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OqnnJJilaJibHoro OITITOHeHTa Ha .JlHCcepTaiJ;I-IOHH)'IO pa6oTy 

Tuxouosoil Mapuubl Cepreesuhl «PeKpHCTaJIJIH3aiJ:HOHHbre ITPOIJ:eCCbi B aycTeHHTHOH 

KOpp03HOHHOCTOHKOH CTaJIH ITOCJie 60JibiiJHX ITJiaCTHl.J:eCKHX )lecpopMal(HH», ITpe)lCTaBJieHHOH Ha 

COHCKaHHe yt.J:eHOH CTeiTeHH KaH)lH)laTa cpH3HKO-MaTeMaTHl.J:eCKHX HaYK ITO CITel(HaJibHOCTH 

01.04. 07 - <DH3HKa KOH)leHCHpOBaHHOfO COCTOSIHHSI 

AKryaJILHOCTh TeMLI }J.HccepTau;uu. AHarrH3 MexaHH3MOB CTPYKTYPHbiX H3MeHeHHi1 B 

MeTarrrrax H ciTrrasax, ITO)lBeprHyTbiX 6orrbiiJHM ITJiacnrqecKHM )lecpopMaiJ:HSIM, HMeeT 6orrhiiJOe 

3HaqeHHe )lJISI peiiJeHHSI ITp06JieM, B03HHKaiOII.(HX ITpH pa3pa60TKe MeTO)lOB H pe)I{HMOB 

o6pa60TKH CITJiaBOB. BeCbMa aKTYaJibHbiM B :HOH CBSI3H OCTaeTCSI C03)laHHe )lecpopMal(HOHHbiX 

TexHorromH: ITOrrYl.J:eHHSI cy6MHKpo- H HaHoKpHcTarrrrHqecKHX cTpyKTYP· CooTseTCTByiOmHe 

HCCJie)lOBaHHSI ITpe)K)le B OCHOBHOM KaCaJIHCb BbiCOKOTeMITepaTypHbiX o6pa60TOK, f)le 

)lOMHHHpyiOT peKpucma!l!lU3QlfU01-11-Ible ITpOIJ:eCCbi, H HH3KOTeMITepaTypHbiX )lecpopMal(HH, f)le 

CTPYKTypoo6pa3yiOIIJ:HM MexaHH3MOM SIBJISieTcSI rjJpazMeHmalJU5l. B TO )l{e speMSI, HaH6orree 

ITepciTeKTHBHbie C TeXHOJIOfHl.J:eCKOH TOl.J:KH 3peHHSI MeXaHH3Mbl cpopMHpOBaHHSI 

pa3opHeHTHposaHHbiX cTpyKTYP ITPH ITpoMe)l{yToqHbiX TeMITepaTypax ITpaKTHt.J:eCKH He H3yt.J:eHbi. 

Tio3TOMY )lHccepTaiJ:HOHHaSI pa6oTa THXOHOBOH M.C., HaiTpasrreHHaSI Ha H3Yl.J:eHHe o6mHx 

3aKOHOMepHOCTeH H MeXaHH3MOB CTpyKTypoo6pa30BaHHSI B ITpOI.(eCCe )lecpopMal(HH H 

ITocrre.llyromero OT)I{Hra aycTeHHTHO:ii Koppo3HOHHOCToi1Koi1 cTarrH 1 OX18H8J"(3EP s IIJHpOKOM 

HHTepsarre TeMITepaTyp H CTeiTeHe:ii )lecpopMal(HH, ITpe)lCTaBJISieT 60JibiiJOH Hayt.J:HbiH H 

rrpaKTHqecKHH HHTepec. 

Co}J.epJKauue pa6oThl. CTpyKTypa )lHccepTaiJ:HOHHoH: pa6oTbi cooTBeTCTsyeT 

peKoMeH)laiJ:HSIM BAK. .lJ:HccepTaiJ:HSI cocTOHT H3 BBe)leHHSI, IIJeCTH rrras, BbiBO.llOB H CITHCKa 

JlHTepaTypbi H3 169 HaHMeHOBaHHH, H3JlO)I{eHa Ha 13 8 CTpaHHI.(aX H CO)lep)I{HT 68 pHCYHKOB H 9 

Ta6JIHI.(. 

Bo BBe}J.euuu asTop o6ocHOBbiBaeT aKTYaJibHOCTb TeMbi )lHccepTaiJ:HOHHOH pa6oTbi, 

cpopMyrrHpyeT l(eJib, HayqHyiO 11 ITpaKTHqecKyiO 3HaqJ1MOCTb, ITpHBO)lHT ITOJIO)I<eHHSI, BbiHOCHMbie 

Ha 3all(HTy. 

B nepBOH rJiaBe ITpHBe)leH 0630p JlHTepaTypbi, KOTOpbiH ITOCBSIII.(eH MeTO)laM 

HHTeHCHBHoH: ITrracTHqecKoH: )lecpopMaiJ:HH. B o63ope ITpe)lcTasrreH aHaJIH3 JIHTepaTypHbiX 

)laHHbiX ITO MeXaHH3MaM )lecpOpMal(HH H )lHHaMHqeCI<OH pei<pHCTaJIJIH3al(HH (.lJ:P) B MaTepHarrax C 

HH3KHM 3HaqeHHeM 3,n:Y. PaccMOTpeHbr oco6eHHOCTH peKpHCTaJIJIH3aiJ:HOHHbiX ITPOIJ:eccos s 

0)lHOcpa3HbiX MaTepHaJiaX. 



Ha ocHose amuuna mnepaTypHhiX ,LJ,aHHhiX orrpe,LJ,eJieHhi uenh 11 3a,LJ,aql1 11CCJie,LJ,osamur, 

CB513aHHhie C ycTaHOBJieHI1eM 06II(I1X 3aKOHOMepHOCTe:i1 11 MexaHI13MOB CTpyKTypoo6pa30BaHI151 

B rrpouecce ,LJ,ecpopMaU1111 11 IIOCJie,LJ,yiOmero ODI<Hra aycTeHI1THOH KOpp03110HHOCTOMKOH CTaJI11 

1 OX 18H8,ZJ;J EP s IIIHpOKOM 11HTepsane TeMrrepaTyp 11 cTerreHe:i1 ,LJ,ecpopMaU1111 11 BJII151HI151 

cpopM11PYIOme:i1c51 CTPYKTYPhi Ha ee MexaHI1qecKI1e csoi1cTsa 11 corrpoTI1BJieHI1e Koppo31111. 

Bo BTopoii rJiase rrpe,LJ,cTasneHa 11ccne,LJ,yeMa51 1 OX18H8,L{3EP, orr11caHhi MeTO,LJ,I1KI1 

IIpOBe,LJ,eHH51 3KCIIep11MeHTOB. 

B TpeTbeii r JiaBe rrpe,LJ,cTaBJieHhi 11CCJie,LJ,oBaHI151 MexaHI13MOB cpopMHposaHH51 CTPYKTYP 

s aycTeHI1THO:i1 CTaJII1 1 OX18H8,L{3EP B rrpouecce 6onhiiiO:i1 rrnacTI1qecKoi1 ,LJ,ecpopMaU1111 

MeTO,LJ,aMI1 O,LJ,HOKpaTHOH H MHOfOKpaTHOH KOBKI1 B ,LJ,I1aiia30He TeMrrepaTyp 11 00-500°C. 

l13yqeHO BJII151HI1e TeMrrepaTyphi 11 CTeneHI1 ,LJ,ecpopMaU1111 Ha MeXaHH3Mhi )],11HaMI1qecKOH 

peKpHCTaJIJIH3aUHH. 

B qeTBepToii r Jiase paccMoTpeHa KHHeTHKa cpopM11posaHH51 HaHocTpyKTypHoro 

cocT051HI151 s aycTeHI1THo:i1 CTaJIH 1 OX18H8,L{3EP B rrpouecce 6onhiiiOi1 rrnacTI1qecKoi1 

,LJ,ecpopMaU1111 MeTO)],OM MHOfOKpaTHOH KOBKI1 np11 KOMHaTHOH TeMrrepaType. I13yqeHO BJII151HI1e 

CTerreHI1 ,LJ,ecpopMaU1111 Ha MeXaHI13Mhi, OTBeTCTBeHHhie 3a cpopM11pOBaHI1e HaHOCTpyKTyphi B 

,LJ,aHHOH CTaJII1. 

B nHToii rJiaBe IIOKa3aHhi M11KpocTpyKTYPHhie xapaKTep11CTI1KI1 rrocT,LJ,I1HaMI1qecKo:i1 

peKp11CTaJIJIH3aU1111 B YJihTpaMeJIK03epH11CTOH aycTeHI1THOH Hep)!(aBeiOII(eH CTaJII1 

1 OX18H8,L{3EP, o6pa60TaHHoi1 MHoroKpaTHOH KOBKOH ,LJ,O 11CTI1HHOH CTerreHI1 ,LJ,ecpopMaU1111 4 

rrp11 KOMHaTHOH TeMrrepaType 11 TeMrrepaTypax 500-800°C, B rrpouecce IIOCJie,LJ,YI0II(I1X 0T)!(I1fOB. 

BhrnBJieHo BJII15IHHe TeMrrepaTyphi rrpe,LJ,sap11TeJihHO:i1 I1IT,ZJ, Ha 3aKOHOMepHOCTI1 CTPYKTYPHhiX 

H3MeHeHHH, rrpOTeKaiOli(HX rrpH OT)!(Ifrax. 

B mecToii rJiaBe paccMoTpeHhi MexaHI1qecKI1e CBOHCTBa rrp11 pa3JII1qHhiX TeMrrepaTypax 

11CIIhiTaHH51 o6pa3UOB CTaJIH 1 OX 18H8,ZJ,3EP IIOCJie MHOfOKpaTHOH KOBKI1 IIp11 KOMHaTHOH 

TeMrrepaType 11 IIp11 TeMrrepaTypax 500 - 800°C, C )],0 11CTI1HHOH CTeiieHH ,LJ,ecpOpMaU11H 8 = 4 H 

IIOCJie,LJ,yiOII(HX OT)!(HfaX B III11pOKOM TeMrrepaTypHOM 11HTepBaJie B TeqeHHe 30 MI1HyT, a TaK)!(e 

OUeHeHO COIIpOTI1BJieHI1e Me)I<Kp11CTaJIJII1THOH KOpp03mi. 

B JaKmoqeuuu o6o6meHhi Ha116onee Ba)!(Hhie pe3yJihTaThi 11 BhiBO,LJ,hi, rronyqeHHhie s 

)],11CCepTaUHOHHOH pa6oTe. 

bOJihiiiOe KOJII1qecTBO 3KCIIepHMeHTaJihHhiX pe3yJihTaTOB 11 HCIIOJih30BaHI1e 

)],HCCepTaHTOM B3ai1MHO ):(0IIOJIH51eMhiX 3KCIIep11MeHTaJihHhiX MeTO,LJ,OB 11CCJie,LJ,OBaHI151 

(rrpocseqrmaiOli(a51 3JieKTpOHHa51 M11KpOCKOIII151, peHTfeHOCTpyKTypHhiH aHaJIH3, pacTpOBM 

3JieKTpOHHa51 MHKpOCKOIII151 H MeTO,Ll, JJ:11cppaKUI1H o6paTHO OTpa)!(eHHhiX 3JieKTpOHOB) C 

rrpHMeHeHHeM cospeMeHHoro o6opyJJ:OBaHH51 11 rrporpaMMHoro o6ecrreqeHI151 orrpe,LJ,eJI51eT 



AOCTOBepHOCTb H HaACiKHOCTb UOJiyqeHHbiX pe3yJibTaTOB, a TaiOKe apryMeHTHpOB3HHOCTb 

C~OpMyJIHpOB3HHbiX 33KJIIoqeuHH H BbiBOAOB AHCCepT3UHH. 

Crre.nyeT OTMeTHTh p51.ll: Ba)l(HhiX H 3HaqnMhiX pe3yJihTaTOB, oiTpe.nerr51JOIIJHX uayquyro 

HOBH3HY AHCCepTaiJ,HH: 

- ITpOBe.neHO CHCTeManrqeCKOe HCCJie.ll:OBaHHe OC06eHHOCTeH 3BOJIJOU:HH MHKpOCTpyKTypbi ITpH 

MHOfOKpaTHOH KOBKe KOpp03HOHHOCTOHKOH aycTeHHTHOH CTaJIH B LIIHpOKOM TeMITepaTypHOM 

HHTepBarre. Y CTaHOBJieHO BJIH51HHe TeMITepaTypbi .ne<f>opMaU:HH Ha MeXaHH3Mbi H KHHeTHKY 

.lJ:HHaMnqecKOH peKpHcTarrrrn3aU:HH. IToKa3aHo, qTo TBep.nopacTBOpHoe rrernpoBaHHe H BBe.neHne 

.lJ:HCITepCHbiX qaCTHU: B aycTeHHTHYJO MaTpHU:Y MemieT KHHeTHKY H CTpyKTypHbie oco6eHHOCTH 

peKpHCTaJIJIH3aU:HH B 3aBHCHMOCTH OT pa3Mepa HCXO.lJ:HbiX 3epeH. 

- ycTaHOBJieHO, qTo B ITpou:ecce MHOfOKpaTHOH KOBKH CTaJIH 1QX18H8,lJ)EP ITpH KOMHaTHOH 

TeMrrepaType <f>opMHpyeTC51 HaHOKpHCTaJIHqecKa51 .ll:Byx<f>a3Ha51 CTpyKTypa, COCT051IIJa51 H3 a'­

<f>a3bi H aycTeHHTa. Cpe.nHHH pa3Mep 3epeH rrpn 3TOM cocTaBrr51eT 30 HM. 

- ITOCT.lJ:HHaMifqecKa51 peKpHCTaJIJIH3aU:H51 COITpOBO)I<.lJ:aeTC51 yBeJIHqeHHeM .ll:OJllf CITeU:HaJibHbiX 

rpaHHU:, L3 11
, KOTOpa51 OITpe.nerr51eTC51 OTHOCHTeJibHbiM lf3MeHeHHeM pa3Mepa 3epHa, TO eCTb 

OTHOILieHHeM pa3Mepa 3epHa ITocrre ero pocTa K pa3Mepy 3epHa ITepe.n HaqarroM rrpou:ecca pocTa 

(DID0). IT51THKpaTHOe yBerrnqeHHe pa3Mepa 3epHa coiTpOBO)K.lJ:aeTC51 pocTOM .norrH CITeU:HaJihHhiX 

rpaHHU: I311 
.no 50%. ,lJ;arrhHeHILIHH poeT 3epeH B .nnaiTa30He DIDo > 5 coiTpOBO)K.lJ:aeTC51 

3aMe.nrreHHeM cKopocTH yBerrnqeHH51 .norrn CITeU:HaJihHhiX rpaHHU: I3 11
• 

IIpaKTuqecKaH 3uaquMOCTb pa6oTbi IT03BOJI51JOT .naTb peKoMeH.nau:nn ITO C03.1J:aHHJO 

TeXHOJIOfHlf ITpOH3BO.lJ:CTBa 3arOTOBOK C HaHO- H cy6MHKpOKpHCTaJIJIHqecKOH CTpyKTypoH, 

o6eciTeqlfBaiOIIJeH He06XO.ll:lfMbiH ypoBeHb MeXaHifqeCKHX CBOHCTB If ITpH COXpaHeHHH 

COI1pOTHBJieHH5I K Me)!(KpHCTaJIJIHTHOH KOpp03HH . 

K pa6oTe HMeJOTC51 33MeqaHHH H KOMMCHTapHH, KOTOpbie rrraBHbiM o6pa30M KaCaJOTC51 

aKTHBHO HCITOJlh3yeMOfO B pa6oTe ITOH51TH51 Henpepbl6HOU OUHaMU'-leCk"OU pegpucmClJl!lU3a71UU, 

KOTOpOe CJle.ll:OBaJIO 6bi 6orree qeTKO pa3b51CHHTb B KOHTeKCTe 06IIJeiTpHH51TbiX B TeqeHHH 

.neC51THJieTHH ITpe.lJ:CTaBJieHHH If TepMHHOB ITO ITpOU:eCCaM peKpHCTaJIJIH3aU:HH If <f>parMeHTaU:HH 

H, qTo oco6eHHO Ba)KHO, 51CHO pa3rpaHHqlfTh 3TH .nBa pa3HhiX 51BJieHH51. B cyLIJeCTBYJOLIJeH: )Ke 

<f>opMyrrHpOBKe He BCer.na rrerKO OTJIHqlfTb 06Hapy)I<eHHe .neHCTBHTeJibHO HOBbiX MeXaHH3MOB 

oT «ITepeHMeHOBaHH51» .naBHO H3BeCTHhiX. B qacTHOCTH, 

1. ITo COBOKYITHOCTH CTPYKTYPHhiX ITpH3HaKOB nocmene1moe <f>opMHpoBaHHe 

.ne<f>opMaU:HOHHbiX 60JibiLieyrrrOBbiX rpaHHU:, OITHCbiBaeMoe B rrraBe 3 C ITpHBJieqeHHeM 06ILIHpHbiX 

.naHHbiX 3JieKTpOHHOH MHKpOCKOITHH, ITpaKTifqeCKH He OTJIHqaeTC51 OT <f>parMeHTaU:HH, .neTaJibHO 

nccrre.noBaHHOH B Poccnn 6orree 25 neT Ha3a.n. O.nHaKo, crre.ny51 pa6oTaM HayqHoro pyKOBO.lJ:HTem, 

a TaK)Ke ITpe)l(Hero pyKOBO.lJ:HTeJI51 rrocrre.nHero, aBTop ITpHHHMaeT TepMHHorrorHJO rpyiTIThi CaKan n 



p5I,Ua ero 3aiTa,UHhiX COaBTOpOB, He pa3b5ICH5!5I B LJ:eM )Ke COCTOHT ITpHHUHITHaJihHOe OTJIHLJ:He 

COOTBeTCTBYJOIIJHX ITpOUeCCOB OT cpparMeHTaUHH. 

2. B o63opHoH: rnaBe cne.n:oBarro yKa3aTh, lfTO BBe.n:eHHe XaM¢pHcOM B cepe,UHHe 

1990x TepMHHa Henpepbl6Ha5l 0UHClMU'ieCKG5l peKpucmCIJlllU3G'tjU5l HMeJIO COBCeM .UpyroH CMhiCJI H 

OTHOCHJIOCh K 6blcmpoMy cpopMHpoBaHHJO o.n:Hopo.n:HoH: MeJIK03epHHCTOH CTPYKTYPhi, nocne mozo 

KQK ITO ,UOCTH)KeHHH OlfeHh 60JihiiiOH ,UecpopMaUHH TOJIIIJHHa .n:e¢opMHpOBaHHhiX 3epeH 

yMeHhiiiarracb .no pa3Mepa ¢parMeHTa. ITpH 3TOM XaM¢pHc HCITOJih30Barr TepMHH continuous ITO 

OTHOIIIeHHIO K ITpOCTpaHCTBeHHOH «O,UHOpO.UHOCTH» ITO.U06HOH ITepeCTpOHKH, HO OTHJO,Ub He ,UJI5I 

YKa3aHH5I Ha HerrpepbiBHOCTb BO BpeMeHH ITpe,UIIIeCTBYIOIIJero pa3BHTH5I .n:e¢opMaUHOHHOH 

cTpyKTYPbL TaKHM o6pa3oM, cna6o o6ocHoBaHHoe HCITOJib30BaHHe OTHOCHTeJibHO HOBoro 

TepMHHa He TOJlbKO OCTaBJI5IeT BITelfaTJieHHe ITpOCTOrO ITepeHMeHOBaHH5I H3BeCTHOrO 5IBJieHH5I, HO 

BHOCHT ITyTaHHUY H B CMbiCJI CaMOrO 3TOrO TepMHHa, KOTOphiH ITO-pa3HOMY HHTepiTpeTHpyeTC5I 

ero aBTOpOM (XaM¢pHCOM) H aBTOpOM ,UaHHOH ,UHCCepTaUHH. 

BbiCKa3aHHbie 3aMelfaHH5I He BJIH5IJOT Ha o6my10 ITOJIO)l<HTeJibHYJO oueHKY 

,UHccepTaUHOHHOH pa6oThi THXOHOBOH M.C. ,1J,HccepTaUH5I rrpe.ucTaBMeT co6oH: OKOHlfeHHOe 

HCCJie,UOBaHHe, KOTOpoe xapaKTepH3yeTC5I 060CHOBaHHOCThiO BhiHeCeHHhiX Ha 3aiiJHTY HayLJ:HhiX 

ITOJIO)KeHHH, a TaK)Ke BbiBO,UOB. ABTOpecpepaT COOTBeTCTByeT TeKcy ,UHCCepTaUHH. MaTepHarihi 

,UHCCepTaUHH OTpa)KeHbi B 14 CTaTh5IX, OITy6JIHKOBaHHhiX B peueH3HpyeMhiX 3apy6e)KHbiX H 

poccHHCKHX )KypHarrax, peKoMeH.UOBaHHhiMH BAK. 3apemcTpHpoBaHo .n:Ba ITaTeHTa. Pe3yJibTaTbi 

pa60Tbi HeO,UHOKpaTHO ,UOKJia,UbiBaJIHCh Ha Me)K,UyHapO,UHbiX H pOCCHHCKHX KOHcpepeHUH5I. 

ITpe.n:cTaBJieHHM Ha paccMoTpeHHe .UHCcepTaUHOHHM pa6oTa M.C. THXOHOBOH 5IBJl5IeTC5I 

3aKOHlfeHHOH HaylfHO-KBariHcpHKaUHOHHOH pa60TOH, OTBelfaiOIIJHM KpHTepH5IM f10JIO)KeHH5I 0 

IIOp51,UKe rrpHCy)l{_neHH51 ylfeHhiX CTeiTeHeH, rrpe,Ub5fBJI51eMhiX K ,UHCCepTaUHOHHhiM pa60TaM Ha 

COHCKaHHe yLJ:eHOH CTeiTeHH KaH,UH,UaTa HayK, COHCKaTeJib 3aCJIY)KHBaeT ITpHCY)K.LJ:eHH5I CTeiTeHH 

KaH,UH,UaTa cpH3HKO-MaTeMaTHlfeCKHX HayK ITO CITeUHaJibHOCTH 01.04.07 <l>H3HKa 

KOH,UeHCHpOBaHHOrO COCT05IHH5I. 
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