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I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT
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BHKOHAHO JHCEPTaIlilo
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V. BizomocTi npo gucepraniio
MoBga guceprariii:
Koau TemaTHYHHUX PYOPHK: 53.49.05.53

Tema gucepranii:
1. MixxaToMHa B3aemois i (a30Bi NEPETBOPEHHS Y CIIJIaBax Ha OCHOBi cucteM Fe-H i Ni-H.

2. Interatomic interaction and phase transformations in alloys based on the Fe-H and Ni-H systems.

Pedepar:

1. TeopeTr4HO i eKCIIepUMEHTAJIbHO JIOCIIiIKEHO BIJIMB BOJIHIO HA TEPMOAMHAMIUHY CTabiJIbHICTh TBEPANX
PO34MHIB Ha OCHOBI 3a7i3a i Hikeso. 3a gornomMorolo ab initio po3paxyHKiB eJ1eKTPOHHOI CTPYKTYPH A0CiIKEHO
MikaToMHy B3aeMogito B cucremax Fe-H, Ni-H i Fe-Ni. Orpumani eneprii 3B'a3ky Fe-Fe, Ni-Ni, Fe-Ni, Fe-H, Ni-H i
H-H 1no3BossiIoTh NOSICHUTY pO3IIeryieHHs ? pedeKciB Ha AudpakTorpamMmax HACMYeHUX BOJHEM ayCTEHITHUX
crasiei i criaBiB 3aJ1i30-HiKeJb iCHYBaHHSIM OJIM>KHBOT'O QTOMHOTO PO3LIapyBaHHS Y TBEPAOMY PO34YMHI 3aMillleHHSI.
Posp BOIHIO 10OJISITa€ y BUSIBJIEHHI LIbOT'O SIBUIIA 3aBISKY Pi3HIN eHeprii 3B'43Ky aTOMiB BOJHIO 3 aTOMaMH 3aJ1i3a i
HIKeJIo 1, BiNOBIIHO, Pi3Hill PO3YMHHOCTI BOJHIO B 00JIaCTsX, 30aradyeHux 3aizom abo Hikesnem. PesynbraTu
TEOPeTUYHUX PO3PAaXYHKIB MiATBEPIKEHO METOLAMI PEHTTeHiBChbKOI Ardpakiii i e71eKTPOHHOI MPOCBidyI040i
Mikpockollii. Po3paxyHKu BIJIMBY BOJHIO Ha eHeprito Koresii B rux i rimy ¢aszax y Fe-Cr-Mn crasnsix BKa3yloTh Ha Te,

110 32 HAsIBHOCTI BOJHIO MapraHelb He iHTeHCUQiKye "TaMMa"-"elCUIOH" IEPETBOPEHHS, a HABIIAKU I10CJIA0JII0E
110r0, 110, Ha TIEPIIMIA NOTJISAT, CYIIEPEYNTD BIJIMBY MAapraHIIO0 HA €HEeprilo Ae(eKTiB [IaKyBaHHS y TLK 3aJIi3i.

[TopiBHsAHHS 3 icHyIOUMMU TOZi6HMMU po3paxyHkamu a1t Fe-Cr-Ni cTasi npuBoAUTb 10 BUCHOBKY, 0 Fe-Cr-Ni



CTaJjib GBI CXWJIBHA O BUKJIMKAHOTO BOJHEM "TaMMa"-"eNCUJIOH" NepeTBOpeHHS, HixX Fe-Cr-Mn. Lleit pesysbTar
HiATBEPIKEHO MOPIiBHSIHHSM 3 HassBHUMU €KCIIEPMMEHTAIbHUMU JaHumu 11 HapogHeHux CrNi ta CrNiMn cranen,
10 [03BOJISIE€ IPUITYCTUTH HEANUTUBHICTD BIUIMBY JIETYBAJIbHUX €JIEMEHTIB Ha €HEPTilo 1eQEKTiB IaKyBaHHS [1PU
KOMOIHOBaHOMY JIETYBaHHI 3aj1i3a i 3a HAsIBHOCTi BOJHIO. B pe3ysbTaTi peHTreHorpadivHoro JOCiIKeHHs
HaCUM4E€HOT0 BOGHEM HiKeJIl0 BCTaHOBJIEHO, 110, BCYIIEpEY MIOMKUPEHNM YABJIEHHAM, TaK 3BaHUM "TiIpy[ HIKeI0" €
HAaCIIpaB[i TBEPIVM PO3UYNHOM, IKUI YTBOPIOETHCS BHACIILOK PO3PUBY 3MilllyBAaHOCTI B CUCTEMI HiKE€JIb-BOJAEHbD, a

He XiMiYHOIO CIIOJIyKOIO.

2. The hydrogen effect on the thermodynamic stability of iron- and nickel-based solid solutions has been
experimentally and theoretically studied. The interatomic interaction in Fe-H, Ni-H and Fe-Ni systems has been
studied using the ab initio calculations of the electron structure. The obtained energies of the interatomic bonds
Fe-Fe, Ni-Ni, Fe-Ni, Fe-H, Ni-H and H-H allow to explain the splitting of ? reflections in the X-ray diffraction
patterns of hydrogenated austenitic steels and iron-nickel alloys by the existence of the short-range atomic
decomposition in the substitution solid solution. The role of hydrogen amounts to the visualization of this effect
due to a difference in the energies of interatomic bonds between the hydrogen and iron and nickel atoms and
different hydrogen solubility in the areas enriched in the iron or nickel, respectively. The results of theoretical
calculations have been confirmed by the results of the X-Ray diffraction and transmission electron microscopy
studies. The calculations of hydrogen effect on the cohesion energy in the fcc and hep phases of Fe-Cr-Mn steels

give the evidence that, in presence of hydrogen, manganese does not intensify the "gamma"-"epsilon"

transformation, but makes transformation weaker, which, ex facte, is at variance with the effect of manganese on
the stacking fault energy in the fcc iron. The comparison with similar calculations on the Fe-Cr-Ni steel suggests

that the latter is more inclined to the hydrogen induced "gamma"-"epsilon" transformation than the Fe-Cr-Mn one.

This result has been confirmed based on the existing experimental data on the hydrogen-charged CrNi and
CrNiMn steels and gives the possibility to assume that, in case of the combined alloying of the iron and the
saturation with hydrogen, the effect of the alloying elements on the stacking fault energy is non-additive. As a
result of the X-Ray study of the hydrogen-charged nickel, it has been established that, in contrast to the widely
spread opinion, the so-called "nickel hydride" is actually the Ni-H solid solution resulting from the miscibility gap
in the nickel-hydrogen system, and not a chemical compound.
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