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YnpaBneHL-1e 06pa30BaHL-1eM HaHO...aCTL-1LJ. HOBOVI <l>a3bl
 
B TBepAOM pacraope MeTOAOM ABOVlHOrO OT>KL-1ra*
 

Ha npuuepe 06P030IWHUfl HaHoKpUCmaJUIoe CuCI e cmekne u emooou onmuuecxou cnexmpoctconuu usys enu 
npoueccu otipasoeanust u pacnaoa noeoii rjJ03bl e meepoou pacmeope npu aeouHoM om:J[CU2e. Onpeoenenu KpU
mU'leCKUU paouyc «acmuu HOBOU rjJ03bl Ue20 saeucuuocms om meunepamypu. Ilpuueuena noeas MOaeJ1b paotema 
KUHemUKU nykneauuu 13 meepoou pacmeope. Ilonyuenu pacuemnue saeu cuuocmu ecex napauempoe npouecca 
nykneauuu CuCI e cmekne om I3/JeMeHu OmJ1C1l2a. Ilonyuena cxoouuocms pacsemuux U»xcnepuuenman snux 3a
eucuuocmeu KUHemUKU U3MeHeHUfl cpeoneeopaouyca U«onuenmpauus «acmuu CuCI npu oeounos« omocuee. 

Kntoneeue CJl06a: meepouii pacmeop, nyxneauun, nauopacnnae, HaHoKpUCmaJlJ1 , KpUmU'leCKUU Ucpeonuu 
paouyc, cnexmpu n02J10U(eHllfl , aOKpUmU'leCKUUsapodutu , pacmeopenue nanosacmuu. 

By opticalspectroscopy the f ormation and decay ofa new phase in solid solution under double annealing were 
studiedon the example offormating the CuCI nanocrystals in glass. Critical radius of the newphase particles and 
its temperature dependence were determined. New model to calculate the nucleation kinetics in solid solution a 
was applied. The time dependences of all parametersfrom calculation of nucleation kinetics under double an
nealing were resulted. There was obtained a compliance of the calculated and experimental dependences ofkinetics 
of changing the average radius and CuCI particles concentration under double-annealing. 

Keywords: solid solution, nucleation, nanomelt, nan ocrystal , critical and average radius, absorption spectra, 
subcritical nucleus, dissolution of nanoparticles. 

BBe)),eHHe 

0 6bJl1HO npouecc o 6pa30BaHH5I HOBOH cPa3bl npo
BOJJ:51T nyrev ODKHra npu rrOCT05lHHOH rerartepatype. 
Ilpn HH3KOH TeMnepaType oopaayercs MHoro M enKJ1X 

KJIaCTepOB H JJ:n51 HX pOCTa rpeoyercs sna-nrrensnoe 
Bp eMH H3 - 3a MaJIO rO K03cPcPHuHeHTa JJ:HcPcPY31111 . Ilpn 
BbICOKJ1X 'rer-rneparypax MO){(HO nony-rrrn, xnacrepu 
60JTbWH X paavepos , HO HX KOH ueHTpaUI151 neeenuxa. 

' Pa60Ta au nona eua B pavxax n porpaMMbl PC!> "Pa3BlITHe nay-r
xoro noreauuana ssrcuren W KOJIbl (2009-20 II rr .)», NQ2.1.1 / 13286. 

)J,BOHHOH ODKHr npn paansix revrteparypax n03BOn5l

er 3Ha T..Il1 TeJTb HO pacuraprrrs B03M O){(HOCTH ynpaane
HI151 npoueccasor HyKJIeaUHH B TBepJJ:oM pacrsope. 

P a60Ta rrOCB5Iw.eHa sxcrtepuaeuransaosry nccne
JJ:OBaHl1 lO H)'KJIeauHY) npn JJ:BOHHOM ODKI1:re , pac-rery 
Ta KH X npoueccos H cpasnemno pe3YJTbTaTOB pac-rera 
C 3 KCrrepI1MeHToM. 

Ilpoueccu pOCTa 11 paCTBOpeHH5I aaponsnuen HO

BOH cPa3bl B r nepnsrx pacrsopax orrpeJJ:en5l1OTC5I KpH

Tl1T..JeCKI1M P3,LU1YCOM rc T..JaCTHU (KJI aCTepoB) , 3aBI1C5.l w. HM 

OT r evneparypu T H nepecsnnenrrs pacrsopa S = c/cif) 
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(c 11 Coo - COOTBeTCTBeHHO KOHueH TpaUI151 MOJIeKyJI 
pacrsopennoro eeutecrsa 11 MOJIeKyJI nacsnuennoro 
napa HOBOH epa3bl Ha,U rrJIOCKOH nOBepXHOCTblO): 

_ 2crco 
(1)rc - k TInS'

B 

me c - K03epepJ1Ul1eHT rrosepxuocraoro HaTmKeHl15I '-IaC
Tl1UbI HOBOH epa3bI; co - 06beM, npI1XO[{5l11(I1HC5I na O,UHy 
MOJIeKyJIy B lI aCTYIue; kB - nOCT05lHHa51 DOJIbUMaHa. 

B npouecce HYKJIeaUl1:H t'c uerrpepusno 113MeH5IeTC5I.. 
BCJIe,UCTBl1e 113MeHeHI15l c. Oc06eHHo CJ1J1bHO rc3aBl1Cl1T 
OTr exm eparyp u BCJIe,UCTBl1e 3Kcn OHeHUl1aJIbHOH 3aBI1
CI1MOCTI1 cw(T) . Ilpn 11 3MeHeHl1l1 revneparypu OT To 
,UO T] H3 ypaBHeHI151 Knartejipoaa-> Knaysnyca HMeeM 

To [ L ( ! ! )J cw[(T I ) = cwo(To)-exp - --- , (2)
T[ Ro To T] 

me cwo 11 cool - KOHueHTpaUI15l nacsnuennoro n apa 
npu To 11 T] COOTBeTCTBeHHO; Ro - raaosas nOCT05lH
nan ; L - MOJIbHa5l TenJIOTa HCnapeHI15l. 

ClIl1TaeM L KOHCTaHTOH [{JI5l Bbl6paHHoro I1HTepBaJIa 
revneparyp. Oueaxa 3HalleHH5I rc He scerna B03MO:>KHa 
naxe BHallaJIe npouecca HYKJIeaUI1H, TaK KaK nOJIHblH 
Ha60p n apaverpoa B sstpax enn» (1) , KaK npaBI1JIO, 
HeI13BeCTeH. 

He3aBHCI1Ma5l 3KCnep l1MeHTaJIbHa51 ouenxa KpI1TH
lIe CKOrO pannyca, KOTOpbIH onpenenaer CKOpOCTb 06
pa 30BaHI151 3aKp l1Tl1l1eCKl1X KJlaCTepOB HOBOH epa3bl , 
saxna [{JI5l TeOpl1H HYKJIeaUHH B TBep,UoM pa crsope H 
,UJI5I ero HCnOJIb30BaHH5l B HaHOHH)\(eHepHI1. 3H aHHe 
xpnru-recxoro parnryca Hero 3aBl1CHMOCTH OTBpeMeHI1 
HYKJIeaUHH n03BOJI5IeT y n paBJI5ITb npoueccov HYKJIe
aUHH, ero Ba)l(HbIMH KHHeTWleCKHMH napaxterpasot: 
cpe,UHHM p a,UI1YCOM 11 KOHueHTpaUHeH HaHOlla CTI1U. 
B paoore [1] 6bIJI npennoxen cnocof C03,UaHI151 sapo
,UblweH HOBOH epa3bl H Ha6JIIO,UeHI15l I1X pacnana Me
TO,UOM OnTI1'leCKOro nOrJIOweHI151. 

nYCTb B ofip asue rsepnoro pacrsopa aa BpeM5l nep
soro ODKl1ra npn T = To C03,UaHO pacrtpenenenne 
KJIaCTepOB HOBOH epa3bl C HeKOTopbIM cpe,UHI1M p ana
yCOM R. Tlpn nOBblWeH1111 revneparypu OT To,Uo T, 
nepecsnueune S CKallKOM YMeHbWI1TC5I BCJIe,UCTBHe 
cxaxxoofipaaaoro pOCTa Coo B COOTBeTCTBl111 C aupaxe
Hl1eM (2 ). YMeHbWeHl1e rtepecsruieuua S cOnpOBO)\(
,UaeTC5I pOCTOM xprrnr-recxoro paznryca ,UO rcl ' COOTBeT
crsyiourero HOBOH resmeparype. Torna xnacrepsr pa
[{l1ycaMH r < rcl CTaHOB5ITC5I ,UOKpI1THlIeCKHMH 11 6y,UYT 
paCTBOp5ITbC5I , a xnacrepsr pannycavu r> rc\ nponorr
»car paCTH B npouecce sroporo ODf(J1ra npu TI . Ilpn 
3TOM CKOpOCTb pOCTa HOBOH epa3bl MO)\(eT B03paCTl1 B 
HeCKOJIbKO paa aa ClIeT pOCTa K03epepHUHeHTa [{Hepepy
31111 . C npyroa CTOpOHbl, no KHHeTI1Ke paCTBOpeHI151 
naxam.aux aapon suuetr nOCJIe cxaxxa revrreparypu 
n o T j MO:>KHO OueHI1Tb rcl [{JI5l 3TOH rejarteparypsr 11 
KOHueHTpaUHH. 

Flony-reuaue sx cnep n a enr an sn u e n anuue 0 KpH
Tl1l1eCKOM pannyce, KHHeTHKe pOCTa '1aCTHU CuC! H I1X 
pacnpeneneima no paavepa« n03BOJIHJIH CMo,UeJIl1po

aars B COOTBeTCTBHI1 C pa60ToH [2] npouecc HyKJJe
aUHI1 npn ,UBOHHOM orxnre. B pe 3YJIbTaTe 6blJIl1 no
nysens: pac-rerusre 3aBl1CHMOCTH kptrnr-recxoro pa
zmyca lIaCTHU CuC!, KOHueHTpaUHI1 MOHOMepOB 11 
npyrux napasrerpoa HyKJJeaU1111 OT BpeMeHI1 npn T!. 

Ilposeaeaae 3KcnepUMeHTaJIbHbIX nCCJIejl,OBaHU" 

06beKTOM I1CCJIe,UOBaHl15I 5lBJ15IJIC5l TBep,UbIH pacrsop 
ranorennaa Me,U11 B CTeKJ15lHHOH MaTpl1ue, npoapa-moa 
B 06JIaCTl1 coficreeunoro nOrJIOweHI151 KpHCTaJIJIOB 
CuC!. KOH ueHTpaUl11O 'l aCTI1U CuCI (xnacrepos) 11 
Cpe,UHHM pazuryc onpe,UeJI5IJIH no cnexrpav nOrJIOweHl15I 
npn TeMn ep aType 20 °C. Hasansnaa rexmeparypa OT
)\(Hra otipaauos To = 500 °C, BpeM5l orxorra - 3 '1. TeM 
neparypu T1 sroporo OT)I(J1ra 6blJIl1 650, 600 11 550 °C. 
Bpeva sroporo OT)\(Hra 113MeH5lJII1 OT 10 C,UO 60 MI1H. 

H a PI1C. 1 npe,UCTaBJIeH bI crtexrpsi nOrJIOweHI151 
I1CXO,UHoro ofipasua CTeKJIa (CM. PI1C. I, xpnaas 0), n a
'1aJIbHbIX HQHOKpUCmQJUlOB (HK) CuCI, nOJIyYeHHblX aa 
BpeM5l nepsoro ODf(J1fa (CM. PI1C. I, KpHBa5l 1), H nOrJIO
weHH5l HK CuCl nOCJIe sroporo OT)I(J1ra rrpu 650 °C 
B reveune 40 MI1H (CM. PI1C. I, xpa saa 2). T aM )\(e npn
Be,UeHO p a3JIO)\(eHl1e cnexrpa epYH,UaMeHTaJIbHOrO no
rJIOweHI15l HK CuCI na 3KCI1TOHHyK) H 30Ha- 30HHylO 
nOJIOCbl nOrJIOweHI15l [3] . 

Hs pa3JIO)\(eHI15l 3Kcnepl1MeHTaJI bHbIX cnexrpos 
nOrJIOweHI15l HK CuCI onpe,UeJI5IJIH 3Hep fH IO Eex ,UJI5I 
ZI ,r 3KCI1TOHa H K03epepl1UHeHT nOrJIOweHI151 Kbb 
30 Ha-30HHbI X nepeXO,UOB. 

flo s u epr u a onpe,UeJI5IJJH cpe,UHI1H pannyc REex 
HK CuCI (BaJIOB n.M. , JIeHMaH B.H. cDTT, 1999). 
3aTeM CTpmU1l1 KHHeTl1l1eCKHe xpnnsre Hapa CTaHI15l 

YBeJIl1l1eHI15I R 11 H3MeHeHI15I KOHueHTpaW1l1 NKbb,
 

HK C u C !. K03epepHUHeHT Kbb rtportopunonanen KOH

ueHTpaUl111 BbI,UeJII1BWeHC5l epa3bI CuC!. KOHueH

Tp aUHIO N lI aCTHU CuC! BbIlII1CJI5IJII1 113 OTHOWeHI151
 
Kbb K nOrJIOweHHIO 06beMHoro Kpl1CTaJIJIa (lOS CM-I)
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PIIC. 1. 3aBllcIIMoCTII K031jJljJIIlJ)lenTa nOrJIODJ,enuSI K OT s u e p ran 

IjJOTOUOB E. Cnexrpsr nOrJIODJ,eRIIlI: 
0 - HCXOnHoro ofipaaua ; ] - HWl aJIbHbIX saponsnue a CuC! nocne 
ODKl1ra rtpn 500 "C, 3 '1"; 2 - HaH OKpl1C TaJln OB CuCI n o cn e ODK l1r a 
rtpu 600 "C, 40 MHH; 3 - ZI ,r3KCI1TOHa; 4 - Zr3 KCHTo Ha; 5 
30 Ha - 30 H Ho r o ; 6 - OCTaTOYH bIX 110 HOII Menl1 II CTeKJIe 
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PHc. 2. Pacnpeneneuae no pannycy HaqaJIbHblX aaponsunen CuCl: 
1 - 3KCnep'L\1eHTaJlbHaHxpuaan; 2 - pacnpenenea ue Faycca; 3 - no
noxe une KpllTll'leCKOro paznryca nocne CKaYKa re xrneparypsr no 650 ·C 
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PIIC. 3. 3aBll cIIMoCTH KOIIL\eHTpaL\HII (/-3) II cpenu ero paauyca 
(4-6) OT BpeMeRH IIYKJleau:,," lip" 'ressnepa'ryp ax : 
1, 6 - 550 ·C; 2, 5 - 600 ·C; 3, 4 - 650 ·C 

(Cordona M. P h y s . Rev., 1963) 11 3aTeM K cpenaevy 
06beMy lJaCTI1U 4n R3/3 . Pacnpeneneane HK no pann
yea» onpenensnn MeTOLl.OM 3 KCI1TOHHO- Tep MH4 ec Ko 

ro anannaa KHHeTHKI1 nJlaBJleHHH HK CuC! [ 4 ] . 

Ha PI1C. 2 rtpnseneuo a a-ransnoe pacnpenenenne 
f(r) no pannycaa H K CuC!, nony-ienuoe nocne nep

soro OT)I(l1ra npn 500 °C. CpeLl.HHtI pannyc R = 1,2 HM, 

rtorryunrpnaa 25 = 0 ,3 HM. H a rp arpaxe YKa 3aHO no

noxenae KpHTHlJeCKOrO pannyca rei cpasy nocrre CKa4

xa revrteparypu L1.0 650 °C. Pacrtpenenenne HMeeT <pop

My xpusoii Taycca C MaKcHMyMOM npn r = 1,2 HM Hm 
nonyiuupnaoa 0,3 HM . 

Ha PI1C. 3 npHBeLl.eHbl 3aBHCl1MOCTl1 cpeznrero pa

n nyca R 11 KOH ueHTpaUHI1 N 4aCTl1U CuCI OT BpeMeHI1 

sroporo OT)I(}\ra n o cn e CKatIKa revrteparypsr L1.0 550, 

600 H 650 . C. Il pn CKa4Ke 'resmeparypst OT 500 L1.0 

650 °C B 3TOM ofipaaue B L1.eCHTIGI paa B03paCTaeT Ha

-ransnaa CKOpOCTb pOCTa pannyca R. 3a 2 MHH R yse

Jll1tIl1BaeTCH B L1.Ba p asa. 3aTeM -iepea 10 .. .20 MHH pOCT 

pamryca 3aMeLl.JlHeTC5l. OLl.HaKO paCTYT He s ee Ha
-ransuue xnacrepsr C uC!. 

Com aCHO pnc. 3 npn 650 °C aa 5 MHH paCTBOp5IeTCH 

80 % Ha4aJJb HbI X xnacrepos. CJleLl.OBaTeJlbHO, C Y4eTOM 

l1X pacnpenenemer ( CM. PI1C. 2 ) , npn 650 °C KpHTH4e

CKHtI pannyc rei = ! , 3 HM , TaK Ka K npn 3TOM orcexa 
eTCH 80 % OT 06mej:'1 n JlOWaLl.H non f (r) ( CM . Pl1C. 2) . 

Pa cTBo p eH He KflaCTepOB n p OHCXOLl.HT 3KcnOHeHUH

aJJ bHO, BHa4aJJe C ' I = 0 ,26 MHH 3aTeM yx e MeLl.JleHHO 

C ' 2 = 2 ,9 MHH. 

Bstcr poe pacraopenne Ha4aJJbHblX aapozu.nuea npn 
650 °C npHBOLl.HTsa nepsyio MHHYTY K CH H)l(eHl11O 06

utero KOJlH4eCTBa <pa3bl C uCI na ! 0 %. 3aTeM Ha6J11O

L1.aeTCH POCT KOJlWIeCTBa <pa3bl C uC! BCJleLl.CTBHe pOCTa 

HepaCTBOpl1BWl1XCH aaponsuu eri. 
Il pi: 600 H 550 °C p aCTBOp eHHe HaLJaJJbHbl X xnac 

repos C uC! n p OHCXOLl.HT Ta IOKe 3 Kc n OHe HU l1an bHO 

C' I = 7,4 M HH H ' 1 = 39,4 MHH COOTBeTCTBeHHO 

(CM . pHC . 3). B 3TOM crry-rae pesxoro H3MeHeHl15I r 
B rrpouecce HYKJIeaUI1H He Ha6J1IO,lI.aeTCH, n03TOMY "c 
onpenemrn, 3aTp YLl.HI1TeJlbHO. 113 pHC. 3 BHLl.HO, 4TO, 

Me HHH revneparypy l1 BpeMH sroporo OT)I(}\ra , MO)l(HO 

c ymeCTBeHHbIM 06pa30M BJlI1HTb ua cpenmui paruryc 
HaHOLJaCTI1U H HX KOHueHTpaUHIO . 

Ilpoaenenn e Ma TeMaT"'1eCKOrO MO.ueJl"pOBaU"Sl 

Panee 6blJla paspafioraaa MOLl.eJlb pacxera HYKJIe

aUl1l1 B rnepnsix pacrsopax H npOH3BeLl.eH pac-ier HyK

n ea UI1H npn 500 °C npHMeHHTeJlbHO K TBep,ll.OMY pac
TBOpy CuC! B crexne [ 2 ] . B L1.aH Ho tl pafiore COCTaB 

CTeKJIa l1 napaverpu pacrsopa 6bUll1 re )f(e. 3Ta MOLl.eJlb 

pac-iera 6bIJla npa v enena )J.J1H cny-raa CKalJKa revne
parypsr npn nyxneaunn . 

Il pn pacxer ax Hcnonb30BaJJH 06beLl.HHeHHOe ypas
He Hl1e LI.JlH <pyHKUHH pac rtpenenemra n o lJHCJlY tIaCTHU 

B xnacrepe l1 no pannycav 4aCTHU. ILJl5l lJaCTl1U pann
yCOM MeHbwe 0 ,94 HM peWaeTC5I ypaa nenne LI.JlH <PYHK

UHH pacnpeneneu a s no lJHCJlY MOJleKYn , a ,lI.JlH fiorrs
WHX pannycoa - ypasaenue LI.JlH <pyHKUHH pacnpezie
JleHI151 no pannyca«. 06a peWeHI1H 06beLl.HHHIOTCH 

npu 0 ,94 HM. D,n5I pac-rera <pyHKUHH pacnpenenenna 
no lJHCJlY tfaCTHU HCnOJlb30BaJJH CTaH,lI.apTHYJO IGIHe

THlJec KyIO 3aBHCHMOCTb ( CM . ypaauenue (6) B pafiore 
[2]) , a ,lI.JlH pacuera <PYHKUHH pacnpeneneana no p a 

L1.Hy c a M - BbIBeLl.eHHOe B pafiore [2 ] ypasneaae (16) . 

HCnOJlb30BanH CTaH,llapTHYIO MO,ll.enb cpezmero nOJl5!, 

B xoropoii KOHu eHTpaUHH MOHOMepOB npHHHMaeTCH no

CTOHHHOtl no scesry 06beMY H onpenenserca H3 YCJlOBl15l 

coxpaaenna nonnoro lJHCJ1a MOJIeKyn CuC!. Jloxanurue 
l13MeHeHH5I KOHueHTpaUHH MOHOMepOB yqHTbIBaJJH 

TOJIbKO B6JIH3H nOBepXHOCTH lJaCTHU, TaK KaK OHH on

p e,ll.eJIHJOT Bep05!THOCTb 3a XBaTa MOJleKyJlbI xnacrepoxt . 
D,n5I orrpenenennn KOHueHTpaUHl1 MOHOMepOB y no

BepXHOCTH HaHOKanJll1 HCnOJlb30BaJIH aCHMmOTHlJeCKOe 

peiuenne ypaBHeHHH ,lI.H<P<PY3l1J1 B cdiepy. ILH<p<pY 3H 

OHHoe H3MeHeHHe KOHueHTpaUHH MOHOMe pOB B6J1H3H 

nOBepXHOCTH ' faCTHU n p Ol1CXO,ll.HT TOJIbKO B TOM cny

x ae , eCJlH )J.J1H lJaCTl1U ,lI.aHHOrO p aavep a H a6 J1 IO,lI.aeTC5! 

CHCTeMaTWleCKoe H3MeHeH He paznryca aa cser cnoca B 

npOCTpaHCTBe paavepos. ILJI5I L1.0Kp HTHlJ eCKH X 'JaCTHU 
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ua nepaoit CTaD.HH HMeeTC5I KaK YMeHbWeHHe PaD.HYCOB 
aa c-rer CHOCa, TaK H POCT pannycoa aa c-rer LlHcj)(j:Jy3HH 
B npOCTpaHCTBe paavepoe. ITPH 3TOM 3TH npoueccu 
HMelOT nOYTH OD.HHaKoBylO Bep05ITHOCTb, C n ekoropt.tn 
npe06JTaLlaHHeM LlH<P<PY3HOHHoro pOCTa. B 3TOM CJTy
-rae eCTeCTBeHHO npHH5ITb KOHueHTpaUHIO y nosepx
HOCTH TaKl1X yaCTHU paBHOH CpeD.HeH KOHueHTpaUHH 
MOHOMepOB, T. e. HCnOJTb30BaTb Kl1HeTWleCKl1H pe)KHM. 
3TO He OTHOCHTC5I KO sropoii CTaLlHH ODKHra. 

BHaYaJTe paCC'-IHTblBaJTH pacnpenenenne '-IaCTHU, 
rtorry-raeuoe npn 500 ·C aa 3 Y, a raroxe D.OJTJI MOHOMe
pOB H 3HayeHH5I rt epecsunenns H KpHTH'-IeCKOrO pa
nnyca LllT5I nannoro MOMeHTa [2]. 3aTeM no <popMYJTaM 
(2) H (1) paCC'-IHTbIBaJTH HOBbIe 3Ha'-leHH5I nepecsnue
HH5I H xparuvecxoro paruryca nns 'resmeparyp sr op oro 
ODK11ra 650 11 550 ·C H npOD.OJDKaJTH peurars KHHeTH
'-IeCKOe ypasaenne npn HOBbIX napaverpax. PaC'-IeT
Hble 3HayeHH5I rcl D.JT5I BpeMeHH 1 MHH npn 650 ·C 
cpaBHHBaJTH C ero 3Kcn ep HMeHTaJTbHbIM 3Ha'-leHHeM. 
MonbHYIO TenJTOTy ncnapenaa nOLl6HpaJTH H3 yCJTOBH5I 
CXO)K)J,eHH5I C 3 Kcn epHMeHTOM. TaK KaK K03<P<PHUHeHT 
nOBepXHOCTHoro HaT5I){(eHH5I B 06weM cny-iae yMeHb
WaeTC5I C nOBbIweHHeM revrteparypsr, TO n a BTOPOH 
CTaD.HH raicxe nOD.6HpaJTH ero 3Ha'-leHHe. 

H a pH C. 4 nOKa3aHbI pacserusie H axcnepaaen
TaJTbHbIe D.aHHbIe H3MeHeHH5I KOHu eHTpaUHH N npn 
pacrsopennu HaYaJT bHblX 3ap0D.bIWeH npn 650 "C . 
ITpOD.eMOHCTpHpOBaI-IO xopowee CXO)K)J,eHHe pac -rera 
H 3Kcn ep HMeHTa Ha Ha'-laJTbHOM yYaCTKe Kl1HeTHKl1 
paCTBOpeHIDI sap on snuen CuCl PaD.HYCOM r < rcl PaC'-IeT 
pOCTa cpenuero paznt yca KJ1aCTepOB ztaer YD.OBn eTBopH
'rensaoe CXO)K)J,eHHe C 3KcnepHMeHTOM D.JT5I Ha'-laJTbHO
ro y-racrxa, HO nanee 3Kcn ep HMeHT noxassmaer 60JTee 
6blCTPbIH pOCT PaD.HYCOB. ITPH 60JTbWeM BpeMeHH , Ha
060pOT, p ac-ier naer 60JTee 6blCTPbIH POCT PaD.HyCOB. 
3TO CB5I3aHO, nO-BHD.HMoMy, C paC'-IeTOM KOHueHTpa
UHH y nosepxnocrn KJ1aCTepa H nepexonov OT KHHe
THyeCKOr O pe ){(HMa K D.H<p<py3HOHHOMy . 

Ha pHC. 5 npnsenenu pacveruue nanuue no H3Me
HeHHIO pacrtpenenenns no paznrycav '-IaCTHU CuCl no 
Mepe paCTBOpeHH5I Ha'-laJTbHblX aaponsnueti r <'el H poe
'ra 3ap0D.bIWeH r > rcl ' KpHBa5I ] COOTBeTCTByeT pacxer-
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PHC . 4. Pacserasre (1, 2) H axcnepaa enr amauae (3, 4) 3aBHCHMOCTH 
xouuenrpauan (1, 3) H cpennero paaayca (2, 4) OT speaenu 
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PHC. 5. Pacseraue pacnpenenenaa '1aCTHU CuCI B npouecce HYK
.lJea UU II npa 600 ' C H BpeMeHH nyKJIeaUH", MHH: 
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PIIc. 6. 3aBHCHJ\lOCTH KpHTH'IecKoro paaayca Tc (1, 2) II KOIIUeTpaUJlll 

MOIIOMepOB (J) (3, 4) OT BpeMelrn lI)'KJIeaUHH "PH TeMHeparype: 

1, 3 - 650 T ; 2, 4 - 550 'C 

HOMy paCnpeD.eJTeHHIO HaYaJTblIbIX 3ap0D.bIWe H CuCl , 
nOJTy'-leHHbI X npn HyKJ1eaUHH npn 500 ·C aa 3 '-I. ITo
CneD.YIOWHe Kp HBbIe 2- ]4 nOKa3bIBaJOT H3MeHeH H5I B 
pacnpeztenenun no pannycara yaCTHU CuCl H COOTBeT
CTBYJOW11e H3MeHeHH5I KpHTH'-IeCKOr O pamryca aa 40 MHH 
HyKJ1eaUHH npu 600 "C. 

113 p aC'-IeTOB raxxe cnenyer (p HC. 6) , YTO npn cxa-r
xe revrteparyps, OT 500 D.O 650 · C KpHTH'-IeCKl1H pa
D.HyC cnaxana D.eJTaeT CKa'-lOK D.O rcl = 1,65 HM (npu 
500 °C - rcO = 0,65 HM) , a 3aTeM, KaK H rroxaausaer 
3KCl1epHMeHT, pe 3KO YMeHbWaeTC5I LlO 1,3 HM. ,UaJTee 
KpHTHyeCKl1H parnryc pacrer no Mep e YMeHbWeHH5I 
rrepecsnuenns rrpn HYKJ1eaUHH. BHD.eHr axxe anaxane 
pe3KH t'1 CKa'-lOK YBeJTHye HH5I KOJlHyeCTBa CB06oD.HbIX 
MOHOMepOB BCneD.CTBHe 6blCTpOrO ncnapenna 3apOD.bI

weH CuCl r < rei' 
ITPH cxaxxe revrreparypu OT 500 D.O 550 ·C Ha

6nlOD.aeTC5I aHaJTOrH '-IHblt'1CKa'-lOK r c LlO 0,80 HM, a noc
JTe - YMeHbweHHe LlO 0,75 HM, Ha6JlJOD.aeTC5I ero MeD.
JleHHblH pOCT. KOJTH'-IeCTBO MOHOMepOB r axxe caaxa
JTa CKaYKOM yaeJTHYHBaeTC5I, a 3aTeM MeLllTeHHO n anaer 
B npouecce npOLlOJT){(eHH5I HyKJ1eaUHH npn 550 °C. 
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Ilponenanuue pacxerst rc 11 Kl1HeTI1KI1 HYKJleaUl1Y1 

XopOWO cornacyiorca C 3 KCnepl1M eHTOM npn CJleLLYIO 

W I1X nap asrerpax: npn 500 °C YCJlOBH Oe nasansnoe 
nepecsuuenne (seci, CuCI B MOHoMepa x ) So = 5,4 ; 
K03cPcPl1U l1eHT rrOBepXHOCTHoro H aT IDKeHI1H 0 = 0,0 92 
11 0,085 npn 500 11 650°C COOTBeTCTBe H HO; MOJlbHaH 

rennora I1CnapeHI1H M OJleKYJl Cu CI 11 3 nauopacnnasa 
B LLaH H OM CTeKJle L = 41 K)l)K/MOJlb. 

3aKJ1IOlJeHHe 

fTpeLLJlO)KeH 11 peamtaosan cnocof ynp aanenna 06

p a30BaHl1eM HOBOH cPa3bl B TBepLLblX pacrsopax, ,lJ,aH

H bI H cnocof n03Bon HeT ynp aanari, K OH u e HTpaU l1e H 11 

CpeLLH I1M pann ycov HaH01.fa CTI1U. fTpeLLCTaBneH M eTOLL 

onpeLLeneHI1H KpI1TI11.feCKOrO paLLl1yca ~ npl1 HYKlle

aU11 11 B TBepLLOM pacrsope C npensapurensao C03LLaH 

H blMI1 3ap OLLbl WaMl1 HOBOl1 cPa3bl. H aHLLeHo H3MeHemle 

3Ha1.feH HH rc LLJlH r nepnoro pacrsopa CuC! B CTeKJle 

nns MOMeHTa CKa1.fKa revneparypsr 11 ero 113MeHeHl1e 

B npouecce rrpn BTOp OM orxnre. 
Ilpencr aanena Mo,neJlb pac-rera npouecca I-ryKJIeaUHH 

rrpn ,nBOI1HOM orxnre. P aC1.feTHaH 3a Bl1Cl1 MOCTb "c OT 

BpeMeHH sroporc OT)Kl1r a no ny-rena B peaynsrare norr
aoro pac-rera KI1HeTI1KI1 HYKJleaUI1H C yy: eTOM H3BeCT

noro a axansxoro pacrtpenenenna 1.faCTI1U CuC! no paa
MepaM H 3 KCn ep l1Me HTaJl b H Or O 3H a1.feHI15I rc B aaxane 
sr oporo orxorra. Ilposeneno cpaaaenne pacuernux 11 

axc nepua enransuu x 3a Bl1Cl1MOCTe l1 OT BpeMeHI1 LLJlH 

cpennero paznryca H KOHueHTpaUHH 1.faCHIU CuC! B 

YCJlOBI1HX ycn o )I(H e H H OI1 HYKJleaUHI1 - ,nBOH HOro OT

)Kl1ra rnepnoro pacrsopa. Ilony-reno xop o wee c o ma

CHe pac-rera H axcnepmrerrra , 1.fTO CBI1,neTeJlbCTByeT 06 

3 cPcPeKTl1BH OCTl1 I1CnOJlb3yeMoH Mo,neJlI1 KI1HeTI1Kl1 

HYKJleaUl111 [2]. 
Ilposeaemre rrpezraaprrrensnsrx p aC1.feTOBHYKJleauY1 11 

11 cpasnenn e nOJlY1.feHHbIX pesynsraroa C axcnepn
MeHTOM n03BOJlHeT onpenernrn, xap a KT ep l1CT I1Kl1 

r sepnoro pacrsopa 11 3H a 1.f I1TeJl b H O COKp aTI1T b BpeMH 

nOI1CKa OnTI1MaJIbHOrO pe)KI1Ma HYKlleaUI1I1 ,nJlH nony
1.feHI15I Tpe6 y eMoro pacnpenenemor HaHO'-laCTI1U. 

B LLaHHOI1 pa60Te B Ka1.feCT Be TBep,noro pacTBopa 

I1CnOnb30BaJll1 rporoxpovaoe CTeKJlO , HO OCHOBHble 

3aKoH o Mep H OCTl1 11 MeTOLLI1K a pac-iera HOC5IT 06Wl1H 

xapaxrep 11 npl1MeHHMbl K 6 0 Jlh W H H CTBY TBepLLbI X 

p aCTBopOB. 

Kovnnexc LLaHHblX no yrrpaanenmo HYKJleaUl1el1 B 

'rnepnsix pacrsopax MeTOLLOM LLBo H Ho r o OT)Kl1ra MO)KeT 

6 blTb noneauu« LLJl5I cOBpeMeHHoH HaHOI1H)KeHepl1l1 . 
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nOJU1MepHbie MOJ1eKYJ1S1pHble KOMn03i1Tbl: O>Ki1AaHi1S1 i1 pe3YJ1bTaTbl* 

Ilpeononcenuemoo nonyuenust JltOJleKYJlJlpHb/X KOJl-In03Unl08 cuetuenueu mepuonnacma nonucynupona c pacmeo
pOM »cecmkouennoeo 80JlOKH006pa3YJOUI,e20 nonuanuoietouuuoasona, 1/3 «omopoeo nOJlY'/aJOm eucokonpounu e 80
nokna CBM U Pycap. 06pG308G1iUe ynsmpamontcux 80JlOKOH 113 JlCeCmKou,enH020 nonuuepa npoucxooum npu tpop
M08aHUU KOMn03umHbIX numeu U3pacmeopa cu eceu nonuuepoe. Ilpu naepeeanuu «ounosumnoii numu npoucxooum 
cauoopuenmauun JI1UKP080JlOKOH113 »cecmtcouennoeo nonuu epa, conpoeoucoaeuan 3HalfUmeJIbHbl.M noeuutenueu MO
(fyJlfl ynpyeocmu u npounocmu. JIoKa3aHO, umo, U3MeH5I5I PG3J/UtIHOe coomnotuenue KOMnOHeHm08 8 ClYleCU, ftIOJ/CHO pe
eynupoeams ceoucmea KOMn03uma 8 UlUpOKUX npeoenax - om nJla8K020 apMup08aHH020 mepuonnacma, nepepa 
tiamueaeuoeo 8 113aeJIllJlnumseu noo aa8J1eHUeM, oo HenJIa8KUX mepuocmoiocux eucoxonposnux 80JlOKOH U nJleHOK. 

Kntoneeue cA08a: KOkLn03Umbl, apuupoeann sui, nonuuepuue cu ecu, »cecmxouennu e nonuuepu, 2u6KO
uennue nonuuepu, JlCUaKOKpUCmaJlJlUlfeCKUe nonuuepu, 8513Kocmb. 

Molecular composites preparedfrom the blend ofrigid-chain polyamidbenrimidazol usedfor sp inning of high 
strength fibers and heat-resistant thermoplastic polysulfone were studied. Ultra - thin fibers being formed during 
flow ofpolymer blend solution. Changes in polymer ratio in the blend may vary compositeproperties in wide range 
from fusible reinforced thermoplastics to heat resistant and high strength fibers and films. 

Keywords: composites, reinforced plastics, polymer blends, rigid chain polymers, flexible chain polym ers, L C 
polymers, viscosity. 

*Pa60Ta BbInOJlHeHa npn nonnepx xe POCCU(ICKoro dioan a cjJYH.llaMeHTaJlbHblX H:CCJlenOB3Huii Fparrr 05-0 3- 32668-a. 
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