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Tema gucepranii:

1. MynpTrMaciiTabHe MozenoBaHHs $Ha3oyTBOpeHHs B 6iHapHUX HaHocHucTeMax i3 ['TIK cTpykTypoio

2. Multiscale simulation of phase formation in binary nanosystems with FCC structure

Pedepar:

1. MeTa - po3po6Ka KOMII'FOTEpPHUX MOJeJsieil 1J1s OCHOBHUX €TalliB MyJIbTUMACIITa0HOTO MOJI€/IIOBaHHSI HAaHECEHHH,
I1y3ifHOI B3aeMO[Iii Ta BIOPSAKYBAaHHS HAHOPO3MIipHUX IIJIIBOK, Ta IE€MOHCTPALlis iX 3aCTOCYBaHHS Ha IPUKJIAAi
TEXHOJIOTIYHO BakaMBUX cucTeM Ni-Al i Fe-Pt. O6'ekT - HaHOPO3MIipHi TIiBKM B MyJIbTUIIAPOBUX (oisx gyst CBC
peaxliiil Ta HaHOpO3MipHi 6iMeTaseBi MJIiBKY /AJ151 MarHiTHOro 3anucy iHgopmarii. IIpegmMer - KiHeTUKa HaHeCEHHS,
aTOMHOI Mirpatii, Ta (¢a30BUX IEPETBOPEHD Y HAHOPO3MIPHUX IIJIiBKax. METO[IM - KJIACUYHUM METO]], MOJIEKYJISIPHOI
IMHAMiKY, 3BUYANHUI Ta CIIeljaJIbHO PO3PO06JIEHNI CTOXaCTUYHUI CEPEHbOIIOIbOBUN KiHETUMHUI METO],
KiHeTu4Hui1 Meton Monrte-Kapso. HaykoBa HOBM3Ha OTpUMaHUX pe3ysbTaTiB: 1. Y TOHKOIIIBKOBI# cuctemi Ni-Al
NopsiAoK pa3oyTBOPEHHsI NIPY Bifillajli HANUJIEHUX I1JIiIBOK BU3HAYAETHCS TEMIIEPATYPOIO MiAKIaAKY B IIpOLeci
HaluJeHHs, N0CJiNOBHICTIO HAaIMJIEHHS Ta opieHTaljeto niaknanku. 2. Meton KMF Tta fioro mopudikaniss SKMF
BIIEPIIE 3aCTOCOBAHI 10 BAKAHCITHOTO MexaHi3My nu@ysii i3 BUKopucTaHHSIM HabIMKEHHS KBa3iCTalliOHAPHOCTI

BaKaHCIMHOI nmigcucremu. [JomaBaHHS IIyMy 4aCTOT B KiIHETUYHI PiBHSIHHS CEPEIHBOTO I10JI JO3BOJISIE KOPEKTHO



npomMogenoBaTy (HazoBi NEPETBOPEHHS 1-poy B CILJIABI, 10 NO3BOJIsIE TepedaynTy i ONMcaTy HACTYIHI HOBI
SIBUILA: @) "KBAaHTOBA" KoasiecleHLis B 1D CTPyKTypi Ha 3aBepluasbHill cTafii criiHoasbHOTO po3nany B
HaHOAPOTHHL; 6) PO3IIOBCIONXEHHS (PPOHTY NepeopieHTallii ctpykrypu L10 i3 BizibHOI NOBEPXHi B cepeuHYy 3pa3ka;
B) HasIBHICTb TIOPOTOBOT0 3HAYE€HHS IIyMY, HIKUY€ SIKOTO PO3Ma], i3 BUAJIEHHSIM YIOPSAKOBAHOI (pasu y
CKiHYEHHOMY HaHOO00'eMi He Bifi0yBaeTbCs. 3. 3SMEHIIEHHS pO3MiPiB HAHOYACTUHKM CYTTEBO 3MEHIIYE BEJIMUNHY
napaMeTpy NnopsiaKy B obsacti ynopsakysaHHs. 4. Bnepue meton SKMF 3acTocoBaHo 1151 0IHOYaCHOTO
BU3HA4YEHHS KiHETUKM Judy3ii MiYeHMX aTOMIB i BIIOPSAJKYBaHHS B CTPYKTypax Tumy L12 i L10. TIpakTyHe 3Ha4eHH
OTPUMMaHMX pe3yibTariB: 1.OTpruMaHi MozeJli i pe3ysIbTaTy i3 BIUIMBY TEMIIEPATYPU MiAKIaaKy Ta ii opieHTawii Ha
peaxLifiHy 30aTHICTb OTPUMAaHUX MYJIbTUIIAPIB JO3BOJISIIOTh ONITUMIi3yBaT/ TEXHOJIOTiI0 BUTOTOBJIEHHS
MyJIbTALIAPOBUX POJIiii AJ1s1 oJanbinx 3acTocyBanb 3 CBC peakuisgmu. 2. CIporH030BaHa B po0oTi,
nepeopieHTalisl NOPSAKY B [IPY NOBEPXHEBUX apax ¢ga3u L10 Moxe cTaTu BU3HAYaIbHUM (PAaKTOPOM B TEXHOJIOTII
OTPMMAaHH$ Ta BUKOPUCTAHHS MarHiTHUX ILIiBOK 3anucy indopmatii. 3. Po3po6seHuil y po60Ti CIIpoLeHril METOZ,
SKMF moxe 6yTy INPOKO BUKOPUCTAHUH y 6araThoX MOJIeJIbHUX pO3paxyHKax IpoleciB peakiiii Ta ¢pa3oBux

[I€PETBOPEHb.

2. The thesis treats the development of multiscale computer models for deposition, diffusion interaction, ordering
of nanofilms and their application to technologically important Ni-Al and Fe-Pt systems. The object of the study in
nanoscalefilms inmulti-layerfoils for SHS reactions and nanoscale bimetallicfilms for magnetic recording of
information. Methods of research: the classical method of molecular dynamics, the original and specially
developed stochastic kinetic mean field method, the kinetic method of Monte Carlo. New results: 1. Phase
formation in the Ni-Al thin-film system during annealing process of deposited films is determined by: a) substrate
temperature during deposition, b) deposition sequence, c) orientation of the substrate. In particular, the cold
deposition of Ni on Al substrate with further annealing process leads to the formation of the disordered (probably
liquid) solution as the first stage reaction diffusion. Deposition on a hot substrate leads to the formation of ordered
phase further becomes a barrier. 2. KMF method and its modification SKMF first applied to the vacancy diffusion
mechanism with the steady-state approximation of the vacancy subsystem, which allows to significantly increase
the time step of the calculation of the kinetics of diffusion processes. 3. Adding noise frequencies in the mean-field
kinetic equations allow correctly simulate the first-order phase transitions in alloys. Considering noise allow the
possibility to predict and describe these new phenomena: a) "Quantum"” coalescence in the 1D structure at the final
stage of spinodal decomposition in nanorod. b) Propagation of the front of the reorientation of the L10 structure
from a free surface to the center of the sample. c)The presence of noise threshold below which decomposition
with ordering in finite sample not happens. Within the application of the method to the simulation of the
decomposition with ordering in supersaturated alloy with concentration 7/8. That was made possible by the
adding of noise in the simulation. 4. Reducing the size of the nanoparticles significantly reduces the value of the
local order parameter in the area of ordering. 5. SKMF method used for the first time for simultaneous
determination of the tracer diffusion kinetics and ordering structures such as L12 and L10. In this modified method
based on the obtained tracer concentration profiles diffusion coefficients for a range of temperatures were found.
Also, it was introduced a local long-range order parameter. The practical significance of the results is the fact that
the obtained model of the effect of substrate temperature and its orientation to the reactivity of multilayer can
optimize the technology of manufacturing the nanolayer foils for further applications at SHS reactions. Predicted
in the work process of the reorientation in the surface layers of the L10 structure can be a determining factor in
the technology of magnetic recording media. Developed SKMF simplified method can be widely used in many
numerical models of the reaction and phase transformation.
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