
ocpiuii1Horo. orroHeHTa Ha .n:11cepTau;ii1Hy po6oTy 

<l>apryrnttoI IOJiii' BiKTopiBHH 
"<Da3oBi piBHOBarH, cTpyKTypa i BrracTHBocTi crrrraBiB cHcTeM THTaHy 

i 3arri3a 3 d-MeTarraMH, p-erreMeHTaMH i P3M", ru;o rrpe.n:cTaBrreHa Ha 

3.[(o6yTT5I HayKOBOro CTyrremI .[(OKTOpa xiMiqHHX HayK 

3a crreuiarrhHicTIO 02.00.04 - cpi311qHa xiMi5I 

AKTyaJihHiCTh TeMn ,a:ncepTauJi 
ITo.n:aHa .n:o 3ax11cTy .n:11cepTau;ii1Ha po6oTa <DapTynrno1 10.B. rrpHCB5J:qeHa 

BHpirneHHlO Ba)l(JIHBOl HayKOBO-rrpaKTHqHOl rrpo6rreMH CTBOpeHH5I 6a3H .[(aHHX 

.n:iarpaM CTaHy IlOTpiHHHX CHCTeM Ha OCHOBi THTaHy Ta 3aJii3a Ta cpopMyBaHH5I 

TeopeTHqHoro rri.n:rpyHT5I .[(JI5I IlOIIIYKY HOBHX KJiaciB MaTepiarriB 3 yHiKaJihHHM 

KOMITJieKCOM cpi3HKo-xiMiqH11x BrracTHBOCTeH. Ue .n:oc5IraeThC5I IIIJI5IXOM 

BCTaHOBJieHH5I OCHOBHHX 3aKOHOMipHOCTeH cpi3HKO-XiMiqHo1 B3aeMo.n:i1 

KOMilOHeHTiB y IlOTpiHHHX Ta IIO.[(BiHHHX CHCTeMax, n.i:o po3rJI5I.[(alOTbC5I, Ha OCHOBi 

rriTepaTypHHX .n:aHHX i pe3yrrhTaTiB BrracHHX .n:ocrri.n:)l(eHh. OcTaHHi BKJIIOqaJOTh 

rro6y.n:oBy .n:iarpaM CTaHy 3a3HaqeHHX CHCTeM y BHrJI5I.[(i rrpoeKui.H IIOBepxOHh 
. . . . . . . . . . 

JilKBl.[(ycy 1 com.n:ycy, .n:1arpaM rrrraBKOCTl , 130TepM1qHHX Ta IlOJI1TepM1qHHX 

rrepepI3IB, peaKu;iHHHX cxeM; rropiBH5IJihHHH aHarri3 .[(OCJii.[()l(eHHX CHCTeM 3i 

crropi.n:HeHHMH Ta BH5IBJieHH5I cpaKTopiB, 5!Ki BH3HaqaIOTh xapaKTep .n:iarpaM CTaHy, 

ru;o aHaJI13YlOThC5I. 

3araJibHOBi.[(OMO, n.i:o .n:iarpaMH cpa30BHX piBHOBar e OCHOBOIO 

MaTepiarr03HaBCTBa i 5IBJI5Il0Th co6010 .n:opo:>KHIO KapTy Ha IIIJI5IXY po3po6KH HOBHX 

MaTepiarriB. CrrrraBH Ha OCHOBi THTaHy Ta 3arri3a KOpHCTYIOThC5I Hai16iJihllIHM 

rrorrHTOM B acopTHMeHTi BHpo6iB KOHCTpyKuii1Horo rrpH3HaqeHH5I. ToMy q11 He 

Hai16iJihIIIa IIHTOMa Bara U:HX erreMeHTiB B 3araJihHiH KiJibKOCTi .n:iarpaMHOro 

rrpo.n:yKTy. B o,cTaHHi .n:ec5ITHpiqq51 aKu;eHT po3po6HHKiB i .n:ocrri.[(HHKiB 3Min.i:yeThC5I 

B Harrp5IMKY cpyHKUiOHaJihHHX MaTepiarriB Ha OCHOBi iHTepMeTarri.n:iB BKa3aHHX 

CHCTeM Ta crrrraBiB Me.[(HqHoro rrpH3HaqeHH5I. lll11p0Ke p03IIOBClO.[()l(eHH5I B 
. . . . 

Me.[(HUHHI OTµHMYlOTh THTaHOBl crrrraBH rreroBaHI KpeMH1€M Ta OJIOBOM, n.i:o MalOTh 

BHCOKY crropi.n:HeHiCTh .n:o KiCTKOBHX TKaHHH. UiKaBo 3apeKOMeH.[(yBaB ce6e 

iHTepMeTarri.n: Ti3Sn, 5IKHH rro~a3aB yHiKarrhHY Ha.n:rrpy)l(HIO rroBe.[(iHKy. CrrrraBH 

THTaHy Ta iHTepMeTarri.n:11 MeTarriB rpyrr11 3arri3a 3 P3M .n:o6pe Bi.n:oMi 5IK MaTepiarr11 

.[(JI5I 36epe)l(eHH5I BO.UHIO. OcTaHHi TaKO)l( BHKOpHCTOBYIOThC5I .[(JI5I BHpo6HHUTBa 

IIOCTiHHHX MarHiTiB. I1oTpii1Hi iHTepMeTarri.n:H BKa3aHHX CHCTeM, TaK 3BaHi cpa3H 

re.Hcrrepa, I1p05IBJI5Il0Th U:iKaBi MarHiTHi ra TepMOeJieKTpHqHj BJiaCTHBOCTi i, B 

3aJie)l(HOCTi Bi.[( rreryBaHH5I, MO)l(YTh rrp05IBJI5ITH rrpOTHJie)l(Hi BJiaCTHBOCTi, 5IK TO 

MeTaJIH - HarriBrrpoBi.[(HHKH, rrapaMarHeTHKH - MarHiTHO-BIIOp5I.[(KOBaHi cpa3H 



2 

Toru:o. TaKHM q11HoM, mrnqeHH51 6araTOKOMIIOHeHTHHX cttcTeM c Heo6xiJJ:HHM 
. . . 

KpOKOM Ha rmrnxy CTBOpeHH51 MaTeptamB 13 3a.n:aHHM Ta KepoBaHHM KOMIIJieKCOM 

BJiaCTHBOCTeH. 

He3Ba)l(a10q11 Ha 3HaqH11i1: 06c51r icHy10qoi" impopMau:i1, .n:aHi ru:o.n:o .n:iarpaM 

CTaHy 6araTOKOMIIOHeHTHHX i HaBiTh IIOTpiHHHX CHCTeM HeJJ:OCTaTHi, Ha5IBHi .n:aHi 

qacTo cyrrepeqJI11Bi i qacTo He oxorrn1010Th iHTepBan rrJiaBJieHH51-KpttcTani3au:il. Ue 
. . .. 

cyrrcBo 3Htt)l(yc MO)l(JIHBOCTI CTPYKTYPHOI IH)l(eHepu MaTep1anrn 3 

BHKop11cTaHH5IM rrpHHU:HIIIB pau:10HaJihHOro neryBaHH51. Heo6xi.n:HiCTh 

«p03YMHOrO» JieryBaHH51 BHKJIHKaJia HaraJibHY IIOTpe6y y rn1160KOMY 

JJ:OCJiiJJ:)l(eHHi U:HX CHCTeM Ta y3araJibHeHHi BJiaCHHX i orry6niKOBaHHX .n:aHYJ:X. 

TaKHM q11HOM, TeMa po60T11 c HaJJ:3BHqai1:Ho aKryaJibHOIO. 

JJ,11cepTau:ii1:Ha po6oTa <l>apTyrnHo1 IO. B. BHKOHaHa B paMKax HayKoBoro 

Harrp5IMKY Bi.n:.n:iny cpi311qH01 xiMi1 HeopraHiqHHX MaTepianiB IHCTHTYTY rrpo6neM 

MaTeptaJI03HaBCTBa IM. I.M.<l>paHn:eB11qa HAH YKpai"Htt: 0103U005196 

"JJ,ocJiiJJ:)l(eHH51 cpi3HKO-XiMiqHHX BJiaCTHBOCTeH 6araTOKOMIIOHeHTHHX CHCTeM d

MeTaJiiB 3 6opoM, CHJiiu:icM Ta aJilOMiHiCM 5IK OCHOBH )l(apoMiU:HHX i )l(apocTiHKHX 

CIIJiaBiB 3 KepoBaHOlO CTPYKTypo10" (2003-2005 pp.); 0100U006338 "JJ,iarpaMH 

CTaHy i TepMOJJ:HHaMiKa 6araTOKOMIIOHeHTHHX MeTaJiiqHHX CHCTeM Ha OCHOBi s- , 

p -eneMeHTiB i rrepexiJJ:HHX MeTaJiiB 5IK HayKoBa ocHoBa po3po6KH KOHCTPYKU:iHHHX 

CIIJiaBIB 3 IIIJJ:BHI.UeHOlO IIHTOMOlO MJU:HlCTlO, )l(apocTiHKHX IIOKpHTTiB, 

BHCOKOTeMrrepaTypHHX rrpHIIOHHHX MaTepianiB Ta CIIJiaBiB 3 oco6JIHBHMH 

eJieKTpocpi311qHHMH BJiaCTHBOCT5IMH" (2006- 2009 pp.); 011 OU002347 

"JJ,ocJiiJJ:)l(eHH51 CTa6iJibHOCTi cpa3 i cpa30BHX rrepeTBOpeHb y 6araTOKOMIIOHeHTHHX 

CHCTeMax, yTBopeHHX THTaHOM, xpoMOM, d-MeTaJiaMH VIII rpyrrH i3 aJilOMiHicM, 

OJIOBOM, plJJ:KICH03eMeJibHHMH Ta IHillHMH eJieMeHTaMH 5IK HayKOBHX 3aca.n: 

po3po6KH HOBHX nerKHX )l(apoMIU:HHX KOHCTPYKU:iHHHX crrJiaBrn Ta 

cpyHKU:iOHaJibHHX MaTepianiB 3 oco6JIHBHMH BJiaCTHBOCT5IMH" (2010-2012 pp.); 

0113U000310 "JJ,iarpaMH CTaHy Ta TepMOJJ:HHaMiKa CIIJiaBiB 6araTOKOMIIOHeHTHHX 

cttcTeM Ha ocHoBi THTaHy, MeTaJiiB VIII rpyrrH Ta pi.n:KicHo3eMeJibHHX eneMeHTiB 

5IK cpi3HKO-XiMi'qHHH 6a3HC JJ:H3aHHY BHCOKOMiU:HHX CKJiaJJ:HOJieroBaHHX CIIJiaBiB, 

THTaH- i aJilOMiHiH-MaTpHqHHX KOMII03HTiB Ta cpyHKU:iOHaJihHHX MaTepianiB 3 

oco6JIHBHMH BJiaCTHBOCT5IMH" (2013-2015 pp.); 0116U003506 "JJ.ocJiiJJ:)l(eHH51 

cpi3HKO-XiMiqHOl B3aCMOJJ:ll Ta TepMOJJ:HHaMiqHHX BJiaCTHBOCTeH 

6araTOKOMIIOHeHTHHX CHCTeM, YTBOpeHHX 3d- Ta 4d-MeTaJiaMH I aJilOMIHICM 3 

6opoM, Byrneu:eM, OJIOBOM; pi):(KiCH03eMeJibHHMH Ta iHWHMH eJieMeHTaMH 5IK 

HayKOBHX 3aca.n: po3p06KH HOBHX 6araTOKOMIIOHeHTHHX MaTepiaJiiB: 

KOMII03HU:iHHHX Ha OCHOBi HaHoJiaMiHaTiB (MAX-cpm); THTaH-aJilOMiHiJJ:iB Ta iHWHX 

MeTani.n:iB i 6araTOKOMIIOHeHTHHX TBep.n:Hx po3qYJ:HiB 5IK KOHCTPYKU:iHHHX Ta 

cpyHKUiOHaJibHHX MaTepianiB 3 oco6JIHBHMH BJiaCTHBOCT5IMH" (2016-2018 pp.); 

"JJ,ocni.n:)l(eHH5I CTa6iJibHOCTi cpa3 i cpa30BHX rrepeTBOpeHb y 6araTOKOMIIOHeHTHHX 

CHCTeMax Ha OCHOBi 3d- i 4d-MeTaJiiB, TepMOJJ:HHaMiKH CIIJiaBiB IIOJJ:BiHHHX i 
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rroTpiHHHX CHCTeM, yTBopeHHX amoMJHtE:M ( oJioBoM) 3 Ba:>KKHMH P3M, Ta 

cpi3I11fHI1X i tj:>i3HKO-MexaHiqHI1X BJiaCTHBOCTeli crrnaBiB 5IK tj:>i3HKO-XiMiqHI1X 3aca.n 

po3po6KH tj:>yHKU:iOHaJibHHX MaTepiaJiiB 3 oco6JIHBHMI1 BJiaCTHBOCT5IMI1 Ta 

MaTepiaJiiB ,r:i:JI5I iMrrJiaHTiB" (2019-2021 pp., N2 0119Ul 00778); a TaKO)K B paMKax 

rpaHTiB N2 K2-2014-014, N2 11,7971,2017/6,7, N2 K2-2018-010, N2 18-73 - 10219, 

N2 K2-2019-003. 

HayKoBa HOBH3Ha OTpHMauux pe3yJihTaTiB 

,[1,11cepTaHTOM Brreprne eKcrrepHMeHTaJibHO rro6y,noBaHO ,ntarpaMH CTaHy 16 

TpHKOMIIOHeHTHHX CHCTeM (.nmI CHCTeMH Ti-Ni-Sn BHKOHaHO TaKO)K 

TepMO.D:HHaMiqHe MO,nemoBaHH5I) y BHrJI5I,ni rrpoeKu:ili IIOBepXOHb JiiKBi,nycy i 
. . . . 

com.nycy, .n1arpaM IIJiaBKOCTl, l30TepM1qHI1X IIOJI1TepM1qHI1X rrepep!31B, 

peaKU:II1HI1X cxeM; 3Hali.neHO ,r:i:Bi HOBi IIOTpiliHi Ta o,r:i:Hy rro,r:i:BiHHY CIIOJIYKY Ta 
.. . . 

BCTaHOBJieHo ix Kp11cTa111qHy CTPYKTypy, BCTaHOBJieHo Kp11cTa111qHy CTPYKTYPY 

o,r:i:Hid Bi,noMOI IIOTpiliHOI CIIOJIYKH; Ha OCHOBi rropiBH5IJibHOro aHaJii3y .niarpaM 

cTaHy cHcTeM p5I,niB Co-P3M, Fe-P3M Ta Co-Fe-P3M 3po611eHo npozH03 6y,noBH 
. . . . 

.niarpaM CTaHy HeBHBqeHHX CHCTeM Ta ou:rneHO TeMrrepaTypH P5I.D:Y JHBapiaHTHHX 

piBHOBar; Ha 6a3i rropiBH5IJibHOro aHaJii3y .niarpaM CTaHy .noc11i,n)KeHHX CHCTeM 

BCTaHOBJieHO 3B '5I30K Mi)K KiJibKicno YTBOpeHHX IIOTpiHHHX CIIOJIYK Ta 

TepMO.D:HHaMiqHO.l:O CTa6iJibHiCT.l:O 6iHapHI1X cpa3, p03MipiB aTOMiB p -eJieMeHTiB Ta 

aKu:errTopHOI 3,naTHOCTi d MeTaJiiB. 

IIpaKTnque Juaqeuusi o.ll,ep~auux peJyJihTaTiB 

0TpHMaHi ,naHi c Ha,niliHOJ:O impopMau:icJ:O rrpo crroco611 YTBopeHH5I cpa3 B 

.noc11i.n)KeH11x c11cTeMax, rrpo TeMrrepaTypHO-KOHU:eHTpau:iliHi iHTepBaJIH IX 

cTa6iJihHOCTi . Pe3yJibTanI po6oTH Ta IX y3araJibHeHH5I tj:>opMyJ:OTb TeopeT11qH11li 

<PYH.naMeHT, Heo6xi,nHHll .LJ:JI5I po3po6KH KOHCTpYKU:iHHHX i <l>YHKU:iOHaJibHHX 

MaTepiaJiiB i3 3a,naHHM i KepoBaHHM KOMIIJieKCOM BJiaCTHBOCTeli. BoHH .LJ:03BOJI5IJ:OTb 

ycBi,noMJieHO BH6paTH OIITHMaJibHHll BMiCT OCHOBHHX i JieryJ:OqHX KOMITOHeHTiB i 

YMOBH TepMoo6po6m MaTepiaJiiB. OTp11MaHi ,naHi c Heo6xi,r:i:HHM ,noBi.LJ:KOBHM 

MaTepiaJIOM .D:JI5I po3po6KH MeTO.LJ:iB CHHTe3y O.LJ:HOcpa3HI1X flOJiiKpHCTaJiiqHHX i 

MOHOKpHCTaJiiqHHX Ta KOMII03HU:ittHI1X MaTepiaJiiB 3 MeTO.l:O BHBqeHH5I tj:>i3~HHX, 

XIMJqHHX BJiaCTHBOCTeli rrornyKy 0611acTett 3acTocyBaHH5I HOBHX MaTepiaJiiB Ha IX 

OCH OBI. 

CTpyKTypa .ll,ucepTauiHuoi' po6oTu, Bi.ll,noBi.ll.uicTh Mi~ JMiCTOM .ll.HCepTauii', 

aBTope<f>epary Ta ny6JiiKauiii 

Po6oTa 3axm..u:acTbC5I 3a cyKyrrHicno rry611i1<au:ili. 3a pe3yJibTaTaMH po6oTH 

orry611iKOBaHO 45 ..apyKoBaHHX rrpaIJ:b, c-epe.u 5IKHX, 17 CTaTeli y peu:eH30BaHHX 

)KypHaJiax 1-ro Ta 2-ro KBapTeJiiB i 22 Te3 ..aorroBi,.aeli Ha Mi)l(Hapo,r:i:HHX HayKOBHX 

KOHcpepeHU:i5IX. ITy611iKau:iI aBTOpa IIOBHiCT.l:O Bi,.ao6pa)KaJ:OTb OCHOBHi pe3yJibTaTH 
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po6oni:. ,I1)1cepTau:ii1:Ha po6oTa cK11a,n:aE:ThC5I 13 aHoTau:u yKparnchKOIO Ta 

aHrJiiHCbKOIO MOBaMH, BCTyny, 1.JOTHpbOX p03Jl:IJ11B, BHCHOBKiB, nepe11iKy nOCHJiaHb 

Ta o,n:Horo ,n:o,n:aTKY. Po3,n:iJIH 1 , 2 i neprna I.JaCTHHa po3,n:i11y 3 npe,n:cTaBJieHi 

ny611iKaU:i5IMH aBTOpa no ,n:iarpaMax CTaHy KOHKpeTHHX CHCTeM . .ll:pyra I.JaCTHHa 

po3,n:i11y 3 i po3,n:iJI 4, 5:1Ki npHCB5:11.JeHi y3araJibHeHH5IM, npe,n:cTaBJieHi 3BH1.JaHHHM 

I.JHHOM. Or115:1,n: 11iTepaTypH no KO)l(Hitt CHCTeMi, on11c eKcnepHMeHTaJihHHX 

MeTOJJ:HK Ta OTpHMaHi pe3yJinTaTH npe,n:cTaBJieHi B ny611iKaU:i5IX. 3araJibHHH o6c5Ir 

,n:11cepTau:ii1:Ho"i po6oTH cTaHOBHTh 518 cTopiHoK. BoHa BKJIIOI.JaE: 182 pHcyHKa i 
116 Ta6JIHU:b. 3araJibHa KiJibKiCTb U:HTOBaHHX Jl:)l(epeJI MiCTHTb 783 Hai1MeHyBaHH5:1. 

3MiCT aBTope<J?epaTy noBHOIO MlpOIO Bi,n:o6pa)l(y€ OCHOBHI noJIO)l(eHH5:1 

,n:HcepTaU:iHHOl po6oTH. 

Ou:inKa 3MicTy po6oTtt 
.ll:JI5:1 03HaHOMJieHH5:1 3i 3MICTOM Ta pe3yJinTaTaMH ,n:HcepTaU:iHHOl po60TH 

no,n:aHa auoTau,isi ,n:ep)l(aBHOIO Ta aHrJiiHCbKOIO MOBaMH B 5:1Kii1: HaBe,n:eHO 

y3araJihHeHHH KOpOTKHH BHKJia,n: OCHOBHOro 3MicTy ,n:HcepTau:il. B aHOTau:i"i TaKO)l( 
. . . . .. 

CTHCJIO npe,n:cTaBJieHI OCHOBHI pe3yJinTaTH JJ:OCJ11JJ:)l(eHH5:1 13 3a3Hal.JeHH5IM HayKOBOl 

HOBH3HH. 

y ecmyni o6rpyHTOBaHO aKTyaJihHiCTb TeMH ,n:oc11i,n:)l(eHH5I, c<J?opMyJinOBaHO 

MeTy po60TH, BH3Hal.JeHO 3a,n:aI.Ji, BHCBiTJieHO HayKoBy HOBH3HY Ta npaKTHl.JHe 

3Hal.JeHH5:1 OTpHMaHHX pe3yJinTaTJB. 

Y neptuoMy po3oiJzi HaBe,neHo ny611iKau:i"i aBTopa no ,n:iarpaMax cTaHy 

CHCTeM Ti - d-MeTaJI IV-VI rpyn - {Si,Sn}: Ti-{V,Nb,Cr} - Si Ta Ti- {Zr,V} -Sn. 

EKcnep11MeHTaJihHO no6y,n:oBaHo ,n:iarpaMH CTaHy CHCTeM Ti-{V,Cr}-Si Ta Ti

{Zr,V}-Sn y BHrIDI,n:i npoeKu:ii1: noBepXOHb JiiKBi,n:ycy, coni,n:ycy, ,n:iarpaM nJiaBKOCTi, 

i3oTepMiI.JHHX i no11iTepMiI.JHHX nepepi3iB, peaKn:ittHHX cxeM. ITo CHCTeMax Ti

{V,Nb }-Si BHKOHaHO eKcnepTHY ou:iHKY Bcid ony611iKOBaHOl impopMau:i"i mo.no 

cpa30BHX piBHOBar, CTPYKTYPHHX, TepMo,n:HHaMiI.JHHX, cpi3HI.JHHX BJiaCTHBOCTeH 

cpa3, cpi3HKO-MexaHil.JHHX BJiaCTHBOCTeH cnJiaBiB, nHTaHb, mo CTOCYIOTbC5:1 

3acTocyBaHH5I cnnaBiB (assessment). 
B c11cTeMi Ti-V-S i eKcnep11MeHTaJihHO ni,n:TBep,n:)l(eHo 3po6nette B 

assessment npHnymeHH5:1 npo Te, mo po3pi3 Ti5Si3 - V 5Si3 € KBa3i6iHapHHM 

eBTeKTHI.JHoro THny i TpHaHryJIIOE: cHcTeMy. Koop,n:HHaTH eBTeKTHKH BH3HaI.JeHi 5IK 

1955 °C Ta ~48 % (aT.) V. B CHCTeMi Ti -Cr-Si BCTaHOBJieHo, mo KpeMHiH 3Hal.JHO 

CTa6ini3yE: cpa3y JiaBeca TiCr2. B no,n:Bii1Hii1: CHCTeMi BOHa yTBOpIOE:ThC5:1 B 

TBep,n:oMy CTaHi, B noTpittHiH, 5IK noKa3aHO ,n:11cepTaHTOM, nJiaBHTbC5:1 

KOHrpyeHTHO. Pe3yJinTaTH nopiBH5IHO 3 ony611iK0BaHHMH pe3y110TaTaMH ,n:Box 

TepMOJJ:HHaMil.JHHX on11ciB. y cyHeHO noMHJIKH B ony6niKOBaHHX ,n:aHHX no 

CHCTeMi Ti-V-Sn. I1poattaJii3oBaHo 3Miey KO_Hcpirypau:il o6nacTi roMoreHHOCTi cpa3H 

(Ti,Zr)5Sn3+x B 3aJie)l(HOCTi Bi,n: TeMnepaTypH. ITo CHCTeMi Ti-Nb-Si ony6niKoBaHo 

assessment, B 5IKOMY npoattaJii3oBaHo Bci ony6niKoBaHi eKcnepHMeHTaJihHi ,n:aHi, 
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~KHX 6araTo i ~Ki e cyrrepe11JIHBHMH. Btt3Ha11eHo TI nam, ~KHM cmn Ha,UaBaTH 

rrepeBary. 

Y OpyzoMy po3i)irzj rrpe,UCTaBJieHi pe3yJinTaTH ,UOCJii,U)!(eHH~ cpa30BHX piBHOBaf' 

y cttcTeMax Ti - {Co, Ni, Ga} - Sn Ta Zr -Co- Sn. CttcTeMy Ti-Ga-Sn BHB1IeHo 

Brreprne. Pe3yJinTaTH rrpe,UcTaBJieHi y Bttrmni rrpoeKu.ill: rroBepxoHh JiiKBinycy, 

COJiinycy, niarpaM ITJiaBKOCTl , 130TepMi1IHHX i IlOJiiTepMi1IHHX rrepepl31B, peaKU,iHHHX 

cxeM. 

3Hall:neHo HOBi rroTpill:Hi crroJiyK11 Ti5GaSn2 Ta Ti2Ni2Sn i BCTaHOBJieHo IX 

KpHCTaJii11Hy CTPYKTypy, BH3Ha11eHo Kp11cTaJii11Hy cTpyKTYPY BiJJ.OMOI rroTpill:HoI 

crroJiyKtt Zr5Co6Sn1 8. IToTpill:Ha crroJiyKa Ti5GaSn2 Mae rrpoT~)!(HY o6JiacTh 

f'OMoreHHOCTi rrpH IlOCTiHHOMY BMicTi THTaHy. ,[(JI~ BH3Ha1!eH~ il CTexioMeTpiI 

rropiBH~Ho eHTaJinrriI YTBopeHH~ crroJiyKH, po3paxoBaHi MeTOJJ.OM DFT, ~Kill: 

Ha,UaBaJIH ,LI.Ba MO)!(JIHBi CKJia,UH: Ti5GaSn2 i TisGa2Sn. Pe3yJinTaTH IlOKa3aJIH, mo 

,UpyrHH CKJia,U € TepMO,UHHaMi1IHO HeBHf'i,UHHM, OT)!(e CTexioMeTpH1IHHM CKJia,UOM 

crroJiyKH e Ti5GaSn2 (eHTaJihrri~ YTBopeH~ = -40,9 K,IQK/MOJin·aTOM). 

MeTOJJ.OM DFT po3paxoBaHo eHTaJihrri10 YTBopeH~ rroTpiHHHX crroJiyK 

TiNi2Sn (-52.79 K,IQK/MOJin·aToM), TiNiSn (-43 ,21 K,IQK/MOJin·aToM), Ti2Ni2Sn (-

45.60 K,IQK/MOJin·aTOM) Ta TisNiSn3 (-36.96 K,IQK/MOJib 'aTOM). U:i ,UaHi BHKOpHCTaHO 

nm TepMOJJ.HHaMi11Horo orr11cy c11cTeM11 Ti-Ni-Sn MeTOJJ.OM CALPHAD, pe3yJinTaTH 

~Koro no6pe y3ro,U)!(YIOThC~ 3 eKcrrep11MeHTaJihHHMH. 

BcTaHOBJieHo xapaKTep i TeMrrepaTypy YTBopeHH~ rroTpill:HHX crroJiyK, a 

TaKO)!( KOHcpi rypau.i10 i"x o6JiaCTeH f'OMOf'eHHOCTi. 

ITpoaHaJii3oBaHo xapaKTep yTBopeHH~ TBepnoro po31111Hy Co, Ni Ta Ga B 

Ti5Sn3. IToKa3aHo, mo rrptt nonaBaHHi no ~ 12 % (aT.) u.11x eJieMeHTiB no 

rronBiHHOI crroJiyKtt, IX aTOMH 3al1Mal0Th rropo)!(Hi rro3ttU,iI B rpan.1,i Ti5Sn3, 

YTBop10101111 TBepni po31IHHH BrrpoBa,U)!(eHH~. U:e Bin6yBat:ThC~ no YTBopeHH~ 

Brrop~JJ.KOBaHHX cpa3 Ti5Sn3 { Co,Ni ,Ga}. ,[(JI~ cpa3 i3 K06aJihTOM Ta HiKeJieM u.eH: 

CKJia,U BinrroBinae IX MaKCHMaJihHiH: po31IHHHOCTi B rro,UBiH:HiH: crroJiyu.i. B cttcTeMi 

Ti-Ga-Sn crroJiyKtt Ti5Sn3 i Ti5Ga4 YTBOpIOlOTh HerrepepBHHH p~n TBepn11x 

p031IHHiB, ~KHM Ha ,UiJI~HU.i 0 - ~ 12 % (aT.) Ga e po31IHHOM BrrpoBa,U)!(eHH~, rrptt 

6iJihillHX BMiCTax f'aJiiIO - p031IHHOM 3aMilll,eHH~. 

B rrepIIIill: 11acT11Hi mpembozo po1oirzy HaBe,UeHo rry6JiiKau,iI aBTopa 3a 

pe3yJinTaTaMH eKcrrepttMeHTaJibHOf'O ,UOCJii,U)!(eHH~ cpa30BHX piBHOBar y rr '~TH 

TpHKOMITOHeHTHHX cttcTeMax Fe- La__:__C Ta Fe-{La,Ce }-{Co,Ni} y BciH: o6JiacTi 

KOHU,eHTpaU,iH B IIIHpOKOMY ,Uiarra30Hi TeMrrepaTyp, BKJII01Ial01IH iHTepBaJI 

rrJiaBJieHH~ - KpHCTaJii3aU,iI, Ta o6Me)!(yl01IHX CHCTeMax {Fe,Co,Ni } - La, a TaKO)!( 

assessmenrn no cttcTeMax Fe- {Ce,Nd}-C, Fe-Mn-Ce. Pe3yJinTaTH nocJii,U)!(eHH~ 

rrpe,UCTaBJieHi y BHf'JI~,Uj rrpoeKU,iH IlOBepXOHh JiiKBi,Uycy, COJii,Uycy, ,UiarpaM 

rrJiaBKOCTI, 130TepMi1IHHX i IlOJiiTepMi1IHHX rrepepi3iB, peaKU,iHHHX cxeM. 

IloKa3aHo, mo cttcTeMa La-Fe BiJJ.HOCHThC~ no rrpocToro eBTeKTH11Horo 

Tttrry 3 cpopMOlO KpHBOI JiiKBinycy, ~Ka o6yMOBJil0€ MO)!(JIHBiCTb p03IIIapyBaHH~ B 
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MeTaCTa6irrhHOMY CTaHi a6o tioro CTa6irri3aui10 )J,OMlllIKaMll. U:eti BllCHOBOK 

rri)J.TBep)J.)l(eHo rrptt eKcrrepttMeHTMhHOMY BllBqeHHi cttcTeMM Fe-La-C, B 51Kiti 

CI10CTepiraeThC51 3aMKHeHa o6rraCTh p03lllapyBaHH51 pi)J.llHll. 5IK BllXO)J,llTh 3 

assessments aBTopa rro cttcTeMax Fe-Ce-C i Fe-Nd-C, B HMX po3lllapyBaHH51 

pi)J.MHM He Bi)J.6yBaeThC51, m:o rroB'513aHe 3 yTBopeHH5IM crrorryK B cttcTeMax Fe-Ce i 

Fe-Nd i «HOpManhHOI-O» KOHcpirypauie10 rriKBi)J.ycy. 

3Hati)J.eHo HOBY 6iHapHy crrorryKy Ce5Ni 19, BCTaHOBrreHo Ti KpttcTaniqHy 

cTpyKTypy. BcTaHoBrreHo xapaKTep i TeMrrepaTypy YTBopeHH51 rroTpitiHMX crrorryK 

(Co,Fe) 17La2, La3.67FeC6, Fe 11 Mn6Ce2 i Fe5Mn1Ce, a TaKO)l( K0Hcpirypaui10 ix 

o6rracTeti roMoreHHOCTi. 

,D,pyry qacTMHY p03)].Iny rrpI1CB5J:qeHO aHarr13y )J,IarpaM CTaHy 

TepMO)J.MHaMiqHMX BrracnrnocTeti cpa3 B p5I)J.ax cttcTeM F e-P3M, Co-P3M i Fe-Co

P3M. ,D,rr51 p5I)J.iB 6iHapHI1X cttcTeM ccpopMyrrnoBaHo ocHOBHi 3aKOHOMipHOCTi 

6y)J.OBI1 )J.iarpaM CTaHy. ,D,iarpaMll CTaHy CllCTeM KO)l(HOro p5I)J.Y ITO)J.irreHO Ha 6 
TllITiB, 51Ki BI13HaqaI-OThC51 CKrra)J,OM i KiJioKiCTI-0 KOHrpyeHTHllX crrorryK. Ha OCHOBi 

3aKOHOMipHOl 3MiHI1 )J.iarpaM CTaHy B3)],0B)l( KO)l(HOro p5I)J.Y 3po6rreHO rrporH03 

)J.iarpaM CTaHy CllCTeM, )J,OCi He rro6y)J.oBaHI1X. ,D,rr51 ouiHKll TeMrrepaTyp 
. . . 

eBTeKTllqHMX 1 rrepttTeKTllqHllX pIBHOBar B CllCTeMax, )J.tarpaMll CTaHy 5IKI1X He 

rro6y)J.oBaHi, BllKOpllCTaHO rriHitl:Hi Koperr5Iui1 TeMrrepaTyp UllX piBHOBar y 

)J.Ocrri)J.)l(eHMX CMCTeMax 3 TeMrrepaTypaMM rrrraBrreHH51 P3M. I1oKa3aHo, m:o B 
. . 

)J,e5IKMX Bttrra)J.Kax Kpam:e «rrpau100> Koperr5IU:I51 TeMrrepaTyptt pIBHOBarM 3 

rrop5I)J.KOBI1M HOMepoM P3M. 

Ha OCHOBi mHIMHMX Koperr5IU:lll cTaH)J.apTHMX eHTanhrriti YTBopeHH51 

iHTepMeTani)J.iB R2Co 17, RCo5, RCo3 3 rrop5I)J.KOBMM HOMepoM P3M cepe)J. BerrMKOl 

KirrhKOCTi orry6rriKOBaHI1X 3HaqeHh 3i 3HaqHI1M p03Kll)J,OM BI13HaqeHO lX Ha)J,itl:Hillli 

BeJIULlllHll i ouiHeHO 3HaqeHH51 )J,JI51 iinepMeTani)J.iB TllX P3M, )J,JI51 5IKI1X TaKi )J,aHi 
. . 

Bl)J.CYTHI. 

ITo.n:i6HMH aHarrl3 BMKOHaHo )J.JI5I rroTpitiHMX cttcTeM Fe-Co-P3M. 

CcpopMyrrnoBaHo Hati6irrhlll TllITOBi pttcll rroBepxoHh com)J.ycy uttx cttcTeM, 

OU:iHeHO TeMrrepaTyptt Hati6iJihlll TllITOBllX iHBapiaHTHllX pIBHOBar, 

3arrporroH0BaHo rrporHo3 rrpoeKui ti rroBepxoHh corri)J.ycy i rri KBi)J.ycy. 

l/emBepmuu po30i!l rrpttcB5IqeHo 3ararrhHOMY aHani3y .n:iarpaM cTaHy 

)J,OCJii)J,)l(eHllX CllCTeM Ta crropi,n:HeHllX. ,D,ocrri)J,)l(eHi CllCTeMll p03)].irreHO Ha )],Ba 

TllITll: (1) CllCTeMll 3 rrpOT5I)l(HllMI1 o6rraCT51Mll rOMOreHHOCTi a6o HerrepepBHllMll 

p5I)J,aMI1 TBep,n:Mx po3qMHiB ·cpa3 Ha OCHOBi ITO)J,BiHHllX crrorryK B3)],0B)l( 

i30KOHU:eHTpaTI1 TpeThOro KOMITOHeHTy; (2) CllCTeMll 3 ITOTpiHHllMll crrorryKaMll, 

rrpOT5I)l(HiCTh cpa3 Ha OCHOBi rro,n:BiHHllX crrorryK B HllX He3HaqHa. ,D,ttcepTaHT 

BBa)l(ae, m:o )J,JI51 CllCTeM TllITY ( 1) YTBOpeHH51 ITOTpiHHllX crrorryK He e 

xapaKtepHMM. HaBiTh y TMX Bttrra,n:Kax, KOJIM rrpo TaKi crr0Bim:arroc51 B rriTepaTypi, 

BOHM Mal-OTh rrpOT5I)l(Hi o6rracTi roMoreHHOCTi, p03TallIOBaHi B3)],0B)l( 

i30KOHU:eHTpaT, 51Ki Bi)J.ITOBi,n:alOTh ITO)J.BiHHllM crrorryKaM. 3po6rreHo BllCHOBOK rrpo 
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Te, mo He Bci 3 HHX MO)l(Ha BBa)KaTH niikHo ITOTpiHHHMH crro11yKaMH. 06roBopeHO 

HH3KY rrpHK11aniB, K011H BOHM TaKHMH He € a6o MO)KYTb He 6yTH. ,ll,mr BHpillleHH51 

IJ,bOfO 11HTaHH51, Ha nyMKY aBTOpa, Heo6xinHi noc11in)f(eHH5I IJ,HX CHCTeM rrpH 

KlJibKOX TeMrrepaTypax. 

ITepenyMOBOlO BinHeceHH51 CHCTeMH no THITY ( 1) € BincyTHiCTb CIT011YK B 

onHitt 3 06Me)Ky10L£11x cHcTeM, no THrry (2) - YTBopeHH51 crro11yK B ycix 

o6Me)KylOLJ:HX CHCTeMax. 

IToKa3aHO, mo Ki11bKiCTb ITOTpiHHHX crro11yK y CHCTeMax 3 KpeMHiE:M 3HaLJ:HO 

6i11bllla, Hi)K y CHCTeMax 3 0110BOM. B IJ,bOMY BinHollleHHi rrpoaHa11i30BaHo 

cHcTeMH M ' -M"-Si Ta M'-M"-Sn, ne M' - Ti Ta d-MeTan IV-VI rpyrrH, M" - d
MeTan Bin Mn no Cu. IToKa3aHo, Ki11hKicTb rroTpittHHX crro11yK rrapa6011iL£Ho 

3aJie)f(HTb Bin Ki11hKOcTi Ba11eHTHHX e11eKTpoHiB M' ', To6To Bin iioro aKu,errTopHo·i 

3naTHOCTi. MaKCHMaJibHa Ki11hKiCTb crro11yK y CHCTeMax 3 0110BOM 4, 3 KpeMHiE:M -

11 . MaKCHMYM rrpHxonHTbC51 Ha Co Ta Ni. 

ITpoaHaJii3oBaHo crroci6 i TeMrrepaTypy YTBopeHH51 cpa3 feiic11epa M'M' ' 2Sn 

i M'M"Sn B 3aJie)KHOCTi Bin Ki11bKOCTi BaJieHTHHX e11eKTpoHiB M". IToKa3aHo, mo 

cpa311M'M"2Sn B 6i11hlllOCTi BHrranKiB 1111aB1151TbC51 KOHrpyeHTHO, cpa3aM M'M"Sn 

rrpHTaMaHHi pt3Ht crroco6H yTBopeHH51 - KOHrpyeHTHHH, rrepHTeKTHLJ:HHH, 

rrepHTeKTo1nHHH. 3aJie)KHOCTi n1151 o6ox THITiB crro11yK rrapa6011iLJ:Hi 3 MaKCHMYMOM 

n1151 Co Ta Ni. 

Onep)KaHi B nHcepTau,iiiHiii po6oTi pe3y11bTaTH MalOTh He 11Hllle 

cpyHnaMeHTa11bHe, ane ii rrpHK11anHe 3HaqeHH51, ocKiITbKH po3IllHp1010Tb 

cpyHnaMeHTa11bHY iHcpopMau,ilO rrpo oco611HBOCTi B3a€Monii" KOMITOHeHTiB B 

CHCTeMax THTaHy Ta 3aJii3a 3 d-MeTa11aM11, p-e11eMeHTaMH Ta P3M. BHKOHaHHH 
.. . . . . 

CHCTeMaTHqHa lX 110p1BH51HH51 31 crroptnHeHHMH CHCTeMaMH nae MO)K11HBlCTb 

rrepen6aqHT11 xapaKTep niarpaM cTaHy cHcTeM, 51Ki me He noc11in)KyBan11c51. 

Heo6xinHo TaKO)K Bin3HaqHTH, mo pe3y11hTaT11 n11cepTau,ii1:Horo noc11in)KeHH5I e 
u,iHHI1M nonaTKOBHM MaTepianoM n1151 crreu,ianicTiB B ra11y31 cpi311LJ:HOl i 

. .. . ... . 
HeopramqHm x1M11 Ta MaTeptaJI03HaBCTBa. 

Y3araJib,HlOlOLJ:H, MO)l(Ha CKa3aTH, mo <DapTylllHa IO.B. BHKOHaJia Be1111Ky 

HayKoBy po6oTy, 11036aB11eHy cyrreB11x Heno11iKiB. A11e, 51K i no KO)KHOI po60T11 

TaKoro Tl1l1Y ' no He·i MO)l(Ha 3po611Tl1 p51n 3ayBa)KeHb, cepen 51Kl1X XOTi110C51 6 
. . . 

BtnMtTHTI1 HaCTYITHI: 

3aysameum1 )1,0 )1,UcepTa1di" 

1. Orr11c eKcrrepHMeHTaJibHI1X MeTon11K, 1x MO)K1111BOCTett i rrox1160K MiCTHTbC51 

y cTaTT51X, a He rrepenye 51K 3BHqai1:Ho po3ni11aM n11cepTau,iiiH01 po60T11, mo 
. . . . 

ycK11anH10€ OIJ,IHKY nocTOBlpHOCTJ onep)KaHI1X pe3y11bTaTIB. 

2. · Ha p11c. 4a aBTOpecpepaTy onHocpa3Ha 0611acTb pinKo1 cpa3H Mae noc11Tb 

cK11anHy cpopMy. He3po3yMi110, 51Kl1M LJ:l1HOM i 3 51KOlO TOLJ:HiCTlO BCTaHoB11eH11H 

u,eii eKcrrepHMeHTa11bHI1H pe3y11hTaT. 
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3. Po3;::i:inn ;::i:ncepTaui1 CKJia;::i:aIOThC5! 5IK i3 onncy yKpatHChKOIO MOBOIO, TaK i 3 

orry6niKoBaHHX CTaTeH yKpalHChKOIO, aHrniHChKOIO Ta pociHChKOIO MOBaMH, IUO 

pyM:Hye uinoHiCTh BHKna;::i:eHH5! Ta ycKna;::i:HIOt: crrpnttH5ITT5! MaTepiany. 

4. ITepeniK cTaTeM: Ta Te3 HaBOJJ:HThC5! y ;::i:ncepTaui1 ;::i:BiLJi: Ha noLJaTKY rrepe;::i: 

3MicToM Ta HarrpnKiHui - y ;::i:o;::i:aTKY A (rrpn UhOMY ;::i:o;::i:aToK E Bi;::i:cyTHiM:). 

5. I1i;::i:po3;::i:in ;::i:ncepTauiM:Hoi· po60TI1 <<rrpaKTlll..JHa 3H31..JI1MiCTh» MiCTllTh 

impopMauiw rrpo MO)l(JillBiCTh BllKOpI1CTaHH5! OTpHMaHHX B po6oTi ;::i:aHHX .Il:J15! 

po3po6Kll MeTOJJ:iB CllHTe3y OJJ:HOcpa3HllX noniKpllCTMil..JHllX i MOHOKpllCTaJiil..JHllX 

Ta KOMII03HUiHHI1X MaTepianiB, rrpoTe He MiCTllTh impopMaui1 rrpo rrpHKna;::i:n 

Cl1HTe3y T3KI1X MTaeptaJIIB. 

BKa3aHi 3ayBa)l(eHH5! He e cyrreBHMll i He 3Hll)l(YJOTh Bl1COKo1 HayKoBo1 

UiHHOCTi JJ:MCepTaUiHHOl po60TI1. f1iJJ:TBep;::i:)l(eHH5IM i"i Bl1COKOf0 HayKOBOfO piBH5! E: 

rry6niKaui1 aBTOpa y BllCOKopettTl1HfOBl1X HayKOBllX BllJJ:aHH5IX (rrepeBa)l(HO 

3aKop;::i:oHHnx). BBa)l(aJO, ruo rro;::i:aHa ;::i:o 3axncTy ;::i:11cepTauiH:Ha po6oTa "<l>a3oBi 

piBHOBarn, CTPYKTypa i BJlaCTHBOCTi cnJlaBiB cncTeM THTauy i 3aJli3a 3 d
MeTaJlaMn, p-eJleMeHTaMH i P3M", 3a aKTyanoHiCTIO TeM11, cTyrreHeM 

o6rpyHTOB3HOCTi i HOBI13Hll o;::i:ep)l(aHHX HayKOBl1X pe3yJioTaTiB, lX rrpaKTlll..JHOfO 

3Hal..JeHH5!, piBHeM rry6niKauiH: Bi;::i:rroBi;::i:ae yciM BHMoraM rrn.10 Ta 13 "I1op5IJJ:KY 

rrpncy;::i:)l(eHH5! HayKOBllX CTyrremB I rrp11CBOE:HH5! Bl..JeHoro 3BaHH5! CTaprnoro 

HayKoBoro crriBpo6iTHHKa", 3aTBep;::i:)l(eHoro ITocTaHOBOIO Ka6iHeTy MiHicTpiB 

YKpa1H11 M~567 Bi.II: 24.07.2013 p. (3i 3MiHaMn Bi.II: 27.07.2016 p., rrocTaHoBa 567-

2016-rr) ruo;::i:o ;::i:oKTopchKHX ;::i:11cepTauiH:, a "ii aBTop, <l>apryrnua IOJJiH 

BiKTopiBHa 3acnyr0Bye Ha rrp11cy;::i:)l(eHH5! HayKoBoro cTyrreH5! JJ:OKTOpa xiMil..JHHX 

HayK 3a crreuiaJioHicTIO 02.00.04 - cpi3nLJHa xiMi5!. 

OcpiuiH:H11H: orroHeHT, 

aKa;::i:eMiK HAH Y Kpa1H11, 

;::i:11peKTOp lHCTllTYTY H3JJ:TBep;::i:11 

B.3. TypKeBnq 


