHap xosatiari Gy 3JeKTPOH HYpPJaHHLI YHKa-
pumaa karsammainu. Ulyuaai Kuau6, KBaHT MeXaHHKACHTA
OHHOAH MabJyM CTalHOHAp KBAHT XOJNATAArH aTOM HYDJIAHHLI
YUKapMaiIu.

OHIM aTOMAA  3JEKTPOHHHHT OHP 3HEPreTHK CaTXJaH
UKKHHYM 3HEepPreTHK CaTXra YTHIU MacajaCHHH Kypal/HK.
AnGarta, Gy »KapaéHHH KyHHAaruya TacaBBYP KHJHUIHMUS
Kepak. JlacrsiaG, GouliaHFuy BaKTAa, acoCHi XOJATAATH aTOM-
ra OHpPOp TallKH TabCHP KypCaTWJalH, SHHE aTOMHH YiiFo-
THITaH X0J1aTra yTKasaMmus, cyurpa aca y E,, sHeprusra sra
YHUFOTHJTAH XOJIaTAAH acOCHH £ X0J1aTra HYPJIaHHII YHKAPKIL
Bynu Ounan yranm. YMyMaH, atoM YHFOTHJTAH m XOJaTHAA
OHpPOp BaKT HABOMHJA MaBXYA GYJUIUM (AMami¥) MyMKHH.
dapas KuIalIuK, 3J€KTPOH (hakaT Wy MKKMTA XOJaTAarHHa
MaBXyA 6§Ja OJCHH. ¥ XO/Ifa SAEKTPOHHHHI 6y MKKH X0JaT-
Ja OYJMIWIMHE TaCBHpJAHAHraH TYJIKMH (QYHKUHUSCH n Ba m
XOJIaTJIapHUHT

VY=av¢,+a,¥, (7.2)

KYPHHHILAATH CYNepNOSHUMACHAaH ubopaT 6ysamu. By eppa
|a,l% |a,|*—wMoc paBumja sieKTPOHBHHT 7 Ba m XoJaTia

MaBKyZA OFJHIN SXTHMOJMHE HOAanafifiy. DIeKTPOHHUHT
aToMJa yMyMaH MaBXYJJHMIHMHHHI SXTHMOJM OHpra TeHr,

an6arra, svum | [W[dx = 1. Bownanrny BakTAa 5JeKTpoH
¢akat n Xomataa 6ysmmu yuyH (7.2) na a, =18 a,=0
SI1¥Pde=la,Pf|y,Pde=1 nen sca [|y, [2dx =1 xeaut
YHKaU. AToM YHFOTH/ITaH XoJaTAa MaBXKyJA 65Aran BakTAa
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1
14—

g=Y Ci+)=

1

)=l

2
L
— 220+ 1) (6.61)

6ynanu.

31-§ Ja carxJapHUHT afHUM [AapaKaCUHHM XHCOGjaraHu-
MH3]a CIHH-OpPOMTaJ §3apo TAaBCHPHH Ba Yy OWIaH GOFJHK
aXKpaJsIMIINKM XHCOOra O/MaraH 5JUK B3 INYHUHT YuyH, alHUII
Japaxacu (5.41) ra 6unoan n? ra Teur. Arap (5.41) Aa xap

I
6ap m, y4yH HKKATa m_ = -5 HH XHCCACHHM XHcOOra
0JICcaK,

n—1
g, = 2@ +1)=2n
=0

afiuuwl fapaxkacura sra Gysamus.

Cnun-op6utan y3apo TabCupZa HATapH MYMKUH O6Yaran
2n® afiHuMIn KucMaH AyKosamu. YyHKM 3HIM TaliKH MaHIoH
6yaMaranfa xaM cnuH-opburan y3apo Tabcup caGabad Ty.ia
Xapakar MHUKIOPH MOMEHTH j HHHI CakJaHullM YpuHAH OY-
Jagu. bynpa carxjapeHMHr ¢akaTt Tysna xapakaT MHKIOPH
MOMEHTH TIpoeKIHsicH Oyindya afiHMIIUTHHA caKJ/JaHaLH.

MHucoa tapukacujaa BOAOPOJ aTOMUHUHT Myafisd n Ouian
XapaKTepJIaHYBYH CATXJAapUHH Kypaitnuk. Arap [ = 0 6yica,

j= %’ ABHM OMpPTHHA KuiiMaT KabyJa Kumamu. [ > 1 na sca

j=12 ;—’ AbHU Oepusrad n Ba ! yuyd (6.58) ra Gunoan

SHEPrUsICH Xap XWJ MKKHTa X0JaT MyMKHH. Xap Gup [ == 0
VUYYH IHEepreTHK caTxJjJapHH AyOJeT axpasuiiura cabad CidH-
opbuTas y3apo TabCHPIUP. 58- pacMaa BOAOPOJA aTOMU 1 = 2
CATXHHHUHT CIHH-OPOHTAJ amKpaluwy TacBupiaauras. Depus-
rai n yuyg Il =0, ..., n—1 =0, 1 ra teur. ! =0 carx

axpanMaimd. my = i;— 6uaH  XapakTepJaHYBUH HKKHTA
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aToM sIIPOCH 32PN COHM Z HHMHT ODPTHIUH GHiaaH sca Zéra
nponopuuonan opraad. Huc6uit axpanumm n muar OpPTHILH
6unan 1/n ra nponopuuonan KaMasifii, Z HUHT OPTHIIH GusiaH
-aca Z? ra nponopuuoHa OpTaju.

42-§. MarsuTomexauuk adextaap

MexaHUK Ba Maruur MOMeHT/Iapra GaruulIanran 6y 6o6HuU
AKYHJIAIUJaH aBBaJl MArHATOMEXaHHK XONHCAJAPHHHT Gab-
8UNapH OHJIAH TaHHIIGMH3. ATOMHHHT MeXaHHK Ba MArfgur
MoMenTiapu ysapo (6.50) MynocaGar Guiam  Gorsamray.
(6.50) myHocaGatra xypa, arap aToM MarHHT MOMEHTHHHHT
(asojaru fyHannmu jarapca, YHHHT MEXaHHK MOMEHTHHHHT
XaM y3rapHinu 103 Gepaiu. Arap aToM MarHHT MOMEHTHHHHT
KuiMaTH, Gupop caGabra Kypa yarapca, 6y xoJ1, Moc paBuuIga,
MEXaHHK MOMEHTH KHAMATHHHHI XaM V3rapuiiura omué Ke.
nann. Hlynunriek, MexaHHK MOMEHTHHHT Ysrapuin Guaan
MariuT MOMEHTHHMHT Y3rapuiud 103 Gepafd. ATOM MArHHT Ba
MEXaHHK MOMEHT/IADUHMHT Oy XHJI GOFJIMKJHIH acoCHia 103
Oepafuran X0mucanap MAcHUMOMeXaHIK sppekmaap ne6 HOM
OJIraH.

MaruutnanyBun KarTHk sxmewm Gepuiran Gy/cuH. Arap
OH3 3XHCMHH MarHHTJIacaK, Y X0/1a XKHCM aTOMIapUHUHT Mar-
HHUT MOMCHTJIADH acOCaH MATHHUTJIAHTHDHIU HYHa UMy 6yiinya
xoinamany. Iy cabaGmu xuem aToMJIapH ¥3 MeXaHHK Mo-
MEHTH HYHaJIMIIUHH MarHUTJIAHTHPHIL AJHAMHWKN  GYitnua
yaraptupanu. (6.50) MyHOCaGaTHH MKKaIa TOMOHHHH KHCM-
HHHT' XaMMa aTomMnapH Oyiiuua fAurcak, JKHCM MarHHT MOMEHTH

- ->

P =kn (6.64)
Ba aTOMJIADHUHI HATHKABHA MEXaHHK MOMEHTH

—-> ->

Q HM Jy (6.65)

KaH HOOpaT MaKPOCKONHK KaTTaJuK/Jap ypracHpard MyHoca-
6ar

> -
p=—qQ (6.66)
ra xenamus. )KMCMHHHT MarHUT/IAaHHIIH ysrapTupuica, aTom-
JIADHUHT HATHXABUH MeXaHHK MOMEHTH {3rapaj. Arap
KHCMHH AXJIHT XOJI1a €NIHK CHCTeMa Ae6 Kapacak, YHHHT Me-
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Jaru n —1/2 raua ysrapys-
n U J Cawbors Comy W 4t UM KHAMAT/JIApU COHHMTa TEHT
L (72 v 7.7+7 7 nTa catxra axpanagd. By
2w, Q0075ew™  Q12cH” X0aHH 59- DPacMzaH SIKKOJT
. 2172 Q055w qauew’ KYPCaK  6ymagu.  Pacmpa
92 4D , caTxJap yMyM KabyJs KvJIiH-
x4 jﬁj? Guiber™ 075w rap Genrmnauntapiia Gepuii-
0 vz sy ran. JlaTuH xapguapuHUHT
52 5,
7 { st 00360 Q570" yarn TOMOHHAA  IOKOpHra

L]

e

5 jj; 5;’/ e 2s41 guiiMar &smiran.
" Vo B 0180w 172w’ BusHHHT xosma 25 1 =
O 124 3%y T _ =2,
7 poy — ] DHepPreTHK caTxJap ax-
2 e 2w, QI06en™" 586ch’  PATIMUIMHMHT Ky THIMAraH 6y
.y xoau daxaT BOZOPOX Ba BO-

- JHODPOJCHMOH aToM/Iapia MaB-
10 42 1%, —— . xKyn. Tyna xapakaT MuKI0-
PH MOMEHTH j HUHT Ba 60mI

09-pac. Xonmatnapuu j &ku [ 6ygu- KBAHT COHH 1 HHUHT Gup xm,

4a rpynna’iau, opburan xapakar MHKTODH [

HHHT 3Ca Xap XA Kuiimar-

JapH GWJIaH XapaKTep/laHYBYH SHEPreTHK  CaTXJAapHHHT

YCTMa-yCT TYLIMINM SHEPrHsl KMHMAaTUra CIHHH-OPGHTAN y3apo

TabCHD Ty3aTMacH OWJIaH SJEKTPOH MacCacH Te3/HKKa pelsi-

THBUCTHK GOFJIMKJIUTHHHHI Ty3aTMacH 3apo KHCKapHIIH

‘cababin 103 Gepanu. By MKKH 5(beKTHHHT SHeprus KHAMAaTH
E, ra xuputran

AE _____RhZ4a2( 1 3)

” = 2) (6.62)

Ta TeHT TY3ATMACH a)paJHUIHHHT 20COMIOT KHAMATHHH Xapak-

Tepiaiigd. Hucouit axpammur sca
|AE,;] o2z
lEn]l T on

(6.63)

ra TeHr,

Bonopon Ba BogoponcuMon atom CIEKTPJapUHH SKCIepH-
MEHTIa KysaTHl 6y MYHOCA0aTJapDHHHT TYEPHJIHTHHH KVp-
CaTAH, SIBHH 7N KBAHT COHHHMHI ODPTHIIHAA AaXPaJHLIHHHT

& 1
abCoMOT KUHAMATH —3 4 TIPONOPIMOHAN paBHINia Kamassu,
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Jagu. By sca kBapn Hnuu 6ypanumura oau6 Kenanu. Keapr,
HIHHUHT MEXaHHK 3JIAaCTHKJIHK NapamMeTpJIapHHH Ba >KUCMHHHT
Gypuanm 6ypyaruuu Gunran xXo0nja g kosdhpHUHEeHTHH aHHK-
71aul MyMKHH. ¥ 5ca THPOMArHUT HuCGaTHH Gepanu.

OiinmTein Ba pe-T'aas Taxpubanapuza MarHuTJanyByu
KUCM cH}ATHAA nmapaMarHuT Ba GbeppoMaruuT Moxjanap -
Jatiiran. KysaTtuiaysuu adxpexr llapaMarHUTIIap y4yH xyna
KHYHK O§/u6 uukau Ba IIYHHHT YYyH!pPe3oHaHC XoxucacH KyJa-
J@HWJIJIH: FANTaKAarH TOKHHHT yarapum YaCTOTACHHH JKHCM-
HHHT' §3 YKH aTpoduma aisanmm HaCTOTacHra TeHT KHJIHG
Taunanad. Hatuwxkana suemuuur Oy puii aMILTHTYRacH
cesunapnu Rapaxaga owan. Peppomarmur MolnafaH Tajtép-
JIaHTaH JKUCMHUHT OyDHJTHIUH Gycus XaM ‘eTapJiH xapaxana
Karra Gynanu.

OfHwrefin Ba ge-Taas TaXpHOanapH MarHHTOMeXaHUK
SOGEKTHHHT MAaBKyIHIHEH Tacauknagn. TaxpuGaga anuk-
JIaHraH THPOMAarHHT HHCOATHHHT KHiMaTH KyTHIraHAaH Kypa
HKKH MapTta kKarta 6ynu6 uukmu. ¥s BaKTHIa 6y HaTHka Ty-
IIYHAPCH3 31H, YYHKH 3JEKTPOHHMHT op6HuTa Gyii1a6 xapa-
KaTH TacaBBYpHIra OMHOAH THPOMATHHT HHCGAT (6.26) naru
KHAMAaTra TeHr 6y.nmu Kepak sau. Taxpubana sca Maruur pa
MEXaHHK MOMEHTIapHHHUHT (6.32) G¥iinua aHUKJIaHTaH HHCOa-
TATA TEHI KUAMAT OJIMHAM, S'bHH CIiuH THPOMArHuT HHc6aT
KUAMaTH Kelub uuxmm. Kefinnvanux 3JIEKTPOHHUHT CIHHH
Kal) KHJIMHTaHZaH CyHr, Taxpubana aHuKJIaHTaH rapomar-
HHT HUCOATHUHT KMBAMaTHra GuHOaH, (eppoMarHuT Moxnanap-
HHHI MariuT XOCCaCH S/EKTPOHHMHT CHHHYM GHian GOFINK
Ae0 TYLIYHTHPHII MYMKHH 6yJinu.

Bapretr abextn. DfinmTefin pa Ze-T'aa3 sgpdexTnra Tec-
KapH MarHMTOMeXaHHK 3¢exTra Baprnem  apppexmu e
arananu. Qapas Kuiaiiuk, pacMaa KYPCaTHIITaH KHCM TalKy
TabCHP oCTHAa Oypusa Gotacum. ATtomparu 3/JIEKTPOHJIap-
HHHT aHJIaHMa XapaKaTH Ty(Gafau KHCMHHHD xap 6up aro-
MHHH KHYMK THPOCKON cHbaTHAa Kapau MyYMKHH. By Knuugk
THPOCKOIUIAD ¥3 alMaHHII YKHHH, sbHU XapakaT MHKIOpU
MOMEHTHHH Ba y GUJIaH GOF/MK MarHUT MOMeHTHHU CagJiamra
MHTHAATH. JKUCMHHHT IXJIHT X0.17a aHJIaHAIAA MOMeHT1ap-
HHHT HYHaIMINH CaKJIaHHIIY YYYH aTOMHHHT (EKHM 3/eKTpOH
OPOHTACHHUHT) NPEleCCHOH X2paKaTH xocua 6ynanu. Atomaap-
HuHr Gy xapakatd (51- pacwra K.) XXHCMHHHT MAarHHTJIAHHIIH
6uiian SKBHBAJICHTAUD. [lemMaK, 3KHCMHHHT aliyanuiuuna y Mar-
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XaHHMK MOMEHTH aToMJap HaTHXKAaBHii
.,y MEXaHHK MOMEHTH OHJlal ;KHCMHHHT f1X-
JIT Tap3Jard MEXaHHK MOMEHTHHHHT
k AUFHHIM CHAAH ubopar Gysnaju. Enug
CHCTEMaHHHI TyJa MeXaHHK MOMeHTH-
¢ HuHr caknaHuW KOHYHHI'a aCOcaH aTOM-
« 2P HAaTHXKaBHA MEXaHHK MOMEHTH ¥3-
FapHilld  XHCMHHHT AXJHT Tapsjard
MEXaHHK MOMEHTHHHHT XaM TeCKapH
KHAMATra ¥3rapHIIuHHA BYKyAra KeJlTH-
pamu. [lemak, »KHCMHMHI MarHHT/IaHH-
M y3rapca, :KHCM SIXJIUT XOJJa Mab-

60- pacw. Sfmmrein —  “IYM X4PaKaT MHKJODH MOMEHTH Qy ra

Je Taas raxpubacy- 9Ta qyﬂam{-
HHHT CXeMacH. Aitnmireiin Ba ne-Taas TaxpuGacw.

Marunt Ba MeXaHHK MOMeHTJap ypra-
CHJAArd I0KOpHjJa afTuaran OOFJaHHUIN
GupuHYM MapTa DHHIITeHH Ba pe-laas TaxXpHOacuia KysaTHJ-
ra, 60- pacMaa TaXpPHGAHUHT NPHHIHMIHAN CXEMACH Gepiran.
Toxnu conenonn C wumpa wmruuka keapy 4 wnra LHJIHHAD
HIAK/THAATY MarHATJIAHYBYH KaTTHK 3KHCM JK ocunral. YKucm-
ra K kysry 6upuxrupuirad. CosieHOU FajTaru OpDKa/lH TOK
YTKa3uica, XHCM MarHHTJaHaid Ba Gypwiagd. FanTaxparu
TOK HYHANMIIMHK Y3rapTHPCAK, HCM TeCKAPH TOMOHTa 6ypu-
aand. JKHCMHUBr GypHIHLUIADH KY3ryiaH KalTraH épyriauK
IybJacH €pAaMHia Ky3aTHJHIUH MyMKHH.
JKucMra TamwkH Kyd Ky#uaMarasaure ca6a6iu VHHHT TyJa
XapakaT MHKJODH MOMEHTH CaKJaHHIUM Kepak, SbHH

6 -+ Q: = const

(GomutanFuy xonmaTAa MKHCM XapaKaTcus 1ne6 OMuHCA, const
HOATra TeHr Gyiamm). ¥ xomja (6.66) MyHocaGaThaH xucM
aTOMJIADH HATHXABHH MAarHUT MOMEHTHHHHT KMUHK Y3TapHIIH

—
8p Ounan Gornuy (sxaMT Xommarm) KucMm XapakaT MHKJIOpH
MOMEHTHHHHT KHYHK y3Tapullld yuyH Kyfujard HGoAaHH €3H-
IIMMH3 MYyMKHH:

ol

X

20004

{83

> 1 >

JKucMHHHT 8p MarHWTIaHMIK HaTHXAacHAa y 86Q xapakar
MHKJIOpPH MOMEHTHra sra Gy/i1aju Ba y3 yKu atpoduma Oypu-
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HUTJIAHUIA MyMKHH. MarsuTiaasul fAyHanidIIA  afyiaHunl

yKu Ousan Moc 6yaand. MarHuTIaHWI KUAMATH 5Ca alJIaHHII-
HHHT Oypuak Te3Jurura NpONOpHMOHan Gyaajau. ATomiap
NPEECCHOH XapaKaTHHHHI OypuaK Te3JIUrH atomsiap Mpelec-
CHSICHHMHT JlapMOp uyacToTacura TeHT, s’bHH

=2 _yB (6.67)

L 2m, ¢

Y xonpa XHCMHHHT ® Gypuak Te3/JHK GujaH alJaHuLIA
yHH B MarHuT MafoHra XKOHUJMAIMIIKY OHIaH 3KBHBATEHTAHD:

B=uw/y.

SxcnepuMeHT Hatwkanapu Bapher sdGheKTHHH XaM MMK-
J0p, XaM cudar KuxaTAaH TacAukjaanu. DeppoMarHuT Moina-
Jlapjiai sicalrad XHCMAA YTKasWIraH TaxpHOaNaH aHHKJAH-
ral THPOMAarHUT HUCGAT MarHUT Ba MEXaHHK MOMEHTIApHHHI
(6.32) nan anukJanran HucOGaTHra TeHT 6ynu6 uukau. By aca
Mojia (peppOMAarHMTH3MH TabUaTHHM CIIHH Xapakrepra 3ra
IKaH/JUIHHU siHa OMp MapTa TacQuKJAadjH.
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sca (7.2) na a, =0 Ba a,=1; [|¥ide =|a [ [pmfdr=
=1 pan f|'tl>m Pdx =1 xenn6 uugazn. BakTHHHT Iy HKKH
MOMEHT/IADH OPACHAA 3ca fllplz dx =1 pau

la, 24 |a, =1 (7.3)

ndonara KesaMus.

OJIEKTPOH LIy HKKHM JHEPreTHK CATXJIAPHHHT OHUPHIA MAaB-
Xy 6Y/Iranuaa 1y pJaanum o3 GepMaiiii, JEKUH 3/1eKTPOHHHHT
IOKODH SHEPTeTHK CATXNAH MacTKM caTXra YTHIIMAA HYypJa-
HUW  pyi Oepaau. Hypmawmm »xapaenaa 3JeKTpOHHMHT
Anporada 6y/aran ypraua MacohacuHu XHCOBMANMHS:

=] @, +a,v)x@,b, +a,v,)d=

=%00,P+%,]a,1+%,, . (7.4)
By epma 6u3s n Ba m_ XOMaTJapHHHT yprava MacopacHHH

(7.1) ra moc papuwja, X, Ba X, Opamu Cearunajux. X0

OPKaJH 3Ca 3JIEKTPOHHHHT YTHII Kapa€HM YuyH Vpraya ma-
coany GenruiiajuK:
i
~+ + = (Eq— Ep )t
— L] * h
*mn = Y% J‘ JC"pm’(pne dx +
—0

i

L Ao . e =B
+aa, [xbp, e R dx (7.5)

Borsianran 9ex/ M CHCTeMAaHWHT WKKH XoJaTH (CaTX) ra omp
KBaHT MeXaHHKaCH MacajacuiaH ‘

V¥, =¥, ¥, Baaia, =aa,
MyHoOcaGaTJiapHH XoCHa KHil mMymkuH. Ulynunr yuyn (7.5)

HhoAasa BakTra GOFJIUK KCNOHEHTa (DYHKUHSJAPHH GHpJAIL-
THPHII MYMKHH, SBHH

- o bl Bp—Ep )t — By —Eg )
X =08, [ x50, [e P +e H ldx.
-—l0

mn n

¥pTa xaBc MumAArm sKCMOHEHTAaMapHH CHHYC Ba KOCHHYCJap

OpKaJH

et = cosy +isiny
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64nd
Vm _ 243 1P P, (7.13)

hv,, 3c3h nm

0y epaa W, —aToM CHCTEMaCHJaH (TYFPEPOFH BONOPOANAH)
GUPJIMK BaKT MYMfA HYpJAaHAETIaH SHEPTHf.

P, =e¢ | ¥b,dx (7.14)

cucTeMaHuHr E, smepretdx carxflan L sHepreTHk carxra
A¥NOJb YTHII MOMEHTH.

Mabaymkd, OupiMxk BaKTAA ENuMK CHCTEMaJad HypJaHa-
€Tran v, 4YacToTaqd (YOTOHJAPHHHT T§Ja COHH CHCTeMa-

HuHr E 9HepreTdk caTxfaH E, ra yTHII 3XTHMOJH Nnm 6u-

JaH aHHKJIAHA/H, ABHHA
an

nm = fv_ T 3R nm

Xocua 6yaraH ¢opMysna CHCTEMAaHHHT OARMH 3HEPreTHK caTx-
JlapH opacujard yTHuiap ydyH ypuuad. XyAmM oy #ya
6ujiaH cHCTEMaHHHI alHHraH CaTXJapH OpacHAarH yTHILIapHU
XaM TacBHpJall MYMKHH,

2. (7.15)

45-§. Tannaw xKomracu
IOKopuaa KypAHKKH, CHCTEMaHHHT HKKH XOJaTH YpTacu-
[+

Jard yTHIuIap f Y, * 0, dXx — uHTErDAN KUAMATH GUaH Xa-
]

paxrepsaHap skaH. By uHTerpajsHuHr yeks KuiiMartiapura
MOC KeJYBYH KBaHT YTHULIADHH TaKHKJaHMarad yTHILIAp
Ae6 ataiMu3. Xosar QYHKUUAAADH Y; HUHT YeKIAHIUK XOCca-
CHra Kypa HHTerpaj 4eKkJH €KH HOJra TeHI GYJHIUH Kepak.
Hurerpan Homra afanyBuH YTHILTADHE MAKUKAQHEAH M-
Aap 1e6 aradmus.

CnuH XapakTepucTHKalapHH XHcoGra o/Macak, CHCTeMa-
HMHI OOLLIAHFHY Ba OXHPTH XOJaTjlapd yuTa KBaHT COHH:
n, |, m, Gu1aH aHHKJIaHAAH. DIEKTPOMATHUT HYpJAHHUI BY-
XKyAra KeJHIIM Y4yH atoM XOJATHHHHI HypJaHuiuraya n',
I', m'; Ba HypnaHHuiaH KeAHHIH 1, [, m, KBaHT XapaKTepuc-
THKaJapH mansaul roudarapu ne6 araldyBuH Koujanapra
6yiicynumiapn kepak. KBaHT MexaHMKacHAa TaHjaul KoMja-
Jlapd Taluui paBHLIAA BYKYATa Kejajd. Taunam KOWAACH
CHCTeMa YYYH KBAHT YTHILIADMHUHT TAKHKJIAHHII KU TaKHK-
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43-§. AToM CnekTp uYM3MKJApUHHHr TaGHaTH

Iy naittraya Gup CeKTp YH3HKJIAPMHHHT BYXKYATa KeJIHII
TaOHaTHHH KBaHT HYKTau HasapAaH TyUIyHTHpMaguk. H. Bop
BOROPOZ aTOMH HA3apUSCHHH sIDATHLIIA aTOM XOJATHHHHT GHp
SHEpreTHK carx E, Jau nucGaraH nacT MKKHHYH SHepreTHK
carx E, ra yTUIIHJArH YMKapagurad Hyp/JaHHNI HACTOTACHHH

= (Em — E,)/h ra Tenr ne6 ¢apas xuiumra MaxOyp GyiI-
ral snu. Xo0sHp GM3 KBAaHT MeXaHMKacuia 6y MyHOCaGaTHH
TaGuuii PaBUIIZA XOCH/ GYJIMILIMHY K§pPCaTaMHS.

Acocui xonaTaard aTomza SJeKTPOHJIAp SHT HACT 3Hepre-
THK CaTXJapHH Srajyarad Gy.anud. ATOMHHUHT YHFOTHJIraH
XonaTuia sca GHTTa KM GUp Heya 5EKTPOH HUCGATAH IOKOPH
SHEPreTHK caTxsapja 6y/ald Ba IIYHHHT Y4YyH [IaCT caTxJap
IIyHYa SJEKTPOHJIapra Ty upuIMaran 6y1aau. DIeKTpoHaap-
HUHT 1aCT CaTX/apHra KafTHO YTHIUM HYDPJAHULI YHKapHII
OHnaH 103 Gepamu. JleMak, 3JIeKTPOHHHHT sigporaua 6y/rau
«ypraua Mmacodacu» yarapMaca, aToM SHEPIHsI KBaHTH HYyp-
JlaMafiii. DHeprusi KBaHTHHHHT YNKADUJIHIIH YYYH aTOM Apo-
CH aTpoQuAard SJEKTPOH MAabJIyM OCUH/NSANUOH Xapakar
KUJIHIIA, SbHM IOKODH SHEPreTHK CaTXJaH IIacTKH caTxra
YTHIIH Kepak. DJIEKTPOHHHHT siiporaya GYJran ypraua maco-
¢acH y3rapuHIIMHUHT GUp Y/I4OBJIH KBAHT MacajacHHH Kypai-
JHK. OCUMINANMON XapakaTHH x VKM 6¥iinua 103 Gepagu neb
¢dapas Kusiamus.

X0J1aTH 7 KBAaHT COHM GHJIaH Xapakrepsanysuu E, sHepre-
THK CaTXlar 3JIEKTPOHHUHT BaKTra 60FNHK TYIKHH QYHKUMSICH
(4.18) ra Gumoan, BakTra GornuK Gyamaran P(x) PyHRUHSA-
HHHT Baykr Gyfuua v,= E, /h uyacrota 6usan y3rapysuu
¢(#) pynruusra KynaitMacu Tapauna nhonanaHand, SbHU

1
— —FE,t

¥, (x, =1, (x)e 5
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ndogacd Gunan aJMamITHPMG Ba MHTerpa] TAlWKapHCHra €3-
caK, X, YUYR Ky#dujard confa ndopara Keamus:

Yy = 20,8, CS (B, — E)U/h] | x40, dx. (7.6

Mlynnait xuawd, x, n YUYH BAKTra KyHnjarnua GOFVIHK
cos[(E,, —E,)t/h] = cos[2n (E,, — E ) t/h] = cos (Zn i)

HPONaHH XOCHJ KUJAMH3. X -, HEED Oy KalH BakTra GORJIHK-

JIMTHAAH SJeKTPOHHHHT HYpJaHUII Kapa€HHJAr# sjporava
6yaran yprata Maco(acHHHHT

v=(E,—E)/h (7.7)
ra TEeHI 4acCTtoTa 6usan XdapaKkTepJaHyBIHd

cos (2nv i)

OCLMJVIAIHOH KOHYH OHJaH V3rapuilH KeJud uMKaZH. OJIeK-
TPOHHHHT sifiporasa GY.raH ypraua MacohacHHH YHHHT TyJa
udonacu (7.4) Ba (7.6) Aan Kyfujarnya aHWK/dAMES:

— <o [+

x=la,? { 1P, de+la, | P ¥, dx +

—0 —0

+ 2a’a, cos2nvi T P, dx.

DneKTPoH n EkH m CTalHOHAp xoJaraa Oy/araHHia OXHPIH
xan Ba| a, [? éxu | a, |* (XonaTra MOC paBHLIjia) KATTANHK HOJI-
ra TeHT OyJald. ATOMHHHT HYDJaHHII XKapa€HHIA 3Ca 3JeK-
TpoH 6y HMKKH XoJaT Ouiad HdojanaHyBud OCUMIIAIIHOH
Xapakar KHJaJu, HaTHxaja YHHHT siiporavya 6yJraH yprada
Macogacu (7.7) uactora 6uian ysrapamu. by wacrora raxpd-
Gajia aHWKJaHA[H Ba HypJIaHULI yacToTacH je6 araianu. Hlyn-
Xaf KUaHG, HypJaaHuil yacroracH (7.7) KBaHT MeXaHuKacupaa
TaOHMHA paBHLIjA Kelnb YHKaAH.

44-§. Innoa nypaauu

K/acCHK 3JeKTPOAMHAMHKAra acocan x Yxu OyHuya oc-
LUUW/IISIIIUOH X apaKaTHHHT

P =4 ex = 4- Pycos ot (7.8a)



[image: image519.png]45- §. Tannaw Koumacu 241
-

B 2n
X j' sin & cos aefmle,,m,, dﬁj'CD:nl‘Dm,l de.
0 0
Oxupra_HHTErpa’
O L 2“—l(m —-m)e
[0, do =5 j e mTme 4
0 0

ra TeHT. YHUHT KHHMaTH Am, =m—m =0 nxan OGowka

Xo/iapAa Houra Tewr. Illy caGa6mu Bomopos atomu Hypua-
HHIIMHUHT MAarHHT KBaHT COHH yYYH TaHJAIll KOMJACH YMYy-
Mu# X014

Am, =0, +1 (7.19)

mapTian H6opar Gy.iamu.

Iy #ycnuna opbutan KBaHT COHH YUyH XaM TaHJIAUI KOH-
Hacu KelITHPHO uMKapuiamu. (7.17) Taujam KOMmanapu Bo-
JOPOJICHMOH aTOMJIap YYyH XaM YypHHJIH.

AtoM cHcTeMacH yuyH HypPJIAHMII XAapalHHHUHT 103 Ge-
PHIUMHH TaCBHPJIOBUH TaHJAII KOHJACH Aacjufa ATOMHHHT
CIHH XapaKTePHCTHKAJAPMHH XaM XHCoOTa OJarasd OyJaHIn
Kepak 31u.

Tannaw xoupanapuaa cUCTEMaHHHT COHH XapaKTepPHCTH-
KaJapuHH XaM XHCOOra OJ/IMII MacaJaCHHH HOPEJISTHBUCTHK
KBaHT MeXaHHKacuaa euyu6 Gyamaixu. Uywku aroMm cucre-
MacH Ba yHAaH HypJaHaéTran (GOTOHHHM OHprajlvkia Kapau
Kepak. Dy macana amya MypaxkkaG GYJranjiurd yuyH KyiHu-
Jard yMyMH# MyJoxasasnap GuJaH yerapajiaHamus.

Ontuka KypcHIaH MAablIyMKH, EDYFIHK TYJIKHHJIAPHHH
KyTG/IaHraH XOMarra KeATHPHUI MyMKHH. EPYRIHK TYJIKHHU
daxar MKKM Xu1 KyHJAalaHr KyTOMaHWWIM MyMKHH. Y3apo
HKKH NMEepneHjUKyasp AyHANUIIAA YU3UKIH KYTOJAHHII aco-
CHH KYTOMIAHUII XWJIH xucoGiaHamu. EpyrrukHuHT xap KaH-
Jali GOIKaua KyTGNAHHIITAPHHN YH3HKJHM KyTGJIaHHILIADIAH
TAIIKUA KHJIHNI MyMKuH. MacanaH, €pyFIMKHHHT A0MpaBHil
KyTONaHHMIIMHE GHp-Oupuian 7/2 (asara CHIKHTH/ITAH TEHT
aMITUTY Ra¥ TeGpaHuuLIap TaKWI KHJiaau. bus yuyn Kyr6-
JIQHHUII TEKHCIMTHHUHI a#/IaHyBYM XOJHM KH3HKApad. By Xui
KyT6/aaHran épyf‘ﬂm TYJKMHUHUHT 3JeKTp MafJOoH Kyd/aH-

TaHJIATH BEKTOPH L' (IIyHMHIJeK, MarHUT Maf0H Ky4/aHTaH-
—
JIMTH BeKTOPH fI) TYNKuMH XapakaT HYHaIuIUAra KyHAAJIaHr

16—2180
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ra TEHr JUINOJb MOMEHTHHH BYXKYAra KeJITHPYBYH =€ 3apsaj
A AMIIINTYRAJIH YH3HKJH TapMOHHK

x=Acosot

Te6pannma 6y/ca (GasoOHHHF XaMMa TOMOHJIApUra YWKapu-
JiaéTrad HypJaHHuil (YyHKH 3apsiHUHT Xap Kaujaad TesJaHHIl-
JU XapakaTHia y HypJaaHuml Ayau GHJaH 3Heprusi HyKo-
Taji) SHEPrUsICHHUHT KyBBaTH P} = (eA)? ra nmpomopinoHas
6yaanu:

16m¢
W = 5 V4| P, P (7.8)

By epna v = /2n. Illy Hapcanu sciaTiil 3apypxH, AUNONbL
Aeranjia ¥3apo MabayM Macodaja KoialiraH MKKH Kapama-
Kapliy 3apsJJiapHUHT, SPHH SXJUT X0AAa HeHTpaa CcHCTeMa
(Macanan, aTOM) HMHT OCIUMJUISIMOH XOJaTH TYIIYHHJAIH.

Hypnauum sneprusicueuur (7.8) KyBBaTdra TYEpH Kela-
Aurad QoToHsap COHH (OTOHJAPHUHT KBAHT TYLIYHYacHra
acocal

w 16t o 2
=gV | Pl (7.9)
ra TeHr.
Slnpo Ba anekTpoHZaH HOOpAT KBAHT CHCTEMAaHM JMIOMb
cHpatHia Kapacak, CHCTeMaHHHT (7.6) OCUMJI/ISIHMOH XapaKaTH
ATOMHUHT 3HT MYXMM JUNOJb HYpPJaHULIHra OJHO Kenamy.

(7.6) uu Ky#iupard Kypunuiga é3adaux:

X, =2a0 OJ? x P, dxecos2nvi = Acoswt (7.10)

mn

By epra A — mapmm paBulja OCUAIISLKOH XapakaT aMIuii-
TyJacuHH CWIIHpasu Ba

A=2da, | x¥p,dc=22a P, (1)
KaOH aHukJanaju. (7.8) ra masap Taumacak,
Pl =eA=4e*(a’a, )* (@a )| P, = 4|P, P (7.12)

uyrkA |@,*=]a, |*=1. ¥ Xosnxa KBaHT MeXaHHKacCHra
acocan (7.9) udoaa kyhmjard xypuHHIIZA E3HJaLH:
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JIaHMacJTHTHHE  Hdojanaiiiy. Muconm TapHKacHaa BOXOpox,
aTOMM Macalacuru Kypamus. Bojopos atoMu yuyH TYakuu
¢yHKUHST Gu3ra MabiyM. Y XOJJa aTOMHHHT JHIOb Y THIIMHH
xapakTepJioBuH (7.14) Kabu uHTErpal

n -

Wty UWnpr, AV 70 (7.16)

v

HU U X, u Y, 4 =z 6yaran xoinapja KBaHT COHJ/apH-
HUHT KaMuja GuTTacH ¢apk KHIafuraH Xap Xui xxydT xosar-
J1ap YuyH xucoGnaw Mymxus. Arap €us (7.16) unterpasniaunn
Gaxapcak, y HoJjaH (apKau GYJIMIIH yuyH
Al = 0, :t l (léomn.#: O Ba loxnp-#o,
Al = 1 (lGoum- =0 Ba loxnp. = O), (7]7)
Am; =0, +1

IapTiapra kejgamus. Boul KBaHT COHHHHHT V3rapHIIH HX-
THEPUH Kypunnmna 6yaumun MyMxus. (7.17) wapraap Taxux-
JlaHMaraHl KBaHT yTHIUJIap y4yH TaHJall KoujajapH Ae6 aTa-
Jaju.

MaruuT KBauT coHd m; YuyH (7.17) mapT ocoH Ke/JTHPHG
YHKADHJNIIH MYMKHH. Bynunr yuys (7.16) Hu Boxopos aToMu
YuyH GaxkapHil Kepak. X axm 3/1eMeHTH dV HH chHepHK KOOpAHu-
HaTajJapia aHHUKJIaiMH3. X, Y, 2 Y3rapyBUHJapHUHT COEpHK
KOOpJMHATanap opKalu €3usran Hdoiacu

Xx=rsingcosqp, y=rsingsing, z=rcosp
JaH XaXKM 3JIEeMEHTH YUYYH
dV =dxdydz = r*sin ¢ drdg do
ra Kejamus. Y xonxa 4 = x yuyH (7.16) nan

ELd

= 2
Uy = (10, gy Vot AV = (ar [ds | dorsin o cos g,
0 0 0
w;lmzlpn’l’ml’rz'Sin 9.
Bosoron atomu Tyakun ¢yskunscuud (4.111), (4.112), (4.113)

KabH HOpMaJlaHTaH yuTa QyHKUMA Kynalitmacu (4.104) xjpu-
HUIIHAA HdoAasacak 6yJaim:

'.‘pn, e, ml (f, o (P) = Rlll (f) elm‘ ('0) q)rn’ ((p)'
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zoupa 6yina6 ainanand. Hamkaza saexrpomarnut mHypia-
HHIUHUHT XapakaT MMKIODH MOMEHTH BEKTOPH TYJIKHHHHHT
xapakaru 6yfinua idynananu. KBaHT MeXanuKacH TWIM GujaH
ailTranja (OTOH NPOEKUUACH XapaKaT HyHaMHIIATa HKKH XU
KuAMaT KalyJa KuwiyBun cnunra sra. KysaTuumapra kjpa
¢orousunr crivHy GMpra TeHT Ba Xapaxar HYHaJHIUHra npoek-
uusicu =1 ra TeHr WKKHTa KuiiMat KalyJa Kuiaau. Bymumr
cababy CPYFJIHK TYJIKHHUHUHT KYHIaNaHTJIHTHIHP.

OHIM (OTOH UMKApraH aTOMHMHI Ty/a XapakaT MHKIODH
MOMEHTHHUHI' KaH4ara y3rapHIMHH Kypaiiux. By xkapaéuna
aTOM MOMEHTHHHHT Yy3rapHiuyd (OTOH OJIHG KeTaéTraH MOMEHT
MHKJIIOpHTa, si’bHH GHpra TeHr. POTOHHUHT OpGHTa/d Xapakar
MHUKIODH MOMEHTHHW TaXMMHAH HOJTa TeHr jae0 XxHco6.am
MYMKHH. Bouwianriy XosaTia aTOMHHHT Xapakar MHKIOPH
MOMEHTH HOJITa TeHr 6yJica, XapakaT MHKIOPH MOMEHTHHUHT
CaKJaHHUIl KOHYHHI'a acocaH ATOMHHHT OXHPIHM - XOJaTHarH
MOMEHTH 6Hpra TeHr Gyaani.

Hypnanum xapaéHuHUHT OXHPTH XOJaTHAA TYJd XapakaT
MHKAOPH MOMEHTH J oxup = 0 ra TeHr Gyiuiun GOWIaHFHY
X0JaTHAA MOMEHTH OWpra Tedr aToM yuyH Mmymxux. [yunait
KuaHO, OOUNIAHFHY €KH OXHPTH XOMAT XapakaT MHKIODH MO-
MEHTHHHHT HOJIFA TeHT XOJUIaDHAa KBaHT YTHIIHHHT BYXKYIra
KeJMIUM YYYH TyJa XapakaT MHKIODH MOMEHTH HYpJIaHHIU
XKapaéuujaa 6up GHpPJIHKKA Y3rapHiid Kepak, abHH

AJ = -1 (arap Joow. = 0 €kH Joxwp. = 0 Gyuca) (7.20)

Y6y Tansam xounacura Kypa J eom = 0 xonataad J oxyp = 0
xonatra 0 = 0 v TakMk/aIaHamd. YMymu#i xo0.14a, arap
GOLIaHFHY Ba OXHPIH X0JaTiiaP MOMEHTH HOJAaH (apKJau

—
6ynca, J BeKTopra GHPJIHK BEKTOPHH — (GOTOHHHHT CIHHHHH
BEKTOD KYLIHII KOMJAcH TacBupsanran 61-pacMra Kypa Kyiu-
Jard TawJaunl KOHAacH XOCMa OVaangu:

~AJ =0, %1 (arap Jeow. =0 Ba Joxup. 7 0).  (7.21)

Arap Tyna xapakaT MHKEOPH MOMEHTH GyiicyHaiHraH OXHPIH
(7.20) Ba (7.21) Tamnamw KoWHAacHHH OpOHMTa]l XapakaT MHK-
JopH MOMeHTH Oyiicynamuran (7.17) Tamnawm Koupacu Gusian
COHIUTHPCAK, (POTOH UYMKAPUIHII IKapaénuna (HypJaHHLIZA)
CIHH BEKTODHHUHI {3rapMacJMTMHH, SbHH

AS=0
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61- pacm. XoJlaT MOMEHTHHHHF NYDJaHHL (HOTOHM CHHHUra
yarapuu,

HH XOCHJ KuiaMu3. XaKHMKaTaH XaM, aToM 3JeKTPOHHHHHT
GMp 3HEPreTHK CaTXJaH HUCOATAH NAaCT 3HEPreTHK CaTXra

yTHIIHJA CHCTEeMAHHHI aTOM CIIMHH y3rapMaiju.

IOKopuza keaTHpuO YMKapWiIras TaHJaml KoHpadapd ¢o-
TOH XYCyCHAT/Iapu Ouiian GOFNMK Ba 5/JeKTPOMAarHHT, TYFpPH-
POFH, JHMMNOJb JTHILNAPH Y4YH XapaKTepJHAUD.

46- §. TepMHMHr MYJALTHNAETIHTH

OnTHkaBHi 3JEKTPOHHUHL CHUH MATHHT MOMEHTH OHJaH
YHHHT OpPGHTa/l XapakaTH BYXKYJAra KeJTHPrad MAarHHT Mafi-
HOHHHHT Y3apO TAbCHPH aTOM TEPMJAPHHMHI JyGier Tysu-
JMILIMHH BYXyAra Keatupamd. Jly6JeT TysuMuiml 3jeKTPOH
CIMHHHHMHT ODOHTAJ] MOMEHTHra HMcGaTaH MyMKHH 6yJran
AYHAIHIJIADH COHHHH WKKHIa TeHTJIMTHAAH KeJaub YMKajd.
YMyMuil XO/Ha, aTOM ONTHK (Ba/leHT) 3JIEKTPOHJADH COHH
CupAaH OpPTHK OYJHIIM MyMKHH. MOMEHTJIapHHHT HOpMan
OOFTAHMIUM XOJIHAA 3JIEKTPOHIADHHHT CITHHM KYIMIH/JIHG aToM-

—_—
HUHT Tyj1a CHHHHHU (S), Op6HTAT MOMEHT/IapH 3ca Tyaa op-
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62- pacm. CriuH BeXTOPH S HHHr OpOHTaNl MOMEHT BekTopH L ra HucGarad

MyMKUH OyAraH HyHaTMIUIADHHAHE COHH Y6y TepM MYJbTHIMIETVIHTHra
TECHT,

cnuad S =1, 1/2, 3/2 ra, Jaca J =1, 1/2, 7/2 ra Tenr-
JUTHHH KypcaTagu. 62- pacMZa TepMaap MYJILTHIVICTIRTHHA
XOCHJ GYJIMIIM TACBHPJAHTAH.

47- §. NMayan npusumnm

Kyn 37€KTPOH/JIM aTOMHHHT acOCHH XOJATHAA 3JeKTDPOH-
JapHHHT OpOHTa’ap OyfAuya KOHJNAHHIIM OujaH GOFIUK
aToOM TY3HJIMIUM MacajlacHHH TyJja Kapal UMKHII YYYH aToM
¢U3HKacCHHUHT (yHIaMeHTa]l TywyH4anapufad 6upu Ilayau
NPUHOHMNN OHJaH TaHMIIaMH3. MabayMKH, aTOMZa 3JEKTPOH-
aap n, I, j, m; KBaHT coHJapH TyIJIaMd GuJIaH XapakrepJa-
HYBYH Xap XuJ xonarjappa Gyauiiv MyMkuH. Bus roxopuaa
TaHHIICaH OJJMH KBaHT TacaBBYPUMH3 HYKTaW HasapHJaH
3JIeKTPOHJIAD aTOMHHHT acOoCHHM XoJaTHjAa MyMKHH Kajap 3HT
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Y XoMia IOKOPHJAArd MHTErpas

o n
4 = [ PR 0) R, () dr fsint 903, )0, (0) b
bt 0

25
‘5 Dp, l(Dam , €08 pd

Kypunnmra kedand. @ dysxunsuunr (4.124) udogacunu
YUHHYH HHTerpajira KysMmus3:

2n 1 2“ ’
* , L —i(ml—ml)(p
P (szq)ml cos pd = 2n 3 €
0

cos pdp =

2n
1 : ' ’
=LV —itmy—m—1)o —l(m—m+l)0>)}
4n5{e A b T de.
0

By epma m,, m, KBzHT comJapm, Moc paBHIIAa, 0, +1,

+2, ... %0810, 41, ... £ ra Tear 6yarananrya ca-
Gabau  (m;—m,—1) Ba (m,—m, +-1) connap Homb €k
=1, 2, 423 ... guiiMaTaapra Tedr 6yaaju.

Oxupri HMHTerpaj OCTHAATH SKCHOHEHTANAp KYPCATKHUH
HOMAaH apk/M OyTyH COHJIApra Kappaud Gynca, HHTerpas
HATIXaCH HoAra TeHr Gyqaand. (7.16) maprra Kypa HypJaHHLI
103 GepHIld yYyH IXCHOHEHTAJap KYpCaTKHUH

m,—-m;-{-l =0 éku m,—-—m;—l =0
IIapTHH KAHOAT/IaHTHPHIUM Kepak. By TeHrmaManapuu xyfiuna-
THYa YMYMJAITHPHLII MYMKHUH:
Amy=m—m =+£1. (7.18)
KeaTHpub uMkapuiaran Tan/all KOMAACH U =y Ja XaM YpHH-
JH. Bynu pcbornam ydyH IokopHjaa YTKasuaram xucoGsani-

JIaDHH U =y XOJHAa KAWTApHUI JIO3HM, XOJOC. U =2 XOJH
yu4yH 3ca

uZ = 5‘ Z"P; I, m, ;‘pn’,l’. ml' dV = j‘rer'zl Rn'l’ dr X
—_—c0 0
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3XTHMOJITHKJIADHHUHT KynaAtMacura Tenr. LIyHudr yuyw,
arap 6y MKkH 3appa Ilayau npunnunura 6yiicynmaca, cucre-
MaHHHT TVJIKHH (YHKIHSCHHH

-> -

WU = Wy, ) =, ()P, (70) (7.22)

KypUHHIIJA €3um MyMKHH. (7.22) KBaHT MEXaHHKA TacaBBYp-
Japura sujHp. 3appaslapHUHI y3apo afinauauru tydahau
ylapHu Oup-Gupujan axparu6 6ysmaiiau. (7.22) ra kypa
KafcH 3appa GMpPHHYY, KalCH 3apPa HKKHHYM 3KaHJIHULH aHHUK
Genrunanrad. Arap sappanap afiHaH 6ysca, CHCTeMa Y4yH
3XTHUMOJIJIHK 3HYIHTH 3appatap VpHHM aJMalliHHHIUA Oujian
yarapMacyiurd Kepax, SbHH

[T, DPp=|¥YEDA (7.23)

JeMak, s3appaapHUAT aliHAHJMIHHE Xucofra olajurau II,(;I r—;
Tyakun $ysxuus (7.23) HH K2HOATIAHTHPYBUM KYHAHAAard

| s (2,1) P = + | ¥s[(1.2) | (7.24)

¥,20)=—%¥,(12), (7.25)

xoccara sra OVaMium Kepak. Mabay™mku, TYAKUH GyHKHUS
Taxkpubaja ya1danyBud KaTTaauK smac. [HyHuur yuyH sappa-
Jap VpHH a/JMamrasjia HILOPACHHH V3TapTHPHILA MYMKHH.
3appanap YpHH aJIMalUMHMIIH TabCHP STMaHIUraH TYJIKHH
OGYHKUHSHE CHMMETDHK, VPHMH aJMAlITHPMIIZA HIIOPACHHH
yaraptpaiurad GYHKLOUSHM aHTHCHMMETPHUK TYJIKHH (QyHK-
uuanap fAe6 aradmu3. MKkHHUM TOMOHJAH, 3appajapHHHT
aHHaHJAHTH Ty}adnH BAKTHHHT HCTAJradH MOMEHTHJA CHCTEMa-
HuHr xonaruuu (1, 2)Ba ¥ (2, 1) bynkuuanapiaH Kakicu GupH
Tascudaliy HOMabayM. BakTHHHr GHPOP MOMEHTHJA CHCTe-

masuuar ¥(l, 2) = ‘Pa-(_f:)- Y b(_r;) OpKanu TaBCU(JIaHUII 3XTH-

- —
MOJVINTH BaKTHHHI 11y MoMeHTHAA Y(2, 1) = ¥ ,(ry) ¥,(r1)
OpKa/iHu TaBCU(IAHMII 3XTHMOJIIMIH OHJaH TeHr. Dolikaya
aliTranja, CHCTEMaHHHI XxoJar TYyJkuH ¢yHruusacu ¥ (1, 2)
Ba ¥ (2, 1) dyHKIUATAPHUHT YH3UKJIH KOMOMHAUHUSACH (X0/1aT-
Jap CyNeplosHUHsCcH) AaH uOopar. MKKkHHYM TOMOHAaH 6u-
JaMH3KH, OMp CHCTEMAHMHT XaMMa XoJaT/apH BaKTHHHI Xap
Kapjad MOMeHTHJa MyailissH OUp CHMMeTpusira sra OyJras
TYAKYH OYHKOUS OHjan TaBcudIaHHIIM Kepak. JleMak, chc-
TEMaHUHT x0JaTaapnny Tascuduiosun ¥(l, 2) Ba ¥ (2, 1) Hunr
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6uran MoMenTHH (L) xocun xunagu. Hlynpal kuau6, aToMauur
Ty/la CTMH MarHUT MOMEHTH OuJan TyJa opGuTai XapakaTHHHT
y3apo TabCHpH ByxXyAra xedaid. TepmHu axparyBuu ymoy
CIHH-OpPOHTAJ] y8apo TabCHP CIMH Ba OPGHTAN MOMEHTHHHI
y3apo #yHaNUMIIapH COHH — MYAbMUNAEMAUKKA GOFNUK.

Hopman GoranHIn X0JHAA HKKHTA 3JIEKTPOH MOMEHT/IApH
Kylnjparaua €suiamu:

> > > > > > > > >
L+l=L,s+s,=8 S+L=J.
Cnun kufivatu 1/2 ra Teur Gyaransiuru cababian S = 0,1 ra
TeHr. S = 0 ¥3apo Kapama-Kapwu HyHaNran anTHnapasien
CIIHHJIADHUHT KYIIMAMIHAaH, S = 1 sca napanjesn cnumJjap-

HHHT KVIIHJHIMAAH XOCHJ GyJiagH._,
AToM op6uTas MOMEHTH BeKTOpH L ra HHCOATaH CNIMH BeK-

TOpH S nmmr MYMKHH 6y/ran #yHaIHILIADH COHH
J=L+S§, L+S—-1,...,, |[L—S]
ra TeHr Gyarau

28 +1

KaTTaluK mepmuune myremunsemauew 1e6 aranamu. Ilynu
TabKUJMaAMH3KH, J xap Xua Kufimariapra sra: L > S ga
28 41 ra, L <S8 na 2L 41 ra terr. TepMHUHT MYJIbTH-
IeTauru 3ca daxar 28 -1 gufimar Gunan XapakrepJaHajd.
An6arra, L <S ja TepM ampajHIUMHHHT KOMIOHEHTJApH
(2S 4 1) nan xam Gyaanu.

Ilynna# kU6, HKKH BaJIeHT 3JIEKTPOH/IH aTOM Y4YH TEPM-
JIADHHMHT HKKH TYIJaMH:

cuuraet: S=0, J=1L,
tpumaer: S=1, J=L 41, L, L—1

ra sra 6yJiamus. Tysa opbutan MOMEHTHHHT Xap XuJl KHHMar-
Jlapy GuilaH XapakTepJianyBuM XOJaTjap TePMH JaTHH anda-
BHTHHHMHT 60om xapdaapu opkanu Kyfimgaruua taptubpa Gei-
THJIaHafH.

L=0,1,234,5,...
S,P,D,F, G H, ...

Tepm GenrunapMHUHT YHT TOMOHMAA NMaCTAa MUKH KBAHT COHM

J xypeatwnau. Macanan, 3S; *P,, *D,, TepMJapHHHT

Tyna opbutaa MOMeHTH, Moc paBHmza, L =0, 1, 2 ra, Tysa
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CHHHM GUpra TEHI XOMJIapAaH YTHII YH3UKIApH HYK. AHHH
BaKTAA acOCHi X0JaTra MKKM 3JeKTPOH CHMHHMHI Kapama-
Kapuid HyHaNuIIura TYFPH KeJaguraH HaTHXKABHH CIHHHUHT
HOJIb KUHMATH XapaKTepJOBUH XOJaT/apiaH YTHII MaBxKy.X.
Dy X0MHW KyHujarn4ya TYITYHTHPHII MyMKHH.

KBaHT MeXaHWKACHAA 3appalap CHCTEMACHHHMHT TYJIKHH
(GYHKUHUSCHHY CIHHHH XxHcoGra oJraH XoJnja Kydujpard

-> > . > -
D (ry, 73 S1s 83) =X (S Sg)o ¥ (71, o) (7.28)

KypuHHIIAa €3MII MYMKHH. By epja y — ¢axar sappaHuHr
cOMHHra GOFJIMK GyJaraH CIuH TYJIKHH QyHKUMSCHAUD. DHIH
reJIMH aTOMH YYYH HKKH 5JIEKTPOHHHHT YPHUHH aJMallTHPHIUra
HucGaTaH aHTHCHMMETPHK TYJIKHH QyHKuuscHHH (7.27) udona
cunrapu (7.28) nan XOCHJ KuJaH/JuK. YHAQ KOOpIMHATA TYJ-
KHH OQYHKUMSICHHHHT CHMMETDHK XOJH YYyH CHHH TYJKHH
QYHKUMSACHHHHT aAHTHCHMMETDHK, S'bHH HKKaJa 3JCKTPOH-
HUHT COHHJAPH aHTHNapajniesn 6yaub KyIHArag xojaH Ba ak-
CHHYA KOOPIAMHATA TYJKHH (DYHKUMSCHHHHT AHTHCHMMETPHK
XONH YYyH 3Ca COHH TYJKHH (DYHKUHSCHHUHI CHMMETpHK,
S'’BHH CIUHJIAPHUHT NapaJjies 6§au6 Kymuaranuia TyJaa CiHH
6upra TEHT XOJH TYFpH Kesaju. [leMak, HKKU 3JIeKTPOHHHHI
TyJa cnuHu Gupra TeHr 6ysiran xonar yuyu Llpenuurep Teur-
JaMACHHMHI €UHMH, SBPHH KOOpJAMHAra TYJKHH (QYHKUUSICH
AHTHCUMMETPHK 9KaH. By xoJaT y4YyH KBaHT COHJIApH TYII-
damu n = 1, I = 0, m; = 0, m; = 1/2 ra tenr. Hlpenunrep
TEHIVIaMaCHHHHT CHMMETDHK €YHMH TaBCHQJIOBYH X0J1aT YYyH
KBanT cosnapu Tymiamu n=1,1=0, m;=0, m=0
pa GUTTa SJEKTPOH YUYH_5ca m, = 1/2, MKKHHUHMCH YYyH 3Ca
m,= —1/2 ra Tenr.

IpenuHrep TeHITaMaCHHMHT CHMMETDHK €YHMHIra MoC
KeJlaJuraH sHepreTvk catx E; HM XapakTepsioBUH KBaHT COH-
napu n = 1, j = [ s = 0 raTeHr, aHTUCUMMETPHK €YHMHTa
Moc sHepreTuxk carx Eq uu acan = 1, j = 1 4 s = 1 xapaxk-
TepJaiify, Ba WYHHHT YUyH XaM, TeHi aTOMH 3JeKTPOHJApH
SHeprUACHHUHT MyMKHH Oysran kuiimatnapu E; Ba E4 Tyaa
cruHra GOFMHK X0Jja 6up-Gupupan ¢apy Kuiamu. By xosra

onu6 KeJafUraH y3apo TabCUP QAMQUIUHYBYU Y3apO MaBCUp
neb arajand.
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KaM 3HeprusAra sra, S’bHH SHT YyKyp caTXAa KOHJallra
6ynulN Kepak. AMMO, TaKPUOAHHHT KypCaTHILHYA, aTOM SAPO
3apsifii OCOHH Z HHHI OWIHMIUH GHJIaH 3JeKTPOHJIAap aToMAa
KETMa-KeT I0KODH 3HEPreTHK CaTXJapHH TyJanHpanud. AtoMiaap
CaTXMHHUHT 3JIeKTPOHJAp OHJIaH KeTMa-KeT TYJAHPUIHIIHHH
[Naynvuuer MyxHM KOHYHH TacBupJsaiinn. 1925 finnga Bonwd-
ranr Ilaynu xam Kuwirad npuuuMnra 6MHOaH, aTOMHHHI Xap
Kannafl cTauoHap KBaHT XoJaTHja (aKaT GHTTarHHa 3/1eKTPOH
JKONJAWIMIUE MYMKHH. Jlemak, yHFOTH/IMaraH aToOMAa 3JIeKT-
poHNap SHT DacT caTxJaH Oomvia, xap OHp KBaHT X0JaTAa
OuTTajan Oy/iran x0JJa aToM CaTXJapHHH TYJAHpaigd. Xap
TOMOHJIaMa TeKIIH pumiap [layau NpHHINIHHUHT TYFPUIHTHHH
Kypcaray. [laynn  npusnmund  ymymufi xompa 6ysu6 dakar
OuTTa 2TOM 3JEKTPOHJIADH YdyHI'HMHa 3Mac, GYTYH OJiaM 3JeK-
TPOHJIAPH YUYH XaM ypuuHauaup. Ymyman Ilayau npunuunu
ApUM OYTYH COMHJM a¥iHaH OUp XHJ 3appasiapiaH HGOpaT xap
KaHnai cucreMa ydyH ypunauiup. Ilysu €nma Tyt Kepak-
Kd, CHCTeMaH¥ TallKW/ KWJarad 6Mp XHJ 3appajap (Macafad,
ollaM 3JIeKTPOHJIapH) SHEPTHACH Ba (asofa xofiamrad §pHH
OusaH xam (apy KWIMIIM MYMKHH.

[layny NpUHUMNHHHAT MaTeMaTHK MAabHOCHHH KypailJiMK.
Copnanux y4ys 6upop MalijjoHza xapakariaHaérrad 2 Ta Gup
Xua 3appanapian (MacajaH, 3JEKTPOHJAH) TAUIKHJ TOINraH
cucreMa Oepuiran jesfiiMk. DupHHUM 3appaHHHr KOODJH-
HaTalapunyu 1 uHmekc OHNaH, WKKUHUHCHHHHI KOOpJMHATAa-
JapuHHd 2 WHACKCH Ouaan OenrunaiiMus. DBupunuu sappa a
XoJaTHa, MKKHHYM b xojaTia xo#jawrad OyJacHH. Y.aap
ypracuaaru y3apo TabCHp Ky4YHHH XHcoOra oJMacak, GHpHHYH

—_—
3apPaHHHT KBaHT XOJaTH V,(ry) TyIKHH ¢YyHKUUA OuiaH,
-

HKKUHYH 3apPAHHHT XO0JIaTH 3Ca ,(7y) TYAKUH OYyHKIHA GHUian
tascupaananu. Tabpudra xypa |¢,(r) 2aekrponnu (X,
Y1, 21) HyKTa aTpoduia Ka#j KHWIMW SXTUMOMANTH | ,(ry)[*
3ca (Xy, Yy 2,) HYKTa arpodupa Kafix KW SXTHMOJIMTA
nponopuxoHan 6yJaany.

Ma3skyp cucremana 3sappanap TaKCHMOTH MacCaJacHHH
Kypainuk. Arap 6y ukku 3appa [laysnu npunuunura 6yicyH-
MarasJapuaa 37, yJIapHUHT §3apO TabCHPH HOJTA TEHT XOJ-
Jlard XapakaTd y3apo GOrIHKMac (3pKus) Gysap sau. DXTH-
MOJI/IMK Ha3apHscHra GMHOAH y3apo 3DKUH MKKH TallHH XOAH-
CaHMHT 103 6EPHII SX THMOJLJIUTH Xap GHp XOAMCAHHUHT 103 Gepuul
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48- §. Huwikopwit mMetasnap aTomunmHr aHepreTHK
CaTXNapH Ba CNEKTpH

3uepreTuk carxaap. Bus loxopuma atomnap Humma smr
connacu Gynran BOJOPOA aTOMHUIa OHJ KBAHT MEXaHHKACH Ma-
€anacuun Ieapi XamMma TOMOHAAH Kapal YMKIHMK Ba BOJOpPOX
aTOMH MacCaJlaCHHUHI HHCOATaH COAJA 3SKAHJIMTHTA HINOHY
XOCH/ KH/IAHK. MeHJie/leeB NaBpUE CHCTEMACHHHHT 6orika
aTOMJIApH y4yH adHM Macana Mypakka® Ba yHH ewwm yuyH
TaKpHOMA XHCOO/IAN MeTONIAPH KEHT KyJaHHIaNu. Bupog
MIIKODHH MeTa/Jl aToMIapH yYyH KYNTHHA MyXUM HATHXA-
Jlapra eTapJji4a OCOH 3PHIIMII MYMKHH.

MenzeneeB naBpuit.cicreMacHia HIIKOPHiL MeTa/l1ap HHEpT
rasnapjan: JMTHH reluillas, HATPHHA HEOHIaH, Kaluil apro-
AaH BAa XOKas30 CYHT Typald Ba YNAPHHHI TalUKH SJEKTPOH
KoOnFHAa Qakar GuTTa 31eKTpoH 60p. MKopuii Merast atomu-
HUHT SJIEKTPOHJAPH COHH VIHEDT rasjlap aToMura KaparaHja
XyAIM Wy TAWKH SMEKTPOHTE Ky MablyMKH, HHEPT rasiap
aToMu GapKapopJMry GUJIaH XapakTepaaHaid, y/iapHH HOH-
JATADHII yYyH HHCOAaTaH I0KOPU SHEPrus Kepak. Axchuya,
HIUKOPHA MeTa/lap aTOMH EHTHJ HOHJIANITHPUJIALH.

Arap HwiKopuit Meta/1 atoMu xaMMacy 6146 Z 3JIEKTPOHTA
3ra JIecax, yJsapiaH Z — 1 tacu 6apKapop MHEpT rasjgap atomu
TYSWIHIIMHY XOCHJI KMJIaAM Ba OXHPTHU 3JeKTpoH Z — 1 Ta
9/ICKTPOH BA ATOM ANPOCH OHJIaH Kyna Kyucus GOFlaHran 6y-
adapi. Hlyupait Kunaus, MnKOpHH MeTasl ATOMH 3JIEKTPOHJIa-
puHHMHT GupuHuM Z — | Tack GHJIaH aTOM AAPOCH GHpPraluKia
--¢ 3apAAra sra aTtoM KONJMFH XOCWJ GY/iafu Ba OXUPIH /€K~
TPOH Iy KOJIHMK BY:KyAra keatupran adgdextus Kynon maii-
JOHHJA XapakaT Kuaagd. Jlemak, nly TacBMpAa HIIKOPHi
METaJIT ATOMJIAPHUHH BOJAOPOACHMOH Je0 XHCOO/MAall MyMKHUH.
Ammo Maskyp xonfa, KOMAMK 3apsyiHHHT Kynon maigonu
MapKashil Ky4HH Byxynra kearupMaiau. Ilyrunr Y4yH Tau-
KU JIEKTPOH XapakariaHaérrad 3¢deKTds MalI0HHH

= (16,6
eﬁ.? +242 v (7.29)
KYPHHHIIAA H¢oramaml MymkuH. By epna KaBC HuHaaru
C,/r3, C,lr® Ba x0xa30 xan/ap MIIKODHH MeTalT aTOMH Maii-
JIOHUHHHI BOJODO1 Ba BOIOPOACHMOH AaTOMJAD  MalilOHHIaH

2
¢apxuau kypcatagu., OjaTiaa, Xucobaalmnapia »Mww Xan ou-
. 0
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UM3HKJ/IH KOMOMHAUMACHIAH TY3H/IraH TYJIKUH QyHRuus (7.24)
€xu (7.25) xycycusitra sra 6y/IMIIM Kepak, s’bHH

Wo = [, ()% () + o (F2) B, (1 V2 (7.26)

¥, = 9, ()% () — 9, ) % VVE (7.27)

By epaa 1/V2—¥, sa ¥4 dyRKuHsIapHH HOpManall K03(hdu-
unentH. (7.26) Ba (7.27) ndonanapHuHr xap GHPH HKKH Xaf-
Jniad uéopat 6y1n6, GUPHHIH XaJl @ X0J1aTAa, GHPHHYH 3apPAHUHT
b XonaTha MKKHHYM 3appPaHUHT MaBXYJJIMK XOJHHM, HKKHH-
UM Xaj 3ca, aKCHHYa, @ X0JaTAa MKKHTacH 3appaHuHr b Xo-
Jiataa OMPHHYH 3apPaHHBT MaBXKY/JIHK XOJHHH TaBCH(JIaHLH.
a Ba b XOJaTIapHHHT apajamué KeTrauJurd cabaGiu SHAH
KaliCu XoJiaTha KaHCH 3JeKTPOHHHHT MaBXYIJIMTHHH AaHHUK-
Ja6 Gyamaiay.

¥, Ba ¥, dynxuusanapuudr (7.24) Ba (7.25) xycycusTura
5BTHOOP GepaiiiiK. Arap cHCTeMaHM TalKMJ 3TTaH 3appa-
JIADHMHT aWHAHJIATHHH 3CJacak Ba yJiap 3raJialid MyMKHMH
6yarad a Ba b xosatiaapHu afiHaH TeHr JAe6 (apas KHJCaK,
W, adinan wosra afinanamu. W, yuyH sca alitapiu y3rapin
103 GepMmaian. [lemak, xonaTyiapH aHTHCHMMETPHK TYJIKHH
¢ynkuuss ¥4 Ouiag TaBCUQUIAHYBYH CHCTEMAHHHT TALIKHI
sTran GHp XHJ 3appajapy (MacallaH, 371€KTPOHJIap) affHaH GUD
XUl xoJaatiapia Oysna onmac 3KaH. AKCHHYUA, CHMMETPHK
Gynkuusa TaBcH(JIOBYH 3appajap 5ca afiHaH GHpP XuJs X0JiaT-
Japia OyJaUIY MyMKWH.

Taxpuba xypcaTtaguku, 57eKTPOH Ba GOIIKA XxaMmMMa sSipHM
OyTyH COMHJM 3appajap XOJaTH AaHTHCHMMETDHK TYJIKHH
¢yHKuMA OujaH TaBcudiaHagu. HIysunr yuys yaap cucre-
MaHuHr xap 6up xosatuja GMTTafaH xofjama ojaad. YJap
Ilaynn npunnunura 6yiicyHanu Ba ¢epMuonnap ae6 araaaiy.
Bytyn cnunra sra xamma sappanap (Macasnal, (QOTOH) CHMMET-

PHK TYJKUH (QYHKIHs OH/1aH TaBcudianaad. Bytyd cnuaau
sappanap 6o3oHAap Ae6 arajiaju. ‘
INayau ¥3 pnpHHUMIHra aTtoM CHEKTPHHH YpraHum GuJan
Kearad sad. AToM cnekTpura KapaG aToM XO/aTiapHHH Ba
XOJIaTJIADHUHT KBaHT COHJADHHH aHMKJIAall MyMKHH. Bogopox
aTOMH CNIeKTPHAAH TAlIKapH XaMMa aToMjap CNeKTpPHAa TYIIHG
KOJITaH YH3HKJap 6op. By unsukiapra an6arra MabJayM KBaHT
COHJIapH TYIVIaMH TYFpM Kenaju. Macanan, Trelqufi aToMu
CNeKTPHJA aCOCHH Xx0J4Tra 39JeKTPOHJaDHHHT HATHXKaBHH
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63-pacm. Harpufi atomm caTXnapunuHr cxeMacH Ba YHKapHLI
CHeKTPJIAPHHUHT cepuslapd, Harpufi aTomusuur acocufi xosat,

P- xonatnap, P- Ba D- Ba X0Kaso xojataap ypracHzaruna
yTHILIAD TAaKHKJaHMarax.

Pesonasc uuskkaap. Vimkopuit meranmnm aTommapuHHHT
Gepuirad ancaMmbiuaa Bonmbuman TakcuMotHra K§ypa coH
KHUXATIaH SHT Ky aroMaap SHI IacT SHepreTHK XoJaTia
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JaH verapajanwiafd. ¥ XoJaa HUIKOpHH MeTa/lll aTOMH YuYH
Xucofnamiiap BOAODOJ aTOMH Xouura yxmaw Oysapu. Hu-
kopuit Meraan aromu yuyu [lpexusrep Tenrsamacu

lii_(rg_@)_l_Q__me{E_l_ &, 6 (”IJFI)‘\]R:O

rt dr\ dr h2 dneyr 4neyr?  2m, rt
KYPHHHIIA €3Mafd. Ypra KaBC MYHJATH OXMPTH HKKM XalHH
2m,e? ; :
Ilg+-nH—=c e ={l'41 7.30
(+1)—C o =1 (" + 1) (7.30)

0

KypUHHIIZa GCeJrunacak, Mapkasuil MailOHZarH XapaKaTHH
XapakTep/iopud [ ra GOFIMK XaMMma KaTTanuknapia [ HH I
GunaH aaMallTHPHIL KuQos.

’ 1 2me? 1 1
l=——-;—+5l/(21+1)2——cl ef = ——+ Q41X

e fi?

T om o2
1 — C LMmee
2 V Y01+ 1)Pme B2

Xakukatan XaMm, arap C; =0 Gyaca, I’ =1 xemb uuKauu.
C, KaTHAlTaH XajJ MapKasmii MafJIOHHUHC ¥3rapHINHAars
TysaTMaHM Xucobra onapd. Arap 6y xajiuu KAudK el dapas
KUJICaK,

T T e T mget
V 1 — Clmﬁw ~ I—Cl (21 + 1)2ﬂ80ﬁ2 (:7.31)
ra TakpuGan Teur. ¥ xoama !’ yuym

V=l =
(1+—2—)4ne°n2

S
(+12a

udosara xesamus. By epia a; — Capunun Bop opCHTACHHHHT
panuycn. Bonopon atoms yuyH Ooll KBaHT COHH 7 =1,
<+ { + 1 3kanMruEHM 3cJjacak, HIIKOPHA MeTas] aTOMH 3Hep-
reTHK CAaTXWHU XapakTepJioBud OOl KBAaHT COHH

' C S
=1 ] = ! -——1 = il 7.33
ma= U p L=, it 1= =nt [ () (1.33)
ra TeHr GyJjaju; SHeprad CaTXH Y4yH 3ca
E o ome e L _me 1 (734
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Gynapn. Macanan, natpuii atomn yuyn 3S XoJargaru Gurra
ONTHKABHH 3JIEKTPOH 3HT NACT 3HEPreTHK X0Jatfafup. DHr
AKHH YHFOTH/IraH xosat 3P xonataup. Bosnbiman TaKCHMOTHIa
OHHOAH XYM LIy XOMAaTAA SHC KYI VHAFOTHAraH atomnap 6y-
aapu. Wynuur yuys 3P xonatnau 3s xosatra yTum xucoBura
XOCHJI Gy/Iafiuras HypJAanHUl YH3HK/IADU 3HT I0OKOPH HHTEHCHB-
JHKKa 3ra. By YHSHKHH 0flaTaa pe3onanc uuauk 1e6 artafjunap.
Ymyman, acocuit xo.aT GU1aH GUpHHYH YHFOTHITAH XomaT
ypTacuaard yTHILIAp XHCOBUTa XOCH.I 6yJanvMrad HypaaHHin
UHHK/IaDH HHTEHCHB OY/lajiM Ba "DE3OHAHC UHBHKJIAD A6
artajnajy.

Bow cepua. HMmkopuit merann aromuma 103 Gepapiran
yrHuTapaa 6ol KBaHT COHHHMHT Xap KaHzai KHHMaTra y3ra-
pumM Tydaiad, MacanaH, HatpHii aromuia 3S- xoJsiatra
Xap Kaunaii P xonatiapian (P xosataan, uyHKH Al = +1)
yrumaap mymkun. By ytumsap watmxkacuia xocun 6y1a-
AHT'aH HypJIaHHII YU3HKJADH CepuAcHra 6out cepus ne6 ara-
Jaju. By cepus uacroTacHuM wapTiM pasuimiza Xap Ka"jai
HIIKOPHIl aTOM YUyH YPHHJIH X0/7a KyHuaaruua

€ow cepust v=ns—mp (n = 2, 3, ce
m=n, n+41, ... (7.36)

ubonanaw Mymxuu. Bom cepus uMsuKIapura pesoHaHc up-
8MK XaM KHDajH, s’bHH 7l = 1 XOJ YH3HFH. Hukopwuii atom
CIEKTpHAa GOLI CepusiaH TalKapu GOowKa cepusiiap Xam
maexys. Illynapaan myxummapu xyiugaru CepHusaIapaup:

aHHK Ceput v=np—ms(n=2, 3, ..; m=n-41, ...,
mupoys cepus v=np—md(n=2, 3, ...

m=n, n+41,...) (7.37)
BeprMan cepusicu v=nd—mf(n=2, 3, ...:
m=n+1, ...).

Bow cepust uusuksapu yii TemmepaTypac liapoHTHAa
EpYFIMK UYHKAPHIHIIKAA XaM, IOTH/IMIIMAA XaM KysaTH/ajd.
Bouka cepusiiap uusukniapu dakar €pyrIuK YMKapHJIHIIHAA
Ky3aTHAajH.

CaTXnapHuur HoOsuk CTpykTypacH. Boxopon aToMH XOJH-
Aary CHHrapH HIIKOPHH METals aTOMJapHIa XaM 3JeKTPOH-
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¢opmyJsiara Keqnamus. (7.34) naH UIKOpPUE METanl ATOMHHHHT
SHEPTUACH OPOHMTa] KBAHT COHHra GOFIHK SKAHJHCH KypH-
HUG TYpHOAH. DHEPTHSHHMHT OPGHTA] KBAaHT COHHra GOFIHK-
JIITH MLIIKODHH MeTaJlJl aTOMH SHEPreTHK CaTXJIapHHUHT BOO-
POL aToMH IHePreTHK CarXJapuiaH TYGHAH (apK KHJIHLUIHHH
Kypcaraju. JuaM Gepuiran GO KBAaHT COHH YuYH Xap XH
OpOHTa/l KBAaHT COHJIAPHTa TYFPH Ke/ajHraH SHepreTHK carx-
Jlap yCT™Ma-yCT TyIIMaifd. MHCOJ TapHKacHia HaTpuil aToMu
SHEPIeTHK CaTXJIapH CXeMAaCUHHU Kypainux (63-pacm). Dueprus-
HHHT SHT nact catxu 3S (n = 3, / = 0) xosmatra TYEpH Ke-
Jaj¥, YyHKH n = 1 Ba n = 2 xojamiap BOAOPOACHMOH aToM
HETH3UHHM XOCHJI KHJITaH YHTA 3JIEKTPOH GHJIAH TYJAUDPH/IraH.
OHeprusi xuxartaan 3S ra 3HT sIKHH xoaaT n =3, [ = I,
SBHH 3P XOJIaT SKAHAHTH PAacMAaH XaM KypHHHG TYPHOMH.
PacMuan siHa mwy Hapca KypHHHG TypHOIHKH, arap HIKOpPHI
aToOM SHEPreTHK caTx/Iapu cxemacH [ = 0 xosuza Bomopox
aTOMH caTxJlapura 3Hr sikuH Oysca, opGuTaJ KBaHT COHM [
HHHI KaTTaJallMIIM OHJIAH caTxjiap CXeMacH KeCKHH V3-
rapagi.

Muwkopuii metana atomaapu cunextpn. Mukopufi Meramn
aTOMH CNEKTPJIaDHHUHT TY3WJIMUIM BOJOPOA 4TOMH CIIEKTPH-
HUHT TY3WIMLIAra YXWAamadp, YyHKH GHpUHYH Z — 1 3yrek-
TPOHJIAD Ba AAPOAaH HOOPAT HIUKOPHH METasl aTOM KOMJUFH
YUYH Ty/ia XapakaT MHKIODH MOMEHTH HOJIrA TeHI Ba HUIKO-
PHil \MeTa/Ul aTOMHHHMHT XapaKkaT MHKIODH MOMEHTH TalIK{
BAJEHT 3JIGKTPOHHHHHT TyJa MOMEHTH GHJIaH XapaKkTepJa-
Haju. AToM yHFOTH/IraHAa Ba HypJIAHHII YHKAPTraHHAA aTOM
KOJIJUFH 3/JIEKTPOH/IAPH §3 SHEPTeTHK XOMNaTIapHHH Yarap-
THPMaiif. ATOM ONTHKaBHH (Ba/eHT) 3/EKTPOHHHHHT GH
SHEPreTHK CaTXJaH MKKHHYUCHra YTraHHIArMHa HypJaHHLII
pyi Gepaiu. 63-pacMua Gy §THILIaD CXeMacH XaM TacBHp-
JaHrad. PacMaa xap xamnadi carxnapian xaM yTHILIap 103
GepaBepMacnury KypuuuG Typubau. ®akar ymwdy xon YUyH
YPHHIH GJJran Tanjalm Koujacura GYHCYHYBYH YTHILIAPTHHA
MYMKHH,

An=0,1,2 .. Al =1, (7.35)

S’bHM GOIl KBAaHT COHM MXTHEPHH KufiMatra ysrapumy
MYMKHH, JIEKHH OpGHMTAl KBAaHT COHH 3ca ¢axaT Gup 6up-
JIMKKa y3rapHiin Josum. Bomkaua aiitranga, ! 6yiinua
KYWHE CaTX/apjaH yTHLUIIAPTUHA MYyMKHH, MacalaH, S- Ba
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65- pacm. Llesnit atomumunr AyGaer P- pa D- caTxnapupard  §Tumuiap
Inddhys cepHACHHHHr TPHIVIET YH3UKJADH.

XapakaTd BYXKYAra KeJTHPraH B, MarHuT MalJoHA2 CHHH
MAarHdT MOMEHTH BEKTODHHHI {3ap0 TabCHP IHEPrusicd GHiaH
aHHAKJAHAJH:

N
—> —> > >
AE = — (pgB)) = —p B, cos (g B)). (7.38)

Afilana 6y#1a6 XxapakaT X0 YYyH MATHHT MaiIOH 5/eKTPOH-
HHHT alJIaHMIMAArH XaJKACHMOH TOX MaifIOHHMIND, SBHH

_2m 2n v vZeor 927 _’T
e e 3 = — l“'l .
cr cr 2nr 3 2 e

17—2180
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HHHT CTIHHH MaBXKYMIATH cababin, SHeprus CaTXJapHHHHT Ba

CIIEKTP UH3HKJIAPHHUHT HO3UK CTPYKTYpacHra sra Gjaamus.
—

=
PaBmanku, op6urtan mMoMent ! 6unau Crud s Kyuuau6, tyma
— —>

MOMEHT j == [ 4-s HH XOCHJ Kuiaajd. JleMak, WIIKOPHi Me-
TVl aTOMJApH YYYH XaM BOJOPOX aTOMH C(MHTapH, HYKH

5 . 1
KBaHT COHH, SABHU TyJla MOMEHTHHHI' KBAHT COAH ] = l =+ )

ra TeHr KuiMmatmiap KaGya guiaau. Lly ca6abpad, aToMHuHT
I >0 xonatura TyFpu Kejaauran xap 6up SHEPreTHK Carx-
Jlap HKKHTalaH caTxJjlapra ampasiaji, SbHH 1yO/eT axpasiull-
7ap Ba Ay6/eT Tepmiap Byxyara Kejaad. Mmkopuii meran-
J1ap/a afiHMKCa CIMHHUHT TAbCHPH Ce3UnapJnu Gyan, YYHKY
Gepuiran n yuyH xap Xuia [ Jlap TYFpH Kenaguran carxaap
Gup-GHPUAAH Y30K JKOM/IAIMAHIMTH caGabun Xxap 6up carx-
HHHT 2XPATHIIN AKKOM TacBHpra sra 6ynamd. Ulympait xus
Ju6, Macaiad, 63-pacMjaa TacBUpJIAHTAH HATPHE aTOMH YUyH,

P xaropuunr (I = 1) xap Gup Tepmu j =-;— Ba j = _.23_ ra,

D xaropuur carxsapu sca j = 3/2Baj = 5/2 ra moc KeJaau-
ran Ba X0Kaso caTxJapra axpasnamd. Bomkaua afitrampa,
63- pacmna Taceupnanran [ = 0 ra TYFpU KeJauran s caTxnaH
GolKa XxaMMa CaTx/IapHUHT axpanuuiy 103 Bepau. 64- pacMaa?

HaTPHil aTOMUHUHI 63- pacMia TacBUpJaHTaH CaTX/JJaPHHHAT
axpaauilid KypcaTujrad.

Tangaw xonpacu (7.35) Ba (7.21) ra acocan 28, catx
P, 2 B 2P3/2 Jap Ousian OGUprajukza Ay6Jer UH3HMKJIAPHY
Gepazu. By xom, 64-pacmaa kearupuiran 48“2-—3P1/2,
481/2—3P3/2 Ba SS,/Q—BPI/Q, 58”2—3P3/2 Kabu nyGJser
yTHIap OpKajaM TacBUpJaHTaH. JlyGmer caTxJjap sca Gup-

FaJIMKAa y9 XM/ JTHIITA MOC yuTa YH3HKHH Gepaau. Maca-
Jal, 65- pacmia Ilesudt aTomuaunr P Ba D Ay0JeT caTxJap-
Jarg yTuinjiapu:

5D3/2—6Pl/2, 5D3/2—-6P3/2 B2 5D5/2—6P3/2
Cepaluran yuTa UM3HK TacBHpJAHTaH. PacMuary INYHKTAD
OMMaH TaCBHPJIAHTAaH VTHIN TaHJAll KOMJACH GHJAH TaKUK-
nanrad. [Jlemak, ny6ner Tepmaapaa yura UH3HK KY3aTHJa1H,

* PacMparn TepMap GEArHCHHMHT uwanaan I0KOPHCHAA TepMIapHHH;
MATHAT MaiOHHAA aXKPANYBUM KYGNETIHIA KypcaTunann. YHr 10MOHH-
Aard DacTKH HHIEKC ODKANH 5ca | HAHr KHAMaTiapd GelrHIaHajd. f HyHr
KUAMATAApH TepM GeJICHCHHWHT oJiuia Kynaiftma Tapaga Gepwiaiu.
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49- §. MypakkaG aTOMJA[HWHT 3J€KTPOH KOOGHrH

BHpnan opTHK 3/€KTPOHJIApra 5ra aTOMJIapHUHT 3JEKTPOH
TYSHJIMIIM MKKHTA acoCuil Koupara G6yficynanu: 1) sekTpoH-
JIaDHUHT Oepu/iraH YMyMHH COHHJA aTOMIa 3HEPrHAHHHT
MHHHMYM X0J/1aTH amaJjra owajy; 2) xap 6Hp KBaHT xoJjaria
(akat 6MTTarHHa 3J€KTPOH GYJIHILIH MyMKHH.

Mypakkab aToMaa xap XHJ 3JeKTpoHJap 6up-6upu GH/IaH
y3apo Tabchpia OyHIIMra KapamaclaH, COAJAJHK Y4YyH,
xap GUp 3JIeKTPeH ¥3rapMac ypraua Kyd MalJOHHIAa XapakaT
KuIapu 1e6 xucofmamn MyMKHH. ABDHM 3/eKTFOH  yuyH 6y
MaHjiOH SIPOHUHT Ze ra TEHT 3apsiH BYXKYyIAra KeJTHpaéT-
TaH MafJIONHUHT SIpora MasKyp 3JeKTPOHJAaH SIKHH »KOHJaul-
raH xamMa 3JeKTpPOHJIap OWJIaH TYCHJHIIHJAArH KUCMaH Kydu-
cusjiaHran 3QpeKTHB MaHAOHra TeHr. DPPeKTHB MalJOHHH
MapKasHil CHMMETPUK MaHJOH 1e6 Kapail MyMKHH. YMyMaH
afiTranja, aTOMHMHI Xap XHJ 3JeKTPOHJapH YYyH 6y XHJ
Maifionsiap xap xua 6ynand. By maiionsap 6up BakTaa aHHK-
JAHUIIK JIO3UM, YYyHKH Xap 6GHpP MalJOH KOJraH 3JIEeKTPOH-
JapHuHT XoJarura 6ornuk. LIysunr yuys, Gyspail Maiigon
y3-y3ujpan MocjaHrad MaHjoH fne6 aranagu. Ymly Mapka-
3HH-CUMMETDHK MaHJOHJa 3JIEKTPOHHHHI Xap GHP X0JaTH
Y4yH OpOHTa] XapakaT MHKIODH MOMEHTH [ TalluH KHHMaTtra
3ra 6yJIraH cak/aHyBYH KaTTATHKIUD.

Bup xun kBaut comnap (n, I) 6unaH xapakTepJaHyBYH
3JIEKTPOHJIAPHH sAfpojiaH OHp Xua Macodana ne6 xucobiaaul
MyMKHH. Y xoJaja Oy 3/eKTPOH/Iap sApo GU/ian GHp XU ¥3apo
TabCcHpuaa Oy/nagM Ba IUYHUHT YUYYH YJAPHUHT SHEPrHACH
Takpuban TeHr. By Xxus ajekTponsap aTOMHHHT GUTTa KOGH-
FHJa XOWJamran je6 aranajd. DJIEKTPOH KOOGHKJAp KaTTa
xapbaap 6unaH KyHujaruya GeirujaaHau:

n 1,2 3, 4, 5, ...
kotug K, L, M, N, O, ...

Burtra snekrponHuHr Mapkasuit KysoH MaliioHnmaru xapa-
KariJla f HUHT KaTTa KUHAMaT/iapura 3SHEepPTHsSHHHT IOKOPH
KHAMATJIapH MOC KeJajd. DHepTHSHUHT MHHHMal KuHiMaTtHra
K-KOOHKJar# 3/1eKTPOHJIap, VHIAH IOKOPUPOK SHEpPTHsira 3ca
L-gobuknaru 3/7eKTPOHJIap Ba X0Ka30 ara 6yiaju.

Myaitan 3J1eKTPOH KOGHFHA KOHTalrad xap 64p 3J1eKTpoH
SHEPTHUACH # ra HucOaTaH KyucHs OOFnHK 6y/ca-na, op6ural
KBaHT COHHTa xaM GOFIHKAND. By XosHu HmKopu#i atoMnapaa
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64- pacm. HaTpuii atoMum caTXJapuHHMHr HOSHK CTPyKTypacH. Bow cepus
Ba aHWK cepus AyCneT uu3HKJapupaH nGopar.

[lynaait ka6, «ay6uets. cneKTpnap» FleraH HOM TepMJap-
HUHT AYCJET/HTHra acocaH OepHJ/TaH,’ CIeKTpP YHM3HKJapH 3ca
KynuHYa 3KyZAa MypaKKaé Tynsamsaapias néopaT Gynanm.
Cuun-opéuran ysapo TabCMp GHJIAH aHMKJaHYBUH JyGmer
a)XpaNHIDHHAT KHAMATH XaKHJard Macala SHT MYXHM XHCOG-
Janany. By axpasnuIUHMHT KHAMATH 3JIEKTPOHHHHT OpOHTa]
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Y xonza (7.38) HH KyAnaaruua €3MUIHMH3 MYMKHH:
27 > 2 0 02
AE =-2-( by =5 20 (1S).
By ugomanaru 1/r3 @ YHHHT YpTa KuiMaTH

5= S\b,:,is Puy dv = a
r r 3.3 1
apn ’(t+;)(1+1)

Gunan anmamtepamus, Dy epma ypra xuéiMat YdyH BOAO-
POICHMOH aTOMJap TYJKHH (QYHKIHACH TaTCUK  3THJraH,
a, = 4negh?/me?. Hatuxana

3
i+ n—1¢+n—7
2

Ra3Z* .
ndl (1 + —;—)(: +1)

AE =—

dopmysa xocun Gynapu; Oynia R — Pupfepr 10MMHACH, o —
HO3HK CTPYKTypa fouMuiicH. VIuke KBaHT COHH j HHHT HKKHTA

. . 1
KHHUMAaTH ]=l:[:-—2- Ta MOC KeJYBUH TEPMJAPDHHUHT CIIHH-

op6uTas y3apo TabcHp Tydadau yarapHIH yuyH

+ Ro2Z4 . 1
AT(/,S)_—— 1 y ]'—l—!—?,
2n3(1+-2—)(l~|—1)

AT REZ _, j=l—

(Lsy 1
2n3 (l -+ ';) l

kemu6 umnapu. [lysgail kuaud, CnHH-0pCHTaN {¥3apo TabcHp
HATHXK2CHJA TEPMJAPHHHT 2XKpaJiuile :

274
AT = |ATY — AT~ | = &2 (7.39)
n3 1 (1+1)
ra Tenr. (7.39) Jlange dopmynacu ne6 aranamd. By epra VA
AAPO KOJIMFHHUHT «3(exTun» 3apsalauHH 6unaupazd. (7.39)
npofara Kypa Aybser axpaaiUIHUHD kufimatd AT Gow Ba
OpOHTal KBaHT COHHHHHT YCHUIM GUJIaH Te3 Kamaslu Ba VA
HHHT ycun GM/iaH 3ca Z* ra nponopiHOHAd OpPTaiH. Miucoa
Tapukacuaa nS tepmaapian 2P Tepmiapra yTHILAA Ky3aThaa-
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(7.34) xypaur. Op6utan KBaut coru I HUHT KarTa KuHMaTJIa py-
T'd CUCTeMa SHEPTUSACHHUHT KaTTa KUAMAaT/IapH (GOFNarmI 3Hep-
THSICHHHHI KHYHK KHEMATJapH) Ba akCHHYa, ! HHHT KHYMK
KHAMAT/IaPUTa SHEPTHSTHUHT KHYHK KHAMATJIapH TYFPH Kesamu.

X.ap Gup 3JEKTPOH KOGHFHAATH Gepusran ! GHlaH Xapak-
TEPIaHyBYH S/IEKTPOHJIAD KOGHKYANAPHH TAIIKHJ KHJIa[H.
By xobuxuanap (éku SMIEKTPOHJIap) 6OII KBAHT COHH (n)HHAT
KHHMATHHE KypCaTyBUH paKaM Ba YHIAH KeHHH €3u1yBun
OpGHTal XBaHT COHMHHHF KWYHK xapgu GearucH opxaau
Genrunananu. Macanan, 4d Gearn n — 4 pa [ — 2 6yaran
X0NaTHH XapakTepiadau. Opatia ! HHUHT CHMBOMMK 6esru-
CHHMHT YHF TOMOHHJA IOKODHJA G3W/raH pakaM my caTxya-
AdTH  SJICKTPOHJIAD COHHHM OGHIAMpagH. Macanan, 442
6enrn n = 4 Ba | = 2 xo/atia MKKuTa 3JIEKTPOH GOPJIHIHHH
Kypcatagu. Atomparu SJICKTPOHJIADHHHT Xap XHJI n Ba I xo-
Jatiap 6yiHYa WoHIamumm SJIEKTPOH KOH(HTYpalHUsiCH n1e6
aranapu. Macanan, 1s?, 2s?, 2p8, 3s!' Genry 1g? (n=11=0)
Ba28(n=2,/ =0) caTxda/naplia HKKHTa[aH TyPTTa 3/1eKTPOH
2p% (n = 2, | = 1) carxuana oatuta 3JIEKTPOH Ba 3s! (n = 3,
{ = 0) carxuana sca 6urra 5JIEKTPOH GOPJHIHHE GHILAHPALH.

n Ba | HUHT Gepuiran KuiMaTH GHiaH XapakTepJaHyByH
€aTx y4yH OpOHTa] MOMEHTH Ba CIHH MOMEHTH NPOEKIHsI1apH
m;, m 6yituua afiuuw mapxys. Bus IOKODH/Ia KYPraH 3JAUKKH,
Oy aliHuI Japaxacu Gepuiaran [ na My HUHT KabyJ KHIamu-
TaH KHiMatiap coHu (2! L 1) HH m, HuHr KHAMaTiapu co.

1 o o
HUHH 2 ra (m; = 4) KyNanTHPUIL OHJNaH aHWKJAHAmH,

SBHH 2(2/ + 1). Bowkaua alitranna n sa [ 6up xun Gyaran
2(21 4 1) Ta xonar MaBXyX. By XojatiapuH 3KBHBaJeHT
Xonarnap ne6 aramanu. Llynnai xuau6, atomua 6up BakrT-
HUHT Muuia ¢akat 2(2/ 4- 1) raraua 3JIEKTPOHJIap OUD XHA
n Ba l ra sra 6yna onajmy. Bepunrau n Ba [ Gunan Xapakrep-
J@HyBUM XamMma  2(2/ 4- 1) xosnatnapgaru SJIEKTPOHJIAPHHHT
XaMMacH €NHK KOOHK XOCHJ KHJIAJH.

IOKopuza aHTH/ITaHJIaDHH SIKYHJIa6 UIYHH TabKUJMadMU3~
KH, aTOMJa 3JIEKTPOHJAD aBBaJ SHI NAacT KOGHKHH, CyHIpa
I0KOPUPOK KOOHKJIapHH TYJIHpani. Xap 6up MmyaiisH KOOHK
coxacupa saexktpounap I, = 0 gan lnax = n — 1 raua
Gyaran s, p, d, f XoJatnapaa xoinawanyu. Bepuiran KoGHK
2n® Ta 3J1€KTPOH Gu.ian TyNa Tyngupunanu. Kobugmapau TVs1a
TYJIAHPHIHIIH HHEPT rasjlap aTtoMujaruHa TyrajnaHagi.
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66-pacM. Bow Ba ammk cepma-  67- pacm. luddys CEePHsTHHHT ac-
JIApHHHT HOBMK CTPYKTYDA CYAH-  JMAa TPHIVIET UHSHKAApH NyGaer-
ya ayGReTJiurA. JIHTH.

AUraH aHMK CepHANapHH Kypaiiuk. By xmn {rumapuunr
cxeMac 66-pacMaa HO3HK CTPYKTypaHu XHcoGra osras xonza
TacBUpJIaHTaH. PapBllank, 6y Cepust YH3HKJIADHHHHI axpa-
JIMIIK KHAMAT XUXaTAaH Guplail 6Y1aaH, uyHKH xaMMa YH3HK-
JIAPHHHT MAasKyp XOJIJard axpasiHIUHra GUTTa TepM-2P ax-
panviu ca6aGauayp.

nD TepMaaH 2P Tepumra yTHIMIapaa KysaTiiagnran aug-
¢y3 CepHSIHUHI CXeMacH HOSHK CTPYKTYpaHH XHco6ra oJra
xonaa 67-pacmaa tacsupsanrad. (7.39) ra 6ueoan nD caTx-
HHHT ax)panviug 2P catx axpafuilira Kaparania Kyn mMapra
KuuuK GOysnapm. TaHnaw Koupacura GHHOAH NMYHKTHD UH3HK
Cunan GeJTHJaHTaH YTHII TAKHUKJAHTAHJIMTH cababin 3D —
— 2P yTHmJapAa yuTa UM3HK KY3aTHJIHIIHHH IOKOpHJa afT-
rai 5uK. Axpanran D tepmaapiaun ynaapra AKHH Kofiaiu-
rai P TepMra VTHILIApAa Ky3aTHJIajuraH HKKHTA YH3HK
IYHYaIHK OMp-OHpUra SKHHKH, OANMH crekTpai ac6obnapaa
Ky3aTHO OyiMaliin. Ynap GuTTa €HuAraH YH3HK Tap3uparu
TacBHPHH Gepaju. By xyiu ynsuk Gunan skka yHsuK ypTacuna
axpaul HucGatan Karta. Illyuunr yuyw, maskyp yura uu-
3HK TyI/Iamu Ay6ierra yxiuam TacBup Kosaaupanu. Ly ca-
Gabpan 6y cepus nuddys cepus ne6 artanran.
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KHAMAaT/iapra sra s1eKTpou XOJIATJIADMHUKT TYJIAUPHJIHLINT
MOC KeJlajH. n HHHT KeTMa-KeT KHHAMaTIapu 6yinua KOOHK-~
JIAPHHHT TYNIMPUIMIIN S/EMeHTIap JaBpHA CHCTEMACHHHMHT
YMYMUH KOHYHMSITHHH TacBHp.Jaiify.

Bowr kBanT conn n numr Gepunrau Kuiimatnaa 2n? 3JIEKTPOH
6unan TyagupHATan €NHK KOGHKHHHT 2n2 SJIEKTPOH/IAPHHHHT
T§Jla MOMEHTH HOJIra TeHT. Arap Gepusran KOOHKIa op6uTan
KBAHT COHHHMHT [ KHAMATH XapaKTep/0BuH KoGHKua 2 (2 - 1)
T S5KBHBAJICHT 3/ICKTPOH GUJIAH TYJIAHPHIATaH 6yica, Oy énuk
I KOGMKYaHUMHT XaM Ty.ia MOMeHTH Hojira TEHT, YYHKH TYJaH-
PH/ITaH KOGHKYaHUHT TYJa OPGHTAa! Ba CIHH MAFHUT KBaHT
COHJIApM /my. Ba ms KoOukuajaru 2(2/ 4 1) Ta sksuBanent
SJIEKTPOHJIAD XOMAT/IADHHH XaPaKTEPJIOBYU Op6HTAal Ba CHMH
MAariuT KBaHT COHJIApH M, BA M, y4yH MyMKHH 6yaran xamma
MycGar Ba Mauduii KHAMAaT/IIaDHUHT HHFHHAMCHTA TEHT, SBHU

SN.”MSNHOITAHC.TEHMV.T...Hon
+1/2

my = MSQHAIWVITW”P

—1/2
Hemax,

S&HSF+SmHMASN+SMV = 0.
Y xoiiza Tabpudra xypa

Sy =hm, = L,+S8,)= h(m, 4 mg) = 0,
M max = £ J=0; My ax = & Nﬁ“,O. Mg nax = +S=0.

Wyuusr yyyn ryagupunran €nHK opGHTal Ko6HKua YUyH
J=0,L=0,8 =0 ka6u Kougara sra 6ynamus. lynpait
KHJIHO, TYJAupu/ran KOOMKYaza op6HTas Ba CHMH MOMEHT-
JIADHHUHT ¥3aPO HOJIra aHJAHHLIMIA KeJaMmus, Enug Ko6uk-
HUHT X0JaTH 'S, 6§a16, yura SHEPTUSHUHT 6UTTA aflHUMArax
CaTXH TYFPH KesalH. DIeKTPoH KOOHFH TY/a (SBHH HUKH KO-
OHKYasapu xaM) TYJaupHiran SJIEMEHT/Iap aloxuia TypFyH-
AMK Xxycycustura sra. By sgementiap aToMJIapHJa KyuCH3
6OF/IaHraH TalKu SJIEKTPOH HYK. OXHPrH KOGHFH XaM Ty~
T@H SJIEKTPOH KOH(HUI'Y PaUMSAIH HHEPT ras/nap aTom/s1apH uryJiap



[image: image545.png]262 VIl 606. Mypakka6 aromaap

50-§. Meuneneesnuer raBpuit cucremacu

DJIeKTPOHNIApPapo TabCHPHH XMcobra osuI Ba [ayau
NPUHLUHIA  SJICMEHTJIaDHHHT  IaBPHH  CHCTEMacHHH Ty.ia
TYWYHTHPAAU. Xap XHJI XOJaTIapHH TYJAHPHJIHIIA 10KO-
puia GaH KWJMHTAH MKKHTA acocHil KOHAA, SBHH CHCTeMa
SHEPTHSICHHHHT MHHHMYMJIHK IiapTd Ba Ilayjnm npunuunura
6yiicynanu. JlekuH sJeKTpoHJapapo §3apo TABCHPHH XH-
cofTa OJ/IraH XOMJa aToM CHCTEMaCHHUHT SHEePIHsICHHHU aHUK-
Jlaml Mypakka6 Macasa.

DNIeKTPOHIapad0 Y3apo TabCHPHHHT MAaBXKYLIHCHTA Ka-
paMaclian xap OHp JeKTPOHHHHT XOJIaTH HITAaPHTHAEK TYpPTTa
aCOCHH KBAHT COHJIADH OWJIaH XapakTepsiaHagd. Bus IOKO-
PHIa KyprauuMu3JeK, KBaHT COHJIapH KyHHAATH KHAMAT/1apHH
KabyJs KuJajau:

n=1 2,3, ...
I=0,12,...,n—1
m =90, &1,

BuHoGapun, 6o KBAaHT COH 7 HHHT Gepuirad KuiiMatHia
Wy TYpTTa KBaHT COHHHHHT KaMHAa OHTTacH GHJIaH tapx-
JIaHYBYH XOJIATAADHHHI MYMKHH GyJran Ty/na COHM (SbHH
SJIEKTPOHJIAp couHu) 2n® ra Tenr. Iy xonaTnapgard 2n® Ta
JEKTPOH 1 Ta KOGHK Gyiinua TakcumiaHamu. Xap Gup KOGHK
2(20 4 1) Ta 3meKTPOH GHJAH TYIAHPHITaH. Hlynpait Kuau6,
macana, n = 1 pal = 0, mynunr yuyn 6y K-Ko6HK1a ¢akar
HKKHTA 5/IEKTPOHTHHA KOMIAMINIIA MyMKHH Ba LIYHUHT yYyH
HKKHTa 3JIEKTPOH koH/1aniran K-KoGHK EnuK 3JeKTpoH KOOHK
xHcoGnanagn. Bupuuuu €nuk KoGHK, sbHH K-gobug renuii
aTOMHJA yupaliin Ba MenpeseeB xajBajlHHUHT GYTYH coxacu
6yiinua yarapmaiign. n = 2 KOGMKHH L- KOOHK 1e6 aTaii-
MH3. L-Ko6uK ukkuta: [ =1 Ba [ = 0 ra TYFPH KeJyBYH
KOOHKYanapfia TamKH/I Tolrad. [= 0 xonaraa, sbHH S- X0-
J1aTja UKKHTa, | = | P-xonataa 3ca ofTHTa 3JEKTPOH Koia-
LIHIIY MYMKHH.

Mypakka6 aTomnapna s;nekTpon KoOuKsap, 10KOpHAa Kip-
PacTH/IraHjieX, SHEPTHSIHHHT YCUIl TapTHOH GyfWua TY/mu-
punagu. Xap Kaujai aTOMHHHT acocuit xosaTiard 3JIEKTPOH
KOHHI'YPALHSCH 3HEPTHACH MyMKUH Gy/iraH Japamana nacr
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xKymnacura kupaad. Ky#injga uaepr rasjnap aTOMHHHHT OXHPTH
KOOHKHa/Mapu KypcaTuiran:

He Ne Ar Kr Xe Rn

1s? 2p8 3ps 4ps 5ps 6p°

180 1‘SO 1SO 1SO 1SO 180

YMyMaH QopMa/ paBHIIAA £ Ba [ Oup XuJs GyJiraH 3KBHBa/eHT
3JIEKTPOHJIADHHUHT MyaHsH KOOHK OViinua KOHJIAMIIHE KYyHH-
Jdar¥ TapTubia KBaHT XoJaTJapHd OHDHH-KEeTUH TYJJHPH-
JulKra Moc 6yJaaan:

n=1 1zs 2nt=2

n=2 2 s 2p° 2 nt=8

n=3 3 s 3p° 310 2 n? =18} (7.40)
n= 4 §* 4p 4410 414 2 n? =32

n=5 5 s 5pb 5l Hfis 5y 2 n? == 50

Ba X0Ka30. X aKUKaTAa 3ca xosaariapuu Oy Taptubra TyaIupH-
JUIIN  Gaxapuamaiay. Cnempocxormx KysaTuljlap HarTu-
kacu MenneneeB naspuii crcremacu yuyr Il xansanun
GepaznH.

lIaBpxm CHCTEMAHHHT 6oL KHCMHJIA 3/JeKTPOH KoOHKJap
TyAa TYJAIMpUJATAaH Ba WIYHHHT YYYH JaBpJaru 3JIeMeHT-
Jlap COHH OXHPTH 9JEMEHT 3JeKTPOHJApHUHHUHT Tys1a COHUTa
TeHT. Macasian, GUpHHYH JaBpja HKKHTA 3JeMeHT: H Ba He
MaBKYyZA. n = | KOOHKJAA 3JEKTPOHJAp COHH HKKHIa TEHT.
He »aementn Xyanu 1myHua snektpoHra sra. Kajpa/ijgan
KypaMu3KM, YUYHHYH JAaBpjaaH Oomitab, 6y TapTub 6ysuaand.
Keftuury paBpiapia XOOUKJApHUHT TYJAHPHJIMINM sHaja
mypakkaGnawagy., IOxopujpa wmingopuii MeTana aToMmJIapH
MHCOJIHJ@ KYPraHUMU3AeK, Mypakka®G aToM 3JeKTPOHHHHHT
SHepPrHSICHHHUHT OO KBAHT COHU n OuJiaH 6Up KaTopaa opOuTad
KBAaHT COHH [ ra OOrnuKAWrd siHaga omand. [Uyuuur yuys
3JIeMEeHT/Iap 3JEKTPOH TY3WJIHMIUM KOHYHHSTHHU TacBUpJall-
Ja n 6yAMya KOOHKJAPHHHT TYJIHDHJIMII TapTUOMHHTHHA
sMac, 6anku [ 6yiinya KOOHKYaJapHHHT TYJIAHDU/IMII TapTH-
O6HHH XaM xHco0ra OJIMII 3apyp.

Myaiss n 1a ! KaHua xU4HK 6y/1ca, 3J1eKTPOHHHUHT 3HEPTHS-
CH NIyHYa KHYHKAWHD (OOFsIaHMIl SHeprusick kKarTa). UyHKH
[ punr KaMmafivinu OnnaH MyaHsiH n Ja SIIPOHUHT 3(beKTHB
3apAfM lIyH4Ya KarTta OyJald. s-3/JeKTPOHJapH, MacaaaH,
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sra. Yjap ysapo XuMusBuii Xoccamapura TabCHp KypcaTMmaii-
aurat, 5f- Ba 6d- saekTponaapu Gunan dapx xunagu, xoaoc.

ATom asektponnap GornaHum SHePTUSICHHUHT MyHTa3aM-
JHTHHH Gy KaGH GY3WJIHINHIA OFHD MHEpT rasjlapu arom/apu-
HHHT  TAMKA KOOHFH TYJNMDHJHIIHHHHT —Tyra//JaHMaras-
JIMTH SIbHH (7.40) HU GaxkapHAMACTUTH cabaGuunup. Macanan,

Te/IHi aTOMHJArH MKKHTa 3JIeKTPOH OupuHYH KOGHKIA n = 1,
1

=0, m=0 m = == 5 MyMKHH Gy/iran xamma xosar-
JIADHH TYJUpany Ba Iy OWIaH GHPHHYHM €MUK KOOHK (ZaBp)
ra sra 6ynamu3. ABHH XOJIa, HEOH aTOMH (Z = 10) yuyn
XaM K- Ba L-xoGuKJap Tyaaupuaran O6ynagu. Heon atomu
OHJIaH MKKHHYM JABp TYra//JaHald Ba HKKHHUH €NMHK KOGUKKa
Kenamus. Apron artomuga (Z = 18) sca M-ko6uxna 8 Taruna
SJIEKTPOH Gop. 10 Ta 3/1eKTPOH KOHIAHHIIH MyMKHUH GyJran
3d-kobuKya MyTiaKo Gymr Ba Y 4s-Ko6MKua Ty AHpUIraH1aH
CYHT Tyinupuia GouLiaiiiu Ba XOKaso.

MenjienieeB aBpHii CHCTeMaCHHH KBaHT MeXaHHKA HYK-
Tau HasapHjaH TYWYHTHPHIIra GaruuuiaHran Gy naparpauu
Tyraj/aiijan aBBajgl aToOM HOMEPHHHMRT (GYHKUMSCH cHgaThia
69-pacmua Ttaceupnanran 3/eMEHTJIaDHHHF GHDHHYU MOHJALI
TNOTeHIHa ra u3ox Oepamus. PacMjia keatHpHirau MabJy-
MOTJIap CIEKTPOCKONMHK KY3aTHILIAp aCOCHAA AHMKJAHTaH.
Xap 6up 3JeMEHT yYyH MOH.IALI MOTeHLHANH LIy 3/JeMeHTAaH
KeHHHTH 3/IeMeHTra yTHIIHJA KYlUIaauran 3/1eKTPOHHHHT
GOF/IAHHW SHEPTHSICHHH GHIAMPAH.

51. § Xymn Kompacu

Kynuunux xonnapaa tamxu SJIEKTPOHJIAap aToMia Kydr-
JlaHMaraH GyJiaju, sSbHH Gup HAyHaHIIaru napasnjen CruH-
J1apra sra Gysaju. dNeKTPOHIAPHUHT MaBXKY ] XOJIIarH KOH(H-
rypanusicn XyHa Kougacura 6yicyHan. XYHA KOHIACH, ymy-
MaH, Xy/a KyIl 9KCIIEDHMEHT HaTHKAJIAPHTa K{Pa, SKBUBAJICHT
SJIEKTPOHNAPHUHT LS — GOFMaHHIWIM XO0JHfa, aToM TepMia-
PHHHHT TyTraH ypHuHM aHukjaiid. Opataa, XyHn Koupa-
CHHM KyHHJIATH HKKH KHCMIa aKpaTHJajy.

1. Dnexrponnapuunr Gepuaraun KOHQUIypauHuscH yuyH
S, ADHH MyJIBTHIVIETMK KaHua KarTa GyJica, TepM 3HEPrHACH
HwyH4a mnacr 6ynajd.

ymnanan, arap MyabTHIETJHK MYMKHH Kajap MakcH-
MaJl ba 1y MyJbTHINETIMKAA L HUHT KMAMATH XaM MyMKHH
Kajap karra 6jJ/ica, TepM 3HT MacT xo/arja 6yaaznn.
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COHJIapH [ Ba s ra Teur. Y xosma oxupru XyHJ Koupacura
Kypa, J KBaHT COHH aHHKJIanran S pa [, AaH xucobaab Tomu-
Jagi. J =L 48 =] L5 = 3/9. Hemak, ¢rop aTomMunmur
acocnit xonaru 2Py, xonar 6ynanu. Xynau wmyspai, 6op Ba
¢rop, yraepon Ba KHCJIopoanap yuyn S Ba L KBaHT connapu
OHP XHJI. J HHHT KHiMaTH Moc paBuma 6op Ba yriepox yuyn

=|L— S| Ba KHCI0poX Ba ¢rop yuynm J == L + S Ta
TEHT.

XyHIL KOHYHHSITH SJIEMEHTJapHUHT y3raya (u3HKaBui
XYCYCHATIADHHY 103ara KeJHIIHHU TYWyHTHPan4. Macanan,
TEMHDP, KO00a/JbT Ba HHUKe/b MOJAJNaIapHHHHT  (hepPOMAarHuT
Xoccanapura xasobrap. Maskyp SJIEMEHTIIAPHHHT 3d-KOGHK-
1aCH KHCMaH TYJIMPHAraH Ba Gy 3/1E€KTPOHJIAD KYhTiaH-
Marad, MacasaH, TeMHpJa OJTHTA w&-wamx%omamgmm 5 Tacu
6up HyHanMmaaru (napasnesn) cnumra sra.

XYHI KOMAACHHHHT GUPHHYH KHCMHTa acocaH aToM 3Hep-
THSICH KMYHK OY/IMIIH YYYH HaTHXKABUH OpOHTAT MOMEHT MyM-
KMH Kajnap karta Gyiumu kepak. Afinu BaKTia S HHHI XaM
MyMKHH Kajap xarra 6JJHIM Ky3na TyTuJanu. Bynunr yuyn
CIHHJIZDHHAT Napaien 6y .iun Kugos. IMaysn npunnunura
GuHOaH op6HTan MOMEHTJIap napaisesn 6y.1a oamalian. Jlekuw,
HAaTHXaBHIl OPGHTA] MOMEHT KHAMATHHHU MYMKHH KaJap KaTTa
6ynamn  yuyn SJICKTPOH/IAp GHP-OMpHIAH y30Kaa Xapakar-
JIRHHIUH Kepax.

52. §. Mypakka6 aromiaap cHOekTpu

Hkku Banentam arommap. Tepmnap Tysunnmwn ukku Ba-
JICHT S/JEKTPOHJIM aTOM/Iap, MacajaH, rejui, HLIKOPHH-ep
SJEMEHTIApY  XaMla, pyX, KaaMHH, cHMOG Ba XOKasoJsap
Y4yH AHala Mypakkabaawanu. Mukopuit Meras aromJjapu-
HHHT 1y6/IeT TepMHAaH (GapK/aH DABHIIAA UKKH BaJIEHT 3JI€K-
TPOHJIH aTOMJIap y4yH CHUHIJET (&/1Fu3) TEpMJIap Ba TPHILIET
TepMsap cucreMacH MaBxyn. CHHIJIeT TepMmarap yuyn S = 0,
J = L, Tpunier TepMaap yuyH sca S =1, J = [ + 1,
L, L — 1 ypunan.

Maskyp Tepmsaap cHcTemacHHuHT Xap GHpH yuyH Tepmaap-
apo yruuwiap (7.17) Ba (7.21) ¢dopmynanap 6uian aHHKJIa-
HYBUH TaHs1all KouRacura GyiicyHam. Harmxana, cunraer
TePMJIAPHUHT §3ap0 GHP-GUPHIA CHHIIET-CHHI T YTuapuaa
HIIKOPHH MeTa/l aToMaapupary yTHwaap Kabu énrus YH3HK-

—2180
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P-3MEKTPOHJIaDHTa KaparaH-
Aa sIApOJaH KaMpOK TyCHJ-
raH Gynanu (anGarrta, n =
1 na s-anektpomn ampopan
TycuiMaran). Jlemak, aBBaj
ns, np, nd Ba X0Kaso
KOOHKHanap TYJAHpHIaLH.
OJIEKTPOH 3HEPTHACHHUHT [
p ra GOFTHKJINTH  Tydailau
£ s n >4 jnad Gow1ab, Gab3u
XoJ/j1apjia, 60LI KBAHT COHH
£ ] 1L Karra Ba op6HUTad KBaHT
n=1 2 3 4 5 6 7 COHM | KHYMKGYJraH 3JeKr-
POHJIaD £ COHH KHYHK Ba [
68- pacm. Artom anexTpon kobug- KATT@ 3JIEKTPOHJIApra Kapa-
JIDHHHHT TYAJHPHIUIL TApTHOH. ragja Ky4Jlupox OOorJaHran
6y1ap sKaH, abHH

sl >
fole 1=

i SY S

O SO S R

FIsls

n>n" Bal<! na E,>E

n'i*

Macanan, 4s-s/1eKTponsiap (yJa1ap HKKHTa, anbarra) 3d- (yura)
SJICKTPOH/IApTa KaparaHjia Ky4IHpoK GOF/IaHTaH. 5s-3JeKTPOH-
Jap 4d- Ba 4f-snekrponnapan, 6s SMeKTPoHJIap aca Sd-, 5f-,
5¢- Ba xaTTo 4f-3/1€KTpOHJIapAaH XaM Ky4JHpPOK OOFJIaHTaH.

DJleMEHT/IaPHHHT /EKTPOH TY3HJIUIIU TaCBHPJIAHT'aH Kaj-
Ba/laH KypaMH3KH, OPAlUK FPYIIa 3JeMeHTIapH YuyH I0KOpH
KOOHKHUHT § XOJIaT/IapH NAcTKH KOGHKHUHT d- Ba f-xonaraa-
puian aBBan Tyanupuia 6omaind. By adbdexT Kysatuaanuran
GHPHHYM 3JIEMEHT KaJHil aTtoMujup. Kaauf aTOMUHHHr Tanr-
KH SJEKTPOHH — 3d- Xos1aTAa 5Mac, 6aikH 4s- XoJaTia mxoli-
Nawran. Kagsannan Ba 68-pacmaan aTOMJapAa 3/1eKTPOH KO-
GUKYanap TYJAMPHIHIIHHHET s, 2s, 2p, 3s, 3p, 4s, 3d, 4p,
5s, 4d, 5p, 6s, 4f, 5d, 6p, Ts TapTubaa GaKapUIHUIHHH KY-
pamu3. By Ttaptu6ra acocaH JIaHTaHOMJ Ba AKTHHOHTADHUHT
XUMHABHH XOCCAaNapMHH Kyla ¥XMIATHTHHH TYWYHTHDHII
MYMKWH, XaMMa JIaHTaHOHAJIAp GHP XWJ TalIKH TY3HJHIITa
5s*0p°6s® Ba TymMpHaMaran 4f-KoGukuara sra. 4f-3nektpon-
J1ap JIaHTAHOMIJADHHHT XHMMSIBHH Xoccaslapura TabCHp Kjp-
caT™Maiju. JIaHTAHOWIVIAPHHHT XUMHSBHI Xoccanapu acocaH
TallKK 5JEKTPOH/Iap GHIaH aHHWKJIaHaid. XyIAM IIyHHHTAEK
XaMMa akTHHOHAJIAp 6s°6p°7s® TapTHOKArM TalIKH TY3WJHIITa
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70- pacm. P- KOGHKjaryu XosarJap.

L=1,8=1,J =0 6unan Xapakrep/aanysuu 3P, xosar-

anp. XynnM wy AYCHHAA as0T atoMmu yuyn L = 0, S H.w
J=3/, 6unan XapaKTep/IaHyBYH acocHi xosat 4S %/> HH anuk-
JafMu3.

Heon aromunuur L-goburuparn cakkusra XoJar (2s-
Ba 2p-x0JIaT/ap) HUHT XaMMacH 3JIEKTPOHJAp Guiay Tyanu-
puiran. 70-pacMaan KypaMu3KH, Tysa TYJNAUPHIT aH 2p-
(2s- na xam) Kob6ukuazna XaMMa xapakaT MHKJOPH ¥3apo HoJira
TeHr. IIyHUHT y9yH HeOHHHHT acocmil XOJIaTH yuyn L = 0,
§=0,J=0 (rokopuma xo@ogmammszsﬁmi 6ynamu. Jle-
MaK, HEOHHHHI acoCHH XoJaTH 1S,.

Kobuknapu can xawm Ty/IraH  aTOMJapHHHT (Macanan,
¢rop) acocuit xosaTHHK TY/IraH KOOHK XOJsaTHiaH aHHKJ1aca
6ynanu. DTopHUHT (Z = 9) acocuit XOJIaTHHU aHHKJAI yyyH
2p-ko6uKua Tyaumura Gurra 3JIEKTPOH eTMACJHUTHHH 3caang
Kudos. Tyagupuiaran KOOHKYa KBaHT COHJapu L =0, S = 0,
J = 0, 6yaranu ca6abau ¢rop atomu acocwuis XOJIaTHHHHT
KBaHT COH/1apu L Ba S Xyaau w1y etumMaérrag 3JIEKTPOH KBAHT
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2. L > 8 pa MyJabTHILIET TepMHHHI MaKCHMal COHH
e = 2S5 + 1 wMyJabTHIUIeTIHK OuigaH aHMKIaHagu.  Arap
L < S 63yca, carxJjap conu 2L -} 1 ra tedr 6y/aMaran My.lb-
THILIET XOCHJ Gynaiy.

Arap [-KOGHKUaHM TyAAUpaéTrad 3JEKTPOHJIaP COHUHUHT
kuitmatd 2(2/ 4 1) HUHT ApMMJaH XaM KaM GyJica, TepMHHHT
SHT MACT CaTXH yuyH J HUHT KMAMATH SHT KHYHK, SBHH |L —
— S| 6ys1agu. Akc xoana, arap 3/eKTponsap coHd (2/ 4 1)
ra TeHr éku Ky 6ysca, SHT NacT caTX y4yyH J HHHI KMAMaTH
3Hr KaTTa, abHM L + S ra Teur 6y.aiu. BupuHuM xoJa,
TepMIapHH HOPMall €KUM TYrpH Je0, HKKHHUYH X0JJa — HO-
TYFpU Ae6 aHTHUMajH.

Hlynna#t KuauG, MOMEHTJIADHH KYVIIHUI KBAaHT MeXaHH-
KacH KoHAacu HyJ KyAran KHAMaT/JapuHHHT XaMMacCulaH,
Xyun Koupacura kypa, Gepuarau L Ba S na, daxar|[L — S|
Ba L -+ S uerapaBuii KMAMaTJap/a aMaJira olHpHJIaIH.

XyHA KOUAACHHH YIVIEDOJ aTOMH YUYH KyJMlaliuk. Yrje-
pOA aTOMHJA OJTHTa 2p X0JaTAaH (paKaT MKKUTACHTHHA IJi€K-
TpoHsiap OusiaH srannanra. VIKKM 3/1eKTPOH YUYH HaTHXaBui
CNUHHMHT SHT KAaTTa KUAMATH MKKaJaCHHHHT XaM CAHHJapHHH
napausien ByHaiaramuaa xocua 6ynaau. Ilaynu npuxuunu
sca 2p XoJaTia Napajiiell CIMHJM HUKKHTA 3JEKTPOHHHHT 6Y-
JMIIMHH Takugjaamaiay, 49yHkd [ = 0 cababiu, MKKH 3JeK-

—
TPOHHUHT XOJaTH [ HUHT HAyHanumu Ounad GapK KHJIHIIH
MyMKHH. 70-pacMia p-KOOMKYaHMHT MyMKuH GyJarad onaTHTa
XOJIaTH CXeMaTHK TacBHpJaHraH. BHpHHUM yuTa X0JaT. HKKHH-~
Yy yuTa XOJaTAaH CIHHHHUHT fiyHanumy Guian dhapk Kuaaiu.
Z yxuuuHr HyHanumu uxtaépuit. IlyHunr yuys, dapas xu-
JAMU3KH, p-X0JaTra JKOHJIAIIraH MKKHTA 3JEKTPOHWMHT XaM
CNIMHH NacTra kaparad GyacHH. ¥ X0Ja HKKaja 3JIEKTPOHHH
xaM, GMDHHYM YYTa X0J1aT/IapJaH MKKHTACHIa KOHJIAIUTHDPH-
IIHMH3 MYMKHH. VIKKH 5/€KTPOHHHHT Ty/a opOuTan] MOMEHTH
yayi L=104 + 4, L, +L—1, ... L —1,=2,1, 0 xo-
CHJ GysiagH. DJIEKTPOHJAPHUHT CIHHUHU Xap XWJI #yHairau-
nurugan. Tlaysan npuHuund 6yfinua L = 2 xo/naT TakHKJja-
naan. UIyHHHT yuyH L HHHT MyMKHH Oy/IraH 3HT KarTa KHid-
matd 1 ra Tenr Gynagu. ¥ xospa XyHAHHHT HKKHHUH KOHJa-
cMra Kypa, s'’bHH MyMKHH OyJral XoJaTVIapHWHI spMHaH
KaMH TYJIMPHITaHIuTH cab6abau Ty1a MoMeHT J = |L — S|=0
6ynagd. Jlemak, yrjiepoj aTOMHHMHT — 3COCHH  X0JaTH
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Jlap/iaH H6opar cepHsJap X0Ch1 6yaanu. Lyrnur yuyH Oy epra
xaMm cepusnap Ooul, aHHUK, nudxpys Ba acocuit éku Deprmat
cepusiiapy e aranajd. Tpunser Tepmiap xam Guprajiuxia
TPHILIET-TPUILIET YTHILIAPHU BYXKYAra KeITHPalH. By yruw-
MapJiard CepHssiapra Xam IOKOpAAArnieK HOMJIap GepuJrad.
Tpumier cucTeMa TepMmiapuiaru yTauiap Gunan  GOFMHK
ypauK/Iap 60Ul Ba aHuK Cepus/apiard TPHILIET, niddy3 Ba
Beprman cepHsilapHjiard CeKCTeTaapAan, AbHH OJITHTA YH3HK-
JapAaH TAKWJI TONTaH.

X ap Gup TepM COXacH1a Ky#Huary Tamjall Koujanapu Kyd-
ra sra.

Cunryer yTHILJIAD Tpunsier yTamAap
1S, —1P; 38, —3P1.
Hﬁulp.wo »%o._.mlwmu

(CC) (TT)
1P, —1D, Pois — Dias
D, —*Fy ubrm.u [uﬁm.w;

By yTamsiapaad Tamikapu ymGy HUKKH CHCTeMa TepMJapH
ypracuaa ysapo yTumIap xam MaBKyL. Yaap aapo 3apaju
COHMHYHT OUIMLIM GHJIAH HHTEHCHBPOK 103 Gepa Gomanau.

Feauwit atomu. Tenull aTOMHHUHT TepMJapH Ba ONTHKaBHH
CHeKTPJIapH TY3HIHUIMHK KpaiJIuK- Tesnii ATOMUHMHT aco-
cufi 1S, XONaTy/Aa aTOMHUHT HKKA/a 3/IEKTPOHH XaM 1S carxaa
sofijamran Ba [ayau npuHuMnura GUHOAH YJapHUHT CIHHH
y3apo Kapama-KapIuH fiynanrad. ATOMHHHT YHFOTH/IHIIKAA
GHTTa 3J1eKTPOH E€KH MKKajlacy XaM IOKOPHPOK Carxra yTajH.
By uKku xonjaH GUPHHUMCH, ABHH 6up 3JIeKTPoH ls carxaa
KOO, MKKHHUMCH YHFOTHJIraH IHOKOPHPOK XoJalra yTHIOH
GuaaH GOFIHK XOJHH KypaiyuK. Y Xonna, 1s paH OKOpH XO-
Jarra §Trad 3/eKTPOHHHHF CIHHH Is mary 3JIeKTPOH CIHMHHUra

uncGaTan napane €KH aHTHNapajie] HyHanumura sra 6y-
suH MyMKHH. CIHHJapHHHT ¥3apo 6y MKKH XHJ HyHaJHIIH
HKKHM XHJ SHEPreTHK CaTxra TYFpH KeJaiH.

o

CryH/IapHUHT aHTHIIapasJies fyHa/ran XoJHHI KYypalauk.
Afln XOM YUyH MaBKy[ CaTXJapHHHT MYJBTHIIETIALH
25 4-1 = 1l ra Tenr, uynki S =0, aBbHH caTxJap SJIFU3
(cunrser) Gynamu. By carxaap 71-a pacMaa TacBHUpJIAHTaH.

nmﬂth@ﬁmm yanjaa kKabC HYyHJAd wamﬂﬂwomhwwmxﬂﬁ HKKaJ1a-
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CHHHHT xaM xosaTd Oeqarusiadrad. Macanad, GHDHHYH caTxra
Terumiu ls, 2s Geirw 6up anektpod n = 1, [ = 0, ls-xo0-
JaTaa, WKKHMHYHCM n = 2, | =0, 2s-xonaraa 3KaHJIUTHHH
6unpupand. Carxuuar Genaruen 1S, sca J = 0, span L =0,
S = 0 3KaHJHrHHH Ba CATXHMHT MYJBTHIIETIHTH 28 + 1 =
= 1 ra TeHrJuruHu Gunpupagd. I'enufl aTOMHHHHT CHHIJIET
XOJaTH napaeeauii Relunagu.

IOKopuna 6aén Kuuunran cuuriet-cuarier (CC) Ba Tpunier-
tpunter (TT) yrumiappa AS = 0, xampa (7.21) Ba (7.17)
Kouganap VYpuuad. Tamnam koupaigapu takukmaamaran (CC)
YTHILIAD KypcaTHAraH. Dy UH3UKJAP TYJKHH Y3YHJIHTHHHUHT
9KCHepPHMEHTAA AHHUKJaHraH KHAMAaTJIapH XaM KeJTHPHJTaH.
Xymnanan, 1S, — n!'P, pan uGopar Gour cepusi y30K yabTpa-
6unagma coxajna €razmu.

Kyn xosajiapma ylroTwiran xosarTjapjad TYFPHLAH-TYEDH
acocuil xosartra YTHIN TakukJjaHrad. @axkat M-KOOGHKHHHT
(n = 3) 3'P, KoOMKuacujaH acocuil xonmartra §THII Ky3aTH-
Jagu. Bomka xomatiapaan sca macanad, 31S, ékm 31D,
KofnKJanapJiai MKKH GOCKUY OpKajd¥ acocud xoJartra yTHuI
103 Gepagu. DyHjaH TtamkapH, arap aToM IOKOPH Xo0JaTAaH
Macanad, 3'P; maH mactku 21S, ra yTHG KOJca, ATOMHHHT
KelivHrd 60cKHY GMJIaH acOCHH XosaTHra YTHIH, TaHJall KOH-
Aacu GWJiaH TaKWKJaHTaHW YYyH, MyMKHH Oyimaiian. Uynky,
1S (1s2s) — 1Sy(1s 1s) GouutanFdy Ba OXHMPTH XoJaTaapaa

Dot153d)
W 1530)
1S,(15.35)

Br1sip)

Y g o
Sel525)

’S,(1s15)

a - napaenug - vomoeesu

71-pacm. Tenuil cnexTp UHIHKAADUHAHI JespAN Gup-Gupura GORIHK Oy -
Marai HKKHTa CUCTEeMacH (ynap ypracupard OHp-Gupura yTHIN 4U3HKJIADH
HHXOAT Japaxafa ce3ulapcHs):

a — napareJiHfl-cHHIJleT, 0 — OpTareJHfi-TPHI/ET CHCTeMa,
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Arap yHFOTH/IHIIM MyMKHR OyJraH 3/€KTPOHJIAp COHUHH
xHCco6/1aCaK, HCCHKJ/IHK CHFAMHIA 3/eKTPOHMAp Xuccacuuy 6a-
xohalt onap sauKk. Xucobaamiap KypcaTajvku, 3JEKTPOH-
HHHT HCCHKJIMK CHFHMH

C,, = R@*KTIE, (10.39)

ra Tedr. Xap ouM kT & Er cababiH xuUCM HCCUKJIHK CUFH-
MHra 3JIeKTPOHJApPHHHT KYUIraH XHCCACH KHUMKAMD. Yy
xucca ¢dakaT T — co ga Ba T — 0 ma cesunapin GyJuiLH
MYMKHH.
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