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K BOIIPOCY O TEINIOBOM H 3JIEKTPHUYECKOM I[POBOE
TBEPAbIX JU3JEKTPHKOB

I. M. CKAHABU
Kaaccupuxauna sujgos npo6os. Tenaosoi npoboii

Mayuenne mexanusma npobos TBepABIX JAHIJEKTPHKOB M NOBEJEHHSA HX B
CHJABHHX MPeANPOOHBHHX MOJAX ABJAAETCA BeCbMAa AKTYAJbHBIM He TOJBLKO MO-
TOMY, 4TO NpobJeMa MOBHUIEHHS 3JEKTPHUECKOH NMPOYHOCTH MATEPHAAOB, eCJ/H
OHa paspeluMa, HMeeT OTPOMHHH MNPAKTHUCCKHA HHTEPEC, HO H B CBA3H C
TeM, 4YTO 3TO H3YYEeHHEe IaeT BO3MOXKHOCThH foJee HIH MEHee Ty6OoKOoro mnpo-
HUKHOBEHHA B CJOXHHE NPOLECCH JBUXKEBHA 3JEKTPHYECKHX 3apa]10B B TBep-
AOM TeJe H B OCOOCHHOCTH CTPYKTYDH DPEAJbHHX TBEPABIX TeJ, OTJHUYAIHE
HX OT HAEA/bHHX.

B JsHTepaType ycTaHOBHJAch CAENyIOMAA KJAACCH(HKANHA BHIOB HJIR GOPM
npoGos TBEPAHX IAHM3JAEKTPHKOB: TENJIOBON npoBoH, 3ACKTPHYECKHH HJIH cOOCT-
BEHHO (BHYTpeHHe intrinsic) aqexkTpHuyeckdil npobof um XHMHUYeckasa ¢opma npo-
6oa. CaexyeT mnpexiIe BCero OTMETHTb, YTO XHMMHAYeckKas Gqpma npobos He
MOXeT IMPETEeHAOBATbL HA OTJAeJbHOE MEeCTO B 3TOH KJdCCH@HKAIHH, TAK Kak
ABJAETCA CJCKHOH COBOKYINHOCTHIO NMPOIECCOB HEOOPATHMHX XHMHUYECKHX H3Me-
HeHHH TBEPIOrO BEIIECTBA, IJIABHHM 00pasoM, NOA AeACTBHEM HOHH3ALHH BCS-
KOro pojd, KOTOpPHE 3aKAHYHBAIOTCH 4Yalle BCEro TepMHYECKHM (TenJaoBOH
npo6oil) HAH MEeXaHHYECKHM pa3pylleHHeM JH3IJIEKTPHKA.

B TeueHHe N0JTOTO BPEMEHH CYHTAJIOCh, YTO A SJMEKTPHUECKOro npobos,
B OTJ/HYHE OT TEIJIOBOro, B NEPBYIO OUepelb XaPaKTEPHA HE3aBHCHMOCTb MPO-
OMBHOTO HAmNpSXCHUA OT TEMNEPATYpPhl M AJHTENbHOCTH [PHJIOKCHHS 3JEKTPH-
YeCKO# Harpy3ku (BNJOTH OO OUYeHb MAJHX AJATEIbHOCTE).

[Mpn s3TOM OZHOM M3 OCHOBHBIX XAaPaKTePHCTHK TBEPIOTO [AHAJIEKTPHKA
CYHTa/JaCh HEKOTOPasg KPHTHYECKusd TeMnepaTypa, HHXe KOTOPOH mnpobusHAas
HaNPSAXKEHHOCTb HE 338HCAT OT Hee (06s1aCTh 3JeKTPHYECKOro npo6od) M BHE
KOTOpO# £y, Oo/iee HJH MEHEE PE3KO YyMEHBINAETCs C YBENTHUEHHEM TeMnepa-
Typu (0b6aacthk TemsroBoro mnpobos). Bmecte ¢ TeM B HacToduiee BpeMs oue-
BHIHO, 4YTO 3Ta TaK HAa3HBaeMas KPHTHUECKAasl TEMIepaTypa OTHIOAbL He CBA-
33Ha TOJABKO H BHEMOCPEACTBEHHO € OCOOEHHOCTSIMH BEINECTBA HJIH MaTepHaJa,
a onpenenaeTCcs COYETaHHeM TOTO HJH HHOrO BH/Ja 3dBHCHMOCTH IPOBOJAHMOCTH
BAM JAR3JIeKTPHYECKHX [OTepb IHMAJACKTPHKA OT TEMIEepaTypH C YCAOBHSIMH
TENJOOTAAYH, B KOTODBIX HAXOAHTCA JaHHHH KOHKPETHHIH o0pasel, M 4acTOTOH
NPHJIOKEHHOTO Hanpskenus. Jlerko BHjgeTh, 4TO ofpaseln QHAJIEKTPHKA, 3aKJI0-
YeHHBIH B HAEAJBHYIO TeNJOH30/ANHOHHYI0 060J0YKY, JA0JKEH NpoOHBATHLCSA
TenjgoBHM o00pazoM, Boo6me ropops, npu J060M MajoM HampsxeHdAH. Tako#
TENJA0BOH ,annabaruyecknit npofod MOxkeT HMETb MECTO NpH Ja000# Havya/b-
HO#l TeMmnepatype ofpasia.

He caemyer mgymars, 0JHAKo, 4TO TENJAOBOH Npo6OH AHIAEKTPHKOB HOJ-
KeH GBHITh HCKJIIOUEH TOAROCTHIO H3 PACCMOTpeHHA (H3WKOB. TeHACHUHS K 3TOMY
NpOsIBASIETCA B NoOCJe/lHee BpeMs B pale HHOCTpPanHuX pabor. Haoboport, c
BO3MOKHOCTEBIO TEMAOBBIX NPOLECCOB HEOOXOIHMMO IpeKae BCErO CUHTATbCH
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IIPH NOCTaHOBKE Ji060ro (PH3M4YeCKOro 3KCOEPHMEHTa B 00.1aCTH HCC/AeI0BaHHA
3JEKTPHYECKOH NPOYHOCTH.

Kak u3BectHo, Teopns TensoBoro npobos JaBHO H LOBOJBHO ITOJHO PA3BUTA
B psajge paboT, COrIACHO KOTOPHM TEMJAOBOi NPOGOH HACTymNaeT NpH TOM Hanps-
JEeHHH, IIPH KOTOPOM 006pasen IH3JIeKTPHKA BHIXOHNHUT U3 TEMJOBOr0 PaBHOBECHS
B CBA3H C TeM, U4TO TemIOBH/JeNeHHe, OOYCAOBJIEHHOE MPOBOIUMOCTBIO HJH
AH3JEKTPHYECKMMH NOTepPSMH, JesaeTcd 6oabllle, yeM TENJOOTAAyYa.

KpurepueM umncrto TenaoBoro npo6os He3aBHCHMO OT BADHAHTOB €r0 TEOPHH
0 CYMEeCTBY SIBAfETCH COBOKYNHOCTH ABYX OOCTOSTEbCTB:

1) T1po6uBHOe HalNpsKeHHe HOKHO YMEHLIUATBCA C TEMIEepaTypPoOH W mpH-

1
TOM TaK, YTO B KoopjauHatax log Um);TsTo yMEeHbLIEHHEe BHPAXaJoChb INps-

MOH ¢ HaKJOHOM BJBO€ MeHbIIe, 4YeM HaxkJOH NpsAMOH, BHpaxawouleld 3aBHCH-
MOCTB Jorapugma CONPOTHBJAEHHS HJAH (PaKTopa AH3JIEKTPHUYECKHX NMOTeph (e tg )
OoT 0o0paTHO# TeMIepaTypH.

2) lNpobuBHoe wHanpsiKeHHe MAOMKHO YMEHbIIATHCA C yaemqeﬂneM JUTH-
TEJbHOCTH 3JEKTPHYECKON HATPY3KH B LIHPOKOM AHANA30HE BPEMEH, NMDH 3TOM
nepefs npofoeM NO/KHO Hab/a10AaThCs IIPOrpeccHBHOe BO3pAaCTaHHE TeMMnepa-
TYpul ofpasna. Ecam o06a ykasaHHHe O0OCTOATE/NLCTBA HE HMEKT MecTo, TO
npoGoit He ABASIETCS YHCTO TENJIOBBIM, AA)Ke€ B TOM cCJAydae, Korja npoBHBHOE
HanpsxeHWe M3MEeHAeTCA € TeMmIepaTypod, .

OO0mas xapakTepuCTHKA 3JeKTPUYECKOro npobos

DaexTpHyeckuil npo6of, Kak cleayer H3 pabOT NOCAEAHErO ACCATHJETHS,
B NPOTHBONONOXHOCTL CTaPBIM MPEJACTaBACHHAM HE XapPaKTePH3YETCsd OTCYT-
CTBHEM TEMIEPATYPHOH 3aBUCHMOCTH. YHCTO 3/JEKTPHUYECKHiT nPoGOH HMeeT
MeCTo B TOM ¢ayudae, KOMJa HCKJIOYEHO BJHSHHE TENJOBHIX Npoueccos (Kpart-
KOBPDEMEHHOE MPHJIOXKEHHE HaNpsKeHHs HJIH BECbMa MaJHe MNPOBOXHMOCTH
H JIHO/MEKTPHYECKHE MOTEPH) H OTCYTCTBYET HOHH3AUHs CPE/bl, NOBEPXHOCTHHE
paspsanbl M KOPOHA, HOHH3aUMA BO3AYIIHHX BKJIOYEHHH, 4TO obCecnedyHBaeTcs
BHICOKOH CTENEHbIO OJHOPOJNHOCTH NOJsA H MaKpOCKoIHuyeckofi (Mo kpafiHed
Mepe) OJHOPOAHOCTBIO 0f0pa3na AHJEeKTPHKA. 11poOnBHas HANpAXKEHHOCTh NPH
3MEKTPHIECKOM NPO6Oe B H3BECTHOH CTEIEHH MOMXET CAYXKHTb MepOH 3AeKTPH-
YECKOH NMPOYHOCTH TBEPAOTO AH3JIEKTPHKA, KAK TaKOBOrO.

Has snexkrpuueckoro mpo6osi XapakTepHO CPaBEHTEJbHO BHICOKOE 3Haye-
HUE NpOGHBHOH HANDAKEHHOCTH, KOTOpasd A4 OrPOMHOrO GOJBUIAHCTBA TBep-
AHX NU3NEKTPHUKOB JIEKHT B CPAaBHHTENBHO y3KHX Mpeje/ax 1—10 msgjcm.

XapaKTepHEIM NPH3HAKOM 9JEKTPHYECKOr0 NPOOOsl MOKET CUHTAThCA CO-
YeTaHHe HE3aBHUCHMOCTH £,, OT AJAHTEJBHOCTH MPHJIGKEHHSA HANpsHKEuHs BIJAOTH
1o 10-7—10-8 cex (B o,n;Hopo,uHOM noJse) 4 OT TOJIMHL 06pa3uos BOJIOTH J0
~ 104 cu ¢ cpaBHHTEJBHO Caa00# 3aBHCHMOCTBIO OT TeMnepatypu. [Ipu aTom
TEMNEPATYPHH# XOJ TNPOCTHIX HOHHHIX KPHCTA1J0B BHPAKAETCE B caaboM
NOUYTH JIMHEHHOM BO3pactaHud £, , ¢ yBesHueHHeM TeMIepaTypH (IPH HMMYJAb-
cax Hanpspxkeuudg wmaJjoft aautesbHocTH < 105 cex) nub0 uMeeT BHA KPHBOR
C MaKCHMyMOM IIpH TeMmmepaTypax BO Bcakom caysae Buime 0°C (+4-500C,
+ 200°C).

Ans Apyrux AM3MEKTPHKOB TeMNEepaTypHHE XOJ NMPH 3JEKTPHYECKOM Npo-
6oe usyuen caa6o. B Hekorophx paGoTax uMeeTcsl ykasaHde Ha caafoe mane-
wue E,, c pocToM remmepaTypu Aas KBApUEBOTO CTeKa.

CyLueCTByeT 6o/IbLIOE KOJHYECTBO TEOpHH 3JIEKTPHUECKOro mpobos, H3 KO-
TOPEIX B OOIUEM HYXHO OTIAaTh INIPEANOYTEHHE KBAHTOBHIM TEOPHAM, OCHOBAH-
HBIM Ha NpeACTaBJeHHH 00 yJZapHOW HOHM3alHKM 3jJekTpoHamH. OcHOBHaAsA TPYXA-
HOCTb, BCTPEYAKWAACA IIPH CONOCTABJAEHHH pe3yJALTATOB TEOPHH C ONLITOM,
CBSI3a8HAa C T€M, 4T0 B JI060M peaJbHOM CJy4ae MpoGoH TBEPAOro AH3JIEKTPHKA
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COCTOHT IO KpaHHeH Mepe H3 ABYX CTaqui: CTAaAMH HapyIUeHHH 3J/eKTpHue-
CKOH NPOYHOCTH, AJA KOTOPOH XAPAKTEPHO BO3pAaCTaHHe TOKA 6€3 yBe/JHYeHHH
NPHJAOXKEHHOTO HaNpsKeHHs, H CTaJUMd Pa3spyLICHHRK AHIICKTPHKA, KOTOPas
OOBIUHO COMpPOBOXKAAaeTCs 006pa30BAHHEM MPOBOAAUIETO KaHA/Ja KOHEUHHX pa3s-
mepoB. CoBpeMeHHbe TEOPHH PACCMATPHBAIOT JUIIb NMEPBYIO CTAAHIO, SKCIEPH-
MEHT K€ OXBaThlBaeT OOHYHO O6e CTaAMH; HMEHHO NO3TOMY KOJHUYECTBEHHOE
CpaBHEHHe TEOPHH C 3KCIepUMEeHTOM BeCbMa 3aTPYLHHUTEJBHO.

B cBeTe ¢xa3aHHOro yMeCTHO NOAYEpPKHYTb, YTO NEPBOH OCHOBHOH 3KCIe-
PHUMEHTAJbHOH 3ajayell B HACTOslLHee BpeMms ABJAETCS pa3fie/eHde CTaiuit npo-
605, OCYUIeCTB/JICHHE TAKHX 3KCIEePUMEHTAJAbHHIX YCJAOBHIl, NIPH KOTOPHEIX MOMXHO
6HJ0 OB HaOJIOIATH YBeJHUYeHHe TOKA NPH HapyUIEHHH 3JeKTPHYeCKOol mpoy-
HOCTH, HE@3aBHCHMO OT pa3pyueHus o6pa3na; nepBHM MOAXCHOM K pPeureHHIo
3TOH 3aJa4H MOXeT SABUTHCA H3MepPeHHe H OCHH/AJIorpadHpOBaHHE TOxa B 06-
pasue nepex npo6oeM U B MOMeHT npo6os. KcTaTd, MouTH pellalolmEM apryMeH-
TOM B 0Jb3Yy YAAPHOH HOHU3AUMM OHJIO Obl HaAHYHe NPAMOJHHEHHOW 3aBHCH-
MOCTH Jorapudma Toka npu npo6oe OT TOJWHHE 06pasua B yCJIOBHSIX MOCTOSH-
CTBA HAMNPAXKEHHOCTH OAHOPOAHOrO noaf. [lo Haxk/A0HY YKa3aHHHX NPAMHX,
ecd OHH OyAyT HMeTb MeCTO, MOXHO OHJIO OB OLUEHUTb JaxKe BeJHUHHY
adPexkTHBHOrO Koadduunenta yzapHoll HoHu3auuu (kospduuuenta Tayucexaa
AJ caydas rasos)

Bropoit BaxHOi 3anauelt sBASETCS B HACTOSANIEE BPEMS H3YUEHHE BJHSHHSA
XOJMOAHOH 3MHCCHH C Karoaa H 00beMHOr0 3apaja Ha NPOIECC B3JeKTPHUECKOTO
npobos, HO0O pAf 3KCNEePHMEHTaJAbHHX NAHHHX YK€ celiuac, NOBHUAWMOMY, He-
BO3MOXHO HHTeplpeTHpoBaThk 03 IpHUBJeYEeHHs INpeiCTaBJeHHH O XOMOLHCH
SMHCCHH H OOBbeMHOro 3apsja (npeinpoOHBHBIE ,IIYMH®, TeMINepaTypHas 3a-
BHCHMOCTb £, HOHHWX KPHCTAJJIOB NPH PasHbX ILJIHTEAbHOCTAX 3JEKTPHUECKOMH
Harpys3ku u mp.).

Teopun sjexkTpHYecKoro npo6osi MOXHO pa3feJHTh Ha JABe UPYIOB: TEO-
PHH, pPacCMATPHBAIONIHE pa3pyLIEHHE -JH3JEKTPHKa—BTOPYIO CTaAHIO Npoboa,
H TEOpHH, PACCMATPHBAIOLUIAE HAPYLICHHE B3JEKTPHYECKOH NIPOUYHOCTH — NEePBYIO
crajuio npo6osa. Bece coBpeMeHHHE TEOPHH OTHOCATCA KO BTOPOH rpynne.

Hexotopbie KMacCHYECKHE TEOPHH 3JIEKTPHYECKOTrO
npo6os

Cpeln CTapHX KJ4aCCHYECKHX TEOpHH B3JeKTpHueckoro npobos ciaeayer
OTMETHTL TEODHIO PAa3PLIBA HOHHOH pemeTKH POroBCckoro W TEOPHIO MHKPOTpe-
mad I'oposuna. B Teopunu POroBcKOro mOACYHTHLIBAGTCS HANPSKEHHOCTH 11044,
IpH KOTOPOH BHEIIHAR CHaa, ACHCTBYIOHlas HA MOHH, 0O/bIIe HJIH paBHa Max-
CHMaJbHOH paBHOAEHCTBYIOMEH CHJe CBg3d. Pacuer Benercs B IpeANoJoXke-
HUHM, YTO NPH OGOJIBIIHX HOHHHEIX CMeElleHHsAX BO3BpAallalllas CHJAa HE KBA3H-
yOpyra H 3aBHCHT Kak OT HepBOH, TaXx U OT TPeTheH CTeleHH CMEUIeHHS BAOJb
noJas M OT KBaApaTa CMeIeHHH B HANPaBJIEHHUsAX, MNepPHneHAHKYJIAPHHX MOJIO.
Koadduuuent ynpyrof cea3n # Ko3PPHUHEHTH AHTAPMOTHUHOCTH POroBCKHH
BHIYACASET H3 CTPyKTypwm penietku NaCl, nois3ysch TOUeUHOH MOJAEIbK H
npexedperas noJaspU3yeMOCTbI0O HOHOB. Kak H3BeCTHO, pe3yJbT4aT BHIYHCJAEHHH
3akJaoyaeTcs B TOM, 4TO pa3puB pemieTkd NaCl MoXeT HACTynuTh JHHIL NMPH
HANPAXKEHHOCTH mnoJs OGoJbuwied WAH paBHOH ~ 10° gjcm. HyxHO OTMETHTB,
YTO B BHIUHC/IeHHAX POroBckoro pasnnuue MeX1y JAefiCTBYIOIIHUM (JIOKaJb-
HhM) M CPEIHHM IIOJeM He YYHTHIBAeTCs. BMmecTe ¢ TeM, BHIUMCJAHB TeM HJH
HHBIM CIIOCOOOM HANPSAXKEHHOCTb NOJA, KOTOPOe IOJXKHO AEHCTBOBATbH HA KaX-
Ibii HOH pemeTKH s TOro, 4rtoGw NPOH30LIe] €€ PpAa3PHB, HYMKHO 3aTeM
HalTH HaNpPAXKEHHOCTh CPEeAHero MmoJsA, TaK KaKk HMEHHO OHa OlpejejseTcs
BKCIEPHMEHTANbHO H HA3HBAaeTCH NPOOHBKOH Hampsi:xkeHHOCTH. Ecau npu nepsoi
rpy6oil OumeHKe CYHTaTh, YTO BHYTpPEHHee McJe paBHO JIOpeHTLOBY MO0
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TOro, npu O6OJbHIIMX CMENIEHHAX HOHOB, KOTOPHE AO/IXKHH BO3HHKHYTH Mepen
pa3spHBOM pewmeTkd (N0 POroBCKOMY CMelleHHEe HOHOB MLOJ/IKHO JOXOAHTH
A0 ~ 0,3 6amxkafiliero pacCTOSIHHA MeXJAY HOHAMH), JOKaJbHOE moJe [JOJKHO
elle CHAbHee OTJHYATBCA OT cpefinero. IIpocToe BHUHC/IEHHE ¢ YyYETOM IIECTH
O6/MKAUIIHX HOHOB OKPVKEHHS jaeT, 4TO J00aBOYHOE BHYTPEHHee NOJe,
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Ecan  Epasp no Porosckomy pasHo, Hanpumep, 1.10°% sglem (mas cay-
yasi, KOTJa@ OHO HaNpaB/eHO 1O Jnarosann xy6a), 1o £,,,=1,1"107 g/cn
uYTO YXKEe TOJNBKO H4 OAHMH HNOPANOK O0Jblle SKCNePHMEHTAJbLHOTO 3HAYEHHS.
Ecan yuects rpy6yio npuS mkeHROCTb BBIYHCJAEHHH, TO CAeAyeT NPH3HATH 3TO
passudpe He ypeaMepHo OoapmuMm. Heob6XxoauMo mgajee OTMETHThb, dTO
x03(ppuuMeHTH ynpyro#i CBA3M H aHTAPMOHHYHOCTH B NPHHLUNE MOXKHO Oue-
HHTb M3 3KCIEePHMEHTaAbHHX JAaHHHX O AH3JEKTPUYECKOH MPOHHUAEMOCTH HJIH
0 cOGCTBEHHO! YacTOTe KOJEeOAHHA HOHOB pEIeTKH H O TeMIEepaTypHOM Ko3g-
(HLMEeHTe IH3AeKTDUYECKOH NPOHNI2eMOCTH, BMECTO HENOCPEACTBEHHOIO BHIYHC-
J€HHS HAa OCHOBAHHHM CTPYKTYpPH pPEUIETKH, KOTOpoe TpeOyeT OYeHb IPOMO3J-
KHX BHKJAAOK H HEe MOXeT OHTbL, HOBHAMMOMY, HPOBEIEHO AOCTATOYHO TOYHO,
K coxanenHw, YyKa3aHHHeE 3KCMepHMeHTaNbHHe [AdHHBIE TaKKe He SABJSIIT-
Csl 1OCTATOYHO TOUHBIMH. BO BCAKCOM Cyyae MOKHO yTBEPHKIaTh, YTO HANpPSIKEH-
HOCTH II0JfI, pa3PHBAIOILETO HMOHHYI0 pemeTKy, MOXeT OuhTb MeHbLIeH
10% 6'ca u 9TO B CBS3W C 3THM NOJHOCTBIO OTOPACHIBATE BO3MOXHOCTb TAKOTO
paspsiBa BO BCeX CaAVyaax, MOXeT O6uThb, He caefyeT, KoHeuHo, nesao ne Moxer
06CTOAAITh TaK MNpOCTO, YTOOH CKA3aTh, YTO 3/eKTpHYECKHH NPoGOH HOHHOM
KDHCTANIMUCCKOH pEeIeTKH eCThb Pa3pHB B CU/JIBHOM IOJIE, HO HYXHO CUHTATh,
UTO TONUHTEH B ganbHelmeM 60.1ee CTPOroro BHUHCACHHS Epgsp MPEACTABISIOT
HEKOTOPHH HHTEpeC.
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B teopun [oposuua BhuHCAsgeTCA NPOOHBHOE HampsKeHHe J060ro Teep-
LOTO AWSJAEKTPHKA B INPEAINOJOXEHHH, UTO SJEKTPHYECKHH NpoboH ocyliecrt-
BJAAETCS1 K4K Pas3phB MHKPOTPELIHHH Ha €ro HOBEPXHOCTH. B pe3yabrate Bh-
yncjaeHH#i OHJO MOJYYEHO OYeHb INPOCTOE BHpaXeHue mis L, H3 TOro yc-
JIOBUs, YTO AOIIOJHHTE/NbHAT SHEPrus 3/AuICOHAAJIBHON MHOBEPXHOCTH TPEIUHHH,
CKJ4JBBAIOINAACA H3 3SHEPrHH IHOJS H 3SHEPIHH NOBEPXHOCTHOTO HATAXEHUS,
HMEeeT MAKCHMa/bHOe 3HAaUeHHe NpH Hekotopom £ =E, . o dopmyae [oposuua.

o} .
E,=4 l/ —y o TR 9— NOBEPXHOCTHOE HaTAXEHHe, &-— JU3JEKTpHYECKasd
g

npoHunaeMocth ¥ h— gausa TpemuHH. CpaBHHBAA BHIYHCACHHOE 3HAauYeHHe
E,, nas crexaa, dapbopa ¥ KaMeHHOH COJIH, aBTOP TEOPHH NpPHINE] K 3aKJ/IO-
YeHHI0, YTO BHIUMCJEHHBIE 3HAUEHHUS 3aMETHO OTJHYAIOTCH OT 2KCIePHMEHTa/lb-
HHX. BO3MOXHO, 4TO B CBH3H C 3THM TeOopHs [OpoBHUa B HacToAllee BpeMs
B cymiHocTH 3ab6wmiTa. OxHaKo 1NpH OJanxahiieM pacCMOTPEHHH OKa3HBAeTcs,
UYTO 3KCIepHUMeHTaJbHbie€ 3Ha4YeHHsA, KOTOPHE NPHHHMAJ BO BHHManue B 1927 ro-
ny T'opoBuu, OGHJIH CHJIBHO 3aHHXKEHH.

Ecau cpaBHHBaTh 6o0Jiee COBpPEMEHHBIE 3KCIEPHMEHTa/lbHble HAaHHBIE C pe-
3yJbTaTaMH BHuU¥C/IeHHA [0OpoBHHA, TO BHIHO, UYTO PacXOXJAEHHE He OYeHb
BeukO, Tak, npH riay6HHEe HOPMAJbHOH K NMOBEPXBOCTH AHMSJEKTPHKa Ha Tpe-
wuee [0~%cu naa crekaa H dapdopa Lnp ewn =1,2.10° g/cm (£ np sucmp
= (2—4).10° 8/cm nas crekaa W E nposwemp. = (3 —7).10° sfcm nasa ap-
dopa), aias xameHHOH cOMu  Enpeny 0,6.10° g/ca, a sxcnepnMeRTa/bHOE 3HAUe-
BHe ~ 10¢ 8f/cam. KoHeyHno, riayOHHA TPEUIUHH, €CJAH OHAa UMeeTCs, He SABJAeTCH
JOCTaTOYHO XOpOIIO H3BECTHOH, TaK e KaK H BEJHYHHa NOBEPXHOCTHOTO Ha-
TS EHHS, TAK UTO YKA3aHHOE COTJIaCHe HE MOXET CYHTAThCs B KaKof HHOYAb
Mepe pemaiouidM; OLHAKO BO3MOMKHBO, YTO IIPH 3/IEKTPHYECKOM mnpoboe Heco-
BepilleHHHX 00pa3noB IH3JEKTDHKOB H NMPH Npoboe TeXHHYECKHX MaTepPHAEA0B
HYXHO CYHTAThCS C BO3MOXHOCThIO MexaHuaMma [opoBrua. bumio 6w ueseco-
06pa3sso NOCTaBATL COOTBETCTBYIOUIEE 3KCNEepPHMEHTaJbHOE HCCAed0BaHue.

KBaHtoBbIE TEOpHUH ﬂpOﬁOH, OCHOBaHHbIe Ha NpeaCTaBJCHUHH
‘ 006 MOHU3ALUH JNIEKTPOHHDBIM ylapoM

Mnen Hobde u CmypoBa 06 yIapHOH HOHH3AaUMH B TBEPAHX AHIACKTDH-
Kax NOJYy4YWMH I[JOAOTBODHOE paspHTHe B paborax Xunnead, KOTOpu# cdop-
MYJHPOBAaJl OCHOBHBIE 3ajauM, MNOAJTeXalllie KOJUYEeCTBEHHO#H paspaborke.
B nanbpHeiimeM psa aBTOPOB Pa3BH/JA KOHUENUHIO XHNOess; HECKOJLKO HHHE
TPAKTOBKH Bompoca OwIM HpenJoxesH B teopHd Ppesdnxa, B TeopuH AZHpPO-
Brua, Yyesnkosa M ApyruxXx. Bce 3TH Teopuu OTHOCATCS K NpoO0I0 HOHHHX
(moaspHEX) KpHCTaMa0B. [1po6GoR HemoAspHBIX KPHCTA/N/0B TEOPETHUECKH 06-
CYXAEH B MEHblIEM yHCAe paboT, M3 KOTOPHX Haubojee KPYNHHIMH SIBJARIOTCH
pabotel [ennepa u Ppanua. Bropas craans npo6os KaueCTBEHHO pPaccMaTpH-
BaJjach 3efiTueM.

[Tpu obcyxaeHHH npouecca YRAapHOH HOHH3AUHH B TBEPAOM AHSJEKTDPHKE
YMeCTHO NpexJe BCero NOCTaBHTb OOWHHA BONPOC O TOM, [QYEMY ECJb3R
pacnpocTpanuTh 3akoH [lamena gaa ra3oB, B KOTOPHIX 0P0oGOH GOYCJIOB/EH
yIapHO# HOHH33UMEH, HA TBepAne IHIJNeKTPWKH. [1poOHBHOE HanmpsaeHHe rasa
ABASETCA (DYHKLHEH INPOH3BENCHUS JaBJAEHHS P Ha PacCTOAHHE MEXIY 3/eK-
TPOAAMH O WsH¥ OTHOLICHHA 6/k, rae A — aampa CcBoGORHOro npofera s.1eKTPo-
na. [lpy mnepexose OT rasa K XHIKOCTH HJIH TBEPAOMY Teay IJOTHOCTb YBe-
auunpaercs npumepHo B 2000 pas. Ilpu yniorHenun eemectsa B 2000 pa3 giuuna
npoGera saeKTpORa, Kalanocs OH, Ko xHa yMeHbuuTsesd B 2000 pas3, a rax
KaK coraacHo saxkony flamena £, , npubau3anTeapH0 N1PONOPIHHUOHATBLHO APOU3BeLe-
HHIO p & WIH OTHOWEHHIO &/, TO, CAE€NOBATENBLHO, AJS TBEPAOrO HJHM KHAKOTC
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JAM3JIEKTPHKA OHA J0JxkHa 6biTh B 2000 pas 60ablle, ueM 474 rasa NPH HOPMAJb-
HHX YCJO0BHAX. - [IpoOuBHAaA HaNpsXkeHHOCTb BO3AyXa, KaK. H3BECTHO, pasHa
310" 8/cm, cienoBaTenbuo, £,, TBep ABX U KHAKHX JHA/JIEKTPUKOB N0OJ/KHA Onlia
6nt coctaBaarb 6.107 8/ca. B meicTBUTEABHOCTH XKe OHO MeHbUIE HPHMEPHO
pa3 B 1eCATE.

[Tpuunna 3TOro pacxoximeHmst 3ak/a0yaeTcsi B OOWEM B CJAelYOUEM.
Ilpu gBUKEHHMH 3JE€KTPOHOB B ra3e 3HauHTeAbHAs YaCTh UX 9HE PrUH, HAKONJIeHHOMH
B noJie, paCXOAyeTcs HA HEYNPYIHX CTOJIKHOBEHHSX, HE BH3HIBAIOMIHX HOHHU3AHIO,
TaK KaK aTOMBl H MOJIEKYJisl Ta30B 06,14 a0T yPOBHAMH RO30Y XK ACHH S, € KAUTHMH
MHOTO HHKe [OTeHOuaJa MOHH3ALHH; B IJOTHEIX Xe (pa3ax B3aHMOJEHCTBHE
aTOMOB APYT C APYTOM HACTOJABKO BEJHKO, UTO PAa3HHUA MEx ]y BO30YXKIECHHEM
W HOHH3alMeH MOouYTH cTHpaeTcd. TakHM 06pa3oM, HAKOMJIEHHE JHEPTHH 3IJCK-
TPOHOM B rase IoJ JeHCTBHEM B3JEKTPUUECKOrOo NOJA 3aTPYAHEHO 3HAYHTEAbL-
HHMH NPeABHOHH3AUMOHHHMH NOTePIMH (Ha BO3DYXK/AEHHE, JHCCOLHALHIO H IID.)
¥ npoOHBHAS HANPAMKEHHOCTh, NPHXOAAMIAsiC Ha €JHHHUY IJIOTHOCTH, BHIUIE,
4eM I TBEPIOFO AHI/JAEKTPHKA.

OnHaKo TOT (DAKT, UTO HAPYIIEHHE 3JEKTPHUUECKOH NPOYHOCTH TBEPAOTO AHU3-
JICKTPHKA MPOUCXOJHT HE NPH JIOG0H MaROH HANPAMKEHHOCTH O, a TIPH £,,~10°
8/CM CBHAGTEJILCTBYET O TOM, YTO K B TBEPAOM JHSJEKTPHKE HMEIOT MECTO Mpeib-
HOHH3aLIHOHHHIE NIOTEPH IHEPrHH 3J4eKTpoHa (ecqau npobort 06yc/aoBaeH YAapHOH
nonusanuei). Taxk xak npouecc o6pasoBaHns aKkCHTOHA (BO36YXKIEHNE) B KPUCTAJI-
JHYECKOH pelIeTKe TpebyeT 3HEPrHH, 6MU3KOH K 3HEPTHH HOHH3aUuMU, TO OCHOB-
HbIM aKTOPOM, ONpEAesIOIHM NpeIbiOHH3aUHOHHHE 3/AEKTPHUECKHEe MOTepH
3JEKTPOHA, ABAAETCS TOpMOxKEHHe (paccesiHue) 3JEKTPOHOB IIPOBOJAHMOCTH HA KO-
AeGaHusx pemeTkH. CPaBHUTEJIBHO MEIJeHHHH 3/JEKTPOH, CTAJIKKBAACh C MOJe-
KY.J10H, IMEIule# BO MEOro pa3 60JbUIYI0 MAcCy, HE MOXET nepefaTh e CKOJIbKO-
HHOYab 3aMETHYIO 3Hepru ,MexaHndeckum* nyrteMm. [loatomy peub Moxet
HTTH TOJBKO O PAaCCesiHBU H TOPMOMEHHH 3JEKTPOHA Ha KO/JIeO6aHHAX PEINEeTKH.

B HexoTopoM rpy6oM npuSaHKeHHH MOXKHO CUWTaTh, YTO 3JEKTPOH, NPpHOIK-
Kasich K MOJIEKYJe H 3JeKTPHYECKH B3aUMOLeHCTBYA C Hel, MOXKET M3MEHHTD
CHJBl CBA3H MEXAY aToMaMH, o0pasyiolluMH MOJEKYay, ¥ H3MEHHTb KoJ/eba-
HEAd uXx. MoJeky/1a mnepexofudT npu 9TOM B HOBOE KOJCOATENBHOE COCTOSIHHE
uHOo# OoJiee BBICOKOH YACTOTH ¥ nocjhe YAaJeHHS SAeKTPOHA, BOOOGIIE T'OBODH,
npeOHBAET B 5TOM HOBOM COCTOSIHMH. YKAa3aHHOE U3MeHEeHHe K0/e0aTelbHOro
COCTOAHHMA MOJEKYJH MNPOUCXONHT 3a CUEeT IHEPTHH 3JEKTPOHA, KOTODHH Te-
pPAET KBAaHT SHEPrUH CPABHHTENLHO HH3KOH ONpeleqeHHull 4yacTOTH ((POHOH).
O6paTHeil Iepexoj] TOXKE HMeeT KOHEYHYIO, HO MEeHbIYIO BepOSTHOCTb. B ra-
32X YKAa3aHHOe B3aMMOJeiCTBHE 3JEKTPOHOB C aTOMAMH B MOJIeKyJ/e HE MOXET
0Ka3aTh 3aMETHOrO BJHSAHHE HA IPOOHBHYIO HAaNPSXKEHHOCTh, TAK KaK 3JEKTPOH
yie 3a OAMH CBOGOZHHI npober mnpuodpeTder CJAHIMIKOM 60JABWYIO 3HEPTHIO,
H HEYNpyroe COyi1dpeHHe 3JeKTpoHa C MOJEKY/NOH NPHBOIHT HENOCPeCTBEHHO
K BO30yXIEHUW HIH K HOHM3anuH. B TBeprom nH3ajdeKTpHKe, HAO0O0POT, 3/1EK-
TPOH 3/I€KTPHYECKH B3aUMOJEHCTBYEeT He C HEMHOTHMH aTOMaMH, a ¢ OOJbUHM
YHCIOM aTOMOB HJIH HOHOB, 06Pa3yIOUIHX KPUCTANIHUECKYIO peweTKy. [losTomy
OpH YKa3adHOM B3aUMOJEeACTBHM BO3HHKAKOT HE TOJbKO KoJeOaHusd ABYX OJH-
JKAHIIKHX 4YaCTHU JPYr OTHOCHTENBHO Apyra, HO UEJAHH CIeKTp YHPYTHX KO-
nebaHnil peuleTkH. B CBA3M ¢ STHM HHTEpPBaJ 4acTOT BO30YXIaeMHX KoJela-
HHH 1€/JAaeTCA TEOPETHUECKH HeOTPAHHYCHHHM, a TPAHHIIA BO36Y K I€HHSA HCUE3aeT.

Kak wusBectHo, ynpyrue kosne6aHAsT HOHHOU KPHCTAJJIHYECKOH pEMIETKH
AedadaTcsd Ha JABe TPyINH: ONTHUECKHe KOoJeOaHHs, AAs KOTOPHX pasHoCTh
as cuelleHHsT MOHOB pa3HHX 3HAKOB JEXHT B mpelenax oOT =/2 jo =,
AKyCTHYECKHE KOJseOaHHs, A7 KOTOPHX 3Ta pa3HOCTb (pa3 JeXKHUT B Ipenenax
or 0 no =/2. Yacrora onraueckux kogeGaHHili B nepBOM NPAOJIHXKCHHA HE
3aBHCHT OT JJHHH BOJIHH, H MOXeT GHITh HallleHa H3 ONTHUECKHX H3MEpEeHUH HOo
YacTOTe€ OCTaTOYHHX Jayue#h. HacToTa aKyCTHYECKHX KOJeOaHHH 3aBHCHT OT
AJHHB BOJHBL H AJ8 JJAMHHHX BOJH O6GpaTHO NPONOPUHOHAABHA eH.

1

o



Kak nokaszaam Bmuucaenus Kainena, dpeauxa, 3urepa u Tensepa, no-
TEPH SHEPTrdH 3JeKTPOHA HA ONTHYECKHX KouaebaHHAX HOHHOH pelieTKH, OTHe
CeHHHE K eJHHHIle BPEMEeHH, 3aBUCAT OT 3HEpPrHH 3JeKTPOHA & U NEPEXOaAT

Yepes MAKCHMYM NPH &,=< 5 " rfle © — 49acTOTa ONTHYECKHX KoJebauuil
T

() ————

? 27:
3Heprua QoHoHa.

Ecan sneprus cBo6OAHHX 3/AEKTPOHOB, NpHOOpETaE@Mast HMH OT IOJfA, PaBHa
SHEpPreTHYeCKHM TOTEepsAM, TO SJeKTPHUeCKHil TOK CTauHoHapeH. LEcan xe
HAaNpPAXKEHBOCTb TOJA HACTOJbKO BeaHKAa, 4TO 3Heprus, npuobperaemas 3J/ek-
TPOHAaMH OT IIOJsA, TPEBLIIAET 3HEPreTHYeCKHe TNOTepH, TO CTaUHOHApHOE
COCTOSIHHE HapyuiaeTcs, BO3HHKaeT yJapHas HOHHM3alMsA, BeAyIas K SJCeKTDH-
yecKkoMy Inpo6or. Bces TpynHocTh, Aajee, COCTOHT B TOM, 4TOOH CHopMyan-
pOoBaTh KOJHYECTBEHHEHN KpHTepHH Npo0Os H BHUYHCJIHTH TEOPETHUECKH Npo-
OUBHYIO HAIPSIMKEHHOCTh, HOO 9JEKTPOHH 00312107 pa3IHUHBIMH SHEDTHAMH
H pPas3/Jd4YHbLIMH HMIYJAbCaMH. B KpHCTanjae MNpH  H4AJAMYHH CHJABHOTO IOJA
HMEETCSd CJA0XKHOE pacmpejgeseHHe 3/J1eKTpOHOB [POBOJAHMOCTH MO 3HEPrHd
H yrJiaM Mexjay HMIYJbCOM 3JeKTPOHa H MOJeM.

Xunnemo, a 3atem Ppesanxy ynajsocbk chOpMYJIHPOBATH KPHTEPUH BO3HHK-
HOBEHHS yAAapHOH HOHH3AUMH, HE pEIIasg KHHeTHYECKOrO YpaBHEHHS H He
HUMes BHpaxeHus IJd yKasaHHOM ¢yHkiuuM pacnopefenenus. CorJaacHo KpH-
trepHio Xunme.s, yjapHasg HOHH3aLMs BO3HHKAeT TOIJA, KOrjJa 3IHEprus, Npu-
ofperaeMasi S/JIEKTDPOHOM OT [OJs, PaBHA MAKCHMAJbHBLIM 3HEPreTHYECKHM

i
noTepsaM, T. €. MOTepsM 3JeKTpOHa ¢ 3uepruelt em=4~27r o, QuesnHO, 4TG:

IpH 3TOM OCTaJbHBIE IJAEKTPOHH, TEPAKIIHE MEHbIIYIO 3HEpruto, OyILyT 3aBe-
JOMO YyckKopaThCA noaeM. Tax kak sneprus, npuobperaeMas 3JEKTPOHOM
B 10J€, 3aBHCHT OT HANpPsKEeHHOCTH I0JfA, TO Kpurepul XunoeJas AaeT BO3-
MOXHOCTb BEIYHCJAHUTH NPOOGUBHYIO HANPAXEHHOCTb, €CJAH OlpeleJeHH 3Hepre-
THYECKHE MOTEePH 3JEeKTPOHA HA KOJeOaHHAX pelueTKH. BoluucieHHo mocienHux
M TOCBSILIEHH B OCHOBHOM paGOTH, Pa3BHBAOUIHE KOHLenu#io Xunmess.

dpesux pgaer JApYrof kputepuii npo6o#d, CUYHTas, 4YTO K 3JIEKTPOHAM
NPOBOAUMOCTH MNPHUMEHHMO MaKCBe/JIOBCKOE pacnpefeseHte M0 CKOPOCTAM
BIJIOThH O 3JMeKTPOHOB, 06/13Ja0IUX SHEpruel, pasHOH SHEPrHH HOHHA3AUMH,
H YTO NpH JI000OM 1I0Je B KPHCTAaAJIE CYWIECTBVIOT 3JEKTPOHH C 3HEpruein
6.M3K0f MM PaBHOH NOTeHIMAJdy HOHH3au#H. B 3TOM OCHOBHOE OT/JHuYHE
teopud ®pesnnxa oT Teopuu XHINead, KOTOPHE I0Jaraer, 4to ObICTPHE 3JeK-
TPOHH 3aXBATHIBAIOTCA Ne(EeKTAMH PEIIETKH M YTO [0 BO3SHMKHOBEHHS Y1apPHOH
HOHU3AIHH, T. €. B CTAUHOHAPHOM COCTOSIHHH, OBICTPHX 3JCKTPOHOB B KpH-
craane Her. CoraacHo kpurtepHio Ppesnxa, yzapHas HOHH3AUHA BO3HHKAET,
TOrga, KOTNA 3HEprHsA, npuobperaeMas 9JEKTPOHOM B I10Je, paBHa NOTepsIM
'3HEPrHH TAKOTO 3JEeKTPOHA, SHEepPrHs KOTOPOTrO paBHA MNOTEHUHaJy HOHH3ALMA.
[Tono6HO KpuTepHi0O XHNNeAs 3TOT KPHUTepHH Takxe LAaeT BO3MOXHOCTb BH-
YUCJAHTE NPOOGHBHYIO HANPSKEHHOCTb. Bhlunciaenus PpesHxa, Tak %€ K4K H BH-
uncaenns Xunneas—Kanena, nawt 3Hauenns £, U0 NOPsAKY BeNHU4RHH, 6AU3-
KHe K aKcrmepuMeHTaabHHM. OjgHako, kak nokasaa Yyenkos, 6osee TOuHble
BHUHC/IEBHs, B YaCTHOCTH 0ojee JeTadbHHE ydeT OTJAHYHA 3PPEKTHBHOIO
3apsAlla HOHA OT HCTHHHOTO, NPH ONTHYECKHX U AKYyCTHYECKHX KOJeOaHHAX NpH-
BOIAT K TOMY, 4TO NpPOOHBHAS HANDPSIKEHHOCTH MO TeOpHH XHMONeJsd OKa3H-
BaeTCs 3aBLIIEHHOH, a 1o Teopur Ppesuxa—3aHHKEHHOH, 4YTO NpeACTaB-
Af€TCA, BOGOIIE TOBOPS, NOBOJBHO €CTECTBEHHHIM,

PellleHHID KHHeTHUECKOrO YPaBHEHHS MOCBALIEHH HOC/AelylolHde paboTh
(Ppanu, 'eanep u UyenkoB). B Teopun YyeskoBa JAaH ¢us3nyeckH sCHBIH
KpuTepH# npo6osi, H B pe3yJbTaTe MAOBOJbHO TPOMO3JKHX BHUYHCJACHHH MNOJY-
yaioTcs 6o/ee WAM MeHee COIJIaCYIOIUHECH C ONBITOM pe3yJbTaTH.
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Bce ykasanunle TeOpHH UpPH OmpeleJeHHHX IonyuleHusx 1aioT boJee HIH
MeHee O/H3KHE K 3KCIEPHMEHTAJIbHBHIM UMCHEeHHBE 3HayeHns E,, H caaboe
BospacTaude Ep, ¢ yBeauuenuem Ttemnepartypel. COr/acHO STHM TEOPHsIM,
JOJKHO HMETb MECTO YIpOYHeHHe B TOHKHX CJA0AX IPH TOJILHHAX OKOJO0
10—5 cm. Bpemsa xe pa3sBHTHsA 3JEKTPOHHO JIABHHB OKAa3HBAETCA OUYE€Hb MAJHIM,
B CBA3H C YeM OXHIATh YNPOUHEHHS IpH BpeMesax mnopaaka 107 — 10-2 cex
3aBeJOMO He IPHXOAHTCA. B 3TOM OTHOLIEHHH TEOPHH YAapHOH HOHH3ALHH
OKa3bhIBAIOTCS HEAOCTATOYHHIMH, TAK KAK 3KCIEPHMEHTAJbHO MOKa3daHO, KaK yxe
TOBOPHJIOCH, YTO HpH uMnyJabcax 10—7— 108 cex slexTpuueckoe YyIpOYHEHHE,
IO BCeH BePOSITHOCTH, BCE JKe HMeeT MecTO. BO3MOXHO, 4TO HMEHHO BTOpas
CTazHs 3JIEKTPHYECKOro 1po6osi—paspylieHde AHBJIEKTPHKAa TpebyeT BpeMeHH
nopsigka 1077 — 102 cex. Opnako B TaKOM c/yvae HYXKHO CYHTATb, UTO BEeJH-
uHHa nNPoOHBHOH HANPAMKEHHOCTH CBSI3aHA He TOABKO C MPOLECCOM BO3HHKHO-
BEHHs YAapHOA HOHH3alLHH, HO W C MEXAHH3MOM pa3pylIeHHs AU3JIEKTPHKA.
3DTO0 06CTOSTEJAbCTBO €CTECTBEHHO HE MOIJIO HAHTH OTPaXCHHA B YKA3aHHHX
TEOPHSiX, KOTOpPHE COBEpIIeHHO He 3aTParHBaloT BTOPYIO CcTaxdio npobosd.

Jasi mpo6os rasoB, KaK H3BECTHO, XapaKTEPHO CTAaTHCTHYECKOEe 3ama3fbl-
BaHHe. JJEKTPHUECKOE YINPOYHEHHE IPH MajbX BpEMEHaX JAJd TBEPALIX JH-
3JEeKTPHKOB MOIJM0 OH OHTb CBA3aHO HMMEHHO C 3THM @NpoueccoMm, H TOrjia
TEOPUKR YHAPHOH HOHHM3ALHH MOJYUHJIH OB 3aBEpDIEHUE B PaMKaX OXHOH MepBOH
craaud npobos. ONHAKO CTATHCTHUECKOE 3anasjibiBaHue Npo6os TBEpAbIX IH-
3JEeKTPHKOB B OJIHOPOMHOM TMOJE OJHO3HAYHO ellle He YCTAHOBJEHO, XOTH
HHTepeCHHE MONHTKH B 3TOM uMmelorca (pabornl Kasamypa u ap.). Tpyaroctu
3/lecb COCTOAT B TOM, YTO YHCJO HA4YaJdbHHX 3JAEKTPOHOB NPOBOAHMOCTH
B TBEpPIOM TE€/J1€ BEJHKO H HEQNpeAe/NeHHO, a TAaKXe MOXeT 33aBHCeTh OT
BHCIIHHX (QAKTOPOB, HANPHMED, XOJORHOH BMHCCHH C kKartona. Bo BCiakoM
cayuae, jAeTajbHasg 3HKCIOEPHMEHTaJbHass npopa6oTka BoHpoca O 3aBHCHMOCTH
E,p OT BpEMEHH NPH MAaJHX BPEMEHAX H CBA3AHHBIX C HMM BONPOCOB ABJAETCHA
aKTyaJ!bHOﬁ Q)HSH'{GCKOﬁ 3a1aueil CeroAHsIHero fAHH.

Heb6esunrepecHnle NOJYKOJHYECTBEHHHIE OUEHKH BTODOH CTalHH 9JEKTpH-
4ecKkoro mnpo6os npoAenann 3eHTueM. Ecau ycaoBHe AJAf BO3HHKHOBEHHSA
YZapHOH HOHH3aUHMHM BHIOJIHEHO, TO YHCJO BTOPHYHBIX 3JEKTPOHOB M, NMOPOXK-
NeHHOe OAHHM HAayaJIbHBIM, HOJAXKHO ObITh MPONOPLHOHAJBbHO BPEMEHH npelH-
BaHHs 3JEKTPOHA BHYTPH KpPHCTa/lAJa H, CJAeJ0BaTeNbHO, OyaeT 3aBHCETb OT
pa3mepoB oOpasua, MecTa MOfABJCHHA HAYAJAbHOIO 3JEKTPOHAa H HEKOTOPHX
OCHOBHBIX CBOHCTB KpHCTaJJaa. MOXHO nas rpy0oifi OUEHKH MNOMYyCTHTh, YTO
npoOoi NH3/JIeKTPHKA HACTYIIHT TOrJa, KOTAAa KaX/Jblfi aTOM BeMIeCTBa MOJYYHT
OT BCeX 3JEKTDOHOB B CPEAHEM IHEPTHIO, PABHYIO 3HEPIHH KPHCTANIHYECKOH
pemerki (~ 10 36). BBHLY TOro, 4TO mMOTEHUMAJ HOHH3AUHH TaKke OJIH30K
K 10 38 s MHOHX KpPHCTaJAJ0B, pe3y/abTaThl pacCMaTpHBaeMOH OLEHKH He
H3MEeHATCs, €CJH HCXOAHTB H3 TOro, 4to INpu Npofoe KAKIANH aTOM JOJKEH
6uIThH HOHH30BAH, W JHM3JEKTPDHK TeM CaMbiM He Oyler pa3pyHieH, HO npeBpa-
THTCSL B NPOBOAHUK., Ecan £ =10° ¢/cm M NOABHKHOCTH 3JEKTPOHOB B CHIb-
HHX mnoaax ~1 c¢m?/é cex, TO 2/eKTPOH NPOHAET B HANPABJEHHH TMOJA NyThb
B 1 cx 3a Bpems t=10"% cex, tak KaKk cKopocTh ero apeiida Gyrer paBHa
108 cm/cex. Kpome TOro, BCIEXCTBHE TENJIOBOrO JBHXKEHHS BJEKTPOHH OGYAYT
aapdyHaIpOBATE B MJAOCKOCTH, NEpHeHIuKyaspaoir moaio. Kospduunenr aund-
¢y3uu MOKHO ONEHHTB, Kak [ —iw(3, rge »— gauea csoGoaHoro mpobera
3/J€KTpPOHA, U — €ro CKOPOCTh; 3TO JaeT, uTe D=1 cu?/cek.

Taxkum 00pasoMm, npH NPOJBHKEHHH Ha | ¢# B HanpaBJEHHH MOJS 3JEKT-
poH OyAeT OTKJAQHATHLCH NEepPHeHIMKYJAAPHO 3TOMY HAIPaBACHHIO B CPeZHEM Ha
paccrosinue x =1/Dc=10"3 cx. CiaeJoBaTeJbHO, NPH TNPOXOKJEHHH NyTH
B 1 cu 3a Bpema 1076 cex cpeauuil anekTpoH 6yJeT NepeiaBaTh CBOK 3HEPLHIO
aToMaM, HaxoAdWHMcA B oObeMe nMAMHApPA paguycoM 1073 cu w gauHo#t 1 cm.
Tlpg E£=10% 8/cu 3ra aHeprus paBua 10¢ 38, Uuca0o aTOMOB B YKa3aHHOM
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o6beme ~ 3:10-% cu® cocraBaser mnpumeprno 10Y'. Tlpr mnpoboe, coraacHo
C/IeJaHHOMY JONYIIEHHIO, 3HEPras, NepeJaHHasa BCeM 3THM aTOMaM, XOJKHA
6nte paBua 10°10'7=10!% 8. Takoit cyMmapHOii sHeprueil 6yayt 06/aaaTh
1018/106 = 10'2 asekTponoB (T. e. Ha Kaxaue 10'7/10'2=10° atromoB B pac-
cMaTpuBaeMofl TpyOKe OJHMH MEPBHUHHIH 3JEKTPOH JO0JKEeH CO3AaTh OAMH BTO-
PHYHHH 3JEKTPOH).

B jefcTBUTEJBHOCTH pa3pyli€HHI0O O6yAeT [oaBepratbCd JHIIb KOHEIL
UHAHEAPHIECKOTO KaHa/la, HO 3TO He CYIMIECTBEHHO A rpybOoH OleHKH.
Yucao HeoOXOAMMHX YAapRHEX HOHH3aUMK onpejensierTcs, OYEeBHIHO, H3 paBeH-
ctBa 27 =10'2, 1. e. n = 40. Ecan paccrosiune MeXjay 3JeKTPOJAMH 8, TO AJId
npo6os HEOGXOAUMO, YTOOH CpeAHHH CBOGOAHHE 3/1eKTPOH NPOH3BE] HOHH3a-

l .
LLHIO HAa NYTH L<_4—0 8. Takum o00pa3oM, KpoMe KPHTEpPHUs BO3HHKHOBEHHSs

YAAPHOH HOHH3alHH, HeOOXOZMMO el ONpefieieHHOe COOTHOLIEHHE MeXay
L n 8. QueBuano, 4To L yMeHBIIAETCH C POCTOM HampaXKeHHOCTH noJjs. Ecau

TOJMIMHA & AOCTATOYHO Maja, TO ycaoBue L < ¢ 6yAeT BHIOJIHATLCSH JUIIb

IPH TOBHIUEHHOR HANpsXKEeHHOCTH noJsd. OTCI0ja BHTEKaeT yHpOYHeHHE B TOH-
KHX CJ0SX, KOTOpOe no oueHke 3edTua MOJKHO HMETb MECTO NPH TOJIIMHAX
nopagka ~ 10~* cu. YxasauHag oleHKa He NpeAyCMaTPHBAET, UTO NEPBHUYHBIA
JEKTPOH MOXET HaXQAUTHCA B JIOOOM MeCTe AHMINEKTPHKA, a He Yy Karoha.
Onxaako 310 OOCTOSITENBCTBO BPsIA JH MOXET CHJABbHO H3MEHHUTh YKAa3aHHBIH
pesyabTar (TaKk KaKk BepOATHOCTL HAXOXKJIEHHS HAYaJbHOTO 3/JeKTpoHa BOJIH3H
KaToJa Bcerja MAOCTATOUHO BEeJHKAa), HO MOXeT OHTh CBA3aHO C CTATHCTHUE-
CKHM 3amasaniBaHdeM npobod. [lpr HeLOCTAaTOUHON HaNpsi:KeHHOCTH mnoas L
MOKeT ObiTb GoJblue ¢, M TOTJA 3/JeKTPOHHAs JaBHHA He 3aBepuIHTcs NnpoboeMm.

Bo3moxkHO, 4T0 NMoao6HHE 3JeKTPOHHHE JAaBHHB MOTYT GbTh OGHApyKeHH
B BHIC 3aMEeTHBIX HMNYJ/JbCOB TOKa mnepen npob6oeM. B atoM orHOUIEHHH HHTE-
pecHbl paboTel KaBaMypa H ero COTPYAHHKOB, B KOTOPBIX HCC/AEAQBAIHCH
AMeIoU(He MecTO INpennpo0UBHHE ,MWYMH“ B caofe !). B cBere 3Tux coobpa-
MeHUu# NMpPHOGPETAT HOBOE 3HAYeHHe OCTABJEHHHE B NMOCJAEJHEe BpeMs TEOpPHH
3JIEKTpHYeCKOro mpobosd, He CBA3aHHHE C MpefcTaBJeHHeM 00 YJapHOH HOHH-
3alMH: TEOPHS ,TYHHEJABHOr0" mnpo0osi 3MHepa, COTJACHO KOTOPOH poCT TOKA
B MOMeHT npobos OOyCJOBJEH HAK/JIOHEHHEM B CHJIbLHOM BHEIIHEM I0JIE 3Hep-
FeTHYECKHX 30H M MNpPOCauMBaHHEM 3JEKTPOHOB M3 HOPMAaJbHOH 30HH B 30HY
IIPOBOAMMOCTH; TeOpusa npobOos 3JMEKTPOJHOr0 IIPOUCXOXKIAEHHS (IIpocaunBaHHE
3JEKTPOHOB B 30HY NPOBOAHMOCTH [H3JEKTPHKA M3 KaTOAZ H H3 HOPMAJIbHOH
30HK AusjekTpuKka B aHoA) {(Boabkenwtedn, dPayaep), Teopus TepMHUECKOH
HOHH3aLHU PpenKesns.

JleiicTBHUTENBHO, €CJH 3JEKTPOHHHE JABHHH HEJOCTATOYHO HHTEHCHBHH
Ias TOTO, uTOObi NPHBECTH KO BTOPOH CTajud npo6os, TO NMPU YBEJHUEHHH
HanpsXKEHHOCTH NOJif YKasaHHBIe IPOLEeCCH MOTYT CTAaTh peLIAHIHMH elje 1o
TOT0, KaK 2/JeKTPOHHBIE JABHHBl IPHOOPETYT AOCTATOYHYK) HHTEHCHBHOCTb.

CymecTBeHHOE 3HA4YeHHE MOTYT IPHOOPECTH NONBITKH INOCTPOEHHS M TaKOM
TEOpUH, KOTOpafs OH OCHOBHIBAJaChb HA COYETAHHH IIPOLECCOB KAaToAHOfM
SMHCCHH, YAAPHOH HMOHH3aUHMH H HCKAXKEHHSA NOJs OO0DbEeMHBIM 3apsiAOM, aHAJ0-
THYHHE TeM, KOTOPpHE cZe]adbl B HOCJAeAHee BpeMa IJs Clydas npobos cBepX-
YUCTHIX XHAKOCTEH.

B paGorax A. A. Bopo6bepa u E. K. 3aBanoBckoii o6paizaeTcss BHHMaHHe
Ha CBA3b E,,p LWIEJOYHO-TAJOHIAHBX KPHCTANJIOB C 3HEPrHed KPUCTAJAANUECKOH
pemietkn W. Mimeroumyo MecTo npubJAH3HTENbHYIO PONOPUHOHAIBHOCTE MEXILY
E,, 1 W MoxHO OH/IO Gbl OOBACHHTb, HCXOAS H3 TEOPHH PA3PHIBA KPHCTAJJIH-

1) B camoe mochenuee BpeMs aBTOpbl 3THX PaGoT, ONHAKO, HPUNUIK K 3AKJIOYEHHIO, 4TO
TEpeAnpoGHRHAE ,,IIYMBI* He CBA3aHH ¢ 06Pa30OBaHMEM 3JeKTPOHHBIX JaBHH.
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yecko#d peumrteTkd mnoJjeM. ORHaKO HeT OCHOBAHHH CYUTATh, UTO 3Ta TEOPHA
onpapiuiBaercs. ChaepyeT NOAYEPKHYTb, YWTO W3 TEOPHH YAapHOH HOHH3alUM
BHTEKA€T yMeHblUeHHe £, C yBeJHYeHHEeM NOCTOSHHOH PENIETKH, T. €. C YMEHb-
IIEHHEM 3HEPIHH KPHCTAAJIHYeCKOH pemieTkKH. Takum o06pa3oM, YKasaHHWH na-
paaseiu3M He ABJSIETCHA HEOXKHWAAHHHM H He NPOTHBOPEYHT, B HYaCTHOCTH, TEO-
pHAM VIAPHGT HOHH3ALHH.

B saxmouenne ofuiefl uacTH JOKJala HYKHO NMOAYEPKHYThb CJEAYIOIHE
'00CTOATEAbCTBA.

1. Tlpouecc aiekTpuyeckoro npo6os TBEPAMX IHIJIEKTPHKOB sBIAAETCH Ha-
CTOJIBKO CJAOMXKHBIM, 4TO OBIO OH HENpaBW/ILHO B HACTOAlIlee Bpems Oe3 10-
CTATOYHBIX SKCNEPHMEHTAJbHHX H TEOPEeTHYECKHX OOOCHOBAaHHH YyBJIEKATbCHA
NOCTPOEHHEM KAKHX-AHOO ,ApPOCTHX“ H NCEBAO-O0IUHX KaweCTBeHHHX THIOTE3
AJH TEOPHH, CTPeMsiCh, TAaK CKasaTh, CBECTH peEIIEHHE CHCTEMH YypaBHEHHH
C MHOTHMH HEH3BECTHHIMH K OJHOMY MPOCTEAilleMy yPaBHEHHIO C OJHHM He-
H3BECTHHIM,

2. OnHaKo HH B KOEM cCJyuae HeJb3ft JeJath H 0OpaTHEIH BHBOJ O TOM,
4YTO BOMNPOC HACTOJBKO 34anyTaH, 4YTO HeT HHKAKOH HaJewJH BHeCTH B HETO
ACHOCTb., MHe KaxeTcs, 4TO CYWIeCTBEHHas DCJb YIAPHOH HOHH3AUMH B TIpO-
Iecce 3AEKTPHYECKOTO Npobos B HAcTosulee BpeMd He BHI3BHIBAET COMHEHHIL.
Ho npupoga mnpo6oa ne onpenensieTcs elie Junib BOZHHKHOBEHHEM YAapHOH
HOHHU32HH; 3Ta, NTOCAEQHAS, COYeTaeTCa Na)e B YHCTHX YCJAOBHAX ONbITa C XO-
AONHOH BMHCCHEH C KaTOJa H YCJOXKHSETC BJIMSHHEM O00DLEMHOro 3apsaja H
NpoNeccoM pas3pyiienus IuajexTpuxa. liuTeHncusmas skcnepumeHTasbHasg pa-
60oTa B HaNpPaBJEHHAX, YKa3aHHLIX BHIIE B TECHOM KOHTAKTE C TEOPETHUECKUMH
HCC/IeJOBAHHAMH, HECOMHEHHO, B HejaJekoM OyAyuieM B 3HAUHTEJbHOH CTeleHH
NPHOTKPOET 3aHABeC, OTAEJFIONHH Hac OT OJHOIrO H3 CJAOXKHERIIMX H BechMa
AHTEPECHBIX fBJEHMH (QU3HKH TBEPIOTO TE1a—3JEKTPHUSCKOTro npchos TBep-
AEIX JAH3JEKTPUKOB.

Ilepexons ko BTOpOH wacTh JOK.JIana, ClelyeT 3aMeTHTb, UTO Ha MPAaKTHKeE
HacTO HMEKT MECTO CJayuaH npo6osi, KOTOPHE Ha nepBHII B3rJAAA TPYLHO Kaac-
CHOUIHPOBATH, HCXOAsT M3 OOUIMX NOJOXKEHHI, HATOKEHHHX BHMmE, JTH CIy-
YaH HYXHO YETKO OTIeJsiTh OT JAPYyrux ¢usnuecxky 6ojee NPOCTHX, HE CTAaBd
nepej MPHPOAOH BOMPOCOB, HA KOTOPHE OHAa He MOXeT AaTh oTBerta. Croaa
OTHOCHTCS B NEPBYIO oyepelb siBJEHHE NpoB0A MAKPOCKOMHYECKH HEOAHOPOI-
HBIX IH3JEKTPHUKOB.

O TemnepatrypHoii 3aBUCUMOCTH Enp NpH 3JEKTPUHECKOM
npo6oe

Bo Bropoit wacTH noOkJama s NMO3BOJIO ceGe H3/M0KHATh OTAE/bHBEE BKCIe-
pPHMEHTaJbHBle pEe3yJbTaThl, NOJYYE€HHHE B J1a60paTopud (HDHU3HKH JH3/JI€KTPH-
KOB (H3HYECKOro HHCTHTYTAa uM. JleGegesa AH CCCP, kotopnie MOryT SBHTHCH
HJJIOCTpauHel - oOWMUX NOJIOXKEHUH, H3/J0KEeHHbX BHe, Baxwomy Bonpocy
O 3aBHCHMOCTH 2JCKTPHYECKOH NPOYHOCTH HEKOTODHIX TBEPIHX AW3JIeKTPUKOB
OT BpeMeHH MMNY./IbCA H OT TOJIIMHH IIOCBAIIEH OTAelbHbif gokaax E. A. Ko-
HODOBOH, H s1 HAa 3TOM BONPOCE OCTAHABJAMBATBLCA He Oyny. J pyrum cyllecTBeH-
HbIM C Halled TOYKH 3peHHs BONPOCOM SBJAETCA TEMIEepaTypHas 3aBHCHMOCTh
3JMEKTPHYECKO! MPOYHOCTH lUEJI0YHO-TAJORIHEX MOHOKPHCTAJ/IOB HPU PaA3HOK
IJIATEJbHOCTH MPHJIOXKeHHS Hanupsxennd. COOTBETCTBYIONIEEe HCC/IeL0BaHKE N1PO-
poautcs y Hac JI. A. CopokuHOIL.

Ha mpeaplaylimx coBelIaHMsiX B NpeHHAX no mokaazam A. A. Bopo6bera
r E. K. 3aBagoBckofl s yKa3pBaJ, YTO B HHOCTDAHHOH JIHTEPATYypE HMEETCH
HEeCKOJbKO paboT, B KOTOPBIX MOJYYEHA 3aBHCHMOCTh £, INEJOYHO-raJOHAHBIX
KpHCTaaJI0B B 00/1aCTH 3JeKTPHYeCKOro npobosi Ot TeMnepaTyphsl, B NPOTHBO-
II0/I0XKHOCTh CTApHM paboTaM HeMeIKHX M COBeTCKHX yueHnX. [IpuHuHIHA/Ib-
HAS BAXHOCTb SB/JEHHA, HEKOTOpPas NPOTHBOPEUHBOCTb YKA34HHBIX SKCIIEPH-
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MEHTa/JbHHX pe3yJbTaTOB U OTPHUATEJBHOE OTHOUIEHHE K HHUM CO CTOPOHH
JOKJAAYNKOB H HEKOTOpDHX JAPYTHX CNEelHaJHCTOB, 3aCTaBUJH HAaC NMOCTABHTh
CHCTEMATHYeCKOE MCCJAeJ0OBAHHE, KOTOpOE €Ille He 34KOHYEHO, HO NMO3BOJAET
CAeNaTh Yxe cejlyac JOCTATOYHO OXZHO3HAYHBlE BHBOHL

Ha puc. 1 npencraBleHH 5KCIepHMEHTaJbHble [NAaHHBIE DPa3HHX aBTOPOB.
BuAHO, 4TO NOYTH BO BCEX CJayyasX NOJydYeHa 3aBHCHMOCTb £,, OT TeMmepa-
TYpH, KOTOpas IpPH NOCTOSHHOM HAaNpsXKeHHH BEIPaXKaeTCsd KPHBOH C MakCH-
MYMOM, a Ha HMIYJbCax C YMeHblUIEHHEM JMJIHTEJbHOCTH HMINYJbCA NpEBpa-
INaeTCHd B MOHOTOHHO pacTyLiyl0 KPHBYIO, OJH3KYIO K NPSMOM.
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Puc. 1. 3aBucumocts Enp OT TemmepaTypsL

l—nocr. nanp. u 2108 eex; 2—noct. Hanp.; 3—uUMOyAbCH

104 cex; 4—14M11ynbc5: 5-10-2 CeR; 5—-HMIIlebCI>] 10—6 cex;

6—nmoyabcol 10—4 cex; 7—-mnocr. Hanp. u 60 24; 5, 6, 6a n

7—Hippel u Alger, KBr [1]; 2, 3 u 4—Inuishi »n Suita KCl [21;
1—Calderwood u Cooper [3].

B HexoTOpHX pa6oTax TEeMNEpaTypHHH MakcuMyMm £L,, He OGHapyKeH H
NPH NOCTOSHHOM HanpsxeHHd. AOCOMIOTHAA Be/JHYHHA E,, Ha MMIyJbCax y
OLHUX aBTOPOB BblLE MakcuMyMa L, Ha NOCTOAHHOM HANPSXKEHHH, Y APYFHX,
HaobopoT, HHuKe. B OTACABHBIX cnyqanx IIpH AJHMTE/]BbHOCTH HMnyabca 10—Scex
BoO6Ge He HA0/I04a/ach TEMIEPATYyPHAS 3aBUCHMOCTB £ .

B nawmeii pa6ore npoBeseHO H3MepeHHe 'reMnepaTypHoﬁ 3aBHCHMOCTH £,
MOHOKpHCTa/i0B KBr Ha mocTOAHHOM HanpsXeHHH H Ha HMIYJAbCAX LAHTETbe
Hocthio 10—2,10—% u 10-% cex B o6aacrn temnepatyp Bume O°C (06s1acTh HH3-
KHX Temnepatyp of0caenyercda B Hacrosimee Bpems). Ojauum u3 Haubosee cy-
2. Mas. TIH, 7. 91 - ayHO TeXMMYerK: 3 17
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HI€CTBEHHRIX [/ HOJYYEHHs HAACKHBIX pPe3y/abTATOB OOCTOATE/NbCTBOM SB-
JASIETCH PAaBHOMEDHH# HarpeB 06pa3ioB, O0ecNneyHBalOMA OTCYTCTBHE PacTpec-
KHBaHHA 00pasuos. Kpucraanwm KBr BHpamuBa/inch M3 paciiaBa, pacKafbiBa-
JUCH HA IMJACTHHKH mJaomaabio 1—2 cu? wu TojuHHO# 3—4 MM, B KOTOPHIX
BEICBEPJIHBANHKCh WHIHHAPHIECKAE yriaybaenus ¢ noaycdepnueckum gnoM. Toa-
IKHa o6pasma B HaHOOJee TOHKOM MeCTe NpH 3TOM AosBojmnaack 10 0,2—0,3 xxu.
[Tocae Takoit 06paboTky 0Opa3is MMOABEPrajuch OTKUTY A CHATHA MeXaHHde-
CKHX HANIDSKEHHN, NONYYEHHHX NMPH CBepieHun. OTHHL TPOBOAKJICA NPH TeMIile-
paType, 6au3KoR K Temnepatype maasiaeHds (fn. = 730°C, Lomu = 680 —~ 700°C)
B TeweHue 2—3 yacos, mocae uero 06pasubl MeHJAeHHO OXJAKIAAJIHCH. YKa-
3aHHHI OTXKHI 3aMeTHO yMeHbmaJ pa3bpoc 3naueHuit £,, [locre orxura mo-
JHPOBAJUCh NOBEPXHOCTb JYHKH M IIOCKas MOBEPXHOCTL 00pA3noB, W TOMILHHA
ob6pasua gosozuaack a0 0,1—0,2 mum. [lepex nanecenueM 3n1€KTPOAOB 06PA3IL
NPOCMATPUBAIHCL TMOJ MHKDOCKOMOM JJst OGHApy:KeHMd BUIHMHX TPEUHH H
napalHH Ha MOJUPOBAHHHX MOBEPXHOCTAX. DIGKTPOAH HAHOCHIHCH BAKYYM-
HBIM pacisiieHAeM cepe6pa. Ilpo6oit ob6pasnos npouspoxd/ica B dHapHopPoOBOM

CTaKaHe, B MacJe HJIH KPeMHH# opranuyec-

f,,p.%'”é’ KON XKHAKOCTH, BHICOKOBOJBTHHH 3Ja€K-
TpPOA ONyCKaJaCd B JYHKY. Harpes npo-
S H3BOAUJACA C IIOMOILIBIO TEepMoOcCcTaTa H
3 }- 4 [ L . KOHTPO/MHPOBAJACA HECKOJbKHMH TepMOna-
é/ 3 7 pamH. CKOpOCTb Harpesa yCTaHaBJHBAJACh
//d_ - C TAKHM pacdeToM, yTOOB MOKAa3aHud TpEX

a7 3

TEpMONap, np#xaTeHx K obpasny, H TEp-
MOIAapH B XKHUAKOCTH COBNAJaJH, a INOKa-
~107% 3aHHE TEepMOnapH, NOMELEHHOH BHYTPb
7 METAJJIHUECKOr0 3a3eMJEHHOTO 3JEKTPOIa,

0%

a5

3 NPEBHIIAJ0 IOKa3aHHA OCTAJbHBIX TE€PMO-
neem o

o wanp. nap He Goaee uem Ha 10°C. [lpn atom

' TpPemHUH Ha ob6pasue He BO3HHKAJ0. Bpe-

0 Ky %00 50 0 TC MfA Harpesa, BblﬁpaH}lOe YKa3aHHBEM 00-

’ pasoM, COCTaBJAJIO NIPH NOBBIIIEHHUH TeMIe-

Puc. 2. paTypsi OoT KoMHatHOR 10 50°C—1,5—2 ya-

Cd, a IpU NOBHILEHHH TeMIEpaTypH IO
200°C—oKoa0 4-X 4acos.

[MoayyeHnbe sKcnepHMeHTaJbHLIE AaHHBIE IpeiAcTaBJeHH Ha puc. 2. Jkcne-
pHMeHTaAbHble 3HaYeHus £,p ABAAOTCH cpeluuMH u3 12—15 u3mepenuit. Pas-
6poCc 9KCHepHMEHTAJbHHX [aHHbIX, NOKAa3aHHbIA HA pHUC. 2, CPABHHTEJbBHO He-
BeJHK H He BYQJHpPYeT MOJYYeHHble 3aKOHOMepPHOCTH. MOXXHO cuHuTarh ycTa-
HOBJICHHBIM, YTO B BHILIEONHCAHHBIX 3KCINEPHMEHTAJBEHHX YCJAOBHAX 3JEKTpPHYe-
CcKkasi NPOYHOCTb KpuCTaanoB XBr Ha mocTOsHHOM HamnpsiMeHHH HMeeT SABHbIA
TeMieparypHHid MakcHMyM npu 50°C, ¢ yMeHblIeHHeM IJHTEeJAbHOCTHE HMMOYJabCA
3TOT MAKCHUMYM CIVIa)XKHBaeTcsd H NpH AJHTEAbHOCTH HMuyJabca 10-Scex umeer
MeCTO MOHOTOHHOE BO3pacraHue £, ¢ yBeJHYEeHHEM TeMiepaTypn. TaxkHM o6-
Pa3oM, HAIIH pe3yJabTaThl NOATBEPAHJIH B OCHOBHOM DPE3YJbTATH, MOJYyHeHHbIE
aas KBr Xunnesem H AnmxkepoM ¢ TO# pasHuied, 0JHAKQ, 4TO TeMUIEpPaTypPHBIHA
MaxcumyMm E,, no mamum gandeIM cootnercTByeT - 50°C, a He -} 200°C, kaxk
y Xummeag u Aamxepa. CaefyeT OTMETHTb, UTO B 3TOH paboTe IPHMEHS/HCH
He cepefpsAHHe, a 3040THEe 3JekTpoast. B apyrux pa6ortax 30/40THE 9J€K-
TPOAH He MPHMEeHAANCh, W TeMmIepaTypa MaxkCcumMyma £,, okasajsacop 6.1H3KkOH
k 40-—-50°C. CymniecTseHHO, UTO TeMNepaTypHHH MakCUMyMm £p, HOHHBIX KpH-
CTAJJOB HMEeT MeCTO JHIIb NPH JAOCTATOUHO GOJBUIQH AAMTEJLHOCTH MPHJIO-
KEHHST HANPAKEHHUs. ’

B cBA3u ¢ 3THM NpHMEHUMOCTh BTOPOH, TaK Ha3HBaemMo#, ,BHICOKOTEMMOE-
patypHo#t“ TeopHH &Epeanxa CTaBHUTCH MOJ 60JbUIOS COMHEHHe. IJTa TEOpHdH
HMEeT, OAHAKO, B H3BECTHOH Mepe oflnee 3HayeHHe, TAK KaK sBJIAETCH IOKa,
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TIOBHAUMOMY, €RMHCTBEHHOH paboTOf, B KOTOpPOH JesaeTcsi MOMHTKA y4ecTh
BaHAHME Ae(EKTOB DEIETKH Ha Hpouecc sjaekTpHuyeckoro npobos. I[Npu naskux
TEMIEpPaTypax 4YHCAO 3/JAEKTPOHOB HA JAe(EKTHHX YPOBHAX MaJo, NOCKOJBKY
MaJo 4HCJI0 AedeKTHbX yposHed. Ilpy noBHImEHHM TeMnepaTypel YHCAO Ae-
(eKTHHX YPOBHEH CHJIBHO BO3pacTaeT M B NpOlieCCe 3JEKTPHYECKOro npobod,
no npeanoJoxenuio Ppenuxa, HaYHHAIOT YYacTBOBATh 3/JAEKTPOHH, 3aXBaY€HHHE
AedexktamH pemetkd. [IpH 10OCTaTOYHO BHCOKOH TeMmepaType BEPOATHOCTH
CTONKHOBEHHSI CBOOOJHOIO B3/EKTPOHA C 3JAEKTPOHOM Ha JOKAaJbHOM YpOBHE
MOXET 3aMEeTHO NPEeBHILATh BEePOATHOCTb PACCEAHHA HAa KOJeOaHHMAX pelleTKH.
B sToM cayuae, Kak B IJa3Me ra3oBOoro paspsija, 3/MIeKTPOHH B KpHCTaJlje
DM HaJAYHH CHJBHOTO NOJS [AOKHBH 00alaTh COOCTBEHHOI ,3/eKTPOHHOR
temnepatypoh“ T,, npesHInalOIleli TeMnepatypy pemerkd 7T,.

Jasee, npeanoJsaraercsa, YT0 CBOGOJHHE 3/JEKTPOHE, IOJAYYHB IHEPTHIO OT
nosasa U, B3auMojefCTBYs C 3JAEKTPOHAMH HA JIOKAABHHIX YPOBHAX, NEpeiaioT
DHEPrHio0 3THM NOCJAEJHHM, 4 HE HEMNOCPEJCTBEHHO penreTke. DJIeKTPOHH Ha JO-
KaJ/bHBIX YPOBHAX B CBOI0 O4Ye€penb gepenaioT 2HEPrHI0 pEUWEeTKe. inl 3TOM
paccMaTpHBAIOTCS YPOBHH PA3/AHYHOH IJYOHHH, HO OCHOBHYIO POJIb HTPAIOT MeJi-
KHe YPOBHH, JiexaulHe HHxe 30HB nposoauMoctd Ha AV mpu AV <1 as.
B otnvume or nepBoii TeopuH Ppeauxa u Teopuu Xunnesas 34ecCh ONpPEAEIAECTCH
sHeprus, npuobperaemMas OT NOJA BCEMH 3MEKTPOHAMH INPOBOXHMOCTH, M SHEp-
TAs, OTAaBaeMas PeleTke BCEMH 3/E€KTPOHAMH Ha JOKAJbHBIX ypoBHAX. Pacmpe-
JeJeHHe 3JeKTPOHOB MeXIy 30HOH NPOBOJHMOCTH H JIOKAJbHHIMH YPOBHAMH
HaxoauTca ¢ noMompio ¢ynkuuu depmu-upaka.

[pubauxenHsie BHYHCACHHA NPUBOAST K TOMY, UTO SHEpPTHs, npHobperae-
Mas B CpeJHeM OJHHM 3/eKTPOHOM OT Tnoasa A, BO3pacTaetr C yBeJHYHBAIO-
IefCsl CKOPOCTBIO MPH POCTE 3JeKTPOHHOH TeMOepaTypH, a 3HEprus, OTZaBae-
Masg B CpeJHeM OJHHMM JOKa/JbHHM 3JEKTPOHOM pemeTke (motepu sHepruu) B,
C pPOCTOM 3JEKTPOHHOH TeMmepaTypbl YBeJHUHBAETCH C YMEHbIIAOMEeHCsa CKOo-
pocteio. IlpH 2TOM BesMurHa A BO3pacTaeT, €CTECTBEHHO, H NPH YBeJHYCHHH
HANpPSAXKEHHOCTH noas. Kpurepuil npobosa omnpene/seTcs TaK ke, KAK H paHblie,
paBeHCTBOM BeaHYHH A H B, HO JHWb OPH ONpefe]eHHOM 3HAYEHHH 3JEKTPOH-
Ho# Temnepatyps 7., cooTBeTcTBYIOIEeH KacaHHuio KpHBHX A=f (T.) u B == f (T.).
Ecau KpHBHE InepeceKamTcs, TO YCTAHABJMBAETCA CTallHOHAPHOE COCTOSHHE,
ecan kpuBasg A= f (7,) uzer Bume kpuso#h B=f (7,), TO CTauuoHApHOE CO-
CTOAIHWE HEBO3MOXHO. [paHHUHBIM cJy4aeMm fBJAETCA, OYEeBUAHO, CAyual Kaca-
HHS KpHBHX. C NOMOIIBLIO YKa3aHHOrO KpuTepus mpo6oda Pdpenux oOleHHBAET
BeAuyuHy E,p; OKasmBaercs, 4TO Enp YMEHBIIAaeTCs C YBEJIHUYEHHEM TeMiepa-
TYpH KpuCTamaa T,, a KPHTHYECKas 3/MeKTPOHHAd TeMuepaTypa JHIIb HEMHOTO
TIpeBHIAET TeMIEpPaTypy XpHCTa/Ja.

Takum o6Gpa3oM, B 006JacTH TeMIepaTyp BHIIE HEKOTOPOH Onpene]eHHOH
T, Esp no ©penuxy Q0MKHO YMEHBIIATHECA € POCTOM Temneparypsl [1pu To=T,
YHCJO CTOJKHOBEHHH CBOOOJLHBIX 3/EKTPOHOB C KOJICOAHHAMH peIleTKH Cpas-
HHEMO C YHCJAOM CTOJKHOBEHHH MX C JIOKaJABHBIMH 3deKTpoHamu. [lpu T, < T,—
JOKaJbHHX 3JEKTPOHOB, KaK YKa3HBaJOCh BBII€, MAaJ0, H OCHOBHYI pOJb
npuobpeTaeT B3aUMOAECHCTBHE CBOOOAHHIX SJEKTPOHOB C KOJeOaHHSIMH pe-
mieTkH (pacCMaTpEBaeMOe BCEMH TEOPDHAMH YAApPHOH HMOHH3aLMH), IIPH KOTO-
pom E,, pacTeT ¢ yBeaHueHHeM TeMmeparyph. OTCIOAA BHITEKaeT, YTO BOJH3H
T DO/MXEH HMETh MeCTO MaKCHMyM E,,. YBeluueHue uucaa AedexroB CTpyk-
TYPH INPH NepexoAe OT MOHOKPHCTAAIHYECKOrO K HOMHKPHCTANIHUCCKOMY H
aMop(pHOMY COCTOSIHHIO IH3/EKTPHKA [NO/KHO INOHMXKATH TeMIepatypy 7. H,
C1e10BaTe/NbHO, TeMNeparypy MakcHMyMa E,p. CornacHo u3noxeHHHIM coo6pa-
wennaM Ppesuxa, npH 3/JAeKTpayeckoM npoboe aMoOpHHX AUIMEKTPHKOB Fpp
JOJ/KHO YMEHBIIATBCA ¢ TeMIepaTypod B IIMDOKOM JHAama3oHe TEeMIEepaTyp.
C apyrofi CTOPOHH, YyMeHbllIeHHe JAJHHH CBOGOZHOrO mnpofera 3JAeKTPOHA
JOJKHO, BOoOIie rosops, yeeauunBaTb E,,. TakuMm 06pa3oM, OTKPHBAaercs
BO3MOXHOCTb OLEHHTH H3MEHEHHEe BeJMYHHH H TEeMIepaTypHOH 3aBHCHUMOCTH
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Enp NpH H3MEHEHHM CTPYKTYPH JAu3JeKTpHKA. C YKa3aHHHIMH pe3yabTaTaMh
KQYeCTBEHHO COTJVIACYIOTCS 3KCHEePHUMEHTaJIbHLE NAHHEE O TeMnepaTypHOH 3a-
BHCHUMOCTH £, KDHUCTANIHYECKOrO H aMopdHOro Keapia.

K coxanedrio, u3MeHEeHHe TeMIEpaTypHOH 3aBHCHMOCTH £,, HOHHHX KpH-
CTa/JIOB NIPH M3MEHEHHH AJHTEJBHOCTH 3JEeKTPHYECKOH HATPY3KH, KOTODOE Noj-
TBEPXJIEHO HAUIHMH 3KCHEDHUMEHTAJbHEMH JAHHBIMH, He YKJ4ILBACTCH B PAMKH
,BEHICOKOTEMNEPATYPHOR® Teopun Ppesnuxa. XoTd NpoLecC nepeiayd SHepruH
OT CBOOGOJHBHIX 3JEKTPOHOB JIOKAJbHHM H OT JOKAJBHHX--pelleTKe MOXeT
6HTL M TpeOyeT uHOro (60abIIero) BpeMeHH, ueM NPOUECC HEmOCPeNCTBEeHHOM
nepejayd 3HePrHH OT CBOOOJHOrO 3JEKTPOHA pelieTke, H BpeMs PA3BHTHA
npo6oss MoxeT OuTb pasauuHuM. OLHAKO BpSE 1M MOXHO JyMaTh, YTO TeM-
nepaTypHasi 3aBHCHMOCTb £, NpH MNOCTOAHHOM HANPAXEHHH OTJAAYAeTCd OT
TeMIIePATYDHON 3aBHCUMOCTH E£,, yXe€ NIpH CPaBHUTEJNBHO [JHTEJbHHX HMNYJb-
cax (10— %cex).

IlosTomy 6o0Jiee BepoOSTHOH NPHYMHON TeMIlepaTypHOTO MakcuMyMa Enp,
cJaelyeT NPH3HATbL B COrJacHM ¢ XHOOeJeM BJHSIHHE OObEMHOro 3apdia, Ko-
TOPO€ JOCTATOYHO MaJO JHUb IIPH CPaBHUTEJILHO KPATKOBPEMEHHEIX HMMYJb-
cax (~10-% cek). Ilpu sToM cjeiyeT HMETh BBHIY, YTO OOG'bEMHHIl 3apfii MO-
XeT OHTb JABYX BHIOB: 9JEKTPOHHbII (IPH HAaAHYHH KATOAHOH 9MHCCHH) H
HOHHBIH—IO/NOXHUTE/bREN, O00pasyOWUHCA NOPH NPOLBHXKEHHH 3JEeKTPOHHOH
JIABHHHI.

KoauuecTBeHHH yd4eT BAMAHHS OOGDBEeMHOro 3apsia NpeicTaB/iseT, NOBH-
JAHMOMY, BecbhbMa O6o0JblIHe TPYAHOCTH. Ecau o00beMHHA 3apaj yBeJHYHBAET
HaIpsXKEHHOCTb NOJSI B JOCTaTOYHOM ofbemMe IH3/IeKTpHKa, TO Enp, no/xna
nazate. Ecau, nao6opot, obpasyercsi OGbeMHBEIH 3apsl B TOHKOM c/10€ BOJAH3H
3/IeKTPOAA NPOTHBONOJIOKHOTO 3HAKA, TO B 60JbLIeH YacTH oObeMa HHIJIEKTPH-
Ka noJae ocaabasierca 4, BooOGue roBopsi, £,, MOXET BO3DacTH NpH YCJAOBHH,
YTO YBEJIHYEHHE MO0J8 V KaTO4a, BHI3HBAIOLIEE pPOCT XOJOAHOH 9MHCCHH, HE
BJIMSET ‘HA Tpollecc mpodosi (B NPOTHBHOM CJjyuyae pe3y/bTaT MOXeT GHTH 06-
parHbiM). B oamoii u3 Hepapuux pabor [3] BausH@me 0oO6'BEMHOro 3apsja uccie-
J0BAJOCh € TOMOLIbIO OJHOBPEMEHHOro NPHJAOXKEHHA K 06pa3ny BHICOKOTO
NOCTOAHHOrO HANpsXKEHAs, CO3JAI0LIero, no MHEHHIO aBTOPOB, 06LeMHHIH 3a-
paxa, # 106aBOYHOr0 HMIYJIbCHOTO HANPsSKEHHs pa3Hoil moaspHocTH. OKa3anocsh,
4TO nmpH HeBHICOKHX TeMmneparypax (10°C) ob6bemHblll 3apsj yBeJHUHBAaeT IIPO-
6uBHOe BanpsiKkeHHe, a nmpu Bucokux (180°C) poob6iie He OKa3niBaeT BAUSHHA.
Takum o06pasoM, o6beMHHIE 3apfi MOXeT OKa3aTh pa3JjiMuHOe BJHfAHHE HA Be-
AHUUBY Ejp.

Xunneap NpennmoJaraer, 4yro TeMmIepaTypHuii MakcuMyM E,, ob6bsacHsercs
cHuKeHneM Ey,, 1pH HH3KUX TeMNepaTypax NoJ BJAHSHHEM 3JEeKTPOHHOTO 00DbeM-
HOTO 3apsifa, o6Pa30BaHHOTO 3a CYET XOJOAHOH 3MHUCCHH, W yMeHbUleHHeM £,
NoJ BJAHSHHEM INOJOXHUTEJAbHOro OOBEMHOrO 3apsija NpPH BHCOKHX TeMuepary-
pax. BO.ausu TeMnepaTypHOro MakCHMyMa, mo MHeHHI0 XHINenst, NPOUCXONHT
KOMIEHCAalUHad JEHCTBHA OTPHLUATEJBHOTO M JIOJOXKHUTEJIBHOrO OOBEMHOrO 3a-
psana. B cBA3SH C BHIIEYKAa3aHHBIM, 3TO MNPENNOJOXeHHe SBASETCH SKCIepH-
MEHTAa/JbHO HEeJA0CTaTOYHO O06OCHOBaHHHM. TaxkuMm 006pasoMm, XOTHA B HAcCTO-
flee BpeMd SKCIEPDUMEHTANbHMX JAaHHHX SIBHO HeJOCTaTOYHO J/]f JeTaAbHOH
HHTEPIPETALHH TeMOepaTypHOro xoaa £,, HOHHBIX KPHCTA/JIOB, OAHAKO IIpeX-
CTaB/ISETCA BEPOATHBIM, UTO IIPH AOCTATOYHO OOJBIIHX IAJAHTEJBHOCTAX NPUJIO-
JKE€HHsI HaNPSKEHHS coyeTaHHe OOBEeMHOro 3apsjga ¢ XOJOJHOH SMHCCHEH C
NpONEeCcCOM YIapPHOH MOHU3AUMH OKa3nBaeT HauboJ/ee CYLIECTBEHHOE BTHAHHE
Ha xoJ KpuBo# E,p,=/f (T).

flpoGoit HeONHOPOIHBIX AMIEKTPHKOB (MOJHKPHCTAMINYECKHX
THTAHATOB)
[Nepefizem Temepr K APYroMy HHKAY sdBAeHu#l A3 obsaactd npobOs TBep-
AbIX AUIJCKTPHKOB, HMEKOLECMY CYIMIECCTBEHHOE NPpaKTHYCCKOE 3Ha4YeHue. Briuie
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rOBOPHJOCH O TOM, YTO 4acTO HA6GJAI0JAIOTCA TaKHe 3KCNEPHMEH TaJbHHE 3aKQ«
HOME@PHOCTH, KOTOpbie 6e3 QOCTATOYHO MNOJPO6GEOr0o aHa/iu3a Heab3sh OTHECTH
HH K TENJAOBOMY, HH K SJEKTPHYECKOMY Npo6oio. DTO HMeeT MecTO OCOGEHHO
 IpE HCCAeIOBAaHHKH B WHPOKOM JHANA30HE YACTOT M TEMNEpPaTyp TBEPAHX AH-
3JEKTPHKOB CPAaBHHTEABLHO CJAOXKHOAR CTPYKTYpH. B KauectBe mnpuMepa nos-
BOJbTE NMPHBECTH HEKQTODHE M3 3KCHEPHMEHTANbHHX PE3YyJABTATOB MO HCCJAERO-
BAHHIO 3JEKTPHYECKOH NMPOYHOCTH MOJHKPHCTANJIHYECKHX THTAHATOB, MQJydeH-
Hee B Hamel jgadopatopuu B. H. CapacdanoBum [4, 5]. Vamepenue £,, THTa-
HATOB MAarsus, UMHKA, Kajabuuda, Oapus, TeTpaTHTawmarta GapHs H CTPOHIHHBH-
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100 |- 20013
160 \
i - 8 ' 120
g0 I
¢
05 1 15 2 & @
fry 7 1 z 3 4
faezy
Puc. 3. 1—MgTi0; 2—ZnTilp 3—BaO4Ti0

cmyrrutanata (CBT) B 3aBHCHMOCTH OT 4YacTOTH (NOCTOSTHHOE HANpsaeH He
50 2y, 143 Kxey, 1 mMeey w 2,5 Mezy) W OT TEMNEpPaTypH (OT KOMHaTHoO® X0
30°C) B ycaoBHfX NOPHOJH3HTENbHO ONHOPOAHOTO NOJS MOKA3aJ0 B OGULE M,
410 L4p GOABUIMHCTBA THTAHATOB yMEHBIIAETCS C POCTOM HYAaCTOTH H MOYTH He
aBHCHT HJH CJa00 3aBHCAT OT TE€MIEpPaTypH B JOBOJLHO LIHDOKOM HHTEpBaJe
emneparyp (puc. 3, 4). Ha nepBulfi B3rasil KaXeTCH, YTO 3TH 3aKOHOMEPHOC TH
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Puc. 4.

He MOryT OHTh OTHECEHBl HH K TEN/MIOBOMY, HH K 5JeKTPHYECKOMY IIPOGOIO.
[lpu Brcoxux uacrorax (Gonee 1 m2zy4) npoGofi BCeX THTAHATOB ABJASETCH TEIl-
/I0BEIM, HECMOTpPS H2 CPaBHHUTENBHO €J1a0yi0o TeMIEPaTYpHYIO 3aBHCHMOCTh F,p,
CBA33HHYIO C TeM, YTO HAKTOp NOTeph ¢ tgd CpaBHUTEJNbHO MELIEHHO YBEJH-
YMB3ETCH C POCTOM TEMNEDPATYPH. IJTO BHAHO H3 PUC. 5, HA KOTOPOM Npef-
CTaB/JeHd 3aBHCHMOCTb TEMNEPATYpH O6pasua OT BpeMeHH NIPH PasHbIX 3Haue-
HHSIX HANPSXKEHHOCTH MO/ YACTOTh! 2,5 mM22y A/ THTAHATA UHHKA. TIpu F > Enp
TeMInepaTypa TNPOTPECCHBHO BO3PACTAET CO BpPeMEHeM, U NPOHCXOIHT NPOOGOH.
Mpn E£'<E,, yCTaHAaBAMBAaeTCA CTALMOHAPHOE COCTOSHHE IPH HEKOTOPOH HO-
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CrosHHOI TeMnepatype. [Ipu wacrote 50 24 npoGo# BCEX THTAHATOB SABJAACTCH
3NEKTPHUECKHMM, 3aKOHOMEPHOCTH KOTOPOTO YCJOKHEHH HEOAHODPOAHOCTHIO Ma-
TepHana (NpaKkTHUECKash He3aBHCHMOCTE E,p OT TeMmmepaTypu BmJAOTH 10 180°C
He MOXEeT HMEeThb MeCTa B CJAyvae TellsioBOro npobos).

[pu nocTORHHOM HampsKeHHH NpoOOi THTanata CTPoHNUs, 6apusd H, no
BCeil BEDOSATHOCTH, TeTPaTHTaHaTa O6apHs SABJISETCH TENJIOBHM, 2 OCTAJbHBIX—
9JEKTPHYCCKHM.

B npomexyTtouHoli oGaactH uactoT (140 weg—1 meey) npobok THTaHa-
TOB MMeeT OCOOGHHA Xapakrep, O6GYC/JOBJCHHHH HaAMYAEM BO3LAYWHHX MNOP
B TOJHRKPHCTANIHYeCKOA THTaHaToBO# Kepamuke. B pabote [Tlupartancxoro [6]
O6uNO 1aHO TpejcTaBAcHEHe 00 TePMOMOHM3AaNHOHHOM, TOYHEe 3JEKTPOTepPMO-
MexaHHYecKoM Ipo6oe NOpUCTOH KEePaMHKH, COTJIACHO KOTOPOMY BHJEJEeHHE

TelJa B BO3AYLWIHHX MOpPaxX MPH HOHHU-
7ee . 3alMU TIOBHINAET TeMIlepaTypy (TouHee
¥ TeMHepaTypHuii TpajHeHT) Ha CTeHKE

200 Ty 3 MOpH, H [I03TOMY KepaMHKd MeXdHuye-
Re CKH pa3pymaercs. JTO INpeACTaBAeHHE
] P B 06UEM TIPHMEHHMO K NPOGOI0 THTaHA-
120 7 - TOB B uHTepBaJje yactotT 100 k2y—1 mezey.
Pl 2 OxuHako caemyeT OTMETHTh, 4To ¢op-
4o r ) Mysa, mNoJyyeHHas [IMPATHHCKAM /s
- S Enp, CONEpXKHT HEKOTODHE OIUHOKH.
— YneapHoe TtensoBmiaeaeHue B nope [lu-

4 12 20 28 Cmuyn

Puc. 5. 3aBucuMOCTb TeMmnepaTyphi obpasua

OT BpeMeHu JJS THTAHATAa LUHHKA NpK;

f=2,5 mey. n Em, paBHoM: 1—44 «kg/cm.

2—34 xsjem; 3—30 wejem; 4— 25 wslcm;
5—21 rsfcm.

PATHHCKHI OIlEHHBAET MO HHIJIEKTPHUE-
CKHM INOTEpAM B MarepuaJje, clupasej-
JHBO OTHOCA 3TH NOTEPH NpH BHICOKOH
YacTOTE H BHICOKOM HAHNPHAXKEHHH B OC-
HOBHOM K 2HEDPFHH, 3aTpadyHuBaeMON Ha
noHH3auuio nop. Ilosaras pasnee, 4To

COrJacHO 9KCNEPHMEHTAJTbHHM JAaHHBIM
tgd=/ [L.,,0oH mnpupasHuBaeT YJAeJbHbIE [OTEPH B MaTepHaJe K YAEJNbHBIM

norepsiM B HOpe, uTO HeBepHO. Ha camoM gese, yae/bHHE NOTEPH B HOpe
JTOM#KHH OHTBH 60JblIE,
fetgd B2y

fetgd £,
k RO

H © — ofbeMHas KOHuUeHTpauus mop. Ecau 8-—0,01, 10 yaeibHne mOTepH
B nope B 100 pas Goablue, yeMm ompexenerHHE [TupaATHHCKAM. ViMeHHO B 3TOM
cayyae OHHM, KaK NOKa3hBaeT OLCHKA, AOCTATOYHH AJd CO3ZAHHA TaKOTO rpa-
AHEHTa TeMneparyphl, & HE BeAHUMHB TeMlepatypH, Kaxk cuutaetr I[lupsrtun-
CkHfl, Ha CTEHKE MOPH, IPH KOTOPOM BO3MOXHO MEXaHHuUeCKOe paspyllieHHe
KepaMHkH. Kpome srtoro, y IIHPSTHHCKOIO 1O HeJOPa3YMEHHIO H3 pacueToB
BbillaJla [JH3JEKTPHYECKAss NPOHBLAEMOCThb MaTepHana. Takum o6pasowm, dop-
MyJa 3Ta ROJKHA HMETh CAELYIOWIHA BHA
3

Enp =

eciu  Puom =

, TO Ppep= , Toe A=4=~9-10",

3AG,(’, 9(1—"’) y (1)
xBadk fe
rhe ©oxp— BPEMEHHOE CONPOTHBJCHHE Marepmata, v — ko3pduuuent [lyaccona,
a— KO2(QpHUHEHT JHHelHOro pacmuapenus, B—wmoayap HOHra, a — paguyc
OOpPH, A-— TENJONPOBOJHOCTL MaTepHanaa, R =4w'9-10'%.
®opmyaa [lApATHHCKOTO B OT/IHUYHE OT NPHUBEJIEHHOH He CONEPXKHUT & u O.
3aKOHOMEPHOCTH AAA £y THTAHATOB B NPOMEKYTOUHOM HHTEpBaJe 4acToT

(100 x2y—1 mzy) otseuaer dopmyae (1), ub6o E,, npubausurtesnao o6paTHO
3

nponopnuonaabio Vf M npakTHYECKH He 34BHCHT OT temnepatypu a0 180°C.

lNpu Gosee BHCOKHX TeMIeparypax RJIf HEKOTOPHX THTAHATOB HMEET MeECTC
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YHCTO TEMNJ0oBO# mpo6oil. Kpome rtoro, yMenwumenue E,, € POCTOM & COTJACHO
dopmyae (1) B yka3aHHOM HHTEpBaJe YaCTOT W TeMnepaTyp KaueCTBEHHO BH-
OOJIHAETCH 338 HEKOTOPHMH HCKJIIOUYEHHAMHU.

[lpeacraBagaoT 3HAUMTENBHHE HHTEpPEC 3aKOHOMEPHOCTH HpoGOs CTPOH-
HHA BHCMYTTHTaHaTa— JH3JEKTPHKA, 06JaalomEro BecbMa BHCOKOH JAM3JEK-
TpHYeCKO# mnpoHHuaemocTbio (800—1000), HO He ABJAAIOLIETOCH CETrHETO3JEK-
TPHKOM. JIU3/eKTPpHKHM YKAa3aHHOTO THNA OLIIH HAMH OTKPHTH M H3Y4YeHH
nocjaenHe€e BpeMms AOBOJBHO noipo6Ho. O MexaHusme INOJFPH3ALHMH B 0TEPb
9THX AHANIEKTPHKOB g C006ILYy B MOeM BTOPOM JOKJazne. 3AeCh Xe M03BOJIO
ce6e BKpATLE OCTAHOBHTHCA HAa Mpo6oe CTPOHIHHBHCMYTTHTAHATOB,

Ha puc. 6 npeacrasnenn kpuee 3aBucuMmocta £,, CBT oT Temnepatypu
NpH MOCTOSTHHOM HalpsixkeHHH, 4yacTote D0 2y u uwacrore 140 xe2y. Bugno, 4TO
B o6xactu Temueparyp 20—180°C mnpaxtuuecku FE,, He 3aBHCHT OT TeMIepa-
TypH. [lpn Ttemneparype—180°C umeeT MecTO $BHO MNOBHILIEHHOE 3HAYCHUE
Enp. Tlpn temmeparypax Bume 200°C BMeeT MeCTO B CJAYyd4ae IIOCTOAHHOTO
HanpsiKEHHsl TenAoBoH npo6o#t (£,, magaet C TeMIepaTypoi).
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Puc. 6. 3aBucumocts Eunp 1 CBT o1
TEMIIEPATYPHL

MexaHn3M 3/eKTPOTEPMOMEXaHHYECKOro npobos mid uartepsaaa 20—200°C,
NOBHAUMOMY, HE HMEET MeCTa, TaK KaK B CBSA3H C CPABHHUTEJbHO HH3KHM 3Ha-
uennem E,, npu uactore £0 24 u 140 kzy mone B Masof mope HeZOCTATOYHO
A ee MHTEHCHBHOH HOHMH3auHH M mnpoGos. [lpn noCTOsiHHOM HampsiXKeHHH
NOCTOSIHHASA BpeMEeHH 3apaiKH mop 6oJplle, YeM BpeMmsi IMOABEMa HampsKeHHd,
HMEeBIIee MeCTO B 3KCNEPUMEHTAJbHHIX YCJAOBHAX, H TPYJHO OXKHJIATh, YTOOH
nopsl npo6HBaJHCh A0CTAaTOYHO HACTO. IIpH NOCTOSHHOM HampsiKeHHd U YHa-
crote 50 24 npo6oit CBT mo Bcefi BUAMMOCTH HOCHT 3JEKTPHUECKHH XapakTep;
nonuXxeHHoe 3Hadenuss E,,, MOXeT OGHTb, MOXHO OTHECTH 3a cuerT mHorodas-
HOTO CTpOeHHs1 KepaMHMKM, XOTS 3TOT BONPOC elle HeJOCTATOUHO ficeH. [lpu
gactote 140 xziy, HeCMOTPA HA OTCYTCTBHE TeMIlepaTYpPHOH 3aBHCHMOCTH Epp
B uHTepBaje 20—280°C, npo60oii sBJASIETCA TENNOBHM Npo6oeM, HO 0COOOTO
pona. Ha puc. 7 u 8 npuBej€HH KDHUBHE 33aBHCHMOCTH YCTaHOBHBIIeHCfl TeM-
nepaTyphl o6pasiia OT BPEMEHH IPH PAa3HHX HANPAXKEHHOCTAX MOJS YaCTOTH
140 xkey ¥ KpHRAd 32BHCHMOCTH YCTAHOBHBIIEHCA TeMNepaTyph OT Hamps:KeH-
HOCTH noJd. BuaHo, uto ecan £ 2> Enp, TO poCT TemmepaTypel 3amenasercd,
0JHAKO 3axkaHuuBaeTcs npoboeM. K3 puc. 7 BUAHO, 4TO HAKJAOH KpUROH T = f(E)
pe3Ko BO3pacTaet npu HekuTopoMm L (£=8-—12 ks/ca), a 3aTeM CHOBa yMeHb-
IIaeTCs M TOJbKO IIPH HOBOM BO3DACTAHHH TeMIepaTyphl ¢ HalpsikKeHHOCThIO
noJs HAcTynaeT npoGo#i. YKasaHHas 3aKOHOMEPHOCThH HaBeJa Ha MEICAB O TOM,
yro BOGAu3H 190—200°C npum wacrore 140 x2y n0/KEH HMETh MECTO BTOPOR
J0O6aBOYHEIE MakcHMyM tgé M e, MavepeHus moxasaJu, 4YTO 3Ta MHCJAb Ipa-
puabHa (puc. 9).

23



Takem 06pa3oM, IPH CJA0XHOM 3aBUCHMOCTH & H tgdé OT TeMHeparypu
33KOHOMEDHOCTH TENAOBOr0 npobos TakKe yCIOXKHAIOTCA. B cBASH C Hazo-
JKEHHHM HYXHO OTMETHTB, YTO 3d7aya 5KCIePHMEHTAJbHOrO H TEOPETHYECKOro
M3y4eHHs 3aKOHOMepHOCTeH TenaoBoro mpobos JTHI/IEKTPHUKOB € SPKO BHpA-
KeHHOH pe/jakCallMOHHOH moJfApu3amuedi M noTepaMu (TBepibe AHJIEKTPHKH,
conepxamiue caabo CBg3aHHHE HOHH B Ae(EeKTax CTPYKTYPH HAH HKHIOAbHEHE
paAHKaJe) IpeAcTaBAseT Oe3yC/JIOBHHIH HHTEpEC.
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[1po6oii MOAMKPHCTAMIMYECKHX THTAHATOB HCCJACAOBAJCA B Hawed JaGopa-
TOPHH B TAKHX 3KCNEPUMEHTAJBHHIX yCJAOBHAX, KOTJAa BJHSHHE TEMJOBHX NPO-
IECCOB W APYTHX YCJAOKHAIOWHX (AKTOPOB HCKJIIOYEHO, T. €, IIPH HMIYJbCAX
Pa3HOH [JIUTEAbHOCTH C 3JEKTPONAMH B MAaKCHMAJbHO BO3MOXHON CTeneHH
OIXHOPOAHOCTH 101 (B TJOCKHX 00pa3uax BBEICBEDPJHBAJHCE W MOJHPOBATHCH
chepugeckue ayHkH). PesyiabTaTH usMmepenuii, nposereHuux B. B. Kpachomnes-
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HUeBHM, npeAcTaBleHH Ha pHc. 10 gas THTaHaTa LMHKA, MMEOIEro. Haubogee
BHICOKYIO 9/€KTPHYECKYI0O NpPOYHOCTh CpPeAM BCeX THTAHATOB, THTaHaTa Oapusa
7 CBT. MoxXHO AyMaTh, 4TO HpPH AJIHTEJIBHOCTAX uUMnyabca 10—% cex u Medee
BJUAHHE TEIJIOBHX IIPOLECCOB MCKJAIYeHO. [IpakTHueckoe OTCyTCTBHE 3aBHCH-
mocTi E,, THTaHata uMHKa, THTaHara 6apua B CBT oT BpeMeHH BIVIOTH A0
10-% cex nonTsepxkjgaeT CcAeMdaHHOe BHIIE 3aAKJAIYEHHE, YTO NpPo6GOf STHX IH-
JJEKTPHKOB HMeEeT B3JeKTpHUeCKHH XapakTep, ¥YmpouHenune CBT B paiione
O4YeHb MaJAHWX AJAHTeabHOCTel HMmyJabca (medbpuie 10-°6 cex) MoxeT OmTh
CBSI3aHO C HAJHUHEM B MaTepHaje pasHHX CTPYKTYpPHHX a3, H3 KOTOPHX
ONHa (KPHCTAaAJIMYECKas) XapaKTepPH3yeTCA peJaKCalMOHHOH noJasipu3an#ei
H BBHICOKOH AHIICKTPHYECKON MPOHHUAEMOCTDbIO. ’
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JeidcTBUTEAbHO, HOJE B MEXKDHCTAANMUECKHX IIPOCJOHKax, HMEMHUX
MaJAyI0 JHAJEKTPHUECKYIO IIPOHHILAEMOCTh, MHOTO CHJBHEE, Y€M B KPHCTAJJHKAX
¢ e~ 1000, u moatomy mnpoGO#l JAOJMKEH HAUMHATBLCA C paspyuienus (npo6os)
MEXKDHCTAAIUYECKHX Hpocaoek. [103ToMy, uyeM BHINE & KPHUCTAAJIHKOB, TeM
HHXe JOMKHO ObITh Enp ¢p, C APYro# CTOpOHH BHCOKas & o0yc/a0OBJAEHA peJak-
CallHOHHOH TNOJApPH3aUMeH, BpeMs peJakcalud KOTOpPOH HNPH KOMHATHOH TeM-
nepatype He oueHr Majao (1078 —10-7 cex). CnenoBare/bHO, NpPH [JIHTENb-
HOCTAX HMOyJbca 107 cex pesakcauuMoHHAsd NOJSAPH3AUMA He ycClOeBaeT pas-
BHTbCSA, ¢ KPHCTaJJIHKOB 3ameTHO MeHpiie 1000, moje B MEXKpPHCTAMJIHYECKHX
NpOCJOHKAX OTHOCHTEJBHO MeHbllle, H Epup .p Bhne. IIpH NoHH:KeHHH TeMIle-
paTypH Bpems peaaxcauud noasapusauns CBT cuabrO BO3pacraer, mostomy,
eC/id TNpaBHJIbHO YKaszaHHOe IPEANOJOMKEeHHe, TO HPH HH3KHX TeMIepaTypax
3JIeKTPHYECKOe YNPOYHEHUe JO/AKHO HMEeTb MeCTO, HauHHas ¢ OOJBIUHX IJIH-
TeAbHOCTER HMOY.abca. IJTO OOCTOATEBCTBO B HACTOSIIUEEe BpeMs HAMH NpoO-
BepsaeTCcsa 3KCIEePHMEHTAJIbHO.

TpyaHee HHTEpPNpPETHPOBATH 3/EKTPHUYECKOE YNPOYHeHHe THTaHara Oapas,
€ KOTOpPOro Ha4HHAeT YMeHbIaTbCsd JHmb npH 10' 2y, U Bpems pesaaKcauMu
NOJAPH3ALHH, CJAejoBaTenbHO, MHOro menbme, uyem a4 CBT. Ilpuxoaurcs
JOMYCTHTb, HMCXOASA H3 TOro, 4T0 E,p, Ba TiO; npu NoCTOAHHOM HaNpsKEHHH,
Korjga npoboii ero HMeer 4YMCTO TeNJOBOH xapakrep, Ouam3sko k £E,, Ha
HMIyJbCax, UTO BCJAeACTBHE OOJABHION NPOBOAHMMOCTH TEIJIOBHE HPOHECCH
HFPAlOT poJb Jaxe npu npo00oe Ha MMAYJAbCaX M TOAbKO npH << 1077 cex
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BJHAHHE BX OCJa6AseTCA. YKas3aHHAs HMHTEPHPETAands HAM HE KaxeTcs BCe Xe
yaosaeTsopuTeapHoi. Ha ouepean 3azava ucCA€L0BaHHA 3JCKTPHYECKOH npod-
HOCTH MOHOKPHCTA/1J08 C BHCOKOH AHM3JCKTPHUECKOH NPOHHIAEMOCTLI0O B 06-
JAaCTH S9JCKTPHUECKOro Nnpotoa M BHSACHEHHS BAHAHHA BHYTpPEHHEro NOJs Ha
npouecc npobos.
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