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Pedepar:

1. BaBpyx B.I. BriuB sieryBaHHsI Ha cTabisnizaniio $a3oBoro cTaHy Ta BJIACTUBOCTEN OKCUIHOI KepaMiky Ha OCHOBI
ZrO2. Juceprauis Ha 3700yTTs1 HAYKOBOT'O CTYIEHs IoKTopa (pinocodii 3a crienianpHicTio 132 — MaTepiano3HaBcTBO,
ranysb 3HaHb 13 - MexaHiuHa imxkeHepis1, HanjonansHuil yHiBepcuTeT “JIbBiBCbKA NOJIITEXHIKA", MiHiICTEDPCTBO
ocBiTU i HayKM YKpainy, JIbBiB, 2024. [luceprallig NpUCBAYE€HA BUPIIEHHIO aKTyaJIbHOIO HAyKOBO-TEXHIYHOTO
3aBJIaHHS 3 €KCIIEPUMEHTAJIbHOTO JOCIiIKEHHS BIUIMBY JIETYBaHHS Ha (a30BUI CKIIaJl, MIKPOCTPYKTYPY Ta
MOp(oJIOrilo IOBEPXHi pyHHYBaHHS LMPKOHi€BOI KepaMiKu, CIIeY€HOI 3a Pi3HUX TEMIIEPATYP, [AJIs1 JOCSITHEHHS
HEOOXiIHUX MEXaHIYHUX BJIACTUBOCTE, 30KpemMa MiKpOTBEpJOCTi, MIIJHOCTI Ta B'SI3KOCTi pyiiHyBaHHS. JlucepTalis
TaKOXX OXOILJIIOE€ IPOTHO3YBAaHHS MEXaHIYHUX BJIACTUBOCTEN TaKOi KEpaMiKy MIJIIXOM BUKOPUCTAHHS aJITOPUTMIB
MaLIMHHOTO HaBYaHHS, 1[0 JO3BOJIMTh 3HAYHO 36KOHOMUTH MaTepiasbHi, 4acoBi Ta PiHaHCOBI pecypcu Ipu
BUTOTOBJIEHHI KEPaMidYHUX BUPOO6iB. MeTOI0 pOOOTHU € OLiHIOBaHHS BILJIMBY XiMiYHOTO Ta (pa30BOro CKJIaLYy,
TEMIIePATypPHU CIIiKaHHSI, MIKpPOCTPYKTYpH Ta MOp(oJIorii NoBepxHi pyiiHyBaHHS HA MiKPOTBEPICTb, MilIHICTb Ta

B'SI3KIiCTb py/HYBaHHS LMPKOHi€BOI KepaMiku /1J1s 3abe3re4eHHs HeOOXinHNX PYHKIIOHAJIbPHUX Ta €KCILTyaTalifHuX



BJIACTMBOCTE. B po60Ti 6yJI0 BUKOHAHO TaKi TOCTaBJIeHi 3aBJaHHS: ~ OL[iHEHO BIIMB XiMi4YHOTO Ta (a30BOroO
CKJIaZly, MIKDOCTPYKTYPH Ta TEMIIEPATYPH CIiKaHHS IUPKOHIEBOI KepaMiky Ha MeXaHiYHi BJIaCTUBOCTI
(MiKpOTBepJiCTb, TPAHULIIO0 MILJHOCT] Ha 3T'MH Ta B'SI3KiCTb PyHHYBaHH); - 3[iiCHEHO BUOip afileKBaTHOIO
BUKOPUCTAHHS iCHYIOUMX €MITIIPUYHUX 3aJIEXKHOCTEN i3 BU3HAYEHHS B'SI3KOCTi pyIIHYBaHHSI METOJIOM ifleHTYBaHHS
nipamizoto Bikepca; - gociifkeHo B3aeMO3B'SI30K MiX TPIIMHOCTIHKICTIO i MOPQOJIOTi€lo TOBEPXHi PyHHYBaHHS
17151 inenTUdikalii BUCOKOEHeProMiCTKOIO MiKpoMexaHi3aMy pyHHYBaHHSI; - OLIHEHO MOXKJIUBICTb 3]leLl1eBJI€HHSI
LIMPKOHi€eBOI KepaMiku 1u1sixoM JjierysanHs Al203, CoO, CeO2, Fe203, MgO 3amicts Y203 g1 crabinizari
TeTparoHasnbHOI Paszu ZrO2 Ta 30epe>KeHHs YU MiABUILEHHS PiBHS MEXaHIYHUX BJIACTUBOCTEN; - IPOBEIEHO
[IPOTHO3YBAHHSI MEXaHIYHUX BJIACTUBOCTE! (MIKpOTBEPAOCTI, MilIHOCTI Ta B'I3KOCTi pyHHYBaHHS) UPKOHi€BO]
KepaMiKu pi3HUX CHUCTEM JIETYBAaHHS, BUKOPUCTOBYIOUM METOJIA MaIMHHOTO HaByaHHs. O0’eKTOM JOCIiIKEHHS €
LIMPKOHi€eBa Kepamika pi3HUX CUCTeM JieryBaHHs. [IpemMeT NOCIiIpKeHHsI — BILJIUB JIeryBaHHS Ha (a3oBUil CKiaf,
MIKPOCTPYKTYPY Ta BJIACTMBOCTI IUPKOHIEBOI KepaMiKy, CrieYeHoi 3a pisHMX Temneparyp. Kiro4osi c10Ba: KepaMika,
IiOKCHUJ, LUPKOHII0, OKCUJ, iITPit0, OKCU]I, aJIIOMiHi0, KOMIIJIEKCHE JIETYBAaHHS, OKCUAM, TEMIIepaTypa CIIiKaHHS,
(dazoBuil ckiag, popmyBaHHs (a3, Ppazoa cTabisnizallis, KpUcTaliyHa rpaTka, MikpOCTPYKTYypa, MilIHICTb,
MiKPOTBEPLiCTb, B'SI3KiCTb PyVHYBaHHS, TPIlIMHOCTINKICTb, IOPY, IOPOKHUHY, PpaKTorpadist, MOLEeI0BaHHS,
[IPOTHO3YBAHHSI.

2. Vavrukh V.I. The effect of alloying on the stabilization of the phase state and properties of ZrO2 based oxide
ceramics. Thesis for the Doctor of Philosophy degree in specialty 132 — Materials Science, field of knowledge 13 -
Mechanical Engineering, Lviv Polytechnic National University, Ministry of Education and Science of Ukraine, Lviv,
2024. PhD thesis is dedicated to solving the relevant scientific and technical tasks of experimental research of the
influence of alloying on the phase composition, microstructure, and fracture surface morphology of zirconia
ceramics sintered at different temperatures to achieve the required mechanical properties, in particular
microhardness, strength, and fracture toughness. PhD thesis also covers predicting the mechanical properties of
these ceramics using machine learning algorithms, which will significantly save material, time, and financial
resources in manufacturing ceramic products. The aim of the PhD thesis is to evaluate the influence of the
chemical and phase compositions, sintering temperature, microstructure, and fracture surface morphology on the
microhardness, strength, and fracture toughness of zirconia ceramics to ensure the required functional and
operational properties. The following tasks were completed in the work: - the effect of the chemical and phase
composition, microstructure, and sintering temperature of zirconia ceramics on mechanical properties
(microhardness, flexural strength, and fracture toughness) was evaluated; - the choice of effectively using the
existing empirical dependences of fracture toughness determination by the Vickers indentation method was made;
- the relationship between fracture toughness and fracture surface morphology was investigated to identify a
high-energy micromechanism of fracture; - the possibility of reducing the cost of zirconia ceramics by alloying
Al203, CoO, Ce02, Fe203, and MgO instead of Y203 to stabilize the tetragonal phase of ZrO2 and maintain or
increase the level of mechanical properties was evaluated; - prediction of mechanical properties (microhardness,
strength, and fracture toughness) of zirconia ceramics of different alloying systems was carried out using machine
learning methods. The research object is zirconia ceramics of different alloying systems. The research subject is
the influence of alloying on the phase composition, microstructure, and properties of zirconia ceramics sintered at
different temperatures. Keywords: ceramics, zirconium oxide, yttrium oxide, aluminum oxide, complex alloying,
oxides, sintering temperature, phase composition, phase formation, phase stabilization, crystal lattice,
microstructure, strength, microhardness, fracture toughness, crack growth resistance, pores, voids, fractography,
modeling, prediction.
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