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oQr.rqraanbHoro orrrroHeHra Ha ,{uccepralll{oHHylo pa6ory lllauurunoil [apsu
BlaAuruupoBHbr <3arosol,repHocrpr nonyrreHr4q ynbrpaMenKo3epHncrblx MeAHbIX

cnJIaBoB c rroBbrrueHHbrMr4 [porrHocrHblMl4 H gKcnJlyaraldl4oHHrrMu ceoficrBaMl4)>'

rrpeAcraBneHHyro Ha cor4cKanr4e yu€uofi crerreHla KaHAhAara rexHur{ecKux HayK

ro cilerlr4aJlbHocrl4 15.16.01

MET€UIJIOB H CIJIABOB.

MerarroBeAeHlle vr repMl4rlecKat o6pa6orr<a

AnryaluHocrb reMbr AncceprarluH. Husxorerl4poBaHHble crIJIaBbI Ha

ocHoBe MeAr,r HarxJuI [prrMeHeHl4e B oJleKTporexHur{ecKoft npoulIIuJIeHHocrI'I' B

rraorHocrLr Anfl. H3roroBJre]eltfl. oJreKTpoAoB KoHTaxtuofi cBapKI4 vr3-3a xopourefi

repvuuecxoft v 3reKrpr4rrecxofi [poBoAr4Mocrl4. OAnaro coBeplxeHcrBoBaHl4e

3neKTpoAHbrx Marepr,r€uroB rBJrrercr Heo6xoAI4MbIM ycnoBl4eM AJII rIoBbIIrIeHI4.n

crofirocrz kr AorroBer{Hocrr4 3neKTpoAoB B xoAe cBapKH. [tts rIoBbIIrIeHHfl

KoMrrJreKaa MexaHr4qecKr4x 14 gKcnJryararlr4oHHrx csoficrn e pa6ore I4cnoJIb3oBaHbI

MeroAbr unreHcueHofi rrJracrnrrecrofi 4e$opvraqnu (p[IA), rIo3BoJI.u]ouI4e

SopunpoBarb yJrbrpaMerrKo3epHr4cryro (yM3) crpyKrypy B Mer€urrax v cnJraBax.

K HacrorrrleMy BpeMeHr4 HaKonJreH 6onrurofi oKc[epuMeu:ralrHrtfi orIbIT

[oryr{eHr4r yM3 MeAr{ v MeAHbrx cIIJIaBoB, a raKxe I4ccneAoBaHbI ux

MexaHr4rrecKr4e r,1 oKcrrnyararrnoHHbre cBoficrBa, oAHaro seo6xoAl4M cI,IcreMHbIfi

aHalli.43 B[rvflHr4fl, napaMerpoB TepMr4.recrofi o6pa6orr<u, 4eSopvraqran, cocraBa

crrraBa Ha KoHer{nrre csoficrBa Marepuu:a. lloerovry pa6ora Lllasrrunofi ,{.B.,
rrocB.rruleHHa{ ycraHoBneHr4ro 3aKoHoMepnocreft rtonyqeHplt yM3 MeAHbIX

cfIJIaBoB, o6laAaroqr4x noBbrrxeHHblMkr nporIHocrHbIMI4 14 oKcrIJIyaraIIrIoHHbIMpI

ceoficrsauvr, flBJrflercf, aKTyamHofi KaK c Hayvuofi, TaK v c rlpaKTnqecroft ToqeK

3peHLrr.

C ogepxca H r{ e A u ccepra rI uo H Hofi pa6oru. lIpe4craBJIeHH ax pa6 or a cocrol4T

r43 BBeAeHVrfl, rrflThr rJraB, BbTBOAOB U Crr]]1lCKa nrlTepaTypbl I43 I39 sauuteHonauuft,

r43Jrox{eHa ua 142 crpaHarlax, coAeplrur 74 pHcyHKa u 14 ra6tuu.llepeax rJIaBa

coAepx(r4T alnaJrvrvqecxufi o6:op nrzreparypbl, 3arparuBaroqnfr ocHoBHbIe

rrpr4Hrlr4nbr Jrefr4poBaHuf, 14 Kr4HeTHKy CTapeHI4.fl HI43KOJIefI4pOBaHHbIX

Ar4crrepcr4oHHo - ynpoqHreMbrx MeAHbrx ctIJIaBoB. PaccrvrorpeHbl cxeMbl ocHoBHbIX

Mero.{oB r4HreHcr4Buofi nlacru.recrofi 4eSopuaryuu (WI,D. Ha ocHoBe aHaJrv3a

nnreparypHbrx AaHHbrx 6sxu cQopuylnpoBaHbl Ilenu u ocHoBHbIe 3aAaLrLr

pa6oru. Bo aropofi rlane npr4BeAeHo no4po6Hoe onucaHvre Marepuana n MeroAHK

r4ccJreAoBaHr4fl. Pesylrraru 3Kcnepr4MeHTa[bHbIX I,IccneAoBanuft u r4x

o6cyN4eHr4e r{3JroxeHbr B rperbefi, r{erBeproit u nsroit manax. B rpemefi ruIaBe



npeAcraBJIeHbI pe3yJlbrarbl I{ccireAoBaHr4s, BrrnflH:/.fl. rerupoBaHhrfl, CTerreHr4

AeSopMaIuzI4 u pe)KLIMa rlpeABaparenbHofi repMrrqecKofi o6pa6orxu Ha
crpyKrypy, repMl4rrecKyro cra6ulrHocm yilpoqHeHr4f,, Mr.rKporBepAocrb v
3JleKTponpoBoAHocrb crlnaBoB Ha ocHoBe Merr4 nocne ae$opnrarlur,r MeroAoM
KBI. 9ereeprax ruIaBa rIocBtIrIeHa aHanu3y crpyKTypbr, MexaHr4rrecKr.rx ceoficre u
3neKrpolpoBoAHOCTH MeAHbIX CIIJTaBOB rrocJre 3aKaJrKr4 U paBHoKaHaJrbHofo
yrJloBoro npeccoBaHl4q (PKyD. B 3aKJlror{HTelrHofi, nnroi,t, rJraBe
rIpoaH€Lnn3I4pOBaHbI SKCIrnyararIHoHHbre ceofic'rsa (rarHococrofir<ocu,
ycriulocrHas AonroBequocrr) yM3 crnaBoB Ha ocHoBe MeAu, [pr{BeAeHbr
pe3ynbrarbl ucnFJranuit oTIbITHbIX o6pasqon BcraBoK Anfl cocraBHbrx
BoAooxnaxAaeMblx 3neKTpoAoB KoHTar<ruofi cBapKI4 I43 KpynHoKpr,rcranrr4r{ecKoro
H YM3 cIIJIaBa cl{creMbl Cu-Cr-Hf. B gaKruo.r eHarkr rrpr4BeAeHrr o6ulue BbrBorbr,
cAeJraHHbre rlo pe3yJrbraraM AraccepraquouHofi pa60rrr.

OcnosHoe coAepx aHue AarcceprarJLru,
3aIIIHTy, a TaKXe Hayr{Hat HoBr,I3Ha u

BbIBOIbI I4 nOnOXeHI4.f,, BbIHOCI4MbIe Ha

ilpaKTrlrrecKar 3Haqr,rMocrb pa6omr
Aocraror{Ho rroJrHo orpaxeHbr B aBTopeeepare.

B KaqecrBe uau6olee Balr(Hbrx HayrrHbrx pe3yJrbraroB pa6orur,
o II peAeJrfl ro Lq ux ee Ho B Ir3Hy, cJleAyer orMerr4Tb cneryroulee :

- npoBeAeH czcreryftIbrfi aHaJrLl3 BIruflH:afl Jrerr4poBaH]rf, u pe)KHMa
rrpeABapr4remuofi repuuvecxofi o6pa60rrra Ha crpyKrypy, repMuqecKyK)
cra6ul*roc* ylpor{HeHI4t, Ml4KporBepAocrb v gneKTpolpoBoAHocrb
Hrr3KoJrerr,rpoBaHHbrx VM3 MeAHbrx cnnaBoB;

- npoAeMoHcrpr4poBaHo nper4MyrrlecrBo rracrr4u Cu5Zr / Cu5Hf uo cpaBHeHr4ro
C IIACTI4IIAUV Cr ANg CTA6]aNLrcAIJUH YM3 CTPYKTYPbI B XOAC CTAPEHvLfl;

- noKa3aHa e0$ercu4BHocrb JIerI4poBaHux raSnHeM BMecro qupKo Hr4fl Arrfl
lonyqeHrl's 6oree Al'IcnepcHofi crpyxrypbr 14 rroBbrrrr eHufl MexaHgr{ecKr4x csofrcrs
CTIJIABOB:

- IIoKa3aHa Bo3MoxHocrb rIoBbIIIreHut 3Kcnnyarar{uoHHblx ceofrcrs
(aauococroftxocru LI ycr€ulocrnofi AonroBeqHocrr4) Hr43KoJrerr4poBaHH6rx crrJraBoB
rocne o6pa60rr<r4 MeroAa wu wr! r4 nocneAyroqefo crapeH]llfl;

- ycraHoBJIeHo nono)KllrenbHoe BnuflHLre yM3 crpyKTypbr ua crofixocrb
3neKTpoAoB xourarruofi cBapKI4 B xoAe MoAeJrbHbrx ucn:,;rranuit B pexr.rMe
KOPOTKO.O 3AM'IKAHI4' BIIJIOTb AO 4OOO III4KNOB CBAPKI{.

frparcruvecKafl 3HaquMocrr pa6orbr He Bbr3hrBaer cornueuufi, TaK KaK B
AalrnefiureM npeAnox{eHHble MeToAbr o6pa6orxr4 Moryr 6116 ucnoJrb3oBaHbr.rIJ'
[onytre H r4r H3AeJrr4fr er e xrporexHr4rlecKo f o H a3H ar{ eHI4.'I.



Creneur o6ocnoeaHHocru HavqHblx noroxennft, BbIBoAoB

penoMeHAaIIu fi , cQopruy.rl u poBa IIHblx B AtlccepraUnu.
Hayuurre rroJroxeHuq, BbrHocuMbre Ha 3aIIII{Ty, ocHoBHbIe BbIBoAbI u

peKoMeHAar\vvr, cAeJraHHbre n paSore, oSocnoBaHbr aAeKBarHofi lrHrepuperaquefi

IIONYI{EHHbIX 3KCNEPI4MEHT€LJIbHbIX AAHHbIX, COTOCTABJICHI4EM PE3YJIbTATOB

opr4rr4HulnbHbrx r4ccneAoBauuit c r{Mercrrlr4Mr4cs B coepeueHHofi Jll4Teparype

[peAcraBrrennflMvr v MoAen{Mr4. llpe4craureHHble B pa6ore pe3yJlbrarbl

14 ccJreAoBasuir npr43HaHbr orerrecreeuuofi v sapy6exHofi nay.ruofi

o6urecrseHHocrbro, rporrrJrr4 ruupoKoe o6cyx4eune Ha poccnficxux v

MelcAyHapo,{Hbrx Hayr{Hbrx xon$eper-rqnrx ra ouy6nuKoBaHbl B peIIeH3I4pyeMbIX

HAYI{HbIX XYPHAJIAX, BXOA.'IqUX B MCXAYHAPOAHbIC 6A^:U IIHTI,IPOBAHUS WCb Of

Science ra Scopus, a raKlre B neper{eHb xypHanoB, peKoMeHAoBaHHrrx BAK.

Anpo6auw paiorbr rrpeAcraBrreHa.{oKnaAaMLr Ha 46 uexlyHapoAHblx I4

HarruoHEurbHbrx roH$epeH\vflx) a raKx{e orpax(eHa e 20 uayuHblx crarrax (us uux

18 crarefi ouy6nraroBaHbr B perleH3upyeMbrx uzgauuxx), .qocraroqHo [oJIHo

orpaxarcqux coAepxaHr4e pa6oru. JlraqHufi BKnaA [.B. Illaurrusofi raKxe He

Bbr3brBaer cousesufi - Bo MHornx ny6nuKarJnflx oHa rBJlterc{ IIepBbIM aBTopoM.

3arueqanur rro AHcceprarlnn/anropeSepary
K o6uluu HeAocrarKaM pa6orrr MoxHo orHecrr4 HecKoJrbKo ocHoBHbrx

3AMEI{AHHH:

- cna6yo o6ocHosaHHocrb r,rcrroJrb3oBaHnfl, ra$uur B Kar{ecrBe Jrerr4pyroulero
gJreMeHTa c yr{eroM Toro Qaxra, qro ra$uufi HaMHoro Aopoxe uHpKoHHt, a

yryqrxeH[r cepBr,rcHbrx xapaKTepr4cTr'rK He rrpor43orxno ro cpaBHeHHro c

MaTepr4€rJroM, JreflrpoBaHHbrM rlr4pKoHr{eM;

- He npHBeAeHbr qr4cleHHbre 3HarreHHq MexaHHrrecKr4x xapaKTepugTvrK

(npe4en nporrHocru) u gneKTpo[poBoAHocrn Anfl, cra6orerr4poBaHHbrx MeAHbrx

crrJraBoB, Koropbre seo6xoAuMo Aocrlrr{b npr4 rrpoMbrlxneHHoM r4crlonb3oBaHkru

AaHHhrx cnJraBoB. B AaHHbrx crrJlaBax HaAo o.{HoBpeMeHHo Aocrr,rqb rrpeAena

rporrHocrv He MeHee 530 MlIa rpr4 oneKrponpoBoAHocrr4 He MeHee 78% IACS
(International Annealed Copper Standard);

- ucIIoJIb3oBaHI4e pa3nuqHbrx MeroAou I,IJII AJrr Aocrr4]KeHnr ynbrpaMeJrKo-

3epHl,Icroro cocroqnvrfl ailraBoB, AJrs Koropbrx 6nllr nonyrreHbr raKl4e cepBr4cHbre

xapaKrepvcrkrKvr KaK I43Hocoycrofi.rr4socrr (KfA), ycr€LnocrHoe rroBeAeHr4e

(PKyII) z crofixocrb orreKrpoAoB (PKYII);
- B [paKTra.recxofi 3Harrr4Mocrz pa6orbr yKa3aHo, rrro <pa:pa6oraHhr pe)Kr4Mb]

o6pa6ornl4 ctIJIaBa Cu-Cr-Hf Anf, [onyqeHr4-s oAHoBpeMeHHo srrcoxoft lpoqHocru,



3JreKTponpoBoAHocrvr vr ycranocrHofi Ao[roBeqHocrl4. Ha Hoerrfi cnoco6 rtonyqeH

IIaTeHT, T.e. OH 3aIIII{IqeH, OAHaKO, B BbIBOAaX AaHHhre peXHMbI He rIpnBeAeHbI,

xorfl, KaK Ka)KerQfl, c rorrKu 3peHr4s 3arIILrTbr pa6oTbl Ha col4cKa]F.nfr yr{eHofr

crerleHl4 KaHI.UilaTa TeXHHTIeCKI4X HayK, .qaHHbIe pe3ynbrarbr npelcraBrrflrorgfl
CAMbIMI4 3HAqHMbIMT4.

r{acruue 3aMeqaHrdr o6qero xapaKTepa:

- He flcHo AJIg qefo [pr,rBoArrJrr,rcb reKcTypHbre r4ccJreAoBaH[fl., ecJrr,r B

Al4ccepralrlzu 14 B anropeQepare He orpDKeH aHaIrvr3 BrrtrflH:afl TeKcrypbr Ha

MexaHI4qeeKI4e ceoficrea, sJreKTponpoBoAHocrb r4 Apyrr4e ceoficrsa r4ccJreAyeMbrx

crIJIaBoB. TercrypHrre H3MepeHI,Is 6l'ilttu [poBeAeHbr B cer{eHr4r4 Marepr,r€L[a,

ornl4qarouleroct or o6u{eupr,rHrroro (cu. uauprzMep, Beyerleino Toth, Prog Mater
Sci, 2019, 54:427), qro 3arpyAH{er aHalrr43 roryrreHHbrx pe3ynbraroB. llo
pe3ynbTaTaM r4crroJrb3oBaHufl

(EBSD) ueo6xoAuMo 3aMerrarb

4raQparqura o6parHo-paccerHHbrx sJreKrpoHoB

pa3Hr4rly B noAnr4cflx pHcyHKoB co crpyxrypoft:
Hanpl4Mep, puc.4 B aBTopeoepare Ha3brBaerca <<OpraeHTarIHoHHbre Kaprbr), a B

ALIccepralluu oHI4 xe Ha3blBalorc.s <O6parnrre rroJrrocHhre Sr,rrypu> (c,ur.

Hanpl4Mep pnc. 50). llepnoe Ha3BaHI'Ie 6oree rpaBr4nbHo orpa)Kaer cyrb Aausofi
I4nnlocrpaqnu. I4cnoJlb3oBaHue rpailr4quouuofi cr4creMbr KoopAr4Har (naupzrraep,

BIIepBble npeAnoxeunofi Jleur4ouotvt c coaBToparura) c rpr4BeAeHHeM cxeMbr-

rIHKrofpaMMbI PKyn 3HaquTemuo o6rerqr.rJro 6s auattu3 lr Boc[pr4flTue AaHHbrx
EBSD. Ha pacnpeAereHuu rpaHrrr{ ro yrJraM p€Bopr.reHrr4poBKn (r<ax B

Avrcceprar]rz,v, raK u B anrope$epare) rpr,rBeAeHbr 3 pacnpeAeJreHr,rs:

KoppeJlhpoBaHHoe, HeKoppenr4poBaHHoe r4 cnyqafiHoe. Ho urar4e He rrpr4Bo 1urcr,
o6tqcHeHze c raxofi IIeJIbro AaHHbre 3Tr'r 3 pac[peAeJreHnr u KaKoe Hs Hr,rx

I4cnoJlb3oB€ulocb Anfl orIeHKr4 AonH 6onrureyrJroBbrx rpaHr4rl (ra: o6qux
c oo 6p aNe uuit scrto, rrro Kopp eJrrap oB aH H o e pacnpeAel euv e ).

3arc.nroqeHue

lzccepraqur Lllanrruuofi A.B. <3aronorr,repHocrur nonyrreHr,rt
ynbrpaMenKo3epHlrcrblx MeAHbrx cnJraBoB c noBbrrrreHHbrMl4 nporrHocrHbrMl4 v
3KcrInyaraIIHoHHbIMIa csoficrBaMr{) npeAcraBrqer co6ofi 3aBepueHHy}o Hayr{Ho-

xaaru0uxarlr4oHHyro pa6ory, BbrrroJrHeHHyro Ha BbrcoKoM Hayr{HoM ypoBHe.

AnropeQepar u ony6tuKoBaHHble pa6oru aAeKBarHo orpar(aror ocHoBHoe
c oAeplr(aH r4 e Ar4 c c ep T a\r4v.

llpe4craureHHar Ancceprarlr4{ orBeqaer BCCM TpeOoBaHVflM,

[peAbtBJIf,eMbIM K AI4ccepTaIIHoHHbIvr pa6oraM Ha coprcKaHr4e yueuofi cTer]eHI4

KaHAI4Aara rexHntrecKl{x HayK, coorBercrByer naclopry cler.InanbHocrr4 15.16.01

- MerzutloBeAeHl4e u repMl4rrecKa{ o6pa6oma Mer€LJrJroB H crrJraBon (n nu.1 - 4, 8).



C.ruraro, qro TTTasrruua fiaprn Bra.{uurapoBHa 3acJlyxl4Baer npl4cyxAeuvfl

yveHofi crerreHrr KaHArrAara rexHr4rrecKux HayK rlo cleIIH€lJIbHocrI4 15.16.01 -
MerauroBeAeHr{e Lr repMr4qecKa.r o6pa6orna MeralrJroB rI crrJIaBoB.

OSv qlaamnrrfi orrrroHeHT,

A.Q.-vt.tt. Xnrsen Anercau4p llerponu.r,

uanurrfi HayuHrrfi corpyAHr.rn Oe4epaJrbHoro

yr{pexAeHr4r HayKr4 I4ucruryr npo6nena

Poccuficr<ofi axaAeurrr4 HayK.

focyAapcrBeHHofo oloAxerHofo
cBepxnnacTr4qHocTr,r MeTanJroB

A4pec: 450001, Pecny6nr,rrca EaruroprocraH, r.VSa, yn. Crenana Xanrypusa, A.39;
Ter.: 8 (347) 282-58-15;
e-mail : alex. zhilyaev@hotmail. com
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