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M eTO.nOM 3KCUTOHHO-TePMUqCCKOro asamn a UCCJlC.nODaHbI U3MCHCHlfH B pacnpe.nCJICIUIII no paauepau xacrnu 

CuC! B CTCKJIC. 06 pa30DaHHblx npu pa3JIHqHblX TCMncparypax. no I13MCHCHUIO UHTeHCIIBHOCTI1 3KCIITOHHoro 

nOrJlOlllCHUR rrpa JIIiHCI1HOM narpenc otipaaua C lIallOKp"CTaJIJIaMIi CuCI U3MCpHJIaCb Kl llleTliKa HX nJJaBJICHHR. 

3aTCM no 113BCCTIIOH 3aBliCIIMOCTII TCMncparypbl nJJaBJICHHIl HaHO'IaCTUU CuC! OT IIX pasv cpa onpenenanacs 

KpHBaH pacnpCnCJICHHH no pa3MCpaM HaH0KpuCTaJJJlOn CuC!. H a nepnon, BTOPOI1 1\ B Ha'l aJJC TPCTbCI1 CTaJJ.11II 

H)'KJIcaUHH no Mcpe poem cpenncro panayca R; aHcaM6JIH HaHOqaCTIIU paCTCT U urapana pacnpenencnnx IIX 

no pasaepaa S. Ha nepuoa CTllJ.{IUI Hy KJICaUIIH npn Rm = 1.2 nm, 'ITO HCHaMHoro npensuuaer Kplml'lCCKUli 

panayc , OTii OWCHHC SI Rm COCTaBJJHCT OKOJIO 0.2. n o MCpe YBCJlHqCtlllH cpennero panayca pacnpcneneaas 

no 8 nm OTHOWCHUe SI Rm CJla60 H3MCHHCTCH B npenen ax 0.2- 0.35. A aJJbllcl1w ee YDCJllI'I cHlle cpennero pamryca 
pacnpcnCJICHIIH no 16 nm co rrpoaoacnaerca YBcml qCHUCM B 2 paaa OTHOWCHHli SIRm. KaK aa HaqaJIbHOli CTllJ.{HII 

pOCTa '1aCTIIU CuC! B CTCKJJC, TaK II na rrocn enyio nm x eranasx <popMa pacnpenene nun 6JIII3Ka K raycconosry 
pacnpen CJICHII1O. 

Pa60Ta BbinOJIHCHa n pausax nporpaMMbI no.nncpJKKlI ueayinax naysnsrx WKOJl Pctl (rpatrr HW- 5920.2006.2) II 

nporpaMMbI " PaJBtlTIIC aayxao ro nOTCHUllaJIa BblCw cll WKOJIbI (2009- 20 10 IT.) " ( rrpoe xr Nu 2.1.1/45 1). 

PACS: 64.60.qj, 64.70.dj , 65.80.+ n, 78.67.Bf 

B n p o u c c cc HYKn c au HH n 06LU CM cny~ac H~O yqHTbl ­

BaTb KaK n pHCOC,D.HHCHHC uosoa MOJl eKyn bl K saponsnuy 
HOBOA lj>a3bI, TaK H B03MO)f(HOCTb ee nbl6p o ca npn ,a.aHHbIX 

ycnoaasx. 31'0 nonaoro npasomrr s K TOMY, ~O na m o 6 0 H 

CT3,llIIH HYKncaUUH aoaaa lj>a3a 6 YAeT HMCT b HCKOTOpOC 

pacnpeaeneaae no pasaepaa. .!VISI npaaansaoro onHcaHHSI 

npouecca HYKfleaUlIH II ero npaKTII~eCKOro Hc nonb30BaHHSI 

BalKHO 3HaTb lICTHHHOC pacnpeaeneuae n o pasuepaa sa­
eTHU aa scex CTa,a.lISiX HYKflCaUUH. TCO PCT H~CC KH HaH60ncc 

lIOJlHO accnenonaao pacrrpeneneaae xacrau ua Tp eTbCn 

cranaa HYKflc aUIIH npa ,a.OCTaTOq HO 60n bllIlIX BpCM CHax ­

pacnpeneneane Jladiumua- Cnesoaa [1] . H a fionee paHHHX 

CTal{HSIX nyxneatnrn B03MO)f(HOC pacnpeneneane sacrau 
paCCMOTpCHO n paoorax [2,3] H n pc,a.CTaBJUlCTCH n OCHOB­

HOM B BHAC cryneasxa, CMeLUaIOLUCnCSI B CTOPOHY 6 0flburnX 

PlUlnyCOB n o MCp C pOCTa HOBOH lj>a3bl , IUlH aCCHMeTpH~­

aor o p acnpen enea a a , HCCKonbKO nsrran yroro B CTOPOHY 

MeHbllIHX P~HYCOB . Bonpoc 0 nHAC paCnpCAeJlCHHSI saerau 

B npouecce ayxneauaa OCTaeT CSI OTKpbITblM Bcnc,a.CTBIIC 

roro, 'ITO HeT CHCTCMHO non yaenaux s xc n e p x v earansn u x 

naHHbIX, KOTOp bIC 6 b1JlH 6 b1 AOCTaTOqHbIM II n o naanasony 

pasvep o n H n o saon una 6 b1 npOBCCTII HX nrrrcp nper aumo n 

paMKax KaKo H-nH60 TcopeTH qccKOII MO,a.Cflll. 

HO BbIe n 03MO)f(HOCTIi AnSI 3 Kc n Cp UMCHTaflbHOr O PCllICIIIlH 

YKa3aHHOIl Bbl WC 3 aq a~1I n OSlnHJlIIC b n c s s sa C Hc cn CAO­

BaHlICM p aau ep a srx 3$PeKTOB B <p H3~ecKHX c no n cr n ax 

HallOCHCTCM C paav ep au a HlI)f(C 10 nrn [4-8]. O c 060 e 3Ha­

qeHIIC AnSI ,a.aHHo f I sanax a HMCIOT p a31-.ICpHOC KBaHTOBaHHC 

3neKTp oHHbIX COCTOHlmH [4,5] U 3anUCUMOCTb OT p asu epa 

x acrau TeMncp aryp ax nnannenaa H KpHCTaflnH3aUIIH [6,7]. 
T aK, n o CABHry snepraa 3KCIITOHHbIX COCTOSlHHA B 3aBH­

ClIMOCTII OT paauepa MO)f(lfO YCTaHOBHTb urxany paaaepon 
saerau n llIHpOKOM AHan a30 HC npa a6COn IOTHOH npHBSl3KC 

cc B OtlHOH IUlH HCCKonbKHX TO~Kax . T aKIIM )f(e 06pa30M no 

H3MeHeHHIO TCMneparypbl nnaaneana una KpHCTaflnH3aU~1H 

MO)f(HO ycr aaosar s nncany paauepoa ~aCTHU Hon011 <j>a3bl. 

B pSIAe Hc cnCAOnaHI-IblX CUCTCM (CuCl, C u Br) 3KCIITOHHbiC 

COCTOSlHHSI cymcCTBYIOT snnors AO resmeparypa nnaane­
HUSI HaIlOKpUCTaJlJla, a B cnexrpax TCMncparypHoro H3­

MCHCHHSI 3KClITOHHo r o n OrJl OLUCHHSI Ha6m OAaeTCSI Y3noBaR 

TO~Ka rrpn HCKOTOpOH saeprna Eo, nomOLUCHIIe B KOTopoH 

HC 3anHCHT OT rcnneparypa nnnors AO nnaaneuns ~aCTH­
UbI [7,8]. Ha 3TOM cnOHCTBe orrmxeoxoro n OrJlO m eHiISI B 

TO~ KC Eo OCHOBaH MeTO,a. 3KCHTOHHO -TCpr.U1~c cKor o aaanasa 
(3 T A) paauepaon 3an llCHMOCTH r esmepary p nnaaneaas 
H xpa crannaaaumr HaHOqaCTUU, oCYLUc CTnn cHHbIH n pa60­

TC [7]. 
HaCToHLUaSi paficr a nOCBALUCHa lICCn CAOBaHUIO pacnpene­

n eHlIH n o paaaepau sacrau lj>a3bl CuCl U CTCKJIC nblCOKO­

qYB CTBIfTCflbHblM MCTO,a.OM 3 TA. HCKoMble p acnpcn enex n a 

sacmu no p aav ep ast nonyseu a B llIUp OKOM AHana30 He H3­

MCHCHUH cp enn er o panay ca pacnpenenenas OT 1 AO 16 n m II 

OTHOCRTCR K nepaoa, BTOpOH H TPCTbC H CT~HII HYKneau HH. 

2. 3KcnepHMeHT 

B CTCKflC C A0 6 anKaMH NaC l H CuO n p a ero aar pese 

n o 5000 C 11 nsnue B03M O)f(HO ofip aaoaaaae HaHOKpHCTaflnOn 

C u C !. 06pa30uaHHC n aa o rpasst C u C l npH sccx TCMTICpa­
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PMC. 1. Cnexr psr <!>YHnaMeHTaJIbHOrO nornouienas HaHOKpl1CTaJIJlOB CuC! B CTeKJle rrpl1 cpenaev pannyce LJaCTIIU R = 10 nm npn 
Pa3JlIILJHbIX rc u nepar ypax. Tev neparypa ofipasua nocnenoaarenuro U3MeHlIllaCb OT 20 (xpasas !) n o 360° C (xp anas J5) C uiarov OKano 

24° C. Tonunma ofipasua crexn a 1m m . Ha BCTallKC - xon H3MCHeHHlI nornouieaaa npn saepruu Eo = 3 .242eV II npouecce rmn eauoro 

HarpeBa II oxrta zcneaaa o fipasua (noxasanu CTpCJlKaMu). 

rypax Ha"lHHaeTCH C ncpex onaon CT anHH ( 1II I Ky6al~HoH­

HblH nepnon), lIpCACTaBJIHIOll\c i:'j cr amno rpnyxryaunonuoro 
epopMHponamul KpHTH'lCCKOrO saponsnna ( HaHopaCnJIaBOB 

CuC! paauepou oxorro 1 nm ) [9]. Xapaxrepnoe Bp CM H r 
ncpexonnon crarmn OnpCJlCJIHeTCfI paauepoxr xprrnrs ecxoro 
aaponsuua Ii 0 6paTlIO nponopuaonansno K03<p <pIU~HCHry 

nH<lJ<pY3IIU HOHOB Cu" . HCCMOTpH ua sxcnoaenuaam.nua 
P OCT C 'restrtepa'ryp oti K03<p¢ItIIIlCHTa Jlll<P<PY3HH (suepra a 
a"'THBaUIUf ll,H<P(PY31U1 1.1 c V ) , KOJIlI"ICCTBO <pa3bl CuC!, 
BbUleJIHBUICeCll aa BpCMH t , Oll,HH aKOBO npn BCCX T c r.mcp a ­

rypax. Ilpn 500°C co upeveaes: B CTCKJIC pacrer KOml"1C­

CTBO xacrnu CuC! OKOn OKp IITII'lCCKOr O pasu cpa (cranas I); 
npH 600D C II BblWC KOJIH"ICCTBO "IaCTIU.t CuC! 3H a'lIlTCJIbHO 

MCHbw e , H C T elfCIIHCM upcuena ax pasuep pacrcr 6 C3 

YBCJUI'lCHIlH "IHCJIa xacruu ( CTaJlHH II ). Ilpn KOMllaTH OH 

r esmeparype ofipaaonamrc <pa3bl CuC! 0 6HapJ0l<HBac TcH 

no 3KCIITOHIIOMY nornouicnmo HaHo KpHc TaJVTOD CuCl. J1H ­

TCHCIIBBOCTb 3KClfTOHHor o nornomcnaa npo nopuaoaansua 
KOJIII ' ICCTBy BbUlCJIlIBWCliCH KpnCTaJlJIH'leCKOI1 <Pa3b! CuCI 
B CTCKJIC. 

Ilpa narpcac ofipaaua B PC3YJlbTaTC -renn onux <pJIYhl)' ­

au n i l "POlfCXOll,HT yumpeunc If CHHlIH cnnn r 1l0JIOCbl 3KCIl­

ronnoro nOfJIOmeHlIH nauoxpncrannon CuCl [8]. Ha pHC. 1 
noxasaau TeMnCpaTypHblc 1f3MCIICHUll cnexrpon nornouie­
HHH lIallOKpHCTaJlJIOB CuCI co CPCJlHHM panaycon 10 nm. 
no Mcpe p OCTa 'rexmepa'rypsr np oucxonar y W Hp e HlIC no­

rtocu norno menaa Z l.2, 3 KClIT OHa 11 CJlBlI r nee 0 cnex­
r pa B KOp OTKOBOJlHOBy lO CT Op OHy . H a JlJI lIHHO BOnHOBO~\ 

cnanc 1l0JIOCbI 1l0r JIOmCHHH naornonaerca Y3JIOBaH TOtIKa 

npn anepraa Eo = 3.26 c V , nornourenae Il «oropoa He 

1f3Me llHCT CH C POCTOM revneparypu snnor s JlO n n aBn CHIJH 

HaHOKpl1CTaJ JIOB ( CM. BCTaDKy ua puc. 1). Ilpu nJlaBJICIIIHI 

aarroxacr uu D 06JlaCTU r exurepary p 300-360D C Ha6JI1oi\ a· 

CTCH IlJl aBHOe YMCHbWCHHC 3KCIITOHH OrO I10 rJlO lIlCHHll , 'Il0 

OOYCJlOBJlCHO nacnepcuea paaa cpos nan oxpucrann oa CuCI. 
Il pa OXJIIDKJlCHI111 oopasua (xon TCloom c p aT y p bl npa narpese 
If OXJIa)f{Jl ClIIlII na BCTaBKC pHC. 1 nO Ka3aH CTpCJIK a ~llI) 

BOCCTaHOBJICHHC 3KC UTO HHoro 1l0rn Oll\CHlIH ua-nmaerca 
npn 220D C, ' IT O CIlH3aHO C xpa crannasaunca aanopacnnasa 
CuC!. Tesmeparypa KPliCTaJVlH3 aUH I1 3Ha 'lIITCJIbIl0 HI1JKe 

TCMnep aTy pbl nnanneans. nep COXJIIDKJlC HUC npn KpIfCTaJI­

JIH3allHH 06y CJIOBJIClIO pa3HOCTbIO nOBcpXHOCTlIo(l sncprun 
TBCpJlOr O 11 paCn n aBJICHI lO r O COCTOfl Hll fI sacrau CuC! [71. 
J13MCHCHH C CpCJl HCrO pannyca aHcaMonll ' IaCTIlU. CuCI 
COIlp OBOIKJlaCTCH H3MCHCl llfCM oaeprnn Y3Jl OBOH TOlfKI1 Eo 
B cnexrpax n Or JIOm CHIlH H napaverpos xpa non I1JIaIlnell HH 

If KpHCTaJlJIlI3aUllII. 

,1.J,JTH IlCCJlCll,ODalllIH BJIllHlUlH r eunepary pa nyxneauna na 
cpemmn panuyc a llCaM 6 JIH HaHOKpllCTaJlJIOB CuC! H BHil 

pacrrpeaenenaa sacruu no paaxiepau 6bIJlH npnroroeneua 
npOTIDKCHtlblC oopasusr CTCKJl a paasrepoxr 60 x 15 x 1 mm. 
Hcxonuue 0 6pa3U.bI CTCKJ13 C He06xo)lllMblMIf npllMCCHMIJ 
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Ho r o rroxreuranacs B rp anaenr uyio llC'lb C rpannenrou r esirrepa­
ryp 500-71 0° C aa 3 h. 3 aTc M np onanonanocs H3MCp CHHC 

CIlCKTp OB no rnoutemm 4>a3bl CuCl B p a3J111'lllbIX TO'lKaX 

otipasua II onpenencua e s ueprua Eo. Xon KHHCTlIKlI nna nne­
HIlH II xpacr anrn raaun n '1aCTliU CuC I pcrncr pa posancs IlO 

n CK­
113MCHCHHIO 1l0 r nOmC HlIH rrpa aaepraa Eo B 3aBlICIIMOCTH 

BOM 
OT 'rcsmeparypu , 'ITO H COCTaBnHCT CYTb MCTOJla 3TA [7]. 

)'IKa Ha puc, 2 IlOKa3aHa 3a BHCHMOCTb HHTCflCIfBHOCTH nor-no­
He 

ll.(CHII H B MaKclfMy Mc 3KCIITOllHOil norrocsr HaHOKp IfCTa.JI­
:m u l 

JIOB CuCI (xpaaas I) na paanuxnu x ysacr xax otipas ua, 
KOTopaH nporrop u a o u ansu a 06mc ~IY Kon H'Ic CTBY MOJlc Kyn 

CuCI, Bb1J\CJJHUWIIXCll n pn COOTBCTCTBYlO m c l l T CMllep aryp e 

orxn r a f a n a KOllKPCTHOM ysacr xc 06pa3Ua. 

KaK cnen y er 113 pac, 2 ( x p a n aa I), n p n r e xme p aryp ax 
reac 

HIDKC 540 - 550°C Ha6 J1IOAaCTCll IfHTCHCIIBHbIH pOCT KOJIl I ­
m) 

'ICCTBa 4>a3bl CuC I C POCTOM ta , 'ITO 06wIH0 llP OIICXOnIlT 
:TCH 

sa CT3J\HlI 1 ( CT3J\HH HHTCHC IfBHoro pO CTa '1lfcna 3aKp H­
taaa Tlf 'lCCKlIX 3aponuuien ) 1I CT3J\IfH 11 p OCTa HOBOH 4>a3bl 
~ )I(C 

(CT3J\HH pO CTa pasaepa 3aKp IITH'ICCKIlX sap onsnuc n 6 C3 
3Jl­ cyuiecraea aoro H3MCIICHHH IIX 'IHcJla ) [9]. Il pn 6 0JI CC BbICO­

nm: KIlX r esm ep arypax n p c x p auiaer c s 0 6 m HH p o cr n o r n o u te n n s 

cj>a3bl Cu CI, 'ITO xapaxrepno nna CTaAH H III n p o u ec ca 

06p a3 0 BaHlfH HOBOi'! 4>a3bl ( CTa,ll) t ll ncp eKOHJtCHcaUUlI) . 

H a PaJ JlU'IlibIX yxacrxax llPOTH)I(CIIHOr O o o p as u a MCTO­

.!lOM 3 TA 6 bIn H nonyxeasr xpa au e 1I3MCHCHlffl 3KCHTOHHor o 

nornoiuc u n a n pa JJHHCfIIIOM 1l0AbC MC TCMn cpaTy p bl npn 

Ha snepru a 4>oT oHon , paanoa Eo. D POlf3BOJlllnC H JII IHCflHbIH lIa­

un rpe a o fi p aau a no IlJIaBJJCm f ll KplICTa.JInlf'lCCKOH 4>a3bl CuCI, 
IIbl 3aTCM o o pasc u OXJIa)j(JIa.JICH AO 1l0JUIO" KPIlCTa.JIJJ1I3aU1Uf 

m.	 naa o p ac n n an a Cu C!. H a puc. 3 n o x asau u TIIllH'IHble x p a n u e 

lUIaBnCHlIll- KPHCTaJIJIH3aUIlIf , 1l0nY'lCHlIbl C MCTOn OM 3TA 

<D1i131i1Ka r sepnoro l ena , 2009, TOM 51, aun. 8 

JlJHI )"Ia CTKOB ofipasua, rne cpemum panny c xaerau CuCl 
COCTaBJIHCT 1.2 nm (pHC. 3. a) H 16.5 nm (pnc, 3, b). 

K p HBaH I ua puc. 3, a noxasun aer TCMlleparypHo c 

H3MCHCHHC nornom ea ns otipaaua CTCKn a npa narpcac Ii 

OXJI~e H H Il (xon TCMn c p aT y p bl n OKa3aH crpcrrxasrn) B 

TOM MCCTC, rnc 'rexmepa'rypa oraorra tn COCTaBn Hn a OKOJIO 

500ae. Dpu 3TOM cpenaaa pannyc Rm p acnp en CJICHlf H 

'1aCTHU CuCI B 3TOM l\ICCTC COCTaBJJHJI OKOJIO 1.2 nm ( p HC. 2, 
xpunaa 2). 

Ofiuicc 1l0 fJIOm e HHC o fi paaua CTeKJ1a K(t), saaucaurce 01' 

TCMllep aTy p bI t, o llpCn CJIHCTc H KOJIll4CCTB OM sronexyn Ncr 
o HaHOKp llCTa.nJI aX CuC l n 3TOM MCCTC orip asu a H KOJIl f 'lC­

CTBOM Mon c Kyn Nm = No-Ncr B p ac n n ann e a u u x '1aCTlIuaX 

CuCI (No - ofiuie e KOJIIf'lCCTBO MOJICKyJI CuCI n a 3TOM 

yxacr xc ofipaaua) 

3 neCb YI 1I Y2 - c a n a OCUII JIJl llT Op a On TIl'lCCKOr O 1l0rJIO­

meHl f H MOJICKyn Cu CI U Kp llCTa.JIJIJI ' ICCKOM If pacnn annen­

HOM COCTOHHWI X ' Ia CH IU CuCI n CTeKJIe . DpU'ICM nepen 

Ha'la.JIOM Harp eBa ofipaaua BCC 'IaCTlIUbI CuCI HaXOnH T­

c s B KPIiCTaJIJII1 '1CCKOM COCTOHHII II , 'ITO COOTBCTCTByCT 

1l0rnOmCHIlIO Ko = YINo. D OrJIOmeHlIe lIaIlOKpIICTa.JI.nOB 

Kcr = YIN cr . B n epBOM llpl16nll)l(eH llIf MO)f(HO C4HTa Tb, 

'ITO Yl BC 3aUH ClIT 01' TeMllc p arypbl. Tesmcparypnyio 
3a BIlCIlMOCTb Y2 JIM MOJJeKYn B u anopacnn auc CuCI MO)l(1I0 

onpen crnrn, n o 3 KCllCPII MCHT a.nbHbIM JlaHllblM r c sm e p ar yp­

aero 113MCII CHlIH xpa uon I pac. 3, a 1l0 CJle pacnnasnenaa 

ncex '1aCTlIU CuCl (CM. o fi n acr s r c v n e p aryp Bb/lUC 160°C) . 
Armpoxca wauaa nansu x B yxasamro n 0 6 JlaGTII 'rexmeparyp 
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PMC. 3. l-bMCHCHHC orrraxecxor o nOrJIOmCHI1H oopasua CTCKlla npH narp ese H OXlIIDKllclUm (1), TCMncparypHall 3aBIICIIMOCTb 
nOrJIOmCHlliI uauo pacnnaaa CuCl (2), 113MCHCHHC nOrJIOmCHHlI HaHOKpHCTaJ1J10B CuCl np ll nnannenmt (3). Kpaaas 4 - HHTCHCHDHOCTb 
lUIaBJlCHHlI HBHOKpHCTaJ1J10D CuCI (rrpoaaeonaaa no resmcpar ype OT KpHBoil 3). Eo = 3.372 (a) H 3.248 cV (b). 

naer cJICn yKHU)'lO 3aBHCHMOCTb: 

(2) 

rne Yo. a H n - napau erpu r ca ncparypaoa 3aBHC H­

MOCTlI CIUlbI OCUI1JIJIHTOpa n Of JIOlU CHlIH MOJICKyJI CuCl B 

HaHO p aCnJIaBC. KpHBaH 2 na pllC. 3, a n OKa3 b1BaeT, xax 
1t3MCHHJlOC b 6 b1 n Of JIOm CHHC HaHO paCnJIaBa CuCt, CCJIH HC 

6blJI0 6b1 Kl)lfCTaJIJIH3au m l . Ilpn pacserax HCn OJIb30BaJIlfCb 

napasrcrpu yo = 0.42, n = 2.4 H a = 3. 5 .10- 5 (oq - n. 
T aK HM 0 6pa3 0M, C yqCTOM COOTHo rnCHldi (1) Ii (2) MOIK­

110 nOJIy<fHTb KpHDblC TCMncparyp Hofo lf3M CHCHHR n OrJIO­

mCHHH Kcr xacnm CuCI, HaXOnH IUHXCH TOJlbKO B KplfCTaJI­

Jl liq e CKOM COCTOHHHlf ( Kp HBaH 3 aa pHC . 3, a ). Ilponanonnaa 
OT Kp HDOn 3 no 'rexmeparype d K l dt 6 yncT COOTDCTCT BO­

aars CKOpO CTH HCqC3HOBCHHH nOrJIOmCHllH HaHOKpHCTaJIJlOB 

CuCl npa nJIaBJICHHH aHCaM6J1H HaHOKp HCTaJIJIOB. 

Auanonrsnsre paccyacienna OTHOCHTCH H K KpHBblM 

p HC. 3, b. 3 n c cb TaKlKC KpHBaH 3 n OKa3b1BaCT reanepa­
ryp llbl H xon HCq C3HOBaHHH nornouteaua KpHCTaJIJIOD CuCt 
npa Im aBJlCHllH aH c aM6J1H xacrau CuCl co CpCnml M pa­
n Hy c o M 16.5 nm. O,lJ,HaKO r esenepa'rypaaa 3a BlfClfMOCTb n o ­

rJIOm CHHH HaHOp aCnJIaBa npaxraxecxa HC liMCeT KpHBH3Hbl. 

Ilpu pacxerax rrapaaerpsr HaHO paCnJIaBa CuCl cocrannana 
Yo = 0.385, II = 1 If a = 70· 10- 5 (oq - n. 

061llCC nOfJlOmCHHC q aCTHU CuCt B KPlfCTaJIJIHqCCKOM 

COCTOHHIIlI aanacar OT pacnpC,lJ,CJICIIHH qlfCJIa sacrau CuCl 
n o pamrycy w(r), yMHOIKeHHo My na KOJlllqCCTBO MOJlCKYJl 

B KaJK,l.I,OH qaCTHUC Ncr(r ) = V (r )/ v (v - 06b CM na onny 
MOJlCKYJlY, V (r) - 06b CM naaoxpncranna CuCt), 

Kcr(t ) = y J
00 

w(r ) ~ .1Tr3 ~ dr, (3) 

R(I) 

rue R(t ) - panayc q aCTH U D aHCaM6J1c, KOTOpblC eute HC 

pacnnananucs. 

B paoore [7] HaMH 6 b1JIa o npenenena paauepnaa 3aBII­

CHMOCTb re v neparypa n JIaDJlCHHH HaHOKpHCTaJIJIOB Cuel 
B CTCKJlC, KOTOpylO MOIKHO armpoxcavnpoaars COOTHOIlJC­

HHCM 

(4)T (R) = Toexp ( - (R ~ 00 ) ). 

rne T (R ) - a6COmOTHaH resmeparypa illlaBJICHHH B CTeKJIe 

sacrnu CuCl pamryca R, To - npenensnaa TCMn c p arypa 

nJIaBJlCHlIH xacr au C panaycov R = 00, A U 00 - napa­

MCTpbl pacxcra. H"c n OJIb3yH 3Kc n Cp HMCHTaJlbHblC naHHble 

no rc aneparypaoa 3aBHCUMOCTlf OnTWICCKOr o nO rJIOIllCHIIH 

CTCKJIa K(t ) (snecs t - TCMncpaTypa CTCKJl a no IlIK aJIe 

Q CJIbCItH) , n p HBCn CHHblC aa p HC. 3, H COOTH o rn CHHC (4), 
MOIKHO HaHTH 3aBHClfMOCTb K(R). Pacxersr R B COOTBer ­

CTBHIt C COOTHornCHHCM (4) npOBOnHJIHCb npa 3Ha'lCIIIIHX 

napaverpos To = 661 K, A = 0.62 nm H 00 = 0.1 nm. 
Torna B COOTH orncmUI (3) MOIKHO 3aMCHHTb B J1CBOI1 

sacra K(t ) ua K(R). B n OM cnyxac rrponsaonnaa dKJdR 
6 yn c T npo nopuaonansaa Ql)'HKUHH pacnpeneneuns sacrau 
n o HX 06b CMY V(R)w(R), a OTHo rnCHHC (dK/ dR)/ R3 

iJ,aCT 

pacnpenenenne qaCTHU CuCl n o HX pannycy w(R) 

dK 
dR ;::::: V( R)w(R), (5) 

dK 1 
(6)dR R3 ;::::: w(R). 

T aKu M o6p a30M, nponens onepauna (5) H (6) C 3KC­

nepaaenransaon 3aBUCHMOCTbIO K(R), MOIKHO HaHTII pac­

npenenena a V(R)w(R) H w(R). Ha pHC. 4, a, b noxaaaau 
3KcnCpHMCHTaJIbHblC pacn penenen na V(R)w(R) (KpuBble J) 
11 pacnpeneneaaa w(R) (Kp HBbIC 2). ):\aHHblc npnaeaesu 
AJl H nnyx ys acrxos otipasua, B KOTOpblX cpenan n PllJllI)'c 

B pacnpeneneaaa COCTaBJlHCT Rm = 1.2 nm (r ev neparypa 
OTIK Hr a 500o e, Bp CMH OTIKHra 3h) II Rm = 16.5 nm (TeM­

neparypa OTIKH r a n o°c, BpCMH OTIK11r a 3 h). 

CDlJI3lJ1Ka r sepnoro rena, 2009, TOM 51, aun. B 
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Pile. 5 . 113MeHeHue ¢ OPMbl pacnpeaeneuaa lJaCTH U CuCI n o 06beMY aa paana xuu x YlJaCTKaX ofipasua CTeKJla. Tesrneparypa OTlKl1I1l 

fl3Me HIIJl aCb anons ofipasna OT 500 (1) n o 710°C (12 ). 
(5) 

C OrJIaCHO L\aHHbIM p u c . 2, KpUBbl C I 11 2 a a p u c . 4, a,b(6) 
OTHOCHTCH K CTaL\IHIM I 11 III COOTBCTCTBCHHO. 0 6 a sxcnepa­
MCHTaJIbHblX pacnpCL\CJICHlHI 'mCJIa xacrau C uCI no pana­

ac­
KC­

ycy ( KPI-IBblC 2 aa pac. 4, a, b) XOp OllJ O ann p o Kc l-IMItPYIOTCH 

HhI rayccoasnr p acnp CL\CJICHI1CM ( Kp UBbIC 3) 

1) ( (R- R)2)1 
:HhI w(R) = s .j2ji exp - 2s2 m , (7) 
1YC 

/pa rue Rm, S - MaKc u M yMbl 11 nonymapaaa p ac n p CL\CJIeHUH. 

~M- Ha puc. 4, b npeL\CTaBJIeHO TaK)I{C pacnpenenenae 
flI1BllJ UUa- C JIC30 Ba (xpnnaa 4), nonyseunoe TCOPCTl1q CCKli 

1. 8 CD L-1 3111Ka raepnoro ren a, 2009, TOM 51, aun. 8 

):IJIH CTa):IUU III [1]. KaK CJICL\YCT 113 puc . 4, b, pacnpeneneane 
flUBllJ UUa- C JIC30 Ba 3Ha'lI-lTeJIbHO yscc, qeM 3KCn epI-lMCH­

TaJIbHO Ha6JIIOL\aeMOe pacnpenenenue '1aCTUU CuC l L\I IR 

cr annn III. B 0 3M OIKHO, nna 6 0 JIee L\I IHT CI l bHbIX apevea 
orxorra 1-1 COOTBCTCTnCHHO 60JIb llJ IIX cpennnx panaycon 
llJ Up l-IHa p ac n p eL\CJICHI-IH (xpnsaa 2 ua pIIC. 4, b) 6y.nCT 

YMeHbllJ aTbc H. 

Ha pa c. 5 npCL\CTaBJICUbl xpanue pacnpCL\CJICHllH 06b CMa 

xacruu C u C I, norryuemru e L\ItH ysacrxoa n pOTfI)I{CIIHOrO 

ofipaaua or c at-10M. IUl 3KO(( TCMnep arypo(( orxcara (500°C) , 
rne CPCLIIIH H panny c p acn p c.nCJICUI1H, CKOp OCC acero, 6JI1l 30K 
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K KpIH li'IeCKOMY pasucpy <pa3bl CuCl B CT CKn e (1 nm ), 
no c aM OH 6 0 JlbUlOfi (710°C), r a e Cp anm l H panayc pacnp e­
nCJIeHIlH COCT aOJ' HCT YIKC 16.5 nm. Ha p HC. 5 KPIlOblC 5 
HMC IOT CnO)f(HYIO Q>Op My Bc neJJ,CTBHe paapsma B pasa epaoa 
3aBHCUMO CTH T CMn e p arypb[ ITJIaOn e HHH HaHO'IaCT Illl Cu CI B 

CTCKJle [7], 'ITO OT pa311n OCb npa nepesone no COOTHo w e ­

IIH10 (4) WKaJIbI r esmcparyp B pamryc xacrau Cu C\. 

Bee norrys enaue axcnepav enransusre xpaau e pacnpe­
JJ,cnCHHH 06b c Ma 'IaCTH ll 3a Te M n Cp CC'IUTblB aJIlf Cb cornacno 
COOTH o w e HIlIO (6) B pacnpenenenae 'I 11c na 'IaCTH ll no p aJJ,H­

y c y H 3aTCM an n p OKCI1MI1P OBaJIUCb pacnpcnenea ue« Taycca. 
n paKTH'ICC KI1 ua BCCX I1CCn CJl.o n aHHhIX CTaJJ,I1HX p OCTa Q>a3bl 

CuCI (puc. 2) 3 KCnCpl1M CHT aJI b HbIC kpnaue ynoancrsopn­
'rern.uo COOTBC TCTIlO BaJI lI p aCnpCllCJIeHI1IO f ay c c a , KaK 3TO 

6bIJ10 n OKa3aHO aa npnxtepe puc. 4. Coor sercr syrourac JJ,aH­

uu e cnnara nnorn, oopasua M aKc HMyMa pac npenerreuas Rm 

'IaCTHll CuCI 11 1l3MCHCHHH OTH OCIH cn b HOH Wl1pHHbI p ac ­

npenenea as 8/ Rm (rne 5 = 2s ) no Mepe pO CTa revnepary­
p hi 06pa30 BaHlIH <pa3hI CuC l nnorrs oopasua npcncr annenu 
na p HC. 6. KaK cneayer 113 nannstx pHC. 6, OTllOCHTcn bHaH 

Wl1 p HH a pacn penene na n 'I11CJIa -racrau Cu CI na CTanl1HX I, II 
pO CTa <pa3bI CuCI COCT aBnHeT oxcno 0.25 11 xtano Me llHCTCH 

n o Mcp e yaena -renua cpennero pannyca 'IaCTHU npn ens ure 
BJJ.OJIb ofipaaua B 0 6 naCTb 6 0JIblllHX TeMTICp aTy p 06pa30Ba­

HUH <pa3b1 CuC!. B aaxane CTa,CI l1n III npn Cp en HHX paanycax 
OT 3 n o 8 nm OT HOCHTeJl bHaH unrpnna pacnpenencnaa 
npaxra uccxn OCTaeTCH II npenenax 0.3. B 06JIaCTYf Cp CIJ.HlIX 

pannyco a BbI UIC 10nm OTHOCHTcn bHaH ump aaa pacn pe­
,neJICHIIH 'IaCTH ll CuCl p C3KO aoapacraer, )J,JIH cpanncaa s 
aa puc. 6 Kp eCTHKOM rroxasana OTHO CHTCJl hHaH W HpHHa 

pacnpencnenna Jlaannma-Cncaona. 
<1>1I311' l e CKaH anr epnper auns natiruoaaexroro nOBCllCHlIH 

OTIIOClITen bHOH mapaasr pacnpea cncnua 'IaCTH l.l CuCI n o 

paauepaa B npouec ce pO CT a <pa3bl CuCI noxa He HC' 

ua 11 HBnHCTCH 3an a'Iel"i AaJIbHeHllHlX lICC JICnOBaJlI1il, KaK 

axcncpua eur ansuu x, TaK U TCOpCTH'"ICCKUX . B o6nacnl 
cpcnnnx pamrycoa 2.1-2.6 nm, lIa6nIOAacTcH paspus B 

pacnpeaencnmr 'I aCTH U CuCI, 0 6 YC.TIOBnCIIHblii paspasou 
paaucpnon 3aBlIClIMOCT It rexmeparypst nnaanenna, 06Ha­
pY)f(e HHbIM HaM li pauec llJIH ClICT e M Cu Cl II CuBr [7]. 
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P HC. 6. H3MeHelUlc OTHOCHTe.IlbIlOlI 11Il1PlfllhJ pacnpencnemra '1I1C­
rra xactnu CuCl no Mepe pOCTa cpeaaero pannyca pacnpeaencnun. 
PIiMCKll e UI!(PPbI - 06J1aCTH coorsercrn yiounrx CTaIllIH pOCTa 
<j>a3bI CuCl B oopasue CTeKJla. 
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