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PaspaGoTaHbl METOAUKY XMMHUYECKOT'0 1 NEKTPOXUMHIECKOTO OCAKIACHUS TIEHOK 1 TO-
KpBITHiT Ha ocHOBe ocdaros kanbuma u noausnamIoBoro crivpra (IMBC). IMokaszaxo,
yto npu B3aumozneitcTeun CaCl, B rurenke T1BC ¢ pactsopom (NHy),HPO, ripu Moits-
HoM cootHowreHun Ca : P 1,67 u pH 7—8 obpasyiorcs miacTuHYATbIe KPUCTAIUIBI Opy-
IIMTa. DIEKTPOXUMHYECKUM ocaxaeHrem us anexrpomura CaCl, — NH,H,PO, — TIBC
nipu cootHonenuu Ca : P 1,67 u pH 3—5 monydeHb! moprcTbie KOMITO3UIIMOHHBIE TTO-
KPBITHS, COCTOALIME U3 COBOKYITHOCTH XaOTUYHO OPUCHTUPOBAHHBIX TLTACTUHYATHIX
KPUCTAJUTOB. YCTAHOBIIEHO, YTO (Da30BBIIiT COCTAB MOKPHITUI 3aBUCHT OT YCIIOBUIT 2/1eK-
TPOXMUMHUUECKOTO OCAXKAECHUS: OPYILIUT, MOPTIAHAUT U aMopdHbIii hocdat KanbLmst 00-
pasytoTcst pu MOCTOSAHHOM TI0THOCTH ToKa 20 MA/CM2 B TeueHue 10—20 MuH; GpyiuT,
okTakajbiuiidocdaT U rHAPOKCUATIATUT — MPU TTOCTOAHHOM HarpsikeHun 20 B u Bpe-
MeHu ocaxaeHusa 10—30 muH. [T1eHouHbIe MaTepualibl Ha ocHOBe hochaToB KalbLUs U
IMBC nepcrieKTHBHBI B Ka4eCTBE OMOTTOKPBITHI Ha UMTITAHTATaX /TSl TTOBBIILICHUST CTe-
TIEHU X OCTEOMHTETPaLIVN.

The methods of chemical and electrochemical deposition of films and coatings based on
calcium phosphates and polyvinyl alcohol (PVA) were elaborated. It has been shown that
the plate-like brushite crystals were formed by interaction of CaCl, in the PVA film with
(NH,),HPO, solution at a molar ratio of Ca : P 1.67 and pH 7—8. The porous composite
coatings consisting of aggregates of randomly oriented plate-like crystals were obtained by
electrochemical deposition from the electrolyte CaCl, — NH,H,PO, — PVA at a ratio of
Ca: P 1.67 and pH 3-5. It was found that the phase composition of coatings depended on
the electrochemical deposition conditions: brushite, portlandite and amorphous calcium
phosphate were formed at a constant current density of 20 mA/cm2 during 10—20 min;
brushite, octacalcium phosphate and hydroxyapatite appeared at a constant voltage
of 20 V and a deposition time of 10—30 min. The film materials based on calcium
phosphates and PVA are promising as bio-coatings on implants for improving their
degree of osteointegration.

Kawuessie caosa: hocdaThl KaablUst; TOTHBUHWIOBHII CITUPT; 3MEKTPOXUMHYECKOE
OCaX/JACHHUE, IMOKPBITHE.

Keywords: calcium phosphates; polyvinyl alcohol; electrodeposition; coating.
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Cunre3 dochaToB KadblKUsS B MOJIMMEPHBIX Cpejax SIBISETCA OJIHUM U3 CIIO-
co0OoB peryanupoBaHus UX (a30BOT0 COCTaBa, CTPYKTYPHl U (PU3UKO-XUMHUYECKUX
cBoMCTB [ 1—4]. B pe3yibrare Takoro CHHTE3a B IPUCYTCTBUU OMOCOBMECTUMBIX OeJI-
KOB M ITPUPOIHBIX ITOIMCaXapuaoB (KojuiareH (5], xutuH [6], xuto3aH [7], kapparu-
HaH [8]) MOTYT OBITh TIOAYYEHBI Pa3HOOOPA3HbIE KOMITO3UIIMOHHBIE KaTbLIUM(OC-
(haTHBIE GMOMATEPUATBI VTS JICUEHUST U 3aMeHbl MOBPEXICHHON KOCTHONH TKaHU.
[Mpennonaraetcs [5, 8], uTo B opraHMuecKoii MaTpuiie (GopMUPOBaHUE CTPYKTYPHI
(hocdara KaTbLUI TPOUCXOIUT TIPU B3aMMOIEHCTBUM MOHOB KalbLNs C OTpHIIa-
TEJTLHO 3apsiKeHHBIMU (DYHKITMOHAIBHBIMU TPYTIITAMHM TTOTMEpPa (THAPOKCUITHHBI-
MM, KapOOKCHIIbHBIMU, CYIh(MaTHBIMU U 1p.). Takoi MeXaHW3M B3aUMOIEHCTBUA
UCXOMHBIX KOMITOHEHTOB B OTIPeNeIeHHOW Mepe MomxobeH Tpolieccy buoMuHepa-
JTU3ALUM TIPU OCTEOTEHE3e.

Hcnob30BaHne KOMMEPUYECKUX OMOTIOJIMMEPOB TSI CHHTE3a OCTEOIIacThYe-
CKUX 6OMATEPUAIIOB YaCTO OTPAHUUYNBAETCS UX BBICOKOI CTOMMOCTBIO, O0YCTOB-
JICHHOM CJIOXXHOCTBIO OUYMCTKU. B CBA3U C 3TUM MepCcneKTUBHOU ABISETCS 3aMeHa
MIPUPOAHBIX OUOTTOJIMMEPOB Ha 6oJiee JOCTYITHBIE U ICLIEBbIE CHHTETUYECKHUE O1Oo-
COBMECTUMBIE MTOJIMMEPBI, TaKue KakK rnoauBuHmiosslil criupt ([MMBC), nonuakpu-
JIaThI, MOJUIAKTUABI U JIP.

Less ganHoi paboTsl — pa3paboTKa METOLOB MOJTyYEeHUS TUIEHOK W MTOKPBITHIL Ha
ocHoBe ¢ocdaron Kanbimsg 1 [TBC ¢ ucnosb3oBaHUEM MPOLIECCOB XUMHUYECKOTO 1
3IEKTPOXUMUUECKOTO OCAKIACHUST; MCCIIeIOBAHWE BIUSHUS YCIOBUM TIOJTYIeHUS TUTe-
HOK M TTOKPBITUI Ha TATAHOBBIX IJIACTUHAX Ha X (ha30BbIi cOCTaB U MOPGhOIIOTHIO.

METOJHUKA 3KCIIEPUMEHTA

XuUMH4ecKoe ocaxIeHWe KOMIO3UIIMOHHBIX TUIEHOK MTPOBOIMIIN B [Ba JTara:
nonydeHue xiopuaa kansiims CaCl, B ruienke [1BC u nmocneayroniee ero B3anmMo-
aeiictBue ¢ pactBopoM ruapodocdara ammonus (NH,),HPO,. Chavana nieH-
KU hopMUPOBATA HA CTEKIAHHOMN TOLUTOXKE TyTEM TTOJTUBa CMEIIAHHOTO PacTBO-
pa Ha ocHoBe 5 % pactBopa CaCl, (Sigma-Aldrich) u 10 % pactsopa [1BC (mapka
11 / 2 Beicuiero copra, 5—6 % aleTaTHBIX TPYIII), B3ATHIX B 00BEMHBIX COOTHO-
menusax 1 : 100, 1:20, 1:10, 1:5,1: 1. ITocne BeICBIXaHUS HA BO3JIyXe B TEUEHHE
10—15 9 renku T1BC conepxanu ximopua kambsius (Macc. %): 0,6; 2,7; 5,3; 10,0;
35,7. Inenxku [MBC ¢ CaCl, nomusanu 12 % pactsopom (NH,),HPO, (pH 7—8 6o
10—11) v BeImepXUBaIu B T€YEHUE | MUH, 3aTeM IMTPOMBIBAIN IUCTUWITUPOBAHHOM
BOJIOM ¥ BBICYIIIMBAJIN B CTpYye Teruioro Bosayxa rmpu 60 °C. O6beMbl HCXOIHBIX pac-
tBOopoB CaCl, u (NH,),HPO, paccuurbiBaiu Ui 10CTHXKEHUA MOJbHOTO COOTHO-
menus Ca : P = 1,67, npu xotropom obpasyetcs ruapokcuanatut Ca, (PO,),(OH),
(TA). Benmuuny pH pactBopa (NH,),HPO, peryimposanu nyrem 1ob6asjieHus Bo-
JIHOTO pacTBopa amMmuaka. [TojyuyeHHbIe IUIEHKU MEXaHUUYECKH OTAEJSUIU OT T10/1-
JOXKH U iporpeBayiv ipu 135, 150 u 180 °C B TeueHue | 4 Ha Bo3ayxe.

DIEKTPOXUMUYECKOE OCAKIEHNE TTOKPHITHIA Ha TIOBEPXHOCTb TUTAHOBOM MJIacTH-
Hbl pazmepoM 10,0 x 17,0 x 0,5 MM IPOBOAWINA U3 JIEKTPOJIATA CIIEIYIOLIEro CocTaBa
(macc. %): CaCl, — 3,2; NH,H,PO, — 1,9; IBC — 0,1 ripu NOCTOSIHHOM TJIOTHOCTH
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Toka (20 MA/CMz, 10—20 mun) mub0 mocrosHHOM HanpsokeHun (20 B, 10—30 mun),
pH 3—5 1 koMHaTHOM TemnepaType. B KauecTBe UCTOUHUKA TOKA UCITOJIB30BAJIM CY-
cremy aiektpodopesa CONSORT NV (benbrus); aneKrpomamMu CIyKUJIW TUTAHO-
Bhie T1acTUHBI Mapku BT 1-0, 06e3KupeHHbIE CMECHIO a30THOM KUCIOTHI C TIEPOK-
CHIOM BOJIOPOJIA, 3aTEM 3TUJIOBLIM CITUPTOM. [ToTyueHHBIE MOKPBITUS TPOMBIBAIU
IUCTUUITMPOBAHHOM BOIOW M BBICYLLIMBAJIM HA BO3AYXE JI0 [TOCTOSTHHOW MACCHI.

PenTtrenodazonsiit aHaims (PMA) KOMITO3UIIMOHHBIX MAaTEPUAIIOB TIPOBOIVITN
Ha gudpakromerpe APOH-3 ¢ usnyuennem Cuk), 1,5405 A. Ontuueckue crieKTphbl
MOIOUIEHUS TUIEHOK PErnCTpUpoBain Ha criektpodoroMerpe Agilent 8453. Mu-
Kpopenbed MoBEpXHOCTH 00pa3IIoB UCCASTOBAIIN ¢ TIOMOIIBIO CKAaHUPYIOLIETO 37TeK-
tpoHHOro Mukpockorna LEO-1420 ¢hupmer «Kapu Lleiice» (Iepmanus).

PE3YJIBTATBI U UX OBCYKIEHUE

[nenounbie KomMno3unuonHbie MaTepuanbl docdar kamwuus / [IBC. Ha pentre-
HOrpaMMax KOMITO3UIIMOHHBIX TUIEHOK, TMOJydeHHbIX Tipu pH 7—8, npucyrcrByeT
cubHBIN pedmexe [TBC (mpu 20 19,5°), o0ycnoBIeHHBIIH OMKHUM TOPSIKOM B
PacIoNOXEHUU TIOJIMMEPHBIX Lereil U Audpakiiuei Ha KPUCTAUTMYECKOM CTPYK-
type [1BC ¢ opropoMOruecKoil ajieMeHTapHOI sTueitkoit [9], a Takxke — Tajo 1pu
20 40,6°, mpunamnexaniee peHTreHoamopdHomy ITBC (puc. 1). Kpome Toro, ripu-
cyrerBytoT peduiekcsl ruapodocdara kaabuus auruapata CaHPO, x 2H,0 mozau-
¢dukarum 6pyuT (B) mpu 26 11,6°, 23,4°, 29,1°,
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Puc. 1. Penrtrenorpammsl rieHoK docdar kansuus / ITIBC,
TIOJTy4eHHBIX MpH HexoaHom coaepxanuu CaCl, (mace. %):
1-5,3;2-5,3(135°C); 3—5,3(150°C); 4— 5,3 (180°C); 5—0,6; 6—0 (135°C)
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®opmuposanue b BTuteHke [MBC npuBOIUT K CHUXKEHUIO MHTEHCUBHOCTH OC-
HoBHoro peduexkca [IBC (puc. 1, xpuBast /) BCJIeNCTBUE CHUXKEHUS CTEIIEHU €ro
KPUCTAUTMYHOCTH U3-32 0CHabIeHUsT MEXMOIEKYIIpHOTO B3auMoneitctaust |10].
ITporpes rutenku rpu 135 °C npuBOAUT K TOBBIIIEHUIO MHTEHCUBHOCTH pediek-
ca [IBC BcnenctBue yBenumueHUs CTerneHu ero KpucrauuimmaHoctu. Kpome toro,
CHMXaeTCsl MHTEHCUBHOCTh OCHOBHOTO peduiekca b 1 ucuesaror ero ciabbie ped-
Jiekeol (puc. 1, KpuBasg 2), 4TO MOXKET ObITh CBSI3aHO C YaCTUYHBIM Tepexojiom b
B 6e3BoxHblil ruapodocdar kaapuus CaHPO, mogudukauun monerur (M) npu
20 26,6° [11]. TTporpeB rieHOK 1ipu 6osiee BbICOKMX Temrepartypax 150—180 °C mipu-
BOIMT K JaJibHE1IeMy moBbilleHI0 nHTeHCuBHOCTH peduiekca [TBC (puc. 1, kpu-
Bble 3—4) ¥ 3HAUUTEITLHOMY CHUKEHWIO MHTEHCUBHOCTH OCHOBHOTO pediiekca b.

IMonyyeHue rieHoOK B cpejie pactBopa ammuaka (pH 10—11) mpuBoaut K nepe-
xony b B amopdHbiit hochar kansuus (APK) cocrasa Cas(PO,), x nH,0 [12], ko-
TOPBI siBsIETCS MpeauiecTBeHHUKoM TA. OgHako B pe3ysibrare Takoi 06paboTKu
CYLIIECTBEHHO CHITXKAeTCs MpovHocThb TuteHKu [TBC.

VcraHoBneHo, 9To Mpu BhicOKOM coxepxkauHuu b B mienke ITBC, usHavyanbHO
cozepxasiueit 10,0—35,7 mace. % CaCl,, mosyyeHHbIe TUIEHKH MPaKTUYECKU He-
rnpospauynsl. [1pu mensiieM KonunvectBe b B renkax [TBC, usHavaabHO comep-
xasumx 5,3—0,6 macc. % CaCl,, oHun Honee MPO3pavyHbl, HA TEKTPOHHBIX CTIEK-
Tpax Habmonaercs 3HaunTeIbHOE Torinomenue B objaactu 200—350 uM (puc. 2).
VBenuyeHue KonuuecTBa xjaopuaa Kaibiusa B ucxogHoi ruieHke [TBC ot 0,6 no
5,3 macc. % TIPUBOIMT K BO3PACTAHUIO ONTUUYECKON TJIOTHOCTA KOMITO3UIIMOHHBIX
TJIeHOK B 8—12 pa3 1o cpaBHeHU1o ¢ ruieHko# yucroro I[BC npearnojioXuTebHo
3a CYET YCWIEHUS 0OILEro MOmIOMEHUS BCIeACTBUE 3D (hEKTOB CBETOPACCESIHMSL.
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Puc. 2. Cniexrpsl morstomeHus twieHok [TBC, yucToit u ¢ wactuamu dhocdarta Kambims,
TIONYYeHHBIX TP U3HavYanbHoM coepxkanun CaCl, (macc. %):
1—0;2-0,6;3—-27.4-5.3
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[To narribiv CBM mmenku [TBC ¢ wactrmamu docdara Kambus UMEIOT 10CTa-
TOYHO MOPUCTYIO TTOBEPXHOCTD, HA0MOZAt0TCA KaHaaw! JUTiHONW 30—100 MKkM u wu-
puroit 10 MxM, a Takke mopsl fuamerpoM ot 0,5 1o 20 mxMm (puc. 3, @). B pesynbra-
te iporpesa nipu 180 °C nnacTuHYaThie KpUCTAJBl b YKpymHSAIOTCS 10 pa3Mepos
[ x10 x 30 MKM BCITEICTBUE €10 KPUCTATITH3AN (puc. 3, 6).

Takum obpasom, npu B3aumoseitctun CaCl, B rurerke [1BC ¢ pactBopom
(NH4),HPO, ipn coorromenum Ca : P 1,67 u pH 7—8 dbopmupytotes mracTuHuathie
KpUCTaJUIbl OpyLIUTA, MHKOPIIOPUPOBAHHBIC B IUICHKY roauMepa. OnTudeckas npo-
3paYHOCTb TAKMUX TJIEHOK IO cpaBHEHUIO ¢ TieHKoit unctoro [IBC cHmkaercs B
8—12 pa3 tipu yseauuenuu xomuuecrsa CaCl, ot 0,6 1o 5,3 Macc. % B MCXOIHOM
mernke [MTBC.

a

Puc. 3. Mukpopenbed moBepxHocTH rieHoK docdat kansims / [1BC,
TIONTYYEHHBIX ITpU MexoaHoM cogepxanun CaCl, 5,3 mace. %
u riporpethix ipu 135 °C (a) n 180 °C (6)

[Tnenounsie KoMitosuLroHHbie Matepuaisl b / [1BC Giaarogaps Haauauio B Ux
cocTaBe OMOCOBMECTUMBIX (hoc(haToB KalbLMsI U BOTOPACTBOPUMOT0 OMOMHEPTHO-
ro IoJIMMepa TeperieKTUBHBI B Ka9eCTBe Pe30pOUpyeMBIX (paccachiBaeMBbIX) OroMa-
TEPUATIOB [UTS1 3AKPBITHS TTOBPEXIEHUI MATKNX TKaHEH opraHu3Ma.

DaekTpoxuMuyeckoe GopMIUpoBaHNE KOMIO3HIIHOHHBIX MOKPHITHI (pochaT Kaab-
s / TIBC ua Turanosoii noxioxke. Ha peHTreHOTpaMMax MOKPBITHIA, TIOTYYeHHBIX
B TeucHue |0 MUH IPU MOCTOSHHOI MIOTHOCTH ToKa 20 MA/ cM” U3 2JIEKTPOJINTA,
coxepxamero CaCl,, NH,H,PO, u IIBC, npucyrcTByioT uHTeHCUBHBIE TUKU b 1
ruapokeraa kanbuus Ca(OH), Momudukauvn noprianaut (1), a Takke nuku TH-
TAaHOBOI MoANoXKHU (o~ U B-ha3), puc. 4, a, kpusas /. [Ipu yBeTn4eHUU BpEeMEHU
ocaxaeHus 1o 20 MuH Uk b 1 TUTAHOBOI! TOITOXKM OCTAIOTCS TTPAKTUYECKU He-
WU3MEHHBIMU, 8 WHTEHCUBHOCTH TTMKOB [1 3HAYNTETHHO CHUKAETCS, W TIOSBIIAETCS
Hebonbioe rano ADK (puc. 4, a, kpusas 2).

Ha pentreHorpaMme MoOKpBITHSI, OCaXAEHHOTO MPHU TOCTOSHHOM HaIlpsiKe-
Huu (20 B), mioTHOCTH TOoKa MeHee 10 MA/CM2 B TeueHue 10 MWH, IPUCYTCTBYIOT
muku b, okrakansunitochara (OKP) CagH,(PO,)sx SH,0 u TA (puc. 4, 6, kpu-
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Bas 3). YBenuueHue BpeMeHU ocaxaeHus 10 30 MUH MPUBOIUT K HEKOTOPOMY TI0-
BBIILIEHWIO UHTEHCUBHOCTH IMUKOB b 1 CHIKEHUMIO HHTEHCUBHOCTH TUKOB OK® 1
T'A (puc. 4, 6, xpusas 4). O6pazoBanue kak OK®, tak u ['A B TaKux yca10BUsIX Mo-
XeT OBITH 00YCTOBIEHO TeM, 4TO TIPU HU3KOIt TUTOTHOCTH TOKA CKOPOCTh 00pa30Ba-
HUSI TUAPOKCUI-UOHOB XOTSI U HEBBICOKA, HO BITOJTHE JOCTATOYHA JUIST OCAXKICHHUS
Ha MOJUTOXKe OCHOBHBIX (hocthaToB Kasblins Hapsny ¢ b.
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Puc. 4. PentreHorpaMMsl MOKpBITHIA hocdat kanbums / TTBC,
nonydeHHbIX U3 aj1ekTposuta CaCl, — NH,H,PO, — TIBC npu nocrosiHHoif
TJIOTHOCTH TOKa 20 MA/ oM’ (a), nocrossuHoM HarnpsixeHuu 20 B (6)

W JUTUTEIbHOCTU ocaxaeHust (MuH): / — 10; 2—20; 3—10; 4— 30
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Pesynsratel PMA-uccaenoBaHust CBUIETEIBCTBYIOT O TOM, YTO BapbUpOBaHKe
YCIOBUI 3ICKTPOXUMUYECKOTO OCAXKICHHSI TT03BOJISIET PETYIUPOBATh KOJTUICCTBO
OCHOBHBIX (hocaToB Kanbius B MaTpulie ITBC 1 TeM caMbIM 3a1aBaTh OTIpeleNieH-
HYIO CTeTIeHb OMOPE300LMHU IMTOKPHITHS B OpTaHU3ME.

Ha COM-u300pakeHUH 31eKTPOOCAKIEHHOTO MTOKPBITHSI BUTHO, YTO TIPY T10-
CTOSIHHOM TUI0THOCTH TOKa (20 MA/CMz) B TeueHue 10 MUH ocaxaaeTcs TOpUcToe
MOKPBITHE, TIPEACTABIISTIONIEE COOOI COBOKYITHOCTh TTIOTHOYTTAKOBAHHBIX TUTACTUH-
YaThIX KPUCTAJLUIOB OCHOBHOM (ha3wl b pazmepamu 0,5 X 5 x 10 MKM, XaOTUYHO OpU-
EHTUPOBAHHBIX HAa TUTAHOBOU MoToxKe (puc. 5, a). [1pu mocTosHHOM HaTps-
xerun (20 B) B reucHue 10 Mmunr dhopMupyetcs 60s1e¢ TUTOTHBIH CI0I KPUCTAIUIIOB
HempaBuIbHOW GopMbl pasmepamu 10—20 MxM ¢ mopaMu JuamMeTpoM 1—2 MKM
(puc. 5, 0). Takast MUKPOCTPYKTYPa MOKPHITHS 00YCIIOBIEHA PUCYTCTBUEM (has oc-
HOBHBIX (hoc(haToB KaTbIIN.

a

Puc. 5. Muxpopenbed noBepXHOCTH TTOKPLITHIT (hocdaT Kaabums / l'IBC’,
SMEKTPOOCAKAEHHBIX B TeueHue 10 MuH rpu miaoTHocTH Toka 20 MA/cM”
(a) v HantpskeHun 20 B (6)

TakuM 00pa3zom, 3TEKTPOXUMHUIECKUM OCaKIeHUEM W3 3JEeKTPOJIUTa
CaCl, — NH4H,PO, — IBC npu cootHomwenuu Ca : P = 1,67 u pH 3—5 Ha TuTaHo-
BOM TIoITOKKe hopMUpyioTcst hocdaThl Kamblius KaK KUCITbIe, TaK 1 OCHOBHBIE, paC-
npejiesieHHbIE B IUIEHKe rosmMepa. [1pu moctossHHOM TUI0THOCTH ToKa (20 MA/ CM2)
B TeueHne 10 mun odpasywres b u I, kotopeie oborautaorcas AQK npu ysesiu-
yeHUM BpeMeHU ocaxaeHus 10 20 muH. [Tokpsitus, cocrosmue u3 b, OK® u I'A,
006pa3yioTcs B YCIOBHAX TTocTossHHOTO Hatpstkerus (20 B) B Teyenue 10—30 MuH.

SAKTIOYEHHE

Pa3paboTaHbl METOAMKH XUMHUUYECKOTO U 3JIEKTPOXMMUYECKOTO OCAXKACHUS
TUICHOK M TIOKPBITHIT Ha TUTAHOBBIX MJITACTHHAX Ha OCHOBE (ocaToB KaabLUs U
[TBC. Xumuueckuit MeTox 3akinovaercst Bo B3aumorneiictenu CaCl, s enke [MTBC
¢ pactBopom (NH,),HPO, npu cootHowenuu Ca : P 1,67 u pH 7—8, npu aTom op-
MUPYIOTCSI TUTACTUHYATBIE KpUCTALIB b, ”HKOpIIOpMpOBaHHbIE B IUIEHKY ITOJIUMEDA.
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MeTogoM 3JIeKTPOXUMHUUYECKOTO OCAXICHUS W3 BIEKTPOJTUTA COCTaBd
CaCl, — NH4H,PO, — TBC npu coornomenuu Ca : P 1,67 u pH 3—5 nomygensl
KOMTIO3UIIMOHHBIE TIOKPBITHSI, COCTOSIIIIE M3 KMCIBIX U OCHOBHBIX (hocdaToB Kab-
usl, KoTophie pacripeieneHsl B ieHke [MTBC. [Tpu mocToOSHHOM TITOTHOCTH TOKA
(20 MA/ cM?) B TedeHwue 10 MuH obpasyioTcs oKpbITHS, cocTosituue u3 b u I1, xo-
Topbie oboramaiorcst ACK npu yBemueHUH BpeMeHr ocaxaeHus 10 20 mu. [To-
KpbiTHs, coctosimue u3 b, OK® u I'A, bopMHUpYIOTCS TIPU MOCTOSTHHOM HaTpsKe-
Huu (20 B) u Bpemenu ocaxaeHust 10—30 MuH.

[TomydyeHHbIe TIEHOYHBIE MaTepralibl Ha OcHOBe (hocdaToB Kanbius u [TBC
TIEPCIIEKTUBHBI B KAYECTBE OMOTIOKPBITHI HAa MHEPTHBIX UMIUTAHTATAX JIUIS TIOBHI-
UICHUSI CTETEHU UX OCTCOMHTETPALIUH.

BUBINOTPAOHYECKUE CCbUTKH

1. Wei Zhang, Zhao-Long Huang, Su-San Liao [et al.]. Nucleation sites of calcium phosphate
crystals during collagen mineralization // J. Amer. Ceram. Soc. 2003. Vol. 86. P. 1052—1054.

2. Pelin I. M., Maier S. S., Chitanu G. C. |et al.|. Preparation and characterization of a
hydroxyapatite—collagen composite as component for injectable bone substitute // Mater. Sci.
Eng. C. 2009. Vol. 29. P. 2188—2194.

3. Setsuko Yamane, Ayae Sugawara, Akihiko Watanabe [et al.]. Hybrid nanoapatite by
polysaccharide nanogel-templated mineralization // J. Bioact. Compat. Polym. 2009. Vol. 24.
P. 151—168.

4. Kai Cui, Ya Zhu, Xiao Hong Wang [et al.]. A porous scaffold from bone-like powder
loaded in a collagen—chitosan matrix // J. Bioact. Compat. Polym. 2004. Vol. 19. P. 17-31.

5. Masanori Kikuchi, Toshiyuki Tkoma, Soichiro Itoh et al.]. Biomimetic synthesis of bone-
like nanocomposites using the self-organization mechanism of hydroxyapatite and collagen //
Compos. Sci. Technol. 2004. Vol. 64. P. 819—825.

6. Madhumathi K., Binulal N. S., Nagahama H. [et al.]. Preparation and characterization
of novel B-chitin-hydroxyapatite composite membranes for tissue engineering applications //
Int. J. Biol. Macromol. 2009. Vol. 44. P. 1-3.

7. Madhumathi K., Shalumon K. T., Divya Rani V. V. [et al.]. Wet chemical synthesis of
chitosan hydrogel—hydroxyapatite composite membranes for tissue engineering applications //
Int. J. Biol. Macromol. 2009. Vol. 45. P. 12—15.

8. 3axapoe H. A., Cxubunckuii K. B., batipukoe H. M. [u np.]. CuHTE3 U UCCIeA0BaHNE
OpPraHOMUHEPATHLHOTO HAHOKOMITO3UTA TMAPOKCUATATHT Kalbiusi/Kapparntas // KownueH-
cup. cpenbl U Mexdasunie rpanust. 2007. T. 9. C. 112—124.

9. Yuwakoe C. H. TIOMTMBMHAIOBBIN CIIUPT W ero nipousBoaHbie. M. : U3ia-Bo AH CCCP,
1960. T. 1.

10. Ilpocanoe HU. 0., Byauna H. B., Iepacumos K. B. KoMruiekcesl TOITMBUHUIOBO-
rO CIMPTA C HEPACTBOPUMBIMU HEOPraHWIecKUMHU coenuHeHusmu // OTT. 2013. T. 55.
C. 2016-2019.

11. Uecpos JI. H. ®ocharsr nByxBaieHTHBIX MeTautoB. Kues : Hayk. mymxa, 1987.

12. bapunoe C. M., Komaes B. C. buokepamuka Ha ocHoBe docharos kanbuus. M. : Ha-
yka, 2005.

[MocTyrmuna B pepakumio 26.11.2014




