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1. TligBuIIeHHS €eKCIlyaTalliHUX BJIaCTUBOCTEN BUPOOIB 3 TUTaHy BT1-0 ¢popmMyBaHHIM CyOMIKpPOKpUCTaIIYHO]

CTPYKTYPY I'BUHTOBOIO €KCTPY3i€I0

2. Improving of the performance properties titanium VT1-0 products of submicrocrystalline structure with twist
extrusion

Pedepar:

1. O6'eKT BOCIiIKEHHS - IpoLecU POPMYBaHHS CyOMIKPOKPUCTAJIIYHOI CTPYKTYpU BUPOOGiB 3 TuTany BT1-0 npu
iHTeHCcuBHil nnacTuyHil gedopmarii. [Ipegmer gocigKeHHs - BCTAaHOBJIEHHS XapaKTepy BILJIMBY 'BUHTOBO]
eKCTpy3il Ta TepMiuHOi 06poOKU Ha Npoluecu pparmeHTalii 3epeHHoi 6yJI0BU, TOHKY CTPYKTYpY Ta Qi3nko-
MEXaHiuHi BJIaCTUBOCTi TEXHIYHO YMCTOrO TUTAHy. MeTa NOCiIKeHs - BCTAHOBJIEHHS XapaKTepy
CTPYKTYpOYTBOPEHHS Ta MiJIBULIEHHS €KCIUTyaTaliliHuX BiaacTuBocTtei Tutany BT1-0 npu TepmopedopmMauiniHin
00po0I1Ii METOIIOM TBUHTOBOI €KCTPY3il /17151 MOKpAIeHHS! eKCILIyaTaliiHOl HalilHOCTi BUPOO6iB MeINLIMHY Ta
TeXHIKU. MeToAM NOCiIKeHb:PEHTT€HOCTPYKTYPHI JOCHiIKEHHS; MeTasiorpadiyHi MeToy; METOAU JOCiIKEeHHS
MEXaHIYHUX BJIACTUBOCTEN; METOLY MAaTEMAaTUYHOIO MOJEJIIOBAHHS; YMCEJIbHI METOAY Teopil py>kKHOCTL. OTpuMaHi
pe3yJIbTaTy - BIleplie BCTAaHOBJIEHO, 1O Mifl 4ac iHTeHCUBHOI IJIacTUYHOI fedopmalii npouecu pparmeHTauii

3€PEHHOI CTPYKTYPH CYIIPOBOIKYIOThCS 3MiHAMU ITapaMeTPy KPUCTAIiyHOi rpaTku Ta GOPMYBaHHIM aKCiaJIbHO]



TEKCTYpU. YTOUYHEHI €KCIIEPUMEHTAJIbHI JaHi MO0 IPUCKOPEHHS IEPEOPieHTallil 36pEHHOI CTPYKTYPHU i 3HUYKEHHS
TeMIIepaTypH I104aTKy peKpucTasizatii 1o piBHs 385 °C B pe3ysbTaTi II'ITULMKIIOBOI fedopmaliii. PodpodieHo
pekuM TepMidyHOi 06po6ku Bupo6iB npu 300°C npoTsarom 1 rogunu. [Ipu BUBYEHHI JliHeapi3oBaHOi KpUBOi
3MilJHEHHS, BCTAHOBJIEHO (PaKT (POPMYBAHHS TPbOX YiTKO BUPKEHUX NPSIMOJIIHINHUX JiJISTHOK, $Ki CBi4aThb IIPO
[IOCTYIOBE 3MEHIIEHHS IHTEHCUBHOCTI 3MilJHEHHS ITPY 3POCTaHHI KiJIbKOCTi IMKIIB fedopmaliii. Bnepie
BCTaHOBJIEHO, 1110 IIPYU 5-TU LMKJIOBIill TBUHTOBIN eKCTpy3ii 3a6e31euyioThCsi Halbibll BUCOK] TOKa3HUKY 3MillHEHHS
Ta HallMEHIIMI PO3KK], KyTOBUX Koe(illieHTiB 3a nepepizoM. Ha ocHOBI (pi3sN4YHUX ysIBJIEHDb Ta PE3YJIbTATIB
TEOPETUYHUX IOCTIIPKEHb PO3PO6JIEHO MOJeJIb BTOMHOTO PYyMHYBAaHHS METaJliB Ta CIJIaBiB HA 6a3i SIKOi OTPUMaHO
IIOBHY KPMBY BTOMU TE€XHIYHO YACTOTO TUTaHy B CYOMiKPOKPUCTAIIYHOMY CTaHi. BctanoBneHo, mo tutan BT1-0 B
CyOMIKpPOKPUCTAIiYHOMY CTaHi BifjlIOBinae ymoBam HeoOXigHOI MiLJHOCTi i MOKe 6yTH BUKOPUCTaHUM I1pU
BMPOOHHULITBI HAaBaHTaXXEHNX €JIEeMEHTIB eHponpoTe3is. Ha kadenpi "TpaBmarosioris i opronenis”
JHINIpOIIEeTPOBCHKOI MEIUYHOI aKaJeMil OTPUMaHO €KCIIEPTHE MiATBEPIYKEHHS IIEPCIIEKTUBHOCTI 3aCTOCYBaHHSA
tuTany BT1-0 B cy6MiKpOKpHUCTaliuHOMY CTaHi [ €HJIOIIPOTE3iB Ta iHIIKMX BUPOOIB opToneii i TpaBMaTosiorii. B
3aropisbKOMy HalliOHaJIbHOMY TEXHIYHOMY YHIBEPCUTETI OTPUMAaHI Pe3yJIbTaTU BUKOPHUCTOBYIOTLCS B HABYAJIbHOMY

npoueci. ['any3b 3aCTOCyBaHHS - MEOVLIMHA TA XiMi4YHA ITIPOMUCIIOBICTb.

2. The processes is the of the submicrocrystalline structure formation of products made from titanium VT1-0 at
intensive plastic deformation are the object of study. The subject of the study is the establishing of the nature of
influence of twist extrusion and heat treatment on processes of grain fragmentation, fine structure and physico-
mechanical properties of technical pure titanium. The purpose of the study is to establish the nature of structure
formation and exploitation properties increase of titanium VT1-0 at thermo-deformation twist extrusion
processing method aiming to improve the operational reliability of medicine and technic products. The research
methods are X-ray diffraction studies, metallography, methods mechanical properties studies, methods of
mathematical modeling, numerical methods of the theory of elasticity. For the first time the results showed that
during intensive plastic deformation grain structure fragmentation processes are accompanied with changes of
lattice parameter and formation of axial texture. Experimental data specified by acceleration of the grain structure
reorientation and reduction of recrystallization beginning temperature to 385 ° C level resulting of five cycle
deformation. A heat treatment regime of products at 300 ° C for 1 hour was proposed. Studing linearized
hardening curve, it is established the fact of three distinct linear portions formation, indicating a gradual decrease
of hardening intensity with increasing the number of deformation cycles. It is established that 5-cycle twist
extrusion provides the highest hardening indices and the lowest dispersion of angle coefficient at cross section.
Based on the physical concepts and the theoretical study, the model of fatigue fracture of metals and alloys was
developed; and on the basis of this model a complete fatigue curve of technical pure titanium submicrocrystalline
condition was obtained. It is established that titanium VT1-0 in submicrocrystalline state meets the necessary
strength conditions and can be used in the production of load-bearing elements of the endoprothesis. At the
"Traumatology and Orthopedics" department of Dnepropetrovsk Medical Academy expert verification of prospects
for application of commercially pure titanium implants in submicrocrystalline state and other products of
orthopedics and traumatology was given. In Zaporozhye National Technical University the results are used in the
educational process. The scope of application is medicine and chemical industry.
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