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Cf 3 bOolWMN

M.i u.vp ‘iipriiiik Vitirkiuioii 1 10\>1uk;idi Onnin Ha ypTta
mimV* |1, iiim nji uijwwrni loMomi.’inn iao.unuga! nan gactypaco-
iin.i i\ in nan >Viiii>, (>'[ini 1m1llliva vkvh opuygapnHiw Typam
linnan V i.ij.ttaiap mi WM npuuun 4dykypgawl ropuil, ayanTto-
puuna iu mv«i it mi inn vaw yapu y4y v amannd opgam gacrarungup.
\ mya \i.iimiimiim pciniiiii yoynngaum Ha TOCT masopaTujaH
qi<hi la 1111ih> ymymun kiiMo acocnapunu cuuragmpuil Kysga
I\ InHa'ln lat>naiHa pyH 6CpyHUMN Xapaénnap, aTmocepa Ha Kou-
uuDiain y nnpuunap, Typam munepagfapHuHr \ocun 6ynuuwn,
i»vnapunu KiiMounii xomnuwc enatmnga donganaHuw xampa
m....C%a MiiialnlllMHmn ypraruw ymymuii KUmEé 3uM,macura
CH lalunagn ®aHnunNr Hasapwuii macana Ha MyamMmonapu, KpHyH-
I »umavapt!, Innoreyanap, 6owk.a gaHnap 6unaH ysBuin 6or-
MK .MM 1 Ma »HM[Nuanap raxamn ~“mnuHagn. Kyn nnnnapgasommga
I MCUWIN  pMNoXIanuunw Tapuxm, unMnin Ba amanuii loryiyiapn,
MyamMLapu, Kcnaxakga \an “MANHULWKW No3um 6ynraH TexHo-
U» MK 04MM acocnapu 6unaH bynaxak 6akanaBpnapHuW TaHWULL-
wpwm, v'lapua 6y nwnapra KM3nK,uw ynroTuw xgmaa gactnabku
I L(«NT KypTakgapHW yCcTMpULI (PaHHUHI acocuini Mak,cagu
4111 LN,

<L*ainlii vpiantmi HaTuxacupa Tana6a:

KUMei Lilr mogganap vwnab ymk,apuijarv cagmoru;

MoM |y Imanwv Hasapuanapw;

Y Il M'-HAC/NCCBHUHI [aBpPU KPHYHW Ba KUMEBUIA 6of-
nmnnm



—MoJieKynanap Ty3uanwm sa KUMEBWiA 60r-naHuT,

—KUMEBWI peakUUANapHUHT UCCUKAMK 3 heKkTnapu;

~ 3puTManap xoccanapu, KOHUeHTpauusanapHu wudoganaw
ycynnapm;

—3N1eKTPOKNMEBKIA XapaéHnap;

— KOOpAMHaUMOH Gupukmanap, HOMeHKnatypacu, Knaccu-
humkayuscu;

—3NeMeHTNapHUHT 3NeKTPOH hopMynanapu, Tabuatga y4pai-
AvraH acocuii 6MpUKManapHUHI OAWHUW ycynnapu, (QU3NK-
KMMEBUWIA X0ccanapu, Xank, XyXaanrn ydyyH axamusitiam 6upuk-
mManapu ryrpucuga mabaymoTnap;

—aTMOC(EPAHUHT 3KONOTUK Ba3UATU Ba YHUHT KMMECAHOATHU
6unaH y3BUIA GOTNUKAMUTU XaKuaaiwu factnabku GunumnapHu
arannawu nosumm Gynagu.

[Japcnukgarn mabnymotnap, ynyos o6upnvknapu, Gpusmnk-
KnMEBuniA goumuinnap Xank.apo CU cuctemacuga 6epungu, \osmp-
rM 3aMOH (haHW spuLiraH roTykgap Teru wnum 6o6napga y3 ngoaa-
CUHU Tonaun. KoopanMHauuoH 6upukmanap, 6MoaHopraHuK KuMe,
3Konorus Ba 60WKA 6ab3n MyHanuwnap 6yinya aHr ¥ MabnyMoT-
nap 6epungun. bynap 6unaH 6up KATOpAA aTOM, MOJIEKYNa, KUMEBUA
3NeMeHT TylWYyHYanapn Ba GBUpUKManapMHUHI Xxoccanapm 3aMoHa-
BUW Taxannga TanknuH kaanHan.

Myannu(|)nap gapcnuk xgkaga y3 gukp Ba mynoxasanapunm
6ungupraH xgmga macna\atnapuHu aamaraH KuTo6xoHnapra ys
MWUHHATLOPUYUANTUHK Buagnpagn.



MaTepun «a ywuw: \upakamu. MaTepusa (Materia —Aam
Mon/w M.n.moanTt ;AMm n;ilykum 06bekTuB 6opnuk,. Matepuu
iceapa Kk a lpo()iiMii tun ypa6 Typagu, MogganapTypan KypuHULWA-
MaHXya tf.-kl Ha cun cmanap \<>nauga, XycycuaT, anok,a,
Mvnocabai \amna \apaka: waknnapnMnHr acocu cudatug:.
Mamxyn. MaH'pHsa rabnanblHYUHKTITa Kydl>knan KypaguraH Hapca
Ha XXMCMUapMLa >Mac, 6ankm UAMUA-TEXHUKA TapakKaNETUHUHT
yewnu nauwnkaenga Kcnaxakja aHWKLaHWWM MYMKWUH 6ynra?.
Hapcanapmu \am y3 uuura ogaau. byTyH onamparu Hapcanap
\apakalgarn maTepUsHUHT KypuHUWUAUP. MaTepUusHUHT
abagunnurun, yHuUHr iiykgaH 6op 6ynmacnuru Ba U3ens iyk;on.mo
KCrMacnuru mMuHrnab nunnap gasomuga ucbotnaHgu.

MaTtepusa KATOp yHMBepcan xycycuatnapra ara. [yHeHur>;
Mungun GUPAUTH \aM YHUHT aHa Wy XycycuaTnapuaa y3 akcT
ionagn. Mak-pusaHUHT Bakagaabaamnii maBxyanuru \ampaadgasog;'
YCKCN3MNUTH, CTPYKTYpanapuHUHT GUTMAc-TYraHMacnurm yHUHr
YHUBepcan xycycuaTnapu k™ atopura Knpagu.

MaTtepua \apakaTUHWHT Waknnapun Typaum-TymMaHgup.
incmnapmu ncuTUW Ba COBUTULL, HYPNaHWULW, KPPHWUHT 3pnb
TMU @ allnanuiuu, CYBHUHT My3ra yTUWW, KUMEBUA SHEPTUAHUHT
>H-K Ip )iicpi nacura Ba 6ab3u KapaéHnapga axpanyBunm UCCUKANK
WeprnsieMnNUHr KUMEBWUIA 3HeprusAra anaHWW KU, KOCMUK
V «HMcanap, 6Monoruk xapaéHnap wynap XymnacmaHamp. byHgam
...... aii11 Ba y3rapuwnap matepusa \apakatu KypuHULWAapPUHUHT
»UP (in 1 Ha y3nykKcus 6ornnkaurngad ganonat 6epagu. Martepus
\ Wi 6UP KYPUHUWAAH MKKUHYM KYPUHWULLTA YTLWb ©



TabMaTHUHT aeoCUil KOHynu - MaTepus K> p.TT ”"apakarH
a6agMnanrn KpHyHUgaH Kcimb Yymkagu.

\ap 6up aH mMavepus \apakaTUHUHT a<' *<KyaubULIMNHK:
KUME - Mo;wanap, ynapHWHIr Tapkubu, m >>Y, TY3UAULWK
Ba ynapja conup 6ynaguraH ysrapuumuu- ¢ < YHYr.4m op.
\ ncobnaHagu.

MaTepuUsHUHT MabnyM PU3NK Xoccanapra a bynra:-) ,\ao 6up
KYPUHULW MK, MacanaH, KUMé aHnga cyn, TeMKp, TO-Y, KyM, KUC-
nopop, a3oT Ba 60wWKATap Moaaa geiunagn. ANKOMUHUA KyMyL-
paHreHrnun metann 6ynneé, smunurm 2,7 r/icm'. ek,'kpm mapkasnatu-
ran Ky6 naH)apaga KpuctannaHagw, 658,6" C ga -3puugnu,
2447°C pa KailHaigu. bynapHuMr xammacu antoMUHWIATa Xoc
(h13nK xoccanapaup.

MoppaHuHT ha3ofa yerapanaHraH K,MCMW XXUCM [eo a~anafu.
by mogpara Huc6aTaH HUCOWUIA TyLWyHYa 6ynn6, aHWK, 6up HapcaHu
aHrnatagu. ANIOMUHUALAH AcanraH KOWMWK, MAWM-ToBOLJap,
CaMONET KUCMM1apy CUM KN KYpPUIULL MaTEPUann XXUCM ra agucon
6yna onagu., Mogga uéopacu XuUCM TyllyH4yacura HucbartaH
yMyMUingmp.

\o3upru Bakgna mopganap TypT rypy\ra: anemeurap
3appavanap, ogauii mogganap, mypakkaé monganap (Kuméuuii
6upukmanap) x;avga apanawmanapra 6ynm6 yprakmnagu.

3NeKTPOH, NPOTOL, HEATPOH, MO3UTPOH, HEATPUHO, ME30H,
MIOOH Ba 60LLanap afieMeHTap 3appavanapHu TalwKun KArKLLW.
Xp3uprn BakTaa ynapHuHr conu 100 gaH opTtaam, Oganii moaar-nap
KUMEBWIA 3IEMCHTHUHT 3pKUH \onga maBxXyg 6yna onagurak 6up
Typuanp. Mypakkab mogganap (KMMEBUIA GBUpUKManap) Mmabnym
HucbaTnapga WKKW €KW YHAaH OPTUK 3NEMCHTHWHE y3rpo
GupuMKMW M HaTuXacupa BYXyfAra kenagu. byHpaili moppanap
Tabuatpa Kyn yupaigm. Apanawmanap \am TabuatHa Kyn
TapkanraH, 6MpoK ynap y3 xoccanapu 6unaH KUMEBMIA GMpPUK-
mManapfaH @apk kunagu. bav3n apanawmanapgarv wo.\mga mogaa
MULAOPMUM ONTUK MUKpOcKonmnappa \am aHwukpab 6ynmaigw.
Apanawmanapra TOK XWHCNapu, Noiik™a Ba MWHepan Kasunmg
6oinnknapu mucon 6yna onagu.

Kumé TapuxufaH KuckK,aya Mabnymotr. Mamnakatnmusga
KNUME (haHM Ba CaHOATUHUHI PUBOXK/IAHULLN.

XVII acpra kenn6 thaH TabmaTt xpaucanapuHu ypraHuwHUH?
CX0NacTMK 8HAalyBnapmaaH Bo3 Keuam \amga y3aMHUHT Taxpubara



acocnanrun xynocanapura. cyamna Gownaau. DYHAA p. souns
ww napuwwnnr AXAMUATU «arra 6ynan.y snpunsw OYINO PAH 1ax -
pusa HA YHAAH «enwe UNKNHUUM «onywwusrtnapmunr wmyxac-
camnawysupan KENO UNKYBUWM 1r-uw.pnapwu nnrapu, CYPAN. v
kuwerapuunr sasndoacn raxpuca KMANT, waruwanapnu TAXGUN
~wnraw XONAA HA3APUA APATUL w yw kwunwnwranwm yutupan

Byxyara kenraw (PNIOTUCTA.N wasapuncu XaMoapsoa 6ynaw. A na
nNnyHWwaaH CyHrruuma Gauw Tyrpm dyn'a Tywa 6ownapghm.

KuMcHUHT ano™mpa taH 6ynné axpagmb um~umwnga (XI1X
acp) MaccaHUT cakKAaHuwuy ~OHYyHWUra CyWHWNAuW: peakumara
XUpULIraH MouanapHUHT MaccacM peakuus HaTHXacuga jocun
(ynraw MopaAganapuMUHT Maccacura TeHT

ByHga M.B. JlomoHocoB 6unaH J1. ManyasbeHUHT XrU3Matnapu
“g’Ta 6yngu. JlaByasu- KNMeHNn peakrnugapga ”~oauanapHuHr
v'mvmhii maccaan uma >mae,PaMkun vsapobHpnkanTaH mogaanap
iapknbw a Mipvu'in \ap t*np Teme! 1 Ma- eaen \am cakjaHULWINHN
iie(>oi naa.il I'M)1 nu m . ' reiui >XHeM maccacu (rn) Ba
31'"m> umeH (M) npariiaa i“ninai U HHCOUT 6uUNaH udgoganaHyBuun
v LA T (xS Hume kvpea'i iir

e "

Izvel)n;, k  nyjiijli3if Bakyymgaru tesnuru, y 2,997925 m!0Sm/c
-«ie laxMiiiian 300 COOKM/C ra TeHr. By s s ww re # » TEHI1AMACK
*OMMN 6uNaH Mab/lyM: Macca ysrapraHja Tervwnm 3Heprua xam
/ 'racagn.
'M ' #Wunu A.M . ByTnepoB TOMOHIMUZAH KNUMEBNUNR Ty3zunumuw
ii sapir-icniiniic KAW(>srwrwww BA 1869 4unw o v. MeHfenees
omonmpaan sncm(.ntnap aa BOUM cucremwacuwnnr IbBJIOH
‘HW N TMUM KMUMEHMUHT PUBOXMAaHMUW Mra 6Gywo kK \wcca 6ynub
Aywwanaw. vuwey KaW@UCTnap Typannm .o faH oprux, SHIK
MeMCNT TONUAAN, MUHT-MUUTNE6 sru U CUHTE3NAP awan A
MWPNALWN, rasuar APATMATaH ax oinc XOCCANM cupnxmanap
"YXKYNMIA «enrupunan. yraa KyWMaWgUraH noamMepnap, cpennra
wow i kywynsen OPFAHUK 2 wunepai? yrutnap, yunnio uxyx uwrou
linapkVi(aliganapmra K,apw v MW naTunaguwran repéuuymagnap,
«opn LAPMOMN, cw nerux xudnm-xevax, cys OCTUAA wuw natuuw ra
aypxannamraH Kabenb CUMAAP «uww cryp ainu syxya-a xenpm.
sio rwnnapaaw 6ownas Baranumnsga YTUTCAHOATU yuyw ACOC
“eyu.an ammuax MUHT ronmanas wwnas HYAKAPUNA sow nawan,



Kynna6 ueMeHT, Kypuauw matepuanniapu, TM66UET Ba K.ULLMOK,
Xy)Xanuru npenapataapy spaTuanm. X*osmp KuMécaHoaTu uwnab
un”apaétraH ma\cynoTtnapgaH ¢oiiganaHmaértraH 6Mpop coxaHu
KypcaTuLl KUNAWH.

Kumé thaHn Ba CaHOATMHWHI KaTTa oAuMmAnap 6unaH puUBOX-
NaHa8TraHnUru 6owk™a coX.aNnapHUHT PUBOXMUIa X.aM MXO06uii
Tabcup aTMoKga. K,atop MMpuk Kumé uwnab ymkapuw 6upnai-
Manapu, yHnab 3aBojggap, LUex Ba KopxoHanap Typau xun ma\-
cynornap uwwnab umkapmokga. By kopxoHanapga vwnab 4uk,a-
punaéTtraH ma’*cynoTnap 4YeT annapga \am MabayMm Ba MaLIXypaup.
Pecnybnukammnsga xonnawiran 57a KUME RyHanuwmngarun nammii-
TaAK.MKPT MHETUTYTW, 0NMIA YKYB topTnapuparn ¢akynbTeT,
Katheapa Ba TapMOK; UMW TallKMNoTNapuaa KUME myammonapu
\an arnnmokga.

MamnakaTuMusga Kumé aHW Ba CaHOATUHU >Xafjan puUBOX-
NaHTUpULW, XycyeaH KUME KOpPXOHaNapUHWUHI KyBBaTUHU fHafja
owunpuw, ma\cynoTr cutaTuHM KyTapuul, 03MK.-OBK.AT Max;-
CYnoTnapuHu Kynantmpuis, KAME OTYyK.NapugaH amanunii
thonpgamgaHnw Basuganapu Typuban. Tabuuin ras, TOWKYyMuUp,
HepTb, KOHAEHcAT Ba 60T Ka xomalwénapaaH gonganaHuw cama-
pacu KyTapuaMoKAO. BUOTEXHO10:'MA PUBOXKIAHTUPUAAN, YUuK]it-
CWU3 TeXHONOruara KeHr Wyn ouynnpu, 4yopBayumnank ma\cynort-
NapUHUHT Ma\CYNAopAUTHY, kjhiliok XYXaluK 3aKUHNapu KOCWUN-
JOPAUTUHWN OWMPULL YYYH KUMEBMWI BOCMTanap Kynnab uwnab
ynkgpunmokga. Kuck.ava kagnub alirraHga, KUME loTykKaapugaH
XanK XYXaauruHUHr 6apxa co”anapujpa Kyn Ba camapanu

thonganaH nnMokKaa.



YMYMUN KUME

1.1. YN4OB BA BUPTMKNAPHUHI METPUK CUCTEMACU

Mnkgopuii ynuosnapnuur a\ammatun xamuna XVIII acpga
NaHyaubc K'aiig nn6 yuan )an. X8l innum MeTpuUK cucTemara
acocnawaH 6upguknapwwr Crc enetremaen (y3ynaHk 6upnuru
- CAHTMMeTp, Macca 6UpAUrn - rpamm, Bakg 6MpPAUTrM —CeKyHa)
KMOYN KMAT J1H Xouipi 1 BakafaynyoBiapHy MUKAOPUIA Tonuw ga
Typnu ac6obnapnaH ¢oiganaHnnagn. ®aHga “ynnaHunagurat
cTanjaptnap jca OUpPAUKNApPHUHT METPUK cucTemacupga
nopanaHagn. Amannéraa MeTpuK CUCTeMa Ba YHAaH Kenub
ynkKaauraH 6upnuknapgaH olfanaHnw Kysga TyTunagu. bynap
Aosuppa xank,apo Muuécga K,abyn KANMHraH.

Xank,apo 6upnunknap cuctemacu - CW (Sisteme Internationite
— SI) aH Ba TexHWKaHWHI Gapuya col\anapu yuyyH (U3UK
KaTTanMKNapHUHT yHMBepcan cuctemacu 6ynmb, y 1960 iinnu
yn4yos Ba Tapo3unap Xl bow KoHepeHuusacnga K,abyn K MamHau.
By cuctemaga onTmMTa acocuil, MKKMTaA KyllMM4ya KaTTajMK Ba
wynapra moc \onga ONTWTa acocuii, MKKMTa Kylumya 6Upnauk
\amfga Xypga Kyn \ocunaBuili kaTTanuMknap Ba ynapra moc
6upnuknap K,abyn kmnuw aH. 1971 nnum ynyos Bataposunnap XIV
Bow KoHdepeHumacupa Xankapo 6upnuvknap CUCTEMaCUHUHT
eTTUHYU acocuin bupnuru cuaTmga Mosb Kaoyn KanuHam \ampga
yHra Kynmgarunya tabpud 6epungn: Monb —maccacu 0,012 kr
6ynraH [2C yrnepoffa KaH4ya atom 6ysnca, Tapkubupa wyH4a
CTPYKTYpaBuil aneMeHTn BynraH mogaa mukaopuanp . «Macca»
Ba «MOAfa» MUKAOpW 6up xun TywyH4ya amac. l-xagsanga CU
cucTemMacuparu acocuii 6upnuknap Ba YNapHUHT Tabpudwu
KENTUPUATaH.



CW cucTeMacuHWUHT acocuii GUPNAUKNAPUHU aHUKAALW Y4YyH
KynnaHunaguraH fgactnabku cTaHgaptnap ynap K,aiTagaH
ynuaHraHfa aliHaH TakpopiaHraHnIUru Ba aHuk, yauyosnaP[a
KYNNaHUAMWM MYyMKUHAUTUTA K,apab TaHnaHraH. MacanaH,
kunorpamm ®paHuusgarn Cespa Liaxpupa XolinawraH Taposu
Ba yn4oBnap Xankapo 6iopocuaa cabyTaHyBUM NnaTUHaA—pUAni
UMNWHAPW CTaHfapT maccacu cudgatupa GepunraH. MeTpuk
cucTemMaga KynnaHunyBUuM YHANK Kacp €KW YHAUK KUCMAAp YUyH
acocuii Homnapra Ky Tu Myanap Kywué uwnatunagu. bynapHuHr

alipumnapu 2-afBanga KenTUpuaraH.
1.1-xaasan

CW cucTemacy acocuii GUpAMKAapu Ba YNapHUHE Tabpugu

M KaTtTtanuk Homu Bupnuk Tavpudnu
6enrncu
1 Mansap macce Kr/monb Mukgopu 1 monb bynraH mogaa
maccacu
2. Monsp \axm ‘MIMonb 1M3x,@KMHV arannaingurad 1 monb
MOAAaHUHT MOfb ~aXMu
3. Kumésuii peakumus- X Typnu Kumésmnit peakymsanap
HUHT UCCUK/IWIK 3h- HaTuxacmpa 1)K aHeprusra
thekTa 3KBMBANEHT MUKAOPAa \ocun

.bynaguraH MCCMKINK ahhekTm

4. Monsap n4Kun aHeprus X/monb Wukn aHepruscy 1XK 6ynraH 1monb
MOAAAHUHT 3HEPTUACK

5. Mondp sHTanbnua X/monb | MOnb KUMEBUIA MOALaHUHT 1)K
3Heprusara aKBMBaneHT
IHTanbNMACK

6. Kumésuit noteHuman X/monb 1monb MogaaHuHr 1)K

aHeprusra sKBUBaneHT
KUMEBUI NOTEHLMANN

7  Kwumésunii molinnnunk X/monb 1monb moaganuHr 1K
JHeprusra sKBMBaneHT
Muagopaa HamMoéH bynaguraH
KUMEBMWIA MONMANNTI

8. AKTMBMaHULL 3HEPruscu X/ Monb  1MONb MOAAAHUHT KUMEBWMIA
peakumns xapaénunga 1>
JHeprusara aKBMBaneHT
aKTUBNAaLl 3Hepruacu



10.

11.

12.

14.

15.

16.

17

IX

19.

20.

Monsap NCCULONK CHFH-

Mn

Monsp aHTponusa

Macca KOHUeHTpaymus

®ou3 KoHUEeHTpaums

MoNfp KOHUEHTpayum

Monb KOHLEHTpaLus

110pM;Ww KOHUEHTpaLnm

OcmoTHK 6ocuMm

Anddysnn koahdn-

ymenTm

KUMEBUNIA peakunaHUHT
Tesnnrn

KaTtanusatopHuHr
aKTusaurn

Annonb MOMEHTH

X/monb.K

X/monb.K

Kr/m3

%

MOb/r

Monb/n

3KB/n

Ma

M2c

mMonb/M1-c

MONb/KF -C

Kn.m

Necnkank CHFHMH 1)K /K 6yn
raH 1Monb MOLJAAHUHT MONSP
NCCUKANK CUHUMN

JHTponuack 1XX,/K nccmk™mk
CUTUMUTA 3KBUBANEHT ! MOnb
MOAAAHUHT MONSP 3HTPONUACK

1mM3x,@Kkmga maccacu 1Kr MoaHs
6ynraH ~aTTuL 3puTMa KOH
LeHTpaymacu

100 r apuTMaga apuraH vuw'p
BUIA MOALAHUHT rpaMMnsapas
npoganaHraH MMKNopu

10 3pUTYHUYMAA 1 MOflb. MOSI
AAKWW 3punT
cun 6ynrad 4purms

KO

1kr sputmaga 1mofnb monns -
HULL3pNLLIN HaTUXKaouga xoeny
b6ynraH aputma

1n xaxmpa 13kBuBaneHT Mongs
6ynraH apMTMa KOHLeHTpa-
umnacu

Apum yTKasnb tobopysumnap-
farv 1 Ma 6ocumr.s aKagmpsnpuT
6ynraH oCMOTUK 6oCuM

KoHueHTpaumnsa rpagueHtm 1m4
bynraHga | e Bar nuuna ! Mm2u™
faH yTagurad sappadaHux-
anddy3na KoaphuunraTu

1c BaK,T n4ymga aputmagaru

factnabkum monap KoHuUeHTpa
umacu 1monb/m3ra ysrapagu-
raH MOHOMONEKYNAp KUMEBUIA
peakLUMAHUHT ypTaya Te3nnrm

1c Bak,T MuMAa apUTMagarm
fAacTnabkum Monsp KOHLEHTpa-
Umam Monb/Kr raysrapagu! aH
peakuns Te3nnuru

KyunaHraHnuru 6upra TeHr
BynraH 6uML XUHCAN INEKTP



MaiiioHnaa MexaHuK MOMEHT
\oCUN unna onaguraH anekTp
Kyu

21. KyTbnaHyB4aHnnk Kn.m7B 1M2KWra Tabcup ata onagm-
raH 3aneKkTp Ky4ynaumraHiank

22. OKcuanaHuw-KanTa- B 1Mo0/b MOAAAHUHT OKCUANAHWLL
puAUW NOTeHLManu peakuymMacura KupuwraHga x,0-
cun 6ynraH KyuynaHraHank

23. HypnaHuw WHTEHCKB- Bt/m’ 1m’o03ara KyssaTu 1 BT 6ynraH
anru HypAaHUW TyliraHgarn UHTeH-
CUNANK
24 KBaHTnap OUMMUHUHT C 1-m 2 OkmmraTuk bynraH 1m2t03agaH
3munuru 1c BaK,T Mumpa ytaguraH KBaHT-
nap CoHu
25 3nemcHTap 3neKkTp 3a- Kn € —3NEeKTPOHHUHT 3/IeMeHTap 3ap-
pag A4MAaH ONUHTaH Kappanu 3ap-

a4 K,uimatun

26 bornaHuw 3aHepruacu X Kumésnii 6ornaHnwHM y3unwra
capt 6ynraH aHeprus

27 Apum emupununw gaspu C ATOM factnabkm MUKLOPUHUHT
ApM*Iicn eMupunaguran Bak,T

/. 2->xapsan
Ynuos cucTemacu Genrunapm
Kywumia ~ Benrv- CoH Mucornap
JNTaHLLIA mwuagopu

Mera M K)" 1 mera metp (Mm) - 1-lOlm
Kuno K K)1 1 KngomcTp(km) — 1-10!' m
OeHn a t0-' 1aeunmetp (amM) =0.1 ™
CaHTu C 10-2 lcaHTumeTp (cm) =0,01 M
Munnn M K) 3 1munnumetp (Mm) =0,001 ™
MUKpo M K 10 £ 1MuKkpomeTp (MKM)= 1-10'1m
HaHo H 10 1 naHomeTp(HM) = 1°104Mm
Muko n 10 1nukometp (nm) = 10-10 2m
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3 Xagmanga acocuii PU3NK-KUMEBWIA KaTranuknap KenTupuarax.
/. 3-.MNHKLW

Dbl PU3MK-KUMEBUI KaTTaIMKNAPHUHT MUKAOPYW Ba 6enrncu

Kaytanmk Hom n KatTtanuk mukgopu 6enrucu

Maccanunr atom 6upnuru 1m.a.6.= 1,66057 -10 ZKkr !
6,022169 -102 m.a.6.= | kr |

Xuckupon yapsagu e= 16022 -10 UKn.

1lpoToH maccacu m = 100728 m.a.6. = 1,67265 -10 2r \

1lciri pon maccacu m = 1,00866 M.a.6.= 1,67495 «10 24r |

3NeKTPOH Maccacu m =548580 -10 4m.a.6.= 9,10953 -10 24 r |

Monsap ra4 goumuiicu A=8.3144)XK/K -m0nb=0,08205 n.atm/K.m0nb 1

Ix>jii.irmaH gonmuiicn 1,38066-10 21)XK /K :

1MyaHK gommuincu 6,6262-10 ¥X.C. 1

dapageit goumuiicu 9,6485-104 Kk/monb !

Bakyymparu épyrnnk Hypwu

ICJIHI n € =2,997925-10s m/c

[lHo| afpo CoHM Na=6,022045-1021 mons-1 |

MH coHn (K) N =3,14159265 36

’——

1.2. ATOM-MOJNIEKYNNAP TABINMOT

ATom-monekynap TabiMMoOT acocnapuHu M.B. JTomoHOCOB
KMMCra TaTouk, aTau. Y Y3UHUHT «MaTeMaTuk KNUME 31eMeHT-
napu» (1741 i) HomAM makpnacumja Moafa TY3UNULIMHUHT KOp-
MYCKYNAP Ha3apuUACUHMN 3BJIOH KUNAW. By Hazapua KUMEDAHUHUHT
pneoXfiaHuwmnga myxum a\amumatra ara. ( Kopnyckynsap cysu \o -
TNPrn MOfieKyna repMnuHura mMex Kenagum). Onum gukpuya, 6apya
MoAfanap mainga 3appavanapfaH Tapkub tonraH 6ynmn6, gusnk
xm\aygan 6ynMHmankan Ba y3apo TOPTMW NG Typagn. MogaaHuHr
yoecanapu XycycaH YHWUHTI arperat \onaTu Ly 3appanap xoccacu
(Nluiai lai nngwHagW, AbHW MoAganap XoccalapuHUHT \ap XUnauru
Mppayanap xoccanapuHuUHr Typaunda 6ynuwunra Ba y3apo 6orna-
llIHII ycynura 6ornuk, 6ynagu.

LTM-Monekynsp Hasapusara MyBoguk,6apya mogganap «kop-
nyckyna»napgaH TysunraH 6ynu6, ynap 6up-6upugaH ¢aso opa-
yw 1 6unan axpanraH Ba ryxTtoBcus \apakatga 6ynaau: kopnyc-
KyHauyap \am y3 naHb6atmga «3ncMeHTnap» gaH (atomnappgaH)
MPKNP row au, anvk macca \amfa ynyamra ara, ofauin mogaanap-
M.H. kopnyckynanapu 6up Xun anemeHTnapjaH, Mypakkab
MoiDianapmiKii ka Typum snemeHTnapfaH Ty3uaraH. Kopnycky-
L1 fap *M:iKa MexaHuk Xucmnap kabu “apakatga 6ynagu.



XucmnapHUHT ncuw EKn COBULL X,04Mcanapy KopnyckKynanapHuHr
\apakaTu HaTuxacupa cogup 6ynagu, fed TYWYHTUPUNAN.
L YHUHT4eK, yHAA MOALAHUHI XpnaTu Kopryckynanap “apakatu
6unaH 6OKNUK, 3KaH, KWUMEBWIA y3rapuiinap X,aMm KMmEsuii ycynnap
6unaH 6up KAaTOpAa (PM3MK Ba MaTeMaTuK ycynnap éppammupja
YPraHuAnLWmM Kepakaurun tabkuanaHraH agu. JIOMOHOCOB marapu
cypraH ukpnap saHru ac6o6 Ba yckyHanap épfammaa KemmH4Yanmk
yTKasuaraH aHuWkK, MUKLOpui Taxpubanap Ba haHfa K,ynra
KUpUTUNTaH WAMWIA Janunnap acocupa Tyga ucbotnaHgu.
JTIOMOHOCOBHUWHI MerannapHu K,u3gupuw 6ylinya yTkasraH
TaxXpubanapuHu gpaHuys onmmu AHTyaH JlaByasbe 1773 innn
TakpopiaraH/fw v Ba ONIMHFaH MabAyMOTAapPHUHT BUP XUAAWUTK
Kusnkgpnu 6ynaun. JlaByasbe nanl numga metann 6unaH peakuyusra
KNPpULWAETraH ra3HuMHr KUCA0POo4 3KaHAUTUHU aHukhaaun. Nanuiua
peakumsra Kupmai KparaH ra3Hu a3oT 4eb atagu. J1aByasbeHUHT EHULL
XpaucacuHu aHukgab 6epuwn Kumégarn Kyn ~ogucanapHu Tyrpu
TYLWYHULWTa 0nnb Keaan. ABsano 6y paorMcToH Hasapmusacura Kkatra
3apb6a 6ynau: KyhinHanM Ba hNormcToHgaH mbopat geb K;apanraH
meTannap oaauii mogaanap 6ynub umkan. AKCMHYa KYAMHAWU EKK
«epnap» aca Mypakkab 6upukmanap cudartmga K,apaamwm kKepak
6ynn6 kaaan. LyHaa cys \am Mypakkab 6upukma (y BOLOPOAHUHT
Kucnopog 6unaH 6upukmacm) 'skaHaurn mcboTnaHan. X,aBOHUHT
Kucnopog 6unaH a3oTAaH Talw KW ToNraHAuru, asot éHuwra épaam
6epmacnuru amanpa Tacauk~gaHau. Nnrapu anemeHTnap fAeo6,
\uco6nab KenuHraH cys, \aBo, KyimHamMnap mypakkab mogganap
8KN apanawmanap 3KaHaurnM aHuMkKgaHaun. Xannin anemeHTnap:
mMeTannap, Kucnopog, asoT, BOLOPod, onblHryrypt Ba 6ouwanap
KUMEBWIA Xun\aThaH 6ynMHMakgurad Mogganapamp.

A. NlaByasbe (haHfa KaTTa uwWnap Kuauwura kgpaman, uc-
CUKMINKHU «OTMpAnUrn 6ynmaraH» (Maccacu3) afnemeHT feb Kapa-
nu, YHN «Teniopoa» Aeb atawrayva 60pan Ba afnemMeHTNap pyixa-
Thra Kuputau. by xato gpukp agn, anbarra.

XI1X acp 6ownapupa uHran3 onumu XX. JanbTOH Y3UHUHT
HU3NK-KUMEBUIA TafK,MK,0TNapnm acocmja Mogaa TY3UIULWUHUHT
aTOMUCTUK TabAUMOTUHM ApaTan. By TabiumoTra Kypa, mogganap
HWX,09TAa Maija 3appayanap —aTomnapgaH Ty3uaraH, 6ynap aHa-
[a KU4YNKpPOK, 3appavanapra 6ynnHa onmainau: x,ap K,ancm Kumesuii
3NeMEeHT (hakcax y3nra Xoc «0fAuli» aTomnapgaH Ty3uaraH: SbHu
\ap 6uUp 3NeMEHTHUHI aTOMM Yy3Wra Xoc Macca Ba yn4amra ara
bynaan; KUMEBUI peakuus naTupa TYpau 3feMeHTNapHUHT
«OAL4MIA» aToOM/lapy y3apo aHUMK, Ba y3rapmac 6yTyH coHMlap Hucba-



TMaa 6Mpuku6 «mMypakkab» aTtomgap X,0CMi KWnagu: X,ap Xun
Xoccanapra ara 6ynraH atomnapruHa akaT y3apo 6upuka onagm,
6up 3NeMeHT aToOMNapy y3apo KUMEBUI peakLmnara KUpuwmangm,
ynap 6up-6upuaaH K.o4agu.

[anbToH rasnapHuUHr napumnan 6ocumm Ba kappanu Hucbatnap
KOHYHUHM Kalw g aTaW. Y KUMEBUIA 3NeMeHT TYLIYHYaCUHU aHWK,
Tabpugnagn: Knumeésuii aneMeHT —6Up XnUn xoccanapu 6mnaH Tae-
cunaHaguraH atomnap Typuaup.

[anbToH KuMMEra atom-maccacu TyWYHYaCUHU KUPUTLK, BO-
LOPOAHMHT aTOM MaccacUHW WapTau paBullga 6upra TeHr aeb
K,abyn KAAMWHN Taknngd KANAN.

[danbToH TabnuMmoTuga OAAMIA MopAanap MofeKynanapuHm
WHKOP KUAWWAEK KaTTa xatora Wyn KYWVunran agu. Y 6up ane-
MEHTHVUHT 6Mp aTOMW UKKUHYM 3NEMEHTHUHT bakaT 6up aTomu
6unaH 6upukagn, Aeb yinnagn. byHaali xarwa cyB GopMynacuHu
6uTTa KMUCNOpofA Ba 6UTTa BOJOPOALAH, 6EH30MHN BUTTa yrnepog
Ba 6UTTa BOLOPOALaH Ty3unraH fe6, cysHn OH Ba 6eH3onHm CH
thopmynanap KypuHuwmnga é3nw Kepak éygap agn. Mypakkabpok
(hopmynanu cynbdaT Ba HUTpPAT Kucnotanap, MapmMap ToT, MU-
Hepannap, K,aHg MoAfanapu Ba Let103anapHu 83w UMKOHKTA
ara 6ynmaraH 6ynapavk. by anbTOHHUHT MKKWHYM KaTTa XaTocu

Ha rabimMmoTunaarn Kamunnamrmn agan.

1.3. KUMEBUIN 3NEMEHT

KumEBnii anemeHT 044ni Ba MypakKkab moguanapHUHrtapt3nbnii
kuemu \ncobnaHagn. KuMeBsunin anemMeHT 84po 3apsan 6up xun 6ynraH
aTomnap TynnamugaH wmbopaT. Xasupru BakTga 107 Ta KMMEBWIA
3fieMeHT ma'MyM 6ynu6, ynapHuHr 89 Tacu Ttabmartga ydpangw,
Kontavnnalim aca afpo peakumsnapu HaTwxacuia CyHbuid pasuwiga
onvHraH. Kuméemnin Tabpudra kKypa: KUMEBMWIA 3neMeHT —OALMI Ba
Mypakkab moppanap Tapkubura kupaguraH sa Mabiym aToM
maccacura sra 6ynraH aTomnap Typuaump.

dnemeHTnap opacmparu ysapo 60TAMKAUK faBpuUin cuctemasa
Y3 aKCUHW TOMraH. O/1IEMEHTHUHI aTOM pakamy MPOTOH 3apaau
6upnurnga ndoganaHraH a4po 3apagnra; CoH XuataaH aca aTom
Agpocuaarn NpPoTOHMap COHWUra TeHr. DNeMeHT agpocuparu
HEeMTPOHNAp COHW NPOTOHNAP COHMAAH (PapK KAUAULWU MYMKUH.

MaeanaH, Bofopog msotonu Tputuin (“H )aa 6up NpoTOH, MKKMK
Hei TPOH Ba 6Up 3NeKTPOH 6op.



fAhocu aHrK, NPOTOHNAP Ba HEATPOHNAP COHMUra ara aTOM HYKAWA
penvnagun. Adogarn NnpoToHNAP Ba HEWTPOHNAPHUHT YMYMUIA COHU
macca CoHu Aeb ropuTunagu.

KnmE&BuniA 3neMEHTUNHT HUCOWMIA aTOM Maccach YHUHT Tabuart-
Ja TapKanuwm xHcobra onmHraH Tabumin nsoronnapu maccana-
PUHWHT ypTaya uuiimartura TeHr. Y ogatha MacCcaHuHr atom 6up-
nnrn (M.a.6) ga ngopanaHagn.bByHUHT yuyH [2C aTOM HYKAuau

MacCaCMHUHI — ,ynywmn Kabyn K nvHraH. MaccaHuHraTomoup-
2

amrn Taxmudan 1,66057 ¢ 10™J Kr ra TeHr.

KnUMEBMI anemeHTNapHWUHI Tabuarga myctann masxyg 6yna
onafuraH Waknm oaanin moaga TylwyH4yacura Mmoe kenagu. X,ap 6up
KWUMEBUIA 3neMeHT aToM K y3 6upuKManapuja ysmura xoc oKcug-
NaHWW fapaxanapuHu HaMo&H K.mnagu. Kumésuin peakuymnsnapga
atomnap eak“naHagu, YyHKM aTOMAapHUHT TalWKu Kpbuk™apugaru
3NeKTpOoHNap "aiTafgaH Tak“CMMNaHraHu Xx"onga aTom sgpocu ys3
X0NMya caknaHmb K,0nagw.

'KnuméBuii anemeHTNapMeTan Ba MeTanmacnapra 6ynmHaan.
22 Ta metannmae anemeHT (H, B, C. Si, N, R As, O, S, Se, Te,
ranoreHnap Ba WHepT rasnap) 6ynub6, kxvii aHnapu aca metan-

napaup.

1.4. 1O3A MOAAA BA APAJTTALLMANAP

TabwaTtgarn mmHrnab mogganap mabnym 6ynrad 100gaH opTuk
KWMEBWIA afnemMeHTNapAaH TapKkHOTONraHaAnp (YNapHUHT XaM Maeu
\am yTa 3apyp mogganap 6ynMacnuru MymkumH). Ep kK abpugaH ka3uno
onuvHaguraH ¢oinannm kK"asunmanap acocaH 6ew 3N1EMEHT:
KMUCNOopoS4, KPeMHWIA, antoMUHWIA, TEMUP Ba KanbLuiifjaH TapKHG
TOHraH. HeoOH opraHu3MmnHMHT 90 om3n acocaH yd 3NeMeHT —
KWCNOpoS, Yrnepos Ba HOAOPOALaH TallKua ToHraH. LyHWHr ek,
20 ra siKW:: aneMeHT TabblaTAa Xyfa 03 MUKAOpAA yypaian éku
nabopatopuanapia ONMHraH. Ynap TONWAMWMK Kuidmn Ba HOEG
anemeHTnap “ncobnaHagu.

Tabunatga cod \onga oNTUH, Kymyuw, nnatuHa éméunapmn yu-
paign. Yrnepog, oNTUHIYTypT, cMMo6 Ba 60LIK.a 6ab3n 3fneMeHTnap
\am HucbaTaH To3a xAngayypangn. Kp.nan anemeHtnap rabuarpa,
acocaH apanalimanap Ba MuHepannap rapkuéuga yupangu.



MopgpanapHuM To3afaWlHWUHF 3aMOHaBMil ycyn-
N ap u Kumérapnap KynuHdya apanawmManap 6unaH uw kKypa-
4lwap. ApanalimanapfaH To3a Mo4AaHM axpatub onuwaa GunbTp-
naw, \aligaw Ba xpomatorpadusa ycynnapujaH goinganaHunnagu.

Malifja Kyn TelWwmnKIn rycuk opKanu CyloKauKnapiaH KaTTuk
lWppayanapHy axpatnb onuw ycynam @ M nbTpnaw geinnagu.
MuymmMnunk cyB Kym Ba N0iKagaH aHa WyHAan oaaunid yn 6unat
rosanaHagu. dpurmanapfaH MoajanapHu axpatub onuwga
YNapHUHT 3pyBYaHAUTMgaH xam doiiganaHunagu. Macanan, 10 r
ow Ty3u Ba 10 r MMMMAMK cofa apanaimMacuHn 6up-6upungaH ax-
patuw y4yH, yHu 70 °C raya ncutunrad 100 mn cysfa aputuwl
Ba KeliMH TemnepatypaHu 0" raya coBUTULL Kepak. TemnepaTtypa
nacalTMpuAraHAa ow TY3UHWHT 3pyBYaHINTN 4PN y3rapMaii-
AW, y apuTMajga Konagu, nummnuk coga aca 0°C atpogumga aput-
MaZaH Aefpan Kattuk pnga axpanagun (3putmaHu gunbTpnawl
Wynu 6unaH axpaTub onumHagwn).

Xa pa W (gucTunnawl)ycynm Mogaanapyyuil XycyCuaTUHUHT
yap XMAAWrura acocnanraH. leHrus cysugaH U4MMANK CyBU 0NUL
MaKpnuga CyB MabTyM BakKT uumga kaiHatunagu. Cys 6yrn 60T ka
nanwra yTkasmnmb KoHgeHcatnaHagu. Ty3 xaifanaétraH nanw
Tarnga konagu. ByF KoHaeHcaTnaHuWwnaaH \ocun 6ynraH CyroKANK
AUCTUMAT Jeiinnagn. Xahgaw ycynuga hpakuMoH KonoHHanapgaH
thonganaHmnagn. by ycyn 6up-6upmnaaH axpanuwum KUAUH EKn
KaiiHaw Temnepatypanapy SKMHPOK 6ynraH CylKAMKNapHu 6up-
6upnaaH axpaTuil y4yH KynnaHunagm. HepTHu xaligaw aa wyHaain
KOoNoHHanap nwgatunagn. HedTs cugatura kapab 6eH3uH 60-150
"C aTpotuaa, kepocuH 150—250 °C ga, cypkoB moiinapu 250— 350
"C pa axpartunagu. Avsenb CKUATUCKU. mMasyT, Ba3e/MH Ba 6oLlKa
maxpynotnap \am mabaym Temnepartypaja “aiiganu6, ppaknusnaHagm.
Kpnguk cuatuga cmona (6UTym) Konagu.

Xo3upru BakTha Typau apanawmanap (cywkauknap apa-
nawmacu, cylokamk 6munaH ras apanawimacu Ba XOKa3o) TapKu-
6ugarn mogganapHu 6up-6upugaH axpaTuwga xpomatorpagusa
YCYNN KeHT KynnaHunAMokga. by ycyn mogfanapHuUHr KATTMK onar-
jary vHepT MaTepuannapga agcopbunaHun xycycuatura
acocnaHraH. WMHept matepuan (cop6eHT) cucatuga antomMmocu-
nuKatnap, WH3eH fhuith, NeM3a, YNHHU KYKYHU, Kym Ba 60L-
Kanap uwpatunagn. MogganapHuHr agcopbunaHu Tes3aurura
MYWOPUK ONMHIaH Xpomatorpammanap acocumfja KWAWHTraH
\neo6nap 6yiinmya apanawmagarm y ku 6y MOAAaHUHT MUKLOPU



aHukKnaHagu. Xpomatorpagmk aHaNM3HUHT ap3aninru WyHaaku,
Yy CeKyHA KW MUHYTNap nyunga ytkasunagu. by ycyaaaH caHoat
KOpXOHanapufa y3nykcu3 paBuillfa yTKasunaguraH aHaaus Ba
HasopaT Mak.cagnapupa xam oiganaHunagun. Xpomatorpagpuk
yCyn apanawmaja K,aH4a mojga 6ynca, XAMMacUHU aHWKNawra
MMKOH 6epaan. Apanawmagaru 20- 30 moggaHu 6up inyna 6up Heva
fa™unk.anapfia aHuKnawHWHE XpomaTtorpauk inynum ,,.akcnpecc —
ycyn“ge6\am toputunagun. Ly 6unan 6mupra caHoaTga KOJIOHKam
XpomaTtorpaus ycynu, Kprosgaru xpomartorpagusa ycynum Ba
6oruwa ycynnap KynnaHunagu.

. 5. AHOPITAHVK BUPKMAJTAP HOMEHKJ/IATYPACK

KnméBuin 6upukmanapHuUHr Huoatha Kynamru (ynapHWHT
COHW 4 MUNNNOHAAH OPTUK,) yNapHU MabayM TapTubaa aHuK, HOM-
nawHu Tanab k™nagn. Tabuminkm, 6ynapHUHT Mabaym 6Mp K,ucmn
Y3UHUHT XyCycuid Homura ara (macanaH, cyB, aMmmuak). JIeKuH
KynruHa 6upukmanapHu Homnawpga x,.ap 6up mognaHu uHdop-
MaTMB KM CUCTEMATMK pasBullfa HOMAMalWra MMKOH 6epaguraH
MabnyM K,omfanapra aman KanuHagu.

JacTtnabkn HoMeHKnaTypa cMcTeMac aHOpPraHWK Ba OpraHuk
6upukmanap opacugarv TaoByTHM KypcaTuLl acocmia Ty3unraH
3gn. Bak;r yTuwmn 6unaH 6yHpain HoMeHknaTypa Tanabra >xaBob
6epa onmail kgnAu. AHOpPraHuK Mopganap KynpoK >XOHCU3
Tabuatra, opraHuMK mogganap aca XoHnu Tabuatra \amol\aHr pa-
BMLIAa HOMMAHTaHW XAM MabnyM. AHOPTraHWK Mojannap HOMeHK-
natypacuga 6yHgalii 6upukmanap WapTam paBuiga MKKN K,ucmra
“myc6at” Ba “MaH(uMin” K,ucmnapra 6ynnHagn. NoH 6upukmanap
Myc6aT Ba MaH(p Ui 3apaLaM MOH EKM aToOMMap rpynnacupaH Tap-
Kn6 Tonaau.

MoH 6Gupukmanapfa MoHMap KaTUOH Ba aHWOH cudaTmia
MaBXyf. Ofanin KaTUOHNAPHW KynuHYa MeTann anemeHTnapu
Aocun Kanaau. Y nap aneMeHT Homu 6unaH atanagu. MacanaH, Na+
—HaTpuit noHn, Ca2+—~kanbuunii noHn, Fe2—rtemup (11) MOHM,
Fe3t—rtemup (111) noHwn Ba xpKa3o.Onguii aHnoHnapra F—To-
pua-noH, O2 —K1MCcNopoa-noH, S2 —cynb@ua-noH, N3 —HuTpua-
MOHNaPHN MUCON KANMUG KypcaTull MYMKWH.

OKcuaHuoHNapfaa Kucnopog Kam 6ynraHga, ynapHuHr Homu

—WUT, Kyn 6ynraHga —am Kywwumyacu 6unad Tyrangu: NO02



NUTPUT-NoH; SO ' —cynbnT-noH, NO , HUTPUT-MOH; SO —
cyn:>(aT-noH Ba \0Kaso.

KnucnoTtanap y4yH 3cKuM HOMEHKAaTypa cakgaHub Kpirad.
BynapHu BogopoAa noHu (Eku 6Mp Heva WyHAalk noHnap) Ba ogauni
KM KOMMEeKC aHWOHAaH Tawkuna TonraH ge6 kapanagu. Arap
Kucnotanap tapkubébupga ogauin aHmoH 6ynca, ynap Kyihugaru
mMuconnapga KenTupunraHugek HomnaHagu. My\um kucnotanap
HOMMU WY KMcnoTanap Tapknubuaarm aHuoHnap HomuaaH Kentupumo
ynkgpunagn; HC1 —xnopug kucnota; H2S —cynbdung Kmucnora,
HCHKO - runoxnoput kucnota, HC102- xnoput kucnota, HC103
—xJiopat kucnota sa HC104—nepxnopart KucnoTa.

Takpopnaw Yy4YyH mMaTepuannap

MaB3ynapHUHT uucLavya MasMmyHn. ATpouMnsHnypab TypraH
6opanuy MaTepus KypuHuwnanp. Typanm xun mogganap, bupukmanap,
MUHepannap, oiganu yasnama Ba 6ouuianap wynap >Kymnacura
Kupagn. MaTepua fouMmuii wpakaTpha 6ynnb Kyéw cucrtemacw,
K;onaepca KouHoTpgarn 6opnui-napeanap TyXTOBCU3 yapakaT-
fagmp.

CW cnctemacu acocuii 6upnuknapu Ba ynap Tabpuu Kentu-
pvnagn. Yn4uoB cuctemacu GUPAUKNApW, KEHT KynnaHunagurad
hU3NK-KUMEBMIA KaTTanuknap Ba ynap 6enrunapura TyxtaauHagm.

YTwunrad 606HM ypraHuliaaH maLeas: >

1 MeTpuk cuctema 6unaH 4YyKyppok, TaHULW ML, acocui
6upnumknapHum 6unn6 oNuW, ONMHraH HaTuXanapHW MeTpuk
cucTemara yTkasa 6umnuw, xgpopatHu Llenbcuii wkanacura
yTKasnw, yHaaH KenbBuH Ekn ®apeHreinTra yTkasa onumul.

2. 3nunuk Ba Wy Kabu 6owKh HM3MK Gupnuknap y4dparaH
\onnappga \uco6nap onnbé 60PULLIHN ypraHuLu.

3. OnMHraH coHnap MUKAOPUHY Typau bupnuknapaa ndoganai

onnu.

M awuynap

. MaTepUSIHUHT Ky3ra KypuHManguraHtypnapmaaH muconnap
KeNTUPUHT, 6UP SHEPTUS TYPUHU UKKUHYM Typra yTUWMNHY

mMuconnapga ncboTnaHr.



2. CW cuneremacupga \oBy3fgaru CyB XMKXMW, KOHAAH Tonm6
ONIMHTAH ONTUH EMBUCK, PAAMON3OTONNAPHUHT IPUM EMUPUINLL
faBpu KaHpaal 6upnmknapaa udoganaHuWMHN aiTUHT.

3. MetanngaH KunuMmraH peaktop kartanuru 45x 14x 24 cm
raTeHr 6ynca, yHUHr \axXmu Kyb caHTUMeTp Ba Kyb meTpaa KaHAan
MUKAOpPra TeHr 6YyNuWnHU “McobnaHr.

TecT caBonnapwu

1. Bup rpamm OATWUH 0AAMI WapouTha LaHAam X,aKMHU
arannaingn (p=10,21 cm3ImMonb)?
a) 0,0420; 6) 0,0845; B) 0,0518; r) 0,0381; ) 0,0221.

2. Hopman wapount (101, 325 KMa. 6ocummn Ba 273°K) paa
XABOHWHI 34N KMaH4all MUKAopra ara 6ynagun?

a) 2,29 r/n; 6) 3,12 r/n; B) 1,79 r/n; 1) 2,67 r/n; p) 1,19 r/n.



Il BO B

ATOM TY3UTNLLN
11.1. ATOMJIAP

TabuaTtga mMaBxyn mogganap 6up-éupupaH sfemeHTap 3ap-
payanap—fpoToHAap, HeWTpPOHNap coHura kapab gapknaHagw.
CyHrru imnnapga Katta K\/BBatra ara 6ynraH Te3natruyfiapHuHr
Kaw® 3TUNUWM Ba KOCMWK Hypnap TapKUBUHUHT aHanu3
KUAMHUWK Hatuxacupga 200 faH opTuK, 3fiemMeHTap 3appava-
NapHWHT 6opnurn aHnknaHau. Ly ca6abnu, KynuH4ya “snemeH-
Tap 3appavanap” TywyH4yacu ypHura “gyHgameHTan 3appavanap”
TEPMUHU ULLINATUIMOKAA.

KWMEBMIN 3NeMEHTHUHT XOCCanapuHW CakM0BYM 3HT KUYUK
3appaya aTom geiunnagu.

MopfaHUHT XoccanapuHu ysufaa caknaligurad, 6up Hedta
aToMaH Tapkub TonraH Ba MycTakun MaBxyfg Oyna onaguraH
3HI KMYUK 3appayvacu monekyna geb atanagu.

ATOM —npoTOHNap Ba HeTpPOHNapAaH Tapkub TomnraH myc-
6aT 3apsagnaHraH aapojaH Ba YHUHr aTpodmia xapakaTnaHagu-
raH MaHuin 3apagnu 3nekrpoHnapgaH méopar. KynruHa atom-
nap 6apkapop 6ynmb, xyfa y3ok, Myaaatrada y3 XxpaaTuHuW caknai
onagu. JleknH 6ab3n atomnap MablyM BakAALH KeluMH fgpofa
6ynaguraH ysrapuwnap Tydgainnm 6owk a atomnapra ainaHuo
KeTagun. byHaail aTomnap pagMoakTue atomnap Aeb atanagu. ATom
afnekTpoHenTpan 6ynub, sgpo atpodmparn 3M1eKTPOHMNAPHUHT
YMYMWIA COHU AAPOHUHT Myc6aT 3apsagura TeHr. Arap atomjaH
6u1p KM BUP HeYa 3NEeKTPOH umk”™apmb tobopunca, mycbaTt 3apagnu
WOH — KaTWOH, aTOM 3MIeKTPOH OMPUKTMPMO ofica, MaHpUi
3apALIn MOH —aHWoH \ocnn 6ynagn. AToMaarun aficKTpoHNap CoHK
Ba Myc6aT 3apsAffaHraH f4po 3apaau aiHW aTOMHWUHT KUMEBUI
peakumnagarn a®ammaTUHKN TaBcudnangn.

KruméBunii aneMeHT —6uUp Xun 3apsagnu agpora ara 6ynrad
atomnap TywTamuamp. AApo 3apsagn 3MeMEeHTHUHT KUMEBWUA
3NeMeHTNnap fJaBpuii cucTemMacupa XoWnawraH YPHUHMK
6enrmnainn; aNeMeHTHUHT faBpuUii cuctemagarn Taptub pasamm
YHWUHT aTOM §4pOCU 3apaaura TeHT.

11.2. ABOIr'APO COHU

\ap KaHpain 3aneMeHTHWUHT G6Mp MoNMparu atomaap COHM
ABoragpo coHu geb atanagn Ba N \apdu 6unaH 6enrmnaHagu.



AHUK, ynyawnap 6y coHHUHr Na = 6,023 -103 monb  ra TeHr
3KaHMUTUHU KypcaTaun. ,\ap KAHAak MOgAaHUHT GMp MONMAA X,aMm
Xy4uu WyH4Ya monekyna 6ynaan. by Mukaop yHuBepcan ysrapmac
K,uiimaTtra ara 6ynn6, yrnepos aToMyu MacCaCUHWUHT YH UKKWAaH
6up ynywwn 6unaH TaBcugpnaHnb, MogaaHnHT Tapkubu Ba arperar
Xanatura 6orauk, ynagu.

ABOragpo CoOHW "o3uMpru Bakgga 6up-6upura anok,agop
6ynmaraH 60 ra akMH ycyn 6unaH aHukgaHagu. Bus kyiiuga,
ynapaaH nKkutacu 6unaH TaHULW NG YMK,aMu3.

1. Peseptopa ycynu. by ycynHu Pesepgopg 19] 1 iinnn Kawd
3TraH. PagnoakTuMB 3neMeHTNap napyafaHully HaTuxacupia
y3ngaH a -3appavatap uukgpagu. by sappavanap 6upop moggara
rykHawunb6 K,apwmnamkka ydypangm. Hatumxaga ysura MKKuTa
3/1eKTPOH BUPUKTUPNG, Frennin aTomura ainnaHagn. Xocun 6ynrax
renuii MMKAOPUHN MUKPOYCYN épfaMuia aHmKall MyMKUH. bup
rpamMm paguimHuHr 6up nnnga napyanaHmwn Hatuxacuga 159 Mmm3
8kn cekyHaura 5,03 HM renuin gocun 6ynuwmn Taxpubaga
aHuKAaHraH. Cenunin aTomun x,0cun KAsaguraH a -3appavanap Kys
6unaH KysaTull MyYMKWUH 6ynraH aHeprusara arayLLl yHUHT yuyH
MabfyM MUKLOpAaru paguMoakTMB MOAAa YMK,apraH a,—
3appayanapHu x,ucobnaw MymkuH. MacanaH: 1 r paguii 6up
cekyHaga 13,6 «10/0Ta a -3appaya Ymk;apagn. busra mabnymku, 1
MO/b renuii ogauii wapoutaa 22,4 n xAKMmun arannangu.lyHra
acocnaHm6 nponopuuns Ty3mnagu:

5,03 -109cm3He ga —13,6 -100Ta aTom 60p.
22,4 -103cm3He pa —NATa aTom 6op.
6y epaa:
22,4-103 m13,6- OO
= 6,04 T9ZBaToMm.
5,03 +10 9

TonunraH Mukgop ABOragpo CoHMAaH Xyaa kam gapk K,unagu.
By thapk, a - 3appavanapHu KysaTuwpga yn KyiunraH xaTo
HaTuXxXacmuaa Kenmob Ymk,K,aH.

2. MunnankeH ycynu. ABoragpo TaxpnbacuHu 6upuHymn 6ynnb
1909 innu MuWNMKeH 3NeKTPOHNap 3apsgvHK yndaw opk,anu
amanra owmupraH. MunamkeH TOMOHUAaH fpaTuiraH Kypuama
cxemacu I1.1. pacmpa KypcatuiraH.

By Kypunma TepmocTaTra XonawTupuaraH MeTanicUMOH
Kamepara (3) ypHatunraH ukkuta (1,2) natyH nnacTuHkagaH
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TalW KW TONTraH KOHAEeH-
catopfaH mbopat. Myp-
karnu (5) éppamupa
TewwnkyagaH (6) ytuo,
KOHAeHcaTopraTylwaan-
raH 6up ToM4n MOW Ty-
MaHW XOCWUA K,MNuHagu.
X,ocun "MANHIaH Mo
TYMaHUHWHT X,apaka-
TUHU Ky3aTtruy (7) op-
K,&/IM Ky3aTuil MYMKUH.
Kamepapgaru \aHo peHT-

reH HarvvacumpgaH (10) M.1. - paeM. 3NeKTPOH 3apAANHM ynyallga
+060p|/|nraH PEeHTreH KynnaHunaguraH MunnMkeH K,ypuiaMacuHUHT
Hypnapun Tabcupupga cxemacwm.

noHnaHagn. Hatuxaga
xocun 6ynraH myc6bat
3apsagninM UoHNap Mol
ToMuunapu 6unaH TyK,-
Halw w6 3apagnaHagmn. by
3apAagnaHmw ek bunax
6enrunaHaan. KoHpeH-
caTop nnacTuHkanapuga\ocun 6ynraH KyuynaHuLWHKN y,3rapTupme,
WyHaal K,uiAimaTt TaHnab onuHagukmn, 6y K,MiAmaTt 3nekTp
mMafoHnga 3apsgnaHraH TOMYMHUHE TOPTULUIMLWI Ky4ura TeHr
6YNCUH, AbHN:

1.2- KoHAeHCATOp NiacTUHKanapu: 3-metann
Kamepa; 4-TepmMocTar; 5-M0Oi nypkarny;
6-nnacTUHKa TeWnKYacK; 7-Ky3aTkuy Haii;
8-akkymynaTtop; 9-moHomMmeTp; 10-peHTreH
Hallyacu; 11-UCCUKANKHU N30NALNANOBYN
CYKL IMK KEPOCUH.

mg = ek -E (1.2)

By epfa: T = TOMYM Maccacu; g = 3pKUH TYLIMNLI Te3NaHuLWu,
/' = 3anekTp MafoH KyunaHULN.

Tekuc cupTAM KOHLEHCATOP YYYH 3/71eKTp MainpoHu
KyuYnaHuwun Kyimgarn kK minmatra ara 6ynagu:

E = (112)

d
by eppa: V — nnacTuHKara 6epunrad kKyuynanumw; d —
ngacTMHKanap opacugaru macoda.



BUPUHUM Ba NKKUHYMN TEeHTNamaHn ymymnawTupcak,

mg =d
(M.3)

By (113) TeHrnamagaH TOMYMHUHT MaccacuMHu 6unrad \onga
CK MUKAOPHM TONUW MYMKWUH (TOMYUHWHI MaccacuHW 3NeKTp
MafoHUra KupuTMacaaH Typub, 3aBofa 3pKUH TyLIULL Te3IUTK
opKann xaMm aHWKAab 0nnW MYMKUH).

Tomumn 3apaau LOMMO 3NeKTPOH 3apsfunra HucbaTtaH kappanu
6ynMWUHN MUnNaukeH aHukKgagn. dNEKTPOH 3apaangaH Kuumk
6ynraH TOMYM 3apsign KysaTuamaraH. byHra ca6a6, Tomum 6MTTa,
MKKNTa, y4Ta 3N1EeKTPOHHU (EKM MOHHW) y3u BunaH onmb KeTuwu
MYMKWH. Xe4y KayOH TOMYMN 3NEKTPOHHWUHT 6UP KUCMUHMK
6MpUKTUPMG ononmagmn, YyHKNU 3NeKTPOH 6GyamHMacaup
Ll yHUHT YYYH TOMYUHWHT 3HT Kam KuiimaTtra ara 6ynraH 3apsgu
3N1EKTPOH 3apagura TeHr bynagu.

MuUnnnkeH Xyfa Kyn yndawnap Hatuxacupa 31eKTPOoH
3apAAUHUHT MUKZopKM e. = 4,77 -10"'anekTpocTanu Kk 6upnuk (Eku
1,603 -10 B Kn)Ka TEHFAUTUHWN aHUKNAAW.

Xp3upru BakTga 6y MMKAOP Xyda aHMK xucobnaHraH 6ynuo,
e = 4,803-10-10 5.c.6. (éknm 1,602-10 ¥ Kn) ra TeHr peb kabyn
KUNWHTraH. by MUKAOp y3rapmac Kuiimatra ara 6ynn6, Asoragpo
COHWUHW TOoNMLWAa KynnaHunagu.

Xaku kataH ®apajeil KOHyYHUra MyBOGMWK 3/1€KTPONN3 Xa-
paéHmnga 1 mMob-3KB MOAAa aXXpaTnb onunw yuyH sputmagaH 96485
KYNIOH 3/1eKTp 3Heprua yrkasuw kepak. [emak, xnopug Kucnora
aputmacmga 1,008 r sogopog Ba 35,453 r xnop axpatub onunw yuyH
96485 KynOH 3N1eKTp aHeprus capd KunmHagu. UyHKuW BOAOPOA
XN0puA 3puTMacK 3NeKTPOIU3 KUAMHIaH4a 3N1eKTPOH 3apagura
TeHr 6ynraH H+ea Cl noHnapu \ocun 6ynagn. Y \onga dapapgei
COHWHW 3NEeKTPOHHWHT 3apag Mukgopura 6ynné, 35,453 r xnop
ékn 1,008 r BOfOpPOL HeuyTa aToOMAaH TaWKWA TOMTaHIUTUHU
X,uco6nab TONMW MYMKWUH. YMyMaH 6up mMonb ~ap KaHpaain
3fneMeHTAarn atomnaap coHM ABOragpo COHWHW TaBcudnangn. ¥

Xanaa,

(Mn.4)



= --=6,023 -103
1,602-10

ABOraZipo COHM Xyfa KaTTa K miimMaTra ara. MacanaH, arap 6us
\axxmun 0,3cm3ra TeHr 6ynraH ABOragpo COHUra TeHT WapyanapHu
KyTura onnawTtumpcak, 0,3 -6,023 -K0’3cm3= 1,8 -10* KMAaXXMHMU
arannaiaun. byHgah Ky6CUMMOH KYTWYaHWHT K,Mppacu 565 KM
y3yH/WKKa 3ra 6yaraH 6ynap agw.

WyHpaint katTa K"midimatra ara 6ynraH ABOragpo COHWAaH
KUMErapnap yuyyH MKKUTa Myx™m Xynoca Kenno 4nkngu.

1 ONTMK MUKPOCKONAA Xyfa 03 MUKAOPAArn KUUYKK 3appaya
Ky3aTunraHja\am yixyja Kyn atomnapfaH Tapkub TonraH 6ynagu.
Ll yHWHT Yy4yH MoOALa MUKpPOCKOMAa Y3N1YKCU3 HaMOEH
6ynasepagu.

2. X,ap kgHAa To3a MofAa Tapkmbuaa x,aMm 03 Mukaopaa bynca-
fa, TYpAuW 3feMeHTNapHUHI aTomfaapu apanawraH 6ynagu.
Xo3npru Bakada Tapkubuaa 6upopTta \am 60LWKA 3N1EMEHT aTOM U
6ynmaraH abcontoT TO03a MoAfLa ONMW MYMKWUH 3Mmac. JIeKuH
Tapknounga 10 5—10“s% rava Kyl MM4a 3NeMeHT aTomaapu 6ynraH
mogaganap (KpeMHWi, repMaHunid) onuwra apuwmnrad. byHpgai
\onatga x,am 1 r myTtnak to3a Mogfaja mMunnvapgpad Kywummua
atomnap 6ynap akaH.

11.3. ATOM MACCACWU BA YHVHI YJTHAMA

%
ABOragpo coHumHu 6wunraH \onga \ap K,aHgail aTOMHWHT

rpammga ndofanaHraH MaccacHW Ba yN4aMUHU TOMUL MYMKUH.
ATOM MaccaHu ABOrajpo COHMra 6yuLW OpKAIM TOMULL MYMKUH:

T=— (11.5)
Na

Y \onga BOAOPOZ aTOM U YUyH:

1.008
TH= --—-r—--- = 1674*NP'T.
6.023 10
YpaH aToOMM Y4YyH 3ca:
238
T = e — = 3.95*10Bra TeHr 6ynagu.

6,023-10"



K.ai iniv xpnatgarn 1 mMonb oganii mogaa arannaraH \aXmHu
ABOragpo CoHwura 6ynnb, 6uTTa atomra Tyrpyu KenaguraH \axm~
YHUW aHUKAaW MYMKWUH. KArTukxgnargaru mogganapsa atomnap
6up-6upnapura SAK,MH >KONNaWraHAMIM Y4YyH yndawpja
KunnHaguraH xato kam 6ynaau. Y xpnga 6utra atomra Tyrpu
KenaguraH XMKMHU Ky6 nngusgaH ynmkapub, atom guameTpuHu
XaM aHuKgaca bynagu.

ByHgail “mcobnawlHM MMC aTOMU MuUcONupa Kypannuk.
MWUCHUHT 3nunurn 8,93 r/cM16ynraHn yuyyH 6Up MOSib MUCHUHT

\axxmu 7 12 cm1lHn Tawkun Kunagu.bByHgaH 6up atomra Tyrpu
KenaguraH XA>KMHWU TOMaMu3:

Vr = -----=1,182-102 cm1
" 6,023 10

Muc aTOMHWUHT AMaMeTpu aca

cldi ~ \lvcil = VU882 «I<>” =2,28-10 *cm
]

HW TaW KW KWnagu Haatom paguycu 1,14- KI'8cm rateHrbynagu.

ATOMNap ynyamuHW Xyfa aHUKAWK 6unaH xmcobnaw Y4yH,
YNapHUHT KaTTU K MOAfa KpUcTannupga XomnnawraH ypHUHN 6u-
NUW Kepak. ByHW peHTreH CTpykKTypa aHanusu épgamMupa aHuk-
naw MyMKWH. By ycynpa KynrvHa meTannapHWHr atoMmaapu
XunenawraH wapyvanap Kabu >KonnawraHaurm aHMKgaHraH.

Xuncnawnb xoinawraH wapyanapHUHT X,KMU YMYMUi
XOKMHWUHT 74% wnHW Tawkun atagu. LW yHra acocnaHm6
KpucTanngaru Muc atoMu paguyeuHWHr KWiAMaTuHW Kyihngaru
\ucobnaw opkanu aHMKAaw MYMKUH.

Vfw=1182m0 m0.74 =0,872 w0 “W
byHpAaH;

/13 Wr j0,872-10 2 10
et =128-10 m

c' "4 1 \1 4-3,14

KypuHUG TypubAWKKU, MUC aTOMU PagUyeuHUHT aHUK KWii-
MaTu o~opuaaru TaxMUHWUI TOMWATAH KuiimaTfgaH yHYa KaTTa



thapk, K,unmangu. LyHn aliTn6 yTull Kepakku, KpucTanngaru
aToM YHU ypab TypraH 6ywnuk, 6unaH aHukK, Yerapa cupTura ara
«Mae. LLIYHUHT y4yH aToM ynyamnapu wapTtam 6enrmnaHagn. ATom
ynuamnapu felimnradHja ogauin mogpa Kpuctannmparm atom
pagumycuHU TYLWYHULW KepakK. ATOM paguycu aca KyLHU atoMnap aa-
ponapu opacugaru MacotaHuHrapmMurateHragup. bapua atomnap
pagnycn 10") HM 6unaH ynyaHraHugaH MOAAAHWHT TY3WIWLL
Hasapuscmpa \McobnawnapHu cogjanawTupull Mak,caguja
AXANUTNAHTaH 6UPNNK Kabyn KAAMHraH. by 6upnuK HaHoMeTp Aeb
atanaguM Ba HM “apu 6unaH 6enrmnaHagun. Lemak, MuUC aToMm
paguycu r = 0,128 HM ra TeHrgup.

MMUWUCHWUHT 6Mp MUANMOH aTOMWHWN KCTMa-KeT XolhnawTnupnob
ymk”cak (pak,atrnHa 2,6 -10 4m macogaHu arannangu.

11.4. ATOMHUHI TY3NINLLN

FOKppuaa KypcatubyTunraHugek, KUMEBUA aneMeHTAapHUHT
aTomMfapu A4pojaH Ba YHWHT atpodupja xApakaTnaHaguraH afiek-
TPOHNapnaH Tapkn6 ToNraH. Y TraH acpHUHIypTanapuaa sappavanap
OKMMMW UYpCU KUTMHTAHAAH KCAMHTUHA 31eKTPOHNAPHUHT Xocca-
CW ypraHunraH. byHga 6UprMHYMN HaB6aTAa 3NEKTPOH 3apAAWHUHT
YHUHT Maccacura Hucbatn ynyaHraH. By MMKLOp 31CKTPOHMAp OK,u-
MWUHWHT 371eKTP Ba MarHUT MaifoH Tabcupmuaa Yetra YN UL NHK
aHMMal opKanubenrnnaHraH. byHgain TaxxpnbaHu 6MpuHYN Oy-
nn6, 1897 iinnm TomcoH y3m TaliépnaraH acbobaa yTkasan (11.2-paem).

Taxpuba HaTumxanapura acocnaHmb6 e/tc 1 5,273-107
3N1eKTPOCTATUK BUPNNK TaKpUM rpaMm (3.C.6./r)ra TEHr 3KaHAUTK
aHUKAanraH.

LLUKANA

l'i./. -parm ' XUCKTPOHNAPUMHT C/T MWKAOPUHW aMumaiguraH acbob cxemacy.



3NEeKTPOH 3apAAUHUHT MUKLOPU OKPPUAA KypcaTUAraH ycyn
6unaH aH KyKLaan: 3NeKTPOH 3apsan e/TcBa € HUHT MUKLOPU MK
6unraH xguna aNeKTpoH maccacuHym \nco6nab Tonuw MYMKUH,
ABHU

4,80286-10-1"
e —; T,=0,91084-10.7
5,273-10
JONeKTPOH MaccacuHu 6enrmnaw y4yyH, YHU oK.opuja
\nco6nab TonmnraH BOAOPOA atoOMM maccacu 6uniaH Takgocnab

Kypammus:

m

—— (0,9108¢ 10 27)/(1,674+ 10 24)= -J—
TII Ixs/

[emMak, 3aNeKTPOHHWUHI Maccacu 3HTr eHrun \ucobnaHraH
BOLOPOL aTOMWHMUHI MaccacupaH 1837 mMapTa KMUUK 3KaH.
WyHpah Kk,unmb, aTOMHUHT \amMmMa Mmaccacu sgpora Tyrpu
Kenuwura (Ternwim sKaHAnurnra) UWoHY Xoc Ui KMANW MYMKKH.
ALPOHUHT ynyamu aca Xyfa KW4uMK. Arap aToM yn4yaMum TaxMUHaH
104Hm 6ynca, y Xpnga atom SAPOCUHUHT paguycn TaxmuHaH 10~4
- 10 5™ 6ynagu. 3apsgnaHraH sappavanapga 6ynraH agpo Ba
371eKTPOHNAp y3 aTpoduaa 3NeKTp MaiifoH KOCUn K™Mnagw.

ATOMAa f4p0 MaBXYAAMruHu 6upunHum 6ynmb Pesepdopg
(1909-1911 Wnnnappga) aHwyTaan. MeTann nnacTUHKanapcupTura
a -3appavanap éraupub, ynapHUHI MeTannfaH yTuw nynnapuHm
TEeKWUPULW HaTuxacuga axonnb HaTmka™nmap KysaTuarad.
Ergupunrad a — 3appadvanapHuUHr KYMUYUAWK KUCMW MeTann
nnacTMHKajaH Tyrpu yTnb KeTaBepafu, 3appavanapHUHI Xypda
03 kjicmh y3mHuHr gactnabku wynugaH mabaym 6ypuyakka oragu,
NeKUH 6ab3u 3appayanap (YH MUHrTagaH 6uTTacu) gactnabku
nynupaaH kapama-kaplwu TOMOHra kKahtagu. by \ogucaHu akart
a —3appavanapHuHr mycbart 3apagnaHraH sapo 6unaH ry”“Ha-
WULWIK NaTmxkacu fed TYWYHTUPULL MYMKUH.

ATOM A4pOCUM WKKW 3feMeHTap 3appavanap — NpoTOH Ba
HeWTpoHNapgaH Ty3unraH. AAPOHWMHT OyHAal Ty3unuwra ara
akaHnauruHm 1932 innn AO.4.NBaHeHko, E.H. TanoH Ba [eii-
3eHb6eprnap acocnab 6epraHnap. MPOTOHHWHT Maccack TaxMUHaH
1m.a.6 ra, 3apaau + 1ra TeHrgup.

HeATpOH 3neKTpoHelnTpan 6ynmb, yHUHI mMaccacu TaxMUHaH
NMPOTOH Maccacura TeHrgmp. NMpoToH Maccacu 3fIeKTPOH Maccacu
faH 1936, 12 mapTa, HEMTPOHHWHI Maccack aca 1838, 65 mapTa



Kanagup. S4POHVMHT 3apsaau s4pojaru npoTouaap COHM GunaH
anHkganagu. Sapogarn NpoToHaap COHU Z Ba HEATPOHIAP COHM
N napnuHr WArMHAMCK Macca COHU A ra TeHr Gynagu:

A=Z +N

ONEeMEHTHUHT A4PO 3apagnapu 6up xmn 6ynub, atom
mMaccanapu 6unaH 6up-6upugaH Gapk K>MnaguraH atomaapu wy
3/IEMEHTHUHI n3oTonnapu gelimnagn. Mabaym 31eMeHTHUHT
nsotonnapu 6up-6upngaH atom agpocujaru HeTPOHAAp COHWU
6unaH thapk”~naHagn.

11.5. ATOM CIMNEKTPJIAPA

KWMEBMNIA aneMeHTNapHUHT CMeKTPNapuHU ypraHuwira goip
TaXpubanapga TynnaHraH MabaiymoTnap aTOMHUHT TY3UAULWIN Ha-
3apUACUHM ApaTuLlra acoc KAAmMb onnHraH ganunnapgaH 6ipu
6ynn6 xusmat Kanau. Xo3mpru BakTa cnekTp YM3nMKaapm 4acro-
Tacn X 0,001 % aHukgukga yndaHmokpga. LUyHWHraek, crnekrtp
YU3UK,NAPUHUHT paBlIaHANTUHU X,@aM aHUK, ynyaw MYMKWH.
LLy6XACU3KM, aTOM TY3UANLLM \aK> aarn TylwyH4yanap MWwoHYmn
Taxpubanap HaTuXKanapura acocnaHraH.

1 CnekTporpagHUHI uwnaw npuHumnu. CnekTp Tyf
Epyrnnk maH6anaH TelMK4a opK,annm TakcumMmaarny K puamara
Hyp 6epunagn. By TakcMmnarny LOTUATaH HYPHU (OTONNACTUH-
Kara Tywwupagu. ®otonfactuHkKaga Hyp Mabiym TYa~uH
y3yHaurura moc \onga waknnaHagu. Kysra KypuHaguraH Ba
ynbTpabuHadwa HypnapHu TeKWUpUaa ONTUK cnekTporpad-
nappaH goipanaHunagn. by cnekTporpagnap WWKW HYPHU LWK-
WajaH KW KBapufaH TalépnaHraH npusma opk.anm yTkasumwra
acocnaHraH. byHpai cnekTporpag 11.3-pacmga KypcaTuaraH.

11.J -pnem. ('nckTporpad@HMHT UWNaW cXxemacu.



Mpu3MafaH yTacTraH HYPHUHT TaK,CUMaHWUWMW HYP TYNK,UH
Y3YHAUTVUUMHT y3rapuiin 6unaH CUHAUPULL KYPCAarKMUYUHUHT
y3rapuwnTta 6or-nuk,6ynagn. KynruHa xpnnapga HypHUHT TYNKUH
Y3YHANUTW OPTULWK 6GMNAH CUHAMPULL KypCcaTKU4M Kamasgu.

XMCMHUHT HypnaHuWmM HaTuxacupa \ocun Kuaumurau
CneKkTpnap 3MUCCUMOH CreKTp/iap;ieiinna,w. OMUCCMOH CHeKTpap
Y3NYKCU3, YN3NKCUMOWN Ba yn-ilyn 6ynagn. UyrnatunraH LatTuk,
Ba CYHOK, XXMCM/ap Y3/1yKCM3 CNeKTpaap .xocun kanagu. FasnapHu
K,M3UTULW €KW 3MeKTPOA 3apsfM TabCUpUAA HYpAaHrMpuL
HaTuxacupa oca ano,\mga uymsaunappaH TalWKua Tonrad
UYM3LLCUMOH CKU Myn-iyn cnekTpnap xpcun 6ynaau.

Xo03upru Bakfija atoMfiap HyplaHULIM HaTmKacuga 4u3suK,-
CUMOH CMEeKTpfap, MoJiIeKynanap Hyp/laHuWmn HaTuxacuaa y3nyk-
cn3 KK Myn-iyn cnekTpnap Xpcun 6ynuin aHNKLaHTaH.

Y3nykens (TyTaw) crnektpnap. Kj/éw HypnapuHUHT ékun éi
(hoHapu HypnapuvHWHT CUEKTPW Y31yKCU3 CNeKTpAnp. by cnekTpaa
6apua y3yHaukgaru TynkuHnap 6ynagm, gemakaup. Cnektpga
y3nnauw 6ynmaiigun. LU yHUHT yuyH cnekTporpaHUHT 3KpaHuaa
\ap Xun paHran cCneKTpAapHUHT TacBUPY SXIUT KypuHagu. dHep-
TMAHWHT YyacToTanap 6yinya Tak,CMMAAHALWKM X,ap XU XKXUCMAap
YUYYH Typnuda 6ynagn. XHpopaT KyTapuaraHga HypnaHuLl aHeprus-
CUHUHT MaKCUMYMW KMCK,a TYNKUHAAP TOMOH CUDKUIAAN.
Taxpuba HaTMXKaNapuHWHI KypcaTuwmnya, K,aTTUK EKU eYIoK;
xbnatgarn MopaganapruHa y3nykKcus cCnekTpfiap XO0Cun Kunagu
Y3nykKcu3, cnekTpnap \ocun K,UANW y4yH MoAAanap K,u3-
OVPUANLIN KepaK. Y3YKCWU3 CMCKTPHUHITabnaTn Ba MaBXyANNK
(haKTOpU HYpP YUKAPYBYM aiipvM aTOMNAPHUHT X0occanapurarmHa
amac, 6ankyM ynapHWHI y3apo TabCupura xam Kyn fgapaxapga
6ornuk, bynagn. rasnap y3anykcus cnekTp X,0cun Kgnmangn. YyHkum
CYIOKAWK Ba K,aTTVK, Mogdanapga atomnap 6up-6mpuraxyna Kyuam
Tabcup 3Tagu. TemnepaTypacu loK,0pu 6ynraH nnasma \am
y3/yKcu3 cnekTp 6epagn. by acocaH anekTpoHnap 6unaH noHnap
TYK,HallyBW HaTuXacupga cogup bynagu.

Un3nLUCcMMOH cnekTpaap. Arap ras ropefikacu ajaHracura ow
Ty3un apuTmacu 6unaH x™nnaHraH 6up 6ynak acbect KUpUTUING,
YHIa CMeKTPOCKON OpK,aiv K,apairaHga anaHraHWHr 3ypra Kypu-
HafuraH y3nykKcus cnekTpuia paButaH capu K 4nsunk, nago éynagu.
By capu K WIBVKH/ HaTpuit 6yrn xpeun kanagu. Hatpuii 6ypm oca
Ol TY3M MOMieKyNanapuHWHI anaHraja napyanaHuwniad Byxyara
Kenagu. byHaan cnekTpnap 4nsMK CUMOH cnekTpnap 4,e6 atanagu.



11w iii KeM MO cneKTp \ocuna O6yAuUWKM MOAAAHUHT MyalsiH
\ iMi'iiik'iai n (kyga 3aHCM 3 MyaliaH cneKTpan opanukpappgaru)
N n.wnap uymkapminnum 6ungnpagun. Ynsmk,CMMoH CNCKTPAapHu
MWK-KYy Ip v >faigarnHa amac, 6anku atomnap xonunain bapya
yannmMmnH mogaanap \am \ocun K,unagu. by xonga épyTnmk Hypnapu
*>|p onpwaTtabcupaTmalignrad atomnapgaH uuk,agn. by xungarm
(MCK CMCKTPNApPHUHT 3HT acocuii Typu xucobnanagun. bepunraH
MK ONp KUMEBUI 3NEMEHTHUHT SAIKKanaHraH atoMnapu mMabiaym
\ . TYNK,MHNApHW YuK,apagu. ATom \onargarv rasHuHr
YUTUL W OprrupuaraHja anpum cnekTp YM3MKAAPUHUHT KeHra-
e Ha, HUX,0AT, rasHWHI 3MYNUTKU Xyfa KaTTta b6ynradpja,
*M.Mi aromMaapHUHI y3apo TabCUPU Kyunum 6ynraHfa aca CnekTp
MU unygapu 6up-6MpuMHN K,McMaH Konaab. y3nyKcu3 CNeKTp X,0CUN
UnianinurmHn Kypuw MyMKUH.

1ly mityn crnekTpnap. WMyn-iiyn cnekTp 6up-6upuaaH Mabaym
Hp.WWY 6unaH axpanraH anpum nynnapgaH néopat. Xap 6up iyn
MUp ONpLU aXXyAasiK,MH XohnawraH KyngaaH-Kyn 3uy ynsmkaapjiaH

XXaHMIUTVHU cCneKTpan Kypuama épjammpa aHuk, namkgl

MYMKV/H.

Vi Wyn cncKTpnapHu atomaap amac, 6ankum 6up-6upun 6unax
.......... anmaraH ékun 3aun®
‘Hn Liml an monekynanap 1/lcm-1
s.ciiini knnagn. Monekynap j4300 16700 20000 25000
"mi lIp lapllll Ky3aTuL yyyH
min MK 4YnM3nkK, cnekTpnap- j|
TN H Kabn 6YrHUHr ékwu l ~ Z N
.............. an rasHuMHranaH-

| rm wy luanaHniHugaH He T ~ T ~
d'vrn mnunagun.

\ .|p Kancn mMopafaHuHT
ii.imi i ii MOHCKYNacuTynK,uH
\'i\n mm in a moc kenaguraH
.............. um all4llapwn Tynna- U Illl M | . .
Min .1 n.n X 1111 (11.4-pacm). " " -

I'\in 1lna aHemen rnap-

”g I

.......... >m i. Ilpiapn xypga 7000 6000 .5000 4000
mnpnl,,o MaranaH, Temup n °

- .. th im mnnlgaH

eijuui  -w iiiL"i.ipmi eana6 /.4-Iwc«. Bab3y anemeHTap

e\j“ nut mM\milu CNCKTPNAapMHUNT CXCMacu.



0 ATOM CcnekTpnapuHuH
Ha- 6562,8 A 3ukgapu 6mp-6mupura xyga ak,uH
XoWnawraHanruHu Xyaa cesrup
acbobnapfa KysaTull OpK,anun
aHubyTaHraH. Arap HypfraHuw
MaH6an MarHutT mangoHura
up. __ 4861 3A KupuTunca, cnekTpgarm 6utTa
YM3MK, aTpodupa yHra xypa
0 SK,MH XolinawraH 4usuk,4anap
4340,3 A XOOT 6ynuwmn KysaTunagu.
0 ByHpali umsukuanap 3e
HJ>. 4101,7 A addekTn geb atanagu.
HypnaHuw wmaH6au anekTp
MafoHUra KUpuTunraHga \am
Hoo- CNeKTp 4u3ukK,4yanapu X,0cun
6ynagn. byHpai 4ymsuk,4yanap
WTapk ahhekTn aeb atanagu.
Boaopog cnekTpu. JHr ogamnu

HT

11.5-paem. Ky3ra KkypuHaguras BoLopos

CNeK Tpu Ba yHra s"nH 6yhrax
ynbTpabuHadwacnekTp ' cnekTp BOAOPOL CHeKTpWAWp.
cox,acu (Banbmep cepuscn). . KypuHaguraH colaga cakaTrmHa

Ha,Hp,Hy, H nnap 6unaH 6enrnnaHraH TypTTa CNeKTp YMU3MK,-

HW Ky3aTuw MyMKuH (M.5-pacm). 111yHUHraek,6y unsnkgapbunan

6upra 6up HeuTa ynbTpabuHadwa co\a CNeKTpyU Xocun 6ynun

\am ky3aTunagu. by cola bBanbmep cepusicun geb atanagu.
Banbmep cepuscn UYM3UTK TYNK,MH COHUHU K,yiAmparu

thopmyna 6unaH ndoganaw MyMKUH:

V =

6y epga: R - Puabepr gonmnuiicn 6ynnb, yHUHT K,uiAmatm R =
109678 cm 1ra TeHr, n = 3, 4, 5...

ByHpaH Talukapu, BOAOpOA CNEKTpUHU ynbTpabuHadlia Ba
MH(paK,n3nMn coxanappa Tekwupuw inynm 6unaH sHa 6up K,aHuya
Yunsnkaap, cepusicn TonuaraH. Y nbtpabuHagwa coxaaa TONUAraH
ynsnkgap cepusicu JlalimaH cepusicn, MHgpak,m3mn colaga
TonunaraH 4usuk,nap cepusicn MaweH, BpekkeT Ba MdyHaa
cepusanapu feb atanagu. byHaai unsnkaap CepUACUHUHT TYNUK,



'umm w'imi lonbmepdopmynacugarmrayxwaw tonmnagu. .Mekuu
tupmy :ia)iai n 2’ ypHura 12 32 42Ba 52nap Kyiunagu.

Hlvii/iaii k,unn6, BOAOPOA CMEKTPM K yhmparn ymymui
<=M\ ‘1 6unaH ngpoganaHagn:

f \ f N
R R

2 2
any V 2/
A eppa: //; Ba n, nap 6yTyH coHnap 6ynu6, n2>nxéynaau.
By hopmynafaH KypuHmM6 Typu6auKu, BOAOPOS CNeKTpuaaru
«in WIKAAP COHU 4YeKCWM3 Kyn 6ynuwinra Kapamain ynapHu Xxyga
un.nu npopanall MyMKUH.
3NeMeHTNapHUHI cnekTpnapu. KynruHa 6owkp ane-
MeuTnap cnekTpnapuga \am 4msuMkgap cepuscu 60pPANTU aHUK,-
HaTan. By cnekTp uM3nMkgapu aH4ya Mypakkab 6ynub6, Bogopog
N K-K lpnapu cepusacura yxwab Typnu coanapgaxomnnawiraH 6yn-
Mail, 6anku GMP-BUPUHUHT yCTWUra TaxnaHué kgnagu. LyHpai
nynuiinra KgpamacfaH cnekrpockonga 6y 4nsukgap cepusicuHm
axpatnwra myeadak,0yIMHIaH.
1XX9 imnn Pupbepr cnekTp CEPUACH UMUK NYAPUHUHT TYNK,
COMMMW WKKW MNxBa N2 6YTYH COHNap PYHKLUACU OPKAAM
ngoganall MyMKUHAUTUHWN aHUKAAAM:

V=T(n,)-T(n2 (11.6)

I»v eppa: //, > ny By coHnap pyHKuuanapu cnektpan Tepm geb
.na iafiii (Tepm — anrebpank TeHrnamanap ab30CM MabHOCUHU
N THanwn).

lapknbupga akat 6UTTa 3NeKTPOHU BynraH BOAOPOA aToOMMU,
VM W a 3apagnmn rennii He+WoHW, UKKKU 3apagnv nutuin Li+2 noHn
n| n<nya 3appavanap y4YyH CNeKTplapHWHE TepMu K imparu
d<>[>mMvagan Tonunaaun:

n.

W wopoii, aToMu yuyH Z = 1, 6UTTa 3apaanu rennii He+unoHu
\u\n/ \ MKKKW 3apagnu AMTtuin Liv2noHn yuyH Z = 3 bynagu.
+->||n: urpMmenwap yyyH TepMm KyihumpgarudopmynagaHTonunagu:

%



By epaa a HWHT MUKAOPU GUPAAH KMYKK y3rapMac Kuiimatra
ara 6ynmb, myailsH umsmkpgap cepuacuHu undgoganangu. Typau
XWNgarn Ynsnkgap cepusicm yayH a = s, p, d, f xapdnapum 6unaH
6enrnnaHagun. KOkppugaru (11.7) hopmynagarm Kabu, Helitpan
atomMnap yyyH Z = 1, 6uTTa 3apa4nM noHnap yuyyH Z = 2 Ba
XpKaso.

WyHpan kmnub, cnekTpan 4ym3ukpap Xyfa Mypakkab Ba
TYpAn-TymaH 6ynuiumnra k"apamaii ccpmanap 6y ryH unsukpappaH
néopat 6ynraHu cababnm ynap ogavii n(loganaHuiy MyMKUH.

KBaHT Hypnapu “~auupa TywyH4ya. M.MnaHk 1900 ihnnga
KusgnpunraH >xucmnap cnekTpnapu 3HeprusCUHUHI Tak,CUM-
NaHWLWNHW TYWYHTUPaAUTaH HasapuaHu spatau. by Hasapusara
MYBO(MK, 3Heprua aTtoMmgaH y3nyKcu3 paBullja amac, 6anku
Maifa-mMaiifa 3appayanap —KBaHTnap Tap3uga axpatunagu. Xap
K,aiCW KBaHTHWHT K,MiAMATW WY HYpP TYNK,MHAQPUHUHT 6up
ceKyHapary Teb]lbaHumw caHura 6ornuk, 6ynagu. Xap K aHpain
TebpaHMa cucTeMa 3HePrusHU dakaT KBaHTNap \onupa roTagu
EKW 3Heprus ysugaH KBaHTAap Xpanga ymkapanu. Xap Kancm KBaHT
KatTanuru kyiingaru MNMnaHk reHrnamacu 6unad “ncobnaHagu:

E=//V (11.9)

By eppa: € - 3Heprnsa KBaHTW, n — “1NAHK LOUMMWIACK, YHUHT
knimatn h=6,625 -19 Z apr.cek ékn h=6,625 -194)Xoynb -« cek,
V —TebpaHul 4acToTacu, YHUHT TYAK™MH Y3YHAUTK 6unaH
TaBcu@dnacak, y xpnga:

6ynagw.

by epga: C —é&pyrnumk te3nurn, 9 —TynKMH Y3YHIUTK.

M. MnaHK HasapuacugaH Kenub uYmkgauraH xynocanap
TaxpnbagaTonuaraH HaTuxanapra tyna mysodu” kengun. Epyrnnk
KBAHTNAPUHWUHT X,aKMKBTaH MaBXYAAUrn 6OWK,a XWUA Tax-
pubanapia xam ncboTtnaHraH. MnaHk TeHrnamacugaH goinganaHmo
cnekTpgaru \ap KAicu 4msuk”™a MyBO(UK, KenaguraH Epyramk
JHEPTUACUHUHT KBAHTUHWN ~ncobnawl MyMKUH.



MacanaH, BoAOpPOA4 CNEKTPUHUHI Ha umsnrn yuyyH E Hn
Kyingarnda \ucobnainmus:

0
A =6562,8/1 =0,656-KI'6 s~

y xanga:

— (j ? 9979 - 1M10
v=J =00 = 4,57 ml0 cek’

N 0,656-K)-4

E = hv =6,625 -102Z-4,571n=3,03 -10 R3pr ékun 3,03 -10 0©X.

By MUcongaH KypuHu6 TypubauKu, Kysra KypuHaguraH Hyp-
HUHT KBAHT 3HEPrUscK yHYa KaTTa 6ynmaraH Kuiimartra ara. AToM
y3ufaH épyrnnkK KBaHTUHW YNKapub GUPUHYM SHEPTeTUK XAnat-
AaH WKKUHYKM 3HepreTuk \onatra ytagu. [,cmak, cnekTpan repm
aToMfaru 3neKTponnap 3SHEPruUSCUHWHT y3rapulWuHM
n(lopganaiian. LWyHra Kypa, sHeprus ysrapuwuHu TnaHk
Tenraamacll a MyKognk Kyiimaarnya é3uw MyMKUH:

hi [

eKn

E 1\
yo(0 (B
, he . hC,

FOkopuga kentupunrad (H.6) Ba (11.10) TeHrnamallapuHu
lakkocnacak, ynap opacuja yxwawnumk 60pAUrnHN KypuL
MYMKWH.

ByHAa KypuHU6 TypubanMKu, aToMAarn 3MeKTPOH 3Hepruscu
cnekTpan TepM MUKAOPU 6unaH 60rnaHraH, SbHU

(11.10)

E=-h-C-T (11.12)

JHEPrusHUHr MaHunii KninmaTra ara éynuwunra cabab wyku,
aromfia 3fieKTpoHNap Yekcus macodara ymkapub rob6opunraH \o-
natharv aHeprusa Kuinmatu Hoara TeHr aeb onmHraH. lemak, atom-
[arn afNeKTpoH aHeprmacu \ap LOMM HONAaH Kuunk 6ynagm. O Ko-
puga kentupunraH TeHrnama (11.7) Hu 11.11 dpopmynara kentmpub
Kyiicak, BOLOPOA 3MEKTPOHUHWUHT 3SHEPTUACUHU aHWKAahgUraH
TeHrnama \ocun 6ynagu:

=-hCR/n2 (11.12)



E 3B LLyHpalih kunub, atomgaru
3M1EKTPOHAP MablyM KuiAmart-
parn aHeprusra ara. LWyHUHT
YUYYH atompja 3feKTpoHnap
3HepreTuK noroHavanap 6yiu-
Yya TakemmnaHagu. Monekynsp
CNeKTpnapHu ypraHuw xap 6up
MofieKynaja XaM 3fieKTpoHnap
3HepreTUK noroHavanap 6yinab
XOWNaHWWMHU TacAuKaaraH.
Kyingaru N.6-pacmpaa Bo4opog,
aToMuparv 3MeKTPOHHUHT
3Heprua noroHavacu kypca-
TUNTaH. JHeprus 6upnuru
K MnMb 3neKTpoH BOAbT (3B)
Kabyn KunumHraH. 3neKTpPoH
BONbT-3M€KTPOHHUHT NOTEH-

nXa) umannap aitmpmacu 6up BofbTra

TeHr 6ynraH anekTp Mmaigo-

HULaru sHeprusicuHu udopa-

naiigun: 13B= \,6022 «10 ©XK.

"ATOMAaru afeKTpoHIap Mabaym 6Up aHeprua MukKLopura ara
3KaH/UTU cneKTpan MabjyMoTnapAaH Tawkapy 6owka ganunnap
6unaH \a\! racgukparaH. 1912 iinnn ® paHk Ba epy ras3 atomna-
pUHKW 3neKTpoHnap 6unaH 6oM6apAMMOH KUANG, 3NEKTPOH-
NapHWHT GyHAa WYKOTraH 3HEeprusicm MUKAOPUHU "“uncobnawl
MYMKWUHAUTUHWU ncboTnagmnap. Taxpuba HaTmxanapu LWyHK
KypcaTAuKK, arap 3MeK.TPOH 3HEepruscu MablymM MWUKLOPAAru
aToM anepruacmpgaH Kuumk 6ynca, y \onga 31eKTpPOH ras
aTomnapura xcy KaHfaih aHeprus bepmacfaH opkara kantagw.
ByHpan xpanca cumob 6yrnapuHu sHeprusacu 4,9 aB faH Kn4uk
6ynraH anekTpoHnap 6unaH 6oM6apAUMOH KUAWHTaHAa
Ky3aTunraH. Arap 60mM6apAnMOH KUNaén aH 3/IEKTPOH 3HEprusacu
4,9 3B pgaH katTa 6ynca, y \onga anekKTpoOH 3HEPTUACUHUHT 6up
KUCMUHK cuM06 aTomnapura yTkasagu. femak, 4,9 3B cumob
aTOMWUHU 3HT KUYMK 3HEPreTUK caT3faH KeWWHrn 3HepreTuk
caTxra yTKasull y4yyH capg GynraH aHeprusgump.

Cvmo6 atomnapuHu aHeprusacu 4,9 3B gaH okopu 6ynraH
3NeKTpOHNap 6unaH 6ombapAMMOH KUAUHTaH4a atomMaa TYNKUH
y3yHauru 253,7 HM 6ynraH HypnaHuw xpcun 6ynagu. HypnaHuiw

11.6-paem. Bogopog atomu
aneKTponnHun! 3IHEPreTuK cat™u.



rnmol’) aToMUHWUHT 4,87 3B ra TeHr 6ynraH 3Heprus
kunn min umn 6yNnM6, aTOMHUHT HYpPNaHULWIKN YYyH capg 6ynraH
Wwepnbl Mukgopura (4,9 aB) TaxMUHaAH 3KBUBANeHTAUP.
LWyHpa kumml). KaTTa aHeprusara ara 6ynraH 31eKTpPOHnap
UMWAH NTOMAApHU 6oM6apAUMOH “MAnwWw ynu 6unaH, atomMmgaru
wek lponnapHu yymHuYM, TYPTMHUYM MNOroHanapra Ky4yupuil
MYMKWUH. Arap 6om6apaMMoOH ~nnaérraH 371eKTPOH 3Heprusicu
Xyda Kama KuimaTtra ara 6ynca, y xonga 6omM6apAuMoH K,unun-
HaérraH aToMfaH 371eKTPOH y3UAn6 YNKALW Ba ra3fapHUHT WOH-
M Mam Kysatunagn. CumMo6 aTOMUHWHE WOHAAHMUILW YYYH
K, 1 3Heprus Kepaknuru wy ycyn 6unaH aHUKAaHraH.

M.6. ATOM TY3WTNWWN HASAPUANTAPNHNHT
PUBOXNTAHTUPNANLLA

Pesepops tok;opugarn Taxxpuba HaTuxanapura acocnaHuo,
aToM TY3UIMWWHUHT MaaHeTap HasapusicuHu spargu. by
liasapusra MyBoduK,, X,ap KAHAAN 3NeMeHT aTOMU MapKasuga xygaa
KWUYMK YPUHHU 3TrafifioBuYn AP0 XKoMnawaaun, YHUHT atpotuia
LUEKTPOHNAp XyAau NnaHeTanap KyémiaTpoguaa xapakar LuaraHu
Kabn y3 opbutanapu 6yiinab ainnaHagn. 3NeKTPOAUHAMMK
liazapusigaH mabnymKu, A4p0 atpodnaa ainnannb TypraH maHguii
(apsanv 3NeKTPOH 3/1EKTPOMArHuT Te6paHuil maHbam \ocnn Ku-
nagn. LLlyca6abnm anekKTpoH HypnaHu6, Mabiym MUKAOPAAY3NYK-
ClI3 sHeprus unkapub Typagu. Hatmxaga mabnym BakafaH KeiuH
3/1EKTPOH 3Heprusacu Tyrab, agpora Kynab ryrnT um Kepak 3au.
MeknH Taxpuba 6yHW Tacamkpamagu. bop aTompa cTauuMoHap
opbuTtanap MaBXyanuruHu, 6y opbutanapfa xgpakatnaHaérrad
LEKTPOHAP Y3nAaH 3HepPrusa WyKpTMacaIuruHu aHukgaan. byHpain
yonatfda KMyhmgarn myHocabaT 6axapununiwm Kepak:

(11.13)

6y epaa: WCYT —3MeKTPOHHWUHT UMNYNbC MOMeHTU, V —
WeKTPOHTE3NUTN,N—31eKTPOH Maccacu,r —opbutapaguycu,
/I opbuta coHn —1, 2, 3,...., h —TnaHk goumuinnuru.

n
- MWKZOp ysrapmac KaTTanuk 6ynraHu yuyyH H GunaH

nou ngacak, (11.13) opmyna Kyhugaru KypuHuL ra ara éynagu:



By hopmynara acocnaHu6 5op BOAOPOL ATOMUHUHT TY3UNLL
CXeMacuHMW apaTamn. X/ Karad \aMm 3MeKTPpOHHM AApora Huc6aTaH
TOPTUAMIL KYUYMHU MapKasra MHTUAMA Kyura TEHINawTupue,
Ky/iingarnya ésnw MyMKWH:

m mv

(11.15)
r r

11.14 Ba 11.15 TeHrnamanap cucTemacuHu euynmb, cTtaymoHap
opbutagarn 3NeKTPOHHWUHI Te3nuru \ampa agporava 6ynrad
mMacoaHu TOMUL MYMKWH:

(11.16)

r= (11.17)

m ee

(11.17)TeHrnamagarv ysrapmac KnimatnapHu ypHura by/icak,
cTauuoHap opbuTa paguycu kK iimparu kuiimatra ara 6ynagu:

r = 0,0529 n 2Hm (11.18)

11.18 TeHrnamagaH bop 6MPUHYM OPOUTACUHUHT paguycu
0,0529 HM ra TEHINTN KYPUHNG Typnban.

JNeKTPOH 3HEpPruaAcuM KWHeTUK Ba NOTEHLUMan aHeprmanap
AnruHancura TeHr 6ynaawn:

E=T+U

0y eppa; E~- anekTpoH aHeprusicn, T~ 3NeKTPOHHUHT KUHETUK
3Heprusacu, U-3NeKTPOHHUHT NOTeHUMan aHepruacu. E—Ttypau
3apagnu r macodaga xolnawraH gt ga g2 3appadvanapHuHr
NnoTeHUMan 3aHeprusicm Honra TeHr 6ynraH \onat 6up-6upnapu
6unaH yekcm3 macodaja XonawraH sappadanapHu CUMKUTULLN
HaTuxXacuga 6axapuaraH uw 6munaH TaBcunaHagm. baxapunrau
MW KYNOH KOHYHMTa acocaH KMiimaarn nHterpan teHrnama 6mnau
noganaHagn:



I>iip xnn 3apagnu 3appadvanap yyyH lOK;opugarn TeHrnamaHu
m\ul>aT Wwnopa 6unaH ngoganaw MyMkuH. Bogopogatommaa aapo
Ha >[eKTPOH 3apagnap e ra TeHr. LLIYHUHT y4YyH 31eKTPOH 3Hep-
rumcmnun kKN imparnya é3mw MyMKUWH:

L >4
T, N c
E=nr - =+ (1120)

Iy TeHrnamara tok,opunga kentupunran (11.16) sa (11.17)
Tcnrnamanapgarnm v Ba r IapPHWUHT KuWliMaTnapuHu Kylicak,
BOAOPOA 3NMEKTPOHWHWUHI 3HEPrUACUHU aHm naliguran
K’mrnamara ara 6ynamms:

(1121)

11.21. TeHrnama BOLOPOA aTOMW MoOroHacuparuv 31eKTpPOH
aHeprusicuHun tonuw gopmynacu 1112 ra moc Kenagu. by UKKm
TeHrnaMaHu TeHrnawTupnb, Puabepr LOUMUIACK YUYYH Hazapuil
nucbaTHM Xpcun K mnamus:

R =2k mrcme4/ch (1122)

By TeHrnama opkgnu \ucob6nab tonumaraH R mwukgopwm
mxpubaga aHMKLaHraH MuUKgopra Mmoc kenagu. lemak, bop Bo-
L0pOf CNEKTPUHM Ha3apuil XXUXATAAH X,McobnaraH.

1H»p Ha3apuscu BOLOPOA CNEKTPU YU3UKLAPUHUHT XOocun 6y-
MTUW KN ryWwyHTUpn66epan. Arap afeKTpoH y4nH4u opbutagaH

MKKMMYM opbuTara yTtca, BOLOPOS CMEKTPUHUHT Ha unsuru
V hiiji 6ynagn. TypTuHum opbutagaH MKKUHYM opbuTtarayTca //,,,

tH'uHWUYM op6UTajaH WKKWHYM opbuTara ytca Hy umsnrm

NyXKyara kenagu.

Arap 31eKTPOH TYypTWHYM, BewnHYn Ba \oka3o opbu-
MuMapfaum yudymHuyu opbuTanra ytca, BOAOPOS CMNEKTPUHUHT
..... : coxgacupaa MalleH cepusicu BYXyAra Kenagu:



Arap 3N1eKTPOH WKKWHYM, YYMHUYMN Ba XpKaso opbuTanapgaH
6MpnvHYM opburara Kydca, BOLOPOA CMEKTPUHUHI ynbTpa-
6uHadwa coxacmpa SlalimaH cepusacu xpcun bynagu:

V=R~ - 6kM V= 3,3-104-- —
VI n) vI" n

by epga, n = 2, 3, 4...

W yHaah K,unmb, Bop Hasapusacu aTompaaru 3neKTpoHnap
3Heprusa papaxanapu “auwmparu tacaBBypHu \ocun K,ungu.
Bonuwaya kKunub aiTraHga, bop atomparu xap K,aicu opbu-
TaNHWHT y3Mra X0C 3HEeprua fgapaxacu OYynMWuWHW K30?y: aiigu.
JHeprusa gapaxanapu Kynmpaaru TeHrnama acocuga “mcobnaHagu:

2 4
2k 1T e |

h n
By TeHrnamagarv n —6owWw KBaT COH Ae6 aTanagu. MaHa wy
Te’namagaH doliganaHn6, Bogopog aTOMUHWUHI MOHAAHWLL
3HEPIrUACUHM X,Mcobnab Tonuwl MYMKWH. Arap TeHrnamagaru
y3rapmac KaTTanuMKnap YpHUra ynapHUHT COH K*uiimatnapwu
KMiunca, yHAa TeHrnama 6MpMyHYa cofuanatiagn:

E = 23 3B
M

Jemak, BOAOPOA aTOMWHUWUHI GUPUHYKM opbuTanu 6Gyinab
xapakaT KAnaétraH 3fieKTPOHHU aTtoMpaH 6yTyHnai umuapuo

1
bopnw yuyH: E = —y = 13,6 3B sHeprusa tanab kgnunHagw.
|'|~.

WKKWHYM op6uTangaru afNeKTPOHHU YMKApM6 to6opuLl yUuyH 3ca

13,6
E=-~r= 34 3B 3sHeprua capd bynagu.

1916-1925 iinnnapaa 3omMmepdens Ba 6owkg onumnap bop
HA3apUACUHU PUBOXNIAHTUPKUG, KYN 31EKTPOHIN aTOMIAPHUHT
TY3UNULWIN Ha3apuUsACUHW apaTaunap. by Haszapuara Kypa
aToMnapfa KBaHTNaHraH op6uTtannap goiipa waknmgarmHasmac,



«

6anku aNnMNC Waknuga xam 6yaunwm MyMKUH. HA 1 KypcaTungu.
Opb6uTannap ak,aT TEKUCANKKA XOonawmnmbruHa Kpagmaii, 6anku
cl)asopa Typnu BasuaTaa 6yAMWIM MYMKWUH. by Hasapus
crneKTpnapfa KysaTunaguraH Xyfga Kyn XggucanapHu Tyrpu
YYWYHTMPMG 6¢Cpan. bupok, bop-3ommepdensbs Hazapuscu 6up
K,aap Kamuumnumknapra ara 6ynraHum ca6abnu KumMEBUIA
60rnaHNILHN MUKAOPUIA XUX,aTAaH TYLW YT UPULLTA OXU3INK
K,ungn. MacanaH, Monekynsap rennmii MoHM He/ HWHT 6ornaHuw
3Heprusacu 6y Hazapus acocuga x,ucobnaraHga MmaHpuin K,uiimatra
ara 6ynnb YHKAMW. SbHU 6yHAalh MOH 60pNuUrM TacAukKaaHMagu.
15a\onaHku, 6yHaal MOH MaBXypn 6ynnb, YHUHT 60rnaHuL
aHepruacu +2,55-K)5 XK /monb ra teHr. bop-3ommepdensg
Hasapuscu KelinHYanuk TYHK MMN-MexaMWUK TaeaBBypnap 6unad
amMalTnpnaan.

117 WTAUYNAAWNW TOAKNN XYCYCUATIAPU

\03Hprn 3amoil MoOnekyfna Ba alOM 3y3NAull Hasapuscu
MUKPOOObeKTAebaTaNnyHU M Xyda KWYMK Maccara ara 6ynraH 3ap-
paya Ba 3MeKTpPOHNap \apakaTHu u(|>oganariguraH K,0HyHnapra
acocnanagu. by K,0HyHnap acocaH 1925-1926 iinnnapga spatunraH
6ynnb6, MakpoobbeKT Aeb aTanyBun oganii Ky3 Ba MUKpPOCKON opa-
M/ KypuHaguraH 6ytomnap \apakatu K,0HyHnapugaH KeckuH dapk,
K,unagn. MUKpoo6beKTnap UKKN XN —3appada BaTyK,MH xocca-
CUMN HaMOEH K,Mnafu, sbHW ynap 6up BakK,THUHT y3mia Kopnyc-
Kynsap Ba TY/K,MH Xoccagapra ara 6ynagu.

HYpPHUHT MKKW XU TabuaTu. YTraH aepHUHT 6UpUHYMN apmumaa
HYPHUHT UHTepdepeHLMa Ba Augpakuma \ogucanapu Taxpubaga
ypraHunueé, Hyp KyHaanaHr afeKTpoMarHuT TebpaHuLLITa ara aKaH-
NIUTU aHUKAaHTaH aau. Mabnym wapourja uHtepepeHums saang-
PaKLMAHWHT X,0cun 6ynuwinra K;apab x,ap K,aHfa HypHu TaBcud-
jiaiu MymMKuH. XX aepra Keamb HypHUHT OK,MMW HaTuxXacuga By-
Xy[ra KenraH 3appavanap X,apakaTuHu Hyp KBaHTnapu éku (oToH
ne6 atana 6ownaHan. HypHUHT KOPUYCKYNAp Xoccacu aca acocaH
KomnToH athheKkTu Ba hoTO3h(heKT Xpamncanapma HaMoEH bynaau.

doToahhekT x,oamcacu 1887 iun . Fepy TOMOHMAAH
ypraHmnraH. KeiinHyanuk A.I. CTONeTOB TOMOHWAAaH PUBOXNaH-
rmpunral 6ynu6, 6y x,0auca metannapHUHr EpYyrank Hypwu
yabcupupga ysmjaH 31eKTPOH/Iap uYumKapuwmra acocnaHgu.
®0oT03(hheKT X,04MCaACUHU HYPHUHT TYNK,MH Hasapuacu acocmja



TYWYHTUPUG Bynmaingn. SNeKTPoH ynyamaapu nuxpatia KUUnK
bynraHnuryu cababnum, yHra TylwaétraH 3N1eKTPOMarHUT TYNKUH-
napu opkanu 6epunaérraH aHeprus WyHYanMK KaMKu, 31eKTPOH-
HW MeTanngaH 4Ymk apul y4yH Kepak O6ynraH 3HepruSaHWHT
TynaaHuWwy yyyH KYWEW Hypu Tabcupupa yHU 6up Heda coart
faBoMuaa HypnaHTupul Kepak o6ynyp agu. BaonaHkw,
HYpAaHTUPraH 3axoTW 3/IEKTPOHAAPHUHT MeTanagaH Yuk,uun
Ky3aTunagu. byHpaH Tawk,apu, TynKuH Hasapuscura acocaH,
MeTann 4ymtapaétraH 3NeKTPOHNAp 3Hepruacu TywaérraH
EPYTNMKHUHT WHTEHCUBAWUTUTA TYrpy nNponopuuoHan éynmwu
Kepak 3au. JIEKMH 3NeKTPOH 3Hepruscu épyrnvk HYpUHWUHT
WHTEHCUBAWUTUTA 3Mac, 6anky YHWHT YaeToTacura 60rnMKanUru
aHWKAAHTaH. EpPYrnnk HYpUHWUHT 4yacToTacum opTuwM 6unad
3NEKTPOH IHEPrMAcM X,am opTn6 6opaau. EPYranukK HYpPUHUHT
MHTEHCUBAUTN OpTraHja MeTannjaH yumb umkgétraH anek-
TPOHNap COHW OpTagm, Xonoc.

1905 iinnmn IMHLWTENH HYpPHW 3appadanap o*uMmn —poToHNap
feb6 kapab, hoToaPPeKT XpANCACUHN TANLNH KNANW MYMKUHNN-
rMHU KypcaTau.

®oTOHNap Ba 3NEKTPOHNAPHUHI TYK.HAWWLWIK HaTuxacupja

MnaHK TeHrnamacu 6unad

aHUKAaHTaH 3Heprua Mukgopu

hv raTeHr 6ynagu. LUy 6unaH

6upra TYNK"MHCUMOH HYypna-

HUW POTO3(PEKT WANCACUHN

BY)XYAra Kentupmacnuru \am

aHukpaHan. byHpgaih \onpa

(hoTOHNAp aHepruscu 3nek-

TPOHNapHW MeTanngaH ysumb

UMK, apuLl yuyH eTapnin 6ynmait

uonagn. ®doTtoHpaH onraH

3HEPTUACUHN MeTann atomMura

6epmacgaH yumb 4yuk,aétraH

3NeKTPOHNap MakKcuMman aHep-

2 4 6 8 10 12 rusara sra 6ynagu. ByHpaii
IO 14V C 1 3NEeKTPOHMAPHUHT 3HEpPruacu
horoH sHepruacu hv 6unax

N.7 - paem. ®0OTOTOK TyraruiraH MeTanngaH 3/1EKTPOHHU YWKK,a-

xonatgarv KydnaHuw 6unan punura cap(*)naHraH KY4YHN
TywaéTraH Hyp uyactoTacu EHrUWra KeTraH uw anmpma-
opacupaaru 6ornaHuw rpaguru. cura TeHr 6yna,q|/|:



By TeHrnama goTo3adyeKT YYyyH DNHLWTENH LOHYHU Aeb
atanunb, Taxpuba HaTuxKanapura 6ataMoM Moc Kenagu. by xo-
nmcaHu 1916 Wunum MunnukeH Taxpubaga Kypub YmKaeTraH
3IeKTPOHHWUHI MakKCUMan 3HeprusieMHW ynuyawra mysaddak,
6ynau:

K, —LLL-YY2—(EJ makc (M.24)

By epfia; Te—23/1eKTPOH Maccacu, ¢ —3/eKTpPoH 3apagu, V —
3NEKTPOH Te3Nnru, Y- 3MeKTPOH MalifoHM Ky4dnaHULW.

JHWTERH K,0HYHU acocupa MnaHK JOUMUANUTUHUA TONULL
MYMKWUH. BYHUUTYUYYH 31eKTPOHHUHT Makcuman aHepruacu (E)
Makc. 6unan TywaéTraH Hyp yacTtoTacu opacmparvm 60rfnaHuLLIHK
nnukgaw kepak (11.7 paem).

10\opnan kew wmpnnran (11.23) Ba (11.24) TeurnamanappaH
KYpUHNG Typubauku, lyrpy ymumnxnunr ormwu LI —V Koopam-

I
naracmga Huc6aTra TeHraup. by ycyn MnaHK fOWMUIACUMHN
c

anukpawpa aHr Kynah ycynnapgaH éupugup. HypHUHT Kop-
NycKynsap TabnatnHm —KoMNTOH 3PHEKTUHN TYLIYHTUPULL AaH
0NIAVH Macca 6unaH aHeprus opacugaru 60rnaHULL KOHYHMapUHN
KYypué 4nkamus.

11.8. MACCA BUJTAH 3HEPITA OPACUOAI BOEJTAHNLL
K.OHYHUATAPA

1903 inmnn OWHWTEAH HUCOMIANMK HasapusacuUra acocaH
XApKaTharu 3appadyaHuHr maccacu TUHY Ypnatga TypraH 3appava
maccacuaaH opTuk, 6ynuwnHu ucboTnaraH. byHaa K,yiuparu
Hucbat baxkapunagm:

(11.25)

By epaa: m —\apakaTgaru sappavyaHuHr maccacu, T 0 —TUHY
\ofaTgaru sappava maccacu, v —3appadaHuHT \apakaT Te3nuru,
C —BaKyympaaru Hyp Te3nuru.



WyHaan knunub, 3appava \apakaTu TE3NUTUHUHT OPTULLN
YHUHT 3HEprusicu Ba MacCaCMHWHI opTuwmnra onub kenagw.
JWHWTeH 3appaYyaHUHI Maccacu GunaH 3Hepruscu opacugarm
60rnaHnWHN Ky'limgarn TeHrnama 6unaH udoganagu:

E=T o2 (11.26)

By TeHrnama macca 6MnaH 3HePTrUSHUHT y3apo GornaHuL
HaszapuscuHu udoganaiign. XAr6ykn HUCOGUIANUK Hazapuscu
BY)XYAra KeNryHra Kagap macca 61naH aHeprus y3apo 60rankamac
ne6 kapab KenuHraH sgu. 11.26 TeHrnaMa xap KAHAan xapaéH yuyH

mMaccanapysrapuwiy A wea aHeprus A/i opacugarn 60rfnaHULLIHK
ngpopanaraHn yuyyH yHu k™iingarnya KypuHu ga é3mw MyMKUH:

AE =ATC2

NleknH 6y TeHrnamara acocaH macca 3Heprusra ainnaHagm,
peb6 x,ucobnaw MyMKWH 3mac, 6yHAaH MaTepus aHepruara
alinaHaaun geraH MabHO Kenub umkgaH 6ynyp agu. Macca 6unaH
3Heprus @ak™aTruua MaTepusHUHI xoccanapumaup. Macca
MaTEPUSHUHT WHEPTAUTUHU, IHEPrUs 3ca X,apakaT yn4yamuHu
6enrnnaign. Wy cababnu (-1.1.26) TeHrnama 3appadanap
mMaccacvHu ngoganaraHn x,0n4a, YHUHT xapakatraborimKmurmHm
\am Kkypcatagu. MnaHK Ha DWHWTERH TeHrnamanapy HYpHUHT
TYNK,UH y3yHAuru 6unad GoToH maccacu opacujarm MyHocabaTtHu
TaBcu(nab 6epagn. PoTOH TUHY Xonarfa maccara ara amac. JIeKuH
y épyrnnk Hypura TeHr Te3nukaa \apakaTnaHagu. (Arap OTOH
1125 TeHrnamara acocaH cTaTMK Maccara ara 6ynraHga agu, yHUHT
maccacu aHepruacura HucbataH 4YekKcuU3 KaTTa Kuilmartra ara
6ynyp agn.) LUYHUHT y4yH GOTOHHUHT \aMMa Maccacu AUHaAMUK
XycycuaTra ara, AsbHU y AOMMO Xapakatga 6ynagun. MofomMuku
WyHAah akaH, POTOH aHepruscuHu (11.26) TeHrnama 6unad
Ancobnawl MYMKUH. MKKMHuYupgaH, TnaHk TeHrnamacura
MYBOQVK,

nc
E=hv= (11.27)

Hun X.0OCUN Kunnnu

MYMKWH. YHAaH



h
TC

\ocun 6ynaau.

11.28 TeHrnamMa OTOH UMNYAbCU T C GUAAH HYPHUHT TYNKUH
yuyyunuru opacugarn 6ornanuwiunm kypcatagu. by \onga TeHr-
naMaHu Kynumparuya é3aMwnMmn3 MyMKUH.

(11.29)

By epaa; P —(oToH nmnynscu.

KomMnToH apgekTn. ®OTOHNApP 3/1eKTPOHNap 6unaH Tab-
CUPNaHUW KN HaTmXKacuaa Y3UHUHT 6Up KUEM 3IHEPTUACUHMK
y3atagn. Hatmxkaga rynkuH Y3yHAUTU OpPTWUO, HYPNaHULWHUHT
rapkanumw MyHanuiiu ysrapagu, SbHU cCOYMAULW COAUp Bynaaw.
By apthekTHM 1923 iimnn KomnToH (AKLU) ouraH. ¥ Typam moga-
fanapHW peHTreH Hypnapu 6unaH HypnaHTUpULW HaTuxKacuja
COUYMNTAH HYPHUHT TYNKWH Y3YHAUTM GUpPUHYM \onaTparupgaH
KaTTa 6YyNraHAnrMHW aHukgaraH. YyHOHYM, TYNKUH Y3YHIU-
FTMHWHT y3rapuwun MoajanapHWHr Tabuatura Ba HYPHUHT
GUPMHYMN W naTharn TYNKUH y3yHaurura 6ornuk 6ynmacpa,
6GMPUHUYM BOWNAHTNUY HYypnaHuWw 6ypuyarn 6unaH covyunrad
HypnaHuw WyHanuwm opacuparn 6ypyakka 60rAUKAUTUHK
anukgaraH (I.8-pacm).

®OTOH Ba MOAAA 3/IEKTPOHNAPUHUHT 6MpP-6MpK 6MnaH TyKHa-
WyBMaa aHeprusa \amga UMNyAbCHUHT cakfaHUL KOHYHW 6axa-

punagn pe6 kKapanca,
Pd(2) KomnToH 3(*)(bevKTVIHVI
aHWK wudogananguran
TeHrnamaHu \ocun Ku-

NNLW MYMKWH.
Bup ¢oTtoH hv ra

Pt (1) TEHT 3HEeprus 3aNeKTPoH-

nap 6unaH TyKHawW -

raHfa 3Heprus Ba UM-

11.(4-paem. KOMNTOH ahheKTUHN NynbC HONra TeHr fae6
TYWYHTUPNL CXeMach: Kabyn kunuHagu. Tyk~

a <|k>1011 Ha 3NeKTPOHNAPHUHT X,apakaT HalraHAaH KelinH do-
boon minyrenspanne secrop mpesnen. TOH SHEPTUACH DV’ ra
TeHr 6ynnb konagmn. Co-

hv



ynnraH ¢OTOH 60WwnaHrMy QOTOH KHyHawuwura HucbaraH 6yp-
Yak Xpcun KMH6 xapakatnaHagu. ®oToHAaH MabayM MUKAOpAAru
3HEeprus onraH 3NeKTPOH, 60w NaHrny GOTOH MyHanuwmura Hucba-
raH 0 6ypuyak xocun K,unub yyagu. DHEPrUAHUHT CaKfaHWLW
KPHYHWUTa MyBO(UK; 3NEKTPOHHUHT (DOTOHJAH ONraH KUHEeTUK
sHepruscu T KyAngarnya aHUKAaHagwn:

T=hv-hvl=-(y'-v)=- hAV (11.30)

3appavanapHuUHT KMHeTUK aHeprusacu (1/2) mv26ynné, yHUHr
umnynbcu P = mu ra 6ornuk 6ynagu (T Ba 1 - 3appaya mMaccacu
BaTe3nuru). Y \onga teHrnama Kyiunnaru KypuHuwira ara 6ynagu:

r=— (11.31)

2T
11.30 Ba 1131 TeHrnamanapuHu 6up-6upura TeHrnawTMpuo,
3Heprus oaraH 31eKTPOH UMNYNbCUHU TONULW MYMKWH:
?} =-2Te-hAV (11-32)

VMNynbCHUHT CaKAaHWLI KPHYHUTa acocaH COYMIraH poToH
Ba 3/IEKTPOH 3HEPrusinapuHUHr BeKTop WUruHamcu 6ownaHruy
(POTOHHWHT UMAynbcuUra TeHraup. KocuHycnap Teopemacura
MYBOPUK, KyiAngarn TeHrnamaHu \ocun kK mnamms:

p\, = P2K1) + P2§2) - 2Pd(1l) *Pd(2) cose/) (1.33)

by epaa, Pt (1) Ba P¢p (2) 6ownaHrny Ba coumnraH goToHnap
nMnynbenapuHuUHr mukgopu. Pg (1) BaPd (2) k*nitmaTnapu
XUXATuaaH 6up-6upngaH yH4ya Katta Qapk, KWImMangmn, WyHUHT
YUYH TeHrnamaHu Kyimpgaruya €3l MyMKUH:

PV > “ p*2)

Y xgnga (11.31) TeHrnama Kyimparmya KypuHuLwra ara 6ynaau:

P2C= 2P2p(1) (1 - cobd)

1—cos(p= 2s5int1 2]

6ynraHun yyyH



-2 P

6ynagu.
®oToH mmnynbcu (11.29) TeHrnamara acocaH K,yihimpgarura
FeHT:
P = (11.35)

FOk.opnpgaw (1.35) Ba (1.34) TeHrnamanapra K.uimarnapuHu
Kyicak

P-4 sn' ¥ (11.36)

\ocnn 6ynagu. (1.32) Ba (1.36) TeHrnamanapHW YHr TOMOHAapUHK
TenrnawTupub Kyiuaarn TeHrnamara ara 6ynamms:

(11.37)

c
Arap V = — TeHrnamaHu gugpdepeHumannacak
A

\ocun bynaau.
A

OKHWHT k™iiMaTn V ra HucbaTaH yH4Ya KatTa GynmaraHauru
Tydalinn yHn Kyimgarmya msox™aw MyMKUH:

AV «-|"JAA (11.38)

>y TeHrnamaHmn (11.37) TeHrnamara Kk,yilicak KomnToH
ahheKTMHU ndoaanaliguraH TeHrnaMma Kenué Ynk.agu:

h
AA =2 sin?] L (11.39)

Kentupnbuunk,apunran (11.39)TeHrnamagaru MUKLOP
I =



y3yunm k ynyamm 6ynm6, 0,00242 um ra TeHr. by MUKA0P KynnHya
3NeKTPOHHWUHI KOMNTOH TYNKWH y3yHnurn ae6 atann6, ¢oToH
maccacy 371eKTPOH Maccacura TeHr 6ynraH xonargaru HypnaHuuw
IV [KnH y3yHnuruim ndopganaiigm. by (11.39) TeHrnama taxpuba
HaTuMXXanapura aHWK MOC Kenagu.

Le-Bpoiinb ryn~™unHnapu. ®otoahekT Ba KOMNTOH apheKT-
napu KypuHaguraH Epyrfivk Ba PeHTreH Hyp/laHUWNapuHuHT
KopnyckynsptabuaTra ara akaHNUruHun kypcatgu. WHtepdepeH-
Lus Ba gudpakums xapaéHnapn aca HYpHUHT TYNKWUH Tabuatnu
3KaAHNUTUHW Tacauk,nagn. ® oroHnap xgpakatv \am Kopnyckynsp,
\aM TYNK,MHCUMOH XycycusaTra ara.

1924 inmnna e bpoitnb ¢oroHnap \apakaTUHUHT WKKU EK,-
nama, AbHU X,am Kopnyckynsp, \aM Tyn*MHCMMOH TabuaTtra ara
3KAHNTU Xakunaru HasapusHu \ap KaHAan 3appadva Xgpakatu
YyUyH \am Kynnaw MYMKWH fieraH xynocara Kenagu.

(U.40)

Ty

By epga: m - 3appayTuwpHMHIrMaccacu, V - ynapHUHI Te3nuru.

By TynkuHnap Oe-Bpoinb Tyn*mHnapu geb atanagun. fe-
BpolinbHUHT 6y Xynocacu KelMH4YaNMK 3eKTpOHMapra X,am
Avpakyna dXapaeHW XOCAUTM Mabaym Oynuwm 6unax
TacAMKAaHAMN. DNeKTPOoHAap OKMMMU ANDPAKLMOH TypAaH yTULWK
HaTuxxacuga oTo:facrmHkKaga xpeun 6ynraH angpakyuoH Taceup
(11.40) TeHrnama OpKANM X,ucobnanraH H WUyKUH Y3YHAUTUTa TeHT
O6ynraH HypnaHuw HaTuXxXacura Moc Kengu. AudpakuyuoH Typ
cuatnga metannap Kpuctanamgad <|toinganaHungn, YyHku 6yHaan
KpucTannapga atomnap gudpakuuMoH Tyrpu iyp Xocun K,unmb
»KornawraH. byHgain Taxpu6a 6upuHun mapta 1927 innnn [,eBMCCOH
Ba [>xepmepnap TOMOHMUAAH YyTKasuaraH. Xyaam wyHaan
3NeKTPOoHNap AutpakumacMHum ToMCOH Ba TapTaKoBCKMiinap xam
Ky3aTuwiraH. X03upru Bakaga 371eKTpoHnap gvdpakumacugaH
MoffanapHWHT CTPYKTypacWHW ypraHuwpaa KeHr ¢ongana-
HUIMOKAA. DNeKTpOHNap AM(ppakyMACMHU Kys3aTuwga unLl-
natunaguraH ac6o6—ancktpo! torpat 4eb atanagun. byHgaH Tawkapu
MOAJaNapHUHT CTPYKTYpa TY3UANLLUHW HEeATPOHNap Audpakumsacu
épgamupa ypraHuw \am MyMKWH. Bopgopog monekynacu, renui
aToMun Ba 60LlWKa 3appayvanap! WHr 3NeKTPOH gudpakyuanapm wy



ycynga 6ata()cng ypraHunraH. BynapHuUHr xammacu, 3appadvanap
XapakaTn UKKW ékaaMa —KOpnycKynap Ba TY/NKUH Tabwuatra ara
XannuruHy 6atamom Tacaukgagu.

Arap 63 11.40 TeHrnama 6yinya Typaum xun obbvekTnap yyyH
rY/K,MH Y3YHAUKHU Xncobnacak MakpoobbekTnap yuyH 6y Mmkaop
Xyfa KWYUMK Kuiimatra ara akaHnuru mabnym 6ynagu. MacanaH:1r
maccara ara 6ynraH 3appaya 1cMm.eekTe3nuk 6unaH xapakart Kunca,
TYNKWUH Y3YHAUTU 2>=6,6 -10~DM ra TeHT OYMWNHN KY3aTULINUMU3
MYMKWUH. By TYNKUH Y3YHAUKHUHT KUAMATUHU aHWKNaW aH4a
MypaKkKab uw. Arap TYNKWH Y3yHAUrn atom paguycu - 10 1Im gaH
Xyfda Kn4uk bynca, y xonga AnpakuoH naHxapaHu KypuLl éku
3appavyanapHUHr TYAKWH TabuaTtuHu 6UPOH-6UP Kypunma
épaamunia Kysatuil MyMKuH 6ynmaigm. Mukposappavanapga aca
axBon 6up o3 6owkaya. MacanaH, 1.8 noteHuunan 6unaH
XapakatnaHTupuaraH aneKTPoHHUHT Tesnnrun (V = 5,93 *105m/c)
YHUHT TYNKUH Y3YHAUTUra 60rnnK 6ynan. SneKTpoHaap oKumm
(Bkn muKposappavanap) UdpakuMoH naHxapagaH yTaéTraHaa,
YNapHWUHT WHTEHCUBAUTM Mabaym 6up MyHanuwpa opTagm,
6ab3aH [e-bpoiinbTeHrnamacura acocaH kamasagm. dneKTpoHnap
OKUMWUHWHT WHTEHCUBAUTW 3NeKTPOHNAPHUWUHI 3KpaHAaa
TaKCUMMAHWULW 3XTUMONNUTU 6UNAH aHUKAAHAAMW.

WyHpgait kmnub, MmkposappayanapHUHT TaKCUMAaHWLL
AXTUMONAUTY XaM TYNKUHCUMOH XapakKaT KOHYHapu opkanu
npojanaHuwm MyMKUH. ByHia Mukpo3appadanapHull xapakat
rpaekTopuscU KOPMNYCKYyNap Ba TYNKUH Tabumatra ara akaHIuru
HamoéH Oynaan. KynruHa xonnapga Ae-bpolinb TynknHnapn —
TYNKWUH 3XTUMONINKNapKn feb atanagu.

[e-Bpoiinb TeHrnamacu ysrapmac KWMHETUK 3Heprms Ba
Te3NMKKaara 6ynraH Mukposappayanap OKUMUHUHT gudpakymns-
NaHWLW HaTuXKanapuHu anTub Gepuil yuyH Xyjda Kynangump, Ba-
X0NnaHku, e-bpoinbTyNKUH Y3yHAUTM A —y3rapmacanp. bupok
WYHW XaM Xucobra onuw Kepakku, aTOM Ba MONEKYnanapHUHT
noteHunan (KUHETWK) aHepruanapu 3appadvanap opacmparu
macodara 6ornmkéynagu. Ly caba6nu Ae-bpoitnb TeHrnamacmaaH
6yHpain xonatga TyrpuaaH-Tyrpu oiiganaHnb éynmangmn. demak,
oK Npuaa KentTupuaraH xonatnapHy 6upmyHya ymymMmaawTupuLl
ranab KunanHagm.



[e-Bpoiinb TeHrnamacu mukposappayanap \apakaTWUHWHT
MexaHUKacuHW ouyuwra acoc 6yngu. 1925-1926 iunnappa lei-
3eH6epr Ba L peanHrep —6up-6upunapugaH mytnakp 6exabap
\onpga \apakaT MeXaHUKAaCUHWUHI WUKKW BapuaHTUHU Takau®
Kungunap. KeinHyanuk 6y MKK1 BapuaHT Xam Tyrpu geb Tonungu.
LW peguHrep ycynm \ucobnawa xyga Kynan 6ynué konnu. LWy-
HUHT YYYH aTOM Ba MOJIeKyNanapHUHT TY3UaUL Hasapuacu wy
ycynra acocnaHgn. MukpoobbekTnap MexXaHWKacu — KBaHT
MexaHuKacu HoMK 6unaH aTanagu Ba HblOTOH KpHYyHNnapura 6or-
VK, paBuLLfa TaNKUH KnanHagu. Oaanii 3appavanapHuHr X,apaka-
TW 3Ca KNacCUK mMexaHukara 6ornaHagu.

KBaHT MexaHukKaja MUKpo3appavanapHUHI X,apakaTnaHuLl
K;OHyHnapu LLpeguHrep TeHrnamacum acocuga uoganaHagm. Knac-
CMK MeXxaHuKagarm HbIOTOH KOHYHNnapu kabu, 6y TeHrnamaHm
KaHgangup ymymuii xpnatra kentupu6 6ynmaingu, 6ankum yHu
Mab/JyM ONTWK Ba MEXaHUK TeHrnamanap opaiurnjaru TeHrnama
neb Kapanuwuy MyMKUH.

W pegnHrep TeHrnamacu amddepeHynan teHrnama 6ynmo,
aTOM-MONEeKYNsap TabAMMOTHUW ypraHuwga KynnaHunagu.
UyHoHuYM, 6UTTa 3appava yuyyH LLlpegnHrep TeHrnamacu Kyiin-
farunya ugoganaHagu:

(42 2 2

d a a

P2t (Zb+ Uv=Ep (114D
8r Ty dx dy dz. j

by epga; h — MnaHkK goumuiicn; T — 3appavya maccacu, U —
noTeHUuwMan 3Heprusd, e — TY/JKWH 3Hepruacu; X, y, z —
KoopauHaTanap.

by TeHrnamapgaru ysrapyesyaH (p — TYJNKWUH (DYHKLMACHK

pennnagn. (p2 — mabnaym (QU3NK MabHOra ara 6ynuo,
3appayvanapHuUHr cuctemaHumHr V. —\axmupga 6yna onuuw
3X,TUMOJITUTUHU, SHHU 3IEKTPOH BYNYTU 3MUAUTUHK udoganaiign.
®n3nK MabHOCKTa Kypa TYIKUH DYHKLMUA MaKcuman, y3iyKcus
Ba 6up kKuiimatnu 6ynmb, 3appaya maBxypg 6yna onmangurad
XAnatgay HoAraTeHr OyauwM MyMKUH. MacanaH, 3N1eKTPOHHUHT
A4poAaH 4YekcuM3 kaTTa Macodafa 6ynraH ,\onatmnu Hasapfja
TyTcak, (p HUHT KMiimaTm By xanga Honra TeHr 6ynagu.



Mabnym E aHeprusra Ba xoccara ara 6ynraH atom \ampa
MONiCKynanap TY3WNWULL Hasapuscu X,ak,ugaru macanaHu xan
K.unuwpa LWpeguHrep TeHrnamacuparn  GOYHKULUAHN
aHUKAAWHUHTY3U Kudos. Bupok, KynruHa nonnapga L peguHrep
TEeHrnaMacu aHua K,MinH MmaTematuk macana\mcobnaHagun. ATom
Ha MO/ieKynanapHu KBaHT MeXaHWK acocda TYLWYHTUPULL YYYH
anox,uga 6upnamMkK cmcTemacu K,abyn K,MunuMHraH. by cucrtema
thoiiganaHnnaéTraH Ba ONWHAETraH TeHrnamanapHu &3MWHU
6upMyHYa copdanawTMpull MMKOHWHU 6epaau. By cuctemapga
Y3YHAUK GUpAUru K,unub, BOJOPOA aToMmuaa "apakaTnaHaétraH

h
3NeKTPOH paguycu K,abyn K,unnHraH,abHM a0 ——- = 0,529 Hm

TE
3Heprus 6upaurn Kunub, aHa wy opbuTagarv 3NeKTPOHHUHT
4
TE e
noTeHunan aHepruacu, avHn E 21,2 3B K,abyn
n a

0

K,W/IMHTaH. DNeKTp 3apaau Ba macca 6upauru K,unmb, anekTpoH
mMaccacu Ba 3apaan K,abyn K,uanHraH. by 6upnamknap UHrAn3 oammu
XapTpy TOMOHMAAH TakAuU® K,MAWHFaHU Y4YyH XapTpu
6upnnknapn ékn atom bupnuknapu 4e6 roputunagu.

AToM 6upnuknapugaH doiganaHub 6uTTa 3NEKTPOH YUYH
Ll peguHrep TeHrnamacu Kyinmpgarnya ngoga K,uanHagu:

+U(- E(p

Byeppa: U —noTeHumnan aHeprua, E —ymymuii aHeprus, X,y,
Z—kooppauHaTanap. AuddepeHuman TyNK,UH TeHrnamacnga KBaHT
MeXaHWKacu TyLWYHYacu YMyMUid TyllyH4YanapaaH KeckuH apk,
K.unagn. KBaHT MexaHuWKacu 3appayvanapHUHT TpaekKTopuacu,
KooOpAMHaTanapu Ba Mabaym 6up x,onatgaru Tesnuknap
TYWYHYacuHWU ngoganamacgaH, 6anku sappadanapu 6yna onuw
3MNTUMONNUTUMHKN KypcaTagun. JIeKUH KBAHT MexaHukacupga
3appayvyanapHUHI UMNYNbC MOMEHTW, 3HEPTMUACKM Ba Macca
MUKLOPNapu cakaaHub K,onraH.

KBaHT mMexaHuKacumparu acocuii x,onatnapgaH 6upu leinseH-
6epr TOMOHMAAH Kawd K,MAUHraH HOAHUbYTUK NpUHLUNuaup. by
NpUHLMNra MyBOMUK,O6Up BaK, THUHT y3ujaa 3appavanapHuHr x,ona-
TUHW Ba YHWUHT uMnynbcu P = mv HU 6Gup-6upura HucbaTaH
aHuK,nab 6ynmaingun. Arap 3appavyanapHWHI TypraH ypHWU



(KoopAMHaTanapm)HM K" aHYanuK aHMKynyaca, WyHYanuK yHUHT
VMNYbCY HOAHULLEKWN aKCMHYaA, KAHYANUK UMNYNLC aHU Gy nca,
WYHYaNUK yNapHUHT XoinalraH ypHW HoaHuK,6ynaau. Y x,onaa
HOQHUKAWK HUcbarnapu Kyiugarm KypuHuwra ara 6ynagu:

AX +AP > h (1142)

eKu
AX AK > (1143)

By epga: AX —3appayaliapHUHI HOaHULUAUK xanatnapu (SbHU
Ky3aTunaétraH Bakagarn X yk“vgaru xoiinawraH ypHu), A/3 Ba

AVt —X yuu 6yiinua 3appayanapHUHT Te3IMTU Ba UMNYbCAapu
HOAHWKAUK MUKAOpNapu.

Xyaan WwyHra yxwaw HucbaTnapHu y Ba z ykgapu 6yiinua
\aM é3uWnMn3 MYMKWH. ByHAail HOaHWKAWK HucbHaTnapm
KynruHa X,0gucanapHu ocoH u3oxpab 6epagu. byHra mucon
K,MnnMb BOAOPOL aTOMUAArM 3NeKTPOH XAPaKaTUHUHT HOaHWK,-
AWK fapaxacuHu Kypub un™amms.

Arap 3NeKTpPOH XApakatu I —pajguyc umumpa cogup 6ynagm

pe6 \ncobnacak, y \onga

E.3B ll0aHW K XApakaTu I ra TeHr geb
Kabyn KUAUHULWWN MYMKUH. By
epaa loKppujarn TeHrnamara
aCoC™H 3/M1eKTPOH MUHWUMaAnN
HOoaHUKAUTN AP HM 3N1eKTPOH
nmnynbcun P ra TeHr 6ynraH

x,onatga j ra 6apaBap pfe6

ONIMWMNUMMN3 MYMKUH (11.42).

Bu3ra mMabayMKu, MmMnynsc

K MAMaTW HOAHWKAWK K,uiMa-

TUAAH KUYUK OYNMLWN MYMKWUH

(0 amac. LUYyHUHT y4yyH uMnynbe-

055 10 1,5 %J/1 HUHT MWUHUMan "uikmatu

11.9-paem. DNEKTPOH 3Heprusacu bunax
\apakaTnaHa onaguraH paguyc opacugarv
6OMaHunT.

(11.44) ra TeHr 6ynagm.



3I'IEKTpOH aHeprmacnm ----- Knnmat acocupa X,0Ccun 6ynraH
2Te

KWHETUK 3Heprus 6unaH sApodaH © macotaga MaBxyn GynraH

2
C

— MOoTeHUWan 3Heprus muruHgmcura TeHr Gynagun. by xonga
2

BOAOPOJ aToMUAary 3MeKTPOHHWHT yMymMmuii 3Hepruscu E
Kyinpgarn kK mimatra TeHr 6ynagu:

(.2

E = (N45)
v2Ty

NeKTPOHHUHT YMyMWUIi aHeprusacu E 6unaH paguycu r
opacugaru 6ornaHuw [1.9-pacmga KypcaTuaraH. PacmpaaH
KYPUHaAWKK, E MUHUMaN K,uiimaTtra ara 6ynradga ro K,uiiMaTuHu
OCOH TOMULWIMMMN3 MYMKUH, YYHKN MUHUMYM Hyk*Tacuaa dr=0 ra
TeHr 6ynagu. KOKppupaarn TeHrnamaHu guddepeHuynannab,

+e O Hu \ocun K vnamus.

TeHrnamagaH

6ynagw. (1146)

TonunraH rok,uimatuHn (1145) TeHrnamara Kyiinb, Boaopos
aToMupary 3NeKTPOHHUHI MUHUMaN 3Heprus K,uinmatuHu
TOMUWUMMN3 MYMKUH:

4N
(1147)
h~-

ONMHTaH HaTuXanap 4YyKyp mabHora ara. Knaccuk tacaBByp-
napra acocaH 3/1IeKTPOH SApOra Kynab TywraH BakTgayHWUHT aHep-
rmacyu MUHUMAnN K,uiimatra ara 6ynagun. JIeKUH KBaHT MexaHUKacu
3MEeKTPOHHWHT TUHY XonaTaaryu amac, 6anku roéynraH derapagaru
JHEPrMacM MUHUMAN KuiimaTtra 3ara 3KaHAWTUHU KypcaTagw.
ByHgaail \onatga aca 6y yerapa nunaa saNeKTPOHHUHT aHUK, XAna-



Z TUHW TaBCcUdnaw MYMKUH
amac. LWYHUHT yuyH T < 1
bynraHfia 3aNeKTPoOH 3Hep-
rusacm opTub 6opaan (1146)
Ba (I11.47) TeHrnamanapHm
TEeHrnawTupub, ro HUHT
uminmatn 6upuHun opbuTta
paguycu K Miamatura TeHr
3KAH/IMTUHUN KYpULLNMKN3

Y MyMmkuH. (11.47) Ba (11.21)
TeHrnamanapHu takgocnab
3ca HOAHUKAWK Hucbatu
acocupa tonunraH E HUHT
Kniimatun bop Hazapusacupga
KypcaTtunraH Ba BOAOpO[
CMEeKTPUHUN TeKLWMpULW Ha-
Tuxacupja TonunraH BO-

=

M. 10 *paem. KyT6 KoopanHaranap
cucTemacy.

[OpOA aToMuaaru 3NeKTPOHHWHI MUHUMan K,uimaTura moc
KEMMWMUHN Ky3aTULIUMNU3 MYMKUH.

FOKppuga KenTMpuaraH xynocanapTaxMMHUAANP, YYHKN 3N1eK-
TPOHHUWHT aTomugarn xapakatuHmn aHukK, cpepa 6yinnab yerapanab
oynmangu. LLlyHra kapamacfaH 6y xynocanap, 3IeKTPOH HUMa YUyH
f4pora uynabTyLwMacanr Ba YHUHT SHEPTUsiCU MUHUMAN Kuiimatra
3ra 3KaHIMTMHU n30xaab bepunila KatTa a*amuaTra sra. Bogopog
atoMu yuyyH LpeguHrep TeHrnamacu edymnraHga \am xyaau
WyHAAN HaTuxXanap ONAHUIWIM MYMKWUH. JTEKUH BYHUHT Y4yH
MypakKab 3neKTpoH \nucobnawl malnHanapugaH goganaHnil Tanab
aTunagu.

11.10. BOAOPOA4 ATOMU TY3SUTNLLUNHN KBAHT- MEXAHWK
HA3APNA ACOCUIA TYLWYHTUPULL

Bogopos aTomMu Xyda coafa Ty3unraH 6ynué, YHUHT a4po
MaigoHuga 6uTTarnHa aNeKTPoOH xApakatnaHagu. byHpaai xpnatga
Ll peauHrep TeHrnamacura mMyBO(UMK, moTeHUuuan 3aHeprus U
(GYHKLUMACK KyAngarn KypuHuwra ara bynagu:

(11.48)
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(1148 TCHrAaMaHWHI e4ynMM Mypakkab MaTemMaTuK Mmacana
6ynraHn cababnu yHu 6y epfa Kypub 4m™mMl UMKOHWU WyK,.
LLl yHUHT y4yyH TeHrnamMa e4YMMUHUHT acocuil xoccaiapu Ba
(h13MK MabHONapuUHUIMHa 6enrnnab yn™amms. byHaai macanaga-

M 3/MeKTPOH \apakaTUHWHI Mapka3uM aToM fgpocura Moc
KenaguraH KyTbnaHraH cucTeMa KoopAuHaTanapupa KysaTuu
6upmyHua kynangup (M.1O-pacm).

Arap, Tyrpn 6ypyaknu cuctema KoophuHaTanapufja sappa-
yanapHuHr \onatu x, y Ba z 6unaH 6epunca, KyTbénaHraH cuc-
Temaja BeKTOp paguyc I (MapkasfaH ONMHraH macoda),

= - - bypuyarn (KeHramk 6ypuyarum) Ba ¢ 6unaH
T e

6enrnnaHagn. PacmpaH KypuHW6 Typubauku, KyT6nn

KoopauHaTanap Tyrpu'éypyaknu koopaumHaTanap 6unaH Kyiu-

parn Hucbatga 60rnaHraH:

X =rsinOcos<p
_y= 1 *sin0sin<jp (11.49)
Z=Tr-cosd

y\onga ¢ —yHKUMACUHN (aKATrMHA BUTTA apryMeHTra 60rnmk
6ynraH yd4 QyHKUMA KynaiTmacu feb onmw MyMKWH:

(p=(r.0,(p) = R(NOQ®(ch)

R(r) TynK,uH GYHKUWACUHWUHT paguan kucmu, 0(B)P[d)
KynaTMa aca YHUHT 6ypyak Kmemun feb atanagu.

YunHuM gapaxanu ngogaHuHr \ocun 6ynmwin, 6yTyH COHNU
KniimaTnapra ara 6ynraH macanaHu euymwifa yuyta MUKZOPHUHT
X,0CUN BYNULLNTA, SBHW Yy4Ta KBAaHT COHMHUHT \ocun 6yauiiunra
onnb kenagu Ba n, I, /a9, \apnap 6unaH 6enrnnaHagn. by Muk,-
popnap TYNKUH OYHKLUMACUHMW TalWKWA KUAraH paguan Ba
6ypYyaKCUMOH MWUKAOPNapHu ndoganaingn. Y MymMuin KypuHu ga
BOAOPOA aToMu yyyH LLpeAanHrep TeHrnamacuHW e4yunll HaTu-
Xanapu Kyingarunya ngoganaHagun:

R(r) =/;(n/);0(0) =f2(C-Te);d(p) = f2(memE)  (11.50)

KBaHT coHnap n, 1Ba T e 3aca Kyhugaru kuiimatnapra ara
6ynagu:



. 11-1 N=2 n=3
L O L 1 L=0
Is L=1
L=1
L=2
v "
0 2 0 2 4 8 0 2 46 8 10 12014
%,A

Il.1'1-paem. Typaun xonataarun Boaopos aToMU 31e€KTPOHAPUHUHT pagnan
Tak,CUMAaHNW 3X,TUMONNUTUHUHT KYPUHULLIN.

n=1,2,3,4,5,..00
/=0,+1,2,3,4,...(n-1)

M=0,£1,£2,+3,+4.. .+

Ywoéy KBaHT COHNap ¢ak™aT BOAOPOS aToMuparu 3eKTPOH
XapakaTMHUIMHa amac, 6ankyu 6owkg \ap K"aHga atomnapgaru
3NeKTPOHMap X,apakaTUHU XaM ugpoganangu.

M. 49 TeHrnamagaH KypuHu6 Typmbankm, R —yHKUmMA N Ba
i KBaHT COHNApPUHU y3 numra onraH. LUyHUHT yuyH R yHKLUA
aTomnapgarum 3nekTpoHnap 6yna ONWMWWHWUHE paguan
Tak CUMAaHULW 3\TUMONNTUHN 6enrnnangun. by yHKunanapHuHr
BOJOPOA aTOMU YUYH rpauk TacBupu 1111 - pacmia KypcaTusraH.
By epfa opauHaTta yk™Mapu O6yimnya r2ry HUHT 4nc2 Ta
KynantupunraH k“minmatnapu KywWunraH. by KynaiTmaHm
KUpuTUw gaH mak“cag KyT6num cucteMa KoopgmHatmarvu afnemeHT
\@XXMM av HU, ¢ r KAMHAWKKA 37a OynraH KaTnampgaru WapHUHT
X,KMU fie6 K.apawl MYMKWH:

dV = AT dr



< PyHKUMAHM 4nrl ra Kynantupmb xaxm 6mpaurnra Huc-
6aTtaH amac, 6anKu atom a4pocu opacuparn macoda éupnurura
HMcbaTaH OfIMHTaH paguan Tak,CUMIaHraH 31eKTPOHIap 3UYanTn
AXTUMONIIMTUNN KENTUPUG YnKapamus.

KelinHyanmk Bop -3ommepdensanapHUHr 3NEKTPOH Mabaym
6up opbuTa Oyiinab Xx.apakatnaHUWW Hasapusnapum KBaHT-
MexaHWK Hasapus 6unaH anMawTmpungun. by Hazapusara MyBoukK
3NEKTPOH aTOM XaXMWHUWHI Xap Kailcu HyKTacupa O6ynuwiu
MYMKWH-Y, IeKWH YHUHT A4po atpouparn pasoHuMHr \amma
Xonga 6ynuw aXxTumonnuru upgek éynmangn. emak, opbuta
3/IeKTPOH XapakaTnaHafguraH opauwii iyn amac, 6ankm y
3NEKTPOHHWUHT 6ynn6 TypuLwl 3XTUMOAAUTU 3HT K>Nopu 6ynraH
thasoBuin ypungup. A.Tpo atpodmpgarn asofa 3NeKTPOHHUHT
op6uTa 6yinnab xapakatnaHumb Typull 3XTUMONNUTUHMK aKC
3TTUpaguUraH MaH3apaHWu KaTok; Ba CMIApak coxajiapra ara 6ynraH
3NeKTPOH 6ynyT Aeb TacaBByp KwJcak, YHUHT wWakau opbutan
HoMAM maxcyc (P2 hyHKumanap bunaHTacesmpnaHaonagn. dHAN-
NvKga opbuTan atamacu opbuTta aTamacu ypHuga vwinatunagm
Ba aTOMJa 3/IEKTPOHHUHT XapakaTu y3ura Xoc mabjym TY/NKWH
hYHKUMA —6unaH 6enrmnaHagu.

ATomparn 3N1eKTPOHMApPHWHI X0naTWHW Kyhunpaarmya
6enrmnawl Kabyn KWUAWHraH: 60 KBAHT'COHW N OYTYH COHNap,
AbHU N i, 2, 3, 4... 6uNaH opbuTan KBaHT coHU £ —3ca OYTYH
coHnap /'=0, 1, 2, 3, 4, 5...ea xaptnap s, p, d, f, g, J1...6unaH
6enrnnaHagun.

BupnHumM TypTTa Xaph aromaapHWHI CNEKTp cepusnapura moc
Kenagu, UKkmMta oxmpru g Ba h xapgm andasutga /'naH KelivH
kenagu. Oemak, Is geraHga, n=1 Ba 1=0 ra TeHr 6ynraHgaru
3NEeKTPOHHM, 2p feraHga n=2, (‘=1 ra TeHr 6ynraH \onartgaru
3NeKTPOHNap TywyHwunagnm. ATomgarn 3/MeKTPOHMap COHM 3ca
xapgnap gapaxacuga kypcatunagu. MacanaH: 2s2 (“ukkun 3C
NKKN” aeb ykmnagn) atomga n=2 Ba ~=0 6ynraHja 2 Ta 31eKTPOH
6opnurmHn Kypcataam (M.1 -xagean).

M.2-xaaBanfga Bofopofs atomuparum 6ab3n 3feKTpoHnap
\onaTnapuHWHTL TYNIKUH QPYHKUMANApW KeNTUpUATaH. Y napHUHT
MUKZOPU aToM 6upnurmnga



Op6utannap 6enrucu

L - Mabnym «.uiimatra
ara bynraHgaru mak-
cuMan 3neKTpoHnap
COHU

n - MablyM K,uiimarra
3”a bynraHgaru mak-
cumal anekTpoHnap
COHM

+1/2
-1/2

+1/2
-1/2

2s

+1/2
-1/2

2P,

1
+1
+1/2 +1/2
-1/2 -1/2
2pP* 2py
6



+1/2
-1/2

3s

0

+1/2
-1/2

3p,.

1
+1
+1/2 +1/2
-1/2 -1/2
3px 3Py
6

18

+1/2
-1/2

3d
2

+1/2 +1/2 +1/2
-1/2 -1/2 -1/2

3d@‘y'2

3d,, 3dy

10

+1/2
-1/2

3d



1. 2->xagsan

Bogopos aToMU 3NeKTPOHNAPUHUHT TYNUUH hyHKLUANapm

Opb6uTtanap |

2p,

3d,

3d..

3d:

3d,

Paguan uucmu

21

m(2-r1)-e

2,v6

/6

2y6

Xl mV30

81 my30

8! mv'30

81+V30

Bypuak “ncmu

V15
4y

4

\b
\DK

1
2\K

2\V.q

2N71

V3

1nin

3 1x
2Yn+ Vr

(V2- y2]IT

V30
2\Iq

°[(3,2-,2)/r"
y30 | vz
2\

NS
443ty -3



6epunraH. byHpaH Tawkapu TPUTOHOMETPUK GypuyaknapHUHT
(hyHKUMANapn E3UHN KUCKAPTUPLWN Makcaguga r macodaga,
X, ¥ Ba zZ KOOpAWHaTanapfa aHukKnaHraH. Xygam wWyHra yxwa
TYNKUH DYHKUMANapu 6unad 6utta afekTpoHau noHnapaa (He+
Li#2Ba 6oLuKANap) 3N1eKTPOHNAp XapakaTuHU ndoganatin MyMKuH.
ByHaa 6y WOHMApHWHT TYNKUH QYHKUusnapuHu 732 ra
KynaiTupm6 Ba r ypHUra z-r MUKLOPHU KyiAnLW KWgos.
TYynKUH QyHKUMANApHWU rpainK TacBupaaw Y4YyH Typau
ycynnap Maexyg. bynapgaH 61Mpu anekKTpoHNap 3MUAUTUHU paguan
TAKCUMMNAHUL YU3UTK yeynu 6unaH 63 roKopuaa TaHULW QUK.
ONeKTpPOH OynyTnapy Waknm MabiayMm gapaxaga TYnKuH
GYHKUMANAPUHUHT BypyaknapmHW aHWKNangn. Y napHWHT
WakKIMHW TacBupnaw YyyyH KyT6 KoopfuHaTanapupjad
toliganaHunagun. uarpammal imTy3uwina KOOpAMHATA YKNAPUHWHT

6ownaHnw HykTacugaH 0(B)® (<p) napnunr MUKLoOpIapuramoc
6ynraH ynyamnap kyun6 Gopunagu. CyHrru ynuam 6ynaru
op6UTANHWMHI WaknuHU Kypcatagn. Kyn xonnapga Kyt6napapo

anarpamma ®(0)P((p) kumumatnapu opkanum amac, 6anku
YNapHWHT KBagpatnapu opkanu 6enrnnaHagu. byHpaii waknnap
6ab3n 3MeKTPOH XonaTtnapu ydyyH 11.12-pacmpa KypcaTunrad
6ynunob, ynapHu rokopuaa KenTUpuaraH xagsangarun gopmynanap
6unaH Takkocnaw MyMKUH.

ByHAaH Tawkapu, aNeKTpoH OynyTnapyu LWaknu uyupa Karra
KUCMHU (95% Hu) arannaraH 6ynyTnapHu Ya apanaraH K3a opkanu
XaMm Kypcatuw MyMKUH. Arap pacmga TYNKUH GYHKUUAHUHT aHUK
MUBAOPUHUN KypcaTuw Tanab kunuHca, y xonga (p (Ekn (p2) yuyH
HyKTanapHu 6upnawTUpyBYM KOHTYpP Amarpammanappjad
toinganaHunagu. 11.13-pacmpga Bogopof atomupgaru 2Pz -
OPOUTANNMHWUHT TYP/IM TaCBMPY KypcaTuraH.

LLlyHra kapamai, KypcaTuaraH pacmaap Typnapu waknnapra
ara, AbHU Pz- opbuTan ysura xoc 6Up Xui CUMMETPUK LIaKIra
ara. OpbuTtan Wwaknnap KUMeBuid 60rNaHULWHN TYLWYHTMPULLAA
KaTTa ponb yiHaingu. KeinHyanuk wynapra yxwaw opbuTan
WwaknnapugaH Kyn gonganaHamus.

11.11. ATOM SNEKTPOHNAPUNHWHT KBAHT COHW/

KBaHT coHnapu hakaTrmHa BOJOPOA aToMupjaru 3snek-
TPOHHWUTMHA 3mac, 6anku \ap KaHAain aneKTpoHNap XAgpakaTu-
MUHT (Ha30BUN WyHaNUIWINHKU XaM udodanainan. KeaHT coHnapm



M.12-pacm. ATomAaa Typnu xonatgarm aneKTpoH 6ynyTnapuHuHr
waknu (K,yténaHraH x,onatu).

3NeMEeHTNAPHUHT X0occanapu Ba KUMEBUIA GOKNaHULWIHWUHT
TabmaTWHW ypraHmwpa KaTta ponb yihHangu. Ly ca6abnwm,
YNapHUHT MabHOCWMHM 4YyKyp aHrna6 onuw, 3apyp 6ynraHga
ynapHuW Ha3apuii Ba amanuii Mak,cagniapgakynnawitm unuw tanab
aTnnagw.

X03MPrv BaK.TAa 3/IEKTPOH XP/IATUHMW TypTTa KBAHT COH 6UnaH
6enrmnaw uabyn gunuHram 6ynné 6ynap 60W KBAHT COHM “n”



a 6 B r

11. 13-pacm. Pz - opbutan tacsupu.

a- (PWUHHT KyT6naHraH xgnatu’
2
6- (p HWHrKyT6naHraH “onatu

B- (p~ HUHI YyerapanaHraH to3acu
- KOHTYp X,0natu
y
opbuTan KBaHT COHM “l| ” MarHUT KBaHT COHM “T ” CMWH KBaHT
COHM “mSs” napaup.

KBaHT coHnapu n, L, Te, Ba MS 3M1eKTPOH OYNYyTNapHUHT
reoMeTpuK Waknnapu 6mp-6upngaH apk, KAUWUHA X,amaa
3M1eKTPOH \apakaTUHUHT (PU3NK MabHOCUHUW aHrnaTagu.

Bow kBaHT coHM “n” k™iimatn | gaH raya 6ynraH 6yTyH
COHNapraTeHr 6ynaay. BoL KBaHT COH aTOMUAArM 3NEKTPOH KLULL MHW,
8K Mab/lyM 3HEPreTWK NoroHa to3acuHu Tascudnaingn. KeaHT to3a
ycrapacu fe6, <p=06ynraH xpnargaru reoMeTpuK HyK,TanapTypnapura
antunagn. Arap =0 6ynca, ¢ =0 6ynagn. LLIyHWHT y4yH 3N1eKTPOH
ByNyTNapuMHUHT 3UYANTKA KBAHT Yerapacuga Honra TeHr. KsaHTnap
A4POLAaH YeKcm3 y30Kaa 6y nraH 13anapHu XaM W cobraonagn, YyHKu
byHpain “onatga “am u>=0 6ynagu. K"aBatnapga 3/1eKTPOH
OYNyTNapuHUHT TaK CUMJAHULWIN MablyM YMYMWIA KPHYHUATTa
acocnaHraH. MukposappadanapHUHr \apakaTuHu 0AAWiA TYNKWH
\apakatu TeHrnamacy opkaau udoganal MyMKWH. XAp K,aHgain
ivjiKHHiia TebpaHuULL COHM HOMra TeHr OynraH Hyk,Ta 6ynagn. Arap



U. 14-pacm. ATOM MapKasujaH yTyBUM Typaun ~onatgarun afiek TpoHnap K,aHatu
103aNapUHMHT Xonanuim.

TebpaHuLL XXapaéHu y4 Xun iyHanuga cogup bynca, ynap bmpranvkga
Xocun KanraH Hyk\Tasiap Liasar 03acuHW TalKua Kanagu. Atomnapaa
KaBaT to3alapy UKKW XUN kypuruwaa Oynagn: 1) atom (eku A4po)
MapKasuniaH yTaguraH KaBaTHUHT 103a cjepacu A4po MapKasmra moc
Kenagu; 2) atom (S4p0) MapkasufjaH yTMmaiiguraH K,aBaTHUHT 1032
chepacy 3ca TEKMC EKM KOHYCCMMOH LWaknra ara 6ynagu.
K,aBaTnapHUHrcthepuk 1o3anv 6ynnWnTYNKNH GYHKUUAHWUHT paguan
KUCMUHUW KypcaTafa, SbHU 84pojaH MabiyMm Macogata <p=Y) bynaaw.
Op6uTan KeBaHT COHU “P” 31eKTPOHHUHT TYNKUH (YHKLMACK
X,0CUN KUATaH KaBaT l3aNapuHWUHI AAPOAAH YTULL COHWUHMK
6enrnnailgn HOkppuaa “aig sTunraHMAek KaBaT to3anapufjad
6uTtTacu AOMMO SAPOAAH 4YCKCU3 Macoda >KoinawraH fgeb
XncobnaHagy, SbHU ! HAHT Kuiimatn 0 gad n-1 raya ysrapagu.
M.14-pacmga aToM MapkasujaH yTyBuu Typaw \onaTnapgaru
3NEKTPOHNAP K;aBaT H03aNapMHUHT XONNaHUWKN Kypca TUAraH.



WyHpan K,ninb opbuTannap (£-0) chepuk (6ypuak
Tynaun yHKLmMsAcK y3rapmac 6ynnb, sapojaH yTaguraH Kasat
Kxanap! a ara amac), p - opéutannap rautesnb, d - opbutannap
TYPT Nappakny Lwaknra ara oynagm.

fOkopnga kypcatmb yTunraHugek, KBaHT MexaHuKacu
rywyH4yacura acocaH 3/1eKTPOH aTtoM sapojaH ~ap K,aHgawn
macoaga 6yna oMM MYMKWUH, NEKUH aTOMHUHT Typau
HyKTanapvga byna onuw stumonu \ap xwn 6ynagn. OneKTPoH
OynyTnapHuWHI atomaa Ta” CUMAaHULLINHN BUTraH XL aa aapogaH
3NEKTPOH rava bynraH ypraya macoga —r.paHu ~uncobnawmmms
MyMKWH. By ypTada macoar opbutan ynyamnHun ugoganaign.
WyHra acocnaHmn6, npakKMiAmMaTh pagnan TakK.CMMAaHuL
(DYHKUUACMHW MHTerpannaw nynu éunaH Tonunagu.

r yn KWAMATN N Ba P MUKAOPNAPOPKAIMaHUKyTaHaau. Bogopos
aTomugarv 3NeKTPOH Ha BOLOPOAra yXLuaLl OHMap 3NeKTPoHapu
yuyH 6y 6ornaHmw k™Nivgarv Hucbatga 6ynagu:

(11.51)

By eppa: / - Aapo 3apsaw; do - 6upuHUn Bop opoUTaCUHUNHT
anamctpu.

by TeHrnamagaH KypuHuG TypubanKW, T YPTaHUHT MUKLOPK
BXMUHaH M2 ra nponopumoHaaap.LLIyHWHry4yH N MvKaopy opbutan
ynyammrH1 aHMKZangm, neé aituw MymKuH. Bogopog atommugaru
LIEKTPOHHWUHI Gyna onuw 3 \TUMONVHUHTL IS, 1p, 3d, 4f Ba xpKaso
\<brn napy Bop opbuTaniapu paguycnapyra Moc Kenaap.

Bogopog atomugary 3neKTPOH 3Heprusicu ¢ak;at n HUHT
upiima rvira 6ornvkK, bynagn. Y xarwa LLipeguHrep TeHrnaMacuHUHE
cUMMK Uyingarn ugogaHn epagu:

(11.52)

By TeHrnama Bop Hasapusicura moc Kenaay. Bogopog aromugarm
3M1EKTPOHHUHT acocuii xapaKTepucTUKacu —3Hepruscuy “n » 6munaH
6enrnnaHraHaMrn cababnm yHu 60 KBaHT COHM Aeb roputull
Kabyn KoHWHraH.

Opbutan KBaHT COHMU 3NEKTPOH MMNY/bCK OpbuTas
MOMEHT “M” HUHI MUKLOPVHW Genrnnangun, SuHu:



Busra MabuymMKu, UMNYAbC MOMCHTMW BEKTOP KaTTaIMKAMP. Y HUHT
MyHanuWmn TC KBaHT COHM OunaH amuMkKgaHagu Ba opbuTtan-
NapHUHT (asogarv XohnaHWWwWuHW wngoganangn. BekTop
AYHaIMWMWHN YHUHT MabayM 6uUp yKka HucbataH, macanaH, z
yKWra HucbataH NpoeKuMsacun MUKLOPU OpKanu TONULL MYMKMWH.
MMNynbCHUHT 0op6UTan MOMEHTM MPOEKLMACUHMW Kylingaru
HMUc6aT 6unaH aHUKAALMYMKUH:

M7= hein.

By KBaHT COHM in MarHUT kBaHT coHu Aeb atanagn. YyHku
371EKTPOH OPOUTANHUHT MarHUT MPOCKLMACK LWy conra 60uMLLK
LLipeguHrep TeHrnamacu eymmuja Kypcatuarad n, / Ba m KuaHT
COHMapyn BOLOPOL aTOMUAArN 3IEKTPOHHUHT Xapakar TpaeKTopus-
CUHW Tynwuk, 6enrunab 6cpa onmaingm. AToM CreKTpnapuHu Kysa-
TUL HaTwXKacuga 6y xapaKTCpUCTMKanapiaH Tawkapu TYPTUHYM
KBAHT COHMHMW XaM KUPUTULL KepakIurum mabviym 6ynué Kprgw.
UyHKKN Taxkpnba HaTmKanapura acocaH 3/IeKrpoH TypTUHYM Japa-
Xanu 0304/IMKKa 3ra, AbHWU ofAniA cy3 bunaH aiTraHga, y y3 yku
aTpoduga ainaHagn. DNEKTPOHIAPHUHT Xapakaru ‘CnvH ”6unaH
6enrnnaHagn. CnuH KBAHT COMU bICKTPOH Y3UMWUHI MOMEHT
MMNynbCcUra ara akanaurunu 6ungupagu. by rywyHua
3NeKTPOHHWHI 3apafM Ba maccacu Kabu YHWHI acocuidi xoccacu
XucobnaHagn. Taxpuba Harvxkanapu 3/JIeKTPOH MOMCITUHUHT

MpoeKumsAcKu ak,aT MKKMTa Kuiimatra +_ih Ba —h TeHr aKaH-

NUTUHW KypcaTan. by epga myc6at Ba mMaH(pwuin mwopanap
3NEKTPOHHVHT Typu RyHanuwv Gyiinya aknaHuwnvHM Gungupagu.

1 I
PaBLIaHKM, CMIUH KBAHT COH M -(pakaT MKKUTA KuiimMaTtra + - Ba—
2 2
ara Gynagn. CHUH KBaHT COHNAPWHW YynKun QYHKUWS OpKasu

Genrmnawl yuyH yHTa KyunauTupruunap Kupud unagu.

[emak, TypTTana KBaHT COH/apyM N, m m aTomgaru 3JcK-
TPOHHMHT Xapakay4ywun 4yynuk TaBcudnangn. SNeKTPOHHUHT
XapakaTuHu 6ynapfaH 6owka 6upnavknapga nhoaganab dynmaigm.
3epo, BOAOPOA aTOMMNAA) N 3NEKTPOHHUHT 3HEPTUsacKM N MUKLOPK
6unaH 6enrunaHagmn-to, 6olwka KBaHT COHnapura 60rnuk



6ynmaingn. byHgaH 6up xun aHeprusra ara 6ynraH anekTpoHNap
rypuv \onarnapgabynuwiy MyMKWH, AeraH Xynoca Kenné ynkaau.
Kangail xgnatnapgarv anekTpoHnap “ryrma” anekTpoHnap aeb
annagu. SNeKTPOHNAPHUHT OyHAal Tyrma Xxgnatnapu Tallkoi
ANEKTP €KW MArHWUT MaifoHW Tabcupumaa RYKPTUANLWN MYMKWH.
Ik>i.: KBAHT COHM N BMpP XU KNWiAMaTra, 1, T cBa MsTypau K,uiimaTra
ara 6ynraH xgnatgarv 31eKTpoHMapra TalK.yM MalifoH Tabcupu
rypnuua 6ynagu. Hatvxaga 6yHganxgnatarvm sneKTpoHAapHUHT
WwepwHeid \ap xun Kuiimatra ara 6ynn6 kgnagn. byHn marHut
FKN 371eKTp MalifoHnapu Tabcupuga CnekTp YU3NK NapuHuHT
HypnaHuwu 6unaH TywyHTUpmw MymkuH (LUTapk Ba 3eemaH
ahdekTnapu).

Bogopog aTomu yuyH K>K,0puga aiTunraH UKpnapHu xyaau
1:MiraymHaw ()TTa 31eKTPOHAU cueTemanap -Hel Li* Ba noHnap
yuyH \am Ky i'Liiii MyMKunH. ByHpaaii \Txnga 3neKTpOH 3Hepruscu
Klyiiiviai Mla € W UMMM MYyMKHH:

(1152, a)

KyH anekTpoHnu atomnap. Bogopon atomuiaH 6GoLIK;a Kyn
3NeMCNTAN aToMaapgaru \ap K,aicv 3aNeKTPOHHWHT \olaTuHm \am
rypT KBaHT COH N, /, T Ba THbunaH 6enrunall MyMKuH. by coHnap
BOAOPOJ aTOMMUAarn KBaHT COHap K viimatnapura TeHr geb K.abyn
K™MAnHaoW.

Kyn 3fnekTpoHAM aTomnapfa 3/IeKTPOH (hakaTrmHa a4po
MaifoHmaarnHa amac, 6anku 60wWK,a 3/1eKTPOHAapapo MaingoH-
nappa\am xapakatnaHagu,abHuU 16up Xun KuimaTtra, laca Typau
AmiimaTtnapra ara éynraHnuru cababnum 3NeKTPOHNAPHWUHT
3Hepruanapu x,am Typamn K,uiimatra ara 6ynuné kgnagun. LUIyHUHT
YUYH Kyn 371eKTPOHAN aTtomapfa 3M1eKTPOH 3HEPTMACU WUKKM
KBaHT COHM N Ba l6unaH 6enrvnaHagu. ByHpgain xgnatga anek-
TPOHHUWHI 3Hepruscy n Ba 1opTmb 6opuwmn 6unaH Kynasgu.
[Tomparn anekTpoHiap COHN opTnb Gopuwmaaru SHEPrUAHUHT
y3rapuwun 1optnb 6opuingarn aHepruara kgparaHga 6upmyHya
cesumnapnu bynagu. Hatpuini atomugaH ymk™apub to60punraH
3NIeKTPOHHUHT KBaHT coHnapu n=3, 1=0 (3s)ra TeHr 6ynraH
KaBatgarn Ba n=3, 1=1 (3s)ra TeHr OynraH K"aBaTgarn 3Heprus-
NapHuWHT anpmack 2,1 3B ra TeHr. By MUKAOP, KBaHT COHMapu



n=3, 1=0 (3s) Ba g=4, 1=0 (4s) ra
TeHr 6GynraH K"aBatnapgaru
3Heprusanap anvMpmacum MUKAOPM
(3,1 3B) ra auuMHnawagn. 3nek-
TPOHNap COHWM opTu6 6opraH capm
atomnapga 1 ysrapuwun 6unad
3Heprusg cesunapnu pasuwja
y3rapagu. by atomnap Ty3uauLWMHUHT
Typauya 6ynuwy 6unaH TyLWYH-
TpMNagn. Y Mymad, Kyn afeKTpoHAN
aToM/apfia 3HepreTuK KaBatapHUHT
y3rapuwmnHu Kyimpgarnya é3uw
MYMKWH Ba KABaT/1apyu aHeprusanapm
xuwartugad up-mpngaH kam apk
Knunmnb n, p kaBaTnapura HucbaTaH
KWYKMHa KuiimaTra ara 6ynagw.
WyHpai K;unnb, aHEPrUAHUHT
OpTMG GopULLIN Kyiinaaru sHepreTuk
Kasatnap TapTnbuaa TaBcutnaHagm:

b <25<2p<3s<As-~

~3d<4p <55 ~4d <5p <6s ~
~5d ~ 4t <6p

Il. 15-pacm. Kyn 3neKTpoHu
aTomnapfa 3HepreTMk nopoHanap-
HUHT XONaHMLwN.

M.15-pacmfa Kyn 31eKTPOHAW aToMnapfa 3HepreTuk K,a-
BaT/IAPHUHI HUCOWUIA XOWNaHWLI CXemacu KypcaTuaraH.
KentupunraH cxema TaxmuHuii 6ynn6, 6up atomgaH MKKUHYM
atoMra yTraH capu 3HepreTMK KaBaTNapHWHT >XOWnaHuWw K
cesunapnu ysrapu6 6opagun. Kyn 3feKTpoHnM atomnapga
3NEKTPOHNAPHUHT xonatnapu Maynum npuHuUMnuU acocuparu
KBAaHT-MeXaHUK KOHYHra >xaso6 6epagu. Yw6y npuHumnra
MYBO(MK aTOM Ba MOJIEKYSp cUCTeMaga TypTTana KBaHT COHNap
6up-6upnra TeHr 6ynraH UKKMTa 3NeKTPOH Byna onmarigun. Maynm
NpMHUMNM aTtomfa 60w KBAHT COHM M MabflymMm Kuimartra ara
6ynraH aneKkTpoHMap COHUHU Yeknab Kyaau.

Arap n=1 6ynca, y x,onga /:=() Ba Te=0 raara 6ynagn. LLUyHnHr
yuyyH n=I ra TeHr 6ynraHga anekTpoHnap 6up-6upugaH cnuH
KBaHT COHNMapu 6unax papk kunagu. LyHpaid knnnb, atomga 6oL
KBaHT COHM N=1 6ynraH UKKW 3NEKTPOH OYNNLLIN MYMKUH.



l—3neKTpoOH 10 0 +-

2—3NeKTpPOH 1 0 0 --
2

LyHra yxwaw n=2 6ynraH \onatga KBaHT coHnapu o6up-
6upura yxwaw 6ynmaraH 8 3N1eKTPOHHUHT GOPAMTMHN Ky3a-
TUWNMMN3 MYMKUH:

n (. T /1. n £ T /9,

2 0 0 +1/2 2 1 0 +1/2
1 0 0 -1/2 2 1 0 -1/2
2 1 H '1/2 2 1 +1 +1/1
2 1 1 -1/2 2 1 +1 -1/2

Xyjuin wy ycyn 6unaH 60w KBaHT COHM N=2 ra TeHr 6ynraHga
3NEKTPOHNAPHUHT Makcuman CoHu Kynu 6unad 18 ra, n=4
bynraHga 32 ra TeHr 3KaHAUTMHKW ~“ncobnab Tonuw MYMKWH.
YMymaH, 60w KBaHT COH N K*viimatra ara 6ysnca, 3N1eKTPOH-
NapHWHT 3HT Kyn COHW 2n2ra TeHr 6ynaamn. Bow KBaHT COH /1 KUHT
K,MAMaTN 3N1eKTPOHNAPHUHT faporadva 6ynraH ypraya MacogpacuHm
6enrnnaingn, wy cababnm 6up xmn uminmatra ara 6ynrad
3NEeKTPOHNAp NMNTMHANCK 3NEKTPOH KaBaT Aeb atanafm (3NeKTPOH
KABaTnapnu 6enrunaw Kppuaa Kypcatub yTuaraH agu).

Il kgBaTha opbuTal KBaHT COHU, / HUHT KuiimaTnapy 0 gaH (n-1)
la Kagap 6ynmwm MymKuH. KOKppua KypcaTunraHugek, X;ap K.anicu
K,aHaTgarv Makcumas 3M1eKTPOHIap COHM 2n2ra TeHr BynraHun yuyH,
AbHU BUPUHUM K,aBaTAa Kynu 6unaH 2 Ta, MKKMHYM KABaTAa 8 Ta Ba
\0Ka30 3/1eKTPoH 6ynagu. LLIyHra myBotuK,, X,ap K,aiicy K,aBaTiapgarm
3NEKTPOHMAPHWMHT 3HT Kyn COHW 3ca 2(2/+1) ra TeHr bynagn. Arap s
KaBaTuyaga 6up-bupura kapama-K.apwy cnuHra ara 6ynraH 2 Ta
ANEKTPOH Bynuun MyMKuUH 6ynca, p KaBaTyaja 31eKTPOHIap COHW
ontuTa 6ynagn. Y \onga 3neKTPOHAap CNMHAapW K,aHpain Tak;-
CUMMaHeLLM, fieraH caBon Tyrunaau. MacanaH: a3oT aTOMUHUHT 3M1eK-
TPOH KOH(Urypaumam 1s22s2+2p3 dopmynara ara (AuHu



OGVPUHYM K.aHaTa 2 Ta UKKMHYK KABaTaa 5T1a) 6ynaan. by hopmynara
acoCaH 3N1eKTPOHNAPHN MKKM XU BAPUAHTAaXXOMNALLTUPULL MYMKUH:

2p 2p

n n
] U

X.ap Kaicu ayelikanap Mab/ym opéutanra Moc Kenagu, SbHuU Xap
K,alicn opbuTanga 6up-bmpura K,apama-kapuly cnvHra ara oynraH
WKKN 3NEKTPOH XOWNaHUWM MYMKWH. BUpuHumM cxemaga p
3NEKTPOHAAP TYPIM T K.MAMaTra, MKKMHUYM CXeMaja 3ca MKKUTa p
3NeKTpoHAa ms K iimatn 6up xun. LWWyHra yxwaw KynruHa
aNemMeHTNnapAa 371eKTPOHNAPHWHT XOoWnaHuwnap CoHn 5 ra TeHr
6ynraHn yuyH, d kgeaTyaga 10 Ta,/ KaBaTyanap COHW 7 ra TeHT
6ynraHun yuyH f k,aBatyaga 14 Ta 3N1eKTPOH XOANaLINLIN MYMKWH.

KBaHT-MexaHMKa Ba CMNeKTP aHanuW3 HaTuKanapu LWYHK
KypcaTaguKmn, KaM 3HepreTuK.xpnaTra ara 6ynraH atomnapaa KBaHT
AYelikanapMHUHT 3M1eKTPOHNap 6unaH Tynné 6opuwn Kyiuaarmya
coamp Gynagu: KBaHT siueiikanapra 3/1eKTpoHIap TakpuMaaHULWMAaa
6MpPMHYM HaBbaTAa yap MarHUT KBaHT T COHW TYpAu K,uiAMaTnapra
ara 6ynraH 3nekTpoHnap 6unaH Tynagw, KeMUHYANUK 31eKTPOHNap
Kynaiinb 6opuwin HaTvkacuia sayeiikanapga CnmHU Kapama-KapLum
OynraH 3neKTPOHNap >Xoinawaan. IHePreTUK aYeiikanapHUHT
3M1EKTPOHNap 6unaH TynuwWmnAa YyNapHUHT CMWH KBaHT COHMapu
AUTVHAWCK 3HT OKPPU KUiMMaTra ara 6ynuwmura nHtmnagu. by NyHa
Kpngacu feb atanagn. AueiikanapHUHT 3NEKTPOHAap 6unaH Tynmo
60pnLLIN 3NEMEHTNAPHUHT (PU3MK Ba KMUMEBWIA XOoccanapy AaBpuii
y3rapuLWnHK BY>XXyAra Kentupagu.

ATOM CNeKTP/APVHMHE XOCUN GynmLn.

Arap aToMnapra TalWwKApuUaaH X.ed KaHaai Tabeup 6ynmaca, y
XO/[a 3NeKTPOHNAP 3HT KaM aHeprusra ara 6ynraH xonaraa ynaapy.
ByHfaii XpnaTHU aTOMHUHT HOpMas xpnaTtu aeb atanagn. Arap
aToMra Talk”apugaH 6upop 6up TypAarn 3Heprus Tabcup
aTTUpUca (SbHU aToMNap y3apo ryKHallca, KBaHT EpYrInK Hypu
IOTTMPW/ICA, UCCUbYLLK 3HEpruscu 6Gepusca, 3/IeEKTPOH EKu
HeiATpoHNap 6unaH 6o0MGapAUMOH KANMHCa Ba XpKaso) 6up éku
6Vp Heya 3NeKTPOHNAP 3HEPTUsCK OKppK BynraH KaBaT4yanapra
yTagn. ATOMHUHT GyHAal XONnaTUHW Ky3ranraH xonat ae6 atanagu.



ATOMnap KyskanraH \onatga xyga k“mcka BakT (10 5- 10s cek)
fgasomuga Masxyq 6yna onagu. Cyurpa 3/1eKTpoHIap aHepruacu
Kam 6ynraH KaBaTyanapHu arannaigu. Hatmxkaga 3n1eKTpPOH-
napHUNT 6upsaYeiikagaH MKKMHYM suelikara ytuwm 60ck.ny 6mnaH
cogup bynagu. SHepruacu kaTTa OynraH K,aBaTAaH 3HEpPrusacu
KUYMK BynraH KaBaTra 3/1eKTPOH YTULLN HaTWXKacuia aToM y3uaaH
KBaHT Hyp uyuuapagu. by Hyp MNnaHK TeHrnamacura myBO(UK;
Kylingaruya aHukgaHagm:

Lol I (11.53)

YwWwoby TeHrnama HYPHWHT CNEeKTp 4Yu3nMKfapyu 4acToracuHu
Hoganargn. LLyHgan kgnnb, \ap KAWCK CeKTp YM3NK MapuHUHT
\ocun 6ynuIn 3NeKTPOHHUHT 6Up 3HepreTUK raBaTyajaH
MKKWHYM )iiepi ernk kgnardyara ynuwm a moe kenagu. buHobapuH,
M-KTponmapnwn kanma KaHatyayan KWYMK K.aBatyara yTuiiu
Ha lmnaem ia ak>M napHMNr kopmad \osatra ainfaHuwu
nu'Mnnwmn <mckduyapn OuHan KxXcuduananu.

)ICK IpnMnuMr MYKN K.amatgaH YauHKM Kaeayy a yTuLu
HaTM>KaeHMa KypHHafWw aH nypunw ryjiKjiii y3yHAMrngaH Knuunk
'YNK:H YN aKKa lla 6ynrad peHurem nypnapv \ocun 6ynaaw.
Lv n4Kn KaBa ifapnam i 3NeKrpoHNapHUHT A4p0 6unaH MycTaBkam
Hoi 'kunm aMuH ngaH papak 6epagu. 1153 TeHrnamara MyBO(IMK,
3NEeKrPOHNAPHUHT Kyunb yTWMiMM IOKOPM YacToTanu Ba KUYMK
ryjiidini y3yHnurura ara 6ynraH HypnaHul Xocun kanaau. PeHTreH
CUCKTpNapy kam umsuk/iopfaH nbopat. Y napHUHT yactoTanapu
3fleKTpoHNnap 6up aneMmeHTAaH 60WK,a 3N1EMEHTra yTULIK
HaTwxacmga A4po 3apAgIapuHUHT OPTULLKW MAbAYM K,OHYHUAT
acocmpa ysrapagu.

ATOMMapAa Tawk™M 3N1eKTPOHNAPHUHT Kyuyuwnga sHeprua Kam
y3rapagu Ba 6y Kysra KypuHaguraH ynbTpabuHaglua cnekrpnap-
q M \OCKA Bynuwnra ogné Kenaau.

CnekTp YM3NK"apUHU ypraHuw 3nemMeHTnap aToOMAapUHUHT
)neK | poi ITy3uanwwun, SbHY KBaHT COHNap K™MAMaTHW Ba aToMaaru
3HEKrpoHNap 3HepPruscMHN aHmMkK ualra MMKoH 6epagu (ofatga
aTOMJAPNUHT 3NEKTPOH TY3UAUWW feraHfa YNapHUHI OLAuni
ynnatu TywyHunagnm).

ATOMNAPHUHT 3NEKTPOH TY3UAULWWUHU CNEKTP UMU3UbyTapu

anumknaw 6upmMyHuya mypakkad nw. LLyHUHT y4yyH cnekTp
um alkgapyu MakHym ccpuanapra 6ynumHagM Ba KBaHT-MeXaHuKa
M liman na MyBO(MK,, 31eKTPOHAp Kyunb yTuwinga xpewn 6ynran



CMEKTP 4M3MK,1ap Ky3a-
Tunagn. TUHUMCKU3 n3na-
HULWwNap Hatmxkacuga \c-
3Upru Bak,Tga KynruHa
3NEeMEHTNAaPHUHT 3M1eKT-
POH TY3UNULLMAPU aHUK,-
NaHraH. 3nemMeHTNIapHUHT
atomnapu crnekTpaapuHu
Mabslym 6up cuctemara
connmwga O.1. MeHpgene-
€BHWHI KMMEBWIA 3/1EMEHT-
nap faBpuii KPHYHU My-
\um a\amusartra sra. 11.16-
pacmga nMTuin atomugaru
TalK,M KaBaTAa Xoinawl-
raH 3/IEKTPOHHUHI 3Hep-
reTUK cxemacu Kentu-
puraH.

Typnv K,aBatnapgaru

cxemacu. ConmwTupuw mMatcaguaa sogppos Jlapy 6unaH TyTalumob KeT-

aToMuAarn 3M1eKTPOHHUHT 3HepreTuk Kasatn FIHNUTW 3JTEKTPOHNAp-

KEeNTUPUATaH. HUHT Ky‘-II/I6 YTULLWNHN

6ungupagun. Cxemagaru
TYNK,MH Y3YHIUTU CNEKTP YM3MK~iapura Moc Kenagu. PacmpaH
KYPUHMNG TYpPUBANKW, MTNTUIA aTOMU TaLLK,\ KABaTWAArN 31EKTPOH
2s xXonaTha 3Hr Kam aHeprusdra ara. by cxemara acocnaHu6
NUTUAHUHT CAEKTP YM3UTUHUN YM3ULL MYMKUH. X,03Upru Bak,Taa
aToMNApHUHT CNEKTP YM3NKAapKW acocnia pacmaa TacBmpiaHraHu
Kabu guarpaMmmManap yumnsni K,abyn K,WiInHraH.

Kyn 3anekKTpoHn aToMnapga 3HepreTuK KaBaTnapHu Ba
3MIEKTPOHMAPHUHT TaK,CUMMaHULWWNHW, XyLAM BOLOPOA aTo-
Mugarvra yxwawl, Hasapuii KBaHT-MexaHWKa ycynum 6unaH
Xuncobnab yn i MyMKUH. ByHaa maTeMaTMKXMXaT4aH fo ht KaTTa
UMAMHUMAMKIapra gyy KenvHagu. byHgai xvcobnalunapHu Kyn
3appayanap y4YyH Takaud KunvHrad LLpeguHrep TeHrnamacu
acocma ednl MyMKuH 6ynagu:

8/F2T

X: + + - + [/ — ~nKk P n =0 (|'|‘54)



l-v ... (i|am aTomgarv \amma anckTpoHnapra taannykyw (rk -

K tuik IpomnapgaH sgporada 6ynraH macoda) gup.

11  3N1eKTPOHNAaPHUHT Yy3apo UTApUINLL 3HEPTruAnapuHun
ik|x»i;i HalAgW. YHUHT K™iiMaTv K=/gaH k=N raya teHr 6ynraHgaru
c'/ki linl nHaura TeHr 6ynagn. by epaa ki —k Ba i-3afieKTpoHnap
opacmparn macoga. LyHgain k™amb, sHr ofanidi Kyn 3MeKTPOH/M
m iniA aToMM yYyH UKKMNaMuu KynaiTma WArMHaucu ontuta
3HepreTuk kKoagguumeHtra ara bynagu. Xosmprada 6yHgai
MacanaHW EeYULIHWUHT aHWK, YCYNU rakang UuanHMaraHauru
cababnu TaxMWHUIA edyum ycynnapugaH doiganaHnnagun. by
TEHrNaMaHyW eynll Xyfa KatTa Mex,HaT Tanab “MAraHnuru
rygainnm 6YHUHT yYyH X,03Upry Bak;TAa 3NeKTPOH Xucobnaww
MalluHanapura mypoxaat K,WIMHMOKAA.

11.12. VOHNAHWLL SHEPIMNACK BA /IEKTPOHTIA
MOWMUNNNK

Kumésnii xapaéHnapga atomgarn 371eKTPOHNAPHUHI 0p6u-
Tannapfa K4 gapaxaga MycTa’Kam >XKOMnawraHnmru karra
a\ammnaTraara. BYHUHT yUYyH, aTOMAaPHUHT MOHAAHULL 3HEPTUACH
TywyHYacugaH honganaHmnagu.

Hopwman \onatga TypraH atomnapga 6uTTa 3MeKTPOHHUHT
axpannbé YKWLUWM yuyH capd K,MAUHTAH 3Heprus muagopu
MOHNaHWLL 3Hepruscy feb6 aTanagn. By TywyHua Monekynanapra
\am Taannybywanp. VloHNaHWW 3HEPrusicm MUKLOPUHU
aHuunawga xam atomgarn 3feKTPOHNAPHUHI 3HepreTuk Ka-
HaTnapuMHyW aHuk™nawgarn kabu cnekTpan mabiymoTnapiaH
(ronpanaHunagn.

Kuck.a TynK"MHAN CNeKTpan cepuscu acocuii \onatgaru
aToMnapaH 3neKTpOHIap YMK,M6 KeTraHga axpannmd yuMkpaad
aHeprusara Moc Kenagu, SbHU aTOMAaH 3/1eKTPOHHU unK apun6d
I060pULL YYYH LWYHYa 3Hepruna capdiaw kepak 6ynagu. LWyHpaal
Unmnb, MOHNAHULL 3HEPTUACUHU KMCSa TYAKMHAW cnekTpnap
yanoTtacugaH lMnaHk TeHrnamacy épgammnga \mcobnab Tonuw
MYMKWH. By aHEPrus aHr KWYNK 3HepreTUK KaBaTuH udoganaingm.
VoHnaHnw aHepruscuHun 6ok a ycynnap 6unaH \am, YyHOHuYM,
thoTnomnanuw Ba 3NeKTPOHNAap 6unaH TypTUW ycynnapu 6unau
A MJT. MMYMKUH. VIOHNaHULW 3HEPTUACK 3NEKTPOH BO/bTAAPAA
( HuaHagu,by aHeprusa KynuH4a MOHNaHWLW NOTeHLManm
id I'\,im n*pm| niiaaii.



Bogopos aTOMWHWHT MOHMNaHWULI 3HEpruscu K,\yiugaru
KypuHunna ara éynagu:

J (11.55)

1155 —opmynagaru K viimarnapHu ypHura Kyin6 \ucoénaw
HaTuxacuga C= 13,60 3B ra ara 6ynamus.

KyH 3M1eKTPOH/IM aToMapga MornaHuw aHepruacu \am 6up
Heuva., J,,/... K"viimaTnapra ara 6ynagn. by aHeprusnapbupuHun,
MKKWHYMN, YYMHYM Ha \OKa30 3MEKTPOHNAPHUHT Y3UNULL
aHcprmacura Moc kKenagu. \amma “~onatnapga Ba \ap LOuM
J<IX/<,,. 6ynagn. YyHKM y3unnb YnkOETraH afeKTpoHAap CoOHU
KAH4Ya Kyn Oysica, MOHHUHI Mycbart 3apagn 4Yam LUyH4Ya opTaju,
Oy aca y3 HaBbaruja WwyH4a 31eKTPOHHW y3ura TopTaju.

H.3 -)XagBanga 6ab3v aTOMIAPHUHT MOHMAHULL 3Heprusanapu
K,MAMaTL Kenrmpuirax.

/ 1.3 - >kagsan
y a

Bab3n NEMEHTNAPHUHT NOHJTaHNLL 3HEPTUACK

ATOM '9nekTpoHnap

1 2 1 4 5
H 13,595
He 24,581 54,403 .
Li 5,390 75,619 122,419
Bc 9,320 18,206 153,850 217,657
B 8, 296 25,149 37,920 259,298 340,127
c 11,256 24,376 47, 871 64,48 392,00
N 14,53 25,593 47,426 77,450 97, 863
(o] 13,614 35,146 54,934 77, 394 13,873
F 17418 34,98 62,646 87,23 114,214
Ne 21,559 41,07 63,5 97, 16 126,4
Na 5,138 47,29 71,65 9.8,88 138,60
Mg 7 644 15,031 80,12 109.29 141,23
Al 5,984 18,823 28,44 119,96 153,77
Si 8,149 16,34 33,46 4513 166,73

P 10,484 19,72 30,156 51.354 65,007



S 10,357 23,4 35,0 47,29 72,5

n 13,01 23,80 39,90 53,5 67,80
Al 15,755 217,62 40,90 59,79 75,0
K 4,339 31,81 46,0 60,90 82,6
Ca 6,111 11,868 51,21 67 84,39

By XagBangaH vuWOpWini MeTannap 3Hr Kam WOHMaHWL
Xepruscura aranurn KypuHub typubau. bup noHnaHuw
MOTEHUMANNHUHT K™MiAiMaTun, afeMeHT4a © gaH J ra yTradga
MoHNaHuwWw Te3 ysrapagu. MacanaH, 6op atomupgarn 1, 2, 3
anekypoHnapra HucbaTaH 4 Ba 5 3NEKTPOHNAPHUN Y3ULL YYYH YH
6apobap Kyn sHeprua cap® ~nnvmHagu. By Xon 3aneKTpOoHNapHM
KaBaTnapra 6ynuwira UMKoOH apatau. By y3rapuiwHu >xagsangaH
KYPUT MYMKWH.

Il 17 pncmgn 60p aTOMM Ha MONAapu y4vyH MOroHanap
iin'pi A MHa ynapnwn J, (i 1 2, 3, 4, >) 6yjnaHga] n yuiimar-
napH kypcannm an

IS Ha 25 »HKYponnapnwH A4po 6unaH 6ornaHnuLL 3Heprusacu
/ opyyan capu Kynanuwmu, WOH paguyeuHWHI Kamahiuwun Ba
YapAALWILNT OpYMLWIKM 6unaH rywyHunpunagu. YMymaH onraHga
\ap KkangaH ayOMHWUMNT WOHNAHULW fapaXaCcMHW X,0CUN K,UuLL
MYMKWH. JICKWH KuMcrapnapHu gak,aT 6MpMHYM MOHNAHMWLL
Hepruacy KwWMsMkgMpagu, YyyHkn 1 3B 9,664 MO4 XK/monbra
XBUBaNneHTANpP. L YHUHT YyYyH KUMEBWUIA >KapaéHNapHWHT
3HepreTUK apgekTnapy GUPMHUYN MOHNAHULL 3Hepruanapu 6unaH
ynuaHaay. Xak.MK.a4aH \aM,aHeprma TN Ba aXpanuwm 6unan
6opagmraH KUmEBMin xapaénnapga 1monb Mogaara yHnao, t03nab
Xoynb 3Heprua capg 6ynraH €ku axpanub ymkgaH 6ynyp agw.
MacanaH, hrop aToMuaaH eTT1Ta 3N1eKTPOHHU YnK apun6 robopuL
YUYH 6,276 -104>K/M 3Heprus kepak 6ynraH 6ynyp agun. PaBLuaHku,
MOHMAHULL 3HEPrUsAcY aTOMNapHY TaBcudaallja KaTTa axgMuaTra
ara. YHUHr K,aH4anuk a\amumaTtra ara aKaHAUrnHu Kyiupgaru
MMconda SKKAY TacAnKaall MYMKUH.

1962 iinnga baptnett 0 2Pt F Tapkmbnu AHIrM 6MprMKma CuHTes
Kgnav. Haszapwii ragewnotnap wWyHW KypcaTaguku, 6y rpukma
O’1sa |Pt FJ noHnapfaH Tawkun tonrad. LUyHaaH cyHr, baptnetTt
O” Ha Xc MoneKynanapuHUHI NOHNAHULL 3Hepruanapyu MUKLopu
xn\an.gaH 6up-6upura ak*mHanrura (12,2 3B, 12,1 3B) abTm60p
b6epAn Ha KCEHOH 6unaH Xyaaum WyHjain 6mpukma onuu
MYMKMHAT Ura uwoH4Y \ocun ku. in. Xak,nK,ataH x"avy Xe 6unaH



IPt FG napHu 6up-6upura

Tabcup aTTupm6b, Xe Pt F6

6GMPUKMACUHU  CUHTE3

12 13 KONAW.

By nsgaH nw Knumé ga-

HWAa UHepT rasnap bupuk-

ManapuHu onuwaa karTa

aamuatra ara. Atomga

3NCKTPOHNAPHMN A4PO Y3

mMalifoHnga ywnab Typaau.

By maiijoH aTomra siK,uMH-

nawraH 6owk™a 3pKWH

g St B2t B3+M+  ,nerponnapHM Xxam Top-
TULWN MYMKWUH.JTEKUH By

I1.17-paemM. Bup aTomu Ba MOHNAPUHUHT 3PKWUH 3/1eKTPOH aToM-

JHepreTMk noFonacn \aﬁn,u,a NOHNaHMLL farn 31eKTPOHNAPHUHT

JHEPIrNACUHN TacBupnanguraH cxema.

nTapuan Kydura fyd
Kenagw. Hasapwuii Ba Taxkpuba HaTuxXanapyu KynruHa atomnapia
K,ylwmmya 3/1eKTpOHNapHUHT a4pora TOPTUNIULW 3HEPrusacu
aTomMfarv 3M1eKTPOHMAPHUHT UTapuaMW 3HEepruacupaH kKarta
6ynuwnHn Kypcatagn. bByHaaii aTomnap y3napura TarrwapvaaH
6Up aNeKTPOH 6UpUKTMPMG 0116, Gapuapop MaHhuii 3apagnu
MOH XACWUN Kunagu. AXpanub YmknaH 3HEpPrus aTOMHWHT
3NeKTPOHra MoOWMNAMIn 6unaH aHWk naHagu. SNeKTPOHra
MOAMAAMK \aM MWOHAAHULW 3Hepruacu kKabu 3M1eKTPOH
BOMbTNApAa ynyaHagun.

KBaHT-MexaHuUK \ncobnawnap WKKW Ba YHAAH OPTHUK,
3NEeKTPOHMIAPHUHT aToMra 6UPUKMLLN HaTMXacuaa Xpeun ynraH
NTapuAnL aHeprusacy \ap 4OUM TOPTUANLL 3HEPTrUACUAaH KaTTa
IKaHNUTUHN KypcaTau. LLYHWUHT yuyyH aTOMHWHI 3N1EKTPOHra
MOMUANUTA WKKW Ba YHAAH OPTUK, 3MEKTPOHAAP YYYH MaH(pui
Aniimatra ara. LUyHWHT yuyH 6up aTtomMam Kyn 3apagnv MaHgui
noHnap (O, S2 N, Ba \oka3o) 3pKWMH XxAnarfja maexyn 6yna
ofiMaiigun, abHM OyHAalk MoHNap Monekynaga \am, KpucTannapga
X,aM MaBXy[ amac. bab3n mogganap monekynanapugaru (‘a’. S’.
Cun2+ O2 Ba \0Ka3o WOHNapHU ak"aTruHa LWapTan pasuLlfja
MaBXyj feb K,apaw MyMKWH. DneKTpoHnapra MOMMANnMK XaMMa
atomnap yuyH \am mabnym ae6 6ynmaiigun. 11.4 -xagsanga 6ab3m
aTOM/IaPHUHT 31eKTPOHTa MOANAANTY K MIAMATIapU KCATUPWUATAH.



bab3n 3N1eMeHT aTOMIapPUHUHT 3N1eKTPOHTa mMoRunAnrn

ATOM E, 3B ATOM E, aB ATOM E, aB ATOM E, 3B

H 0,754 0 1,27 Na 0,34 S 2,08
He -0,22 N 021 Mg -0,22 Cl 3,61
Li 0,59 c 1,47 Al 05 Br 3,37
Be 0,38 F 3,45 Si 1,84 J 3,08
B 0,30 Ne 0,22 P 08 Se 2,02

11.4 ->xagBangaH 3N1eKTPOHIra MOMUNNVK 3HEPrusicK ranoreHnapaa
3HI HOKppW K™iAMaTra aranurv, pTophaH ogra Kapab aneKkTpoHra
MONMAIMK ONAVH 61p HeYa MapTa OpTULLK, KEMWH 3ca Kamasi 6opuLun
KYpUHUG Typnban. By PTOPHUHT 3neKTpOHra MOWWUANUTUHUHT
IOKpPUAUTY BUNaH TYLWYHTUPUAAAN.

Takpopnall yuyH MmaTepuannap

MaB3ynapHuHI K1CK,a4a MasMyHW. ATomiap MOALanapHUHT
acocuin cTpyktypa 6upnurn 6ynmb, Kysra KypuHmac manga
3appayvanap cudatuga maBxyg 6ynagunap Ba LWapouT ApatuiaraHja
y3ra afemeHTnap 6unaH 6upuka onagunap. ATomnap s4pojaH Ba
3NeKTPOHNApAaH TawKun Tonagunap, agponap aca y3 Hasbatuga
NPOTOH Ba HeliTpoHNapaH \amaa ynap atpouia \apakatnaHyBum
3/1eKTPOHNAPHM Y3 Nunura onagunap. SNemMeHTNapHU yNapiunHr
atoM pasamu (sgpogarvu MpoTOHAap COHM) 6unaH Tabpudnal
MYMKWUH. ATOMHWUHI Macca COHW YHWUHI a4pocugary npoToHiap
Ba HEMTPOHNAP COHU MMTMHAMCUAAH TallKWA Tonagu.

ATomnap 6up-6upnapu 6unaH GUPUKNG MOSIEKyna Xpcun
K.unagunap. byHgaH taw”apu, atomniap ysnapugaH 3/1eKTPOH
y3aTub EKM ynapHu 6uMpukTUpnuG 0nmMb moHnap geb atanysuu
3apsfnaHraH sappanapra aiinada onagunap.

YTunrad 606napHu ypraHiwaaH Maucag;

1 MopagaHuHr dasoBuii \onatnapmHu apKyLUin onuLL.

2. InemeHTNap, GupuKmanap Ba apanawimanapHm 6up-6upugaH
axpaTa onuw.

3. OnemeHTNap Maiiga 3appadanapuHu 61unmo onuu.

4. Moapanap hu3nMKaBuii Ba KUMEBUIA XoccanapuHu tapbyraii
onnL.



Mawun ap

1 Opanin TemnepaTypaga K.avicu meTannap cytok, \onga yyupaingun?

2. Ow Ty3m xoccanapuHu aiTnd 6epuHr.

3. Muc, antoMnHWiA Ba TEMUP CUMAAPUHW Yy3uLL (PU3MKaBUii
8K KUMEBWMIA XXapaéHra KUPULWMNHW aliTb GepuHr.

4.1807 vinnu . 3BU Kannil TMgPOKCUAUHN 3/1EKTPOIN3 KNG
OK, paHrfiu, peakumsara yd Mogga onnb yHu kanuii anemMeHTn geb
aTalura KgHgalk Mab/lyMoT acoc OynraH 3gu?

TecT casonnapwu

I.  Kyiingaru 6upukManapgaH oaauii Mogaanap KoTOPUHU Kyp-

CaTuHT.
I.HZS; 2.50,; 3.58 4.503 5.N,; 6. Ty3; 7Cys; 8.LLakap;
9.MathHmin; KO.Byp; N.0OxaK; 12,0amoc.

QD
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o6 79 1

Il. KNinga kenTupunran TabpunapHUHL Khaiicn 6Mpn BANEHT-
NVK TYWYHYaCMHUHT MOXMATWNMW Tyna Ba tyi pn ugoganaingmn?

a) AliHN 3nemMeHT aTOMWHWHI \OCUN K,MAraH KOBaNeHT
6ornaHuLLap CoHw.

6) AAHWM 3/1IEMEHT aTOMMAAru TOK, 3/IEKTPOHAApP COHMW.

B) AViHWN 371EMEHT aToMuMaarn XymT 31eKTPOHNap COHW.

r) AHW 3neMeHT aTOMUArM opbuTansiap COHM.

0) ANHW 3neMeHTHWHI [aBpuil cucTemajgarum rypyxgap
TapTuobM.

1. Kylinga kentmpuaraH tTabpunapHUHT KAcK mupn atom
TYLWYHYaCUHU Tyrpn ndoganangm?

a) MofJaHUHT paHrMHKM Ba XAAMHMW y3upa cakgab Kpnysuu
3appavacu K,aicu 6upu xucobnaHaan?

6) SNeMEHTHUHI KMMEBUIA XOccanapuHu cakgad K;0nyBUM aHT
KMUMK 3appava.

B) Mycb6ar 3apsagnaHraH agpofaH nbopar sHI KMYMK 3appava.

w

5 7

11, 12
9, 12
7

(=)

=2
~ oo

—_



I) Moaaa Tapkubura KUpyBUM OHT KMYMK 3appadvaHil ailTUHT,

a) MoffaHWHT XoccanapuHu ysuaa cak®iab KojyBuW 3HT
KMYMK 3appaua.

1Y 3neKTpoHnap \apakaT TpaeKTopusacu HOAHWKAUK MpPWH-
HUMUHWHT MaTEMATUK W(OAACUHUN KYPCATUHT.

a) N~ ; 6) AE - hy\ B) \|2- =a (Z'b),
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V Xpom atomuga Heuta 6y d —op6butannap 6op?
a)0;6) Le)2r) 304

V1. K/aHgali 3neKTPOH KOHMUrypaumsa aTOMUHUHE K 3raaraH
WwnaTMHN TaBcugnangm?

a) ...2s2 6) ...3s2*3d’; B) ... 452-3d2 r) ...3s1-3p3-3p4; o) ... 452-3d5.

VII. MoroHavyanapgarv 3NeKTpoHap MakcuMan COHUHU KAACK
thopmyna 6unaH ugoganawl MyMKuH?

a) 2/ + 1, 6) 2(2/ + 1); B) nZ 1) 2n2 o) (21+ 1)n.

VIII. ATomaarn 3neKTPOHNAPHUHT 60W KBaHT COHU NT4
6ynraHga, opbmTan KBaHT COHU K,aHfgai MakcuMman K,uimatra
ara bynagu?

a) 2, 6) 3; ) 4, 1) 5 1) 6.
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0., MEHAENEEBHUHT JABPU £EOHYHW BA
3NIEMEHT/AP JABP CUCTEMACHK

111.1. JABPUA KOHYH BAYHWHI 3AMOHABWN TANKWHW

XIX acp 6ownapuga sanemeHTNapHu ano\mpa cuHnapra
axpatuw MYMKUH 3Mac 3gn. YyHKW ynapHUHI COHMW Xyfa Kam
6ynraHnmrn 6unaH 6up KATOpAA aToM Maccacu, PU3nK Ba KMMEBWIA
XOCCaNapUHUHI MabllyM KPHYHUAT acocuia y3rapuium Xanm TynmK,



ypraHwwarad agu. Anmuii nsnanuiwinap Hatuxacuja sSHrugaH-
SAHTN 3N1eMeHTNap Kawdg sTUANLWK 6unaH 6up K,atopaa ynapHUHT
Xoccanapu, aTOMAapUHUHT TY3UAULLIN ypraHnt 6opungm, 6abau
3NEeMEHTNAPHVHT aBBasigaH Mabaym 6ynraH Tabuuii rpynnanapura
yXlWall 3neMeHTnap rpynnanapy aHukyTHa 6opan. SnemeHTnap
Ba YNapHUHI GMpuMKManapu xacuja TynnaHraH mabaymoTnap
Kumérapnap ongura 6apya aneMeHTNapHW CUH(Napra axparui
BasuhacmHn k$iign.Alasya3be(1789 i), Bepuennnyc (1812 i),
[Jeb6epeiiHep (1817 i), MwvenuH (1843 iA), MeTTeHkotep (1850 i),
Owoma (1850 i), Oe-LaHkypTya (1862 ii), HioneHac (1863 i),
Meliep (1869 1) Ba GOWKA ONMMAap 3/IEMEHTNAPHN CUMHMnapra
axpatuwra ypuHuot kypgunap. AMMO Xe4 KUM KUMEBUI
3fleMeHTNap opacmja MaBXyg OynraH ysapo y3Buii 60rnaHuL
60pNNTNHY aHWK, KypcaTta onMagau.

Pyc onumu [.M1.MeHAeneeB Y3NHUHT Kyn ANAANK YYKYP UAMWAT
n3naHuwnapmaa anemMeHTNapHUHT BMpuKManap Xocun KaauL
XYCYCUATUHU, BaNneHTANKNAPUHU, BUPUKMANapUHUHT LIaKIn
X,amga xoccanapli+y ypraHiu Ba ynap opacujarv AaBpuiniukHu
Kaw® aTam. Taxpmba HaTmKanapura acocnaHmo, 1869 vinnmn 4.1,
MeHgenees gaBpuii K,0HYHHW fpaTAu Ba YHW K,yiupgarunya
Tabpugnagn: "ONemMeHTNapHUHT Xoccanapyn, GUPNKManapuHuHT
WakKnM Ba Xoccanapu atoMm maccanapura fjaBpuii paBulija
6ornukaup”. By K,0HyH ywa paaepga mabiym 6ynraH 6apya
3M1EMEHTNIAPHMHT aTOM Maccanapv opTub 6opuiin 6unaH ynapHuUHT
xoccanapu % 17 Ba 31 Ta 3/feMeHTAaH'KeAUH K,akTapuinLLnHmW
nloxmab 6epau. [emak, anemeHTnap Ba ynap 6MpuMKManapuHUHT
Xoccanapu Mab/lyM K,OHYHWAT acocufja faspuii y3rapagu. LUyHra
acocnaHun6, A.1. MeHpgenees aneMeHTNapHM Mabaym TapTubaa
XonnawTtnpub, anemeHTNap 4aBpuil CUCTEMACUHW ApaTaM.

ATOM TY3WIULIUHUHT MyKamman ypraHuavmwu HaTmxacuia
0aBpuii K,OHYHHUHI MOX,MATW §KK,0N HamoéH 6yngu, ane-
MEHTNapHUHT Xoccanapu Aaspuii pasulla y3rapullnHu Taik,uH
K,MNuwira, ynapHuHr gaBpuin cmctemajga >omnaHuwwm 6mnaH
KUMEBWIA Xoccanapyu opacuja Mabaym 6ornaHuw 60pavrmHM
aHMKAawra UMKOHUAT sparungu. .. MeHaeneeBHUHT [aBpuii
cucTeMacuga bup aneMeHTAaH UKKMHYM 3N1eMeHTra yTUAraH capu
aToM SIAPOCMHUHT Myc6aT 3apsan Ba 3NeKTPOH COHM OpTu6 6opaau.
By y3 HaB6aTuaa KUMEBMWIN 3NeMeHTNap XOCCaIapuHUHT y3rapuwunra
onunb kenagn. [lemak, 3IeMEHTHMHT TapTnb pak,amu WyH4Yakn 6mp
pak,am 6ynmacgaH, 6ankum YHUHI aTOM AAPOCUHUHT MycbaT



3apAaMAN Ha 3NeKTpOHNap coHunu oungupagun. LWyHra kypa,
X,0Uipi N BaKTAa AaBpUil K,OHYH Kyimparnuya TabpudnaHagu:
""'e)ICMCHTNAPHMHTI XOccanapu, BUpUKMaHapUHWHI WaK Baxoccanapu
YNapHVHT aTOM A4ponapu 3apsaura jaspuii pasumiuga 6ornvkamp”

W .2. BABPUYA CUCTEMAHWHI 'TY X LW W W

*)IEMEHTNIAPHUHT X0CCanapyHu faBpuid pasuwlga yarapyuwmnra
acocnaHm6 .M. MeHgaenees aneMeHTNap CUCTEMACUHU BUP Heua
favpra éynan. 1,2 Ba 3-gaspnap (hakat 6mp K,atopAaH TY3uUaraHanrm
YUYH Kuuuk, 4. 5 6-gaBpnapHu Kartrta, 7-faBpHKM 3ca
Tyrannanmarau gaep fe6 atagu. bupnHum gaspga 2 1a, MKKMHYM
Ba yYMHYM faHpnapga StagaH afemMeHTnap XonawraH. TYpTUHYM
Ba 6cuwnun gaspnapla 18 Tagan,onTuHYM faspra 32 Ta anemMeHT
Aoinannamn, CTrONYN AaBp 3ca \anH TyrannanmaraHaup. Xap
Kaiicu par.p (6uprvHuYM gaBpaawu 6owka) innuk mctannapgaH (Li,
Na, K. Kb, (s, IT) 6ownann6, Tunuk metannmacnap (F, Cl, Br,
I, At), acn raviiap(Nt\ Ar. Kr, Xe, Kn) 6unan TyrannaHagu.

NInTnHgan ()topia Ba NaTpUngaH xnopra K,apab 3nemeHT-
napuunr McraaiumkK Xxoccanapy Kamannb, meTanimaciamk xocca-
napu aca opTu6 6opagn. Acn rasnap aca gaspnapgaru TUNuK
MeTanamacnap 6unaH TMNMK MeTannapHyu axpaTyBymM Yerapagump.
BupnHun pgaBpga hak,aT 6uTTa BOAOPOLAHU TENNA KENWNHIW
gaspgary Tunuk meranngad (Li) axpatub Typagm.

KaTtTa gaBpnapga afieMeHrfapHUHT Xoccanapy KN4uK Linspnap-
pjarura KaparaHga cyct y3rapaau. LUy cababnu karra gaspnap Xyar
Ba TOK, Karopnapra 6yfMHraH, YyHK1 KatTa faBpiapfa 3/1eMeHT-
NapHUHT xoccanapyn (Kywanok) gaBpwuin ysrapagn. KaTtTta gasp-
napHuUUT XyT Karop anemeHTnapu akar metannap 6ynméynapaa
METa/I/TMK XOCCanapu YangaH yHrra yTraH cailumH cyctnawiagu, ne-
KWH TOK, KaTopnapja aca, MeTa//IMK Xoccanap sHaga 3andnawmo,
MEeTa/1/1Mac/In K xoccanapy opTné 6opagn. MIKKn Katopnm TypTUHYA
Ba OEWWHYM faBpfiap MKKMHYM Ba YYMHYM JaBpnapfaH (apk
KWnmb, opanunk YHAUK 3NeMEHTIAPHM Y3 Myura onagu, SbHu
TYPTUHYM faBpary MKKUHYKM anemeHT CagaH KelinH 10Ta anemeHT
(Sc - Zn yHAnrn) xoinawraH 6ynnb, KeMnH JaBpHUHI 6 Ta ane-
MeHTa (Ga - Kr) oinawraH. BelwnHym nasp afemeHTnapu \am may
Xunga xonnawraH. ONTUHYM faBpharn MKKMHYM 3nemeH raaH (Ba)
KeMnH opanunk yHAuK anemeHtnapy (La - Hg) »xonnawunwmn kepak
aaun. lekuH La anemeHTa KaTtarura 14 anemeHT (Ce - Lu), CyHrpa



K,0nraH acocuii onrm anemeHT (T1 - Rn) »xoinawraH. By X,0MHn
TyrannaHmaraH eTrmHyMgaBspaneMerdtiapua \aMm Kypamus. YyHOH-
4yn,eTTMHYMAaBpAaru RaanemeHTUAaH KelinH opanvK,3neMeHTnap-
HM Ac 60wnab 6epagmn, TypraH Katakka siHa 14 3nemMeHT XonnawwTm-
punraH. byHra ca6ab, 6y 3/ieMeHTNapHUHI Xoccanapu 3apaggapu
opTn6 6opuLn BunaH Xypa cycT y3rapuwnanp. dNeMeHTNapHUHT
faspnap Oyiivua GyHAain Tak,CUMNaHULLK HaTWXacuaa BepTukan
AyHanuwpaa 6up-6mpunra yxiatl afnemMmeHTIap OUNack BY>XKyara Kenan.
By anemeHTnap ovnacu rpynnanap geb atanagu. X,ap Kancu rpynna
WKKW rpynnara 6ynnHagu. TUNWK aneMeHTnapiaH TalwKun Tonrax
3MIEMEHTNAapHM acocuid rpyrTaya fe6 atanagu. Kartta gaspnapga
XKOoMnalraH opaink, YHAUK 3feMeHTAapUHM 3ca KyLUmMMya rpynnada
[e6 atanagw.

Acocuii rpynnaya aneMeHTnapy KUMEBWIA xoccanapm xu\atmgaH
LywumMya rpynnavya anemeHTnapugaH apk, Kunagu. by dapk,
rpynnagaH rpynnara ytraH capu y3rapu6 Typagu, SbHU GUpUHUM
rpynnagaacocuii rpynnaya bunaH KyLummuya rpynnaya anemMeHTnapu
X0ccanapuHUHT (hapk,u aHua cesunapnuamp. pynna pak,amm opTné
6opvwn 6unaH 6yY)apk, Kamasam. JIEKMH eTTUHYK rpynnara 6opn6
thapk,>Kyda kaTTanawagn. Macanad: 6BMpUHYK TPYNNaHNHT KyLiMMya
rpynnayva anemeHTnapn Cu, Ag, Au naccus afieMeHTniap 6ynmo,
akTuB bGynraH NUTUI rpynnavacu 3fieMeHTnapugaH KuUMEBMii
Xoccanapy Xvx,aTugaH KeCKvH dapk, K,unagu, yumHumM rpynnaja aca,
SBbHM acocuii rpynnadva 6ynrad 6op rpynnavacu (B, Al, Ga, In, Tl)
6unaH Kywwumya rpynnadva 6ynraH ckaHguin rpynnadacu 6unaH
rafioreHNapHUHI KMMEBUIA XOccanapu opacuia KeckuH apk, 6op.

NaHTaHoupnap Ba akTMHoOMAnNap y3 xoccanapu 6unaH 6up-
Gupnapura fKUH BynraHaMrn yuyyH ynap MKKMnamuu Kymnmua
rpynnara XonnawTypuiraH.

Xap Kaiicn rpynna pak,amu yuia rpynnara KupyBuM 371eMeHT-
NAPHUHT KMUCopogra H1cbaTaH 3HT KOKPPY BIEHTIMTMHIN KypcaTagu.
NeknH muc rpynnavacuga, VIl sa VI rpynna anemeHTnapuga 6y
K,oMfafaH YeTra Yvk,uw Kysatunagu. MacanaH, MuUC 6Up Ba UKKM
BaNeHTNNK, ONTUH 3 BaneHTnunk, VIII rpynnaHuHr Kywumya
rpynnava aneMeHTnapugaH gak,at ocMuii Ba MPUAWIA 8 BaNeHTINK
HaMO&H kanaam, VI rpynnaga dak,at ptop 6up BaneHTIMK HAMOEH
K.Mnagu. BoLLK,a ranoreHfapHUHr Kucnopogla HucbartaH toKopu
BA/IEHTNIATM eTTUra TeHr 6ynaau. Bogopogra H1cbaTaH BaneHTIMKHN
acocuii rpynnada 3/1leMeHTIapy HaMOEH K,1nmb,6y BaneHTAMK rpynna
pak,amura TeHr 6ynagu. SnemeHTNapHUHT BOAOpPOAra HucbaTaH



mi Kiri vy n 1 rpyrHwaad IV rpynnarava opru6 6opaan, IV
IpynnagaH VIl ra kggap kamaiinb 6opagu, ynapHUHT Kucnopoara
HucbaTaH BaneHTIMIM 3ca opTnb Gopagm. Xap Kaiicum rpynnaga
MeTanMacnapHUHI Kucnopoara HucbaTaH BaneHTIMIU BunaH
BOZOPOAra HUcbaTaH BaneHTNUMM nrnHaucy 8 ra TeHr bynagm. Xap
Kalicu rpynnajgaatom macca opTmb 6opuiin 6unaH aneMeHTAapHUHT
MeTa/I/IMK Xoccanapy Kyvainmb 6opagu. by ysrapuil acocuii rpynnava
3neMeHTNapMaa AKKLL - KyLuMMYa rpynnaya aneMeHTIapuaa acaxyaa
CyCT Ky3aTuiaau.

[Jemak, anemeHTNapHUHT xoccanapu —HUc6buii atom maccacy,
Ba/leHT/IMKNApK, Knucaopoaan 6upukmanapu Ba rugpokcuana-
PUHUHT acoc, amoTep KM KUcnoTanu xoccara ara 6ynuwin sa
X0Kasonap Aaspuii cuctemaga fasp numaa\am, rpynna nuuga xam
MabyM KOMYHWAT acocupia ysrapagu. bByHaaH Talukapw, gaBpuii
cucTeMaga 3N1eMeHTNap XOCCanapMHUHE yXWalwauruHy y4
MyHanuwga KysaTul MyMKWH:

1 [opusoHTan iyHanuwiga: 3aNeMeHTNap XOCCanapuHUHT aaBp
Oyiinya ysrapuimga yxwalunumk Kysatunagm. MacanaH, antoMnHuWii
mMeTanu Yan Tapaga >XohnawraH MarHuin meTtanura acocnu
xoccanapu 6unad yxwaw 6ynca, yHr Tapaga TypraH KpemHuiira
aca KucnoTany xocca HaMOEH Kunumy 6unaH yxwab Ketagu.

2. BepTuKan iyHanuLLaa: faBpuii CUCTEMaHWHT BEPTUKaN paBuLLa
KonaluraH afneMeHTapy rpynna 6yinya 6up-6mpura yxwaiaw.

3. AnaroHan iyHanmiga'. 4aBpuin cucTemMaga guaroHap 6yinya
XolnawiraH afnemeHTNap y3apo YXLWAaLLNK HaMOEH Kuiaau.

MacanaH: antOMUHWIA faBpuiA cucTemaga guaroHan 6Gyiivuya
6epunnnin Ba repmaHuiira, KpeMHuin sca 60p Ba MULLIbAKKA
xoccanapn 6unaH yxwawanp Ba XoKaso.

LWynapra acocnaHun6, faBpwili cuctemagarn anemMeHTAapHUHT
(hM3MK Ba KMMEBUIA XOCCaNapuHU GUAraH XAnaa HoMablyM 3/1EMeHT
XoccanapuHu OngMHAaH ainTné Gepuil MyMKWH. ByHra 6UpuHYm
6ynn6 .M. MeHpeneeB acoc CoJiraH: Xp3mpru BakTAa KKK ycyn —
0. MeHpenees Ba conuwitupnb \ucobnaw ycynnapu 6unaH
anuKaaHULWN MYMKWH.

MeHgenees ycynuga anemeHTNApHUHT Xoccanapu YHUWUHT
aTpoduga olinawraH 3NeMeHTNAPHUHT (OU3UK Ba KUMEBWIA
Xoccanapyu apuMeTMK WUTMHAUCUMAAH ONUHIaH ypTada MUKAOP
6unan anukpaHagu. MacanaH, rannnii, KPEMHUIA, MALLILMK Ba Kanai
nMcbuii aTom maccanapumuHr iuruHgucu 4 ra 6ynumca,



28 + 74.9 + 118.7=291,2 A —72,6 (6y COH repMaHUIHUHT HUCOUIA
aToM maccacu 72,6 ra TeHraup. EKU CENEeHHUHT yYan Ba YHr
Tapaguga TypraH mMuwbaK Ba 6pom AsH3 Ba HBr rapku6nu
BOAOpOAAM 6upukmanap \ocun Kunagu, Tenacuga sa nacTuga
KOoWnawraH OfITUHTYTYPT Ba TeNNyp aNeMeHTapuHuHr H2S, HTe
BOAOPOALAM OBMPUKMANnapuHUHT XoccanapuHu, SbHU CYOKAaHULL
Ba KaliHall TemuepaTypanapu, CyBAa 3pyBYaHAWUIMW, KAaTTUK Ba
CYIOK "onatgarv 3uunnknapu MUKLOPUHUHT ypTaya apumeTux
ANTUHAUCUHK TypTra 6ynnb, CeNeHHWHT BOAOPOAAN BUpMKMacK
H2Se HUHT loKopuia KenTUpWUAraH xoccanapuHu aHukpaw
MYMKWH. By ycyn \o3mpru naitga xoccanapu Homabaym OGynraH
MOAJaNapHN aHWKAALIAA KeHT KynnaHunagu.

ConnwTunpnb \ucobnaw ycynuHn M.X. KapaueTbaHUTakIM®
K,unraH 6ynmb, 6up-6upura KywHW 31eMeHTNapHUHT TYpPAu Xun
OUpUKManapuHUHT OU3MK Ba KUMEBUI KOHCTaHTanapuHu Tak-
Kocnal opkanu 6cpunraH HobMayym MOAAAHUHT KOHCTAHTACUHU
aHUKAaW MYMKUH.

mai - pacmja, TYPTUHYM rpynna anemeHTnapu C, Si, Pb HUHT
ONTUHIYTypT 6unaH x,ocun kmnaraH CS2 SiS? Ba PbS2 6upuk-
manapufa, kucnopog éunan xpceun kunraH C02 Si02 Ce() Sn02
Ba Pb026upukmanapunia afieMeHT 6unaH ONTUHTYTYPT Ba 3/IEMEHT
6unaH K1ucnopog atomnapu opacugarv mMacodganap Taptmb pakam-
napw ysrapmwmra 60rnvk xanga 6up-6upmgaH dapk Kuauwmnm
TacBMpaw MyMKUH.

ATOoMIapapo, SibHU Q - SHa 3 - O Maax|)anap KuiimaTnapuHUHT
60rMMKAUTMHN Mablym TapTubga conuwTiipn6, Ge - S Ba Sn-S
aTom1apu opacupary mMacofaHu aHuKAalWMMmn3 MyMKuH (111.2-pacm).

Xap Kaiicu 3f1eMeHT .y3UHWUHT Mabiaym 6up xoccacu 6unaH 6up-
6upugaH kucmaH byncaga, gapk kunagu. by hapkaap aHopraHuk
KUMEHWHT TYNNK KYPCUHWN YpraHv gasoMuga Kypcatmé ytunaaw.

W.3. ATOM TY3WU/INLLWN BA SNEMEHT/IAPHUHT JABPUN
CUCTEMACHK

SneMeHT aTOMTAPUHMWHT 3M1EKTPOH TY3WUNLUKN BUNaH yNnapHUHT
[aBpuii cuctemagary ypHu opacugaru 60riMKgMKHN Kypubimkamms

DNEeKTPOHMNAPHUHT 3HEpreTUK MoroHa Ba opbuTannap byiinabd
XOMNaHUWKM 3EMEHTHUHT 31EKTPOH KoHUrypauusacu geé
aTanagu. ATomaa 371eKTpOHIapHM NoroHavanapra Takcumaawga
Kyiingary y4 kpuga Hasapga TyTunagu.



[\ ap KaiivanekTpoH d,A CSi  Cic Sn Pb
MWHUMan 3Heprusira MyBo-
duny, KenagmraH Xx,0NaTHM
onvwra nHTwunagn (aHep-
TMAHWHT ad3annuKk K,ou-
pacv). byHn KneukoBckuii
TakNng KANraH Kyhmgarm
Kdnga acocnpa TYWYHTU-
pULL MYMKWH.

By Kpuaa UKKWU K,UCM-
faH umbopart: a) aTomnapga
3NEKTPOHNAPHWHT opbuTan-
nap 6yinya Ta’cMmnaHm-
Wwuaa\ap nkku \onat yuyH

n+f MUTUHANCU KUYUK I11. 1-pacm. 3 - SBa 3 - O napgaru
6ynca, Wy xanatja aHeprmna aTomMnapapo MacodaHWHI anemMeH TTapTn6
KNYnNK K"VIVIM&TFB. ara 6y' pakamura 6ot Nukj\nru.

nagun, HatTwxaga wy op-
6uTan anekTpoHnap 6unaH Tynagn (N - 60W KBAHT COHU, P -
opbutan KBaHT coHnapwu); 6) arap 6y ukkana \onat yuyH (n+0O
ANTMHAM KWAMAT XUXATugaH TeHr 6ynca, y xpaga n - K,uiamatu
KWYuK BynraH opbuTan anekTpoHnap 6unaH Tynagu.

By KpnganapHu Kyingarnya TylWyHTUPUL MYMKWH:

n 1 2 3 4
e 0 01 0,12 0, 1,2,3
n+ ( 1 2,3 3,4,5 4,5, 6,7
op6utannap Is 2s 2p 3s 3p 3d 4s 4p 4d 4f ..

Xagpangaru WUTMHAW KuiAMarnapmra acocnaHu6 atomga
3NEKTPOHNAPHN Kyliugarn TapTu6aa Taucumaall MyMKUH:

Is <25 <2p <3s<3p<4s<3d<4p<5s<i4d<bp..

Jemak, buprHun HaBbataa IsopbuTan, KelinH 2s opbuTan, KeinH
2p, 3s Ba XxpKa3o opbuTannap anekTpoHnap bunax Tynmb 6opagu.

2. ANEeKTPOHNAPHUHT XOoMnaHuwun MMaynu npuHumMnura 3ug
KenMacnurnnosum. by mpuHumMn Kyingaruyataspudnadagn. “bup
aTomia TypT Tajla KBaH T COHMHUHT LL/AMAT 1 MOC paBuLLga BupXun
OynraH MKKATAa 3M1eKTPOH BymLIv MyMKWH aMac . Arap 6up a tomga
n. |l Kisiirr coiuiapni ini ir kjmnamwwi 6up-6up TKMra ta n ukkuta



3NeKTPOH 6yrca, ynap TYPTUHUM CMIMH KBAHT COH OT CMMHAApW Kapama-
Kapwm yHanvwra 3ra 6Vavwuy 6unaH dapk, Kunagu.

3.J1iH1 NooHavaaa nupraH 31eKTPoHIap MyMKMH K,aaap Kyrpok,
opbuTannapHu baHawnnmra nHTunagn ( MyHauomgacu). Macana,
d noroHauvagaru 5Ta anekTpoHnap LWII | KypuHuwnga amac,
6ankn 'yHp kompacu! a ITILIL mMyBO(MK KypuHMLLAa 4ap 6up
noroHavara 6uUTTagaH >oinawamu.

ANeKTPOHNApHUHT Maynu npuHuunu, KneykoBckuii Ba MNyHA
Koupanapura myBo(uK. atomnapgarn opbutannap éyumya tynmé
6opuwmnra kapao, \amma aneMeHTnap TypTras, p, d,/ ounara bynu-
Hagw.

s - ovnara I Ba 1lrpynnaHuHT acocuii rpynnaya afnemeHTnapum,
WYHWHTAEK, BOAOPOS Ba renunii Kupagu. AbHW TallKy 3EKTPOH
KaBatnga 6utTa €kn 2 Ta S aNeKTpoHNap GynraH anemMeHTnap s-
anemeHTnap geb atanaau.

p - ounara H1-VIII rpynnanapHUHT acocuii rpynnava afnemMeHT-
napu kupagu. flemak, Tal Ky KaBaTUHWHI p-opbutannga lTtajaH
6 Taraya p 3neKTpoHaapu bynrau, SbHU pl- p66ynraH anemeHTNap
p-aneMeHTnap Aab atanagu.

d - onnara gaspuii cucTemMasiarm naHTaHoOWU[, Ba akTUHoOMANapaaH
Talkapu 6apya Kywimmua rpynnada s1eMeHTNapu, SbHU TaLIKK
KaBaTgaH OmTTa onguHru aHepretuk d opbutanmpa 1TagaH 10
d a5, A raraya d-afieKTpoHnap bynra

d1- dDanemeHTNap Kupagw.
f - oiijaun na. naHoungnap
Ba aKTMHOMANAP Tall KW Kn-
nagu, ynap atoMiapuHUHT
TalwkapmaaH 2 1a onguHru f
opbutanuga 1tagaH l4Ttara-
ya f - anekTpoHnap, sbvHu 1
- f¥4 anekTpoHnap Gynagw.
LLynapra acocnaHn6, A.A.
MeHenees gaBpuii cucTema-
enfarv anemeHTNap atomna-
puga opbuTannapHuHr afek-
TpoHnap 6unaH Tynmné 60-
puw TapTubuHU Kypuob
/M.2-pacm. 3 -0 Ba d - Snapgaru YNKaMK3.
aTomnapapo mMacotaHuHI y4apo Xap Kancu KaBaTt/a YKOWN-
Gornwywry. NaHMWy MYMKWH 6ynraH



(uckiponnap conn N=2if dopmyna 6unaH 6enrnnaHagn. by epga
M KaHaT pakamu.

1-KaBargarv 3fieKTPOHNAPHUHT 3HT Kyn coHU N=2-12=2 T3,
2-kaBatga N—2 -2 -2 -4=8 T1a, 3-kaBatga N=2 -32=2 -9=18 Ba 4-
KaBatfa N=2 -42=32 Tara TeHr 6ynaau.

AnemeHTNap aToMugarv Kaeat/iap COHM AaBpuii cucTeMagarm
y TypraH aBp pakamura, 31eKTPOHIap COHM 3ca TapTnb pakamura
TeHr bynaaw.

BUpMHUM 3nemMeHT BOAOPOAHMHI TapTub pakammu z=I ra,
3NEKTPOH KoHpurypauuscu Is ra, atom agpocu +1 rateHr. LUyHra
MyBO(MK, BOJOPOL aTOMU KMMEBWI peakums HaTmxacuga
Y3UHUHI 6UTTa 3NEKTPOHUHW 6oLliKa aTomnapra 6epub, mycoar
noH \ocunn kunagn. JTeknH 6UPNHYN KaBaTHUHT 3NEKTPOH COTUMU
2 raTeHr 6ynraHu y4yyH, 6ab3un akTMB MeTannapiaH 3NeKTPOH 0516
H noHuHu \ocun kuna onagn. NaH, KH, CaH2 A1H3Tapkn6au
rmapuagap 6yHra mucon 6yna onagu.

WVIKKWHYM 3NEMEHT refnid, YHUHr TapTub pakamn z=2 ra,
ALPOCUHUHI 3apAan X,am +2 ra TeHr. YHWHI 3/IeKTPOH
KOHthurypaumacu 1s2 6ynraHu yyyH CUMpPTKWM 3NEKTPOH KaBaTu
TyrannaHrad. LLlyHra MmyBO( UK renii aTOMUHUHT MHEPTIKaHINTK
Tyrpucnga QUKp HPUTHWUMN3 MyMKVH.

YUYNHUN 3NEMEHT NUTUI aTOMUHUHT 3/IEKTPOH KOH( K-
rypaumacu 1s2 2s' kypuHuwwnga ésmnagun. Nintnin atomupga
FeNIMAHUHT TyrannaHraH KaBaTu caknaHraH Oynmb, yHpa ydTa
3NEKTPOHHMHI WKKUTACK >KOWnawagn, yUYMHUM 3MEKTPOH aca
MKKWHYN KaBaTHUHI S - opbuTanura xoinawagn. NKKMHYK
KaBaTfa XXOoWNaHMWN MyMKUH ByfiraH 31eKTPOHNAPHUHT 3HT Kyn
coHn 8 ra TeHr. Ly ca6abnu, nuTuini atommn 6apkapop xgnaTHu
O/IMWIN YYYH TalWKapugaH eTruTa 3NeKTPOH BUPUKTUPNG onnwim
€K1 6UTTa 3NEKTPOH Bepun Kepak. JTeKMH eTrnTa 3NeKTPOH Kabyn
KunuwpaH kypa 6uTtta 3nekTpoH 6Gepuwijga KaMm 3Heprus
capnaHagun. by xa/iAa YHUHT MUKW KaBaTu CUPTKK 6ynnb konagu.
By \c.ua nutnii atomun, nuTuii Li+ noHura ainnaHagu, SbHW:

Li —Is2s" «2p° '1> Lil— Is2s°2p°® 6ynagw.
LyHra yxwadwi;
Be — Is2 252 « 2p° > Be2t— Is2 + 25° « 2p°

7 - 1S’ ¢25 +2p' —A>B3r- Is2 «25° +2p°  Gynagu.

N7



TYPTUHYM 3N1eMeHT - YrNepoNHUHT 3/IEKTPOH KOH(UIypaumsacu
152-252-2p2amp. JTeKWH YrNepoA aToMUHUHT 6apLapopaaHx num yuyH
WKKWHYM uaBaTga! U MKKINa S2 Ba MKKUTa 2p 3/ICKTPOHIapuHu
OepviLv EKW Y3UMHUTY > B, K,H1ap COHUHMW CaKKM3ra eTKasuLl yuyH
TalWKApuaaHTyprna >c¢ > U1 Kabyn KAnuw MyMKuH. LLIYHUHT yuyH
yrnepog atoMmy C ' Ba V. WMOHNapUHU XPEUST KAaa 0MafK, sbHU:

C Is2 ¢25” *2p- -%-0j - Is2 «2s° - 3p-

akK2e2s22p" 4 e |S2 m2s2 - 2-

YnapfaH KeluH KenaguraH asoT, KUCAOPOZ, hTOP 3/ICMeHT-
NapUHWHI aTOM/Iapu UKKWHYM KaBaTuAa 3/1eKTPOHMap COHU
buTTagaH opTnb 6opagn. HUXPAT, UKKMHYN AaBPHWL CAKKM3UHYM
anemeHTN \ncobnaHraH HeOH aToMuAa P-3/1EKTPOHIAP COHM 6 Tara
eTafgun, HaTuXafa CakKuW3Ta 3/1eKTPOHra ara 6ynraH WMKKUHYM
TyrannaHraH K,aeaT xpewn 6ynagu. HeoH aTOMWHWHT 3/1EKTPOH
KOH(urypauusacu V2 -2s2 <26 waknuga uoganaHagu. femak, 6y
aNeMeHTNap KUMEBWIA peakums Bak TWAa y3ura 37eKTPOH K,abyn
K,qI'IVI6 Talwk,n K,aBatugarun 3QIEKTPOHNAP COHUHWN eaKKu3Tara
eTKasraHa ynapHWHI 371eKTPOH .KOH(PUTypaLmacu HeOHHUKKUra
yXlWall XonaTHW arannabd 6apk,apopnaliagu.

YUuHUM gaBp 3NeMEHTM XaM peakuus BauTuia Y3MHUHT Tallk,m1
K,aBaTugaru 6apya snekTpoHnapHu 6epca, yHUHr aToMy \aM HeoH
KOHUrypaumacuHu arannab 6ap”apopnawasu.

Na-1s2 ¢2s2 «2p6 » 3sl - 3p” 3d"— ->Na+ ¢ 152252 « 2p6
Mg -152-2522pft 352 «3p° «3d" *>M g2 e« Is- 252 « 2p6

Al —|S2 ¢252 *2p6 352 352 «3pl «3d" — >AP+ 152252 *2p6

YH TYPTUHYM 371EMEHT KPEMHUIA aTOMW Y3UHWUHT Tal” 1 3/1eKTPOH
K,apaTugaru TypTTa s2p2 3NCKTPOHAapUHN 6epub. 3NeKTPOH
KOH(PUIypaumsaCUHN HEOH aTOMU 3/IEKTPOH KOH(UTIypanmscuraékm
TypTTa 3/1eKTPOH GUPUKTUPUG aproH aNeKTPOH koi|purypa umsicura
annaHTnpmb bapkaoop ,\vnarrg ara 6ymwm MyMKUH:

Si—Is22s2i\i* 3523p23d" — >Sid+ 1522522p6

Si-1522522p63p(3s23p’ 3" «—>Si4 « is2252 2p6 352 3p6 3d”



doculiop, ONTUHTYTYPT, XNI0P 3/1EMEHTNApWAA XAM 3/1EKTPOHNAp
KyTuna 60pub, aneKTpoH KOH(MTYypaumsnapn aproH KoHpury-
pauusicura apuliagn. JIEKUH yunHum faBp Tyracaga, y4mHum K,agat
3NeKTpoHNap 6unaH 6atamom Tynmaiign, 5 Ta 3d - opbuTannap
Oy Konagu. Y 4umHuu faBpAa HaTpuUidfaH aproHra yTraH capm ane-
MEHTNAPHWHI aToM paguycnapu Knunknawné 6opagn. LLIyHWHT
YUYH 3N1EMEHTNIAPHUHT 31EKTPOH Kabyn KUnnMb onunil XycycusaTtu
opTagu. Kanuii aneMeHTa TYpTUHYM AaBpAaxoiinawran 6ynraHnm-
I YUyH 371eKTPOHAapy TypTTa KaBaTraxolinawraH, SbHU 6UpuH-
UM KaBaTfa S2ZMKKMH4YM KaBaTaa sp{ yumHum kaeatha s D 6d° Ba
TYPTUHYM KaBaTAa S' 3/MeKTpoHNap MaBxys. KanuiigaH kelunHru
3N1EMEHT KanbLMNHUHT TallKW 3N1EKTPOH KaBaTuga S2 3NeKTPOH
60p. By 31eMEHTNAPHMHT 31EKTPOH TY3UNLIN YUUHYMN [aBP 3e-
MEHTNAPUHMKMTA yXWaWwnanrm 6yHaaH KypuHuo Typnbau. JIekuu
KanbuuiigaH KeAUHIN 3NEMEHT-CKaHAMIA aToMKUAa 3NeKTpoHNap-
HWHT )XOMNaHULWWN KMYKK JaBP 3/1IEMEHTAApUAArv XXonnaHuwmnaH
thapk, Kunagu. Mabnymkmn, KneukoBcKuii komaacura MyBoguk, 3d
- opbuTannap, 4d - opbuTtannapra KaparaHga sHepreTuk asanivk-
Ka ara. LUyHUHT yuyH 3d - opbuTtannap 3neKTpoHnap 6unaH Tynuno
6opaam:

Sc —1522522p63s23p63d14s2
Ti - 1522522p63s23p63d24s2

V - 1522522p63s23p63d34s2

JIeKUH XpoMm aneMeHTVAa 3EKTPOH SHEPTUACUHUHT Kamaiiniim
cababnm TawkyM Kaeataa 6up 3nekTpoH Konmb, 3d - opbutan 5 Ta
3M1EKTPOHTa 3ra Bynaau, SbHu:

Cr- 1522s22p63s23p63d54s1

MapraHew, anemMeHTL 4s - opbuTanupa Talky KaBaTt siHa 2 Ta
3MeKTpOHra ara 6ynagn. MapraHeyLaH KeimnmHrn Temup, KobansT,
HUKeNb 3nemeHTNapuaaH aca 3d - opbuTan anekTpoHnap 6unaH
Tynn6 6opaam:

Mn - 1522522p63s23p63d54s2
Fe —1s22s22p63s23p63d64s2

Co - 1522s22p63s23p63d74s2



Mwuc anemeHTuga aca 4s - opbutangarn 6uTTa anekTpoH 3d -
op6uTanrayTn6 anekTpoHnap coHu LLiTara eTagu, MMCTaLLKW KaBaTAa
6U1TTa 3NEKTPOHTa, PyX 3NIEMEHTM 3Ca UKKMUTA 3M1IEKTPOHTa 3ra Gynaau:

Cu - 1522s22p63s23p63d"'4sl

Zn —1522s22p63s23p63d1D4s2

FannuiigaH KPMNTOH 3nemMeHTapura yTraH capu 4p -opburtan-
nap anekTpoHnap 6unaH Tynu6 6opaau:

Ga - 1522s522p63s23p63dD4s24p!
Ge —1522s22p63s23p63dD4s24p2

As - 1522522p63s23p63dD4s24p2

Se - 1522s22p63s23p63d104s24p4
Br - 1522s22p63s23pfi 3d104s24p5
Kr - 1s22s22pt 3s23ph3dD0D4s24pf

KpunToH anemMeHTU 6unaH TypPTUHYM AaBp Tyraugun. bewmHun,
ONTUHYM Ba ETTUHYM [aBp 3NEMEHTNapu aTOMNApUHUHT 31eK-
TpOHNap 6uniaH Tynuwun xam Wy TapTubaa 6opaam.

NekunH naHTaHoupnappa 4f, aktuHoupgnappa aca 5f -
opbuTannap anekTpoHaap 6unaH Tynnb 6opagu. ByHaaH anemMeHT
aToMnapuia 3MeKTPOHNAPHUHT XOWNaHMLWKN 6UNaH ynapHUHT
KUMEBWIA Xoccanapu opacmja mabfiyM 60rfnaHul MaeXyaauru
KypuHagu. PaBllaHKKW, 3feMeHTNap X0CCanapuHUHT AaBpuii
paBuLLAa y3rapuiln atoMaa 3NeKTPOHapHUHT 4aBpuii paBmLga
XOWNAHULIN HaTUXacuaup.

Takpopnall y4yH MaTepuannap

BOGHWHI KackAYa MasmyHu. [laBpuii »adpLl] 3/eMeHTIap aToMm
pakamnapy opta GopuwimM TapTUGMaa YNapHUHT yXLall Xoccanapu



acocuja BepTMKan YCTyHnapaa XoinawTupuaraH aneMeHTnap
Ma)xMyacmaup. bup BepTuKan yCcTyHTa XoinawraH 3fieMeHTnap
ouna ékn rpynnava Tawkua atagunap. Jaspuii >xagBaaHWUHT yan
K,MCMUAa XXOinawraH Ba 3N1eMeHTNAPUUHT KaTTa K,MCMWHK
TalWKna 3TyBYN MeTa/N-3/IeMeHTIap 6unaH 6up Katopaa YHUHT
YHI K,McMUga HomeTann (MeTaniMac) afieMeHTNap X0 ofraHaup.
XKafgBanHWHT Xp3Mpru Bak,TAa TYpT t03faH OPTUK BapuaHTy,
XymnajaH, y36ek onumnapu Taknug atraH BapuaHTnapu \am
MabyManp.

Mawuynap

1. NaBpuii xagBangaH mapraHel, XpoM, ONTUHIYTypT,
KpemMHWiA, 6poM, pyX, KyMyLll Ba NAaTUHAHW TONWG, yNapHUHT
MeTan éKu MeTansimac 3KaHIUTUHN aHUbYTHT.

2. KMyiinga KentupuaraH MKKW XyQpTAnkKgarun aneMeHTnap
MaXMyacuaa K4cunapuHUHT U3nKaBUii Ba KWMEBWIA Xoccanapu
6up-6upura AK,MHPOK; Typaam? XXaBobnHrnsHu acocnaHr. a)Ca, R
Si, J, Sr, Ag, Ni; 6) As, Br, Nb, Mo, Sb, N.

3. KMinparn monekynsp gopmynanapra, swHu P4H|0, C4HS
CeH|4, Si02 NaZB4L 7, CAL 4H2napra moc KenyByunm sMNupuK
thopmynanapHu €3uHr.

4. HumayuyHK" aTop 3/1eMeHTNap YTKUHYM MeTannap Aenvnagm?
Ynapra Muconsiap KenTUpuHr.

5. )XagBangarn “OunaBuwii” afemMeHTNapHU KypcaTUHI Ba
MOXVHATVHA TYLLYHTUPUG GEpUHT.

TecT cCcaBonnapwu

1 K,ylingarn aneMeHTNapHUHT KAWCKU Xy(pTu xoccanapu
xu\atgaH 6up-bupura Ak mH Typagm?

a) K, Si; 6) Cr, Zn; B) Be, Na; r) Be, Ba; ) Cr, S.
2. laHTaHoMdaap ounnacura HeyTa aJfieMeHT Kupagun?
a)7; 6) 8 B) 11; 1) 12; n) 14

3. X™osuprv Ba’*TAa LaBpuid XafBasHWHI TaxXMUHaH HeyTa
BapuaHTX Mab/iym?

a) 180 T1a; 6) 250 Ta; B) 400 Ta; r) 520 Ta; g) 550 Ta.



IV BObB
MONTEKYNANAP TY3UNNLLW BA KUMEBUW
BOENAHNL

IV.1. MONEKYNANAP, NOHNAP, 9PKVH PAONKAJIJIAP

dneMeHT aToMnapu KUMEBMIA xapaéHnapha y4 xwn 3appava
X,0CUNT KUAWWW MYMKWH — MONeKynanap, MOHNap Ba 3pKWH
pagukannap.

Monekyna MoAAaHVHI MycTaK;un Mas>kyg 6yna onaguraH Ba
YHUHT KUMEBWIA Xoccanapura ara 6yaraH aHr KAUKK 3appadvacuaup.
Monekynanap —6up aToOMAN, UKKM aTOMIK, Y4 aTOM/IN Ba XPKaso,
Kyn atomnu 6ynagu. Oganin WwapomTha nHepT rasnap 6mp atomnu
Mosnekynanap “mcobnaHagn. MKku Ba yHAaH OpTUK aToMnapgaH
Ty3u/raH mojekynanap Kyn atomnum geinnagu. MloH —opTukya
3NIeKTPOHra ara 6ynraH (aHWOH) EKM 31eKTPOH eTuliMmaraH
(kaTnoH) aTomap Ba KUMEBWIA B6orfaHraH atomaap rpynnacuHm
TalWKun KANyBYM 3apagra ara 6ynraH 3appavanapgaH mbopar.
Mogpanapga mycbar 3apsigiaHraH WoHMap Xgp AoUM MaH(uii
3apagnadraH noHnap 6unad éupranvkga éynagu. YyHkn noHnap
opacuparu 3neKTpocTaTuK TabCup Kyum xyga Kyunu. Ly ca6a6nm
X€4 KAYOH MycOaT Ekn MaH(uil 3apsgm opTukya dynraH mMogda
Xpcun bynmanigu.

3pKUH pagnkannap geb BaneHTIMKNapy TylHMaraH 3appava-
napra antunagu. byHpgain sappayanapra —CH3Ba—NH2HU mucon
Knnnb kypcatnwl mymkuH. OAauin Wwapoutha 3pKuH pagukannap
y30K, Bak,T MaBXyg Oyna onmangw, nekuH 6yHpaii 3appavanap
KUMEBWIA XapaéHnapga My\Wwm axgmuatra ara. L yHWHT yuyH
KynruHa xpnnapga peakuus spKuH pagukannap MwTUPOKUCKU3
KeTmalign. Xypga ok,0pn Temnepatypaga (macanaH, K,yéw
aTMocepacmnpga) 6ynmMwn MyMKUH OynraH WUKKW aToOMK
3appaydanap, AbHU 3pKUH pagukannapgaH —CN, - OH, - CH Hu
KypcaTué yTuw MyMKuH. KynruHa spkuH pagukannap gakat
anaHraga mMaexyg 6ynagp.

LWy 6unaH 6mp K,atopga Mypakkab Tysuauwra sra 6ynraH
WwapouTaa maexyg 6yna onaguraH MycTtakui 3pKuH pagukannap
XaM MabiyM. YyHOHUYM TpUgeHUAMeTuN WyHAal pagukannapaaH
XucobnaHagn. TpueHUAMETUN 3PKUH PagnKaINHUHT By Kagap
cTabun 6YNUWNHN YHUHT Tapkubura kmpyeum theHun — C6H5
pafuKanUHUHT KaTTa ynuamra ara akaHamru 6unaH usoxgail
MYMKUH Ba fIKKa 3N1eKTPOHWHWHI p-3nemeHTnap 6unaH
yMyMuiinawmné guccouniaHnily opKany TYWYHTUPULL MYMKWH.



IV. 2. KUMEBWU BOTIAHULL BA BAJIEHT/IMK XABALAMM
TACABBYPJIAP

KnméBunin 6ornaHmw Hasapusicu gactnab XIX acpHuHr
6ownapuga apatungn. by HasapuaHu beprman (LUBeuus) Ba
beptonne (®paHuuda) Taknug kungunap. by Hasapua 3ap-
payanapHUHr 6up-6upmra Tabcupm 6yTyH onaM TOPTUINLL KOHYHWU
acocuga ByXyara Kenuwmn Kepak geb TywyHTupan. bupok,, 6up-
6upu 6unaH TabcupnawuMwm HaTmxacuga \ocun 6ynrad
MOJIeKynanapgaru atomsap maccanapura npornopuuoHan 3Mac.
MacanaH, cumo6 atomu Bogopog atomugaH 200 mapTa orump,
NeKnH cyBgarn 6ornaHuw cumob okcupgmpgaru 6ornaHuwra
KaparaHga aH4aruHa mycrax,kamamp. byHaH Talwkapu, TopTUanLL
Kyuu aH4a KaTTa macoanapra x,av TabCup Tasepagu, KUMEBUIA
6ornaHUWHUHT \ocun 6ynuwmn aca 0,05 - 0,3 HM opanuruga
Ky3atunagn. TOPTUAML Ky4u yHYa KaTTa KuiimMartra ara amac, y
mMacoaHVHT KBajpaTura Teckapy NponopumoHananp, KUMEBui
6ornaHMW Kyyu aca Xyfa Katra Knumartra sra (rpaBuTaumoH
KyuyfaH TaxmuHaH 108mapTa KaTTa). KynruHa nonnapga atomnap
opacugarn mMacoga kamaniuwmy 6unaH 6ornaHMw Kyuum gakart 2
6apaBap Kamaagu. TOPTUAMLL Kyumn HaTwKacuga X,0ocun GynraH
mogaanapTylimHmaraH 6yaraHn yuyH ruraHT atomaap TynnamuHu
Xpeun kunagu (nnaHetanapra yxwauw). Kumésunii Kyunap aca
TyAVHYBYaHMIM GunaH TaBcugnaHagn, MacanaH, 6uTTa BOAOPOA
aTOMWUra YHUHT MKKWHYM aTOMWU GUPUKKAHAAH KeWnH YUYMH4UM
aToMm Kenub 6uprka onmaian. byHaaH Tawkapy, KUMEBUIA Kyunap
rpaBuTaLuoH KyudnapfaH apk, kunub, ynap asoga Mabiaym
MyHanuwra ara 6ynagn. TopTuauw Kyun HbHOTOH KOHYHUra
MYBO(UK, XXMUCMTa TY/INK TabCUP KUATaH Xpaja KUMEBMI Kyunap
mMab/iyM \onaTnapgaruHa Tabcup Kunagu. MacanaH, X1op atomu
HaTpuin aTomMyn 6unaH Kydnm 6or \ocun KuaraHu \onga, xnop
aToOMW X/IOp aToMU GmnaH Ky4ycuspok, renuii atomy 6munaH aca
X4 KaHfjain 60or xpcun Kunmaingu. Arap KMMEBWIA 6ornaHumu
MycTax,KaMmamrura tawkn wapout (MacanaH, Temneparypa Tabeup
aTuwwnHm \ncobra oncak, y \onga 6y \ogucaHn beprmaH-
BepToNneHWHr rpaBMTaLMOH Ha3apusacu acocuja TYLWYHTUPUG
OynMacnurura UWoHY X,0Cun KUanW MyMKuH. By HasapusanapHu
1810 Wnnmn weef onMMU bepuennyCHUHT 31eKTPOKUMEBMIA
Ha3apuscu puMBOXNaHTUPAW. By Hasapusara 6uHoaH \ap kaHgan
3NeMeHT aToMn MycbaT éku MaH(puii 3apagnaHraH. YyHoHuu,



mMycbaTt 3apsgnaHraH MarHUMHWHT MaHpuii 3apsgnaHrad
kucnopos O 26wunaH X,0cun KuUaraH 6upmkmacuHu bepuenunyc
Hasapuacu opkanu, UKKW Xun 3apagra ara 6ynraH sappava-
NapHWHT 6up-bupura TOPTUAML HaTwXKacy Ae6 TyWyHTupuw
MYMKWH. By Hasapusara kypa 3apaffapHUHT KMCMaH HelTpan-
naHuwmn cogup bynraHga, peakuua ma\cynoTu xpcun 6ynuwim
yuyH 3apagnap 6atamom cap KunuHmangw, geb kgpangu Ba
Mypakkab mogpanapHuUHr x"ocun 6ynuwun \am wy acocpga
TywyHTupungn (macanaH: “myc6bat” 3apagnaHraH MgO HUHT
“MaHuin” 3apagnaHraH C026unaH 6upuknb6 MgCO03\ocun
Oynuwn). bepuennyc Hasapusacu [3BUHWUHT Typau 3apagra ara
6ynraH 3appavanapHuHr 6up-6upura TOPTUAKULWIM HaTMXacuga
~Nocun 6ynagmraH KUMEBWI BOrnaHuL Ha3apuUACUHU PUBOXK-
NaHTUPAU. DNEKTPOKUMEBUI Ha3apuUA 3M1eKTPOAU3 XapaéHu
acocupa 6up kogap TacagmkgaHagu, SbHU 31eKTPONU3 KUMEBWIA
6upukma \ocun bynuwinpa anMaliMHUATaH 3apagiapHu aTtom-
napra kaWtapuwgaH néopat ae6 kapangu. KeiuHuanuk lerenb
Bepuennyc HazapUAbUHUHT KaMYUAUKNAPWHW, YYHOHUYU Oy
Hasapmsaga KUMEBWI KapaéH HaTmxkacuaa yupab TypaguraH Mmog-
JanapHUHT KWUCA0Tanun, MULLIOPWIA Xoccanapura, EnUMHLLOLIMK,
WYHWHIJEK, LaK/I Ba paHr ysrapuwluy xoccanapura abtubop
GepunMaraHiUrMHU KypcaTau. BynapHUHT xgMMacu anekTtpna-
HULW AeK MaBxyM apaéHga hykonunb ketagu. LLyHra kypa, du-
3nKnap myc6at Ba MaH(wii 3apagnap y4yyu 6yHaaid xoccanapgaH
BO3 Keunb KeTuwwapu Kepak 3gu. XakKukataH x'aM 371eKTpo-
KUMEBUI Haszapma 6up xmn KyrénaHmaraH atomnapgaH Ty3uaraH
MycTa’kam Mosekynanap, MmacanaH, H2, C12 0 2\ocun 6ynunLInHmn
TywyHTupaonmaingn. byHaaH Tawkapwu, bepuennyc HasapuacugaH
\ap xun 3apsignaHraH afemeHTnap 6MpuKmMagarum xap KaHpaan
3N1EMEHTHUHT YPHUHWU 6emManon anmaluTupa onuwM MyMKWUH, ae-
raH xynoca kenué unkap sgu. by \on mogganapHu Typau WapouT-
napga xpcun éynuwura 3ug 6ynran 6ynap agu.

YTraH acpHuHr 40 nnnnapuaa ppaHyy3 Kumérapnapm Jiooma
Ba )Xepap Tunnap HasapuAacuHW apatgunap. by Hasapusara
MYBOGUK, KUMEBUI MOJJanapHUHI Xxoccanapu Mofekyna
Tapknbura KuMpyBYM 3/1EMEHTNAPHUHI 6up-6upura yxwawl-
NVKNapy, TUMUKIMKNapY acocua WwaknnaHmo, atom TabuaTtura
6ornunk, amac geb kapangn. by KUMEHUHT HaszapuACUHU apaTuia



mMojda TapkmbuHu \ucobra onuwpgaH mnoéopat 3gn. KynruHa
opraHuk 6upmukKmanap aHopraHuMK mMoafanapHUHr xpcunacu aeb
Kapanau. MacanaH, aTun cnuptu - C2HIOH Ba gnatunagup - CH5
0-C2H5cyB -HD tunura kuputunnb, nkkm C2H5 rpynnacunu
BOJOPOZ atomsiapn 6unaH anMawliuwMHn MaxcynoTu aeb, WwyHra
yxwaw CH3BH2Ba CH3INH 6upukmanapuin NH3Tunwura
KNpuTnG, 6MTTa EKM MKKUTA BOAOPOA atomaapn ypHuHu CH3
rpynna 6unaH anmMalivuHULL MaxcynoTu fed TywyHTupungu. by
TYLWYHIMpULLIIap KynruHa X,0M1apna l3akm oynné Konau, anHnk-
ca AHrM MoAjanap CUHTe3 KWW, MOAAAHWNHT XaKUKUIA HOMUHU
ataw, opmynacuM Ba XoccanapuHu 6Genrunawga Xypga karta
AHrAUWMWNapra onné kengu. byHAaH Tawkapu, Typau Xun
ycynnap 6unaH onvHrad 6upruHa Mogda Typnam Xun Homra, qop-
mMynara Ba xXoccanapra ara 6ynu6 konap 3gun. KeldnHuanuk
MOMIeKYnanapHUHI TY3UAULWWUHN YYKYPPOK TYWYHTUPUG
6ynmaingn, geraH xynocara Kengunap. Ynap KUMEBMiA XapaéHnap
HaTuxacmga xpcun 6ynraH MofgAaHWHI akaTruHa peakuusagaH
ONAWHIM Ba ~ocun 6ynuwn MyMKWH 6ynraH \onatnapuHu
ypraHmw 6unaH KugosnaHub, X KUKWA MOLLAHWHT y3ura
3bTM60pOEpULL WApT 3Mac, feraH mKpra kengunap. KeinHuanmnk
MOJleKynanap MabfyM Ty3uauwira ara aKaHauru Tyrpucuparu
thukpnap naingo 6yna 6ownagu. 1852 Aunu aHrAUSAMK ONUM
@ paHKNNHAL KYNTruHa MeTannopraHuK 6GMpPUKManapHUHE Xocun
OyNMWNHKM ypraHw6 BaneHTAUK TyLWYHYacUHW KUpuTAW. ByHaa
BOZOPO/ aTOMUHWHT BANEHTAUTUHW 6upra TeHr fe6 kabyn kuiuo,
KonraH afeMeHTNapHUHT BLU!EHTAUTMHK 3ca, YNapHU HeyTa aToM
BOZOPOA 6UPUKTUPUO ONMLWIN MYMKUHAMTUTA Kapab aHHKAaLw
TaKNNG KUAUHTaH. B;LWEHTANK COHM Ky3aTunaéTraH 3/1eMeHTHUHT
KaHgaln \onataa sKaHAUrura, peakumsara KMpuwagrraH afemMeHT
TabvaTtu Ba 6Up-bupura Tabeup ATULW LWapomTura 60rnuk- LUyHUHr
YYyH \amMMa 31eMeHTNapuu UKKuTa acocuii omnara 6ynuu
MYMKWUH. BupuHuYM onnara BaneHTAUKNapu ysrapmaiguran,
WKKWHYM ounara BaneHTAMKNApW y3rapaguraH anemeHTiap
KUpUTUNAMN.

IV.3. KUMEBWU TY3UINLL HASAPUACK

A.M. bytnepoB 1861 unga y3MHWHT Kyhiugarn KUMEBUI
6ornaHnL HasapuACUHWM ApaTAuW; a) aToMnap Monekynaga 6up-
6upn 6unaH mMabnym TapTubaa 6upukagw; 6) aTomMaapHUHT



OUPUKNLLN YNapHUHT BaNeHTAMKAApuUra Moc X,014a cogup 6ynaau;
B) KVMEBWIA MOAAaNapPHUHI XOccanapy aTOMIapUHUHT COHU Ba
TabmaturarmHa 6oravk, bynmacgaH, ynapHUHT XXOWaHULWwmnra,
ABHU MONEKYNAHUHT KUMEBWIA Ty3sunmwmnra 6ornmkamp.

By Ha3apus aliHuK,ca 0praHMK MoAAanapHUHT TY3UAULLUHN Xap
TOMOHNaMa TYLYHTUpKUG, rokopuaa Kypnb yTunraH Hasapusnapra
3apba 6epgn. Knmésuin ysrapuwnapHm A.M. byTnepoB Haszapusicu
acocmfja ypraHuw opk,anu, Mosnekyna TY3UWIUWWHN aHUKAaLl
MYMKWH. By Hasapus mogganap TY3WAWWWHU aHWK aigurad
yCynnapHu 103ara Yuk,apau.

MacanaH, atun cnupTu mosekynacm C2HE dopmynara sra.
By mogfa Tapknbura KuMpyBUM 3NEMEHTNAPHUHT BaneHTAUK-
napuHu ~ucobra onraH "onpga WMKKWU Xua TY3UIULWHKW ~OocCun
K,MAULWNMN3 MYMKUH:

H H H H
H—cl---] C—0O-H Ba H-CIOIC-H
H *H

H H

3TN CNUPTUHUHT KUMEBUIWA peakuuanapuHu ypraHuu
HaTumxXacmga 6MpUHYM TY3UINLL TYTPUINMTK cboTnaHan. YyHoHun,
3TWA CANPTra HaTPWiA MeT/IM TabCUP STTUPUTaHAA HATPUIA MeTam
thakaT 6UTTa BOLOPOL aToMU BMNaH anmallunHagun:

2CH® +2Na=2C2H,ONa + H2

UyHKn BMTTa BOAOPOL aToMU 6OLLK;a BOLOPOS aTomiapuiaH
thapk, K,unmb, yrnepog 6unaH amac, Kucnopog 6unaH 6ornaHraH.
Xyaum wy kucnopofd 6unaH 6ornaHraH AroHa Bofopog Metani
6unaH ypuH anmawagn. Knmésunii Ty3unuw Hasapuscu apatun-
raHgaH KenuHru 3 linngaH opTuK, Bak,T M4mMaa onmmaap ToMo-
HWAaH Kyn MUHTNab opraHuk Ba 3NemMeHT-0praHuK MOAAANapHUHT
Kumésuii hopmynanapu Tonunau. baban mopgganapHuUHr gop-
MyfnanapuHu aHMKAaLwW Xxyga Kyn Wnnnaptanab kgngu. Macanad,
XUHUHHUHT MONEKYNAp TY3UAUWMNHN aHUKAAL Y4YH onvmMnap 60
Ann gaBomuga nsnaHuwnap onnb 6opgunap.

By ycynnap 6unaH monekynagarv aToMapHUHT XXORNaW W nHN
aHuKgallra fovip Tagkvk,0Tnap byTnepos Ha3apuACUHM Tacauk\iaau.
BuHobapuH, A.M. ByTnepoB Hasapuscu MoneKyna Ty3uaULWNHN



......... WnH la oYl kuanwga acocuii Hasapusa 6ynub kpagu.
b yM.MK Y liinG MHA3apuacK hadra MosiekynagarmaToMaapHuHT
i ctfk. i.iu npy \akmngaru TywyHuyaHun kmputgau. LLyHra acocaH,
m..ul\ Illathakgn nnabup-6upnbunaH 6ornaHraHaTomaaprmHa
...n.ynnamacgan, 6aiku \amma atomnap 6up-éupura ysapo Tabeup
Mn hi ysapo 60MLIHIraH aToOMNapHUHI Gup-6upura Tabcup
MUK in nucbataH KMYMK MUKZopra ara 6ynagu. by nHAYyKLMOH
Kvn Kl 'n-bropuTurnagn. NHAYKUMOH3D(EKTHU Kylingarn Mmuconga
\ M UMM MYMKUWH: arap yudnamuu 6yTun cnuprtga 6utta MeTun
p\ . i oM \aMmMa BOZOPOA atoMapuHu hTop aTomMu 6unad
[ pcak, CMUPT KMC/0Ta X0CCacCMHN HaMO&H KMnmagw:

CH3

H,C C O- H

I
CH3

m\iu.i . ahaG, (OTOPHWHT 3/IEKTPOHIa MOMUINK XOCCAaCU Kyunm
\ W./W yYyH y 3NEKTPOHNApPHKN y3ura TopTagu. By aca moneky-
ii.il 1 SKKIpoHnapHu 3aHXup 6yiinad cumkuTagu:

1

c — C < — ... 0 < — oooH

CH3
%

\iv. WK, MHOYKUMOH 3 (eKT XPCUn K,unyBum aToMIapHUHT
hi in.. (» mini Crvuwm nykana 6opagu. LWyHaain karw6, A.M. byT-
piii 1.apadcn 1823 Aunga Jnbux Ba Bénepnap TOMOHMAAH
Yl<l. 01000 HA KUMEBUIA TY3WAULLHM TaBcudaaliga nsomepus
B/ M UMM \aM TYLWIYHTUMpULWAA KaTTa a®aMuatra ara 6ynagu.

1 4" nun Ha Monekynap maccanapy 6up Xun, TY3UAULLIN EKK
"' <G paszopa \ap Xun KOWMAHMWKM HaTuXKacupa
" lapil(.Tan apk™naHyBUM MOAAANapHUHT MaBxXxyf 6ynui
nn niomoumns geinnagu. byHgaid xycycuatra ara 6ynraH

M. iV LA ona n3omepiap HOMK 6uiaH Mabym.
B VMU M Wi i@ MKKD XWT U30MEpPUs MabJlyM.
I 1" w10 KIMTPUSCK.

1Tl wm=14 00 KiMepi 14,



Ty3unuw nsomepusicu —MosneKynagarn aToMaapHUHT  6up-
6upun 6unaH K,alicy Tap3garn KeTMa-KeTimkga 60i naHMLWNapuHm
TaBcugnaian. Ty3uaMw M30MEpPUSACUHUHT 6UP Heuya Xunnapw
MabyM.

Arap mMonekynanap CTpyKTypacu YHU TallKuA K,WiyB4M aToM-
NapHUWHT XolnaHuwu 6unad ¢apk, Kwunca, 6yHgain msomepusara
CKeneT nsomepus aeb atanagm. MacanaH :

CH3

I
Hx - CH, - CH2- CH, - CH, Ba HC- CH- CH2- CH3

MeHTaH 2-MeTWnbyTaH

ByHpali Tysunuwgarn vusomepnap COHW MOfeKynaga yrnepog
atomnapu optuwu 6unaH optub 6opaau, avHu C6HJ4 ga 5 Ta
6ynca, CAH2paa aca 366319 Tara eTagmn Bax,0MaHKN XP3NPru Bak,Taa
CiooH... Tapkn6I1 GUPUKManapHUHT MaBXyaamrun Masaym. CeH 4
HWHT U30MepnapuiaH 2TacuHmn Ky una KypcaTuwiummns MyMKIH.

/ CH =emeemn C\H C/H, ------------ CH
H,C .CH BAa H,c— HC

cw2  CH2 A CH2-------- - CH,
LIMK/IOreKcaH MEruiuMKIoneHTaH

Bup xmun Tysunuwra ara 6ynraH, neKnH (yHKUMOHan rpyn-
nanapHWHr asofa XonnaHuwm 6unaH 6up-6bupmnaaH dapk,
K4naguraH monekynanapgarv msomepus ~onat usomepusicu feb
artanagn. dyHkuunoHan rpynnara -OH, -NO,, -COOH, SO 1l1Ba
6oL kanap mMucon byna onagu:

OH
I
HX - CH2- CH2OH Ba CH3- CH - CH3
nponua cnupT M30Mponun CNvpT
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OpTAMXI0p6EH30N METaaMXIop6eH3on

IV.4. KNMEBUWIN BOT NAHNLL

Mo >ckynafia aToMIapHU y3apo TyTu6 Typagurad Kydnap
mi luiithiciii’a kumésmnin 6ornaHnw geb aTanagu. Xp3mpru gaepga
niwemun MornaHUWHUHT Gew Typu mabaym: 1) noH 6ornaHuw,
) Mxanent 6ornaHuw, 3) metann 6ornaHuw, 4) Bogopon
t>i iciiiiuii, 5) BaH-gep-Baanbc Kyunapu acocugaru 60rnaHuL.

KvimeHwnin 60rnaHnwnapHuHr gactnabku yu typu (1,2, 3) sHr
Kywun MHunaHuwnap ,\ucobnaHaau. CyHrru Ukku typu aca(4.5)
KyueH'") Mo naHuwgup.

Knumesuid 6ornaHnw (1—2) ékm BaneHT 6GornaHuw
HI npuncuga Kyingarn xpnatnapHu oWguHNaWTUpULW Tanab
Hwnaun.

I Mwuma cababpaH 6ab3u atomnap 6up-6upnapura Typau
iii.ipon IHapga TabcupnawraHga, YyHoHuu;

nN+H-—-->HZH+H+ —> H*O0O+0 -—>102

Kitiii 6upnkmanap xocun Kunagu-to, 6ab3u atomnap, macanad,
11 ()unan He, Be 6unaH Be, He2Ba Be2kabu 6upukmanap xpewn
1,11 KM; |i1/1,11.

> [K)inanui 3HepPrusgcUHNHI MO™MMATU HUMagaH nbopar?

I 1luma yuyH aToMnap Mabnym HucbaTnapga oupukagmn?

| BornaHuw Tabuatu — 6ornaHULW Y3yHAUTW Ba ynap
op.n iDiai 1 oypyaknap uaHgai 6ynagu?

KnmeHnit 6OrHUHT BYXyfAra Kenuwm cababu LWyHAaku, atom
ia 1 NouHap 6up-6upu 6unaH 6ornaHraHga ynapHUHT YMyMUid
M1 pi M, 3axHpanapu adipum-alipum xpnga bynraHnapugarura
l apaiamia Kampok, kuiimaTra ara 6ynagu, 6YHUHT HaTuxacmga
>M icma tiapiyipop \onatra ytagw.

i.=y, rucnu'ma 6uUp XpnatgaH MKKWHYM XAnatra ytraHga
Min......... .. yaxmpacu Kamaiica, 6y x,04Mca CUCTEMaHUHT
mp,, Tum tnj*hi iTbl xoccacn geb atanagu. BUHo6apuH, cnctemaga
HM pH mi H|>Lil...KWWK- cogup Bynuwn aToMnapgaH Moseky-



Bof ysyHauru. Bof Y3yHAUTW d HW TaBCcU(iaiguraH atom Ba
WOH pafuycnapu €K1 Monekyna ynyaMmHm ABoragpo COHU OpKau
Gaxgnall MyMKUH. MacanaH, 6up Mofekyna CcyBra Tyrpu Kena-
AUTaH XMKMHW Kyingaruya aHukgaw MyMKUH:

B

V HO = (6,023 * 1083 = 29,9  10-%4cm3
0y epaa;

dl—p: 4/29,9-10 24 - 3- 10-8 cM = 0,3 HM

Xak.vK.uid 6ornaHmw y3yHnuru 01 Hm atpodmga 6ynagu.botnaHnL
Y3YHAUTMHW TAaXMUHaH Kyingaru popmyna 6unaH aHMKLaw MyMKUH:

AABE)

By epaa ,\ap Kaiicm aTOMHUWHI aTomnapapo Macoga Xpcun
6ynuwmparu “muccacu x™cobra onnHagu. LUy ycyn acocupa 6ab3m
MOJIEKYNANapHUHT 6of Y3yHAuUrun d aHuunanran. MacanaH, dH2=
0,074, um, dN= 0,109HM, d0 =0,121 Hm. 4..MeHaeneeB faBpuii
cucTemMacua 3N1eMeHT/IapHUHT aToM (MOH) pajnycnapuHuHr
MablyM KPHYHWAT OPKAAWM y3rapuwun sgponapapo macoda-
NapHUWHT y3rapuwn 6unaH 6ornukamp.

MacanaH: HX Tunugarn mosiekynanap yyyH sgpofiapapo
mMacoanap Kyinmgaruya ysrapagu:

H - F ..0,092 Hm
H - CI ..0,128 UM
H - Br ..0,142 um

H- 1..0162 um

Arap 6y kaTopgarv BOAOpPOAHM 6OLLK,a 3eMeHT 6unaH (MacanaH,
yrnepog 6unaH ) anmawtupcak, y \onga d HUHTr Tabmatn “X” ra
HucbaTaH cak,laHnb kgnagu. LUIYHWHT y4yyH WMKKW aTtoMu
mMonekynanapga d HUHT K MiiMaTuHU MUKLOpWiA ndoganall yuyH
conuwITMpM6 xmcobaw ycynmaaH goinganaHnil MyMKuH. Taxprba
HaTwXXanapy BaNeHTAUKNApW y3rapmaraH xgnatga sgponapapo
mMacoga, Mabaym Typgarv 6ornaHuwnapga xpeun 6ynraH Typau



4Yu| HUPMKManapaa amanga ysrapMacnmruHu kypcaram. MacanaH.
\,wma a uk))alnk 6upukmanapga dc~c = 0,154 — 0,158 HMm,
apom;..... . bupukmanapga dc_c = 0,139 HM —0,142 HM ra TeHr
nyvagu. Bupnamum 6ornaHuw —kappanu 6ornaHuwra ytuna-
lanna, 60inaHUWHUHT MycTa\kaMmanru opTuwn cababnm sgpona-
papo macodaHuHr K.uctapuwm Kysatunagun.Arap dc_c = 0,154 Hm
6ynca, dc ¢= 0,134 Hm, dc ¢ = 0,120 Hm Ba xpKaso bynagu.

Ha neT 6ypyaknap. BaneHT 6ypyaknapHUHT K,MiimaTy aToMap
Ha 6ornaHuw Tabuatura 6ornuk,. Arap 6apya MKk atomnm A2
ckn JINTUnNugarn monekynanapHu K ingarnya racBmpnacak:

A B
O] @)

y \oniga y4 atomnu, TypT aTomMau Ba 60TLWa Mypakkab6 mose-
Kynanap Typav KoHurypayusra ara 6ynuwm MyMKnH. Macanax,
y4 aTOMAU MOJMeKy/nanap TYrpy UMBMKYTU LUaKara ara Gynuwm
MYMKWH:

B A B B A B
o (o]

<BAB <180° <BAB = 180° o
0
BupnHun Tungarn mMonekynanapra tapkubupa gasBpuid
cmcTemaHumHr Il rpynnacmuga xoinawraH 6ab3n 3neMeHTNap
bynraH 6upukmanap (macanaH, BeCl2 ZnBr2 Cdl2, 6up katop
("(),, CS2ra yxwaw monekynanap Ba f4posiapapo macodanapu
6mp xmn 6ynmaraH, NeKWH 3NeKTPOH KOH(MIypaLuusanapmn yxwaiw
6ynraH (macanaH, HCN) monekynanap mucon 6yna onagu.
MKKUHUYN Tungarn mosnekynanapra VI rpynnaHuHr p-
Jucmeu rnapu xpeun K;unrad éupukmanap (S02 HXD Ba \aka3so)
mucon 6yna onagu. pynna 6yinuya 6up-6bmpura yxwaw Mo-
nckynanapga BAB Mabiiym KpHYHUAT 6unaH y3rapagn. bByHra mucon
Han6 KMAMgarn K,aTopHu 0w MYMKWH:

11,0 (104" 28) —HZS (92°) - HXe (91°) - H2Te (89° 30"

lypt atomnu AB, Tunuparn monekynanap 6up Tekuc éku
nupammuga waknnga 6ynuwm MyMKUH:



01s B

Bo. <A
1so" ob os
. <BAB=12f <BNB> 120° Il. <BAB< 120

AB; TunugaruMonekynanapHuHr Ty3unuwm Typnapu. Bupunumn
TN mogekynanapra Il rpynna anemeHTNapuHUHT GMprKmanapu
(BQ3 A1Br3; nkkuHum tvn monekynanapra C1F3kabu 6upmkmanap:
YUMHUM TUN monekynanapra 6as3m (N03, CO 32 kabu) noHnap
mucon 6ynagn. KynruHa xonnapga atomnap Monekynanapga 6vp
TEKWC XONnawmaraHnrmHu KysaTuw MyMKUH. Mupamupa
waknura ara 6ynraH NH3 PCI, Ba 60wkg 6upukmanapHun V
rpynnaHuHr p- 3a/IeMeHTNapy Xpeun Kunaan. byHpain nonnapga \am
aTomap opacmparu 6ypyaknapHUHr K*atop 6yimuya mabaym
KPHYNuAT 6unaH y3rapmb 6opuwn Kysatunagn: MacanaH:

NH3(107° 20) - PH3(93° 20') - AsH, (91° 50') - SbH3(91° 20');
PCI, (101°) - ASCI, (97°) - SbCI3(96°) - BiCI3(94°)
PF3(104°) - PCI, (-101°) - PJ3(98°)

TypT atoMiu MofieKynanapga BasieHT 6ypyakniapy Typnau
Kniimatnapra ara 6ynagn. ByHu auetuneH Ba BOLOPOS NEPOKCUA
MUCONNLA KYPULL MYMKUH:

a H ¢ C H a) aueTuneH
.
| .
I \ 0. 95 8 o
6) Bozmopos
MepoKcny,

Bew atomnn AB4Tunugaru mMosiekynanap waknu Kywngarunya
bynagu:

B
B



Pacmgarn AB4Tunugarn monekynanap >yga Kam ydpangu,
Mymra (PdCI42 wnoHUHM mucon KWMamnb KypcaTul MYMKUH.
VIKKMHYM TUNgaru, ASbHWU aTOMIapPHUHT TeTPasapuK XoinawraH
MOMICKYnanapun >Xypga Kyn TapkgiraH. byHpain 6upukmanapra
yrnepog Ba IV rpynnaga KonnawraH yHUHT aHanornapu xpeun
KanraH 6upukmanap kupagn. S04 2uoHn “am WwyHan TeTpasap
Tysunuw ra ara. byHga nokannaHraH 3neKTPOH XXY(TNapUHUHT
Nrapuauw Mofensiapy acoc K,unamb onuHagu.

bornaHvwaa NWTUPOK 3TaéTraH \ap Kaiicu aTOMHWUHT aTpo-
thvn 1 ypab onraH anekTpoH XydTtnap (Jlbtonc popmynacuga 6ynap
UKKN MyKTa 6unaH GenrunaHagw) anekTpoH 6ynyTnap feb
aTanagu. By anekTpoH OynyTnapHWHT WTapUaMLIKN HaTmKacuga
3HCKTPOHMap MyMKWH Kagap 6up-6upnapura HucbataH y30KpOK,
Xounawnwira UHTUNaaK, y Xpngaa anekTpoH bynytnapu 6up-6uvp-
napw a Mup xun rascup Nnagn geé \uco6nab, ynapHu Kynngarnya
1aK,:Mrawl MyMKUH.

)k k1jton bvnvi.ijpiuiiii conu Ha xohnawmnwm

~

Il Ulk;iN

y4Oypuak

reTpa Xpuk

TPX onan nupamuaa

OKTa3/pukK

eTTn KMppan—AbHU KMWUMYaTOMOHN

~o Ve w

OKTasgpuK Ty3unnuLl ra ara. %
(]

“TeTpasagpuk” Ba XpKaso
Cy3nap MOJIEKY/TaHUHT MapKas-
la xolinawraH aTomMra Hucba-
TaH ryvppanap 6yiinab inyHan-
raH 3/1eEKTPOH BOYNYTNapuHUHT
uonnaHMwmHM aHrnatagu. |l
Arap MoneKynaja 60rnaHuL- I
[a NITUPOK aTManagnraHTak,-
CUMJIaHMaraH 3/1eKTPOH XXy dT-
nnp MaeXxyg 6ynca, atomnap
KOMNAHUWMN 6OLIKAYa KOH- I
Gurypauusa™ ara Gynagu. /'V 2-pacM. AMMUaK MoneKynacu
MacanaH, amMuak mosekyna- KOHUTypaumam
cnga TeTpasapuvk KoinawraH



TypTTa 3NEKTPOH XY(PTHUHI MaBXyAd Oynuwura kK apamaiw,
MonieKyna nupamuga Ty3unuwimra ara ynagn. YyHku Mmonekynaga
TETPa’3ApPMK 3NEKTPOH XY(DTNapHUHT KamMmacu aTomnaap 6unad
6aHp 6ynmacgaH, 6UTTa 3NeKTPOH XYMT 6y KparaH (1V 2 -paem).

H :N: H
H

By KypcaTuiraH ogauili MoAenHu K,yiupgarn Kywummua
MabayMoTniap 6unaH TyanK, TaCBMpall MYMKUH:

Cl Be CI

I V3-pacMm.2neKTpOH XY(PTNapUHUHT TabCUPIaHULL MOZENN acocuga Typam
MaseKynanapHuUHT X,0cun Gy MLIMHYU TYLIYHTUPULL CXEMacK



| Vkknnamum 60i naHuwWwaaru 3nekTpoH 6ynyt 6upnamum
hoi mwum! a KaparaHga kaTTa \aXXMHW arannangu.

Nl Atom 6unaH 6ornaHraH 3feKTPOH XYDTHUHT BynyTnapu
tux HaummaraH 3fnekTpoH 6ynytnapra KaparaHga kKam X,aXMHU
S}nnnaign, YyHKM 6upuHYM \onaTaa aToMaapHUHT y3apoTabcupm
NyXXyAra Kenagu.

3 Arap mapkasuii aTomM 6mnaH GMPUKKaH aTOM KAH4YanukK
anekTpomaHduin 6ynca, Mapkasuii aToOM 37eKTPOH XY(T YuyH
WynyanmK Kam xmkm tanab kanagu. byHgain MmabnymoTnap ogaui
MOACNNapAaH YeTra UMK, XAnnapuHm axwu uso.Magum. KOkp-
puia KentupunraH ycyn Typau monekynanap TY3WAULWUHK
nacBupnallfa kKatra axgMmuana ara. Xgap Xun mofekynanapHuHr
6y ycyn 6unaH aHUKAaHTaH Ty3MauWuW Kyimaary waknnapga
KypcatunraH (IV 3-pacwm).lWWaknnapga KentTupuiaraH KoHgpurypa-
UMANapHUHT OAAMIA MofennapuHu Takgocnab, ynapra aHuBYTUK
KUPUTULL TaKIug K,uamHagu.

AnudaTtuk opraHuk 6upukmanapga C—C 6ornaHu y3yHamrm
0,154 Hm ra, C—C 6ornaHuw opacumfjaru BajieHT Bypuyaru aca
109° 28" (MeTaH KATOPWAArM YrNeBoopoaiap CUHUK, YN3NKAMN 3aH-
Xup x,0cun Knagn). Kyiinga mucon Tapukacuga Hopman neHTaH
MOJIEKYNaCUHWHT Ty3unuwm TaceupnanraH (1V 4-pacm). TyinHrax
uukn yrnesogopoanapga C—C Ba C—H 60ornaHuw y3yHAuru
IOKppYaa KypcaTuiaraH K,uiiMaTra ara, 6upok, ynapga BaneHTt oyp-
yaknap ysrapraH. by y3srapuw UuKAga Ky4naHULWHWHE X,0CKN
6ynuwura 0nm6 kenagn. LLIYHUHT yUyH LMKNONeHTaH MOJieKynacu
TCTpasgpuk bypyakka ara 6ynu6, yHaarn TypTTa yriepos atoMm-
napu 6uTTa TEKMCAUKKA, BEnHYM aToM 3ca TaxMuHaH 0,65 HMm
tokppuaa xonnawraH (IV 5-pacm). LlmknorekcaH monekynacu
\am 6up Tekuc >KolinawraH TeTpasApuK BaneHT Gypyakiun

O H

1V 4 paem. 11-neHTaH MONEKYNACUHWUHT 1V 5-pacm. LijuknoneHTaH
TUAMW KN MO/IeKYaCUHHLL
Ty3nnuuwun.



Ty3unuwlra ara. by epfa y nkku KypuHuwga 6ynmwm mymkud (IV 6-
pacm). BUpnHUM Ty3uanwn 3"Tumonra aKuH “MmcobnaHagu. Kokopuga
KeNTUpUAraH yrnepog 6upukmanapu muconuga 6upruHa yrnepog
3NEMEHTN YUyH BaneHT Gypuaknap \ap xun 6upukmanapga Typau
Kuniimatra ara akaHamrmra WWoHY \ocua KATULW MYMKWH. BaneHTt
OypyakHU aHMKaW YYyH 3MeKTPOHOrpagmK, peHTreHorpagpmk,
CneKTpasb ycynnapaaH Tall Kapy AMnosib MOMEHTUHM yyaLl ycy-
nngad \am oiiganaHnIMoKaa.

BornaHuw mycta> kammrn. KuMEBmin 6o Mycta\Kamanrn yHu
y3ub bopul yuyH 3apyp OynraH aHeprus MuUKLopu 6unaH, éku
61p HeuTa aTomnap 6UPUKMG MONEKYNa XPCUN KU MU g axpanno
YMKKaH \amma 3Heprusnap aurnHaucu 6unaH GenrunaHagu.
KUMEBMNI1 60fhh Y316 H06OPULL 3HEPrUscKU (gUccouunaHn aHep-
rMsacK) X,ap AOMM MycbaT KuiiMaTra, 6o+ \OCWUJT ByNnLL 3Hepruscu
aca MUKLOP Xu,\armpaH 60rHM y3uil sHepruscura TeHr 6ynuo,
mMaHuin kninmatra ara 6ynagn. VIkkm atomnum mosekynanapga
6ornaHuWw 3HEpPruacyM MUKAOP XUXATWAAH AMCCOLMNaHuLW
3HepruacuraTeHr 6ynagun. Kyn atomnu, 6up xun 6ornaHuw runura
ara 6ynraH monekynanapga (macanaH, AB Tunugarm monekynanap
YUyH) ypTada 60rnaHuLW 3Hepruscu, 1 Ta atom 6upmukunb axpatno
ynkapraH ymyMuii sHeprusHuHr 1/n kucmura TeHr 6ynagu.
MacanaH:

CH4" ¢ +4H 1n kypu6 uukaiinuk.

By xapaéHja oTuaraH aHeprua mukgopu 16458 kXK/monb ra
TeHr. JIeknH MeTaH Monekynacuga xgmMma Typtta C—H 6ornaHumL
6up-6upnra TeHr. LUYHUHT yuyyH ypTaya 60rnaHuL 3Heprusacu
Kyinparnya 6ynagu:

a 6

1V 6-pacm. Linknorekcam MONEKyNaCUHUHE
Tysuauw dopmynanapu.



I, M= 1645,8 :4 = 411£k>XK/M0nb

In \ilcot)jui.. E MMHT mMabnym macwTabgarn K MiAMaTuHW
Mwij Lit»6epan. Bogpog yuyH 434,7 kXK/Monb, Kucnopog yuyH 493,2
K/K/Monb. Xap H;aiic E HWUHT «.MiAMaTUHW BMp MONIEKYNa Y4yH
un>nklkuncak, TaxMmHaH4,18 «10-19 kXK mukgopra ara 6ynamus.

Arap Batomnap ABn mMonekynazaH 6UpUH-KETUH y3unué um-
Kanu feb apas K;unicak, y xanga MoJieKkynanapHWHI LUcco-
unnanuim cuctemMagaru AApo Ba 3/IeKTPOH KOH(uUrypauma-
MapyHUWHT y3rapuwura cabab 6ynagn. Hatukaga monexkyna Tapku-
DNl a KupyBYM aTOMJTAPHUHTTabCUPaHULI3Hepruanapuysrapagm.
MacanaH: metaHga C—H opacugarn 6ypyaknap 109° 28' ra TeHr
6ynrann \onga CH3opacuparn 6ypuak 120° ra atpodmga 6ynagw,
y \onga meTaHgarv TeTpasfpuk rpynna TeKUC Ty3uauwra ara
6ynraH MeTun pagukanura ainnaim6 ketagn. LUyHWHr yuyH B aTom-
napHuHr ABnmonekynagaH 6UPMH-KeTUH aXpanud Ymk,u sHep-
rusacu 6up xun 6ynvaingun. byHaai xwnapga Typav maH3sapa Ky3satu-
ANWN MYMKWH. ByHra H2 monekynacuHu MWcon K,uamb onui
MYMKWH. BuTTa BOAOPOA aTOMUHN Y316 onuw yuyH 493,2 KXK/Monb,
MKKWHYM BOLOPOAHM axpaTub onuw ydyH 426,36 kKX/Monb
3Heprua (OH —pagukanuHUHI MycTaKkamnunrun) capd KaauHagn.
Bab3n Monekynanapga 6up atom y3uauwm 6unaH aHeprus optmo
6opagn. MacanaH, A1C13 MonekynacugaH xiop aTOMIapUHUHT
y3unuwim yuyH 380,38; 4071; 497 42 kXX/Monb 3Heprus capgpnaHagu.
ByHAaH x.am Mypakkab gonnap 6ynmim MyMKuH.

JNlekvnH MeTaHZaH BOLOPOL aTOMIaPUHUHT y3uin6 6opuiun yliyn
426, 36; 36" 84;517 52; 334, 4 KXX/M0Nb aHeprusa capt KATUHIaHK
6unaH, Xp KaHAan MoAAaHWHI ypTada 60rnaHull 3Hepruscu,
ano\nga ofiiHraH aToOMNAapHWUHI 60rfaHuLl 3HePrUuANapuHUHT
ypTaya apuMeTmK K miiMatnapura TaxMuHaH TeHr 6ynagu. AbHu,
meTaH CH4yuyH 6y MuKAop Kylimgarura TeHr 6ynagu.

426,36 +367 84+ 51752 + 334,4
= . = 411,4 kX/monb

KynruHa aToMnapHUHT y3unuw aHepruanapu HoMabTym Oyn-
|aim yuyH, 6yHAail x,ucobnapHu dauaT aipum \onnapgaruHa
>>aKapuil MyMKWUH. Arap MOSIeKyna MKKW Ba YHAAH OPTUK Typaaru
aTmnapfaH Tapkub tonraH 6ysnca, y X,0n4a 60orfnaHull aHep-
 THOWAVHT ypTava apuMeTUK KaumaTtu AUCCOLMUMaHULLI 3Hep-
Insiew a Tyrpu kenamangun. byHaaH Tawkapy, Monekyna Typam Xun
tun Hanuwnappan woéopaT 6ynca, x.ap K;alcu anox,uga ONnHraH



6ornaHnW yyyH £ HUHT Knitmaty \am Typnmda 6ynagn. by mmukaop
aTomnapfaH Monekynanap Xpcun 6ynuwm aHeprusicuHun \mcobnatura
UMKOH Gepagu. MacanaH, yrnepog Ba BOAOPOS aTOMAAPUHUHT
OUPMKNLWINZAH ONMHIAH NMEeHTaH MOJIEKYNACUHMHE XpCun 6ynuil
3HEPIUSACMHN KyAngarn TeHrnama 6mnaH aHukgaw MyMmKuH (By
Avcobnawl TaxMUHKIA 6ynnb, Taxxprnba HaTWXKanapy acocuga aHMKANK
KUpUTUNaan):

IV 1-xagBanga 6ab3v aTOMAApHWHI 60rnaHuLW 3Heprusanapu
Kentupunrax. XXageanga KenTMpUAraH HaTuxkanapra acocnaHmo,
6y Mukgopnap anemeHTnap LaBpuii cuctemacmpa mMabaym
K;OHYHMAT 6unaH y3rapnb 60puunra MWOHY X,0CUa Kuiam ns.
MacanaH: yrnepog 6unaH ranoreHnap opacmaarvu 60rnaHuLL aHep-
rusicuHudr C— (r=F, CI,Br,I) kaTop Gyiinya roKopmaaH nactra
K;apab KamaiuLnHW, yrnepog Ba raforeH opacngaru agponapapo
MacoaHWHT OPTMLIKM 6KUnaH 60rnad TYLWYHTUPULL MYMKUH, SHHI
C—F atomnapu opacugarv 60rnaHmw mMycta”Kam 3KaH/AUTUHMW,
YIeBOAOPOAAAPHUHI*(hTOPIN XpCUNanapuHUHT MHepTXoccara ara
3KaHAUTW 6mnaH TYWYHTUpUW MYMKWH (macanaH: Cn An+d.
BornaHmw mycta\KaMJIUTUHUHT KATOP 6yiiMya Kyyainnb 6opu-
IWWHKM aToMapapo MacoaHWHI Kyuckapuwy 6unaH rM30)yTL
MYMKWH. Bupnamum 6ornaHuipaH MKKunamyu Ba yuvynamuu
6ornaHuw ranw ga 6ornaHuLL sHepruacu optTnd 6opaau, NekKuH
Oy y3rapuw kappanu 60rnaHuL ysrapuwiura nponopunoHan myc-
Tax.KamnaHmanaun. bup xun Tungarn 6ornaHuwinap yuyH E K,ui-
MaTUHUHI Mabllym 6UP KPHYHUAT 6unaH y3rapuwinHu baxpnat
yuyH (Takkocnab) x,Mcobnaws ycymHU Kynnaw MyMKuH, 6yHga

| V 1->kafgan
KnMEBMiA 60rNapHUHT Y3yHAUTY Ba Y3UWLL 3HEPTUACK
bornaHuw Bupukmanap BornaHu E kXK/mcnb
Typnapu y3yHAUru,
HM

c-H TylinHraH yrnesofo-

poanap 0,1095 412,6
c- F CH.F 0,1381 486,1
Cc-C1 CCrI, CHCI, 0,1767 316,8
C- Br 0,194 264,4
c—1 0,214 197, 3
c-cC TylinHrax yrnesopo-

pognap 0,154 3315

c- ¢ BeH3oN 0,140 486.2



( ( STUNEH Ba YHUHT

X,0cunanapu 0,134 587,3
( r AueTuneH k™atopu

yrnesogopognap 0,120 822,1
< 0 0, 0,1160 798,8
o u HD 0,0958 460,2
o 1 Cnuptnap 0,096 440,6
O O HA 0,148 139,2
S -H HZXS 0,1346 362,8
S =0 S0, 0,1432 526,3
N- H NHYV amunnap 0,1008 384,6
N =0 NO 0,1151 624,5
As-H AsH3 0,1519 198,6

MKKW K,aTopgarm 6up xun tungarm 6MpukmanapHWHI ypTada
6ornaHuw 3Hepruanapu TakgocnaHagn. MacanaH, 32 Ba H3
6ornaHuw K,atopnapu (6y epga: 3 = Cl, Br, Jnap) paru Takk"ocnaLu
IV 7- pacmpa KypcaTuiaraH.

By pacmga onTuH4YM rpynna acocuii rpynnaya 3/eMeHTNapuHNHT
Yrnepos Ba KPeMHWIA 6unaH X,0Cun K,uaraH GupuKManapuHuHT
ypTaya 6orfaHull aHeprua mukgopnapu kypcatunraH (6enru-
naHraH KypcaTkumyfaH vetra unmkgaH E c- 1e ~ 551,8 kKXK/mMonb
YHYa aHuK, BynMaraH K,uiimatra ara).

3Han E KkuiimaTuHn 6ump K,aTopraxoinawiraH mogganapHuHr
6owkg xoccanapu 6unaH Takgocnab kKypamus. KOkppupga aintué
yTUNraHugek, 60ornaHuLl aHeprusacu, 60rnaHnLL y3yHamrn opTu
6unaH kamaiin6 6opagu. BupmHumM TacasBypga 6up-6mpura yxwat

Ec-3,kKXK Hsi-a, KX

1V .8 -paem. KpemHuid 6unaH
IV 7 -paem. KpemHuii Ba yrnepog ranoreHnap 6mprkmanapu 6ornaHuL
6UprKManapuHUNr 6ornaHmL 3Heprusacu Ba 60rnNaHuLL y3yHamrm
mcpi uunapun rpaduri. opacugarun myHocabar.



anNeMeHTNapAa 3Heprus Kamanuwm Tyrpu YnsmkKnm 3KaHauru
KypuHaau: macanaH; C— (3—F .Cl, Br, J) 6o0rfaHuL KaTopuHu
Takgocnaw (IVH-pacm) ga kentupunraH.ByHpaaid Takkocnawnapra
yrnepog 6unaH yrnepof opacmfparu agponapapo macoda Ba
60rNaHULWHUHT Kappanunuru 6unaH 3Heprua ysrapuiiiapuHu
Yam Mucon Kuinb onca bynagu.

BornaHuww aHeprusacu EHWHT KNiMaTuHyM opraHuk 6upukma-
nappga aHopraHuk 6upukmanapgarvra KaparaHga skkon udgoga-
naw MyMKUH. YyHKW, OpraHuK 6MprKManapHuHr MoneKynanapm
KynruHa émp xun 6ornaHuLlra ara, aHopraHuk 6uprukmanapga aca
6ornaHMWNapHUHE \ap Xun Tunu maexyg. bornaHuw aHeprus-
CUHW yn4yaiguraH ycynnapgaH onganaHmacnaH Typunb Typam xa-
PaéHNAapPHUHT 3HEPreTUK 3IPPEeKTUHMN CEKTPan aHann3 Kunmb éxku
X[AMMa as0xaa OfIMHraH 3nemMeHTIapapo 60rnaHunLLnap aHeprus-
CUHW Bunrax xgnga \am x,ucobnaw MyMmkuH. MacanaH, BOAOPOA-
HUHT éHUW peakumsacuga 475,2 KX aHeprug axpanunb ynkagu:

2H2+02—>2H2D —AH

By xxapaéH Kylimaarnya cogup 6ynaau. bupnHum Has6atga H—H
Ba 0 —0 60ornaHunw~nap ysunagum, \ocun 6ynrad atomnap 6up-6upm
6unaH 6UpUKMG6 HD MOSIEKYNaCUHU XPCU KUNaau.

Y \onga sHeprusHMHI cakfaHull KOHYHWUra acocaH Kynugarura
ara bynamus:

2E, ,+E, -4 E_ =4755 KK

By epfa MKKM 60rnaHuW 3HEPrMACUHM BuAraH X,0M4a Y4mHun
60ornaHnW yyyH E HM TOMUWINMN3 MYMKWH:

o (E_ +E _+4752)

EoH = 4

by TeHrnamara Eo—H = 431,8 Ba Eo—o = 493,2 kXX/mMonb
MUKZOPNapuHN Kyinb, Eo—H = 458,0 kKXK/M0nb aKaHAUTUHU
Tonamus.

ATomnapgaH 6upukmanap \ocun Oynuinaarm sHeprus Muk-
fopu 6apya 6ornaHuLLINAp IHEPTUANAPUHUHT ANTUHLNCUTA TEHT




*>vmm, nwopanapu Kapama-kKapwuavp. Y \onga MoJsieKynaHuHr
yin \am, guccoumnaHuw wma”cynotnapu \am MyTnak, HOJb
HMIU parypafia ufean rasnapHuUHr xoccanapura ara éynaau, aeb
(hapa ; KUANWUMN3 MYMKUH. AManga KuMmérapnap KynruHarokppu
|rm: K-parypaga, 6ocvmaa Ba KMy3ranraH aTomaap UWLTMPOKKUAA CO-
1P 6ynagnraH KUMEBMii xxapaéHnapra fyy Kenagunap. bornaHuw
Xeprumcura Temnepatypa Ba 60CMMHUHT rabcupun Kam byncaja,
aToOMNapHKW Ky3rafraH ~onarra yTkasull KatTa 3Hepret uk ahekr-
un ranab kanagu.

IV.6. MNOH BOEJIAHVLLU

VoH 6ornaHunil 3f1eKTPOCTaTUK Ha3apusa acocmjaa TYLWYHTH-
punagn. By Hasapusara MyBo(MK,, aTOMHWHI xocun 6ynaguraH
Kapama-KapLu 3apsgaavM MoHNapu 37eKTpPoCTaTMK Kyunap Tab-
cmpuga ysapo TopTuwunb, 6apkgpop cuctema \ocun K,mnagu.
ByHpali 6apK.apop CMCTEMAHMWHT X,0cun Byniunaa Tabeup 3TyBYM
aToMnap 31eKTPOCTAaTUK 3HEPrUSACUHUHT Y3rapulluHn Kypuo
ynamus. by xungarv aHepruaHu Kyuparu atomnap: a) anek-
TPOH Wyk"OTraH atomnap, AbHWM MycbaT 3apsgnaHraH noHnap-
KaTuoHnap; 6) snekKTpoH GUPUKTUPUG ONraH atomnap, AbHU
MaH(WA 3apsgnaHraH MoHNap — aHWoHAap X>0cwl K Manwm
MYMKWH.

BUpuHYM Xnn aTomnap aNeKTp BaNeHTAUTN UOH 3apAaura TeHr
bynca anekTpMycbat aToOM, UKKWUHYM Xungarniap aca afekTp-
MaHtuii aTomnap aeb atanagn. a3 xgrataarv Lesuii Ba Xaop LromM-
NapUHWHT TabCUPUHU Kypn6 YMK.alinnK. ATOMAAPHUHT MOHAapra
ainaHnWn UKKW 3HEPreTuK apaéH HaTvkacuga cogup bynagu.

BupuHYM — uesnii aToMu Y3UHUHT 6s- opbuTanungaru
)ICK| POHHM Y™ apm6 NOH "onnra yTuy YUyH MabiyM MUKAOPAa
leprus onuwWmn Kepak. by aHeprus moHNaHWW 3Hepruscy neb
aTanagm ea J\apgu 6unaH GenrunaHagm:

Cs(T) Cs++é&—J; J= 373 KX/M0onb

WNKknHYnpaH, uesnii aToMuaaH YMKhaH 371eKTPOH X/0p aro-
ml|garun 3p- opbutanuga xxonawraH aNeKTpPoH 6unaH Xydraawm-
MIl HaTuxacuja y3mjaH MabaymMm MWUKLOPAArun 3HEpPrusHu
ynkKapun Kepak. by aHeprus Xs0p aTOMWUHWHI 3/1€EKTPOHTa
molinnnurn geb atanagn Bay E xapu 6unaH 6enrnnaHagm:

Cln+e CL + £; E= 3,62 «105XK/monb



a3 “onatugarv Le3nii Ba XJIOPHUHT MOHTa alinaHunL apaéHu
YUyH cap OynraH sHeprua MUKLOPW KyiAnparnya aHuKgaHagm:

3,73 « 105—3,62 + 105= 0,11 XX/mosb

KentupunraH xucobnaw HaTwxanapugaH KypuHub Typub-
AVKW, TabCUPNaHyBuM atomnap noHnapra KaparaHga aHua 6apka-
pOp, YYHKM ynap KaMm 3Heprusra ara.

Bup BaKTHMHT y3uaa Mycbat Ba MaH(p i1 3appayanap opacmjia
TOPTUW MW KYYUHUHT ~ocun 6ynuwun cucTeMa noTeHuuan
3HEPrusAcCMHN nacanTupuwra cabab dynnwmHmM \mcobra onuw
Kepak. Y xpnja YHUHT mukgopu KynoH KpHyHura acocaH 1mornb
Mofda YUyH Kyingarnya Tonunagu:

V=- NN 'Z YX/monb

by epga: N —ABorafpo coHu (6,023 < 1023); e —3NeKTPOHHUHT
3apagnap coHu, Z, Ba Z, —/0HNap 3apagn; r —1moHnapapo macoda.
Arap noHnapapo macacga 01 HM, 3/1eKTPOH 3apagmn e bynca, 6utra
3apAgnM MOHNap YYyH loKopuaaru TeHrfnama Kyinmpgaru
KypuvHULWra ara 6ynagu:

V=- XX/monb

Arap cucTeMaHWHr aHeprua ag3anmr’m 121 kKXX/Monb ra TeHr
6ynca, y xanga
3326
V=—-7p-=—121 «104K/monb bynagu

By epga, renuii Ba xn0p noHnapu opacugarun macoda r- 11,47 Hm
6ynagun. KynoH Kyunapu X,ucobura MKKM MOHHUHITabCupiawnwm
HaTuacmpa noTeHUuMan 3HEPTrUAHUHI KaMmaiuwumra KynoH
6a/LapopnnK sHepruscu gennnagn. AvHu:

1 a3 xgnatgarn noHnap (Le3uii Ba Xn0p) HUHT Ky/0H Ky4ynapu
Hapuapopnawa 6opuwmn yuyH ynap opacugaru macoga 11,47 Hm
faH Knumk 6ynuwmn kepak. LUYyHWHT yuyH Le3unit xnopug rasm ~o-
cun 6ynraHfa voHnap opacuparn macoaHmHr 0,29 HM ra TeHr
dynuwmn Kysatunagu.

2. Arap 6oLLKa cucTemManap y4yyH WMOHNaHULW 3Hepruacu J sa
aneKTpoHra moinnnauk E opacmngarn gapk karta 6ynca, moHnap
opacuparn macoda kuypas 6opagm, YyHKU KYNoH 6apKapopamk
3Hepruscu optnb Gopagu.



Kputuk, \onatga \ap k.aicm noH aTpouHM K,apama-K,apLuu
3apagnu  TypTTa, ONTMTA €KW CaKKM3Ta MOH Kypliab onuwm
MYMKWH. ByHAa KynoH 6apK,apopiuK 3Hepruscu Kydvas 6opagu.
MacanaH: KanbLuii OKCMAUAa WOH 6ornaHuw hakaT KaTTuK,
AonatgarvHa maexyganp. byHpai 6ornaHuw 6yr “onatga 6yna
onMaiian. YyHKm 6yF X,0natfa KysoH 6apKapopiuK aHEPT UAACUHUHT
MUKOPU WMOHMAHULL 3HepruscuMpaH aHvya Knumkgmp. LLIyHuUHT
YUYYH MOHMaHWLW cogmp Bynmangm.

Pyx angamuucu - ZnS

1- cxema. Kpuctannvk Tysunuiira muconnap.

KaTTnk \onatga vMoHnap Xypga 3ud xoinawapgmn, YyHku \ap
K,aliC MOH y3ura Kapama-KapLum 3apsigfiaHraH MoHIapHU MYMKUH
Kafap Kyn TopTu6 onuwira uHTUnagn. Mapkasuini moH 6unaH
Kapama-Kapliu 3apsigfiaHraH MoH X,0cun KuaraH 60rnaHuw anHm
WOHHWHT KOOpPAWHALMOH COHW Aeiunagn. MoH 6ornaHu
XNIEKTPOCTaTVK TabCMp HaTmKacuia Xpcun 6ynraHu yuyH iyHa-
NYBYaAH/IMK XOCCACMHMU HaMOEH Kuamaign. YyHKM MOH Kapama-
Kapwu 3apagfnaHraH MOHNapHW KAHAal X,0natga TypullinaaH
Karby Hasap ysura topTagu. LLIYHWHT yYyH MOH 6OrnaHuLmn
KpucTannap gakat Typ/iu MOHNAPHUHT TeOMETPUK XONNaHNLLIN
na ynap opacupary macoga 6unaH taBcunaHagn. Mowunap



YNYaMWHWUHT KOOPAWHAUWOH COHW 6OrnaHuMwWwga UWTUPOK
3TaéTraH MoHnNap paguycnapmHUHr HUC6aTu 6unaH GenrunaHagm.
KaTnoH Ba aHWOH pajuyCcnapuHuUHr apK.1 K,aHya KaTTa, SbHU
r H<Fr  HO6ynca, KOOPAUHALMOH COH LWIYHYa KUYMK Oynaaw.

1.Arap ™' >0,736ynca, KOOpANHALMOH COH 8 ra TeHr Gynagu.

aHUOH

r
2.Arap =0,73 gaH 0,41 rava 6ynca, KOOPAMHALMOH COH 6 ra

aHVOH

TeHr Gynaau.
My
3.Arap ]—I < 0,41 6ynca, KOOPAUHALMOH COH 4 ra TeHr Gynaaw.

Taxpubaga hakaT noHnapapo macoga - %aHuknaHaam, KaTMoH
BaaHWOHMAp paguycy aca Typau ycynnap 6unad \ucobnabTonunaan.

IV.7. KOBAJIEHT BOEJIAHWLLU

WoH 6ornaHuw Haszapuscu 6unaH dauaT WWKPPWUA MeTann
ranoreHunapy Ba LWyHra yxwaw MOAAaaPHUHT TY3UAULWUHA
TYWYHTMpUW MYMKUH. Jlekun H2 O,, N,, Cl, kabu ogguii
MOAfLanapHUHT TY3UAWWKMHK un3o™nab bynmaingn. By xun
MOAAanapHUHT Ty3uauwmn 1916 iunum Jibtouc apatraH KoBaneHT
60ornaHnL Hazapmacu acocupa TYWYHTUPUIagn.



Jlblonc na Kgmacura Kypa, Xap Kaincum MKKU aToM y3apo Kumé-
itnii 6ornaHraHa, ujy ukkana atomfaH 6uTTafaH 3NeKTPOoH ULTK-
POK N MWK HaTwKacupa Xpcua BynraH snekTpoH Xy(MT MKKana
aTomra Teruwnu 6ynuné konagu. by Hazapua TalKy 3NeKTPOH Kasa-
rga cakku3sTa 3/IeKTPOH Oy/iraH aToMapHUHr 6apkapop 6ynuim-
la acocnaHraH. KosasieHT 60rnaHuw xpeun 6ynuMwmnga uwTupok
>TafuraH aTOM/IapPHUHT 31eKTPOHNAPK XyhTnawmneé, 6up ékm 6up
licYia aneKTpoH Xy Tnap xpeun 6ynagun. X,ap Kaikcm atom y4vyH ano-
Kagfop 6ynraH anekTpoH XydTaap xucobura y3napuHUHT CUPTKN
KanatnHu cakkusTta anekTpoHra Tynanpnb 6apkapopnawiagn:

MacanaH, H‘+ .Ql —>H "Mci:—>HQ

X,ap Kancu aTOMHUHT YMyMWUIA Xy(pT yuyyH 6GepaguraH
3/IeKTpoHNapu cxemafa HykTa 6unaH TacsupnaHraH, HC1
MosieKynacuaa 6up XXy(qT aNeKTPOH MKKKM 94p0 opacuja xolinawno
Konuw 6unaH 6apkapop KoHdurypauus \ocun kunagu. ®Top
atommpa CakKu3 3M1eKTPOHAM KasaT \ocun 6ynun-yyyH o6utra
3MEKTPOH eTuLIMaingn:

Vet fFi—>eV (M) F:—>Y - V:—>

Kvcnopog aToMnaa CakKins afeKTPOHIN KaBaT Xpeun GynuLm
YUYH UKKWUTA 3M1eKTPOH eTuLLMaiau:

eHet+t"0: *:ON0 P—>0 = '02
A30T aTOMMUa CaKKM3 3/IEKTPOHN KasaT \OCU/ KUWLW Y4yH
yuTa 3M1eKTPOH eTuwmangn. LUYHUHT yuyyH MKKKM a30T ato™u
6upunkn6, bapkapop mMonekynara ainaHuLWmM yuyH yuTa 371eKTPOH
Xy(T Xocun 6ynagu:

n.+ .n: - :n ;:; n:—>n=n:—=>n2

NTaHrMIOp Hasapuacura mMysBoMK 6GUPUKYBUM aTomnap
opacupa \ocun OynaguraH 3MeKTPOH XXy(Tnap COHW 31eMEHT
VaeHTNUTUHW KypcaTaiu.

Nbtonc Ba JISHITMIOPHUHT KOBa/IeHT 60rnaHuW xakunaru
>[ICKTPOH Hasapuacu Mypakkab 6ynmaraH mopganapparv KMmé-
Juid 6ornaHnw TabmatuHm mnsoxbab Gepgun. JIeKMH Mypakkab
moafdanapgarn 60rnaHUWHUHE TabuaTUHU TYWYHTUPKNG Gepa
oHMaan. ®akaTt KBaHT Hasapusacu ApaTWAraHAaH KeluHruHa
KUMEBUIA 6OrNaHULIHN TYIUK M30XNaWl WUMKOHUATU TYTUAAW.
\03Mprn HakTAa KBaHT Hasapusacu acocuga KMMEBMIA BOrnaHmL
néraTunu TYLWYHTUPULL YYYH UKKUTA ycyngaH doiganaHnnagu:



1. Atom op6utannap (AOY) éku BaneHT 6ornaHuLinap ycynu,

2. Monekynsap opéutannap ycynu (MQOY).

ATOM opbuTannap ycynu. ATom opbutannap ycynu 6unaH
KMMEBUIA BOTNaHUWHUHT XOCUA BYNNWMHW TYWYHTMpULW
Hasapusicu 1927 iinnga MeirTnep BaJIOHAOH TOMOHUAAH ApaTUNAN.
By Hasapuara MyBO(uMK, MOneKynaga 371eKTPOHMap aTtoMm
opbuTtannapupa xoinawraH 6ynagn. Arap atom opbutannpga
3NeKTPOH BynyTnapm 6up-6upuHN Kpnaaca, y Xonga aneKTpoHnap
K,aiicu aToM opbutanupa 6yna ONMIWWHU aHUK, aWTUL MYMKWUH
amac. YyHKU 3n1eKTpoHAap xoccanapu xmxatungad omp-bmpngan
thapk, unnmaingm. lemak, 3a1eKTPOHAAPHMHT YN3UKAN DYHKLUSCK
MOneKynagarn 3fIeKTpoHNap x,ap K,aicu atomga \am 6yna onmwu
MYMKUHAUTMHW udoganaingn. ATom opbutannap ycynm éunau
KUMEBMNIA BOrMaHMWHMHT XOCUT OYANWNHK TyWyHTUpULW ga
acocaH Kyinmparn TypTTa WapT Hasapga TyTunagu:

1 Y3apo 6MpMKyBYM aTOMAapga 3MeKTPOHAAPHUHE CMIUHIAPK
Kapama-kMapwu MyHanuwra ara 6ynuMwm kKepak, YyHKW aH-
TUNapannens CAVHAN UKKWU 3N1EKTPOH 6up-bupurra Sk,uHnawraHaa,
YNapHWHT 3N1eKTPOH 6ynyTnapu 6up-6mupruHn Kpnnainam. Hatmkaga
LY WKKW 3M1eKTPOH 6Up-6upun 6unaH >ydTtiawagu.

2. bup-6upura Tabcup 3TYBYM aTOMIAPHUHI 31€KTPOH
6ynyTnapu 6Up-oMpMHN Kprriawin Kepak.

3. Arap 6upuKyBUYM aTtomiapgarv aNeKTPOHaPHUHT BynyTnapu
y3apo 6ypuaknapra ara 6ynca, GUPUKULL HaTuXacumia XOoCun
b6ynraH mMonekynaja xam atomaap ihyHanyB4YaH BasieHTIMKAap
HaMOE&H Kanagu.

4. BaneHT 6ornaHuwap xocun éynnwnga aiHU aTOMHUWHT
Typnau opbutannapu rubpugnaHa onagu.

Bofopoa MOMEKYNAaCUHUHT XOCWUA BYTMLLINHA KYpU6 YnKamus.
VKKn aTom 6upnkn6 monekyna xocun 6ynnwmnga KBaHT Hasapus-
CUHW TaTOMK, KUANL YYYH MKKW 3NEKTPOHHUHT WYyHAAN YN3NKAM
hyHKUMsicH (<p) HU TaHNab oNULL KepakKKW, Xucobnall HaTmxa-
Cufa CUCTEMA 3HT Kam 3Heprusra ara 6yncuH.

Arap ‘A’Ba “B” Bogopo atomnapu 6up-6mupuraaH xyaa ysokaa
TypraH 6ynca, y xonga (1 Ba 2) 3aneKTPOHNAPHUHI XapakaTu Xxygaa
03 fjapaxaga ysrapagun. by xonga aneKTPOHAApPHUHT YM3NK N
(hyHKLMACK anoxmpa onvHrad (p  Ba (plkatomnap KynainTmacura
TeHr 6ynagn. VIKKu atompgaH Ty3uaraH CUCTEMaHWHT TY/UK,
hyHKUMSACK Kyimparnya ngoganaHagun:

P = <Pal ' <Pm2



(P PYHKLMA 3NEKTPOHNAPHUHI cucTeMada 6yna onuw 3 \TuMon-
MTUHKN (KOOPANHaUMACU)HM ndopanaingn. IneKTpoHaap 6mp xun
6ynraHn yuyH 6upuHUM 31eKTpoH (1) B atom agpocu atpoduja
Ha MKKWUHYM 3MeKTPOH (2) A atom fapocu aTpodmpa Xapakar-
NaHULIN XaM MYMKUWH. Y \onga CUCTEMaHWHT TynuK GyHKUUACH
Kylingaru TeHrnama émnaH vnoganaHagu:

P = ®<Pn2

By MKKU QyHKUMA MUKLOPY XutaTugaH 6up-6upura TeHr.

Okopuga KentTupunaraH TeHrnamanap acocuja aHukKgaHrad
cuUcTeMa 3Hepruscy Tynnk QyHKuuMacuHuUHr (Ek) rpaduk tac-
BMpn 1Y9-pacmpga KypcaTuiraH.

1Y9-pacMaaH KypuHu6 Typubamkn, xpcun 6ynraH BOAOPOA
MoJieKynacy 6apKapop, neKuH Taxxpnbaaa aHMKAaHTaH NoTeHLUMan
3Heprua (e™@¥ Hasapwii NOTEHLMan aHepruagaH Gapk kunagm.

leiiTnep BaJloHAaH Taxkpmbaga TONWATaH 3HEPrUAHU Ha3apwii
JHepruara AKMHNAWTUPULL YYYH CUCTEMAHWHT YU3UKAK
KOMO6MHaUMA QYHKLUACUHN udoganaifnraH TeHrnamaHm
Taknug Kungunap:

P=C<Pa =<PR+C2fs&1-Pn2
By epga, C, Ba C2—CUCTEMAHUHT TYNKUH (YHKUMACK MUHUMAN
Kuiimatra ara 6ynraH Baktugaru ysrapmac KoaduumneHTnap.

By TeHrnama acocuga TONWATaH CUCTEMAaHWHI 3HEPrug
thyHKumsacn E Ekra KaparaHga Taxxpubaga TonuaraH aHeprus
Emakra yfia Moc Kenagun. by TeHrnama MKKu Xun ednmra ara:

1 Arap C, = C26ynca ékn C, ='— C, bynca, y xpnga
3NEeKTPOHNAPHUHT TYNKUH QPYHKLUACU UKKW XUn Bynaau:

P=C 1 - +<p \p

Pn=d¢«,;M,

BupuHum thyHKLMS (ps SAPO Ba 3NEKTPOHNAPHMHT KOOPAMHaTa
yKnapura HucébataH CUMMETPUK DYHKUMACK, (PA - aHTUCUM-
MeTPUK yHKLUUS aeb atanagan. s Ba (p1 PYHKLMANAp MUKAOPK
KBAHT COHNap 6unaH ngoganaHagu.

Arap 3neKTpoHNMap Monekynaga CUMMETPUK - hyHKUMS
6unan ugoganaHca, Xap X CNUHAM KBaHT COHMra ara bynagw,
mi.HW 3NEeKTPOHMAPHWUHI \apakaTu Typnau WyHanuwga -



EsB aHTunapannen CnuHan eynagu.
Arap 3neKTpoHNap MONeKy-
nafia aHTUCUMMETPUK L -
hyHKUMSA 6unaH TaBcudg-
naHca, 3NeKTPOHNAapPHUHT
XapakaTtu napannen crnuHra
ara b6ynagu. byHpaii \onatpga
3NeKTpOHNap 6ynyTn saponap
opacuja 3muynaHa onmangm,
Aaaponap 6up-6upmngaH ys3okK,-
nawaan, Hatmxaga MKKK
atom ysapo 6upukub mone-
Kyna X,0cu1 K vunvaiiam.

1V/9- paem. Boaopog monexynacu AHTUMapasnen CivH rasra

noTeHynan aHePruaACUHUHT
yarapuwm. OynraH VKKW 3N1eKTPOH NKKana
A4po ypTacmga \apakatniaHa
oNnWIN MYMKWH. HaTtuxaga

Aaponapapo ¢asofa 3NEKTPOH GYNYTAAPUHUHE 3UYUTX OpTagu.

VKKK s4po opacuga kaTTa MaHduii 3apagura ara 6ynraH co\a

BYXKYZra Kenaau Bay mycbart 3apagiKagponapHu xxunciawTupagu.

Jemak, 6up-6upura rabcupnaHyBuM aTomnap opacuga Kumé-
BUIA BornaHuw ~ocmn 6ynuwnHm aaponap opacuga \ocun 6ynraH
3N1eKTPOH BGYNYTNAPHUHT 3UYIUTU OPTULLW HATUXKACKAA 3NEKTPOH-
nap NoTeHUMan 3HEPruACMHUHI Kamainwmy 6unaH TyLWYyHTUpULL
MYMKWH. MacanaH, aHTunapanien CnvHAW UKKWA BOLOPOL aTOMU
6up-bupura sk ™mHnawn6 atomnapapo macoa r = 0, 074 HM ra
eTraHfja CUCTeMaHVHI NOTEHLMAN 3HEPTUACH MUHUMAN K,uimaTra
ara 6ynuo, 4,48 3B ra TeHr 6ynagun. [lemak, Bo4OPOS MoeKynacuia
6ornaHuw ysyHnuru r=0,074HM Ba 60rnaHuULWL sHepruscu 4, 48 sB
raTeHr 6ynagu. AtomnapgaH Mosiekyna Xpeun 6ynuwnga sHeprus
y3rapuwiu 6unaH 6up BakaAa 3NeKTPOH OyNyTAapHUHT 3M4anrn \am
y3rapagu. Arap BOAOpOS MofeKynacu xpcun b6ynraHuga éup
ATOMHWHT 3N1eKTPOH BYNYTUHU WUKKWUHYN ATOMHWHI 3/71eKTPOH
6ynyTun KpnnamaraHga sgun, sgponapapo macoda 0,087 HM ra TeHr
6ynap aau. bynyTtnap ysapo konnaHuwmn cababnu, 6y macoga
K.Mck.apaay Ba 0,074 HM ra TeHr Gynaau.

[emak, KUMEBWUIA 6OrNaHUWIHUHT X,0cUn1 Bynuwinga anek-
TpoHnap 6ynytn 6up-6MpuUHN K oNNalm HaTUXacuaa ynapHuUHT
3UYAUTN OpTagu, aToMnapapo macoda sca kamasign. Mypakkab
mMoAfanapHuUHr \ocun 6YNNWNHY LWYHra acocnaHnt TyWwyHTH-
pUL MYMKUWH.



1J,w CO, CcO
(cyB) (yrnepog anokcunmn) (yrnepog MoHoKcuaw)

3-cXxCcMa. KeHr TapkanraH 6ab3v 6uprkmanap
MONEKYNaNapUHUHT CXEMATUK KyPUHULLIN.
BynapzaH cyB, yrnepog MOHOKCUAY, YTNepos
[VOKCWAM, BOAOPOS, NepoKens, MeTaH Ba
aTUNeH GUpMKManapra, KUcnopog, 030H Ba
BOAOPOA 3ca MoneKynanapra Kupagu.

1V.8. ATOMNAPAA BANEHTINK XONATJ/IAP/ BA MAKCUMAJI
KOBAJIEHT/IK

ONeMeHTNAapHUHT KOBANEHT 60f \ocun kunnw XYCYCUATH
YNapHUHT KoBaNeHT/Mrn geb atanagn. KoBaneHTNINK AKKa anek-
rponnv op6utannap coHUrarmHa amac, 6anku aitHu 6ornaHuwLaa
HWTUPOK 3TaguraH 6apya anekTpoH opbutannap coHura 60rnvK,.
KouaneHT 6ornaHuw \ocun 6ynuinaa anekTpoHnap 6unaH 6aHg



/
H—0 —N H-O-NI"
0]
HeoH. HeoH aTtomuja TOK, 3NeKTpOHAap WyK, LLYHWUHI y4yH
HEOHHWHT KOBAaNeHT/IUTU HOJra TEHT:

‘Ww .Tb
utl

[emak, UKKUHYM faBp 31CMEHTNapUNUHT KOBANEHTANIN, AbHU
ynap Xpcun K,una onagurad KoBaneHT 60rnaHuLiiap CoHv TypTaaH
owmaingn, 6uttanu 6ynnnM MYMKWUH. JIEKUH YUYUH4YM AaBp p-
3N1EMEHTNAPUHUHT KOBANEHTNMAUTN 6 ra TeHT OyNMLIN MYMKUH.
UyHku 11l gaBp anemeHTnapu atomnapuga éutra 3s2 yuta 3p Ba
NKknTa 3d opbuTannapu 6o XpCUN KANWLLIAA MWITUPOK 3Ta 0Nlagu:
3p~3p3-3d2ékun 3sI3p13d5

KaTTa gaBpnapHuHr ~-anemMeHTNapuia BaneHTINKHUHT XPCUn
éynuwnpa cupi Km kasatnapgarv 6ewta d opbutan, 6utta S
opbuTan Ba yuTa p-opbutannap UWTUPOK atagn. LLYHWUHT yuyH By
3NEMEHTNIAPHMHT MaKcuMan KoBaneHTNMAuru 9 ra TeHr 6ynagw.
Makcuman KoBaneHTNUK/ anemeHTnapga 9 gaH opTuK, 6ynuiin
MYMKWH.

JleKuH KoBaneHTNUK (BaNeHTAMK) 6unaH 3NeMEeHTNapHUHT
OKCMA/MaHWUW fJapaxanapu opacuga dapk, 6op. KoBaneHTIMK —
KUMEBMIA BOTrNaHULL, AbHM aTOM/Iap YYyH YMYMUIA 3NEKTPOH XXy T
A\ocun Kunmwga niuTMpoK 3TaéTraH ikKa 3N1eKTpoHap Ba TaKpum-
NnaHmaraH 3fIeKTPOH Xy(Tnapm coHn 6unax 6enrunaHagm. Okcma-
NaHWLW JapaXkacu aca 3NeKTPOHNapHUHT aTOMIapaaH 3/IeKTPOMaH-
Guiinurn Kyynu 6ynraH atomnapra cumkuwn Tydainm \ociu
6ynraH pacmuii (hopman) anekTpoH 3apsgnapu 6unaH 6enruna-
Hagu. MacanaH, 613 IoKppuaa yrnepogHUHI KOBaNeHTIMIu TypTra
TEHTAUTUHU KYpub yTraH 34UK, NeKUH YrNepoAHUHT OKCUA-
NaHnw pgapaxacu —4 faH +4 rava ysrapagu:

4 2 0 (2 t

CHAGCH Opl, CH®, HCOOH, COp
IV.9. KOBANIEHT BOE/TAHULLHUHI JOHOP AKLIEMTOP
MEXAHW3MU

KoBaneHT 60rnaHUWHM XPCUN KAJYBUYU 3NEKTPOHIAPHUHT
6upu gactnab 6up aTomMaa, MKKMHYMCK 3ca aToMaa 6ynuwim wapt



>mac. ')jicKi|H)iuiap y3apo 6upuKyBYM aTOMAapUHUHI 6upnga

HI0. UKKUHYKM aToMja Byl opbutannap masxyp 6ynca, HaTu-
/kaga 6ornaHnLL Xpeun BYNNLLN YUYH Y3UHUHT 3NEKTPOHXY(PTrUHN
6epagyviram atom Ku MOH-A0OHOP, 3NTEKTPOH XYPTHU Y3UHUHT Byl
op6uTanT a K;abyn KunaguraH atom ékum MOH akuenTop ge6 aTa-
nagm.

MacanaH: KF+BF3>K[BF4)

By peakuusaga KMMEBWUIA 6OrAaHULWIHUHT \oCMA BYNULLIUHK
Kypmb un~amus. by peakunsaga KF tapkubmgarun maHguii 3apagnm
(hTOP MOHM Talw KK 3NeKTPOH KaBaTuza 8 Ta 3/IEKTPOHTA 3ra, YYHKU
6rprkmaga 6up 3MeKTPOH BUPUKTUPKG XydTaawraH, SbHA:

F+é—:F]

Bop atomu TaliKK 3NeKTPOH KaBaTuaa 4 Ta opbutan 6op. BF3
Xocun 6ynuwinpa 60pHUMHT TallK,M 3MeKTPOH KAaBaTtuparu 3 Ta
opbuTanuaa aNeKTpoHNap XyhTnawmo, 6utrta opbuTanm aca oy
[ONraH, SAbHU:

:F:
B+3e«-F->QB:F:
E "

MaHpuin 3apagnn (GTop WOHWU 3NMEKTPOH XY(PTUHM 6epub foHOp
BasuMacuHy baxkapuin MyMKuH, 6op atomu aca by opbutanura
3NEKTPOH XY(DTUHM XKOAnawTupnbd akuenTop BasmdacuHm
HakapuLLIM MYMKKH. Y Xan4a KUMEBniA 6upmkma \ocmn 6ynmnwnHmn
Kylingarn cxema 6unaH KypcaTtuil MYMKUH:

F: F:
K+ :Ff+0 Bd“ >KU- HnB 'H:
P - .

Nyku cepagarn nuraHagap Mapkasuii aToMra KOOpPAWHALMOH
BUPVKULLIN HaTKacuaa X,0cwi GynaguraH KOBafEHT GOrMaHNLIHUHT
[OHOP-aKLENToOP MEXaHU3MUHU KYpU6 YNKAMU3:

CuCl,+ 4N H " |CH(NH3LCI,

Q r2+ 2Cl +4NFJ3->|Cu(NH,)4/4+ 2C1



By epfa Muc noHu Typrra 6y opbuTanm 6ynraHun y4yH akuenTop,
aMMWaKHUHT HeliTpan Monekynacupga 6up XygpT opTUK4Ya
3NeKTPOHNAapW BynraHn yuyH [JOHOP BasnhacuHn baxapagm:

+2
H

H H N :H
H B H +Ql
D%LIJ +2C1-+4 :N: H H:N WCuld N:H )
H H E3 H
H N eeH
H

KynruHa MeTannapHUHT rafioreHim 6uprukmanapyn gumepnaHuLLIm
€KW MONMMEPNAHULIN HaTUXKachAa X,am KYNpUKCUMOH CTPYK-
Typanu [OoHOp-aKUuenTop 60rnaHnw xpcun bynagu:

a

O Al—a +a —Cl—A g aIL
a OAL -a a Al -a
a d
Arap goHop-akuentop 6ornaHunw XygTt d-anekTpoHnap \uco-
6ura amanra owca, 6yHaai 6ornaHuiw gaTue 60rnaHnL genmn-
nagn. Kynuunnuk 6upukmanapga d-anemeHTNapuHUHT aToMNa-
p¥ akuenTop/uK ponuHu 6axapagun. Ynap ysnapura snekTpoH
XYPTAApuHM Kabyn kmnagun. JIeknH d-anemeHT aTomu Typau
KoMnekc bupmkmanapa ysnapuaH 6up Xyt anekTpoH be-
pnb, LOHOPAWK BasndacuHM XM yTaih onagn. Ly cababnm d-
anemMeHT aTomu 6up BakTAa \am AOHOPAMK, \am akuenTop-
nuK BasugacmHu bHaxapa onagum. MacanaH, naaTuHa KOM-
nnekcnapu [Pt(NH34CIZCI2 Ba KI3Pt(NO,)XIZ Hu Kypcatu-
WnMN3 MYMKUH. By epga Pt\am goHOpAuk, \am akuenTopnnk
BasugacuHu Gaxapa onagu.

1V.10. KOBAJIEHT BOIMMAHULW XYCYCUATIAPA

KoBaneHT 60rnaHuWl TYNUHYBYAHNUK, WyHaNyBYaAHUK, Kap-
panuauk Ba LyT6naHyBYaHIMK Kabu XycycusaTnapra aragup.

MIKKMTa BOAOpPOA aTOMKU 6Mp-6upura TabCup STULIN HATU-
acmpaa KoBaneHT 60rnaHn6, Bogopog Monekynacy \ocun 6ynagu.
Bopgopog monekynacu -H2rayumHum BOAOPOL aTOMU TabCup 3TuG,



Il. monekynacu xpcun 6ynmaiigm. Eku CH4 monekynacura
UNNUNYM BOZOPOL atomu 6upmnknb CHS monekynacmHu xpcun
Kuna onmaign. KBaHT-mexaHWK Hasapuacu Oy XpawucaHu Tac-
MMKnangu. by xpanca KoBaneHT 60rNaHULLIHWNHT TYAUHYBYAHINK
yoccacu gennnagn.

AToMmnap opacuia KoBaneHT 6ornaHuw xpcwn 6ynraHga évp
aToMaaru 371eKTPOH 6ynyTnapu MKKWUHYM aTOMAAaru 3MeKTPOoH
OyNyTNapuHN Konnagw, HaTuxafga 3M1eKTPOH OynyTnapuHWHT
WYANropTagN. DNEKTPOH BYNYTAAPUHUHE 3UUAUTN KaH4a KKppK
bynca, KUMEBUIA 6OrnaHUW WyHYa Kyunu 6ynagn. bup aToOMHUHT
Y-3/1CKTPOHN UKKUHYM aTOMHUHT S-3/1EKTPOHM BunaH 6or xpeun
KnAraHuga xed kaHgan iyHanyByaH BaleHT/IMK HaMOEH 6ynmaingu.
MacanaH, 6up BOAOPOS aTOMU UKKWHYM BOLOPOA aTOMMUIa Kalicu
TOMOHAAH AKWHNaWMacuH 6apubup ynap opacupa KumEBWiA
6ornaHuw xpcun 6ynasepagun. YyHKU s-31eKTPOHNAPHWHT TYNKWH
hyHKLMACKU cpepuK (L1apcuMoH)anp. TYNKUH PYHKUUACU Chepuk
bynmaraH 6olwwka opbutannapfarv 3neKTpoH 6ynytnapu 6up-
OMPVMHM Konmfawmn HaTuXacumia KoBasieHT 60rnaHuw mabiaym
Japaxaga lyHanyBYaH/IMK X0CCaCUHM HaMOEH Kunagun. MacanaH,
/K3NEKTPOHNAPHUHT TYNKMH yHKUMSACK y3apo 90° 6ypuak ocTmaa
KoMnawraH. [lemak, atoMmnap opacugaru 6ornaHuw 6ypyarv \am
90H ra TeHr 6ynuwmy Kepak. AMMO aMMUaK MoJsieKynacu 4OCUN
6ynuwnga asoT Y3UHUHT yuTa/7-3neKTpoHnapu 6unaH BO40pOA-
I|Hr s-3neKTpoHNapuHKM 60rnad 0n1mb, aHuK iyHanuwra ara oyn,-
raH 90° in 6ornaHu xpcun Bynuwin Kepak aau. XAKuKataa aca
a loT Ba BOOpOS atomiapu opacugaru 6ornaHuw bypyaru -107, 3.

CyB MoOnekynacum xpcun bynuwmpa “am KUCNOPOAHUHT p-
3NEKTPOHNapu 6unaH NKKNTa BOAOPOLHUHT S-3/1EKTPOHNAPYU 6of
\ocun kunagu. Atomnap opacugaru 6ypyak 90° 6ynuwm ypHura -
104,5(|Hn Tawkun kunagwn. byHpali xpnarnapgarv Hasapuii
6ornaHuw 6ypyarHMHr \akukuin 6ornaHuw 6ypyarmgaH Katra
Kuiimatra ara 6ynmwunHn MonuHr Hazapuid n so\;iaé 6epaau.

By Hasapusara 6uHoaH cyB monekynacu \ocun bynnwnga,
KMCNOPOA aTOMUHUHT Y Baz (ha30BWI TEKUCAMKNAPAA XXOnawlraH
1py Ba 2 pz 31eKTPOHNapu MWTUPOK 3Taan. by xonna anekTpoH
opbuTannapun 6up-6mnpnra HuUcC6aTaH NepneHANKYNAp XolnawraH.
Kuncnopog aToMUHUHT /?-opbuTannapmaarv 3anekTpoH 6ynytnapu
na BOAOPOAHWHI f-opbuTanuparn 3NeKTPOH OynyTnapu 6up-
OMPUHU KONnaw y4yyH BOAOPOJ aTOMU KWCAOPO[ aToMuray Bsa z
YKNapu opKanu SKUHNaWuly Kepak, y Xpaga atomnap opacugaru



6ypuak 90° ra TeHr 6ynagn. JleknH Q-H 6ornaHmwga Kncnopog
BOJOPOAra HucbataH sNeKTpOMaHOURANIN Kyunu BynraHn yuyH,
ynap opacugarv aneKTpoH Xy®hT KMCcNopogra HucbataH cumkuraH
6ynagn. WyHUHT xucobura BOAOPOA atomu KMcMaH Myc6aTt
3apaggaHun6 sp3tunuga rmbpuanaHagmn, Bogopos atomaapu 6up-
6upnHun untapagu, Hatuxaga H-O-H- opacuparun 6ypuak
KaTTanawagn. Xygam WwyHain aMmmmak Monekynacum Kocun éynu-
wmnga “am asoT Ba BOLOPOA opacuparu 6ornaHu 6ypyarvHuHT
KaTTanawraHuHn TYLWYHTUPULL MYMKUH.

MeHgeneeB faBpuil cuctemacmga XolnawraH anemMmeHTnap-
HUHT aTOM paguycnapw opTub 6opuwmn 6unad 6upukmanapu opa-
cugaru 6ornaHmw 6ypuyarn xam 90° ra a*nHnawmnb 6opagu. byHra
cabab 3eMeHTNapHMHT aTOM paguycnapu opTuwmn 6unax, ynap-
HUHT 371eK TpOMaH(uUinnMrn kKamanmb 6opagmn, HaTmxkaga BO-
fopog atomnapu 6up-6upura Kam TabCcup KuaMwu “ucobura
6ornaHuw 6ypuarn 90° ra akuHnawagu. Cys monekynacuga
3NEeKTPOH BynyTnapu 6up-6MpMHM Kpnaawmy HaTuxKacmaa X,0cun
6ynran 6ornaHmw 1VIO-pacmaa KypcaTuraH.

dnekTpos opbuTannapHUHr rmMépuanaHniLmM Kumesmnin 6orna-
HULIHWHT KOcun Bynnwimaa MyKiMm ponib YiHainaw. Yrnepog atomm
Ky3raaraH konarga Kumésuidi 60rnaHuiL xocmn Knamwnga 6utra
- Ba yuTa p-3N1eKTPOHMap M1n MpoK atagun. Xocwun BynraH TypTTa
N-opbuTtanura TypTTa BOAOPOS XTEKTPOHU Kenmo Xy Tnawmim

Kucobura Kumésmuin 6orna-

<r- HUW ha3ofa y3apo nepneHan-
Kynap paBuwja XoinaHuo,
TYPTUHUYUCU—; ABHU S-0pON-

Tan MwTMpokuaa Kocun oyn-

raH 60orfnaHuLW Xey KaHpgaw
MyHanuwra ara 6ynamacamru
Kepak 3gun. JlekuH Taxpuba

OyHun Tacaubyramaingn. MetaH
MosieKynacuga yrnepog afo-

l; MW TeTPasfpHUHT Mapkasnja
XohnawraH 6ynm6, Tetpa-
3APHUHT  y4ynapuia BOAOPOA
atomnapu Typagu, cuctema

1V10 -paem. CyB MosneKynacuia 3/1eKTpoH TaMOMMUNACUMMETPUK LLIAKN-
6ynyTnapy 6up-6UpMHKM Kpnnawmy Hatuxacuga

6ornaHnWHKUHE \ocmn Gynuwn. ra ara 6yna,qv|.



(V ((-paem.p - rubpmamamrav opoutannun!
LUAKNNaHNLLN.

Bepunnuii xnopuaHWMHT Kocun 6ynuwnga 6epunnunii atommgarm
s-Ba/topbuTangarn aNeKTpoHNap KUMEBUIA BGOrNaHULWHUHT X,001N
Oynuwmnaa wTMpok atagn. Mosnckynaga acap-p Bas-p rmHugaru
Typ/n TabmaTtam 60ornaHnL xocun 6ynuwin kepak agu. Jiekun BeCl,
MoOJleKyfnacuga xop atomaapyn CUMMETPUK >KOMNAWraH, SbHU
6ornaHuw 6ypyarn 180° HM Tawkun atagu. byHaali \ogucaHun 6m-
pUHYM 6ynn6 Cneitep Ba MOANHT Ha3apuscy TYLIYHTMPMO Gepau.

By Hasapusara myBO(MK, KUMEBUA 6OrNaHUWHUHT \oenn
6ynuwimaa MWTUPOK 3TafUraHTypnm aHeprusras\abynraH opou-
Tannap aHeprusanapu opacmgaru apk, yk,o0nagu, SeHu rubpug-
naHraum opbutan opk,aim ugoganaw MyMKuH 6ynagw.

LWyHra myBou”, Typnu opbutaniapra maHcy6 3neKTpoHaap
NLITMPOKMAA KUMEBMIA BOrnaHUWHKMHT \ocun 6ynuiimaa 6y anek -
TPOH 6ynyTnapu 6up-6upura Tabcup Kypcatuné y3 LWakInHKU y3rap-
TUpagK, HaTWXaga Typavu opbuTannapHUHT y3apo MyxaccamaaHuL
Max,CynoTu - rubpugnardrad opbutannap \ocun 6ynaam (VI 1-paem),

bpug opbutan Y3MHUHT Katrapokco.kacu bunan 6oLLK,a aTom
6ynyTnapvHu Kynpok, Konnangmn, WyHUHr yuyH 6y opbutannap
\ocun K,unraH 6ornaHuwl 6apk,apop 6ynaau, anekKTpoH 6ynyTnap
3ca TaMOMMIa CUMMETPUK LWaKIHW arannaiian. pKuH \ogataarm
aTOMMapHWUHT opbuTannapyn \ey K,a4yoH rubpugnaHmangn,
rmépugnaHuw atomnapgaH
mMofiekynanap x,ocun 6ynm-
wupa cogup bynaaw.

butta s-op6utan, 6urta
p-opbuTan 6unaH K,ywun-
raHga xpcun éynaguraH ruo-
png opbuta 180° nuK 60r-

NaHWLW XPCUN K,bnagu, y Xon-

na MofeKyna YmsnkKau Ty- IV 12 - paem. spJBa sp’ - rGpUA
aunuuira ara é6ynagm (1V12- op6u'nLapuHMLY’
pacm). \ocu;( oynmum.



Arap 6uTtTa s-op6uTtan 6mnaH MKKuTa p-opbuTan rubpug-
naHca, VY-rubpugnanumw \ocun éynagu, ynap opacmgaru bypuak
aca 120° H¥ Tawkun kenagu. byHgain rmbpugnaHrad opéutannap
nwtupoknga \ocun 6ynraH monekynanapra BQ3 B(CH33 B(OH)3
Kabu 6uprkmanap mucon byna onagn. by 6upmnkmanapga 60pHUHT
BaNeHTAnKNapu ysapo 120° 6ypuak \ocun Kanagu Ba ydvana Ba-
NEHTNNK 6Up Tekcnukaa éraau.

Arap 6uTTa s-opbuTtan GunaH yuTa p-opbuTan y3apo tabcup-
nawca 8p3rubpugnannws \ocun 6ynagu, monekynagaru 6orna-
HUW 6ypuarn 109°,280" Hu Tawkmn kagagu. byHgain rmépuana-
HULWHW Yrnepoj, KpeMHWiA Ba repmMaHuii afemMeHTAapuHULL
O6upuk-manapuga yupatuw MymkuH. MacanaH, CH4, CHC13 CF4,
CC14, GeCl4, SiCl4. ByHpaii rmbpuanaHraH opbutannap X,0cun
OynnLWN NKKN XUN 3HepPrus:

a) opbutannapgarn 60rnaHnL 3HepPrusacH,

6) 3NeKTPOH CNuHNapu \apakaTu HaTuxXacuia K,anta rypyx,-
NaHunW X,ucobura 6up-bupnra Tabcuprawninaari aneKTpocTaTuk
NTapuUInLL 3Hepruscu 6unaH TaBcugpaHagu.

MmbpuanaHuw yyyH capd 6ynraH \ap nkkana aHeprua Kuvé-
BMI peakuua Bak.Tuga Xx,0ciin 6ynagmraH aHeprus “mcobura
K,onnaHagu.

Arap rubpugnaHunwga d-opbutannap UwTUpokK atca, y \onga
MOfieKynanap waknu kyiugaruya 6ynagu:

spd - TpuroHan GunupaMmnaa  31EMEHT
aToMU 4 BasIEHT/INK;

spA2 - okTasgp - 3NemMeHT atomu 6
Ba/IEHT/IUK;

sp33- neHTOoraHan 6unmpammga - 3NeMeHT
aTOMWN 7 Ba/lEeHTNUK.



1V 13 - pacM.3TuneHgaru a - ga K - 60rnaHuLL.

KoBaneHT 60r1aHULIHMHI Kappanank xoccacu. ¥Y3apo 6upu-
KyBYM aToMnap opacuga 6upruHa BaneuT umsuk, 6unaH Taceup-
naHafuraH fikka 6ornaHuw xocun 6ynnwinga, anekTpoH 6ynyT-
Nnapu ywa aToOMIapHUHT S4P0N1apapo 3HT AK,UH TYTpu Yn3mK, Byii-
nab, AbHU X - yKM Byiinya 6up-6upuHn K,onnaca, 6yHgain 6or-
naHuW a -6ornaHunLl aeb atanagn. Bapya skka 6ornaHuLLIap acocaH a -
6ornaHnLLanp.

MoreKynanapgarm 4:-ykv 6yiinab xocmn 6ynaguraH o - 6oraH/LLgaH
TaHLWAPW, 3M1EKTPOH OynyTiiapy OGMp-6MprHM X yKura nepneHanKyssp
MyHanmLLa, sSTeHU N yKu Byiinab xam K,orviain onagn. Hatvkaga xocun
6ynraH 6orsiaHuLW n - 6oraHNLL Aeb aTanagu.

Xap nkkana 60r faHULIHWHE 1P Bak,Ta Xocu ByULIMra KoBasieHT
60rNaHNMWHUHT Kappanunmk xoccacu geinunagn (V. 13-pacm).
Atomnapgarn d-31eKTPOHNAPHUHT MarHWT KBaHT COHMapu - 2 ra TeLl
6ynraHgad™ Bad™y - opbutaniap Mwtrpokuaa xocun bynraH 6opnaHuL
0-60rnaHvL Ae6 atanaau. [ensta 60rnaHULL KoOMMeKe 6upukmanap,!;,.
W/3M1apPHUHT KPUCT/IN ruapaTiapuaa yypanan:

H H a a
H%H  bc2 do
|0 no\

H

> CT’}\OC— H
H I3
H

IV.11. MONEKYTAP OPBUTAJIJIAP YCYIN

ATom opbuTannap ycynm 6ab3v Mogaanap 37eKTpoH opbutan-
HapWLWNr rubpruanaHniLn opK,anm TySUNULWMHW, MOMeKynanapaa
NaNCMTANKNAPHUHT MYHANUWWHA Ba KYNrMHa MOALANAPHWHT
M():K-Ky||p WaknmuHy n3oxnab Gepamn. JIeKUH 31eKTPOH XydhTnap
cp'i.iMiicn i 6ornaHULWIapHUHT XOCUN BYNULWIUHU TYLWYHTUPA
<tM I



XIX acpHUHroxmpngaTOMCOH BOLOPOL MOJIEKYNACUHU 3/eK-
TpoHNap 6unan 6om6apAnMOH KuUnnb, Tapknéuparn 6up LoHa
3NeKTPOH X~ mcobura H2 Tapkub6au WMOH Xpcun 6yNnraHuHM
ncootnaraH. Xpeun K mnuHrad H2 noHun 6apkapop 3appavagup. de-
MaK, UKKW S4p0 6up-6upn 6unaH 6upruHa anekKTpoH opkanu 6m-
puvKa ofagu, AbHU BUP 3NeKTPOHAN 6OrnaHuLap Xpcun eynuim
MYMKVH.

ByHgaH Taun\apu, atom Ty3WauMWuW Hasapuscura MyBO(UK
Tapkmbuaa TOK, 3NEKTPOHapK GynraH atomnap éku Mosfiekyna-
NapHWUHT MarHuTra TOPTUAWULWKN aHUKAaHraH. bBUHoGapuH, KaTTuK
Xpnatgacu Kucnopog BaneHT 6ornaHuil Hasapuacura MyBOgUK,
TY3WAraH 3NeKTPOH popmynacuja Xyt aeKTpoHapn Gynuwin
Kepaknurura kapamain MarHuTra TopTUAMLLK Ky3aTuaraH. lemak,
Ba/SIEHT 6OrNaHMLL Has3apuAaCu KaTTU K XpnaTgaru Kucnopoj Mo-
NeKYNaCUHWHT TY3UNULWWHW M30>aM1ali oNnMaamn. DPKUH paavkannap,
6€H30/1 Ba apOMaTUK BUPUKManapHUHT TY3UULWUHN XaM BasieHT
6ornaHuLINap Hasapusacu opkKanu TyWyHTUpK6 Bynmaingu.

By “ogucanapHu.TyWWYHTUPULL MaKcaguaa, MoeKyna Xocun
bynuwmnga TOK 3N1eKTPOHAAp PONMHWM KypcaTaguraH MONEKynsp
opbuTagnap Hasapusacu spatuagm. by Hasapuaga xap Kaincu anek-
TPOH MoneKynagarvn 6apya sgponaptascupuga 6ynraH Ba Kyn map-
Kas3nm Monekynap opbutannapHu arannaraH 6ynagu geb6 \ncobna-
Hagw.

Xp3upru BakTAa MOMeKynsap opoutannapHu Kentmpub yuka-
puwaa atoM opbuTanNapHUHT YN3UKAM KbMOBUHALMA yCynmn Kyn
KynnaHunagw. by ycynra 6uHoaH 6upop 31eKTPOHHWHT MOIEKY NP
TY/IKUH (DYHKLMACKH MOMEKYNaHW TalKWA 3TraH 6apya atomnapga-
M 3NEeKTPOHNAPHUHT TYNKWUH (DYHKLMANApMAaH Kennb ynkaamran
YM3NKAM KOMBMHALMA acocmaa, SbHU MOeKynsap opbuTannap Tab-
CUpP PYHKLMANAPUHU MOMEKYNaHW TallKWUa 3TraH aToMNapHUHT
QYHKUMANAPUHM y3apo KyWwuWw €KW anmpuwl HaTmxacupaa
Torwnagu.

Tapknbupga 6MTTa 3N1eKTPOH Ba UKKWUTA Aapo 6ynrad
MOJIEKYNaHWUHT 3/1eKTPOH X apakaTuHW Kyingarn MKk yHKLus
6unaH ndoganawl MyMKWH:

®, = C1(Pn + Pp)

o, = C, (bn+ ds)



IAjli,:. (- CUMMETPUK PYHKLUA, @ - aHTUCUMMETPUK
®dyHKuug, C, Ba C, - yarapmac KoagpuumeHTnap.

<\ Ha QM- aiiHW 3NeKTPOHHUHT agpora oug QyHKLmanapu.

Arap 31eKTPOHHUHT X,apakaTu aHTUCUMMEeTPUK (PYHKLMA
wii.'iail nhoganaHca, y \onga anekTpoH 6ynyT agponap opacuga
Wwynawa onmaigun, Hatmxaga agponap 6up-6upupaH ysok,-
Hallaiun, NKKWU a4po Ba BMp 3N1eKTPOH y3apo 6UpuKM6 Monekyna
yocua Kanmamiau.

Jemak, aHTUCUMMETPUK PYHKUUS 6unaH ndoganaHagmraH
opbuTtan KMMEBMIA BornaHMw Xpcuna kaamanaun. LLyHUHT yuyH
b6yHpain opbuTanHu GywawTupyByum opbutan (Kgckgda, 6y
opbuTtan) geiimnagn. byHgaii monekynsp opbuTanga 2 Ta S4po
opanurnia sanekKTPOH 3UUAUTY XY[a X,am Knuuk 6ynagn. LLUyHWHT
yuyH ByHaali opbutannap MoSIeKyNaHUHT TYPrYHAUTMHN Kamaii-
1 Mpaaw.

Nlap anekTpoH x"apakaT CUMMETPUK DYHKUUSA 6unaH ngdo-
Ma iaHCa, 3M1eKTPOH OynyTu sgponap opacuparu oiliga 3uu
\onaTHu arannaingn, Hatwxaga sgponap 6up-6upura ToptTunagu
ma ynap ysapo 6mpukagn. Xocun 6ynraH monekynsp opbutan —
00l KXun opbuTan geb6 atanagu. MonekynaHuHr 6apk™apop €ku
0apKapop 3MaciuMru yHUHr tapkubuparun 6ornosun Ba 6yLuarl-
| NIpyBYM 3N1EKTPOH OPOUTANNAPUHUHT HUCOWIA MUKLOPUTabornuk,
«syragn. Monekynsap opbutannap ycynuaa Monekyna tapkubugaru
NK'KTPONAapHUHT y3apoTabcupu abTnbopra onuHmanan. Atomaa
\ap \aiicH anekTpoH v p, d,f xapgnap 6unaH GenrnnaHagMraH
.HOM <yft:.an Hapii opk™anm nofanaHraHu kabu mosekynaga \am
yap Kamen >MCk: pon MOoJsieKynap opbu Tannap 6unad 6enrnnaHagu.
Mo HKympopblnaH nap o, T, 0 Ha ¢ \ap<|>nap 6unaH GenrunaHagm.

Monekynap, opiiii laJaa.:: 31eKTPOH 3HeprusacK anHu opbu-
M N liouY: MAMUH - MaHAONH AyHAAWMLWWUGa, SbNu MarHuT
Mtam cowHa \am 60r/HK,, WYHUHT Y4yH MOJIEKYNAP KBAHT COH
AKIpmTN nan.

Aiap X O6ynca, a - 6ornaHuw 2 ta ynagu,

X 't 1 6ynca, n - 60rnaHuw 4 Ta 6ynaay,
X +26ynca, 0 - 6ornaHuw 4 Ta Gynagu.

MOoHOKyNsip opburaniapHUHI 3eKTPOH GunaH Tynmnd Gopuum \am
LI\ in npuHumunTa, MyHE Ba KneukoBckuid kpuganapura GyicyHaaw.

Monekynsp opbutanga KumEBWIA BOrNaHULLIHWHT Xpenn Gynuiin
" My TapTom N 6unaH TaBcudnaHaam:



N i= nap - ol 12

oy epga, nfa - 6ornosun, N6 LW- GywawTpysum opbutannapgal n
> eKTPOH/ap COHMW.

Arap N HWHT KWiAMarn HongaH KaTTa Kuiimatra ara 6ynca, y
XpAfa MKK1Ta aTtoM TabecupaluraHga Monekynanap ~ocun bynagu.
Arap N HUHT Kuiimatn HoAra TeHr Gynca €Ku HonjaH KU4YmK
bynca, y \onga UKKuTa aToM TabcupnawiraHia mosnekyna \ocun
6ynmaiign. Monekynap opéuTannap ycynum 6unaH Monekyna X,0cun
OynuwunHKM Kylingarn muconnapga Kypué ymkamms.

Bogopog monekynacu

H+H->H2

MKKnTa BOAOpos atomu y3apo 6upukn6 H2x,ocun kunraHpa
MKKana aTOMHUHT |s opbutannapugaH nKkKMTa Monekynap opbmtan
Kenmo6 unkgan. by opbuTtannapHUHT 6upn 60rNOBYUN, MKKMHYIACK
GywawTupysun opbutannap 6ynné, H2x,ocun 6ynranga ukkana
Is2 anekTpoHnap 60rnoBun opbutanra xonnawagn (1Y14-pacm).
Bogopog monekynacugarun 6ornosyun opoutan [(Is) Ba(18)]aaH
nango 6ynraH akat 6uTTa KUMEBMIA BOrnaHuira MyBogukK
Kenuno, 6ornaHu TapTMbU 6upra TeHr bynagu:

N= o =1

A.O M.O A.O

IV 14 - paem. Bogopog MonieKynacuHUHr
x.ocun BYnULLIN.



H (IS |

IV 15-pacm. Monekynsp BOLOPOS,
VNOHWHUWHT Xocun Gynuwv.

Monekynsp BOAOPOS UOHUHUHT \OCU BYNULLIN:
H+H+—» HZ

BofopogHuHr Is opbutanngaH ~ocun 6ynraH Moaekynap
opbuTtanHu 66F-Is waknuga ndoganainmus (1y15-pacm).
Jemak:

H{s) + H+ Kk o= 1s0], N=y

H+ - 3appavacugarn 6upruHa (Is') anekKTpoH Wy opbutanHu
arannaraH 6ynagun. bywawitupysumcu 6y congaty pagu.

Monekynsp re/iii NOHM Ba MOIEKYNACUHUHT X,0CMA ByauLn.
Monekynsp renuin noHn H”Aga yurta Is a1eKTPOH MLWITUPOK 3Tagu.
Monekynap rennin Me2 wnoHupa 6utta 60rnoBYM opbutanra
MKKUTa 31eKTPOH, 6uTTa 6ywawTupyBumn opbutanra 6utTa
3MeKTPOH Xoinawaan (1Y 16-pacm).emak,

HeflS2) led S')

1V 16 - paem. Monekynsap renuii He2WoHWHUHT \ocun Bynuwn.
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He (is2 + He' (Is)  HeBlalw « 15)2 « (cBiw  1s)2

bornaHuw Taptmbu N>0 6ynagu. LLyHUHr yuyH xa’n”atna
Monekynsap renuii Ve , MOHW MaBXxyaump.

ennin monekynacuga —He2 aca 6utra 60rnosun Ba 6utTa 6Yy-
WwalTmpysyu opburannapra rennii aToMmnaru MKKuTagaH anek-
TpoHnap 60pnb xolinawagn:

He (Is2 + He" (Is)  He, [cw  1s)2 « (aGuu » 1s)7

By epga 60rnaHuw TapTMbU HOAra TEHT BYAraHANIN YYYH reauvi
Monekynacu He-, MaBXyp amac. UyHKK 31eKTpoHNap 6unaH TynraH
OywawTnpysum opbutan, 60rnoBun opbmTan TabCUPUHU YK
Kunué robopagm.

[aBpuii cuctema MKKMHYM AaBp 3neMeHTNapyu Mofekynanapu-
HUHT ~ocun GYNUWWHU TYWYHTMpMWAa, atomMaap 6upuHum
KaBatngarn 3fnekTpoHNap KUMEBWI 6OrnaHULWHWMHE \ocun
bynuwnga MWrupok atmangm gebé daps kunammns. Y xgnga
aToMaaru p-371eKTPOHNAPHUHI MAarHUT KBaHT coHnapu X=0 Ba
?i=l 6ynuwmn cababnu 6y 3neKTpoHNap Mojekynaja a Ba 1 -
opbuTannapra XonnaHuWmn MyMKUH. AbHU:

A=0 a=2
X=41 n=4

By epfa X;am 3/MeKTPOH/IAPHUHT TakKcuMaaHuwmnga Maynu
npuHumnura, F'yHg Ba KneukoBCcKuil Kompanapura puos
LUNANHAAN, ABHU 3HEPTUAHUHT MUHUMYMIa UHTUAULL NPUHLANK
y3 KyuumHU cakgaigun. HOKopuga KenTupuaraH Mynox™asanapHu
Muconnapga Kypmb umkamms.

Nntnii monekynacu Li, HUHT UKKK Li aToMugaH mMonekynsp

Li + Li —>Li3

op6uTannapy xpcun Gynuwnga NMTUiA aTOMUHUHT op6uTaniapu
WWTUPOK 3TU6 GOrNaHWILHK t03ara Kenrupagu:

Li (2s) + Li (2s) -> Li, |o6n *25)2
Bornanuw TapTném:
N=2-0/2 =1

Jemak, MMTNIA MONeKYNaCUHUHT Li, MaBXyZnuru mabaym.



I>ciijijinic aTOMNapMHUHT y3apo Tabcmpuga 2 s231eKTPoHIap
forganuwiaa MWTUPOK 3Taau:

Be (212) + Be (252 -» Be2 [(cTar * 25)2 (a6 * 277

1>epunnunii MONeKyNacMHUHT Xocun bynuiwimga 6utta aéiea 06w
opbuTannap anNeKTpoHnap bunaH Tynagw.
bornaHuw TapTnoun:

N="p =0 raTeHr.

Odemak, 6epunnuii monekynacmpga 6ornosunm opb6utannap
TabCUPUHK ByLLAWITMPYBYM opbuTannap Wyk, K,unnb obopaan.
HaTtwxaga 6ornaHuw pyin 6epmaiign. Xak,uk,atgaH \am 6epun-
NNiAi MONeKynacn MaBXyf aMacnurun ncboTnaHrax.

Bop monekynacuHuHr \ocun bynuwnga.atomnapgaru 2\v2sa
2p' 3NeKTPOHNAP MONEKYNAP OpOuTan XPCUa KUANLWga N TUpPOoK
aTagu:

B(2v2-2p") + B(2s2 m2p") - B,Ka( -2s)2 (nw « 2s)2 (n6x « 2/;)2
BornaHuw TapTmowU:

N = 6 - 0/2 = 3 ra TeHr 6ynagw.

Jemak, MKKUTa 60p aTOMUHWMHT y3apo TabCUpPW HaTmXacmga
mMonekyna xpcun 6ynagu. X,akukaraH xam 60p MOAeKynacu
MaBXy4nmru Taxxpubaga TacAuKNaHraH. ,

Kucnopog MonekynacMHUHT xpcun 6ynuwinga aToMAapHUHT
2522(f anekTpoHnapu nwTtupok atagn (IV17- paem).

AO M.O AO

IV 17 - paem. Kucnopog MONeKynacuHUHI Xpeun 6ynuiuu.
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0(252 +2f) + 0(2.8" » Iff) —» 0 2aGF « 25)2 (oftfi *25)2 « (abF
« 27)2 (2160, -ZDy'KyLu -ZDf\

BornaHuw TapTnbu:
N = 8-4/2 = 2 bynagw.

Kucnopog MonekynacuHWHI 2k yw opbutanuna GakaT MKKUTa p-
3N1eKTPOH 6op, Baxpnanku 6y opbutanga 4 ta anekTpoH \am 6ynuumn
MYMKUH 3aun. LLly cababnu MyHp Kpmaacura 6MHOaH UKKUTa 24,
OywawTMpyBUn opbuTanga 2p-aNeKTPoH napanien CiMHHapraara
6ynuwun Kepak. by xw Maynn npuHumnura 3mg amac. YyHKu
3N1eKTPOHNApAaH 6UPUHUHT MArHUT KBaHT COHWM A= —1 Ba UKKUH-
yncuHukn X = +1 gup. WyHpan kunnb, monekynsap opbutannap
YCYNW KUCNOPOS, MOMIEKYNacmaa MKK1Ta ToK, 31eKTPOH 60panrnHu
Hasapuin n3oxgab 6epau. LLUYyHWHT yUuyH KACNOPOS KAN VK, X4aTaa
mMarHuTra toptunagu. KynruHa nonnapga atomnapHu 6up-éupura
TabCUp 3TULWIN Ty(aitnm 60rnaHnL BY>XKyAra Kenwmaa MMrrnpok
aTaéTraH opbuTannapHMHr TabuaTura K,apab XpcHn 6ynraH mone-
KyfnanapHuHT yxXuwallguKnapuHy Tascudial MyMKUH.

MacanaH: a3oT MOAeKyNaCUHUHT \ocun Bynnwnga aTOMHUHT
2s12p' aneKTpoHNapn NWTUPOK 3Taaun:

N(2s2¢ 2/F)) + N(252¢2?) -> NZ(o6d.* 2s)2 m(06LL * 25)2
|(0Qd.+ 2p)2 (i€} * 2p)4]
A30T Monekynacuga 60rnaHuLW TapTMom yd’ra TEHT:
N=8-2/2=3

[emak, a30T Monekynacy MaeXxyg Ba 'y Hu\oAtaa mycra*kamamp.
NeknH yrnepog (W) -OKCUAMHUHT X,0cnn Bynuwinga yriepog
aTOMUHUHT 2V2¢ 2p2 3/1IeKTPOHNAPKN, KUCOPOA aTOMUHUHTE 252 o
2j? aNeKTpOHNapn MofieKyna Xpeun KMamwaa nwTupok atagu:

C(2s2 * 2p2 + O(2s2 » 2(f) -> CO [(aGxe 25)2 * (afyine 2s)2-
(ofi.* 2p)2m (2nGom2p)4]

Yrnepoa (M)-okcng MONeKynacUHWHI Xpcun 6ynmwimnga 60r-
NaHuw TapTnou

N =8-2/2 = 3ra reHr.



Nl ap a KO MonekynacuHUHI \ocun 6ynuwimngaru TeHrnama 6unaH
yrnepof (H)-okcup monekynacuHWHr \ocun 6ynuwmngaru
Iviiinamamn Takkocnacak,Xxap ukKanaTeHrnamaga xpcun oynrau
60rnoByYn Ba GywawTUpyBYM opbuTannapga >koinawrau
>/eKrpoHnap yxwaw 6ynraHnuru cababnu, asot MoJsieKynacu
6unaH yrnepog (M)-oktun monekynacum KWMEBWUIA Xoccanapu
XuxgugaH xam 6up-6umpura yxwawaup. Macana,

2CO + 0 2—>2C0O, —ocoH

N2+ 02—>2NO - K,uiinH

Monekynsp opbuTtannap ycynu épgammpa sHaga Mypakkao
MOMEKYNaNapHUHT TY3UANLWWHA TYTpU Tank™MH KUAMW MyMKUH.

Mypakka6 mogaanapfa KUMEBUIA 60rNaHULWHUHE BMp Heua
rypnapuHy yupatuwl MymkuH. MacanaH, mnc (M)-cynbat Ty3u
Kpuctannrugpar 6ynraHum ydyH Tapkubupa 6ew mMosiekyna cys
cak.naigmn, avHu CuS04 ¢« 5H,0 ékum [Cu(H2D)4) S04 « H,0
KYpUHULLIAA E31MW MYMKWH. ByTy3 KylingarnyaguccoyunaHagm:

[Cu(HD)4 S04+ HD |Cu(HD)Ja + S042+ HD

Ocmak, [Cu(HD )42 noHm 6unan S042 noHW opacuga MOHAU
6ornaHnw wmaexyp 6ynca, Cu+2 moHun 6unaH TypTTa CyB
MoJieKynacu opacuga JoHop-akuentop 6ornaHuw, [Cu(H2D)4]
S046unaH 6up monekyna cys opacuia aca Bofopof 6ornaHuiunap
6opAurnHN Kysatuw MyMKWH. By moppa Tapkubura kuprad
Bogopos 6unaH Kucnopog opacupa aca KyTbnu KoBaneHT
6ornaHuw, ONTUHTYTYPT atoMn 6GunaH Kucnopog atomniapu
opacupa aca, KyTbcus KoBaneHT 6ornaHuw 6op.

1V.12. MONEKYJIAJIAPHUHI ANTMOJ/Ib MOMEHTU

Kyr6naHraH monekynanapfga atomsiap opacuja 3n1ekTp 3apsj-
HapW TeHr TaKpymaaHMaraHamru cababnu monekyna CUMMETPUK
6ynmaingn, maHguii Ba MycbaT 3apsgnapHUHT Mapkasnapu 6up
nykrara Tyrpy kenmaingu. MaHguii Ba mycbat 3apsgnap TeHr 6y-
w6, Mapkasnapu 6up Hyk“Taga GynmMaraH Xap K,aHgain cucrema
avnone aeb atanagu. Ly cababaaH Kyr6avM monekynanap \am au-
nonb Gynaau.

KytbnanraH mofiekynaga kyrénap 6up-éupugaH k"aHya y3ok;
6ynca, Kyrénanrannumk LWyH4a okppu ynaau. Kyténap opacmaaru



macoa AMNoAb Y3yHAUTW Ae6 aTtanagn. AUNoNb y3yHAUTUHUHT
3apsAgra KymantMaen AUnoNb MOMEHTUW Aeidunagu:

/

Oy epAa: LI - 4MNOJb YIOMEHTHU: € 3apsj, 3NeKTPOCTaTUK 6UPIUK;
/-BANONb Y3YHUTU. CM.

Kyr6naHmanuw mogekynanapga 1= 0 6ynca, funosib MOMeHTa
U = 0 6ynagn. Bupnkmanapga AunonbL MOMEHTW opTraH capu
ynap MoH 6ornaHuWAn GHpUMKManapra skuHnawagu.

Kylinparn xagsanga 6ab3u 6MpUKManapHUHT AUNONb
MOMEHTU KypcaTWUraH:

KyTt6nawaH Aunonb Kyr6nanmaraH Awvnonb
mMonekynanap MOMEH in MONCKYN.Wap MOMEHTH
HD 1,84 «10: CO,

SO, 160 m10: CS,

NH, 1,46 -101 N,

H,S 1,10 « 10

HCI 1,03 «10;: 0.

HBr 0,70 « 10:-

HJ 0,38 « 10

Avnonb MOMEHTU nNek Top KaTTaNuKAUp. Arap mMonekynajga
6up K,aH4a KyT6nM 6ornanubl 6ynca, y \onga MONeKynaHUHT
YMYMUWIA AMNOAN ano\Mpa oNMHIraH 6oknaHuwnap gunonnapu-
HWHT BeKTOp WUTUHAUCUTA TEHT 6ynagu.

IV.13. MOJIEKYJTA TABCUP KYUYNTAPU

Xo3upru i« i« 1MONOKy.wmw 6upuKmanap, KaTTuK,, CYHoK, Ba
raseMMoH MOALANAPHUHT TY3UAUWUHN Ha \ocun BYNMLWNHK
KOBaNneHT, MOH Ma Merann 60rnaHuW nyk,Tau Hasapupgad
TYWYHTUPULL MypaKKaGauruda PAMoKaa.

ByHra mucon tapukacufa WHepT TasfapHU KypcaTull MYMKUH.

By anemeHTnapuuHr atomnapu cepuk cCUMMCTpuUAra Ba
6apK,apop 3NeKTPoH KoHpurypauma™ (ns’, np() ata 6ynraHnnru
YUYH OK,0pufa aTUAr3n KUMEBWUA 6ornaHuwnapHyu \ocun uuna
onmaign. Myidiaiv non”™ TemnepaTypa atpoduja WHepT rasnap
CYIOL, Ba K,aTTVK X0Nan a yTKasH/raHja aTomnapHuHr 6up-éupura
Tabcmp Kyunnpm!!l'- -v;TnnM MyMKuH. Mopgdanapgarn 6yHpali



i.iuiip Hali-gcp-Baanbe kyunapu Ba Bofopog 6ornaHui \ucobura
HY>KYArn Kenaauw. lemak, Karn vk, Cytok, Ba raz\ogatugaru ¢asaga
3apsafnaHMaraH aTom Ba MOJeKynanap opacuga xpceun éynaguraH
TOPrULWULL KyYWHW 044NN BaNeHT 6ornaHuL TyLyH4YacK acocuaa
rywyHTMpn6 6ynmaiign. byHai Kyunap MaBXya/JurnuHm Kynngarm
(j>akTnap Tacgukpangm:

a) O44MIA rasnapHWHr ugean amacauru. FasnapHUHr ugean
\onatn MeHgenees-KnanenpoH TeHrnamMacu 6unaH udoganaHagu:

PV = RT

6y epga, K-monsp x,@km, P-6ocum, 7-myTnak, Temnepatypa, R-
ras yHmBepcan JOMMUicuy.

Wpean 6ynmaraH rasnapfa y3apo FOprunwl Kyydu Tabcup
Kypcatagu. LLUYHUHT yuyH lOKppugarn TeHrnamara ysraptupuil
\agnapu Kupntungm:

(P +P)e(V-B) - RT.

6y epga, V-monap x,@kmM, B-monckynanapHWHT \axmnapuHu Ba
Mabiym Macogagarv ysapo TOPTWAMLL, KYUYMHU X,ucobra ona-
auraH ysraptupuw KoadpuuneHTn, Awmukn 60CMM  XOCUN
bynuwungarn MonekynanapHWHI y3apo TOPTUWYBMHM \Mcobra
onaguraH "ag. by kywumyanapHu 6upuHumn 6ynn6 1873 iunga
BaH-gep-Baanbc kuputraH.

6) XKoynb - TOMCOH 3PgheKTn. :
a3 roBak TycuKAaH yTraHfa y3 \aXXMuHu KeHraiitupca, 6YHUHT
\ncobura TemnepaTtypa nacasgu. by xpaucaHu wra \@XMUHUHT
KeHranwun Ba Monekynanap TOPruWwnW KyYUnuHI Kamanuwm
6unaH n3oxgall MyMKWH.

B) OLAWIA BaneHT 60rnaHULW XpPCUn Kpna onmaiguraH uHept
rasnap ropTuLML Kyun X.mcobura sHeprus axpan né unuapun,
CYIOK, Ba K.aTTuK, hasa Xpcun K,unmb KongeHcannaHuwm MyMKWH.

BaH-fep-Baanbc Kyunapu Kyimaaru xycycuarnapra ara:

a) BaH-gep-Baanbc Kyunapu ogauii BaneHT 60rnaHuwpgaH
Kyyens. MacanaH: x/iop MONeKynacUHWHI aToMaapra axpanuil
HeprusAcy (AbHM KoBaneHT 6ornaHuw 3sHepruscu)- 2,34 ¢ KO3
X/monb ra, KpucTann xpngaru XA0pWHHT cybanmanusnaHuL
(ryrpmpaH-nyrpy cylokgaHmacgaH 6yr xonarra yTuwun) aHep-
rmsacy - 2,52 « K)4XK/MO/Nb ra TeHr.

6) BaH-gep-Baanbc Kyunapu oaauidi BaneHT 60ornaHuilra yxwab
iylinnyBYaHAMK HAMOEH K,ua onMangu.



Jcmak, nKku Ta A Ba Batomiapu opacugarv TOpTULWNL Ky4uu
6oulla aToMmnapHUHT 6ynuwura 6ornuk, smac. MacanaH, A, B,
C aTOMNApUHWHT TabCUP 3TULW 3HEPTUACUHKU, A Ba B atomnapu
Tabcup aTUW 3Hepruacura AC Ba BC aTOMNapuUHWUHT Tabcup
3TUL Ha3apuUACUHMN KyW NG X cobnal MyMKUH.

BaH-fep-Baanbc KyynapuHUHT Xpcun 6ynuw cababnapuHu
Ky/ngarnya TyLWYHTUPULL MYMKUH.

ByHUHr cababu, 6upuHUMgaH, Monekynaga 4unoab MOMeHTH-
HUHT Bynuwnanp. by xpnataa MKKWTa AUNOHUHT OAAWIA 3N1eKTPO-
CTATUKTOPTULLMLLW HATVXKACKAA YHUHYUM Ky4CU3POK, OyNraH Tab-
cup Kyum \ocun 6ynagw.

By xpaucann 1912 iinnn B. Keesom Kyiuparuya naoxaab epau:
VKKWTa Bup Xunn 3apagau Kyténap monekynanapu gunonnap éunax
nTapuwagmn, xap Xui3apagan Kyténu Monekynanap aca TopTuLiagu.
AbHM MKKana Monekyna Typv 3apagan Kyténapu 6unaH opueHTa-
umusnaHuwWra xapakat K,unagu. ByHpain xpnatga y3apo utapmami
Ky4u Mab/lyMm MUKLOpAa KomneHcauuanaHagn. LUyHuHr \ucobura
MofeKynanap opacuga fOMMWIA gunonnap Tabcupuga Kylmmua
TOPTULINLL Ky4yn —OpUEeHTaLMOH Kyd Xpcun bynaau, monekynanap
AKMHNaWwagm, Hatmkaga émup-bupura Toptuna 6ownanaw.

3apagnapHUHr 6up-6mpura TabCUPUHKU KYNTUHA Xpanapaa
aHeprusa (abHW 3apsgnapHu 6up-6upupgaH 6atamMom akpaTuul
YUyH cap® 6ynraH aHeprua) mukgopu 6unaH udgopanawl kaoyn
K,unnHraH. byHpail Tabcup HaTukacuga xocun GynraH ypTava

-2/i4 -V -N
aHeprusa mukgopn U = -—---—-- ékm U n= -—-—---- - raTeHr.
' 3r" KT 1 *3RT -1T

By epga; 4 - AMNONb MOMEHTU, 4—AUNOANAP MapKasu
opacugarn macota, K-bonbumaH gonmniicn (1,380 « HO63pr/r),
T- MyT/ak, Temnepartypa.

By TeHrnamagiaH KypuHu6 TypubauKun, OpueHTaLmMoH ahdekT
NCCULANK SHEPTUACK Y3rapuLLVHWUHT TeCKapu K,MiMatn 6ynraHu
YUYYH MyT/aK, TeMneparypara TeCKapy nponopLuoHangmp.

MKKnHumnpgaH, BaH-gep-BaanbCc Ky4YnapuHUHT Xpcun
oynuwunra cabab, monekynanapHu ypab TypraH WHAYKUWOH
aunonnap 6unaH monekynanapHUHI KyTonaHUWmM opacuia Tabeup
KYUYMHUHT BYXyfAra kenunwugup. Arap'Mmofiekyna gunofb
MOMeHTUra Ky 3apafra ara 6ynca, y Xpfiga KyWHU MONeKyaHu
CUDKUTULLTA XapakaT b;unagu, Wy Tabeup X,ucobura Loumuii
XPCUN KOJMHIaH gunonniap ypracuga TOPTULLNLL BYXXYAra Kenagu.



hup Hak FHWHT y3uaa KyLIHW MOfeKynanapHuHr Kyténapu Tabcu-
puga\ap 6up MoneKkynaHuWHI geopMaLMacy xam BYXXyara Kenaau.
by fedhopmanms HaTmxkacuia By)Kyara kefraH 4UNoANapHUHT y3a-
po \ucobura x,ocun 6ynraH Kyy MHAYKLMOH Kyd Aelivnagm Ba y
MONEKYNaNapHUHI y3apo TOPTULLYBUra 016 Kenaauw. by Kyunap-
u UHT OpMEHTALMANAHNLLIN MOIEKYNanapapo TabCup KyUYNHUHT Op-
Tuwura 6ornvk, bynagu. lemak, MoneKkynanapHWHI KyTonaHuwm
NKKW 3P EKT HaTmKacmanp, AbHU KyTbnaHWwW—epueHTauns-
NaHuW-gedopmalmanaHmil. 3apsanaHraH Monekyna KyLwHu mosne-
KYNaHWHT AUNofib MOMeHTUHY 1/r2ranponopumnoHan nHAyKLmns-
navign.bBy epga, r-monekynanap opacmgaru macoda.y xpnja sapsg-
naHraH monekyna 6unaH MHAYKLWOH AUNOAbL opacugaru Tabcup
3Hepruscu 1//-4ra nponopunoHan éynaau.

OvnonnaHraH MONeKynaHWHT KYWHU MOeKyna AUNosb
MOMEHTUHW MHAYKLMAnawwu I/r' ra nponopymoHangmp. L yHuHr
YUYH LMNO/b 3HEPTUACUHUHT UHAYKLUMOH gunonra Tabcupun 1/r6
ra ysrapagu.

KyTt6naHraH monekyna 6unaH unonb TabCUpU HaTuxKacuja
KYLUHW MO/IeKynanap MHAYKUManaHraHa xpeun ynraH Kywmmya
3Heprus [debai aHeprusacy EKn MHAYKLIMOH TabCup 3Hepruscu aeb
atanagu. Arap MOJIeKYNaHWHT AMNOAb MOMEHTW - L, 6ynca,
MOJIeKynanap opacugaru macoga r-éynca, KyténaHuw -a 6ynagu.
Y \onga [ebait saHepruacu (Ekn MHAYKLWOH 3HEPrus) Kyihngaru
TeHrnama 6unaH udoganaHagu:

KytbnaHraH Ba Kyr6naHmaraum mofekynanap tabcupuga \o-
cun 6ynraH aHeprusHuHr [ebaii sHepruacugaH (apuu Wykwm,
6upuHun HaB6aTaa, KyTbnaHmaraH monekynaga MHAYKUUOH An-
nons \ocun 6ynagm, 6y aunonb KyTénaHraH Mosnekyna gunonna-
pLU & TabCup KypcaTagu.

By vKku thakTop BaH-gep-Baanbc KyunapmHu TaBcugiawja
KaTTa ponb yiWHawwura kgpamain H2 CI2 N2 CH4 Ba 6oLuik,a
Mopfanap LaTTuK, EKU cylok, \onatga oynuwn cababuHm mnsox,-
nab 6epa onmangu.

LLYHWHT yuyyH aToMnap 6unaH Kyt6naHMmaraH mosnekynanap
ropTUILIMIW Ky4yn Ba KyT6naHraH mofekynanap TabCcumpu
HaTuxacuga \ocun 6ynraH Kywmmya agekTaaH Tauliapm
yunHun apdekT 6ynmwn kepak. by apdekTHn 1930 iunnu
MoHgoM Kyhmparumya TyWwWyHTUpuU6 Hepagu.



ATOM-MONIEKYNIAP TY3WANL Hazapusacura 6uHoaH x,amma 3ap-
payanap MyTnak, HoNb Temnepatypaja Mab/liymM MUKAOpAa
3Heprusra ara 6ynagn. by sHeprua Mukgopu Hu Meli3eH6eprHuHr
HOAHUKAWNK NPUHLMNN OPKann TYLIYHTUPULL MYMKWUH. AKC X443,
3HT K\yiM HyK,Tafa NOTeHUWan 3Heprus MUKAOPW, aToM Ba
MOIEKYNATAPHUHT XXOMNaLLraH YPHU aHWK, Mab/iyM 6ynnLIn Kepak.
By aca lNeil-3eH6ePrHUHI HOAHUKAWUK MPUHLUNWTA 3K[ Kenagw.
LLlyHWHrgek, anekTpoHnap opbutan 6yiinab sgpora HucbataH
foumunii \apakatga 6ynuwmn Ba \ap K,aHgain atomga myc6aT Ba
MaH(punii 3apagnapHUHr Mapkasu 6up-bmpura ryrpu KeaMacauru
X,Mcobura gunons xpcun 6ynagn. by AMMNONHWHT AyHanUwWn Te3
y3rapagu. by y3rapuw MUKAOpPW orvp atomniapga 3apagiapHuHr
MyHanuwun 6unaH TeHrnawaau, WYHWHT YUYYH ynapga Lunosb
HonraTeHr 6ynagn. Arap 6y y3rapuwHu aiiHu dypcatga cypatra
onnHca (macanaH, renuik atomupga), A4po artpodumparu
3NeKTPOHIAPHUHI HOCUMMETPUK XOlNnawraHMHm Kypamus.
ByHpal HOTeKMC xolnawmil KUckg Bak,T numga \ocun 6ynraH
AMnonHW pyé6ra unkapagun. byHaai ounonbs MKKMHYM aToMfa X,am
cogup 6ynagm Ba gmnosnnap y3 Hasbatuga 6up-6upura xygum [ebaii
athhekTM EKM MHAYKLMOH 3h(heKT Kabn Tabemp KypcaTaaum. by aca
CUCTEMA IHEPTUACUMHUHT Kamaiuuwra onnb kenagu. By Tabcup
Xyfa Kydcus 6ynmb yHW AuMcnepcuoH aHeprus éku JIOHLOH
3Heprusicn feb atanagu Ba MUKAOPW KyiAupgarn opmynagaH
aHnKgaHagn:

By eppaa, hvo-\ap kaiicu monekyna éKm aTOMHUHI MyTnak, Temmne-
paTypagarn 3Hepruscu.

MyTnak, HonbTemnepaTtypagarv aHeprus hvotaxMmHaH aToM-
HUHT WOHNAHWLW 3Hepruacu / ra TeHr. Y \onga roKppuaarmu
TeHrnama Kyiugarn KypuHuiira ara éynagu:

KOkopuaa KenTupuiaraH TeHrnamanapfaH KypuHaguku, 3apsag-
NaHraH aTOMJ/IapHU MOJeKynanapfaH axpaTvuw yyyH Mabaym
MUKAOPAA 3HEPTUA capd K,unnw Kepak. By aHepr us TabcupaaHuLL
3HEPruACKMHM ngoganaingn. Tabcup KyYMHU Xpcobnab Tonuw y4uyH
TeHrnamaHum Y ra HucbaTaH guddepeHunannal Kepak.
LyHpai bywnb, rokopuga KenTupuarad yyta aktop épgamu-
[a BaH-gep-Baanbc KyunHu x,ucobnab tonuww MyMmkuH. 1VI-xaa-



Kannam KypuHu6 Typubaukn, CUMMETPUK XOMnawraH aTomnap
eku MOJeKynanapfa AUCnepcuMoH Kyd MaBxyf. By Kyd Kam KyT6-
NaHraH Mofiekynanapgaryu atomnapja roBopu, Kyn KyT6iaHraH
MoseKyna éku atomnapga nact 6ynagu. Kyn kyt6naHraH monekyna
€KW aTomnapAa opueHTaumnoH agdekT rosopu bynaau.

Arap loKppugarn TeHrnamanapgarv ysrapmac “miiMatnapHu
6upnawTupcak, MofieKynanapapo TOPTULIUL 3HEPTUACUHM
noganaigmrad Kynngarn TeHrnamMaHn X,0CMn K,unamms:

ropr
6y epaa;
2G4NO 3a2 « hv
h 3RT A3

Arap MofneKynanap opacuga macoga Xyga Kuuuk 6ynca, utapu-
LW Kyyn x,0cun 6ynagu:

Upr= m/r2

By epaa, m-y3rapmac MTapuanw KoHcTaHTacu. tapmaui Kyum
MoOsieKynanapapo mMacoa KuyuknawiraH capu xypga Tes opTub
6opagu. Y x,0nga Monekynanap opacuaarn ymyMuii Tabcup Kyuu
KyiAungarura TeHr 6ynagu:
n= I/I'mr'i' nin
eKu
B h_+m
W=m F rp
1V. 1->kagsan

Typnu mMonekyna Ba atomnapgaru BaH-fep-Baansc Kyunapu

ATtom [Aunonb  Kyt6na- WoHnaHuw OpueHTauusa- WHAYK-  [ducnep

éKkn MOMEHTU HYBYaH- 3HEPrUACKU, JAaHWULW 3Hep-  LUWUOH cuoH

mone- M -10'8 5wk, rmacu aHeprua- Tabcup

Kyna an-ct.em  a-102 / cu IHep-
cM3 rmacu

He 0 0,20 39,25 0 0 12

Ar 0 1,63 24,67 0 0 52

Xe 0 4,00 18,42 0 0 217

co 0,12 1,99 22,91 0,0034 0,057 67,5

Ha 1,03 2,63 21,95 18,6 5,4 105

N11. 1,50 2,21 25,63 84 10,0 93

1,0 184 1,48 28,84 190 10,0 47



IV.14. NOHJTAPHVHI  KYTBAAHULLA

Bup-6upunra K,apama-K,apLum 3apsgiaHraH noHaap TabCUpuHM
Kypub umk,amu3. By Tabcup HaTmxacuia vMoHMap y3apo gegop-
MauusnaHagu ékn kyténaHaan. Typnu 3apsgiaHrad MOHNapHUHT
6up-6upura SK,MHIAWNWN HaTKacuga 3N1eKTpoHaap sgpora
HUcbaTaH CUMDKMWKM X,Mcobura MHAYKUMOH gunonb U, \ocun
6ynaan. ByHpaain xpnataa KaTMoH aHWOHTa Ky4nm Tabeup KypcaTtagp.
AHWOH MaifoHN 6unaH 3M1eKTPOH opbuTannapHWHI Ba Myc6arT.
3apsaiaHraH KaTMoH MafOHHWMHT GUP HaK,THUHI y3nia SApojaH
nTapuauwn geopmaumanaHullra onud kenaaum. bup Bak, THUHT
y3naa Xygan WyHJal aHWOH KaTuoHra Tabcup Kgnagu. Katum-
OHHWHI paguycu KUYuK 6ynraHu ydyH getopmaumoH sgdekT
MUKLOPW 03pPOK,.6ynaau.

Kyrénanuw nkku xxapaéH 6unaH: 6upnHYntaH —1OoHMapHUHT
KyTONaHUWW; MKKWHYMAaH — KyTbnaw xycycuatnapu 6unaH
TaBcunaHagun. Y xpnga WHAYKUUOH AUMOSb MOMEHTU WOH
3apsAgMHN AUNONb Y3yHAUTWUra Kynantnupmb Tonmnagu:

(1=/s/s ékm  \iza-E

6y epaa, E - KyunaHuw MaingoHu', a - KyT6naHuw.
KynoH KpHyHMra MyBO(MK, Ky4YnaHWW MaigoHW Kyimpgaru
TeHrnama 6unaH aHMKAaHagw:

y\onga,

By TeHrnamajaH KypuWHWUG TypubaMKU, WNOHNAPHUHT
KyT6nanmw 6upnurn 1 cm33appavanap arannaraH maingoHHU
ndoganaingn. Jemak, KyT6naHUWHM TaXMUHaH a = I’ OPKA/K

ngoganaw MymKuH. Y xanga r= 10scm bynca, a ~ 10 2 cm3ra
TeHr bynaau.

Busra MOHNAPHUHT KYTONAaHWULWW, YNAPHUHT 3N1eKTPOH Ty3u-
nvuwura, 3apagura Ba paguycura 60riMkKauru, abHU a4po unax
TalK,M KA4BaTAa >KoWnawraH 37eKTPOHAap 3Hr kam Kyy 6unad
6ornaHraHnnrn mabnym. LLUYHUHT y4yH MOHIApHUHT KYT6NaHWULWn
TallK,M KaBaTfa >XoinawraH 37eKTPOHNapHUHT aedopmanusciu,



1M V> Kalien 6up-6upura TarcupnaHaétraH WMOHNAPHUHT
la. b KaBaTugaru 3NeKTPOHNAPWHWUHI Aaapora HucbaTaH
CM/DKMLLN HaTuxKacuja cogmp oynagu.

Arap voHnap 6up xun 3apagnv Ba paguycnapu 6up-6upura
amw 6ynca, y \onga:

a) 9Hr Kam KyTONnaHuWLW WHCPT rasnap uoHnapuga 6ynuwu
MYMKWH;

6) KyTOnaHuMW ialKn K,aBatga 18 Ta 31eKTPOHM OyaraH MOH-
Hapda SHr KaTTa KuiimaTra ara 6ynaaw;

B) Ky TonaHunw d-opbutannapun anekTpoHaap 6unaH TynMmaraH
MoHNapfa ypTaya Kuinmatra ara 6ynagu. Kywmmya rpynnava ane-
MEHTNapW WOHNAPUHUHI KyT6naHuwmy optubd 6opagmn, YyHKM
3NEKTPOH KaBaTnapuuunr opTULIW TallKW KaBaTAarn 31eKTPOH-
HapHWHI aToMAaH opTuLnra YmKmbé Ketuwmra onmb kenagu, by
aca AAPOHMHI MYKW KaBaTAaru 3/eKTpoHnapra HucbaraH Tabcu-
PUHW KyYaTMPULLK HaTuXacmaa opbutannapHuHT gehopmaLms-
naHuwura cabab 6ynagu.

Arap anemeHT TYp/u 3apafnu MOHMap XOCUN Kunca, 3apag op-
TG 60puMLKN GMNaH KyTbnaHMW Kamaiinb 6opaan, YyHKM UOH pa-
anycu Kamaiumb 6opagu. bab3u moHnapga, macanaH, Mg+2 Na+
F, O2 ga KyT6naHuUW AP0 3apsan Kamannwm 6unaH optnb 6opa-
OV, YYHKWU By 3nemMeHTNapHUHI 3MeKTPOH KaBaTnapu 6up xwn,
WYHWHT YUYYH SAPO0 3apajmn Kamainuwmn 6unad KyT6naHyBUYaHIUK
opTaaw. »

[Jemak, mycbaT MOHHUHT 3apsan KaH4ya KaTTa, paguycn KaHya
KWYMK Ba 3MeKTpoHnap opbuTannapia Myctakam XoWnalraH
6ynca, KyT610BUMANTI LWYHYa tOKOpY Bynagn. AHUOHNAPHUHTY -
Yyamuy KatTa, 3apsaan KMYMK 6ynraHnnru, ynapHu KatmoHra Hucba-
TaH KyT6M1al xoccacy Xoc ynmaraHn yyyH KyTénaHuw 6up To-
MOHNama 6ynaan, ne6 kapall MyMKuH. LLIyHAain Kunmb. MoHnapHMHT
KYT6naHuWwuHmn WN. ®asHCHUHT TypT KOomjacu acocuja Ty-
WYHTUPULL MYMKMWH:

a) KATUOHHUHT KyTbnall Xxoccacu Kopu 6yanwn yUyH YHUHT
paguycu y Kagap katta 6ynmacnuru; 6) aHWOH pagmycu KatTa
Oynuin; B) KaTMOH Ba aHWOH 3apsan KaTTa KuiimaTra ara 0y-
WILLIW; T) KATUOHHUHT 3/IEKTPOH KOH(QUrypaumsacu UHepT rasnap
Kougumrypaymacura yxwaiw 6ynmMacnurn kKepak, YyHKu 6yHpali
ML MUTYpaLmnanmM KaTMoH MMHUMan KyT6naHyBYaHIMK xoccacura
Ha 6ynagn. IKKv TOMOHNaMa UOHNAPUHUHT KyTONaHUWmn Kpuc-



Tannap Mycra\ka---b):: IMnuur éysmnmwura onué Kenagu, SbHU
CYKMyLWHMWTemMnepaTypacu ZiacaMjw. TomflepatypanuHroptuium
6unaH KyT6naHMLW xoccacu \am opTagu, YyHKU TeMuepaTypaHuHr
OPTULLIM NOHNAPHUHTTEOPAHULLINHN KyYaiTupaan. VIoHnapHuHT
6up-6upura AKUNNAWMHL 3ca MONYa eTPyKTypacuHW y3raptu-
puwra, sbHU NONMMOPHU3IM XpAncacura onmbé Kenagu.

IV, S5. BOAOPO/ HOFjIAHMLII

Bopopos Ky4ynum 3anekKTpoMaH(puii anemeHT 6unaH Gupukca,
Kylwumya knumésmii 6ornaHumw \ocun 6ynagn. LLUYHUHT yuyH
BOJOPOAHVHI KOOPMUALLMOH COMM UKKWU Fa TeHTr Oynaan. ByHpaii
Xpnatia BOAOPOA a4eMn KKK Ta 3appada opacuga Acyvnpuk” Basu-
thacuHu Gaxkapagu.

Xocun 6ynraH Kyl umya 60riaHu acocuii KoBaneHT 6opna-
HUWAaH 6UpMyHYa Kyyeuns bynaan. UyHKM KywmMmya 6ornaHumi
KUMEBMIA Ba MOfeKynanapapo 6ornaHuwnap ypracuga cogup
b6ynagn. byHpaii 60,:4aHWrM BOAOpPOA GOrnaHuw Aennnagu.
Bopopog 6ornaHuw 1880 iimnga VI. A. VnbuHckuii Ba H. .
bekeTtoBnap TOMOHMAAH aHUKAaHraH. Bogopod aTOMUHUHT S
opbuTtannpa 6mnyya 3NeKTPOHH 6Gop. BUpPMHUM KOBaNEHT
6ornaHuw Xxpcun 6ynuwm 6unaH y-opbutan TyimHagm Ba
BOLOPOJ y3rapmac 6UTTa KOBaseHT 6ornaHuw \oeun kunagwu,
UYyHKM 2vBa 2p op6.Mm annap xyja kana mueprnsara sra 6ynraHu
YUYYH ULWITMPOK 3Ta >.aManay, LLlyHra acoeaH MKKMH4YU BOAOPOS
6ornaHuw ano.\ngn ypuH TtyTtagu. Bopgopoa 60rnaHuMLWIHUHT
Xpcun éynuwnaa BoLOpoL, STOMUAAH 3MEeKTPOHAAPHU MabiayM
Japaxkafia CU/MDKULIM Ha TvxKacmia 3appadanapHUHT xoccanapu
KECKWH y3rapaju.

Bupnkmanapga Bogopof 6unaH KMMEBWMIA 6GornaHuaa
MWTUPOK 3TaéTraK 3/1EMEHT aTOMMAapPWHMWUHE Yyn4damaapu
KaHYaNuK KMYUK so. THy cababnu )Y.eKTPOMaH(pMnuru yaHya
tokppwu bynca, BOLOPOL 60ornaHuWw Wy kagap mycta\kam Gynagu.
LLyHWMHT yuyyH BOJOPOA (hTOp Ba Kucnopog 6UnaH anyva Kyunu,
XN0p Ba ONTUHIYYYpT 6UNaH Ky4yeu3pok 60Or XpCun Kunagw.
MacanaH, BOAOpo4 60rnaHnw sHepruscu akaT aTOMAapHUHT
anekTpoMaHpuinn!n xucobura rosara KenraHga Kyrnugaru
Kniimatnaprarew 6ynagu (sofopofd 60rnaH1L HyKranapopkanm
ngoganaHran):



[T o 41«40 XX/Monb | i T N - 8368 XX/monb
N 0 -20920 >X/mo0nb o I S-7531 XX/monb

Bopopos 60inaHMW 3Heprusicm Hasapuii XuxaTgaH Xu-
cobnamraH knimatugaH 6upmyHua dapk, knnagu. byHra cabab
TYKK, BOLOPOA 60TrNaHULHUHT XOCUN 6ynninga 3NeKTpocTaTunk
labcupnapgaH Taw”apu, sogopos 60rnaHUWHWHE LOHOP-
aKneHTOp MeXaHu3M K (3NeKTPOH.'Wwpnum AenokKan msaums -
naHuwmn) cogup 6ynagun. LLyHUHT yuyyH BOAOpPOS 60rNaHULWHUHT
\ocmn OGyAMWMHN Ba WYKONUWMUHW 31EKTPOCTaTUK Tabcup
opKanu rywyHTupub 6ynmainaun. Bogopog 60rnaHnil sHeprusacu
MUWUKLOPUW Ba Y3YHAUTY OA4AWMIA MoneKynanapapo 6ornaHu 6unax
KOBafeHT 60rfaHuw opanurujgarn Mukpopra TeHr. byHpai
6ornaHuWw MONCKynafapHu XOCUN KMAWULW YYYyH eTapnu 6ynagu.
Bogopos 60rnaHuLl 0COH y3unuwm Ba Te3fa kbaita xocun 6yna
onuwu 6unaH oaanin KoBaneHT 6ornammwpadH apk Kunagu.
Kylinga sogopoa 6ornanuiura Muconnap Kentupunagu:

1.KHF, kpuctangngarn (F - H - F) - aHUOHU 4n3nknu
Tysunuwra ara 6ynu6, BoAOpOA aToMu (hTOp aToMapu ypracura
XoMnawraH.

2. OKcanaTt Kucgo7n KpucTannugarn BOAOPOA 60rfaHULLIHM
Kyiingarn mexaHusm GUHaH TYLYRA'TUPLIM MYMKUH:

r—¢ (-—-£
0X 4 N—H ... 4 0 —

ByHpain xonarga O - a...O opacugarun macoga kuuuk (0,25
nm) 6ynca, BOAOPOS 3Ca KUCOPOA aTOMMapy ypTacura CMUMMeTpUK
XolnawmaraH 6ynagn. KapboH KucnotagapHHHI gumMepnapuia
BOLOPOA 60rnaHuW 6MpMyH4Ya 6GapKapopaup, WYHWUHT YYyH Y
cylok \onatga xam cakfgaHagu:

\), U H e o/

3. Anbferngnapa nuku Bofopod 60rNaHULWHUHT XOCUN
éynuwun Kysatmnagu. TNyHU apomaTuk anbferufnapga Kypuil
MYMKWH:



WNukn BOfOpOd 6ornaHvMw KynruHa OpraHuMkK Gupukmanapga
Kysatunagu. Kynrunaxagnapga 6yHgaid 6ornaHuwy!’ reébpaHuil
Xoccanapu, AbHW noTeHunan IHEPTVA y3rapuiym Kentupuo

yn K'apagm.
Takpopnalwl y4yH maTepuan

BO6HMHT K;uc™aya masMmyHu. Ywoy 6o06ga aTOMNAPHUHT
OMpUKMLLIMAAH X,0c1n BynyBUM 6ornap macanacu Ta i WanHagu.
VoH 60HNaHuLW, KoBaneHT 6ornaHuL, MeTana 6ornaHunLl, BOAOPOA
6ornaHuLL Ba yNnapHUHT MO™MMSTKY Kypunagu. OKTeT Hasapusicura
a™amusT Gepunagu, BasieHT (JlbloUC) CTPYKTYypacu, MKKMIamMum
Ba yunamuun 6OrapHUHT X,0cun GYIULLIN MUCONNapaa Kypunaau.
AneKTpMaHpUANuK, KeugnaHaw gapaxkacu, WiTapunmw kabm
>KapaéHNapHWHT MOLWATU oumnagu.

Bo6HM ypraHuwgaH mcucag. ' ¢

Bo6 yknb ynunray, TanabagaH KyinngarunapHu 6mnmé onuu
Tanab kKATAMnNagu:

1 WxTuépuii anemeHT aloMuaaru BafieT 31eKTPOHHMU
aHUKAab, YHUHT BafieHT CTPYKTypacuumn €3ul, ManeHTINKHK
TYWyHn6 onuw, 60rnap s3Heprusicn Mo\MATUHUN TYLIYHNO CTULL.

2. ANeKrrpoMaH@UiiNINK MOXMATUHN TyAa TyWYHUG CTULL, YHN
Muconnapia Kypcara onuu,

3. loHnn Ba Monekynsap neHrnamanap Tysa oauLl, SpuM peak-
uusanap TeHrnamanapuvHu Kylla ofnuvw Ba 3/M1eKTPOHNAp COHUHU
X,ucobnaii onuu.

4. Monekyna Ba MONEKYNAp NOHNapAarn aToMnap yyyH okcus-
NaHuW gapaxanapuHu 6enrmnaid onuL.

Mawuynap

1 BaneHT afieKTpoOHNapHW HykKaanap opkanu 6enrunab Ca, Se,
B, Br Ba Si aTomnapy cuMBONapUHN E3UHT.

2. Kylingarn x,ap 6Mp MOH yYyH rawKy 3NeKTPOH KOH(U-
rypaumam! 6en! unaur: a)Mnl4 Os+2 6) Cu+ B) Nal r) Cr+3
A) Pb«



3. AHVNOHMIap paguycnapyuHUHT KaTuoHnap paguycnapupaad
KaTTaNurMHU TYLWYHTUPKUG Gepuiura \apakat AUUHT.

4. [anoreHnap KATOpMAa ynapHUHT atoM A4p0 3apsajm pasamu
6cnrnnapn opta 6opuiy 6unaH 3NeKTPOMaHURININ  KaMam-
WWHU TYLWYHTUPUHT.

5. Kyiingarn mopfanapHuHr xap 6upu yuyyH WKKW Ba-
pvaHTgarn HomnapHu 6epuHr: a) NF3 CrD 6 Nb05 Se02 PZC(,
TiF3

TecT casonnapu

1 Kyiungarn KenTupuaraH monekynanapHUHr K.aincu mpmaa
“71” 60rnaHuw MaBxXxyg 6ynmangmn?

a) CO; ©6)N,; B)CH4 r)C2H4 p) CH2

2. Kyiingarn monekynanapHuHr k.aiicn 6upuga gunosns
MOMEHTU HOMra TeHT Bynaan?

a) HD; 6) NO,; B)CO0Z r) CCl4 p) HCL

3. Kyiingaru noHnapgaH uaiicn 6UpUHMHT MapKasuii atomuza
rM6pMARaHMLITA MOWMANINK Kam?

a) Si04; 6) P04 ; B) SO&L;r) CIO 4z) CHO2.

4. KyWunpgarn monekynanapHuWHr K.aiicn 6upuga sp3, d2
rmépugaaHnw KysaTunagu?

a) SF6, 6) XeF4, B) CIF3 1) JF7, o) HF .

5. Kyiunga KentupuaraH BOAOPOAAN GUPUKManapHUHT
K.alicHucmga mapkasmii aTOMHUHT TMopuagaHuira UHTUANLK
Kyunm HamoéH bynaam?

a) CFl4 6) SiH4, B) SnH4; r) PbH4;, p) ALIHI

6. Kylingarn 6upukMmanapHuHr Kavicn 6mpunga KpeMHUAHUHT
BaNIEHT/IUIY TYyANHMaraH x.ncobnaHagu?

a) SiF4 6) SiH4 B) (Si02r r)|SiFJ2; n) Si042.

7 KyiAngarn anemeHTNapHUHT K,aiicu 6upn 3/1eKTpOMaH(punii-
HUK XOCCAaCUHU Ky4nu HaMOEéH K,unagm?
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a)0O; 6)N; BCL S pJ

8. Kyiingarn aTomnapHUHT K"aiic 6upn JOHOpP-aKLenTop me-
XaHn3M 6yiinya KUMEBUIA GOTrNaHNL X,0CMN b;INWN MYMKUH?

a) Cs; 6) N; B) Na; r) Ca; p) Mg.

9. Kylingarn mopganapHuHr KAicu 6mpun 1OK,0pn K aliHaLL
Temneparypacura ara?

a) HF; 6) HC1; B) Ar; 1) HD; pa) HJ.
10. ¥Yrnepog MOHOKcUAMAa Heyta “a” 6ornaHuw mMaexyg?
a)0; 6) 1 B2 13 4

11. Kyingarn 6upukManapHuHr Kaicm 6upuga KoBaneHT
6ornaHuwWw mMakcuman k™imMarra ara?

a) HXS; 6) A1H3 B) NaH; r) PH3 n) KH.



KWUMEBWUIN TEPMOANHAMUKA

TepMoAMHAMUKA WUCCUKMIMK 3HEPTMACKM BunaH 6owK.a Xun
weprusnap opacuga 6ynaguraH myHocabatnap x"akugaru
iabIlMOTAMP. TepMOgNHaMUKa Cy3u rpekya therme —MCCUMK MK Ba
dinamis —kKy4 cy3napugaH onvMHraH 6ynmb, YHUHT MabHOCK UCCHK,-
ANK 6unaH 6ornuk,6ynraH Kydnaptyrpucugaru GaHHu aHrnatagu.
YHUHT Basudacy Typau cucTemManapHUHI Xoccanapy Ba ynapga
6ynaéTraH >kapaéHnapHu ypraHuwgaH nbopat. Kumésnii Tepmo-
OUHAMMKa YMYMUWIA TepMOAUHAMUKAHWUHT BUp K,McMmm Bynnb, TepMo-
OVHaMMKa KOHYH Ba KpuaanapuHu KUMEBMWIA XapaéHnapia KynnaHu-
WnHUTeKWMpagm. LLlyHra kypa, ymymuil TepMOANHAMUKaHUHT 6ab-
31 KprAa, TYLIYHYaBaHOMNAHWULWINAPUHN KMCK,a4a 3cnatnub ytamms.

TepmofuHaMuKka yd 6ynuMaaH néopart 6ynmo, 6upnHUM 6ynum
KPHYHVUHW GOWK.a OYNUMHUHT KPHYHWUAH KenTtupub ymMkapub
6ynmaingn. WyHra kypa, kap [<aicu 6ynmm ano\mpa K;oHyH ge6
atanagu. WyHpaii kanm6, TepMOAMHaAMMKa y4uTa: GupuHum,
MKKWHYM Ba YYMHUUN KPHYHNapAaH nbopat. Xap Kaicu KPHYHHWHT
y3ura Xoc nocTtynarta 6ynraHnurugaH 6abv3aH 6y 6ynumnap
ryrpugaH-tyrpu 1,2, 3-noctynatnap fe6 ~am atanagu.

BupuHun kpHyH 1842 iiunga P. Meilep TOMOHUAAH, UKKUHYM
KPHYH 6upuHungaH onguH—I1824 innga C. KapHO Ba Y4YMHUM
KOHYH 3ca 1912 innga HepHCT TOMOHMAaH Kawdg 3TuUAraH Ba
TabpudnaHrad. Tabuarga Kyn yypaiaurad apuil, COBMLL, UCULL,
OKCUANAHULL-K.alTapuanLL, KpUCTannaHu, KOHAeHcaTlaHuLW,
rasbBaHUK XapaéHNapHUHT TepMOAMHAMMKa KPHYHapu acocuja
TaNK™H KWAWHWALWKW Makpagra MyBoguK, 6ynaau. Y MyMuii Tepmo-
OVWHAMWKaHW ypraHuiujad assan Wy OyMMAa KeHr KyniaHagmraH
cucTeMa feb atanyBuu TywyH4ya 6unaH TaHUWaMuU3. TalK.u
My MTgaH amanga éku ukpaH axpatub onvHraH Ba 6up-6upura
Tabcup 3TMG TypaguraH moajanap €ku >Kucmnap rpynnacu cuc-
Tema eb atanagn. brupop ac6o6aa, YyyHOHUM Konbasa, Npobrpkaaa,
COBUTIMY MallnHanapaa, peKTuuKkaLmMoH KONOHKanapha, atom
peakTopnapuga 6ynaétraH Typim Kuméeuidi \ampa (u3MKaBuii,
XapaéHnap ysura xoc MycTakaf Typau cuctemanapga pyii 6epasntu
[e6 xucobnaHagn. CUCTEMaHMHT (M3NK Ba KUMEBUIA XyCyCcusaTnapn
MaXXMyacu LUy CUCTEMAHWUHT xpnatu aeb atanagu. by xoccanapgaH
6UpPOPTaCUHUHT y3rapuiiy 60w KanapuHuLL \am ysrapuiura cabab
Oynagun, YyHKW ynap y3apo Typau KpHyHnap acocuga 6ornaHraH
Oynagn. TepMoguHaMyKa MOALANAPHUHT X0CCanapuHu aHepreTuk



Xuharpav TaBcunaingn. YHUHT GUPUHUYN K,0bYHW -3HOPTbAHUHT
cakAaHuLW Ba 6VMp TypAaH UKKUHYM Typra aiinaHnl KPHYHUHUHT
Xycycuii KypuHuwim 6ynumb, aHeprua xunnapv opacuga cugart Ba
MUKLOPMIA MyHOcabaTnapHUHr 6opnurnHu Kypcatagu. Tepmo-
OVHAMUKAHUHT BUPUHYN KPHYHUTA MYBO(UK,, anox,nia OJIMHraH
cucTemMaga 3HeprusHUHr yMyMUiA MUKLOPWU y3rapmangu,
3Heprus Nykpnnb KkeTmaingm Ba inykaaH 6op 6ynMangmn. by kpuywuu
P. MeiiepgaH oaauH 6upunHun mapTta 1748 iiunga M. B.JZlomoHOCOB
6aéH aTraH 3gu. X1X acpHWHr ypTanapuja MexXaHWK ULWHWUHT
MCCUKANK Ba UCCUKAUKHUHT MEXaHWK Ulira ainaHmwu yctuaa
0nnb 6opuaraH xyfa aHukgaxpubanap BaynapHUHI HaTvxanapu
Aampa YHAaH KeWMHru TeKWupuwnap MexXaHUuK 3HeprusiHu
MCCUKAMKKA alinaHnwmn MYyMKUHAUTUHW KypcaTtau. 1847 innga
[eNbMrofbl, “3HEPTUAHUHT CaKAaHWLW MNPUHLUMNWU HU YMYMUi
Tap3ga Kyhugaruya Tabpudnagn: anoxaua oiMHraH (axpaTuaraH)
CUCTEMAHUHT YMyMWIA 3HEPTMACK y3rapmac KuiiMmatraara bynagm.
Y iiykgaH 6op Oynmaingm Ba iyK,0mMb6 xam KeTmangu. Tepmo-
OVHaMUKaHWHT 6y KpHyHUra 6uHoaH, iiykaaH aHeprus onnb aba-
AW nwnaaurad mawnHa kypnb 6ynmaiigun. Ly Bak,Traua Tepmo-
OUHAMUKaHUHT BMPUHYM KPHYHUTa 314 KenaguraH 6upopTa x.am
MWCON yupamaraH.

AHeprus Wykaamangn Ba inykgaH 6op 6ynmaign. Arap 6upop
KapaéHLaBoMMaa 3HEePrusHUT 6Up Typy MyKpaca. yHUHT ypHUra
3KBUBANEHT MUKAOPZA 6up Typu naigo 6ynagn. By KOHYHHWHT
mMaTteMaTuK uogacu Kynaarm KypuHuwaa ngopanaHagu:

AU=Q- FAV

ByHaa: AU - CUCTEMAHWMHT UYKU 3HEPTUscu, Q — cucremara
6epunraH UCCUKANK MUKLOPU, P — CUCTEMAHWHT 6OCHUMU.

\% - cucTeMa \@KMWUHWUHT y3rapuwu, P «AV = A GynraH-
ANrKY yuyH, AU= Q - A KypUHMLIAA X,aMm E3ULI MYMKWH.

Xap KaHZai XXUCM MablyM 3HEPrusi MUKZopWra aragup. XKucm-
Aa 6ynraH 6apyua aHeprus XXUCMHUHT yMyMUIA 3Heprusicu felinnagu.
XXMUCMHUHT YMYMWIA 3HEPTUSACU KUMEBWIA TepMOAMHAMUKaga
CUCTEMAHUHT WYKM 3Heprusick fe6 atanagn. CUCTEMAHWHT WYKK
JHEPIUsick YHAAr¥ MOJSIEKYNaNapHUHT y3apo TOPTUAWLL  Ba
WTapuUaWLWL, UArapuaaHMa Ba aiinaHma X,apakat, MoseKyna nuuga
aTOM Ba aTomfap rpynnacu Te6paHuw, aTomiapaa 31eKTPOH-
NapHVHT aiinaHuw, atom sgpocuaa GyraH Ba XpKraso aHeprusnap



»W NHaneld, a reHr. Nukn aiicpi MIn, ., ,  kami ongumnpagm
CUCTEMAHWMHT WYKW 3HEPTUACH MOLJANAPHWUHT XWAura, ynap-
HUHT MUKZopura, 6ocMm, Temnepartypa Ba ~axmra 60rnuk.

Xuemgarn MUKW SHEPTUSHUHT MyTIaK, MUKAOPUHMW yn4yab
6ynmaingn; macanaH, 613 KMCMOPOA €K1 BOOPOS MOMEKYIACK UYKM
SHEPTUACUHUHT YMYMWUIA MUKLOPUHW 611a 0NMainMums, YyHKU Moaaa
\ap KgHu4a ysrapmacuH, y aHepruscus 6yna onmasau. LUyHuHT
YUYH amanfaXMCMHUHT ~onatu y3rapraH Bak"a iK1 aHeprusHuHT
Kamaiiml Ba KynaliuWWHWIUHA aHuKgaimus. MacanaH, 2 XmKm
BofopoL 6unaH 1 "axm KWCNOPOL apanawMacuHUHT UYKK
3Hepruacunmn U, 6unaH noganaiinunk. ApanaiMaHun 31ekTp YUKyHU
épgammnga noptnatub, cyB 6yrM \oCuMn Kpnannmk. YHWHI UYKK
3Hepruacuun U2 6unaH udoganaimMms. Apanawima noprniaray,
cucTtemaga Mukm aHeprua U, gaH U2ra ysrapagu:

AU= L - L
ByHaa: AU - MUKW SHEPTUSHUHT Y3rapuLiv; YHUHT KUAMaTy
(hakaT UtBa U2napra, sbHU CUCTEMAHUHT JacTnabKu Ba OXUPru
npnatura 6oravK, aMmo cucteMa GUp XpraTgaH WKKWHYM Xpnatra
Kali ycynga yTraHaurura 60rimMK amac.
MabiyMKu, KAMEBUIA cucTeManapary Xap KaHaai aHepreTuk

y3rapuviuiap SHeprusiHUHT CakgaHUW KOHYHUra MyBO(uK 6ynaaw.
DHEPrUSAHWHT CaKAaHWLI KOHYHMTa acocaH:

Q=AU+A |

Arap 6ocum goumuin (P=const) 6ynca, \axxm y3rapuiin
\ncobura unw Gaxkapunagm Ba LWyHra Kypa:

A= P(V2- V)= P-AV

Oynagu, 6yHga AV - cuctema \aXMUHUHT y3rapywn A = P *AV
6ynraHn yuyH (V1) TeHrnamaHum Kyingarn KypuHuwga €3uL
MYMKWH:

Q-AU+PAW

byHoa: Q - peakuMAHUWHT y3rapmac 6ocumparum UCCUKAUK
athekTa. ByHaaH:

AU= L -l Ba AV=V,- V

LLlyHra acocaH:



CG=(U2-n )mP(V2-V)=n2-n,+fv2-PV{=
(U.+PVI-iUNPV)

Q= (U +PV)-(4 -PV)

Tenrnamagarn U+ PV ~ KaTTa/IMK CUCTEMAHWUHT 3HTaNbMNACK
(ncemkywkTyrymu) geiinnagm Ba “H” \aptu 6unaH 6enrunaHagu.
U+ PV=H 6ynraHu yuyH: U2+ PV2=H2 Ba I/, + PVi=H ,. by
xonga (2) TeHrnama Kyimupgarm KypvHuULLTa Kenagu:

0= H2-H]=aH

Mcemkywk oTUT 6GunaH cogmp 6ynaguraH 3HLOTEPM UK
peakuuanap ydyyH AH mycbart uwopara ara 6ynmb, AH X) 6ynagu.
Vceukywk ynkgpuw 6unaH cogup OynaguraH 3K30TepMUK
peakuymsanapga 3aca AH maHdwuii nwopa 6unaH émnagn AH < O
6ynagn. MacanaH: CH4+ 202=C02+ 2HD

AH = -875,4 KX - 3K30TEPMUK peakuus

CaC03= CaO + CO,
AH = +158, 3 KX ~ 3HJOTCPMUK peakums.

[emak, 3HTanbMWAHWHT y3rapuwun 6ocum goumuii 6ynraHga
cuctemara bepmnaguraH éku axpanub umkgauraH MCCUKAWUK
MUKLOPVHW BunampaguraH TepMoguHaMUK GyHKUUAANP. Knmésmii
peakumusnapfa WWTUPOK 3TYBYM MOLLaNapHWHI Xoccanapu
y3rapubruHa KuiMain, 6ankm cCUCTEMaHUHT 3HEPTUACK Y3rapuLLm
HaTmXacuaa UCCUKYLLK aXpanub Ynkaan éku Tunagu.

KuméBnii peakuusanap HaTuxkacuga axpannbd YnkaanraH éku
l0TUNagMraH UCCUKANK MUKLOPW KypcaTub é3mnaguraH KUMEBMi
TeHrnamanapra TepPMOKMMEBUWIA TeHrnamanap Aehunnagu.
TepMOKUMEBMIA TeHrnamanap mMacca Ba 3HEPrUSHUHT CaKyLUHUL
KpHYHnapura puos kunub Ty3unagu. Peakuus HaTuxacuga
aKpanmb umkaamraH éku TUNagUraH MCCUKAMK MUKgopu Xoyn
ékn KX/napga ndoganaHagn, (1 kkan = 4,18 kXK). Knmésnii
peakuua Baurmga axpanubd yuMkpaH €ku TUAraH UCCUKYLIK
MUKLOPU peakUUSHUHT UCCMBAMK 3apdeKkTn paelimnagn BaAHp
6unaH 6enrnnaHagun.

Opanii mogpanap (anemeHTnap)gaH 1mosb Mypakkad Mogga Xpeun
Oynmwmnga axpanmb umkaauraH ékn ITunaauraH MCCUKYLLK MAKLOpY
MOAJanapHUHE  ocvn BynuL ucclywiri aeivnagu. Xocmn 6ynmw



nccukanrn AHO 6unaH 6enrunaHagn. Xocun GynuL UCCUKUTU
\ap fovm Hopman wapoutga (273 °K ga Ba 101, 325 kI 6ocumpa) 1
MOMb MOAAA YYYH XUcobnaHafgu, LWYHUHT Y4YyH TEPMOKUMEBMIA
rcnrnamanapga Kacp KoaggpuuneHTnap x,am Kynunagw, macanaH:

A N?+ j 02= NO -90, 40 KXK.

MogpanapHuHTr Xocun 6ynuwl UCCUKAUKNAPU Kuiimatu,
YNapHUHT arperat xonatura xam 6ornuk, 6ynagun. LLyHra Kypa,
TepPMOKMMEBWIA TeHINaMmanapia MoAAaNapHUHE arperart xonarnapu
\am KypcaTtu6 ésnnagn. Xp3mpru KyHaa ctaHgapT wapoutga 8000
[aH OpTUK Mypakkab MogfanapHUHT Xpcun 6ynuw NCCUKAnKNapu
Taxpuba iynun bunaH aHukgaHraH. MacanaH, CyBHUHT 6yr (AH°T
HD 6yr = 241,84 kXX) xpcun 6ynuwl UCCUKNTU CyroKxonaraaru
CYBHUHT Xpcun 6ynuw ncenkguru aca AH "28 HD = 285, 4
KX raTeHr. LLyHra Kypa, xpcmn 6yanw UCCUKAMKAAPW KUIAMarm
Kypcatunradga AH °T 6 6unaH 6upra mogaanapHuHr arperat
XpnatnapuHu KypcatyBum Kyiugaru 6enrnnapxam ésunagn. as
Xonuparn mogda - r 6unaH, Cykk. xongarn mopga - ¢ 6unaH,
KATTUKXONAarn mogga - u 6unaH ndopanaHagu.

TepMoAMHaMUKa KOHYHUra MyBO(UK peakLua BakTuia
MCCUKIUK aXpanub 4ymkca, CUCTEMAHWUHT WUCCUKIUK TYTUMM
KamaliraHnuru cababnu, peakuMAHWHT UCCUKAUK 3DHeKTM
MaHuii (5 uwopa 6unaH, NCCUMKAUK lOTUNea MycbaT (+) wnypa
6unaH Kypcatunagu. femak, peakynmsHUHT TepMOAUHAMUK
NCCUKANK 3ppekTn AH TepMOKMMEBUI UCCUKAMK 3heKTn Qp
HUHI Teckapu uwopa 6unaH ONUHraH Kuiimatura TeHraup:

-AH:QPéKVlAU:—Q

KWMEHWMHT TepMOKUME 6YyNMMKN peakLuUAHUHT WUCCUKIUK
athpekTnapy Ba yNapHUHT Typnau ¢akTopnap 6unaH KaHpal
60KNaHraHANTUHK ypraHagn. TepMOKUME MKKWTA acoCWil KOHYH
Ba ynapfaH kenub uvMkaguraH HaTwkanapgaH néopat. By 6ynum-
HWHT acocuil KOHyHnapugaH 6upyn [ecc KOHyHM xucobnaHagw.
OHEPrUSHUHT CaKAaHUL KOHYHU, AbHU TEPMOAMHAMUKAHWUHT
6UpnHYM KoHYHM pyc onmmu T. L. Tecctaxxpubanapm acocuga 1840
Mnnga Tabvpudnadran: “Kumeésmii peakuusnapHuUHT y3rapmac
XaXKMU Ba y3rapmac 60cumMmaarv MCCUKMNK 3PeKTn CUCTEMaHUHT
fownaHruy Ba OXupru xonatura 60rnmMk 6ynmb, XapaéHHUHT
6opuw ynwura, KaHgan opaink 60cKMYnap opkanu yTraHamrura



6ornuk,amac. TepMOB?'KIMHT aManga Kyn Tatbuk KuWimHaguraH
Oy Myx,UM KpHYHW fiHa KyiAugaruda TankuH KUAWHULIK  X,am
MYMKWH: “PeakuusaHnH! ncem*ywk athheKkTn >apaéHHUHT KaHAaal
ycynga onné 6opunuwinra 60rnvk, aMmac, 6anky (akart peakumsga
VWTUPOK 3TaéTraH MOoAJanapHWHI AacTtnabku Ba OXMpPru xpnatmra
60Tuk,’! KentnpunraH tabpugnapHuHr ncéorm mmconnga C02
rasu C Ba 02pgaH MKKM xun iyn 6unaH 6esocuTa, Yrnepog sa
KUCMOPOLHUHT 6upukuwmn "amga CO “ocun 6ynuwm OpK,anm
ONIMHULWN MYMKUH, By epga [ecc KpHyHwUr;! myBoguk, C 0 2*ocun
6y nceuk/wk apdekTn AH, 6apya 60cK,uunapnakysat:;nagunT

1/2cCUK,AUK 3 PeKTNAPUHUHT AT uHAMCcUra Tew 6PArNN  AbHW:

OH(—AH2+ AH3
[Japx,ak,uk;ar, CO?

C+02- C02+ [H, (a)

peakumscy épgammaa 6Mp 60CK,muga €Ku

C 11/202r-CO'+AH, (6)

CO + 12.02-- CO, +AH, ()

peakuusnapy OpK,aimM MKKN 60CK,14La Xpenst KATUHULWN MYyMKWH. (6)
Ba (B) TeHrnamanap Kylwunca, (a) TeHrnama keytmé umkagu. lemak,
AHx—AH2+ AH, 6ynagn. Taxpubaga AH", - —393,3 KXK/monb,
AA°2 = —1 1,3 KX/Monb Ba AH°3 - —282,8 KXK/MO/Ib 3KaHINUTK
aHukaaHraH, Lynap acocupa C02HUHT \ocun 6ynuw nccluarm
AH, =-A4d, +AH- —1N,3+(- 282,8)-394,1 KXX/MONb ITTEHTIUTUHN
erofilaMu3. AH3 6Up MUcoN: 'ecc KOHYHUHU T?TOUK;3rn6 SO, BaH2D
JaH HZS04 xex.;w 6ynui peakuuAacUHUHT UCCUKNK 3(HEKTUHN
vVv-pt 4.1?2.uMWUT;

SO, fHD - HXS04-A/-/  (a)

s }1.502= S03-AH, (6)

H2+050 2= HD - AH2 (8)
158



byHga: AHVAHV OH, - SO,, HD, HB04napHWUHT Xocun 6ynuLu
nceukguknapu. Arap (g) TeHrnamagaH (6-8) H1 0M6 Tawnacak,
(v) TeHrnama umkgam, gemak: AH = AH3- A4, + OH2 abHK
OH =+1[49x6. FOkopuga KentTupunraHnapgaH KumEBUN
peakumanapHUHT NCCUKANK 3PGEKTN MaxCynoTaap Xocun eynuu
NCCUKAMKNAPW MNTUHANCUAAH JAaCTNabKu MOAAANAPHMHT XOCUN
6ynnLW NCCUKAMKNAPU ANTUHANCUHN aiinpnb TalwnaHraHmnra TeHr
[eraH xynoca Kenmb YnKAAW, SbHU:
AH=£nH -Ep *H

nact, moada

6yHga: n, p - Maxcynot Ba gactnabkm mMoppanapHwWHT
CTEXMOMETPUK KO3 (PULMEHTAPN.

LWyHpaii kgnn6, Mecc KPHYHW Ba YHAaH Kenub YMKaAUraH
HaTuxagaH oinganaHnb, NCCMKANK 3PHEKTN HOMABLAYM EKM
ynuaw KWAH 6ynraH xapaéHnapHUHT UCCUKAUK 3HEeKTUHM
TONULW MYMKWH. ['ecC KpHYHWHUWHT HaTwkanapugaH 6upn Mabaym
6up Mypakkab MoafaHVWHT O4AMIA MOAAanapra axpanuwl WCCHK,-
NINTU K,MAMAT XXUxatgaH ywa MOAAaHUHT 3/ieMeHTnap4aH Xocun
oynuw  unccukaurura TeHr 6ynub, uwopa xXuxaTgaH Kapama-
KAPWW 3KaHAUTUHU TacAWKAOBYM KPHYHAUP. By HaTtuxaHwu
NaByasbe-Jlannac KpHyHU xam aeb6 roputunagun. LLyHra kypa:

lecc KpHYHUAAH Kenub yukaaurad sHa 6up TepMoguHaMUK
Xucobnaw yuyH Myxum 6ynraH HaTvxa Kyingarnya nsoxnaHagu:
peakLuUAHUHT UCCUKANK 3PHEKTUHM TONULL YUYH PEaKLnsa HaTu-
Xacmupa xocun OynraH MoaganapHWHr xocun 6ynuw UcCuk,-
ANKNapy WATUHAWCWMAAH, peakumnara KMpuMwyBu MOAAaNapHUHT
Xpcun Oynuw WCCUKAUKNAPU AUTUHOWCUHU ailupull Kepak.
MacanaH, ywoy yMymuii peakumns yuyH:

aA +aB~cC+ <l
pPeakUUSHUHT NCCUKAMK 3GeKT n Kyingarnya éaunagu:

AHp= (cAH. + dAi!) - (a AA4 + HAHP)
GyHaa:



(c AH, + dAH) —peakumnsa MaxpynoTnapuHuUHr xpcun éynui
NCCUKAUKNAPW ANTUHAUCH;
(aAHc + BAH,) — peakuusa y4yyH ONMHraH MogjanapHuUHr
Xpeun 6ynnw CCUKAMKNApU WATVHEUCHK;
a, B, ¢, Bad — moffanapHUHT ongugarn cteXxnoMeTpuk
KoappmumeHTnap.
LLlyHn am ainTuw Kepakku, Fecc “OHYHM “peakums UCCUKINKAApW
ANTVUHANCUHWHT JOUMUWIA KPHYHW™ fe6 XAM ropuTUnau:
AH —TNH, ,, —Y.AH

facr. moaaa

LLyHra kypa, ecc KpHyHMra fiHa Kyhuparnya cabpug Xam
bepunagn: KeTma-keT 6GopaguraH 6up K,aTop peakuusinap
NCCUKNNK 3 heKTNAPUHUHT AUTMHANCK AacTnabku mogga Ba
Ma’‘cynoTnapra ara 6yaraH 6owk,a peakuusinap K;aTOPUHUHT
NCCMKNUKIEKT Napm MW nnancura TeHr. bByHn aHa 6up muconga
Kypainuk. MeTaHHUHT HMLW peakuusicn Kyiugarun TeHrnama
6unaH ugoganaHagn:

CH4+ 20, = C02+ 2H1O(c) - AH KX.

Macana. Hopman wapoutga 100 n meTtaH EHaupunraHja
KaH4ya UCCUKAMK axpanub ymkannl

E 4 un w. ecc KpHyHUra acocaH peakuuSHUHT WCCUKIUK
ahpekTm AH = (AHam + 2AH»,0) — (AHa™ + 2AH,0) ra TeHr
6ynagn. XXagsangaH CH4, CO, Ba H,0(c>napHuHr \ocun 6ynui
NCCUbYLUKNAPUHUHT K,MiAMaTapuHWN TONamus;

JHGE -74,85 kK/monb, AHOY = —39351 KX/Monb

OHHuD(c) = 7 285,84 kKXK/Monb.

CTaHgapT wapouTia oaauiA MoadanapHWHT (3n1eMeHTNapHUHT)
XPCUN 6YNULLI UCCUKANKNAPUHUHT K,UAMaT HoMra TeHr ae6 kabyn
knnuta.H. LWyHra kypa, AHO, = 0 6ynagun. XXafsanja Tonuaran
KukmatnapHu TeHrnamara Kyiunb, peakUMAHUHT UCCUKIUK
3peKTUHU Xnucbnaiimms:

AHp = 1-393,6 + 2« (—285,91)| - (-74,87) = -890,57 KX.

Peakuus TeHrnamacura acocaH nponopuus Ty3m6, 100 n metaH
8HraHga axpanub umkgamraH UCCMKAUK MUKAOPWHM Xucobnab
Tonamms:



22, 4n CH4éHranpa 890, 57 kXK nccmnkaumk ymk,ca, 100 n CH4
curampax kKX nccukamk unkaamn, 6yHaaH:

x 2207 10 _ 3976 210K:

22,4
Peakuuna Bakampa WCCUKAMK ynmwungaH (KM OTUNULWNAAH)
TallK.apu CMCTEMA KeHramwm YuyH uw GaKapuamwmn xam
MYMKWH; MacanaH, cynb(aT KucaoTara pyx tabCcup aTTUpULL
peakuuHcmaa 6yHU AKA0N KYpULL MYMKUH:

Zn + HS04= ZnS04+ H2+ 143 kXK

1-\onat 2-"onart

). U,

bab3an peakumaga WCCUKAMKAAN KUMKapy 3/1EKTP SHEPTUACU XM
\ocun 6ynagu. Arap 6md thakp i peakums UCCUKZUTUHN BUAMOK K
Oyncak, peakumna Bakauga 3neprusnul ymyMuid y3rapuiimaaH
faxapunraH v MUKLOPUHU (eKM Xocun GynraH 3nekTp 3Hep-
FMAHW) YnK,apubTalnaMMn3 Kepak. Peakums Hakguaa axpanuo
YnKAAUTraH EKu TUNaguraH yMyMuii sHeprus MuMKLoOpuaaH
KEHTFainunw yuyH 6axxapunraH nw MUKAOPWMHW aiinpmnbTalinaraH-
faH KelWH KoMaguraH MakCuman MCCUKIUK peakLUAaHWHT
necew nuk apdekTn feb atanagm. Cuctema MUK IHEPTUACUHUIAT
y3rapuiu cuctemara 6epuaraH UCCUKNWK Ba cuctema baxapraH
nw A K miimatnapura 60rnuk éynagu:

AU=Q- A

JHAW TEepMOAWHAMUKAHWHT OUPUHYN KPHYHUHU Typau
KUMEBWIA )XapaéHnapra TaTtbuk Kunam us.

ecc KOHYHM Ba YHAaH Kenub um™aguraH HaTukanapgaH
tholiganaHné Typan TepMOKUMEBMIA XMcobnap KPUTALL MYMKWH;
TEPMOKWMEBUI TeHrnamanap peakumsanapHUHT UCCUKANK
a(hheKTNapuHn Tonuwira UMKoH 6epnbrnHa kpamaii, 6anku ynap
acocufa Typnu xapaéHnap, >XyMnafaH: 3pull, KpucTannaHuul,
HeATpannaHuw, ruapatnaHuw, HWLW, napyanaHull Ba XOKaso
Kabu amagfa Kyn yupaiguraH KUMEBUiA Ba PM3NK XALMeanapHUHT
NCCUKNNK 3PHEKTNAPUHN KENTUPMO YMKapuw MyMKWUH. K'yiAnga
Wy >xapaéHnap Ba YNapHUHT UCCUKANK 3P(EKTNapUHU ToMMLL
ycynnapy 6unaH TaHMLWKNG YMK,amun3.



V. 1 EHULL PEAKUNACUHUHI UCCUKANK IO DPEKTU

EHnw neenkanrm ae6 6up mMonb MoAda Tyga &HnG, ”opu
OKCMA Xocun 6ynuwn yuyH capnaHraH UCCUKAMK MUKAopUra
anTunagu. by ctaHAapT WapouTAa aHMKAaHaan Ba XucobnaHagm.

MacanaH, NH, MonekynacMHWUHI EHUW peakuunacu
TeHrnamacu Kyimupaaruya éunagu:

2NH, +40,=N,0, +3HD +2AH (n)
6y eppa:
N2+3H, = 2NH, —AH (@)

N, + 2,50, = ND5—AH, (6)

3H2+ 1,502= 3HD+AH2 (s)

peakuuANapuHUHT UCCUKAUK 3deKTnapn xmcobra onumHraH
Xonga, (6) Ba (B) TeHrnamanapgaH (g) TeHrnamaHu anmpu6
Tawnab (a) TeHrnama Kenmbé YMK,MLIMHKM Ky3fa TyTraH xosnga

. + +
AH = AR SA/—/—%E"‘ HU KenTupmé ymkapamms

1Monb-3KB. KUcnoTa 6unaH 1Monb-3KB. MWKPPHUHT y3apo TabCupK
HaTuXacupga axpannb YMKZAUTAH WCCUKANK, MUKLOPK
HeliTpannaHnLL PeaKUUSICUHUHE UCCLLINK 3thheKTU Aeb aTanaau.
HciiTpannaw nceukauru Kyngarvu hopmyna épgammaa \nco6nab
Tonunagw:

N -
AH, ekn Q,, = Ym,c

b A e bMOLLA,
.
KucnoTa
byHga:  Cj- WHLWIAHWHT CONMUWITUPMA UCCUKAUK CUTUMN,
0,753 kX /r-rpag;
CZ 3pUTYBUYMHWUHT CONULLITUPMA UCCUKAUK CUTUMN,
4,184 K)K/r-rpa,u, 3 - KMUC/0Ta 3KBUBAJIEHTA,;
KucnoT;)
T, - MUKW CrakaHHUWHI Maccacu, T;
T, -3pUTMaHWHI Maccacwm, r.
1 MO/Ib MOAZA 3pULLIN XKapaéHuga axpanub ymkaunraH Eku

roTnnagnradH NCCUKNNUK MUKOOPW 3pULl UCCUKITUK 3q3(*)eKTI/I



Jeiinnagn Bay peakUUSHUHT WUCCUKAMK 3pdekTn kabu O3éku
AH 6unaH 6enrunaHagu. Spu UCCUbYTUTW Kyingaru opmyna
6yinua xucobnaHagu:

A H 3 _ C-m-At-M MM
Tx 1000

6yHga: C - 3pUTYBUUHUHT CONULITUPMA UCCUKINK CUTUMU (CYB
yuyH C = 4,18 kXX/r-rpag ra TeHr) m - 3puTma, At -
Temneparypanap aiimpmacu, MM - 3puraH MOAAaHUHT HUCOWIA
MOJIEKYNAP maccacu, T, - 3puraH mopafaHuHr maccacu. CyBcum3
ly3 6unaH cysjaH 1Mo/b Ty3 rugpatu xocun ynuwinaa axpanmno
YUKAAUTAH UCCUKNWK MWKAOPW TupatiaHuw UCCULANTY
penvnagn. MvapatnaHmw uccuuamrn £TA A HU TONWLW YYyH
CYBCU3 TY3HWHT 3puw uccuunnrn Q} gaH xocun 6Gynrad
rMAPATMUNT 3pULLI UCCUKAUTU Q "aiupub TalunaHagu:

> Q'-Q! ékm nN/ir=AH -AH"

MacanaH. 2 r cyBcu3 CuS()450 r cyeBaa aputunraHga
Temnepatypa 4 rpagycra kytapunagu. CuSO04Hnnr rugparnaHui
NCCUKNUTUHWU XUCOBNAHT.

E uwu w a) cycu3z CuS04hmht 3pull UCCUKNUTUHN
Xncobnanmma:

nM cmH20 MCuS04 M 4,187 50 4 160
AH’ = —mmev T"T000-—— 21000  =66'" 2KXK

6) AHT = AH3 - AHal= -66,992 - (-11,52)=
= 73,512 kX /mons

(rnapaT-monnaHnLW-3K30TepMUKXapaéH). MogganapHuHT Xocun
OynvWw UCCUKANKNAPUHM GUP-6UpUra TakKocnaw Hatmxacuia
Kylinaarunap aHukKnaHagu:

1 O. N. MeHpenees afBanMHUHT Mab/lym Katopuaa TypraH
anemeHTnapfaH 6upukmanap xocun 6ynuwnga KysaTunagurat
NCCUKNUK Y3apo BUPUKYBYM 3NIEMEHTIAPHUHT TapTnO pakamnapu
opacugarn apKHUHT opTULK 6unaH opTmb 6opagn. MacanaH:

\ln, 1= —413,0 KK/Monb:  j AHMR= —321,0 KXK/Mob

NAH =231,1 KXK/Monb.

AlCI,



By epna 6uTTa KUMEBWIA 6OT YUyH TYrpn KenagmraH UCCUKANK
Mukgopu GepunraH. by coHnap HM 6up-6upura Ttak”“ocnab,
Kyingarn k,omga aHuMKAaHraH: yxwaw 6upuKkmanap Xocun
O6ynraHga opanuk 31eMeHT BUPUKMAcUHUHT Xbcun 6ynuuw
WCCUKAUTN YHUHT EHNAATN MKKana afNeMeHT BMpUKManapmn xocun
6ynnW NUCCUKANKNAPUHWHT ypTaya apuPMeTUK Kuinmatura TeHr
6ynagn. MacanaH: MgCl2xocun 6ynuw MCCUKAUTW:

1, —413,0 —232,1 -645.1
~AHMC = 2 = — 22— = -322 kKXX/Monb.

By k,ompa 1928 Wnmn A. M. BepkeHreim TOMOHMWAAH
TabpudraHrax.

2. Bupop meTann gaBpuii XafBasHUHT Mab/lyM rpynnacujarm
MeTan/iMae 3nemMeHT 6unaH 6UpMKMa XOCWUA LMAULW UCCUKLUTU
YHUHT aTOM Maccacu opTuwim 6unaH kamaagu. MacanaH:

AH "AF=-202,9 kKX/monb; AH = -126, 8 KX/monb.

AHQEB = ~ 99,16 kKXK/monb; AH°JH = - 64,2 KX/Monb.

3. Brp meTann meTanMae 3fieMeHT 6unaH Bmp Heva xun 6upukma
Xocun Kuna onaguraH 6ynca, ynapHuUHr 6UpuUHYM aTomnapwu
OMPMKKaHAA 3HT Kyn WCCUKAWMK YMKafgW, KeAWHTU atomaapu
6nprKKaHga aca KaMpOK MCCUMKAMK YnKagn. MacanaH: AHFn = —
341,0kK/monb, AH|cN = —405,0 kXX/monb. by koupara
acocnaHun6, GupuKMagarn aHr KeMnHrn metans OysmaraH aTOMHWU
YynKapmnb 060pULL OCOH, feraH Xysoca uvk apa onamus.

4. Kumeépuii xoccanapum XuxatgaH SKWUH 6ynrad
3NEMEHTNAPHMHT yXwWwaw 6upuKManapuHUHT Xxocun 6ynuu
NCCUKANKNAPN 6UP-6MPUHMKIUTA SKUH Bynagw:

AHnonh = —426, 6 KXK/monb; AH|KJ] = —487,8 KX/Monb;

OHLDK = —406,5 kXK/Monb; A Huj| = —425, 93 KX/Monb.

5. Kpuctann mopafaHUHr Xocun 6ynuw MCCUKAUTU amopd
MOAAAHMHT \oCcun 6yNnIW UCCUKAKIUAan opTUKANP.

6. BMpMKManapHUHT aTomfapfaH Xocun 6ynuw UCCUKAUTY
yNapHWHT MONCKynanapaaH X.ocnn 6ynunl UCCUKAUrnaan tKopu

6ynaaw.



KnmeBuin 6upukmanap-
11111 \C)CrA BYANLL UCCUK/LNK-
napu 6unan anemMeHTNapHUHT
[aBpuii cuctemaga XxomnawraH
ypnu opacuga Xxam MabayMm
6ornaHuw 6op. by 6ornaHuLL-
HM abcumccanap ykwura
anemeHTnapHuHr A. . Menge-
NneeB AaBpuii cuctemacupgaru
TapTnb pakamnapu, opauHata-
nap yk.ura ynapHuWHI Mabiym
cundra omg 6upukmanapu-
HWUMT XOCWA BYANLL UCCUKITNK-
napuHu Kyiinb, \apbupcundg-
J:2an ytina xoc gnarpamma- V 7 10T<»."Y ponHanuHr
nnuw XOCUA 14lKWMAL MYMKWH. k'mneptypn! afiorjiniyiHi n.

MIN(W A kKKK Ma
WHNanapnga TYNKANKWNLW anya kjicviti 6ekopTa cap<|)naHagu.
IX)wKa ‘cypgarn anepTnsnapgan ¢oiigananuiaraHia xaMm aHeprus-
MMHT MamMyM KWUCMW NCCUKAMKKA ainnaHun6, 6up kucmmn Hekopra
ucpo<|) bynagn. MacanaH, afIeKTp namnoyvkacuia anekTp aHeprus-
CUMUHT (>aKaT 03TUMa KMCMKU EpYranKKa, KANraH K1Memm aca uc-
CUK[MWKKa aiinaHagn. Viccukankka ainaHraH aHeprus atpogugarm
MyxuTratapkannb Ketagm BayHzaH oliganaHnb 6ynmanau; nemak,
3HEpPrus MMKLOPW y3rapmaca Xam, YHUHT cugaTu y3rapagu, abHp
3Heprvs y3 KuimatuHu iykotagu. KuiimatuHu inykoTraH 6yHaai
3HEprus MUKAOPMHM Udoganall yuyH TepMOJMHaMmMKara 3HTponus
TYLIYHYaCU KUPUTUATEH.

N3oTepmuk(ysrapmac Tcmuepatypaga)xapaénga
IOTWUATAH UCCUKAUKANAP WUTUHAUCUHUHT MyTaak
TemnepaTypara HucbaTu CUCTEMAHWHI 3HTPONMACK-
Muur ysrapuwmn peb atanagu Ba Kywumpgarm K,uii-
maTra ara 6ynagm:

AS= Q/T

Mywuo3aHaT xonaTmgary xap KaHgai cuctema “aHTponua” HOM/M
vtin a xoc xonat pyHKumAcura ata 6ynmé sSHTPONUAHUHT KaiTap
Al'iparn Hapga y3rapuwn O5= S, —S, = 0/T TeHrnama acocupga
\.ku>ounnanu (by epga, Q —Mma3kyp Temnepatypa T fa toTunagu-
.M ekn axkpaHn6 ymkgauraH MCCUKANK MUKLOPWK).



Arap >xapaéH y3rapyBuaH TemnepaTtypaja cogup 6ynca,
3HTPONUA y3rapuwmnHU xmcobnaw ydyH 6apya TemnepaTtypa-
napgarn Q/T napHUHT WWTMHAUCUHU ONWLW KepaK. DHTponus-
HUHT XaKWKWIA MabHOCWHMW KyiAmparnya TyWYHUL MYMKUH.
JHTponua mMoadada to3 Gepulln MyMKUH GynraH Ba Y3nyKcus
y3rapub TypaguraH xgnaTnapuHu akc aTTUPYBUM (PYHKLMAZMP.
MopafaHUHT ailHX WapouTAarn xonaTu Xyga Kyn Typau-TymaH
MUKpOXpnaTnap Tydainm tosara unkagum, YyHKU moaaa 3appa-
yanapu AOMMO Y3NYKCU3 TYNKMHCMMOH Xxapakarga 6ynué, 6up
MUKpoxonaTgaH 6olKa MMKpoxonatra yTné Typagu.

bonbuMaH Hasapusicura mMyBO(MUK Xonatnap COHW GunaH
3HTpPONUS opacufa Kyinngaru 6ornaHull Maexyq;

S = R/N mnW

N — ABoragpo coHu, R - yHuBepcan ras goumuiicu, W -
MUWKpPOX0/iaTnap CoHW.

Y3nykcus y3rapub TypaguraH MMKpPOXoaaTaap CoHM KaH4va Kyn
6ynca, Mmogfa XANaTUHUHT TapTUBCU3NNK JapaXKacu XM LUyHYa-
NUK KaTtTa 6ynagn. Mogga TapTnbnm xuiatgaH TapTmbens xonatra
yTraHga YHUHT 3HTPONUACK opTagu. QHTPONUA Y3rapumn Kyim-
faru gopmyna 6unaH udoganaHagn:

AS = RIn MKKMHYM XonaTaaru TapTI/I6CVI3J'Il/IK
6VIpI/IHL-II/I Xonartnaru TapTI/I6CVI3J'IVIK

Y. 1. Typnu xapaéHnapga 3HTPONUSHUHT y3rapuwn. Mopaa
IOKppUW TeMnepaTypanu xpnatga éynca, yHUHT 3HTPONUACK HOKOPK
6ynagn. MacanaH, 6up MOSIb CYBHWHI 3HTpoMNuMAcu 6up MOSb
MY3HUHT 3HTponuacuaaH 21,0 kXK opTuk 6ynagu.

Kusgu punraHga mogganapHUHT 3HTPOMUACK OPTagu, X,aXM
y3rapraHga rasnapga xam wyHgain 6ynagn. bocum xam rasnapHuHr
3HTpOMMACKTa KECKUH TabCup aTagn. BOCUMHWUHT OPTULLIN FA3HUHT
JHTpOMUACUMHMK owwupaam. Moaga XONaTUHUHT y3rapuwu
SHTPONUAHMHT y3rapuwinra Karta rabcup atagn.Vl - pacmaa Ken-
TUpUAraH rpaukaga Temnepartypa owraHia SHTPOMUAHUHT MOJ-
[la Xonatu ysrapraHgarnra HucbataH Aespauv y3rapMacnuru Kypca-
Tunrad. Mpadukpa Mofa XONaTUHUHT Y3rapuiy 3HTPONUAHUHT
KEeCKUH y3rapuiwmra cabab 6ynnwmnHm Kypamms.

[emMak, SHTPONUAHWHT y3rapuiuy MOALAHUHT TapTUOCM3InK
fJapaxacura Tyrpy nponopunoHangmp.



3HTponus kuiimatu X/Monb-rpag 6unad ynyaHagn. Cyro:<yLK
(> \onatwura ytraHmfga, Kpuctann Mofja Cysaa spuraHfa, SbHu
mogaa 6up arperat xonat4aH UKKUHYK arperar xonafra ytraHuga
cucTema aHTponusacu optagu. Arap 6yr KOHACHCaLMANaHno, CyokK
&KW KpucTann xonatra >Tca, MOAfa 3HTponuAacu kKamasgu. LLy-
HUHTLEK, KUMEBMIA XKapaéH NakTuga xam 3HTPOMuUA OPTULLN EKK
Kamauwun myMKuH. MacanaH:

C,( .+ CO,.. -> 2CO,,
K 24 0

pcakumnacmnga CUCTeMa IHTPONUACKU OpTadn.

3Hag + N2 -> 2NHJ)

Mwucon: | monb cys 100°C pa 6yrnatungu. CYBHWHT
conmuwTpma Kainaw wuccukguru 2258 kX 6ynca, 1 monb cys
100 "C pa 6yrnaHraHfa YHUHT 3HTpPONUACK Lanyara optagun?

I'u nin. CyTtnnn iviiiilain Temneparypacuga 6yrnaHuw
MIOrepmMnK >kapaéH by.uramy yuyH cyB 3H rpOnNUACUNUNT OPTULLK
S O/l ¢popmyna 6unaH \ncobnab Tonunagu.

Q 539,8 - 18 = 9716, 4 Kan,

7= 273,2 + 100 = 373,2°%

40 97164 A m Kasi 1|'||'|oc X
AS 8132 2604 Fpaji-monb ek 10655 rpag.mosb

Jemak, sHTponua 108,85 X/rpas, Monb ra optap sKaH.

V.2. OpKWH Ba 6ornaHraH sHeprus. TepMogMHaMMKa KOHYHUTa
MYBO(UKKMEMAATN IHEPTUAHUHT BMP KNCMU ULLTa alinaHMangm,
XapaéH MobaliHMAa XXMCM MUKW IHEPTUACUHUHT (hakaT Mabiym
KUCMWUTMHA Wra ainfnaHnwm MyMKWH. XKUCM 3HEPrUsCUHUHT
Mwra alknaHMWwWm MYMKUH 6ynraH KUCMW YHWUHT 3PKUH
3HEprusAcK, uwra annaHa onmanguraH KMCcMu aca 6ornaHrad
3Heprusa ge6 atanagn. LUyHpali kunm6:

U= F+Q

6y epfa: U —>XMUCMHWHT WYKW 3HEpruscu, F~ 3pKWH 3Heprus,
()- 6ornaHraH aHeprus.

Xuemparn 6y sHeprusnapHuUHI MyTnak KAAMaTUHWU XUCO6-
nab 6ynmaign, nekWH xapaéH BakTuga 6axapuaraH uvw Ba



ynapunraH WCCUKIUK acocupa >Xucmpgarm 3aHEeprusHuHT
y3rapuwmHU aHUKfaWw MYMKWUH. QPKWUH 3HEprus Xxucmpaa
noTeHuuan sHeprus \onunga éynaaun. XKucm nw axapraHga yHUHr
3PKUMH 3Hepruacy kamasagu. MacanaH, factnad >KUCMHUHT 3PKUH
3Hepruscm Fp MabiyM MWHKW BaxapraHaaH KelinH YHUHT 3pKUH
aHeprusicm F2 OyncuH; y Xonga ysrapmac xucmga éynagurat
KAWTap N30TEPMUK XapaéH HaTmxacuia x,ocun 6yaraH Makcuman
nw F, Ba F2 opacupgarun aiimpmara TeHr 6ynagu:

A=F 2~ F{= ~AF.

Y3rapmac 6ocumza cogup 6ynaguraH kKhaiitap n3oTepMuK XKapagH
BaK,TMAa 6akapunagnraH Makcuman WWHWHT KAMMaT 1 acTiabku
Ba oOXuMpru n3obapuk noteHumnannap G, sa G2opacupgaru aitmpmara
TeHr 6ynaau:

A=G2 Gj=—AG

AManga 3pKuH 3HEPTUAHUHT X,aMmacu goliganm uw GaxapuL
YUyH capthnaHaBepMai™u, 6ankm YHUHT 6Mp K;UCMU HYP, UCCKK,-
nukK Ba 6ow”™a KypuHuwga 6ekopra capd 6ynagu. Kgintap xapa-
€Hfla aca aHeprus gak,ar uw yuyyH c*pdnaHasm.

Jemak, cuctemagarn 3pKWH 3HEPTUAHWUHT Kamaiuwu
N30TepMUK K aiiTap KapaéHa Xocua OynuiuyM MyMKWH 6GyaraH
MakcuMman UWHWHT yayosmamnp. by v aca y3 HaB6aTuaa mogaanap-
HUHT KUMEBUIA peakumsara KUpMLLWLL XYCYCUATU YN4OBUANP.

bornaHraH aHeprua Q = TAS opmyna 6mnaH ndoganaHagm;
AS —KapaéH Bak,TWa 3HTPOMUAHUHT y3rapuLlun.

Y. 3. TepMOAMHAMUKaHWHT GUPUHYM Ba MKKUHUWN ~OHYHMapn
fupnawraH TeHrnamacu. 3pKUH Ba 60rnaHraH sHeprua gerad
TyLIyHYanap aHUK4ab ONUHAW;3HAN TEPMOLNHAMUKAHUHT 6UPUHYM
Xamfa MKKUHUYN KPHYHTAPUHWHT 6Uupnatirad TeHrnaMacuHm ésuw
MYMKWH. Arap K\aiiTap XapaéHga WCCUKAMKHUHT uwra ainnaHa
ONMaigMraH 3Hr KUYnK MukgopuHu AQ 6unaH ndoganacak, 6y
NCCUKNUK BOrNaHraH aHepruara TeHr 6ynagu:

AQ = TAS

[Jemak, kalitap >xapaéHnap yuyH :

thopmyna x;ocun 6ynaau.



Arap 60rfaHraH aHeprus MQPofacHHU TEPMOSUHAMUKAHUHT
GUPUHYN KOHYHMW (hopMynacura, sibHu:

AQ = AU + JIA

Kyticak,
TAS = AU + A

ékn TAS = on — b ékun AF =AU —TAS y3rapmac 6ocumpaaru
XapaéH ydyH aca

AG = [IH - TAS

TeHrnama kKenu6 umkagu. by TeHrnama TepMOAWHAMUKAHUHT
O6MPUHYUM Ba UKKUHYM KOHYHNapu KaiTap kapaéHnap y4yH Xoc
6ynraH ymymuii TeHrnamacuanp.

OHTponuA Ba aHTanbnua akTopnapn AG = AH —TAS
Tew namaga; AH  aHTanbnua haktopu, TAS 3ca —yHUHT 3HTPO-
nus gakTopu aeb oputunagun. Ynap 6up-bupura kapama-kapLuu
MHTUAMWAapHu n(k>ganaingn. AH cuctemaga TapTMoCU3NKK aapa-
XXACUHW KaManTupagm ékn TapTubCcrnsnmK gapaxacuHum Kamantu-
puwra uHTMNagu. TAS aca TapTUBCU3ANK fapaXacuHU KynanTu-
puwra nHtTunagu. AG = 0 6ynraHuga sHTansnusa HakTopyu YHUHT
3HTpONUA pakTopura TeHr bynagu:

AHO= TAS

By wapounTaa cuctema MyBo3aHataa bynagu. ¥Y3-y3uya cogup 6yna-
AuraH peakunanap yyyH AG<0 gup. by wapoutaa cuctema MyBo-
3aHar xonarra kenagu. by epfa yuta Myxum xgnat 6ynmwmn MyMKuUH.

1 OH° xam, AS Xam peakUusHUHI 6opuliura épgam 6epaau;
OyHUHT yuyH AH<0 Ba 5 > O b6ynuwn kepak. byHga acocuii
BasuaHu aHTanbnua haktTopu baxkapagu.

2. PeakumsaHuHr 6opuwura pakat AHOEpaam 6epagu. by xonga
AHO maHnin kniimaTra ara 6ynagm: AH <O . TAS <O aHTponua
Kapwunuk kunagu.

3. AHO > O 6ynu6, aHTponua ¢aktopu TASAHO gaH KaTtTa
fynraHuga xam peakums ys-ysuya 60puin MyMKWH. [emak,
3K30TepMUK peakumaga aHTanbnmua AHOHUHT OPTULLKN 3HTPOMNUSA
thakTopy TASO HUHI OPTULIWMHMK “60CM6 KeTaan” SHAO0TEPMUK
peakuusanapga (FOKopu Temnepatypanapja) aHTanbnua gakropu
“6oca onmaingm” MacanaH:



peakums yuyH JIH® = 91,37 kXK -TAS = 298 [210,6 —(1/2 « 199,9 —
1/2 205, 41 = 3KXK.

Takpopnalw yu4yH MaTepuannap

BO6GHUHT yucuavya mMasmMyHu. bob KuMeBWil peakuusnap
3HEpruAacu Ba TepMOAUHAMMKA KPHYHIAPUHW ypraHagn. XXucm
noTeHunan sHepruara ara 6ynagu, yHu 6owwKa 3anemMeHTnap
XAnatnapy ékn NYKu Tysunmwimra K,apab aHuknaHagm. 3k3orep-
MUK Ba SHAMTEPMUK >XapaéHniap, 3HTanbnug Ba 3HTPOMNMUA
y3rapuwnapu, xonat yHkuusanapm, 'ecc KOHYHW, cTaHAapT Xo-
cun BYNULW UCCUKAUTU, UCCUKNUK CUTUMK (KanopusnMamk) Ba
6oLKa KaTTanuknap ypraHunagu.

Bo6HuW ypraHuwgaH macag,.

Bob 6unaH TaHuwraH Tanaba KyhiugarunapHu 6unmé onuwu
3apyp bynagu:

1 KNHeTUK sHeprusHu noTeHuMan aHepruafaH axpara onui.

2. DK30TEPMUK XapaéHnapHW 3HAOTEPMUK XapaéHnapgaH
thapknai onuw.

3. QHTanbnNus Ba IHTPONUA KaTTaNUKNapUHM Xxmucobnaw.

4. Knmésuii matepman Ba XOM MAwWEnap KanopusanapuHUHT
MUKLOPWHWM BUNNLW Ba aHWKNAL YCYNNapUHN YPraHuLl.

5. BUp nccuKNnK 6UpANIUIMHN boKacura yTkasa oMl xamaa
MOAP UCCUKNUK KaTTaauknapuaH Conunrrupma Karraamknapra
YTUWHWU yafanai onvuwn Kepak.

Mawuynap

1 KnHeTuK aHeprus 6unaH noteHumnan aHeprus apknapuHu
TYWYHTMPNG 6epuHr. Muconnap KenTUPUHT.

2. OliHMHT Maccacu 73 ¢« K)2«kr ra TeHr. Oii Ep atpoduga
1,0 +103cm/c unsnknu Te3NnnkK bunaH xapakatnaHagn. OMHUHT
Epra Hucb6ataH KUHETUK 3HEPTUACMHMN TOMMWHT.

3. My3HUHT 3puLwn, 3GUPHUHT OYTNaHULWIN, HATPURHUHT CYyB
6unaH GUpMKMWKN, AWWH pas3psagn, 6yrgaH MCCUKIUKHUHT
axpanuwmy kKabu xapaéHnapHUHI KMiien GMpU 3HAOTEPMUK,
Kalicn 6upn 3K30TepMUK KapaéHnap! a kupagm.

4. Yymunuw x”"B3acu 240 m3cyBHM curgmpagu. ATpodra
TapKanyB4YM UCCUKIIMK MUKAOPMHU X1cobra onMaraHga XoBy3garu
CyB TemnepaTypacuHu 16" gaH 24° ra KyTapuw Y4YyH KaHpal
MUBAOPAArn UCCUKIUK Kepak GynunwmnHu xmcobnab TOMMHT.



5. Yun y3uua pyii 6epaguraH peakuusnapga spKUH 3Heprus
KaHfai ysrapagu. Y3m 6opmaiiguraH peakuusgapHu maxo6ypaH
yTKasnb 6ynagumm? MYMKWUH Oynca, Kail Tap3ganuruHm
TYLUYHTUPUHT.

6. ATainnuk, 6up katta mauwra 500 Ta ok paHrim Ba 500 Ta
KYK paHrnv wapyanap 6apasapvra xonawtmpungu. Lapyanap
“apanawimacun” aHTponuAcu 6unaH OK xamfa KyK liapyanap
apanawTupunryHya 6ynrad aHTpoumsanap WArMHAMCK Kali xonga
OPTUK BYNULWWHN TYLWYHTUPWHT.

TecT caBonnapwu

1 CtaHpapT xonatja aMMOHWIA HUTPATUHUHE NapyanaHniu
NH4NO, —=N,0 + 2H,0 MyMKuHMU? XXaBobuHrnsHm A GN
(KXK) eppgamunpa ncoéoTnaHr.

a) nyk, 1699. 6) \a, 1699, v) iyk, - 169,9. r) xa, + 169,9.
n) yk, 1 3398.

2. Opanii mogpanapgan 2,69.10 * kr muc (M) - XAOPUAHWHT
\ocun 6ynnwnga 41,17 kKK nccmknmk axpannéumnagun. Muc (11) -
XJTIOPUAHUHT \ocnn BYNULL UCCUKNUTUHN aHUKAHT.

a) -85/,76) -2059. B) -205,9. r) -8572 o) -411,8.

3.5,6 ¢ 10 3m1BogopOAHU (H.Ww) pTOp GUNAH TabCUpiaHULWK
HaTuXacmja KaHya MUKLOPAA MCCUKNUK axpannb yukagu éku
roTunagn?

a) -6778. 6) -135,56. B) + 13556. r) +6778.4) -0.

4. ANFOMUHWI OKCUAVHU XOCWA BYNLL MCCMKNUTN—IL675 KXK/MOob
bynca, tOr. ANIOMUHUIA OKCUAUHW XOCWMA BynuMwunga KaHya
NCCUKIIUK axpannb ynkagn?

a) -39,2. 6) -164,2. B) -400,3. 1) -1675. n) -600,6.

5. Arap 140 r KanbUuili OKCUANHKU KapboHaT aHrmapug bunan
TabCUpnaHuwWwm Hatmxacnga 106 KKam MCCUKINK aXpainb umkagu.
PeakUMAHUHT UCCUKAMK 3PheKTUHU (KXK) aHUKNaHT.

a) - 393.6) - 177 B) - 376. 1) -37,6. p) - 177

6. Yrnepog mMoHokcuan 6unaH 5,6 < 10~3 M3 kucnopog (H.w)
TabCUMPNAHULWW HaTWXKacuga KaHya uccuknunk (kXK) axpann6
ynkagmn?

a) -494. 6) -98,8. B) - 1976. 1) - 692. 5) - 3952

7 Arap 3,04 ¢ 10 3kr MarHuitHU EHAMPULI HaTuKacuga 76,16
KX MCCUKNMK aXpanunb ymkca, MarHuili OKCUAUHWUHT Xocun 6ynuw
MCCUKNUTU KaH4ya BYNULWWHWN aHUKNaHT .

a)-301. 6)-601. B)0-601. r)-301. p)—1202

l



KUMEBWUI PEAKLUUVANAP KWHETUKACW BA
KUMEBU MYBO3AHAT

V1. 1. POPMAJT KNHETUKA

KuméBmnii KNHeTMKa peakumanap Te3Mrn Xxakmgaru TakT MUMOT.
MacanaH, noptnaw >xapaéHnapu CEKYHLHWUHT YH MWHrgaH 6up
ynywuga 6opca, 6ab3n peakumsnap coaTnap Ba KyHnap jaBoMuia
cogup 6ynagn. Knméemnii peakynanap KMHETUKACUHW ypraHuil
nnMuii Ba amanuii a.\amusT kacb atagu. CaHoatga ma\cyn1oT onuLu
YUYH yTKasunagmraH peakuMsHUHT KaHfjai Tesnukga 6opuwin
YHUHT WKTUCOAWUI camapacura tabcup kunagu. Maskyp
peakUMAHUHT Te3MTMHM OWMPULL Ba Xanan bepysun peakuusanap
TE3INTMHY KaMaiTupuw nwnab ynyapmiw YHyMUHW OLINPULLTA,
XOMawénaH Tynapok (oiganaHull Ba Kam Bak,T Mmumpa Kyn
MaxcynoT uwnab ymkapuwra UMKoH 6epagu. LUYHUHT y4yH
peakuMsnapHUHI Kalicy WwapomTaa Te3 KU CEeKUH OOPULLINHM
aHMKAal Ba LWyHra kapab, ynapHUHI Te3nnknapuHu 6olikapa
6UAMLW XO3UPTM UAMUIA TeXHWKa TapakkKuMETW acpupa rosat
MyXUMAWP.

Mnmuin xuxatgaH onraHga sca, KUMEBWI peakuusnap
KWHETMKACUHWN ypraHuil Typan peakumnanapHUHT KaHgai nynnap
6unaH GOPULUNHW, AbHW YNapHUHT MEXaHW3MUHW ypraHuwira
épaam Gepagun. by aca KUMEBWUIA peaKUUSHWUHT WYHaNWLLIWHW Ba
YNapHUHT Te3MIMHM BoLIKapul UMKOHUHK apatagu. XIX acp
oxupnapuraya peakumsanapHUHT Knaccu@ukaunam, wy 6unax up
Katopga hakaT ofavii peakuumsnapHuruHa 6owkapaguraH
TeHrnamanap 6unaH WyrynnaHuWraH, QU3nNK-KUMEHUHT 6y KUcMu
thopman KnHeTuKa geb toputunagun. XX acpHUHT 6olunapuaa KnHe-
TUKaHW ypraHuiiga acocuii abTM60p KNUMEBUI peakunsnapHUHT
MOXUATW Ba MEXaHW3MMWHUW ypraHuwra Kapatwigu, peakuusnap
KUWHETUKACUHW MYMKUH Kajap uykYP Ba Tyda ypraHuwra
KAPUWWUNAN. YMYMaH, KUMEBUI peakuUAaNapHUHT Te3Urn
Xakngaru TylyH4a KMMEZaru aHr Myxum TyllyHuanapgaH 6ynmo,
MOA4aNapHUHT y3rapyLlmn Ba yaapHu caHoaT MUKECUAA ONTULLHUHT
NKTUCOLMNI camapajopnnru xakugaru TacaBeypnap 6unad
6ornukamp. Knumeésnin >xapaéHnapHu 6GOLIKAPYBYM 3IHT MYXUM
thakTopnap (Mogganap tabmataaH Ba 3puTyBUYMMapAaH TalliKapw)
TypTTagup: 1) Temneparypa; 2) 6ocum; 3) peakumsara KUpULLYyBUK
MOAJanap KOHUeHTpauuscu; 4) katanmsaTop.



By yutacu (TemnepaTypa, 60cum, MoaLanap KOHLEHTpaumsacu)
peakUuWAHWUHT Kys3aTunaguraH Tesnurura \am, MyBo3aHaT
\onatura \am Tabcup 3TaAu, TYPTUHUMCK 3ca (hak,aT peakuyums
Tesnurura Tabeup ata onagn. Knumésmnin peakuuanap Tesnurura ong
MyammonapHu \an karwwpgaa X. P. PyctamoB Ba YHUHT LIOrMpanapu
6axapraH uwnapu gadra my\um \ncca 6ynmé Kywmngun.

VI.2. KUMEBUIN PEAKUMANAP TE3NMU

Bapua peakumsnap romoreH Ba reTeporeH peakumsnapra
6ynuHagn. KOKppuga peakumsanap Typau Te3nunk 6unaH 6opaaw,
fe6 alitraHauk. Te3 60pyBUM peakuusanapra 3nekTponmTaap
opacuga bynaguraH peakuuanap kupagu. Mucon Tapukacupga
BaS04uyyKMacuHUHT \ocun 6ynuLl peakMACUHW KYpULL MYMKUH:

BaCl, + Na,S04= BaS04+ 2NaCl

bab3n peakuumsnap aca, macanaH, ep k“abpuga 60pyBuu
peakuuanap MWIIMOH MuAnap AaHom 3tagw. Peakums Te3nuru
Mabym Bak,l nunga \axkm Eku t03a Gupnuruga ysapo tabeup
3TYyBUM MoOffaNap MUKLOPUHUHT (KOHUEHTPaUUSAHWUHT)
y3rapuwmngmp.

Peakuus Te3IMIMHM TONWWAA peakumara KupuwaéTrau
MoAfanapHu éKn peakumna Ma.\CynoTnapuHu ONMLHUHT a\aMUsTY
yk,. Opatga, Koincu MoALaHVMHT MUKLOPWHN yn4all Kynai 6ynca,
peakuua Te3nury Wy MoAAa KOHLEHTPaLUACUHWHE y3rapuwm
6unaH ynuaHagun. JIekMH peakuusara KnpuwaértraH moaganapHiHr
KOHUeHTpaumanapn Bak,T yTUWKU 6unaH kamasgu, ma\lcynoT-
NapHWKK 3ca, akcuMH4a, opTMb 60paan. Hatmxaga Typnu Bak.T
numpa peakuma Tesnuru Typam4ya 6opagu. LW yHWMHT yuyH
PeaKLMAHUHT “XaK.MuniA Te3nurn” Ba “ypraya Te3nnrn” geraH Ty-
WyH4Yanap kuputunagu. Ogatja KOHLUEHTpauusa Monnapaa, Bak,T
3ca CekyHAanap éku MuHyTnapga mdopanaHaaum. MacanaH,
peakuuara KupuwaéTtraH moguanapgaH 6MPUHUHT GolnaHrny
KOHUEeHTpauusacu 2 mons/n 6ynu6, peakuma 6olunaHraHugaH
KeWNH 8 cekyHpa yTrad 1,2 monb/n 6ynub Kpnca, peakUUSHUHT
yptauya 2—1,2/8 = 0,1 Tesnuru Monb/n cek ra TeHr Gynagu.
Kylingarn ymymuin TeHrnama 6unaH 6opaguraH peakuUsHUHT
TE3IUTUHN KYpUb ynamms:



c 1ogysig A —wmopga captnaHraH capu
peakunAHuHr tesnurn V1.1 -

pacMga KypcaTuaraHgek
V nc Kamas Gopagu. ByHpaii peak-

cl XC2A UMAHWUHT Te3nuru ¢akart
t i1V A MyaisiH Bakj opanuru yuyH
) TErULWAN 3KaHAUTNAAH Kenno
M - A A ynkagn. Arap A MogfaHuHT
KOHUeHTpayunscu 6upop t,

1 i Bakr t  paktga C, kaTTanukka, t,
BaKTAa aca C2 kaTTtalunkka

V1. /. -paem. Peakuuara kupuwagérraH TEHT 6yﬂca, At = t2 —12 BakT

MoAfanap KOHUCHTPaLUACUHUHT 6|/|pn|/|rv|,u,a Moanda KOHLUEeHTpa-
YaT Gupanrupa ysrapuwn. UMACUHUHT  y3rapuwn AC =
C,
UMAHWHT ypTada Te3nnrn Ky|7||/|,u,ar|/|L|a Tonunnagwn:
Cc-C AC
AV = At

By eppa: A MOAJa KOHLEeHTpaumsacu Kamaiwm Ba 6UHo6apuH
C2—C, aliupMaHUHT KuiimMaTu MaH(uin 6ynuwmra kKapamai,
peakuMAHUHT Te3nurn hakaT mycbaT KaTTasmkka ara Gynuwin
MYMKWH, Wy cababnm MuHyc (— wwopacu Kyuunmaigu. Arap
peakuus maxcynotnapugaH 6upoptacy KOHLEHTPaUUACUHUHT
y3rapuliMHN Ky3aTcak, Y peakums gasomuga opTub 6opagu, Ly
cababnm KenTupuaraH TeHrnamaHuWHr yHr\ucmura nawc (+)
nwopacu Kyivw kepak. PeakUuWMSHWUHT Te3nuru Loumo ysrapub
TYPraHAnrn yuyyH KUMEBWI KMHeTMKada (hakaT peakLUAHUHT
XaKu™nid Tesnnru “J” Kypub Ynkunagn; Xaknkn u Tes3ink geraHaa,
Mab/lyM BaKTAa peakuWsAHWHI allHW MOMEHTAarn Tesnuru Ty-
WwyHwunagn. byHpa vwopara abTmbop Gepunmaiign. Moagannap y3apo
TabCUP ATULLNAPY YUYH YNAPHUT MOSEKYNa1apy TYKHALLMLIN Kepak.
BakTOMpAnMrngaruTyKHawWnwnapcoHu MoJieKynaiapunil xapa-
KaT Tesnurura 60rnuk 6ynagn. JIekKuH xap KaHgah TyKHawuLw
\am AHrM MOAAaHMHI Xocun Bynuiinra onnb kenmaigu. Ysapo
ahheKTUB TabCMp hakaT MabNyM IHEPrNA 3axupacura ara 6ynraH
MofieKynanap ypracuga cogup 6ynagu. byHgai monekynanap aktus
mMonekynanap feivnagu. | Monb Moagagarvn 6apya MonekynanapHu
“aKTMB” Xonatra KenTupuLl yuyH 3apyp 6ynraH aHeprusra aktms-
naHuwaHeprusacn (E ) geiimnagn.Y kkan /monbBa KX/Monb



t>iiii;n: ncponanaHagn. Ly kabn {appavanapnuHr TyK HalnL COHM
\anm Gupnurugary monekynanap CowHa, AbHU peakyusara
KNpwnynun mMogganap KoHuetpaunacwa 6ornmk, 6ynagu.

VI.3. PEAKUWVA TESNUTUHUNHT KOWLUEW T'PAUWNATA
BOPAUKANTWN

KnMEBMIA peakUuMAHUHT Te3Nnru peakumsa! a KMpuwyBym
MoAfanap KOHLEHTpaumsacy ra 60rnmK; KOHLeHTpaLms KaHua Katta
6ynca, \axxm 6upnurmga WwyH4a Kyn monekyna 6op 6ynu6, ynapHuHr
TYK HaLLyBW OpTaau Ba peakuus MaxpynoTura aiinaHagu, HaTmxaga
peakumsa wyH4ya Te3 6opagu. Bak yTuwmn 6unaH KumEBUI
peakuUAHWHT Te3nurn kKamasgu. byHra cabab wwyku, peakuusra
KMPULLYBYN MOAJaNnap KOHLEHTPALMACUHUHT BaK,T yTuwn 6unaH
Kamaiuwm mMonekynanapHuHr 6up-6upu 6unaH Tyk,Halys
A\TUMONNUTUHUN KamainTupagn. Peakums Te3N-UrVHUHT peakumsara
KNUpUWYBYM MOAfanap KOHUeHTpaumacura 60rnuKAUIrnuHNu
ypraHuw maccanap TabCUPW K,OHYHUHUHT Kawd sruauwura
(1867) cabab 6ynan. by kpHyH N'ynbbepr Ba BaareToMoHMgaH Katud
aTunraH 6ynmnb kynmpgarmya wugoganaHagu: “Ysrapmac
Temnepatypaja KAMEBWI peakUMSIapyHUHE Te3IUIK peakuusra
KMPULLYBYA MOAJanap KOHUEHTpauusnapuHUHT KynaiTMacura
ryrpu nponopuuoHangup”. Arap peakuus TeHrnamacmpga
CTEXVOMETPUK KOo3(hmumeHTnap 6ynca, ynap xucobra onvHagm
Ba fapaxka Kypcarruumga ésmnagu:

YMyMuit KypuHUna é3unrad Kynugaru peakums TeHrnamacm

Y4YH
nA +TB =pC +dD

Maccanap TabCMpPU K OMyMUra acocaH peakuus Te3nuru
Kyiuaarnya ngoganaHunagu:

V=KC"A -c"B eku V- K/A/" «/ilT

Cn Ba CBnap —A Ba B mMoafanapHVHT aiiHu BakTgarm monsp
KOHLEeHTpaumanapu, mMonb/n;

7 BAa T nap —peakuusra KupuwaétraH moaganapHUHT
CTEXNOMETPUK Ko3thdpuLneHTNapH;

K —peakunsaHUHT TEe3NUK KOHCTaHTacw.

Peakums Te3NUK KOHCTAHTACUHWUHT (PU3NK MabHOCU LIYHAAH



n6opaTKM, y COH >KUXaTgaH peakUusra KUPULIYBUW
MOAAaNapHUHT KOHUEeHTpaumsanapyu 1Monb/n ra TeHr 6ynraHaaru
peakLus Te3nuUrura TeHrgup. Y ys3apo Tabcup 3TaéTraH
MO AanapHUHT TabuaTu, TemnepaTypa Ba KaTanusatopra 6ornuk,
6ynnb, KOHLIEHTpaumsra 60rnuk, aMac. Macana,

Be(OH)2+ 2HC1= BeCl12+ 2HD

peakuus Te3Nurn Kyinaaruda ugoganaHagm:

V = KCB(@2 » C2HC1 ékn V= KIHCW

Arap KMMEBMIA peakumsra ras xonatgaru mogpanap
KMpUwuLca, y Xonga Xxaxm 6upaurngarn mosnekynanap COHW
rasnap 6ocmmMmura nponopunoHan 6ynagu, SbLHU 60CUM K,aH4Ya
opTCa, KOHLUEeHTpaums WyH4ya mapTta owagun.

MacanaH,

2H2+ 02-+2H2D ©p

Y =K-Pp-P®

6y epga; PH Ba PO Bogopof 6unaH KUCNOPOAHWHI napuuman
6ocumnapn.’

Mwucon. 2502+ 0 2= 2S03peakunaga apanaiMaHUHT XaxXMmu
MKKWU MapTa Ku4panTupunraHia Te3IMKHUHT LaH4ai y3rapuwmHm
aHUKOaHr.

Eunw. XaxXMHUHT y3rapuwmgad ongmud S028a 0 2napHuHT
6yF 6ocumMnapu Ternwnnya Pso2sa Po2ra TeHr 6yncuH. by xonga:
Y —KP 502 ¢ P026ynagmn, XaXXMHUHT MKKU MapTa Knupantupuin-
WK Te3NK TeHrnamMacmaa Kyimgaruya y3 uogacuHu Tonagu:

V=K -2P2KQ -2P~ =K +22.2=8K

[emak, Te3NMK ONAUHIUra Huc6aTaH 8 mapTa owap akaH.

BMp Heua opanuk, peakuusnap opkaau coaup GynaguraH my-
pakkab KUMEBWIA )XapaBHHUHT Te3NWUTK ynap opacua SHI CeKUH
6opafuraH opasvK, pPeakUWsHUHT CTEXWOMETPUK TeHrnamacu
6UNaH aHMKyraHaau. FeTeporeH cucTemagars KUMEBUIA peakums-



nappa, SbHW peakuusnapfa ras, apuraH mogganap 6unaH 6up
KATOpAa «.aTTVK, MOAAanap XaMm UWLTUPOK 3TCa, Y KaTTuK, Moajanap
peakuusra uverapa CMpTU —t03acu OpK,an Kupuwagn. KarTuk,
Mojda KaHua maliga 6ynca, peakumara KUpULYBYUKM H03a LUyHYa
KaTTa Ba KUMEBUI peaKLMs TE3/IMTU LIyHYa oK,0pu bynaam. LLiyHra
Kypa, KaTTU K MOAa I03aCUHUHI KaTTa KU KUYUKIUTU Te3NNKKa
TabCcup 3TYyBYUM OMuniapgaH 6mupn 6ynné xmcobnaHagw.
Maccanap TabCUpy KPHYHWHU Kylinjarun reTeporeH cucre-
Majarm peakumsa yuyH Kynnainuk:
CuO,. + H, . — Hjom. +Cwn

(o) 3y C3)
V = K «PH2

HOKopugarn TeHrnamagaH KypuHunt Typnbankn, 6y peakuus
TE3IMTMHUHT ndojacnra KarTuk, MoAanapHUHT KOHLEHTpa-
unsinapum Kupmamgn, YyHKW, ynap ysrapmacaup, SibHu 0y peak-
LMAHUHT Te3nuru akaT BOLOPOAHUHT KOHLEHTpaLMacura éxkm
6ocmmura 6ornvk, ynaau.

VI. 4. PEAKUWA TEIJINTUTA TEMIMEPATYPAHUHI TABCUPU

ATOM Ba MOJMIeKYNanapHWHr Kysrajsrad xonatnapuja peak-
umara KUpULWnLW XycycusaTun Kydasagmn. 3appavanapHun KysraTuiu
YUYyH, MacanaH, TemnepaTypaHu owupul, 60CUMMHM Kynaii-
TUPULL, peakumara KnpuaéTraH mojganapra peHTreH Hypnap”,
ynbTpabuHadwa Hypnap, y - Hypnap TabCcup aTTUPULL Kepak.
TemnepaTypa y3rapraHfa peakuus Te3NUTMHUHI y3rapuwiunra
cabab, YHUHI Te3NIMK KOHCTaHTacu “K” HW ysrapuwungup.
MacanaH, O°C ga peakUUSHUHT Te3/IMK KOHCTaHTacu lra TeHr
6ynca, 10 0C ga 2 ra TeHr 6ynagmn, 20°0C ga 4 ra, 30°C ga 8 ra,
40°C pa 16 ra, 50° Cpa 32 ra, 60° Cpaa 64 ra, 70° C pa 128 ra,
80° C pga 256 ra, 90° C ga 512 ra, 100° C pa sca 1024 ra TeHr
bynagun. Peakuus Te3NUTMHUHI TeMnepaTypara 60rnmpyLrmHm
BaHT-Ioh aHuK,nagm Ba Kyihuparu K,omfaHu Tabpudnagm
(kawd kungn) “Temnepatypa xap 10 rpagycra KytapuiaraHza
peakumnanap tenurn 2—4 mapTa opTtagu’ ®apas K,unannuk,
6upop peakuusiHuHr Tesnuru xap 10°C ga 3 mapTa opTcuH. Y
xonga arap 0° C ga peakuusa Tesnuru 1 ra TeHr 6ynca,
Temnepatypa 100° ra opTraHga peakuua Tesnurm 1000 mapTa
opTagu.



Arap t "C parun Te3nukHu V t, 6unaH, t (\C rpagycgaru
Te3NUKHN Vt2 6unaH 6enrmnacak, peakums Te3TUTUHUHT
Temnepartypa 6unaH 60rIMKANIUN Kynuparn matemaTuk udgoga
6unaH ndoganaHagm:

Vi2 = Vf, -y 10

6y eppa: y — Temnepatypa 10°C KyTapunraHgja peakuus
TE3NINTUHUHI Heya MapTa OPTULLIMHM KypcaTyBUMU COH, Y
peakUMAHUHI TemnepaTypa Ko3ULMEHT» ae6 aTanagn. BaHT-
Mot yomgacura 6UHOAH, FOMOreH peakuMANapTe3NMKNapPUHUHT
TeMnepaTypa KoagduuneHTnapu 2—4 ra teHr oynagn. Kynumamk
peakumsanapHUHI TemnepaTypa KoagduuneHTnapm 6up-éupungaH
Kam ¢apk, K,unagn. lOk,opugarn muconnapga TemnepaTtypa
apudMeTUK nporpeccus Byiinya KynairaH \onatnapga peakums
Te3/INr reoMeTPUK Nporpeccus byimya opTULLNHU Ky3aTaMK. 1889
nMnm AppeHuyc Te3NIMK KOHCTaHTacum 6unaH TemnepaTtypa
ypTacnga 6ornaHuwl 60pnnruHmM aHmk,nab, 6y 6ornaHuMLLIHN
Kynmgarm smnupuk q)ogmyna 6unaH ngoganagn:

IgKk =C - £

6y epaa, K — peakuusaHUHI Te3NnK KoHcTaHTacu, C Ba B - aliHm
peakuUnsi y4yH X0C KOHCTaHTanap. T~ MyTnak TemnepaTypa.

By Hasapusira acocaH peakuuss Te3NUTM WUKKU XWN
TaBcunaHagm: 1 AKTMB MOMIEKY/iasiap COHMHMW OLUIMPULL YYYH
TeMnepaTtypa KyTapunagu. 2. AKTUBAAHULI 3HEPTUSICUHMK
KamanTupuwl ynu 6unaH peakuusi Te3nnuru ysraptupunagun. byHra
MYyBO(UK, KUMEBUI peaKkumsara — alHM peaKUUssHU amanra
OLLUMPULL YYYH erapsv 3Heprusicn 6ynraH akTvMB MoJieKynanaprmHa
Kupuwagn. Hoakrme monekynanapra Kepakam KyLivMMya aHeprus
6epnb, ynapHn akTUB MOJieKyanapra aiinaHTMpuLl MyMKUWH, 6y
XXapaéH aKTUBNaHULW gelinnagn. MonekynaHU aKTUBAAHULL
ycynnapugaH 6upn tokK,0puga scnarunb yTunraHugek Tem-
nepaTtypaHu owmnpuLl Rynnuaup.

TemnepaTypa KyTapuaraHfa akTWB MOJieKyfnanap COHWU
reoMeTpuK nporpeccus byiimuya Kynasgm, HaTuxkaja peakuus
Te3nurn optagun. Peakuus Tesnuru Taxpuba Wynu 6unaH
aHuKgaHagn Ba £ \apdwn 6unaH 6GenrmnaHagn Ba KXX/mMonb ga
ndoganaHagun.



IxX)NbUMaH Haszapusicura Kypa KUMEBUIN peaKUUSHUHT Te3/Inrm
aKTUB Ba aKTMB 6Gy/nMaraH MosfieKyfnanap opacugarum Hucbatra
6ornuk,bynagn. by HucbaT bonbumaH KpHyHUra 6MHOaH Kynugarm
TeHrnama 6munaH ndhoganaHagu:

™, _ E
NO~ RT
By epga: N, — akTnB monekynanap coHu, NO — 6apua

MosieKynanap CoHu, E —aktmBnaHuw 3sHeprusacu, T — MyTnak,
TemrepaTypa, R —ra3 KoHcTaHTacu.

1953 imnm DMpuHr Ba MonsHM Taknug 3TraH Hasapusniap
byivya peakUMAHWHT aKTUBAHWLI 3HEpPruscu factiabku
MofjanapHu “akTuB KOMMJeKC” “‘onatura yTKasuw yyyH 3apyp
b6ynraH sHeprusa Mukgopuanp. “AKTUB KOMMEKC” Hasapusra
MYBO(UK, gacTnabky mogganap”akTuB KOMMAEKC” opK,anun
peakuns maxpynotnapuvra yta onagn. by Hasapusira Kypafactiabku
MOAJanap akTuB KOMMJEKC OpK,;uin peakUmMsara Knpuwla onagurax
X;onarra yTraHga CMcTeMa 3HepreTuK XuxaTgaH opgwii Xanarra
yTagun. MacanaH, peakuusara kKupuwaértram A Ba B mogganap
peakuua maxpynotnapy C Ba [ nu \ocua KWaUW YYyH ynap
3HEpreTUK rOBHM eHrmb yTuwKn Kepak. ByHra akTuBAaHuLL
aHepruscn (£) capnaHagn, SbHU CUCTEMAHWHT 3HEPTUsicu Ly
KaTTanuk K.agap oprtagu. byHpaa peakuusara Kupuiwaérrad
MONahapHHHr 3appavanapujaH yTull X,0naTn éKu akTUBNaHraH
KOMMeKc gennnaguraH 6ek,apop rpynnada x,ocun 6ynagw,
peakuma mobaliHuga Csa [l HUHT Xpcun Bynuiimra onmé Kenagw.
MacanaH, BC Ba A mogganap peakuyusra knmpuwmnb, AB Ba C
MoAAanap Xpcun Kasca, 6y peakUMAHUHT aKTUB KOMIMNIEKC OpKan
6opun Kyimparmya udoganaHagu:

BC+A =(BC -A) *=AB +C

,qaCTﬂa6KM aKTuB peakuyns
mMopgaanap KOMIJIEKC MaxpynoTtnapu

VI5. KUMEBUA PEAKUWNA TE3SNUTNTA IPUTYBUUHUHI
TABCUPK

KUMEBMIA peaKUMSHUHT Te3IMrura toKppuaa 6up Heva MapTa
K.aiif sTUAraH aktopnapgaH TawkK,apy 3puTyBUMIAp X.aM KaTTa
Tabcup KypcaTagu. Kynuunuk peakuusnap spuTyBuUM



anMawTUpuaraHga y3 TesiMrnHu ysraptupagu. byHra mucon
K,MNn6 Kyiingarn peakumsiHn Kypcatuil MyMKUH.

CHB5) + (C2HH3N = (C2HH4ANI

By peakUMSHUHT Te3NNIKN 3puTyBUM Tabuatnra K apad, aH4arnHa

y3rapagu. byHfa peakuma KUHETUKACUHU TaBCU(IOBYM acocuii
KaTTanuknap E xam, K xam ysrapagu. Peakuusi Te3UTUHUHT
apuTyBUMnapga ras3 myxmtmgarura KaparaHpga Kamalhiviwiu
aKTUBMKHWHI Kamanuiin (ge3akTuBAaHUL) XoAucacuiaH Kennb
ynkgamn, geraH gukpnap Mabnym. By Hasapusira Kypa akTtus
MOsieKynanap 3puUTYBUYMHUHT MOseKynanapu 6unaH TyK,HaLumo,
Y3 aKTUBAUTUHY NYK,0Tagun. TyLHaLLWLLI Ha3apusicura acocsaHraH
6y (bn3nkK Hazapumsa 6up TomMoHnama 6ynmnb, 3pUTYBUUIAPHUHT
Typnnya Tabcup 3TUw cababnapmHu TylWyHTUpPaA OMagu.
YTKasnnraH Kyn Taxpubanap spuTyBUMIAPHUHT TabCupK yrie-
Bogopoanapga (alHuK,ca, anudaTtnuk yrnesogopognapga)
yTKasuaraH peakuusanapHUHT Te3INrM Kam 6y IMLWLNHN KypcaTAau.
CanoreHnapHUHI Xocunanapuaa peakuus Te3nnry 03poK opTasu,
KeTOH Ba cnupTnapga aca tokopu- 6ynagu. dpUTYBUMIAPHUHT
peakumsi Te3NUTrnra TabCUPUHN YNapHUHT 6Uupop Pr3nK xoccacu
6unaH 6ouawira ypuHut kypungun. JiekuH 6y xam aputyBumnnap-
HUHT Typ/siM4ya TabCeup aTuULl cababuHm Tyna-TyKUC TYLWYHTUPKUG
6epa onmagn.

PeaKUMAHWHI Te3nurura 3pUTYBUMHUHI peakuusra
KUpuwaéTraH mMoffanap éku peakuus ma\cynoTu 6unaH Typau
6rvprKmanap, MacanaH, cofibBaTnap XoCu/a K,UAULLIN KaTTa Tabcmp
Kanaau. Y rneBoopoAnapHUHT 3puraH Moaaa (peareHT) nap 6unax
6MpUKMa XOCUN KWUIWW 3XTUMONNUTY Xyaa kKam. KyT6num Ba
aHMKpa, Bogopos 60rnaHn masxyf 6ynraH apuTyBUMAAPHUHT
sapuraH mogganap 6unaH 6upmkKmManap Xocusa KUAMLIM aH4Ya OCOH.
JPUTYBUUHUN peareHTNapHUHI 6mpopTaen 6unaH 6eKkapop opanuk
6UpMKMa XOCUN KUAMLWMK Ba 6YHMHI HaTuxXacuga peakuus
aKTUBNAHULW 3HEePrUACUHUHI KamManmwmnm MyMKUH. By 3aca
peakuuMsHUW Te3nawTupagun. Arap xocun 6ynraH opaink 6upnkma
6apkapop 6ynca, peaKUUSHUHI aKTUBMaHULL 3HePrusicu opTuob,
peakuust Te3IMrn Kamaimim MyMKUH.

PeaKUMAHUHT aKTUBNAHWLL 3HTPOMUACK. Peakuus Te3nuru
thakaT aKTUBMAHULL S3HEPTUACUHUHT KMAMaruraruHa smac, 6anku



MoneKynanap Tapkmbugarn atomnap Ba atoMm rpynnanapuHUHC
XolnaHnwmnra, ynapHUHr KaTTa-KUUYMKAUIW Ba Llakniapura
6ornukanp. bab3aH, 3HepPrusicu peakKuWSHWHI aKTWBAAHUL
3Heprusicura TeHr 6ynraH TyK,Hawysnap (XATTO yHAaH KatTa
K,uiAMaT/IM 3Heprusira ara 6ynraH Ty”HallyB/fiap) HaTuxacuaa >;am
peakuusi amanra owmaciuru MyMK1H. ByHaaH Talkapu, KUMEBUIA
peakuusi xapaéHuga peakumsra Kpuwysuu Mopjanapfa 6ornap
y3ununb aHru 6ornaHuwnap By)XyAra Kenuwmn HaTumxacmpaa
3appavanapHuVHr TapTubcms ~apakatm O6upmyH4a opTub,
aKTUBNAHWLL >XapaéHuia CUCTEMaHUHI 3HTPONUACKM XaM aH4a
y3rapagu. LLly \onatra moc KenaguraH 3HTponus akTUB/aHULL
aHTponuAcK geinnagn. Mogga \onaTUHUHT coaup 6ynuL
AXTUMOJIIUTU GUNaH YHUHT 3HTPOMNMACK opacmuparyu 60rnaHuLL
BONbUMaHHUHT UCCUKAUK PNYKTYyaUUSACK Hazapusacura 6uHoaH
Ty3unraH opmyna 6unaH udoganaHagn:

5= K ¢ ImtV W —bonbymaH aphexkTmn

AKTUB xpnatra Tyrpu KenaguraH aHTponus 3ca S'a& ra TeHr
6ynagu:

S,.,= Kinw

ak

Arap S*ikHW ABOragpo coHura Kynaitupcak, 1 Mosb Moaaa yuyH
XUco6MaHraH aKTUBMAHWLI SHTPOMUACUHU ToMa ofamMus:

S, =S, *N,=N, *KihnW = RInW

aK aKkT

6yHAaaH

InW=8 [RéknW=e +$ /R

aKkT

Kenné umk,agn. KynrmHa nonnapga S ar — aKTUBaHULL
3HTpONMACK Taxpuba iiynn 6unaH aHWbyTaHagw.

VI1.6. 044NN BA MYPAKKAB PEAKLNANAP

Arap peakuus Y3UHUHI CTeEXWOMETPUK TeHrnamacura
MyBO(hMK, BupruHa 6ock,muga 6opca, 6yHaah peakumsa oaanii
peakums geiivnagn. Ofauin peakUUSHUHT KUHETUK TeHr/1amacu



(hakat 6UTTa TE3/IMK KOHCTaHTacK 6unaH TaBcudiaHagm. Kynumnmk
KUMEBUI peakumanap aH4Ya MypakKab Tap3ga 6opaan, YyHKK 6up
BaK,THUHT y3uaa 6up Heva Xun oaaunii peakumsinap éHMa-éH, KeTma-
KeT, TyTall Ba K,aiTtap paBuwpga 6opagn. Mypakkab peakuus-
NapHWHT KNWHETUK Tab/IMMOTU peakUUsIHA TallKWI KWIraH X,ap
K,alicy 04N peakumMsi 6UP BaK,THUHI Yy3uaa MycTak,un 6opagu,
JeraH hapasra acocnaHraH. Y 1apHUHT x,ap KAicrMcu maccanap Tab-
CUpU K,O0HyHUra bylicyHaau.

Mapannens peakuusinapga gactnabku Moajanap MKKU éku 6up
Heua iyHanuwiaa y3apo Tabeup 3Tub, aHM Bakaag A—<”cxemara

MyBO(UK,, 6P Heua maxpynoT \ocun 6ynagn. MacanaH,

2KC1 + 30,
6KC10, I
3KC104+KC1

Mypakkab peakuusnapgarv ogaunii peakuusnap napainen
paBuLWda GopaéTraH Oynca, 6y MypakKab peakKUUSHUHT YMYMWIA
TE3NUTM OAMUIA peakuusanap Te3NIMKIApPUHUHT anrebpauk
AuruHancnra TeHr 6ynagn. Mapannenb peakuusiiap LWapouTUHU
(Temnepatypa, 3pUTYBYN Ba KaTann3aTopaapuHN)y3rapTmpuLl inyam
6unaH xapaéHHM Kepaknv yHanura ypul MymMmKuH. KeTma-keT
peakumsanap 6up Heya 60ck,Myga bopaguraH peakuusinapamp. byHaain
peakuusinapjaH opanvnK Mogganap Kocun 6ynagq.

KeTma-keT TapTubga 6opaguraH peakuusinapga ymymuin
KapaéHHUHT Te3/INTU 3HI CEKWH 60pyBYM BOCK,MY Te3Nuru
6unaH ynyaHagn. Kerma-keT 6opaguraH peakumsanap xxyga Kyn
yupaiign. TyTaw (MHAYKUMANaHraH) peakuusniap geé 6up
MyX,UTAa 6opaguraH Ba 6up-6upura Tabcup KypcaTaguraH MKKu
peakuusira aintTunagn. bynapgaH 6Mpun ak,at MKKMHYMUCKU 6unaH
6upranukga 6opa onagu. TyTaw peakuusnap KmHetukacu 1905
nunga H. A. LLInnoB TOMOHMAAH MyKammas reKwmpuaraH Ba oy
X,041ca “KUMEBUIA MHAYKUMA” 1e6 aTanagu.

KanTap peakums MKKWN Kopama-K.apLuu iyHanuuwga 6opaguraH
peakumanapaup.

3aHxup peakupsnap. Ogamnii MexaHusM 6unaH GopaguraH 6mp,
MKKMU Ba Kyn MOJMIEKYNAp peakumanapjaH Tawk.apu 3aHXup
MexaHu3Mu 6unaH 6opaguMraH Mypakkab peakuusinap XM MaBXyf.



ByHpai peakuusnapHu gactnab 1913 hnnnga BoaeHWTeAH Hyp
rabcupuga HCL HUHIP xocmn 6ynuin peakuusacuia ypraHra.
3aHXnp peakuusinap Ba ynapra TervwnyM TabiUMOTHU 6olin-
Tnwaa akagemuk H. H. CeMEHOB Ba YHUHI LIOrUpAiapuHUHT
XU3MaTU KaTTagup. 3aHXup peakumsnap KeHr tap~anraH 6ynmo,
oaauin nopTnaw (oKcugnaHuw -EHULL), KPEKUHI, noaumep-
naHuw peakuusnapy Ba 6owKanap 3aHXup MexaHusmu 6unaH
6opafn. 3aHXuMp peakUUANapHUHI y3ura Xoc 6Mp K,aH4ya xycy-
cnatn 6op. H. H. CeMEHOBHUHI Hasapusicura Kypa. 3aHXup
peakuMAHUHI 60LLNaHMLLIN YYYH aKTUB Mapka3s Xpcuna oynuiim
Kepak. ByHpali akTMB MapKa3 BasvacuHU BaneHTANIN TYWUH-
MaraH atoMm éku pagvkannap 6axapaau. MacanaH, H2+ Br, = 2HBr2
peakuusicuga Hyp Tabcupuga 3Hr oaamii 6pom  mosekynacm
anccoumnaHmb, 6pom aTOMUHU XOCU  K.Miagw:

Br4+ hv -» Brdu + Bu

Bogopoa 6poMra Huc6aTaH KUAWHPOK, aXKpanraHu Y4yH, y
auccoumnaHmalign. Bpom atomy peakuusiHA 6olinab GepyBum
aKTUB Mapkas 6ynagu Ba y BOAOPOJ MoseKynacu 6uniaH peak-
umsira KupuLagu:

B*+ H, = HBr + H
%

Xocun 6ynraH BOAOPOL aTOMU aKTUMB Mapkas 6ynagu Bay 6pom
MosieKynacu 6unaH peakuusara Kmpuwagn. Peakums HaTuxkacuja
AHMN aKTUB Mapka3 — 6poM aTtomu xocun bynagu. by >xapaéH
Y3/yKCU3 AaBOM 3Tafu:

1 Br, + hv -» Br+ Br
2.Br + H2 HBr + H*
3. H + Br2—HBr + Br

4. Br + H, HBr+ H*



VI7. KUMEBUW PEAKUUANAP TAPTUBM

BaHT-IohhTabiluMOTUrabnHoaH peakumsinap KMHETUK KUXATAAH
MONEKYNAPAUTM Ba TapTubura Kypa KnaccupumkauusnaHagu.
PeakUMAHUHI MONEKYNApAUrM 6Mp Bak™Ja XxakuuaTtiaH TyK,Hawmb,
KMMEBUIA peaKnmnsira KNpuLLIraH MosieKy iasniap CoHu 6unaH 6enrnnaHaw.

Peakuusnap 6y >xuxaraaH 6up monekynsip (MOHOMONEKYSp),
NKKW Moniekynsap (6umonekynsp), yd Monekynsap (TpUMonekynsp)
Ba WYy Kabu cnHnapra 6ynnHagm. Ogataa Kynyumank peakumsinap
6umonekynap 6ynaau. bup monekynsap (MOHOMOJEKYsP)
peakuusnap Kyhugarn cxema 6mnaH mdoganaHuwm MYMKWH.
MacanaH, ras mMyx,utga 6opaguraH peakuus:

JZ-» 2J ékn CH3COCH3-4 C2H2+ CO + 2H2

MOHOMO/EKYISIp peakuyusira Mmucon 6yna onagw.

BumMonekynsip peakuusinap geé 6up mMoggaHWHI MosieKynacu
NKKUHYM MOALAHUHT 6MP MOJMeKyacu GunaH TyK,HawyBuM EKu
6Up TYp MOAAaHULT WKKW MOJIeKYy/lacu y3apo TYKHal UMLK
HaTwXacupga coamp GynaguraH peakuusnapra ahitTunagu.
Bvomonekynsip peakuUsHUHT cxeMacm

A+B—C+/[.. ékn A+A-»B+C+ ...

Laknmga éamnagu.
Bogopog NoAUAHWHT NapyanaHuwm GUMONEKYNAP peakunst yuyH
Mucon 6yna onaau:

2HJ +»p H2+ J2

Tpumonekynap peakuymsnap 6up Bak THUHI y3upa 6up
MOAAAHVHT Y4 MOMEKY/AaCMHU TYKHaLULWW HaTuXxacuga coanp
6ynagun. by peakuymaHMHT cxemacn: A+ B+ C—A+E + M+ ... ékn
3A->B +C+ [ + ... AsoT (Il)- okKcnagnHMHT BOoZopoA 6unaH
KaliTapunumiim TPUMONEKYNSAP peakumsa yUuyH K401 MUCONANP:

2NO + H2= N2 + HD

Peakuns TapTubun. Peakuus TapTuGu peakuns Te3NUTMHUHT
6upuKaéTraH Mogganap KOHLUeHTpauusicura K,aHgali 6ornivk,-
NIUTUHW KypcaTafu, SbHU peakuust Te3/TUI KOHLUEHTPAaLUAHUHT
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NaHfal papaxafa ysrapuwura 60rnmk 6ynca, peakuusi Taptuéu
yula fapaxaHu KypcaTyBUu COHra TeHr 6ynagu.

MacanaH, V = KC1 "+ C2r 6ynca. T + N AATUHAUCK
peakUNAHUHI TapTUOMHU 6ungmpaau.

Peakuunst Honb, 6UP, KKK, y4 Ba HOKOpPX TapTubnm 6yauwmn
MYMKUWH. PeakKuMAHUHT TapTnubu, \aTTo Kacpam x,.am 6yna onagw.
Mwucon y4dyH, mypakkab 3(UPHUHT CYONTUPUAraH apuTMaja
rMaponm3naHumn Kyiugaru TeHrnama 6unaH ndoganaHagn:

CH,COOCAH, +HD =CHZO0O0H +CHDH

ByHAa cyB Kyu 6ynraHaurugaH peakUUSHUHT Ba YHAA MLITUPOK
3TaéTraH MOAAAHWHI KOHLUeHTpauusacu amanuini xuxatpaH
y3rapmain konagu. LLIYHWHT yuyH peakUUSHUHT Te3nuru gakar
3MPHUHT KOHUeHTpa! nscura 6ornnkbynagu. icmak, 6y peakums
WKKWU MOJSieKynsap 6ynu6, BupuHumM TapTnbnm peakumsaamp.
PeaKLUVSHUHT Te3NWUrn peakuus gasomupia ysrapmaca, byHaai
peakuusnap Honb TapTubnu 6ynagu. MacanaH, pagnmoakTus
MOAfanapHUHT napyaiaHvLM Mofb TapTU6aM peakuusamp.
PeakUNSIHUHT TapTubu 3MNUPUK paBuLLLa TOUUNALN:

aA +HB =pC +dD

PeaKUMSAHUHT KUHETUK TeHrnamacu: = KC* « CB'0ynraHu yyyH
6y peaKUUSAHUHT TapTuMbW KOHUEHTpauusanapHWHI gapaxa
KypcaTKuunapyu mMrmHaucura a +B = n ra TeHrgup.

VI1.8. KATAINS

Peakumsi Te3NUTMHU y3rapTupub, peakums Maxcynorniapwu
rapkubura kupmaiguradH mogganap Katanmsatopnap geivnagu.
Mnrapu antTunraHugek, peakumsi Te3NUTUHU OLIMPULL Aynna-
pugaH GMpy peakUVSHUHT aKTUBMAHWUL 3HEPruUsiCUHU Kamai-
TMpNWANP. PeakUNSANapHUHT aKTUBMAHULL 3HEPTUACU KaTanu-
3aTtopnap épgammia Kamantupunagn. Kynunnmk karanvsaropnap
peakuMAHUHT Te3NUTMHU MUHI MapTanab owupub tobopagu.
K,aliTap apaéHnapfa KaTaiusaTop Tyrpu BaTecKapu peakuusinap
Te3UruHM 6mup xun gapaxaga ysrapTupagu, SbHUA, MyBO3aHaT
KOHCTaHTacuM KaTTa/MrMHU y3rapTupmMaraHu xonja myBoO3aHaT-
HUHT Te3 Kapop TonuLimra MMKOH 6epasun. Peakuns Te3UTMHUHT
KaTanusaTop Tabcupuia yrapum Katams gerinnagn. Katanus
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WMKKW XWT: TOMOFeH Ba reteporeH Karanusrabynunagu. Arap Karta-
nn3aTop X,amga peakumsira KupuvlyB4uM Mosganap 6mp asaga 6ynca,
Oy romoreH Katanus peiunagn. eTeporeH KaTanvaga peakuumsira
KUPULLYBYM MOAJanap Ba KaTanmsaTop Xap xwun hasaga bynagw.
eTeporeH KaTasmsga KatanmsaTop, KynuH4ya KatTuk, mogga Gynaaw.
KaTanM3aTOPHUHT peakumsi Tesnurnura TabCUPUHUHT  MOXMATU
LWYHAaH M60paTKM, peakLms ra KUPULLYBUM MoAda G1iaH KaTanmsaTop
opacuja opanukK,6uprkma xocun Gynaan. CekuH 6opaguraH peakuys

A +B=AB

peakuusira Kupulla onaguraH opanuk 6upukma AKat xocun
KAMMLIM HaTuKacuaa Tesnallagu:

A +Kat = AKat

Opanuk, 6upmnkma AKat gactnabky onmMHraH MKKMHYM mogga B
6vnaH peakuuara Kupnwmbé AB mogaaHu Xocun Kunagu

AKat + B—A B 1 Kat

Kypu6 yTunraH cxemMagaH KaTanusaTOPHUHT X<® 6Mp 3appadacu
peakuusifa Xyga Kyn mapTa KaTr'Wunm MYMKUH 3KaHIUMU
Mabnym 6yngu. FomMoreH KaTtanusra Cylb(MWUT KUCMAOTAHWUHT
XaBogaru KUcnopog 6unaH oKcugaaHuwmnm mucon 6yna onagu:

0,+2H250,= 21-1,80,

(A)  (B) (A B)

By peakuus Xypa cekKuH 6opagun. JlekuH, asot (I)-okcupg
MWTUPOKMAA Oy peakuuss Kynmaaru >kapaéHnapHWHI coaup
6ynnwmn HaTmkacuga aH4a Te3 6opagu:

O, +2N0 = 2NO,
(A) (Kat) (AKat)

2NQ, + 2H,S0, = 2H,S04+ 2NO
(AKat) (B) ' (AB) (Kat)
Katannszatop (Kat) ponunkun yiiHaraH a3oT (I1)-0Kcupg y3rapmai
KPNraHaurn TeHrnamagaH KypuHué Typuoau.
eTeporeH KaTanmMsga y3apo TabCcup 3TYBUM Mojfanap Kataiu-
3aTop cMpTMAa peakumsira Kupuwagn. Peakuusara KupuwlyBuu
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MoAganap Monekynanapu Katanms xpgucacugaH onavH, agcopbeHT
cupTuga anoxgga Hyktanapra agcopbnaHagn. KatanvusaTopHUHT
aKTUB Mapkasnapu feb atanaguraH 6y Hyk“Tanapga agcopbéums-
naHraH Monekynanap ysrapagu, 6yHWHI HaTuxacuga oxXupru
Maxpy/OTHUHI Xpcun 6ynuiim Tesnawaiu.

MeTteporeH katanusHu A. C. CyntoHoB, F. X. Xyxaes,
A. A6aykKpavpoB Ba 6ow”anap 4ykyp ypraHu6, 6y coxhpaa
aH4aruHa sHrunuknap sparaunap. bynap HeTHU K;aiiTa unaty,
MKKUIaM4u Ma~cynoTnapHU ullra cofivuil Ba HKPPU YHYMK
KatanusatopnapaaH goliganaHmwanp.

VI.9. KUMEBUA MYBO3AHAT

Mabnym 4erapanaHraH \axmparu >Xucmnap rpynmnacu
cucTema geimnagn. Cuctemamm TallKua KWIyBUM Mogganap 6up-
brvpuraTabemp aTU6TYypagm. Cuctema roMoreH, AbHU 6UPXKNHCAN
(macanaH, rasnap apanawimacu, radnap éku Tysnap apuTMacwu)
Ba reTeporeH, AbHN 6Up-6MpugaH GuU3nkK Ba KUMEBWIA xoccanapu
XuxaThaH hapK, KanaguraH axpaTull to3acy 6unaH YerapanaHraH
EKM 6Up Heya K™McMgaH TysunraH 6ynagu. CyB 6unaH KepoCuH,
cumo6 OunaH cyn, cyn 6unaH KpUTWK, Mofdanap apanalimMacu
6yHra mucon 6yna onagun. FomoreH cuctema 6up dasagaH,
reTeporeH cuMcTemMa 3ca WKKW &KW yHAaH OpTWK, (hasanappaH
TysunraH 6ynagu. KynruHa KuMMEBMWIA peakuusiap oxumpurada
6opagn. MacanaH, 6epTone Ty3n KMU3LMpPWUATraHLa Kanunii Xnopug
Ty3ura Ba KMcnopogra TynvK, napyanaHagm:

2KC103 2KC1 +302

JleKuH Wy wapouTaa Kaauin xnopuj Tysm 6unaH KUcaopog
6upunkKnob, KanTagaH bepTone TysMHU Xpemn ymnmangn. LLyHuHr
yuyH GyHAail peakuusinap amanga uatmac, 6olik”aya aiTraHaa,
6vp ToMoOHNama 6opyBUN peakuuanap geb atanagn. Temup oKcua
KYKYHU 6unaH Bofopof opacuja bynaguraH peakums sca bowkaya
TabuaTra ara:

Fe 4+ 4H2-» 3Fe + 4 HXD

LLly WapoMTHUHT y3uaa TeMuUp GWaH CyB peakuusra Kupuwme,
fgactnabkn MoafanapHu XpCun Kaanmwmn MyMKUH:
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LWyHpan KnnH6 6Up BaKTHUHI y3uja aiiHu TemnepaTtypajga 6up-
6upunra Kapama-kapwim 6ynraH UKKW yHanuwijarv peakums
6opasn. Byp WapOUTHUHI y3nja MKKW TOMOHra 6opa onaguraH
XapaéH KaiTap, 60lWKayva KAAnb aiTraHga, UKKM TOMOH/1ama
6opagnraH xxapaéH gelinnagn. KuMéeuin >xapaéHnapHUHI KaliTap
3KaHNUTUHN KypcaTuLL YUYH, peakums TeHrnaMmacugarvu TeHr MK
6enrmucm ypHura Kapama-Kaplin UKKU iyHanum Kypcatunagu:

FcO 4+ 4H25t3Fe + 4H D

ByHpaln peakuusnap oxumpurada 6opa onmaigun, YyHku 6yHAaa
X,0c11 6ynraH peakumsi MaxcynoTnapu y3apo peakumsira Kupuwmo
AHa KalTafaH peakumns y4yH ONMHraH MoAjanapHU XoCua Kunagu.
KaliTap peakumsnap yMyMuin Tapsga Kynugarnya noganaHumiim
MYMKWH:

a1l +BB*cC +dD

Maccanap TabCUpW KOHYHWUra Kypa, Tyrpu (4angaH yHrra
6opaguraH) peakuUMsSHUHT Te3nurn A xamga B mMoaganapHuHT
KOHLEHTpauumanapu KynaiTmacura Tyrpu upouopuuoHangmp
(Moaganap KOHUEHTpauusinapy ofaTaa Monsp KOHUeHTpauuaga
ndoganaHagm). LLyHaain Kunmné Tyrpu peakums Te3nnru:

V= K,C,'mC}

thopmyna 6unaH mndoganaHagu.

By epga: Vt— Tyrpn peakKuussHUHr Tesnuru, K[ — Tyrpm
peakKUMSAHUHT Te3NMK KoHcTaHTacu, C '\ — A MOAAaHUHT KOH-
ueHTpauuscu, C"B— B MOAAaHMHI KOHLUEHTpauusacu. Teckapu
peakUMAHWHT Te3aurm 3sca y3 HaBbaTuja Kyhnugaruya
nhoganaHagn:

V, = K2+Ccc *C;'

6y epga: K2 —Teckapy peakUUSHUHT Te3NWK KOHCTaHTacu, V —
Teckapu peakuusHUHr Te3nuru, Cc- C MOAAAHWHT KOHLEHT-
pauuscu, C@g—/4 MoafaHVMHT KOHLEHTpauumscu.

BakT yTuwmn 6unaH peakuusira kKupuwaétradH mogganap
KOHLEHTpaUManapn Kamanuwmn HaTuxacuaa Tyrpy peakumsiHAHT
Te3NUrM V, Kamasign, Teckapy peakuWsHUHT Te3nurun V2 aca
OpTaAu, YyHKM O/IMHIaH Moaaanap KOHLEeHTpauusanapn Kamaimnme,
Xocun 6ynaéTraH MoAdanap KoHUeHTpauusinapu opTué Gopaau.



Hu\osaT, MabnyMm 6Mp HaKTAaH KeWMWH yNapHWHT Te3nuru ysapo
TCHrnawmné kopaagy (V, = V2 Ba HaTMXafa KUMEBUI MyBO3aHaT
Kapop Tomaau. Tyrpu peakuus 6unaH Teckapu peakums
TE3NIMKMApU y3apo TeHrnawraH x;onar KMMEBUIA MyBOo3aHaT aeb
atanagu. Peakumsiga MLLTUPOK 3TaéTraH MoAfanapHUHI MyBO3aHaT
XonaTharu KOHUeHTpauusnapu sca MyB03aHAT KOHLUEH-
Tpauuanapv geinnagn. KOuopuaa K.ang KAANHraHMAeK KUMEBUIA
MyBO3aHaT BaKauja

V | = V2’
ABHU

K, *Cna * CB'= K2 «Ccc «Ciid 6ynagm.

Mabnym 6up Temuepatypaga K, Ba K, ysrapmac Kartaavknap
GynraHn y4yH ynapHUHT HUcb6aTu \am ysrapmac KaTTaImKaup:

K =K CKu K C mc m,

6y epga: Kc —mMonsap KOHUeHTpauusa épgamuaa udoganaHraH
MyBO3aHaT KOHCTaHTacu. Kc Typnu peakuusnap yuyyH mabiaym
Kwniimatra ara 6ynu6, dakat TemnepaTypa y3rapuwmu 6unax
y3rapagu. MabnyMKu, foMMnii TemnepaTypaga MoAAaHUHT 6yp
60CMMWN YHWUHT KOHUEeHTpauuscura nponopuynoHan 6ynagu.
LU YHMHr y4yH ras myxuTuga 6opaguraH peakuusnappga
KOHUEHTpauus ypHura 6yF 6ocumugan conganaHnnagn. by xonga
MyBO3aHaT KOHCTaHTacu Kyhngarn KypuHuwira ara éynagu:

P . pd

K - C i

1Pn 1. PB
Kvy—6yF 6ocumun 6unaH umgoganaHraH MyBo3aHaT KOHCTaHTacH.
KcBa KT ypTacugarm myHocabaTHu Tonuwl y4yH MeHpenees-

H
— KnaneipoH TeHrnamacu PV = nR TgaH oiganaHme P = — e

R T HM KenTMpmb ynkapamms.

n
—KOHLEHTpaumsaHn ngoganaraHy yuyH P —CRT pae6 &3

MYMKWUH. MacanaH, A moaga y4yH 60CMMHU Kyihnmgarmya
nhoganacak:



P =C «RT

a a

Xap Kalicm mofga yuyH 6yp 6ocumnapuHu Ly Tapudga eamno, /<m
YUyH Kyiimgarn mateMatuk ngoganapHu KentTupmb Ynkapamus:

pA e P[d CrgRT)c « CidRT)d

K ml= pfj. pg~ = CA(RT)a «Cr(RT) "
= Mc 4 d)

eKn —p,, .r— HW [, OpKanu e3cak,

Kijn= Kc « (RT)" dopmyna kennub6 unkagm, 6y epgan = —(a +B)+
+ (¢ + (1). Kumésuii myBo3aHaT XWaTura Kyimgarn yyra komga
Taannykau éynagu:

1. Arap cuctema 6up WwaponTaa KUMEBUIA MyBO3aHaT XonaTuia
6ynca. BakT yTULWIW 6UNaH YHUHT FapKubu yrapmangu.

2. Arap KNMEBMIA MyBO3aHaTAa TypraH cuctema TallKu Tabeup
OpKanu MyBoO3aHaT XonaTujaH 4YukKapwusica, Talkoi Tabcup
MyKoTuAraHga cuctemMa sHa MyBOJdaHaT Xonatura Kantagu.

3. KailiTap peakuuss mMaxcynotiapvHU y3apo peakuusra
KUPUTULL Aynn 6unaH ekn peakums y4yH OfIMHraH mojganapHu
6up-brupura TabCemMp ITTUPULL WyNM BunaH KUMEBWIA MyBO3aHaT
Xonatura apuwmnLL MyMKUH.

KuméBuii MyBO3aHaTra KOHUeHTpauusa, 6ocum Ba
TemnepaTypaHuUHI Tabcupu Jle-LLlaTenbe npuHUUNKM acocuja
TYWwyHTupunagn. Jle-lllatenbe npuHuunu Kylhuvgarnyda
TabputnaHagn: Kumésnii myBo3aHaT %onaTugaru cucTemara
TawuyapugaH Tabcup 3TUANG, YHUHT BMpop WapoiTu y3rap-
Tupuaca, cucTemMaja ywa Tawum TabCUPUHU KamaikTupuiira
WHTUNaUraH >xapaéH Kyyasaam.

KuméBuii mMyBo3aHaTra KOHLEHTpauus, Temnepatypa Ba
60CUMHUHT TabcupuHy fle-LllaTenbe NPpUHUMAN acocuia Kypub
UNKAMU3.

Kumésnii MyBo3aHaT %onaTura TemnepaTypaHUHT TabCupw.

Ne-LLlaTenbe npuHUmMnura MyBogmMK, KUMEBUIA MyBO3aHaTAarun
CUCTEMaHMWHI TemnepaTypacu OLMpUAraHia KUMEBNn MyBo3aHaT
TemnepaTypa nacasijuraH,AbHU NCCUK/INK TUNAANTaH peakuus
TOMOHUTA CU/IDKUAAN. AKCUHYA, TeMMepaTypaHuHI nacaiTupuim-



WM KUMEBWIA MYBO3aHATHU WCCUKIUK aXpannmb UYMKAAUTaH
peakuuss TOMOHWUTa CU/MKUTaAW. AcMaK, TCMMepaTypaHuHT
KYTapuanLWun 3HA0TCPMUK peakUUAHUHT 6opulLnra, nacaimniim
3Ca, IK30TEPMUK peakLMsSIHUHT 6opuLinra épaam 6epaaun. MacanaH:

2502+ 0272S 03+ 19,6 kX

TeHrnama 6unaH wndog;waHraH MyB03aHAT CUCTEMAacUHU ONcak,
SO3HUHT XOCUA 6YNLWN 3K30TEPMUK peakumnsa 6ynraHanrm yuyH
Ne-LlaTenbe npuHumMnura Kypa, temnepatypa owwunpunradga 0 2
axpanagn, SbHU MyBO3aHaT YHraH yanra Kyhiungarn myHanuwga
CUmKNNAN :

250, —2S0, + 02

AKCUHYa, Temnepatypa WacahiTupunraHga S02 6unaH O,
6upnkn6é SO, \ocnn \vnanm, SbHM MyBo3aHaT 2SO, + 0 2—» 2503
peakuma TOMOHIa CUMKUIAN.

KuméBnii MmyBo3alu T a KONUenTpauMHNULWLITabeupn. Kumésuii
MyBoO3aHaT \onaTtmpgaru cncremaga mopgganapgaH GUPUHHHT
KOHLEeHTpaumsacn owmnpuaca, cuctemaga MyMKWH 6ynrad
peakumanap WyHAam Ky4dasguku, HaTkaja KOHLeHTpauumscu
owmpunaran mogaa capg 6ynagm. MacanaH, 6usra

FcCl, +3K CNS F e (CNS), +3KQ

TeHrnamacy 6unaH mndog;u:aHraH MyBo3aHaT cucTema bepun!*aH
6yncuH.by peakuuaga FeCi, HUHI KOHLEHTPALMUSCK OLUMPUIICA,
MyBO3aHaT TYrpu peakUWUSHWHT Te3nrn opyaguraH TOMOHTa,
ABHW YHI TOMOHra cumkuiign. KCl HUHI KOHUeHTpauusacu
olwMpuca, MyBo3aHaT TecKapy peakUUSHUHT Te3/IMr opTagurax
TOMOHTa, SIbHM Yanra CUmHKNNngu.

KnméBuia MyBO3aHaT xonaTmra 60CUMHUHE TabCUPW. TascuMoH
Moffanap UWTUPOK 3Taau raH BaXaXKM y3rapagm raH cuctemanapia
KWMEBWUIA MyBO3aHaT 60CUM y3rapuwu 6wunaH ysrapagu. Jle-
LLlaTenbe MpMHLMNMra MyBouMK,arap MyBo3aHaTt XxonaTmaarypraH
CUCTEMAaHMWHI 60CUMUK OLIMPU/ICA, KUMEBUIA MyBO3aHAT 60CUMHM
KamaliTMpyBUMN peakumsi TOMOHWIa CUDKMAAN: aKCcMH4Ya 60CUMM
KamanTupunca, myBo3aHaT 60CMMHM OLWIUPYBYM peakLums
TOMOHMIa CUMKNAAN. JIEKNH LWYHU XaM 3cfa TYyTULL KepaKKMy,
y3rapMac TemuepaTypaja Ba peakuusi onmb6 6opunaétraH 6epk
ngmwga 60cMM y3rapuwin y4yH MOSEKyIanapHUHT yMYMUA COHU
KUMEBUI peaKkuuss HaTuxacupa ysrapuwm nosum. Mwucon



Tapmkacmga N 0 Ba O. gaH M02xocun 6ynnil peakumsicMHn Kypmo
YMKaMU3:

2NO + 0 23* 2NO,

Peakums TeHrnamacugaH Mkku monekyna asoTt (I1) -okcng
6up Monekyna Kucnopog 6unaH 6MpuMKnMG, NKKU Monekyna asoT
(1Y)-okcmpg xocun 6ynuwin KypuHn6Typmnban. MacanaH, wyHaan
MyBO3aHaTAa TypraH cMcTeMaHUHT 60CMMUHN OLIMpcaK, MyBo3aHaT
XaXMn Kamahiuwmn 6unaH 6opaguraH peakumsa TomMoHUra
CUMKMAAN. AKCMHYa 60CUM HacaTupusica, MyBo3aHaT mosie-'
Kynanap COHW KynasguraH peakuuss TOMOHWUTIa CUMXUIAAMN.
KUMEBMIA KMHETUKA TabNMMOTUIa Kypa, KUMEBUI MyBo3aHaT V,
= V206ynraHgarnHa amanra owagn. TepMognHaMMKa TabMMOTH
aca 6y xonatra CUCTEMaHMWHI 3pKUH 3Hepruscn (G) HUHE 3HT
KWYNK KUAMaTn Tyrpu kKenagu aeb Ttabkugnaigu. HOkopuga
anTmnraH QUKpHU “N30TEPMUK-M306apMK” XXapaéHnap Y4yH
Kylingarnua éscak 6ynagu:

nG <o

TepmoAMHaMMK MyBO3aHaT BakKTuja cucrtemMa 3pKUH
IHEPTUACUHMHT KUAMaTu ysrapmaigun, asHn AG = 0.

A G-peaKuusHU RyHaNTUPYBYM YMYMWUIA 3HEPrus-H306apunk
noteHumnan 6ynu6, 1961 nngarn xankapo Kenuwysra my|«k|)Mk
TMBO6CHUHT 3PKWH 3HEPruUsicn HoMW 6unaH atanagu. Me6enuHr
3PKWH 3HEPTUSACUHWN Mopfjajarv 3Heprus Ba 3HTPONTWMN
ngofanoBUn Kattanuk feb tabpudiall MyMKUH.

TepMOANHAMUWKAHUHT WKKWHYM KOHYHUJAH Ma‘'MYMKMU, Y3
nxTuépuratawliab KynunraH axpaTuaraH cuctemanapia yHUHT
3PKUH 3HEpPrusacM Kamas ofnajuraH xapaéHnaprHHa ys ysmjaH
coaup 6ynuwin MyMKUH. Arap TepmogumnamMnuK MyBo3aHaTAa
TypraH cUCTeMaHWHI LWapouTu y3rapca, cuctema TepMOLU-
HaMMK MyBO3aHaT X0naTugaH unkagn. AMHM BaKTha cucTema-
HUHT 3pKWH 3HEPTUACUMHW y3rapTupaguran >kapaéHnap cogup
6ynagwn. by »kapaéHnap cucTema SHIM LWapou Taa 60WKa MyBO-
3aHaT xofnatra yTryHua, AbHU CUCTEMAHUHT 3PKUH 3Hepruscu
alHW Wapontia MMHUMYM KUAMATHW ONrynya faHoM 3Taju.
Jemak, axpatunraH cuctemaga 3pKWH 3HEPruMnn KamamTtu-
pyBUM XapaéHnapruHa ys-ysufpaH cogup 6ynagum Ha YHUHT



HaTwXacumn >m 1M Ma MyBO3aHaT Xgnatura ytagu. SpPKuH
SHEPTUNNNT K.«M.NWMW \ncobura aca cuctemMa Mabiaym ULl
6axapagu |.,ns.ijuiHaguraH WWHWHI MUKZOPW cucTemaja
KaliTap xap.K'm (A(l bepraHgarnHa makcuman KuiimaTra ara
6ynagn. KrnmeHumn peakums xapaéHuja baxapunaguraH mak-
cuMan Mnwuw nnpacy aca, peakuUAHUHT y3-y3ugaH 6opuLLm
€Kn 6opmac nu NHU KypcaTagu.

Y napm.u i M+1M Ma y3rapMac TemMmuepatypaga cogup bynaguraH
XapaéH Hap YyYyH (SbHUM M306apVK Ba WU30TEPMUK) 3PKUH
SHEPrUHMULW  Kamalivliy MaKcvMman uwira TeHr 6ynagu:

A(i Np

Apun30TepMUK M306apUK >KapaéMaapia peakUUsHUHT MaKcuman
faxxapraH uwu. Jlrap Kalitap peakuusi HaTwKacuja cucTema
KUMEBUI MyBO3aHaT Xpratura KcnaguraH 6ynca, YHUHT 3pKWH
3HEPrusicn MUHUManN KuiimaTra na 6ynagu Ha 6yHpali cucTema
3HAM ,\eY K,avfail nw 6axxapa o/iManau:

Ap=0

Arap cucTema MyBosaHaT “onatuga 6ynmaca, YHUHT 3pKUH
3HEPrUACMHN KaMalTUpULLIra K apaTwiraH >xapaéHnap pyi 6epagu.
Cuctema HaTukajga MyBO3aHaT Xpnatura ytagu. MyBosaHaT
xgnatuga TypraH CUCTEMaHWHI MyBO3aHaT KOHCTAHTACUHWHT
MOAAanapHUHI KOHLEHTpauusnapu opacuaarm MyHocabaT
KaTTanurura 6ornmk. lemak, peakunsHMHT MakcMas Uy éunaH
MyBO3aHaT KOHCTaHTacK opacuga Mab/lyM 60rfnaHunLL 6ynnLn Kepak.

Arap Kaiiiap peakums:

aA +BB cC +cll

TeHrnama 6unam u(jk>ganaHca, 6y peakuMsiHUHT Makcuman uwu
A 6unaH MyBo3aHaT KoHcTaHTack Kc opacuga Kyiingarv 6orfaHuLL
OYNMLIM Ha3apuid ycynja aHUKaaHraH.

Arap peakuus ysrapMac 60cMmMaBa ysrapmac Temuepatypaga
coamp 6ynca, YHUHT W30TepMUK TeHrnamacu Kyimaaru

KypuHULa ésnnagun:
pc.pa
-A G=/1p WURKT ~ In - )



6y epga: Ap -1n306apuK -U30TEPMUK XapaHHUHT MaKCUMas ULLIN.
Pc. P PA PexapaéHga katnawaénan C, [, A. BmMogganapHuHr 6yF
6ocnmMn. Peakumsi yd4yH ONMHraH mogpanapgaH \ap 6UpPUHUHT
factnabky KoHueHTpaumsicn (Ekm 6yF 6ocumun) 1ra TeHr 6ynca,
HaTypan norapuMHM YHIMK norapudmra aiinaHTupm6, 1ok,opmaa
KenTupunraH opmMmynagaH Kyiungarn ugogaHu Xocua Kunam us:

-A G=23 *RT InKT

By dopmynagaH doliganaHnb, peakKuUSHWUHT aliHun
TemnepaTypajaryn MakcMmasa WWWHW MyBO3aHaT KOHCTaHTacu
KaTtTanurugaH \uco6nab Tonuw MymMKuUH. Makcuman WLWHUHT
nwopacura Kapab anHu waponTaa (6epuaraH Temnepatypa Ba
KOHLEHTpaumsaga) Kantap peakuusi Kalicu TOMOHra 60puLIMHM
ONAunHAaH aritca bynagu:

1 Arap AV >0 6ynca, peakums 4dangaH yHrra, SbHu Tyrpm
nyHanuwga 6opaan.

2. Arap AV <0 bynca, peakuma Teckapu yHanuwga 6ynagu:

3.Arap AV = 0 6ynca, cucTemMa KMMEBMIA MyBO3aHaT XpraTuaa
Konagn. Ap = - A O 6ynraHanrn yuyyH 6y mMyHocabaTnapHM
Kylhingaruya ngoganal MyMKUH:

A G = 0 6ynca, cuctema MyBo3aHaT Xpnatuga TypraH 6ynagw.
A G <0 6ynca, peakuuss Tyrpu WyHanuwiga 6opagu.
A G >0 6ynca, peakumsl Teckapu iyHanuwga 6opagu.

KuméBnii xxapaéHnapHWHE iyHanmn. 1. Arap 6upop cucTemaza
3Heprua ysrapmaca, SsbHW cucTemara Taw”apujaH 3Heprus
6epunmaca ékn cucTemMafgaH 3Heprus 4uk,maca, XkapaéH gakar
3HTPONUA KynasguraH MyHanuwia amanraowagm. A S MakCuMyMm-
ra uHTunagun.

2. Arap cuctemaja aHTpoOnus ysrapMaca, SbHU 3appadanapHuHT
Xohnawuw TapTuémn 6mp xmn Kpica XXapaéH ak,aT sHeprus
KamaaguraH nyHanuwja amanra owaju. Ysrapmac \axm Ba
y3rapmac TemnepaTtypaja W4YKu 3aHeprus —AU MUHUMYyMTra
MHTUNAaaW. Y3rapmac 6ocum Ba y3rapmac TemnepaTtypafa aca
“aHTanbnna” A H MUHUMYMra nHTUnagu.

3. ¥3rapmac 6ocum Ba ysrapmac TemmnepaTypaga cogup
bynaguraH KumEBuii xxapaéHnapga 6up BakTHUHI y3uga \am
3Heprus, \am sHTponNusA ysrapuwum MyMKuH. ByHaai xpnnapga
peakumnaHM \apakaTnaHTUPYBYM YMYMUIA Kyd K.aicu iyHanuwga



MUHUMYMFa WHTWCA, KWUMEBUIA >XapaeH xaM aHa Wy
MyHanuwga amanra owagu. Ysrapmac 60CcMm Ba y3rapmac
TemMnepaTypaga coaup 6ynaguraH n3ob6ap MOTEHUWASHWUHT
y3rapuiiu:

AG=AH-TAS

3KaHNUTM Xxucobra ofMHIaH xonga Kyhungarnya udogaHu
E3ULWNMMN3 MYMKWH:

-2,3 RTINK=AH- TAS

6yHAaaH,
-2,3 «RTInK AH-T -AS \ocun 6viaam
rr T< ynaa
Ha nu\oaT 2,3 RTInNK = A'S H/ KenTupmnb Ymkapamms.
All () 6ywaiuini n cababnm 3K30TEPMMK Ha 3HAOTEPMUK

apaéHnap yuyH Kylimgarunapnu \ocun Kunamus.
*)K30repMHK >KapaeHsnap y4yH.

23 RTINK =AS+Q/T

OHAO0TEPMUK XapaéHnap ydyH 92,3 R InK=AS—Q/T. Kentu-
punraH udofanapfaH 3K30TepMUK peakuusnapga temne-
paTypa KyTapunuwm 6unaH MyBo3aHaT KOHCTaHTACUHUHT
KaMannwmnHn Kypuw MYMKUH. AKCUHYaA, 3HAOTEPMUK
peakuusnapga TemnepaTtypa KyTapunuwu éunaH myBosaHaT
KOHCTaHTACUHWHI OPTULLIMHWN Ky3aTUW MYMKWUH. MacanaH:

C+C02=2CO- QkX
KOKkppugary Kaiitap peakuuaga Temnepatypa KyTapuaviim

6unaH MyBO3aHaT KOHCTaHTacu optagun:

K. =32- 10HoK_ = 10 K. =199

298 1" 7982 w1200

PeaKUMSHUHT 1306ap TeHT1aMacHU aHann3 KUanW Hatmuxacuia
Kylingaru matemaTuK ugoganapHu KentTupué Yymkapamus.

RT1nK=AH —TAS
195



RTINK=AS- AHAT

By epga A H peakKuMssHUHT 3HTanbnua daktopu, T A 53ca —
peakKuMAHUHT 3HTponua (akTopu fe6 toputunagn. AH —
cucTeMaja TapTUOCU3NUK JapaxacuHu Kamantumpeca, T A S —
TapTUOCU3NUK JapaxacnuHu Kynamntmpuwra nHtunagn. A G = O
6ynraHaa sHTanbnua (aKTopu peakUUSAHUHT 3HTPONUSA
thakTOopura TeHr 6ynaaum:

AH=TAS

By wapouTga cuctema mMyBoO3aHaT xpnatura kenagu. Y3-ysmda
coanp bynaguraH peakumsnap yuyyH A G < 0. PeakUUSAHUHT
NCCUKNUK 3pheKTnN cTaHAapT waponut (298° K ékn 25 °C) ga Ba 1
atMm. 6ocumga KXK ékum XX ynyos bupnuruga 6epanagmn, yHn A H w
nwopa 6unaH ésnnagn. A No — peakums BakKTugaru sHTanbnums
y3rapuwmn feb kabyn kunuHagn. A9 06unaH AS —temnepaTypa
y3rapuwmn 6unaH ysrapmangn ae6 dapas K,uncak, A GO
TemnepaTypa y3rapuwmn 6unaH AG = AA° — TASOTeHrnamara
MyBO(gMK y3rapagn. AG BaAS'" \am ctaHaapT \osiaT y4yH O/IMHTaH
KaTTanmknapanp. by epgayuyTta My M BapuaHT 6ynuLM MyMKUH.

1 A H"x"am A S xam peaKUUSHUHT 6opuluunra épgam 6epaau,
6yHUHr yuyH A A <0 Ba A S > O bynuwn Kepak. byHaa acocuin
BasupaHW aHTanbnua pakTopy baxapagu.

2. PeakumsiHUHT 6opuiunra akat A A’ éppam bepaaun. by xonga
AHO kaTTa MaHpuii Kniimatra sra éynagn: A H' < 0.

3. AH" > 0 6ynn6, sHTanbNMsa GakTOPMHUHT A H° opTuLimn
aHTponua ¢akTopu T A S HUHT OpPTYBUHM “60Cn6 KeTagu™
3HAoTepMUK peakumnsanapga T A S sHTanbnua akTopuHm “6oca
onmMaiign’MacanaH:

Y2N2+ 1/202= NO
peakunsa yuyH A A° = 91,37 kXK.
TAS= 298 « [210,6 (1/2 = 199,9 + 1/2 « 205,04)] = 3k>XK
PeakUMAHUHT 1306ap NoTeHUManu:
AO =Ad - TA9 =09137- 3=128837 KK

[emak, cTaHgapT xonatga 6y peakuus ys-ysmya COAUpP
bynmaiign.



YanTapuil y4yH maTepuan

BO6GHMHI wcuava MasMmyHu. By epga kKumésuidi peakyuanap
TesmrnypraHunagu. \ap uppeakynays Tesaurura ara 6ynaguku,
byHfa peakuumsara kupmiwaéTraH Ba %ocun 6ynaéTraH maycynoTnap
TabuaTu aamMmuaTra sra. bupop peakyMSHUHT TEe3ANTUHN OLNPULL
&K1 KaMaliTupuw ma’caguja KaTanmsaTop LynnaHunagu, apyp
naiTnappga 6ocum Ba TemnepaTypafaH doinganaHunagu.
Peakunanap MexaHU3MUHW ypraHnwga KuHeTUK MablymoTnap
acocuii omun 6ynn6 xmamaT Kunagw.

Bo6HU ypraHuwgaH malcag

1. Peakumsl Te3NUIUHN anwynnun ynnapmHn 6mnmé onuu.

2. PciiKi Wnra kupum iaci I;H1moag;)nap KoHua npaiihmehi ihhi FaK,T
opanuruga ynuai onul Ha KMHEeTUK MPWU YMUYMKZAPHW YMYaAO0ULL .

3. OnHHram Taxpuba MaunymoTnapura acocnaHmé KUHETUK
TeHrnamanap TyYMnwm ypraHui.

Mawuy Ba macananap

1 PeakuuoH apanawimagarn BOAOPOL 6pOMUJ KOHLEHTpaunsacu
ynyaHnb Kyingarn Hatmxanap OfIMHAN:

Peakuusa 6owmngaH xueobnaHraH BakT, C ........ 0 1020 3040 50

Bogopog 6pomung KoHUueHTpaymsacu, mones/n2 ...00,25 0,35 0,45
0,55 0,60

BakTHUHI axpaTtuaraH \ap 10 cekyHpgarn Kucmuja peak-
LUMSHUHT ypTaya Te3NUrnHm \ncobnaHr. Peakunsi Tesnurn KaHgan
6vpnuknapga ynyaHagu.

2. Bogopog 6pomMug CUHTE3N peakuUACUHUHT BUPUHYM Ba
MKKWUHYM BOCKMUNapn YUYyH KUHETUK TeHrnama Ty3uHr. Y6y
peakuusinap Ba YMyMuUiA peakuusi yuyH peakuusnap TapTUbuHu
TOMWHT.

3. Peakuymganapga kKynnaHunaétraH peareHt/iap KOHLEHT-
pauunscu, TemnepaTypa éKu 6up KaTanmsaTop MKKUHYUCK BuiaH
anmMawTUpuaraHja Te3MMK KOHCTaHTacu KaTTa/IurMHUHT
yurapuili-y3rapMac/iuruHy antmué 6epuHr.

4. Kyiingarn peakuusinapHuHr \ap 6mpu yuyH capgnaHaéTraH
\ap 6up peareHT 6unaH xpcun BynaétraH ma\cynoT Teysuru
opacugarv HUC6aTHU aHUKIaHT :



a) 3HZAr) + N2r) -> 2NH,(r)
6) 2NOC1 (r) 2NO(r) + CIAr)

B) HJ(r) + CH3(r) -» CH4(r) + JXAr)

5. 20,(r) -> 302peakuunacuia MabiyM BakT nuuga capgiaHraH
030HHWHI ypTa4ya Te3nurn 9,0 « 10 1atm/m *c ra TeHrAnrm
aHMK™MaHraH. Ly BakT numnga 0 2HMHC XOCUA 6ynLL Te3UTUHU
TOMUHT (y3rapmac \axmpga).

6. 2NO(r) + 2HZr) -»N2Zr) + 2HD(r) peakumacu yuyyH NO
HUHT capthnaHml Ba N2 HUHT XOCUA By Te3ANTUHN aHUKAAHT.

76-macanagarv peakums H26ylinua 6upmnHum Taptnéra saNO
byinya MKKMHYM TapTmbra ara. Peakums yuyyH Te3nuk
TeHrnamacuHu E3uHr.

8.3-Macanafa peakuus y4yH peareHTap KOHLUeHTpauusacu \ap
ANTP Y4YyH monb (Monb/n) ga ngoganaHraH 6ynca, ywby
peakUMAHUHT Te3NMK KOHcTaHTacu K KaHpain 6upnuknapga
Tonunagn?

9. leTcporeH Katanm3aTop akTUBAWUIY YHU Tainépnall ycynum sa
Kynnaw onguiaH yTkasuiaraH vuwnosra 6ornmk. ByHuUHr cababnapu
HUMaga?

10. Monekynanap ydpalwlyBu KUMEBU.peakuusnapra onmné
KeMWNn MyMKUH 6ynraH KaHgaih hakTopnapHu 6unacus?

11. Kyimparn peakuusinapHuHr \ap 6mpm y4yyH MyBO3aHaT
KOHCTaHTacuHW udopanaHr:

2SO

6) ZnOW), + Hi,m N anm) + HZO.(U

B) H2+ COon ©

A) NH,NO, SN ,p+2H,0,

'{kat)



12, a3 xgnugarv BoAopoa noama 425 “*Cnn naniira conuHraHa

KMeMaH Bofopoj Ba iiofra napyanaHam:

MyBo3saHaTgarn apanawma ta\nunu [HZ = 4,79 « 10 4 M/n, [
=4,79 + 10* M/n, [HI1 = 3,53 « 10“3 M/n TeHrNUIMHW KypcaTau.
KypcatunraH Temnepatypagarv Kc HU TOMWHT.

13. BepunraH myBo3aHatgaru cuctema Cen+ C02n 2CO (A H
= 119,8 KXK) ra KaHgai ysrapviunap Ba hakTopsiap TabCup STULLUHK
aHunKnaHr (Jle-LaTtenbe NpUHUMAN acocnaa):

a) CO2N) HUHI  KyLWINAULWIN;

6) C HUHT KY>UWInwu;

B) Mab/lyM MUKAOpAary UCCUKAUKHUHT KUPUTWUANLLN;

r)cuc.cMmanul cukunm: [u{;4) Katam3aTOPHUHT KUPUTUANLLIN;

8) CO  HUW uymKapub b6opuanLLIn.

14. Peakuusnapga vwnatuaram Mofganap KOHLUEeHTpauusicu
MONb/N Aa ynyaHraH 6ynca, Kyinuga kentupunraH \ap 6up cucTe-
M;:la MyBO3aHaT KoHcTaHTacu K KaHgai bupnunknapga ynyaHum-
HW aHUKNAHT:

a) 2N02 ND 46) N, + 3H2A 2NH3

) CO + N02~ CO02+ NO; ) 2502+ 02 2SOr «

15. MuHepan yrutnap vwiab unkapyByYM KopxoHanapga asoT
oKcuagnapu apanawmacu 6ynraH KU3ruMw-KyHrup rasnap
aTMmocepara yunpunnb tbopunagn. Apanawima TapKubuHm
aHWK/AHT, YHUHT paHruHu Wnnn gaennapura kKapab ysrapu6
Typuwn cababuHU TYLIYHTUPUHT.

16. AMMMaK cMHTe3nga 60cMm ollea, MyBo3aHaT Kaii TOMOHTa
CYPUNLLUNHWN aTUHT.

TecT caBonnapu

1 MyBo3aHaTgarn cuctemaga N2+ 3H2 2NH3 [NZ = 0,9;

[H2L= 0,6; [NH3| = 6 monb/n ray3srapca, 6owwnaHrny xpnarra Hicba-
TaH 60CUM KaHgai y3rapagn?

A. 18 mapTta optagn. B. 14 mapta Kamasagw.

C.138 mapTa Kamasgu. [.14 mapTta optagu. E.Y3rapmangm.



2. Arap 2S0, + 0 2= 2503peakunsaHUHT YyHyMmun 70% bynca,
0, 42 monb/onTUHryrypT (¥1)-okcugn xpeun 6ynraH.OnTUHIYrypT
(1Y)oKCMAMHNHT gacTnabkym MUKAOPUHU aHUKAAHT.

AO, 29, B.0,42, C.0,6,40.1, 2 E16.

3. PeakUMSIHUHT TemnepaTypa KosapuuMeHTN 2 ra TeHr
6ynraHga, 60 °C ga Tesnuru 0,64 monb/n.c lraTeHr.Temrtepatypa
10 °C 6ynraHfa peakumns Te3/INTMHN aHMK aHr.

AO, 01, B0, 02, C.20, 48, [.40, 96, E.O, 04.

4.CaC03-» CaO + CO —Q cuctemagarnm MyBo3aHaTHU yHITa
CU/DKMTUL YUYYH K™aHgali (hakTopgaH doiijanaHunil Kepak?

A.TemnepaTtypaHu owmpuwl. B.TemnepaTypaHu KamaATUPULL.
C. BOCMMHUHT opTULIK. [. BOCUMHWHT KamainLin,
E. MaxcynoTtnap KOHLUEHTPaLUACUHUHT Kamanuiiu.

5.NO + 0 2= 2N 02peakuyunsga [NO] = 0,6 monb/n, [OJ =05
MoONnb/n 6ynraHpa, Te3NMK MoON™N/n e c ra TeHr. Tyrpu
peaKUMSHUHT Te3/IMK KOHCTAHTaCUHU aHWKaHT.

A.006; B.021; C.1,0; D.1,2; E.1,6.

6. Arap CO + CI2™ COCl2cuctemaga [CO](= 0,2; |[COCL, =08
MONb/N, MyBO3aHaT KOHCTaHTacu 40 ra TeHr 6ynca, XJOPHUHT
60LNaHT MY KOHLIEHTPALMACUHU aHUKAAHT .

A.01, B.0,2, C.08 0.09 E10.

7 PeaKUUAHUHI Te3NNK KoapduumneHTn 5 ra TeHr 6ynraHja,
Te3NMKHU 625 H6apobap owmnpul ydyH TemnepaTypaHu Heua
rpagycra owmpuil Kepak?

A.10, B.25, C 40, A.125, E.150.

8.2H + 02=2HAD peakunsaga 6ownanrny [HY =0, 4; [0 =
0,2 Monb/n raTeHrBogopogHUHI Monsap ynywmn 40% ra KamanraHga
MoAaanap KOHUEHTPaLUACUHMN aHUKAAHT.

A.0,12 Ba 0,16; B.0,24 Ba 0,16; C.0,24 Ba 0,12;
[,.0,12 Ba 0,24; E.0,24 Ba0,32.



SPUTMAJAP

3puTmanap KeHr rapkanram 6ynu6, atporMmusHu ypab Ba
6usra xaéT 6arnwnab TypraH \aBo, >e3, 6MONOrMK CytOKANKIap
6ynraH K,0H, nuMda Ba 60owiKanapynapra mucon 6yna onagw.

HuconiAi MuKOoOpU KeHr Kynampaa ysrapa 0/lyBuM MKKW Ba
YHAAH OPTUK, KOMMOHEHT —TapKWouin ~McmnapaaH TaluKkui
TOoMraH UATTMK, €KW CyKLL FOMOreH hasa apuTMa geiinnagu.

VII. LOPUTMANAPHUHI YMYMUIN XOCCANAPW,
KOHUEHTPAUNAMU NPOOANALL YCYJIJTAPU

Bapya apuTmanap 3puUraH Mofnanap sa spuUTyBUNLAH TalL KU
TonraH 6ynagu, 6yHga my\uTaa Mogdanap mMosekysnia éKu MoHnap
\onnpa 6upTeKMC TapKaagn. Iputmanap TapKUGUHUHT LouMunii
amMac/Iurn - ynapHu MexaHuK apanawimManapra AKUHIaurrmpagu,
aMMO Y3MHWHT 6Up >Xunenunw v 6unaH ynapgan gapkgaHagu.

dpuraH mogga hasacu 6unaH MyHosaHaTfa OynraH apuTma
TYWMHraH xuco6nal .agu. Bynap KamTapKanraHnur cababnm y Kagap
amanuii axgmusTra sra amMac. AManuéraa TyMMHMaraH sputmanap,
ABHU TapKubMia s3puraH MofAa KOHLEHTPaUMACKM KaMpok, BynraH
apuTManap Kyn uwnaTunagu.

oputma EKM IPUTYBUHHUHT Mab/lym “axmuja spuraH
MOAAAHUHT MUKAOPW 3PUTMaHUHI KOHLEHTpaUmMsicu aeinnagn.

dpuTmaga spuvraH Moaaa KOHLeHTpaLmscy ok,opu bynraHfa
KOHLEHTpMaHraH, Kam 6ynraHga cytnTupunraH sputma geb
ropuTunagu.

KOHUEHTpaUMAMN NOAHNALLHUHT 6P HeYaMUKAOPWIAyCynnapm
Mab/TyM.

1. MpoueHT (hon3) KOHLEHTpauus 6y apuTMaHuHr 100
GMPAMK Maccacuga apuraH MOAAAHUHT Maccasiap CoHM (MacasaH,
rpamMmmnap CoHwn) 6unaH 6enrunaHagw.

MpoueHT KoHUeHTpauus, C%= -100.

VKVin,
IPUTMAHNHT YyMYMUN Maccacun
Mwcon: HaTpuii xnopuaHuHr 10% nn spuTMacu gednnraHjpa
WyHAak- apuTMa TyWyHUAaguku, YHuHr 100 rpammuga 10 r
NaCl Ba 90 r HD 6ynagw.
2. Monsp KoHUeHTpauys (MonsipikK) — 1n spuTmaga spuraH
MOAJa MONb Napu coHn 6unaH 6enrmnaHagu.



n
Mosnsip KOHUeHTpauuanuur mMatemaTuk ngogacn Cuwi= —

Moab/n. bunaH ugoganaHagn. byepga; Cm—monsap KoHUeHTpauus,
n —mojgga MMKZopu (Monbnapu coHKn), v —aputma ~axmm (n).

Mwucon. Hutpat KucnoTaHWHIE 2 MOJisSIp 3pUuTMacu bepunraH t°
fja \ap nuTpuga VKKW Monb, AbHU 126 1 HNO, 6ynraH apuTma
TYLLYHUaaN.

3. OKBMBAIEHT KOHLEHTpaums éKM HOpMasTMK Maskyp t° ga
3PUTMaHUHI 6Up NUTpUga apuraH mMofaa 3KBMBASIEHTNAP COHMK
6unaH ncoganaHagn (H.\apgun 6unaH 6enrmnaHagw).

Mwucon. HuTpaT KUCNOTaHWHI 2H 3puTMacK gennraHga ,\ap
NNTpUAA UKKW 3KBUBaSIEHT, AbHU 126 1, HNO, 6ynraH sputma
TYLLYHUNaAN.

4, Monan KoHugHTpauua (monannnk -Craxappu 6unaH
6enrmnaHagn) 1000 r ga spMTyBYM 3pUraH MOAAAHUHT MONb nap
COHW. By iyn 6unaH aHWKAaHraH KOHUeHTpauus Monb - Macca
KOHLeHTpaumnacu (Monsnank) geinnagu.

Mwucon. HuTpaT KMCNOTaHWHI 2 MO 3pUTMacK geinnraHja,
KOOOrcyBga 2mMonbHMO, sputnanwngan xpceun 6ynraH sputma
TYLUYHWUNAAW.

5. MasKyp Mogaa Mosb ap COHMHW 3puTMaga MaBxy oyiraH
H6apya mogaanap Mosb Slapy ymyMuL, COHMra HUC6aTu Ly mogna
(KOMMOHEHT) HUHI MOSIb LMCMU ie6 aTanagu. Bup mogaa MKK1uHUM
Mojuaga apuraHga spuraH mogga monb kucmu (N,) Kylhingarmya
Tonunaau

2 7, +b
6y epga, n, Ban2— 3puTyBYM Ba 3puUraH Mopjanap MoJb nap
COHW.

KoHueHTpauusnapu HopManauk 6unaH ugoganaHraH
spuTmanapgaH (oiganaHub, spuraH Mopjanap KpraguKcus
peakUumMsira KMpuULIMLLIapW YYYyH ynap KaHjan \aXkmMuin Hucbatga
apanawvwHn onguHaaH xuco6nab Tonuw MyMKUH Bynagu.

Hopmannurn Cu 6ynraH A mogaaHuHr VinuTpy HOpManiuru
CH 6ynraH BbwmopgaHuHr V,nuTpu 6unaH peakuusra KMpuwau,
pennuk. by A moggaHuHr Cm e« “akBuBaneHT Ba bmoggaHnHT
CH , V23KBMBaNIeHTU peakumsara KUpuLIraHanrmHu 6ungupagu.
Jemak, mofaanap aKBUBa/ieH TMUKAOPAA peakuusara Kupuwlagu,
WYHWUHT YYYH:



8KN
V,:V2=CH -CH

peb6ésa onamms.

WyHpalh K,unub, peakumara KupuwaétraH mogganap
3PUTMACUHUHT X.@KMW, ynap HopMananuMkiapura TecKapu
nponopLuoHaauunp.

ByHaaH, peakuusnap y4yH 3apyp apuTmanap X4XMuUHU
aHuMKgalw 6unaH 6up KATOpAa, akCcuHYa, peakuusira capgnaHraH
spuTmManap “axmu Oyiunya ynap KOHLUEHTpauusinapuHu “am
TOMUW MMKOHUATW Tyrunagu.

VII. 2. SPYBYAH/INK

MoggaHuHr 'y éku 6y apuTyBUMAA SPULLI XYCYCUATN 3PYB-
YaHMK aennagn. Maskyp LapouTaa MOAAAHUHT 3pyBYaHINK
YA4Y0BUM YHUHT7 TylAWHraH 3puTMacu KOHLeHTpauusacu 6unaH
6enrn-naHagn. KynuHua, spyBYaHINK 3puUTYyBUMHUHT 100 Macca
OUPAN-TUHM Ma3Kyp LapouTha TYAUHTMPYBYUM CYBCU3 MOLAAHUHT
mMacca GUpPAUTM COHW GunaH benrunaHagum Ba 6y liyn 6unaH
nofanaHraH spyBUYaHIMKHU 3PYBYAHINK KO3(PMULMEHTHN
neivnagn.

FOOrcyBga 1rfaH OPTUMK MOALA 3puca - AXWK 3pUiAgMraH,
100 r cyBga 1r gaH 0,001 raya mopfga spuca Kam spuiigura,
0,001 r gaH 03 apuiiguraH Mofdanapra apumanguraH mopganap
feinnagw.

KATTUKOKUCMAPHUHE 3pULLIN aKcapuaT nonnapha UCCUKLMK
TUANWK 6unaH 6opagn. byHaa 3HEPTUAHUHT KYNTrMHa KUCMU
KpucTann naHXxapaHu napyanawra capgnaHagn. by sHeprus
rugpat (conbBaT)nap Xpcun Gynuwiunaa axpanaguraH aHeprus
6unaH KpnaaHagw.

Ne-WaTenbe NPUHLUUMNUHU MOAAAHUHI KpUCTana xXpnatm Ba
YHWUHT TYAMHraH apuTmacura Kynnaé, Mogja sHeprus TuLl
6unaH apuraHga TemnepaTypaHUHI KyTapuauwmn YHUHT 3pu-
WMHW OWKNpaan feraH XynocaHu YMK™apuLl MYMKUH. AKCMHYA,
rmapaTtiaHuLl 3Heprusacyu apuTMa Xpcuna 6ynumn yyyH etapam
OynraHga, SbHU 3pULL 3HEPrusa akpanuwu 6unaH 6opca, byHaai
\onga TemnepaTypa KyTapuauimn 3pyBYaHINKHN KaManTupagu.
ByHfali xpauca cyBfja WLWIKpPpAap, NMTUiA, MarHuini Ba antoMu-
HUAHWHT KYNrvHa Ty3fapuy apuraHga pyi 6epagu.



CylbYLWKAApPHUHT 6Up-6Mpraa spuLLIN 4YerapasaHraH
XonaTgaH yerapanaHmaraH xosnatra yTull TemnepaTtypacu
3pYBYAHNIUKHUHI KPUTUK TemnepaTypacu geinnnagu.

Arap UKkKu 6np-6upun apanawimangnraH cytobylikaaH néopat
cucTemara 6ynapHUHI xap 6upuaa spuin onaguraH yuymHum mogaa
KUPWUTWACA, YHAA 3puraH Mogaa 6y cyloKanKnapga apuimra Moc
nponopunoHanInkKaa Tapkanagm. byHgaH Tak,CUMIaHULL K,OHyHU
Kenmé uukagu, AbHU UKKU apanawimaiguraH aputyBumaa spui
onafuraH mMofja ysrapmac TemuepaTypaja mMojjanap opacuja
WYyHAAA TaK.CMMIaHaguKu, 6y spuTManapiarv YHUHT KOHLEHT-
paumsinap HucbaTn ymymuii sapuraH Mogga mukgopura 60rnuk,
6ynmaraH xonga goumuii Gynagu:

By epga: C,BaC2 - a3puraH mMogLaHUHT GMPUHYUYN Ba MKKUHYK
3pUTYyBUMAArn KoHUeHTpaumsanapy; K —rapkonmw KoagguumeHTa.
e[[a3napHUHI CyBAa 3puLLIN 3K30TePMUK >xapaéHgmp. LUy

cababnm rasnapHUHr 3pyBYaHNIUTW TemnepaTypa KyTapuauwiu
6unaH nacaagn. OpraHuUK 3puTyBYUIapga rasnap spuraHja
MCCroyLIK ITUANWK  Xonatnapu yypaian. byHaali xgnatnapga
TeMnepaTypa opTULLKM BUNaH ra3lapHUHC 3pyBYaHINTN KyNasiu.

Ma3 cytoKyLLKNapja apuraHia myBo3aHaT BYXyfra Kenagu sa
6yHza CMCTEMaHUHT XMKMU BUpMyHYa Kamasagu. lemak, 60CUMHUHT
KyTapunauiwmy MyBO3aHaTHW YHIra TOMOH, cypaiu, SbHU ras
3pYyBYAHIUTVMHW OLLINPAJN.

Ma3 6ocumm, MacanaH, MKKKU 6apasap oLInMpuaca, YHUHT More-
Ky/anapu KOHLUEHTpauusacu CYIKVIMK ycTuja LWyHYa mapTa
opTtagn, 6yHAa TrasHWHI 3puwn xaMm Tesnawagu. MyBso3saHaT
6ysnnagn. AdHrm 6ocumpga MyBO3aHaAT BYXyAra Keauwun y4yyH
apuraH Mosekynanap KOHUEeHTPaLUACK XxaM NKKK 6apasap opTagu.
ByHpain xoguca MeHpU K,0HyHU 6unaH TyWyHTUpWUIagm.

Jovmunii TemnepaTypafa CYHKAUKHWUHT MasKyp XmKMuia
3puéTraH ras maccacum rasHuUHr napuuan 6ocumura Tyrpu
NponopunoHangunp.

CeHpU KPHYHW Kyiumaaru TeHrnama 6unad udopanaHaiu:



6y epga, C - TyiluMHraH apuTMagaru ras KoHueHTpauuscu; P -
napuuan 60cuM; K — NPOMNopLUOHaNINK KOIPHOULUEHTU, YHU
FeHpy KoHCTaHTacu (Ekn eHpu KoaduumeHTH) feb aTanagu.

VII. 3. OCMOTVK BOCUM

JpuTMa roMoreH cucTtemagaH uébopat 6ynmé, apuraH mogna
Ba 3pUTYBYM 3appavanap TapTubcui3 fapakaTtga bynagu Ba
3PUTMaHUHT BYTYH ~“axXmu Oyilnya 6apaBap TapKanagu.

Arap uuwnuHapra “aHgangup MoafaHWHI, Macanad,
LWaKapPHUHT KOHLEHTPMAaHraH 3puTMacuHn Kyinmob, YHUHT ycTura
LWaKapHUHT  GMPMYHYa CYNTUPWUAraH spMTMacugaH Ccoscak,
6yHaa aBBan, LWakap 6wnaH cyB TeHr fgaXmjaa Tapkiimarad
xgnatga 6ynagn. AMmoO 6Mpo3 BakT yTrad, wakap 6unaH cyB
MonieKynanapum 6up TeKUC TapkaaraH xgnatra yragu. by wakap
MONeKynanapu HUHI KOHUEHTPAAHraH apuTMagaH CyrnTupuaraH
spuTMara Ba akKCWMH4Ya, CyB MOJIEKyNnanapuHu CYATUPUATaH
3pUTMafaH KOHLIEHTpNaHraH spurmara yta 6opuwin X,ucobura
6ynagn. byHAa KOHUEHTpAaHraH 3puTMafaH CYlATUPUAraH
3puTmara yTyBUM LUaKap MOJeKynanapy uctaaraH BakT mymia
Kynpok, 6ynuwimn TypraH ran. LLlyHaail Kunmb, KOHUEHTPAaHraH
3puTMagaH CylNTUPUATraH 3puTmara LakKapHUHE HAyHanuuwu
BYXYyAra KenaguW, CcyB 3Ca CYONTUPWUATaH 3pUTMajaH KOH-
LeHTp/MaHraH spuTMaraxapakaTt Kanagu, sbnuv \ap éup 3appava
KOHLEeHTpauunsacM Kam Tapara xapakaT K,una 6ownaigu.
3appavanap x,apakatniaHmé Kyymb, YHUHI KOHLUEHTPaLnUsacuHm
TeHrnawTupuwra onné KenyBuu XapaéH anddysma geinnnagu.
Ovuddysnaga cucteMaHnHr aHTponusack optaagun. KypcatunraH
MUCOAa 3puraH MojJa Ba 3puTyBUM 3appavaniapn Kapama-KapLum
MyHanuuga xapakaT Kenagu. byHaaii x,onat TyLUralllyBUM 6kun UKKU
ékpama amdysma aelivnagn. Arap UKKU 3puTMa 3pUTYBUMHUA
yTKasaguraH BaapuraH mogganu yTkasmanguraH Tycuk, Kylimnca,
y3rada xpguca Kysatunagn. bByHpain sapumyTkasrununap paeé
atanaguraH Tycuk/iap TabuaTga xam ydpangu, ynapHu CyHbURA
paBuwja Taiépnaca \am 6ynagun.

NoipaH AcanraH TelUMKYanapraara LMavHapra 6upop apuTma,
MacasiaH, LWakKap 3pUTMacuHM K,\yiunb, LMNMHAPHM CcyBra
Tywupcak, 6yHAa KOHUeHTpauusanap TeHrnawysu ¢ak,art
CYBHMHTI yTuLLIM XL,cObMra amanra owagmn. Cys Mmonekynanapm Kyn
MUKZOpAa spuTMara yTa 6owniangu, 6yHUHr opKacua spyutma



Xaxmun Kynas 6opagn, Lwakap
KOHLEHTpaumusacu aca Kamast
6opagn. Apum yTKasrumy
TYycCnMg opkanuv amar
ra owys4um 6yHpaii 6up
g knama guppysna oc-
MOC Aevinnagn.

VII. l-pacmga OCMOTUK

60CUMHKN ynuyaw acb06MHUHT

CXemMacu KentupunaraH. 2-

WAULWIHM LlaKap 3puTMacu

apr 6vnaH Tynaupunb, yHun 1-

navwgaru cyera conmé Kysmus.

spuTyBUM OcMmocC Tyalinm spuTma XaxK-

MW Kynas 6opagn Ba HalHWU

Tyngupa 6ownangn. 3pUTMaHUMHI Haijaru carx,u KyTapuna

6opvwn 6unaH CcyB MOMEKynanapuHUHI 3puTMara yTuwumra

TYCMMHAVK KANYBUYM opTuUNYa 6ocum - (TMAPOCTaTUK  60CUM)

BYXyAra Kenagu. 'mgpoctatnk 60cmM Mab/lyMm 6UpIMKKa eTrau,

MyBO3aHaTAaru 3pUTMaHUHI OCMOTMK 6OCMMM t03ara Kenagw.

MaHa wyHgali MmyBo3aHaTgaru ruap6ctatuk 60CMMHU ynyall

OpK,&/IM1 OCMOTUK 60CMMHM aHMpyral MyMKuH. Ocmoc xaaucacu

XaliBOH Ba ycumMKnap \aétmga Myxmm ponb yilHanan. Ocmoc

Tydainm ycMMauk MoscuMiaH HK,opura cyB KyTapuiagn Ba
XyxKanpanapHu TabMUHAANAN.

Typnu 3puTManapHUHT 0CMOTUK 60CUMUN ypraHuAraH Ba yHUHT
KaTTaAnuru 3apuTMa KoHLUeHTpauusacu 6unaH Temnepatypara
6OrNMMKYTUIN aHUKAaHraH. byHpali Taxpubanap oCMOTUMK 6ocUM
xocun bynuwuga spuraH Mogga éku 3puTyBUM TabuaTtwu
axaMUSATUHUHT AYYyLUrMHW TacALlyTaraH.

1886 nunga BaHT-Iothh yHUa HOKPpY KOHLeHTpauusara
6ynmaraH 3fneKTpomMTMacaap spuTManapu y4yH oCMOTUK 60CUMM
KOHUEHTpauua Ba TemMnepaTypara O60rnuMK/WIrMHW KyiAugarn
TeHrnama 6unan undopanagn:

P= 1000 « CRT

ApUMYTKasrnunm
MeMbpaHa

6y epga: P — ocmoTuK 60cum (Ma); C —YHUHT MONAP XaXm
KOHUeHTpauusacu (Monb/n), R - yHMBepcan ras fJOUMUICH,
8,314 (OK/monb. K): T — myTnak, Temnepatypa.



Paynb KpHyHU

Maskyp TemnepaTypaja \apbup CylKAUK ycTuarn TyMnHraH
6yF 6ocumun gommnii Kuinvatra ara 6ynagn. bBupop mMoggaHuHr
CYHObYLIKAA 3pULWIN  YHUHT TyWWHraH 6yF 60CUMWHWHT
Kamaiumiimra onuné Kenuwn taxpubanapgaH KypuHagu.

1887 nnnm Paynb TyWnHraH 6yr 6ocumwura Aonp KPHYHUHU
3blIOH KAAW. ApuUTMaycTmgaru TylimHrad 6yF 60CUMUHUHT HUCOWIA
KamaivLimM 3puraH MOAAAHWHT MOJb K/\CMUra TEHTAup.

Paynb KDHYHUHWHT MaTeMaTuK ngogacu Kyhimaarn TeHriama
opKanu udoganaHagm:

R.-P = Ni

6yeppga:- TOw 3puUTyBUMNMLL 'TyMHraH 6yr 6ocumn; P —
aputmanunr 6yr 6ocumn;/V, —3puraH mogaa Mosfb K,UCMW.

Paynb 3puTManapnunr KAiHalwun Ha My3nallvHU ypraHmo,
31eKTPONNTMACAPHUL CYONTUPUATaH 3puTManapu y4yH
K,aliHalwl TemnepaTypacUnNUHI OWYBW Ba My3fnaw Temre-
paTypacunuHr Kamaiumn 3puTMa KOHUeHTpauusicura nponop-
LVOHaIUTUHN TONAU:

T . =eCw e'a“ 1000
K,awwwn
T = kCm n m\W
6y epga; Cr - Mosb-mMacca KOHUeHTpaums (MoONsnK), a — spuraH
mMogga maccacu, B — 3PUTYBUMHWUHI Maccacu, M~ 3puraH

MOAAAHUHT Mo/b Maccacu. E Ba K 36ynmnmockonuk (KgliHaw) Ba
KpUoCKONuK (My3snawl) AOUMUIACK, ynap 3puTyBUYM Tabuatura
6ornuk, 6ynuné, spuraH moaga Tabuartura 6ornuvk, dynmangn. Moga-
[anapHVHT MOMEKYNSAP MaccacMHW aHUKIallga apuTmManap KanHa
Ba My3sall TemnepaTypanapuHuW ynyawira MyJspKannaHraH
30Y/IMOCKONUK Ba KPMOCKOMUK YcynnapaaH ounanaHunagm, SbHu:

E i 1000

MT=52 2000 36y NMOCKONUK ycyn
vy y ycy

——————————— KPUOCKOMUK ycyn



\o3uprun BakTAa KMCN0Ta Ba acocsap XgKHAa ymymallraH
6up KaHya Hasapusnap mabnym. BynappaH conbBocucTeManap
Hasapusicu, MPOTOH Ha3apusACK Ba 3/IEKTPOH Ha3apUsACU KeHr
KynnaHunagu. by HasapusnapHuHr \ap 6upu Typam4da Herusnap
acocmpa Kenub 4YMKKaH 6ynuwiura kKapamain, 6up-é6upura 3mg
aMacxamja Kucnota —acoc OMpUKManapHUHI  y3ura xoc TOMOH-
napvHu oumb 6Gepagu. Kwucnota Ba acoc x,akgjarvm Hasapus-
NapHUVHI W3uprn ndogacuHy nwnab YmkHwaa 6owk,anap 6unaH
6upkaTopaayY36eKMCcTOHAMKONUM M..Y CaHOBUYHUHIXM3MATH
KaTTa 6ynau.

1. ConbBoOCUCTEMA Ha3apusAcH

CyB guccouunnaHraHja:

HD ~ H ++ OH

By)XXyara kenraH H+Ba OH wnoHnapu 60w KA noHnap Kabu cyBnm
3puTMajga rugpatnaHagn. Bogopos MOHM cyB MoseKynacu 6unaH
OCOHIUHA 6UPUKKNG, FNAPOKCOHUA MOHUHWU XOCU/T KUIaaw.

H+*HD H, Of

CTMAPOKCOHUIAHN 6ab3n GMpuMKMa (KommnseKc)napuaaH
Kpuctann \onga axpatub ojinijj MYMKUHANTA aHUKYLLIHTaH.

WyHaalhi kKnnub, CyBHUHI Yy3U gmccoumnaHraHja xam
TMAPOKCOHWIA  MOHW BYXYyAra KCAUWW KyAnarun TeHrnamagad
KYPUHU6 Typunbau:

2H,0AH -0 H

YTKasunraH Taxpuéanap aMUMHAApPHUHT KYNTuHa aHopraHuk
TY31apHMW 3PUTULLN, YIAPHUHT 3pUTManapu \am ToK YTKasuLWUHM
Kypcarauku, 6y sfneKTponuTUK guccounnaHuILgaH aapak 6epau.
ANeKTPONIMTNAPHUHT CyBAary spuTManapuia Ba cylok aMmuakia
yTKasuaraH peakuuanap opacuga SIKUHAUK GOPAUTA KYPUHAK.
AMMUAKHUHT Y31 \aM 03 Byncana, 4MCCoLMITaHNLLIN aHUKAHTaH:

NH3*~ H* + NH,

Bogopoa MOHWM 3puTMaga conbBaT/aHraH 6Gynu6, y
3PUTYBUMHUHT 6UP MoMeKynacu 6unaH TesrnHa peakuusra
KupULaau:



11;runkaga ruApoOKCOHWI MoHUra yxwail 6ynraH amMOoHWUiA
MoHM \ocnn 6Gynaan. AMMUAKHUHT AUCCOLMAAHMULLN X,aM CYBHUKN
Kabn 6opagm:
2NH3= NH4+ + NH,

NH2 noHn OH ra yxwaw WoHAuP.

AMMnakKk 6umnaH yTKasuaraH uamMuii Ky3aTuwinap
MeTa/lNapHUHT aMUAIapuHU rMapoKeuanapra yxwail 6upukmanap
fe6 Kapalura MMKOH 6epau.

By yxwawnmk OH- Ba NH2 noHnapu x.amga cyB 6unaH
aMMMaKk MOMEKYNanapuHUHT M303/1EKTPOHIMK XyCycuaTnapu
6unaH fAHaja paswaHnawagn. bynap opacujarn yxwawnmk
YNapHUHT KYMrnHa xoccanapuja HaMoéH 6ynagn. AcocnapHUHT
cyBfaru apyuTmMaiap U Kabu amuanapHUHI aMMUakan apuTmanapu
auccounnaHumv Tyannm anekTp TOKMHW yTKasau.

Me NH2 » Me‘+ NH2

MaHa wy spuTmanapga eHodTanenH Kusapagu, Kucnora
K,ylwunaraHga ynap HeitpannaHagun. AMUANAPHUHT 3pulin
rMAPOKCUANAPHUHT 3puLLIMra Moc Kenagu. ByHaaH cyto K aMMuak
My~utugaru metann amugnapu OH rpynnacura ara
fynmacnurura Kapamai, y3vHW Kyuniu acociapfeKkTyTafu,aerax
Xysioca Kenué umtanu.

Arap cyloK; aMMuakia aMMOHUIA Ty3u 3puUTUAMG, Ternwimya
KUcnota XycycusaTra ara apuTma X,0cun KAJMHCa Ba ONIMHIaH
Mab/yMOTNapTakKociaHca, 6y1apHUHT 6UPXUNNUTUHN, SbHU \ap
MKKana x,0nga xaM aMMOHUWA Ty3u apuTMacu \ocun 6ynuin
Ky3aTunagu:

NH4CL + NH, NH4' + NH, + H++ Cl

dpaHK/AWH CYlOK, aMMUaKaa 3puUTUAraH aMmMOHUI Ty3napu
MeTa/lIapHUHT amuanapu GunaH Kucniotanap Kaéu peakuusra
KUPULWULWWHU KypcaTan. [emak, CyloK ammuakgars ammMoHuii
Ty3napu ysMHW Kucnota Kabu TyTagu. CyloK, aMMUaKAarm
HeliTpannaHUwW peakUUsicM auccounnaHMaraH apuTma Moseky-
NanapuHUHT Xpeun 6ynunra onuné Kenysun xapaéHgaH méopat
6ynagn. KypunraH KOHYHUSITNap KWC/0Ta Ba acOCNapPHUHE SHIU
coMbBOCUCTEMANIAP HasapuacuMia Y3aKCUHUTONAMN.

Yw6y Hasapusira 6MHOaH 3pUTMaza 3pUTYBUM AUCCOLMNAHTaHA
Myc6aT MOHMAP X,0CUN KUTyBYM BUPUKMA LLAPTI paBuULLAA KMCI0Ta



Aeb K;apanagm, accc 6ynmb aca apuTMaga 3pUTYBUYU HUUT Y31
auccoumnaHraHga MaHgpuii noHNap Xpeun Kuayeuvm 6upukmanap
K,abynn KATUHaauN.

2. NpoTOH Ha3apuAcu. BpeHcTea-/laypunap TOMOHWAAH
Takm Kumw aH 6y Hasapusra acocaH NpoTOH 6epa 0/nyByM
Xap K,aHfjanm 3appadva (monekyna ékum MOoH) KucroTa bynaguw.
MPOTOHHU BUPUKTUPKUG 0NYBUN X.ap KaHAal 3appada acocamp.

MpoTOH HazapusAcMra MyBO(MK, KucnoTanap yyurabynmHagu:

1) HeinTpan KucnoTanap: 6ynapra MWUCON K,Uamn6 xnopupg
KUcnoTa éKn cynbgat KUCI0TaHW KypcaTull MYMKUH:

HCL = H++ Cl

H,$Q4 H++ HSO,
2) aHVOH KucnoTanap: MaHgwuii noHNapgaH meopat 6ynagn:
HS04 = H++so&

HPO/ H +,PO
3) KaTMOH KuUc/oTanap: Myc6aT voHnapgaH uéopat 6ynaaw:

NH4 == NH, + H+
Ba

H,0+-- H,0 + H

KaTunoH kKucnotanapra Kyn BaneHTAW MeTananapHUHT
rugpatnaHraH noHnapum x.am Knpagw.

KynrumHa KoMnnekcnapHu Kucnotanapra K,ywuu
MYMKWUHKW, 6YyNapHUHI X,.aM NpoToH 6epuwn Taxpubanapga
ncboTnaHraH.

AcocnapHu x,aMm Kucnotanap Kabum HeildTpan (cyB, amu-
Ho6upnkmanap) aHmounn (CI, OH-) Ba katuoHan (H"NOH,
NH+) cuHdnapra axpatmw MyMKAUH.

MpoTOH Hasapusicura MyBOo(MK, NPOTOH aXXPaTULINHUHT X,ap
K,aHfali peakumusicn Kyinugaru cxema opk,anv udoganaHagun:

Kuncnota Acoc + H+

ByHpali xapacHja MWTUPOK 3TYBYM acoc Ba KuUcoTa
My>kaccamnawraH 6ynagu. MacanaH, rugpocynb@ar aHUOHU -
H SO0 4cynbhat kucnota — H,S046munaH MyxaccamnawuraH acoc.



HtO' moHu aca acoc 6ynraH HXD 6unaH myxaccamnawiraH
Kucnoragmp.

MpOTOH Hasapuscu opraHukK Mogjanap — amuHniap, ahup,
KeTOH Ba TMO3(UPNAPHUHI acoc XYCyCUSi TUHU TYLUYHTUPUG
6epagn. byHpali Gupnkmanap foHOp — akuenTtop 6oru 6yinya
NPOTOHHU BUPUKTUPKUG, MyxXaccamnaluraH kKucnotanap 6ynraH
OHWIA - KaTMOHIap XPCUN KATaau.

9N: + H+ 9 N : +H >C=0:+H+" >C-0:H+

>0: + H¥ >0: +H >S: + H+=*=>S :H

MpoToH Hasapuacuga 3PUTYBUUMHUHT NPOTOH axpanuwmn
6unaH 6opaguraH guccounnaHMM KaTtta a\amumaTtra aragup.
BYHUHT MUWUKAOPWIA KaTTanuru asTOMPOTONIN3 KOHCTaHTacu
(aBTOMPOTONM3HUHI MOH KyrnaiTmacu) 6unaH xapakTepnaHaaw.

SPUTYBUMHUHT Y3 KAHYANUK KY4Iu guccoumnaHca, YHUHT
KUCNOTaNIMIUTUN LUYHYANUK HOKopu Bynagu.

JPUTYBUYMHUHT SiHA BMP MyX,MM XYCYCUATW YHUHT MPOTOHra
MOAMANUIN 6yNn6, MasKyp 3puTyBUMAA MPOTOHHWUHI COMbBAT-
NaHvLWInga axpanyBun 3Heprus 6unadH benrunaHagu. MpoToHra
MOMUNANK KAHYaNUK Kyn 6ysca, 3puTYBUMHMHI acoc xoccanapu
LUYHYaIMK Ky4nn HamoéH bynaau. MpoToHra MOMNMNIMK ammumakia
Ky4ynu, 6yHAaH KeWnHrn ypuHga rugpasviH, cyB, aTUa CAupT Ba
6oL kanap Typagu.

OCOHNMK 6unaH NPOTOH OGUPUKIMPYBUYM MoOAAanap
nportounnap (amMmMuak, rmgpasvH Ba 60LIKanap) Ba OCOH
y3aTyBuunap aca nportorednap (HF; HNO03Ba 6owkanap)
pelivnagn. TPOTOHHM 6up Ryna X.am 6UPUKTUPKNG, X.am
y3aTyBuMiap aMmgunpoToHnap (cys, MeTUa cnMpT Ba 60LU Kanap)
neb aTanagw.

Kncnotanap (Ekm acocnap) KYYMHUHT (apKUHU ce3gup-
MananraH apuTyBUMIap HUBENNPNOBYWIAP Aennnagu.

Kucnotanap (Ekum acocnap) KYYUHWUHT (PapKMHW HOKOpWU
Japaxaga cesgupaguraH sputyBumnap guddepeHumsnosumnnap
pevnagn. Kucnotanap yuyyH anddepeHUUsanoBUYn apuTyBUmMiap
cugpaTuga cyera KaparaHga npoToHra MoMuAAUIu KaMpok 6ynraH
CMpKa KuUcnoTa, 3TUA CAUPT, aueToH Ba Wy Kabu opraHuk
3pUTYBUYMIAPHUN KYpPCaTUO YTULL MYMKVH.



Arap cyBCU3 cuUpKa KucnoTa KucnoTanap Yy4yH gudde-
peHUManioByn 3apuTyBUM 6Gynca, acocnap yyyH HUBEINPNOBYU
3apuTyBUM bynaam.

3. ONeKTPOH HasapuAcn. by HaszapusaHu Jlbtonc Takandg KanraH
6ynunb, acoc cugatmga KUMEBUN 6of xocun OYAMWIN YUYyH
3M1eKTPOH Xy(Tn 6epyBUYM Moffaa, KucaoTa cupartuga sca
3N1IEKTPOH Xy(DTNapmHu K,abyn K,UnyBuM Mojga - 3/7eKTPOH
Xy(Tnapu akuenTopu Kabyn K,MavMHraH. /eKTPOoH Hasapusicura
Kypa K1CoTa - acoc peakuusacy JOHOp-aKLenTop 60rnaHnWHUHT
~ocun éynnwmngaH méopatamp. Kucnota 6unaH acoCHUHT
bvpnkuwngaH agayKTnap geb ataayBum TY3CUMOH MOZAAa XOCWIT

6ynagn:

nh3+ HA —> nh4i
acoc Kwucnorta

KU

H

H: H:C1: H:|IY|:H + CL

IzT

ONeKTPOH Hasapua CyBAM 3puTManapga 6opaguraH
HeWTpannaHuw, KOMMAEKC X,0cun 6ynuMun, aMMHOBUPUK-
MaslapHUHT 6ab3v rasoreHugnap 6unaH, aHrMgpuaNapHUHL cyB
6unaH peakuuanapvHU yxiiawl xapaéHnap ‘cugatmga  K.apaigu.
DNeKTPOH XydTnap goHopu bynraH mogganap J1stonc acocnapu,
3NeKTPOH Xy(rnapHUHI akuentopu 6ynraH mopganap Jlbtouc
Kucnotanapu feimnagu.

Jlblonc acocnapura 6ab3n amMuHoObMpUKManap (ammuak,
anugaTvK Ba apoMaTWK amuHAap, raforeHui-noHnap, NUpuanH
acocnapu, XMHOMNH acocnapyu Ba X0Ka3onap), KeToHnap éxku
ymymuii gopmynacn X,CO o6ynraH (X-ranoreH atommu)
6rpnkmManap Knpagu.

Nlblonc KucnoTanapura Mucon Kuamb 6up K,atop 3/1emMeHT-
napHuHr ranoreHngnapm (BFr AIC1,, SiCl4ga 6ow”anap), KymyLu,
XPOM, M1aThHa Kabn xamaaboL K NOHIapHU — KOMIIEKC XOCUN
KANYBUMNAPHU KypcaTuLL MyMKUH. BynapHUHT 6ab3vnapy amanui
axamusATra sragup.



KncnoTa-acoc Hazapusicu gompacuaarn peakuusinap yavHUHT
Te3 6OpuMLIW, KaTanuM3aTop KynnawHu Tanab Kuamacamru Ba
MaxcysioT YHYMUHUHT 100% ra Kagap eTuwiuy 6unaH axpanunb
Typagu. ByHaali peakuusinap KMMEBUIA aHanM3aa Kyn KynnaHunaaw.
AliHMKCa, cyBCU3 TUTpMalwja Xyaa Kyn kenagn. Kucnorta-acoc
HasapusicngaH aHoOpraHuK CUHTe3ga doiganaHnb, XXyaa Kynnab
AHTM Moafanap ofMHraH. dTopnawja ofiMHagUraH CUHTETUK
maTtepuannap, 6MoNOrMK akTUB Mogjanap, TM66MET yuyH 3apyp
fopu-fapmMoHiap Ba 6olwikanap 6yHra mucon 6yna onagu. Cyok
aMmuakzja onmb 60puaysUmn 6Mp KaH4Ya peakUmMsaap Xxam KucaoTa-
acoc peakuusnapugaH x,ucobnaHagn. bowka ynnap 6unaH onné
oynmaiiguraH moaganap — KpeMHWUI, TeTpaMui, HUTPo3nIaMug,
cynbamng Ba LWy Kabu 6owKa myxum 6UpMKManap wy iyn unax
ONIMHTAHNTN KUCN0Ta-acoc HasapuUsICUHUHI. haKaT Hasapuii
axamuaTra ara 6ynné Konmai, YHUHT yKaH amanuii UCTUK60au
6opnurngad ganonat 6epagu.

VIl 6. TNAPOJINS

Mogpa 6unaH cyB opacuja cogup bynaguraH asmallvHyB
peakuusicMra rugponus gernnagu.

MMAPOAMU3HMHI Ma3MyHWU CyB Tabcupuga napyanaw
(pecTpykumsanaw) gemakamp. MacanaH, goccop (111)- pTopug
PF3cyB 6uiaH OCOH peakumsira KMpuwmne, ochuT KucaoTa Bad
BOZOPOA (hTOPUSA XOCUN KUNAAW:

PF3+ 3HD = H303+ 3HF

Typnu Xxwun cuHdnapra KapyBuYM 6uprKmanap ruaponusra
yupaiign. AliHUKca, Ty3fnap ruapoaunsy Myxum axaMmusitra ara.
Ty3nap ruaponusnga KucnoTa Baacocsap xocun éynaau. Mmaponus
peakumsicura Ky4cus KUCnoTa 6uiaH Kyucu3 acocfaH, Ky4cus
KNC/OTa Ba Ky4/n acochaH €kKuM Kyucus acoc 6mnaH Ky4dam
KUcnoTafaH Xocun By/iraH Ty3nap rugaponusrayupauin, HelATpai-
NnaHuw 6y xonga Kynmaa wudoganaHraH peakumsa 6unaH
6enrnnaHagu:

H++ OH = HD

Teckapu peakuusi, abHU CYB MOJIEKY/TaCUHUHT MOHMapra
AUCCOLMMAHUWN XyAa Kam fapaxaga Gopagu. uaponusga
spuMaiiguraH éxku ydyBuyaH MofAa Xocuna Gynuiun, factnabku



MOAAaHVHI OXMpuUrava napyanaHraHauruHm oungupagu. Tysnap
rmaponnsn Tygannm 6ydgep apuTManap maexyg oynagu.

OpraHunK GMprKmanap KucnoTa éKy ULLKppAap UwTupokuga
rmgponunsnaHagun:

RCOORL+ HD = RCOOH + R'OH
RCL + HD =ROH + HCl

AHVK, MWUCON TapuK,acufga Gup acocny KucrioTa 6unaH 6up
Ba/IeHTNI MeTa//iAaH TallKuA TONraH Ty3 — HaTpWid aueTaTHu
onannuk. Yweéy Ty3 Ky4ycus Kuc/ioTa 6unaH Kydnu acochaH
TaWKWA TONraH 6ynn6, YHWHI TMApPONv3n Kyingarnya Gopagu:

CH3COONa + HD = CH3COOH + NaOH
8K NOH-MONEKYNAP Xonaa é3cak:
CH3c00" + HD =CH3COOH +OH

TeHrnamagaH ywoby Mnuconga ruponns Ty3 aHMoHU X,ucobura
Ba peakunss OH MoHW axpanuiim 6unaH 60paéTraHIurn KypuHaau.
AMMO CYBHUHTI MOH KynainTmacu [H+ «[OH] goumunin KaTTanuk
éynrannnrn cababnm OH MOHAApPUHMHI Kynaiinb 6opuwin
BOLOPOA WOHMNAPUHMHI Kamanuwmra onné kenagu. byHpaH
paBLIaHKK, Ky4CuU3 KUCMoTa 6unaH Kyuauv UHLLOPAaH XOCwu/l
6ynraH Ty3nap s3puTMacu MHLLOPWUIA MyxuTra ara éynagu.

LUyHra yxwatu xonga Kyycus acoc 6unaH Kyyam KucnotapaH
TallKWA TONraH Ty3 KaTUOHW Tuaponnsra bepnnagm Ba HaTukaga
peakuunsa BOAOPOS MOHAPUHUHE XocuUn Bynnwmn 6unaH 6opagn:

NH4CL + HD = NH40H + HC1
nh4+ HD = NHAOH + H+

H+uvoHnapuHuHr inrunmwmn OH wnoHNapu KOHLUEHTpauus-
CMHUWHI Kamainwura onn6 kenagu. LLyHaan K,unmb6, Kyyucms acoc
6unaH Ky4am KucnoTagaH xocus BynraH Tysnap apuTMacu
Kucnotanm MmyxmuTra ara éynagu.

Ok, 0pnga KentupraH muconnapjaH KypuHuUo Typubaunku,
spuTMaga bynraH Ty3HUHT XxaMmMacy amac, 6asiKu Mabiaym K,UcMu
rugponunsnaHagn. bowkgya K,unmb antraHaa, aputmaza Ty3 bmunax
Y XOCU/ K,MNafuraH KUcsoTa Ba acoc opacuja MyB0o3aHaT BYXyara
Kenagn. maponvsnaHagurad Mogaa K,ucMm —ruaposnns gapaxacu
MyBO3aHaT KOHCTaHTacura xampja TemnepaTypa Ba Ty3
KOHUeHTpauuscura 6ornnkanp.



MMaponus TeHrnaMacMHW yMymuid xonga ésamm3. HA —
kucnota, MOH — acoc, MA — ynap Xocun KasraH Tys.
ByHfa rugponus yuyyH Kyhngarv TeHrnamaHu é3amms:

MA + HD = HA + MOH
ByHAa MyBo03aHaAT KOHCTaHTacu Kyiugaruya ésmnagu:

[HA]-[MOH]
[MA][H20]

CyB KOHLEHTpaLMScU CYNTUPWUAraH spuTManapgia aMmanuia
XuxatfaH onraHja LouMuin KaTTaimkka ara. K [HD]=K2 ge6
6enrmnab myBo3aHaT KOHCTaHTacu K2Hu Tonamums:

_ [HA] [MOH]
2 IMA |

FMaponn3 KOHCTaHTaCcu K,MiMaTy MasKyp TY3HUHT
rmaponmsra KMpuwmw xycycuaTuHmM 6cnrnnaigm.

Kyucus kncnota 6unaH Kyunu acocfaH Tallkui TonraH Tys3
YUYYH TUAPOSIN3 KOHCTAHTACWM KUCAOTAHWUHI AuccouunaHuL
KOHcTaHTacu Kk[k6unaH Kyinugarnya 60TnaHagn:

Ywby TeHrnamagaH Kwon KaH4Yanuk Kuuuk 6ynca,'Kr
LWYHYaIMK KaTtTa bynuiimn KypnHmno Typmban. bolikaya cys 6unaH
aliTraHga Kucnota K,aH4a/IMK Kydcus 6ysica, YHUHr Ty3napu
LLYHYaIMK HOKOPW Aapaxkaga rugposmsnaHan.

Kyucu3s acoc 6unaH Kyunu KucnotafaH TalwKui Tonrad Tysnap
YUYYyH lOKOopuparura yxuwaw xonfga rugposini KoHcTaHTacwu
aCOCHMHT auccoumnaHul KoHcTaHtacu K a1 6unaH Kyingarmya
6ornaHagu:

K
1

acoc

BuHOGapuH, acoc KaHYa/IMK Kyudcus 6ysica, y XoCU/1 KUAraH Tysnap
LUYHYaNMK HOKOPW fapaxkaga rvMaponunsnaHagu.

Kyucus Kucnota 6unaH Kyycus acocfaH TalKua TornraH Tysnap
YUYH TUAPOSIN3 KOHCTAHTAcCU KUCAOTa XaMja acoC/apHUHT
AUCCOLMMaHNLL KOHCTaHTacu 6unaH Kyiivgaruda 6ornaHagmn:



Mmgponus caHoatda Ha\aéTga My Mm a*aMmaTra ara: caHoarja
cnupTtnap, deHonnap, ycMManK monnapu Ba \aiiBOH érmaaH
IOKppU anuatuk Kucnotanap onunHagn. Mypakkab acwupnap,
rnMKo3ng Ba amug 6ornapu rugponunsn TUpUK opraHusmaap \aért
thaonuaTMaa My\uM ponbyinHaigu.

Takpoprall y4yH maTepuannap

BO6GHMHI Lucuavya MasMmyHu. dpuTmanap aTtoM, WOH EKu
MOMeKynanapHUHI roMoreH (6uUp >XMUHCAKW) apanawimMacuaup.
dpuraH moaga 6unaH 3PUTYBUMHWUHE HUCOUA MUKLOPUHMU
CYIONTUpUAraH &KW KOHLUEeHTpnaHraH 3apuTtMa cudartuga
6enrunaHagn. MogfaHWHT 3pYyBYAHAUTMHU Yy3rapTUpULL Y4YyH
TemrnepaTtypa Ba 60CMMHU y3rapTupuwl 3apyp bynagu. asHUHT
apuwn 60cuM opTULWIN 6unaH Kynasau. fle-LLlatense npuHumnu
MaHa Wy \ogucaHu TyLyHTUpaaun. ApMMyTKasrudy MembpaHanap
6unaH MW KypuaraHga, t3ara KpayBuM OCMOTUK 60CUM ycTuaa
hUKp topuTUnagu.

B06HM ypraHuwaaH Maucag

1. Monsipnunk, MonsNanK, Mob K,MCM, HOPMa/IMK Ba NPOLEHT
(thom3) KOHLEHTPALUAHN YpraHuLL.
2. KOHUeHTpaHraH, cywnTupunraH, TyiuHraH
TyWMHMaraH apuTmanapHu TacHudgaL.
3. Konnowng spuTmMaHy YuH spuTManapgaH apkniai onui.

Maluk Ba macananap

1. KMyiinparn rysnapHUHT rMaposin3 peakuUsiCUHN TY3WHT:

a) CH3COONa; 6) Na2CO,; B) KHS.

By Ty3nap yyyH rugponun3 KoHcTaHracuHu \ucobnaHr.

2. Kylingarn 6umpukmanap y4yH AMCCOLMIAHWLI TeHrna-
ManapuHm Ty3uHr: a) H2Z 03; 6) H2S; B) HCN; r)H,Si03;
O nhdoh.

3. AMMMaknn 6yep apuTmara 03poK MUKAOpAa KUcnoTa éku
WALWLOP Ky WNraHja YHWHT BOAOPOS KypcaTtrmuym pH HWUHT
y3rapmac/MruHn rywyHTupub 6epuHr.



4. Kylinga KenTupunraH sputManapHuHrxap évpuga spuran
MOAJa MOoap COHUHM XMCOBNAHT:

a) 0,358 M nn Cu(N032 sputmacuHuHr 256 mn fa;

6) 0,0567 M nn HBr sputmaHuHr 400 < 104mnga;

B) 0,565% NaQ caknoBun NaQ cyBnm apuTMacuHUHT 450 r ga.

5. CuCLj cyBfa spmuraHja uccuknuk axpanaan (46,4 kXK/monb
CnC12. Mle-lWaTenbe npuHuunugaH ¢oinganaHnb, Temneparty-
PaHUHI WY Ty3 3pyBYAHANTUTa TabCUPUHU aHUKNAHT.

6. Arap HgCI2HuHr 0,01 M nn sputmMacujaH ToK yTKasunca,
KC1l HUHr wyHpan sputmacuparura KaparaHga namnoyka
Ky4Cu3pOoK éHaan. ByHUHT 6oncu Humaga?

7 KypcatuaraH KonnougnapHUHI Kaii 6upn rmgpogun Ba Kai
6upn rnapodob sKaHANTUHN aHMKAHT:

a) FOMOreHNalWTUPUAraH cyTaarn capuker;
6) xene;

B) Kofougan oNTUHHUHE CYB/IM 3puUTMacu;
r) roronb-Morosb.

8. Cou 1oBMNaguraH wamnyHaap ofataa HaTpuii naypuncynbart
[CH3CH2)|| 0S 03 Na+#xunmaaru 1oBuLI BOCUTacUHU caknaign.
LyHpan MogAaHWHT COYHM To3anawl cababuHU TYLUYHTUPUHT.
CougaH Tabuuini MONApPHUHT IOBUNNG KETULLIM HMMAra 60KMuK?

9. Kyiinga KentupunraH uMoHnapgaH Kaiicu 6upu cyBnm
apuTMaga Kyunu rugpatnaHagn: K+ Cs+ Cu?

10. MysnaraH iiynra NaC] ékn CaCl2 kabu Tysnap cenusca,
My3 3puiAgun. XKapaéHHU TYLLYHTUPUHT.

TecT casonnapu

1-KyprowvH nogngHuHr0,1l M’ TylAnHraH sputmacugarm macca
MWKAOPUHU aHUK/aHT.
A.135 « O 3 B.0,3; C.30,0; A4.6,5 « 10-4; E.15,0.

2. Owuccoumnannw fapaxacn 1,0%6ynraH cMpka K1UCcnoTaHUHT

pH nHK1 xucobnaHr.
A .0,76; B.2,76; C.3,76; 0.4,76; E.5,76.

3.10% nn HUTpPAaT KUCNOoTa XOCUN KUNULWL YYyH 2 « 10""3mM3 cyBra
KaHua xaxm 50% nn (mn) (d—1316 kr/m3 HuTpaT KucaoTa
Kywmi kepak?

A .400; B.307, 8; C.500; A.384,6; E.350.



4. KoHueHTpauyuanapu 0,02 M KOH Ba 01 M MH40OH Hu
apanawTupuLw HaTuxacuga xocun bynraH aputma pH vHU XK-
cobnaHr.

A.10; B.2,0; C. 11; A.12; E.5.

5. Bapwii rmapokcna sputMacy (Ba+2MoHM KOHUEHTpaumsicn 5 o

10 4 monb/n 6ynca) pH MHWM aHWKNaHT?
A.3; B.4; C.5; 4. 10; E.IN.

6. KoHueHTpauusanapu 3 M 6ynraH HaTpuii TMAPOKCUANHU
1 M xnopug Kucnota 6unaH apanawiTUpULL HaTuxacuga Xocun
6ynraH spuTMaHUHI pH HU aHMKAaHT (6Up XUN X,aKMAa).

A.0; B. 130; C. 13,7; A.14,0; E5.

7 KoHueHTpauyusacu 0,25 H, 0,51 cnpka KucnotacuHu Auc-
coumnaHraH Mofekynanapu COHMHW 5 6apobap owmnpuLl y4yyH
KaH4a XaXXm (/1) CyB KyLUuL Kepak?

A.6; B.8; C.10; O4.14; E. 16.

8.298°KpadK =5 «10“12 MarHuii rugpoKCULHUHITYANHIaH
apuTmacu pH nHu xncobnaHr.

A7, 7; BJ10; C.97; A0.4,3; E.O.

9. KoHueHTpaunscn 5 « 10~4 m 6ynraH cysbgat KUCNOTaHUHT
pOH HW aHMKnaHr.

A.3; B.4; C. 10;4. 11;E 13

10. 20% nn 3 m3 ammoHunin  xnopug ( p= 1060 Kr/m3)
apuTmacmugaH 10% nu apuTMma raliépnall ydyH kaHda Xmkm (M3
CYB KyLUML Kepak?

A2,7; B.2)9; C3,18; A.34; E.44

11. Maccacu 2, 43 « 10 3 kr 6ynraH onTuHryrypt 3 « 10-2 kr
6eH30/14a spuULLIN HaTMxKacuga KamHaw Temnepatypacu 0,81°C ra
owraH. 3puTmMagarv oNTUHIYrypT MOJIeKy/lacy Hedra aTomjaH
n6opaT 3KaHIUTMHN aHUKAHT.

A.2; B.4; C.6; 0.8; E.10.

12. 0,05 kr cyBfa 0,006 Kr aneKTponuTMac moaga saputusca,
3pUTMaHUHI My3naw TemnepaTtypacu —3,72°C ra TeHr 6ynagw.
dpuraH MopfaHWHI MOSlb MacCacyMHU aHUKNaHTr.

A .40; B.60; C.70;4.80; E.90.



VIl BO B
SNEKTPOKMMEBUW XAPAEHNAP

Knmé TexHonormsicuga anekTp TOoKuM 6unaH 60rnvk, 6ynraH
KYNruHa >xapaéHnap yuypaingu. 3NeKTPOKUME 3aBojsiapw,
3NeKTPOKMME KOMBUHATNapU Ba nLLNab YK, apuLL bupnalumanapvaa
aHa LWyHjai xxapaéHniap amanra olumpunagun. Peakuns HaTmxacmaa
3NeKTP TOKU Xpcun BynaguraH >xapaéHnap x,am yupangu.

3neKTp TOoKU 6unaH 6ornuk, 6ynraH KMMEBUI peakumsanap
opacugaru 6ornaHuLWNapHu 3N1eKTPOKUME COX,acu ypraHagu.

DNeKTPOKMMEBUIA KapaéH caHoaTha, TeXHMKa Ba TypmyLlga
KeHT TapK,anraH. 9neKTp 6aTapesnap, akkymynsaropnap Tanépnatd,
MeTannapHu 3NeKTp TOKW éppamuja axpatué onvwl, MeTann
Kpnnamanap oauW Y4yH MeTannapHuU YYKTUpULL, MeTaniap
KOppo3msicy Ba BOLLK,a K,aTop 3M1eKTPOKMMEBUIA XapaéHnap Lynap
XymnacugaHamp.

Y36eKUCTOHAA 3N1eKTPOKUMEXapaéHnapnHu A. M. MypTa3aes,
®. K,. Kyp6oHoB Ba C. JLIOHXY>XaeLlrapypraHwan.

3NeKTP TOKWU 3M1eKTP 3apAfNapuHUHT Ky4duwin 6unaH
6ornukamp. Ly cababnun aneKTpoKUMELa 3NeKTPOHAAPHUHT 6up
mMogjafaH WKKUH4YMcUra yTuwm 6unaH 60rnuk, Gynrad
peakuusnap ypraHunagu. byHpali peakuusinap OKCUAJ/1aHULL-
KaTapuiuLl peakunsinapu aeiunnagu.

XI1. 1. OKCUANAHULI-KANTAPUNVLL PEAKLANAPY

Bup K,aTop peakuusinapia MW TUPOK 3TaETraH 3/1eMeHTIapHUHT
Ba/IEHT/IMK/ApW y3rapraHu Taxpubanapaa ncboTnaHraH:

2K + C 2KC1( . VI 1

tKaT)’ 2(iaj)’ Kar)

Fe,., + 2HCL ( FeCL, ) + H,0(, VIIIL.2.

Kanwnin Ba xnop atomnapu ysapo 6upmnkné KCL xpcun 6ynumil
peakuusiCM Kannii aToMuAaH X0p aTOMUTra 3/1eKTPOH KyuuLl
6vnaH 6opagn. Ywo6y peakUUSHU WMKKU XapaéHHWHI amanra
owyBu fe6 Kapal MyMKUH:



Y6y apaéHnapHUHT \ap 6upun apum peakuus geinnagn. AHa
Wy spyMpeaKkumsiap RMrMHANCK, SbHU HeMTpan aTomnapgaH WoH
Xonatgarn sappadanapHUHT Xocua 6ynnun TynIuK peakums
XuncobnaHagu:

K +Cl -> K +C1

WyHpai K,unmb, 3aNeKTPOH NyKoTUW 6unaH 6Gopagura
peakuusnap OKCUANAHULW, 3MeKTPOH Kabyn kuauw 6unaH
GopaguraH peakuusnap aca jakTapuavLl peakuusinapy gennnagu.
OKcuaNnaHUWHN OKCUAMaHULL fapaXkacUHUHT OWyBW, KakTa-
PUANLLHKU 3Ca OKCMAMaHWUL JapaXacUHWHr Kamainwun 6unad
6opaguraH >kapaéH ge6 6enrmnaca xam 6ynagu.

OKcngnaHu-KaiTapuaml peakumsinapuga okcuanaHuura
cabab 6ynyBun moaga OKCUANOBYN aeinnagun.

OKCUAA0BYM 3/1EKTPOHHU KyWwn6 onmb6 ysu K,anTapunagw.
LLIYHWHI geK, KaliTapuavLLIHK amManra’olmpyBYM Moaaa KainTapyB4m
npevimnagn. X111.2. peakumsiga Bogopoa Xopua —OKCUAI0BYM, TEMUP
sca KalTapyBumgmp. Peakuusapa kalitTapunyBum moafa AOMMO
OKCUAM0BYY, OKCUMANAHYBYM MOAAA 3ca KalirapyB4m xucobnaHagu.

OKCcMANaHWLW-KanTapnanw peakuuanapu”™ ainiHM 6up BakTaa
cogup 6ynaan. [aBpuii xxagsangarv 3femMeHTapHUHI OKCUA-
NIOBUMMNK Ba KaTapyBUUIMK XOoccanapu Xam AaBpuii paBuiga
y3rapagu.

VIl 2. OKCUATAHNLL OAPAXKACK

Monekynanapfa aToMNapHUHI OKCUANAHULL fapaXacuHu
aHuKnawga ynapHuHr Tysuamw gopmMynacujad gonganaHmil
MYMKUH. AMMO amanga 6y nyn kam KynnaHagn. OKcuanaHuil
fLapaxacvHu aHMKgaruja Kynugarm Kounjanapra pyvost KUanLL 3apyp.

1 MogafaHWHT 3/1eMeHT XonaTugarn oKcugiaHu gapaxacu
Honra TeHr. Na, Cl2 N2 P ga xap 6up aTOMHWUHI OKCMANaHULL
fjapaxacu Honra TeHr, YyHKuM 6or \ocmn 6ynuwinga MWLITUPOK
3TaéTraH aneKTpoHNap aTomnap opacuja 6apasap Tapkanagu.
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2. Bupnkmanapga, Kymnpok, 3/1eKTPOMaH( AN KKa 3rasneMeHT-
NapnuHr OKCUANaHULW fapaxacu MaH(puUin, KaMpoK, 3/1IeKTPOMaH-
huiinmkka ara 6ynraHnapuHUHI OKCUANAHWLL Japa)kacu MycbaT
neb Kabyn K,unnHagn. OKcUANaHuW JapaKaCMHWHI MyTiak,
KaTTa/IMrn 3/1eMeHT BasleHTAUIUra SAK,UHPOK, bynaan ékun YHUHT
aTomMapvHu \ocun KunyBuM 6ornapu opacupa >koinawiraH
3NEKTPOH Xy(TNapu coHura TeHr 6ynagw.

3. Xap 6up monekyna éku Monekynsp uoHpa 6apua
aTOMNapHUHI MaH(uili Ba MycbaT OKCUAIaHULI Japaxanapu
AMrnHgMcn ymyMmuii 3apsifra TeHr Oynuiin Kepak. OeMeHT-
NapHWHT faBpuii XxajBanujaH Mabaym K,0HYHUAT acocumja
YNapHUHI OKCUANAHULW AapakanapuHu 6Mamn6 onmw MyMKUH.

VIII. 1-xagBanga 6ab3v a7eMeHTAapHUHT peakumsanapaa Kynpok,
yypaliguraH oKCUAaHuLL fapaxanapyu Kentupunrad. >Xagsan
MabaymoTnapujaH KypuHub TypubaWKW,- 3/eMeHTNapHUHT
Ba/IEHT/IMKNApW MKKWra, y4ra, Typrra, 6ewira Ha x4no ontura\am
TEeHr 6ynuwn MyMKUH. By Xu\atgaH asoT, mapraHey, 6pom Ba
60LIKa aneMeHTIap AMK,KAMN a ca3oMop. 3NeMeHT/IapHUHT 0K,0py Ba
Kylin OKCcMANaHuW papaxacu aTOMHWHI TapTub pasamu 6unaH
faBpuii paBuLga 60rInK, 3KaHANTM \aM AK K01 KypuHU6 Typunbau.
Vwik,opuin merannap 6upnkmManapmia oKcuanaHuw gapaxanapu +1
ra TeHr. By anemeHTnap 60wWK,a 3afeMeHTNap 6unaH 6UPUKNG
KUMEBWUI 60T \ocun K,unuwmnga 6utTta 3/1eKTPoH 6epnb mycbaT
3apsAfnaHraH noHra annaHagu. 2A rpynna afnemeHTnapu +2
OKCUANaHuLL X,0natuga, 3A rpynnagaru tabuartaa Kyn ydpangmrax
aftOMUHNIA JOMMO +3 ra TeHr 6ynraH OKCUANAHULL AapakacuHK
HaMOEH K,unagu.

VI, I->xac¢Ban

[aBpwii >xagBangaru factnabKu aeMeHTIapHUHT
OKCU/IaHNLL Aapadkacy

OnemeHT ATOMHUHT OkcugnaHmw
TapTnb pak,amu Japaxkacu

Nntnii 3 +1

Bepunnnin 4 +2

bop 5 +3

Yrnepog 6 +2; +4; -4



AsoT 7 +1;+2;+3;+4;+5;~3
Kwncnopopg 8 )

dTop 9 -1

HaTpuii 1 +1

MarHwnii 12 +2
ANOMUHWIA 13 +3

KpemHwnii 14 +4:-4
®docop 15 +5; —3
ONTuHryrypT 16 +4: +6; —2
Xnop 17 +7; —1

Kanwui 19 +1

Kanbuwuii 20 +2

CkaHguii 21 +3

TutaH 22 +3; +4
BaHagnii 23 +4:45

Xpom 24 +2; +3; +6
Mapraney, . 25 +2; +3; +4; +5; +6; +7
Temup 26 +2; + 3
KobanbT 27 +2:+3
Hwunkenb 28 +2:+ 3

Mwuc 29 +1; + 2

Pyx 30 +2

Fannwuit 31 +3

epmaHunii 32 +2: +4; -4
MuLbaK 33 +3; 45: -3
Cenen 34 +4; +6; -2
Bpom 35 +1; +3; +5; —1
KpunToH 36 +4

Kyunu aneKTpoMaH®uii anemeHT 6ynraH gtop gommo -1 ra
TEHT OKCUANaHWLW fJapaxkacura ara 6ynaan. Kucnopog acocaH -
2 ra TeHr oKcupnaHuw x,0natuga ydypaliign. dauat nepok-
cuanapga yweéy komgagaH 4yetra umk™Mnagn. H 02 -nepokcup
MoHuUga Ba MEePOKCUA MoJsieKynanapupa KWCNOPOAHUHT
oKCUANaHWLW fapaxacu - 1ra TeHr 6ynagu.

WyHpgan kunmb, bupop 6upmkmagarn atomnap 6yTyHnan
MOHNapra annaHraH, geb hapas K4IMHraHga Mogaa Tapkmongaru



UCTaIraH 31eMEHTNAPHMHT LWAPTAM 3apsan ailHW 3N1eMeHTHUHT
oKCUAIaHULL flapadkacy feb Kabyn K €MvHaow.

OKcngnaHnw gapakacuMHW aHuKawja KUC/T0POAHUHT OKCUA-
NnaHuLW papaxacu gonmo - 2 ra, BOAOPOAHUKK 3ca +1 ra
TeHrnurngaH gonganaHunagn. SPKUH 31eMeHTAapHUHT
OKCUANaHULL JapaXkacu Hosra TeHr bynagu.

CyBAa BOLOPOAHWHI OKCUANaHWLW jgapaxacu +1, Kucro-
poaHNKN —2 anp. OwW Ty3uaa HaTPUAHUKA +1,XN0pHUKN —1amp.
Kanuii nepmanraHat (KM n04) ga 6ynraH mapraHel, aTOMUHWHT
OKCMANaHWLW fapaxacuHW aHuKaaw YYyH KWUCNOPOSHWUHT
OKCUANaHULW fJapaxacu - 2 ra TeHrAuruHum \mcobra onuo,
Kylingarn TeHrnamagaH oiiganaHnw kepak: KH Mnx0 4 2

1+ X +4(-2 =0

X = +7

X — mapraveynuur oKCcManaHuL fapaxacu.

Kanuii nepmaHraHat KMuO”ga mapraneunuil’oKcuanaHmLLl
papaxacu 17 ia, cynix{par SO,” MoHMAa ONATUHTYTYPTHUHT
okcuanaHuw pgapaxacum +6 ra, NO, mMoHuaga as30THUHT
OKCUANaHULW fapaxacu +5 ra reHr. MeTaHja YrnepogHuWHT
oKcugnaHuw gapaxacu—4 ra, yrnepog (M)okecng (C02 pa +4,
thopmanbgerng (CH2)ga Honra, yymonu kucnota HCOOH pa +2
ra Ba aTWeHga - 2 ra TeHraup. ByHWHr 6oucu “oKcuanaHuLLy
fJapaxacu” HUHT hopmas TyLlyH4Ya aKaHaurngup. byHga kyt6nu
Ba KOBa/leHT 6Mpukmanap x.am MoHnuM bupukmanap cugartmga
Kapanagu, SbHU y ~aukuii 6ornaHuwnapHun mdoganamangm.
LWWyHpakh 6yncaga, 6y TywyH4Ya aH4YarMHa MacananapHu \an
Knnuwga Kyn kenagu. Peakuusira KupaéTraH MOAAAHWHI Kalicu
6PN OKCUAMOBYN, Kalicu BMPU KalTapyBUYM 3KaHAUTUHWU GUNNG
onuwraépgam 6epagu.

VIIL.3. OKCUANAHULL-KANTAPUMNLL PEA.KLUANAPUHUHT
TYPNAPU

MasKyp peakUuanapHUHT y4 Typu 6ynmnb, 6ynap Kyhngaruniap:

1) monekynanapapo (MoHNapapo) peakuusniap;

2) monekyna (MoH) ga coamp 6ynaguraH OKcupnaHuL -
KanTapunuw >xapaéHnapu;



3) OKCUAMOBUYMMIMK Ba KAWTApyBUYMIMK Basudanapu maskyp
3/1EMEHT aTOMAPVHUHT y3U GaxkapaguraHd AUCnponopunsinaHunLL
peakuusinapu.

BupVHUM Typaarv peakuusinapia OKCUAMOBYM 371EMEHT 6Up
MOAAa TapKubuaa, KanTapyBuuM anemeHT aca MKKUHYM MoAda
Tapkuébuga 6ynagu. OKCUANAHMLW-KARTapUAnLW peakuyusnapm
6opaéTraHga gap Xun mofekynanapgarum 3n1eMeHTNapHUHT
OKCUANaHNL fapakacu ysrapaju:

NiO +CO —» Ni + C02

ByHAa HWKEMHWHT OKCUAMAHWLW fapaxacu nacaspgu,
YrNepoAHNKN opTagu.

VKKMHYM Typ peakuusinapaa aiHu'6up monekyna Tapkuéura
KUPYBUY TYPAW 3/1EMEHTIAPHUHT OKCUAIaHMLL lapadkacy y3rapaau.

Kyilingarn peakumsiga:

2KC103-» 2KC1 + 302

Xnop noHn Cl46 OKCUANO0BYM, KUCAOPOA MoHM O''2 KanTapyB4mn
cnaTuga MW TUPOK 3Taaun.

YUnHuM Typra KMpyBYM UCNPONOpUMsANaHnLLl peakuuscura
MUCON K,1nmb, nabopaTtopusaga To3a asoT onmMwga KynnaHmaagurad
aMMOHWUIA HUTPUTHUHT NapyasaHUWMHN KypcaTul MYMKWH:

NH4NO02”~ N2+ 2HD

Byeppa: NH4+ noHu okcmanann6, N 02 mMoHM aca asoTra ainaHmo
KaliTapunagu.

VIII. 4. OKCUANAHULW-KNATAPUA UL PEAKLVANAPU
TEHT TAMANAPUHW TY 3L

OKCUANAHULL-KAATAPUANLL pPeakuusinapy TeHrnaManapuHu
Tysuwga Mabaym Kouganapra puos KuanHagu. Vyk,oTunrad
3/IEKTPOHIAP COHMHW K,abyn KAMHIaH 31eKTPOHAAp COHMTa TeHT
6ynuLn, 3NeMEHTNAP COHMHUHT peakuUAHWUHT 4Yan Ba YHr
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TOMOHAa 6up-6upura TeHr Kenuwun (3apsgnapHUHr anrebpank
AUrMHANCK Xap UKKW TOMOHAAa TeHrAMru) Ba peakuns Hatu-
Xacmpa xpcun ynraH Kucnopog noHu O  Kucnotanum my”mtaa
BOZLOPOS MOHNapu 6unaH 6UpUKMG cyBra anaHULIN, ULLKPPUIA
€KW HelTpan My~ MTAuM 3puTMaja rMApPOKCU MOHIapu Xpcun
6ynuLMHKM xucobra onunil Kepak ynagun. TeHrnamanapHu Tysuga
NKKW YCyNn KynnaHunagw.

1. 3NeKTPOH 6anaHc ycynu. K,aitapyBum MyKoTraH ymymuii
3N1eKTPOHNAP COHU OKCUAA0BYUMN Kabyn KUNMG ONraH 3M1eKTpoHaap
COHMWra TeHrnawTmpunagm. OKcmanaHu-KainTapuanLL XapaéHum-
HUHIXAP 6Mp 60CK,MYM YUYH MOHNM TeHrNamanap Ty3unmb, bynap
Tervwnn KoagduuymeHTnapra Kynantmpunagn sabup-éupnapura
KywwunraH xpnga ynapHUHTr AUruHaucu tonunagu. By ycyn
OKCUANaHULW JapaxkacuHu X”~cobra onuil yoynu fe6 x.am ropu-
Tnnagw.

ByHn kylingarn muconga Kypué unkamus:

M 1104 «7.... + + L 04 + H 2°(cy,n) + 2C02uw,

Peakuusi TeHrnaMacvHy Ty3uUL y4yH Kyiungarmya uil TyTamms:

a) TeHrnaMaHUHI MKKW TOMOHUAa X.ap 6up 3feMeHTHUHT
y3rapraH oOKcuAniaHull fapaXacuHW aHuKiamMuns, abHuU 6y
6unaH Kancu 371eMeHT OKcuanaHaéTraHun ékm KaTapunaéT-
raHnMruHm 6unmnb onamms. KOKopugarn Muconga TeHr1aMaHuHT
~ap MKKWU TOMOHWAA BOLOPOLHUHT OKCUANAHWLW fapaxacu +1
ra TEHr, KAC/TIOPOAHUHT OKCUAMAHML Japaxacu —2 ra TeHr —
OynapHWHI MKKanacu X,aM OKCUAMaHMasnTu ékn KanTa-
puamasanTn. AMMO MapraHeuHWHI OKCUANaHWLW Japaxacu
Mn04“pa +7 gaH Mn+2 raya ysrapasanTu, YrjiepogHUHT
okcunpgnaHuw papaxacm C202 pa +3 gpaH C02 pa +4 ra
KyTapunasnrtu;

6) okcmafaHuwaa ékn KavitTapunuwpga \ap 6up aneMeHTHUHT
OKCUANAaHWNLL Japakacy y3rapuwmnHn anukgaimus. MapraHeyHUHr
OKCUANaHWLL fapaxkacy GeluTa GUPANKKaA; YrnepogHUKY aca butta
bupnunkka ysrapasntu. AMMo C2 2 4 Tapkmbrga WKKUTa Yriepog
atomu 6opnurugaH \ap 6up yrnepogHVHr OKCUANaHULW apaxacu
6up CX 42 noHnra x,ucobnaHraHga yrnepogHMHIr OoKcuanaHuL
Japaxkacu MKKura TeHr bynagu;



B) UKKMHYM 6OCK,Muparv oKCuanaHuw fapaxanapuHuHr
y3rapuLHu xmcobra onraH xXosja OKCUAM0BYY Ba KAVTapyBUmMnap
OKCUANAHWLL fapaxanapuHUHT 6apaBap OpTULLN Ba KaMainLLINHK
TabMWHI0BYN MOMb flap COHUHUHT HMUC6ATMHU aHWbyTaliMuns. By
CO L vonwn TOMOHMAAH 4ukapunysunm Ba MnO 4 ToMmoHMAaH
OUPUKTNPUG ONIMHYBYUN 3/1IEKTPOHNAP COHUra TeHr 6ynagn. LLyHaa
noHnap Hucéatn 5CND L : 2Mn04 kabu 6ynagn, ymymui
3NeKTPOH 6anaHc KoahurumeHTAapn MmapraHey yduyH 10:2 = 5ra
Ba Yrfiepog ydyH aca 2«2 = 1ra TeHr 6ynagu;

r) okcugnaHaétraH Ba “aiTapwiaéTraH mMogganap Koaddu-
UMeHTNapm aHuUK™MNaHraHgaH KelinH fonraH 3afnemeHTnap
aToMnapu CoOHM TeHrnawTupunagn. KOkppugarn muconga 5C,0@2
noHun 10 Ta yrnepof atomura 3ara, 6y TeHrjnamaHWHI YHT
TomMoHMaa 10 Ta C 0 2koinawyBMHM TaKp30 aTagn. TeHrnamaHuHr
yan TomoHuga 28 Ta kucnopog atomm (2MnO 4 ga 8 Ta Ba
5CD £ _pa 20 Ta) 6ynnb, YHUHI YHI KMCMUra 8 mosieKyna cyB
ypHawraHga 28 ta kucnopog atomm (8H2 ga 8 ta Ba 10 Ta
C02pa 20 Ta) »olinawaan. 8 MoneKyna CyBHUHI TeHF1aMaHUHT
YHI TOMOHMAA, Yan TOMOHAA 3ca.16 Ta H+Hu XonnawTUpuLLIHK
Takp3o K™Mnamn:

2MnO 16k +5C,02 -> 2Mn"-

4 {cywn) + (cykHd

eyt 87,0,y ¥10 00,

2. Apnmpeakumanap (MOH-3M1EKTPOH) yCynnu. OKCUgnaHuLL-
KAATapUAnLW peakLusanapu TeHrnamanapuHu sipumpeakumsanap
épgaMuga Ty3uLl YCy/IMHW NepMaHraHaT noHn Mn04 6unaH okcanat
noHn CP 4L opacmpa KUcnoTanm MyxuTga 60opafuraH peakums
MUCONNAA Kypub YNKLMU3.

C20 &2 HWHT HOPAOH 3puTMacura Mnéd~ KywwunraHga
nepmMaHraHaT MOHUHUHT KyHIup-6uHadwa paHru inykonagn. byHaa
aputmagaH yrnepog (M)-okecmam (C02 axpanub yumumnb, sputma
Mn2+ yuyH xoc 6ynraH 04-KU3TUL paHrra ytagn.Tynuk, 6ynmaraH
peakuuMsa TeHrnamacuHu Kyiivgarmya mdoganal MyMKUH:

MnO + C,(),2 — Mn2 + CO

4 (cynnm) cyBnmn) (cyBnu) d(ras)’

Amanga 6y peakuusi Bogopof moHnapu (H+) KoHUeHTpa-
UMACUHUHI Kamaunwin Ba CyB Xocun 6ynuvwim tunaH 6opuumn



anukgaHraH. ByHra peakuusi TeHriaMacuHu Ty3u6, TyAa WLIOHY
XOCuA Kunca 6ynaan. BYHVHT yuyH yu 6ockuyal, méopat Kylingarm
ULLHN 6aKapuLLIMMKU3 O3UM.

BupuHuM 6ockuuga 6upuga OKCUAMIOBUM, UKKUHYMUCKUAA
KaiiTapyBuM ULLITUPOK 3TagnraH UKKUTa SpuMpeakums éunagu:

MnO —> Mn2+

4 (cyn;W) (cym -nn

Czoaz'(cyum)’ - Coz'(i;

MKKMHYM 6OoCcK,muyfa x,ap 6Mp sipumMpeakuUsiHn oxupura
eTKasunnb, ano\mpa-ano\mga TeHrnaHagn. Peakumsa Kucnotanm
MyxuTga o0nu6 6opunraHja BOLOPOA Ba'KMCNOpPOL atomnaapu
connuu Tcw Aawnll Mpit.:: yuym pcarcHTiapra eku peakuus
ma\cynotnapHra Il Ba 11,(), u.:Kopuii myxmutga aca OH Ba
11,0 Kywunnagu. MepmaHraHaT MOHWM WWTUPOK 3TacTraH
spuMpeakumsaga TeHrnaMaHUHI UKKW TOMOHMaa 6uTTagaH
MapraHew, atomu 60p. AMMOTEHIIaMaHMHI YaH KMcMmaa TypTTa
Kncnopog atomm 6ynmb, yHr TomoHuga 6utTta xam iyk;. MnO 4
pa OynraH TypTTa KWUC0POA aTOMAAaPWUHW TeHrnawTUpULL
MaKpaguaa MaxcynoTsap Karopu TypTTa cyB MoJsieKynacu 6unaH
TYNaupunagn:

+ 4H O

cywn) ~ 2~ (cytwoKk)

|v,|j94 (cyBnn) + H+ _*> \b/ll/lrfz.lz

OnavHru 6aXkapraH amaniaprMMus HaTuKacuga maxcynotnap

opacuaa BYXyAra KearaH Cakku3 BOJOpOoJ aTOMWHMW TeHr/all-
TUPWLL YYYH peareHT/apra cakkmsta H+MoHWHM Kyllamums:

8H+nyHAM)’ * an’(cyiljin)’ - an-'zcywﬂw)’ * 4H2A(CV'OK,)'

By 60cknya TeHr1aMaHVHT NKKU KUCMUAa Xap 6up anemeHT
aTomnapu CoHM 6up xmn 6ynunb, 3apsanapHU TeHrnawTUupuLL
Kepak, xonoc. PeareHTnap 3apsagn +8 - 1= +7 ra TeHr 6ynraH
\onpga, maxcynotnap 3apsagn -2 + 4 (0) = 2 gup. 3apsagnapHu
iciii HAWTUPULW Y4YYyH TeHrnamaHWHr 4Yan Kucmura 6bewTa
YEKIPOH Ky:::LW:: (MapraHeLHUHT OKCUANaHWLL Aapaxacu +7 gaH



+2 raya ysrapagu), SbHU y Oell 3/1IeKTPOHHU GupnawTupuwmn
Kepak:

m noO,-¢,,,, + 8H*G, + 56-* +4H,0,,,

OKcanaT MOH YYYyH X,aM LIyHjanm amanHu baxapub, apum-
peakuusaHn ngogananmms:

CZO!-I {cyBnn) - ZCOZU)'
3apﬂ,q,qapH|/l TEHTMAWTUPULL YHYH CYHITU TEHT/TAMaHWUHT YHI
AUCMUTa UKKU 3/IEKTPOH KyllaMus:

CO,2,..-> 2CO, + 28

YunHun 6ockmupa xap 6uMp ApuMpeakuus TeHr/1amacuHm
peakuus 6UPUKTUPMG onaéTraH xamfa UKKWHYU peakuus
axkpartaéTraH 3MeKTPOHAap COHUra TEeHI/I0BYM KynaiTmara
KynaiTmpuw 3apyp. KOkppugaru Muconga nepmaHraHaT - MOH/N
ApUMpeaKUMsHU 2 Ta, oKcanat, MOHAU apuMpeakunsaHu 5 ra
KynaiiTupuL Kepak:

+ 8H

2MnoO + 16H+ + 10€ -» 2Mn2+,_ | ,
4 Ccynnn) 2171 (c)

(cysnny {cynnn)

5C0,2 > K0CQ,.+ 105

(cysnu)
LUyHAaal K,unm6, apuMpeakuuanap TeHrnamManapyu iuruHaucu
Tyna TeHrnamaHu Talkun atagun:

2Mr04 * 16H nr + 51,02 ->2Mn2{gu) +8H 2000 + 10C0d=)

VIII. 5. TAJIbBAHVUK SJTEMEHT/AP

Y3-y3uaaH 6opaguraH xap KaHaai okcungaHuili-K,aiTapuamLL
peakuusacuga axpanué YMKALUraH 3HEPrusiHU 3M1EKTP ULLIMHU
6axxapuLl y4yH liyHanTupca bynagn. by rafibBaHUK 3/1IeMeHT/1Iapaa
amanra owmpunagm. 3NeKTPOHNapHUHT Ky4YULLW peareHT;|ap
opacupa 6opMaii, TalKW 3aHXMWpP OpKAIM YyTyBUM MOC/aMa aHa
WyHAalk 3nemMeHT ponuHu 6axapa onagn. Arap pyx niacTMHKa
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0nnbé yHn muc noHu (Cu2y bynraH spuTMara cosimHca, tokopuaa
anTunAraH ys-ysugaH 60pyBUM peakuMsAHM Ky3aTull MYMKWH.
Peakuunsa cyHrmga cyesgaru Cu2HoHnapm y4dyH xoc 6ynrad
3PUTMaHUHI 3aHIOpWU paHrv NyKATaau Ba pyx MeTasisiv to3acuja
MeTasI1 JoNnnaru Muc axpannb umkg 6ownangan. bup BakTHUHT
y3nga pyx apuii 6ownangn:

(KaTTMK.) + Cuz“z'cysnm) I Zn2(canV|) + CMtAarmx.)

XIIl. 1-pacmga Zn 6unaH Cu2+ nwinatuayByun ranbBaHUK
3NleMeHT cxemacu KypcaTtunraH. By mocnamaga MuUC 3aHXUP
OpPKA/N KenlaéTraH 3/1eKTPOHNap Xmucobura K,antapunagu.

Tawkmn 3aHXup opanu 6ornaHraH MYKM MeTann gpum
anemMeHTapu ANEKTPOL/1ap Aeb6, oKcuanaHnLw 60pagnraH snekTpos
aca aHof, KalTapunnT 6opuanraH aneKTpog aca KaToj gerivnnaau.
AHOA MaH(uUii anekTpog (3n), KaTog aca MycbaT aneKTpog 6ynmo
XU3mat Kunagu.

MeTannap cyn éku Ty3 apuTmacura TylumpunraHaa ynapHuHr
YCTKU KWUCMUJaru uoHnapura cyB MofieKynanapu Y3UHUHT
MaHMUn Kyrénapm 6wunaH Tabcup 3TUG MeTana MOHNAPUHN
axpaTnb onagn. By nmaiitga cyBga MeTann MOHNAPWUHUHT TUj-
patnapu \ocun 6ynagn. Metann
nnacTuHKa to3acu MaHgpuii 3a-
pagnaHné Konagu.

ByHWHr HaTuxacupa cyBra
yTraH MoHMap MeTana aTpouHn
KypLab, KyLlsnekTp 3apsgnapu
KaBaTUHW BYXyfAra Kentupagu.

Hatumxaga metann 6unaH cysue-

rapacuga TypauM Xun 3apagnu |

aneKkTprnoTeHuuan nago 6ynagn. zn 2n v Cn
ByXypAra kKenraH noTeH-

So* so4
unannap MGapKuUanekT-
poa NOHTeHUW ann fJebd
puTunagn. Metannap(éku VIIL 1-paem,
yl‘lale/IHr nﬂaCTMHKaﬂapM) y3 [anbBaHWUK 3IEMEHTHUHT
Ty3napum sputmMmacura Tywmn- niinaw cxemacu.

punraHga xam noTeHUuannap
(hapKm By>Xyara Kenmiy MyMKUH.



AKTVBMVK KAropuga BOAOPOALAH OJIAVH >XOMnaliraH metanniap
y3 Ty3fnapu aputmacura TywupuaraHga aputmara moHnap
axpanub unkagn. BogopopnaH KeWlunH olnawraH MeTannap ys
Ty3napu spuTmacuga sogopogra HucbataH mycbaT 3apsagra sra
6ynagn. HyHKn meTannap aktme 6ynmaraHamru cababnm sputmara
3NEeKTPOH 4YMHapa onMangn. YNapHUHT 3pKUH 3N1eKTPOHAapU HX
3apuTMaga 6ynraH metansa MOHNapu Kabyn Kuamb HeliTpannaHagm
Ba MeTann tosacura TynnaHagu. Metann 3NeKTPOHAapu COHU
y3ugarn mycbaT MoHNap COHMAAH KaMainb KeTraHivru cababnm
MeTann Mycbat 3apaggaHain, aHmoHnap Mynnuru cababnu aputma
MaH(uin 3apsgaaHagu. LUy cababnn 6Mp KaHuya MeTas/lapHUHT
noTeHuuannapu mycbaT KuiimMartra ara 6ynagu (sHa TabKugnaimms:
BOAOPOS 3NeKTPOAVUHUHT MoTeHUnanura HucbaTaH).

MeTann MoHU KOHUeHTpaumsacu 1H 6ynraH apuTmara mMaskyp
MeTann TywmMpunraHja By)Xyjra KenaguraH noteHuman Hopman
anekTpop noTeHumanu (E°) geiinnagn. rMoTteHumannapHu ynyawjia
6npnuk cudaTtmuga Hopman BOLOPOS MOTEHUManu, cTaHgapT
3NeKTpoL cudaTuja aca Hopmas BOLOPOL 3/1eKTPOA Kabyn
KWUVHIaH.

MeTannapHUHr Hopmasa noT'eHUMannapuHu Hasapga TyTub,
ynap Taptmb 6unaH 6up Katopra Kyiunca, BOAOPOAHUHI 6up
TOMOHMAA MaH(UA NoTeHLMaNra ara MeTannap, UKKUHYM
TOMOHMAA 3ca MycbaT MoTeHUMannM metannap >konnawagn. Y
MeTa/ITapHUHI Ky4ynaHuw uaTtopugaH mbopat 6ynub, ynap
aKTUB/IMK KATOPWU fe6 xam atanagn. Hopman noTeHUmaniapHu
aHMKAab, MeTanTapHUHT aKTUBAUTUHKU 61UNn6 onca bynagn. AKTUB
MeTasi1ap noTeHUmannapn maHguin 6ynuwin unaH TaBcugiaHagm.
VI, 2-xagBanga mMeTanfapHUHI HopMan wapoutgarn (25C)
CTaHfapT 3NeKTpod noTeHumannapu kKentupunraH. Hopman
noTeHUMannap opkaau HopMan 3/eKTpognapgaH TalKua Tonrax
TYPNU ranbBaHUK 3/IEMEHTNAPHUHT 3NEKTP IOPUTYBYN KYUUHU
Xncob6s1ab Tonnw MyMKWH.

ManbBaHUK 3/IEMEHTHUHT 3MIEKTP OPUTYBUN Kyun (S KIXK)
3/IEKTPOHNAaPHU TallKK 3aHXuUp 6ylinda xapakaTnaHTUpPYyBUU
Kyuun (anekTp 6ocumn) gemakaup. AKX —anekTp KyynaHuL
6upnurn BoNbTAa ynyaHaiM Ba rajsibBaHUK 3/IEMEHT Ky4d/1laHULLN
éKN NOTEHUWaN feb woputunagn. 1 KynoHra TeHr sapsag 1K
3Heprusa onuw yudyH TeHr 6ynraH 3KXX 6ynub, Kyhugarnya
ndoganaHagn:



"aNbBaHUK 3M1EMEHT CTaHAAPT LWapouTaa nwnaraHaa E° 6unat
noganaHagurad ctaHaapT SKXK HU ByXyAra KenTUpUiaan:

Zn, , + Cux Zn\ (+ Cnu
(K) ©) ©) (k)

H HUHI KOHUEeHTpauusicu 1 re MoH/n GynraH Kucnotara
nnaTMHa 3eKTPOAM TYLWIUPUAMG, TallKapujaH BOAOPOJ Fasu
6CpUNMOTYpraH NanTaaByXXyarakenraH noteHUMan ctaHgapT

wapomTaarm noTeHuwman paeboputmunagn sa Eo= O geb
Kabyn KnnuHagun.

V/12 ->xape an
McTHAnapHuw ctaHgapt notwumannapu (K )

(i viuiii aputmaga, sonbl \IH(K>nga)

"Y4cK rpongap 1 "Xik'KTpoiuKip r- YpekTpoggap E°
Ag 1 b0,799 Mec2+ -0,440 Pb2+ -0,126
nro1 -1,66 Fel+ +0,771 Sn2+ -0,136
Ba’ + -2,90 2H + + 0,000 Sn4+ + 0,154
Ca-+ -2,87 Hg+ + 0,789 In2+ -0,763
Cd2+ -0,403 2H g2 + 0,920 An + +*1,7
Ge2+ + 1,61 Hg2+ + 0,854
Co4+ -0,277 K+ -2,925
Col+ + 1,842 Li+ -3,05
Cuy'+ -0,74 M g2+ -2,37
Cn + + 0,337 Mn2+ -1,18
Cu2+ +0,521 N a+ -2,71

Ni2+ -0,28

ByHgzali pyx MUC ranbBaHuK 3neMeHTHUHT 3 KO K nHu Tonuwl
YUY4yH MycbaT noTeHumangaH MaHguii noTeHuManHu aiunpuul
Kepak 6ynagn: 0,34 —(0,763B) = 1, 103B. 9n1eKTp HOPUTYBUM Ky4
WKKana 371eKTPO4 NOTEeHUWaNHUHT anrebpank AnruHamcuaaH
Kenuo unkgan.

KuméBuin >xapaéHnap xam y3 noTeHuumannapu 6unad
InHendnHagM. MexaHWK rpaBuTauMoH MNOTeHUMan Kabu ysu



6opaguraH XapaéHnapfa y Kamasgun. BUPMKULIHMHT XapakaT-
NaHTUPYBYUUN Kyun TaAMOMMAHULLWN HaTUXKacKMa noTeHLMan MMHN-
MyMmra etagu. p, T = const 6ynraHaa KUMEBWUIA xapaéHNapHUHT
XapakaTnaHTUpyBYM Kyuu bGynraH noTeHuumanHu msobap-
M30TEPMUK NOTEHLMAN €KW KucKaya Kanmb nsobap noTeHumasn
AenwW Kabyn KunuHraH. Y Tno6c sHepruacu (G) geb xam
toputnnagn. MaHa Wy NoTeHUMaNHUHT KaManulun xapaéHra,
YHUHT "KUMEBWUIA TpaeKTopusacura” 60rnmk bynmaigm sa peakumns
éppamuga maskyp \onatgaH MyBO30HAaT xonaTra yTull BakKTuga
capaHuwn cucTeMa TOMOHMAAH 6axapwuinraH Makcumanura
TeHr 6ynagn: —A G = K nac

JKapaéHHU npuvHUMNuan amanra owuiwl LwWapTu, AbHU
peakUMSHUHT y3-y3ujaH pyi bepuwin (Mw cappnaHmaraH xonaa)
MYMKWUHAUTU KyAngarn TeHrcusnuk 6unad ngoganaHagn:

AGI"T< O

AG > O 6ynraH xapaéHHM NpUHLMNnan yTkasné bynmacnuru
TYLLYHUNAAW.

MM66C 3HEPTUACMHUHT y3rapulLinHK Taxpubanap épgamMuia
aHMKNaw MyMKWH. [anbBaHWK 3fnemMeHTNapgaH doiifanaHuo,
3M1IEKTP OPUTYBUM KYYHM yn4yaw OKcuANaHuL-KanTapunmw
peakuusnapmga G HM aHWKIAWHWHT KeHT KynnaHunagurad
ycynnapugaH 6mpun xucobnaHagn. G H1 aHnknaw ydyH muc (11)-
cynbgat apuTMacmpaH pyx MUCHU CUKWUO amKapulin peak-
LMACUHU KYpUb YnKamms:

Zn + CuS04—ZnS04+ Cun

By peakuua TepMocTaTaa, AbHM AOMMUIA 60cMM Ba TemnepaTtypa
(P=lat. 3K M=28°C) 6epunraHga 'ecc KOHyHUra 6uHoaH Kyiin-
farvya UcCMKNMK adekTura ara bynagu:

AH = AH(pH)ZnS0—AHtcuso4 = —(1065) —(844) = —221kXK

Ly peaKuus ranbBaHUK 3fieMeHTAA yTKasunaraHga pyx
NAacTUKacMHW pyx cynbdaT 3puTMacura, MUC MIACTUHKACUHU
aca MUC cynbgaT apuTMacura Tywmpu6 Kyinnagam. Xap nkkana
APUM 3NEMEHT TOK yTkasysuu 3pUTMa 6unaH Tynavpunrad U
CUMOH Hali 6unaH TyTalTupunaca, rabBaHuK aneMeHT (daHuen-



AKO6U 9M1eMEHTMN) BYXYAra Kenagu. BUpuMHUM SipUM anemMeHTAa
OKCUANaHWL peakuUsich amasira oLaju:

ZNn°——> ZnX + 28
ZnS04 Zn#+ S042 « [ZndT, [SO;I

HaTwxaga MyBo3aHaT 6y3unagn. MKKUHUYM SpuUM aneMeHTAa
KONTapuAnLW peakumsacy KeTagw:

Cnzt+ 26 ---—-- »CU«
CuS04~ - Cul+S042|Cu |I |S0421T

6yHAa myBo3aHaT Oy3unagu.
Tok \ocun 6ynuil peakumsicm Kynugarvda wu(|logananagu:

Zn" + Cn2l = Zn’1+ Cn"'

ByHaa pyx Y3WHUHI 2ra 3/ICKTPOHUHU mucra 6epub, mycbart
3apsfnaHaén aHAUIMHU, MUC 3ca yNapHU K,abyn Kunmb HemnT-
pannaHaéTraHMHW Ba CyNbMaT MOHMApW TallK,W 3aHXUP OPKAIM
X,apaKaTnaHaéTraH 3/eKTpPoHAap WyHanuwura Kapama-KapLiu
NyHanuwaa KetTaéTraHuHM 6MNM6 0N MYMKUH.

anbBaHWK 3M1EMEHTHUHT 3/1EKTP HOPUTYBYM Kyun KOMMEH-
caumsinaHraHja makcuman v 6axapunagu. by \onatga TOKHUHT
bakapraH uwn y4yyH Kylhinaarunda TeHrnamMaHu éscak 6ynagu:

-AG = nFE (VI1.3)

WyHaain unnmnb, okcuinlann...-kaitapunmnl xapaéHnapuga
MM66C aHEPTUACUHUHT y3rapuLly ranbBaHVK aNeMeHTNap 3/1eKTp
IOPUTYBUM Kyun MaHb6am 6ynmb xusmaT K.unagu. E HU ynuyab,
VIl 1.3 TeHrnamagaH ranbBaHWK 3/ieMeHTa 60paéTraH peakums
yuyH AG HM \ucob6nab YmMKapuwl MYyMKWH.

[ManbBaHWK 3/1eMEeHT épfamMmunga peakKUUAHUHT “IpKUH” 3Hep-
rMACMHN Hasapuin Xxu~atgaH Tyna paBullia 3/1eKTP 3Heprusara
annaHTUpULL MYMKWH.

Xo03upru Bakaaa 3neKTp TOKMHUMHI KUMEBUI MaHb6anapugaH
6ynraH ékanru aneMeHTNapuHN apaTul 6opacuja namuii uwnap



onnb 6opunmosBga. Te3 oKcuanaHyBYM BOAOPOS, rMApasvuH Ba
6owk™Na Mogfanap ék™mnrn cuaTmga amanuii aaMuaT Kach
3TMOKJA.

ManbBaHUK 3neMeHTNap xm3maTugaH \ammamusra Mabiym
6ynraH aBTomMo6unnapaa, caMonéTt, napoxof, TeM/J0B0O3 Ba 6OLUKA
TpaHcnopT BocuTanapupga organaHunagn. Ynap caHoat
KOpXOHanapuga, TeXHWKa Ba XasK, XYXaJTUTUHWUHT Typau
COXANapuia X,am KeHr KynaaHUuAuWmn mabayM. 3NeKTp TOKUHUHT
KUMEBWMIN MaHbanapuiaH 6yHaaH 6y&H \aM KeHrpokdoganaHul
Ky3ga TyTUIMOKAA.

OKcnanaHuLw-anTapunni XapaéHnapy NoTeHUNANIMHUHT
KOHUEHTpauusra 60r/iwy>Xri. HoctaHaapT WapouTaa ULLJIOBYM
rafbBaHuNK 3MeMeHT 3/1eKTP puUTyBUM Kyunm E Hu TemnepaTypa
Ba Maxcy/soTnap KOHUeHTpauusacu opkanu xucobnab vmkgpul
MYMKUWH. ByHgaii x,ucobnapHn G 6unaH G 0 HM 6ornoBumn
Kyingarn TeHrsiaMa opKaivm amasra OlWnpuLl MyMKUH:

AG =AGO0+ 2303 RT£qC (VIIL, 4)
VII. 4 TeHrnamara 6uHoaH, G ="' —FE ca6abnu KyinmaarmHu
é3a onamus:
—FE = —nEP’+ 2,303 RT£q C (VII, 5)

By TeHrnamaHu E 6ylinya eyamms:

E-E"- 2~ DRT IqC (VIII, 6)
By HucbaT HepHCT TeHrnamacu Homu 6uniaH Mabnym. 298° K ga

2,303 RT/F kattanurm 0,0591 B ra TeHr 6ynraHnuru cababnum
HepHCTTeHrnamacuHu onanMiipoK KyprHuwaa ucoganatl MyMKUH:

E=FE' mg C (VII1,7)



YWw6y TeHrnaMaHu:

zZn(Kj + Cu2+ (c) -—> Zn2(c) + CiKk)

E' = 1,10 B peakuudara kynnab kypamus. by epga n = 2 TeHr
6ynun6, HepHCT TeHrnamacu Kyiimgaruya KypuHuwra sra 6ynagu:

n 0059 1B . IzZn2L
e=.,l0B— =—j— TCITT (v|1178)

VI11.8 TeHrnamagaH pyx 6unaH mMuc opacupa OKCUANAHWULL-
KANTapunu peakumscu 6opulimra acocnaHraH ranbBaHUK
3MIEMEHTHUWHT 371eKTP OpUTYBYM Kyumn [Cu2f| kynaiinwu Ba 1Zn24]
Kamanuwm 6unaH optagu.MacanaH, [Cn24= 5.0 Ba 0,5M bynraHga

E= 1.108- 2% 580) = the &

ra ara 6ynamms.

YMyMuin xgnatga, arap peareHTnap KoHueHTpaumsacu ma\-
CynoTnap KOHUeHTpauusacura HucbaTtaH opTca, 6y rafbBaHuUK ane-
MeHTAa KeTaguraH peakunaHUHT y3-y3uaaH 60puLl gapaxacuHu
Ba YHWHT 3M1€KTP IOPUTYBUM KyUMHU oumnpuiLra onnb kenagu. Arap
mMa’cynoTnap KOHUeHTpauusacu HucbaTaH opTca, 3MEKTp
HOPUTYBYM KyY Kamasaan. DNeKTPOKMMEBMNIA afeMeHT uwnaétraHia
peareHTnap kamasagu Ba ma\cynotnap \ocun 6ynaau. by 6unaH
6ornuk, 6ynraH peareHTNap KOHLEHTPALUACUHUHT KaMalimwn Ba
Max,Cyn0Tnap KOHUEHTPALUACUHUHT OPTULLWN 3NEMEHTHUHT
3NIEKTP HOPUTYBYUM KYUMHU acTa-CeKMH KaMalimwmnra onmb Kenaau.

VII.6. 9NEKPONTN3 XXAPAEH/TAPU

Y3 60pyBUM OKCUAN@HULL-"aRTapuamnLL peakuusnapu raib-
BaHWK 3MEMEHTNap, AbHU 3MEKTP 3HEPrusick uwnad YnKapyBUM
3MEeKTPOKNMEBUIA YCKyHanap apatuwaa KynnaHmnagn. KkuHuu
TOMOHAAH, 3M1eKTp TOKU épjamupa y3-y3umgaH GopmaiguraH
OKCUNAaHULL-KAATapMANLL peakuuanapnHyn xam amanra owmpcea
6ynagun,6yHra MMcon KUNNBCYOKAAHTUPUATaH Kanuil XNopuaHu
yTapknb TonraH afeMeHTAapraaXpaiuimHn KypcaTul MyMKWH:



2KC1(cytok) --—--> 2K(katoppa) +Cl2aHoppa)

Tanwiy aneKTp maHb6au épgamuga amanra owmpuaysym byHaai
peakuuanap 3M1eKTPoaM3 XapaéHu feinnagu. XapaéH
3NeKTPONUTUK siYeiika (3NeKTPONn3ép) napga onné 6opunagu.

ONIeKTPONM3 XKapaBHN KYNuUHYa CYHOKNAHTUPUATAH EKN 3N1EKT-
PONUT 3puTManap OpKaam aNekTp TOKU ~Kasnnunb amanra owmpu-
nagn. NKKnHYM MUCON Tapukacupa CytOKNaHTUpWUAraH MarHui
XIOPUAHWUHT 3NEKTPOAU3MHM Kypub umkammns. MarHuii xnopua-
HUHT CylOKAaHMacugaH TOK yTaéTraHfa MarHuii KaTuoHnapu
3neKTp MaigoHM Tabcupupa MaH(pwii 3NeKTPoL-KaTtoh TOMOH
CUMKMIAAN. ByHaa TalL KN 3aHXWUP OpKanu KenaéTraH 3feKTpoHnap
6unaH 6upnkn6, ynap Kantapmnagu:

Mg2' + 2 & = Mg"
Xnop aHMoHNapu MycbaT 3MeKTpof aHoAra CUAXMIALM Ba
OpTUK,4a 31EeKTPOHNapHW KWyKoTM6G okcupgnaHagu. byHpga,

pactnabkm 3aneKTPpoKMMEBUI 6GOCKMYAA XI0p WOHIapu
OKCUANaHafM:

2C1 =2CL+2¢

6yHAaH Xnop aTomnapu 6MpuMKMG Monekynara ainnaHaaun:

20 =CI2

AnekTpoAnapia 6opaguraH xapaéHnap TeHrnaMmanapuHum Kywmo,
MgCI2 cytoKNaHMaCUHUHT 3M1EeKTPONN3U YUYYH OKCUAaHUL-
KaiTapunuw peakuMACUHUHT YMYMWIA TeHrnamacuHu \ocun
Knnam n3s;

Mg ++2Cl = Mg+ CI2

Yw6y peakuus ys-ysugaH 60pmaigun, YHU yTKasuw YuyH
3apyp 6ynraH 3feKkTp 3HEPrusicyu Tawkyn MaH6agaH ONUHALM.



AnekTponusga Katog MaH(uil, aHod aca MycbaT 3apsianaHaan,
anekTppanap 3apagv 6enrunapu ranbBaHUK 3NeMeHT ulmgarura
Teckapu 6ynagw.

AnekTponmsga KUMEBNIA peakums TallKapuiaH ynaHagurau
3M1EKTP TOKM 3Hepruacu \mcobura 6opagun, rasbBaHNK 3nemMeHTAa
aca yHfa y3-y3ugaH 6opaguraH KUMEBWMIA peakuuMs 3HEpruscu
3NEKTP 3Hepruara ainnaHagn. ONeKTP 3HEPTUACKH akKymynaTop
6aTapescn ékn 6olIKa TOK MaHbangaH onmMHagn. INeKTp TOKK
MaHbamaaH KaTbu Hasap, y 3NeKTpPOoHNapHu 6up 3nekTponaaH
\aiigab, MKKMHYM 3neKTpogdaH 4ukapub 1060pyBUM “3NEKTPOH
HacoC” PONNHMN yiHaan. ONeKTpOoHNap 3NeKTPoAAaH YMKUG
KeTraHga yHaa myc6at 3apag \ocun 6ynaau, 3neKTpoHnap
3NEKTPOAra KenraHga yHaa maHguii 3apsag Byxyara kenagn. NaCl
cyloKgaHmacu anekTponusmaa Na+ WMOH'Mapu KOHLEHTpaumacu
Wy 3M1eKTpog arpodupa KamairaHu capu yHra siHa Kylwumua
noHnap Kena6ownaian. Mycbat anekTpoara Q MoHMapy Kyuuwn
\am xygau wy Tap3ga pyin 6epagm, 6y epga ynap 31eKTpPOHAapHU
6epub okcmupgnaHagu. ManbBaHUK 3/IEMEHTAArN Kabw Kantapmuanw
6opaéTraH 3M1eKTPOA KaToA Aenunnb, okcugnaHww KeTaéTraH
3NEKTPOS aHOA HOMUHM onagu. LyHpal Kanm6, 3NeKTPOAMTUK
Auyeiikaga KyWugaru peakuusnap cogup bynaam:

AHopaa

2Q7(c) > 0,(r)+2¢

Karoaga

2N;i+(c) 2N;i(o

2 NaHc) + 2 Cf(c) - A2 Na( + C12(r)

NaQ HWHI CyBIW 3pUTMACWMHU 3NEKTPOSIN3 KAANG HaTpwuii
0nun6 6ynmainan. byHra cabab cyBHUHT Na+ noHura KaparaHga
OCOH KanTapunnwngmp. Ly cababnn NaQ HWHT CyBnun apuTmacm
3M1EKTPONIM3NAA KaTOAAA MONEKYNAP XA/4arn BOJOPOS aXpanaau.
AHoppa aca Q éku H,0 okcuanaHuWWmM MYMKWH. BynapHUHr
CTaHZapT OKCMANaHWUL MOTEHLManIapu y3apo SKuH 6ynraHnnru
cababnum cyB Xn0op MOHUTa HUCOAaTaH OCOHPOK OKCMATaHMMM Kepak.



AMMO 6ab3u nainTnapfa peakuusHW amanra OWMpUL YUyH
3MIEKTPOA NOTeHUuMannapn KypcatraHjaH HKOPUPOK KyunaHWLL
3apyp Oynagu. OMeKTPONM3HW YTKasWUW Y4yyH 3apyp bynraH
KyLWMMYa Ky4naHuw ahPekTnB KyynaHuw geinunnagn. dhdektrs
KYYNaHULWAW 31eKTPoAapiarn peakuanapHUHr Te3Uru aHya
IOKppy bynagu. [apxakukaT, Kypub yTunrad Muconga spgpektns
Ky4YnaHuW WyHYanuk tokopuku, CLnoHu cysra KaparaHga eHrun
okcmanaHm6; Cl2 axpanagun. Ly ca6abgaH NaCl HUHT cyBam
apuTmacu anekTponusnga katogga H2 aHogaa Cl2xocun 6ynagu.
By xapaéH uwnab ymkapuwpga caHoaT MUKECMAA amanra
OLUMPUIITaH.

JNeKTPoONM3 HaTuXacuga axpanraH MogfanapHUHT MUK-
LOpuHKN facTtnab dapageli ypraHan. Y Y3UHUHT WAMWN Ky3aTyB-
napu acocuia Kyimgarm MKKM KOHYHHU 3b/IOH KUIAW:

1 AnekTponuns xapaéHga x,ocun bynaétraH mojga maccacu
apuTMagaH yTraH 3/1eKTp TOKW MWKAopura Tyrpu nponopumo-
Hangup. Metann 6unaH apuTMa Yerapacumja 31eKTPOKUMEBUNA
»KapaéH amanra owwagun.'9NeKTPoaNUT NOHNAp MeTa 3N1eKTPOHNapy
6unaH 6uprKaau, AbHN MOALAHWHT. 3NEKTPONNTUK XON4a axpanué
YAKULWIW WY XXapaBHHUHT HaTvXacugup. Onektpoaga x°cun
6ynyBuM MoALa MUKLOPU 3aHXWUPAAH YTraH 3NeKTPOHMap COHNTa,
ABbHU 3NEKTP TOKM MUKAOPUra NponopuuoHan bynagan. nekTpo-
ANTUK AvelikagaH 1 MOMb 3N1eKTPOHMAp 3apsau yTTaHaa 2 MOJb
HaTpuii MeTann Yykagu, 2 MOJb 3IEKTPOHNAP 3apAa4un yrraHga 2
MO/Ib HaTpUIA ANTrMNagun.

ANeKTPONUTUK AvelikagaH yTaéTraH 3apsf MUKLOPWU KYNOH-
napfa ynyasagu.

96500 KynoH (Kn) 1 ®apageitHn TawkKua Kunagu:

1® = 96500 Kn = 1Monb 3/1eKTpoHap 3apaau.

Tok Kyun 1 amnepra TeHr 6ynraHfa YTKa3rMYHWUHT KeCcMMU
to3acmpaH 1 cekyHpda ytaguraH 3fiekTp 3apagm 1 Kynod
XucobnaHagw.

Mwucon. Tok kyun 10,0 amnepra teHr 6ynraHga AlCL, aputmacu
opKanu 3NeKTPONUTMK fivelikaga 1coat gasomuga xocun 6ynraH
ANOMUHWUIA MUKLOPUHWN aHUKNAHT.

MMUCONHM eunLl YUyH 3/1EKTP TOKM MUKAOPUHW aHUKAakMu3.
BYHUWHI yuyH TOK KyUYMHW BakTra Kynaitupamms:



anekTp Tokn mMukgopu =10,0 amnep 3600cek » 1kynoH 60 -104Kn
lamnep ¢ cek

/&il"s HUHT UauTapunnw fApuMmpeakuuacum Kynumpgarmya
ngposanaHaau:

Alk +3e =Al°

AXpaTnb 0NNHIaH antoMUHUIA MUKZOPW 31eKTPONN3EP OpKaiu
YyTraH 31eKTpPOHNap coHura 6ornuk 6ynagn: 1 monb Al-30.
LLUYHUHT yuyH aXpaTnb oNvHraH MeTann MUKLOPUHU Kylingarnya
TOMULL MYMKWH:

M r} MaccaCM:B,BB -104 Kn o, Lmoms »27r AL _ 336r
96500kn 3 ® e1momb Al

2. Typam Xun KUMEBUIA 3puTManapgaH 6up xun MuMKgopga
3N1eKTP TOKM yTKasu/ca 3KBMBaNEHT MUKAOPAA MOAAanap XOcus
6ynagn. Xnopug kKucnota, Kymyw Hutpat, muc (M)-xnopug Ba
Kanai (IV) - xnopug aputManapu opKanu afekTp TOKK yTKasnmnmo
MabNyM BaKAAAH CYHI 3/1eKTPO/N3 Max,Cynotnapyu MUKLOPK
ynyaHraH. Xnopug K1cnota opkaaum mMab/lyMm Bakf vyupa 3fekTp
Toku yTraHga 1r (0,5 monb) Bogopof \ocun 6ynraHfa 6owka
apuTManapgaH kartogga y3 Hasbatuga 107,9 r kymyw, 31,8 muc
Ba 29,7 I Kanali axpanraH. Xocun 6ynraH metannap MUKAOPUHU
YNapHUHT aToM Maccanapy 6unaH CONMMWTUPUATAHLA KYMYLL
1 monb, muc 0,5 monb Ba Kanai xgmmacu 6ynu6 0,25 mosnb
axpanraHu mabnym 6ynagm, SbHW KaTofja axpanraH mogganap
MWKAOPW YNapHUHT MOJb-3KBUBAJIEHTUTA TEHTANP.

ONeKTpoNn3 meTannyprusd, Kumé caHoaTu Ba ranbBaHO-
TEXHUKAJA KEHT Ky/naHunagu. Aputuarad MuHepannap, Tysnap
Ba CylOKNnaHmManapgaH metannap axpatub onuHagu. ONTWH,
KyMylW Ba 60wWwKa MeTannap \am 371eKTponu3 iynnm 6unad
OJIVHULLIN MYMKWH. ONeKTPONIMTUK paduHaLmns, 3N1eKTPOIKCr-
pakuua Ba 60WKa caHoaT ycynnapugaH (oiganaHunagm.
ABTOMOGU/b CaHoATUAA, MALLIMHACO3MMK Ba XANKXYXaNUTUHUHT
6olwkKa KaTop co.\anapuga MeTannapHu 3MeKTPONUTUK KomnaLl
yCYnuaaH KeHr oinganaHunagu.



ManbBaHOMMacTMKa OPKANW GPOMAAPHWHI aHWK, MeTans
Hycxanapu onuHagu. Hawpuértnapga kKnuwdyenap, marpuua,
pPaguoOTEXHUK CXemanap TainépnaHagu. MynatHW 3NeKTPOANTMK
cUAMKNaWw aloMUHWIA Ba MarHWiANU OXppaawl uwaapu X.am
anekTponus épgammnga 6axapunagn. Hukennaw, xpomnaw kKabu
Ba OOLLUK,a 6V K,aH4Ya MyX, M ULLap XaM WyHAal apaéHra Knpagu.
Bynap meTannapHWHI Koppo3usara 4YngamauauruHm 6up Heda
H6apaBap owmpagu.

Knmé caHoaTmaa xnop, 6pom, iiog Kabu KynruHa OKCUAN0B-
ynnap Xam 3MeKTPoAu3 épaaMmaa onmHaam.

Takpopnall y4yH maTepuannap

Bo6HUHI uucuavya masMmyHuU. OKCUANaHWLL-K,aliTapuLL
peakuuanapun WKKUTa ApuMpeakuusagaH Tawkun Tonub,
6ynapHUHr 6upuga OKCUANAHULW (3NEeKTPOHHUHT axpanuuin),
UKKUHYMCUA KaliTapuaunw (31eKTPOHHU BUPUKTMPULL) amanra
owaan. OKkcuanaHaétraH Moafa KawWTapyBuu, KaliTapunaérraH
MOAJa 3Ca OKCUANoBYM 6YNnb xmamaT Kunagu. Y3-ysugaH 60pysun
peakuuanapfaH ranbBaHWK 3neMeHTnapga oiganaHnb anektp
TOKMN X,0CMN KMUNUHagW. anbBaHWK 371EMEHTHU 3NeKTPOHMapHM
TallKW 3aHXUP OpPKanu aHoffaH KaTtoara TOMOH “\apakart-
NaHTUPYBYM Ky4y” MaHban cudatmaa Kapaw MyMKUH. By x,apakart-
NaHyBYM Ky4YHMW 31eKTp topuTyBun kyd (HOK)gpeb toputunagm.
VioHnap KoHUeHTpauuscy bupra TeHr 6ynraHgarv noteHunannap
(hapKUHU CTaHAApT 3NeKTPOoS NoTeHUmanu geiinnagun. ¥ E° 6unan
ngpoganaHagn.

OKcuanaHuw - K,aktapuaui XapaéHuHu Guanw 3nekTp
fatapesinap ApaTull Ba OKCUANAHULL-KAWTapUANUL peakumsna-
pugaH QoiganaHn6 meTtannapHu KanTapuw, konnaw \amga
padpmHaymanawga dojanaHmwra UMKoH 6epagu.

Bo6HM ypraHviwgaH matcag,.

1OKCMpnaHuw - KgWTapuauw peakuusanapuga karicm mog-
fanap OKCUAN0BYM EKN KaliTapyByUM IKAHAUTUHW axpaTta O/nLL.

2. fpumpeakuymanap ycynmgaH ¢oinganaHnb okcuggaHmL-
KaiTapunanw peakumsnapyvHy Ty3uL Ba TEHINAWTAPULL.

3. FanbBaHMK anemMeHT KO K HM xncobnaii onuu.



4. ¥3-y3u4ya 60pyBUM peakuusaiap ydyH 3/7eKTpoj NOTEH-
LuannapvHu aitmb 6epuLu.

5. HepHcT TeHrnamacupgaH oinganaHn6 E sa E HUHT 6epunraH
KaTTanmkiapura acocaH WOHMap KOHLUEHTpauuACMHU aHuknab
(Mi1n

6. KypFOLUHH akKymMynaTOPUHU TYLWYHTUPULL Ba uLwnaw
MPUHLUNWHW TYLWYHTUpPa bunuw Ttanab KnanHagu.

7. Koppo3ua >XapaéHUHWHT MOMMATUHMN TYWYHUO,
METaNNAPHUHT KaToA X MMOSACUHM TYLIYHTMPA OINLL.

Maluk Ba macananap

1 Kyiinga KentmpunraH TeHrfnamanapHu WOH-3M1eKTPOH
6anaHc ycynu 6unaH TeHrnab, peakuusnapHWHr TYIUK MO-
nekynap TeHrnamanapuHu é3m6 \ap 6up \onart yuyH okcup-
naHaéTraH Ba KAWTapunaétraH MofgfanapHil KypcaTWHr:

a) Fe(§ + HHC) + S04 (c) --—--> FeB(c) + S0Ar) + HD (c)
6) CI2(r) + OH (Q —> CL (Q + CKO (c) + HD (c)

B) Zn(K + NO (c) + HHQ —> Zn2 + NH4O + HD ()
N Mno4 +S2(@Q + H,0) —> MnNOXK) + s(k) + OH I(c)

0) HD,(c) + Mn04~(c) + HHc) k 02r) + Mn2t(c) + HD(c)

HamyHa: 1 a) Apumpeakuusanap Kyhugarn TeHrnamanap
6unaH ugopanaHau:

Fe®—> Fet3+ 3 & 3 2

S042+ 4H+--—3*S02+ 2HD - 2¢é 2 3

GanaHcnaHraH TeHrnaMa KypuHuiim kKyiugarnya 6ynaam:

2Fe(K) + 12H'(c) + 6S02 — > 2Fe3Hc) + 35042+ 3S02r) +
6HD (C)



by peakuunsaga Fe okcmanaHagn, SO2 4 kakTapunagu.

2. 'ngpasvH N2H4Ba gnasot teTpokeman N,04kywunnraHga
y3n aflaHranaHyB4yM apanawimMa Xocun Kunagwu, y EKunru
cupatupa KynnaHunagun. Peakuus malcynotnapu cudaruia
wo2n 2 BA HD axpanagn. PeakuUAHWHT TYy/UMK KUMEBMWIA
TEHIlamacuHW TY3WHT; ywby peakumsga Kaicum mopaga Kainta-
pyBuYM Ba Kailcu Mofja OKCUANO0BYM 3KAHAUTUHU aHUbYTaHT.

3. Kylingaru peakumns acocuia rasbBaHWK 3IEMEHTHN YN3UHT:

Fe,(K), + CVI"](

, —> Fc  +Cn_
Pacmfa aHof Ba KaTOLHW KYpPCATUHI, ranbBaHWUK 3N1EMEHTHUHT
mycbat Ba MaH(uii KyT6bnapuHu GenrunaHr. MloHnap xampga
3NeKTPOHNap xapakatu MyHanuwwuHu 6enrnnab, craHgapT
WaponTAa Wy ranbBaHUK 3fnemMeHT xocun kunysum SHOK Hu
xucobnab TonNuHr.

XK aBo 6: 3/IeMeHTHUHT cTaHZapT noteHunanun 0, 44 + 0, 34 =
0,78 BrateHr. *

4. Kylivna KenTupuaraH 3appavanapfiaH Kaiicu 6upu Kaita-
pyBuUM 6ynm6 xmsmaT Kuna onagu'(AbHU KMAWMH OKCUAnaHagm):

a) Na>; 6) Cl ;B) S0&-; 1) Cl2

YKaBOOGUHIM3HU KMNCKA Ba AHUKTYLWYHTUPUHT.

5. KypcatunraH 3appavanapfaH kaiicu 6upu ofaTtna oKcmj-
NnoBYM Bynnb xm3mat Kunmangum (AbHU KUAMHAWMK BGunaH
Kaiitapunagm):

a) F;6) CHO, ;B) Na; r) C1,?

6. KypcatunraH sappavanapHu yNnapHWUHT OKCUAI0BUYMANK
XYyCYCUSITU OpTa 60puLLIn TapTMbunaa XKoWnawTUPUHT:

crg ; HDZ2cu ;c2 o,



7 KypcatunraH 3appayvanapHuHT KAATapyBUMIMK XYCYCUSTU
opTa 6opuwn TapTMbMAa XXOMNALWTUPWHT:

Zn, J", Sn2, HD 2 Al

8. KypcaTtunraH 3appavanapgaH Kacunapu HOpAOH aputmaga
MnO 41oHn 6unaH oKcuafaHa onaau:

a) CI;6) C12 B) Cz3t 1) Fe2t n) Cu?

9. CytokgaHma xpngaru A1C136unaH Xy4au LWy TY3HUHT cyBaaru
apuTMacy MHepT 3MIeKTPOLNAPAa 3N1eKTPOAN3 KUUHTaH4a Typau
ma\cynotnap Xpcun 6YNUWNHN TYLWYHTUPUHT. \ap UKKKW \onjga
Xpcun 6ynyeBum Ma’‘CynoTnapHu E3uHr.

10. NaCl HuHr cysBnn 3puTmacupaH 1 coat faBomupa Kyuu
2,00 A TOK yTKasuaraHgaru 3nekTponus nainTuga Heya nUTp ras
Xonparn (Hopman wapoutaa) xnop Cl2 axpanagm?

11. AHTudpUsnapra KywuaraH 03 MUKLOpAArn amuHo-
GupuKManap MeTann Kopposuacu WHrubutopnapu poanHu ba-
Xapagu. MeTannapHu 3aHrnawaH cakgoBum 6yHaan 6upmkmanap
(BpeHcTep acocnapu cuatnia) XycyCuaTUHN TYLUYHTUPUHT.

12. Eppa>xoiinawiraH Muc KyByp pyx 6mnaH KpnnaaHraH nynat
KyBYp 6unaH ynaHraHga Koppo3us >XapaéHWHUHI Kaik Xuau
BY)XY/Ara KenuwmnHu taBcmdnabd 6epuHr.

TecT casonnapu

1 Cr O uvoHM NMWKppUn My\uTaa KaATapunraHga kaHgaii noH
\ocun 6ynagn?

A GO, ,B.Cr042C. C,(OH); [l Crd E Crxs04,.

2.Kyingaryn MoOHNapHWHI KaiAcu 6upn ¢akaT OKCUMAN0BYN
XO0CCaCMHN HaMOEH uwnnagu?

A GO, ;B.CrO, C NO, ;AHtES2



3.Kanuii nepmaHraHaTHW Kyuaun WULWOPUIA MyxuTAaa
KAMTapuw HaTwxXacuga KaHgai mogaa x,ocun éynagn?

A. Mn(OH)2 B. Mn04£ ; C. MnO, ; 1. Mn £E. MnO4

4. TeMUpHU CYIONTUPUATaH cynbaT KMcnoTaga 3puTuLL
HaTwKacmga KaHgan mogaa xocun bynagu?

A. HS; B. S C. H2 [I. SO3E.SOr

5. Kylingarn peakuusa TeHrnamacuHu TeHrnawTupuo,
KO3 hnumneHTNap MNTUHANCUHWN XMCOBNaHT.

A.24. B.26. C.28. [1.30. E.32.

6. K,alicn meTann CylonTMpuUAraH HATPaT K1CNoTaHW asoTrava
KainTapagn?

A.Acb B.Zn, C.Pb, A. K, E.Cu.

7 Kylingarn kaiicu 3appavanapgaH 6upy akaT KaiTapyBuu
X0CCaCMHN HaMOEH Kunagun?
A Y B.Cr ,C.Cr2 4. SA E &4
8. Kaiicn mopga xam OKCMA/M0BYM, XaM KailTapyBuuM Basunda-
CUHN Baxkapa onagun?

a.hxk03b.hXk, c. hk04 n.nxo03 e.sol

9. KanbuuilHW KOHLEeHTpNaHraH cynbat kucnoTta 6unaH
peakuusacu oknbaTuga KaHgan mogga xocun 6ynagm?

a.so02 b.hxk.c.H2 a.s.e.sol

10. HuTpaT KUCNOTaHW TYNWK KaliTapuw MaxcynoTWUHU
aHUKLaHT.

A.NO,, B.NO, C.N2C3 [1. NH4+ E. N2

11. Kyiugarn peakuus TeHrnamacu Koa@puumeHTnapuHu
TaHnab, CyB MOeKynacu ongmnaarn KosMmUUNEHTHN KYPCATUHT.

Sbf0 5+ HCl ——> H, SbCL + Cl2+ H,0

A2 B5. C. 10.4.18 E.21.
244



12. KnucnoTanu MyxuTAa Kaiicu MoAza Ba MOHap 6Up BaKAHWUHT
y3uga maexyg 6yna onagn?

AH,SBaCl2 B. Fe2Ba Cl , C. S04”Ba Fed2 1. SO,"2Ba S 2
E.KD Ba Nad.

13. gnwgarm Cu (NO.,)2 AgN03 Pb(N032 Bi(N033Ty3napu
apanaliMacuHuW 3/1eKTPONM3 KUAraHga axpanubd uumkaaurad
MeTannap TapTUOUHU aHUKLAHT.

A.Cu, Ag, Bi, Pb: B. Pb, Cu, Bi, Ag: CAg, Cu,Bi, Pb:

O.Pb, Bi, Cu, Ag: E.Bi,Pb, Ag, Cu.

14. Muc (M)-cynbatr apuTMacUHN 3NEKTPONN3  KWUIraHga
aHoffa KaHfdal Moaga axpannb unkagu?

A.S042 BS, C.02 AO.S02 E.S03

15.Temup (LU)-cynbthat sputmacu opkanu 144750 K ToK
yTKas3uaca aHo4Aa KaH4a XaXkm (H.Ww) ras axpanub unkagun?

ANA', B.8,4; C.94; O.104; El1l4

16. NaZ2S04 3pnMTMacuMHU 3/1eKTPONIM3 KUIULW HaTuxacupia
Katogfa 22, 4 n (H.Ww) ras axpanmb 4MkK MM YYYH KaHuya
Mukaopaa Tok (K) yrkasuw Kepak?

A.96500; B. 2,93 «104 C. 1,93.105 . 3,5 <105 E. 45 <10\

17 kknta ngnwparn FeS04 sa CuCl2 sputmanapu opkanu
Mab/lyM MUKAOpAA TOK yTKasuaraHga 14 n xaop (H.w) axpanu6
ynkraH 6ynca, katogga \ocun OynraH TEMUPHWHI Mmacca
MWKAOPWHWN aHUKAAHT.



KOOPANHALWNOH BUPUKMAJAP
IX.1. KOMMNNEKC BUPUKMANTAPHUVHI TY3VNANLLN

MeTannapHUHT peakumnaga aNeKTPOH WyKoTULIapM ynap yyyH
anoxgua XycycusT aKaHAuru ongumHrin 6o6napga antmnb ytungu.
Xocun 6ynysun mycbat 3apsnaHraH MoHnap—kKaTuoHap 3pKuH
\onga 6ynmaii, ynapHm Kypwab TypyB4YM aHuoHnap 6unaH
bupranukaa mMaexyp 6ynaguku, by 3apsaggapHUHT MyBO3aHaTUra
onunb kenagn. MeTannapHUHI KaTMOHNapu—Fblonc KucnoTanapm
(I. H.Mbtonc Kucnota cudaTnga 3NeKTpoH XydTura ara 6ynraH
aKLenTopHuW, acoc cudatnpa aca Wy 3NeKTPOHAAp XYy(pTu
LOHOPUHM TYLWIYHTMPraH) xoccanapura Xam aragup. Y napHuHr
6ynmMHMaraH 31eKTPOH Xy(pTnapura HelTpan MONieKyna éku
aHWOoHNap 6unaH 6orfaHUWIN MYMKWHAUTUHKW Gungupagu.
LWyHpah kncmyanap KOMMNAEKC MoHNap éku Komnnaekcnap,
Tapkubupga wyHgain woHnap 6ynraH 6upukmanap 3ca
KOOpAMHALWOH BupukManap geiunagu.

KoopanHaunoH 6upukmanap Kuméaa KeHr ypraHunagu.
Xo3upru Bakaga KynruHa MeTanopraHuk 6upukmanap,
BuTaMuHnap (B, uoH rémornabuHu, xnopodun Ba Gowkanap
\am WwyHpa 6upukmanapgaH xucobnaHagu.

Komnnekc 6upmkmanapga MeTana aTomnapuHu ypab typysun
Monekyna €k noHnap nuraHgnap (notuHvya—Ligare—6ornos-
ynnap) neb atanagu. Ynap sHr kamupa 6utra Tak,CMMaaHMmaraH
BaJIeHT 3/IEKTPOHNap XydTunra ara dynaau:

H

[:C1] ;[C=N:]1; H-—N:; \/
I 0
H

Bab3u xannapga Metann 6unaH YHUHr nUraHanapu opacuia Xocun
6ynyBum 6ornapHum mycbat MOH 6unaH MaH@UA MOH EKu
KyT6naHraH MmoneKynanapHUHr MaH(mWii TOMOHapu opacugaxpeun
OynyBUM 3MEKTPOCTATMK TOPTULIYB 6UnaH \aMm TyLYHTUpWUNagu.
LLyHra Kypa, MeTaflapHUHI KOMMNEKC 6npi:KManap Xocun Kanuw
XYCYCUATU MeTa/ll MOHUHUHT Myc6aT 3apsgn OpTWULIW Ba YHUHT



VOH pagnycu Kamaiimwu 6unaH optagu. VIWWKppuin metannapHUHT
noHnapu Na+sa K+kaTTa KWANHYMANK 6UNaH KOMMIEKCnap Xocun
KunraHn xonga opanvik, MeTannapHUHI Kyn 3apsagnu myc6at
MOHIapM KOMMIEKC XOCW KAMLWTa MOAMAIMIn 6unaH axpanmo
Typagu. Cr3+t uoHUHuMHr J11I| wnoHura KaparaHga MycTaxkampok,
KOMM/EKC XOCWUM KUMKW XaM JuKAaTra casoBop. Metann MoHu
6unaH nuraHg opacuga xocun 6ynysum 6oraBeanvraHaraTeruim
OynraH aneKTpPoH XYNTUHWUHT ynap ypTacuga MyKaccamnailysu
Xwncobura amanra oW Kyingarn MUCONAaH Xam KypuHaau:

H +

(cyBnu)

H

Komnnekc nMoH xocun 6ynraHfa, nuraHgnap mMetann
aTpouga nurnnasanTu, jeraH MabHOTYLWYHWUNAAN. MeTanaHuHT
Mapkasuii MoHM Ba y 6GunaH 6ornaHraH nawraHgnap
KOOpPAMHALMOH cihepaHn Tawkun aTtagun. LYyHUHT yuyH
KOOpAUHAULMOH  6upukManapHu udgoganawja WUUYKK
KOOPAMHAUWOH cepaHn GUPUKMAHUHT 60OWKa KucMnapugaH
axpatvw malcafuia KBaapaT KascnapfaH goiganaHunagu.
|Cu(NH34S04 dopmynacura ara 6ynraH moggasa [Cu(NH,)42+
Ba SO4- MOHNAPUHM Y3 MyUra OfiraH KOOPAMHALWOH Buprkma
npoganaHraH. by 6upukMaga TypT MoOeKyna aMmMUaK WKKW
Ba/IEHTIN MUC BUNaH TyrpuaaH-Tyrpu 6ornaHraHgmp.

Komnnekcgarn mapkasuii metann atomu 6unaH TyrpuiaH-
TyFpn 6ornaHraH nuraHfj atoMu AOHOpP aToMu feiunnagu.
Komnnekcuga fOHOP aTOMM a30T aTOMKU  XucobiaHau.

HN, 2+

HN,

MeTtann woHW 6unaH 6ornaHraH JOHOP aTOMWU COHU
MeTa//IHUHI KOOPAMHAUMOH COHU Aeb topuTtunaan. FOkppuaaru
KOMMeKcaa NnaTUHaHUHT KOOpAMHALMOH coHu 4 ra, |[Co(NH3d3+
fa 3ca KoGanbTHUHI KOOPAWHALMOH COHM 6 ra TeHr. bab3u



MeTanNapHMHI UOHNAPU JOUMUIA KOOPAMHALMOH COHra ara bynagw.
Yy BafeHTI XpoOM 6unaH Kob6anbTHUHI KOOPAWHALUWOH COHU 6
ra, UKKM BafeHTAU NNATUHAHUKW 4 ra TEHTNUTUN aHUKAAHTaH.
KoopgnHauMoH cOH KynuH4Ya 4 Ba 6 ra TeHr 6ynagu. By coH
MeTanl WOHWHUHI KaTTa-KUUYMKIUTU Ba YHU ypab TypraH
nvraHagapra xam 6ornauk, 6ynaguw. JiuraHgnap nupuk 6ynraHga,
ynap MeTani MOHM aTpodmaa Kampok,TynnaHa onagu. Mapkasuii
aTomura 6upukkaH MaH(uid 3apag meTann TallyBYM AUraHanap
X,aM KOOPAMHALWOH COHHUHI Kamaiuwmura cabab 6ynagu.
fNiI(NHD6)2t komnnekcuga Hukenb (M)-noHuM atpodupia
aMMUWakHUHT 6 Ta HeilTpan monekynacu TynnaHca [NiClJ2
KOMMNeKcMra TypTTa MaH(uid 3apsaiaHraH X0pva UOH WL unagu.
TypT KOOPAWHALMOH COH/IM KOMMJIEKCNAp TETPAsApUK EKU TEKNC-
KBajpaT, ONTW KOOPAMHALWMOH COHMUNAp 3ca OKTasgpuk
reomMeTpuK Ty3unuwra ara éynagu.

IX 2. XBEJIATIIAP BA YNAPHVHIT BUOJIOIMMK CUCTEMANAPOAI N TOMN

BrnomeTannapHUHI KOOPAMHALMOH BUpUKManapu opraHmamaa
MyX,uM yHKLManapHu 6axapagun. Oaauii wapomTna Monekyna éku
noHnap 6momMeTann MOHM \ampaa 6uTTa AOHOP atomu GunaH
KoOpAuHauunanaHagn. byHfain sappayanap MOHogeHTaT (“6up
TMWAN") nurangnap gerivnagn. bynapra OH , F, Cl kabu Ba
6owka oaanii noHnap knpagu. babsu kyn atomnm aHnoH (NO3-,
C02-, S042") Ba 6owkanap \am MOHOZEHTAT ycynujaa
KOOPAUHALMA-NAHULLN MYMKUHAUTN aHUKAaHTaH. OpraHu3MHUHT
90% faH OpTWK, Maccacu MOHOAeHTaT nuraHg \ucobnaHraH Ba
KMCNopog aToMu OPKANM KOOpAWHAaLMANaLlraH cys Moniekynacura
TYrpun kenagn. Cys Monekynacu ysura xoc 6ypuak cTpykTypacura
(O—H 60rnapu opacugarun 6ypyak 105° ra TeHr) sa 1,87 D gunons
MOMeHTrura ara. AMuHnIap Ba 6ab3un a3otam 6upmnkmanap \am wy
MOHOJEeHTaT ycynuga 6uTrTa LOHOP aTtOMWU OPKANU KOOPAU-
HauusanaHagu. ByHpail ycyfHWHT amanra OLWyBM YUYYH MeTann
aToMMapu UKKW JOHOP aTOMMW, UKKW yrnepog atomnapuiaH e
ékn ontn av3onm \ankg \ocun 6ynuwn 3apyp. bugeHtaHT
NUraHanap opkanau Komnnekc \ocun 6ynuwnga XANKAnapHUHT
BYXYyAra kenuwn “xenat agdekTn” aeb opurnnagn. XenaT
KoopauHauuoH 6GupUKManap WyHra yxwaw MOHogeHTaT
nuraHgnap 6unad \ocun KanuHraH 6upukmanapra HucbataH
6upMyHua bapkapopauru 6unaH axpanub typagu (5 ab3onunap
ONTW ab3onunapra KaparaHga 6apk;apop). b;rb3n nantnapaa 6ekgpop
OynraH TypT Ba €TTU ab30/1U X.anl<;aiap X.0cun 6y aHUKLAHTaH.



Tupuk opraHmamga 6ynraH nurang (buonuraHg)nap sxwun xenat
Xocun kunysumnapgaH xucobnaHagu. bynapra - aMmMHOKWKC-
notanapHuHr aHmoHnnapn (HANCHRCOO—), nupuauH katopu-
HWHT 6ab3n a30TIM acocnapu, HyKneoTuanap Ba 6owkanap Kupaau.
Tupuk opraHusMmpga xocuna 6ynaguraH KoopguHauuoH 6u-
puKManapfaH MeTannapHUHT aMUHOKNCNOTanN KOMIJIEKC/TapUHU
KypcaTnb ytuw 3apyp. bynapgaH 6upu 6Gew awv3onu Xenat
Xankacnamp:

AMUWHOKUCOTA KOMMIEKCNAPUHUHT GapKapopiuru Kyiuaaru
TapTnbaa (KATopAaruaek) opTagu:

Cazt< Mg2+r< Mn2t< Fe2t< Cd2< Co2t< Zn2+< Ni2+< Cu2t

By epga kucnopof 6unaH amuH a3oTyU [OHOP aTOMiapu Basu-
(hacuHKM 6axkapraHia Karop y3 KyuuHu Tyda cakganau.

WKKW Ba yHAAH OPTUK, JOHOP aToMuUra ara 6yaraH nMraHgnap
METail MOHNapW aTpotnaa KoopAnHauusanaHa onagu. bynap no-
NUAEHTaT IuraHgnap Aeb Hom onraH. IKKW Ba yHAaH OpPTUK 4OHOP
aToM/apy opacuaary MeTaafiHu y3ura TOPTUL XyCycusTWra 'ara
3KaHMMTK Tydaiinu ynapHu xenatnoBun (rpek4ya—Kuckuubaka
maHXacu cysuaaH OfIMHTaH) areHTnap €ku xenatniap Aedunnagam.
BynapHWHT 3HT ofAWiA BaKUAWU ANAMUHAUP:

CH ,——-CH,
HN NH2

Ywoéy nuraHauarv nKkuta asot atomuga (LOHOp atomnapuaia)
3NEeKTPOH XyhTnapn 6up-6upngaH 6Mpo3 y3okaa XolnawraH
6ynub, nuraHg MONeKynacuHUHI KUCMAapu MeTan/l WOHMU
aTpoguia aiinaHa onagu, HaTuXKaga xap MKKana a3oT aToMy MeTans
6unaH KoopAUHaUMOH 6of XOCU/ Kuna onagu. dTUNeH4NaMuUH
bugeHTat nuraHg 6ynub, okcanat-noH C20 £-Ba kapboHaT -MOH
CO,2- xam Wy KaTopra Kupagu:



- O: 0 O:

JTUNEeHAMAMUH TeTpacupKa KucioTa aHWMOHW Gynrad
Kyiugarn nofmaeHTaT nuraHg \aMm KeHr TapKaaraH:

0] (0]
-#0 —C —CH?2 CH, —C —0:
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YWw6éy WOH ONTUTa JOHOP atomura ara 6ynu6, 6ynapHuHr
\ammacy 61p BaKTHUHT y3uga MeTan MoHW 6unaH KOOpANHaLMOH
60f X,0CM1 KWMa onagun, 6yHaa nuraHg MeTann MOHWM aTtpoduia
6ypannmb Konagwu. XenatnoByu areHTnap f aHanapra kaPama-
Kapwm ynapok 6apkapoppok Kom'naekcnap \ocun Kunagu.

Komnnekc \ocun KunyBumnap aHanmsnapga, peakyusHm
yTKasnw y4yyH xanakuT OepyBYM MeTanl WOHMapuUHWU TyTub
Konuwpa, Tabumini cyBnapHM KaiTa uwnawpfa, To3anawja Ba
6owua makcagnapga kynnaHunagu. Cysaaru KatumoHnap
Komniekcra yTmb, COBYH Ba CyHbWii OBYBYM BOCUTaNapHUHT
Xoccanapura nyTyp eTkasmaingun. Tapknbuga Mg2+sa Ca2+H10Hnapm
6ynraH KaTTWK CyBMapHW lOMWAaTHLWAA NWnaTunaguraH HaTpui
Tpunonugocdar

Na.  o.p
MyX,IM Ba ap30H CYHbUI HOBYBYM BOCMTa X MCOONaHaau.
Yrnepog, BOAOPOS, KUCNOpOS Ba a30T 6MON0TMK XyxXaipanap-
HWHT acoCUIn MaccaCMHU TallKWA 3Tagun. bynap 6unaH 6up Katopga

X,8ET YKapaéHNAPUHUHITYINKYTULW MW YYyH MUC, TEMUP, MapraHeLl,
pyX, Ko6anbT Ba MONNGAEH Kabu 3/IeMeHTIap 3apyp/iMru Mabiaym.



Ynapaa Typnuv 31eKTPOH-LOHOP rpynnanap 6unaH KOMMaeKe Xocun
KWL XYCYCUATY KyUunu HamoéH 6ynaau. OpraHu3maa KkevaguraH
TYP/IM peakumanapHu yTKasHnn a épgam 6epaguraH Katanmsatop-
nap —epmMeHTap XaM MeTann MoHNapw Tydainnm masxyn byna
ONUWN aHMKAaHraH. K,usury WyHLaku, OpraHu3M yuyH 3apyp
KUMEBWIA anemeHTNapAaH 6upopracy eTulIMali KoaraHga YHUHT
nw QyHkumnacu 6ysmnagu, kuwu 6etob 6ynagun, yauHu émMoH
ce3afp. by XONaTHUHT y3aliMluM UHCOHHW XaéTAaH Ky3 toMULLIMTaYa
07116 KenraH naTnapy Kang KnamHrad. OpraHnsm yyyH HaTpui,
MarHuii, Kanbuuil, kanuin, hocgop, ONTUHIYTYPT Ba X10p Xam
3apypiuru uaMuii acocaa TaCANKAaHTaH.

Buonorvk xapaéHnapga karta myxum a\amuATtra ara GynraH
Kyn ab30/in reTepounKINK 6UpmMkManapgaH nopupuHiap xam
KOMMNeKC BUpuKManap xocun kunagu. Typan nopgpupuHnap 6up-
6upuaaH Tapknbura KupraH Metannap kv ypuHoéocapnap rpynnacu
6unaH, WYHWHreK, YyeTharn yrinepoara 6UpMKKaH nuraHgnapu
6unaH dapk, kunagn. MemornabuvH aHa Wy nopgupuHNap rpyn-
nacura Kupagu. ¥ KoHZa KMCMopoA Tawysyy 6ynmb xusmar Kunagu.
KpHaa TeMmp Ba MarHUHWHT Gynuwin remornabuH émunaH 60rnuk.
OpraHusmga TeMup eTULIMaraHa KAWy aHeMums Kacaniuru bunan
orpuingn. byHAa y KyBBaTCM3naHagu Ba Kyn yxnanhguraH 6ynué
Konagn.Temump Ba LY Kabu 60LLIKa MUKPO3NeMeHTNap yCuMAnknap

YUYH XaMm 3apyp.

IX. 3. KOMIMNEKC BUPUKMAJIAP HOMEHKJ/IATYPACU »
BA N3OMEPUACU

Komnnekc 6upukmanapHy Homnawga amMnmpuk HOMeHKNa-
TypagaH doiganaHunagy. byHaain HOMNapHUHT 6ab3naapy Xo3mpru
KyHrayacakgaHuo konraH. PeliHekeTy3n NH4Cr(NH3,(NCS)4 aHa
WyHAain KomnnekcnapgaH 6upugup. Hasapwii Ba amanuii Knmé
Xankapo uttudoku (MHOMAK) kabyn kunraH HoMeHknaTypa
BataHumunsga 1963 iungaH 6ownab xopwuil atunraH 6ynm6,
KOMM/IEKC BupuKManap yuyH y Kyingarmya kynnaHunagn:

1. Tysnapga aBBasio KaTMOH HOMW, CyHrpa aHWOH HOMU
aTunagn.
|Co(NH,)sCl] C12—neHTaammHxnopokobansT (M)-xnopug.
[Co(NH,))J [Cr(CD 493 —rekcaamuH kobanbT (LU)-Tpmokcanat
xpom (111).

2. KoMn/iekc MOH EKU MOJeKy/aHn HoMawaa MeTasnnapra
abTM6Op 6epunaan. JiuraHgnap ynapHuHr 3apagnapuiaH Katou



Hasap angasuT TapTnbMaa caHanagn. KomnaekcHUHI hopmMynacu
8316 6ynuHray, 6upuH4Ym 6ynmb meTann Kypcarmnagm
K2[Pt(ND 22C17 guxnopoagnHutpmutonnatuHat (IM)-kanwii.

3. AHMOH nuraHgnapra “O” KyLuMMYacuHW Lywwmnb, HerTpan
nuraHgnap Monekyna Kabu yumnagn. Macanad, N 3 - asugo, Br
—b6pomo CN  —uuaHo, CD,2 —okcanato Ba K.

K2[Ni(CN)4] —teTpaunaHoHukenat (M)-kannii.
[AL(H2 6] Cl3—rekcaakBoantomuHuid (LU)-xnopwna,.

4. NvraHgnap coHn (1 gaH opTUK BynraHaa) rpek pakamiapH
6unaH GenrunaHagn (nuraHgnap coHun 2, 3, 4, 5 Ba 6 6ynraHga
On- ,Tpu-,TeTpa-, NeHTa- Ba rekca feb ésmnaagm).

ArapnuraHg HOMUHUVHT y31ja rpek KylummMyacuy 6ynca, macanaH,
MOHO/M-Ba X0Ka30, yHAanuraHa HoM1 Kascra onnHmG, yHra 6oLuka
KyLnMMya Kywwmn6 ésmnagu (6uc-, Tpuc-, TeTpakuc-, rekcakmuc Kaom
ndoganaHagn), nurangnap Teruwnunya 2, 3,4, 5 sa 6 6ynraHga.

|[Co(NH2CH ,-CH,NH;),|CL-Tpuc (3TuneHgnamuH) KobanbT
(111) xnopug

5. Komnsiekc aHMOHMap HOMUra -am Kylimmyacu KyLiu6
ykunagn. MacanaH: KANi{CN)J -teTpaunaHoHmkenart (1) -kanuia.

6. MeTanHWHI OKCUANAHWLI [apaXacu YHWHT HOMW OpTura
KaBCra ONIMHraH puM coHnapu 6unaH 6enrunaHagu. MacanaH,
[Co(NH35C1]2 fa Kob6anbTHUHT OKCMATAHULL JAapaXacu nawoc y4ra
TEHrAMrnHm Kypcatuw yyuyH pumya (I11) paH doiiganaHunagn.

Komnnekc 6upukmanapga ctpyktypa (\onat Ba KOopAuHa-
LIMOH) N30Mepusl Ba CTepeo (reoMeTpuK, 0NTUK) n3omepusanap 6op.
BynapHuUHr 6upmHuncugabupopTannran 6ab3v xonnapna Metain
6unaH KOOpAUHaLMOH 60r opkanu TyrpupaH-Tyrpu 6ornaHraH
6ynca, 60oLKanapmga y Kpuctana TYPHUHT KOOPAMHALMOH Tabcup
povpacufaH Tawkapuga 6ynagu. ByHu Kyimparum KOMNnekc
6upukma |[CrCl,(H ,0)J muconuaa HaMOMUL KUANL MYMKUH:

|Cr(H,0)(] Cl2—6uHagwa paHrnn mogaa
[Cr(H O) C17 C12 «H,0
KYK paHriin mMopganap
[Cr(H O) CYC1, «2HD

Ctepeounsomepnap 6Up Xun KMmMEBmMiA 6ornaHuwra ara, 1eKuH
6up-6upnaaH hasogarm xoinawyswu 6yiinya hapk kunagn. Kyiinga



KypcatunraHugek, Pt (NH32Cl2 komnnekc 6upukmaga xnop —
nuraHgnap éHma-éd xonga (a) kM kapama-kapliy TOMOHNapna
XKOWNaWMWN MYMKHUH:

.C1y Ccl
71 4 ATy
Cl — Pt—NH NH' Pt — ML
1 1 A
\ NJH/ a. 4CII' 6.

KoopauHaumoH cthepafa AOHOP aTOMAapUHUHI Typanya
XoWnawyBn xucobura BYXyAra KenaguraH nU3omepus Typu
reOMeTPUK EKN LMC- Ba TPaHC- N30MepUs Aeiinnaau.

Kyiinna: Pt(NHJZI2 komnnekc 6upnkmagarn reoMeTpuk
N30MEPNAPHUHT KYPUHULLW TACBUPNAHTaH: a) umc-mu3omep: 6) TpaHc-
nsomep.

Bup xun rpynnanap éHMa-8H >KoWnawraH u3oMmep
MoOneKynanapu uuc-nzomep, 6Mp xun rpynnanap 6mp-6mpugat
y30Ka XolnawraHiapmn aca TpaHCc-M3oMep X1ncobnaHagu.

Ky3ryga 6up-6MpPUHUHT akcuHW udoganoBym m3omepnap
ONTWK U30Mep/iap Typura kupagun. VIHCOHHUHT UKKW Kynn 6up-
6upura Xygaa yxwaraHu 6unaH ynap 6up-o6upura 6apya XuataaH
MoC Kenagun ae6 6ynmangn. ONTUK M3oMepnapHUHT M3nK Ba
KMMEBWIA Xoccanapy y3apo yxuaw 6ynnb, KypuHuwnapu gakart
Ky3rygarnmHa akc aTraHfarmHa SKUHAMTMHN aiiTn6 yTamms.

IX.4. KOMIJIEKC BUPUKMAJIAPHUHIT BAPKAPOPIVI BA
YNAPOATN BOENAHULL TABNATU

Komnnekc 6upukmanapHMHr 6apkapopiurun aHyarmHa
omunnapra 6ornuk. bByHpah 6upukmanapga Tawk,M Ba UYKK
JovpanapHUHT 6apKapopauru xap xwn ynagn. Tawku gompagaru
KOMMMEKC MOH 3/1IEKTPOCTATUK Kyunap opkanu 6ornaHu6, cysnu
apuTManapga OCOH axpanagu. byHgaid napyanaHuw Gupnamun
AUCCOLMNaHWLL feinnagn Ba 'y Kyyam aneKkTponuTaap kabum Tynuk
yTagn. luku cdiepaga 6ynraH nuraHgnap mapkasuii atom 6unaH
aH4a Kyunum 6ornaHraH 6ynun6, kam gapaxaga axpanagn. Komnnekc
OMPUKMaAHWHT MYKK chepacmpary napyanaHull WKKWIamuu
auccoumnann geb ropmutunagu.

[Ag(NH3ZCI <m[Ag(NH32' + C! —Obmpnamumn guccoumnnaHumL.
|JAg(NH3Z+" Agl+2NH, —uMKKMnamuu guccoumnnaHumi.



WNKkunamum guccoumnnaHml KOMMAEKC 3appava, Mapkasuii
MOH Ba NUraHjnap opacvmja MyBO3aHaT BYXYyAra KenraHgarvHa
maBxyg 6yna onagn. Mucon tapukocuna [Ag(NH,),| Hu onainuk.
YHUHT MOHNapra guccoumnaHuilm 6apya Kyycus anekTpoauTnap
Kaby maccanap TabCupu KOHYHMUra byiicyHaan \amaa myBo3aHaT
KOMM/IEKC KOHCTaHTacu K1 6eKapop/vK KOHCTaHTacu geinnagu:

|Agl «|NH p
K= - T =68 ¢ 10*
IAg(NH.),|

KOoMMNNeKCHUHT 6eKapopanK KOHCTaHTacu Typau KOMMJeKc
noHnap yuyH \ap xwmn Kuiimatra ara 6ynmb, KOMMIEKCHUHT
KaHuanuk 6apkapopauruHy 6ungmpagm.

IX.1 -%aABanga KyMyLWHUHI 6Up Typra KUpyBuM KOMMNEKC-
napn yuyH 6eKapop/iMK KOHCTaHTacu KypcaTuiraH:

IX. | ->agsan
KymyLl Komnnekcnapu 6eKapopaink KOHcTaHTacu

Komnnekc NoHNap BeKapopnMK KOHCTaHTacu
[Ag(NO,),r 1,3 ' 10-1
IAgfIMH,)/ 6,8 * 10 8
[Agfsh0,),]2 1-10 1
[Ag(CN) J" 1102

Xagean mabnymoTnapugaH KOMMAEKCHUHI 6apKapopavru
HuTpat noH [Ag(NO022r gaH umaH [Ag(CN)2 wuoHura yTuwm
6unaH optn6 6opsntu. |Ag(CN),| noHm xyga 6apkapop OynraHu
YUYH KOMMNJEKC Ty3 apuTMacura kanuin nogmnpg KywunraHga \am
KyMyLl iAogug vyykmacu xocun 6ynmaingn. Kymyw cynbuaHUHT
3pYBYAHAMK Kynmairmacu Xyga Ku4uk OynraHamru cababnu
BOJOPOA Cynbpug KywmnaraHga Kymyw cynsgug 4ykMmacu nango
bynraHnuru cesunagu.

KenHrn BakTnapga KoMnaekc bupukmanap mycra”kamam-
rMHU TaBcugnawga 6eKapopnMK KOHCTaHTACMHUWHIE akcu
6ynraH KatTaIMKHN —6apKapop/anMK KOHCTaHTacu feb artal
Taknnug KUAMHAW. Ynap opacuga Kyiugarn Hucbart 6op:

K = 1/K

napkep- oiipK.ap.

[Ag(NH22+noHn yuyH BapkapopanK KOHCTaHTacu Kynmgaruya
ndoganaHaan:



K fw *7, IAgll “ |NH.]2

SpuTmanapga Ky4cu3 aieKTpogMTAap, MacanaH, Kyn Hermsnm
Kucnotanapgarm Kabu KoMnaeKcAapHWHT 60CKWYAM AMCCO-
UMNaHUWKn yypangm.

BapkapopnnK KOHCTaHTacu Mmapkasuii atoM 6unaH nuraHg-
napra Kyn xwu™atgaH 60rnumkaurun amanga mcboTrnaHraH.
Mapkasuil noHnapu Kyucms KyrbnaHTMpull xycycusTura ara
Komnnekcnapaa (MWKOpPWiA Ba MIWIKOpUiA-ep MeTannappga)
6apkapopnnK Mapkasuili MoH 6unaH nnraHanap opacujarv anekT-
poCTaTUK BGUPUKWULIHUHT Ky4Yyaluwuy OopKany OpPTULIM aHuK,-
naHraH 6ynm6, mapkasuii MOH Ba NUraHanap 3apsgu HKopu
X,amga ynapHuWHI pagnycu Kkam 6ynraHfia KOMNaeKCHUHr 6apka-
popnuru tokopu 6ynagn. ByHpaii katnoHnap |[NHJC1, K[MgCI3]
Tapknbuga KnM4ukK faBp 3neMeHTnapu kucnopog, azot K[A1H4),
K[A1lF4] Ba F woHnapu 6op nuraHgnap 6unaH 6upmyHua
6apkapoppok 6ynraH koMmnaekcnap \ocwun Knnagu.

MnaTvHa omnacym MeTannapu XpCcun UuaraH KaTuoHnap,
cMMO06, KymyLw Ba ONTWH MoHnapu (6ynapga KyTonaHuw Kyuam
HaMO&H Oynaau Ba Mapkaswii aTom 6unaH nuraHgnap opacmgaru
6ornaHuW KoBasieHT 6ornaHulLra AKUH) eHrun KyT6iaHyBum
nuravgnap 6unad \ocuna KUATaH KOMMeKcnapu 6upmyHua
6apkapop 6ynagn. bynapra Tapkuéuga ocqop Ba ONTUHTYTYPT
atomnapu, J' noHnapu 6op nuraHgnapu mucon 6yna onagu. Y3
AUraHgnapvHW Te3 anMaliTupa onaguraH Komnnekcnap naéun,
KUAWH anmalTupyBYMnapmn aca MHepT Komnnekcnap fgeb
topuTunagun. Jlabun Ba WHepT KOMMNeKcnap opacmgaru apk
BY)XKyAra KeflyBuM MyBO3aHaTHWUHI nonatu 6unaH amac, 6anku
aKCWMHYa, NMraHgnap aaMalluHraHgarn peakuus HaTwxacuga
Xocun 6ynaguraH MyBo3aHaT Te3nuru 6unaH 6enrunaHagu.

Komnnekc 6MpuMKManapHUHT acoCuii KUCMWU METa/iTHUHT
MapKasuii MOHW O6MNaH NMraHg aHWoOHM EKM KyT6aaHraH mMo-
NeKyna opacugarv 3fIeKTpocTaTMK TOPTULIYB X1cobura ByXyara
Kenagu feb6 kapanagu. TopTuwyB Kydnapu 6unaH 6up katopga
6Up xun 3apagnaHraH nuraHgnap opacmpa 31eKTpocTatuk mra-
punmw Kydnapu \am Maexypd 6ynagu. Hatmxaga MuHUMan
noTeHUMan aHeprusra ara 6ynraH 6apkapop atomnap (MoHnap)
rpynnayacu BYXyAra Kenagu.



Komnnekc 6MpuKManapHUHr XOoCuUn Oynuwl Hasapusacu
factnab acpyuMM3HUHT AurupmaHum nnnnapuga B. Koccen
6unaH A. MarHyc ToMOHMAaH uwnab ymkgnrad. Onumnap
noHnapHu pgedopmaunsnaHMmaanrad wap, 3apagfiaHrat
fovpanapra yxwatub, 6ynap y3apo KynoH KOHyHu Oylinda
6upukagu, geraH GUKpPHW ypTara tawnagunap. Komnnekc
Xocun K,MnyBYM MOH y3Ura Teckapu 3apsaffiaHraH MOHHU Xam,
UyT6nmM MosiekynaHum xam TopTaBepagu. VIKKMHYM TOMOHAAH,
MapKasuii MoH aTpoduia K,aH4anuK Kyn sappadanap TynnaHca,
KOMIJIEKC XOCUA K,WU/yBYM 3appadanap opacujaru ysapo uta-
punuw Kyynapu xam WwyH4danuk kyn 6ynagu. Koccen 6unaH
MarHyc y3 taxpubanapura acocnaHu6, nuraHgnap 6unan
KOMMNEKC XOCUN KANYBYMUIAp opacmparu 6orfaHuw aHeprua-
CUHM xucobnab umspunap. WyHra Kypa, nuraHgnap COHM
Kynanin6é 6opuwwu 6unaH ynap opacugaru ~3apo utapunui
Kyuynapu kKy4asgm, 6y aca KOMMNJEKC MYCTaxXKaMAUTWHUHT
Kamanuwura onmb kenagn (1X.2-xaasan).

| X. 2 ->kapgsan
Typnu 3apALAN MOH-KOMMJEKC X,0CUN KAMYBUNNAPHUHT
KOOPAWHALMOH CoHMapu

TapTnb coHu Komnnekc ~ocun Koopga.coHun
K[mnyBunnap(nowap)
| Bup 3apsagnunap 2;3
2 W KKn 3apagnunap 4
3 Yy 3apsagnunap 4,6

WyHpah K,uanb, 3neKTpoCcTaTWK TyllyHYanap KOMMJeKC
H6UPMKMaNapHUHT XOCU BYIMLINHN TYLWWYHTUPWG, YNapHUHT MyC-
TaxKaMAUK fapaXacuHW Ha3apuii uxaThaH aHukgawra épgam
Gepagu Ba Mab/lyM japaxaja aHWKAaHraH KOOPAWHALMOH COH-
napHu n3oxnab bepagn. AMMO KOMMAeKCnapHW geopmauunsnan-
maiiguraH 3apsgnaHraH goiipa cuatmgarn arperat geb kapanu-
WK, KAHOARAUP Mofenra yXwaTunuwy ynapHuHr KynruHa ysura
X0C XYCYCUATNApUHU TYWYHTMPUG Bepuira 0XuU3NUK KUNaW.
UyHoHuUK, By TyLuyHYanap KOOPAMHALWOH COHWU TypTra TeHr 6y/-
raH 6up uaH4ya komnnekcnap (Pcl2 Pt 2Ba 6owkgnap) fccu
Ty3WAuLWra aranuruHu n3oxnab Gepa onmagn. 3apsgnaHraH Liap
Mogenu 6yiinya TylyHTUpunaguraHd ynca, 6y epfa TypTTa iMraHg
TeTpasapuk, XonalyBn 3HepreTUK XnxaTjaH 0COHPOK Bynapauw.



JNeKTPOCTATUK Tyl yHYanap KOMMAEKC GUPUKManapHUHT
MarHuT XoccalapyHu TYLYHTUPULLITA XaM 0XU3NIUK KUK,

Xo3upru BakTha KOMMOnekc Gupukmanapgarn KUMEBWUIA
6ornapHy TYWYHTMPULW Ba Xucobnaw uwnapuia KBaHT-KUME
ycynnapugaH ¢oiganaHnamokga. byHaa KoMnnekc xocun
OYNUIWMHUHT BaneHT 6ornapu ycynu Ba Kpuctann MmaiifoH
HasapusacugaH qoiiganaHunagu.

NH41noHn aMMuak Monekynacua aneKTpoH XydTu 6opavru
Tyhaiinm xocun BynnLM MabayM. Y HU aMMUaK MONEeKYNacuHUHT
nooposa MoHUra GUpPMKMLLK HaTuxacupa xocun bynaam pneb
TYWYHTUPUIaAU. AMMUAK MONEKYNaCUHUHT MeTannap 6unaH
6UPNKMG aMMuaKaTnap Xocua KAHULWIN Xam LWy Tap3ga 6opaau:

Cu++ 2NH3= [Cu(:NH3Z+

Zn#2+ 4NH3= [Zn (NH342+

BaneHT 6ornap ycynu 6yiindya KOMMNAEKCAAPHWUHT XOCUN
Oynuwnga nuraHaaapHUHE XXY(HT 31eKTPOHNapM KATHAL raHaa
LOHOp-akuenTop 6ornap ByXyfara Kenagu. SNeKTPoOH XydTnap
nuraHg 6uvnaH mMapkasuMii MOH opacufja KOMMAEKC Xocun
KunyBUMHUHT 3pKUH rubpug opbutannapuHu arannaraH xonga
yMyMaawnb Konaau. »

FOkopuga kentupunradH muconga Cu+2 Ba Zn+2 noHnapmu
YUMHYM TyrannaHraH kasatra ara 6ynu6, TypTUHYM KasaTjaa
ynapga 6y s- Ba p - opbutannap 6op. [Cu(NH3Z+ komnnekcuga
aMMUWAKHWHT YHTa 3N1eKTPOHW Sp-rubpupg opbutannapHu
arannaigun, 6yHgain rmépuanaHi 3appadaHuHr TYrpu YM3UKIN
6ynuwmnHn 6enrmnangn. [Zn2+(NH342+komnaekcuaa aca TypTTa
anck lpoi xydT sp-rubpugaarHrad opbutanHu arannaiign sa dyHga
KOMMJIEKC TeTpasgpuK Ty3unuwira ara éynaau.

Jonop-akuentop 60rfNaHUWHUHE Xocun 6ynuwunia
KOMM/CKcnapga s- Ba p-opbutannap 6unaH 6up katopga d-
op()wanHap \aM KaTHaWuWy MyMKWH. ByHpaa BasieHT 6ornap
Ha upmiun 1 Kypa rubpun;laHuwgady)pbutaniap NWTUPOK Taau.
NNl LIn kmnv*», komnackenap xocun éynuwunaa sp, sp2 sp\ spal



Teruwnanya Ynsnukan, TpUroHan, TeTpasgpuk, Sccu KBaapaT Ba
OKTa3fpuK Tysunuwra ara 6ynagu.

10k™opuna KenTupunrad komnaeke [Zn(NH3J2+na pyx noHu
AUTaHanap yyyH (cxemaga LWapTau paBuwga Hyk,ranap 6unan
KypcaTuiraH) 3anekTpoH XydTnapHu 6utta 4s Ba yuta 4p
opbuTannap ysartagu, 6yHpa Bp3-rubpugnaHuil (Tetpasgpuk
KoopAuHaumanaHuw) amanra owagn. KoopamHaunmoH COHWU
MKKWUTa TeHr 6ynraH sp- rubpugnadrad [Ag(NH3J+komnnekcnga
AUraHgnap umsubyTM KOopAuHaumsanaHrad oynagu.

BaneHT 60rnap ycynm KoMnnekc GupuMKManapHWHr MabiyMm
KOOpAMHAaLWOH cOHNMapn \amfa reoMeTpuK LWaKATapuHu
TYWYHTUPKUG 6epagu, WYHUHTAeK, KOMMNIeKCNapHUHT peakumnara
KUPULW UL -KNPULIMACIUTUHA ONAWHAAH ailTnb Gepuwira Xxam
MMKOH Gepasun. BUpoK, BaneHT 6ornap ycynm KOMMAeKCNapHUHT
OMTUK XOCCanapuHu, ynapaarvm 60rnaHUILIHNHE 6apKAPOPANTUHN
MUKAOPWIA XuxaThaH udoganawl Ba CTepPeOKUMME MacananapuHu
aHanu3 Knunuwna 6upMyHYa 0XMU3NUK Knunagu.

IX.5. KPICTA/IT MANAOH HA3APUACK

Yw6y Hasapusa KaTTUK KpucTana Mojajanap xoccanapuHu
n3ox,nawra uapatmnraH. by Hasapusara mysoduk, 6apuya
MeTanNapHUHT MOHNAPU KOMMIEKC \oCUN KNWLW XyCyCuATuUra ara
6ynn6, 6y opanuk, anemeHTnapaa Ky4Jumpok, HaMoéH Oynagw.
Opanuk, metannap KOMMAEKCAAaPUHUHT MarHuWT xoccanapu Ba
paHru MeTannap atomnapu opbutannapuga d- aNeKTPOHNAPHUHT
6opnurn 6unaH usoyTtaHagm. Opanuk, MeTannap KoOMMaekc-
napmgarun KuMEsuin 6ornaHvMw MogenuHu Ba 6y mogganapra xoc
6ynraH xoccanap KpucTtann maigoun Hasapusacu éppamupa
TYWYyHTMpUnagn. by Hasapus mapkasuii MOHHUHT d- opbuTan-
napuranuraHinapHUHr TabCeup aTULWMHKW KypcaTagu. QPKUH aToM
KW WOHHUHI BUTTa 3NEKTPOH Kpburura Ternwnm bapya d-
3/1eKTPOHNAp 3Hepruacu 6up xun 6ynub, By anekTpoHnap 6up
JHEepreTuK caTxumn arannaigu.

MeTann MOHWMHUHT y3 aTpodura nuraHgnap (macanaH, cyB)
TYNAALWXYCYCMATN JIbFOMCHUHT KUC/IOTa-acoc BUPUKNLLIN Ha3apusicy
acocuga TywyHTupunagn. byHaa acocHu, 60wWwkKaya Kumb aitraHga,
NUTAHAHW 3NIEKTPOH XYy(PTNapu oHOpW Aeb kapaw MyMKuH. By
3NeKTPOHNAPHM aKLEeNTop Basn(acuH yTOBYM MeTal MOHUHWHT
BakKaHT opbutann kabyn kenagu. MeTann MOHM GUNaH yHU ypab
TyPYyBYM ANraHANap opacuaary TOPTULLMLL MeTan noHugarn mycbar



<0 +0C =

IX. l. -paem. MeTann atomu 6unaH nuraHg opacuparm
Jlblouc KnenoTacu Baacocu opacuga foHop-
aKLenTop GMPUKULLIHUHT BYXYAra Kenuwm

cxemach.

3apag 6unan nuraHggarv MaHguil 3apagnap opacupa ByxXxygra
KenaguraH afeKTpoCcTaTUK Kyunap xucobura amanra owagm, neb6
thapa | knanw mymkum. MoH \onatgarv nuraHgnap (macanaH, Br~
ekn Si N ) (>ywaHfga anckTpocTaTuk 6UpMKMLL MeTann Mapka-
VHKM 1 m\u'(kn 3apsig 6unaH \np 6Up nrnanggarn MaHguin 3apsg
opne Wna kapop TMmagu. JluraHgnap cugatmja HeinTpan Mmone-
Kynanap HamoeH byiu-a (MacanaH, cyn éku ammuak 6ynraHga), oy
KY.bnn monekynanapHUHI 31eKTPOH Xy(Tnapu oinawraH
Maii(juiii K,ucmy MeTan mapkaswl a yHanrad 6ynagu. IX.1 -paemga
KypcarHnraHugek, nuraHgnap mapkasuii Metann 6unaH Kyuam
(kn namagu.fIblonc acocu ponuHK 6axapyByum MraHg MeTaiHUHT
rmopug opomTAW a 3NeKTPOH 6epnb, 3NEKTPOH LOHOP WLIMHK
6axapagn. AMMonnraHanapbup-6npnaaH Koumwraxam nHTuIagu.
Illy cababnu, xap KaHgain komnaekcha xam nuraHgnapHUHT
MeTannra TOPTULWIKULW Kyuynm OGunaH nuraHpgnapHUHI y3apo
UTApUANLW Ky4ynapu opacufa MyBO3aHaT BYXYAra Kenagw.
NuranpgnapHuHr MeTann mapkasum atpoduja reoMeTpuk
Xonawynun Metann 6unad nuraHanap opacuga makcuman
TOPIULWYH KyUYNapUHWUHT BY>XKYAra Kenuwm nnraHanap opacmgaru
nTapuLl Ky4napuHu MUHMMan xonatra kentupagu. by 6apkapop
KOMM/IeKC XOCUn BYNNLIMHUHT acocuii lWwapTu xnucobnaHaan. bup
MaKTNuW y3naa MeTanl MOHUHUWHT TallKK 371eKTpoHnapu 6unax
nnraHgnapgarn MaH@uii 3apsgnap opacufa utapuaunil cogup
Oynagn. ByHU KpucTann MalifOHHUHT TabCupu EKu nuraHgnap
MaigoHW peimnagn. Hatuxkaga MeTann WOHWHWHT d-
>HeKTpPOHNapn aHepruacu oprtagu. MeTtann uoHu d-
opOTannapuHUHI XaMmMaen nuraHanap MaigoHu tascmpura 6vp
yunnn ()epHaMacnnuru MyMKwuH, anéatrta. d- opbuTannapHuHr
tha tonarn riyHanmwum Geww xun 6yanwm MyMKUHANTN @aHUKAaHTaH



1X.2-pacm.OKTaspuk komnnekcgac)® nad i »
op6uTannapuHunHr \onatu.

(X, ¥, z ykpapuga). Kpuctann maiigpH Hasapuacu d- 31eKTpPoH
OynyTnapu nuraHgnap arannaraH xoinapHu 6aHg KAnMacankka
MWHTUMWWHW HasapfAa TyTagu. Mapkasuil WOHHWHT d-
3/1EKTPOHNAPM COHM KynaliraHAa KOMMIEKCHUHT 6apk™apopatimiu
3Hepruscu ysrapagu.

IX.2-pacmpga nuraHgnap éunad cb r>ea cP opbutan opacuga
3HT KyM 371eKTPOCTaTUK Kapn[uamk Kyuu naigo 6ynagu. dy -
opbuTanra nMraHANapHUHT TabCUpK Ky4cuspok, 6ynagn. K*onraH
d- opbuTannap aca Kyiin 3HepreTUK XpnaTHWU arannaigu.

TeTpasfpuk kKomnnekcnapga nuraHgnap dxy, chyz Ba dx
opbuTannapra sHr Kyn 3feKTpOCTaTMK KAPLWMAWK KypcaTtagu, by
eppac 2_v2Ba d 20pbuTannapKyinmaHepreTMK XATaTHW arainangu.

Nvurangnap x,0cun KANraH mMangoH KYYWHWHT nuradgnap
Tabuatura 6ornmMk mrn aHukgaHraH. Komnnekc éupukmanap
CNEKTPUHMN ypraHuw NuraHgnap Kpuctann MaifoHN KYUMHUHT
cycainb 6opuwimnra Kypa Kyingarun katopra >XOMnaHUWUHMW
KypcaTraH:

CN->NO02 >NHLXHZXZHNH2>NH3>SCN >HD >F" >

COO >0OH >Cl >Br >I



by KeTMa-KeT/IMK CNEKTPOKMMEBUIA KaTop Aeiunnagn.

KomniekcnapHWHI YYKYpPpPOK TaKWK, KAJMHULIWN HaTu-
Xacmjaa opanuk, MeTanfiapHUHI WOHNapu 6unaH nuraHgnap
opacuparn Kumésuii 60rnaHuW K,MCMaH KOBaneHT Tabuatra
N & 3KaH/INTU aHUKNaHauW.

Komnnekc 6upukmanapHu ypraHnwpga Pecnyb6nmkamms
O/IUMMIAPUHUHT XM3MaTu Hu\oaTaa KatTa. A. Llamcnes, M. A. A3zu-
308, akagemuk H. A. Mapnues 6owunnurnga apuarngpasoHnap
KOMUNEKCU KuMEcK ypraHungu. KoopanHauuoH 6upukmanap
TEPMONMU3N, HOAMP, Kam TapkaaraH \amfja yTKWH4YM mMeTannap
\ocun K,mnyBunm KOMMAeKcnap, TMoumMamaTt KOMMeKcnapu,
YNapHUHT KpucTann-kumécn sa ynap 6unaH 60rnuk, 6oLika Kkatop
macananap Tag K, KunmHgn. KoopgmHaumoH 6uprukmanapHuHT
y3nra Xoc Xycycusitnapy Kyn Taxpubanap épaMuia aHuKnaHgm.
ONHNraH KOMMNEeKCONn Ha KOMHJ/IEKCOHATNapHUHI XankK
Xy>Kanuruga Kynnanuw co\anapu Tonungu. Y CUMAWKNapHUHT
TYpAM Kacannumknapra K,apwwv uiiniatunagurad upenapatnapra
Kyluunaaw an KOMMACKCOHMap amanuéna TaTébukaTunan;okasa
CyBfapHu To3anall, 3apapau rasfapHu TyTM6 KO Ba paHrau
mMeTannapnu axpatub onuwaa Kyn kengu. By uwnapHwu
6axapuwpga, A. b. AnosutanHos, A. Kyuwokboes, X- Ikpomos,
JI. TonnHoBa Ba 60LWWIKaNapHUHT X1U3MaTu Katta 6ynau.

KMariTapuwl yuyH maTepuan

HobHunr uucuavya masmyHu. KoopanHauumoH (Komnnekc)
6vpvKManapga MeTansiap MOHUHK ypab TypyBuM Ba nuraHgnap aeb
aTasyBuM MOH KM MONeKynanap maexys 6ynagn. MeTann MOHU Ba
NVraHAnap KOMHJIEKCHVUHT KOOPAMHALMOH CepacuHN TallKU SLLan.
MeT; U noHura GMpPUKKaH nuraHg atomMmy JOHOP aToOM Aeinniagu.
MeTann noHura GUpMKKaH LOHOP aTOM/1ap COHM KOOPAMHALMOH COH
[e6 aTanagn. KoopanHaumoH Gupukmanapga 13oMepust  Xpamcacu
HaMO&H 6ynaan. BynapHWUHI cTepeousoMepusi, reOMeTPUK Ba OMTUK
Typnapv MaBXy4. KoopauHaunmoH 6MprMKManapHUHT KynriHa xocca-
napu KpucTani MainoH Hasapusic opKanu TyLyHTUpunagu.

Bo6HM ypraHuw gaH maueag,

l. MeTtannuuHr 6epuaraH OKCUANAHULW Aapaxacura Kypa
KOMM/IEKC MOHHWHT 3apALAUHN aHMKAALL.



2. bepunraH thopmynara Kypa KoopAuHaLWOH BUpuKManapHu
HOMAan onuu.

3. bepunraH Tapkubura Kypa MyMKuH 6ynraH n3omepnapHu
é3a 6unuwl.

4. CneKTpPOKMME K™aTopuUHU TaBCcunaLl

M awuy Ba Mmacananap

1. Kyingarn komnnekc 6upukmanapHun WHOMAK
HOMeHKnaTypacu 6ylinya HOMMAHT, MUKW KOOPAWHALWOH
chepacu, KOMNIEKC XOCUN KAJYBYU WOH, IUTaHAnap Ba TallK,u
cthepa noHnapuHu kypcatuur: a) K2|PtCl4|; 6) K4 [ Fe(CN)6];
B) [Ag(NH322Br; r) K [BFJ.

2. BaneHT 60rnap ycynu épgammaa aMmumak MONeKynacuHUHT
nuraHg 6yna onmwn, aMMoHMiA KaTuoHn NHMHUHT 3ca nraHg
Oyna 0IMacNUrUHN TYLWIYHTUPNG GEpUHT.

3. Nabunb (“y3rapysyaH”) Ba uHepT (“Gapkgpop”) Komn-
nekcnap 6up-6upugaH KaHgan hapknaHagun?

4. KoopguHaunoH brupukmanapga kaHga rubpugnaHuliapHm
6unacms?

5. Kyiinpgarn KoopanHaumoH 6upukKManapHuHI xap 6upuga
MeTanMHUHT MapKas3uil aTtoMy OKCUANAHMULW AapaxacuHu
KYPCaTUHT:

a) K4[Fe(CN)J; 6)Na3jCr(C 43;

B) [Pt(NH34CIZCI2 r) [Cr(NH34Br2Br.

6. [PtE) (NO2ZBr2 6upukmacm CTepeon3MepnapuHUHT
TY3UNWLW WAaKNMHN UoganaHr.

7 Taxpubanap Temup (1) Kyim cnuH xonatuga bynraHuga
YHUHT WOH paguycun 0K,0pu CWH Xonatugarura HucbaraH nact
6ynmwunHmn Kypcataum. by xonatHu KaHAan nsoXnaw MyMKUH?



SNIEMEHTNAPHUHI YMYMMWIN XOCCANAPU BA
YNAPHUHI ACOCUIA BUPUKMAJIAPU.
S - 3JIEMEHT/IAP

X.1. BUPVIHUMN FPYTIMA ACOCUI TPYTMNAYACK
SNEMEHTAAPUHUHT YMYMUIA XOCCANAPU

BupuHum rpynna acocuii rpynnavacy afemMmeHTIapu NHLLO0PWIA
meTannap ne6 aranu6, ynap Li, Na, K, Rb, Cs Ba Fr anemeHT-
napugaH néopat. by aneMeHTNapHUHT TalW KW 371eKTPOH KaBat/a-
pvaa s' aneKTpoHaapy Maexya. LLyHWHT yuyH 6y anemMeHTnap Kum-
€BUIA peakLMa NanTnaa s, 3N1eKTPOHHM OCOHTUHA AyLoTU6 Kyunu
Ka/TapyBUuM XOCCACUHWN HAMOEH KMNaamW sa LOMMO+1 OKCMANAHWLL
fapaxacura ara 6ynagu. by anemeHTnapga Li gaH Fr ra TomMoH
aTom pajguycnapu kaTTanawlaju, ammo WOH 3apagnapu ysrap-
mMaiign. LLyHWHT yuyH 6By 371eMeHTNapHWHI MeTall MK Ba Kaii-
TapyMUHAMNK X0ccanapy opTub 6opaamn. ByaneMCcHTIapHN ULWKPPUii
merannap Acl) atanwwH a cabab, ynap cyn 6unaH WwnanaTam peak-
nusara KUpuUTKUG, acoc Ba Bogopos \ocun kunagu. Xocun 6ynraH
acocnapu Kyuam nWKopnapaup.

TabuaTga yypawn. Nwkopuit metannap co xpnga rabunatga
yypamaign. KynruHa ancmeHTnapra yxwab, ynap antoMocunn-
KaTnapTapkubuga yupaingun. JIMTUAHWHT 3HT MY\MM MUHepanniapu
nenngonut K2, 2LID « AlD, « 6Si02 « Fe (OH)2 cnogymeH
Li,0 «A1D, «2Si02 am6nuroHnt LiAIPO4F ékn LIAIPOOH Ba
6owkanap. Hatpuit muHepannapu tow Ty3 NaQ, Mnabyep Tysm
Na,S04 « 10HD, kpuonut Na3-AlF6 6ypa Na2B4A 7 « HOHD,
cunbBuHUT NaCl « KC1, uunu cenutpacn NaNO03 gana wnatu
Na2) « Al 3¢ 6Si02 x,0nnga ypaiign. Kanuii muHepannapm
cunbBMHUT NaCl e« KC1, gana wnatm K2 ¢ AlD 3 « 6Si02
cuneBuH  KCl, kapHanamt KCL ¢ MgCI2 « 6HD Ba ycumMnuk
Kynu Tapkmbunga K22 03\onnga yupaiign.

Pyb6uaunin anemeHTn TabwaTha KeHr TapkanraH 6ynuwura
Kapamali, MyCcTakun MuHepannap \ocun kuamangun. Tabuarga y
KanuWHWHT Ayngown \ncob6naHunb, Typam TOr XUHCAApMK,
aliHuKca, anlomocunmkatTnap Tapkubuga yupangu. Lleswin ane-
MeHTU pybuauniira KaparaHga aH4ya cuilpak anemeHT \nMco6-
nanagn. Tapkubuaa aHr Kyn uesunii 6ynraH MuHepan- nonyuut
4Cs,0 -4Al1,0, « 18Si02 «2HZD gup.

<I>panuuin 3neMeHTW MWHepannapu Tabuatga yuypamaingu,
YHUWHT 130TONMapu CyHbUIA paBuwga \OCUN KUANHagW.
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OnuHunwn. Tapkubuga tokppuaaru anemeHTnap bynraH mu-
Hepannap 6upuHun HaBbaTAa 6ouTNNAAN (OPTUKYA XKMHCIAP YK-
KApW6 TawnaHagm). boimtuarax pyganap Tapkmbugarvu anemeHT-
NapHMW 3apuTMara éku kbaiitauwinall yuyH Kynai xonatra Kentupu-
nuneé kyiimgarn ycynnap 6unaH onMHagu:

L, <A1D 3 «2Si02+ HXS04 .. "c >
Li2S04+ A1D 3 »2Si02+ HD

X,ocun KanuHraH LiZS04Hu kapboHaTnap xonuaa yyKktupunagu:

LiZS04+ Na2C 03 — 1—> LiXO, -i + Na,SOt

Xocwn KarwHrad kapboHatnap HC1 nwtupokmga sputMara
jh-kasunnagn.

LiZ203+ 2HC1------- » 2LICl + HD + C02

Xocun KunuHrad LiO vy 11 Hucbatga KC1 Ty3u 6unaH apa-
nawTMpuG CyloK,JaHTUpUNagn Ba 3N1eKTPOIn3 KAnnHagu. byHaa
aHon cwudatmpa rpaguThaH, Karton cudatupga Temup
anekTpognapgaH doiganaHmnagu. Kartogpga Li meTanwu
KguTapunagu: Li++ e [—>Li“

AHoffa 3ca xnop noHn okcmpnaHagn: 2CIK—2 é —» C12

2.L10 <A1D 3+2Si0, +4CaC03=

= 2(LLO -A1D 3 + 4 (CaO «Si024+ C02

Xocun K AMHraH IMTUIA MUHepanu NWKPP TabCeupraa sputMara
yTkasunagn: LLO «A1D 3+ Ca(OH)2= 2LIiOH + CaO <A120r

Xocun kanuHraH LiOH aputmacu HO Tabscupupa LiCl Ty3smra
anaHTupunagu, aputmanm 6yrnatné gonrad LIiCl Ty3m cylok,-
NaHTUpUG 3NEKTPOIN3 KALIHAAW.

3. Tosaxongarv nUTWiA MeTann ANTNIA okenan LD H1 KpeMHWIA

EKV antOMUHKI 6unaH KAATapu6 onvHaaw:

2LiD +Si "'c >Si02+4L

HaTpuii MeTanu acocaH UKKW XWn ycyn GunaH onvMHagw:
1 HaTtpwii rMapoOKCUAHM CYKKAAHTUPUG, 31eKTPONN3 K-
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HHHagH. ByHfa KaToj TeMUpAaH, aHod 3ca HUKengaH sicanafu,
K.Hoaan Na voHW KaiTapunagu:

Na++ & - >Na°

AHopaga aca OH- MoHNapu OKCMANaHWG, KUCopo4 axpanuo
umKaau:

40H —4 & ——-- » TO2+2HD

By ycyn To3a HaTpuii ONMHULWIN Ba >XapaéHHWHI nacT Temne-
patypaga 0116 6opunuiun kabu aannumknapra ara. JIeKMH Xom-
awécudgarmgarn NaOH HUHITaHHAPXNMOUPMYHYA FOKOPUIUTUHY
acnaTué yruw no3um.

2. NaCl Tys3u cytoKoaHTUpunG, aNeKTponnu3 KunuHagun. by yeynaa
xomaweé cugpatmga to3a xonnarn NaCl nwnatunca, NaCl 6unaH
Na MeTafMHWUHT CYIOKNaHWLW TeMnepaTypanapy 6up-6upura akuH
6ynraHn yyyH HaTpuii MeTanuHu cod xonga axpatub onuw
aHyarnHa HoKynangaup. byHaaH Talwkapu, HaTPUAHUHT TYANHTaH
6yr 60CUMN TaXMWUHAH XaBOHWUHT TYAWUHTaH 6yF 60CMMUra SKUH
KuiimaTra ara, 6y aca HaTPUMHWHI Kyn AykoTuauwwura cabab
6ynagun. LUyHuHr yuyH NaCl tysnra NaF, KCL éku CaCl2ty3napu
apanawTupunnb, YHUHT CYHOKLAHULW TemnepaTypacuHu Ka-
ManTupn6, anekTponns kmnuHagu. Karogga Na Ba moHnapwu
KanTapunagn. by apanawma 6yrnatmnun6, xargabé Na axpatub
onnHagn. AHoaga sca C1" noHun okcugnaHagu: »

2Cl- —2&-——- »C1,°

FOkopraa Kypwb yTuaraH ycynnapHu Kanuin MeTanmHu onui
YUYyH Kynnabbynmangn. YyHKU KanuiAHWHT peakumsara KNpuLnLL
XYCYCUATU KyUnu, HULW axpannb umkaétraH Kucnopog 6unaH
Tesga OKcuanaHum6 kctagu. LLUYHWHT yuyH KanuiiHW onuwifja
Kyingarn ycynnapgan (coliganaHnnagw:

I .CytoknantupunraH KOH ékn KCl sputmacugaH KanuiiHu
HaTpuUin 6unaH CMKUG6 YnkKapunagu:

KOH + Na= K+ NaOH
KClI +Na= K+ NaCl

2. KCl Ba NaCl Tysnapu apanawmMacuHW CYHKNaHTUpu6
anekTponus kunuHagu. Katogaa kaintapunrad Na Ba K apanawma-
napv Hakyympa xanganué kKanuin axxpatnb onvHagu.



3. KC1 Ty3n BakyyMmpaa aflOMWUHWUIA EKW KPEMHWIA OunaH
KaliTapub onnHagu:

6 KCL + 2Al1 +4Ca0 = 3CaCl2+ CaO « Al1,0, + 6K
4KC1 + 4CaO + Si = 2CaCl, + 2Ca0 « Si02+ 4K

Pybuanii Ba Le3NIiHW ONWULWIHWHIE 3HI Kynai ycynnapu Kyiun-
parvnapgaH moéopar:

1 Xnopnn 6upukmanapuHu Ku3gupunb, sakyymga Ca 6unaH
KainTapunagw:

2RbCIl + Ca = CaCl12 +2Rb
2CsCi +Ca=CaC12 +2Cs

2. Kap6oHaTtnapu 8ku xnopuanapu lokopu Temnepatypaga Mg
ékn CaC2uwTnpoknaa Katapunaan:

3Mg + RbX O ,-—-->3MgO + C + 2Rb

CaC2+ 2CsCl*-——-- » 2C + CacCl, + 2Cs

Li, Na, K —meTannapu caHoatga repM&tuk 6epKUTUAraH Temmp
nauwnapga, nabopaTopmaga aca KepoCcuH octuga cakgaHaan. Rb
Ba Cs meTannapv nainBaHAnaHraH Wwulla amnynanapga cakgaHagm.

Xoccanapu. Li, Na, K, Rb anemeHTnapu okjiuj KyMyLL paHriun
AnTupok, Cs capruw-tTuana paHran, OCOH CylKnaHagurad
mMeTannapamp. Xasoga y3-y3ugaH okcugnaHagu. OKcuanaHui
XapaéHW Ham 3aBoja WufaTnm paBuwga pyin 6epagu.by
3MIEMEHTNAp WUCCUKAWKHMW Ba 3MEKTP TOKMHU AXWKW yTKazagu.
Kanwuii Ba pybuamnii Kyucus pafmoakTuB X0CCa HAMOEH KuUiagu.
®paHUMAHNHT Y30K, fillaingnraH n3oTonnapu Myk- OHI y30K
AWananmraH U30TONUHUHT ApUM EMUPUANLL JaBpW 21 MUHYTHU
TalWkKWA 3Tagn. Xamma MLWKOPUIA MeTannap Ky4dnau KahiTapys-
4nnapamp. Y NapHUHT CTaHAapT 31eKTPo4 NoTeHHUannapu maHguii
6ynnb, MyTnak kuiimatra ara. Viwkopuii meTannap X;0cun Kuarau
6upukmanapga KynuH4ya MoH 6ornaHuil maexyg. by 6ornaHuw
AMTWAZAH ue3niira TOMOH rpynna Oyiimya kamainb 6opagw.
CyloKOaHTUpUAraHa anemeHTnap noHnawraH \onatga 6ynu6,
ANEKTP TOKUHU AXWN yTKasagn. Wwkopuii meTannap MoHNapu
KOMMMEeKC GupurKManap Xpewn KuiaMangmnm, YyHKU ynapHUHT
mycbaT 3apsgniapyu Kuuuk, paguycnapu sca karttagup. byHpaaH
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|..WYdn, ynapHUHr TawkW 3M1eKTpOH uaBaTtnapupa d-
» 1 KIpoHnap maexyg amac.

bupukmanapu. MwkKopuii meTannap Bogopon 6unaH
[\n3gmpunraHga 6upnKNG rugpuanap Xpeun Kunagu:

20 + H2 ——-- » 20H (3 = Li, Na, K, Rb, Cs)

By rugpvanap noHNM naHxxapara ara 6ynraH KaTTu K Kpucrtani
moaganapgmp. vapugnapga Bogopo4 MOHM H 1aHWOH ponnHU
6axapagu. byHuW cyloknaHTupunaraH éxkwu aMmMuakun
apuTManapuHu 3neKTPOIN3 KUAULL HaTuKacmia aHoana BOLOPOA
MONEKYNaCUHUHT X,0cun 6ynuium 6unaH mcboTnaw MyMKWH.
MmopngnapHuHr Tepmuk 6apkapopnury LiH gaH CsH ra TomoH
rpynna 6yinya kamainmb 6opagu. MwKopuin metannapHUHT
rmapuagapu Kyynu katapysuunapamp. Cys 6unaH wunggatim
peakuuara Kupuwmno6 BOLOPOSHWN CUKMG YnKapagu:

9H +HD ---—--- >30H + HZ2

Kasgupunranga rugpugnap C02 6unaH 6Mpuknb opraHuk
6upukmanap \ocun Kunagm:

NaH +C02 "< > NaCOOH

Vwkopuit metannap rugpuanapuHuUHr peakumsra Kupui
xycyeuatn LiH gaH CsH ra yrraH capu optu6 6opagu. Xamma
MW KOPUWI MeTannap KNcnopog 6unaH 0CoH peakumsara Kupuwagm.
OpTuk4ya MUKAOPLAA KUCMOpO4 uwTupokuga nutuii LiD Ba
Kncman Li,02 xocun kunagu, Hatpuin aca Na,0 Ba Na,02 K,
Rb, Csnap aca 3 Ba 3D 2rapkuban oKcup Ba KyLl Nepokcuanap
\ocun kunagu.

NInTuii Ba HaTpwii OKCUANapyu paHrcu3, Kaanin Ba pyobugui
OKCMAJapu capuk, LEe3nin OKCUan aca KU3ruw Tycnm mogaanapamp.
By MeTannapHuHr nepokcugnapu guamarHut O, 2UOHUTa, KyLl
nepokcmanapu aca napamarHnt O,-1noHura ara 6ynmb, HelTpan
MonekynacufaH 60rnaHull 3Hepruacu 6unaH KucmaH dapk
Kunagn.Mepokcugnap Ba KywWw Mepokcuanap Ky4au
oKcuanoBunnapaup. Mwkopuii metannapHUHI nepokcugnapu
BOLOPOL MNEPOKCUAHWHT Ty3napu 6ynmb, cyBfa 3puwu
HaTvXxacuaa TyUK rTMaponu3naHagu:
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Xocun 6ynraH HD 2uwwikopuii MyxuTaa Te3fa cyBra Ba KMCNopoara
napyanaHné ketagu. MWKOPWIA MeTanTapHUHT Kyl MepoKCuA-
napura cyB TabCcup 3TTUPUACA, KUCOPOA axpanub Ynkaau:

4KO, + 2HD --——-- » 4KOH + 2HD + 02

WWwKopnii MeTanfapHUHT OKCUANApU CyB GUMaH AXLWIU peakymsra
KUpUWNG, rMapoKcrMaaap Xocusa Kunagu:

3D +HD ------ >2350H

VwKopniA MeTannapHUHT rMAPOKCUANapW paHrcus, cysja
AXWMN 3pUIAAUTaH, OCOH CYHOKNaHyBYM KPWUCTann Mopuanapamp.
CaHoatfa aHr Kyn uwnaTunaguraH WLLIKppAap acocaH YHBYM
HaTpuii (NaOH) Ba ytoBum kanuii (KOH) gup. By uwkppnap
Kyunu Kpuctannorugparnap 6ynraHv yuyyH xaBofarm HaMmHU 0COH
y3ura 6upmKTupun6 onagn. CyIOKNaHTUPUATaH UWKOpPAap YNHHN
Ba LUMLIANApPHW 3puTa Onagu:

2NaOH(K) + SiO,(kp) "¢ > Na2dA03k) + HD

YioBun HaTpuii TexHukaga acocaH NaCl spuTmacuHum
3M1EKTPOSIN3 KNAIMLW YCYnK 6unaH oniiHaan. ByHaa kaTog cugarnga
TEMUpPAaH, aHog cugatuga rpapuTiaH AcanraH 3fnekTpoanap
nwgatunaau.

Katopgga cyB kginTapunagun:

2H,0 +2e —— >TH, +20H

aHojda X10p MOHW OKCUANAHAAW;

Katogga kantapunmaradH Na+ voHnapu 6unaH OH  6upunknb
NaOH Hu xocun kunagn. bByHgaihk NaOH yHuya T03a 6ynmaingw,
UYHKW YHUHT Tapknbuga anektponusra yupamaraH NaCl 6ynagu.
To3a xongaru NaOH onuw ydyH, Katof cudatnga cumobpaH
thoiiganaHunagu. Y xonga Katogga BOLOPOS aXpanub uuumai,
HaTpWii MOHWU KalTapunagu:

Axpannb unkgaH Na MmetaninHu cumob y3maa spntunbd amansrama
Xocun kunagu. Amanbrama CyBAu mauvwinapra cofiMHraHga
Tapkmbuparun Na apu6, NaOH xocun kunagu.
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bnbin \onnapga NaOH Hu copa apMTMacuHM o\aknu cyB
6vnaH WUwWwnoB GepuLl yCynm opKanu ONuL MyMKMWH:

NaZC 03+ Ca(OH)2-—-- >CaC03+ 2NaOH

XamMma MLWKOpUiA MeTannap KucnoTtanap 6unaH peakyusra
Kupuwun6, Ty3 \oCcua Kunagu Ba BOAOPOLHM CUKNG YMKapa oNlagu:

3+ 2HCI1------- >23C1 + H2

Viwkopuii meTannap 03rnuHa Ku3gupuaraHga ranoreHnap
6unaH 6UpMKMG ranoreHUANapHU \ocun Knnagu:

23 +M2= 23+ Q - (T = F2 ClI2 Br2 12

MeTannapra ONTUHIYTYPT TabCUp 3TTUPUO EKM MLIKOPNapHU
BOAOPOA cynbug 6unaH HelTpannab WMWKOPUIA MeTannapHWHT
cynbuanapy Xocun KunmHagu: 23 + S--—--—- » 3,S

230H + H,S-——- >3,S+2H,0

Mwkopwnii meTannapgaH ¢akatruHa Li ogguin wapourga asoTr
6unaH 6UpMKNG HUTPUA \ocnn Kunagw:

6Li + 3N2 ———--- »2LiN

NINTUAHWHT By HATPUAM cyB 6UNaH WWAJATAM peakuusra
KMpWLLagm:

LiN+3HD -—-- >3LIiOH + NH3

Bowka wwkopuit MeTannapHWHI HUTPULNAPU HOKOPK
remMneparypaza Ba afekTp yuKyHnapu tabcupuga \ocuna KnuanHagu,
ynap ogauii wapouTtga 6ekapop 6ynraH rasnapaup. Mwkopwuii
meTannap Kyn acoc/iv KucnoTanap Kongukgapy 6unan ypta 32C03
32503 32504, 9304 Ba HOopgoH 9HC03 3HSO, 3HSO04
OH2P04, 22HPO04, 3HS Ty3nap x,ocun Kunagu. by
3N1eMEHTNAPHUHT HOPAOH Ty3nap \OoCUA KWWK Ba YNAPHWUHT
TepMmuk 6apkapopnuru rpynna 6yiinya Li gaH Cs ra kapab optn6
6opagn. Nwkopuii meTannapHUHT Ty3fapy acocaH CyBfa AXLUMW
apuinguraH mogganapamp.

XankKxXy>anurnHUHI KynruHa coxagapuia KeHr KyanaHunyBsum
cofa x,03vpru naiTaa Kyimngaru yd ycyn éunaH onmHagu:

1. Neb6naH ycynu. by ycynga ow Ty3ura KOHLeEHTpfiaHraH
cynbdat KucnoTta TabCcup ITTUPMOG HaTpuii cynbdaT Xx,0cun
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KUMMHagn. Xocun KAAnHraH HaTpuii cynbgat OXAKToL Ba KyMUp
6unaH apanalwTupunné neyga KU3AMpUNaan, SbHu:

2NaCl + H,S0,, - >Na,S0, +2HC1

W(komn)

Nazs04+2C -mm—» NaXsS+ 2CO,
Naxs + CaCO, "'c => NaZXO, + CaS

2. ConbBeii ycynu. by ycynaa oT Ty3an aMMuak Ba Kap6oHat
aHrnapua unad TydnHrupnamnb6 NaHCO, yykmara Tywmpunagm.

NaCl + NH3+ CO, + HD -——-- > NaHCO, + NHACL
UykmaHu Kn3gupub coga axxpatubd onvmHagu:

2NaHCO, - ~-¢c »NaZxX0O,+ C02+ HD

3. DNeKTPONMTUK ycyn. Ow Ty3u 3pUTMACUHU 31EKTPO/N3
KUAUW HaTWXacuda Xocun GYnraH yBUM HArpuitHW KapGoHaT
aHrMapug Tabcupuaa 4YykTupu6, CyHrpa yHu Kusgupub copa
ONVHAAN:

NaOH + C02 - — NaHCO03

2N aHCO, —'m -» NaxXlO, + HD + C02

Xocun 6ynraH C02 fAHa KakTa MMMTTUNALMN.

Nwnatnnmwn. Wwkopuid meTannap Ba YAapHUHT
6upukmanapyu OpraHukK MopfanapHu CUHTE3 KWAuWwAa,
aNtOMUHWIA NWNab YMKapuLl, WinLia Ba KepaMuK Moaganap oNuL,
CYHBbWI Tona uwnab umkapuw Ba MUHepanuTnap onuwpga
nwpapatnnagu. BaTtaHumusga KypunaétraH coga 3aBogwu
( KppakannoructoHga) 2004 iivnu mwra Tywagu.

X. 2. UKKUHYY TPYMNMA ACOCUIN TPYMMAYACU
SNEMEHTNAPUHUHI YMYMUWINA TABCUNDU

MKKMHYM rpynna acocuin rpynnadvacu anemeHTnapura Ba,
Mg, Ca, Sz, Ra knpagu. By 3aneMeHTNapHUHT TalKWU 3M1EKTPOH
KaBatnapmga s23/eKTpoHNapn MaBXya. LUYHUHT yuyyH KUMEBUN
peakuns naWTuga S231eKTpoHNapuHu 6epub, +2 ra TeHr
OKCMANAHNLL fapaXacuHW HaMOEH Kunagunap.

YnapHWUHI  KalTapyBYMAUK  XOccanapu  WULWKOPUIA
MeTannapHukura KaparaHga KyuyenspokuhoganaHraH. MKKMHum
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rpynna acocuii rpynnavacu 371eMeHTAapUHUHT WOH paguycnapu
UMMEPUn MeTanNapHUHT WOH paguycnapugaH Knumk. LLIyHuWHT
YUYyH Oy 3neMeHTNapHWUHI TUAPOKCUANApU WLWKOPWUii
MeTannapHUHI rugpokcuanapura KaparaHfa Kyuycus acoc
X0CCaeMHNW  HamMOEH kunagu. By 3neMeHTNapHUHT
rMApPOKCUMANAPUHMHE acoc xoccanapy rpynna 6yiinya Be gaH Ra
ra TOMOH opTn6 60paam, YyHKMN 31eMeHTIAPHUHT UOH paguycnapu
opTn6 6opaagun. Be(OH)2amdgoTtep, Mg(OH)2kyucus acoc, Gi(OH),
Sr(OH)2 Ba(OH)2 nap kyunu acoc xoccacura ara. Be 6unaH Mg
6up rpynnaga éHma-éH XolinawraHura kapamali, xoccanapmu 6up-
O6rpnaaH KecKuH (apk Kunagn: 6epunnnii OKCMAW Ba rmapoKcuan
amgoTep xoccara, Mg aieMeHTUHWUHT OKCUAM Ba TMAPOKCUAN 3ca
acoc xoccacura ara. byHra cabab wyku, Be HUHT MOH pagnycu
Mg HVMHT MOH paguycura KaparaHga KK MapTa KU4uK.

Bepunnwuid. bepunnnii MKKMHYM Fpynna acocuid rpynnavacmra
XolnawraH 6ynm6. Is’ 2s’3neKTPOH KOHMUrypaHusacura ara.
YHWUHT OKCUANaHuWw gapaxacu +2 raTeHr. Ik-punaniiHn 6upuHyn
6ynn6 1827 iimnga Benep 6epunnunii xnopugHwu Kanuin 6unad
KainTapnb onuwra myunagdak 6yn! aH.

TabuaTga yupawwn. bepunnunin Tabnatga acocad 6epunn Al1,03
*3BeO «6Si()2 heHUKUT 2BeO «Si02 xpusobepunn AlD 3« BeO
MuHepannapu \onnga yupaingm.

OnuHuwn. 1. Tapknbuga 6epunnuin 6ynraH pyganap 6oinvtunagu.
XM0eun KUIMHIaH KOHLEHTpaT ox"akTow 6uiaH apanawtupuine
Kyhngmpunagu, cyHrpa 6y KotuwimMa KoHueHTpnairaH H,S046unaH
nwnaHagm

Be + H,S0d

pynay

—> BeSO, + SO, + FLO

koHy)

BeS04+ 2NaOH — > Be(OH), + Na,SO(
Be(OH), 1C* BeO + H,0

BeO +2HC1--—--> BeCl12+ H,0

XOoCUn KUNWHraH 6epunnnii xnopua Ty3uHW HaTpuil xnopug
6unaH apanawTupub (CylOKNaHUW TemnepaTypacuHu
nacanTvpuw Makcagupga) CYlOKNaHTUpunagu Ba 371eKTpoau3
KunuHagw. Katogaa 6epunnunii Metann xonuna Kantapunagu.

2. BepnannnHuUHT hTopAn GUPUKMACUHU UHAYKUUOH 31eKTp
Heunapfa marHuii 6unaH KainTapub mMeTan JOAUAA 0NN MYMKWH:

BeF, + Mg— > Be + MgF,



Xocun 6ynraH Be metannuuu 1300° ga cytoknaHTupub MgF2
LWNaKuaaH axpartmnagu.

Xoccanapu. bepunnuii rekcaroHan Kpuctana Ty3uauwra ara
OynraH, KynpaHr-KymyLLICMMOH ANTUPOK METaN/. Y CcyBja Ba 3aBoja
BeO x,0nuga tonk,a napga 6unaH uonnaHagu. Oaauii wapouTaa
X/I0pUA Ba KOHLEHTpNaHraH cynbar Kuciotanapu, xamia
uwKopnap 6unaH peakumara Kupuwmob Tysnap Xocun Kunagu.

Be + 2HC1-— >BeC12+ H,
Be + 2H S0 4ygiy— >BeSO4+ SO p+ 2H0
Be + NaOH-—> Na2Be02+ H2
Be + 2NaOH + 2H ,0 > Na2Be(OH)4 + H2

BepunnuiAi  KOHUEHTpnaHraH KucaoTa TabCcupupa
naccuBnaHagu, cyrontupuarad UNO, fa axwu apuiign.

4Be + 100 HNO3-—" 4Be(NO,)2+ NHAN 03+ 3HD

Bepmnnuin kmsgupunradga N2 R S Ba ranoreHnap 6unaH BedN2
Be3 P2 BeXC, Bel2Tapkubnu 6uprkManap Xocun Kunagu.

BEPUNTNN BUPUKMANAPU

Bepunnuii okcng BeO —amdoTep xoccara ara 6y/raH, OKopu
TemnepaTtypaza CylKyLHYBYM, CyBAa 3pMMaiAnraH OK paHrim
KyKyH. Y IOKOpY XapopaTaa CYHKYLWHTUPWUATaHha KUcnoTanu Ba
acocnu oKcuAnap 6unaH peakymsara KUPULWNG Ty3 XOCUN KUNAaU:

BeO + Si02 - » BeSi03.
BeO + Nad ------- » Na2Be02

Bepunnnii okcuan KallHOK KucnoTanap Ba uwkopnap 6unaH
peakuuara KupuiLaan:

BeO + HC1-—-- » BeCl2+ HAD
BeO + HS04 ——-- >BeS04+ HD
BeO + 2NaOH ------- >Na2Be02+ HD
BeO + 2NaOH + HD ------- > NaZBe(OH)4

Bepunnuii okcMan yTra Ba MCCUMKIMKKA YMAAMIM WKwa Ba
YMHHWM MaTepuanfapHu onulida, aToM TeXHUKacuaa, OpraHuk
MOAAANapHN CUHTE3 KUNKLWAA UW AATUNAAN. Bepunauii rmapokeuns
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Be(OH), amoTep xoccara ara 6ynraH, cyBaa apumainguraH ok
paHrnM 4yykma. Kucnota Ba acoc xoccacura ara 3KaHAMTUHU
Kylingarn cxema 6unaH TyWYHTUPUL MYMKUH:

o H1 [OH]
Be+2+OH~ <=> Be(OH)2 <~— » 2H++ Be022

W yHuHr yuyH Be(OH)2 kucnotanap Ba uvwkopnap 6unaH
peakumara Kupuwagun:

Be(OH)2+ 2HC1 -» BeCl2+ 2HX
Be(OH)2+ HXS04 BeS04+2H2D

Be(OH)2+ 2NaOH -» NaZBe(OH)4

Bepunnuii Hutpng —Bc3N2 xyga KaTTWK, T[OBOpK
TemnepaTtypaja CyloK/laHaguraH paHrcus -Kpucrtann mogjaa.
KusgupunraHga cys Ba KucnoTanap tabcupua napyanaHagu:

BeaN, +6HD ——-> 3Be(OH)2+2NH3

BedN2+ 6HC1-— > 3BeC12+ 2NH,

Bepunnuin rugpng BeH2 —kyunn kaliTapyBum xoccara ara
6ynraH nonumep mMogaa. YHu BeCl2raagup aputmacuga LiH tabeup
ATTUPMG XOCUN KUJTULL MYMKUH:

BeC12+ 2L iH-—--> BeH2+ 2UC1 |

BeH2 cyB Tabcupmnga OCOH napyanaHu6 BOLOPOS axpanmb
ymkKagu.

BeH, +2H ,0— > Be(OH)22H2

BeH2 amoTep xoccara ara 6yaraHuW yyyH WIIKOPWUIA Ba
Kucnotanu rugpugnap 6unaH 6upuknM6 Komniaekc 6upukmanap
Xocun Kunagu:

BeH2+2LiH —/ U2[BeH4

BeH2+ SiH4 ---—- > Be[SiHf]

Bepunnuin kapbugnap BeC2 Ba BeZC —6epmnninii KyKyHUra
loKOpKM TemmnepaTypaja auetuneH éku 6Gepunnuii okcuaura
yyrnatuaraH Kymup Tabcup aTTMpMG XOCun KUANHagu:
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2Be0O 3C BeZC + 2CO

Bepunnuii kap6uanap cys 6unaH WWALATAN peakuusra
KNpULWaan:

BeC2+ 2HD — > Be (OH)2+ C2H2
BeX + 4H ,0-— > 2Be (OH), + CH4

Bepunnuii htopng BeF, - cyBaa 0COH 3puiianraH, LWnLLIACUMOH
6up Heya mogudukaumsara ara 6ynraH Mogda, y MWKOpPUit
MeTannapHuWHr gTopuanapn 6unaH cyefa AXWMW 3puiiguran
KoMMnnekc 6upukmanap \ocun Kunagu:

BeF, +2N aF-—> Na2[BeFJ

Bepunnuii xnopug BeCl, cyBga axwu rugponusnaHagmu,
paHrcus KpucTann rugpaT moaganap \ocun 6ynagm:

BeC12+ HAO--—--> BeOHCI + HC1

BeOHCI + H ,0 — > Be (OH)2+ HC1

LWyHra kypa 6epunnuitHuHr Be (N 03, Ba BeS04kncnopognu
Ty3napu maBxyg.

Bynap KynruHa Tysnap 6unaH Kylanok 6upukmanap xpcun
Kunagu:

BeS04+ Naxs 04— > Na, [Be(S042]
BeCO, + (NH4,CO,-—> (NH)2Be(C032

Bepunnuii Tysnapu Masacu WMPWUH rabmra ara 6ynuwura
KapamacgaH 3a’apnu moaganapamp.

WNwnatunuwn. Bepunnuii BayHUHT 6UpUKManapu NcCMKAMKKa
Ba yTra Ynjamnu, wwuwa, Kepamumk Oylomnap onuvwpaa, LEMEHT
caHoaTuga, TM6OMET, KULWWNOK Xyxanuk 3apapKyHaHganapura
Kapwn kypawuwpja, TYKUMavYnaAmMK, KOHAUTEP caHoaTuia Ba
OpraHuK MoadanapHu CUHTE3 KUAULWAA nwnaTunagm.

MarHuin. MarHUAHWHT 3NeKTPOH KOHpurypaumusacu 1s22s22p6
3s2aup. Tosa x,0narga MarHuiiHu 6upuHYM 6ynnb 1829 nnn
A. Broccn axpaTtunb onraH. Taptub pakamm 12, atom maccacu 24,312.
MarHuinHuHr yuTta 6apkapop usotonu masaym: Mg, * Mg, * Mg.



TabuaTga marHuini acocaH cunukatnap Mg2Si03 — onuBMH
MuHepanu \onnga, kapb6oHatnap —gonomut CaMg (C032 Ba
marHesut MgCO, MmuHepannapu \onuga, xaopnanap —kapHanamT
KCl « MgCI2 »« 6H,0 muHepanu \onupa yuypaign. bByHgaH
TalwkKapu, LeHrn3 cyenapu Tapkmouga MgCl2gonvna yupaingm.

OnuHnm. 1.Tysnapyu KC1 m MgCI2 « 6HD ékn MgCI2 Hu
CYIOKYTaHTMPUG 3MEKTPOAN3 KUAWLW YCynn 6unaH onvHaam. byHaa
KaTogga Mg apkuH \onga, aHogga aca Cl2axpanub unkagu.

2. MeTannotepMmuk ycyn. by ycynga Bakyym 31eKTp rnednapuja
1200-1300° ga Ku3gupunraH AONOMWUTHU KPeMHWIA 6unaH
Karitapnb onuHagm:

2(CaO «MgO) + Si CaXsi04 + 2Mg

3. YrnepogotepMuK ycyn. by ycynga marHuii 6uprkmanapm
tOKOpM TeMuepaTypasa Kusgupunub, okcuanapra aiinaHtupunagm
Ba YyrnatunraH Kymup 6unaH katapunagu:

MgCO, MgO +co 2

MgO + C Mg + CO

Xoccanapu. MarHuini OKUW-KyMyLWpaHr, SATUPOK, acoc
xoccacura ara 6ynraH metann, smunuru 1,74 r/cm3, cytoknaHuL
Temnepatypacu 650 "C, kaitHaw Temnepatypacu 1103 °C. MarHui
3aB0oja OKCMANaHMG, xupanawagm, y3 upnkmanapmga \amma saH T
WKKW BaneHTnn 6ynagn, KOOpAUHALNOH COHU 6 ra TeHr.

MarHuii CoByKCYyB 6unaH Xyga cycT, KaliHOKCYB 6unaH Te3ga
peakumara Kupuwagun:

Mg + 2H ,0 —> Mg(OH), + H2

MarHuin HF Ba H3P 04kucnoranapga kam apuiign. HC1, H2S504,
HNO, kncnoTtanapmga axwm apuingu:

Mg + 2HC1—> MgCI2+ H2

MarHuii mwkopnapga apumaign. MarHuin kusgupunraHga
KynruHa metannap tabcupuga Mg,Al2 Mg3sh,, Mg2Pb tapkun6nu
MHTepMeTann 6upukmanap xpewn kKunagu. ByHpaH Tawkapu,
MarHuii Kuagupunradga KynruHa metannmacnap 6mnaH 6Mpukuno
MgSi, Mg,P2 MgS, MgCl, Tapknbnn 6uprukManap Xpemn Kunagu.
MarHuii Bo/topog 6unaH oaavii wapoutga 6upmukmaign. ®akat
200 aTtmocepa 6ocummupga Ba 570 "C pa KaTtanusatopnap
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nwTnpoknga 6upukagn. MarHMAHUHT BOZOPOLAN BMPMKMACK
acocaH bmnsocuTa ycyn bunaH onuHagn. MacanaH:

Mg (CH32A M g H 2+C2H4

MarHuii rngpug MgH2KyKyH xonngarn KymywpaHr KaTTuk
mMofAa, CyB TabCcupufja OCOH napyanaHagu. ANOMUHWIA Ba
6epunanii rugpugnapura KaparaHga tepmuk 6apkapop. byHaaH
TaHWapu, MarHUMHUHT Tugpug-6opatr Mg[BH4], Ba ruagpma-
antoMuHat Mg[AI426nprnkmanapy XxaMm MabyM.

MarHunii okcupg MgO — Kopu TemnepaTypajga
CYIOKNaHajuraH, acoc xoccacura ara 6ynraH OKTyc/nm Kpuctan
mofaa. TexHuMKaga acocaH MarHuii .kap6OHaTHWHI TepMUK
napyanaHuLLIM HaTmxKacuia oNuHagn:

MgC03— > MgO + CO02

MarHuin okcupa KailHOK CyBfa XyfAa 03 apuiigun, Kucnotanap
6unaH peakuusara KApMLWING Ty3 XPCUN Kunagu:

Marnuii rugpokeng Mg (OH) 2—cyBpaa kam apuinguraH, acoc
xoccacura ara 6ynaraH KpucTtann moafa. MarHuii rugpokcug
aMMOHWIA Ty3napmaaH aMMUaKHU CMKNG YmKapa onagu:

2NH4CL + Mg (OH)2--—-—-> Mgd2+ 2NH3+ 2HD

Marnuii xnopug MgCl, —oKTasgpuvK Ty3uanwra ara ynraH,
MOH 60rNaHUWAN OK Tycnum Kpuctann mogja. MarHuii okcug
KYMUP MWTUPOKMAA Xopnall ycynu 6unaH onvHagu:

MgO + Cl + C MgCI2 co

MarHuin xnopug kpuctann rugpatm MgCIl2 « 6HD peHrums
CYBNApUHU KYPUTULL YCYNKN 6UNaH ONNHAAN.

Marnuii cynbhaT MgS04—ok Tycim KykyH. CyB Tabcmpuga
moHorugpat MgS04-H,0 Ba rentarugpat MgS04-7HXD xocun
Kunagn. MarHuii cynbat uwKopuin MetannapHUHT Ty3napy unan
Kyiingarn Kywwanok Ty3napHu Xocun Knnagu:

KC1 « MgS04 « 3HD; K2504 » MgS04 « 4H,0;
K2504-MgS04 «6HD; K,S04 «2MgS04;

Naz2S04 « MgS04 «4H2D; 3Nazs04 « MgS04
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MarHuin HuTpat Mg (N032 «6H2 —cyBga axwm sapuinguran
rMrpockonuk mogaa. Tepmuk 6ekapop 6ynraHu yuyH KusgmpraHga
MgO xecun K,unné napyanaHagm;

Mg(N032 +6HD -— > MgO + NDs+6HD

MarnHuii kapbug MgC2—kanbunii Kapbuara MarHuii xnopug
rabCcmp aTTMPULL HaTuXacmpaa xocun bynagw:

CaC2+ MgCI2 MgC2+ CaC12

MarHuii Kap6uT cyB Tabcupuga WngaaTnAM napyanaHué
aLeTUIEH XOCUN KUnagu.

MgC2+ 2HD —> Mg(OH), + C2H2

MarHuii HuTpug MgadN2— marHuitHM asoT aTmocgepacuga
KN3AUPULL HaTUXKacuga Xocun KunuHagm, cys Tabcupuga aMMmak
XOCUN KNAn6 napyanaHagu:

MgjN2+ 6H2D --—> 3Mg (OH)2+ 2NH,

MarHuiiHn Kopuga KenTupuaraH Gupukmanapupgad
Talkapu, YHUHT cyBAa éMoH apuiigurad Tysnapy Mg3(P042
Mg3As042 MgC03 MgF2xam 6op.

Nwnatnavwmn. MarHunii BayHUHT GUpUKManapy HTepmeTan
GuprKManap Xocus KUNWUWAaa, paketa TeXHUKacuia, Kepamuka,
Wrwa Ba LEMEHT 0NN AR, TYKUMaUUINKAA, a44MKTOW ONnwaa
nwnaTunagu.

Kanbuuini rpynnavacu anemeHTnapu. Kanbuuii rpynnavacu
anemeHTnapura Kanbyuii Ca, cTpoHuuii Sr, 6apnii BaBa paguii Ra
Kupagun. by aneMeHTNapHUHI TalKK 371eKTPOH Kaeatnapuga s2
3NeKTpoHAap maexyg. pynna 6yiinya 3neMeHTNapHUHT aTOM Ba
MOH paguycnapu optnb 6opagn. LLUYHUHT yuyH By anemMeHTNapHUHT
aKTUBNUIU Xam opTub Gopaam.

Tabuartga yypawmn. Ep koburuga KanbLWiAHWHT ONTUTA, CTPOH-
UMIAHWHT TypTTa, 6apuitHMHT eTTuTa H6apkapop u3otonu 6op.
BynapgaH aHr kyn TapkanraHnapu Ca, S Ba Ba napgup. Paguii
pajgnoaKTUB 3N1eMeHT ByNraHn y4yH YHUHT 6apKapop usotoniapu
yK- JTeKUH CyHbWIA paBuLLa XOCWT KUMHTaH CaKKKU3Ta pagnoak-
TMB M30TOMMapn Mab/yM.

Kanbumnini cp Koburnga sHr Kyn TapkairaH anemeHTnapgaH
\ucobnaHagn. Tabuatpga acocaH cunukatnap CaSi03 Ba



antomocmnukatnap CaO « A1), m2SiO, \onupga yupaigu.
BynapgaH raivkapw, kanbumnini kap6oHat CaCO,, aHrngput CaS04,
runc CaS04 « 2H,0, ¢nooput CaF2 anatnt Ca5P04),(E CI,OH)
Ba hochoput Ca,(P042nap \onnpga yupaingn. bapuini Ba
CTPOHUMiNap acocaH cTpoHUUT SrCO,. BuTeput BaCO,, UenucTuH
SrS04, 6aput BaSO, muHepannapu xpauga yypaign. Pagwin aca
ypaH pyfacu Tapkubuga KucMmaH y4upaingm.

OnuHuwmn. Kanbunii, cTpoHumWid, 6apuin meTannapyu 6UpUHYIM
mapTa X3BW TOMOHUAAH 3/1eKTPONN3 KAANG ONIMHIaH. DNeKTponn3
KMV KapaéHuaa yNnapHUHT Ty3napu lKopu Temuepatypaja
cytoknanTupmnagun. Karogga metannap axpanub6 umkagn. by ane-
MeHTNap TY3MapuHU CYIOKYLWHTUPULILAR YAPHUHT CYHKAAHULL
TemnepaTypanapuHy KamanTupuil yuyH 6ab3v Ty3napgaH oiiga-
naHunagu.

ByHfaH Tawkapn KanbLuil, CTPOHUMIA, 6apuil meTannapuHu
Bakyymfa aftoMoTepMus ycynm 6unaH \aMm oM MyMKUWH:

CaCo, CaO +C02
6Ca0O +*2Al'—> 3Ca0O «A1D, + 3Ca
BaCO, + C BaO + 2COr
3Ba0O + 2A1 A1,0, + 3Ba

Xo3umpru naintpa 6y 3neMeHT KapoupnapuHu HKOpK
Temuepatypaja napyana6 onuw ycynum \am mabnym. byHpa
anemeHTnap 6yF xonuna yunb ynkagn, yriepog aca KaTTu K rpaut
\onnpga konagn. Metann \onngarn paguintin 1910 innga Mapwms
Kiopn Ba AHAp3 [ebbepHy TomoHngaH RaCl, Ty3n apuTmacmHm
3NEKTPONN3 KUIUW ycynu 6unaH onmHraH. byHaa cumob6paH
AcanraH Katoj Ba nnatuHa 6unaH vpupuii apanawmacujaH
TaliépnaHraH KOTUWIMaAaH ficafiraH aHoAuaH (oiganaHuarax.
KaTtoggarn cumo6Hu 700 °C ga Bogopon okmmmu 6unaH \aiigab,
pagunin To3a x o/mga aXxpaTné oNnHraH.

®un3nk xoccanapn. IKKMHYM FpynnaHyMHE acoCcuil rpynnavacy
anemeHTnapu (6epunnvitHM WUCTUCHO KWUAraHga) metani
xoccanapura ara. 9pkuH \onga KyMmywpaHr — OK, HOMLWOK
moaganap 6ynm6, nwkopuii metannapra KaparaHga KaTTUKpOK,
3puW Ba KalHaw Temnepatypacu aHya tokopuaup. PaauiigaH
60oLWKa 3/1eMeHTNap 3UUAnry byiinda eHrnn MeTannapra Kapagu.
Bepunnuii y3 xoccanapu 6unaH antOMUHWATa, MarHuii aca



Xoccanapu 6unaH TOK, rpynnadya afemMeHTapu, aiHuKca pyxra
AKMH Typau.

Kanbuuin 850(C ga apwuiign, xgBofa okcug napgacu 6unad
KpnnaHagw, Kn3gupuaraiga Kusruw anadra 6epm6 éHagu. bapuii
710(C pa spuiigmn, 1638°C ga KaiHaigu, suunuru 3,76 r/cm3
CTPOHUMAHWHT 3puw TemnepaTtypacu 770HC , KpiiHaw
remnepatypacu 1380°C , 3uunurun 2,63r/cm

Knmésnii xoccanapu. By meTtannap akte metanaMacnap 6unat
ofargarv wapoutga 6upukagn. A3oT, BOLOPOL, Yrnepos, KpeMHui
Kabu Metannmacnap 6unaH 6up 03 KM3gupuaraHja peakuuara
Kupuwagun. by peakumsanap UCCUKIUK axpanub ymkmw 6unaH
6opagu. by meTannap KusgupunraHga KynruHa metaniap 6unaH
OUPUKNG MHTEPMETaN BUpUKManap Xpeun kunagn. MetannapHuHr
peakumara kmpuwuw xycycmatu Ca-Zr-Ba-Ra xolinawmw
Katopuga optnb 6opaau.. By anemeHTnap CoByK CyB 6unaH Xam
peakuuara knpuwagn. Peakuuara kupuwmw xycycmatn CagaH
Ra rayrraH capu optn6 6opagu:

Ca+2HD -— >Ca (OH)2+ H2

By anemeHTnap kucnotanap 6unaH wuagatam peakuymsara
Knpuwagu, nikKopnap aca Tabcup aTMainam.

Bupukmanapu. Kanbuuii rpynnayacu afemeHTnapyu KUMEBNIA
6ornaHuUWHUHT xpcun 6ynuwnga f-opbutannap karra ponb
yiHarign. LUyHWUHT yuyH 6y 3feMeHTNapHUHT KOOpPAMHAaLMOH
COHNlapu 6 Ba 8 ra TeHr 6ynaaw.

By anemeHTnapHn 3H2Tapkmbnu rugpugnapu mavnym. by
rMAPUANAP TalKW KYpPUHWULIW Ba Xoccanapu OunaH MLKOpWii
MeTannapHUHI rugpugnapura yxwatu. JIeKUH yNapHWHT
napyanaHvw TemnepaTypanapu 6upmyHya tokopu. by rugpugnap
CyB TabCcupuja Tes napyanaHagu.

3H2+ 2HD -» 3(OH)2+ 2H, (3 = Ca, Sr, Ba).

Okcugnapun Ba rugpokcugnapu. by anemeHTnap 30 Tapkubnu
OKCUANap Xocun Kunaau. dNeMeHTNapHUHT OKCUAIapu ynapHUHT
KapboHaTnapuHM TepMUK napyanaw ycynum 6unaH \ocun
KunnHagw.

3c03N-"30 +co,

SNeMeHTNAPHUHT OKCUANAPW HOKOPW TeMMepaTypaja cytokaa-
naguraH moaaanapaup. CytokaaHuw Temnepatypanapyu CaO aaH



BaO ra ToMoOH kamalinb 6opagu. by okcmuanap KusgupuaraHga
cyBga apub, 3(OH)2Tapkmbnu acoc xoccacura ara 6ynrad
rMApoKcuanap Xpcun kunagu. by rugpokcugnapHuHr cyefa
apuwmn Ca(OH)2paH Ba(OH)2ra kapab optn6 60pagm.

Kanbuunii rpynnavacu aneMeHTnapu \am nwKopuii MeTtannap
Kabw kucnopog 6unaH ok, paHrnn 3 02Tapknbau nepokcuanap,
capuk paHrnm 3 04Tapknbam Kyl nepokcugnap X,0cun Knnagu.
By 6upukmanap afieMeHT rmapokcuanapmra BogOpos nepokcug
TabCUp 3TTUPULL BUNAH XPCUN KUSIMHAAN:

3(0OH)2+ HD2— > 302+2H,02

YNnapHWUHT Mepokcugiapyu cys Tabcupuia ocoH ruaponnana-
Hagu Ba KucnoTanap 6unaH peakymsra Kupuwagu.

302+ 2HD = 3(OH)2+ HD 2
902+ HS04= 3504+ HD 2
904+ haod= 3504+ HD 2+ 02

By aneMeHTNapHWHI ranoreHugnapuian Kanbuuii @ropug
CaF2 Hu, kpucTann xpnatugarn Kanbuuii kKapboHaTHU PTOpPUA
KucnoTa 6bunaH Helitpannab ,\ocun kunagu:

CaCoO, + 2HF-—-> CaF, + HXO,

CaF2 cyBna KniUH 3puidgMraH OCOH KOM/IOWMZ 3pUTMa XPCu
KunaguraH KykyH mogga. CylonTupuaraH Kucnotanapaa apuMaiign,
NEeKUH KOHUEHTpPMaHraH KucioTanapaa apuiiam:

CaF2+ HXS04-—> CaS04+ 2HF

SrF2Ba BaF2onnHuwm Ba xoccanapu 6unad CaF2ra yxwawgup.
YnapHuHr xnopugnapn 3C12tapkubra ara. by 6upukmanap ane-
MEHTNapHMHT KapboHaT GUpMKManapura xiopug KucnoTta rabeup
3TTUPMNG XPCUN KNSIMHAAN:

3CO, + 2HC1-—> 3C12+C02+ HD

DNeMeHTNapHUHT X/I0pPUANapu Ky4aum KpucTanarugparnap
6ynraHn ca6abnu ynapHuHr aputmanapu byrnatunraHga BaCl2 e
2H2D, CaCl12 « 6HA, SrCl2 « 6H2D \onupa KpuctannaHagm.

By anemenTnap 3(NO,)2Tapknbau HuTpatnap \ocun kunagm.
Y napHUHTr kapboHaTnapmra HATpaT KUC0Ta Tabeup aTTupné Ekun



044V anMallMHULI peakuuacyu HaTumxacuia HUTpaTnapu X,0cun
KUInHagm:
9C03+2HNO03-—-—--> 3(N032+ CO, + HD
EKn
3C12+ 2NaN03-—--> 3(NO,)2+ 2NaCl
Kanbunii kap6oHat CaC03—ok, Tycnm CcyBfa Xyga Kam
apuiiguraH, TepMUK napyanaHaguraH mogna. Tabmatna oxakToL

Ba MapmMap X0NuAa XyAa Kyn yupaiian. Krcnotanapaa Ba aMMOH Ui
Ty3/napuga oCoH mapyanaHagu:

CaCO, + 2HC1 — > CaCl12+ HD + CO02

CaC03+ 2NH4C1-—> CaCl2+ NH3+HXD + CO02

OpTuKYa ONIMHraH Kap6oHaT KucnoTa Ba CyBfa AXLIMK
apuingnrad 6nokapboHaT GUpUKMara annaHagu:

CaC03+ HX 03-—> Ca(HC032

CTpoHUumin KapboHaT SrC03Tabnatga poMm6UK Ty3uauLra ara
6ynraH CTPOHUMAHUT MUHepanu xonuga ydpaingn. by muHepan
TeXHUKaga acocaH SrS04 HM maxcyc neuynapfa CylKNaHTupmo,
cofa TabCup 3aTTUPULI Aynn 6unaH oNnHagw:

SrS04+ NaZl 02— > SrC03+ Nazs04

Tosa xonatgarum cTpoHumii SrC03Ty3napu aputmanapugaH
aMMOHWI KapboHaT TabCcupuaa YyKTupno6 onnHagm:

SICI2+ (NHAHZ 03—-> SrCO, + 2NH4CL

Bapwii kap6oHaT BaCO,—Ttabnartaa acocaH BUTEPUT MUHEpPan
xonuga yypagu. TexHukaga BaC03uKKM xun ycynga oiMHagu:

1.BaS04 ra okopu Temnepartypaga 4yrfiaHTUpUAradH Kymup
Tabcup aTTMPMG, Xocun 6ynraH BaS sa C02 HM cyB Tabcupupa
KOHAeHcaTNab XxoCcun KNanHagu:

BaS04+ C *H> BaS+ C02

BaS+ C02+ HD — > BaS04+ HXS

2. KykyH xonatgarn BaS04ra tokopu Temnepatypa Ba 6ocumpa
Kanuii KapboHaTt Tabcup aTTMpn6 BaCO03onuHagm:
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BaS04+ K2Z03--—--> KXS04+ BaC03

BaCO0gxyna TepmMuK 6apkapop 6ynun6, tokopu Temuepatypaaa
napyanaHagm: 1400°C
BaCO,~">" BaO + CO02

Bapwuii kapboHaT KapboHaT Kuc/oTa Tabcupuia cyBga OCOH
apuingm:

BaC03+ HX 03-—-->Ba(HC032

Kanbumii cynbthat CaS04—Fabuataa CyBCM3 aHTMAPUA X4Unaa
Ba cyBAu runc CaS04 « 2HD \onmpa yupaingn. CTpoHuWii
cynbatr SrS04 3ca Tabuatga UeNMCTUH MUHepanu Ba bapwii
cynbpat BaS04 gonuna yupaingn. by 6upukmanap cyBga Kam
apuiiguraH mogganapamp.

Tabuwnii cyBnapfa KanbLuii Ba MarHuii Ty3NapuHUHT 6ynnium
CYB KaTTUKAWTMHW BYXyAra kentupagu. by aca tabumnit cysHu
TeXHWKafa MwWwnaTuwra KynuHya TyeKUHANK Kunagu. Tabuuii
CyBfa acocaH JOMMWIA Ba MyBakAaT KaTTUKAMKNAp Ky3aTunagu.
Tabunin cyB Tapkmbuga Kanbuuii Ba MarHuin rugpokapboHar
MoHnapu 6ynca mMyBakXaT KaTTU*yLIK, Cynb(aT Ba XJ0puj
MoHNapu Bynca 4OMMUIA KATTUK IMKAA BYXXY/Ara Kenagu.

Tabunini cyBNapHUHT KaTTUK MUTAHN WKKW XUN: QU3nK Ba
KMMEBWI ycynnap 6unaH MyKpTULW MYMKWH. Tapkubuga rugpo-
KapboHaTnap 6ynraH KatTUK CyBHW KAWHaTUW Kynu 6unad
nykoTunagu. byHaa rugpokap6oHatnap spumainguras kapboHar-
napra annaHm6, Yykmara Tywagu:

Ca(HCO32*-> CaCO03# +C02+ HD

CYBHWHI KaTTUKTUTMHU KUMEBWIA ycyn 6unaH iykoTuwaa
Tapknbuga C022 Ba OH” noHnapm 6ynraH apuTmanap 6unad
MWNaHWG, KanbLyuii Ba MarHWinga UMIAWH 3puingurad Tysnapu
\onunpga vyykTrpunagn. KynruHa nonnapga CyHaMpUAraH ox,ak éku
coja uwnaTunagu:

CaS04+ NaZ 03= CaC03+ NaZ04
Ca(HC032+ Ca(OH)2= 2CaC03+ 2H,0
MgS04+ Ca(OH)2= Mg(OH)2+ CaS04

Xo3upru paBpAa TexXHWKafa CYBHUHT KaTTUKAWTUHU
MYKOTWLLIAA NOH anmMalTUpULW ycynuaaH goiiganaHnaMokga. by
YyCYNn CyB Tapkubupgaru WOHMAPHW CYHbWIA ONMHTAH Kyn
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MOJIEKYIaHU MOHUTNAP BuiaH anMawTUpuLIra acocnaHrad. ¥ pux
anMaluTMpunaéTrad noHnap Tabuatura kapab MOHMTNAP KATUOHUT
Ba aHWOHUTNapra 6ynuHagu. ANOMOCUANKATNAp, MacanaH,
NaZAISID § « HD kaTuoHuTnapra mucon 6yna onagn. Kartmk
cys OunaH anloMoCUAMKaTnap opacuparu  MoHnap
anMallMHULIMHW Kyingarn cxemMa opKanu KypcaTul MyMKUH:

NaR +Ca (HC032-—--> CaR +2NaHCO03
NaZR + CaS04-—--> CaR + NaZxs04

by epga, R—mypakkab antomMocunamkat aHUOHU, AbHU
([AISID § -nHD)-2amp.

WMwnatnnuwu. by anemeHTNap Ba ynapHWHr 6upmkmanapu
Kepamuka, Wwuila, LeMeHT caHoaTuaa, Kypunuw matepuannapu
onmuwga, 6yEkunnmkaa, OpraHMK MogaanapHn CUHTE3 KUanwaa,
KaTanusatop Taiiépnaluja, MeTannyprus Ba UHTepMeTann 6upumk-
Manap onuwaa nwaatunagun. Kanbuuii  KynruHa KWivH apuidgm-
raH meTannapHu KgWtapuwga my\um axgmusaTtra ara. by iyn
6unaH TOpwWiA, BaHagWi, LUPKOHWIA, 6epunnnidi, HMOBWIA, ypaH
Ba TaHTan kKabw meTannap kKantapunagu. KanbuwuidgaH muc,
HUKenb, 6poH3a Ba Maxcyc nynaT Taiépnawga \am ¢oligana-
Hunagn. CTPOHLMIA MeTannapHu Tosanawja XvW3maT Kunagu.
Mwucra KywunraHaa yHUHT KaTTUKAUTY opTagn. Pagnil Ba yHUHT
6upukManapu Hyp KaliTapyBuu OGyéknapHu Taiépnawpa,
TMOOMEraa, KULWMOK XY>XXannruja Ba pafoH OnvlLAa uwaatunagu.

X.3. YUYNHUMN TPYTMNA ACOCUI FPYMMNAYA
SNEMEHT/NIAPUHUHT YMYMW TABCU®DU

[aBpunii cMcTeMaHWHI YYMHYM acocwii rpynnayvacura KeHr
TapkanraH 6op B, antomuHnin Al, 6upmMyH4Ya Kam TapkanraH
rannmin Ga, nHguii Jn, Ba Tannuii T1 anemeHTnap kupagu. by
3/IEMEHT/NIAPHUHI TallKW 3MeKTPOH KaBaTnapupga s2 e pi
anekTpoHnapn maBxyg. LyHUHr yuyyH 6y anemeHTnap
Y3NapUHWHT TAlWKW 3N1EKTPOH KaBaTnapugaru yuta 3fieKTPOHHM
NykoTnb, +3 OKCUANaHMW JapaxacuHn HaMOEH Kunia onagw.
dakart Tanuii +3, +1 OKCManaHMW AapaxacuHW HamMOEH Kuna
onagun. byHuHr cababu anemeHTNapHUHI aToM paguycnapu B-Al-
Cia-InTa kaTopu 6yiinab optn6 6opnwNAgMpATOM pagnyc opTraH
capuv S-3fieKTpoHnap 6unaH p-afeKTPoHNap opacuia aHepreTuk
ainmpma Kydas 6opagn. LLIYHVHT yYyH TanNAHWUHT P-3/1EKTPOHM
6upnMHUYM HaBbaTha BasiEHT 3/1EKTPOHra alinaHmb ketaaw.



YumHuM rpynna acocuil rpynnavya 3nemeHTNapuHUHT OKCUA
Ba rmapokcuanapuHuHr acoc xoccanapm Al (OH)3- Ga(OH)3-
Jn(OH)3- T1 (OH)3 kaTtopuga Ky4ainmb, Kucnotanm xoccanapwu
KyucunsnaHuo 6opagn. YyHkn Al 3gaH Tl 43ra yTraH cailMH MOH
paguycnapu kattanawmbé 6opagu.

TannuiiHWHr T10H Tapkn6am rugpokCcMAanM Kyudnum acoc
X0CCacuMHU HamoéH K™nagn. YyHkn T1+ MoHM KaTTa paguyc Ba
KU4YMK 3apsagra ara.

Bop. BOpHWHT TalKy 3NMeKTPOH Kasatuga s2 * planekTpoHnap
MaBXyf,. Y HUHT MKK1Ta Tabuuii 6apkapop |06B, 158 n30Tonm Mabiym.

Tabuatga yypawn. bop Tabnatga spknH Xgnatga yydpamangu,
KYNUWHYa YHUHT Kucnopog 6unaH \ocun KuaraH 6upukmanapu
yuypaingm . bop BYNKOHMAPHUHT OTUMLIN HaTMXacuga BYXyara
KenraH MccuMK cyeBnap Tapkmbupaa H3BO03 x,0nnga yupangu.
Tabuatga aca Wy Kucnota “0CWMN KMAraH MuHepannap \onuaa
KEHT TapkanraH. byHgaii 6upukmanapra 6ypa Na2BL 7 « 10HD ,
6opaunt Mg3BDI5 « MgCl2 napgepmut Ca2BEOm ¢ 3HD,
KonemaHuUT Ca2BeOn « 5HA, kepHUT Na2B4Oy « 5HD Ba
6owwkanap Mmucon 6yna onagu.

OnuHnwn. Tosa 6ynmaraH 60pHM GUpuHYM 6ynnb 1908 Annm
eii-JTltoccakBaTeHapnap 60p aHrMAPMAMHW FOKOPK TemnepaTypaja
Kanuii 6unaH KaiiTapub onvwra myeaddgak oynuwraH. Xo3upru
naiiTAa 60op acocaH MeTa/IOTEPMUS YCynn 6UnaH ONvHagn:

B 3+ 3AMg--—-—-> 3MgO+2B
EKK
K [BF4+ 3Na-—> 3NaF + KF + B

By peakuusinapga axpanué YynkkaH amopd 60p TEPMUK MLLSOB
Gepu HaTuxacuga Kpuctann 6opra aiinaHtupunagu. Metanno-
TEPMUK ycyn 6unaH onmHraH 6op yHua To3a 6ynmaiign. Tosa
Xpnatgarv 60p YHUHT 6UpnKManapuHu CYlOKIaHTUPMG aNeKTpo-
NN3 KUanMW ycynu 6unaH onuHagu. XXypa to3a xpngaru 60opHu,
6yF \onatgarn 60p 6pOMUAHM YyrnaTuaraH TaHTangaH fcanraH
CMM MWTUPOKMZa Bogopos 6unaH kantapm6 \ocun Kunuuw
MYMKWH:

2BBr3+ 3H2 2B + 6HBr

LLIYHWHT AeK, 6OP YHUHT BOAOPOAN GUPUKMaNapuHU TePMUK
napyanab x,0cun Kuavi \am MyMKWH:



BiH’O 2B + 3Hi

Xoccanapwu. Tosa xongaru 60p MKK1 Xmun—amopd Ba Kpuctann
mMoangukaumara asra. AMopd 60p Kyw mp Tycnu, \nacms, masacus
KyKyH. Kpuctann 60p KppamTup-KypaHT TyCAu KATTUK, MOAAa.
Tosa xonga 6op nHepT moaga. Oganii waponTtaa hakgTruHa gpTop
6unaH 6upuka onagu. Kusgupunranga 6op xnop, 6pom Ba
ONTUHTYTYPT 6UNaH peakumara kupmwagu. bopra cylontupunran
KucnoTanap Tabcup sTmaingn. KnsgupunraHga KOHLEHTPAAHTaH
H2504 Ba HN O03kucnotanapaa , 3ap CyBuja spuiian:

2B + 3HS04--—--> 2H3BO, + 3502

B+3HNO,—> H303+3N02
Bop viwkopnap 6unaH AXwWy peakuuara KUpuagn:
2B + 2NaOH + 2HAD -—> 2NaBOz+ 3H2
KOkopwu TemnepaTypaga 60p Ky4nu kainTapyBum xoccacura ara.

3Si02+4B"™ "2 B D 3+ 3Si
3C02+4 B 2 B D3+3C

FOkopu Temnepatypaga 60p KynruHa metannap 6unad
6npukno6 Me3B2, MeB, Me3dB4, MeB2 MeB6 Tapkubnu
WCCUKAMKKa Ba KucnoTanapra yngamav nHTepmetann 6upmkmanap
Xocun knnagu. AilHUKca 60pHUHT d- onnacy anemeHTnapy 6unax
XOCWUJT KWATaH GupukManapu KoTuliManapu Kopu Temnepary-
paja cyloknaHaguMraH KaTTuK mogganapamp.

Bupukmanapu. bop BnHm4 Ba Bn HM Tapknu6num Bogoposan
6upukmanapra ara. BoOpHUHT BogopoAau Gupukmanapu 6opaHniap
[e6 atanagun. bynap numpa xank Xyxanuruga KeHr vwnatuna-
auraHu guéopaH B2H4aup. AnbopaH 3nekTp 3apagu Tabcupuaa
6op ranoreHugnapra BOAOPOA TabCUp 3TTUPULL AyAn 6unaH xocun
KunuHagn. by peakumsa Kyiinaaru 6ockuunapaa 6opagu:

2BBr3+ 5H2 B2H5Br + HBr

6ByHgBr—— > 5BjHy + 2BBr
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BopHMHT BOAOPOANM GMpUKManapu KOBaNeHT Ba BOAOPOS
6ornaHuw \ocun KUAnG nonumepnaHagm:

H H H

g-'-tn A H

[OnbopaH KusgupunraHga Kucnopog tabcupuga €Hagm, cys
6unaH WnauaTan peakumnsra KUpuWagun:

B,H,, + 30, > B 3+ 3H,0
B2H6+ HD — > 2H3BO03+ H2T

On6opaH nMwKopuii Ba UWKOpUiA - ep meTannap \ampga
YNapHUHT rugpokcuaaapu unaH peakuusra Kupuwagu:

BH6+ 2 K ~ > K 2[BHE
B2H6+ 2KOH —> K2[BH4(OH2 + H2

«
[un6opaH Kucnotanap Tabcupuga 60CKUYNM anMalluHULW
peakuusnapura KupuLwagn:

BH6+ HC1-—>B2HX1+ H?2

BHX1 + HC)-—> B2H4CI2+ H 2

[nbopaH opTMKYa MUKLOPAA ONMHIaH ranoreHnap 6unax
peakuusra Kupullagm:

B2H6+ 6C12 ---- > 2BC13+ 6HC1

OnbopaH ammuak 6unaH 6upuknbé BHG6 « 2NH3 Tapkubnu
6upnkma \ocun kunagu. by 6uprkma TepMuUK ULWIOB 6epuLl
HaTwxacuga 6opasonra ainnaHagu:

BH6+ 2NH3--—-> B2H6 «2NH3

3B2H6 « 2NH3D* 2BINHG6+ 12HD

Bopas3on CTPYKTYPacMHWHI Ty3unuw dopmynacu Xygaau
6eH30MHMKMUIa yxwatl 6yaraHu yyyH, y “aHopraHmk 6eHson” neb
X,aM pUTUNaLN:



B
g A
H H
BeH3son bopason

bop kusgupunraHga ranoreHnap 6unaH 6upukné BC13 BBr3
Tapkm6aM rascMMoH, CYIOK Ba KaTTWK arperat xonarnapra ara
BynraH ranoreHuanap xocun Kunagu. bop ranoréHugnapy ammmak
Ba MLLKOPWIA MeTannap ranoreHuanapm 6mnad 6upukn6 Komnnekc
O6upukmManap x,0cun Kunagu:

BCL + NH,—> |BC13 +NHJ
KCl + BC13—> K[BC14

Bop ranoreHugnapu cyB Tabcupuga axwu rugponusnaHagu:
BC13+ 3HD —— > B (OH)3+ 3HCL
eKu
BCL + 3FLO--—-—-> H,BO, + 3HC1

Bop ranoreHnanapu GUPUKWLI Ba anMallUHWLI peakuus-
napuja UWTUPOK 3Ta onagu:

2BC13+ 2503-—> BD 3+ 35012
BC13+ 3NH3— > B(NH33+ 3HCL
BC13+3CH5OH B(OC2HH3+3HC1

bop okcman BAD 3—paHrcems WwinacumMoH, KnucnoTta xoccacumra
ara GynraH okcupg, yHU 60pat KUCNOTaHW CYBCU3NAHTUPULL
HaTvKacmaa Xocun KuanHagm:

6opaT Kucnota TeTpa6opat
Kncnota



B2 3 km3gupunradga metann Tabcupuga Kantapunagu. bopar
kucnota, H3BO, —OKTYyCnun,ANTUPOKKpUcTana moaaa. boprtysna-
pura kucnorta Tabcup 3TTMPUG EKM 6Op ranoreHngnapuHu
rMAPONN3 KUNNG KOCUN KNINHAAW:

NaBL 7+ HS04+ 5HD — > NaXs04+4H3B03
BC13+ 3HD --—--3- H3BO, +3 HC1

ANOMUHWIA. ANFOMUHUAHWHT TaLWKW 3/1eKTPOH KaBatuga s2 «pl
3M1EKTPOHNAP MaBXyf. ANOMUHWI aTOMUHWHT TallKKN KaBaTujaH
ONAMHIN KaBaTupa 6yw d- opbutannap 6ynraHn yyyH KynruHa
xoccanapu 6unaH 6opfaH (apk Kunagu. byHaaH Tawkapw,
antoMunHuii atomu sp3d2Bsa sp3rnbpuanaHraH xpnatga yna onagu.
W YHUHT YYyH anlOMWHWIA KAaTUOH, aHWOH, KOMMEeKC
6upukmanap “ocun Kunagu. ANIOMUHUAHUHT OKCMANAHWLL
fapaxacu +3 ra, KOOpANHALMOH COHNAapm 3ca 4 Ba 6 ra TeHr.

Tabuatga yypawum. AntoMuHWIA Tabrnatga acocaH anloMocu-
nukatnap, optoknas K2 <A1 3 «6Si02 an'>6ur Nad <A1,0, -6Si02
aHopTuT CaO « A1D 3 « 2Si02 kKaonnHUT AlD 3 « 2Si02 « 2H,0
MUHepannapu \onmga ydpaingn. bynapgaH Tawkapu, astoOMUHWIA
60okcuT Alj03 » nHD, kpronut NaRAlF6nap xpanaa KeHr TapkKasraH.

OnvHUWK. ANIOMUHWUAHKM 6upnHuKM 6ynnb pcTeaT Ba Bénep
AIOMUHUIA XNOPUAHW Kanuii meTannu 6unaH Kantapnb onuwwrax.
KeinHyanukesunb antoMMHUIA KywanokTy3napuHnA1C13 «NaCl
HaTpuii mMeTannm 6unaH KaiTapmb, Xp3a antOMWUHUI OnMWra
apuwraH. ANKOMUHUIA ONULLIHWUHT caHoaTAa 3MeKTPoNu3 ycynu
Kawg aTuaraHgad cyHr yHu M. T. ®efoToB Hasapuscy acocupa
onvw opat éynau. by ycyn TepMuUK UWNOB GepuaraH 60KCUTHM
CYIOKAaHTMPUOG, rpaduThaH AcanraH anekTpognap épgamuga
3NEKTPONN3 KUNMLLITA aCOCNaHraH. byHaa 60KCUTHUHT CYIOKaHWLL
TemnepaTypacuHu nacaiTmpu makcagmaa gpropug (CaF2 MgF2
AlF3 nap kywwunagn. byHpa 3nekTponus xapaéHu Kyinumgarmya

6opaau:
AlD 3°nHD AlD 3+ nHD

AlD 37->2A 18+ 30-2

Katogga antoMUHUWIA KaillTapunaau, aHogda aca KWUCMOpoa
OKCUAnaHagu:



aHogpa 20 2—41*—--> O,

Xoccanapu. ANIOMUHUA — OKULW KYMYLIPAHT, ANTUPOK,
CHIUA, NNaCcTUK, 3NEKTPHN Ba MCCUK,IMKHW AXIUW YTKa3agurat,
Kydcu3 napamarHuT xoccacura ara 6ynraH am(jtotep metann. KykyH
xonupary antoMuHWiA \aBona KusgupuaraHga okcuinaHagn sa
A1,0, xocun bynaau:

4Al1 + 30, — = 2A1,0,+Q

Y amoTep xoccacura ara 6ynraHu ydyyH KucnoTanap,
WiwKopnap 6unaH peakuusra KApuwagu:

2Al +6HC1-—> 2AICL, + 3H, _

2A1 + 5NaOH + 6 H ,0 -— > 2Na3|AI(OH)J + 3H,

ANOMUHWIA 10K,0py TemnepaTypaga d- onnacu anemeHTNapu
6unaH UCCUKAUKKA YMAaMnnm KoTULIManap, KusgupuaraHga
ranoreHnap 6unax 6upuknd All, Tapknbu rasioreHnanap Xpeun
Kunagn (F'= F,, Cl,, J, Ba X0Ka3o ), ANKOMUHUAHUHT Oy
ranoreHugnapym fxwu rugponusra yypangm sa MWKOPWi
MeTannapHWHI rugpugnapn 6unaH 6MpUKNMG KOMMJIEKC
6nprkmanap xocun kunagu: AIC1, +3H2D ----> Al (OH), +3HC1

AICL + 4UH -—-> Li |JA1HJ + 3LiCl

ANOMUHWUIA TyrpugaH-Tyrpu Bogopog 6unaH 6upukmaiigu.
YHuHT BOZOpPOAAN GupuKmanapu 6unsocuta ycyn 6unaH xocun
KunmHagu. LiH kynpok myukgopga onnHca y AlC136unaH peak! wsra
KMpUWMG NUTUIA anbMOrngpug Xocun Kunagu:

i JA1H4 + ALCL, >4\ 13LiCl

AIH3 —anomMuHnii rmgpug TepMuk 6ekapop 6uMpukma,
M "KOpWUin meTann rugpugnapu 6unaH Komniaekc Gupukmanap
Un Kuiagm

NaH+AlIH3= Na[AIH4

2Nall f Na|AIH | = NaJAIHJ
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ANMOMUHWIA KusgupunraHga asotr 6unaH 6upuku6 AIN
aNtOMUHUIA HUTPUSL, ONTUHIYTypT 6unaH 6upuknb AIl2S3
TIOMUHNIA cynbdng, yrnepog 6unaH 6uprnknb Al4C3antoMUHNIA
Kapbumg\ocun kunagu. ANIOMUHWAHUHT geapan 6apya Tysnapu
Kpuctannormgpatnapaunp. LyHWHT yuyH Tapkubura 6up Heuta
CYB MOfieKynanapmuHun 6upmnkTupun6 onagu:

AICI3+ 6HD; AIAS04),- 18HD; AL(N033+9H,0

ANOMUHUAHUHT By GUpMKmanapy KynruHa Tysnap 6wunad
KyLluanokays a4umnuToLL X,0cun Kunagu. ANKOMUHUAHWHT caHoaTAa
3HT Kyn uwnatunagurad 6upukmanapu Al,03sa A1(OH)3aup.

AntoMrHuin okeng —A120 3, 0K KYKYH,TYKKU3 XUn Moauduka-
umara ara. bynap numga aHr 6ekapop MognMunKaLmMacu Kpucta
naHXapacura ara 6ynraH pom6osgpuk d - A1 3Ba Ky6CUMOH h-
AL 3aup. Kpuctann \onatugarn Al 3kmmésnii bapkapop cyB Ba
Kucnotanap TabCupura >XXyfa ungamnam, uwkopaa y3oK, Kusgu-
puaraHga kucmaH apuingu. KykyH \onatgarn Al 3amdgoTep
xoccara ara 6ynraHu yyyH KucnoTa Ba ULLIKOpapga apuingu:

A1) 3+ 6HCI-—-> AICI3+ 3H,0

A1,03+2NaOH +3H ,0-— > 2Na [A1(OH)4|

CaHoaTfa fana Linarfiapyu maxcyc neynapga Kusgupuawuo,
oMaKTol/lap MwTMpoKuga nuwupunagu. X,ocun 6Gynrad
XOMalLLEHW cyBAa apuTnG KapboHat aHrugpug tabenpuga A1(OH)3
yyKTMpUnagn. Uykmara TepMuK uwnos 6epu iwynum 6munaH yHm
A1,03ra alinaHTupunagu.

NaD -AlD 3 +6Si02 6CaCO3 »SiO, + 2NaA102+ -K>C02
KD «AlD 3 +65i02+ 6CaC03-»6Ca0 *Si 02+ 2KA102+ 6C02
NaA102 +2HD->NalAlI(0H)4
KAIO, +2H ,0 -» K[AL(OH4)|

2NaJAl(OH)4+2K|AI(OH)4 + 2C02'N a T03+K X 03+4AI(OH)3+2HD



AntoMuHnii rugpokeng A1(0H)3 ok paHrau, amgoTep
MK4yacura ara 6ynraH yykma. Kucnorta Ba uLwKopnapga axwu
>punaw.

A1(OH)3+ 3HC1-— 3 AICL, + 3HD

Al1(OH)3+ NaOH -—- 5 Na[AI(OH)4

CMI
AI(OH)s+3NaOH ——> Na[AI(OH)J

YMmyman onranga 6y pcakuuanapHu Kyiugaru cxema acocmpa
IMINM.: ] Ipi:i: MYMKUH:

|AK 110), 11! +45 AKOM), " [A1(011) |3
OHOM), iiit><dt In3ning L hi lnjk>cnma yeyn 6unaH onnHanu.

AL<S(>>) | (>Na(l | > AI(OIl)i+ 3Na,SO)

Ha MH Kaga TYpPAW XU KOT UlManap ofuLaa, KOHANTep BaTyKNUMa-
UnanK canoaTuia, UCCUKAMKKA BayTra ungamim Moaaanap Taép-
nawfja, KepamMuka, LUeMeHT Ba WuWWa ONUWAA, OPraHUK
MO/ AanapHu CUHTE3 KUMMLLAA ULAaTUNaau.

XA4. TAJUTMIA TPYTIMAYACKU 3/IEMEHT/IAPU

[annuii rpynnavacu snemeHTnapura ranauii Ga, nHauii Jn Ba
Ta viAi T1 Kmpaau. By 3neMeHTNapHUHT TawKW 3M1eKTPOH
knuatnapuga S2 pl3anekTpoHnap Maexyf. By anemeHTNapHWHI
oKcugnaHuw gapaxacy +3 raTeHr, gpakat Tanivii +1 oKCcManaHnLL
fJapaxacuHy xam HaMO&H kunagu. Fannuii Ba MHAWMA spld?2
rnépuanaHraH opbutannap Xocua KuaraHuja KOOpAMHALMWOH
conu 6 ra , Tannnin aca sp’ d2f rmbpmanaHraH opbmTan xocun
KWUraHy y4yH KOOpAWHALWOH COHU 8 ra TeHr bynagu.

Tabuatga ydpawn. Tabuatga rannminHnHr 63Ga, 73IGa,
nuaniiHudr 1I34n, I3¥0n Ba TanauiiHuHr ZB9TL, 269T1 Kabu
130T onniapu 6op. By anemeHTnap Tabmatga rannit nopaHauT Ba
aBULEHUT MWHepannapu Xonuga antoMUHWURA, pyX, KyprowmuH
pyfanapv Tapkmbuga xyga 03 MUKLOpAa yupaian.

OnuHuwn. Manniinm 6upuHun 6ynn6 Jlekok-gepb YabogpaH
1875 Amnmn pyx pynanapvwnu cnekTp Hypnapu 6unaH TeKwupuil



HaTuxacmga TonraH. MannuiitHn axpatub onuw ycynm bmpmyHua
Mypakkabgup. ByHuH!' yuyH nabopatopus Wwapontuga raminiiHm
6upnHun Hasbatga uuaHogeppatnap \onupga 4YyKTUpPUG,
Kusanpuw Hatuxacmpa Ga,0, Ba e,03ap apanawimacu X,0cun
KunnuHagn. By apanawmaHu Kanuid rmgpocynibaTr uwtupokmaa
CYHOKNaHTMpn6 unwkopuin my\ntga Temup 6Gupukmanapm
YyyKTUpWaan. Aputmaga rannnii buprkmanapmn Konagu. putmagaH
Ga(OH)3Hu xopug KncnoTa Ba aMmmMmmak NWTUpoKnaa YyKTmpno,
Knagupunagun. Xocun 6ynr aH ranamii okeman Ga,03Hu Bogopoanu
M\ \1 iga KaTapmnb To3a Xxanga rannuii MeTanun axpaTuno onnHagun.

VHAWiA anemMeHTUHW 6upuHum 6ynnb 1863 innm Paiix Ba
PuxTtep pyx pyganapu rapkuéugaH axpatmb onuwra myeadgak
6ynraHnap. JlTabopatopusaga MHANAHK OnNuLLda TapKMOUAa NHAWIA
3N1eMeHTU Kyn OynraH KyprowwuH Ba pyx pyganapu Xnopug
Kucnota 6unaH uvwnaHagn. Hatmxaga y 6ab3v ormp metannap
6unaH buprannkaa Kyiika Tapkmbunaa Konagu. by Kyiikagaru orup
meTannap BOAOPOS Cynbdufg Tabcupuga 4ykKTupunagu. dputma
aMMmak Tabcupuga vuwnaHwb, UHAWA KpUCTanarngpatu X,0cun
KnnmHagu. Xocun BGynraH ’KpucTtanarugparra TepMUMK WULWLIOB
6epn6 Jn20 3ra anaHTMpunagn. Xocu,n 6ynraH MHAWA OKCUAn
BOAOPOS GunaH KainTapunagun ékn CytoKyTaHTUPUANG 3N1eKTPOIun3
KWW HaTuXacuga To3a UHANA axpaTnbd onnHagu.

Tannuii anemMeHTUHN GupuHum 6ynm6 1861 Wunn Kpykc
cynbaT KucnoTa nwnab ynkapagurad 3aBognapgarn KyprwuH
Kamepanapuga TynnaHraH KyWKaHW CMeKTp aHann3 Kuanw
KapaéHuga ydypatraH. Slabopatopusaga TanMuiHW OANL YYYH
Tapkubupa Ttanauin myn 6ynraH KonuvefaHnap KaliHOK cyBAaa
I0BUNNG, apuTmara yTraH xaopugnap \onmga 4YykKTupunagu.
UykmaHu cynbtatnap gonvna sputmara yTkasumb, 3/eKTponus
KWINL HaTUXXacuga To3a Talinin axxpatmd onnHagu.

Xoccanapu. Fanmuid - KymywpaHr OKuLW, AATUPOK MeTa.
Mannuin gaBpwii cucTemMaga antOMUHWIA >KOWMawraH Katopga
TYpraHu y4yyH Y3VHWHI KMMEBWIA Xoccanapu 6unaH antoMuHuiAra
Xyfa yxuaiy.

Fannuii Kn3gupunraHga Kucnopog éunaH upukaau.

4Ga+30,——>2Gad3

Fannnii antoMmnHmiira yxwab amgoTtep xoccara ara 6ynraHnurm
YUYH KWUCNOTa Ba MLLKOpiapaa apuiign:



<8 f 2NaOH +6HD —> 2Na|Ga(0H)J + 3H,

I;i Tiiiiii KM3gupmnradga KynruHa metannap 6unaH nact Temne-
pa lypaja cytoknaHagmraH KoTuiiManap Xocun Kunagu.

NMHugnin — OKWLLU Kymyw paHr, SATUPOK, HOMLWOK, nact
K-MuepaTypaga cytoknaHaguraH metann. Oganii WwapouTtaa nHAuii
KWUCMOpoNa, TabCuUpupa SANTUPOKAUTMHU y3rapTupmangu,
KM WWPpUA faHga lonKa napga Xpcun Kunné okcmanaHagn. VIHgni
1lm wn ku3gupunraHga xnopga wuagatnm éHagn. MHanii 6owka
la|kdiilnap Ha onAnwyrypr 6unan TyrpugaH-Tyrpm 6Mpukuné ,
InHi ,,.In.1,,.In,S, Tapkn6nn 6mpukmanap \ocun Kunagu. Xnopug
KUNWwKWa SAMWH, cynbda i Ha iniipal kKucnokrnapja Kucm;H
PUN M Kun 111U v .Hm,| >pi|sl xnpaenn ne3nawagn. NHawnii
lalnmpllya c«ym Koppo iiuinaiunii.

lota y Mwa ianHMm oK., 9'in ipok, oMok, 302, 5°C fa cyrok~
iiaiia.ii.uian Mnang. \aHofa Xyga Te3 oKCUANaHaau, YyHKu 6up
Haiil-11L il lann1lm OGMPUKManapu WWKOPWUIA MeTanapHUHT
nnpukmanapura yxwab acoc xoccara ara. Tannmin xnopug Ha
cyw.at Kucnotanapga éMoH, CYIONTUPUATaH HATPAT KucnoTaga
AXWKn apuingn. CylonTUpPUATaH UWKopaap Tannuiira tabcup
nmMangn. O4auniA WaponTaa Tanania ranoreHnap 6unaH TyrpyugaH-»
1yrpn oupukaan. KusgupunraHfga onTUHIYrypT rpynnadacu
anemMeHTNnapy 6unaH peakuusara kupuwaan. CyrokaaHtTupuirada
MLULL.AK Ha cypma 6unaH 6upukagn.Tannnii 6op, KpeMHKIA, a3orT,
thocthop 6unaH peakymsra KmpuwmMangn. Tananin Monekynsp
nonopop 6unaH 6upukmangn.

Bupukmanapu. Fannuii xnopug GaCl3—ok KpucTtani mogaa.
XneKTp FOKW TabCupupa ranauinra xnop TabCup 3TTUPUG EKK
MeNanIHN XNopua KucnoTaga aputué onunwl MyMKUH:

2Ga+3Cl,— > 2GaCl,
2Ga +6HC1-—> 2GaCl, + 3H,

| annuii xnopug cysaa AXIUW 3pULLNA HaTUXKacuaa kaTTa uccuk-
nik aHeprusicn axxpanné ynkagu:

GaCl3+ 3HD -—-> Ga(OH), +3HC1 + Q



rannwii 6pomug GaBr3—rannuii iogng Gal,. rannuii gtopug
GaF3cyBfa Ba CylONTMpPUATaH KucnotTanapga KMinnH apuingurax
paHrcus kpuctann mogpanapgup. Xoccanapu 6unaH GaCl3ra
yXLiaigu.

rannnii okeng Ga) 3—OoK, paHIIn KyKyH. YHU rafiuii HATpaT Ba
rafnui cynbaTHM TEPMUK Napyanall HaTuxkacuga Xocun KUIMHagu.
Gad 3knsgupunraHja Kucnorta Ba MLWKOpiapha spuLl XoccacuHu
nykotagn. Gad 3 3neKTp TOKMAA BOAOPOA Tabcupupa ranini
MeTanuMrada Kaitapunagun. by xxapaéH nkku 6ockmnuga 6opagu:

Gad, + 2H2—> Gad +2HD

Gad +H,—> 2Ga+ FID

annuii okcug antoMuHKIA okeuarayxwai a -Gad 3,[3-Gad 3
mMoaupukauusra ara. Mannmii rmgpokeng Ga(OH)3—ou-KynpaHr
Tycnum amgoTep xoccara ara 6ynraH amopd mMogda. Yy BaseHTIu
raniunii Tysnapura uwkopnap Tabcup 3TTUPULL HaTWxacuga
\ocun kunuuagu. Fanamin cynethug Ca2S3 ou-caprul KyKyH.
[annwiira oKopu TeMmneparypaga OnTUHIYTYpT TabCup 3TTUPULL
HaTuXkacuga xocun kunmHagu. CyB Tabcupuga HZS axpaTtun6
napyanaHagn. Knsgupunrasga Ca2s3xocun knnnb kaitapunagm.

Fannnii cynbpaT CaZS04)3~ cyBnn 3apuTManapHu KyputuLl
HaTwkacmga Tapknbuga 18 monekyna CyBHM cakjaraH xo/fga oK
paHrnn KMLIOK NNacTUHKACUMOH KpucTtannaHaau Ca,(S043cysaa
AXIWN 3puiAgmn, kusgmpunradHga S03xocmn Knnamb napyanaHagu.
bynapgaH Ttawkapu, Ca(N033 +8HD , NH4Ca(S042 « 12 HD
TapKuo6n KpucTannrugpat 6upnkMmanapy Masxya.

Wugnin xnopng Jn C13~ o4 KynpaHr, AnTUPOK KpUcTann, Kus-
AVpUAraH WHAWIA meTannura ékn WHAWA OKcuaura 4vyrnaH-
TUPUATAH KYMUP ULLITUPOKUAA X10p TabCUp 3TTUPUG ONUHALN.
WNHanin xnopug cyega axwu rugponusnadagn. VIHAnin xnopug
aputmacm byrnatnnraHga JnCl4 «4H2 xonuga KpuctTannaHagm.
Mwkopuii metannapHuHr xnopuanapu 6unad (NH4) InCI5 «
H,0, KInCl() » 1,5HD Tapknbnu KyLlanokTysnap Xocun Knnagu.
WHpgnii iognpg Ba MHAWMiA 6pomug 6GmpukManapu Xxoccanapwu
XuxatngaH nHaui xnopmg bupukmacura yxwangu.

WHanin okeng Jn20 3—o4 capuK paHrim amgoTep xoccara ara
oynraH KykyH. MHAWAHW KnU3gnupub KKMCnopoa uwTupokuia
EHAUPULL €KW TULPOKCMA cynbaT Ba HUTpAT BUPUKManapuHm
TepMUK napyanawl Hatwmxkacuga Jnd) 3xocmn kKnnmHagu. Jn 3



Ku thaiii i ijla KnCnoTanapga sapmingu, uwkopnapaa Kam apuingu.
Vink h;ikKY Kn3gupuw Hatwxkacupa KykyH Jnd) 3 kpuctann
N\ ul.a alinaHagn. Muguin rmgpokeng Jn(OH)3 6unsocuTa
yCcynaa, YHUHT Ty3fnapura WWKpP TabCup 3TTMPMG onuHagm.
Innnnii y3 6upukmanapuga +1 Ba+3 OKCUANaHUL fapaXacuHK
HaMoeM Kunagw. JIEKUH TaninimHUHT 6Mp BaneHTAn Gupukmanapu
6apkapop mogganapavp. Yuy BaNeHTAU TaNAMAHUHT 6upukmanapu
(*..p BaneHTnnM Tannuii Gupmkmacura Tesga KawWTapunagw,
WYWILWT YYyH ynap Ky4ynum OKCUANoBYM xucobnaHagu. bup
ii.ninn.iiii rananii 6upukmanapn xoccanapu 6unaH MWKoOpWi
e NMAANPAUAT GUPUKMANApUra, yu BaneHTIn Gupmukmanapu aca,
antoMuHUM bupmnkmanapura yxwaingu. MacanaH, Tanamii (1)
i HOPOKCUA cyBAa AXWMK 3pub Kyunnm acoc XOCCACWHW HaMOEH

Keovooin [Tl T KAPOGONATAN GUPUKMACK 3pYyBYaHINTMN Ba
yoccnnnpn 6unam K,( ()tHa Na,(,()lra yxwaign. Bup BaneHTnm
la.... WuW KyMMlla Ty3fnapu panrcus, KusgupunraHga

V'V nyall >pslimn iapiii.ui  cyumcus KpncTannamagurat
Mmongnnnpnnp lanitiitlilllll kyycms kmenon anap 6unaH \ocun
KUNUM iv wapMm IMApoNH3ra sXxwu yypab, MwKopuii my\nt
HaMoeH Kunagu. JleKuH 6uUp BaneHTNU Tannuii 6upukmanapwu
KoMnaeKc 6upukmanap \ocma KUAMW xoccacura ara amMaciuru
6unaH axpanub Typagu.

TanAnAHWHT y4 BaneHTAM O6Gupukmanapu KOMMIEKC
6v|p|/|Kmanap XOCU/T KUNUW Xoccacura ara. Y4 BaleHTNu
TaNAUAHUHT CynbMaT Ba HMTpaAT GupuMKmanapu, XATTO Ham
\aBojJa CeKMH-acTa rmapokKcmara ainaHn6 Konagn. Yy saneHTim
Tannuin Tysnapu ruMAponv3 HatuKacuga KucnoTanum MyxuT
HaMOEH Kunagm.

WNwnatunuwn. Fanavii, tHAWA, Taninii Ba ynapHUHT 6UpUK-
Manapu Kopu TeMnepaTypanapHu yndyawija uwnatunagurad
TepMoOMeTpfap, ApuMyTKasruunap, nacTt TemnepaTtypaga
CylOKnaHaguraH KoTuliManap onuwaa, Bakyym acbobnapw,
3NeKTpOHai Ba (hOTO3NeMeHT Taliépnawiga, TM66métaa, opraHmk
MoAJaslapHN CUHTEe3 Kuauwga uwnatunagun.



YINEPOL KUMECK

YrnepoAHUHr MKKWTa Gapkapop usotonu 1 (99, 892%) Ba
MC (1,108%) 6op. PafnoakTMB M30TONM My4YMM axaMuATra ara
(YHWHT apum emupunuw gaspu 5600 imn) 6ynnb, msoton
nHavKaTopu cudatuga kynnaHunagu. Yrnepog K,yéuwga \am
yypaign.Yrnepog Ba YHUHT 6upukmanapu Tabuatga KeHr
TapkanraH.ByHWHr 6oucu WyHAaKuW, yrnepos 60Wwka KUMEBUi
afeMeHTNapAaH hapk KunagmraH ysura xoc Xycycusarnapra ara.

1.Yrnepog KynruHa afnemeHTnap 6unaH 6upuka onagu. Y HAHT
Oy XycycuaTu faBpuii cucTcmagarv ypH W, aneKTPOHehTpananru
Ba KOBasleHT 60r \ocun Kunnwu 6unaH 60rnukK.

2. Yrnepog atomnapu 6up-6upu 6unaH 6upuknG, TYpau
XWUNZarv yrnepog 3aHXupnapuHu xXocun kuna onagn. Tyrpu 3aH-
XWPAW oafuid yrnesogopognap, TapMoKiallan HKOpWU MONeKy-
nann 6upukmanap, 6up \ankanu Ba Kyn \askanuM apoMmaTtuk
O6upukManap Lynap xymaacugaHamp.

3. OpraHuk 6UpMKMafapHUHT KaTtTa KACMU (hakaT KUMEBU
Tysunuwmn 6unad gapk Kunagurad nusomepnapraara. by nsomepus
xpaucacy 6unaH 6oramkanp. LLYHUHE.yYyH X,am Yrnepog y3uHUHT
6UpMKManapuHM Kynauru, TeXHWKa, WHCOHMAAp, >XOHMBOPnap
onamupga 6eHuxps a\amuatnu bGynraHu yyyH 6apya 6o0Lwka
anemeHTnapfaH axpanué Typagu. Yrnepon 6upukmanapucus
TabnatHW, \aéTMMN3HN Ba GOPAMKHK racaBByp KUnnb 6ynmaiigu.
Y X,a8THUHT acocu b6ynraH okcunnap, Mesa, cab3aBoT, YCUMIIUK-
nap, Kymup, HeTb, rasnap, onamHu ypab TypraH MuHriaé xun
6olinnknapTapkubura Kupagu.

Xo03upru BakTga 6up Heya MUIMOH OpPraHvK 6MpUKMa MabaymM,
OynapHUHI KaTTa KACMK caHoaT Mukécmia uwnab unuapuiMokaa.
Bynapra x,ap MM MUAAMOH-MUINIMOH TOHHA MLLIab YMkapunaérrau
nonumMepnap, cnupTnap, o3yka Ma\cynoTnapu, kKucnotanap, éknap,
moliinap,éknnFiuiap mucon 6ynauy. By ma\cynoTnapHUHT acocuii Kinc-
MU XasiK Xy>Xanuru, TMbOucT, TexHMKa Ba caHoart yuyH 3apyp 6ynraH
6upukmManapaup. Arap X4 CUHTe3 KUanb onMHMaraH, 1eKMH onum-
nap ¢ukpuga AwaérraH nsomep 6upukmanapHu \mcobra oncak, by
\ann martematuka haHmra xam Mabaym 6ynmaraH y/iKaH COHMapHU
XOCWi KnnraH 6ynapgu. ByHu kyingarvn muconga ncoarnawl MyMKyH:
Tapkubuga hnrnpmara yrnepogm 6ynraH 3MKo3aHHUHT M3oMepnap
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i 36 797 588 ra Ba 30Tayrnepofn 6ynraH 6uprkmaga nsomepnap
romm 4111846763 ra TeHramp. Viomepnap CoHW WyHAai Te3 ycub
(opaguram wapoutpa Tapkméuga 100 Ta yrnepogu 6ynraH rentaH
MOMAMN YTNeBOAOPOAHM M30Mepfap COHW KAHAAA ynkaH 6ynub
KN'MWWHW Ky3 OJIGUHIN3Ia Kernupa on1acu3mmn?

Yrnepoa gaBpuii xafgsanga TyYpTUHYM rpynnara maHcy6
aneMeHT 6ynub, yHW 3pKWUH XonaTha gactnab A. JlaByasbe
TCKWMpPraH.Yrnepog noTuH4Ya “carbonum” cysmiaH OfIMHraH:
“caiho” cy3n “Kymup” gemakaup.

Yrnepog annotponuscy. Yrnepof tabuatga 6up Heya Xun
KypuHuwaa yupaingn. by nnmuin agabuétaa yrnepog annoTponus-
cv feb toputunagun. Yrnepog rpadvT, 0MoC, Kap6uH Ba NOHCAei-
MHN cudiatmga ydpangu. Mpagut rabumini muHepan 6ynu6, Kyn
nnapenvap lau npin a bepugmavauran sa >xyga o opy UCCUKANKKA
sng lilI .in M;i\cvToninp. (ymT.niA rpadmT \am umpaTuarax.
I/uk/uT  MUHepan (3yjnit>, rpekya, rpaha —CcTMMAH Cy3unjaH
Kenw») ynkanu. paguT KUMEBMI XUXATAAH Xy[a Mk 6ynune,
YHra KaiMoK, MLLIKOpP Ba KMCnoTanap TabCup aTMaiign (TyToBum
HUTpaT Kucnota 6yHAaH myeTtacHo). Y 3700 °C fa CylKAMKKa
aiinaHmaraH \onga 6yrra ytagu. YHU CYHOKAWKKA ainnaHtupuw
YUYyH TemnepatypaHu 3800 — 3900 °C rava eTkasraH xosnga
60CMMHUM owwupuLw 3apyp Gynaau.

Ep to3nga nwnab yvkapunaétraH rpadyUTHUHT 4% 1 Kanam T i-
épnaw y4yyH vwnaTtuica, KosraH KUCMy atom peakTopiapuja,
éHMW Kamepanapuga, conon 6Gyiomnap Tanépnawga, caHoat Ba
TeXHMKaja uwnatunagurad KoHycnap uwnab yumkapuwipga Kyn-
naHunmokaa. I'padut Turennapga paHraM Metaniap apuTunagn.
I paduTaH cyHbUI 0IMOC TailépnaHagun. Y anekTpoanap, KatTuk
nogWwunHuKnap Matepuanu cugarmga nwnatunagn. papuriaH
KOHCTPYKUMOH Ba épgaMun MmaTepman cugatmpa goiganaHu-
NaérraH TeXHUKaHWHT coxanapu Kyn.

Onmoc 6unaH rpauT aTOMIapUHUHT KPUCTana naHxapaga
KaHgai >xoinawraHamrn éunaH 6up-6upugaH thapk Kunagu.
Onmoc Kpuctanugaru xap 6up yrnepos atoMmm y3MHUHT atpopu-
fa 6up xun macoaga XoiiawraH 6owka TypTTa atom 6unaH
KOBAJIEHT 6 of OPKaV GOrnaHraH.

pauT Kpuctannapu ONTWU 3BEHONU XANKanapHWHI 6up-
Gupura TyTawyBugaH xocua 6ynraH aTom KaTtiamaapuaaH Tawkun
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TonraH.by k,atnamnap 6mup-6upmgad 0,335 HM ra TeHr Macodaga
XonnawraH 6ynmb, xapakaTtyaH 371eKTpPOHAap BocuTacuga
6ornaHagun. byHgaii 6 of Tyhaiinm rpagmtia MeTanImk xoccanapu
MaBXyA. papUTHUHT TUHUKMACAUTUW, ANTUPOKAUTK, OK,0pU
3NeKTP YTKa3yBYaHAUIU LWYHra 60rnuk,. Anoxmpa axpatno
OJIMHTAH KArnama atomnap Kyynu 6ornanran, 1eKuH Karnamnap
opacugarn 6ornap Ky4dcms 6ynub, KpucTana onka Katnamaapra
OCOH axpaTtunagu. MogaanapHUHT KUMEBUIA Tapkubu 6up xun
6ynnb, KpucTann naHxapa Ty3uauwm xap xun 6ynraHga
nonMMopgur3m xguucacu Byxypara kenagu. byHpain moppanap
nonMmopd Mogndukauusnap gennnagn. LWyHpad kmnunb, onmoc
6unaH rpauT (Wy XymnagaH, KapObuH Xam) yrnepogHuHr
nonumopd moaumguKaumanapun xucobnaHagn. ONMOCHUHT
anunury 3,52 r/cm3ra TeHr 6ynnb (Tapkmbuga apanawima cua-
Tnaa rpauT Ba 6owkanap 6ynaguraH kap6opyHaHukn 3,0 r/cm3
arpotmpa), rpadpuTHUKKM 2,23 r/cm3ra TeHr. padut atom
CTPYKTYPACUMHUHT “Nynatnnurn” 3anYnurnuHn gesapnm oup apum
MapTa KamakTUpuLLIralonuné Kkenagu, y IOHCAEANUT meTeoputnapaa
TONWATAH Ba CYHBbUIA Wyn 6UNaH ONMHIaH. YHWUHT Ty3WAuWu Ba
xoccanapu ypraHunaanTu.

Onmoc 6apua coxanapra Kupub 6opmokga. SHAN y TexHUKa
Ba CaHoaTfa Y3WHWHI MYyHOCUO YPHUHW 3rannamokia.

X1.1-paem. Onmoc (a) Ba rpaguT (6) HUHT
aToOM CTPYKTypam KypuHULLAapW.



AKTMBNaHraH KyMUp rasfapHy sxwu oTagn (agcopbunasam),
yuyBYaH CYIOKNMKNApHW XaBoAaH Ba rasnap apanawiMacupaH
Kyrvb cLuaan, npoTueorasnapia Kynnadunaam (6yHn H. 4 . 3ennHcKuia
raknnd KnraH) Ba KynruHa KMMEBWIA peakuusnapga KaTanvsatop
BasudacHu baxapagn. Kymup rasnap 6unaH 6up Karopaa cyrok-
NNKNAPHM X,aM I0TULL XyCYCUATUra 3ra.

KnméBunin xoccanapu. Ogauin wapoutaa yrnepos (rpadwur,
KYMUp, OfIMOC) WMHepPT 6ynnb, KM3aupuaraHga xoccanapw yara-
pagu. byHaa Kymup Kucnopog 6unaH OCOHIMHa 6GuMpukagm Ba
KanTapyBun 6ynn6 xmcobnaHagn. PyganapfaH metaniapHv aputmo
akpaTnb onunw metannap OKCUANapUHN Kymup 6mnaH KanTapuil-
ra acocnaHraH 6ynu6, MeTannyprusga KeHr KynnaHuiagu:

Fe,0, + 3C --*>2c +3CO

Crd, +3C 2Cr + 3CO

Yrnepog kucnopog 6unaH 6upunkub, yrnepos MoHOOKCMAn (1c
rasu) Ba yrnepog anokcuan (KapboHaTt aHrMapua) Xocun Kunagu:

2CO+2HT1O 2CO

C+02-—--" CO02

FOkopu TemnepaTtypaga yrnepog Mmetannmacnap 6unad
6UPUKNG, Typnu BupmukManap Xocun Kunagu:

C+2H2—>CH4
C+2Cl2—> CCl4
C+2S— > CS2

YINMEBOAOPOONTAP

VKK1 KnMEBMIA 3neMeHT —Yyr/iepoj Ba BOAOPOALAH TallKWA
TonraH 6upukMmanap yrnesogopoanap peiunagu. Tapkuou
\ammacy 6ynmb MKKKN 3neMeHTAaH mbopaT 6yHaak 6upukmanap
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xoccanapu xuxgrtugaH 6up-6upugaH yHuyanuk gapk, Kuamae-
ANTW Kepak 3au. Amanga aca OYHUHT akCUHW Kypamus. Yrne-
BOAOPOANAp TY3UJMUWMHUHT Y3Ura Xoc XycycuaTtu ynapja
H6apkapop yrnepog-yrnepog 6ornapuHuHr 6opnuru 6ynm6, 6ynap
OLANN, Ky 6o Bay4 6of GunaH 60rnaHraH dynagn. bowka 6upop
aneMeHT 6GyHAaln CTpyKTypanum OGUpuUKManapHu XOCUA Kuna
onmaign. LWWyHWHT yyyH Xam yrneBofopoAniap Ba YNapHWUHT
xocunanapu 6exag Kyn Ba Typan-TymaHgup.

Yrnesogopoanap TYypT CUH(pra OynuHagu: ankaHnap
(TylimHran yrnesogopognap, napaduHnap), ankeHnap
(oneuHnap, TyWnHmaraH yrnesogopognap); ankuHnap
(auetuneHnap, yu 6ornu yrnesogopopnap) Ba apomMaTuK
yrnesogopognap.

AnkaHnap Tabuuii rasnap, HeTb, KOKC rasnapu Ba 60LuKa
bupukmanapgaH axpatub onuHagu. Ynap TyluHMmaraH
YrneBoLOPOANAPHN KATANUTUK TUAPOTreHNawW, ranoreHnm
XocunanapHn KanTapuw 6mnaH xam CMHTe3 KunnHagn. Kap6ox
KMUCNnoTa Ty3NapuHW 3/1eKTPOAN3 KUAraHga Xxam ankaHnap Xocun
6ynagun. byHaa KucnoTa aHMOHNapyW aHoALa IPKWUH pagmKannapra
napyanaHm6, y3apo 6upukagmn Ba Mypakkabpok yriesogopognap
xocun knnagu. by Konbbe peakunsicn Homu 6unaH MabiyMaup:

R - COONa R - COCI' + Na+

KNCNoTa aHNOHU

*

R- COCIr -?-> R- CO- O

KUCNoTa pagnkKanun

R—CO—0 -—->R +C02

yrneBsogopos
pagvkanu

2R-—3R- R
YITIEBOLOPOL,

Monekynacuga yrnepog atomnapu opacuja Kyl 60r maexyg
6ynraH 6upukmanap onedmHnap (TyinHmaraH yrneBo4opoanap),
Y4 60f BynraH 6upukmManap sca aueTweH YrneBogopoanapu
Jeinnagn. 3TuneH Ba aueTuneH 6ynapHUHT OAAMIA Bakunnapu
XucobnaHagu:



{-rVC:C\\l,_-'I H-C=C-H

3TUNEH aueTunneH

ATuNeH K,atopu yrnesogopognapura nponuneH C3HG 6yTtuneH
C4H8 amuneH C5HLLBa 6owkanap kmpagu. OnepumHnap HedpTb
ma\CynoTnapu, KOKC rasnapu, TYMUHraH yrneBoAopofaaphaH Ba
CNVPTNapPHU LerngporeHnall Ba eruaparial nynm 6unaH onmHagn:

CHHw » C3H6+ H2; C3HMOH — " CH6+HD
npomaH  MpOMwW/eH nponu MponuneH
cnmpTy

AueTtuneH Tabuuin rasnap (MetaH) gaH Ba KanbLuil Kapbug-
JaH Kylingary peakuusnap opkKaau onvHagu:

CH4 HCsCH+3H?2
MeTaH aleTunneH
CaC2+2H2D -——> CZ2H2+ Ca(OH)2
KanbLnit aueTuneH %

Kapbup

MeTann kapbuuiapy. YrnepogHUHr yHra HucbaTaH 31eKTpo-
mycbat 6ynraH meTtanniap Ba 60wWkKa anemeHTnap 6unaH \ocun
KunraH Gupukmanapu kapéuanap gerivnagu. Metannap Kymup
6unaH kusgupunraHga kapbugnap \ocun éynagw.

Si+C— > SiC
2Be + C — > BeX
Be + 2C — > BeC2
Ca+2C— >CaC2

4A1+3C— ™ AIAC3
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Kap6ugnap kpuctann Tysunuwra ara 6ynm6, ynapga Kumesui
60rNaHNULWHWUHT Y4 XUAWU MabayMm: TY3CUMOH (MOH 6ornaHuwwnm),
MeTan/ICUMOH (MHTEpMeTan/) Ba KOBaNeHT Kapbugnap.

Ty3cnMOH Kapbuanap MOH Ba KOBaseHT 6ornap opanurugaru
6of Tabuatura ara 6ynm6, 6ynapHUHr Bakunnapura BeZC, MgZC3
CaC2 LaC2 AlAC3Ba 6ol Kanap Kupagu, ynap cys éunaH ysapo
TabCcuprawraHfa, rugpokcuanap Ba Teruwnu yriesogopognap
xpeun 6ynagu:

CaC2+ 2HXD — =>>Ca(OH)2+ C2H2(KyuepoB peakuusacu)

Bab3n meTannapHuUHr (aliHMKpa, MUCHUHT) aueTuneH 6unaH
XOCWUN KUAraH kapouanapu tawky tabcup (3apba) HaTmkacupia
Te3 napyanaHagu. bynapra CuZC, AgZC,, AuZC2Ba LU, 2ZCnap mucon
6ynagun. YpaH kapbuaura cys TabCup 3TTUPUATraHAa ras Ba CYHK
Xongarv Typnau yrnesofopofiap apanawimacu xocun éynagu.

MeTanncumoH kKapbupgnapfa yrnepog atomaapu 3ud
XoWnawraH MeTann atomfapyu opacugarv OKTasgpuk OyLIuK,-
napgaxonnawagun. byHgaii 6upukmanap yta KaTTUKIUTU Ba SpULL
TemMnepaTypacuHUHT OKppunuru .6unad axpannbd typagu.
MacanaH, HMo6uin kapoug NbC 3500°, radHwuii kapbug HfC 3890°
Ba TaHTan kapbug TaC 3900 °C ga cytokgaHagu. bynap K,uinH
CYlOKnaHaguraH mogganapgaH 6ynu6é cys, KAc/oTa Ba 3ap CyBU
6unaH xam peakumsara KMpuwmMmainguraH KumEBMIA naccus
6upukmanap kaTopura Kupagu. SNekTp TOKUAM Mmetanniap kabu
AXWMN YTKa3aam.

d- karop anemeHTNapm KaponanapuHUHT Tapknbu yrapysyaH
(TvTaH kapbupgua yrnepog mukgopwu 0,6-1,0%, BaHaguiiga 0,58-
1,0% aTtpocuga) 6ynagu. KpemHuin kapbug SiC Ba 60op kapbug
B4AC3 xam wynap xxymnacura kupagn. by kKumésuii To3a
6upukmanapgaru anemeHTAapapo 60rnaHnLL Xaku Knii KoBaneHT
6opura skuH 6ynagn. ByHuHr cab6abu, KpemHuin Ba 6GOPHUHT
faBpuii cuctemaga yrnepogra SKWH XohnawraHnury xamga
aTomnap ynyamu Ba 3NEKTPOMaHMUANM KWl marn xxmnxatugaH
AKUHAUTMAANP.

MeTannap kapbugnapu mawlMHaco3NNKAa, Wulla KWpKuLL a,
MeTannyprus, Kumé caHoaty Ba 6owkanapga KynnaHunagm.

YTrNepogHUHI KUCNopoanu Gupukmanapu. Y rnepogHuHr
Kucnopoanu 6upukmanapuiaH aHdyarnHacu mavsiym 6ynu6,



6ynapra CO, C02 C3 2 CH 2 Ca 9Ba UmMKnuk upmkma (acmp)
napgaH CI0 |2 6unaH (C4 3n nap kupagu. bynapgaH yrnepop
MoHokcug —CO 6unaH anokeug —C02aHopraHuk mognanap,
Kp/araHnapm aca opraHnk 6upukmanap KATopura Kuputunagu.

Yrnepog MOHOKcuf,. PaHrcms, cysaa kam apyByaH xamaa\nacms
ras. YHu “ncrasun” (Kymunp yana éHraHza éku opraHuk bupmkmanap
oKcupnaHraHga x,ocun 6ynagm) fe6 xam oputagunap. Yrnepog
MOHOKCUJA Xyfda 3a\apiu ra3 6ynub, ogam KpHugaru remorso-
O6UHHW By3afn. YHWUHT 3aBOfa pyxcaT aTWAraH KOoHLUeHTpauumscu
0,02Mr/n HY TawKKN 3Tafn.Yrnepos MoHokeua éHnb, anokcuara
alinaHagu:

2CO0+02—>2C02

CO nabopatopua wapouTmga 4ymMOonum KucnoTtara ysura
CYBHW TOPTWMOG ONyBYM peareHTiapHU Tabcup aTTMpub onca
o6ynagn (H2S04, PO 5:

HCOOH-—--3CO+HD

CaHoatga yrnepoj MOHOKCUA reHepaTop rasu, CyB rasu Ba
apanaw ras xpnvmga onuHagu. CeHepaTop rasum 3aBoga KyMUpPHU
yana éHanpn6 oNuHaau:

C+02— > CO,

C+CO02 2CO

eHepaTop rasmga 25% yrneposd mMoHokcug, 70% asot, 4,0%
yrnepog anokcng, 0,3% mukgopha MetaH, KUC/0poj Ba BOLOPOA
6ynaaw.

Arap 4yrnaHraH KymupgaH cyB 6yru yTkasunca, yrnepog
MOHOKCUAHWHI BoZopog 6unaH apanawimacu xpcun 6ynagu
(TexHMKaga Oy apanaliMa CyB rasv HOMW GunaH Mabaym):

C+HD »CO +H2

CyB rasuHuHr tapkubu: CO -40,0%, H2—50,0%, C02-5,0%,
H2D —4,0% Ba \okaso.

CyB rasu oMLl peakuusacu aHAOTEPMUK >KapaéH BynraHaunru
cababnu kymup cosuiign. KymupHu yyrnaHraH \onga cakgab
TYPULL YYYH FeHepaTop rasv Ba CyB rasu onuw peakuusnapu émp
BaTHWHT y3uga 60puLLIN Kepak:



By peakumsga myBo3aHaT toKopu Temnepatypaga (> 1000°C)
YHITa cubkurad 6ynagm, mactga aca 4yan TOMOHTa CUDKMIAAK
(H° = 172 kXK, s° = 176 XK/K).

UyrnanraH Kymumpra 6up BaKTHWHT y3uja cyB Oyru Ba XABO
6epunraHfa apanaw ras xocun 6ynagn. YHUHT Tapkuoéu
Kyimparnyagnp (ypta xucoobga) :CO - 30,0%, H2-15,0%, C02-
5,0%, N - 5,0%.

Yrnepos MOHOKCUA —KYUn KaliTapyBuW. YHUHT MOJeKyna-
cuaarm KMMEBWUI 6ornaHmw Kydnu 6ynaraHnnru ca6abnw, yrne-
POA MOHOKCWUA MWITMPOKMAA 6opaguraH OKCUAnaHuw-KaiTapu-
MW peakumanapu OKopu TemnepartypagaruHa te3 6opagu. Ok-
CMANapHW Yrnepof MOHOKCMA épjamufja Kantapuw metannyp-
rmaga KaTTa axamysaTra ara.

Yrnepos MOHOKCUA BGUPUKTMPUG oNuwl peakuusanapura
Knpuwwagu:

CO«fCLZ KaTanusatop COCI‘Z

thocreH

CO+S — COS

Yrnepog cynbdokensg

CO+H26b6™ CH3H

MeTannap kap6oHwunnapw. ¥rnepog (M)-0KCUAHUHT MeTan-
nap 6unaH GUpPUKManapuHUHT COHW MUHILaH opTaju, Xxammacu
3axapnu mopganap xucobnaHagn. Metann-nuraHg 6ornaHuwn
MaBXyanuru cababnu ynap kK - KOMMJeKcnapra SsKuH Typagu.
CO-nuraHgnap yrnepog atomMu opkanu metannap 6unad
OKCUAIaHWLL JapaXKacu HoMb 6ynraH Xonataa KoBaseHT 60rnaHraH
d-anemeHTnapu kap6oHUNNapu eHrun, cysfa apumainifuran,
KyT6naHMaraH apMtmanapga apuiguraH, Tes yyyByaH, KucaoTa
Ba ULIKopnapra uHaegdepeHT 6ynraH bupmukmanapmp. Metannap
Kap6oHunnapuHu 100-200 °C tokopu 6ocumMpaa KYKYHCUMOH
MeTanara yrnepos MOHOKCUA TabCup aTTUPUG ONMHALN.
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Temunp Hukenb KobanbT Xpom Bonbdpam

Fe (CO)4 Ni (CO)4 CO (CO)8  Cr (CO)6 W (CO)6
Fe (CO)5 CO (CO)R
Fe (CO),, CO (CO)p

Kap6oHunnap gnamaramtnapgmp. CO HUHT MeTann 6mnaH y3apo
6ofh XXyfa MycTa“kamnuru 6y epga LOHOp-aKLenTop Ba AaTuB
6vpuKnLw 6opanrn GunaH TywyHTUpmnagun. LLyHra kapamai, kap6o-
Hunnap knsgupunradga metann sa CO ra 0OCOHrvMHa napyanaHagu.
Hyvikenb KapbOHWAVHWUHT NapyanaHnm noptnaw 6unaH 6opagy.

MeTannapHuHT Kap6oHunnapu kumésmin peakyusnapga CO
rpynnanapuuu 60owwka nuraHanap (TyinHmaraH yrnesogopognap,
thocthuHnap, amuHnap, nsoHmutpunnap, N 0 Ba 6owkanap) ra Tyna
€KM KucmaH anmawagm. FanoreHnap 6unaH peakyusra Kupuwagm,
KapboHMn MeTann aHWOHWrava kartapunagu. MeTannapHuHT
KapboHunnapu, caHoaTaa rugpodopmunnail, Kapbokcuanatl,
rMaporeHnall Ba NosvMepnall kabu peakuuanapga KatanmsaTop
cugatmga xamaa Typam MeTani-opraHuk 6upnkManap cuHresnga
XoMaLé cudaTnga nwnatunagu.

Yrnepos auokeupg — CO02 OpraHuk 6Gupukmanap
OKCUAAAHULIW HaTuxacuaa goumo \ocun 6ynnb Typagn. Hopman
6ocmumpa 100 n cyega 0°C ga 171 n, 10°C ga 119 n Ba 20°C na 88 n
C 023puingn. Bocum opTulLM 6UNaH YHUHT CyBAa 3pULLN Kynasagu.
C 02monekynanapu opacugarv KoaneHT 60THUHT Tabuatu ynap
opacugarn LOHOp-akuenTop 6MPUKULWIHKN yKKa Ynkapanu. C02
MOJIeEKynacuarn yrnepog - kucnopog 6oru opacugarn macoga
(116 HM) yymonu anbaerngHuknra KaparaHga 6 HM ra Kampokaup.
Y4 GOTHUHT MaBXYLNIUTW CTPYKTypa pe3oHaHcu 6unad
6ornukamp:

to=c=0:-:0-c=0: :0C-6:

Kattuk \ongarun yrnepos AUOKCMAKM cytokgaHmacaaH —78°C
fa 6yrnaHagn. Y kasogaH 6up spum 6apasap orup, x,aogarn 10%
NN MUKAOPW Hadac ONULIHU TyXTaTraHamru cababnm \act yuyH
XaH(pnu \ncobnaHagu.



CaHoatga C020XaKTOWHN K13gmpub onnHagu:

CaC03— > CaO +CO02

Nabopatopusga C02Kunn annapatnga Kyinngaru peakuns 6u-
NaH CUHTE3 KUINHaAW:

CaC03+ 2HC1-—-—> CaCl2+ C02+ HD

Yrnepog AMOKcUA cofa, Kapbammua, kKapboHaT KMcnoTa omuiaa,
CyB Ba MeBa Lap6aTnapuHu rasnawiTupuaa KynnaHunaaum. “Kypyk
My3” My3KaiMOKTanépnaw gaxamgao3nk-0BKaT MaxcynoTaapuHm
cak™awja, coBuTuLW 3apyp BynraH vwnappa KeHr uwnatunagm.

Kapb6oHaT kucnota —HZ03cyBnu spuTMagarnHa
mMaBXyp 6yna onagn. KnsgupwunraHga yrnepog AUOKCUL yunb
KeTagu. HZC 0 3HMHI Kocun Bynuil MyBO3aHaTy vanra cypunagm
Ba OXMpuga cyB Konagu. ¥ Kyuycus kKucnotanapgaH 6ynu6,
K, =4,2 T0~7Ba /*"2=4,8 10 LraTeHr. CO3R noHM fAiccu yubypuak
Ty3unuwura ara (spZ rmbpugnaHraH xonart Ba AenokKaniaHraH
K —6ot), d (C- O) = 129 HM ra TeHr.

M KKu acocnm KapboHaT KncnoTa ypTa Ba HOPAOH Ty3nap XoCun
Kunagn. Yprta Ty3nap kapboHaTnap, HOpAOHMapu 3ca
rugpokapboHatTiap geiunagn. KapboHatnap ofatha cyBga Kam
apuigun. Hatpwuin, kanuii, pybuanii Ba Le3nNin Ba aMMOHUNA
Kap6oHaTnap cysga axwu apuiign. Kapb6oHaTtnap km3gupuaraHga
meTann okcuau Ba C 02xocun Kunmb napyanaHagn. nemMeHTHUHT
METa/IIMK X0CCacu Ky4yim HamMOEH Oynuwun 6unaH kapboHaT
Ty3/lapMHUHT 6apKapopaurn xam optu6 6opagn. Hatpuit kap6o-
HaT MapyanaHMacfaH cylKnaHagmu, Kanbuuii Kap6oHat 825°C
[a, Kymyw kapboHaTt aca 100 °Cpa napyanaHagu.

WNwkopuii meTannap yyyH HOpAOH kapboHaTt (rugpokap-
60HaT) nap mMabnym. CeKUH KusgupunraHga ynap OCOH mnapua-
naHagu. 'mpgpokap6oHatnap NaHCO03gaH CsHCO3a yTraHga
6apkapopnuru optagu.

Kap6oHaT kKucnoTa Tysnapu yrnepoj LUOKCUAra MLWIKOP
TabCUP STTUPULL OPKav ONIMHULLIN MYMKWH:

C02+ NaOH-—-—-> NaHCO03
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| ngpokapboHatnap Km3gupunraHga kapboHatnapra yTuwim
MYMKMH:

Ca(HC032---> CaCO,+HD +C02

2NaHC03— > NaZ 03+ HD +C02

CyBga spumaiigurad kapboHatnap Termwnum Tysnap 6unaH
anMalimHuw peakumanapmaa\ocun kunuHagu. Cysga apuiignran
KapboHaTnap Tabcupuga rugponmanaHaguraH katuoxnap (Bezk
Mg2+, Zn2+ Ba 6ol Kanap) acoc KapboHaTnapHu, Kyynu
rmgponusnaHagnraH kap6oxnatnap aca (Al3+ Cr3+ Ti4 Ba
6owkanap) rugpokcug KonguknapuHu 6epagu.

KapboHat kucnota TysnapugaH kanbuuii kap6oHat CaC03
Tabyatga o™akTow, 6yp Ba Mapmap KypUHULLMAA KeHT TapKaraH.
MarHuin kap6oHaT M gCO03marHesnT HoOMK 6runaH Mabiym bynraH
MUHEpanaup.

Mwuc rugpokcokap6oHaT (CaOH)2C03tabuataa yypainguran
ManaxuT MuHepanuaup. bab3nm KapboHatnap, Wy XymnajaH,
Temup wnatm FeCO3 Ba ranbmeit ZnCO03kummaTnm pyga
X;ucobnaHnb, acocaH MeTann ONMLLAA ULWATUNALN.

Hatpuit kap6oHaT Na2C 03 Y coga HOMK 6unaH PUTUANG,
YHUHT 6Mp Heya XU mabiym:

NaZZ 0310HD —«pucTannrugpar
Na,C0,'H,0 —xpucTann-kapboHaT
Na,CO, —KanbLmiinaHraH coga
NaHC03—unmnuk coga

3HT Kyn vwnaTunagurad KanbLuHaumnadrad (Kpyctanamsaums
cyBu 6ynmaraH) cogagup. LLinwwa, COBYH, TYKUMAYUINK, BYEK,UNNK,
CYHHV tOMLLATMLL Ba 6OLLIKA KAaTOP COXAMapia uwnaTunagu.

Muumnunk cogagaH Tu66MET, 03MK-0BKAT caHoatu, hapma-
LeBTUKa Ba 60LIKa TapMOKAapa KeHr (oiiganaHunagm.

YrNepogHUHT rasioreHNn Gupukmanapu. Yrnepos ranoreHnap
6unaH KynruHa 6upukmanap ~ocun kunagn. ®axkat QpTop yrnepos
6unaH TyrpugaH-tyrpu 6upukné, CF4—rtetpatTop X0CUn Kunagu.
I padut 6UNaH XNOPHUHI peakuMACUMHM nacT Temneparypaja
ViKasuw TepMOAMHAMUK XuUXathaH MYMKWH Oyncaga, amanga



yrnepog (1V) - xnopug — CC14 xocun 6ynmaingn, nekuH CCl4
MeTaHra x/i0p Tabcup aTTUpM6 onnHaam.

dpeoHnap. Y rNepogHUHT ranoreHnm xocunanapugad CF46vnan
CQ4amanuii axamuaTtraara. Yrnepog (1V)- htopng—CF4ras 6ynno,
—128 °C kaliHaingn, —184 °C na koTaau. XXygaa nHept mogga 6ynub,
Y31 Ba YHWUHT X/0p/n XOCMnanapw (peoHnap HOMy 6unaH Mabaym.
Bynap coBuTULL TexHMKacuga Kynnanuianu.

® peoH—12 ae6 atanysun gudtopauxnopmeraH —CF2C12
COBUTUII MAWMHACUHWUHT WUIWIYUN CYOKAUTWN (XNaf0areHT)
XucobnaHagu. ®peoHnap xyga 6apkapop mopgganap 6ynué
rmaponusnaHmangmn, wy cababnu meTannapHu Kopposusra
yuypaTMangun. Ynap WHCceKToyHruumgnapgaH asposonnap
Tallépnawga spuTyBYM Ba PTOPAM XOcwunanap onvwpa opanuk
mMoAja cugaTuga KynnaHunagu. KeHnr TapkanraH ¢gpeoH—12
yrnepof (1Y)-xnopung CCl46unan HF gaH onvHaau (katanusaTtop
cuaTtuga SIFsuwnaTunagm):

CCl4+ 2HF -HW 2HC1 + CF,CL

®ocreH —COCl12 KapboHaT KUC/OTaHUHI AUXI0paH-
rMapuan, KyHrup ras, - 118°C ga kotagu, 8,2 °C ga kaiHaigu.
d= 1, 420. CyBga éMOH, OpraHuK apMTyBUMIapaa Axwu apuingm.

Y yrnepop okcup 6unaH XnopfaH akTuUBNaHraH KyMmup
MWITUpPOKKUZa onnuHaan. @docreH 6ab3n apuTMmanap (macanaH,
AnaTunkap6oHar),audeHnnmeTaH 6yéxkaapu, faBonall npenapariapu,
nanukapboHaTnap Ba 60LIKa Mogjanap onulaa uwnatunagu. Y yta
3axapm Moaga. bupuHum xaxoH ypywn iunnapuga (1914—1918)
3axapnoByn Mofda cudatupa KynnaHwiaraH. YHaaH npoTtusoras
éphaMmpaa cakgaHu MyMKUH.

YTrNepogHUHT ONTUHTYTYPTAU GUPUKManapu. Yrnepoj
amcynbng - CS2—111,9°Cpa kpTaguraH, 46,2°C aa KaiHangnrat
CYH™MUK. Y CyBAa MOH, OpraHUK apuTMmanapga fxwu apuiigu,
150°CaTtpohuga cyB TabCmpuga axxpaTub onuHagn. YHu yyrnaHraH
AUCTa Kymmupra ONTUHIYTYpT Tabeup 3TTUpUG 0NnHagn. Yrnepos
Avcynbub BMCKO3a caHoaTufa LEentono3a KCaHTOreHaTuHU
onvwpa, CCl4 cuHTe3maa Ba 6oLWKa peakuusanapga vwnatunagu.
YHAaH KULLIOK XyXanunru sapapkyHaHganapura sa 6eroHa ytnapra
KapLum Kypalwga KeHr goiiganaHunagm.
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Yrnepop cynbokcug —€0S.Yrnepog(1l)-okcmaHu
ONITUHTYTYPT BMnaH Kopy TemnepaTypaga Kusgmpunb ékm 400° C
Ja yrnepof Aucynbuira cys TabCcup aTTUPUG 0MHaN:

CO +S— > COS
CS2+HD — > COS + HS

M3oTnoumnaH kmcnota aupura (xaHtan mownnura) cynbdat
KUCoTa NWTUpoKMaa cys Tabeup aTTupmn6 onca x,.am ynagm:

R-N =0=S+HdD --—->R- NH2+COS

Yrnepog cynboKcMp Kyudcu3 KynaHca xiiann paHrcus ras
6ynunb6, acabra tabcup atagu. Nwkppra totanpunraiga KO —CO —
SK Tapkmbau MOHOTMOKap6OHaT KMcnoTa Ty3u xpcun bynagw.
AnkoronaTop 6unaH Wy KUCNOTaHUHT HOPZAaH TY3MapuHM XOCUII
Kunagw:

CH® - K+cos— > CHS 0- TCcosk

COS 6ab3u cuHTe3napfa x*amga cuat peakumanapuga
nwnatunagm.

TwokapboHaT kKucnoTtanap. bynapra mucon Kunm6 ymymuii
KYpUHULLAA KyAngarunapHu KypcaTuil MyMKUWH:

CnH2n + COSH; CnH2 + CSSH

TuokapboHaT KucnoTanapHuUHr 6apkapop Ty3napu mabiym
6ynn6, nectuyupgnap, GnotopeaHTnap, BYyNKaHU3aLuUs
Tesnatkuynapu cudartuga vwnarmnagun. TUOMOYEBUHa,
TMokKapbaMuH Kucnortanap, TMoQocreH, gutuokapb6amuH
KucnoTtanap, TpuTuokapboHat kucnotanap aupnapu Ba Tysnapu
\am amanuii axammsTra ara.

YrnepogHvHT a30Tm bupukmanapn. J nuy naH- CAN2 dnekTtp
€M Tabcupupia OKopM TemnepaTtypaga yrnepog TyrpugaH-tyrpu
a3oT 6unaH 6UpUKNG guumnaH xocun kunagu. duynaH —28 °C ga
koTtagn, —21 °Cpaa kaiiHaigw, 3a\apnu ras, Tes anaHranaHagw,
YHUHT Knenopog 6unaH apanawiMmacu éHraHga temnepatypa 4500
"C rava KyTtapunagu. Anunad monekynacu YM3nkKau Tysunuuira
ara: N = C —C = N: atomnapu opacugaru macoga d( = 137
um, d = 113 Hm.

Ouumnan knsgupunraHga (500°C) nonumepnaHmb kKopamTup-
XUrappaHr TyCnu CyloKnaHMaiguraH napauuaHra aiinaHagu:
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XaBocus xoiga napayvad 860°C raya KusgupuaraHga sHa
avunanra anaHagn. HCN Hu kucnopog, IMO26km H2 26unaH
KatafuTUK okcmanab napaymaH onmHagu. O3 mukgopgaru guumnan
KCN HuHr cysgarn aputmacu Ba muc (I1)- cynbhaTHUHT y3apo
TabCUPUAAH XOCUN KUAUHULIU MYMKUH.

MapaynaH KMMEBWIA XOCCaNapm XXnxaThaH ranoreHnapra akuH
Typagn. LUYHUHT y4yH Xam peakumsira Xyga 0COH Knpuwaguran
MoAua xucobnaHagu. byHaa xocun 6ynaguraH 6upukmanap ys
Tapkubu 6unaH ranoreHnapgaH onuHaguraH MoffanapHukura
yxInab keTagn (YHUHT Tapkmbuaa 2 1ayy 60r Ba a3oT atomiapuga
3NeKTPOH Xy Tnap 6op):

H2+ CN2--—-—-> 2HCN
CN2+ 2KOH--—--> KCN + KCNO + HD

CN2+ Br2-—3 2CNBr

OvunaH aTuneHgnammH nwnab yMkapuwpa, MetannapHu
KMPKULWIAa Ba NaiiBaHgnawaa EKUarn cugatmga nwnatmnagu.

Ouwuwvwanwnpgunamupg HN - C(NH2, NHCN guynan
XocunanapugaH xucobnaHaguw. Y MejamuH caHoaTmga,
anuynaHgnamung — opmanbierng cMonanapu tanépnawga,
6apbuTypaT KACNOTA Ba YHUHT Ty31apyuHM ONMLLAA XaMAa 3MOoKCKg
cMONNapy KOTUpruynapu cudaTuga mwnatunagu.

1, 4-pmunanbyteH - 2 - NCH2ZH = CHCH2XHN xam
OULNAHHWUHT Xxocunacu 6ynub, agn noguHWTPUAHK onuwja
nwnaTunagun.

Unanupg kwncnota HCN. PaHrcus, eHrun, ydyByaH
CYWOKMK, 26,5°C ga KaliHaign, ayunk 6040M Xuaura ara. SHr
Kyunu 3axapium mopguanapgaH 6upun. Cysnu aputMmacuia Kyucu3s
KMCnoTa XxoccanapuHu HamoéH kunagm (K = 2,110 9.

CyBCU3 CYIOK LMaHUg KuUCMoTa Kyuu WMOHMOBYM 3PUTYBYUN
6ynn6, yHAa apuraH 3neKTposuTNap MOHIapra guccouunnaHagm.
LimaHug kucnota MKKU Xun KypuHuLra ara 6ynu6, tTaytomep my-
BO3aHaTAa 6ynaau:

H—C=N: <"H -N = C

CaHoaTAa UMaHWA KWCNOTa Kyliupgarn KaTanuTuk
peakuyusnap 6unaH onvHagm:



2CH4+ 302+ 2NH, 2HCN + 6 HD

LinaHmg Kncnota KUWNOK Xyxanurnga, 6ab3v cuHTesnapga
Ba KOMMJeKC GMpuKkManap onvwja nwnatunagm.

HCN Tysnapy umaHungnap geinnagu.bynapgaH RCN Ba
NaCN amanuii axamusTra ara. Ynap cyefa AXWwu 3puiAguran
3axapnun moppanapaup. CaHoatfa MeTannapHUHT aMUANapuHm
IOKOpW TemmnepaTypaga Kymup 6unad kusgupunb onnHagn. Cyspa
rMaponun3naHagu:

CN- + H2D —3 HCN + OH

LimaHng kucnota Tysnapu aputmManapu MWKOpWiA peakymsara
ara 6ynu6, ynapHMHr XAuu uuaHug KACNoTaHW acnatagu.

. JKCN 6unan NaCN kucnopof MW TUPOKUAA OITUH BaKYyMYLL-
HU spuTULWITa Kogupnuru cababnu 6y metannapHu pyfanapgaH
axpatnb onvwga Kynnadunagun. by Tysnap opraHuk cuHTesnapaa,
ranbBaHoOMNIacTUKa Ba ranbBaHoCTermaga uwnatunagu.

Tapkubupga umad rpynna 6op KoOMMnekcnap X.am aHyarmHa
yupaiign: K4Fe(CN)6, Fe(CN)4 « 4KCN, K3Fe(CN)§ wynap
XyMmnacugaHaup. »

PopgaHupg knmcnota- HSCN.TuouumaHaTt KUCNO-
T a xam Aeb atanagun. Y uKku taytomep xonga éynagu:

H—S—C=N H—N=C=S
TwuounaHat M3oTnoyunaHar
Kucnota Kucnota

Y MOIWCMMOH, YUYyBYaH YTKUP xiignu CYKOKAUK, OCOHTMHA
napyanaHagn. PofaHUA KWUCOTaHUHT CYBAM 3pUTMacu Kyunu
kucnota 6ynn6, K = 0,14, wy cababnym nwWKopuin MeTannapHUHT
Ty3napu OynraH pojaHugnap ruaponvsra yydpamaign. PogaHug
KMCNOTAHWHT anKua Xocunanapu mMabAyMm, YHWHT y3upaaH
TMouMaHaTnapHy onnLWAa KynnaHunagam.

PogaHug kucnota Ty3napu (pogaHuanap) kpuctannap 6ynuo,
Kynnapu cyefa, cnupTaa, aup Ba aueTtoHga apuiigu. Cyspaaru



apuTManapuga kucnopog éunad cynstarnap sBa HCN rava okcug-
naHagu, xnop Ba 6pom 6unaH 6UPMKMG, LMaHTanoreHnn xocuna-
nap Gepagun. Temup 6bunad mMeTannap pogaHugnapurada, pyx ouna
(HCI sputmacmuga) sca CHNH2Ba HZS rava kalitapunagm.

PogaHugnap mMetann uuaHmanapu 6unaH ONTUHTYTYPTHUHT
y3apo TabCUpU HaTUXKacuaa onuHagn. Metann cynbdarnapu ku
HUTPaT/MIapUHWHT 6apuid Ba HATPWIA TMOLMaHaTIapura anmawTn-
puanMwmn x.aMga MmeTannap rugpokcugnapu éku kapboHatnapu
pojaHuf KucnoTa bunaH peakuusara KApUTUAraHga Xxam pogaHmg-
nap xocun éynaau.

PogaHungnap ragHuin 6unaH LMPKOHWUIA 3KCTpaKLmacmaa peareHT
cudaTnga, TeMmp Ba nynaTHu Tobnawga, raznamanap mwnaé unka-
puLaa, ranbBaHOTEXHWKA, COBUTYBUM 3pMTManapHu Taliépnawja,
thoTorpadmaga, metannapHm HOTOMETPUK ycyn bunaH aHuknawpa
Ba LY Kabu 6oLIKa Uwnapaa KeHr KynnaHunagu.

XIl BOB

«

KPEMHWI BA YHUHT BUPUKMAAPU

TabuaTtga Tapk™amwmy, 0ONUHULWLIN Ba (PU3MK Xxoccasapu.
KpemMHuWiitHWHT Tabunatga 3 Ta 6apkapop mnsotonu 6op: 28Si, ZBi
Ba IBi.Ep kabpupga macca 6yimya 27,6% HU TawKun aTagu
(kmcnopoauaH KelinH MKKUHYM ypuHpaa Typaaun). KpemHwuii
Tabnatga Si02 kpemHuin (1V)- okcua, CUAUKAT aHrMapua,
KYMTYNPOK Ba CUIMKAT KMCNoTa Tysnapu (cmnukatnap) xonuga
yupaiign. YHUHT GupukManapuaH antoMocunmkar (gana wnatu,
cnfa, KaonuMH Ba 60WKa) nap allHMKca KeHr TapKajraH.
KpeMHUWIA MuUHepannap Ba tof XWHCNApW Tapkubuparun 6oL
3NeMeHT xucobnaHagn. Y CUM/IMK Ba XaiiBOHMap opraHu3Mmia xam
yuypangu.

KpPeMHUAHWHT 31eKTPOH KoHpwurypaumsacn KL-3S23p2
[Jactnab 1811 iinnga XX J1. eii-/loccak BaJ1.)K. TeHapTOMOHMAaH
OJINHTaH. PKUH X0ngarn KpeMHunin manga ok kym-kpemuuii (I1)-
OKCMAHW MarHuii 6unaH Ku3gupub onmHagu:

Si02+ 2Mg-—-> 2MgO + Si
aMmop( KyKyH



Icxnukapa TeTpaxnopcunad —SiCl4gaH axpaTuné onvHaau:

SiCl4+ 2H2--—-> 4HC1 + Si

KpucTtann xongarm KpemHuit K$'Hrup-kynpaHr 6ynu6,
CMONaCUMOH ANTUPOK- YHUHT KpUCTann Typu TOMOHNapwu
MapkasnawraH Ky6 waknmga (0IMOCHUKK Kabu) 6ynaaw.

KpemHuii apumyTkasruy 6ynmb, MK - HypnapHu yTkasaau
(kanTapmw xycycuatu 0,3, cuHanpuw Kypcatkuum 3.87).YHaaH
(hboToanemeHT, Ky4yalTUpruy Ba TOK ryrpuaaruunap
TainépnaHagu. KpemMHuii acocmpa TanépnaHraH anemeHTNapHUHT
250°C rava uwnain onuwun yHaaH oirganaHuw co\anapuHu
KeHranTupagm.

KnméBnin xoccanapu. KpeMHUIA cylOKnaHTUpuUAraH
meTannapfa apviian, acta-CeKMH COBUTWUAraHAa, OKTasgpuk
naHxapa xocun Kunnb kpuctannaHagu, OKCMANaHULW fapaxacu
—3, +2 Ba +4. lNMacT TemnepaTypaga y KUMEBUIA XuxaTgaH uHepT
XucobnaHagn. Kucnopog atmocgepacuga 400°C gaH tokopuaa
okcuanaHagu. a3 xongarum Bogopos ¢gropug 6unaH opgwmii
LapouTaa, BOAOPOA Xnopug Ba Bofopod 6pomupnap 6unaH aca
400 —500°C pa peakuusara kupuwagun. KpemHuin ranoresnap,
BOLOPOA Ba yrnepof 6unaH 6UpUKUG Teruwnmya KpemHuii
rafioreHuanap, cuiaHnap Ba kapbug (kapoopyHs) Xocun Kunagu.
ONTUHIYrypT Ba a3oT 6unaH (600 — 1000°C ga) xam 6upukagun.
bop 6unaH SiB4Ba Si,Bt kabu 6upukmanapm mabiym.

KpemHuii Bogopoa htopug 6unaH HATpAT KucnoTa apanatl-
Maenfa, WULLIK,0p Ba KyNruHa MeTanapHUHT CYOKIaHTUPWUIITaH
apuTmanapuga spningn. Viwkopnap KpemHuii 6unaH peakuymsra
Knpuwwnb, BOLAOPOA Ba CUAMKAT KUCMOTa Ty3napuHuM Xocun
Kunagu:

Si+2KOH + H,0 — -> KSiO, + 2H2
Si + 2NaOH + HD -—> NaXsio, + 2H2

KpeMHWAHWHT KynruHa MeTannap 6wunaH Xocun KuaraH
cunuumgnapu (Mg,Si, FcSi, Cr,Si Ba X0Ka30) KUAWH 3puiignraH,
ANeKTP TOKMHMU yTKadyBun maTepuannapgaH xlicobnaHagu. Bynap
XOCCa/1apy XuxathaH UHrepmeTan 6upukmanapuHun acnatagm.

KBapuUHVHI Ty3unuwm Ba xoccanapn. Ksapu, Kpuctann xuwijaru
KIX'MMmia(11)wxeuanaH nbopT, Tabuatga yupainHn. KHapuayHr rvHUK,



paHrcu3 KpucTaniapy ONnTu KAppanu nupamvaaja >konawrad ontu
Kvppanu npusMa waknura sra 6ynm6, tof 6unnypu geiivnagu.
Apanawimanap Tabcupuga 6uHadlia paHrra 6ysnraH tof 6unnypu
amMmeTUCT, KyHrMp PaHIMCU TYTYHCUMOH Tonas fe6HOM CLUraH.
KBapL, KypvHuwnapmgaH 6upyn yakMok Towavp. Maiga Kpuctann
Xongary araT wWsuia \aMKeHrTapkanraH. Keapu KynrimHa Mypakkao
tof XuHcnapu (rpaHwT, rHeinc) Tapkubura kmpagu. Oaguin Kym
KBapLHWHI MaBja K1cMuaump.

KBapu, oaavii wapoutaa cysaa Aespauv apumaingu, nekuH 6ocmum
ocTnga KgngupunraH cyega 100°C gaH tokopuga spuiign. MaHa wy
yeyngaH doiganaHm6, CyHbMiA KBapLHUHT MUPUK MOHOKpUCTan-
napv (30 cm Ba yHAaH tokopu) yctupunagun. Ksapy, kucnotanapga
apumaingn, 6yHfaH hakat Bogopog hropma myctacHoaup. Keapy
6unaH HA 6uprkkaHaa Kyingaruya peakums 6opagu:

4HF + Si02---—-> SiF4+ 2HD

Sin + 2HF - —n H2[SiFg]

KBapy wvwk,0pnap 6unaH peakuuara Knpuwmnb cuamkatnap
\ocun k;unagn. byHpaih moppanap kKeapy 6unaH metann
OKCUAAAQPUHW apanawTupub KusgupuaraHga xam xocun oynaam.

KBapL T03a KpeMHWiA, KBapL, LuMlIa, CUANKanbUnT abpasus
mMaTepuannapu kKMmmmartbaxo Townap Taépnawjga Xxomalué
XucobnaHagu.

KBapy wuwa. KBapu wwuwa ynbTpabuHadgwa HypnapHu
yTKasagmn, IOKOpW Temmnepatypa TabCupura Ymgaman. YHWUHT
TEPMUK KeHramw KOo3PppuUUEHTU Xyda KWYuUK 6ynub,
ncuTunraHga kn CoOBUTUATAHLA XaMW Yysrapmangu. Keapy
wuwaHu 1500°C rava Kusgupub COBYK CyBra TyLMpuiraHga
YHraxe4y HUMa Kunmangu. BaxonaHku, ogguin wuwagaH scanraH
Typnau 6ytomnap 6up 03 KuUsgupunraHga cys TomMumnapu
TabCcupupgaH faps ketragu. Kgapy wuwa KMmMé caHoatmpa,
nabopatopusa ac6o6napuHmn sicalwa, yTra Ba Ky4am peareHTnapra
yngamam nguwnap, Kyeyp (Haiuya) Ba peakTopnap Taiépnawga
KynnaHunagn. Tub6mnérga, KMHO, MAMKIA nwnap Ba 60wWKa KaTop
coxanapfia KeHr KynnaHunagurad cumob namnanapu xam Ksapl
lWMWafaH TaképnaHagu.



CunukaT KucnoTanapsayfnapHUWUHI Ty3fiapu.
Ymymuin popmynacu n Si02' mH2D 6ynub, 6y epga; n = 1 —2,
/n=1-2raTeHr. OpKuH \onga metacnnmnkat kucnota —H2ZSiOv
oprocunukat kucnota —H4Si04Ba guMeTacuankart Kucnora —
1,Si05 axpatnb onmHraH. bynap UKKW HErmsnu Kyycus
Kucnotanap xucobnaHagu. TyiuHraH cysnu aputmanapuja
yonnap \ocun kunagu, pH > 5—6 ga 6ynap rennapra anaHagu,
KypuraHga cunukarennap By>Xyara kenagu. fHrv OfiMHraH refb
CyB, KMC/IOTA Ba MLIKOPAA MablyMm Aapaxaja apuign. Cunukat
KucnoTa cyBa Konnong aputMa xocun kunagu. Cunmkart Kucnota
Tapkubugarn CyBHUHI Kamas 60puLIN YHUHT CyBJa KMUCNoTa Ba
nwkKopnapga 93pyBYaHAUTUHW nacantupa 6Gopagun. Y
KusgmpunraHga cys 6mnaH CuamkaT aHrumapuara axpatunagu.
CunukaTt kucnota cunmkatnapra HC/ Eku‘aMMOHWIA xnopug
Tabcup aTTUPMG onuHagn. KpeMHUWHWHT MONWranoreHnun
bupnkmanapun (SiCl4 rugponusnaHraHga \am cuamkaT KucnoTta
\ocHn 6ynaau. Nwkopuii meTannap cunmkatTnapy cyspa apuingu.
Bynap apyBuaH wuwanap geiinnagn. 3pysyaH Wwnwlanap KpemHui
(I)-okcnp —KBapuHM MWKOpUiA MeTannap kapboHaTnapu éku
rmapokcugnapu 6unaH Kugupuoé onmHaam:

SiO, + 2NaOH —> NaXxi03+ HD

Si02+ KX 03----> KXSi03+ C02

Monekynacmga UKKW Ba YHAaH OPTUK KPEMHWi atomnapu
fynraH Kucnotanap nonMcMAMKaT KucnoTanap feiunagun. bynap
OAAMIA CUNMKAT KMCNOTaNapHUHT KOHAEeHCcaTNaHWUWMAaH X,0cui
Oynagn Ba 6ol kanap wynap XxymnacugaHaup. byHaaii kucnota
Ty3napu nonucunukatnap feb woputunagm. Cunukat Ba
MONUCUNNKATNAPHUHT TY3UAMLIN PEHTreH Hypaapu opKanu
TEKWMpUATraHga KpucTann naHxapanapia TeTpasap lWwaknugaru
Si044aHnoHnapu 6up-6upu GunaH KUCNOPOL aToMNapu opkanu
OUPUKKAHAUTUHK KypcaTau. TeTpasgp mMapkasmja KpeMHUi
aToMun >KoinawraH 6ynu6, YHWHT 4YyKKunapuga KuUCnopon
atomnapuw Typagu. Kpuctann Tysunuwmra kapab cunukarnap
onTuTa cuHra 6ynuHagm (AKKa-aKKka opTocunukatnap,
nnupocunnKaTnap, LMKINK CUAMKaTnap, YeKCu3 3aHxupnapgaH
rawkun TonraH NMPOKCUH Ba amdmbonnap xamga 6owkanap).



®a3oBuil Typnapfaru KpemHWin aTomiapu antoMUHWI
aTomnapura anMallMHULWN HaTUXacuaa aloMoCununKaTaap xocun
bynagn. Tabwunin cunukatnapfa KpemHuii 6unaH antoMUHKIA
atomnapu ysapo kucnopog 6unaH 6ornaHagn. AnKOMOCUINKAT -
NapHWHT My VM Ba KYH TapKasraH Bakuanapy jaHa LwnaTnapuaup.
Bynap Tapkmbura KpemHMiA Ba aNtOMUHNIA oKcmanapu 6unaH 6up
Katopga kanuii, HaTpuii KM KanbLWil OKCUAMapu Kupagu.
MnacTUHKaCMMOH Ty3unuwra ara 6ynraH cnioja antoMocunukar
XucobnaHagn. Y HUHT Tapkubum 6upmyH4ya Mypakkab 6ynagu.

Typnu TYNPOKNAPHUHI aCOCMHU KAOAWH TallKWn Kunagu. Y
oaaui pgana wnatu (opToKfnas) gaH Kyimparm peakuyus
HaTmxacuga xocun bynagu:

K,0 «AlD, +6SiO, + C02+ nHAD =

=K,CO, +4Si02 »(n-2) HD + A1D, m2SiO, *2HD

To3a Kao/NuH Kam «y4ypaingn; OK paHriuM KaoluH To03a
XuncobnaHagm Ba 03rMHa KBapL, —KyM apanalimacura ara 6ynagu.
To3a KaoNUH YMHHU Mwnab unkapu'lwaa nwnatmnagu.

Cutannap. bup rypyxonnmnapcaHoar MMkécuaa metannyprus
caHoaTu TawfaHAMKNapu xucobniaHraH wnakgaH axoinuné
XoccanapHu ysmfa MyxaccamnawTupraH fHru matepuan —
CUTaNNHM Apatan. Kucmam kpuctannaw an wuwacumoH asogaH
noéopat CuUTann Xyga HKOPU MeXaHWK NUWWKINK Ba KUMEBWIA
yngamMnauanmkka aragup. TexHukaga cuTaniap nupokepam,
LeBMTpOKepamM HOMKU 6unaH xam Mabaym. MukpokpucTannap
KatTanuru 1Mkm faH Kuuuk éynagu. Lid —11,0, —SiO, acocuga
TaliépnaHraH cuTannap onTuUK TMHUKGynagn. MgO —Al%L ,, —SiO,
acocupgarv pagnoTUHUKNMKKa, Cs —A1D 3—SiO, acocugarucu
3ca UCCUKNUKKA ympgamnu 6ynub, apuTuaraH metannapra
HucbaTaH MHEPT pagunaumsa Tabcupura begapk dynaan.

CuTtannapgaH TpybonpoBoanap, KUMEBWI pcakTopnap, Hacoc
petannapu, gunbepanap, Teneckonnap yyyH acTpoKysrynap,
3M1EKTPONIN3 BaHHaNapu y4yH (hyTepoBKa MaTepuannapu, afeKTpo-
N301TOpAap, KOPpo3umsAra Yngamam Kypuauw KOHCTPYKUusiapm
Ba 6owkanap TaliépnaHagn. ®oTocuTannap aca MMKpPOMOZen
nauTanapu, MatbyoT cxemanapy naHennapu Ba (POTO3MEKTPOH
Kynanrupruunap Tainépnawga uwnatunnagn.



Lleonutnap. Ymymuii hopmynacm M;,() /11,0, «xSiO, ey H,0
bynraH antomocunukatnap 6ynné, M —uwKopuii kn N Kppui-
Cp MeTanl, N—yHUHT OKCMANaHuW fapaxacu. Oganii wapomTaa
6up xun Tysunuwan BywnukMnapn cyB mMofekynanapu 6unad
TynraH 6ynagu. Cys 6yWwnmkgaH Ynkapuame, sHa Tyngupuanwm
MYMKMH.

Lleonutnap 6owk,a mogganapHu wtuw (agcopbumanaw)
XycycuaTura ara. bynapHuHr 6ab3mnapu sputmanapgaru
MOHNAapHW y3 Tapkubuparn WOHNAPHWHT 3KBUBANEHT
MUKAOPY ra anMaliTupuLl Xycycuatura ara 6ynagu. Lleonutnap
TYPAWU KaTTanukgaru MonekynanapHu axpaTruwl Xycycustura
aranuru Tyainm Monekynap anaknap cugatnga KynnaHunagn.
My~um LeonutnapgaH 6upu vatponut - Na, [ALSID [(] * 2H,0
6ynnb, caHoaT Ba Xank XY>XanWrMHWUHI KeHr co’*anapupa
nwnaTnnagu.

CWHTEeTVK LeonnTnap ONv Makcaguia HaTpuil CUIMkKat Ba
antommHart apanawmacu 80—100°C pga kpucrtannaHagu.
Kpucranutra 15—20% EnuLIKPK, N0/ Kylwunagn Ba guameTpu
24 MM OynraH UeonuT foHanapu TaiépnaHaau. KaTuoH
anMawunHnwm Hatmxkacmnga (CaCl2 sputmacupga) HaTpuinam
OvpukmacmgaH Kanuiinm Gupukmacura yTuwm MyMKuH 6ynagw.
MepmyTnT HOMAWM anwmocunmkarnap 6yF K;030Hnapuga
MwnatMnaguraH CyBHM lOMLWATUW Makcaguaa KynnaHunagu
(cyBparn KanbLUii YPHUHW HATpWiA arannangm):

2Na |AISIZ0] + Ca2f — > Ca [AISID) 6 +2Nah

Xocun 6ynraH Kanblwinnn nepmytutHn NaCl aputmacura
Tywupcak, y KaitagaH Y3WUHWHT factnabku HaTpuinnm
thopmacurayrtaau:

Ca [AISiD 6]+ 2NaCl-— > 2Na [AISiD § + CaCl,

LleonnTnapra noH anmawTtupruynap aed kapaw MYMKUH.
Opanii yeonutnapga Si02HuMHr Al,03ra monb HUcbatn 1pgaH 2
raya 6ynagu. by HucbaT kucnotanapra ueonutnapga (3pUoHMT,
MOPACHUT, KNuHoNTUnonnTaa) 6 gaH 10 rava 6ynagn. Lleonutnap
MOAfanapHu KypuTulIAa, apanawiManapHu axpaTtuil, WOH
apanawtupruunap, KatanusaTop cudarnga KynnaHunagu.

KpPCMHUAHWHI BOLOPOAN BUPUKMasiapy (CunaHnap). Y Mymuii
thopmynacu SinH,n), 6ynnb, /7= | —8. bynap KpCMHeBOZopog 4eb



X,amatanagm (yrnesogopognapra yxwaw)'- SiH4—moHocunaH, SiZH6
—awncunaH, SLH8—TpucunaH, SidH |0 —TeTpacmnad 6orm C —C
6ornra HmucbaTaH aHua Ky4vcusnuru cababnym KpemHWiA aTomiapw
y3apo y3yH 3aHXupau (-Si —Si —Si—) bupukmanap Xpcun Kuauw
xycycuaTtura ara amac. CwunaHnap yrnesogopognapra KaparaHga
6rpmyHya 6ekapop. JacTnabku NKKW BaKUAN ras, KonraHaapy eHrmn
yuyBYaH 3axap/v cylokauknap 6ynmb, cys Tabcupuia napyanaHaau.
CnupT, 6eH3VH, ONTUHIYTYPT Ba BOAOPOAAA 3pwiian, Kucnotanap
6unaH (HC1 6yHfaH MyCTacHO) peakumsira Kupuwmamngm,
ranoreHnap 6unaH nopTiab peakymsra KUpMLWagn, nwkopaap éunax
Bupukagn.

MoHOCKAnaH —SiH4TpuatokcunaHuy 20 —80 (C pa
HaTpWii NWTUPOKKUAA Napyanab oNMMHULWIN MYMKUH. YHWU MeTannap
cuanumaiapura Kucnota Eku uwkopsiap Tabecmp aTTupub onuu
XaM MYMKWH:

MgZi + 4HCl—> SiH4+ 2MgCI2

MoHocunaH xaBoga y3-y3ugaH okcugnaHué (EHnb), KpemHunii
Avokeng 6unaH cyera ainaHagu:

SiH &+ 202 -—->, SiO ,+ 2HD

CyB TabCMpuaa aca KpemHuid guokcug 6munaH BOLOPOA XOCWUN
6ynagu:
SiH2%2 HD --—-> Si0O ,+3 H2

Y6y peakuus ULKOPUA MyxuTa sHa *am Te3pok 6opagu:
Si 4+2NaOH + HD --—--> NaXiO,+4H?2

KpeMHUAHWHT 3neKTpomycbar afneMeHTNnap, acocaH Metannap
6unaH xocun KuaraH Gupukmanapu cuavuugnap geivnagu.
MwKopwnii Ba MWKOpUii-ep MeTannap, MUC Ba pyx rpynnadanapu
meTannapu bunax 6epraH cunuumanapu cys 6unad napyanaHagm,
KMucnoTa Ba MwWKopnap 6wnaH peakuusara Knpuwagu. Xasoga
Kn3gupwaraHga Ba ranoreH 6yrnapy rabcupuga anadranaHagn. byk
€KW 3puTUNraH ONTUMHIYTypT, ochop, ceneH Ba Tennyp 6bunaH
peakuuara Knpuwagm.

MeTannapHUHI CUanLuaIapy KpeMHWA Ba MeTasiap apanaluma-
napuHn ku3gmpuw (500-1200fQ, metannap okcugnapuHn Sl ékm SiO,
6unaH apanawTupné kusgupuwl, metannapHu SiCl4 sa H2 6unaH
peakuusara kuputuw ékn KZSiF6 xamga MmeTann okcugnapu
apanaliMacuHmn 3MeKTPOAN3 KUAWLW Aynnm 6unaH onuHagu. Temup,



Mipi witou, 6op cunuumugnapu, Bosibhpam Ba MOIMGL4EH ANCUANLNL-
Nnapv aHa WyHAaan ycyn 6unaH TainépnaHagu Ba Kynnab vwnatunagu.
Cvnnumnanap KepmeTnap KOMMOHEHTW, UCCUKAMK Ba KOPpO3usra
yngamnm pyTepoBKanap Taképnawl ydyyH XoMaLlé XnucobnaHagu.
KpemHuiiopraHnk 6upukmanap. CuankoHniap. Monekynacuga
6uTra ékm 6Mp HeuTa KpeMHWA aTOMU Yr/iepogatomu 6unaH TyrpugaH-
lyrpu ékn 60w”a anemeHTnap aToMaapu opkanu 6ornadraH
6upukmanap 6ynub, MOHOCKMaH Xpcunanapu cugatuia Kapanagu.
KpemHuitopraHmk 6uprkmanapga 6apya ypuHoocapnap Kypcatunaau:

(CH32SiCIH-gumeTUIXN0OpCUnaH,

CIZSiCH2 SiCl2 6uc-(Tpuxiopcunun) MeTUEH.

MoHOMep xongarn KpeMHUNOPraHuk 6uprkmanap 3nemMeHT
xonatugarn KpemHuiinu ékun SiCl4, HSICl, ékun SiZCI6HM opraHuk
6upukmanap 6unaH peakumara KMpMTULL acocumpa Xocun
Kunnunagn. Bynap KpemHuiAopraHuk noanmepnap (CMAMKoHNap)
o/ aa Xomatlé 6ynub xmsmaT Kunagu.

KpemHuiiopraHnk nonumepnap mMakpoMmoJieKyna 3BeHocuia
KpemMHuWiA atomnapu 6ynagn. ACOCUIA 3aHXUPHUHT Ty3uauwimra
Kapab 6ynap 3 rpynnara 6ynvMHagu. bupuHuy rpynnara aHopraHuk
3aHXUpaa KeTMma-KeT KenyBum Si sa opraHoreH anemeHTnap, O
8kn N ékm S atomnapu 6ynraH nonuMopraHocuaokcaHnap
(nonvopraHocuiasadnap, NOAMOPraHOCMIOKCaHNap) Kupaau:

Ynapga yrnepof KpemHuii atomnapu 6unaH 6ornaHraH éH
rpynnanapgaxoiinawagn. IkkuHum rpynnara C atomnapm keTma-
KET )KOlflalWraH opraHoaHOPraHUK 3aHXuUpaum 6upukmanap,
YYHOHYM, NOMOPraHoankunieH (PeHuneH) cunaHnap Kupagu:

CyHITVM yuyuHuM rpynnara aca Si aTomnapu éH 3aHxupga
KOMnawraH opraHuk 3awXxunpnu 6upukmanap (nonnankuaeH-
cunaHnap) Kupagu:



R1

L-CH-CH- Jn

KypcatunraH KpemHuinopraHuk nonnvepnapga K=Cfl.C2H_
Ba C6H5Ba 6oL kKa rpynnanap 6ynmwy MyMKUH.

KpeMHuiiopraHmk nonvMepnap MOHOMEPAapHU nommepnab
(macanaH, aHMOH MoAUMeEpNaHuwW ynu 6unaH) rMAPOANTUK
NonnKoHAeHcaumnanab ékn WwyHra yxwaw 6owka ynnap 6unau
ONNHAAN.

Monekynsp maccanapu tokopu 6ynagu. KpeMHuiiopraHuk
6vpukmanapgaH 6ynraH noANAMMCTUICUIOKCAHHWUHT MONEKY AP
maccacy 2 800000 ra 6opaaw.

KpemHuiiopraHuk 6upukmanap Hu\oaTAa K,MMMaTau Ba y3ura
X0C X0ccanapra aranuru unaH axpanagn. ¥Ta nacT TemnepaTypa
TabCUpuUra xam, KOKOpU Temnepatypara xam 6apgoLl 6¢cpa onysmu
nonuMmepnap KpemHuinopraHmka wmalcynngup. KelnHru
Annnapraya Tabunii Kayvyyk pesMHa caHoaTW Y4YyH 3HI AXLUK
XOMallé xmucobnaHapgmn. JIEKUH X03Up Tabumii KayyyK TeXHWKa
Tana6napura’rynuk, )XaBob 6epa onmaii kgngn. —60°C ga tabunii
Kay4yK mMypT 6ynn6 konagm - can 6ykuaca CMHWG KeTaBepaw.
BaxonaHku, KpeMHUAOpPraHWK CUINKOH, Kayyyk 70—80" C paH
MCCMKMUKKaya Yiganam.

KpemHuitopraHnk 6upukmanap ak,at katTuk \ongarnHa
amac, 6anku cylk \onga xaMm uMwnatuamwm MyMKuH. Cylok
xongarn 6upmkmanap xam KynruHa KMMmaTaum xoccanapra ara.
MacanaH, Maxcyc KpeMHUIOPraHiikK CyloK MK 6unaH nwnaHraH
aBTOMOGU/b OHAacKu CyB HOKTUpPMaigu, 4OMMO TO3a TypajuraH
6ynm6 konagu. MabnyMKu, YMHHW, OWHa, €roy, KepamukajaH
AcanraH 6ytomnap Ham \onmpga 3/eKTp TOKMHW YyTKasuw
xoccacura ara. Arap ynap 1onka KpeMHUIAopraHuk nnéHka éunau
KonnaHca, U301ATOPAMK XOCCacK X,ap KaHpai wapouTha Xam
y3rapmaiigurad 6ynu6 konagu. MacanaH, nansTo marepuannapu
KPeMHUIOPraHnK CylKAnKnap 6unaH uwnaHraHga KypuHuwm
y3rapmangm.

ATUACUIOKCAH CYHOK/IUTW KOro3, KapToH, rasmon Ba 60Lwka
Hapcanapra ronka niéHka cuparunga KoniaHraHaa ynapra cys tabeup
armaiiguran 6ynagu. Ly iiyn 6unaH Hogmp kutobnap, Kynésma ea
XyxokaTnapHu abaguii caknall MyMKUH. By CyHOKNUKAapHUHT SHa 6up
aXO0MMO XycycusTu LWyHAaH mbopaTku, ynap 6ytomnapaa Maiga
Tewmk4yanapHu 6epkutmarign. LLyHaain kunub, KpemMHUAOpraHuk
nonumepnap 6unaH konnaHraH 6GytomnapgaH xaBo 6emanon yra-
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|H':>;|am,cyn )gi ncnoyrmaiign. By CyroKagMKO6unaH nliiaHraH raamon
Ha 6OLK,1 6yromnap Xyga MainH Ba ANTUPOK, bynagn. KpemHuii-
OpraHuK nonvmepnap HOHBOMYMIMKAA XaM KEHT Ky/IaHUIMOKAA.
KpemHuiiopraHvk nofmmep martepuannapra Ky Hypu, 030H Ba
Xyda Kyunm kucnota \amfa MnKop Tabcup aTMmaingu. KpemHui-
OpraHuK MofMMEPNAPHUHI XM3MaT [aBpu OpraHuK nonvmepnap
Xu3maTt fgaBpupgaH Kamuga Oew-yH 6GapaBap Kynaup.
KpeMHWAOpPraHMK NOMMMEPNAPHUHT KyMaapy O4uK, anaHraja
éHMangun. YnapgaH yT yumpysuunap, MeTannypriap,KuMé caHoatu
X04MMNapn YUYyH Kuiium-kevaknap, kabennap, afekTporeHe-
paTopnap, TpaHcpopmaTtop Ba 3/leKTpoTexHuka acbob6-
YCKYHanapuHm Tanépnawpga myBaaknaT 6unaH
thonpganaHunmokga. KpemHuniiopraHmk 6upukmanap 6unad
KOMAaHraH MeTann 3aHrnamaingu, YHUHT Xu3mar jaspu 6up Heva
yH OapaBap opTagu. KpemHwuiiopraHuk 6upukmanap acocuga
ApaTuaraH naknap yja tokopu TemnepaTypa Tabcupura Yngamam
6ynn6, 06-xaBo y3rapuwinapu, HamanK Ba Typau peareHTnapra
6appoLl Gepa onagw.

KpemHuitiopraHuk 6upukmanap Tnb6mét Ba hapmaLeBTMKa
caHoaTuga Kynnab KynnaHwna 6ownaHan. YnapfaH scanrad TuL
npoTesgapy Ham TOPTManaW Ba OBKAT KONAMKNapUHW TyTMaiau.

KpemHwuiiopraHnk 6upukmanap aHr KUMmatay ApyMyTKasrny
6ynraHun cababnu pagmoTexHUKa caHoaTUAa Xam KeHr uwnatunagu.
FYrypT KyTU4acuaek KenaguraH 4yHTak paguoumpuéMHuUKnapuaaH
TOPTUG, KOCMUK KeManapaa KynnaHunaérraH pagmonpuéMmHuknapaa
Xam aHa LWy SpumyTKasruunapgaH goganaHnnamokaa.

KpeMHuiiopraHnk 6upukmanapHu (ynap rroammepopra-
HOCMNOKCcaHNap fe6 xam atanagu)apaTuil Ba ynapjaH amanga
thonganaHnwpa akagemunk K. A. AHgpuaHoB 6ownuk, 6up rpynna
0/IMMM1ap MWW HUXOATAA axaMUATANANP.

KPpeMHWAHWHT ranoreHnm o6upukmanapu.
KpeMHuWiA ranoreHnap 6unaH OCOH peakumara kumpuwagu.
KpemHuit ranoreHnggapgad SiCl46unaH SiF4 myxum axamuatra
ara. SiCidkyiingaru peakumsanap acocuga ofiMHaau:

a) 2FeSi+Cla8* > 2SiCl4+ 2FeCI3
Ywe6y peakyuaga SiZCl{sa Si,snap xam xocun éynaau:

6) Si02+2C!,+2C --—-—-> SiCl42CO

SiC1 57"Cpa kaiina6, —68"Cpa KoTaguraH paHrcus CytKauK,
anunurn  1,5237 (04"). C'yHga Te3 rugponnsnaHasi:
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acocaH KpemMHUnopraHnK GupukManap CUHTe3uga Kn'nnaHunagu.
SiF4—gnmoopnt H,S04 6unaH KpemMHUA AWOKCUAHUHT y3apo
TabcupugaH xocun éynagu: ,

Si02CaF2+2H2S04— > SiF4+ 2 CaS04+2H,0

SiF4—yTkup M LlL.w paHrcmus ras 6ynn6, cysaa rmaponnanaHaan.
CnupT Ba aueToHAa apuitan. dTopcuankaTnapHu Tepmuk napyanab
onnHaan.SiF4—rekcagTtopcunumkaTt kucnorta H2[SiFq
Ba aHOPraHuK TOpMANapHM ONULLAA aCOCUIA XOMaLLEAnp.

lekcaTopcunmkar kucnota SiF4 HUHT rMaponu3ngaH Xocun
6ynagn. By kucnota apkuH xonga TypraHga HF 6unaH SiF4ra
napyanaHagn. Cyenu sputmacuia 6apkapop MKKU HErn3in Kyum
Kucnota xmcobnaHagu (0, 13pUTMaHWUHT AMCCOLMNAHWLL fapaxacu
76,0 % ra TeHr). SiF& - okTasfgpuk Ty3sunuwra (spIz
rnépugnaHuira) ara.

"ekcapTopcUNMKaT KucnoTa Ty3napu ((ropcuamkatinap) Mabiym.
BynapHUHT Kynnapu cysfa Axwu apuiigmn, akar HaTpuid, Kanui,
pyouauii, Le3wii Ba bapuin hropcunmkaTiapy HUcCObaTaH Kam apuinguw.

[ekcaTopcMnmMKaT KUCNoTa Ba YHUHT 6ab3n Gupukmanapwu
fesnHpekymanaw nwnapuaa érod KOHCepBaHTa ypHMUAA, Lwuwwa
Taiépnawja, TYNPOKAapHW MyCcTaxKam/0BUM peareHT cugaTmia Ba
60LL K'acoxanapaa KynnaHunagu.

KpemHunm kapbupg(kapb6opyHg) SiC- KATTHK,
KniivH apyBYaH MOAAA. Y HUHT KpUCTaIN NaHXapacu 0IMOCHUKKTa
yxwatl. KpemHuii kap6bug anekTp nevnapmaa KpeMHWUA ANOKCULHM
yrnepog 6unaH loKopu Temnepartypajga Kusgupuo onuHagu:

3C+Si0, SiC + 2CO

Y Kucnopog UWTUPOKNLa 3PUTUATaH MW Kopnap 6unaH Te3
peakuusra kupuwaam. 600 "CaaH okopy Temnepatypaga xnop 6unaH
peakuwuara kupuwagm, 1300 °C gaH rokopuaa aca rugponnsnaHagu.

YHUHT KaTTUKZUTN ONMOCHMKMUTA AKUH. KapbopyHpg apum
yTKasrny xoccara ara. To3a KapOOpyHA 3M1eKTP TOKMHU AXLWN
yTKasagm.

Ab6pasnB maTepman cugatmuia saneKTp newnapuga, matpuuanap
Taliépnawiga, ytra yngamamn oyromnap uwnab ymkapuwaa, Anog
Ba poToAMOANAPAA KEHT KynnaHWnaaun.

KpemHWiA Ba YyHUHT BMPUKMaiapyHn KynnaHunnwmn. KpemHuii
TeXHMKaga nynat Ba paHray meraniap caHoatuga nermpioByn Ky-



imiM'ia mMak-puan cugaTnga KeHr uwnatunagu. Tosa KpeMHUi
Wwek Ixur\nmka Ha aneKTpoHWKafda Auognap, TpaHaucrTopnap,
K>M>pn BOJbI N TUPUCTOpPAAp hoToy3rapTknunap cudatuia Kyn-
nanunagn. Kptuwmanap Tainépnawga xam KpeMHWiA Xxu3matumgaH
thoHpanaHunaau.

Wwvwa ToOnanap, cuTannap, YAHHU, LEMEHT, Kepamuka
Oytomnap Ba 60LWKa XN MaTepuannap AyHéaa nunmra MUAIMoH
TOHManab mwnab unkapunagu. AnlomMocunukaTnap, KpeMmHuii
okcugnapu, ueonutnap sa 6oL ka yHnab xun mypakkab Tapkubnu
6upukmanap Typniu caHoat peakuuanapuga katanusatop 6ynué
Xnymat Knamokga. KpemHuidi opraHvk 6upukmanapgaH cyB oCcTu
Kabennapuga, KUMEBMI peakTOpiapHW XxagoBYM HAcoc Ba
KyHypnap Taiépnawja, CyHbuiA KOH TOMUpAapW Ba KnanaHnap
Acawga KeHr oiiganaHnnaétraHnnrn mabiym. KpemHuii kapbug
6yprynawl uwiapu, CTaHOKCO3MUK, 0MHACO3NUK, AYpaaropauk
Ha 6oL Ka coxanapga uwnaTuaMoKaa.

KpeMHUAHUHT  Kyn 6GupuKManapu MuHepan xomawéamp. Ynap
Annura MUNANOH TOHHaNab Ka3M6 onMHMOKAA. Bbyékaap, NUIMeHT Ba
6oLlKa Wy Kaby mMaxcynotnap Xam Xank Xy>XXanuruga KeHr uwinatu-
nagw. Tapuxuin o6vpanapummsgary apxuTekTypa 6esaknapu, Oyéxkaap-
HW MUHT /Annnap gasomuga ysraptupmain cakgab kenaétraH rnasyp
Kpnnamanapy xam KpemHuiA GupukManapy acocvja TaiépnaHraH.

KpemHWi1 Ba YHUHT 6rpyKmanapy acocmia CUnMKaT caHoaTuHN
pYBOXNaHTUpULWAa pecny6iMKaMnu3 ONIMMAAPUHUHT Xoccanapu
KatTagup. XKymnagaH, npodg. A. X- icmomnos worupanapu 6unax
buprannkga maxaninmini xomaweé MuHepan 6olnmknapu acocuga
Hathuc, Mycraxkam Ba HucbaTaH nacTpokTemneparypaga niwagnuraH
YMHHW BYHOMNAP ONWLL TEXHONOTUACUHU ApaTno, Nwnab Ynkapuwira
XOpUit KNAMHAN. Xank XyXaluruHuHr Typau coxanapupja
nwnatunagurad SHrKM  Coros Ba Kepammka Maxcynotnapy ofimL
TEXHO/IOTUACUHU apaTuwga aca onumnapgad ®. X. Toxues Ba
H. A. CUPOXNAANHOBHUHT 0NnG 6opraH UAMWUIA M3naHuULnapm
TXCMnranonmkaup. Pecnybnimkammaga nwnab Ynkapumil caHoaTUHM
PVBOX/TAHTMPULLAA Xamaa TYp/iM XU YAKUHAWNAPAAH PaHru, oK,
Jekopa™B Ba MaxcyC LeMeHT uwna6 unkapuwga V. Townynatos,
M.C. KaHuenonbcknii Ba T. A. OTaky3meB 0nnb 6opraH naMuii nw-
nap kartta axamusTra sra. Lvwa Ba wuwa Maxcynotaapu paHrim
Ha TEXHWK LUMLLIA O/IMLL TEXHOMOTMACUHY ApaTuwda A. A. icmaTtos,
C. KocnmoBa Ba 60LWKANAPHUHT WAMUA-TAAKUKOTNApU caHoaTga
Kynnanuna 6ownaHamn. Y30eK oMMAapuHUHT UAMWUIA U3NaHULL -
Mapn naTXaew nasep TCXHUKACK Y4YyH 3apyp OynraH LunLIaHuHT
Alln ivpii 6unaH GoAnTUnAW.



FrEPMAHUNN, KANAWN, KYPEOUIHH

DNeMEHTNaPHMHI yMyMUiA TaBcudu, Tabmatga ydpawin.
FepmaHuniigaH KypOWWHra yTraH capu 0y 3/fieMeHTAapHUHT
MeTa/IIMK Xoccanapu opTnb 6opagn. Ywby KpHYHUSAT 3/1EMEHT-
NapHUHT  PU3NK Ba KMME Xoccanapufia Xam HaMO&H Gynagu.
FepMaHWAHUHT Y31 KynpoK KynnaHwnagu, 6upukmanapm 3aca
YHYaNMK Kyn uwnatunmarngn. Kanai sa KyprowmuH éupmkmana-
pugaH SnCl2 SnCl45H, SnO,, SnCl25H2, SnS04, PbO, Phd 4
Pb(NO,)2 Pb(CH30O0)2 Pb(C2HH4 caHoat a\amuaTura ara.

Ep koburnga repmanmnii 1,0-104%, kanaii4 -10—3%BaKyproLwmH
10*10 %% mukpopaa yupaigu. bynap HucbaTaH Kam TapkanraH
anemeHTNapgaH xucobnaHagn. . I. MeHgenees repmaHunii aneMeHTU
XOCCIapuHN Yy XAAM OYUIMAchaHoK ainTmo GepraH sgu (1871 i.).
FepmaHuit maHb6anm cudatnga YHUHT cynbuam GeS2- Ba
TOLIKYMUPHWUHT KynuAaH (oiiganaHunagy. ~anai BakyprowmnHHUHT
KaccuTepuT (KanaiTow) - Sn02 raneHuT (KyprowmuH SATUporu) -
Pb S, aHrnesnt- PbS04, uepyccut -PbC03Ba KpokouT - PbCr04napu
TabuaTga yupangm.

OnuHuwn. GeCl4 Hn rngponu&yab Ge02 xocun KUAMHagH,
KeNuH y Kyputunagmn sa Bogopos 6unaH Kaintapunagn:

650 - 700 °,C

Ge02+ 2H2 --——--- > Ge+2HD

epMaHUiA KOHLEHTPaTK X/10pUg KUcnoTa 6unaH okcuaaaHys-
YM UWTUPOKMAA NapyanaHraHga xam repmaHuii xocun oynagu.
Tosa repmaHuii 3oHanab aputuw ynu éunax (1000 °C atpothmaa)
BaKyymMJa MOHOKpUCTANNapHW YCTUPMG XOCUN KUAMHAAU.

Knpad 6unadH KyprowwvH onuwja aBean Tabuuii pyganap
thnoTaums ycynm 6unan 6onntrnagn. CyHrpa metannap Kyiugarm
peakuusanap épgammuaa axpatub onuHagu:

Sn02+2C A Sn+2CO
Kusnupuw
3PDS+3 0 2>  2PHO + 2SO,

Kantapuw

Pbo + CO —> Pb+ CO,

Kyn mwukgopgaru kanaii wwnatm6 6ynraH KOHCepBa
H6aHKanapuHu xnop 6unaH Kaita nwnab onMHagu.
Xoccanapu. 'epmaHuii MeTann ANTUPOKAMIATa ara MypT MOAZa.
Kgnaih 6unaH KyprowmuH 3ca OCOH CYKKNaHyBYaH HOMLUIOK
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mn.nuiwp KyprowuH 3aHropu 6ynnb ToBnaHagm, Kanaii ok, sa
Kvnpaiii' 6ynagn. OK, paHryn Kanain onMoc kabu Ty3unumwira ara,
Kv'u>a. Kanai aca 13,2 °C gaH nacT TemnepaTtypajga 6apkapop
tynut), ApMMyrkasrmy xoccacuHnM HaMoéH Knnagn. KynpaHr kanaii
OK panrnurugaH apk Kunmb, KaTTuk Ba MypTaup. KanallHuHT
yuyuHun waknm 161(C paH kKopupga MaBxXypn 6ynaau.
CyloKnaHTUpunraH kanaii COByTUnaéTraHga MeTa/IHUHTCUNINK
to3acu Mabfym 6GMp naiThaH CyHr xmpanawmb KOAWWW YHWUHT
Wwakn ysrapuwiura xoc enrngup. O3ruHa MUKAOpAArn KynpaHr
Kanai To3a MeTa1 yCTura Kyimb KyinunraHga, y Tesga KyJspaHr
KYKYHCMMOH Kafaiira ainnaHwb konagu. by xpaucaHu warapu
"K*naii Babocu” genvwraH. by epgarn 03rmHa MUKLOpAAru
KyNpaHr Kanai Kpuctann “xamvupTypyLw” ponuHn yinHaingn. Kanaii
MAUWINAPHUHT KYKYHTa ainaHnb KoAuwm X,ammaHu \aiipatra
conapau. by kKaTTuK opkacuga pyi 6epyBum xaumcagump.

3NemMeHT aTOMMapUHUHT 3/1EKTPOH KOBMKAApW acocuil Xpnataa
Kyingarn KoHgpurypaumsra ara 6ynagp:

Ge - 3dU +4s2 472 Sn - 4dH +5s2 + 512 Pb - 5dw «bs2 « bp2

YwWwoéy aneMeHTNapHUHT +4 ra TEHr HKOPW OKCuANnaHwuul
Japaxacura ara 6ynuwm KumEsuMin 60rnapHUHI BYXyfAra
Kenvwuja Talkn KasaTaarn 6apya 31eKTPOHMNApPHUHT ULWTUPOK
3TaéTraHNIUrMHK 6ungupagmn.

Ge+®2 Kyunu kaiitapyBum 6ynca, Pb# Kyunu okcugnosuu. Pbl4
ékn PbBr4kabu 6upukmanap 6ynmaigun. PbCl4 xygna x,am 6ekapop
6upnKkma. Pb #4HVHT OKCULNOBYUINK XYCYCUATUHUHT FOKOPUAUTY
KyprowwvH akkyMynaTopu uwnga aKkon HamoéH bynaau:

Pb + Pb02+ 2H2504-» 2PhS04+ 2HD

By epaa KyprowmwH aHog, KyprowuH ANOKcKug katog 6ynub
xu3mat kunagn. Okcugnosum 6GynmaraH kKucnoTtanap Gwunad
repmMaHuii peakumsara KnpuwManan, Kanaik Ba KyprowuH aca
peakuusra kupuwagn, 6yHaa BoJOpoS axpanub yukagu.
epMaHuii, kanaii Ba KypuaLWWH OAAWIA WapomTaa, OKCMANOBYUIAP
Aykaurnga nwKop aputMmanapm 6unaH peakumnara Kupmwmanm.
AMMO Wy naiTaa peakynoH my\ntra 6mpos HD 2 kuputunca,
ynapuunr 3pub Komnnaekcnapra anaHraHAUrMHW aHuknaw
MYMKWH. ByHaa kyiingarunap \ocun 6ynagu:

K, |(ie(OH)J, K2[Sn(OH)J Ba K2|Pb(OH)|



Bupukmanapu. M'epMaHuii, Kanail Ba KyprowmnH Bogopos 6unaH
OVpUKMaingn. AnemeHTNap rmapuanapy 6uneocuTa iiynnap 6unax
onvHagun. FepmaHOBOAOPOS (repMaH) Kyiimaaru peakuus épgammaa
ONMHaaw:

Mg,Ge + 4HC1 -» GeH4+ 2MgCI2

GeH4- ras, - 88,5°C ga cytoknaHagu, -165°C ga kotaaun. Ge,H8
Ba Ge3HKcyloknmk 6ynmb, ynapHUHT MOAUMEPSIApU FepMaHuii
rugpugnapu: (GeH)xsa (GeH,)xx,am mabnym.

Kanai rvagpwupg SnH4rascumoH 6ekapop mojaja.
KyprowwuH rugpua xypa 6ekapop éynraHnuru cababnm yHu
3pKUWH xonga onnb 6ynmanam.

Okcupagnapu GeO,, Sn02Ba Pb02Typnu iiynnap 6unaH
\ocun knunnHagn. Jactnabkum UKKWU OKCUZ, 3N1eMeHTNapHM KUCNOPOL
6unaH okcuanab onuHagn. KAyprowmH pguokcupg- Pb02
KyprowuH auetat éku cypuk (Pb 4 gaH Typnu peareHTnap
épfammnaa CUHTe3 KunnHagu.

Pb02 - kopamMTup-xurappaHr KykKyH 6ynu6, Kyunu
OKCMANOBYMMIAp KaToura kupagu. Y ONTUHTYTypT 6unaH
peakumsara KuputunraHga éHn6 ketagu, Hatmkaga PbS sa PbhS04
apanawimacu xocun bynagun. Pb Lyscu3 cupka kucnorta 6unaH
peakuumara KmpuiiraHga Ky prowmumH pguauyeTtart -
Pb(CHXOO0O)2BaTeTpaaueTaT -Pb (CH3OO)4xocun bynaau.

MepmaHmin (Wanaii, KyprowwuH) oKcug uwkopnap 6unaH
peakuuara Kupuwmnb, rmgpokcorepmaHaT /TugpoKcoCTaHHaT,
rMapoKconaombart) Xocun Kunagw:

Ge02+ 2KOH + 2HD -» K2[Ge(OH)q

By aneMeHTNapHWHI OKCMAnapura Moc KefnafuraH Ky4cu3s
repMaHuii, Kanai Ba KyprowmH kucnotanapy marnym. Okeuanapga
[loMMOo 60ornaHraH cys Monekynanapu 6ynraHu yuyH (302x HD),
6ynapHu 6Up BaKTHUHI y3uja kucnotanap fe6 xucobnaw \am
MyMKWH. Opataa, Ge02+x H,0 HM repmaHuii kucnotacu, Pb02 »
XHD HuW 3ca KyprowmuH guokenan geb 6enrnnatl Kabyn KUInHraH.
SnO, *x HD yuyH a- Ba |3-waknnap mabaym a-SnO, ¢x HAD
MW KOP Ba KucnoTanapga apuiign, B ¢ Sn02 «x HAD 3ca ynapga
apumaingn. Mabnym BakT yTuwmM 6unaH a - Kucnota 3appanap
arperatnaHuwun xueobura 3 - Kucnotara yragu.



MepmMaHUii Ha K,anail ranoreHWAN ap n oaauii mog-
JanapHvHT y3apoTabcmpugaH onvHagn. CeCl46unan SnCl4-oganii
lwaponTaa cylk.iknap 6ynnb, cysau aputmanapuga rumapo-
nusnanagu. SnCl4 rugponusnga Kyn saponv rufpokomMniekcnap
xpeun 6ynagu. Cyscu3 SnCl4\aBoga napyanaHuwuy \mcobura
TYTyHNnaHagu Ba Kpuctannorngpat SnCl4 m5H O xpeun kanagw.
*)pKUH opbuTtanapra ara 6ynraH SnCl4 /lbiouc KucnoTtacu
XncobnaHmb, agayktnap xpeun kasagu. GeCl26upnkmacn GeCl4pan
onuHagu. SnCl Ba PbC12meTann Ku YHUHT OKCUAMHMW KAAHOK, HC1
fa aputuw ynmn 6unad onuHagn. SnCI2kyunu kaintapysum 6ynue,
ONTWUH Ba CMMOGHM axpaTuw XapaéHuga, SnCl4 onuwpa,
anuAoKOMMIeKCnap XO0CU KANULW Aa unatuaaau.

FepmaHuin rugpokcung Ge(OH)4Ba Kkana rMgpok-
cupg Sn(OH)4amtoTtep rugpokcuanap, aMMo ynapga Kucnotanu
xoccanap pasllaH HaMoéH bynagn. Ge(OH),, §n(OH)2Ba Pb(OH),
- acocaH amgoTep xoccanu monganapamp.

FepmaHuin, K™ analhi Ba KYyprowwuH cynbgupg-
nap(éku gucynbuanap) 3N1eMeHTNAPHUHT ONTUHIYTYPT
6unaH TyrpugaH-Tyrpy 6upuKMWNAaH éku ranoreHnm 6upukma-
napra H2S tabcup aTTupuWw iynu 6mnaH oNNHaAN:

Sn + S: — SnS: SnCl, + H2S -> SnS + 2HCI

H2[GeClJ + 2H,S —» GeS2+ 6HC1

GeS2-0K;Ba SnS2-capuk, paHrnn mogga. MangananraH Kam<ai,
ONTUHTYTYPT Ba aMMOHUWIA XN0PUAHWN KYLWING K,M3AMPULL HaTW-
Xacuga \ocun 6ynraH 6upukma “6poHsa” 6yérnHm Tainépnawga
nwnatunagn. KyprowuH gucynbmg aMMOHUA TUOCTaHHATHUHT
O/IMHULLINAA XOMaLLE XxncobnaHagu:

SnS2+ (NH42S -» (NH42SnS2

By peakuusigjaH aHanMTUK KuMEaa 6ab3v KaTMOHMApHU aXx-
patmw Makpaguga oiiganaHunagu. Kanait moHocynbtung SnS
KOHUeHTpnanraH HCL ga Ba 60wk a OKCMAJIOBYM KuCnoTanapga
apuiign. GeS - MeTaNICUMOH SINTUPOK,, 615°C ga apuniign, cyBaa
*>umangH. PbS - kopa paHrnn mogga, 1120°C ga apuingu, apum
M Ka ii 14 xoccacura ara. Y BOZOPOA Nepokcug 6unaH peakyusra
i-.iipiiiimb, OK paHrnnm KyprowwuH cynbaTHNU Xpcun Kanaaw:



Ywby peakumagaH KaguMmuii amanuii caHbaTt acapinapuHu
pecTaBpauua kgauwpa onganaHunagn. SnS04 - 0CoH apyBYaH-
anrn Tyainm KeHr KynnaHunagm.

v rpynnaHuHr 60w rpynnayacu anemeHTnapuiaH yrnepog
6unaH KpemHWiA MeTannmacnap, kanai 6unaH KyprowuH TUnuk
meTann \ucobnaHagu. BynapHUHr numaa repmaHuii cod metann,
aMMO y amhoTep xoccara ara. 'epmaHunii, kanai Ba KyprowmH NKKu
BaNleHTIN 6GUPUKManapuHu 6apkapopaurn repMmaHuiigad Kypro-
WWHra Kapab optn6 60puwn MabayM. YMyMaH OfraHga, MKKu
Ba/IEHTIN KYprowmnH bupukManapu HucbataH 6apkapop 6ynagu.
TypT BaneHTAN KyprowwuH 6uprKmanapu Ky4vcus Kmucnorta Xoc-
canapvra, UKKuU BaneHTnM GupmkKmanapu aca acoc xoccanapura
aranuru \am alamuatra ara. WyHgad <;unmb, repmaHuniifaH
KYProwmnHra TOMOH 3/IeMeHTNap aTOMAapUHUHT paguycu KaT-
Tanawa 6opagu, 6y aca MeTanamac XoccanapUHWHI KaMainuo,
MEeTa/IIMK XOCCANaPUHUHT Kyyaliniumra onmb kenagun. by KOHyHUAT
3N1eMEHTNapPHUHT (BM3UK Xoccanapura xoc 6ynnb, KuMEBMi
Xoccanapmja XaM y3 akCUHU Tonagu.

Nwnatuanwn. F'epmaHuii spuMyrkasrny matepuan, guoanap,
TpaH3ucTop, TepMo- Ba (oTope3ucTopnapga, Kotuwmanap
Tallépnawpga, nuH3anap uwnabd yMkapuwpga vwnatnnagu.
epmaHaTnap Ba repMaHWHWHI OpPraHWkK GupukKmanapu Typau
co\anapja KeHr KynnaH unagu.

Khanaid KynrnHa KOTULIManapHu, AbHW aTyH, 6poH3a, 6ab-
61T, OK TYHYKa Ba Wy Kabu matepuannapHu Taliépnawija ynapra
Kylinnaan. dnekTponusga, MeTannyprusga, rasnapHu Tanépnawiga,
thanbra Tavépnawiga, Kysypnap, 6agunii 6ytomnap, wuwa manL -
TOBOKAap mwnab ynkapvwpga Ba 60WKa KaToOp coxAnapha KeHr
KynnaHunagu.

KyprowwH anekTp kabennapHu Taiiépnawia, KUMEBMiA anna-
paTnapHu Konnawja, MoHNaWwTUpYBYM HypnapLaH cakgoByum Moc-
namanap mwnab ynkapuwaa, 6ocMaxoHanap Ba akkymynstopnap
caHoatuia KeHr kynnaHunagu. rNurmedtnap (cypuk Pb 4 xpom
capurn PbCHO4 Ba 6owkanap) Tanépnawpga, oNnTUK Wuwa Ba
6unnyp uwnab ymkapuiiga, ApMMyrkasruynap caHoatujaa, agapo
TexHuKacuga \a\wa 6oLwka co,\anapfa KyprowmH BayHUHT 6UpUK-
ManapufaH KeHr doiiganaHunagu.



A30T FPYMNMNAYACU SN EMEHTNAPUHUHT
YMYMWUNA TABCUDU

[O. . MeHpenees faBpuil cMCTeEMaCHHMNT 6ellMHYKN rpynna-
CW acocuii rpynnavacu 3feMeHTNIapUHUHT Xoccanapy KeckuH
yurapuwu 6unaH axpanmb Typagu. MacanaH, a3oT 6apkapop rad
6ynca, pocgop K,arTuk\ongarn metanaMac \ucobnaHagu. Bucmyt
)ca meTanngup. Acocuil rpynuaya sfeMeHTnapupa adotaaH
BUCMYTra yTraH capu HUCOWIA 3neKTpMaHPUnAmMkK 6GupmyHua
Kamainb 6opagu. OneMeHTnap CUpPTKWM K.aBaTugaru 6Gew
3NIeKTPOHUHU SP3 6epraHfa oKcUAnaHuw gapaxacu +5,
aneMmeHTnap 6unaH KoBaneHT 60rnaHraHga yd4 BafeHTIM Ba Y4
3NeKTPOH 6UPUKTNPMG ofraHAa aca OKCMANaHLWKM gapaxacm —3
rateHr 6ynagu. boHTkauya Knnm6 ainTraHga, 6y anemeHTNapHUHT
yd 6UpUKManapmaarn okcuanaHui gapaxacu +5 gaH —3 ra kguap
yurapagun. AsoTgaH ocgopra ytuaranga ynapHuHr +5 ra TeHr
OKCUANaHWW fJapaxacura ara 6ynraH OMpuKManapuHWHT
MyCcTaKamanry OpTULWIKM Ba akCMH4Ya ochopiaH BUCMYTra
yTraH capu +5 ra TeHr OKCuAnaHuwW fapaxacura ara 6ynrad
OMPMKManapuHUHT MycTa“KamMaurn Kamanuwu Taxpubanapga
ne6oTnaHraH.

ByHu ynapHuHr okcugnapn N,0. —P,0. -» As,0.—Sb,0.->
Bi,0Os karopmnga KncnoTta xoccanapuHUHI cycainnb, acoc xoccana-
PUHWHT Ky4aiinb 60puwimn x.am Tacamk™nangu.

XIV. 1. A30T

A30T N —arom maccacu 14,0067, 3fIeKTPOH KOHGuUrypaumsacu
KL.-2s- «2p\ Tabuatga nkkun 6apuapop nsoton 4N Ba |SN mabaym.
By anemeHT 1772 innga [. Pe3sepdopf TOMOHUAAH aHUKAAHTaH
6ynnb, NKKKN AnngaH KeiinH A. JlaByasbe yHra “a3oT” aeé Hom 6epraH.
A (OTHMHT acocuii Kucmm atmocepaga (maccacu 6yiunya 75,6%)
3pKUH xpuarga 6ynunb, bupukmanap Ba MuHepannap Tapkuéuaa,
TNPW K opraHm3aMnapaa yupangu. Y HUHT MOeKynacu UKKUTa aTtom-
panuyuaanrad, N, - 196°Cpa cyrounaHagn Ba —210° Caa kpTagu.
Y ol paHrcmuBaxficus ras, Cylok, xAsofaH pakuusanab \angaw (pe-
aky npukaHms) ynmn 6unaH axxpatmoé onnHaan. Ogataaru wapoutaa
KumeBnin nHepT \ncobnaHagm (tak,at MMTuiA 6unaH bupukagn).
KOknpn K'mnepadypaga (400—500°C) MwKppuii Ba ULLIKPPUIA-ep
M& o1 LIp theaMm nuTpugnap\ocnna Kanagu, nnatvHa MwTupokuaa
l'in yopoy Onuan 27-34 MIMa6ocnmaa Bogopog 6unan peakuusra



Kupuwagn. dNeKTp paspagn Tabcupuga 6op, TUTaH, MarHuii éku
KanbLMil HUTPULNAPHMHT MapyanaHuiingaH Xpeun 6ynysun akTus
a30T KUCoPOoA XAMAa BOLOPOL 61naH, ONTUHTYTYpPT, hocdop 6yru
Ba 6ab3n MeTannap 6unaH WMALATAN peakumsara Kupuwaam.

ATMoc(epasa GynaguraH Kyunu anekTp paspagnap rabeupumaa
(4ak.MOK, YakKaH[a) a3oT GuiaH Kucnopog bupukaau:

NZ) + 0200 2 NO@)

By peakumsi YakMOK, 4YakjaHga axpanraH UCCMKAWK Ba \a-
BOHWHI MOHAaHUWKM Tabcupuga N, Monekynanapu yswauwn Ty-
thaiinn cogup 6ynagn. Monekynap xonnaru asoT (N,) gaH Tapku-
6vaa a3oT 60p GUPUKMA XpCUn BYNULWINHA Y3 n4ura onyBumn ywwby
oAAniA peakuma as3oTHM 6Gornawra (hukcaumanawra) AKgon
mucongmp. CaHoatza a3oTHM 60rnaHUHT gacTtnabku muconu Mabep
ycynm (aMmunak onuw) xucobnaHagn. bornaHraH asoT Tynpok,
YHYMAOPAUTUHU cakfal 6unaH 60rnukK, 6ynraHaurn yyyH xam
axamuaTra ara.

Nabopatopusga asoTHW KyAugaru peakuusnap épgammpa
ONNLL MYMKWH: *

NHACL+ NaNO, —» LI 4N 02+ NaCl
NH,NO, -1-> N, +2H,0
2NaN3 -L,. 2Na+3N,

t
2N —> 2N2+02

AnekTpMaHuiinurn xmnxatngaH asoTr ¢Top 6unaH Kuc-
NOpoAfaH KelimHga Typagu, Wy cababnm a3oT aTOMU KWUCOPOA Ba
thTop aTomnapu opacugarv 6ornapga mycbar kytbnaHraH 6ynaguw.
Xnop, 6pom Ba 6ab3n 6Gowka anemeHTNap 6unaH \ocnn Kaarau
6upukmanapuga KyronaHmaraH KoBaneHT 60rnaHuwra aK,uH oy-
nagn. boouwa anemeHTNap 6unaH 6MpPUKKaH a3oT MaHuii KyTbna-
Hagn. A30THUHT KynruHa bupukManapu caHoat Mukécuga uwnab
YUKAPUIALM Ba XauTK XY)XXaNMUTUHWHT TYpau coxanapuga KynnaHu-
nagu.

Bupukmanapu. A30T BOLOPOA 6unaH Karop 6upukmanap
xocun kunagu. bynapgaH myxummn ammuak NH, xucobnaHagn :



NabopaTopusiga ammmak, ogataa aMMOHUIA XI0pUAra NwKpp
Tabcup 3TTUPMG ONMHAAN:

NH4ACI+NaOH —> NH,+NaCl + H,0
2NHALI+Ca(OH)2 —» 2NH3+ CaCl,+2H,0

AMMMaK caHoaTga nynar KosoHkanapga 450"C 30 MIla 60-
CMMIa CUHTe3 KWIuMHagu. Peakuuaga roBakCcriMOH Temup KaTa-
nmnsartop 6ynué xusmaT Kunagu. Peakumsa yuyH 3apyp 6ynraH asor-
BOJOPOZ apanalimacu Tabunii rasHm KOHBepCUs Knimb onuHagu.
*"YypumnonekTpkumccanoat” bupnawmMacma aMmmuak wy iyn
6unaH onnHagm.

Hopwman wapoutga ras xonargaru 11 amMMUWakKHUHI maccacu
0,77 rpammra TeHr. AMmuak + 33, 4" C ga cyrokgaHanu, “ 77, 8°C ga
Kotagy. CyBga axwu apuiign: 6up \axxm cys 700 \aXxmM amMMunakHm
apuTagn. KoHueHTpnaHraH 3putmacmuga maccacu 6yiinya 25%
ammnak bynagn. by spytma HawaTtup (HoBwagwun)
cnupT geb atanagw.

CyloK aMMMuakia YHWHI Mofekynanapu Bogopoj 6ornapu
Xwncobura accoymnaHagn. CyroK ammMmnak 3puTyBUM XyCyCuATUra
ara 6ynn6, yHAa Katop akTnB MeTannap (MWKOpWiA, ULLIKOpWii-ep
meTannap, Al Ba 6olwkanap) apuingn. MeTannapHUHI amMMUaK-
farv CylonTUpUAraH spuTmanapy 3aHropu paHrra, KOHUeHTp-
NaHraH aputmanapu MeTa/ICUMOH ANTUPOK, paHrn aca 6poH-
3aHu acnatagn. AMMUaKaa apuraH MeTtans acta-CekKuUH amug 6u-
puKMara yTtagu:

2K+2NH, —>2KNH, + H,

MeTtann ammuak aputTManapu sfekTp TOKUHU yTKasagu, yHaa
MeTans atomnapu MycbaT MOHAap Ba 3/MeKTpOHaapra napya-
naHafu, 6ynap aMmMunaKk MoseKynanapy TOMOHWUAAH COJbBaT/aHa-
an. bornaHmaraH (“cy3yBuyaH”) 3a/leKTpoOHNapra ara MeTann ammMmu-
aK apuTManapu Kyunum katapysuu xucobnaHagu. AMmMuakia asot-
HUHT OKCcUAnaw fapaxacu —3 ra TeHr OyraHanrn yuyyH, ammuak
Katop peakunanapga kaintapysum BasudacmHu 6axapasm.

Y KWUCNOPOALA OY-KYKULL paHr XpPCcui Kuiuoé eHaam:

4NH, +30, -» 214, + 6H,0



AMMMaK xaBofa €HMaigu, nnaTuHa KatanusaTopy WULLITH-
pokuga aca asoT (M)-okcugrada oKcuanaHagu:

ANH.,+50, Al 4NO +6H 0

AMMMAK X/iop 6unaH peakymsra KApuLwagu:

2NH, +3C12 N2+6HC1

AmmMunak acocuga amugnap (NH2), umugnap (NH 2 Ba
HuTpugaapMonuHagun. bynap ogataa kaTTuk, moggaanap 6ynuo,
CyB 6UlaH peakumara KMpyWraHga sHa aMMumak Ba MeTannapHuHT
rugpokcugnapu kocun 6ynagu. baw3u Hurpugnapga (BN, Si3M
Ba 6ol Kanap ) KUMEBMIA 6GOrnaHuWwW KoBafeHT 60rnaHuwW Tabu-
atura AKMHNalagn Ba p-afNeMeHTnap HUTpUALapw Kapbuanapra
yXwanan. byHaai HUTpuanap KMnnH apyByaH, KArTUK Ba KUMEBWIA
XUxatgaH nHepT 6ynagnm. AMMUAKHUHT TanoreHnn X,ocunanapm
XaM Mab/fyM. AMMUAK/a yyana BOLOPOS rasioreHaapra afMaliran
6upukmanap (6yHgaH NF3 mycTacHO) mopTtnaw 6wunaH a3oT Ba
ranoreHnapra axpanagiraH 6ekapop mogganapamp.

A30T ¢pTopunpg —NF3paHrgms ras, ogavii WaponTaa cys
6unaH peakumsara Kupuwmangmn, Ku3gupuaraHga Bogopog 6unax
BOAOPOS, (hTOPUA XOCUN KUNaau.

XnopamuH —NHZXI, ptop amnH —NH,F xnopaMuu —
NHCl12BagpTopumMuH - NHF2xam maBxypn. XnopamuHnap
0KapTrny, AesnHMeKLMAN0BYN BOCUTAIAP Ba 3aXap/ivu MOAAanapHu
Jerasaumanawifia KynnaHunagu.

AMMWaKHUHT CyBfary aputTmacy aMmoHuid ruapokemng aeb ata-
nagn. Y kyudcms acoc NH40FI monekynanapvMHuWHI gUccoum-
NaHWLWKN HaTWXacK aeb n3oxnaHagu:

NHOH —> NH/+0H-

AMMMaKHUHT 18°Cparv uccoumnaHnil KOHCTaHTacu Kyinn-
farnya:
[NH4J|0H |
INHOH| -K 75 '101

AMMUWAKHUHT CyB GUNaH y3apo Tabcupuaa aMMUaK MOJEKY-
NanapuHUHT 03pOK, KUCMU CyBfAaH MPOTOH BUPUKTUPUG onagwm,
HaTKaga aMMOHWIA KaTnoHn —NH4_Ba rmapokcmg WMOH Xocun



6ynagu. AMMOHWI KaTWOHMAA TypTTa KOBa/eHT 6ornaHuw 6op,
ynapgaH 6uTTacu LOHOpP-akUenTop MexaHu3aMu Byiuuva xocun
6ynaam:

HN: + H+—> INHJ'

AMMOHWIA Ty3napu ammuak 6unaH KucnoTanapHWHE y3apo
Tabcupu HaTuxacuga \ oc un 6ynaan. Tapkubuga NH 4 noHu
6ynraH 6y Ty3nap, acacaH KaTTUKMogdanapiaH mbopart. YuyByaH
KucnoTta Tys3napu Ku3gupunaraHga rascMMoH xonatra ytub
napyanaHagmn, CoBUTUAraHga faHa 6upukagn. ByHn ammoHui
XNOpUL MUCoNNLa Kypuwl MYMKUH:

NH4CL 5* NH, + HC1

Tapku6nga oKCuMAnaw Xycycusiru Kyusmpok 6ynraH aHno-
HUM 6Op aMMOHWIA TY3MapUHWHT MapyafaHuWy KainTMac peak-
umagup. ByHra cab6a6, 6yHfaii Ty3nap KusgupuaraHga okcugna-
HULW-KaTapuauw peakuusicu pyin 6epu6, aMMOHUIA MOHW OK-
cuanaHagu, aHWoH aca KalTapunagu. ByHra amMMOHWIA HUTPUA
EKM aMMOHUI HUTPATHUHI NapyanaHuim mucon Gyna onagu:

NH4N02-1-> N2+ 2H,0
NH4N 03 ND +2HD

AMMUAKHUHT 3/1EKTPOH OHOPANK XYCYCUATUHU UraHa tap-
Knbura KupyBUM KYMTMHA KOMMJEKC 6GupukKmanapga KypuLl
MYMKMH.

AMMUaAK Ba YHUHT GUPUKManapu KeHr KyanaHunagn. YHUHT
CyBMM 3puUTMacy caHoaTAa, KWULLMOK XyXanuruaa, TM66umET Ba
KYHAANMK TypMyLLa KynnaHunagu. Y acocaH MuHepan yrutnap
Ba Typau xun 6upukmanap onuwga wwnatnnagm. CosuTtuw
TeXHMKacuga amMmuakgaH KeHr oinganaHunagn. AMMOHUNA
cynbtat - (NH4),S04 Ba ammoHuin Hutpat - NHAN 03 yrutnapu
KeHr Kynnanunagu. AMMoHMI xnopug - bIHAC1,unt Ba rasnama
nwnab ynkapuwpa, ynapHu 6ydwga, ranbBaHUK 3/leMeHTNapaa,
KyprowwH Ba Kanai 6unaH ynaHaguraH MeTanfiap t03acuMHu To3a-
nawga vwnatunagun.

CytoK ammunak (YruT) HUHT ag3annurn WyHLAKW, YHUHT Tap-
Kubupga asoT Kyn. byHpai yrutnap pecny6iumkaMu3 KMME Kop-
XoHanapmga (“YupymkanekTpkumécaHoat” “HaBoninA30T” uww-



nab umkapmw OGupnawmacu Ba 60WKa KOpXOHanapga) Kynnab
nwnab ymkapmaIMOKAa Ba naxrta nananapuia KynnaHuimokia.

FvppasuH. Tvapokcunamum H A3unjg oBOLOPOL.
ANMMUAKHWUHT BOAOPOAAM OvpukmanapugaH 6ynraH rugpasvH -
N1l paHrcus cytokguk 6ynn6, 113,5° C ga KaliHaigw.

YHUHT Ty3unuw hopmynacugaH asoT atomnapuga 6ynmHmaraH
3NEKTPOH Xy(Tnapy 60panMru KypuHuo rypuoan. by ruapasvHHu
OMPUKTMPMG 0NN peakumsanapyra MonnnmrugaH ganonat 6epaau.
mapasvH cyBaa AXLWIK apuiigm Ba Typau HucbaTnapaa apanaliagm.
CyBparu sputMacuia Kyycus acoc XocCCalapyHW HaMOBH Kunagu,
Kucnotanap 6unaH LOHOP-akLenTop mexaHu3m Oyiinya peakuuara
Knpuwnoé, 6utTa KM WKKUTA BOJOPOL WOHWHU GUPUKTMPALM,
HaTuxaja WKKM katop Tysnap (ruapasoHuii xnopugnapn—
N,H4e HC1 Ba N2H4¢2HC1) Hu xocun kmnagn. MapasnH HaTpuii
rMMNOXJ0PUT GulaH aMMUaKHWHT y3apo TabCUpW HaTmKacuga
onuMHagn. ugpasvH cyB MOMEKYNacuHU 6UPUKTUPUG rugpar—
N2H4 « H,0 \ocun kunagu. FuppasuHrugpaT cyroknmk, 52°C ga
cytokgaHaan, 119"C ga KailHailgu, Kydcms acoc xoccacura ara.

FMaopasuH Ba YHWHT \ocunanapu KaiktapyBum
XucobnaHagu. XaHo aTmocgepacmia €k Kucnopogaa HraHga Kyn
NCCUKIMK aXpannb Ynkagm, LWYHUHT YUyH y pakeTa ABuratennapu
EHUNTUCUHWHT TapKnbmnini KucMn cupatTuga nwnatunagu. Muapa-
3VH Ba YHUHT GUpuKManapu 3a\apam mogganap karopura kupagu.

FmopokcunamunmHd - NHDOH wmonckynacugarn asot
aToMu ByfiMHMaraH aneKTPoH Xy@Tura ara:

Mvopokcunamu» 33"Cpaa cyrokfaHagmMraH paHrcus Kpuctann
6ynnb6, cyBaa AXWKW 3puiiaun, Kucnotanap 6unaH peakumsara
Kupnwunb Tysnap Xocun Kunagu. Y aMMumakka yxwaw 6upnktupu6
0/MW peakumanapura Kupuwagn. FmapokcunammHaa asoTHUHT



OKCUANaHuW gapaxacu - 1ra TeHr. LUYHUHT yuyH y 6up iiyna
KaliTapyBuM Ba OKCU[/IaHYWMUM XOCCanapuHN HaMOEH KUa onagu.
CMAapOKCMAaMUH HUTPAT KUCNOTaZaH ONMHAN:

HNO, + 6H —>NH,OH + 2H,0

CMAPOKCMIAMWH Ba YHUHT Xpewianapyu KynpoK KaiTapyBuu
cuatmga mMabaym. FCMAPOKCUAAMWUH OKCUANAPHU onuwga Ba
KapGoHUN GMPUKManapHU TUTPOMETPUK aHUKNallfa peareHt
cuhaTuga KynnaHunagu.

A3npgoBopopofg, asug kKucnota (@30MMUA) -
HN, HATpaT KncnoTa 6UnaH rMgpasvHHUHT CYBAWU 3puTMacuiaH
OfIMHAAM:

HNO, + N,H4-» HN, +2H q

A3ngosogopos 36°Caa KailHoBYM, -80°Caa KOTaguraH yTKup
\MANN paHTCM3CYOKINK, Ky4CU3 KUCIOTa. YHUHT HATPUAIun Tysu-
[laH caHoaTfa KeHr (oinganaHunagn. A3ngoBoA0OPOA CyBN 3pUT-
maga H+Ba N3 wuoHnapura guccoumnaHagn. No aHWOHW YU3NKN
Ty3unuwraara 6ynué, YHUHT 3N1eKTPOH TY3UAUWUHU KyiAngaru-
Yya ndoganawl MyMKUH:

IN = N = N[

A31L0BOJOPOAHUHI y3XM Ba Ty3napu 6ynraH asugnap xau
Tes nopTnaliguraH moggagapfaH xucobnaHagu. KyprowmH asug
Pb (N,), noptnoBunM mogganap y4yyH fpetoHatop cudartumjga
nwnatnnagm. AsmaoBsogopos 6unaH Kyunu BOLOPOA XN0puUf
apanawmacufaH ONTUH €KW NNaTUHAHW 3PUTULL Makcagmpaa
thoganaHunagn.

A30T oKcrgnapu. A30T aieKrpMaH@uiinur xunatngaH dakat
(hTOp BUNaH KMCNOPOALaH KenHAATYPULLM Mab/lyM. Y HUHT OKCUp,
Ba OKCMaHWOHNapugarn okcuinaHuw papaxacu +1 gaH +5 ra
6opagn. A30THUHI ONTUTa OKCUAM Mabnym 6ynmnb, 6ynap Kyiupga-
runapamp:

n2o, no, n2, no2 no4 nd.

A30T OKcuanapu ras, CylOK/IMK Ba KpUCTann Xxpnga yupai-
OV, paHrcus3 ékn KyHrup padrra ara. AsoT runokeumam - N,0
kUMM \npara ara, yHM “XyLHyf Kunysum ras” geb xeam atanagu.
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Bogopos ammuak, yrnepog (M)uxcup Ba opraHuk bupukmanap
6unaH mopTnawra Moiua apanawmManap Xocun Kunagu. YHu
aMMOHUA HUTpaT NH4ANO, Hu TepMuK mapyanawl ynm 6mnaH
ONVHaAN:

NH4NO,2"4 N,0 + 2N,0

N,0 - \osnpi n Bakrga Tn66meTga, aspo3on Ha KynukK xocun
KVIﬂyBLIVI mMmoananap nwnaé YnKapuwga KynnaHunagwn.

As3oT (I1)-okcupg (MoHokcupa) NO -cyBaa EMOH 3pyBUM
paHrcu3 Ba 3axapnu ras (acabra canbwii Tabcup atagu). Jlabopa-
TOpUALa YHU CYHONTUPWUATaH HATPAT KUC/NOTaHW MUC EKN TeMup
nwITUpoKnga Karitapmb onuHagn. Asot (MN)-okcug kucnopog 6u-
naH peakumsra knpuwub, asot (IV)-okcugra ainaHagu:

2NO + O, -» 2 NO,

A30T (l1)-oKcnpa HUTpaAT KWCNoTa Ulnad YnmkKapuilgaopanmk
mogda 6ynunb xuamat kunagu. Asot (IV) okceug - NO, KyHrup
paHrnu ras, 3a\apnu, \ugn KnwnHm éyragu. Nact Temneparypaga

y3-y3ugaH fjuMepura ytagu:

2NO,,-* N,04

N,04 - wapontra kapab CytOK Ba KaTTUK X0ida xam Oynmiim
MYyMKUH. A30T (I1)- OKCUE MOHOKCUAHW MnaTvHAa KaTann3aTopu
NWTUPOKMAA OKCUANa0; KM OrUp MeTasiiap HUTPaTNapuHN TEPMUK
napyanab onuHagW. Y HMTPAT KMCNOTa XOMalwécu, CYHK pakeTa
EKWUNTUCU YUYYH OKCUANOBYM cudaTtuga, HedTb malcynoTnapugaH
ONTUHIYTYPTHU aXpaTuLija Ba OpraHvk 6upuKManapHu Katanantmk
oKcungau|ga nivnatunagu.

Hutput kucnota - HNO2 Cyontupusirad apyutma xonnaa
maBXyg byna onagu. Ty3 Ba ampnapu umTpuTap feiinnagn. YHu
HUTPUTNAPHUHT CYBAAry 3py TMacura KMcaoTa Tabeup aTTUpuLL iynm
6unaH onvHagu. Kyucus kucnota, 6ekapop, napyanaHraHga HATpart
KUCNOTa, a30T OKCUA Ba CyB XOCWn Kunagw. Vwkopuii metannap
HuTpuTnapHu (C Ba Fe v TUPOKMAR) KU3LMPUO ONMHAAN:

2 KNO, -» 2KNO, + O,

Hutpat kucnorta—HNOr PaHrcus cyiokauk, cysfaH
1,5 6apasap orup, 86,0"C ga kaitHaingn. Cys 6unaH apanawagm,



« H>l pon Ha Kpuctannol!uppatnap \ocun Kunagun. Kydnu
oKcuAnosyu, 6owka mogganapHy okcupparanga asoTHUHT
oKkcumanaHuw papaxacu +4,43, 12, +1 Ha - 3raya y3srapagu.

>yHnm Kyingarm cxema opkanu w([K)Zanaw MyMKWH (HOPAOH
>>T Maa):

NO, -» ,NO, HNO, -» NO~AN,0 -> N, -» NH/

HuTpart kucnota aMMmnakHu xaBo Kucnopogmn épgammaa 750°
fa okcupnab onmHagu. YHW gmasoT TeTpaokcuadaH Kyiuparu
peakumns opKanu ofnW YCYAMHWU HUTPAT KUCNOTAHUHT 6eBocuTa
CUHTE3WN fgelinnagn:

2N,04+0, + 2HD -> 4 HNO,

HuTpaT KMCNOTaHUHI MablyM OKCUANaHMLW Aapaxarada
KaliTapuanwm YHWUHT KOHUeHTpauusacu'la 'Ba KaiTapyBum
MOLJAHUHT akTUBAUrUra 6ornnk Gynuwiy Kyn taxpubanapga
KypuaraH. YHaa KyprowmH Ba kanai apuraHga N 02 axpanagm,
kymyw aputunca NO 6unaH NO, HUHI apanawiMacu Xpcun
6ynagn. CylonTupunaraH HUTpaTt KucnoTta muc 6unaH temmpra
Tabeup attupunradga NO rasm axpanagn. Kucnotara Zn tabeup
aTTMpUAraHfa KoHueHTpaumara kapab N2, N, Ba NH3 xocun
6ynagn. Hutpat Kucnota ONTUHIYTypT, hochop Ba yrnepog
6unaH ysapo Tabcup 3Tu6, cynbdaTt kucnoTta, pocdar kucnota
Ba KapboHaT aHrMapung Xocun Kunagw.

HwuTpaT K1cnota nnacTUK maccanap caHoatuja, 4opu-AapMoB-
nap vwnaé ymkapuwga, 6yékumnukaa, nopTaoBuYn Mopganap,
a30T/I Ba KOMMJIEKC YruTnap Taiépnawfa KeHr KynnaHunagu.

HuTpaT K1ucnoTta Kyn MeTasnapHu ysnga apuHumn XycycuaTtura
aranurv Tygainnm yHaaH caHoat Mukécuga oinganaHnnagm. Cynb-
(hat KMcnoTa 6unaH apanawMacy HATPATIIOBYM apanawima cuda-
TMAa uwnatunagm.

Bup \a>XXM HUTpaAT KMCNOTaHWHT Y4 XaXM X/10pug KucnoTa
6unaH apanawimacu “3ap cyBu” fe6 roputunagn.y ysuga ONTUH,
nnatMHa Ba 6GoWKa MeTanIapHW 3puTagn. AHaNUTUK KUMEga
OKCMAJIOBUM cudatmia KyniaHunagn.

HuTpaT KucnoTa Ty3fnapu 6ynraH HuTpatnap, acocaH, OK
paHrnu Kpuctannap 6ynunbé, cysfa axwu apuiign. Hatpuii, kanui,
Kanbuuii, 6apuii Ba aMMOHMIA HUTpaTnap cenuTpanap Le6 xam
atanagu. Hutpatnap metannapra, okcugnapra, rugpokcugiap sa
6ab3un Ty3napra HNO, 6unaH Tabcup aTTMpunb onuHaaum. Hutpatnap



tOK,0pM TeMMepaTypa Tabcupuga napyanaHagn. Kymyw rpynnacu
3NIEMEHTNApW HUTpaTNapyu KuW3gupuaraHga napyanaHmali
CYHKNaHWW Xoccacura ara. AKTWB MeTannap HuTpatiapu
napyanaHraHfia HuTpaTnapra anaHagm:

2NaN03 — 2NaN02+02

A30T okcuranoreHugnapugad 6ynraH HUTPO3UNAXI0pUG -
NOC1 Kusruw-capuk,paHrnu rasz 6ynmn6,-61°CaaH nactga Kusun
KOH paHrnuM kKpuctannap x,0ocun K™nagu. Hutposunxnopug cys
Tabcupuga Hutpat kucnota sa HC1 ra napyanaHagu:

NOCl1 + HD -» HNO02+ HC1
HuTposunnepxnopat Kyinaaru ycyn 6unaH OnvHagu:
ND 3+2HC104 -> 21NO] [CtO4] + HD

HopgoH HuTposuncynbat (HUTpo3uacynbar Kucnorta) \am
N,03 ra cynbaT KucnoTa Tabcup 3TTMpMb onnHagw.

HuTtposnnxnopng, NOC1- 6ekapop monga 6ynub, 6up o3
neumtnnraHga asor (11) - okeng 6unax xnopra napyanaHagm. H n T p o-
smunprtopug - NOFBa*HuTposundprtopug-NOFnap \am
Mab/lyM. A30T OKCUranoreHnaiapu 6aw3un cuHTesnapia KynnaHunagu.

A30T BUPUKMaNaPUHUHT KY/ITaHUAULWK. A30T aMMUaK onuLuja,
COBMTULLI annapartnapuga, MeTannyprusga Ba Kumé caHoatuja
WHepT My\uT cudartuga, 3nekTp namnanapu \ampa ras
TepMoMeTpnapuaa Kynnanunagun. Tapknéuga asot 6ynraH xunma-
XUN  MWHepan yrutnappaH KWLWJIoK, Xy”~canurumja KeHr
(horiganaHmnagn. A30oT Ba YHUHT GMPUKManapu KULLAOK, XyXXanuru
y4yH 3apypAnvp.

Munura epfaH onnHaguraH akuH \mcobura xap rekrap tyn-
pokgaH 0,8 - 250 kmnorpammrava asoT Wyk,0nagu. Xpgsogaru
3NeKTp paspAgu naiTmga asoT 6GunaH kucnopopfaH asor
oKcuanapu x,0cun 6ynagu. Ynap Kop Ba éMrup cyesnapujga apuo,
Xap rektap epHu 15 Kr raya a3oT 6upukmanapu 6unaH 6ontagn.
Tynpokaa 6ynaguraH 6aktepusanap xam ep KyBBaTuHMW 60rnaHraH
a30T 6unaH kydaiitupagu. byHpail 6akTepusnapHUHT Mabiym
Typnapu atmoctepa asoTuHM y3nawTupun6, xap rektap epga 150
Kunorpammrada 6ornaHraH asorT iura onagu.

Tapkunbuga a3ot 6ynraH reTepounKIMK Gupmkmanap yHnab xun
LOpV-4apMOHap, HK,0pu Monekynanm 6uprnkma (nonmmep)nap,
YCUMIMKNAPHU XUMOSA KWUYBYM Ba MeTanfiap Kopposuacura
Kaplum uwnaTuaysyM Bocutanap Taliépnalifa KeHr KynnaHunagu.



Pecny6nvkamusga yrut caHoarMHu BYXyAra Kentupuwga
MapxyM akageMuk M. H.HabneBHUHT Xn3matn GeKnécamp.yY HUHr
worupgnapn 6unad bupranukga spatraH KaTop YruT Xuanapu
naxTaynnmkga, mesa, ca63aBoT Ba OOLIKA 3KMHNAP XPCUAUNK
owmpuLwaa amanuii ax.aMusaT Kach aTan. Yrutnap Kumécu namuii-
rafKMKOT MHCTUTYTa XO4UMNapn YrMTNapHUHT MUKPO3NEMEHTIN
XUNapuHW apatuja AMKKaTra casoBop uwnapHu 6Gaxapaunap
Ba amanuérpa Tatbuk ataunap. byHpain ykuTnap Hadakar
Y36eknctoHga, 6ankm 6yTyH Mapkasuin Ocué pecnybnukanapu
KULLIOK Xy>Kanuruga KynnaHunvokga. by coxaga ®. M. Mup3aes,
C. T. Tyxtaes, C. YcmoHoB, P. Eky6os, 6. M. Bernos Ba
6o KanapHUHr 6aXkapraH uwnapn TaxpuHra casoBopamp.

XIV. 2. POCPOP

docop P—aTom maccacy 30,9737, 3neKTPOH KOHpUTypaLnsam
KL-3S2-3p'.Tabuatga (x>c(K>p aroHa n3oroH 4P xpnuga yypaigu.
dochop y3 6upukmanapmaa 3 gaH +5 ra Kagap okcuanaHuLl
fapaxacura ara 6ynagu. nekTpoMaHpumiinurn asoTra HucbataH
nactanru Tydainm gochop Kynpok MycoaT OKCManaHraH xpnataa
yypaian.

dochop 1669 iinnm X. BpaHg TomMOHMAaH oumaraH. Ep
Koburmgarn wmwukgopu (macca byinya) 9,3- 10%6.Tabuatga,
acocaH (octaTt MuHepannapy —anatut CayP043 (I' Cl) Ba
tocgoputnap Ca,(P042 CagP04), (OH, CO,) cutatnga yypaigu.
YHUWHT annoTponuk mogudukanmanapn mabaym. Okdochop( (X -
Ba /3 - wWakniapn 6op) KaTTUK Ba CYKOK xanatga P4 Tapku6nu
TeTpasfp LWaknamaaru Monekynanap Xpcun Kunagu.

docop atomnapu opacugarn 6or ysyHnurum 0,221 HM ra,
BasIeHT 6ypyaknapu 60° ra TeHr:

1
Yy b 4
] n _ _xp

\ I/

OK thocthop xasopa 44°C aa yau-ysugaH anail anaHub Ketagu.
Y xypa 3a\apnu. KusgupraHga nnatuHa 6unaH peakuuara
Kupmwagmn. XaBo KMCNOPOAU, ONTUHIYTypT Ba MeTannap 6unaH
6esocuta 6upukaan. OK docdop CS, aa apuiign. Xasocu3 xoiaa



400"C pa 1 coat fasoMufa “uU3pupunraH ok, gocgop K,13un
thocopra ainnaHagn. Kusmn ¢octhop anaHranaHmamgn, y
6rpmyHya 3axnpcus xucobnaHagm. Kusmn gochop 3aHXUPCUMOH
Ty3unuLra ara:
/[ P\ / P\
—I P—b pP—P
\.p/

Kusun gochopHUHT 3uunurn 2, 4 r/cm3 yrneposd cynbpuj
CS2 pa apumaiigm.

Kopa doctop ok, hochopHmu 220 - 370°C ga toK,0pu 60CKM
0CTMAA CaKKWU3 KyH faBOMWAa K,M34UpuLI OpK,ann OnnHagu.
3nunurn 2,7 r/lcm3 CS2pa spumMaingn, aNeKTp TOKUHW yTKasagu.

dochop caHoaT MuK.Ecnpa Kanbuuii ocpatHu Si02
NWTUPOKMAA KOKC 6unaH KainTapub onuHagu:

P—

2Ca3P042+ 6Si02+ 10C P4 + 6CaSi03+ 10 CO

dOoCHOPHUHT BOZOPOLIN OUPUKManapu. DocthuH Ba YHUHT
xoccanapu. bynap pocchop rugpugnapu febd xam opu-
Tmnagn. ®ocgpuH- PH3(ras),andpocdunH -P2H4(cytoK,-
nnk), P2H ékn PIH6 (koTTUK, Moagdanap) wynap Xymnacura
Knpagn. ®ochuH ék,umcus xugra ara 6ynnb, cysga, CS2 6eH3on,
atmp Ba uMKorekcaHonga apuingn. Kyunm kaintapysumnapgaH
xncobnaHagn. Kusgupunranga napyanadagu, 100°CpaaH tok,0puga
XaBoja anaHranaHn6 keragu. ®ocOUHHMBIT Knucnopog GunaH
apanawmacy noptnaign. ®ochuH Kyingarn peakuus épgammaa
ONUHagM:

P4+ 3KOH + 3HD —» 3KHZ202+ PH,

dochuH KanbLmnin EKM antoMUHWIA hochuataH XxaMm ONIMHULWIN
MYMKWH. ®OCPUHHIAHT cyBAarn aputmanapu ysura Xxoc
XycycusaTra ara. Ynapja KucnoTta Ba acoc xoccanapu 6opauru
ceamnmaingn. AmMmo (hOChHUH Kydnum Kucnotanap 6Gunad
(hOoCOHMI Ty3napuHN X,0C1N K,una onagu:

doctpuH TO3a (hochop onuW Mak,cagupa X,amga gocdop-
opraHukK 6upukmanap cuHTesuga vwnatnnagn. ®oCHUHHUHT
XocunanapugaH 6ynrad ochuHankunennap, gpocpuHatnap,
thocthuHuTNap, hochuHokcuanap Ba ochutnap Typam coxa-
napna KynnaHunagu.



dochoHMn Gupumkmanapwu. YmMymuia popmynacu:
R4PhX (R=H, ankun, apun;X =C1 , Br,J ,OH , OR 6ynraH
kpuctannap. Kyténu sputmanapga spvidgu. Bynap ocoH rugpo-
NU3NaHagmn Ba KM3gupunraHja auccoumnaHagu. Typtaamum goc-
thoHmnit Gupmkmanapu 6apkapop 6ynunb, rMapoKcMaIapu acoc xoc-
canapura ara. Knsgupunraiga yunamuu ocuHiap oKCuam xocun

Oynagw:
R4P++ OH -» R®P = 0 + HR

dochoHnn nuTninopraHnk brupukmanap 6unaH 6uprkkaHga
mnwugnap xocun 6ynagu.

®dochoHMin Tysnapn QOCHUHHUHI XOcunanapura ankun
(apun) ranoreHugnap Tabcup ATTUPUO EKU POCHOPHUHT rano-
reHugnapu (P9 ra FpuHbAp peakTMBM KyWnb onuHagu.

TypTnamun ¢ocoHUA BupUKManapu aKCTpareHT, SMy/ibratop
Ba (poTopeareHTnap cudatnga KynnaHunagu.

MeTannap ochugnapn ynap HUCOUA 3anekTp mycbaTnmru
HOKOpWU 6GynraH aneMeHTNapHUHI ocdop 6unaH Gupukmanapwu
6ynn6, 600 — 1200"C pa Bakyymfa &Ku WHepT atmocdepasa
0J/INHAAN.

WNwkopnini Ba unwkopuii-ep metannap ochugnapyu OCOH
rMaponv3naHagu Ba kucnotanap 6unaH peakuuara kmpuwagu. d -
afleMeHTNap onnacura maHcy6 KynruHa anemeHtnap pochugnapu
2000°C paH toKopuga apuingurad 6upukmanap 6ynmb cysga apum-
malign, Kucnotanap Tascupura 6epunmaingn.docpmanap apum-
yTKasruy marepuannap cugaruja Ba MetaniapHu OKCMANaHNLLAAH
cakfaigmrad Xumos Konnamnapu taiiépnawga uwinatmnagu.

®oCcPOpPHUHT Kucnopoagnu bupukmanapu.
®dochopHUHr PD, (gumepn PA 6), PP 4Ba PD Hgumepn PAH|()
Kabu okcumpnapu 6op. bynapga ®(OCKHOPHWMHT OKCUANAHWULL
Japaxacu +3 Ba +5 raTeHr. Cybokenan PD 4xam mabaym.

dochop (V)-okcupg PDHPAHL) - Kyycus yd Herumsnu
<|tocthat kmucnota H,PO, HUHT aHrMapmuan 6ynmb, CyBHM Lwmnagart-
m 6upnkTMpnb onuwra monun 6ynagn. LLYHWUHT yuyH xam y
CYBCU3MTaHTUPYBYM BOCUTA cuhatmaa nwnatunagn. ® ocdop
(W)-okcupg PD3I(PLHOEG aca Kyycus yd acocnu gocut
KMcnoTa 1 3o 3HUHT aHruapuam xucobnaHagun. P,Os KOPCMMOH
macca 6ynn6, 420"C pa cytok;]anagu, y KYPYK xasoga (}toctopHu
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gHanpuw Aynu 6unaH onuHagu. a3 Ba CYKIMKNApHU
KypuTuwga, OpraHMK Ba  aHOPraHuWK  CcuHTe3fa
KOHAEHCaLMAN0BYN areHT, n306yTuIeH CMHTe3Na KaTanmsaTop
Ba (pochat Wwuwanap onmwaa Kywmmya cuatmaa mwnatunagm.
dochop okenagapu KucnoTanap OAuUW YYyH Xomallé 6ynub
Xucobnanagn. PD. 6up monekyna cys 6wunaH wmetagochar
kucnota - HPO_,, MKKM Monekyna cyB 6unaH nupodocdar
Kucnota - H4PD 7Ba y4 mMonekyna cys 6unaH 6upukkaHga aca
opTodocdat kncnota - H,P04xocun 6ynagu. bynap numnga myxummm
opTohocthaT Kucnota xmcobnaHagn. ®octat kucnota 42°C ga
CYIOKyTaHafuraH Ba xaBofa byrnaHyBum KaTTuK. mogga. CaHoaTa
thocthaT KucnoTa cylokMuK cudatnga umwnabd ymuapunagu. Y
Tabunii hocoputHn H2S04 ga apuTm iynm 6unaH onmHagm.
docgar kucnoTaHu 6yF xonatmgaru QochopHU CyB MLLITUPOKMNAA
KaTaMTUK OKCcuaaawl Mynm 6munad \am onuw MyMKUH.

OpTodhocthaT kucnota Ty3napm docdatnap Aelnnagn.
Bynapra K2H2P04 (kaguii gurngpodocgar), K2HP04(kanwnii
rmgpodoctart) Ba K,P04(kanuin dhochat) mucon 6ynagu.
Mupodoctatnap (NaP,07Ba 6owkanap) xam Mabaym. docdar
KWCNOTa Ba YHWHI Ty3napu CUHTETUK HOBYBYM BOCMTanap Ba
thocgopnun yrutnap nwnad ynkapuwga mwnatunagm.

dochnT Ba (poctaT KMCNoTaKM3gMpuaraHia KoHaeHcaums
peakuuanapura KMpuUWYyBM y3uWra X0C Xycycusrnapupgad
XucobnaHagun. by KucnotanapHUHT UKKW, Y4 €KW YHAAH OPTUb;
mMonekynanapum 6uMpuknb, MMPUKPOK, MOMEKynanap XoCWn
K;uiraHga cyB axpanuné ymkagw:

2H3P04-» HAPD 7+ HD

KoHgeHcaumns gaBom 3TTUpUAraHga aMnupuk gopmynacu
11PO, 6ynraH ¢octaTnap xocun 6ynagw:

nHPP4 "¢ ? (HPOA, + nHD
AHa WyHpalh kucnoTtanapgaH 6ynraH  ipumcTadgocdar

kucnota (HPO,), UMKAUK Ty3unaulura ara:
o)



dochop ranorcHupgnapwu bynap kntopura Pl,, PFS
PC13 PC15 PBr_, PBr, Ha PJ, nap kupagu. P—X (X —ranoreH) ga
6ornapHUHr KyTbnaHraHnmru kKyinmpa! n katopga ysrapagu.
PF > PCI > PBr > PJ.

By k.atop ocdop 6unaH ranoreHnap opacumparn 3neKTpo-
MaHOUANMK thapynra mMoc Kenagu.

dochop yu pTopmg PF, Kyhinpgarn peakuus épgammupa onuv-
Haau:

PCI, + AF3 >PF3+ A,

PFSanemeHTnapgaH TyrpugaH-tyrpu onuHuwmn éku Cal, H©
PAH |0 6unaH K13gmMpuo CUHTE3 KUAMHULWIN MyMKUH. PC13 0K ékn
Kusun docgopra xnop tabcup sTTMpM6 onvHaauW. bolika ranoreH-
nap \am wy nyn 6unaH Xocun KUAMHULLNMYMKUH.

®ocop ranoreHngnapn cys 6unaH rugponusnadagun. Cys myn
bynraHga peakuums maxcynortnapu cudartmpa GpoCcPOpPHUHT
KWCMOPOAMN KUcnoTanapu Ba BOZOPOS ranoreHugnap xocun o6y-
nagm.

PCI. + 4HD ~ H3P04 +5HC1

PF3+ 3HD-> HPO03+3HF

FOkopugaru peakumsanapfaH nabopatopusga CyBHU KampoK
nwnatnb ranoreHOBOAOPOAONMNLI Makcaguga thoinganaHunagn.
doctop ranoreHugnapu cnuptiap Ba KapboH KucnotanapHu
ranoreHnawfja Ba MeTannap KOppo3uscura Kapwu Kypawuwga
nwnaTunagm.

dochop okcuTpuxnopupg (hochop xnopokcus,
xnopnu Gochopun) POCL3HO7,2"C pa kalnHalign. Y
xnopodopmaa, yrnepog (1V)-xnopug Ba 6eH3onga spuiign. PC13
HU kucnopog 6unaH 20 —50°C pa okcugnab éxku PC15 Hu cyB
eTMWIMaraH xonga rugponusnab onuHagu. Y Tpubytundocdar
onuwpa Ba 6ab3n peakyuanapga katanusatop cudaTtmga
nwnaTunagu.

docthop okcutTpugpTtopupg POF3ras xonargaru
mogda 6ynu6, cys 6unaH rugponusnaHagn. POC13éku P,Osra
hTop Tabcup 3TTUPMOG onuMHagu. CnmpT Ba auUeTOH Yriepoj
(IV)- xnopugga axwun 3spuniign. dTopdocdar Kucnotanap Ba
thTopoctaTnap onuwaa opanmkK Mogta xucobnaHagu.



dochop Ba YHUHT OGUpPUKMaAaNapuUHU
nwnatTunanuwmun. dochop ocar KucnotTanap onuwaa, coat-
CO3MUKAa, MeTa1 KpTULWIManapyuHu Taliépnaluga Ba ryrypr caHoa-
TUAA KEHT KYNNaHUN3AW. Y HUHT YHNab Xxun 6upukmanapy MuHepan
Ba MUKpPOYrutnap uwnabd ymkapuwaa, nofvmepnap caHoaTuia
nwnatunagn. KoHcepsa Ba rywt caHoaTuaa uwinab ynkapunysum
6anuk Ba rywT pocdopra 60i maxcynotnap xvmcobnaHaau.

docop Ba YHUHT OGupukmanapyn 6MON0OruK cuctemanapga
KaTTa axamuaTtra sra. ®ocop PH K Ba AH K garu dpocat rpynna-
napw Tapkubura Kupagu, y 0°Cun cuHTe3n Ba Haen MHdopmaunsa-
CMHM cak™awfa WWTUPOK 3Tagn. Y 6Monoruk xyxanpanapga
JHeprus 3axupacuHu ApaTyByM afeHo3nHTpugochaT Monekyna-
napu Tapkmbura kupagu. PaBwaHku, Tapkmbuga gochop 6u-
pukmanapu 6op mogaanap 6MOKMMEBWIA xapaéHnapja katTa
axaMuaT Kacb aTagm.

XIV. 3. MNWLbAK, CYPBMA BA BUCMYT SNIEMEHTNAPUHWHD
YMXMI/IM XOCCANAPU

ONeMeHTNapHUHT yMyMuii TaBcudn. TaburnaTtga yupa-
W n. WVHCOHMATra uarapujaH Mabfiym OynraH 6y 3/emeHT-
NapHUHT Xoccanapuga ysura xoc xycycuarnap unad 6up katop-
4a Kyn AKMHAnKnap xam 6op.

MubsaK y3 6upnkmanapma Kynpok, —3, +3, +5, cypbma +3
Ba +5, BUCMYT 3ca +3 OKCUA/MAHTAH/INK JapaxacuHU HaMOEH
K'nagn. SNeMeHTNapHUHT MyXuM 6Gupukmanapu apcuH-AsH3
rannuin apceHung - GaAs, apcuH okcug —As,0,, apcuH xnopug -
AsCI3 onTUHryryptan éupmkmacm —AS,S., CTUOUH xopugnapu
SbCI3 SbCIlv onTuHryryptnm 6upukmacu-bb[, okcnan ShD 5
Komnnekc 6upnkmacy — Na|Sb(OH)J, BucmyT okenam -Bi,03
HuTpaTtn - Bi(N033-5H,0 axamuatnnaup.

Ep kpburnga muwbsak 1,7 « 10 206, cypbmab ¢ K) "%isa BUCMyT
2 + 10 5% Hu Tawknn aTagu. Tabuatga MULBAK acocaH meTannap
&KW ONTUHIYrypT 6unaH 6uprannkaa yupangm, spKnuH xonga kam
6ynagun. CypbmMa aca 3pKWH X0nga Ba ONTUHTYTYPTAN GUPUKMACK
cuaTnga ydpagn. BucmyT Tabuatga HucbaTtaH Kam TapKanraH
6ynn6, BucMyT oxpacu - BiD 3 (6ucmuT) Ba BUCMYT ANTMPOTK -
Bi2S3 cudatmpga yupaingn. MuWbAKHWHT MUHepannapugaH
apceHonupuTt - FeAsS, peanbrap As4A sa aypunurmeHT - As2S3
nap mavnym. CypbMaHUHT cynb@uan 6ynraH aHTUMOHUT - Sh2S
(cypbma antuporun) xam Tabuatga KeHr rapkanrau.

344



MuULWBbAK BA YHUHT 6GMPUKManapyu Kyunu 3axapav mogganap
xucobnaHagn.CtnéuH —SbH3 xam wyHgain 3axapam 6upukmMa-
Hapgan 6upugup.

OnnHmwmnea xoccanapu. MubAK apceHONUPUT
I CAsS HM HOKOpY TemnepaTypaga napyanab onuHagw.

CypbMa aHTUMOHUTHU TeMUp 6rNaH KU3AUPULL OpKanu Xpeun
KunuHagw:

Sh2Sj + Fe —» 2Sb + 3FeS

Kymup 6unaH kgutapuiraH okcugnapuiaH xgm y3 Haebatupga
MULLUbAK 6UNaH CypbMa aXpaTnb onmMHagu. BrcmyT aca BUCMYTUHUT
BiZS3Hu okemanab ékn BucmyT (LU)- okengHu BiD, Hu kaiiTapn6
(yrnepog 6unaH) onuHagu. BUCMYTHUHE acocuii KUCMU  KyproLuvH
Ba MWC OAMLWIAA KOMajuraH caHoaT YMKUHAWNApUAaH axpatub
LWMHaaW.

Muwbak 6unaH cypbMaHuHr \aMm (hocop kabu annoTponuk
y3rapuwnapu mabnym. KOkopu TemnepaTyparadya Kusgupuarad
anemeHTnap 6yrnapu Tes COBUTUATaHAa WMKKana 3/IeMeHT capuk
paHrin meTannMac xoccanapra ara 6ynraH KaTTWK MoAjanapra ai-
naHagw. ByF xonaTuga anemeHTnap xam ok ocop kabu TeTpa-
34puK Monekynanap As4 Ba Sh4 Kylingarmua KypuHuiLTa ara Gynagu:

Bynap ncmtunraHga éku Hyp TabCup 3TTUPUAraHaa KynpaHr
Xofijary MeTa/ln Xoccanu atomnapfaH Ty3wiraH KasaT/iapra ara
6ynagun. BucmyT 6yF xonnga Bi2Tysunuwiga x,am 6ynagu. Bucmyt
KYNPOKOKULL-KU3TLW W PaHIIX METan1 Xoccacura ara afieMeHTamp.
Muwbak 6unaH cypbma MypT 6ynnb BucmyTaa 6y XycycusT HUC-
6ataH KaMpoK 6ynaan. BUCMYTHUHT CYIOK X°naTgaru 3MU/IUTA KaT-
TUK XATaTAarn 3uuaMrniad OpTUKIKaHINTN MabllyM.

Acocuii xonatga aNeMeHTNapHUHT TalKy 31eKTPOH KOBWK-
napu KoHdurypaumsacu kKynugarvwya éynagu:

AS - 4s2 «4h3 Sb + 5s2e 5//°; Bi - 6V2  6//

Opaunin wapoutga \aBoga MULWbAK CEKWH OKCUAnaHagw,
KaTTUK KusgupunraHga €HU6 oK paHrnm okcmp - AsD ,ra



alinaHagn. Muwbsk cyBha apumaiign. KOKopu Temnepatypaja
MWLLIbAK KYNTUHA 3NeMeHTNap GunaH TyrpugaH-Tyrpm 6upukagm:

2As +5C12 + 8HD — > 2H3As04 + 10HC1

Mwunwbsak ogatgarv wapoutaa KoHueHTpnaHraH HNO3Ba
H2S04 6wunaH, KuU3AguMpunraHpga sca 3ap CyBM Ba MLIKOP
apuTmanapu 6unaH peakuusra Kupuwaau.

CypbMa ofaTgaru wapoutga ranorednap (F 6yHaaH MycTacHo)
6unaH, KM3gUpuUAraHaa Kucnopopd, KoHueHtpnaHraH H2S04 Ba
HNO03 3ap cysu 6unaH peakumsara Kmpuwaam:

2Sb + 10 HNO, -» Sh2Ds+ 10NO, + 5H,0

BucmyT opatgary wapouTga cyB Ba KUcnopog 6unaH peak-
umara Kupmwmanam, KusgnupuaraHja rasoreH sa xXanbkoreHnap,
KOHUeHTpNaHraH H2S04 sa HNO, 6unaH peakuusira Kupuwagm.
Y nwKopuii, niwkopuii-ep Ba HogMP mMeTannap 6unaH peakuusra
KMpuwnG BUCMYTUANAP XPCUN KUNagU.

Muwbak MeTannap 6unaH xpcun kunraH 6Guprkmanap apce-
Hupgnap feiivnagu. Bynap tokopuw TemnepaTypasa apuingurad 3my
mogganap 6ynmné, 6ab3vnapu rugponusnaHagn. Okcuanosumunap
TabCcUpuia apceHnTNapra ainnaHagn. ApceHugnap anemeHTnapHu
BaKyyMfJa €Ky WHepT aTMoc(epafa Kusgupuw 6unaH \ocun
KunuHagyn. CTubuHugnap (aHTMMOHUANAP) CypbMaHWHI MeTannap
6unaH 6upmnkmacu 6ynnb, Kpuctann Tysunuwra ara. Nwkopwii
MeTannapHuUHr cTmbuHugnapu cys 6unaH napyanaHagn. KoH-
LIeHTpIaHraH K1cnoTanap Ba3ap CyBM X.am CTUOMHMANApra Tabcup
Kunagu.

ApceHngnap 6unaH cTMbuHmuanap SpMMyTKasyBYaHINK
xoccacura ara. Ynap Kyéw 6aTtapeanapuia, WHGppakusunn -
fpeTekTopnapga, Xonn fatyuknapu, TyHHeNnb Anognapuw, Hyp
auoanapu, TpaH3MCTopap Ba nasep'Kypunmanapuia KynnaHwnagu.

Brpukmanapu Ba ynapHUHT xoccanapu. MuLbsik, cypbMa Ba
BUCMYT BOAOPOA GunaH TyrpugaH-Tyrpu peakumsara Kupuwmaigu.
ApcuH AsH3 Ba cTubuH SbH3 kynaHca x,ugnm ras 6ynumé, cysaa
apumaiign, Tes napyanaHagu Ba yta 3a\apnu. BucmyTtunH BiH3 aca
CTubuHra Kaparavga xam 6ekapopavp. bynap anemeHTnapHuUHT
TYpAu GupuKManapuHu akTuB MeTannap 6unaH Katapuil opkanm
0NIMHKG, “Ky3ry” \ocun Kunagu.



MuwbsAK, cypbma Ba BUCMYT okcugniapu (32 3 ternwinmya
3NIeMeHTNIapHUHT Kucnopo 6unaH peakumsacugaH xocun 6ynraH
KpuctannapgaH néopart. Byr xwargaru AsD 3ea SbD 3nap gumvep
monekynanap (Asd0 6 Ba Sh40f) waknnga 6ynagw.

Muwbsk aHrngpug, As2 3mMapryMmyil HoMmy 6uiaH xam Mab-
nym. CyBaa apuiigmn, 6yHaa apceHuT kucnoTa \ocun 6ynagun. AsD 3
amhoTep xoccara aranuru cababnm xam KMUcnoTa, Xam MLKppiap
6unaH peakumara Kupuwné Tysnap xocuna kunagu. Shd 3sa BidD 3
nap cyspga apumaingu. M'agpokcugnapm Sb(OH)3 Ba Bi(OH)3Sh Ba
Bi Tysnapu spuTMacura uwKopnap Tabcup 3TTMPUG onuHagn.
Muwbak rugpokeng As2 3Hu cyBfa apuTmub onnHagm:

As,0, + 3HD —2As(0OH)3

MUWbAK rMapoKcuam xam am@oTep xoccanapHu HaMoéH
Kuncaga, yHaa KucnoTa xoccanapu ycTyHpok Typaan. Bi(OH)3acoc
Xoccanapura ara. Y KOHUEHTpNaHraH uwKopapuTmanapuaa xyaa
03 3puiigmn, nwkopuii My utha Kana 6upmnkmanapyn Bi(OH)3Hu
mMeTaniradya Kantapagu.

OKpaHrnu rugpatnaHrad okeug mogaa Sh20s mxH ,0 HMKOH
6unaH Ku3gupuaraHga KaaumHWHE rekcarmgpokcocTubuHaTm
K [Sb(OH)J xocun 6ynagu.

MuwbAK Ba cypbMa KucioTanapu Hutpart Ba ¢ocdar
KucnoTtanapura KaparaHga Kyvcus xucobnaHagu. MacanaH, HAs02
(K = 6-10"10 spuTmacmpa MyBO3aHaT yanra cypunraH 6ynagu:

HAs02+ 11,0 H3AsD 3

H3As03kucnota hocut knucnota H3P 03naH tapkam ynapok
As-H 6oruraaraamac, Tysunuwmy As(OH)3FInp. ApceHuT kucnoTa
Ba YHWHI Ty3M1apu Kyunu KavitapyBuunapgaH xmcobnaHagm.

ApceHaTt kucnota H3As04 ypraua Kyynu, ammo gocdar
KUCoTagaH Ky4enspok. Y4 Herusnm 6y KUCNOTaHUHT NOHaHMWLL
KOHCTaHTacK

Kx= 5 «10 3 K2= 4 m10 58a K3=6 10 D (25° C)

MeTadoctar Ba nupodocdaT Knucnotanap Kabu MuLLbAKHUHT
xam MeTa HAsO03Ba nupokucnotanapu H4ASD 7 masxysn. H3Sb03
ékn Sb (OH)5-aHTUMOHAT KucnoTa ékn cTMOUH (V)-rmgpokecug
nennnub, ok amopd mopaagaH mbopaTaup. Y amgoTep xoccara
ara. CypbMaHUHT NUPOAHTUMOHAT Kucnota H4AShAD 7 cn \am
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maBxyfa. H3b05 HSb03 Ba H4SbD 7nap Kydcus Kucnota
XucobnaHaaw.

3PKUH xonga axpaTnd 0NMHMAraH BUCMYT KUCIOTAHWUHT Ty3/a-
pv xam 6op, ynap sucmyTaTnap Aeb atanaau. bynapra NaBiO, Ba
AgBIiO, mucon 6yna onagn. BucmyTtartnap Kyynm OKCuanoByuniap
XuncobnaHagu. ApceHatnap aca (ocatnapra yxwanau.

Muwbsak (I111), cypema (111) Ba BucmyT (I11) HUHT ranoreHnu
6upukManapy HOKopu Temnepatypaja KainHOBYM CYHObYLLK EKK
KpucTann mogganapavp. Ynap afneMeHTNapHUHT OGupukuwmngaH
€k 6owka bupukmanapugaH xocun kKunuHagu: AsCI3 AsJ3
AsF3 SbCI3 SbBr3 ShJ3 BiCI3 BiBr3 BiJ, Ba BiF”ap
peakuusnapga KatanusaTop, aHaluTUK peakTuB, ApUMYTKasruy
6upukmanap cMHTesmn, kepamuk bytomnap xoMalluécura KyLumMya
cuhaTmaa, raamonnapHu byawaa sa 60Lka coxanappa KynnaHunaow.

MenTaranoreHngnapgaH gakar AsFS, SbCl5 Ba  BiF5 nap
MabfiyM. bynapHuHr 6av3unapu rugponusnaHagu. lMeHtarano-
reHuagap ranoreHn0BYmM areHT 6ynunb peakumanapga KkatanmsaTop,
coh As, Sb Ba Bblapnu onuwwija xomalé 6ynué xusmar Kunagu.

AHTWUMOHMSA Ty3napu ymymuii popmynacu (SbO), X 6ynm6,
6y epga X=CI', SO/2 NO, nup.3b -“/y3napura ShAS043-HD,
Sb(N033 SbP04 Ba Sh,S3 kupagn. Kanuin aHTumoHun TapTpart
KZSb (C4H,062 -3HD «kpuctann mogga 6ynmb, cyefa apuiign,
TM66METAA “KycTupaguraH Tow” cudatnga Mabaym.

BucmyTtun tysnapu (BiO)iX (6yepgaX = F , CI, Br J”,
CO/2 NO/, SO/2 cyspa spumaingn. BHOCHKO4- cyBaa apwuingu.
BucmyTtun kapboHaTHUHT Kpuctannorugpara (BHO), «C03 «HD
KpucTann 6ynmb, cyB Ba CIMPTAA SpnMaingun. Y Bogopos X/opug sa
HUTpPAT K1cnoTa Tabempuaa napyanaHagn. Coaa ékm (NH)2C 036mnaH
BUCMYT Ty3M1apy 3pMTManapvHUHIPeakLuac HaTvxxacuaa onmHaau.
By Ty3 cvn Ba OLLIKO30H KacannnknapvHu fjasonaluja KynnaHunagu.

3neMeHT 6MPUKMaNapUHUHT ONTUHIYTYPT 6MaaH y3apo TabCu-
pugaH As4S3 AsAH, As2S3 As2Sh ShZS,. Sh2S3 Bi2S3 kabu kaTop
cynbugnap xocun 6ynagn. MuWbAK cynbuanapu capuk,
CYPbMaHWKW 3apranfoK Ha BUCMYTHUKW Kopa GynraHnuru Tygaii-
NN ynapHW 6mp-6upraaH 0CoH PapK Knamw MyMKUH. Amopd xon-
faruv 3apranfok Sh2s3waknra ytagn. Kopa paHrav cypbma cynbgu-
an Sb Ba S nap 6upmnkkaHga xam xocun 6ynagm.

tOkopupa opmynacm KenTupuaraH cynbugnap cyefa Ba
OKCUAM0BYM BynmaraH Kucnotanapga apumangn. As2SSHUHT



KOHLEHTpNaHraH HUTpaT KUcnoTaga 3puwl peakuusacu Kyiu-
farvnya 6opaam:

3As,S +40HNO3+4H O A6 HASOd+ 15FLSO, + 40NO

MuwbakHUHT As2S3Ba As,S-, X,amga cypbMaHunr Sh2S3 kabm
cynbthug 6upnkmanapm 6owka cynbugnapgaH apk Kuauo,
ammoHuii  cynbpug (NHAH2S sputmacnga apuingu, byHga
TnokucnotanapHuHr (NH4H3AsS3 (NH)3AsS4, (NH43ShS3 kabwm
Ty3napu \ocun 6ynagn. by peakuuagaH aHanuMsnapga MuLLbaK
Ba CypbMaHu 60LIKa 3neMeHTNapaH axpatub onuil makcagmnaa
(hoiganaHnnagun. TMOKMCNOTA TY3NaPUHUHT HOPAOH 3puTMacujaH
3PKUH TUOKMCNOTanap axpanagu. bynap Teruwnm metannap
cynbtugnapu 6unaH H2ZS ra ocoH napyanaHagw.

Nwnatnnnwm. Mulbak KOTULLIManap Ba apMMyTKasrmy ma-
Tepuannap Tapkubura kupagn. Muwbsk 6upukManapum Maxcyc
Wwuwanap nwnab Yynkapuwpa,yapM-myinHa 6ytoMnapuHm
KOHcepBanaw ja, éroy aHTUCENTUTU, PU3NONIOTUK aKTUB Ba
3axgpnv mofjanap Taiépnawuga uwnaTunagu.

CypbMa X,aM KynuH4a KoTuliManap tapkumbura kupagu. Y
ApUMYyTKasrnunap TexHukacuga uwnatmnagn. KyprowmH
aKKyMynaTopu nnacTUHKanapuHu Tailépnawja cypbma Ba
MUWbAKAAH hoinpanaHunagn. Cypbma GUpukManapu nurMeHT,
Oy&K, rnasypb Ba amanb uiwnab ynkapuwga nwnatunagm. Cypbma
cynbat Ba cynbug (V) nupoTexHukaga uwnatunagurad
KOoTULManapra Kywwunagu.

BucMyT Typnu KoTulwiMmanap, Wy >XymaajaH, eHrun
cyloknaHagurad Bya koTuwmacu Tapkumbura kvmpagu. ByHgai
KoTUwManapgaH nnactmacca Oywomnapu Ba abpasuB
maTepuannap yyyH kKonunnap tainépnaHagv. TepmMO3NeKTpUK
reHepaTopnapja Ba Si4p0o peakTopnapupa BUCMYyTAaH (hOW-
JanaHunagu. BucmyT TuTaHat ONTUK MOZYNATOP Ba aKyCTUK
Ty3aTKuunapga wwnatunagu. Bucmyt monnbaeH katanusa-
TopnapugaH caHoaTga onganaHmnagn. BucmyTtannap 6up kaH4a
3NleMeHTNapHM (POTOMETPUK Ba IKCTPAKLUOH-DOTOMETPUK YCyN
6unaH aHuknawjga vwnarunagu. BucmyTt 6upukmanapupaaH
rmo6mneTaa, KNLWNOK XyXanuru, KoCMeTuka Ba Wy Kabw 6oLuka
KynruHa co\anapga doiiganaHunagm.



OABPUN CUCTEMAHWHTI VI TPYTMMA ACOCUN
Mr’PYMNMNAYACW SJTIEMEHT/TAPU

Ymymunii TaBemdm. Jaspuii CUCTEMaHWMHT ONTUHYM Fpynna aco-
CUIA rpynnava anemeHTanapura kucnopog -O, OATUHIYTYPT -S,
ceneH-Se, Tennyp -Te Ba nonoHuin -Po kupagu. By anemeHTnap
aTOMJIAPUHWHT TalW KW 3N1eKTPOH KABaTnapuaa s2 p4anekTpoHnap
mMaBXyg. LUyHWHT yuyH (KucrnopopfaH 6Golwika) 6y anemeHTnap-
HWUHT BaneHTAMKNapun —2 gaH +6 raya ysrapagu. Kucnopog
ATOMWHUWHT TallKW 3NEKTPOH KaBaTuia ONTUTA 3NEKTPOHMU 6y-
AMWINTa KapamacfaH, y xap foum 6olKa atomnapiaH WKKuTa
3M1eKTPOH Kabyn Knimb, OKCUANaHWLL Japaxacu MaH(uii MKKura
TeHr 6ynagn. Kucnopog aTOMMHUHT MOHANAHWLL NOTEHLMANN KaTTa
KuiimaTra ara 6ynraHnuru yuyyH atomja aneKTpoHNap Xyja
MycTaxkam xomnnawraHaup. LLyHUHT yuyH Kucnopog atomugaH
3NeKTPOH TopTUO onaguraH afemMeHT akat gTop atoMuanp. S
Se, Te, Po anemeHTnapu aca Koccenb Haszapusacura acocaH ys3
Tal KW 31eKTPOH KaBaTnapugarn afekKTpoHnap COHMHM cakKu3ara
eTKasnw y4yyH 6OLIKa 3NeMeHTNapAaH MKKWUTa 31eKTPOH Kabyn
Knnmb maHhunin 3apaggaHagn. byHaaH 'Tawkapu, 6y anemeHTnap
Tal KW KaBaTha ohnawraH ONTUTA 3/IEKTPOHUHM NYKOTMO
MycbaT 3apsgra ara 6ynagu. ONTUHYM rpynna acocuii rpynnava
3/1eMEeHTNApPUHUHT MeTannMacaumK xoccanapu, rpynna 6yiuua
loKopugaH nacTtra kapab kamainm6 6opagun. LLUYHWHT y4yH
KMUCNOpoS, Ba ONTUHIYTYPT Ky4Yan MeTaniMac XO0CCacuHW, CeneH
Ba TeNyp aca MeTaln Ba MeTan/iMac XoccanapuHu, NoMOHWIA aca
KYUny MeTan XO0CCaCUHW HaMOEH Kuniaaw.

XVI. KUCnoron

Kucnopog atomu 12 ¢ 252 « 2p4 3feKTpoOH (hopmMynara ara.
Kucnopog Tabratga 3pKnH Ba KUMEBMWIA GUpMKMa Xonuga yupaigu.
YHuHr 6apkapop O, YO Ba BO wmsotonnapu Mabnym. byHaaH
TalWKapu. CyHbUiA paBuLLa Xocun KuanHran 40O, BO, BO kabw
6ekapop m3oTonsiapu xam 6op. Kucnopopd 3pKWMH Xonja Xaso
Tapknéuga 20,9% Hu Tawkun atagu. Knméeuin 6uprnkma xonmga
cyB Ba Ep koburugarn kynruHa mogganap Tapkubuga yupangm.

OnuHuwn. KucnopogHu 6upuHumn 6ynmb, 6up-6upnapugan
b6exabap xonpa, Leene Ba Mpuctaunap onuwra mysaddak
6ynraHnap. LLleene 6upuHUM MapTa celMTpaHU TepMUK napyanab
Kucnopog onraH. MNpuctam aca NUMPONO3NTIra KOHLUEHTPNaHraH
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cynbdart Kucnota iai.CNP aTTupu6 KUcnopod ONULLITA IPULLTaAH.
Kucnopop nabopatopusga 6eptonne Ty3uHU Ba HUTPATNAPHU
rcpmMumk Hapdanab onuHaau. byHpaH raw”apu, nabopatopus
WwapouTmga CyBHMW, ULIKOPAApHU 31eKTPONN3 KUAnb Xam
KWCNOpOS ONNHAAMN.

Xp3upru BakTAa TexHWKaga Kucnopog JInHae ycynuga cyrok,
\aBoHU (hpakumanabd Ba CyBHU 31eKTPOAN3 KUAULI YCyNnn 6unaH
onuHagn. CyBHU 3M1EKTPOIN3 KUAWLL HaTUXKacuaa KaTofaa BOAO-
pog, aHoAma aca KMCMopos axpanub ynkagm.

Xoccanapu. Kncnopog ras x,onarga paHrcus, masacus, \ugcms
MOAJA. YHUHT MONeKynacu WKKU aToMfaH TysunraH. Cylok Ba
KaTTUK X0onataa KMCN0pog 04-X,aBOpaHr, napamarHuT X0CcacuHu
HaMO&H Kninb, 3NeKTP TOKUHW yTKasagw.

KaTTuk xonatga K1cnopog rekcoroHan Kpuctana Tysuimira
ara. XXypfa 1e3 COBUTML HaTuXacuga Kpuctann CTPyKTypacu yara-
pu6, AHrn hasara ytagn. Monekyna xanatgaru kucnopogaa (Mo-
NIVHT Haszapusacura acocaH) UKKWUTa 3NEKTPOH Xy(pTu ,\nucobura
BY)Y/ra KearaH UKKunamuu 6ornaHuil amac, 6ankm MKKuTa y4
3M1eKTPOHAN 60ornaHuw 6munad ypanrad 6uTTa ogguin 60rnaHnL
maXxyaaup. Wy HykTam HasapgaH 0 2 MONEeKYNaCUHUHT
TY3SUAUWWUHN KyAngarnya mgoganaw MyMkuH: [O — O]
KucnopogHuHT y3ura xoc xoccanapugaH 6upmn anemeHTnap unax
O6uprMKMa xocun Kuauwpaa épyravk Ba UCCUKAUKHUHE axpanub
ynkapuwungmp. Kucnopog oganii WwapovTtaa naccue Mogaa, NekuH
KusgupunraHga Ba KaTanusatopnap uwtupokuga geapnu bapya
aneMeHTnap 6unaH 6upuKa onaaun. NeMeHTNAPHUHT Kucnopojan
OGupukmanapu okcugnap fgebaranagu. dneMeHTNap Kucnopojau
6upukmManapuHuHr acocnm xoccanapu O.N. MeHAeNeeBHUHT
KUMEBWIA 3nemMeHTIap 4aBpuin cuctemacuga fasp byinnya yangaH
YHITa Kgpab cycaiinb, kncnoTtanm xoccanapu optmb 6opagu. YyHkm
aneMeHTnap 6mnaH KWCNOPOAHWUHI OMPMKMLWIKN HaTuxacupja
KuméBnin 6ornaHnw (tabmatu) "“am ysrapmub 6opagu. Arap
KMCnopog 6unaH afieMeHT opacuja MoH 6ornaHuL BYXyfra Kenca
6uprKmManap acoc xoccacura, MOH-KOBasieHT 60rnaHuL BYXyfara
Kenca 6upukmanap am@oTep Xxoccara, KoBaneHT 6ornaHuuw
BY)Xyfra Kesca bupukmanap KAcnotanm xoccara ara 6ynagu:

NaD, KD, CaO AO p,0,, SO,, Cid7
acoc/m okcugnap an)OTep KUCIOTa/ N
oKcuz okcugnap



Acocnun okcugnap cysfa apub uwkopnap, KUCaoTanu okcugnap
cyBfa apub KucnoTanap xocun kunagun. AM@oTep okcugnap cys-
fa éMOH, IeKMH KucnoTanapfa Ba MLIKOpnapgha fxwu apuiigu.
KncnopofHuUHT anemeHTnap 6unaH xocun KunaraH 6owwka
6UpUKManapuHu, xap Kaicu 3NeMeHTHUHI yMYMWIA Xxoccana-
PUHW ypraHuwpaa 6atadcmn TywyHTupmnb 6epmnagm. Kuc-
NOPOAHWHT anfoTPONUK LaknnapmaaH 6mupu 030HAMP.

O30H. 1785 liunga BaH Mapym 3nekTp MalwwHanapwu
MwnaétraH BakTAa EKMMCM3 XM Maingo 6ynraHuHU nainkagu.
KennHyanuk 1840 nnga LLIEHGaAH cyronTupunraH cynbat
KMUCNOTaHN 31eKTPOIN3 KUAWLW HaTuXKacuga axpanmb YmKkaH
EKMMCU3 XMW Ta3 030H IKAHAUTUHU aHukgagum. O30H cy3u
rpekya “xuann” cysmgaH onuHraH. O30H Ham OK (POCPOPHUHT
XaBofja OKCuAnaHuwnaaH, kucnopoara 6oii 6ynraH nepmaHraHat
Ba OuxpomaT 6MPUKMaNapMHWUHT KOHLEHTPNaHraH cynbdat
KMcnoTafa napyanaHuwmniaH, WyHUHrgeK, hTopra cyB Ba XaBo
Tapkubugarn Kucnopofra ynbTpabuHaia Hypnapu tabcup
aTTMpuAraHga xam \ocun 6ynagu.

KucnopogaaH 030H XOCUA BYAULIN 3aHXUP peakuusacu Kyiin-
faru cxema 6yiinya 6opagu:

02-» 20*
20+ 02-> 03+ O*
0*+02" 03

TexHUKaga 030H Maxcyc 030HaTopnapga ofvHagw.

O30HHWHT MONEKYNAp TY3UMWIUHN Kylingarmya
TYWYHTUPUIW MYMKWH. O30H MoOfekynacuaaru mapkasuii
Kucnopog atomu sp2rubpugnaHrad xonatga bynagu. Mapkasuii
aTOMHUHT WKKW Sp2 rmbpugnaHraH opbutanum wKKuTa ¢ Qu
opbutanb X0CWUI KUAMWAa MWWTUPOK 3Tagu. YUuH4n
rnbpugnaHrad sp2 opbutans 6ynnMHMaraH 31eKTPoH XydTura
ara 6ynagun. Mapkasuii aTOMHUWHT 2p opbuTanu yetgaru
aTOMNapHWHI 2p opbutannapu 6munaH 71 — 6of 0pbMTanbL Xocun
Kunuwpga nwtnpok atagn. Konrad anekTpoHnap aca bywawitum-
pyBuYn opb6butannapra >xoinawagn. OnTuta 60rN0BYM
3NeKTpPOHNap X.ncobura 6ornaHnw TapTMbm 1,5 ra TeHr 6ynagw.
LLIyHUHT y4yH 030H MOJeKyfiacu cTpykTypa opmynacuHu
Kyimgarnda nsoxnaw MyMKWH:



Ojiai/iiii 1 nblpowga 030H xaBopaHr ra3. Kucnopopara
Hucbanw wmon-kynap Maccacu, KyTb6naHyBYaHIUIM Ba
KyTD)IQmuirmiMs katTa 6yAraHn yyyH KaiHaw TemnepaTtypacu
\am k»K,0)|| ( YrOK XpnaTga 030H TyK-XaBopaHr, KaTTUK xonaTtaa
TYK WHnagwa paHrnn kpuctann mogga. O30H monekynacu 6up
Mynua OCKapop, OKOPM KOHUeHTpauuaga nopTtiab napyanaHagm.
(mBOMMUHI OKCUAAO0BYUIIMK XOCCACU KUCNOPOAHUKMTa KaparaHja
Kyunu. LUYHWHT yyyH ofaTgarv wwapouTha KynruHa KUMEBWIA
naccuB 3NeMeHTNAPHW OKCUAnai onagu:

8Ag + 20, > AgD + 02

O30HHM aHMKNALW YYYH Kainii Mogng apuTMacngaH qoiiganaHuni
MYMKWH:

2KJ+0,+ HD -» J2+ 2KOH + 02

|/|LIJKOpI/IVI MeTasninnap 030H TabCUPUOa 030HUANAP XOCUT KUMadn.

3+ 0,— 30, (3 = Li, K, Na Ba 6owwkanap)

OsoHuAanap mycbaT 3apagnaHraH meTtann Ba MaHuid 3apag-
naHraH O, WOHWAAH TalWKWA TOMraH K13UN paHrav Moaaanapamp.

O30H Ky4/iM OKCUAN0BYM BYNraHn yuyyH MUUMUK CYBNApHU
TO3anawaa Kyn Kenagu, XxaBoHU Ae3suH(eKLna KMauw BocuTacu
Ba OPraHMK MOAJanapHy CUHTE3 KMAMWAa Xomawé cudartnga
thoinpganaHunagn.

O30HHMHI KynnaHunuwun. O30H épgamupa okcupgnap,
o30HMANap ékn 60WKa MaxcynoTnapHUHI xocun Gynuwumra
030HMAW peakuuacu geiAnnagn. Ywby peakumsigaH KapboHWn
6UpMKManapuHu CMHTe3 Kunuwga, nabopatopus amanméTnga aca
Kyw C = C 60rnapmMHWHI X0NaTUHM aHuKnaw aa poganaHnnagm.

O30HHUHT xaBO &KW Kucropog 6unaH apanalimacu cys Ba
XaBOHM fe3nH(eKumanawaa, ra3monnap, MmHepan MolinapHu
oKapTupuwaa KynnaHunagn. Y 6aktepuung Xycycusatura ara
6ynraH mopnanvp. O30H Tabcupuga fedopmanmananHran (4ysun-
raH) pesvHa 6YOMHUWHI 4aTHab épunuwinra Kapwuimk Kypca-



TULW XYCYCUATU pPe3nHaHWHT 030Hra bapgownuru geb atanagu.
ATuUneH Ba NPONWEHAAH ONIMHIAH MonMMepnap, xnopeynbhuaam
NonunaTuneH, Propkayyyk Ba 6Golikanap 030H Tabcupura 6ap-
Jownu pesnHanapgaH xucobnaHagu. bapaownnankHy owmpuL
Makeagmaa pesmHanap Tapkmbura aHTUO30HaHTNAp Kywunagm,
yTa yngaman mopgpganap 6unadH “onnaHagu, 6ylom to3acu
KUMEBWI MwnaHagw.

O30H MUKpOOpPraHM3maap KyliaHaacu XxmcobnaHraHanrmaaH
YHAaH TeXHWKafa, WYHWHTAeK Yii, NLXO0Ha, Liex Ba KopXoHanap-
HUHT 6y3nraH xaBoCWHMW To3anallaa, CyBHI 3apapcu3naHTupuLL
Ba aTpo MyXWUTHU Myxoasa Kuauwna KeHr oiganaHunagu.
Monumepnapra tonkKa KaBaTAM OKCWf napfanapu éku XumMos
Katnamn konnawga, t03a penbeuHn y3rapTupuil, to3mgaru
(hYHKUMOHAN rpynnanap TapKMOoUHM aHann3 KUanw, yHu o6yl
€KW paHrcM3NaHTUPMLL A XaM YHUHT XM3MaTy KaTTa.

CTepnnnoBum mogga cmatufa nuMManK cyBnapuHu Tanép-
naw xapaéHua xam yHAaH KeHr doiganaHunagmn. Xosmp Mocksa
a\onncu o30HNAWTUPUATAH CYBHW MUCTEBMOS KuUnagw.
EBponagaryn sHr MMpuK 030HNaWITUPYBYM ac606 MockBa cyB
KyBypn cTaHumsacuga xoinawraHgmp. byHaaii o3oHnawTupuL
mMocnamanapu waxapnapga \am Te3 opafa naingo 6ynuwm
KyTunmokga. CaHoaT YAKMHAMW CyBNapHW TO3aallja Xam 030H4aH
KeHr qorijanaHnl Kysga TYTUIMOKAA.

O30HHUHT KaTop bupukmanapu \am muwnym 6ynu6, ynapaaH
TYp/n coxanapga poinganaHunmokga. MacanaH, aHoOpraHuk 030-
Hugnap kmsun kpuctannap 6ynu6, 60"C gaH tokopupa napya-
naHagn. O30HHUHT opraHuk 6upukmanapu \am Maexyg 6ynuo,
ynapfaH Kuméswnii peakuuanapga sa 6ab3m 60lKa Makcagnapaa
thonpganaHunagw.

O30HHUHT TeXHUKafa KynnaHuauw coxanapugaH 6avavnapu
ycTuaa Tyxtannb ytamus.

O30HHUWHI MOAguMpMKaLuManaw Xycycuartna-
p n. Monnmep MaxcynoTnapy xoccanapuHu mogndukauusanall sa
YNapHUHT 6apKapopinK XyCyCUATNapUHN owunpu GyryHru
KyHZa PaHUMU3HUHT Xan Knuanub 6epuwin 3apyp 6ynraH sauuda-
napugaH e6upugup. O30HHWHT MOAUMMEP Maxcynotnapu 6unad
peakuManapuHn ypraHull OpKanum YAapHUHT (U3UK-KUMEBUI
XYCYCUATNaPUHN MaKcaany TOMOHra Kapab y3rapTupuLira UMKOH
ApaTUNTaHNUTUHKN alipyuM Muconnapga Kypcatub ytamus. babsu
MaxCyfnoTNapHUHT MeTannapra Kywunuw, éyanuw Ba énuauw



yycycnsinapunm owunpuw \ampa 31eKTp yTKasyBYaHAUTUHM
V napi mpwmM Kabu vwinap wynap XymaacugaHaup.

Ouyon moauuKaumanaw >xapaéHnapupa HOKoOpu paspsg-
AApHUNT (j>aon KOMNOHEHTa cugatnaa Kynnaduwnagu. Monumep
napAanapHu TOXAM pas3psag épaammaa kata uwnaw TexHmkacmaa
KEHI KynnaHunagn. Ywoy xxapaéHaa nonmaTuieH napgacu ékuysra
luiac rMkHY pa3pAaAN0BYM MOCNAMa 3/1EKTPO/ OpacuiaH yTkasunagu.
'XHekTpoanapgaH 6upu KBapl KyBypyara >XOoWnalwTUpuaraH
6ynn6, ynap y3rapyByuaH Kyunv ToOK MaHbawura ynaHagu. Paspagga
\ocun Gynrad aon 3appanap, Wy XXymaagaH, 030H Xxam napga
XoccanapyvHu 3apyp yHanuwga y3raptupm6, yHUHT r3acu 6unaH
peakumsara kmpuwagn. LLyHra yxwal HaTuxXanapHu napgayctu-
[aH 030HNAWTUPUATAH KaBO OKMMW YyTKasuaraHga xam OnuL
MyMKMH. K,0fo3 nynbnanapvra 030H 6unaH MWoB 6epuica axiim
HaTuXa (OKapTMpyBYM) Gepulln MabayMm. By Xonna KOrO3HWUHT
yngamaunuru optagu. O3oHgaH (OKapTUPYBYM areHT cudatuga
(roinganaHn6) ok, Kpros 0unLL TeXHOIOTMACK XaM TaKnug aTurax.
Mynbnaga 030H KyLwWw60r 6unaH 6ornaHraH XmHoua TMnugaru mog-
fJanapHu napyanangun. bByHga 030H Kyw6ornu cuctemanap 6unau
Te3 peakuusra KUpMWnG, paHrcm3 MaxcynoTnap Xocua Kunagw.
CyHrrv BakTnapga hyHKUMoHan rpynnanapu 6ynraH onvromep-
napra Tanab optu6 6opmokaa. byHga monekynap maccacu 2000 —
4000 6ynraH Ba yrnesofopos 3aHXUPUHUHT UKKW TOMOHU MabiyMm
thyHkuunoHan rpynnanap (-OH, -COOH, -NH2C1) paH Tawkun
TONraH Mogganap Hasapga Tytunagu. KynmHuya MKKu TOMOHU rua-
pokcug rpynnanapgaH Talkun TonraH onvromepnapgad goiga-
naHunagu. Ynap KynukCMMOH Martepuannap, MOTop ErnapuHu
Kyioiviaiu lupynun mogganap, anekTp TOKU HU AXLWIKN yTKa3aguraH
KOMMOLWMWOH maTepuannap, Kopposmsara kapwu goiganaHuna-
guran kK°unamanap vwnab yYumkapuwga KynnaHuwnagu. byHpai
ONMIOMEpPAapHM ONMLW YYyH & Kana MakpoMO/ieKynanapHu maiiga
Kncmnapra 6ynmw ékm MOHOMEpPHU Kepak GynraH y3yHAukparu
Mo/ficKynaraya ysantupuiu 3apyp. Makpomonekyna cTpyKTypacuHu
030H épAaMua KUPKUL YCYnn acocmnia 030HHMHT Te3 peakyusara
KMpuwa OfMW Ba YHWUHT Kyl 6orra TaHna6 Tabcup ata 0/inL
xycycusitnapn éragn. MacanaH, n3obyTuneH cononmmepnapu
n30MnpeH ékn NeHTaguMeH 030H épgamMuia uiliaHca mMakpomose-
KYNaHWHT OY3UNNLLIN KyvW 6of XOMNaliraH epga pyi 6epagun. by
BaKTAa KWUCMOPOA aTOMK XOCuA OynraH Kuem Tapkubéura Kmpuo
Kepak 6ynraH yHKLMOHAN rpynnaHy Xocua Kunagw.



CyB HD kncnopogHWHT BOLOPOS 6MnaH X,0cui KanraH acocuii
6upnkmacu xmcobnaHagu. Cys Tapkmbuga maccacu XuxaTfaH
11,19% Bogopog Ba 88,81 % kucnopog 6op. Cys Tabmatja To3a Xonna
yupamaingn. Cys Tapknbuga xap LOMM KynruHa mogaanap apuraH
6ynagn. [apé Ba 6Gynok, CyBnapuga acocaH KanbLWii Ba MarHwuii
6ukapboHaTnap apuraH 6ynmb, ynap CyBHUHT “KaTTUKAUTUHW”
TallKnA 3Tagun. bab3aH CyBLAA tof XUHCAAPU TapKMBUTra KMpyBUn
mogdanap xam apuraH 6ynagu. Cysga Temup, mapraHel, asor,
Kucnopog, kapboHart aHrnapug, Bofopos cynbgus sa 60LKa Moa-
fanap apuraH 6ynca, 6yHpaaii CyBHW MUHepan cyenap Aeiunnagu.
Tabuwnii cyBnap mumpga EMrup, Kop, Kyn cyBfiapyu 3HI To3a
xucobnaHagu. byHaaH Talkapu, CyB KynruHa KUMEBWIA Mogaanap
Tapkmbuga xam yupaigu.

ByHgaii cysBnap kyiungarnnapgaH ubopar:

l1.M'vrpockonuk cyB —OyHAan cyBnap KUMEBWIA Moaganap
t03acmra abcopbLUMOH Kyy xmucobura xoinawraH 6ynagu. byHaaii
CYBNapHW MyKpTULL YUYyH KaTTa 3Heprus tanab kgnuHmangu.

2.Kpuctan nzaumoH cyBu —OyHAalh cyB KUMEBWIA
mMojgdanap Tapkmbura Bogopos 6ornaHu xucobura ku AOHOp-
akuenTop 6ornaHnw xumcobura cTeXMOMeTpuK HucbaTnapia
XonnawraH 6ynagu. byHpali cyBHM axpaTtub, unkapmb réopui
YUYH aHuyarumHa aHeprua capdnaHagu. byHgain 6upukmanapra
CaS04 « 2HD, MgS04 « 7H [ SnS04 « 5HAD, FeS04 -7THD,
CoS04 + 7HXD, CuSO 4 m5H,0, NiS04 « 7H,0 mucon 6yna onagm.

3 KOHCTUTYLMOH cyB —KMMEBUIA Mogaanap 6unaH
Xyfa MycTaxkam 6orfnaHraH. ByHfai cyBnapHu aXXpaTtuil yUyH xy-
[a KaTTa aHeprua capnaHagm Ekn KUMEBMUIA XXapaéHHU BYXXYAra
Kentupuw kepak. byHra Ca (HC032Ba Mg(HCO03, nap mucon
6yna onagu.

CyBHUHI (hm3mK xoccanapu. CyB XUACU3, Ma3acu3, paHrcus
mMoAga. Y4 xun: ras, CYlK, KaTTuK arperat xonatga 6ynagu. Cys-
HUHT 4°C parv 3uunurn 1r/cmlra teHr. Temnepatypanu 4°C faH
OpTULLIN EKN KaMauLLIW HaTuXKacupa CyBHUHT 3nunurm 1r/cm3
[aH kam Kuiimatra ara 6ynagu. By xogucacy BHUHT 3MYNUK
aHoManwuacwu gelimnagn. Tosa CyBHUHT CONULLTUPMA UCCUKNK
CUrMMKU Xxamma CylK Ba KaTTuK mopfanapHukugaH katra —1
KKan/r ékun 4,18 k>XK/r. Jemak, 1rcyBHu 1°Cucutul yyyH 6oLuka
MOAJanapHu UCUTULW A KeTafuraH nccukamkra KaparaHga Kynpok
NCCUKNUK Tanab aTunagun. by CyBHUHF UCCUKIUK chfhm
aHoManuacwu ge6 aranagu.



I 'ypagn. (YBAUHI GypnaHu-
MW HaTwxXacmuga BYXygra

Kenran 6ocum 6yr 6ocumu

pevinnagn. CyBHUHT 6yF

6ocumn TemnepaTypa opTu-

min 6unaH optagmn. Cys 6epk

nagntha byrnatunea —mo-

NCKynanapvHuHr 6yF asa-

cura yTuwu Ba Mofekyna-

napnunr 6yr gasajgaH Ccys

thasacura yTuiIn xapaéH-

napn BYXyAra kenagu. by

nkkn XKapaeHTewnawran-ga XVI-pacM.C'ymmm xonatguarpamacu.
mypky.[] a Kennw i MyBO Kviar 6unaMuk MyLunaHaT geinn;an. CyloKkank
(wwnm myHoronat \onatga 6ynraH 6YruuHr ysrapmac Temne-
patypaga! n 6oenmn, ywa cvioK.iiikimin Tywwran 6yr 6ocumu
felivnagn. Mabnym TemnepaTypaga Ba 6ocumpga cyB 6up arperat
\onatgan 60wWwka atpekn \onatra yTuwiM MYMKUH, ibHU My3 —
t'Viax > 6yT. Cys, 6yT, Ha mMyygan mbopaT MyBo3aHaT \onatgaru
cucTemMa TeTepoTen cucTema yyyH mucon 6yna onagu. eteporeH
cucTema Kancu (hasaHUHT MaBXyq 6yna onvw LWwapoutuHu \onat
marpamacu opkanu Tascunawin MymkuH. ByHaain guarpammanu
TY3WLL Y4YyH CYB Ba 6yF O0OCUMIApW, MY3HUHI TYPU CYOKAaHyLU
TemnepatypanapvHu ysrapuwungad goiganaHunagn (XV 1-pacw).

By guarpammagarn OA unsurura Tyrpu KenaguraH 6ocum Ba
TemnepaTypanapfa CyB Ba 6yF y3apo MyBO3aHatga Oynagun. by
ynsmkaaH K)Jopuga éTysum 60cMM Ba TemnepaTypanapia cys CyHK,
\onatga 6ynagu, NnacTku HyKTanapra Tyrpu kenaguraH 6ocum sa
TeMnepatypanapga CyB (hak;aT 6yF XpnaTgarmHa maexyz 6yna onasu.
OB YM3UTMHWHT yCTUAArM HyKTanapra Tyrpu kenaguraH 6ocmm
Ba Temnepartypanapga My3, 6y YM3NKHWHI Tarugarun Hyktanapra
Tyrpu Kenagurad 60cMm BaTemnepaTypanapia eéyF MaBxyf 6ynagw.
OB uunsuTUra TYrpu KenaguraH 6ocum Ba TeMnepatypanapga Mys
6unaH 6yF myBo3aHaTaa 6ynaan. KKy 4nM3mnk Kecuwrad O HyKTaga
yu (J)asa y3apo myBo3aHataa bynagu.

CyBHUHI KUMEBMIA xoccanapu. CyB MOMEKyanapuHUHE XOCWN
6y) MLLmna kyaa KaTTa MUKopAa UCCUKANK aXpannb umkagn. LLUyHUHT
yuyH \aM cyB Monekynacu uccukka ungammmaup. Cys ras \onmgaru
<Liop Gunnm ogaTaary WapouTaa peakumara Kupuwagu:



Xnop nacT Temnepatypaja Xxam cyBfa apuiAgn:
HD + ci2-"HC1 + Helo

CyB Typau wapouTnapga VLWKOpPWiA Ba ULWKOPWU-ep meTannap
6unaH peakumara Kupuwagn:

2Na + 2HD ->2NaOH + H2
2K + 2HD  2KOH + H2
Mg + 2HD -4 Mg(OH)2+ H2

FOkMopu TemnepaTtypafa cyB 6yTu Gowka meTannap 6unaH
peakuusra Kapuwagu:

2A1 +3HD “I1£ A1D 3+3H2
2Fe +3HD ("Fe X, +3H2

CyB KynruHa Mypakka6 moaganap 6unaH peakuusra Kupuwagau.
Acocnun okcugnap 6wnaH 6UpMKKMG MWIKOpNap, KucaoTanm
okcuanap 6unaH 6MpuMKNG Kncnotanap Xocun Kunagu:

KD +HD -> 2KOH
CO2+HD -»HXO,

CyB KynruHa Ty3fnap 6unaH peakumara KUpULWLNLLK HaTuxacua
rMaponns3 xkapaéHu ByXygra kennb kucnotanap éku acocnap
xocun 6ynagn. CyeB KynruHa 6upukmanap 6unaH peakuudara
KMpULITaHAa XaM OKCUAN0BYM, XaM KalTapyBuu BasugpacuHm
6axapa onagu:

NaH +HZD -»NaOH + H2
OKCnanoB4n
HD +0 -» HAD?2

KaiTapyBum
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Kvin M1 kumeBnit mogpanap ysnapuga 6up HeuTa MOJSEKy-
Il 1 w1100 ONPUKTMPraH xonga maexyg 6ynagu. byHga moggaanap
K>THiia i, fi<>permiapfiff6 atanagu. Kpuctanrugpatnap xocun bynuwinga
bup kavTuHr y3uga 6mup Heua KUMEBWIA GopnaHnLL MaBXxys 6ynaan.
( yK Monekynanapy KuMEswii moggaanap 6unaH AOHOP-aKLenTop Ba
BOZOpPOZ 6opnaHuLL HaTWXacuga bupukagm:

CusSO, + 5H,0 -» CuS04 + 5HD -> |Cu(H,0)4S04+H,0
HX>

S04+5H,0 -~[H 200 Qi 8O H]SO4 *HD
1)

( yuga xyga Kyn Tysnap rugponusnaHu6 kucnotanap Ba acocnap
\ocmi 11]jngn. Cyk K\ in in mogaa 6ynrnwnurii ydyii Kyn mogaa-
Hogopog LW'poKrHg. Bogopos nepokc ug 11,0, nu 1X18 iiunga
Icnop K;1M]>>mnn Hopopod nepoKcMANTOMAP BOAOPOAra mose-
Kynsp KUCNopPog rAbcup )iTAPNALW HaTwkacuaa xocun 6Gynagu:

H,0

Arap 6y >apnén CeKMHIMK 6unaH coBmuTuca, xpcun bynra i!,0,
resfa CyLl a Ha Kvcropogra axxpanmo ketagn. LLYHUHT y4yyH BOAOPOA
CNWLWK HaTwXKacuia xocun 6ynraH MaxcynoT Tesfa coBUTUANG
BOZOPOA MEpPOKCUA XOCUN KunuHagu. Bogopog anaHracuHu mys
cupTura obopuwl Hatukacuga xocun 6ynraH CYOKAWK Tapkubuga
BOZOPOA MEPOKCUA XOCWUN OYNUWWHUA Ky3aTULWUMUN3 MYMKUH.
byHfaH Tawkapu, Ham kucnopogHu 2000"C ga Ku3gupuwl Hatm-
xacuga, Ham Kucropog 6unaH BOLOPOA apanalimMacugaH 31ekTp
3apagn yTKasunradga, cyera ynbTpabuHaglua Hypnap éku 030H
TabCUp JTTUPUTAHAA XaM BOLOPOZ Nepokcug xocun bynaau.
OnuHuwn. Minrapu caHoaTga BOAOPOA Nepokcup, Gapwuii
MepoKcuA Ty3ura KMCnoTa Tabeup aTTupub onvHap agu:

Ba02 + HXS04-> BaS04 + HAD 2
Xp3upru BakTAa caHoaTfa, acocaH nepcy/nbdar KUCMOTa EKM YHUHT
Ty3/napura cyB TabCup STTUPUG ONMHAAN:

HSDs+ 2H,0 -» 2HS04+ HD,
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Xoccanapu. To3a BOAOPOS NEPOKCUA KMCMCUMMOH, paHrcus
cytokauk. Opatgary 6ocumpa KaiiHaTU6 6ynmainan, YyHKN 0COH
napyanaHn6 ketagu. LUYHWHI yyyH BOAOPOA MeEpPOKCUA nacT
6ocumpa kKaimHaTunagu. Bogopog nepokcup mysnaraHpa
WTHAaCUMOH KpucTannap Xocun kKunagu. Bogopod nepoKCUAHUHT
3NEKTPOH hopmynacu cTpyktypa Tysuamwm H- O —0O - H
avp. Jemak, Bogopog nepokcuapa Bofopos atomnapy —O —O —
Kynpuk opkanu 6upukagun. ONTUK ycyn 6GunaH BOAOPOS
NMepoKcug CTPYKTypa Ty3uanwmn Tyrpu 4Ymsmkgm Oynmacpha,
6ankn — O — O 6ornaHuw 95° 6ypyak ocTuja 3KaHNUTK
aHWKnaHraH. Bogopog nepokcup cTpykTypacuga 6ornaHuwnap
CUMMETPUK BynmaraHaurM y4yyH, MOAeKynanapu Kyudau
KyT6naHranaup. Bogopos nepokcug Monekynanapu y3apo Kyuam
BOAOpOJ 60rnaHUW opkanu myctaxkam 6ornaHraH 6ynagw.

HwxoaTga T03a xonga BOLOPOA nepokcmg 6apkapop moaaa, ne-
KWH 03rnHa 6olwka Mogdanap TabCMpraa OCOH napyanaHagm. Bo-
[0pof, MepoKcuA cyBaaru apuTmanapuja uoHnapra Kyinugarmya
amccoyunaHagun:

HD2 H++ HD-

Bogopog nmepokcmg guccoumnaHraHga H+ noHnapu  xocun
KnnraHm yuyyH Kyuvcu3 kucnoTa xmcobnaHagn. LLUYHWHT yyyH
K2 2 NaZ 2 Ba02 kabu Ty3napHu Xocun Kufa onagu:

HD 2 + 2NaOH —> Nad 2 +2H2A
Bogopog nepokcug okcuaall Ba KaiiTapuil xoccanapura ara.
02 +2 20~2 okcupnosun
O —2&'—=02 «kaliTapyBuu
ByHra Kylimgarn peakuusi TeHrnamanapu Mucon 6yna onagu:
2KJ + HD 2+ HS04 -» )2+ KS04+ 2HAD

Kyiugarn peakuusga H2 2 okcugnosum cudatmga UWTUPOK
aTaam:

HD, + 2H++ 2F -> 2HD

KMn04+ SHD 2+ 3HXS04= 2MnS04+ S02+ K2S04+ 8HD



H,02-2 é 0 2+ 2H+

JlexnH BOAOPOA NEpoKCcMALA OKCUANALL XOCCACU YHUHT KainTapuL
xoccacura KaparaHga Ky4im HamoéH Gynagu.

KoHucHTpnaHraH HD 23puTmacuHmM Korosra, KUMnK Ba 6oL -
Ka mMofdanapra tabcup aTTMpWAca, ynap y3-yavgaH éHn6 ketagu.

WMopopon nepokcug tabbuétaa fesnHekymsa makcagnapmaa,
FYKUMauununK caHoatnga 6yek onuwaa, EKUArMAapHUHT EHULLNHN
Kyvantupuia vuwnatunagm.

11cpokeng buprkmanap. Monekynanapuga nepokcug é6of oyn-
raH 6upvkmanapra nepokcubupukmanap gerinnagun. Mepokcmbu-
pUKManapHu, acocaH BOAOPOA NEPOKCUAHMHT Xocunacu aeb kapatu
MYMKWH. Bogopog mepokcug MofieKynacuaaru BOAOPOLHM Me-
Tannap éku metannMacnap 6unaH anmawiTMpné nepokcubupuk-
Manap €Ky KucnoTa Kongurm 6unaH anmawitmpub nepokcukmc-
notanap XoCun KUanHagu:

Ba (OH), + H,(), BaO, +2H,0

IK'pokcMbnpmkmanapumnr CcTpykKTypa Ty3un UWNHN
Kyiunpgarnya un(|)oganawt MyYMKUH:

/ ®)
B{ ékn BaO,—b6apwuii nepokcng, a ékn CrOsxpomnepoKkcung
o] @) le

MepokcubupnkManap Kyuaum OKCUMANOBYM cutaTuga
nwnaTunagu.

XV. 2. ONTUHTYTYPT

ONTUHTYTYPT aTOMUHWHI TalKW 3NeKTPOH KaeaTuga spé
3NeKTPOHNap MaBXyfh. ONTUHTYTYPTHUHT TawWwKW 3N1EKTPOH
KasaTuga Kucnopogra yxwab ontuta 3nekTpoH 6op. JIEKUH LWyH-
ra KapamacgaH xoccanapu 6unaH yHAaH KeCKUH (hapkK Kunagu.
ByHUHT cababu onTuHryryptaa 3d- op6uUTaNHUHT MaBXYyp-
arngmp. LLYHWHT yYyH ONTUHTYTYPTHUHT OKCUAMaHWLW fapaXacu
—2,0 +2, +4 Ba +6 6yna onagn. ONTUHTYTYPTHUHT TypTTa

w3 3 0P rabuum Ba wkkuta 6%, 168 cyHbum xocun

Knnnhrax PagnoakKTUB N30TONMIApPKN Mab/lyM.



Tabuatga ydpawm. ONTUHIYrypT TabuaTga spkuH xonga Fesr,
ZnS, PbS, HgS, CuFeS,, CuZs Ba cynbatnap —CaS04 « 2HD,
MgS04 m7HD, MgS04 « HD, cynspugnap BaS04, SnS04xonmaa
yupaiign.

OnuHnwK. 1. ONTUHIYTYpPT CaHoaTAa Tabumin MaH6anapiaH LwaxTa
ycynuaa Kasub onuHagn. Arap ONTUHIYTYpT tof XXuUHcnapn GunaH
apanawuraH 6ysnca, Xonnga CytokaaHTupm6 axpaTné onnHagu.

2.  Tapkmnbupga konyegaHnap Ba mMeTann AnTupokgapu Gynrad
pyfanap 6ointunagn. bonTuaraH KoHLUEHTpaAT Kail MoK, X10pug
Kucnotaga mwnaHagn. ONTUHTYTYPT BOZOPOA Cynbdng xonuaa
axpatnb éngupunaan Ba ontuHryrypt (IV)- okcmp Tabcupuga
KainTapu6, axpatmb onuHagm:

FeS + 2HCIMFeCl2+ HXS
2HS + 302-> 2502+ 2HD
2HXS + S02->3S+ 2HD

Xoccanapu. ONTUHTYTYPT KPUCTann X°nathaa UKKW Xun: a-
ONTUHIYTYPT Ba (3-ONTUHTYTYPT aNfoTPONUK MOANMUKALASATA 3ra:

a-Si*p-S

By annoTponuk Wwakn y3rapuga Xxaxm opTulmn Kysatmnagu y -S
cakku3 6ypuaknu xankacMMOH Ss MoneKynanapfaH Ty3uraH.
OntuHryrypT kmsgupunca 112,8°C ga cyrokgaHagn. Arap Cylk
ONTUHTYTYPTHN KU34MpULL AaBom 3TaBepca, 160°Cpha paHru KyH-
FwpTycra kupm6 KoByLWKOK 6ynnb Konagu, 4HyHku 6y Temneparty-
paja cakku3 6ypyaknu Enuk 3aHxupnap y3uwnmb, ynap ypHUHU
0YMK 3aHXupnap arannain 6ownaign. TemnepaTypa 250°C gaH
OLWraHAa 04YUK 3aHXupnap xam y3unaa 6opunb, 448°C fa onTUHry-
rypT KaiiHa6, 6yrnaHa 6ownaingn. OnTUHryrypT 6yrnapum remnepa-
TYpaHUHI KyTapunuwura kapaé Ss, S6, S4, S2 monekynanappaH
Talknn TonraH 6ynagu.

Nabopatopusaga KynrmHa KUMEBWIA peakumsanap Hatumxacupja
ONTUHTYTYPT 3puTMaga Yykaau. ByHaal OnTUHIYTypr HUXoATAa Maiiga
cycneHsuanapgaH méopat 6ynnbd, amopd ONTUHIYTYPTHW TaLLKWA
Kunagn. AMopd ONTUHIYTYPT KN3AUPUANG KPUCTaNA ONTUHIYTYpTra
aiinaHTvpunagu. Mact Temnepartypaga ONTUHTYTYPTHUHT peakumsara
KUPULWIMLW XYCYCUATM Xyfa cycT 6ynunb, kusgupunraHga y
akTuBnawaan. ONTUHIYTYpPT KU3LMpUAraHaa xaBoga Haau:



()(i./mii wapouTha ONTUHTYTYPT UWKOPKWIA MeTaniap, MUC, KymyLu
Ha CMMO06 BmnaH peakumara KUpuLLaan:

2Cu+S"Cus, 2Ag+S AgXs;, Hg+S~HgS
ONTWHIYrypT yriepog Ba Temup 6unaH HOKopu TemnepaTypaga
6uprkaan:
C+2S -» CS2

Fe+S FeS+Q

ONTUHTYTYpPT KaliHOK, KOHLUEHTPMAAHraH Kucnotanap Gunad
peakuusra Kupuwagu:

S+ 2HNO, -> H,S04+2N0
S+ 2H,S04—3S0, + 2H,0

ONTUHTYTYPT KM3AUPUATaHa WILKOP Tabcupuga AUCnponop-
umsnaHagu:

3S + 6 NaOH -» 2Naxs + NazsS03+ 3HD

Vwnatnnmwmn. ONTUHTYTYPT Ba YHUHT Tabumit 6upukmanapm
TabUUn Kayuyk onmwifa, MOpTA0BYMN MoAAa Tanépnawaa, TM6omer-
A2, KULLTOKXYXanK3apapKyHaanapura kapwm Kypawuwaa, Ty-
KrmMaunnuk caHoatuga vwnatunagu.

Bupukmanapu. OATUHTYTYPTHUHT XanK XyXXaau rmfa aHr Kyn
nwnatunagurad buprvkmanapugaHd 6vpu sogopog cynsuanmnp. Ta-
6vaTha BOAOPOA CyNb(ug MWHepan CyBnap Ba BYIKOH rasnapu
Tapkmbuga yupaign.

Bogopog cynbthumg tokopu TemnepaTypaga BOLOPOAra ONITUHTY-
rypT Tabcup aTTMpub \ocnn KunmHagu:

H2+ S HS + Q

Na6opaTopusga sogopoa cynsug Kunn annapatuja onmHaau:



Bopopopg cynbdwupg - paHrcus, KynaHca \mara ara
6ynraH 3a’apiu ras, MOMeKyNacUHWHT TY3UIMILIW CYBHUKMUTA
yxwawaup. Bogopod cynbhug KaTTUK KU3AMpWUATaHaa
napyanaHagu, KUCNopo TabCupuaa Hagw:

HZ H2+ S
2H,S + 302 —» 2HD + 2502

Arap Kucnopog etuiimaca Eku peakums nact Temneparypaga onm6
6opunca ONTUHIYTYPT 3pKUH \ofaTga axpanub unkagu:

2HX + 02 -N. 25 + 2HD

Bogopoa cynbUAHUHT CyBAAru apuTMacu UKKW HErnsim Kyucus
KICMI0Ta XOCcacura ara:

HBAHS +H+ HS5+S2+ H+

Bogopod cynbthug Kyudnu KantapyBuu GYNraHiuru yuyH
OKCU[/I0BUMNap Tabcupuaa oKcuanaHagn:

3HZS + 8HNO, —> 3HZ2S04 + 8NO + 4HD
HXS + 4Br2 + 4H2D —> H2S504 + 8HBr

Arap okcuanoBumnap 03 MUKAOPAA ONMHCA, BOAOPOL CyNnb(unj
thakaT S°rava okcuanaHagu:

3KS + KXrd 7+ 7THS04— >3S + CrAS043 + 4KS04 + THD
H2S + CI2-> S + 2HC1

Bogopoa cynbthupg acoc Ba Ty3NapHWHT 3puTmanapura
to6opunraHga metann cynbugnap xocun 6ynagu. Wwkopuii
MeTanfapHUHT Ccynb(uanapu cyefa apuiAguraH Moguanapamp.
Kanuin cynbug nkkm 60ckmyga Xocun KuUanHagw:

KOH + H& KHS + HD
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1latpuii cynbgug HaTpuii cynbaTH Kymup épgammnga Kanrapuil
ycynu 6unaH onuHagn:

NazS04+ 4C NazS + 4CO

Kannii Ba HaTpuii cynb(puUaNapuHUHT CYBAW 3pUTManapyu Kyuau
WLWIKOPWIA peakuyns HaMOEH Kuniagu:

Nazs + HD .. NaHS + NaOH
NaHS + HD -> HZXS + NaOH ékn

S2+ 2H,0 -» HXS + 20H

Bogopog cynbup KynruHa metansiap Ty3NapuHUHT cyBfaru
apuTMmanapura tobopuaca, MeTanniap cynbuanap xonupa Tesga
yykagn. YyHkn 6y meTannapHUHr cynbgpuanapu cysga &moH
apuingurad mogganapamp. Macanad: Hgs, PbS, Sb,S,, CuS, CdS,
ZnS, MnS, NiS Ba \okaso.

MeTannapHuHI cyBfa apuilguraH cynb@uanapy onTUHIYTypT
TabCcMpuaa NnoAncynbuanap Xocun Kunagw:

Naxs + 2S Na2s3
Acocnu cynbuanap kucnotanu Ba amotep cynbuanap ounau
6UpnKN6 KOMMNIEKC BUpMKManap Xocwua Kunagw:

3Naxs + AsX5 -> 2Na3AsS4

Kyuycus acocnapHUHr KaTWOHMapUHU cynbdugnap xonuaa
UYKTMPULI MYMKUWH 3Mac, YyHKW peakuusga rugponuns xapagHu
Xam By)Xygara Kenagu:

2A1C13 + 3Naxs + 6HD -"2A1(OH)3+ 3HZXS +6NacCl

ONTUHTYrypT Kucnopog 6unaH, acocaH S02BaS03 okcuagapuHm
Xocun Kunagu.

Cynbput aHrmgput - SO20NTUHTYTYPTHU XaBoja
EHAVPUL HaTwXKacmga xocun éynaam:



Cynb(nT aHrMAPUL paHrcus, YTKAp XUANM 3axapau ras, cyBfa
AXWN 3pUAN, Kyunu KaliTapyBuu:

S02+ HD -> HXB03
3502+ 2KMn04 +2 HD -» 2Mn02 + KX04 +2H XS04

SO, +C12-» S0X12
X,aTTo0 HUTPAT KUCNOTaHW X,aM KaiiTapagu:
2HNO03+ S02-> HXS04 +2NO,

Cynb(uUT aHrUAPWA Ky4unn KaliTapyBumnap TabCuMpuaa OKcup-
NOBYM XOCCACMHW HAMOEH KUNaaW:

2502+ 2Na -» NaXx2 4
2502 + Zn ZnSD 4

CynbduT aHrMapug BoLopos cynbhidgHn okcuanainau:
S02+ 2HXS 73S + 2HD

By peakums cysnm sputmaga onmb 6opunca, opaiuk maxcynot
cugpatnga tnocynbut HA O, BaTMOCyNbHT H2SD 3 kucnotanap
xocun bynaau:

S02+ HS -» HSD 2 S02+ HD +S -» hxd3

By KUCnoTanapHWHI CTRYKTYpa TY3UnLLAApU CynbhUT Ba cynbghar
KUCMIOTaNapUHWHT Xocunanapy fe6 Kapanuwy MyMKUH

H-S H-0 H-0 /yo H-0

By kucnotanap xypaa 6ekapop 6ynub, hakat apuTmanapgarvmHa
MaBXyaanp. JIEKUH ynapHUHT Ty3napu 6apkapop mogganapamp.
MacanaH, Hatpuini Tnocynbar Tyan NaSd 3 5HD 6Hapkapop
KpucTana mogaa.



Cai t0aTaa HaTpuWil TMOCYNbMAT Ty3U HATPUIA CYNbUT TYSUHWUHT
CyWm apuTMacura ONTUHIYTypT apanawtupub KhaliHaTuW EKu
nwkopuit my\mtga S02ra H2S Tabcup aTTUpUG onnMHagu:

Nazxs03+ S -> Na2S,0

4502+ 2HZ2S + 6NaOH 3Nazs2d 3+ 5H,0

Kumésuin peakuymsanapga Na2SD 3 akaT Kyunu KalTapyBum
XwucobnaHagy. Y xonga monekynagarn \ap WKKana OnTUHTYTYpT
aTOMW 3N1EeKTPOH MYKOTUG, Y3 OKCMANAHWULW fapaxanapuHu S'6ra
eTKasagm:

Naz2sd 3+ 4C12+ 5HD -» NaZ2S04+ H;S04+ 8 HC1

Tuocynbat KUCoTa Ty3napu Kyunum kucnotanap Tabcupuga S02
Ba S xocun Knnmb napyanaHagu:

Nazsd 3+ 2HC1 -> 2NaCl + S02+ S+ HD

Bab3n xonnapga Tuocynb(aTr Ty3NapMHUHT MapyanaHuu
HaTwxacuia cynbug sa cynbdat 6upukmanap xocun 6ynagu:

2AgNO, + Nasd 3-> Ag,SD, + NaNO,
AQSD 3+ HD — > AgS + HS04
Arap opTuKYa MUKAOpAa HaTpuii TMOCYNb(aT ONHCa, 3puiignraH

KOMMMeKc 6upuKma xocun 6ynuwin \ucobura, ONTUHIYTYPTHUHT
OKCMANaHMLW fapaxacu ysrapMacgaH Konagu:

AgNO, + 2Na,SD 3 -»  Na3[Ag(SD 37 + NaNO,
By peakuus doTorpagusga KeHr KynnaHunagu. Cynbgat aHrugapug
SO, ONTUHIYTYPTHW MY/ KACMOPOJ MILITUPOKMAA EHAUPULL EKM
CYNb(UT aHFUAPUAHUHT EHULIN HATUXACKAa Xocun Bynagu:

2S + 302 —> 250,+Q

2502+ 02 - > 2SO, +0



CynbaT aHrMapuaHUHT Xocun éynuwnga P(sp2- rubpuanaHran
Ba/IEHT OpoUTaNNapHN NLLITUPOK STULLIN Tabumiagnp. LLUYHWHT yuyH
SO, Monekynanapu ocoH nonmMmMepnaHagn. Cynbat aHrugpug Mo-
nekynacu 6yr xonatga MmoHomep, SO02—cytoK, Xanatga UMKAnK
Tpumep (S03J3 KaTTKK, XonaTaa TYpnu y3yHIMKKa ara 6ynraH 3aH-
XXVUPCUMOH nonnmepaaH noopart. by MonekynanapHUHI CTPYKTypa
ry3swanwnapuHn Kyinmgarmya tacsmpnawl MyMKUH:

0O O O

(SO,)n
MOHOMep Tpumep nosmmMep
Cynbhat aHruagpmaHu cysga 6esocuta aputnb 6ynmangmn, YyHKm
6y >kapaéH KaTTa UCCUKANK axpanud ynkuwun éunaH 6opau.

CynbaT kucnota. Cynbhat KMcnoTa caHoaTha UKKU Xun -
HUTPO3a Ba KOHTaKT ycynnapsa ofiMHaaun.

Cynbat KuCcnoTaHu HUTPO3a ycynu 6unaH onuw gactnab VIl
acpga KynnaHwnrad 6ynmé, y Kyimgarn peakuus TeHrnamanapura
acocnaHagu. factnab onTUHryrypT éku NUpUTHW éHampub SO,
XOCWUN KNNUHagu:

4FeS, + 11O, -» 2Fe,03+ 8SO

X,ocun 6ynraH cynbuT aHrugpuara asotr (1Y)-okcup Tabeup
aTTMpUNagN:

SO, + H,0 + N02= HZS04+ NO

Peakyms HaTuxacmupa xocun 6ynraH asot (M1)-oKcup KUcnopog
Tabcupmga NO, ra alinaHTupunagw:

2NO + O, — 2NO
X,ocun 6ynraH NO,faH fHa cynbaT Kucnota onuwga ¢oi-

fanaHunagn. Aemak, cynbgat kucnota onvwaga NO kucnopog
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TalWyBuu, ABHU KaTanusatop xucobnaHagu. by ycyn 6unax
oNMHraH cynbat kucnota 80% nu 6ynagu. ByHpgain Tapkubnm
cynbhaT KuUCNoTa, acocaH MWHepan yrutaap 4umk” apuwiga
oganaHnnagm. KoHTaKT ycynga aca CynbuT aHrmgpug
KaTanusaTop Tabcupuaa oKkcugnaHagm:

S02+ 02 — > s03

Xocun bynraH SO, KOHUEHTp/IaHTaH cynbgart KucnoTara Tanpu-
nagw:

S03+ HS04—" H,SD7

Xocun bynraH maxcynoTr “oneym” neb atanagm Ba CyB Tabcup
3TTUPKG, Cynb(aT KMCM0Ta ONIMHAAN:

HXD 7+ HD ~ 2HXS04+ O

KnméBnii To3a cynbaTt Kncnota, MOMCMMOH, PaHICU3 CYOLJINK,
WMKKN HErM3nu Ky4am kucnoTa xucobnaHagu. Cynbdat kucnota
Kyunm okcugnosumanp. CyrontupuaraH cynbdart Kucnorta mMeTan-
napra TabCup 3TTUPWUATaHAa OKCMAJIOBYM poMHKM H+ noHnapwy,
KOHLEHTPAaHraH cynbnT KMCNOTa TabCup aTTUpunranga aca S04 2
NoHnapn baxapagu: %
H2S04 +Zn° --—--- > Znf2SO, +H
(K,aTapunuw >xapaéHu)

2H H2
OKCWANIOBYM
Zn° Zn#  (oKcuanaHuw apaéHu)
KaTapyBuMu

2H22R504 +Zn° ----- > Zn+504 + 4502+ 2HD

+2 - .
*SH ——> SM(KaiiTapunui xapaéHn)
OKCUANOBY U



Zn° —e> Zn®  (OKcuAnaHuw xapaéHu)

KalTapyBuu

Cynbat KMcnota UKKU Hernsnm 6ynraHanru yyyH ypra sa HOpAOH
Ty3nap \ocmun kunagu. CynbgaT KMcnoTa ad4MKTowWw onMwaa, ak-
KyMynaTop Taliépnawuga, KoOHAeHcaLmsa peakuusnapmaa, opraHuk
MogjanapHu CUHTe3 KAauwaa vwnatunagu.
ONTUHTYTYPTHWUHT TranoreHnNn 6upukmanapm.
ONTUHTYrypT hTOp 6UNaH TyrpuaaH-Tyrpy 6UpuKKaHaa, acocaH
SF6xocun 6ynagun.JleknH Xyga 03 MUKAOpAa Kywmmya cudatuia
SF4 Ba S2F|(map xocun 6ynagu. SF6 paHrcmsxyaa 6ekapop ras,
KUMEBMIA MHEPT. XATTOCYtoKnaHTupunraH KOH,cys 6yru unan
Xam peakumsra KApuwmangn. JIEKWH CYHOKNaHTUPUATaH HaTpuii
meTanu 6unaH 250°C fa, BOAOpOA 6UNaH 3MeKTP YUKYHU TabCu-
pvga peakumara kmpuwagu. ONTUHTYTYPT rekcaTopmg HaTpuia
6unaH gumeTnn adup spuTMacua axwy peakumara Kupuwwagu:

8Na + SFy —» Nags + 6NaF

OntuHryrypt Bakyymaa AgF 6unaH 6upuknd S,F, xocun kKunagu.
S2F2paHrcm3, UKKW xun Mogudukauuam ara 6ynraH ras. SC12
HW NaF ra auetoHuTpun uwTnMpokmga 70—80° ga TabCup
aTTUPUACA, ONTUHTYTYPT TeTpadTopmg SF4 xocun 6ynaau:

35C1, + 4NaF -> SF4 + SX12 + 4NaCl

SF4 — knmEBKin akTKB, CyB Tabcmpuia Tes S02 xocun Kuamb rug-
ponunsnaHagw, Typau MetannapHu gropnawja nwnatunagu. On-
TUHTYTYPTHU CYKOKAAHTUPKUG, XNop rasm yTkasunca, SX12 xocun
Oynagu. ONTUHTYTYPT MOHOXOPUA KOBOK PaHI I KyfaHca Xuara
ara GynraH CylK/IuK, CyB TabCupuaa OCOH napyanaHagu:

SX1, + 2HD -> HZIS + S02+ 2HC1

S2C12 y3npa ONTUHTYTYPTHU AXIUN 3pUTaSW, LUYHUHT Y4YyH Kay-
YYKHW BY/NKOHNAWAa uwnatunagn. Arap ONTUHIYrypTra Xa0pHu
opTuK4Ya MukKaopaa sa katanusatopnap (FeCl,, SnCl4, J2 nwtun-
pokuaa Tabcup aTTupunca, SCl2xocun éynagn. ONTUHTYTYpT AU-
xnopug SCI2Ku13nn Tycnum CyroKauK, y3-y3uaH napyanaHmb ketagu:



ONTUHTYrypT MOHOXNOPUAra nact TemnepaTypaga xnop 6unad
nwnoB bepunca capuk paHranM ONTUHTYrypT TeTpaxnopug SCl4
KpucTannapu xocun 6ynagn. ONTUHryrypT retpaxnopug —30" gaH
0o opun TeMnepaTypaga 0COH napyanaHnb Kctagu.

ONTUHIYTYypT, acocaH y4 Xui Tungaru okcorasaoreHugnap Xo-
CUN Kunagu:

(.TuoHunranoreHmnpgnap- ymymuii popmynacu SOF,,

2. CynbypunranoreHmagap - ymymuii popmynacu S02r 2

3. Mypakkab onTUHryrypt okcoranoreHmgnap - HSO3T.

ONnTUHryryptHuHr tnounn SOF2 SOC1,, SOBr2 SOFC1
rasoreHuaIapy Mabvaym. by TMOHWA ranoreHnapiaH TMOHUAMTOPUS
CyB OunaH Xyfja CeKWH peakuuara KMpuwagu, KonraHniapum aca
WNALATIN peakumara Kupuwagm:

SOCI2+ HD —>S02+ 2HC1

ONTUHTYTYPTHUHT TUOHWATANOTreHWANapu acocaH Kyinumpaaru
ycynnap 6unaH onuHagm:

PC15+ 3S02 ->SOC12+ POC12 + POCT

3SOCI2 + 2ShF3 —> 2SOF2 +2ShCI3

TuoHunranoreHnanap Bakyymaa ogavii Ba nact Temnepatypanapga
6apkapop, kusgupunraHga SO, Ba 3pKUH rafioreHsap Xocun Kuamo
napyanaHagn. TUoOHWUATanoreHugnap metannapHUHI CyBCU3
raforeHnaNapy HY ynapHu okeugnapuaaH, Kpuctannrnaparnapuiad,
rMAPOKCUANAPUAAH aXPaT6 onnLLAa naTunagu.

ONTUHIYrypTHUHT SO022, S02XC12, SO2C1, SOFBr Tapkubnu
CYNb(hypUNTranoreHnanapn xam mabiym. BynapHUHT nunga sHr
axamuaTaunapy S02F2sa SO02C12 amp. Cynbypunxnopug cynsut
aHrugpuara KaranuMsatop UWITUPOKMAA TyrpupaH-Tyrpu xnop
TabCUp ATTUPUE XOCUN KUNUHAAW:

S02+ CI2 > soZxi2

Cynbypundropug aca 6apuin hTopcynbdaTtHn TepMUK napyanab
XOCUN KUANHAAN:



Cynb(ypuUnxnopug KusgupunraHaa napyanaHagu, cyB GunaH
OCOH peakuuara Kupuiiagu:

S0X2+ 2HD - > H,S04+ 2HC1

Ham xaBo Tabcupuga TyTab éHagn. Cynbpypunpropug KuMEsui
MHEPT ras, CyB 6unaH peakumara KUpUWManam, KOHUeHTpAaHraH
WWKPPAaPHUHT CyBAW apuTManapuja 0CoH rmaponunsnaHagm.

ONTUHIYTYPTHUHT Mypakkab okcoxnopufg S,0sCI2Ba 0Kco-
thtopug SOF4, SO &2 SO,F2napu mabiaym. ONTUHTYTYPTHUHT
HSO03F Ba HSO,CI Tapkn6nu okcoranoreHug kucnotanapu 6op.
By kucnotanapHu cynbar KACNOTaHUHT Xocunanapu Aeb Kapall
MYMKWH. Arap cynb(art Kucnota Monekynacugarn mkkmta OH
MOHW YPHWHW TranoreHnap arannaca cynbqypuaranoreHngaap,
arap 6utra OH- rpynnacu araniaca OKCOrasaoreHu Kucnortanap
xocun 6ynaaun. CaHoataa propcyiboH kucnotaHn KH F2éku CaF2
napHu 250° nwnaw Ba cynbgar aHrmapuaHn cyscus HF 6unaH
peakumara KUpuTmG oNn MyMKWUH:

«

SO, + HF — HSO,F

dTopcynbhoH KUcnoTa Ty3napu cynbaT aHrngpuara CaF2 tascup
ATTUPUG OAUHULLN MYMKUH:

SO, + CaF2 -> Ca(SO,F),

®TOpCyNbOH KNCNOTa paHrCcM3 CYrOKAUK hTopawa Kynaii pea-
reHT xuco6naHaan. ByHaaH TawKapy y KynruHa 6apkapop Tysnap
Xocun kunagu. ®TopcynbdoH Xyda Kyusm KUCioTa cyB Tabcupuaa
KucmaH rugponusnaHagn. XnopcynbpoH KUCioTaaca paHrcus ys-
y3ufaH TyTallfuraH CYIOKAWK, CyB Tabcupuia lwmuagat 6unaH rug-
ponusnaHagm, 6apkapop Ty3nap Xocua KuaMaiiau. XnopcynbgoH
KUCNOTaHW Cy/b(aT aHTMAPUAra rasCMMOH BOZLOPOA X/10pUa Tab-
CUP 3TTUPMG XOCWUT KUUHAAW.

X\. 3. CEJIEH, TEJITYP, MOJIOHUN

Ymymuit TaBcugn. CeneH, Tennyp, NoAOHUIA 37eMeHTapw
rpynna 6yiinya ynapHUHT Xxoccanapu, aToM ynyamiapy y3rapuwiu
GunaH MablyM KOHYHUAT acocuga Kylimgaruua ysrapu6 6opagu.
By anemeHTnap BOAOPOAAM GUPUKMaNapUHWHT TepMUK GapKapop-



nurn Se —> Po kaTtopu 6yiinua kamaiin6 6opaan.by anemeHTnapaa
Se —Te — Po TapTnbaa metaniuk xoccanapu, SeRr( 2 TeBr( 2
P0J6 2 TapknMbanM KOMMNNEKC aHWOHNapuHU \oCcua Kunuw
XyCYCuATU OpTMO, KATUOH XOC/IMIKM Kamainb 6opagw.

Tabunatpa yupawwu. CeneH Tabuatga, ceneHugnap xo-
nmpa cynethmanap 6unaH apanawirad xonga 6ynaau. Tennyprabuat-
Aa Xyfa 03 MuKgopaa yupaingu. Tennyp xam cynbthmanap 6unad
apanawiraH xonga 6ynu6, myxum 6upukmanapu AgZle - tennypug
Ba AgAU7e4- ONTUH Tennypuaamp.Tennyp metann cynbpuaiapuHu
Kaiita nwnawga Ba 31eKTPOANTMK TO3a MWUC OfMLLAA Ky inMya
MaxcynoT cmgatuga axpannb ynkagu. NMonoHUn pagmoakTme ane-
MEHT, acocaH ypaH pyjacu Tapkubuga kucmaH yupaigun. By ane-
MeHTNapAaH ceneHyWMHr 6 Ta, Te/NTypHUHT 8 Ta 6apkapop mn3oTon-
napu mabaym.

OnuHnwn. Tapknbuga ceneH Ekn Tennyp unraH pyganap 6oin-
Tunagn. bointnaraH ceneH pygacura KoHUeHTpAaHraH cynbdat
KMCNoTa Ba HaTpuii apanawmacy 6unaH nwnos 6epunagn. Hatm-
Xaja pyja Tapkmbugarv ceneH oKCUANaHWG CefeHUT KucnoTara
ainnaHn6 sputmara ytagu. CyHrpa 6y aputma opkanu cynbuTt aH-
rMapug 3T’kasnb Kn3un TyCnm 3pKUH CeneHra Kanap Kantapunarad,
yyKmara Tywupunagu:

3HSe03+ 2S02-» 3Se + 2HZS04+ HD

Tapkn6uga Tennyp 6ynraH pyaa, Aactiab My KUCnopos Tabeu-
puga éHAMpUNaaN, HaTUKaAA TETYPHUHT KMCN0Ta EKU MLLKOPAA
apuiiguraH GUPMKMacK XoCcun KUAMHagn. by aputmara cynsut
aHruapug robopusca, Tenyp 3pKMH Xonga yykmara tywaau. Mono-
HWIA BUPVMKMaNapUHWHT CyBAAry 3puTManapuHu KymyLl, HUKENb
Ba NjaTWHajaH TaliépnaHraH afeKTPoAap UL TUPOKKUAA 3NEKTPO-
N3 KNIMHUG KaToafa YyKTMpUnagn.

CyHrpa BakyyMfa xaiigaw iynu 6unaH To3a noaoHWin axpatuo
onuHaan. CyHbuiA yeyaa nofoHUiA BACMYTHM PO peakTopnapuaa
HYPAAHTMPULL HaTWXacuAa XOCUA KUAUHAAW:

209 B j CA’ 210B j 210po + &

Xoccanapu. CeneH Ba Teflyp 6up Heuta MoAMMKaLMsATa ara.
CefleHHUHT UKKUTa MeTanMac Ba 6UTTa MeTaiICUMOH MOAU( K-
Kaymsacy 6op. TennypHUHT 6UTTa KYMYLICUMOH OK KpUCTana éku
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KY/IpaHTr TyCnu KyKyH Mogugukauumsacy masxygd. Cyroknantu-
puATraH CeneHnn Te3 COBUTULL HaTMXKacuga KU3ruw-Xurappadr
ANTUPOK CENeH 0NN MYMKWH. AMOpP( CeneH cysaa apumaingm,
yrnepog (IV)-cynbuaga 03poK, 3apuingmn, Kusgupunranga, ysugaH
Kyn UCCUKINK YNKapnb MeTanICUMOH ceneHra aitnaHaaun. Cenex-
HUHT By mMogudumkaumsacu 6apkapop 6ynno, 3NeKTp TOKNHU yTKa-
3aau, Epyravk Tabcupuaa aNekTp yTkasyBuyaHnuru optagu. Tennyp
X,aM KN3LMpUnraHga KykKyH xpnatgaH Kpuctann xpnartra Ba Kpuc-
Tann xonatAaaH KykKyHraainnanagu. Tennypxkyga mypt Mogaa 6ynmo,
APUM YTKa3rny XoccacMHM HamoéH Kunagu. CeneHra ogavin wa-
pouTAa XaBO TabCwup 3TMaliau, TeNnyp aca ojatjarv LuapouTia
Te02xocun kunnb6 okengnaHagn. CeneH Ba TeAMYP Ky4am oKCug-
NOBYM Xxoccacura ara 6ynraH KOHLUEHTpnaHraH Kucnotanapga
apuingu:

Se + 2ZHNO03-> HZXSe04 + 2NO

Te + HX04 -» TeS04+ HAD

«

CeneH Ba Tennyp vuiwopnapga spuingu:
2Se + 6NaOH -» 2NaXse'+ NaXSe03 + 3HD

3Te + 6NaOH -» 2Na,Te + NaJeO, + 3HD

CeneH Ba Tennyp ranoreHnap 6unaH 6UpuMKnMG ranoreHuanap,
MeTasnap 6unaH aca ceneHus Ba Tennypuanap xocun knunagu. Cenen
Ba TENNYPHUHT ranoreHnn 6upukmanapu saxapnu mogganap. Cenex
Ba Te/Iyp TeTpaTopma Kyunm Topnawl xoccacura ara, MLWKOpPWiA
Ba 0OOWKa aKTUB MeTannap 6unaH SeF5- Ba TeF- Tapkubnu
aHnoHnapraara éynrad Tysnap xocun kunagu. CeneH BaTeNypHUHT
SeF6 Ba TeF6 6upukmanapn SF6ra KaparaHfga peakuusra Kupuiu
XYCYCuATU Kyunu 6ynub, cys TabCcupuaa TYIUK TMAPONN3NIaHAAN.
CeneH Ba TennypHuHr SeO,, Te02 Se03Ba TeO, Tapkubn OKCUL-
napu Mabnym. SeO, OK Tyc/nv ydyyBYaH KaTTUK MOAZLaA, ras xonartga
CUMMETPUK MOJIeKyflaHW TalKun Kunagu, 6owwka xonarga
3aHXXMPCUMOH NoJIMMepnaHagm :

YA A A/
¥ % % ¥

0 O



ScO, cyHga ocoli 3pub, ceneHnt OSe(OH), KucnotaHu Xxocun
Kunagn. By kucnota aputmanapumga HSeO, Ha SeO, 2 noHnap
\ocun knnmb 6ocKMUNM guccoumnnavagmn. by KucnoTa KOHUEHTp-
naHraH xonatga 6ynraHuga NUPOCCACAWT WMOHW XOCcun Bynagu:

2HSe03 —Se,0s ” + H.O

CeneHnT KNCNoTa Ba YHUHT Ty3napu Ky4iu OKCMAMO0BYM XOC-
cacura ara.

LLyHUHT yuyH S02 HJ, HZS Ba 60WKa MOAfAaNapHN OKCUf-
nangu.

H25e03 + 4HJ —>Se° + 2)2+ 3HD

Te02-okpaHrnM KaTTUK MOAAA,MOH MaHXapanapxocun Ku-
nMb6 KpucTannaHagu,cyBna apuingn, TynHrarH spuTMacu TennypuT
Kucnota 6ynub, hakat spuTManapugarvHa Maexyg. Te02 Kyunm
acocnapga apu6 Tennyputnap, 6utennyputnap Ba noanTennyput-
nap xocun Kunagw.

SeO, HM 3pKMH XonaTfa akpaTnb onuw >Xyga KuiinH. YyHKu
8e0Xyunu OKCMAM0BYM XOccacura ara 6ynraHu yuyyH KynruHa
3puTyBUMNIAp GUNaH MOPTIALL XOCUN KUIMG peakLmara Kupuiiaau.
NexknH Bakyymfa auaTtun agmpga, S02sa cupka aHrnapuaaa spuinan.
Se03 rurpockonuk, CcyBfa OCOH 3pub CcefleHaT KucnoTa Xocus
Kunagu, kpuctann xonatja WapcMmoH MonekynagaH nbopat 6ynaaw.

CeneHat Kucnota Ba YHUHI Ty3napy CeneHuTnapra Kyunu
oKCUANoBYMNap &KW CYIOKNaHTUPWUITaH CeneHra Kanawii HUTpaT
Tabcup aTTMPKUG onuw MyMKMH. To3a Xongaru ceneHat Kucnota
paHrcus Kpuctana rugpartnap Xocui Kunagu, xoccanapu 6unau
cynbat KucnoTara yxwangun. Knsgupunranga Kucaopog axpartmo
napyanaHagu, Kyunum OKCUAJ/I0BYU:

Se042+ 4H++ 2é-> H,Se03+ HD

Te03 - Tennypat KWCNOTaHU CYyBCU3NaHTUPWO XOCWUA KUAU-
HaaW, CyBAa CEKWH 3apuiAgun, Kyunu acocnap 6unaH 6upukm6 ten-
nypat GupukManap Xocun Kunagu.

Tennypat KucnoTa ceneHaT Ba cynb(aT KucnotanapiaH KeCKuH
thapk kunmb, Tapknbmn Te(OH)6hopmyna 6unaH wdoganaHagw.
By Kucnota Ba YHUHT Ty3napuHu TefnypHu ékm TeO, HU Kyunu
okcugnosumnap (K,0,, No,0,, CrO,) 6unaH okcuanab onuw



MYMKUH. CefieH, Tennyp Ba YNapHWHT GUpPUKManapyu sipumsnr-
Kasuunap Tainépnaliga, MeTannyprusaa, KayyykHu By IKpHIaLLA],
Wwuwa nwnab ymkapuwaa, pesuHa caHoaTuaa, OpraHuK mMoaaa-
NapHM CUHTE3 KUULWAA KaTanm3aTop cugatua uwnaTuiagm.

XVI BOb
BOAOPOL BA YHUWHI XOCCAJ/APU

Bopgopog 60wka anemeHTnapra Kaparanga ogaunii Tysunuwra
ara. BogopogHuHr agpo 3apsagu +1 ra TeHr 6ynmn6, 6utta Slanek-
TPOHW MaBxyad. BogopogHuHr 3 1a wmsotonu 6op. Mpotuii 'H,
nentepuii 2H Ba TpuTuin 3H. Bogopog msoTonaapu npotuin -6up
NPOTOH Ba 6MP 3NEKTPOH, AeATepUiA —OUP NPOTOH, 6UP HETPOH
Ba OMpP 3MEKTPOH, TPUTUIA —OMP NPOTOH, MKKWN HEWTPOH Ba 6up
3NeKTPOHAAH TalKun TomraH. Bogopog TabuaTga apKuH xpnga
CyB, He()Tb, TOWKYMMUpP, OpPraHukK Gupukmanap Tapkubumga
yypangm.

OnuHunwun. Bogopoa nabopatopusaga pyx €ku antoMUHUi
MeTannura KucnoTa éku uwikKopnap Tabcup 3TTUpu6 onuHagu.

Zn + 2HC1 -> ZnCl, + H

Zn + 2NaOH — NaZn02 + H,

Bogopog caHoaTga Kyhmgaru ycynnap 6unad \ocun KuanHagw.
1.Tabunin opraHukK MopfanapgaHonnHagn:*

2CH4 £* 3H2+ C2H2

2. YyrnaHTupmaraH KokcracyB 6y™ Tabcup sTTMpu6 onuHagu:

CO + HD -> C02+ HD

3.CyBHW 3N1eKTPO/IN3 KUANG ONvMHAAN:

HD -> H++ OH
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K(-) A(+)
2H++ 2é —>H2 40H -4 ¢ —> 2H,0 + O,

Xoccanapu. Bogopog atomu y3mgaH 6up anekTpoH 6epnb, H+
noHura annaHagn. byHpaint myc6art 3apsagnaHraH BOAOPOL MOHM
KYNrnuHa KoBafieHT 60rnaHuwnm 6upukmanapga Kysatunagu.
Opauii wapomTaa 6yHaan Gupnkmanap raseMMoH, CyHOK, Ba KaTTUK,
moaganapanp. byHpali 6upuKManapHUHT xoccanapy BOLOPOS
6unaH 6ornaHraH anemeHTNapHUHT TabuaTtura 6ornuk, 6ynagu. Hl;
H2, NH, nap kyt6nanraH 6ynraHu yuyH ynap CytoK, xpnataa axwim
apuTyBUM xucobnaHagn. Bogopog monu H+ xpnartga \cy KauoH
apuTmaga maexyg byna onmarign. ®akat conbeatnandrad H,0+mas-
XYAAUTW aHUKAaHraH. MabiyMm spuTManapja conbBatiaHraH Bo-
[0pof MoHW \ocKn KunraH bupukManap kucnoTanap geb aranagu.

Bopopog atomu y3u 6unaH 6upunKaéTraH aneMeHTHUHI TabuaT-
ra kapab 6uTTa aneKTpoH Kabyn knanb H MOHWHM XpCua KMaUWu
MYMKWH. Arap BOAOPOA KUMEBWIA peakunsga OKCuManosym Basuga-
CMHM baxKapca, Y XyAan ranoreHnap kabu 6upukma Xpcun Kunagu.
ByHAaH Talikapu, BOLOPOS MOMIEKYNACUHM 31EKTP paspsas opkanm
yTKa3uW HaTwxacuga aToMm Xpnatgaru Bogopog Kocwun 6ynagw.
ATomap BOAOPOL - BOAOPOL Monekynacura KaparaHga 6mp Heva
MapTa akTueamp. AToMap BOOPOA 6MTTa TOK 3/IEKKTPOHAN cuc-
TeMa bynraHu yuyH KynruHa 6owka anemeHTnap 6unaH KOBaneHt
6ornaHuw xpcun kunub ocoH brupukagm. ATomap BOSOPOS KynruHa
MeTannapga OCOHNVK 6unaH apuiian. BYHUHT HaTuxacuia KoTuL-
Manap, MHTepmeTann 6upuMkmanap Ba KaTTUK 3puTManap Xpcwn
6ynaan. ATomap Bogopoanap 6up-6upn 6unaH KoBaseHT 6ornaHunL
opKanu MOMeKynsp BOAOPOL Xpeun Kunagu. Monekynsp Bogopos
Xyga MycTa\kam, kam KyTbnaHyBYaH, eHrua Ba \aTpakatyaH Ku-
ynk Mmonekynagup. Ly cababnu Bogopog nacT TemnepaTtypaga
CyloKAaHaanBa KaiHaign. Monekynsp BOAOPOZ CyBAa Ba OpraHuk
3pMTYyBUMNApAA KaM 3puilgm, loKopy TemnepaTypaja atomnapra
napyanaHagn. KatTuk\onatga BOAOPOL reKcaroHan KpucTani naH-
Xapara ara. Bogopog Monekynacu OKCMAA0BYM Ba KainTapyBuu
X0CCaCMHN HamoéH kunagu. Opataaru WwWapovTaa BOAOPOS aKTUB
amac, y thakatrnHa rtop 6unaH 6upuka onagu. Kusgnpmnranga
EKn EpyrnmMK Tabcupuaa KynruHa metanimacnap - xmaop, 6pom,
Kucnopog 6unaH peakuusara kupuwaam. BogopogHuHr Kaitapysum



xoccacmpaaH oiiganaHunG, yHU MeTann OKCUALAPUAAH MeTasHu
KaiTapuwga nwnatunagn:

FeD, + 3H2 1> 2Fe + 3H.0

CnO + H2-» Cun + H,0

AkTus MeTannap 6unaH BoAopoh OKCUAMOBYM cudaTnia peak-
uusira Kupuwaan:

2Na + H,— 2\all

Bogopog tokopu Temnepatypafga KynruHa Mcra/.napga apuwim
HaTmxacuga KoTuwwmanap xocun kunagu bynapgaH Tawkapw,
BOAOPOA MychaT 3apsianu monekynsap noH I!, Ba MaH(uin 3apsagm
mMonekynap H2 noH xonuga xam maexys 6yna onagun. JIekKuH Bojo-
POAHUHT Oy MoHNapu 6ekapop 6ynnb, Xyaa KncKa BaKT MaBXyg
6yna onuwun 6unaH TaBcudnaHagm.

Tapknbuga 6Mpop anemeHT Ba BOZOPOA OynraH Mypakkab 6u-
pukmanap rugpugnap ge6 atanagu. mgpuanap sogopof 6unaH
371eMeHT opacugaru 60rnaHuULWLHWMHT TabrnaTnra kapab Ty3CUMOH,
yuyBYaH Ba Monmmep ruapuanapra 6ynitHagw.

Ty3cumoH rugpugnap. Bogopog wwKopuii Ba ULLKOPUiA-ep
meTannap 6unaH MeH, MeH2rapknbnm Ty3cumoH  rugpugnap
Xocun knnagu. by rmgpugnap ok Kpuctana mogganap 0ynmé, Kyunm
peakumara Kupuwui xycycumstura ara. Ty3CUMOH  ruapugnap
MeTannap 6unaH BOLOPOAHMW HOKOPWU TemnepaTypaja TyrpugaH-
TYrpy¥ TabCcup 3TULIKM HaTuKacuga xocun 6ynaau. Ty3CUMOH
rMApuUTNap CYKNaHTUPUATAH WLWKOPWIA MeTannapHWHT
ranoreHnafapvaa axwu apuiign. byHgali aputmanap anekTponus
KunuHraHga aHogja BOAOPOL MOMEKynanapy axpanud ymkaiu.
Ty3cMMOH rugpuanap Tepmuk 6ekapop, KMsgupunraHga metani
6vnaH BOLOPOAra OCOH MapyanaHagm, cys bunaH WWAJATAN peak-
umsara Kkupuwagu.

KH + HD -» KOH + H2

LLYHWHT yuyH TY3CUMOH ruapuanap KuMEsuii peakumsanapga acoc
X0CCaCUHN HaMOEH Kunagw.

YuyBuaH rugpugnap. Bogopog 1Y Y VI rpynnanapra oug
MeTannmacnap éunaH GUPUKMLWKM HaTuMxKacuga xXocun 6ynrad



TMAPUANAp ydyvuaH rugpugnapra Mucon 6yna onagy. YuyBYaH rug-
pugnapaa Bogopog 6unaH 3feMeHT opacuia KOBa/IeHT 60rnaHuw
MaBXyZaaup. ByHpaih rugpugnapHuHr ruaponnsn HaTwxkacuaa
KUCMOTaIN MYyXUT HaMo&H 6ynagu:

SiH4 + 3HD -» H,SiO, + 4H,

YuyBYaH rugpugnap Ty3CUMOH rugpugnap 6unad agupnap vw-
TUPOKMAA KOMMIEKC BupuKManap xocun kunagu. byHgaii rugpng-
NapHWHT HACOWIA MONEKY AP Maccacu OPpTULLIN B1NaH CYOKAAHWLL
Ba KallHaw Temnepatypanapu opTub 6opagn. JlekmuH HE HD,
PH, 6upnkmanap 6y koungara 6yincyHmangn. YyHku 6y 6Mpuk-
Manap Kyynum KyT6naHraH OynraHum yyyH Kyliumya 60rnaHuLL
Xocun kmnm6  (NH,)n, (HF)n, (HD)n, (PH3IM nonuMmepnaHrax
6ynagn. LUyHuHr yayH NH Ba PH, bupukmanapga Ky4ycus acoc
xoccacu HamoéH 6ynagu.

Monumep rugpugnap. MonvmMep rugpvanapia Bo4Opog 6unaH
3/1eMEHT Opacufja KMCMaH WOH, KACMaH KOBaneHT 6ornaHuLl
mMaBxyg 6ynagn. byHaaii 6uprkmanapHu acocaH amoTep xoccara
MeTannap Xocun Knnagu. by Gupnkmanap OK paHrau, yumangurad,
OpraHuK 3puTyBUYMIapAa spuMaiguraH moaganapanp.

Monumep rMapuanapHUHT 6yHAan Xoccanapra ara 6ynuuin,
BOLOPOA Kynpuk4yacu opkanu 6up-éupnapu 6unaH 6upukné
noAuMepaHNWnAaHanp:

[

AmdoTep rugpugnap acocnu Ba Kucnotanu rugpuanap 6unad
peakuuara Kupuwagan. ANIOMUHUIA TMApUA peakunara KupuwagT-
raH mogfaHuHr tabuatura kapab xam [JOHOp, XaM akuenTop
BasngacmHn 6axapagn :

Al1H3 + 3BH3 ausH4B

acocnu
rnppna

AIH3+ KH -> K[ALH4|
Kucnotan un
ruapupa



ByHaaH Tallkapu, BOAOPOJA opanunK metanniap 6unaH \am rug-
pvAnap Xpcun Knnagu.

BogopogHuMHT opanuk MmeTaniap 6unaH Xpcua KUAraH rmapug-
napuja acocaH mMetan 6ornaHuw Maexyfn 6ynu6, ynap KynpaHr
€KM Kopa paHrnuM KaTTMK MypT Moaganapaup.

Bogopog Ba YHUHT GMprKManapn aMMnMakHU CUHTe3 KMAuWAa,
BOAOPO4 XN0pUA ONMLWAa, CUHTETUK CYIOK EKuarunap uwnab
ynKapuwaga, HeTb MaxpynoTnapuMHU Tosanawja, érnapHu rug-
poreHnawfa, MmeTaniapHu nansaHgnawaa, BoasMpam, MonubaeH
Ba 6OWKa 3eMeHTNapHN OKcuanapuiaH KadTapub onuwpa,
TEpMOsIAPO EKUATN cugatmaa, opraHnuk mMoaganapHu CUHTe3 Ku-
Anwga uwnatunagu.

XVI1l BOb

ETFTMHYN TPYTMMNA ACOCUIA TPYMMAUYACU
SNEMEHTNAPUNUHT YMYMUN
, TABCU®DU

ETTUHYM rpynna acocuii rpynnavacy anemeHTnapura grop I
xnop Cl, 6pom Br, iog J Ba actaT At kupagw. by anemeHTnap
aTOMIAPUHWHT Tall KW 3/1eKTPOH KaBaTnapua s3p53nekTpoHnapu
MaBXyf. By afneMeHT atomnapu ysura 6uTTa afeKTpoH GUPUKTUPUG
0NnG, Y3NapUHWHT CUPTKWN KaBaTnapuaaru 31eKTPOHMap COHUHM
cakku3Tara etkasmb, WHepT rasnap KoHMUrypauuamura ara
oynuwira UHTUNAAN. Ynap 3pKUH Xpratha Kyyaum OKCUAJSI0BYM-
napgvp. by anemeHTnapHu ranoreHnap geb roputunagu. anoren
Cy3n HOHOHYa cy3 6ynunb, Ty3 Xpcun KUyBYM feraH MabHoOra ara.
Y y3 bupukmanapuga hakatruHa — 1 okcuanaHuL gapaxacuHu
HaMOEH Kunagu. UyHKu (TOp aTOMHUHE 31eKTpoMaHDuiAnuru
KaTTa Kuiimatra ara 6ynraHu yuyH, \aTTo KucnopoggaH \am anek-
TPOHHK TOPTMG 0nmb, OF, Tapknban KumEsnii BUpMKMa Xpcun
Kunagn.Xnop, 6pom Ba MogHuMHr Bogopoaanm HC1, HBr, HJ
GUPUKMaNapuHUHT CcyBAarn apuTManapu Kyynum kucnotanap 6y-
nn6, HCL gan HJ ra jhraH caiiuH kucnotanu xoccanapu Ky4anu6
6opagn, HC1, HBr, 1) napHUHr KaiiTapyB4anank xoccanapm \am
HC1lpaH HJ ratomoH Ky4ainb 6opagn, YyHKW ranoreHiapHuHr
MOH 3apsAgu y3rapmaraH \onga noH paguycnapu optub 6opagm.
Xnop, 6pom, of y3napuHU TalKW 3MeKTPOH KaBaTnapupjaru



NT Ura 3NeKTPOHHN 6epunb, OKCUAaHULW JapaxanapuHu .. [aH
17 rava y3raptupa onagu. ActaT aca Tabunii pagnmoakTue eMmpu-
NVWNAPHUHT Opail MK Maxcynotnapy cudarnga, S4po peakuus-
napw épjammupa CyHbuii paBuwipa xocun kunuHagu. K™cmad
pafnoaKTUB xoccacura ara.

ManoreHnapHUHr Tabuatga yypawn. ®TOpHUHT 6uUTTa - F,
XNOPHUHT UKKUTA -|75sCL, |5-CL, 6POMHUHT UKKUTA - 3.5 Br, 3B|Br
Ba NOAHMHT 6MTTa-5320 6apkapoop n3oTonnapu maexys. byHaaH
Tawkapu 6y aneMeHTAapHUHT CyHbWIA paBuLLAa XOCUT KUIMHTaH
6up HeuTagaH Gekapop M3oTonnapy \am MabiyM. By aneMeHTnapHu
Tabmatga ydvpaniguraH acocuin MuHepannapu KynupgarunapgaH
néopar.

CaF. - dnwoput, Ca-(P04),F - ¢pTopanatut, NaAlF: -
kpnonut, NaCl-owTty3u, KC1-cunsBuH, NaCIVKCI -cnunbBUHUT,
KC1 VMgCI, V6HAD - kapHannut, AgBr - 6pom-apruput, Ag (Cl,
Br) - am6onut, Ca(J0s. -nayraput, Agl - iiog apreput Ba 60LLKanap.
BynapgaH Tawkapu, 6y anemeHTnap AeHrus cyeBnapu Tapkubupa
Xapxun buprkmanap xonuaa yypangu.

OnvHnwn. ®Top anemeHTMHM 1886 linnga A. MyaccaH, X0pHU
1774 avnga K. LWeene,6pomHun 1826 iinnga X. banap, ogHu 1811
nunpa b. Kyptya, actathu 1940 iunga A. KapncoH, K. Mak-KeH3u
Ba 3. Cerpenap axpaTub onraHnap.

Xp3upru Baktaa htop CaF. éku KF , HPTapK:.. N1 Ty3napHu
tOKOPW TeMMepaTypaza CyroKNaHTMprG6 anekTponmn3 Knnmé onvHag’.
AnekTpog cugatnga rpaguTtaaH goinganaHnnagm. labopatopmsga
Xn0p Kyingaru ycynnap unaH onuHagu:

. .Bogopog xnopuj aputMmacura OKCMAJ0BYM TabCUp 3TTUPHK-
nagu:

4HC1 + MnO,——> MnCL + CL + 2HD
14HC1 + 12rD 7> 2KC1 + 2CrC13+ 3C12+ 7HrO

2.Tabuuii ow Ty3ura KOHLEHTpPAaHraH cynbdat Kucaota
WWTMPOKMAA OKCUAIOBUMAAP TabCUP STTUPUIALM:

2NaCl + 2H.S0. + Mn0; -——> MnSO0. + Cl. + Na.S0. + 2H2D

TexHukaga xnop NaCl spuTmMacuHu 3neKTPOAM3 KUuL
HaTuxxacmaa onvHaau. byHga katog cudatuga vysH €Ku cumob
nwnatunagn. AHoLAa X/Iop OKCMANaHagW, KaToana aca BOAopo[
KaliTapunagu.



Bpom Ba-iiog, 6pomung Ba Mogmngnapra xnop tabcup aTTUpM6
0NlMHaaun:

2KBr + Cl12 « aq —> Br2+ 2KCl,
210 + C12 » aq-—" J2+ 2KCL

AcTaT MeTann BUCMYTHM a - 3appayanapy 6unaH HypnaHTupuo,
3KCTpaums Knané onnHaau.

Xoccanapu. ®Top o4-caprul, yTKMp \naam ras. IpKuH xanata
(hTOp MoNNeKynanapugaH néopat 6ynaau. Mact TemnepaTtypaga Mo-
HOK/IMHWK MaHXapa X,0cn KUAnG KpucTannaHaau, okopu temne-
patypaga Ky6cuMoH naHxapa @3- F, mogudukayuscura ainaHagm.
®TOp cyBAa AXILW 3pNiAAM, BOAOPOA GUNaH Xya WWAAaTAN peak-
Lmsra Kupuwwagu.

F2+ HD — > HF +Q
F2+ H2— > 2HF + Q

®TOp MHEPT rasnapgaH Tawkapu KynruHa KyKyH xpnartugaru
meTtannap 6wunaH Ba C, Si, R S kabu metannmacnap 6unad
Kn3gmpunraHga peakuuara Kupuwmn6 dropmanap Xpecun Kunagu.
Kucnopog Ba a3oT 6unaH 6esocuta 6upukmaign. KyprowmH, Hu-
Kenb Ba MUC MeTannapu Ba YNapHUHI KoTuwManapu ¢rop
aTmoctepacmga KusgmpunraHga, cuptu 6apkapop ¢gTopug nap-
facu 6unaH KonnaHagn. dTop KynruHa okcuanap, ruapokcuanap
Ba YNapHWHI Ty3napu, Yyrnepognap Ba CyB 6unaH wuggatiu
peakumara Knpuwagu. Xaop o4y-cappuwl Tyc™ i yTkmup \nara ara
6ynraH ras. Xnop cysga CC14, TiCl4, SiCl4napga apuiign. Xnopga
d - opbuTannapu maBxyp OynraHu y4yH YHUHT OKCMANaHWLL
fapaxacu -1 gaH +7 raya ysrapagu. Xiop Ky4auM OKCUAMOBYUU
OynraHn yuyH KynruHa meTannap Ba Metannongnap bunaH peakums-
ra knpuwaan. Bogopog xnop atmocepacuja épyrimk Tabcupuga
WnaAaTAM EHMLWKM HaTMXKacMaa OK TyCnM BOZOPOA X/J0puA rasu
X"ocwn Kunagu.

Bpom - TyK-"M3ruw-kKopaMmTup TYCAU CYHOKAWK, 6yrnapm
YTKUP XUAAW, TyK-Capruwl paHrau, 6yrysun ras. BpomMHuHT
3N1EKTPOHIa MOMUANNUTY XNOPHUKUAAH KNYMK. LLYHWHT yuyH 6pom
xnojara KaparaHga CyCTpOKpeakumsra KApuLaan.

Wog - kopamTup 6uHagLia paHram, MeTaacuMOH SATUPOK,
pom6VK KpucTann naHxapara ara 6ynrad mogaa. KnsgupunraHga
TyrpugaH-Tyrpu 6yrnaHagu. ByF xonatga iog MKku atomam mo-
nexkynagaH ubopat. Mop cysaa émon apuiign, CS2, CCl4 napra



yxwalw KyténaHmaraH spuTyBuMnapga axwu spub, 6uHagwa
paHrnnm aputManap xocun kunagu. TyliMHMaraH yrnesofopoj-
nappga, cytok, S02cnupT Ba KeTOHNapaa iog apunb xxurappaHr Tycim
apuTManap x,0cun kunagn. Viog opauii wapoutaa Top 6unaH, Kns-
AMpuAraHaa BOAOPOA, KPEMHWIA, ONTUHIYTYPT Ba 60LLKa KynrnHa
MeTannMacnap 6unaH peakuusra knpuwaau. Viog Ham Tabenpuaa
KynruHa metannap 6unaH 6upukub noampnap Xocun Kunagu.
VogHuHT cyBaary aputmaci 60LKa ranoreHnap 61unaH 6upukagu.
VogHMHT OKCUAN0BYM XOccacu X/op Ba 6pOMHUKMra KaparaHaa
KYy4CM3pOK HaMOEH Bynaau:

Br2+ S02+ 2HAD -—> 2HBr + HXS04
HXS + J2 2HJ + S

AcTart - y3 xoccanapu 6unaH 6upmyHya nogra yxwatl, neKuH
pafuoakTUB MeTann xoccacura xam ara. Ogatgarv LwapouTaa ys-
y3ugaH 6yrnaHagu.

AcTaTt OpraHuk 3apuTyBuMnapfa SXWu 3pUAAKN, YHUHT
oKcugnaHuw gapaxacu -1 gaH +7 rava ysrapagu. by anemeHTnapga
rpynna 6yiinya F - Cl - Br -J - At Katopmaa YyangaH yHrra TOMOH
3M1eKTPOHra MOWWANMK KamairaHu y4yH, MONeKynanapu HUHT
3NeKTPOS MOTeHUManiapum xam KaMasgu, NeKUH KanTapyBuu
Xoccanapu Kyyainnb 6opagun. By anemMeHTNapHuU TepMUK
Hapkapopuru hTophaH Xaop MoJfieKynanapuraytrad capy optmo
6opagun, KelMuH xnopgaH inog Monekynacu TOMOH CeKuH-acTa
Kamainnb 6opagn. UyHkun xnopaaH nogra TOMOH aToM paguycnapu
opTu6 6opraHn y4dyH, atomnap 6up-6upu 6unaH Kyucuspok
KUMEBWIA BornaHmw xocun Kunagu. dTopgaH x/op MoseKynacu
TOMOH MyCTaxkam KuMEBMWIA 60rnaHmw xocun 6ynuwmnra cabab,
hTOp Monekynacu dakaTrmHa BafeHT 3/IeKTPOHAap Xydptu
xucobura xocun bynca, xnop, 6pom Ba iog Monekynanapuga aca
Oy 3aNeKTpOoH Xy(TAaH TallKapu JOHOP akuenTop 60rnaHnL xam
MaBXyn 6ynaam. byHra cabab, hTop atomuga 6y d - opbutanniapu
MaBXy[ amac, xiop, 6pom Ba iog atomnapupa aca byw d-
opbuTannapu Maexyda.

Xnop, 6pomM Ba oA aneMeHTAapu ULLLOp 3puTManapuga guc-
nponopumnanaHuLL XoccacuHM HaMOEH Kunagu:

2F2+ 2NaOH ----> 2NaF + OF2+ HD



Bogopog hTopug. Mas xpngarn sogopog hropug caHoataa CaF2
ra KOHUEHTpAaHraH cy/nbdaT KUCNoTa TabCup aTTUPMGO EKM HOPAOH
(hTopmpaapHu Kn3nmupub onnHaau:

CaF2+ HX04— > CaS04+ 2HF
KFeHF — > HF + KF

To3a Bofopoa hTOPWA paHrcus, yTKUP XM 3axapnu ras. Mact
TemnepaTypajia paHrcu3, xagofa WWALaTAN TyTaiauraH Kyt6nm |
MofieKynanapaaH uéopart 6ynraH cyto p uk. Bogopog hropua ypraua
Kyugary 6up acocsim KMCNoTa XoCCaCUHU HaMOEH Kunaau. |

2HFAHX++F; F +HFAHF2
CyBgaru apuTmacuja MyBo3aHaTAa Gynagu:
HF + HD —>HO++F; F+HFAHF2

Bogopog, htopug wuwa tapkuébugarn Si02 HM 3apuTnb ras-
CUMOH Si F4xocun kunagu:

Si02+ 4HF — > SiF4+ 2H2D

AkuenTtop ¢Topug noHn 6ynraH 6ab3m BF,, AsF5 SbFsBa SnF4
Tapkubnu mopgganapHuHr HF pgarv sputmanapu xyga Ky4ynu
KMCNoTa XoccacMHU HamoéH kunagun. YyHku 6y mogganap HFfla
apuwmn Hatmwkacuga H2F+ MOHMHMHT KOHUEHTpaunacu opTaau:

SbFs+ 2H F —-> H2F++ SbF 6

LyHWHT y4yyH 6yHAan apuTmanap KynruHa MetanfiapHu
aputagu. XatrTo HUTpaT kucnota\am HF aputmacu 6unaH y3apo
TabcupnawraHia acoc XoccaCMHNU HaMOEH KWnaaw:

HNO, + HF —> HNO ++ F

Bogopog hTopug aputmacu cyega MoH apuiigurad NaF KF 1
CaF2rapknbnu Ty3napHu Xxocun Kunagu. Temup, antoMUHNIA, XPOM
TUTaH Ba GOLWIKA MeTanfapHUHI @Topuanapn 6unaH KoMmMekc
O6upuKManap Xocun Kunagu:



Bogopog xnopug. Bogopof xnopug, acocaH Epyrink Hypu
| nbCcnpraa HofopoAara Xnop Tabemp aTTUpM6 onuHagun. Xocun 6yn-
.11 Fa3 \ongarn BOAOPOS X/M0OpUAHW afcopbumoH Kamepanapga
CyLW! a toTTUPUG, KOHLEHTPNAHIraH X1opug KucnoTa onuHagn. Bo-
[OpoA, XNOPUAHM O Ty3Wra KOHUEHTpAaHraH cynbart KucnoTta
KTbCUP 3TTUPMG \amM onmw MyMKUH. By apaeH MKKW 6ockuuga
[laBOM 3TTUpUNagu:

NaCl + HSC>, — > NaHSO, + HCl
NaCl + NaHS04 —> Na%04+ HCL

XO03Upru Hakrga BOAO0POA4 XJIOPUA OpraHuk mojgganapHu
xfiopnawja Ba ruapoxnopnalija Kywmnmya maxcynoT cugatuga
Xocun KunuHmokaa. byHpaH Tawkapu, MgCI, HUHT rugponusm
Ha TvhKacuga xam BOZOPOL X/10pug xocun Gynagu.

Opfanii WwaponTaa BOLOPOL X/I0pUL PaHrcus, YTKMp Xuara ara
bynraH ras, cyega axwim apub, xnopug Kncnota xocun kunagu. Bogo-
pog, XN0opug 3puTMacy ULLIKOPWIA Ba WLWKOPWIA-ep MeTannap 6unaH
peakuusra KUpuUwWmn6G BOAOPOL axpaTud ymkapagun, Kucnopopg
TabCMpUaa IPKUH XN0p Xocu KUnnb okeuanaHaam. Bogopog xnopug-
HU Typam ycynnap 6unaH xocun kunraH OCIxTapkubnu xnopug
6vpuKManapy mabvnym. by Gupukmanap acoc, amoTep Ba KucnoTa
xoccacura ara. byHgaii xoccanapra ara 6ynuwm anemeHT 6unaH xop
opacufa ByXXyAra KenraH KUMEBWiA 60rNaHWLWIHKMHT Tabuatura 6iir-
nuK 6ynagy. Wownu xnopuanap acoc xoccacura ara 6ynuo, okopu
TeMuepaTypaja CyrKgaHaguraH, CyBaa AXWMW 3pUAgNraH KaTTuk
Kpuctann mogganapauvp. KosaneHT 6ornaHuwayM xnopugnap aca
KM1CnoTa Xoccacura ara 6y/iraH 0CoH CytoKnaHafuraH éku ras Ba Cyrok
Mongagapamp. VIoH KoBaneHT 6ornaHuLLnm xnopuanap aca amgoTtep
xoccara ara 6ynun6 opanvKxonaTtHuW arannaraH, Cysfa axwm spysyaH
moaganapamp. Acocav Xnopugiap rmaponmsra yupamaingm, Kucnotaim
XNnopuanap TyMK ruaponnsnaHau:

SiCl, + 3HD — > H,SiO, + 4HC1

Acoc xoccacura ara 6ynraH xnopuanap KucioTtanu xiopuanap
6unaH peakuusra KUpMwmnoG, KOMMNAEKC GUpUKManap Xocun
Kunagn. Komnnekc 6MpuKManapHUHT xocun Gynuwunga acocnu
xnopugnap GoHop BasndacuHm, KACNOTanu X0puanap akuentop
HN3NMACUHN Gaxkapaun:



AmgoTep xnopuanap Kucnotanu Ba acocnu xnopuanap éunau
6UpMKNG, KOMNIEKC BMpMKManap Xpcun Kunagu:

2KCL + ZnCI2—> K2ZnCl4]
TiCl4+ ZnCl2—- 3* Zn[TiCl§]

Bogopog 6pomug - yTKUp Xupara ara 6ynraH, \aBoga y3s-ysugaH
TyTaingurad ras. Bogopog 6pomug 200—300 °C ga nnaTuHagaH
TaliépnaHraH KatanusaTtop MWTUPOKUAA Bogopogra 6pom Tabcup
3TTMPUG onnHagu:

H2+Br-2"2HBr

Bogopog 6poMug PBr3Hun rugponns Kuamb xam ofIMHaAN:

PBr, +3HD -—> HPO03+3HBT

Bogopog 6pomug opraHnk mMogganapHu 6pomnawjga \am
Kylmmya maxcynot cugatuga xocun kunuHagu. Bogopog 6pomua-
HUHT CyBAarv apuTmacu Kyunum kucnota. Bogopog 6pomug TraHon-
fa XaM axwu apuingn. Bogopog 6pomua apUTMacyu mctaniapra,
MeTann OKCuAnapu Ba ruapokcuanapu 6unaH axwun peakuumsara
Kupuwagn. bpomua KUCNOTaHUHT Ty31apu - metani 6poMmugnap
CyBfa XL 3puiAguraH mogganapamp.

Bopgopoga noguna - paHrcus 6yryeun ras, \aBoga y3-y3vugaH Kyunm
TyTagn. Bogopog iogmg tOKopu Temneparypaja katanmsaTop
NLWTMPOKMAA BOLOPOAra o TabCup aTTUpu6 ékn PJ, HM ruaponms
Kunué onuHagn. Bopopog nogug cyega axwu spuingn. Cysparu
apuTMacu Kyunm KucnoTta, Epyrnvmk Tabcupupa ys-y3ngaH inog
XOCU/T KNn6 napyanaHagu.

Bogopog NoAMAHWMHT CyBAaru apuTMacu XoCcui KUaraH Tyanapu
- MeTaNN WoAManap Ky4am KainTapyBumM xoccara ara:

2KJ + 2HNO2-—--> J2+ 2NO + 2KOH

Nwkopuit Ba nLLIKOpUii-ep MeTannapuHNHT Mognanapu cyeaa
AXWN IPUAANTaH, KU3GMpMAraHaa Ba épyrank Tabcupumja OCoH
napyanaHaguraH mopganapaup. FanoreHnapHWHr BOZOPOAN
6upukmanapuHu TepMuK H6apkapopauru Ba xocun 6ynuuw
nceuknmknapn HF gaH HJ raytraH capy kamaiin6b 6opaaun. byHra
cabab ranoreHNapHUHI atom paguycnapu opTné, Bogopog 6unax



\ocun KanraH KuMeBWiA 6OrnaHuL 3HCP| MACUHUHT Kamaiuno
6opuwnanp. ManoreHng kucnotanapuHUHr kyum HF—HCI HBr
—HJ karop 6yiinab optn6 6opagu. Bogopog ranoreHWanapHUHT
K aviTapyBumnmk xoccanapym HCl —HBr —HJ karop 6yiinab kyuva-
n6 6opaau.

HaTtpuit xnopuara KOHUeHTpAaHraH cynbdar Kucnota Tabeup
3TTUPWACA, ra3 Xonga BoAOPOA Xnopug xocun bynagu:

NaCl + H2S04 -—> NaHS04+ HCI
NaHS04+ NaCl-—> Na204+ HCI

Bogopog 6pomug Ba Bogopog inogngHn 6y ycyn 6unaH onmnb
6ynmaingn. UyHKn ynap Kyunm KaitapyBumnap y4yH 3pKuH 6pom
Ba ilioArava oKcuanaHagu:

NaBr + 2H2504-4 NaS04+ Br2+ S02+ 2HD

Bogopoa oaug XXypa Kyuynu KainTapyBum 6ynraHu cab6a6nim
XaTTo CYONTUPUAraH cynbdaTt KNCnoTaHn BOZOPOS Cynbpuaraya’
KbalfTapanu:

6NalJ + 4H2S04-> 3NaXS 04+ 3)2+ S+ 4HD

8NaJ + 5H2S504 4NaZS04+ 42+ HS + 4HD
%

XVII. 2. TANOIEHNAPHUVHIT KNCNOPOA/INN BUPUKMATAPU

lanorennap kucnopog 6unaH TyrpugaH-tTyrpu 6upukmangu,
NEKWH YNapHWHI OKCWMANapW, KUCNOPOAAM KWUCNoTanapu, XOocw
KWATaH Ty3napy Xak, Xy>Xanmruga katta axamuaTra ara.

Kucnopog ¢topug. ®topHuHr OF2 0 2 ,,032Ba 04F4
Tapknbau kucnopognu 6upukmanapu mabaym. Kucnopog hropug
OF2Bogopog (hTopug Ba Kanuii hTopug apanawiManapu aputma-
CUHU 31eKTPONN3 K,Unb onuHaau.

Kucnopog guTopug, - o4 capruiu TyCnu, 3aXTapiv, yH4a akTus
6ynmaraH ras. Kucnopopg gudptopugHm H2CH4 Ba CO 6unaH
apanawmMacu yykyH Tabcmpuga Kydnu noptnaigm, C12 Br2sa J2
6unaH apanawmacu ofaunii wapouTga y3-ysugaH noptnaiign. OF,
NWKppaap Tabcupuaa napyanaHaiu:

OF 2+ 2NaOH -» 02+ 2NaF + HD



CyB O6UNaH CeKWH peakuuara Kupuwagu, NekuH cyB Bypu
Tabcupuga nopTnangu:

OF2+ HD —0 2+ 2HF

Kuncnopog dhTopna 60w Ka ranoreH Kucnotanap €ku Tysnapu
IpuUTManapuaH ranoreHnapHu CMKUG YMKapagm:

OF2+ 4HC1 -> 2C12+ 2HF + HD

Kucnopog gudtopmg Tabcupria metannap Ba metanamacnap
OKCuAnaHagu.

OvokcogndTopug 0 2 - o4 caprul - KU3UA TyCAn KaTTUK
MoAna, TEPMUK Gapkapop, Kyuaum OKCUAJIOBYM Ba (DTOP/IOBYM
xoccara ara. KynruHa mogaanap gmokcogudropmg bunaH apanai-
TMpMW HaTwxacuga noptnaign. 0,F2Ba 04F2 nap énnwKOK,
OUKM3TULL TYCNW cytoKnuknap 6ynub, hakaT nact Temneparypa-
fJarvHa masXyg 6yna onaguraH, TepMuK 6ekapop Moaganapamp.
XnopHuHr Cl1d, CHO2 ClX 6Ba CID 7 Tapknbam Kucnopogiu
GupuKManapy mabaym.

Xnop (1)- okeng C1D -AHrM TainépnaHrad cumob (M)-okcuara
Xnop rasu wb6opuw 6unaH xpcun kKunumHagu. Cl0 - oaawii
LIapoMTAa Caprul KU3puL TyCnu ras, Ku3gupunraHaa éku anekp
YyUKyHU Tabcupuga Cl2Ba 0 2xpceun kunnb noptnaingu. Xnop (1)-
OKCMAW CyBfa 3pUTUTaHLa capruw K13un Tyc/iu, MabllyMm MUK-
Jopga runoxaoput kucnota HCHO 6ynraH aputMa Xpeun Kunagu.
Xnop (1)- okengm nwkopnap Tabcupuga runoxnopu’r Tysnap Xpeun
Kunagu. ['MnoxmopuT Ty3nap Ky4avm OKCUMANOBYMUNAPANP:

C1D +2NaOH -» Na CIO + NaCl + 2H2D

Xnop (I)- okeugra Typpy KenaguraH KucioTtanap runoxaoput
KWUCNOTa, Ty3napu aca runoxsioputnap Aeb atanagu. Mmnoxnoput
kncnota HCHO XNOpHWMHT TMAPONM3N HaTmxKacuaa Xpeun bynaau:

CL+H2D ->HCIO+ HI

FMnoxnoput 6Up HErusNM Kyycu3 KUCNoTagup, OCOH nap-
yanaHagu:

HCIHO-* HC1 + 0

MNOXN0pPUT KUCNOTA TY3NapuUHN ULLIKOP 3puTManapura xnop
TabCUp STTUPMLL YCYNN GUaH XPCWUA KUUHAAK:



Xnopug kncnota aHrngpuam CLD, onnHraH amac. JIEKUH yHM
(P41, nna sputmanapgarvHa mMaexyn 6ynraH 6apkapop xnopug,
KNcnoTacy OfIMHIaH. XN0pug KMcioTa Ky4cus K1cnoTa Ba Kyuim
OKCMAM0BYN. YHUHT XOCUN KUATaH Ty3napu xnoputnap geb ata-
nnob, cyBaa AXWW 3pUAJMraH paHrcms Mogganapaup. Xnoputnap
KucnoTanm MyxuTaa OKCUANoBYY Xoccacura ara. KusgupunraHga
nopTnaw xXocun Kuané napyanaHajgu:

2NaC102U NaClO + NaClO,

Xnop (IV)- okcugn KCHO, ra k,aiiTapyBumn cugatmga okcanat
KMUcnota uwtupokuga cytontupunraH HZS04 Tabemp 3TTMPUG
onunagH. By peakuyuapa axpanub umk,aétraH S02 sa C102 Hu
CY HVM NpuLLNa UwnaTnnaam.

( nnontan ( K), HaTpuid xnoput Ty3nT KainTapyBun cudatnga
CylWwaMy aHruapug NTupokuaa cynbart Kucnora Tabeup artu-
pn6 onunann:

2NaClO. 1 11,50, 1 SO, -> 2CIO, + 2NaHSO,

C102- capi nw-ainun rycnu, yTkup Xxuaiv, CUMMeTpUK CTPYK-
Typam ara 6ynl an ra3. CKO2- ky16nu moana 6ynraHu yuyH peak-
uMAra KUpULLMLWKN KY4un, XaBoga y3-ysuaaH Wuaaatam noprnain-
41, Kyunu okengnosuu. Mwkppnap 6unaH xnopuT Ba xnopartiap
Xocun Knnagw:

2C102+ NaOH -> NaClO, + NaCIO, + HD

CyB 6MnaH X10puUT Ba XN10paT KUCAoTa apnuTManapuHu Xocun
K \nagu:

2CKO2+ HD ~ HC102+ Heto,

Xnop (1V)- okcup aputMacu KopoHruga 6apkapop, épyrnvk
Tabcupmga ceknH-acta HC1 sa HC10, xocun knnmb napyanaHagu.
Xnop (IV)- okcng C102ra MyBO(MK KenaauraH KMCcnoTa O/IMHIaH
amac.

Xnopat aHrngpug Cl0 5o0nuHraH amac. JIekuH yHra moc
Kenagurad xnopat kucnota HC10, maBxyg. XnopaT Kuc/oTaHu
H6apuin xnopatra cynbar KucnoTa Tabcup 3aTTMPUG onnHagw.

Ba (CHO,)2+ HS04— > BaS04 f 2HCIO,



XnopaT Kucnota 6up Herusnn Kyuam KucnoTa, y3 xoccanapu
6unad HN 03 kucnotara yxwangu. Xiopat KWCOTaHWUHT X0png
Kucnota 6unaH apanawimacu Xyaau 3ap CyBu Kabwu Kyunu
OKCUANOBYMAND:

2HC103+ 2HC1 -> 2C102+ +2HD

Xnopart Kucnota Ty3napuw xaopatiap Aeb atanagn. Y nap xaopra
MIWWKOP 3PUTMACUMHWN TabCup 3TTUPUG EKM TMNOXNOPUTNAPHU
TEPMUK napyanab Xocun KUinHagu:

6NaOH + 3C12-» 5NaCl + NaC103+ 3HD
3KCHO A 2KC1 + KC103

Xnopatnap KCL ékn NaCl apuTManapuHu 3feKTpoan3 KNanLw
HaTwacuga xaMm Xpcun bynagu. Xnopatnap cyBga AXLWn 3puii-
OWUTaH, paHrcus, Ku3gupuaradia Kucnopog axpatmo napyanaHa-
AUraH Moajanapamp:

2K<303U 2KC1+ 302

XnopaTtnap Kyuav OKCMAI0BYM BynraHn yuyH KatapyBuunap
6unaH apanawTMpuaraHga nopTa0BYM Mogaanap xocun bynagu.

Xnop (V1) - okeng nact Temnepatypaga CHO2ra 030H Tabcup
3TTMPUL HaTwxacuga xocun knamHagn. Xnop (V1)- okcmg oganin
lWapouTaa KU3nui-KopamTup TYCNM CYHOKAWK, To3a xonga 6apka-
pop, OpraHuMK Moaganap Tascupuga Kyunu noptnaingu, xnop (VI)-
OKCU[ CyBJa 3puLlIM HaTuxacufa nepxnopar KUCOTa XOCWUS
Kunaap.

Xnop (VI)- okeng CLD 7paHrcns MOMCMMOH CYIOKNUK, CyBAa
AXLWIN 3PURSM, KN3gUpuaraHga Ba 3apb tabcmpuga noptnangn. Xmnop
(VI1)- okenara moc KenaguraH nepxnopar KucnoTa nepxnopar Ty3-
napra Bakyymga cynbart Kucnota tabcup aTTupu6 onvHagn. Mep-
X/iopaT KUC/IoTa XaBofa y3-y3udaH TyTailguraH, Tepmumk 6ekapop,
CyBAa AXWMW 3pUAgMraH opraHMK Mogganap tabcupumjga Te3 nap-
YyanaHafuraH Cyrokguk. by Kucnota Ty3napmMHu xnopaT/iapHu KaTa-
nmsatopcus napyanabd ofvHagn. XA0PHUHT KUCNOPOANN K1cnoTa-
napu Kyuu XNOPHUHI OKCUAMaHMLI Japaxacu opTuwun 6unad
opTagu, OKCUMAJIaHULL XYCYCUATM 3ca Kamasan.

BpomMHuHT Brd, Br02 Br03sa Brd 7 tapkmbnun kucnopognu
GupuKManapy Mabaym.



Bpom(1)- okeug Brd -KYHIUMp-KWU3MUW TYCNU CYHOKUK,
Kn3gmpunraHga wuaaatnv napyanadagun. bpom (1V) -okeunp capuk
pawnum K NuMK MOALA, FOKOpK TemrnepaTypaga 6ekapop, Mabiym
WwapouTtaa Bakyymga Brd xocun kunub napyanaHagu. bpom (V1)-
okcug BHO3ok paHriv, kKatTuk 6ekapop mogga. bpom (VI1)-okecung
Br20yok, paHrnu, cyBaa AXwm apuidgurad KATTUK, MOAAa.

BpoMHUHT runobpomug HBrO Ba 6pomat H B r03kucnotanapm
60p. Mmnobpomung knucnota 6pomHy cumob (11)-okeng nwTnpoknaa
cyBfa apuTun6 onuHagun. Mmnobpomma KucnoTa runobpomugnapu
TepMUK Gekapop O6ynraHm yyyH KusgupunraHga gucnponop-
uuanaHagm:

3KBro —2KBr + KBr03

BpomaT kucnoTa 6apwii Gpomatra CylnxupuaraH cynbdat
K1cnoTa T;n>cvp 3TTMPKUG oNMHaau:

Ba (BrO,), 1 11SO, >BaSO, +211BrO,

ByHaaH Tawkapu, 6poMan cywa Xnop Tabcup 3TTUPUG Xam
6pomaT Kucnora onuwl MyMKWH:

Br, + 6H2D + 5Cl, -> 2H BrO, + 10HCI

Bpomat kucnotara Moc KenaguraH Tysnap Gpomatnap fe6
aTanagu. bpomatnap 6poMuTNapHM TepMUK napyanab éku

xnopatiapra 6poMuaLap Tabcup aTTUPUG ONMHAAM:
%

KCHO3+ KBr -» KBHO3+ KC1

TexHnkaga 6pomatnap KBr Ba NaBr apuTmanapuHu
3N1eKTPONU3 KUNNG onnHagn.

WMogHurr JD Ba JD 5Tapkuban Kncnopoann 6Upukmanapy
MabnayM: JA) 5- 0K paHrnn KpucTana Tysunuiimnra ara 6ynraH 6ap-
Kapop mogga. Mepuiiogat KNCNOTaHU TePMUK Mapyanall HaTumxka-
cupa xocun kunuHagu. JO 5 300° raya 6apkapop, KeiinH inog Ba
KMCIOPOZ XOCUN KNG cyrokaaHaan. Y cys bunaH Wwnuatatam peak-
uusara Kupuwaau:

JOD S5+ HD -» 2L 03

JAD 5- Kyunu okcmgnosum 6ynraHu yuyH H2S, HC1 Ba CO nap
funaH peakumara Kmpuwagm:

SHXS +JD s->J2+ 55 + 5HAD



WoaHuHr runoiiogma HJO, iiogat HKO, Ba nepiiogatr HJ04
Tapkm6am Kucnopognu kKucnotanapu 6op. MmnooguT KucnoTa-
HUHT Ty3fapu runoinoAuTnap Xyga 6ekapop moaganap 6ynu6,
OCOHMMK 6unaH ogatnapra aiinaHagu. JlekuH runoiioguTnap Kuc-
notara KaparaHga 6apkgpop mogganapaup. Arap ogra uwwkpp
TabCup 3TTUpM/Ca, aBBaN runoiogaTnap, CyHr ynap liogatnapra
Ba lioguanapra napvanaHagu:

J2+2KOH”MKJ + KJO +H,0
3KJO -> 2KJ +KJO,

mnoliognT KUcnoTa Ba YHUHT Ty3napu OKCUAI0BYMAapAnP.
WMopat kucnotaHn HHO, iMoara HUTpaT Kucnota EKU XI0p/u
CYB TabCUP 3TTUPUG XOCWA K,MAMHagW:

3J2+ FOHNO, -» 6HJO, + IONO +2H,0
J2+ 5C12+ 6H,0 -> 2HJO, + 10 HC1
*

ﬁoAaT KUCnoTa cyBAa AXWWU 3pUAANraH paHrcus Kpuctani
mogda. MopaT KMCNOTaHMHI Tyanapw, iiogarnap, 6pomatnap Ba
Xnopatnap kabw HeiiTpan Ba UWKPPUIA 3puTManapga OKCMAI0BYY
X0CCaHW HaMOEH KAanmaiigw, 3apba Tabcupuga noptnaingn. HCI, -
HBrO, - HJO, karopga kKucnoTtanapHuUHI 6apKapopivnk gapaxacu
yanfaH yHrra TOMOH Kydyasfiu, OKCUL/NAHMWLI Xoccacu Ba
KMCNOTaHWUHT Ky4un nacaiinb 6opagu.

[anoreHnap ysapo 6upukn6, acocaH Gupnamum Ba yuramuu
6upukmanapxocun kunagn. bynapgad BrCl, JC1, JC1,, JBr napgaH
6owla 6bapya buprkmanap gTop ranoreHnapamp.

Bupnamum ranorcHnamM 6GMpMKManapHUHI peakumsara Kupwu-
WMWK XYCYCUATH yunmn 6ynnb, OKCUANOBYM XOccacura ara, Kynru-
Ha 3pKWH \anaTgarv anemeHTnap 6unaH 6MpnKn6 ranoreHnaap apa-
nalMacuHU Xocun Kenagun. Ynap cys Tabcupuja rugponunsnaHagu:

BrCl + H,0 -» H + CI'+ HOBr

Yuynamum ranoreHnapapo 6upukManap cys TabCcupuga Kyuam
nopTnaw xocun Kuanb napyanaHagu. FanoreHnapapo 6uprkmanap
nunaa aHr Kyn Tapkanradnapu ranoreHgpropugnapamp. C1F sa C1F,
HW TYrpugaH-Tyrpu muc uguwga 250°C ga xnopra ¢prop Tabcup



)n npnC) onmw MyMKUH/I'LM nu (11%ra 250 aTmocepa 6ocumaa
<S()"( pa F, |ai.ciip )Tii|pn6 onuHagn. MagoTteHTOPMANAP peak-
nnsra KApULWMULL XycycnaTn Kyunu OyAlWHW ydyH opraHukaga
hTpnaw kemn KynnaHunagw. FanorcnTopmanapnuHr akTUManrmn
Cl,-BF -JF?-CIF - BrF, -JI - Brl katop 6yiinya yangaH
YHITa yTraH capy Kamaiu6 6opagu. [anorcnnap Ba ynapHUHT
6upukmanapu Tu66mérga, ororpadumaga, 03MK-oBKaT canoa-
TNAa, KULWOK, XyXannK 3apapkKyHaujanapll a Kapwu Kypa-
unnnga, AesvHgpexkyns makcagnapupia, nopTnoByYn Mopganap
O/INLL, OPraHMK MOAAanapHy CUHTE3 KUIMLL Ba CMEKTPOCKoNMuaa
nwnaTunagn.

Takpopnaw yuyyH maTepuannap

Bobnunr acocuiAi masmynu. MeTann Ba MeTanamacnap
y31apunuHTr GU3nK Ba KUMEBMIA Xoccaiapu 6unaH (apkganagunap.
MeTannmacnap MmeTnnapgan apkan ynapok anTnpokéynmaiigm,
MLWIOBTA AXLIN BepunMaijn, 3NeKTp TOKW Ba UCCUKAUKHU EMOH
yTKa3agu. byHaaH Talwkapu, MCTaIMacnapHUHT FOKOPU MOHMaHWLL
aHepruacura ara 6ynMwn ynapHUHI 31eKTPOMaHpuinnuru
KaTTanuru bunaH TascugnaHagm. Ano\maa Tpynnanapra Kupysuu
anemeHTNapia aTtoM pakamu opTta 6opulum 6unaH atoMm paguycu
\am kynas 6opagu, 3NeKTPOMaHPUANUTU Ba MOHMAHWLL
3Hepruacyu Kamasgu. SneMeHTnapga Metann tabuatu ynapHuHT
3NCKTpOMaH(puitanrura Kapab ysrapagn. Acn rasnap mycrta\kam
Ba 6apkapop 31eKTPOH KOHGwurypauusra aranmru Tydainnm,
6MPUKMaNnapHUHT KaMauru 6unaH TaBcugnaHagun. ®akar
KCEHOHHWHT (pTOopManapn Ba oKcuanapu, \amaa KpPUNTOHHUHT
thropuamn Kil, onuHrax.

Maskyp 6064a 3anemeHTNapHUHI acocaH 6ow rpynna (A) ra
KupafuraH Baknninapu Kapanafgu. YnapHuHr tabuatga yupaiiu,
MWHepanaapu, ofIMHULWN, PUINK-KMMEBUIA Xoccanapu, uwinatm-
amwm \ampa a\amMumatu \akupga mavnymotnap 6epunrad. LUy
MyHocabaT 6unaH Oy epaa KenTupunaértraH MallK Ba mMacananap
xAmpaa TecT caBofinapu 6apya rpynna yyyH TUNWMK GynuLmnHK
\mcobra oMb ymymuii \onga 6epunuwinHm no3um aeb tonamus.

Bo6HM ypraHuLaaH mateas

1 2neMeHTHWHT AaBpuid XaaBangarv YpHU XAmfa Xoccriuapura
acocnaHraH Xpiga MasKyp 3/eMEHTHU MeTai éKU MeTanjmac -
NUTUHW aHWKAal onuLL.



2. MeTannap Ba MeTan/IMacnapHVHI CTPYKTypanapuHu dapk”aii
oununL.

3. 'pynnanap ékn paeBpnapgarn 6ab3n 3nemMeHTNapHUHT
3N1eKTPOMaH(MIANNTI Ba METaNINK TabrnaTuHy anTné GepuLu.

4. QNeMeHTNapHW Typau ycynnapfa OIMWHUHT KUMEBWIA
TEHraMmanapuHu Ty3uLL.

5. SnemeHTnap buprukManapuia oKCMaNaHuL fapaxanapuHu
6enrvnaii onu.

6. SnemMeHTNapHUHT KUCOPOANN, ranoreHnu, BogOPOA/n Ba
ONTUHTYTYPTIN GUPUKMANAPUHUHT XOCCanapuHu, ynapHu oNunLL
ynnapw Ba LWapouTnapuHu 6uauw.

Mawuy Ba mMacananap

1 MeTannHu metanimacfaH (apbyTOBUM MKKW KUMEBMI Ba
MKKUTA PU3NK XOCCACUTa MUCO KENTUPUHT.

2. bobga kenTMpuaraH maTepuannapgaH gonganaHnb KMcnopog
6vnaH pyXHUHr KMMEBWIA Ba (PM3UK XOCcanapuHu EHma-éH é3nb
MUTUHT. Maskyp MabayMoTnap KUCMOPOAHUHT METannMac, pyx-
HWHT MeTa/if1 3/IEMEHT 3KaHALTMHU NcO0oTnalmra axamMmmuaT GepuHr.

3. ManoreHnap (Ekn 60w a aNeMeHTNAP) HYU CaHOAT MUKpPe uga
O/IVHYBY M YCYNNAPUHUHITYNA KUMEBMIA peaLnsnapvHn ndoganaHr.

4. JnemeHT cudaTngarn PTOPHUHT Hera CyBnM 3pMTMajaH
O/ MYMKMWH 3MacnUrMHU TYLYHTUPUHT.

5. 600 r H2S Hu 200° C pa Ba 1334 IMNA 6ocumaa é”nnraHuga
KAH4Ya xaxxmpa SO, rasu xpewun éynagn?

6. Huma yuyH dhocthop XxoHaTemnepaTypacuia aBoTaaH hapkan
yNapoK UKKW aTomMan monekyna P2xocun kgnmaign?

7 Kylingarn KucnoTanapHUHI Xap 6Upn yuyH aHrugpugu
%()Epginaczm:wé kentupuur: H3P03 HC104 H3As04, H3BOv

HLO

XV 11l BOBb
d- 9NIEMEHTNAP

XVHI. 1 KYWUMYA FPYTINMAYA SJTEMEHT/TIAPUHUNHT
YMYMUN TABCUNDU

d- anemMeHTNap XAp K,alicm KaTTa JaBpha s- Ba p- 3/eMeHTNap
opacuaarvt yHTa KaTakHu ULWron Kunagm.

394



Lv mk'mcirrjKipiinHr ymymuii coun 33 1a 6ynn6, TypTUHUM,
(K-lWnHYN, ONTUHYM faBpnapfa YHTafjaH na eTTUHYM faBpja yu-
baaup. Kywmmua rpymnaya anemMeHTnapy opanvk aneMeHTnap Leb
\am toputunagm.

d-anemeHTnapga 6up anemMeHTAaH MKKMMOYUCLL a yTUaraHaa
aTOMNAPHWUHT CMPTKW LasaTAaH GMTTa MYKapy KaBatura opTub
6opyBuUM OMTTa 3NEKTPOH Xolinawa 6opagn. by aneMeHTNapHUHT
KUMEBMIA Xoccanapy CUPTKM Ba yHAaH 61 TTa M4Kapuru Kaeatnapra
KOoWnawraH 3MeKTpPoHNap coHura 60Tauk 6ynagn. d- anemeHT-
NapHUHT y3Wra XoC XyCyCuaTnapu MeTansiap aTOMAapuHUHT
3NEeKTPOH TY3WNMWMWIA - CUPTKU 3NEKTPOH KaBaTha KymnuHua
NKKUTA S- 3M1EKTPOHU (6ab3aH, BUTTa S- 31eKTPOH) Bynuiin 6unaH
TaBcupnaHagun. by anemeHTNap aTOMAaPUHUHT UOTJ1aHWLL 3Heprus
MUKZOPW Kamauru cababnm cuMpTKU 3neKTpoHnap agpo 6unaH
HucbaTaH bywpokbornaHraHgmp. LLyHra Kypa, opasivk,3n1eMeHT-
nap xocun KuaraH 6upmkmanapuga MycbaT okcugnanraHank
HaMOE&H Kunagwu, 6y ynapHWHI acocuid rpyunaya metannapu Kabu
MeTanAuK Xycycusarnapura ara 6yamnHm Tako3o Kunagn. AMMO
acocuii Ba Kywummua rpynnada MeTanfapy opacupa Mabiym
(hapkgap xam MaeXxypd. Opanuk 3/eMeHT aTOMAapUHUHE CUpr-
KuaaH ONAMHIN 3MEeKTPOH KaBatnapuga 3nekTpoHnap 6unaH
TynmaraH d-caTxya maexyf 6ynagn. Opanuk anemeHTnap atom-
napu KMMEBMI 6OrNaHMLL XOCWUN KuAraHAa akar TallKu anek-
TPOHNap amac, 6anku d- aneKTPOHNapK XaM UWTUPOK aTagu. Ly
cababnim opanuK 3IeMEHTAP YYyH acocuii rpynnada metannapura
KaparaHga ysrapyBuaH BaneHTIM Gynagn. BYyHUHT HaTmxXacuga,
opanuk anemeHTnapja 6apkapop KOMMaekc 6uprKmanap Xocwn
KUNLLI ra MOMUANNK KynpoKce3nnagu.

\ap 6up gaBppa acocuii rpynnava 3neMeHTNapu, SbHU S- Ba
p- anemMeHTNapuAa ynapHuHr Taptub 6enrvucu opta 6opraH capu
aToMnap TallKy 31eKTPOH KaBaTWAa 3/EKTPOHAAap COHU Kynas
6opagn, 6y TMNNK MeTannapjaH meTanamacnapra yrtuwra onmb
Kenaan. Opanuk aneMeHTnapga aca TapTub COHUHWHI OpPTULLN
6unaH TalW KW 371eKTPOH KaBaTMapUHUHT TYy3uAMLWMW LeApau
y3rapmalign, WYHUHT YYyH 3/leMeHTNap Xoccanapy xam acocuii
rpynnada snemeHTnapura KaparaHga Xyja CeKuHAuMK 6unaH
y3rapagn. CKaHAuii, TUTaH, BaHaAWi, XpoOM Ba MapraHeLja HKo-
pU OKCUANaHWLW Aapaxacu rypyx tapTmb coHura TeHr 6ynca,
TEMUPHUKKN ONTK, KOBanbT 6UNaH HUKENbHUKW Y4, MUC Ba pyX-
HUKWU KKK Bynagu. LLyHra kapab mogganap 6apkapopaunru \am



y3rapagu. TiO Ba VO okcugnapugaH TutaH 6unaH BaHagMnHUHT
OKCMANAHTAHNUK Japaxacu + 2 6ynmb, Kyunu KaintapyBuu
\ucobnaHagn. JlIeKMH ynapra yxwaw MWUC Ba pyX OKCugnapwu
KaliTapuw xycycusatura ara amac.

XVIII. 2. CKAHAWA TPYMMNAUYACK

Il rpynnaHuHT Kywmmya rpynnadacura ckaianin (Scandium)
Sc, uttpuid (ittrium), nanTtad (lantanium) La Ba akTUHWIA
(Actinium) Ac kupagu.

CKaHANIHUHT MaBxXygauruuu [. V. Mengenees 1870 linnga
0NAVHAaH ainTné 6epraH. OpagaH TyKAU3 Ann yTrad, yum J1. H.
HwunbCcoH TO3a xonna onagu.

CkaHAMA rpynnayacu 3nemMeHTNapu aToMaapu TalKu
3NeKTPOH KaBarnapuja WKKuMTajaH Ba yHAAH KeWWHIr1 KaBaTga
3ca TYKKM3TafaH 31eKTPOH caknaigu.

Kylinga rpynnaya snemeHTnapu aTOMMapMHUHE rawku Ba
YHAAH ONAUHIN 3M1EKTPOH KaBaTiapyu TY3UNWULWKN KeNTUPUITaH:

Sc  3s2 3/’ 3dl 4s2
\ AsT 4 4d'  5s2
La 5s2 5/f 5d] 6s2
Ac 6s2 6/ 6dl 7s2

Ynappa Taptub 6enrucu owraH capu MOHMNAHULL 3Hepruscu
(6,66 3B pgaH 551 3B rava) kamavinb 6opagu, MOH pagmycu 3aca
(0,083maH 0,11 HM raya) opTagw. I'pynnadyaHWHr \ap 6up anemMeHTu
y3ugaH KeiunH Teruwnunya d- sanemMeHTnap AekafgacuHW BYXYAra
Kentupagu. CKaHAuiA rpynnayacy 31eMeHTNapuHUHT y3 6UprKma-
napuparv OKCUANaHraHAVK fapaxacu KynuHya +3 ra TeHr 6ynaam.

CkaHfwWi, UTTpuiA Ba NaHTaH ep Koburnga maccacu byiunya
10 «%HK Tawknn aTagn. AKTUHKUIA aH4Ya Kam TapkanraH 6ynu6,
maccacu 6yiunya 6 -10'H% aTpoduaagup.

CkaHauii rpynnavacy afemMeHTAapy yNnapHUHT (TOpUANapuHN
(6ab3aH, xnopuanapnHu) Kantapub onvHagn. bupukmanapu aca
Ty3napu 8Kn oKcuanapuaaH Typau iynnap 6mnaH CUHTe3 KUANHAAN.

CKaHAuii rpynnavyacMHWUHI 3/ieMeHTNnapu 3pkuH \onatga
loKOpY TeMnepaTypaga CytoKnaHagmraH OK-KymyLl paHr MeTannap
6ynub, cylontupunrad aHopraHuk kucnotanap (HC1, H,S04 Ba
HNO,) aa spuingn. Kusgmpunradga KynruHa MeTtanamacnap 6vnan
peakuuara Kupuwagm.



I napokcupnapu acocnm xoccara ara. K,usgupunraHga
okcngnapra yragu. JlaHtaH rugpokeuam La(OH), kyunu acoc
\nco6naHagn. CKaHAUN rngpoKCMAN KOHUEHTPAAHTraH WLKop
apuTMacmga rmgpokcockanguartra (macanad, Na3Sc(OH)J anna-
Hagu. pynnaya anemeHTnapu rugpokcuanapugaH 6abavnapu
amopt \onga xam yupaingu. Mmgpokcugnap anemeHTnap Tysnapu-
HWUHT CYB/M 3puTManapupaH ammuak éku uwkopnap 6wunad
YyKTMPMO ONMHALW. YNap 3eMEeHTNAaPHUHT 60LLIKA 3/1eMEHTNaPUHN
0/ Aa XomalLé 6ynuné Xxusmat Knnagu.

CkaHauit rpynnacu 3afeMeHTnapu Komniaekc Gupukmanap
Xocun kunagu. MacanaH, cKaHAu okcanat rekcarugpagm
ScACD HBH,0 ékn McSc(CD 9H2V2H,0 Ba Me,Sc(CD 4, 4HD
(MeTann-uwkopuin Metans) kabm Komnnekcnapu CKaHLWAHWHT
ranomann 6upukmanapu HeiTpan €ku HOPAOH 3purmanapura
oKcanaT KucnoTa Tabeup aTTMprnb Xocun KuanHagm.

CkaHAunii rpynnavacu afiemMeHTiapu Gupukmanapu nasep
matepuannapw, anekTpoH acbobnapga katoggap Ba 9XM napga
nwnaTunysun @epputnapgaH fcanyesuum é€anab Konuwl
mMocnamanapga KynnaHunagu.

XVIIIL 3. TUTAH TPYMNMAYACK

By rpynnava tutaH (Titanium) Ti, uMpKoHuUin (Zirconium)
Zr, ragHmii (Hafnium)Hf Ba cyHbuii paBMwga ONMHIaH Kypda-
ToBuii (Kurchatovium) Ku Hu y3 nuura onagn. TypTuHUM rpynna
acocuin rpynnayacu metannapu 6ynraH Kanai Ba KyprowuHra
KaparaHga rutaH rpynnavacy anemeHTnapaa MeTanink XycycusTu
Ky4/1mMpok 6ynagp.

TwTaH rpynnayacy aneMeHTIapu aTomnapu TallKW KaBaTha WK-
KuTajaH,Tallkapnian nKKuH4K Kaeatga 10TafaH anekTpoH caknaii-
an, 6ynapHuHT ukkuracu d- catxyvaga xoiinawaaw. Ly ca6abnu tn-
TaH rpynnayacvga metaniap y4yH XoC OKCUANaHULL gapaxacu +4
ra, kKam xonnapga +3 Ba+2 rateHr 6ynagn. LiMpkoHnii +1 xam 6ynagw.

TuTaH rpynnavacu 3NeMeHTNapu 3pKUH Xonatga TUNUK
meTannap 6ynu6, KypuHMWwmnaaH nynatra yxwangu. bynapHuHr
XaMMacu KWAWH CyloKNaHyBYaH XaBO Ba CyB TabCcupura
6epunmaingnraH ok-KyMmyLIpaHr ASATUPOK MenTnapaup.

TuTaHHUHT Tabuwatga (macca coHu 46—50 6ynraH) 6ewTa
130TONN Mabaym. Acocunii muHepwiwapyn pytua -THO,, WAbMEHNT



- FcTiOv TntaHomarHeTuT - FeTi04, nepoBckuT - CaTiO,, nonaput
- (Na, Ge, Ca) *(Ne>, Ta)D 6 Ba TuTaHUT - CaTiO (Si04 aup.

LIMPKOHWAHWHT MKKN MuHepanu 6op, 6ynap umpkoH ZrSi04
Ba 6agaenenT ZrO, napgup.

aHnit n3omopdh apanalwma cugatmaa LMPKOHUA MUHepan-
napwja yypangu.

TuTaH pyfa éKu KOHLUEeHTpaTnapugaH YHWHI QUOKcuanura
YyTKa3namnb, KelinH xXopnaHagn Ba marHuii 6unaH karitapué kginta
\ocun kunnHagu. MarHuin ypHmuaa 6ab3aH HaTpuiA XgM KynnaHagu.
LIMpKOHWIA, unpKoH pygacuun KJISIFJ 6unaH km3gnpmnb ékm
xnopnab, KeiivH KakTapnb onvHagn. MaHa wy ycyn 6unaH ragHuii
\am axpartunagu.

XoHa remneparypacuga tutaH HCI, HZS04 uccuk x,ongaru
CC1,COOH. HCOOH, (COOH)26unaH kusgmpunraHja aca
kucnopop (400(0—500 HKC), a3oT (600 “CpaH tokopu) Ba ranovgnap
(200 °C) 6unaH peakuusra kupuwagun. Bogopog Ba atMmoctepa
rasnapuHu toragy.

Linpkouwnin H,0, HC1,JHNO,, H3P04Ba nwkopnaptascupnra
ynpgamnu. Kucnopog ranoreHnap 6unaH peakuusra Kupuwagu,
BOAOPOL Ba a30THU toTtagn. KusgupunraHga HF aputmacu, KoH-
LueHTpnaHraH H2504 Ba 3ap cyBu GunaH peakumsara Kupuwagu.
FaHMin KUMEBMIA xoccanapn bylinya UMPKOHWUIATA AKUH Typaau,
KypuaToBuii aca rahHURHWHT aHanornaup.

TwuTaH rpynnayacy anemMeHTapu aHTUKOPPO3WOH MaTepuannap
Tainépnawiga, SApo peakTopnapuaa, rettep cuatluga, Koruwmanap
Tainépnalwja, pakeTacosnvMK Ba Kemacosnnkaa, KuMéBnin acbobnap
nwnab ynkapma Ba 60LIKa coxanapia KeHr KynnaHunagu.

TwuTtaH gnokengam THOZ- cyBaa Ba CYHONTUPUATaH Kucotanapaa
apumainguraH ok kpuctann mogga. Kucnorta Ba uuULWOpAnK
Xoccanapmn Kyucus HamoéH 6ynysum amgpotep okengamp. Tabnatga
pyTuna, aHaTa3 Ba OpYKMUT HOMKUAA y4 MOAUGMKaumMaga yupanm.
Tutan 6enunanap, amannap, Wwuwa, rnasypb, TYNAMpruy Ba
MUIMeHT Tanépnalufa KeHr KynnaHunagm.

LiMpkoHuii gnokeng Zr02 - KUMEBUIA peareHTnap Tabcupura
bepunmarigmrad BaTEPMUK KeHranw KosPpULMEHTN yTa KNUnK
6ynraH 6upukma. Kepamuka Ba yTra ungamam éyromnap, amManniap,
MaxcyC LiuLa, rnasypb, nasep Marepuannapu Ba Kummmatbalo
TolWNnap—puaHnTnap onnwga KynnaHunagn. Kattmk xongaru
3M1EKTPONUT Ba NbE303NIEKTPUK CU(aTULa ULnaTuiagn.

MacHnii gnokeng HHO2 - 2780 (C ga apyByaH Ba 5400 (C ga
KaiHalignran 6upnkma. HF Ba HZS 04 ga apuiign. A4po peakTop-



napuna 60w KapyHun CTEPXKEHb, \MoA akpaHnapu, Maxcyc wuiwa

Ha Vi la ungamnu 6ytoMmnaptanépnawpja KynnaHunagu.
LULMPpKOHUIKA TUALPOKCUMANAPU KPUCTann EKu

renbCMMOH mogdanap 6ynub, yarapyByaH Tapkubra ara:

ZrOn(OH)4 X » xH,0
by epga: n=0+4

Bynap Zr02Ba T03a UMPKOHWIA onuMLa XOoMaweé cudartuga
nwnatunagu.

MeTtaTtuTaHat kucnota H,THO, BaoptoTuTaHart kucnorta H4THO4
Ty3napu TuTaHaTnap ge6 HomnaHagu. Nwkopuin metannap
TuTaHatnapu 800—1000 "C pa spuiigun, cysfa rugponusnaHagu.
WKKW BaneHTM anemMeHTNap TMTaHaTnapm sHaga KWMMHPOK apmii-
Own, CyBfa apumaingn Ba (hakaT KOHUEHTpAaHraH Kucnortanap-
[larnHa napyanaHagu.

TuTaH, LMPKOHWIA Ba raHUi ranoreHngnapuga +2, +3 sa +4
OKCUANaHuLW fapakacuHu HamoéH kunagu. Mel 4 xpnatga
6apkapop 6ynagn. buranoreHnanapu 6ekapop 6ynmnb, Kantapysun
xycycuatura ara. FanoreHuanapTyTyH watwikanapu Lnrnep-Hartra
KaTanmsatopnapu KOMMOHEHTM, Maxcyc liuwanap Tanépnawga
Ba MaiiBaHAawW nwnapuga gpawc cudatmga KynnaHunagn.

XVIII. 4. BAHALQVA TPYTMNAYACU

By rpynnavara 6elnHYM rpynnaHyHI Kylumya rpynnacu ané-
MeHTnapu 6ynraH BaHaguii (Vanadium) Y Huo6uii (Niobium) Nb
Ba TaHTan (Tantalum) Ta kupagu. ATOMAAPUHUHT TaLLKN 31EKTPOH
KaeaTnapuga UKKUra ékn GMTTa 3MEKTPOH cakaaraH xpnga ynap
acocuin rpynnaya 3feMeHTIapuaaH MeTanInK XoccanapuHWHT
toKopuAnrn \amga Bogopoaan OMpMKManapuHuUHT Aykaurn 6unax
thapkpaHaau.

BaHaguin rpynnavacu 3fiemeHTnapu y3 6bupukmanapuga
KynuHYa +5 OKCMANaHnLW fapakacuHW HamoéH Kunagu. Tabuatga
6y anemeHTnap - natpoHUT VS2 kapHoTUT KAU 022(V042+3HD,
pockoanut KJIXAISiOI)(OH)2 konym6ut - TaHTanut (Ca,
Na)(Nb, Ta)2 6, npoxnop (Fe, Mn)(NbTa)D 6 gonaput (Na, Ge,
Co)XTi, Nb, Ta)04Ba mukponut (Na, Ca)2(TaTi)D ((F OH) kabu
MUHepannap Tapkubuga yupaingn.

BaHagwii Wy anemeHT 6ynraH waknnapiaH, HU06WiA Ba TaHTan
oKCUANapuHu yrnepog 6unaH kantapmb éku 3nekTponvs Kunmo
0NIMHAAWN. PKUH XANJarn BaHaguii, HNOBWIA Ba TaHTan KUMEBWIA



peareHTnap Tabcupura yHYanuk 6epunmaign. Y napHuHr 3put
TemnepaTypanapu Kopuanru cababnm KuiivH apyByaH MeTannap
\ncobnaHaam.

BaHagnin. ATom 6enrucu 23, atom Maccacu 50, 9414. Tabuatga
nKkn 6apkapop nsotonn M/ BadV mabnym. 1869 iinnga I". 3. Pocko
TOMOHWAAH OnvHraH. Ep nyctnorugaru maccacy 6yiimya mukgopu
0, 015 % HuK TawKna aTadu.

Banaguii Tapkmbuga BaHagwii 6ynraH Temup Ba noavMmeTann
pyjanapfaH onuHagn. Y ogataa, pyganapiaH BaHaguAHWUHT TeMup
6unaH KoTuLWMacu—§eppoBaHaguii 6k BaHaguii aHrmgpugn VO
Xonuaa onuHagwn. Tosa BaHaguii MeTanuHu V,05éknm VCI, Hu
Kaii Tapub ékun VCI, HM TepMuKauccoumnanmanab Xxocun KUnmHagu.

To3a xonga BaHafWil KyMyLIEUMOH KyfpaHTr NaacTUK MeTans,
1900 "C pa apuiigun. YHra cyB, feHIU3 CyBW, ULLKOP apuTManapu
Tabcup Kunmangu. Ty3 Ba CYIONTUMPWIraH KucnoTa aputManapu
(HCI, IINO . H,S04ra xam 6edapkaup. 300 °C gaH tokopupaa
BaHafAMii XaBO KWCNOpOAMW, ranoreHnap, sogopod 6unaH, 700 "C
JaH lroKopuaa aca asoT Ba.yriepoj 6unaH peakuuara Kupuwagn.
BaHaguii Topua KMCNoTa, HUTpPAT KUC/0Ta Ba 3ap CyBMAa apuingm.
Y y3 bupuKmanapua ukku, yd Ba 6ewl BaneHTnn 6ynagu.

BanaguitHnHr VO, Vv V 02Ba VCX Kabn okcuanapu MabayM.
FOkopun okcuau 6ynraH V,0s kucnota tabuartura ara, AUOKCUam
VO, aca amoTtepaup. Kyiin okcugnapw éynraH VO Ba V O, nap
acoc xoccanapura ara. Okcugnapu opacuga V O Ba YHWUHT
Xocunanapy KatTa axamuaTra ara.

BaHaguii (V)- okcmau ékn BaHagat aHruapug VO _ TyK-capuk
paHriu, uwkopnapga apub, metasaHagat kucnotacu HVO, Hu
Xocun Kunagu.

BaHagaT aHrnapug cynbart KucnoTta onuul apaéHuaa Kata-
nvsaTop cudaTtuga, Maxcyc wuianap, rnasypb Ba iloMuHopopnap
Talépnawga KynnaHunagu.

BaHaguii rugpokeung V (OH), AWna paHram Urp-mnup Yykma.
KasgvpraHaa okeunpgra aiinaHagn. TysnapugaH—saHaauii cynbgat
V,(S04), capuk paHrnn KykyH 6ynmb, cysaa apumaign, nwkopui
MeTasnnap cynbgarnapy 6unaH Kywl Ty3nap Xocun Kunagau. Y MyMaH,
Y4 BaJIEHT/IN BaHagwii GuprMKmanapn Te30KCUANaHyBYM MOALanap
XucobnaHagu.

BaHagmin ranoreHnap 6unaH 6up Katop Ty3nap Xocun Kunagu.
bynapra VF,, VC1,. VC1,.\'C1( mucon 6yna onagu. by Tysnap cytok
&kn KpucTana 6ynuo, aneMeHTnapaaH €kn ynapHUHr xocunanapu-



faH onvHaawn. BaHaguini xnopokcugm (okcutpuxnopug) VOCI,
capuKcyrKnuk 6ynub, -78 "C ga kotagu, 126,7 °C ga KaiiHaiigun.
BcH3onga, nctponeit agupu, aueToH, cMpT, CUpKa aHrnapuaaa
apuingn, cysga rmgponmsnanHn6 V,0. sa SOCI, xocmn Kunagu.
BaHaguii xnopokcugm (OKCUTPUXIOPUA) 3MM rakcman naéHkanap
Taépnawja KynnaHunagm.

MeTaBaHagat kucnota HVO03Ty3napu BaHagatnap HoOMMU
6unaH mavnym. MupoBaHajaT, MeTaBaHajaT Ba OpTOBaHajaTap-
HUHT XOCW/T BYNULLIN 3PUTMaHUHT BOZOPOA KypcaTkuuu (pH) ra
6ornuk- Iputmaga BoLOpOS MoHMapm owraHga (pH kamaiiraHga)
BaHajaTNapHUHI MOMMUMEP/IAHULW N Ba KOHAeHcaTnaHuLWu
HaTvXacuja ynapHUHT Tapkubu mypakkabnawagm.

BaHagaTtnap Kyuav WWKOPUIA MyXuTha BOLOPOL NEPOKCUS
6unaH peakuma! a KUpULWING, NepoKcoBaHagaTnap XoCun Kunagu.

BaHaguii Kyiin okcmanapu Kucnotanap 6unaH Tysnap xpcwn
Kunagn. bynap BaHagunnap HOMW 6GunaH Mabaym. Y NnapHUHT
Bakunnapu cudartuga saHanun cynbdat V 0S04Ba BaHaANUN X/10pUL
VOC1, HK KypcaTtuwl MYMKUWH.

Huobwnii Ba TaHTan. HuobuiiHMHT atom pakamu 41, atom
maccacu 92,9064. YHuUHTr siroHa Tabunii BNb mn3otonu mabaym.
Huno6wuii Ep koburmnga maccacu 6yinya 2  10°% Hu TallKWa 3Tagu.
TaHTaNHUHT aToM pakamu 73, atom maccacu 180,948. Tabunatga
MKKUTa nsotonu 6op -6upuHuncu wTa 6apkapop Ba UKKMHUYUCK
i3Ta pagnoakTnB. KeAMHIM M30TOMHMHT APUM eMUPMANLL LaBPK
10RAnngaH opTUKPOKANDP.

TantanHuw Ep koburngaru macca byiinya mukgopu 2 « 104 %
HW Tal KU Kunagu.

Hwobuin 1801iiunga Y. XatueT, TaHTan aca 6up WnngaH KeiinH
[. T. 9kebepnomoHugaH ounaraH. AMMO To3a HMobuid 1903 linnga,
To3a TaHTan aca 1907 iiunga onuHraH. By anemeHTnap tabuatga
KonymbuttaHtanut rpynnacugarn (Fe, Mn) (Nb, Ta)d ( -
nupoxnop, (Ca, Na) (Nb, Ta)06 « (OH, F) - nonaput (Na, Ge,
Ca), (Ti, Nb, Ta)0, MuHepannap Tapkubuga yupangu.

Hwnobuii Ba TaHTan OKCUANApPWHWU HOKOpPU TemnepaTtypaja
KaiTapull €kn 31eKTPoNu3 Kuavw iynm 6unaH onnHagu. byHaa
MeTannapHUHT KOMMEKC (hTopuanapuiaH xomaiwé cudartuga
(honganaHnw MyMKUWH.

Hwuobwnii 6unaH TaHTaNIHUHT XOCCayapu BaHajuira yxwanau.
H1o6wnit Ba TaHTAHUHT aTOM Ba MOH PagnycnapuHu 6up Xunauru
YNapHWHI Xoccanapugarv ysapo yxwawnvkaad gapak 6epagun. by
\ap MKKana 3NeMeHT Ky/fpaHr naacTukK metann 6ynub6, okopwu



TemMnepatypaja cylokgaHagu. MexaHuk xoccanapu ylapHUHT
To3anuru 6unaH 6ornuMk. Bogopod, a3oT Ba KWUC/IOPOA Kabwu
apanawmanap 6y meTannapHUHT MYPT/IMTUHN OLIMPagMW.

Hunobuin 6unaH TaHTan arpeccum MyxuT Tabcupura bepun-
maingn. Ynapra HCI, H2S04, HC104 Ba “3ap cyBu” Tabcup
Kunmaign. MeTannap to3acufga xocui 6ynyByuM yTa nulunk Ba
KUMEBMIA MyCTaxkaM HMKa OKCUA MAEHKanapu ynapHu X,MMos
K.unagw. LLly cababpaH wy okcup nnéHka Ta O, 6unaH peakuusra
Kupuwa onyBYM €KW YHWHI opacupaH yTa o/yBYM BUPUKMa-
napruHa TaHTanra Tabcup Kypcata onagu. byHpai peareHTnapra
(hTop 6unaH BOZOPOA hTOpPMANApP KUpULLIALW.

Hnobwnin Ba TaHTaNHUHT OKCMANAHTAHANK AapaXacu acocaH
+5 ra TeHr, 6ab3aH +1 gaH +4 rava 6opagu. Xap UKKana afieMeHT
IOKOpW Temnepatypaga KUC/OpoA, as3oT, yrnepog Ba ranovgnap
6unaH peakuusara kupuwagn. Hnobuin Ba TaHTAHUHI HOKOPK
okcugnapy Nb.O. Ba TaX 5kucnota Tabuatura ara. Mwkopnap
O6unaH Ku3gupunraHga HuobaT Ba TaHTanatnap xocun ynagu.
Yw6y okcuanap cysaa spumaingn. Ynap Kotumanap Tanépnawja
ApMM XOMaLLE, yTra yngam/in 6yromnap, kepmetnap, NK-Hyp-
NapuHKN yTKasMagmraH HOKOpyU CUHAMPULL KO3PhuruyneHTUra ara
bynraH wuwanap KOMMOHEHTU cugatmaa KynnaHunagu.

Hwno6wuin Ba TaHTan ranongnapv ynapHuHr okeugnapura SOCI2
SCl4Ba SZ12nap Tabcmp aTTUPKNG onnHagu. ONnMHraH ranougnap
KucmaH rmaponusnaHraHga okcuranougnap xocun éynagn (ma-
canaH, NbOCI3. lanongan 6upmnkmanapy - NbJ NbCI , NbF5
TaCl5 TaF5Ba katop komnnekc 6upukmanapn — Na[NbF ),
K2INbF7), KrINbOFSY « HD, Na[TaF6, KZTaF7, Na,|TaF©
mMabnyMm. bynap meTannapHu Konnawga Ba T03a MeTannap onumwaa
nwnatmnagu.

Hwuobwii BaTaHTanHUHT NbS2 NbS4, NbN, NbC, NbSi,, NbGe,
NbGa, TaS2 TaSi2 TaB2 TaC, TaN Ba 60wka 6upukmanapu
MabiyMm. Bynap HOKOpM MCCUKAMK TabCupura Ymgamam KoTuLl-
Manap, yTa cesyB4yaH 6apomeTpnap Taliépnaliga, TeNEBU30p Hail-
napu, y3aTyBuM HULWOHNAPMHU uUwnab ynkapuwpga Ba 6oLkKa
coxgnapfa KynnaHunagu.

Hwuobwnii Ba TaHTan xamga ynapHuHr 6upmnkmanapuaaH anek-
TPOTEXHUKAAA, MallMHACO3/IMKAA, AP0 3HepreTuKacuga, HKopm
TemnepaTypanu neuynapga, CyHbuil Tonanap caHoatuja Ba TW6-
6véTtaa holiganaHmnagu.



XPOM TPYMMAUYACU SNEMEHTNAPUHUNHI
YMYMWN TABCUNDU

Xpom rpynnacu [. WN. MeHgenees gaBpuii CUCTCMACUHUHT
ONTUHYM KyLUMMYa rpynnavacura xolinawraH 6ynun6, xpom Cr,
monnbaeH Mo Ba Bonbgpam W HU y3 nuura onagu. bynap cl-
ynemMeHTnap ownacura kupagu. by anemeHtnapHuHr Cr-Mo-W
\aTopfa yangaH yHrra yTraH capy¥ WOHMaHWUL 3HEeprusacu, atom
Ha MOH paguycnapu opTu6 6opagu. pynnava anemMeHTIapUHUHT
okcuananvw papaxanapn O gaH +6 rava ysrapafu. XpOMHUHT
oKcuanaHuw fapaxacu +3, +6 6ynraH 6upukmanapu, monnéaeH
Ha BoNMb()pampaa 3ca +6 oKcuanaHvW papaxacura ara 6ynrad
6upukmanapu 6apkapop mopgganapgup. Xpom, MonnbieH,
NonbPaMHUHT KOOPANHALWMOH coHnapy 6 Ba 4 ra TeHr. by coHnap
mMonnbaeH Ba Bonb(pamaa 8 rava etagn. KynruHa d-anemeHTnapura
yxwab Cr, Mo, W nacT okcuanaHuw gapaxacura ara 6ynraHga
KaTMOH KOMMMeKc Gupukmanap, OKppu 6ynraHga aca aHWOH
KOMMJIEKC BUpUKManap Xocun K nmw xycycusatura ara. LLyHuHr
YUYH OKCUINaHWL Aapaxacu opTulLM OunaH ynapHUHT 6Gupuk-
ManapvHu KMcnoTanu xoccanapu Kydas 6opagm.

Tabuatga yupaww. Cr, Mo, W Tabuartga, acocaH Fe(Cr022—
XxpomuT, Pb(CHO4)2—xpomat, MoS, —monunbaeHnt, Pb(Mo004,

monuégar, Caw04—weenut Ba (Fe, Mn) W 04—sBonbhpamut
MWHepannapu xpauga yuypaingu. XpoMHu TypTTa, MOAUGAEHHM
NKKUTA, BOMb()paMHKN GewwiTa Tabunin N30TONM MabayM.

OnuHnwun. Tapkubuga xpomutnap 6ynraH pyganapHu

KAWTapub onuHagu:

Fe(Cr0,)2+4CO —» Fe + 2Cr +4CO02

XpoM Ty3napUHWHI KOHLEHTPMaHraH apuTManapy aneKTponm3
M XKHFaHa KaToAaa To3a XpoM axpaTub onnHagun. Crd, HU BOAOPOL,
a Imoc(|>epacvaa antoMUHUA 6unaH KaTapub XpoM ONWLL MYMKMH:

Crd, +2A1A 2Cr + A1D 3

Xpom ranoredugnapuun (Crj2 Cr.l)) uyrnatunrad xpom cumu
NWTUPOKMAA Xaigaw ycynm 6unad \am onuHagn. Tapknbuga mo-
nnéacn 6ynraH pyganap 6oiintunagu. Xocun KanuHraH KOHUeHTpaT
npknéuga 40 - 50% monnbaeH 6ynagn. KoHUeHTpaTnap KUcnopos
MWTMPOKMNZA OKCUMANaHaau, Hatwxkaga MoO, \ocun 6ynaawn. Xocun
6yw an MoO, pyga 6unaH apanawraH 6ynaan. by apanalimaHu
nmmMnaknu cysga aputn6, (NH,), Mo04\ocun kanumHagu. Xocun



oynraH (NHA2wm o0 <« TepMUK Mapyanab, Toza Mo03axpaTub
0116, Bogopog 6unaH Kaiitapunagu. X,ocun 6ynraH Mo KykyH
\onga 6ynagu, yHU KOKOpW TemmnepaTypaja CYlOKNaHTUpMamn6
mMeTaira annaHtupmnagu. Bonbpam onuw yuyH 6oimTUAraH
BO/b(hpaM pygacu copa 6wunaH apanawTUpuUanG, HOKOpWU Temmne-
patypaja CyloKaaHTupunagu, HaTwkaga xocun 6ynraH NaWo04
yykTUpunagn. UYykma axpatnb onmHrad, KMcnotaga aputunagu
Ba H2W 04 xocun KunmHagm.Xocun 6ynraH BosbdppamaT Kucnota
TEPMUK NapyanaHagu:

havo44 wo3+ h

CyHrpa WO03ra uyyrnatuiraH Kymmp uwiTmpokuga ékum BOLOPOA
oKuMMAa Karitapnb BonbhpaMm axpaTnd onnHaaw.

Xoccanapn. Xpom rpynnavacu 3fieMeHTIapu KaTTuK, HOKopK
Temnepartypaja CyloKaaHaauraH Metannapgaup. by anemeHTnapHUHr
Kumésunii aktusnurn Cr - Mo - W kaTopuga 4angaH yHrra TOMOH
Kamaiinb 6opagu. MacanaH: xpom cytontupunrad HC1 sa H2S04
[laH BOJOPOAHU cuKM6 ymKapa onagn. Bonbpam aca hakatrmHa
KaliHOK pTopMz Ba HUTPAT KUCNOTa apaialiMacmia apuinau:

2Cr + 6HC1 —> 2CrC13+ 3H?2

W + 8HF + 2HNO, —> HIWF(|+2N 0+ 4H 1

Xnop KoHueHTpnaHraH HNO, sa H,S04kucnotaga naccusnatuagu.

KyKyH xonatga XxpoM, Monvb6eH Ba BOSb(hpam OKCUaI0BYMNIap
WILITUPOKMAA CYHOKNAHTMPWUATaH uwkopnap 6unaH peakuusara
Kupuaan:

Cr + 3NaNO, + 2NaOH ~  Na,CrO, + 3NaNO, + H,0

Opatgarn wapoutga 6y rpynnada afemMeHTNapyM naccue 6ynuo,
thakat (hTop 6GunaH peakumara kupuwaaun. KusgupunraHpga
KynruHa metannmacnap 6unaH 6upukagu.

Bupukmanapu. XpoMHuHr, acocaH CrO, Cr(OH)2CrS, CrC12
Tapkmbnu WKKW BaneHTAW 6Gupukmanapu mabaym. JlekuH 6y
moggnanap 6ekapop, KUCNOpo4 TabCupuia Te3ga OKCUANaHaALN:

4CrC2+ O, +4HC1 M 4CrC13+ 2HD

Wkkn BaneHtnn Cr(OH)2acocnn xoccara ara 6ynu6, cyBHU Xam
KaliTapagn, Ham xaBoga OKcugnaHaau, pakaT Kucnotanap 6unaH
peakuuara Kupuagu:



4Cr(OH)7+ 2H,0 + 0 2—>» 4Cr(0H),

Cr(OH)2+2HC1 +4HD —» |Cr(HD)6CL,

WNKKW BaneHTAM XPOMHUHT TanoreHnm buprkManapu amMmakia
3pnb ammmakaT KoMMaekc 6uprkmanap \ocun Kunagu:

CrCl, +6NH3-» [Cr(NH36] CL2

XPOMHWVHT BafeHTNUIM yura TeHr 6ynraH 6vpukManapm 6apkapop
mogganapamp. Cr(lll) HUHT KOmMnnekc Gupukmanapuga MUKu
ChepaHMHT aIMALLMHULL peakLMACH XXyda LWNAAATAN Ky3aTuiaau.

Xpom (11])-okcua-Cr20 ;awmn paHrav, rokopu Temneparypasa
CYIOKNaHaguraH KyKyH, CTPYKTypa TY3UIULLUN KOPYHAHWKMUTa
yxwauw. Xpom (I11)-okcuag Xpom MCTannHU KU3gnupuné, KUCNopos
TabCUP ATTUPULL HaTMXKacuaa Xx,0cun ynagu:

2Cr+302ACr,0.

(NH42Cr,07-4 N, +Crd, +4H,0

Xpom (I11) Tysnapura uwkop Tabcup aTTUpmn6, \ocun bGynraH
YyKMaHu Kusgmpuil opkanu xgMm Cr,0, Xpcun KuUavw MyMKUH.
KOkopu Temnepartypaga Crd 3vHepT, IeKUH ojaTjarv wapouTaa
amdoTep xoccara ara. LUyHWHT yuyH kucnoTa Ba uwkopnap 6unaH
peakumsara Kupuwagn:

Crd, +6HC1 +3HD —>» 2|Cr(H,0)6lC13

Crd, + 2NaOH —» 2NaCrO, + HD

Xpom (I11) Tysnapu sapuTmacura MWKOp Tabcup 3TTUpuG,
xpom (LL)-rnapokenmanHmn yyKtupuwl MyMKkuH. Cr(OH)3amdgoTep
Xoccara ara, KucnoTa Ba MwWKopnap 6unaH peakumsara KUpuLLagn:

Cr(OH), + 3HC1  CrCl13+ 3HD

Cr(OH)3+ NaOH —» NaCrO, + 2HD

By peakumnanapHu Kkyihngaru ymymuii TeHrnamanap 6unad
ngoganall MyMKWH:



ICH ol
A CHA LA Cr(OH)* n.p (OH”

Xpom (H1) Tysnapu paHrnu mogganap 6ynu6, apuTmanapgaH
Kpuctann rugpatnap xonuga axpanué umkagu, éynapra CrO, o
6H2D, KXrAS044 « 24HD, (NH4H2Cr2(S044mucon 6yna onagu.

Xpom (111)-cynsgomg Cr,S,xoccanapmn xnx.atmgan antoMUHNIA
cynbuara yxwaiign. Xpom (I11)- cynbthmanH cyBnn aputmaga
YYKTUPUG XOCUT KWUIULW MYMKWUH 3Mac, YYHKW Y OCOHTMHa
Cr(OH)3Ba HZS xocun kunmb rmgponusra yypaigu.

XpomHUHT (I11) BaneHTNM Ty3napu amuH, auuao - Ba akBa-
KOMMieKc BupukManap xocun Kunagun. by 6upukmanap aputmaga
XaM, KpucTann xonatga xam 6apkapop mogganapavp. AKBakomn-
nekc 6upmkmanapga U4k cepagaru cys MONeKynanapuHuHr
XonaHmwura Kapab ynapHuHI paHru ysrapub 6opagu:

[Cr(HD)ICI37[Cr(HD)C2-HD [CLHD)ACIACL *2HD

Kykuw 6uHagwa oY AWwnn TYK, AWMNN

«
Xpom (1) ammuakaT Komniekc Gupukmanapyu KaTTUK xonatga
6apkapop, CyBu apuTManapja 3ca CeKMH-acTa mapyanaHagu:

[Cr(NH3ECI3+ 3HD A Cr(OH)3+ 3NHACL + 3NH3

Xpom (I1) HMHT XyAa Kyn aHWOH KOMMeKc 6upukmanapm
MabnyMm 6ynub, ynap X pomMmu T nap Aeb atanagn. Xpomut
Komnaekc 6upukmanap, acocaH Kywiugarn ycynnap unaH xocun
KunnHagw:

3KOH + Cr(OH), —» K3Cr(OH)#|
3KC1 + CrC13—» K3CrCle]
3H2S04+ Cr(S043— > 2HJCr(S043

Monu6geH (I11) sa Bonbpam (II1) - Gupukmanapu 6ekapop
Moz Aanapaup.

Xpom (VI) - okeung CrO, - TYK KM3UN TYCAU KpUCTani Moaaa,
cyBfa apub hakat apuTmManapfarnHa maexyq dynaguraH xpomar
Ba 6Mxpomart KmcnoTanap Xocun Kunagu:

Cr03+ HD — HZXHO4



<r(), -tokopu Temmepatypaga 6ekapop, Kucnopog axpatué Crd,
ra anaHagu, opraHuMK GupukKManapHu OoKcupnaWgm, cnmpTnap
6vnaH XpoMaT KUCNOTaHWHTI 3MpnapuHKU Xocun Kunagu. by
Mofdanap Ky4nu nopTnoBUYUNapaup.

Xpomat Ba 6MOXpOMAT KUC/OTanap Xocun KunaraH Tysnapu
6apkapop mogganap 6ynmb, xpomaTtnap Ba 6uoxpomar-
nap feb6 atanagw.

Xpom (VI) 6upukmanapu Kyunm okcugnosumnap 6ynu6,
KalTapunraHga y4 BasieHT/IM XpOM Gupukmanapura annaHagu:

K,Crd #3KNO,+ 4HS04  Cr2S04,+3KNOHKS044HD

XpomaTnap HeiiTpan Ba UwWKopuii Myxutga 6apkapop 6ynmo,
KUCnoTanu Myxutaa 6uxpomatnapra aiinaHagu:

2K,ClO, + H,50d  2K,Cr,0, + KBS0+ H,0

Buxpomartnap MLWKOpWIA MyxuTha €K WWKOPWUA MeTannapHUHT
KapboHaTnapu Tabcupuga xpomatnapra annaHagu:

Na,Cr.07+ Na,CO,  2Na,C[04+ CO,

MW Kopuin meTannapHUHT XpomaT Ba 6uoxpomaTiapu cyBfa axLim
apuinguraH Kpuctann mogaanapaup. JIEKUH ofhp MeTannapHUHT
Xpomatnapu Ba GuxpomaTnapu cyefa EMOH 3puidguraH moaganap
6ynraHy yuyyH ynap anmawiMHUW peakuuacyu opkKanam Xocun
KunuHagw:

Pb(N032+ KXrDy  PbCrd 7+ 2KNO,

Arap 6uxpomatnapra éku xpom (VI1)- oKcuaura ras xanparm
BOAOPOZA X10pna tobopurca, XpOMUI Xnopug xocun bynaaw:

KXrd 7+ 6HC1 ~ 2CHOZX12+ 2KC1 + 3HD

Cr03+2HC1" CroX12+ HD

XpoMun xnopwup XaBoda ys-y3uaaH TyTalguraH, Tyk~
Kusun paHrinm cylKauK, cyB TabCcupuaa OCOH TMAPOAU3NAHAAM.
YHW KOHUEHTpAaHraH cynbdaT KUCNoTa MW TUpoKMaa Guxpomar-
napra WWKOpWiA MeTannap XJ0pUANAPUHKA TabCup 3TTUPUG XaMm
0NN MYMKMH:

KZrd 7+4KC1 + 3H,S04-» 2CHO,C1, + 3K3S504+ 3HD



MonunbaeH (VI1)- okena, MoOv ok-capruw Tycnm mogaa 6ynuo,
Y3UHUHT Xoccanapu xuxatugaH CHO 3naH dapk, kunagu. Bonbgpam
(V1) okcma-WO, capu K rycnu Kpuctann moaga, CyBaa apumangu.
LLIYHWHT yYyH ynapHWHI OKCUA/MapUHW WWKopnapga 3putmb
MO/IMOAEH Ba BOMb(pam Ty3napu XOCUN KUINHAAM:

Mo003+2NaOH —» Na2M 004+ HD
WO, + 2KOH —» K2V 04+ HD

Monunbgat Ba BoAb(pamarnapra Kucnota Tabcup 3TTUpuUG
monmbgat H,Mo004 Ba Bonbhpamar H,WO04 kucnotanapmHu
Xocun Knamw MyMKuH. Xpomat, Monubaart Ba BoMb(pamartniap,
YNapHUHT 3puTManapun 3axapau MOoAnanapamp.

Xpom, mMonubaeH, BonbMpam Ba yNapHUHT GUpuKManapu
mMeTannyprusga abno cudarim nynat nwnab Ynkapuga, oKopu
Temnepartypaja CytoKAaHaguraH MCCUKIMKKa Ba yTra 4mgamau
bytomnap onua, pakeTa TeXHMKacuaa, 3/eKTP BaKyym acbo6-
napu KaToguHu Talépnawga, Koppo3usira Yngaman KumeEBuii
acbobnap onuwiga, 6yEKUMINK, TM6OMET Ba OPraHMK mMoaaanapHu
CUHTe3nga uwnatunagu.

XX b OB

MAPIAHEL, MTPYMMAYACU 3NEMEHTAAPUHUHI
YMYMWUNA TABCUDU

MapraHey, rpynnadacHm mapraHer, — Mn, TexHeunii— ¢ Ba
peHuii—Re TawKun Knnagu. by anemeHTNapHUHT Tal Ky 31eKTPOH
kaBaTnapuga d5 s2BaneHT 31eKTPOHAaPU MaBXyA4..LLUyHUHIyuyH 6y
3M1IEMEHTNAPHUHT OKCMANaHnW gapaxacu 0 gaH +7 raya ysrapagu.
MapraHew, y4yH X0C OKCUANaHULL fapaxacu +2, +4 Ba +7 ra TeHr.
TexHeUmWin Ba peHMinfa OKCUANaHULL Japaxacu +7 gup. by rpynnava
371eMeHTNapPUHUHT BOLIKa OKCUANAHUL Aapaxacura ara GynraH
6upnkmanapu 6ekapop mopaganapaup. by anemeHTNapHWHT
KOOPAUHALMOH COHMIapu, acocaH 6 Ba4, 6yHaaH Talukapy TexHe! wii
Ba peHuinga 7, 8 Ba xaTTo 9 ra TeHr 6ynuwm MyMKuH. By
3NIEMEHTNapHUHT OKCUMANAHMWLW Aapaxacu opTuwu 6unaH,
YNapPHWUHT aHWOH KOMMeKC 6upukmManap XoCuna KAauLW Xycycus rm
Kyvasan. TexHeLmnin Ba peHUNapHUHT aTOM Ba MOH paanycnapu bup-
6upura aSKuH 6ynné, mapraHeyHUKuAaH apk Kunagu.

TabuaTaa yypalwuw. by rpynnava anemeHTnapu tabuaraa, acocaH
M nO2nupono3nt, 3MnAD 3 « MnSiO, - 6payHuT, Mn,03 « HD
—maHranmT, MnCoO, - pogoxpo3ut, Mn,04- raycmannt, CuReS4-
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Ke3Ka3reHUT Ha 60WKa MuHepannap Xonuga yupanaw.
TexHeUuMnHWHT Tabnataa yupaiguraH MUHepannapyu Mabaym
amac, (hakaT CyHBbUIA ycynga XOCun KUAnHagm.

OnuHnw. MapraHew, 371eKTp neynapuaa aloMoTePMUK Ba
CUMIMKOTEPMUK ycynnap 6unaH ofMHaau:

3Mn,04+ 8A14 9Mn +4A1,0, +Q

MnO2+aJ/1Mn +A02

ByHgai ycyn 6unaH onvHraH Mn okcvuanapu 6unaH apanaluraH
\onga 6ynaan. JIeknH 6GyHpaali apanaliManap caHoaTga yTra Ba
NCCUKAMKKA Yudaman martepuannap onuwja acocuii xomaiué
XucobnaHagn. To3a xongarn MapraHel, YHUHT WUKKWU BasleHT/In
TY3/1apMHU 3M1eKTPOAU3 KUANG oNnuHaanu. TexXHeLUid afemMeHTH
thakat CyHbUIA yeynaa onuHagun. PeHWid aca YHUHT OKCUANapuHn
FOKOpY TemnepaTypafa Boopo 6unaH Katapub onmHagu:

Re,0, + 7TH?—>2Re + 7THD

ByHaaH TalKapy, peHnii 3NeMeHTUHN YHUHT HepPeHaTTy31apuHm
3M1EKTPONIN3 KNG €KV BOJOPOZ OKUMMAA KU3LAMPUG ONMHAAN.

2NH4Re04+ 4H, — 2Re + N2+ 8HD

Kyn MuKgopAa peHwin onuifa atoM caHoaTy YMKUHAUIapuaaH
tholiganaHunaau.

Xoccanapu. MapraHeLl, —0ou4-KynpaHr TycaM mypt Metann. Y,
TypTTa KpUCTI TY3UANLLAN MoAuduKaumsara ara. TexHeLmin —ky-
MYLLCUMOH ANTUPOK MEeTa/N, rekcaroHan CTpykTypaga Kpucras-
NaHagw. PeHnin —KynpaHr KyMyLUCUMOH, SNTUPOK 31acTUK MeTan,
rekcaroHan cTpykTypaja KpucTannaHagu. by anemeHTnapHUHT
KUMEBWIA akTuBAUITM Mn—T c—Re KaTtopuga YangaH yHrra yTraH
capy Kamalinb 6opafgn, YyHKM KyunaHuwnap katopuga Mn
BOJOpOAraya oinawraH 6ynca, Tc 6unaH Re yHAaH KeiivH
oinawraH. MapraHeu, cytontupunrad HCL sa H,S04kucnotanap
6unaH aKkT1B peakumsara KWpuwn6, BOAOPOAHN CUKNG YnKapuLLu
6vnaH 6upra KaTMOH aKBAKOMIMIEKCIAPUHN XOCUN KUNaau:

Mn + 2HC1 —> MnC12+ H2

Mn + HZ04+ 6H,0 -» [Mn(HD),,|S04+ H,



TexHeUuunin Ba peHWUiA 3NeMEHTNapN HUTpAT Kucnotaga apuo,
aHWOH KOMMNIEKCNAPUHU XOCUN KUNaau:

3Tc+7HNO3  3H[Ic04+ 7NO +2HD

MapraHel, HUTpaT KMCNoTa TabCUpuAa naccusnawiagu, y
aMMOHWIA XN0pWE, KYLUMATaH CyBAa SXLUN 3pniian:

Mn + 2HD + 2NHAC1 —» MnC12+ 2NH40H + H2

MapraHew, aiiHMKCa KYKyH XofnaTfa KUMEBWI aKTWB MeTaln,
KN3aMpunraHia KUcnopog, onTUHryrypt, docdop, yrniepog, asor
Ba rasioreHnap 6unaH .peakumara Kupuwwagn. ANOMUHWNIA, CypbMa,
MUC Ba 6GoliKa meTannap MapraHey 6unaH (eppomarHuT
KOTWLLIMaNap Xocun Kunagu.

TexHeUUn Y3NHUHT KUMEBUIA XOcCaapu XXuxaTuiaH peHuiira
KYMpoK, MapraHeLra KaMmpok yxwaraun. TexHeuuin “3ap cysmga”
Ba HNO03+ H2 2apanawimacuia 3puiian, KAcnopos okmmuaa
okcuanaHne, Tc 7 xocun Kunagn. TexHeuuid Ba peHWin OKopU
Temnepatypaja KusgupunraHga Kucnopog, oNTUHIYrypT Ba
ranoreHnap 6unaH peakuuara Kupuwlagm.

Bupukmvanapu. MapraHew, Ba peHWin aneMeHTapu KapboHun
OVMpuKManapvaa OKCMANaHWULL Aapixanapyu Honra TEHr Gynaaw.
ByHpaain 6uprkmanap KoBaneHT 60rNaHULWHUHT 4OHOP-aKLenTop
MexaHu3MK acocuga xocun bynagn. byHaain Kumésmin 6ornaHuLL-
HUHI XOCUA Gynuwnga snemeHTnap ysnapuHuHr 6yw d-op-
6uTannapura, KapboHMn monekynacugarn 6ornaHMwAa MWTUPOK
aTMaraH 3MeKTPOH Xy(pTnapuHu xonawtripagn. By anemeHT-
NapHWHI ojatjarn wapouTtaa 6apkapop OynraH capuk paHrim
Mn(CO)|0, paHrcmns TcACO)|0 Ba Re2CO)|0 Tapkmb6aM OCOH
Xaligalw MyMKWH 6ynraH Kap6oHWn GupuKmanapyu Mabiym.
MapraHeLHW NacT Ba/leHT/IMK HAMOEH KunaguraH buprukmanapu
nunga MKKN BaNeHTIM BUPUKManapu sHr Kyn TapkanraH. bupuk-
MafapHUHE KYMYUAnrn cyBfa AxXwWun apuingurad mogganapaup.
Mapraney, (I1) Ty3napu cysga apuwwim Hatwkacmga [Mn(H2D) G2
TapKu1bIY aKBaKOMIMeKcnap Xxocun Kunub guccouunaHagu. Map-
raHed, (I1)- okcua Ba MapraHew, rmapokcuan KMMEBUiA xoccanapu
XuxatngaH amgortep moaganapaup. Ynap oKcugnaHuL
JapaxacuHu ysrapTvpmacfaH, Kucnotanap 6unaH peakuusra
KUpULWNG KoMMaeKc GupruKmanap Xocus Kunagu.

MnO + 2HCL + 5H,0 —» [Mn(HD)6] C12



Wwkopnap 6UnaH ysoK, Baka KaTTUK KW3AMPUAraHAa peak-
ums! a KMpULWMG aHWOH KOMMNAEKC GUpUKManap Xpeun KUnaau:

Mn(OH)2+4KOH -» K4Mn(OH)g

By komnnekc 6upukmanap cyBnu a3puTmanapfa Tynuk
auccoumunaHagn. LLIYHUHT yuyH 6y peakuusaHW ogauii Wwapoutaa
BYXY/ra Kentupu MyMKUH 3amac.

MnO—KynpaHr AWwnn Tycnu, apumMyTKasruy xoccacura ara oysn-
raH moggda. Y Mn02Hu Bogopog aTMocgepacuia Knsampuno éxku
MnCO3 HM TepMuK napyanab xpcun kmamHagu. MnO cysga
apumaliuraH mopga OynraHu yyyH YHWHT TUAPOKCUAUHU
o6unsocutaycynga, abHu mapradey, (11) Tysnapura nmwioptabeup
TTUPNG XOCUNT KNNNHAAN:

MnS04+ 2KOH —» Mn(OH)2+ K2504

Xocun 6ynraH Mn(OH)2 yykMacy kaiTapyBuYM Xoccacura ara
OynraHu yuyH XABogaru KMCnopog mofiekynacu Tabempuga tesga
Kopainb konagw:

6Mn(OH)2+ 02—» 2Mn2Mn04+ 6HD

Mapraney, (I1) 6upukmanapu ammMuak Tabcupuga aMMumakat
KOMNneKc GUpUKManap Xocun kunagu. byHpaih Komnnekc
GUpMKManap cyB TabCUpKAA OCOH MapyanaHagu:

[Mn(NH36 C12+ 2HD -» Mn(OH)2+ 2NHACL + 4NH3

MapraHey, (1) 6upukmanapn WWKOPUIA meTannap Tysnapu
6unaH KoMNaekc GupukManap Xocun Kunagu:

MnC12+ 2KC1 —» K2 [MnC14

MapraHey (1) 6upnkmanapyu KucnotTanm MyXuTga Kyyau
okcuanoBumnap Taveupuga mapradey, (VIN1) raya katapunagu:

2MnS04+ 5Pb0O, +6HNO, —» 2HMnO + 3Pb(NO ) +
+ 2PbS04+2HD

TexHeuwnli Ba PEHUAHUHT UKKW BaneHTn 6upukmanapn 6ekapop
moaganapavp. MapraHeyHUHr TypT BafleHTIM BupukManapuaH
3Hr 6apkapopnapn Mn02sa MnF4aup.
MapraHey, (1V)- okcug ~M n02—TyK KOpamTuUp TyCAn KYKyH
mMofna, ofAuMiA WwapouTha cyBfa apumaingu, xypa uHepT,
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Kusgupunradga Kucnotanap Ba uwkopnap 6unaH peakuumara
Knpuwagn. MapraHed, (1V)-oKcug Ky4unm oKCUanoBum xoccacura
ara 6ynraHy yuyyH KUsgupunraHga KucnotanapHu okcmanangm:

Mn02+ 4HC1 — MnC12+ CI2+ 2HD

MapraHey, (IV)- okeng nwwikopnap €ku acocnm okcmanap éunax
apanawTupnbCyOKNaHTUpUAraHAa MaHraHUTAap XPCW1 KUNaau:

Mno02+ CaO — CaMnO,

MapraHey (IV)- oKcupg Ky4im oKCUMANoBUYMTaAp 6UnaH Ma H T a-
HaTnap BnepMaHraHaTnap Xpcua KUnagm:

3Mn02+ KCHO3+6KOH -» 3K2Mn04+ KCL + 3HD

TexHeuwnit Ba peHuiinapHuHr Te02 Re02 TcF4, ReF4, M2 c03
MZ2Re03 Tapknbnm 6Gapkapop OMpPUKManapu MmabiyMm.
MapraHeuHuHr (V1) BaneHTnn 6upukmanapu 6ekapop
mogganapaup. JleknH maHraHat Mn04 2noHu xpauga aH4yarvHa
6apkapop. MaHraHaTnapHWHI cyBgaru spMTmanapu Kyuau
MWKOPUA My~ mMTaarnHa MaBxyg Oyna onagu, NeKuH
cylonTupunradga gucnponopuus/iaHagu:

3K2Mn04+ 2HD -» 2KMn04+ Mn02+ 4KOH

MapraHey (V1) 6upukManapy Ky4unam oKCUANoBYM. JIEKUH Kyunu
OKCMAMoBYMMap TabCcMpuaa nepmaHraHaTna’™ra ainnaHaau.

2K2Mn0 4+ CI2-* KM n04+ 2KC1

TexHeUNn Ba PEHUAHWHT ONTW BaneHTNU OGUPUKManapwu
aH4yarvmHa 6apkapop Mogfanapamp. Y napHUHI KACNoTa Xoccacura
ara 6ynraH Topua, XNOpuA, OKCUA Ba OKCMranoreHup
OGUpUKManapy MaeXypd. By aneMeHTNapHWHI ONTW BafeHTNIMN
ranoreHna1Iapyu UWKOPMIA MeTannapHUHI ranoreHuanapyu unau
aHWOH KOMNMIEKC BUPUKManap XpCcun Kunaaw:

ReFj+ 2K F~ KAReF8

By ranoreHmgnap x,arto WIWKOPUIA MyxuTda \am Aucnponop-
umsnaHagu:

3ReCl, + 20KOH -» 2KReO, + ReO, + 18KCL + OHD



TexHewuwii Ba PeHUAHUHTONTI BaNEHTIM GMPUKManapyu MapraHew,
GupnKmManapura KaparaHfja OCOH OKCUANaHaguraH mogaanap
OyNraHy y4yH, XArTo Ham XaBO TabCUPWAA XaM OKCUANaHaaw:

4KZIc04+ 02+ 2HD -> 4KTc0 4+ 4KOH

MapraHeyHn Mn2yBa MnOF5Tapkn6nn eTtTu BaneHTIun
O6upuKmanapu Maexyf. TexHeuwii Ba peHWid ranoreHuj Ba
oKcuranoreHng bupmkmanap Xocun Kunagu.

Mapraney, (VI1)- okeng Mru07, fwmn-kopa Tycnum, ErcMMoH cy-
IOKAMK. MapraHeuHWHT nepMaHraHar Ty3napu KOHLEeHTpiaHraH
cynbgat KMcnoTa Tabemp aTTUPUG XoCun KUINHagK:

2KMn04+ NS04-> MnDy+ KS04+ HD

By peakuusga axauéT yopanapu Kypunamaca, xocun éynraH Mn) 7
Ky4nu nopTnawl Xocun Kunné napyanaHaiu.

2Mn,07—4Mn02+ 302

TexHeuuid (V11)- okeng—Tc 7Bapennii (VI1)- okeng —Red 7
aHuarnHa 6apkapop, KpUcTani Ty3unuLra sra 6ynraH capukpaHriun
mMofLfanapavp. YnapHu Metannapra KUC/opog Tabcup 3TTUMpuO,
TYrpugaH-Tyrpy onnw MyMKUH. MapraHell, TeXHeLWiA Ba peHuiinap

MnoJ, TeO,I, Ae03 Tapknban eTTn BaNIEeHTIN OKCUTa/loreHuns
6vpuKmanap xocun KunuHagu. by bupukmanap KucnoTa xoccacura .
ara 6ynraH mofganapamp. By anemeHTnapHWHI okcuanapu sa
OKCUranoreHuanapmn cys Tabcupuia Kucnotanap Xocun Kunagu:

MnD 7+ HD —2HMMr0 4
MnCXF + H,0 -» HMnO, + HF

By anemeHTnap kucnotanapuHuHr kyum HMn04 —HTe04 —
HRe04 kaTop 6yiiMya YangaH yHrra yTraH capyu Ky4ensnaHuo
6opagu. By KucnoTanapHUHIr XOCU/M KWAraH Tys3fnapu cysjaa
apuiAanraH Kydnum okcuanosumnapaup. bynapgaH KM no4
nabopartopuaa Ba TEXHWKaJa KEHr KynnaHuiasu.

Kanuii nepmaHraHaT — KMnO04 cyBcu3 xonaTga poMouk
cucTemaga KpuctaniaHagu, Ku3ampuaraHia oCoH napyanaHagu:



Kanwnii nepmaHraHaT Ky4am OKCUAN0BUM By/raHn yuyH, peakuus
MyXMTra Kapab Typauya KaiiTapunagm:

2KMn04+ KNO02+ 2KOH -> 2K2MIN04+ KNO03+ HD
2KMn04+ KNO2+ HD -» Mn02+ 3KN03+ 2KOH

2KMn04+5KN02+ 3HZS04 -» 2MnSO, 4 5KNO,+ K,S04+ 3HD

Nwnatunnwm. MapraHew, TeXHELW, peHWin Ba ynapHUHT
OGrpuKManapy onuii cugatan nynar onunWwAaa, SNeKTPOTEXHUKAAA,
TMOOMETAA, BaKyyM TeXHMKada, OpraHuK MoAfanapHu CUHTE3
KNAnwpga, MCCUKAUKKa Ba yTra umgamnm 6ytomnap uwnab
ymKapuwga KynnaHunagau.

XXl BOb

TEMWP M'PYMNMNAUACU SNEMEHTAAPUHUHT
YMYMWNA TABCUDU

Temup rpynnavacy anemeHTnapura temmp —Fe, kobanbT —Co
Ba HUKenb—Ni KMpagu. by rpynnayva 3nemMeHTAapUHUHT TallKu
3NEKTPOH KaBaTnapu Kyiupgarnya Ty3uaraH:

Fe-3d64s2

Co—4d7-5s2

Ni —5d8+6s2

By rpynnaya anemMeHTNapu numga nnatuHa 6ab3m xoccanapu
6unaH KonraH anemeHTnapgaH gapk KuaraHu cababnu yHu
anoxgua Kypmb ytamus. Temup, KOO6a/bT Ba HUKETHUHT OKCUJ-
naHuw gapaxacu +2 Ba +3 6ynn6, Fe—Co—Ni KaTopuga YangaH
YHITa TOMOH +3 fapaxann 6UupuKManapHUHr mMycTa’Kamauru
nacasgn. Fe2'voHupaH Ni2trayTtraHga paguycu Kudmknawagu.
LWyHnHr yuyH Ni(OH)2 HuHr acocnmk xoccacu Fe(OH)2ra
KaparaHga kyucusgmp. Fe(OH)3Co(OH)3Ba Ni(OH)3 amdoTep
Xoccara ara 6ynraH mogganapgmp. Fe2-—Co2+—Ni2+kaTopuga
yanjaH yHrra yTraH capy OupuKManapuHUHr KaTapyByaHINK



xoccanapu kamasgn. Fe3+Co3+Ni3tkaTopuga yangaH yHrraytraH
capu OMpPUKManapHWHI OKCUATTOBYUUINK XOccanapy Ky4dasiu.

Tab6uatga ydypawmu. Temup Tabuatga, acocaH Fe) 3—
rematunt, Fed 4—marHetnt, HFe02-nHAD —aumoHuT, FeCO,—
cuiepuT, FeS2—nuput muHepannapu xonuga yypainan.Kobanst
CuCoS4—kopponut, Co 4—nunHHent, CoAsS —KobanbTuH
MUHepannapn xonuaa, Hukenb 3ca (Fe,Ni)9S8—neTnaHauT,
NiAs —HukennH, NiSid0OD (OH)2- 4H2D —rapHueput
MUHEepannapy Tapknubuaa yupanam.

OnuHuwK. To3a Xongarvm TeMmup, YHUHT KapboHun Gupukma-
NapuHU TepMUK napyanab €ku Tysnapu spuTMmanapuHu anek-
TPONN3 KNNn6 onnHagu:

Kob6anbT Ba HUKeNb YNapHWHI OKCuAflapura 4yrnatuaran
KYMUP TabCup 3TTUPULL €KW XNnopug Ba CynbaTt Ty3napuHu
3NEKTPONIN3 KUAWLW Aynn 6unaH cod xonga axpaTnéd onuHULWN
MYMKWH:

Cod 4+ 2C 3Co +2C02

NiO+C —> Ni + CO

ByHpaaH Tawkapu, Oy 3aneMeHTnap rMApOKCUANAPUHUHT
aMMuakau aputmanapura tokopu 6ocumaa BOLOPOL Tabcup
3TTMPUAraHga xam 6y MeTannap 3pKWUH XonaTaa axpanmoé Ynkagu.

Xoccanapu. Tosa xongarn TeEMUP—KYMYLWCUMOH KyJIpaHr,
ANTUPOK MeTann a Ba @moandpukaumnsra ara. Temup 910 °C*
raya XaxXmuii MapkasnawiraH KpucTana naHxapa Tysuamwiura
YHAAH HOKOpU Temnepartypafa aca éknapu mapkasnawraH
KpUCTaN MnaHxXapa Ty3uanwumra ara.

Kob6anbT —o4 capruw-KykKuMTup Tycnm metann. Mact Tem-
nepatypaga (430 °C raua) rekcaroHan KpucTann naHxapa Tysu-
MMM YHAAH HOKOpU TemnepaTypaja aca ékaapy mapkasfaiuraH
Ky6 cucTemaga KpuctaniaHaaw.

Hukenb —OKULW-KYMYLLICUMOH, ANTUPOK MeTann, Eéxkaapu
MapKasnawuraH Kyb cuctemaga KpuctannaHagu.

To3a xonga TeMUp HaM XaBoja 3aHr XOCu K1nnb okcuanaHa-
AW, ranoreHnap 6unaH 6uMpuKMG ranoreHngnap Xocun Kunagu.
Temup KoHueHTpnaHraH HNO03Ba HZS04 kucnoTtanapga nac-
cuBnaHagn. Kusgmpunranga S, B C, Si, As, NH, nap 6unaH
peakuuara Kmpuwiagu.



KobanbT —ofanii waponTaa xaBo TabCupura yngamsu,
KusgupunraHga CoO—napga \ocun Kunnb okcupnaHagu.
KobanbT KyKyH Xonuga CyrnTupuaraH KucnoTanapga spuiigu,
ojatgaru wapouTaa hTophaH Tallkapy XammMa rasioreHnap ounaH
peakuusira Kupuwagn, kusgupunraHga S, P As 6unaH
OGupuKManap Xocun Kunaau.

HukenHuHrenptn 800°C pa okcupiaHagun, CYHNTUPUAraH
HCI, HXS04kncnotanapaa cekuH apuiian, HNO, Kncnotaga tes
apuiiamn, KoHueHTpnaHraH HIMO03ga naccuBnaHagm, ranoreHnap
6unaH peakumara kvpuwagun. Temup, Ko6anbT Ba HUKeEb
3/leMeHT/Iapura UWKop TabCup armangu.

Bupukmanapu. Temmp Fe0,Fe,0vFed) 4tapknbam okcmanap
xpeun kunagn. Fed 3 - opataarn apouTtaa Gapkapop moasa,
knsgupunraHga Fed 4 Ba FeO ra aiinaHagun. Ko6anbT Ba HUKENb
Kucnopof Tabcupuga okcupgnaHraHga CoO Ba NiO Tapkm6au
6apkapop okcugnap xpewn kunagu. Ynap Cod, sa Nid 3
TapKnobNn okcuanapra Xam ara.

By aneMeHTNapHUHT OKCMAMapy CyBfa 3pumaingmraH Mopaa-
nap 6ynraHu y4uyH ynapHuHr 3(OH)2sa 3(OH)3tapknbnn rua-
pokcuanapu 6unsocuTa ycynga onumHagu. Temup, kobanbT Ba
HUKeNb aneMeHTNapuHuUHr (11)- okcugnapn acoc xoccacura ara
6ynno, KaliTapyBum xoccanapu Fe’ . Co2 Ni- - raptmbuga kama-
6 6opaan. LLUyHUHT yuyH Temup (11)-rmapokcnan n akaTrmHa
KMCNOpPoACHU3 MY\UTAA UYYKTUPULL MYMKUH, YYHKWU KUCOPO[
Tabcupuga okeuanadn6, temup (11)- rugpoxcugra ainaHagu:

FeS04+2KOH--—--> Fe(OH)2+ K04
4Fe(OH), + 02+ 2H ,0-—--> 4Fe(OH)3

Ko6ansT (I1)- ruapoKCMaHUHT Xocun 6ynm peakumsacn NKKn
6ockuyga 6opaan. bupuHUM 6oCKMYga—eyBaa IpUMaiguraH Kyk
PaHI/IM acoc/n Ty3 Xocun Bynagu:

CoCI2+ 2KOH---> CoO + HCI +KC1

NKKMHYM BocKuufa —FyiNuMHraH WWKOp Tabcupupa nywTu
paHrnn kob6anbT (11)-ruapoKcng vyykMara TyLagun. Xocun bynraH
yykMa \aBO Tabcupupa cekuH-acta okcupgnaHné Co (l11)-
rMapoKcmara anaHuium Tygainm KopamTmp paHrra ara 6ynagu.
Hukenb (M)-Ba kobanbT (M)-ruapokcnanap KucnoTanm Myxutaa



OKCW/JI0BYM TabCHpUra Yngamam, ULKOPWIA MyXuTAa ranoreHnap
TabCUpWAA OKCUANAHAMN:

2Ni(OH), + Br2+2KOH -——-> 2Ni(OH)3+ 2KBr

Temup (I1) 6upukmanapu 3ca kucnotanu myxutga \am
OKCuAlaHagu:

5Fe-’' + MnO 4+ 8H+-—--> 5Fe:i‘+ Mn2 +4H,0

Temup (I11), ko6anTt (111), Hukens (111)- rMApOKCUANAPUHUHT
okcugnaw xoccanapn Fe+ —Co" —Nidl katop 6ylinua opTmb

6opagu:
Fe(OH), + 3HCI — > 1EC1+3H,0

2Ni(OH), +4H,S04-—> 2NiCl, |1 Cl, +6H,0

4Co(OH), +4H,S04— > 4CoSO(+ O, + IOH,0

Temup (LU)-rmapoKCUAHN, YHWUHT Y4 BaeHTIM Ty3napwu
3puTMacura ULWKopaap TabCup STTUPMO XOCUA KUULL MYMKWH.
Ko6anbT (I111) Ha Hukenb (111)- rmapokcmanapHn aca ynapHUHr
WKKW BafleHTIN TUAPOKCUALAPUHN OKCUA1ab Xocun KunuHagw.
Temup (LU)-rugpokeug cysfa amanja spuMainguraH, Kucnota-
nappa Ba KallHOK KOHLeHTpfiaHraH uwikopnapga spuiguraH ok®
paHrIn MoAAa:

Fe(OH)3+ 3NaOH----> Na,|Fe(OH)J

Temup, Ko6anbT, HUKeNb MeTannapu HKopu TemnepaTypaga
BOLOPOAHU Yy3upa 3puTagu. By meTannap Tapkubupga
BOAOPOAHUHI 6YyNuLIN, YNapHUHT MeXaHUK xoccanapuHu
cycanuwura cabab éynagu. Temmp, kobanbT Ba HUKENHMHT OH
Ba OH, Tapkmbnun 6ekapop rugpugnapu Mabiym.

Temup, K06anbT, HAKeNb KA3LMPUITraHaa ranoreHnap unax
6UpuKN6 d2Ba 33 TapKMGM ranoreHnanap Xocun Kunagu.

Temup, KobanbT, HUKe/b 3/1eMeHTNApPUHUHT a30T 6unaH Xo-
CUN KnnraH 6uprkmanapu 6ekapop mogaanapavp. bynapaaH sHr
Hapkapopu TeMUp HUTPUTAMP. Temup, KobasbT, HUKE/b HOKOpK
Temnepatypaga yrnepog 6unaH 6upukné FedC,Co3, NI
Tapkn6nM MeTansn Kapbugnap xocun kunagu. bynapgaH Temup-



Yrnepos cuctemMacy CyroKAaHULW Auarpammacuia yriepos macca-

cn 5 %rava 6ynagn. Temumpra CeKUH-acTa yrnepog KyLmo éopunca,

YHUHT CYHOKAaHWLL TemnepaTypacu aBBan Kamasiu, KeluH yr-

Nepof MUKAOPW OPTULLM BUNaH SHa KyTapunagu, HaTuxaia asTe-

TUK KpTuLLMa \ocun Gynaaun. IBTeTUK KOTULIMA Tapknon 4,2 % C

Ba 95,8% Fe ra Tyrpu Kenagu. Tapkubugaru yrnepog Mukaopu

4,2% faH opTUK ByNraH CyroK, KOTULLIMA COBUTUACE, LEMEHTUT —
Fe3C \ocun 6ynnb6, KpuctannaHagu.

Temup Tapknbuaarn yrnepogHuUHr mMaccacura K,apab \ap xun
TapKMONM NynaTnapHUHI TypaMya MexaHWK xoccanapura ara
oynuwmnHn nso™naw mymkuH. Fe, Co, Ni nynat Tapknbuga
ONTUHTYTYPT Ba POCPOPHUHT BYNUWIN YNAPHUHT MeXaHMK
Xoccanapura canbuin Tabcup Kypcatagn. LUYyHWHT yuyH MeTannap
ONTUHIYTYpPT Ba (hOChopAaH AXLIM TO3a/laHULLM Kepak.

Mwnatnnuwun. Temup, Kob6anbT, HUKeNb Ba YNapHUHT
6upuKManapu metannyprusaga, ytra Ba Mccuka ymgamnu
KOTULIManap oNuwaa, paketanapHuUHr ras TypbuHanapuHu
Taképnawga, atom TexJIrkacu, nak-oyék, caHoaTuaa, TM66METAA,
KVLLNOK, XY>XXKanuru, Kepammika, Lunila Ba LeMeHT caHoaTuja Ba
OpraHvK mMofjanap CUHTe3naa KynnaHunaau.

XXI. 1. I1ATUHA OUNNACU SNEMEHTAAPUHWHE
YMYMWUIN TABCUDU

MnaTuvHa onnacy anemeHTNapura pyTeHnin —Ru, ocmnii —Os,
poauin —Rh, npnanin —Jr, nannagmin —Pd Ba nnatuHa —Pt Knupagw.
By aneMeHTMapHWHI X,aMMacu Tapk,0K, orup meTannapgup. by
aNeMeHTNapAa Kyivmaarn aneKTpoHnap MaBxypa:

Ru - 4d7 «5sl
Rh - 4d8 552
Pd - 4d)« 5s2
Os - 5d6 «6s2
Jr - 5d7e 652

Pt - 5d «6s1



by anemMeHTNapHWHI 3NMEKTPOH (hopmynanapujaH KypuHuo
TYpubanKKM, ynap y3napuHuHr d-opbutannapugarvu anekTpoHnap
COHMHK 10 Tara eTKasuLira MHTUAMG Gopagu.

MnaTnHa onnacy aneMeHTNapu Xyaa Kyn CyHbUin pafmoakTus
nsoTtonnap \ocun Knnagu. by meTtannap Tabuataa Tyrma xXpiga éku
KynruHa HogMp MeTannap 6unaH apanawiraH KoTuManap Xonms;!
yupaiigun. byHaaH Tawkapy, PtAs2(Pt,Pd,Ni)Stapknbnn MmuHepan-
napu \am Mab/ym.

OnuHWwK. MNnaTuHa onnacu 3NemMeHTNapuHU ONMLLAA, acocaH
MWC, HUKEeNb,CyNnbuapyganapuaaH goiganaHunagn. bypyaanap
thnoTaumsa ycynm 6unaH 6onmtunagn. X,0CUn KWAWHTaH
KOHUeHTpaTAaH MWUC Ba HUKeNb axpatud onuHaan. Kpnrad
apanawma Kynampunub, KOHUEHTpNaHraH cynbtart KucnoTa
6unaH vwnoH Gepunagu. \ocun BGynraH YykKMaHu 3ap cyBuia
apurnb, Kmsgmpunagu. Hatwkaga yykma Tapkubuparu metan-
napgaH nnatuHa H|PICH), ontun-H|AnC14, npuawnii-H,|.)rC16],
pyTeHnii-HIJRUCH), nannagnin-HjlIPdOJ, poguin-HjIRhCIJ
spuTMara yTagu, OCMUIA 3ca OKCMA XA4nvAa YyKmaga Konaau.
3puTma punbipnaHagun, Yykmara HOKOpU TemnepaTtypaga Kyuam
OKCUA/10BUM Tabeup aTTUpun6 050 4rasm \ocnn KuamHagn. Xocun
OynraH ras ULLIKOPHUHT CyBAW 3puTMacuaa nurunagm. putmara
aMMMaK Ba aMMOHWIA XNnopug apanawimacu Tabcup 3TTUpMOG,
ocmuii [0s0ANH34Cl2xpnmnaa yyktmpunagn. Yykmara H2rabcump
3TTUPKG, 3PKNH OCMUIA KakTapunagu.

Pypara uwunos 6epuil HaTukacuga ~ocun 6ynraH unbTpaTra
KaiiTapyBun Tabcup 3aTTMpM6 6UPMHYM HaBbaTAa ONTUH aXpaTuo
onnHagn. KpgnraH max,cynotra NHACL Tabcup aTTMpu6 nna-
TUHaHUHT (NH4HZJPtCHICI2 Tapknbnmn, KUAMH apuingurax
KOMMAEKC Ty3n X,0cun KunamHagm. CyHrpa KoOMnaekc Ty3
Kunsgnupunnb To3a nnatuHa, axpaTnd onmHagu:

(NH42PtCIe] Pt + 2NH3+ 2HC1 + 2C12

dunbTpaTra HATPAT K1CN0Ta KyLING apuTma byrnatunagm sa
npugunii xnopug \onnga vyktupunagu. KanraH sputmara
Ka/iTapyBuM TabCup aTTUpUG nannaguii Ba poguii [Pd(NH3ZCIZ;
[Rh(NH3ZIA xpngoa axxpaTnd onvHagmn. by komnnekc bupmnkmanap
K13LMPMG 3pKMH MeTannap ~ocun KuamHagu.

Xoccanapw. MnatnHa onnacy aneMeHTNapy OK-KynpaHr Tyciu
ANTUPOK Merannapanp. OcMmuii Ba npnanii okopy TemnepaTypaga



CytoKaaHagun. PyTeHuii Ba OCMUIA Xyfa KaTTu K, NEKUH MypPTAMP.
Poawii, nannaguii Ba nnaTnHa y kagap KaTTUK 3Mac, NeKnH Xyaa
KOBYLUKOK, OCOH ficcunaHagn. LLUyHWHT y4dyH ynapfaH tonka
nnactunkanap Ba MHIMYKa cumnapTaiépnall MymMmKuH. (UTeHuUin —
04V LapouTha KWUC0Ta Ba MLLKOp/Aap Tabcupura ymgamiu,
KusgupunraHga kucnotanap 6unaH peakuusra kupuwagn. KykyH
\onatga NaOCI spuTmacu 6unaH peakuusira Kupuwagun.
Kusgupunravga F ,Cl , Br2 S, Se, Te, Ponap 6unaH 6upukagu.

Ocmuit KMTTUK XonaTfa KucaoTa Ba MLIKOP Tabcupura
yngaman, CYHKNaHTUPWIraH WILKOP 6unaH cyBfa spuiigmraH
6rprkmanap xocun kunagu. KykyH xonatgarm ocMuin Kusgupun-
raHga HNO02 HZS04 F2 CLS, Se, Te Ba Po 6unaH peakuwmsra
Knpuwagmn. Poguii KaTTWK Xonataa 6apya KucnoTanap, ULKopnap
Ba “3ap cyBW” Tabcupura yngamnmn. KykyH xonataa kainHok H2S04,
HBr Ba NaOCI 6unaH peakuyusara kupuwagu, 600 "CaaH oKopu
Temnepatypaga F2 ClI2 Br2S sa Se 6unaH 6upukaam.

Mannagnii —600—800 °C ga xaBoga PdO xocun Kunnb
okcmanaHaauM, H2 HM y3”ra oTn6 onagu. Mannaguini KaliHOK
KOHUeHTpnaHraH H2S04, HNO, Ba “3ap cysmga” spuingn, 400—
600 °C pga ranoreHnap, B, Si, S, P nap,6unaH 6upukagm.

Npngnii —xaBoga 2300 °C ga xam 6apkapop, Kucnotanap,
nwkKopnap Ba “3ap cysu” Tabcupura ymgamnn. KykyH xonartja
cytoknaHtupunrad Na) 2Ba Ba02 6unaH, kusgupunraHga sca
F2C12 Br2 02 S, Se, Te, Ponap 6unaH peakumsara Kupuagn.

MnaTtuHa - XaBo Tabcupura ympamnu, tokopu 6ocum Ba
IOKOpWU TemnepaTtypaZa KWCMaH OKcuAnaHagu, Kucnota Ba
nwKopaa apumMaingun. dakatruHa “sap cyBuaa” apuinau, cyrok Br2
Ja CekuH apuingn, 400-500 "C gaH rOKopu TemnepaTypaja
ranoreHnap, RS, C, Si Ba Se 6unaH 6upunkaam.

Bupukmanapu. MNaaTrHa ouMnacyu anemMeHTIapuHUHT Kyiingarm
KNCNOPOS/IN BMPUKManapn MabiyM.

Ru0 2—KyKuLI KOpaMTUp TyCNM KpUCTann MOAAA, pyTeHuiira
IOKOpU TemrnepaTypasa KUCMOPOL Tabeup 3TTMpub, ékn RuS, Ba
RuClI3Hu okengnab xocun knnnHagn. Pytennii (1V)- okcung 700 °C
[la y3ugaH KUCnopog axpatub napyanaHasu.

Ru0 4—oy-capruw Tycnu, yyyBYaH KpuUCTas, Xyna 3axapiu,
YTKUPp Xuanm mogfa. by okcup pyTeHwid Ty3napura Kucnotanu
MyxuTaa Kydnum okcugnosumnap (HJ04 KMn04,KBHO3Tabcup
aTTNPM6 Xocun kKnnnHagm. Ru04- CCldea cytontupunraH H2S04
Ja axwm apuidgn, 180"CaaH tokopuy TemnepaTtypaga KusgupunraHga



Kyunu noptnaw \ocun kmnné RuO, Ba O, ra napyanaHagwu,
vwiKopnapga Kyhugaru peakums acocuja spuingu:

4Ru04+4NaOH--—-> 4NaRu04+ O, + 2H,0
4NaRu04+4NaOH--—--> 4Na,Ru04+ O, + 2H,0

050 2—xkurappaHr-kopamTup Tycam mogga. Ocmuid metanu-
nm NO 6unaH ékn 0504 HM Kn3gnpubd xpcun KnnuHagu. 0sO,
KusgmpunraHga 0s04Ba O, xocun kuamb gucnponopumsnaHaiu.

0s04—paHrcms yuyB4YaH Kpuctani, “Kup \mara ara, xyga
3axapnv mogpa. OpraHuk Moaaanap Tabeupuaa 0COH KaiTapunagu.
By okcup kucnoTanapfa 03 MUKAOPAR 3puUAaW, Kyuin OKCUA-
noByu, nwkopnapga apu6é [0s040H ,),| 2rapknbnu noHnap \ocun
Knnapw:

0OsO, +2NaOH ..... > NaJOsO, (OH),|

RU2, >KUrappaHr Tyc/M KOpyHA TUNuaarn MoAaa, pyTeHwid
(111) HUTpaTHU KM3gupuw HaTuxkacuga \ocun oynagu. Y
Kpuctannorugpat, Ru,0, «511,0 Tapkubra ara, ULLIKOpUiA My\uTaa
Ky4nu okcuanoBumnap Ta'bempuga RuO, «nH,0 ra ainaHagu.

Jr04 ryK KOpaMTUp-XuUrappaHr TyC/inM KYKYH, KpucTtan-
norngpat 6ynraHm ydyyH Jrd, nHDD Tapkubra sra. by okcmg
npnaniinn K2AJrClJ Tapkmbnn komnneke 6upnkmanapuHi Na,C03
6unaH apanalTMpu HaTvkacuaa \ocun KunmHagw. :

Jr02—kopa paHrnn kpuctann, Jr(OH)4Hu a3oT aTMocepacmaa
Knzgnpné ékm NaJJrClJ Tapkmbnym Komnaekc 6upukmanapura
NLLIKOP TabCup 3TTUPMG XpCun KunuHaam. By okeng cysga, Kucnota
Ba MwWwKoprapgda, 800° faH tOKopu Temnepatypaja napyanaHagn.

PdO —aTilnn-KopaMTump TyCam KpMUCcTans, KMcnoTa Ba ULWKop-
napfa spumMaiigy, hakat KOHUeHTpnaHraH HBT 6unaH peakuusra
Knpuwagw. Mannagnii metanura 800—850 °C aa Kuncnopogd Tabeup
3aTTMPKUG \oCcnn KnnuHagn.

Pt02—TyK KMU3rnwi-KopamTup rycnm KpucTtann, cyBja,
KucnoTanapga apumaingun. Tepmunk 6ekapop, 200 °C gaH tOKopu
Temnepatypaga napyanaHagn. by okcug Pt(OH)2 HM Tepmuk
napyanab onnHagw.

Ru(OH)4Ba Os(OH)4—«opa paHrav amopdg mMogaanap, cysaa,
CYKONTUPWUATaH KWCO0Ta Ba ULIKOpNapAa, KOHLEHTpnaHraH
HNO,, HCHO4, H,0, ga spumaingn, “3ap cyBM”aa napyanaHagy.



Rh (OH)3capuk, paHrnn amopd mMogaa, Tepmumk 6ekapop, 200 °C
JaH oKppK TeMMepaTypaa napyasiaHaan, Cysaaspumaian. PoanAHUHE
(1) BaneHT/M Ty3napura ULWKPP Tabeup STTUPMG ONNHAAN.

Jr(OH)2* KyHrup Tycnm, K,McMaH KpucTtann xoccara sra 6ynraH
MOAfJa, CyBha apumaigmn, cyrnaHTupuaraHga kucnoTa Ba
nwKopnap 6unaH peakuuara kupuwaagn. by okewag nannaguii (11)
TY3NapuHWN TMAPONM3 K,MAnMb EKu nannaguitHn CyroKAaHTUpKO,
Na) 2Tabcupuga Xocun KajnHaau.

Pt(OH) —K,0pa paHrv Yykma, CyBAa apumainamn, kucnotanap
TabCUpuUra YnMgamnun, CyrKnaHTupuaradH uwkopnap 6unad
K,MCMaH peakuuara Kupuwagm.

Pt(OH)4—yK"-KyHIp paHrAnM 4YykKma, CyBfa spumangmu,
am@oTep xoccara ara. Kucnota Ba UWKppaap 6unaH peakumnsra
KNpULWNG, aHNOH KOMMAeKC BupukManap Xocun Kanagu:

Pt(OH)4+ 6HC1-—> HIPICI§ +4H D
Pt(OH)4+ 2NaOH — ~ NaZ[Pt(OH)J

RuS2—yk, awun tycnn kpuctana, 1000° ga napyanaHagwu,
NWKopnap Ba K,aiHoK, H2504 6unaH peakuusara Kupuwimaigu.
KOkppy TemnepaTypaja WHEpPT ras atmocgepacuga pyTeHwuiira
ONTUHTYTYPT Tabcup aTTUpn6 ékn KAYRuZT10] Ba KZRuCl6]
Tapkn6nn komnnekc 6upukmanapura 80 °C ga Na,S Tabcup
aTTUpNG \ocnn KannHagu. PyteHuitHuHr [Ru3CO)|2ZInTapknb6n
3aHrOpW paHrn Kap6oHun GuprkKmacy mMabiym. By Gupukmanapu
CyBfa 3pUMangmraH, 0praHuK spuTyBYMIapra axwmn spuinguran
mogganap 6ynu6, meTannap, Kepamuka, wWuwa CUPTAAPUHK
pyTeHWiA 6unaH Kpnnawga uwnatunagu.

RuCI3—TyK,-K,0pamMTUp TYCAU KPUCTann, cyBaa 3pumaingn,
KapboHuN aTmocepacmaa pyTeHWIAra Xnop Tabcup 3TTMPUG
ONNHAaLN.

OsS23yK,-K,0pamTup TyCAn KpuUcTann, cysfa, ULIKopnap
Ky4cu3 Ba KOHUeHTpaTnaHraH kucnota (HNO3 HD 2 HCHOY)
napfa apvumaigu, 3ap cysuga napyanaHagu. OpraHuk MogganapHu
CUHTE3 KANULIAA vnaTunagu.

OsCl4—K,1U3r1L-K,0paMmTmp Tyc/imM KpuUcTana, rMrpocKonuk,
CyB Ba BOLOPOA Xopuaaa ruponusnadnb, Komnnekc bupukmanap
XOCUN KUNagW, OpraHnK apuTyBuMIapia apumMaiau.



PtCl2—.yHRVp-sliinn Tycnm kpuctans, 550 °C ga napyanaHagu,
CyBfa Ha OpraHuK 3puTyBuYWIapaa spumaingn. HOkopu Temnepa-
Typafa nnatnHara xnop tabcmp aTTupn6 ékm H,|PICIJ «6H2D Hu
TepMuK napyanab x,0cun KunnHagn. OpraHnK MogLanapH/ CUHTES
KUMLLMA KaTaam3aTop cudaTtuaa nwiatunagu.

Wwnatunuwm. MpatuHa onnacy 3M1eMeHTNapu Ba YNapHUHT
6upnkManapm ammuakHu okcugnawga, napauH Ba onequH
YINIeBOLOPOAAAPHM TUaponsomepawa, rasnapHn CO ea U, faH
To3anawga, IoKopu TemnepaTypanapHu ynyainguraH tepMona-
panapHu Taiépnawja, KUMEBWIA Mamwnap onuiiga, TM6omneT
ac6obnapvHu Taképnaluga, KOHAEHCAaTop Ba Pe3ncTop MaTepuas-
NapuHKM ficallja, MeTaniap CUPTUHM KOoMnawja uwnatunagu.

XX N BO B

MWC FPYMNMAYACU SNEMEHTNAPUHUHI
YMYMUN TABCUDU

Muc rpynnadacu anemeHTnapura Cu—muc, Ag—kymyLl, An—
ONTWH Kupagu. by rpynnaya aneMeHTNapy aTOMAAPUHUHT TaLLKK
3M1EKTPOH KaBaTuia s' -3NeKTPOoHNap MaBxyf 6ynuiumra kapamac-
[laH d- anemeHTNap onnacura kupagu. YyHkn 6y aneMeHTNapHUHT
BIEHT 3/IEKTPOHNApU (pakaTrHa s- 3MeKTPoHNap amac, 6anku
d- anekTpoHnapu X;amgup. LLIYHWHT yuyH By 3/1eMeHTNapHUHT
oKCMmanaHuw gapaxacu takaT +1 amac, macanaH, MAUCHUKK +1,,
+2, ONTUHHUKN +3, KYMYLWHUKN 3ca +1 ra TeHr 6apkapop
6upukManap. +1 BaneHTAM KymyLl 6UpMKManapuHUHr 6apkapop
oynuwmra cabab, M1C Ba ONTUH 3neMeHTNapuHMKUra KaparaHga
3NEKTPOH KOHMUTYPaLUACUHUHT aHYa MyCTax.Kam 6ynraHnurnamp.

Tabuatga yypawm. Mwuc Tabuatga, acocaH CuS - MuUC
antuporun, CuFeS2- konuedaH, Cnd - kynput, CuCO3+Cu(OH)2
- ManaxuT, cody Kymyuw, KYPpOWMWH, PpyX, KagMmuii Ba 6GOLLKa
MeTa/INapHUHT CyNbUAIN MUHepannapy bunaH apanawiraH ~onga
&k AS.S -apreHunT, AgCl - KymyLl xnopug, Ag3ShS3- nupaprupur,
AgjASS] - npycTuT MuHepannapu \onvga ydpaingu. OntuH 6y
rpynnaya 3feMeHTNapu Mumfa 3Hr TapKoK Ba HOAMP MeTann
xucobnaHagn. LUYHWHr yuyH ONTWH, acocaH Tyrma \onfa éku
AvTe - KanaBepuT MUHEpPann xpauaa yupanam.

OnuHuwmn. Tapknbuga muc GynraH pyfanap gaotaumus Kuamo
6omTnagn. Xocmn 6ynraH KOHLEHTPAT KUcnopod atMoctepacuia



Kyngupunagn. KoHUeHTpaT Tapkmbugary Temmp OKcugnapu Ba
KepaKCn3 X1HCap LLUTaK Xonmaa axpatunb onvHaay. Tapknbuaa muc
Kyn 6ynraH apanawiMa KUC/IOPOANM aTMocdepada KaiiTagaH
CYH3KJaHTUpUnagn. Hatmxaga mMuc pyfacUHWHE OKCUANIaHTaH
KUCMU BUNaH OKCcuANaHMaraH KUCMU peakLmara KUpMLLmMG XoMakm
MUC KaWTapunagm. Xocun OynraH XomMakum MUC paguHauuns
KWnunHmne, anekTposins Hatuxkacuga MUc MeTanu axpaTmo onnHagu:

2Cu,0 + CuxS ----> 6Cu + S02

ByHpaH Tallkapy, MUC TMAPOMETANNYPrus yCynmaa Xam oNuHagu.
By ycynpa Tapknbuga muc 6ynraH pyaa KaiHOK cynbaT KucnoTta
éKM ammunaknn apanawima 6unaH uwnaHagu. Hatwkaga pypa
Tapkuébugarn muc CuS04 ékm [Cu(NH34S04 xonuga sputmara
yTafn. dputmara TEMUP TabCup 3TTUPUO EKM YHU 3NEKTPONN3
Knnmnb, 3pKuH Xonga MUc MeTanm axpaTtub onvHagw.

KymyLwu pygacuy, acocaH KyprowuH pyganap 6unaH apanatiraH
xonga 6ynaan. LLYHUHr yuyH Tapkubuga Kymyll 6ynraH pyjanap
CYKOKNaHTUPUANG, YCTW OYMK BaHHanapfa KWCopoj Tabcupuaa
okcuanaHaan. Hatuxkaga, KyprowuH PbO xonunaa cyroKnaHTupunaraH
apnaliMa Ksura Kankno Ymkagm, KymyLl aca oKcuanaHMai metasin
Xonuna YykKmara Tywaan. byHfaH Talwkapu, CYHOKNaHTUPWUraH
pydanapra pyx Tabcup aTTupunagun. Kymyw pyxaa KyprowmHaarura
KaparaHga sxiim spub, Yykmara Tywagn. Xocun BynraH vykvajaH
auctunnaums éppammga Kymyw axpatné onvHagu. Cynbgpuaam
pyfanapfiaH KymyLl aKpaTub onvwija, CyroKnaHTMpuaraH maccara
HaTPUIA LMaHWg, TabCup 3TTUPKG, XoCun BynraH KYMYLUHWHT KOM-
NeKc BuprKmacy pyx 6unaH KainTapunmné MeTann axpaTvno onvHaam:

A2 + 4NaCN -» 2NaJAg(CN)2 + Na,S
2Na[Ag(CN)Z + Zn -» Ag + NaZZn(CN)4|

OnTWH, acocaH Kyimgaru ycynnap unaH onnHaau:

1 Tapknbuga ontuH 6ynraH KyMaaH OnTWHHU aXpaTné onuiu
YUyH Kym 6up Heva 6ockmnufa toBunagn. Hatwkaga connwtmpma
maccacu kam OynraH Kym HOBUMG KeTagu Ba ONTWMH 4YyKMaga
Konagu.

2. Tapknbuga onTuH GynraH pyga CytKaaHTUpunn6, cnmob
6unaH apanawTupunagn. Cumob yauaa akat ONnTUHHU 3pUTHG,
amanbrama xocun kunagu. Xocun 6GynraH amanbrama TepMUK
napyanaHun6, cod xonmnaa oNiTUH axpaTnd oNMHaaM.



3. Tapkubuga onTuH 6ynraH pyganap 6onntunagun. Xocun
6ynraH koHueHTpaT KCN ékn NaCN spuTmacu 6unaH nwnaHagm.
Hatuxaga pyga tapkmbugarn onTuH KOMMAekc Gupmkmara
alinaHagn. YHra pyx tabcup aTTupm6, \ocun 6ynraH onTuH
papuHaums KWAMHUG MeTann fonnna axpaTnd onnmHagn:

4An + 8NaCN + 0 2+ 2HD —» 4NaJAu(CN),| + 4NaOH
2Na[Au(CN)ZZn —» NaXZn(CN)4] + 2Au

Xoccanapu. M nc —KM3ruw Tycnum 3nacTuUK MeTans, éKaapu
mMapkasnawiraH kKy6 cuctemagarn Kpuctana naHxapara ara.
Opanin wapoutaa KYPYK 3aBoga okcupnaHMaingu. JIekMH Ham
3aBoja, CO2unwTnpokmaa to3acu Kykapnb konaau:

2Cn + HD + CO, + 0O, - >(CMOHKCO,

Mwuc KusgmpunraHia KUcnopog tasenpuia okengnanuo, Cund,
CuO Tapknbnu 6uprkKmanap Xocun Kunagu, ranoreHnap, OITUHIy-
rypT Ba cenieH 6unaH peakuymsara kupuwagn. Muc HNO, sa H2S04
KucnoTaga apuingu:

Cn + 2H,504—» CuS04+ SO, + 2H,0

Ky MYy W —0OK paHriun, ANTUPOK IOMLLIOK MeTas, 0aauii wa-
pouTaa xABofAa OKCUANaHManan, 030H Ba BOAOPOS, CybqnA 3puT-
macy 6unaH peakuuara kupuwagn. Kymyw kmsgupunrasia KoH-%
ueHtpnaHraH H204, HNO3 KCN Ba HD, apanawmacy xamja
cytokgaHTupunran KOH Ba KNO, apanawimanapu 6unaH peak-
uusara KMpuwlagun, ranoreHnap, ONTUHIYrypT, CefieH, Tennyp byr-
napv 6unaH 6upukagn.

ONTWH —CcapruLl paHrnn FMLLOK MeTassl, o4aTaaru WapounT-
fa okcugnanmaign. KnsgupunraHga ranoreHnap 6unaH peak-
umnsara kmpuwagn. OntuH H2S04 —HNO03Ba HNO, —NaCl
apanawimanapuga, “3ap cyBu”aa , CeneHat KucnoTaga apuingu:

Au +4HC1 + HN03—» H[AUCH + NO +2HD

2A1 + 6H2Se04—> Au2Se042+ Se02+6 H,0

Bupukmanapu. Muc 6pomung —CuBr, paHrcu3 Kpuctaaa, Ham
TabCcupuga AWnn paHrra 6yanagw, cysga spumainiamn. KainHok CuS04



Ba KBr ékn NaBr aputmacura S02Tabcup 3TTMpmn6 Xocun
KunuHagn. OpraHuk MoAfanapHn CUHTe3 KUAULWAa nnaTunagu.

M unc (1) okeng —Cun, KN3UN paHrIn KpUcTani, cysaa apu-
maigun. YyTnatmunrad MuC MeTanmnra KUCI0pog Tabeup 3TTMpue éku
MUCHWHT 61p BaNEHTNM Ty3napura UWKop 3pUTMacuHU Tabeup aT-
TUPWG XoCcUN KnHagn. Cud —mmc Kyrnopocy onuLa, WinLla, Ke-
paMuKa Ba rfiasypnap Tanépnawiga nurMeHT cugatuga NnaTunagm.

Muc (1) cynbcpug — Cu,S, Kopa paHrnmM Kpucrtani, cyefa
apumaingm, loKopy TemnepaTypaja cyroknaHagu. Metannyprusga
nwnarmnasu.

Mwuc (11)-rugpokeng —Cu(OH)2 KyKuww-awunn Tycam amopdg
MOAfa, KM3LupunraHja napuyanaHagu, cyefa apumaign. Muc
Ty3flapura MLLIKOpP 3pUTMacKu Tabeup aTTUPUG X,0CMN KUNUHAAN.
LLnwa, kepaMuka, smanb, rnasypb Tapkuomaa nurmMmeHT cudgarunia
nwnaTmnagu.

M u ¢ (M)-6pomug —CuBr2 kopa paHriM Kpuctann, CyBaa,
aueToHda AXLIM apuiAiguraH rurpockonuk Mogda. Bogopos 6pomug,
aputmacura CnO ékn CnCO03 Tabcmp sTTMpuG onmHagn. ®oTo-
rpagusaga, opraHMK MoAJanapHu CUHTe3 KANULLAA ULLNaTUNaan.

Muc (M)-xnop wung —CnCL2 urappaHr-capru Tycnu,
CyBAa, CMMPTAA, aLeToHAa AXLIMW 3pUiAgUraH Kpuctani Moada.
Muc (1) - okenara xnopug kucnota ékn CuS04 Ba BaCl2tabeup
ATTUPUG XoCcuN KunuHagu. OpraHnk MopfanapHu CUHTES
Knnuwga, raznamanapHu 6yswaa vwinatunagm.

M uc (Il)-okcupg—CunO, KOpa paHranm Kpuctans, cysga
apuMaingn, aNeKTpoaMTNapHM Tailépnalja NUrMeHT cudartuga
nwnatunagm.

Muc(ll)~cynbcpug —CuS, Kopa paHrm KpucTaan, cysfa
apumangn. Muc Tysnapu spuTmacura BOZOPOS CyNnb(ug Tabeup
3aTTUPKUG Xocun KunnHagun. byékaap Tapkméuga nurMeHT cudatunga
nwnaTunagu.

Muc(ll)-cynbtaT —CuS04 KyKULI TYCNX KpUCTas, cyeaa
axw apuiign. Muc (1) - okeng ékm muc (11)- rnapokemara cynbgar
Kucnota Tabeup aTTUPUG ékn CuS HWM KUCNOPOZ ULITUPOKMAA
NULLIMPULL HATUXKacua xocus KunmHagn. CnSO, railbBaHOTEXHUKALA,
rasnamanapra Ba Tepura uwnos 6epuwiga, 6yEKUMNINKAA, 3NeEK-
TponuTnap Taképnawga, potorpadusaga MwnaTuiaan.

Kymyw 6pomupg —AgBr, oy-caprul Tycnm Kpuctann,
cyBfa apumaingn. Kymyura 6pom Tabeup sTTnpunb éku AgNO, ra
KBr HWHI cyBnn 3puTMacuHu apanawtmpué onuHagu. doto-
rpadmsga EpyuiuKKa ce3rmp Korosnap onuwaa uinatunagu.



Kymy w(l) -okcup~ AgD, xurappaHr-kppamtup Tycnu
KpucTann, cysfa apumainigu, épyriavk Tabcupuja Tesfa napua-
NaHagn. KymyLl HUTpaTra CYONTUPUAraH UWKop Tabeup STTUpuG
yyktupunagn. OpraHuK MoLAanapHN CUHTe3 KWW AA, rasfiapHu
CO paH To3anawga goiiganaHunaan.

Kymyw HunTpaT-KgNO,, 0K paHrniu, cyeaa, Cnuptaa
AXLWIN 3pUMalignraH KpUcTans, opraHuk bupmkmManap Tasenpuia
KyMyLl MeTajiura ocoH Kaintapunagu. Kymyuw HUTpaT ¢oTorpa-
thusaga, TM6OMETAA Ba aHANUTUK KUMELA ULINATUAAAN.

Kymyw xnopwupg —AgCl, oK paHran 4ykma, cyBga
3pumMangmn, NLKOpUiA MeTaINapHUHT UuaHnaaapuaa, Tuocynsdar
Ba NHA0H sputManapunga, KOHUeHTp/IaHraH HUTpaT Kucnotaga
axwmy apuingn. Kymyw xnopug coTorpagumsana, aetekropnap
0/INLLAA, CNEKTPOMETPUALA ULLNATUNAAN.

OnTuH (1/1)-xnopug —AILCL,, KU3U paHran KpucTann, Tep-
MUK 6eKapop, CyBAa, XI0pUA K1CN0Tada SxXLmn apuingm, ampnap-
[a EMOH apuiAgn. MeTannapHUHT CUPTUHU ONTUH BuaH Konnawga,
KepaMuKa Ba LuuLlanapra napfos bepuuga KynnaHunagu.

XXIIl BOb

PYX MPYMNMNAUACU SNEMEHTNAPUHUHI
YMYMWN TABCUDU

Pyx rpynnayacy aneMeHTnapu ra pyx—zn, kagmuii —Cd Ba cu-
mM06 —Hg kupaay. By anemeHTNap aTOMAaPUHUHT TallKW 31eKTPOS
KaBatnga s2 afnekTpoHnapu maexyg. LUYHUHT yuyH 6y
3/IEMEHTMIaPHUHT OKCUAMaHUL Aapaxkacu +2 ra TeHr. CUMOGHMHT
OKCUAMaHWLL fapaXkacu +2 raTeHr By/nraH Xyga Kyn 6upukManapu
mMabiaym. byHfain Gupukmanap gumepnaHraH oynu6é, Hg - Hg -
60rnaHULWHMHT MaBXyAnuru ncootnaHraH. Pyx, kagmuii Ba cMMo6
aTomapu y3napuHWHI CUPTKU 3MEKTPOH KaBaTWAaH ONAWHIU-
cuaaruv aNeKTpoHnapuHn bepmaiign. by xmxataaH Muc rpynnadacu
anemeHTNapugaH thapk kunagu. Pyx, kagmuid Ba cumob Il rpyn-
MaHWHI acocuid rpynnadva 3afeMeHTNapu Kabu akTue, aon amMac.
ByHra ca6ab, acocuii rpynnaya aneMeHTnapu 6unaH Kywmmya rpyn-
nava 371eMeHTIapUHUHT UOHIaHULL NOTEHLMaIM Ba UOH paguycna-
PUHUHT 6UP-6VpUaaH KECKUH apK Kuauwnaup. MeTtannapHuHr
KyunaHuLLap katopuga pyx 6unaH kagMuii BOAOPOAAaH oNanHAA
TypraH 6ynuwura kapamacfaH, CyBfjaH BOLOPOAHWU CUKUG
YyrKapa ofiMainfmn, YyHKN 6y MeTafNapHUHI CMpTUaa MycTa KaMm



OKCWA nappa MaBXya. By aneMeHTNapHUHT pyX-KagMuil-cumo6
KaTopmaa MeTanuMK xoccanapy Kamainno 6opagp.

TabuaTtga yypawm. Pyx Tabuatga, acocaH BHOPUMT-ZNS,
CMUTCOHUT-ZNCO3 KanamuH-Zn [Si,0A0H), « HAD, UMHKAT -
ZnO, Kagmuii rpukoHuT-CdS, otaBnt-CdCO,, cumob aca Tyrma
Xonga Ba kuHoBapb HgS, nuBmHroTtoHuT-HGS . 2Pb2S3 Ba
KOM0pafouT MUHEpaIIapn xonmaa yypangu.

OnuHuwn. Pyx pygacu ¢noTaums ycynu unaH 60anMtunne,
KOHLLEHTPAT XOCUN KUMHagu. Xocun By aH pyx KOH LleHTpaTu-
HW EHANPUG pyX OKCUJ ONUHAAN:

2ZnS + 30, — " 2Zn0O + 2SO0, +Q
PyX OKCUAWHW YINepogd 6unaH KainTapub pyx XOcun KUANHagW:
Zn0O +C -—-> CO + Zn

MapomeTanyprus ycynu 6unaH pyx MeTai/IMHN ONULL YUyH
KYAgupunraH pyx pygacu cynbat KucnoTafa spuTunagu.
HaTtwxaga xocun 6ynraH ZnS043puTmacy 3neKTpoan3 KUanHuG,
pyx aXpatub onvHagun. ,

Kagmuin TexHuKaga pyx 6unaH 6upra onvHagu. Tapkubuga
Kaamuii 6ynraH pyaa cynbat KicnoTaga sputunagun. Xocun éynraH
CdS04pyx 6rnaH KainTapunmnbé kn yHN 3NeKTPOnnU3 KUInM6 Kagmui
axpatnb onnHagn. Cumob TexHMKaga NMoNMEeTannyprus ycynaa
HgS aaH onuHagn. BYHVHT yuyH cmob pygacyl KUCIOPO4 épaammaa
Kyampunagun. Xocun 6ynraH HgS TepMuk 6ekapop 6ynraHu yuyH,
Y 3pKUH cumobra napyanaHub keraau:

HgS+ 02~  Hg+ S02

ByF xonga xocun 6ynraH cMMo6 mMaxcyc uamwira Rurunno, KeiinH
Xalgaw ynm 6unaH To3anaHagn. CumMo6Hu onuwiaa 6ab3aH HgS
ra TeMup K1 KafbLUWil TabCcup STTUPULL peakuuscuaaH gonga-
NaHULW MYMKWH:

Fe + HgS-—-—->Hg + FeS

4HgS + 4Ca0----> 4Hg + CaS04+ CaS

Xoccanapu. Pyx OKMW KyMmywpaHT MeTann, ofgartaaru
LUapomMTAa MypT, XaBo Ba CyB Tabcupura umigamnu. KusgupunraHaa
PyX CYBHU Mapyanaingn. dpuTmaga BOAOpPOL MOHMApU OpTULIN
GunaH pPyXHUHT cMpTUAArM OKCua napga emmpunagn, Hatwkaga
YHUHT KUMEBUIA peakumsra KMPULWIUWK aKTMBNaWaan. XaTTto



aMMOHWIA XNOPUATY3UMNVHT TUAPONM3N HaTUXKacKAaa X,0cun GyraH
BOAOPOA MOHMAPU PYXHWLL' 3pULL >KapaéHWHW Te3natagu:

Zn + 2NH,C1 + 2HD -—-> H, + ZnCl, + 2NH4H

Pyx amoTep meTann 6ynraHn yyyH KUcioTanap Ba MLLKopnap
6unaH peakumsra Kupuliau:

Zn + 2HC1-—-> ZnCI2+ H2
Zn + 2HCL + 2HD ——> [Zn(HD)4CI2+ H2

Zn + 2NaOH + 2HD -—--> NaZzZn(OH)J + H,

Pyx HATpaT Ba KOHUEHTpAaHraH cynbgar Kucnotanap 6mnaH xyga
thaon peakuuara Kupuwagn. Pyx Xyna CYONTUPUNTaH HUTpaT
KMCNOTaHW aMMOHWUIA MOHWUTaYa KaiTapaau:

4Zn + IOHNO,-—-> 4Zn(N0J), + NH4NO, + 3H,0

4Zn + KNO1+7KOH +6HD -—» 4KJZn(OH)4 + NH3

Kagmuii oK, paHr v, SNTUPOK,, FOMLLOK, MeTann. Kagmuii \aBoaa
oKcuanaHraHaa YHUHICUMPri1 okeua napaa bunan K,onnaHagu. Kaa-
MWIA tOK,0pV TeMMepaTypaa Xyaa aon MeTans, Kucnotanapaa axm

apuiAgun, uk,opnapga spumMaigm. YyHkm H2+20H 2H2D cucre-
MaHWHI CTaH4apT okcuanaHuw noteHupanm Cd + 20H 5~ Cd(OH),

CUCTEMAHWHT CTaH4apT OKCUA/TaHULL NoTeHUMa M rTaH Kan a. LLyHra
acocnaHnb BOLOPOA Kaamuiira HUCO6aTaH Kyynu K,aitapyBuUvgump.
LLIYHUHT YuyH KaaMWiA ULLK,0pWiA MyX,1Taa H+MOHUHMW 3pKUH BOZO-
poaraya kaiTtapa onmaiian. KOK,0pu TemnepaTypaga Kaamuin akTuB
MeTanN, ranoreHnap 6unaH 6MPMKNG rasoreHuanap XpPCun K unagu.

Cumob6 opatgary Temmepatypaja CylK, SATUPOK, MeTa,
KATTUK, X,0natda a- Hg Ba p -Hg mogndmkaumsra sra. Cumob éyru
Hu\oaTaa 3a\apnu. Cumob pyx Ba KagMuingaH 6upmMyHua tapk,
Kunagn. Y pyxra K,aparaHja CeKUH okcupnaHagu. J1ekuH
ONTUHIYTYPT Ba ra/loreHiap bunaH ofataru Wwapoutaa bupukagu.
Cumo6 KAOMHOK, cynbgaT Kucnotaga, “3ap cyBu”ga Ba HUTpaT
KucnoTaga apuian:

Hg+4HNO,----> Hg(N032+ 2NO, + 2H,0
429



Cvmo6 opTU™Ha MUKAOPAA ONMHCA CYHONTUPUAraH HuTpat
Kucnota bunaH Tabeupn Hatuxacuga Hg(NO03J2xocun bynaaw.

6Hg + BHNO03— > 3Hg(N032+ 2N02+ 2HD

Cumo6 Kyn meTannapHu ysupga aputagu. byHpaai spuTmanap
amanosramanap fe6 atanagu. Amanbramanap ojgartgaru
TemnepaTypaja CYOK, €K1 HOMWOK, 6ynmwmn 6unaH 6owka
KoTuwManapgaH ¢apk kunagu. AmanbramanapHu (u3ank-
KUMEBUIA TeKWMNPULW HaTUXacupa ynapHWHI 6ab3uniapu
UHTepMeTann 6upukmanap akaHauru, 6ab3vnapn KaTTuk
3puTMa, 6ab3nNapu CYHOK 3pUTMA SKAHIUIU aHUKAAHTaH.

Bupukmanapu. Pyxokcug-ZnO, OK paHrin  KyKyH,
ZnCO03 Zn(N032 Zn(OH)2napHu TepmuK napyanabd éku ZnS
HU KyAQUpn6 XoCun KuamHagu. Pyx okcup HUXosaTa TeEPMUK
6apkapop amdoTep MoAfa, KMCAoTa Ba MLWIKOpAapaa sxwu
apuiign. Pyx okcnpg KocmeTuKaga, 6yek Tanépnawga, TMébuétaa
pe3nHa, WWWIa, KepaMuka caHoaTujga, 3N1eKTpOHWUKaga
ApUMyTKasrMwiapi\n Tainépnawga vwnatuiagu.

Kagmuit okcupg- CdO xurappaHr Tycnm amopd) sa
KpucTann moaugukaumara sra 6ynraH mogaa, cyspa spumangu.
XaBofa acTa-cekMH oapafu, YyHku xaBogaH CO2 HuU OTUO
CdCO03ra aitnaHagn. Kagmuii okcua, KagMuitHn éku CdS Hu
okcngnab xamga Cd(OH)2 CdCO03napHuM TepMuK napyanab
XOCWUN KuavHagu. MynaTt cupTMHU Konnawain nwnatunagu.

Cumob (I)-okcwnpg —HgO capuk KU KU3na paHriu
mMoaurKaLmanapra sra 6ynraH KpUcTana MoAAa, CyBAa 3puMaiiau.
KnsgupunraHga napyanaHagu:

2HgO-—-> 2Hg + O,
Capuk mogugmkauusra ara 6ynraH HgO KUMEBWIA aKTUB, YHM
cumo6 Ty3napu sputmacura K2 03ékm nwkop Tabcmp aTTnpmo
XOCU KWW MYMKWH:
Hg(N032+ KX 03+ HD ----> HgOi + 2KN03+ H,C03

KN

HgCl2+ Ba(OH)2---->HgO + BaCl2+ HD



Kusnn panram cumo6 (1) - okemg Hg (N032 Hu TepMuk
napyanab xpcun KunnHagu:

2Hg(N032-—> 2HgO +4NO, + 02

Cumob (M)-okecma KnMMEBMIA npenapatiap 0L OKCUAN0BYM
cuatmga, 6YEKUMNMKLA NUIMEHT Talképnalifa uwnatunagu.

Pyx Ba KagMuii ruapokcuanapu oK, paHrnu, cysga spumaniguran
yyKmManap. Ynap pyx Ba KagMuia Ty3napura uiKop Tabeup aTTupuo
x,ocun K™nuHagn. Kucnotanapfa, WWKopnapga Ba ammuak
puTMacuga Sxwmn spuingn:

Zn(OH)2+ 2HC1-—> ZnCI2+ 2HD
Zn(OH), + 2NaOH ---—->Na3zZn(0OH)J

Zn(OH)2+4NH ,——-> [Zn(NH34(OH)2

Cvmo6 rnapoKcugnapuHu ynapHUHI Ty3fapura WLWKop
TabCUp 3TTUPKMG \ocun KManb 6ynMainam, YyHKW napyanaHuo,
oKCUf Xpauga vykagunap:

Hg(N032+ 2NaOH > HgO + 2NaN03+ HD

HgANO032+ 2NaOH —» Hg02+ 2NaN03+ HD

Pyx, kagmuini Ba cumo6 (IM)HWHT HUTpaTnapu, cynbdatnapu,
nepxnoparnapu, aLetaTnapy cysaa axwu apuiianraH Mogaanapavp.
By mogfanapHuHr aputmanapu 3axpaugup. Cumo6t (I)
TY3NaPUHUHT  KYNuuAUTX  cyBfa apuMaiiguraH mogganapamp.
dPakATrMHa cyBaa apuiiguraH Ba CUMOGHUHI 60LUKA Ty3napuHu
onuvwga nwnatunaguraH éuprkmacu HgANOJ)2amp:

HgAN 032+ 2NaCl-—> HgXI2+ 2NaN03

Cumo6 (1) tysnapu cumo6 (Il) Ty3snapuHu KahiTapub Xx,am
ONMMHULIN MYMKMH:

2HgCl + (NHAZXD 4----> HgZXI2+ 2NHAC1 + 2C02

Cumo6 (1)-Ty3napu gucnponopumsnaHuil xoccacura ara.
MapyanaHu Te3UTM aHUOHHUHT TabuaTura 6ornuk. MacanaH,



HgZCI2 aH4yarnHa 6apkapop, akatruHa EpyriMkK Tabcmpuga
KusgupunraHga napyanaHagu, cynbug sca ogauid Lwapoutia
lnafaTAM napyanaHagu:

Hg2CI2 HgCl2+ Hg
Hg2AN03, + H,S----> HgS + Hg + 2HNO,

Kagmuii Ba cumob (M) ranoreHugnapu, uuaHugnapu pyx sa
60oLIKa 3NeMeHTNapHUHT Ty3napura KaparaHga kam guccoumna-
Hagw, by xocca CI —Br —J —CN ka'ropeaa kamaiinb 6opagu.
byHra cab6ab, 6yHgain 6upukmanapga sn1eMeHTnap opacupgarm
KOBaNeHT 6OrfaHnl KyYUMHWHT opTuG Gopuwmnanp. Kagmuin Ba
CUMOGHUHT Xnopug, 6pomug, Mogua, UnaHwug Ba pofaHupg
OGUPMKMaANapUHUHT KOMMNEKC BUPUKManapuHu \ocun Kuauil
xycyenatn Cl —Br —J katopupga opTub 6opagm, pyxga sca
Kamainb 6opagn. MacanaH, cuMob (M)-HUTpaT spuTMacura Kanmi
noamp Tabcup aTTMpUnca, cumob (M)- noama yykmara TyLuau:

Hg(N032+2K J—-> Hgl21 +2K N 03

Yykmara Kaauil iogug opTUKYa' MUKLOPAA TabCup aTTupunca, y
KOMMAEKC 6UpUKMa Xpcun Knnmod apub ketagu:

Hgd2+ 2K J--—-> KZHgJl4

Cumob (1) ranoreHuanapu cyefa spumaiguraH mogaanapamp.
PyX XNOPWUAHWHT KOHLEHTPAAHTaH 3puTMacyu rmaponus
HaTuXacmaa KOMMIEKC BMpUKMa XpCun Kunagu:

ZnCI2+ 2HD -—>H,1ZnCl,(OH)7]

LUYHUHT yUuyH pyX X70puji spuTMacu MeTannapHu naiBaHf-
nawaa, cUpTUaary oKcuA napAacvHW Tosanallga ULaTunagu:

FeO + H2ZnCl,(OH)Z ----3- FefZnCIZ0H),j + H,0

Pyx, kagmunin Ba cumo6 (Il) cynbthmanap cysga apumainguraH
MoAjanapavp. by apuTManapHUHT CynbhuanapuHu 3pyBUYaHINK
Kynaitmanapu Zn—Cd—Hq - kaTopuga kamaiinb 6opuiun 6unaH
YNapHWHI KUCNOoTanapAa apyByaHIUMM kamaimné opaan. MacanaH,
PyX Cynbgug cyronTupuarad xaopug knucnortaga, Cds aca gakar
KOHUeHTpnaHraH HC1 ga, HgS aca KaliHOK KOHLEHTpnaHraH
cynbhaT Kucnotaga spuiagn. Pyx Ba Kagmuii cynbuanapuiaH



eHMum (1) cynbdug UWKOpUIA MeTanapHUHE cynbpuanapuia
apuwm OHNaH (hapK, K™Wnagu:

HgS + NaZxs --—--> NaZHgS2

MwnaTwunwuinun Pyx, KagMUiA, cMM0O6 Ba yNapHWHT
6upnKManapu MeTanfapHUHI CUPTUHW pyxnawga, TMb6uéTaa,
TYK,MMAUMUANKA, LWNLIA, Kepamuka caHoaTuaa nact Temmnepa-
Typaja CyroKnaHaguraH KoTuwmanap Tainépnawifa, aTom TexHu-
Kacuga, 6apomeTp, TepMOMETP, NIOMUHOGOP NamMnanap uwaé
YMKapuLLaa, ranbBaHUK 3/1EMEHT XOCU KUAULWWAA, HOAUP Me-
TannapHu pygagaH axparué onuwiga uwnatunagu.

Takpopnatl yuyH MaTepuannap

BOGHUHT UMcLadYa MasmyHu

[aBpuii >KafBasHUHT KyLUMMYa rpynnayva aneMeHT1apy ymymunii
Tascuu, TabuaTga yypawun, oNUHULWK, (U3NK Ba KUMEBUIA
xoccanapu, ninaTunuwm X;amaa a®aMmaTu X;allja mablyMoT nap
kenTupuarad. CkaHguin rpynnavacy, TUTaH, BaHaguiA, MapraHel]
Ba Temup rpynnavanapu anemeHTNapu ycTuga cys opuTwunagu.
LLUyHUHrgeK, NnaTWHU OMiacu 3fieMeHTnapu, MUC rpynnayacu Ba
pyx rpynnavacu aneMeHTnapuv %aumga %ammablymoT nap 6epunraH.

Bo6HM ypraHuLfaH maLeas

1 d-anemeHTNap onnacura KUPyBUM 31EMEHTNAPHUHT YMYyMWUIA
xoccanapuHu 6mnmb onu, ynapHUHr 6upukmanapu “ampga
carnoarfarn axgMuaTW X,akBfary mMablyMOTNapHU y3nawTupué
ONNLL.

2. INeMEHTNAPHUHT KUMEBWIA XOCCaNapuHA CUPTKN Ba UYKMU
KaHaTnapaa »KoinawiraH 3n1eKTpoHAap CoHura 60rfnK-nuruHnu
oununLL.

3. c1->nemeHTNapda y3rapyByaH BasleHTAMKNAPHUHT HaMOEH

BYNMULIMHU MUCONApAA MCBOTNALL.

Maluy Ba macananap

1 1luma cababgaH d-aneMeHTNapHW OpanvK anemeHTnap aeb
aTaingmnap?

2. K,ywmMua rpynnavanap 3/eMeHTnapu XoccanapuHUHT
acocuii rpynnaya anemeHTnapura KaparaHga Kam Ba CEKWH
y3rapuwnHUHT 601CK HUMaaa?
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3. Kywwumuya rpynnava 3/fieMeHTNapUHUHT y3ura xoc
XYCYCUATNAPUHN caHab GepuHr.

4. CrC13 HuHr sputmacura KOH asputmacmpaH opTukya
MUKAOPAA KyLmnngun. Xocun 6ynraH CyroKank 6pomamn cys bunaH
apanawTupunan. ApUTMaHUHT AWNUA TycU Capuk Tycra yTau.
Copamp 6ynraH xapaéHHU TYLUYHTUPWO, TEHTaMaCUHUW E3UHT.

TecT casonnapu
1 HgS kyhungarn mMogfanapHUHr Kaicum oupuaa apuign?

A. HQ )aB HNO3(CY10/'IT)';

A. NaOH ’(q;m)lE- NaCI(qM)

2. Xnopug kKncnota bypa spuTMacura KywunraHga KaHgai
mogga xocun 6ynagn?

C. HNO +HC1

YkoHU (koHn)?

A. TeTpabopat kucnota. B. Optabopat kucnota. C.MeTtobopoT
kucnota. .HaTpwuit xnopua. E. Bop aHrmgpua,
v
3. bopHu nabopatopusaga ONWW YYYH K,aiicu ycyngaH
thonganaHn MyMKUH?

A. BD 3+ Mg;B. NaBA 7+Ca;C. BH6 /4. KBF4+ Na;E. BD 3
4. BOp KMCNOTACUHUHT Kalici Tyum CyLLLL 3pUTMaga N Gapkapop?

A. Opto6opoT. B. Tetpabopart. C. MeTabopor. [1.'bopar. E. bapkapop
amac.

5. Al2S3.. onuw yuyH Kalicy peakumsgaH onganaHul Kepak?
AAICI3+ HS+ HD -—--->
B.AJA, +HA . — >
C.AI+S— >
O.AICI3+ (NH ) S+ HD

e.aithk -—>

S AgCl yurby moaaanapHUHI Kailcu 6upuga sxwm apuiian?



A NaOH; B.NH.OH; C.HNO

3 kjnmok;j

[. HCI

{myn MUKjiop.'i.ii)_e -h 1!5044'
7 Mn(OH)2ra nwkopuii myxmutaa KBrO Tabcup sTTUpPUNTaH-
[la Kalicu mopua xocun éynagn?

A. K,Mn04B. Mn02 C. KMn04 AI. Mn(OH)4 E. MnO.

8. Kylimgarn 6upmkKManapHUHI Kalicu 6upuaa KOHLEeHTp-
NaHraH cynbgar K1McnoTa Tabeupuaa oKCUANaHNIWLI-KAATapuanLL
peakuuacy cogmp Gynmaian.

A. KJ; B. NaJ; C. NaBr; . NaCl4; E. KBr.

9. Muc (1) xnopug spuTMacugan WC rasuHM yTKasraHga
Kyingaryn moaganapHUHr Kaicu 6upn xocun 6ynagu?

A. CuCICO ;B. Cu; C. Cn,0; 4. CO,; E. Cu(OH),.

10. Bogopog cynbthng oNnwW YYyH Kyiingaru peakuusanapHuHT
Kaliev 6upnaaH <|)oiiganaHuH| kepak?

A. ¢S+ HCI -» ;B. PbS+ HCI ;C. CuS + H,S0,,

nn) (cyjiioi) cy;ijui\)’

. HgS + H,S04,  ->:E. FeS, + O, + H,0-».

yionT)
11. SpKunH 6poM onuLL YUYH Kyinaaru peakunanapHuHr KafloH
6vpnaaH oiganaHuLl Kepak?

{epwmn) + J2->;1

A. KBrO + F,—; B. HBrO

'H'jpnTMa)

C.HBro, .. +ClL— [. NaBr +H,SO

Slepwma;

-E.KBr+L->

A<cyon|

12. TUTaHHWHT Kaiicn GupuKmMacy TepMUK 6apkapop?

A.TiCl,;B. [Ti(H,0)JCI,;C.TiCl4 . Ti(OH),;E. Ti(OH)4

13. MeTacTaHHaT K1C/oTa Kaiicu mMoaaaga apuinan?

A. HCI; B.HF; C.H,SO

h’(cy»on r.r’

[.HNO,  wEHS

3(cyronT)’

14. Xpom caHoaTha Kaicy 6upukmagaH onvHagun?



[l. KCIO4E. KTHO7

15. JTabopatopusga cynbaTr aHrMAPMAHN ONULLI YYyH Kalicu
peakuusaaH goganaHmnagn?

A. Cn + HS04(d) B. FeS2+ 02

C- NaSO03HTHK + HB04kc)— [. HS+02  E.S+02->

16. HaTpuii MmeTanura cynbuT aHIMApuA TabCup 3TTU-
pUAMLWK HaTWXKacuba KaHga mogaa xocun 6ynanu?

A. NaZ; B. NaSdD 4, C. NaXsO,;A. NaS04E. S

17 T'mapo3uHra KanbUWin MeTanu TabCup 3TTUPULL
HaTuxacuga KkaHgai mogaa xocun 6ynaaun?

A.CaHZ B.NH3 C.HZ O.Ca3‘R E. Peakuns keTmainan.
18. docdhart Kucnota He*a acocnun?

A.2.B.3.C.4. .5'E/.

19. docat aHrMapuAMra UKKM Mosb CyB TabCup 3TTUPKLL
HaTMXacuaa KaHaai moaaa xocun 6ynaam?

A.HPO03B.HP03 C. HP 04 . HPD 7, E. HP 03

20. LinaHng KMCNOTaHWUHT HeyTa U30MepuHn Grunacms?

AN. B.2 C3. 4.4 E.S.

21. KyprowwuH (I1)- iogma vyykMacu Kaicu aputMaga sxiiu
apuingn?

A.HZS;B. HS04C. HQ; A. KJ;E. KOH.

22. Pyx MeTa/lMHU WLWKOPUA MyXuTha HuTpaTnap 6unaH
apanawTupnb, Kyngupuw Hatwxacuja KaHfan mogna xocun

6ynagn?
A.NH3B. ZnO; C.Zn(N032 [l. NHAN 03 E. Zn(OH)2

23. Pyx MeTanMHM amMuaK apuTmacuja spuLlin HaTvxacuia
KaHgaii mogaa xocun 6ynaam?



A. Zn(OH)2B. ZnO;C. H24. NH,;E. Peakuus keTmaingu

24. Hukenb (111)- rngpokcugHu xnopug kucnota éunaH
peakuuacy HaTUXKacuaa kaHgan moana xocun 6ynagu?

A. NiCI3B. NiD; C. C12 [. Ni(OH)2E. Peakuus keTMaiian.

25. Ko6anbT (111)- rugpokengmHm cynbat Kucnoracu bunat
peakumsacy HaTWXKacuaa KaHgam mogaa xocun 6ynagu?

A.CrIS043 B.02 C.S02 fl. SO3 E.CrD 3

26.Y1W0Y ranoreHNapHUHI Kalicu GUPUHMUHT 31eKTPOMaH-
hniAnnrn Karta KuitmaTra ara?

A - ¢Top; B - xnop; C - 6pom; [ - iiog; E - iog Ba 6pom.

27 Kyiimpary ranoreHoBoJOPOANAPHUHT KaiAick GUpn TEPMUK
6apkapop?

A. HF; B. HC1; C. HBr; 1. HJ Ba HBTr.

28. OpTKYa MUKAOPAA ONMHIAH X/IOP/N CyB GUNaH Kanuii
MOLMAHUHT TabCUPMaHMLLM HaTMXacufa KaHgaik mofga Xocun

oynagmn?
A.J2B. HJ;C. HIO; 4. HIO3E. HHO4
29. ®TOp TabMaTha kaHdal buprKma xonuaa yupaiam?

A. KHF2B. CaF2C. 3NaF3fl. AIF3E. SiF4

30. To3a BOLOPOA WOAMA ONWLL YYYH Kaiicu peakuuapaH
thonganaHnLL MyMKUH.

A. KJ(k) + HX04kohu) —->
B. KJ(k) + HC1(koHU) — >

C. KJ(k) + HPO4(KoHL)-—>
4. P(ku3un) +J2+ HD =

E.JAk) +HD — >
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31.Yweéy Br2+ HD 5HBr+ HBrO myBo3aHaTHW yHITa
CUMKMTULL YYyH KyiAngarn Kaiicu MOLAaHW KyLUMLL Kepak?

A. HS04B. NaOH;C. AgNOs; . CaCOs3; E. NaBr.

32. Kpuctann xonatgarn 1og Kynugarn kamcu mMoggaHuHL
CyBNW 3puTMacy 6unaH peakumsara Kmpuagmn?

A. NaCl; B. KCKO3 C. KJ; AI. KF; E. NaF

33. Vlogan Kmcnopoann 6UPMKManapHUHE Kaiicu 6Mpn aHT
H6apkapop?
A. +1;B. +3;C. +5; O.+7;E.-1.

34. B[4 MOHWHWHT (hasagary KoHgurypaumacu kaHpau
KypuHULITa ara?

A. KBagpart; B.TypT6ypuak nupamuga: C. TeTpasgp;
[.0ntnéypyak, E.KOHYyCCMMOH.

35. AJIIOMVHWIA TUAPOKCUAMHM YYKTUPWLL YUYH Kaiicy MoAza
apuTMacuaaH opTUKYa MUKLOPAA 0NN Kepak?

A.NaZZ03 B. NaOH; C.NH3 4. NH4H;E. KOH.

XXIV BOb
f-ONEMEHT/AP

XXIV. 1. TAHTAHOUANAP (TAHTAHUNANAP)

[aBpuii cucteMaHWHr ONTWMHYM Aaspura Kupysum 14 Ta
3NEMEHT omnacy LWyHAalk HOM 6unaH aTanagn. bBynapra uepwit
(atom pakamu 58), npazeogum (59), Heogum (60), npomeTwnii (61),
camapuii (62),eBponuii(63), ragonuHunii (64), Tepbuii (65),
ancnposuii (66), ronbMuin (67),5p6uin (68),Tynnii(69), uttepbuii
(70) Ba ntoTeunii (71) kupagu. UTTpuin 6unaH naHTaHougnap
bupranvkga cuiipak-ep afieMeHTAapy rpynnacyMHM TawKua aTub,
LIepWin Ba UTTPKWiA rpynnavanapura 6ynuHaan. LiepuidgaH ragonu-
HWiiraya OynraH anemMeHTNap eHrnn naHTaHougnap, TepbuiigaH
noTeumMmrayva bynradnapu ofup naHTaHougnap geiinnagu. EHrun
naHTaHoOWAgnap rpynnavacumga o6up sfemMeHThaH WKKUHYM
anemeHTra ytunrauuga 4r-opébutanra 6uttajgaH 371eKTpPOH
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Kywwunagn. Orup naHtaHoupgnap rpynnavacu anemeHTnapu
aTomnapuga 4/1opbutannapra aBeajirm eTTuTafaH Talkapy siHa
6uTTafaH 3aNeKTPOH Kyluuna 6opaau.

NaHTaHonanap atomnapmaa 4I-noroHavlap aneKTpoHnap 6unaH
TynM6 6opaan. Ynap atoMAapuHUHIT TallKU ONTMHYM K,aBaTuia
NUKKUTafaH S-3N1eKTPoH 6ynagn. [agonvHuin 6unaH noTelmi
aTOMIAPUHUHT GeLlMHYM KABaTMAA UKKMTA S-, O/TUTA p- Ba OUT-
TaflaH d-3neKTpoH 6op 6ynnb, bynap 6y bopaganaHTaHra yxwanau.
LlepuiigaH ragonuHuiira ytunraHga 4moronagarvu snekTpoHnap
COHW MKKUAaH eTTUTara K.agap optagu. JlaHtaHougnap Typkymu
noTeumnii 6unaH fAKyHnaHagu,yHUHr 4l-noroHavacugaru
3NeKTpoHnap coHu 14 tagup: Lu - 552 m5p6 mbd' 6 .

NaHTaHomupnapra Xoc OynraH OKCUANaHWULW Aapaxacu +3.
NaHTaHOWA aTOMUHUHI BaneHTAUK \onaTu KynuH4Ya YHUHT
Tapkmnéugarn 5d 6s2 anekTpoHnapra 6ornnknnru 6unax
aHuKpaHaaw. Ly cababaaH naHTaHOMAap KYNUHYa Y4 BaneHTnun
XA1aTHU HaMOEH Kunaaw. SlaHTaH, rafonvHniA X,ampa nioTeLuinra
AKWH 3NeMeHTNapa y3rapyByaH BIeHTAMK ce3unaau. LiepuiAHuHT
y4 Ba IypT BafIeHTINMK \0NlaT HaMOEH Kunuwn 4f - xonatgarn 6mp
3NEKTPOHMHUHT S AaH d ra yTuiwm 6unaH TyLyHTUpUNaan.

NaHTaHoMgnapgaH camapwii, eBPONUIA Ba UTTEPOUIA UKKU
BafeHTNM \onatHuU \am HaMO&H KWUINWWU MYMKWUHAUTK
aHUKAAHTaH.

NlaHTaHougnap katopuga aTom coHu opTa 6opraH capu (Ge
fJaH Lu ra kapab) MOH paguycu Kamaiunb 6opagn. by xauuca
naHTaHoManap Kupuwumu (Cuuunuiin) geannagu.

f-aneMeHTNap opanuk, anemeHTNap >Xymjacura Kupagu.
YNapHUHT KKK TYpPKYMW Mabiym. bupnHuncn 4l-anemeHrnap,
AbHW NnaHTaHougnap 6ynunb, ynap VI faspaa naHtaHgaH KeAnHIu
YH TypTTa ypunnu srannaign .IKkuHun Typkymra 3-anemeHTap,
AbHU akTUoHugnap kupagu. bynap VIl gaBpga akTuHuingaH
KeAUHrn 14-ypuHHun arannaian. XXamu 28 Ta aKTUHOHUA
aNemMeHTIapy Mab/iyM 6ynnb, ynap MeTannap Xymaacura Kupagu.
Ep koburnga macca 6yinya mukgopn 1,6 1026 ra TeHr.

TabuataayupaingmraH 6actHesut (Gd, La..) « CO3Enonaput
(Na,Ca,Ce..)2(Ti.NbTad 6 Ba MoHauuT G, La..)P046ynn6, ynap
anatutnapga, WyHWHr4eK, TaHTan, TUTaH Ba ypaH MuHepanna-
pv TapkMbmnaa x,am yupanau.

NaHTaHouAnap ysnapuHWHI pyjanuM KOHLeHTpaTnapura
aHopraHuk kucnotanap (H2S04,HNO3 ékn mwkopnap Tabcup



3TTUPUG axpatnd onuHagu. MuapokcuanapuiaH xam Xomatué
cuatnga oipganaHca bynagn. Kumésmin xoccanapu xyaa
yxwawnuru Tydannm naHtaHougnapHu GupukMmanapuiaH
TO3an1ab aXpaTnb 0L aHYa MYLLKYN. AMMO KEMWHIW Annnapaa
ynapHu 6up-6upmngaH axpaTyBuM camapanu ycynnap uwinab
YMKWATaHKK, ByHaa X,ap 6Uup MeTai To3a X0/4a ONIMHMOKAA.

NaHTaHoMAnap OK-KyMYLIpaHT TUNUK MeTannap, KAMEBWIA
X0ccanapu XXumxatuiaH UWLKOPUiA - ep aneMeHTNapura SKUH Typagu.
Ynap aHopraHuk KucnoTanapga apuilgu, CcyB 6unaH ysapo
TabCcUpnawneG, BOLOPOL aXpaTaay Ba apuMaliguraH ruipokcuanap
Xocun  Kunagu. JlaHTaHougnap ogatjarv LwapouTaa Kucnopog,
6unaH, 200°C pgaH tokopuga ranoreHnap, ranoreH-soAopog,
yrnesofopog, 6op Ba ONTUHIYTypT 6WUaH peakumara Kupuwagu.
NaHTaHongnap okcugnapw, @Topugnapu, OKcugpTopuanapu,
cynbug Ba OKcucynbuanapu cyefa spuMaifuraH KuiuH
CYOKAaHyBuM Moggdanapamp. FanoreHnanapm (hropugnap 6yHaaH
MYyCTacHO), HUTpaTNapy Ba Nepxsopariapu cysaa axwun spuiau,
cynbhatnapn Kampok, (octhatnapu, kapboHaT Ba oKcanatnapu
aca apumaingun. Okcanat/lapn 6unaH Kap6oHaTnapu 800—900°C aa
OKCuAnapvraya napyanaHagm.

EBponuid, nTTepbuid, camapuin, Tynnii Ba HEOAUMHMWHI BaHa-
faTtnapu, BonbhpamaT, rekcabopug, metadocdart, opTodocdar,
ynbTpadocdar, monubaaT Ba HMobaTnapu, okcanat, Ccynbgua,
cynb(pat, TaHTagdaT, (hTopua Baxiopuanapu Mavaym 6ynuno, ynap
TYpAv coxanapga vwnatunagn. by Guprvkmanap, Termiuinya CUHTes
Knn6 onvHagu. JTIOMUHUCLEHLMANAHYBYM LWMLIanap Taliépnaluja
aKkTuBatopnap cudatmga, nasep marepvannapu, ytra uyngamnau
bylomnap, aTtoMm peakTopnapu cTepXeHnapu Talépnawifa,
KOMMOHEHTNAP, YysaH MOAUGMKaTOpnapu, SpUMYTKasrunu,
KOTMLIMa Ba 6oLIKanap Tanépnawga KynnaHuagm.

Llepnin, npaseogum, Tep6buin, HeogMM Ba LUCMPO3UI
thTopmanapn Ba 6owKa GupMKManapuaaH KanblUWili épgammpaa
TEPMUK KaTapuLl, XJOPUANAPUHU 371EKTPOSIM3 KUIULL Kabu
6owka ynnap 6unaH onvHagu. Ynap muwiMetann (KoTuul-
Ma)napia KOMMOHEHT, aNtOMUHUIA Ba MarHWiA KoTULIManapuia
NerupaoBYM KyluMMmua, flasep matepvaniapy Ba MAEHKanapHu
Taépnaluga uwnatunagu.

NaHTaHoMAnap paHrnM Metannap caHoatuga, 31eKTPOH
acbobnapga retrtepnap, MarHMT martepuannapu Talhépnawpga
KOMMOHEHTNap, éHAMPYBUYM Tapknbnu mopananap BOLOPA



aKKyMynsTopu, 60lKa MeTannapHu KaiiTapyBumnap Ba nynat
Tallépnall camoa rvaa KyniaHuaMoKaa.

XXIV. 2. AKTUHOWANAP (AKTUHWAAP)

[aBpuii cMCTeMaHVHT eTTUHYM JaBpura MaHcyb yH TypT
3NIEMEHT Ooufacu akTUHomanap HoMmu 6unaH atanagu. bynapra
TopuingaH - noypeHcuiiraya 6ynraH (atom pakamm 90—103)
3NneMeHTNap Knpaam. Topuii 6unaH ypaH U30TOMIapy y30KsALWanaw.
By anemeHTnap Tabunii mMuHepannap Tapkubuaa y4ypaingu.
MpoTaKTUHWIA, HENTYHWUIA Ba NYTOHWIA n30TONNapy \aM Tabuatga
03pOK MUKAopAa byncaaa, yupainan. Y3ra akTuHomanap tabvataa
yupamaingu, ynap ypaH Ba 6ab3n TpaHCypaH 3MeMeHTNapHW A4po
peakTopnapuaa HelATpoHnap 6unaH HypnaHTUPUG EKU eHrun
aNeMeHTNap aaponapy Te3naTknunapuaa onmHaau.

AKTUHOMANap KUMEBWMIA Xoccanapu Ba 6oluka u\atnapwu
6unaH naHTaHoupnapra SKMHAUTK By WMKKW oufa 3NeMeHT-
NapUHUHT TalKy KOBUKAAPUHUHT 6up xunauru cababnugnp. by
ounanapra MaHcy6 afeMeHTNapHUHI TalKW YYUHUU KOOUK-
napvHu Tyngupuw - akTuHomanapga 51-kobuknapga Ba faHTa-
Homanapga 4r-kobvkgapga 6opagn. AKTUHOMANAP NaHTaHOUf-
napgaH OKCUA/aHULL JapaXkaCUHWHT X4p Xunnuru bunaH gapk-
NaHagu. MacanaH, amepuuniAHUKIN +2 aaH +7 rada 6opagu. Topuii-
[laH ypaHraya okcugiaHuw fapaxacu +4 gaH +6 rada 6apkapop
ycnb 6opaay, kelinh U—Np—Pu—Am katopuga 6up xun pasuiiga
+3 rava Kamasiim Ba KO/raH 3fieMeHTNap yYyH LWyHAal cakgaHno
Konagn. byHpaH thakaT 6apkapop-OKCuAdaHWUW gapaxkacu +2
6ynraH Hobenuii myctacHoamp. OKcuanaHuw aapaxacu +2,+3 Ba
+4 GynraH aKkTUHOWA/AP CyBNW 3py TMaapy rmapatnaHraH KaTmoH
Nonpga 6ynagn. OkcugnaHuw fgapaxacu +5 Ba +6 6ynraH
akTuHomngnap yuyyH MeO,+Ba MeO,2' WOH LWWaKnnapu xocamp.

ATOM pakamnapu opta 6opuilm 6unaH akTMHONALAPHWUHT BMp
TypWZaru NoH paguyCnapvHUHT Kamanium Xpaucacum akTUHOWUE,
KUpULLIMMK feiAnnagn. Y NapHUHT aTOM paguycriapy fnaHTaHoua-
napHu aTom paguycnapvra KaparaHga kaTtapokbynagn. Mana wy
cababnn aKTMHOMALAPHMHI ralKW 3NeKTPOHNapu SApo 6unaH
Kyycu3 6ornaHagu. Ly ca6abnu 6ab3v aKTUHOWAAAPHUHT
Ba/IEHTNUTY ONTUra TeHr OGynagn. AKTUHOWALAPHUHI Gapya
kaTnoHnapn NO1, CI Ba C104~ kabu aHMoOHNap 6unaH cyBfa
AXLUIM 3puiignraH Tyznap \ocun Kunagu.



OkcupnaHuw pgapaxacu +4 Ba +6 6ynraH akTuHoupgnap
pyfanapHUHI HUTPAT KUCNoTanu spuTmanapugad 3-6ytun qocdar
Ba WYy kabu 60LIKa OpraHUK 3KcTpareHTnap épgamuga TaHnab
ONMHaaN.

AKTVHOMANAP KOMMIEKC BUpUKManap Xocua KAnuLra Moinn
6ynn6, aliHMKCa, KMCNOPOAM afuUeHanap unaH axXwn bupukaau.
Komnneke Xocmn Kuauw XycycusiTu Kyimpgarm katop Oyinua
Kamaiinb 6opagu:

Me4t+> MeO,+> Me3+> Me2+

AKTUHOUINAPHUHT KOOPAUHAUWOH COHMapu 4—l2opanvrua
Oynaaw.

Topuit(Thorium)-Thaaspuii xxaasanHuur Il rpynnacugaru
pagnoakTUB KUMEBUIA 3MeMeHT, aKTUHOU[ XucobnaHagu.
Tabuatga acocaH 22Th n3otonu mabaym. AprM eMUpuanLL faBpy
1,389 « 10Diunra TeHr. 1828 iinnga W. bepuennyc TOMOHWUAAH
oumnraH. Ep koburngarn macca 6yiinua mukgopu 8,0 « 10 &bra
TeHr. 120 ra sKMH MUHepanu 6ynmb, 6ynapaaH acocuitnapm Toput
ThSi04 Ba Topuaumnt (Th, ,U)02 gup. TOPUTHUHT acocuii
onMHaguraH maH6an moHaumT [(Ce, La.,)P04]6ynunb, Tapknbnga
K0%uaTbO 6ynagu.

TopuiA, OK-KyMyLLpaHT NAacTUK MeTan/, yHra Xoc oKcupgna-
HULW gapaxacu +4, 6ab3aH +2 Ba +3. KykyH xongarucu nupodop
Oynagun. Nccnk cyBra AMOKCKU Napaack 6unaH KonnaHagu.

Topuii kKanbUMATEPMUK Ba 3NEKTPOM3 yCynnapuaa 6upukma-
napujaH onnHaau.

TopuiA opaTgarn wapoutga ¢TOp, KM3gMpuaraHga
H2CI2Br2S,P,N2HZS 6unaH peakuusira Kupuwagu, aHOpraHuk
KMC/oTaap acTa-CeKMH peakumara Kupuaaim.

Topuii MarHuiAnn KoTULIManapHu nermpnawlja, 3neKTponam-
nanap Taliépnawga retrep cudatnga vwnaTunaan, ypaHTopuia
peakTopnapuia Myxum EKunru xucobnaHasam.

Topblii rnapuabl ThH2 rugpokenan Th(OH)4, anokenam Th02
moHokap6uam TUC, ankapbuan ThC2 HutpaTbl Th(N03J4enHD,
cynbpaThl Th(S042 TeTpadTopuasl ThF4, TeTpaiiogsiabl Thl4
TeTpaxnopbigbl ThCI4 Ba 60WwKa 6upnkmanap mMabiym. bynap
TOpUMETPUSAaa, EKUAMN cudaTnia Ba TOPUiA 0NULLAR APUM XOMaLLE
6ynmb xm3mat Kunaau.

YpaH (Uranium) U-gaBpuit cuctemanmur Il rpynnacugaru
pagmoakTB KUMEBMWIA aneMeHT. Tabuatga yHUHT 3 Ta M30TOMU



mabnym: 20U,2i8J Ba 2V, BupuHun mukgopu 99,282 %, apum
emupunuwl gaspu 4,51 -104 iing. 1789 iimnga M.I.KnanpoT
ToMOHMAaH U 02cudpatuga ounnraH. Metann xpamgaru ypaH aca
1841 unpa 3.Menuro ToMoHWAaH onuHraH. Ep koburmaa
YPaHHMHI Macca Oylimya MUKAOPW TaxXxMuHaH 2, 5 -10 4% .
YpaHHUHT MyX,uM MUHepannapu ypaiuT (U,Th)Oz, HacTypaH
UJ 8§ kapHoTUT KD ¢2U03U2Ds ¢ 3HAD, Tysamy HuT Cal2e
U02e n) 5 8HD Ba ypaH wiopacu Aeb atanyBum OKcuAanapu
(U02U03 apanawmanapngaH néopar. CaHoaT a\amuaTura ara
6ynraH 6owka MuHepannapu (TuTaHaTnap, 6paHHepuT,
KO (hMHWT, TaHTanoHMob6aTnap Ba 60LKanap) X,.am Mabaym.

YpaH 0K-KyMYLLpaHr ANTUPOK MeTaN. Y pydanapuiaH Typau
Aynnap 6unaH axpatnb onuHagn. YpaHHUHI OKCUANaHWL
fJapaxacu +3 fgaH +6 rada 6opagu, 6ab3aH +2 6ynagn. KykyH
Xpngarv ypaH nupoopaup, y cyB bunaH peakuuara KupuLlaiu.
HC1 Ba HNO, pga 1e3 H3P04 Ba HF ga aca cekuH apuiigm,
nwKopnap bunaH peakumara Kupuwmainayn. bapya ranoreHnap asort
Ba thochop 6unaH Gupukagu.

YpaHHUHT KynruHa 6upnkmanapu, Ly XXymnagaH, g Topua-
napu, kapb nmagnapu, cunuunagnapu, cynbgaT, cynbdus,
HuTpupg pochugBaokcanaTnapu MabyMm.

YpaH okcuaun UDgkpuctann mogga 6ynmb, ypaH
GupukmanapuHun TepMuk napyanad ékum U 08 HuM okcupanad

ONMHaaw. .
U 8 - ypaH KUMEBWIA KOHLEHTPAT/MAPUHUHT acoCuid
KOMTMOHEHTWAMP.

U(OH)3 - acoc Tabuatura ara. byHra oug Ty3nap Y3MHWHT
apuwn 6yiinya NaHTaHOMANAPHUHI Teruwaunya Tysnapura
yXLuangu.

YpaH yy okcuf éku ypaH aHrugpug UO, kKucnotanapga
aputunraHga Tysnap (macanaH, HCl ga U02ZC12) xocun 6ynagw.
bynapfa KaTMOHIMK PONVHKN ypaHun aeb atanysun noH - UCV
H6akapagun. YpaHun Ty3napu capuk-swnna paHrra ara 6ynmo, cysga
AXWN 3puiAan. YpaHuna Tysnapu apuTmanapura ULWKOP Tabcup
aTTMpuaraHga ypadar kucnota H2U041y3napu - ypaHatnapm ea
AnypaHaT Kucnota H2UD 7Ty3napu guypaHatnap xocun 6ynagu.
Bynapra Hatpwit ypaHaTt Na.U. . Ba HaTpuii guypaHat Na2UD 7
mucon 6yna onagy. KeinHrn Ty3 capyk-ana paHraa ToBnaHyBur
ypaH WWLWAacKHW 0NnLWAa UWnaTunagu.



MnyToHunii(P\n\oT\1T) PU-CyHbUIA paanmoakTUB KUMEBUIA
anemMeHT. Macca COHM 232 — 246 6ynraH yH GewTa M30TOMWU
mabnym. I".Cubopr 6ownnkonMmnap TomoHmaaH 1940 nnnga ypaH
A0PO peakumAcy ypraHunaérraHga oumnraH.

MAyTOHWIA 0N-KyMyLWpaHT MypT meTann. OKCUAnaHuLl
fJapaxacu +3 faH +7 rada, 6apkapopu +4 raTeHr. XaBoja CeKuH
OKCUA/laHamM, KYKYHU Ba KUpUHAMCKU nupodop 6ynagu.

Kunsuntunranga ranorednap H2N2S,NHvVHZ) Ba 6owkanap
6unaH peakumsra kupuwaagn, kucnotanap (HC1, HC104 H3P04)
fa apwingn, koHueHtpnaHraH HNO. Ba HZS04 aa naccuenaHagu.
KynruHa metannap 6unaH MHTepMeTa BUpUKMAanap Xocun KUnaap.

MAyToHWIA A4po 3HepreTMkacuga EKUnru, TpaHcnayToH
3NeMeHT/Iap oMLLAa XoMaLlé, a4po Kyponu uwnab ynkapuiiga
Ba KOCMWK annapatnap 6opTnapuga 31eKTp TOKW MaHbau
cupaTuga KynnaHunagu.

MnyToHuni kapbugw, gToOopugnapu, xXnopug-
napu, cynb®uagun, HNTPUAW TULPUL W, JUOKCHU-
AW Ba rugpaTnapu Typau coxgnapia KynnaHunagu.
BynapHuHr alipumnapu NAYTOHWI ONWWIAA XOMallé Ba
nepcnekTUB A4p0 EHUATUNAPU XncobnaHagu.

XXV B O B

AHOPIrAHVK KMME BA 3KO10TN4A

Wnrapurn 606napga mogaaHuHr u3nkK Ba KUMEBWUNA
XOCCanapvHN M30XJ0BYM KOHYHMap 6unaH TaHUWAMK. ATpod
MYXUTHN AXWUPOK ypraHUW Makcagnfa aHa Wy KOHYH Ba
KoHyHuATNapHU amanga Kynnaw kepak oynagn. Humva cababpaH
aTpog MyxuT udocnaHaam, yH1 KaHgan Knnmé To3a TyTUWLMMKUS
Ba Kefaxak aBfiognapra mycadgo xonja eTKasuwumnsz yuyH
HUMaNap KUAMILIMMK3 Kepak, AeraH Myammo Kenmb YukasnTu.

ATmMOc(epa Ba aTpogy MyxuTra TapkanaétraH mogganap
aBBajira ogauii 6ynmbé KypuHcaga, acnmaa ynap 6up-6upura
Kywwunub, kyéuw Hypu, 60cum, TemnepaTtypa, CyB Ba L1y Kabu
60lKa omunnap Tabcupuaa Katta yarapuiinapra cabab 6ynaér-
raHm Mabnym. KopxoHanapfgaH axpanub, cyBra ékum TynpoKka
Kywmnuné atpody MyxuTHU TYpAM YAKUHAMNAP 6unaH “6oiin raét-
raH” mMaxcynornap sHAuAnKga atmocdepaHu wdnocnaHTupmo
60pMOoKaa. BYHWHT 01AMHM 0MLW Te3 opaja Xan STUAULIN NI03UM
bynraH Myxum MacananapgaH 6ynu6 kongu. Ywoéy 6o6ga aHa
wynap \aknga ukp topuTunagn.



ATmoctepa mMypakkab cuctema 6ynmb, feHrus cat’mga
\aBOHUHT 99% n a30T 6unaH KWcnopoara Tyrpu Kenagu
(konrannapu CO, Ha acn rasnapfaH néopar).

ATmochepaHUHT Tapkubuii HUCOMI MONeKynsip Maccacu
90 km GanaHANMKKaya ysrapMaingu, yHoaH tokopupa aca Tes3
y3rapagu. MacanaH, feHrus cat\ujarm MUKLOPWU >Kyfa Kam
6ynraH renuin 500-1000 kM 6anaHanNMKaa aTMOCHEPaHNHT acoCuii
KOMMOHeHTWra aitnaHagm. ATMocepa TapKUOUMHUHT 6anaHaink
Oyinya ysrapuwn KUMEBWIA y3rapuiunap 6unaH 6ornuk, ynaaw.
KY&LWHWHT 3N1eKTPOMarHUT HypiaHuLIKM HaTuxXacuja ByXyara
KenaguraH 3HeprusHWHr KTUAMWKW OpK,acuja aTom Ba
MOMeKynanap MoHNaHaaM Xamaa auccouunaHagn. byHga kucnopog
MofieKynanapu Kyiugarv xpnga atomnapra mccouunaHam:

0 Qra3)+ hv--—-> 20(ras)

ByHfali )XxapaéHHUHI [aBOM 3TULLK HaTUXKacuia aTmocgepa
TapKUOMHWMHT ypTaya HUCOUIA MONEKynsap Maccacu nacasgu.
UyHOHYM MONeKynsp KWUCNOpoAHUKKM 32 ra, aTomap
KMCNopoaHnKKM 16 ra TeHr. Tapkubuga atomap Ba MOSEKYNSP
Xpngarv kucnopogu 6ynraH ras apanaiMacUHWHI MONeKynap
maccacu 16-32 opacuga 6ynuium tabumin. ATmoctepaga CyBHUHT
(hoToamMccoLMNaHNLLIN Xav KU3KuLW Tyrampagn. Ep tosacugaH
aTMocepaHuHT IOKOPW KaBaTfiapura KyTapuayByn cyB MUKLOPY
YHYaNMK Kyn amac. AMMO CYBHUHT aTmocgepagaru goToamcco-*
UMNaHUWK epla KUCNOPOLIN aTMOCHepaHWHI BYXyfAra
Kenuwura cabab 6ynraH, geraH (MKpnap maeXxya.

ATmochepaga Xyda Kyn KMMEBUIA peakLmsanap amanra owaau.
BynapfaH afeKTpoH Kyuuwn 6unaH bopaguraH peakuumsanap
KUMEHWHT Gapya TapMokgapu 6unaH 6up katopga 6MOKMME
yuyH \am my\umaup. Typaum xun 6UupuKManapHUHT X,0Cun
6ynuwn, napyanaHuwun, anMalWlnMHyB peakuuanapu,
MOMaKangMpok naiTuga amanra owaguradH o3oH O, \ocun
6ynunLIN peakuMANapn WHCOH Ba XOHUBOPNAp YYyH MyX,MM
a\aMunsaT kacb aTagn. AIMalLMHYB peakuusnapura Mucon Kuamb
Kyiinparun xapaéHnapHu Kypcatuwl MYyMKUH.

O(ra3) + 14,(ra3) --—->1MO+Hra3) + N(ra3)

N(ra3) + O(ras) — > NO+Hra3) + 1M(ra3)
445



FOkopugarn peakuuanap 3K30TepMWK peakuusanap
oynraHnurn Tydaiham OCOHNMK 6GuNaH amanra oLuagwu.
ATmocepaHuHr  tokopu  K.ucmvuga N O HUHE KOHLEeHTpaumsacu
MUNAUOHAAQH BUP KUCMHU Talwkua kunumwura kapamaik N O+
aTMOC(hepaHuHT yllia KACMUIa 3HT Kyn TapKg/iraH MoH Xuco6-
naHagu.

Me3socthepa 6unaH cTpatocepaga xocun 6ynyBum aTtomap
KNCNopoA KNCNopog Monekynacu 6unaH 6upukn6, o3oH (O ) Hu
XOCUN Knnagu:

O(ra3) + 0 2ras3) -> Ofras)

O30H MOfieKy/nacu KyLIMMYa 3Heprusara ara. YHuUHr atomap
Ba MOJIEKYNAP KWUCMOPOAAaH XOCWUA OYynuln SHEPTUAHUHT
axpanuwu 6unaH 6opaamn (105 kKXX/Monb). O30H y3uaaru opTmkya
3HEPrusAHM AyKOTULIFa UHTUNAAN. Y KyELL HYPUHW t0BMG, aToMap
Ba MOJSIEKYNAP KMCNOpOAra napyanaHa onaau. ByHUHT yuyH 3apyp
O6ynraH SHEPruaHW TYNKWH Y3yHAurn 1140 HM fgaH OpTUK
6ynmaraH thoToHnap eTkasnb 6epagn. O30H MONEKYNACUHWUHT
TYNKUH y3yHAnrn 200—300 HM (DOTOHNAPHM OTULLN WHCOHMAT
YUYH KaTTa axamusaTra ara. Arap cTpaTtocepasa 030H KasaTu
OynmaraHfia, y KUCKa TYKUHN KaTTa 3Heprua—ehoToHNap epra
yTn6 Ketap sgn. “O30H” KankoHW GynmaraHuga 3gu, aHa Ly
KatTa 3Heprusnn (oToHNap YCUM/MK, XaiBOHOT AyHEcKU Ba
MHCOHUATHW, 9bHN Epaa xaéTHW AyK KunraH 6ynyp agu.

O30HHUHT (hoToMapyanaHMWmM YHUHT Xocua 6ynuL
PeakUMACUHUHT akcuamp. By 030HHUHT Xxocun 6ynuwin Ba
napyanaHvLWNHU LUMKIWK XapaéHra ainnaHTupub typagu. MaHa
Wy umnkn opkacuga KyEWHUHr ynbTpabuHagia HypaaHuwu
NCCUKAMK 3HEprusicura annaHagu.

O30H KuUCKa TYNKMHAK ynbTpabuHagia HypnapHu (J1.=200—
280HM)Tyna paBuwpa, TYNKUH y3yHaurn 280—320HM 6ynraH
ynbTpabuHagwa HypnapHUHr aca 90 gom3nHm totagn. O30H
MUKAOPW cTpaTocepada yHYa Kyn Oynuwmnra Kkapamai, YHUHT
ynbTpabuHapLla HYpAapuHU KTULW KOBUAUATY XYLa OKOPUaup.
Ctpatocthepaga y3ra rasnap 6ynmaraH xonga 030HHWUHI XOCWA
OynuLIn Ba NapyanaHuLl MexaHu3MnHW Kyingaruya ndoganatl
MYMKWH:



o shvPa hnlaorn Q jOQ
2 nypnap (180 - 240 Hm)

O ywmaomaduin 4+ 0
3Hypnap (20()-'HOOHM) 2

CrpatoctepagayLuby peakumsinap MyBosaHataa 6ynagn. JleknH

y3ra rasnap éku pagmkannap maexyf 6ynraHzia 030H napyanaHagu:

X+03 —>X0+0,
X0+ —> x+02~

03+0--—-->202-

6y eppa: X = H, OH,NOxCI,Bi\

ATmochepasa KypcaTuaraH pagvkannap oLaunid LwapovTaa ysra
KOMMOHeHTNap 6unaH 6upukagm Ba cTpatoceparaya etmb
6opmaingu.

O30H UMKIMZa Karop peakuusanap amanra owasnun. bynapgaH
6mpn asoT oKcuanapu KaTtHawysu 6unaH 6Gopagurad
peakLumanapamp.

ATMmochepaga a3oT moHokenman NO 6unaH asoT guokcman
N 02kam KoHUeHTpaumsaga 6ynagn. O3oH NO 6unaH 6mpnkné, N 02
Ba 0 2Hu \ocun kunagn. KeinH NO2atomap Kucnopog 6mnaH
peakuusara Knpuwiagu, Hatmxkaga KaintagaH NO 6unaH 0 2xocun
6ynagn. byHgaH cyHr NO sHa 030H 6unaH yupawagu. NO
NWITUPOKMAA 60pyBUY a3 (hasacuiarn peakumsanap HaTuxXacuHu
Kyhnparnya udoganall mymkuH:

O,+NO-—->NO03+0,
N02+02-—->NO0 +0,
Oi+0 -—-—-->20,

FOkpuparn peakuymanapgaH NO rasm O, HUHT napyana-
HULWWHU Te3naTun, IbHW Y Oy peakuWsHWHT KaTaiu3aTopu
6ynmMb Xnsmart KAAULWKU KypuHnG Typmoam.

ToBywaaH Te3 YyuyyBuYM CaMONETnapfaH axpanysyu asoT
MOHOKCUAM O30H KaBatura casbuii TabCcup STULLIN MYMKUHANTI
O/IMMNap TOMOHWAAH TeKwunpunamokga. by 6opaga 6ab3v uarop
(hMKpNapHWHT aMannéTra yn onaéTraHanrn Mabaym.

XnagoHnap ((hpeoHNap) HW 030H KaBaTura Canbuin TabCup aTULLK
aHuKnaHraH. XXypga 6apkapop 6ynraH 6y 6upukmanap rvugpo-
Nn3naHMaikan Ba MeTannapHM Kopposusara yupatmaigu. Ly



cababaH ynap MysfiaTuLl yCTaHOBKanapuza, aspo30/ XOCU KAMKLL
YUYYH UHCEKTOYHIMLMA 6upmkmanapy sa gropau 6upukmanap
CMHTe3Na KeHTr paBuLLAa KynnaHunagu. AHa Wy uvwnap amanra
owmpunaéTraHaa Xnop-PTopMeTaHIapHUHT MablyM KMCMW aTMOC-
thepara umkagmn. Ynap acta-CeKuMH Kxppwura Kytapunagn. Epga 3a-
papcu3 6ynraH 6y MoAdanap cTparocdepara KyTapuiraHia Kucka
TYNKUHAW YNbTpabuHagLua Hypnap Tabeupura 6epunagn. 190—225
HM TYNKWMH Y3YHAUTMAArM AManasoHja HKOPU 3Heprusnn Hyp
XnopTopMeTaHNapHU oTonusra yuparagu. bByHaa meTaHzaru
C - Cl 6ofh Hyp Tabcupuaa y3unagu:

CFC1_(ras) + hv -» CFCI + Cl

YWwoy peakuusa siHa JaBoM 3TULLUM MYMKWH. Xucobnap xnop
atomu \ocun 6ynuwn 30 KM HanaHALMKAE MakCUMas Te3MKKa
ara 6ynuwinHn Kypcatam. AHally ¢oTonma opkacuaa >(ocun 6ynraH
aTomap Xongaru Xnop KWciopog 6unaH Te3 peakuumsara KUpuLmno,
XNOPOKCUS, Ba aTOMap KUCAOPOZ XOCWIT Kuniagu. Xop OKCUaK y3
HaBbaTuga atomap Kucnopog 6unaH peakuusira Kapuiia onagw,
HaTwkafa fiHa aToMap XOfjarum xaop BYXyfra kKenagu. Yoy
XapaéH unrapy Kypub yTuaraH asor- OKCUAUHMHT aTMocdepagaru
peakuuscura yxwangm. Xap MKK/ peakums Xam 030HHWUHT aTomap
KNCMOPOA 6unaH peakumsicura, SbHU MOMEKYsp KUCAOPOLHUHT
xocun 6ynuwnra onnb kenagn. LUy cababnm xnopropmeTaHaaH
tholianaHnLLHN YeKnall vyopanapu Kypuimokza.

Tapknbuga xnop bynraH sHr 6apkapop 6upukmanapra asoT
Anokeunam 6unaH peoH (ranougyrnepog)nap kmpagn. MacanaH,
thpeoH-115 380 iiun, peoH-12 aca 110 iiun gasomumaa 6apkapop
oynuwnurn 6unaH TaBcugnaHagn. Xyaam maHa Wy peareHTnap
cTpaTocthepara eTub 6opagnm Ba ynbTpabuHada Hypnap
Tabcmpuaa napyanaHagn. byHu peoH -12 muconnga Kypamus:

Hypnap

Cl+0,-—-->CIO+0

Cl+0 --—-->Cl+o0

Xocun 6ynyBumn Xnop siHa 030H 6unaH 6uprkagm. 3aHxmp pe-
aKumsacu byinnya xnop ysra 6upukmanap 6unaH 6upukagu.



BupnkuwpaaH xpeun 6ynysun mogaanap, mMacanaH, NOX6ynmim
MYMKUH:

CHO+ NO, — ™ C10NO,

Crpatoctepaga xpcun 6ynyBumn Xiop HUrpaTy X'av Xop, Xam
NO, HUHT MaH6an \mcob6naHnM6, 0O30HHUHT NapyanaHULWKHK
KaTanuanangm,6okaya Kunmb aTraHia 030H MOMEKYNaCUHUHT
napyanaHn!unHm Tesnaragun. Ofataa KyH YMKKaH naiTha ynbtpa-
6uHatwa Hypnapy Tabcupuia X1op HATPATU napyanaHuwujaH
Xpcun 6ynraH Xnop 6unaH a3oT AUOKCUMAN SHa 030H 61naH 3aHXnp
peakumuscura kKapuwagu. XA0pHUHE OpTUKYa MOJieKynanapu
peakuusi ma\cynotm 6ynraH CIONO, HMHI Bogopog 6unaH
6UPMKNG, BOLOPOA XNOPUA XPCUA KUAWULWK Ba aTMOCHEepPaHUHr
MacTKn KucmMura émrup éku Kop uniaH oBuanLLK TydaiimrmHa
TamoM OynuM MyMKUH. [leMak, ocMoHZarii xaop 60wmmmsra
kucnota (HC1) 6ynnb érmnmokaa, YHUHr Tabcupuaa AoB-AapaxT-
nap KypuMokfga, MeBanap Xpcunu kKamalmokia, Kacaniunk
KynaliMOKAa, 3KOM0rnK Ba3uAaT (hakat cTpaTtocepagarmHa amac,
epga\am 6apasapura 6y3umnmoKaa.

O30HHK 6Y3ynun a30T JUOKCUAWHUHT MaH6an 6ynnb Tynpok,
TPONWK YPMOHNap, OKeaH EKN AeHrusnapha pyin tepysuun Tabumi
XapaéHnap HaTumkacuga By>Xyara kenysum asot MoHokenam (NgO)
XAM XM3MaT KUAUWKN MYMKWH. A30T AUOKCUAUHUHT aHTPOMOreH
MaHb6amra yrutnap HUTpudrkaumsacu \amga 61monoruk maccanapHu
6K T MaxpynoTiapy Kupaau. ,

Tponoc(|x.'paHKHT nhocnallan Karnamnapuaa asoT oKeugnapu
OpraHuWK Ba aHOpraHuk Tabuargaru Typam mogganap 6unad
peakumara KUpuwmneé 030H Xpcun bGynuwinga KatanmsaTtop
BasuacuHy yTam \am aHukgaHraH. Tponocgepaga NO xammacu
6ynné 6up KyHAaH eTTW KyHrada maexyg 6yna onuwm \ampga
H6apkapopnurn \am LWy BakTAaH owMacaury Taxpubanapga
Kypunan. By okcuanap GOTOKUMEBUIA peakuusnapga Kucmad
napyanaHagn éku ErvH-coumHnap 6unaH nacTra Tywagu.
Crpartocthepafa, y3ra raznap HucbaraH kam 6ynraH »xoriga N 0 2xam
030H, \am xnop 6unaH peakumsara kmpmuwn6, N02sa CIONO, Hu
\ocun kunagu gevnagn. Ctpatoctepa Kyiu Katnamiapvgaru
NO HUHI maH6an 6ynnb, a30TInM GUprUKManaphaH Tawkua TonraH
Te3 yuyBUM CaMOSET Ba pakeTa EKUArUIapuaaH axpanyBum rasnap
\am xu3mat knnagu. MugpasvH (N2H4) Ba cytok xpngaru asoT TypT
okcnan (N,0() wyHpain mogganapgaH \Mco6naHu6, yunw



annapart/iiapuia OKCUAN0BYM BasuhacuHU yTainan. ByHaaH Talikapu
IOKOpY TemnepaTypannm YMKUHAW ra3nap cTpaTocepaHuHr Kyiin
KaTnamnapugarn Monekynap asoT okcugnapu (NOX rava
okcmgnawira kymaknawaan. CtpatocthepaHuHr kyiiv Katiamnapm
Tapknbu atMmoctepaHmMkngaH aHya apkaaHraHamrm (Kommno-
HeHTNap KaMm Ba bynyTnap Wykauru) Tydaidinm y epaa xocun 6ynysumn
a30T OKCMA/1apU Y30K BaKT AaBOMUA CaKjaHTaHW X0/1/1a 030H 6unaH
Xam, Xnop 6upukmanapyu 6unaH xam tokopuga KypcaTunraHuaek
peakuusara kupuwagn. AMMo Oy epia Kaicu peakums Kynpok
axaMusT Kach aTraH MexaHU3MHUHI aHWK udogacu xakuja sa
60lWKa MyXUM Macananapra ouf aHuk 6up MabaymoTiapra ara
amacMu3. arapury mabnymotiapra Ba yTKasuaraH matemaTuik
mMofennawiapra Kypa, ocnaHraH ctparocthepaia asoT oKemaiapu
030H XOCun Bynumnaa Myxumaup, AeAvnraHanurn sHAUAnKAa
TEKWUpYBNapHU Tanab kKuamokga. anoreHyrnepognapHuHL
napyaiaHuLLIK HaTuXXacuaa Xocwn 6ynraH X1opHU 60r1oBYM MeTaH
yCcTUaa Xam ainpum ukpnap maexya. KeinHrun iinnnapga na6o-
paTopuanapga yTkasuaraH Taxxpubanap 6ynytnapgarn mys bynak-
yanapuia yTaguraH reteporeH peakumanapa asor OKCUANapUHUHT
thaon ypHu 6opnurmHn TacOkagaon.

bappatr, ConomoH Ba 60LWkKanap TomoHugaH “Nature”
XypHanuga (1988) 3bnoH KWNWHraH Makonanapfa O030H
YNKOHUHWUHT Naiigo 6ynuwn mexaHuamuaa xnop okcuan (CHO)
HVUHT OVMEPNaHULLN PeaKLUACUHUHT axaMuAaTU  KypcaTuraH.
Kyinga ApKTuKa Taxpubanapura acocnaHm6 YMNKOH Xocun
oynuwimaa cTpatocepaga KaHfan peakumsnap .coamp 6ynuin
noganab Gepunrax;

Cl+0,——> CIO+0
cto +0 —>C\ +02
CIO +C 10 -——>M +C1D,
ClD 2+ hv--—--> Cl + CHOO

OO0 +M-->C+02+m™m



Peakuus 3aHXMUp MexaHu3Muga 60praHanrv yuyH xam xyana
Kyn 6ockunyga 6opaay Ba TYMK, ypraHUWHN Tanab kunagu.

lvopar kucnoTanapuia 030HHWHE MapyanaHuLn pagmkan sa
(hOTOKMMEBMIA peakumsnap MexaHM3Mn 6unaH 6orMMKAMIN Xakuaa
Xam mabaymoTnap 6op. CyBHUHI (ha3oBMiA YTULLK 6unaH 6OrInK
3NEKTP KUMEBWIA peakLmsnap Xam y3 ponvHu yiiHangn. My3s éku rmg-
paT KpucTannyanapuHWHI BYXYAra Kenuimia KatTuK to3anapia
3NEKTP 3apagiapy Wnurnnagm, 6yYHUHI HaTuKacuaa BY)XXKyara KenraH
noteHunannap gapku 300 B raya 6opagn. O30HHM Napyanall yyyH
Xammacy 6ynmb 2—2,5 B ra TeHr noteHupannap Gapku etapaiaup.
®OoTOKMMEBMIA peakumanapia xam, 3M1eKTp KUMEBWIA peakums-
napjAa Xam CYBHVHT (hasa y3rapuiunapy Tygaitin yTa gacll peareHT-
nap xucobnaHraH 3pKWH 3NeKTPOHMap, 3PKUH pajukanniap, WOoH
pafukannap BYXyadra Kenaau. Ynap akaT HOKOpu xapopatgarvHa
amanraoLnLLIn MyMKUH 6y/raH TepMOANHAMUK KapLLUWUAMKHW eHru6,
KaTTUK COBYK LlapouTMa XaM peakuMaHW amanra owimpagu.
"'vapaTnapH cakoBUM cUCTeMaiapia CyBHUHT (pasa y3rapuiinapuia
peakUUAHMHT Te3 y3rapuim Taxxprbaaa ncbotnaHam.

a3 rmapaTnapyaa hoTOKMMEBMIA peakLmsnap camapany yTaan.
KaTTukasanap HypnaHTUpuiraHa oToKyuuLl Xoamncacu,xyaa
IOKOPU KUMEBWIA (haon/nMKKa ara 6ynraH 3pKUH 3MeKTPOH Ba
pagvkannap By>kyara kenagu. O30H OGynraH LlapouTaa TepMoaun- .
HaMWK KapLWIMK KaMaiunb, peakums Te3nuru olwaau Ba oy 6ouu-
Ka xun 6upmukuwLnapra xam Tabeup atagu. MmapatnapHUHT Xocun
fynuwimnaa xomallé Ly >KymnagaH, 030H XaM KOHLEeHTpnaHaau
KelimH (hoToNM3 XapaéHuaa SHru toKopu haonnmnkka ara éynrau
peareHTNap 3pKWH 3NEKTPOH Ba pajuKannap, 3NeKTPoHIap MaH6au
6ynraH MOH-pagmkannap xocun 6ynagu. YnapHWHIE 030H 6unaH
peakumsra KUpULWLMLLIK KyiAngarn ogauii cxema dyinnya ytagu:

0,+2¢6 +2H+-—> 02+HD
H,0+03--—--> H, +20,

By peakuusnap Kucnotanu Myxutga yTaan. ByHaaH Talkapm,
Kyiingary peakuusnap xam amanra owniwmy MyMKWH:

0, +C—>cto +02



ATomap xpngarn xnop 6unaH sogopog (HC1) dhpeoHnapu
CYBHWHT (hOTONM3MN HaTUXKAacuaa BYXyara kenaau. by peakunsanap
nabopatopusfa cMHoBdaH yTkasunaun. byHgaH “ras rugpatnapu
030H KyLlaHgacu” geraH XynocaHu YMKapul MyMKUH.

Arap B.M.Lapes 6unaH P.M.IMoBMNeAKoONapHUHT TaXMUHU
amanga TacfAuknaHca, 030HHUW cak,1ab KOAULIHUHT MyX,UM
AynnapvHy nwnad YMkuw MyMmKuH Oynagn. ByryHru kyHpa
aTMoctepara 4nkapu6 ob6opunaétraH 030H KyllaHjanapu
O6ynMuL (hpeoHNap, a3oT-ONTUHIYTYPT apanalmManap Ba 60LwWKa
rmapat Xpcun KWayBYMMapHW Te3NMKAA KaMalTMpuUL Kepak.
CrpaToctepaga rugparnap Xpcua 6yamwmnHu onguHU OTALLHUHT
6uppaH-6up Mynn Kyn BaneHTAN MeTannapHUHI Ty3napu -
3NEKTPOAUTNAP, WY XYyMafaH, ra3 ruapatiapuHu napyanoBym
thTopuanapHu coumnb obopuwgmp. Tabcup goupacu t3nab
KMWNOMEeTpra eTyBuYM cuctemafaH (oiganaHuw \am ras
rmapaTnapuHm napyanawa My\Mm axgMuatra ara. Tesnikaa 030H
YNKOHWHUHT ApKTuKa 6inaH AHTapkTugagaH 60oLwKa epnapra
TapKAW WMHWUHT 0N4AWHW ONnW Japkop. ByTyH 6uoctepaHu
y3raptupub bopuin MyMKWUH 6yfraH >XapaéHHWHT 0nau
0/IMHMAca, Y EMOH OKmbaTnapra onmé Kennwm MyMKUH.

ATMochepaga ONTUHIYTYPT GMpUKManapu \am yupangn. Y nap
BY/NIKOH TrasnapufaH axpanagu, WYHUHTAEK, OpraHuk
OUpMKManapHUHI GakTepusinap Tabcupuga ympuwingad “ocun
6ynagn. OkeaHnapga xaM ONTUHIYTypT anokeuam \ocun bynagw.
ATMOoc(epaga Tabumii paBuLga xocun OYNYBUM ONTUHIYTYPT
6UpMKManapy MUKLOPWU Xyda 03, Wy cababnu ynapHu \mcobra
onmMaca x,am 6ynagn. AMMO KaTTa LWa\ap Ba caHoaT paioHnapuia
ONTUHTYTYPT GUPUKManapy MUKLOPUHUHI Kynainb KeTuwiu
XaB(han BasuAT TYrAUPULLM MYMKWUH. X,aBOHW 3aXAp/oByun ras -
ONTUHTYTYpPT Anokeman (SO,) yTkMp \Maam, caccuk Ba 3apapiu
mofanapfaH 6mpunanp. ONTUHIYTYPTAN pydanap Kyingupunradga
(meTann cynbuam okcuanaHaan) S02MUKA0PU Kynainb KeTaau:

2ZnS(K) + 302r) —> 2Zn(K) + 2S02r)

AKALla onTuHryryptan pyganap sputuiaraHja axpanuo
ymkaétraH 0 2HuUHT 8% U1 Xx,aBora axpanagn. AxpanaétraH S02
HUHT 80% 1 KyMUp 6unaH HePTHUHT EHULWLIM \ncobUra Ymkagu.
AK/[] pa ka3nb onuHaguraH Kymmp Tapkmonaa 8% raya (maccacu



Oyiinya) oNTUHIYrypT 60paAnUrK UWHU MypakkabnawTmpaau. Ly
cababnn AKJIJ ga atmoctepara inmnura 30 MaH T SO, unkapné
TalwnaHMokaa. by Mogaa kan a MoAaunia 3apap Kentupuwim éunax
6up KAropaa MHCOH COrIMIra Xxam 3apap eTkasmokga. S02rasm
S03raya okcupgnaHraHga yHWHr 3apapu AaHaja opTajgw.
ATmochepagarn Maiifa 3appadanap KatanusaTop BasugacuHu
yTaraHuga 6y >xapaéH siHafa Tesnawaan. Xocun bynraH S03rasu
CyB TOMUMNapu 6unaH 6MprnKMG, Cynbtat KNCN0Ta XOCUN KUNaau:

03Jr) + HO(r) — > HZS04(c)

CkaHauHaBua Ba Lumonuii EBpona mamnakaTnapuja
“HOPAOH EMIUP”HUHT Kyn érviuy Mavnym. Emrup cysnapuaa
cynbaT KUCNOTaHUHT 6ynuwmn Kynnapfa 6anvkgapHuHT
Kamalinb KeTuwmnra, Ba yMyMaH, 3KOMOTUK 3aHXWUPHUHT
6ysmnuwmnra onmb kengn. AKA1 ga étysum “HopAoH” EMrupnap
Kynnap CyBUHWHT TapKUBMHU 6Y3MOKAA, MeTan MHLIOOTNapHU
Koppo3usra y4ypartasntu, XMe6oH Ba MaljoHnapgaru caHbat
acapnapuMHu (XaTtro mMapmapfaH ficanaraH xaliKannapHu Xam)
nwaaH vynkapmokga. AMMuak 6op epnapga Kucnorta-acoc
peakumsacy amanra owmno6, aMmmoHnin rugpocynbhat NH4(HS04)
ékn ammoHuii cynbdat (NH4HZS04xocmn Knnagu:

NH,(r) + H,S04(c) -—> NH4HS04
(cyBnn ékn KaTTuK,)

NH4HS04C) + NHAr) —> (NH4Z04 <

(cyBnm kN KOTTUKA.

KynruHa caHoaT palioHnapu OCMOHWHW Konjab onyByn
KYIOK TYTYH IOKOpUAa Kaif aTUAraH Tap3fa XxaBoja TapkanraH
aMMOHWIA cynbtaTanp.

ATMmocepagarn SO, H1 MyKoTuLIra goiip XKapaéHnapHUHT
AYKAUTM aunHapnu 6mp xongmp. JleknH 6y MmyamMMoO X03Upru
[JaBPHUHT KeYMKTUpUG6 BynmainguraH BasudanapugaH o6upu
3KAHAUTUHU 3CAaH YUKapMacauruMmmns no3mm.

A30T OKCUANAPUHUHT PO TOKMUMEBUIN CMOT
(Tabuunii TYMaHHUHT CaHOAT YMKUHAWU rasnapu, UCUTULL
Kypunmanapu Ba 6owWwKanapfaH 4YWKyBYM apanawl-
ManapuHUHI KyWWnyBUAaH xocun 6ynraH cuctema) bunaH
6ornuknurn yprauunraH. by tepmuHra AKL garn Noc-
AHXenoc waxpu xonatm cabab 6yngn. Xosup byHgain



8KMMcK3 \aBO mMaccanapura ara katrta walapnap coHu Tobopa
Kynainmé 6opaéTraHnury mabnym. ABToMoGMANap asoT
MOHOKCMAM axpaTnb, atmocgepaHn 6ysaan. Xosmp AK.LL ga
aBTOMO6MAb 1 Munb topraHga atmocgepara 1 rpamMmmra sK,uH
NO ékn NO2rasv ynkgpuwmn aHMKAaHraH. 393 HM ra TeHr
TYNKUHAK hoToHNap Tabcupmga N 02NO Ba O ra napyanaHagm:

NO,(r) + hv-—> NO(r) + 0(r)

X,ocun 6ynraH aTomap KUCMopog Typau peakuusanapra, Ly
XymnafaH, 6unaH peakumara KMpuLLMG 030H XOCWNT KWUNAAM.
O30H 0 3HM N 02rayva okcuananau:

03r) + NO(r) —> NOZr) + 02r)

Xocun 6ynrad N 02Ba 0 2nap aBTOMOOWU/b ABUTATENUHUHT
gHMWwKnaaH xocun 6ynyesum ammmnak, CO, CH4, C2H4oneduH-
nap, aueTtwneH, anbgerngnap sa S02nap 6unaH peakuyusra
KMpULWKNG Typan MopLanapHW Xocun kunagu. bynap CMOrHUHT
Kyyaiuwmnra onmb Kenagum. YHUHT MUKLOPW Llaxapnapga
KYHHUHT UKKWHYM ApMUAa, aliHWKCa, KeYKYpyH Kynanuwim
Taxpubaga aHMKAaHraH, 6y MHCOH Kys3ura KyHAa KypuHuo
TypraH xaB(nn xogmcagmp.

ABTOMOGMANapAaH axpanaéTraH rasnap Tapkmbuga yrnepog
MOHOKCUAN XaMm 6op. Y nanupoc TyTyHuaa \am aH4yaruHa
MUKAOpAa yupaiaun. By Mofaa MHCOH KoHWUAary remorniobuH 6unaH
H6apKapop KOMMIEKC XOCUN KUATaHanr cababnm xaBpTyrampagn.
ATmochepaga CO MUKLOPW KynaiiraH capy KOHHUHT OpraHn3mra
Kncnopog etkasmb Gepuil XycycuaTn Kamainmb 6opaan. by
WHCOHHUHT (haon MOXHAT PaoNATUHIN CycaliTUpanu, YHI NaHx
Kunagu, me\HaT yHYMAOPAUTMHM MNacaiiTupagn Ba Wy Kabu
60LIKa KaTop adicycnaHap/v xogncanapHm KentTupmo ymkapagm.

Yrnepog anokeuan 6mnan cyB 6yrn MHGpaknu3na HypnapHu
HOTYyBYM aTMOC(epa KOMNOHEHTNapy XucobnaHagm. LUy cababnu
aTMocepagarn yrnepog LUOKCUAHWHT MUKLOPU MnaHe-
TaMWU3HWUHT 06-XaBO LlapouTura Tabcup aTagu. KelnHru yH
Annnnknapga Kymmp, HeTb, Tabumii ra3 Ba 60LIKa MUHepan
Kasunma 60NMKNapuHUHT Kynnad EHANPUANLLIN Xucobura
atmoctepasa C 0 2HUHT MUKAOPY BUPMYHYA OPTMO KeTraHuru
Ce3nNMOKa. EKnarnnapHuHr 6yHain Teanukaa éHanpuanwmnga
KMCKa BaKT uympa nnaHeTamm3 06-xaBocupa ysrapuiwnap pyi
6epuin TypraH ran, feraH (puMkKpnap yprara TawnaHMoKza.



OyHénarn munnumoHnab aBTomobunnapgaH axpanaérraH
rasnap MUKLOPUHM KaMalTupuw 6wunaH 6y MyammonapHu
6MpMyHYa \an KuUauMw MYMKWH, feraH (ukpnap ypTara
TawnaHMokga. AMMO 6y 4YopanapHUHT KYpPUIULIKN Xyaa
CEKWHNINK 6unaH 60paéTraHNuMrn KuUWmnnapHyu TawBuLlira
CO/IMOTM NIO3UMAINTU KYPUHNG TYpnban.

XXV 1 030H KAT/TAMUHW CAKJIALL BYUNUA
XANKIPO XAMKOPINK

O30H KaT/naMuHu caknawpga bupnawraH Mwunnatnap
Tawkunotn (BMT)HuUHT ATpod My.\uTHM My\odhasa Kunuml
nporpammacu (KOHET) kaTTa ypuH TyTagu.

O30H KaTnaMyHK Myxodasa KuuL 6yiinya Xankapo MuKécaaru
nwnap 1974 ivnpa 6ownaHan. Ly ivn maskyp Macana Oyiinva
KOHBeHUUAra Tanéprapnuk kypuna éownaHan. KoHBeHUMSAHM
Taliépnall Ba ynapHW Kabyn KUAMLL YUyH YH 6Up inn BakT KeTap,
HUXPAT.1985 nnga kabyn KuaMHan. “O30H KaTnammnHK Myxodasa
Kunuw 6yinya BeHa KoHBeHLMACK™ 6y 6opaga aacTnabku Kagam
6ynan. 1988 MMAHWHT ypTanapura Kagap KOHBEHLUUAHN BYHEHUHT
27 mamnakatu Ba EBpona VkTucoguii Yiowmacu nmsonagu. 18
mMamnakart, Wy XymnagaH, MOX, 6unaH YKpanHa Xam YHU
Tacankaaan. KoHBeHUMS AyHE Oyiinya xnophTopyriepoaiap niiiab
YyMKapuwl, Kynnaw Ba YMKapuod to60puLLHN TeKWUpnod TypuLl
Xakugarn npoToKON Pe3ontouuacMHn Kabyn kungu. Xnop-
(hTopyrnepogdap Oyinya skcnepTnap uwun rypyxu (BeHa rypyxm)
Ty3ungun. 1987 AMNHUHT ceHTA0paa MoH-peanaa 56 MamnakaTHUHT
BaKWNMapu MWTUPOKUAa Xankapo KOH(epeHUus yTKasuagu.
KoHtepeHyna aspo3onnap, COBYTrMY Kypuamanapu Ba 6ouika
Makcagnapfa KynnaHunaérraH xnop-gTopyrinepognapHuHr
APMUCUHN KNCKAPTUPULL XaKunia Kapop Kabyn Kunay Ba NpoToKon
Taliépnagn. O30H KaTnamura TabCcup aTaguraH MaxcynoTnapHUHT
yyfiaH MKKW KMCMUHWU unwnab ynkapaguraH mamnakatnap
NPOTOKOMHM Tacaukpaaunap. LLyHra acocaH 1-xagsangarn 1
rpynnara KupyBuy Maxcynot/ap uwiiabd ymkapuLl Ba YHWU Kynnatl
1986 nnnparngaH owmnb KeTmacauru TabkugnaHan. 1 rpynnara
KUPYBYM Maxcynotnap uwnad unkapuw 1993 iunra kenu6 20
thomsra KamanTupuauwim tanab kunmHavM. Moxpean Ba BeHaga
Kabyn KUNUHIaH XankKapo MyXuM KapopnapHu fyH& onumnapu
cugkmamngaH kyd né ongunap. Wtanus, Anodns, M [\ Ba 60LuKa
MamnakaT Bakunnapy 030H KaTtnamuHu Oy3yBuu mopganapHu



nwnab YMK apuLLHM KamainTupull Ba ynapHM 3apapcusnapu
6unaH anMawTUpuWw Xacupa ukp putaunap \ampa 6y
MacanaHu \an K™MaMWwaa Xankgpo KyudnapHu o6upnawitupul
3apypaurnHn yk*tupaunap. Mepmanna, AKLU, dpaHumnsa Ba
LLIBeuusiHUHT \amkopnukaa apatraH YEOTMCnoiuxacn xam by
6opaga UNK Kagam 6ynau. Yoy NoAnxXAHMHI acocuii mMak™cau
ApPKTUKaHUHT LUnuubepreH aTpodugary 030H K aTnaMuHK
TeKWupnW Ba Haszopat *mnub Typuwgump. Taxpubanap AKAL
HUHr 1987 Wnnn YunuHuHr MyHTa ApeHacupa onmb 6opraH
WIMWIA Ky3aTyBnapu acocmpa ytkasungu. Taxpubanapga
HACAHMHI cTpaTochepaga yya onaguraH Ba 3appadanapHu
aHMKfJalra mocfiaHraH nasepnuM Kypunma \amfga Maccnekr-
pomeTp 6unaH Xu\o3naHraH Tely4yap TaiépanapugaH oiga-
naHungu. ®paHuma 6unaH MepmaHusa nabopatopusnapm X,axKmu
35—100 MUHT Kyb6 meTpin 5 Ta aspocTaTt axpatan. bynapHuHr
x.ap 6upuga 28 kunometp banaHAIMKAa TagLua YUyH HamyHa
ONyBYM XWUN03nap ypHatunraH 6ynub, KelivH napawtoTnap
épaamnga epra onmb Tywmunagn. Onumnap ApKTuKa ycTuaaru
030H YNLUOHUHUHT NaiaL 6ynmwm AHTapKTUAAHUKA CUHTapUMK
€KW y3rayamy fderaH caBoJ/ra >kasob u3nall Makpaguja mMaHa
LYHAalA MiinapHu 6owwnab obopaunap.

1987 ANNHUHT OKTA6pMaa Bytok BpuUTaHUAHWHT AHTapPKTK-
paparn Xonnu beii ctaHumscmMaa cTpaTocqepaHnHT 030H MUKAOPU
yn4aHuo, o6¢oH bupaurn 125 raTeHriMru aHukaaHau. by 6upnunk
1985 imnmn 150, 1984 iinnm 190, 1979 iinnm aca 273 ra TeHr Aeb kaig
aTWnaau. YTraH Wunnap nyumga o30H MUKLOPU WMKKKU Gapasap
KamairaHnmru Taxpubanapia aHuKgaHan.O30H Tellmry naingo
6ynraHnMrn mavnym 6yngn. O3oH Tewurn 10 MUNANOH  KM2
MaiiloHHW 3rannaraH 3an. byHaai Tewnk 1988 WMAHUHT facTiabku
nKkunoingasomuga LLiumonuid Kyt6haxam KysaTuaraHcakCOHUHYM
nmnnap yptanapuga MIX, oMmnapu 030H KaTnamMmuHy ynyab TypraH
CTaHUMsANap MablyMOTMapUMHWU KOMMbIOTEpNapaa aHanvus Kanuoé
Mocksa, Kues , cobuk, SleHnHrpag (\o3vpru OwKT-MeTepbypr),
Apocnaenb Kabu MnpKK Wwax apnap yctnga xam 50 ra akuH Maiiga
Xamaa “vcka gaBpav 030H TEeLVKNapu naingo 6ynné yTraHInurmHm
KOG Kangunap. YnbTpabuHagwa Hypnap KynairaHga epgaru sHr
Maiifa XXOH30Tap XaM 3apap KypuLivm MyMKUHAUTA UCOOTNaHraH.
O30H Xy>Kaiipa A4POCU—XPOMATUHHW Mapyananim, oOKpUIHUHT
OYNMHMLLIN Ba KyNalULIMHK TyxXTaTagw.

Kuck™a TynknHan ynbTpabuHaia HypnaHww ogamnapga
fe3okenpu 60oHyknenH kucnota (AHK) HU —Hacnaunidi KogHU



6y3agun, Xano ynumra xau onub 60puwin MyMKUH. TYAKUH
y3yHAnrn 255- 265 HM atpoguaary HypnaHuwga xasham BasmsaT
Typuiagu.

O30H KaT/laMW KaMmaiiraH capu, cTpaTocgepa COBWUi
6owunainamn. Ep tosacy Ba xaBo ncub Ketagu. by xonaTtHu kap6oHaT
aHrugpugn (C02 tydainnm ByXyAra KenysBuu “napHuk
caMapacu”HUHI 3apap/iv TabCUpuUra CoNMMWTUPULL MYMKHUH.

Y36eknctoH Pecny6nukacu Basupnap MaxkamaCcUHUHT
2000 1 nn 24 sHBapfa kabyn kunraH “O30H «.aBaTUHWU XUMOS
AMAWW coxacuparn wapTHomanap 6ylinya Y36eKUCTOH
Pecny6/1MKaCMHUHT Xa/K,apo MaXX6ypuaTnapmHu 6axkapuil yopa
Tagbupnapu Tyrpucuaa’rn Kkapopu BeHa KOHBeHLMACK Ba
MoHpean NPoTOKONIMHY Kyn1ab-KyBBaT/0BUYM faBNaT XyXoKaTu
6ynmM6 MamakaTUMM3 3KONOTMACUHU AXLIMNaLLra KapaTuaraH
MYXUM XyxokatnapgaH 6upu 6ynuné xmsmarxunagm.

1989 MMAHUHT 1 aHBapuaa 030HHU XUMOS XUAuwW Gyinya
Kabyn kunuurad Xankapo MoHpean NpoTOKOMAN Ky4ra Kupuo,
030HHW 6y3yBuYM mopagdanap uwnab ynkapuwHu 10 iinn nunga
kammnpa 50 pomsra kamantupuw kysgatytungun. AK.LL, KaHaga,
Hopserusa, AHru 3enaHausa, Mekcuka, LBeuunsa, Mucp
cuHrapum Mamnakatnap 6y Xxankapo WapTHOMaHwu
Tacaukaagunap.

1990 WUNHWHT MoHKUga JTOHJOHAA yTKasunaraH 6up
xapTanuk anrnanwga gyHEHUHr 70 MamnakatugaH Kenrad
O/IMMap 030H KaT/faMWHW KEMUPYBUYU KUMEBUIA MOALANAPHN
KaMainTmpuw 6yinya xankapo Mukécaa Kenuwmb onaun’p.
Ty3unraH NpoTOKON LWapTHOMacura Kypa Kabyn KWanHraH
KapopnapHu 6axapui kaTsuii Tanab kunuHagu. LLyHra kypa
2000 imnrava xnopdropyrnepoaaap (hpeoHnap, xnagareHTnap)
nwnab ynkapuiwiHy kammuga 50 pomsra kamanTUpuLL Ba ynapgaH
(olifjlanaHnILlHKN XaM LWyH4Ya MWUKAOpAa 03aTupull Kysga
TYTUNAN. .

OKOIOrMK BasuATHU axwuniaw makcagnga Heto-Nopkga
1984 innu myHuumMnanuTeT (Maxginui y3-y3nHu ngopa Kunuil
opraHv) TOMOHWAAH 3KOJIOTUK NONUUUSA TAKWUA KUUHAMW.
ByHpaaii xainpnu nw 3epo 60LLIKa MamnakaTnapaa, Wy XymnagaH,
OU3HWHT MaMaKkaTMMM3a Xam TalKua KUanHca axwm eynyp
341. SKONOrMK NOANLMA iNaxapum xap Xun 3apapiv YAKUHAUNap
6unaH NpNoCNaHTUPYBYM LLAXCNAPHK, 3aBOJ Ba KOPXOHaIapHu
n3nab Tonaau, alibaopnapHmM Xasonainam xamna xxapruma conaau.
O06-XaBOHMHT BY3NIMLWNHN HAa30paT KUAWLL, CyBAapHM ndnoc-
nanTupMac/inK Ba TO3a/IMKHU HOpMaja caknab Typull xam
NOMNLMIA XOAUMU 3UMMaCKTa OKNaHraH. IKOM0ruK noanums



XOAMM/IapU Maxcyc KMAMM-Keyak, pecnmpatop, KyKon, TynnoHya
Ba 60LU"a 3apyp aH>Xomnap 6unaH TabMuUHNaHraH 6ynagu.

OuaBa cyBnapHu To3anaw iWynnapu. AkKagemuk
W.B.MeTpsiHOB TabuaTHMHI BYHOK MHbOMMapuaaH 6upu 6ynraH
CYBHW YNyrna6, y3WHWHT yHra 6arviiaHraH Maxcyc KUTOOUHM
“OyHénaru sHr o6 moaua” feb ataraHu 6exxus amac, anbarra.
By onum cyB Ba Tabmat 6ONNMKNAPUHKU TO3a TYTULL, ynapaaH
pauvoHan (oinfanaHnLL Ba Kenaxak aBnof y4yH cakall coxacuia
KaTTa uLnap KanaéTtraH nnpmk mytaxaccucamp. W. B. MeTpsHoB
CYBHU 3b3031aLU 3apyp AelAn, MUHCOHMAT BaXXOH3041ap CyB 6unaH
X,86F 3KaHNUTUHUW TabKugnainan. AMMO AyHEHUHT XAMMa epuia
cyBra abtTubop 6unaH KapanAnTUMMK, y 3b303/1aHANTUMM?
Adcycku, yHaai amac.

Xp3npru BakTaa “oKasa CyBnap” atamacu Kyn KOpXoHa Ba caHo-
aT Gupnawmanapuaa Tes-Te3 TUnra onuHagurad 6ynné kpnau. by-
HWUHT 6oUCK KOpXOHanapaaH OKMG YnkaéTraH cyenap ngnocnaHu-
WK 6unaH 6vMp KATOpAA Y3via KynruHa KAMMaT/IM KOMMOHEHT-
NnapHu Xxam 0Kn3mb6 ketMokaa. OkaBa cyB/ap Tapkubugarm sa’ap-
N Ba 3apapnu Moajanap AyHé okeaHuHun 6ynraantu. Cysnapgaru
KMCNOTa, NW”™op, KypProwmH, M1uc, cmob, MonnbaeH, pyx Ba Ly
Kabu 6oLka meTannapun? Nnnura kopxoHanap \ucobugaH cysra
OKMN6 KeTaérraH MUHI-MUHT TOHHa1a6'KummaTin MeTannap 6munaH
6vp Katoppa Tabmar MHLOMWU —CYB TapPKUOUHUHT XM y3rapmo
60paéTraHNNrMHN Xmncobra 0NMOK 3apyp.

Mamnakatumusga 6y Macananapra katra ax,amusiT
6epunmokga. XXymnafaH, AMpUK KUME KopxoHanapuga okaea
cyBnapfaH Ty3, MeTaf/1, KUCN0Ta, UL KOp Ba O0LLIKa MOALaNapHK
TYTU6 KONYBYM (hUbTPAap, KatanuTUK mocnamanap, annapar,
EHAMPULL Neynapy nwra Tywmpuagu. MetaHon Ba riaMKoAapHu
ywnab konYsuum Kypuamanap uwra Tywuwu 6unaH cys
AaB3anapu 3apapiu Mogganap TabcupuaaH xanoc 6ynap.

Kumé caHoaTuaa cyB Kyn uiinatuanim Mavaym. LUy cababnm
KeWVHIY Annnapaa kam cyB MLLATYBYM TEXHONOMMK XKapaéHnapHu
MLIra conuLl, OKaga CyB/lapHU TO3a cakdaraH X;onda ynapaaH Kyn
uMKnnapga oinganaHuw inynnapu niwnab unknnan. Okasa cysnap
anoxjua MexaHuK Ba KMMEBMI To3anawgaH yTub, 6uonoruk
MHLLIOOT/Iapra Ba CyHrpa aAcopbumnoH To3anall KLoHHanapura
to6opunagm. OkaBa cyBnapfaH oW Ty3u, LEeMeHT LuxTacu
KOMMOHEHT/Iapu Ba 60LLIKa MaxcynoTnap oNMHMoKAa. by muwinap
KOpXoHara iinaura yd MaH CyM MKrMcoauii camapa 6epasanTu.

OkaBa CyBnapHu KanbUWin Ba MarHuii kapboHaTnap,
aNlOMWHKNIA Ba TeMUp rMApokcuanap épfammia Tosanaw nyn-



napupan caHoaT muuccupa oiiganaHunmouaa. by 6opaga
KpemHuii (IV) - oKcug, antoMUHUIA OKCKA Ba LemeHTnap \am
KeHr vwnatuamokaa. LLyp cyBnapfaH 4ydyk cyB 0nuLLaa 0«/asa
cyBnapgaH Typau MeTannapum axpatnb onuwpga Ba 60TKA
MakKpag/japja MOHWTNAp XaM KynnaHunMmokaa. [eHrus sa gapé
CyBMapuHU HedhTaaH, MO Ba LY Kaby G0LIKA MaxcynoTnapiaH
TO3anallja x,am loKopuaa aiTuarad ycynnapgaH oruunaHunagu.

Knmé KopxoHanapugaH OCMOHra KyTtapunaguraH rasnap
Tapkunougarn CO, C02 S02 KyprowmuH - pyx xainga MULLIbSK
YyaHru Ba 6ol Kanap atmoctepaHn ndnocnaHTupaan. Xosmpru
3aMOH TCXHMKACK aHa Ly 3apapau apanawima Ba YaHrnapHu
TYANKIYTNO KpAmno, ynapHu oiganu ninapyyvyyH Kynnawra
Kypbu etagn. ApatunraH agcopbunMoH KonoHHanap, GuabTp
Ba TYp/IM IOTr1YNap Xanou v To3a cakhall UMKOHUHU apaTaju.
Xp3uprn KyHgaa atmocdepara KyTapunaétraH rasfapHuHr
70%paH Kynu ywinab konuHmokaa. byHaaH 6yéH aTmoctepaHu
NPIOCNaHTUPYBYM YMKMHAW Trasnap MUKLOPU Ann caiinH
Kamaiinb 6opasepagu. TalKua aTUAraH fHru 6olkapma,
nabopatopusa Ba 6ynmmnap atpo MyXMTHM mMyXodasa KUauL
byiiMnua MAMUIA-KOOPAMHALMA WULLIapK, Noiinxa Ba Ly Kabu
6oWKa Myxum BasuganapHu amanra owupuw 6Gunax
wyrynnanagunap. Xap 6up KopxoHa Ba 6upnawima ysuga
WyHAan nwnap 6unaH wyrynanaHysym 6ynmm éku rpynnara
ara 6ynmwmn Kepak.

Pecnyb6nmkamunsga atpod) MYXMTHU Myxodasza KUAuLl
b6opacufga AMKKaTra casoBOp uWAap KUAMHANTW. TabuaTtHu
Myxochaza KWauw BWAOST 6ynvMMmnaapu Kyn coxanap 6ylinua
HasopaT uwnapuHn onub 6opmokga. OkaBa cyBnapfaH
MeTannnapHW axpatné 0NyBYM SHIUM WOHUTNAP CUHTE3
KWIMHMOKAA, cOop6CHTNap CUHOBAAH YTasanTU, SAHIU
mocnamanap uwra conuHaanTn. Okasa cyBfnapfaH XpoMm Ba
PYXHU aXXpaTnb oML cxemacu nwnabé ymkungun. “Hasouninasor”
nwnab ymkapuw GupnawiMacuja Kenaxakja okaBa cyBnap
Xaxmu cyTKacura 4000 m} ra eTagn. byHgain katTa mukgopgaru
CYBHM To3anab, yHAaH KaiTa oinganaHuw Ba axpaTtub
O/IMHYBYM MaxcynoTnapgaH oiganaHuw Kysga Tytunagu. by
AHTUANK XO3UPrU KyHNapda amanra owmpuiMokaa.

LlemMeHT, OXaKTowW, rMWT Ba OOWKA KypuUnuUW marte-
puannapu KOpxXOHanapupa xam ne4ynapgaH axpanunoé
YnKaguraH ras xamfa yaHrfiapHu atMocepara Ynkapmacinmk
Oylinya AMKKaTra casoBop uwnap KUIMHMOKAA.



UMKMTCU3 TeXHONOrusa fgeraHga KopxoHaga uwnad
ynapuniaetraH Ma\cynoTnapnuHr \aMmacu Xank Xyxanuru-
HUHT Typin coxanapuia KynnaHwunagu, geraH mMabHOHMU
aHr1amok; Kepak. PeakTopnapfaH axpanraH 4YMKUHOW KainTa
NWnaHnb, Kepakanm Maxcynotra aunaHTupaguraH TeXHON0rus
UMKMHAMCK3 XnucobnaHagu. KYKoH Mol KombuHaTuia unrapm
YUKUHAW XMCOobNaHraH faHak, y3ym Ba noMuaop ypyrnapugaH
3HAN KOCMETWKa Xamja (hapMaLeBTUKa YUYH KUMMaTU
MaxcynoTaap ONVHAETraHAUTMHW K,alg 3TUW Kepak. JaHak
nycTnoKAapuaaH MoTopaapHu To3anawja origanaHunmokaa.

He(pTHM KaliTa uwWwnaw KopxXxoHanapuja xam YMKUTCU3
TEXHONOrMsA amanra owunpunraH. HedthaH onnHyBYM Gapya
Maxcynotfiap XaNkK XY>XaauruHwWHr Typau coxanapuja
KynnaHunaétraHnMru xammamusra mMabaym. He@THUHT
YMKUHAMCK BynraH acthanbT Ba BUTYMNap Xam X03ump yTa 3apyp
MaxcynoTra ainnaHgu.

Onmanuk, HaBownii Ba Ynpumnkgarn Kumé KopxoHanapuia
aKosorms macananapura kartra axamMumsaT 6epunmMokja.
Kenaxakga HaakaT Ma3Kyp KopxoHanap, 6anku pecny6nm-
Kamusgarn 6apuya 3aBognap, uwnab.ynkapuw 6upnawma-
napu, Kattalw KU4uk gpupmanap YMKUHLAUCU3 TeXHONOrmara
YyTKa3nIMoKaa uwnab ymkapunétraH maxcynoT Ba 6ytomnap
XaM XaxoH aHfo3anapu gapaxacura KenTupuamokaa.
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