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3ACTOCYBAHHSI METOZY SKMF 10 MOJIEJTIOBAHHSI B3BAEMHOI TA
PEAKIIAHOI AU ®Y3Ii B TOTPIMHUX CIIVIABAX?3

Hewo0aeno pospobnena aemopcoka mooughikayiss cepeOHbono1b08020 Memoody Onucy
peaxkyitiHoi ougysii ma KOHKYpeHyii npomixcHux a3z y3aeaibHeHa 3 6UNAOKy OIHAPHUX
cucmem Ha NOMPIHI Cnaasu (meepoi po3uuHU, BNOPAOKOBAHI NPOMINCHI (hazu ma 080¢a3Hi
30nu). Ilpu ybomy 8paxo8yemvcsi 63aemMo0ist Midic amomamu y 080X KOOPOUHAYIIHUX chepax.
s sionpayrosanus memody memnepamypa ma emepeii 63aemodii nidiopani max, wjob Ha
06ox cmoponax (AB i BC) xonyenmpayiiino2o mpuxymuuka Oy10 no OOHIl NPOMINCHIU
VROPAOKOBaHiU (azi 3 8y3bKUM IHMEPBAIOM 2oMo2eHHOCmI, a Ha mpemiti cmoponi (AC) 6yna
nosHa posuuHuicms. Jocniodxceni aubip ougysitino2o wiiaxy ma KiHemuka 83acEMHoi ougysii,
BNOPSAOKYBAHHS MA POCMY NPOMINCHUX (a3, & 3anexncHocmi 6i0 CKIady SUXIOHOI Oughy3iuHoi
napu.

KurouoBi ciaoBa: nudysis, ¢pa3oyTBOpeHHs, PICT, YHNOPSAKYBaHHS, JiarpamMu CTaHy,
HOTPIiHHI cucTeMu, TUQY3iiHI TpaeKTOpPil, KOHKYpeHIis (a3.

1. Beryn
[Tpouecu B3aemMHOI AMQy3ii y crjiaBax 13 YTBOPEHHSIM 1 POCTOM HPOMDKHHX (a3 €
aKTyaJbHOIO 3ajiayero (i3MYHOTrO0 MaTepialo3HABCTBA, PO3B’SA3aHHS SKOI HEOOXiIHO JUIs

3 PoGora Bukonana npu migrpumii MOH Vkpainu.

31


mailto:nadushenka@ukr.net
mailto:amgusak@ukr.net

Cepis «Di3zuko-MaTeMaTH9HI HayKn», 2021

IPOTHO3YBAaHHS BJIACTUBOCTEH 3’€HAHb MK MaTepialaMu, 30KpeMa, Y MIKpOEJICKTPOHILIi.
Slkmio ays GiHapHUX CIUIaBiB OCHOBHI IMPHHITUIIK PO3B’ 3Ky MOMIOHUX 3a7a4 BXKE€ BH3HAUYCHI
[1-5], To mis GaraTOKOMIOHEHTHHX CIUIABIB i, 30KpeMa, MOTPIMHUX — 3ajada MPOJAOBXKYE
OyTH HEOJHO3HAYHOIO 1 TyKe TaJIEKOIO BiJl pO3B’sI3aHHS.

30kpema, icHye mpobieMa HEOJHO3HAYHOrO BUOOpPY IHQY3IHHUX [UIAXIB Yy
KOHIICHTPALliIHOMY TPHKYTHHKY, TIpoOjieMa yTBOPEHHS YM HE YTBOPEHHS TBO(A3ZHHX 30H,
npoOJieMa HeCTIHKOCTI TUQy3iHHUX IUIAXIB y ABO(QAa3HUX 30HAX, TOIIO [6-8].

3 MPUKITATHOI TOYKU 30Dy, JOJAaBaHHS TPETHOrO KOMIIOHEHTY JI0 OIHApHOTO CILIaBy €
BIIOMHM CTIIOCOOOM ONTHMI3allii BIACTUBOCTEH 3’€THAHHS MaTepiaiiB. 30KkpeMa, JA0JaBaHHS
KUIBKOX BIJICOTKIB IIMHKY Yy TIPUIIA HAa OCHOBI OJIOBAa JI03BOJISIE CYTTEBO 3MEHIIHTH
MOPHUCTICTh MAsTHUX 3’ €/THAHb.

Anayoriyauii e()eKT A0CATAEThCS HAHECCHHSIM HAHOMETPUYHOTO MPOIIAPKY Ha KOHTAKT
MK MIJTIO Ta MPHUIIOEM, a TaKOX JOO0AaBKAMH HIKETO JO MIiJHOI IMiJI0XKKHA TPUITIHHOTO
3’eqnannsa [9,10]. Ha cporoanimHiid aeHs Migdip A00aBOK TPEThOTO KOMITIOHEHTY IS
onTuMi3amii KOHTAaKTHOI 30HU BiJI0OyBAa€ThCS, B OCHOBHOMY, €MIIIpHYHHM LUIAXOM. ICHYe
norpeba y BCTAHOBJICHHI TEOPETHYHOI OCHOBH BIUTMBY TPETHOI'O KOMIIOHEHTY Ha (ha3oBHI
CKJIaJ 1 KIHETUKY TPH B3a€MHIHN Ta peakuiiHii nudys3ii y HOTpiHHUX CHCTEMaX.

B naniit po6oTi Mu pobumo crpoOy TEOPETUYHOrO aHaNli3y BKa3aHUX MPOLECIB Ha
OCHOBI PO3IIUPEHHS Ha MOTPilHI CHCTEMH, HEHIOJABHO 3alPOIIOHOBAHOTO METOIY aTOMHOT
mirparii Ta (a3oyTBOpeHHS, KU OTpuMaB Ha3By CTOXaCTHYHOTO KIHETHYHOTO CEPEIHBO-
nosipoBoro meroay (SKMF — Stochastic Kinetic Mean-Field) [11-14].

2. OcHOBHI piBHAHHSA Mo/eJIi VIS NOTPIiHOrO CIIaBy

Ha BigmiHy Bix BigoMoro KiHeTuyHoro metony Monrte-Kapio, koxHOMY B3Iy
KPUCTATIYHOI TPATKH MPUIHCYETHCS B KOKEH MOMEHT 4Yacy HE KOHKPETHHUH aToM copTy A, B
abo C, a IMOBIpHOCTI nepeOyBaHHS B JaHOMY BY3Ji aToMiB copTy A4, B abo C, axi Mu jaii

KOPOTKO HAa3MBA€EMO KOHIICHTpAIIsIMHU Ch, G, G Cy+Cp+Ce :1. OCHOBHE KIHETUYHE

PIBHSHHS JUISL IIBHUAKOCTI 3MIiHHM I[MX IMOBIpHOCTEH B JOBIIBHOMY BY3Ji Trpartkd [i]
(3ayBa)kuMo, IO MiJl «» MAaEThCS HA yBa3li TPH MPOCTOPOBHX KOOPAUHATH BY3Na i, j, k)
3aMuCcyeThes y Gopmi OaaHCy MOTOKIB IMOBIPHOCTEH 13 1aHOTO By3ia [[] y cycimHi By3nu [in]
Ta, HaBIaKU.

B naniii po6ori Mum oOMEXHMOCS HaWNPOCTIIIMM JUISI MOJENIOBaHHS OOMIHHUM
MexaHi3MoM Judy3ii. Y BuUMaaKy OOMIHHOIO MeXaHi3My BKa3aHl KIHETHYHI PIBHSHHS IS

imosiprocreii Oy Ta U3 y BUGpaHOMY By3I1i MAIOTh HACTYIHMIT BUIIIS

% = 3 (¢, lile, [iIITi(A). in(B)] + o e, fin]in(A). i(B)]) +
+ 3 (<, liTce [nITi(A). in(C)]-+ c [iTe, inITin(A). i(C)])

In=.

(1a)

iN

9celi] = i(—CB[i]cA[in]F[i(B), in(A)]+c,[ilcs[in]ITin(B),i(A)]) +

t in=1 (lb)

z

+ Z(_Cs[i]cc [in]CTi(B), in(C)]+c.[ilcs[in]ITin(B),i(C)1)

in=1
Cc=1-C,-C; (1c)
B nux piBHsHHIX BenuuuHM ' € yacToTamu (IMOBIPHOCTSIMHU B OJJUHMIIIO Yacy) oOMiHY

aToMiB 4 Ta B, 1110 3HaXOJAThCA y CYCIJIHIX By3nax. Hanpukiman, nepmuid 104aHOK y mpaBiit
yacTuHi  piBHAHHA  (la), TOMHOXKeHMH  Ha  Manuid  iHTepBan  dvacy  dt,
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(—CA[i]CB [in][Ti(A), in(B)]dt) — 1 3MCHIICHHs IMOBIpHOCTI TepeOyBaHHsI aToMa copTy A y
By3Ji [{], BHacHiok oOMiHy aToma A4 i3 By3na [i] 3 atomom copty B i3 By3na [in]. Tounirie

KKy4H, CA[l] — 1e IMOBIPHICTh TOTO, IO y B3] 3HAXOJUBCS aTOM COPTY A4, CB[IH] —1e
IMOBIpHICTh TOTO, L0 y CYCIHbOMY BY3Jl 3HaXOAMBCA aTOM COPTY B, TITi(A),in(B)]dt—
IMOBIPHICTh TOTO, III0 BOHM BHKOHAIOTh OOMIH MPOTSITroM KOpoTkoro yacy dt. BaximBoro
pucoro Merony SKMF € #ioro caMoy3roJuKeHICTh, sfKa 3BOJUTHCSA 1O TOTO, IO YaCTOTH
OOMiHIB BH3HAYaIOTHCS EHEPrisIMH aToMiB 10 OOMiHYy, a €Heprii aToMiB BH3HAUYAIOTHCS iX
JIOKaJbHUM OTOYEHHSM, TOOTO KOHIICHTPAIISIMU Yy Miclli cTpuOKa. TakuM YMHOM pPiBHSHHS
(1), He 3BakaroyMm HaA CBi HAYEOTO IIHIHHUN BUIJISIN, € CYTTEBO HENIHIHHUMH TIO
KOHIICHTpalisM. HemiHIAHICTh BUpPaXAEThCS HE JIUIIE HASBHICTIO MOOYTKIB KOHIIEHTpAIlii
nepes 4acToTaMu, ajie, B TEpIIy 4Yepry, TaKOXK EKCIIOHEHI[IHHOI0 3aJeKHICTIO YacTOT Bif
EHEPTii, K1 B CBOIO UePTy JIHIHHO 3a7eXaTh BiJl JIOKAJIbHUX KOHIIEHTPAIliH:

FTi(A) in(B)] = v, exp| - = —(EAk[i]T+ E,[in])
Iin(A),i(B)] = v, exp| — E° _(EAk[T + E,[i])
Pli(A)in(C)] = vy exp| ——— EAk[i]T+ E[in])
e @
i i E® —(EA[in]+ E.[i])
[[in(A),i(C)]=v, exp| — =
[Ti(B),in(C)] = v, exp| — E” _(EBk[i]'r+ E.[in])
Iin(B),i(C)] = v, exp| - E*® —(EBk[ir;] +E.[i])

CnoBo «cepenHbO-TIOJBLOBUI» y Ha3Bl METOAY BIJNOBINAE CTPYKTYpi piBHSIHB (3).
Hanpuknan, mepme 3 1muX pIiBHAHb TPAKTYEThCS HACTYIIHUM UYWHOM: CEPEIHBO-TIOJIHOBA
€Heprisg B3aeMojii aToMa 3 CyciJaMM BHM3HAYa€ThCS CYMOIO IO BCIM CYCIIHIM By3JaM

HACTYMHUX T0O0YTKIB — 10OYTOK IMOBIPHOCTI MepeOyBaHHs aToMa copTy 4 Ha eHeprio VAA
naroc 100yTOK IMOBIpHOCTI mepe0yBaHHS aToMa COpTy B Ha eHeprio VAB naroc 100yTOK

IMOBipHOCTI niepeOyBaHHs aToMa copTy C Ha €Hepriio VAC :
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El1]= 3 (€110 + ColinM g + [NV,
E,fin]= 37 (c,[IN, + ¢, MV, + oMV, )

inn=1

E4[1]= 3 (G, iV + 6,V + o [Ny
E,lin]= 3" (CAlinNMs, + Colinn s + co[iNNsc

inn=1

Ecli]= 3 (c.lINVx-+ColiMNgs +C[inNc )
E.fin]= 3" (GlinnM, + GolinnNes +co[iNNec

inn=1

ne [in] — koopauuara cycima aroma [i], [inn] — koopauuara cycima aroma [in], VAC :VCA,
Vig =Vau, Ve =Veg

®opmynu (1)-(3) yTBOPIOIOTH CAMOY3TOKEHY CUCTEMY PiBHSHB, SIKA OIHCYE €BOIOLIIIO
CUCTEeMH 13 3MEHILIEHHSM moTreHiany [100ca. Skmo Ha HIIAXy €BOJIOLII BUHHUKAE,
HaNpUKIa, HyKJIealiiiauid 6ap’ep, y BUMAaaKy (a30BUX MEPEXOiB MEPIIOTr0 POAy, TO IS
HOro moONaHHs JOJATKOBO BBOJMTHCSA IIYM 4YacTOT mepexofiB. [lerani BBEAEHHS IIyMy
omwcaHi B podorax [12, 13].

Jlis uncesbHUX PO3paxyHKIB 3py4HO MEPEUTH 10 6e3p03MipHOTO yacy

b

S
t(dimensionless) = v, exp(—kE—T]t(s)

3. [IapameTpu cHCTEMH TA NPEACTABJICHHS Pe3yJIbTATIB

Sk BugHO 3 mocBiny 3actocyBaHHs SKMF no OinapHux cucreM [15] Ta 3 MoaentOBaHHSA
peakuiitnoi audysii merogom Monte-Kapno [16], ans agexkBaTHOTO MOJENIOBAaHHS
dbopMyBaHHS 1 pOCTy BHOPSAKOBaHUX (ha3 ePEKTUBHUM CIIOCOOOM € BBEIEHHS B3a€MOJIN HE
JMILE y MEepIii, ane i y Jpyrii KoopauHaiiiHUX cdepax 3 BIANOBIAHUM MIJOOPOM BEIHUHUH 1
3HaKIB €Heprii 3MillyBaHHA B 000X KOOpAMHALIHHUX cdepax. Y naHiid poOoti Mu
IPEJICTaBISIEMO TepLIl pe3yiabTaTh MOJIETIOBAHHS IPU HACTYITHOMY BHUOOpI TapaMeTpiB:

MOACIIOEMO OLK-rpatky, 7" =8, Z'=8, V;:A :VBIB :Vclc =-10" Jorc,
VAIB :VBIC = _3-9'10_21119’0 ,VAlc = _1-98'10_21119"0, VAIL =VB”B :Vc”c = —8.76-10_21[]91;0,
Vig =Vge =-2:107 o, Ve =-4.76-10° e, 7= 750 K

Hns  gochimkenHs ¢a3oBoi  giarpamMu, sAK 1 A0A  JOCHIDKEHHS  KIHETUKH,
BUKOPUCTOBYEMO MeTO Audy3iianx nap [17].

Pesynbratu anamizyemo y BUTISAL podiTiB CA(X), Cg (X), Ce (X) y BIAMOBIAHUX AUQY3IHAHAX
mapax, a TakKoX, MNapaleiabHO, y BHUINIAAI AM(Y3IHHUX LUIAXIB y KOHLEHTpaliiHOMY

TPUKYTHHKY (BepIInHa A B IoyaTKy KoopauHar ( Xy = 0, Vo= 0 ), BepunHa C Ha oci abciuc Ha

BizicTani 1 Bix mouatky kKoopamHat ( Xg = ], Yo = 0), a BepurHa B — B TouIli 3 KoOpIuHATaMHU

34

©)



ISSN 2076-5851. Bicuuk Yepkacskoro yHiBepcurery. Bumyck Nel. 2021

Xg =0.5, Ys :\/g / 2, a KOXHIA IUIOIMMHI  BIANOBIZAE TOYKA 3  KOOPAUHATAMH

X =c.[i]+1/2-c4[i], y = ¢,[i]-v3/2.

Jns moBHOro anHamizy moTpiOHO 3HATH TepMOJIMHAMIYHI NaHi, i, B Tepuly dYepry,
130TepMiuHUH 3pi3 $a30Boi AiarpaMu MOTPIMHOI CUCTEMU Npu (BiKCOBaHiN Temmeparypi. Mwu
HaMarajuch migiopatu eHeprii B3aeMofil y mepimriii 1 Apyrid KoopauHaUiiHIN chepax Tak,
100 OTpUMATH IIeH 3pi3 OJM3BKHUM 110 300pakeHoro Ha Puc. 1.

A C

Puc. 1. Cxemarndne 300paskeHHsI MO>KIIMBOTO 130T€pPMiuHOTO 3pi3y (a3oBoi aiarpamu.
Fig. 1. Schematic representation of a possible isothermal section of the phase diagram.

Sk 6ayuMoO, MM CIIOJIIBAEMOCHh MaTH BIIOPSIKOBaHI (pa3u 3 Maike CTeXiOMETPUYHOIO
KOHIICHTpAIlil0 Ha CTOpOHI A-B i3 JESIKOI0 MOXIMBICTIO po3umHeHHs aomimku C, 1 Ha
ctopoHi C-B 13 nesikoro MOXKIMBICTIO po3unHeHHs AoMimku A. Ha croponi AC Mu odikyeMo
MOBHOI PO3UYMHHOCTI, aJI€ 3 MOXKJIMBICTIO BIOPsAKYBaHHA B 0KkoJii 50 BigcotkiB A 1 C.

PosrnsHemo cmouatky aumdy3i0 1 piBHOBarM Ha CTOPOHAX KOHIIEHTpALiiiHOro
TPUKYTHHKA.

Hudysiiina mapa A-B nmae pict npomikHOi BropsakoBaHoi ¢asu AB 3 mamum
nepernagoM KOHLEHTpaLil J0 MOBHOTO BUYEPIIaHHS BUXIAHUX KOMIOHEHT A 1 B — puc.2.

green - Ca(i), violet - Cb(i), black - Cc(i)
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Puc.2. Konnentpauiitnuii npodiib (3 ycepeHEHHSIM 110 TPhOM CYCIIHIM aTOMHUM
IUIOIIMHAM) 1 BHOPsIIKOBaHa cTpykTypa AB npu npomixkHOMY 4aci Bianaizy napu A-B.
Fig. 2. Concentration profile (averaged over three adjacent atomic planes) and ordered

structure of AB at intermediate annealing time of A-B pair.

Hudysiiina mapa A-AB (BnopsinkoBaHa (a3a) mHokasye HEBEIMUYKE «ITiJ iTaHHSI»

BIIOPSIKOBAHOI (ha3u 1 HEBETWYKHUMA MITHOM KOHIIEHTPAIINHOI MAO0JIMHA B YUCTOTO A 10
ciabkoro po3unHy B B A — Puc.3.
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green - Cafi), violet - Cb(i), black - Cc(i)

2 46 810121416182022242628303234 36384042 4446485052545658606264666870 7274767830 823486388 9092949698 M fl

Puc. 3. Ocrarounuii KoHUeHTpaniinui npodins y nudysiitHiin napi A-AB.
Fig. 3. The final concentration profile in the diffusion pair A-AB.

Cropona CB mpu Hamomy BUOOpI mapaMeTpiB MOBHICTIO ileHTHYHa cTopoHi AB. Ha
croponi AC, y mudysiiiHiii mapi A-C cnocrepiraeTbCsi IOBHa PO3UYMHHICTD — HETIEPEPBHHUN
KoHIeHTpauiinuit npodins. lllonpasaa, B ieHTpanbhi yactuHi Biapizka AC croctepiraerscs
BIIOPSIIKYBaHHSI, ajie 0e3 BUIIICHHS OKPEMOro IUIaTo, sk Ha ctoponax AB i CB. — Puc.4 a,b.
Ocratoynuii BuUrsin KOHIEHTpauiiiHoro mpodimo (Puc.4c) — wne mpocto mocriiiHa
KOHIICHTpALlisl Mai>ke BCIoAX. JBa KM MPOTHIIEKHOTO 3HAKY Ha I[iii TOPU30HTANBHINA KPHBIH,
OYEBHJIHO, BIJIIOBIJAIOTh MICISIM 3YCTpiul aHTU(DA3HUX YIIOPAIKOBAHUX JOMEHIB.

green - Ca(i), violet - Cbo(), black - Cc(i)
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C

Puc.4. Bignan qudysiiinoi napu A-C.
(a) Konuentpaniitauii npodine napu A-C npu NpoMiKHUX 3HaUEHHSAX Yacy Biamaiy.
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(b) Kaptuna po3mnofiny KoHIIEHTparlii (iMOBIpHOCTEH) KOMIIOHEHTIB 110 By3J1aM
MOKa3y€e BIOPSIKYBAHHS B IICHTPAJbHIM YaCTHUHI MTapH.
(c) Konuentpariitnuii npodine (ycepenHeHui mo HailOMmKIuM CyCiaHiM
IJIOIIIMHAM ) TTiCIIsl TOBHOT TOMOT€HI3allii.

Fig.4. Annealing of diffusion pair A—C.
(a) Concentration profile of the diffusion couple A—C at intermediate annealing
times.
(b) The pattern of distribution of concentrations (probabilities) of components by
nodes shows the ordering in the central part of the couple.
(c) Concentration profile (averaged over the nearest adjacent planes) after complete
homogenization.

Hami mu pocmigunu audy3iifiHy B3a€EMOII0 MK BIOPSJAKOBAHHUMH TMPOMIKHUMU
dazamu AB 1 CB — Puc. 5a,b. I'padiku miaTBepKyIOTh iICHYBaHHS PO3PHUBY 110 KOMITOHEHTaM
A 1 C mix obmactssmu romorenHocti ga3 AB i CB.

green - Ca(), violet - Cb(i), black - Cc()
1
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Puc. 5. Bzaemozis mix 1Boma ynopsigkoBanumu gazamu AB 1 CB.
(a) Konuenrpariitni mpodimi micist mpoOMiKHOTO BiJmany.
(b) KonueHrpariiiai mpodisi micis JOBroro BiAmay.
Fig. 5. Interaction between two ordered phases AB and CB.
(@) Concentration profiles after intermediate annealing.
(b) Concentration profiles after long annealing.

Jns kpamoro po3yMmiHHs piBHoBar Mik ciutaBaMu A-C 1 ¢asamu AB ta CB mMm
posrasHynu nudy3iiiHy napy BnopsakoBaHa (asza (AB) - BnopsiakoBana ¢aza (AC) — puc.6.
Sk Gaummo, Ha 3aBepIIaibHIM cTaaili OTpUMyeMO CTpUOOK MO KOHOMI, SKUH BiJANOBiJTae
AKICHIM OYIKyBaH1! KapTHHI Ha puc.l.

Jani mu nmepeilnuin 10 MojentoBaHHS AUQy3iHUX map Mk crutaBaMu AC pi3HOTO
MOYATKOBOTO CKJIaAy, 3 OJHOro OOKy, 1 yuctuM B 3 iHmoro Ooky. Ha pucynkax 7-9
300pakeHi quQy3iiiHi TpaeKTOpii B MPOMIKHUN MOMEHT yacy 1 (Ha puc. 7) micis BU4epaHHs
MOYaTKOBUX KOMIIOHEHTIB.

Judysiiina TpaekTopis Ha pHUC.8 Mae XapakTepHy S-popmy i1 «cTpubae» B OCHOBHOMY
B3/I0BXK KOHOJ /IBO(pazHuX oOmacteit — AsiKi (MaJoYuceNnbHi) MPOMDKHI TOYKH HA KOHOJZAX €
HACJIIJIKOM JUCKPETHOCTI CXEMH 1 YCepeHEHHS 110 TPHOM IUIOIIMHAM.
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“bipypkauis” nudysiiiHoi Tpaekropii Ha puc. 9 obymoBiena (1) cumerpiero
IIOYaTKOBOTO CTaHy, (2) THM, 1110 BHACIIIOK MEPIOJIUYHIX IPAHMYHUX YMOB MU MAaEMO CIIPaBY
¢daxTHuHO 3 1BOMA MU(y31HHIMU TTapaMH.
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Puc.6. Konuenrpaiiini npodini Ta qudy3iiHi TpaekTOpii Uit IPOMDKHOTO (@) 1 A7 TOBroro
(b) wacy Binmany mapu «BropsiaikoBana ¢asza (AB)- BnopsnkoBana ¢aza (AC)»
Fig.6. Concentration profiles and diffusion trajectories for intermediate (a) and long (b) time
of annealing of the pair "ordered phase (AB) - ordered phase (AC)"
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Puc.7. qudysiitai npoduni (a) 1 audysiiina tpaekropis (b) napu (0.1A,0.9C)-B nicns gacy
BiJINaJTy, TIOKH I1I€ € BUX1/IHI KOMIIOHEHTH, Ta Au(y3iitHi npodini (¢) 1 Audy3iiiHa TpaekTopis
(d) micns moBroro yacy Biamany.
Fig.7. Diffusion profiles (a) and diffusion trajectory (b) of the diffusion couple (0.1A, 0.9C)-
B after annealing time while source components are still available, and diffusion profiles (c)
and diffusion trajectory (d) after long annealing time.
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a

Puc.8. Tudysiitai npodini (a) i nudysiitna Tpaektopis (b) micis yacy Binany napu
(0.45A,0.55C)-B, nokwu 11e € BUXiaHI KOMIIOHEHTH.
Fig.8. Diffusion profiles (a) and diffusion trajectory (b) after the time of annealing of the
diffusion couple (0.45A, 0.55C)-B, while there are still source components.
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0

Puc.9. Mudysiitai npodini (a) i qudysiiina tpaekropis (b) mapu (0.5A,0.5C)-B micns gacy
BiJIMaJTy, MOKH III€ € BUX1AHI KOMITOHEHTH.
Fig.9. Diffusion profiles (a) and diffusion trajectory (b) of the diffusion couple (0.5A, 0.5C)—
B after annealing time, while there are still source components.

4. BuCHOBKM

TakuM 4MHOM, CepeIHBOIONIbOBA KIHETUYHA MOAENb AU(Y3ii, peakiliii , BHOPSAKYBaHHS
Ta KOHKypeHIii (a3 y3arajJbHeHa Ha BHUIIAJOK MOTPIMHOTO CIUIABY 3 MPOMDKHHMHU (Pa3amH.
[Ipu 3agaHuX mapaMeTpax BBOJMUTH IIYM ITOKH IO HE MPHHUIILIOCH — BCl HEOOX1HI MPOMIKHI
da3u 3apoKyBaIKCh 1 pociu 1 6e3 IyMOBHUX J0oAaHKIB. OTpuUMaHi pe3yJbTaTH CBIYATh PO
BIUIMB TPETHOIO KOMIIOHEHTY Ha BHOIp Audy3iiHOro muisaxy. Jlam muiaHyeTbes TOCHTIIUTH
BIUTMB aCUMETpil €HepreTHYHUX MapaMeTpiB Ha JiarpaMmy CTaHy, BUOIp HUISXY 1 KiHETHKY
pocty (a3. Kpim toro, Heooximno nepeiitu no ['LIK-pemriTok, siki 103BOJISIOTh OTPUMYBATH
3HAuHO Oararmuii Gpa3oBuii ckiran qudy3iifHOT 30HM.
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APPLICATION OF SKMF METHOD TO MODELING OF INTER- AND REACTIVE
DIFFUSION IN TERNARY ALLOYS

Summary. The processes of interdiffusion in alloys with the formation and growth of
intermediate phases is an urgent task of physical materials science, the solution of which is
necessary to predict the properties of compounds between materials, in particular, in
microelectronics. For binary alloys the basic principles of solving such problems have
already been defined, but for multicomponent alloys and, in particular, ternary alloys — the
problem remains ambiguous and very far from being solved. In particular, there is the
problem of ambiguous choice of diffusion paths in the concentration triangle, the problem of
formation or non-formation of two-phase zones, the problem of instability of diffusion paths in
two-phase zones, etc. From an applied point of view, adding a third component to a binary
alloy is a known way to optimize the bonding properties of materials. In particular, adding a
few percent of zinc to a tin-based solder can significantly reduce the porosity of brazed joints.

The recently developed author's modification of the mean-field kinetic method for
describing the reaction diffusion and competition of intermediate phases is generalized from
the case of binary systems on ternary alloys (solid solutions, ordered intermediate phases and
two-phase zones). This takes into account the interaction between atoms in the two
coordination areas shells. To test the method, the temperature and interaction energies are
chosen so that on the two sides (AB and BC) of the concentration triangle there is one
intermediate ordered phase with a narrow interval of homogeneity, and on the third side (AC)
there is complete solubility. The choice of the diffusion path and the kinetics of mutual
diffusion, ordering and growth of intermediate phases, depending on the composition of the
original diffusion couple are studied.

At the given parameters it was not necessary to add noise yet — all necessary
intermediate phases were born and grew and without noise additions. The obtained results
indicate the influence of the third component on the choice of the diffusion path. Next, it is
planned to investigate the effect of asymmetry of energy parameters on the state diagram,
path selection and phase growth kinetics. In addition, it is necessary to move to fcc lattices,
which allow to obtain a much richer phase composition of the diffusion zone.

Keywords: diffusion, phase formation, growth, ordering, state diagrams, ternary
systems, diffusion trajectories, phase competition
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