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5. HaykoBo-TexHiYHa po6oTa

Hasga po6oTH (YKp)

HogiTHi Hu3bkoMomynbHi crsaBu Zr-Ti-Nb 1719 BUrOTOBJIEHHS afiUTMBHMMU TEXHOJIOTIIMU iHIMBimyasnizoBaHMX 6iOCYyMiCHHMX

iMIIJIaHTIB 3 YIOCKOHAJIEHOIO (PYHKLIOHAIBHOIO IIOBEPXHEI0

Ha3sBa po6oTH (aHrJ1)

The newest low-modulus Zr-Ti-Nb alloys for individualized biocompatible implants manufacturing with an improved functional
surface using additive technologies

Pedepar (ykp)

O6’eKT mocmimKeHHs — HOBI npouecyu (OPMYBaHHS KOMILJIEKCY BAACTUBOCTEN cIaBiB Zr-Ti-Nb B KiHLIeBUX BUp0O6ax, OTPUMaHUX
aIUTMBHUMM METOJaMU 3 aJlallTUBHUM MOJIEJIIOBaHHIM My 3D-ApyKy, Ta CTBOpeHHS (QYHKIIIOHAJBHUAX MMOBEPXOHb 6i0OCYyMiCHUX
iMIIaHTIB TEXHOJIOTISIMY aHOZHOI 06pOOKU. MeTa po60OTH: OfepsKaHHS MaTepiasiB Ha OCHOBI craBy Zr-Ti-Nb Ta gociigskeHHs ix
ByacTUBOCTE. OCHOBHUMU pe3ysibTaTaMUd POOOTU € BUKOHAHUI OIJIsLf, JliTepaTypy IIOMO iCHYIOYMX CIIJIaBiB; pPO3POOGJIEHO
TEXHOJIOTI0 ofiep>kaHHs crulaBiB Zr-Ti-Nb; ozmepskaHi 3pasku MartepiasniB Ha OCHOBI cmaBy Zr-Ti-Nb; npoBezeHO NOCiIKeHHs
BJIACTUBOCTEM MarepianiB 3i crnaBy Zr-Ti-Nb. PesysnbTaTu fOCiIKeHb BKa3yIOTh, 10 32 XiMIYHUM CKJIaJloM HOBUH criaB Zr-Ti-
Nb He MiCTUTP IWIKiANMBUX AOMIIIOK, TaKUX SIK AJIOMiHINl Ta BaHafil, sIKi BXOASTb O MIMPOKO BUKOPUCTOBYBAHOT'O B MEIULMHI
crnaBy BT-6. KoposiiiHa CTifiKiCTh CIIJIaBy JOCTaTHbO BUCOKA. PeHTreHo(a3oBuil aHaji3 [03BOJIMB BU3HAYMTU (Pa30BUI CKIaJ,
cIiaBy. MexaHIYHMMHU [OCJiIPKyBaHMMM BU3HA4Y€Hi MEXM MILJHOCTI i TEKy4OCTi, 3Ha4Y€HHS IOB3IOBXHBOIO IOJOBXKEHHS i
MOTepeyHoro 3ByXeHHs1 1jsi cmiaBy Zr-Ti-Nb. BcraHosneHo, mo cruaB Zr-Ti-Nb mae 3HauHO O6inblly IJIACTUYHICTH IO
3PIBHSIHHIO 3 IIMPOKO BioMUM crisiaBoM BT-6. OcobuBo ciiifi 3a3HaYMTH, 0 MOAYJIb IIPY>KHOCTI criaBy Zr-Ti-Nb mae 3HaueHHs
26,4 TTla, Kk i Monysb NPYXHOCTI KOPTUKAJIbHOI KicTKM (o popiBHIoe 15-30 ITla), Ha BigMmiHy Bim BT-6 3HaueHHS MoOnyss
MPY>KHOCTI sikoro ckiazae 115 I'Tla. OpepskaHi gaHi 103BOSIIOTH peKoMeHyBaTu criaB Zr-Ti-Nb pns meguyHOro 3actocyBaHHS.

T'amysp 3acTocyBanHs : M 72.19 JlocimkeHHs i1 eKClIepUMEHTalbHI po3po6Ky y cepi iHIMX MPUPOAHUYHNX i TEXHIYHUX HAYK.
Pedepar (aHr1)

The object of the research is new processes of formation of a complex of properties of Zr-Ti-Nb alloys in final products obtained
by additive methods with adaptive modeling for 3D printing, and creation of functional surfaces of biocompatible implants by
anodic processing technologies. The purpose of the work: obtaining materials based on the Zr-Ti-Nb alloy and studying their
properties. The main results of the work are: a review of the literature on existing alloys; the technology for obtaining Zr-Ti-Nb
alloys was developed; obtained samples of materials based on the Zr-Ti-Nb alloy; a study of the properties of Zr-Ti-Nb alloy
materials was carried out. Research results indicate that the chemical composition of the new Zr-Ti-Nb alloy does not contain
harmful impurities, such as aluminum and vanadium, which are included in the VT-6 alloy widely used in medicine. The
corrosion resistance of the alloy is quite high. X-ray phase analysis made it possible to determine the phase composition of the
alloy. The strength and yield limits, values of longitudinal elongation and transverse narrowing for the Zr-Ti-Nb alloy were
determined by mechanical research. It was established that the Zr-Ti-Nb alloy has significantly higher plasticity compared to
the widely known VT-6 alloy. It should be especially noted that the modulus of elasticity of the Zr-Ti-Nb alloy is 26.4 GPa, as well
as the modulus of elasticity of cortical bone (equal to 15-30 GPa), unlike VT-6, the modulus of elasticity of which is 115 GPa. The
obtained data allow recommending the Zr-Ti-Nb alloy for medical use. Field of application: M 72.19 Research and experimental
development in other natural and technical sciences.

Ingekc YIK: 615.465

Kozu tremarnunux pyopuk HTI: 76.09.43

6. HaykoBo-TexHiyHa npoaykuis (HTII)



HTII 1

HasBa npoaykii (ykp): 3pa3ku maTepiasiB Ha OcHOBI criaBy Zr-Ti-Nb.

Ha3zBa npoaykuii (anrs): Samples of materials based on the Zr-Ti-Nb alloy.

OuikyBaHi pe3yabTaTi: Marepianu

T'anyss 3acrocyBaHHs: M 72.19 JlocnimKeHHs I €KCIIEPUMEHTANbHI pO3pO6KH y cpepi iHMNUX IPUPOSHUYMX i TEXHIYHUX HAYK

Omnuc npoaykiuii (ykp): Onep>kaHo 3pa3ky MaTepiasiB Ha OCHOBI CIIJIaBy 3 XIMIYHMM CKJIailoM KOMIIOHEHTIB, Mac. %: Zr - 59; Ti -
20; Nb - 21. Lle#1 criyiaB XapakTepHU3y€eThCsl HU3bKMM MOJTYJIEM IPYKHOCTI, 110 JOPiBHIOE MOJLYJIIO MIPY>KHOCTi KOPTUKAJIbHOI KiCTKU
moavHu. Lle 103BoJisie HOro BUKOPUCTAHHS /111 BUTOTOBJIEHHS iMITIaHTaTiB. Ha BigMiHy Bifi aHasIOriB, pO3pO6JIEHNI CIIJIaB Mae
MopayJib npyxHocTi 30-40 MIla. BurorosneHHs MmarepiaiB 3 yKpaiHCbKUX KOMIIOHEHTIB 3[I€MI€BUTh BUPOOHUITBO iMIIJIAHTATIB.

Ximiunuit cknag criasy Zr-Ti-Nb 6e3neynuil ass JoQuHN.

ConianpHO-eKOHOMivYHa cnpsimoBaHicTh HTII: ExoHOMIis eHepropecypciB, EkoHoMist MaTepiasiB, 3MEHIIEHHS 3HOCY

o6sapHaHHS, [TigBUIEeHHS TPOAYKTUBHOCTI Ipali

Cragis 3aBepmenocti HTII: 3it o HAJIKP

Bnposazykennsa HTII: He BnpoBamkeHO

CTpoKH BIIPOBaZ>KEHHS!

Bupo6uuk npoaykuii: YIXTY

CnoskuBayi NpoAyKuii: MiAprueMcTBa XiMiYHOI TPOMUCIIOBOCTI
IlepcnekTuBHi puHKH: YKpaiHa, €C, CIIA

IIpaBa iHTe/IeKTyasIbHOI BJIACHOCTI: 3a OrOBOpaMU

dopmu ta ymoBu nepepavi npogykuii: Criizibai HIJIKP

HTII 2

HasBa npoaykii (ykp): TexHoJorist omepskaHHs MatepiasiB Ha ocHOBI crisasiB Zr-Ti-Nb.

HasBa npoaykuii (anri): Technology for obtaining materials based on Zr-Ti-Nb alloys.

OuikyBaHi pe3yJbTaTh: TexHOJIOoris

T'anyssb 3acrocyBaHHs: M 72.19 JlocnimpKeHHs i1 eKCIIEpUMEHTAIbHI pO3p06KH y cepi iHINUX IPUPOSHUYMX i TEXHIYHUX HAYK

Onuc npogykuii (yKp): Po3po6ieHa TeXHOJIOTis ofiepKaHHsI MaTepiasliB Ha OCHOBI ciiaBiB Zr-Ti-Nb MeTonoM eJ1eKTPOHHO-
MIPOMEHEBOI IJIaBKY Ha MOJIEPHI30BaHiil €JIEKTPOHHO-TIPOMEHEBOI ycTaHoBLi YE-208M. Ha BinMiHy Biz, aHasioris, ycTaHOBKa Mae
TPM €JIEKTPOHHO-TIPOMEHEBI rapMary, o 3a6e3nevye MOXKINBICTb TPOBEIEHHS EKiNIbKOX TEXHOJIOTIYHUX [TPOLIECIB HA OIHOMY
obamHaHHi. BUKopucTaHHs yKpaiHChKOi CHPOBUHY /17151 BUPOOHUIITBA 3HAYHO 3[I€IE€BUTH NPOLIEC OTPUMAHHS MaTepiaiB.

TexHosorisa 6e3neyHa [J151 HABKOJIMIITHBOT'O CEPENOBNIIA

ConjianpHO-eKOHOMIuYHa cnpsimoBaHicTh HTII: ExoHOMIist eHepropecypciB, EkoHOMist MaTepiasiB, 3MEHIIEHHS 3HOCY

o6sapHaHHS, [ligBUIEHHS IPOAYKTUBHOCTI IIpalli

Cragis 3aBepmenocri HTII: 3git o HIJIKP

BnposazykenHsa HTII: He BnpoBamkeHO

CTpOKH BIPOBaJ KEHHS.

Bupo6HuK npoaykuii: YIXTY

Cno>kuBavi NpoAyKIii: MiAIprueMCTBa XiMiYHOI TPOMUCIIOBOCTI
IlepcnekTuBHi puHKH: YKpaiHa, €C, CIIA

IIpaBa iHTe/IeKTyasIbHOI BJIaCHOCTI: 3a JOrOBOpaMu

®opmu Ta ymoBH nepegadi npogykuii: CriinpHi HIJKP

HTII 3



Ha3Ba npoaykuii (ykp): Crioci6 HaHeCeHHs OKCUHOTO [TIOKPUTTS Ha TUTAH Ta MOro CIJIaBU aHOJHO-ICKDOBUM OKUCJIEHHSAM Y

Mar”iTHOMy IO

HaszBa npoaykuii (arri): The method of applying an oxide deposites on titanium and its alloys by anodic spark oxidation in a
magnetic field

OuikyBaHi pe3ysbraru: Crioci6
T'anyss 3acrocyBaHHs: M 72.19 JlocnigKeHHs i eKCIIepUMEHTaNbHi pO3po0KH y cepi iHMNUX NPUPOJHAYMX i TEXHIYHUX HaYK.

Omnuc npoaykiii (ykp): Po3po6seHo crocié HaHeCeHHs! OKCUIHUX OKPUTTIB Ha TUTaH i I0T0 CIjIaByU 3a JOTIOMOT00 aHOIHO-
iCKpOBOTO OKMCJIEHHS B BOOHUX PO3YMHAX. Biipi3HAETbCS BiH TUM, 1[0 PO3YMHU [1J11 aHOLYBAHHS MiCTATb OJHOYACHO PO3YMHHI
coni Ca Ta P B HEBEIMKUX KOHLIEHTPALlisIX, I0HU SIKUX BOYLOBYIOTbCSI B CTPYKTYPY [TOKPUTTS, HAJIal04M IOMY MEBHUX
BJIACTUBOCTEN. P&XXM HaHECEHHS MOKPUTTS — TaJbBaHOCTATUYHUH 3 I'ycTHHOIO cTpyMy 1000-3000 A /M2, yacom 06po6ku 5-50
XB, TEMIIEPATypolo po3ynHy 20-23°C. Ckiag, po3uuHy: rimnodpocdit KanpLio 8-12 r/n, gurigpodocdar kansuito 3-10 r /1.
3anponoHOBaHUM CNIOCI6 HAaHECEHHS TOKPUTTIB 711 MeJUYHOTO TPU3HAYEHHSI CIIPSIMOBAHO Ha JOCSTHEHHS AEKibKOX BasKJIMBUX
uineit. [lo-nepiue, Ha 3MEHIIEHHS CTPOKIB JIIKyBaHHS Ta MOKPAlleHHS SIKOCTI MEIMYHOTO 00CJIyTOBYBaHHS, 110 € KPUTUYHUMU
acleKTaMu J1Jis NallieHTiB Ta MeInyHUX daxiBliB. [lo-mpyre, jornomMarae 3anobirtu penyuaiBaM 3axBOPIOBaHb, Ta CIIpUsIE
MOKpallleHHIO pe3ysbTaTiB JiKyBaHHS. OfepykaHi 3a MogaHuM CIIocOO0OM IMOKPUTTS MaloTh Kpallli MexXaHiuHi Ta 6iocyMicHi
BJIACTUBOCTI B [IOPiBHSIHHI 3 3aKOPJOHHUMU aHAJIOTaMU, @ MOro 3aCTOCYBaHHS [1J1s1 BUTOTOBJIEHHS IMIJIAHTATIB B YKpaiHi

3[leMIeBUTh BUPOOHUIITBO 32 PAaXyHOK €KOHOMII peaKTHBIB Ta esleKTpoeHeprii. XiMiuHUI CKIaJ], MOKPUTTS G€3Ne4HU 1J1s JTIOJUHU.
ConjianpHO-eKOHOMIYHa cipsimoBaHicTh HTII: ExoHOMIist eHepropecypciB, EkoHoMist maTepiasnis, [TigBUIEHHS TPOAYKTUBHOCTI
npaui

Cragis 3aBepmenocti HTII: 3sit no HIIJKP

Bruposagskenns HTII: He BupoBamkeHo

CTpOKH BIPOBaJKEHHS.

Bupo6Huk npoaykuii: YIXTY

Cro>KHBavi MPoAyKIii: MignpremMcTBa XiMiYHOI IPOMUCIIOBOCTI

IlepcnekTuBHI puHKH: YKpaiHa, €C, CILIA

IIpaBa iHTeIeKTyasIbHOI BJIAaCHOCTI: 3a Jorosopamu, I1ofjaHO 3asIBKy Ha BUIa4y OXOPOHHOTO JOKYMEHTY

®opmu Ta ymoBH nepegaui npogykuii: CriinipHi HIJJKP
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