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VYK 669.3:539.89:539.25

AHaJIM3 CIEKTPa pPa30pPHEHTHPOBOK HA OCHOBE YAEJIbHON IOBEPXHOCTH
rpaHuIl

T. H. Konskosa®, C. I0. Muponos™", A. B. Kopszaukos™, M. M. Mpmuses’
"Yupexaenne Poccuiickon aKaJIeMuu HayK HNucturyt [TpoGnem
Ceepxmactuunoctu MetamnoB PAH, 450001, Y¢a, yn. Xanmypuna, 39, Poccus
“Vuusepcurer Toxoky, Jlenaprament O6pa6otkn Matepuanos, Beicmas Illkona
Nnxenepos, Cernoati, Apamaxu-aza-Aoba, 6-6-02, 980-8579, Anonus
"Vupexnenne Poccuiickoii akamemmun Hayk HHcturyr Meramnyprun  u
Marepunanosenenns um. banikoBa PAH, 1719991, Mockea, Jlenunckuii npocnekm,
49 Poccus

'Yupexnenne Poccmiickoii akamemun Hayk Wucturyr ®usuku Teepmoro Tema
PAH, 142432, Mockoeckas o6a., HYepnoconosxa, yir. Axademuxa Ocunvsna, 2,

Poccus.

PaccmoTpen Meron aHanmM3a  CHEKTpa PAa3OpPUEHTHPOBOK HA OCHOBE  YAEIbHOM
noBepxHocTu rpaHull. IlokazaHo, yTo 3TOT crnoco® sBisgercs 3(P(PEKTUBHBIM NPU U3YHYEHUU
HBOJIIOLIMM 3€PEHHOM CTPYKTYPHI B X0J1€ 1eopMalvy, peKpUCTAITU3AIMH U POCTa 3EPEH.

KuawueBbie ciaoBa: CHekTp pa3opuUEeHTUPOBOK; Y AEIbHAS MOBEPXHOCTH

I'PaHuLl pa30pPUEHTALUN

1. BBenenue

['panuubl pa3opUeHTAUMU SBISIIOTCS OJHUM M3 BAaXKHEUIIUX SJIEMEHTOB
CTPYKTYpPbl ~ TOJIUKPUCTAJUIMYECKUX  MarepuaioB. (CoriiacHO COBPEMEHHBIM
MPEACTABICHUSIM, HAIMYKUE B MaTepuale ‘“KpUTUYECKON MacChl” TpaHUIl C TOW WU
VHOW PA30pUECHTUPOBKOM MOXET NPUHLUUIHUAIBHO BIUATH HA €r0 NOBEICHUE B

ycloBUsX nedopmanuu, omkura wian kopposun. C Apyrod CTOPOHBI, aHAIM3



OCOOEHHOCTEH CMEeKTpa pa3opUEHTAIMil 3TUX TI'PAaHUI] MOXKET OBITb OYEHb BaXEH
s 6osee riay0oro MOHMMAHUS MPOLECCOB (POPMUPOBAHUS 3€PEHHON CTPYKTYPHI
U, TakuM oOpaszom, s ux Oojee sddexruBHOrO KOHTpOisa. Kak crieacrtsue,
XapakTepu3alusi CIEeKTpa  Pa30PUEHTUPOBOK  IIOCTEINIEHHO CTAHOBUTCS B
MaTepUaJOBEICHUU TaKOW kK€ HEoOXOAMMOW omepanueil TpHu aTTecTaluu
MUKPOCTPYKTYPBI KaK U3MEPEHUE Pa3MEPOB 3€PEH.

OmvH M3 TEPBBIX CHOCOOOB OMHCAHMS CIEKTPa Pa3OpPUEHTHPOBOK ObLI
OCHOBAaH Ha y4eTe Koauuecmea rpaHull. B aTom ciydyae moj eIMHUYHON rpaHUIleH
[OJIpa3yMeBaeTCsl y4acTOK MOBEPXHOCTH, Pa3JEISIIONIMA JBa CMEXHBIX 3€pHA U
HaXOJAIIUNCA MEXIY ABYMS TPOWHBIMU CThiKamMu (Ha uumude). JaHHblld crocod
OOBIYHO MCIIONB3YETCS B MPOCBEUMBAIOIIEH 3JEKTPOHHOW MUKPOCKONHH, TA€ OH
MO3BOJIACT BBISBUTH PAJ BAKHEHIINX 3aKOHOMEPHOCTEH HBOJIOLUU CTPYKTYPHI
[Hampumep, 1. OpmHako  €ro  Cepbe3HBIM  HEJOCTATKOM  SIBJISIETCS
HEYYBCTBUTEIBHOCTh K aHU30TPOIIUU 3€PEHHON CTPYKTYpbI, IOCKOJIBKY OH HUKAK
HE YYUTHIBACT Pa3HUILY B IUIOMIAIN MOBEPXHOCTH aHATU3MPYyeMbIX TpaHuil. Kpome
TOT0, B HEKOTOPBIX CIydasX pa3OpUEHTUPOBKA MOXKET ObIThb NMEPEMEHHON BIOJb
rpaHullbl (HalpuMep, BCIEACTBHE BHYTPEHHUX HAMpPSIKEHUH B 3€pHAX), U, TAKUM
00pa3oM, UCTIOTB30BAHUE TAHHOTO MOAX0/1a MOXKET OBITh 3aTPYIHUTEILHBIM.

[TockonpKy 3HEprusi rpaHul] HEMOCPEJCTBEHHO CBsA3aHa C IJIOLIAAbI0 HX
MOBEPXHOCTH, Oosee PU3NIECKH ONMpaBIAHHBIM MPEICTABISETCS METOH ONMCAHUS
CIIEKTpa Pa30pUEHTUPOBOK HA OCHOBE npomsxiceHHocmu TpaHull. B sToM ciyuae
JUIMHA TPaHUI[ C TOW WJIM HWHOW pPA30PUCHTUPOBKOW OTHOCUTCS K OOIICH
MPOTSHKEHHOCTH TpaHuIl Ha nuide. JlaHHbIi crmoco0 SBISETCS METOANYECKH OoJiee
CJIO)KHBIM, HO 3aT0 0oJjiee yHHUBepcaldbHbIM. OH HCMONB3YeTCs, B YACTHOCTH, MPU
ABTOMAaTUYECKOM aHaIM3€ KapTWH Audpakuuyd oOpaTHO pacCesTHHBIX SJICKTPOHOB

(EBSD).



Crnenyer NOIYEpKHYTh, YTO YIEIbHAS JIOJISI TPaHuUll, GUTYPUPYIOIIAs B IBYX
BBIIICONMCAHHBIX CMOCO0AaX aHalM3a CIEKTpa Pa30pHUEHTUPOBOK, SBISETCS
O0e3pa3zMepHOl BEIMYMHOM. DTO yAOOHO MNpPU CPABHEHUM JKCIEPUMEHTATbHBIX
JAHHBIX C MOJEJIBbHBIMU CIIEKTPaMU - HAPUMED, MPOU3BOJIBHBIM PACIIPEICICHUEM
WIM paclpe/iesieHUeM, BbIBEJEHHBIM Ha OCHOBE TEKCTYphl. OJHAKO B 3TOM CiIydae
CHEKTpP Pa3OpUEHTHUPOBOK HE HeceT B ce0e HHUKAKOW HH(pOpMalUh O CTEHEeHH
paseemeneHHocmy  CeTW TpaHul] B CTPYKType. B  4acTHOCTH, CHEKTpPHI
Pa30pPUEHTUPOBOK KPYIMHO- W MEJIKO3EPHUCTOTO MATEpUajoB MOTLYT OBITh
IPaKTUYECKH  OJUMHAKOBBIMH.  OJTO  MOXET  3aTPyJHUTHh  aJE€KBaTHYIO
MHTEPOPETALNID KaK CaMOM  MHKPOCTPYKTYpPBI, TaK W IPOLECCOB €€
dbopmupoBaHUs.

B 310l CcBSI3M mpencTaBiIsieTcs 1eecO00pa3HbIM OTHOCUTD JIJTMHY TPAHMUI] C
TOM WJIM MHOW pa30pUEHTUPOBKON HE K OOIIeH NPOTSKEHHOCTH IPAHMIL Ha IUTU(de,
a k momany uurda. [lomydaromascs B 3TOM ciay4ae yoenbHas HOBEPXHOCb C
pasmepHocThIO M (B cucreme CH) crmocoOHa, cpeay MpPOYEro, XapaKTepU30BaTh
pa3BETBICHHOCTh 3€PHOTPAHUYHON CETH B 00beME MaTepuasa.

JlaHHBIN METOJ YK€ OIMCaH B IUTepaType [Hampumep, 2] U, TakuM 00pa3om,
OH HE SIBJISIETCS OPUTHHAJIBHOM HJieel aBTOPOB 3TOM cTaTbl. OHAKO, KaK CIEIyeT
U3 aHajau3a JIMTEPaTypbl, OH HE OYEHb IIMPOKO HCIOJIB3YETCS Ha NpaKTUKE. B
JAHHOM paboTe Mbl TONBITAEMCS 3a0CTPUTh BHUMAHUE UWTATENEd Ha
IpPEeUMYIIECTBAX JAHHOTO CHocoba aHaiM3a CHEKTpa pa3opueHTHpoBOK. C 3Toi
LEIbI0 MBI IPOJAEMOHCTPUPYEM €ro NOTEHIMAJI MPU H3YYEHHH MPOLECCOB
nedopmaliim, peKprucTauiu3aluy U pocTa 3epeH.

2. MarepuaJj U MeTOAMKA IKCIIEPUMEHTA

Bce pesysnbTaThl, NpeAcTaBiI€HHbIE B JIAHHOM CTaThe, ObUIM TOJY4YEHBbI B

paMKax  HCCIEIOBATENbCKOTO  MPOEKTa IO  OLEHKE  IelIeco00pa3HOCTU

MCNOJIb30BaHUs KPUOTE€HHBIX nedopmarmii JUISL dbopmupoBaHus



HAHOKPHUCTAJUTMYECKON CTPYKTYpPhI B TeXHUUYECKH yucToit (99,9%) menu M1. bBoinee
noIpoOHOE OMUCaHNE SKCIIEPUMEHTOB JTaHO B paboTtax [3-8]. Bo Bcex ciyqasx mis
XapakTepu3auud MHKPOCTPYKTYpbl — ucnonb3oBasics EBSD-ananu3. Bsunpy
AKCHEPUMEHTAJIBHON TMOTPEIIHOCTH 3TOT0 METOJA, BCE MaJIOYIJVIOBBIE TPAHULIBI C
Pa30pUEHTUPOBKON MeHee 2° ObUIM HCKIIOYEHBI M3 paccMOTpeHusa. B kauecTse
KpuTepusi Mano- u OousbiieyrnoBeix rpanul, (MYDT u BYD coorBeTcTBEeHHO)
UCIoJb30Banack pazopueHtupoBka 15°. Ha Bcex EBSD kaprtax, mpuBeneHHBIX B
ctatbe, MVYI' 0003HaUYe€HBI TOHKUMH CEepbIMH JHHUSIMH, a BYI[ — ToicThiMu
TEMHBIMU JIUHUSIMH.

3. PesyabTaThl M 00CYyKACHUE

3.1. ledpopmarus

HedopMmaiust ocymiecTBisIach MOCPEACTBOM OJJHOOCHOM ocajku Ha 88% 1o
BBICOTE€ NIPU KpUOT€HHOW Temmeparype. [lonpoOHOCTH METOIMKH 3KCIEpUMEHTa
u3N0XeHbl B pabotax [3,4]. MUKPOCTPYKTYpHBIE HCCIEIOBAHUS MPOBOIWINCH B
IPOJOJIBHOM CEUEHUM UEHTpaJbHOM (Hambosnee aepOpMHUPOBAHHON) YacCTU
obpasioB. ®parmentst EBSD kapT ucxomnoro u aeopMHUpPOBAHHOTO COCTOSTHUI
npuBesieHbl Ha puc. 1. Kak ciaengyer u3 pucyHka, ocajika IpuBeiia K 3HaYUTEIIbHOMY
CKATHI0 HUCXOIHBIX 3€PEH B COOTBETCTBHM C TIE€OMETPUYECKUMHU YCIOBUSIMU
nedopmarii 1 GOPMUPOBAHUIO BHYTPH HUX PA3BUTON CyOCTPYKTYPHI.

Hecmotpss Ha O4YEBMIOHOCTH MHUKPOCTPYKTYPHBIX W3MEHEHMM Ha puc. 1,
pacnpenesnieHue TPaHULl O YIJIaM Pa30PUECHTUPOBKH, IMOCTPOCHHOE C YYETOM
MPOTSHKEHHOCTH TpaHull (pUC. 2, a), HE BBIABWIO OOJBINONW Pa3HUIIBI MEXKIY
UCXOAHBIM U JAehOPMUPOBAHHBIM MaTepUaIoM. YMECTHO OTMETUTh JIUIIb
HEKOTOPOE MEPEPACIPEICIICHUE TpPaHULl B MAJIOYIJIOBOM YAaCTU CIIEKTpa U
MCYE3HOBEHUE JBOMHMKOBOro mnuka okojo 60°. Ilocnenuuii >¢¢dekT oueBUIAHO
CBsI3aH C JieOpPMAIMOHHBIM Pa3pyIICHUEM ABOMHUKOB OTXKUTA, TPUCYTCTBYIOIIUX

B HCXOJTHOU CTPYKTYpE.



C npyroil CTOPOHBI, CIEKTP Pa30PUEHTUPOBOK, MOJYYEHHBIA C Y4YETOM
yACITBbHON TMOBEPXHOCTH TpaHull (puc. 2, 0), MmpeAcTaBiseTcs ropasmo Oosee
YyBCTBUTEIIBHBIM K CTPYKTYPHBIM HM3MEHEHUSIM. 3HAYUTEIBHOE YBEIWYCHHE
yaenbHoM noBepxHocTd MVYI' oTBedyaeTr MHTEHCUBHOMY (OPMUPOBAHUIO TPAHUIL
neOpMaAIIMOHHOTO MPOUCXOXKACHHUSI BHYTPU 3€PEH M POCTY YIJIa pa3opUEHTALUU
Ha HuX. C Apyroil CTOPOHBI, OJTHOPOJHOE BO3PACTAHUE YAEIBHON MOBEPXHOCTU
BYT' B mmpokoM MHTEpBajie yrioB pazopueHTauuu oT 15° mo ~ 60° orpaxkaer
C)KaTUE HCXOAHBIX 3€PEH M, KaK CIIEICTBUE, YBEJIMYEHUE MPOTSIKEHHOCTH HX
I'paHUI] B UCCIEAOBAHHOM MPOI0JIbHOM CEUEHUHU OCAXXEHHOro 00pasua.

OnHoBpeMeHHBIN pupocT momaau kak MVYI', tak u bYT npusen k tomy,
YTO OTHOCUTEIBHBIE AOJIM ATUX T'PAHUI] HE U3MEHUWINCH CYIIECTBEHHO, U MO3TOMY
3TH CTPYKTYPHBIE U3MEHEHHUS OKa3aJIUCh HE3aMETHBIMH ISl METOA, OCHOBAHHOIO
Ha MPOTSKEHHOCTU rpaHull (puc. 2, a). C Apyroil CTOpoHbl, cC0cO0, OCHOBAHHBIN
Ha YJEIbHOW MOBEPXHOCTH rpaHul] (puc. 2, 0), oTpakaeT JIOOble U3MEHEHHsS UX

MPOTSKEHHOCTH Ha HITU(pE U TO3TOMY HPEJICTABIIAETCA 00JIee THOKUM.

3.2. lepopmartus 1 mocneayromias peKpuCcTaIn3aus

Ucxonnwii matepuan (puc. 1, a) ObUI NpokaTaH TPU KPUOTEHHOM
temreparype a0 crenener medopmamuu 50% u 93%, mocie yero xpaHWiCS IpH
KOMHATHOM TEMIIEpAType B T€UCHUE ~ 1,5 NeT nepen u3ydeHuem CTpykrypol. bosee
nmoApoOHO  METOJMKa  OKCIIEpUMEHTa  HW3JIO)KeHa B paborax  [5,6].
MuKpoCTpyKTypHBIE HAOTIOACHHUS OCYIIECTBISUTUCH B TUIOCKOCTH MTPOKATKH.

®parmentsl EBSD kapT nmpokaTaHHbIX 00pa3loB NpHUBEACHBI Ha pHC. 3.
Hedopmarus Ha 50% obxkatus (puc. 3, a) mpuBena K reOMETPHUECKOMY CXKATHIO
HCXOJHBIX 3€PEH B MJIOCKOCTU MPOKATKU M (POPMHUPOBAHUIO BHYTPU HUX Pa3BUTOU
cetu MVYT. Takxke cienyeT OTMETUTh OOpa3oBaHHWE MEXaHMYECKUX JIBOWHUKOB

(mpumep mokaszaH cTpesikoi). THpIMU clioBaMH, UMEET MECTO TUIIMYHASI CTPYKTypa



xojonHou aepopmanuu. Marepuan mnocie 93% npokaTKu U JUIMTENIbHON
BBIJICPKKM TpU KOMHAaTHOW Temmeparype (puc. 3, 0) Xxapakrepusyercs
Ka4EeCTBEHHO WHOU MUKPOCTPYKTYPOH. Bnonb TPAHUIL KPYITHBIX
ne(OPMUPOBAHHBIX BBITSHYTBHIX 3€pEH HMMEET MeCTO (OPMHUPOBAHUE MEJIKUX
PaBHOOCHBIX 3€peH, CBOOOMHBIX OT cyOrpanurl. Kak H3BECTHO, KPHUOTEHHO
nehopMUpOBaHHAsT MeAb CKIOHHA K PEKPUCTAIUIM3alUU B XOJ€ JUIMTEIBHOIO
npeObiBanms Ha Bo3ayxe [9,10], u, Takum obpazom, oOHApYKeHHBIN d(HEKT MOXKET
OBITh TPAKTOBAH KaK CJIC/ICTBUE YACTUYHOM CTATUYECKON PEKPUCTAILTU3ALINH.

Pacnpenenenne rpaHui] N0 yriaM pa3oOpHUEHTUPOBKH, MOCTPOEHHOE Ha
OCHOBE MPOTSKEHHOCTH TpaHul], MOKa3aHo Ha puc. 4, a. Kak cienyer u3 pucyHka,
npokatka Ha 50% nedopmanuu crocoOCTBOBaJa 3HAYUTEILHOMY YBEIMYECHHIO
nomu MYIDT m compoBoXkJanach YMEHBIICHUEM JIOJM JABOMHUKOBBIX T'PaHUIL
(oOpasyromux nuk okojo 60°). Ilpokatka Ha 93% nedopmaruu U nociaeAyronas
peKpucTaUIM3aIusl TpUBEIH K cokpareHuto obmed aomu MYI. Takxke mmeno
MECTO MepepacnpeiesieHUe TpaHull B MaJIOyIJIOBOM YacTu crekTpa: gppaxuust MYT
C pa3opUEHTUPOBKOM 2°-5° ymeHsbImiacb, a ¢ 10°-15° — Bo3pocna. Itu
HAOJIOICHUST MOTYT OBITh TPAKTOBAaHBI B PaMKax MOCTETIEHHOTO YBEIWYECHUS YTJia
pazopueHtain Ha MVYI' u ux nocrenenHoro npeBpameHus B bYI. HMubimMu
CJIOBaMH, JBOJIOLMS CHEKTpAa Pa30pPUEHTUPOBOK IMO3BOJISIET MPEANOJI0KUThH
MPOTEKaHUE PEKPUCTAIUIM3ALUHU “In-situ”.

CrexTp pa3opHUEeHTUPOBOK, MOJYYEHHBIN HA OCHOBE YAEIbHOI MOBEPXHOCTU
rpanuil, npuBeneH Ha puc. 4, 0. Ilpokatka Ha 50% mnpuBena K yBEIMYCHHIO
YAEIBbHOW TOBEPXHOCTH TPAHUI] C PA3OPUEHTUPOBKOW OT 2° mo ~ 20°. J[aHHbIN
dbakT  CBHIETENHCTBYET 00  HMHTCHCHBHOM  (OPMUPOBAaHWUM  TpaHUI]
ne(opMalOHHOTO MTPOUCXOXKIeHHS U o TipeBpanieHun yactu MYT B BYT'. Takxke
YMECTHO YNOMSIHYTh HEKOTOPOE YMEHBUIEHHWE YAENbHOU mnoBepxHocTH 3(0°-55°

I'paHHAII. DTO CBSI3aHO C IrCOMCTPHUUCCKHUM CKATUCM HCXOAHBLIX 3CPCH M, TAKUM



o0pa3oM, yMEHbBIIEHHEM CYMMapHOW MPOTSKEHHOCTH HMX TPAHUI] B IJIOCKOCTH
npokatku. Creayer NOMYEPKHYTh POCT YAEIbHOW MOBEPXHOCTH JIBOMHUKOBBIX
IPAHUL, OTPAXKAOIIMI aKTHUBU3ALMI0O MEXAHUYECKOrO0 JIBOMHUKOBAHUS IIPU
KPUOTEHHOM TEMIIEpATypE.

[Ipokatka ©Ha 93% nedopmaruum W MOCHeRyIOmAs PEKPUCTATUTA3AIUSI
MPUBEIN K JaJbHEUIIEMY YBEIMYCHHUIO yAeNbHONW moBepxHOocTH 10°-15° rpanwmil.
OTO MOATBEP)KIACT MPOTEKAHUE PEKPUCTAIM3ALMU MO0 MexaHu3Mmy “in situ”. C
JPYrof CTOPOHBI, TAKKE UMETI0O MECTO COKpAILEHUE YAEIbHON MOBEPXHOCTH 2°-6°
rpanuil. lcdye3HoBeHHWE TpaHUIl M3 CTPYKTYpbl TMPECTaBIsieTCs HauOosee
YMECTHBIM CBSI3aTh C MX HOTJIOIIEHUEM MUTPHPYIOUIMMHU TPAaHULAMU 3€pPEH, TO
€CTh, C MPEPBIBUCTON pEKpHUCTAILUIM3ALMENH. B 3TON CBSI3M BaXKHO OTMETUTH, UYTO
yaelbHas T[OBEPHOCTb TpaHUL] 3€peH B IIMPOKOM HUHTEpBaj€  yIJIOB
Pa3opUEHTUPOBKHU ~ 15°-55° cymecTBeHHO BO3pocia. [IoCKoIbKy MUKPOCTPYKTYpa
UCCIIEIOBAJIaCh B IUIOCKOCTHU IPOKATKU, TO yBenuueHue nedopmauuu 10 93%
JOJDKHO OBbLIIO ObI MPUBECTH K JAJIbHEUIIEMY CXKATHIO 3€PEH M, KaK CIEJICTBHE,
COKpAILICHUIO HUX YIEIbHOW IOBEPXHOCTH, Kak oOTMedasock Bblme. C npyroi
CTOPOHBI, HAOJIOJAEMbI POCT MPOTSKEHHOCTH TpaHull (puc. 4, 0) MOXHO
OOBACHUTH (OPMHUPOBAHUEM “‘SI3BIKOB” BIOJIb TPAHUILl 3€PEH, UX MOCIEIYIOIIUM
NpEeBpallleHUeM B  3apOJBIIIM  PEKPUCTAUIM3AIMM M, TakuM o0Opasom,
(GbopMHpPOBaHUEM YaCTUYHO PEKPUCTAIIM30BAHHOM CTPYKTYpbI, HaOJIt0O1aeMOl Ha
puc. 3, 6. Mcxons u3 3TOro, MOXKHO 3aKJIIOYHTh, YTO HMEHHO NpEphIBUCTas
pEKpUCTAIA3alMsl BHOCUIIA OCHOBHOM BKJIAJl B 3BOJIFOLIMIO 36PEHHON CTPYKTYPBI.
B aToli CBSI3M HEKOTOpOE YBEIMYEHHE YIEIbHOM TMOBEPXHOCTH JIBOMHUKOBBIX
rpanuil mocie oOxatus Ha 93% 00ycnoBieHO (OpMUPOBAHHEM JTBOWHHKOB

OTKHUTra.



Takum o0pa3om, aHalIU3 CHEKTpa Pa30PUEHTUPOBOK C YUETOM YEIbHOMN
MOBEPXHOCTU TpaHUI] NpeAcTaBisieTcss Oojee WHOOPMATUBHBIM TMPU U3YUYECHUU

PCKpUCTAIUIN3alIuH, YCM MCTOM, OCHOBaHHBIN Ha MMPOTAKCHHOCTHU I'PAHUII.

3.3. Pocrt 3epeH

Ucxonubiii marepuan (puc. 1, a) ObUl MOJBEPrHYT CABUTY MOJl BBICOKHM
JTaBJICHUEM TIpH KpHOTeHHOUW Temmeparype. ledopmarms Bkmodana B ceds 20
MOCJIEIOBATEIBHBIX MOBOPOTOB HAKOBAJIBHU IMO- W MPOTHUB YACOBOM CTPENIKM Ha
yron 45°. Ha cepeaune paauyca oOpas3la HaKOIUIEHHAas MCTUHHAas Jedopmainus
Obuta oneHena kak e~8,4'. TToapOoOHOCTM METOAMKH JKCIIEPMMEHTA ONKMCAHBI B
paborax [7,8]. MUKpOCTpYKTYpHBIE UCCIEIOBAHUS OCYIIECTBISUINCH B MJIOCKOCTU
CABUTA Ha CEpeIMHE paguyca 3aroTOBKM M MPOBOJWINCH ABAXKABI - CIIYyCTS 2
Henenu u 11 mecsueB nocne aedopmainuu. Kak ormedanoch Bblilie, CTPYKTypa
KPUOTE€HHO Je(pOPMUPOBAHHON MeEIu SBISETCS HECTaOMWIBHON B  YCIOBMSX
JUIMTEIbHOM  BBIIEPKKM IIpU  KOMHAtHOM Ttemmeparype [9,10]. Iloatomy
HCCIICIOBAaHHBIC COCTOSIHUS OBLIIM YCIIOBHO 00O3HAYEHBI Kak “‘nedopMUpoBaHHOE”
U “OTOMOKEHHOE™.

®parmentsl EBSD kapT 000uX HccneqoBaHHBIX COCTOSIHUN MPUBEIAEHBI Ha
puc. 5. JlepopmupoBaHHbIii MaTepuan (puc. 5, a) XxapakTepU3yeTcsi OTHOCUTEIHHO
OJHOPOJIHOM  MEJIKO3EpHUCTOM CTpyKTypou. OpnHako mnocie 11 wmecsnes
npeObIBaHMs TP KOMHATHOM TeMIlepaType 3e€peHHasl CTPYKTypa MPUHIUIIHAAIBHO
u3MeHwiach (puc. 5, 6). E€ xapakTepHOl 4epToil ABJISIETCS MOSBICHUE aHOMAIBHO
KPYIHBIX 3€peH Ha (OHE MEJIKO3EpHUCTOW MaTpullbl. JaHHbIA >PdekT ObLI
TPAKTOBaH KaK aHOMaJIbHbI pocT 3epeH [8]. Kpome cenexkTuBHOrO pocta

OTJICJIbHBIX KPUCTAUIUTOB HMMEJIO MECTO TaK)Ke HEOOJbIIOE YKPYMHEHHE 3epeH

! JlarnsIit 5KcriepuMenT ObLT BBIMoaHeH B Forshungszentrum Karlsruhe, r. Kapncpyo, 'epmanus.



MaTpHIIbl, XOTS 3TOT 3P(HEKT MEHee OYEBUJIEH Ha PUCYHKE (TO €CTh HaOI0JaICs U
HOPMAaJIbHBIN POCT 3€PEH).

HecMmoTps Ha KaueCTBEHHBIM XapaKTep U3MEHEHUW 36pEHHON CTPYKTYphI HA
puc. 5, pacupenelieHHe IO yrjiaM pa3oOpHUEHTUPOBKH, MOCTPOCHHOE HA OCHOBE
MPOTSKEHHOCTU TpaHull (puc. 6, a), He BBIIBUIO OOJBIION pa3HULIBI B CTPYKTYpE
ne(hOPMUPOBAHHBIX U OTOXKEHHBIX COCTOSHHMM. YMECTHO OTMETUTH JIMIIb
CYIIECTBEHHOE YBEJIIMYCHHE JOJU JIBOMHUKOBBIX TpAaHUI], CBSI3aHHOE, KakK
OTMEYaJIoCh BhIIIE, C POPMUPOBAHUEM JBONHUKOB OTKUTA.

CnexkTp pa3opUEHTAlNil, MOJYYEHHBIH C YYETOM YIEIbHOM IMOBEPXHOCTHU
rpaHull, MPEACTABISETCAS 00Jie€ YYBCTBUTEIBHBIM K CTPYKTYPHBIM H3MECHEHUSIM.
BrisiBIIeHHOE COKpallleHUe YIeJbHOM moBepxHOoCcTH bYI' B mmpokom uHTEpBae
YIJIOB PAa3OpPUEHTHPOBKH OT 15° mo ~ 55° CBSI3aHO C POCTOM 3€pEH WU, KaK
CJIEICTBUE, YMEHBIIEHUEM CYMMAPHOU MPOTSYKEHHOCTH MX IPAaHULl HA OJTHOM U TOH
xe miomanu numda. C apyroi CTOPOHBI, MOHMKEHHUE YNIETHHOM MOBEPXHOCTU
MVYT o00yciioBieHO MX MOIVIOIEHUEM MUTPUPYIOIIMMU TpaHULAMU 3€PEH, Kak
OTMEYaJIOCh BBIIIIE.

Takum 06pa3zom, METOJ] aHAJIM3a CIIEKTPa Pa30PUECHTUPOBOK, OCHOBAHHBIN Ha
YACIBHOUN MOBEPXHOCTHU TPaHUIL, MPECTABISIETCS 00iee HHPOPMATUBHBIM TaKKe U

IIPH M3YYCHHH ITPOIIecca poCcTa 3epeH.

4. 3aka0oueHnune

B nanHoit paGoTe 0O0CYX)Januch pa3Iu4HbIE METOJbI aHajlu3a CIEKTpa
pazopueHTUpoBOK. [lokazaHo, 4TO cMOCOO, OCHOBAHHBI Ha Yyd4eTe YJEIbHOU
MOBEPXHOCTH TPAHUII, SBJISIETCS OYECHb UYBCTBUTEIBHBIM K JIOOBIM H3MECHECHHSIM
3€pEHHOM CTPYKTYpPHI U, TAKUM 00pPa30M, MOKET ObITh OY€Hb HH(POPMATUBHBIM MIPU

U3Y4E€HUHU IPOLECCOB Ae(hOpMallii, PEKPUCTAIM3ALUHN U POCTA 3EPEH.



Aemopbl npusnamenvuwvt npogheccopy Canuwegy [.A. 3a udeto npoexma no
U3YUEeHUI0 KPUO2EHHbIX Oedhopmayuti Meou, 8 pamKkax KOmopoz2o 0viia 6blNOIHEHd
oannas paboma. Owuu marxoxce Oaaeodapuvl x.m.H. laneeey P.M. u x.m.H.
Banuaxmemosy O.P. 3a npedocmasieHue UCXOOHO20 Mmamepuania  OJis
uccneoosanuli, a makxce K.gp.-m.H. Jamunosy P.P. 3a nomows 6 ocywecmenenuu
KPUO2EHHOU 0CaoKu U KpuoceHHou npokamku. Kpome mozo, asmopwl oueHb
npusznamenvhvl Forshungszentrum Karlsruhe (I'epmanus) 6 muye npogeccopa H.-J.
Fecht, Dr. Julia Ivanisenko u Kurmanaeva Lilia 3a npedocmagnennoe
000pydosanue U NOMOwb NPU NPOBEOCHUU IKCHEPUMEHMA NO KPUOSEHHOMY COBULY
100 8bICOKUM OABTIEHUEM.
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®parmentsl EBSD kapT MHUKPOCTPYKTYpBI MCXOIHOTO COCTOSIHUS (a) U

oOpa3ua mocie OJHOKpaTHOW ocaaku Ha 88% 1O BBICOTE MpPU KPUOTEHHOUN

temriepatype (0)

Puc. 1.

paanagbHOe

HanpaslieHue ocanku, PH —

TOJICTBIMM TeMHBIMH nuHHsAMH. HO —

HaIrpaBJICHHAC.
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Puc. 2. PacrmpeneneHusi rpaHuil 1o yIjiaM pa3OpUEHTHPOBKM B HCXOJHOM U
ne(opMUPOBAHHOM COCTOSIHUSIX, IOCTPOCHHBIE C YUYETOM MPOTSKEHHOCTU TPAHUIL

(a) 1 yaenbHON MOBEPXHOCTHU TpaHull (0).
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Puc. 3. ®parmentsl EBSD kapT MUKpOCTPYKTYpBI ITOCIIE KPUOTEHHON TPOKATKU Ha
50% oGxarus (a) u 93% oOxkarus (6). MYID' o0o3HaueHbI TOHKUMHU CEPHIMHU
muausmu, a BYTDT — toncteiMu TeMHBIME JUHUSAMH. [TogpoOHOCTH HaHBI B TEKCTE
crarbu. HII — nHanpasnenue npokarku, [IH — nonepeunoe nampasinenne, HH —

HaIrmpaBJICHHUEC HOPMAJIA K IIJIOCKOCTH ITPOKATKH.
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Puc. 4. PacnpeneneHuss rpaHuil MO yIJaM pPa3OpPUEHTUPOBKUM B HCXOIHOM,
ne(hOpMUPOBAHHOM U PEKPUCTAIIIM30BAHHOM COCTOSIHHSIX, IIOCTPOEHHBIE C YUETOM
OPOTSLDKEHHOCTH TpaHUIl (a) U yaenbHOM nmoBepxHocTH rpanul (0). [TogpobHocTH

JaHbl B TCKCTC CTATbBH.
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Puc. 5. ®parmentet EBSD kapr MHMKpPOCTPYKTYpbl MOCJHE KPUOTECHHOU
nedopmalii  CABUTOM II0JI BBICOKMM JaBieHHeM (a) u mocrieayromero 11-
MECSIYHOTO “‘OTKHMra” Tpu KOMHaTHOW Temmeparype (6). MVYI o0o3HadeHbl
TOHKHMU CEPhIMU JUHUAMH, a BYT" — TonicteiMu TeMHBIMU JTUHUSMHU. [logpoOHOCTH
naHbl B Tekcre cratbu. PH — panuanbHoe Hanpasinenne, HC — HampaBiienue

casura, HH — Hanpasnenrne HopMaiu K INIOCKOCTH CIIBUTA.
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Puc. 6. Pacnpenenenus rpaHuil o yriam pa3opueHTUPOBKHU B 1e(OPMUPOBAHHOM

N OTOXIKCHHOM COCTOAHHUAX, IIOCTPOCHHBIC C YYCTOM IIPOTAKCHHOCTH I'PAHUIT (a) u

yaeapHoM oBepxHocTH rpanull (0). [logpoOHOCTH TaHBI B TEKCTE CTaThHU.
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