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Pedepar:

1. Inceprarnist NpUCBsAYEHA AOCHIIPKEHHIO (i3MYHMX BIACTUBOCTEN Ta XapaKTePUCTUK KajbLii-PpocdaTHUX
Marepiasis, gKi MiCTATb JOMIIIKY B iHTEpBaJli TEMIIEPATYP Bif KiMHATHOI 10 1400°C, SKUIl OXOIUIIOE OTPUMAaHHSA
KasibLlifl pocaTHUX NOPOUIKIB Ta GOPMYBaHHS LIiJILHUX Ta IOPUCTUX KEPaMiK Ha OCHOBI ¢pocdaTiB Kaiblilo IIpU
BHCOKUX TeMIlepaTypax. Briepiie orpumMani Kasbliii-¢poc@aTHi IOKPUTTS WIISIXOM OCAI)KEHHS i3 BOIHUX PO3YMHIB
Ha HOBUH TUIl METAJIEBUX MiAKIanoK i3 MAX ¢asu Ti3AIC2. V nepmomy po3mii po3risfgaoTbCsl KpUCTAiuHi
cTpyKTypu ocdartiB Kasblliio, IPOBOAUTHCS aHAJI3 cTeXioMeTpil JaHUX CIIOJYyK, yMOBHU iXHbOI pa3oBoi piBHOBaru. Y
PO3[iJli I PYHTOBHO PO3IJISIHYTO MEXaHi3MU CIiKaHHS Kepamiku, MeTogu GOopMyBaHHS LIiJIbHOI Ta MOPUCTO]
Kepamiku. B yactuHi po3ziny, NpUCBSYEHIN €JIEKTPUYHUM BJIIACTUBOCTSIM KajblLiili-pocaTHUX MaTepiais,
PO3IIAJaI0ThCA MEXaHI3MU [TIEPEHOCY €JIEKTPUYHUX 3apafiB. TakoX y JaHOMY pO3Zisi po3risafalTbCs METOIU

dhopmyBaHHS Kasbliiii-pocPaTHUX IOKPUTTIB HA METAJIEBUX IMigKJIanKax. Jpyruil po3nin nuceprauii IpuCcBIYeHO



METOJlaM OTPUMAaHHS KaJbLili-(pocdaTHNUK MaTepiajliB Ta AOCHIIKEHHIO (i3UYHUX BIACTUBOCTEN Ta XapaKT€PUCTUK
KasbLiii-pocdaTHUx MaTepiais. [leTaJbHO ONMCAHO anapaTypy Ta METOAMKY, 3a SKUMU IIPOBOJISThCS
BMMIipIOBaHHS Qi3NMYHUX XapaKTePUCTUK. Y TPETbOMY PO3JiJi AucepTalii IpeiCTaBleHO Pe3y/bTaTh CTBOPEHHS
KaJbLif-(pocdaTHUX MOKPUTTIB Ha Nigkiaaakax i3 MAX ¢asu Ti3AIC2 misxom ocafiKeHHS y BOGHUX PO3UMHAX.
JocnigskeHHs TPOBOAMINACS OKpeMO 118 rigpokcuanarury (Ca/P=1,67) Ta inmmx gpocdaTiB Kasbliito 3MiHHOTO
ximiyHoro ckiany (Ca/P#1,67). Y ueTBepTOMY pO3[ijii PO3IJISIHYTO €JIeKTPUYHI XapaKTepUCTUKU KaybLiiPpocdaTHUX
Marepiasib, gKi MiCTATb JOMIIIKY B 3aJI€’KHOCTI Bifj TEMIIEpPATYPH Bifany B iHTepBaJl TeMIIepaTyp Bill KiMHATHOI 10O
1200°C. Briepure 6y710 TpOIEMOHCTPOBAHO, 1O JOMILIKY B 3pa3Kax riIpOKCUANaTUTY BIJINBAIOTD Ha Xif
TEeMIIEpaTyPHOI 3aJIe5KHOCTI eJIeKTPUYHOrO OIIOPY IIPU MOCTiNHOMY cTpyMi. [IpoBeneHo ineHTHdiKaLii0 TaKUX
noMiniok. ITaTuit po3nin nuceprarii TpUCBSIYEHO AOCTIIPKEHHSIM MPOLECiB CIiKaHHSI Kambliii-pocdaTHUX
Marepiasis. BcTaHOBJIEHO, MO crikaHHA PocdarTiB Kasbliilo BiOyBaeThCs 32 MEXaHi3MaMy MOBEPXHEBOI AuQys3ii Ta
MerKaMu 3epeH. ['010BHI HayKOBi pe3ysbTaTi, OTPMMaHi y po60Ti, € HacTynHuMU. 1. OTpuMaHo KanbLiii-dpocdaTtHi
noKpuTTs Ha nigknagkax Ti3AIC2 3o7b-resb MmeTonoM. [lokaszaHo, o (azoBuil ckilal IOKPUTTIB 3aJI€5KUTH Bif yacy
BUTPUMKH 3Pa3KiB y po3unHi pocdaty Kasbliio. 2. [TokaszaHo, 1110 ONTUMAJIbHUMU YMOBaMHU 1111 (POPMYyBaHHS
KaIbLiN-(ocdaTHOro NoKpUTTA Ha nigkiaakax Ti3AlC2 e 3aHypeHHs MIKIAaIKA Y PO34MH (PocdarTiB Kajbliilo
YIPOIOBX 24 roguH. [IOKpUTTS MalOTh MOPUCTY CTPYKTYPY, sIKa IOBUHHA CIIPUSITU YTBOPEHHIO IIiJIbBHOTO KOHTAKTy
METaJIeBUX IMIIJIAHTATIB 3 KicTKOI0. 3. [loKa3aHo, 1110 3MiHU €JIEKTPUYHOI EMHOCTI, €JIEKTPUYHOrO OIIOPY, & TAKOXK
IieJIeKTpUYHOI TPOHUKHOCTI 3Pa3KiB Y 3aJI€XKHOCTI Bifj TeMIIepaTypH Bifasy NOB'sI3aHi i3 po3KIagaHHsIM i
B32€EMOIi€I0 JOMILIOK: Aecopoiiielo Boay 3 MOBepXHi HaHOYacTUHOK KOM, a TakoX i3 KpUCTanigyHOi I'paTKy,
poskiananHam HPO42- ta B3aemojiiero oTpuManux NponyKTiB i3 CO32-, a TakoXK BifiOyBalOThCS B HACIIOK
BuBUIbLHEHHS COZ2Z 3 KPUCTAJIYHOI I'PaTKU riipokcuanaTtury. 4. IlokaszaHo, 10 eJ1eKTpUYHUI OIIip 3pasKiB Ipu
IIOCTITHOMY CTPyMi CyTT€EBO 3JIE>KUATD Bifl HAIBHOCTI JOMIIIOK y 3pa3kax (pocdaTiB Kalbliilo, SKi IPU3BOISTD 1O
I0SIBU MiHIMyMiB Ha BiNOBIIHUX 3a/1EXXKHOCTAX. OCHOBHMMU HOCISIMU €JIEKTPUYHOTO 3apszy B 3pa3kax € OH-, a
TakoxX ioHu pomimok (NH4+, CO32-, P2074-), gxi yTBOPIOIOTbCS Ha eTami cuHTe3y (pocdartis Kanbliio. 5. BusHaueHo
€HEPrilo aKTUBallii IPOLIECIB IEPEHOCY 10HIB y 3pa3Kax rilpOKCUANATUTY i3 JOMIIKaMU ITPY BUCOKMX
TeMIlepaTypax. 6. Bnepiie nokasaHo, 1m0 3a1€>KHOCTI JIiHilHOI Ta 06'€eMHOI ycaIki, TYCTMHU Ta MiKPOTBEPAOCTI 3a
Bikkepcom Mai0Tb HEMOHOTOHHUM BUTJIS, SIKU NIOB'SI3aHUM 3 HASIBHICTIO IOMIIIIOK SIK Y BUIJIsAi OKpemux ¢as, Tax i
y BUIJIA] iOHIB, pO3TalllOBAaHMX Y KPUCTAJIYHIN I'paTLi rigpokcuanaTtury. 7. [lokaszaHo, o CIlikaHH4 3pa3KiB
ripOKCUAMNAaTUTY i3 JOMIIKaMU BiIOyBa€TbCS 3a MEXaHI3MOM I'PATKOBOI 1ndy3ii 3 oBepxHi Ta gudysii Mexxamu
3epeH. 8. Po3paxoBaHO eHeprii akTuBallii pOCTy KPUCTAJIITiB rijpOKCUANIATUTY i3 TOMIIIKaMHU MiJi 4ac CIiKaHHS
3pa3KiB. 3HaYeHHs eHeprii akTuBallii 3paskis ['A 1o6pe y3ro>Kyl0ThCs 3 HaBe,€eHUMU B JITepaTypi JaHUMU [J1s

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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