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Posnrarox cyrracuoro uarepianosnancrna rpyHTyerbcr Ha p$yJrbrarax

$yr4anaeuralrur{x HayKoBrrx 4ocni4Nenr, xxi Aossortrorb B,{ocKouaJrronara ioryro.ri ta
pospo6narz Hosi rexuororii orpurraannx rraarepianin g 6aNauuvr.r $yHrqionanrnarr,ru
xapaKTepr,rcrr.rr<avra. -f,r ri4ovo sracrasocri Ivrerariqnrx cnnasis riuro uon'rsaui s ix
xirrai.nurrra ra $a:onurra cKJra,qoM, rcpuo4unaviuru.IMl{ BJIacrLIBocrtMLI (fas, a raxoN
(pa:orr.rrrau ueperBopeururMri rrpu svini cKJIaAy ra reMleparypv. flpz otpurr.ranui alraopQmrx
cunasis 3araproByBarrHrM is poennaay 3pocrae portl iu$oprvrauii, uro noa'sgaua ig
repno4znaruivHrlMlr BJracrr.rBocrsMlr piaroi @a:u, a rarox (lasonurrau neperBopelrHtMl{ 3a
ii luacri. Ha ocrosi qiei in$opMarlii naoNna Bz3uarrrrrr.r xapaKTep sgaer\aoAii rouuoseurin
cr{creMr.r B rrr[poKoMy reMrrepary?Ho-roHqentpaqifiHoMy ra cnporHo3yBarrl rlpoqecl{

Soprvryraunx Sa: n 6araroroMrrorreuTHrrx cr4creMtx, qo nia6ysarorbcx n pirnonaxurx ra
uepiruoraxuux yMoBax rrrBrr.qroro 3araproByBaHllx posmania.

B sroxsxy 3 qrrM, 4Iacepraqiftua po6ora Arparana fl.f., ror:pa [pI{cB{rIeHa
cncreMarnqHoMy eKcneplr MeHTanbHoNry Ta MoAeJrbHoMy AocriANesnro replro,4unavi.*ux
sracr[eocrefi po:nnanin nepcueKTllBHllrx 6ararorcorrmoneHTulrx cllcreM, poapo6qi 6a:r,r
napaverpin rrao4enefi repvo4rznarvri.nrlu< BJracrrlBocrefi Sas gr.[ clrcreMl,I Co-Cu-Fe--Ni-Ti-
Zr-Hf, rqo Ao3Borse MoAeJrrcBarr{ tepvo4una:r,ri.*ri sracrllnocri posrurarir i rpannwo<

TBepA[x pos.uuir na oqrosi rtr{crlfx rcorvmonenr:ir, Ta rIpoBo.4I,ITr{ pospaxyur<u piBHoBDKHIrx

i vsracra6inslrru< $asoanx fieperBoperrb y ei4noei4HI,rx ABo-, TpI4-, qorupu- i

fl'rrr,rKoMloreHTnrrx cricreMax, crBopeHurc IrasroAin flpofnosyBauut KoHIIeHTpauifiHIrx
o6nacreii arvropSisarlii 6araroKoMrloHeuTHrx posularin e, 6esuepe.ruo, aKTyaJrbuoo.

Axrya;rr,nicrb [poBeAeuoro Aocni,qNenns ni4:rrep4xyeucx i tlllr, n1o

4r4cepraqifiHy po6ory nuronalro B paMK€tx Hayroeo-4ocniAurzx :reu ,{ou6aclxoi 4epxaruoi
Itauutro6y4inuoi anaAeirair, qo (finatcyeanucx 3a paxynoK AepxaBlllrx rourrin:

0 I 06U00 1 62 1, 0l 12U001245, 0 1 1 5U003 I 8 1 ra 0 1 1 2U006709.

174yKO6A HO6WHS pOOOmrL

,{ucepranrorra Bnepue KaJIopvMerpI'IqHLIM MeroAoM AocliAxeno elrramuii

sMiuryBanur prAKrrx cruraeir 11 tpzxorr.tuonenTnlrx clrcreM Colu-{Ti,Zr}, Cu-Fe-'{Ti,

Zr, Hf\, Cu-Ni-{Ti, H$, Cu-Ti-{Z4 Hf} m Ni-Ti-{Zr, Hf} ta osepNano noai

eKclepr{MeuraJrrni Aani ArrI ABoKoMnoHeHTHIrx po3lrJlanin Fe-{Ti, Zr, Hf}.

B 4r,rcepraqiftnift po6ori Buep e 3 BI,IKopI,IcraIrn-fiN{ MAP (uoged acoqifiosauoro
posvrny) pospaxonani repvo4rauavivui $ynr<qii.gNriuryeannt ABoKoMuoueHrnnx posruranin



Fe-{Ti, Zr,Hf} i 15 rpurorvruoHeurHnx posnnarir Co-Cu-{Ti, Zr,Hf}, Cu-Fe-{Ti, Zr,
H$, Cu-Ni-{Ti, Zr, Hf}, Cu-Ti-{Zr, Hf.' Zr}, Ni-Ti-{Zr, Hf} ra {Cu, Ni}-Zr-Hf i
s[gnaqeHa ix ganeNuicrr ri4 rerrrneparypz.

,{zcepranrorr,r Bnepne B paMKax CALPIIAD-uero.{y BrrKoHarro repuo4rzuaniunuft
orrric ct4creMr{ Cu-Ti-Hf i poepo6neno uori tepuognnaruiqni ouzc[ cricreM Ti-Zrra Cu-
Ti-Zr, ra pozp.xoBaro siAnoeiAui Sasoni 4iarpaura.

Bnepne poepo6neno 6asy Aauvrx At:-l^ po3paxyuKy repuo4nravi-urrx nracrusocreft
6araroxorranouerrrulrx arvrop(f oyrnoprorctllrx po3rlJlaBis cucre[lu Co-Cu-Fe-Ni{i-Zr-Hf
B paMKax MAP. Orprarraavy 6asy 6yno nuropucr:ano ,qrrr po3paxynKy repvo4znarr.riwrux

Sysrqift sN,rinlEanHr qorfipu- ra u'.rrr4KoMloneHTH]rx posrmanin, qo siAnosiAarorr
sraganift ceMrrKoMrroHeurnift cuctelr,ri, ra posruranin crcreM Cu-Ni-Ti-{Zr, Hf} i Cu-Ni-
TiZ-Hf.

B 4ucepr:aqifinifi po6ori Bnepue po3paxoBauo cxna,{ acoqifioBarroro posuuny i
oqineuo cryninr 6nnNnroro xirvriquoro [oprAKyr rK cyuapuoi vonrnoi .racrru acoqiarie s

4ocni4xenr.rx po3rrJraBax npra pisnnx reMrleparypax. Ha ocxosi orpI,IMaHI{x Aarlrx
crpo ro3oBauo KoHrlenTpauiftni o6nacri aruopSisaqii posnnanin clrcreM Co-C't-{Ti, Zr,
Hf), Cu-Fe-{Ti, Zr, Hf}, {Cu, Ni}-Ti-Hf, {Cu, Ni}-Zr-Hf, Cu-Ni-Ti-{Hf, Zr}, Cu-

{Ni,Ti } -Zr-Hf, Ni-Ti-Zr-Hf ta Cu-Ni-Ti-Zr-Hf.
B po6ori TaKox Bnepue [peAcraBJIeHo 6asy napaverpin rrloAeneft

reprr,ro4Lrnavivnrrx BJracrr{Bocreft posnnanin i rpauzvuux rBepAI{x posvunin na ocnoni
rrl,Icrrlrx rouuonenrin cur cTeMrr Co-Cu-Fe-Ni-Ti-Zr-IIf AJI' clptMoBaHoro lloflryKy

crcnaAis avop$r*rx cnnasis B paMKax CALPIIAD-rueto4y. 34ificueHo po3paxyrror

lretacra6insunx $a:orzx 4iarpav 3a yrracrlo flepeoxonoAxennx poennaniB ABo-, TpI{-,
qorr.rpfi- i n'surovloueuTur,rx crrcreM,

Odrpyumoeanicmo ma docmooipaicmb ompu aHux pesynomamio, HayKoow nonorlceltb

i eucaoercie y ducepmaqii

,{ocroripnicrr r:a o6rpynroranicrr orpurr,ranrnx eKcueprlMeHTaJlbHrrx ra MoAeJIbHtrx
pesynrrarin, sncuosKig ra y3aftulbueHb, rIpeAcraBJIeHLrx y ar,rcepraqiftsifi po6ori,

ni4rnep4xeni ix roper<rnicrro, ger€urBHriM Ta Bce6i.nrzu ananisolr, a taxoN upoxoAxeulrrlM
perlercyBaHrur npu rry6nir<aqii y nucoropeftrunroBr{x Qaxonnx HayKoBllrx BTIAaTIHD( ra

aupo6aqiero Ha rra).KoBr{x xon(fepeuqirx pi:uoro pinrrt. Heo6xi4no siArairurra sucoKrft

pirenr nsaerrtoy3roAxerrocri seflfiroro o6cxry raurx, orpl{Marrlrx 3a AorloMororo
BrrcororeMfleparypnoro isonepu6oniuuoro (aropaMerpnquoro eKcrIepI{MeHTy,

p$yJrbTaTlB MoAeJrroB€rrrur reMrleparypHo-KoulleHTparliftHoi galeNnocri

tepuo4unauiuurrx BJracTI{BoCTefi po3[nalia s nurOpzCrannrv aupo6oBalloi MOAeni

acoqifiosanoro po3rrvny ra pesynrrariB MoAeJIIoBaHHT pinuonaxultx ra Meracra6iJlbHllrx

$asorrx reperBopeub 3a fracrlo posunanin is nvxopncrannalt CALPIIAD-uerony.

Hayrcoqi rroJroxeHHt ra BI,IoHoBKI 4ucepraqiftuoi po6oru e noriqnuuu ta Qisuuno

a



oo{pyHToBarrr4Mrr, BlAloBl,4arorb lcrryorllllM TeoperrzrrHt{M yrBJreHHrM, a raKox( M€IIorL
rrprMr.rf 3B'.fi3oK 3 HaBeAeHr.rMv y po6ori p*yrbraraMn.

3aaqeunn dnn aayxu i npaxmuxu pesyntmamio ducepma4iilno'i podomu
BelrarrEfi MacriB KopeKTHrx ra 4ocronipunx eKclepraMenTaJlbHrtx Aanr,rx crocoBno

repuo4uuarrriuHr,rx BJracruBome[ posunarin rplrxolrnoneuTHrix cr{creM nepexi4uux
Naeraris Mae 3uaquy qiHuicrr ,qJrt po3BlrrKy $isv.ruoi xilr,rii 3oKpeMa reoperuquoro orrrlcy
npoqecir y pi4rorray crani. Orpurraani ercnepuuenranrni ra uo,qeffini Aani, a rarcoN
pe3yJrbrirrr,r ix ysaranruenut, e Aylxe BoKJII.IBIIM AoniAnuxoelr[,I rratepiarorr.r A$a N6

$axirrliB, rqo gafinrarorrcx npo6neuavlr rouKoto veranyprifinoro cunreay, teopii
uerarryprifi nrx ra Jrr{BapHr{x npoqecir.

V Azcepraqifinufi craopeno Ha)'KoBy ocnoBy AJII floffyl(y HoBIrx cx.na4in arraop$urx
cruasis g cracr:ervri Co{u-Fe-Ni-TiZ-Hf.3a,4nx qroro 6yno pospo6neuo 6asu AarIrx
replro4ranavivHr{x [apaMerpin posnnaair i rpanuvnnx mepArrx po3rrrlHin na ocnosi .Iucftrrx

ronuosenrig crrcreMv Co-Cu-Fe-Ni-Ti-Zr4f . TaxoN crBopeno Ari ueroAzxu
ilporrrosyBanrrrr rouqenr:paqiiisnx o6nacteft avopQi:aqii posnnalis.

Iloeuoma e urutady octrolH ux p aynomamio O ucepmapii
Pesyrrtaru ra rroJroxeHHt gzcepraqifinoi po6otu r nonnift Ntipi sLIKraAeEi s 64

uayxorrx uy6nircaqixx: 23 crriartqx y (paxorrax BLIAaHurrx, a6o nu4auH.rx, llo sKnoqeHi Ao
lrixnapo4nux Ea).KoMerpr,rrrurrx 6ag 4annx Scopus ra Web of Science, 6 crarrrx y

HayKoBrrx x)?E€urax, o4nift rraonorpaQii ra 34 resax Aouoni.4eft. Moxna ni4rr,riturtl, u1o 8

crareft orry6niroraui y Br{AarIHtx fleprrroro a6o 4pyroro rcaaprr,uie.

Aerope$epar 4rcepraqii e 4ocraruro in(lopuaruBuuM; HacurreHr{M imocrparnnnlru

uarepianou i sa eir,ricrorr,r ni4noni4ae 4ucepraqii ra ni4o6paxae cyrr po6oru y nonnifi uipi.

O qinxa suicmy ducepmar4iiluo'i podomu

,{uceprarlia cKJraAaerbct ei rcryny, 7 posAirin, rucuorxie, curlcKy BLIKop[craHI{x

AXepeJr ra AoAarxis. O6car po6otu cKrlaAae 452 ctopinrcr,I. B po6ori naaegeno 139

pracynrin ra 46 ra6wltr. Cuvlcor B?IKopLIcraHIrx AXepeJI cKIIaAae 323 6i6fiorpa$ivutlx

TIOCI4IIAHH'.

Y ncryni o6lpyntonauo axryanrnicrr po6ora, c(f oprraynronani rvrera i sa,4aqi

AocniAxenr, Br.r3naqeuo rrayKoBy HoBIr3rry ra [paKTI'IqHe 3HaqeHHrI pesynrrarir po6oru,

onucano oco6zcruft rnecox s4o6ysava ra anpo6aqiro pesyrm:ra:ris Aocri,4xegr, ny6niraqii

3a reMolo Azcepra4ii ra crpyrcrypy po6otrE.

Ilepuufi posgi.n vimutr nireparypny in$oprr,raqiro flpo rcpuo4uualriuui

sracflrsocri prnxrx cunalin i upo cxla4n avop$lrm 4ro- i tpurorr,rflouenrHllx cunasis

saniS4 ro6anrry, uircemo i [tiAi S TraraHou, qnpxolriev i ra$uierrt. Bcranonneno, qo MaIoTb

6yrr,r uponegeni AoAatxoni Aocri,qxeHlr,s repMoAI'IH€lMiqHI{x BJlacrl{Bocrefi po3[raBiB

sanisa s rr,rragoM, quprouierr,r i ra$uieIrl. floxa:ano, qo eKcrlepllMeuranrni AocniAxeutrs
eHTaJrblif 3MitrryBaHHt po3rIJIaBB po3ilImryTlrrx TpItKoMnoIreHTHIlrx clacTeMax BUcyTHl y

aireparypi :a u.KJrroqeHHrM cr{creMrl Cu-Ni-Zrl Ananis eKcnepIaMeHr€IJIbHLrx AaHIrx trIoAo
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3AarHocri Ao aMop$bauii rpnxonrnoneHTulrx po:nlarir rIoKa3aB xeo6xi4ricm ix
y3ar€rJrbnenHr B paMKax reoperrrtlHoro Aocnhxenns.

.{pyruft pos4i.n Auceptaqii uplr cBtqeno AeruulbHoMy orII4 cy roucrpyrqii
Br.rcoKoreMleparypnoi isonepr.r6oniunoi xanopurrletpruuoi ycr:auoBKl,I Ta MeroAI'IK€lM
qpoBeAeuHr KaJropr.rMerpruHoro eKc[eprrMeuTy 3 BrrcHarreurrr [apqiairHllrx enrarmuifi

s\aitrIysanus Kounoueurir, anporcuuaqii pesynnarir er<cuepzvenrin i ix ctar:r.Icru.nroi

o6po6rur, BLI3HarreHHr itrrerpanrnoi euranrnii slairrryBauu,a posnnarin, on[cy i

Mo.qeJrroBauuro replro4znauiuurx sracrl,Isocrefi prlr<r,rx cnnaein ABo-, Tpn- i

6araroxounonexTHr{x cl{creM B paMKzx uoAeni acoqifiosauoro po3rfitry i Ir,reroAvrli

Mo.qerlloBarlnrl $asonrax B paMKax CALPHAD-vero4y.
Tperifi pos4i.r e eKclepr4MeuT€ulbHoro qacrlluoro po6orz, B tKoMy naseAeui

pe3yJrbrarra KaJroprrMerpr4rrHoro AocniANenns enramnii gNaiurygauHq poennanin

ABoKoM[oHeHTHrrx c]rcreM Fe-{Ti, Zr, Hf\ i rprercovnoueurul{x cucreM Co-Cu-{Ti, Zr},

Cu-Fe-{Ti, Zro H4, Cu-Ni-{Ti, Zr, Hq, Cfii-{Zr, H4, Ni-Ti-{Zt, }{f}.

ErccnepuuenranrHo BcrauoBJreni uapqianrni i iuterpanrui enranruii g\aiuryeauut

rolruonenris posunasir ouucaHi noninorrianrslrMll MoAeiuIMIt. Braronano ananis

orprrMaurrx pesyrutar:ia, po3ruItuyra tonororit isorepu inrerpanluoi ernarrnii

suiurynanna 4ocni4xeurx rpLIKoMrIoHeHTHLrx po3lrJlaBin. Bcrauosreno BalrtrzBy poJIE

rrapHr.rx sgaeraoAift xounoueurir y AocnAxeHux uor:piftnnx po3lrnaBax. florasano ponr

xirr,riunoi upupoAn KoMrroHeHris Ea tonororirc isorepuu eHramuii svirryBanua y pi4roruy

crani y AocniAxeHlrx cl{creMax.
tlerneprnfi posgil r.licrzrr pe3yJrbrarll oflucy B parrarax MAP eKcrIepI4MeHTaJIbHI{x

Arur[x flpo enrarrnii sr\ai[rysanHs i pesymraru po3paxynKy inurr.rx repIraoguuaIr,ri.rulTx

$ytrutlit srr,rilryaaunx pos[rasis .qBoKoM[oHeHTHLrx cvcreM Fe--{Ti, Zt,Hf} i n'qrnaAqsru

TpITKoMfioHeHTHI{x cl{creM. B poe4ini TaKox onvcaHo 6asy naparuer:pir 4nr pcpaxyuKy

repuo4unauiuglIx BJIacTuBOCT:eft 6araroxOMtIOHeHTHlIx posrurarir avoplpoyrnOproO'roi

crrcreMz Co-Cu-Fe-Ni-TiZ-Hf, 3 BIIKoplIcTaIIH.tM sxoi [p9B9AI{JII{C6. noAanrrui

tepvro4r,rnavivni pospaxyrrru sracrrlnocreft posunaniu cl4creM Cu-Ni-Ti-Zr, Cu-NirTi-

Hf i Cu-Ni-Ti-Zr-Hf, Ta ABaAqfiTrr oAHoro u'.flrr,rKoM[oHeHTHoro exsiaroN4ltoro pGIInaBy

cvcreMu co-cu-Fe--Ni-Ti-zr-Ilf. Bcranoueno, trIo Brl3Haqarcqy poJrb y $oprvrynanui
HaAJrrirrrKoBr{x reprrao4r,ruaui-runx Syttnadn gMiflryeanocri TpLIKoMIIoHeHTHI{x Ta

$ararorolruonegTlll{x posnnanir varotr napni sgae\aoAii. Hanptlxna,q, Ans 6inrruoCri

Tpr4KoMrroHeHTHux posrurarir Moxna sraAinuru naft6inrur intencranny uapuy nsaelto4iro,

rKa Br,BHaqae T ononori.rgi oco6nzsocri 3raAaulrx HaAJII{IIrKoBI,rx Oylxqifi, lloKasarro, trIo

iAealrna cKrraAoBa eueprii fi66ca s1ai[ryBanns 6araror<oflogeuTHlrx posnnaaie 4ae
gta'r:riutrr BHecoK y KoHrleuTpaqifiny saneNnicrr ta a6comotni guaqenru eneprii li66ca

srrriuryaauux (AG.). flpu svenureuui relrnepaTypll po3llrlaBin nil 1873 ,qo 800 K niAHocHI'Ift

BHecoK taeanruoi cxnagosoi AGrn gMenuryewuy 2-3 pazu.
'Il'srufi 

pos4i.n .ql{ceprar{ii upucrrveuuft BI4KopI{craHIIIo ytBJIeIIE voAeni

acoqiftonanoro po3rrriny 4nx oqiurur cr)'nenro 6ru,rxuroro xivriquoro [optAKy n pi4xrtx
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crrrraBax cr{creM Fe-{Ti, Zr,Hfi, Co-Cu-{Ti, Zr,Hfl, Cu-Fe-{Ti, Zr,TIf}, Cu-Ni-{Ti, Zr,
IJf|, Cu-:ti-{Zr, Hf}, {Cu, Ni}-Zr-Hf, Ni-Ti-{Zr,Hf}, Cu-Ni-Ti{Zr, Hf}, {Cu, Ni}-Ti-
Zr-Hf i Cu-Ni-Ti-Zr-Hf npu 1873 K (pinnonaxna reMrleparypa posunarie) ra 800 K
(opienronna reMrepar)1pa arr,rop$isaqii posunarin). Pospaxyruu qpoBeAeuo ua ocHosi
pospo6nenoi n qerBeproMy posAini 6a:Lr Aanrx.

,{na [poruo3yBaHnx rorqeurpaqifiulx o6nacrefi avop$isaqii posnlanie
3€rapryBaHHrM BrlKoprrcraHo enauipuvne paBLIJIo IIIoAo clMapHoi trlomHoi qacrKrl

acoqiarir 6inrnre 0,3, are Ao3BoJrI,IJIo KopeKruo iurepnperyrarz siAol\ai s eKc[epI'IMeHry
r<ouqenrpaqifiui inrepranr avopSisaqii posuraBin crlcreM {Cu, Ni}-Ti-Zr ra Cu-Ni-{Ti,

Zr, Hf]; i nuepure rporHo3yBarrr xonqentpaqiftni o6racri arraopQisaqii po:ruranin Co-Cu-

{Ti, Zr, H$, Cu-Fe-{Ti, Zr,Hf}, Cu-Ti-Hf, Cu-Zr-Hf, Ni-Ti-Hf, Ni-Zr-Hf i 'rorupu- i

rr'rrurorranoueuTrrlrx po3ruraBis cucreNau Cu-Ni-Ti-Zr-Hf.
Illocrufi pos4i.n npr,rcrrveno tepuogunavi.moMy orll4cy cllcreM TiJr, Ct-TiZ ra

Cu-Ti-Hf 3 3acrocyBaHunra CALPIIAD-Mero,ry. Pesynrratn npeAcraBrleuo y vurwtai

npoerqifi rloBepxour nirni,4ycy i coni,rycy, na6opir isoteprr.riwrnx neperunin i

norirepruiunrax nepepisin, KoopAlruar l{onnapiaurnux peaxqift i peaxqifttrrx cxena.

Oco6rmsicrrc qrx onucil e BrrKopvcrarlns MAP npu onuci repwro4raualriunr,rx

nrtacrr.moctefi posunarin, IUo Ao3Bonte BpixyBaTll crnaAHI TeMlleparypl{y galeNniqrr ix

repuo4ruarrtiunrx $ynxuift :uiuryraunx ra sAitcnrosarz y [oAaJrblxoMy reoperIl.lHe

Mo,qerIoBaHHs npoqecin arraopSisaqii npfi 3araproB)tsaHni y nnaeaurx cucreMix.

Cronrufi posgi.n 4zcepraqii Ir,rictmr p$yJr6Tar[, otpurr,Iani 3 Bl{KopllcrturutM

Mero,4rKrr MoAeJrroB€rHHt Iraeracra6i6nnx Qaeoaux [epeBopeHb B po3rIJIABaX

arr.roplpoyrnoproroqlrx crrcreM. B pos4ini orrucago replro4ranarriuuy 6a3y napauetpiu

rr,ro4eneft Qas anr 6ararorouuottentroi cucrelru Co-Cu-Fe-Ni-Ti-Zt-Hf, sra s

rroAaJrbmoMy 6yra nr.rr<opzcrala lrls. pospaxyuKy ueracra6ilrnrlx Sasonrx 4iarpau s

yqacTro IlepeoxoJloAxeHllrx ptarnx crHasis Ta rpaHllllmrx TBepAax poswtuin

ABoroMrrorreHTHr.rx crlcreM Fe-{Ti, Zr,Hf\ Ta tpliKoMrlouelrrullrx cucreM Co-Cu-{Ti, Zt,

Hf), Cu-Se-{Ti,Zr,Hf},Cu-Ni-{Ti, Zr,Hf},Cv-Ti-{Zr,Hf}, {Cu,Ni}-Zr-HfraNi-Ti-

{Zr,H\. Byno cnporuo3oBarro ronqenrpaqifiui o6nacri arr,rop$iaallii rt'stlltcolumonenrnoi

cvcreMlI Cu-Ni-Ti-Zr-Hf, a taroN ii rpauuvurx qoT[p[KoM[oHeHTHIltx cvcreM.

Pesynrrar:u pospaxymir nopirnroram,rcr is ri4oIr,roIo eKc[epI4MeHTaJI*roro inQoplraauielo

rrpo cKJraArr auopSurx crurasis.
Heo6xiAuo siAMiru'pr, rqo pe3yJrbrarrr rrporuo3yBarrnr Kouqeurpallifinrx o6nacrefi

a:raop$isaqir, ari 6yrrur orpvnaani B paMrax o6ox uero4zx 3€rlporlouoBarlnx n 4anifi po6ori

(po:ain 5 ra poo4in 7) Aouonnrororb oAHa o4ny i cnyNam ni4rnep4xeunrlr uparulrnocri

ix reoperrwroi ocuosz.

,\o ducepma4iilnoi po6oma uocrcna spofiamu maxi tayeaerceaan:

1. flpu onuci enralrnifi sNairtryBaHEs pr,4rrx cnnasin rpI{KoM[oHeHTHI{x clzcreM AJI'

Cu-N!Zr, Ni-Ti-Zr snago6r. roc.r BpaxyBarrHt yrBopeHIUI Tpr{KoMrIoIreHTHLx acoqiariB' a



Arr rrortrpbox cncrsM (cu-Fe-{Ti, zr, Hf}, Ni-Ti-Hf) 6ylu npr.rftnxri uapanaerpu

rpr{KoMrrogegTgoi nsaeuo4ii. Y sr'rsry 3 qI{M BI,IHIiKaIorb AeKirbKa 3aIII{TaHb. flepure, un

BpaxoByBaJracr flpu rlboMy HalrBuicrb rpIrKoMrIoHeHTunx inreptreraniaiB, sxi IIJIaBJIsTLct

. Koglpyegrgo, y ni4nonignzx (fa:onrx Aiarpauax? 9ra icnye 1reBqe rroporoBe 3HaqeHHt

uaparraerpin ryrrKoMloHenTurax norpifinoi nsael\aoAii, tKe Molre cniguntl npo ueo6xiAuicrr

Bptx)tsarrut HuulBHocri fiorpifinnx acoqiarir?

2, llpr.r 4ocni4Neni ralopzrvrerpuqHr,rM MeroAoM entanrnifi glraiurysalfis rorr.tuonentin

y crrcreMax Fe-Hf, Cu-Fe-Hf stIHuKIa [po6ileMa .repes o6uexeny posuunxicm rBepAIrx

:pa:rin raogiro. I{e 11orcHroeT6cr ,{ocrrgeggrry yrnroB piruonaru po3IIJIaBy 3

inrepnaerani4nolo crlorlyKoro FezIIf. rlolvry He 6yrto rpoBeAeHo siAnosiAHi .4ocniAxerfirs

npr,r 6inru BI{coKtIX reMlleparypax? III npono4uru (pasoruf anani3 crIaBiB, Iu,o MicruJII'I

nepo:'runeni 3pa3KLI ra(buiro, uicrr KaropuMerpLrlIHID( AocniANenr?

3. Onuc ercuepraMegT€urbHr,rx inrerparnunx enranrnifi 3MilryBaHut pi,4xux cnnania

Arur cr{creM Fe-Ti,Fe-Zr (pr.rc.4.l ra4.2y ptceptartir) noxasye 6inrru cyrreni pos6iNnocd

MoAeJIbHIlrx ra eKcIIepIIMeHTaIbHIIX Aaulrx upII BI{coKoMy nruicri Ti Ta Zr. qoMy flpvr

rr,ro4enronanui B paMKax MAP ne 6yno rpaxonaHo uoxrunictt yrBopeHIrJI acoqiariB FeTi2

ra FeZrz? MoNnfiso ix apaxysauur [oKpauU.IJIo y3roAXeHHt rrliN peeylrtataura

pospaxynrir Ta eKcIIepI,IMeHTaJrEHIrMlI AaIIITMII.

4. flpu ru6opi qficra Ta rrrrD/ acoqiariB B paMKax MoAeTIIoBaHIUI MAP

BItKopI,IcToByBtuItI MopQonori.rui oco6rmsocTi AiarpaMu crally ra KonlleuTpaqifinaft xi4

repMo,ryrHaMirmrx $1'nrUift 3MirIyBaHHfi po3IUIaBiB. Y nireparypi npllcyrni pe3ynbrarl'I

eKcrrepl{MeHTalbHl,tx Ta MoAeJIEHIlrx AoCniAXeHb cTpyKTypu po3[IaBiB oKpeMIT x 6iuaprmx

ra [orpiftHr.rx c]rcreM, AocJriAxenrrx y qifi po6ori. 9u uoNna 3acrocyBaflI IIi pe3yrbrar[

AJrr Bl{6opy acoqiariB?

5, Y po6ori ni4cylre o6roBopeuHr rroxu6oK BeJ[rqLIH, tKi orpl'IMylorrcr e pesynrrati

K€IIIOp MeTpI,IrIHOro eKorrepIIMeHTy qI,I MOAeIIOBaHHTI B paMKaX MAP, xOqa AanO IOCIUIaHIII

Ha BiAfloBi,qHi ilreparypui AaHi. Ha uift nornxA, AerarrbHe o6roBopeEHt rorrHocri

orpIIIvryBaHI{X eKcnepxMeHTaJIbIII{x Ta MoAeJIbHlIx Aauux neo6xi,{so 6yIo 6 naremlr y

pos4id 2.
6. Y,4,rcepraqiftrifi po6ori eKcrrepraMer{rarrrui suaqemrr irrrerparnnoi eHmIBrIii

sruirnynar*u posruranil Arx olcpernno< uepepisin uorpiftm< cucreM Co-Cu-Z (puc'3'6), Cu-Fe-Ti

(prac.3.8), At-Fe-Zr (pnc.3.10), c'.t-Ti-zr (puc.3.l8) m cu-Ti-IIf (puc.3.20) ra pe3yrcrarl'I k

orpcy 3a piBrrffilrfl\l Peanixa-Kicrepa-Mynxiany Ivricrrrr pos6ixcrocri upz rrzcolcolrry sMricli Zr,

Ti.u IIf. Ilnvr o6yrr,ronneni mri pos6iNcrocri?
7 . Hacrinrrra c[JrbHo BrrJMBae rra pe3yJrbrarrr MoAeJrIoBaHtuI B paMKax MAP po3rIJIaBiB

r iurepnani reM[epaTyp 800...2073 K nprarryuenur 4po re, Iqo rapaMerpv MAP He

3zrfiexarb rig rcruneparypv ?
g. ,ll;u nepepi:y coo,tscuo,zs-zr crocrepiraerbcf MiEiM)'li,{ synxqii rapqialbEoi

eHr€urbrrii 3MirryBaggr qvpKogilo B pi,qKrx, cIIrIaBax Co-Cu-Zr rpl4 1873 K' IIe

florcgroerbcr rr{M, tqo po3rrnaB CogzsCuo,zs'uae cneqr.rQivni aKqerlTopHi BIIacrI'IBocri.

6



Heo6xiAuo 6yno 4eranrnirue o6roropztu rli sracrusocri.

,{racepraqifina po6ora ra arrope(fep ar oQopittneni anzeucarut tttruow, uarepiarr

Br.rKIraAeHo .riTKo i xcuo, Ilpore cniA siAviTuflr 4exri nolrluaKlr ra oI ,ICKI'I, tKi

sycrpiuaror:rcr y rexcri aucepmrlii: puc. 1.7 (cr.63) ruicrurr TocIIJIaHIUI na nireparypni

aani [55], rpore y rercri rxaryemcr iuue rocurlaunt - [60], na pr.rc.3.10 (cr. 143) alx
3HaqeHb uapqiaruroi euramnii grr.liurysannt Zr (nepepis Xcu/Xne: 1/3) ri4cyrui 4oripvi
iureprannr, saMicrr "y r<onqenrpaqifiHfix o6nactrx CussHf+s-*Ti* (x: 0,05-0,45) m

CuesHf:s-*Ti" (x:0,05-0,35)' (cr.316) norpi6no "y ronqeurparlifixux o6lacrrx

Cuo,ssHfo,as-Jt (x : 0,05 -0,45) ta Cuo,esHfo,:s-*Tt* (x : 0,05 -0'3 5)".

B qinorry, TeKcr Al{ceprarlifinoi po6otrE csiA'*tTr upo lzcorlrft uayronr'rfi piaenr

aBTopa Arrcepraqifinoi po6o:ru: tK eKcrlepllMeuramuufi, mx i reoperuqlruft. 3a3uaseHi

3ayBrD(eHHt He MarorB fipr4r{quloBoro 3HaqeHHrI i ue sMeu[yrorb gaxaruHoi nogutzngoi

oqinxrz rpynrornoi, renraroi :ra flpaxrualuo ropucuoi po6orz.

3anaoqaa o4iaxa ducepma4irtnoi poflomu

B qinolry Mo)K[ra spo6rarra BIrcHoBoK, IrIo 4peAcraBnena Alrceprarlitna po6ora

Arparana flasra fsHor qa <Tepnao4luavira 
'i 

Qasoni ueperBopeHut B

6araroxovnouennrrx avop$oyrBoprorcqrx crrcreMax rlepexi4nzx rraeralin) e 3aBepIIreHI{M

HayKoBr{M AOcniANeuqsi\a. Po6ora uicrztr uoni uayroro o6fpyntonaai pesyrmraru, rri y

cylcynnocri e BaxJIIIB?IMLI AJUI po3BIiTKy $i:u.*roi xinaii ra vetarryprii. 3a arryanrnicuo

reUv, O6cxrOM SKCISpI{MSHTzIJI6HOTO ua'repiarry, rnz6unOp ftOrO OClrlUCneHruI Ta

inrepnperaqii, HayKoBoro HoBrr3HoIo, TeoperrrmrzM i npaxruunraru 3HarIeHHtM orpl,IMauvx

peoyrnrarin, o6fpyurorauicrro sficuosxiB, rxictro o$oprr,ureunr po6ora norsicrro

BiAnosiAae Br{MoraM g, 10, 12, 13 (lloprAKy [p]IcyAXeHruI HayKoBrrx crynenio>,

3arBepAxegolo floctasono1g Ka6inery rrainicrpin Yrcpauru }lb 567 sil 24.07.201'3 p. si

3rraiuzur.r, BHeceHrIMI,I sriAHo s flocranosaMl4 KMV Ns 656 ril 19.08.2015 p., Ne 1159 ni4

30.12.2015 p. ra Ns 567 sit27 .07 .2016 p",Ib 943 sia 20.11.2019, Ne 607 siA 15.07 .2020, a

ArrgepTarrT - Arpana.l IIasIo IqHosu.I - 3acJlyroBye flpl{cyAxeHut HayKoBom cTyrreHt

AoKropa xiMirlHax HayK 3a c[eqi€ulbnicto 02'00.04 - $isrzuua xirvria.
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