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geological structures, composite materials nanostructures, etc. o I
Struc , con : , €tC. one of important
;:lharactr_ar@tlcs is a diffusion flow [1]. Also in the process of modeling of mass
uxes it 1s necessary to take into consideration influence of spatially randomly

disposed inclusions. Such problems arise in engineer; ice under use of
i OLS. _ gineering practice under use of
natw'a.- Ir | and artlf_imal_ materials that have a complex structure. Their application |
fequires an estimation of the distributions and behavior of temperature

diffusion fields, depending on the conditions of the internal
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¢ In one-dimensional case in spatial coordinate, i.e. a stratified body, the partial

differential equation for the diffusion flow obtained on the basis of the equation of
mass balance, takes the form [5]

oJ(z,1) 0% J(z, t)
YR i e (1)

where J(z,r) is the random mass flow, D(z) is the random diffusion coefficient.

Considering the process of admixture diffusion in a two-phase stochastically

nonhomogeneous strip with the thickness z,, we accept the initial and boundary
condition of the first kind

J(z,t)_ =0; J(z0)|._,=J.=const, c(z,1)

e L (2)

and the diffusion flow at «bottom» boundary of the body equals the certain func-
tion of time F(r), which is determined additionally from the corresponding initial-
boundary value problem for the concentration of migrating substance:
J(z,0]_, =F) .

z=1)

We present the diffusion coefficient in the form D(z)= ZZ Dn,(z), where D, is

j=0 i=l
i & is the random
0, z¢Q,.

function of structure and here ; is the number of the phase, i is the number of in-
clusion with in the scope of the phase (i=1,»,), » is number of sublayers of the
kind j, Q, is the i-th simply connected domain of the j-th phase.

Such a presentation of the diffusion coefficient is substituted into (1). And in the
obtained relation we add and subtract the deterministic operator

L (z,1)=08/dt—D,8°/a=* . Then we obtain the following equation

the diffusion coefficient of particles in the phase, nu(z):{

L.(z,0)J(z,0)=L.(z,0J(z,1), 3)

”I

where L (z.0)=L,(z.1)-L(z,t)=(D,- D )Z;;l{ )o' 1oz,
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Considering the right-hand side of (3) as a source, i.e. the random nonhomogene-
ity of the structure s treated as internal sources, the problem (1)-<(2) is reduced to
an equivalent integro-differentual equation, namely

J(z.0)=J.(2.1)4 Ij't‘H:.:Zr.r*N.,{:'},n:'.r'ui:'u‘r'. (4)

where J (z,1) 15 the solution of the homogeneous initial-boundary value

problem; G(z,z'.¢.¢") 18 the deterministic Green's function.
The solution of (4) 1s found in the form of Neumann series [4, 6]:

Jl:..']:J_l::_Jl*J[f:’!:,:'_f W () (2. 0¥ddt +

”(H:'.:'.r',r'u’,1:'1.,’ (2", 1" )d"dt” \d2'dt’ +.... (S)
0 2

~ Neumann series (5) is absolutely and convergent if the diffusion coefficients are

fhinite [6]: D, <K < and the coefficient in matrix does not equal zero: D #0.
Procedure of averaging of the mass flows over the ensemble of phase configura-

ti_ons are capied out for the cases of zero and non-zero constant initial concentra-
tion of admixture in the body

3 I I O(z,2" 0, (2)

il
-

i &

/ \ ‘
(), ) =Jlz0+ <jj(i‘(:.:'-f-r')(£,t:'1) 5 J.tt:'.r’kt'dr'> :

in
L]

where 4 s the inclusion thickness, which can be deterministic or random varna-
ble with given distribution function in the interval h..h ], O<h Shsh_m-r: =
The calculating formulas for finding the averaged diffusion flows in random
nonhomogeneous stratified strip are obtained for different probable distributions of
inclusions in the body that are calculated by two and three terms of the series (5).
hlodduol_’ program package for calculation of averaged mass flows
Onﬂwbn;soflheobuindcahuhl:hgfonmhcwehawmmdmdlh
ibrcqnptmnnf!:heavuw diffusion flows of admixture in the two-phase sto-
chastic stratified strip uﬂuu&fonnldumdklrhthmufh&hnsof
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Fig. 1. The main window of package «FlowRan»

By the obtained results for solving initial-boundary value problems of diffusion
formulated in terms of mass flow we have developed 6 modules, namely

> in a body with uniform distribution of phases

+ in multilayered strip

e with inclusions of stochastic thickness

o uniform distribution, zero initial concentration

o uniform distribution, nonzero constant concentration

o triangular distribution, zero initial concentration

o triangular distribution, nonzero constant concentration

» in a body with beta-distribution of inclusions

e without paired interaction of inclusions

e with paired interaction of inclusions

Example of operation of the module «Flow in stratified strip under uniform
distribution of inclusion thickness at nonzero initial concentration. Uniform
distribution of sublayers of phases» is presented in Fig. 2, and example of work of
«Flow in stratified strip under triangular distribution of inclusion thickness at zero
initial concentration. Uniform distribution of sublayers of phases» is shown in Fig. 3.

36
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Fig. 2. Examples of operation of module «Flow in stratified strip under
uniform distribution of inclusion thickness at nonzero initial concentration.
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HCIIOJIb3OBAHUE METO/IOB DATA MINING B CUCTEMAX
IIPOI'HO3UPOBAHUS COCTOSIHUS TEXHUYECKUX CHCTEM

LHIub6aesa H. O.

KAHOUOGmM MeXHUYECKUX HAVK,

ooyenm kagheopor « Unghopmayuonnvie mexnonocuuy
Ooecckoeo HayuonaneHo2o nonumexuuyeckozo YHUgepcumema

Orpaackasn T. B.
KaHOUOam mexuu4eckux Hay, Oupexmop
Qoecckozo konnedaca KOMNbIOMEPHBIX MEXHON02UN

lInbaes /1. C.

npenooasames
Qoecckozo konnedca KOMNbIOMepHbIX MEeXHOoNo2ull

Pynnunuenxo H. /1.
KaHOUOam mexuuyeckiy HAVK,

ooyernm ragheope «HHuopmayuonnvie mexnonozuu»
Ooecckoeo Hayuonansnozo NOMUMexHuYecKk02o yHueepcumema
2. Qdecca, Vrkpauna

Beexenne. CoBpemenHbie CJIOKHBIE TEXHHYECKHE CHCTeMBbI O TITHYaroTes G0
KOJIHYECTBOM pa3HOOOPasHOro H3MepHTeN L HOMO 00opynoBaHHs, Ka4eCcTBO paGoTH!
KROTOPOIO ONPENENHTE CIOKHO. ONHUM M3 3JIeMEHTOR 13 MEpPHTEJILHOH annaparyP®
CJICAyeT cunTath natunk. JTo6oii natumk spasercs npeoOpazosaresieM SHEPrHH. BH?
3ABHCHMOCTH OT THIIA M3MEPSIeMOI BeHy L1 Beera MPOHCXOIHT NEepeaaya yneprt
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