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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

JocminKeHHs 3aKOHOMIPHOCTE! Ta MexaHi3MiB HU3bKOTEMIIEPATyPHOI fiedopmaliii cyyacHUX CTPYKTYPHO

MoI1piKOBaHUX MaTepiaiB

Ha3sBa po60oTH aHIJIiHCBHKOIO:

Investigation of regularities and mechanisms of low-temperature deformation of modern structurally modified

materials

Pedepar yKpaiHCBKOIO:

Po6oTa rpucBsiueHa BCTaHOBJIEHHIO Qi3NYHMX MeXaHi3MiB IJ1aCcTUYHOI fedopmallii, pyliHyBaHHSI, BHYTPilIHbOTO
TepTs Ta MiKPOTBEPLOCTi 1BOBUMipHUX (2D) kpucTtainis, HanocTpykTypHuX (HC) Ta HaHoKkpucTtaniynux (HK),
yabTpagpioHo3epHUCTHX (YI3) MeTaliB, BUCOKOEHTPOIINHUX cIaBiB (BECIB) Ta mosiiMifiB B yMOBax rjimO0KOro
0XO0JIOKEeHH4. [Ipy MOonleII0BaHHI aTOMHOI CTPYKTYpH 2D KpUCTaniYHMX HAHOKJIACTEPiB BCTAHOBJIEHO iCHYBaHHS i
HEOJHOPITHUN PO3IOLiJ aTOMHUX AUJIaTalliil y KJIacTepax. BUBeqeHo aHaIiTUYHI BUPa3y OJIsl CUJI B3a€MOIii MK
rapamu TOYKOBUX AedeKTiB y 2D KpucTasli 3 TOBiIbHOIO aHi30TPOIIi€l0 Ta BCTAHOBJIEHO iX 3aJIEXHICTB Bif
TOIOJIOTIYHUX 3apsAiB nedekTiB. JocimpKeHo B3aEMOZIiI0 UCIIOKaLil i KpayioHiB 3 gegopmarisimu Buruay 2D
KpucTaiis. [TokazaHo, 110 [ist Ha KpYUCTasl IONePeYHUX CUJl 00YMOBIIIOE PYX AUCIIOKALil i KpayioHiB y IJIOMUHI
KpucTaly. BUusiBIeHO BUCOKY MIlIHICTb IpY 3HAYHOMY pe3epBi mnactuyHocTi y BECax B iHTepBaiti 4.2-350 K 3a
paxyHOK cTBopeHHs B HUX HC cTaHy MeTofamu iHTeHCUBHOI ItacTudHOi gedopmatii (IT111). BcranoBneHo
TpucTtaginiHuil xapakrep popmysanHs HC crany Ti. 3HalineHa rpaHnyHa MexKa oI pibHeHHs 3epeH (~ 35 HM) Ipu
dopmysanHi HC crany I'llIT] meTasniB meTooM KpiomexaHiuHoi ¢pparmeHTalii. Busisiena mopgosoriyna
anisorpomnis kpucranitie HC Ti, fIKka 3yMOBJIIO€ aHi30TPOIIiI0 MeXi IIJIMHHOCTI B iHTepBaii 4.2 - 300 K. MeTomom
MIKPOIHIEHTYBaHHS BUSABJIEHO aHI30TPOIIIIO TEKCTYPU 3Pa3KiB BiJHOCHO HAIIPSIMKY BaJblIOBaHHSA. BCTaHOBIIEHO, 1110
mikpoTBepgicts HC Ti He 3anexxuts Bin gedopmaliii, 110 CBiAUNATE PO CTiMKICTh 10r0 MIKPOCTPYKTYPH 0
MEXaHIYHMX HaBaHTaXEHb. [I0Ka3aHo, 0 NapameTpy HECTIMKOCTI MJIaCTUYHOI IIJIMHHOCTI Y3 Mifli BU3HAYAIOTHCS
PO3MipOM 3€pHa i WiNBHICTIO JUCIIOKALill. BCTaHOBIIEHO, IO MMiCIs NPSIMOI Ta PiIBHOKAHAJIBHOI KYTOBOI
rizpoekcTpyasii 3pasku Y/13 Mini Bifpi3HSIOTECS TEKCTYPOIO Ta JOJIEI0 BEIUKOKYTOBUX TpaHullp. [lokazaHo, 1m0
OITHMMAaJIbHE [TOE€JHAHHS BUCOKOI MILJHOCTI Ta IJIACTUYHOCTI focsaraetbcsd y HC Zr 3 HU3bKOEHEPreTUYHNMU
rpaHMLSIMU. BCTaHOBJIEHO, 10 3HaYHE 301/1bLIIEHHS WiIbHOCTI AMCIIOKALLi Ta 3MEHIIEHHS CEPEIHBOTO PO3Mipy
3epeH mig yac I[1]1-¢pparmenTatlii Zr CyTTeBO BIUIMBAIOTh HA aKTUBALliliHi TapaMeTpy TEPMOAKTMBOBAHOTO

BiZIKpiryieHHs gucyoKalliil. BusiBneHa nmomiTHa TepMiyHa HecTabinbHiCTh 3pa3kiB HC Zr.

Pedepar aHIJ1iiCBKOIO:

The work is devoted to establishing physical mechanisms of plastic deformation, fracture, internal friction and
microhardness of 2D crystals, nanostructured (NS), nanocrystalline (NC), ultrafine-grained (UFG) metals, high-
entropy alloys (HEA) and polyimides under deep cooling conditions. When modeling the atomic structure of 2D
crystalline nanoclusters, the existence and nonuniform distribution of atomic dilatations in clusters has been
established. Analytical expressions for the interaction forces between pairs of point defects in a 2D crystal with
arbitrary anisotropy are derived and their dependence on the topological charges of defects is established. The
interaction of dislocations and crowdions with bending deformations of 2D crystals is investigated. It is shown that
the action of transverse forces on the crystal determines the motion of dislocations and crowdions in a crystal
plane. A high strength was revealed with a considerable reserve of ductility in the HEA in the range 4.2-350 K due
to the creation of the NS state in them by the methods of severe plastic deformation (SPD). The three-stage
process of the formation of the NC state of Ti is established. The grain refinement limit (~ 35 nm) was found for the
formation of the NC state of HCP metals by the method of cryomechanical fragmentation. A morphological
anisotropy of NC Ti crystallites has been detected, which determines the anisotropy of the yield point in the range



4.2-300 K. Anisotropy of the texture of the samples with respect to the rolling direction has been detected by the
microindentation method. It has been established that the microhardness of HC Ti does not depend on
deformation, which indicates the stability of its microstructure to mechanical loads. It is shown that the
parameters of plastic flow instability of UFG copper are determined by grain size and dislocation density. It is
established that after direct and equal-channel angular hydroextrusion, the samples of UFG copper differ in
texture and in the fraction of large-angle boundaries. It is shown that the optimal combination of high strength
and ductility is achieved in the Zr samples with low-energy boundaries. It was found that a significant increase in
the dislocation density and a decrease in the average grain size during the Zr SPD fragmentation significantly
affects the activation parameters of the thermally activated breakaway of dislocations. An appreciable thermal
instability of the Zr samples is observed.
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