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V. BimoMocTi npo gucepraniio
MoBga gucepraiiii:
Koau TemaTuyHHX PyoOpHK: 29.19.11, 29.19.13, 29.19.04

Tema gucepranii:

1. Mexani3mu popMyBaHHS Ta MiIKpOCTPYKTYPHi XapaKTepUCTUKN HAHOKPUCTAJIYHOTO CTaHy TUTAHY, OTPUMaHOTO
Kpiogedopmariieto

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

Pedepar:

1. Incepraliist pUCBsA4Y€HA BCTAHOBJIEHHIO (Di3MYHUX MEXaHi3MiB (pOpMyBaHHS 06'€MHOTO HAHOKPHUCTAJIIUHOTO
crany tutany BT1-0 3aBasku KpiomexaHivHil (pparmeHTallii 3epHa 3 3aCTOCYBaHHSM Jedopmallii BaJlblI0BAHHIM
IIpY TeMIIepaTypi piaKoro a3ory. MeTogamMu ONTUYHOI i IPOCBiIUYyI0Y0i €JIEKTPOHHOI MiKPOCKOIIil Ta PEHTTE€HIBChKOI
IvdpaxToMeTpii TpoBeLeHO KOMIJIEKCHE NOCiIKEHHSI €BOJIOLii MIKpPOCTPYKTYpU Ipu Kpiogedopmariii 1o

BEJIMKMX 3HaueHb (|e| = 3). BusiBjieHO cTafiltHuil XapaKkTep 3aJIeXXKHOCTI po3Mipy 3epHa Bif cTyneHs kpiogedopmarii



Ta [TI0Ka3aHO MOro BiAIOBIAHICTL €TaramM pO3BUTKY MEXAHIYHOTO IBIHUKYBaHHS. BCTaHOBJIEHO TPAaHNYHUN
HaHOMAacITaGHMI cepeHiil po3mip 3epHa (~ 30 HM), OCATHYTHIA B pe3ysbTati Kpiodparmenrarii. Floro icHyBanHs
PO3IJIAIAEThCA K HACIILOK 3aJIEXKHOCTI BIpOTIIHOCTI IBIMHUKYBAHHS Bill pO3Mipy 3€pHa i, BiIIIOBiTHO, BiICYyTHICTIO
MOJKJIMBOCTI yTBOPEHHS [IBilIHMKIB B HAHOPO3MIPHOMY 3€pHI. 3 BUKOPUCTAHHAM PEHTI€HOCTPYKTYPHOI'O aHaJIi3y
BUKOHAHO CHUCTEMHE JOCIi/IKEHHS XapaKTePUCTHUK AedopMaliiiHOi MiKpOCTPYKTYpH, 10 (POPMYETHCS B TUTAHI B
Pe3yJIbTaTi BaJIbLI0BAHHS [IPY TEMIIEpaTypi PiIkoro a3oTy NpU Pi3HUX CTYNEHsIX OOTUCHEHHs. 3pobJieHa OLjiHKa
pO3Mipy obsacTeil KOrepeHTHOTO PO3CilOBaHHSI/KPUCTAJIITIB Ta BEJIMUMHU cepefHix Mikpogedopmalii. Po3risHyTo
BIIJIUB BiflHOCHOI aKTMBHOCTI AedopMaliii KOB3aHHSIM Ta ABITHUKYBaHHSIM Ha MiKDOCTPYKTYPHi XapaKTepUCTUKHU.
Bussnena mopdosoriyHa aHi3oTporis KpucTasiTis B cdopmosaHoMy HK cTaHi, 1110 3 IPUYKUHOIO CIIOCTEPEXKHO]
aHizoTpomnii Mexxi nnHHOCTI. [TokazaHa epeKTUBHICTD ITpoLlecy KpiomexaHiqyHoi pparmeHTallii 3epHa s
oTpumanHs o6'emHux HK I'lIlY meTasis (TuTaH, UUPKOHIiN) 3 cEpeHiM po3MipoM 3epHa B JEKijIbKa AECITKIB
HaHOMeTpiB. BcTaHOBJIEHA TepMiYHA CTa6i1IbHICTD HAHOKPUCTAJIIYHOTO CTPYKTYPHOTO CTaHy TUTaHy, COPMOBAaHOTO
3 BUKOPUCTaHHSIM Kpiogedopmalrtii.

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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