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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

HosiTHi HU3bKOMOLYJIbHI criaBu Zr-Ti-Nb 7151 BUTOTOBJIEHHS! aAUTUBHUMU TE€XHOJIOTISIMU iHAMBiNyani30BaHUX

6i0CyMiCHUX IMIIJIAHTIB 3 yIOCKOHAJIEHOI0 (PYHKI[iOHAJIBHOIO TOBEPXHEIO

Ha3sBa po60oTH aHIJIiHCBHKOIO:

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

Pedepar yKpaiHCBKOIO:

O6’eKT IOCIiIPKEHHS — HOBI Ipoliecu pOpMyBaHHS KOMILIEKCY BiaacTUBOCTel ciijiaBiB Zr-Ti-Nb B KiHIeBUx
BMPO0ax, OTPUMAHUX aJUTUBHUMU METOAAMHU 3 aJAIITUBHUM MOJEIOBAHHAM 17151 3D-IpPyKy, Ta CTBOPEHHS
(PYHKIiOHATIbHUX OBEPXOHb 6i0CyMiCHUX IMIJIAHTIB TEXHOJIOTISIMU aHOJIHOI 06POOKU. MeTa POo6OTH: OJlepKAHHS
marepiasiB Ha ocHOBI criaBy Zr-Ti-Nb Ta mocnigxkeHns ix BnactuBocteil. OCHOBHUMU pe3yJsbTaTaMUu POOOTH €:
BMKOHAHUM OIJIs[ JiTepaTypu MO0 iCHYIOUMX CIJIaBiB; po3p06JI€HO TEXHOJIOrI0 Ofiep>KaHHs ciiaBiB Zr-Ti-Nb;
oJiep>KaHi 3pa3kyu MaTepiasiB Ha OCHOBI criiaBy Zr-Ti-Nb; npoBeneHo JociIpKeHHS B1aCTUBOCTEN MaTepiaiB 3i
craBy Zr-Ti-Nb. Pe3ynbpTatul JOCiIKeHb BKa3ylOTh, IO 32 XiMiYHUM CKJ1aioM HOBUH criaB Zr-Ti-Nb He micTtuTh
LIKIIJIMBUX JOMIIIOK, TaKUX K aJIIOMiHil Ta BaHAMi#, SIKi BXOJIATH IO IIMPOKO BUKOPUCTOBYBAHOIO B MEIUIIVHI
craBy BT-6. KoposiiiHa CTiliKiCTb CIjIaBy OCTaTHBO BUCOKA. PeHTreHo¢a30BUil aHali3 03BOJIMB BUBHAUNUTHU
($azoBuil ckyag craBy. MexaHiYyHUMU JOCTiIKyBaHUMU BU3HAYEHi MEXXU MiLIHOCTI i TEKy4OCTi, 3HaYEHHS
IIOB3[IOBXXHBOT'O [TO/IOBKEHHS i TIOTIEPEYHOro 3By>KeHHs! 1J1s cIiaBy Zr-Ti-Nb. BcranosineHo, mo cnas Zr-Ti-Nb
Mae 3Ha4HO OibIly IJIACTUYHICTD 110 3PiBHSHHIO 3 IIMPOKO BioMuM criaBoM BT-6. OcobuBo ciif 3a3Ha4uUTy, 10
MOJYJIb IPY>KHOCTI criaBy Zr-Ti-Nb mae 3nauenns 26,4 I'Tla, ik i MOZyJIb IPY>KHOCTI KOPTUKAJIBHOI KiCTKH (1O
nmopisHioe 15-30 ['Tla), Ha BinMiny Bin BT-6 3HaueHHS MOnyJisI IPYKHOCTI sikoro ckianae 115 I'Tla. OpepskaHi gaHi
IIO3BOJISIIOTh peKOMeHIyBaTu cIuias Zr-Ti-Nb ny1g MmenuyHoro 3actocysaHHsl. ['aynys3p 3acTocyBanHs : M 72.19

JocminKeHHs i1 eKCIlepUMEHTaIbHI pO3po0KHU Y cepi iHIMX NPUPOJAHUYUX | TEXHIUHUX HAYK.

Pedepar aHIJIiHCBKOIO:

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.
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VIII. HaykoBa (HayKoBo-TexHiuHa) npoaykuist (HTII)
Ha3zga HTII ykpaiHCBKOIO: 3pasku marepianis Ha OCHOBI cruiaBy Zr-Ti-Nb.
Ha3zBa HTII anrJificbKo¥0: Samples of materials based on the Zr-Ti-Nb alloy.
HTII, aKy nepenba4asiocsi CTBOPHTH:

IIpuunnu, yepe3s saki HTII e Gysio cTBOpeHO:

OTpumaHi pe3yJIbTaTH: Marepianu

l'asmy3b 3acTocyBaHHS: M 72.19 JlocsigkeHHs i eKCIieprMeHTasIbHI po3po6Ky y chepi iHIMUK IPUPOIHUYNX i

TEXHIYHMX HayK
PeecTparifiHuii HOMep KapTKH T€XHOJIOT1i:

Omnuc HTII: Onepskano 3pasku marepiajiiB Ha OCHOBI CIIJIaBy 3 XIMiYHUM CKJIafIoM KOMIIOHEHTIB, Mac. %: Zr - 59;
Ti - 20; Nb - 21. Ieii crisaB XxapakTepu3yeTbCsl HU3bKUM MOJYJIeM IIPYXKHOCTI, 1110 JOPiBHIOE MOZYJIIO [IPY>KHOCTI
KOPTHUKAJIbHOI KiCTKU JIIOOUHM. Lle 103B0oJIs€e 0ro BUKOPYUCTaHHS [J11 BUTOTOBJIEHHS iIMIIJIaHTaTiB. Ha BigMiHy Bif,
aHaJsIoriB, pO3p0o06JIeHUI] CIIsIaB Mae MoAyJib IpykHOCTI 30-40 MIla. BurotoByieHHs MaTepiasiB 3 yKpaiHCbKUX

KOMIIOHEHTIB 3[lellIeBUTh BUPDOOHUIITBO iMILJIAaHTaTiB. XiMiYHUI cKiaf criaBy Zr-Ti-Nb 6e3neyHuil s J00UuHN.

ConiannbHO-eKOHOMIYHA cupsimoBaHicTh HTII: Exonomis enepropecypcis, Ekonomis matepiasis,

3MeHIIeHHS 3HOCYy 06Jy1afiHaHHS, [TlinBUlieHHs TPOAYKTUBHOCTI Iparii
Bnyius HTII Ha mOoBKijIs:
BnposagskeHHs1 HTII: He snpoBamxeHo
ITpakTuyHa peasnizanis HTTI
IloyaTok eramy:
3aKiHYeHHs eTamny:
Crnio>KHuBavi NPOAYKILii: nifnpremcTsa XiMivHOI TPOMUCIIOBOCTI
IlepcrieKTHBHI PUHKH: Vkpaina, €C, CIIIA
XapakTep cniBpoOiTHHIITBA 3 iHBECTOPOM
IToTpiOHMI 00CAT iHBECTHLLiH, THC. TPH.: 0
IIpaBa, 0 HaAAIOTHCS iIHBECTOPY MiCJIsA 3aBEPLIEHHST POOOTH: [IpaBa He HA/IAKOTHCS
HasaBHicTb 0i3Hec-1yIaHy: Hi
TexHiKO-€eKOHOMiYHE OOrpyHTYBaHHSI: Hi
IloTeH1iaILHUI 00OCST POAASKY, THC. TPH.: 0
OuiKkyBaHHI TepMiH OKYIHOCTi (POKiB): 0
JopaTkoBa iHpopmanist:
Ha3zga HTII yKpaiHCBKOIO: TexHOIIOTis OfiepkaHHA MaTepiaiB Ha OCHOBI cruiasiB Zr-Ti-Nb.
Hazpa HTII aHrsiicbKo0: Technology for obtaining materials based on Zr-Ti-Nb alloys.
HTII, sixy nepezn6ayasiocsi CTBOPUTH:
IIpuunnmn, yepe3s saki HTII He 6ysi0 cTBOpeHO:

OTpuMaHi pe3yJIbTaTH: TexHOOTis



l'any3s 3acTocyBaHHS:M 72.19 JlocigKeHHs i eKCIIepUMEHTaIbHI po3poGKY y cdepi IHIUK IPUPOAHUYHXK i

TEXHIYHUX HayK
PeecTpanifiHuil HOMep KapTKH T€XHOJIOTii:

Omnuc HTII: Pospo6siena TexHooris ofepskaHHs MaTepiasiB Ha OCHOBI cruiaBiB Zr-Ti-Nb METOIOM €1EKTPOHHO-
[IPOMEHEBOI I171aBKU Ha MOJEPHI30BaHIN €JIEKTPOHHO-TIPOMEHEBOI ycTaHoBLi YE-208M. Ha BigMiHy Bif, aHAJIOTIB,
yYCTaHOBKA Ma€ TPU €JIEKTPOHHO-IIPOMEHEBI rapMaTH, 10 3a6e3Ievdye MOXKJIMBICTb TPOBEIEHHS EKiIbKOX
TEXHOJIOTIYHUX NPOLECIiB HAa OIHOMY 00J1afiHaHHi. BUKOpHCTaHHs yKpaiHChKOI CUPOBUHU [J1s1 BUPOOHMUIITBA 3HAYHO

37€MIEBUTD MIPOLIeC OTPUMaHHS MaTepiaiB. TexHoJoris 6e3neyHa 119 HaBKOJIMIIHBOTO CEPENOBUILA

ConianbHO-eKOHOMIYHA cupsimoBaHicTh HTII: Exonomis enepropecypcis, Ekonomis matepiaris,

3MeHIIeHHs 3HoCy o6JafHaHHs, [TinBuIeHHs TPOAYyKTUBHOCTI Iparti
Bnyins HTII Ha moBKiJjis:
BnposaaskeHHs1 HTII: He snposamxeHo
ITpakTuyHa peasnizanis HTTI
IToyaToK eramy:
3aKiHYeHHs eTaly:
Crno>kuBavi NPOAYKIIii: nifnpremcTsa XiMidHOI TPOMUCIIOBOCTI
IlepcrieKTHBHI PUHKH: Vkpaina, €C, CIIIA
XapakTep CriBpOGIiTHHIITBA 3 iHBECTOPOM
IloTpiOGHMI 0GCAT iHBECTHILiH, THC. TPH.: 0
IIpaBa, 0 HaAAIOThCS iHBECTOPY MiCJIsA 3aBEPLIEHHs POOOTH: [IpaBa He HafAIOTHCS
HasiBHiCTB Gi3Hec-myIaHy: Hi
TexHiKO-eKOHOMiYHe OOrpyHTYBaHHsI: Hi
IToTeH1iaIbHU 0OCST IPOAAIKY, THC. TPH.: 0
OuikyBaHHI TepMiH OKYIHOCTi (pPOKiB):
JopaTtkoBa iHdpopmamist:

Ha3sa HTII praiHCBKOIO: Crioci6 HaHeCeHHsT OKCUIHOTO TIOKPUTTS Ha TUTAH Ta MOro0 CIIJIaBU aHOAHO-

iCKpOBUM OKMCJIEHHSM Y MarHiTHOMYy IoJIi

Hazpa HTII aurJiiicbKo0: The method of applying an oxide deposites on titanium and its alloys by anodic

spark oxidation in a magnetic field

HTII, sixy nepezn6a4asiocsi CTBOPUTH:
Ipuyunu, yepes siki HTII ve 0yJi0 cTBOpeHoO:
OTpumaHi pe3ysbTaTH: Croci6

l'asy3s 3acTOCyBaHHS: M 72.19 JlocsmimkeHH i1 eKCIIepUMEeHTasIbHI PO3pO6KHU y cdepi iHIIMX TPUPOSHIYNX i

TEXHIYHUX HayK.
PeecTpanifiHuil HOMep KapTKH T€XHOJIOT1ii:

Omnuc HTII: Po3po6reno croci6 HaHeCceHHs OKCUIHUX MOKPUTTIB HAa TUTaH i I0TO CIIJIaBU 3a JOTIOMOTOIO
AHOJHO-ICKPOBOTO OKUCJIEHHS B BOJHUX PO3YMHAX. BiZlpi3sHAETHCS BiH TUM, 1[0 PO3YMHU JIJIS1 aHOIYBAHHS MIiCTSTh

OJIHOYACHO pO34MHHI coJii Ca Ta P B HEBEJIMKMX KOHLIEHTPALisiX, iOHU SIKUX BOYJOBYIOTbCSI B CTPYKTYPY ITOKPUTTS,



HaJialouy oMy NMEBHUX BIACTUBOCTEN. PeXXMM HaHECEHHS ITOKPUTTS — raJlbBAaHOCTATUYHUMN 3 TYCTUHOIO CTPYMY
1000-3000 A /M2, yacom 06pobku 5-50 XB, TemnepaTypoio po3unny 20-23°C. Ckazn po3unHy: rinodocdit Kanbliio
8-12 r/n, purinpodocdar Kanpijio 3-10 r/1. 3anpornoHOBaHUM CIIOCIO HAHECEHHS TOKPUTTIB IJ1s1 MEJUYHOTO
MIpU3HaYeHHS CIIPSIMOBAHO Ha JOCATHEHHS JeKiJIbKOX BaXKJIMBUX Liisiell. [lo-nepiue, Ha 3MeHLIEeHHS CTPOKiB
JIiIKyBaHHS Ta [IOKPAIIeHHS SIKOCTi MEJUYHOTIO OOCIIYTOBYBaHHS, 110 € KDUTUYHUMU aCIIeKTaMH [iJIs TIALi€HTIB Ta
MenuyHUX (axiBliB. [lo-mpyre, noniomarae 3arnobirty peLyBaM 3aXBOPIOBaHb, Ta CIPUsIE IOKPAIEHHIO
pesysbTaTiB JiKyBaHHs. OfepsKaHi 3a IOJaHUM CIIOCOOOM ITOKPHUTTSI MAIOTh Kpallli MEXaHiuHi Ta 6iocymicHi
BJIACTUBOCTI B IIOPiBHSIHHI 3 3aKOPJOHHMMY aHAJIOraMU, a MOr0 3aCTOCYBAHHS JIsI BATOTOBJIEHHS IMILJIAHTATIB B
YKkpaiHi 3[1e11eBUTh BUPOOHULTBO 32 paXyHOK €KOHOMIi peakTHBIB Ta eJleKTpoeHeprii. XiMiuHM ckias OKPUTTS

0e3neyHuil I JI0OUHU.

ComniannbHO-eKOHOMIYHA crpsimoBaHicTh HTII: Exonomis enepropecypcis, EkoHomis matepiasis,

[TigBuIEeHHs NIPOAYKTUBHOCTI IIpalLii
Bnyius HTII Ha moBKiJjs:
Bnposags>keHHs1 HTII: He snposamxeHo
IIpakTnyHa peasnisanis HTII
IToyaTok eramy:
3aKkiHYeHHs eTamy:
Cno>kuBayi IIpO,I;yKI.li'l': iIIPYEMCTBA XiMIYHOI IIPOMUCIIOBOCTI
IlepcneKTHBHI PHHKHU: Vkpaina, €C, CIIA
XapakTep cniBpOOiTHHIITBA 3 iHBECTOPOM
IoTpiOGHMIT 06CAT iHBECTHILiH, TUC. TPH.: 0
IIpaBa, 10 HaAAIOTHCS iHBECTOPY IiCJIsA 3aBEPLIEHHS POOOTH: [IpaBa He HALAKOTHCS
HasiBHicTb Gi3Hec-myIaHy: Hi
TexHiKO-€eKOHOMiYHE OOrpyHTYBaHHSI. Hi
IToTeH1iaILHUI 0OCST POJASKY, THC. TPH.: 0
OuiKkyBaHHI TepMiH OKYIHOCTi (POKiB): 0
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