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BeL\yweH 0Pf3l-IH38UHI1 Ha L\HCCepT8UHoHHYfO pa60TY lUalll.>ntl-loiI ):(apbH B.naL\HMHpOBl-lbl 

«38KoHoMepHocTH nOJTyyeHI151 YJTbTpaMenK03epHI1cTblX MeL\HblX CnJTaBOB C nOBblweHHbIMH 

npoLfHocTHblMH H 3KCnJlyaTaUI10HI-IblMyl cl3oikTl3aMI1», npeL\CT8I3JTeHHYfO H8 COHCKaHHe yyeHOH 

CTeneI-lH KaHL\HL\aTa TeXHHLleCKHX l-laYK no crreUJ1aJTbHOCTI-I 15.16.01 - MeT8JlJTOBeL\eHHe H 

TepMHyeCK851 06pa60TKa MeT8JlJTOB Ii CnnaI3013. 

A KTya.n I.> IIOCTI.> TeM 1.>1 HCCJleL\O na I-I II fI 

)lHccepTaUHOHHa51 PS60TS illm-lbfHHoi:'1 l].B. nOCB5IweHS HCCJTeL\OBaHHfO cTpylnYPbl , 

i'vleX(lI~WleCKHX H 3KcnnyaT8UHoI-IHbIX cBoiicTB HH3KonempoBaHHblx MeL\HblX cnnaBoB, 

nOfll3eprH)'TbfX HHTeHcHBHoH nJTSCTWlecI<OH L\ecllopMaUHH (110'[0 H TepMHyecI<OH 06pa60TKe. 

CIlnsB bl, HCnOJTb3yeMble L\JT5I npOH3BOL\CTBa 3JTeKTpOL\OB KOHTaKTHOI1 cBapKH, TenJTo06MeHHHl<OB H 

KOHTaKTI-IbIX npOBO/JOB L\JT51 TOl(OCbe i'vll-IHK013, )}Oml(Hh] 06JT8!l8Tb xopoweH 3nelnpOnpOBOL\HOCTbfO, 

13GICOI<Hl'vlH i'vleXSHWleCKI1I\'IH CI30i:'ICTI38MH, YCT8JTOCTI-IOH L\OJIfOBeLJHOCTbIO H H3HOCOCTOHKOCTb}0. B 

118CTOHLl(ee 13peM5I DJI51 3TI1X ueJIei1 IICnOJI b3),IOTC5I XPOlvfOBble H XPOMOUHpKOHHeBble 

L\HCn e pCHOHHO-TBepLleIOLl(He MeL\Hble CnJT813bI. Om-raKO 60JTee nepCnel<THBHbIMH npeL\CTaBJT5HOTC5I 

fm\)Hl1eBble H xpoM-facll1~HeBble Ll~lcnepOIOHIIO - ynpOLJl15lei\lble 6POH3bl. OPH 3TOM L\JT5I 

YBeJTlI'-!eI-JH51 CTOI1[(OCTH 3nel<TpOLlOn H nOBblllJef-lH5I HX D.OJTfOBeLIHOCTH Tpe6yeTc5I TaK)Ke 

OnTHi\·lH38UH5I pe)KHMOBI1X TepMHLleCl<OH H T e pMOMexaHWleCI<OH 06ps60TKH. 

B H8CT05lweH pa60Te BMeCTO TP8LlHUHOHHhlX e x eM xonOLlHOH Lle¢opMaUHH npeLlJTOmeHO 

HCnOJTb30BaTb MeTOL\bl I1HTeHCH13HOrl rInaCTHLleCKOH L\eCpOpMaLlHl1 (11f1,U), KOTopble n03BOn5lfOT 

3 llS'-IlfTeJT bI-IO nOIlblCHTb npOL]fIOCTb MeLlHblX cnnS130n 3a C'leT C[)OpMHpOBaHH5I 

YJ1bTlX1MeJII<03epHHCT OH (YlV!3) crp)'KTYPbl. TIpeL\rIOnSr8eTC5I , LITO BblL\eJTeHHe yaCTI-IU BTOPOH 

<PaJ!.>l B XOL\e rIOCJ1eL\YIowei:'1 Tepi'vl11 '-IeCI<Otl 06p860TI\H (CTapeHH5I) 6YLleT npHBOLlHTb K 

,'lOnOnHHTeJ1bHOMY Y13emll[el-ll 'lIO npO'IHOCTH rr nOBblfJ.leHHI() TepMWleCl<OH CTs6HJ1bHOCTH 
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C[)OP!vIHpyr-oWI1XC5I CTPYKTYP, KpoMe TOrO, 38 C'IeT p8Cn8L(3 nepeCbIWeHHOrO TBepL(OrO paCTBOpa 

MO)KHO o)KI1L(aTb nOBbIWeHH5I TenJlO- 11 JJleKTpOnpOBOL(HOCTI1 CnJJaI30B, 

T8KI1M 06pa30ivI, YCT8HOBJlemle 3C1](OHmvIepHOCTeH BJlYl5lHYl5J JlerYlpOBaHYl5I , napaMeTpOB 

Deq)OpM8UvlYl H npeLlBapI1TeJlbHOH TepMJ{L[eCIWH 06pa60TKYI H3 CBOHCTB8 LlYlCnepCYlOHHO­

TBepner-oWHX lvIeLU-IblX Cnnal3013 nOCJle I1DD YI P83P860TK8 H8 JTOH OCI-IOBe MeTODOB YJlY1.fWeHI15J 

KOMnne](Ca HX MeXcll-!l1'~eCKHX 11 JI(CnnY8TClUI10HHbIX C130J:'ICTB 51BJl5leTC5J ~lInyaJlbHOH 3aJ(a L ICH, K81( 

C H3YLfHOt:'I, T8J< H C npCllnl1'~eC](Ot:'I TO'IKH 3pellI15L 

OCI-IOBHOtJ UeJlbIO H8CT05lWeH p860TbI YlI3n5leTC5I HCCneD013E1IHle BnH5IHH5I Jlerl1pOBaHYl5J 11 

I1HTeHCHI3HOH nnaCTYIyeCKOH LletjJOpM8UI1J{ H8 CTpyI<TyPY H CI30HCT13a LlI1CnepCHOHHO - TBepL(er-owYlX 

cnnCl130B Ha OCI-IOBe MeL(H C ueJlMO nOJlYLJeHH5I ynbTpaMeJlJW3epHYlCTblX (VM3) 6pOfD C BblCOKYlMYI 

npO '1I10CTHbnv!H YI JI(CnJlyaTaUHoHI~bIMH Cl3oiicTBaMH, 

!(JHI J(OCT ml,CHIIfI ),ICa3aIIIIoil IlCJlH arHop [lIICCCpTaUIHI nOCJlCJ(onaTCJlbHO peWHJla pRJ( 

VlCCJleL(OB8fHle nnH5II1H5I Jlenlp01381HI5I H peil<HM8 rrpeL(BapYlTeJlbHOH TepMWleCKOH 

06pa60n:lf 1121 CTpy KTypy, Ml1l\pOTJ3epL(OCTl.>- JJleI<TpOnpOBOLU-IOCTb H TepMI1'~eCJ<yr-o cTa6I1JlbHOCTb 

ynpOl iHelll151 cnna13013 Cu(Cr, Zr, Hf) 1l0CJJe l(p),Lleml51 nOL( BblCOKYlM W1I3JleHI1eM (KBD), 

- vIJY Lfel-lYIe 13JlYlYIHHYI necjlOpi\'l8UHH i\leTOL(OM paBHOf(8HaJlb![OrO y rJloBoro npeCCOBaHH5I 

(PKVn) IJ[) CTPYKTypy, Tel(CTYPY, JJleKTpOnp013011JIOCTb, MexaHWleCI<He CBOHCTBa npI1 p8CT5J)KeHYlI1 H 

I01H eTl-f l(), CT3peHH 5! CnJlaBOB Cu(Cr, Zr, Hf)­

OnpeL(enel-IYle nap8MeTpOB CT8peIHI5I L(Jl51 nonyyeHYl5I OnTI1MaJIbHOrO COLleTatlI151 

npOL[HOCTHbfX CBOJ:'ICTB YI JJleI<TpOnpOBOL(HOCTH CnJl8BOB 1l0CJle PKVD. 

- 11ccneL(oBal-lI1e BJlH5IHI-H1 HlHeHCH13110M n n8CTYfLleCJ(OH L(eC[lopM3UYlYl Ha H3HOCOCTOHKOCTb H 

ycm;[OCH[),JO LlOJlr013eLJHOCTb CnJlanOB [-Ia OCHOBe MeL(I1, 

VlCCJleL(0138HHe CTOKI\OCT[1 3ne I<TPOL(O 13 KOHT8fnHOH CBapKH, I13rOTOBJleHHblX H3 

KpymloKpHCTaJIJlYlL[eC](oro YI ynbTp8MeJlJ(03epHYlCTo ro cn mll3a Ha OCHODe MeL(YI, 

CrpYI\:Typa II OCHOnIIOC CO[lCP,KHII I1C ,lUICCCpTaUIIII 

COJ1ep)(a IlYIe 11 CTpylcr)' pa ;:n1ci::epT3UIII-l 1101-11 LleCr( 11 eL(H H bl YI COOTBeTCTBYlOT nOCTaBJleHHOH 

ueJlYl I1C Cne)10B3HH5L llYlccepTaUH5I COCTOIH H3 13J3eLleHH5I, n5lTH rJ1aB, 06WHX DbIl30L(OB 11 CnI1CKa 

J1HTepaTypbl H3 139 H3Y1Me[-1013aJ-IH5I, Pa60T3 H3nml,eHa H3 142 cTpmlHuax, COnep)KHT 74 PHCYHK3 J1 

14 Ta6n11U, 

80 (J(;eOeJ-llIll 060CH0J38H3 aJnyaJlbHOCTb BbI6paI-IHOH TeMbl L(I1CCepTauHoHHoH pa60Tbl, 

CC[lOPMYJll1P0J38Hbl ueJlb, 38Ll(ILfI1, H8YLJH851 H0J3I13H8 H npal<TWreCK851 3H3 LIHMOCTb, 

B nep(Jo/i VW6e n pel lCTal3J1eH aH3JlHHI"[eCI(11 r[ 0630p JlWrepaTypbl no TeMe L(I1CCepTaUYlOHHOH 

pa60Tbl, D I<OTOPOM pacc~loTpeHbl 113J3eCTHble L(mlHble 0 cTpylnype, KYlHeTHKe CT8peHI15J, 

CBOi:JCTl38X , JneJCrpoll P0l30LlHOCTH YCTanOCTHOH LlOJlrOBe1.fHOCTI1 

111131(0Jle rl 'l p013aHHblx mrcnepcI10lHI0 TJ3 epLle lOwHx CnJla130B 1-18 OCH013e MeL(I1 nocne P33J1YJllHbIX 



'',
MeTOnOG Vln)l, PaCCMOTpeHbl OCHOJ3Hble npYlHUYlllbl nerHp013aHH)! Cnna130B nn)! nOnYLIeHYI)! 

:3anaHHoro 1C0iYlTInelCCa C130(ICT13, 

Bo 6111opoii 2Jf(f6e COnep)[OHC51 On1-[CcliIHe Mel0110B 1l0nYLfeI-IH)!, 06pa60TKH H HCCnen013aHH5I 

1-ICnOJI b3013<HUlb1X 13 pa60Tc M<1TepHanOI3, Cne11yeT OTi'vleTYlTb , LITO 13 pa60Te Hcnonb3yeTc5I WHPOI<HH 

Cllelnp ,1.l0CTOGCpHbl.\ H 133C1lIMOJ101l0rIII5lIOUHiX MeT0110I3 HCCnenOBaHYl5I. 

B mpel17l1eii ?If(lee nplmeneHbl pe3ynbTaThl YlCCnen013aHH5I CTpyKTYPbI H C13oikT13 MenHblX 

cnmm013 nocne necllopl'vlauYlYI MeT0110i\'1 KBLl rrp0!3e11eH aHanY13 13nH5IHYI)! npe1113apHTenbHOH 

TepiYI114eCKOH 06pa6oTI<H (3(t[C<1J11C3 llMI OT)l\Ylr) , J1CrHp013aHH5I (Cr, Zr, Hf, Cr + Zr, Cr + Hf). 

YCTClH013neHO. 'ITO npYlMelleHylC IlPCl113HPIHCflbl-lOti 3ClKaJlICYI n03130n5IeT nonYlJHTb 60nee BbICOKYI-O 

\IYlICpOT!3epllOCTb nocne KJ3)l (1 THlo Ke B xOile nocne11Yl0ll(erO CTapel-lH5I, no cpaBHeHHI-O C 

OT)KYlrO rvl, 110K33aHo, LITO CT8peHYle nocnc KBtl n03130n5leT n013blCYlTb 3neKTponpOB011HOCTb 

CIlJ1a!30B 3a ClleT 13blnenel-lH5I lJaCTHU Cr, Cu~Zr H Cu~I-lf, npYl 3TOM llaCTHUbl CUSZr/Cu5Hf npHB0115lT 

K DOIlOJ1llwrenbHOMY ynpoLIHeHYlIO 1'1 60nee 3cl)clleI<THBHO cTa6H J1 H3Y1PYJOT YM3 CTpyKTypy npH 

1IC1I-pcne. no Cp<113HeHHID C LILiCTHU3MI'1 Cr. rrp011CMOIICTPHPOBHHO, lITO 13 P5l11Y cnnaBOB Cu-O,7%Cr, 

Cu-O, J 8%Zr, Cu-O,9%Hf, Cu-O,8%Cr-O. J 9(%Zr 11 Cu-O,7%Cr-O,9%Hf Ilocne KBn B03pacTalOT 

yponclib MHKPOTBCP)lOCTI1 11 Tei\IIlCp,nypa H{I'fan8 pa3ynpoLIHCHYl5I, 

B 'Iemeepmoil Zlf(f(Je paccMoTpel'lb[ pC3yJlbT8Tbi Yl3YL]eHI151 CTpyKTYPbI H CBOHCTB 06p33U013, 

nO,'lBCpl-II YTGIX PKyrr. rrOJlYLleIlHblC 3anHCI1MOCHI 110 13;[Yl5IHHlO nCrI1pOBaHH5I cornaCY1'OTC5I C 

11aHHhIMYI 11JT51 crrn aB013 rrocne KB'[L rrpllBeLleHI'lblMH 13 rnal3e 3. TaK, 6blno nO](33aHO, LITO 

nerHpOBmme ,lI,BOHI-iOti XPOMOBOH 6POH:3bl racl)]lHeM npYl!3011YlT I< yMeHbWeHHI-O p33Mepa 

'3epel-l! c y6:3cpell , Y13eJlI,[L]eHYlIO 110J1l1 6onbweyrnoBblX rpaHYlU, CI)opIVmpOBaHYlI-O 60nee paCCe5IHHOH 

TeKCT),phl YI yDenH~el-lHIO TepMHL]eCKoti cTn6HnGHOCTH ynp04HeHH5I C 450 110 500 °C B cnna13e 

nOCJle PKyrr. YCT<1HOBneHo BnYl5lHlie PKyrr fIa KI1l-ICTHK Y CTapeHYl5I cnna130B: TeMnepaTypa 

13bl11eneHH5I LlaCTHU Cr npaICTI-l'-leCKH I-Ie !-!3i\leH5IeTC5I , 13 TO BpeM5!, ](a]( ~aCTHUbI CUsHf HaLIHH3IDT 

I3bl,aeJI5ITbC5I npH Tei'Mlepcnype H3 ~ 150°C HH)ICe, Llei'.'1 13 YlCX011HOM 3aKaJleHHOM cnnaBe, 

Y CTml013neH bi pe)((IIM bl CTapCI-l H5I Cn.rIanOB flocnc PKyrr ,lI,J1)1 rronYLIeHH5I O,lI,H013peMeHHo xopoweH 

3Jlel<TpOnpOB011HOCTH H rrpOLJHOCTYI . 

B /If//J1oii ZJf(Jce npCDCTa13nellbl pe3ynbT3To13 Hccne110BaHH5! 3KcIlnyaTaUHoHHblX CBOI1cT13 

YM3 CllnanOB H3 OCII013e Me)lYl nOCJle 11ecjlopMaUYlH MeTO,lI,aMH KBn H PKY11. 

npoDeMollCTpHpO!3al-IO nonmKHTeJlbHOe J3nH5IHHe YM3 CTpyI<TYPbl Ha H3HOCOCTOHKOCTb YI 

YCTanocTHYJO ,lI,Onr013elIHOCTb HccJleLlyeMGIX M,nepHaJIOB, rrOr(33aHO nOBblweHHe CTOHI<OCTH 

OrrbITHbIX 06pa'3UOB 3nel<Tp0110B KOHT8KTHOH CB3pIC!-I, mrOTO!3neHHblX Yl3 YM3 cnnaBa Cu-Cr-Hf 

no cpaBHeHHlo C KpyrrHorcpHcTannYlLJeCICHM COCT05lHYlCM. 

B 3L11,JT]OLleIHlvl npvll3c)JeI-lbf OCHO!3HGle Bbl13011hl no 11HccepT8UHoHHoti pa60Te. 

H013J11H:1 nO,fl)"-lellllblx pCly.flbTHTon 

HaY1]HYlo HODYl3HY 11HccepT8UHoHHOH pa60Tbl COCT813J1)IIOT cne,lI,YIOll(He pC3ynbTaTbI: 



-YCTCHI013nel-ILI 3aKOHOMepiIOCTYIGMI5lHWl JlerI1pYI-OWJ1X )Jlei\leHTOB (Cr, Zr, Hf, Cr + Zr, Cr + 

J-Tf) 1'1 pe)KKIVfOB npeL(BapWreJlbHOH TepivfW-reCI(Orl 06pa6oTI<H (3a[(cUII<a HflH OT)[<Hr) Ha CTPYl<TYPY, 

Tep ivfHyeCKYIO CTa6I1nbHOCTb ynpO'lHel-IYl51 H i\IHKpOTBepL(OCTb CnnaBOB nocne L(eCpOpMamfYr 

MeTOL(O;"l [(B,[(. fIOKCl3al-lO , LiTO BblL(emllOlltHeC51 npvr CTapeHHK LWCTHUbl CUsZr/ CusHf B CnnaBe, 

nenlpOU<.1IIIlOivl UJ.-rpl<OHlleM Ii l-acl)l-HleM, rrpIlBO,J,51T 1< nOrrOJlllvlTeJlbHOMY ynpoLlHeHHI-O H 60nee 

)(jlCiKKTH13HO cTa6HnH3YlpYIOT ynbTpaMenf\o3epllv!CTYl0 CTp y l<Typy npH HarpeBe, nOBblWa5I ee 

TCPMH'-lCCJ(YIO CTa61InbHOCTb, no cpaBlleHl110 C LI8CTHuaMYl Cr. 

- BnepBble npOBelleHO HCCJlellOBalll·IC CTpyl\TYPbJ H CBOrICTf3 HH3I<OnempOBaHHblX cnnaBOB 

CHereM ClI-Hf, Cu-Cr-Hf nOCJIC vlll)l nOI( cUaHZl )CllCiJeKTYlI31-l 0 CTb J1empOBaHH51 racpHHeM BMeCTO 

UYlPKOI-IH51:J,. I51 nonYLleHH51 60Jlec llYlCnepcIlor1 Clpy l<TYPbl H nOBblwer-rHH MeXaJ-[WleCl<HX CBOHCTB 

Cnnal1013. 

- 110[(a3aHa B03Mo)KHOCTb 1l0BblllleflH5T H3HOCOCTOHKOCTK H YCTaflOCTT-IOH nonrOBeL[J-[OCTH 

crrnaSOB CliCreMb! Cu-Cr-Zr C YfVl3 CTpyl<TYPOH no cpaBHeHHI-O C HcxonHbfM 

l<pyn Il0KpHCTanflWleCKHTVf COCT0 51Hf1eM. 

- Y CTaHOBner-ro 1l0flO)lOlTenbHoe B;I K illl He YM3 CTpyKTYPbl cnflaBOB Ha CTOHKOCTb 

3nel<TpO)J.OB KOHTaKTf-fOH CBapKH n XOL(C ,vloncnbHblX HcnblT(H-IH~1. OTJ-fOCHTeflbHoe YWHpel-IHe 

pa60 l ldl nOI3CpXHOCTH 3nCKTpOW L H3rOT013)I CHl-foro 113 cnna13a ClI-Cr-Hf nOCfle paBHOKaHaflbHoro 

yrnoBoro IlpeCCOB8W151 H CTape l1l151 B 5,3 (1l0Cfle 2000 UHKnOB CBapl<H) H 3,5 (nocfle 4000 UHKnOB 

csapKH) pel3a MeHblllC, yeivf B cnY'lac HCXOllJ-lOrO ]<PYfll-IoKpHCTaJlflHLfeCKoro cnflaBa. 

npRKT\I'ICCK~151 3HH'IHMOCTh PC3YJII;nnOIl, nOJIY'ICIIHbIX HI1TOPOI" D.HCCepnn(UH 

Pa'3pa6oTaHHble pe)KHMbl o6pa6oTKH CllnaI3a Cu-Cr-Hf nn51 nOflY<IeHH51 OL(HOBpervrel-lHo 

BGlCOKOH rrpO'-fHOCTH, 3neKTpoilpOBOLlHOCTH H YCTanOCTJ-IO:H nonrOBeLlHOCTH n03BOfl51eT nOBblCHTb 

CTOHI<OCTb 3J1elcrpO,L(OB, H3r0TOBflel-[HblX H3 HccnenyeMoro MaTepHafla, LITO nOflO)!(y!TenbHO 

OTpa'3HTC51 Ha npOH3BonHTeflbilOCTK npo uecca cnapKH , KaLfCCTBC 11 I-Iane)[([-IOCTH CBapHoro 

COeL(HI-IeIHlll. rIpaKTHLfeCI<a5I 3H8L[ITMOCTb pa60Tbl nOnTBep)I<D.aeTC~ HaflHYHervr naTeHTa H3 

lf306pnClfife N22585606 «Cnoc06 o6pa6oTKlf l-lH3 KOHempOBaJ-lHblX MenHblX cnflaBOB» . 

CTcnCHh , (OCTOB(,P'IOCTII pCJy.i]hT~1TOB IICCJlCD.OnHHfln I(ocToBepHOCTb nonyyeHHbIX 

pe3ynbT8ToB nOllTBe p )J(naCTC51 11CllOJIb30!38f-fHeM nC[)C,QOBbfX MCTonOB HCCflenOBaHH51 , lly6flHKauHCH 

OCHOBHblX pe3YflbTaT013 p860Tbl n pecjJCpHpyCi\fblX HaYLiHblX )KypHaJT3X , BXOn5lWHX B 

Vle)[(D),llapO.U-lble 683bf UfHHPOBHHIUI WOS II Scopus kl B nepCLfCHb )[(ypHanOB peKoMeHnoBaHHblx 

BAle 8 TalOf<e 06c Y)J():-(eHI1CM pe'3ynr-, raTOB fl<1 POCCHHCfalX H Me)J(nYl-lapOnf-Ib1X HaYL[[-fbIX 

KOH cjle peB UH 5lX. 

PCI\OI'ICII ,laL(lI11 no HCnOJlbJOnallfllO pC3y.rlbTRTon II BbT£lOnOI3 W 'ICCCPTHUHH 

PC3YJlLT8Tbl BbfIlOJ1[-leHHbf X [1CC.nc ll0l3al-IHH MoryT 6blTb HCIlon130B3Hbl npH pCl3pa6oTKe 

I3bICOf(On pO'lf-fbIX H 3JIe ICrpOnpo !'lOlll) bl X iVfelll I blX CrrJIanOB 3neKTpOTex H WleCKoro HCl3H3<leHH51 . 
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)~YlCCepTaUYlOHHa5J pa60T3 HClfll1CClH8 51CHbli\1 5J3bllCOM Yl 8KKypClTHO OCpOpMJ1eHa, CO,aep)KYlT 

OOJ1l>UJOC KOJlH'lCCT130 YlJ1nIOCTp8Tl-113HOrO i\1<lTCPI'll1Jla xopowero 1(8L!eCT13a, LITO n03BOnHeT oueI-IYITb 

OObc\1 Bb[!lOnHeHHbIX YlCCne,a0!331·IYlH. 

!-\13TOpel[lepaT nOnHOCTbJO OTpmJWeT co,aep)J(aHYle ,aYlCCepTaUYlH YI COOTBeTCTByeT OCHOBHblM 

ee nOnO)J(CIHJ5Iivl. 

OCII013llbIC pC3ynLTCITl>I , IlOJiY 1 1eIHlbiC 13 Pcl,\II(aX pCWeflYl51 3a,aa LI ,aHCCepTaUYlOHHOH pa60Tbi 

IlpC.lCTClBJ1eHhl 13 18 Cnnb5fX 13 pCLlelJ3Y1pyei\'lbIX H3IlaHH5[X. no pe3YJTbT8TaM ,aHccepTaUHoHHOH 

pa60Tbl 1l0Jl),'IC1f mnel-IT pcl). 

3al'IC'I:lII1 I S1 110 ,allccepTaullolII·IOJ.'1 pa60Tc 

TIo pa60Te Hi\leIOTC51 CJ1CIlYIOUJ.He 3CHvle L!(lHH5I: 

I. 	 I1CX0H51 IB KaKHX Co06p3)](eHHH 6bIMI llbl6pmIbl COCTaBbI J.-ICCJ1e,ayeMblx MaTepHaflOB? 

2. 	 13 ;JHCCCpTaUHH ,aMI nOBblwelHI51 npOLfllOCTH YI 3JTernpOnpOBOmlOCTYI J( CnJTaBaM nOCJ1e I1n,U 

npYli\leH5IfQT CTanlLleCKoe CTapeHHe. npIIMeHeHHe ,aHH8MYI"IeCKoro CTapeHYl5J B xo,ae 

,aCC[JOjJMaUHH I1MI CHITH'-IeCI<oro CTapeHH51 I IO ,aeC[lopMaUvlYl IvlQ)J(eT TalOKe HCnOJTb30BaTbC5J 

,amI nOJlY"leHHH 3a,aaHHoro KOMnJ1el(Ca CI30i1CTB, 0 LleM aBTOp pa60TbI yrroMYlHaeT B 

.iHITep<:rrypHOM 0630pe. OIlH(1I(O YI«(13(1HHble no,aXOIlbl I-IC 6blJTYI HCnOJTb30BaHbl B ,aaHHOH 

p86OTe. 

3. 	 13 .~II-lCCCI)TClUkIOIIIIOH p~16oT(:: OIlHCl>IILleTC51 Yl3Me/leHvlC (pmOBOro COCTaBa HCCJTe,ayeMbIx 

W:XlIlbiX 6pol-13 13 xOIle pa~JHlL]llbI X 06P86oTOJ(. KaKHM 06p330M npoHcxo,aYlJ1a 

11Lle l-ITIl(lll1 KaUl'I)I LIClCTYI U r.lTOpblX e[la3'/ 

4. 	 He BflOJlHe nOH51THO 06-b51CHe1-l11e 3813k1CHMOCHI 3neKTpOnpOnOl(l-IOCTYI CnJI8Ba Cu-O,9%Hf OT 

TeMllep,lTypbl OT)I(HCa (Pvlc.46); 13 '1ClCriIOCHI pacTBopel-IHe LIClCTHU BTOPblX CP33 rrpH OT)f(Hre 

500°C. 

). 	 13 XtIICCCPT8LlYlH COnpOHll3JTellHe 113I-10C), paCCMaTpYlB8eTC51 118 06p33uax nOCJTe KB,U, Tor,aa 

Kat( YCTaJTOCTHble II 3ICCrIn),ClTClUl101 'IHbl e XapClI(Tepl-1CTHKH onpe,aen5lJ1HCb I-1a cnnaBe, 

no:meplllYTOfvl PKVn. HaCICOJlbl(O M())J(IIO COOTHOCYlTb Me)f(,ay c060H pe3YJlbTaTbI, 

I1Cl. I), Llel f llble LlJO'1 pa3HbiX COCT05ll-IHI';'1. 

6. 	 13 cnnane Cu-0_7%Cr none K13 )~ Tepi\IH'leCKCl5J cT36HnuloCTb ynpo'-IHeHH5I 3aMeTHO HH)f(e, 

'[eM nocTie PKVn. B LU1ccepTalJ.I-fH OTCYTCTByn 06bHCllelll-1e TaICOro pa3nWIYl5J. 

c'J CnaI-II'fble 3,lMC'Ialll[51 lie 33Tpdl-IlBalOT OCHOBHble pnyn bTaTbI H nOJTQ)[(eHYl5J pa60Tbl, H He 

CHI1)!(110T ce 06111Y10 OI{eHI(Y. UvrccepTCllll'151 WallbrHHOH n.B. 5lBn5JeTC51 3aI<OHLleHHbIM Hay"lHbIM 

IICC.le).lOBaI-1I1C :'v1 H 13GInOJIHeHa lla BbICO[(O i\ [ i\ICTOL111'leC[(OM K l-IaYLJHOM ypOBI-Ie. 

HOGble Hay'lllblt.: pe3YJl LT8TbL rro_~lyLlelillble LUaHbnlHOli n.B. , YlMel'OT CYLUeCTBeHI-Ioe 

3H3'leHHe fl.'15T Llanhllej::lllleCO pmnlHH51 reXI-IOJlOrHH VM3 Me)1Hb[X CnJTa130B H ,an5J HX 

nparnWICCKoro npHiVleHeHYl51. Pa60TCl ClH'IIlClCJ1bCTByeT 0 WHPOI(Oi1 J-18yLlI-'IOH 3Py,aYlUYlH COYlCK8TeJ151 

http:CJ1CIlYIOUJ.He


Hero BblCOKllX HanT,]rcax I1ccnenOB,ne.!l 51. Aln'ope(l)epaT )lOCTaTO'-lHO nOJTHO 11 npaBI1JTbHO OTp3)KaeT 

COLlQ))K8f-1He LlVlccepTaUHl1. 

3a ICJllOlICIIlIC 

110 c80eH mnY8nb1-lOCTI1 . HOBI1311e H cOBoKynHOCTI1 nonYLJeHf-IblX pe3YJTbTaTOB 

;J, l1cc epnll{[101-IH851 pa60Ta WaHHl1110M )J8Pbl-1 BJTa)lI1Ml1pOBHbl «3aKOHOMepHOCTI1 nOJTYQeHI151 

Y11 bTp8Men K03e PI-IHCTbIX MeLlI-lbIX CnJl8B013 C nO[3blUleHHblMI1 npOLJf-IOCTHblMI1 H 

)1(Cn'lyaTdI1l1OIIHbIMH C!30f1CTI38i'vIH » Y)lOBneT[30plleT Tpe6o[3arI1151M BAK, COOTBeTcTByeT WI-itj)py 

CIICIJ,IIil11bIIOCTII 05.16.01 - « MClclJTJlOI}C)1elll-le l-I -repMHLJeCIW51 06pa60TKa MeTaJTJTOB H CnJTaBOB» H 

I\plrlepH)I~1 « DOJTo)J(el'llJ51 0 noplliliCC npHCY"()lC I-IH51 Y'-lellblX CTeneHetl» DocTaHOBneJ-IH5I 

I1pa[3lHenbCT138 PoccHikrcOM c])CDepaUHII N<c 842. npe.U b5113n51eMbll'vf I< KaJ-l)lH)laTCKHM )lHCcep-raUH5ItvI, 

8 ee mnop -- IJ.18111,nfH8 )Japbl1 Bn8HVlMl-IP013H8 'lacnY)Kl-I[3cleT npI1CY)K)leHI151 etl Y1.IeHOH CTeneHI1 

1((\II.JJ I .JaT~l TeXl-IlILfeCJCllX IIay" no CneLU1aJTbl-lOCTII 05.16.01 - « MeTanJTOBeneHJ1e J1 Tepi'v1l-1lIeCI<a51 

06p(IGOTKCl i'vleTa.rl11on H cnJlaI3013 » . 

l-iaCT051 WH H OT3b1J3 06cYiK)le I I II YTJ3e p)K.ne l I 1-18 38Ce}1.8111111 Ka(I)e)lphl I'vI8TepHaJlOBe)J,eHH 51 H 

IHlllOTex IIOJTOnln <[)C)lep8Jl blloro rocY)la p CT13eHHoro a I3TOH01vr 1·1 0 ro 06pa30BaTen bHoro YLJpe)KneHI151 

IlblCLucro 06 j!cI30IlCll-IIl51 « ben r o po..Qc I( f1 n r o cy;J,<l pcrneHHbll':i 1-18 UHOHa11 bHbIH J1CCJTenOBaTeJTbCKHH 

)'1IIIGCpCW[CT». llpoTol(on 38Ce/l81-111l1 N" II OT «3 » 8rrpeJT)I 2018 ro)la. 

3an. 1(\(1). M8TepI1Cln0l3e,~\CIII-I~1 

II 1 IalllHC.'-:1 lononlri I-Hi)! GenCY, ).1..1'. 11 C.B. )Kepe6uOB 

1l0I(TopcJ([l51 )lHCCepTaUl-l5J 3aLL\lIUJ,CI-ICl no CIJeL\lI~.1:Ib IlOCnl 

05.16.0 I <dV!cT8.lnollc..QelH1e 1-1 Tep~IHqeC\(a51 06p,160T!(l iVleT8.nJIOIl H cnnaBOB)}. 

BenyweH OprmII138L\IIW roc y 118 pCTneH J-I oe aBTOHOMHoe 

06pa:30BareJ1bHOe Y1.Ipe)K)leI-lHe I3bJCWerO o6pmonm-IH51 « benrOpO)lCKHH rocynapcTBeHHblH 

ll Cl WIOllan bll bll1 HCCle)l0138Ten \,CK1-I11 YI-IIII3CI)( I I TC]» (I-II-1V « bcJlfV») 

Aapec 0pldHI13m\flfl 308015, POCCI151, I'. bClropo.l_ yn. D06eDbl, 85 
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