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Abstract. One of the main methods for the air quality assessment and forecast is mathematical simulation of pollutants. In
order to simulate the dispersion of solid particles (SP) in the air, there may be applied the package of “Phoenics” software
in which the proximity methods of equation solution are used, because an accurate analytic solution of movement equa-
tions is not possible to be applied. The software was used in Zvérynas district of Vilnius city in which the exact values of

SP were selected.

The paper presents the technique of mathematical simulation of SP dispersion in the air, the Algebraic Slip Model is de-
scribed which is used for the solution of the problem; the model uses calculation-based formulas. Based on the results of
the experiment (the values of SP concentration) and the obtained results by applying “Phoenics” mathematical simulation
program, the feasibility of the simulation program for modeling the SP concentration dispersion is determined. The results
of simulation are submitted in figures and tables, and conclusions have been derived.
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1. Introduction

To assess the air quality (pollution by SP is also considered
as a detector of air quality) there may be applied any
method allowing to measure (Baltrénas, Morkiiniené 2006;
Baltrénas, Kvasauskas 2005; Baltrénas, Masilevi¢ius
2004), calculate (Mathiesen, Solberg 1999; Baltrénas et al.
1998; Petraitis, Vasarevicius 2001) or forecast (Hjertager
et al. 1998) the level of air pollution.

The measurement made concerning air pollution as
well as inventory of pollutant sources are considered to
be reliable methods and are widely applied in Lithuania,
but the pollutant dispersion in the surrounding air from
stationary and mobile sources of pollutants depends on
many factors, so in order to determine the typical regu-
larities of the dispersion for specific conditions, the
method of numerical simulation is considered to be more
suitable as it could evaluate the input of sources of vari-
ous pollutants; it also increases the possibility to depict
the spatial distribution of pollutants on the map as well as
reduces the number of sites to be measured, and there
arises possibility to evaluate correspondence/non-corres-
pondence to the limited values (environmental air quality
measurement by means of models).

At present to assess air pollution various numerical
models are applied. One of the programs that is applied in
our country for numerical simulation of SP dispersion in
the atmosphere is “Phoenics” mathematical simulation
program.

Multiphase flows are of great practical importance in
many common engineering and environmental applica-
tions. Multiphase flows are characterized by two or more
fluids in motion relative to each other. The fluids will
also usually have different physical properties — tempera-
ture, density, conductivity. For solid particle transfer
simulation in a continuous medium with dispersed vari-
ous-phase components, some numerical methods may be
used: Interphase Slip Algorithm — IPSA, Scalar Equation
Method — SEM, and Algebraic Slip Model — ASM.

By means of the package of “Phoenics” software it
is possible to simulate the processes of the transfer of
pollutants in the atmosphere, hydrosphere and geosphere
(Vaitiekiinas 2004). The method of discreteness of the
equations of pollutant transfer applied in the software is
the method of finite volumes, because it is impossible to
solve analytically precisely the equations of movement
(Petraitis, Vasarevicius 2001).

2. Description of mathematical simulation model
(program)

The program of “Phoenics” as a mathematical simulation
program is based on the proximity methods of equation
solution. It may be used for solving numerical simulation
problems in a SP dispersion environment, taking into
consideration the peculiarities of the process operating
within a real environment (Mathiesen, Solberg 1999;
Baltrénas et al. 1998; Petraitis, Vasarevicius 2001). To
solve a numerical simulation problem with the help of
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which the dispersion of SP in the environment is deter-
mined, the Algebraic Slip Model is used. The Model is
based on the existence of pollutant transfer media in
which the phases of various particles are spread. The
droplets, air bubbles or solid particles may constitute
these particles (the Algebraic Slip Model).

The mixture of a productive phase and particle phase
has a tendency to function as one fluid, possessing the
characteristics of a fluid that may depend or not on the
phases of dispersed particles. The mentioned above mix-
ture is signified by all the characteristics typical for the
mixture itself, such as the density of the mixture and vis-
cosity. By applying the Algebraic Slip Method an as-
sumption is derived that the phase of particles is of a half-
set state, preconditioned by local conditions. It is required
that the relaxation time of the phase of particles is suffi-
ciently low if compared to the changes of flow, i.e. the
number of Stokes is <<1. The number of Stokes is de-
scribed as the ratio of the particle relaxation time and
flow time of a pollutant carrier.

Precise conditions depend on resistance. In general
this could be achieved only in cases when the particles
are small, and the viscosity of the fluid is high. Only such
a model is suitable for simulation of particles influenced
by the gravitation force, centrifugal force or any other
force separation.

The friction force F; which affects the particle in the
Algebraic Slip Model is calculated according to formula
(1) (The Algebraic Slip Model):

F;=Cy 4,-05 p-(v), (1)
where C; — coefficient of resistance; 4, — area of the par-
ticle, m*; p — fluid density, kg/m®; v, — slip velocity, m/s.

The slip force F; is calculated using formula (2) (the
Algebraic Slip Model):

Fy=B-V, Ap, 2
where B —force to the amount of material; V), —particle
volume; Ap — density difference.

Then the velocity of the slip v; is calculated:

(v)’=K-Ap-d-Blp, 3)
where K — coefficient (K = 4/(3-C,)) which is considered
to be the slip Reynolds number Re function from the
coefficient of resistance C,,.

The density of the mixture p,, in the Algebraic Slip
Model is calculated according to formula (4):

pm = (1=2(P)) - pc + Z(P; - p2), “4)
where P; — part of i-particle phase volume; p; — i-particle
phase density, kg/m’; p, — density of the transfer medium
(air flow), kg/m’.

Viscosity of the mixture v, in the Model is calcu-
lated according to formula (5):

Vin = (1 =Z(P3) - ve + Z(P; - v), 6]
where v, —viscosity of the transfer medium; v; — i-particle
phase viscosity; v.—viscosity of the carrier media.

In a general case, to describe recirculation flows
with the mass carrier, the equation system of Navje-
Stokes as well as a diffusion equation system for a single
phase theoretical model are solved. Their generalized
expression for the stationary process is the following
(The Algebraic Slip Model):

div(pVy —Tygradd) = Sy, (©6)
where p — density, kg/m’; ¢ — dependant variable:
¢ =1 — equation of continuity ; v - velocity vector;
F¢ — variable ¢ diffusion coefficient (for the equations

of movement it is the coefficient of cinematic viscosity);
S¢ — source term of variable ¢.

The generalized system of equations (6) is com-
prised of the Navje-Stokes and continuity equations
solved by the method of finite volumes.

The instability of the atmosphere under a slight ve-
locity of the wind (1-5 m/s) is assessed by the formula of
the turbulent viscosity v; (The Algebraic Slip Model):

v, =C- U, 7
where 1.1< C <1.4 — atmospheric stability constant; U, —
velocity of the wind.

Then the coefficient of diffusion F¢ consists of two

components — molecular and turbulent. The coefficient of
diffusion for the equations of movement is the following:

Ly =vtw, 3

where v — molecular viscosity; v, — turbulent viscosity.

3. Calculation technique

Zvérynas district municipality (the map scale is
1ecm=100m) area occupies 1500%x1900 m* territory.
This area is digitized by the following differential net-
work: x-yz = 150x13x190. The following streets are
included into the simulation: Krasevskis, Liubartas,
Traidenis, Treniota, Poska, Latviai, Bebrai, Lenktoji,
Zalioji, Latgaliai, Narbutas, Piening, Paribis, Saltoniskés,
Vytautas, Biruté, Liepynas, Stumbrai, Elniai, Stirnos,
Sakalai (Vaitiektinas ef al. 1998). Following the map, in
the digitized areas streets with prescribed concentrations
of pollutants are marked (Fig. 1).

Initial conditions: at selected 32 points (out of 40
points where the concentration of the investigated solid
particles was measured) SP concentration in the area of
the streets was prescribed (Baltrénas, Morkiiniené 2006).

At the remaining 8 points the values of SP concentra-
tion, based on the results of 32 points, had to be deter-
mined theoretically by means of the mathematical simula-
tion “Phoenics” program. The results obtained theoretically
were compared with the results of the experiment.

40 points were chosen for measuring particulate
matter concentration in Zvérynas district (Fig. 1).

As shown in Fig. 1, the investigated area of Zveéry-
nas district was divided into 11 cross-sections. Each sec-
tion had from 3 to 5 measuring points.

The direction of the wind, its strength, air density and
phonic concentration were prescribed at the inflow along
the whole side of the area volume when the wind direction
was northeastern (on April 26), eastern (on July 11) and
northwestern (on January 30) (the data used were
borrowed from the State Air Monitoring the ‘“Phoenics”
program solved by means of the finite volume method. A
three-dimensional problem was solved, i.e. the coordinates
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X, y, z were used. In each unit of the net the concentration
of SP was calculated (Table 1). Differential equations were
integrated in the volume of each cell or area.

Table 1. Calculation of initial conditions

Prescribed concentration, mg/m3
%:” £ ® t?: £ gl 2 g-c"
Fie | E2¢ 028 |25
soe 8= S =7 | 2xZ
£ |82 | 9EE | 925%
| REB | 283 |S2F |SF%E
o - = Q = o N
Z |25 | =2& P g | pSEA
= |l | T SESE| S£443
s | BE2E | =% E EF8m | E5E2
=N < g 2 = 2B =L B2 A < & ®m
1 2 3 4 5
1 0.540 0.380 0.132 0.128
2 0.555 0.390 0.154 0.150
4 0.590 0.430 0.398 0.385
5 0.560 0.396 0.145 0.135
6 0.600 0.420 0.152 0.141
7 0.650 0.420 0.143 0.135
8 0.588 0.410 0.188 0.185
10 0.600 0.420 0.185 0.185
12 0.600 0.415 0.156 0.185
13 0.601 0.423 0.320 0.248
14 0.660 0.420 0.612 0.600
15 0.592 0.410 0.283 0.279
16 0.600 0.400 0.814 0.810
17 0.570 0.400 0.136 0.129
19 0.608 0.425 0.725 0.719
20 0.573 0.403 0.140 0.135
21 0.574 0.405 0.168 0.160
22 0.575 0.401 0.800 0.645
23 0.575 0.403 0.169 0.152
24 0.576 0.404 0.165 0.152
25 0.587 0.410 0.172 0.164
26 0.573 0.402 0.133 0.130
27 0.570 0.400 0.174 0.165
28 0.595 0.412 0.182 0.182
29 0.572 0.401 0.134 0.133
31 0.590 0.412 0.176 0.168
33 0.613 0.421 0.185 0.171
34 0.594 0.415 0.190 0.175
36 0.602 0.423 0.203 0.176
37 0.601 0.421 0.215 0.192
39 0.561 0.392 0.138 0.134
40 0.572 0.402 0.138 0.135

4. Analysis of simulation results

The results of simulation were received by simulating the
process of transfer of the pollutants from linear pollutant
sources, evaluating the background value of SP in the air.
In Zvérynas district the dispersion of this pollutant from
maximum concentrations up to the entire initially pre-
scribed amount of the pollutants in all the streets have a
tendency to spread in the surrounding environment reach-
ing the background concentration. The type of dispersion
depends on the strength of the wind and direction.

Fig. 2 shows the results of SP concentration (mg/m”)
simulation when the northeastern wind was blowing, and

i

Fig. 1. Zvérynas map: a — map with 40 measuring points
in the streets; b — streets marked within the digitized area

the speed wss 1.8 m/s measured using the “Phoenics “
post-processor PHOTON.

It is accepted that SP background concentration is
0.05 mg/m’. The maximum prescribed concentration is at
point 14 (at the exit from Hanner Business Center) (Mu-
nicipality of Zvérynas). It is equal to 0.660 mg/m’.

As it is seen from Fig. 2, SP concentration in the en-
tire area of simulation varies from 0.05mg/m’ to
0.66 mg/m’. Higher levels of pollutant concentration (an
intensive red colour) are observed in Narbutas st,
Séliai st, at the roundabout near Hanner Business Center.
In the remaining area SP concentration is nearly equal.

SP concentration of the streets gets lower in the direc-
tion of the northeastern wind. Within a distance of 150 m
from the street the initial prescribed or calculated SP con-
centration is half-reduced. The end boundary of the trans-
fer of the pollutant is about 300 m. Within such a distance
from the street the prescribed SP concentration is dispersed
in the surrounding area reaching the phonic one.
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Fig. 2. Results of SP concentration dispersion on April 26,
2005 (during “rush” hours) in Zvérynas district area

Taking into consideration the file of the results when
solving the problem by means of “Phoenics” program, the
values of SP concentrations are found. The results calcu-
lated theoretically as well as their comparison with the
results of the experiment are presented in Table 2.

As the table shows, the results obtained both after
theoretical investigation (using the mathematical simula-
tion program “Phoenics®) and experimental measuring
differ by 1.8 % to 3.4 %.

Fig 3 presents the results of the simulation of disper-
sion of SP concentration (mg/m®), when the wind was
blowing from the east within the speed of 1.8 m/s, by
means of PHOTON post-processor. The prescribed SP
background concentration is the same (0.05 mg/m®). The
maximum prescribed concentration is at point 19 (Narbu-
tas — Saltoniskés st crossroad). It is equal to 0.425 mg/m”.

As it is clearly seen from Table 3, the results theoreti-
cally calculated (applying the mathematical simulation
program “Phoenics*) and experimentally measured on July
11, 2005 (“out-of rush* hours) differ by 1.5 % to 4.3 %.

Fig. 4 shows SP dispersion concentration (mg/m°)
simulation results at the north-western wind with a speed
of 2.3 m/s, obtained with the help of PHOTON post-
processor. It is accepted that SP background concentra-
tion at that time is lower because even the average SP
concentration there is lower than in the cases mentioned
above. The prescribed SP background concentration is
equal to 0.01 mg/m’. The maximum prescribed concent-
ration (0.814 mg/m’) is at point 16 (Kestutis — Séliai st
crossroad).

From Fig. 4 it is possible to conclude that SP con-
centration within the whole area of simulation varies

from the background value (0.01 mg/m®) up to the maxi-
mum prescribed one (0.81 mg/m®). The dispersion of the
investigated pollutant concentration decreases from the
street in the direction of the northwestern wind movement
(change of colour from red to blue is observed). SP con-
centration from the initial prescribed is reduced by half at
about 120 m distance from the street and reaches the
background value within 310 m distance from the street.

In this case it is possible to exclude clearly the loca-
tion places of higher SP concentrations, namely, at the
beginning of Narbutas st, Saltoniskés st section behind
the crossing with Narbutas st, Séliai st section up to the
crossing with Kestutis st and the section of Kestutis st up
to the crossing with Bebrai st as well as near the traffic
route roundabout where there is a constant heavy traffic.
A little lower SP concentrations are registered in Pieniné
and Zalioji sts. In the remaining territory SP concentra-
tions are very similar.

As it is seen from Table 4, the results, theoretically
calculated (applying the mathematical simulation pro-
gram “Phoenics”) and experimentally measured on Janu-
ary 30, 2006 (“rush” hours), differ by 2.7 % to 5.8 %.

Fig. 5 shows the results of SP concentration disper-
sion (mg/m’), when the north-western wind was blowing
with a speed of 2.5 m/s, after using PHOTON post-
processor. In this case the prescribed background concen-
tration is also equal to 0.0lmg/m’. The maximum pre-
scribed SP concentration, as previously, is at point 16
(Kestutis—Séliai crossroad). It is equal to 0.810 mg/m’.

In Fig. 5 a very similar situation to that in Fig. 4 is
seen. SP concentrations vary from an intensive red
(0.81 mg/m3) to intensive blue colour (the background is
0.01 mg/m®). The dispersion of the concentration of the
investigated pollutant is getting lower from the street in
the direction of northwestern wind, SP pollutants de-
crease within 310 m distance from the initially prescribed
value, namely, the concentration of SP is reduced up to
the background value.

SP concentrations in the same zones were observed
higher than in the remaining part of the simulation area
(but lower than during “rush” hours), namely, at the begin-
ning of Narbutas st, Saltoniskés st section behind the cros-
sroad with Narbutas st, Séliai st section up to the crossroad
with Kestutis st and in Kestutis st section up to the crossro-
ad with Bebrai st, near the traffic route roundabout.

The theoretically calculated results and their compa-
rison with the experimental results are given in Table 5.

As it is seen from Table 5, the theoretically calculated
results (applying the mathematical simulation program
“Phoenics™) and those obtained experimentally on January
30, 2006 (“out-of-rush” hours) vary by 2.7 % to 5.8 %.

Table 2. Comparison of the results obtained experimentally (on April 26, 2005) and theoretically

Points 3 9 12 18 30 32 35 38
Measured value, mg/m’ 0.560 | 0.600 | 0.600 | 0.602 | 0.583 | 0.570 | 0.562 | 0.559
Calculated value, mg/m’ 0.575 | 0.612 | 0.590 | 0.580 | 0.595 | 0.560 | 0.550 | 0.540

Error, % 2.7 2.0 3.3 2.0 2.1 1.8 2.1 34
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Fig. 3. Results of SP dispersion simulation for July 11, 2005 (during “out-of-rush” hours) in Zvérynas district area

Table 3. Comparison of experimental results (of July 11, 2005) and theoretical ones

Points 3 9 12 18 30 32 35 38
Measured value, mg/m’ 0.410 0.422 0.415 0.424 0.410 0.400 0.393 0.390
Calculated value, mg/m’ 0.420 0.440 0.405 0.410 0.416 0.390 0.380 0.382

Error, % 24 4.3 24 33 1.5 2.5 33 2.1
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Fig. 4. Results of SP concentration dispersion on January 30, 2006 (“rush” hours) in Zvérynas district area

Table 4. Comparison of experimental results (of January 30, 2006 during “rush” hours) and theoretically calculated ones

Points 3 9 12 18 30 32 35
Measured value, mg/m’ 0.159 0.314 0.156 0.223 0.185 0.140 0.139
Calculated value, mg/m’ 0.150 0.325 0.163 0.235 0.180 0.133 0.132

Error, % 5.7 3.5 4.5 5.4 2.7 5.0 5.0
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Fig. 5. Results of SP dispersion simulation for January 30, 2006 (“out-of rush” hours) in Zvérynas district area

Table 5. Comparison of experimental results (of January 30, 2006 during “out-of —rush” hours) and theoretically calculated ones

Points 3 9 12 18 30 32 35
Measured value mg/m’ 0.143 0.214 0.185 0.221 0.185 0.140 0.135
Calculated value, mg/m’ 0.138 0.225 0.190 0.233 | 0.175 0.136 0.138
Error, % 3.5 5.1 2.7 5.4 5.4 2.9 2.2

Further using the previously described Algebraic
Slip Model (ASM), the type of dispersion was evaluated
at the randomly selected crossroad of Kestutis—Latviai st,
depending on the wind direction and strength as well as at
the buildings located near the streets.

For simulation, the areas of Kestutis—Latviai st, were
digitized on different nets: x'y~z = 40x13x36, and enclo-
sed 200 x 180 m? territory. According to the Zvérynas
map, on the digitized area there are marked parts of Kes-
tutis and Latviai st where it was required to prescribe SP
concentrations (according to the results of experimental
measurements of April 26, 2005). The buildings situated
nearby are marked using blocked strips or groups of strips
(Municipality of Zverynas), Fig. 6.

The direction and strength of the wind, air density
and SP background concentration (0.05 mg/m”) is presc-
ribed at the entrance along the whole side of the area
when the wind direction is northeastern.

The results of simulation were obtained by simula-
ting SP pollutants from linear resources of pollutants,
taking into consideration the background SP amount in
the air. Dependence of dispersion type on the strength
and direction of the wind as well as on the buildings,
located near the streets, is presented in Fig. 6.

From the presented figure, one can see that the
maximum SP concentration is observed at the roadway of
the analysed Kestutis and Latviai streets. The pollutant
concentration on the streets is getting lower in the direc-
tion of the northeastern wind moving up to the backg-

round one. The maximum SP concentration in this simu-
lated area is equal to 0.58 mg/m’, the minimum is
0.05 mg/m’.

From Fig. 6 we can draw a conclusion that the build-
ings, located very close to the streets, comprise certain
barriers against pollutant dispersion.

It is possible to draw a conclusion from Fig. 6 sta-
ting that the average SP concentration in the analysed
Kestutis—Latviai st area is equal to 0.212 mg/m’ (average
value). The red-colour probe position exhibits SP con-
centration in that location (probe value) which is very
close to the background and is equal to 0.055 mg/m”.
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Fig. 6. Results of SP concentration simulation in Kestu-
tis—Latviai st sections
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As it is seen from Fig. 6, SP concentration in the di-
rection of pollutant dispersion (the northeastern wind
direction) doesn’t get lower than the background but is
only 0.109 mg/m’ (at 116 m distance from the street). At
the crossroad SP concentration is equal to 0.565 mg/m’.
Within the distance of 30 m from the crossroad SP con-
centration decreases up to 0.238 mg/m’, but within the
distance of 50 m it is reduced up to 0.156 mg/m’.

Due to the fact that during the experiment SP con-
centration was measured at Kestutis—Latviai st crossroad,
it is possible to compare the registered pollutant amount
with the theoretically calculated one.

That is why the measured SP concentration at the
crossroad of Kestutis—Latviai st is 0.576 mg/m’, the theo-
retically calculated one is 0.565 mg/m’, the error is of
1.9 %. As the given data indicate, the error of 1.9 % is not
great.

During the investigation (Baltrénas, Morkiiniené
2006) it was established that particles of 0.4 pm size
(0.1-1.0 pm) are predominant in the air. The main influ-
ence for such a distribution is caused by motor vehicle
flow which is predominant in comparison with other
means of communication. Summarizing the modeling
results, it can be said that the method used is the most
suitable when the density of particles is from 2000 kg/m’
to 7880 kg/m’, and the diameter is from 0.3 pm to
10.0 pm.

5. Conclusions

1. The end of SP pollutants is at a distance of 300—
310 m in the direction of the prevailing wind, namely,
within a distance the concentration of SP decreases up to
the background.

2. In a warm season and during “rush” hours, the
measured SP concentration distribution range fluctuated
from 0.540 mg/m® to 0.660 mg/m’, during the experi-
ment, there were registered and theoretically simulated
results varying from 1,8 % to 3.4 %. During “out-of-
rush” hours, the measured SP concentration distribution
range fluctuated from 0.380 mg/m’ up to 0.425 mg/m’,
during the experiment, there were registered and theoreti-
cally simulated results correspondingly varying from
1.5% to 43%. The errors are not great, so the
“Phoenics” Algebraic Slip Model satisfies and fits simu-
lating a narrow dispersion of SP concentration.

3. In a cold season during “rush*”’ hours, the range
of measured SP concentration distribution fluctuated
from 0.132 mg/m® to 0.814 mg/m’, during the experi-
ment, there were registered and theoretically simulated
results varying from 2.7 % to 5.8 %. During “out-of-
rush” hours, the measured SP concentration distribution
range fluctuated from 0.128 mg/m’ to 0.810 mg/m’, dur-
ing the experiment, there were registered and theoreti-
cally simulated results varying from 2.7 % to 5.8 %. The
errors are not great, though a bit higher than those calcu-

lated, when simulating a narrower SP concentration dis-
persion.

4. When simulating SP dispersion at one of the se-
lected crossroads, the experimentally measured and regis-
tered as well as theoretically simulated results varied by
1.9 %. The simulation at the crossroad was carried out
during a warm season the dispersion of measured SP,
there was determined the error value similar to the errors,
calculated by simulating the dispersion of SP in the entire
area of Zvérynas district.
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KIETUJU DALELIU DISPERSIJOS ORE VILNIAUS MIESTE MATEMATINIS MODELIAVIMAS
P. Baltrénas, J. Morkiiniené, P. Vaitiekiinas
Santrauka

Oro kokybei vertinti taikytas terSaly sklaidos ore matematinis modeliavimas. Kietyju daleliy (KD) dispersijai ore mode-
liuoti taikytas PHOENICS programinés jrangos paketas, kuris duoda artutinius skaitinius pernasos lygciy sprendinius, nes
tiksliis analiziniai sprendiniai yra negalimi. Programa naudota Vilniaus miesto Zvéryno rajone, kurio daugelyje viety nau-
dotos tikslios (eksperimentinés) KD koncentracijy reik§més.

Pateikta kietyju daleliy dispersijos ore matematinio modeliavimo metodika taikant algebrinés $lyties metoda, naudotos ba-
zinés pernasos procesy lygtys. Kaip KD pradinés salygos miesto gatvése naudoti eksperimentiniai duomenys (KD koncen-
tracijos reik§més) ir, gautus duomenis panaudojant PHOENICS matematinio modeliavimo programoje, gauta KD koncen-
tracijos dispersija aplinkoje. Rezultatai pateikti paveiksluose ir lentelése, jie palyginti su eksperimentiniais rezultatais.

Reik$miniai ZodZiai: matematinis modeliavimas, algebrinés §lyties metodas, skaliariniy lygéiy metodas, kietyju daleliy
dispersija.

MATEMATUYECKOE MOJIEJJMPOBAHUE PACIPEJIEJEHUS ®PAKIMIA TBEPAbIX YACTHI] B
BO31YXE I'OPOJA BUJIBHIOCA

I1. Baatpenac, FO. MopkyHene, I1. Baiitekynac
Pesome

JIIs OLeHKHM Ka4decTBa BO3AyXa NMPHMEHEHO MaTeMaTHYeCKOe MOJIEIMPOBAHHE PACIIPEAENCHUS 3arpsA3HEHUH B BO3IyXe.
Jlns MozenupoBaHMs pachpeneneHust (pakmuid TBEPABIX YACTUIl NPHMEHEH MaKeT HpOrpaMMHOrO obOecTeueHus
PHOENICS, mno3Boisiomuil pemaTs apTyTHBHBIE YHCIOBBIC YPAaBHEHHS MEPEHOCOB, TaK KAaK TOYHBIC AHAIUTHYECKUE
pemieHuss HeBo3MOxHBI. IIporpamma mpumeneHa Juig paiioHa JKeepuHac roposa BuibHioca, B KOTOpOM B psae MecT
HCIIOJIb30BaHBI TOYHBIE (IKCIIEPUMEHTAJIbHBIE) 3HAYEHHS] KOHIIEHTPAIMI TBEPIBIX YaCTHII.

[Mpumenena MeToaMKa MaTEMAaTHYECKOTO MOJEIMPOBAHUS paclpeneneHnst Gppakuid TBEpIbIX YacTHIl B BO3IyXe C MPH-
MeHeHueM MeToza anredpandeckoro casura (MAC). B Mozenu npriMeHEeHbI YpaBHEHHS MPOIIECCOB 6a30BhIX MEPEHOCOB.
[lepBoHavanbHbIEe YCIIOBUS paclpeleleHus TBEPAbIX YacTUL] Ha yJIHLaX ropoja MOIyYyeHbl U3 SKCIEPUMEHTAIbHbIX JaH-
HBIX (3HaueHWil KOHIEHTpauui TBepAbIX vacTl). C MOMOIIBIO MPOrpaMMbl MAaTEMAaTHYECKOTO MOJEIHPOBAHUS
PHOENICS nonyueno pacnpeaenerne Gpakiuii TBEpAbIX YaCTUL[ B BO3AyXe. Pe3ynbTaThl, npencTaBlieHHbIC HA PUCYHKAX
1 TabnuIax, CpaBHEHBI C SKCIEPUMEHTANbHBIMU JaHHBIMU.

KnrodeBble cjioBa: MaTeMaTHYECKOE MOJEIUPOBAHUE, METOA ANreOpandecKoro CIBUra, METOA CKAJSIPHBIX ypaBHEHHH,
(pakuuy TBEPABIX YaCTHII.
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