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«TepMO.r:i:MHaMiKa i cpa30Bi rrepeTBOpeHH51 B 6araTOKOMIIOHeHTHMX aMopcpoyTBOplOlOqMx 
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.r:i:oKTOpa xiMiqHMX HayK 3a crreu:iaJihHiCTlO 02.00.04- <«l>i3MqHa xiMi51» 

AKTyanhuicTh TeMu JJ.UcepTau,i"i 
HoBMM KJiac MeTaneBMX MaTepianiB - aMopcpHi crrnaBM - Ha6yB 3HaqHoro po3BMTKY 

i e rrepcrreKTMBHMM .z:i:n51 rrpOMMCJIOBOro BMp06HMU:TBa. AMopcpHi CITJiaBM i BMpo6M 3 HMX 

.r:i:eMOHCTPYlOTb yHiKaJibHMM KOMITJieKC Ha.r:i:3BMqaifHMX MexaHiqHMX (TBep.r:i:icTb, MiU:HiCTh, 

IIJiaCTMqHiCTb), xiMiqm1x (Kopo3iifHa CTiifKiCTh, 3.z:i:aTHiCTb rrorJIMHaTM ra3M, KaTaJii3yBaTM 

XIMJqHi rrpou:ecM), MarHiTHMX i eneKTpMqHMX BJiaCTMBOCTeif. Ba:>KJIMBMMM 

rrpe.r:i:cTaBHMKaMM U:MX MaTepianiB e 6araTOKOMIIOHeHTHi aMopcpHi crrnaBM, yTBopeHi 

rrepexi.r:i:HMMM MeTaJiaMM: TMTaHOM U:HpKoHieM, racpHieM, 3aJii30M, K06aJibTOM, HiKeJieM Ta 

M1.z:i:.z:i:10. 

0.r:i:HielO 3 rrpo6JieM, w;o CTae Ha IIIJI51XY po3po6KM HOBMX CKJia.r:i:iB aMopcpHMX . . .. . . 
CIIJiaBIB l BM3HaqeHH51 HOBMX rrepcrreKTMBHMX CMCTeM .z:i:n51 IX o.r:i:ep)f(aHH51, e BI.r:i:cyTHICTb 

cMcTeMaTMqHoro cpi3MKo-xiMiqHoro .r:i:ocni.r:i:)f(eHH51 cpeHoMeHy aMopcpi3au:ii'. Ha TerrepiIIIHiM 

qac OCHOBHi 3YCMJIJI51 .r:i:ocni.r:i:HMKiB 30Cepe.r:i:)f(eHi Ha po3po6u:i i OIITMMi3au:i1 HOBMX 

TOqKOBMX 6araTOKOMIIOHeHTHMX CKJia.r:i:iB, .z:i:n51 51KMX, B 6iJihIIIOCTi BMrra.r:i:KiB, Bi.r:i:oMi 

TexHonoriqHi yMOBM o.r:i:ep)f(aHH51 i cyKyrrHiCTh cpi3MqHMX BJiaCTMBOCTeif. B TOM )f(e qac . . . . 
TepMo.r:i:MHaM1qm BJiaCTMBOCTl p03IIJiaBIB, 3 51KMX BOHM YTBOplOlOTbC51, 3aJIMIIIalOTbC51 

Matt)f(e HeBi.r:i:oMMMM. TaKa CMTyau:i51 BKa3Y€ Ha Heo6xi.r:i:HiCTb CMCTeMaTMqHoro rri.r:i:xo.r:i:y .r:i:o 

BMBqeHH51 cpi3MKo-xiMiqHMX OCHOB o.r:i:ep)f(aHH51 crrnaBiB U:hOro KJiacy. TaKMif rri.r:i:xi.r:i: 6yB 6M 

KOpMCHMM .z:i:n51 BM3HaqeHH51 rrepcrreKTMBHMX CMCTeM i rrporHo3yBaHH51 KOHU:eHTPau:iifHMX 

o6nacTeif aMopcpi3au:i1 B HMX. 

CaMe TOMY .r:i:11cepTau:iifHa po6oTa ArpaBana 11. r., crrp51MOBaHa Ha .r:i:ocni.r:i:)f(eHH51 

TepMo.r:i:MHaMiqHMX BJiaCTMBOCTeif MeTaJIJqHMX p03IIJiaBlB 6araTOKOMIIOHeHTHMX 

aMopcpoyTBop1010q11x CMCTeM rrepex1.r:i:HMX MeTaJIIB, BM3HaqeHH51 3aJie)f(HOCTI U:MX 

BJiaCTMBOCTeif Bi.r:i: CKJia.r:i:y' TeMrrepaTyp11 i q11cna KOMIIOHeHTiB CMCTeM Ta BM51BJieHH51 

cpaKTopiB, w;o BM~HaqalOTb 3.z:i:aTHiCTb p03ITJiaBiB .r:i:o aMopcpi3au:i1, e 6e3yMOBHO 

aKTYaJihHOlO. JJ:McepTau:iifHa po6oTa TaKO)f( Hau:ineHa Ha Mo.r:i:eJilOBaHH51 piBHOBa)f(HMX Ta 

MeTaCTa6iJibHMX cpa30BMX rrepeTBOpeHb 3a yqaCTlO rrepeoxono.r:i:)f(eHMX p03IIJiaBiB i 

rrporHo3yBaHHlO KOHU:eHTpau:iifHMX o6nacTeif aMopcpi3au:i'i. Ba)f(JIMBMM e Te, w;o u:i 

3aB.r:i:aHH51 BMpiIIIylOThC51 B .r:i:aHiif .r:i:McepTau:iifHiif po6oTi 3 BMKOpMcTaHH51M CALPHAD­

MeTo.r:i:y - cyqacHoro 3aco6y Mo.r:i:eJilOBaHH51 cpa30BMX piBHOBar B 6araTOKOMITOHeHTHMX 

CMCTeMax. 

AKTYaJihHiCTh po6onr TaKO)f( rroB'513aHa 3 B.r:i:aJIMM B116opoM cpi3MqHoro o6'eKTY 

.r:i:ocni.r:i:)f(eHh - 6araTOKOMIIOHeHTHMX po3nnaBiB rrepexi.r:i:HMX MeTaniB, w;o MiCT51Th IVB­

MeTaJIM, 3aJii3o, Ko6aJihT, HiKeJih Ta Mi.r:i:h. Ui po3rrJiaBM Bi.r:i:oMi TMM, w;o Ha ix ocHoBi 

o.r:i:ep)f(aHi aMopcpHi, 06 ' €MHi aMopcpHi i BMCOKOE:HTporriifHi aMopcpHi CIIJiaBM . 

.il:McepTau:iifHa po6oTa ArpaBaJia 11. r. IIOB'513aHa 3 TeMaTMKOlO HayKOBo-.r:i:ocni.r:i:HMX 

po6iT, w;o BMKOHYBaJIMC51 B JJ:oH6aChKiM .r:i:ep)f(aBHiif MaIIIMHo6y.r:i:iBHiif aKa.r:i:eMil (M. 



KpaMaTopcnK) 3a paxyHoK KOIIITiB JJ,ep)l(aBHoro 6IOJJ,)l(eTy: «TepMO,IlJIHaMiLJHe 

JJ,OCJiiJJ,)l(eHH5I 6araTOKOMITOHeHTHIIX po3ITJiaBiB i MOJJ,eJIIOBaHH5I i'x 06' E:MHOl aMopcpi3au:ii"» 

(N2 JJ,ep)l(aBHOl peE:CTpau:ii' 0106U00162 l ), 2006-2008 pp.; «TepMO)J,IIHaMiLJHe 

)J,OCJiiJJ,)l(eHH5I B3aE:MOJJ,ii' KOMITOHeHTiB po3rrJiaBiB aMopcpoyTBOplOIOLJIIX CIICTeM Ta 

po3BIITOK cpyHJJ,aMeHTaJihHIIX rrpIIHU:IIITiB CTBOpeHH5I aMopcpHIIX CITJiaBiB» (N2 JJ,ep)l(aBHOl 

peE:CTpau:n 0112UOO 1245), 2012-2014 pp.; «TepMO)J,IIHaMiLJHe JJ,OCJii)J,)l(eHH5I 

6araTOKOMITOHeHTHIIX p03ITJiaBiB rrepexiJJ,HIIX MeTaJiiB )J,JI5I CTBOpeHH5I KpIICTaJiiLJHIIX Ta 

aMopcpHIIX BIICOKOeHTporrii1:HIIX CITJiaBiB>> (N2 JJ,ep)l(aBHOl peecTpau:ii' 0115U00318 l ), 
2015- 2017 pp.; «EaraTOKOMITOHeHTHi p03ITJiaBH )J,JI5I CTBopeHH5I BIICOKOeHTPOITiMHIIX 

CITJiaBiB: TepMOJJ,IIHaMi LJHi BJiaCTIIBOCTi' cpa30Bi piBHOBarII, cpyHJJ,aMeHTaJibHi rrpIIHU:IIITH 

·po3po6KII» (N2 JJ,ep)l(aBHOl peE:CTpau:ii' 0 l 12U006709), 2014-2019 pp. ,[I;IIcepTau:ii1:Ha 

po6oTa TaKO)l( BIIKOHYBaJiaC5I B paMKaX rrporpaM Mi)l(HapoJJ,Horo HayKoBoro 

crriBpo6iTHIIU:TBa «Binary Evaluation Program» i « Ternary Evaluation Program», 5IKi 

rrpoBOJJ.5IThC5I Materials Science International Team (illTyTrapT, HiMeLJLJIIHa). 

HaBeJJ,eHi BIIIl(e cpaKTII e CBiJJ,qeHH5IM 3aTpe6yBaHOCTi HayKOBIIX JJ.OCJiiJJ,)l(eHh B 

JJ,aHOMY Harrp5IMKy, i, BiJJ,ITOBiJJ,HO, BKa3yIOTh Ha aKTyaJJhHICTh JJ,IIcepTau:ii1:Horo 

JJ,OCJiiJJ,)l(eHH5I ArpaBaJia IT.f. 

Ou;ittKa o6rpyttTOBattocTi uayKOBHX noJJo'.IKeHh JJ.HcepTau;ii, BHCHOBKiB, ix 

)l.OCTOBipuiCTh i HOBH3H3 

AHaJii3 MaTeplaJilB JJ,IICepTau:ii1:HOl po60TII ArpaBaJia IT. r. I10Ka3y£, Il(O . . . . 
)J,OCJil)J,)l(eHH5I BIIKOHaHl Ha HaJie)l(HOMY HayKOBOMY p1BH1 3 BIIKOpIICTaHH5IM cyqaCHIIX 

eKcrrepIIMeHTaJihHIIX Ta TeopeTIILJHIIX MeTOJJ,iB: BIICOKOTeMrrepaTypHoi' i3orrepII6oJiiLJHOl 

KaJIOpIIMeTpii' JJ,JI5I eKcrrepHMeHTaJibHoro BII3HaLJeHH5I eHTaJihml yTBopeHH5I piJJ.KIIX 

CITJiaBiB; MOJJ,eJii acou:ii1:oBaHoro p03LJIIHY JJ,JI5I TeopeTIILJHOro Bll3HaLJeHH5I TeMrrepaTypHO­

KOHU:eHTpau:iMHoi' 3aJie)l(HOCTi TepMOJJ,IIHaMiLJHIIX BJiaCTIIBOCTei1: p03ITJiaBiB i aHaJii3y 

rrapaMeTpiB aTOMHoro yrrop5IJJ.KyBaHH5I B HIIx; CALPHAD-MeTOJJ.Y JJ,JI5I TeopeTHLJHIIX 

)J,OCJiiJJ,)l(eHb piBHOBa)l(HlIX Ta MeTaCTa6iJibHIIX cpa30BIIX rrepeTBOpeHb 3a yqacTIO 

po3rrJiaB 1 B. 

Bci HayKoBi ITOJIO)l(eHH5I i BIICHOBKH, ccpopMyJihOBaHi y JJ,IICepTau:ii' ArpaBaJia IT. r ., 
6a3ylOThC5I Ha pe3yJinTaTax eKcrrepHMeHTaJihHIIX Ta TeopeTIILJHIIX )J,OCJil)J,)l(eHb, . . . . 
OTpIIMaHIIX 3 BIIKOpIICTaHH5IM rrepemqeHIIX MeTO)J,lB, JIOrJLJHO BIITIKalOTh 3 OTpIIMaHIIX 

pe3yJihTaTiB i € JJ,OCTOBipHIIMII. BIICHOBKII, 3po6JieHi B JJ,IIcepTau:ii', BiJJ,ITOBiJJ,alOTh 

ITOCTaBJieHIIM 3aBJJ,aHH5IM, BHpiIIIeHH5I 5IKIIX )J,03BOJIIIJIO ArpaBaJIY IT. r. OJJ,ep)l(aTII p5IJJ. 

HOBIIX pe3yJinTaT1B, 5IK1 CTaHOBJI5ITh co6010 uayKoBy HOBHJHY )J,HCepTau:n 

Hai1:BaroMiIIIHMI1 3 5IKHX E:: . . . 
- pe3yJihT3Tll eKcrrepI1MeHT3JihHI1X . JJ,OCJIJJJ,)l(eHh eHTaJihilll 3MIIIIYB3HH5I ptJJ,KHX 

crrnaBiB TpHKOMITOHeHTHHX CHCTeM Co-Cu-Ti, Co-Cu-Zr, Cu- Fe-Ti, Cu-Fe-Zr, Cu-Fe-

Hf Cu-Ni-Ti Cu-Ni-Hf Cu- Ti-Zr Cu-Ti-Hf Ni-Ti-Zr Ni- Ti-Hf i HOBl 
' ' ' ' ' ' 

eKcrrepIIMeHTaJihHi JJ,aHi JJ,JI5I JJ.BOKOMITOHeHTHHX po3rrJiaBiB Fe-Ti, Fe-Zr i Fe- Hf, 5IKi 

BKa3YIOTh Ha Bl13HaLJeHy pOJih ITOJJ,BiMHHX B3aE:MOJJ,ii1: KOMITOHeHTiB; 

pe3yJihTaTII MOJJ,eJilOB3HH5I B paMKqX MOJJ,em acou:rnoBaHoro p03LJI1HY 

:reMrrepaTypiIO-KOHU:eHTpau:iMHOl 3aJie)l(HOCTi TepMOJJ,HHaMiLJHHX cpyHKU:ii1: 3MiIIIyBaHH5I 

JJ,BOKOMITOHeHTHHX po3rrJiaBiB Fe-Ti, Fe-Zr Ta Fe-Hf i TpIIKOMrroHeHTHIIX po3rrJiaBiB Co-



Cu- Ti Co-Cu-Zr Co-Cu- Hf Cu-Fe-Ti Cu-Fe-Zr Cu- Fe-Hf Cu-Ni- Ti Cu-Ni-Zr 
' ' ' ' ' ' ' ' 

Cu-Ni-Hf Cu- Ti- Zr Cu- Ti-Hf Cu-Zr-Hf Ni- Ti- Zr Ni-Ti- Hf Ni- Zr- Hf 
' ' ' ' ' ' ' 

- po3po6Ka 6a3H .z:i:aHHX .z:i:mi: po3paxyHKY TepMO.IJ:HHaMiLIHHX BJiaCTHBOCTeii 
6araTOKOMIIOHeHTHHX aMopcpoyTsop1010LIHX po3rrJiaBiB CHCTeMH Co-Cu- Fe-Ni- Ti-Zr­
Hf, Ta pe3yJinTaTH po3paxyHKiB 3 i"i BHKOpHcTaHH5IM TepMO.IJ:HHaMiLIHHX cpyHKU:iii 
3MirnysaHH5I po3rrJiaBiB cwcTeM Cu-Ni-Ti- Zr, Cu- Ni- Ti- Hf i Cu- Ni- Ti- Zr-Hf Ta 
eKsiaTOMHHX II15ITHKOMIIOHeHTHHX po3rrJiasis cwcTeMH Co-Cu- Fe- Ni- Ti- Zr-Hf; 

- pe3yJinTaTH po3paxyHKiB CKJia.z:i:y acou:iiiosaHoro po3LIHHY i ou:iHKH cTyrreH10 
6JIH)l(Hhoro xiMiLIHoro rrop5I.IJ:KY 5IK cyMapHo1 MOJihHOl LiaCTKH acou:iaTiB Uassoc B 
po3IIJiaBax .IJ:BO-, TpH-, LIOTHpH- i II15ITHKOMIIOHeHTHHX CHCTeM; 

- pe3yJinTaTH rrporHo3yBaHH5I KOHU:eHTpau:iiiHHX o6JiaCTeii aMopcpi3au:i1 p03IIJiaBiB 
Co-Cu- Ti Co-Cu-Zr Co-Cu-Hf Cu-Fe-Ti Cu-Fe-Zr Cu-Fe-Hf Cu- Ti- Hf Cu- Zr-

' ' ' ' ' ' ' 
Hf Ni-Ti- Hf Ni-Zr-Hf Cu-Ni-Ti-Hf Cu-Ni-Ti- Zr Cu-Ni-Zr- Hf Cu- Ti- Zr-Hf Ni-' ' ' - ' ' ' ' 
Ti-Zr- Hf Ta Cu-Ni- Ti- Zr- Hf 

' 
- pe3yJinTanI TepMo.r:i:1rnaMiLIHoro orrncy rroTpiiiHHX CHCTeMH Cu-Ti- Hf, i Cu- Ti- Zr 

i 6iHapHo1 CHCTeMH Ti- Zr B paMKax CALPHAD-MeTo.z:i:y, rrpe.r:i:cTaBJieHi y BHrmi.z:i:i . . . 
Bl.IJ:IIOBl.IJ:HHX marpaM CTaHy; 

- po3po6JieHa B paMKax CALPHAD-MeTo.z:i:y 6a3a .z:i:aHHX rrapaMeTpis MO.IJ:eJieii 
TepMO.IJ:HHaMiLIHHX BJiaCTHBOCTeii p03IIJiaBiB i rpaHHLIHHX TBep.z:i:Hx po3LIHHiB Ha OCHOBi 
LIHCTHX KOMIIOHeHTiB CHCTeMH Co-Cu- Fe- Ni- Ti- Zr-Hf .IJ:JI5I crrp5IMOBaHoro rrornyKy 

CKJia.r:i:is aMopcpHHX CIIJiaBiB i pe3yJinTaTH rrporHo3yBaHH5I si.z:i:rroBi.IJ:HHX KOHU:eHrpau:iiiHHX 
o6JiacTeii aMopcpi3au:i1 po3rrJiasis. 

3uaquMiCTb peJyJJbTaTiB LJ,HCepTauiiiuoi' po60TH LJ,JJSI uayKH i npaKTHKH 

HayKoBa 3HaLIHMiCTh pe3yJinTaTiB .IJ:HCepTau:iiiHOl po60TH ArpaBaJia TI. r. IIOJI5Irae B . ... . . 
TOMy, lll,O eKCIIepHMeHTaJihHO BH3HaLieHJ eHTaJihIIll 3MtrnyBaHH5I 1 pe3yJinTaTH 
MO.IJ:eJI10BaHH5I TepMO.IJ:HHaMiqHHX cpyHKU:iii 3MirnysaHH5I po3rrJiaBiB Fe- (Ti, Zr, Hf), Co­
Cu-Ti Co-Cu-Zr Cu- Fe- Ti Cu-Fe-Zr Cu-Fe-Hf Cu-Ni- Ti Cu- Ni- Hf Cu-Ti-Zr ' ' ' ' ' ' ., ' 
Cu-Ti- Hf, Ni-Ti- Zr, Ni- Ti-Hf cyrreso .z:i:orroBHlOlOTh iHcpopMau:i10 3 TepMO.IJ:HHaMiKH 
cpa3 aMopcpooyTsop1010LIHx cwcTeM. BoHH Ha.z:i:a10Th po3yMiHH5I 3MiHH xapaKTepHCTHK 
xiMiqHoro 3B'5I3KY i TepMO.IJ:HHaMiqHHX cpyHKU:iii 3MirnysaHH5I B U:HX CHCTeMax B 
3aJie)l(HOCTi Bi.IJ: CKJia.r:i:y' TeMrrepaTypH i LIHCJia KOMIIOHeHTiB. Po3paxosaHi .z:i:iarpaMH CTaHy 
cHcTeM Ti-Zr, Cu- Ti-Zr, Cu-Ti-Hf .z:i:orroBHlOlOTh iHcpopMau:i10 rrpo cpa3oBi pisHosarH B 
cHcTeMax rrepexi.r:i:HHX MeTaJiiB. BH3HaqeHi KiJinKicHi crrissi.r:i:HorneHH5I CKJia.IJ:OBHX eHepri1 
fi66ca 6araTOKOMIIOHeHTHHX p03IIJiaBiB B lIIHpOKOMY iHTepBaJii TeMrrepaTyp Ha.IJ:alOTh 
po3yMiHH5I OCHOB OTpHMaHH5I aMopcpHHX BHCOKOeHTporriiiHHX CIIJiaBlB lHlIIHX 
BHCOKOeHTporriiiHHX cpa3 Ha OCHOBi rrepexi,n:HHX MeTaJiiB. 

3 rrpaKTHLIHOl TOLIKH 3opy' po3po6JieHi 6a3H .z:i:aHHX .IJ:JI5I crrp5IMOBaHoro rrornyKy 
CKJia.r:i:is aMopcpHHX crrJiasis cwcTeMH Co-Cu-Fe-Ni-Ti-Zr-:Hf i rrpose.r:i:eHi 3 1x 
BHKOpHCTaHH5IM po3paxyHKH 3aKJia.IJ:alOTh rri.z:i:rpyHT5I .IJ:JI5I nornyKy HOBHX CKJia.r:i:iB 
6araTOKOMIIOHeHTHHX aMopcpHHX crrJiaBiB. Ba)l(JIHBHMH .IJ:JI5I rrpaKTHLIHHX po3paxyHKiB 
rrepcrreKTHBHHX CKJia.r:i:is aMopcpHHX CIIJiaBiB .e rrpe.z:i:cTaBJieHi B po6oTi MeTO.IJ:HKH 

. rrporH03yBaHH5I KOHU:eHTpau:iHHHX o6JiaCTett aMopcpi3au:il p03IIJiaBrn, pe3yJinTaTH 
rrporHo3yBaHH5I 3a 5IKHMH 3a.IJ:OBIJihHO y3rO.IJ:)l(YlOThC5I Mi)!( co6010 Ha5IBHOIO 



eKcrrep11MeHTaJihH010 impopMauie10. Onep)!(aHi B po6oTi pe3ynoTaT11 3 TepM0Ll,11HaMiK11 

cpa3 i cpa30Bl1X piBHOBar MO)!(YTh 6yTI1 urnpOKO Bl1KOpI1CTaHi cpaxiBU51Ml1 B raJiy3i 

cpi3WIHOI xiMiI Ta xiMil.fHOro i cpi3l1l.fHOro MaTepiaJI03HaBCTBa. 

IloBHOTa BHKJia.ny OCHOBHHX pe3yJihT3TiB .uucepTau,i"i 
OcHOBHi pe3yJI0TaT11 Ll,HCepTauiifHOI po60TI1 ArpaBaJia IT. r. orry6niKOBaHi B 64 

HayKOBI1X rry6niKaui5IX, 51Ki BKJilOl.falOTh 1 MOHOrpacpi10, 29 CTaTeH y HayKOBI1X )!(ypHaJiax 

( 3 51Kl1X 23 cTaTTi y BHLI.aHH5IX, w:o e cpaxoB11M11 a6o iHLI.eKcy10ThC5I 6a3aM11 naH11x Scopus 

Ta Web of Science, 8 3 HHX orry6niKoBaHi y BHLI.aHH5IX rreprnoro Ta npyroro KBapT11JiiB) Ta 

34 Te3l1 Ll,OilOBiLI.eH Ha Mi)!(HapOL1,Hl1X HayKOBI1X KOHcpepeHui5IX. 

3araJIOM, Bl1MOrl1 CTOCOBHO IlOBHOTI1 rry6niKauiif Ta arrpo6auiI pe3yJioTaTiB 

Ll,l1CepTauiI ArpaBaJia IT. r. Bl1KOHaHO y IlOBHOMY o6C513i. 

Ou,iuKa 3MicTy .uucepTau,iiiuo'i po6oTu 
,ll,11cepTaui5I ArpaBaJia IT.r. CKJiaLl,aE:ThC51 3j BCTyrry, ceMI1 p03Ll,1JIIB, Bl1CHOBKiB, 

Cill1CKY Bl1KOpI1CTaHI1X Ll,)!(epeJI i Ll,OLl,aTKiB. IToBHI1H o6c5Ir Ll,l1CepTaui"i CKJiaLl,aE: 452 
CTOpiHKI1, 3 Hl1X 336 CTopiHOK OCHOBHOro TeKCTy. ,ll,11cepTaui5I MiCTI1Th 139 p11cyHKiB, 46 
Ta6nm.J;h Ta ciM nonaTKiB. Crr11coK B11Kop11cTaH11x Ll,)!(epen HapaxoBye 323 HaiiMeHyBaHH51. 

BcTyn .uucepTau.i'i nocTaTHhO rroBHO po3Kpl1Bae cyTHiCTh Ta cyl.facHHH cTaH . . . . . 
Ll,OCJIILl,)!(eHh, w:o rrpI1CB5Il.feHI TepMOLI.I1HaMil.fHI1M BJiaCTI1BOCT5IM MeTaJIIl.fHI1X po3rrJiaBIB 

aMopcpoyTBOplOlOl.fl1X Cl1CTeM rrepexiLI.HI1X MeTaJiiB, piBHOBa)!(Hl1X Ta MeTaCTa6iJihHI1X 

cpa30B11x rrepeTBopeHh 3a IX yl.faCTlO i rrporHo3yBaHH51 KoHueHTpauiifHHX o6nacTeii 

aMopcpi3auil. ABTopoM o6rpyHToBaHa aKTyanhHicTh TeM11 n11cepTauiifHoI po60T11, 

ccpopMyJihOBaHi MeTa po60TI1, 06' E:KT, rrpe,r:i:MeT, 3a,[(al.fi Ta MeT0,[(11 ,[(OCJii,[()!(eHb, 

ccpopMyJihOBaHO HayKOBY HOBI13Hy, Bl13Hal.feHO rrpaKTHl.fHY uiHHiCTb pe3yJioTaTiB po60TI1, 

HaBe,r:i:eHO oco6HCTI1H BHeCOK 3Ll,o6yBal.fa Ta arrpo6aui10 pe3yJibTaTiB L1.0CJil,[()!(eHb, 

rry6niKauiI 3a TeMolO n11cepTauiI Ta CTPYKTYPY po60T11. 

y neprnoMy p03.UiJii ,r:i:11cepTaHTOM ArpaBaJIOM IT. r. po3rJI5IHYTO JiiTepaTypHy 

iHcpopMaui10 rrpo TepMO)],HHaMil.fHi BJiaCTI1BOCTi pi,r:i:KHX CITJiaBiB i rrpo CKJia,r:i:11 aMopcpHI1X 

,[(BO- i TpI1KOMilOHeHTHI1X CITJiaBiB 3aJii3a, K06aJinTy, HiKeJilO i Mi,r:i:i 3 Tl1TaHOM, UI1pKOHiE:M 

i racpHiE:M. y po3,r:i:ini IlOKa3aHO, w:o TepMOL1.l1HaMil.fHi BJiaCTI1BOCTi p03ITJiaBiB rpaHI1l.fHI1X 

L1.BOKOMilOHeHTHI1X Cl1CTeM E: rrepeBa)!(HO )],OCJiiLl,)!(eHHMI1. ITp11 UbOMy, BJiaCTI1BOCTi 

p03ITJiaBiB 3aJii3a ' 3 Tl1TaHOM, UI1pKOHiE:M i racpHiE:M Il0Tpe6yl0Tb Ha ,r:i:o,r:i:aTKOBi 

,r:i:ocni,r:i:)!(eHH51. TepMO)],HHaMi l.fHi BJiaCTHBOCTi po3rrJiaBiB po3rJI5IHYTI1X TpHKOMIToHeHTHHX 

c11cTeMax He nocnin)!(eHi (BI1KJilOl.feHH51 c11cTeMa Cu- Ni-Zr). Pe3yJinTaT11 

eKcrrepHMeHTaJibHI1X Ll,OCJiiLl,)!(eHb "ix 3)],aTHOCTi Ll,O aMopcpi3auiI IlOTPe6ylOTb Ha 

y3araJihHeHH5I B paMKax TeopeTHl.fHoro ,r:i:ocm,r:i:)!(eHH51. 

y .upyroMy p03.UiJii ,[(HCepTauiI 3,r:i:o6yBal.f ArpaBaJI IT. r. OITHCaB KOHCTPYKUllO 

BHCOKOTeMrrepaTypHOI j3orrep1160Jiil.fHOI KaJIOpI1MeTpHl.lHOI ycTaHOBKI1 L1.Jl51 Bl13Hal.feHH51 

eHTaJihITiH 3MIIIIyBaHH51 p03ITJiaBIB, Ll,OKJiaLl,HO OilHCaHO MeTO,[(HKY rrpoBe,r:i:eHH51 

KaJIOpI1MeTpHl.lHOro eKcrrep11MeHTY 3 Bl13Hal.feHH51 rrapuiaJihHI1X eHTaJihrriH 3MiIIIyBaHH51 

KOMITOHeHTiB, MeTO,[(HKY arrpoKCHMauiI pe3yJinTaTiB eKcrrep11MeHTiB i IX CTaTI1CTI1l.fHOi
0 

06po6K11, M.eTOL1.l1KY BH3Hal.feHH51 iHTerpaJibHOI eHTaJihrriI 3MirnyBaHH51 po3rrJiaBiB. 

A 



B po3)JJJII TaKO)K .uoKna.uHo po3rmrnyTo MeTO)JJIKY orrn:cy 1 MO)lemoBaHH5I 

TepMO)lHHaMilfHHX BJiaCTHBOCTett pi.UKHX CIIJiaBiB )lBO-, TpH- i 6araTOKOMIIOHeHTHHX 

CHCTeM B paMKax MO)leJii acoui:tioBaHoro p031.JHHY i MeTO)lHKY MO)lemoBaHH5I cpa30BHX B 

paMKax CALPHAD-MeTo.uy. 

y TpeTbOMY p03)J,IJ11 rrpe)lCTaBJieHl pe3yJinTaTH eKcrrepHMeHTaJibHOro . . . 
KaJIOpHMeTpH11HOro )lOCJil)l)KeHH5I eHTaJibIIll 3MllllyBaHH5I p03IIJiaBIB )lBOKOMIIOHeHTHHX 

CHCTeM Fe-Ti, Fe-Zr Ta Fe-Hf i TpHKOMIIOHeHTHHX CHCTeM Co-Cu- Ti, Co- Cu- Zr, Cu­

Fe-Ti Cu-Fe- Zr Cu- Fe-Hf Cu-Ni-Ti Cu-Ni-Zr Cu-Ni-Hf Cu-Ti- Zr Cu- Ti- Hf 
' ' ' ' ' ' ' ' 

Ni- Ti-Zr Ta Ni- Ti-Hf. 

KoHU,eHTpaui:tiHa 3aJie)KHicTb rrapuianbHHX eHTaJihrri:ti 3MilllyBaHH5I IVB-MeTaniB B 

·· po3rrJiaBax CHCTeM Fe-Ti, Fe-Zr Ta Fe- Hf i B3)lOB)K rrpoMeHeBHX rrepepi3iB 3 rrocTittHHM 

crriBBi)lHOllleHH5IM KOMIIOHeHTiB B p03IIJiaBax TpHKOMIIOHeHTHHX CHCTeM 6yJIH rrpoBe)leHi 

rrpH 1873 K. BcTaHOBJieHi rrapuianI>Hi i iHTerpaJibHi eHTaJihrri1 3MilllyBaHH5I KOMIIOHeHTiB 

p03IIJiaBiB BKa3YJ:OTb Ha iHTeHCHBHY XlMllfHY B3aCMO)llJ:O Mi)K HHMH. 13oTepMH 

iHTerpaJibHOl eHTaJibIIil 3MilllyBaHH5I, 5IK 3a a6coJIJ:OTHHMH 3Hal.JeHH5IMH, TaK i 3a lX 

KOHl(eHTpauiifHHM XO)lOM, BKa3yJ:OTb Ha BHKJIJ:Ol.JHO Ba)KJIHBY pOJib rrapHHX B3aCMO)litt. 

TaKHH xapaKTep B3aCMO)lil KOMIIOHeHTiB BH3Ha11ac Bi)l'CMHi Bi)lXHJieHmI Bi)l 3aKOHY 

Pay1151 )lJI5I TepMO)lHHaMilfHHX cpyHKUitt 3MilllyBaHH5I po3rrJiaBiB, crrpH5IC rri)lBHll(eHHJ:O ix 

TepMO)lHHaMil.JHOl CTa6iJibHOCTi i c pylllittHOJ:O CHJIOJ:O JIOKaJii3al(il xiMilfHoro 3B' 5I3KY no . . .. 
THIIY XlMll.JHOl CIIOJIYKH. 

y qeTBepTOMY p03)1,iJii B paMKax MO)leJii acoui:tioBaHoro p031.JHHY 6y1111 OIIHCaHi 

eHTaJibIIil 3MilllyBaHH5I i po3paxoBaHi iHllli TepMO)lHHaMilfHi cpyHKl(il 3MilllyBaHH5I 

po3rrJiaBiB )lBOKOMIIOHeHTHHX CHCTeM Fe-(Ti, Zr, Hf) i rr'5ITHa)ll(5ITH TpHKOMIIOHeHTHYIX 

CHCTeM. ,Z:XJI5I OCTaHHlX 6y1111 rrpHttI-15ITi )lO yBarH rrapaMeTp11 YTBOpeHH5I 

)lBOKOMIIOHeHTHYIX acouiaTiB y Bi)lIIOBi)lHHX )lBOKOMIIOHeHTHHX CYICTeMax i 3Hatt)leHi 

rrapaMeYpH, 5IK1 orr11cyJ:OTb rroTpiifHy B3acMo)liJ:O KOMIIOHeHTiB. Ui pe3yJII>TaT11, pa30M 3 

JilTepaTypHOJ:O impopMal(iCJ:O, CTaJIH OCHOBOJ:O )lJI5I po3p06Kl1 6a311 )laHHX )lJI5I 

MO)leJIJ:OBaHH5I TepMO)lHHaMil.JHYIX BJiaCTYIBOCTett 6araTOKOMIIOHeHTHHX p03IIJiaBJB 

aMopcpoyTBOpJ:OJ:Oq11x c11cTeM11 Co-Cu- Fe-Ni- Ti- Zr- Hf, 3 BHKop11cTaHH5IM 5IK01 . . . 
rrpoBO)lHJIHCb IIO)laJibllll TepMO)ll1HaM1qm po3paxyHKl1. 

,IJ,1151 110T11p11KOMIIOHeHTHHX c11cTeM Cu-Ni-Ti-Zr i Cu-Ni- Ti- Hf TepMO)lYIHaMiqHi 

cpyHKUii. 3MilllyBaHH5I TepMO.UHI-IaMiqHi cpyHKUil 3MilllyBaHH5I 6y1111 po3paxoBaHi Y3.IJ:OB)K 
. ' ' . . 

rrpoMeHlB, ll(O 3 C.UHYJ:OTb 1.JYICTJ MeTaJIH 3 eKBiaTOMHHMl1 CIIJiaBaMH B rrpOTl1Jie)KHl1X 

TpYIKOMIIOHeHTHYIX c11cTeMax. AHanori11Hi po3paxyHKH 6y1111 rrpoBe,neHi )lJI5I po3rrJiaBiB 

rr
1
5ITHKOMIIOHeHTHOl c11cTeM11 Cu-Ni-Ti-Zr-Hf. TaKO)K 6y1111 po3paxoBaHi 

TepMO)lHHaMilfHi BJiaCTHBOCTi )lBa)ll(5ITI1 O)lHOro II
1
5ITHKOMIIOHeHTHOro eKBiaTOMHOro 

po3rrJiaBy c11cTeM11 Co-Cu-Fe- Ni-Ti-Zr- Hf rrp11 800 i 1873 K. ITpoBe)leHi po3paxyHKH 

IIOKa3aJil1, ll(O eKBiaTOMHi p03IIJiaBl1. 6araTOKOMIIOHeHTHHX CYICTeM a6o 6JIH3bKi )lO HHX 

CKJia)lH MaJ:OTb HattBl11l(Y TepMO)lHHaMilfHY CTa6iJihHiCTb y Bi)lIIOBi)lHHX CHCTeMax. 

BcTaHOBJieHo, ll(O BHeCOK i)leaJibHOl CKJia)lOBOl B eHepriJ:O ri66ca 3MilllyBaHH5I )lJI5I 

1.JOTI1p11- i II
1
5ITl1KOMIIOHeHTHHX eKBiaTOMHYIX pi)lKYIX CIIJiaBiB aMopcpoyTBOpJ:OJ:OqHx 

CYICTeM Ha OCHOBi rrepexi)lHYIX MeTaJiiB rrp11 1873 K 3MiHJ:OCTbC5I B Me)KaX 65 ... 85%, a rrp11 

. 800 K 3MeHlllYCTbC5I .uo 20 .. .45%. · 



Y n'siToMy po3.LJ:iJii 3 BHKop11cTaHIDIM po3po6neHo'i 6a311 .r:i:aHHX B Me)l(ax Y51BJieHh 

Mo.r:i:eni acou,iii:oBaHoro po3"LIHHY B iHTepBani 800 ... 1873 K ou,iHeHa cTyrriHh 6JIH)l(Hhoro 

xiMi"l!Horo rrop51.IJ:KY B MeTaneBHX po3rrnaBax c11cTeM Fe-(Ti, Zr, Hf), Co-Cu-(Ti , Zr, Hf), 

Cu-Fe-(Ti, Zr, Hf), Cu-Ni-(Ti, Zr, Hf), Cu-Ti-(Zr, Hf), (Cu, Ni)-Zr-Hf, Ni-Ti-(Zr, Hf), 
Cu-Ni-Ti-Hf, Cu-Ni- Ti- Zr, Cu-Ni-Zr-Hf, Cu- Ti-Zr- Hf, Ni- Ti- Zr-Hf i Cu- Ni-Ti­

Zr-Hf. BcTaHOBJieHo, Ill,O rrp11 3HH)l(eHHi TeMrrepaTyp11 cTyrriHo 6JIH)l(Hboro x iMi"l!Horo 

rrop51.IJ:KY B p03IIJiaBax aMopcpoyTBOpI:OI:O"l!HX CHCTeM 36iJiolllyeTbC51. I10Ka3aHO, lll,O 

eKBiaTOMHi TpH-, qoTHpH- i Il151THKOMIIOHeHTHi crrnaBH Bi.IJ:IIOBi.IJ:aI:OTb KOHU,eHTPau,iHHHM 

o6naCT51M MaKCHManbHOro BIIOp51.IJ:KyBaHH51 y CHCTeMaX. 3 BHKOpHCTaHH51M eMrri p11qHoro 

rrpaBHJia rrporH030BaHi KOHU,eHTpau,ii1Hi o6nacTi aMopcpi3au,i'i po3rrnaBiB 3arapTyBaHH5IM . 

.. THM caMHM iHTeprrpeToBaHi si.IJ,oMi KOHU,eHTpau,ii1Hi iHTepBanH aMopcpi3au,i'i po3rrnaBiB 

cHcTeM Cu- Ti-Zr, Cu- Hf- Ni, Cu-Ni-Ti , Cu-Ni-Zr i Ni-Ti- Zr i srrepllle rrporHo3oBaHi 

KOHU,eHTpau,iii:Hi o6nacTi aMopcpi3au,i'i TpHKOMIIOHeHTHHX po3rrnaBiB Co-Cu-Ti, Co-Cu­

Zr, Co-Cu-Hf, Cu-Fe-Ti, Cu- Fe-Zr, Cu- Fe-Hf, Cu-Ti-Hf, Cu-Zr-Hf, Ni-Zr-Hf, Ni­

Zr-Hf i qoT11p11- i rr 15ITHKOMIIOHeHTHHX po3rrnaBiB cttcTeMH Cu-Ni-Ti- Zr- Hf. I1oKa3aHo, 

lll,O TpH- i qoTHpHKOMIIOHeHTHi eKBiaTOMHi crrnaBH i II151THKOMIIOHeHTHHH 

BHCOKOeHTporriHHHH crrnaB CuNiTiZrHf IIOTpaIIJI51I:OTb B KOHU,eHTpau,iii:Hy o6naCTb, B 51Kii1 

rrporHo3yeTbC51 aMopcpi3au,i51 3arapTyBaHH51M 3 pi.IJ:HHH. 

Y UJOCTOMY poJ.LJ:iJii rrpe.z:i:craBJieHo pe3ynoTaTH TepMO.IJ:HHaMiqHoro orrttcy B 

paMKax CALPHAD-MeTo.r:i:y cttcTeM Ti- Zr, Cu-Ti- Zr Ta Cu- Ti-Hf. TepMO.IJ:HHaMiqHi 

OIIHCH c11cTeM Cu-Ti-Zr Ta Cu- Ti-Hf BpaxoByI:OTb TeMrrepaTypHO-KOHU,eHTpau,ii1Hy 

3ane)l(HiCTb eHepri'i ri66ca 3MilllyBaHH51 B paMKaX MO.IJ:eJii acou,iHOBaHOrO po3qHHy. 

TepMO.IJ:HHaMiqHHH orr11c CHCTeMH Cu-Ti-Hf BpaxoBye o6nacTi roMoreHHOCTi crronyK 

Cu5Hf, Cu51Hf14, Cu 10Hf7, Cu3Ti 2, Cu4Ti3 B rro.r:i:BiHHHX Ta rroTpiii:Hii1 CHCTeMax i 

YTBopeHH51 6e3rrepepBHoro TBep.z:i:oro po3qHHY Cu(Ti,Hf)2, - y-cpa3H. Orrttc CHCTeMH Cu­

Ti-Zr spaxoBye o6nacTi roMoreHHOCTi crronyK CuTi, Cu51 Zr 14, Cu 10Zr7, CuZr B 

IIO.IJ:BiHHHX i IIOTpiii:HiH CHCTeMax, YTBopeHH51 6e3rrepepBHOro TBep.z:i:oro p03"l!HHY 
Cu(Ti, Zr)2, - y-cpa3H i rroTpiii:Ho'i crronyKH i 1• ~JI51 TpHKOMIIOHeHTHHX CHCTeM 

po3paxoBaHi .z:i:iarpaMH cTaHy y B11rn51.z:i:i rrpoeKu,ii1: rroBepxoHb niKBi.IJ,yca i coni.z:i:yca, 

Ha6opiB i30TepMiqHHX rrepeTHHiB i rroniTepMiqHHX rrepepi3iB, KOOp.II,HHaT HOHBapiaHTHHX 

peaKu,ii1: i peaKu,ii1HHX cxeM .. 
y CbOMOMY p03.LJ:iJii BHKna.r:i:eHO MeTO.IJ:HKY MO.IJ:eJII:OBaHH51 MeTaCTa6iJibHHX cpa30BHX 

rrepeTBOpeHb B p03IIJiaBax aMopcpoyTBOpI:OI:OqHx CHCTeM, i rrpe.r:i:cTaBJieHO 

TepMO.IJ:HHaMi"LIHY 6a3y .r:i:aHHX .z:i:n51 6araTOKOMIIOHeHTHo'i c11cTeM11 Co-Cu- Fe- Ni- Ti- Zr­

Hf. B11KopttcTaHa MeTO.IJ:HKa 3BepTae Ha ce6e yBary, TOMY mo .IJ:03BOJI51e BHKop11cT0ByBaT11 

CALPHAD-MeTO.IJ: .IJ:JI51 rrpoBe.r:i:eHH51 sa)l(JIHBHX rrp11Kna.z:i:tt11x po3paxyHKiB. BHKOHaHo 

MO.IJ:eJII:OBaHH51 MeTaCTa6iJihHHX cpa30BHX rrepeTBopeHb 3 yqacTI:O rrepeOXOJIO.IJ:)l(eHHX 

pi.II,KHX CIIJiaBiB Ta rpaHHqHHX TBep.r:i:Hx po3qHHiB. I1oKa3aHO, lll,O rrepeoxOJIO.IJ:)l(eHi 

po3rrnaBH .IJ:BOKOMIIOHeHTHHX CHCTeM Fe-(Ti, Zr, Hf), TpHKOMIIOHeHTHHX CHCTeM Co-Cu­

(Ti, Zr, Hf), Cu- Fe-(Ti, Zr, Hf), Cu-Ni-(Ti , Zr, Hf), Cu-Ti-(Zr, Hf), (Cu, Ni)-Zr-Hf, 

Ni-Ti- (Zr, Hf) B llIHpOKHX KOHU,eHTpau,iii:HHX o6nacT51X .r:i:eMoHcTpyI:OTh TepMO.IJ:HHaMiqHy 

CTa6inoHiCTb ITO Bi.IJ:HOllleHHI:O .IJ:O rpaHHqHHX TBep.r:i:Hx po3qHHiB Ha OCHOBi q11CTHX 

KOMIIOHeHTiB. Ha rrp11Kna.z:i:i cttcTeM Cu-Ti-Zr; Cu-Hf-Ni, Cu- Ni- Ti, Cu- Ni- Zr i Ni- Ti-

. Zr rrpo.r:i:eMoHcTpoBaHo, Ill,O po3paxoBam B paMKax CALPHAD-MeTo.IJ,y MeTacTa6inoHi 
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cpa3oBi .n:iarpaMM 3a yLiaCTlO rrepeOXOJIOJJ:)f(eHOl piJJ:MHM i rpaHMLfHMX TBepJJ:MX p03LfMHiB 

JJ:03BOJI5Il0Tb ou:iHMTM KOHU:eHTpau:iiiHi o6JiacTi aMopcpi3au:i1 po3rrJiaBiB 3arapTyBaHH5IM 3 

piJJ:MHM ITO BlJJ:HOCHOMY p03TaIIIyBaHHlO JJ:OI10Ml)f(HI1X JiiHiii. 3 BI1KOpI1CTaHH5IM 

3arrporroHoBaHoro rri.n:xo.n:y rrporH030BaHo KOHU:eHTpau:rnm o6JiacTi aMopcpi3au;il 

po3rrJiaBiB cttcTeM Co-Cu- Ti, Co- Cu-Zr, Co-Cu- Hf, Cu- Fe- Ti, Cu- Fe- Zr, Cu-Fe-Hf, 

Cu-Ti-Hf, Cu-Zr-Hf, Ni-Ti-Hf, Ni-Zr-Hf. 

3 BMKopttcTaHH5IM po3po6JieHoi· 6a3M .n:aHMX B paMKax CALPHAD- MeTOJJ:Y BrrepIIIe 

po3paxoBaHi MeTaCTa6iJihHi cpa30Bi .n:iarpaMM 3a yLiaCTlO 110TI1pI1- i I115ITI1KOMI10HeHTHI1X 

rrepeoxoJIOJJ:)f(eHMX po3rrJiaBiB cttcTeMM Cu-Ni-Ti-Zr-Hf, i rrporH030BaHi 

KOHU:eHTpau:iiiHi o6JiacTi OTpMMaHH5I aMopcpHMX crrJiaBiB. IToKa3aHo, w:o eKBiaTOMHi 

·LJOTMpM- i rr 15ITMKOMITOHeHTHi crrJiaBM CMCTeMM Cu-Ni-Ti-Zr-Hf rroTparrJI5IlOTb B 

rrporHo3oBaHy KOHU:eHTpau:iiiHy o6JiaCTb aMopcpi3au:il. Btt3HaLieHo, w:o cpaKTopoM, w:o 

BITJIMBaE: Ha yTsopeHH5I aMopcpHMX crrJiaBiB CMCTeMM Cu-Ni-Ti-Zr-Hf 3arapTyBaHH5IM 3 

piJJ:KOl cpa3M, € 3araJibHI1M BMiCT HiKeJilO i MIJJ:l, 5IKMM Ma€ si.n:rroBiJJ:aTM YMOBi 

X c u + XN i > 0,15. 

3aysa~euusi no ,LJ.ucepTau,iiiuiii po6oTi 
,Uo 3MicTy .n:ttcepTau:iiiHo1 po6oTM Ta Ti aBTopecpepaTy MO)f(Ha 3po6MTM TaK1 

3ayBa)f(eHH5I: 

1. B Po3JJ:iJi i 3 rrpe.n:cTaBJieHi pe3yJibTaTM .n:ocJiiJJ:)f(eHH5I iHTerpaIIbHOI eHTaJihrri1 

3MiIIIyBaHH5I B3JJ:OB)f( rrepepi3iB, w:o rrepexpew:y10TbC5I ( cttcTeMM Cu-Ti- Zr, Cu- Ti- Hf, 

Ni-Ti-Zr, Ni-Ti-Hf). 0.n:HaK, B TeKCTI .n:ttcepTau:11 He BKa3aHo, 5IKMM LJMHOM . . 
y3rOJJ:)f(YlOTbC5I pe3yJihTaTM JJ:OCJIIJJ:)f(eHb JJ:JI5I pl3HI1X rrepepl31B B TOLJKax rrepeTMHy. 

2. B po6oTi IIIMpoKo BMKopttcTaHa MOJJ:eJib acou:iiioBaHMX po3LJMHiB JJ:JI5I po3paxyHKY 

TepMOJJ:MHaMiLJHMX cpyHKU:iH 3MiIIIyBaHH5I JJ:BOKOMITOHeHTHMX i TpMKOMITOHeHTHMX 

p03ITJiaBiB CMCTeM rrepexiJJ:HMX MeTaJiiB. Mi)!( TMM B po6oTi He HaBe.n:eHi rrp5IMi . . . . . . . 
eKcrrepMMeHTaJibHI .n:am, HacaMrrepe.n: peHTreH!BCbKl, 5IKI IllJJ:TBepJJ:)f(YlOTb Ha5IBHICTb 

acou:iaTiB. ITpttrrycKalO, w:o rropiBH5IHH5I pe3yJibTaTiB po3paxyHKiB 3a .n:orr0Moro10 MAP Ta 

MOJJ:eJIJilO cy6peryII5IpHI1X p0311MHiB 3 eKcrrepMMeHTaJibHMMM .n:aHMMM He HaJJ:aJIO 6M 

rrepeBarM MOJJ:eJii acou:iH:oBaHMX po311MHiB. 

3. y JJ:HCepTau:iH:Hiii po6oTi BMKOHaHi po3paxyHKI1 MeTaCTa6iJibHI1X piBHOBar 3 piJJ:KOlO 

cpa30l0 Ta 3po6JieHMH rrporH03 KOHU:eHTpau:iH:HMX iHTepBaJiiB, y 5IKMX MO)f(YTb 6yTM 

oTpMMaHi aMopcpHi · crrJiaBM. A IIe eKcrrepttMeHTaJibHMM llIJI5IXOM .n:ttcepTaHT aMopcpHi 
. .. . 

CITJiaBM He OTpMMaB I CBOl rrporH03I1 He IllJJ:TBepJJ:MB. 

4. ITepeJiiK cTaTeii Ta Te3 HaBOJJ:MTbC5I y .n:ttcepTau:i1 JJ:Bi11i: Ha rro11aTKY rrepe.n: 3MiCTOM 

Ta HarrpMKlHU:l - y JJ:OJJ:aTKY. 

5. Pttc. 13 i pttc.24 aBTopecpepaTy JJ:McepTau:ii. Bi.n:pi3H5IlOTbC5I 5IK 3a 306pa)f(eHH5IM Ta i 

3a rri.n:rrttcoM HeicTOTHO. He3po3yMiJio, HaBirn:o rroTpi6He u:e .n:y6JI10BaHH5I. 

6. ITporH030BaHMH KOHU:eHTpau:iH:Httii iHTepBaJI aMopcpi3au:ffi crrJiaBiB cttcTeM Cu-Ni­

Ti-Zr Ta Cu-Ni-Ti-Hf 3aHaJJ:TO llIMpOKMii. EKcrrepttMeHTaJibHi .n:aHi 3ocepe.n:)f(eHi y 3HaqHo 

6iJihIII BY3bKOMY iHTepBaJii . 3a TaKMX yMoB Ba)f(KO roBopMTM rrpo Bi.n:rroBiJJ:HicTb . . 
pe3yJibTaTIB rrporH03Y I eKcrrepttMeHTy. 



BiJJ.noBiJJ.HiCTb po6oTH BHMoraM, 111.0 cTaBJUITbCSI JJ.O JJ.HcepTau.iH 
3a 03HaKaMM aKTYaJibHOCTi TeMM .IJ:MCepTau:ii', cTyrremo o6rpyHTOBaHOCTi HayKOBMX 

IlOJIO)l(eHb, BHCHOBKiB, i'x .IJ:OCTOBipHOCTi i HOBM3HM, 3HaLJeHH5I pe3yJibTaTiB po60TM .IJ:JI5I 

HayKM i rrpaKTHKH, .IJ:OCTaTHbOl IIOBHOTM orry6JiiKOBaHMX OCHOBHMX pe3yJibTaTiB 

BMKOHaHHOl po60TM Ta 3ararroM IIpHHH5ITHOro ocpopMJieHH5I TeKCTY .IJ:MCepTau;i5I IT. r. 
ArpaBaJia Bi.IJ:IIOBi.n:ae BMMoraM m:o.n:o .IJ:OKTopcbKMX .n:11cepTau;iH:. floJIO)l(eHH5I i pe3yJibTaTM 

.IJ:OKTOpCbKOl .IJ:MCepTau:ii' He MiCT5ITb .n:aHMX 3 H:oro KaH.IJ:M.IJ:aTCbKOl .n:11cepTau:ii'. 

BucuoBKH npo uayKosy po6oTy B u.iJioMy 
Ha IIi.IJ:CTaBi BMKJia.n:eHoro Bttm:e MO)l(Ha 3po6HTM BHCHOBOK, m:o rrpe.n:cTaBJieHa 

.z:i:11cepTau:iH:Ha po6oTa B u:in oMy Bi.IJ:IIOBi .n:ae rracrropTy cIIeu;iaJibHOCTi 02.00.04 - cpi3MLIHa 

xiMi5I Ta BMMoraM II.II. 9, 10, 12 Ta 13 flocTaHOBM Ka6iHeTy MiHicTpiB YKpai'HM N2 567 Bi.IJ: 

24.04.2013 p «flpo 3aTBep.n:)l(eHH5I flop5I.IJ:KY IIpttcy.z:i:)l(eHH5I HayKOBMX CTyIIeHiB» 3j 

3MiHaMM, BHeceHMMM 3ri.n:Ho 3 flocTaHoBaMM KMY N2 656 Bi.n: 19.08.2015, N2 1159 Bi.n: 

30.12.2015, N2 567 Bi .IJ: 27.07.2016, N2 943 Bi.IJ: 20.11.2019, N2 607 Bi.IJ: 15.07.2020, m:o 

Ha.n:aIOTbC5I .IJ:O .IJ:MCepTau:iH: Ha 3.z:i:o6yTTsi: HayKoBoro CTyIIeHSI .IJ:OKTOpa xiMiLIHMX HayK, a iT 
aBTOp ArpaBaJI IlaBJIO rSIHOBHl.J 3acnyroByE: Ha IIpttcy.z:i:)l(eHH5I ROMY HayKOBOro CTyrreH5I 

JJ.OKTOpa xiMil.JHHX uayK 3a CIIeu;iaJihHiCTIO 02.00.04 - cpi3WIHa xiMi5I. 

Ocpiu:iH:HMH OIIOHeHT, 

aKa.n:eMiK HAH Y Kpai'HM, 

.IJ:HpeKTOp lHCTMTYTY Ha.IJ:TBe 

MaTepiarriB iM. B.M.EaKyJI r. Q'j 

.IJ:OKTOp xiMiLIHHX HayK, 11 !~; B.3. TypKeBMLI 
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