log(dev)

Puc. 3. Jlorapudmiyna 3anexHicTs aesiamii deV i xapakTepHoi T0BXHHH A HEOIHOPiXHOCTI

CHCTEMH BiJ 4acy, JJIs Pi3HUX CIIBBIIHOIIEHB YacToT: vy =16 +13T'u; 1) v, =1e+13 I'u,

2) v, =0.2e+13 T, 3) v, =0.1e+13 T, 4) v, =0.05e+13 T, 5) v, = 0.025e +13 T'w1.

3 puc. 3 BUAHO, IO MNPU 3MEHIIEHHI PYXJMBOCTI KOMIIOHEHTY A, dYac 10

po3mnanay 30UIBIIYETHCS, MPU IBOMY HaXWJl KPHUBOI HApOCTaHHS JeBialliii, KOJIH

B1JIOYBAETHCS CaM PO3Maa, 3SMEHIIYEThCS.
100 3 T T T T T T T 3
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Puc. 4. Jlorapudmivna 3as1exHICTh JIeBiallii BiJ 4acy, JUIisl pI3HUX 3Ha4eHb Koe(ilieHTy

acuMeTpii.

MogentoBaHHSl CIIHOAAJIBHOTO po3nagy Oylo NPOBEACHO Ui BUMIAAKY

OJTHAKOBHX YaCTOT v, =v, =1e+13 'u, ajie pi3HUX KoedilieHTiB acumerpii (puc. 4)



VY 1poMy BUNIAAKY MIBUAKICTH €KCIIOHEHIIHHOTO HAPOCTAHHS JieBiallii 3MEHIIIyBalIach
npu 301TbIICHH] 3HAYEHHS aCUMETPIi, KyT HaXuiy A cTaB OJIM3bKUM /10 3HAUECHHS 1.

JIns mepeBipKH KOPEKTHOCTI pe3yJbTaTiB KOMIT IOTEPHI €KCIEPUMEHTH OyIIH
MOBTOPEHI NP iHIIOMY PiBHIO TIOYATKOBOTO myMy (& ~107°), pe3ysbTaTH MpH [bOMY
IPAKTUYHO HE 3MIHIIKCS. Takox Oyiu MOBTOPEHI €KCIEPUMEHTH JJI CHMETPUYHOTO
MOYATKOBOTO IIyMy, KOJHM TIOYaTKOBE BIiAXWJICHHS KOHIIEHTpAIlli 3a7a€ThCcsl B
IEHTPATbHIN YaCTHHI 3pa3Ka JIMIIe B OAHOMY BY3i. O4eBUIHO TIPH IILOMY CTapTOBA
KOH(irypaliis crae HabaraTo CHMETPUYHINIOW (AUB. puc. 2), ajie TOBEIIHKA B 4aci
JIBOX OCHOBHHUX MapaMeTpiB A, 1 dev 3aJUIIAEThCS aHAIOTTYHOIO.

KoM’ roTepHi eKCepuMEHTH TPOIleCy CIIHOAAIBHOTO po3maay Oyl TakoxXK

NPOBEJICHI IS 3pa3KiB pi3zHOI popmu (puc. 5)
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Puc. 5. CniHoanbHuit po3naj, MOYaTKOBHUM LTyM B KO)KHOMY BY3JIi:

0)

a) TOHKA MJIACTHHA, 0) TOHKUI CTep)KeHb

Monudikoanuii meton KMF 3 BpaxyBaHHSIM Opyroi KoopAuHALiHOI chepu
OyB 3aCTOCOBaHMI O KOMIT FOTEPHOTO MOJCIIOBAHHS TPOIIECY YMOPSAKYBAaHHS B
nporiect audy3ii 1y TBOKOMIIOHEHTHOI CUCTEMH 3 00’€MHOIIETPOBAHOIO KyO14HOIO
rpatkoro (OLIK). Enepris 3minryBaHHS i1 BCIX MOJEIBHUX EKCIEPUMEHTIB

BIOPSAKYBaHHA Oyna piBHOIO V =-0.03€V mis mepmioi KoopAauHaIiiHoi chepu i



£=0.03eV mna nppyroi chepu. Koedimient acumetpii memo MoaudiKyeMo 10

2ZM Ige

BUTJIA m'=
y kT

. TemmiepaTypa B miporieci moaemntoBanas T =700 K.

J7ig MO/IeNIOBaHHS B MIEPIIOMY BUIIAAKY (pHcC. 6) OyB B3sATHI 3pa30K MOJOBHHA

KOO0 Majla CepenHio KoHmeHrtpaimiro C,=09 (C,=1-C,), a IiHIIA IOJOBHHA
KoHIleHTpartlito C, =0.5. [Ipu 1ibomy B 3pa3ky OyB T0JaHUN HEBEJIMKUN MOYATKOBUI
IIYM KOHIIEHTpAIliil HaBKOJIO CEpeaHBOro 3HaueHHs B3A0BXK ocedl OX-OY Bunisamy
C,=C+5(2-rand -1). Koedirieur acumerpii OyB piBumii 0. Sk pe3ynbTarT B KiHII
MpolIieci YIOPSIKYBaHHSI MOKHA MTOOAUYUTH YTBOPEHHS aHTU()A3HOTO JOMEHY.

VY napyromy Bunaaky (puc. 7) KoHmeHtpauii Oymu C,=0.9 s mnepuioi
MoJIOBUHM 3pa3ka 1 C,=01 pang japyroi. Y 1[bOMY BHUIAAKy 3pa3kd Oyiu
MPOMOJIENIbOBaHI 3 pi3HUMH KoedirmieHTamu acumetrpii m'=01 m'=-4. 3miHa

Koe(DilleHTYy acuMeTpli BIUIMHYJA X1 BHOPSAKYBaHHA B mpoueci Audysii

KOMITOHEHTY A 1 KOMIIOHEHTY B.
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Puc. 6. BiopsiikyBaHHs 13 TOYaTKOBUM IIyMoM B3710BXk oceit OX-OY:

a)TPUBUMIPHUHN 3pa30K, 0) KOHIICHTpaiHUI Tpod Tk 3pa3ka B31oBx Bici OX
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Puc. 7. KonuenTpauiiini nmpodisni 3paska no Bici OX 115 BUNAAKY BIOPSIKYBAHHS 3 Pi3HOIO

acuMmerpiero : a) m'=0, 6) m'=-4

BucnoBku. KiHeTMuHUN CEpeHBOMOJIBOBUI METOJ y3araJbHEHUH Ha
BAKaHCIMHUU MEXaHI3M 13 BHKOPUCTAHHAM HAOJMKEHHA KBa31CTalllOHAPHOCTI
BaKaHCIM 1 3aCTOCOBAHUM 1O MOJENIOBaHHS KIHETUKH CHIIHOJAJIBHOTO pO3Many.
Takox NaHuii METOJl pO3IIMPEHUN JIJIsl BpaXyBaHHA APYroi KOOpJAWHALIWHOL chepH 1
3aCTOCOBAHUM JI0 MOJICTFOBAHHS MPOIIECY BIOPSIKYBaHHS B O1HAPHIN CUCTEMI.

Sx 1 ciig O6yno O4iKyBaTH, MPOIEC CIIHOAAIBHOTO PO3MaTy TPUPOIHIM YHHOM
NOJAUIAEThCA HAa HacTynHi ctaaili — (1) yTBOpEHHS «KICTSKa» CTPYKTYpH (BUXiJ Ha
KOHCTaHTy XapaKTEPHOTO PO3Mipy HEOAHOPITHOCTI), (2) EKCIIOHEHIIIITHE HapOCTAHHS
nesianii, (3) koaJiecieHITis.

[TapameTpu CiHOJATBHOTO PO3MAaTy MPAKTUYHO HE 3aJIekKaTh BiJl TOYATKOBOTO
mymy. KoedimieHT acumeTpii MOMITHO BIUTMBA€E Ha TMPOIEC BIOPSAKYBAHHS B
npoteci 1udy3ii 1BOX KOMIIOHEHT.

OcHOBHI pe3yJibTaTH KOMIT IOTEPHUX EKCIEPUMEHTIB CHIBHNAAAOTh 13
pesynbrataMu  (PEHOMEHOJIOTIUHOT Teopii [9] 3 ypaxyBaHHS HEPIBHOBAXKHOTO

PO3MO/IITY BaKaHCIH.
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KINETIC MEAN FIELD SIMULATION OF SPINODAL DECOMPOSITION
AND ORDERING

Abstract

Introduction. The paper presents a general description and application of the
Marten-Erdelyi-Beke kinetic mean field method (KMF) for atomistic computer
simulation. KMF model [1-5] had been used by Beke et al. to study the diffusion of
asymmetric systems [4] during the last 10 years. Asymmetry of diffusion means, as a
rule, that one of the components of diffusion couple is much more fusible and
therefore all diffusion coefficients strongly depend on the concentration, varying by
several orders within the allowable concentration range. Asymmetry coefficient was
used in this paper for simulation of 3D spinodal decomposition.

Purpose. The research aims at the improvement of the KMF method and
simulation with it the process of the ordering and spinodal decomposition in 3D
sample.

Results. The original 3D method was generalized for vacancy diffusion
mechanism with quasi-stationary approximation of vacancies at three-dimensional
case. The non-vacancy algorithm was expanded for the second coordination sphere.
All modification of this method was made based on three-dimensional KMF model
[6]. This model determines that concentration prescribes to a particular site (atom).
Rate of change of concentration in each site of sample is define d according to matter
conservation and corresponding local flux density balance at each site.

dC Z YA
: :_zci (1_Ck)rik +ch(1_ci)rki .
dt k1 k=1
where C, is the concentration of A component at this site, C, — is the

concentration in the k-th neighbouring site with Z (total number of nearest
neighbours). C,(1-C,) is the probability that the i-th site is occupied by A
component atom, and the neighbouring k-th site is occupied by B component atom,
I',, is the probability of an exchange of atoms per unit time.

Conclusion. The simulation, by generalized KMF method for three-
dimensional sample case, was made. Using the original and the expanded methods
the computer simulation of spinodal decomposition for binary system, was made,
using different asymmetry coefficients and values of components mobility. The
dependences of the spinodal decomposition parameters (the characteristic
inhomogeneity and deviation of concentration) on the mobilities of components and
on the asymmetry coefficient are presented. The exponential growth rate of the
deviation is determined by the slow component and is practically independent on the
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initial noise in the system. Expanded model of KMF for simulation of ordering in
binary diffusion couples with body-centered cubic coherent lattice, are suggested.

Keywords: spinodal decomposition, ordering, mean-field method, vacancies,
atomistic modeling.



