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V. BimomocTi npo gucepraniio
Moga guceprariii:
Koy TeMaTHYHUX PYOPHK: 29.19

Tema guceprauii:
1. 3aKOHOMIPHOCTI 3MiLIHEHHS OJIIKPUCTAJIiB IIPY NEPEXO; BiJl MiKPO- 4O HAHOCTPYKTYPHOTO CTaHy

2. Regularities of polycrystals hardening at the transition from micro- to nanostructured states

Pedepar:
1. 3 BUKOpUCTaHHSM S- (PYHKLII Ta iHTErpasliB ycepeIHEHHs] OTPUMAaHO y3arajbHIOIYE PiBHIHHS 3aJI€3KHOCTI MeXi
TEKY4OCTi, TBEPAOCTI (a2 TAKOXK LIUX BEJIMYMH, HOpPMOBAHMX Ha MoayJib KOHra ) Bizi po3mipy 3epHa npu nepexoi Bif,
MIKpPO- O HAHOCTPYKTYPOBAHOTO CTaHy. BpaxoBaHO iCHYBaHHS JBOX KPUTUYHUX PO3MipiB 3€PEH, IIPU SIKUX
BifiOyBaeThCs 3MiHA MexaHi3My Aedopmallii Ta, BilIOBiAHO, 3MiHa 3aJI€3KHOCTI MEXi TEKYYOCTI Bifi pO3Mipy 3epHa.
ExcriepMMEeHTasIbHO JOCIIIPKEHO CTPYKTYPHY 3aJI€XKHICTh TBEPHOCTi Ta HOPMOBAHOI Ha MOLyJ b IOHra TBepIOCTi
IIpY NepeXOoi Bifl MiKpO- 40 HAHOCTPYKTYPOBAHOTO CTaHy TOHKOILIIIBKOBUX MaTepiajliB HA OCHOBI XpOMY Ta TUTaHY,
OTPMMAaHMX 3a JJONIOMOT0I0 MAarHETPOHHOTO PO3IUJIEHHS IIPY KOHTPOJIbOBAHIN 3MiHi ITap1iialbHOTO TUCKY KHCHIO.
BcTaHOBJIEHO CYTTEBI BiIMIHHOCTI OTPMMAaHUX 3aJIEXKHOCTEN BJIACTUBOCTEN XPOMY Ta TUTAHY 1O 3yMOBJIEHI
pi3HUIIEI0 Y PO3YMHHOCTI JOMIIIOK BTiJIEHHS y KPUCTaiYHii IpaTLi. 3aBAsKY 30aradeHHIO rPaHuLb [IOA1TY

"KOPUCHUMU" OMIIIKaMU BAJIOCS Peasli3yBaTH MiJBULEHHS TBEPIOCTI y BUNIaKy Xpomy 1o 19 I'TIA, a Tutany 1o



11,5 T'T1a 3 BUKOpPUCTaHHSIM OTPMMAaHOTO Y3arajabHIOIOUOT0 PiBHSIHHS MeKi TeKy4OCTi BiJi po3Mmipy 3epHa
3aMpONIOHOBAHO MOOYAOBY OOMEXKYIOYMX KPUBHUX [J1s Pi3HMX XapaKT€PUCTUK I'PaHUIlb MOy Ta TBEPIOTO PO3UMHY.
AHaJti3 eKCIIepUMEHTAJIbBHYX JAHUX 32 LIMX YMOB JJ03BOJISIE€ OL[iHUTH PEaJIbHI 3MiHM CTaHy I'PaHULb IOy Ta
TBEPAOr0 PO3YMHY IIPU 3MiHi po3MipiB 3epeH. B paMKax KOMIIO3UTHOI MOZ€Jli OLIIHEHO AOCATHYTY MiLIHICTh 'PAaHULb
noginy nis crinasy Cr-37,2 Bar.% Ni Ha piBHi E /50, a y TOHKUX M71iBKax Xpomy Ha piBHi E /30, mo HabnmKaeTbCs 10
IPaHUYHO MOXKJIMBO] IJ1s1 IaHOTO MaTepiasny (TeopeTUyHoi) MilHOCTI. B TUTaHi 3 BMiCTOM KUCHIO 5,5 aT.% MIlHICTb
MEX IoAiy npubsnsHo gopisHioe E /50.

2. The generalized expression of the yield strength, hardness dependencies upon the grain size at the transition
from micro- to nanostructured states and these values rationed onto Young's modulus were obtained with the use
of S-functions and averaging integrals. The existence of the two critical grain sizes, which correspond to the
change of the deformation mechanism and corresponding change of the sigma(d) dependence, was taken into
account. The structural dependence of hardness and its value rationed onto Young's modulus at the transition
from micro- to nanostructured states for the chromium and titanium based thin film materials obtained with the
help of magnetron sputtering at the controlled change of the partial pressure of oxygen has been experimentally
studied. Significant differences in the experimental dependencies for chromium and titanium properties, which
are caused by the difference in solubility of interstitial impurities in the crystal lattice, were found. Because of the
enrichment of the interfaces by "useful" impurities it was possible to ensure the increase in hardness in the
chromium case up to 19 GPa and in the case of titanium - up to 11,5 GPa. With the use of the obtained generalized
expression sigma(d) the construction of the limiting curves for different characteristics of the interfaces and of the
solid solution was proposed. The analysis of the experimental data in these conditions allows to estimate real
changes of state for the interfaces and solid solution at the change in grain size. In the frame of the composite
model the achieved interface strength for the Cr-37,2 wt.%Ni alloy was estimated at the level of E /50 and for
chromium thin films - at the level of E /30, which is approaching the maximal (theoretical) strength for the given
material.
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