
<yTBEPXIAIO>

PeK rcp oenepanbHoro rocyaapfl BeHHor o
bHoro yqpex,4eHxt

(dlaUtloHarr,HEr fi
HlD(eropoAcl(ni
yHxBepclTer

rreBcKoro>

. qyrp).noB

OT3bIB BEAYUIET OPTAHII3AIIIII
(rfe4eparrnoro rocy4apcrBerrroro aBToHoMHoro o6pa3oBarenhlroro )Apex,{eHI.It B6lcmeao o6pa.:oeaura

<Haqrouaaluui nccaeaooar€JrEcldti Ht,txeropoacrcli rocyaapcrBeuubri
yHrrBqpcr-rrer riM. H.I4. Jlo6a.reBcKoro)t)

Ila .4r-rccepTausrc (MexaBr.r3M6I n'IacT[qecKofi aeoopMa[trH ,, ?Bonroqtrt M]rKpocTpylcypbl npt'
o6pa6or(e MerauoB TpetlrleM c nepeMe[LtB{uueM)

MI4POHOBA Ceprer lOpregrqa
IIa coucKatlae y{eHoi cTieneHlt aol(Topa tbr€[Ko-MaTeMaTFIecKItx Eayk
IIo c[ewarbsocrlt 01.04.07 - Qugura rorueBc[poBaEEoro cocrotHllt

Aucceprarlrr MupouoBa C.IO. nocsru.leua oalofi B3 al(ryzrJrsrlsrx rlpo6JreM lptuvecroro
MaTeprraJroBeaeEm - pa3pa6qTr€ Eayqrrbrx ocHoB TexHoJroru[ cBaplc, c nepeMe[rtBarr{eM MgTaJIJIoB It

cnaaeor (r riuoqrpauuofi nnrgpar'?e - Friction Stir Welding (FSW)), a ralorc e(clep{Meur&rbtoMy

t3yqeHuto 3a(oHoMepHogtefi 3BofioqElt crp)'Kr]?6l Mer&rIJIoB n cnJIaBoE npll o6pa6or(e rpeH{eM c

nepeueuraoanueu (OTII).

AraTyajrbHocTL
I4:yreuue npoueccoB 3BoJrroqr[ crpy(Tr?Bl MeraJl]Iaqec(ux MareplranoB flpx 6onLIrrlrx

(rmeucaonux) macrrrecrnx AeibopMaur'ux rBrrerct oaHofi t,l3 amyar,16H6lx npo6JIeM coBpeMeuqoro

+r€r.{ecKoro MarepuaJroBeaeHr!!. OcoOLIfi [r{Tepec flpeacraB.,rer l-l3yqeHue lpoqeccoB

crpyrcrypoo6pa3oBaEru B ycJroBrrrx 6orrBllxlx nracrltqecklt( Ae(DopMauui flpu BbrcoKtx reMnepar]??x

u 6onr,uux cKopoqux llarpy)l(ellnr, Kqrop6re peaJrrByrorcr, B qacrEocrn, IIpI-l o6pa6orKe rpeHlreM c

neper'aeruanauueu (OTII).
TexBo.norus OTII 6rua parpa6orana Kar( flpr,rHur.rllrrl]r6Ho Hoesri cnoco6 non] rer rt cBapHErx

coeAllHeHui B TBep,rloM BrrAe. BHcoI(le cnyxe6Ebre cBoficrBa cBapEtrx r BoB, nonyqaeMblx

nocpeAcrBoM OTn, o6ycna&1r-rBalor Bo3MoxHocrL ee ffripo(oro ncrloJlb3oBaltrul B aBual(ocMtrqec(oi

rrpoMbrrlnenEocrr{, aBToMo6{re- q cyaoqrpoesrn, a raror(e B HeKoropED( apyrux o6nacrtx. EorLIIIoi

r.iHrepec l( TexHoJrorliri OTn o6ycnaBnuDaer norpe6Hocr6 B 6o:ree rry6orou noHIiMaHI'r llu:uvecrux
npoqeccoB, Jrexaurx B ee ocHoBe.

Xaparrepnoi oco6enHocrEro AaHuoi Texuorlorul, tBlurerct ro, trro MarepnaJr B 3oue o6pa6orrr'r

rroABepraercr 6oJrbrunu geQopruauuru nprl BErco(ux reMreparypax (0.5-0.9T-, rAe TM a6conlorlrat
TeMrrepar)?a rrraBJreHru Marepnal'ra) r 6orbnr-rx cropocrrx ,qeQopir,rauux. KoMnbrorepsoe
MoAenrpoBaHxe npouecca floKa3brBaer, lrro BeliuqrEa ncTrHriofi aesopuauuu MoxeT aocTnmrh -50, a

c(opocrx aeoopMaqEu -100-102 c-1,
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floHrMasue lfl':nvecrr-rx ocHoB [poqeccoB crpyrrypoo6pa:orauur flpu OTII no3soJlr.r
yflpaBrrr6 raucran,rorpatfuuecroi TeKcrypoi u Mul(pocrpyrcr]?oi o6pa6arHBaeMoro Marepuarra u,
TarutM o6pajoM, ynpaBUrTb ero cryxe6Hr,rMri cBoftcTBaMrr. KpoMe 3Toro, yHn(.urbHa' rouoauaqr-rn
ycJIoBIri sarpyxeE r flpu OTII npeAdcTaBjrreT rrr.tpokre BO3MOxHOcTri AJrr coBepmeHCTBOBaHnt

$yu4averra,rr,nux npelcraBreHrri o Ae{opMaurrouuoM noBeAeH'.r!r MareplalroB.
qe,r6m paoorLr rBnrercr 3(cnepltMeHTfibHoe u3yrreHne ocHoButrx 3ar(oBoMepHocrefi

flJlacraqeckoro reqeHzrr, gBojrrc{rir crpyrcypbr ri ryircran,torpa$nqec(ofi Tekcr}?6t npl' OTII
MCftUIJIOB I' CINABOB.

B xo4e pa6oru penaancE cneAyroqne 3a'[aqr:
1. BBIc&reHre ocuoBsr,rx 3a(oqoMepuocreft rmacruqec(oro reqenltr B xoAe OTII. AHa,ru3

ryuc1annorpall)r.recl(rlx reKcryp! (topuapyrc4rx npu OTII B pa3rr,r,rH6rx r(oHcTtr'yK{,oirHr,rx
MaTeplaJlax,

2. n3y.9ellve ocHoBHHx 3a(oEoMepEocrei gBor'rroq r Mr.lKpocr?yKr)?Er B xoAe OT[I, a raKxe
[3yqeHxe oco6eHHocTei ee +opMr-rpoBaHrrrr B pa3jrlrqllHx MerurJrrrqecKrx MarepuaJrax npv OTf].
I4Aenrrztpr(aqtlr 6arooux lpu:nvecrrx MexaHn3MoB crpyrcrypoo6pa3oBauxr npn OTII MerzlllroB u
CIDIABOB.

3. ZccneAoeaure oco6eunocrei QarorHx npeBparqeE ii, Irporer€rorqrx s xoAe OTI].
4. Ananlt TepM[qec(ofi cra6rd;Hocrl MareplianoB, nonyqerlErx c uclolb3oBauleM MeroAa

OTII. I{ry.reule MexaEIBMoB auoMMsHoro pocra 3epeH B Mera!'rJlrJqec(ux Marepllana,x, no,'ryqexHlrx
MeronoM OTII.

CreAyer orMerr-rr6, .rro B pa6qre oxBaqen BeclMa lrrdporsri (plr o6leKroB lrccneAoBaHri 3ro
a,'rroMrrr reBEe cnraou (AA1050, 1570, 1575, AA5052, AA6016), MamrreBble cl.-lraej'J (A231, ZK60),
rrraHoBbre cnraBBr (Grade 2, Ti-6Al-4V, TIMETAL 15.3), crara (SUS304, SUS 316, 531524, DP 590,
DP980, Fe-12Cr), qlp(oEueB6ri cnnaB Zircaloy-4, rrr(ereBH; cn,.raB Inconel 625, a raxNe paccnorpen
BecbMa lllupokr.rt Auarla3oH pexrMoB o6pa6oTx, MeTMnoB ct(opocTb Bpau]eHur ltHcrpyMeHTa
Baphrrpyercr B rrrarra3ore or 200 Ao 2000 o6/vun, a revneparypa 4e$opllaquu - or 0.4T- Ao 0.9T*.

!:rr rccne4oeanue 3ar{oEoMepHocrei gBonro{xu clpyKT)apLt Marepu&'roB npn OTII aBTopoM
IlcIloJI63OB&'rrCt, CTaHAapTHLIe MeTOA6I: MeTOAnKa MnKpOTBepAOCTlt, 3ne(TposHalt MIj!KpOC(OrII{'I U

EBSD-aHa,rrc, a ra(xe prA opr {Eaulrnhrx Meroarr, pa3pa6oranrrhrx aBTopoM B xoAe Brrrrolrneurit
atccepTarlroE!{oi pa6oTbr: MeTolrka aHajrrBa crrekTpa pa3opneHTnpoBo( Ha ocHoB€ .qaHHbtx r1o
yAeIEEoi noBepxHocTll fpaHurl 3eperr, MeToArrrca Br,rrBrrerr{q peE)[cTiurJr].i3oBaHHoi crpyKT]?br c
tcrIoJI63oBaHueM MeToAa EBSD, MeToA[(a pe(otcTpyKrlltr Mr.tKpocTpyKT]?rir t-r l{plrcra,trorpaot.recKoii
TeKCrypbI BbtCOXOTeMnepaTypHOi (pa3r,r Ha ocEoBaHru a']arv3a pe3yn6TaToB r.rcc,'leaoBaHri
Hn3r(oreMnepaT)?Eoi 0a36r n T.a.

C rcno,qb3oBal -teM gTrx MeroAIiK aBTopoM rrolD lett 6o,'r6Ittoi o6reM gKcneptMeuTzulbltblx

aaEHLrx no riccJreAoBaHr.ro oco6eHHocTeii 3Bon|oulr}r crpyKT)fpEr MeTzLJl,roB r,l cIIIraBoB IIpI-,I oTII, a
TaIoKe o6HapyxeE prA HoBBrx p$yJrbTaToB, rrMerorlrx cyulecTBeHEyro BayrrHyto HoB[3Hy:

1) pe:y,rlraru lccJ'reloBaHr,ri 3a(oHoMepHocreii Qopvaporauur rer(cryp6r npu OTII, B ToM
qlrcne - p€ynhTaTH rccJreaoBarruii 3aBroiMocTtr h?ncTajrnofpa(brqecKoi reKcrypH oT rtna
rcprcTajDrrrqecRoi peruexr r-l sHepflrl{ aetberra ynarorra o6pa6arbrBaeMr,rx MaTepu&'roB;

2) peryruraru lkcneptlverTallhHbtx ficcnenoBaHri 3axoHovepHocrei 'rBoJltouzl4

MgKpocTpykTypbr ruupoKoro Kpyra MeTaJrJroB !r clnaBoB rrplt pa3Jr[qEr,rx cTeneHrx aeoopMauur,
reMneparypzrx r cKopocrrx Ae(DopMaq{u flpr OTII;

3) pe3yrETarbr I'3) reHwr KoppeJuur.{i Mexly npoqeccaMr, gBoJlroqur, 3epeHHoi crpyro}pbt u
4pucra,rnorpalflruecxoi re(cT]?r,r, B ToM.r[cjre pe3yrr,TarBr rccJreAoBaHui 3rb(beKra <KorrBepreHrl[t
pa3opLeHTrrpoBoro;



4.) pe3yJrETarr,r 3Kcnepr.rMeHTanr,rrBrx rrccjreAoBaHr{fi 3a(oHoMepHocrei (ba3oBErx npeBpauleHr{i
npn OTf[ TrrraHoBoro cnraBa Ti-6Al-4V, a ra(xe 3aroHoMepHocreii MapreHcn.l.Horo npeBpar]IeEbr B
cTal'rrx, B ToM qncjre - pBynBTaThr EBSD-peKoHcTpyI(Ilar-l 3epeHHor cTpyrcr]?6t t,l
r{pticTannorpalF qecl(oi TeKcTyp6r Br,rco(oTeMnepaT}?qbrx oa3.

Hay.rHaq 3uaqnMocrh p€yfi,mroB o6ycnoBreHa npoBeaeureM c[creMarr.recroro arralr[3a
npoqeccoB crpyrrlpoo6pa:oaarur B rrrrpokoM rpyre o6r,erron B ycJroBr-trx 6olurzx nlacrruecrrq
AeoopMaurd npll oAEoBpeMeHrroM Bo3leicrBr-il Bbtcoknx reMneparypu x c(opocrei Ae+opMaurr.
floryrennue peyarrarbr cyqecrBeulio pac[Eptlor coBpeMeHHrIe rlpeAcraBJrcHx, o 3aKoloMepuocrrx
3Bonroqxu cTl'y(rypEr MeTaJUroB ri cn'raBoB B ycnoB[rx rrHTeHcrBHoi flracTnqecKoi lelbopMarlr},l.

IlpaKTuqecKar qenrocrr, pa6o.ru cBr3aHa c Bo3MoxHocrlrc np(MeHeur,rJr MeroAa OTII an,
o6pa6or(r ulrpoKoro uracca Msrautuqeckrx MareplaroB c qe,rlro Qopuraponaarur B Ilt x 3a.qaHHot
Mr-rrQocTp),'rcrj.p6r r Te(cTjaphr Il, (!rr( cJreacTB{e, Heo6xoAnMbrx abrslr<o-Mexar[qeckrrx cBoic.rB.
Cre.{yer rarcr<e orMernrr, .rro B xoAe BLrnonHerlir pa6oru pa:pa6orau prA opur.rjxalr,H6rx Mqroaa&
I(OTOpr,re MOryT 66lTb r4cIIoJtL3oBaHH anr aHaJ]rBa npoqeccoB 3Bor'rroqtfll MrrKpocrpyKl.)pLt l{ rer(crypbr
MerauuroB u cEnaBoB flpn AeQopMarI![, peKpucTiutjrrBarlltx tr B yc,loB]rrx lba3oB6lx npeBpaqeH[i.

Ilonoxes[r BBrHocrrMbre Ha 3aul[ry, aAerGarHo orpzDKaror cyrb ArcceprarlroHHoi pa6orht t
aocTaaoqrro o6ocHoBaH6r. OHu nOATBep'(IeI{Bl npOBeIeHEErMr AqCCepTaHTOM HayqHr,rMr_r
xccleaoBarJrqMu L ny6nuKaqlttMli.

3auruulaevue Marepr4zlnrr flpnr]aArrexar a[ccepraury B noJlHoM coorBercrBru c J lqHLtM
BKIAAOM, O6O3HaqeEUOnr Ua Crp.6 aaroperfepara.

ABTopeQepar npaBnr6uo orpaxaer coAepxarue Arccepraqr-rr.
,{uccepralluoural pa6ora u:loxeua Ha 252 crpatltl\ax u cocrolrr I,t3 lue1eHllr, qgrblpnaluarlt

fraB, 3aKrro.reHrjl lr cllrcl(a q[TupyeMoi nnTepaTypbl. B pa6oTe npeacraBjreH 6onLuoi
rrJrrocTpaTuBHbrr MaTepEaur 9(creprMeHTnJrhEoro xapamepa B BrrAe prc)aH(oB I-l Ta6n{u.

Bo BBeAeH[[ o6ocuoBaua aKryaurruocrr BEr6paunofi relru, cQopuyaupooaurr qenl u 3aaaqu
pa6orbt, IrayqEat HoBIr3Fa Ii flpzu(Tl-IqecKat 3EaqtMocr6r o6ocHoBaEa ,{ocroBepHoqrB [orweEI{EIx
peynbTaToB r-r npllBeaeE6r ocHoBll6le IioJroxeEIrJI, BhrHoctMble Ha 3alqury.

B nepBoi ruraBe Kparl{o onucaHa npI,IHIIunuanLHat cxeMa OTfl r paccuorpenu KJrIoqeBbIe
npexMyqecTBa Sroro BltAa o6pa6oTl(l-r. OrMeqeH 6orhrxoi npoMblureHq6ri IloTeHrlra.,,, OTII u
rrprrBeaeHo rrecRo,rrLKo [priMepoB fipatoEqecKoro rcrojrB3oBarr[r SToi TexHororru_ o6ocEosaua
rloTpe6EocTb B 6onee Dry6okoM rrorrrMitHnn npoqecca OTII. Orraeqesa gaNnoorl npoBoAr.rMblx
ficcneAoBarr[i c DpamFrecRoi n Hayr]Hofi ToqKu 3per rJr. flpunegeu anaaararecl{ri o63op B o6,tacTll
MexaHr.r3MoB rDracrr{qec(oro Teqeulrr ri 3:tRorroMeprrocTei 3BoJrroqrir Mnr(pocrpyroyp6r B xoAe oTII.

Ha ocnoBe aHaJIIGa Jrurepary?Errx AaHH6rx noAriepruryra ofpaHn.rcHHocrr, coBpeMeHHbrx
npeAcraBreHrrfi o 3a(oHoMeprrocTrx rrlacrlrrec(oro rerte4nt Lr crpyrrypoo6pa:oaanE, fipu OTII u
BbrAeneHbr ocEoBHbre npo6neMr,r B 3aoi o6r'racTrr. Ucxory 13 grofo cibopMynrrpoBasEr qerb lt 3aAaqlr
IACCepTarIrOtrHOi pa6oT6r.

Bo BTopoi rJraBe on[caubr Mareprrzurhr r.t MEroAr(r zccre,{oBarrr4r. O6ocuoaan ou6op
MaTepuaroB n 4prrBeaerr Ilx xnMrqecKlfi coqraB. flpeacTaBjrerrbr xapaKTeplrcTr_r(r cBapoqHoi MaIn'lH6t,
npnMeqqBureficr aJ'rr orlr, ra Kpafio onrcaflEr rrpnHqrnxaJrErrhre oco6eHrrocrn o6pa60rxa uarepua,roa
c BLrco(oi !, Ht3l{ofi TeMneparypoi Ilra!.fleHr-tr. Kpatto onr'caxu MeroAxKn noAforoBx,
Mxreocrpyr.rypruix o6pa3rloB I EBSD-ana,ru:a, [c[ol63oBaBrrqec, n u rpoBe.{efir:rlr
MnKpocTpyrcrypHbrx nccneAoBaHnfi .

B Tperr,ei rnaBe paccMorlreulr Mar(pocrorrqqeckae oco6euuocru flJracrrrtrec(oro reqesrrJr B
xoAe OTII Ha nprrMepe MarrirreBoro crrraBa A231.



--

c[cTeMaTxqec(rii aHarrc KprrcTa],Inorpaouqec(ofi Te(q'ypbr, coopMl-lpoBaBuetcl B pa3JrI{qI*G

o6racrtx 3oH6r o6pa6orlor, noKa3'ur' qro rlnacrnqecKoe reqeHtle B xoAe OTII tBJlterct BecbMa

ireo.[HopoalrElM, X 9Ta EeoaHopoArlocTh o6ycjtoBreqa', B qacTHOCTI'I' reoMerp]'ei cBapo'IHoro

r.rHcrpyMeltra, IrcllojlB3ytoxleroct At; o6pa6orM flOKa3aHO' qro B Bepxsei llacrtl 3oHhI

o6pa6arurae"oro Marepuafla QopM|pyerct Mejl(o3epHrcr'ul MtKpocrpy(rypa' flpllBolttqat npl,

rocreaylorleM orxlrre' r( aEoMaIbHoMy pocTy 3eped'

B qerBeproi rnrBe paccMorpeHbl Tl'trllitlH6le rcpucral:rorpaifnecrte re(cryp6l'

Qopuupyrour'recr nplr OTfl lloKa3ago' 'rro u 6oout"""t"" 
""y"aeB 

o6pa3ybruallct re(cr]pa 6lu3Ka l<

rrAeg,lbHofi Te(crype flpocroro c.[Bl'ra B ftIK Meranna'{ c orHoclneJlt'rlo er'rcoroi suepruei AeQercra

yuaroora (3.{V) rpeooraaaer re(cr}?a rtrla B/EI1'12}<7lo>' Vuenr'uesue 3AV seaer x

o6pa:onal{ato re(cr'?bl rrjfia AIV$71\ <L10> ' Vcrauouleuo' qro s OIIK Mera'lnax npoucxoaltr

nperrMyr(ecrBeHlroe (ropvt4onaune reKcrypl'I TLna D'1(112)L'll7)' cBl'taererbcrBylolrer o

lpeo6naaaF n alrcro(au[oqHoro cKo,lbxellut no Iuoc(ocrt {112}' B fny Merarnax +opMnpyeMat

Te(crypa qyBcrBurenbHa ( coorHorueEltlo c/4 B 'racrltocrt' AluI MarHtleBblx cllraBoB xapfiTepHo

o6pa.:oearue aKcltzul6Eoi TeKcry?El rrlfla {000} < 'lvt}t> ' cBt3aElrofi c 6a:rcr*ru cI(oJIbxeHteM' a AJI'

Trrralra - TeKcrJap6I TIt[a ,q0100]<1120>' o6ycnoBnenuoi rlpl{3Marl'Iqec(rM crollxenueu Tarxe

no(a3aso, qro flptl OTfl Bo3Moxlto OopMLpoBaHue peKpllcrajrJl{3awtoHHofi TeKcrypr'I' B qacrHocrl'l

rerccryprr ry6a {OOt}'tOO;' OrveT euo' rlro B xoAe OTfl MarglleBr'Ix cnJIaBoB Moxer ItMerb Mecro

o6paroeanue rer<crypb!, MaKcltMa.flbnatt llllreucuouocrl xoropoi r 50 pa: npeauu:aer lpooeul (poua'

ts ntrof IrBe Ea IIpaM€pe rexHl,qecKt-l qEcroro xere3a ltccreAoBaltBl oco6eHHoclt 9BoJIIoqu'l

MrrKpocrpylcr)?bl npll o6pa6orKe OI-IK MerailroB c BLIcoRoi 3Ay'
^ 

n;;;t., qro npt-r oTfl NeTega Ha6nroaaetct risrelctlBsoe $opMxpoBantte rpasfiq

aeQopMarrnoEsoro npoucxoxrelrxt, rocrerleEHoe yBeJr'qes'e )'rJIa nx pa3optem!'tpoB(x 14

ilparureuraurla. Ha ocHoBaHuli asiun3a cfle(Tpa pa3oplenTtpoBo( ycralroBJleuo' 'rro o6paroeaule tz

naff,Eeiuat gBortoqua rparuq:epeu 'qeoopMauloHHoro flpoxcxoxAeH{t 'recHo cBtSaHa c aBortouue;

(pncrarrorpao[qec(oi Te(crypbr Meratna npl' OTfl'

B ruecroll rnaBe Ha nplrMepe rexEullecKt' qllcroro zlJIIoMuHuI npoaEarl'I3l,poBaEo BJIntEI{e

TeMleparypEl OTII Eu 
""*ono""p"o"t" "uonrcIltili 

MtlQocrpy(D/p6l rLIK Mer&rnoB c Bblcoroi 3AV'

floKa3auo, qm Bo BceM rcclleroBaulroM auana3olre reMrleparlT (0 44-0 80T-) B 'ultoMlturlrl

Ha6,,rloaaeTcr rrHTeqcrrBsoe $oputlpooanae rpasnt aeqlopva{uoHHoro npo[cxoxaeE t L rlx

no"o"frot"" DpeBpaqente u 6o'oot"ytoo""" rpaHlluH 3epeH Ilpra reMneparype -0 8 T'n

HaqrEarorct npoqeccH pe(ptcralrJlt3aUr't[, oaHal(o BKra4 gTOrO Mexarl[3Ma B ibopMl'IpoBaHte

MrargocrpyrcD?bl allrcMrirlwt oTHOCIirerbHO MUUI'

ycTasoBleqo, qro IIoBLIIIeH[e MnapaqttoHHoi noaBI'IXHOCTt rpaHuII 3epeE npH yBetrver*In

TeMaeparypEt OTII lprrBoalar I( u3MelreEt'llo uop$onorur Mtt(pocrpyrcrypEl or rnacruHqarot I(

paBEoocEoi, qro tBMeHter ycJIoBI'tt coBMecrnocru 'qeoopMar/[ conpgrarouuxcr opa'MeHToB ll' TaI(tM

o6pa:ona, npoootur K r-r3Mexeul'rlo rpr'rcrallorpaQruecroi re(cryprl or C{00f<110> r

BlE1112)<110>.

B ceabMoi maBe Ira npliMepe aycredurqofi cra'rtt npoaHtrnr8{poBaEa 3Bonrcuujt

MrileocrpyrcrypEr flpr-r OTII fuK-MeratroB c ouocurenr'uo uu:roi 3'{V'

llo(a3aEo, qm npli orHocltrejl6Ho He6onbltltx ae$opuauuax Ha6nrc'uaerct orxjloEeHse

pa3opnemtpoBo( sa rpaHr,llax xcxoaHLlx aBoin[(oB oat(Ilra or ]tAeaJlbHoro opseHTa(ItoHEoro

coorEolxeHtrt )3 u noc.reaytouaa rpancoopuaqal aBoiHul(oBblx fpaHt'u B 6onbueyMoBHe

EeCneUlaJrbHI'Ie rpaH{IILr 3epeH'



Vcranor,reuo, rro yneJruqeuue crerreur ae@opuarum n reuneparypbr ,{elbopMauru nprrBo,qnr K

lbopMrpoBasuro cnequ$avecroi <<crpyKryp6r oxeper'r6r', cocrorulei x3 Kpynnbrx .4e(bopMxpoBaHtErx
3epeH, o(p)r(eHHr,rx qenoqKoi MerMx peKpucraurJrrcoBaHEbrx 3epeH, coAepxaDlxx ABoiHr{Kr{ orxrra.
O6uapyNeao, qro Bnyrpr rpynnrrx - 4erfopur.rpoBar{Ehrx 3epeu rra6rloaaercr r[opuupoaanue
npoTr(eHHbrx MzlJrojrTJroBhrx rpanu{ aeoopuaunoHHofo npoucxoxleHl,tr, cBriaeTen6cTByrorqrx o
paronruz Sparlrenra4an. Takr/rM o6pa:ou, vrrpocrpyKr,?a aycreEnrHoi crafi, B 3oHe
[epeMelrrBaHnr cQopuupoeaaa B pe3yn6TaTe oaHoBpeMeHEoro pa3BriTrr ,qByx r(oEK]?r-rpyrorulix
flpoqeccoB @parveurauau u per.pucr:urlrn3aur[.

flpu floMorql-I cfleql,zrJrhno pa3pa6orariEoi MeroAnKr, ocEoBaEHofi Ha aHanr3e yAenbHoft
noBepxHoqrn lpall q 3epeE, orleHeHbr napq[zrnLEhre B(JraAhr gTnx AByx MexaEn3MoB. flocpeAcrBoM
EBSD nora:auo, vro perprrcrallrra3oBaEurre u $parureurupoaauurre 3epua xapaxrepu3oBan c6 cxoxeft
KprrcrnJrJrorpaibrqeckofi T€(cr)?oi flpocroro cABrrra, I{cxoArr I'3 3Toro cAenaH Br,rBoA o HacreAoBaHrdx
pe(prrcraurJrr8aqrioEHLrMr 3apoABrrrraMu Kpl,lcrall,torpa$rfqec(oi opl-leurupoBKr,t AeoopMnpoBaHHoi
MaTprrqLl.

B rocrlroi r,rane paccMorpeHo Blrr.rrnr.re reMflepar]pbr OTII na gBolrroulro MrrKpocrpyroypbr B
fUK Meranna,\ c rr.r:xoi 3[Y Ha npr{Mepe raryHr Cu-302n. flo(a3aHo, qro Bo BceM rzcc,re,[oBaHHoM

Alrarla3oEe TeMneparyp 0.46-0.8Of- ocHoBHriM MexaEr.r3MoM, orrpeAeirrBrurM gBoJrroUurc

Mr-rKpocrpyrcr,?6r, rBlrrercr pe(pucrarnrnaurs, B npouecce r(oropoi npo cxoAar Sopunponanre
MnKpocrpyro,?Lr c BhtcoKnM coaepxaE eM ,{BoiHnKoB orxr.rm r Hn3r(ofi Aojreft Myf. npx
TeMleparype o6pa6orkr, 0.46Tn, orMeqeFa amrBr3ar[u MexaspFrecKoro ABoiHuKoBaEl.n l,r

lpparMeETaqul{, oAHa(o BkriaA grrrx MexaHx:vor r crpyxrypoo6pa:oeaHle 66rr orHocllTejrr,Ho Mlrjr.
B lerlrofi nraBe lia flptMepe rexHn'recKrl ,rucro[ MeAr] uccJ']eAoBaHo BJIttH[e reMneparyptt

o6pa6orKr.r IIa sBo.lrrouaro Mg(pocrpy(rypu a fl-[K uem"rnax c npoMex].roqHofi Ber]iqnEoi 3Ay.
ycranoBneao, qro B AaHrroM K;racce Marep[zuroB Mnrgocrpyro]?a, TeKcr]?a r [po.rHogr6

o6pa6oraEHLlx MarepriaJroB nprrflIrmrzurLlto 3aBrrcrr m rer.aneparypu OTll. IIpu reuneparypax utlNe
0.5T- 3Borroq{r Mrrpoopyrcryphr MeAu onpeao'rf,Ercr pa3BmreM npo[eccoB $parlreuraryru. 3ro
BeAeT k o6pa3oBaHurc MeJrKo3epHrcTofi vrKpocr?yKrypH. reKcrypa KoTopoi xapaKepH3yeTct
npeo6naAaHreM KoMnoHeHT npocror o cABlra xna A I i  l l  I  l l .  I  lO -.

flpu reMnepar)?ax Brrrrre 0.5Tnn, cyrllecrBeur{oe Blrrtrnr.re Ha xaparrep $opur.rpyeuoi
MlrKpocrpyKrypbr B MeAr o(a3ErBaer npoqecc peKpucrannrcau[n, flpr.rBoArulni ( OopMapoBaHlro
aKcrizur6Eoii reRcr,?6r rl'rla {I I I}<ryn>.

B Aecrroi rnaBe Ha rrpnMepe MarEaeBoro cnraBa paccMo'rperrbr oco6eEHocrr, gBojrroqu[

MrKpocrpyro,?Lr npn OTII fIlY Mera"rnos.
floxa3aso, qro ibopMnpoBauue jepeHHot cT)yKrypbt B ,uaHnoM cn) rae lpeAcraBnrer co6oi

AoBorbuo cnoxH6rfi npoqecc, B(rroqarorqni B ce6r HecKo,'rbKo craArrii. Ha nepuQepur

AeoopMaquoHHoi 3oHbI aMeeT MecTo l,utTerrcuBHoe MexaHlHec(oe ABoiHt(oBaHI-Ie no nnoc(ocrld

€0 12) . C pocToM Benlrvr.rru ne(popua4ur.r u tEMlteparypht BAonh rpaHrq ricxoAHbrx KpyllHblx 3epeH u

ABoiHIiI(oB norBJrrrorcr 3apoAhrrna peKpnqrallnr-l3aunlt. B o6lacrvr Ma(cnMaJr6ltoi Ae+opMar{rfi
oTMeqeHo apopM{poBaE e oqeH6 ocTpoi kprrcrarnorpaQavecroi Te(crypbr npocToro cABura Trna

{000}<zvlw>. Aor<a3aHo, qro o6pa3oBaEle 3rofi rerccqrpu (u cory"rcrByrouue c6ruxeEne

Iqlicrannorpaib[qecK-rx opueHTupoBor( 3epeH) BeAer K yMeFb eEuro pz!3opueETupoBoK Ha lix fpaHrruax
It Aaxe .racr,fqEoli KoHBepreHqun coceAH{x 3epeH.

B oarnnaAqaroi ruaBe rrccJleroBauEr oco6esuocrrj $a:oaux npeapauleuai npa o6pa6orre
Tr{TaHoBoro cruaBa E|T6. Ha ocEoBe EerrocpeAcrBeHHoro cpaBHeHru (prcrarnorpa(b[qeck[x

oprlemrpoBor( conprraroqnxcr ct- a p-rpa:, a raKxe, rra ocuoBanru auaurrra cne(Tpa pa3opreuTnpoBoK



B cr-Qa3e, 6r1110 [o(a3arro, qro B TuraEe npll OTII Oa3oBoe rlpeBpaEelrle p-+o no4vraurerce

opueErarlnor.rHoMy coorHorrreHlro Eoprepca fl10]r//{0}O)", <1ll> R ll<ll2}>". flpl! eroM, oasaKo,

orMeqeHo Harnqre Ee6or6rrrx, Ho cncrpMar[qec(J,rx orK]IoHelruf or fi,qearblloro op{emaqnoHHoro

cooTHolueEltt.

llcxoar rr3 fiarqqrr opuemaqrouuoro coorHorrreurrq Mex,qy tr- u p-$a:auu, c [oMourBlo

cflerrrl,urbno pa:pa6orauuoi Meroanldr 6rr"ra pe(oncrpyupoBasa 3epesuall crpyKrypq

c(bopMnpoBaBr[arcq E E6rcor(oreMnepary?aofi p-Qase B xoae OTII. Ha ocHoBe aIIa"'In3a crpyl(D.pbl

per<oucrpynpoaauuoi Bbrco(oreMnepary?Eon p-Qa.:u [o(a3arro, qro 3Bonloqltt Mlt(pocrpylc]?u rlpt

OTII errrroqaer e ce6s pocr :epen p-Qa:u, nx t$opuourleuenue e pe:yrrrare ge$opuaur,u, a ralo(e rlx

nocJreayrouyro floflepevuyro llparrueura{r.rro.
llcxory v3 aEa,'rrr3a EBsD-pe(oHqlpyr.tpoBaHHofi Mn(poqpyKrypbl caqnaHo npeAtoJloxeHl{e,

qro Hajrnqtie pa3Bmoi cy6drpy(rr?6r BHyrpn sepeE p-Qaru (r.e. HenocrotHcrBo Iitx

r<prcrarnorpaQavecxof oprresrrlpoarui) Ir tnltlrocr npnvanoi ue6oalutux, Ho cricreMaa[rlecKlx

orrcrloseHri or uAearEHoro opueHTaqtoHnoro coorHolreHtt Eoprepca.

,4nr oqeEkn rercnpr,r, crfoplrupoBaBqreicr B Bbrco(orcMneparypuoi p-Qa.:e, lpeanoxeEa

MgToan(a, ocuoBaHnzrr Ea ucrroJrb3oBanrlr opleuTaulrounoro coornorueHl{t Etoprepca, carcurarolqero

o- r.r p-Qa-:u. Ilpaueuenne Aaurroro Mero,qa rIo3Bon[JIo BrrtBmb 3axoHoMepnocrn Qopuuporanna

akcfian6soft reKcr,?6r rlrna thk\ <1,11> r rraeaJrr,Hoi re(caypn lpocroro caorra Drlt tZ.11ttt1 e

xoAe OTIL

Ilo(a3auo, .rro reKsrt)4 coopurponarmaeca npn OTn B prba3e, Iracaegyercr a <r,-tfa:e o xo4e

nocrea)noolero @a:oeoro npeepaoteuua p-+cr.

B aBeHaauarofi rJIaBe npoaEzrJrrr3npoBiurbr ocooeHrlocrlt Maprel{ctrHoro [peBpa[reHrur npu

OTII oeppnro-MapreEcnrHLrx crarei. Auanus opremrporok (plicra"'rnofpaoErecKrx BapriaqroB

BIIyTpIt ITCXOAE6IX ayCTeHI/tTHbIX 3epeH IIO(a3aJI, qTO OptenTat+IOHEOe COOTHOIUeHfle Me)I(Iy

aycreHuroM rr Maprerrcr,rroM He MoxEr 6Lrr6 oano3Earuro nnrepflperr.lpoDaEo B paMKax o6EIsH6Ix

coorsoureur.ri K)?,upMoBa-3aKca nrlt HtuttMrr-BaccepMaua.

PercoHcrpyKrltrt Kpr-IcrannorpaQn'recroi rercrypbr aycreEnra [oKa3ar4 qro B xoAe Om nMe,ro

uecro rfopruuporanue reKcryprr npocroro c.ryma rlrna A I A$ll\ < l1O > , Irprl.IeM nplr flocJle.ryIoueM

oa3oBoM npeBpallleHl.n Maprericnr <EacJreAyen re(clypy aycreHnra.

C [cro.rr63oBaHt eM MeroArKn EBSD-peKoHcrpyKrlL![ 3epeHHoi crpyloypbr aysreHura

nora:auo, vro llopuupoBar[ie Mer(o3eprrrcroro MapreHcum E 3oae rlepeMelrlrrBal{ut o6yoroo"reuo xar

pa3BltTrieM peKpltqzr IIt3aIItt B aycTelrme, Tar{ ll u3MelleElleM xl,tMltqec(oro cocTaBa MaTepnana B xoae

OTfI, craaanaoro nsuocoM [ucrpyMema u qpoueccoM or(Ircrel'ltt.
B Tpl|traAuaroi uaDe paccMorpeEa (oppeJltryrt MexA/ MarpocKonfi,tecKox

HeoaHopo,arroc1l ro Marpocrpynypu, SopMnpyroqeficr B xoAe Om, II aEoManbHoM pocroM 3epeq flpn

orNure o6pa6oranurrx MarepnaJroB. 3aRoHoMepHocrl'I aHoMzurbl{oro pocra 3epeH np|,I orxl-rre OTII-

MerafiroB flpoaH,urq3ripoBarrbr c rcrroJrb3oBaHteM <tqelrcrof MoAerID XaMopI,I.

flo(a3al{o, qro aHoMarLEbri pocr 3epeE TecHo cB'3aE c MaKpoc(oluqecKoi HeoAuopoAHocr6ro

M[rgocrpyrs;.prr a sone o6pa6orxr, a raro(e BJrr{.rr ,eM qagrtllr BTopoi tfa.srr, o6pa:yorunxcr lprl

rl3rroce uucrpyMerlTa. B qacrEoqrl, cfleqtl4}lqec(lii xapaKrep lljlacr!,F:IecKoro reqennr s xoae OTII, a

Ta(xe HeoArropoaHocrE nolrrr reMrrepaT,? anyrpr le$oprvraur,roHHor 3oHLr ae,qyr r sopurpooauuro
MenKo3eprrucroro upurroBepxnocrnoro cnor, qprreM rtpq nocne,{,1oqeM orxrre crura 3nuepa,

o6yc,'roBreHEar HarMs[eM B crl])mrype MeraJUra.racruq ETopofi 0a36r, HeAocraroqqa Art cra6rurngauru
MrKpocTpyrcrypBr, rrTo r BeaeT K aHoMarEHoMy pocTy 3epeH.



B qerbrpHar|Iaroi rrraBe Ha IIpIrMepe rexHLHecKE qrrcaoro zulloMttHwl liccreaoBasa

r(prrcTannofpaablqec(ar Te(cT)?a, oopMrjpyronlatct B xoAe aHoMal6lloto pocTa 3epeH IIpl, oTxl{r€

o6pa6oraHubrx MarepnaJroB. C ncnorl:onagtev ueroar.rrr.r EBSD rcMepeua KpucralulorpaQnuecrar

oprlemnpoBr(a aEoMarbHEIx 39peH Ir noKa3aHo, cro aHoMarLEbIf pocr 3epeE BeAEr K pa3Boporja

ncxoasoi TeKqrypbr rrpocrofo caBlrra na 25-35o muocnrerbuo Kpltcrar.lorpa(b[qec(ofi ocn <l 1l> rr

coorBercrByroqleMy SopM[poaag[Io r€(cr)D6l peKprlcrarJlnl€a{tt.

B 3aKJrroqeH[n crbopMyJllrpoBatHLl ocIroBIrEIe pe3ynbrarhl ,IlllcceprarlltoHHofi pa6orEl.

B KoHrIe Arcceprar{nn qpnBeaeu cnltcok nurepattypu uz 22I ualtMeuoBaHli.

,qocroBepHocrb rroJrlAeHHbrx B pa6ore pe3yrl'TaroB rloarBepxaaerct tclojlb3oBaHlteM xopolllo

orrczrr{Hbrx n llrrpo(o a[po6upoBaHsHx MeToaoB npoBeaeErul rrccneaoBaq[i, o6ocHoBaqHocThlo

ncrroJrE3yeMhrx (brBnqecKr.rx noAxoAoB rI co[ocraEIIeHLIeM psyJIETaroB pacqeroB c

3(C[epItMeI{TZUILEbIMn AarrrrE[M{r a Tar(Xe:
l) nptMeHeEIteM HecKoJIbKnx MeroAltk aHiulu3a MnlQogrpylcrypbl MerannoB t{ cflJlaBoB:

veranaorpa$r.rr, pacrpoBa' Il flpocBeqflBalorqat gnelctpoHlr?ul MtKpockonltt, EBSD-aqarIt3;

2) 6oar,urofi crarucru(ofi al{arr.r3r.rpyeMbrx 3epeH (ao HecKorLK[x aectrftoB TLIctq 3epeH).

OcHoBH6Ie p€ynLTarrl atcceprauun orry6nrr(oBaEhl B Beayunx ore'recrBeuullx L 3apy6exur,lx

HA}^IIIbIX !3AAHUJTX. BOIE9 50 CTAT€i IPCACTABJICIBI B IEAAEIIDL BXOA'IqUX B NEPEqEEL IIA)^IH6IX

ag,qaHai BAK, pe(oMesroBarHrrhrx Arr fiy6nuxaql'u ocIroBHHx pe3yJILTaroB alccepralrti (((Acta

MatedaliD, "Scripta Materialia", <Materials Scienc€ and Engineering A", "Metallurgical 
and Materials

TraDsactions A,> u gp). Perynrraru npeAcraBJreHuue e 4nccepraqrouuoi pa6ore Eeoauorparuo

AoKnaA6rB{lJr[c6 Ha MexAyqapoAEbrx I,t BcepocclicKrt( KoEOepegqutx.

flo reKcry Anccepra[a[ uMelorct cjletrvrorulte 3aMeqaH[t:

1. Aerop, ua ocrIoBaHI,lI' aEaru3a 60rBnl0r0 ql,lcJla 9(c[epLMgItrzuILIrbD( AaI rEIx, yrBepxlaer,
qro IIpr <crE3Koi) TeMleparype ocsoBsofi BrnaA B gBoJIIoq{Io crpyrrypr'r npn OTfI auoctr [poqeccEl

ibparMeHmqnr, a qpr, <croBhrrrreEHbrp) TeMneparypax - npouecchl peKplrcrann[3aqlrt (Mlrrpaqt[

rpasnu 3epeE).
I43Becrno, oAHako, qro B ycjroBlirx BBrcoKocKopocrEoi ,ueQopuaqar'r t, oco6eEso, B cJrf{ae

OTII, KffoqeBbrM OaKropoM Ant tfopuupoaauur crpylcryp6l tBJlterct cKopocrl Ag+opMalltu (a).

OveerAuo, lrro reM[eparJ4)a <qrepexoAaD) or $parrtaenraunn ( peKp[cr:utrt3alltti (T1), cyurecrDeHEo

3aBrcrT oT cKopocTn npoqecca 'l noSToMy npeacTas"relMe o (Hr.l3kor)) rI <Ghlco(oi)t TeMflepary?e

ol(a36IBZuOTCt BeC6Ma yCJIOBII6IM.

3mr cyrqecrseuuHi acnerr upo6neur,r - saBltctMocrr' T1 or a - IreAocraroqHo opaxeH B Te(cre
pa6orll.

2.8 rr.12.5, [.13.4 Anccepraunn 6ruro nora:auo, qro B npoqecce o6pa6orru Qeppuro-
MapreHc[THoi crlull{ c [crloJlb3oBaHneM I(epaMltqec(oro &IrcrpyMeHTa Ir3 HIrrp[Aa KpeMHtrt lMeer

Mecro cylrecrBeHEEri naMoa, npueoAtlqufi ( It3MeHeEIlro xr.tMltqecKoro Il iba3oBoro cocraBa

o6pa6arhrBaeMblx yraqrftoB Mareptalla. 3ro, B cBolo oqep€46, or€36lBaer cyqecrBeHgoe BrIttEIte IIa

repMr.rsecKyro qa6xnbnoqrb cQopunpoaaanoi Me,'I(o3epultcmi cpyKryphl o6pabarblBaeMoro

uarepnara (n. 13.4-13.5).
Cneayer oxraar, -rro aaHH6Ifi o$$err uoxer lrMerb Mecro He rollhrco B cJryrae Qepprro-

Maprencrruoi crarr, Ho n B cJryqae ocr&rilflrlx MarepuiuloB, B Tou vucle u npu o6pa6or(e c rloMourbto

nrcrpynaeum u: o6n.ruoi nnqrpyMenraJrruoi crau (cu. crp.36)).

B.nurnue $arcropa <<uaMoJraD MoxET 6LtrB seMoHoroltHbrM, rloc(oJlt'I(y tIoBlIueHIie reMrlepar]pt I

o6pa6omr,r oclrqecrBJrrelt 3a cqer rroBbrlgeutul c(opocrn rpetut. IIpu orou, aJIt Eeftoropbrx



v

[pr.r BLrcoKl,lx cRopocTrx o6pa6oTEr TeMrrq]ary?a aocTr{raJra BecbMa BElcox!'x ant
crarr 3uaqeuqi (B MeA{oM crI,.raBe Cu-302n reunepatypa o6pa6orlo rlpeBrrluana

800'C), npz roropr,rx IlaquEaercr rrrrreHcrrBrroe oKrcreHrre Il [3Hoc qrallu.

Ha polt6 EaMona, B qacrrocrlr, laKa3brBaror cyrqecrleHHo orr'IlIlratollll'ect or o66lqqblx 3Eaqellllfi

aHoM&rBfio Bhrcol(r/te 3ltaqeErtr TeMrrepaT]?6r Haqana peKptcrannl8aqlrlt B ltccJleayeMbD(

Men(o3epHr-rcr6rx MarepriaJrax. B qacrEocrr, TeMrrepar,?a Haqara unreHcl/tBEoro pocra 3epelr B

.lJrroMrrr rrr re&rFrecKofi cucrorbr cograBusr -0.68T- (cu. pnc. 6.3 IIa qrp.89), -0.7T- MatsteBoM

cnnaae AZ31 (cr'r. pac.105. na crp.l42), -0.46T- B cruale Cu-3202n (oir. puc. 8.3 na crp.114) u -0.43-

0.47Tu B Mean rexruqecroi rucrorn (cu. pnc.9.3 Ha crp.125) t,t r.a.

K coxaresxlo, zrBTop rle yAeJrrer AocmroqHoro Btr[MaHnt o6ayxleElrlo gToro BzDKHoro

BOrrpoca.
3. flpr rccreAoBaHnn qpoqeccoB gBoJrroumr crpyKT)?hl MeTaJIJIoB B Henocpe.qcrBeHHoi

6nu:ocrn or 3oqbr repeMerunBilslrr (cu. crp.75) aBTop y(a36lBaer, qro B srofi o6nacrn c"rpyrrypa

cnJrbHo rreoAHopoAEa r, B qacrHocru, lp{cyrcrByror ((ograrKlt ncxoAHr,D( cltn6Ho AeibopM[poBaHHEtx
3epeE, ')qereBtrfld(" B xoAe rDparMerflaquD).

I43JrqeHne ycnoBrfi Bo3rrrfloroBerrr4r rarurx o6aacr€i 4peAcrzlBJtrer'ct BecEMa Ba)KEIIM,

nockorbky tlx Hantlt|l.re cyqecrBeHHo Bju.t'er Ha cBoficrBa [o,'DAeHH6tx cBapHrD( coeA[HeHxfi.

K coxareHrro, aBTop He yaenrer aocraroqEoro BHrrMaHlr orluczutttto ycnoBxi tt flpx,rrH

Bo3HllKHoBeErt rartx o6racrei.
4. IIpa u:yveauu 3aro{oMepuoca€i gBonloryra ctpylcr1pbl o aycreurmroi cranu 531254

aoropona 6uro [o(a3auo, trro peE)ncrarrn3oBauulre 3eplra coaepxar ManoyrnoBble fpanxuu (crp.

107), T.e. (BEyrpI{n peKpucralurtoDarrHr;D( 3epeH np[cyrcrBygr aoqraroqEo 6olruroe qncro

peuE:roqEErx llcnoKaulri.
STor pgynbrar trp(Aaerpt g noapo6uont o6cjnrlenml, tloctcoJlllgl o6uquo

pe(pllcr&lJir,3oBaHsbre 3€pHa se coaepxar arcnol(ar+ri. Bepornro, raroi srlQem He rBJlrgTct oolq'IM

npaBnJroM, a rrporBJrrercr Jrn b B orrpeaeJrerruoM TeMaeparypno-ctopocruoM ltqrepBzure OTII. Anropy

cle4orano 6u yr<a:arr nnTepBar ycroBx-i, rrpu (orophrx oH peairu3yerpt.

5. IIpr rt3j..IeHtllr BJrwrHrrr reMrreparj4)Er AeoopMaur& Ha crleKrp pa3opnaHTltpoBok rpaE lI

3epeu aaropoM 6r,no nora.:ano, qro B Mearrexrnflecxoi sucroru rIoBEIlIeHIie reMrleparypi'r

o6pa6orkr [p[BoArr r( o4noBpeMennouy pocry seplJa $ yJ]ieqbuedtaro Aojtt MIUro]aDIoEbrx rpaHnq 3epeE
(cu. prc.9.3 sa crp.125, puc.9.96 na crp.l34), a ro BpeMr t<at Bo Bcex ocr.ul6H6rx Metultrzx tMeer

MecTo flpoTllBorroJroxlizu clrTyau[r - noBblrueHue TeMneparypu o6pa6oTKt-r [pItBoaI-IT k pocTy 3epEa tr
y eH'aeHup 4onu 6oauueyraonux rpaHur{ 3epeE (cn. AanEHe no MaflrteBoMy crrraBy AZ3'1, -

prc.l0.5o ua op.l42) umt, qro ror(aeclBeurro, yBenlqeg{rc o6t'eMloi aoJrt,r MaJIo}ar.rIoBlIx fpauuq
:epeu (cu. ,uauune no amounrnro - puc.8.36 Ea qrp.l l4).

3ru pesyrrrarrr qpeacraBnrrorrr BeclMa r.rHTepecEEIMIt I-r Hyxaarorct B aorIoJIIrI{TerbHEIx
(oMMeHTapIitx { o6r,rcHer rD(.

6. B garcruoqerue clre,ryer orMermr, lrro B ancceprallrut ucrloJll3yerct 6olr,uroe qrc,ro

TepMtI{oB, AocJIoBHo nepeBeAeEHEIx c aHfntfcKofo t3bIKa, Koropbre He xcnon63ytorct B or€qecrBeHHoM

Marep[arJroBeaer rrl: <p-rpaucyc>, <cyflepaycreHrrruzu craJrrt), <MeraalrlaMlrqeckzul
pe4prrcTauJrr3aquDr, <ceoMerpr.{qec(ar peKprcTaurJrr3arlrr>, <€epHofpaHrtqHbre r3ErKr)r, <KoHBepreHrIrJr
opfieuTrpoBox>) r Ap. 3m sarpy,4rryr ananrrB u3Jroxeuurrx B arcceprauxu p€ynbraroB.



O6qar xaparreprcrlrKa a[cceprauuoHHoi pa6orr,r
OrMeqeEHbIe HeAocrarxl,t He Br'I'ltlor Ha noJ'Ioxtre:lbHylo oIreHI(y pa6orhl B lrenoM'

npeICTaBJIeHHat AtlCCepTaIIUt BHnOJIEeEa Ea BLICO(OM HayLIHOM )?OBHe U tBr'lteTct SaBeplXeHHoi

uayuuoft pa6oroi.
Pe3yn6Tarbr arrcceprall[oEHoi pa6oabl MxpoHoBa C.IO. flpouJnr anpo6aqulo Ha pa3nlrqHblx

BeayDlr.rx oTeqecrBeHHbrx L Mex,ryHapoaHblx KoH(bepeHu[tx x orry6JIIrKoBaHH B Be,IIyulI,Ix

oTeqecTBeFHLrx !r 3apy6exr$x xypsanax, Bxoaeulux B neperleH6 x3aaHri, peroueuayeur'rx BAK 4ru

n ) 6 , l H K d | l H H  o c H o B H r , t x  p e t )  r 6 t d t u B  l  c c e p l . l l l x H .

BlBoau u pe(oMeHraufit, coAepxauxect B alicceprauHH. Morlr HatTI{ cBoe nplrMegeHue rpll

pa:pa6orr<e HoBErx BbrcoKolportH6lx cybMlrKpoKpl-tcrannlqecKxx RoEcrpyKIltogHLIx Marepq&'roB B

Hi'ITy "MIICIIC> 
(r. MockBa), I4MET PAH (r. Mocrea), fHII PO (BI4AM) (r' Mocrra), CaHrr-

Ilerep6)?rc(oM rocyaapcrBeanoM nonarexulrqecroM yultBepctrere (r. CaHKT_IIerep6,?r),

EerropoacKoM rocyaapcrBeHuoM IIauuoH,rJIBHoM llcclleaoBare:IrcroM yHaBepclzrere (r. Eenropoa),

I4ucrurl.re lpri:umr rBepaoro rena PAH (r. rlepHoronoB(a), tr{HcrlrDrre ibl,l3l,lKl-r Mera,'rnoo VpO PAH (r'

Ercareprn6lpr) u na gpyfl1x ltayqHo-uccreroBarenlctorx u npoll3BorcrBexHltx npeanplttrlltx.

Auccepraquo[rrat pa6oaa (MexaHI'r3MLI n,'Iacrfirleckoii aeoopMauliu Ll gDoJrloqftt

Mlr(pocTpyrcrypbr npu o6pa6orre Me1.ajuloB TpeHrieM c IlepeMerlrIIBaHI'leM) COOTBeTCTByeI BCeM

Tpe6oBaHnrM <nonoxeElt t o lloptal(e np[cyxaeHlul ] reHEIx creneHei)) K aoKTopc(oi auccepraqfix, a

ee aBTop MgpoHoB Ceprei IOpBeBaq 3ac,TyxuBaer npl'lcBoeH,lt eMy ) leHoi crelleHl-l aolcropa ibt3lKo-

MareMarr.r.recKr.rx say( IIo cneqltallhHocrl 01.04.07 Qt{3rxa rouaeHcltpoaaHHoro cocrotl rt.

Alrcccprarrra o6cyxaanacL 23 aeKa6pt 2015 r' na HayLIHoM ceMuHape HayqHo-

rrccreAoBarelrbc(oro Qu:uro-rexnu'recroro llrcrtiryra OfAOy BO (HaqltoHa'JrEHLli

rccneAoBar€Jrbcrdrii HrlxeropoAcl(l-ri rocyAapcrBeliHLli yHI,BepcHTer nM. H.I4. Jlo6aqeBcKorot

(nporoKon N.l8 or 2l aexa6pt 2015 r.)

,{rpercrop Hayuuo-uccneroBarelllcKoro

d)q3nKo-TexulrqecKof o r,rHcrtryra
HaquoHa,qbHoro riccneAoBarejlr,cKoro
HrxeropoacKoro rocyAapcrBeHHoro
yHrBepcrrera I:tM. H.I,l. Jlo6aqeBcKoro,
aorcrop (brr3rrKo-MaTeMartqecKFx Hay(, npoibeccop 5 i- B.H. rlyBnrbaeeB

,, 9O ,, .2.-a.P 20 l6  r .

<<Ilo4nrcr B.H. 9yoru6aeeBa 3aBeptlo>)
Yqesbri cerperapr,
HaqltoHa,'IbHoro uccneAoBare"'IbcKoro
Hfi xeropoAcl(oro rocyrapcrBeHsoro
yH[Bepcrrera uM. H.14. Jlo6aqeBc(oro

AApec Be:ryrqet opf aqx3aq!rr:

4,eAeparr,Hoe rocyAapcrBesHo€ aBroHoMHoe o6pa?oBarer6Hoe ypexaeHue BHcuero o6pa3oBaH,c (HaqroHanLnBrii

rccrteaoBarenhcKni Huxeropo,qcxti rocyAapcrBeEHl'Ifi yHxBepcurer IrM H.Id. Jlo6a'reBc(oro)

601950, r. HaxHrfi HoB.opoA, np. farap'ts4 23
ren. / Oarc (831) a62-3003 / (831) 462 3085. E-rnai1: lr'ladunrru
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