O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHUH 00J1iKOBHI HOMeEP: 0420U100363
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peectpaunii: 19-02-2020

Craryc: 3axumeHa

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. [Terpaw KocTaHTUH MuKosaiioBuy

2. Petrash Kostiantyn Mykolayovych
KBasmigikamis:

InenTudikarop ORCID ID: He 3acrocosyerbcs
Bup, pucepranii: kanguzaar Hayk
AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIIndp HayKoBOi cneniaabHOCTI: 05.16.06

Ha3Ba HayKoBOIi CIeniaJIbHOCTI: [TopomKoBa MeTaIypris Ta KOMIIO3ULiHI MaTepianu

T'anyss / ramysi 3HaHB. He 3aCTOCOBYETHCS

OcBiTHBO-HayKOBa Mporpama 3i creniaJbHOCTI: He 3acTocoByeTbCs

Jdara 3axucTy: 10-02-2020

CnenianbHICTB 32 OCBITOI0: KoMI'I0TEpPHO-iHTErpOBaHi TEXHOIOTIYHI TPOLECH i BUPOGHMIITBA

Micue po6oTH 34,00yBaya: Inctutyt npobiem matepianosHascTsa im. LM.@Opannesnya HanjionanbHoi

akagemii Hayk YKpainu

Kopg 3a €IPIIOY: 05416930

Micuesﬂaxo,lI)KeHHﬂ: ByJ1. Kp>knskaHoBebKoro, 3, M. Kuis, KuiBcbka 061., 03142, Ykpaina

dopma ByracHOCTI:

Cdepa ynpaBiiHHS: HaujonanbHa akaziemist HayK Ykpainu

InenTudgikarop ROR: He zacrocosyerscs



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT
Iudp cnenianizoBaHoi BYEHOI pagH (pa30Boi CIeliaai30BaHOi BY€HOI pagH): [ 26.207.03

ITloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOH: [HCTUTYT IPO6IIEM MaTepianosHaBcTBa im. LM.OpaHiesnya

HaujonasnbHoi akagemii Hayk YKpaiHu

Kopg 3a €IPIIOY: 05416930

Micqesﬂaxon)KeHHﬂ: ByJ1. KpsknskaHoBebKoro, 3, M. Kuis, KuiBceka 061, 03142, Yrpaina
dopma BaacHOCTI:

Cdepa ynpaBiiHHS: Haujonanbna akaziemist Hayk Ykpainu

InenTugikarop ROR: He zacrocosyerscs

IV. BizomocTi nipo nmiznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOH: [HCTUTYT TPO6IIEM MaTepianosHaBcTBa im. LM.OpaHiesnya
HaujonasnpHoi akagemii Hayk YKpaiHu

Kopg 3a €IPIIOY: 05416930

Micuesnaxo,szeHHﬂ: ByJI. Kp>xnkaHOBCBKOrO, 3, M. KuiB, KuiBcbka 061, 03142, Ykpaina

dopma BaacHOCTI:

Cdepa ynpaBiriHHS: HaujonasnbHa akajiemis HayK YKpaiHu

ImenTudikarop ROR: He zacrocoyerbcs

V. BimomocTi npo gucepraniio
Moga guceprariii:
Koau TemaTHyHHUX PyOpPHK: 53.03.11.31

Tema guceprauii:
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BJIACTUBOCTEN ’KapOCTIMKUX CIIABiB HA OCHOBI HIKEJIO

2. Regularities of controlled reaction sintering, structure formation processes and formation of properties of heat-
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Pedepar:

1. lucepranis npucBs4YeHa BUPIIIEHHIO BaXXJIMBOI HAYKOBO-TEXHIYHOI 3a/1a4i BCTAHOBJIEHHS 3aKOHOMIPHOCTEN
PeaKliiHOrO CIIiKaHHS MEeTaiYHMX KOMIIO3ULii, sIKi MiCTSITh HEB3a€MOIiI0Yi CIIOJIYKH, Ta PO3POOLi KapOCTINKUX
IVCIIEPCHO-3MIIJHEHUX HiXPOMIB i TEXHOJIOTiI Ofep>KaHHs BUPOOIB 3 HUX. Briepiue, Ha OCHOBI TEOPETUYHOTO aHAJi3y
3 ypaxyBaHHSIM KOJIEKTUBHUX B3a€MOJIil B peakuiiiHux cuctemax Ni-Al i Ti-Al, rpyHTy04nCh Ha ysIBI€HHi
IIPOTOYHOTO peakTopa NobyHoBaHi TEpMOKIHETUYHI MOJieJli HEOOOPOTHUX IIPOLECIB, iHIil[iHOBAaHNX KOHTAaKTHUM
I1IJIaBJIEHHAM KOMIIOHEHTIB. BCTAaHOBJIEHO Pi3HOr0 pOLy TEPMOKIHETUYHI TPAEKTOPIii PO3BUTKY ITPOLECY B3AEMOJIL.
BusiBnieHo, 10 0CO6JIMBO BaXJIMBY POJib B Iepefadi eHeprii Bifjirpae TernaoBe BUITPOMiHIOBaHHS. Lle 103BOINIIO

eeKTUBHO 3aCTOCYBaTH 6e3l0cepeHill TepMiuyHUI aHaJI3 [J1s1 pearydux cymimeil. BUBU€HO eKCIIepUMEHTaJIbHY



TepMOKiHeTUKY pearyiouux cuctem (Ni-Al, Ti-Al, Ni-Ti, Ni-Sn, Cu-Ti, Cu-Sn), gKi € 0CHOBOIO IPOMUCJIOBUX CILJIABiB.
[TokasaHo, 10 NMOBEMiHKa HUX CUCTEM XapaKTEPU3YEThCS CKJIAJIHOK HEMOHOTOHHOIO 3MiHHOIO TEMIIEPATYPH i Mae
PEXXMMMU TEIJIOBOr0 BUOYXY Ta CaMOIIOIMPIOBAHOTO BUCOKOTEMIIEPATYPHOTrO CUHTE3Y. Taka TeEpMOKiHETUYHA
NOBEJiHKA MiATBEepIKy€e CHHEPreTUYHUI XapaKTep peakuiliHoi B3aeMofii, SK i 6yJI0 IOKa3aHO IPU MOJEJII0BAaHHI
LMX IIPOLECiB. lle cTaso 0CHOBOK €KCIIEPUMEHTAIIBHOIO BUBYEHHSI 3aKOHOMIDHOCTEN CITiIKaHHS. AHAJII3 KDUBUX
yCaJKU Ta MOPiBHSIHHS BiTHOCHOI 'YCTUHU CUPHX i CIIEYEHUX [TIOPOIIKOBUX 3arOTOBOK 3 METAJIEBUX CyMilllEN
[TI0Ka3aB, 10 MPOLLEC PEAKLINHOrO CIIiKaHHS iHIIIIOETbCSA PA30M 3 IIOSABOIO IEPUTEKTUYHOL YM €BTEKTUYHOI PiHU.
BusiByieHo, 10 3pa3Ky MPAaKTUYHO YCiX JOCIIKEHNX TOPOLIKOBUX MOJBIMHUX CUCTEM 3 BiTHOCHOIO I'yCTUHOIO
noHaz 80 % maioTh 3HaYHUM PicT 06'eMy B Iipoueci crikaHHS. [IpoTe BBeleHHS IIEBHOI KiJIbKOCTI XiMiYHO iHEpTHUX
IIOMIIIOK JIOKaJli3ye peakuilHinpolecy o BCboMy 06'eMy IIPECOBOK i He Jja€ 3MOTY Jpi6HUM ITopam 301paTucs B
KaBepHHU. Lle cripusie CIOBIILHEHHIO POCTY IIPECOBOK i, 3 4aCOM, IPUBOIUTD 10 3HAYHOI ycanku. JpibHi nopu B
KO>)KHOMY 3 MaJIUX JIOKQJIbHUX 00’€MiB 6€PYTb y4aCTb Y MACOIIEPEHOCI i 3a0€3Me4yI0Th yIIiIbHEHHS Ha Mi3HIiX
cTagisx cnikaHHS. Po3po6sieHo i3 3acTOCYBaHHSM peakLiliHOro CIIiKaHHS KapOCTiliKi [ucriepCcHO-3MIllHEeH] CIIJIaBU
Ha OCHOBI HiXpoMy 3 BMiCTOM asoMiHilo 1o 6 % i okcuny iTpito (Y203) 1o 1,5% Ta BifnpalboBaHO TEXHOJIOTI
OTPMMAaHHS BUPOOiB 3 HUX. 30KpEMa, PEXXUMU ITPOKATKU TOBCTUX 3arOTOBOK i TOHKMX JIUCTIB TOBLIMHOO 10 0,1 MM.
Po3po6ieHO CK1ay NPUIIOIB Ta yMOBU TEPMOPEAKLINHOI MalKK [71s1 TOBCTUX 3aTOTOBOK, 11J0 BUKOPUCTOBYIOThCS
IIPY BUTOTOBJIEHH] [1OBiTPO3abipHuUKa rinep3BYyKOBOTO JliTaka. TakoX BiANpallbOBaHO PEXKUMU MaNKK Ta iHIIi
TEXHOJIOTI4HI oNepalii AJj1s1 BATOTOBJIEHHS TEIJIO3aXUCHUX I1aHeJIel rinep3BYKOBUX i 6araTopa3oBUX KOCMIYHUX
amnaparis. OTpumaHi Qi3nKo-MexaHiuHi Ta (PyHKLiOHAJIbHI BJIACTUBOCTI AUCIIEPCHO-3MiLIHEHUX HiIXPOMiB
3a0€3M1e4yI0Th B CyKyIIHOCTI HEOOXiIHY Mpale3faTHiCTh 6araTopasoBux KOCMIYHUX CUCTEM 3a TemIieparyp 1o 1200
0C. Kiro4oBi c10Ba: CHHEPreTU4YHa MOJIEJIb, TEPMOKIHETHKA, PEaKLifiHe CITiIKaHHS, CAMOIIOMUPIOBAaHNNI
BHCOKOTEMIIEPATYPHUI CUHTE3, TEMJIOBUI BUOYX, IHTEpMETAiIX, IUCIEPCHO-3MilIHEH] HIXPOMHU, JKapOCTilKiCTb,

>KapOMIiLIHICTb, YTOMHA MiIIHIiCTb.

2. The dissertation is devoted to solving an important scientific and technical problem of establishing the
regularity of the reaction sintering of metal compositions that contain non-interacting compounds, and the
development of heat-resisting dispersion-hardened nichrome and the technology of obtaining products of them.
For the first time, thermokinetic models of irreversible processes initiated by contact melting of components
based on theoretical analysis taking into account collective interactions in the Ni-Al and Ti-Al reaction systems of
and the representation of the flow reactor were constructed. Different kinds of thermokinetic trajectories of
interaction process development were established. It was revealed that thermal radiation plays a particularly
important role in the transmission of energy, which made it possible to effectively apply a direct thermal analysis
for reacting mixtures. The experimental thermokinetics of reacting systems (Ni-Al, Ti-Al, Ni-Ti, Ni-Sn, Cu-Ti, Cu-
Sn), which are the basis of industrial alloys were studied. It is shown that the behavior of these systems is
characterized by a complex non-monotonic change in temperature and occurs in the regimes of thermal explosion
and self-propagating high-temperature synthesis. Such thermokinetic behavior confirms the synergistic nature of
the reaction interaction, as was shown in the simulation of these processes. This became the basis of the
experimental study of the regularities of sintering. The analysis of shrinkage curves and the comparison of the
relative density of raw and sintered powder blanks from metal mixtures showed that the reaction sintering process
is initiated (along) with the appearance of a peritectic or eutectic fluid. It has been found that samples of almost all
investigated powder double systems with a relative density of more than 80% give a significant increase in volume
during the sintering process. However, the introduction of a certain amount of chemically inert impurities
localizes the reaction processes throughout the volume of the presses and prevents small pores from being
coagulated into cavities. This contributes to the slowing of the growth of the raw powder blanks and, eventually,
leads to significant shrinkage. Small pores in each small local volume take part in the mass transfer and activate the
shrinkage process in the late stages of sintering. Heat-resistant dispersion-hardened alloys based on nichrome
with an aluminum content of up to 6% and yttrium oxide (Y203) up to 1,5% were developed using reaction
sintering, as well as developed technologies for producing products from them, in particular, the modes of rolling
thick billets and thin sheets with a thickness of up to 0.1 mm. Solder compositions and thermo-reaction soldering



conditions for thick blanks were developed, which are used in the manufacture of the air intake of a hypersonic
aircraft. Soldering regimes and other technological operations for the manufacture of heat-protective panels for
hypersonic and reusable spacecraft were also worked out. The obtained physical-mechanical and functional
properties of dispersion-strengthened nichromes provide in aggregate the necessary performance of reusable
space systems at the temperatures up to 1200 0C. Key words: synergetic model, thermokinetics, reacting sintering,
self-propagating high-temperature synthesis, thermal explosion, intermetallics, dispersed-strengthened nichroms,
heat resistance, refractory, fatigue strength.
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