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CBOMCTBA Jib,IJ:A IIPII BbICOKOM KOHll,EHTPAll,IIII 
CTPYKTYPHbIX ,IJ:E<I>EKTOB 

A. B. lllaBJIOB 

Ifocmumym KpuocrjJepbl 3eMllU co PAH, 625000, TIOMellb, a!R 1230, POCCUJ! 

IloJiyqeHhl 3KCrrep11MeHTaJibHhie TeMrrepaTypHbie 3aBl1Cl1MOCTl1 CKOpOCTl1 11ecfiopMal.\1111, 3JieKTporrpOBOA­
HOCTl1, OITT11qeCKOH ITJIOTHOCTl1 11 11MITYJibCHOI'O pa11110JI113a Jlbl\a rrp11 BbICOKOH KOHl.\eHTpal.\1111 CTPYKTYPHhIX 
11ecpeKTOB (aMopcpHoro Jihl\a, CTeKJiorro1106Horo, rroJI11KpHCTaJIJI11qecKoro). YcrnHOBJieHO, qTo cKopocTh 11ecfiop­
MaL11111 o6pa31.\0B npOXOl\11T qepe3 MHOroqHcJieHHbie MaKCHMYMbl np11 narpeBaHHl1. MaKC11MYMbl Ha6mo11a10TCll 
rrp11 01\H11X 11 Tex )Ke TeMneparypax l\Jlll o6pa31.\0B pa3JIHqHOI'O T11na. AMITJil1TYAa MaKC11MYMOB yMeHhwaeTCll B 
Plll\Y aMopcpHbIH JieA - CTeKJiono1106HbIH - ITOJI11KpHCTaJIJil1qecKHH. MaKC11MYMbl - CKOpOCTl1 11ecpopMal.\1111 
o6'hllCHeHhl TepMOaKTl1B11pOBaHHblM OCB060)Kl\eH11eM 11 ITOCJieAy101I..1ei1 peJiaKCaL111el1 HepaBHOBeCHbIX op11eH­
Tal.\l10HHblX 11ecfieKTOB, co11ep)Kall.ll1XCl! B CBe)Kenp11roTOBJieHHOM Jlbl\Y B CBll3aHHOM Bl11\e. IloKa3aHO, qTO 0T)Kl1f 
o6pa31.\0B np11BOl\l1T K yMeHhWeHmO KOHl.\eHTpal.\Hl1 HepaBHOBeCHb!X 11ecpeKTOB 11 pe3KOMY CHl1)KeHl1!0 CKOpOCTl1 
11ecpopMaL11111 rrp11 TeMnepaTypax HH)Ke TeMnepaTyphI OT)l(Hra. 

B MOMeHThI ocoo6o)K11eH11l! H penaKCal.\Hl1 CTpyxTypHhIX 11ecpeKTOB Ha6JIIOAaeTCll B03paCTaHHe 3JieKTporrpOBOA­
HOCT11. 3TO ITOl\TBep)K11aeT r11n0Te3y 0 TOM, qTO OCB060)Kl\al01I..1l1Ml1Cll l\ecfieKTaMl1 llBJllllOTCll OpHeHTal.\HOHHbie . TaK)Ke 
o6Hapy)KeHO yBeJI11qeH11e OTHOCHTeJibHOI'O 113MeHeHHll K03cpcp111.\11elna OnT11qecKoro nporrycKaHl1ll np11 11MrryJibCHOM 
pa11110JI113e, HHTeprrpeT11poBaHHOe KaK yBeJI11qeHHe BblXOl\a COJibBaTl1poBaHHb!X 3JieKTpOHOB. 3TH 11aHHhle Ba)l(Hbl l\Jlll 
ITOHl1MaHl1ll MexaHl13MOB ycKopeHl1ll Xl1M11qecKl1X peaKl.\11H B 3aM0po)KeHHb!X BOl\Hb!X pacrnopax. 

JleiJ, cmpyKmypa, iJerjJe1Cmbt, iJerjJopMau,uR, Jlle1Cmponpo13oiJHocmb, xuMu'lec1Cue pea1cu,uu, uMnyllbCllblU 
paiJUOJlU3 

... 
ICE PROPERTY AT HIGH CONCENTRATION OF STRUCTURE DEFECTS 

A. V. Shavlov 

Institute of Earch's Cryosphere, 625000, Tyumen, P .o. 1230, Russia 

I got experiment temperature dependence of deformation velocity, electroconduction, optical density and pulse 
radiolysis of ice by high concentration of structure defect. 

I established, that the ice deformation velocity go through numerous maximums by heating. The maximums 
observe by the same temperatures for different type of ice. Amplitude of maximums decrease in series - amorphous 
ice-glassy state-polycrystalline . The maximums of deformation velocity explain by termoactivation release and 
following relaxation of nonequilibrium Bjerrum defect, which containing in the fresh-prepared ice in connected 
condition in the large quantity. I showed, that the preliminary stress relieving of samples lead to decrease 
concentration defect and lowering deformation velocity by temperature below stress relieving temperature. 

I observe growth of elecroconduction in the moment of release and relaxation of structure defect. It confirm 
the hypothesis about that release defect is Bjerrum. I observe also increasing of optical density by pulse radiolysis . 
I interpret it as increasing of trapped electron yielding. It facts is important for understanding of acceleration 
mechanism of chemical reaction in frozen water solutions. 

Ice, structure, defects, deformation, conduction, chemical reactions, pulse radiolysis 

B II3BecTHhlX pa60Tax no qm3IIKe Jihp;a [Hobbs, 
1974; EowpoBcKuii u Bp., 1980; Ma:mo, 1988 ], 
MaJIO BHHM3Hli51 yp;eJI51JIOCb JihAY' xapaKTepII3yIO­

m;eMyC51 BhICOKoif KOHu;eHTpau;IIeif CTPYKTYPHhIX JJ.e­

¢eKTOB. TaKoif JieJJ., KaK , srrpo11eM, II ero rrpoTIIBO­

rroJIO:>KHOCTh - cosepmeHHbIH MOHOKpl1CT3JIJIII1IeC­

KIIH Jiep;, pep;Ko scTpe11aeTC5I B ecTecTBeHHhlX rrpn­

POJJ.HhIX ycJIOBII51X, HO rrepcrreKTIIBeH AJI51 Hay11HhIX 

HCCJie)J.OB3HHH, B 1!3CTHOCTH, )J.JI51 H3yIIeHII51 JJ.e¢eK­

TOB, BJIII5IIOIIl;HX Ha p;e¢opMaIJ;HIO IIJIII, HarrpIIMep, 

)J.JI51 Bhl5ICHeHH51 MeXaHII3MOB ycKopeHH51 peaKIJ;IIH 

rrpII 33MOpa:>KIIB3Hlili BO)J.HhIX pacTBopoB. 0)].HOH H3 

pa6oT, s KOTOphIX CTPYKTYPHO HecosepmeHHOMY 

~ A.B.IllaBJIOB, 1997 

78 

JihJJ.Y yp;eJI51JIOCb 6oJihillOe BHHM3HIIe, 51BJI51eTC51 pa -

60Ta IIIasJiosa [IllaBJZOB, 1996 ]. 
B HacT051Jneif cTaThe rrpIIsep;eHhI pe3yJihTaThI 

IICCJie)J.OBaHHH CKOpOCTH JJ.e¢opM3U:HH, ::weKTponpo­

BOAHOCTH, OIITIIIIeCKHX CBOHCTB Ii crreKTpOB IIM­

IIYJihCHOro pap;IIOJIII3a Jlhp;a c BhICOKOH KOHIJ;eHT­

pau;IIeH JJ.e¢eKTOB. B Ka11ecTBe o6pa3u;os IICIIOJih3o­

saJirn aMop¢HblH Jiep;, IIOJIYII3IOIIl;IIHC51 IIPH KOH)J.eH­

cau;IIII Ii 33Mep33Hlili BO)J.51HhlX rrapoB IIPH Hli3KOH 

TeMrrepaType (HII:>Ke -130 °C), Jiep; co CTPYKTypoif 

CTeKJia, o6pa3yIOIIl;HHC51 rrpII 6hICTpOM 33MOpa:>KII­

B3Hlili KOHIJ;eHTpiipOBaHHhIX BO)J.HhIX paCTBOpOB' Ii 

IIOJIIIKpIICT3JIJIII1IeCKHH Jie)J., IIOJiy11aeMhlH rrpII 6hIC-



CBOHCTBA Jlhf{A BhlCOKOH KOHL(EHTP~HH 

TPOM OXJia:>KgeHHH qJICTOH BOgbI go HH3KHX TeMrre­
paTyp. B HHX rrJIOTHOCTh Ae<PeKTOB HaMHoro Bhime 
TepMognHaMnqecKn paBHoBecHoli rrJIOTHOCTH. Oco-
6oe BHHMaHHe ygeJieHO u3yqeHHIO TeMrrepaTypHbIX 
3aBHCHMOCTeH rrepeqncJieHHbIX xapaKTepHCTHK 
Jlhga, IIOCKOJlbKY rrpH HarpeBaHHH pa3JIHLJ:Hbie rpyrr­
Ilbl HepaBHOBeCHhIX no KOHU.eHTpau.nn CTPYKTyp­
HhIX ge<tJeKTOB MOryT aKTHBHpOBaTbC51 B IIO)l.BH:>KHOe 
COCT05IHHe H peJiaKCHPOBaTh, HHbIMH CJIOBaMH, Jie)l. 
Mo:>KeT npeTepneBaTh CTPYKTYPHhre H3MeHeHH5I, 
corrpoBO:>KgaIOm;HeC5I 3aMeTHbIMH aHOMaJIH5IMH QJH-
3HqecKMX CBOHCTB. IfayqeHue aHoManuli rro3BOJIMT 

rronyquTb MHQJOpMau;nIO o CTPYKTYPHhrx ge<tJeKTax. 

CKOPOCTh ,U:E<DOPMAIJ,1111 
CTPYKTYPHO HECOBEPIIIEHHOro Jlh,U:A 

AMopQJHhrli neg 5IBJI5IeTrn 51pKMM npegcTaBHTe­
JieM CTPYKTypHo HecoBepmeHHoro Jih)l.a. Oco6eH­
HOCTM QJM3HqeCKHX CBOHCTB B HeM xopomo 3aMeTHbI 
n YA06HhI gJI5I 3KcnepnMeHTaJihHoro nccnegoBaHH51. 

llpn MCCJiegoBaHHH Ae<tJopMaU.HH aMOPQJHOro 
Jlbga HaMM HCTIOJlb30BaJIHCb o6pa3U.bI B BHge TIJieHOK 
TOJIID;HHOH OKOJIO 100 MKM, IIOJiyqeHHbie oca:>K­
geHMeM rrapoB BOgbI Ha MeTaJIJIHqecKyIO rrogJIO:>KKY' 
OXJia:>KgeHHYIO go TeMrrepaTypbI :>KMgKOro a30Ta, 
T = SOK. CKopocTb poem rrneHOK cocTaBJI5IJia oKo­

Jio 2 MKM/MHH. 

I13Mepemrn rrpoBogHJIHCh cpa3y noCJie nony­
qeHH5I o6pa3U.OB. BeJinqnHa ge<tJopMaU.HM rrog 
geliCTBHeM C:>KHMaIOm;eli Harpy3KH, npHJiaraeMOH 
rreprreHgHKYJI5IpHO K TIOBepxHOCTH 06pa3u_a, perHCT­
pMpOBaJiaCh MMKpOMeTpOM c u.eHOH geJieHM5I 1 MKM, 
a TaK:>Ke 3JieKTpOeMKOCTHbIM gaTqHKOM, Il03BOJI5I­
IOID;HM BbIBOgHTb HHQJOpMaU.HIO Ha guarpaMMHYIO 
JieHTY caMOIIMCU.a. c TIOMOlll.bIO 3JieKTpOeMKOCTHOro 
)l.aTLJ:MKa MO:>KHO 6bIJIO TaK:>Ke perHCTpttpOBaTb CKO­

pOCTb H3MeHeHH5I ge<tJopMaU.HH c TeqeHMeM Bpe­
MeHH. Ll,JI5I 3TOro 3JieKTpnqecKHH CHrHaJI gaTqHKa 
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P11c. l. TeMrrepaTypHhie 3aBHCMMOCTH Ae<tJopMau,uu 
£ Jlb,[J,3 rrpM 0,[J,HOOCHOM C:lK3THH H HarpeBaHHH co 

CKOPOCTblO O, l rpa,n,/ c. 

1 aMopcjJHb1t'1 ne1-1, o = 0, 16 MI1a, M-6 1: 1; 2 -
no1111KpHCTaJ1n114eCKHti ne1-1, o = 2, 1 MI1a, M-6 10: 1; 3 - aMop­
cjJHhiti ne1-1 nocne onK11ra np11 T = 265 K, o = 0, 16 MI1a, M-6 1: I; 
4 - non11Kp11crn1in114ecK11ti ,/lel-1 nocne onrrnra np11 T = 265 K, 
o= 2,1 MI1a, M-6 10:1. 
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P11c. 2. TeMrrepaTypttbre 3aBHCHMOCTH CKopocTH 
,n,e¢opMaU,MH t Jlh,D,a npH O,[J,HOOCHOM C)l{3THH 11 
ttarpesaHHH co CKOpOCTblO O, l rpa,n,/ c. 

I - aMopcjJHbiti 11e1-1, o = 0, 16 MITa, M-6 1: I; 2 - nonH­
Kp11crnnn114ecK11ti ne1-1, o = 2, 1 MI1a, M-6 10: I. 

g11cpcpepeHu.11poBaJic5I RC- u.enoqKoli c nocT05IHHOH 
BpeMem1 r = 20 c. 

Ha puc. l (KpHBa5I 1) npnBe)l.eHa THffHqHa5I gJI5I 

o6pa3U.OB aMOPQJHOro Jlhga 33BHCHMOCTb BeJIMqHHbI 

ge<tJopMaU.HH OT TeMnepaTypbI rrpH Hanp5I:>KeHHH 
C:>KaTH51 0, 16 Mlla n CKopocTH HarpeBaHH5I nog­

JIO:>KKH c o6pa3U.OM 0, 1 rpag/ c. Ll,e<tJopMartH5I npo­
xognT qepe3 HecKOJihKO ToqeK nepern6a: 3aMeTHO 

ycKopeHne n noCJiegyIOm;ee 3aMegJiett11e ge<tJop­

Mau.nn B OKpeCTHOCTH TeMnepaTyp 140K, 220K, 
B6JIH3H TeMnepaTypbI IIJiaBJiemrn Jibga 273 K. 

OnhrT noKa3hrnaeT, qTo ecJIH B npou.ecce 3KC­
nepnMeHTa npepBaTb MOHOTOHHOe HarpeBaHHe, a 
3aTeM OXJiagHTb o6pa3eu. go HCXOgHOH TeMnepaTy­

pbI, TO ge<tJopMaU.M5I He B03BpamaeTC51 B HCXOgHyIO 
TOqKy, a ocTaeTC5I Ha gocTHrHyToM ypoBHe. KpoMe 
Toro, ge<tJopMaU.H5I He B03Bpam;aeTc5I K HYJIIO np1:1 
CH5ITHH Harpy3KH B npou.ecce MOHOTOHHOrO Harpe­

BaHH5I. llpH TIOCJiegyIOmeM npHJIO:>KeHHH Harpy3KH 
ge<tJopM3Il.H5I yBeJ11:1qnBaeTC5I OT pattee gOCTHrnyTO­

ro 3HaqeHH51. TaKHM o6pa3oM, Mbr nMeeM geJio c 

OCTaTOqHOH ge<tJopMau.1:1eli. 

Ha pnc.2 (]) npegcTaBJieHa 3KcnepHMeHTaJih­
Ha51 3aBHCHMOCTb CKOpOCTH ge<tJopMaU.HH aMopqmo­
ro Jihga OT TeMnepaTyphr. B1:1gHo, qTo cKopoCTh 

Ae<PopMau.n1:1 HMeeT -1!!aKCHMYMhI B6JIH3H 140 K, 
220 K H 260 K, npnqeM MaKCHMYMhI o6Hapy:>KttBa­

IOT CJIO:>KHYIO CTPYKTYPY. KpoMe Toro, 3aMeTHhI 
OTHOCHTeJihHbie MaKCHMYMbI B6JIH3H TeMnepaTyp 
110 K 1:1 170 K. 3Kcnep1:1MeHTaJihHbre KpHBbre pa3-

Hhrx o6pa3U.OB aMOPQJHOrO Jlb,[J,a MoryT OTJIHqaTbC5I 
OgHa OT gpyroli aMTIJIHTygoli MaKCHMYMOB (go 

30 % ) ' HO xapaKTepH3YIOTC5I OgHHaKOBbIM HX IIOJIO­
:>KeHHeM Ha TeMrrepaTypHOH IIIKaJie (cJiyqaHHbIM 
cgB1:1r He 6onee 2-3 rpagycoB). 

CKopocTh ge<tJopMa!IHH aMopQJHoro Jibga MO:>K­

Ho cym;eCTBeHHO CHH3HTb, eCJIH rrepeg H3MepeHHeM 
o6pa3e!I OT:>Keqb, T.e. HarpeTb go BbICOKOM TeMrre­
paTypbI (He rrpeBhIIIIaIOmeii: TeMnepaTypbI IIJiaB­
JieHH5I) ' a 3aTeM BHOBb OXJiagHTb. 0T:>KHr 6oJiee 
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A. B. llIABJIOB 

3cpcpeKTHBeH, ec;m npoBOJ.(HTC51 B npHCYTCTBMH Ha­

rpy3KM. PncyHOK 1 (3) J.(eMOHCTpnpyeT CHM:>I<eHne 

CKOpOCTM J.(ecpopMaIJ;MM nocJie OT:>I<Hra npH T = 
= 265 KB npncyTCTBMM Harpy3KH. Ilpn TeMnepaTy­

pe, MeHhIIIeH TeMnepaTyphI OT:>I<Hra, J.(ecpopMaIJ;M51 

ncqe3aroru;e MaJia. II pn HarpeBaHMM o6pa3u;a Bhlrne 

TeMnepaTypbI OT:>I<Mra JieJ.( BHOBb np05!BJI51eT BhlCO­

KYIO J.(ecpopMnpyeMOCTh. 

,UJI51 cpaBHeHH51 c aMopcpHbIM JlbJ.(OM Ha pnc.1 

M 2 npMBeJ.(eHbI TeMnepaTypHbie 3aBHCHMOCTH J.(e­

cpopMaIJ;MM H CKOpOCTM J.(ecpopMaIJ;MM CBe:>I<enpnro­

TOBJieHHOro noJIHKpncTaJIJIHtieCKoro JihJ.(a. KpMBhre 

noJiyL£eHhI npn c:>I<nMaIOru;eM HanpSI:>I<eHMM 2, 1 MIIa. 

06pa3IJ,bl nOJIMKpHCTaJIJIH'IeCKOro JlhJ.(a H3roTaBJIH­

BaJIHCb nyTeM 6hICTporo 3aMopa:>I<HBaHH51 KaneJih 

6HJ.(HCTHJIJIMpOBaHHOH BOJ.(hI, o6'heMOM OKOJIO 

10 MM3' Ha MeTaJIJIM'IeCKOH nOJ.(JIO:>I<Ke npn ee OX -

Jia:>I<J.(eHMM OT KOMHaTHOH TeMnepaTypbI J.(O TeMne­

paTypbI 80 K co cKopoCThIO 0,3 rpaJ.(/ c. 3aMopo:>I<eH­

Hhre KanJIM 6bIJIM MYTHbIMM Ha BMJ.( H COJ.(ep:>I<aJIM 

MeJIKMe Tperu;MHbI. lfa pncyHKOB BMJ.(HO, 'ITO B no­

JIMKpMCTaJIJIH'IeCKOM JlbJ.IY BeJIMlIMHa J.(ecpopMaIJ;MM 

H ee CKOpOCTh, no MeHhIIIeH Mepe, Ha nop51J.(OK 

HM:>I<e, tieM B aMopcpHOM, XOT51 Hanp51:>I<eHne C:>I<aTM51 

nOJIMKpMCTaJIJIH'IeCKOro JlhJ.(a 6hIJIO B 13 pa3 BbIIIIe. 

Ha KpnBoli cKopocTn J.(ecpopMau;nn 3aMeTHhr MaK­

CHMYMhI B HHTepBaJie TeMnepaTyp 110-180 K, xa­

paKTepHbre J.(JI51 aMopcpHoro JibJ.(a. TaK:>I<e 3aMeTeH 

nOJ.('heM CKOPOCTH J.(ecpopMaIJ,HH B HHTepBaJie 190-

250 K M 51pKo Bhlpa:>I<eH MaKCHMYM CKopocTH npH 

TeMnepaType OKOJIO 260-265 K. CKopocTh J.(ecpop­

Mau;nn nOJIMKpHCTaJIJIH'IeCKOro JlbJ.(a MO:>I<HO TaK:>I<e 

nOHM3HTb nyTeM OT:>I<Mra, KaK noKa3aHO Ha pnc.1 

( 4). 0T:>I<Mr npoBOJ.(HJIC51 nptt T = 260 K B nptt­

cyTCTBMM Harpy3KM 2, 1 MIIa. 

Mbr CB513hrnaeM MaKCHMYMhI cKopocTn J.(ecpop­

Mau;nn c HaJIHlIHeM B o6pa3u;ax TepMOJ.(MHaMH'IeCKM 

HepaBHOBeCHhrx CTPYKTYPHhrx J.(ecpeKTOB. IloJiara­

eM, 'ITO Ka:>I<J.(OMY MaKCHMYMY Ha TeMnepaTypHOH 

rnKaJie cooTBeTCTByeT cBoli THn J.(ecpeKTOB. CtittTa­

eM, 'ITO npn yBeJIH'IeHHH TeMnepaTyphl 3TM J.(ecpeK­

TbI aKTHBHPYIOTC51 B nOJ.(BM:>I<HOe COCT051HHe, YCKO­

p51IOT J.(ecpopMaIJ,HIO JlhJ.(a, a 3aTeM peJiaKCHPYIOT K 

TepMOJ.(HHaMM'IeCKM paBHOBeCHOMY 3HatieHHIO KOH­

IJ,eHTpaIJ,HH. MexaHM3M ycKopeHM51 J.(ecpopMaIJ,HH npH 

OCB06o)K)l,eHHH J.(ecpeKTOB 6yJ.(eT o6cy)K)l,aTbC51 HH:>I<e. 

0L£eBMJ.(HO, 'ITO 3cpcpeKT OT:>I<Hra o6pa3IJ,OB coc­

TOHT B CHM:>I<eHHH KOHIJ,eHTpaIJ,MH J.(ecpeKTOB. BJiaro­

J.(ap51 3TOMy, CKOpOCTb J.(ecpopMaIJ;HH yMeHhrnaeTC51. 

0T:>I<Mr B npncyTCTBMM Harpy3KM OKa3hIBaeTC51 60-

Jiee 3cpcpeKTHBHbIM, Bep051THO, noToMy' 'ITO npn 

3TOM 6hICTpee npoTeKaeT peJiaKCaIJ,H51 J.(ecpeKTOB K 

paBHOBecnro. CTpyKTypa J.(ecpeKTOB MO:>I<eT 6hrTh B 

3HalIHTeJihHOH CTeneHM CB513aHa c BaKaHCH51MM M 

nyCTOTaMM, KOHIJ,eHTpaIJ,H51 KOTOphlX oco6eHHO Be­

JIMKa B aMopcpHOM JlbJ.IY. 0 BbICOKOH KOHIJ,eHTpaIJ,Mll 

BaKaHCMH M nyCTOT CBHJ.(eTeJibCTByeT, B liaCTHOCTH, 

npHMepHO BJ.(BOe-BTpoe MeHbIIIa51 ITJIOTHOCTb aMopcp­

HOro JlhJ.(a no cpaBHeHMIO c MOHOKpllCTaJIJIM'IeCKHM. 
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Pwc. 3. TeMnepaTypHa51 3aBHCHMOCTh )J,ecpopMau;1111 

t: Jih)J,a nptt a= 1,3 MIIa 11 CKOPOCTH narpesatt11.s1 

0,1 rpa)J,/c. 

Komi:empa1vrn NaCl: 1 - 3M, 2 - 0,4 M. 

Xoporna51 KoppeJI.s1u;m1 MaKCHMYMOB cKopoCTM 

J.(ecpopMaIJ,HM Me:>I<J.IY o6pa3IJ,aMn aMopcpttoro H no­

JIMKpncTaJIJIHtiecKoro JihJ.(a Ha TeMnepaTypHoli rnKa­

Jie n03BOJI51eT 3aKJIIOlIHTb, 'ITO B o6onx THnax JlbJ.(a 

K J.(ecpopMaIJ,HH npHBOJ.(51T OJ.(HHaKOBhle BllJ.(bI J.(ecpeK­

TOB. Pa3JintiaIOTC51 JIHIIIh KOHIJ,eHTpau;nn 3THX J.(e­

cpeKTOB: B aMopcpHOM JlbJ.IY HX nJIOTHOCTb BbIIIIe. 

Mhl paccMoTpeJin TeMnepaTyptthre 3aBHCH­

MOCTH J.(ecpopMaIJ,HH aMopcpHOro ll nOJIHKpHCTaJI­

JIH'IeCKOro JlbJ.(OB' npnrOTOBJieHHbIX H3 lIHCTOH BOJ.(bl 

H COJ.(ep:>I<aIIJ;HX CTpyKTYPHhie J.(ecpeKTbI co6cTBeHHO­

ro THna. IlpeJ.(CTaBJI51IOT HHTepec aHaJIOrHlIHhie llC­

CJieJ.(OBaHH51 JihJ.(a co CTPYKTypoli cTeKJia, B KOTopoM 

KpoMe co6cTBeHHhIX J.(ecpeKTOB COJ.(ep:>I<aTrn HHopo):(­

Hhle npnMecn. KaKoBa pOJih XHMHL£ecKnx npnMeceli 

B npou;eccax ):(ecpopMaIJ,nH? 

,D,JI5I npnrOTOBJieHH51 o6pa3IJ,OB JlhJ.(a co CTeKJIO­

IlOJ.(06HOH CTPYKTy poli HCTIOJih30BaJIHCh pacTBophI 

coJIH NaCl c KOHIJ,eHTpau;neli: 3M n 0,4 M . TexHo­

JIOrH51 HX Bbiparu;HBaHH51 OTJIH'IaJiaCh OT TaKOBOH 

nOJIHKpHCTaJIJIH'IeCKOro Jlh):(a TOJibKO CKOpOCTbIO ox­

Jia:>I<):(eHH51 no):(JIO:>I<Kll, KOTOpa.s1 B ):(aHHOM CJiy qae 

COCTaBJISIJia 10...;.. 15 rpa):(/ c. IloJiyL£aJIHCh o6pa3IJ,hI 

MOJIOlIHOro 11,BeTa c 6oJihIIIHM KOJIH'IeCTBOM MHKpO­

Tperu;HH. 

Ha pHc. 3 npe):(CTaBJieHhI TeMnepaTypHhre 3a­

BHCHMOCTH ):(ecpopMaIJ,HH o6pa3IJ,OB ITO):( ):(eHCTBHeM 

Hanp.s1:>I<eHH5I c:>I<aTmr 1,3 MIIa nptt CKopocTn Harpe­

BaHH51 0, 1 rpa):(/ c. KpnBa5I ):(ecpopMaIJ,HH 3M-o6pa3-

u;a HMeeT npoBaJI B6Jitt3H TeMnepaTyphr 220 K. OH 

CB513aH c o6'beMHhIM pacrnnpeHneM o6pa3IJ,a npn 

KpHCTaJIJIH3aIJ,HH CTeKJia . IlpoTeKaHHe cpa30BOro 

nepexoJ.(a CTeKJIO - KpHCTaJIJI IlOJ.(TBep:>I<):(aeTC5I 3K-

30TepMH'IeCKHM nnKoM Ha KpnBoli ):(ncpcpepeH­

IJ,HaJihHoro TepMHL£ecKoro aHaJin3a o6pa3IJ,a. B 
0,4M-06pa3u;e ):(ecpopMaIJ,H5I nptt 220 K nMe eT ne­

pern6, a 3K30TepMH'IeCKHH IlHK Ha KpHBOH TepMO­

aHaJIH3a CJia6o Bhrpa:>I<eH. CJie):(oBaTeJihHO , B oT­

JIHlIHH OT 3M-Jib):(a, HMeIOru;ero B OCHOBHOM CTeKJIO­

n0):(06HyIO CTPYKTYPY, 0, 4 M - Jie):( npe):(CTaBJI51eT co-



CBOHCTBA Jlb/l,A BbICOKOH KOHI.(EHTPAI.(JJJJ 

108 158 208 T, K 

P11c. 4. TeMnepaTypttaR 3aBHCHMOCTb cKopocTH 
,11;ecpopMa~1111 E: Jib.D;a c np11MeCRMH np11 a= 1,3 Mila 
H CKOpOCTH ttarpeBaHH51 0, 1 rpa,11;/ c. 

KOJUWHTpal\115! NaCl: 1 - 3 M, 2 - 0,4 M. 

6oli II01IHKpHCTa1111 c He6011billHMH BKparmeHH51MH 

CTeK110IIO}J.06HOH cpa3bl. 

Ha pHc. 4 H3o6pa:>KeHbI TeMrrepaTypHbie 3a­

BHCHMOCTH CKOpOCTH JJ.e¢opMaU:HH 3M- H 0,4M­

o6pa3U:OB. CpaBHHBa51 Hx c KpHBbIMH, rrpeJJ.CTaB11eH­

HbIMH Ha pHC. 2, MO:>KHO BHJ].eTb, l.!TO no rr11ac­

TlllleCKHM CBOHCTBaM 11e}J. c rrpnMeC51MH COJIH 3a­

HI1.MaeT rrpoMe:>KyTOl.!HOe MeCTO Me:>KJJ.Y l.!HCTbJM rro­
JIHKpHCTaJIJilllleCKHM n aMop¢ttbIM. YseJinl.!ettne KOH­

u;eHTpau:nn co11n J].eJiaeT 11e}J. 6011ee IIJiaCTlll.!HbIM. 

Tipn TeMrrepaTypax 0Ko110 135, 150, 170 K 
CKOpOCTb JJ.e¢opMaU:HH 3M- H 0,4M-o6pa3U:OB rrpo­

XO}J.HT 4epe3 MaKCHMYMhr. Ha611roJ].aeTCS1 TaK:>Ke 

IIOJ].beM CKOpOCTH JJ.e¢opMaU:HH rrpH TeMrrepaType 
Bb1me 200 K. 0TMe4eHHhie oco6ettHOCTH HaXOJJ.51TC51 

B YJJ.OB11eTsopHTeJihHOH TeMrrepaTypHoli Koppe1151-

U:Hll c TaKOBbIMH aMop¢Horo ll l.!HCTOro II011HKPHC­

TaJI11lll.!eCKOrO 11hJJ.a. Tio::>TOMY MO:>KHO rro11araTh, l.!TO 

MexaHH3M IIOBbiilleHH51 rr11aCTlll.!HOCTH aMOPcPHOro H 

II01IHKpHCTa1111nlleCKOro 11b}J.a, 06yc11os11eHHblH 

OCB06o:>KJ].em1eM JJ.e¢eKTOB rrpn MHKpOCTPYKTYPHblX 
rrpespaII1eHH5IX pa6oTaeT TaK:>Ke H B co11eHOM 11h}J.y. 

Po11h rrpnMeceli C011ll B OCHOBHOM, IIO-BHJJ.HMOMy, 

CBOJJ.HTC51 K 11cKa:>KeHnro CTPYKTYPhI pemeTK11, 
sc11e}J.CTB11e KOToporo B Heli B rrpou:ecce pocTa 11hJJ.a 

0611erl.!aeTC5I o6pa30BaHne co6CTBeHHbIX JJ.e¢eKTOB. 

I1aJJ.eH11e cKopocTn JJ.e¢opMau;1111 06pa3u;os co-

11ettoro 11hJJ.a JJ.O OTp11u;aTe11hHhIX 3Ha4eHnli s611n3n 

220 K, KaK y:>Ke 6hrno OTMel.!eHo, CB513aHo c o6beM­

HhIM pacmnpettneM rrpn KpncTaJI11113au;nn cTeK110-

IIOJJ.06Holi ¢a3hI. Tip11 TeMrrepaType OK0110 250 K 
3M-11e}J. rr11asnTCS1; 0,4M-JieJJ. npn 250 K ocTaeTC51 

TBepJ].bIM, HO 11MeeT MaKCHMYM CKOpOCTH JJ.e¢op­

Mau;1rn, JJ.OCTnraroII1eM: 3Hal.!eH115I 0, 1 % I c. 3ToT 

MaKCHMyM, IIO-BHJJ.HMOMY, TO:>Ke CB513aH c n11aB­
J1eHHeM KOHU:eHTpHpOBaHHOro TBepJ].oro paccoJia B 

Me:>K3epeHHOM rrpocTpaHCTBe 06pa3u;a, s pe3y11hTaTe 
KOToporo 0611er4aeTC5! ,,rrpocKa11h3bIBaHne" Me)K3e­

peHHbIX rpaHHU: B npou;ecce JJ.e¢opMau;nrr. 

MEXAHll3M YCKOPEHlHI .ll,E<I>OPMAIJ.MM 

06cyJJ.HM Terreph MexaHH3M ycKopemrn JJ.e¢op­
Mau;1rn rrpn ocso6o:>KJJ.eHHH CTPYKTYPHhIX JJ.e¢eKTOB. 
C11e}J.y5! r11eHy [Glen, 1975], 6yJJ.eM Cl.!HTaTh, l.!TO 
11e}J. JJ.e¢opM11pyeTC5! no JJ.HCJIOKau;noHHOMY Mexa­
Hll3MY, ll IIOJJ.Bll:>KHOCTb JJ.HC1IOKau;11ii o6ecnel.!HBaIOT 
rno60JJ.Hhie opnettrnu;110HHh1e JJ.e¢eKThI EheppyMa 
L- 11 D-T11rra. EyJJ.eM rro11araTh, 4TO nMeHHO opneH­
Tau;110HHhre JJ.e¢eKTbI orno6mK}J.aIOTC51 rrpn MHKpOCT­

PYKTYPHblX rrpespaII1eHn5lx 11hJJ.a n ycKOp51IOT J].e­
¢opMau;11ro. TiepBOHa4a11hHO OHH COJ].ep)KaTC51 B CBe­
:>Kerrp11rOTOB1leHHOM 11bJJ.Y B CB513aHHOM COCT051HHH B 
TepMOJJ.HHaMHlleCKH HepaBHOBeCHOM KOJIHlleCTBe. 
CB513hlBaIOII1HM ::>JieMeHTOM JJ.1151 op11eHTau;noHHhIX 
JJ.e¢eKTOB 51BJI51IOTC51 JJ.pyme CTPYKTYPHhre JJ.e¢eKThI. 
3TO rrpe:>KJ].e scero BaKaHCHH (rrpoCThie, JJ.BOHHbie ll 
T.JJ..) n rrycTOTbI. TiocJie ocso6o)KJ].eHH51 opneHTa­
U:HOHHhIX JJ.e¢eKTOB 11 aKTHBH3au;nn IJ.BH)KeHH51 JJ.HC­
JIOKau;nii, BaKaHCHH ll rryCTOTbl Hal.!HHaIOT 6hICTpO 
3a11e4HBaTbC51, 6naro}J.ap51 ,,M51rKOCTH" pemeTKH. 
CaMn L- n D-JJ.e¢eKThI TO:>Ke pe11aKcnpyroT rrocpeJJ.­
cTBOM peKoM6nHau;nn no ¢opMy11e L+D = 2H20 
JIH6o rrepeXOJJ.51T B JJ.pyroe CB513aHHOe COCT051HHe. 

Comarno JJ.Hc110Kau;110HHOH Teopnn rro113y4ec­
Tn, }J.Jl51 CKOpOCTH JJ.e¢opMau;nn MO)KHO HarrncaTb 
ypasHeHeHne 

E: = 2bNv, 

r}J.e b - seKTop Eroprepca JJ.HCJIOKau;nn, N -
KOHU:eHTpau;H51 JJ.HC1IOKau;nM:, v - CKOpOCTb JJ.HC110-
Kau;nn. B rrepsoM rrpH611n:>KeHnn 6yJJ.eM Cl.!HTaTh, 

l.!TO CKOpOCTb JJ.HCJIOKau;nn rrporropu:noHaJihHa KOH­
u;eHTpau;HH n CB060JJ.HbIX opneHTaU:HOHHbIX JJ.e¢eK­

TOB . Tor}J.a CKOpOCTb JJ.e¢opMau;m1 6yJJ.eT TO)Ke 
rrporropu;notta11hHa KOHU:eHTpau;nn ::>Tnx JJ.e¢eKTOB 

E: - 2bNn. 

TioJiyllHM aHaJIHTlllleCKYIO 3aBHCHMOCTb KOH­
u;eHTpau;nn n orno6o)KJJ.aIOII1HXC5I rrpn HarpesaHnn 
JJ.eci:>eKTOB OT ::>Heprnn aKTnsau:nn W, speMeHn pe-
11aKcau:nn r n a6co11IOTHOH TeMrrepaTyphl T. )1,1151 
3TOro BOCIIOJlh3yeMC51 rrpOCTeiimeii MOJ].eJiblO pe11aK­
cau:nn, n3o6pa)KeHHoii tta pnc. 5. 1-lacTHU:hI c 
3Heprnel\: W1 H KOHU:eHTpau;neii n 6yJJ.eM Cl.!HTaTb 
cso60JJ.HhIMn; llaCTHU:bI c ::>Heprneii W 2 11 KOHU:eHT­
pau:neii s - CB513aHHhIMH Ha 11osyrnKax. BepT11-
KaJihHhIMH CTpeJIKaM11 H306pa:>KeHbl TepMOaKTHBH­
poBaHHbie rrepeXOJJ.bI llaCTHU: B CB060}J.HOe COCT051HHe 
c xapaKTepHbIM speMetteM r = r 0exp(W/ kT) (r}J.e 

ro - IIOCT051HHa51 BpeMeHH, w = wl - W2, k -
rrocT051HHa51 Eo11hu;MaHa) n pe11aKcau:110HHh1e rrepe­
XOJJ.hI, 06yc11as1111BaIOII1He HC4e3HOBeHne IIOJJ.Bll)K­
HbIX llaCTHU: c xapaKTepHbIM speMeHeM r2. JJ,1151 

KOHU:eHTpau;11li n H s MO)KHO HarrncaTb KHHeTH-
4eCKl1e ypaBHeHH51 

an = ~ _ .!!.:.. as ~ 
at r r 2 ' ar r 
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A. B. illABJIOB 

Pttc. 5. ,11,ttarpaMMa :mepreTwqecKttx nepexo.11,os 
optteHTaQttOHHhIX .11,ecpeKTOB BO Jlh.11,Y. 

wl - :meprm1 CB060,[1Hb!X ,1:1ecjJeKTOB; W2 - :meprirn ,1:1ecjJeKTOB, 
CB513aHHbIX Ha JIOBYIIIKax; T, '2 - xapaKTepHbie speMeHa TepMO­

aKTl1Bal.\1111 11 peJiaKCal.\1111 ,1:1ecjJeKTOB. 

c HaIIaJihHhIMtt ycJIOBH5IMH n(t = 0) = 0 H 

s(t = 0) = S
0

, rge S
0 

- rrcxo.u;Ha5I KOHU:eHTpau:rr5I 

CB5I3aHHhIX qacTHll.. TeMnepaTypa 5IBJrneTC5I cPYHK­
u:rreH: speMem1: T = T

0 
- o + wt, r.u;e T0 - TeMne­

paTypa, npH KOTOpoH: m1rn.u;aeTC5I MaKCHMYM n; 0 -
napaMeTp «OTCTpOHKH» OT TeMnepaTyphI T 0 , y.u;os­
JieTBopmoiu:rrH: ycJIOBHIO !J..T < o < < T0 ; !J..T -
nrnpHHa MaKCHMyMa n Ha TeMnepaTypHOH IIIKaJie; 

w - CKOPOCTh yseJIH1IeHH5I TeMnepaTyphI. .Umr KOH­
u:eHTpaU:HH s noJiyIIaeTC5I npH6JIH:>r<eHHOe perneHHe 

_ S [1 - exp(at)] s -
0
exp , 

ml 

r.u;erl = roexp[;(To +a)], a= ;g. 
By.u;eM ClIHTaTh T2 < <r, nOCKOJihKY 3TO TH­

nrrqHa5I CHTyall.H5I ):(JI5I TBep):(blX TeJI. JJ:JI5I MOMeHTOB 
BpeMeHH t > > T2 perneHHe ):(JI5I n 6y.u;eT HMeTb 

npH6JIH:tKeHHhlH BII):(: 

n = sr Ir HJIH n = -exp at + . so'2 [ 1 - exp(at)] 
2 '1 ml 

Kottu:eHTpau:rr5I n HapacTaeT no 3aKoHy exp(at) 
H )l;OCTHraeT MaKCHMyMa B MOMeHT BpeMeHH ta, 
onpe.u;eJI5IeMhIH H3 ycJIOBH5I exp(at0) = ar1. I1prr 

3TOM MaKCHMaJihHa5I KOHU:eHTpall.H5I n COCTaBJI5IeT 

aSaT2 HJIH 

S0r2Ww 

nmax = kTg . 

ITocJie npoxo:>r<.u;eHH5I MaKCttMyMa cPYHKll.H5I n 
6h1cTpo cna.u;aeT no 3aKoHy exp [-exp(at)/ (ar1) ]. 

llIHpHHa MaKCHMyMa Ha noJiyBhICOTe COCTaBJI5IeT 
1,69 I a Ha rnKaJie speMeHH. Ha rnKaJie TeMnepaTyp 
OHa paBHa !J..T = l ,69w/ a. 0TCIO):(a CJie.u;yeT CB5I3h w 
H !J..T: 

w = 1,69kTg I !J..T. 

I-fa ycJIOBH5I exp(ata) = arl nO):(CTaHOBKOH 

t0 = (T0 - T0 + o)/w = o/w MO:IKHO nOJIYIIHTh BhI­

pa:>r<eHHe 1 = ar0exp(aT0 /w), ycTaHaBJIHBaIOiu:ee 

CB5I3h BpeMeHH r c T0 , W, w: 
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i, %/c 
0,06 

0,04 

0,02 

100 150 200 250 T, K 

Pttc. 6. TeMnepaTypttaY 3aBttCttMOCTh cKopocTtt .11,e­
cpopMaQtttt t: aMopcpttoro Jih.11,a nptt C)J{ttMaIOIQeM 
ttanpY)J{etttttt a = 0, 16 MIIa tt CKopocTtt ttarpe­
satttt5I 0, 1 rpa.11,/ c. 

1 - o6pa3el.\, IIO,[IBepmyThIH rrpe,1:1sap11TeJihHOMY ODKl1ry rrp11 T = 

= 146 K; 2 - Kp11Ball, 3a11McrnosaHHall 113 p11c.2. 

yfa noJiyIIeHHhlX Bbipa:>r<eHHH CJie.u;yeT, 1ITO 
MaKCHMYM KOHU:eHTpau:rrrr n TeM BhIIIIe, IIeM 60Jih­
rne S0, r 2, w. C yBeJIHIIeHHeM cKopocTH w MaKCHMYM 

KOHll.eHTpau:rrrr C):(BHraeTC5I B o6JiaCTh BhICOKHX TeM -
nepaTyp. 

no KPYTH3He HapacTaHH5I CKOpOCTH .u;e¢op­
Mall.HH Ha IIIKaJie TeMnepaTypnI, IIIHpHHe H TeMne­
paType nHKa MO:>KHO ou:eHHTh 3HepmH aKTHBall,HH 
opHeHTall,HOHHhIX .u;e¢eKTOB. c Il,eJibIO BhI):(eJieHH5I 
Hy:>r<Horo nrrKa cpe.u;rr .u;pymx 06pa3eu: nocJie.u;osa­
TeJII>HO OT:>r<HraJIH (yHH1ITO:tKaJIH nHKH) npH BCe 
6oJiee H 6oJiee BhICOKHX TeMnepaTypax. CJie.u;yeT 
OTMeTHTh, 1ITO BhIIIOJIHeHHe TaKOH npoll,e.u;ypnl CB5I-
3aHo c onpe.u;eJieHHhIMH TeXHHIIeCKHMH TPYAHOC­
T5IMH H He scer.u;a npHBOAHT K y.u;osJieTBoprrTeJII>HhIM 
pe3yJII>TaTaM. B KaIIeCTBe npHMepa y.u;aIIHOro oT­
:>r<rrra aMop¢Horo 06pa3u:a nprrBe.u;eHa KpHBa5I 1 Ha 
prrc. 6. OT:>r<Hr BhlnOJIH5IJIC5I nprr TeMnepaType 
146 K B OTCYTCTBHe Harpy3KH. KprrBa5I 2 3aHMCTBO­
BaHa H3 prrc. 2 ):(JI5I cpaBHeHH5I. Brr.u;Ho, IITO nocJie 
OT:>r<Hra nHK cKopoCTH npH T = 175 K Bhlpoc noIITH 
Ha nop5I)l;OK, a IlHKH npH 6oJiee HH3KHX TeMnepaTy­
pax yMeHI>IIIHJIHCh no BeJIHIIHHe. YBeJIHIIeHrre nrrKa 
nprr T = 175 K rnrr.u;eTeJII>CTByeT o TOM, IITO oprreH­
Tall,HOHHI>Ie .u;e¢eKThl, BhlCBo6o:>r<.u;eHHhie npH 
OT:>r<Hre, 6hIJIH 3aTeM 1IaCTH1IHO 3axBa1IeHbl JIOBYIII­
KaMH, OTBeTCTBeHHhIMH 3a nHK nprr 17 5 K. EcJIH 6n1 
OT:tKHr npOBO):(HJIC5I B nprrcyTCTBHH Harpy3KH, TO 
nHK nprr 175 K 6bIJI 6h1 TaKHM :tKe, KaK Ha KpHBOH 2. 
ITo-BH):(HMOMy, oprreHTall.HOHHhie .u;e¢eKTI>I, ocBo-
6o:tK.u;aIOiu:rrec5I nprr OT:>r<rrre no.u; Harpy3KOH, .u;aJiee, 
HanpHMep, norJIOiu;aIOTC5I ):(BH:>I<Ylll.HMHC5I ):(HCJIOKa­
Il,H5IMH CKOpee, IIeM 3axBaThIBaIOTC5I JIOBYIIIKaMH. 
I1pou:ecc norJIOiu;eHH5I optteHTau.rroHHoro .u;e¢eKTa 
):(BH:>r<yiu:ettC5I ):(HCJIOKall,HeH 3HepreTH1IeCKH BhlrD):(eH 
H He npOTHBOpeIIHT npe.u;CTaBJieHH5IM r JieHa [Glen, 
1975] 0 MexaHH3Me nepeMeiu;eHH5I ):(HCJIOKall,HH. 

Hrr:>r<e nprrBe.u;eHI>I 3HaIIeHH5I 3HeprrrH: aKTH­
Ball.HH w opHeHTall.HOHHhIX .u;e¢eKTOB, BhllIHCJieH-
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Hbie no HaKJIOHY KpHBbIX CKOpOCTH Ae¢opMall.HH B 

aMOpQJHOM H IIOJIHKpHCTaJIJIH'!eCKOM JihAY' B Macm­

Ta6e [ln(e) - l/T]. ITorpemHOCTh orrpe.D;eJieHH5I 

:meprHH COCTaBHJia OKOJIO 50 % ' 3a HCKJIIO'!eHHeM 

TeMnepaTyp 170 n 265 K, r.D;e norpemHOCTh He 

npeBhrmaJia 30 % . 

Ta, K 
W, sB 

110~120 135~140 

0,13 0,22 
150 
0,5 

170 265 
2,1 

3tta1IeHHe 3Hepmn aKTHBall.HH w = 2, 1 3B npn 

Ta = 265 K He YKJia.D;hIBaeTrn B MacmTa6 3Ha1IeHHH 

3Heprnll: npoTOHHoll: cncTeMbI BO JihAY. Ha Ham 

B3rJI5I.D;, nnK CKopocTH Ae¢opMau;ttn nptt T = 265 K 
MO)f(eT 6hITb CB5I3aH c TepMOaKTHBHpOBaHHbIM pa3-

pymeHHeM rn.D;paTHPOBaHHbIX 3JieKTPOHOB H OCB0-

60)f()J;eHHeM accou;nnpoBaHHbIX c HHMH opneHTa­

IJ.HOHHbIX .D;eQJeKTOB. 3HeprHH rH.D;paTnpoBaHHbIX 

3JieKTpOHOB , KaK H3BeCTHO, COCTaBJI5IIOT 1,9+2 3B . 

Hx KOHIJ.eHTpaIJ.H5I, no BceM: sep05ITHOCTH, 3aBHCHT 

OT cnoco6a noJiy1IeHH5I Jih.D;a , a TaK)f(e OT HCXO)J;HOM 

KOHll,eHTpau;nn TaKOBbIX B BO.D;e HJIH nape, H3 KOTO­

pb!X noJiy'!eH Jie.D;. 

TaKnM o6pa3oM, nnKn cKopocTn Ae¢opMau;nn, 

tta6JIIO.D;aIO:w;nern np11 HarpeBaHHH CTPYKTYPHO He­

paBHOBecttoro Jib.D;a , MOryT 6bITb o6'h5ICHeHbI OCB0-

60)f()J;eHHeM HepaBHOBeCHbIX opneHTall.110HHbIX .D;e­

¢eKTOB H3 CB5I3aHHOro c BaKaHCl15IMl1, rryCTOTaMH H 

.D;pyrHMH Ae¢eKTaM11 cocT05IHH5I. ITJIOTHOCTh noc­

Jie.D;H11x TaK)f(e 5IBJI5IeTC5I HepaBHOBeCHOH H, no­

BH)J;HMOMY' 3aBl1Cl1T OT cnoco6a np11rOTOBJieHH5I 

Jih.D;a, CKOpOCTl1 OTBO.D;a TenJia OT Me)f(¢a3HOH rpa­

HHU:bI B rrpou;ecce pocTa , OT KOHll.eHTpau;n11 HCXO.D;­

HOro pacTBopa, a TaK)f(e OT 6norpa¢n11 Jih.D;a, npe.D;­

mecTByIO:w;ell: H3MepeHH5IM. Ha HaIII B3rJI5IA, mo6oli 

CBe)J{enpHrOTOBJieHHblH o6pa3ell. Jib.D;a 5IBJI5IeTC5I B 

TOH HJIH HHOH CTeneHn CTPYKTYPHO HepasHosecHhIM 

H MO)f(eT np05IBJI5ITb nOBbIIIIeHHYIO nOJI3y1IeCTb AO 

Tex nop, noKa He 3aKOH1IHTC5I peJiaKcau;115I .D;e¢eK­

TOB K TepMO.D;HHaMH'leCKH paBHOBeCHOMY 3Ha1!eHHIO 

KOHll.eHTpall,HH . 

lIMilY JihCHblM P A;I:lIOJill3 
AMOP<I>HOrO Jib;I:A 

ITpn B036y)f(.D;eHHH Jih.D;a HOHH3npy10ru;nM n3-

Jiy1IeHneM B ero pemeTKe B03Hl1KaIOT BTOpH1IHbie 

3JieKTpOHbI, KOTOpbre 3aTeM 1IaCTl11IHO COJihBaTH­

PYIOTC5I HJIH 3axsaTbIBaIOTC5I JiosyrnKaMn. B on­

TH'leCKOM cneKTpe Jih.D;a npn 3TOM n05IBJI5IIOTC5I .D;O­

nOJIHHTeJibHbie noJIOCbI norJI0111,eH115I. B HaCT05I111,ee 

speM5I xopomo H3y1IeHa noJioca norJI0111,eH115I coJih­

saTnposaHHhIX 3JieKTpOHOB B6JIH311 2 3B B 1!11CTOM 

MOHOKpncTaJIJIH'leCKOM JihAY [Kevan, 1973] n HK­
norJI0111,eHne B o6JiaCTH 0,6+ 1,2 3B 3JieKTpOHaMH, 

CB5I3aHHbIMH Ha Ae¢eKTax B HeKOTOpbIX TBep.D;bIX 

BO.D;HhIX pacTBopax [Stradowski et al., 1980 ]. 
l.I,eJibIO HaCT05IIIl,eH 'laCTH pa60TbI 5IBHJIOCb 

HCCJie.D;OBaHne MeTO.D;OM HMnyJibCHOro pa.D;HOJIH3a 

oco6eHHOCTeH COJibBaTall.HOHHbIX npou;eccoB BO 

JihAY B MOMeHThl MHKpOCTPYKTypHbIX npeBpa111,eHHH 

peIIIeTKH. 3TH )J;aHHhie Heo6xo.D;HMbl )J;JI5I noHH­

MaHH5I MexaHH3MOB ycKopeHH5I peaKll.HM B HH3KO­

TeMnepa TypHbIX BO.D;HbIX CHCTeMax [Ilwcae6, 1986; 
JlomHUK U 8p., 1987]. 

B Ka'leCTBe o6neKTa 11ccJie.D;oBaHH5I 6b1JI BbI-

6paH aMOPQJHbIM Jie.D;, nOCKOJihKY OH 5IBJI5IeTC5I 

5IpK11M npe.D;CTaBHTeJieM CTPYKTYPHO HepaBHOBecHo­

ro Jib.D;a H np11 HarpeBaHHH HCnbITbIBaeT MHOro­

'!HCJieHHbie CTPYKTYPHhre npesparu;eHH5I. 06pa3ll.hI 

aMOpQJHOro Jib.D;a TOJIIIl,HHOH 50-100 MKM' npnro­

TaBJI!1BaJIH rryTeM OCa)f()J;eHH5I napoB BO)J;bl Ha xo­

JIOAHYIO (80 K) KBapu.eByIO rro.D;JIO)f(KY s BaKyyMe. 

CKopocTh pocTa rrJieHKH no TOJIIIl,HHe cocTaBJI5IJia 

0,2 MKM/C. 

3KcrrepnMeHTaJibHaSI ycTaHOBKa 6hIJia C03.D;aHa 

Ha 6a3e npOMblIIlJieHHOro 3JieKTPOHHOro MHKpOCKO­

rra [1Ila6Jl0(3 u ap., 1983]. Otta BKJIIO'laJia 3JieKT­

pOHHYIO rryrnKy c ycKOpSIIOIIl,11M Harrp5I)f(eHHeM 

50 K3B, a30THbIH KpHOCTaT H OnTH'leCKYIO CHCTeMy. 

Bhrpe3aHHa5I MOHoxpoMaTopoM y3Ka5I rroJioca crreK­

Tpa CTall.HOHapHOro H3Jiy1IeHH5I JiaMIIhl HaKaJIH­

samrn QJOKYCHPOBaJiaCb Ha 06pa3eu;, pa3Melll,eHHbIM 

Ha XOJIO.D;HOH .D;Ha¢parMe KPHOCTaTa. Ilporne.D;ma5I 

qepe3 06pa3eu. 'laCTh H3Jiy1IeHH5I co6HpaJiaCh Ha 

QJOTOI1p11eMHHK. 3JieKTpH1IeCKHH CHrHaJI QJOTO­

npHeMHHKa, nporropu;noHaJibHbIH H3MeHeHHIO K0-

3QJQJHU:HeHTa OIITH'leCKOro rrponycKaHH5I 06pa3u;a 

ITO)]; .D;eMCTBHeM nepHO)J;H'leCKHX HMny JibCOB B03-

6y)f(.D;eHH5I 3JieKTpoHHhrM rry1IKOM, perncTpnpoBaJic5I 

CTpo6-HMIIY JibCHbIM HHTerpa TOpOM. 

Ha pttc. 7 rrpnBe.D;eHhI crreKTpbr OTHOCHTeJibHoro 

H3MeHeHH5I nporrycKaHH5I aMOPQJHOro Jib.D;a B cneK -

TpaJihHOM o6JiaCTH hv ~ 0,6+2,2 3B. 0HH rroJiy'le­

HbI rrpn B036y)f(.D;eHHH o6pa3ll.OB 3JieKTpOHHbIM rryq­

KOM c .D;JIHTeJihHOCTbIO HMIIYJibCOB 100 MKC H rrosep­

XHOCTHOM IIJIOTHOCTbIO )1;03bI 3a HMIIYJibC 1021 3B/M2. 

CrreKTpbr ncnpaBJieHhI c yqeTOM crreKTpaJihHOM qys­

CTBHTeJihHOCTl1 QJOTOIIpHeMHHKa H OIITH'leCKOH CHC­

TeMbI. ITo;ro)f(HTeJihHhre 3Ha1IeHH5I !1t/ t cooTBeTCT­

syroT yMeHhilleHHIO OIITH'leCKOro rrporrycKaHH5I 

06pa3u;a ITO)]; .D;eHCTBHeM B036y)f()J;eHH5I. Jil3 pncyHKa 

M/t105 M/!·104 

0,5 

0 

0,6 1,0 1,4 1,8 E, 38 

P11c. 7. CneKTpbI OTHOCHTeJibHOro H3MeHeHH5I K0-

3¢¢11u;11ettTa OIITH'leCKOrO nponycKaHH5I !!..tit 
aMop¢ttoro Jib)J.3 npH B036y:iKJ].eHHH 3JieKTpOHHbIM 

ny'IKOM. 
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0,5 1,0 1,5 2,0 2,5 E, 38 

Puc. 8. CneKTphI onTnqecKoro nor JIOill,eHHJl aMopcp­

ttoro JihJI:a npn pa311nqttb1x TeMnepaTypax. 

CJie,qyeT' qTo rrpn HH3KHX TeMrrepaTypax ITO)]. .n.eilcT­

BMeM B036y:>K)l.eHM1l rrpo3paqHOCTb aMopcf>Horo Jlh)l.a 

CHM:>KaeTCJl B crreKTpaJihHOM MHTepBaJie 1,2-:-2,2 3B 

c MaKCMMYMOM ::icpcpeKTa rrpM 1, 9-2 ::iB. B o6JiaCTM 

crreKTpa 0,6-:-1,2 ::iB, HarrpOTMB, Jie)l. rrpoCBeTJI5IeTC5I 

c MaKCMMYMOM B6JIM3M 0,9 ::iB. IIpM yBeJIMqeHMM 

TeMrrepaTyphI ::i<P<PeKT rrpoCBeTJieHMJl Mcqe3aeT, a 

::i<P<PeKT CHM:>KeHMJl rrpo3paqHOCTM B IIOJIOCe OKOJIO 

2 ::iB B03pacTaeT no BeJIMqMHe. XapaKTepHhie Bpe­

MeHa peJiaKCaU:MM COCTaBJIJlJIM: )l.JIJl ::i<P<PeKTa rrpoc­

BeTJieHMJl -10-3 c, ,U:JIJl ::i<P<PeKTa yMeHhilleHMJl rrpo3-

paqHOCTM -10-3+ lQ-2 C. 

Ha pHc. 8 )l.JI1l cpaBHeHM5I rrpMBe.n.eHhI crreKTphI 

OIITMqecKoro rrorJIOII.(eHMJl aMOPcPHOro Jlh)l.a B HH­

TepBaJie 0,6-:-2,2 3B 6e3 B036y:>K)l.eHM5I rryqKoM 

::iJieKTpOHOB. IIpM TeMrrepaTypax 84 M 250 K B 

crreKTpax xopomo 3aMeTeH MaKCMMYM B6JIM3M 0,8-

0,9 ::iB. OH, KaK M3BeCTHO [Tsubomura et al., 1980], 
CB5I3aH c rrorJIOII.(eHHeM CBeTa rrpM B036y:>K)l.eHMM 

KOJie6aHMil OH- CB1l3H MOJieKyJI BOiJ.hI c KBaHTOBhIM 

qMCJIOM v = 2. IIpM hv > 1 ::iB B crreKTpax rrorJio­

II.1,eHMJl Ha6mo.n.aeTC5I mMpOKaJl IIOJIOCa, KOTopa5I 

OTCYTCTByeT B qMCTOM MOHOKpMCTaJIJIMqecKOM Jlh)l.y. 

3Ta IIOJIOCa, IIO-BM)l.HMOMy, CB5I3aHa c pacce1lHMeM 

CBeTa Ha MHoroqMCJieHHbIX B aMOPcPHOM Jlhil.Y Kpyrr­

HbIX .n.e<PeKTax-rryCTOTax. JJ:aHHblll BbIBO)l. IIO)l.T­

Bep:>K)l.aeTCJl CMJibHbIMM .n.e¢opMau;mrMH IIOJIOCbI 

hv > 1 ::iB rrpM M3MeHeHMM TeMrrepaTyphI aMop¢Horo 

Jlh)l.a, B03MO:>KHhlMM BCJie)l.CTBMe M3MeHeHM5I 

cpe)l.HMX pa3MepoB rrycTOT rrpM CTPYKTYPHhIX rrpeB­

palil,eHM5IX. HM:>Ke 3TOT Borrpoc 6y.n.eT paccMoTpeH 

rro.n.po6Hee. 

3¢¢eKT yMeHhilleHMJl OIITMqecKOll rrpo3paq­

HOCTM aMop¢Horo Jlh)l.a rrpM B036y:>K)l.eHHM 3JieKT­

POHHhlM rryqKoM MO:>KeT 6hrTh o6n1lCHeH o6pa3o­

BaHMeM M yqacTMeM B CBeTOIIOrJIOII.(eHMM COJihBa­

TMpOBaHHhIX 3JieKTPOHOB. JJ:eilCTBHTeJihHO, IIOJiy­

qeHHbie HaMM crreKTphl B o6JiaCTH 1,2-:-2,2 3B c 

MaKCMMYMOM OKOJIO 2 ::iB rro.n.o6Hhl M3BeCTHbIM 

crreKTpaM COJihBaTMpoBaHHbIX 3JieKTpOHOB B pa3-

JIMqHbIX BO)l.HbIX CMCTeMax. BpeMJl peJiaKCaU:HH IIO­

JiyqeHHbIX HaMM crreKTpOB TaK:>Ke 6JIM3KO KO Bpe-

84 

MeHM peJiaKCaU:MM COJihBaTMpOBaHHbIX 3JieKTpOHOB: 

-10-2 c rrpM 120 K. 

3¢¢eKT rrpoCBeTJieHM5I B crreKTpaJihHOll 06-

JiaCTM 0,6-1,2 ::iB, cy.n.1l no 6JIM3KMM K ::i<P<PeKTY 

yMeHhilleHM5I rrpo3paqHOCTM BpeMeHaM peJiaKca­

I.J:HM, TaK :>Ke MO:>KeT 6hITb CB5I3aH c rrpou:eccaMM 

COJihBaTaU:MM. 0CHOBhlBa1lCb Ha COBrra.n.eHMM 3Hep­

rHll MaKCMMyMa ::i¢¢eKTa rrpoCBeTJieHMJl rrpM 0, 9 3B 

M MaKCMMyMa IIOJIOChl KOJie6aTeJihHOro rrorJIOII.(eHH51 

(CM. pMc. 7 M 8)' a TaK.:>Ke Ha qHCJieHHhlX ou:eHKax 

BeJIMqHHbI !1t/ t, 6bIJI C)l.eJiaH BbIBO)l. 0 CB5I3M ::i<P<PeK­

Ta rrpoCBeTJieHM5I c yMeHhilleHHeM MHTeHCMBHOCTM 

KOJie6aTeJihHOro rrorJIOlil,eHM5I M3-3a COJibBaTaU:MM 

aKTMBHbIX qaCTMU:, B03HMKaJOII.1,MX rrpM B036y:>K.n.e­

HMM rryqKoM ::iJieKTpoHoB. IIpH coJihBaTaU:MM 3Hep­

rH1l OH-CB5I3M MOJieKyJI H 20 B coJihBaTHoil o6oJioq­

Ke M3MeH51eTC5I M 3TM MOJieKyJihI BhI6hIBaIOT M3 

rrpou:eccoB KOJie6aTeJihHOro rrorJIOII.(eHM5I CBeTa B 

crreKTpaJihHOM o6JiaCTM 0,9 ::iB. HM:>Ke 6y.n.eT rroKa-

3aHo, qTo aKTMBHbIMH COJihBaTMPYIOII.1,MMMC51 qac­

TMI.J:aMM CJiy:>KaT HepaBHOBeCHhle )l.blpKM BaJieHTHOll 

30HbI. 

Ha pHc. 9 H3o6pa:>KeHhI TeMrrepaTyptthre 3aBH­

CMMOCTM K03cPcPHU:MeHTa OIITMqecKoro rrporrycKaHM5I 

aMop¢Horo Jlh)l.a B BM,U:MMOH (2,4 ::iB) M MH¢paKpac­

HOll (0,9 ::iB) o6JiaCT5IX crreKTpa 6e3 B036y:>K)l.eHM1l 

3JieKTPOHaMM. CKopoCTh HarpeBaHM5I o6pa3U:OB B 

cpe.n.HeM cocTaBJI51Jia OKOJIO 10 rpa.n./MMH. Ko::i<P<PH­

U:MeHT rrporrycKaHM51 CBe:>KerrpHroTOBJieHHbIX rrpM 

80 K o6pa3I.J:OB rrepBoHaqaJihHO cocTaBJI5IJI HeCKOJih­

KO .n.ernTKOB rrpou;eHTOB. IIpH HarpeBaHMM .n.o 200 K 

B MOMeHTbI MMKpOCTPYKTYPHhIX rrpeBpalil,eHMll rrpM 

135-140, 150-160, 190-200 K, M)l.eHTMcPMU:M­

pyeMhrx no 3K30TepMMqecKOMY ::i<P<PeKTY Jlh)l.a, K0-

3cPcPMU:HeHT rrporrycKaHM5I 6hrcTpo yMeHhmaeTC5I. 

Ha crreKTpax rrorJIOII.(eHM5I, rrpMBe.n.eHHhIX Ha pHc.8, 

BM)l.HO, qTo B o6JiaCTM CBeTopacceHBaIOII.1,ero KpbIJia, 

hv > 1 ::iB, II05IBJIJleTC1l pa3MbITa5I CTyrreHhKa, KOTO­

pa5I CMell(aeTC5I B ,,KpacHyIO" o6JiaCTb rrpM IIOBbI­

meHMM TeMrrepaTyphr. YKa3aHHhre oco6eHHOCTM 

MO:>KHO o6n51CHHTb yBeJIHqeHHeM cpe.n.Hero pa3Mepa 

CBeTopacceMBaIOII.(HX rryCTOT B aMOPcPHOM Jlhil.Y rrpH 

HarpeBaHMM. Pa3Mep rrycToT Mo:>KeT yBeJIMqMBaThC51 
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P11c. 9. TeMnepaTyptta1l 3aBHCHMOCTh K03¢cpn­

QHettTa orrTHqecKoro rrponycKamrn aMopcpttoro 

JihJI:a. 
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Puc. 10. TeMnep3TYPH3R 33BHCHMOCTh OTHOCH­
TeJihHoro H3MeHeHHR K03cpqmu,tteHTa OIITH'leCKOfO 
nponycK3HHR 3Mopcpttoro Jih,[1,3 B p33Jitt'IHhIX cneK -
TP3JihHbIX ,[l,ttarr330H3X. 

3a Cl.JeT BhIXOAa K ux nosepXHOCTU MeJIKUX Ae¢eK­
TOB-BaKaHCUM , npuo6peTaIOII1UX nOABU)l(HOCTh B 
MOMeHThl MUKpOCTPYKTYPHhIX npeBpaII1eHUH. Ilo 
,[l,JIUHHOBOJIHOBOMY KpaIO CTyneHhKU MO)l(HO ou;e­
HHTh cpeAHUH pa3Mep d CBeTOpacceusaIOII1HX 
nycTOT. Ilptt T = 84 K d = 0,5 MKM; npu T = 170 K 
d = 0,8 MKM; npu T = 220 K d = 1,2 MKM. 

IlpH MUKpOCTPYKTYPHhIX npespaII1eHU5IX B 06-
JiaCTH TeMnepaTyp Bhime 200 K Ha KpuBoll: cseTO­
nponycKaHttSI (cM. pnc. 9) IIOSIBJI51IOTC51 y"llaCTKU 
6hICTporo pocTa Ko3¢¢uu;neHTa nponycKaHU51, T.e. 
nptt T > 200 K Hal.fuHaIOT 3aJie"l!uBaThC5I KpynHhie 
nycTOThI. Ilpn T > 260 K Ko3¢¢uu;ueHT nponycKa­
HU51 JihAa npn6JIU)l(aeTC5I K 100 % . 

PaccMoTpHM Teneph TeMnepaTypHhie 3asucn­
MOCTu OTHOCHTeJihHOrO ll3MeHeHH5I nponycKaHH.51 
aMOPcPHOfO JihAa npn B036y)l(AeHUH 3JieKTpOHHhIM 
n y lfKOM. Ha puc.10 u306pa)l(eHh1 KpUBhie AJIR crreK­
TpaJihHhIX noJIOC 0,8 H 1, 7 3B npu CKOPOCTH Harpe­
BaHU51 o6pa3IJ;OB OKOJIO 10 rpaA/MHH. 3¢cpeKT npoc­
BeTJJeHH5I nptt hv = 0,8 3B, KaK BU,[l,HO U3 pucyHKa, 
MaKCHMaJieH npn HU3KUX TeMnepaTypax. Ilptt TeM­
nepaTypax, COOTBeTCTBYIOIIIHX MHKpOCTPYKTYPHhIM 
npespaII1eHH5IM aMop¢Horo JihAa, 135-140, 150-
160, 190-200, 210-215 K, 3¢¢eKT o6Hapy )l(usa­
eT OTHOCttTeJihHhie MHHHMYMhI. Ilpu T > 215 K se­
JIUlfuHa 3¢¢eKTa CTpeMuTcsr K HYJIIO. B u;eJIOM 
TeMnepaTypHa5I 3aBUCUMOCTb 3¢¢eKTa npoCBeTJie­
HU5I nOA06Ha TeMnepaTypHOH 3aBHCHMOCTU UHTeH­
CHBHOCTH JlIOMUHecu;eHTHhIX nOJIOC A. < 160 HM H 
530 HM aMOPcPHOro JihAa [llia6.!l06, 1989 ], KOTOphie 
KOHTpOJIHPYIOTC51 AhlpKaMu BaJieHTHOM 30Hbl. 

3¢¢eKT yMeHbIIIeHU5I OIITUl.JeCKOM npo3paq­
HOCTU npu hv = 1,7 3B (CM. puc. 10), HanpOTUB, 
AOCTuraeT Hau60JihillUX 3HalfeHUH nptt MMKpOCT­
PYKTYPHhlX npespaII1eHH5IX B o6JiaCTH BhICOKHX 
TeMnepaTyp, 200-273 K. 3aBHCHMOCTh 3Toro 3cP­
¢eKTa OT TeMnepaTypbl HanOMUHaeT aHaJJoru"l!Hhie 
3aBUCMMOCTH UHTeHCUBHOCTU JIIOMUHecu;eHIJ;UH 
430 HM u HepaBHOBeCHOH 3JieKTpOHHOH npOBOAU-

MOCTU aMopq:rnoro JlhA3 [lliaa.1wa, 1989], KOTOphie 
KOHTpoJiupyIOTC5I 3JieKTpoHaMu 30HhI npoBOAU­
MOCTu. CJieAyeT, OAHaKo, nOAlfepKHYTh, lfTO MaK­
cuMyMhI 3¢¢eKTa CHU)l(eHU5I npo3palfHOCTU 5IBJI5I­
IOTC5I 6oJiee pe3KUMU. 3To o6h5ICH5IeTC5I TeM, lfTO 
np11 MUKpOCTPYKTYPHhIX npeBpam;eHU5IX OCB060)l(­
A3IOTC5I opueHTau;uoHHhie Ae¢eKThI u uoHhI H 30 + u 
OH·, 06JierlfaIOII1Ue noBopOThI MOJieKyJI BOAhI u, TeM 
caMhIM, cnoco6cTBYIOII1Ue npou;eccaM COJihBaTau;uu. 
06 OCB060)l(AeHUU opueHT3IJ;UOHHhIX Ae¢eKTOB u 

HOHOB H30 + n OH- CBHJI.eTeJibCTByeT TeMnepaTyp­

Ha5I 33BUCUMOCTh 3JieKTponpOBOAHOCTU CBe)l(e­
npurOTOBJieHHOro aMop¢Horo JihAa, puc.11. Ilpu 
TeMnepaTypax, 6JIU3KUX K TeMnepaTypaM MUKpOCT­
PYKTYPHhIX npespaII1eHull: 3JieKTponpoBOAHOCTh 
aMop¢Horo JihAa 6hICTpo yseJimrnsaeTrn u B 10-
100 pa3 npeBbIIIIaeT 3HalfeHH5I 3JleKTponpOBOA-
HOCTU, KOTOphie MO)l(HO 6bIJIO 6hI Q)l(UAaTh B COOT­
BeTCTBUU c 3aKOHOM AppeHuyca. Ilp1rneAeHHa5I Ha 
puc.11 Kp11Ba5I 3JieKTponpOBOAHOCTU nOJIUKpUCTaJI­
JIUlfeCKoro JihAa 6JIU3Ka K Kpusoll: AppeHuyca. 

EcJiu aMop¢HhIH JieA OT>Kelfh (HarpeTh AO He­
KOTopoll: TeMnepaTypbl HU)l(e TeMnepaTyphl nJiaB­
JieHU.51, a 3aTeM OXJiaAHTh)' TO npu nOBTOpHOM 
.HarpeBaHUU 3KCTpeMyMhl K03cP¢uu;ueHTa npony­
CKaHU.51, 3JieKTponpOBOAHOCTU u OTHOCUTeJ!hHOro 
U3MeHeHU5! K03¢¢uu;ueHTa nponycKaHU51 He Ha-
6JJIOAaIOTC5l npu TeMnepaTypax MeHhillUX TeMnepa­
TYPbI OT)l(ura u3-3a OTCYTCTBH5I CTPYKTYPHhIX npes­
paII1eHull: u n051BJI51IOTC5I npu 6oJiee Bh!COKUX TeM­
nepaTypax B MOMeHThI cTpyKTYPHhIX npeBpaII1eHull:. 
CTpyKTYPHhre npespaII1eHu5l CB513aHhI c peJiaKca­
u;uell: pa3JJUlfHhIX rpynn HepasHosecHhIX CTPYKTyp­
HhIX Ae¢eKTOB pemeTKU K paBHOBeCHOMY no KOH­
u;eHTpau;uu 3Ha1leHuIO H noToMy Heo6paTUMhI no 
OTHOmeHUIO K HanpaBJieHUIO U3MeHeHU51 TeMnepa­
Typhl. HepasHosernh1e Ae¢eKThI o6pa3yIOTC51 so 
JihAY B npou;ecce ero noJiy1leHu51. 

TaKUM o6pa30M, npu CTPYKTYPHhrx npeBpa­
II1eHu5Ix BO JihAY yseJJU1lUBaeTC51 Bep051THOCTh COJib­
BaTau;uu 3JieKTpOHOB' a TaK)l(e OCB060)l(AaIOTCSI 
opueHTaIJ;UOHHhie u UOHHhie Ae¢eKThl. 3Tu CBOHCT-

100 150 200 250 T, K 

Puc. 11. TeMnepaTypttbie 3aBHCHMOCTtt 3JieKTpo­
nposo11,HoCTH a 3MOpcpttoro (1) H IIOJIHKpHCTaJI­
JIH'leCKOrO Jlb.!1,3 (2). 
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Ba MOryT CJIY)KHTb Ba)KHbIMH rrpH1IHHaMH ycKO­

peHH51 XHMH1IeCKHX peaKIJ;HH B BO)J;HblX CHCTeMaX 

rrpH HH3KHX TeMrrepaTypax. JJ:eiiCTBHTeJibHO, )J;JI51 

peaKIJ;HH, OCHOBaHHbIX Ha rrepeHOCe ::JJieKTpOHa, 

rrpHHIJ;HIIHaJibHbIM 51BJI51eTC51 B03pacTaHHe Bep051T­

HOCTH COJibBaTaIJ;HH 3JieKTpOHOB, TaK KaK HX BbICO­

Ka51 XHMH1IeCKa51 aKTHBHOCTb rrpH 3TOM coxpaH51eT­

C51. .ll:JI51 peaKIJ;Hll c rrepeHOCOM rrpOTOHa Ba)KHbIM 

5i:BJI51eTC51 yBeJIHl!eHHe KOHIJ;eHTpau;HH CB060)J;HbIX 

opHeHTaIJ;HOHHblX H HOHHbIX p;e¢eKTOB' IIOCKOJibKY 

OHH MoryT rrpHH51Tb yqaCTHe B 3aBepmaIOII1eil 

CTa)J;HH peaKIJ;HH. 
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