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CBOWCTBA JIBJIA TTPU BBICOKOU KOHLIEHTPAIIUU
CTPYKTYPHbBIX JEDEKTOB

A. B. Ilagrios
Huemumym xpuocgepor 3eman CO PAH, 625000, Twomens, a/ s 1230, Poccus

IMonyueHsl 9KCIEPUMEHTABHBIE TEMIEPATYPHBIE 3ABUCUMOCTH CXOPOCTH JiepOpMAlMH, 3NEeKTPONPOBOJ-
HOCTH, ONTUYECKOM ILIOTHOCTH M MMIIYJIBCHOTO PAJMONM3a JIbIa IIPU BLICOKOM KOHNEHTPAIUM CTPYKTYPHBIX
necdexTos (aMOpdHOTO b, CTEKJIOMNOAOGHOrO, NONUKPUCTATMYECKOT0). Y CTAHOBIEHO, YTO CKOPOCTh Aecdop-
Maruu 06pa3uoB MPOXOAMT YEPE3 MHOTOUMCIEHHBIE MAKCUMYMBI NPH HArpeBaHuu. MakCUMyMbl HabuoparoTcs
NpU O[HUX U TEX K& TEMIEPATYPAx juis 06paslios pasjMYHOTO THMA. AMIUTMTYJA MAKCHMYMOB YMEHbLIASTCS B
pary aMopdHbLL Je — CTeKJONOAOOHBIA — MOJIMKPUCTAIMUECKHA. MaKkCHMyMbl CKOPOCTH AeOpMAalluH
OBBSCHEHB! TEPMOAKTMBMPOBAHHBIM OCBOOOXKICHMEM M MOCJACAYIOMEH perakcaluesl HEepaBHOBECHBIX OpMEH-
TALMOHHEIX Ne(dEeKTOB, COAEPKAUIMXCH B CBEXKEIIPUTOTOBICHHOM JIBly B CBA3aHHOM Buje. I10Ka3aHO, YTO OTXHT
00pa3os TPUBOANT K YMEHBHIEHHI) KOHUIEHTPAIIMA HEPABHOBECHBIX NEQEKTOB M PE3KOMY CHHMIKEHMIO CKODOCTH
nedopManMK [IPU TEMIIEPATYPaX HMIKE TEMIIEPATYPbI OTXKUIA.

B MOMEHTEI OCBOGOXIEHMS M PEIAKCALIMM CTPYKTYPHBIX ZIe(peKTOB HAGIKAeTCsl BO3PACTAHHME ANEKTPOIIPOBOI-
HOCTH. ITO TIOATBEPKIAET THITOTEZY O TOM, 4TO OCBOOOKAAIOITUMHCS ieeKTaMH SIBJISEOTCS. OPHEHTAMOHHble. Takxe
0fHAPYIKEHO YBEJIMUEHHE OTHOCHUTEIBHOIO M3MEHeHHs KOd(POHUIIMEHTa ONTHUECKOr0 NPOITYCKAHMS TIPY MMITY JIBCHOM
PanMoNHae, MHTEPIIPETUPOBAHHOE KAK YBEJMUEHHE BBIXOLA COMbBATHPOBAHHBIX IEKTPOHOB., DTH JAHHBIE BAXKHBI IS
MOHUMAHUS MEXAHM3MOB YCKOPEHUS XMMHUUECKHMX DEaKIMH B 3aMOPOKEHHBIX BOJHEBIX PACTBOpPaX.

Jded, cmpyxmypa, Oepexmol, deopmaiyus, 3INEKMPORJOGOOHOCHb, XUMUHECKUE DEQIUUU, UMRYABCHBUL
paduoaus

ICE PROPERTY AT HIGH CONCENTRATION OF STRUCTURE DEFECTS
A. V. Shavlov

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

1 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. 1 showed, that the preliminary stress relieving of samples lead to decrease
concentration defect and lowering deformation velocity by temperature below stress relieving temperature.

1 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.
1 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 n3sectnprx padorax nmo dusuke apaa [Hobbs,
1974; Boeopodckuid u 0p., 1980; Masuo, 1988],
Maji0 BHUMAaHUS YACJISIOCh JIbAY, XapaKTEpH3yro-
mEMYCS BBICOKOW KOHIIEHTpALWe! CTPYKTYPHBIX Je-
¢exros. Taxoi jem, Xak, BIPOUCM, H €0 IIPOTHBO-
TOJIOXHOCTh — COBCPUICHHBIH MOHOKPHCTALIAYCC-
KH# JIe[, PeAKO BCTPEUACTCHS B CCTCCTBCHHBIX TIPWI-
POIHBIX YCIOBHUSX, HO HEPCTIEKTHBEH IS HAYUHBIX
HUCC/IEOBAHMIA, B YACTHOCTH, ANY u3yueHus aedex-
TOB, BJMSAIOIMUX HA aeopMauvio W, HATIPUMED,
IN9 BBISCHCHWS MEXaHW3MOB YCKOPCHHAS peaxiai
Py 3aMOPAXHBAHIN BOAHBIX pacTBopos. OxnoM m3
paboT, B XOTOPHX CTPYKTYPHO HECOBEPIICHHOMY
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JBAY YAEASIOCH OOJIBINOC BHUMAHHE, SABJIIETCH Pa-
fora aggosa [IIasaos, 1996].

B macrogmeit crathe MPUBCACHE PE3yJIBTATHL
UCC/IEAOBAaHUI cKopocTH AedopManuu, IeKTPONpo-
BOJHOCTH, OINTHUYECKMX CBOHCTB M CIEKTPOB HM-
IYJBCHOTO PagvoN3a Jbdd C BBHICOKOW KOHIEHT-
panueii geexToB. B kauecTse 06pa3LOB UCHOIB30-
BaJICS aMOPdHBII JIe, TTONTYHAOIIMIACS TIPY KOHICH-
canyy ¥ 3aMEP3aHWM BOASHBIX THAPOB TIPH HU3KOU
temrepatype (auxe ~130 "C), nen co crpykrypoit
CTCKJIA, 00pasyomuics npu GHICTPOM 3aMOpPaXXH-
BAHUM KOHIICHTPHPOBAHHEBIX BOTHBIX PAaCcTBOPOB, W
NOJHKPUCTATAYCCKIH JIEH, TOTyHaeMEi Tipu Obic-



CBOHCTBA JIBJA BEICOKOH KOHI[EHTPAITHA

TPOM OXJIAXIECHHH YUCTOW BOOBI OO0 HU3KUX TEMIIE-
patyp. B HEX MIOTHOCTH AehEKTOB HAMHOTO BHIIIE
TEPMOAMHAMMYECKH PaBHOBeCHOU miotHocTH. Oco-
60¢ BHUMAHWE YAECACHO M3YUCHUIO TEMIEPATYPHBIX
33BUCUMOCTEN  TECPEUUCACHHBIX  XAPAKTEPUCTHK
JIbAA, MIOCKOJIBKY MPH HATPEeBAHUH PA3JHYHBIE TPYII-
MBI HEPABHOBECHBIX IO KOHIEHTPAIMH CTPYKTYP-
HBIX 1e(DEKTOB MOryT aKTMBHUPOBATHCS B IOABUKHOC
COCTOSTHHE W PEIAKCHUPOBATH, WHBIMHM CIOBAMHU, JIEN
MOXET TIPEeTepHeBaTh CTPYKTYPHBIC W3MCHCHUS,
COTIPOBOXAAIOIIMECT 3AMCTHBIME AHOMATAIMH (DU~
3UUeCKuX CBOMCTB. M3yueHne aHOMAIU¥ IIO3BOJIAT
TOJyYMTh WHOOPMALIUIO O CTPYKTYPHHX AedekTax.

CKOPOCTDb JE®OPMALIMI
CTPYKTYPHO HECOBEPIIEHHOI'O JIbJIA

Amopdubiit e aBageTCd IPKUM TIPEACTABUTE-
JIEM CTPYKTYPHO HECOBepmIeHHOro abaa. OcobeH-
HOCTH (DU3NUECKMX CBOWCTB B HEM XOpOIIO 3aMETHBI
¥ YAOOHEI 119 OKCIEPAMEHTAIBHOIO UCCACIOBAHMAS,

IIpu wuccaenoBanum pedopmarum amopdHOTO
JIbAd HAMH MCIO/IL30BAINACH 00pa3nbl B BUAE MJIEHOK
rommuaoi okoso 100 MKM, TOAyUuCHHBIE OCaX-
JEHUEM IAPOB BOABL HA META/UITMUCCKYIO MTOMIOXKKY,
OXJIAXAEHHYIO [0 TEMIEpaTyphl >XKUAKOTO as30Ta,
T = 80K. CxopocTp pocra IICHOK COCTABJIAIa OKO-
J0 2 MKM/MHH.

WaMmepeHnsa mMpOBOAWINCH Cpa3y TMOCAE MOIY-
yeHns o6pasuos. Beawumna nedopmanuu  mox
OEUCTBUEM CKUMAIOWIEH HATPY3KH, MpUIaracMon
MepHeHAUKYJISPHO K TOBEPXHOCTH 00pa3ia, perucT-
PHMpPOBaIaACh MAKPOMETPOM C LICHOW JeJCHHUS 1 MKM,
a TAaKXE SJCKTPOEMKOCTHBIM AATUAKOM, IO3BOII-
OIIMM BBHIBOAUTHL MHDOPMALMIO HA AHMATPAMMHYIO
JieHTy camorca. C moMOompbio 916K TPOEMKOCTHOLO
JATUMKA MOXHO OBIJIO TAKXE PErMCTPUPOBATH CKO-
pocTh u3MeHeHHd AcdOpPMALMKA C TEUEHHUEM BpE-
MeHu. [I1g 3TOro 971EKTPUUECKUN CUTHAA AaTUMKa
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Puc.1. TemnepaTypHble 3aBUCMMOCTH fedopManun
¢ Jba NP OAHOOCHOM CKATUM W HATPEBAHMM CO
ckopoctsio 0,1 rpan/c.

1 — amopdmeri sen, o=0,16MIla, mM-6 1:1;, 2 —
noJUKpUCTaIMueckun jief, o = 2,1 MIla, m-6 10:1; 3 — amop-
ubtit sex nocne otsxura npu T = 265 K, o= 0,16 MIla, m-6 1:1;
4 — NONMKPUCTAJUIMYECKUH Jief rocne orxura mpu T =265 K,
o= 2,1 MIla, M-6 10:1.
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Puc. 2. TemrepatypHbie 3aBUCHMOCTH CKOPOCTH
nedopManuy ¢ apAa NPU OJAHOOCHOM CXATHM H
HarpeBaHuu co ckopocteio 0,1 rpan/c.

1 — amopduniit nep, o=0,16 MIla, M-6 1:1; 2 — nonu-
KPHCTAUIMUECKUI sieft, o = 2,1 MIla, M-6 10:1.

muddepennuposancd RC~ LENOUKOR ¢ MOCTOSTHHOMN
spemenn 7 = 20 c.

Ha puc.l (kpuBag 1) npuseacHa TUONUHAS JI9
06pasuos aMOpP@HOro Jha 3aBUCAMOCTh BCIHUMHEL
necopMaumu OT TeMIEPATyphl TIPH HAMPSKEHUU
cxarug 0,16 MIla ¥ CKOpOCTH HATpEBAHWS TMOM-
aoxxu ¢ obpasuom 0,1 rpan/c. decdopm: g mpo-
XOMUT 4epe3 HECKOABKO TOUEK nepernba: 3aMeTHO
YCKOpEeHHE W Tocacayioniee 3amemaeHue aedop-
mauuu B okpectHocty Temneparyp 140 K, 220 K,
BOIM3M TeMIepaTypsl iasacand abga 273 K.

OmnBIT MOKA3BIBAET, UTO €CAM B IPOIECCE IKC-
NIepMMEHTA TpPEPBATh MOHOTOHHOE HArpeBaHue, a
3aTEM OXJIaTUTh 00pasel A0 UCXOAHOM TeMIEpaTy-
pbl, TO aedopmanua He BO3BPAMAETCA B MCXOAHYIO
TOUKY, a OCTAeTCd HA JOCTHTHYTOM ypoBHE. Kpome
ToTO, AedopManMd HE BO3BpAILAETCH K HYJIIO MpH
CHATHHM HATPY3KW B MPOLECCE MOHOTOHHOTO HArpe-
Banudg. [Ipu nocaenymoomeM MPUAOKEHUM HATPY3KH
aedbopManus yBeJTMUMBACTCA OT paHEE AOCTHUTHYTO-
ro suaucHud., Takum 00pasoM, MB HMEEM JEJIO0 C
ocTaTouHo aedopMmartuei.

Ha puc.2 (1) npeacrasieHa SKCHEPAMEHTATb-
HAd 3aBHCHMOCTb CKOPOCTH aedopMamuu aMopdHO-
ro JibAa OT TEMIEepaTypbl. BUmHO, 4TO CKOPOCTH
nedopmanmm umeer Makcumymbl BOsm3n 140 K,
220 K u 260 K, npuueM MakcuMyMbl 00HApy>KUBa-
0T CJAOXHYK CTpykTypy. Kpome Toro, 3amerHbI
OTHOCHMTC/IBHBIC MaKCHMyMbl BOJIM3M TeMmepaTyp
110 X u 170 K. BxcrniepuMenTaJibHbBie KPUBHIE pa3-
HBEIX 00pa3oB aMOpdHOro JbAd MOryT OT/JIMYATHCH
OgHA OT APYroM AMILTUTYAOW MAKCUMYMOB (10
30%), HO XapaKTEpU3YIOTCS OMHHAKOBBIM WX ITOJIO-
KEHUEM HA TEMIMEPATYPHOH ImKaae (CaydawHsi
casur He Oomee 2—3 rpamycos).

Cxopoctb aedopmanu aMmopdHOro Jbaa MOX-
HO CYIIECTBCHHO CHH3UTh, ECJIM TEPEd H3MEPEHUEM
obpasen oTXeub, T.€. HAIPETh A0 BEICOKOH TeMIie-
patypsl (HE TIPEBBHIMIAIOIEH TEMIEpPATypHl ILIAB-
JeHud), a 3aTeM BHOBb oxyaguTh. OTxur Oosee
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A. B. ITABJIOB

o¢exTUBEH, €CIN IIPOBOIUTCS B MPUCYTCTBUU HA-
rpy3ku. Pucyrok 1 (3) gemMoHCTpUpyeT CHUXEHUE
CKopocTn aedopManuu TOCja€ OTXura mpm 1 =
=265 K B nmpucyrcrBuu Harpy3ku. [Ipu Temnepary-
pe, MEHBIICH TEMIEPATYpPEl OTXWIa, dedopManud
ucuesawoe mMaaa. [Ipy Harpesannu o0pasua BhILIE
TEMITEpaTyphl OTXKWUIa JIE€T BHOBb MPOSIBIIET BHICO-
Ky 1edopMIpyeMOCTh.

Iaa cpapHeHus ¢ aMmopdHBM JbIOM Ha puc.l
M 2 TpUBEACHBI TEMMCPATYPHEIC 3aBUCHMOCTH JE-
dopMmauu u ckopoctu AedopManuu CBEXEMPUTO-
TOBJICHHOTO TIOJIMK PUCTALIMUECKOTO JibAd. Kpuebie
MOy YECHHBI ITPHW CXUMAOIEM Hanpsxennn 2,1 MIla.
O6Gpasms!l MOIMKPUCTAIMYECKOTO JIblid M3roTaBJIM-
BAJIUCh IIYTEM OBICTPOrO0 3aMOPAXHMBAHWS KAIE/b
OMIMCTHIIMPOBAHHOM  BOHbBI, OOBEMOM  OKOJIO
10 mM3, HA META/UIMYECKOM IOMIOXKE IIPH €€ OX~
JIAXKICHUU OT KOMHATHOU TEMMEPATypPhl A0 TEMIIC-
patypst 80 K co ckopoctsio 0,3 rpan/c. 3amopoxen-
HEIE KArmd ObLTH MYTHBIMH Ha B M COAEPXAIH
MEJIKME TPemuHbl. M3 pUCYHKOB BHAHO, YTO B MO-
JIMK PACTATMUECKOM JIbAY BEJWUMHA medopMauuun
W €€ CKOpOCTh, MO MEHBIICH Mepe, Ha TOpPImoK
HUXE, UM B aMOP(HOM, XOTH HATIPIXKEHUE CKATHAL
MOJIMK PUCTALINYECKOTO JIbaa Obto B 13 pa3 Bemme.
Ha kpusoii ckopoctu medopmaniuv 3aMETHB Mak-
cuMmymbl B maTepBasie remneparyp 110—180 K, xa-
pakTepHble ans amopdHoro japaa. Takxe samereH
nogbeM CKopocTu aedopmanuu B uuTepsage 190—
250 K u gpkO BBIPAXXECH MAKCHMYM CKOPOCTH IIPH
temneparype okoao 260—265 K. Ckopocts aedop-
MAaOMK MOJHMKPUCTANTAYECKOTO JbIA MOXHO TaKXe
MOHW3UTH MyTEM OTXWra, KakK TMoKa3asHo Ha puc.l
(4). Orxur nposogwica mpu T=260K B mpu-
cyrcrBumn Harpysku 2,1 MIla.

Mbt cBa3BIBaEM MAaKCMMYMBI CKOpocTH aedop-
MAaIUH ¢ HATMYUEM B 00Paslax TCPMOIUHAMMYECKI
HEPABHOBCCHBIX CTPYKTYpHBIX nedexrtos. [lomara-
€M, UTO KaXIOMy MAKCHUMYMy Ha TEMIICPATYpPHOM
HIKaJe COOTBETCTBYET cBoM Tun pedektos. Cumra-
€M, YTO TIPH YBEJHMUCHUH TEMITEPATYPH ITU AcheK-
THl AKTUBHMPYIOTCS B MOABUXHOE COCTOSHUE, YCKO-
pstor AedopManuio Jbaa, a 3aTEM PENAKCUPYIOT K
TEPMOAMHAMHUUCCKHA PABHOBCCHOMY 3HAUCHHUIO KOH-
LeHTpanmu. MexaHu3M yckopeHua aedopmalium mpu
ocBobOXaeHM AedeKTOB Oyner 00CYKAaThCA HUXKE.

OueBupno, uto apdexT oTXRMra 0OpPasLOB COC-
TOWT B CHUXXCHHM KOHICHTpanun aedektos. Biaaro-
Japst 3ToMy, CKOpocTh gedopManum yMeHbHIAETCH.
OTXur B IPUCYTCTBAM HATPY3KH OKasbiBaerca 0o-
nee apdeKTUBHBIM, BEPOITHO, IIOTOMY, UTO IIpH
3ToM OBICTpEE MPOTEKAET penakcanus AeeKTOB K
pasroBecuo. CtpykTypa geeKTOB MOXET OHITH B
3HAUYMTEIBHON CTEMEHU CBA3aHA C BAKAHCUAMH M
MyCTOTAMH, KOHIIEHTPAIIMS KOTOPHIX OCOOEHHO Be-
amka B aMopguoM Jbay. O BBICOKOM KOHIIEHTPALIHH
BAKAHCUU M MTYCTOT CBUACTEIBCTBYET, B UACTHOCTH,
IIPUMEPHO BABOE-BTPOC MEHBLIAS TJIOTHOCTH amMopd-
HOTO JIbA TIO CPABHCHUIO ¢ MOHOK PUCTAUTHUECCKIM.
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Puc. 3. TemnepaTypHas 3aBUCUMOCTb JedopMantum
e Jbja npu ¢ = 1,3 MIla u CKOpoCTH HarpeBaHUL

0,1 rpan/c.
Konnenrpauus NaCl: 7 — 3M, 2 — 0,4 M.

Xopomrag Koppeaanusd MakCHMyMOB CKOPOCTH
aeopMmaruu Mexagy obpasuamu amopgHOro M Imo-
JIMKPUCTAJTMYECKOTO JIbJA HA TEMIEPATY PHOM KA~
JIC TIO3BOJISET 3AKIKOUNATh, YTO B 00OMX THMIAX JIbAA
K gedhopManmy IpUBONAT OMMHAKOBLIE BUABL Aedek-
TOB. Pasnuuarorca JMIIs KOHIEHTPAIIMM JTHX AE-
cexToB: B aMmopHOM JIbAY MX MJIOTHOCTH BHIIIE,

Mbr  paccMoTpenu  TEMITEpATYpPHBIE 3dBHCHU-
MocTd AecopManmu aMOpdHOrO M TMOJHMKPHUCTAII-
JIMYECKOTO JIBJIOB, IIPUTOTOBICHHBIX U3 UMCTOM BOIBI
U COIEpXKAMAX CTPYKTYPHBIC Ae(DEKTH COOCTBEHHO-
ro Tuna. [IpeacraBagioT UHTEPEC AHAJOIMUHBIE KC-
CJICAOBAHMSA JIBA CO CTPYKTYPOU CTEK/IA, B KOTOPOM
KpoMe COOCTBEHHRX AeEKTOB COMEPKATCT MHOPO-
Hble ipuMecH. KakoBa posib XMMUUECKUX MPUMECEH
B Iponeccax aedopManum?

g mpuroToBicHuS 06pAasIOB JbIa CO CTEKJIO-
MogoOHOM CTPYKTYPOHl WCIOIB30BANUCH PACTBOPEI
comm NaCl ¢ konnenrpanueit: 3 M u 0,4 M. TexHo-
JIOTHST WX BHIPAIIUBAHUSA OTJMYAIACH OT TAKOBOM
TIOJIMK PUCTAJTTYECKOTO JIBA TOJTBKO CKOPOCTHI) 0X~
JAXACHUS MOINJIOXKH, KOTOpad B HAHHOM Cyuae
cocraasiaa 10+15 rpap/c. llonyuamuce oSpasuml
MOJIOUHOTO LBETA ¢ 0OMPIMM KOJTMUECTBOM MUKPO-
TPEIIKH,.

Ha pwuc. 3 npencrapieHsl TeMuepaTy pHbE 34~
BHCHUMOCTH AedopMaruu 0O0pasnos NOA ACHCTBHEM
HanpsxeHnd cxatug 1,3 MIla npu ckopoctu Harpe-
sauus 0,1 rpap/c. Kpusas nedpopmannu 3M-o6pas-
ua umeer mposas BOmsu Temnepatypsl 220 K. On
CBSI3aH C OOBEMHBIM pacIIMpeHreM obpasma IIpu
KpucTajanusauum crekna. [lporekanme ¢azosoro
MEPEXOAA CTEKJIO — KPUCTAJLT TOATBEPRKAAECTCH K-
30TCPMUYECKUM MHUKOM HA KpuUBOH aupdepen-
OHMAJIbHOTO TEPMHUUECKOTO0 adanmi3a obpasma. B
0,4M-o6pasue gedopmarnusa npu 220 K umeer ne-
perud, a SK30TEPMHUUECKMHA MHMK HA KPUBOH TEPMO-
aHasmza cnabo seipaxeH. CiaegoBaTenbHO, B OT-
Juunn oT 3M-nbaa, UMEIOIET0 B OCHOBHOM CTEKJIO-
nonobHy cTpykTypy, 0,4M-1ex npeacTasaser co-
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Puc. 4. TemrniepatypHas 3dBHCHMOCTb CKOPOCTH
nedopManHH £ IbAa C MpuMecsaMu npu o = 1,3 MIla
M CKOpocTH Harpesanms 0,1 rpan/c.

Kouuentpanus NaCl: 7 — 3M, 2 — 0,4 M.

6o noauMKpuUCTaAl ¢ HeOONbIIUME BKPATIICHUIMU
CTEKI0MOTO0HOM (hasbl.

Ha puc. 4 wzobpaxensl TeMmmepaTypHBIC 3a-
BACHMMOCTH ckopoctu neopmanuu 3M- m 0,4M-
00pazuos. CpaBHUBAY WX C KPUBBIMU, IPCACTABICH-
HBIMM HA pPHC. 2, MOXHO BHICTb, UYTO MO ILIac-
THYECKMM CBOMCTBAM JIEX ¢ OPUMECAMHU COTM 3a-
HUMAET MPOMEXYTOUHOE MECTO MEXTY UHCTBIM II0-
JINKPUCTAJTAYCCKIM W AMOPGHEIM. Y BETHUEHHE KOH~
HEHTPAIMN COIH AeaeT jen Oolee IIACTHYHEBIM,

[Ipm Temmeparypax okoso 135, 150, 170 K
ckopocThb gegopmanun 3M- u 0,4M-06pasmos npo-
XOOUT uepe3 MakcuMymbl. HaGmromaercs Takxe
MMOABEM CKOPOCTH ACQPOPMAIIMH IIPH TEMIIEPATYpE
seire 200 K. OrMeueHHEBIE OCOOCHHOCTH HAXOASTCSH
B YAOBJETBOPUTEIBHON TEMIICPATYPHOU KOpPpEs-
UK C TAKOBBIMM AMOP(HOTO M UHMCTOTO TTOJUKPHUC-
TAJIMUYECKOTO JIbAA. [109TOMY MOXKHO MOJAraTh, 4To
MEXAHHU3M ITOBHIIEHHUS IIACTUYHOCTA aMOP(HOTO H
TIOIMKPUCTAIIAYECKOr0  Jba,  00yCAOBICHHBIN
OCBOOOXACHUEM AE(DEKTOB MPY MUK POCTPYKTYPHBIX
npespamesusx paboTaeT TAKXE ¥ B COMCHOM JIbAY.
Ponp mpumecedt CoM B OCHOBHOM, ITO-BUAMMOMY,
CBOAMTCH K WCKAXCHUIO CTPYKTYPH PEIICTKH,
BCJEOCTBHE KOTOPOTO B HEH B mpoLecce pocTa JbAa
obneruaerca obpazoBaHue coOCTBEHHBIX 1e(EKTOB.

ITanenue ckopocty aeopManyy oOpasLos co-
JIEHOTO JIbAA A0 OTPUUATEIBHHIX 3HAUCHUU BOIM3N
220 K, xax yxe ObI0 OTMEUEHO, CBA3AHO C 00bEM-
HBIM PACIUMPECHHUEM IPH KPUCTA/UTM3ALIMAH CTEKJIO-
nogoGHoU haser. [Ipu Temmneparype okoqo 250 K
3M-nen mnasurca; 0,4M-nex opn 250 K ocraerca
TBEPABIM, HO MMEET MAaKCUMyM CKOPOCTH xedop-
Manuu, pocruraromeir 3HadeHmsa 0,1 %/c. Dror
MaKCMMYyM, ITO-BHAMNMOMY, TOXE CB#3aH C IUIaB-
JEHUEM KOHIICHTPUPOBAHHOTO TBEPAOTO paccosia B
MEX3EPEHHOM IIPOCTPAHCTBE 00pasiia, B Pe3yIbTaTe
KOTOPOTO OBJIErYaeTcs ,,[IPOCKAIb3bIBAHUE " MEX3E-
pEHHBIX TPAHMIL B IIporecce aepopmariuq.

MEXAHHWU3M YCKOPEHHUA JEQPOPMAUIHUHU

O6cyauM Teneps MEXaHM3M yCKopeHus aedop-
MAlum Ipu OCBOOOXAEHUY CTPYKTYPHbBIX ASCKTOB.
Cnenya Tneny [Glen, 1975], Oynem cumTaTh, UTO
aen aedopmupyercda mo AUCIOKAIMOHHOMY MExa-
HU3MY, M MOOBHXHOCTh AUCAOKAIMN 00eCIeUnBaOT
cBOOOIHBIC OPMEHTAUMOHHEIE ACPEKTH bBbeppyMa
L- n D-tumna. BygeM monarath, uT0 UMEHHO OpHMEH-
TAUMOHHBIE TePEKTH OCBOOOXIAKTCS ITPH MUKPOCT-
PYKTYPHBIX TIPEBPAIIEHUSX JbJa W YCKOPSIOT Ae-
¢opmanuo. [TepBoHAUATHHO OHH CONEPKATCA B CBE-
KETIPUTOTOBJICHHOM JIbAY B CBSA3AHHOM COCTOSHUHW B
TCPMOJUHAMHAUCCKN HCPABHOBCCHOM KOJ/IHUCCTBC.
CB43BIBAIOIIMM JJIEMEHTOM /IS OPHEHTAIUOHHBIX
AE(EKTOB SBJILIOTCS APYTHE CTPYKTYPHBIE ACDEKTHI.
DTO TpeXae BCEro BakaHCUM (MPOCThIE, ABOWHBIE W
T.J.) B mycToTeL. [lociae ocBoOoXmeHHs OpHEHTa-
LUOHHBIX Ae(DEKTOB U AKTUBH3AUN JABHXCHUS TUC-
JIOKAUMH, BAKAHCHM M IIYCTOTHL HAUMHAKOT OBICTPO
3a/7eunBaThCd, Ojaromapd ,MSTKOCTH® pPELICTKH.
Camu L~ n D-meexThl TOXE peaakcupyioT mocpea-
CTBOM pekoMOuHatmu 1o ¢opmyae L+D=2H,0
1100 MEPEXOAAT B APYroe CBA3AHHOE COCTOSHUC.

CornacHo FUCTOKAMUOHHONU TEOPUH IOJI3YUEC-
TH, AJIS CKOPOCTH AeopMAUMM MOXHQ HAMUCATH
ypaBHCHECHHE

& = 2bNv,

rae b — Bektop bBroprepca pucmoxauum, N —
KOHIICHTPAUMAS AUCIOKALUNA, V — CKOPOCTh JUCIO-
Kanuu. B mepsoM npubauxeHun OyaeM CUMTATH,
YTO CKOPOCTh AMCIOKAIVU TPOMOPHMOHATBHA KOH-
HEHTPalMK 1 CBOOOAHBIX OPMEHTALMOHHBIX Ae(eK-
To8. Torma ckopocts npedopmarnum OymeT TOXe
IIPONOPUMOHAIBHA KOHICHTPALMM 3THUX AS(PEKTOB

&£~ 2bNn.

[TonyuynM AHATATHYECKYIO 3aBHCHMOCTh KOH-
LUEHTPALMK 7 OCBOOOXAAMMXCS IPH HArPEBAHUU
AChEKTOB OT SHEPTHM aKTMBAUMH W, BpEMEHHU pe-
Aakcauuu 1 U abcomoTHOM Temmepatype T. s
9TOTrO BOCHOIb3yEMCS ITPOCTECHINEH MOIEBIO pelaK-
cauwp, w3o0paxeHnod wma puc. 5. JacTuost ¢
sHEprueil W, M KOHUeHTpamuend n OyzeM CUUTaTh
CBOOONHBIMH; YaCTUUBI C SHEPrUEH W, W KOHUEHT-
panueir § — CBS3aHHBIMM HA JOBYIIKAaX. BepTu-
KAJBHEIMH CTPEJKAMH H300PAXEHB TEPMOAKTHUBH-
POBAHHBIC MIEPEXOABI YACTHUIL B CBOOOTHOE COCTOAHHE
C XapakTepHBIM BpeMeHeM T = T,exp(W/kT) (rme
T, — IOCTOSHHAg BpeMcHu, W=W,~W,, k —
MoCTOsHHA BobuMaHa) ¥ penakcamuoHHbIe Tepe-
XOmpl, O0YCAaBAUBAIOIIUE HCUE3HOBEHUE MOIBUXK-
HBIX Y4CTHL C XapakTEPHBIM BpeMmeHneMm T,. Jlag
KOHIEHTPAUUN 1 M § MOXHO HANMUCATH KUHETH-
YECKUE YPABHCHHS

on s n 08§
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W, n

Ws, s

Puc. 5. [{marpamMMa 3HEpPreTHM4eCKHMX IepexoaoB
OpPHEHTALMOHHBIX 1e(EKTOB BO JILAY.

W, — omeprus cBobonbix AedexToB; W, -— SHEpIUs nedexTos,
CBA3aHHBIX Ha JIOBYIUKAX; T, 12 — XapaxkTepHBIC BPEMECHA TCPMO-~
AKTUBALIMM U PEJaKcaluu AedeKToB.

¢ HauaabHEIMM  ycoaoBusMu  n(t=0)=0 n
s(t=0)=3S,, rne S, — UCXOAHAd KOHLEHTPALUIA
CBS3aHHBIX yactul. TemmepaTypa sBasercs (yHK-
uueh Bpemenn: T =T, — d + wt, rne T, — Temne-
paTypa, IIpH KOTOPOM OXHUAACTCI MAKCUMYM n; & —
napaMeTp «OTCTPOMKU» OT TeMmmepaTtypwl T,, yAOB-
JIETBOPAIOIIMIA  ycaoBHID AT <4 << Ty AT —
OIMPHHA MAKCMMyMa A H4 TEMIICPaTypHOU IIKAJe;
W — CKOpOCTb YBEJIMUEHUS TeMuepatypel. g koH-
HEHTPALUH § MOJyYaeTcd NpUOIMKEHHOe PelIcHue

ki

-] Soexp [l_%@}

1

W
TIE T, = T,eXP [%(TO + 6)i| , a= kT};
0

Bynmem cumrate 7, <<7, HOCKOJEKY 3TO TH-
MWYHAS CUTYALMs 7 TBEPABIX Tea. {715 MOMEHTOB
BpEMeHH { >> 7T, pemieHHe ans n Oyaer wmMersb
npubaMKECHHEBN BUI:

St 1- 3
n=st,/T wm n= Llexplat + ﬂ].
Tl a'tl J
KoHuenTpanus #» HapacraeT oo 3aKoHy exp(af)
M JTOCTHUTaeT MAKCHMMyMa B MOMEHT BPEMEHH I,
ompenmenseMblli u3 ycnaosus explafy =ar,. Ilpm
5TOM MAKCHMMAanbHAs KOHIECHTpAMS A COCTaBASCT
aSqT, un
SoraWw
max 2
kT
[Mocne mpoxoXxpaeHWd MakCUMyma (DYHKIUS 1
OBIcTpO cmagaer 1o 3akoHy expl—exp(at)/(at,)].
[IwpusHa MakCUMyMa HA TOJTYBBICOTE COCTABISET
1,69/ a na mxane spemenn. Ha wkane temmepatyp
ona pasHa AT = 1,69w/a. Orcrona cnenyer cBa3p W
u AT:

W = 1,69kT2/AT.

M3 ycnosus exp(at)) = ar, TOACTAHOBKOMN
ty=(Ty— Ty+ 8)/w=3/w MOXHO TOJYy4YNTh BHI-
paxenue 1 = arexp(aT,/w), ycraHaBIHBaIOmEe
CBSA3b BpeMeHn T ¢ Ty, W, w:
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0,04

0,02

T
250 T, K

T
200

Puc. 6. TemnepatypHas 3aBUCUMOCTb CKOPOCTH A€~
topmanuu ¢ amopdHOro JibJa NpU CXRUMAIOIIEM
HanpsokeHnn o = (0,16 MIla u cxkopocTh Harpe-
pauusg 0,1 rpax/c.

1 — obpaserl, IOABEPIHYTHIN NPEABAPUTEILHOMY OTXUrY ipu T =
=146 K; 2 — xpuBasi, 3aMMCTBOBaHHAs U3 PUC.2.

T =T1exp(W/kTy) = kT2/(Ww).

M3 mosyuyeHHBIX BBIPAXEHUU CACAYET, UTO
MakKCHMYM KOHIEHTPALUHU 1 TEM BHIIIE, YeM 0OJIb-
we Sy, 7,, w. C yBEIMUEHNEM CKOPOCTH W MAKCUMYM
KOHIIEHTPAIMK CABUIAETCA B 00aCTh BHICOKUX TEM-
neparyp.

ITo xpyTusHe HapacraHus ckopocTu aedop-
Mamuy Ha IWKAJe TEMIEPATypPhl, IIUPUHE U TCMIIE-
paType mUKa MOXHO OILCHUTb JHEPIrUH AKTHBAIUU
OpuEHTAMOHHBIX AeekToB. C IIe/pI0 BBIACACHAL
HYXHOTO TIMKA CPear APYTHX 06pasel mocaeaoBa-
TEABHO OTXHWTranW (YHWUTOXAJHM THKH) IIPU BCE
Gosee u Gonee BHICOKMX Temmeparypax. Caenyer
OTMETHUTB, YTO BBIIOJHEHHUE TAKOW MPOLICAYPHI CBSI-
3aHO C OmMpeneIeHHBIMH TEXHUUECKUMH TPYyAHOC-
TIMU ¥ HE BCETAA TIPUBOAUT K YOBJICTBOPUTEAbHBIM
pesyaprataM. B xauecTBe mpuMepa ymauyHOTro OT-
xura amopduoro obpasia NpuBeacHa KpuBas ! Ha
puc. 6. OTXWT BHIOAHAJCS TIPH TEMIIEPATYPE
146 K B orcyrcreue Harpysku. Kpusag 2 3ammMcTBO-
BaHA W3 puc. 2 A4 CpaBHEHUI. BugHO, uTO TOC/E
orxwura UK ckopoctu npu 7 = 175 K BeIpoc mouTn
HA OOPSAOK, 4 MUKH MpH Oosice HUZKUX TEMIECPATY-
pax YMCHBIIIIKCH TI0 BETUUMHE, Y BEIUUCHUE KA
mpu T =175 K cBUmETEABCTBYET O TOM, UTO OPUEH-
TanuOHHBIE  HedEKTH, BHICBOOOXIEHHBIE  IIPH
oTxwure, ObLIA 3aTEM YACTHYHO 3AXBAYCHHI JIOBYIII-
KaMu, oTBeTcTBeHEbIMH 34 mHK npu 175 K. Ecan 6m1
OTXXWT TIPOBOAMJICS B TPUCYTCTBHH HATPY3KH, TO
muk nipu 175 K 6611 661 TaxkuM Xe, Kak Ha KpUBOH 2.
TTo-BuguMoMy, OpMEHTANMOHHBEIE AE(PEKTH, OCBO-
foxaaromuecs Mpy OTXKWATE MOX HArPY3KOi, majiee,
HaTpuMep, MOrJIOMAIOTCS ABMXKYIIHMMUCH JUCIOKA-
OUSMHM CKOpPEE, UEM 3aXBATBHIBAIOTCA JIOBYIIKAMH.
IIportecc moromeHus OPHUEHTAMOHHOIO OedeKTa
ABMXYIIEHCS AUCIOKAUMEH DSHEPTETHUECKH BBITOACH
¥ HE TMpOTHUBOpEUnT mpencrapacanaM [nera [Glen,
19751 o MexaHu3Me TTepEMENICHAI TUCIOKAIHAH.

Huxe mpuBeneHb 3HAUCHWS JSHCPTHH AKTH-
Banmu W OpHeHTAUMOHHHX AC(HEKTOB, BBIYHUCICH-



CBOFCTBA JAbJlA BRICOKOH KOHI[EHTPAI[HH

HBIE N0 HAKJIOHY KPHMBBIX CKOPOCTH Acdopmanuy B
aMOp(hHOM M IOJIHUKPUCTATLTUUECKOM JbAY, B MACII-
rabe [In(e) — 1/T]. IlorpemHocts ompeaeicHHUS
sHeprui cocrasmiaa okoao 509, 3a MCKIIOUEHHEM
remmepatryp 170 u 265 K, rae norpemsocts He
npeebimana 30%,.

135—140 150 170 265
0,22 0,5 1 2,1

110—120
0,13

Ty K
W, 2B

3nauenue sHepruu akTusauuu W= 2,1 5B npn
T, = 265 K He yknagsiBaeTcd B Macurrab 3HAuCHHUH
JHEpruil IPOTOHHOW cucTeMbl BO JbAy. Ha Ham
B3IJIsI, MK cKopocTd AedopManmum npu T = 265 K
MOXET OBITh CBA3aH C TEPMOAKTUBUPOBAHHEIM pa3-
pYIIEHUEM THAPATHPOBAHHBIX JJEKTPOHOB M OCBO-
BOXACHUEGM aCCONMMPOBAHHBIX C HUMM OPHMEHTA-
MUOHHBIX Ae(EKTOB. JHEPrdu THAPATUPOBAHHBIX
JIEKTPOHOB, KAK M3BECTHO, cocTasagioT 1,9+2 5B.
WUx KoHUEHTpaIys, 10 BCCH BEPOATHOCTH, 3aBUCHT
OT crmocoba TOaYyYEHAS JIbAA, 4 TAKXKE OT MCXOMHOMN
KOHIIEHTPALMA TAKOBLIX B BOAE WJIM IAPE, U3 KOTO-
PBIX TIOJIYYEH JICH.

Taxkum o0pazoM, TUKY CKOpPOcTH AedopMaln,
HaOIFOAAOIUECs IPH HATPEBAHUY CTPYKTYPHO HE-
PaBHOBECHOTO JIbJd, MOTYT OHITh OOBACHEHBI OCBO-
OOXITEHMEM HEPABHOBECHBIX OPMEHTALMOHHBIX HAC-~
(PEKTOB M3 CBA3AHHOTO C BAKAHCHSIMU, IIyCTOTAMY U
apyrumu aedektamMu cocrogHus. [[IOTHOCTH 1OC-
JIEAHUX TAKXE SBJISIETCS HEPABHOBECHOM M, IO-
BUANMOMY, 34BUCHT OT Crmoco0a NpUTOTOBJIECHUS
JIbJa, CKOPOCTH OTBOAA Temaa or MexdasHoi rpa-
HHIB B TPOLIECCE pOCTA, OT KOHIEHTPAIMH MCXON-
HOTO pacTBOpa, a TakXke or 6uorpacum jbaa, npen-
wecTByIomei uamepennam. Ha wam s3rnan, moboii
CBEXENnpUroTOBIEHHBIN 00paser Jibga SBJALCTCA B
TOHN MM MHOM CTETICHU CTPYKTYPHO HEPABHOBECHBIM
W MOXET JIPOSABJISITh TOBBILEHHYIO MOA3YYECTh A0
TEX MOP, MOKA HE 3aKOHYUTCA perakcanus pedex-
TOB K TEPMOAWHAMNYECKH PABHOBECHOMY 3HAUEHUIO
KOHIICHTPALIHH.

HUMITYJIbCHBIN PAIWOJIN3
AMOP®HOI'O JbJA

Ipu BO30YXAEHUN JIbAd MOHU3UPYIOI(MM H3-
JIYUEHHEM B €ro0 PEemeTKE BO3HWKAKT BTOPHUHBIC
DJICKTPOHBI, KOTOPHIE 3aTEM YACTHYHO COJbBATH~
pYIOTCA WM 3aXBAaTHBAKOTCA JOBYIIKaMu., B om-
THYCCKOM CIICKTPE JIbAA MPH ITOM IOSBINIOTCH AO-
TMOTHUTE/IBHBIE IIOJIOCHL TOIVIOMECHHUsI. B HacTosmee
BPEMS XOpOIIO M3YUEHA MOJIOCA MOTIOIEHUS COJIb-
BATHPOBAHHKBIX 2JIEKTPOHOB BOMmM3H 2 5B B uncTom
MOHOKPHUCTAJLTUUECKOM sibay [Kevan, 19731 u UK-
nornomenne B obgactu 0,6+1,2 3B snekTporamu,
CBI3aHHBIMU Ha AedekTax B HEKOTOPHIX TBEPHBIX
BOHBIX pacTtBopax [Stradowski et al., 1980].

Ienpo HACTOAMIEH uacTH paboOTH  SBHIOCH
HUCCAEAOBAHUE METOAOM MMITYJIBCHOTO pPAXHOIM3A
OCODEHHOCTEN  COJPBATAIMOHHBIX IPOIECCOE BO

JIBOY B MOMEHTBI MUK POCTPYKTYPHBIX I1PEBPAICHHHA
pelETKH. DTHU AdHHBIE HEOOXOAMMEI A TIOHH-
MAHWY MEXAHW3MOB YCKOPEHHS PEAKIUM B HHU3KO-
TEMIEPATYPHBIX BOXHBIX cucremax [[Tukaes, 1986;
Jomnuk u dp., 19871,

B kauecTse 00OBEKTAa MCCACHOBAHWSA OBLI BHI-
Opan amopdHBIA JCA, TOCKOJABKY OH SIBJISIETCS
APKHMM IPENCTABUTEAEM CTPYKTYPHO HEPABHOBECHO-
ro JbJa ¥ TP HATPEBAHHMM MCIBITHIBACT MHOTO-
YKMCIEHHBIEC CTPYKTYpHbIC mpeBpamenns. OOpasusl
amopduoro abxa tonammuon 50-~100 mMkM, npuro-
TABJIMBAMN MYTEM OCAXACHMS TMAPOB BOAH HA XO-
soxrayio (80 K) xBapueByio moAMIoXKy B BaKyyMe.
CkopocTh pocTa TUICHKH M0 TOJNIYHE COCTABJsIA
0,2 mxm/c.

OkcnepuMeHTabHAS YCTAHOBKA ObUTA CO3MaHa
Ha 06a3¢ MPOMBIIIEHHOTO 36K TPOHHOTO MUKPOCKO-
na [Ilaénos u dp., 1983]. OHa BRIIOUANA IJICKT-
POHHYIO TYIKY ¢ YCKOPSIOUIINM HAMPSIKEHAEM
50 x3B, a30THEI KPHOCTAT ¥ ONTHYECKYIO CUCTEMY.
BrIpesanHass MOHOXPOMATOPOM Y3Kad IMOJI0CA CIeK-
TPa CTAUMOHAPHOTO H3JIYUYEHWMS JAMIEl HAKAJIH-
BaHHs (HOKYCHPOBAIACh HA 0Opasen, pa3MCUICHHBIH
HAa XOJOAHOW AmacgparMe kpuocrara. IIpomexmas
uyepe3 o0pasell YacTh M3AyueHHMd CcoOupajach Ha
choronmpueMHNK. DAEKTPUUECKHI cHrHan (oro-
MPUEMHHMKA, TPONOPILNOHATbHBIH H3MEHCHHIO KO-
aduumenTa ONTHUECKOro MpomycKanusa obpasna
TIOA ACHCTBHCM HEPHOAMYECKHX WMITYJIbCOB BO3-
OyXIECHUI IJIEKTPOHHBIM IIYYKOM, PETHCTPHPOBAJICS
CTPOO-UMIYIHCHBIM HHTETPATOPOM.

Ha puc.7 mprBeaeHs! CIEKTPH OTHOCHTEIBHOTO
W3MEHEHHUS TMPOMYCKAHUS aMop¢HOTO abJa B CIIEK-
TpaabHOM obnactu Av = 0,6+2,2 5B. Orn moxyue-
HBI [IPH BO30YXAeHNH 00pa3LOB JJICKTPOHHBIM Ty Y-
KOM C JUIUTEABHOCTBIO HMITyTbcoB 100 MKC 1 oBep-
XHOCTHOM IIJIOTHOCTBIO A03bI 32 mMysibc 102! 5B/m2
CrexTph MCTIPABICHBL C YYETOM CIIEKTPATBHOM YYB-
CTBHTEIBHOCTY (DOTOIPUEMHHMKA M ONITHUCCKON CHC-
Tembl. [lomoxurensueie 3HaueHusa At/7 COOTBETCT-
BYIOT YMCHBIICHUIO OINTHYECKOTO MPOMYCKAHUAS
obpasua nox AcvcTBuEeM BO3BYyxacuusa. U3 pucyska

Al/t-105 Al/t-104
27 96 K B
1 0,5
233 K
L] T 1
06 1,0 14 1,8 £ 3B

Puc.7. CnexTpbl OTHOCHUTEILHOTO HM3MEHEHHMS KO-
3dPULMEHTA ONTUYECKOrO MPONMyCKaHus Af/1
aMOp(dHOro ApJa npy BO30YXKIEHUH IIEKTPOHHBIM
My4YKOM.
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ad 170 K
o] 220 K
84 K
- 250 K
0 T 1 T T
05 1,0 15 20 25FaB

Puc. 8. CneKTpbl ONTHYECKOro Mnorjaomenns aMopd-
HOrO Jb/1a NMPY Pa3JIUYHHIX TeMIepaTypax.

CJIEAYET, YTO IPH HA3KHUX TEMIIEPATYPAX MOA AEHCT-
BHEM BO30YXICHUS MPO3PavHOCTH aMOp¢hHOro apaa
CHUXXAETCS B CIIEKTPaJIBHOM uHTEpBase 1,2+2,2 5B
¢ MakcuMyMoM dddekra npu 1,9—2 5B, B obnactu
cnekrpa 0,6+1,2 5B, HanpoTus, e TPOCBETIAETCS
¢ makcumymoM BOam3m 0,9 5B. Ilpu yBeinmueHnmn
Temnepatypu addekT mpocseTiieHHsS WCUE3aeT, a
o(hdeKT CHUXEHUS MPO3PAUHOCTH B TIOJIOCE OKOJIO
2 5B Bo3pacraer mo BenuuuHe. XapaKTEPHBIE Bpe-
MEHA peNaKCAIMHN COCcTaBsu: aiga dddexra mpoc-
peTaenud ~1073 ¢, auaa addexra ymMeHbIEHUS MPO3-
paudoctn ~103+1072 c.

Ha puc. 8 a9 cpaBHEHUS IPUBENEHE COEKTPHL
ONTHUYECKOTO TOTJIOMEHNS aMOpGHOro Jbaa B WH-
tepeane 0,6+2,2 5B Oe3 B030yXHECHHA ITyYyKOM
smekTpoHoB. Ilpu Temmeparypax 84 u 250K B
CIIEKTPaX XOpOIIO 3aMeTEH MAKCUMyM BOiu3u 0,8—
0,9 sB. On, xak ussectHo [Tsubomura et al., 19801,
CBS3aH C TOIVIOIIEHMEM CBETA INPH BO30YXIEHUU
kosebanmit OH- cBs3u MOJIEKYJT BOXBI C KBAHTOBBIM
yucjaoM v = 2. [Ipu Av > 1 5B B cnekrpax morio-
meHns HaOMgaeTcs WMPOKAd MOJ0Cd, KOTOpast
OTCYTCTBYET B UACTOM MOHOKPHCTa/IMUCCKOM JIBAY.
DTa moJsioca, MO-BUAMMOMY, CBS33aHA C PACCETHUEM
CBETA HA MHOTOYHCJICHHBIX B AMOP(HOM by KPyII-
HBIX AedeKTax—IrycToTax. J[aHHBIM BBIBOX MOAT-
BEPXKAAETCA CHUJIBHHEIMA HeOPMAIMIMH  TIOJIOCH
hv > 1 9B npu naMeHcHNT TeMIepaTypsl amopdHoro
JbAd, BO3MOXHBIMH  BCJCACTBHC  M3MCHEHHS
CPEAHMX PA3MEPOB MYCTOT MPH CTPYKTYDPHBEIX IIPEB-
pamennax. Huxe sror Bompoc GymeT paccMOTpeH
mogpodHee.

OddexT yMeHpOICHMS ONTHUECCKOW MpPO3pau-
HOCTY aMOp(GHOro sibaa mpy BO30OYXICHUHM OJIEKT-
DOHHEIM TYYKOM MOXET OhTh 00bACHEH 00paso-
BAHMEM M YYaCTHEM B CBETOIOIVIOIIEHUHW COJIbBA-
THPOBAHHHBIX 9JIEKTPOHOB. J[eHCTBUTENBHO, TOIY-
YEHHBIE HAMM CIEKTpHl B obmactu 1,2+2,2 5B ¢
MaKCHMyMOM OKOJI0 2 9B momoOHB HM3BECTHEIM
CIIEKTPaM COJIbBATUPOBAHHHIX JJICKTPOHOB B Das-
JIMUHBIX BOTHHIX CHCTEMax. Bpema pemakcanuy mo-
JIyUEHHBIX HAMHU CIEKTPOB TAKXe OJM3KO KO Bpe-

84

MEHH PEJIAKCAIMM COJbBATHPOBAHHBIX JJICKTPOHOB!
~102 ¢ mpm 120 K.

DdbdeKT NpPOCBETIEHHsS B CIEKTPAJBHON 00-
aactu 0,6—1,2 9B, cyaa no 6amskum K ety
YMCHBUIEHUS IPO3PAYHOCTH BPEMCHAM PpEJIakca-
LU{H, TAaK XE MOXET OHTh CBA3AH C IMPOLECCAMHU
cosbBaTanyuu. OCHOBHIBAACh HA COBIAACHUM 3JHEP-
i MakcuMyMa acdekra npocsetienns upu 0,9 B
M MaKCHMYMa TOJIOCH K0/1e0aTEIhHOTO MOTJIOMEHHS
(cM. puc. 7 1 8), a TAKXe HA YHACJECHHBIX OICHKAX
BesmuuHHE At/t, OBUI CAEJAH BRIBOA O CBI3H I deK-
Ta MPOCBETJIEHUI C YMECHBUIEHNEM MHTEHCHBHOCTH
KOe0ATEABHOr0 TMOIJIOIIEHUS W3-33 COJBBATALNH
AKTHBHBIX UYACTHL,, BO3HUKAIOUINX NPH BO30yXae-
HHH IIYYKOM SJIEKTPOHOB. [Ipyu cospBaTaLyuU JHED-
rust OH-cea3u monexkyn H,O B conpBaTHOM 06010U-
K€ HU3MCHACTCAd W I3TA MOJICKYJIBI BbI6hIBaIOT u3
NPOLIECCOB KOe0ATENBHOrO MOIVIONIEHMS CBETA B
cekTpaasHoi obmactu 0,9 5B. Huxe Oyaer nmoka-
3dHO, UTO AKTUBHBLIMH COMBBATHUPYHOMINMUACST yac-
TALAMU CIYyXaT HEPABHOBECHBIE ABIPKHA BaJIeHTHOﬁ
30HHI.

Ha puc. 9 u3o6paxxeHbl TEMIIEPATYPHBIE 3aBHU-
CIMOCTH KO2(P(HUIIMEHTA ONITUUSCKOrO MPONyCKAHUS
amopdHOoTrO Jibaa B BuguMou (2,4 5B) u undpakpac-
uo#t (0,9 oB) obmacrax cnekTpa 6e3 BO3OyXaeHUd
onektpoHamMu. CKOpPOCTh HATPEBAHHS OOPA3IOB B
cpenHeM cocrasasia okoso 10 rpan/mun. Kosddu-
OUEHT nponyCKaHnud CBC)KGHpI/II’OTbBJIGHHbIX npu
80 K 06pa3ios nepBOHAYAILHO COCTABSI HECKO/b-
KO AecaTKoB mpouenTtoB. I1pu narpesannu g0 200 K
B MOMEHTH MMKPOCTPYKTYPHBIX IPEBpAIIEHHHA TIpH
135—140, 150—160, 190—200 K, upenTudumu-
pYEMEIX IO 9K30TepMHuUecKoMy sddexty sibaa, Ko-
acduMeHT TpomyCcKaHHd OBICTPO YMEHBIIACTCH.
Ha crmekTpax morsomeHns, npuBeIcHHBX Ha puc.8,
BHIHO, UTO B 00JACTH CBETOPACCEUBAIOIIETO KPhLIA,
hv > 1 5B, nogeagerca pasMbiTag CTyHEHBKA, KOTO-
pasg cMmemaercda B ,KpacHyr* 00J4CTh HMPH IOBHI-
IEHAXA TEMIEPATYPHl. YKA3ZAHHBIE OCOOEHHOCTH
MOXHO OOBSCHUTD YBEJIMUEHHEM CPEIHENO pa3Mepa
CBETOPACCEMBAIONIMX IIYCTOT B AMOP(MHOM JIBIY IIPH
Harpesanuu. PasMep mycTroT MOXET YBEJIHUUBATHCH
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Puc. 9. TemnepatypHas 3aBUCMMOCTE KO3¢hdu-

LMEHTAa ONTHYECKOTO TMPONMYyCKaHUd aMop¢HOro
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Puc. 10. TemmnepaTypHad 3aBUCUMOCTb OTHOCM-
TEJbHOTO U3MeHeHns KoaddHieHTa onTHIeCcKOro
MponycKaHus aMop¢HOro JbJa B pa3JHUYHbIX CITeK-
TPAJbHbIX TUATIA30HAX.

334 CYET BHIXOAA K MX TOBEPXHOCTH MEIKHX Aedek-
TOB—BAKAHCHHE, TPUOOPETAIOMMX TOABMXKHOCTh B
MOMEHTHI MUKPOCTPYKTYPHHIX mpespamenuit. [lo
IJTMHHOBOJIHOBOMY KpPAl0 CTYNEHBEKH MOXHO OTle-
HUTh CpPENHMUA pasMep d CBETOPACCEMBAIOIIMUX
nycror. Hpun T=84 K d=0,5 mxm; mpu T=170 K
d=0,8 mxm; ipu 7 = 220 K d = 1,2 MKM.

TIpu MUKPOCTPYKTYPHBIX TPEBPAIIEHUIX B 06~
nactu temmepatyp Beiie 200 K Ha xpuBo# cBeTo-
NIponycKaHud (CM. pUC. 9) TIOABJISIOTCA YUACTKH
OBICTPOrO pocTa KO3 GHUIMEHTa IPONYCKAHM, T.€.
npu T > 200 K HAYMHAIOT 3a/€UMBATHCS KPYTIHbIC
nycroTel. [Tpu T > 260 K koadhdunuent nponycka-
Hug apaa npudamxkaerca Kk 1009,

PaccMorpuM Teneps TeMmepaTypHBIE 3aBHCH-
MOCTM OTHOCHTEJBHOIO W3MCHEHHWS TIPONYCKAHHS
aMopdHOTO JIbAA TIPH BO3DYXKIACHWH 3JIEKTPOHHBIM
nyukoM. Ha puc.10 u306paxcHbl KPUBHIE A1 CIIEK-
Tpaspheix nonoc 0,8 u 1,7 5B npu ckopoctu Harpe-
BaHUd 06pasmos okoi0 10 rpan/mue. DddexT mpoc-
Bernerud npu Av = 0,8 9B, kxak BUaHO M3 PUCYHKA,
MaxkcuMaJseH Tpu HU3KWUX TeMmepaTtypax. [1pun rem-
neparTypax, COOTBETCTBYIOMAX MUKPOCTPYKTYPHEIM
npespamennsM amopdHoro Jybaa, 135—140, 150—
160, 190—200, 210—215 K, sddexr o6rapyxusa-
€T OTHOCUTEJIbHBIE MUHUMYMEL. [Ipu 7> 215 K Be-
JudrHAa 3QdeKTa cTpeMuTcs K Hya. B mesom
TEMOEPATYPHAS 33BUCMMOCTH 3pdexTa mpocBeTic-
HUY TIOROOHA TEMIEpATYpPHOH 3aBUCHMOCTH WHTEH-
CUBHOCTH JIIOMHHECICHTHBIX TOg0C A< 160 BEM u
530 mm amopdmoro avaa [Ilasnos, 1989 ], KOTOpHE
KOHTPOJTUPYIOTCS ABIPKAMH BAJICHTHOM 30HEL.

OddbekT yMmeHbLICHUS ONTHUECKOH MpO3pay-
HOCTH mpu hAv = 1,7 3B (cM. puc. 10), mamporus,
HOCTUTAET HAMOOMBINMX 3HAYEHMHA IPH MHKPOCT-
PYKTYPHEIX TIPEBPAMICHUAX B OOMACTH BHICOKUX
temnepartyp, 200—273 K. 3aBucumMoctp 31010 2)-
dexra oT TeMmepaTyph HAIOMHHAET AHAJIOTHYHEIE
3aBUCUMOCTYI  WHTCHCWBHOCTH  JIIOMUHECICHIIHY
430 HM ¥ HEPABHOBECHOM 3JIEKTPOHHOM IIPOBOAM-

MocTu amopduoro abaa [[asaos, 1989 ], KoTropnie
KOHTPOIMPYIOTCA 2JICKTPOHAMK 30HBI  TIPOBOAU-
moctu. Caeayer, OAHAKO, MOAYEPKHYTH, UTO MaK-
cuMyMHl dPdekTa CHIKEHHS TPO3paYHOCTH SABJIS-
oTca Oosiee pe3KuMu. IDTO OOBACHACTCA TEM, UTO
TIp® MMKPOCTPYKTYPHBIX MPEBPAIIECHUAX OCBOOOXK-
NaTCH OpUEHTAIMOHHEE AedekTh u wonbl H,0' u
OH-, o6aeruaromnue TOBOPOTHI MOJIEKY I BOABI M, TEM
CAMBIM, CIIOCOOCTBYIOIIME MPOLECCAM COJILBATALMYL.
06 0CBOOOXACHUM OPUEHTALMOHHHX NE(EKTOB M
uoroB H,0* u OH- cBuperenscTByeT TemMneparyp-
HAad 3aBUCMMOCTH JJICKTPONPOBOAHOCTH CBEXE-
IIPUIOTOBJCHHOTO amopduoro asga, puc.ll. Tlpm
TEMIEpaTypax, SAU3KUX K TEMIEPATYPAM MUKPOCT-
PYKTYPHBIX TPEBPAIIEHUN  2JIEKTPONPOBOTHOCTD
amopdHOro apaa OeICTpo yBeanumpaerca U B 10—
100 paz npesnimaer 3HAYECHWY DJIEKTPOIPOBOI-
HOCTH, KOTOPHIE MOXHO OBIIO OBl OXHAATH B COOT-
BETCTBHH C 3aKOHOM Appenmyca. [IpuBencHHAs HA
puc.11 xpuBag 2JIEKTPOMPOBOAHOCTH TIOJUKPUCTAT -
JIMUECKOTO JibAa OaM3Ka K KPUBOM AppeHmyca.

Ecau amopdHBI Jiex oTXeub (HATPETHh A0 HE-
KOTOpPOW TEMITEpaTyphl HUXE TEMIEPATYPHI TUIAB-
JICHUs, 4 3aTeM OXJAAWTh), TO MPH TOBTOPHOM
HATPEBAHMH OJKCTPEMYMBI Kos(hduumenta mpomy-
CKAHUS, 3JEKTPONPOBOAHOCTH M OTHOCHTEIHHOIO
u3MeEHeHNS KoadduuneHTa mpomyckaHng HE Ha-
OIIOAAIOTCY NIPH TEMIIEPATYpPaX MEHBIDWX TEMIIEpa~
TYPBI OT3KHTa M3-338 OTCYTCTBUSA CTPYKTYPHBIX TIPEB-
palicHuIl M TIOIBAAIOTCA TpU 00JEE BBICOKMX TEM-
TepaTypax B MOMEHTH CTPYKTY PHBIX TIPEB PAIICHIH.
CTpyKTYypHBIC TPEBpALICHUS CBA34HBI C peaakca-
nuei pasauYHBIX PYNI HEPABHOBECHBIX CTPYKTYP- -
HBIX Ae()EKTOB pEIIeTKH K PaBHOBECHOMY IO KOH-
LEHTPALHY 3HAUYEHUI0 M TOTOMY HEOOpaTUMBI 10
OTHOIIEHWIO K HATIPABJACHUIO U3MEHEHUS TEMIIEDA-
Typel. HepasHoBecHbie medexThl 06pasyroTcs BO
JIpAY B MPOIECCE €r0 MOy UEHUA.

Takum 00pazom, TpPW CTPYKTYPHBIX NPEBPa-
[IEHUX BO JbAY YBEIMUUBACTCA BEPOSATHOCTD COJIb-
BAaTalMU OSJEKTPOHOB, a4 TAaKXe OCBOOOXIAIOTCA
OPUEHTATMOHHKIC ¥ MOHHBIE 7eEKTH. DTH CBOMCT-

T ] 1 T
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Puc. 11. TeMnepaTypHble 3aRUCHMOCTH 3JEKTPO-
IIPOBOJHOCTH ¢ aMopdHoro (I) ¥ NOJIMKPUCTA-

Ju4eckoro anaa (2).
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