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3epHa

2. Mechanisms of plastic deformation in nanocrystalline titanium obtained by cryomechanical grain fragmentation

Pedepar:

1. Incepraist npucBsSYeHa BUBYEHHIO 3aKOHOMIPHOCTE! IJIACTUYHOI fedopmallii 06'€MHOTO HAHOKPUCTAJIIYHOTO

(HK) tutany TexsiyHoi uncroty BT1-0 3 MOHO- Ta reTeporeHHoI0 (6iM01aIbHOI0) MiKPOCTPYKTYPOIO B iHTepBali
temnepatyp 4,2 - 395 K 3 meTo10 3'sicyBaHHS MeXaHi3MiB IactTuyHoi gedopmauii. Jocaimxysanuit HK ctaH 3

po3mipoM 3epHa B fianasoHi 80 — 35 HM OyB OTPUMAaHUIL BIeplle 3aBASKY BUKOPUCTAHHIO OPUTiHATILHOTO METOAY
KpiomexaHiyHOi pparmeHTaii 3epHa 3 3aCTOCYBaHHSM KPiOBaJIbLIOBAHHS [IPY TEMIIEpaTypi Pifkoro a3oTy Ta
MIOJAJIbIIOrO Bifay MpHY BifMIOBIHUX TeMIIepaTypax. Ha 0CHOBI ofepKaHUX P KBa3iCTaTUYHOMY PO3T3i
nedopmaninHux giarpam HK tutany (Merasny 3 'Y xpucrtasniyHOW I'paTKOI0) Oysia BU3HAYEHA 3aJIEXKHICTD iX

OCHOBHUX XapaKTEPUCTHUK, TAKUX SIK YMOBHA Me>Ka INIMHHOCTI 00,2, MBUIKICTb AedopmaliiiHoro smilHeHHs 0 = (oo0/oe)e

i BilHOCHeE IIOZIOB>KEeHHSI 10 PyHHYBaHHS (pe3eps IjacTU4YHOCTi) of Bif TeMIiepatypu, po3mipy 3epHa Ta XapakTrepy



posmnoginy B inTepBani temneparyp 4,2 - 395 K. BctaHOBJIEHO, 1110 06yMOBJeHa 3epHOrpaHndHuM (3I) 3MiHEeHHSIM
3aJIEXKHICTb ME3Xi IVIMHHOCTI Bi po3Mipy 3epHa d B mianasoHi 35 HM — 20 MKM BiJ[IOBiia€e KIIaCUYHOMY
criBBigHoueHHIo Xosuta-Tlerya 00,2(d-1/2) npu KiMHaTHI i NigBUIIEHUX TEMIIEPATypax Ta OPYLIYETHCS IPU
HU3bKUX TEMIIEPATypax. 3allPOIIOHOBAHO HAyKOBE OOI'PYHTYBAHHS BUKOHAHHS CIiBBigHOMEHHs Xona-IleTya B
IIMPOKOMY iHTepBasi Temnepatyp. [Ipu npomy PpisuuHi mexanismu 3I' 3MiLIHEHHS TPU HU3bKUX TEMIIEPATypax
II0OB's13aHi BUKJIIOYHO 3 aKTUBHicTIO 3I' IucioKalifHuxX Ipykepes. BuspieHa HU3bKoTeMIiepaTypHa oco6auBicTs 3I°
3MminHeHHs y Bunagky HK tutany (d ~ 80 — 35 HM), sIKa CIIOCTEpIiraeTbCs sIK «[I0O3UTUBHE» BiIXUJIEHHS Bif
criBBigHOmeHHs X-I1 B 6iK 6i7bII BUCOKUX 3HaYeHb 00,2, IOSICHIOETHCS MTOSIBOIO 3aJIESKHOCTI JliaMeTpa AUCIIOKALiHO]
netyi 3I' mxeperia Bz, po3Mipy HaHOMACIITaOHOIO 3epHa, a HANPY>KeHHS! ii 3apOIKeHHS € 06EPHEHO IPOIOPLiHUM
ftoro po3mipy 0 ~ 1/d. BUKOHaHO TepMOaKTMBalliHNI aHali3 eKCIIepUMEHTaIbHUX 3HaY€Hb TEMIIEPATyPHUX
3aJI€;KHOCTEN MeXi IJIMHHOCTI i mBUIKicHOI yyTamBocTi HK TuTany 3 cepenHiM po3mipom 3epHa B IeKibKa
IeCATKiB HAaHOMeTPiB (35 HM i 45 HM) Ta MOHOMO/IAJIBHMM PO3IOAiNIOM iX 32 3HaUE€HHSIM B iHTepBasi Temmnepartyp 4,2
- 395 K Ha oCcHOBIi Teopii TepMiYHO aKTUBOBAHOT'O PYXY AMCJIOKALLill B MJIOIMHI KOB3aHHS. BCTaHOBJIEHO BiTHOCHUIA
BIIJIMB Ha KIHETUKY TaKOTO PyXy JIOKQJIbHUX 6ap’epiB (IOMIIIKOBUAX aTOMIB) i 00YMOBJIEHUX IPAaHULISIMU 3€PEH
BHYTPIIIHIX HaIIPy>KeHb. BU3HaU€HO KOHTPOJIIOI0YUI MEXaHi3M IIacTu4YHOI fedopmauii HK Tutany. BusHaueno
dismuHMI MexXaHi3M MifBuineHHs pe3epBy mactTuyHocTi of HK Tutany 3 6iM0anbHOI0 MIKPOCTPYKTYpPOIO, 1110 He
criocrepiraetbcs y Bunaaky moHomoganbHoro HK crany. Businena ocobmusicTs 3anexxHocTi of(T) posrispaeTses sk
Pe3yJbTaT OEJHAHHS [I€KiJIbKOX ITPOLECiB: AUCIIOKALITHOTO KOB3aHHS, €KCTPAOPAUHAPHOIO JMHAMIYHOTO
3POCTaHHA 3€PEH IIif, Ji€l0 PO3TATyBaJIbHUAX HANIPYKEHb | aKTUBI30BAHOTO HAHOABIMHNUKYBaHHS Y BUHUKJIIMX 3€pHax
CcyOMiKpOHHOTO i MiKpOMeTpOBOro po3mipiB. OnepsKaHi pe3yIbTaTh BKa3ylOTh HA BAXJIUBY POJb
HaHOABIMHUKyBaHHS y nnpoueci gedopmanii HK T'lITY meTaniB 3 6iM0asIbHOIO MiIKPOCTPYKTYPOIO, Ka CTa€ 01l

3HAYHOIO IIPU HU3BbKUX TEMIIEPATYPAX.

2. The thesis is devoted to the study of the regularities plastic deformation of the bulk nanocrystalline (NC)
commercial purity titanium VT1-0 with different of grain size distribution in the temperature range T = 4.2 - 395 K.
The aim this thesis is clarify of the plastic deformation mechanisms of NC titanium. The NC structural state with a
grain size in the range of 80 - 35 nm was first obtained by the employ of an original method of cryomechanical
grain fragmentation using cryo-rolling at T = 77 K and further annealing. At the first time the deformation diagrams
under the quasi-static tension of titanium NC was obtained. This allowed us to determine the dependence from
temperature, grain size and grain size distribution of their main characteristics: the yield strength 00.2, strain rate
hardening o and elongation to failure of from temperature, grain size and grain size distribution in the temperature
range 4.2 - 395 K. It was found that the dependence of the yield strength on grain size d in the range of 35 nm - 20
pum due to grain boundary (GB) hardening corresponds to the classical Hall-Petch relation 00,2(d-1/2) at room and
elevated temperatures and is violated at low temperatures. The scientific substantiation of performance of the
Hall-Petch relation in a wide range of temperatures is offered. The physical mechanisms of GB hardening at low
temperatures are associated exclusively with the activity of GB dislocation sources. The revealed low-temperature
feature of GB hardening in the case of NC titanium (d ~ 80 - 35 nm), which is observed as a "positive" deviation
from the Hall-Petch relation towards higher values of n0.2, is explained by the nanoscale grain dependence of the
diameter of the dislocation loop of GB source, and the nucleation stress of it is inversely proportional to its size o ~
1/d. Thermoactivation analysis of experimental temperature dependence of yield strength and velocity sensitivity
of NC titanium with a grain size of several tens of nanometers (35 nm and 45 nm) and their monomodal
distribution by value in the temperature range 4.2 - 395 K based on the theory of thermally activated motion of
dislocations in the sliding plane. The relative influence of local barriers (impurity atoms) and internal stresses due
to grain boundaries on the kinetics of such motion has been established. The controlling mechanism of plastic
deformation of titanium NC is determined. The physical mechanism of increasing ductility of NC titanium with
heterogeneous (bimodal) microstructures at low temperatures, which is not observed in the case of monomodal
NC structural state, is determined. The observed phenomenon is explained by a combination of several processes:
dislocation sliding, extraordinary dynamic grain growth induced of tensile stresses, and activated nanotwinning in
the resulting grains of submicron and micron sizes. The obtained results indicate the important role of



nanotwinning in the process of deformation of the NC HCP metals with a heterogeneous (bimodal) structure.
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