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Pedepar:

1. 3micT po6oTH BUKJIQZIEHO Y 5 PO3[iinax, B IKUX [IPeJICTaB/IeHi OCHOBHI pe3yJbTaTu fucepTalii. ¥ nepmomy posaisni
IIpUBELIEHUI JliTepaTypHUil orssg,. Hamano o6rpyHTyBaHHSI BUOOPY TEMU AOCIIIPKEHHS. Y APYyroMy pPO3Jiji onucaHo
BUXiJJHi MaTepiasiu, a TaKOXK CXeMa OTPUMAaHHS IOPOMIKOBUX KOMNO3UTIiB BI'A /MarneTur /xito3aH. JJOKIagHO
MIPENICTaBJI€HI METOAM i METOIUKHU JOCIIIPKEHHS. Y TPETbOMY PO3[iJli IPOBENEHO NOCiIKEHHS BILJIMBY I1apaMeTPiB
Ta METOJIiB CUHTE3Y Ha CTPYKTYPY Ta BJIACTUBOCTI MOPOIIKiB MarHETUTY, CHHTE€30BaHi METOOM XiMi4HOTO
ocajIKeHHS XJIOPUIB 3aj1i3a, 3 BAKOPUCTAHHSM SIK OCa/iKyBaya 25 % po34uH aMiaky (TpUBaJiCTb CUHTE3Y 5 xB, 30
XB, 1 rox) Ta rizpasuny (1 roz), a TAKOX, TEpMiYHUM PO3KJIaZOM (TEPMOJII30M) OKCAJATiB 3aj1i3a y BYrJI€BOJHEBOMY Ta

a30THOMY cepezoBuliax. O6rpyHTOBaHO BUOip IOPOIIKiB MAarHETUTY CUHTE30BaHOI'0 METOJJOM XiMiYHOTO



OCaIK€HHSI XJIOPUIB 3aj1i3a IPOTITOM 5 XB 3 BUKOPUCTAHHSIM SIK 0Ca[)KyBaya PO3YMH aMiaKy, Ta METOLOM
TEPMOJIi3y OKCaJaTiB 3ajli3a B a30THOMY CEPEJOBUII, 151 CTBOPEHHS] KOMIIO3ULIITHOTO MaTepiany

BI'A\ MarHeTuT\XiTO3aH, OCKiJIbKY iX BUXi/Hi BJJACTUBOCTI, @ came: po3Mip 4aCTUHOK, IMTOMA [1I0BEPXHsl, MarHiTHi Ta
afcopOLiliHi BJaCTUBOCTI,  TAKOX BiZICYTHICTb TOKCMYHOIO BIUIMBY Ha KMBI KJIITUHY, HANOIJIbII ONTUMAJIbHI OJIs1
CTBOPEHHS KOMIIO3UTY MEQMYHOrO IIPU3HAYEHHS. YeTBEepTUI PO3MiJ IPUCBSIYEHNN BUBUEHHIO CTPYKTYpHU Ta
(di3MKo-MexaHiYHUX BJIACTUBOCTE KOMIIO3UTiB Ha OCHOBI BI'A, MmonudikoBaHux marnetutom (99 /1, 95/5,75/25 i
50/50 mac. %) pisHux TUIMiB, IpU BMiCTi XiTo3aHy 10 % Bif Macu MarHeTuTy. BcTaHOB/IEHO, 1O 3 MiJBUIIEHHSIM
BMICTY MarHeTUTY y CKJIaJi KOMIIO3UTIB HE3AJIEXKHO Bill METOMY CUHTE3Y 3POCTAIOTh 3HAYEHHS [TUTOMOI ITOBEPXHI,
NIKHOMETPUYHOI I'YyCTUHU Ta MEXaHIYHUX BJIACTUBOCTE (MILIHICTh HA CTUCK Ta PO3TAT, MOAYJIb IIPYXHOCTI, 3arajbHa
IIOPUCTICTb, 00’eM 110p). OTpUMaHi BEJIMYMHU MEXAHIYHUX BJIACTUBOCTEN CIIBCTaBHi 3 MillHiCTIO I'y6yacTHUX KiCTOK
JIIOJMHY, 10 POOUTh NOCiIKYBaHi KOMIIO3UTU NIEPCIEKTMBHUMU MaTepiasamu [j1s 3aMillleHHS HeHaBaHTaXXEHUX
IiZISIHOK KiCTKOBOI TKAHMHU. MarHiTHi BJ1aCTUBOCTI OTPMMAaHUX ITOPOIIKOBUX MaTepiasiB BKa3ylOTh Ha
[IePCIEKTUBHICTh BUKOPUCTAHHS KOMIIO3UTIB B IKOCTi MarHiTOYyTJIMBUAX MaTepiajliB Ta MOKJIUBICTb BUKOPUCTAHHS
1714 rinepTepMii, LiJIbOBOi JOCTaBKU JIiKiB Ta Mar”itorepariii. ¥ 1'aToMy po3giji onvcaHo pe3yabTaTh
€KCIIEPMMEHTIB in vitro, a came NoBeiHKY IOPOIIKOBAX KOMIIO3ULiITHMX MaTepiamniB bI'A /mMarHeTur /xiTo3aH B
MoJesIbHOMY (i3i0JIOriYHOMY PO34YMHI B TEPMOCTATUYHUX YMOBAX IPOTAroM pPi3HUX MPOMDKKIB 4acy (2, 10, 16 Ta 31
106a), a TaKOX AOCJIiIpKEHHS LUTOTOKCUTOKCUYHOCTI. [ToKazaHo, 1110 36i/1blIeHHS] BMICTy MarHeTUTYy NPU3BOAUTD 1O
3POCTaHHS pe30PpOLii KOMIIO3UTIB, IPUUOMY 3aCTOCYBaHHSI MarHETUTY, OTPUMAHOTO XiMiYHUM OCa/I>)KEHHSIM
IO3BOJISIE JOCTTY WBUIKOCTI pe3op6buii 2,5-5,3 mac.% /o6y, mo B 3,5-7,5 pasiB BUllle Y NOPiBHSAHHI 3 «<IUCTUM»
0iOreHHUM rifpokcuanaTuToM i B 1,2-2 pas3u Bulle y MOPiBHSHHI 3 KOMIIO3UTaMU Ha OCHOBi MarHeTUTy, OTPMMaHOro
TEPMiYHUM PO3KJIaZIlOM B a30THOMY CepeioBulli. BcTaHOB/IEHA BiICYyTHICTb IUTOTOKCMYHOCTI KOMIIO3UTIB 100
qinin kinitnH MDCK ta MDBK, OCKiIbKY BifICOTOK SKUTTEISIbHOCTI KJIITUH CKianaB Oinbine 80% g BCix
KOMIIO3UTIB, HE3AJIESKHO Bif] CKJIaZly Ta TUITy BUKOPHUCTAHOTO MAarHETUTY, IO € BAKJINBOIO NIEPEIYMOBOIO IS
NOAQ/IbIINX KJIiIHIYHUX BUITPOOYBAHb Ta YCIILTHOTO BIIPOBAPKEHHSI KOMIIO3UTIB Y ME€JUYHY NPaKTUKy. Kiouosi
CJIOBA: KOMIIO3ULIIHUI MaTepia, 6i0KOMIIO3UT, TilpOKCHANaTUT, MAarHETUT, OKCHU], 3aJ1i3a, XiTO3aH, HAHOYACTHUHKH,

MAarHiTO4yTIVMBUI MaTepiasl, KiCTKOBUM 3aMiHHUK, MilJHICTb, IUTOTOKCUYHICTb.

2. The content of the work is set out in 5 chapters, which present the main results of the dissertation. The first
chapter provides a literature review. The rationale for choosing the research topic is given. The second chapter
describes the starting materials, as well as the scheme for obtaining BHA /magnetite /chitosan composites.
Research methods and techniques used in the work are presented in detail. The third chapter describes the results
of investigation on the influence of parameters and synthesis methods on the structure and properties of
magnetite powders synthesized by chemical precipitation in the presence of ammonia (synthesis duration 5 min,
30 min, 1 h) and hydrazine (1 h) were considered, as well as thermal decomposition (thermolysis) of iron oxalates in
hydrocarbon and nitrogen environments. The choice of magnetite powders synthesized by the chemical
precipitation for 5 min and by the thermolysis of iron oxalates in a nitrogen environment for the creation of the
composite material BHA\ magnetite\ chitosan is substantiated, since their initial properties, namely: particle size,
specific surface area, magnetic and adsorption properties, as well as the absence of a toxic effect on living cells,
are the most optimal for creating a composites for medical application. The fourth chapter is devoted to the
investigation of the structure and physical and mechanical properties of BHA-based biocomposites modified by
magnetite (99/1, 95/5, 75/25 and 50/50 wt. %) of various types with a chitosan content of 10% by weight of
magnetite. It was established that with an increase in the content of magnetite in the composition of composites,
regardless of the synthesis method, the values of the specific surface area, skeleton density and mechanical
properties (compressive and tensile strength, modulus of elasticity, total porosity, pore volume) increase. The
obtained values of mechanical properties are comparable to the strength of human spongy bones, which makes the
studied composites promising materials for replacing unloaded areas of bone tissue. Magnetic properties of
composites modified with magnetite (therm.) are an order of magnitude higher than those of composites modified
with magnetite (chem.), which is related to the characteristics of the initial magnetite powders. In general, the
magnetic properties of the obtained materials indicate the promising use of BHA /magnetite /chitosan composites



as magnetosensitive materials and the possibility of use for hyperthermia, targeted drug delivery, and
magnetotherapy. Chapter five describes the results of in vitro experiments, namely the behavior of

BHA /magnetite /chitosan composite materials in a model physiological solution under thermostatic conditions for
different periods of time (2, 10, 16, and 31 days), as well as cytotoxicity studies. It is shown that an increase in the
content of magnetite leads to an increase in the resorption of composites, and the use of magnetite obtained by
chemical precipitation allows to achieve a resorption rate of 2.5-5.3 wt.% /day, which is 3.5-7.5 times higher
compared to "pure" biogenic hydroxyapatite and 1.2-2 times higher compared to composites based on magnetite
obtained by thermolysis in a nitrogen environment. The absence of cytotoxicity of composites against MDCK and
MDBK cell lines was established, as the percentage of cell viability was more than 80% for all composites,
regardless of the composition and type of magnetite used, which is an important prerequisite for further clinical
trials and successful implementation of composites in medical practice. Key words: composite material,
biocomposite, hydroxyapatite, magnetite, iron oxide, chitosan, nanoparticles, magnetosensitive material, bone
substitute, strength, cytotoxicity.
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