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§1. Beenenue

B paspene ¢usuku TBepaOro Tesa, NOCBSAIIEHHOM H3Y4YeHHIO HedekT-
HOCTH KpHCTaJ/Ja, WHPOKO HCHOJb3YIOTCS Pa3JjHuYHble METOAbl SHEpreTHye-
CKOIO BO3JICHCTBHSI HAa MaTepuaJJ. B gomosHeHHe K TakuM BHIAM BO3Jei-
CTBHA, KaK TepMHyeckas ob6paboTka, nmJjactuueckas AedopMaiusi, BBeLeHHE
pPasJMYHOrO poja NpHUMeced, MOXKHO INPUMEHATb H3JyueHHe, 3anaBasi [03U-
pOBaHHOE KOJIMUECTBO Ne(EeKTOB B TBEpPAOM TeJje H HM3yyasi UX TOBEJEHHeE.
HMccnenoBanne pagualMOHHOH AedeKTHOCTH HeOoOXOAUMO MJisi Pa3BUTHA
TEOPHH peaJIbHOr0 KPHCTaJJja ¥ HMeeT OOJbILOH NPaKTHUECKHil HHTepec B
CBSI3H C NPHMEHEHHEM aTOMHOH 3HepTHH.

HHTencuBHble H3MeHeHHs] (DU3HKO-XMMHYECKHX CBOWCTB TBEPHBIX TeJ
NpH UX 0OJyYeHHH MO3BOJSIOT pa3pabaTbiBaTh TEXHOJOTHYECKHE MPOLECcCH
NOJIy4eHHs1 MaTepHaJIoB C 3aJaHHBIMH XapaKTepuctukaMu. Paamanuonna#
TEXHOJIOTHsI pa3dpabaTbiBaeTcss HA OCHOBE 3aKOHOB (QU3UKHM M XUMHH TBEpP/O-
ro Tena.

[lox nmefictBueM o06syyeHusi OBICTPBIMH YaCTHLAMH W Y -KBaHTaMu B
TBEPABbIX TesJax IMOABJSAIOTCS paidualloHHble Ae(eKThbl, MPUBOASIIHE K H3-
MEHEHHUIO CBOWCTB MaTepHaJOB.

JlusnexTpuyeckue M MeTaJJIMYeCKHe KPHUCTAJJIbl HMEIOT pas3JMuHYIo
UyBCTBHUTEJIBHOCTb K JEeHCTBHUIO palHalliu. .

B merannax HapylieHusi, CBSI3aHHble C HOHH3allHeH aTOMOB M H3MeHe-
HHEM 3JIEKTPOHHBIX COCTOAHHH, OBICTPO MCUE3al0T 3a CUeT 0e3u3/ydaTeJbHbIX
nepexo/oB, MPHBOASLIAX K Iepejlaue SHEPrUH M3JIy4eHHs] KPUCTAJJIHYECKOH
pemeTke. Ctabu/abHble paAvallMOHHble Jde(eKTbl BO3HUKAIOT B MeTaJjiax
TOJBKO TpPH NPAMOH Nepefaye 3HEPrHHM y3JaM peLIeTKH, AOCTAaTOYHOH MJis
nepeBofila aToMa B MeEKy3eJbHOe MOJIOKeHHe, DHepTusl MOHM3UPYIOUIUX H3-
JydeHHH B MeTaJssaxX B MaJiofl CTeNeHH pacxoayeTcss Ha JedekTooOpaso-
BaHUE.

JIM371eKTPUKH H, B YACTHOCTH, HOHHble KPHCTAJ/Jbl, XapaKTepH3YIOTCS
OTHOCHTEJIbHOH JIETKOCTbIO IeHepaluuHu AedeKToB 00/ayueHHsi U OOJbIIUM HX
pasHoo6pasueM. L1 MHOIMX JAM3JEKTPHUKOB MOPOT 3HEpPrHil 4aCTHIl U KBaH-
10B, NPHUBOAAIIUX K 00pa3oBaHUIO Je(eKTOB, COCTABJSET HECKOJbKO 3JEKT-
POHBOJIBT.

[IpumMepoM MOKeT CJAYKHTb JaBHO M3BeCTHBI .(akT co3nanusi F-ueHT-
pPOB B IIEJOYHOTAJOUJIHBIX KPHCTaJJaxX MNpH yJaAbTpadHUOJETOBOM H3Jjyue-
aun [1].

Ot 06CTOsITENbCTBA NpPHBEJH "3elTla K 3aK/loueHHlo, YyTo obpas3oBa-
HHe pajJHalHOHHBIX Je(QEeKTOB B HOHHBIX CTPYKTypaxX MOJ AeHCTBUEM HOHH-
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3BUPYIOLIUX M3JYYEHHH NPOUCXOAMT CYIIECTBEHHO HHBIM 00pasoM, yeM B
MeTaJssax.

Ecau B Merasiax CMelleHHe aTOMOB H3 Y3JIOB pelleTKH JOCTUraeTcs
yOPYrUM CTOJKHOBeHHeM ¢ OoMOapaupylolleil 4yacTHILeH, TO B KpHCTaJIax
LiF, monBeprHyThix 00.1yd4eHHIO IIydKOM HPOTOHOB paBHbIM 10'* ¢ sHeprueir
7 M3B, UHCJO CMeIEHHH 3a CYeT VYIPYTUX CTOJKHOBEHHH COCTaBJsieT
6,2 - 16'6cx—3. DTy BenHuMHY CiedyeT NPHHUMATh KaK BEpPXHHil Npeles, He
YUHTBIBAasl paJMallMOHHBIH OTKUT AedeKToB [21.

Tak kak B LIEJOYHOraJIOMIHBIX KPUCTAJJIaX IOCAe X 00JydyeHHs Mpo-
TOHAMHU C 3Heprueil (4—7) M3B MJIOTHOCTh F-uentpoB pocturaer 10'8—
10'°) cm—3, TO poJBIO MPSMBIX CMELIeHHII B paAHalHOHHOM JAedeKToodpa-
30BaHMH MOXKHO NpeHebpeyb. :

B oranuyue oT MeTaJsJ0B, B MOHHBIX KpPUCTaJdJax [peob/aJaioT Mexa-
HU3Mbl 00pa30BaHHsl PAAMALUOHHBIX Ae(EKTOB MyTEM 3JEKTPOHHOTO BO3-

Oy2KAEeHHUSs.
OJIeKTPOHHbIe BO30yxK/NeHHs B AM3JEKTPHKAX JeJATCA Ha JBa KJjacca:
1.CrabuabHbie BO36YyXK A€ HUS — SKCHTOHbl H 3JEKTPOHHO-

AbipoyHble napel. VX BpemMsa »KHM3HH, COCTaBJSIOLIEe HAHOCEKYHJBI, JIOCTa-
TOYHO, YTOOBI IIPH B3AUMOAEHCTBHH C jgedeKramMu peuieTku o6pasoBaTh
yCTOHYUBBIE Ae(EeKTHI. :

2, HectTab6unpbHble 3JeKTPOHHBe BOo306yxpnaenus Hx
pasHOBHAHOCTEH OyeHb MHOTO. OHM MaJIOyCTOHYMBBI U OO B3aUMOMAEHCTBHS
¢ gedekTaMH pelleTKH pacnajaloTcs Ha CTabu/bHble 3JEKTPOHHbIE BO3-
Oy2KIeHHSs.

Pagnanuonnele 3¢ dekTsl B HOHHBIX KpHCTaJdJaX OO0YCJOBJEHBI cymep-
MO3UUHUEH 3Je€MeHTapHbIX NPOLEeCCOB, YHCJIO KOTOPBIX PE3KO YBeJUUYHBACTCS
NPH YCJOXKHEHHH CTPYKTYyphl. [10CKO/MBKY HCIOJNb3yeMble B NpPaKTHKe MarTe-
puaJbl, KaKk NPaBHJIO, NPeACTaBJ/SIOT COO0H MHOTOKOMIIAHEHTHble CHCTEMHI,
MHTEPIpeTallusl SKCIEPUMEHTAJNbHBIX pPe3yJabTaTOB [Jsi HHX 3HAYHTEJSbHO
saTpyaHeHa. [losromy pelieHue y3/j0BBIX Npo6JeM paAlallMOHHON (U3MKHU
HauboJ/iee MEPCNEKTUBHO OCYLIECTBJASTh HAa <«MOJEJBHBIX» KpHcTasaaax. Ta-
KHMH BeLIeCTBAMU B CJyyae KOBAJEHTHBIX I0JYNPOBOJAHUKOB SIBJSAIOTCSA
repMaHuil U KPeMHHH, a [Js KjJacca HMOHHBIX JU3JEKTPUKOB — ILEJIOYHO-
raJouJiHble coefuHeHUus. B nanbHeflieM OCHOBHble BBIBOJAbl M aCIEKTBHl T€O-
pPHH JOTOJHSIOTCA U YTOYHSIOTCS MPH UCCJAELOBAHHU MaATEPHAJOB, UMEIOLIHX
HEeMOCpeJCTBeHHOe NMpaKTHYeCKoe IPHUMEHeHHe. '

HMIMeHHO B TaKOM HampaB/eHHH NPOBOASTCS HCCAEJOBAHMUA IO pajua-
IHOHHOH (u3uKe BeAyuMH KoJuekTuBamMu B CoBerckom Coo3e u  3a
py6exom. ‘

B paauauuoHHO# (HU3HKE MOHHBIX CTPYKTYP MOXKHO BBIAEJUTb TPH
‘TECHO CBSI3aHHBIX HAlpPaBJIECHHUA:

a) HccaenoBaHHEe MHKPOCTPYKTYPbl paAHallMOHHBIX HapyIIeHHH H KH-
HeTHKM UX HAKOIJEHHSI W OTXKHIA, '

0) u3yueHHe MeXaHH3MOB reHepaluu AedeKToB 00/yuYeHHs,

B) BJIHMSIHMe paJHallMOHHBEIX Ae(peKTOB Ha CBOHMCTBA MaTepUaJIOB.

B sutepaTtype HMeercst 60JbIIOe YHUCA0 PabOT O BJIUSHUH H3JIYUeHHH
HA ONTHYECKHE, JJEKTPHUeCKHe, MeXaHHUeCKHe H TelJIOBbleé CBOHCTBA HOH-
HBIX CTPYKTYpP. B HEKOTOpBHIX C/ayyasX 3aKOHOMEPHOCTH IOBEJEHHsl pajua-
IHOHHbIX [1e(eKTOB, MOJYy4eHHble Ha OJHOM KpHUCTaJJe, PacnpoCTPaHSIOTCA
Ha BCe COeQMHeHHs NaHHoro kmaacca. Takue o06oOlleHHsI MOryT He BCeria
0Ka3aThCsl KOPPEKTHBIMH, IIOCKOJBKY He HCKJ/IOUeHBbl CJydaH, Korjga HabJo-
naeMmblii 3Q(GeKT THUNHYEH TOJIBKO JJs HCCJeJyeMOro KpHCTaJuia.

- [Tpoueccel panmauuoHHOro AeekrooOpasoBaHus OoJsiee NPOAYKTHBHO
U3y4yaThb Ha IpHUMepe TOMOJIOTHYECKHX PsSAOB KpHCTaln0B. B 3rom cayyae
MOXKHO C OGOJbLIEH NOCTOBEPHOCTBIO TPAKTOBAThb BbIIBHIAaeMble THIOTE3H.
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Kpome Ttoro, uccienoBaHve paJHalHOHHBIX He(deKTOB B KpHCTaJJax pas-
HOTO XMMHUYECKOTO COCTaBa IMO3BOJISIeT BBIACHUTL Haubojee oOliHe 3aKOHO-
MEpPHOCTH pPaAMalMOHHOTO HapYIIeHHs HOHHBIX CTPYKTYpP, KOTOpBHle MOTYT
OBITb HCIOJL30BAHBI NMPH pa3pabOTKe MaTepHanoB C 3aJaHHBIMH CBOK-
CTBaMH. : '

B TomckoM MOMUTeXHUUECKOM MHCTUTYTE HA TNPOTAKEHHH MHOTHX JeT
NPOBOASITCSl CHCTEMaTHUeCKHe HCCJAEJOBAHUS pPaJMalMOHHLIX Je(eKTOB B
HOHHBIX KpPHCTaJJaX Pas3JUuYHOTO XHMHUECKOro cocrtaBa. B ocHoOBy 31uX
UCCNeIOBAHUI MOJOXKEeHAa HJess O B3aMMOCBSI3H PaJMAllMOHHOH CTOHKOCTH
HOHHBIX CTPYKTYP C XHMHUYECKMM COCTaBOM CO€IWHEHHs], YIOOHO BBIpaxKae-
MOH yepe3 SHEPTHI0 KPUCTAJNIMUECKOH pelIeTKH. DTO MNOJOXKeHHe SIBJSeTCS
OCHOBOTIOJNIATaloNIell NMPU H3JI0XKEeHHH MaTepHaJsa CTaThH.

Paccmorpenne paguanoHHbIX Ae(eKTOB B MOHHBIX KPUCTAJIaX MPOBC-
ISTCS HA MpHUMepe 11eJOYHOTAJOUAHBIX KPUCTAJJAOB M COeIMHEHHH C pelleT-
Kol Tuma ¢JI00pUTa, MOCKOJBKY B HACTOslee BpeMs pe3yJabTaThl uU3yue-
HHUS pafMallMOHHBIX HapyUIeHUH B APYTHX HOHHBIX CTPYKTypax He MHOrO-
YUCJIEHHBl M He MOryT OBITh ellle CUCTeMaTH3UPOBAHBI M MpeICTaBJeHbl B
BUJI€ HAYYHBIX 000OIIEeHHH.

§2. 3anaceHHas 3Heprusi B LIEJOYHOTAJOUAHBIX KPHCTAdJIAX

OHeprus U3/JAyuyeHus, MOrJollaeMasi B KpPHUCTaJJe, YaCTUYHO PacXoayer-
cs Ha ob6pa3oBanue AedekToB peuieTku. [locaennne MHTEHCHUBHO H3MEHSIOT
MaKpOCKOMHUECKHe CBOMCTBA MaTepHasa, ero MJOTHOCTb, BA3KOCTb, TBEp-
JIOCTh, ONTHYECKYI0 TJIOTHOCTb, 3JEKTPONPOBOAHOCTb, AHAJEKTPUYECKHE
MMOTEPH, pa3iudyHble BHIBl MPOYHOCTH, TEIJONPOBOAHOCTL H ap. Kommiekc-
Hble HCCJIEJOBaHHS CBOHCTB OOGJYUEHHBIX KPHUCTAJJIOB dalOT OoraTyio HH-
dbopmManuio o CTPYKType M Mpolleccax TeHepalMH paJHallMOHHBIX Hapy-
LICHUH.

H3BecTHO, uTO TMpU OGJYUYEHUH KPHCTA/IA €r0 SHEPreTHUCCKHils 6anaHc
H3MEHSIeTCS] Ha BeJHUYHHY CyMMapHOH 3Hepruud o6pas3oBaHHSs BCEBO3MOKHBIX
nedeKToB.

BennuuHa 3amaceHHO#l B KPHCTaJJle 3HEPUHMM USJAYUYeHHS sABJAACTCA
'MHTerpaJbHOH XapaKTepPUCTHKON CTeMeHH paaHallMOHHON Ae(deKTHOCTH H
MOXKeT ObITh OmpeneneHa KaJOPUMETPUYECKUMH MeTOJaMH TIpH pacTBope-
HUM WJIH TEPMHUYECKOM OTKHUIe OOJYUeHHOro KPHUCTAJJa.

[Tocrpoennsie B TIIM kanopumerpuuyeckue yCTaHOBKH IO3BOJHJIH H3Y-
YUTb 3aKOHBI 3allacaHusi SHEPTUH Y -KBAHTOB U NPOTOHOB B HOHHBIX KPH-
CTajJiaXx pasJUYHOro XHMHUYECKOro cocrtaBa [3—S8].

Onpenesnena 3amaceHHast HEPTHS B ILIEJOYHOTAJOMAHBIX KPHCTaJIax
U psile TBEpAbIX PacTBOPOB, B KpHCTA/JIaX COeJAHHEHHH METaJlJIoB BTOPOW
TPYNObl U CTEKJaX.

B wuccienoBaHHBIX KPHCTaJJaX 3HAYeHHs 3aMaCeHHOH 3HePruu 6OJIb-
uie B COeAMHEHUsIX ¢ GOJbllell 5Heprueil pelleTKH.

Hasi kpucranmoB NaCl u KCl 3anacennass sHeprusi BbIJeJsAeTCS B JBe
craguu (20—150)°C u (200—400)° C. HuskoremnepaTypHBIii MAaKCHMYM B
OTJIMUKe OT BBICOKOTEMIIEpPaTYpHOrO BO3pacTaeT C POCTOM J03bl 0OJyueHHS.

Jlnsi MHOTHX HOHHBIX KPHCTAJUIOB, H3YYeHEHI 3aKOHBI 3amacaHHs SHep-
THH TOCJe O0/MyYeHHs] MPOTOHAMHU C dHepruei 4 ,0 M5B npu KOMHATHOH TeM-
nepatype [7].

HuTerpanbHblii MOTOK NMPOTOHOB H3MeHsiics B mpefgenax  (1,2:1013—
9-10') np/cm?. YcTaHOBJIEHO, UTO HMeeT MECTO TAaKOH Ke XapakTep 3aBH-
CHUMOCTH 3aMaCeHHOH HEePTHH OT IOTJIOUIeHHON, YTO U NPU YV-00/1ydeHHH,
TO ecTb OoJsibllIasi 1O BeJWYHHEe SHEprusl 3anacaercsd B KpHCTaaIax C
GoJiblllell SHEPrHeH pelleTKH.
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