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1. Incepraliito NpUCBSYEHO BUPIIIEHHIO BaKJIMBOI HAYKOBO-TEXHIYHOI TPO6JIEMUA OTPUMAaHHS BUCOKOMIIJIbHUX
01HO(A3HUX Ta reTepodazHrX NOPOLKOBUX MaTepiasliB 3 IPi6HO3EPHUCTOI0 CTPYKTYPOIO Ta MiABULIEHUMU
MeXaHI{YHUMU Ta PYHKLiOHATbHUMU BIACTUBOCTSIMU 7151 pOOOTH B YMOBAX [iii iHTEHCMBHUX MEXaHIUHUX Ta
€JIEKTPUYHUX HaBaHTaKeHb IIPU KIMHATHIN Ta nifiBUlLeHiN TeMIieparypax. [y BUpilleHHs 3a3HaueHoi IpobsieMu

BUKOPUCTAHO KOHL{CI'H_LiIO npo aKTI/IBaHiIO MMponeCy CXOIJIIOBAHHA MIXK YaCTMHKaMU INIOpOUIKY ITpr 3HIKEHi



TeMIIEpPATYPi 3a PaxyHOK MifBeleHHS] MEXaHi4HOoi eHeprii. [Ipy HbOMY pPiBEHb MEXaHIYHOI eHeprii a60 KiIHETUYHOI
eHeprii ynapy noBuHHi 3a6e3ne4uTy BUcokuil Tuck (~1000 MIla), ninsuineny ctymninb negopmarii yacTuHok (~40%)
Ta BUCOKY WBUJKICTh Aedopmatii (50-100 c-1). Po3pobsieHo BifnoBifHe 061aJHaHHS Ta TEXHOJIOTS YIIiJIbHEHHS Y
BaKyyMi ITOPOLLKIB Iif] Ai€10 yAapHOro HaBaHTaXXeHHs. [ToKa3aHo, 1110 YTBOPEHHSA MILIHOTO 3B'S43KYy IIOMIX
OJHOPIIHMMU METAJIEBUMU YACTUHKAMMU IIPU iX yIAPHOMY YIIJILHEHHI B JKOPCTKIN MaTpULi, [0 TPUBAE KiJIbKa
THUCSIYHUX YaCTOK CEKYH[IY, BioyBaeThcs pu remneparypi 0,5-0,55 T, Tucky 1200 MIla, niactuyHoi gedopmariii
yacTuHOK 50-70 %. [1pu 6inbl BUCOKUX, HiX 0,55, TOMOJIOTIYHUX TEMIIEPATYPax YAAPHOTO YIIiIbHEHHS METa€BUX
[IOPOILKIB CIIOCTEPIraeTbCs IHTEHCMBHA PEKPUCTAI3aLlig y 3pa3Kax, 10 IPOXOJUTh 3a 4aC OXOJIOIKEHHS 3pa3Ka,
T06TO 32 10-30 c. JleroBani MopouIky, HallpyKJIaL, Hepskasitouoi ctani X17H2, nopouiku Hixpomy X20H80 Ta
inTepmeTtanigHoi crionyky Ni3Al MoXXHA YIIIIBHUTY B )KOPCTKIiN MaTpULi 0 BUCOKOLIJILHOTO CTaHy i 3a6€3ne4uTu
MIIJHUMI 3B'S130K MK YaCTMHKaMU IIpY TOMOJIOTIYHUX TemIeparypax BignosigHo 0,8, 0,85 ta 0,9. JocaimkeHo
yIapHe yuiisibHeHHS 6iMeTaniyHuX KOMIIO3UTIB Takux, K Ag-Ni, Cu-W, Cu-Cr, sike 11oKasajo, 110 BUCOKOIIiJIbHi Ta
MilHi 3pa3Ku MOKHA OTpUMATHU y TBEPAil ¢asi i3 36epeskeHHsIM IpibHO3epHUCTOI CTPYKTYpH. leTanbHi
IOCJiI)KEeHHS yIapHOro YIiJIbHEHHS TPOBEEHi Ha TPaguLiiHUX KOMII03UTax abo TBepaux crnaBax WC-Co, a
TaKO>X KOMIIO3UTaX, 1110 MiCTITh Kapbiz, Bosbdpamy Ta pi3Hi 3B's13ku — meTasnesi (Ni, Cu) ta inTepmeTtanigny (Ni3Al).
BcTaHoBJIEHO, 1110 IPU yIapHOMY YIisibHeHHi KomIto3uTtiB WC-Co yTBOpeHHSI MilJHOTO 3B'sI3KY IIOMiX Kap6izom
BoJIbdpamMy Ta Ko6aJIbTOM Bifi0yBaeTbCs Ipu Temneparypax 1150-1250 oC. YulisibHeHHS! KOMIIO3UTIB 3 00'€MHUM
BMicTOM macTuyHoi ¢azu 25-40 % npu Temneparypi, Koy 3'BsieTbCsl pifka $asa, IpU3BOAUTH 10 3MEHIIEHHS
CTYI€HS] KOHTAKTy KapOiHUX YaCTHUHOK, 30i/IbIIEHHS CTYIEeHs 3MilJHEHHSI METaJIeBOi 3B'513KU i B Pe3yJIbTaTi 10
niABUILEHHS MilIHOCTI 3pa3kiB Ha BUr'MH. [Toka3aHO TakoxX, 110 yapHe TBeprodasHe yiliibHeHHs 3a0e3evye
OTPMMAaHHS BUCOKOMIILIHUX KOMIIO3UTiB Ha OCHOBI Kap6iny Bosibdpamy i 3B's130K 3 Mifii (50 06. %) Ta iHTepmeTasniny
Ni3Al (55 06. %). Po3ryisiHyTO MeXaHi3M MillHOCTi Ha BUTMH KOMIIO3UTIiB Ha OCHOBI Kap6ify Boibppamy Ta METATIE€BUX
3B'30K. 3aIIPONIOHOBAHO HOBE PiBHSIHHA YIIiIJIbHEHHS [TOPOILKIB B JKOPCTKIN MaTpUlli y BUTJIAIi 3aJ1EXKHOCTI TUCKY
Bif], BIITHOCHOI LIJIBHOCTI 3 YOTMPMa KOHCTaHTaMU. PiBHSIHHS O3BOJISIE€ ONUCATHU IIPOLEC YIIiIIbHEHHS ITOPOIIKIB Y

MaTpuLi 10 FPAaHUYHO MOXKJIMBOI MIIJIBHOCTI 3 BUCOKOIO TOYHICTIO.

2. This thesis is devoted to solving an important scientific and technical problem of obtaining high-density single-
phase and multiphase powder materials with a non-equilibrium structure and increased mechanical and functional
properties for operation under conditions of intense mechanical and electrical loads at room and elevated
temperatures. To solve this problem, the concept of activating the seizure process between powder particles at a
low temperature by supplying of mechanical energy is used. In this case, the level of mechanical energy or the
kinetic energy of impact should provide a high pressure (~1000 MPa), an increased degree of particles deformation
(~40%) and a high strain rate (50-100 s-1). Appropriate equipment and technology of densification in vacuum of
powders under impact load have been developed. It is shown that the formation of a strong bond between
homogeneous metal particles during their impact compaction in a rigid die, lasting several thousandths of a
second, occurs at a temperature of 0.5-0.55 Tm, a pressure of 1200 MPa, and plastic deformation of particles of
50-70%. At higher than 0.55 homologous temperatures of impact compaction of metal powders in the samples,
intensive recrystallization is observed, which passes during the cooling of the sample, that is, in 10-30 s. Alloyed
powders, for example, stainless steel Kh17N2, powders of nichrome Kh20N80 and intermetallic compound Ni3Al
can be compacted in a rigid die to a high density state and provide a strong bond between particles at homological
temperatures of 0.8, 0.85 and 0.9, respectively. The impact compaction of bimetallic composites such as Ag-Ni,
Cu-W, Cu-Cr has been studied, which has shown that high-density and strong samples can be obtained in the solid
phase and with maintaining a fine-grained structure. Detailed studies of impact compaction were carried out on
traditional composites or WC-Co hard alloys, as well as composites containing tungsten carbide and various
binders - metals (Ni, Cu) and intermetallic (Ni3Al). It has been established that during impact compaction of WC-
Co composites, the formation of a strong bond between tungsten carbide and cobalt occurs at temperatures of
1150-1250 °C. Compaction of composites with a plastic phase content of 25-40 vol.% at the temperature of the
appearance of the liquid phase leads to a decrease in the degree of contact of carbide particles, an increase in the
degree of hardening of the metal binder and, as a result, an improvement of the strength of the samples at



bending. It has also been shown that solid-phase impact compaction ensure obtaining the high strength
composites based on tungsten carbide and binders from copper (50 vol.%) and Ni3Al intermetallic (55 vol.%). The
mechanism of bending strength of composites based on tungsten carbide and metal binders is consider. A new
equation of powder densification in a rigid die in the form of dependence of pressure on relative density with four
constants is proposed. The equation makes it possible to describe the process of powders compaction in a rigid die
to the limit density with high accuracy.
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3B's130K 3 HAYKOBUMH TeMaMH: 0193U017360, 0102U005416, 01070002707, 0112U002095, 0117U001052

VI. BizomocCTi Ipo HayKOBOr0 KEPiBHHKA /KEPiBHUKIB (KOHCYJIbTAaHTA)

VII. BizomocTi npo odinifiHHX ONOHEHTIB Ta PELeH3€HTiB

BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:
1. Pynp Biktop JIMurpoBrY
2. Viktor D. Rud'

InenTudikarop ORCHID ID: 0000-0003-3929-9735

JoparkoBa iHdpopmamist:

TloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI 0COOH: JIylbKuil HALIOHATILHUIA TEXHIYHMIA YHiBEpCUTET
Kopg 3a €IPIIOY: 05477296

Micue3Haxoa>KeHHSI: By JIbeicbKa, 6y1. 75, JIyLbK, JIyupkuii p-H., 43018, Vkpaina

dopma BracHOCTI: JlepxaBHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu



InenTudikarop ROR:

CeKTop HayKH: YHiBEepCUTETCHKUI

Baacue IlpizBuuie Im's Ilo-6aTbKOBI:
1. Berenbsimep SKiB FOXuMOBUY

2.Yakiv Y. Beyhel'zimer

InenTudikarop ORCHID ID: 0000-0002-1321-8565
JopaTrkoBa inpopmanis:

IToBHEe HafIMeHyBaHHSI IOpH,ZII/I‘-IHOi 0COOH: J[oHeIbKUI (pizuko-Texniynuil inctTutyt imedi O. O. l'asnkina

HanjionanbHoi akagemii Hayk Ykpainu

Kopg 3a €IPIIOY: 05420497

Micue3Haxoa KeHHs: npocnekt Hayku, 6yz. 46, Kuis, 03680, Ykpaina
dopma ByracHOCTI:

Cdepa ynpaBiiHHS: Haujonanbha akazemis HayK Ykpainu
InenTudikarop ROR: He zacrocosyerscs

CeKTop HayKH: AkafemivyHui1

BiacHe IIpi3Buie Im'sa Ilo-6aThKOBI:
1. MiHiupkun AHarosnini BsueciaBoBuY

2. Anatoliy V. Minitsky

InenTudirkarop ORCHID ID: 0000-0001-5767-4071
JopaTrkoBa indpopmanis:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0Cc00H: 02070921HarioHanbHUIl TeXHIYHMIT yHiIBEpCUTET YKpaiHu

«KniBcpkui noslitexHivHUM iHCTUTYT iMeHi Irops Cikopcbkoro”
Kopg 3a €IPIIOY: 03070923

Micue3Haxoa KeHHs: np-T [Tepemoru, 37, Kuis, 03056, Ykpaina
dopma BiracHocTi:

Cdepa ynpaBiriHHS: MiHicTrepcTBo OCBiTH i HayKu YKpaiHu
InenTudikarop ROR: He zacrocosyerscs

CeKTop HayKH: YHIBepCUTETCHKUI

VIII. 3aKkJII04Hi BiZOMOCTi
Baacue IlpizBuiie Im'a I10-0aTbKOBi roJI0BH pajgu: Barmok ['eHHaziit AHaTOMIOBIY
BaacHe IlpizBume Im'st I10-6aThKOBi r0JI0BYIOYOT0 Ha 3acifaHHi: Barmok ['ennaziit AHaTonifioBra

BignoBizasibHuUI 3a MiArOTOBKY 00JIIKOBHX IOKYMEHTIB: Pajuenko Onekcanzp Kysbmi,

+380954245507



Peecrparop: YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZITIOBiZAIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

IisIJIBHOCTI




