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OT3bIB
Ha AI4ccepraIILIoHHyIo pa6ory Bau -flnrxy: <Pagnurpre rexHoJrorr4rrecKr,rx ocHoB reprr,ruuecrofi

o6pa6orxu 3aroroBoK I,I3 crrJIaBoB cr,rcreMbr Cu-Al, rroJD reHHbrx MeroAoM [poBonoqHo-AyroBoro
a4ru4TLIBHoro [poI,I3BoAcTBa), [peAcTaBneHH]rIo Ha coI4cKaHue yueuoft cTelreHz lr.ana4ul,;aTa TeXHlr-
rlecKzx HayK no cllellI4anbHocru2.6.l - MerannoBe.4eHr{e r4 TepMr{rrecr<a-a o6pa6orKa MeraJrJroB r{

CTIJIABOB

Ar<rya;rurocrb rr Hayrruaq 3HaqrrMocrr pa6orrr. Pa6ora Ban -f,nrxy nocBrrrleHa r4ccne4oBa-
HI,Iro BJILITHLIS roMofeHll3arlr4oHHoro orxr,rra rz 4o6annenut AI, Si, Mg ua (poprr,rrapoBaHue r4 r.r3Me-
HeHI{e crpyKTypbl, $asonoro cocraBa r.r oco6ennocrefi paclpeAeneHr4r xlrMlrqecKr{x gJreMeHToB
crIJIaBoB clIcreMbr Cu-Al, Ia3foroBJleHHbrx rrpoBonoqHo-IyroBhrM aIAlrrt4BHbrM npor{3BoAcrBoM Me-
ToAoM xonoAHofo [epeHoca Meranna I4 BburBJreHIaro oco6ennocrefi Brvrfl:urs, nefl{pyroqr4x oJIeMeH-
ToB Ha csoficrna o6relrnrrx uzgettuit I43 crrJraBoB. MeralnraqecKlre cr{creMbr Cu-Al, Marepr4anbr c
nrrcoroft npoqHocrbro I,I rlJlacrllqHocrbro rBrsrorcr rrpeAMeroM rrpr4cranbHoro BHr4MaHnx n $1tr4a-
MeHTaJIbHbIX I4CcJIeAoBaHVtrX v IIpl4 I4cIIonb3oBaHI,Iu B [poMElmneHHocTr.r. Tarcrae cllnaBbl {BJrrroTct
AocrarorlHo lrpotlHbtIvrvI vt rracrLrqHblMrr u o6na4ator ]'Hr,rKiurbHbrMr4 xapaKTeplrcrraKaMr,r, HarrprrMep,
ragnococrofiKocrblo, Koppo3laolrnofi croftnocrbro r,r xopomo r43BecrHbr B MarrrvHocrpoeHlur. llx no-
nyqilor nnasxoft B BaKn/Me, AyroBbIX rreqax, [oporrrKoBofi rr,rera-unypruefi u nzrreu rnep4oxz4rrax
KoMno3l,IquoHHbrx Mareplltuon. llpra [3foroBJIeHr.Ir{ 3aroroBoK r{ Ieranefi, srtt MeroAbI r,rMelor Hr43-
KyIo 3KoHoMl4qecKlro e$$exrunnocrb B cpaBHeHr4Lr c [epcneKTrzBHbrMrr rexHoJrofa flMu aIIu"rr{BHo-
ro [poI,I3BoAcrBa o6rdrunrx Merarrl,IqecKr,rx v3Aenrafi rexnonorHefi xonoAHoro nepeHoca MeraJrJra
(cold metal transfer - CMT) Ha ocHoBe npoBororrHo-AyroBolo arAr{TprBHoro nporr3BoAcrBa (wire-
arc additive manufacturing - WAAM), roroprrfi ne rpe6yer cyqecrBeHHoro BloxeHr,rr eHepuzr4,
orJll,Iqaerc{ nrasrofi ce6ecrolarr.locrblo. Kpoue roro, B Hacrorrqee BpeMs orcyrclByror AaHHBre o Ae-
T&JIbHOM MI'IKpOCTp)aKTypHOM aH€IlLI3e, paCnpeAeneHI,II4 JIeIIIpyIOU[X SJIeMeHTOB, MeXaHr{lIeCKr4X
cnoftcrnax, o6pasonaHl4l4 B HLtx frnrepueranruqecKux (fas. lloeroMy r4ccne LoBalkrs. [on].rreHr.rt
cIIJIaBoB cLIcreMbI Cu-Al MeroAoM xonoAHoro [epeHoca u ]rx repMLrqecxoft o6pa6orxu Ans coBpe-
uesHofi HayKr4 o Marepr{anax rBJrrrorcs HecoMHeHHo aKTyiIJIbHbrMrl.

I'IccnegonaHl4s, BblrrorHeHHbre Ban furxy HanpaBneHbl Ha ycraHoBJrenlre 3aKoHoMepnocrepi
Blrvtfllrvtfl TepMr4qecKofi o6pa6orKr4, rroBbrrrreHr4e cnoficrn, vsv.cle]FI]Zlfl MlrKpocrpyKTypbr z $asonoro
cocraBa crrJraBoB clrcreMbr Cu-Al, I{3roroBJreHHbrx MeroAoM rrpoBonoqHo-AyroBoro aAAktrr,rBHoro
rlpol{3BoAcrea. B pa6ore uccJleAoBaHbr crpyKTypno-$asonrre cocroflHr4x,4e$errnar cy6crpyKTypa,
4e(foplraquogHoe rIoBeIeHlIe, 3aKoHoMepHocrrr BrrprflHvrflTepMlrqecKofi o6pa6orrcra u 4o6anox Al, Si
u Mg na cnoficrsa, Ml4KpocrpyKrypy r,r tpasoerd cocraB crrnaBoB Cu-Al, Cu-Al-Si ra Cu-Al-Si-Mg,
lon) reHHbIX MeroAoM [poBonoqHo-AyfoBoro aAAraTr,rBHoro [pol,r3BoAcrBa, oco6euuocrr4 BIruflHrrA
TepMl4qecKofi o6pa6orKll Ha Il3MeHeHr.re Mr.rKpocrpyKTypbr Ha pa3Hbrx paccrorHr{rx or ocnoeH o6r-
eMHbIX Ias4elIaft I43 cIIJIaBoB Cu-Al, Cu-Al-Si u Cu-Al-Si-Mg, nonyreHHbrx uocnofinrru ocarAeHrrr-
eM MeTaJrJra flpu npoBonorrHo -.4yroBoM aA.4r{TT4BHOM rrpOr43BOACTBe.

Hayunan HoBIr3Ha r.IccJreAoBawuit u noJryrreHHbrx peyJrbraroB. Anroporu pa6oru Ban -fns-
xy BbulBnenrr oco6eHHocrI4 pacnpe.qeneHr4.rr gJreMeHToB B rrpoqecce npoBonoqHo-AyroBoro a}IIr4-
TI4BHoro [pol{3BoAcrea. YcraHoBJIeHo BnvIflHkrfl, Al, Si er Mg ua $opuupoBaHr4e r{ r.r3MeHeHr{e crpyK-
Typbl, (pasonoro cocraBa LI paclpeAeJleHr4r gJreMeHToB crrnaBoB cr4creMbr Cu-Al, [oryqeHHbrx B pe-
3ynbrare lpoBonorlHo- AyroBoro a.4Ar.rrr4BHoro [pou3BoAcrBa c xoJro.4HbrM rrepeHocoM MeraJrJra r,r
rlocJre I{x repMllqecrofi o6pa6orrz. fldrasaHrr ocHoBHhre $axroprr, olpeAenflrorrlrre MexaHr{qecKoe
rIoBe.4eHI4e cIIJIaBoB cHcreMbl Cu-Al npa 4o6aureHr.ru Si z Mg r4 r{x repMr.rqecrofi o6pa6orrcu. Yc-
TaHoBJIeHo, rITo B crIJIaBe Cu-Al rrocJle roMoreHr{3aUr,roHHoro orxtura KpyrrHbre cron6.rarrre Kpr4-
criuIJIbI coxpaHflIorcs, a paBHoocHbre :dpua r.r3MeJrbrrarorcr, o6napyxeHo pacrBopeHrae n n€na (fa:



CuAlz I,I Cu9Al4 r.r rroBbrrrreHr,re MexaHr4qecKr4x cBoftcrB: Mr.rKporBepAocrr.r Ha 15,8 o/0, npeueHuoro
conporHBne]H]{s.pacrfrx(eHr{s Ha29,3 oh,rlpeaetlm reKrrecr'r na 16,5 %o, otuocureJrr,Hofo y.4nuHeHutr
Ha25 %o.florcasauo, qro rlpll pacrtlKeHI,II4 Tperur,rHbr rrorBJrrrorc-s B cron6.rarux Kpr4crannax cHaqa-
na noA 4eficrnraeu BHeIrIHI,rx curr\ a3aTeM KpyrrHbre Kpr4crannbr pacrraAarorcs.HaMeJrKr,re aepna. llpu
pacrDKeHIlI{ [oBepxHocrb r,r3JroMa pa3AeJrrercr Ha rpr,r 3oHbr: pocra rperrlr4nbl, rrepexoAHoft, 3oua
Ml{KporpelqunsI. ,{o6auIeHI,Ie Si npuno4rar r 6onee paBHoMepHoMy pacnpeAeneHr{ro eJreMeHroB,
yMeHblrraer JIoKiuIbHoe o6pa-:onanue r,rHTepMeraJrJrr,rqecKnx $ar, rroBbrrrraer nrurpornepAocrb Ha
131,6 o , BpeMeHHoe conporllBneHr4e rrpr4 pacrrxeHr.ru sa 190,7 o/o u yclouunfi npe4en reKf{ecrr4
ya237,9 Yo. [o6asnenze Si u Mn K cnnaBy rrpl4BoAlrr K qerKoMy pa3nr.rq[rc B pacrpeAeJreHr,rr4 oJre-
MeHToB B [orpaHLIqHoM cnoe u IleHTpanbnofi gone ocaN,4€nnoro cros: rleHTpanbHas. oSracrs cttos
o6orauqaercs aroMaMI4 Al, no coAep)Kr{T MeHbrrre aroMoB Si no cpanneHr.rro c [orpaHuqHbrM cJroeM.
Mn u Si o6pasyor MHorooJIeMeHTHbre BKnro.reHnr pa3nuqHbD( $opr Il pa3MepoB, TaKr4e KaK r,rHTep-
MeraJlJluqecrar (pa:a MnsSiz; Al ra Cu Moryr o6pa^:onrrearb coeAr4Henus CuAl2vrrrr CueAla B rIeH-
rpanrnofi 3oHe ocax4enHoro cno.f,. floerrrrreHHarr lporrHocrb r,r re€p4ocrb crrJraBa Cu-Al o6sscys,-
ercs I43MenbqeHI,IeM 3epHa Ia o6pa^ronaru{eM qacrr4rl BTopBD( (fa": uex4y cro-sMr,r HarrJraBJreHHoro Me-
TaJIJIa. floxasauo, .rro 4o6aueHIae Si Ia Mg K crrJraBaM cprcreMbr Cu-Al yMeHbrrraer prx rrJracrnrr-
Hocrb, npl4 groM pa3pyilreHl4e cnJIaBa clrcreMbr Cu-Al [pr4 rrnacrr.r-recxofi 4e(foprvraquu [por4cxoAr4T
no Bt3KoMy rllry, a B cIIJIaBax Cu-Al-Si-Mg - ro xpyrrKoMy. [nx cnlana Cu-Al-Si-Mg uora^eano,
qro Ao6aerenpre Si r Mg rpr,rBoAr4r x o6pasonanraro $a-su Mg2Si, rroBbrruaer uurpornepAocrb .4o
145 HV; roMoreHu3arll4s npr,rBoA'rr K )tsenr4qeHr4ro Mr.rKporBep4ocrra lo 12,5 Yo; T]eptt/rauecKuur o6pa-
6orra rro3BoJuer yBenlFrurb coAeplraHrre Mg2S i.

Teoperu.recKaq u [paKTrrrrecKas 3HaqrlMocrb pa6oru. B pa6ore rroKa3aHbr pe3ynbrarbr, Ko-
Tophre pacrul4pslor rrpeAcraBrrenlrs. s o6racrr HayKrr o Marepvanax psA 3aKoHoMepnocrefi. flonyue-
HbI SKCIrepLIMeHTaJIbHbIe AaHHbre O BJII4IHI4I{ IOMoIeHI{3aIIIaOHHOTO OT}KI,IIa v AO6anleHux Al, Si,

Mg na (fopuuponaHl4e Ir LI3MeHeHr,re crpyKrypbr, (fasonoro cocraBa u oco6ennocrefi pacupeAeneHr.rf,
xkIMI,IqecKI{x oJreMeHToB crIJIaBoB crlcreMrl Cu-Al, r{3foroBJreHHbD( rrpoBonorrHo-AyloBbrM ar4urrvrB-
HrIM rIpoI43BoAcrBoM MeronoM xonoAHoro lepeHoca MerulJrJra. 9:ro uogeoJrrer BburBurr oco6enno-
c'u4 BnI4sHI.It ner[pyIorILIX gJIeMeHToB Ha csoficrsa o6reunrrx wsaenuit, rr3roroBJreHHbrx r{3 crrJra-
BoB cl4creMrr Cu-Al. Anpo6upoBaHa rexHoJrorur non)rreHr4{ MeroAoM npoBororrHo- ryr-oBoro aI-
AI,ITLIBHoTo [poll3Bo.4crna o6rentnrrx 4era:reft Lr3 crrJraloB clrcreMbr Cu-Al, o6naAaroqprx lloBbrrneH-
HrIMII MexaHI,IqecKIlMI4 ceoficrsaN,rr{, u yx(e r4crronrcyerc.s Ha npor43BoAcrBeHHbrx npeAnpr,I{Tlrrx
KHP u P@ (nparrl4qecKar 3Harrr,rMocrb rroATBepxraercs, clpaBKaMr.r rr aKTaMr4 o6 racnon*oBaHr.ru
pe3ynbraron). llogaua 3iuIBKa Ha nAfleHT na uso6perenr.re <<BcnoMofareJrbnoe ycrpoficrBo noAarru
npoBonoKl4 p.IIA 

"nJ\vt"wIBHoro 
[por.{3BoAcrBa MeroAou 4yronoft cBapKr.r c xonolHbru rrepeHocoM Me-

TIIJIJIa) (:axnra Ha rlareHr l\b 2021101495). Bue4penue rrareHra rpeAnonaraer HoBbre Bo3MoxHocrr4
aAAIrrIlBHoro [polr3Bo.4crBa rpynnora6apvrHbrx r{ cJrox{Hhrx Aem,refi c BbrcoKHMI,I gKcrrnyararlrroH-

HbIMII XapaKTepI4CTLIKaMI4 MeTOAOM rrpOBOnOqHO-AyrOBOrO aAAT4THBHOTO [pOr43BOACTBa Lr3 CrrnaBa
Cu-Al. TarNe pe3ynbrarbl pa6orrt BHeApeHbr n yue6nuft rpoqecc Cauapcroro Harlr4oH[rJrbHoro rrc-
cneAoBareJrbcKoFo )'rrrrBepcr.rrera r4M. aKaAeMr.rKa C.fL Koponena.

O6ocnosaHHocrb Ir AocroBepHocrb HayqHbrx rroJroxeHr.rfi nrrnogon. Creuenr AocroBeprro-
crrr If anpo6aqun p$yJrbraros. B pa6ore KoppeKTHo rrocraBJreHbr 3araqv, vcrroJrb3oBaHbr arrpo-
6uponannrre MeroAbI, upu6oprr u o6opygoBaHrre, BbrrroJrHeH 3HarrrireJrbHrrft o6renr oKcrrepr.rMeH-
TuIJIbHbrx AaHHbrx, Koropbre cornacyrorcr c pe3ynbraraMr4, nonfreHHbrMr{ B HayqHrrx pa6orax 4py-
rI,Ix r4ccnenoearerefi .

Pesylsrarrr Al4ccepralluonnofi pa6orsr rpeAcraBneHbr B 14 ny6nuraqusx:7 crareft B peqeH3r,r-
pyeMbrx HayqHbIX vl:'Aanurtrx peKoMeHAoBaHHbrx BAK unu eKrroqeHurx B Mex{AyHapo4nue 6a:rr
Scopus n Web of Science; 1 gasere Ha rrareHT; 6 cramsx B rrporrr4x yrs4arrurffi. r4 Te3r{cax AoKnaAoB
na poccrEfi cKrrx u MelKAyHapoAHbrx rconQepenqrErx.

HeAocrarrcu n 3aMeqaHrrfl rro Arrcceprallrr[.
llo pa6ore neo6xograuo orMerr.rrb HeKoropbre He.qocrarKu, He Kacarcrquecr r.ITofoBbrx BbrBo-

.IIOB: 
'

1. Cy* no asrope([epily, orcyrcrByer q6rxo c(fopnrynupoBaHHa;r Hayqnafl rr4rrore3a.
2. He ouucaHa Mero.qororurs BbrrroJrHeHr4fl,krIrvr Mero.4onorr{rrecKiur cxeMa nayrnofi pa6orrr.



Orueqennrre He.4ocrarKu Hrl n roefi Mepe He cHr.Drcaror naytuofi H lpaKTlltlecxofr 3HarII4MocrI4
pa6oru.

Coornercrnue padorrr rpe6onaHr{sM, rrpe"qbqB.J{reMblM K KaHAIrAarcKrrM AucceprallusM.

,{uccepraqrroHHafl pa6ora Ban -f,nrxy <PasBrzTHe rexHoJronrrrecKlrx ocHoB TepMl,rqecKofi o6pa6orxu
3aroroBoK r43 crrJraBoB crlcreMbr Cu-Al, lonyqeHHbrx MeroIoM rlpoBonorrHo-AyroBofo a.trJI,ITI{BHoro
rrpor43BoAcrBD) rBJrrercs Ha1nrHofi pa6orofi, coAepxalqeft o6ocHoBaHl{e qenrl ]I 3aAarl LlccneAoBa-
Hvrs, aHaJrvB HayqHo-TexHlrqecKofi nureparypbr no o6rqerrny cocro.tHllro Bonpoca. Cy4x no aBTope-
(bepary, pa6ora coAepxr{T Teoperr.rqecKr,re u sKcrreprrMeHTaJrbHbre HccJIeAoBaHu.fl s o6racrv pa3pa-

6orxra MeranJroBe4e*trfl 14 TepMr4qecrcofi o6pa6orru MeTaJIJIoB I,I crIJIaBoB. OcnoeHrre rloJloxeHrrt

Ar4cceprarlr,ronuoft pa6oru ony6lur<onaHhr B 14 uy6nuxaqusx:7 crarefi B pelleruI4pyeMbrx HayqHbrx

r43.qaHprrx peKoMeHAoBaHHbD( BAK unz srrroq€HHrD( B MexAyHapoAHbIe 6a"eu Scopus u Web of

Science; 1 sasexe Ha rrarenT; 6 cramsx B [porrrlx Lr3p:anutrx I,I Te3ucax AoKnaAoB na poccuficKl4x I4

MenqyHapoAHbrx xon(fepeuquqx. Ha Harrr B3rnrA, AHccepraIIIroHHzuI pa6ora Ban -flnrxy uo csoeft

aKTyanbrrocrr4, HafrHofi gonugne, rpaKTr,rqecxofi 3HaqLIMocrI,I, orBeqaer rpe6onaul4tM, rlpeAbtB-

JUIEMbIM K KAHAI'IAATCK}IM AI,ICCEPTAIIUSM.

3arcnro.renne.
Cuuraro, qro AlrcceprarllroHHar pa6ora Ban 9urxy <Pagsr,rrLre rexHoJrorIarIecKI,IX ocHoB Tep-

uuqecrofi o6pa6omu 3aroroBoK r.r3 crrJraBoB cr.rcreMbl Cu-Al, [onyqeHHbrx MeroAoM ilpoBonoqHo-

4yroBoro aAAHTrirBHoro npopr3BoAcrBa) orBeqaer rpe6onanrasM, npeAbflBrseMblM K KaHAlIAarcKrIM

Arlcceprarluxvt. fiucceprarl?roHHax pa6ora no cBorrM rIeJIflM, 3a4aqaM, coAep)Kaur4lo, MeroAaM lrc-

cJreAoBaHr.rs. kr Hayrrnofi nonprgne coorBercrByer Iraclopry crreqrlzlnbHoctu 2.6.1 - MeralloBeAe-

Hlre u repMr4qecKar o6pa6orKa Mera,TJroB rr crrJraBoB no rIyHKTanr: 3) TeopervqecKlle u 3Kcnepl4-

MeHTaJrbHbre r,rccJreAoBa:nus, BJryrflHr4s crpyKrypu (runa, KoJILFIecrBa I4 xapaKTepa pacnpeAeneHl{fl

4e(ferron Kpr{crirnn[qecKoro crpoenrar) na $usrauecKlre, xl4MlrqecKve, MexaHLIqecKI{e, TexHonorl4-
qecKue rir oKcnnyararlrroHHbre cnoficrsa MerilJrJroB r4 crIJIaBoB; 4) reoperl4qecKue LI gKcrIepI,IMeH-

TaJrbHbIe I{ccneAoBaHHt TepMI4rIecKr{x, TepMoynpynlx, TepMollracTl4qecKl4x, TepMoxI{MI4qecKI4x,

TepMoMarHrrrHbrx, paAr,raur{ouHbrx, aKycrrrqecKr{x r{ Apyrux no:4eftcreIEfi vgrr,leneHus crpyKTypHo-

ro cocro.sHus u cr,oitcrB N,rerajiJroB rr crriraBon; 9) paspa6orrca HoBbrx rrpI{HIII{noB co3.{aHl4.f, cIIJIa-

non, o6na4aroulr4x 3aAaHHbrM KoMrrJreKcoM ceoficrs, B ToM qI,IcJIe 4ll pa6orbl B gKcrpeMaJIbHbIX

ycnoB4lrx. [uccepraqvroHnas. pa6ora coorBercrByer rr. 9 <llonoNeHll.s o rrop{IKe [pucy)KAeHus

yueurrx crenenefi>>, yrBepxAeHHoro rocraHoBJreHl4eM flpanr,rrenrcrea P(D or 24.09.2013, rpe6o-

BaHr4rM llo;roxenufi BAK P(D, npe4rrBJr.r{eMbrM K Arlcceprallll{M Ha col{cKanlre yueuoft creIIeHI4

Kat4r4plara rexHprqecKr4x HayK, a ep anrop, Bau -f,nrxy, HecoMHeHHo 3acnyxrlBaer npucyxAeHl4f,

eruy yuenofi crenenpr KaH4u1lara rexHr4qecKr4x HayK no crreqlraJlbHocrtl 2.6.t - Merarroee4eHlre vI

TepMurrecKax o6pa6orKa MerzlJrJroB I4 crIJIaBoB.
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