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l7ocT}'nuna B PellaKl..lulO 12 epeBpanR 2015 r.) 
ann, )lIm jf(Jf,llKOKpUCTIlJUIH'lecKOI'O asoueruaosoro lIOJTUMe;Ja c 6oKoooH UCI!bIO MeTO)]OM )]U3ncKTpU'ICCKOH cncKTpo­

CKOmIM nccnenoaansi penaxcannomrue npoueccu II mapoxux )]I1aIla30HaX 're smeparyp II '1aCI OT. 06Hap}')KcHbl na a 

tlU3KOTCMIlCpwrypHblX penaxcauaomnrx npouecca (ft. U fi2), o OYCJlOBn CHHbl C MaJIOaMM UT)')] IIb1M a exooneparua­

HbIM rourJKC HHCM Kl IHCTII'ICCKHX CJUIHlIU B 6 0 ICOBblX rpyrmax, If BhlCoKoTcMn cparypHbIH e-npouecc, 06YCJlOBJICHHN H 

KpynuoMacnrra6HblM KOOnCp .lTIffiHbIM )] BffiKCHtICM KHtle1'H'!CCKllX t"!Ul.HJlU B OCHOBHOH uena nonmrepa, 

Pafora BbIllOJ1HCHa npa q,HHaHCOBOH nonaepsoce }>4IffJH (rrpoexr NQ 13-03-00033). 

AH3neh~HqC~KaH cncKTpoc~o~~ HBnHeTC» ~C~IHB' 

IIblM MeTOJlOM H3)"ieHHH CTpYKTYPbl, JlHlHlMH'lCCKUX II p e­

aaxcaunonuux npoueccos B nomerepax [l.2].lIp lI 3 fOM JlU­

3JIeKTpHqeCKUe xapaKTepHCTUKH HBnHIOTCH BIDKHblMH Tex­

HHqeCKUMlI xapaKTepHCTHKaMU MaTepHMa. Pacuunpposxa 
jjH3neKTpUQecKHX cnexrpos n03BOJUIeT lIJlCHTH<pHUHp o uaTb 

penaxcauaoauue nponeccu H OueHHTb nOJllHDKHOCTb KI1HC­

TINeCKHX eJlHHHU, conepxamax nonapnue rpynms, 
)KUJlKHe KpHCTaJUIbi ()KK) HBnHIOTCH HeJ1UHeHHhl ~m 

OllTH'IeCKHMH MaTepnMaMH, npnanexaiomaaa 60nblUoc 

BHHMaHnC accneaoserenen. I1cnOJIb30BaHne HCMaU I'fC­

CKUX )l(K, 3aKJIJOQemlblX Me)l(Jl)' np03pa'IHJ>Th1H 3nCIITp0)la­

MIl - OCHOBa TeXUOJIonm: npousnoncrea np(){,"Tp3uCTBeH­

HbIX CBeTOBblX MOJlymrrOpOB, mapoxo HCnOJIh3yeMblx B 

ananrasaon OnTUKe H CUCTeMax 06pa6OTKH CIU'Ha..'03 U 

H306pIDKeHHH. B nocneaane ronu MCTO/lOM UH3JIcKTpH'l e­

CKOU cneKTpOCKOIIHH H3)"iaIOTCH 3r1xt>eh"Tbl, CBHJ3UUbIC C 

nepeopncrrrairaen OCH napesropa )Kl( - Hll.hctllUI, HMe­

iomero nepcnexrasy HCn0JIb30BaHHH B l'OJlorpa4>UQeCKlLX 

cncrenax xpaaeaaa HHepopMaumt [3]. ,I:{H3neKTpHQeCKa51 

nponmtaenocrs HBJUIeTCH Ba)f,.'HeefnIHIM n apanerpou }lJlH 

)l(J(, nOCKOJIbKY orpascaer B3aIlMOCBH3h MC)f;Jl)' )llU1OJIbHblM 

MOMCHTOM H MOJIeh]JUIpHOH nMHpu3yeMOCTbIO. 

TIOnIfa30MCTHHbI npCJlCTaBmlJOT cooon 7l-COnpIDKeHHble 

nommepaue MaTepmlJIhr. 06naAllIOIUHc XOpoIUHt.1H MeXaHH­

qeCKHMU CBOUCTBaMH, BbiCOKOU xeMOCTOHKOCTbJO H TCpMII­

qeCKO" cra6HnbHOCTbJO H npOHBnRIOIUHe )fQi,llKOKpHCTannH­

qeCKUe caoacraa, OHM }')Ke UCnOJIb3)'1OTCH B orrroanexrpo­

HIlKe H HeJ1HHeUHOU OnTUKe [4,5). 
IJ.CJIbJO HaCToHIIleu pa60Tbl HBJUleTCH H3)"ieHHe )f(HJlKo­

KpHCTaJlJIH'IecKoro a30MeTUHOBo r o nomnsepa C 60KOBOH 

nensio MeTOJlOM JlH3ncKTpHQeCKOii crresrpocxorma, )l(HJlKo­

KpHCTaJ1JIH1ICCKHe nomorepu C 60KOBO" uerrsio ()I(KfiIJ.) 

n peJlCT'dBnRIOT C060H o c06yIO rpynrry MaTepHMoB, co x e­

Ta JOIUHX MeXaHHQeCKHe H peonorasecxae CBOHCTBa no­

nHMepOB C aHH30Tp0n HblMH CBOllCTBaMII )l(K. Otinanaa 

3l1a tUlTeJ1bHblM AHnOJIbHbIM MOMeHTOM B 60KOBOll u ena, OHn 

aarrmorcs rrpaan esarensausr 06beKTOM nns IICCJIeJlOBaHII H 

~eTOJlOM JlH3neKTplJqeCKOH cnexrpocxonaa. 

2. 06beKT MMeToA MccneAosaHMH 

XHMHQCCKOC crpoeaae UCCneJlOBaHHoro B aacroamen 
paoore nOJIHMepa npencranneao ua puc. I . 

A H:meKTpHQeCKHe H3MepeHHH npOBOJlHnHCh B IlJl1PO­

xnx naanasonax TeMneparyp (-100- 170°C) H '!aCTOT 

(1 H z -I MHz) C acrronsaoaaunea JlH3neKTpII'IeCKOrO cries­
TpoMc Tpa Novocontrol (N ov oco n t rol Technologies, Iepsia­
HHH) . l13Mep eHHH BbIllOnHHn UCb B ar siocqiepe aJOTa npH au­
nmrryne npanoaceunoro HanpH)I(eHHH 1V. 113McpuTen bHhle 

51'1eHKU H3rOTOBJUUlHCb 1I3 nBYX xpyrnsrx nonupon anuux 
naryauux lUIaCTHH. Ha OWlY H3 lUIaCTUH JlHaMeTpOM 30 mm 
nouemana aasecxy nomeaepa (50 mg) H uarpesana Ha ua­

rpCBaTCJIbHOM CTonHKe JlO TeMneparypbl nepexona nonasre­
pa B asorporraoe COCTOHHHe ( ,....., 200°C). 3aTeM axxyparao 

HaKpblBanH pacnnaancaasra n onavep BTOpOll lUIaCTIIHOH 

rUJaMeTpoM 20 mm, TaJOKe npenaapnrensao nporperoa , 

1I nplDKHMMH nna pacnpeneneaas norrasrepa no scea 

1UI0 IUaJlH flqeiiKH. ,I:{mi 06eCneQemUI paBHoMepHOCTI1 CJJOH 

110JlUMCp a Me)l(Jl)' lUIaCTHHaMH acnonsaoaanacs cnen c ep u 

TonrnllHOH 80 !Jm. 3aTeM rorosue H'IeHKH C n OnHMepOM 

Me}lJl eHHO OXmPKJlanHCb JlO KOMHaTHOll TCMnep aTYPbI. 

PMC. 1. XHMH'IeCKOC crpoenae accneaosauaoro norraaepa. 
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06pa6OTKa nOJIY'lCHHbIX cnCKTpOB nposonanacs C IIC­

n0Jlb30 BaHIICM naxera KOMllbIOTCPHbIX nporpasoa WinFIT, 
BKJIIOqaIOII.UIX nplI6JIIDKCHlIC [aBpllJIHKa-HcraMII [6] nJUJ 

JJ:lInOnHpHOH perraKCaUH:H II 3KcnOHCHUHaITbHOC nplI6JIIDKc­

H1IC .IIJIH 3JIcKTponpOBO,ruIOCTII. 

3. Pe3ynbTaTbi Mo6cy>KAeHMe 

BIDKHCHWaH XapaKTCplICTHKa n H3JICKTpHq CCKHX CBOHCTB 

MaTCplIaJIa - nH3JICKTpHQCCKaH npOHHIIaCMOCTb e; 
HBJIHeTCH KOMnJICKCHOH BeJIH'illHOti II nupaacaerca KaK 

(1) 

rne e' - nctlCTBHTeJIbHaH KOMIIOHCHTa JJ:H3JICKTpIfqCCKOM 

npOHlIuaCMOCTII, XapaKTCplI3YIOIUaH 3HcpmIO, aanacaesryto 
MaTCpHaJIOM npa nOnHpH3llUHl1, a e" - CC MHlIMaH QaCTb, 
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PMC. 2. ~cikTBHTeJIbHall (a) II MIillMlIJI (b) KOMnOHCHTbI lOI3J1eK­

TPII'IeCKOH npoHHUaeMOCTH HCCJIenOBaHHOro IlOJIHMepa B 3aBHCH­

MOCTH OT TeMneparypbl H '1aCTOTbI. 
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PMC. 3. Teaneparypaue 3aBHCJfMOCTIi MHHMOH KOMIlOHelfl'hl JllI­

,mcKTpH'leCKOH npoaauaeaocru HCCJlenOBaHHoro nomniepa UpH 

r}lHKClfpoBaHHbIX sacrorax, 

xapaKTCpl13YJOIUaH saeprrno, pacxonyesryto na MOJIeK)'JIHp­

Hoe JJ:HIDKClrne, T. e. nHCClInaUH:IO 3HCprHH anexrpasecsoro 
nOJIH [1,2]. 

Ha pac, 2 npaneneaa netlCTBHTeJIbHaH II MHlIMaH KOM­

nOHCHTbI nH3JICKTplIQCCKOH npomntaenocra B 3aBlICIIMOCTH 

OT TeMIICparypbI II 'IaCTOTbI, n03BOJIHIOIUHC 06HapYJlGITb 

p eJIaKCaUl10IDfbIe npoueccu B IICCJIe.uyeMoM nornoaepe. )lml 
HX neransaoro aaanasa nanee 6 y n c M paccvarpasars or­
nensao TCMllepaTYPHbIc II QaCTOTHbIe 3aBIICIIMOCTII JIHllIb 

MHHMOti KOMIIOHCHTbI n lI3JIc KTplfqCCKOH KOHCTaHTbI. 

H a pHC. 3 nOKaJaHO H3MCHCHlIC MillIMOH 'iaCTH ,L111­

3JICKTpH'ICCKOH nOCToHHHoti C POCTOM TCMlleparypbI, rne 
penascauaoaaue npOUCCCbI npOHBJIHIOTCH B BIIJJ:C IIHKOB. 

B 06JIaCTH HH3KHX TeMIICpaTYP (CM. BCTaBKY) 06Hap)')KII­

BalOTCH nsa snna ,8-perraKCaTopOB: ,82 - B BIIJJ:C cnaforo 
nIIKa, ,8 \ - B Bane nJICQa, a B 06JIaCTII BblCOKHX TCMIIeparyp 

06HapYJKHBaIOTCH e -penaxcaropsr, Ha6monacMbIc B BlIJJ:e HH­

TCHClIDHoro IIHK;}. Hanpmrep, .IIJIH qaCTOThI f = 1Hz IIHKH 

npolIB.'!HIOTCH npa -100, - 20, Po 30°C COOTBeTCTBeHHO. 

I1plI naITbHctlUleM nOBbIlllCHHH TCMneparypbI 3HaQCffiUI e" 
pe3KO YBeITH'IHBaIOTCH BCJICnCTBlIe B0 3p aCTaHlIH nposoaa­
MOCTII nOJIHMepa. Ilpa n OBbIillCHHlI QaCTOTbI IIHKH penaK­

caUHOHHbIX npOUCCCOB CMCIUaIOT~H B 06JIaCTb BbiCOKHX 

TCMIICparyp, a HX IIHTeHClIDHOCTII YMCHbWaIOTCH. 

TaKOC nOBC,llCHlIC e" C POCTOM TeMIICpaTYPbJ MOIKHO 

06bHCHHTb CJICn y IOIUHM 06paJOM. I1plI H1I3KIIX 'resmepa­
'rypax snepras TCpMH'ICCKHX q>JIYI<TYaUiIH, nornomaeaaa 
nHnOnHMH, OQCHb MaJIa. 110 3TOH rrpasaae JlHlllb orpann­
'ICHHOC 'llICJIO JJ:HIIOJICU cnocofiao cosepmars apamarens­
HbIC nBlIIKCHHH B npenenax MaJIbIX yrrros. C nosameaaea 
TCMIICpaTYPbI ,lllinOJIH nOJIyqaIOT nOCTaTO'IHO TCnJIOBOil 

3HCprHH MH 0PIICHTllUHlI B HanpaBJICHHH rrpanosseanoro 
3JICKTpH'ICCKOrO nons. DOKOBbIC rpytIIIbI MaKpOMOJICK)'JI C 

6 0KOBbIMH UCIIHMII, KaK 1I3BeCTHO, OQCHb 'I)'BCTBIITCJlbHbl 

K 1I3MCHCHlIHM TCMIICpaTYPbI. l103ToMy HlI3KOTCMIICpaW 
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epa npa	 PMC. 4. qaCTOTHbie 3aBHCHMOCTIf MHHMOif KOMnOHeHTbl )lH­

3neKTpHQeCKOif rrpoHHUaeMoCTIf HccneAOBaHHoro nOnHMepa npH 
qlHKCnpOBllHHhlX TCMneparypax. 

~Ky.lUlP­

tecxoro HaR /3-peJIaKCaUHH 06bl'lHO acconaapyercs C ABH)KCHHCM 

60KOBbi X rpyrrn KJIlf ax ljlparMCHTOB. B 06JIaCTH BbiCOKUX 

H KOM­ resmeparyp CCrMCHTbI OCHOBHOH uerm MaKpoMOJIcKyJIbi 

lMOCTH HMCKIT AOCTaTOqJfOC KOJIU~CCTB O TCnJIOBOH 3HCpruu AJIH 
l~ COBCpllICHHH xooneparasnoro spaurarensnoro ABH)KCHHH. 

e.,lVm 3ToT BII,[( peJIaKCaUHOHHbIX nponeccos 1f3BCCTCH KaK c-pe­
Tb OT­ JIaKCaUHH. 

JIHllIb "lJaCTOTHblc 3aBHCHMOCTO MHHMOH qaCTO AH3JIeKTPH~e­

CKOH npoHUUaeMoCTO H.CCJIcAYeMoro nOJIUMepa npn ljlHK­

JlH­ cHpoBaHHbIX TCMnepaT)'pax npencraanena ua pHC. 4, 113 

, r./le xoroporo BII,[(HO, 'ITO npa YBeJI~eHHH TeMllCp aryp bl na­
lIKOB. KH. 3aBHCHMOCTeH £:/1(f ) CABHraKITCH B CTOpOHY 66JIbllIHX 

'faCTOT. DpH BbiCOKUX TeMllep aT)'pax 3aBHCHMOCTb £:/1(f), 
ro	 n OCTp o eHHaH B norapadncrsecsnx KOOpAHHaTax, CTaHO­

BHTCH JIUHeHHOH nCJIeACTBHe YBeJIH~eHHH npOBOAHMOCTU 

nOJIUMepa. 

KOMllOHeHTbl AH3JICKTP~eCKOH npOHHuaeMOCTH KaK 

ljlYHKI..{HH 'rexmeparypsr H ~aCTOTbi MOryT nars HHljlopMa­

UHIO 0 npapone peJIaKCaTOpOB, UX spesreaax peJIaKCaUHH H 

3HeprHHX aKTUBaUHH. 

06pa6OTKa H30TepMH'feCKUX peJIaKCaUHOHHbIX cneKTPOB, 

npeACTaBJIeHHbIX na pHC. 4, BbmOJIHHJIaCb B COOTBeTCTBHH C 

ljlOpMaJIH3MOM faBpHJIHKa-Herava (I'H) 

me e, H £:u - peJIaKCHpOBaHHoe (w ----. 0) H. nepenax­
CH.pOBaHHOe (w ----. 00) 3Ha~eHHH AH.3JIeKTP~eCKOH npOHH.­

uaeMOCTO AJIH Ka)KAOrO TUna peJIaKCaTOpoB, w = 2Jrf ­
xpyrosas 'faCTOTa, f - 'faCTOTa, THN - BpeMH penax­
cauaa I'H MH Ka)KAOrO npouecca, a H. b - napaaerpsr 
yurnpeaaa H cnnara cnexrpa COOTBeTCTBeHHO [6]. BpeMH 

peJIaKCaUHH Tmax., COOTBeTCTBYIOlI..{ee MaKcH~tyMy rmxa pe­

JIaKCaUHOHHoro npouecca, MO)KHO onpenemrrs H.CXOAH H.3 

. (nab ) ) I/aSill T+2b 
(3) Tmax. = THN . (nab )( 

Sill 2+2b 

,!:VIH nepexpu s aioutaxoa peJIaKCaUHOHHbIX nepeXOAOB 3aBH­

CH.MOCTH. £:/1(f) , npnseneaaae na pH.C. 4, 6b1JIH. npencran­

neasr B nane C)'MMbI nayx ljlYHKUHH I'H, a AJIH ysera 
BKJIaAa npOBOAHMOCTU npH HH3KHX qaCTOTaX 6bIJI BBeAeH 

3Kcn OHeHUHaJIbHblH TepM kco -I, me k - nOCTOHHHaH. 

,!:VIH /3-peJIaKCaUHOHHbIX nponeccon Tmax. onHCblBaKITCH 

ypaBHcHHeMAppeHHYca 

Tmax. (T ) = TOCXp (:~ ) , (4) 

rne Ea - snepraa aKTH.Bal..{HH npouecca, R - yaasep­
CaJIbHaH ra30BaR nOCTOHHHaH, a TO - npeA3KCnOHeHl..{H.aJIb­

HbIH ljlaKTop . 3KcnepHMeHT3JIbHble 3aBHcHMoCTO, nocrpo­
ennue B KOOpAH.HaTax IgTmax. -1/T ( p HC. 5), n03BOJIKJIlf 

OnpeAeJIHTb napaverpsr ypaBHeHHH (4) AJIH /3-npouec­

ca (Ea = 31 kJ/mol, TO = 2.7 . 10-15 s) H /32-npouecca 

(Ea = 43kJ/mol, TO = 2.6 · 10-15 s). MO)KHO npeanono­
)KHTb, 'ITO /31- H /32-npoueccbl H.MeKIT o6l1..{Y1O npapoay, TaK 

KaK B appeHHYCOBCKHX xoopnanarax OHH HMeKIT 06l1..{HH 
nOJIIOC ( TO) . 

,!:VIH mrrepnperauna nonyseaaax pe3YJIbTaTOB H OT­

HeceHHH HH3KOTeMnepaT)'pHbIX peJIaKCaTOpOB K onpene­
JIeHHblM BH./laM MOJIeKyJIHpHOrO ABH)KeHHH 06paTHMCH K 

JIHTepaT)'pHblM AaHHblM, nO~eHHbIM, B TOM ~HCJIe, C 

H.CnOJIb30BaHHeM MeTOAa TepMOCTHMYJIHpOBaHHbIX pa3PM­

HbIX TOKOB (TCPT) [7,8]. HH3KHe xapasrepacraseciore sa­
.CTOTbi TCPT (nopanxa 5· 10-3 Hz) n03BOJIHKIT Pa3AeJIHTb 

npoueccx, nepeapsreaionnreca npa HCn0JIb30BaHHH npyrnx 
MeTOAOB (B 'faCTHOCTO, ./lH3JIeKTP~ecKoA CneKTPOCKonuH). 

B cnexrpax TCPT AJIH )l(KEQ 6b1JI8 06Hap~eHbI /31­

H /3z-peJIaKCaTOpbl npa TeMllepaT)'pax -100 H -140°C 
COOTBeTCTBeHHO [7]. 
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PMC. 5. fpa4JU'leCKOe npeneraaneaae penexcanaomesx nepexonoa 
B appeHHYCOBCKlIX KOOpAHHaTllX. 
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PMC. 6. rpa!\>H'leCKOe npeUCTllBJIeHHe c -pcnaxcanaa B xoopnaaa­
TaX t1><I>T. 

,I:VIH nOJUiMCpHbIX CHCTCM {3-pemlKcaumo 06bl'lHo CBH3b1­

BalOT C epantarensxsnra IUIH KOJIc6aTeJIbHblMH JlBmKCHIDIMH 

B 60KOBbIX rpynnax [7 - 101. TaK, B pafiore [91 B JlH3JICK­

TpH'ICCKHX cnexrpax )J(KEQ 6b1JIH BhlHBJICHhl H npanacaasr 
K spamarensasn« JlBH)KCHHHM KHHe11NCCKHX CJlHHHU B 

60KOBbIX rpynnax naa THna peJIaKCaTOpoB: {31 H {32. Ofinapy­
)KcHO, 'ITO HX aaeprna aKTHBaUHH H3MCHHIOTCH B npenenax 
43-59 H 24-40kJ/mol COOTBCTCTBCHHO B 3aBHCHMOCTH 

OT XHMH'ICCKOrO CTpOCHHH )J(KEQ [9] . B appeaaycoacxax 
xoopmmarax OHH HMCIOT 06JUHit nOJIIOC TO. 31'0 n03BOJIlUlO 

OTHCCTH HX COOTBCTCTBCHHO K pOTaUHOHHblM H TOpCHOH­

HbiM KOJIc6aHHHM KHHCTH'ICCKHX CAHHHU B 60KOBblX rpyn­
nax. EHMOAaJIbHblit xapaxrcp {3-peJIaKCaUHH TaK)f{C nOATBCp­

)f{AaCTCH MCTOAOM AHHaMH'ICCKoro MOACJIHpOBaHHH [I I]. 
a -peJI8KCaUHoHHbIH npouecc HC MO)KCT 6blTb onacan 

ypaanenaeu Appeaayca , nOCKOJIbKy B appcHHYcoBCKHX 

xoopnan arax ( p HC. 5 ) OH HCJIHHCCH. ,I:VIH aero CnpaBCAJIHBO 

ypasaeane <l>oreJIH -<l>yJI'ICpa- TaMMaHa (<l><l>T) 

Tmax (T ) =	 (5) A exp (_B_) ,
T - To 

me To - ,,HllCaJIbHaH" TCMncparypa CTCKJIOBaHHH IUIII 

TCMncp aryp a <l>orCJIH, A - npCUCJIbHOC BbICOKOTCMTICpa­

Typ HOC npcMH pCJIaKCaUHH, B - 3H CprCTH'lCcKHit napa­

MCTp. 

B KOOpAHllaTaX <l><l>T (p HC. 6) npouecc a -pCJIaKCaUHH JIH­

neapnsyerca, 'ITO n03BOJIHCT OUCHHTb napasterpsr ypasae­
HIIH ( 5) : A = 1.8 .10- 11 s, B = 1I50K, To = 256K. nOJIy­

'ICIIHbIC 3Ha'lCHHH THn H'IHbl AJIH )J(KEQ [8]. a-pCJIaKCaUHIO 

0 6mCnpHHHTO CBH3bIBaTb C KpynHoMacUITa6HbIM xoonepa­
THBHblM UBH)KCHHCM cerMCHTOB OCIIOBHOH uenn MaKpOMD­

JICKyJIbl [7-9 ] . 

4. 3aKJ1IO"leHMe 

MCTOJJ.oM JlH3JICKTpWlCCKOH c n CKTPQ CKOnHH HCCnenOBaH 

nOJlHa30 MCTHH C 6 0 KOBblM aJIKIUI3aMCmCHHbIM <!>p an.leHTOM 

B umpoxnx naanasonax 'rexmepa-ryp ( OT - 100 no 170°C) 
II 'IaCTOT (OT 1 H z AO 1MHz). PC3YJIbTaTbl nccnenoaaaaa 
Bbl HBlillH ABa p CJIaKCaUHOHHblX npouecca B 06naCTII HH3K1IX 

rexmeparyp (f31 H {32) , COOTBCTCTBYIOJUHC pO TaUHOHHblM II 

TOp CHOHHbIM KOJIc6aHHHM KHHeTH'ICCKHX CJlHH HU B 60KOBbIX 

rpynnax nOJIHMCpa, H p CJIaKCaWIOHHblH o-nponecc B 06na­
CTH BbiCOKIlX 'rexrnepa ryp, 06yCJIOBnCHHblll KOOn Cp aTllBHblM 

KpynHoMacUITa6HbiM ABH)KCHHCM CCrMCHTOB B oCHOBHoll 

ucna nOJIHMcpa. nCpBbIC ABa npouecca ormcaau y paBHe­

HHCM Appeanyca, a nOCJICJlHHH - ypaBHCHHCM <l><l>T. 
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