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Pedepar:

1. Inceprauis npucBg4YeHa JOCTIIKEHHIO (Pi3MYHUX BJIACTUBOCTEN Ta XapaKTePUCTHUK KasblLiii-pocaTHUX
Marepiasis, 4Ki MiCTATb JOMIIIKY B iHTepBaJli TEMIIEPATYP Bif KiMHATHOI 10 1400°C, KU OXOILIIOE OTPUMAHHS
KauibLlifl (pocaTHMX NOPOUIKIB Ta GOPMYBaHHS LIIJILHUAX Ta IOPUCTUX KEPaMiK Ha OCHOBI (pocdaTiB KalbLilo IpU
BUCOKMX TeMIlepaTypax. Bniepie orpumani KasnbLiii-pocdaTHi IOKPUTTS UIJIIXOM OCAIPKEHHSI i3 BOJAHMAX PO3UMHIB
Ha HOBUH TUII MeTayleBuX Minknanok i3 MAX ¢asu Ti3AIC2. V nepmomy po3zisi po3riasgaoTbCsl KpUCTasliuHi
CTpPYKTypu (pocdariB Kabllilo, IPOBOAUTHCS aHaJi3 CTEXiOMETPii JaHMX CIIOJIyK, yMOBHU iXHbOI pa30BOi piBHOBaru. Y

PO31iJIi FPYHTOBHO PO3IJISIHYTO MEXaHi3MU CITiKaHHS KepaMiku, MeTogu (OpMYyBaHHS LIIbHOI Ta OPUCTO]



Kepamiku. B yactuHi po3ziny, NpUCBSYEHIN €JIEKTPUYHUM BIIACTUBOCTSIM KajbLili-(ocaTHUX MaTepiais,
PO3TJIAIAI0ThCSI MEXaHI3MHU [IEPEHOCY €JIEKTPUYHUX 3apsfiB. TakoX y JaHOMY pO3Zisi pO3risifaloThCsl METOU
dopmyBaHHs KasblLiii-pocPaTHUX IOKPUTTIB HA METaJIeBUX MigKianKax. JIpyruil posnin nucepralii IpUCBIYeHO
METOJlaM OTPUMAaHHS KasbLill-pocgaTHUX MaTepiajiB Ta AOCHIIKEHHIO (i3MYHUX BIACTUBOCTEH Ta XapaKTePUCTUK
KasbLiii-pocdaTHUx MaTepiais. [leTaJbHO ONMCAHO anapaTypy Ta METOAUKY, 3a SIKUMU IIPOBOJSThCS
BMMIipIOBaHHS Qi3NUYHUX XapaKTepUCTUK. Y TPETbOMY PO3Jisi AucepTalii IpeicTaBleHo Pe3ysbTaTh CTBOPEHHS
KabLifi-(pochaTHUX MOKPUTTIB Ha Niakiaaaxax i3 MAX ¢asu Ti3AIC2 miisixom ocafiKeHHS y BOGHUX PO3UMHAX.
JocinKeHHs IpOBOAUINCS OKpeMO 1is rigpokcuanarury (Ca,/P=1,67) ta inmux ¢pocdaTiB KayibLilo 3MiHHOTO
ximigHoro cknany (Ca/P#1,67). Y yeTBepTOMY pO3Liji pO3IJISIHYTO €/IeKTPUYHI XapaKTepUCTUKU KanbLiidpocdaTHUX
Marepiasis, 4Ki MiCTATb JOMIIIKY B 3aJI€SKHOCTI Bif] TEMIIEpPATYPH BifIany B iHTepBaJl TeMIIEPATyp Bill KiIMHATHOI 10
1200°C. Briepuie 6ys10 TpOAEMOHCTPOBAHO, 10 JOMILIKY B 3pa3Kax riIpOKCUANATUTY BIJIMBAIOTD HA Xifl
TEMIIePATYPHOI 3aJIEXKHOCTI €JIEKTPUYHOTO OIOPY NPpU NOCTiliHOMY cTpyMi. [IpoBenieHO ineHTHdiKaliio TaKux
nmoMitiok. ITaTuil po3ain nuceprarii TPUCBSIYEHO AOCTIIPKEHHSIM MPOIIECiB CITiKaHHS Kamblili-pocdaTHUX
Marepiais. BcTaHOBJIEHO, O criikaHHA (pocdarTiB Kasbliilo BiOyBaeThCs 32 MEXaHi3MaMy NOBEPXHEBOI Audysii Ta
MeXaMH 3epeH. ['0JI0BHI HayKOBi pe3yJibTaTH, OTPUMaHi y po6oTi, € HacTynHUMHU. 1. OTprMaHO KanbLili-(ocdaTHi
noKpuTTs Ha nmigkiagkax Ti3AIC2 3osbp-renbp MmeTonoM. IlokazaHo, o (pazoBuil Ckiial IOKPUTTIB 3aJI€5KUTH Bif 4acy
BUTPUMKU 3Pa3KiB y po3unHi pocdarty Kasbliio. 2. [TokazaHo, 1110 ONTUMaJIbHUMU YMOBaMHU 1111 (POPMYyBaHHS
KaJbLif-(pocdaTHOro NoKpUTTA Ha nigknaakax Ti3AlC2 e 3aHypeHHs MJKIAIKA Y PO34rH (PocdarTiB Kasbliiio
YIPOIOBX 24 roguH. [IOKpUTTSI MalOTh MOPUCTY CTPYKTYPY, sIKa IOBUHHA CIIPUSITU YTBOPEHHIO MIiJIbBHOTO KOHTAKTY
METAaJIeBUX IMIIJIAHTATIB 3 KiCTKO10. 3. [IoKa3aHo, 10 3MiHU €JIEKTPUYHOI EMHOCTI, €JIEKTPUYHOTO OIIOPY, a TAaKOXK
IieJIeKTpUYHOI TPOHUKHOCTI 3pa3KiB Y 3aJI€’KHOCTI Bifj TEeMIIepaTypu Bifasny NOB'sI3aHi i3 po3KIagaHHsIM i
B32€EMOIi€I0 JOMINIOK: Aecopoliielo Boay 3 MOBepXHi HaHOYacTUHOK KPM, a TakoX i3 KpUCTanigyHoi I'paTky,
poskiananaam HPO42- ta B3aemojiiero oTpruMaHux NponyKTiB i3 CO32-, a TakoXK BilOyBaIOThCS B HACTIIOK
BuBiIbHEHHS COZ 3 KPUCTAJIYHOI I'PaTKU riipoKkcuanaTtury. 4. [lokaszaHo, 10 eJ1eKTpUYHUH OIIip 3pasKiB Ipu
IIOCTITHOMY CTPyMi CYTT€EBO 3aJI€5KUATH Bifl HAIBHOCTI AOMIIIOK y 3pa3kax (pocgaTiB KaJblilo, SKi IPU3BOIASTb 1O
[10SIBA MiHIMYMIB Ha BiITIOBIHUX 3aJ1€5KHOCTSIX. OCHOBHMMM HOCISIMU €JIEKTPUYHOTO 3apsiay B 3paskax € OH-, a
Takox ioHu pomimok (NH4+, CO32-, P2074-), sxi yTBOPIOIOThCS Ha eTami cuHTesy ¢ocdartiB Kanbliito. 5. BusHaueHo
€HEeprilo aKTUBallii IPOLECiB IEPEHOCY 10HIB y 3pa3Kax rilpOKCUANATUTY i3 JOMIIIKaMU IIPU BUCOKMX
TeMIepaTtypax. 6. Bnepiie nokasaHo, 0 3aJ1€5KHOCTI JIiHilTHOI Ta 06’€eMHOI ycaIki, T'YCTUHU Ta MiKpOTBEPIOCTI 3a
Bikkepcom MaiOThb HEMOHOTOHHUY BUTJIS, SIKAY IIOB'SI3aHUU 3 HASIBHICTIO IOMIIIOK SIK Y BUIJISAI OKpemux ¢$as, Tax i
y BUIJIA] iOHIB, pO3TalllOBAaHMX Y KPUCTAJIYHIN I'paTLi rigpokcuanartury. 7. [lokasaHo, o CIlikaHHS 3pa3KiB
ripOKCUANAaTUTY i3 JOMIIIKaMU BiIOyBa€eTbCS 3a MEXaHI3MOM I'PAaTKOBOI 1ndy3ii 3 oBepxHi Ta Audysii Mexxamu
3epeH. 8. Po3paxoBaHO eHeprii akTuBallii pOCTy KPMCTaliTiB riipOKCUAIIATUATY i3 NOMIIIKaMU MiJl 4ac CIiKaHHA
3pa3KiB. 3HaYeHHsI eHeprii akTuBallii 3paskiB ['A mobpe y3rogKyloTbCs 3 HaBeJJleHUMU B JITepaTypi JaHUMU J1s1

pocty yacTUHOK KOM.

2. The dissertation is dedicated to the study of physical properties and characteristics of calcium phosphate
materials with impurities in the temperature interval from room temperature to 1400°C, which covers the
production of calcium phosphate powders and the transformation of dense and porous ceramics based on the
calcium phosphates at high temperatures. For the first time, calcium phosphate coatings were obtained by the
deposition in the aqueous solutions on a new type of metal substrates of the MAX phase Ti3AIC2. The first chapter
describes the crystal structures of calcium phosphates, the stoichiometry of these compounds, and their phase
equilibrium conditions. The origin of the impurities in calcium phosphate materials were discussed. The
mechanisms of sintering of ceramics, the methods of production of dense and porous ceramics were reported in
details in this chapter. In the part of the section devoted to the electrical properties of calcium phosphate
materials, the mechanisms of the transfer of electrical charges are considered. This section also discusses the
methods of sputtering of calcium phosphate coatings on the metal substrates. The second chapter of the thesis is
devoted to the synthesis methods of calcium phosphate materials and the study of physical properties and
characteristics of calcium phosphate materials. The equipment and methods used to measure the physical



characteristics were described in detail. The third chapter of the thesis represents the results of sputtering of
calcium phosphate coatings on the substrates from the MAX phase of Ti3AIC2 by the deposition in the aqueous
solutions. The study was conducted separately for hydroxyapatite (Ca/P=1.67) and other calcium phosphates of
variable chemical composition (Ca/P#1.67). The fourth chapter examines the electrical characteristics of calcium
phosphate materials with impurities depending on the annealing temperature in the temperature interval from
room temperatutre to 1200°C. It has been demonstrated for the first time, that the impurities in hydroxyapatite
samples affect the behavior of the temperature dependence of electrical resistance at DC. Such impurities have
been identified. The fifth chapter of the thesis is devoted to the research of the sintering of calcium phosphate
materials. It was established, that the sintering of calcium phosphates take place in accordance with the
mechanisms of surface diffusion and grain boundaries. The main scientific results obtained in the work are as
follows. 1. Calcium-phosphate coatings on Ti3AIC2 substrates were obtained by the sol-gel method. It has been
shown, that the phase composition of the coatings depends on the dipping time of the samples in the calcium
phosphate solution. 2. It has been shown, that the optimal conditions for the formation of the calcium-phosphate
coating on Ti3AIC2 substrates are dipping time in the solution of calcium phosphates for 24 hours. The coatings
have a porous structure, which should promote the formation of a tight contact of metal implants with the bone. 3.
It has been shown, that the changes in the electrical capacity, electrical resistance, and dielectric constant of the
samples depending on the annealing temperature are related to the decomposition and interaction of impurities:
desorption of water from the surface of calcium phosphate nanoparticles, as well as from the crystal lattice,
decomposition of HPO42- and interaction of the obtained products with CO32-, and also occur as a result of the
release of CO2 from the crystal lattice of hydroxyapatite. 4. It has been shown, that the electrical resistance of the
samples at DC significantly depends on the presence of impurities in the calcium phosphate samples, which lead to
the appearance of minima on the corresponding dependences. The main carriers of electric charge in the samples
are OH-, as well as impurity ions (NH4+, CO32-, P2074-), which are formed at the stage of the synthesis of calcium
phosphates. 5. The activation energy of ion transfer processes in hydroxyapatite samples with the impurities at the
high temperatures was determined. 6. For the first time, it has been shown, that the dependences of linear and
volume shrinkage, density and Vickers microhardness have a nonmonotonic behavior, which is associated with the
presence of the impurities both in the form of individual phases and in the form of ions located in the crystal
lattice of hydroxyapatite. 7. It has been shown, that the sintering of hydroxyapatite samples with impurities occurs
by the mechanism of lattice diffusion from the surface and grain boundary diffusion. 8. The activation energies of
the growth of hydroxyapatite crystallites with impurities during the sintering of the samples were calculated. The
values of the activation energy of hydroxyapatite samples are in good agreement with the data given in the
literature for the growth of calcium phosphate particles.
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