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M CTOUOM OTlTIl'lCCKOH cnexrpocxonan l-l3y'lCHbl H3MCHCHHH B KHHeTHKC HyKncaUJ1l1 CuCI B CTCKnc npa 

npezmaptrr en snoxi HI13KOTCMncpaTypHoM OT)/{Hrc. Hccnenosano BnH5IHHC 'lHCna aaponsrurejr, C03naHHblXnpn SOOQC, 

na CKOpOCTb pOCTa diaasr CuCI npa 650 ° C. KOnH'lCCTBO <jJa3bl CuCl B 06pa3uC onpenenanocs no K03<jJ<jJIIUHCHry 

OTlTIl'lCCKOro nOrJIOUlCHH5I n 06naCTH 30Ha-30HHb1X ncpexonc a HaHOKpHCTanJIOB CuC!. CpCUHHH paruyc 'l aCTHU 

CuCl HaXOnHnC5I no nOnO)/{CHHIO MaKcHMyMa 3KCHTOHHOH norrocsr, nOKa3aHO, 'lTO npen sapar en saoe C03uaHHC 

saponsnuea CuCI npH 500° C B TC'lCHHC 3 h noaaonan o B 6 pas YBCllH'l HTb CKOpOCTb pOCTa <jJa3b\ C uC!. Ilpu 
3TOM B 06pa3UC C paaee C03UUHHblMH aaponsruraun Ha6nlOnalOTC5I naa npor asononcosau x npouecca: TCpMH'l CCKHH 

pacnan 'laCTH McnKHX saponsnnc ii , crasurax npH 650°C "nOKpHTH'lCCKHMH", H pOCT 60ncc KpynHblx saponsnnea, 

,,3aKpHTH'lCCKltx" npn 650°C, aa cxer UH<jJ<jJ y3HoHHor o npHToKa KOMnOHCHTOB HOBOH <jJa3bl. Ilpx asixone aa 

pasnoaecnyto KOHucHTpaUll 1O panuyc 'laCTlIU HOBOH <jJa3bl MCHblUC, HO H KOHncHTpaUI1 51 fion euie no cpaaaemno 

C 06 b1'lH0l1 ayxneauaea npH 650°C. 

Pa60Ta BblTIOJIHCHa B pavxax nporpaMMbI " Pa3BIlTlIC nay-nror o nOTCHUllaJIa su cuie a urxonu (2009 - 20 10 rr.) " , 

xaun. NQ2.1.1 /451. 

2. 3 KcnepHMeHT 

Ilpoaenennsrc panee llCCJlCUOBaHllH noxasana [1], 'ITO B CTCKJlO B OCHOBHOM n p o ap axn o B 0 6 JlaCTH On THtfCCKOrO 

TBCP~OM paCTBOpc na CTlmHRX cj>OpMll.p OBaHI1R 3aKp I1TH'iC­ nOrJIOlUCHlIR Ha HOKp HCTaJIJl OB (HK) C uCI, '!TO n 0 3BomlCT 

CKll.X saponuurca (HCCTaUHOHap llaR CT~ll R [2]) H a o p u am­ Ha6J1IO~ aTh OnTU'iCCKHM MCTOLlOM llORBJlCHIfC lj>a3bI Cue! no 

aoro p OCTa lj>a3bl CuCI Ha6Jl1o~aCTC ll n OLl0 6 11c (yu a ae p cans­ BCCH TOJllUHII C 0 6 p a311a. 3 Haql1TCJlhHaR CHJla OCllHJlJIRTOpa 

HOCTb) KllHCTH'iCCKHX 3aBHCHMOCTCH pOCTa HOBOH lj>a3bl B OnTHqCCKOro nornouieu a s 3 KCHTOHa (105 ern-1) [3] JlaCT 

llJHpOKOH 0 6 JlaCTll. Tc ~mcparyp. 3TI1 3aBll.CHMOCTH n p a BCCX B03MOiK IlOCTb HC CJIC~OBaTb OqCHb MaJIy lO xouuenrpaumo 

TCMncp aryp ax XOpOllJO ona cu aaior cs OLllUi M COOTHOllJCIlH­ <j>a3bl CuCI, a MaJlbl H paaxrep 3KCHT OHa (0.7nm) n 03BOJlllCT 

CM, B KOTOpOM 113MCHRCTCR TOJlhKO napavcr p r eu n ep aryp u . 0 6Hapy)f(HBa Tb 11 o n p en ernrrs no 3q1<PcKTy paaa epaoro 

31'0 COOTHOIllCHHC 6blJlO nOJlyqc Ho IICXOLlR 113 TCOpHll. 3CJlb-' KBaHTOBaHHR [4] paassep qaCTI1U BnJlOTh LlO 1nm. B CJlII­

LlOBU'Ja UJIH HCCTaUHOllapHO H CT~1UI 06p a30B aHHH HOBOH qlllla s x epraa a rranauaa AH<P<PY3HH D CTCKJlC OCHODHoro 

lj>33bl [2]. Tlpu 3TOM IlCCTallHOHap HaH CTaUHH 06JlauaCT KOMn OHCHTa ( ll.OIlOD Cu" ) COCTa BJlRCT OKOJlO 1cV Pl.n pH 

BaiKHbl M CBOHCTBOM. Oua 3aKall'IH BaCTCH aa ap e u a, p a3HOC r axoa 3HeprHI1 aKTHBa llHH ll. KOIlTp OJlHp y CMOH nCJIIl'lIiHC 

npn pasrnr-nnrx rcsmcparypax, B KOHllC 3TOH cran a n n p a nepecsnncaa a p acrso p a MOiK HO acer n a s u fip an, n nana­

BCCX 'rexme p arypax oop aay er ca O,UHHaKOBOC KOJlHq CCTBO 30H renrreparyp, xor n a B0 3MOfKHO HCCJlCn OBaHI1C KIIHenl­
lj> 3bl C uCl , O,UHaKO 'iIlC JIO 3aKp I1TI1'iCCKI1X aapon snue a npa KH HYKJlCaUll.I i na BCCX ee CT~I1HX - OT 0 6 p 330n amlH 

HH3KOii TCMncp aTy pc 60Jlh llJC B necarror pas, Y Ka3aHHOC 3aK p l1TWICCKHX saponsuuea LlO CTan HII n Cp CKOH,UCIlCaUHH 

CBOHCTBO n e crau n o n ap a o a CTa,U1111 MOiK HO HCn OJIh30BaTb (onanecuenuua). 
KaK rpaxrop, CYlUCCTB Cm lO BJl I111lOlU I1H na KHHCTll.K)' HY­ )J,JIll HCCJlCLlOBaHHH KlIHCTll.Kll. p OCTa (1)a3bl C uCl a CTCKJJC 

xncanms. Il pu HI13KOti r e v neparype I1ACT 6blCTPbl H pOCT 6hIJI n p ;{Mc iic ll MCTOU CT)'IlCH'iaTOr O OT'A\I1 r a [1]. )J,OCTa­

KOHUCHTpallHH 3aKp HTH'ICCKHX sap on u ur en , HO HX p am ryc TOq HO TOHKIIII o fipaseu lICXO~H O ro CTe KJla, conepxautero 
paCTCT O'ICHb MC~JICHHO. Il pensaprrrensaua Hll.3KOTCMncpa­ Hc06xo~ lIMO C KOJlll.'iCCTBO n p lIMCCI1 HOIIOB Cu" If CI-, no­

ryPJlbll1 OTiK l1r n03BOJlllCT C03LlaTb BblCOKYIO xonuenrp au a ro MClUaJlCH B n e -n, C san an non r exm ep ar y p o a 11 npOrpCBaJIClI 

MaJlbl X 3a p 0,UblIlICH, KOTOp blC MOiK HO ssrpaunman, no n e o fi­ 3aLlaHHOC Bp CMR. 3aTc M ofipaseu BblH lIMaJl Cll 113 n ex a, II 

XOn UMhl X pasv epoa npa 6 0Jlc c BblCOKOH r cn neparype. TI PI1 n pa KOMHaTHoti resmcparype n p o a ss oa a n ocs H3M CPCHIIC 

3TOM B 06lUCM cnysae xacrt, cdi o p u a p o s aa nsrx aaponunrea c n e srpa nornouien a a B 06J1aCTI1 ,UJlIIH BO H 310-400 nm. 

p acrso p aer c a , a 'IaCTb 6 0JICC xpynaux saponsnuea 6y~CT 3 aTc M o fipaseu o rr ars aa HCKOT Op OC Bp CMH nOMCmaJI CH 

HHTCHCHBII O paCTH. B ne-n, C r o n iKC r euncpar y p o n 11 nocn o BbmCp)l( KII 

• Hacr osuias pafiora nOCBlllUCHa HCCJlCLlOBaHlflO BJIl1flH llH BblH l1MaJl CH LlJlll OqCp CLlHOr o H3MCpCHlI ll nor n o uieans. 

KOHl\CHTpaUIIH saponsnuea, clj>0 p Miip 6ilIlHl'tbI X B MaTp uuc H a pac, 1 npC~CTaBJlCH bl n an aue n o p o c~y KOJIll.tfCCTUa 

crexna' n p a TCMncpaTypc 500°C;' a a KI1HCTI1KY ayroreamnr lj>a3bl C u C I B npouecce crync a xaroro oracara otipasuoa 
II 

CuC I B CTCKJl0 06pa3Hoti MaT pHUc npn 650° C. . npH 650 11 500°C. KOJIH 'iCCTn O lj>a3bl n pon o p tnroaansuo 
." ~" 
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Pile. 1. Cnexrpsr nOmOl1\eHHH H K CuCl rrpa 300 K B oopasue 
erexna nocne crynenxaroro ODKHra npli 650 (a) Ii 500°C (b), 
TOJIlIUlHa 06p 33l.l0B 0,3 H 0,5 mm COOTBeTCTBeHHO, BpeMH Tep­

\loo6pa6oTKH OT 3 (1) no 518 min (11) (a) 11 OT 150 (1) 
JO 1800min (14) (b), KpHBaH 0 - cnexrp acxonaoro ofipasua, 

~YHJlaMeHTanbHOMY nornoureumo HK CuC!. C pOCTOM 

o6mer o BpeMeHH ayrcneau an Ha6JlIOilalOTCH pOCT UHTeH­

CIlBHOCTH orrr asecxoro nOrJIOmCHHH H CIlBHr cnercrpa 

nOrJIOmeHIIH B CTOpOHy MeHbWIlX 3Hepr HH. Ilocneamnt 
~aKT caaner enscrayer 0 pOCTe pan aycos 'laCH IU CuCl B 

npouecce YBeJlH'leHIlH ofiutero apeu eaa OTIImra 06pa31.10B. 

KpHBaH 0 npeACTaBJlHeT cnexrp nOrJlOll(eHI1H HOHOB Cu" , 
pacnpeaenenaux B HCXOIlHOM CTeKJIe. O OCJle TepMo o6pa­

60TKH B rexeaae 3 min npa 650°C B cnexrpe rrornouienas 

o6pa31.1a (KpHBaH 1) CTaHOBlITCH 3aMCTHblM nxn an HK CuCi. 
YBeJIH'IeHlle BpeMeHll TepMo06pa60TKH npaaonar K pocry 
30Ha-30HHor o nOr JlOmCHHH H 60Jlee 'leTKoMy asineneamo 

nOJIOCbl norrroureuas Zt.2-3KcIIToHa HK CuC!, a raioxe K 

CllBl1ry nOJlO)KCHllH MaKcIIMyMa (Eex) nonocsr 3KCHTOHHor o 

nOrJIOmeHIIH. 

I1HTeHcHBHoCTb D03HHKalOll(CrO OnTll'lCCKOrO nornoute­
.." I'L 

HJ;lH 06pa31.1a ,f,lp,onOpl.lI10HanbHa ofiutesty KOJlll'leCTBY au ­

il~JIH BWeikH 4>a3bl CuCI B CTeKJle. Cnaa r MaKclIMyMa 
, I • 

3KClfTOHHOH nonocu Ecx CBH3aH C 3¢¢eKTOM paaxrepaoro 

<Dt.13Ii1Ka rsepnoro rena, 2010, TOM 52, sun. 4 

3.3
 

KBaHTOBamlH H o6 yCJlODJleH YBCJHI'lCHIICM pannyca xa­

CTII l.l CuC! [4]. Il pn 60JlbWlIX spea enax oraorr a </>a3a CuCl 
npexpauraer pOCT II Aa)KC YMCHbw aCTcH (KpUBbIC 10 II I /) . 
Taxae )Ke 1f3MCHeHIIH npoa cxonar B cnexrpax Ilpyr r o 

06pa31.1a npn crynerrxaroa OT}KUr C rtpu 500°C (pHC. 1, /)), 
TOJlbKO BpeMH HapaCTaHIIH ¢ a3bl saa -nrr ensno 60JIbIllC U 

nOJlO)KCHUe MaKcuMyMa nOJlOCbI nOrJlOmCHIIH Z 1,2-3KcIIToHa 

npa pocre apexiemr OT)KHra CABl1raeTCH 3Ha'lliTCJlbll0 

fiorrsure. 

OPI1 nyxn eauna (Pa3bl CuCI n pa 500°C MO)KUO coanar s 

60JlbIllOC KOJlH'leCTBO ManCHbKIIX aaponu urea, a 3aTCM 

nonu rarsca npOIlOJl)KIITb ofipaaosaune ¢ a3bl CuCI npa 

60JIce BblCOKOH 'resmeparype. Ha pIIC. 2 npenerannen XOIl 

1I3MCHeHIIH CneKTpOB nor n ouicu as HK CuCI B npouccce 

CJlO)KHOr O OT)KHra. 3a 3 h npn 500°C 6blJIll coaaanu saxpa­

TH'leCKlle 3ap0,UbIIllH CuC! co cpenaasr paaxrepoxt 1.1nm 
(KpHBaH I). 3aTcM OT)Kl1r 6blJl nponoroxeu, HO y)Ke npn 

TeMnepaType 650°C ( xp aasre 2- 9). Kpnaaa 2 COOTBeT­

CTByeT BblAep)KKe 06pa31.1a npa 650°C acer o 10 s. Il anee 
ofipaaeu BblHHManCR 1I3 ncxn 11 1I3MepHJlCR era cnexrp 

nOrJlOmeHUH. 3aTeM onars npoH3Bo,UIIJlCH OT)KlIr B nC'l11 

npa TOH )Ke 'resmeparype yace B TC'leHI1C 20 S II CHona 

H3MepRJICH C1""! ~ KTp nOrJlOIllCHIUI II T.A. Ofintee BpCMH "Y­
xneauan npa 650°C COCTaBHJlO 2000 min. vb puc . 2 DlI,UIIO, 

'ITO nocne Bhl,Uep)KKH B Te'leHHC 10S npu 650°C (xpir ­

Ball 2) ofipasua , B KOTOpOM n penaaprrr ensno npn 500°C 
C031laHbI aapozrsnu u CuC! (KpIl BaH 1), 113 paCnpCllCJIeHI1R 

"tJaCTIIl.l CuCI IIC'IC3JIa xacrs, orse-raiouraa aa nOrJlOmeHI1C 

B 06JlaCTlI 30u a-30HHHblX nepexoaon, a cnexrp nornourenus 

xacr uu CuCI CIlIl IiHYJlCH K MCHbWI1M 3Hcpm RM 113-33 po­

CTa cpenaer o paaayca 'laCTI1U. JtlCCJlCllYCMblC xpunue Will 

60J1bWUX npeMCII OT)Kl1r a 6blCTpO CMCll\alOTCH B CTOPOHY 

MCHbIllI1X sneprntr, T. C. npOIlOJl)KaCTCH ycxopeuau n POCT 

pasnepa aaponsnnen CuC!. 
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PM C. 2. Cnexrpsr nornoineaaa HK CuC! D o opasue nocne 

~nOJKHO rO crscara: CHa<J3Jla npa 500°C B TC<JeHue 3h (KPi'IR:U1 1), 
'3aTeM npn 650°C B Te<JeHue BpeMcHu: f = 10s (2), 30 (3) 11 

no 817 min (9). KpuBall 0 - cnetcrp ~OmOlllCHI1H I1CXO.!lHOrO 

CTeKJTa 6e3 repsrootipaeoro«. 
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PHC. 3. 0pUMCp Pll3JlOlKCHH H KOIITy p OB c n e icrpo n nO rJlOm CHIiH 

HK CuCI ( KpI1Bbl C 1), n OJlY'ICHHbI X rtpu BbUl CPlKKC oopasua 
npn 500 ° C, 200 min (a) 11 n p u 650° C, 40 min (b); crtexrpsr 
n OrJIO m CHI1H 2 1,2-3 KCI1T OHa (2) H 2 3-3KCI1TOHa (3) - p acxer 

n o COOTH OmCHIIlO (2) 113 pafior sr [5] , 30 Ha-30HHOC n OrJIOm C­

HIIC (4) - p acser n o COOTHom CHUIO (1) 113 pa fio rst [5] - 11 

n OrJlOm CHUC OCTaTO'lllbIX HOHOD MCUH B CTCKJlC B BHUC 3KcnOHCII­

Tbl (5). 

YT06bI onpcnemrrs KHHCTHKy pO CTa epa 3bI CuCI B CTCK­

JlC Hc06xo JJ.H1\I0 Bbl)J.CJlHTb OTJJ.CJIbHO 3KCHTOHIIOC H 30Ha­

30ll HOC nornourcnae H3 06m c A Kp HBOl1 epYHJJ.a Mc HTaJJ bHo r o 

rrOrJIOm CHHH HK CuC!. Crrocof p a 3JIO)l(CIIHH ofiuiero cnex­
Tpa ua COCTa BJIHIOmliC paucc 6 bIJI onacan n paoor e [5] . 
H a pHC. 3 n OKa 3aHbI npmrepu p a 3JI O)l(CHIlH cnesr pon na 
COCTa DJIHlOlUlIC llJ lH cnyxan MaJlb[X H 6 0JI blllHX r ev nepa­
Typ uyxneaunn epa 3 bl CuC!. 3 Kc nCpHMCHTaJJbHbIC cnexrp u 
n Or JlO m CHHH n p CACTa BJl lIJI liC b B Bli n C cyncpnoaa unn JJ.BYX 

nonoc 30 Ila-30 HHb[X ncp CXOJJ.OB 113 p a Cm Cn JICHHOH BaJJ CHT­

HOH 301lb[ (pacser 110 COOTHOIliC HHIO (1 ) p a 6 0 TbI [5]), 
cncxrp a nornoutenus 2 I,2 -H Z 3-3KCIIT OHOB (pacs cr no 

COOTHOIllCHlilO (2) paoor u [5]) If OCTaTO'lHOr O rrornouteaua 
1I0 HOn MCJJ.H B CTCKJIC B BHJJ.C 3 KCn OHCHTbI. O TMCTHM, 'ITO 

cnexrp 3 KCHTOHHoro n Or JIOm CHHII COCTOllJI H3 JJ.BYX n OJlOC 

n OfJIOmClIIllI, CB1I3a HII biX C B036 Y)l(JJ.CIIUCM Z 3 H ZI .2 (O CHOB­

Ha ll non oca n OrJIOm CHlI lI ) . I1HTCHCHBHOCTb 30Ha -30 HHh1X 

nepcxonon (KpIIBhIC 4 aa pHC. 3,G,b ) H nonocsr nornouie­
Hll ll Z I,2 -3 KcHToHa (xp u a s re 2 aa puc, 3, a, b) o npc JJ.CJIlIJl If 

KOJllfll CCTBO q>a3bl CuC!. D OJlO)I(CHIl C Ma KcHMyMa Kp HUOH 2 
onpc JJ.CJIlICT aueprmo 3KCIlTOll a Eex Ii COOTBCTCTBCIIHO 

panayc 'taCTJU.\ CuC!. nOJIOiKCHIlC :)lJ c p n lH 3KCHTOHa f ex 

YT0'lIUUlOCb no DTOpo Ii np01l3BOJlHOit OT xpnnoa I. 

Ilo cne naxoacnenaa napauer pon Z 1,2-3K CIITOHHblX nonoc 
IIOrJlOmCHHlI Ii rtornouicuua 30Ha-3 0H Hb1X II pexonos CTpO­

HJlHCb KHHCTlI'lCCKlIC spn aue uapacranna oouiero KOJlJl­

'ICCTBa cPa3bl CuC! ( p IIC. 4) Ii o npCn CJl lIJIOCb 1i3MCHCHHC 

paaxrepa HK CuC! B nponecce yacnu-rctrna ofiutero BpC­

MeHIi OD KlIru oopaauos. KaK CJ1CJJ.YCT H3 p IIC. 4, D Halla­
rre napacranna HIITC HCIIBHOCTI1 30 1la -30 1l1lOf O ncrrrourcnun 
aa fimonaerca necrauuonapaa a CTa AIIlI IIYKJlCa [um ( HHKy­

6a[IIlOHHhlfr nepuon), xorna n p OHCXOJ1lIT (j>JJ yKTy a Ul1o HHoe 

ql o p Ml1p oBaHllc 3aKpllT lllfCCKIIX 3ap0JJ. bIlUCIt pacnn asa cue!. 
3 a TCM Ha 6J1IOJJ.aCTCH cranna ao puansuoro pOCT a 3a KpHTJf­

'lCCKIIX aaponsuuea pacnnana CuCL ):{aJICe, npn 6 0 Jl bUIllX 

npeveaax, p OCT HOBOiiJ (pa 3b[ 3aMcnllllCTcn 11 nacry naer 
CTa,u HSl ncpcxoanencaunn, KOf Aa AaJ Jb HCHlUll 1t p OCT KOJlUlIC­

CTBa HOBOH epa 3bl npcxpauraer cs . npli'lCM 113 npaseneunux 
nannux cneayer , 'I TO npcacnsnoe p a BHOOCCHOC KOJIH'lCCTBO 

q>a3 bI CuC! npn r cxenepar ypc 500°C HCCKOJlhKO 6 0 11bllIe , 

'lCM npu 650°C. 
POCT KO,TIH'lCCTBa epa3 bl CuCI 0 OCIIOUIIOM nner sa ClIeT 

pOCTa pannyca R 'laCTJlU CuCI (puc. 5). PaJJ.IIYc xacruuu 
OIlPCACllllJIClI 113 COOTl IOIUCHli lI paan epnoro KBa HTo oaHHH 

JJ.Jl SI 3Hcp rIHI 3 KCIITOHa e; [4] 

rnc Eoo - nOJlOiKCHHC 3KCIITO HHo r o y p OBIISI npa pannyce 
R = 00; m - 3ep epe KTl1BHall Ma c ca 3 Kc HToHa ; n - n OCTO­

lIHHaH DJlaHKa. )J.J111 Z 1,2-3 Kc HTo lla snepr us Eco = 3.33 cV, 

' ITO COOTBCT CTBy CT nOJlO)l(CHl IIO 3KCllT OHHo r o y pOB HH 
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PHC. 4. 3aDlIclIMoCTb K0 3q,epHllllc l rra n OrJIOm CHl1H K B 06JlaCTH 

30Ha-30HHbIX nepe ' OUOll HK C uC l OT o fi iuero ap exrean HY Knca­

I1I1lI I rrpn 500 (I ) II 650°C (2). C nnounrsre xpn s sre - pacxer no 

COOTHOlllCIlHIO (7) lI3 p a 6 0TbI [IJ. 
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( CTa.lJ.l1H nepexoaaeucau ua) OCTaCTCR TaKm t iKC , KUK II n pn 

1.8	 IlpOCTOM OT'J!<Hrc npn 650° C. 
K a K CJlCiJ,YCT H3 pHC. 6, b, paznry p an c C0311aHHhIX 

n p lf 500 °C aaponu men CuCI COCTa UJlReT OKOJlO l .l nrn.1.6 
Il pa nocnenyiouiea HYKJlCaUl1II n II 650°C nafimonaerca 

~ sna-nrr en sa aa CKOpOCTb pO CTa pannyca srux aapoziu urea 
1.4	 ~ ( Kp HBa R 2). 3aTeM (nocno 10 min orao rra) p C1' panuyca 

3aMCAJllICTCH 1l3-3a Bl IlHlHII R YM CllhUI II IlH nepecunrcmra. 
M aKcHMaJ1bHb11i panuyc '1aCTIlU CuC ] npn 120 min uyxnea­

1.2 
UlIlI n OCTH r aCT 3.5 nm. Flpu HYKl lcaL(l1II o e3 np nnapirrcns­
noro C0311aHHR aaponsnuen (xpnna» [ na pIIC. 6, b) panuy 

1.0	 lfaCTHU CuCI COCTaBlIHCT 4.5 nm. Ilp n 31'OM ofiuree xonu­
'1CCTBO epa3bI Cu CI B 060HX ofipaauax OlUf HaKOlJO. A ::H O 

aaa-nn, 'ITO KOHUCHTpaUlI H '1aCTIlU CuCI B 2 paaa 6 0JlhIJIC II 

ofipaaue C npeasaparen s uo C0 3n aHHbIMII aaponsnu a III.5 
Ecnn OOIUCC KOJlII ' ICCTBO <1>a'3 '" Cuf' l, On p CHCJlRCMOC 

no K03epepll UIICHTy nor JlOUICHlIR U OOl laCTl I 301la-301l 1lb1X 

nepexonos Kb-b, p a311CJl II Th ua SCl Uf 'l IlH)' R\ nponopun­
4 S OHaJlbH)'lQ 06bcMy aaponu ura CuCl, nOl J)"lllM OT HOClITCJl h ­c 

HylO KOHucHTpau1f1O N (N = Kb- bl R3) aaponu uien ~ uC l Bc.:: 
npoueccc HYKJleaUUlI rrp n 650°C. Ha p IIC. 7 npe cra nneuu 

3 pac-reru N	 npa 0 6 bl 'lHOM ODKHrc npu 650°C (Kpl lB aH 1) 
H npn npennaparens a oxr C0 311aHIlIl aap on snn i i n pu 500°C 
( Kp I1BaR 2). 

2 

a 

Ubi	 Pile . 5. Cnanr 3Hep ntll Eox MaKclI~ IYMa nonocu norrrouieuas 120 
° ., 

e 

IiH	 ZI.2-3KCHTOHa ( I) Ii COOTDeTCTBYlOmcc 113MeH CHHC cpensero pann­
2 .,	 °yeaR H K CuCl (2) D nponccce uapacr aaaa apexreaa ayxneauaa t IS 

npn 500 (a) Ii 650 C (b).	 o 80 e 
0 ..··-0 

;( 
e ·6 ~"	 ~ . ,1 

40 I" 
° npn 300 K llJlR 06bc lvIHoro 06pa'3Uu (R = (0 ). B pacxerax 

f, 

'C 6 
BTOpOC CJl ar aCMOC upm u m an o c s pauu u xr 0.241R2 (R ­ ·0 

r o ­
CpellHJ1t'1 p an n y c HK CuC! B n m ) [6]. 000. 

a 

:V, 0 
H a puc. 5, a, b no saaaasr 3Kc ncp"MCHTaJl hHb1C nan u ue 0 10 20 30 40 50lUI 

no cnea ry B np ouec ce cryneuxar oro craorra npn 500 t, min 
It 650°C s u c pruu Z 1,2-3 KCl1TOlla n Bbl'IIlCl ICHHble COOTBeT­

CTBYIOUUIC CPCIlllIIC panaycu HaHO'IaCT UU CuC!. Il pn 500° C b5 
lllrnHMaJlbHbl l1 aafintonaesr u a panny c Kp llCTaJlJlOB Cu CI ° ° ° COCTaBJlHC1'	 OKOJlO 1.1 n m II YOCJlIl tI HBaCTCR n p a 0 6IUe M 1

4OpCMCHH ODKHr a 2000 m i n TOJlhKO n o 1.7 nm. Ilpa 650° C 0° ° Co' 

l lHHHMaJl bHO B03 1v10){(H bl ~i p an nyc ' Ia CTIIU CuCI COCTaBJlH­ Sc 0
0°° 

., 2.5 _ 
CT 2.5 n m If B03 paCTaCT 0 n p o u c c ce ODKJ1r a n o 4.5 nm. 3 0 ., e 2 ° 

~ 
Co'	 

§ 2.0 ~~.,.. ~ Ha p HC. 6, a nonpobao n o xaaan u Kl lHCTlIKa rryxnea­ _ tf 

'1:: 1.5
U1fH npH 650°C ( KpIlBa H 1) 1I KII HeTliKa HYKJlCaUll11 B 12 

e 
CJJY'Iac , ecrm n p CllBap IITCJlbH O 6bUTH C0311aHbI aap ozrsnua	 1.00 ' 2 .j 6e 

1, min npa 500°C ( Kp IfBaH 2) . H a pHC . 6, b n OKa3aHO COOTBCTCTB y­ • I0 
IOll.(CC 1I3MCHClllfC c p cn u c r o p ann y c a '1aCTHU Y ofipasua 6C3 0 20 40 60 80 100 120 
npensaprrrensnoro C0 311aHHH sapon u ur c a ( Kp HBaR 1) If Y t, min 
oti paaua C aapon snuaxi n, Obl p alUClfHbllvl H sap aaee npu 500° C 

P~c . 6. a) KI1HeTliKa pOCTa Kox n p lY IJbIllCp)f(Ke npu 650 C 
(KpHBaR 2). n OCJlC o npCnCJlCIIHR HaKJlOHa KP lfObIX J II 2 ofipaaua H K CuCl (1 ) II oopasua C npc,UDapI1Tc.JIL!lO C0311alI llbl MlI 
(pHC. 6, a) OKa3aJ10Cb, 'ITO npcnna pnr cn uroe C0311aHlIC aaponsnuava rtpn 500°C 0 TC'IeHlI e 3 h (2). b) I hMcHe HlIc 
npn 500° C sapon u ure a y CKOp lUIO Ha'laJI bHYIO CTalJ.1'l1O pOCTa

TI1 cpenaero palll1yca "laCTIIU npa HYKJlCaUHI1 npn 650°C 6C3 npcnna­

ea­ PI1TCJlbHOrO C03n aHI1ll aaponsnuea (I) Ii nocn o II p n napu ren uu o r o ~a3bl CuCI npu 650°C 0 6 p : 3. Il pu 31'OM aacsnuen ne 

pOCTa epa3bl CuC l n acryn aer 3Ha'IHT l l b HO pan suie, a 06IUce C03naHHll saponuurca npll 500°C U TC"lCHl1e 3 h (2). Ha nCTaUKC no 
KOJm 'lCCTBO epa3bl CuC! n p n OOJl uno apev c aax ODKHr a n OKaJaH xon xpason (2) B r e-reuae nepssrx 6 min . 
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p"c. 7. 113MCHCIIIIC KOHu,eHTpau,1-1H N xacrau CuCl 8 ofipasue npH 

HYKJlCau,Hu npH 650 °C (1) H D cnyxae npenaa purcnsaoro C031la­

HlIlI saponsnuen npu 500°C (2). Ha BCTallKC nOKa3aH Ha'laJl bHblH. 

y ' taCTOK Kp u noH 2, coorncrcrsyiouma 3KCn OHCHu,HaJl bHOMY cnany 
KOHU,CIlTPallHl f xacruu CuC!. 

KaK BHAHO 113 pHC. 7, npn Hy KJlCaU,HH I1p H 6 50° C 

'IH CJlO 'IaCTHU, C u C ! BHa 'l aJJ C paerer (KpHBaH I), 3aTCM 

BCJICllCTUHC YMCHblllCHHH ncpecsnueuaa 'lHCJlO 'laCTIIu, CTa ­

6HJ1lf3IipyCTCH. COBCplllCHHO IfHa'lC I1POHCXOilllT HYKJ1Ca Ull H 

B ofipaaue C npennapxrensao C0 3]laHHbIMH (npa 50 0° C) 

MaJJhlMII aaponuurauu (xpnaas 2) . Ha6 Jl lOil a CTClI PC3KII H 

COM KOHUCIl'rpaUIIH 'laCTIl U CuCI, xor opaa 3aTCM CTa 6 H­

J1113I1pyCTClI. Ha BCTaBKC K puc . 7 I10 Ka 3a H Ha 'laJJ b HblH 

'laCTOK 3KcnOHClIUH aJJhHoro cnana Kp ll BOH 2. 3 TOT cnan 
cPaKTII'lCCKH npexpauiaerca '!CpC3 5 min. 3 a 3TO Bp CMH 

KOHUCHTpaUIIH saponsrurcn C u C ! YMCHblllHJla Cb B 5 pas. 
Ilonyumpaaa rayccosoro pacnpCJlCJICHHH no PMIf)'CY s a­
CTIIU C u C I, coanaunux npn S OO°C, COCTa BJlll L'T O.3Rm 

(Rm = 1.1 nm - cpenaan pannyc) [7J. 8 3TOM cnyxac 
YMClIbUICHIIC B 5 paa KOHucliTpaU1U1 3apOJlblUICH CuC ! npa 
HYKJ1CaUllll npn 650° C CBl jJlCTCJ1bCTBYCT 0 TOM, 'ITO Kp H­

TIl'lCCKllH p M Hy C Rer cPa3bl C u C l npu 3TO ~'l r eu nepar ype 
COCTaUJIHCT 1.3 nm. 

TaKHM 0 6 p a 30 M, c0311aBaH npa IIH3KOH re smeparype 3a­

ponuuru xrensurcro paasrepa, MO)J(HO ycxopars p OCT HOUOH 

lfla3bl npu 60JlcC Uhl COKll X TCMn cpa Ty p a x . B 3TO M cnysae 
npu UblCOKOii renneparype nponcxonar CJ10)J(HbIC n p OUCCCbl 

C 3a p OJlblLUa MH CuC!. OnHoupcMClIHO peamsayiorca npo­
UCCC TCp MH'lCCKOr O pacnazta Me JlKHX saponsnnea C R < Rer 
H, C npyroa croponu , 6 blCTP bl fi pO CT Kp y n Hhlx (R > Rer ) 

aaponsnueit C u C \. 
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