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Pedepar/anoTamis:

1. lucepraniiina po60oTa MpucBsYeHa NOCaiTKeHHIO KOMIIO3UL[iHUX MaTepiajliB CUCTEMU
SiC—(Ti0.2Zr0.2Hf0.2Nb0.2Ta0.2)B2 (SiC-HEB), y siKiit Kap6in KpeMHil0 pO3IJII1Aa€ThCs SIK BUCOKOTEMIIepaTypHa
KepaMiyHa MaTpUIlsl, 2 BUCOKOEHTPOMIMHUI TUOOPU, MEPEXiTHUX METaiB — SIK IepCIeKTUBHA 3MiI[HIOBaIbHA
(daza. AKTyasIbHICTb POOOTU 3yMOBJIEHA HEOOXiJHICTIO CTBOPEHHS KEpaMidYHUX MaTepiasiB, 30aTHUX NPallloBaTH 3a
BHCOKHUX T€MIIepaTyp, iHTEHCHBHOTO 3HOIIYBAaHHS, TEPMiYHUX HABAHT)KEHDb Ta B OKUCHIOBAJIbHOMY CEPEIOBUIII].
MeTo10 po6OTH € BCTaHOBJIEHHS 3aKOHOMipHOCTe (popmyBaHHS (Pa30BOTO CKIAAY, MIKPOCTPYKTYPH Ta
BJIacTMBOCTe MartepiainiB cuctemu SiC-HEB 3anesXHo Bif, cKay i TEXHOJIOTIYHUX YMOB Ofiep>KaHHs. Y po0OoTi
[IO€JHAHO NEPUIONPUHLIUIIHI PO3PaxyHKH Ta €KCIIEPMMEHTA/IbHI MeTonu cuHTe3y. Ha 0cHOBI Teopii pyHKLioOHATY
TYCTHHU JOCTIIKEHO CTPYKTYPHY CTabibHICTh, €JIEKTPOHHY OYZ0BY, TEPMOJAMHAMIYHI XapaKTePUCTUKU Ta
MeXaHiuHi BJIaCTUBOCTI BUCOKOeHTpoIiiiHoro nu6opuny (Ti0.2Zr0.2Hf0.2Nb0.2Ta0.2)B2. [TokasaHo, 1110 BiH €



CTPYKTYPHO CTabisIbHUM i 30epirae KpucTaniuny 6ygoBy tumy AlB2, a fioro BuCoKa TBEPAICTb i 5)KOPCTKICTb OB’S13aHi
3 0COOJIMBOCTAMM XiMiyHOTO 3B's13ky Me-B. ExcriepumeHnTanpHo Matepianu cucremu SiC-HEB oTpumano meTonamu
IyrOBOTO IJIaBJIEHHS, 6€3TUreJIbHOTO 30HHOTO IJIaBJIEHHS 3i CIIPSIMOBAHOIO KpUCTali3alli€lo Ta IBUIKICHOTO
rapstioro npecyBaHHs. ®a3oBuii ckiaf, i MIKpOCTPYKTYPY AOCTIIXKEHO METOAAMU PEHTTeHiBChbKOI Audpaxiiii,
CKaHYBaJIbHOI €JIEKTPOHHOI MIKDOCKOIIii Ta €eHEProgMCIePCiHOTO MiKpoaHasi3y. BCTaHOBJIEHO, 110 B CUCTEMI
dopmyeTbcs ABodasHa CTPYKTYPa, sika ckianaeTbes 3 SiC Ta BUCOKOEHTPOMiMHOi 60puaHoi dpasu. 3a pesysibraTamu
IyrOBOro IJIaBjIeHHs BU3HauYeHo ckiuaf 60SiC-40HEB, M011.%, siK 61M3bKUI 10 €BTEKTUYHOTO, IJ1s1 SIKOTO
XapakTepHe (OpMyBaHHS OAHOPiNHOI ApiGHOAKMCTIEPCHOI MiKpOCTPYKTYpU. [T0Ka3aHo, 110 Mif, Yac CIIPSIMOBAHO]
KpUCTaizalii MaTepiaan eBTEKTUYHOrO CKJIaly MaloTh IIEPEBasKHO JIaMeJISIPHY ABOQa3Hy CTPYKTYPY. 30iablIeHHS
IIBAJIKOCTI KpUcTanizauii Big 1 1o 3 MM /XB IPUBOAUTD [0 3MEHILIEHHS XapaKTePHOro po3mipy pasoBUX CKIaIOBUX i
MDKJIaMesIsIpHoOi BificTaHi. MexaHiuHi BUTpOOYBaHHS [10Ka3asy, 0 TBEPAIiCTb TAKUX MaTepiaiB CTAHOBUTb 22-25
I'Tla, a TpimuHocTiiikicTs KIC — 3,7+0,2 MIla-m1/2. [TinBunieHHS TPilIMHOCTINKOCTI [10B'13aHe 3 BiAXMIEHHIM i
PO3rayIy>KeHHSIM TPIlMH Ha MDK(a3HUX MeXKaxX Ta yCKIaAHEHHSIM TpaeKTopii ix nomupeHHs. [Ijs kepamiky,
OTPMMAaHOI MIBUAKICHUM Taps4yM IIPECYBAHHIM, BCTAHOBJIEHO BIUIMB TeMIlepatypu crikanus 1800-2300 °C Ha
MIKPOCTPYKTYPY Ta M€XaHiuHi Bl1aCTUBOCTi. MakcrumasnbHa TBepaicTs 23,75 I'Tla gocsrHyTa micst cnikanHs npu 1800
°C, a MakcHUMaJlbHi 3HaYeHHs TpimuHocTiiKocTi 5,01 MITa-m1/2 i mitHOCTI Ha 3rvH 670 MITa — nipu 1900 °C. 3a
pesyJbTaTaMu TEPMIUYHOTO aHasli3y BCTaHOBJIEHO, 110 POPMYBaHHS CcTabinbHOI 1BodasHoi cTpykTypu SiC-HEB
nizBuUIIye TeMIepaTypy noyaTky okucHeHHs 3 586 °C 1o 650 °C i 3HMXKye MBUIKICTb TPUPOCTY MACH IOPiBHSHO 3
MEXaHIYHOI0 CyMilllo NopoukKiB. HaykoBa HOBM3HA POOGOTH IOJISITA€ Y BCTAHOBJIEHHI 3aKOHOMipHOCTEN
($a30yTBOPEHHS, CTPYKTYPOYTBOPEHHS Ta (POPMYBAHHS BJIACTUBOCTEN Y CUCTEMI
SiC-(Ti0.2Zr0.2Hf0.2Nb0.2Ta0.2)B2. [IpakThyHe 3HaY€HHSs Pe3yJIbTaTiB [10JISITa€ Y MOXJIMBOCTI iX BUKOPUCTaHHS
17151 pO3PO0JIEHHS BUCOKOTEMIIEPATYPHUX, 3HOCOCTIMKMX i KOHCTPYKLINHMX KEPaMiYHMX MaTepiajiB Ha OCHOBI

Kap6ily KpeMHilo Ta BUCOKOEHTPOIIHIX 60pUiB.

2. The dissertation is devoted to the study of composite materials of the SiC-(Ti0.2Zr0.2H{f0.2Nb0.2Ta0.2)B2
system, in which silicon carbide is considered as a high-temperature ceramic matrix and the high-entropy
diboride of transition metals is used as a promising reinforcing phase. The relevance of the work is determined by
the need to develop new ceramic materials capable of operating under high temperatures, intensive wear, thermal
loading and oxidizing environments. The aim of the work is to establish the regularities of phase formation,
microstructure development and property formation in SiC-HEB materials depending on composition and
processing conditions. The work combines first-principles calculations and experimental synthesis methods.
Based on density functional theory, the structural stability, electronic structure, thermodynamic characteristics
and mechanical properties of the high-entropy diboride (Ti0.2Zr0.2Hf0.2Nb0.2Ta0.2)B2 were investigated. It was
shown that this phase is structurally stable, retains the AlB2-type crystal structure and can act as an effective
reinforcing component in SiC-based ceramics. The experimental part included the preparation of SiC-HEB
materials by arc melting, crucible-free zone melting with directional solidification and high-speed hot pressing.
The phase composition and microstructure were studied using X-ray diffraction, scanning electron microscopy
and energy-dispersive X-ray microanalysis. It was established that the materials mainly consist of two phases, SiC
and the high-entropy boride phase. Based on arc melting experiments, the composition 60SiC-40HEB, mol.%, was
identified as close to the eutectic composition, for which an extended, homogeneous and fine-dispersed two-
phase microstructure is formed. Directionally solidified materials of the eutectic composition were characterized
by a predominantly lamellar two-phase structure. An increase in the crystallization rate from 1 to 3 mm/min led to
a decrease in the characteristic size of the phase constituents and interlamellar spacing. Mechanical tests showed
that the Vickers hardness of the directionally solidified materials was 22-25 GPa, while the fracture toughness KIC
was 3.7+0.2 MPa-ml1/2. The improvement in fracture toughness is associated with crack deflection and branching
at interphase boundaries, crack bridging and the more complex crack propagation path in the two-phase
structure. For ceramics obtained by high-speed hot pressing, the influence of sintering temperature in the range
of 1800-2300 °C on phase composition, microstructure and mechanical properties was established. The maximum
hardness of 23.75 GPa was achieved for samples sintered at 1800 °C. The maximum fracture toughness of 5.01



MPa-m1/2 and flexural strength of 670 MPa were obtained for samples sintered at 1900 °C, which indicates the
most favorable balance between densification, microstructural state, interphase interaction and crack-arresting
mechanisms at this temperature. Thermal analysis showed that the formation of a stable two-phase SiC-HEB
structure increases the oxidation onset temperature from 586 °C to 650 °C and reduces the mass gain rate
compared with the mechanical powder mixture. This confirms the positive effect of the high-entropy boride phase
not only on the mechanical properties but also on the high-temperature chemical stability of the composite. The
scientific novelty of the dissertation lies in establishing the regularities of phase formation, microstructure
evolution and property formation in the SiC—(Ti0.2Zr0.2Hf0.2Nb0.2Ta0.2)B2 system. The practical significance of
the results is related to the possibility of using the obtained data for the design of high-temperature, wear-
resistant and structural ceramic materials based on silicon carbide and high-entropy borides.
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IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii TexHiuHMil yHiBepcuTeT Ykpainm "KuiBchKuit

NOJIiTeXHIYHMI iHCTUTYT iMeHi Irops Cikopcekoro”

Kog, 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT Bepecreiichkuii, Kuis, 03056, Ykpaina
dopma By1acHoCTI:

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

VIII. 3akir04Hi BimoMocTi

Biacue IIpizsume Im's [10-6aTbKOBI MiHiubkuit AHatosii BayecaaBoBruy
rOJIOBH pagu

Bnacwue IpizBume Im's [1o-6aTbKOBI MiHiubkuit AHaToiN BayeciaBoBAY
roJIOBYIOYOrO Ha 3aCifiaHHi

BigmoBimasibHU 32 MiATOTOBKY Hyanb ManbTaH
00JIIKOBHX JJOKYMEHTIB

Peectpartop IOpuenko TeTtsiHa AHaToiiBHA



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

JisiIbHOCTI




