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Pedepar:

1. luceprariis nmprucBsYeHa CTBOPEHHIO Pi3YHMX 3acaf, [1J1sI PO3POOKY BOJTHEBOCTIMKUX CIJIaBiB HA OCHOBI 3aJ1i3a 3
I'lIK rpaTkolo 3a AOIIOMOTOI0 JIETYBaHHS, 110 6a3yeThCsl Ha BIJIMBI aTOMIB BOJHIO Ha €JIEKTPOHHY CTPYKTYPY CILJIaBiB.
[TokaszaHo, 10 pO3YMHEHHS BOJHIO i MiIBUIEHHS IOr0 KOHLIEHTPALlii MifiBuIye T'YCTUHY CTaHiB Ha piBHI Pepmi,
BHACJIiZIOK YOTO O4iKy€ThCS EKCIIEPUMEHTAaJIbHO MiITBepKeHe 301IblIIeHHs] KOHLEHTpaLlil BiJIbHUX €JIEKTPOHIB, a
OT>Ke, i IOCUJIEHHS MEeTaliYHOI KOMIIOHEHTH MDKaTOMHOTI'O 3B'sI3Ky B BOJHEBUX aTMOoc(epax HaBKOJIO IUcIoKaliil. B
TOMH K€ 4ac, TaKMUi BILJIMB BOJIHIO KOPEJIIOE i3 3MEHIIEHHSIM MOJLYJIS 3CYBY MOZEIbHUX CUCTEM, 10 [IPU3BOJAUTD 1O
edexKTiB, Ki HeoAHOPa30BO 3a(iKCOBaHI 32 TOMIOMOrOI0 IIPSIMUX METOLIB NOCIII)KEHHS, a CaMe: 3pOCTaHHS
3arajibHOi KiJIbKOCTi JUCJIOKALill Ta NiIBUILEHHS iX PYXJIMBOCTI, 3MEHIIEHHS BiICTaHi MK TUCJIOKALiSIMU B ixX
CKyITYEHHSX. 3MIMICHEHO MOPIBHAJIbHMI aHaJli3 BILJIMBY aTOMIB BTiJIEHHS, BOJHIO, a30Ty Ta BYIJIELIO, HA €JIEKTPOHHY
CTPYKTYPY, PYXJIMBiCTb IUCJIOKALIM Ta MEXaHi4HI BJIaCTUBOCTI. [IpOBEI€HO TEOPETUYHI PO3PaXyHKU i3 ITepLIMX
IIPUHLNIIIB OO PO3TallyBaHHs aroMiB BOAHIO B I'LIK Ta I'IT cTpykTypax 3asisa, mxis ix audysii Ta BIIMB Ha Li

IlapaMeTpu JIeryBaJlbHUX €JIEMEHTIB, HiKeJIl0 Ta MapraHLlo. BUKOHAaHO KOMIIJIEKCHE LOCJiIPKEHHS BILJIUBY



seryBasibHUX enieMeHTiB Ha ['TIK-T'TIIT ¢a3oBe nepeTBOPEHHS, Ha PYXJIMBICTb aTOMIB BOJHIO, Ha 3B'I30K aTOMiB
BOJHIO 3 TUCJIOKALiSIMM 1 HA MEXaHi4YHi BJIACTUBOCTI CIJIaBiB. Bcyneped NOMUPEHNM YSIBIEHHSM, BCTAHOBJIEHO, IO
I'IK-TUIIT ¢pazoBe nepeTBOPEHHS He € MPUYUHOI0 BOJTHEBOIO OKPUXUYEHHS CIJIaBiB Ha OCHOBI 3asiza 3 I'LIK
CTPYKTYpOI0, i HaBnaky, ' ¢a3a Moxe CIPUSTU MiIBULIEHHIO BOAHEBOI CTIMKOCTI, (PI3MYHOI0 IPUYMHOIO YOTO €
3MEHIIEHHS IUISIXY KOB3aHHS JUCJIOKALliN 3aBSKY TJIACTUHAMU MAapPTEHCUTY i BifITIOBifiHE 3a1106iraHHs yTBOPEHHIO
MIKpPOTPIIIVH y BepUINHI NJIaHAPHUX CKyIIueHb JuciioKauiil. [TokaszaHo, 1110 BoJeHb MiiBUILY€E CTabIbHICTh
ayCTeHITy B OpiBHSAHHI nedopMaliiinum anbda-MapTeHCUTOM i 3HAYHO 3MEHIIy€e TeMIlepaTypy peKpucTaisanii
MeTacTabibHOI ayCTEeHITHOI Hep>KaBilovoi CTasi. 3apornoHOBaHO MeXaHi3M JIoKasi3alii BogHeM MIacTUIHOI
nedopmariii, 3acCHOBaHUH Ha MiBUIIEHHI BOJHEM KOHIIEHTpallii TepMOINHAMIYHO PiBHOBXXKHUX BaKkaHCiil. Ha
OCHOBi OTPMMAaHUX pe3yJbTaTiB cPopMyIbOBaHi (Pi3NUHI IPUHLMUIIN JEeTyBaHHS ayCTEHITHUX CTajeil 1J1st
MiABUIIIEHHS iX BOJHEBOI CTiKOCTI.

2. The study deals with the development of physical background for design of FCC iron-based hydrogen-resistant
alloys by means of alloying, which is based on the effect of hydrogen on the electron structure of alloys. It is shown
that hydrogen dissolution and the increase in its concentration raises the density of states on the Fermi level,
which suggests the increase in the concentration of free electrons and, therefore, the enhancement of the metallic
component of interatomic bonds in hydrogen atmospheres around the dislocations. Such an effect of hydrogen
correlates with the decrease in the shear modulus, which can be a reason for the phenomena observed by direct
experimental methods, namely, the growth in the density of dislocations and the increase of their mobility, a
decrease in the distance between dislocations in the pile-ups. The comparative analysis of the effect of interstitials
(C, N and H) on the electron structure, dislocation mobility and mechanical properties is carried out. The ab initio
theoretical calculations are performed to determine positions of hydrogen atoms in the FCC and HCP iron
structures, their diffusion path and the effect of alloying elements (Ni and Mn) on these parameters. A
comprehensive analysis of the alloying elements effect on the hydrogen-induced FCC HCP phase transformation,
hydrogen atoms mobility, bonding between hydrogen atoms and dislocations and mechanical properties of
austenitic alloys is carried out. It is established that the FCC HCP phase transformation is not a reason for
hydrogen embrittlement and, on the contrary, the increase in the HCP phase fraction leads to better hydrogen
resistance. A physical reason for such an effect is the shortening of the dislocation gliding path by the martensite
plates and a corresponding decrease in the number of dislocations in the pile-ups. It is shown that hydrogen
stabilizes the FCC phase in relation to formation of the strain-induced alpha-martensite and significantly
decreases the recrystallization temperature of a metastable austenitic stainless steel. A mechanism for the
hydrogen-induced localization of plastic deformation is proposed based on the hydrogen-caused increase in the
concentration of thermodynamically equilibrium vacancies. Physical principles for alloying of austenitic steels
aiming to increase their hydrogen resistance are formulated
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