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5. HaykoBo-TexHiYHa po6oTa

Hasga po6oTH (YKp)

dazoBi nepexoay BOJHIO B TOHKUX IIJTiBKax Ta 06'€MHUX 3pa3Kkax METaJliB

Hasga po6oTH (aHrJI)

Hydrogen phase transitions in thin films and bulk specimens of metals

Peepar (yxp)

B pamKkax BHKOHaHHS IIPOEKTY 6yJI0 MOOY[0BAHO TEOPETUYHi KPUBi PO3YMHHOCTI BOJHIO B MeTasli (Ha IJIOMMHI 3MiHHUX THCK
BOJIHIO-KOHLIEHTpAllisl BOGHIO B METaJli) [JI1 TOHKUX IIJIIBOK Ta 06'€MHMX 3pa3KiB MeTajy BaHafiloo. [lyi1 BUKOHaHHS L€l po6oTu
6yJI0 ajanToBaHO Teopilo JlaHHmay AJig ONMCY B3a€EMO3B'SI30Ky MDK CHMETPi€I0 KPUCTAIiYHOI IPAaTKA MeTajay Ta IMPOCTOPOBUM
NepEepPO3NOIiIOM BOJHIO. ITIOPIBHAHHSA TEOPETUYHUX KPUBUX PO3YMHHOCTI 3 €KCIIEPUMEHTANIbHUMMU I0Ka3ye, 110 3a JOIIOMOTOI0
Teopii Jlangay MOXXHa TEOPETUYHO MOJEJIOBATY OCHOBHI XapaKTEPUCTUKU €KCIIEPUMEHTAJbHUX KPUBUX PO3YMHHOCTI. Kpusi
PO3YMHHOCTI MOKa3yIOThb: MiJBUILEHHS] TOPU30OHTANIbHUX IJIATONIOAIOHUX CETMEHTIB (SIKi BiAMOBinaOTh (PA30BOMY NMEPETBOPEHHIO
BOJIHIO) Ha KPMBUX PO3YMHHOCTI MpM 30ibLIEHHI TEMIIEPATypH; 3BY>KEHHSI IJIATONOAIOHUX CETMEHTIB MPU HarpiBaHHi 3pasKy
MeTajly Ta 3HUMKHEHHsl (pa30BOro NMEPETBOPEHHS BOLHIO NpU TeMIeEpaTypi Bullle KpuTHMYHOI. OJHaK, HaBiOMiHYy BiJ 06'€eMHHX
3pasKiB MeTajly, akKcCiaJbHE MeEXaHiYHe HaINpPYKEHHS 3aBXIU IPUCYTHE y TOHKMX IUIBKaX Ta HAArpaTKax i BUKPUBIIOE
€JIEMEHTapHY KOMipKy KPMCTaJI4iHOI IpaTKA MeTajy. AKciaJibHe HallPYy>)KEHHS [TOHMKY€E CUMMETPI0 KPUCTaIiYHOI IPaTKU METay
i y Takuii croci6 crnpuse GpazoBoMy MEPETBOPEHHIO BOJHIO. TakUM YMHOM, aKCiajibHe HalpyXEHHsS! 3HaYHO 3MiHIOE PEe3yJbTaTH
TEOPETUYHUX PO3PaxyHKiB i 3abesnedye KijJbKiCHE Y3rOIPKEHHS MK €KCIepUMEHTAJIbHUMU Ta TEOPETUYHUMH KPUBHUMU
PO3UMHHOCTI. Po3paxyHKM TIOKa3yloTb, W[o: 1) KpUTU4YHA TeMmmepaTypa ¢a3oBOro IPETBOPEHHSI BOJHIO 3MEHIIYETbCS
€KCIIOHEHIIIITHO MpU 306iblIeHHI MEXaHIYHOTO HANpYXEeHHS; 2) aKkciaJbHe HalpyXeHHs 3ByXYye iHTepBajl 3aCTOCOBHOCTI 3aKOHY

CiBepra; Ta 3) akciasbHe HAIIPY>KEHHS 30iJIblllye eMITipUYHO BU3HAYaeMy BesIMYMHY K, sika BXoguTh 1o 3akoHy CiBepTa.
Pedepar (aHrI)

In the framework of the project the theoretical solubility isotherms of hydrogen adsorption in metal (in the variable plane
hydrogen pressure-hydrogen concentration) for the thin films and bulk specimens of vanadium. To this end the Landau theory
was adapted for the description of interplay between crystal lattice symmetry and spatial hydrogen configuration. Comparing
theoretical and experimental solubility isotherms shows that Landau theory is an adequate tool for the modeling of basic
characteristics of experimental solubility isotherms. Solubility isotherms shows: the elevation of horizontal plateau-like segment
(which correspond to the hydrogen phase transition) of the isotherm upon heating of the specimen; the narrowing of the
plateau-like segment upon heating of the specimen and a disappearance of the hydrogen phase transition at temperatures
higher than the critical temperature. However, in contrast to the bulk materials, the axial stress is omnipresent in thin films and
superlattices, which distorts the unit cells of the host lattice. The axial stress reduces the symmetry of the host lattice and
therefore provokes the hydrogen phase transition. According to this, the axial stress noticeably changes the computational
results and provides a quantitative agreement of experimental and theoretical solubility isotherms. The calculations show that 1)
the critical temperature decreases exponentially with increasing stress; 2) the axial stress narrows the interval of the
applicability of Sieverts' law; and 3) the axial stress increases the empirically determined value K, which is involved in Sieverts'

law.

Inpexc YIK: 538.91-405;548.5.01, 538.91

Kozu temaruynux pyopuxk HTI: 29.19.15
6. HaykoBo-TexHiyHa npoaykuis (HTII)

HTII 1

Ha3sBa npoaykuii (ykp): TeopeTryHa MOJieJIb 1J1s KiJIbKiICHOTO aHasli3y ¢pa30BUX NepexoiB BOAHIO B TOHKMX IJIiBKaX Ta 06'€MHUX



3pa3Kax MeTaJiB.

Hassa npoaykuii (aurui): Theoretical model for quantitative analysis of hydrogen phase transitions in thin films and bulk

specimens of metals.
OuiKyBaHi pe3yJIbTaTH:
Tanysb 3acTocyBaHHs: BonHeBa eHepreTrka

Omnuc npozykuii (yKp): B pamkax BUKOHaHHS IPOEKTY 6yJI0 00YA0BaHO TEOPETHYHI KPUBi pO3UMHHOCTI BOJHIO B MeTali (Ha

N0 MHI 3BMIHHUX TUCK BOGHIO-KOHIIEHTPALlisl BOSHIO B METaJli) [I7Is1 TOHKHMX IJIIBOK Ta 06'€MHUX 3pa3KiB MeTasy BaHafio. s
BUMKOHaHHSI 1iiei po60TH 6YJI0 aiariTOBaHO Teopito JIaHay [jIsl ONKCYy B3a€MO3B'SI30Ky MDK CHUMETPi€l0 KPUCTaIYHOI rpaTKu
MeTaJly Ta IPOCTOPOBUM NEPEPO3NOAINIOM BOLHIO. [IOPiBHSAHHS TEOPETUYHUX KPUBUAX PO3YMHHOCTI 3 €KCTIEPUMEHTAILBHUMU
MOKa3ye, 10 3a JOMOMOroI0 Teopii JlaHTay MO>KHA TEOPETUYHO MOZEIOBATU OCHOBHI XapaKTEPUCTUKU €KCIIEPUMEHTAIbHUX
KPUBUX PO3YMHHOCTI. KpHBi PO3UMHHOCTI MOKA3yIOTh: MiIBUIIEHHS TOPU30HTAIBHUX I7IATONOiOHNX CETMEHTIB (SIKi BiJ[[IOBIiTa0Th
(azoBoMy IIEpeTBOPEHHIO BO/IHIO) HA KPUBUX PO3YMHHOCTI MTPY 361/IbIIE€HH] TeMIIepaTypy; 3BY>)KEHHSI I1JIaTOMO/iOHNX CETMEHTIB
[IpY HarpiBaHHi 3pa3Ky MeTaly Ta 3HUKHEHHS (Pa30BOTo [IEePETBOPEHHS BOJHIO IIPU TeMIIEpaTypi Bulle KpUTUYHOI. OfHAK,
HaBigMiHy Bifj 06'eMHHUX 3pa3KiB MeTaly, aKciaJbHe MeXaHiuHe HalpyKeHHs 3aBXIy MPUCYTHE y TOHKUX IUIiBKax Ta HaArpaTKax i

BUKPUBJIIOE €JIEMEHTAaPHY KOMIDKY K

ConianbHO-eKOHOMiIYHa cipsimoBaHicTs HTII:

Cragis 3aBepmenocti HTII: 3git o HIAIKP

Bnposazykennsa HTII: BipoBazkeHO

CTpOKH BIIPOBaJ KEHHSI: I1'SITh POKiB

Bupo6HuK npoaykuii: incrutyt marnetnsmy HAH Ta MOH Ykpainu
CnoskuBavi npogykuii: HAH Ykpainu

IepcnekTUBHI pUHKH: YKpaiHa, KpaiHu GJIKHBOTO Ta AAJIbHBOTO 3aPyOLICKs
IpaBa iHTeJIEKTYaIbHOI BJIACHOCTI: 32 J0TOBOpaMU

dopmu Ta ymoBH nepepaui npozykuii: CriiibHi HIJIKP
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