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1. Mexanizmu popMyBaHHS Ta MIKpOCTPYKTYPHI XapaKTepHUCTUKY HAHOKPUCTAJIIYHOTO CTaHy TUTaHy, OTPUMaHOro
Kpiogedopmaliieio

2. Formation mechanisms and microstructural characteristics of the nanocrystalline titanium created by
cryodeformation

Pedepar:

1. Incepraliist npucBsiY€Ha BCTAHOBJIEHHIO Qi3MYHUX MeXaHi3MiB OpMyBaHHS 00'€MHOTO HAHOKPHUCTAJIIYHOTO
craHy Tutany BT1-0 3aBasiku KpiomexaHiuHil pparmenTallii 3epHa 3 3aCTOCyBaHHSIM Jiedopmallii BayblI0OBAHHIM
IIpYU TEMIIEPATYPI PigKoro a3ory. MeTogamu ONTAYHOI i IPOCBiIUYI040i €JIEKTPOHHOI MIKPOCKOIIii Ta pEHTT€HIBChKOI
nudpaxTomeTpii TpoBeseHO KOMIIEKCHE NOCIIiIKeHHSI eBOJIOLII MiIKpOCTPYKTypU Ipu Kpiogedopmariii 1o
BEJIMKUX 3Ha4eHb (|e| = 3). BuspieHo crafiiiHuil xapakTep 3aJ1e5KHOCTI po3Mipy 3epHa BiJi cTyneHs Kpiogedopmariii
Ta [10Ka3aHOo MOTo BifIOBiIHICTh €TaraM PO3BUTKY MEXaHIUHOrO [BIHUKYBAaHHS. BCTaHOBI€HO rPaHNYHUN
HaHOMACIITAGHUI cepeHiil po3mip 3epHa (~ 30 HM), OCATHYTHII B pe3yJbTati KpiodparmenTauii. Mloro icHyBaHHs

PO3TJIAIAEThCA K HACIIOK 3aJIEXKHOCTI BipOTiIHOCTI IBIMHUKYBaHHS BiJl pO3Mipy 3€pHa i, BiIIOBiTHO, BiICYTHICTIO



MOJKJIMBOCTI yTBOPEHHS [IBilIHMKIB B HAHOPO3MiPHOMY 3€pHi. 3 BUKOPUCTAHHAM PEHTI€HOCTPYKTYPHOI'O aHaJIi3y
BHMKOHAHO CHCTEeMHE JOCJIiIPKEHHS XapaKTepUCTUK fedopMaliliHOI MiKpOCTPYKTYpH, 110 (POPMYETHCS B TUTaHI B
Pe3yJIbTaTi BaJIbLI0BAHHS [IPY TEMIIEPATypi PiIKOro a3oTy NPU Pi3HUX CTYNEHSX OOTUCHEHHS. 3pobJieHa OLjiHKa
PO3Mipy 0671acTell KOrepeHTHOTO PO3Cil0BaHHSI /KPUCTAJITIB Ta BEJIMUMHU cepefHix Mikpogedopmauii. Po3risHyTo
BIUIUB BiIHOCHOI aKTUBHOCTI ie(popmallii KOB3aHHSM Ta [BIfHMKYBAaHHSIM Ha MiKDOCTPYKTYPHi XapaKT€pPUCTUKU.
Bussiena mopdosioriyHa aHi3oTporis KpucrasiTis B cdopmosaHoMy HK cTaHi, 1110 5 IPUYMHOIO CIIOCTEPEXHO]
aHizoTpormnii Mexi nnHHOCTI. [lokazaHa eeKTUBHICTb ITPOLIECY KpioMeXaHiyHOi pparmeHTallil 3epHa A4
oTpuMaHHs 06’emuux HK T'lIIY meTtasiB (TUTaH, LUPKOHIi) 3 cepeHIiM po3MipOM 3epHa B JieKibKa JeCsTKiB
HaHOMeTpiB. BcTaHOBIEHA TepMidHA CTa6i1IbHICTh HAHOKPUCTAJIIUHOTO CTPYKTYPHOTO CTaHy TUTaHy, COOPMOBAaHOTO
3 BUKOPUCTaHHSIM Kpiogedopmalriii.

2. The thesis is devoted to the establishment of the physical mechanisms of the formation of the bulk
nanocrystalline state of titanium VT1-0 due to cryomechanical fragmentation of grain using rolling deformation at
the temperature of liquid nitrogen. A comprehensive study of the evolution of the microstructure during
cryodeformation to large values (|e| = 3) was carried out by the methods of optical and transmission electron
microscopy as well as X-ray diffractometry. The stepwise nature of the dependence of the grain size on the degree
of cryodeformation was revealed and its correspondence to the stages of the development of mechanical twinning
was shown. The limiting nanoscale average grain size (~ 35 nm), achieved as a result of cryofragmentation, and has
been established. Its existence is considered as a consequence of the dependence of the twinning probability on
the grain size and is explained by the absence of the possibility of twinning (the process controlling refinement) in
nanosized grains. A systematic study of the characteristics of the deformation microstructure, which is formed in
commercial purity titanium as a result of rolling at the temperature of liquid nitrogen at various degrees of
reduction, was carried out using X-ray diffraction analysis. The relative integral intensities were determined, the
size of the coherent scattering regions/crystallites and the magnitude of microstrain were estimated. The
influence of the relative activity of sliding and twinning on the microstructural characteristics is discussed. The
morphological anisotropy of crystallites in the nanocrystalline state formed during cryodeformation is found. Its
decisive influence on the observed anisotropy of the yield stress of NC titanium has been established. The
efficiency of the cryomechanical grain fragmentation process in the formation of a nanocrystalline state with an
average grain size of several tens of nanometers in hcp metals (titanium, zirconium, and others) is shown. The
thermal stability of the formed structural state has been established.
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