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INPEIVCIIOBUE

Hacrosmas moHorpabus «PekpycTauiM3anusl METAINOB U
CIUIaBOB» SIBJISIETC TPETBUM, CYIIECTBEHHO IlepepadoTaHHBIM
M30aHWEM MoHorpadHy TOro Xe¢ HassaHMA (l-e HM3ZaHuUe —
1967 r.l, 2-e — 1978 r.2), IlepBoe u3naHue OBUIO YEOCTOEHO
nepspoit mpeMyn uM. JI.K. YepHoBa ¥ IEPeBEOEHO HA AHIVIMM-
ckmil a3pK. 062 m3magya ObUIH BEICOKO OIIEHEHHEl HAyJHOIt 00-
IECTBEHHOCTEIO.

3a BpeMs, mpoillleiiee IMOcje BTOPOTO WM3NAHHsA, MOHOIpa-
&uil Ha STy TeMy ¢ TakMM HIMPOKMM OXBaTOM IpobjeM coO-
CTBEHHO PEKPUCTAIUIM3ANUY W TIPUMBIKAIONIMX K HEM Mpomec-
COB BO3BpaTa M NOMMIOHH3alMM HEe U3NABaJOCh HH B HalleH
CTpaHe, HHU, HACKOJNBKO HAM M3BECTHO, 3a pyGexoM.

B 1O Xe Bpemsi, B CBA3M C HEMPEPBIBHBEIM IOABICHUEM HO-
BHIX, Bce Ooyee CIOXKHEIX II0O COCTaBY M YPOBHIO TPEOYEMBIX
CTPYKTYPHO-YYBCTBHUTEILHBIX CBONCTB MaTepyaioB, HOBBIX TEXHO-
JIOTMYECKMX IIPOLIECCOB MX IMONy4YcHUA (0COGeHHO HAHOMATepHa-
JIOB M HAHOTEXHOJOIMIT), MHTEpPeC K YMNPaBJeHUIO CTPYKTYpOi U
CBOMCTBAMM MaTE€PHAJIOB C IIOMOIIBI0 OTMEYCHHBIX BBILIEC IIPO-
1IECCOB HE TOJMBKO COXpaHAeTcs, HO M PacTeT. DTO IMOAYEpPKUBA-
eTcsl PeryisApHBEIM IIPOBENeHUEM MEXIAYHAPONHBIX M HalHo-
HAIBHBIX KOH(PEpeHNMHA, TOCBANICHHBIX PeKPUCTAUIA3AMHK (POCT
3epeH, TEKCTypooOpa3oBaHWE), BO3BPATY M IIOJMTOHM3AIWIL

MHoOTHe BaXHbIE BOIIPOCH [UIA TTOHHMaHWA MEXaHW3Ma IaH-
HBIX IIPOLIECCOB 3a MOCIEHNME ACCSTIUIETHS CYLIECTBEHHO IIPO-
SCHWIMCh. DTO MpeXOe BCero TMPEACTABICHUS O PEAWILHOM
aTOMHOM CTPOSHHMM PA3HOIrO THIIA IPaHMIl, UX SHEPIHH, YCIO-
BUAX O00Opa3oBaHMA, O POJAM 32Hepruy HedEeKTOB YIIAKOBKU B
(POPMUPOBAHUYA CTPYKTYPHL HAa PasHBIX CTamsax HedopMaldud U
PEKpHUCTAUIA3ALMK;, O BEPOATHOCTH IABOWHUKOBAHMA, O IIOHM-
MaHUU OCOGEHHOCTEll peKpHCTa/UIM3alM, BO3BpaTa U IOJIUIO-
HU3aLUK TIpK ropsdeil JedopMallai ¥ TePMOMEXaHMICCKOH 00-
paGoTKe; O poMM BaKaHCHN W T. A.

1Topeaux C. C. PexpucTaiiuzanusa MeTAUIOB U CIUIaBoB. — M.: Meran-
ayprus, 1967, — 404 c.

2Topesux C. C. PexpucTaminsauns MeTAUIOB W CIUiaBoB. — M.: Mertan-
nyprua, 1978. — 568 c.




IIupokuit Kpyr CIESIHAIHCTOB B OOMACTH MCTAJUIOBEACHUA
M MaTepHaOBEAeHMsI HEOPTaHUUECKUX MATEPHAIOB, ILIacCTHYeC-
xoi nmedopmanu M APYruX BHUIOOB BO3NCHUCTBHS, BBI3BIBAIOIIMX
ob6pa3oBaHue B METALIAX W CIUIABAX CTPYKTYPHBIC HECOBEPILEH-
CTBA, HYXJAIOTCA B o0oO6walcnieii yureparype mo mmpobieMe
PCKPHCTAIUIM3aITHN 1M NPUMBIKAIOIUX K Hell nporeccoB. Henbssa
He VYMTHIBATE M TOT (aKT, YTO 3a HpOUIENINMe IBaIIaTh C
JIMITHUM JIET B OPOMBIILICHHOCTh M HAyKy MPUIUIO MHOTO
MOJIOABIX CIELUAJACTOB, IS KOTOPHIX Takoe 00oOulieHHe H
CHCTEMATU3AlUsI OCOOEHHO BAaXHBI, 3TO ITOMOXET YCKOPMThH
pEIICHAEe HOBHIX MNpaKTHYSCKWX W HAYJIHBEIX 3a1ad.

VuuTHBag BCE 3TO aBTOPH COWIM IIEI€COOOPasHBIM H3IATH
TPEeThI0 MOHOTpadyio ¢ CoOXpaHEHHEM B Iepepa0OTAHHOM BHIIEC
TeX PaslelNoB M3 MpPeJHIIYLINX M3NAHHN, KOTOpHIE HE MOTePSITH
CBOCT0 3HAUCHUI U B HACTOSIEE BpeMs, W BHECEHUEM HOBHIX
TMPUHUMITAAIBHEIX JTAHHBIX, MOJMYMEHHBIX MMM 3a MOCICITHYE Je-
CATWIETHS. ABTOPBI COXPAHIIM IIPAKTUYECKYI0 HAIIPABICHHOCTh
MOHOIpathHy, 3aKTIOYAIOLIYIOCd, B YACTHOCTH, B TOM, YTO OO/Ib-
LIMHCTBO BAXHBIX ITOJIOXKCHHN O TEX WIA HHBIX 3aKOHOMEPHO-
CTSIX TIOOKpEIUIIETCS KOHKPETHHIMH IpuMepami. JlaHa Hopad,
Gomee 00OCHOBaHHAsA KiacCHbHKAMA IPOICCCOB CIPYKTYPOOD-
pa3’0BaHUA IIPH HAarpeBe HAKICIAHHEIX MAaTepPHAIOB, PacCMOT-
PEHBI BONpOCH O (DAKTOpAX, BISIONMX HA CKOPOCTH MHMTpa-
LMK BEICOKOYIVIOBBIX I'DaHMII, MBIDKYIIMX W TOPMO3SIHHX CHUIaX
PEKPUCTAIN3ALMAY HA PasHBIX ee CTanusX, NIpHBeJeHBI X0Ka3a-
TEJIBCTBA 00pa3oBaHusl BaKaHCHIT Ha HAaYaJbHOM CTamuy IEPBHY-
HOM pPeKpHUCTA/UIM3AIMH ¥ HUX POJNH, OCOOCHHO BAXHON upH
PEKPUCTAIUTM3AIMA TIEPECHINEHHBIX TBEPALIX pacTBopoB. Ilon-
pobHee u Oosice 0OOCHOBAHHO H3/IOXKCHBI OCOOEHHOCTH B3aHMO-
BJIMSAHUS TIPOLIECCOB PEKPUCTAUIM3AIME M Paclaga IepechHIIeH-
HBIX TBEPIBIX DPACTBOPOB, @ TaKXKE PACTBOPCHUA IVICIICPCHBIX
da3, M3MEHEHMI CTPYKTYPHl IpH TEIUIOM M ropsueit medopMma-
AW, NPU TEPMOMEXAHUYECKOU 006paboTKe ¢ WCITONbh30BAHKEM
MHTCHCHBHOW IDIACTHYCCKOM nechopMamuy, CTPYKTYPHBIC H3Me-
HEHHUS IIpHM Harpepe Iocie XedopMali, IIPUBONALIKAE K 0Opa-
30BaHUI0 KPYIIHO- M TPYOO3EPHHUCTHIX HEOTHOPOMHBIX CTPYKTYP.

BmepBbie Kparko paccMOTpPeHBI HEKOTOpHiE OCOOEHHOCTH
CTPYKTYPHBIX W3MEHEHUIl IIPYU HarpeBe BaXHEBIX MAaTepHANIOB, CO-
IepXallluX CTPYKTYpHEIC HecexTsl HeAehOpMallOHHOIO IPOHMC-
XOXKJICHUS.



ABTOPHL CO3HAIOT, YTO B MOHOTpabHH HE YIANOCh OTPa3HThb
BCE BAXHLIE acCIIeKTHI TaKOro MHOTO(AKTOPHOTO Ipoliecca, Kak
PEXPUCTALIM3AIMS, ¥ OyIyT NPU3HATENbHB 32 [PHCIAHHBIE
3aMEYAHHS.

ABTOpPHL BHIPAXalOT GJIaroXapHOCTL PYKOBOACTBY MOCKOBCKO-
TO TOCYZAPCTBEHHOIO MHCTHUTYIA CTANH U CIUIABOB M €r0 PEKTO-
py mpodeccopy 0. C. KapabacoBy 3a mommepxKy u copeiicTBue
B M3[aHMU HaCTOSAIIEd MOHOrpaduu.




I'nasa 1

POJIb IMPOLECCOB PEKPUCTAJLIN3ALINN,
BO3BPATA N NHIOJIUTOHM3AIIUN

B ®OPMUPOBAHUM CTPYKTYPHI 1 CBOMICTB
META/LIOB 1 CIUIABOB.

PAIBUTHE ITPEJCTABIEHUU O MEXAHU3ME
BTUX IMPOLIECCOB

1.1. CymHocTs H PoJib TPONECCOB PEKPUCTALIM3AINH,
BO3BpaTa M IOJATOHU3ALUMA

Ilon pexpucmanruzayyeli TOHUMAIOT IPOIIECC IOJMHON WIM dYac-
THYHOW 3aMEHBI B IOJUKPHUCTALIMYECKUX TeJaX ONHHX 3epeH Oan-
HoU a3bi, COOEPXAIIUX Te WIH HWHEIE CTPYKTYPHBIE HECOBEPIICH-
CTBa, IpYruMH, Oojiee COBEPLICHHEIMH, 3epHAMH mou e dazvl.
IIpouecc ocymectrasieTcs oGpa3oBaHHEM, WIM 06pa3oBaHUEM H
OBIDKEHHEM WM TOJBKO IBMKCHMEM BBHICOKOYDIOBBIX Ipanmil [1, 2].

Pexpucramnmzanys ¥ MPHMEBIKAOIIME K HEll MpOLEecCH BO3Bpa-
Ta ¥ IIOJIMTOHM3aLMY IIPENCTaBAAIoT cO00i Hambonee pacripocTpa-
HEHHBIA BUI CTPYKTYPHBIX M3MCHEHHI, COBEPIUAIOIIUXCH IIPU Ha-
I[peBe B MeTalaX U CIJIaBaX M HEOPTaHMIECKMX MaTepHajax BO-
obIlle ¥ YMEHBHIAIOUNX CBOOOIHYIO SHEPIUIO CHCTeMBL. TpyiaHO
HafTH TaKyl0 e B3aVMOCBA3aHHYI0 COBOKYIIHOCTH IIPOLIECCOB, KAK
PEKPUCTAJUINA3a1Us, BO3BpaT W TIOJNHUTOHU3AIMSI, KOTOpHIE HaBAIM
OBl BOSMOXHOCTb M3MEHATH B OYeHb LNMPOKOM AMANa30He MUKpO-
CTPYKTYPY, TEKCTYpY M BCE CTPYKTYPHO-YYBCTBHUTEIBHBIE CBOMCTBA.
PacmpoctpaneHo ommMGoYHOe MpeICTaBIeHre O TOM, YTO 3TH IIpo-
LIECCHL COBEPLIAIOTCS TONBLKO IIPH Harpese JedOpMUPOBAHHEIX Ma-
TepUadoB. B meifcTBUTENBHOCTH Xe 3TOT ciaydait Hamboaee dacto
BCTpeYaloluiicsa, HO He eAWHCTBeHHBIN. Jli000e BHelllHee BO3Aei-
CTBHE, IPUBOIMIICE K CO3JAHMIO TeX WIM UHBIX CTPYKTYPHBIX He-
COBEpIICHCTB M UX TIPAJUCHTY WIHM K H3MEHCHUIO pasMepoB W
(opMBI 3epeH, MPUBOAWT IIPYM HATpeBe K II€pepacupeleleHuio U
YMEHBIICHUIO KOHIICHTPAVM 3THUX HECOBEPILICHCTB M YBEJIHMUYEHHUIO
OTHOPOIHOCTH 3€pPEHHO CTPYKTYDHI.



Pexpuctauinzanysg moyTH BCeTHa COIIPOBOXIAET MONMUMOPGHEIE,
a 4acTo W jpyrue Bunbl (a3oBBIX NPEBPAIIEHUA, COBEPIIAIONIAXCS
npu Harpese. Hampumep, mpespaineHue deppur — aycTeHUT B
xenese (Fe, — Fe) BKIIIOYAET B PEATBHBIX YCIOBHIX HBE CTaIHM:
1 — 3apoxmenue 3epcx{ d4yCTEHMTa M MX DOCT 34 CYET 3epeH MCUYe-
3afolero deppura (X pasgemsieT MexdasHas rpaHmma); 2 — pocT
3epeH aycTeHHuTa 3a cuer Apyr apyra. Cramusa | — mponece ¢aso-
BOM IIEPEKPUCTAIIM3AIIMHN, CTamWs 2 — YHCTO PEKPUCTAIUIM3AIN-
OHHBIN TMpoliecc. :

JByXCTaguifHO TpoTeKaeT ¥ HPOLECC IONYYEHHA MOHOIUTHOIO
MaTepHajia B IOPOIIKOBOM Meraurypruy. Ha mepBoil craguy HIeT
CIICKaHWe MCXONHEIX IIOPOLIKOBBIX YacTHll, Ha BTOPOil — pOCT 3e-
PEH CHEYCHHBIX YacCTHIl 3a CYeT APyl Apyra, T.e. COOCTBEHHO peK-
pucraumsanma. Takum oGpa3zoM, KOHEYHasd 3epeHHAs CTPYKTypa
mouTy Bceraa ¢opMHUpYETCS IIPH perI/ICTaJUII/I3aHHH 32 CYET MEX-
3€PEHHOIO B3aUMOCHCTBYA.

Bosépamom wmasmBatloT: 1 — mpolecc mepepacupeincieHHd M
YMEHBHICHIS] KOHIIEHTPAMN TOUYSYHBIX Je(heKTOB (BaKAHCHM, MEX-
Y3eIBHBIX aTOMOB) B Ipedeiax 3epeH; 2 — ABIDKEHME BCIHTEH NHC-
JIOKaluii, 00pa3oBaBIXCS TP AehOPMaIiM JIETKUM CKOJNBXCHHU-
€M, M YaCTMYHas AHHUIWIAIHS JUCIOKAIMA IIPOTHBOIIONOXHEIX
3HakoB. Ilponecc He compoBoxiaeTcsd o6pa3oBaHHMEM HOBBIX Ipa-
HHII, OH MOX€T MpPOTeKaTb B MOHOKPHCTALTIaX ¥ B IIpemelax oOT-
JIENBbHBIX 3€PEH IOMUMKPHUCTAIIIOB.

Ioauzonusayueri Ha3bHIBAIOT IIPOIIECC TIEPepacpeNeIeH s TUCIO-
Kalmi ToX BIMSHUEM VIIPYTHX HAIPSKSHWH, CO3MAHHBIX CaMUME
JUCTIOKAUMSIMY, COIIPOBOXIAIOLUIMIICS aHHUTHIALIMEH IHCIOKAIMIA
NPOTUBONOJOXHLIX 3HAKOB M 00pa30BaHMEM OCTABUIMMMCS ITHACTO-
KallSIMH  MaJOYIIOBBIX AMCIOKAMOHHBIX TPaHHIl, Ppa3GHBarOLIIX
3epHO WIM MOHOKPHCTAUI Ha OIIOKM (IIOCNE MajbIX CTeNeHel me-
dopMaumy), WM — B CcAydae GONBLUIMX cTemeHeil nedopMaumm —
JHUCJIOKAIMOHHEIX CKOIUIEHHI («CTEeHOK»), OKaMMIITIOMIMX Gesmic-
JIOKAaIMOHHKE (WIM ¢ OYEHb MaJIOM IUIOTHOCTHIO OMCIIOKANMiA) Cy0-
3epHa («auciixm»). [Ipouecc wyaime Bcero peammsyeIcs B oObeMe
MCXOMHBIX (HedhOopMHPOBAHHEIX) 3epeH IONMKPHCTAILIA.

IIporieccHl Bo3Bpara M IIOJMIOHU3ALUWH B OTIMYME OT peKpH-
CTATM3AIIMH HE COIIPOBOXIAIOTCA OOPAa30BaHMEM HOBBIX IDaHMI]
(BO3BpAT), MM CONPOBOXIAETCS OOPa30OBAHMEM TOJBKO MAaJOyT-
JIOBBIX TPaHUI (TMonuroHu3anyst). OHM MOryT OBITH CAMOCTOSTEb-
HBIMH IIPOIECCaMM WIH IIPEIIICCTBOBATE PeKPUCTALIM3ALMU. B
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ycIoBUAX GBICTPOro Harpea IO BBICOKOH TeMIepaTyphl (Temrie-
paTypsl DEKPHCTaUIM3alM#) BCe TPU TIpoliecca HAKIAIBIBAIOTCA
IpYr Ha Ipyra, YTO CKa3BIBAETCS Ha IMOJyYaeMOd CTPYKType peK-
pUCTAUTM3AaIMH. BaxHelee NPakTHICCKOE 3HAYCHHUC BCEX Tpex
[IPOLIECCOB M OCOGEHHO PEKPMCTA/UIM3ALMM B TOM, YTO OHH Cy-
[IECTBEHHO M3MEHAIOT 3€PEeHHYI0 CTPYKTYPY U OKAasHIBAIOT OYCHb
CHIILHOE BIMSAHHE HAa CIPYKTYPHO-YYBCTBHTEIBHBIE CBOMCTBA H
nporiecchl. OHM He TOMBKO BO3BPAILAIOT MUKPOCTPYKTYPY B HC-
XOIHOE COCTOSIHME, HO IIO3BOJIAIOT IMONYYUTh OYEHB pa3HooOpas-
HYI0 CTDYKTYPY ¢ OOIBIIMM JMala30HOM CBOMCTB, YacTo CyIe-
CTBCHHO TIPEBHILIAIOINX MCXOIHBIE.

3epennyio cmpykmypy XapaKTepusyloT pa3Mephl 3epeH (KpucTar-
JNTOB), pacIpelelcHHe WX IO pa3MepaM, KpucTauorpaduyeckas
OPUEHTHPOBKA (TEKCTypa), XapaKTep IPaHMII, pasfessiolnX cocel-
HUe 3¢pHa, UX KPHMBU3HA, 3aKOHOMEDHOCTHM KX arOMHOIO CTpoe-
HUS, YIIBL B TPOMHEBIX CTHIKaX IPaHHML 36peH M CTEHEHb KX ypaB-
HOBEILEHHOCTH, HAIMYNME M XapaKTep BHYTPH3ePEHHBIX HECOBEp-
IeHCTB (TUIl, KOHIEHTPAUWsA ¥ XapakTep PaclpelesiCHUA TOoued-
HEX edeKToB, IOp, AMCIOKALWMN, MATOYITOBBIX I'PAHMII).

K cmpyxmypro-4yecmeumensioiM c60licmeam U npoueccam OTHO-
carcs Te MeXaHWdyeckMe M GUM3WMYecKUE CBOHCTBA MATCPHANIOB U
TEXHONOIMYECKHE IIPONECChl, KOTOpHIe CBS3aHBl C IE€pPEeMEICHUEM
Ha pacCTOAHKS OONblIe MEXATOMHBIX, aTOMOB U aTOMHBIX TPYIIL,
IVCTIOKAIIMAL, MaJOYIJIOBBIX M BBICOKOYIVIOBBIX I'DaHMI 3€pPEeH, HO-
cuTenell DIEKTPHYESCKHUX 3apAoB (S7CKTPOHOB, MOHOB), SJIEKTPHU-
9ecKUX, MATHUTHBIX, ONTUYECKNX, 3BYKOBBIX, TEIUTOBBIX ((HoTOHOB
n ¢GoHOHOB) M Apyrux noneil. Hambojee BaXHBIMHU CTPYKTYPHO-
JyBCTBUTENBbHBLIMYI IIPOLIECCAMH SIBIITIOTCA IUTACTHYECKas AedopMa-
s, 1ud@ysms, crapeHye, CIeKaHwe, ICKTPONPOBOMHOCTD, TEIl-
JIONIPOBONHOCTh, HAMATHUYUBAHVE Y DPAa3MArHMYMBaHWe U Jp.

1.2. PasBurue mpelCTABIECHMH 06 W3MEHEHMSX CTPYKTYPb
METAUIMIECKAX M APYrHX HEOPraHMIECKHX MATEPHAJIOB
npu ux Ae)opMALMH M Harpese

Vl3MeHeHHE CBOJICTB METAIUIOB. M CIUIABOB Tpu ZedopMaliuM ¥
Harpepe SBIAETCH, BHIAMO, ONHMM U3 CaMBIX IPEBHUX TIPUMEPOB
pa3paGOTKM YENOBEKOM TEXHONOTMM METAUIOB M MCTAUIOBEOCHUA.
3a HECKOJBKO THICAYEISTHIl HO Halmeil 3pHI UeoBeKOM ObLIa 0OC-
BOEHA BHIIUIABKA PSNa METAUIOB U3 PyX M METEOPUTOB (Melb,
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30JI0TO, cepebpo, NMHK, Xee30 U T. .) /Ul pasiiMudbX neieit [3].
ITonyyenue xeymesa MCIONB3OBAIOCH MPEXAEC BCEro I M3TOTOB-
JeHUs opyxud. [y INpHIaHUSA OpyXKUI0 Heobxomumoil opME
Xejie30 HOABEPIaIOCh HEOTHOKPATHBIM TIPUMUTHBHEIM IIPOIIECCAM
KOBKM M HarpeBa. I[IpoMeXyTOUHEIE HArpeBEl pasyIpoO4HAIA Me-
TAUI U JeJaNy €ro IIPUTONHBIM LIS JanpHeie aecopmauun. ITo
CYIIECTBY OHM M OBUIM TICPBBIMH, SMIIMPHYECKH HalIlyITaHHBIMU
MeToAaMHU Mpo0 M OMMOOK M IIPAKTUIECKH HCIIONB3YEMEBIMHI IIPO-
LeccaMM IUTacTHYECKOM AedopMariiu M peKpucTammusanmu. Ha
TIPOTSDKEHUM MHOTHX CTONIETHIH HAKAIUIMBAICS OMNBIT BIMAHUA pa3-
HBIX PEXUMOB JlehopMalMu M HarpeBa Ha IPOYHOCTh M IUIACTUY-
HOCTb MeTAIOB Oe3 KaKux ObI TO HU OBIIO MpEeICTaBICHHMI 00 HX
CTPYKTYpe M IPpUpOne HM3MEHEHUSI CBOWCTB. [lonyuenue neobxodu-
Mbix ceolicme. Gbine no cyuecmesy UCKYCCIMGOM.

IlepesnoMm mpomsomen Tonsko B XIX Beke, Korma B 1814 r.
ypalbcKuif MHXeHep-Meraurypr ILII. AHOCOB IIEpBHIM MCIIONB30-
BaJl MHKDOCKOII M MpOCTeiiIie MeTOOBI TPaBICHUA Ui H3YUCHUS
CTPYKTYDPHI IIOBEPXHOCTH OOpa3HoB OyJiaTHOM (mamacckoil) cramd B
NOHCKaX OOBSICHEHMs1 IPUPOIBI YHHKANBHOTO COYCTaHMA e¢ IIpoY-
HocT m ympyroctu [4]. Ero ucciaemoBaHHA IMOCIYXIUTH TOJMIKOM
I M3YYECHWS 3€PEHHOM CTPYKTYPHI METANIOB C IIOMOLIBI0 MMK-
pockora U nporpasicHHEX 06pasios. I1.I1. AHocoBa mo mpaBy Ha-
3HIBAIOT OTLOM MeTtamiorpadpuul.

TMosnHee BO3poc WHTepec K M3YYCHMIO BIWSHES YCIOBHMIL e~
dopMalli M Harpepa Ha BeauuuHy 3epHa. Cop6u OGHApyXWI, YTO
DaIVKaJIbHOE Da3yIIPOYHEHHE CBA3aHO C IIOSIBICHUEM B MUKPO-
CTPYKTYpe 3apolbmnueii HoBbIX 3eped (puc. 1.1.). 310 u mamo mo-
BOJ HAa3BaTh IpoOlecC pekpucTaLIm3anueil. [danee GBUIM YCTAHOB-
JIeHBl OJIaroIpUATHOE BIMAHKES MEJIKO3CPHHCTOCTH Ha IPOYHOCTD
METAJUIOB U CIUIABOB M ITOBBILICHHASA XPYIIKOCTH KPYIIHO3EPHMC-
TBIX METAUTOB.

MHOroYuCIeHHEE MCCIeTOBAHUA B OTOM HallpaBieHUH IIpHBE-
JM K TIOCTPOEHWIO BHAYajle IBYXMEPHBIX IyarpamMM peKpHCTaJUTH-
3alMA B KOOPNMHATAX: BEJMYMHA 3epHA J — cTemeHp pedopMa-
MU € TPU JaHHOK TeMmIilepaType HarpeBa 7, a 3aTeM TpeXMepHBIX
muarpaMMm J—e~—T s pasHBIX TeMIEpATyp Harpesa. BhUIO BHIILY-
IIEHO HECKOJIBKO COOpPHMKOB TaKMX IWarpaMM, KOTOpbIe B CBOe

13a py6exom OAHO BpeMS CYMTATH, YTO IIEPBEIM HCIONB30BAT MHUKDOCKON B
Tex Xe Ueaax Copbu (Pparuus). Ho on caenar sto Ha 30 et nosgHee AHOCOBa.
Ceityac 370 sABIACTCH OOWIENIPU3HAHHBIM dakToM [3].
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Puc. 1.1. Tipamepsl 3epeHHoii CTPYKTYPHl HA PA3HBIX CTAIMAX PEKPHCTALIN3ALME:
a — 3apOAHIUY TEPBHYHON DPEKPUCTALIU3AIAH; 6 — GIH3Kag K 3aBepUIEHHIO
NepBUYHAS PEKPMCTAUIM3ALNSA; ¢ — 3aBeplieHde NEPBUYHON PeKPUCTALIU3AIMH;
2 — MakKpOpasHO3ePHUCTOCTh B rOpAYEHPECCOBAHHOM ATIOMHHMH; d — BHYTpH3e-
peHHas TMOPUCTOCTb, BOSHHKAIOIAS HA CTagiM PEKPUCTAIIH3ANMY reTepodasHoro
craBa
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BpeMs1 CHIIPAIM OOJBIIYIO POJIb W OONEIdMJIA TeXHOJOTaM BEIOOp
OIITUMAJILHBIX PeXUMOB Je(OpManMIl U HarpeBoB I IOIydeHMS
HYXHOH BeJMYUHBI 3epHAa. ONHON H3 BaXHBIX, BIEPBLIE YCTAHOB-
JICHHBIX 3aKOHOMEPHOCTEe!l OBLIO TO, YTO NPU HArpepe IOCHE Ma-
JBIX CTENeHel xonogHoi nedopMalui (Ha3BaHHOU <«Kpumuyeckol)
BO3HMKACT YETKO BHIPAXEHHEBI MAKCHMYM BEJMYHHEL 3€pHA, YXYI-
IAMINHA IIacCTUYHOCTh M HM3MEHSIOMUH DS APYTUX CBOMCTB.
WUsydenuio MexaHusma o6pa3oBaHMsl 5TOF0 MAaKCHMyMa OBITHM IIO-
CBAIIECHB! MHOTOYWCICHHBIC KCCICHOBAHHA B IIPOLLIOM - CTOJICTHM,
B TOM YMCJIE OTEYECTBCHHBIC, IO DPa3’HOMY TOJKOBABIIME 3TO SIB-
JgeHue. CoBpeMeHHOe OOBACHEHWE MEXaHM3Ma 9TOr0 IIPAKTHYECKH
BAXHOIO gBJeHMsT OygeT JaHO B InaBe 8.

boarirolt HayuHBIA M MpPakTHYECKHH HMHTEpEC, B TOM UHUCIE H
y oreyecTBeHHBIX ydeHBIX (C.T. KonoGeenckmii, I'.C. XnaHos,
A.C. Ymanckmit, B.4. TTurec u [Ip.), BEI3BAT MEXaHM3M OGpa3oBa-
HUA 3aponblllieii HOBBHIX 3epeH, CKOPOCTM uX pocra. IIpuBiexio
BHMMaHWE BHEIIHEE CXOICTBO HAYAJBHBIX CTaguil peKpHCTAILIM3A-
K ¥ Ha3oBhiX MonMMOpdHEIX NpeBpameHmit. MaTeMaTuuecKoe
OIIMCaHME CKOPOCTH 3aponbiiieo0pa3oBaHHsA Ha HaYalbHOM CTamuu
PEKPUCTAIUTH3AIUN, Ha3BaHHOW hepeuuHoll pexpucmainuzayuei ¥c-
X0l M3 OTMEYEHHOIO CXONCTBA, OBUIO BIIEPBEIC IIPEUIOKCHO aKa-
JeMukoM A.H. KoiMoroposbiM. '

Jajlee MUKPOCKONMYECKH OBLUIO YCTAHOBJIEHO, YTO IIPH AATH-
HeHIeM HarpeBe II0CIe OKOHYAHMA IEPBUYHOM PEKPHCTA/LIM3AINN
(McuesHOBeHHs Je(GOPMHUPOBAHHEIX 3€peH) HIET POCT HOBBIX 3e-
peH 3a CYeT ApYr Jpyra. B 3aBUCHMMOCTH OT pSIa YCIOBHI 3TOT
POCT MOXeT OBITh ONHOPOJHEIM IIM 9YETKO M30MpaTeabHLIM. DTO
Jajio OCHOBAaHWE YTBEPXKIATh, YTO CYIIECTBYIOT IBE CTaIMK IWIM JBA
BUIA DPEKPHUCTAUIM3AIMHK IIOCJIC HEPBHYHON — cobupameavnas u
emopuutias (cM. TI. 4).

Kak oTMeuYeHO BHIE, ONTHYCCKASA MHKPOCKONMS ITO3BOJIIIA
BIIEPBBbIE YCTAHOBUTE CBA3L MEXIY HHISHCHUBHBIM Da3yIIPOYHEHM-
eM ZehopMUPOBAHHOIO METALIA M IIOSIBJICHHEM B €ro CTPYKTYpE
3apoABIIIcli HOBHIX, KaK JajIbllleé BEIICHWIOCH, IPaKTHYECKH Oe3-
OedeKTHLIX 3epeH. BTO a0 TOTYOK K U3YYECHUWIO BIMAHUA JIETH-
POBaHUS U CO3MAHMIO CILTABOB, COXPAHTIONIUX YIIPOYHEHHOE CO-
CTOAHUE 10 BHICOKUX TEMIIEpaTyp, TO €CTb K pa3paboTKe TeIUIo-
CTOMKMX W XapoNIpOyHBIX CIDIaBOB. B mambHeilmeM srta 1poGieMa
Nnprodpeia OYeHb BaXXHOE 3HAYEHVE B CBA3M C PA3BUTHEM aBWa-
UM, OCOGCHHO pEaKTHBHOM.
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Bompocy HaxoXmeHus CBS3M TeMIepaTyphl Hadana pPeKpHCTall-
NA3aUMH ¢ (byHIAMEHTAIBHEIMY XapaKTepUCTIKAMI METAJLIOB ObLIO
TOCBSIIEHO MHOTro pabor. Taxylo KOppe/LIIMIO BIIEPBHIC KOJIHM4Ye-
cTBeHHO ycTaHOBWI A.A. Bousap. OH mokasaj, 4TO I TeXHUYEC-
KM YHCTHIX META/UIOB TCMIICpAarypa Hayaja PeKpUCTaJUIM3alyHu paB-
Ha mpumepsHo 0,35...0,4 or aGCOMOTHOM TEMIEPATYpsl IUIAaBACHNUA
¥ B 3aBMCHMOCTH OT KOHIIGHTPALIMM IIPUMECEH MOXeT OTKIOHATH-
cd OT 5TOH BeJIMYHMHBI KAK B MEHBILUYIO, TAK X B GOJBIIYIO CTOPO-
Hy. B pmancHeiiiieM 5TH JaHHBIE OBUIM YTOYHEHHI, HO NPHOPHUTET
TOAX0Xa K BTOH 3aBHMCHMOCTH HpmHamiexut A.A. Bousapy.

V3yyeHUIo aTOMHOTO MEXaHM3Ma PEeKPUCTALIM3alyi¥ Ha pas-
HBIX €€ CTAgusX CIIOCOGCTBOBAIM KAYECTBEHHO HOBHIE YCIIEXH B
obnacty (pyHIaMEHTaNbHHIX HayK, OOecIedYWBIUNE IPHHIHIIAATEL-
HO HOBHIY CKAaYOK B TIOHMMAaHWM IPUPONEI U CBOMCTB MarcpHa-
JT0B. DTO IpexXIe BCEIO YCTAHOBICHHE 3JICKTPOHHOM CTPYKTYDHI
aToMoB, ce¢ mepuommuHocTh (Iliamk, Bop, Sitmmrein, IIpenun-
rep, MeHzenees U [1p.), OCOOEHHOCTH ATOMHOM CTPYKTYPHI pe-
aJbHBIX KPHUCTAIOB, HajdHYHWe B HHUX CTPYKTYPHEIX HeECOBep-
mwencts (IMorTku, PpeHkenn), CTAaHOBIEHUE KBaHTOBOM (PU3MKM,
dU3NKH TBEPHOTO TeAa.

B yrayGiieHMM TpencTaBleHH 00 aTOMHON CTPYKTYpe TBEDIBIX
TeJ HEOLEHMMYIO DOJb CHIIPAIO OTKPHITHE DPEHTTEHOBCKWX JIydei
(PeHTreH), cosganue AUGPPAKIMOHHOTO PEHTICHOCTPYKTYPHOrO
aammsa (Jlays, Byaed, Bparrm) [5]. OTH OTKPHITHA OXHO3ZHAYHO
TIONTBEPIUIA CIIPABEIMBOCTh IMPEANOIOKCHAN O KpHCTAIHYeC-
KOM CTPOEHHU TBEPOBIX TEJ, THIIAX SJCMEHTapHBIX A4eeK U MeXK-
IUIOCKOCTHBIX PACCTOSHHE M HX OCOOEHHOCTH ISl 3JIEMEHTOB C
PasHBIM THIIOM XHMHYECKOU CBA3M, CTPYKTYPY M CBOMCTBA Pa3HBIX
(a3, ToBemeHMe NPHMECHBIX aTOMOB M T. A. (puc. 1.2, 1.3). Takum
06pa3oM, HACTYIJI HOBEI STal B NOHUMAHMM MEXaHHU3Ma IpO-
1IECCOB, OTBETCTBEHHEIX 3a M3MEHEHME CTPYKTYPhl M CBOMCTB TBEp-
IBIX TeJI BOOOIIE M META/UIOB B YACTHOCTH — 3Tall, CBSI3AHHBIA C
MIEPEXONOM OT IOHHMMAHWS MPOIIECCOB HA YPOBHE HM3MCHCHHI B
3epEHHON CTPYKTYpe, BBHIABIAEMON MUKPOCKOMHYECKH, K ITOHHMA-
HHIO IIPOLIECCOB M M3MEHEHWM, NPOUCXOSAIINX Ha aTOMHOM YpPOB-
HE, BBIABISEMBIX AUQPPAKIMOHHEIMUA MeToaMy. C MX IOMONIBIO
yIAIOCh IIOHATh TOHKHC M3MEHEHWS, IPOUCXONAUME B CTPYKTYype
PasTMYHBIX BEIUECTB IIpH Aedopmanvivi ¥ pasHBIX peXHMax Harpe-
Ba, 4 TaKKe, KAKOBO BIMAHHE Ha 3TU MPOLIECCHl XUMHYECKOIO U
¢asoBoro cocraea.
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Puc. 1.2. Pentrenosexkue mupaKTOrpaMMbl Ha PasHbIX craausax aedopmampmn

H PEKPHCTA/LIM3AIMA JKENe3a:

a — cremeHs medopMainu e = 15 %; 6 — creneHs AedopMaiuu & > 60 %
(TekcTypa AedopManmm); ¢ — HAYAIO NEePBUYHON PEKPHCTAIIM3AIMN NPH HATpeBe
nocie € = 15%; 2 — 3aBeplieHME PEeKPUCTALIH3AMM TPH HArpeBe IIOCE
e=15%

JlanbHelilee IIPOHUKHOBEHME B CYThb M3MEHEHU Ha aTOMHOM
YPOBHE, COBepINAIONIMXCA Tp AedopMalny W Harpese, GbUIO IO-
CTHIHYTO C MOMOIIBIO 3JIEKTPOHHON MHUKPOCKOIMM M B OCOOEHHO-
CTH TpaHCMUCCUOHHON (npocseumBaromneit) [6] (XX B.). Eit mpu-
HaJIEXUT OCHOBHad poOJb B BHIABICHMHM Ae(DEKTOB DELIETKH pe-
ANMBHBIX KPUCTAUIOB (IIPEXIE BCEro. NUCIOKAIWi) W IOBENCHHI
MHOTHX U3 HHX (puc. 1.4).

Ton BavsmMeM HapyHICHUII B PacIIOIOXEHUM aroMoB B KpHC-
TAJUIMYECKOM penieTKe BHEIIHME 3JIEKTPOHEl M3MEHAIOT Hampaslie-
HHE CBOCTO IBIDKCHMS B COOTBETCTBHM C 3aKoHoM Bynbda—bpsr-
ra. DTO HO3BOJIET. IIONYYUTh AW(PPAKUNOHHYIO KapTUHY, JOION-
HAIOLIYIO IIOJy4aeMyl0 B ONTHISCKOM MUKPOCKOHE, HO C paspe-
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IICHUEM, OOGJIbIINM Ha He-
CKOJIBKO TIOPSIIKOB.

C DoMOLIBIO KAJIOPUMETPH-
YeCcKOT0 aHaNu34, PEeHITCHOB-
cKkoil mudpakTOMETpUH, DJIEKT-
POHHOM MMKPOCKOIIMH M Ha-
pPAIENBHOTO aHANN3a 3JIEKTPO-
COIPOTHBICHUSA VIAJIOCh yCTa-
HOBUTH, UTO Ha CaMOil paHHEH
cTagul HarpeBa nehopMHUpO-
BAHHOTO MeTaUla OCHOBHBEM
MPOLIECCOM  YMEHBIIEHNI KOH-
LEHTpalyuKl CTPYKTYPHBIX HE-
¢dbekToB ABIAETCS MPOLIECC CTO-
Ka M AHHUTWUILUK TOYECYHBIX
JedeKTOB — BaKaHCHII U MeX-
Y3CIAbHBIX aTOMOB. DTy CTAIIIO
NpVHATO WMEHOBATh CTamueit
go3épama. Buavane, Korma Mc-
XaHW3M TIpOIEeCCOB ORI He-
SICeH, 3Ty CTAIMIO * HA3BIBAJIA
«oTmexom» [1]. ‘

TpaHCMUCCHOHHASA  DIEKT-
poHHag MuKpockomusa (TOM)
NO3BOMIIIA HAOJIIOOaTh pasHO-
BUIHOCTH ~JAHMCIOKAIUMi . (CM.
puc. 1.4), TpaHuIBI 3epeH TP
HanpsckeHnU mopanka 100 kB u
6omeme, TOM mno3Bonwia Ha-
OmonaTe pacmosoXeHHe aTOMOB
B IpaHUlaX, Ha ITOBEPXHOCTH
IUICHOK, IIPUPOAY IIEpOXOBaTO-
CTH TOBEpXHOCTCH (CTYHMCHBKH,
BRICTYOIBI M T.J.), ATOMHOE
CTPOSHHE JBOWHHKOB (pHC.

r2

hkl

100
002
101

102

203

210
211
114

1 2 . 3 4

Puc. 1.3. CxeMbi peRTreHOrpaMM
BEHIECTB C PEIIeTKAMH Pa3sHOTO THIA:
1 — 06BEMHOLIEHTPUPOBAHHAA
KyOudeckas; 2 — rpaHeliEHTPUpPO-
BaHHasA KyOmueckas; 3 — THIa
anMasa; 4 — rekcaroHanbHag
KOMIaKTHAS -

1.4, 6) U CBA3b NMPOYHOCTH C KPHUCTATMYECKOM CTPYKTYpOIL.

IIpu HarpeBe HECKONBKO BHILIE TeMIIEPAaTypH BO3BpaTa Mu(ppax-
TOMETPUYECKH OBUIO YCTAHOBJICHO YMCHBIICHHWE DPasMBITOCTH PeH-
TIeHOBCKUX JiuHMI. CoueTaHHe 3TUX JAHHBIX C 3IEKTPOHHO-MHK-
POCKOIIMYECKUMH KM HaHHBIMYM MEXaHMYCCKUX WCIIBITAHWH I103BO-
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JIWJI0O BHECTH SICHOCTb B CYIIECTBO BTOPOW CTaJMM TIpEIpeKpUCTaii-
NM3AIMOHHEIX TIPOLIECCOB. TBEPNOCTh M MPOYHOCTh TIPM ITOM He-
CKOJIBKO CHUXAINCH. DIEKTPOHHO-MUKPOCKOIIMYECK OOHApYXIBa-
JIOCh TepepacIpefcicHue MUCIOKalui, YMCHBIICHNE HX IUIOTHOC-
TH K 00pa3oBaHUCe MalOYIIOBbIX rpaHul. IlosaHee 570 OOHApyXM-
JIOCh M Ha MOHOKDHCTaVIax IO AMKaM TpaeieHus [7]. Ora cragust
MOJMyYWIa Ha3sBaHUES «noauzonuzayus> [8].

CoyeTaHMe JaHHBEIX CIPYKTYPHOTO aHaIU3a M, B YaCTHOCTM, BJIEK-
TPOHHO-MHKPOCKOIIMYECKOTO aHau3a O TIOBEACHUM AUCTOKALMA C
JaHHBIMM 3aBHCHMOCTH YIIPOYHEHMS OT IPUIOXEHHOIO HallpsDKEHUS
TO3BOJIWIO TIOCTPOUTH TpadiyecKyie 3aBHCUMOCTH «HAIPSDKEHUE—JIe-
¢opManys» 1)1 BEIECTB ¢ pelieTKamMy pasHoro tvma (r.ILK., T.K.,
O.ILK. ¥ T.].) ¥ pasHO KOHIEHTpauuel IpuMecedn (cM. I 2).

Puc. 1.4. DneRTponro-MEKPOCKOIMIECKNE H300PAKENNA HA PASHBIX CTAUAX
nedopManan M HArpesa:

a ~— SYeHCTas DUCIOKALMOHHAS CTPYKTypa Xe)OpMHPOBAHHOIO MeETalia

(x 25000); 6 — TO Xe mOCNE HarpeBa Ha CTaguy ITOMUroHmM3aumm (x 25000);

6 — aToMHasd CTPYKTYypa OBOMHHUKOB OTXWIa, BBISBJICHHAS ¢ TOMOLIBLIO DISKTPOH-
HOW MUKPOCKOIHK BBICOKOro paspemenus (x 300000)
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OmIHUM U3 BAXHEHIINX DPE3YJbTATOB IPUMECHEHUSA IuPpakuuy
PEHTTEHOBCKHMX U IPYIHX U3MYyYEHUA ABWIOCH YCTAaHOBICHWE TOTO,
yTO IIpH IUIACTHYeCKO# nedopMaly MPOMCXOOUT KpHCTaUIOrpa-
(duueckas IepeopueHTHpPOBKa KpucTaauToB. IIpu sTOM OTIHENB-
HBIC TPYIIE KPHUCTAUINTOB NMPHOOPETAIOT CXOMHYIO KpHCTa/LIOrpa-
(uyeckyio OpHEeHTHPOBKY. BO3HMKaeT Tak HasbiBacMad mekcmypa
[9, 10]. Meron 1o3BONSACT OOHAPYXUTHh HE TOIHLKO BOSHHUKHOBEHHE
TeKCTYPHI, HO M YCTAHOBUTBH €¢ THUIl — OIPEHCIUTh OPUECHTHPOBKY
IUTOCKOCTel M HampaBieHUNl KaXOoi TIPYyIIbl OIMHAKOBO OPHEH-
TUPOBAHHBIX KPHCTAJUIUTOB, & TaKKe M3MCHEHHE THUIIA TCKCTYPH B
[pOIIECCEe PEKPUCTAUIM3AIMOHHOIO OTXUra. DTH JaHHEE HO3BO-
JIWIA OOBACHUTH IIPHPOLY AHW3OTPOIIUMM CBOMCTB, BOHUKAIOIIMX B
pe3yipTare aedopmaluy, NPOrHO3UPOBaTh M CO3NABAaTh TEKCIYPY C
HYXHOM aHM30TpoIMeil CBOMCTB IUISL MATepHAJIOB C pasHBEIM TH-
IOM DPEIICTOK M IIp.

Oco00 BaXHEIM HPAKTHYECCKUM TIPAUMEPOM HAPOTHO-XO3SHCTBEH-
HOTO 3HAY€HMs YCTAaHOBJICHMA TEKCTYPHI M Pa3padOTK METOHOB OIl-
peleNieHHs ee THIa OKa3ajloch, B YacTHOCTH, OIIpeAeleHue 3aKO-
HOMEPHOCTel aHM30TPOIHNH MATHUTHBIX CBOMCTB SJIEKTPOTEXHHYEC-
KMX CTajieli, X CBS3M C TEKCTypOH Pa3sHOIO THIIA ¥ CO3IaHUC HyX-
HOM TEKCTypHl IJI1 IOBBIIEHUWS YPOBHSI MAarHWTHBIX CBONMCTB.

Cosanue pPEHTTEHOBCKMX TPYOOK ¢ odeHb OCTpeIM ¢GoKycoM
pasMepoM B JOJIM MKM, a IO3dHee IMOABIeHWE CHMHXpotha30TPOHOB
IIO3BOIMIO IIOJIYyYHTh TOHKHWE ITYIKM MOIIHOTO PEHTTCHOBCKOIO H3-
JIYYEHMSI C OYeHb MaJIOM JUIMHOM BOJIHEI M YJIaBiIuBaTh Oonee paH-
HHe CTaguH Hadala HePBUYHOM peKpUCTAUIM3allui, CpaBHUBATh
OPMEHTHPOBKY 3apOIBILECH PEKPHCTALIM3AUMH ¢ OPHEHTHPOBKOM
IeOpMHpPOBAHHOIl MATpULIHL B O0BEMe W TpaHMIlax 3epeH U TeM
CaMBIM IIOJYYUTh HOBHIE HAHHEIE O 3aKOHOMepHOCTAX dopmupo-
BaHWSI mexcmyp peKpUCTATU3ALUN.

PenTreHoBCcKHe MeETONBI CYIIECTBEHHO MPOXBHUHYIM IIpENCTaBIE-
HUS 00 YIPYIMX MHUKpPO- M MAaKpOHAIIPSKCHMAX, MX IIPOMCXOXKIE-
HUH ¥ 3HaKe Tpu JedopMaiiy, KPUCTAUIM3AUM CIATKOB B TOH-
KOIUICHOYHBIX KOMMNOSHINLIX, ¥MX BIMAHHUM Ha DPEKPUCTAUIM3ALHIO
B YCIOBUSX HAJIOXEHWS Ha Hee paclafa MEePeCHIIEHHEX TBEPIBIX
PacTBOpOB M JpyruxX ¢a30BBIX MpeBpaIleHUil, Ha obpa3oBaHMe IUC-
JIOKAITAii TIpY peJlakCalliyl HAaIlpsDKCHIA,

Kak BHIACHUIOCH IIO3/IHEE, MaKPOHAIPSIKEHUS B JIOKAIBHBIX
00BbeMax MIPAIOT CYIECTBEHHYIO POJh B 0OpDa3’OBaHMM JIOKaJIBLHOM
Pa3HO3EPHUCTOCTH M aHOMAJILHO KPYIIHHIX 3€peH, OCODEHHO B ITe-
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PECHIITIIEHHBIX TBEPIABIX PAcTBOPAX, KOINa YIPYrue HaTPsKCHUS
CIOCOOCTBYIOT WX HEOXHODOJHOMY paciiamy.

lanbHeilillee pacimupeHre BO3MOXHOCTeH NTAQPaKIMOHHBIX M-
TOIOB TPOHCXONWIO C YCTAHOBIEHHEM IUGMPaKkiMM SJICKTPOHOB H
HeiirpoHos [11, 12]. Judpakumsd 37MEKTPOHOB H3-3a MX craboi
MPOHHUKAIOIIEH CIIOCODHOCTH oOKazaiack 0coO0eHHO 3¢deKTUBHOM
IIpY aHajIu3e PeKPUCTAIM3AIMA M TEKCTYp B TOHKHX IDICHKAaX
MOJIYIIPOBOXHIKOB M IOPYTHX MAaTepHallOB SJIEKTPOHHOH TEXHHUKU.
310 0CO0EHHO BaXHO B CBS3H ¢ BO3POCIUCH DONBIO B COBPEMCH-
HOII TeXHMKE TOHKMX IUICHOK M ITOKPBITHIA.

HelTpoHE, B OTAMY¥IE OT PEHITEHOBCKUX JIyYeH M 3JICKTPOHOB,
00/1aJjAI0T CIIOCOGHOCTBIO POHUKATE B 0o06IyYyaeMbIX MaTepHaiax Ha
IyOMHY, M3MEpSIEeMyI0 CaHTUMETPAMH, ¥ IO3TOMY MX IUGpaKIMs
TIO3BOJIAET MOJIy4aTh MHGOPMANUIO O PEKPUCTANIU3AIMU BO BHYT-
PEHHMX CJIOSAX MAacCHBHBIX 00pasioB. Audpakuus HeHTPOHOB 00-
JagaeT elle OMHOM YHUKAaIBHON OCOOeHHOCTEIO. Hanmmuue B HMX
COOCTBCHHOIO MATHMTHOTO MOMEHTa IIO3BOJAECT H3y4aTh MAarHMT-
HYIO TEKCTYPY B o0pasiiaX ¢ MAarHWTHBIMY CBOVICTBaMH.

TakuM obpaszoM, audpakiusa pPeHTTCHOBCKHUX JIy4eH, 3NEKTpO-
HOB ¥ HEMTPOHOB CYyIIECTBEHHO PAcHIMpWIa IUara3soH TOMHIMH H
CTPYKTYp OOBEKTOB, B KOTOPHIX OCYILIECTBIIETCA PEKpHCTAIUIN3A-
M, W TIO3BOIWIA OOBACHWTH MHOTHE IETaly IIpollecca.

Pexpucrauiuzanmsa, KaKk OTMEYEHO BhIIE, MpeICTaBisieT co0oi
IIPOLIECC . 3aMEHBI ONHMX 3€pPeH HaHHOo# ¢a3bl JPYIMMH 3epHaMHU
TOi Xe (asbl, IO3TOMY IPUHIUIHAILHOE 3HAUYCHHE IPHOOpEN
BONPOC O MEXaHM3Me 3TOM 3aMeHbI. BBUIO YCTAHOBIACHO, YTO OC-
HOBHEIM MEXAHHM3MOM pOCTa IICHTPOB PEeKPHMCTALIM3AIIMH SABISET-
Cs1 MMIDaIysi BLICOKOYIIOBBEIX IpaHul 3epeH. Ho cKopocTh MHIpa-
IIMM pasHBIX TPaHMI] OKa3adach pa3muuHol. [iuTensHOe BpeMs Cy-
IIECTBOBATIO OMMOOYHOE NpencTapleHue o6 aMOpdHOM CTPYKType
TPaHHMIl M KOAJeCLIEHIMM KaK OCHOBHOM MeEXaHW3Me WX YKpYIIHE-
HUS. DTH olIMGOYHBIE MPEACTARICHMA O CHX IIOp He OOBACHAIA
PasMUYHYIO CKOPOCTh MUIPAIMM Pa3HBIX TpaHUL ¥ ap. IIpuHim-
MHaJbHOE 3HAYCHME ChITpaja BIEPBHIC NpemioxeHHad [saiTepoM
u YammepcoMm [13] Mopens aToMHOM CTPYKTYPH TDAaHMIL

BosHuKIa ¥ HalUla SKCHCPHMEHTAIBLHOE IIOATBEPXKICHME TEO-
p¥isl pasleNleHVs TPaHHI HAa cheyudnbHbie M cAyvaiinbie, 0e3 KOTO-
poif HEBO3MOXHO COBPEMEHHOE TPEACTABICHNE O IOIUKPHCTAILIA-
YeCKMX TeJaX W CBOMCTBAX PA3HBIX I'DAHUI (IIOOBMZXHOCTB, CKO-
POCTEL TpaHUYHOK AuGGY3NM, HaIvYMe YIPYTHX Ioieil u T.1.).
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Bonpioro BHEMAHHA 3aCIyXHBAIOT JaHHBIE 06 OCODEHHOCTIX
PEKPUCTALIM3ALMY TIPU ropsyeit medopmauuu. o 50-x romos
MPOIIUIOTO CTOJETHA HMCCICHOBAHMSA YKAa3aHHBIX IIPOIECCOB IIPO-
BOJWJIUCH, KaK IIPaBMIO, Ha OOpa3sliaX, IOABEPTHYTHIX XOJOXHOM
npedopmanyu., OOGBICHIOCh 3TO PAIOM NpUYMH. Bo-IIepBHX, Me-
XaHHYECKHE CBOMCTBa XOJNOHHOZeMOPMHUPOBAHHBIX H PEKPHCTAI-
JIA30BaHHBIX, @ TaKXe ropsdyeKaTaHbIX 00pa3os 0e3 IOCIEAyIo-
1Iero HAarpesa METAUIOB H CIUITABOB B OCHOBHOM YIOBJIETBOPSIIH
TpeOOBAaHHAM TOTO BpeMeHW. 3aKOHOMEPHOCTH PeKpHUCIAIN3a-
IUU TIOCNIe XOJNOmHOH nedopManuy ObUIH OoJiee IIPOCTHIMHU, a -
pe3yNBTATH MX U3YUEHUS IOBTOPSEMBIMH. YUUTHIBAJIOCh, YTO HA
CTPYKTYDpY mociae ropsueit nedopmaimp BausieT ropasmo 60Jb-
niee YHuciIo (PakTOpPOB: CKOPOCTh HedopMalui, CKOPOCTh OXIax-
JeHMs TIociie AcchopMalny, PEKPHMCTAUIM3alldsd B XOIE CaMoif
nedopManuu, ‘ :

B xonue 40-x — Havame 50-X romoB IIOJOXEHHE DE3KO HM3Me-
Huiochk. Bospoci TpeGoBaHUS K YPOBHIO MEXaHHYECKHX CBOICTB
¥ TpeXIe BCEro MPOYHOCTHA. DBEIIO yCTAHOBJICHO, 4TO MOCIE XO-
JIONHOM ITedopManuy MOTEHIUMANBHAS IIPOYHOCTE MaTtepuwana Ha
MPaKTUKE HE PEalM3yeTcsl M3-3a IOHMXEHHOH IUIACTUYHOCTA U
XpYIIKOTO pa3spylieHHs. ['opsuas medopMamyst IpH OIpemeIeHHbIX
YCIOBHSIX obecrieumBaeT 0oJice OJIArONpPUSATHOE COYETAHHE IPOYHO-
CTH ¥ IUIaCTHYHOCTH. OXHAKO YCNOBHA IONYyYEHMS ONTHMAILHBIX
CTPYKTYP ¥ CBOWCTB OKA3bIBAIOTCS HAMHOTO GOJIee CIIOKHBIMH, UeM
B CclIy4ae XOMOmHOM medopMarvm. :

Pexpucrammzanvs, COBEpIIAIOINAACE B IIpoiecce ropsadyeil ne-
¢opMamuy, ObUla Ha3BaHA OJuHamu4eckow, a UEYIIad IIOCIE TOps-
yeit geopManmmu myreM OBICTPOTO POCTa yXe MOATOTOBJIEHHBHIX B
xofe JeopMalldd LCHTPOB PEKPUCTAUIM3ALMHA — HocmouHamuec-
Koll; B clydae, KOTIa OHAa ITPOXOXWT IIpH MocjeaedOopMariOHHOM
BBIISPXKKC WIM NpY IOBTOPHOM HarpeBe, KaK M IIPH HAIpeBe XO-
JOTHONEGOPMUPOBAHHOTO METALUIA, — CMAMUYecKOl,

Uccnenopanue BIMAHKSA PEXMMOB ropsueit medopMalyy u Tep-
MUYeCKOM 00paboTKM Ha MeXaHWYecKHe CBOIiCTBa IPHOOpeNo Bax-
HOe 3HayeHue. D10 OCOOCHHO OTHOCHUTCS K CTaixfdM, IIpeTepIeBa-
IOIIMM TIPEBPAIeHNSs MApTCHCUTHOTO THIIA, & UMEHHO B 3TOM CIIy-
Yae pa3paboTKa ONTHMAaIbHEIX pexumMoB TMO mossomsier Haubo-
Jee >PGeKTUBHO BIUATH Ha CBOMcTBa. M3MeHeHHEM pPEXHMMOB Iro-
psueit mecopmarui, HarpeBa M OXJIAXIEHHS MOXHO BaphUpOBaTh
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CBOMCTRAMM B 3HAYMTEILHO OOJNbIIEM IUANlA30HE 3HAYCHUM, YeM
B ClyYae PEKPHCTA/UIM3ALMHA IIOCIAE XOJOMHOM medopMmanmu. DTO
NPUBEIO K CO3NaHUIO — mepmomexanuveckol obpabomxu (TMO)
HOBOTO BaXXHOTO HANpAaBICHHAA B MeTaUIoBeleHuU. bombluoil BKIan
B paspurve 3Toro HampapreHus BHecad B.Jl. Caposckuili H
MJIL Bepuuureitn ¢ corpyauukaMu. C KoHHIa 50-x romop BHHMA-
HHe WHCCIeNoBaTe/lell COCPEIOTOUMNOChE B 3HAUUTEABHOM Mepe Ha
U3YUYEHUM PEKPUCTAUIM3AINA TIPH TEPMOMEXaHUYECKON 00paboTKe
W ee BIMSHNUA Ha CTPYKTypy W cBolictsa [14].

Huuammeckue mporeccsl ¥ TMO BBEI3BaIM HEOOXOIMMOCTS 110~
CTPOSHHUS BMECTO OOBIYHEBIX AMATPAMM PEKPHCTAIUIM3ALNM IPYTHX,
XApaKTEpU3YIOIIMX CIPYKTYPHBIE COCTOSHHA (a He BEIMYUHY 3cp-
Ha) B OYHKIMY He cTeleHu medopManud, a ee ckopoctu. [uae-
pamma  cmpykmypHuix cocmosuuii [15] mokaseiBaeT OOMACTH CTPYK-
TYPHEIX COCTOSIHUMY, COOTBETCTBYIOLIME Da3HBIM IIPOLECCAM <«BO3-
BpaTa—TIOANTOHM3all», Pa3HbBIM CTaOWsIM DPEKPHUCTAUIM3aLIWH.
UroOhl AuarpaMMbl TIOKa3HIBAJIK €llle W JaHHEIE O BEJIMYMHE 3¢pHA
¥ cremeHd medopmaumm, TpeGyeTcs TEPEeUTH OT TPEXMEPHBIX K
MHOTOMepHBIM IHarpaMMaM WJIM K pa3zpesaM 3TUX JuarpaMmm.

Ocobennocmu peKpucmaiiu3auyuy 6euece ¢ K0GaNeHMNbIM MUROM
XUMUMECKUX cés3ell CBA3aHHl TpeXOe BCero C HaNpaBICHHBIM Xa-
PAKTepOM XUMUYECKMX CB#3ei M, KaK CIEICTBUE, C HMX MOBBIIICH-
HOM XpPYIIKOCTBIO.

HenanpasneHHbIi XapakTep XMMMUICCKOH CBSA3H U 3JIEKTPOHHON
IUVIOTHOCTH B MeTaUiaX OJarornpUsSITHO BJIMSET HA BO3MOXHOCTH
TUTACTHYECKOM JedopMalliy, BIUIOTh IO CaMBIX HHU3KMX TeMIepa~
Typ. Beicokad u OmmM3Kasd K M30TPONHON IUIACTMYHOCTDH, HH3KHE
Gapeeprl Ilaftepnca oGierdaloT 3apoxicHUe W IBIDKCHME IUCIOKa-
it (MakcHMaTbHas [uioTHocTh mocturaer 10121013 cm™3), cosna-
10TCA YCIOBHA U 00pa3oBaHusd SYEHCTHIX CTPYKTYp H Ipeobpaso-
BaHUS TIOCTEIHMX TIPM HarpeBe B 3apo/bIlI¥ MEPBUYHON pekprHc-
rawmsanay. KopaneHTHBIE CBSI3W, TOCHOACTBYIOIME B IIOIYIIPO-
BOIHHMKAX, MMEIOT HAIIpaBIeHHBIA XxapakTep, Gapbephl [lafieprca
OYeHb BLICOKHM. B HMTOre MOIYIIPOBOOHMKU OYEHb XPYIIKW, MX IUIa-
CTUYHOCTH TP KOMHATHOI TeMIIepaType COCTaBIIET COTHIE HONM
IIPOTIEHTOB, a IUIOTHOCTH NUCTOKAIMIA He mpeBbmiaer 106...10%8 cm™3,
KoHneHTpauma ToueuHbix HedekToB mocie nedopManyvyd B HHUX
Takke MeHBIE, YeM B MeTaUlaXx. B pesyigprate Ipu HarpeBe B
HMX MOTYT pPeanm30BaThCI TOJIHKO BO3BpAT W TMOIMTIOHW3ALNS, a
BBEICOKOYIJIOBBIE I'DAHMIIK HAIpeBOM Tocie dedopMaluu, 10 €CTh
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MEXaHH3MOM IIEPBUYHON PeKPUCTAUM3ALHH, O6pasoBaThc B HUX
MOTYT TOJIBKO Ipu Temneparype > 0,8 T . MaccuBHEIE TOJHKPH-
CTALTMYECKHE TOIYIIPOBOMHUKYI MOTYT 06pa30BaThCs TONBKO KDH-
CTAJUIM3aLMEN M3 PACIUIaBa, IUICHOUHHE IIOJIYIIPOBOAHUKE — IIy-
TEM KPHCTALUIM3alMy M3 ra30Bodl dasm [16]. CobuparenpHas
BTOPHYHAA DCKPUCTA/UTM3AIAMA B CIHTKAX MOTYT pPEal30BATHCH
Mo BIMAHWEM IPAJVEHTa SHEPIMM BBHICOKOYIVIOBHIX IDaHMII, a B
IUICHKaX — TpaJueHTa IIOBEPXHOCTHONM JHEprMM pa3HEIX 3€peH.
Ho cKOpoCTh 3THX NpOIECCOB Majia M OYeHb Pe3KO 3aMeUIIeTCs
HATMYHEM YyXCPOOHBIX aTOMOB WIHM IUCIIEPCHEIX YacTHIl Ha rpa-
HHMHAX.

1.3. Ilpouneccsl peKpHCTALIM3ALNMH,

BO3BpaTA H HOJINIOHH3ANMH B MaTephajiax,

colepXamux CTPYKTypHble HedeKThl Hexe)OpMANEOHHOTO
NPONCXOXKIEHHSA

Bce nanoxeHHOe IO CUX MOP OTHOCHTCA K PeKpHCTALIM3ALIVH,
BO3BPary W IOIMTOHHM3AL¥M IIOCHE IUIACTHYECKON medopMariuu
(xonomHOIt M Topsueit), Korma medopmanys KpHCTA/UIMYECKOM pe-
LIETKH TI0 KOHIIEHTPallMd ¥ II0 TUITY BBOAMMBIX CTPYKTYDHBIX HeE-
COBEPIIEHCTB OCYLIECTBIAETCS Hambojee IOAHO, TAK Xe KaK H
VOUIEHHE 3THX HECOBEPIIEHCTB.

Ho nmomuMo mmactmdeckoit medopMallii CymIecTBYeT MHOTO
APYIHX IIPOLIECCOB, BBOIJIIMX CTPYKTYpHEIE HECOBEPIIICHCTBA He-
nebopMallMOHHOIO NIPOMCXOXIEHWS. OHH, KaK IpaBWIO, MeHee
PasHOOOpa3Hbl, U, COOTBETCTBCHHO, NP HarpeBe PEaln3yIOTCS He
BCE CTaMM IIPOLECCOB PEKPUCTAIUIM3ALMK, BO3BpaTa M IOJIMIOHM-
3alMH, a HEKOTOpEle 13 HUX. Ho moummampme mpomeccos, MmyImmx
MpH HarpeBe IUIaCTUYESCKY MeOPMMPOBAHHBIX MATEPUAIOB, OOIEr-
gaeT MOHMMAHMe MEXaHWU3Ma IIPOLECCOB M B APYIHX CIydasx.
ITosToMy BaxHO, YTOGHl CIIENMANMCT 3HAJ, KaKWe THIIH HECOBEp-
UICHCTB BBONATCSA MPH TOM WMIM WHOM BO3JCHCTBMH, KAaKUMH Oy-
YT IIPOIlECCHl MX yNaleHMs, K MOT OaBaTh COOTBETCTBYIOLIME De-
KOMEHIAIINH TeXHOJIOTaM.

[MpuBeneM HEKOTOpHIE MPAKTUYECKH BAaXHLIE IPMMEPHL

Ilopowkosas memanaypeun

K WMHTeHCHBHO pa3BHMBAIOIIMMCS HATIpaBIEHWSIM B OOIACTH HO-
BOM TEXHUKU OTHOCSTCS nopoukoeas memanaypeus [17, 18] # rex-
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HOJOTMA TONy4eHHs KOMITO3uTOB. CIleKaHHME TaKHMX MaTepUaIoB
BCETIa COIPOBOXIACTCA PEeKPUCTANIM3aNVMell, HO NPH 3TOM BaXHO
pa3InyaTh ABa CIIy4Yas.

1. Iony4eHue NOpH HarpeBe CICYCHHBIX MAaTepUaioB, H3IOTOB-
JIEHHBIX TBepHO(pa3HBIM CHHTE30M M3 PasiMIHBIX IIO0 COCTaBy HC-
XOIHBIX TIOPOINKOBBIX MaTepuaioB. B 3TOM citydyae mpomecc MMECT
CIIOXKHBIM XapaKTep. 3aBeplIalolieMy CIEKaHMIO KOHEYHOro M3ne-
MUl TPSAIICCTBYIOT: CMCUICHME M. [IPECCOBaHKME CMECH IIOPOLIKOB
pasHoro coctaBa; AU(dy3HOHHEIN OTXWUT Wi TONYYCHUT METONOM
TBEpAOMPA3HOro CHHTE3a HEOOXOOMMOIO COCIWHEHMS WM pacTBO-
pa; IpobiaeHMe CHUHTE3MpOBAHHOIO MAaTepHana; €ro IpPEeCCOBAHME K
3aBepIarollee crieKaHue, NPY KOTOPOM MOIYT PEalH30BaTbes ONHA
WIH JABE WIM BCE TPHU CTalUM PEKPHCTAJUIM3AIIWM.

2. TlonydeHve CIIEYeHHEIX MAaTepualoB U3 OTHOMA3HBIX Marte-
puagos. B 310M cCiydac 1Mo 3aBeplleHHU CIIEKAHHA pealn3yeTcs
TONBLKO COOHMpaTeNbHasd PEKPUCTAIIM3ANIS C ONHOPOIHOW IO pas-
MepaM 3epeH cTpykrypoit (cMm. rm. 13).

Tonkue naenku memaatoe U HOAYRPOSOOHUKOE

MeTtaumMyeckye IUIEHKY IONY4aloT Yalle BCEro MPOKATKOM Ha
OonbllMe cTelleHN pedopManmy 10 pasMepoB < IMKM (~ mecaTsie
goma MM). Craguy BO3BpaIa B 5TOM ciydae OTCYICTBYIOT. Pekpu-
CTAIUIM3ANM B HUX peaqM3yeTcd Kak B IUIACTHYCCKH AeGOpMHPO-
BAaHHEBIX MACCUBHBIX MaTepHajax, HO 3€pHA NOCIE PeKpUCTaLIM3a-
LMHA MMEIOT aHU30TpoIHyI0 dopMmy. X TOMIMHA He MOXET IIpe-
BHIIATh TOMIIMHY IDIEHKH M << pasMepa B IUIOCKOCTH IUICHKH.
Crpykrypa, KaK IpaBwio, TeKCTypUpoBaHHasd. THII TEKCTYPH Yalle
BCETO OIpEJle/IAeTCd MOBEPXHOCTHON SHEPrueil pasnuyHO OpHeH-
TYPOBAHHEIX 3CPEH.

TIneHKM TONYIPOBONHWKOB (B YACTHOCTH KPEMHMEBBIE) He MO-
I'YT (M3-3a XPYNKOCTH) OBITh HOJYYeHH IUIACTHYECKOH Jedopma-
nueil. VIX moiy4aloT ocaxmeHHeM M3 Ta3oBoil ¢ashl Ha pasHble
TMOUIOXKKM, Yallleé BCEro Ha KPEMHHEBYIO IOUIOXKKY, TOKPHITYIO
TOHKMM ciioeM Si0, ocaxgeHHeM H3 TeTpaxyiopuia SiHCl; wmm
MoHocunaHa SiH,, TommpHA IUIEHKH COCTABJSCT OT HECKONBKHMX
oo 100...200 mxm. Ilepspie CIOM OTIHMYAIOTCA MHOTOKOMITOHCHT-
Hoit texcrypoil. C yBenudeHMEM TOMILMHDB! IUIEHKM 3epHa OIpene-
JIEHHOH OpYEHTHPOBKM PpacTyT OBICTpee IPYIMX, BHIKIMHHBASA HX.
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Ioaumopuvie u dpyzue pazoevie npespawenus, conposoOICOAIOU-
ecn Inarumenrsuoiv «obsemnvim 3pdexmom> ¢ Goavwoli pasnuyeii
yoeavHvix obsemax ucxoouod u noeol a3z ”

ITponecc NMPUBOAWUT K BO3HUKHOBEHWIO SHAYWTEIBHBIX HALPS-
JXeHWii, YacTO IPEeBHIIAIOIINX ITPeNe] TeKyJecTH. Pellakcaums STHX
HAIIPSDKEHMI, KOTNa OHM IIPEBLINIAIOT .., NPUBOIUT K 0Opa3oBa-
HMIO AUCIIOKAIWi U Iactudeckoil nedopmamuu. [Ipu mociaenyio-
IIIeM HarpeBe WIHM BLBLACPXKKE IIPH TeMIepaType IPeBpallicHHs, B
3aBHCUMOCTH OT CTeIICHHM HAKJICIIA, MOIYT Pealn30BaTbsi pasHEIS
CTaIVNH MPOIECCOB PEKPHCTAIUTH3AIMY BO3BPaTa M IIOMUTOHU3AIIMH.

Ddderr ocobeHHO BemUK, €CAM HMCXOOHAs W HOBas (pashl OT-
NUYAYOTCSA TUIIOM XWMHUYeCKOU cBsisu. Hambonee XapaKTepHEIM
TIPUMEPOM SIBJIsieTCA IToMMMopdHOe IpeBpalleHye B OJI0BE, B KO-~
TOPOM HM3KOTEeMIlepaTypHasi (asa o06nagaeT KOBAJICHTHBIMH CBSI-
3MH, 4 BBICOKOTEMIIEpATypHad — MeTA/UIMIeCKHMH. PasHuia B
VOENbHLIX 00beMax B 3TOM ciiydac mpeseimaet 20 %.

Jarxaaxa c¢ evicoxux (npednaasuabHviX) memnepamyp u Ooavuuas
CKOPOCHb  KPUCIAAAUIAUUY

B sTOM ciyyae mpu KOMHATHOW M Gojlee HHU3KOH TeMIIepaTypax
yaaeTcsa IIONHOCTHIO KM YaCTHYHO 3aHKCHUPOBAThH {«3aMOPOZUTE»)
TOYCYHBIE NedeKThl (BaKAaHCHM, MeXy3elbHble aTOMHBI M T, I.), Tep-
MOIOUHAMHUYECKM PABHOBECHEIC HPH BLICOKHMX TeMIICpaTypax H OKa-
3aBHIMECA HEPaBHOBECHBEIMU TIPHM TeMIIECpaType 3aKkanku. B mponec-
Cce MOCHAEOYIOUIMX HHA3KOTEMIICPAaTYPHEIX HATPEBOB WIH MAUTCABHO-
TO BBEUICKWBAHWS TPV KOMHATHOM TeMIlepaType pealm3yIorcs IIpo-
LIECCHL BO3BpaTa. B omnpelelleHHBIX CIIy9asx BO3MOXEH TBepaodas-
HBIA CHHTE3.

Obayuenue uonamu (UOHHAR UMNAGHMAUUR) UAN OPYUMU “GCHIU-
Uamu GbICOKUX IHepuii \

Hedekroobpa3osaHue B O0IydacMOM Marepyane OIpPene/sIeTCs
SHeprueil obmyvaloMX YacTHIl, WX KOHIEHTpAIMeR M IpoJOJDKi-
TEIBHOCTEIO O0NydyeHHs. OCHOBHBEIM THIIOM ae(eKTOB B 3TOM CIIy-
Yyae SABIIOTCS TOYEYHbBIe AecheKThl. IIpM HarpeBe OCHOBHBIM MeXa-
HU3MOM HX YAaNeHHs SBIAETCA BO3BpPaT.

Tpyonocmu memoduuecko2o xapaxmepa: TIPAMEIE CTPYKTYPHEIE
MeTOOH M3y4YeHMS 5THX INPOLecCOB JOIDKHEI 00JaigaTh Bee 6OJb-
LIefl paspelnaroleif CriocoGHOCTHIO.
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BaxHBIM CcpeacTBOM, HOIONHAIOLIUM BO3MOXHOCTH CTPYKTYpP-
HBEIX METOJOB M3VUCHHS MEXaHW3Ma MpPOLECCOB PEeKPUCTA/UTH3ALIMH,
BO3BpaTa U IOJIMTOHU3AITAN ABJISIETCH, aHAA3 M3MEHEHUS CBOMICTB
1IpH HATpeBe B Ipollecce YKA3aHHBIX BhHIME Tpex IpoueccoB. Ho
VIS TOTO, YTOGHL 3T0 NONONHHTENLHOE CPEICTRO CTAIO 3(GheKTHUB-
HBEIM, HEOOXOAMMO IMOHUMAaHHE TOTO, KaK¥e M3 CBOMCTB 0c00O0 UyB-
CTBUTEJLHB K M3MEHEHMIO KOHLEHTPAllAU CTPYKTYPHBIX IedeKTOB
M KaKUX HMEHHO.

Tak, m3MeHeHHe TBEpHOCTH ¥ MHOTHMX MEXaHWYECKHUX CBOMCTB
OCOOCHHO YYBCTBUTENBHO K W3MCHCHUIO IUIOTHOCTH IHCITOKALUH,
3JIEKTPOCONPOTUBACHHS — K M3MEHCHHIO KOHIICHTPallMM TOYCYHBIX
medexToB H T. 1.

B zakmovenue HeoGxomuMo emie pa3 MONIepKHYTh, YTO 3HAUH-
MOCTH IIDOLIECCOB DPEKPUCTA/UIM3ALHUM BaXHa HE TOJNBKO M HE
CTOJIEKO Te€M, UTO ITO3BOJIIET BOCCTAHOBUTL CBOMCTBA, KAKMMMU OHU
OBUTH IO BHEIIHETO BO3NEHMCTBUS, HO M BO3MOXHOCTBIO CO31aTh
OUCHb UIMPOKMII AMANa30H CTPYKTYPHEIX COCTOSIHHM M IOJIyYUTh,
COOTBETCTBEHHO, IIMPOKWI OMAIa30H CBOMCTB, B TOM YuCiIe 3Ha-
YUTENHHO HPEBOCXOAAIIMX CBOWCTBA B MCXOTHOM COCTOSTHMM.

B cuiy IiepeduciIeHHOTo BHIIIE, M3YYeHHe 3aKOHOMEpHOCTEH
PCKpHCTA/UIM3alliMY, BO3Bpara W IIONUTOHU3ALMM IIPHM BCell BHEII-
HEH IIPOCTOTE 3THX IPOIECCOB SIBSCTCA CIOXKHON METAILIOBEIdIeC-
KOl '3amayeii.
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IF'nasa 2

CTPYKTYPHBIE U3MEHEHHS ITPH XOJIOAHOM
JE@OPMAIINH MOHO- U INOJINKPUCTALIIOB

B Meraiax ¢ KyGHYecKO# ¥ reXCarOHAIBHOU KPHUCTALIMYECKOM
PEIeTKoM medopManyusd NPOTeKaeT ¢ TOMOIIBIO JIBYX OCHOBHEIX
MEXaHM3MOB: CKOJbXeHWeM (TTPOCTBIM M TIOMEPEYHBIM) M TBOMHU-
KOBaHUEM.

OOpaszoBaHue H JIBUXCHHC AUCIOKAUMHA — OCHOBHOW BUI
CTPYKTYPHBIX HECOBEPIIEHCTB, BO3HUKAIOUIMX IPU IVIACTHIECKO
JedopManyy ¥ BAUSIONINX TIPEXIe BCEro HAa MeXaHMIeCKUe CBO-
cTBa. BMecTe ¢ TeM 5T0 He eIMHCTBEHHBIA BHI CTPYKTYPHEIX He-
coBepllicHCTB. BaH-BropeH momuyepkwBal, YTo NpPMU IDIACTUYECKOM
JedopMaliiy NpH IBIGKEHUM IUCTOKALMI CO CTYNEHBKAMM, a TaK-
XK€ IPUA PeKOMOMHAIUYA OTIENBHBIX YY4CTKOB AMCIOKAIMI BO3HM-
KaeT OONBINoe KOIMYECTBO TOYEUHBIX NeeKTOB — BaKaHCHIA W Me-
KY3CHBHBIX ATOMOB. ,

C yBemmIcHMEM ILIOTHOCTHM MUCTOKAIWHA YBEIMYMBACTCH KOH-
LEHTpausd TOYCUHEIX Ae(CKTOB M BO3PAacTaeT BEPOSITHOCTH 0OOpa-
30BAHUA KJIACTEPOB YacTbio M3 HHX. OG6pasoBanMe TOYEYHEIX He-
(bekTOB mpakTHiecKy He BIMACT Ha MEXaHUYEeCKHWe CBOMCTBA, HO
CYLIECTBEHHO BIHAST Ha 3JCKTPOCOIPOTUBICHUE — OCOOCHHO
WHAMBUAYIBHEE TOYCYHBIC NedekTH. PaccedaHme IBIKYIMXCA
JJIEKTPOHOB — HOCHTEJEIl 3apsiia TOYeYHBIMU IedeKTaMy PE3KO
TIOBRIIIAET 3JIEKTPOCOIIPOTUBICHHME.

OT0 BIUAHUE TaX BENMKO, UTO aHANMW3 3HAYEHHWI 3NEKTpOCo-
NPOTUBICHHA ABIAECTCS ONHUM M3 OCHOBHBIX MCTONOB H3YYCHUS
KOHUEHTPAIVH TOYCYHHX AedeKTOB. DTO BaXHas OCOOCHHOCTH,
IIOCKOJIBKY TIPSIMBIMK CTPYKTYPHBIMU METOZaMH WX BBLIABICHUC B
HacToAIee BpeMs] JIPaKTHICCKH HeXOocTYnHO. [IpH Gonbinoil KoH-
LEHTPAlUU O HHUX MOXHO CYAWUTH C IOMOINBIO IMIPEIM3HOHHEBIX
METONOB OIlpeleNeHNs MeXIUIOCKOCTHBIX PacCTOAHHI, HO U B
STOM CIlydae TPYZHO OTHENUTH BIMSHHE IPYIUX (aKTopoB.

DHeprus akTUBALMK MUTPAlUM TOYeyHBIX AedekroB m Hedek-
TOoB OpeHKens («BaKaHCHUA—MEXY3EJIBHE aToM») O4YeHb MaJd.
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OHa paBHa COTHIM HOISM 5B. DHeprus MUrpauyy BaKaHCHIL, IOX-
CUMTAHHAS TIO JAHHEIM TEMIICPATYPHOM 3aBMCHMOCTU 3/EKTPOCOII-
POTUBJIECHWS, JUIsl YUCTHIX MeTamioB cocrainger ~ 0,45..0,6 3B.
Jlerue peanmm3yeTcd ITWHAMIYIECKHI BO3BpAT, M IO3TOMY <«3aMOpO-
3UTh> OTHCNIBHBIC BaKAHCHHU I MEXY3€IbHBIC aTOMBl MOXHO TOJb-
xo mpu IedbopManmax He Bbime ~ 50..60 K. Jaxe mpu Takux
HU3KHX TeMIIepaTypax BaKaHCHM M MEXKY3eIbHBIC arOMBI OBICTPO
CTEKAIOT B PAa3HOIO BHA TPAHMLBI, JUCTOKALINH W HMX CKOIUICHMS.

Toibko HeGOJIbIIAS I0NA TOUeYHBIX OedeKToB, BOIIEHINas B
KJIACTEPHI, COXPAHSIeTCd IPU KPATKOBPEMEHHBIX OTXKWIax IO TEM-
TepaTypbl HECKOJIBKO BEIIE KOMHATHOM.

OCHOBHBIMU TIapaMeTpaMHl MaTepuaia, OnpelessiouuMM Criocod-
HOCTH K pedopMaipin X e MEXaHW3M, SIBISTIOTCT 3Heprus medek-
TOB YIAKOBKH 7Y, ¥ TUI KPHCTAIIMYCCKOA PEIICTKU [1-3].

2.1. Jedopmanus CKOMbKEHHEM

Cucmempt croabicenus

B OCHOBHOM CKONBLXEHUE IIPOMCXONMT MO Haubojee ILIOTHO-
VIIAKOBaHHBIM IUTOCKOCTSIM W HaIIpaBIeHUsIM. BIonb 3THX IDIOCKO-
CTell W HaNpaBJIEHUIl COIPOTUBIIEHHE CABUTY, KOTOPBHIM OOIagaeT
KPUCTAUINYECKAsA pelieTKa, MUHMMAIbHO. OpHEeHTUpPOBKAa HX 3a-
BUCHUT TIpEXJie BCEro OT TWNA PElleTKd. Y METAiOB M CIUIABOB C
TPaHEIEHTPUPOBaHHOM (I.II.K.) pelreTkoi CKOIbXEHWe WIeT IT0
mrockocTaM {111} B HanpasneHumsx <101>. 3Hax { } o3Hayaer
COBOKYITHOCTh BCEX KpHCTALIOTpadHIecKH HICHTHYHEIX IUIOCKO-
CTCH, pasiudHO OPHeHTHPOBAHHBIX B pelreTke. Hanmpumep, B Ky-
OrdecKoil pemerke B coBokKymHocth {111} Bxomar miockoctu (111),
Ty, ATy, (11T), AT, T1T), ATT) u (ITT). 3Hak < > o3-
Ha4yaeT COBOKYIIHOCTh BCeX KpUCTaUIorpadUIeCKMUACHTHIHBIX
HaTpaBICHUIA. ,

TL10CKOCTE CKONBXKEHMS ¥ HAIPABICHUS CKOJIBXEHMS, JEXALINE
B 3TOU IUIOCKOCTH, 00pa3yloT cucmemy ckoavicenus. I'paHelleHTpU-
pOBaHHBIE KyOm4ecKiie MeTajlTbl, WMEIONI{e YeThipe OKTasdpudec-
kne iockocty {111} w Tpm Hampasnenua Tumna <110> B Kaxmoi
IUIOCKOCTH, oGnamaior 12 cucreMaMy CKONMbXCHHA (Tadn. 2.1). Ha
puc. 2.1 mokasanbl IDtockocTh (111) M TpM HaripaBiIcHVA U3 Ce-
MeiictBa <110> B 5TOH IUTOCKOCTH, OOpa3syiollyie BMECTe TPH CH-
CTeMBl CKOJbXCHUSA. AHAJIOrMYHO MOXHO TIOKAa3aTb CHUCTEMBI
ckonbkeHnst mua rwmockoereit (111), (1T1) m (111).
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Hapsiny ¢ ocHoBHOU cucremoii ckoibxenus {111} <110> B
[.ILK. METAUIaX MHOrOA CKONbXeHWe wWaeT 1o tuockoctsMm {100},
{110}, {112} u {122}, ocoGeHHO TPU OTHOCHUTEIBHO BHICOKMX TEM-
IepaTypax U B MeTa/UlaX C BBICOKOM Y, , M TIOCKOCTAX {111}, {110}
u {122} — mpm HU3KOTEMIEpaTypHOM CKOMbXeHHH [3]. Jna maty-
o1 70 % Cu—30 % Zn ¢ Hu3koil sHeprueil neheKToB YIAaKOBKH MpH
GOoNBHINX CTCHCHAX gedopManmp OOHAPYXKEHO CKOJBXKEHHUC IIO
pAXY HCOKTa3ApHYCCKUX IUTOCKOCTeH [4].

Tabauya 2.1. CucTeMBI CKOIBXEHMA

Meramn win crias CHCTEMBI CKOJBbXESHUS TIPH TeMIIepaType

HHU3KOH

BEICOKO#

r.ILK, pemeTka

Al {111} <T01> -
‘ {010} <T01> -
{111} <To1> -
O.ILK. pemieTka
Cu, Ag, Au, Ni, {110} <T11> {110} <111>

o-JIaTyHb, o-Fe

@11y <T11>

{211} <T11>
{321} <T11>

Mo {211} <T11> {110} <T11>
{110} <T11> {211} <T11>
w 211} <T11> —
B-natyss {110} <T11> —
{211} <T11> —
I.I. pemerka
Cd (c/a = 1,386) {0001}<1120> {0001} <1120>

Cd (¢/a = 1,856)
Mg(c/a = 1,624)

Co (¢/a = 1,621)
Zr (¢/a = 1,593)

Ti (¢/a = 1,587)

{1T00} <1120>
{0001} <1120>
{1122} <1120>

{0001} <1120>
(1T00} <1120>

{0001} <1120>
{1122} <1120>
{1100} <1120>
{0001} <1120>
{1100} <1120>
{0001} <1120>

{1701} <11270>
{0001} <1120>
{1T01} <1120>
{1122} <1120>
{0001} <1120>
{1701} <1120>
{1To0} <1120>
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O6BeMHO IIeHTPUPOBAaHHOE Xeie30 Fe, MMeeT dYerwlpe Hampas-
seHusa <111>, BOKPYr XKaXIoro w3 KOTOPHIX PacIONoXeHo rmo 12
ockocrTei, Bxomamux B cemeiicrea {110}, {112} u {123} (cMm. puc.
2.1, Tabn. 2.1). Beero y Fe,, Takum obpazoM, 48 crcTeM CKOIbXKe-
must. Ho 6yIyYd IDIOCKOCTSMH C OTHOCHTEJIBHO IUIOTHOW YIIAKOB-
KOi1 aTOMOB, HI OIHA M3 IUIOCKOCTEM CKOJBXCHHS B JaHHOM CITy-
yae He SBIACTCHA IUIOCKOCTBIO C TUIOTHEHIeH yIIaKOBKOM, BCE OHHM
conepXar IUIOTHOYIIAKOBAHHOE HaNpaBIeHHe CKOJIbkeHHa <111>.

Kakye U3 IUIOCKOCTEH CKONBKEHHWSI PEeaU3yIOTCs, 3aBUCUT OT
temmepatypsl negopmanuu. Ilpum temmeparypax Memee T1,./4 neii-
CTBYET IUIOCKOCTH CKOJbXeHMd {112}, B mHTepBaje TemIeparyp
Tx/4 — Tyy/2 CKOJMbXeHHe WIST TPEHMYIIECTBEHHO MO IUIOCKO-
« ctu {110}, a npm TeMneparypax Bbllle 1, /2 IpeBaJUpyIOT ILIOC-
1 xoctu {123} [3]. Tlpu KOMHATHOI TeMIlepaType CKOJbXEHUE B
‘ 0.ILK. XeJese OCYINECTBIIAETCS IO BCEM TPEM IUIOCKOCTAM B Ha-
npapreHmM <111>.

B IOTHKPUCTAIIMUECKOM O-XeJle3e CKOJNIBXKEHUE 9acTo MIET I10
BOJNHUCTON 1oBepXHOCTU (puc.2.2). CnoxHasi MNOBEPXHOCTb
CKONTbXXeHUA TipeicTapinsier coboii kak OBl TOBEPXHOCTb, COCTOSI-
HIYI0 W3 TpaHed IPH3MbI, KaXnas M3 KOTOPOU COBIANAeT C Ka-
KOU-TM00 TUTOCKOCTBIO CKONBXKEHMsA, a pebpa — NHMHWU Tepece-
YeHMs ITHX IUIOCKOCTEN — ¢ HampaBiAeHHeM cKoabxeHmusa. CamMo

A
7
daw

27701 [100] 6 [0
111 111 _ 111
[111} [111] (230) [111]

(170 (121)

8 2 0

Pyc. 2.1. OcHOBHBIE CHCTEMBI CKOJIbKEHHS B pelieTkax r.u. (4), r.aik. (6) m o.aLK.
(¢ — 9
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CKONTbXXEeHUE HAIIOMUHAaeT IIpo-
OOJNBHEIN CIOBUI B CBA3KC Ka-
paHpaaneif, mo3TOMy IOJYYIHIO
Ha3BaHue «kapandawnoe>. OHO °
CTaHOBHMTCS BO3MOXHBIM IIpH
HAJIWYHUU JOCTATOYHOTO UHCIa
cucTeM ckoinbkeHus (48), co-
JepXalllX OfHH W TOT XK€ BeK-
TOp coBura. M3BHIMCTOCTH JIM-
HUIl CKOJIbXECHUA B O.I.K. Me-
TAJUIaX CBA3aHA ¢ YaCTHIM ITOIIC-
' , PEYHBIM CKOJbXEHHEM.

Puc. 2.2. Tlonock cxoMbXKeHHs HedopMmaryad rekcaroHaIb-
B a-xkerese (x 100) -

HBIX TOTOTHOYIAKOBaHHBIX (I.IL)
META/UIOB OOBLIYHO  HAYMHAETCS CKOJBXEHWEM, HO CHMMETPHA pe-
IETKH U BO3MOXHBIX CHCTEM CKOJLXCHUA MEHBIIE, YeM Y T.ILK.
M O.IL.K. METAIAOB, 4TO IPHBOTUT K 3HAUMTEIHLHOMY PA3BUTHIO
JIBOMHUKOBaHMs yxe TipH crencHsx necdopmarmm €< 0,2 [3]. He-
CMOTpA Ha GONBINOE  KOJHMYECTBO IBOWHWKOB B MHKPOCTPYKTYPE,
'BKJIAaZ MX B o6lyio JedopMallfio HeBeJMK, YTO OOBACHACTCA OTpa-
HMYCHHON BEMMYMHOM CIOBHMTAa IpW IBOMHHKOBaHMH. Korma mpoii-
HUKOBaHUE 3aTyxaeT, AedopMallMs CKONLXCHHEM HAYHMHAETCA BO
BHOBb OOpa30BaHHE(X MBOMHMKAX M BECb IPOLIECC MOBTIOPSETCS.

B r.n. Meramiax ogHa IDIOTHOYIIAKOBAHHAS ILTOCKOCTH — ILIOC-
xocTh Gasuca (0001) (cm. puc. 2.1, Tabn. 2.1). BasucHoe CKONbXe-
HHe npeobnagaeT B METAUIAX C «UIMHHOW» OCBIO «c» — cfa >
>1,633. Ilpu «KOpOTKOH» OCH «» OHO MOXeT paboTaTh IpH IIO-
BBILICHHO# TemmepaType, Hanpumep seime 0,4 7, B Zr [5]. IIpn
¢/a < 1,633 BO3MOXHO CKOJBXEHHE IO IUIOCKOCTH IIPU3MEL M
TUTOCKOCTAM ITHpaMuobl (cM. puc. 2.1, tabn. 2.1), Tak HaseIBacMBbIC
npusMamuueckoe M RUPAMUOGLLHOE CKOAICEHU.

OCoGeHHOCTH T.II. PEMIETKH B TOM, YTO IUIOCKOCTEH CKOJbKE-
HHMS B KAXIOW COBOKYITHOCTH MAJ0 M MOXHO TOBOPHTH O IpeoG-
TIAJAOIEM CKOJIBXCHHH ONHOTO THIIA NPU HEOONBIIOM  BKIIaze
IpYTOil COBOKYIHOCTH.

Daxmop IlImuda.

HpI/I aHaJI|3e IIpollecca CKOMLXEHUS IIOI BO3ACUCTBUEM BHEIL-
HE IIPWIOXKCHHOIO (HaanMep, pacmmBanu[cro) HAIIPSTCKCHUA O
CIIEAYET YYUTBIBATh, YTO COBUI BBI3EIBACTCS KAaCaTCJIbHBIM Hamps-
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XeHreM, BCHCTBYIONIMM B IJIOCKOCTH CKOIBKEHHS M B HAIpaBlie-
HHM CKONbXeHWS. FTo HasbIBAIOT NPUGEOCHHBIM HANPANCEHUEM CO6U-
ea Typ (puc. 2.3). 3aBUCHMMOCTb MEXIY Ty, ¥ G HMeeT BHA

Tygp = O COSP COSY, 2.1)
rme cosg cosy — (axrop opueHTanuu i dakrop IMuna.

Yem dakrop IIIMuma MeHbILe, TeM HIKE [PUBEACHHOE HaIPs-
XeHHE CIOBUTA B JTAHHOW CHCTEME CKOJBXEHHS.

IlracTimuecKkaa AedopManysa B JAHHOHW CHCTeME CKONBXEHHS
HAa4yHETCd - TOTJia, KOIma IPHBEICHHOE HampsDKeHWe COBHMIa HOCTHI-
HeT SHAYCHUSA KPUMU4ecko20 HAampsdeHus cosuzd T, (WM KpUTH-
YecKOTo IPUBEICHHOTO HAMPsSOIKEHUS CIBUTA), KOTOPOE SIBIACTCA
BAKHOM XapaKTEpMCTUKON MEXaHWYECKMX CBOVCTB BeIlEeCTBA.

Heo6xonuMo Y4ATHIBATh, YTO Ty, PE3KO PACTCT ¢ YMCHBIICHHEM
YHCTOTHL MeTa)uia. D70 CclenyeT IPUHUMATHE BO BHUMAHME MPU
M3YYeHHUH BIHSHEA Apyrux (akTopoB (TeMIlepaTypbl M CKOPOCTH
necdopMaIliy, CTPYKTYPH ¥ Ip.) Ha Tep:

M3 pasencrpa (2.1) creayer, YTo 3HAYCHHUS T, 3aBHCUT OT OpPH-
E€HTHPOBKH CHCTEMBl CKOJIBXCHHMSI OTHOCUTEILHO BHELIHETO. YCH-
nug. B caydae IByX OpHEHTHPOBOK — KOTIZIA OCh PACTSIKEHMSI HOP-
MaJbHa K IUIOCKOCTH CKOJIbXCHHUSA H 5
KOIZla OHAa IlapajUielibHa 3TOH ILTOCKO-

CTH — CKONbXEHHs He OyeT, Tak XKaK ;% .
Typ — 0. Korma IockocTs CKOMbXEHHS § % % o
HaKJIOHEHa K OCH pacTsLkeHuda Ha 45°, 2§ §\ oS o o
sHaveHMe T, = 0,50 OGymer Makcu- ¥° 2Ly e
MAaTbHBEIM.

Ilono6HO TOMYy, KaK HAaIpsSXeHHE
capura Golee ABHO, UeM IPIUIOXEHHOE A
pacTsaruBalolice HanpsDKCHHE, XapaKTe-
pU3yeT BEIVMVMHY HANPSKEHWd, BRI3RI- |
BAIOIEr0 CHBHT (ILIACTHYECKYIO nedop- C P
Malliio) B MaTepuaie, [ OLIEHKU HC- \IG/
THHHOM AedopMaimy HYXHO OpaTbk He O
obmiee ymwimHeHue o0pasia B IIPOLECH- pacTsKeHust

TaxX, T.e. He OO0y XehOpMALMIO, 2 Puc. 2.3. Coasb MeKIy

BCJIMYMHY OTHOCHTECJIBHOIO CMCIICHH TNPUIOKEHHBM HANPSKCHUEM O
JBYX GIIDKAMIINX COCENHUX TUIOCKOCTEH 2‘;:::;"““““’“ CHBHIA Ty
CKOJIbXKCHHA, KOTOPYIO Has3BIBalOT COGU- A HJ'[.OCK()CTB CKOJILXEeHHUSA

2 — 9747 33



A VS

Ocb annurica
CKOJIbXEHUS

Hanpaenexue
GKOIBXEHNA

Puc. 2.4. K onpeneienuio casurosoii xegopmamau

2060l Oehopmayueii (puc. 2.4) [6]. Ces3aHO 9TO ¢ TeM, YTO B IpPO-
Hecce CKONBKEHWS M3MeHsIeTcAd reoMeTpus olOpaslia, M Kak clien-
CTBHE — HANpaBlIcHUE CKOILKECHHSA IIOBOPAYMBACTCA K OCH DacTs-
KCHMA.

Ecmm n3BecTHBI HaYanbHas M KOHCYHAS OPUEHTUPOBKM JIEMEH-
TOB CKOJBXKEHHA — YIIBI MEXOY OCHIO PACTsIKEHUS, ¢ ONHOU CTO-
POHBI, ¥ HAIPaBJICHIEM CKOJBXEHUA IO Ay M IOCiE A; Hedopma-
MM, a TaKxe YIIbI MEXIY IIOCKOCTHIO CKOJBLXEeHUS Jo JedopMa-
IMH %, ¥ IocTe — Y, TO CABUTOBas AehOopManus € ONpenesaeTcs
U3 3aBUCHUMOCTH:

g = (cosh,/simy;)(coso/sinyp)- (2.2)

Ecnu ke M3BECTHA TOJBKO HavyajbHas OPUEHTHPOBKA (Ay U M),
a Takxe [ u [, 10

€ =1/siny, (¢, /1,)* —sin> A ) —cos A, (2.3)

Orciona SICHO, 4TO TIPYM HAINMYUK B KPHUCTALIC HECKOIbKUX CHC-
TeEM CKONBXKEHWs, Pa3sindHO OPHCHTUPOBAHHBIX OTHOCUTENLHO BHE-
IIHUX CHN, IUIACTIYecKas AeopMaims 1o Mepe YBENMYCHHS BHEII-
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HEro HAaNpsSXeHWsI HAYHETCS paHblle B HauOonee OIarOIpUsITHO
OPUMEHTHPOBAaHHON CHCTEME, a UMEHHO B TOH, IS KOTOpPOH IpuUBe-
IEHHOE HANPSKCHWE CIBUra paHbllie NOCTUracT 3HAYCHWS KPUTHU-
YeCcKOTO HATIPsKCHMS CIBUTa. Takas cucTeMa CKOJIbKCHWA Ha3biBa-
eTC RepeuYHOU WITY CUCTCMOM 1€2K020 CKOAbICEHUA.

C yBemmicHUEM TNPIIOKCHHOTO HANPSKECHWSA CKOJILXCHUC pac-
MPOCTPaHACTCS M Ha MeHee OJaronpUsITHO OpPHCHTHPOBAHHBIC
émopuuHbie CUCTEMEl CKOJBXCHUSA, HAYWHACTCA MHONCECMEEHHOE
CKOJLXEHME.

Kpusvte nanpaxcenue—dedpopmaunn

HenocpeAcTReHHOS H3YUeHHE AMCIOKAIIMOHHOM CTPYKTYDEHL Je-
(GOPMMPOBAHHEIX METANIOB U CIUIABOB He BCerma JOCTYIHO.
B sT0it CBI3M BeChMa BAXHEBI JAHHLIC 00 YIIPOYHEHHM B XOIE Jie-
dopmanum. Dra OCOGEHHOCTh METAJUIOB HETIOCPENCTBEHHO CBs3a-
HA ¢ JUCIOKAIHOHHON CTPYKTYpOH, BO3HHKAIel mpu aedopma-
LM ¥ IIperATcTBYIONiel nampHeiuelt medopMamuu. B pesymeraTe
KPUTHYECKOE COBHUTOBOE HAIpsDKEHUE T, HeoOXooumoe s Jab-
Heimiel nedopmary £, MEHSETCA B XOJe CAMOTO Iporlecca M TeM
cHIbHEE, YyeM OOJblliee COIPOTUBIEHUE NBIKEHUIO TUCIOKAIU
OKa3bIBaeT MWMCIOKAIMOHHAS CIPYKTYpa, CO3NaHHAas TPeaIeCTBYIO-
el oOpabOTKOM, a 9TO CONPOTUBICHME TeM GoJbime, YyeM Gojb-
e IUIOTHOCTH AUCTOKAIWA.

Kpussle xanpsocenue—degdop-
Mayus ¢—€ (KPUBBIC YIIPOYHCHIS)
N0 CYUISCTBY NOKA3EIBAIOT, KaKoe
COBHIOBOE HANPIKEHHE HeobX0- Cragws Il
IAMO IIPHUIOXHTE, YTOOLI . BBHI3-
BaThk JAJIBHEHNIYIO IDIACTHYESCKYIO
JedbopMalio mpy JAHHOM IUIOT-
HOCTH JUCTOKANWIL U UX pacIpe-
JeNeHUU, CO3NaHHOM IpenuIe-
CTBOBaBIlell 06GPabOTKOIA.

Monoxpucmaane.. Ha puc. 2.5
NPeACTABIEHE] TUITHYHBIE KPUBBIE
nanpaxcenue—oeopmayus s E
TILK., T (¢/a 2 1,633) u 0..K.  Puc. 2.5 Xapakrepuslil Buj KpHBBIX
MOHOKPUCTAIOB, NehOpMHpO-  Hanpawenue—degopmayun 1A T.K.
BAHHBIX pacTsokenmem. HawmGonee (D> A% () M oK. (3) xpuerax-

JI0B, O1ATONpPUATHO OPUEHTHPOBAHHBIX
XapaKTepHa KpuBas I.IL.K. KPHC- nya Jerkoro CKOJbKEHHS (CXeMa)

Cragus I

Crapus |
OB6nacTb ynpyroi gedopmauym
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Tavta. Ha He#l OTYeTIMBO BHIABISIIOTCS TPH CTaAMH VIIPOYHCHWS,
Ha KPHUBBEIX I KPUCTALIOB € PELIETKAMH IPYIHX THIIOB HEKOTO-
DBIC ¥3 HHMX BblpaXeHH cniabo. [loMUMO TuIa pelieTku Ha BHI
KPUBBIX M OTHOCHUTENIBHYIO JOMI0 YKa3aHHBIX TpeX CTajuii B 00-
ueil neopMalliil BIUSIOT W Apyrue bakrophl. [JaBHBE U3 HUX
CIIeIYTOIIIHE:

— 9HEprusA NedeKTOB YMAKOBKU M OTHOILICHHE c¢/a (O rekca-
TOHAJIBHBEIX METAJIOB);

— OPHECHTHUPOBKA KpHCTAJLIA;

— CTeIeHb YHMCTOTHl MaTepuaia, KOJIHYECTBO W IIPHpOIAa NpHU-
Meceil M JIETUPYIONIMX T0GaBOK;

— TeMmeparypa M cKOpocTh JAechopMaliuH.

PaccMOTpuUM OTHOENBHBIE CTAaIMH KPUBOW ympoudenus. Ha ep-
BOIl CTagu¥l KpHBasi COCTOMT W3 JBYX JIMHEHHBIX Y4acTKOB — Ha-
JaJTBHOTO VYACTKA YIIpyroil (00paTUMoOil) medhopMalMd M IOCIENY-
IOIET0 yYacTKa ILTacTudeckoii (HeoOparumoit) medopmanym. ITe-
PEXOIYy KO BTOPOMY YYACTKY COOTBETCTBYET HM3THMO KPWMBOM 1—€, OT-
paxamomuii Havano uractuueckoi xedopmaiivum.

KospdumenT yrmpouyreHns Ha IEPBOM Y4acTKe B COOTBETCTBUAM
¢ 3akoHOM I'yka papeH Momymo capura (, Ha JIHHEHHOM y4acTKe
IVIACTHYECKOH tedopmanun KOI(QOUUMEHT YIIPOUHEHUS ©; OdYeHb
Mal d COCTapjisieT I I.I. W I.ILK. META/UTOB BEMHMYMHY, OIM3KYIO
x 1074 G, a mia o.x. xpucrawios ~1073 G. Mamast Bexmduya 0;
Iajla OCHOBAHUEC Ha3BaTh TMEPBYIO CTAIWIO cmaduell Ae2Kko20 cKoAb-
dcenus. BaXHBIMI TIapaMeTpaMy ee SBISIOTCH TAKKE KPUTHYCCKUIC
C/BUTOBbIE HATPSKEHUS Ty, M BEIMIMH2 MAaKCUMAIBHOM CIOBHTO-
Boi medopmaruy g;. Kax Gymer mokasaHo H¥DKe, i METAUIOB,
PasHEIX MO IPUPOJE M YHCTOTe, M Pa3IMIHBIX YCIOBH mnedopma-
HMW 3HAYEHWsA 5THX BEIWYMH MOTYT KONeGaThCI B OYEHBb IIPO-
KHX TIpeaenax.

JJIsT BBICOKOYMCTRIX TIPOCTHIX METAIIOB T,, OYeHb MAlO HO Be-
mavHe (Hanpumep, mis Cu, Ag ~ 0,5 MITa). 3Hauenus Typ BBIILE
U ePeXOTHBIX O.IL.K. METAJJIOB, INe OHU CIJIBHO 3aBUCAT OT CH-
CTeMHBl cKoibxeHMd. Hampumep, mns o-Fe {110} <111> Tep —
= 22 MIla, a mma {123} <111> Tgp = 45 MIla. g oK. ¥ I.IL
METAJUIOB Ty, OYEHb CHJBHO 3aBUCHUT OT HpHMeEceil.

Bropas cramma, wactymamonias ¢ yBedudyeHHEM HedOpMallUu
CBEpX §&;, TaKXe - XapaKTepH3yeTcd JHHCHHON 3aBHCHMOCTHIO
T =€), HO X0abbUUMEHT YIPOUYHEHNI Ha 3TOH CTaguy 0, cyme-
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cteeHno OGospiie (npuMepHo B 30 pas), dem 6y, W paBeH A
qUCTHIX MeTawioB ~ G/300. Bropas cTaigusi — cmaousi MHOMCECMEEH-
H020 CKOABbMHCEHUSL.

Bropas cTamus MeHblie TOABEPXeHA BIMAHMIO PasHBIX (axro-
poB, ueM mepBas. B 4actHocTM, Ko3dduuMeHT 6, HE 3aBHCUT OT
TeMIIEpaTyphl (TOYHEe, 3aBHCHT OT TEMINEpaTypel TaK Xe, Kak U
Monyie G). TlepeMeHHBIMH SBIAIOTCA MPOTSKEHHOCTh BTOPOM Cra-
MK ¥ Hadajlo Iepexola B TPETHIO CTATHIO — CMadur NONEPEeHOo
ckoabdcerus, WIA cmaduio Ounamuueckozo éosepama. I NMOCIeTHeN
XapakTepHO TO, YTO YYACTOK KpPMBOM, COOTBETCTBYIOINMI e, mMMe-
eT He JMUHEMHBIM, a mapabojwdgeckuil BUA. CTeNeHb YIIPOUHEHUS
Ha TPEThEH CTaUU YMEHbIMAETCS ¢ YBEJMYCHHMEM CTEIeHU nedop-
MallM{A. YMEHLNIeHHe HHTEHCUBHOCTH YIPOYHEHUS Ha TPeThel
CTAOMM CBS3aHO C IIOIEpeYHBIM CKOJIBXEHUEM BUHTOBBIX IUCIIO-
Kaluuif ¥ TOAy4YWIO Ha3BaHWE <«IMHaMH9ecKuii Bo3ppar». Hayaso
TpeTbell CTanuu OCOGeHHO YYBCTBUTENLHO K TeMIeparype Ietop-
Malmn Tneq) U 3Hepruy medekroB YIaKoBKu. C MOBBILECHUEM TEM-
TepaTypsl Havyalo TpeThell CTAAuH CMEIaeTcd K MEHBIINM 3Have-
HHSM €.

[1pOTAXEHHOCTE CTaAMil COKPAUTAeTCS IIPHU YBEIMYCHUM BHEP-
I'MA 7e(EXTOB YIIAKOBKM 3a CYET BRIXOJA BHHTOBBIX IHC/IOKalMiA
U3 CBOMX IUIOCKOCTeH CKOJIEKCHUS IyTeM IIONEepeyHOro CKOIBXKe-
HYSL.

TIpoTsskeHHOCTh IIEpBOM CTamuy CWIBHO 3aBHCUT OT OpPHEHTH-
POBKM KpucTaia mpu jJedopmanvu. HawmbGonee sApko BhIpaxeHa
OHA Y T.II. MOHOKDHCTaLIOB. HampmMep, mpu ycioBuyl 0a3sHMCHOTO
CKOJBEXEHMS B I.II. MOHOKpHCTaTax medopmanusa Ha mepBoil cra-
mu Moxer gocturars 200 % w1 Gornee [2]. Eciau xpuctawt opueH-
TUPOBAaH MeHee OJATONPHITHO, TO MNPOTKEHHOCTH NEPBOM Craguu
PE3KO COKpAIaeTcs.

Biuanue OpHMEeHTHPOBKH PE3KO CKA3bIBA€TCS M HA KPHUBBIX
t=fg) D01 T.IK. U O.IL.K. MOHOKPUCTA/LTOB. [IpU 3TOM MEHSIOTCA
B HUIMPOKMX IIpefeiax Kak MpOTSXECHHOCTh NMEPBOH CTamuH, Tak M
KO3(MGULUEHT YIIPOUHEHUS €.

IIpoTsoKeHHOCTh TIepBOM cTagui y T.ILK. KpuctawoB (Cu, Ag
¥ [Ip.) MaKCUMAaJibHA JUI1 OpMeHTUpPOBKHM, 6imu3koil K [011], noctu-
rasg 15 %, ¥ MUHAMAaJIbHA UL KPUCTAJUIOB, OCh PACTKCHUS KOTO-
PHIX OMU3Ka WIM COBNafaeT ¢ HampaBmeHwsmu [111] u [001]. B
COOTBETCTBMM CO CKAa3aHHBIM BBIIIC TIPK 9TOM IOJDKHEL JEHCTBO-
BaTh TPU WM YETHIPE CHCTEMBI CKOJNBXEHUA COOTBETCTBEHHO.
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OTH JaHHBIE, KaK W HENOCPEICTBEHHBIE CTPYKTYPHBIE HCCIENO-
BaHUS, CBUIECTEIBCTBYIOT O TOM, YTO B I.ILK. KpHCTALIaX ¥ Ha
NEPBOA CTAIUM HeOGOMbIIAS AOMS CKOJBXKEHUS MPOKCXOIUT BO BTO-
PUMYHEIX cHcTeMaxX. Ilo Mepe MOBOpOTa OCH KPHCTAIA B XOHIE
nedopmanmu K HanpaeneHusM [111]1—[001] moxs sra 3amerHO pa-
crel. O IUIACTHYIECKOM CKOJIBXKEHHH IO BTOPHMYHEBIM CHCTEMaM Ha
[IepBOM CTaAMM CBUICTENLCTBYET M Hanmdwe noiaoc cbpoca, obHa-
pyXMBaeMpIX HMHOINA Ha JTOM CTamuu. B ciydae o.LK. KpHCTall-
JIOB OPMEHTHPOBKM, OJIATOIPHATHHIE LTS CKOJNBXKEHUS IO IepBUY-
HOM CHCTeMe, pAaCIIONOXEHBI B YOANCHHH OT CHMMCTPUYHOI Ipa-
Huusl [001]—[101].

IIpoTsokeHHOCTE TIepBON CTAIMH Y O.L.K. KPUCTAJUIOB NpH OIU-
HaXOBOI 4MCTOTe, KaK INpaBWIo, MeHbIIe, yeM y T.I.K. Ha xapak-
TEP KPMBBIX T = fg) I 0.IL.K. KPHCTaJUIOB OKa3hbIBAET BIMSIHHE
colepXaHWe B HUX ITpUMeceil, OYMCTKa OT KOTOPHIX O.IL.K. MeTal-
JIOB OYEHb 3aTpyIHEHA. :

JlaHHBIe O BIMAHUM TeMIleparypsl mecopMalMy Ha IEPBYIO CTa-
X0 HE Bcerma OmHO3ZHAYHBEL. CBA3aHO 3T0 C TEM, YTO B PasHBIX
paboTax MCCACHOBAINCEH PasHBIE TEMIEPATYpPHEIE MHTEpPBAIbI, MaTe-
pYabl pa3sHO YKUCTOTHI M Jp. BUOMMO, CIIpaBeJUIMB BBIBOA O TOM,
YTO B CNIy4ae I.ILK. ¥ O.ILK. KPUCTAUIOB IIOHIDKEHHE TeMIIEPaTyphL
nedopMaliy yBeTMUMBAET TIPOTSDKEHHOCTH TIEPBOM cTaguu (puc. 2.6)
¥ YMEHBINAET, COOTBETCTBEHHO, CKOPOCTL ynpouneHus 6 [7]. C mo-
HUXEHUEM TEMOEPaTyphl HOBHIIIAETCS KPUTHYSCKOEe HAIpIKeHUE
CIBMTa BO BTOPMYHBIX CHUCTeMax Ty, M I TOTO, YTOOBI TPMBEACH-
HOE HalpsCKeHHe CIBUTA IPEBBICWIO B HUX T, HYXHBl GObline
cretieHU gedopManym. Ilpu OTHOCHTCIBHO BBICOKMX TeMIIEpaTypax
(];[eq,/ T, > 0,3) xoopbuieHT YIPOUHEHUA HAUYMHAST CHIDKATHCH
33 CYCT IIPOLIECCOB BO3BpaTa.

OueHb pEe3KO Ha IEpPBYIO CTATUIO YIIPOUHEHUS, HE3aBHUCUMO OT
TUTIA PEIICTKH, BAMSIOT IpuMecH. PacTBOPEHHBIE IIPUMECH YBEIH-
YUBAIOT IPOTSLKCHHOCTh IIEPBOM CTagyM, BUIHAMO, ACHUCTBYS Tak
Xe, KaK ¥ TIOHIDKeHue Temieparypsl [2, 6]. Kpome Toro, pacrso-
pEHHEIE TIPUMECH MOBLINIAIOT KPUTHUUECKOE HATIPSKCHHE CIBHIa
Typ- DOMEE TOTO, JUIS O.LL.K. KPUCTAIOB, CONEPXALIAX PACTBOPEH-
HEIC IPUMECH BHeIApeHMsd, Ha KpHMBOU T = fle) 4acTO BHIABIIETCH
3y0 TeKydectu W BepxHMi () v HkHui (J) TIpemensl TEKY4eCTH
COOTBETCTBEHHO (puc. 2.7).

ITosBneHue BepxHero mpenena TEKy4eCTH OGYCIOBIEHO B 3Ha-
YUTENbHOM CcTeTeHu ONOKMpPOBaHWEM AMCIOKALMU IIPUMECCHBIMH
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atMocdepamu.  Bmecre ¢ TeM
CHJIbHAA 3aBHCHMOCTb KpHUTH-
YeCcKOTO IIPHUBEIEHHOIO HAaIps-
KEHHUA CIBUIa O.H.K. MOHOKpU-
CTAJUIOB OT TEMIIEpaTyphl MO-
xeT OBITh JOBOAOM B IIOJIb3Y
TOTO, YTO HaJW4dHe 3y0a TeKy-
yecTH CBSA3aHO C TeMIepaTyp-
HO-3aBUCHMEIMU cwiiaMu Ilaii-
epnca—HabGappo.

Ecimu Xxe mpuMecu 00pasyroT
BTOpyi0 a3y, TO Jaxe TpH
MaJIoM €€ KOJIHYeCTBE IepBas
cTagysl YIPOYHEHHS COKpaiia-
eTCI WM JaXe IOJHOCTBIO HC-
yezaeT. [UcIepcHBle YaCTUIIB
M30BITOYHBIX (a3 HMIPAiOT POITb
6aphepOB IS TUCIOKALMHA Iep-
BUMHOMA CHCTEMEL. B pesynbrare
B JIOKIBHBIX 00JIaCTAX BOJIH3U
TUX YaCTUL YXe& IIPM MaJbIX
JedopMalisIX HMHUIMHPYETCA
CKOJIEXEHHE II0 HPYIMM CHCTE-
MaM CKOJBXKEeHUS, T. €. HauWHa-
€Tcs MHOXECTBEHHOE CKOJIbXe-
Hue. Hamrume npumeceii (eru-
POBaHUE) YBEIUYMBAET TPOTSI-
JKEHHOCTh IIePEXOOHBIX obJac-
Tell ¥ HenaeT MeHee SABHO BBI-
paXeHHOIl BTOpYW  CTaguIo
Iaxe JUIA T.IL.K. MeTtawioB. Ilo-
YTH BCCrma SHepruA nAcheKToB
VIIAaKOBKH CILIaBa (TBepIOro pa-
CTBOpa) MEHbIIC SHEPIUH [e-
(exToB YIMAKOBKH YHCTOTO Me-
TaJUla, II03TOMY IIONEPSUYHOE
CKONBXEHNE B HUX 3aTPYAHEHO,
A TPETbS CTagusl HAIMHACTCA
Inpu 0oJiee BEICOKHX HampstKe-
HMSIX, YeM Y YUCTHRIX METaJlJoB.

T, Kre/mMm?

1000

500

0 10 20 g, %

Puyc. 2.6. Kpupble T—¢ 11 OXHHAKOBO
OPHEHTHPOBAHHLIX KPHCTALIOB MeH,
nehOPMUPOBAHHBIX NPH PAHBIX
Temmeparypax, K
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IloBrreHre TeMieparyphl DedOpMAIiUM YCKOpSET HA4yano Tpe-
TEEY CTafuU M TEM CaMBIM COKpamaeT BTOPYIO CTamuio. AHAJO-
THYHO BJINWSIET IOBHILCHUE SHEPTUM Je(hEKTOB YIIAKOBKH Ypy.» KO-
TOPO€ TaKXKe YMEHbIIaeT MPOTSKEHHOCTh BTOPOM CTAAMH HE Me-
HAS 6), T.€. IOBBILICHHC Y;, YCKOPACT HAYAIO TPETHEH CTANVI.
Dro 1al0 OCHOBAHUE IIPEAIIONIOKUTH, YTO PE3KOEe YBEIMYEHUE
VIIPOYHEHMS HA BTOPOM CTAOUM CBSI3aHO INaBHEIM 00pa3oM ¢ BKJIA-
JOM TEMIIEPAaTYPHO-HE3aBMCUMBIX IIPOLIECCOB.

TpeTes cTamusg VIPOYHEHHS, U KOTOPOM 3aBHCUMOCTH HAIpPS-
XeHUsT OT JedhopMallud VIMeeT IapaboimdecKuit BHI, XapaKrepy-
3yeTcss YMEHBUIEHMEM KHTEHCHBHOCTH YIIPOYHeHHMs. BemmuuHa 6,
YMEHBIIAeTCd ¢ yBeIWYeHWeM cTelieHu nedopMarmu. Dra cTagus
HaMHOTO MeHee YyBCTBMTEIbHa K OOJIBIIMHCTBY (DAaKTOpOB, CYIIE-
CTBEHHBIX [UIsL IIEpBOM M BTOPOU CTaaMii, TAKMX, KaK OPHUEHTHPOB-
Ka KPHUCTAJUIOB, MPUMECH, TUIl pelreTkn. CHIbHEEe BIMAIOT TeMIIe-
patypa U 3Heprus ne(eKToB YIIAKOBKHM. DTH JBa TapaMerpa Cy-
LIECTBEHHO BJIHSIOT Ha HAYaJIO TPEThed CTAIMM YIIPOYHCHUS M €€
BKJIaL B o0uIyio nedopMariuio.

Uewm Oombine sHeprus Aed)eKTOB YIIAKOBKHM, TeM MEHBIIE IIM-
pPUHA paclIEMNEHHBIX BHHTOBBIX THMCIOKAITUil, TeM Jierde HaeT
MOIEPEYHOE CKONMbXeHHUE. ISl BEIECTB ¢ BBHICOKHMMM 3HAYECHUSAMU
Yoy, (Al, Fe, Cr u 1p.) mepexom X TpeThell CTamuy CoBepIIAcTCs
npu 0oNlee HUBKUX TeMIEepaTypax, uyeM S BEIeCTB ¢ HU3KOM Yay.
(Cu, Ag, Au...).

C noBsineHMEM TeMIeparypbl AeOpMalMU TPEThI CTAIud Ha-
YUHAeTCd IIPH MEHBIIUX CTeNeHAX AedopMalldd, U €€ BKIAN B
obyo aedopMaIio CTAHOBUTCA Bce Goliee moMuHMpyoumM. Ha
puc. 2.6 5To ITOKa3aHO Ha IIpuMepe Memu [7].

IHoauxpucmanavi. Kpusble nanpancenue—degopmayus TOIMKPUC-
TAJJIOB MMEIOT CBOM 0cOOeHHOCTH. OCHOBHAag — MOYTH ITOJTHOE
OTCYICTBUE CTaIUM JIETKOIO CKOJBXKEHUS] — BHI3BAHA TEM, YTO YXKe
Mocjie BeCbMa HeOOMbIHX AedopManuii B KpUCTAUINTAX, U B IIPU-
TPAaHUYHEIX O0BeMax HaYMHAaeTCd MHOXECTBEHHOE CKOJIbXCHHE,
Hanpumep, Ha mepBoii cragum nedopManvu €, Uil &TIOMUHUS HE
mmpeBkIaer 2 % [2].

Bropas crangus BhIpaxkeHa Gojee 4eTKo, 4eM mepsad. OHa, Kak
¥ B MOHOKDUCTA/LIaX, MMEET JMHECHAHBIA XapakTep, a ee MpOoTd-
KE€HHOCTb ¥ HACTYIUICHHE TpeTheil CTamuy IMOAYMHIIOTCS TeM Xe
3aKOHOMEPHOCTAM, 4YTO M B CJIy4ac MOHOKpHCTAUIOB. IloHITKeHIe
TEMIIEPATYPHI NedOopMalyd W SHeprud edeKTOB YIaKOBKH pac-
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mMpsAeT BTOPYIO CTamulo OO 06ojiec BHICOKHX CTeNeHEH nedopma-
OAY W YBEJIHYUBACT aOCOMIOTHYIO BENUYMHY YIIPOYHEHHA M €ro
HHTEHCUBHOCTb. OTCIOAA ITOHATHO, MOYEMY Y alIOMUHHS BBICOKOH
YUCTOTHI, XapaKTepU3YIOLerocs GOJBLION BeIUYUHON Y, , M OTHO-
CUTEIIBHO HW3KOW TeMIepaTypod IUIaBleHMsA, B ciydae medopma-
Ay OpU KOMHATHOHM TeMIIEpaType BTOpas cTaiua BooOule He
00HapyKUBaETCH.

TpeTesl CTalpd XapaKICpU3yeTcs NapaGouyecKoil KpuBoid, Kak
M B CIy4ae MOHOKPUCTA/UIOB, M TAKO# Xe 3aBMCHMOCTBIO OT TEM-
meparyphl JedopMaium M IHEprHA Y, . OHa 3aBHCHMT TakXe OT
BemgMHEL 3epHa. C yMEHBUICHMEM BEJIMYMHBL 3€pHA CMEIIACTCA K
MEHBIIMM CTeICHAM IeGopMaluu.

BrnugHue TUIa PELIeTKM COLIACYeTCd ¢ paHee ONMCAHHBEIMU
IOaHHBIMU JJI9 MOHOKPMCTAJUIOB. ITONMVMKDHCTALIBI C O.ILK. peler-
KO} IPH TPOYMX PABHBEIX YCIOBHAX YUOPOYHSIOTCS ciabee, deMm
TIO/IMKPUCTAUIEL C T.ILK. PEIICTKOH. XapakKTepHOH OCOOCHHOCTBIO
KPUBBIX U1 O.I.K. MCTAIIOB, TaKMX KakK XeJIe30, a TaKkKe Ui
NEPEXOMHBIX TYroIIaBkux MeTauioB V u VI rpymn sgisieTcss Ha-
JNYKE OTYSTIMBO BHIpaXeHHOIo 3yb6a Tekydectu. Ilpu sToM ¢
YMEHbUIEHUEM BEIMYMHBE 3epHa 3y0 TEKyuyecTd Npossisierca 6o-
nee 4eTKo. VIHTEHCMBHO pacTeT BEPXHHH TIPeNeN TEKyYyecTH, CBf-
3aHHBIA ¢ ABHKCHUCM ONIOKMPOBAHHBIX IHCJIOKALMM. DTO HEIb3s
OOBACHUTL TOJMILKO BiMaAHMeM arMocdep KoTrpemna ¢ ydacTueMm
npuMecel BHeIPeHNd; BO3MOXHO, MMEIOT 3HAYeHWe OCOOEHHOCTH
CTPYKTYPBl JVCJIOKAIMOHHBIX CKOIUIEHMI M [UIMHA AUCHOKALMOH-
HBIX HMCTOYHUKOB.

Cmaduu cmpyxmypoo6pazoeanus npu Xoao0Hol dediopmauun

Monoxpucmanno. PaccMOTpHIM OCOGEHHOCTH CTPYKTYPHBIX M3Me-
HEHM Ha pasHBIX CTANMAX YVIIPOYHEHUS.

Ha mnepeoit cramyum B ciyvae, XapaKTepH3yeMOM KpPHUBBIMY
1= f(¢), IpUBEICHHEIMI Ha pHC. 2.5, CIBUT COBEPINACTCS CKOJb-
KeHHEM IHCIOKALIMM B OTHOM, TepBMIHOM CHCTEMEe CKOIbXKEeHHS
¥3 FCTOYHWKOB, KOTOPEIE MMEIOTCA IO Haydana JedhopMaltiu.

CylleCTBEHHBIE TOMEXY IBIDKEHHUIO TUCIOKAIMA OTCYTCTBYIOT, W
MOTOMY JUIMHA CBOOOTHOrO IpoGera AUCTOKAIMKM, KaK IPABIIO,
BenuKa. bombllas 4acTk AUCIIOKALIAN JOCTUTAET TOBEPXHOCTHA KDPH-
cTaia, obpasyd Ha Hel CTyreHbKH. BBIXoT Ha IHOBepXHOCTH GONb-
IHOTO YMCIA AMCTOKAITHM, TepeMeINaBIIMXCS B ONHOM IUIOCKOCTH,
MeTaJutorpapuuecky pogdsisieTcss B BUAe NWHUN CKOIBXKEHUS.

41



WX yhaeTcss BUEETH HA IIOJIMPOBAHHOM IOBEPXHOCTH MOHOKPHCTA-
JIOB C TIOMOIIBIO CBETOBOM MUKpOCKomwM. TIp# 37€KTpOHHO-MHK-
POCKOITMIECKOM MCCIICIOBAHMM BUIHBI BECHMA ONHOPOIHO PACIIO-
JIOXXCHHBIE [UIMHHBIE JTMHHHA CKONBXEHMS C OTHOCHUTEILHO Malioi
BBICOTOH cTymeHBKH (50...100 A) (puc. 2.8, a) [8].

DAEKTPOHHO-MUKPOCKOTIMUECKIEe HAOMIONEeHHI MOKA3bIBAIOT, YTO
Ha BTOPOHM CTaguM NWHUKM CKONLXCHUS CTAHOBATCS 3HAYUTENLHO
KOpoue, 4eM Ha IepBOi; KpoMe TOro, o0pasyIoTcs CIOXHELIe CIUIe-
Teuws Auciaokanuit (puc. 2.8, 6) [8], xoTOopBIe pacmoJaralTcd
BIOJIb JEWCTBYIOIINX IUIOCKOCTCH CKOJBXCHWSA H OKDYyXaloT obia-
CTH, OTHOCWUTENIFHO CBOGOMHBIE OT HMCHOKaimil. Takum ofpasom,
Ha BTOPOH CTamuM yXe HaumHaeTcd Tpolece QOpMUPOBAHUS sTUC-
WCTOA CTPYKTYDEL.

Ha moBepxHoctu aehOpMHUPYEMBIX KPUCTA/UIOB HAYMHAIOT BO3-
HUKATHh TOJIOCH CKOJBLXECHHWS, IIPEACTABIAIONINe coboil TpyImH
0JIM3KO DaCTIONOXEHHBIX JIMHHIN CKOJNbXeHus. Ha BTOpoil cramuu
BCe QONBLIVIO PONIb UTPAET CKOMBKECHHE BO BTOPHYHEIX CHCTEMAX.

BzaumMozeiicTBrie TUCIOKAIMM IIEPBUYHON M BTOPHMIHOM CHCTEM
BeAeT K oOpazoBaHMIO cunguux myciaoxamuit Jlomep—Kortrpea,
UIPaloIUX, Mo 3erepy, ponb 0apbepoB, Y KOTOPHIX oOpa3yioTcs

Puc. 2.5. IMcnOKAUMOHHAA CTPYKTYpa Ha
Pa3HBIX CTAIMAX AedopManum:

a — Menb, cragaa I; 6 — menp, cragma I
¢ — mefnn, cragua II; 2 — Hepxasewnias
crans 4X14H14B2M (T = 873 K, ¢ = 0,4),
2 cragns 111
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AMCIOKAIMOHHbIe CKOIDIEHUA MAJBIX TPYIIl JUCAOKAIMIA ONHOIo
sgaka. CpelHee YMCIO AMCIOKALMA B TAKOM CKOIUIGHUM, HAIpH-
Mep B Mern, coctapimsier 20...25. I'pynmbl QuciIoKaimid MpoTHBOIIO-
JIOKHBIX 3HAKOB CTaOMIM3HPYIOT IOpyr Apyra. PaccrosgHus, Ha Ko-
TOpBIE MOTYT IIepeMellaThCs AMCAOKAITMHN, YMEHbBINAITCS TeM
Gonple, 4YeM OGonbpiie CTEIeHb AchopMarluy.

Pomp 6apbepoB, IO IpemoNoxeHUAM MoTra u Xuplia, MOILYT
prpaTh TaKXKe CTYIMEHBKM Ha JWCIOKAUMAX IIEPBUYHOM CHCTEMBI,
obpasyonimecs Hpyd WX I[IEPECCYCHHUH ANCTOKAIMAMY BTOPHYHBIX
CHCTEM. N

HekoHCcepBaTUBHOE IBVDKEHWE CTYNEHeK Ha BUHTOBBIX IHCIO-
KallsIX SHEPreTHYecKH 3aTPYIHCHO, TaK KaK IIPH 3TOM JIOJDKHBI
BO3HUKATh BAKAHCHMM MM MEXY3€TbHBIE aTOMBEL. Y METaLIOB C
MaIoi 3Heprueil mecekToB YITAKOBKH IOIIOTHMTENBHO MOXET CKa-
3EIBAaTHCSL CKJIOHHOCTh CTYTICHECK paCHIeIUIATLCA Ha JaCTUYHEIE IHC-
goxanpy. Takuye CTYHNeHEKH, ABUTASCh 32 JHUCNOKAUWSIMM, JOJDKHEI
00pPa30BEBATh IUIONHN, TAKXKE MPEMATCTBYIOLIVE ABAXEHUIO I¥IC-
JIOKAIFH, TIpH4eM MHOITA JaXe Ha HepBOU CTAamuy YIIPOUHEHMS.
B TakoM cIydae YIPOYHEHHE Ha BTOPOH CTaguyl HOJDKHO GEITH
OoJblIe B KpUCTAIAX C MEHbINeH »Heprueil medeKToB YIIAKOBKHU
Ypy.» ITO W HaOIIONacTCH.

OBIIMM BO BCEX NPEIIONOXEHVSIX SBIAETCS TO, 4To umciao N
IIPETISITCTBHI MBICKEHWIO DMCIOKAlUUM Ha BTOPOM CTamuy pacter, a
paccroguue | MeXmy MPeIATCTBUSMU COOTBETCTBEHHO YMEHBIIAET-
¢S ¥, TIOCKOJBKY HaIpsDKeHUe O0paTHO IPONOPLMOHANBHO paccro-
sHmo [, a N ~ 1/13, pemmunsa 1, ~ N>,

BHeprus 7y, KaK U3BECTHO, BO MHOTOM OIIPE/IE/AET CKIOHHOCTD
MaTeprand K IIpOLeccy IOTEPEYHOIO CKOJIbXeHusd. Yem Ooblie
Ypy.» TEM MCHBIIC IMPHHA pacierUIcHHOM BHUHTOBOM [IMCIOKAIAA
(medexTa YIAKOBKM) M TeM MEHbIIEe HaIlpsKeHHe, HeoOXOIMMOE
IUI9 TOTO, YTOOBI CXKATh PACIICIUICHHYIO AWCIOKALUIO U IIEPEBECTH
ee W3 IUIOCKOCTH CKOJIBLXCHMSA, TNIe €€ OBICKCHWE 3aTOPMOXKEHO, B
IPYIYVIO IUTOCKOCTE CKOJBXESHUS TOM Ke 30HEI, MMCEIOLICH ofluee
HaTIpaBJIeHUe CABUIa C TEPBUYHOM TUIOCKOCTBIO CKOJNBXEHUA, IIE
IVCHOKAIIAST MOXET IPOomOJTKaTh IBHKCHHC.

ITo-BUIUMOMY, TPeTh CTalusA HACTYIIaeT TOrja, KOIJa cosja-
€TCS BO3MOXKHOCTL C IIOMOLIBIO IOTIEPEYHOTO CKONBXEHUS IIPEOI0-
JIETh JVCIOKALMOHHBIE CKOIUICHHS 0apbepoB, 00pa30BaBLIMXCA Ha
VX IIyTHM Ha BTOPOIl CTamuy, W Tpexae Bcero GapeepoB Jlomep—
Korrpenna.
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IMomepeyHoe CKONBXeHHWE BUHTOBBIX TUCIOKAIIMI IPUBOOUT K
YAaCTMYHOH pelakcalliy HAIpSKCHWH ¥ TPYIIMPOBKE DUCIOKALMI
B OOBEMHBIE CETKM (JUYEMKU), BHYIPH KOTOPHIX DACIIONOXEHBI Me-
Hee MCKaKECHHBIE ODJNIACTH pelIeTKH — TaK HasbiBaeMasl J4ercTas
cTpykTypa (puc. 2.8, s, &) [9]. ;

Syencrass cTpykTypa GOpPMUpPYETCS TeM paHbIle (IO CTEIEHHU
nedopManyu), yem BEHILIE Tay.: ITomepeyHoe ckombkeHHe obecie-
YMBAET BO3MOXHOCTh AHHUIWISLIMM OTHENIBHEIX NUCIOKALMIA IIpo-
THUBOITOJIOXHHIX 3HAKOB, YTO TAKKE BeAET K YMECHBIICHHIO YIpPY-
ITMX HalpAXeHWH W KoaduIeHTa YIpOYHEHHS.

Sueliku mpemcTaBIAOT c06OM OBGIACTH pasMEpOM, OIM3KUM IIO
THOPSAIKY BEIWYMHBEI K. MUKPOHY (OT IECSTHIX HOJIEH IO HECKOJb-
KIX MHUKPOHOB). ToMIIHA CTEHOK AYeeK COCTABISET NECSITHIC JOIU
pasMepa ITOCIEIHUX M TEM MEHBIIE, YeM BHIIIIE TeMIEpaTypa Jle-
dopmalviu ¥ Gonplile SHEPrus Yry.-

XapakTepHEIM 1S - TpeThell CTanuM ABIACTCA TAaKKE NOSBICHHUC
IpyOBIX TOJIOC CKOJBXCHIHS, IIPEICTABISIONMX COBOi rPyHIsl 6IM3KO0
PACTIONOXEHHBIX JIMHII CKOMbXEHIA. I10TOCH CKOMLXEHMST OTHOCH-
TeIIbHO KOPOTKM M COCAMHSIOTCA IPYyr C JPYTOM ¢ IIOMOILLBIO ITOIe-
PEYHOro cKobXeHUg. QOpMUPOBaHME HONOC CKOMBEXEHUS BKIIOUAET
TAKKE YaCTUIHYIO aHHWTHIALMIO mucaokaumy [2]. Ilpu manesHeiiuei
neopMaiu CKOJNBXEHHE COCPENOTOYMBAETCS ‘B IIOJIOCAX CKOJb-
keHHq. COBUT B IPOMEXYTKAX MEXIY IMONOCAMM -IIPeKPallaeTCs.

B moHOKpUCTaNmIax, GIarompHaATHO OPHEHTHPOBAHHBIX M JIer-
KOTO CKOJBLXEHMS, IHCIOKAITMOHHBIE CKOIUIEHHYI U SYEHCTas
CTPYKTYpa He HabnomaloTcs BIUIOTH IO OYEHB BBICOKMX CTEIICHE
medopMalMy, a TIPU OMHAKOBOM CTeleHH nedopMammy GopMu-
POBaHKE SYEUCTOM CTIPYKTYPEI O0JIer4aeTCd ITOBLIIICHUEM TEMIIC-
patyphl AedopManum.

Tonuxpucmanne. Tlepexol OT MOHOKPUCTALIOB K IIOJIMKPHCTAN-
JaM, C KOTOPBIMU MBI Yaillé BCErO BCTPEYACMCS Ha IIPAKTHKE,
CYIIECTBEHHO W3MEHSAeT XapakKTep CTPYKTYPHBIX U3MEHEHMIA TIpH
nedopmanpy w BUO Kpueoil © = Ae&), 0COGEHHO HAa IEpBOI CTa-
OuH YIIDOYHEeHMs. BMecTe ¢ TeMm BaXHeWve OTAMYUTEILHELIE Yep-
ThI, OCOGEHHO BTOPOIl M TpeThell CTaaMif, B OCHOBHOM COXpaHs-
IOTCST U B ITOJIMKPHUCTAIUIAX.

OcHOBHEIE U3MEHEHMS BEI3BAHBI TE€M, UTO KAXIBIA KPHCTAJUIUT
HONUKPHCTAUIA OPMEHTHPOBAaH B IPOCTPAHCTBE, a 3HAYAT, M TIO

1 Tequm B.H. Jluccepranus Ha COMCKaHME Y4YEHO! CTelleHH HOKTOpa (H3MKO-
MareMaTH4ecKux Hayk. Ceepmmobck, 1986. — 386 c.

44




OTHOUICHNIO K BHEWIHMM CHJIaM HHaye, 4eM OKDYKAIOUIHEe ero
cocelHie KPUCTAUIATH, OT KOTOPHIX OH OTHEeNeH TpaHMIIaMU 3e-
peH. TlostoMy maxe B TOM CiTydae, KOIZA HOMHKPHCTALT IIONBEp-
racTcs AEMCTBHIO BHEIIHMX HANPsSKCHMU, Hauboiee MpPOCTHIX IIO
XapakTepy aHU3OTPOIIMH, HAIPUMEP OZHOOCHOMY PacTLKEHHIO, B
pasHBIX KPHUCTAJUIATAX CKOJNBXEHWE HAYMHAETCH HE OJHOBPEMEHHO
¥ AOET IO CHCTEMaM CKONBXCHHWS, PasidyHO OpHEHTHPOBAHHBIM
B npoctpaHcTBe. CremoBaTeNbHO, U W3MEHEHHe pa3MepoB (YAIU-
HEHHE) V PasHBIX KPHUCTA/UTUTOB HEOAMHAKOBC B Pa3HBIX HaIIPaB-
nenusx. ITo 510 TpHYMHE KaXABIYM KPUCTANIUT MCTHITHIBACT,
HOMHMO BO3ICHCTBUS BHEIIHUX CHJI, BO3NCHCTBHME OT COCEHHHX C
HHMM KPHCTAUIATOB, He COBHAJAloOLIee II0 HAIIPaBASHUIO C. TIEPBHIM.

Yr1obel 0b6eCHeunTh HEIOCTHOCTE MATepUaATa H HEIPEepPHIBHOCTE
ero IIpH ITIepexoyie yepe3 TPaHMIIEL 3€PCH B KPUCTAUINTAX, YXE
Ha HaYaJbHEIX CTamusIX AcopMamid¥ AOJDKHO, KaK IIPaBHIIO, De-
AIM30BAThCI MHOXECTBEHHOE CKOJLXeHHe. XOoTd KaXIoe 3epHOo
KaK MOHOKPHCTATUI IIPOXOOHUT BCe cTamuu mehopMaIlioHHOTO YH-
pOYHEHUS. XapaKTep U DPEe3VJIbTaT BO3JCHCTBHS COCEIHUX KpUC-
TALUIMTOB HA NAHHEIH KPHUCTA/UIMT 3aBUCAT B 3HAYMTEIILHOIT Mepe
OT THUIA TPaHWUIl 3€peH, OT TOIr0, HACKOJNBKO OONBIIMM IIPEIsiT-
CTBHEM ISl JBIDKCHUS MUCTOKAIIUN OHU SBISIOTCH.

B cnyyae xomomHolt medopMailiy IpaHWIEL 3epeH BCErIa OKa-
3BIBAIOTCA GOJNce MPOYHBIMHA, YeM BHYTpeHHHE o0BeMbl. IIpm BBI-
COKMX TeMIIepaTypax, KOTJa CTAHOBHUTCS OHIYTHMBIM BKIan Aud-
(PY3MOHHBIX TIPOIECCOB, MEHEE MPOYHBIMYM OKAa3hiBAIOTCA I'DaHUIIBL.

TlpouyHocTs rpaHuIl OpH XOJOOHOH aAechopMallMy 3aBHCUT OT
yI7ia Pa3oOpUEeHTUPOBKH, T. €. OT IUIOTHOCTH ITUC/IOKAllMil B TpaHU-
me. Jammepc 1 Kmapk [10] mokasany Ha OMKpHCTAUIaX OJIOBA W
ATIOMHUHHES, 4TO IIPEeIe/bl YIIPYTOCTH W TEKYYECTH PE3KO pacTyT (B
1,5 u 4 pasa) ¢ yBeqMUCHUEM YITIa PA3OPHEHTHPOBKM IO ~ 60°.
BTO O03HAYAeT, YTO PACTET POJb TPAHUI, KaK IPEIBITCTBUSA ABIIKE-
HUIO [JHUCJIOKAIMI B MeECTax CKOILIeHHS mocxeaHux. OmHako 370
HE O3HA4YacT, 4YTO NchOpMAllid IIPHOCTAHABAMBACTCS, HOCTUTHYB
rpaHuibl 3epHa. IlocnenHIa MOXET OBITh MECTOM PE3KOTO Ipamu-
eHTa JedopMallHi ¥, KaK ITIPaBWIO, UM SIBJISIETCH.

ML.II. Ycukos u JI.M. Vrescknmit [11] maGmonanm Bo30yXneHWe
HWCTOYHMKOB IHCIIOKALM Ha IpaHHIaX 3¢peH B HUKCEIC W HHUXPO-
Me Tof BIMAHUEM HaNpsoKeHWI, KOTOpHIE CO3AAIOT B JaHHOM 3ep-
HE OUCIOKALMH COCeNHEro 3epHa, MOAOLIeHlllie K TpaHUIle H OC-
TAaHOBJICHHBIE €10. ABTODBI HAa3Ball 2T0 «3CTaeTHOM» Iepemavcii
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DebopMalMy OT 3epHa K 3epHy. B Tex ciyyasx, KOTZa COCETHME
3¢pHa MMEIOT COBIAJaIolllee HAIIPABICHHC CKOIbXKCHUA, JUHUA
CKOJIbXCHUSA MOXKET Ilepeceib IPaHULly He MeHSAd HAampaBIeHUS.
OnHako B OGLIEM CITydae CHCTEMBI CKONBXEHHS IO 06€ CTOPOHEL
TPAHUITHL Pa3IUYHEHL.

I'paHuIB 3epeH OTBETCTBEHHBI 3a CYIUECTBEHHYIO BHYTPH3EDEH-
HYI0 HEOOHOPOTHOCTh AedopmMamun. OZHUM M3 ee IIPOABIACHMIA
ABJIACTCS 00pa30oBaHME IHMCIOKAIIMOHHHIX CKOIUIEHHH y TpaHHII
3epeH. B oTHX y4yacTKax paHblire, 4eM B 0ObEMe 3¢pCH, HAUMHAET-
€A MHOXECTBEHHOC CKOJILXCHUE M BO3HUKAIOT OOIACTU, MAaKCU-
MalbHO Pa3OPHMEHTHPOBAHHBIE OTHOCHTENHHO OKpPYXKEHMS.

CHCTeMEl CKONBKEHMS, ACHCTBYIOIINE V TPAHHIl B B OOBEME
3€PeH, YaCTO pa3iIUYaloTCs, ITOOBEPTasACh BO3NEHCTBUIO COCEIHEIX
3CPEH; B PE3YILTaTe pa3IMYalOTCA M CICNCHH AedopManuy o6ia-
creit BOMM3M IpaHull U B oGbeMe 3epHa. UeM KpyiHee pasMep
MCXOTHBIX 3€PeH, TeM 3Ta pasHuua OoNblre, 0COGEHHO IPHU HeE-
GOJIBIIMX W CPeMHUX CTeNeHAX AehopMallviL.

B MenkosepHucroM Marepuane 06JaCTM MHOXECTBEHHOIO
CKOJIEXECHUSI, PacIpOCTPaHAACh OT I'PaHMIl, OXBATHIBAIOT W LIEHT-
paybHBIE OObEeMbl KPUCTAIUINTOB. Bolee TOTo, B TakoM Marepuale
CTaHOBHUTCA BOSMOXKHBIM B3aUMOEUCTBHE BHYTPH 3¢pHA OHC/IOKA-
LA, ABWKYIIMXCS OT PasHBIX I'PAHMIL 3TOrO 3€pHA.

Pesynsratom 3Toro siBifieTcss BaXHBIA Ul TIOHMMAHHA DEKpH-
CTaju3alui (akT Gollee MHTEHCHMBHOTO YIPOYHEHHS MEJIKO3Ep-
HHUCTBIX MaTePHANIOB II0 CPaBHEHMIO C KPYITHO3CPHUCTHIMHU, a TaK-
Xe TO, ITO B KPYITHO3CPHUCTBIX MATECpHAaX ILIEHIpPAIbHBIE 0OBe-
MBI 3€PCH MEHE€ HakKJIENAHBl, YeM MPUTPAHUYHBIE [2].

CrencTeueM TOTO, YTO B PasHBIX 00BEMAX ONHHX M TEX XK€
3epEH ACHCTBYIOT Pa3HBIC CHCTEMBI CKOJIEXECHUS, SBJSETCS TO, YTO
B MOJIMKPUCTAJUIAX 3HAYMTENBHO Yallle, YeM B MOHOKpPHCTAIUIAX,
HaOJI01aeTCa HEeONHOPOXHBIN XapakTep Ne(GOpMAalMU pasHbIX 00be-
MOB, BBI3BIBAIOLIMIA M3TNO ¥ pasiddHbIe CIyJ9ad JIOKAILHBIX ITOBO-
POTOB pELICTKM, TAKWUX, KaK NBOMHUKOBaHME, OOpa30BaHue IIOIOC
cOpoca, TEPEXONHBIX IOJIOC W T. II. DTH OCOBEHHOCTH CTPYKTYPHI
Ne()OPMUPOBAHHBIX ITOMKPUCTA/UIOB OYeHb BaXXHBI IUIA ITOHHAMA-
HUA MEXaHHU3Ma DPeKpHCTALIA3aLY.

ABTOpHI [12] ycTaHOBIUTH, Ha IpUMepe TPaHCHOPMATOPHON cTa-
JI, YTO B KPHUCTAUIATAX MOXHO BBIICIVTD ISITh XapaKTEPHEIX MIK-
poobnacTeil, YeThipe M3 KOTOPHIX CXEMATHUYECKM I[TOKA3aHEl HA
puc.2.9: 1 — monock nedhopMauuy; 2 — MEPEXOTHBIC IOIOCHL
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3 — mpurpaHuYHbIE O0NACTH

(o6macTyi, UpUMEIKAOIINE K
GOJIBIIEYTTIOBBIM TPAaHUIIAM FC-
XOOHBIX 3¢peH); 4 — obmactu
BOKPYT HEMETAUTMYECKUX BKIIIO-
yeHni (BoOOIIe YacTull TUCIep~
CHBIX ¢a3z); 5 — nBOMHWKM Ae-
dopmaiuu (B TpaHchopmarop-
HOM CTaJH HX YacTO Ha3BIBaioT
noirocaMmu Heiimana).
OCOGEHHOCTH CTPYKTYPhl U
Pa30PHEHTHPOBOK IOCNE Je-
dopManuy M, B YACTHOCTH, IIe-
pPEXOIOHBIX IIOJIOC B KPHCTALIH-
TaX TOJIHUKPUCTAIIIOB MOXHO
omucaTh Ha TUTIHYHOM TIPHME-
pe¢ KPHCTALIMTOB, WMEIOIUIMX
Hocne TIPOKATKU OPHUEHTUPOBKY
(111) [112] (ons GOMBIIHMHCTBA
JIPYTUX OPUEHTUPOBOK KADPTHHA
SIBIISICTCST CXOIHOIR).
Ilepexonupie MOOCH, pa3-
JleJIAIoUTe II0JOCHl medopMa-
IuKu ¢ opueHTUpoBKoil (111)
[112], mpencraBisior coboit
00IacTH, KOTOPHIC BHITSHYTHL B
HalpaBlIeHUH, MePIeHIUKYISIpP-
HOM HAaIIpaBJI€HUIO IPOKATKHU
(cm. pmc. 2.9, a, 6). Vx Toi-
IIMHA HMEEeT pasMep B He-
CKOJIBKO MKM M COCTOMT H3
15...20 sgueex. Bmomp mepexon-
HOI TOJIOCHl AYEHKU OpPUEHTH-
poBaHBEI B HampasieHum [110],
HO OTIHYAIOTCA ApPYr OT Apyra
OPUEHTHPOBKOH TJIOCKOCTH
(111). Or sagelixu K sigeiike 3Ta
IUIOCKOCTh 3aKOHOMEPHO ITHCK-
PeTHO MOBOPAYMBACTCS BOKDYT
Hanpasienus [110] Ha 3...4°,
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Puc. 2.9. Xapakrep cyOoCTpyKTYDH H
JIOKJIbHBIE PA3OPHEHTHPOBKK B
nedopMEpoRaHHOi TpanchopMATOPHOTH
cram (cxema):

a — xapaktepHbIe 00acTu B mpexe-
nax neOpMHPOBAHHBIX KPUCTALUIHTOB;
6 — XapakTep pajOpPHUEHTHPOBKH T4eeK
(cy63epeH) B monocax AedopMaryy;

6 — TO Xe B IEPEXONHBIX IONOCAX;
AQ — YTOJ pa3opUeHTaluy 3epeH
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TaK 4TO B CEPCOUHE MEPeXOXHOM TONOCH pa3OopHEeHTHUPOBKa OTHO-
CUTETEHO COCeMHHX MOJOC AedopMallvy SIBISAETCS MaKCHMAaTbHOU
u pocturaer 30...40°.

B monocax medopmMariuy, MMeBIIMX pPasMepHl B JECATKH MHK-
POHOB, Pa3’OPHEHTHPOBKY MEXKHY CMEXHBIMU AYeiiKaMu TakKXe CO-
crappin ~ 3°. OnmHaKo B OTIMYME OT IIEpeXOOHBIX IOJIOC, Pa3o-
PUEHTUPOBKU IIPH HOCIEOOBATENBHOM Ilepexone or S4yeilku X
sSYeiiKe He HaKalUIMBalOTCSI, 4 HOCHAT CIaydaiiHeIA Xapaxtep. B pe-
3yJIbTaTe TEH30pHAs IUIOTHOCTH AHCJIOKAallWH, YCpeAHeHHas IO BceH
nonoce xecdopMaumu (M3OBITOK AUCIOKALMI OTHOro 3Haka), Ipak-
THYECKW paBHA Hymo (cM. puc. 2.9).

IIpurpanmyHbie 067aCTH OTIMYAIOTCS TEM, YTO DA3OPHCHTHU-
POBKHM OT d4eMKM K sSuciike B HHMX HAKaIUIMBAlOTCA, KaK W B Ile-
PEXOIHBIX TIOJNOCaX, HO MEHee 3aKOHOMEDHO. Xapakrep M BelU-
YMHA PA30PUEHTHPOBOK CYIIECTBEHHO 3aBUCAT OT OPUEHTHPOBKH
CMEXHBIX KPUCTAUIMTOR QOTHOCWTENLHO APYT APyra M BHEUIHUMX
Tedopmupyromux cwi. Ilomocer HeiiMaHa 0OGHApyKUBalIUCE TOJB-
KO B OTHOCUTENBHO KPYIHBIX 3epHax U ofiajamu cyOcTpyKTIypoi
Oosee copepiuIeHHOM, ueM moxock nAedopmManmu. Obnactm BOIU-
3M BKJIIOYCHMH XapaKTCPM3YIOTCSA CWIbBHEIMM JOKAJIBHBIMH DPa3-
OPHUEHTHUPOBKAMI. _

Hamvyue 3akoHOMEpHBIX pa30pUEHTHUPOBOK B MEpPEeXOOHBIX II0-
Jlocax IedacT ¥X, KaK ¥ IDaHULEl 3€peH, NPEAIIOYTUTEILHBIM ME-
ctoM GOPMUPOBAaHMS IICHTPOB PEKPUCTAIUIHA3ALIMH.

B momixpuicTannax Takxke YeM MCHbIIE Yy, , TeM HPU NPOYIUX
DPaBHBIX YCIOBMSIX BpilLe TeMieparypa aedopManuu, IpH KOTopoi
HauyHacT GOPMHUPOBATHECA AYEHCTasd CTPYKTYPA, TEM MCHBIIC pa3-
Mep fA4YeeK IpH JAHHOM TeMIleparype K OONblie TONIMHA CTEHOK.
VMeHBIIeHNIO pasMepa sSYeeK CIIOCOOCTBYIOT, KPOME TOTO, YBETIH-
YEHUE CTelEHW M IOHMXEHME TeMITepaTyphl AechopMarimm.

TToguepkHeM, 4YTO IOBHIIICHHE TEMIIEPATYPHl AchopMamii He
TOJIBKO OOGJIETyaeT IIONEepedHOe CKOJBKCHUEe U YCKOpSIeT Hayalio
TPeTheil CTalWK, HO U CIOCOGCTBYeT OGPA30BAHUIO SUCHCTOL
CTPYKTYpPHI C 6oJiee COBEpHIEHHBIMH M Y3KMMH CTEHKAMH, XOTS M
MeHee MpaBWIBHBIMM, YeM IOCHC XOMOmHOM IedopManyi M Ioc-
JIeAyIoLIell MOJWTOHM3aA. BMecTe ¢ TeM yMeHbIIaeTcs oO0Las
TIOTHOCTh AedheKTOB — WM3-32 AHHWUTIIISIIMM YacTu TUCIIOKAIMi
IIpH NONMEPEYHOM CKONbXCHHM M CTOKE TOYEYHEIX AE(DEKTOB.
VYMmeHbInaeTcsi M30BITOK JUCTIOKAIMA OJHOTO 3HaKa, a MX pAacIpe-
JEeNICHUE CTaHOBUTCS Ooyiee OXHOPOIHBIM.
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2.2. Jledopmanusi ABONHNKOBaAHHEM .

Jpyro#i MexaHu3M nedopManyu — 060UHUKOBGHUE TIPECTABISCT
coBOoi1 JIOKAIM30BAHHEI CABUTOBOII TIpOIiecC, KOTOPLIM OXBATHIBAET
HeGOJIBIME, HO YETKO OrpaHMiIeHHBIE OOBEMEl BHYTPH KDPHCTAILIA.
JIBOMHUKOBaHHE HE IOXOXE HAa NMPOLECC MHIMBHAYATIBHOTO CKOJIb-
SKCHWS OTHEJIGHBIX TUCIOKAIIMIA, XOTS M OCYLIECTBILIETCS IIyTeM CIBM-
ra, HO OIPAHVYMBACTCH OTHOM KPHCTAUIOrpapuyeCcKOy IUIOCKOCTHIO,
¥ BO3HUKarome JedeKTh IO CBOEMY XapakTepy SBISIIOTCS IBYMep-
gHeIME. Pasmiume B TpaHCcQOpMAalMM PeIeTKN IIPY CKOJBXEHHHU U
[p¥ JBOWHUKOBAHMU CXEMATHYECKM TIOKa3aHO Ha puc. 2.10 [61.

B pesynpraré 5TOro mpolecca 3epHO CKAYKOOOPasHO IeTUTCS
IDTOCKOCTRIO IBOIHMKOBAaHMS Ha JBE 4YacTW, IIpMYeM KpUCTaUIM-
yecKas pelleTKa OJHOM YacTH 3¢pHa CTaHOBUTCA 3ePKAlbHEIM OT-
paXeHHEM PEIISTKY APYTOM YacTH, JEXKalleH MO APYIyIo CTOPOHY
OT IDIOCKOCTY IBOMHMKOBaHUS. BenmumHa cMeEIeHWs] KaxIoi u3
MApAJUIEJIbHBIX IUIOCKOCTEH TIPOITOPIIMOHANLHE €€ PAaCCTOSHUAI OT
IUIOCKOCTH JIBOMHHUKOBAHWS.

BumuMasg B CTpYKType MNpsiMas TIpaHUIA JBOMHUKOB (puC.
2.11, @) npexpcrasiAeT cobol ciaed HepeceYeHus IIOCKOCTH TPaHH-
[B MATPHIA — IBOMHUK C IDIOCKOCTHIO mumda. Ha sToit rpamuie
MEXIY PacIOJOKEHHIEM aTOMOB B MaTpHIle M B ABOMHHKE HMeeT-
csl 3aKOHOMEpHas WM, KakK FOBOPSIT, KOTepEHTHas CBA3b. Kore-
PCHTHBIC IPaHMIBI ABOMHUKA MMEIOT YIIPYIYIO DHEPIuio, 3HAYU-
TETBHO MEHBIIYI0, YeM Y OOBIYHBIX HEKOTePeHTHHIX IpaHuu. OHa
NIPOTIIOPITHOHANBHA DHEPIMH ITedheKTa YIIAKOBKH.

JIBOMHVIKM BO3ZHHKAIOT M TIDU OTXUTE (B TOM YMCIEe M PEKpHC-
TAJUIM3allMM) pAAa I.IL ¥ TILK. MeTauloB U CIaBoB (puc. 2.11, 6)
¢ Majgoii sHepruei medekTa YIAKOBKH, B TO BpeMd KaK B aliOMU-
HUM OHHM MPAKTUYECKU OTCYTCIBYIOT.

—77
______ I T\

/ // / / / Kpueranna ABOVHUKOBaHWA

a

Puc. 2.10. Pazimune MeXay cxojihxennem (@) u apoiiumxosammem (6)
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JIBOMHMKOBaHKE TIPOMCXOIUT IIPU OIPENeIeHHON KPUTUYeCKOH
BEJIMYMHE KACATENBHOIO HAIPSKCHUS, AHATOTUUHOW KPUTUYECKO-
My CKAaJXBIBAOIIEMY HAIIPSKEHUIO IIPU CKOJNbXEHUH.

KonuuecTBeHHAd CBA3h MEXAY HANPSKeHWEM CHBUTZ HBOMHMU-
KOBAHHEM Typ(ry) U OHEPIUCH HE(EKTOB YIAKOBKH Yy, HMEST BUL -

[2]:
Tep(ee) = Yay/0 T Gbi/2a, (2.4)

rme b — Bextop Bloprepca ABOMHMKYWOUIEH mucimokauuu; G —
MOIYJIb COBUIA; @ — pPamgdyc TOMYNETIN RBOMHUKYIONIEH TUCITOKa-
1107078

Ecmu v, BEIUKO, TO Typm) MOXET OBITH GOMbILE KPUTHHECKO-
ro HAIPSDKEHWS OOBIMHBIM CKOJbXEHHEM, KOTOPOE PeaM3yeTcsl IO
HEIBOMHUKYIOWMM [UIOCKOCTSIM. Ecomut v, Maio M Ty < TKp(CKQ,
TO peanusyeTcsl IBoMHMKoBaHMe. Tak, B MemM (Y, <60 spr/ecm?)
U ee CIUIaBaX IOBOMHUKM HAOMIONAIOTCSI OYeHb YaCcTo (0coGeHHO
ABOMHHUKH OTXWIa), TOIZA KakK B ATIOMUHUH (Y, > 200 apr/cm?)
OHM OYeHh peixu. IIpym BBICOKOCKOPOCTHOM AedopMalyiyi ABOW-
HUKOBaHME B MemH HAYHHAeTCs HpH JaBleHHU okomo 3..1074 ar,
a B Hukene — 3..10° ar.

Mastoii BeaMUMHON ITONA VIPYTHUX HaIpSXKCHHN KOTCPCHTHBIX
TPAaHUI[ ABOMHWMKA OOBSCHICTCH WX HCIIOABIDKHOCTh WM OOJbILAs
CTabWIBHOCTh ITBOMHMKOB. KOTepeHTHAA TpaHUIlA TPAKTHYECKH
HUKOIZIA HE MUIPHpYeT, M TOSTOMY IBOMHWKK HHKOrIa HE PacTyT
B LIVPWHY BCIEICTBUE MMTPAIUN 3TOM TPAHUMBI, a4 PacTyT TOJIHKO

Puc. 2.1]1. Npoiimmxu aedopManum (a) u orxura (6):
a — Xene30; 6 — HHKEIb
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BCJICICTBHE MHIPAIIMN TOPHEBBIX HeKorepeHTm:[x Tpauun (cryie-
pek). Ul ycTpaHeHMS NBOMHHKOB HYXHBI BeChMa BBEICOKHE TeM-
IepaTypH OTXWTA.

B pabore [13] mpu HabIOACHUH IIPoliecCa HCICIHOBEHUA
IIBOMHHMKOB B IIPOIIECCE BHICOKOTEMIIEPATYPHOIO OTKMIa HHXpOMa
O6pUI0 OOHApYXeHO, YTO, KakK IPABWIO, HBOMHHUK HCYE3aerT HE B
pe3yneTaTe ONHOBPEMEHHOTO IOBWXEHWS BCeW TOPIOBOM TpaHu-
Ibl, @ OpPU IIOCICHOBATCIHPHOM NIBIXCHHM OTHCIBHBIX CTYIIEHEK
(puc. 2.12). MoxHo IpearIonararb, YT0 BLHICOKAasg CKOPOCTH IBH-
XKeHHS OTHEIBHBIX CTYIIEHEK CBSI3aHa ¢ AUCIOKAIIMOHHOW IIPHPO-
J0i1 HeKorepeHTHOH (TOpIleBO) IpaHMIIBl TBOMHNKA, HA3BAHHOI
Opunenem [14] meoitHuKylome# muciokamueii. IlocnemHsas mpen-
cTaBisaer cobolf YCTyIl Ha KOTePeHTHO#M TpaHMIC ABOMHHKA, IIO-
Ka3aHHBI Ha puc. 2.13.

a 6 8

Puc. 2.12, Ucaesnopenne ABOMHMKA B NPOlECCEe OTRUTA HHXpPOMA:
a — McxomHoe cocroanue; 6 — 1000 °C, 180 c¢; ¢ — 1050 °C, 600 ¢

/f//////
LSS
.. /[I EANANAN
NANANANAN N
NANANEANANEANAN

Puc. 2.13. Crpyxrypa npoiimukytomeit quciokanpn no ®punemo. Korepentnas
rpannua nepexogut u3 miockoctr I B maockocrs IT
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KpoMme manoit smeprum medeKTOB YHAKOBKH, IBOMHHKOBAHIIO
CIIOCOOCTBYIOT TaKHe YCIOBUA HehOPMALMU, KOTOpBIE HeGIaro-
OPUATHBL IJI1 OOBIYHOTO CKOJNBXKCHMS IHCIOKAIMHA, B YaCTHOCTH
Majoe YHCIO CHCTEM CKOJIbXKeHWA. Tak, B Clydae TeKcarOHaIBHLIX
KPHCTA/UIOB, B KOTOPBIX TBOWHWKOBAHUE BCTPEYAETCS yallle BCETOo,
DasMCHOE CKONEXEHVE, KAK OTMEYANOCH BHIILE, CTAHOBUTCH HEBO3-
MOXHbIM, €CIM JehopMaliisi WAeT B HAIPABICHWH, NApajlIeIEHOM
IDIOCKOCTH Oasyca WiW OTKIOHSIOMEMCS OT Hero Ha 5...10 %.
B 9Tux ycnmoBusix peanusyercsa nedopMauys JABOMHHUKOBAHHEM,
XOTd NIPMBEACHHOE HANpsOKeHHEe IBOMHWKOBAHMA B CpelHEM HA
TIOPSIKOK GONBINE HAIPSKEHUA CKOMBXEHHA (M4 KaaMua COOT-
BercrBeHHO 100..700 rc/mm? u 20...30 rc/mMm?). B r.K. kpHcTai-
nlax, y KOTOpHX ¢/a > 1,633, nBOMHMKOBaHWE BHI3HIBAaeT medop-
Malus pacTsKeHMeM, a B Kpucrawiax ¢ ¢/a < 1,633 — medopma-
UMST CKATHEM.

B o.ar.k. MeTammax o6pa3oBaHMIO KBOMHHMKOB CIIOCOOCTBYET YBe-
JUICHHE CKOPOCTH M TOHIKECHHE TEeMIIepaTypH Ie(OpMaLuH.
BrepBele B O..K. MeTayiax ABOMHUKY B BUAE OYeHD TOHKHUX,
KPHCTAJUIOTpadrIecKd 3aKOHOMEPHO PACIIONOXEHHEIX IDIACTHHOK,
U3BECTHBIX KaK MOjochl HeilmMaHa, ObUM OGHapyXeHH HpH ynap-
HOM HarpyXeHuu.

JlerpoBatye HEKOTOPHIMM NPUMECSMY 3aMEIEHIs, HAIPUAMED
BBEICHUE KPCMHYA B XKele30, obnerdaeT JBOMHMKOBAHME (BEPOST-
HO, BCICACTBAC CHIDKCHWS IHeprud Y, ,) B xpemHmcrom xemese
(Fe + 3 % Si) monocs HejiMana BO3HMKAIOT NIPU CPABHUTEIBHO HE-
Gormbimmx crernensix aedopmauum (~ 10%). Beenernue IpuMeceit BHe-
OPEHWST BIWSCT B IIPOTUBOIOJIOXHOM HAIIPABICHWH.

[Tpn nedopmanuy r.i1.K. KPHUCTAIIOB (MeIb, 30J0TO, cepebpo u
JPYTHE METALTHI ¥ MX CIUIABHL) JBOUHHKM OOpa3yiorcd, €ClIy [e-
dopmanus BemeTcst IpM BeChMa HM3KMX Temreparypax. Hampsxe-
HMS CHBMIa NPU JIBOMHMKOBAHMM 3THX METAUIOB OYEeHb BEICOKHU
(15 xre/mm? s memu, 30 xre/Mm? DI HUKeNs) M MHOTO GOJIB-
e, 4YeM y 0.ILK. METaIoB. JlerMpoBaHye I.ILK. METa/LIOB. IPHMe-
CAMU 3aMEIICHUS 3aMETHO 0OnerdyacT NBOMHUKOBaHYE, MPIYEM TeM
abdexTrBHEE, YeM CIIbHEE NPHMECh YMEHBINAET BHEPIHIO Yy .

JBOMHUKYM OTKHIa BCTPEYAlOTCA B I.ILK. METalIaX M CIUIABaX C
HU3KOU 3Heprueit Try. (Menb, HUKENb, cepebpo, 3070TO U UX CIUIa-
BBI) OYEHDH 9ACTO.

JUis NpUBCICHHBIX BHIIIE TPEX OCHOBHBIX THUIIOB PEIUETOK YCTa-
HOBJICHO, YTO s ABOMHWKOBAHWS, KAK X IS CKOJBLKEHWS, Xa-

52



Tabauya 2.2. Kpuctamiorpapuyeckue XapaKTepuCTHKH
JBOMHUKOBAHUS

Tun Meramn TInockocte Hamnpasnenue
pelleTKH JBOMHVKOBAHUSA | IBOMHUKOBAHUS
TILK. Cu, Ni, Ag, Au, {111} <112>
0-JIATYHb
0.1L.K. Fe, Mo, W, Nb, {112} <i11>
Ta, Cr, B-maTyHb

LK. Mg, Be, Zn, Cd | {1012}; {10T1}; |<10T1>; <1072>;

Zr, Mg, Ti {1122} <1123>
PomGoanpuicckas Bi {110} <011>

pPaKTEpHHl CBOW MPERAMIOYTUTEHABHBIC IUTOCKOCTH K HaIpPaBICHUS
JBOMHUKOBaHMS (Tabm. 2.2).

JIBOMHNKOBBIC TPaHUIEI, BO3HUKIIME HAa HAYANBHHIX CTaNMIX
gedopManyum, Ipm JanpHeiinei nedopManuy ciayxaT bapbepamu
IUIST TUCIOKAlIMKX M CIHOCOOCTBYIOT BO3HMKHOBEHUIO BOMM3M HMX
3HAYUTEIbHBIX JOKATBHAIX HCKaxeHui. B pesynbTate o6macTd BOK-
Py IBROMHUKOBHEIX TIOJIOC ITPY HATPEBE YacTO OKA3bIBAIOTCS MECTa-
MU IPEUMYIUECTBEHHOrO O0pa30BaHUs 3apOJEILENH peKpHCTAIIN-
33Uy, OJHAKO MHOTO pPeXe, YeM TPaHUIlBEl 3epeH.

2.3. HeopnopoaHocTh aedopManun

IlnacTigeckaa AedopMaliria HEOAHOPOAHA IO CBOEH TIPHPOJE.
3Ta HeOTHOPOOHOCTh CB3aHA C PAa3sHBIMM MACIITaGaMM JIOKaIK3a-
MK AedopMaluy: o obpasiy, 3epHy, CHCTeMaM CKOILXEHUS WIN
JNBOMHUKOBAHMA, OOYCIOBICHHHIMYA HEONHOPOIHOCTSAMHI COIPOTHB-
JeHnsl gedbopManuy M HaIMYMEM XOHIEHTPAaTOpOB HAIIpsLKEHHI.

Hoxamzayus depopmanuu

K ocofoMy caydaio CKOIBXEHHS CIIEIYeT OTHECTH JIOKATM30BAH-
HyI0 AedopMaliio, B pe3yabIaTe KOTOPO B KpHCTaLie 06pas3yioT-
¢l 00acTH, TMOBEPHYTHIE OTHOCUTEIRHO OCTATBHOIO KPUCTaUIa Ha
Gomplme yijibl, HEe OTBEHAIOIINE 3aKOHAM ITBONHUKOBAHMS (BOOG-
1le 3aKOHaM CHMMeTpuH). BelruuHa 3THX YIJIOB 3aBUCHT OT CTe-
TIeHd ¥ cXeMbl nedopMalidi, OT UCXONHOM OPHEHTHPOBKH KpUC-
TajUla OTHOCUTEIbHO AeOpMUDYIOIIMX CHJI, THIIA PELIeTKA M Ip.

JlokamuzopanHasg medopMalild ¢ HE3aKOHOMEPHBIM IIOBOPOTOM
PEeLIeTKY HIpaer, HO-BHOMMOMY, BaXKHYIO DOJb B Ipolecce ¢op-
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MHPOBaHMA TEKCTYp AedopMalvy, BO3MOXKHO, M TEKCIYp peKpHC-
TAUIM3al0MM, a TakKe B Ilpolnecce (hOpMUpPOBaHWS ILIEHTPOB DPEK-
PHUCTAUIM3ALUN BOOOIIIE,

B HacTodIee BpeMs JIOKAIM3AINIO AehopMallny Hagyaad M3ydaTb
Gornee YITIyOJIICHHO B CBS3M € TeM, 4TO OHA PasHOOGPA3HO IPOSIBIII-
€TCSI IIPY MHTCHCHBHON TUTacTUYecKOol nedopManuy, Belyineid K
(bOpMIPOBAaHMIO HaHO- M CYOMMKPOKPHMCTAUIMYIECKOI CTPYKTYpHL. B
MaTepuaiaX C HU3KOM SHeprueil medeKToB YIIAKOBKM HAHOpA3Mep-
HbIC 3¢pHA IIPEVIMYILIECTBEHHO ITOABISIOTCA B IONOCAX CIBHIA.

Bu3syansHO HeOmHOPOIHOCTH Ae(OPMAIIMH TIPOABNIIETCS B Ta-
KMX OCOOCHHOCTSIX CTPYKTYDBI, KaK TMONOCH JedopMaLuu, OIOCH
cOpoca, MIEPeXOmHBIC II0JIOCHI, MHMKPOIOIOCH, IIOJOCHL CIBHTA,
MOJIOCHI BTOPHYHOTO CKONBXCHUS U TaK Ha3hIBacMble Caempl (MeT-
K1) nedopManyy.

Honocvt degpopmayuu. Cornacao bappery [15, 16], TepMuH «10-
Joca JedopMalup» WCIONB3YeTCs Uisi OlMCaHus 06heMa 3epHa C
NOCTOSTHHOM OPMEHTHPOBKOH, KOTOpas 3HAYHUTEIbLHO OTIMYACTCA OT
JPYTMX OPUEHTHPOBOK B 3epHe. Ilpupona monoc gedopManuy ycu-
JEHHO M3Y4aeTCs B IOCJICAHEE BPEMS M3-32 HMX CBA3W ¢ oOpa3oBa-
HUEM He(hOPMANTHOHHBIX TEKCTYD.

Chavana norocsl nedopManvu ObUiM OGHApYXKEHBI B O-KEJe3e,
crasax Fe—Si, o-yiaTyHu, XpomucToil GpoH3e M OPYTMX MeTallax.
BappeTr cumran, 4To OHM BO3HMKAIOT BO BCEX METAIAX C peleT-
Ko# r.aLk. [16].

B pesympraTte cxartus Ha ITOBEPXHOCTH KPUCTA/UIOB ITOMBJIAIOT-

C TOJIOCH C HEIPABYUIHHBEIMI, W3-

o——
\—/\M BIWIMCTHIMA IPaHMIIAMM, HE IIOXO-

\___//—\-"V‘-'*—- XHE Ha CIeAbl CKONBXECHHS U Tpa-
/-———-—’_\/\-_- BAIMACCA HHAYC, YeM OKpY)KaIOII.II/Iﬁ

Matepuan (puc. 2.14). C ygemmue-

T T N HMEM CTEIleHH IehopMalnuy HHasg

e NS e TPABAMOCTb STHX IIOJIOC CTAHOBHT-
P——— -

—~—— ca Oonee oruernmpoit [17]. Pewr-

reHorpadMecKHil aHanu3 IOKa3al,

YTO pelleTKa BHYTPH TIOJOCH IIO-

BECPHYTaZ OTHOCHTC/IBHO OCTAJIBHON

/\/Z“/\'\—\A YacTH KpUCTaUla Ha TIpanycHl Hu
e — JECATKM TPamyCcoB, UTO W CIYXKUT,

—

Puc. 2.14. Tonocwt nedopmammm B HO-BIMOMY, [PIMIMHOM Pasimd-
o-xkenese (x 200) HOM TPaBHUMOCTU.
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TenmeHOUsA K IOABICHUIO TONOC JeDOpPMalUy 3aBUCUT OT OpH-
eHTUPOBKM KPHCTAIIAa MO OTHOLICHMIO K HAaIpaBleHWIo Achopma-
MM, B Tex KpHCTallax Xeie3a, B KOTOPHIX HapajieJBHO OCH
cxatHs pacnojaraiack ock [100] wim [111], monocsr medopmarmn
He BO3HUKAJIH.

BaxXHpIM IS TOHHMAHMA HEKOTOPHIX OCODEHHOCTEN TEKCTYpO-
00pa30BaHus B erM}nyTOM Xejese spiAercd ToT Gakr, 4To Xa-
paKTep M PACIONIOXCHHE Ionoc AedopMamyy 3aBUCAT OT COCTOA-
HHUS MaTepUaja — HaIpuMep, OT TOro, ObUIM JM KPHCTaJUIbBI IIe-
pezl TIPOKATKO#l OTOXOKeHB! WM 3aKaimeHsl [18], T.e. mpomren jn
riepel] TIPOKATKOM DPacaj TBEPAOIO PAcTBOpA MM TPUMECH OBUIH
[epeBeleHsl B TBepIBIA pacTBOp. B 3aKajeHHBIX KPUCTaJUIaX [18]
Da30PUEHTHPOBKM B IpeleNax IOI0C IedopMaIvyd B HECKOIBKO
pa3 Gomplre, YeM B OTOXCKeHHBIX (10..20° Bmecro 5°). Bumumo,
JeTHpOBaHKe TBEPNOTO PACTBOPA, BIHAA Ha JHEPIHIO HeGeKToB
YIaKOBKHA Yy y, MEHSET 4UCIO0 JEHCTBYIOIINX CHCTEM CKOJIBXEHUS.

C mo3uumii Teopuy MUCIoKaImil ofpa3oBaHue ICPECOPHUCHTHPO-
BaHHBIX 00JacTeil SBIJeTCd pPe3yABTATOM B3aUMOIEWCTBHA IHCIIO-
KarmmoHHbIX rpynm. B.JI Wnpen6om [19] paccmarpmBaeT o6pa3oBa-
HUe nonoc medopMallii KaK DPE3yNbTaT B3aUMONEHCTBHA PasHO-
VIMEHHBIX KpAaeBHIX MUNCIOKALMH B Iapa/UIeIbHEIX TIIOCKOCTSIX
ckombxeHusi. EciM BHelIHee HAlpsDKCHHWEe HE IIPEBBIIACT Ty, TO
IBe DPA3SHOMMEHHBIC NUCIOKAILMM, IBICKYIIMECS HaBCTpeyy OIHA
IPYToil B MMAPALIENLHEX TUIOCKOCTSIX CKONEXEHMsA, OCTAHOBATCA HA
ONIpEeNEIEHHOM DAcCTOSHHM B COOTBETCTBHMM CO CXeMOH Ha
puc. 2.15. Ouum GyayT 3areM YAEPKUBATH AMCIIOKAIAH, NBIXYLIAC-
cs1 32 HuMu. OOpa3oBaBIIMECH CKOIUICHHSA OYIYT MpeIATCTBOBATDH
CKOJIBKEHUIO MACTIOKAIMY B CMEXHEIX TUIOCKOCTSIX M CIIOCOOCTBO-
BaTh BOHWKHOBEHWIO HOBBIX CKOIUIeHHUit. B pesynbrare IOCTEIICH-
HO o6pasyercs mojoca medopMalliyl, II0 OXHY CTOPOHY KOTOpOH
PACIIONAraloTCA IOJOXWTENBHBIE, a IO OPYIYI0 — OTpHULaTeIbHBIC
IHCITOKAITAN.

,é—-hlei-l-\

}HQ
T

JEES

Puc. 2.15. Inciokanmonmbie CXeMsl 0OPA30BAHMA NOJIOC JeqopManyy
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Puc. 2.16. CxemMaTHyeCKoe M300pakeHHe MOJIOC
JethopmManuy, mepexonHbIX NONOC H MONOC Puc. 2.17. Tlepexoauas moaoca
copoca B XpoMucTeil Oponse

Hepexodnvie nonocer. Ha puc. 2.16 moxasaHa o61acTh HONOC
ZebopManyy C OPUCHTHPOBKOM B, OTMMYalOllelica OT OpHEHTH-
POBKH A monoc nedopMalk B cocexHeil obmacth 3epHa. O6MaCTh
7 Ha Kpalo repecedeHMs OBYX TPYNIl IOJOC HedopManuy, Ine
OPUCHTUPOBKA U3MEHsACTCA OT B X A, sBISETCa nepexomHoy Imo-
nocoi [3]. TakuMm o06GpasoM, IepexomHasd MOJOCa — 3TO TPAHHLA
MepecedeHrs] IBYX PasiIMdHO OPMEHTHPOBAHHBIX TPYIHI HOJOC Je-
¢dopmaiu. OHa He sIBISETCS rpaHMIEl 3epHA U ¥MMeeT HeGOoMb-
uyio tomuuHy (puc. 2.17) [17].

X. Xy [20] obHapyxXui1, YTO MOHOKPUCTAIIIE KPEMHUCTOTO XKe-
ne3a ¢ opueHTUpoBKo# (001) [100] mpm mpokarke Kak Ohl pasbu-
BalOTCA Ha IBC IPYIIEl IIOJOC AeopMauvm, MOBEPHYTHIX OPYT
OTHOCHUTeNBHO Apyra Ha 30...40°. Cocemaue TomocH medopManun
PasgensIorcsl y3KUMHM, IIMPUHOM B HECKONBKO MMKPOHOB, IIEpe-
XONHBEIMH TIOJIOCAMM, KaX/asd U3 KOTOPHIX COCTOMT B IIMpUHY U3
12...15 aueex (1o aBTOpY — cyG3epeH). Bombiag pa3opueHTHPOB-
Ka COCeIHMX TIoJoc AedopMaliiil peanusyeTcs 3a CYET Iepexoll-
HBIX II0JIOC, B KOTOPBIX COCENHUE STYEHKU TMOBEPHYTH IPYr OTHO-
CHTEeJIBHO apyra Ha 3..4°. Ilpum mpokaTke MOHOKPHCTAILIOB
(001) [110] momoc medopManyy He BO3ZHHMKAIO.

IIpn mocnenylomem Harpese B Kpuctamtax (001) [100] xerko
COBEpPLIANaCh PEKPHCTAUTN3AIMs, EHTPHl KOTOPOH 3apOXIAINCE B
nepexomHbeX nonocaXx. B xpmerammax (001) [110] wwia Tomeko co-
GupaTenbHas IOJUTOHU3AINS, KOTOPYI0 OOBIYHO HA3LIBAIOT PEKPH-
CTANIM3aUNUS «in Situ», YTO HE COBCEM BEPHO. DTH pPe3yNbTaThl
ObUTM TIOATBEPXKACHBI ¥ PasBUTHL B paborax [12, 17, 21].
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OpHEeHTUPOBKH ¥ XapakKTep PaclOJIOXKECHHUS IOJIOC z[e(bopn'}a-
UMM, TepeXOIHEX TION0C U ABOMHMKOR medopManuy (momoc Heit-
MaHa), obpas3yloliuxcd Ipy TIPOKaTKe MOHOKpucTaLioB Fe—Si ¢
ucxomtoit opueHtuposkoit {110} <001>, mompo6HO HCCISTOBAHBL
B [17]. Texcrypa medopMamy KPHUCTAIIOB COCTOMT U3 JBYX CHJIb-
HBEIX CUMMETPMYHEBIX KOMITOHeHTOB THma {111} <112>. Cag3aHo
910 C TECM, 4YTO IIpH /:[e(bopMam/m IIPOUCXOONUT BpAIICHHUE COCCH-
HHX oOyiacTedl KpHCTajjia B IIPOTHBOITOJOXHBIX HAIIPaBICHHASIX
Bokpyr [1T0]. Takoe BpauleHHe MPOUCXOAUT B PA3HBIX CIOAX
KpHCTANIA, MApaJUIeNIbHBIX IUIOCKOCTA IPOKATKU. B pesynbraTe
BO3HMKAeT II0JIOCYaTasi CTPYKTypa, 00pa3oBaHHas MOJIOCaMH . JI¢c-
dopManuu, OTAEICHHLIMH TPYT OT APYra TOHKUMM ITePEXOIHBIMH
TOJIOCaMH.

OpueHTUPOBRY coceMHUX TToJoc pedopMarum, pasmelleHHBIX
TEPEXONHOM ION0COoM, OBIM TPOBEPCHBl IIOCTIEIOBATECIBHBIM
CTpaBJIUBaHHEM CJIOE€B M CHEMKOM ITOJTIOCHBIX (UTYpP PEHITEHO-
BCKUM MeromoM. OKa3ajoch, YTO IIPU TEPEXONe OT OMHOM MOJOCH
K NIPYToil ITaBHAs COCTABIMIONIAA TEKCTYPhl MEHSETCS CKauyKoM OT
(11T) [112} x (111)[11Z]. Dro momTBepkIaeTCA M DPACTIONOXESHN-
eM Guryp TpaBneHHS Ha MHUKpoLDIMde c GOKOBONM HOBEPXHOCTH
obpasna (puc. 2.18) [21]. TMomock nedopMalyi YepemyloTcsi HE
TOJIBKO IO TOJNIIWHE, HO M II0 ITHMpWHE M [UIMHe obpasma. Mak-
CUMAaJIbHBEIC PA30PUEHTUPOBKU B IIpefesiax Itonoc AedopMalnuu,
cyns 1Mo ¢GurypaMm TpaBieHHS, HEBEIUKW W pa3iMyalorcs He 6o-
JIee 4yeM Ha T 5°,

Kpucramnorpadudeckas CBA3b MEXIY COCSAHHMHU IOjI0caMU
nedopManuy OCYIIECTBIBIETCSA 4Yepe3 Y3KYI0 IIEepPeXOAHYyIo IONocy
mupuHoit 3...4 mMxm (em. puc. 2.17, 2.18) [17, 21].

Puc. 2.18. Tlepexoanas mojoca
B ciase Fe — 3,5 % Si.
@urype! TpasneHus TMOKa3hiBa-
0T UBMEHEHUE OPHUEHTHPOBOK
B cOCEOHMX Moocax medopma-
biyzoe




NamMeHeHNe OpHEHTHPOBKH B IIEPEXONHON ITOJOCE MOXKHO IIpel-
CTaBUTh KaK BpalleHue BOKpyr ocu [1T0], Jexaimeil B IDTOCKOCTH
npoxatku [21]. B pesyiabrare B IIepexXonHOH IOIOCE BO3HHMKAET
HaGop IMCKPETHEIX OPHUEHTHPOBOK oT (110) [001], oTBeuaromei
VCXONHOM OPMEHTHPOBKE KpHCTala M HPUXONAILCHCS, ITO-BUIU-
MOMY, Ha CPEIHIOIO YacTh NEPEXOAHOI ITOMIOCHL, 10 OPHUEHTHPOBKH
{111} [112], oTBewarolIeli OPMEHTHPOBKE COceqHeH IOIOCH medop-
Marui. «Ilar» pa3sopHEHTUPOBOK, PaBHBINM YIIY Pa3opUEHTIPOBKU
MCXKIY COCeTHHMH sSuekikamMu (CyO3epHaMm) B IEPEXONHOI IIOJIO-
ce, paseH mpuMepHo 3...4°. Ymcao saeex (cybGsepeH) B Hell paBHO
10...20. Taxum o6pa3oMm, B TIEpEXONHON MONOCE MYTEM HECATU—
JBAINATH IIOC/IENOBATENBHLIX AWCKPETHHIX PAa3BOPOTOB OT CY63Ep-
Ha K Cy0G3epHy o0ecreYmBaeTcsa MEpexol 0T OPUEHTHPOBKU OIHOM
IIONOCHL NedopMallii K IpyToil.

Cornacro C.C. T'opeuky, B IIePEXOOHBIX MOJIOCaX AedOpMUpPO-
BaHHEIX GeppUTHEIX CTajIcH TUCHKH (CyG3epHa) pasOpMEHTHPOBa-
HBIL JIPYT OTHOCUTENBHO JIPyTa 3aKOHOMEPHO C IMOCTENMEHHHBIM VBE-
JAYCHUEM Pa3OpHEHTHPOBKM OT HAHHOTO Ccyb3epHa Ko Bce Oonee
yiameHHEIM. B Ipoliecce pocTta pa3’opHEHTHPOBKA PACTYLIETO CYO-
3¢pHAa OTHOCHTENbHO OKPYXAIOIMX CyO3cpeH HEeIpepHIBHO BO3pac-
TaeT, ¥ B KOHEYHOM HTOre CyOrpaHPIa IPeBpPAINAETCS B BEICOKOYT-
JIOBYIO IDaHUIly, a CyG3epHO — B 3apONBII pekpucTammsanuu. Tak
BO3HMKAIOT 3apomemiy TekcTypsl l'occa (peOpoBas TekcTypa) TIpH
HarpeBe xoyoaHonedOpMHUPOBAHHON TPaHCHOPMATOPHON CTANIM.

TaxuM oGpaszoM, IepexomHasa IOJoca IIOABIAETCS, KOIIa COCel-
Hue O0BEMBI 3epHa AedOpPMHPYIOTCS II0 PAa3IUYHBEIM CHCTEMaM
CKONBXEHHA ¥ IOBOPAYHBAIOTCS K DA3NMYHBIM KOHCYHBIM OPHCH-
THpOBKaM. B HamBGonee mpocroit ¢opMe mepexomHad IIOIOCa COCTO-
WUT U3 KJlacTepa UIMHHBIX V3KUX CyO3epeH ¢ CYMMApHOM pa3opHeH-
THPOBKOM OT OAHOM CTOPOHHI Kiacrepa K Apyroil. Ilpu ymeHbie-
HAM IIUPHHEL TIEPEXOTHON ITOJIOCHL O OOHOM-ABYX sA4yeek (cyOse-
peH) Gonbllas pa3sopHEeHTHPOBKA IIOTEpek MOJOCH coxpaHsercd [2].

Ilonocer c6poca. Bo MHOrMX ciiydasx Moaocskl HedopMamuy c
OPUOTM3UTENLHO HMapaIeIHEIME CTOPOHAMH [PETEPIIEBAIOT IBOI-
HOC wW3McHeHMe opueHTUpPoBKM OT A K C um or C x A4
(cM. puc. 2.16).

Briepsrie medopmanms Takoro Buma 6bula o6HapyxeHa B 1935T.
IpH CXATMHM MHUHEPANIOB, IIO3MHEe — KaMeHHOM coi, a obiacTb ¢
OpueHTHPOBKOH C TIoNMyYmiia TOTJa HAMMEHOBAHUE «II0JI0CA Bpui-
ymanroBa—O6perMoBar [22]. B 1942 1. OpoBan Ha6Gmoman obpaso-
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BaHWE KOJICHYATOIO M3ruba IPU CXKATHH
CTEPKHA KaaMUsS B HaIIpABJIEHUH, ITOYTH
TIApa/UIEIPHOM IDIOCKOCTH CKOJIbXEHHS
[23]. OGnacte B «xonmeHe» OBLIA CXOTHA C
.00JIaCTBIO TIOBOPOTA B MHUHEpajax M II0-
Jy4Wwia B JNATEpaType HA3BaHHE — <IIOJIO-
ca cOpoca» (kink-band). c

Ilosznsee monocel cOpoca HabmoOmAH D
NPH CXaTUW ITHHKA, & TAKKe TIpU pacTs-
XEHUH MOHOKPHCTAJUTOB MHOTHX METAJIIOB:
ATIOMUHUS, LMHKA, BUCMyTa, MarHust [2].

ITonocer cGpoca B I.H.K. KPHCTAIax
06pasyoTcd TepHeHIUKYIIPHO ILIOCKO-
CTAM W HAIIPaBICHUIO CKONBXCHUS (pIUC.
2.19, 2.20). Pemierka B HMX IIOBEPHYTa
OTHOCHUTEJIBHO PEIETKH OCTAIBHOIO KpH-
CTajUla BOKDYI' OCH, JieXamed B IUIOCKO-
CTU CKONBXCHHS ¥ TNEPHCHIMKYIIPHOR 5 - 516 Ccyova momocs
HAIPABJICHUIO CKOMLXEHMA. OTH IONOCH  cGpoca
comepxkaT JIOKallbHbie OOGJIACTH WUCKPUB-
JIEHHOH pelteTkM (cM. puc. 2.19), cocrosiime M3 IBYX 30H IIPOTH-
BOIIOJIOXKHC HATIpaBleHHON KpHMBU3HEL. IIpu GOJBIINX CTEIEHIX
IedopMallid TOJIOCH cOpoca CTAHOBATCA OapbepaMH IS IBIKE-
HUA JuciIoKamuu [6]. YuacTku OGONBIION KPMBH3HEL SBIAIOTCI
MeCTaMH{, B KOTOPHIX (OpMUpOBaHHES IICHTPOB perI/ICTaJ'IJ'II/ISaI_II/II/I
HUIET ¢ HauOONBIIEHl CKOPOCTHIO.

Murpononocer. HesasucMO OT TOro, HMOET medopMalyg CKOTb-
XeHreM WIH JIBOMHUKOBAHUEM, KapTHHA MHKDPOCTPYKTYPHI YCIOXK-
HACTCA IOABICHUEM HEOLHOPOTHOCTEH, MEHBIIMX JIO pasMepy, YeM

Monocel cBpoca

CkonbxeHve

Puc. 2.20. TIonochi cBpoca B kpucTaLie amovunasg, Aedopmuposannom Ha 17,5 %
pactsukennem (x 100)
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noocel AedopMmampn. K HOM OTHOCATCS MEXPOIIONIOCHL, ITOJIOCH
COBMTA ¥ TaK Ha3elBacMBIe clenbl (MeTKH) medopManmm (strain
markings).

B Takwx r.kx., Meraulax, Kak alIOMHUHWHA, MeIb, HHKEIb, IJe
JedopMalys IIePBOHAYAILHO PA3BHBAETCH CKOJBXKEHMEM, IIPH yMe-
PEHHBIX NedopManmsx 06pa3yloTCd MUKDPOIOIOCH — IJIMHHBIC
TOHKHME OpMEHTHpOBaHHHIEC objacty Tommwmmoil 0,1..0,3 MKM I
OrpaHUYCHHEIE pa3sMepoM 3epHa (puc. 2.21, a) [3, 24]. Crenku
MUKPOIIOIIOC COCTOSIT M3 TVCIOKAIMOHHBIX ITOCTPOEHHUIA, ITOTOOHEIX
CTEHKAM PABHOOCHBIX SYecK, HO B OTIMYHE OT HHMX COAEPXKaAHUE
JUCIOKALMI BHYTPH MHKPOIIOJOC OTHOCHUTENLHO Beamko., OpleH-
THPOBKA MHKPOIIONOC ¢Iab0 OTIMYAeTCd OT OPUESHTHPOBKU COCEI-
HHUX SYEEK M OTHOCHUTEILHO ITOCTOSIHHA BOOJB TOJOCH. MMKpPOIIO-
JIOCH OLUIH BIiepBHIC BHIABJACHB B 1963 1. [25] B Memu, mpokaraH-
HOI1 co creneHbo medopmanym 0,2. Ha doHe suencroii paBHOOC-
HOH CTPYKTYPH NOSBWINCH [UIMHHBIE y3KUE O0NIAaCTH IUIACTHHYA-
Toro THila TonwHou 0,1...1,0 MKM ¥ OTHOCUTEIHHO CBOOOIHEIC

: 2

Puyc. 2.21. Ocobennocrn IpOABIEHHs JOKAMM3AUME Je(OPMALMH B MUKPOCTPYKTYPE:
a — MHKpPOIIOJOCH B XOIOJHOKaTaHoH Ha 18 % Memm; 6 — MMKpOIIOIOCH B
XONOTHOKATaHOH Ha 98 % Menu; ¢ — MOJOCH COBHIa XOJOOHOKaTaHOH Ha 83 %
Menu; ¢ — RedOpMalHOHHHE MBOMHUKH B XONOZHOKaTaHOM Ha 30 % maryHu
(70 % Cu—30 % Zn); 8 — cmean (Metku) gedopmauyu B Jatyau (70 % Cu—
30% Zn) mocne cxarug Ha 14 %
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OT jauciokanmii. MHorue WCCTIeNOBATEIM HAGMIONANM ITOSBIIEHUE
MIKDOIIOJIOC CHAuana Ha IUIOCKOCTAX cKombxenws {111} [26]. Ilpnu
Bonpiux nedopmanmsax (g> 1,5) MUKPOIOIOCH TPYNIUPYIOTCS
(puc. 2.21, 6). I'paHMLB MHKPOTIONOC, COCTOSMIINE N3 IVCIOKALU-
OHHELIX IIOCTPOEHUIl, CTAHOBSATCA Oojee y3kumu. Takwe KIiacTepsl
MHUKPOIIOJIOC MOTYT IPeACTABIATh COO0M IepeXOIHyIO IONOCY, pas-
JMYMe OPUEHTHPOBOK TOTIEPEK KOTOpoi goxoaut no 60°.

Hambomnee mpuemiieMad Monelnb (HOPMMPOBAaHHIA MUKPOIOIOC
MpeoAaraeT, Yro PasBUTHE MX IIPOMCXOIUT TOINA, KOTHAa sS4eurc-
Tag CTPYKTypa CTAHOBUTCA Ooiee HECTAOMILHOH K IIPOJOIIKAIO-
mieiica nedopmaruu [27]. Bto o3Hadaer, YTo (POpPMHUPOBAHUE MIHK-
POIIONOC ACCOLMHUPYETCS ¢ HH3KOH CKOPOCTBHIO YIIPOYHEHHA H,
CIENOBATENRHO, ¢ NUHAMMYECKAM BO3BpPaTOM. 10 €CTb MHKPOIIO-
JIOCEHL — €CThb CJeICTBME HeCTAOMJIbHOCTH TEUEHHS M3-3a Iolleped-
HOTO CKOJIbXEHMH CMEINaHHbIX IUCIOKALMIA B  Cepuy IapaUIcib-
HBIX IUIOCKOCTEH.

Honocer coguea. Tlpu Gombmnx crenenax nedopmammu (e > 1)
NosABNSeTCAd €llie OfHA CTPYKTYPHAasT HEOTHOPONHOCTh — IIOJNIOCa
capura. IlomocH casura MMEIOT MOPGOIOTHIO OTPEACNECHHO CBS-
3aHHYIO C TeoMeTpueil gedopMalui M HaGIIONAIOTCS B ONTHYEC-
KoM Mukpockore (puc. 2.21, 6). Ilomocel casura ObUIM - OITMCAHEI
IeTaIbHO elle B 1922r1. [28], HO motoM 3a0BITH g0 70-X romos.
DTH TIONOCH COOTBETCTBYIOT Y3KHM: OOIACTAM HHTEHCHBHOIO COBH-
ra, KOTOPEII IIPOMCXOAMT HE3aBUCHMO OT 3ePEHHON U KpHCTAUIN-
YeCKOM CTPYKTYpHl Marepuana. CIBUT, acCOLMMPYeMbIH ¢ MHIVBH-
IVAIBHOW TIIOJNOCOH, OGLIUHO COCTaBilsieT 3HaYeHWe Y= 3...4, HO
vHorma Habmomamy u y = 10 mpu obmeil gedopmanuu obpasia
e>1 [29]. Tommuua nonoc coeura — 0,1...1 MkM. B mpokaTaHHBIX
MaTepHaliaXx IOJOCH COBHTa IOABIAIOTCA IIoh yriaoM 35° K. IUIoC-
KOCTH TpPOKATKY B HAIpaBIeHWM, IEepICHIMKYIAPHOM HaIpaBie-
HUIO TIPOKATKM. .

B Meramiax ¢ BBICOKOII 3HEpIUeil HedeKTOB VIIAKOBKH, KOTO-
pule 1e(OPMHUPYIOTCA CKOJMBXKEHHEM, IIONOCH AedopManym ¢op-
MUPYIOTCS - KOTIOHUSAMM, B KaOKIOA M3 KOTOPHIX pa3BHUBAcTCA TOJIb-
KO OIHO HampaBiieHMe MapaJUleNbHBIX HONOC caBHra. (puc. 2.21,
6). B 00beMe 3epHa Takue KOIOHMH PaCIpPOCTPAHAIOTCS «EJIOYKOM»
¥ MIMEIOT pasMep HeCKOJbKUX 3epeH. JIlobad rpaHMIa 3epHa KOJIO-
HMEH TepecekaeTcsd 0e3 OTKIOHEHWS IOJIOCHL CIOBUIA.

Mopgornorus Imojaoc COBUTa B MaTepHaliaX ¢ HU3KOHM SHeprueci
JedeKToB YIIaKOBKM HECKOJbKO Ipyras [26, 29]. B mpoxaTaHHOH
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matyau (70 % Cu—30 % Zn) M30MMpOBaHHEE ITOJOCKH! CIBHIa CHA-
Yajia IIPOABISIIOTCS B 06GJIacTgX 00pa30BaHMA ABOMHUKOB B IUIOC-
KOCTH INPOKAaTKW, a 3aTeM OpH € ~ 1 yXe JBa cemeifcTBa ITOJIOC
COBUTA MOXHO YBHIETh BO. MHOrmx odjyactsax. ITomocsl obpasyiorcs
TpUONU3UTEIGHO Tox yotoM £ 35° K IDTOCKOCTH TPOKAaTKu M IOe-
AT JUCT Ha poMOOMIanbHBIC HPU3MBL C UIMHHOM OCBIO, Iapai-
JIEIBPHOH HanpaBieHHIo, IepHeHAUKYIAPHOMY HAIIpaBIEeHUIO IIPO-
KaTKW. BHYTpH IpH3MBI PAacCIIONaraloTcs IMOCTPOSHUMS HBOMHMKOB.
Kax mokazamo Ha puc. 2.22, caM¥ ITOJIOCH CIBUTA COCTOAT M3 ITO-
CTPOCHUH OUYEHDL MANEHBKUX «KPUCTALINTOB> (OOLEMOB IpaKTHIeC-
KA COBEPIICHHOL pelnieTKH), KOTOpble OOB[YHO BHITSHYTEHL B Ha-
npasieHuu casura B otHolnenuw (2:1) — (3:1) [3]. TunmuHbie
noixocsl capura B jgaryaud (70 % Cu—30 % Zn) umeror pasMep
0,1...1 MKM, a MHIUBHIyaNbHBEIE «KpHCTALTUTE> — 0,02...0,1 MEM.

s MaTepuanoB Kax ¢ HM3KOM, TaK W C BBICOKOW SHeprueit
nedekTa YIaKOBKH NIpoAoDKapomadcs JedopManys ¢ OOIbIIMMU
CTEICHAMH IPHUBOIUT K 0OpasoBaHUIO IIOJIOC CHBUTA, HepeceKalo-
IIUX JIMCT OT MOBEPXHOCTH IO MOBEPXHOCTH. OOGBIYHO paspylleHKe
MPOUCXOMUT BHOJL TAKMX IIOJIOC.

Caedot (memxu) depopmayuu (Strain markings). B Marepumanax c
HU3KOW SHeprueil nedekToB yNaKoBKU (cepeOpo, ayCTEHMTHBIE
KOPPO3MOHHOCTONKIME CTalM, MHOTHE METHBbIE CIUIAaBBl W 1p.) JIHC-
JOKAIIMOHHAS STIeUCTas CIPYKTYpa He o0pasyercs, M IUCIOKAIINH
OVCCOLUUPYIOT, oOpa3ysd HOCTpOeHHSI [NedeKTOB YIAKOBKHA Ha
IJIOCKOCTAX  ABOWHUKOBAHMA.
IIpu cpaBHUTEABHO MAJOU Ie-
opMallii  TOHKHE  IOJIOCH
OYEHb MEIKUX AepOpMaIlMOHHBIX
JBOMHWKOB pPa3sBHMBAIOTCA  IIO
mrockoctam {111} (pme. 2.21, &)
[30]. DT TOJIOCHL JIETKO BHISB-
JSIOTCA Ha MOJMPOBAaHHON MO-
BEPXHOCTH IIOCJI€ TPAaBICHUS U
ABIIIOTCS TUIMHYHBIMU CIIETaME
(MeTkamu) pedopManuu (puc.
2.21, d). IIpu Gospmmx medop-
ManMax ¢€> 1 pasBUBalOTCA IO-

Puc. 2.3 1L JIOCHI CIBUTA.
UC. Z.24. 0J10Ca CIBHra B MOHOKpMC- _
TaNTe MeAH, TPOTEBOPMHDOBAMHOTO HA Tlonocer emopuunozo croavice

65% mpu 77K Hus. Tlomumo NCPCUNUCICHHDBIX,
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Monocel cépoca

MNonoce!
BTOPUYHOrO
CKONBXEHUS

Puc. 2.23. TIoNOCK BTOPUIHOXO CKOJMbKEHHSI M IOJIOCHI cOpoca B Ae(hOPMHUPOBAHHOM
KPHCTAILTE aoMuHEA (X 66)

BCTpEYAIOTC YW Ipyrue TPOSIBJICHHS HEOXHOPOTHOU nedopMmauyu,
TaKWe, KaK ITOJIOCH! BTIOPHMYHOIO CKONBXEHHS (TIONIOCHL CO BTOPHMY-
HeiMu cusmramuy) (puc. 2.23) [6]. OHM BO3HUKAIOT B KPUCTALIAX C
HECKOJBbKHAMH CHCTeMaMHM CKONBLXeHHNd. TToBOpOT pelleTKu Oocylle-
CTBJIIETCS B JAaHHOM CJIydae 3a CYET TOrO, YTO B IOJNIOCAX IIPOMUC-
XOIUT CKOJbXECHUE MO CHCTEME IUIOCKOCTEl, OTIMYIHOM OT TOoii, 1o
KOTOpPOH MIeT CKOJBXKECHME B OCTABHBIX YaCTAX KpPHCTALIA.

HedopmMalysi, CBI3aHHAA C HE3aKOHOMEPHBIM IIOBOPOTOM peE-
IIIETKY, BHEpBLIe OOHAPYXKCHHAA Ha MOHOKDHCTAIAX, O4EHb CY-
LIECTBEHHA IIPU IIACTHUecKoi medopMalyy IOIHKPUCTAIUIMYEC-
KUX Tel. B 3ToM ciydae BCICICTBHC B3aMMOICHCTBUA KPUCTAIIN-
TOB MEXIY CO0O0il BEpOSATHOCTE HEONHOPONHOTO XapakTepa medop-
Maliy M HaIA4ys H3rabaioniX MOMEHTOB B OTHEIBHBIX KPUCTAN-
JUTaX OCOOEHHO BEIMKA.

Heoonopoonocmu, ceszaunvle € GAUAHUEM CUL MPEHUA

Tlon BiausAHMEM CWI TPEHHSI MEXNy XeDOpMUpPYIOIIHAM UHCTPY-
MEHTOM ¥ JeDOPMUPYEMBIM U3IEIUEM CKOPOCTh M APYIHUE YCIOBUS
HCTEUYEHHI METAUIA 10 CEUSHWIO W3AEIMSA TIpY IUIACTUYESCKON Je-
(GOpMALMM OKA3HBAIOTCS HEONWHAKOBHIMU. Pe3ynsTaroM sBIAIOTCH
PasIHYMA B JUCIOKALIMOHHOM CIPYKType H TEKCType IO CEYEHMIO
HU3NEJIAA, 4 TAKXKE IMOSBICHHE HANpPSDKEHW MEXIY IOBEPXHOCTHBI-
MH ¥ CepIIEBHHHBIMEU CJIOSMHM, YPaBHOBEINUBAIOIIMXCA B MaKpo-
00beMaX M3NCIMA, TAK Ha3bIBAEMBIX MaKpoHanpsixcenuli (MX Has3bIBa-
10T ellle 30HAILHLIMA HAIPSKEeHWAMA WA Hampsokenusmu 1 popa).

Ha cwis TpeHHs BAWAIOT YCIOBMS IIPOKaTKH, B TOM YHCIIC
JAaMeTp W TeMilepaTypa BaJIKOB, TEMIIEpaTypa METauia, CKOPOCTh
nedbopMannyl, HAIMIAC OKANMHBI, CMazka U Ip.
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B NOBEpXHOCTHBIX C/IOAX XOJOTHOKATAHEIX TI.ILK. METALIOB 00-
pasyercg Tekcrypa {001} <110>, xoTopoii HeT B CEpALCBUHHBIX
cnosix. I'mybnHa TPOHWKHOBEHMS 3TOM OPMEHTHPOBKH YBCIHIHBA-
eTcd ¢ BO3pacTaHMEM KO3(PQUMUHEHTa TPEHUS U, CTETICHU OOXaTust
33 OJWH TIPOXOL M C TIOHMXKEHHEM TeMIeparypsl AchOpMaliu.
IIpu odYeHb BLICOKMX 3HAYSHHSIX LI Ha IIOBEPXHOCTH BO3HMKAECT
cnabas KOMIIOHeHTa TekcTyphl {111} <011>.

B nmucTax HHM3KOYIIEPOXHMCTOM CTald INMOBEPXHOCTHBHIE CIIOH
¢eppHTa OTIUYAIOTCA OT CEPIALEBUHHEIX CWIBHHIM pacCesHUeM
opueHTupoBok {001} <110> m {112} <110>. WU.I1. Kyunpssues [31]
OOHAPYXMI HECUMMETPMYHOCTE pAaCIpelieleHus TeKCTyp II0 ce-
YEHUIO ¥ HAJIWYHE IIPOMEXYTOYHOIO IIPUIIOBEPXHOCTHOIO CNIOSA C
aKCHAIEHOM TeKCTYpPOM MeXmy TOBEPXHOCTHEIM W CePIIEBUHHEIM
cII0eM.

Hanpume Tpex 300 Mo cedeHUIO (CEPALICBUHHAA, MPUIIOBEPXHO-
CTHAS U ITOBEPXHOCTHAS), PATWIAIOILUXCH IO XapaKTepy TEKCTy-
PHI, VCTAHOBJIECHO Taxke B pabore [32] npH HcCIeZOBaHMU XOJOL-
HOKATAHBIX JUCTOB TpaHcdopMa-
TopHOM cramu. Ha puc. 2.24 no-
o7k Ka3aHO pachpelnelieHUe 0K
i pa3HbX KOMIIOHEHTOB TEKCTYDH!

N IO CEeYEeHHI0 MOJIOCH NP HC-

i THONB30BAaHUN PAa3HbIX - TEXHOJO-
rIIeckmx cMaszok. IlomuMo Tpex

30H BUHA TaKXe HeCHUMMETpHY-

HOCTh TeKCTyp. Huxusa u Bep-

‘ XHSISI IOBEPXHOCTH TIONOC HMMe-

6 IOT HECKOJBKO PasidvYaroLIyiocs
g 5L TeKcTypy. Kak ycraHOBIEHO, 3710
pa3uure CBI3aHO C pa3HOH
4r TOJIIMHOMA OKAJTHMHEI HAa HIDKHEN

¥ BepXHell MOBEPXHOCTIX cIiiba,

i a TaKXKe C YCIOBUSIMHU OXJIaXAe-

HUSA TIOBEPXHOCTHBIX CIOCB XO-

i JIOMHBIMH BaJIKaM¥ IIpY Tpejiue-

Hus UeHTp Bepx CTBOBABILICH TOpsSYEd MpOKATKe.
IIpynmoBepXHOCTHEIIT  CIIOH,

Pyc. 2.24. Pacnpeneienue [oJM PasHbX - OTIIMUHEIE OT IOBEPXHOCTHOTO,
KOMNOHEHT TEKCTYPbI necbopmalmn o 05pa3YCTC}I B TOM CJIytiae, eCIId

CEYEHHI0 NPOKATAHHON MOJOCHI TPAHC-
¢opMATOPHO# CTAMH HCIIOJB3YETCHA CMa3Ka, IIOBEIIIA-

0,356

A
Y

NI
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omas KoddouruenT tpennsa (Kanudoms). IIpyr 5ToM Herocpen-
CTBEHHO B IIOBEPXHOCTHOM CJIO€ BO3HUKAIOT OPHUEHTUPOBKM, HE
CBOMCTBEHHBIE TEKCTypaM nedopMamuy O.IL.K. MeTajuioB. Cmaska,
YMeHBLIAIIasd TpeHre (KACTOPOBOE MAaciio), CIOCOOCTBYET YCIIIe-
HUIO HA TIOBEPXHOCTH OCHOBHBIX TEKCTYPHBIX KOMIIOHCHTOB. YKa-
3aHHEIE OCOGEHHOCTH CVIIECTBEHHO BIMSIOT HA IIOCIEAYIOLIYIO
PEKPUCTATUTH3AIINIO.

HeonHopoaHOCTh TEKCTYpHl IIO CEYSHUIO HAOGNIOHAeTCA U IIPH
IPYTHUX, KpOME IIPOKATKH, cXeMax IedopMmaiuum — TIpH BOJOYe-
HUH, 9KCTPy3uH ¥ Ip. HeomHopomHBIE YCIOBHA TEUSHMS MeTasUla
MOTYT, TIOMHMO TEKCTYphI, BBI3BaTh, K4K OTMEYANIOCh, TIOSBICHUE
30HAJIBHBIX HAIIpsKeHuit. 30Ha, Ife TeYeHHe MeTajla IpH Je-
dopmanuu GBUIO GoJiee MHTEHCHUBHEIM (TIpH MPOKATKe — IIOBEp-
XHOCTHBIC CJIOM, IIPU SKCTPY3UH — CCPIILICBMHHEIC), HCIEITHIBA-
€T OCTAaTOUHBbIE HAIpgXeHWs CXaTUd, 4 30H4, IJie CKOPOCTh Te-
YeHHUsI MeTalia Oblia MeHBINEeH, — OCTaTOYHEBIC HAIpsSXKEeHUS pa-
CTAXEHUS.

HanpsckeHus 9T MOryT OBITH BeChMa 3HAauYMTEIBHBIMIL (B CTa-
ma go 700 MIla ); oM MOTYT IPUBOAUTL K HEXEIATCIBHBIM IO~
ciaencteusiM (M3MeHeHue ¢opMbl obpasiia, o6Gpa3oBaHHe TPEIIH
HUT.1.), HO MOIYT OBITH ¥ MOJE3HBEIMU. [Ipy HEKOTOPBIX YCIOBHSX
TedopMalliK TIepeCHIIIEHHBIX TBEPOBIX PACTBOPOB MAaKpOHAIpsKe-
HUs MOIYT BIHSITh HAa XapaKTep pacliaia, YCKOpsSs WM 3aMemiss
ero. Ecau pacriay TBepAOro pacrBopa HAET ¢ YBeIWYECHHEM YIECTb-
HOro 00beMa, TO HaNpsKeHMsS pPacTsXeHus OyayT ero o6jierdyars,
a HanpsoKeHHsI CXaTWs — 3aTpyaHsaTh. IIpM pacmamge ¢ yMeHbIIle-
HueM o0beMa BiImsIHmMe Oyuer oOpaTHbIM. Pacman, ocoGeHHO Heo-
IHOPOIHEIH, H IOCHEAYIOIIee pacTBOPEHHE IUCIIEPCHBIX (a3 wur-
PalOT BaXXHEHUTIYIO pOJib B TIPOHECCAX PEKPHCTATTA3AIUY.

BenenctBre sKcIepuMEHTaNBHBIX TPYIHOCTEH TepMH4ecKas yc-
TOWIUBOCTh MAXpPOHATPSCKEHMIT U3yYeHa HerocTarouHo. OCHOBHOI
HepaspylIaomuii MeTOH OIPEACICHUAS BEIWYMHBI STHX HaIpsKe-
HUl — peHTreHOBCKMil. Iloa BAMSIHUEM 30HAJBHBIX HAIIPSDKCHUIA
TIPOKUCXOIUT ONHOPOMHOE M3MEHEHHE MEXIUIOCKOCTHEIX DPaccTosi-
HUI y BCeX IDIOCKOCTEM, OOMHAKOBO OPHMEHTHUPOBAHHBIX K AEICTBY-
IOIIIM CHIIaM. BTO BRI3BIBAET CMEIICHHE JIMHMI Ha peHTIeHOIpaM-
Me. HarmpapneHwe cMellleHMsSI 3aBHCHT OT 3HaKa HAIPSXEHUIA.
Bemaina cMeneHus HepelMKa. Ee TOYHOMY HM3MepeHHIO IIpersT-
CTBYeT pa3MBITHE JIMHHI H3-32 CTPYKTYPHBIX H3MEHEHHI, OBBIIHO
COITYTCTBYIOLIMX MaKpPOHAIPSDKEHUAM.
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2.4. O0pasosanue yIbTPAMEIKO3EPHHCTOH CTPYKTYPHI. NpH
GombmmX cTemenax JedopMamEn

MeTon wnTeHCUBHOM IDIacTHYecKod medopmaumu (UITI), sax-
Jnovapmuiics B aetopMUpPOBAHUU C OCONBIIMMHU CTETeHSIMU Iie-
dopMaum IpH OTHOCHTENIPHO HHU3KHX TemIleparypax (HHxe
(0,3..0,4)7,,) B yclnOBHSAX BBICOKHMX IPHIOXEHHBIX NAaBICHUM,
oGecnemBaeT noxyyeHue OOBEMHBIX OECIHOPHCTEIX HAHO- M CyD-
MUKPOKPHCTAUINYECKIX METAUIOB M cIiuiaBoB [33, 34]. Hawoxpuc-
mansuueckumy CTPYKTYpaMU TIPHUHATO HAa3HIBATh CTPYKTYPEL, HMe-
IOLIME pasMep CIPYKTYPHEIX 3€MEHTOB MeHee 100 M, MMEIONIX
BBICOKOYTJIOBEIEC PA3OPUEHTHPOBKY T'PABUL, CYOMUKPOKPUCIMAAAUYEC-
Kumu — ¢ pasmepoM 3eped 100 oM < D < 1 mxm [34].

OOblunEle MeTOmH HeOopMallMM — IIPOKATKA, BOJIOYECHHE,
IPECCOBAaHME M IPYyrvie B KOHEYHOM CUYETe NPUBONST K YMeHBIIe-
HUIO TIONIEPEYHOTO CEUYEeHUS 3aTOTOBKM K HE ITO3BOJIAIOT JOCTH-
raTb OONBINMX CTEIEHE! WM3MENIbYeHHS 3epHA. HerpaguiMoHHBI-
MU MeToZaMH (CM. BHINIE), yAaeTcs OeOpMHPOBATHL 3arOTOBKY
IpH ITOCTOAHCTBE HAYATBHOIO M. KOHEYHOIO IONEePEeYHOTo cede-
HMA, JocTHras HeOGXOMMMEIX BBICOKMX CTeIeHeM medopManuy U
usMenbyeHuA 3epHa. K HacTosmieMy BpeMeHH HaHO- U CyOMUK-
POKpHCTaTINYecKhe CTpYKTYpH B xone MIIJl momyueHBI Ha amio-
MWHUH, Xenese, MaTHUH, BOJb({paMe, HUKENE, TUTAHE M MX CIUIA-
Bax. Takue cTPYKTYpHI IpPHUBOOAT K M3MEHEHHIO (QUIMYESCKUX M
MEXaHMYECKMX CBOMCTB (3HAYMTEIBHOC IOBHIICHUE MPOYHOCTH
MpH XOpOoIUeH NMACTHIHOCTH, IIOBHIIIEHHE H3HOCOCTOHRKOCTH,
IIPOSBJIEHNE BHICOKOCKOPOCTHOI M HHM3KOTeMITEpaTypHOI CBepx—
miacTHyHocTH) [33, 34].

Cxemor unmencuenoii naacmuueckoi degopmayuu

HocTikeHuio Goablimx creneHel mecdopMaiuy 6e3 paspylIeHNs
0o0pasiia CHOCOGCTBYIOT ClIENYIONIME VCIOBHA:

- HCH3MEHHOCTh HaYaJbHOTO M KOHEYHOIo IIOMNEpPEeYyHOro cede-
HMS o6pasria;

- npuOmmKeHue JedopMalli K TIPOCTOMY CIBHIY;

- 3HAKOIIEPEeMEHHOCTE JehopMallil;

- BHICOKME [aBJICHUS.

Hcmospsyembie cxembl VITIJL MOXHO pasnenwTs Ha [(Be CPYIIIEL
K nepBoit oTHOCATCA HE HCHONB3YIOLIME GONBILIME THAPOCTATHYEC-
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