CYMEK TIHIHIH BUOMH)XXEHEPUACHI YILUIH JIETOHALIUSJIBIK BYPKY SIICIMEH
OYHKIMOHAJIABI-TPAIVUEHTTI X)KABBIHIAPIbI AJTY AbIH, FBIJIBIMU-TEXHOJIOTI MAJIBIK
HET'T3/IEPIH O©3IPJIEY

’Koba KP BYM rpaHTThIK KapKbUIaHABIPYHI asChIHAA XKy3ere aceipbuayaa, AP13068485 rpanTsi.
2022-2024 >xpinyapra apHaIFaH KapKbUTaHABIpY KesteMmi — 74,513 mutH TeHre.

BacbiM 0aFbIT: Teosorus, MUHEPAIIBIK JKOHE KOMIPCYTEKTI IIMKI3aTTHl OHMIIPY JKOHE 6HJeYy, KaHa
Marepuaiap MeH TeXHOJIOTHsIIap, Kayirci3 OyibIMIap MEH KOHCTPYKIMsIIAP.

3eprreynin e3ekridiri: JKoba asceiHma OuOXaOBIHAAPABI JNETOHALMSIBIK OYpPKY oficiMeH aiy
TEXHOJIOTHSCHIH JIaMbITy YCHIHBUIQABL byl perte »aObIH KaOaTTapbIHBIH T'PaJHeHTTI KYPBUIBIMBIH
KaJIbINTaCTBIPY/IbIH JKaHa TOCUIEpl KOJIAAHbUIAIbl, OHIAa apMaTypaianFaH (aza MEH I'HAPOKCHANATUTTIH
(TiT'A) apakarbiHAchl >kaObIH KaNbIHABIFEI OOWBIHINIA OIpTIHIEH ©3repil, KaOBIHAAPIBIH KOFaphl
aJTe3msUIBIK OepIKTIriH KaMTaMacki3 eTei. JKoOaHbIH HEeri3ri epeKeNiri — TPpaJiueHTTI KOMITO3UIHSITBIK
XaObIHIAP/IBI ICTOHAIUSIIBIK OYPKY peXuMepiH (OKHaHHBIH KAaPBUIFBIII ra3 KOCIAChIMEH TONTHIPHLTY
MaiibI3pl JKOHE aTBICTApP apachIHIAFbI KiAipiC YaKbIThl) ©3repTy apKpUIbl aly TOCITIH YCBIHY OOJBII
Ta0buTabl. JKaObHIApABIH MEXaHUKA-TPUOOIOTHSIIBIK (KATTHUIBIK, CEPIIMIUIIK, are3usUIbIK OepIKTIK,
TO3yFa TE3IMAUIIK) >KoHE OMOJOTHSIBIK (LMTOYBITTBUIBIK JKOHE in Vvitro OMOCOMKeCTiK) KacHeTTepiH
KEeIeH/Ii 3epTTey OONBIHINA JKaHa SKCIIEPUMEHTTIK JePEKTEp aJIbIHAIBI.

Makcarpl: Ti6Al4V  xopeitnaceiblH — Oerine Ti/ITA  Heriingeri  (QyHKIIMOHAIBI-TPAJIUEHTTI
XaObIHIAP/IBl JETOHAIIUSUIBIK OYPKY oJliCiMeH aiy OOHBIHIA FBUIBIMH-TEXHOJIOTHUSIIBIK Heri3aepi
a3ipiey JKOHE OJIapIblH MEXaHHKA-TPUOOJIOTHSIIBIK JKOHE MEUKO-OHOJIOTHSIIBIK KACHETTepiHE KeIIeH i

Tanmay Kyprisy.
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SEM HV: 15.0 kV WD: 5.99 mm MIRA3 TESCAN|
View field: 26.3 ym Det: SE
SEM MAG: 10.5 kx Performance in nanospace

Kyrinerin norm:kesep: Ti6Al4V xopeitniaceinblH Oerinae rpaauentTi Ti/I'A xaObIHIAPBIH aNmyIbIH
TEXHOJIOTHSUTBIK PeXuMi a3ipieHesi. JleToHamsbIK OypKy HapaMerpliepi, KypbUIbIM CHIIaTTaMajiapbl
KOHE >KaOBIHAAPIBIH (U3MKA-MEXaHUKAIBIK KAaCHUETTEepl apachlHAAFbl KOPPEISLUSUIBIK TOYESIALTIKTEp
aHbIKTaNanbl. [ pagueHTTi KaObIHIApABIH MEXaHHKA-TPUOOJIOTHUSIIBIK JKOHE MEIUKO-OMOJIOTHSIIBIK
KacuerTepi OIpTeKTi KYpbUIBIMIBI KaOBIHAAPMEH CaJbICTHIpMANbl TYpHAE TaljaHaasl. | paameHtTi
KYPBUIBIMHBIH OnocoiikecTi Ti/I'’A kaOBIHIApBIHBIH TaianaHy CUIaTTaMajapblH apTThIpYIaFbl el
aHbBIKTAJIaIbI.

Koapany canamapbl: MenunuHanbslK UMIUIAHTTApAbl jKacay MaceselepiMeH aiHabIcaThIH
FBUIBIMH-3€PTTEY JKOHE KOHCTPYKTOPJIBIK KSCITOPBIHIAP.



PA3PABOTKA HAYUHO-TEXHOJIOI MYECKNX OCHOBIIOJIYYEHIA ©YHKIMOHAJIBHO-
I'PAJJUEHTHBIX ITOKPBITUI METOJIOM JETOHALIMOHHOI'O HATIBJIEHUS JIJIS
BUOVHXEHEPUN KOCTHOM TKAHU

IIpn nogep:kke rpantosoro punancuposanuss MOH PK, rpant AP1306848506nem
¢punancupoBanus na2022-2024 rr.— 74,513 MiiH. TeHTe

IIpuoputeTHoe HanmpaBJjieHHe: [eonorusa, q00bYa © mepepadOTKa MHHEPAJBHOTO H
YTIIEBOZOPOIHOTO CHIPBSI, HOBBIE MATEPHAIIBI, TEXHOJIOT S, O€30ITacHbIE N3/ M KOHCTPYKIIUH.

AKTYyalIbHOCTH HCCJIeIOBaHuii: B pamkax mpoekra mpeaiaraercsi pa3BUBaTh TEXHOJIOTHIO IOIYYCHHUS
OMOIOKPBITUI METOZOM JETOHAIMOHHOTO HAIbUICHHS C NPUMEHEHHEM HOBBIX ITOJXOIOB IOJIy4EHHUS
IPaJMEHTHOTO CTPOEHHS CJIOEB, B KOTOPBIX COOTHOIIIEHHE apMupoBaHHas ¢aza/runpokcuanatut (Ti/T'A)
MOCTENICHHO M3MEHSETCS MO TONIIMHE TOKPHITHS Ul OOSCICYeHUS BHICOKMX 3HAYEHUH aIre3MOHHON
MPOYHOCTH TOKPHITHHA. [IpUHIMNHAIBHBEIM OTJIMYHEM HJCH IPOSKTa OT CYHICCTBYIOIIMX aHAJIOrOB
SIBJISICTCS TO, YTO MpPEJIaraeTcs Crocod IMOyueHUs TPAAMCHTHBIX KOMITO3HIMOHHBIX MOKPBITHH ITyTEM
BapbHPOBAHHUS PEKHMOB JICTOHALMOHHOTO HAIBLICHUS (IIPOLICHT 3aIlOJHEHHs B3PHIBYATOW I'a30BON
CMEChI0 CTBOJAa W BpeMs 3aJepKKd MEXKAy BBICTpesliamMu). byayr TmOJyd4eHBl HOBBIC
JKCIIEPUMEHTAIbHBIE  JaHHBIE  KOMIUJIEKCHOTO  HWCCICIOBAaHUS  MEXaHHKO-TPHOOIOTHYECKUX
(TBEpHOCTh,  YNPYTroCTh,  AAr€3MOHHASs  IMPOYHOCTh,  M3HOCOCTOMKOCTh) H  OMOJOTHYECKHUX
(IUTOTOKCHYHOCTH U OOCOBMETCUMOCTH in Vitro) CBOWCTB TOKPBITHIA.

Heab: PaspaboTka HayYHO-TEXHOJOTMYECKHX OCHOB TONy4YeHUS (DyHKIIMOHAIBHO-TPAJUEHTHBIX
NOKpbITHI Ha ocHOBe Ti/[’A METOJOM JETOHAIIMOHHOTO HAIIBUICHUS HAa IOBEPXHOCTH ciuiaBa Ti6AI4V u
MPOBEICHUE KOMILJIEKCHOTO aHaji3a HMX MEXaHUKO-TPHOOJOIMYECKUX W MEIUKO- OHMOIOTHYECKUX
CBOIICTB.
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SEM HV: 15.0 kv WD: 5.99 mm 'MIRA3 TESCAN

View field: 26.3 um Det: SE 5pm
SEM MAG: 10.5 kx Performance in nanospace
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Okumaemble pe3yabTarbl: OyJeT pa3pabOTaH TEXHOJOTHYECKUN PEXKUM TONYyYCHUS TPaJUCHTHBIX
Ti/T" A mokpbITuii Ha moBepxHocTH crutaBa Ti6Al4V; OyayT ycTaHOBIEHBI KOPPEISIIMOHHBIE 3aBHCUMOCTH
MEXIy NapaMeTpaMH JETOHAIMOHHOTO HAalbUICHHs, XapaKTepPUCTUKAMH CTPYKTYpel H  (pu3mKo-
MEXaHUYECKMMHU CBOWCTBaMH TOKPBITHIL; OyIeT TNpOBENEH CpaBHUTEIBHBIA aHalM3 MEXaHUKO-
TPUOOJIOTHYECKUX M MEIUKO-OMOJIOTMYECKMX CBOMCTB T'PAJUCHTHBIX TOKPBITHH C TMOKPBITHEM
OJTHOPOJHOM CTPYKTYpbI; Oy/AeT BBISIBJICHA POJIb TPATMEHTHOIO CTPOCHUS MOKPHITUH B IOBBIIICHUH
HKCIUTYaTaIIHOHHBIX XapaKTePUCTUK OMOCcOBMECTUMBIX Ti/I"A TIOKPBITHIA.

Otpaciu npuMeHeHusi pa3padoTok: HaydHele M KOHCTPYKTOPCKHE TPEINPHATHS, 3aHUMAIONIHECS
BOIIPOCAMH CO3IaHUS METUIIMHCKAX MMIUIAHTOB.



DEVELOPMENT OF SCIENTIFIC AND TECHNOLOGICAL FOUNDATIONS FOR
PRODUCING FUNCTIONALLY GRADED COATINGS BY DETONATION SPRAYING
FOR BONE TISSUE BIOENGINEERING

The project is carried out with the support of grant funding from the Ministry of Education and
Science of the Republic of Kazakhstan, Grant AP13068485.
Total funding for 2022—-2024 amounts to 74.513 million KZT.

Priority area: geology, extraction and processing of mineral and hydrocarbon raw materials,
new materials and technologies, safe products and structures.

Relevance of the research: Within the framework of the project, the development of a
technology for producing bio-coatings by detonation spraying is proposed using new approaches
to form a graded layer structure. In these coatings, the ratio of reinforcing phase to
hydroxyapatite (Ti/HA) gradually changes through the coating thickness, ensuring high adhesion
strength. The key difference of the project from existing analogues is the proposed method for
producing graded composite coatings by varying detonation spraying parameters, such as the
filling ratio of the barrel with an explosive gas mixture and the delay time between shots. New
experimental data will be obtained from comprehensive studies of the mechanical and
tribological properties (hardness, elasticity, adhesion strength, wear resistance) as well as
biological properties (cytotoxicity and in vitro biocompatibility) of the coatings.

Objective: To develop scientific and technological foundations for producing Ti/HA-based
functionally graded coatings on the surface of Ti6Al4V alloy using detonation spraying and to
carry out a comprehensive analysis of their mechanical, tribological, and biomedical properties.
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SEM HV: 15.0 kV WD: 5.99 mm

View field: 26.3 ym Det: SE 5 pm
SEM MAG: 10.5 kx

Expected results: A technological regime for producing graded Ti/HA coatings on the surface
of Ti6AI4V alloy will be developed. Correlation relationships between detonation spraying
parameters, structural characteristics, and physical and mechanical properties of the coatings will
be established. A comparative analysis of the mechanical, tribological, and biomedical properties
of graded coatings and coatings with a homogeneous structure will be conducted. The role of the
graded structure in improving the performance characteristics of biocompatible Ti/HA coatings
will be identified.

Fields of application: Research and engineering organizations involved in the development of
medical implants.



