Ha npaBax pykonucu

Joopoxoros Ilerp JleonnnoBnu

®OPMUPOBAHUE CTPYKTYPHI U KPUCTAJLIOT PA®UYECKOUN
TEKCTYPBI B U3JEJUAX U3 NEPCIEKTUBHBIX PEAKTOPHBIX
CTAJIEN C OLIK-CTPYKTYPOM IIPU IIVIACTUYECKOHN
JTE®@OPMAIINA U TEPMOOBPABOTKE

CnenuanbHOCTh 01.04.07 — ®u3uka KOHJAECHCUPOBAHHOTO COCTOSIHUS

ABTOPE®EPAT
AUCCEPTALMU HA COUCKAHUE YYCHOH CTeNeHH

KaHnauaaTa TEXHUYECCKUX HAYK

ABTOD: A .

Mocksa, 2020



Pa6ora BeImoHeHA B (heepaabHOM roCyAapCTBEHHOM aBTOHOMHOM
00pa30BaTEIbHOM YUPEXKIEHUN BBICIIEr0 00pa30BaHUs

HammonanbsHOM ucciie1oBaTenbCkoM saepHoM yHusepceurere « MU DIy
(HAAY MUDON)

Hay4Hbrit HcaenkoBa Maprapura I'eHHaAbeBHA

PYKOBOAMTCAL:  ;1511enT, 1OKTOP DU3NKO-MATEMATHUECKHX HAYK, IIpodeccop

OTJIeJICHUS SIAEPHON (DU3UKU U TEXHOJOTUl oduca
oOpazoBatenbHbIX nporpamm HUAY MUDU, r. Mocksa

O¢unuansusie  I'epBacbeBa Hpuna BaagumupoBHa

OnnonenTsr: JTOKTOP (PM3UKO-MATEMATHIECKHMX HAYK, BEIYIIUH HAay4HBIH

COTPY/IHUK,
HNuctutyT Qpusuku metamwmoB umenu M.H. Muxeea YpO
PAH, r. EkatepunOypr

Muponos Cepreii FOpbreBu4

TOKTOP (PU3UKO-MATEeMaTUIECKUX HAYK, BEAYIIHIA HAy4HbIH
COTPYIHUK,

benropoackuii rocy1apCTBEHHbIN HAIlMOHAJIBbHBIN
UCCIIEI0BATEIbCKUM YHUBEPCUTET, T. benropon

MenseneB IlaBea Hukonaesuu

KaHIUJaT GU3HKO-MaTeMaTHYEeCKUX HayK, Ha4YalbHUK CEKTOPa,
denepaibHOE TOCYIAPCTBEHHOE YHUTAPHOE MPEATNPUSITHE
Bceepocculickuii HayqHO-HUCCIEN0BATEIbCKUI

MHCTUTYT aBUALIMOHHBIX MaTEepUAIIOB, I. MOCKBa

3amnuTta auccepranuu cocroutcs «29» ampens 2020 r. B 16.30 yacoB Ha 3acegaHuu
nuccepraunoHHoro coeta MUON.01.03 8 HUAY MUDU no ampecy: 115409, r.
Mocksa, Kammpckoe mocce, 31,

tenedoH +7 (499) 324-87-66, daxc +7 (499) 324-21-11.

C nuccepranueil MOXXKHO 03HaKOMUThCSl B OuOnunorexke HUAY MUDU u nHa caiite
https://ds.mephi.ru.

ABTopedepart pa3zociad «_ » 20 T

[Ipocum npuHATH yyacTue B paboTe COBETa U MPUCIATh OT3BIB B ABYX IK3EMILIIpAX,
3aBEPEHHBIX NI€YaThIO Opranu3auuu, no aapecy HUAY MUODU.

VYuenslil cekperaps JuccepTallnOHHOTO COBETA, k‘( , _
KaHIUJAT TEXHUYECKUX HAYK, JOLEHT / \4»" -~ ET. Kynukos



OBILIAA XAPAKTEPUCTHUKA PABOTbI

AKTYAJLHOCTHL NPO0JIEeMbI

B snepubix peaktopax (SP), paboTaromux Ha OBICTPBIX HEHTPOHAX, OTPOMHYIO POJb
UTPAIOT KOHCTPYKIMOHHBIE CTanu. B naHHBII MOMEHT B KayecTBe OOOJIOYEK TBIJIOB B
peaktopax bH-600 u BH-800 BbicTynaroT u3aenus, U3roToBJIEHHbIE U3 cTanu Mapku YC-68
ayCTEHHUTHOTO Kjacca. TeM He MeHee, DKCIUIyaTallhOHHbIE XapaKTEpUCTUKH 3TOW CTalu HE
OTBEYAIOT IIOCTaBJICHHBIM 3aJadyaM II0 YBEJIWYEHHMIO CTENEHM BBITOPAHUS SAEPHOIO
TOILJIMBA, YTO BKJIIOYAET B CeOsl MOBBIIIEHNE HAKOIIJICHHOM JI03bl U CTENEHU PaJHalliOHHbBIX
NOBpEXIeHUI. B KadecTBE aJbTEpHATUBBl PACCMATPUBAETCS MCIIOIb30BAHUE CTaJICH
(eppUTHO-MAPTEHCUTHOTO KJlacca € OOBEMHO-LIEHTpUpPOBaHHON KyOuueckoit (OLIK)
CTPYKTYpOH, BBUly UX OoJiee BHICOKON pajnalmoHHON cToiikocTH. K mpumepy, B peakrope
tuna BPECT-OJ/[-300 B kaudecTBe 000JOYEK TBAJIOB W JPYTMX KOHCTPYKIIMOHHBIX
3JIEMEHTOB IUIAaHUPYETCsl UCHOJb30BaHue cTanu Mapku 11823 deppuTHO-MapTEHCUTHOTO
kjacca. Kpome TOro, oqHuM M3 HanpaBI€HUN Pa3BUTUS KOHCTPYKLUHMOHHBIX MaTEpHasOB
ABIse€TCA J00aBieHHEe B CTald (EeppUTHO-MAPTEHCUTHOTO KJlacca HaHOPa3MEPHBIX
YIPOUYHSAIOIIMX YACTHIL], KaK MTPABUIIO, OKCUIIOB Y203, KOTOPBIE MOBBIIIAKOT )KaPOIPOYHOCTh
Mmatpuilbl (JIYO-cranu). DTo MO3BOJMT UCIOJIB30BAaTh UX B aKkTUBHOU 30He AP mpu Oosee
BBICOKHX TeMIlepaTypax, a Takxke aenaer [[YO-cranu oIHMM W3 KaHIWJIATOB IS
UCIIOJIb30BAHMSI B IEPBOM CTEHKE OYIyIIUX TEPMOSACPHBIX YCTAHOBOK.

JIns  TOYHOrO MNPOTHO3UPOBAHUS OKCIUIyaTAMOHHBIX CBOMCTB W3JAEIUA W3
nepcrnekTuBHbIX OLIK craneit Heo0X0IMMO 3HATh UX CTPYKTYPY U KpUCTAIIOTpadUyeCcKyIo
TeKCTypy. W ecnu wuccinegoBaHusi CTPYKTYpbl JUIsl JAHHBIX CTaje€dl MpPOBOAATCA B
MCYEPIIBIBAIOIIEM 00bEME, TO CBEJICHUS O 3aKOHOMEPHOCTSIX (POPMUPOBAHMS TEKCTYPbI IIPU
W3TOTOBJIEHUH W3JCIIMN W3 [aHHBIX CTalled MPaKTUYECKU OTCYTCTBYIOT. Kpome Toro,
00paboTka MeTauioB AedopMalveld, B YaCTHOCTH, XOJIOHAS U Topsiuas MPOKaTKa MPUBOJASAT
K (OpMUPOBAHMIO B U3JAENMIX IOCIOHHOM TEKCTYpHOU HEOoAHOpPOoAHOCTH. CTeneHb
HEOJHOPOJHOCTH 3aBHCHUT OT YCJIOBUHM Jedopmaliiu, I03TOMY 3HAHHE XapakTepa JaHHOU
3aBUCUMOCTHU MO3BOJIIET U3MEHATH CTENIEHb HEOJHOPOAHOCTH B U3JEIUIX JJISl TOCTHXKEHHUS
HEOOXOIUMBIX CBOWCTB.

CoBpeMeHHBbIE ~ METAUIMYECKUE  W3JENHUs,  MCIOJIb3yEMble B  HAyKOEMKHUX
TEXHOJOTUYECKUX YCTAaHOBKAX, W3TOTABIMBAIOTCSA IO CJIOKHBIM M MHOTOCTYIEHYAThIM
MapupyTaMm, KOTOpbI€ BKIIOYAIOT B ce0s Takhe OIepalud, Kak ropsyas IMpoKaTka,
XOJIOZHAsI MpOKaTKa, TepMooOpadboTKa U T.1. Kaxkplif U3 3TaroB U3roTOBIEHHS MPUBOJIUT K
M3MEHEHUSIM KPUCTAIIOrpaUIecKoil TEKCTYpPhl M CTPYKTYpPBI, YTO NpPEJoIpenessieT
SKCIUTyaTallMOHHBIE CBOWCTBAa TOTOBOTO wm3Aenus. Kpucramnorpaduyeckass TekcTypa

ABJIIACTCA  OCHOBHBIM  HUCTOYHUKOM  AHU3O0TPOIINHU q)HBI/IKO—MexaHI/I‘-IeCKI/IX CBOMCTB



MOJIUKPUCTAUIMYCCKUX MaTepuanoB. K TOMy ke, OHa SBISICTCS YYBCTBUTCIBHBIM
WHJAMKATOPOM MEXaHU3MOB IIACTUYCCKOW Ac(opMaiivy, PEKPUCTAIUIM3ANNUA U (Pa30BBIX
MPEBPAIICHUH, PEATU3YIOLIUXCS B TIPOIIECCE U3TOTOBJICHUS M3CITHS.

Takum 00pa3oM, aKTyalbHOCTh JaHHOW pPabOThI OO0YCJIOBIIEHA HEOOXOIUMOCTHIO
BBISIBJICHHST ~ 3aKOHOMEpPHOCTEH  (opMHupoBaHHMS  KpUCTALIOrpadUUeCKOH  TEKCTYHI,
UCTIOJB3yeMOH ISl TPOTHO3WPOBAHHMS CBOWCTB, B HM3JACITUSAX U3 IEPCICKTHBHBIX

peaktopHbIix ctaneid ¢ OLIK-cTpykTypoi.

Iean padoThI

[lenpto  pa®OTBl  SBWIOCH  YCTAHOBJEHHE 3aKOHOMEpPHOCTEH  ¢dopMUpOBaHUS
KpucTaiorpaduyeckoil TEeKCTyphl B JIMCTaX U TPyOaxX U3 MEPCHEKTUBHBIX PEaKTOPHBIX
craieii ¢ OLK-ctpykTypoil mpu mactuueckod nedopmanuu U TEpMOOOpabOTKE U
BBISIBJICHHE TIPENICJIOB BaphbUPOBAHMSI AHU3OTPONUU  (PU3UKO-MEXAaHMYECKUX CBOWCTB
WU30CIUM.

JIns noCcTHXKEeHMS YKa3aHHOM LIeJIM PELIEHBI CIEAYOIUE 3a/1a4u.

* BprisiBieHHEe 3aKOHOMEPHOCTEH W MEXaHHU3MOB (OPMHPOBAHUSI TEKCTYPHOU U
CTPYKTYPHOM HEOAHOPOJHOCTEW mpu ropsiueid npokatke cranmu SSXH2MA-II u ux
BIIMSIHUS HA MEXaHUYECKHUE CBOKMCTBA FOPSIYEKATAHBIX JIMCTOB.

e VYcTraHOBJICHHE TMPEJCIIOB BapbUPOBAHMS KPHUCTAUIOTPAPUUECKOW TEKCTYyphl B
W3JIETUSX U3 TIEPCTIICKTUBHBIX PEAKTOPHBIX (hEPPUTHO-MAPTEHCUTHBIX CTAJICH IOCIE
UX XOJIOJHOW MPOKATKU U TEPMOOOPAOOTKH 1O PA3IUYHBIM PEKIMAM.

* BrisiBienne (pakTopoB, BIMSIONIMX HA pa3BUTHE TOCIOWHOW TEKCTYpPHOU
HeogHopogHoct TpyO. Ornenka Biusaus JYO wactun Ha ¢opMupoBaHHe
KpUCTAJUIOrpaduuecKoi TEKCTYPhI IIPU XOJIOAHOM MPOKATKe.

*  VYCTaHOBJIEHUE 3aKOHOMEPHOCTEM HM3MEHEHHSI CTPYKTYpPhI M TEKCTYyphbl (PeppUTHO-
MApTEHCUTHBIX CTAJIEH B PE3YJIbTATE JIUTEIHHON N30TEPMUYECKON BBIICPKKH.

* OueHka BKJIaJa Kpuctamiorpadpuyeckoil TeKCTypbl B aHU30TPONHIO MEXaHUYECKUX

CBOMCTB (p€PPUTHO-MAPTEHCUTHBIX CTAJICH.

Havyunast HOBH3HA PA0OTHI:

e Ha npumepe cramu S55XH2MA-III  BnepBble  oOHapykeHa  IOCJIOWHAs
HEOJIHOPOJHOCTh AHM30TPONHH MEXAaHUYECKUX CBOMCTB TOpsSYEKaTaHBIX JUCTOB,
o0OyCJIOBJIEHHas: OCOOEHHOCTSMHM TMPEUMYIIECTBEHHOW OpHUEHTAllMh 3€peH U
3aTpyJHEHUEM CKOJIBKECHHS AUCIOKAIMHI 0 TuIockocTsM {112},

* BnepBbie ycTaHOBIEHBI 3aKOHOMEPHOCTU (OPMHUPOBAHUS TEKCTYphl B JIUCTaX U
TpyOax W3 MEPCHEKTUBHBIX PEAKTOPHBIX (HEPPUTHO-MAPTEHCUTHBIX CTaJled MapoK
211450 AYO, 211823, UC139, OK181 nmpu ux X0JI0IHOW MPOKATKE, 3aKII0OYAIOIIHECs



B pocTe TeKcTypHbIX KoMmmoHeHT {100}<011>, {112}<110>, {111}<110>,
{111}<112>, mepeyuClIeHHBIX B MOPSIKE yObIBAaHHS UX MHTEHCUBHOCTH.

* BmepBeie mOKa3aHO, YTO OUCHEPCHBIE HAHOYACTHUIIBI OKCHIA HWTTPUS TOPMO3SAT
MPOIECC PA3BUTHA KPHUCTALIOTPA(PHUECKON TEKCTYphl TMPH XOJIOJHON TMPOKATKE
BCJICICTBME WX PABHOBEPOSTHOTO YIPOYHSIOMIETO BO3JCHCTBHS Ha BCE CHUCTEMBI
CKOJIbKCHHUS.

* BmepBeie TeOpeTHYECKHM U OKCIEPUMEHTAIBHO I[MOKA3aHO BIHMSHUE WCXOTHOU
ropsiueit neopmannu, reoMeTpruu MPOKATKU U MPOMEKYTOUHONU TepMOOOPaOOTKHY Ha
HEOJTHOPOHOCTh TEKCTYphl 1O TOJIIMHE CTEHKH TpyO0 W3 TEPCIEKTUBHBIX
PEaKTOPHBIX (PePPUTHO-MAPTEHCUTHBIX CTAJICH.

* BnepBbie BBISBICHO BIUSIHUE HEOJHOPOAHOCTH TEKCTYphI, CHOPMHPOBAHHON IMpHU
XOJIOIHOM MpPOKaTKe, Ha U3MEHEHHs] CTPYKTYPbl U TEKCTYPhI MPU PA3IUYHBIX BUJAX
TepMuueckoil 006paboTku TpyO m3 ctanein D11450 YO, OI1823, UC139 u DK18l,
3aKjIOYarolieecss B TOM, 4YTO BHYTPEHHHME CIIOM TpyO mperepreBaloT Ooree

MHTEHCUBHBIE U3MEHEHUSI TEKCTYPbI U CTPYKTYPbI IPU UX TEPMUUYECKOIN 00paboTKe.

Teopernyeckasi M NPaKTHUECKAS] 3HAYMMOCTb Pa0O0ThI

[IpakTuyeckass 3HAYMMOCTh 3aKiIKOYaeTcss B pa3pabdOTKe pEeKOMEHJIauui 1o
ONTHUMM3ALUU TEXHOJOTMYECKOIO0 MaplipyTa M3rOTOBJIEHHUS O000JOYEK TBAJIOB U3
beppUTHO-MAPTEHCUTHBIX CTalied JJisi CHIDKEHUS B HUX TIOCIOMHOM HEOAHOPOIAHOCTH
Kpuctaymorpaduueckoil TeKCTypsl (akT 00 HCMOJIB30BaHUU pPe3yiabTaToB padbotel B AO
BHUUHM wum. A.A.bouBapa, SBASIOMIMMCS TOJIOBHBIM pPa3padOTUUKOM W3ACIUMN ISt
sIIEpHOM SHEPIeTUKH). YcraHoBIIEHHbBIE 3aKOHOMEPHOCTHU ABOJIIOLIMH
KpUCTAIUIOrpaduuecKoi TEKCTYphl U3 (GEPPUTHO-MAPTECHCUTHBIX CTaJICH MPH UX XOJIOJHOM
MIPOKATKE TO3BOJISIFOT OLICHUBATH AHU30TPONHIO (PU3UKO-MEXAaHUYECKUX CBOWCTB U MPEICIBI
€€ BapbUPOBAHUSI B U3JIETUSAX, U3TOTOBJICHHBIX [0 MHOTOCTYIIEHYaThIM MapIIpyTaMm.

TeopeTndeckasi 3HaY4UMOCTh PaOOTHI COCTOUT B YCTAHOBJICHUW MEXAaHW3Ma BIIHSTHUS
KpucTaiorpaUueckoil TEKCTYphl W  OMNPEACIICHHBIM 00pa3oM OPUEHTUPOBAHHOTO
LIEMEHTUTa Ha HEOJHOPOJHOCTb aHU30TPOIMU CBOMCTB ropsiuekaranbix JuctoB u3 OLK-
cranu. C MOMOIIBI0 MOAETUPOBAHUS IpoLecca MPOKATKH TpyO ¢ ucmosb3oBanueMm [10
MTEX o6Hnapyxeno Biusaue Q-akTopa Ha KpHCTAUIOrpaQUUecKyr0 TEKCTypy TpyO u3
OLK-cTaneit npu UX X0JIOAHOMN MPOKATKE.

[TomyueHHbIE B XOJ€ AUCCEPTALMOHHOTO MCCIIEIOBAHUS PE3YIbTaThl MCIOJIb30BAHBI
ripu BeinosiHeHun HMP o npoekram:

— 1poeKT PODU Nel6-32-00180 mon_a Ha Bemonnenue HUP no teme «BnusHue
HEOJIHOPOJHOCTH TOpSYEKATAHBIX JHUCTOB M3 (EPPUTHON CTalld HAa WX MEXaHUYECKUE

cBoiictBay B 2016-2017 rogax, pykoBoguTeneM paboT SIBISUICS COUCKATENb TUCCEPTAIIH.



— noroBop ¢ AO «BHUNHM» na Beimonnenue HMP ot 01.04.2013 r. Ne 00-3-700-
0868/320-1 «IIpoBeneHrne TEXHOJIOTUYECKUX H MaTEPHATIOBEAYECKUX HCCICIOBAHUN
MEPCIEKTUBHBIX KOHCTPYKIIMOHHBIX MAaTEPUATIOB.

— noroBop ¢ AO «BHUMHM» na Beimonnenue HUP ot 29.05.2015 r Ne 00-3-700-
1153/320-1 «IIpoBeaenne TEXHOJIOTUYECKHMX U  (YHIAMEHTAJIbHBIX HCCIECIOBAHHUN
NEPCHEKTUBHBIX KOHCTPYKIIMOHHBIX MAaTEPUAIIOB.

— poroBop ¢ AO «BHUMHM» na Beimonnenue HUP ot 28.04.2016 r Ne 00-3-700-
0248/320-1 «MopenupoBaHue TMOBEIEHUS OKCHUIHOTO CJosi, OOpa3oBaBIIErocs Ha
noBepXHOCTH oOpa3uoB w3 cranu OII823 mnpu B3aMMOJEHCTBUU CO CBUHIIOBBIM
TeruioHocuteneM, B mpouecce obmyuenus B BP ¢ TXKMT. Uzydenuwe QopmupoBanus
CTPYKTYpbl U TEKCTYpbl O00OJOUYEHHBIX TpyO U3 (PEeppUTHO-MAPTEHCUTHBIX CTajell B

PaA3JIUYIHBIX HCXOAHBIX COCTOAHUAX METOAAMHU PCHTTCHOBCKOI'O aHAJIN3a».

OcHOBHBbIE IT0JIOKE€HHS1, BLIHOCMMbIE HA 3aIIIUTY

1. DKcrepuMEHTaIbHO YCTAHOBJIEHHAs 3aBUCUMOCTb AHM3OTPONHHM MEXaHUYECKUX
CBOMCTB TopsiuekaraHbix JUCTOB M3 ctaimu SSXH2MA-III or HeogHOpogHOCTH
KpucTaiorpadu4eckoil TEKCTypbl U CTPYKTYPHOTO COCTOSIHUSA, a TaKXKE MEXaHU3M
YIPOUHEHUSI CKOJIBKEHUS 10 TUIOCKOoCTsIM {112},

2. BrisiBieHHbBIE 3aKOHOMEPHOCTH (HOPMUPOBAHUS KpUCTAIIOrpaduyecKol TEKCTyphl B
auctax u Tpy6ax u3 ctaneu 11450 JIYO, BI1823 JIYO, 211823, UC139, OK181 npu
XOJIOIHOM TPOKAaTKE W MEXAaHU3Mbl 3aMEIJICHUS CKOPOCTH pOCTa KOMIIOHEHT
TEKCTYpPbl XOJIOAHOW MPOKATKU B (PEPPUTHO-MAPTEHCUTHBIX CTAISIX B MPUCYTCTBUU
YOPOYHSIOUINX OKCUIHBIX HAHOYACTHII.

3. OcobenHoctd (QOPMUPOBAHMSI TOCIONHOW TEKCTYpHOM HEOJHOPOJHOCTU M
AHM30TPONUU MEXAHUYECKUX CBOMCTB B TpyOax u3 craiei DI1450 VO, DII823
AYO, OI1823, YCI139, OKI181 mnpu XOmoaHOW MPOKATKE, OMPEACTISIONINUECS
HMCXOJHOW HEOJHOPOIHOCTHIO TOpsSYEKaTaHOW TpPyOHOM 3aroTOBKH, TeOMeTpuei
XOJIOTHOHM MIPOKATKH U PEKUMAMHK IPOMEKYTOUHBIX TEPMOOOPaOOTOK.

4. DKcrnepuMEeHTalIbHO YCTaHOBJICHHBIE 3aKOHOMEPHOCTH W3MCHCHHUS
KpucTtamiorpaguyeckoil TEKCTypbl M CTPYKTypel TpyO wu3 craieit O11450 YO,
OI1823, YC139, OK181 B pe3ynbraTre TEpMOOOPAOOTKH MO Pa3iIUYHbIM PEKUMaM U

JUTUTETbHOW U30TepMHUYECKON BhIIEpKKU 10 13300 yacos.

J1oCTOBEPHOCTh HAYYHBIX 110J10;K€HHH, Pe3VJIbTATOB M BLIBOI0B

[Tomyuennsie pe3ynbTaThl MO (GOPMHUPOBAHHIO KPUCTALIOTPA(UIECKON TEKCTYpHI B
m3nemusax w3 craned ¢ OLK-ctpykTypoil — cormacyrorcss € HU3BECTHBIMU

OKCIICPUMCHTAJIIbBHBIMA U TCOPCTUUCCKUMHU JAaHHBIMU I JPYyTUX MApPOK  CTaJIH.



3KCHepI/IMeHTaHBHBIe pe3yJIbTaThbl, IMOJYYCHHBIC MCTOAAMHN PCHTTCHOBCKOTO dHAJIM3a,
BHGKTpOHHOﬁ MHKPOCKOIIMHU, a TAKKXC MCXAaHUYCCKHC CBOﬁCTBa, N3MCPCHHBIC MCTOJaMHU

HAHOMHJICHTUPOBAHUS U MCIIBITAHUN Ha PACTSDKEHHUE, COTIACYIOTCS MEKIY COOOM.

JIMYHBIA BKJIAJ aBTOPA

AHaHTaHI/IH HU3BCCTHBIX PCHTICHOBCKUX MCTOIHWK, H3IOTOBJIICHUC O6p213HOB H3
(I)eppI/ITHO-MapTCHCI/ITHBIX CTaHeﬁ, IIPOBCACHUC CBbCMOK Ha PCHTTCHOBCKHUX
III/I(i)paKTOMeTan, MCXaHHYCCKHUC UCIIBITAHUA U HOCJIG,Z[YIOH.IHﬁ dHalIn3 pPe3yJIbTaTOB
IMPOBCACHLI JIMYHO aBTOPOM HIIM IIPHU €TI0 HCIIOCPCACTBCHHOM YYAdCTHUH. ABTOp IIpUHHUMAJI

y4aCTHUC B IIOCTAHOBKC 3a/1a4, INIAHUPOBAHHUH SKCIICPUMCHTOB U O6CY>KI[CHI/II/I PE3YJIbTATOB.

Anpooanus padoThl

OCHOBHBIE pe3yJIbTaThl TUCCEPTALMH JTOKIAIbIBAIUCH U 00CYKIAINCH HA CIIETYIOIIUX
koH(pepenusax: Xll-s KypuatoBckas Monoaexxknas HayuHas mkoia (Mocksa, 2014);
MEXAyHapoaHas MIKosa-KoHpepeHus «Marepuanbl JUisi SKCTPEMAalbHBIX — YCIOBUMN
JKCIUTyaTaluu: pa3paboTka, moixyueHue u npumenenue» (Mocksa, 2014); Hayunas ceccus
HUAY MUOU-2015 (Mocksa, 2015); V Poccuiicko-smonckuii HaydHo-TexHUYeCKuit
cemuHap: «COBpEMEHHbIE METOJIbl HCCIECOBAaHUSl CTPYKTYphl MaTe€pUalioB M HX
npuMeHeHus: B MarepuanoBeneHun» (Mocka, 2015); 10 wMexmyHapomHas MIKoJa-
KoH(pepeHs «Martepuanibl ISl SKCTpEMajbHBIX YCIOBUM 3KcIulyaTanuu: Pa3pabotka,
nosyyenue u npumeHeHue» (Mocksa, 2015); IV u V MexayHapoaHas MOJ0EKHas
HayyHas 1Kona-koHpepenuus «CoBpeMeHHbIE MpoOieMbl (U3UMKA W TEXHOJIOTHI»
(Mocksa, 2015, 2016); VI Mexnaynaponnas kondepenius «Jlepopmamnus u Pazpymienne
MarepuanoB u Hanomarepuanos» (Mocksa, 2015); XXIII Vpanbckas mkojga MeTaoB-
TepMUCTOB, TmocBsmeHHas 100-netuto co aHA poxaeHust mpodeccopa A.A. Ilomora
«AKTyanbHble TPoOJIeMbl (U3MUECKOI0 METayuloBeAeHusl craneil u crmiuaBoB» (TonbsaTTy,
2016); VII-a  EBpa3wmiickas HayuyHO-mpakThyeckasg KoH(pepeHuuss "IIpouHocTb
HeogHOopoaHbIX cTpyKTYyp [IPOCT-2016" (Mocksa, 2016); Jletnsist mkona RACIRI Summer
School 2016, Convergent science and technology for society (Cankr-IletepOypr, 2016); 13-
as MEXIyHapOoJIHOHN IKoya-KoHpepeHInsa <« KU3HEHHBIN LUK MaTEepHaJOB: CTAPEHHUE U
Jerpananus MatepualioB B Tmpoiecce dkcruryaramuu A2Y» (MockBa, 2016); 15-as
MEXIyHApOIHOW IITKOJBI-KOH()EPEHIINN JII MOJIOJBIX YYEHBIX W CcrHenuanucToB «HoBble
MaTepuanbl — MaTepuanbl HMHHOBAIMOHHOM  HSHEPreTHKH: pa3paboTKa, METOJbI
uccienoBanus u npumenenue» (Mocksa, 2017); 20-as MexayHapoaHasi KOHPEPEHIUs 1o
nepopmaru MetamuioB ESAFORM-2017 (Ay6mun, 2017), cemunap «KoHCTpyKIMOHHBIE

MaTepuaibl aKTUBHBIX 30H OBICTPBIX U TepMOsiAepHBIX peakTopoB» KOMA3-2017 (Mockaa,



2017), 22-asa mexayHapoanas koHpepenuus no aegopmamuu meramioB ESAFORM-2019
(Ucnanus, 2019).

Iyoaukanmn

[Io Teme puccepranuu omnyonukoBaHo 23 paboTel, U3 HUX 6 — crTatedl B
pebepupyeMbiX KypHaiax, Bxoasmux B nepeuenb BAK, 4 cratem BXxomaT B

MCXKAYHAPOIHYIO 633}/ JAaHHbIX IUTUPOBAHUA SCOpllS.

O0LEeM M CTPYKTYPA TUCCEPTAINH

JHucceprannonHas padota uznoxeHa Ha 109 crpanunax, coaepx ut 65 pucyHkos, 15
TaOJIUII, COCTOUT U3 BBEJICHUS, IISITH TJIaB, BHIBOJIOB M CIUCKA IUTUPYEMOU JTUTEpATyphl U3

90 HauMEHOBAHMIA.

OCHOBHOE COAEP/KAHUE PABOTbI

Bo BBeneHum 000CHOBaHa aKTyaJbHOCTb pPaOOTHL, CPOPMYJIUPOBAHBI IEJIb U
IIOCTABJICHHBIC 3aJlayd, YKa3aHa Hay4yHas HOBH3HA IIOJyYECHHBIX pE3yJNbTaTOB M HX
MIPAaKTUYECKasl 3HAYMMOCTb, U3JI0’KEHBI OCHOBHBIE IOJIOKEHUS, BRIHOCUMBIE Ha 3aIlUTY .

B  mepBoii riaBe  cucTeMaTU3UpPOBaHbl  JaHHblE O  (OPMHPOBAHUU
Kpucramiorpaguueckoi Tekctypbl B ctanmax ¢ OLK-ctpykTypoil mnpu pa3iauydHbIX
TEXHOJIOTHYECKUX Ipoleccax. PaccMOTpeHbl TeKynue npeacTaBlIeHusl O HEOJHOPOIHOCTH,
dbopmupyroIIeiics Tpu Topsyel MPOKATKE JIMCTOB M3 yKa3aHHBIX CTallei, a TakXke MpH
XOJIOHOM TpokaTke TpyO. OTAeNnbHO M3yYeH BONPOC U3MEHEHUS KPUCTAIIOrpapuiecKoit
TEKCTYpbl MPU peKpUCTaUIM3aAMOHHOM oTxure cranei ¢ OLIK-ctpykypoii. Paccmorpeno
BIIMSHUE YIPOUYHSIOIMX HAHOPA3MEPHBIX YACTUL] HA IMPOLECC PEKPUCTALIM3ALUU U
dopmupoBaHHe TEKCTyphl MNpu  pekpuctaumum3zanuu. IlpoBegen o0030p  BiIMAHUA
KpUCTAIUIOrpaduuecKoi TEKCTYPhl Ha aHU30TPOIHIO MEXaHMUECKUX CBOMCTB crajneit ¢ OLIK
CTPYKTYPOH.

Bo BTOpON rJjlaBe KpaTKO NPEICTABICHBI METOIMUKU HCCICIOBAHUS TEKCTYPhl U
CTPYKTYpbl CTaJIeld, METOJbl OLIEHKHM AaHM30TPONMM MEXAHWYECKH CBOMCTB. OmnucaHbl

0COOEHHOCTH MTPUTOTOBJIEHUSI 00PA3LI0B PA3IMYHON T€OMETPHUHM ISl CbEMKH.
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Pucynok 1. 3aBucuMocTb QyHKIHH
pacripeiec/ieHusi OpueHTaIuH f(g) OT
OTHOCHTEJIbHOW TOJIIMHBI HCCIIEyEMOTO CII0s
JIUCTA TOCJIe TOpsiYel MPOKaTKU

B Tperbell ru1aBe ucCcCienOBaHA

TEKCTypHast u CTPYKTypHasi
HEOJHOPOJIHOCTh, KOTOpas (opmupyercs
npu ropsyeil npokatke craned c¢ OLK-
CTPYKTypou. B KkadectBe MOJEIBHOIO
cruiaBa BbIOpaHa ctaiib Mapku 55XH2MA-
III, mpu TrOpsiuer MNPOKATKE KOTOPOU
HEOJHOPOJIHOCTh  BhIpaxkaercsi HauOoiee
apko. IIpokaTtka  mpoBoawiIach  IpuU
temneparype 1100 °C, 3a 11 npoxonos
JocTUrajach TonmuHa Jaucrta 3mMm. Ha
pUCYHKE | TIpeAcTaBleHO H3MEHEHME
3HaueHus: OPO OTAenbHBIX KOMIIOHEHT B
3aBUCUMOCTH OT OTHOCHMTEJIBHOM TOJILIVUHBI

cinos  S=(to-t)/to, Tme t - paccTosHHE

JaHHOI'O CJI0A OT IIOBCPXHOCTH JIMCTA, 2o - HCXOAHasd TOJIINHAa JHUCTA.

Ha PUCYHKEC 2 MOKa3aHbI KapTbl, NIOJIYYCHHBIC C IMOMOIIBIO MCTOIUKH ,Z[I/I(bpaKI_II/II/I

oOpaTtHoro paccestHusi 31eKTpoHOB (EBSD-kapThl) 171 MOBEPXHOCTHBIX M IEHTPAIbHBIX

cioeB. Ilomumo OpUCHTAlIUH 3CPCH, KOTOpasa 3am1/1(prBaHa Ha I/1306pa)KCHI/I$IX IOBCTOM,

MOKHO Ha6J'IIOI[aTB MOp(bOJIOI‘I/IIO 3CPCH PA3JIMYHLIX CJIOCB. B OCHTPAJIBHBIX CJIOAX, TAKHUM

o0pa3oM, BCTpEYarOTCsl KpyIHbIe 3€pHA, MPEUMYIIECTBEHHO ¢ opueHTanued <111>||HH,

TOrla KakK B IIOBCPXHOCTHBIX CJIOAX Ha6JHOIIaIOTCH MCJIKHUC PaBHOOCHBIC 3épHa C pastquﬁ

OpPUECHTALIUEH.

=5 pm Map3; Step=0.1  Gid213x181

mn

=5 um; Map3; Step=0.1 um; Grid219x164 N 101

Pucynok 2. Kaptel audpakimi oOpaTHO pacCessHHBIX 3JIEKTPOHAX JUIsS TOBEPXHOCTHOTO (a) U
[EHTPaIBHOTO (0) CIIOEB JIMCTA TIOCIIE TOPSYEH TIPOKATKH.



IIpoBeneno KOMIIBIOTEPHOE

MOJCIUPOBAHUC C OCJaIbIO OLICHKH

TEeMIEepaTypHOro NpoQWiIs JHCTa MPU €ro

ropsiuerd npokarke. [lokazano (puc. 3), uro

TeMIIEpaTypa MOBEPXHOCTHBIX CJIOEB Ha

Ha4YaJIbHBIX OJTallaX IIPOKATKH CTAHOBHUTCA

HUXKE TeMIepaTypbl (pa3oBOTo mepexoa y—

0, TaK, 4TO B IIOBCPXHOCTHLBIX CJIOAX ITIOYTH

Ha BCCX Iarax IIPOKATKHU JIIPOUCXOAUT

nedopmanusa depputa. LlenTpanbhbie ciou

200 ' ' ' ' ! npu  3TOM  HOpeTeprneBaloT  (a3zoBoe
1 3 5 7 9 11

MpeBpallcHue Iocie & IIaroB IIPOKATKH.
Jral NpOKaTKH peBpatll p

KommnoneHTsI TCKCTYPhI HCHTPAJIbHBIX
PI/IC}/HOK 3.PacnpeneneHHe Temmeparyp Ajis CJIOCB HTOIoBOro JiMCTta COOTBCTCTBYIOT
IIOCJICA0BATCIIBHBIX 3TAIIOB ITPOKATKHU 1 KOMIIOHCHTaM TCKCTYPHI, Q)opMpr}anxc;[

pa3IUYHBIX IAPAMETPOB S R r—

OTHOCHUTENTLHO MEXaHU3MOB (OPMHPOBAHUSI TEKCTYphl TOBEPXHOCTHBIX CJIOEB
CYILIECTBYET JABE AOMHUHHUpYIOIIME Tunote3bl. O0e rumoTe3bl MoJpa3yMeBaloT, YTO MpU
ropsueil MpoKaTKe JINCTA TEMIIEpATypa €ro MOBEPXHOCTHOTO CJIOS CHUXKAETCSI BCIIEICTBUE
KOHTAaKTa C XOJIOJHBIMH BaJIKaMU M B3aUMOJEHUCTBHUSA C OKPYKAIOIIEH Cpeaou, Tak, 4To K
KOHIy JAeQopManuu MOBEPXHOCTHBIA CIIOM JIMCTa MpeTepreBaeT 4aCTUYHOE WIIM TOJIHOE
dazoBoe nmpeBpamieHue u3 aycreHuta B (Qeppur. CormacHo TEpBOM TUIOTE3E,
(dhopMHpOBaHUE TEKCTYpPbl MOBEPXHOCTHOTO CJIOSl CBSI3aHO C TPEHHEM B 00JIACTU KOHTAKTa
neOpMUPYEMOr0 JIUCTA C BaJIKAMH MPOKATHOTO CTaHA, B PE3yJIbTaTe YEro yBEIMUYUBAETCS
pOJIb CIBUTOBBIX KOMIIOHEHT TeH30pa AedopManuu. ITO MPUBOAUT K (HOPMHPOBAHUIO B
MPUIIOBEPXHOCTHBIX CIOSIX TaK Ha3bIBAEMOW TEKCTYphbl CIBHUra, KOMIIOHEHTHI KOTOPOM
aHAJIOIMYHbI OOHAPYKEHHBIM B UccaeayeMoM obpaszue: {112}<111>wu {110}<112>.

Btopas rumnote3a Obina pa3paboTaHa MPUMEHUTEIBHO K Topsued aedopmaruu
tyromnaBkux OLK MeramioB. OHa HCXOOUT W3 NPEANONIOKEHHUS, YTO B pe3yjbTare
MpOTeKaHUsl mpolecca AuHaMuueckoro nedopmammronnoro crapenus (AJC) B
MPOKAaThIBAEMOM  MaTepuaje BO3pacTaeT poJib  MEpenoi3aHus  auciaokanui. B
MOBEPXHOCTHBIX CJIOSIX MPUMECH BHEIPEHUS, KOHIEHTPALKUs KOTOPbIX YBEJIMYUBAETCS MPU
ropsiaeil nedopmanmu Ha Bo3ayxe (0e3 3amuTHONW aTMocdepbl), OJIOKUPYIOT CKOJIbKCHHE
JUCIIOKALIMM, U MEPEIoI3aHue CTAHOBUTCS JOMUHUPYIOIIUM MPOLECCOM, YTO U IPUBOJUT K
(dopMUpOBaHHUIO HAOTIOAAEMBIX TEKCTYPHBIX KOMIIOHEHT.

B nensx BbISBIEHUS POJIU TEKCTYPHON HEOJHOPOJHOCTH Ha MEXAHUYECKUE CBOMCTBA

ropsiYeKaTaHblX JKCTOB HCIBITAHBl Ha pacTshkeHue oOpasupl TommuHol 0,5 MM,
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BBIPE3aHHBIE M3  CIOEB  TOpPAYEKATAHOIO  JIMCTa C  PasHbIM  XapakTepom
KpUCTAIUIOrpauuecKOi TEKCTYphl: M3 BHEIIHErO CJIOS BOJM3M MOBEPXHOCTH JHUCTA; U3
LHEHTPAIBHOTO CJIOSI HA CEpPeAMHE TONIIUHBI JKcTa (LUEHTpaidbHas o0JacTh JIKCTA); U3
MIPOMEKYTOYHOTO CJIOS MEXAY BHEIIHUM M LIEHTPAIbHBIM cl0siMU. OOpasibl KaKI0ro TUIa
opuentupoBanbl BAoiab HII u IIH. Ha pucynke 4 mpexacraBieH rpauk 3aBHCHMOCTU
Ipezesia TEKy4YeCTH CTalld OT PAacCTOSHMS N0 IMOBEPXHOCTH JIMCTA VIS PACTSIKEHUs BIOJIb
ITH u HIIL.

Y CTaHOBJIEHO, 4YTO 3€pPHA [IEMEHTHUTA 1500 -
BBIJICIISIIOTCS OPUEHTHUPOBAHO no 1400 i
OTHOIICHHIO K  (EeppUTHON  MaTpHIle. 1300 1
H3BecTHO, qTO OpHUEHTALUS 3epeH s 1200
BBIJICIMBIIIETOCS 1LIEMEHTUTa (C) CBs3aHa C = 1100
o . £y
opueHTarueln QgepputHor MaTpuiel  (f) S 1000
opueHTAIMOHHBIMH cooTHomeHussMu (OC) 900 = PacTmxmne
' — . -4 - sgone HN
Barapsikoro: [100].//[110], 800 - agons MH
[010](;//[111]ﬂ (001)5‘//(112)1‘, HpI/I 9TOM 700 T T T T T T T T T 1
v 0 0,2 0,4 0,6 0,8 1
COMpsDKEHUE PEHIETOK MO0 TraOUTyCHBIM
Henmp llogepxmwocms
IUIOCKOCTAM SIBIISIETCS KOIEPEHTHBIM WIIU Ry
MOJIyKOrepeHTHbIM.  Takum  oOpaszom,
Pucynok 4. 3aBUCUMOCTH MPEIETIOB TEKYYECTH
commacHo  OC, 1EMEHTUT  TMOBBIIIAET Pa3IMYHBIX MO TOJIIMHE CJIOEB CTAJIbHOTO
KPUTHYECKHE  CABHTOBBIC  HAIIPSDKCHS ropsiYeKaTaHoOro JIUCTA MIPH UCTIBITAHUSIX Ha

pactsokenue Bnoaps HII u ITH ot pacnionoxenus

CKOJIBXXCHHUA AUCIIOKalMK II0 CUCTEMaM C CII0S1 TIO €70 TOJIIIUHE.

MJIOCKOCTBIO CKOJIbKeHus {112}.

IIpn pactsxkenun Brons HII B ieHTpanbHOM €10€ AEMCTBYIOT CUCTEMBI CKOJIBKECHUS
C IUIOCKOCTBbIO cCKoybkeHus {112}, Torma kak B ciydae pacTspkeHuss Baonb I[IH B
LEHTPAJIbHOM CJIO€ JIEMCTBYET CUCTEMA CKOJIbKEHHUS C IJIOCKOCThIO ckoyibxkeHus {110}. B
MMOBEPXHOCTHOM cjoe mnpu pacTsokeHun Baoab HII w Bmons IIH  peiictByror
MPEUMYIIECTBEHHO CHCTEMBI CKOJBXEHHS C IUIOCKOCThIo {112}. Yactuipl 1emeHTuTa,
MMEIOIME KOTEPEHTHYIO0 CBSI3b € MAaTpULIEH, NOBBIIAIOT KPUTHYECKHE CIBUTOBBIE
HanpspKeHust B miockoctu {112} B ciywae pactsikenus Baonb [IH B nenrpansnoM ciioe,
YTO MPHUBOJUT K (POPMUPOBAHUIO B TAHHOM CJIO€ AaHU30TPONUH CBOWMCTB. B moBepxHOCTHOM
cnoe npu pactsokenun Broas HII u IIH npeumymiecTBEHHO IEHCTBYIOT CHUCTEMBI C
TUIOCKOCThIO {112} C MOBBIIEHHBIMA KPUTUYECKHUMH CABHTOBBIMU HAIPSDKEHUSIMU BBHTY
CBSA3M C YaCTHLIAMM LIEMEHTHTA, IOATOMY B HMX CTEIIEHb aHW30TPOIHMH HMKE, & 3HAUYECHUE
npenena TEeKyd4ecTH ONHM3KO K MpeAeny TeKydecTH Uil ciydas pacTsbkeHus Baoib HII

HCHTPAJIBHBIX CJIOCB.
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B d4erBeprToOii riaBe wuccienoBaHO (POPMUPOBAHHME KpUCTALIOTpadUUECKOM
TEKCTYpPhl B HU3JENUAX U3 (EPPUTHO-MAPTECHCUTHBIX CTaned. XOJIoAHAas MpOKaTKa, Kak
MOKa3aHO Ha mnpumepe nuctoB u3 craie OlI823 u DOII823 YO, npuBoaur k
MOCTENIEHHOMY TIOBBIIIEHUIO HWHTEHCUBHOCTH TEKCTypHbIX KommoHeHT {100}<011>,
{112}<110>, {111}<110>, {111}<112> (pucyHnox 5).

10 10
1 311823 | 3823 AYO
-@ - {100}<011> * - @ - {100}<011>
8 7|-o- {112}<110> . 8 -4 - (u2)<110-
I —=— (11y<tio= s 4 T —=C— {11)=<110>
6 1 —=— {111}<112~ o ,“.’l 6 | —<"— {111)}<112~
ey - ey -
g - et e T e
4 - 4 4 S _ - Il 5
| |- -7 % :a;— b
5 ¥ - o - 5 B ik 1
o L |l
=" _
0 T T T T T T T T 0 T T T T T T T T
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80
CreneHb fedopmMarinit, %o CreneHb medopmMarpi, %o

a 0
Pucynok 5. M3menenue 3Hauennss @PO f(g) OCHOBHBIX TEKCTYPHBIX KOMIIOHEHT C YBEIIMYCHUEM
crenenu aedopManuu auctoB u3 craneit 11823 (a) u DI1823 AVO (6)

CornacHo mpHUBEACHHBIM rpaguKaM, CKOPOCTh POCTA YKA3aHHBIX KOMIIOHEHT HIKE B
cranu JI1823 IYO. 3amennenue GpopMUpPOBAHUS TEKCTYphbl B CTAd C HaHOPa3MEPHBIMU
OKCHUJAMH CBSI3aHO C YNPOUHSAIOIMUM 3(P(HEKTOM, KOTOPBIM BHOCST IUCIIEPCHBIC YaCTHUIIBI.
3akperieHue JUCIOKAIMOHHBIX TeTelb W 3aMEUICHHE CKOJIBKEHUS —JUCIIOKAlUN
3aTpyAHSET AAIbHEUIIYI0 MEPEOPUCHTAIIMI0 KPUCTAIUIMYECKON PEIIeTKH, YTO 3aMeJIseT
POCT KOMITIOHEHT TEKCTYphl MpoKaTku. B manHom ciyyae B cranb JI1823 JIVO BBenensl
OKCUHBIE YacTUIbl Y203, KOTOpbIe HE SIBISIOTCS KOT€PEHTHBIMH MATpPHIIE O-Keje3a, U
MOTOMY C paBHOW BEPOATHOCTBIO 3aTPYIHSIOT CKOJBXKEHHE AUCIOKAlMA TO0 BCEM
BO3MOXXHBIM cucteMaMm ckonbxkeHuss OLK-ctpykryper:  {110}<110>, {112}<110>,
{123}<110>. IToaTOMy 3ameJieHHE POCTa TEKCTYPHBIX KOMIIOHEHT Pa3HOTO THUIIA B CTAJIH
OI1823 JIYO otHocuTensHO obpasima 6e3 YO gacTull mpouCcXoauT OJUHAKOBBIM 00pa3oM.

Ha pucynke 6 npencrtasnens! [1I1D {100} nis BHEIIHMX U BHYTPEHHHUX CIIOEB TPYObI
D13x1,3 mm u3 cramu 211450 JIVO. B Tabmume 1 coOpanpl gaHHBIE 00 MHTEHCHBHOCTH
OCHOBHBIX TEKCTYPHBIX KOMIIOHEHT BHENIHMX M BHYTPEHHHX cJlioeB crajeil DI1823
”¥9,7x0,5 n HC139, 3K181 16,9%0,4.
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CornacHo MpeICTaBIEHHBIM JTAHHBIM
B Tpybax wu3 (eppUTHO-MAPTEHCUTHBIX

CTajJed B PE3yJbTaTe€ UX XOJIOJHOMU

MIPOKAaTKU dbopmupyertcs
Kpucraaorpaguueckas  TeKCTypa
. KOMIIOHEHTAMH, IOBTOPSIOIIMMH
a
Pucynok 6. III1® {001} nns BayTpennux (a)u ~ KOMIIOHCHTRI, HOJTYIMBINNCCS pu
BHEWHUX (0) coes TpyObI u3 cTamu 11450 XOJIOMHOM IPOKAaTKe JMCTOB M3 cTajei
YO

DII823 u DII823 JVO: {100}<011>,
(1123<110>, {111}<110>, {111}<112>.
HpI/I O9TOM MHTCHCHBHOCTDb JAHHBIX KOMIIOHCHT U3MCHACTCA B 3aBUCUMOCTH OT MAapKH CTaJIu

" OT UCCIICAYCMOI'O CJIOA.

Ta6muma 1. 3nauenus PO 0CHOBHBIX TEKCTYPHBIX KOMIIOHEHT Jyis TpyO u3 ctaneit UC139,
OK181, OI1823 nocie ux X0JI0AHON NPOKATKU

Mapka ctanu 4C139 OK181 OI1823

{001}<110> 0,65 1,54 0,92

BHYTpPEHHSA {112}<110> 8,31 6,70 6,81
MMOBEPXHOCTh {111}<110> 5,41 5,92 8,13
{111}<112> 4,85 5,27 3,87

{001}<110> 2,62 2,27 2,26

BHEILIHSS {112}<110> 5,83 4,50 8,65
MIOBEPXHOCTh {111}<110> 3,14 3,00 6,22
{111}<112> 1,61 1,93 2,34

Mapku craneil OTAMYaloTCs MO JJIEMEHTHOMY M (ha30BOMYy coOCTaBy. BrusHue
BapHalMi MO COCTaBYy CBOJAUTCS K PABHOBEPOSATHOMY TOPMOXKECHHIO IBHKEHHSI TUCIOKALIUH.
WupiMu cioBamMu, Bapualliy B 3JIEMEHTHOM U (ha30BOM cOCTaBe (heppUTHO-MAaPTEHCUTHBIX
CTajieil MPUBOAAT K CIy4YalHOMY H3MEHEHHMIO HHTEHCHUBHOCTH OCHOBHBIX TEKCTYPHBIX
KOMIIOHEHT B HEOOJIBIINX Mpeaesax.

JUisi BBISIBJICHUSA TPUYMH, BIMSIOMIMX HAa HEOAHOPOAHOCTH TEKCTYPHI MO TOJIIUHE
CIIelyeT pacCMOTPETh BIMAHHE TEOMETPHUH NPOKATKA Ha KPUCTAIUIOTPapUIECKyIO
TeKCTypy. Ecnu u3 o6bema TpyObl BhIIEIUTh KyOUUYeCcKuil (pparMeHT mManoro pasmepa, JUis
KOTOPOTO TJIaBHBIE OCH Je(OpMaIli COBMAJAIOT C XapaKTePHBIMU HAINPABJICHUSMHU TPYOBI
(L — nmpononwsHoe, T — TaHTeHIMAIbHOE, R — paauanbHOE), TO TEH30P €ro MIaCTUYECKOM

IIC(bOpMaI_II/II/I MOJKHO IMPCACTABHUTL B BUJIC:
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1 0 0
gj=10 —q 0 n
00 -1-9

rne # — aOcomioTHas  BenuuMHa — Aepopmanmu, ¢ — KO3 UIUEHT
MPOMOPIMOHATBHOCTH Je(OPMAIIH 110 OCSM.
B mpakTHke XO0JIOAHOM TPOKATKM TPyO MCMONB3YyeTcs TmapaMeTp, pPaBHBIM

OTHOILIEHUIO OOKaTUS IO TOJIIMHE CTEHKH K OOXKaTHIO MO JUaMeTpy, Ha3blBaeMblil (-

dakrop: Q = AAdt// :l. Torga cBsi3p Q-dakropa ¢ KOIOPUIMEHTOM TPONOPHHUOHATBHOCTH
nedhopMaIiu:
1 1—g¢q
q= 110 Q= R

Ha pucynke 7 noka3aHa 3aBUCUMOCTb KO3 pUIIMEHTa IPONOPLUUOHAIBHOCTH ¢ OT Q-
¢akrtopa. Pexumy paBHOMepHOW nedopmanuu, NOpUBOJALIEH K  (OPMUPOBAHUIO
aKCHaJIbHOM TeKCTYyphl coOOoTBETCTBYET ¢ = 0,5 u Q = 1. B npenene g—0 nonydaercs Q— o,
YTO COOTBETCTBYET PEXHUMY IUIOCKOM naedopmanuu, MHOpd KOTOpOM (GOpMUpYETCs
OTpaHWYEHHAasl TEKCTypa MPOKATKH JUCTOB. XOJ KpuBOW npu g Bbie 0,5 cmMmeTpudeH
oTHocuTeNnbHO @ = 1, pexum pgepopManud B 3TOM CIy4ae HAlOMUHAET IIOCKYIO

nedopMalInIo CO C)KaTHEM BJI0JIb HanpaBiaeHUs: 7 BMECTO HanpaBieHUs R.

1 I Jlis mpoBepku cBsizu mapamerpa (0 ¢ THUIIOM
g:z . N\ bopmupyromieics TEKCTYPBI IPOBEICHO
0,7 4 \ MOJeIHpoBaHUE  (OPMHUPOBAHUS  TEKCTyphl O
0.6 : \ monenu Teiopa. llomydeHo, 4TO HOpH BBICOKHX

1 g’i ] 3HaueHUsX ()  WHTCHCHUBHOCTh  KOMIIOHEHTHI
0:3 : \\ {001}<110>  sBnsieTcss  HU3KOW, JIOMUHUPYET
0.2 7 \ komnonenta {112}<110>, a Tekcrypa sBiIseTCs
0’(1) ] — ””mm OTPAaHUYCHHOH C OCTPHIMH OTAEIBHO CTOSIIMMU

0,01 0,1 1 10 100 Makcumymamu. Ha  pucynke 8  mpuBeneHa
R 3aBHCHMOCTb WHTEHCUBHOCTH KOMITOHEHT

PreyHoK 7. 3aBHCHMOCTS {001}<110>, {112}<110> or Q-dakropa mocne
ko3 duImenTa MOJIEJIMPOBAHUS Tpollecca MPOKATKH JI0 CTENeHU

NPOTIOPUHOHANBHOCTH IEPOPMAIN ¢ nediopmann 99%. VSMEHEHHE  TEKCIYpbl B
oT O-daxkropa (B morapupMuIecKoM

MaciTabe) unteppasie 1 < O < oo genurtcs Ha JiBa yyacTka: ot |

0 ~2,3, B KOTOPOM NPOUCXOAUT PpPa3MbITHE
TEKCTYPHBIX MAKCUMYMOB BCJIEJCTBUE YBEIMUYECHUSI CTEIIEHU AKCUATbHOCTU TEKCTYPhL, U OT
2,3 510 oo, TIE€ NPOUCXOAUT IUIaBHasg TmepeopueHTanus makcumyma {001}<110> B

{112}<110> ¢ yBenuuenueM napametpa Q.
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IIpu mnpokarke TpyO BHEIIHHE H ; —

p p Py _ —— [001}<110>
BHYTPEHHUE CJIOM O00JIalaloT pa3iaudyHbiM (- 16 - [1- {112}<1103
(dakTOpoM, YTO MPUBOAUT K (OPMUPOBAHUIO - r
HEOOHOPOAHOCTH TCEKCTYpbl IO TOJIIHUHE. 12 =" tl
Pazmuuune B (Q-akTope BHYTPEeHHHX U fe 'f ~

8 n

BHEIIHUX CJIOEB HA Pa3HBIX 3TAallax Mapuipyra [ , \.\
MU3rOTOBJIIEHUS MOXKET nocturatb AQ = 0,8. - -N.\""‘-..__

’ 49cC e .

BpisiBeHO, 4TO paznmuuMe B TEKCType =
pa3HbIX CJIOEB MPOKATaHHbIX TpyO 0 T LI I I
2 4 o 8 10 12 14

OOBSCHSETCA HE TOJBKO OCOOCHHOCTSIMU Q
FeOMETPUM  TPOKATKU.  JlomosHUTEIbHOU PUCYHOK 8. 3aBHCHMOCTB OT O-baKTopa
IIPUYMHOW HEOJHOPOJAHOCTH MO  TOJIIUHE 3nayenus OPO komnonent {001}<110>,

{112}<110> mocne MoeTUpOBAHMS

SBJISIETCSA Tak)Ke MPEABICTOPUS 00pabOTKH, o
MPOKATKH 110 cTeneHu aedopmarmu 99%

KOTOpass B  ClIydyae MHOIOCTYIEHYaTOro
W3TOTOBJICHUSI TPYyO XapakTepuszyeTcs OOJbIIUM 4YHCIOM 3TamoB. s mpumepa, TpybOa
OI1450 AYO 013x1,3 (puc. 6) meped NOCTHKEHHEM YKa3aHHOrO pa3Mepa (KOTOpBIN
SBIIIETCA, K TOMY €, TPOMEXYTOYHBIM) MPOXOAUT OKOJO 7 CTyHeHel MpokaTku. Mexay
STUMHU CTYNEHSIMHU MPUMEHSETCS MPOMEXKYTOUHBIM OTXKUT, TPU3BAHHBIM BOCCTAHOBUTH
MJIACTUYHOCTh TPYOBI Ui JmanbHeimied oopaboTku aedopmareii. ITOT OTXKHT, B CBOIO
ouepelb, MPUBOAMT K Hayaly TMpollecca PEeKpUCTAUIU3AlMK, TPU KOTOPOM HOBBIE
PEKPUCTAIITU30BAHHBIE 3€pHA U3MEHSIOT COOTHOIICHHE TEKCTYPHBIX KOMIIOHEHT B oOpaslie.

Takxe crnenyer oOpaTUTh BHMMAaHME Ha HCXOJIHYI TEKCTypy JO XOJOJHOMN
NPOKATKU, KOTOopas (opMHUpyeTCs B pe3ysibTare NPUMEHSIEMbIX Ha HadallbHbIX ATarnax
oOpabotku mnpoueccoB. B cayuwae cramm DI11450 YO, x npumepy, mnepen 3TanaMu
XOJIOJHOW TPOKATKU HCIOIB3YETCS MPOIECC TOPSYel dKCTPY3UH, B PE3yJIbTaTe KOTOPOTO
MOJIy4aeTcs TOTOBasi K JaJbHEWIIEH ITPOKAaTKE 3aroToBKa. TEKCTypa 3TOW 3aroTOBKHU
XapaKTepHU3yeTCsl aKCHATBHOCTHIO BO BHEIIHHUX CIIOSIX, UTO IMOKAa3aHO HAa PUCYHKE 9, a Takxke
3aMETHOW HEOTHOPOTHOCTHIO TEKCTYPHI MO TOJIIIMHE 3aTOTOBKH.

B KkoHIe rnaBbl OTAEIBHO PAaCCMOTPEH
BKJIQJ TEKCTYphl AedopMalii B aHU3O0TPOIIUIO
(hU3UKO-MEeXaHUUYECKUX CBOMCTB: Moaysi FOHra,
kod(punuenrta JIsukdopaa, npenena TeKy4eCTH.
Ha pucynke 10 qnsi BHYTpEHHMX M BHEUIHMX

cinoeB Tpyosl wu3 cramm OlI823 pasmepom

”9,7x0,5 MM 1Tocie XOJOAHOM MPOKATKU

Pucynok 9. IIII® {100} cranu 211450
YO nocie ropsiuen SKCTpy3HH IS

BHYTPCHHHX () ¥ BHEIIHHUX () crioes ceuennn R-T, pacnpezenenue Kod(QuuueHra

MOKa3aHO pacmpeneneHue wmoayias HOunra B
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Jbukdopna R(o) B ceuenun L-7, a TaxkKe KOHTYpPBHl TEKy4eCTH MJIsi MPUBEICHHBIX
Hanpspkeanit. s 1py6 w3 crameit UC139 u OKI181 pacnpeneneHus BBITISASAT
aHAJIOTUYHBIM 00pa3oM. OOHapyX eHO, UTO CTeNeHb aHH30Tponuu Moayist FOHra nocruraer
1,19, xoapdunument Jlrukpopaa R — 1,48, a pasHuia B CTENEHH AaHU3OTPOIUU MEXKIY
BHYTPEHHUMH W BHEUIHUMHU ciosMmu gocturaet 12% pns moxyns FOura u 26-34% s
ko3 dunmenta Jrakpopaa. TekcTypa mpokaTKu BHOCUT 3aMETHBIIN BKJIaJ] B aHU30TPOIIHIO
MEXaHUYECKHX CBOMCTB TpyO U3 peppUTHO-MAPTEHCUTHBIX CTAJICH, MPU 3TOM HabIogaeTcs

CYIICCTBCHHAA pa3HHIla B CTCIICHU aHU30TPOIIMY BHYTPCHHHUX U BHCINHUX CJIOCB.

\
| = 1,4 :
= ]
o127 \
]
14 l
190 4 = = BHYTPEHHWIA CNon 083
= BHELUHWIA CIIO ’
180 ; - 0,6 — T 0 — T T
0 30 60 90 0 10 20 30 40 50 60 70 80 90 0 02505075 1 125 L5
R VIO, TPaL T Vo noBopora, rpai. 0 /Cup

Pucynok 10. Pacnpenenenue monysns FOura (a), koadduuuenta JIsukdopaa (6) u KOHTYp
TEKy4eCTH (B) JUII BHYTPEHHUX (ITYHKTHUPHBIC JIMHUH) U BHEITHUX (CIIONIHBIE JIMHUAN) CJIOEB TPYOBI
n3 ctanu OI1823 ¥9,7x0,5 MM nocie X0JI0AHON NPOKATKU; CUHAS JIMHSASL IEMOHCTPUPYET
pacrnpenenaeHue CBOMCTB JUIs CiIy4as OJHOPOJHOM TEKCTYPBI

B nsATO# riaBe mMcciueg0BaHO M3MEHEHUE TEKCTYPHl U CTPYKTYPHOTO COCTOSTHUS B
pe3yJibTaTe OTXKUTa 10 Pa3HbIM PEeKUMaM, TEPMOOOPAOOTKH, BKIIOUAIOIICH B ce0s 3aKaIKy
U TIOCIEAYIOINUNA OTIYCK, a TaKXe H3MEHEHUE TEKCTYPhl M CTPYKTYPHOTO COCTOSHHS
BCJICICTBHE JUIUTEIIBHON NU30TEPMUUYECKON BBIICPKKH.

Ha pucynke 11 mokazanel ®PO s obpaszuoB u3 cranu II1823 u BII823 JIYO
nocie mnpokatku (a), mociae omkura (0) W pasHuia Mexay 3HadeHusimu DOPO mocrie
MPOKATKU U OTKUTA f(Z)orx — f(Z)pox (B). KpacHbie 00nacTu Ha pacrpesieieHue pa3HUIIbI
WHTEHCUBHOCTEH O3HAYAlOT POCT MAKCHMyMOB TIOCIIE OTXHUTa, CUHUE — TaJCHHC

HMHTCHCUBHOCTHU KOMITIOHCHT TCKCTYPBhI.
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Pucynok 11. Ceuenne ®PO @2=45° nns craneit 211823 (A) u 11823 IYO (b) nmocne xomoaHoi
nedopmaruu Ha 80% (a), mociie OTHKUTA MO0 PA3HBIM pexuMam (0) U pa3HUIA MEXKIY 3HAYCHUSIMU
®PO ms nepopmanuu u oTKura (B)

B craim DII823 B pesynbrare omxura npu 840 °C mpoTekaeT Mpoiiecc
MOJINTOHU3AUH, KOTOPbIM puBoauT K uHTeHCHUpuKauuu {001}<110>, u KOHKYypHpYIOLIHii
C HUM MpOIECC PEKPUCTAIUIM3ALUU, NPUBOAAIIMN K pocTy KoMmoHeHT {111}<112> u
{111}<110>. B ciyuae ctanu DI1823 IYO mnocne orxura npu 1100 °C npoucxoaut poct
koMmoHeHT {111}<112>, {111}<110>, {110}<001> u yObIBaHUE KOMIIOHEHT 0.-BOJOKHAa
{001}<110>, {112}<110>, 4yTO TOBOPUT O TOM, YTO B JAHHOM CTAJIU MPOUCXOJUT
MPEUMYILECTBEHHO PEKPUCTATIA3AIIMS.

WccnenoBanne wH3MEHEHUsT TEKCTypbl MpU OTXKHUre B Tpybdax wu3 (QeppuTHO-
MapTEeHCUTHBIX CTajedl MO3BOJMJIO BbIABUTH yObIBaHME KOMHOHEHT Tumna {111}<110> u
HEOOJIBIION POCT 3HAYUTEIHHOTO KOJIMYECTBA OPUEHTALINN, pa3MbITHIX 110 ceueHnio OPO. B
cranu OK181 mpu 3ToM mpomcxomuT Takxke pocT kommoHeHT BOmm3u {001}<110> Bo
BHEIIHUX closiX W {223}<032> BO BHYTpPEHHUX CJOsAX. BO BHYTpEeHHHX CIOSX
tosictoctTeHHON cTtann OI1450 JIYO mnpoucxoIuT poOCT HOBBIX 3apOJBIIIEH, Tak Kak
4acTUYHO YOBIBalOT KoMmoHeHTHl {112}<110> u ¢dopmupyercss HOBbIE MAKCUMYMBI C
opueHtauusmu {111}<110>wu {111}<112>.

VYka3aHHbIe U3MEHEHHS TEKCTYPBI TOBOPAT 00 MHTEHCHUBHO MPOTEKAIOIIEM IPOIECcCe
BO3BpaTa M MOJUTOHM3aLMM, a B ciywyae ctanu OKI181, moaBeprHyToil OTXKHUrYy NpH

temneparype 800 °C u cranu I11450 YO, nmoaBeprHyTOd OTKHUTY IMpPU TEMIEpaType
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1150 °C nabmroaeTcsi Takyke€ POCT HOBBIX TEKCTYPHBIX KOMIIOHEHT, KOTOPBIA OTHOCHUTCA K
IIPOLECCY PEKPUCTAIIIN3ALUH.

B Ttabmuue 2 mpeacraBieHbl 3HAYCHHS YIIMPEHHUS peHTreHoBckux nuHuil (200),
(112) u (222), momydeHHBIX ¢ pa3HbIX cioeB Tpyosl K181 ¥¥6,9x0,4 nmocne ee xomoaHON

nedhopMaIvy U OTXKUTA.

Tabmuma 2. 3HaueHus PU3NIECKOTO YIIUPSHHS Pa3HbIX PEHTTCHOBCKUX MAaKCHMYMOB JIJISL CTATU
OK181 1¥6,9x0,4 nociie X0I0AHON MPOKATKU U OT>KHUTa

BHyTpeHHsIsI TOBEpXHOCTh BHeniHss TOBEpXHOCTh

®usnueckoe ymmpenue B, | OtH. | ®usnyeckoe ymmpenue , |  OTH.
HNupexcor hkl | rpan pasHuua | rpajg pa3HuLa
pentrenoBckoro | ITocie ITocne AB, % | ITocine ITocne AB, %
MaKCUMyMa XOJIOAHOM | OTKHTa XOJIOJHOM | OTXKHUTA

MIPOKATKH (800 °C, 1 mpokatku | (800 °C, 1

4ac) yac)

(200) 0,216 0,057 74 0,202 0,129 36
(112) 0,202 0,054 73 0,197 0,101 49
(222) 0,420 0,138 67 0,557 0,217 61

Bo BHYTpEHHUX CIIOSIX BOCCTAHOBJIEHUE CTPYKTYPbl U OTKUT J€(PEKTOB MPOUCXOAT
WHTEHCUBHEE, HEXEJIM BO BHEIIHUX closAX. VMcxomaHo Oojee MHTEHCHBHAs TEKCTypa
MPOKaTKM BO BHYTPEHHHMX CIJIOSIX MPUBOAUT K OoJee paHHEH aKTHUBAalUUU MPOIECCOB
BOCCTAHOBJICHUSI CTPYKTYPHOIO COCTOSIHHASI M TEPECTPOMKON CTPYKTYpBI, BJIEKYILEH 3a
co00l1 U3MEHEHUs1 KpUcTaIorpaduuecKoi TEKCTYPHI.

Takum o0pa3omM, B 3aBUCHUMOCTU OT Temmeparypbl omxkura B OLIK-cTamsx moxer
MPOUCXOUTh KAaK TOJUTOHM3AlMs, TaK M PEKpUCTAUIM3ALMs, MPUBOASAIIA K
(GOpPMUPOBAHUIO M3BECTHBIX M3 JIUTEPATypbl TEKCTYpHBIX KoMmmoHeHT {111}<110>,
{111}<112>. B Tpy6ax OT>KUT MPUBOJUT K U3MEHEHUSIM CTPYKTYpPbI U TEKCTYpPbI, KOTOpPHIE
ABIISIIOTCS 0OJiee€ MHTECHCHBHBIMH BO BHYTPEHHHUX CJIOSX, YTO IMPOUCXOAMUT H3-3a Oojee
OCTpPOH HCXOAHOM TEKCTYphl Aedopmaru, cHOpMHUPOBAHHOM MPHU XOJIOAHOW MPOKATKE
TpyO.

Ha pucynke 12 noka3ana pasnunia B 3HaueHusix ®PO mocie xonoaHoi nedopmaruu
1 TepMOo0oOpaboTKH co cTanmapTHoi 3akankoi (1060 °C 1 gac) u ormyckom (720 °C 2 gaca)

JUTSE BHYTpeHHUX () 1 BHemHUX (0) cimoeB TpyOsr DI1823.
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Pucynoxk 12. Pasauna mexny @PO nocie xononHoit npokatku 1 TO co crangapTHOM
3aKaJKoON + OTIYCK JJI BHYTPEHHUX (a) U BHemHUX (0) cioeB TpyObI u3 cranu 11823

70

80

90

N3MeHeHns: TEKCTYphl HUCCIEAOBAHHBIX CTaJIed Mocie X 3aKaiku u ormycka (1060-
1100 °C 1 gac + 700-720 °C 2 yaca) 3aKt04ar0TCsl B CHUKEHUH MHTEHCUBHOCTH KOMIIOHEHT
vy BosokHa {111}<110>, {111}<112>. [Ipu 3TOM CHM)KECHHE HHTEHCHUBHOCTH yKa3aHHBIX
KOMIIOHEHT  3HAUUTEIBHO  BBIIIE BO  BHYTPEHHUX  CJIOSX, YTO  OOBICHSETCS
HEOJTHOPOTHOCTBIO TEKCTYPHI MO TOJIIIMHE, CHOPMUPOBAHHON Ha dTane aehopMaIii.

N3meHeHne TEKCTyphl B pe3yJlibTaTe 3aKalKH MPOUCXOAUT MO MEXaHU3MY JBOWHOTO
(a3zo0BOro mpeBpaleHusi 0—y—0, KOTOPOe MPOTEKAET ¢ COOII0JCHHUEM OPHUEHTALMOHHBIX
cootHomenur KypmiomoBa-3akca winnm Hwummusamei-Baccepmana. [lpu  onpeseneHHbIX
YCJIOBUSAX MCXOJHAS TEKCTypa Aedopmaiiuu nocie 3akaiku coxpaHseTcs. B nannom ciydae
3T0 mnpoucxoauT mansi komroHeHThl {001}<110>, ocTaibHBIE OCTpPHIE TEKCTYpHBIC
KOMITOHEHTHI B PE3YJIbTATE 3aKAJIKH U MOCJIEIYIONIETO OTIYCKa TEPSIOT HHTEHCUBHOCTb.

B pesynbrare 3akaiku ¢ OTIYCKOM pe3yJIbTHUPYIOIIas TEKCTypa CTaHOBUTCS Ooee
OJTHOPOJHOW MO TOJIIIMHE, HEXEIUd IOoCiIe MPOLECCOB XOJOJHOW MPOKATKH WU
PEKPUCTAITU3AIMOHHOTO OTXKHra. TeM He MeHee, ONpeJEeNICHHbIE pa3Nuyus, TaKhe, Kak
npeobnaganue BO BHYTpeHHUX ciosix kommoHeHT <100>|[HH, octarorcs. Ha pucynke 13
nokazana Ha [IIID{100} BHyTpeHHux W BHemHHX cioeB crtanmu OKI181. OTHomeHue

UHTEHCUBHOCTH KOMIOHEHThl <100>||HH Bo BHyTpeHHHMX CJIOSIX K HMHTEHCHUBHOCTH BO

IBHyTp
100
premuux (0% [puemn JULA oOpasliia mocye 3aKajkyd U OTIycKa cocTaBisieT 1,24, Torga Kak

(100)
nocie aedopmaid TO XK€ OTHomeHue paBHO 1,28. OcTagbHble KOMIOHEHTHI TEKCTYPHI

MpETEPICBAOT PACCCAHNUC, SHAYCHUA WX HMHTCHCHBHOCTH B PAa3HBIX CJIOAX HpI/I6J'II/I)KaGTC}I

ApYT K IpyTy.
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M3MEHEHHE  OCHOBHBIX  TEKCTYDPHBIX
5 KOMIIOHEHT 0 M  Y-BOJOKHa B

'

2,5 3aBUCHUMOCTH oT BpPEMEHU
2

2 5 Ha pucynke 14  mokaszaHo
4,5
T
1,6 n3oTepmuueckoi Boaepxkku npu 700 °C

05 obpasuos m3 craneir YC139 u DOKISI.
a 6 Ha nmnpuBeacHHBIX Tpadukax HYIIO

Pucynok 13. III1® {100} BHyTpeHHUX (a) U COOTBETCTBYET HCXOJHOE COCTOSIHHUE
BHemHUX (0) cioeB TpyOs! u3 cranu K181 mocrne

. . o0pa3loB /10 Hayanma JITUTEIbLHOMN
TEpMOOOPAOOTKU CO CTAaHAAPTHON 3aKAIKOU

M30TEPMHUYECKON BBIACPKKU. TpyObl B
UCXOJTHOM COCTOSIHUU OBLIN MOJBEPTHYTHI TEPMOOOPAOOTKE MO PEXKUMY: 3aKayKa + OTIIyCK
(1190°C 25 cexk. + 720°C 2 yaca).

B Texctype o0pa3ioB npu MX U30TEPMUUYECKON BBIJEPIKKE yKe Ha MajbIX BpEMEHax
Beiiep kKU (MeHee 1000 wacoB) 3ameTHO Bo3pactaeT kommoHeHTa {111}<110>. Ha Goinee
JUTTENBHBIX BPEMEHAX POCT 3aMEUIICTCS WJIA OCTAHABIMBACTCSA, T.C. NMPU IUTEIBHOM
BBIJICP)KKE TEKCTypa SBJSETCS CTAaOWIBHOH, a CYyIIECTBEHHBIE WM3MEHEHHUS TPOTEKAIOT

HMMCHHO Ha ICPBBIX dTallaX CTAapCHUA.

6 6
| uci13ge 700 °C || »5K181 700 °C
5 | - @ - {1001<011= 5 | - @ - {1001<011=
-4 - (11zp=110= -4 - (11zp=110=
4 —— {1113=<110= 4 —— {1113=<110=
|| = (mnsiies | = (=112
o @ 3
+ i
i) 2 —
0 T 0 T T T T
0 4000 8000 12000 16000 0 4000 8000 12000 16000
Bpems, u Bpewms, 4

Pucynok 14. U3menenne 3nauenus PO f(g) B 3aBHCHUMOCTH OT BpeMEHH UCTIBITAHHUS HA CTApPEHUE
pu 650 u 700 °C craneit YC139 u OK181

CornacHo JaHHBIM MO YHIMPEHUIO PEHTT€HOBCKUX OTPaXKEHUH OT mtockocteit {111}

B craisax YC139 u OK181 ¢ yBenuueHreM BpeMEHH U30TEPMUYECKOM BBIIEPKKH YILIUPEHHE

MOHOTOHHO NaJaeT. DTo crpaBenauBo aisa temiepatyp crapeHus 650 °C u 700 °C. Takum

oOpa3zoMm, IJIMTeNbHas u30TepMHuueckas Bwimepxkka cramein YC139 wu  OKI181

XapaKTEpU3yeTCs BOCCTAHOBJIEHUEM CTPYKTYpBl, CHMKEHHEM MEXAHWYECKHUX CBOWCTB U
poctoM koMmoHeHTHI {111}<110>, xapakTepHOi /I Mpoliecca peKpUCTAITU3ALINH.

Onenka BKJIaga TEKCTYphl (UHUIIHONW TepMooOpaboTKH (3aKkalkatoTIyCK) B

AHU3O0TPOIMNIO MCXAHHUYCCKUX CBOMCTB Ha InpuMepe pPacCnpCaAcICHUA MOIYJIA IOHI‘a,
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kodpdummenta Jhakpopaa m mpenena TEKydeCTH IMO3BOJIMIO BBISBUTH, YTO TEKCTypa
TEPMOOOPAaOOTKH BHOCUT MEHBIIUI BKJIAaJ B AaHHU30TPOIHIO CBOMCTB, HEXEIH TEKCTypa
nepopmarmu. [Ipu sTomM mocie TepMOOOPaOOTKH YMEHBIIACTCS pPa3Mihe B XapakTepe
pacnpeneneHusi CBOMCTB M CHUKAETCS Pa3HHIIA B 3HAYCHUH CTETICHH aHU30TPOIHU MEXITY
BHYTPEHHMMHM ¥ BHEUIHHMMH CJOSMH, YTO CBSI3aHO C TEM, YTO cama TEKCTypa
TEpMOOOPAOOTKH sIBiIsIeTCs 00Jiee OJHOPOIHOM MO TONLIMHE TPYO, YeM TEKCTypa XOJIOJHOM

IIPOKAaTKH.

OCHOBHBIE BbIBO/IbI

1. ITokazaHo, 4To ropstyekaranbie JUCTHI U3 cTanu SSXH2MA-III xapaktepusyrorcs
CYIIECTBEHHON TMOCIOMHOM HEOAHOPOAHOCTHhIO KpHUCTAIOrpaguiecKord TEeKCTyphl. Bo
BHEIIIHUX CJIOSIX MPeo0sialaloT TEKCTypHbIe KOMMOHEHTHhl {112}<111> um {110}<112>,
TOTa Kak B IEHTpalbHBIX ciosax — {100}<110>, {112}<110> u {554}<225>, uro
0oOyCJIOBJICHO pa3IMuYMeM MEXaHU3MOB HX (OPMUPOBAHMS B NPUCYTCTBUU TpaJMECHTA
TEMIIEpPaTyphbl MO TOIIIKUHE TOPSYEKATAHOTO JIUCTA.

2. BnepBble yCTaHOBJIEHO, YTO II0 CpPAaBHEHHIO C TIOBEPXHOCTHBIMHU CIIOSIMU
LEHTPAJIbHBIE CIIOM TOPSYEKAaTAHOTO JIUCTA XapaKTEPU3YIOTCS OOJbIIEH aHM30TPONMHEH
npenena Tekydectd. Ilokazano, 4Yro HaOmrogaemass aHU30Tponus — OOycClIOBJIEHA
KpuctamiorpaUuyeckol TEKCTYpOll U  OpPUEHTUPOBAHHBIM  PACIOJNIOKEHUEM  3E€pEH
[IEMEHTHTAa OTHOCHTEIBHO (EeppUTHON MaTpuilpl. lIpum pacTsikeHHH TEHTPATBHOTO CIIOS
Brosib HII akTuBM3upytorcs cucremsl ckoiibkenus {112}<111>, a npu pacTsKeHUH BIOJIb
I[MH — {110}<111>. KpuTnueckoe CABUIOBOE HANPSIKEHUE AJII CUCTEM C IJIOCKOCTIMHU
ckonmpxkeHus {112} TOBbIIIEHO W3-3a OJIOKUPOBAHUSI CKOJIBKCHHUS  JTUCITOKALIUM
[IEMEHTUTOM, TaOUTYCHAs TUIOCKOCTh KOTOPOTO COBMAIAET C TUIOCKOCThIO {112},

3. Ha peakropHbIx cransx ¢epputHo-mapreHcutHoro kiacca (311450 VO, DI1823,
UC139, OK181) ycTaHOBIEHBI 3aKOHOMEPHOCTH Pa3BUTHUS TEKCTYPBI IIPU MIPOKATKE JIUCTOB
u TpyO, BbIpaXaromuecss B POCTE TEKCTypHBIX KoMmmoHeHT {100}<011>, {112}<110>,
{111}<110>, {111}<112> mnepeyuclieHHBIX B TOpPsAKE YOBIBAaHUS HX HHTCHCHBHOCTH.
DKCIepUMEHTATbHBIMU METOJaMH u c UCTIOJB30BAHUEM  MOJEIHPOBAHHUS
TekcTypoobpaszoBanus B Ol[K-metamnax ¢ momorisio mporpammaoro odecrneuenuss MTEX
YCTaHOBJIGHO, 4YTO TEKCTypa TNpoKaTku TpyO ompenenserca Q-pakTopoM, paBHBIM
OTHONICHHUIO 00XATHS TI0 TOJIIUHE CTEHKU K 00XKATHUIO TIO TUAMETDY.

4. YcTaHOBJEHO, 4YTO B pe3yJbTaTe XOJOAHON MPOKATKH Tpyo GdopMupyercs
HOCJIOWHAsT HEOJJTHOPOJHOCTh TEKCTYPhI MO TOJIIMHE, SBISIOLIAsICS CIEICTBUEM HCXOIHOU
TEKCTYPHOW HEOJHOPOJHOCTU TopsiueaeOopMUpPOBAaHHON TpPyOHOM 3aroTOBKHM, a TaKXke

paznuunii Q-axkTopa A BHENTHUX U BHYTPEHHUX CIIOEB TPYOBI.
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5. BnepBble mnoka3zaHo, uyrto JYO wacTuipel B cocTaBe CTajel 3aMeIAIOT
¢opmMupoBaHHEe TEKCTYpbl BBHAY PaBHOBEPOATHOTO YMPOYHSIOMIETO BO3ACHCTBHUSA
HaHOJMCIIEPCHBIX YACTUIl HA BCE CUCTEMBI CKOJIbKEHHUS.

6. [ToxazaHo, 4TO B cily4yae OTKMIra BO BHYTpeHHUX cioax craieit OI1823, UC139 u
OK181 u3mMeHeHus: TEKCTYpbl U CTPYKTYPHOTO COCTOSIHUS 00Jiee MHTEHCUBHBIE BCIEACTBHE
npeobiasaHuss B TEKCType XOJOAHOM MpOKAaTKU Oojiee HaKJIENaHHBIX 3€peH ¢
opuentarusimu {111}<110>, {111}<112>. B ciyyae 3akaqku BO BHyTPEHHHX CJIOSX CTaJlel
OI1823, UC139 u DK181 oboctpsiercss komnonenta ¢ miaockoctsimu {100} u nHabmronaercs
0o0Jiee BBICOKUI YPOBEHb UCKAXKEHUSI CTPYKTYPbI 3€pEH.

7. YCTaHOBIIEHO, YTO B pe3yjbTaTe JUIMTEIHHON M30TEPMUUYECKON BBIIEPKKU TPYO U3
craneit YC139 u OK181 mpu temneparypax 650 u 700 °C nmpoucxoauT pocT TEKCTYPHBIX
komroHeHT {111}<110> nmpu Bpemenu Bbiaepxkku 10 1000 yacoB, mocne 4ero BIUIOTH A0
13300 gacoB TekcTypa He U3MEHsIETCs. DTOT IPPEKT OOBICHIETCS 3apOKICHUEM HOBBIX
PEKPUCTAIIIM30BAHHBIX 3€PEH, JANbHEHIINN POCT KOTOPHIX B JAHHBIX YCIOBUSX 3aTPYIHEH.
CrpyktypHoe coctosiune craned UYCI139 wu OKI81 B pesynprare AIMTENbHOU
U30TEPMHUUECKON BBIICPKKU XapaKTEPU3YETCs CHUKEHUEM YPOBHS UCKAXKEHUSI CTPYKTYpPhI
3€peH, YTO COMPOBOKIACTCS TAKKE CHUKEHUEM MUKPOTBEPIOCTH.

8. IlokazaHo, YTO TEKCTypa ONpeIesieT aHU30TPOIUI0 MEXAHUYECKUX CBOWCTB TPYyO
u3 cramei OI1823, UCI39 u DOKI81, mostomy HaOmrogaeMasi MOCIONHAs TEKCTypHas
HEOJIHOPOJHOCTh TPYO MPUBOAMT K 3aMETHOMY OTJIMYHIO CTENEHU aHU30TPONHUHU CBOWCTB

BHYTPEHHUX M BHEIIHHUX CJIOEB TPYO.
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