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!YIII JIOepHblX UCC/Ie006QHUU ,lly6Ha 

ilng paaMOXMMM4BCKOf'O pa3aeneHMSI M MABHTM~MKBUMM 
rrpoayKTOB gaepHb!X peaKUMH BCe ll!Mpe MCITORb3YIOTCSI 
rrpoueccbi yneTy4MBBHMSI M aacop6uaa/l-4/, 6bxcrpoaeti

crsae M ceneKTMBHOCTb KOTOpb!X B OCHOBHOM onpeaeng

IOTCS!p83RM4MBM B TennoTaX aacop6UMM KOMnOHBHTOB 

CMBCM Ha MBTepaanaX MMWBHM 1 c6opHMK8 1 XpOM8TOrpa

<jJM4BCKOH KOROHKM M T.a. no9TOMy npM OUBHKe B03M0)!(

HOCTM pa3aeneHMSI aeo6xoaMMhl, no Kpatiaeti Mepe, rrpa6na-
3MTenbHbie 3H84BHMSI -~H~ . 

B nepsoti 4aCTM HaCTOSIWeti cepaM coo6weaati/S/ 6hln 

npeano)!(eH Meroa pacqera rennoThl aacop6uMM no rep
MoxpoMaTorpa<jlaqecKMM aaHHbiM, a s pa6ore /G/ 6r,wo no

Ka3aHo xopowee cornacae Me)!(ay 3Ha4BHMSIMM ~H~, aati

aeHHhlMM anSI xnopaaos no 9TOMy MeToay M3 aaHHhlX 
pa6oT pa3nM4HhlX BBTOpOB. 

B aacTOSIUieti era The no Meroay pa6oTbi /5/, oueHeHbi 
3H84BHMSI TennoT aacop6UMM HBKOTOpb!X sneMBHTOB -

npoayKTOB BaepHbiX peaKUMH Ha KBapue, MBAM M HMKene 
B aTMoc<jlepe soaopoaa. 

OCHOBHbiE nOflO)!(EHIHI 

HcxoaSI H3 aaHaMH4BCKoro ypasHeHHSI npeanbaoti nn
HetiHoti ra3osoti xpoMaTorpa<jlnn, B pa6oTe/5/ 6hxno nony-
4eHo ypaBHBHHe: 

- 0 0 
t · v · a 1"1H 1"1H 

r 0 = Ei*(- __ a)- Ei<- __ a_) 

sl. To· expM~/R RT A RTS 
( 1 ) 

rae tr - BpBMSI onbiTa ( MHH), v 0 06beMHbiH pacxoa 
ra3a-aocaTeng ( MniMHH), a - TeMneparypHbiH rpaaneHT, 
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(rpaJl,CM - 1 ) iS 
1 

- noeepXHOCTb HenOJlBFDKHOH ¢a,3bl Ha 

eJlHHHUY JlJlHHbl KOJIOHKH (cM2),~SO- CT8HJl8pTH8SI 9HTpo

nHSI ancop6UHH, (Kan/MOJlb,rpan),L\Hl - CT8HJl8pTH8SI 9H

T8JibnHSI ancop6uHH, (KKaniMonb), 'To = 298K, T a- TeMnepa

rypa OC8)!(JleHHSI (K),'f 8 - TeMnepaTypa CTapTOBOI'O 

yqacTKa (K), El(x)- HHTerpanbHaSI noKaaaTenbHaSI ¢yHKUHH. 

B neeyiD qacTb sroro ypaeHeHHH exonHT Ha6op sK

cnepHMeHTanbHbiX napaMeTpOB, KOTOpb18 B COBOKynHOCTH 

C TeMnepaTypofi OC8)!(JleHHSI n03BOJ1SIIDT OUeHHTb BeJIH'iHHY 
0 

~Ha. B npaKTH'ieCKHX uenSix yno6Ho nonbaoeaTbCSI 

rpa¢H'ieCKHM \npencTaeneHHeM ypaeHeHHSI (1) pa6oTbi /5/. 
TennoTy ancop6uHH aTOMOB Ha noeepxHoCTH MeTanna 

MO)KHO OTO)!(JleCTBHTb c eenH'iHHOii E - sHeprHeii CBSI3H 

M81f-ll! aTOMBMH ancop6ara (A) H ancop6eHTa-MeTanna 

<MY 12 • 3HeprHID nonSipHaoeaHHOH KoeaneHTHoii CBSI3H E 
MO)KHO OU8HHTb no ypaBHeHHID: 

1 -
E = z-[D<A-A)+ D(M-M)] + 23,06(xA-xM >

2 
, (2) 

I'Jl8 D(M-M)- 9H8pi'HSI CBSI3H M8)!(JlY JlBYMSI a TOMaMH MeTan
na Ha noeepXHOCTH 8JlCOp6eHTa, D<A-A) - 9H8pi'HSI CBSI3H 

JlBYX8TOMHOH MOJ18KYJ1bl (JlJISI paC'ieTa MO)KHQ HCnOJib30-

BaTb Jl8HHbie pa60Tbl / 13/ ) , X A H XM - 9JleKTpOOTpHUaTeJib

HOCTb 8)lCOp6e~Ta H 8)lCOp6aTa no OayJIHHI'y, 

BenH'iHHY ~ D<M-M) MO)KHO npeJlCTaBHTb KaK OTHJllllTHHe 

TenJIOTbi cy6nHMaUHH K KOOPJlHHaUHOHHOMY 'iHCJIY n 
12 

: 

- ~Ho 
!..n<M-M>= 298oo3r. ( 3 ) 
2 n 

HJlH npHp8BHSITb noJIOBHHe 9Hepi'HH CBSI3H JlByXaTOMHOH 

MOJleKyJihi: 

1 - 1 2 D (M - M) = 2 D<M- M). (4) 

Bemr'iHHY ~D(A-A) MO)KHO Bbipa3HTb qepea nonoBHHY 

CTaH)lapTHOH TennOTbl JlHCCOUH8UHH llBYX8TOMHOH MOJieKy-

Jlbi: ~0 

!_D(A-A)= 298 AHCC. • ( 5 ) 

2 2 

4 

06a eapH8HT8 (3) H ( 4), KOH8'iHO, He SIBJISIIDTCSI CTpO

I'HMH MO]leJISIMH noeepXHOCTHOH CBSI3H, 

3KCOEPI1MEHTAflbH Aff LIACTb 

TeMneparypbi oca)!(Jl8HHSI HeKOTOpbiX npoJlyKTOB SIJlep

HbiX peaKUHii Ha KBapue a aTMoc¢epe eonopona 6hiJIH 

onpe)leneHhi B pa6orax /8/ H /9/. 

B HacToSimeii craTbe onpenenemre T A nponyKTOB HJlepHbiX 

peaKUHH H8 M8JlH H HHKene npOBO)lHJlOCb B KBapUeBb!X 

KOJlOHKaX, BHyTpeHHSISI noeepXHOCTb KOTOpbiX ~yTepOBaJiaCb 

¢onbraMH HaaeaHHbiX MeTannoa. CKopocTb ra~a-HOCHTenSI 
( BOJlOPOJla) cocTaBnSina 20 MniMHH. HarpeearenbHbie 

ycTpOHCTBa, npHI'OTOBJ18HH8 paJlHOaKTHBHbiX npenapaTOB 

H nOpSIJlOK npOB8Jl8HHSI 9KCnepHM8HTOB 6hlJIH OnHC8Hhl B 

pa6oraxl 4, 8, 9/, TeMneparypa crapToeoro yqacTKa pae-

HSinacb 950° C, Bp8MSI OnbiTa - 60 MHH, Oepen OnbiTOM 

KOJIOHKH npOKaJIHB8JlHCb B aTMOC<lJepe B0Jl0p0Jl8 npH 

800° c. 

PE3YflbTAT~ l1 OECY~nEHI1ff 

B T a 6 n. 1 npencraeneHhi sKcnepHMeHTanbHO onpe

)leJieHHbie TeMnepaTypbl OC8)K)leHHSI pSIJla 9J18M8HTOB H CO

OTB8TCTBYIDillH8 HM TennOTbl 8)lCOp6UHii, Bbl'iHCJ18HHbl8 no 

ypaeHeHHID ( 1). AHan~:~a naHHbiX ra6nHUhi noKa3hiBaeT, 

'iTO TennOThl a6cop6UHH H CTaHJl8pTHhle TennOThl B03I'OHKH 

9JleMeftTOB CBSI38Hhl ypa~H8HiieM: 
~H a(i) = (0,663±0,024)~H 289 ,oo3r.(i)- <1,17 ± 1,16). 

Kos¢¢HuHeHT KoppenSIUHH K = 0,96. 

B T a 6 n. 2 npeJlCTaeneHhi TeMneparypbi oca)!(JleHHSI 

HeKOTOpbiX npOJlYKTOB SIJl8pHbiX peaKUHH Ha M8JlH H HHKene 

B aTMoc¢epe BOJlOpO)la. 3Ha'ieHHSI-~H~ Bbl'iliCJleHbl no 

ypaBHeHHID ( 1), nnSI cpaBH8HiiSI B T a 6 n, 3 JlaHbl 3Ha'ie

HHSI-~H0pnpeneneHHbl8 no ypaBH8HHID (2) C I:!CnOJib30Ba-
a 

HH8M COOTHO!ll8HHH (3) H (4), 
Paanl:l'iHe sKcnepHMeHTanbHO HaiiJleHHhiX aHa'ieHHii 

rennoT a)lcop6UI:IH Ha MeJlH 1:1 HI:!Kene HeeenHKO. HanpoTHB, 

COOTBeTCTBYID!llHe 3Ha'i8HI:ISI-~H~ Ha KBapue, KaK npaBHJlO, 
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Ta6mrua 1 
3uaqeHHH TennoT aacop6UHH HeKOTOpbiX npoayKTOB Haep
HbiX peaKUHH Ha KBapue a aTMoctfJepe aoaopoaa, BbiqHC
neHHhle no ypaaueHHID (1) 

'3JieMeHT I CchPIKa TeMrreparypa ocaxueHaH1:1{J - t:. Ho l-!S!ill!L j-
a MOl!b 

Zn /8/ 633 + 20 25,0 + I,3 
1---~ ~ -~-~~ ·~- - -

, __ "l-11 __ /Bj G93 ± 20 25,0 ± I,3 
I Go /8/ 833 ± 30 - 29,5 :t I,5 

Ge /8/ I053 :t 40 -~-~38~0 f2,_0_ 
As /8/ 833 ± 30 29,5 ± I,5 -

.__ _f/9 /8/_ I223 ~~ ~ - ---- 45 0 :t 2, 4 
JJg /4/ II33 :t 20 -~4~ I,O 

.__ Cd _ /8/ 593 :t 20 21,4 :t , -· - __ l -- -!E 
In /8/ 568 :t 20 22,3 ! f,2~-

t
rn /8/ 593 :!:. 20 _ _ 21,4 :t 1,1 _ 
Sn __ /8/ I063 :t 40 38,4 :t 2,0 
Sb /8/ 823 + 30 29,3 + I,5-~ 
T- /8/ 693 ~ 20 -- ---- -25,0 ~ I,3 -

e /4/ 753 : 40 29,3 ~ 2,1 
!f3F - - - -f:373 t 26 ---- ~· 57~5 ± 1.5-~-

flu 
1---- /4/ I403 :t 30 58,5 ± I,5 

/8/ - - - 293 + 5 II,6 + 0,6 

Hg I /8/ 293 t 5 1.0,6 t 0,.5 
/4/ 308 + I5 12,0 + 0,8 
/8/ - 603 t 2o -~23,7 t 1~0 
/8/ 623 t 20 24.7 ± I,3 
/8/ 628 t 20 22,6:!: I,I Te 
/4/ 6I3 + 20 24,2 t I,O 
/8/. -- - 903 ± 40 35,6 t 1,7 

Pb /8/ 783 ± 50 28,1 t I,4 
/4/ 833 + 60 32,5 :!: 3,0 
/8/ 873 ±50 34,5 ±I.? 

Bi /8/ 773 :t 5o 27,5 ± 1,4 
. /4/ 833 + 60 32,5 + 3.0 
1-- -~ . 

/8/ 563 ± 5 22,1 ± r.o 
Po /8/ 503 ± 5 18.0 ± 0.9 

/4/ 523 :t 20 21.0 ± I,O 
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auaqaTenhHO HH:lKe nepBbiX aayx. TennoTbi aacop6UHH 
pTyTH a CHCTeMax Si02/H2 H NVH 2 npaKTHqecKH coa
naaaroT, a a cnyqae TannHH o6uapy:lKHBaroTCH cpaBHHMbie 
aenHqHHbi. 3uaqeHHH TennoT aacop6uaH apyrHX 9neMeHTOB 
ua MeTannax 6onhiiie, qeM ua KBapue. 3ro paanHqHe npo
HcxoaHT, nO-BHaHMOMy, 38 cqeT BKnana 9HeprHH CBH3H 
Me:lKay aacop6HpOBaHHbiMH aTOM8MH H aTOMaMH aacop6eH
T8 (MeTanna), a T8K:lKe pa3HOrO XHMHqecKoro COCTOHHHH 
aacop6HpOBaHHbiX qaCTHU. 

Mo:lKHO yraep:lKaaTh, qTo a CHCTeMe Si02/H 2 ::meMeH-
Tbi Hg, Po, 11 , Ph H Bi TpaucnopTHpyroTCH 11 oca:lKaaroTCH 

Ta6nHua 2 
3uaqeHHH TennoT aacop6UHH HeKOTOpbiX 9neMeHTOB Ha 
MeaH H HHKene, ahlqacneHHhle no ypaaHeHHID (1) Ha 
OCHOB8HHH 9KCnepHMeHTanhHbiX aaHHblX 0 TeMnepaTypaX 

OCa:lKaeHHH 

MaTepllaJI Ctl Ni KOJIOI!KJI 

ra3-RO-
H2 H2 CJITe.U 

3nelleP:r Te11nepa~r,pa ocaK-ITenno:ra ~copo- Te11ne~&r)pa ocaK- Tennora ll,lcopo .. 
UJIJI [ JtK8JI/IIOJI~ I Ulnut ( .\ ) 1 n•• (KK8J1 11on~o] )1811JIH K 

z., 1070,!40 
I 

49,5,!1,9 958,:40 44,3,!2,1 I Go 935,!40 43,1,!1,9 II93,:20 55,8,:1,() 

Ge - - 923..:50 42 ,7,!<l ,6 
I 

/IS - - I073,!50 4919,:216 

Se - - 1083,!70 5010.!316 

Cd 680,!40 31 15,!1 19 598,:50 2718,:216 
In 600£ll 28 1 1,!1 15 553,:30 2519.!115 

Hg - - 297,!5 lJI6,!013 

Tt 503,!10 2J 5.0 5 J- I 493!,20 2216.:!;1 13 
Pb 950,!20 4410.:!;110 983,:20 4516.!110 

&1 II05.:!;30 51 13,:1 15 !073.:!;20 501 0.:!;I,O 

Po 823,:20 JB,I,!I,O 943,!50 43,5.:!;2,6 

---- ~--- -'--
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Ta6nuua 3 
3HaqeHHH rennor aacop6uuu HeKoropbiX aneMeHros-npo
ayKros HaepHhiX peaKuuii: Ha MeaH: H: HH:Kene, BbiqH:cneHHhie 
no ypasHeHH:IO (2) 

~,laTepRarr 
Cu Ni J(QJIOHF.ll 

ra3-ao-
H2 Hz C11TeJib 

i 

3Haqeawe :mep- I 

(3) (4) (3) (4) I r'H Cfll3R: I 2 M-M) 

3neM8l!T Ten noTa ancop6Ul!n - AH~ t rman ] 
"'"i.i5iir 

Z.n II,OI 27,'78 12,70 31,78 
Ga 24,81 41,58 26,50 15,58 
Ge 39,46 56,23 41,20 30,23 
t:is 52,46 69,23 54,23 73,23 
Se 51,53 68,2'7 53,20 72,2? 
Cd 8,65 25,42 I0,42 29,42 
In 19,65 36,42 21,42 40,42 

~t 7,60 24,40 9,40 28,40 
I3,96 30,73 15,70 34,73 

Pb 18,46 35,23 20,20 39,32 
Bi 30,23 47,00 32,00 !i1,00 
Po 28,76 45,53 30,50 49,53 

_..__ 

B aneMeHTapHOM COCTOHHfifi/4•8•9 /. YKa3aHH:ti Ha o6-
paaosaHue nerKoneryqH:x rH:apH:aos s aaHHOM cnyqae Her. 
TepMoaaHaMaqecKae oueHKH He acKnJOqaiOT s ycnosaHx 
onhrTa ( B eucre Me SiO 2/ H 2 ) o6paaosaHaH HH3ll!HX 
(s OCHOBHOM nerKoneryqax) MOHOOKacnos: Sb , Sn , As, 
Ge , , In , Cd H: Zn . 

B CH:CTeMax Ni/H 2 fi Cu/H 2 cneayer yqaTbiBBTb 
asa cpaKropa, KOTOphie Moryr nosnH:HTb Ha XH:MaqecKoe 
COCTOHHHe aacop6apoBaHHhlX KOMITOH8HTOB, 

1. Aacop6uaH soaopoaa Ha o6oax MeTannax npoac
xoaar B 8TOMapHOM COCTOHHifif, M3-38 ITOBbllli8HHOH KOH
UeHTpaUHfi aroMapHoro soaopoaa Ha nosepxHocra MeTanna 

8 

sepoHTHOCTb o6paaosaHHH neryqax ruapaaos asyqaeMhiX 

aneMeHTOB Bhill!e, qeM s cacreMe Si02/H 2. 

2. BoccraHosneHHe oKaceii: pasaenHeMhiX aneMeHTOB 
soaopoaoM Ha nosepXHOCTH Cu HnH Ni o6nerqaeTCH 
B TOM cnyqae, ecnH Me*aY aroMaMH aacop6ara H aacop-
6eHra npoHBnHeTCH 6onee cH:nbHoe, crreuHcpnqecKoe saaH:MO

aeii:crsHe, aHanoruqHoe HHTepMcrannuqecKaM CBH3HM 
s MaKpocucreMe. TaKHM o6paaoM, s cucreMax Ni/H 2 
H Cu/H 2 sepoHTHOCTb cymecrsosaHHH MOHOOKHCeii: 

MeHbll!e, qeM B CH:CTeMe SiO 2 /H 2• 

PeaynbraThi aKcnepuMeHTOB noasonHIOT caenarb He
KOTOpbie BbiBOllbl 0 B03MO*HOCTH npoTeKaHHH YK838HHblX 

npoueccos. 
06pasosaHHe nerKoneryqux ruapuaos npHseno 6bi 

K nepeMeiUeHHIO aoHhl aacop6UHfi s 6onee HH3KOTeMnepa
rypHyiO aoHy. OaHaKo aroro He Ha6niOaaercH. Hanporus, 
B cH:creMe SiO lH 2 aneMeHThi, o6paaosaHHe ruapaaos anH 
KOTOpbiX HaH6onee sepoHTHO ( (Ge, As , Se , Po ) , 
oca*aaiOTCH npH: ropaaao 6onee BhiCOKHX reMneparypax, 

qeM MO*HO O*H:aaTb anH COOTBeTCTBYIOIUHX rHapH:aOB. 
Oca*aeHH:e Ge, As , Ga H: In npoH:cxoaH:T Ha nosepxHo
cru Meau a HHKenH npH: 6onee BbiCOKHX reMneparypax 
no cpasHeHH:IO c SiO 2 , qro yKa3hJBaer Ha cH:nbHOe saauMo
aeii:crsue Me*aY aroMaMH HassaHHhlX aneMeHTOB H: nosepx
HOCTbiO Merannos-aacop6eHros. CymecrsosaHH:e ynoMH
HaBruH:XCH Hfi3ll!H:X OKHCnOB B CHCTeMaX C nOBblll!8HHOH 
KOHUeHrpauueii: aroMapHoro sonopoaa npaKruqecKH HCKniO

qeHo. 
TaKH:M o6pa3oM, peaynbTaThi onucaHHhiX aKcnepuMeH

ros aaiOT OCHOB8HH8 paCCM8TpHB8Tb Tennory aacop6UH:If 
K8K npOHBneHHe B38HMOaeii:CTBHH M8*llY CB060aHhlMif 
aroMaMH H nosepxHoCTbiO Meranna H oueHHBaTb ee no 

ypaBHeHHIO (2). 
3HaqeHHH rennor aacop6uuu, nonyqeHHhie Ha ocHose 

repMOXpOM8TOrpacpHqeCKHX 8KCnepHM8HTOB 1 H OU8HKif 
t1H 0 , onpeaeneHHhie no ypasHeHHIO (2), aosonbHO canbHO 

a 
ornuqaiOTCH. OnHaKo npu ux cpasHeHHH B 6onbll!HHCTBe 
cnyqaes o6Hapy*HBaeTCH KOppenHUHH. Cneayer noaqepK
HYTb, qro npuMeHeHHe ypasHeHHH (2) nossonHeT aaseaoMo 
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nony~aTh nawh o~eHh rpy6hle oueHKa AH 0 ,a HafiaeHHhlB 
a 

3H8~BHaH TennoT 8DCOp6uaa no ypaBHBHaiD (1) HBnHIDTCH 0 

KOHB~HO, 6onee "acTaHHbiMa "• 
B 3aKniD~eHae aaaaM xapaKTepacTHKY aepoHTHoro 

aacop6UHOHHOrO nOBBDBHaH ranOTBTH~BCKaX 3nBMBHTOB 
112-118 B TepMoxpoMaTorRa~a~ecKax KonoHKax. OpaeH-o 
Tapoao~HbiB 3Ha~eHaH - AH a sTax sneMeHTOB npeacTaaneHbi 
B T a 6 n. 4. 3aa~eHaH TennoT aacop6uaa Ha KBapue 

Bbi~acneHbl no ypaBHBHaiD ( 1) no npBDCK838HHbiM TBM

nepaTypaM oca)KaeaaH I 4<a Ha HHKene a Meaa oueHeHbi 
no ypaaHeHaiD (2). CTaaaapTHhle TennoThl aaccouaauaa 
3nBMBHTOB 112-118 onpeaeneHhl nyTBM 3KCTpanonHUaa/?/ 

Ta6naua 4 
OueHKH 3Ha~eaafi - AH ~ [KKaniMonb] ranoTeTa~ecKHX 
3nBMBHTOB 112-118 Ha KBapue, HaKene a MBDH 

l.laTepl!aJI 
Si02 Ni Cu KOJIOHKif 

raa-110-
ClfTCJ!b H2 H2 112 

rAeTOit on- Yp. (I) Yp. (2) Yp. (2) pe~tenemm 

!.leTOit ouen 
Kif 3HeprKH (3) (4) (3) (1) 
C~311' I 2 (r!-rl) 

01!eUCHT . 
II2 4,2 .t I,9 9 28 7 24 
II3 I7,8 .t 2,4 I2 3I IO 27 
II4 12,5 .t 2,5 12 3I IO 27 
II5 24,2 .t 2,1 IS 37 I6 33 
IIG 13,4:!: 3,7 20 40 I9 36 
II? 13,4 .t I,9 14 33 !2 :!9 
liB 4,2 .t 1,9 - - - -

10 

Ha ocaoae npeacTaaneHHhiX B T a 6 n. 4 aaHHbiX 
MO)KHO npa6na3aTenhHO OUBHaTh 3KCnepaMBHTanbHb!B 
ITapaMeTpbi, HB06XODHMblB DnH TpaHCnOpTa H83B8HHbiX 
3JlBMBHTOB B KOnOHKB a3 KBapua, MBDa ann HaKenH 
B 8TMOC~epe BODOpoaa. KpoMe Taro, MO)KHO OUBHaTb 
BOOMO)KHOCTb TBpMOXpOMaTorpa~a~eCKOrO ~paKUaOHHpOB8-
HHH npODYKTOB MBpHblX peaKUHfi, Ha~anhHyiD TBMnepaTypy 
yneTy~HBBHaH C noBepXHOCTH c6opHaKOB, MalliBHefi una 
llODnO)KBK H3MBpHBMb!X o6p83UOB. 

ABTOpbr c~aTaiDT CBOHM npHHTHbiM aonroM no6naro
aapeTh 8K8DBMHK8 f.H.¢nepOBa 38 aHTepec K pa60TB 
H ~neaa-KoppecnoaaeHTa AH LJCCP I1.3sapy 3a ueHHhie 
38Me~aHaH, caenaHHhre npa o6cy)KDBHHa pyKonHca. 
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