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Anomania—3anponoHOBaHO Ta JOCHIKEHO MaTeMaTH4HY
MoJie/Ib rerepoaudysii 1oMIIIKOBOI pevYOBHHU 3 BPaxyBaHHSIM
nporecis copouii-necopouii y aBodazHoMy TII 3 BHUIIAIKOBO
pO3TAIOBAHUM  TIpoIIAapKoM  ofHiei 3  ¢a3. OrpumaHo
PpO3paxyHKoBi (opMyJIH IUTSI MOTETIOBAHHSI MPOTIeCY MONMTHPEHHST
JOMINIKKA, Ha  OCHOBI SIKHX  3[iliCHEHO  KOMII'IOTepHe
MOJETIOBAHHSI JIJIsi BCTAHOBIIEHHSI BINIHBY XapaKTePHCTHK
cepeoBUINA HA PO3MOIUIM TIOMIB KOHIEHTpamii JOMillKoBOi
pevYoBHHI.

Abstract—The mathematical model of heterodifussion of the
admixture in a two-phases body with randomly located layer
taking into account sorption-desorption processes are proposed.
Calculating formulas for the modeling the admixture spread are
obtained. Based on the formulas computer modeling
heterodifussion process is used for the estimating an influence of
physical characteristics of the body on the distributing
concentration fields of the admixture.

Kmwouoei  cnoea—czemepoduysia;  Oeopazne mino 3
GUNAOKOGUM NPOULAPKOM; NOUIUPEHHA OOMIWIKI; KOMI'10mepHe
MOOeUOCAHHA

Keywords—heterodifussion; two-phasys body with randomly
located sublayer; admixture spread; computer modeling.

I Bervin

B cTpykTYpi peaabHHX CCPCIOBHIN YACTHHKH JTOMIMITKH, K
MPABIIIO, JOKAJIBHO 3HAXOMITHCA B PI3HHX (I3MYHHX CTAHAX,
mo 3yMOBIOE iX aH(Y3iF0 ACKUIBKOMA TIIIAXAMH, KA
CYIPOBOKYETBCSI MEPEXOAAMH 3 OJHOTO IIILIXY HA 1HINHH.
Takuii TpoIeC  MAacONEPEHOCY  JOMIIIKOBHX  PECYOBHH
Ha3WBarOTh rerepoaudysiero. Koporkuit ormsta 6idmorpadii,
MPUCBSMCHOI THTAHHSAM  JOCTILKEHHS —Trerepoauy3iiHux
mpoIeciB, HaBeACHO y podoti [1]. 3a3HaueHi 0cOOTHBOCTI
madysii XapaKTepHi JUIA MONIKPUCTANIYHAX ~ TiJI,
JPIOHO3EPHUCTHX CHCTEM Pi3HOI (i3HIHOI MPUPOAH, IIOPHCTHX
HACHYCHUX PLANHOI0 cepexosmmy Tomo. OKpeMuil iHTEpec
CTAaHOBUTH JOCTIPKCHHSI TU(Y3IMHHX TMPOLECIB ¥ MOPHUCTHX
CCpPEIOBUINAX, SIKHMH, 30KpEMa, € IPYHTH, a/mke Au(y3iero
JOMIIIKOBHX PCYOBHH 3HAYHOK MIPOK0  BH3HAYAETHCS
MOIIMPEHHS 3a0pyJHCHb V HABKOJHMINHBOMY CCPCIOBHIII.
3ayBayKNMO, IO Y MPUIIOBEPXHEBHUX IPYHTOBUX IMApax IPOLEC
MPOCTOPOBOTO  TCPCHCCCHHSA ~ MOMIMOK  BiAOYBAETHCH
JeKirpkoMa Orpixamu. JlocmiDkeHHT Ju(y3iHHEX IPOIIECiB
VCKIIQTHFOETHCS TAKOK Y BUMAAKY CTOXaCTUYHO HEOAHOPITHUX
Oarato(asHHX CEPENOBHII 3 CYTTEBO PI3HUMH (Di3HKO-
XIMIYTHAMH XapaKTePUCTHKAMH pizHEX (a3 [2].

B mamiii poboTi HA OCHOBI MATCMATHYHOTO Ta
KOMIT FOTEPHOTO ~ MOJCIOBAHHA  JOCHIIPKCHO  ITPOLICCH
rerepoau(y3ii JOMIIMKOBOI peuOBHHHM, sIKa AU(YHIye TBOMA
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[UISIXaMHA v naBo(azHOMY 6araroOKOMIIOHEHTHOMY
JUCHCPCHOMY CEPElOBHINI 3 BHIIAJKOBO PO3TAINIOBAHUM
MPOMAPKOM, (Di3HKO-XIMiUHI XapAKTCPUCTHKH SIKOTO BiAMiHHI
BiJl BIJNIOBITHUX MapaMeTpiB MaTpuui. MaTeMaTH4yHy MOJAEITb
moOyA0BAaHO 13 VPaXyBaHHAM JIOKATBHHX MCPEXOTIB MK
PI3HEMH CTaHAMH [JOMIIIKOBHX YACTHHOK (IPOLECH THILY
copOmii—aecopOuii) Ta 3a YMOBH JIOKAIBHOI TCPMOIHHAMITHOT
PIBHOBArdu Mi’K TBOMA CTAHAMHE AOMIIIKH [3].

II. MATEMATHYHA MOJIENb
Posrmsremo  mucnepcHy [aBo(azHy MHIapyBaTy CMYTY
TOBIIMHOKO Z,, B sAKIH mmap oxaHiei ¢(asm (2, MicTUTH
dazu (2,

TOBIUHOK A  (puc. 1). Ilpmimaemo, mo ¢asm B Tim
pO3TANIOBaHI 32 PIBHOMIPHEM PO3MOALIOM 1 00’ €MHA HYacTKa
obaacti (2, € Habarato OimbmOr 3a 00’eMHy 4acTky (2,,

BHIAJKOBO PO3TAIIOBAHHH IPOMAPOK iHOION

T00TO h<<zy—h, ne h=z,—z - ToBmMHA oOmacti (J,.
Hamani OyaemMo  BBaKATH  BHOAJKOBOK)  BEIHYHUHOK)
KOOPIHHATY BEPXHbOI ME3Ki MPOIIAPKY Z = Z; .

.24

\ Q, hilz, 42,400, kD kD

2] ~—c=0
Puc. 1. Tino 3 BUNAJAKOBUM MPOIIAPKOM

Hexait B mpoMy Tili JOMINIKOBA PCUOBHHA AH(QYHIYE
JBOMA MULAXAMH, MCPEXOASYH 3 OAHOTO NUIIXY Mirparii Ha
iHmui. BBakaemo, mo audy3idHI BIACTHBOCTI YACTHHOK
JOMIIIKH y Pi3HUX (Pa3ax MOXKYTb CYTTEBO BiIPI3HATHCSL

KoHnenTpamist JOMIIIOK MpH BEPTHKAIbHIN rerepoaudysii
BH3HAYAETHCA 3 CHCTCMH B3a€MO3B M3aHUX JH(DCPCHIIATBHIX
piBHAHB, KOC(II€HTH SKHX € BHIAIKOBUMH (DYHKILIMHU
IPOCTOPOBOI KOOPAUHATH Z |

oc 0 oc oc
p(z) 6_1‘1 = a{dl (Z)@—Z1 +d,(2) 6_22} —k (2)¢, +k,(2)c,,

e, _ﬁ 5& % B
p(z)g— . {dz(z) = +d,(2) 62:| k,(2)e, +k(2)e, (1)

Je ¢, =c¢,(z,I) — BUMAAKOBL KOHICHTpAIii JOMIIIKA B CTAHAX,
0 BIATOBIJAIOTh MBHAKOMY (Ipu § =1) Ta moBiABHOMY (
i=2) mnixaM HEPEHECEHHS! YaCTHHOK, P(Z) — BHIAIKOBA
TycTHHA cepenoBum; d,(z), i=1,2 — BUMAAKOBI KiHCTHYHI
roeimientn mudysii B i -omy crami; d,(z), i=3,4 -
BHIMAAKOBI KOC(IMi€HTH, IO BiANOBIAAIOTH 3a MCPCXPECCHY
Ju(y3iF0 JaCTHHOK JOMIIIKM HA PI3HHX NUIIXaxX Mirpaii;
k(z) — pumamkoBi Koc(ilieHTH IHTCHCHBHOCTI HEpEeXoay

JOMIITKOBHX YACTHHOK 3i MIBHAKOTO NULAXY Mirpamii Ha
MOBUTHHAH (Tipu 7 = 1) 1 3BOpOTHOTO TIepexoay (pu i =2 ).

Hexalt B mOYaTKOBHM MOMEHT Hacy B Tl BLACYTHSA
JOMIITKOBA PCUOBHHA, TOOTO

azn|_ =0, ¢z, =0. 2

Ha BepxHiit rparnni Tina z =0 mITPHMYETHCS MOCTIHHE
3HAYCHHA ¢, CYMapHOi KOHIICHTpAIii JOMIIIKOBOI PSUOBHHHU.
Beeaemo v posriag mapamerp O (0 <o <1), sxuii BU3HAYAE
YACTHHY JOMIINKOBOi PEUOBMHH, INO 3 TOBEPXHI Tima
MOTpanwia HA DIBMAKWK NIIIX MITPAIfi, TOAI BHKOHYIOTBCS
YMOBH

e} (z,t)L:0 =ac, , ¢ (z,t)|z:0 =(l-w)c, . 3
Ha HykHI# rpaHuIi TiIa KOHICHTPAITSA PIBHA HY IO, TOMIL

¢ (z,0)

o =0, ) =0. “

['yeruny cepeaoBuina, KiHeTHaHUH KoeinieHT audysii Ta
KOC(IIIEHTH IHTCHCHBHOCTI NMEPEXOAY BBAKAEMO CTAIMMH B
00’ eMi KOKHOI 3 (ha3:

@ i .
,ze ), UL — = —
p(2) = & 11 21 ’i:1’4’p consl’] 1.2
p?.ze,
d(z)= d’,ze 0,00, =17 dY =const j=1,2
i dl(z)’zeglz > ERLE >
k(z)= ki, ze 0,00, =12, oSk =const’j=l,2
' k?,ze

III. TTIOBYZTOBA PO3B’ SI3KY KPAMOBOT 3AJTAUI

. dl(j) d;j)
J) _—
[IlmaxoM  BBEACHHA  MaTpPHLb DY’ = J f;j) J éj) s
) kW ¢ (z,1)
KW= ™ 2|, Bextopa ¢(z,0)=| "7 | ta byHrmii
KO g pa c(z,1) 620 by
L, zef2,: _ _
CIPYKTYpH 1), (z) = Ae 2, — 1 -THE map j-Toi
Y 0,z¢ 02

jj >
(hasm BuxigHy 3a7a4y (1)-(4) 3BeACHO A0 MATPHIHOI 3244,

TpakTyroun HEOTHOPIAHICTE CTPYKTYPH CCEPEIOBHINA SK
BHYTpIIIHI  /UKEpena, OTPHMAHO  CHCTEMY  IHTErpo-
Ju(epeHmianbHIX PIBHIHD, CKBIBAJCHTHY BHXITHIH KpaHOBIiH
3amaqi (1)-(4). Po3B 30K OTPUMAHOT CHCTCMH, SKHH OIMHCYE
KOHICHTpAWii JOMIIIKOBOI PEUOBHHH HA INBHIKOMY Ta
MOBITBHOMY IUIIXaX Mirpamii, moOyZOBaHO Y BHIJLIAI
IHTEerpanbHuX psaiB HeliMana 3 BHKOPHUCTAHHSIM METOXY
MOCIIOBHUX  HAOMIKCHb. YCEPETHCHHS  BHpA3iB UL
BHIIAJKOBUX TOJNIB KOHLCHTPAIIHM JOMIIIKH IPOBEACHO 33
ancaMOeM koH(Qirypamiit (a3 3 piBHOMIPHOW (PYHKUIEO
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pO3MOAINY y NPHIYIICHHI HPCBATIOIOY0I 00 €MHOI HYaCTKH
MAaTpHIILL.

Jna  ycepeAaHCHOI KOHICHTpamii JOMIMIKH —OTPHMAHO

HACTYTIHI AHATITHIHI ()OPMY ITH

th O)
(c(z.0)),, =V (z0+ VTZ j j G(p® -p® )a;Tz’dz’dt’ -
00

8% Y
— D)+ (KY —K®) e |Zdzdr +

oz
1 Zg—h
o PO 8
Gl (Y — Y (DY DY | e
+v2'([ }[ (p p ) P ( ) pel +
tzo—h
+V2J. J‘ G(K(l) —K(z))c(o)dz'dt'—
0 &
v ' B 5@ 1l 8c©
“Lp) || tim [¢E—ar-1 6 ar,
2h I o' 2 & ..,

e ¢ (z,f) — BEKTOP KOHICHTPALM TOMIIIKH B OTHOPITHOMY
cepemoBuIi, v, — 00’eMHa uyacTka apyroi ¢aszm (2,, G —

JerepMiHOBaHa MartpmyHa (yHkmis ['piHa  BiamoigHOL
MaTpHYHOI KPaHOBOi 3a1a4i.

IV.PE3VIIETATH KOMIT IOTEPHOT'O MOJIEJIFOBAHHS

J11 KOMITIOTEPHOTO MOJCTIOBAHHSA KOHICHTPAIITHIX
MOJNIB AOMIIIKOBOI PEUOBMHU HA PI3HUX NUDIXaX Mirpamii, a
TaKO’)K CYMapHOi KOHICHTPAIli JOMIIIKA  pPO3POOJICHO
MPOTPAMHHH KOMILICKC 3 BHKOpHCTaHHsM Visual C++ 2010
Express. axkmit € OC3KOINITOBHMM /11 HEKOMEPLIHHOTO
BHKOPHCTAHHI. YCl PO3PAaxXyHKH IPOBEICHO y IPHUPOITHUX

1/2

. 1 1

3MIHHHX g=(k§>/df>) x, =k tfp, .
Po3poOncHult KOMIUIGKC [Ja€ MO)KITHBICTh BHBYATH BIUIHB
(I3UKO-XIMIYHMX ~ XapaKTEpUCTHK KOkHOI 3 (a3 Ha
MICPEPO3NOALT TOMIMIKH B CCPCAOBHIN IIIAXOM BAPIFOBAHHA
BXiJHHUX JAaHUX. Ha pHCYHKY 2 CXeMAaTHYHO 300PaKECHO 3MIHY
CYMapHOTO KOHUEHTpauifiHoro momst gomimku ¢(5,7) B
NEBHHH MOMEHT 4acy T=7T, =10 3a yMOBH BiACYTHOCTI
mepexpecHoi muy3ii YACTHHOK JOMINIKM Y  BHIAAKY
d"(z)<d!”(z) mpu 3pocranni koepiuienta d7(L). T

6e3po3MIpHIX

mapaMeTpu 3amadi mpmitHaTo HacTymmEmMu: p /pV =13,
KO =k® =10, kP =k® =1, £, =10, h =05, ¢, = 1.

o(&1)

1,00 a)

c(E.1,)
4,00 6)

0,00 2,00 4,00 6,00 8,00 10,00

cE. 1)

0,00 2,00 4,00 6,00 8,00 10,00

[Chart Area )

Puc. 2. CymapHe mosie KOHICTpAIlii JOMINIKH INPH 3pOCTaHHI KoedilieHTa
d}(z) yeumagky dl(z)<di(z)(a)a.=0,6)a=0.5,8)a=1)

OTKe, KOMITFOTCPHC MOJCTIOBAHHSA TIOKA3ajo, mo: 1)
HASBHICTD BHIIAJKOBOTO IIPOMIAPKY NPH3BEIO A0 IOSBH
JOKAJILHOTO MAKCHMYMY KOHICHTPAI{ JOMIIIKH MPH BEPXHIH
TPaHMLI JPYroro mapy nepmoi (a3u, B TOH Jac sIK B OTHOPII-
HOMY CEpEIOBUINI HASIBHUH INIOOATBHUI MAKCHMYM IIPH BEpX-
Hill rpaHuIl mapy; 2) 3pOCTaHHS KIHETHYHOTO Koe(imieHTa Ju-
(y3ii y mpomapky NpHU3BOANTH A0 3aTPUMAHHS JOMIIIKH Y
MPOINApKy Y BHIAJKy, KOJAHM BCS JOMINIKA TONAla Ha
TOBITBHUM NIJLIX MIrpamii, Ta 0 HAKONUHCHHS JOMIMIKH IPH
BEPXHIX TpaHUIIX (a3 y BHIAIKY, KOJIHM AOMIIIKA IONaaa Ha
MIBUAKUH IULIX M MOPIBHY PO3IOALIHIACA HAa 000X MUBIXaX.

BHUCHOBKH

JlocHiUKEHHST TIPOILIECIB MACOMEPEHOCY JOMIIIKH JTBOMA
IUIIXaMH Y TIOPHUCTOMY CCPCIOBHINI BHIAAKOBO HCOTHOPIAHOL
CTPYKTYPH Ma€ TPAKTHYHE 3HAYCHHA NPH HPOTHO3YBAHHI
TIOIIHPEHHS 3a0pyaHEHD Y IpyHTax. B poOOTi 3anponoHoBaHO
Ta JOCHIIKEHO MAaTEeMaTHYHY MOJEHb rerepoaum(ysii mBoma
OUIIXaMH y CEpPEeJOBUINI 3 BHIIAJKOBHM IPOMIAPKOM Ta
OTPHMAHO AHANITHYHI BUPA3H U1 KOHIICHTPALIWHHUX IIOJIB
JOMIIIKA HAa INBHIKOMY Ta TMOBUIbHOMY NIIIXaX, a TaKOX
CyMapHOi KOHICHTpAmNii, HA OCHOBI fKOTO 3AIHCHCHO
KOMIT FOTEPHE MOJCTIOBAHHA Ta MPOAHANI30BAHO BILUIHB
(I3UYHUX XapaKTEpUCTHK CEPEAOBUINA HA TEPEPO3MOILT
JTOMITITKH,
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