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A. A, BOPOBbLEB

Kpucrannnyeckse M CTeKI000pasHbie CTPYKTYPHl ¢ HOHHBIM THIIOM CBS-
3H, a TakxKe MaTepHa/bl, comepxKauue o0e 9TH (asbl, HIMPOKO PacmpocTpa-
HeHbl B OPHPOAE, HAXOAAT ‘0OJbLIOe MPHMEHEHUE B TEXHHKE M HAPOTHOM
xo03sHcTBe. Paspaborano OTpOMHOE KOJHMYECTBO KePaMUYECKHX H JPYIHX
HCKYCCTBOHHBIX MAaTePHANOB C HMOHHBIMU CBA3AMH, NIPUMEHSEMBIX B 9J/1€K-
TPO-PaANOTEXHUKE, CTPOHTENbLCTBE H JPYrHX 00MacTiX X034HcTBAa M TeX-
HHKH.

B npunmume Tenepb M3BECTHH (yHAAMEHTAJbHBIE 3aKOHBI JJs ONHCA-
HHS CTPYKTYPBl M CBOHCTB MaTepHanoB. PaHee kiaccuuxauus siexTphue-
CKHX, MEXaHWYECKHX, TeIVIOBBIX, ONTHYECKHX, XHUMHUYECKHX M JgPYIHX
CBOKCTB MAaTePHAJOB C HOHHBIM THIIOM CBSI3U TIPOHU3BOAMIACL TNyTEM Pa3-
AEJIbHOrO OMHCAHUSA PACCMATPUBAEMEIX NPONECCOB, TPOHCXOASIIHX B CTPYK-
Typax TIpH MAAHHBIX YCJOBHAX M BHELIHeM BO3NeHCTBHU. M3osupoBaHHOE
PaccMOTpeHHe CBOMCTB HOHHBIX CTPYKTYp TPUBOAMIO K CO3HAHHIO TEOPHH
JaHHOTO Mpolecca, HANpHUMeD, 3MEKTPHUECKOro mpobosi U XapaKTepHUCTHKH
9JIEKTPHYCOKOH TPOYHOCTH JUSJIEKTPHKA U He AaBajJ0 BO3MOXKHOCTH OIle-
HUTb CBOHCTBA MaTepHana B wUeaoM. OTCYTCTBHe eIuHON (DU3HUECKOH Teo-
PHH CBOHCTB MaTepPHaJOB, B3AUMOCBS3H CBOHCTB MEKJY XHMHUYECKHM CO-
CTaBOM H COPYKTYpOH BelleCTBa 3aTPYAHAI0 PazpabOTKy HMHKEHePHBIX
pacueroB M BHIGOD MaTEPHAJIOB JJI51 TIPUMEHEHHS B 'CJAOKHBIX YCJIOBUAX HA-
TPY30K w paspaloTKy HOBLIX MaTepHaJOB ¢ 3apaHee 3aJaHHBIMH CBOE-
CTBaMH.

M. Bopu u Xyarn KyHb B JMHaMHUEOKOH TEODHH KPHCTAJIIHUECKOMN pe-
WeTKH BBICKA3adH II0J0XKEeHHEe, UTO HOPMaJibHEle MeXaHHYyeCKHe, TelJOBbIE,
ONTHYECKHE H 3/IeKTDHYECKHe CBOHCTBA BEINECTBA MOTYT OBITb OIMCAHBI C
HOMOLIb0 CBOGOMHOH sHeprun, OmHAaKo BeTHYMHa CBOGOMHOL IHEPTHH CU-
CTEeMbl He MOXKeT OLITb H3MepeHa MM BHUYHCIeHA. He 3Has 3HaueHHe TOH
BEJINYHHBI, HEBO3MOXKHO OLECHUTL M CPABHHTb MEXAY coGOil CBOHCTBA Tel
Pas3iuYHOIO XHMHYECKOIr0 COCTaBa H MOCTe HX Pa3IHIHOA 06paboTKH.
A. A. BopoGpes, moJb3ysach TepMOAHHAMHUYECKHUMH NOHATHAMH, TEOpeTHde-
CKH M 3KCAeDPHMEHTAJbHO TI0KAa3aJj, 4TO CBOICTBA IBCLIECTBA XAPaKTEPH3Y-
IOTCsl SHeprued B3aUMOMCHCTBHA MeXAY CJAa60CBA3AHHBIMU 'CTPYKTYPHLEIMH
3JIeMeHTaMH, Ha KOTOpble (pasjaraencs Tedo Ipu ero pacnamge. JLas MOHHBIX
KPHCTAJLJTHIECKHX CTPYKTYD TaxOH XapaKTepUCTHKOH OYAeT SHEPrHs peiler-
KH, I TeJ C KOBaJIEHTHLIMHU CBSI3IMH — SHEPTHMA aTOMU3AUWH, IS CTeK-
JI000pa3HbIX CTPYKTYp — TeIIOTA MJH TeMIeparypa cTekaosanus. Hau-
MeHbLIAs SHEPTHs B3AUMOJEHCTBHSA B CAOUCTHIX CTPYKTYpaxX XapakrTepusy-
€TCA 3HepTHed CKa/abiBaHHA M Tak janee. JJf HOHHBIX KPHUCTANIUYECKUX
CTPYKTYP € TOMOIUbIO IHEPTUH PeIeTKH MOMKHO ONUCATh CBOHCTBA KAk He-
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HapYVINEHHHIX, TaK M XeQeKTHbIX KPUCTANINUECKUX CTPYKTYP, T4K KaK pas-
HOBECHAs KOHUeHTpauus Je(eKTOB ¢ HX YCTOHUYHBOCTb ‘TOXKE . CBA3aHBI C
oHeprHel peireTkd. PaBHOBecHas KOHIEHTpaLUs Je(eKxToB pacTeT ¢ yMeHb-
1UIeHHeM SHEPrUM (PelleTKH. ¥ CTOHYHBOCTh JAe(eKTOB IMIOHHXKAETCH -C YMeHb-
wI¢HWeM SHepruu jpemenkyd. Yem Gosblle 3HEPTHS pPEUIETKH, TeM BHIIE
YCTOHUHBOCTD CTPYKTYPH TPH BHEIIHUX BO3XeHCTBUAX, TeM BLILIC ee MexXa-
HHYECKas, IJMeKTPHYECKasi, ONTHUIECKAd, XUMHUECKAd, TeIoBas M pajgua-
IJHOHHAS YCTOHYHBOCTb, IJTH MPOCTbie 3aKOHOMEPHOCTH, IOJYUeHHLIE B HC-
CJICIOBAHUSX, TIO3BOJIM/IH MPOBOIUTL HAYTHYIO KJIAaCCUPHKAIINIO MaTepHa-
JOB C HWOHHBIM THIIOM CBSI3M M MPELCKA3LIBAThH HanpaBAeHHS BbIOOpA XUMH- .
YEeCKON'0 COCTaBa JJIs TIOJYYCHHs MAaTepHaloB BHICOKOH YCTOHYHBOCTH TPH
BHeIIHeM BO3MeHCTBHU. [akas xoppenslius Xopoiuo cobaiofaercs ILias pe-
aJbHBIX JU3JTEKTPUKOB, TAK KaK CTENeHb HapDYLIEHHS MX CTPYKTYPHl H pPaB-
HOBECHAsl KOHIEHTpalKs AedexToB, ONpelessipluias iMHOIUe CBOHCTBA, 00Y-
CJIOBJIUBAIOTCS JHEPTHEH KDPHUCTANIHYECKOHN permerkd. Korja sHeprus BHell-
HET0 BO3LeRCTBHs OyxerT paBHA WM OOJblIe FHOPIHU pPeLIeTKH, TO YCTOH-
YUBOCTb CTPYKTYPH Hapymaercs; o6pasyiores AedexThl, UX KOHUEHTPAIHS
HaguHaeT pactd. OQHOBpeMeHHO ¢ 00pa3oBanueM XedeKTOB TPOHCXOTHT MX
OTKHr, IIpH HEKOTOPBEIX YCIOBUSX BHEIIHEro BO3JEHCTBHUA, CKOPOCTb .00pa-
30BaHus AepeKTOB MOKeT MPEeBBICUTh CKOPOCTE MX oTauna. Konuentpauus
JedexnoB Hauner pactd. [lpespicur pasHOBeCHYIO JJisi AAHHOH TeMmeparTy-
PH, HaYHETCH TPOUECC HAKOJIeHHT JeheKToB. DTO yCHAOBHE MOMKET ObiTh
BHIOpAHO KPHUTepHeM YCTOHYMBOCTH Tesaa. PaszpyiieHne Tena MPH BHENIHHX
BO3eHCTBHSIX, HANPUMep, B [10/€ Pafdalliii. fJd 3AEKTPUIECKOM II0Je, OI-
ChIBAeTCA He [Kak (KATacTPOPHUUCCKHH TPOIlece, a Kak AUHaMHUYeCKUH, pas-
BHBatomuicss Bo BpeMend. CKOpPOCTh (PA3BUTHS IIpollecca HAKOIJISHHS Je-
$hexToB M paspylleHHs Tesa PacTeT ¢ VBeAHUEHWeM HHTeHCHBHOCTH BHeLI-
Hero BosfedcTeus. OZHAKO CKOPOCTh NPOPACTAHMS TPEUMHBL [pa3p VIISHUS
Te/la He MOXKEeT NPeBHIIaTh HeKOTOPOH TpelesbHOH, BeTHINHA KOTOPOH TeM
Gospmie, yeM GoJiblle oHeprHs peilerku. Ilpennosaraercs, wuro mpomecc
PaspyiueHHs: HeHapyileHHbBIX CTPYKTYpP NPOXOXHUT C/AeAVIOIIHe CTaiuH: 06-
pasoBanne U 3aJeuuBaHAe HaPYIUSHUH CTPYKTYPHl, HAKOIIEHNe HapyIIeHHH
# 00pa3oBaHHe MUKDPONOBPEKASHUI Tesa, HAKOIIEHHE, KOATYJ/IAIHS MUAKPO-
TOBPEXKASHUHE M 00pa3opante HAYaJbHOH TPELUIUHBI Pa3pYIIECHHS; e Das3BH-
THE M OKOHYaHHe pazpylleHHs Teaa. C MOBLHIEHUEM HHTEHCHUBHOCTH BHEI-
HEro BOBJEHCTBUS BJASKTPHUSCKOrO MOJis, MeXaHHYECKONO HATIp SIKeHHUsI, Bpe-
Ms TIDOXOKISHHS KaXKIOH CTaqud YMEHBHIAETCS, WTO BJEYET YMeHbllIeHne
TIQJIHOTO BPEMEeHH ‘pa3pylleHust Aus/aeKTpuka. OOllee 3HepreTHyeckoe OIMH-
CaHue [POLECCOB HAXOXKIEHUS [OBPEKASHUN CTPYKTYPH U (paspylueHus
TeJa II0O3BOJHIO PEIIUTh M YaCTHhlEe 3aJayl — PaspylleHie B 3ISKTpPHYE-
CKOM TIOJI€ BBICOKOH HaNpPSKEHHOCTH, a TaKXKe 01 JeHCTBHeM 00/1yJIeHHs.
Onucarne MexaHHYECKODO PaspyiIeHUs MyTeM HaKOIIeHHs HapyileHHH Gbl-
ao gano C. H. JKypxoBsiM.

Teopust 9J1€KTPHYECKON TPOYHOCTH TBEPIBIX AUSJIEKTPUKOB ¢ MOHHBIMHU
CBsI3siMH, paspaboramHas A. A. Bopob6reBeim u E. K. 3aBamoBckoii, naer
TPaBUIBHYI0 3aBUCHMOCTbL MIPOYHOCTH ‘OT SHEDPIUH PelIeTKH, OKOPOCTH Ha-
TPYKEHHS, TOJILHHE! H JPYDUX AP aMETPOB. ’

PanguaniionHble HapyIIeHHs TBEDABIX Tea TpH MAajbiX J03aX, KOIAA
o0pasyioTca pajHaliOHHBe JeheKTH CTPYKTYpPHL, MPEeICTABIAIOT CoGOH
repBylo craguio paspywennus. Ilpu Goabmux ro3ax MoryT ObITh JOCTUIHYTHE
BTOpasi CTAAus MOBPEXKACHHS CTPYKTYpPHl M TPEThs CTaXHs Tpolecca pas-
PYyLIeHHS BOJOTh IO Paclafa Teja Ha OTASAbHbIE KYCKH.

PaspatotTannas Teophs 'CBORCTB HOHHBIX KpPHCTALIWIECKHX CTPYKTYP
IPUBOAUT K IIPAKTHYECKH BAXKHLIM HHTEPECHBIM BBIBOLAM O CBS3H MEXKIY
'CBOHCTBAMH TBEPAHX TeJa ¢ UPEeUMYIIeCTBeHHO MOHHBIMH CBA3AMHM, MX XHU-
MHYECKHM COCTABOM M TEXHOJIOTHEH M3TOTOBIEHUS.

TeopeTHuecky TIOKa3aHO, UTO € YBeJHYEHHeM SHEPTHH PeIleTKH TIOBbI-
WAl0TCs MPAKTHYECKH 'BaXKHBIE MeXaHHUeCKUe, JICKTPHYeCKHEe, TeMNJIOoBbIe
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M T. 1. CBOMCTBA KPUCTANIHTECKHX Tel ¢ MOHHEIM TunoM cBsisu. Koppeas-
Uds MeXAy SHepPIueH pelleTKH H CBOHCTBAMH TeJ SKCIEePHMEHTANIBHO MIpPO-
ClexkeHa JJs MIAPOKOro JuHanazoHa JaBJdeHyH, TeMmeparyp, ycaosui oG-
JIYUeHHS,

CpopMyaupoBaHbl 3aKOHOMEDPHOCTH 'H3MEHEHHsl CBOHCTB HOHHBIX CTPYK-
TYp B HODMAaJbpHBIX YCJOBHAX, a TAKXKe TPH MOBLILIEHHBIX TeMIepaTypax H
JaBACHHAX B HeApax 3eMuau M npH objayueHuH. HalxeHn 3aKOHOMEDPHOCTH,
OMpeLe/IAIOUHe YCTORYMBOCTD Tesl IIPH MEXAHHYECKOM HJH SJIEKTPHIECKOM
HarnpyXXeHUH, HarpeBaHHH, pacTBOPeHHH uau 00aydeHHH. CBA3b 3/eKTpUYe-
CKHX, MeXaHUYeCKHX, TeJIOBBX M JPYTHX 'CBOHCTB C 3HEPTHEH PenIeTKH Npo-
cexeHa B 0O0JbILIOM YHCJIE THIOB HOHHBIX COSJAHHEHHH M YAOBJETBOPHTE/b-
HO COIJIaCyeTCsl C BHIBOJAMH TeOPHH.

IlokazaHo, 4TO YCTOHYMBOCTH Te/l IPOTHB BHEIIHHX BO3LECHCTBHH TI0-
BHIIAETC ¢ YBeJHUYeHHeM JSHEPrHd peLleTKd, a Hx o0pabaTbiBaeMOoCTb
YMEHBIIAETCA.

Ocaabrente Teqaa NpH HaNpYyXKECHUH ONpefeasercs MOIJIOLIeHHON Te10M
3HepNHeH, @ OCTaTOYHble M3MEHEHHS CBOHCTB TeJ — 3HadeHHeM 3HEPLHH, 3a-
MaceHHOR NPH BHeIIHeM Bo3jeficTBud. C YBEIHUCHHEM BHEPTHH DPeIUeTKH
yMeHblIaeTcsl 3Ha4YeHHe IIOIVIOIIEHHOH SHEPTHH, pacTeT 3HayeHHe 3amaceH-
Ho#. IIpy NpoYnx OJAMHAKOBLIX YC/IOBHMAX 3HAYEHHS TONIOILEHHOM M 3ama-
CEHHOH TEeNOM SHEPTHH ONPELEJSIOT €r0 TMPOYHOCTh U 00pabaTHBAeMOCTh H
TeXHOJIOTHYECKHE CBOACTBA MaTepHaJoB,

HeoOpatuMoe H3MeHeHHe CBOHCTB TBEPABIX JAMIICKTPHKOB B YCIOBHSAX
HX CcJIyKObl, HasplBaeMoe CTapeHHeM, MpPeACTABIACT SHAUHTSIbHBIA [PaK-
THYECKHH HHTepeC, Tak KakK CTapeHHe H3OJALHMH BO MHOTHX CJIydafX COMPO-
BOXKJaeTca HapylleHueM [padoTbl COOTBETCTBYIOIIMX KOHCTDYKIIHH.

PaspaGorana obuwias Teopernyeckas KOHLUENIHS CTAPEHASA JHIJCKTPH-
KOB TIOX JAeHCTBUEM 3JIEKTPHYECKHX H MeXaHHYSCKHX HaTpy3o0K, 00/ yueHHs,
TeMIEPATypbl H BJIHAHHS XMMHYECKHX areHTOB. |epMOJHHAMHYCCKMH WOJ-
XO0J K ONHCAHWIO <CTAapEHHs MAaTepPHaJOB 'OCHOBAH Ha HM3JOKEHHBIX BbllUe
PuykTyannonHbIx NpeacTaBaeHHAX, B TeueHHe BpeMeHH JEHCTBHS JLAHHOTO
BHelIHero (paxropa, MOHHIKAIOULENo TOTeHIHa bHble Gapbepsl ‘B CTPYKTYpe,
[IPOHCXORHT 00pasoBanne JepeKToB H 0LHOBPEMEHHO INPOHCXOJAHT HX TeM-
TiepaTypHBIA OTXKHr, 3aneunpaHue, CrapeHHe AHSJEKTDHKA pa3BUBaeTCA B
TOM (CJlydae, KOLAa TIPOUCXOIHUT HAKOMIeHue AedekToB m 0OGpas3oBaHyue f1o0-
BPeXKACHHA TeJa MIH 00pa3oBaHHE HOBLIX XHMHYECKHX COeNHHEHHH.

C neabio CO3faHus PUIHKO-XMUMUUECKHX H (PU3IHKO-IHEPreTHYeCKHX Ha-
YYHBIX OCHOB OIIHCAHHA CBOHCTB MaTEpPHAIOB M HMX CTapeHHs H 06paboTKH
¢ HCIONb30BAHHEM BLICOKONMHTEHCHBHBIX (PaKTOpOB BO3NAEHCTBHS Ha TENO
MEeXaHHYeCKHX, XHMHYCOKHX, (QH3HUECKHX '(DAaKTODOB, B TOM HUHCJIE H3JIyye-
HHd, TpeboBaJOCh pPa3BUTHE TEODHU B3aUMOACHCTBHS C TBEPALIM TEJIOM He-
MPEPBIBHBIX M HMIYJbCHHX [IOTOKOB 3HePIHH BHICOKOH HWHTEHCHBHOCTH, pas-
paboTka HayyHBIX OCHOB TIPOLECCOB, MPOTEKAIOIIMX B MaTepHasiax IpH KeH-
CTBHU Ha HHUX CHIBHBIX BJACKTPHUYECKHX, CTATHYCCKHX H HMINYJLCHHX HOJeH
M Jpyrux BHemHuX ¢akropoB. HeobxomuMer ObIN HaydHbie AaHHLIE, Ha OC-
HOBE KOTOPHIX MOXKHO pa3paboTaTb MeTOJbl [PaCYeTOB IPOHECCOB, TPOTE-
KaIOIHX B TBEPIOM TeJe, ONpeleleHue myTeHd HalpaBJAeHHOrO BO3AEHCTBHS
JJIS TIOMYYEHUsl 3aZaHHOro ad¢exra 06paboTku MaTepHasOB M TeJd H Ompe-
JleJieHAe CKOPOCTed KX cTapeHusd. Takue HCCACKOBAHUA ¢ TPHAIATHIX TOAO0B
BBITNOJHANUCH B TOMCKe.

OcHOBOH KB2HTOBOH CTPYKTYPH J1000H CHCTEMBI ABJIAETCS €e. 3Hepre-
THueckuil cnexkTp. PaspalforTka cmoco60B (PH3HUECKONO H XHMHYECKONO BO3-
AEUCTBUS Ha MaTepHaJbl JOJKHA CTPOHUTHCS C YUETOM CTPYKTYPHI €€ 3JeK-
TPOHHONO CHEKTpa M PaclpeleseHHs MIOTHOCTH 3JekTponos. ITostomy may-
qajjach XHMHUECKas CBsI3b Ha OCHOBe HCCJAELOBAHHS SVISKTPOHHOH MJIOTHO-
CTH, 3JEKTPHYECKHX, MATHUTHBIX, TEIIOBBIX H JIOMHHECIEHTHEIX CBOHCTB
TBEDABIX LH3JICKTPHKOB M TIOJYIPOBOJHHKOB U YCTAHOBJICHUE B3aHUMOCBA3A
MeXKIy XMMUUECKMM COCTABOM MATEPHAJIOB, MX CTPYKTYpPOH H CBOHCTBAMY.
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CrcreMaTH3NDOBaAHHE MaTEpPHANIOB MO PE3yaAbTaTaMm MCCIeOBaHAR
ANOKTPOHHBIX M HOHHBIX CBOHCTB KPHCTAJJIOB, PAcCMaTpPUBAEMEIX COBMeECT-
HO, MO3BOJUIO [10JIHee TOHSITH W ONUCATH paJHalMOHHBIe CBOHCTBa M (op-
MYJIHPOBATh HAayYHEIE OCHOBH YUeHHd O CTapeHuH u o06pafoTke MaTepua-
JIOB. TOMCKHMHY IHU3HMKAMHI SKCIEPHMEHTANbHO [OKa3aHO, 4TO 3HEPTeTHKA
'HOHHBIX, ‘SJSKTPOHHBEIX M JBIPOYHEIX MPOLECCOB M HOHHBIX COCNHHEHHH CBS-
3aHa MM HMEeeT KOPPeJsUHi0 ¢ XMMHUSCKAM COCTaBOM 3HEPTeTHUeCKOH pe-

~——{IeTKH H YCJOBHSIMH OTIHITA.

[TpaxTHUECKH M TeOpPeTHYIECKH MHTePeCHO M3ydeHHe HM3MEeHEHHS CBONCTB
H CTAPEHHS JAWSJIEKTPHKOB MO JEHRCTBHeM TelJa, ‘H3Jy4YeHHs, 3JeKTpuye-
OKOTO [TOJI h XUMHUeCKNX $akTopoB, B Hammx HCCIIOBAHUIX PASTHIHBIX

. MaTepHaJ OB M HX KOMIIOZHIHA B YCHOBHAX SKCTMIYaTalUH MPHMEHSTAch

TePMOJHHAMHUYECKAS OILGHKA YCTORWHBOCTH COENMHEHHH, KOTOpas TPOH3BO-

JUJTach ¢ TMOMOINbIO TEPMOXUMHUSCKHX TIADAMETPOB, SHEPTHH pPeIIeTKH, Je-

i6aeBCKOA TeMIEepaTypH, TeINIOTH CTeKJOBAHHA, TeIJIOTH aTOMH3AUNH H

JPYTUX XapaKTepUCTHK. ‘

B KkauecTBe 3HEpPTeTHUECKOH XapaKTEPHCTHKH IPU CTAPEHHH JIU3NEKTPH-
Ka MOXKHO MpPHHATh 'H3MeHEeHHe BHYTPeHHeH 9SHepIHM eIuHHIH obbeMa
TBEPAOTO JAUIJIEKTPHKA TpH ero $a3oBoM Mepexojle H3 CTaHHaPTHOTO :COCTO-
STHHS B HOBOE COCTOSIHHE, HAmpuMep, TpH mpoboe, KOrJa MPOHCXOTUT mepe-
X0J| BellecTBa B 0ObeMe KaHasna B COCTOSHHE WACTHYHON 'HOHHIHPOBAHHOM
Ta30BOH MJAa3MBbl.

JeficTerue YacTHI BBICOKAX SHEPTHH COMPOBOXAAETCS 0OpazoBaHHEM
pajHaTHOHHBIX JedekToB CTpyKTypH. Tlpouecch o6pazopaHmsi NedeKTOB
MOTYT GBITh OGPAaTHMBIMH, KOTAA HX OTXKHI IIPOHCXOIHUT 3a CueT TeMmIiepa-
TYpPHBIX (DIYKTYalUui, u HeoGpaTuMbiMu. B mocrennem cayuae B MaTepHane
IPOUCKOLUT 0Opa3oBaHUE IIEHTPOB OKPAacKH WM PajHOJIH3, HaH (asoBHe
IPEBP ALeHHS. :

EleQxeKTm CTPYKTYpbl 0OYCITOBAMBAIOT U3MeHEHHS HEKOTOPBIX IIpaKTH-

YECKH BaXKHBIX '(H3UYECKHX M XUMHUECKNX CBOHCTB TBEP/BIX AHIIEKTPHKOB,
B TOM WHCJTE BJIEKTPONPOBOLHOCTH, MOTePb, N3MEHAIOT aACODOIHOHHBIE H
JpyrHe CBOACTB2 ' MOTYT CYILECTBEHHO BJMATHL Ha UX 00pabaTbiBaeMOCTb
BOOGIILE I TIPOILECC Pa3p VIUSHUS B Y2CTHOCTH. ’

TToToXH YacTHI, BHICOKUX FHEPTHH BHI3HIBAIOT HAPYIIEHHS CTPYKTYpPH
TBEPAOTO Teja, ofpasoBaHde ee NePEeKTOB. YBeaHUeHHe KOHIEHTpPALuH JHe-
¢dexToB COMPOBOKAAETCS MX KOaryJsluel, obpasoBanueM TOBPEXKIEHHUEH.
Hakonsienne moBpeXIeHUH CONPOBOKIAAETCH MaKDOCKOTHUECKHAMH (paspy-
LISHHSAMH TeJa.

Co6cTBeHHO paAUaliHOHHOE CTapeHHe JAM3JIeKTPHKOB, TO €CcTh Heobpa-
THMOE H3MEHEHHe CBOHCTB, OTpelessieTcs 3HaYeHHEM KOHUEHTPALUNA dedex-
TOB, PaIHAHOHHO-XHMHYECKON0 BHIX0JAa ¥ (a30BbIMH [IPEBPAILEHHAME B
MarepHaiax. XapakTepHCTHKH TePedHCIeHHEIX TIPOLECCOB OIpeaeasioTes
pamvalHOHHON YCTOHYMBOCTBIO NH3JIeKTpHKA. HMcmombsys paauanuonuoe
'BO3JEHACTBHE MHa JHIEKTPHUECKHE MaTePHa/bl, MOKHO YIOGHO UIMEHATDH
KOHLEHTpALHI0 Je)EKTOB M, CJeJOBATENbHO, CTENEHb IOBPEXICHHS HX
CTPYKTYPHI

B mHacrosiree BpeMs TPENIONKEHH TEODHH, TO3BOJISIONIHE PaCCUHTHI-
BaTb HaKOIJIEHHE KOHIEHTPAIMH MIPOCTEHIIHX palHAUHOHHHX Ie(PeKTOB —
F-uenmpos oKpacku B m3oagTopax. MayueHo cTapeHue KPHCTAJLIOB T[ajo-
HAHBIX COJIEH, 'OKHC/IOB, HPTOPHAOB, HHTPHIOB, OKCHMANOUAOB, CYJab(haTOB,
WEJIOTHBIX H IeJO0YHO3EMENbHBIX METAJJI0B, CTOKOM U IMOJHYMEPOB pas/uy-
HBIX COCTABOB, MPE€3HH, KODAMHUCCKHX M IPYIHX JHOJIEKDDHUECKHX MaTe-
PHATOB,

O6pasosanie JedekToB B JHIIEKTPUKAX COTIPOBOKAAETCS TOT/IOILEHH-
€M 4YacCTH TOTOKa MmoAasoxumod swepruu, [locye mpexpamenns o6ayueHus
4acTb Ae(QeKTOB PeKOMOHHUpYET i1 CBOGOAHAS SHEPTHS Tela yMeHBIIAeTCH.
Mamenenne cBOHCTB Tena mpu OGAyUeHHH OMpeNeNsieTcs 3HAYCHMEM ITOTJIO-
ueHHol sHepruu. MsmeneHne cBOHCTB JAMIIEKTPHKA TOCAe OBIyueHHs OM-
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pefensercs 3amaceHHon B gedexrax sHeprued. Tax Kax 3Hauesye TOIJI0-
IeHHON SHEePTUH MHOTO BBIIIE, YyeM 3HaueHHe 3anaceHHON SHepTHi, COOTBET-
CTBEHHO H3MEHEeHHe CBOACTB AUIMEKTPHKOB TpH oOayueHHy OyneT 3HaUU-
TeJbHO CHIbHEe, yeM H3MEeHeHHe CBOHCTB Tesa Tocie obaydenus. ITostomy
H3MepeHre H3MEeHEHHs CBOHCTB MaTepHa/aoB Toc/ae UX OOCJyueHHs He MoO-
KET XapaAKTePU30BaTh YCTOHUHBOCTD TeJ B TIOJe 00 VUeHUs,

Ilpu H3yueHnH JUHAMUKHN Pa3pylUIeHHs Tena, Kak U BCAKOTO JAPYTOro
mpolLecca, TEOpHS HOJXKHa OOBSCHHTL M LAThb 'BO3MOKHOCTb [PaCCYHTATDH
BO3MOXKHOCTh Tepexofa Tesja M3 OJHOr0 COCTOAHUS B JPYyroe M CKOpPOCTH
TAKHX TIEPEXOJIOB. st peluenus 3THX ~Bon‘poc05 VIOOHBIM BJISIETCS TEp-
MOJAUHAMUICCKHH MOAXOL.

IMOKHO ‘COCTAaBUTh ypaBHEHHE JJsS OIHCAHHA H3MeHeHUs SHEePTHH CHU-
CTeMHbl TIPHU 'PA3PYIUICHUH TEJAa HA KYCKH HIH CTPYKTYPHBIE YaCTHIBI MaTe-
pHaja W CKOPOCTH TMepexofa CHCTeM H3 ONHOTO COCTOSHHS B IAPYTOe TIpH
Pa3HBIX BHENIHWX YCJAOBUAX, HATIPHMED, TIPH BO3AEHCTBHH CHABHBIX 3J€K-
TPHYCCKHX TIOJIEH.- :

CkopocTh mepexojia MOXKHO pPacCUHUTaTb M ONpele/NUTh BPEMs, He-
obxomuMoe AJs YCTAHOBJCGHUS TepPMOJHHAMHIECKOrOo paBHOBECHS. Takoro
MAaKPOCKONHYECKON0 HHKEHEPHOTO ONHCAHWSA, HANMpHMep, mpolecca SJex-
TPHYECKOFO Pa3pyILeHHs, He OBIIO.

B Teopun mpo6od cOGCTBEHHO DACCMATPHBANNA TOJLBKO HAYAJBHVIO CTa-
, Y

JHI0 paspsjia, o6pasoBaHKe CBOOOMHBIX 3JEKTPOHOB H BO3HHKHOBEHNE 3HA-
YHTEJNBHOTO TOKA. -

SIBnenne mMpo6Os TBEPAOTO Telad B DNEKTPHYECCKOM IOJAE TPENCTABASLET
co6oil mponnaBJIeHue, MeXaHHUeCKOe HJIH 3JeKTPOXUMHUYECKOoe ero paspy-
wrenre. Paspyiienue Tena IPOHMCXONHT 3a CUET SHEPIHH 3JIEKTPHUYECKOTO
noJsis H MOxkKeT OBITH OMUCaHO Kak o0pa3oBaHHe JedeKTOB # HaAKOIJIeHHe
HapyileHHH B MaTepHasax TIpPHU BHEIIHEM BO3JeHCTBHHU., B #3BeCTHHIX Teo-
pHsix npobos paspabaTpiBaeTncs Ipoliecc Hayasna M pPas3sBUTHS paspsjia B Te-
Jge. Kak TIpaBHJIO, CUHTAETCH, YTO MPODOH 3aKAHUUBAETCH NPOIIABJICHNEM
TeJa. XPYIKOe MeXaHWJeCKoe pas3pylleHHe NpH mpoboe He MOXKET OHITH
00BACHEHO MPOTIJIABJICHIEM.

Teopus paspymenns Ju3J1eKTPHKOB M TOJYIPOBOIHHKOB IIPH HMIY/bC-
HOM SJeKTPHUECKOM mpobfoe OTCYTCTBOBAIA,

s paspaboTKH TEOPHUH 3ACKTPOHMYJBLCHOTO pPaspyllieHus Tea mnpej-
CTaBJseT HMHTEpPEC UX XPYIIHOE Pa3pyIIeHHe B SJISKTPUISCKOM TO0Je, KOTO-
poe MCXKeT TPOHCXOAUT BCJACACTBHE ACHCTBHS NOHZEPMOTOPHBIX cmna. Teo-
PHUST ATOTO SIBJASHHUS 1pa3pai60Ta4Ha A. A. Bopo6eesbim 1 E. K. 3asamosckoit
JUIS MeaJbHOR KPHCTANINYeCKO PeIeTKH.

B mamrmx HccaeroBaHUSX (DH3HUECKU «06OCHOBanHa CBfI3b MeXaHUUeCKOH
TMPOUYHOCTH TPH XPYNKOM PA3PYIICHAH H HMIYILCHOH SHEPPETHIEOKOH 1poy-
Hoctu. Pagpaborana Teopus 3aBUCHMOCTH TIPOYHOCTH OT NJIHTEIBHOrO JeH-
CTBHS HATPY3KH.

Paspymwenre Tesa MoKeT IPOHCXOLHTL NMPH HAKOMICHUHA TOBPEKICHHI
CTPYKTYPBL 32 CUST YHEPTUH T10J15, KOTJA:

a) B TIOJAX BHICOKOH HAMPsKEHHOCTH BO3HUKAIOT CHIBHBIE 3/CKTPOI-
Hble TOKH B JUJIEKTPHKAX, KOTOPbIE BMECTE ¢ MOHAMM CDPYKTYpPhI obpasy-
10T TJasMy B TBEPAOM Tele; B yuacTKax 00pasOoBaHHus IJ1a3MBl BBICOKOI
KOHICHTPALKH TeJN0 TepseT NPOYHOCTD;

©6) B yyactkax GoJbliled HATPAXKEHHOCTH IIOJAS MOHUMKAETCH [IOTEHLH-
aNbHBI 0apbep, Pas3AeNsIONN HOHbl, UTO CHOCOGCTBYET OCTABJICHHIO MU
CBOMX MECT B, y3/1aX (PEINeTKH; IPH BHICOKOH HAMPAMKEHHOCTH IIOJS YCKOP -
10TCA AKTHBAIMONHEE TIPOLECCH MIePEXOI0B HOHOB ‘B MEXILOY3JIHS;

B) TIPUCOEHMHEHHE 3JIEKTPOHOB MPEBPANIAeT HOHEI B aTOMbI, KOTOpPbLIE
3a ‘cyeT TeIVIOBHIX (PIYKTyalnii BHIXOAAT 3aTeM B MeXJoysaus. IToa nefct-
BUEM YHapHOH HOHM3AUWM JE€KTPOHAMH, B IJEKTPHUECKOM TIOJIE TIPOHUCXO-
JUT TIOBPEXKACHHE CTPYKTYph. OmHOBPEMEHHO 3a CUET TEMJIOBONO JBHIKE-
HUS aTOMOB HAET OTKHr JepekToB. Koria Hapymaercsi COCTOSIHMe mMHa-
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MHYECKOTO DABHOBeCHs MEXKIy CKOPOCTAMH 00pa3oBandsl Je(ekToB H OT-
XKHUTa HUX, TO HauWHaeTcs JaBHHOOOpa3HOe HakoNdeHue AedexToB, 06paso-
BaH¥e ‘HaPyUIeHHH CTPYKTYPBl H NPOLECC BCTYNACT B CTA/IMIO MOBPEXKAEHUA
MaTepnaJa H paspyulenus tesna. HanpsKeHHOCTb f10JS, TPH KOTOPOH BO3-
HAKAeT 3TOT (IPOIECC, H3MepsieT 3JeKTPHUECKYH MPOUHOCTL TBEPAOTO MIH-
HMEKTPHKA.

~ BosMoxHa Takxke CAeLyIOLWas THIOTe3a MHONOCTaJRHHONO Pas3pylieHus
COeLUHeHU ¢ MOHHBIM THIIOM 'CBsi3H. Ilox AeHCTBHEM YCKOPEHHBIX 3JEKTpPO-
HOB MJTM KBAHTOB HM3JIYy4eHHs M3 001acTH pa3psla TPOHUCXOAUT BO3OyXKIe-
HHe 3JeKTPOHOB B aHHOHAX M 00pa30oBaHHe SKCHTOHA WM OTIeJeHHe 3JeK-
TPOHA M HOHH3AlMS aToMa. Takasd 4acTHila TepsieT CBOM CBA3M B PeIUETKe.
JleircTBreM TeMIOBBIX (PJAYKTYAIHH BO3OYKICHHLIA aHHOH MJIH aTOM, CTaB-
AR ATOMOM MJIH KAaTHOHOM, BHBOLHTCS H3 CBOEr0 IMECTa B Y3J€ PelleTKH.

TlpuBeseHHble TIPOECCH BO30OYKICHAA SMSKTPOHHEIX COCTOSIHUE B aTo-
Max pAacnpoCTPaHATCA B JMUBJIEKTPHKe €O CKOpocThio  cBera. TlosTomy
MOXKHO OO0BACHUTE JIOOYI0 CKOPOCTL (DA3BUTHS \paspﬂna MEHBIIYI0 CKOpO-
CTH CBeTa B 5TOH Cpene.

Orntrueckoe BO30OYyKICHHE 3JEKTPOHA, CBsS3aHHOE ¢ HKCHTOHHBIM I10-
IVIOI[EHNEM, B MOHHBIX COEJIMHEHHUSX HMMEeT B OCHOBE Te Ke (hH3nJyeckHe
TEPOIECCH], TO €CTb MEePeXOA 3/IEKTPOHA OT aHWOHA X KATHOHY, 4YTO W IIpH
peaKlHun TepMHYECKOTO pa3no>{<eﬁ'm—ﬂe1‘0}1aunn B3PHIBYATHIX BEUIECTB C
" 'MOHHBIM THIIOM CBHA3H.

JeroHanus, Tax ke Kak # paspylieHHe Tena mpu tn«poﬁoe MOXKET Tpo-
HCXOJUTH 3a (CYeT MOHU3AIWH H TOTeDH XUMHUCCKOH CBA3H B MOJEKYJIaX.

[IpoGoii merTonupyomux BellecTs OyIeT COMPOBOKAATHCS BBIACJEHUEM
SHEPTHH TIPH SKI0TEPMUYECKOHN PEAKIINH M B3PBIBHBIM JeHCTBHECM.

IO0. H. Bepuuaun pa3Bul MeTo ] SHOPreTHIeCKOro aHalu3a M IpPHMeHHT
ero JJs pa3paboTKH KOJUUIECTBEHHOrO clocoda onpereleHHs HMIYAbCHOHR
2JEKTPUYECKOH TIPOYHOCTH TBEPABX JHIIEKTPHKOB €O CJIOXKHOH MOJEKY-
JApPHOH CTPYKTypoH. Ero Merojn pacuera OCHOBAH HA PaCCMOTPEHHH {a3o-
BHIX TpeBpanleHHH BellecTBa B MEPBUYHOM KaHaJge TpoGos U OIHCaHUH
rpoluecca paspylleHHs BeLICCTBA C [OMOUIBIO YIeJbHOH 3HepreTHYecKoH
XapaKTePUCTHKH, UYMUCACHHO PABHOH HM3MEHEHHIO BHYTDEHHEH 3HEPIHU €1U-
HHLbI 00beMa JHIJIEKTPHKA IPH €ro Tepexolie U3 CTallHOHAPHOTO COCTOAHAS
B 'COCTOSIHHE YACTHIHO HONH3UPOBAHHOHN Na30BOH TMIa3MBbl.

Paszsuroe B mccaegopanusax 0. H, BepirunuHa BupousMeHeHune sHep-
PeTHUCKONO OTHCAHUs NMPOIUECCCOB SECKTPUUCCKOrO PASPYIICHHs JHSJIECKTPH-
KOB, TmpeaoxKeHnHoe padee A. A. Bopo6beBHM, T03BOASET ¢ YIUBHTEIbHOMN
ILJIH MPAKTHKH TOUYHOCTBIO PacCYATaTb HMIYJIBCHYIO DJIE€KTPUUECKYI0 TPOY-
HOCTb ‘TBEPABIX JAU3/AEKTPUKOB CICKHOIO XUMHUECKODO COCTABA UIPH MUKPO-
CeKyHJHOH 3KCTO3UIHU U TOJIIHHE c109 OT 100 MHKDOHOB M BHIIIE,

TMomsomumas K JUJEKTPHKY SHEPrHs 3aTpauWBaeTCd Ha TIPOILECCH
CTapeHHs Marepuana, obOpasopBaHue JedexTOB CTPYKTYPH, a TpPH Hayasde
paspyueHuss Takxke u Ha 06pazopaHie HOBBIX MOBEPXHOCTEH WM DASTUUHBIX
BTOPUYHBIX TPOIECCOB, KAK-TO: Ha YIPYrHe KoJeOaHUS H KUHETHUECKYIO
3HEPTHUIO Pa3feTaloNfuxCs WacTHLl TejJa M3 30HH €ro paspylleHusi, CBeT,
TEILIO0, 3BYK, TJIaCcTHYeCKylo AedopMalifio M APyDHUe MpPOLECCH, Ha KOTOPbE
3aTpayuBaloTcs sHeprHu. ns ocymecTBiaeHus 3(PQPEKTHBHONO PaspyIIeHus
C BBLICOKHM K. M. 7. CYLLeCTBEHHO BHIOPATh PEKUM paboThl, YBEJIHUHUTL JOJIO
SHEepPrud, HAYLEeH Ha CKoJ, 06pa3oBaHWe HOBBIX TMOBEPXHOCTEH M YMEHbLie-
HHe MOTepb SHEPTHU Ha BTOPHYHBIE TIpollecchl. Ha 0CHOBe MeToxa JKCIepH-
MEHTAIbYOTO aHaJgH3a MOXKHO H3ydaTh BJIAUSHHE DEXRUMOB BO3LEHCTBUS Ha
TEJO M BBIOpATh, B KaKoM pexuMe OyaerT HauGOJbMWINN 3HEPTETHYCCKHI
K. I 1. {IpOLIeCCOB pa3pyIIEHUS TBEPLOTO AUIIECKTPUKA.

Bosee yCTONYMBBIME JH3/IEKTPHKAMH TpH IeHCTBEH MEXAHHUECKHX,
TEPMUIECKUX, XUMHYECKHX, 3JEKTPHYECKUX ¥ DaJHAIHOHHLIX HATPY30K SB-
JSIIOTCA CTPYKTYPHL ¢ OOMNbIIeH dHSPIHEl CBA3Y MeXAYy yactunamu, B uacr-
HOCTH, YCTOHYHBOCTb KPHCTAMINYECKHX HOHHBIX JHJISKTPHKOB PacTeT ¢
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TMOBHILLIEHHEM SHOPTHH PEINETKH, Jisi KOBAJIEHTHHIX KPHCTAJJIOB — C TOBHI-
UIeHHEeM TelVIOTH ‘aTOMH3ALHH, CTEKON H MOJHMEDOB — € MOBLIIEHHEM TeM-
mepaTyp CTeKJ000p a30BAHUS MM PASMSATUSHHS MaTEPHAIOB.

INpennoxennoe obiee TepMOIUHaAMHUECKOe ONHCaHHE MPOIECCOB CTa-
PEHHSI IM3JEKTPHUKOB KOHKDETH3MPYETCS IIpH OIIMCAHWH YaCTHBIX 3a1au.
Haligenn moaxofsimue CrocoOpr OMHCAHHA 'CTAPEHUS OJHODOAHBLIX W HEOX-
HOPOMHBIX H MHONOKOMNOHEHTHHX Auamektpukos. B. C, JIMurpueBckuMm, Ha
OCHOBE TIPEJCTABICGHNH 0 HAKOIVIEHHH HapyIIEHHHA ¢ MOBPEXACHNH B SJIEKT-
[pHueckoM TOJle, PpaspaGoTaHa MeOpUs JAOJINOBEYHOCTH HIOMSIHH THOKHX
kKabesgell W ce/aHbl BeCbMa BaxKHble TPAKTUYECCKHE DEKOMEHIANHH MO YBe-
JIMYEHHIO Cpoka CIHyKOb Kabesen.

B m3moxeHun paccMaTpHBAeMBIX 3a7au CTapeHHS ¥ oOpabaThiBaeMOCTH
HMeeTCs1 O0IMH MOAXOA ¢ MO3UIIUA TWHAMWYECKOH TEOPHH KPHUCTATTHYECKOH
pEIIeTKH, 'COTJIACHO KOTOPOH BCe HODMAaJbHbBIE CBOHCTBA TBEDJABIX KPHCTAJ-
JIOB CBsI3aHbl C U3MEeHEeHHEeM CBOOOJHOR 3HEPTHH CHCTEMBI, HIH, KaK 3TO {0~
Ka3aHo B Haliux padorax, ¢ SHOPTHEH KPHACTANIHYECKOH pelIeTKH.

VBennueHne sHEPTHH CBA3M YaCTHI B Tese, XapaKTepudyeMoe Bo3pacra-
HUEM 3HEPTHH PellleTKH, TeMIepaTyphl CTOKTOBAHKS H T. J., CONPOBOXKIAETCS
TOBBUIIGHHEM TIP2KTHYCCKH BaXKHBIX CBOHCTB Te/: YBEJTHUCHHEM VCTOHUHBO-
CTH, yXyllleHueM oOGpabaTblBaeMOCTH H YMEHLIICHHEM CTApEHHs TeJ TIpH
MeXaHWUeCKOM, WEKTPUYECKOM, XHMHUYECKOM TelJIOBOM HJIH paHaIlHOHHOM
BO3ICACTBHAX. _

Yxa3aHHBIe KOPPeNALHHE MeX/Ay 3HepreTHKOR pelleTKH H YCTORYHBOCTbIO
TeJ ¢ HOHHOH CTPYKTYPOH TNPOCHEXKEeHb B UIHPOKOM IHATa3oHe H3MeHeHHsI
. BO3eHCTBHA ¢ CBOHCTB Tes. DHEPreTHKa HOHHBIX, SJeKTPOHHBIX H JPYIHX
TPOLECCOB B HOHHOM COEIHHEeHHH, CBA3aHa ¢ XHMHUYECKHM COCTABOM 'COEIH-
HEHHH.

Yuenre © B3aUMOCBA3H CBOHCTB JAUSJIEKTPUKOB M HX 0OOYCHOBASHHOCTD
JHEePTeTHKOH CTPYKTYPHI, BLLABHHYyTas M pa3paboTaHHas B HAaIIHX HCCIEL0-
BaHUAX, MM03BOJIUT ONPeNeNHUTh HayUHble OCHOBbI pa3paBoTKH HOBBIX 9J€KTPO-
H30JISILMOHHBIX MaTePHANOB HAa OCHOBE CBOHCTE 3J€MEHTOB TepHOIUYeCKOH
cuctemsl JI. [1. MenneneeBa. BbICOKONPOUHEIMY THINIEKTPHIECKHMH MaTepH-
anaMu sBJISIOTCS BellecTBa 'C OOJBUION IHEPIHeH CBA3SH MeXKAY YaCTHILAMH.

3aKOHOMEDPHOCTH, ONpeXeasioliHe B3aUMOCBA3H CBOHCTB Tea H Koppe-
JSUNA UX ¢ SHEPTETHKOH CTPYKTYPHI, JaIOT HayyHble OCHOBB JJIS OTINCAHHUS
06pabaTEIBAEMOCTH, YCTOHUMBOCTH ¥ CTAPEHHS JUIJEKTPUKOB € OOIIMX II0-
3HIHA TeOPHH TBEPLOTO TeJa.

Crapenne ITHIJEKTPHKOB, KaK HeOGPATHMOE OCTATOUHOE HU3MEHeHHe MX
CBOHCTB, MMPOUCXOJ LIS TPH BHENIHEM BO3JEHCTBUH HA TENO Pa3TNIHbIX ¢ aK-
TOPOB, TaKXKe YHLOBJIETBODHTEIbHO ONHCHBACTCH MPH IHEPTETHUSCKOM PAC-
CMOTPEHHH TIPOLECCOB.

B coenuneHnax, YaCTHIL KOTOPHIX HMEIOT MEHBINYIO BHEPIrHIO CBSI3H BO
BpeMda JieHCTBHA BHEWHHX (PakTopos, HabjaioaaloTcs GOJbUIME H3MEHEHHS
CBOHCTB, '4eM B COGIHHEHHAX C 00Jbllel SHepTHEeH CBI3H MEXKIY YaCTHIIaAMH.
[Tocne mpexpallleHus BO3AEHCTBHA B TeJaX C MEHBIIHUMH CBA3AMH TyTeM
TEIIOBHIX QUIYKTyauu# MPOHCXOAHT GoJee OBICTPBIH OTHKHI MMEBIIHX MECTO
H3MeHeHUH, yeM B Tesaax ¢ Gosblilell sHeprHelt ¢Bsian. B Tesax ¢ MeHbirel
SHEpruey CBA3HM MeKAYy HaCTHUAMH 'OCTATOUHBIE M3MEHEHHS [OJYY4aloTCH
MeHbIle, yeM B Tesax ¢ 'Goablrell sHepruell cBsa3H Mexay yactunamu. Ocra-
TOYHBIC H3MEHEHHS B Teaax ¢ OGouapurell 9HeprHefl CBA3H TOJYYAIOTCH OTHO-
'CHTEJILHO MEHLIIHMH, HO COXPAHSIOTCS OHH JLOJbINE, YeM B TeNaX ¢ MeHbIIelH
sHepruell cBs3u. Tesa ¢ Goabiiei 3Repruefi CBS3U TpyaHee 06pabaTLIBAIOTCS,
HO JIyullle COXPaHSAIOT (Pe3yJIbTaThl BO3ACHCTBHUS, HMEIOT (GOJNBIIYIO MaMATh.

JTH HjeH, BRICKa3aHHble H paspaGoTaHHble TOMCKMMH yYEHBIMH, II0JIY-
YU YAOBNETBOPUTENLHOE TIOATBEPXKACHHE Ha TPAKTUKE U HMeIOT G0Jblioe
3HaueHHe J/If CHCTEMATH3AUHH ¥ TPaBHIBHOIO ONHCAHHS CBOHCTB MaTepH-
anoB NPH MUHTEHCHBHBIX BHEOUIHUX BO3LEHCTBHAX, HaMpHMep, PaboTaloluX B
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ToJIe U3/1Yy4YeHHs, HJH BbICOKHX TeMIepaTypax ¢ MeXaHHueCKHX HalpskKeHH-
f1X, BEICOKHX HATP I2KeHHOCTAX 9JEKTPHUYECKONC TOVIS.

B macrosuiee BpeMs Bce Oovplllee 3HayeHne npuobperaer HCCAeNOBaHKE
HOHHBIX H 3JGKTPOHHBIX (CBOHCTB TBepABIX Tej. JJIEKTPOHHBE U HOHHLIE
CBOUCTBA KPUCTAJTIHYSCKUX CTPYKTY,P TOJYUHIHN HAyYHOe OMHUCAHHE C eHHOH
MO3MIIAH, 3Has TONbKO OJHY BEJHYHHY SHEPrHH KPHCTAMIHYECKOH pelleTKH,
TO JaHHBIM (pacCMaTpHBaeMOH TEOPHH MOXKHO CKa3aTb, Kak0oe XHMHYECKOe
COeNMHEHHe B PacCMaTpUBaeMoM PALY OyXeT mMeTb 60nbIINl KodDPHIHEHT
OTPAXKEHUA HJIH TIOTJIOUEHNA SJ¢KTPOMAaTrHHTHbIX BOJH, MOTJOLISHHS SJEKT-
POHOB, TMIO3UTPOHOB ‘W JAPYTCHX YACTHI, 3HAUCHHe HOHHOH 3JEKTPONPOBOAHO-
CTH, TIOTEPb, KOHLEHTpAlHH Je(PEKTOB, TeMJIONPOBOXHOCTH, PaCTBOPHMOCTH,
TeMOepaTypH NJIaBJIEHHS M T. J.

Taxne BO3MOXHOCTH A KJAacCU(PHUKALNH CBOKHCTB MaTepHa/OB TOJbKO
10 oaHOH (BH3MUeCKON XapaKTepHCTHKe MpeaCTaBiAAiOT Gosbillhe MpaxThue-
CKHe yNOOGCTBA U LIHPOKO NPUMEHSIOTCS.

B3auMOCBA3b CBOHCTB TBEpABLIX JHIJIEKTPHKOB M HX 00yCHOBJCHHOCTD
3HePreTHKON 'PelleTkH npemCTa»BJImOT cofoit nayunywo #iewo BecpMa Gonb-
UIOTO 3HAYCHHUS.

B mpomecce nccenoBaTenbCKUX paboT GBIIH OTKPHITH MHOTHE WHTEpeC-
Hble (pU3HUECKHEe 3aKOHOMEPHOCTH, OMUCAHHBIE 3aTeM B JUTepaType, H cle-
JaHbl MHONOYHC/JEHHLIE [MPaKTHUeCKHE PEKOMEHLAILHH, TPHMEHSeMble Ha
TIpaKTHKe 4acTo Aaxe Ge3 CCHLIKY Ha [epBOHAuaJbHBEe HayuHble HAEH, Bbl-
crka3aHHble B ToMcKe.

B Tom uncne yKkaxeM, HanpHMep, TPeJIOXKEHHe O QTOPHPOBAHKH TIONH-
MepOB KaK CIoCO6 MOBLIIEHHS HX YCTORUMBOCTH, ONYOIHKOBAHHEIA HAMYU B
1945 rony; mymtH nOBHIUEHHS NMPOYHOCTH TBEPIBIX IH3JEeKTPUKOB ITyTeM
Bbi6Opa MaTepuanoB ¢ OoJbllied SHeprHed CBA3M MEXJAy 4acTHILAMH, B Ya-
CTHOCTH, JJIs TIOBBIIIEHHS NOPOYHOCTH CTEKOJ 3aMelleHHEeM [KaJIWs WU
HATPHS JHTHeM WIH 0apua — MaTHHeM W MHOroe Jpyroe. B TpHBeleHHBIX
BbllIE PE3YAbTATAX HCCASJOBAHUN TipH SHOPTETHYECKOM OMUCAHHH (hYH3UYe-
CKHX TIpOLIECCOB B MaTepHasiax, OHH pacCMaTpHBaHCh KaK € MaKpOCKOmnye-
CKOH CTODOHH, TaK H IMHKPOCKOIIHYECKOH.

HoaroserHue MCCTEIOBAHAST MUKPOCKOMHYECKOTO H MaKPOCKOTLHUECKOTO
onucaHus PHUIHIECKHX fIPOLECCOB, B YACTHOCTH, TEPMOAHHAMUUECKOrO OITH-
CaHMs TeX ke TPOIEeCCOB B ‘PAa3IHYHBIX MaTepHalaX, MO3BOIHA0 YCTAHOBHUTD
MI0KOTBOPHOCTD KAXKA0TO U3 HHX H 06JIaCTH HanboJee yCrmeuHoro ux IprmMe-
HEHHS.

WHTepecHo OTMETHTD, UTO JHEPIHUS KPUCTALIHISCKON PeLUeTKY, BulOpaH-
Hasi ‘HaMH JJs ONACAHUSA CBOMCTB MOHHBIX KPUCTAJNIHUSCKUX TIPOLLECCOB B UX
KOppenauun MeXIy CBOHCTBAMH Tes 'H UX MHKPOCKOMHYECKOH CTPYKTYPOI,
oTpaxaer o6e cTopoHn. Kak TepMoxruHaMHUYeCKas XapaKTepHCTHKA, SHepIus
PEIIeTKH TPeACTABASIETCS MaKPOCKONHIecK ol BeviyuHoH. C Jp yrofl cTOPOHbI,
B TEOPHH TBEPIOTO TeJa SHEPrHA KPHCTANIHYECKOH PElIeTKH OnpeNelsercs
yepe3 UOHHBIE PAAUYCH H BAJJEHTHOCTD, IO3TOMY OHA ABJIAECTCS MUKPOCKOMHU-
YeCKOH XapaKTePUCTHKOH BEIECTBA.

[Tocnennee mecATHIETHEe YCHEIIHO Pa3BUBaeTCd MHKDPOCKOIHMYECKOE Ha-
1IpaBJIeHHE B ONMUCAHHH (HINUCCKHUX TIPOLECCOB, a TaKiKe CBOHCTB MaTepHa-
JIOB M TIPOGKTHPOBAHHH HOBBLIX BELIECTB HAa ATOMHO-MOJIEKYJSPHON OCHOBE.
TTonb3ysich SHEPTEeTHUECKHM CHEKTPOM IJIEKTPOHOB B aTOMaX, MOXKHO OITH-
CaTb SHOPIeTHKY MOJEKYJbl H SHePNeTHYCCKUI CMeKTp 3JeKTPOHOB B HeHa-
PYUISHHBIX KPHCTaJJAAX, H3 KOTOPBIX TOCTPOEHBl 3TH ATOMBL. IJTH COOTBET-
CTBYIOLHE TEOPHH JaJv BO3MOXHOCTb BBIUHCIHTb TEMIGPATYpPY (1J1aBJeHHA
H TeMIIepaTypy KHMeHHS MPOCTHIX TeJ. JHas XEMHUYECKHH COCTAB HEKOTOPHIX
COCIUHEHHUH, YacTO TeOMETPHUSCKH MOXHO MPEIBBIUHCIHTD MeXaTOMHOE
paccTosiHie W uYHCa0 OJHKAMIIUX CcOcelell Ha OCHOBE SKCIEDHMEHTAIbLHOIO
OTIpeieieHusl pafuycoB aTOMOB HJITH MOHOB 'H MX YNAKOBKH B CTPyKType. Pu-
gHYecKas TeopHus TO03BOJMIA BBECTH PajlesieHHe TBEPIABIX TeJ1 Ha MeTaJJIB,
H3OASATOPBl U TIONYyNpOBOAHHKH. Kaaccudpuxauus cleraHa 1o BUAY SHEpre-
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THYECKOTO CIEKTPa 3JEKTPOHOB B 3THX BeUlecTBax. MUKPOCKOMHUYECKAs Teo-:
pHA 103BOJNWJIA OIHCATHL M COOTBETCTBYIOLIHE NEepPEXOfn OT MIOTHO YIaKo-
BAHHON CTPYKTYPHl MOHHLIX (KPHCTANJIOB K 60ee CIOKHBIM KapKaCHBEIM
crpykrypam Tuna SiOs, TiOs, rme moNHLPEL, TETPA3APHl, OKTAAPH H T, X
MOHTHDYIOTCS CO CIIeIHaJbHBIMU YIVIAMH B y3Jax 'CTPYKTYPbl. 3amnoausisa 1my-
CTOTHl B ‘KapKacax LenodKaMH pa3JTHYHBIX HOHOB, 'MOMKHO TOAYUUTH elle
Gosree CI0XKHBIE HOHHBIE CTPYKTYPH. Moxker ObITh HECKOJIbKO BapHAHTOB
pacnoMOKeHHs Pas3JUIHbIX ATOMOB JJAd HCKOMOH CTPYKTYPH ¢ 3aLaHHBIMH
ceoictBaMi.. [TosToMy MOXKHO IOBOPHTH 06 ONTHMAJBHOM TEDOCKTHPOBAHHA
MATEPHAJIOB W CXeM [Ha aTOMHO-MOJIEKYJIAPHOH OCHOBE, BKJIOUAS MPOGKTH]O-
BaHHe XKHUBBIX CUCTEM U YIIPaBJeHUE JKHIHEHHBIMU (DYHKIMAMH TpOCTEHIINX
OPTaHU3MOB. ‘ '

Panbire B AesTeJIBHOCTH MaTepHaoBeloB-(pH3UKOB Ohlia XapakTepHa
KX Crel@anusdauus 1 060co0/eHHOCTb. ‘B HacTodALlee BpemMsa paspadorka HO-
BbIX MAaTEDHANOB Ha OCHOBE MOJEKYJIAPHO-ATOMHOTO MOHUMAHHS MPOIECCOB
B TelaX H HUX CBOHCTB OOBeLHHAET CHEIHAJUCTOB PAa3JUUYHBIX TEXHOJOTHIH
H HayK.

B nocaennee necATHieTHe Pa3BEPHYAHCh OXHUBJEHHBIE JUCKYCCHH TIO
NOBOJY BO3MOMHOH POJIM B ONPENeJeHHH CBOHCTB TeJ, KPHCTATIUIeCKOH
CTPYKTYPBI, XHMHYECKOTO COCTaBa, O/IMKHETO MOPS/IKA, SHEPTHH B3AHUMOEH-
CTBHS H KOPPEJSIIHH MEeXAY CTPYKTYPOH U CBOACTBAMHU ‘BeLeCTBa. BaxKHocTh
KODOTKOEHCTBYIOMMX CHJ B KPHCTANIHUCCKOH CTPYKTYpe BUIHA Ha TIDH-
Mepe PoaH JIOKANH3OBAHHBIX (-3J@KTPOHOB B CO3LAHWH MaTepHa/IOB C 3a-
JNaHHBIMY CBOMCTBaMH. BuelrHue a1eKTpoHH S u P obosourn 0Gpasynor
TJIaBHbIE SHEPTEeTHYECKHe 30HH B KDHUCTAJNJIAaX TPH PacilelJeHHd aTOMHBIX
DHEPTETHUECKHUX YPOBHEH 3JeKTPOHOB BCJIEICTBHE 3QheKTOB B3aUMOAeHCTBHSA
Mexnay TepMamu. HactuyHo sanosHeHHas d-060104ka OOyCAOBAUBACT MAar-
HHTHBIE CBOMCTBA BellecTBa. DJSKTPOHHAS TIDOBOIMMOCTh MaTepHata oGpa-
3yeTcst MOCPEACTBOM SHEPreTHUECKH Pa3pelIeHHBIX SJ€KTPOHHBIX Nepexo0B.
Kpucrasnnuyeckass CTPYKTypa ONpPEANSETCS paclpefeTeHneM 3IeKTPOHHON
MJIOTHOCTH B (PaccCMaTPUBaeMOi CHCTEME.

SHaYNTeNBHEIH MHTEPEC TIPeACTaBJseT CTeKA006pasiloe COCTOSHHE, B
KOTOPOM, KaK H B XKHIKOCTH, OTCYTCTBYeT NepPBOHAUAJbHEI NalbHUN mops-
AOK B Pacno/iokeHun yacTHU. Bolcoxkast BA3KOCTL CTeKAa ofecneunsaer SKc-
. [IEDHMEHTAaJNbHble BO3MOMXKHOCTH COXpPAaHEHHS Pa3THUMd MeTacTaOMaLHBIX
cocrostiiuii ¥ (a3, uTO OTKpHIBAET LIMPOKHE BO3MOMKHOCTH B WU3TOTOBJEHHH
MarepHaaoOB € pasJAMYHBIMH CBOHCTBAMH, HAampHUMep, HeNpoGHBaeMOCThb
CTEKJIa — KepaMHyecKod H30Jd1HM Kabedell M KOHACHCATOPOB, H3TOTOBJe-
HHe CBeTOPH/ILTPOB C HHTEPECHBIMH ICBOHCTBAMM ¥ MHOTOe Apyroe. Crexmo-
00pa3Hoe COCTOSHUE MOXKET NPEeTOCTABUTL TAKKe H 60o/blIie BO3MOKHOCTH
IIDH H3YUEHUH MOJIEKYJISTPHOTO CTPOSHHS JKHBBIX CHCTEM.

Cospemennnlii (H3MK PACTONATaeT YAUBHTEJBHEIMH 3KCIICPHMCHTAb-
HBIMH CpeACTBAMY, TMO3BOJNAOUIUMY HAOMOLATL MHUKDPOLE(DEKTH B KPHCTAJ-
JIHYECKOH CTPYKTYpPe; WCOCAeLOBAHMSA II0 HOHHOH MPOBOMLMMOCTH, ONTHUe-
CKOMY MOIVIOLIEHHIO, CpaBHeHWe IMJIOTHOCTH Tesa, OlNpereieMOl MaKpOCKo-
TIHYeCKOH MJIOTHOCTBIO, ONPeIeIeHHOH [PEeHTIeHOBCKUMH METOJAMH, XaloT
CBELCHUS O BAKAHCHAX, BHEAPEHHDBIX ' CMELUIeHHLIX AaTOMaX B CTPYKTYpe.
3HaYuTeIbHbIE BO3SMOXKHOCTH B OIPeLeTeHHH MHKPOAe(EeKTOB CTPYKTYDH
(OTKPHLIBAIOT MPUMEHEHHe HOHHONO MHKPOCKONA, SBJSHHS KAHAJUDPOBAHAS
MPOTOHOB, 3JEKTPOHOB, MO3UTPOHOB. JTH CPEACTBA MW METOABl II03BOJITIOT
TMPOUIBOJAHUTL HAOMIONEHUs 32 00pasoBaHueM BAKAHCHH, HX CBS30K, JIHCJIO-
Kaluyi @ HEeKOTOPHIX JADYrHX MUKDOHAPYLICHHH B pelleTKe B TIDOIECCe MX
TMOSBJICHNS TpPH JEHCTBAHM BHEIIHUX (aKTOPOB, HAMPHMED, TeMIEpaTypH,
BBICOKHX MEeXAHUYECKUX HANDSKEHHA Y BbICOKHX BJEKTPHYECKHX ITOJEk.
DHepreTHYeCKull aHaIH3 (QU3NYECKHX TPOLECCOB CBOKCTB NH3/IEKTPHAIECKHX
MaTEPHaJOB U Pe3yJbTATH, HaHIeHHble ¢ €0 IIOMOUIBIO, He TOJBKO SBHIHCD
HeOGXOLUMBIM 3TaNOM B PA3BUTHH TEODHH U NPAKTHKE (DHIMKY JHIJEKTPU-'
KOB, HO COXPaHHJIH CBOE HAYUHOE 3HaUYeHHE B HaCTOsIIee BpeMs,
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JAns wATeHcndUKaLUy TPOUIBOACTBEHHBIX TPOLECCoB Bce 6obliee 3Ha-
yeHHe TpHOOpeTaeT YyCOBePIIEHCTBOBAHME CTapeIX H pa3pabdoTka HOBBIX
€1oco60B 06pabOTKH MeTaJJ0B. ‘

PazsuBaeMBll B HALIUX WCCACLOBAHMAX OOLWHMH TOLXOJ OHHCAHHUA
CBOHCTB TBEPMOro Teja ¢ TIO3ULHY JHHAMUAYESCKOH TeOpHH KPHCTaNIHUeCKHX
CTPYKTYP, COMVIACHO KOTOpPOH BCEe HOPMAaJbHble CBOHCTBA TeJ OMNUCHIBAIOTCS
cp0o0oaHOA 3Hepruedl HIU NPHGJIIKEHHO SHEPTHEH KPHCTANLIAYECKOH pe-
IIETKH, TO3BOAHT CHOPMYJIWPOBATL M HEKOTOPHE 0blne MOJOKEHHT T0
omucanuio 06pabaTHBAEMOCTH J[UISKTPUKOB, 3aMeTHM, 4To Ao6bua Mare-
PHATOB B TOPHON TIPOMBIIIEHHOCTH CBS3aHa € HX paspylueHnem; B obpa-
BaThHBAOIEl TIPOMBIILIEHHOCTH —'MexaHndeckadn ©06paboTka «CBAsaHa ¢
ViandeHueM TPUNYCKOB, H3GLITKOB MaTepuaia Ha 3arOTOBKE, TO €CTb OMSITh-
TaKku ¢ paspymennem Tej. ITogxBomxuMmas x Tesqy sHepr#a pacxoayercs Ha
obpaszoBanue Ne@eKTOB, MX KOATYJSILHIO, CO3JAaHHe MUKDOTPEHIHH, HX POCT
U HakolieHue CBoGomHoN sHepruy. OXHOBPEMEHHO B MaTepHasje (IPOHCXO-
IuT pexoMOGuHalus gedekToB, KOTOpas CONPOBOXKIAETCs pacCeMBaHHeM ya-
CTH 3amaceHHON sHepruH. UeM Kopode NJHTEJBHOCTb H Bhlile HHTEHCHBHOCTD
BHEIIHETo BO3NEHCTBHS, TeM IMEHbIle 3HeprHH OyAeT PaccenBaTbca B OKPY-
&amwmywo cpery. [lostoMmy K. 1. 1. Ipoilecca pa3pylieHHs MaTepHaJ/ioB
NOBHIIIAETCS ¢ YMEHbIUIeHWeM BpeMeHH BO3XeHCTBHS BHELIHENO paspylialo-
uero ¢axropa. ro 06llee TEOPETHUECKOE TIONOKEHHE TPUBOLUT K BBHIBOLY
0 BBICOKOM K. M. Ji. MEDOJOB 1 CPEACTB HMIYJILCHOTO Pa3pYyIeHNs MaTepHna-
JIOB, OGeCIeuHBAIOIUX MAKCAMAJBHYIO CKOPOCTh NPOpPaCTaHU TPEHHHE
XPYOKOro H3joMa B JAHHOM ‘MaTepHaJe. YeranosiaeHo, UToO ICKOPOCTL pac-
TIPOCTPAHEHHsT TPEIIUHbl PA3PYLIEHHs [PacTeT € YBEIWISHUEM HIPOUHOCTH
MarepHanaa. TepMOLUHAMHUECKOe DPAaCCMOTPEHHE TMPOLECCOB, MPOHCXOMSIUIHX
B HATDYXKEHHLIX MaTepualax, MO3BOJHIO TAKKE OOBACHUTL H TIPOLECCH MX
VIIPOUHEHHST TIPH OTXKUTe, pagHalHoHHOd 06paboTke, WCKPOBOR 06pabdoTKe
TIOBEP XHOCTH, HMEIOIHX IHPOKOe MPHMEeHSHHE B MPAKTHKE.

Sy
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