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1. Inceprauiiina po60oTa IpUCBIY€Ha JOCiIKEHHIO 3aKOHOMiIPHOCTE! BILJIMBY XOJIO[IHOTO i30CTaTUYHOTO
npecyBaHHs (XI]) HecrieueHUX KOMIIAKTiB BOJIb(PaMOKOOaIbTOBUX TBEPYX CILJIaBiB HA (POPMYBAHHS CTPYKTYPH,
KiHETUKY (pa30yTBOPEHHSI, KOMILIEKC (i3MKO-MEXaHIYHMX BJIACTUBOCTEN Ta €KCILTyaTaliliHi XapaKTE€PUCTUKU
crie4eHux BUpPOOiB 3 HMX maTepiasiB. OCO6IMBY yBary MpuAileHO MOIYKY TEXHOJIOTIYHMX IPUIOMIB MifBUIEHHS
€KCIIJTyaTalliiHAX BJIaCTUBOCTEN CIIEYEHUX BUPOOIB 3aCTOCYBaHHSAM OOPOOKM BUCOKMM TiIPOCTATUYHUM THCKOM
(BI'T). BctaHOBJIEHO, 10 aKTYaJIbHOIO 334a4€l0 € CTBOPEHHS HAYKOBUX Ta IPAKTUYHUX 3aCa] OO0 PO3BUTKY
TEXHOJIOTIi Olep>KaHHs Ta 06POOKU TBEPAUX CIIIABIB, sika 6 3a6e3nevyBasa MiiBULIEHHS PiBHSI KOMILIEKCY (Pi3nKo-

MeXaHIYHUX BJIACTUBOCTEN Ta eKCIIyaTallifiHUX XapaKTEePUCTUK i 6ysa 6 11o36aBjieHa HeJloJIiKiB, IpUTaMaHHUX



yCTaJIeHUM MeTohaM. Buxofisguu 3 BUBHaU€HUX 3aKOHOMiPHOCTEH, OOIPYHTOBaHO BUOip ONTUMAIBHOTrO TUCKY XIIT,
SKUI 3a0e3evye HaBUIL LIiIbHICTh KOMIIAKTy, GOPMYBaHHS CTPYKTYPH IIPECOBOK TBEPIUX CILJIABiB 3 OiIbIl
Ipi6HMMY yacTuHKamMu WC Ta niiBUILIEHHS piBHS 3a/IMIIKOBUX HanpyxeHb y WC. JlocigpkeHO B3aeMO3B'SI30K MK
3MiHOIO Halrpy>XeHo-Ie(dOpPMOBAHOT0O CTaHy KOMIMAKTiB TBepaux ciasiB WC-8Co i WC-15Co, ogepskanux XII1, ta
KiHETUKOIO Ipo1eciB (pa3oyTBOPEeHHs Iif Jac ix crikaHHs. [TokasaHo, [0 Ha BiAMiHY Bif Clie4eHUX ITPECOBOK
TBepaux ciaBiB WC-8Co i WC-15Co, oiep>kaHUX OJHOBICHUM IIPECYBAHHSIM, B IKMX KOOAJIbT [1EPEBAXKHO
3HaxopuBcs B I'LIK nosimopdHiit Moaudikarlii, Ko6anbT B CIJIaBax ileHTUYHOTO XiMiYHOTO CKJIaAy, SIKi MifiJaBajn
XIIT nepen crikaHHSM, repeBakHO 3HaxonuBcs B ['IT noniMmopdHiit mopudikaii. PesynpraTu
PEHTI€HOCTPYKTYPHOTO aHasli3y CBi4yaTh PO 3MiHY CIiBBiIHOLIEHHS iHTEHCUBHOCTEN IudpaKLii yI0MKH
rekcaroHasnbsHoi rpatku WC ta cymapHoi inTeHcuBHoOcCTI audpakuii miomuH '11K-Co B crinasi WC-8Co-0,3VC,
ozpepskanoro XII1, mopiBHSIHO 3i CIIJIABOM, OZ€P>KaHUM OJHOBICHUM IIPECYBAHHSM, 1I0 BKa3y€e HA 3MEHIIEHHS
cepenHboOro po3mipy 3eped WC ta 3MiHy po3IIoziny KO6anbTOBOI 3B'S13yI040i B CTPYKTYPi KOMIIO3UTY, OLEP>KaHoro i3
3acrocyBaHHsM XII1. BctanoBsieHo, 110 3MiHa nosimopdHoi mopudikauii 3 ['1IK Ha I'IIIT 3HaYHOrO 06’€MY KOGAILTY
Ta 3MEHIIEHHS cepegHboro po3mipy 3epeH WC y teepaomy criasi WC 8Co, ogepskaHoro i3 3actocyBaHHaM XIIT,
[IPU3BEJIO [0 MiJBUILEHHA TBEPAOCTI Ta TPaHUL MiLITHOCTI KOMITO3UTY NIOPIBHAHO 31 CIJIaBOM, OZl€P’KaHUM
OJIHOBiICHUM IpecyBaHHIM. [TokazaHo, mo XII1 criyiaBy, JIEroBaHOTO iHIGITOPOM POCTY 3epeH, cpopmMyBao yMOBH,
110 320€e3I1eYnsIv YTBOPEHHS 6iMOAIbHOI CTPYKTYPH CIIEYEHOTO KOMIIO3UTY 3 TOMOT€HHUMU 06JIaCTSIMU 3B's13y1040]
(dasu - ocepenkamy Ko6asbTy. BCTaHOBJIEHO, IO 3i 3MEHIIEHHSIM CEPEIHBOro po3Mipy 3epeH WC y crasi, sSikuit
nipnasanu XII1, Ha psany 3i 36epeskeHHsIM TeHIeHIii MiIBUILIeHHS TBePIOCTi HETUIIOBO, SIK [1Jis CIJIAaBiB, JIETOBAHUX
iHribiTopamu pocTy 3epeH, TPillMHOCTIIKICTh KOMIIO3UTY 3pocJa B 1,5 pas3u nopisHsHoO 3i ciiaom WC-8Co-0,3VC,
OZ,epP>KaHOr0 OJHOBICHUM IIPECYBaHHAM. BusByieHo, wo iHinitoBana XII1 3MiHa Tuny kpucraniyHoi rpatku 3 ['IK Ha
T'IIT B 06'emi ko6anbTy TBEpAoro ciary WC-15Co Bigobpasusiacs Ha 3HWKEHH] 3aTHOCTi KOMITO3UTY 10
CYIIPOTUBY YTBOPEHHIO Ta NOIIMPEHHIO TPIIMHY, OJHAK IIPU3BeJIa [0 MiBUILEHHS IPaHuULli MIIJHOCTI Ta TBEPJOCTI
KOMIIO3UTY. [IpoBeieHO OLiHKY 3HOCOCTIMKOCTi iHCTpYMeHTiB 3 TBepaux ciiaBiB WC-6Co, WC-8Co ta WC-15Co,
opepsxanux XII1, mig yac ix BUIPOOYBaHHS B HAMOiJIbII TUTIOBUX YMOBAX €KCIIyaTallii 111 KOXHOI 3 JOCJIiIpKyBaHNX
Mapok. BcTaHOB/IEHO, 110 B [TOPiBHSHHI 3 iIHCTPYMEHTOM 3 TBepaux ciasiB WC-6Co, WC-8Co ta WC-15Co,
OZlep>KaHMM OJIHOBICHMM IIPECYBaHHAM, iHCTPYMEHT 3 TBEPIUX CIUIaBiB, ogepkanui XII1, mokasas Kpaily CTifKiCTb
IIO 3HOIIYBAHHY Iif] Yac MOro eKcIyaTaliiiHoro BUpooyBaHHs. [lokazaHo, 1o y crnasax, ogepxkanux XII, 3aBasxku
3MiHi (pazoBoro ckiamy, HanpyxeHo-1ehOPMOBAHOTO CTaHy Ta CTPYKTYPH, ITepeBakalounm OyB IPUHLIUIIOBO
BiZMiHHMI M€XaHi3M 3HOLIYBaHHS NOPiBHSHO 3i CIJIaBaMU, OZE€P>XKaHUMU OJHOBICHUM NpecyBaHHAM. [1nacTtryHa
Iedopmaliist IoBepXHEBUX LIapiB 6ypOBOTro, PixKy4yoro Ta f1edopMy04oro iHCTPyMEHTY 3 I10JaIbIIUM
BiflIapyBaHHSM Je(pOPMOBAHOTO 06’eMy MaTepiasy Mif 4ac aAre3iHOro TUIy 3HOLIYBaHHS OyJla IpUTaMaHHa
CIIJIaBaM, OJlep>KaHMM OJJHOBICHUM IIPECYBaHHSIM, [TOCTYIIOBE abpa3uBHE 3HOLIYBAHHS IIOBEPXHEBUX LIaPiB
IHCTPYMEHTY 3 OAAJBIINM BUKPUIIYBAHHAM OKpeMUx 3epeH WC — 114 crasiB, opepxkanux XII1. 3anpornoHoBaHo
CI10ci6 06po6KY TBEPAMX CILJIaBiB BUCOKUM riipoctatnyHuM TUcKOM (BI'T). Tlokasano, mo o6pobka BI'T TBepporo
craBy WC-15Co iHiljtoe MapTeHcUTHE $a3oBe IEPETBOPEHHS B 3B513y104iil CKJIAIOBIH, 1[0 CYITPOBOIKY€ETHCS
36inpueHHs KispkocTi ['TT nosnimopdHoi Mmopudikanii ko6anbTy y KoMnosurti. BussieHo, mo o6pooka BI'T ¢popmye
rpajiieHTHUI PO3IO/iJ BJIACTUBOCTEN 10 00'€eMy KOMIIO3UTY, TakK, 3MiHU, CIPUYMHEHI 0OpOOKOI0, HaliCKJIbHIlIe
IIPOSIBJISIIOTHCS HA TIOBEPXHI CIJIAaBY Ta MEHII BUPAKEHi B 10ro 06'eMi y Mipy BiilajleHHs Bifl IOBEPXHI.
ExcriepuMeHTasbHO BCTaHOBJIEHO, 0 06pobka BI'T TBepaoro crnaBy WC-15Co nifgBuinye 10ro rpaHuLio MilfHOCTI,

TBEPLiICTb Ta 3HOCOCTIMKICTb.

2. The PhD thesis is devoted to the study of the regularities of the influence of cold isostatic pressing (CIP) of
unsintered compacts of WC-Co cemented carbides on the formation of structure, phase formation kinetics, a set
of physical and mechanical properties, and performance characteristics of sintered products from these materials.
Particular attention is paid to the search for technological methods to improve the performance properties of
sintered products by applying high hydrostatic pressure (HHP) treatment. Thus, it has been established that an
actual objective is to create scientific and practical principles for the development of the cemented carbides
production and processing technology which would ensure an increase in the level of physical and mechanical



properties and performance characteristics and would be devoid of the disadvantages inherent in conventional
methods. Based on the established dependencies, the choice of the optimal CIP pressure is substantiated, which
ensures the highest density of the compact, the formation of the cemented carbides structure with smaller WC
particles, and an increase in the level of residual stresses in WC. The correlation between the change in the stress-
strain state of WC-8Co and WC-15Co cemented carbides compacts produced by CIP and the kinetics of phase
formation processes during their sintering was investigated. It is shown that unlike the sintered cemented
carbides compacts of WC-8Co and WC-15Co produced by uniaxial pressing, in which cobalt was mainly in the FCC
polymorphic modification, cobalt in composites of identical chemical composition that were subjected to CIP
before sintering was mainly in the HCP polymorphic modification. The XRD analysis results indicate a change in
the ratio of diffraction intensities of the WC hexagonal lattice planes and the total diffraction intensity of the FCC-
Co planes in the WC-8Co-0.3VC cemented carbide produced by CIP compared to the composite produced by
uniaxial pressing, indicating a decrease in the average WC grain size and a change in the distribution of the cobalt
binder in the structure of the composite produced by applying CIP. It was found that the change in polymorphic
modification from FCC to HCP of a significant amount of cobalt and a decrease in the average grain size of WC in
the WC 8Co cemented carbide produced by using CIP led to an increase in the hardness and strength of the
composite compared to the alloy obtained by uniaxial pressing. It is shown that the CIP of the cemented carbide
with the addition of VC grain growth inhibitor formed conditions that ensured the formation of a bimodal
structure of the sintered composite with homogeneous areas of the binder phase - cobalt pools. It was found that
with a decrease in WC average grain size in the composite that were subjected to CIP as well as the tendency to
increase hardness atypically as for cemented carbides with grain growth inhibitors the crack resistance of the
composite increased by 1,5 times compared to the WC-8Co0-0.3VC cemented carbide produced by uniaxial
pressing. It was found that the change in the type of crystal lattice from FCC to HCP of a significant amount of
cobalt of WC-15Co cemented carbide initiated by CIP affected the decrease in the ability to resist crack formation
and propagation but led to an increase in the strength and hardness of the composite.It has been established that
in comparison with the tools made of WC-6Co, WC-8Co, and WC-15Co cemented carbides produced by uniaxial
pressing, the cold isostatically pressed tools made of identical chemical composition composites showed better
wear resistance during its operational testing. Plastic deformation of the surface layers of drilling, cutting, and
deforming tools with subsequent delamination of the deformed material volume during adhesive wear was
inherent in the composites produced by uniaxial pressing, and gradual abrasive wear of the tool surface layers with
subsequent crumbling of individual WC grains was typical for the composites produced by CIP. The method for
cemented carbides processing by high hydrostatic pressure (HHP) is proposed. It is shown that the HHP treatment
of WC-15Co cemented carbide initiates a martensitic phase transition in the binder component which is
accompanied by an increase in the number of HCP polymorphic modification of cobalt in the composite. It was
found that the HHP treatment forms a gradient distribution of properties over the volume of the composite, so the
changes caused by the treatment are most pronounced on the surface of the composite and less pronounced in its
volume as it moves away from the surface. It has been experimentally established that HHP treatment of WC-15Co
cemented carbide increases its strength, hardness, and wear resistance of deforming tools made of this material.
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IloBHe HaﬁMeHyBaHHﬂ lOpI/I,ZLH‘IHO'l' O0COOM: JloHeIbKuit (dizuxo-TexHiyHM iHCTUTYT imMeHi O. O. l'asnkiHa

HanjonasnpHoi akagemii Hayk YKkpainu

Kopg 3a €IPIIOY: 05420497

Micuesnaxomxeunﬂ: npocnekt Hayku, 6ya. 46, Kuis, 03680, YkpaiHna
dopma B1acHOCTI: JlepxasHa

Cdepa praBJIiHHﬂZ HanjionanbHa akageMisd HayK YKpaiHu



InenTudikarop ROR:

VII. BizomocTi npo odiliiHUX OTIOHEHTIB Ta pelleH3€eHTiB
OdiuiiiHi OIOHEHTH
Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. MaricTpeHnko AHaToill JIbBOBHMY

2. Anatolii L. Maistrenko

KBasigikanis: 1.1, npodpecop, 05.02.01
InenTudikarop ORCID ID: 0000-0001-5479-326X
JoparkoBa iHdpopmamist:

IloBHe HaliMEeHYBaHHSI IOPHUAUYHOI OCOOH: [HCTUTYT HAATBEpAUX MaTepiasis im. B. M. Bakyss

HanjonasnbHoi akagemii Hayk YKpaiHu

Kopg 3a €IPIIOY: 05417377

Micue3HaxoaKeHHS: BYJI. ABTO3aBOJICbKa, 0yz. 2, Kuis, 04074, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiiHHSA: HaujoHasnbHa akaziemis HayK YKpaiHu

Inentudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Pynop Onekcanap IMUTPpOBUY
2. Oleksandr D. Rud

KBasigikanis: 1. ¢.-m. ., npodecop, 01.04.07
InenTudikarop ORCID ID: 0000-0002-0938-7884
JoparkoBa iHdpopmamuist:

IloBHe HaliIMeHYBaHHS IOPUAHUYHOL 0COOH: [HcTUTyT MeTanodizuky im. T. B. Kypaomosa HanjoHanbHoi

aKkageMii HayK YKpaiHu

Kopg 3a €IPIIOY: 05417331

Micue3HaxoaKeHHS: oysbBap Akagemika Bepnapacekoro, 6ya. 36, Kuis, 03142, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiiHHS: HaujonasnbHa akajiemis HayK YKpaiHu

Inentudikarop ROR:

PeuenseHTu

BaacHe IlpizBume Im'st I1o-6aThKOBI:

1. Crenan4yk AHaTos1iii MUKoOJIaioBUY



2. Anatolii M. Stepanchuk

KBasigikamis: .r.u., npodecop, 05.16.06
ImenTudikarop ORCID ID: 0000-0002-0363-5226
JonaTkoBa iHdopmalist:

IloBHE HalIMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii TexHiuHuil yHiBepcuTeT Ykpainu "KuiBchKuit

MOJIITEXHIYHMN IHCTUTYT imMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT bepecreiicbkuii, 6yg. 37, Kuis, 03056, Ykpaina
dopma BiracHoCTI:

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudgikarop ROR: He zacrocosyerscs

Baacue IlpizBumie Im's Ilo-6aTbKOBI:

1. Kapnieup Mupocias BacunboBuy

2. Myroslav V. Karpets

KBasigikanis: g. ¢.-m. 1., npodecop, 01.04.07
ImenTudikarop ORCID ID: 0000-0001-9528-1850

HoparkoBa iHpopmamist: https://www.scopus.com/authid /detail.uri?authorld=6603056281;
https://scholar.google.com.ua/citations?user=08bZWsQAAAAJ

IloBHE HaliIMEHYBaHHS IOPUAHNYHOI 0COO0HM: HanionanbHuii TexHi4HMIA yHiBepcuTeT YKpainu "KuiBchkuit

MOJIiTeXHIYHMM iHCTUTYT iMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekt bepecreiicekui, 6yg. 37, Kuis, 03056, Ykpaina
dopma BiracHoCTI:

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBiTH | HAayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

VIII. 3aKkJII04Hi BiZoMOCTi

Biacue IpizBume Im's [10-6aTbKOBI Tiros Bauecnas AnnpiioBuy
rOJIOBH pagu

BaacHe IlpizBuime Im's [10-6aTbKOBI TitoB BsuecaB AHTIPifiOBUY
rOJIOBYIOYOTO Ha 3acigaHHi

BigmoBizasibHU 32 MiATOTOBKY llepemer Biraniii IropoBuy

00JIIKOBHX JOKYMEHTIB

PeectpaTop YkpIHTEI



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisiIbHOCTI




