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MATHEMATICAL MODEL OF DIFFUSION PROCESS
FOR SOLVING HYDROECOLOGICAL PROBLEMS
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MATEMATHAYHA MOJIEJIb ITPOLIECY JTU®Y3Ii
JJISA BUPIIHEHHA I'TJPOEKOJIOI'TYHUX 3AB/JIAHb
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The article discusses the actual tasks of adaptive control of lo-
cal water treatment plants to ensure the rational use of water.
The software solutions for modeling the diffusion process in a
porous medium with the absorption of a diffusing substance on
the pore surface are considered in detail.
Keywords: simulation modeling, automated
wastewater, water purification, adsorption, software.
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The development of the productive forces of
Ukraine is accompanied by an accelerated rate of water
consumption. Taking into account the fact that, accord-
ing to the international classification, Ukraine is among
the European powers, the least endowed with its own
water resources, the rational use of water becomes of
paramount importance for it and is one of the most im-
portant tasks of ensuring environmental safety and sus-
tainable development of the country's economy.

Optimal water supply can be achieved as a result
of the introduction of water-saving technologies and
technologies with low water consumption or as a result
of improved water supply systems [1].

One of the effective ways of rational use of water
resources is to protect them from pollution by improv-
ing systems and methods of wastewater treatment. The
most current way to achieve the required quality of wa-
ter purification are adaptive methods of managing the
purification process. The implementation of adaptive
control requires the creation and use of a mathematical
modeling tool.

The article presents the results of solving problems
of modeling water preparation processes. The adsorp-
tion purification method is considered. This method is
used for deep treatment of wastewater from dissolved
organic substances after biochemical treatment, as well
as at local sewage treatment plants of industrial efflu-
ents, which are multicomponent mixtures [2]. In this
method, the molecules of the dissolved pollutant are
transferred from the solution to the surface of a highly
absorbing substance (adsorbent) under the action of the

force field of the surface. Based on the studies presented
in [3], adsorption can be considered as a process of sta-
tionary diffusion with absorption on the surface of parti-
cles in regions with a fine-grained random boundary.
The purpose of the study is to improve the local
wastewater treatment system based on adaptive control
methods using simulation modeling of the diffusion
process in a porous medium with absorption of a diffus-
ing substance on the surface of pores.
The limiting model of diffusion in a porous medi-
um with absorption on the pore surface is based on Di-
richlet problem [4]:
{—DAu(x)-ﬁ-C(x,u):f(x), XEQ, )
u(x)=0, x€0Q ’

where D is the diffusion coefficient, A is the Laplace
operator, C(x, u) describes the limiting absorption of the
system, f(x) is the given function of external sources, 2
is the area of a substance that diffuses.

The required function u(x) sets the concentration
of a substance that diffuses at every point of the 2 area.

The universal methods for the approximate solu-
tion of differential equations applicable to a wide class
of equations in mathematical physics are numerical
methods, in particular, the finite difference method (or
the grid method).The finite difference method is as fol-
lows. The area of continuous change of arguments is re-
placed by a finite (discrete) set of points (nodes), called
a grid with step division (h) by spatial variables (Fig. 1.).

Fig. 1. Finite difference method illustration
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Instead of functions of a continuous argument,
functions of a discrete argument are defined, which are
defined at the grid nodes and are called grid functions.
Derivatives included in the differential equation are re-
placed (approximated) using the appropriate difference
relations. The differential equation is replaced by a sys-
tem of algebraic equations (difference equations). The
initial and boundary conditions are also replaced by the
difference initial and boundary conditions for the grid
function.

The finite difference method was applied to the
model (1), after which the system of difference equa-
tions acquired the following form (2).

(h% [u(i-1j.k)+u(it1 g0 +u(ij-1,k) + ulij+1.k) +
u(iajak'l)+u(i’j ak+1)'6u(iaj:k)'c(i’j:kau)+f(i7j 9k)]a
=1,...n-15=1,.., n,-Lk=1,..., n3-1;

u(0,j,k)=u(i,0,k)=u(i,j,0)=0;
i=0,...,n;;j=0,...,n,;k=0,...,n5.

)

Jacobi's iterative method is used to solve a system of
difference equations. The computational algorithm of
the method is that the new value at each grid point is de-
termined as the average of the previous values of the
four neighboring points (left, right, top and bottom).
This process is repeated to the last point.

Computational algorithm was compiled for a system
of difference equations (2). This algorithm consists of
performing the following formal procedures:

1)  Setu’[i,j,k]=0;i,j,k=0,...,n;
2)  Calculate u'[i,j,k], u?[i,j.kl,...,u"[ij.k]

bye [u™ [ij,k]-u"[ij.k]|<e,

where ¢ - accuracy is 0.001;
1
u'[ij.k]= 3 (u ! fi+ 1 ka1 k] +ut i+ 1,k +
+un_1 [iaj_ 1 >k]+un_l [i:j’k+l]+un_l [17.] 7k'1])+

h? o o
o (OO o [ K])-A(x} ,.x5))
u[0,jK]=u [n j.k]=u" 1.0, k]=u"[i.n k]
~"[ij.0]=u"[i,j.n]=0

The final stage of mathematical modeling is the
development of a modeling tool - a set of programs that
implement the presented methods and computational al-
gorithms. A visual interface has been created to present
the results of computational experiments using the Del-
phi development environment. This interface is conven-
ient to use, buttons and windows are arranged so that
they are easy to manipulate, related data is placed in one
window, and moderate colors is used. One of four mod-
els is proposed for calculating the optimal amount of
adsorbent: for moderate absorption, critical absorption,
strong absorption, and for ultra-small particles.

The the program working window is shown in the
figure (Fig. 2), where objects are indicated by numbers:
1. method selection switch;

input fields for diffusion parameters;
input fields for region parameters;
output field of the concentration matrix;
section layer illustration;

calculation start button.

2.
3.
4.
5.
6.

Fig. 2. The working window of the program

The results illustrate the effectiveness of the de-
veloped algorithms for determining the optimal parame-
ters of the wastewater treatment process.

The introduction of the developed simulator into
the control system of local water treatment plants will
improve the accuracy of calculations of the required
volume of the adsorbent, ensure the implementation of
control system adaptation algorithms to the changing
characteristics of wastewater, as well as obtain high
quality water treatment.
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I'yneBcska K.B., Illymoa JI.O., Moxonbko B.L
MartemaTnuHa Mojenb npouecy Audysii anas BuUpilmIeHHS
TiIP0eKoJIOriYHNX 3aBIaHb

YV cmammi  posensoaiomuvcs  axkmyanvni - 3a80aHHA
a0anmueHo20  YNPABNIHHA  JIOKANbHUMU — 60000HUUCHUMU
cnopyoamu 0nsa 3abe3neveHns payionanbHO20 6UKOPUCTNAHHS
600u. JlemanvHo posenaHymi npocpamui - pieHHa 04
MoOentoeanHsa Ougys3iliHoeo npoyecy 8 nopucmoi cepedosuiyi
3 NOGTUHAHHAM OUDPYHOUPYIOWE20 Pedo8UHU HA NOBEPXHI
nip.

Knrouosi cnosa: imimayitine MOOeno6anHs,
asmomamu308ani cucmemu, CMiuHi 600U, OYUWEHHS B0OOU,
aocopbyis, npocpamie 3a0e3neueHHs..

I'ynesckas K.B., Illymoa JI.A., Moxonsko B.H.
MaremaTnyeckass Mojesib mnpouecca aAudoysum s
pelIeHus THAPOIKOJIOTHYECKHX 3a/1a4

B cmamve paccmampusaiomcs axmyanvhvie 3a0auu
a0anmueHo20  YNpagieHus AOKANbHLIMU — BOOOOUUCHHBIMU
coopyceHuaMu ons obecneyenus PayUOHANLHO2O
UCNONL30BAHUS 6000L. IHoopobro paccmomperyl
npoSPaMMHble pewieHuss 0l MOOeIUPOBaHUsl OUPPY3UOHHO20
npoyecca 6  NOpucmon  cpede ¢ NO2NOWEHUEM
ougynoupyrowezo sewecmea Ha NOBEPXHOCHU NOP.

Kniouesvie cnoea: umumayuonnoe mooenuposamue,
asmomMamu3uposanHvle CUCmeMbl, CHOUHbIE 800bl, OYUCKA
60001, a0copobyus, npoepammHoe obecneveHue.
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