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KmroueBble cioBa: KanpluiigochaTHble IMOKPBITHS, MHKPOINTOBOS ORCHINDUSAEIC.
GHOCOBMECTHMBIE MaTEPHAIIBI, MATHUEBBIE CILIABLI, OWO/ACTpaTalliis.

OBDBeKTOM HCCIEI0BANTS ABIIOTCs Kanbiuiidocharnpie (KO) MOKpeITHSA Ha OCHOBE ST-
3aMEIEeHHOT0 THUIPOKCHANaTHTa M ST-3aMCILICHHOIO TpuKajbLuipocdara, MOTYyICHHBIE
merogoM MJ1O Ha MarHueBOM CILIaBe.

[leapto BBITYCKHON KBaIM(UKAMOHHOW paboTBl OBLIO  CO3MAHAC MHKPOIYTOBBIX
OUOIOKPBLITHI HA OCHOBE  Sr-3aMEIICHHOIO TpukanbimithochaTa u  Sr-3aMEIIEHHOTO
IUAPOKCHAIaTHTa Ha IIOBEPXHOCTH CIUIaBa Mg-0,8Ca, usydeHHe MOP(OJIOrUH, CTPYKTYpEL,
(hasoBoro cocrasa, PU3HKO-XUMHUYECKHX CBOHCTB MOKPHITHH.

B mporiecce paGOTHI POBEEH JTUTEPaTypHbI 0030p B 0OMACTH METO/A MHKPOAYTOBOIO
OKCHIUPOBAHUS, H3MEPEHHUs IIEPOXOBATOCTH, MCCIIECIOBAHUA MOPQOJIOTHH M 3JIEMEHTHOIO,
cOCTABA MOKPBITHEl METOIOM pacTPOBOH OJIEKTPOHHOM MHKPOCKOIMH H PEHTT€HOBCKON
SHEPrOJMCIEPCHOHHOM  CIEKTPOCKONUK ~ COOTBETCTBEHHO, — HCCIICHOBAHNA KOPPO3HOHHOM
CTOWKOCTH TOKDHITHH, (Pa30BOr0 COCTaBa MOKPBHITHH METOLOM peHTreHo(a3oBoro aHamsa.
TIpoBe/IeH aHaIu3 Pe3y/IbTATOB PACUETOB, OLEHCHO BIMAHME COCTABa SIICKTPOIUTA U PEKHMMEL
OKCHIMPOBAHHS HA CBOWCTBA IIOKPBITHH, YCTAHOBJICHA 3aKOHOMEPHOCTH bopMHpPOBAHUSL
CTPYKTYPBI ¥ CBOMCTB IIOKPHITH# B 3aBUCHMOCTH OT COCTaBa MTOKPBITUH.

Hayunas HoBuM3Ha pabOTEI 3aKjOYaeTcs B TOM, 4YTO BICPBBIC chopMHpOBaHbl  ST-
cofepKalllie MOKPBITHS B DJIEKTPOJIMTAX-CYCHEH3UAX C  YacTHIAMH Sr-3aMeIeHHoro
TpuKanbuuidochara u Sr-3aMeIIeHHOTO IHIPOKCHANIATHTA. Pe3y bTaThl HCCIICIOBAaHUH UMEIOT
GOTBIIYIO TPAKTHYECKYIO 3HAYMMOCTH W MOTYT OBITH PEKOMEH/OBAHBI JUIA NPUMCHCHHS B

TPaBMOTOJIOIMH, OPTONEIUH, YEMOCTHO-TTUICBON XUPYPIUH.
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Presented Master’s thesis consists of 111 pages, contains an introduction. > main coz0ies
(32 figures. 10 tables), a conclusion and references (144 sources).

Keywords: calcium phosphate coatings, micro-arc oxidation. biocompatible materials.
magnesium alloys, biodegradation.

The object of the study was calcium phosphate (CaP) coatings based on Sr-substituted
hydroxyapatite and Sr-substituted tricalcium phosphate, obtained by the MAO method on a
magnesium alloy.

The aim of the graduate qualification work was to formation of the micro-arc biocoatings
based on Sr-substituted tricalcium phosphate and Sr-substituted hydroxyapatite on the surface of
the Mg-0,8Ca alloy, to study the morphology, structure, phase composition and physical-
chemical properties of the coatings.

Literature review was conducted in the field of microarc oxidation, roughness
measurement and research of the morphology and elemental composition of the coating using
scanning electron microscopy and X-ray energy dispersive spectroscopy, study of the corrosion
resistance of the coatings, phase composition of the coatings using X-ray analysis. The Analysis
of the calculations results were carried out. The influence of the electrolyte composition and
modes of oxidation on the properties of the coatings was estimated. Regularity of the coatings
structure and properties formation were established depending on the composition of the
coatings.

The scientific novelty of the work was that Sr-containing coatings were formed in
electrolyte-suspensions with particles of Sr-substituted tricalcium phosphate and Sr-substituted
hydroxyapatite for the first time. The research results have great practical significance and can be

recommended for using in traumatology, orthopedics and orthognatic surgery.
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BBEJIEHHE
IlepcnekTvBa co3JaHMs OHONETPAIUPYEMBIX HMILIZHETZTOS IIE =S
nepenoMoB 0003HaUMIa B IIOCIECIHHE FOIb! OTHO H3 MDHODETSTHLN =i DEsics mE
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(gt

pa3BUBAIOIIETOCS] HAIIpaBJICHUS SIBISIeTCs pa3pad0oTKa OHOISIPaIHpy eMOI0 ¢ NOHTDO THD oW

CKOPOCTBIO MMILIAHTATa, HE OKa3bIBAIOLIETO BPEIHOIO BO3ISHCTB
BBIMOJIHSIONIEr0 CBOM (DYHKIMK B TCUCHHE HEOOXOMIUMOTO 1711 BOCCTAHOBICHHA ITOBPEKICHHOH
kocTi BpemeHH (12-14 nen). Taxkuwe wuMIIAHTATBl JOJDKHBI C OIPEAEIIEHHOM CKOPOCTBIO
PacTBOPSITECS B XJIOPHUJICOJEPIKAIIEH Cpesle YeJIOBEYECKOr0 OpraHu3Ma ¥ BBIBOAMTHCS U3 HETO,
HCKJTFOYast TeM CaMbIM HEOOXOIMMOCTE IIPOBEACHUS IOBTOPHOM ONEpALdU JJIs MX H3BJICYCHUS.
MaruuessiM CIIjIaBaM, KOTOPBIE MOTYT OBITh HCIIOJIB30BAHBI B Ka4deCTBE OMOAErpaiupyeMbIX
UMILIAHTATOB, YJE/ISAETCS MOBBIIIEHHOE BHUMAHUE CIIELUAINCTOB. | TaBHBEIMU [TPEUMYIICCTBAMU
TaKHX MaTePHAIOB SBIISIOTCS WX OHMOCOBMECTHMOCTB, & TAKXKe MpHEMJIEMbIe MCXaHMYCCKHE
CBO¥CTBa (MJIOTHOCTH U MOAYJb HOHra CONOCTaBHMBI C BEIHYMHAMH JTHX IIapaMEeTpOB JIA
KOPTHKAIBHOM KoCTH). OJHAKO OCHOBHBIM (DAKTOpOM, CAEPKUBAIOIIHM HCIIOJIb30BaHKE
MarHMeBbLIX CIUIABOB B KauyeCTBEe OHMOJETPaIpyeMOro Marephala, SBISCTCA UX YPE3BBIYAHHO
BBICOKass KOPPO3HOHHAS aKTHBHOCTh B XJIOPHUACOAEPXKALIUX Cpedax, YTo MPHBOIUT K
MPEXACBPEMEHHON  TOTepe  MEXaHWYECKOH  IMPOYHOCTH  UMILIAHTaTa 0  MOMEHTa
BOCCTQHOBJIEHUSI KOCTHOM TkaHW. OZHUM W3 IIYTEH CHMIKEHHUS CKOPOCTH KOPPO3WH MarHus —
bopMHpOBaHHE HA €ro IIOBEPXHOCTH AaHTUKOPPO3HOHHBIX 3aIIUTHBIX OKPBITHH. B ¢BA3M ¢ oTUM
Ha [MOBEPXHOCTH UMIUTAHTATa HEOOX0 MO chOpPMHUPOBATH HE IIPOCTO AHTUKOPPO3ZHOHHKIN, HO U
OUOAaKTHBHBIM CIION, KOTOPBIN, 3aMeIsisl KOPPO3UIO, YCKOPHT Ipolecc (hOPMHUPOBAHUS HOBOH
KOCTH W OyIeT IIOCTENEHHO 3aMeIarhecst KOCTHOM TKaHpro. CienoBaTeNbHO, pazpaboTKa
croco60B HOPMUPOBAHHS TTOKPHITHH, SIBIISIONIAXCS OHOJIOTUYECKH aKTUBHBIMH (yCKOPAIOUINME
OCTEOTeHE3 U OCTEOMHTETrPAIMIO KOCTH), C OJJHON CTOPOHBI, ¥ aHTUKOPPO3HOHHEIMHU 3alIATHBIMU
(CHHIKAIOLIUMHU CKOPOCTh PACTBOPEHHUS] MATHUEBOTO UMILIAHTATA B (PU3HOJIOTUUECKON CpesiE) — ¢
JIPYTOH, SIBISETCS BaXXHOM HAYYHO-TIPAKTHUECKOW 3ajauei, peIIeHUE KOTOPOH CYIIECTBEHHO
YCKOPHT IIPOTPECC «MarHueBO» UMITTaHTAIHOHHON XUpyprud [1].

B nocnieaee Bpemst MeTo MUKpoayroBoro okcuauposarus (MIO) cran noTeHnHaaIbHbIM
METOJIOM HAaHECEHHUs IOKPBITUH Ha MMIUIAHTAThl, T.K. [O3BOJET II0JIy4YaTbh IIOPHCTHIC,
[IEPOXOBATBIE U MPOYHO CHCIUICHHBIE ¢ TMOJJI0KKOM KanbimidocharHsie (KD) mokpeitus Ha
IIOBEPXHOCTH BEHTHJIbHBIX METAIJIOB U CIIJIABOB. A

Llenpro paboTsl OBUIO CO3JAHHE MUKPOAYTOBBIX OMOMOKPBITHH Ha OCHOBE Sr-3aMELIEHHOTO

TpuKanbiuiihocdara u Sr-3aMeIeHHOr0 rHApOKCcHanaruTa Ha nosepxHoctu craBa Mg0,8Ca,




u3yueHne MOpPQOJOrUd, CTPYKTYpBl, (a30BOTO COCTaBA., OQH3HEO-NHME=ZSIHms 500 07E

TTOKPBITHH.
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MetogoM MO Ha MOBEpPXHOCTH OHOPE30POHPYSMOTO Mg crmaBa B 37CKTPOJIMTax-
CYCIICH3HSIX, COAEPIKAIIUX TOPOTITKH Sr-T'A u Sr-TK® 6s11H cdhopmupoBanbl KO OHOMOKPHITHA
IpA WMILYJIbCHBIX HAaIPSDKEHUAX 350-500 B. YcTaHOBISHO, uTO Ipomecc (GOPMHUPOBAHUS
OKPBITHH MPOUCXOIMT B IepBble 1,5 MHH, IO TeHCcTBHEM MaKCHMAaIbHBIX MHKPOIYTOBBIX
pa3psIOB, OSTOMY TOKPBITHSL HMEIOT TIOPUCTYIO CTPYKTYPY. C TeueHHEM BPEMEHH ILIOTHOCTDH
Toka CHEKaeTcs 3a cueT (HOPMHUPOBAHMS AMOICKTPUICCKOro  Clos 1 UHTEHCUBHOCTD
MUKPOJYTOBBIX Pa3pANOB YMEHbIIACTCS. B 5TOT MOMEHT Ha IIOBEPXHOCTb MOKPBITHH 13
HJIEKTPOJIATA OCAKIAIOTCS HYaCTUIIDI nucniepcHoi  dassl (pochaToB KaTBLIS. B pesynbrare
IPOBE/ICHHBIX HCCIIEIOBAHMM YCTAHOBJIEHO CIEAYIONIICE.

1.  IIpomecc GopMUPOBAHHS TOKPHITHH C TA uger 6ofee HHTCHCUBHO, YTO MOATBEPKAACTCHA
Goee BHICOKHMH 3HAUEHMAMH IUIOTHOCTEH TOKA, TOBBIIICHHBIMH 3HAYCHUSAMU
[IIePOXOBATOCTH ¥ TOMIMHBL. 1Ipy 5TOM 3HAYCHHUA OTHX TapaMeTpoB PaBHBI (IIOTHOCTH
ToKa 0,22+0,32 A/em?, TonmumEa — 15+37 MKM, IEPOX0OBATOCTD — 2+5,5 MKM.

2. HOKprTI/IS{ FMEIOT KPUCTAIUIMYECKyIO CTPYKTypy. B cocTas Sr-'A MOKpPBITUH, BXOAAT
CleIyIOIIIe KpUCTATHYECKHe (Qasel: o _TK®, B-TK®, MgO, Mgs(PO4)2. B cocrase
mokpertuit  Sr-TK®  mapsay ¢ [EPEHHCICHHbIMH dazamu  JOMOJHUTEIHLHO
unentudumupyercs [A. Vccnenopanus, MPOBSACHHBIC MCTOMOM [I5M moATBEPIUIH
HaTU4he STHX KpUCTA/UIMYecKuX (a3 B IMOKPBITHIX. Onuako comepxkanue ['A ObLIO
BLISIBIIEHO HE TONBKO B OKPHITHsX Ha ocHOBE Sr-TK®, HO 1 Ha OCHOBE Sr-I"A.

3. MeToa0M HEProAUCIEPCHOHHOTO0 MUKpOaHaIn3a OBLIO YCTAHOBJICHO, YTO COAEPKAHUEC Sr
B IOKpBITUsIX ¢ ['A BbIlIE, Y€M B IIOKPBITHAX C TK® u cocrasister 1,93 at.%. OTHOIICHUE
kanbIEs K (hochopy MOBBIIAETCA ¢ POCTOM HANPSDKCHHUA Nporecca MJIO ot 0,5 mo 0,67
mtst mokpeitai ¢ A u ot 0,6 110 0,8 m1s mokpeitaii ¢ TKO.

4. YCTAaHOBJIEHO, YTO pa3paboTAHHEIC MOKPBITHS OONANArOT 3SallTHRIMH CBOWCTBAMM U
[OBBIIAIOT KOPPO3HOHHYIO CTOHKOCTh Mg cruiaBa MOYTH B 10 pas, MOCKOJbKY HX
yIenbHOE COMPOTHBIEHHE HA MOPANOK BBILIC, UCM y MaruueBoro cruasa. HaubombiieH
KOPPO3MOHHOM CTOMKOCTBIO 00/MaaloT MOKPBITHA HA OCHOBE Sr-TK®, mosy4eHHbIE IPU
panpsbkenuu nponecca S00 B, Tak 71 JaHHBIX MOKpHITH XapakTepHbl HanOOJIee HU3KHE
3HAYEHHs TOKA KOPPO3uH U HauOobiiee yASIbHOE COPOTHBIICHHC.

5. CHHTe3HpOBAHHbIE IOKPHITHA OONAfa0T € TOJBKO 3AIMMTHBHIMH CBOMCTBAMH, HO H
OCTEOT€HHDIM TIOTEHIMATIOM, TIOCKOJIBKY COSIMHEHHS], BXOJANINE B HX COCTaB, TI03BOJISIOT
YCHUITUTH TIPOIECCHl OCTEOMHTErpalud, a Sr Take MHTEHCHGUIUPYET IPOLECCChI

pereHepaniy KOCTHO! TKaHH.
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