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Bupimena 3amada 1mpo eBOJIOLII0 CTPYKTYpH Ta ckiaxy OararodasHoro nugysiHOro Imapy 3 ypaxyBaHHIM
MOCITiIOBHOI MOsIBH HOBUX (a3. B po3risiHyToMy BUNAAKy JIMITYIOUHM MPOLIECOM € He audy3is, a npoiec 0OMiHy Ha
30BHIIIHIA moBepxHi Merany. Lle#f mpouec NpU3BOIUTH A0 MOPYIISHHS 3aKOHY mnapaboiigyHoro pocty ¢as.

[TpoananizoBaHa KiHeTHKa pocTy (as.

PesyspTaTti KOMIT'IOTEPHOTO MOJICIIOBAHHS MPOIIECY a30TyBaHHS 3aji3a 3HAXOAAThCS B JOOpiii BiAMOBIAHOCTI 3

pe3yiabTaTaMu €KCIICPUMCHTY.

KurodoBi cioBa: nudysis, dasa, mixdaszHa B3aeMois, CTPYKTypa, CKIaJ, Mixk(a3Ha TpaHHI €BOJIIOLIS MIapiB

(as.

Cmamms nocmynuaa oo peoaxyii 15.04.2003, nputinama oo opyky 19.11.2003.

I. Beryn
[Ipn nudysiiiHoMy Hacu4eHi B JEIKHX MeTanax
¢dopmyerbess  OaratodasHa  audysiliHa 30Ha,  LIO
CKJIQIA€THCS 3 MmapiB (a3, i MpH IbOMY CIIOCTEPIraeThCs
TIOCTiTOBHA TOsIBa (ha3.

IIpobaema 3aTpUMKH TOSIBM TPOMDKHOT  (a3u
(icHyBaHHS JAaTEHTHOro mepioxy) mosicHIOETbCs [1]
creuu(iko CIiBBIAHOIICHHS MapaMeTpiBG , a TaKoXK

ICHyBaHHSIM J€KOI Majioi KpUTUYHOT TOBILUHU Ar ., npu
KOTpIi CTAa€ MOXIIMBHM ICHYBaHHSI CYLUIBHOTO LIapy
¢asu. Tyt q — e HoMep mapy dasu, SKIIO0 paxyBaTH BiJ
30BHIIIHLOI TIOBEPXHI 3pa3ka (MOBEpXHI AUQPY31HHOTO
_ q-1 _ Mq+l q-1 q+l
HacuueHHs), a G, =(CI' -CI")/Ar,. (Ci'ta C}
piBHOBaXkHI KOHIeHTpalii audysanta B (-Tii a3l Ha
rpamuiix 3 (q-1) Ta (q+1) dasamm, BignosimHo;
Al — TOBIIMHA IIapy ( — Toi (pa3m B nesKU MOMEHT

yacy t).

B Toii e yac, TaTeHTHUH mepion MosBU (a3u MoxKe
criocrepiraticss i Opd KiHeTwuHii cramii [2], konu He
mudysis, a mporecu OOMiHY, IO TE€UyTh Ha IOBEPXHi
3pa3ka, € JIMITyFouuMH. BHACTiOK IOTO 33 JCSIKHiA
nepiog 4acy MoTiK aToMiB nudy3aHTa 4epe3 MOBEpXHIO
HaCHYEHHS, KU KOHTPOJIOETHCS IpoliecaMu OOMiHY,
3aJMIIAETHCS. MEHIIMM TOTO TOTOKY, SKHH Mir 0w
3nilicHioBaTHCh qu(y3i€l0 Bramd MaTpumi NpW JAaHiid
temneparypi. Tomy Gimst camoi mosepxui (X =0+0)
CKJIQIAIOThCS YMOBH, SIKI BHUKIIIOYAIOTh MOSKIIMBICThH
nosiBu  (asu Outein Oararoi nudy3aHTOM, HIXK BXE
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icHyroua ¢asa, sika Moxke OyTtH, me i 3poctae. [lo mipi
3poCcTaHHA Mi€i (a3u 3MEHIIYeTbC TUPY3IHHMNA TOTIK
aTOMIB eJleMeHTa HaCHYeHHsS BTIMO Matpuil (mapamerp
G 3MeHmIyeThCsA) 1 B OKOJI IOBEPXHI HACHYEHHS
MOXYTb CKIIACTHCSI YMOBH, SIKi JIOMYCKAIOTh BUHUKHEHHS
HOBOi (hasm, koTpa Oyne IOYEProBo (g— TOK MO

Jiarpami CTaHy), SKIIIO BUKOHAETHCS yMOBa
q-1 _ ~q+l
G — Cq Cq ’
a AT
qk

— TOTIK aToMiB TU(Y3aHTy depe3 TMOBEPXHIO

J

)(:0-*—02 qu > Gq+ls

ae j
HAaCHYEHHS.

Tak sk omvcaHWi MeXaHI3M SKiCHO iHBapiaHTHWH
MexaHi3my [1], nuie 3 TO pi3HHULEH, IO MOTIK Yepe3
(q-1) dasy (G, ,) B 1aHOMY BUIAJKY € LIOTOKOM 4Yepe3

x=0+0

HEPYXOMY TIOBEPXHIO HACHYEHHS, SKHH JIMITY€EThCS
mporecaMd OOMiHY Ha I MOBEpXHi, XapaKTEepHI pUCH
eBONIOLIi MiK(asHuX rpanuupb [1] B MOMEHTH MHOSBU
HOBUX (a3, B3araii, MOBHHHI 30epiratucs. Tobro apyra
noxizgHa ToBUMHM (q+1)-0i da3u mo yacy B MOMEHT

o

BUSIBIISIETBCSL B DI3KIH 3MIHI KPMBU3HM II0 MOJIYJIO.
IHaknre kaxkydu, B MOMEHT HOsiBH (] -Toi (a3H, KpuBa

IIOsIBH q-TO.I. (1)331/[ INOBMHHa MaTu CTpI/I6OK,

3aJIeKHOCTI TOBIMHM (q+1) a3y Bix yacy nepexoautsb

B iHIITy KPHUBY 3 3arajbHOIO0 TOTHYHOIO B TOUIl IEPEXOTY,
ane 31 cTpuOKOM KPUBHU3HU.
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Tadauus

CriBBiTHOIICHHS TTapaMeTPiB Ta iX yTOYHEHI 3HaUYCHHS B )a3ax CHCTEMH ,,3ai30 - a3o1r” nipu T = 873 K

No | daza CHiBBiHOIICHHS MTapaMeTpiB B (pa3ax CUCTEMHU YTouHeHi 3HAaYCHHS
asi D, 007 | AC,. | DaAc, mo* | Mxepero | p [mo? | b AC, 00"
m/c? wmac % [3]| M’ Brac% M/c2 M” [Mac%
C C
4 a 1,6 0,1 16 [5] 0,75 7,5
3 y 80 0,29 2,32000° [5] 0,15 4,35
2 |y 4,560 0,76 34,7 [6] 4,760 3,61
1 £ 4,730007 0,93 4,4 [6] 6,050~ 5,6
2
aC, _ 0°C,
II. ITocTanoBKa 3agavi ot 4 ox’
q=12,.,Q T, <sxs<l; (1)
Bynemo  mocimipkyBaTM  KIHETHKY — AWQY3iiHHX —n- _
: ; M (0)=0; Iy (t)=1.
IIpo1ECIB upu HaCHU4YCHHI, sKa CYIIPOBOIKYETHCSI

MOCITIZIOBHOIO TIOSIBOIO IMapiB HOBUX (a3, Ha TPHUKIAIL
a30TyBaHHs 3aiiza. [Ipyu mboMy, OKpiM pillIeHHs MpsSMOT
3a1a4i, BH3HAUEHHS €BOJIONIiI KOHICHTPAIiHOTO
npodimo 1 KoopauHAT Mik(a3zHUX TpaHUIB, 3POOHMO
cripoOy BuUpimeHHS OOepHeHOo1 3azjadi, TIOTITYK
KUTBKICHOTO ONHCYy TPaHMYHOI YMOBM Ha IOBEpXHIi
HaCHUYCHHSI.

Bigznaunmo, mo pimenHs oO0epHEeHOT 3a1a4l ysBIsie
co000 3HAaYHI TPYTHOII, TOMY IO HEBIJOMUMH € HE
TUTBKH KOHCTAHTH, IO BXOJSATH IO PIBHSHHS TPAaHUYHOL
yMoBH, ame 1 Bua camoi Qynkmii. Ilpm Takii
TPAHCIICHJCHTHOCTI BaKKO VSIBUTH COO1 aNTOpHUTM, KUK
3a0e3meunTh 30iraHHs pilIeHHs OOepHEHOi 3amadi 10
icThHHOTO.  3pOOMMO  TakuM  YHHOM:  OyaeMo
TinoTeTyBaTy BUI (QYHKII, [0 OMMCY€E TPAaHUYHY YMOBY,
a TOTIM BU3HAYMMO KOHCTaHTH, IO BXOISTh B Hei,
MOPiBHIOIOYH pileHHs TIPSIMOT 3ajaqi 3
eKCTIepUMEHTAIbHUMH JAaHAMU (roopauHaTAMH
TIOJIOKEHHSI MDK(a3HUX TPaHULb). AHANITHYHE PillICHHS
AK TIpsIMOI, Tak 1 0OepHEHOI 3a7avi B Takii IMOCTaHOBII
3100yTH HEMOKIIUBO.

VYpaxyBaHHs B3aeMozil (a3, MO 3pOCTaloTh, Ta
HasBHICTh PYXOMHX MiK(]a3HUX TpaHHWIb 3HAYHO
YCKJTaTHIOIOTh MAaTEMATUIHHIA OIHC €BOJIOIIT CTPYKTYpH
i ckmamy Oararodasnoro audysiinoro mapy. Judys3iitai
TIPOIIeCH B KOXKHIH 13 (pa3 ONMMCyIOThCS PiBHAHHAMMU:

TyrC,,D, — xonuentpauis ta koedinient audysii
eJIEMEHTa HacH4eHH: (a30Ty) B q -Tiif das3i;
q-
HaCHYEHHS);
Q — KinbKicTh mapiB ¢a3 B qudy3iiiHii 30HI HA MOMEHT

HOMep a3  (BigpaxoBYeTbCs BiJ IOBEPXHI

gacy t;
I, — KOOp/MHaTa PaBOi rpanui g — Toi Qasu.

Tak sik a30T Maibke BiZCYTHIHN B 3aji3i B MOYaTKOBUI
MOMEHT, a 3pa30K 3aJli3a Ma€ reOMETPUYHI PO3MipH, SIKi
3HAYHO MEPEBHIIYIOTh PO3MipH AMQyY3iHHOT 30HH, TO
MOYaTKOBA YMOBA 1 O/IHA 3 TPAHUYHHUX YMOB 3aITHITYTHCS
B BUTJISII, BiAIOBIAHO:

Co (x,0)=0; 2)
C, (OO,t) =0; 3)

Ha pyxommx Mix(a3HUX TPaHHUIAX BUKOHYIOTHCS

YMOBH

—C 9. - .

C,(ront)=C"" q=23,...Q: 4)

_ +1, —
C,(r.t)=C; q=12..,Q-1. (5)
Bei andysiiiai npouecn B OararodasHii cuctemi
B32a€EMO3B’s3aHi, TaK 5K HA KOXHIM pyxomii MixdasHii

TpaHHUIli TOBHHHA BUKOHYBAaTHUCh YMOBA OaaHCy MacH:
Ha JIiBi rpanuui g -Toi dasu

oC,_ oC o
_DCI‘1 a;l T~ 4 an Fqat +(Cg—1 3 l) az 1; q=2,3,..,Q;
Ha npaBiil rpanuni ¢ -1oi dasu
oC oC,, . ar
_an_xq Ty = q+la_;l Ty (Cg ' _Cgﬂ) atq; q :1a2a"'5Q _1 (5)
I'pannuna  ymoBa Ha  TOBEPXHI  HACHYEHHS ta piBasHHA (1) — (5) ysABISAIOTH CO0OI0 3aMKHEHY
(x=0+0), sixa Oyne 3100yta misHime (piBHsHHS (6)), cuctemy, sika omucye audysito B OaratodasHoMy
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Brums nocnizoBHOT NosiBH (ha3 Ha KIHETUKY PYXY...

qudy3iiiHOMY mapi 3 pyXOMUMH TpaHULIME (a3.

II1. MoperoBaHHA MOCTiJOBHOI TOSABH
mapis ¢a3

AHami3 giarpaMm CcTaHy CHCTEMH ,,3aJ1i30-a30T
mokasye, mo B iHTepBaii Temmepatyp Big 823 K mo
1073 K mpu a3oTyBaHHI MOXeE ICHyBaTH BiJl TPbOX IO
qotuphox (a3 [3]. Hdus 3araipHOCTI 3YMMHUMOCS Ha
HaWCKJIQJIHIIIOMY BapiaHTi - a30TyBaHHS 3aji3a HpHU
873 K, xonmm MOKpHUTTS ySABIS€ COOOI0 IIApH YOTHUPHOX
das: 1-€;2-Y';3-Y;4-A - TBepauit po3uuH a30Ty B
3ami3i.

AHami3 JiTepaTypHUX JaHUX 10 KoedimieHTam
mudy3ii npu T =873 K mokazaB (muB. Tabm. 1), 1o

CHIBBIJTHOLIICHHS ITapaMeTpiB DqAC g B (azax raxe, 10

MpU HAABHOCTI BCiX (a3 cucremu B AUQy3iiHIA 30HI,
mapu (a3 € — 1a Y — OyayT HaHTOHKIIIUMH (0COOIUBO

Y -daza), mo cynepeyuTh €KCIEpHUMEHTAILHUM JaHHUM.

Tak B [4] pe3yiabTaTH €KCIEPHMEHTIB CBiIT4aTh IIPO
obOepHeHe: 3HAYHI TOBIIMHM IapiB € - ta Y- (a3 npu
y'
BH3HAUeHHI Koe(imieHTiB mudy3ii Oyna mpwHIymeHa
noxubOka. Ilpum 1BpOMy, SKIIO BpaxyBaTh TICHHH
B3a€EMO3B’30K  eBojmoLii  KOokHOT i3 a3 3i
CHiBiCHYIOUMMH (ha3aMH, TO HEMOKIJIMBO CTBEPIDKYBATH,
0 NOXHMOKAa BHMHUKJIA NPU PO3PaxyHKy KoediuieHTa
madysii sk BY-, Tak i B E£- dazax, mo i Oyino

HE3Ha4YHI TOBIIMHI - (asm. Sx wHacmigok, mpH

HIOTBEP/UKEHO  pO3paxyHKaMH 3  BHKOPHCTaHHAM
meroauki [ 1] mocnigaux nanux [6]. Tpeba mimkpecauTy,
0 TMPUBEACHI HIDKYE YTOUYHEHI 3HauYeHHS e()EKTHBHHUX
koeQimieHTiB  audy3ii  HEMOXJIMBO  BpPaxOBYBaTH
TOYHMMH, TOMY IO JaHHI, [0 BHUKOPHUCTOBYBAJHCH,
3100yTi B pe3ynbrari Iu(y3iHHOTO EeKCIEPUMEHTY,
TPaHWYHI YMOBHM KOTPOTO BiJIpi3HSIOTHCS BiJ yMOB, LIO
BUKOHYIOTBCSI U An(Y31HHOMY 3BapIOBaHHI 3pa3KiB, SIK
pOro morpedye Merouka [1] .

Sk BuaHO 3 Tabu. 1 3Ha4yHA MOXMOKa BHHMKIA IPH
po3paxyHKy koediuienra nudysii B Y — dasi. [Toxudku

B iHmmMX (azax HeszHayHi. [lapamerp DqAC g A BCiX

($a3 mNpakTUYHO OJHAKOBMH 1 SKOM HAaCHYCHHS
JiMiTyBanocsi TUIbkn udysieo y ¢aszax, To Bci dasn
3’SIBHITUCS O B CKJIAJli MOKPUTTS MPAKTHYHO OJHOYACHO,
[0 CYNepeYUTh eKCICPUMEHTAIFHUM pe3yJbTaTaM.
TakuM YMHOM, TIPW a30TyBaHHI 3alli3a JTIMITYIOUHMH €
nporiecu 0OMiHy, SIKi TeIyTh Ha TIOBEPXHI Hacu4eHHs. 1le
HE N03BOJISIE 3pOOUTH TPHUITYIIECHHS, IO Ha IOBEPXHi
HaCHYEHHS HIiITPUMYETHCS CTajla KOHLEHTpALUsl a3oTy,
HABIIAKH, II¢ € CBIIOLITBOM OLIbINIC HA KOPHUCTH TOTO, IO
Ha Iili HOBEpXHi BiIOYyBa€ThCS 3MiHA KOHIICHTpaii a30Ty
rmo yacy. HaiiGinpm HMOBIpHO 3pOOWTH HPUITYLIEHHS,
0 Ha TIOBEpXHI HACHYCHHS IIATPUMYETHCS CTaie
3HAYEHHs MOTOKY aToMiB a3oTy. Tonl apyra rpaHu4YHa
YMOBA 3aIHIIETHCS Y BUIIIAI
oC,
b 0x

YT E- JCsAKa KOHCTaHTa.

(6)

:E,

x=0+0

63

Pimenns cucremu piBHsHb (1)-(6), mo Mozeioe
a30TyBaHHs 3aj3a, Oyno 3100yTO 3 BUKOPUCTAHHSIM
METOJy AOTIOMDKHOT CiTkH [7,8].

Pesynpratn MopemoBaHHS J10Ope KOPEryloTh 3
EKCIIePUMEHTATLHUMHU JaHUMHA [6] npu
E =8,2[007° mac%m/c (puc. 1).

IV. Anani3 pe3yabTaTiB MOIeJTIOBAHHS

Sk mnokazaB aHai3 pe3yNbTATIB  MOJEIIOBAHHS,
HE3aJIEXKHO BiJl TOTO, IO a30TYBAaHHS 3aJIi3a JIMITYEThCS
IporecaMd MacooOMiHy Ha TOBEpPXHI HAaCHUYEHHS, MPH
MMOSIBI Ha OCTAaHHIA Mapy KOXHOI ITOYeproBoi OLIBII
Oaratoi mudy3aHToM Qasd 3aNTeKHICTH BiI dacy
TOBIIMHM mapy ¢(a3u, ska 10 [HOTO0 MOMEHTY OyIa
HaiOUTBII 0araToro, pi3K0 3MIHIOETHCSA 1 TEPEXOIUTH B
iHmy kpuBy (puc.1). 3 AesKuM  3ami3HEHHSM,
oOyMOBJIeHMM pyxiuBicTio 1udysanta B  dazax,
PO3BUTKOM (ha3 Ta NIMPHUHOIO iX 001acTeif TOMOTEHHOCTI,
1ie BIUIMBAE 1 Ha 3aKOH 3pOCTAaHHA MIapiB (a3, HABITh THX,
SKi He € Oe3nocepenHiMu cycigamMu ¢asu, o 3’sBuIacs
(puc 1, xpuBa 3 npu ¢ = 2,5-3 ron).

Lleit pesynpraT imeHTHYHHMI  BHCHOBKam  [1],
3pOOJICHUM TIPY PO3TIIAI 3aTPUMKH TIOSIBH TIPOMKKOBHX
(a3, sika 00yMOBIIeHA KIHETHKOIO iX 3apojKeHHs. Aje B
HAIIOMY BHNAJKY, SIKOW Hpolec JIiMiTyBaBcs audysiero,

To 3aBAKkM Maniii posGixmocti mapamerpis D, aC,

(tabm. 1), Bei ¢asu 3rigno [1] 3’sBunucs 6 NpakTHYHO
OJTHOYACHO. 3HAYHTh B JAHOMY BHIIQJIKy TUIBKH KIHETHKA
IpoLIECiB  MacoOOMiHy Ha TIOBepXHI HAaCHYEHHS €
MIPUYMHOIO MTOCITIZIOBHOT MOSIBU (a3.

Pi3ke 3MEHIIICHHS MIBUIKOCTI 3pOCTaHHA mapy ¢asu
B pe3ynbTaTi MOSBU Imapy Ourein Oararoi mudysaHTOM
¢asu (puc. 1) mae npocrte QiznyHe NOSICHEHHS — (a3a Mo
3’sBWJIaCS YacTKOBO Olokye TOTIK audyszaHTta B
mMOWHHAI mapu OaratodasHoro maudysidHOTO TIapYy,

10 t, roxn

Puc. 1.
MOCJIOBHIN iX ITOsBI:
SKCIIepUMEHT [6].

3MiHa TOBIIMHM MmapiB (a3 3 yacom npHu
1, 2, 3 — Homepu ¢a3; 4

TOMY IO BHUKOPHCTOBYE Ha CBili PO3BHTOK YaCTHHY
nmudy3aHTa, IKUH OCTyIae Yepe3 TOBEPXHIO HACHICHHS.



O.1. Hecrepenko

V. BucHoBxknu

1. 3a 70mOMOror MeEToXy JONOMDKHOI CITKH
3100yTO pO3B’s130K AM(y3iHHOT 3a1adi po GOpMyBaHHS
OararodazHoro mu¢y3iHHOTO TOKPUTTS 32 YMOBH
TIOCJTITOBHOT MOSIBM HOBHX IIapiB (a3.

2. Ha npukmazni a3oTyBaHHS 3aii3a JOBEICHO, L0
KiHETHKa MPOLECiB MacOOOMIHY Ha IOBEPXHI HACHUYCHHS
€ TIPUIMHOIO TIOCITiJOBHOT TIOSIBH HOBHX IIapiB (ha3.

3. Tlopymenns 3akoHy mapaOoJIiYHOTO 3POCTaHHS
(a3 B Bunanky, konu He mudysis, a mpouec oOMiHy Ha
TOBEPXHI HACHUYEHHS € JIMITYIOUUM, MArOTh iI€HTHYHI
0COOJIMBOCTI.

Hecmepenko O.I. — pokxtop (i3UKO-MaTeMaTHIHUX
HayK, nmpodecop, 3aBigyBau Kadenpu Qi3uku.
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A.l. Nesterenko

The Consecutive Appearance Phase Influence in Kinetic Qrowth
Interphase Boundary in a Multiphase Diffusion Layer

Ukrainian State Chemical-Technological University,
av. Gagarin, 8, Dniepropetrovck, 49005, E-mail: ugxtu@dicht.dp.ua.

The task about structure and composition evolution of multiphase diffusion layer with takinq into account of the
layer new phases consecutive appearance has been solved. In the range covered the exchange process on the metal
outer surface is the rate-determining factor. This process brinq to the violation of the parabolic qrowth phases law.

The phases qrowth kinetic analysis has been performed.

The results of computer simulation of the nitrogen diffusion in an iron have a qood correspondence with

experimental data.
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