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The problem of modeling the transport and diffusion of pollutants and fine aerosol
particles in the atmospheric boundary layer is examined in this article. It takes into
consideration the orographic features of the earth’s surface, the velocity of air masses,
air temperature, humidity and density, particle diameter, diffusion and absorption coeffi-
cients, the interaction of pollutants with the underlying earth’s surface, and other external
factors. Computational experiments were conducted using the proposed mathematical
framework. These investigations showed that high wind speeds, when coupled with un-
stable atmospheric stratification and strong pollution transport, significantly raise the
concentration of dangerous compounds in the surface layer of the atmosphere. It was es-
tablished that horizontal flows play a primary role in the dispersion of harmful substances
in the atmosphere. Test problems were solved for various particle sizes (d, = 1077 m;
dp = 1078 m; d, = 1072 m). It was found that, over time, as the particle size decreases,
the area of their propagation significantly expands in the direction of air mass movement.
Computational experiments have shown that at wind speeds of u = 2 m/s, v = 0 m/s,
w = 0.05 m/s and air temperatures in the range 7' = 20-30 °C, pollutants spread pre-
dominantly in the horizontal direction. At low wind speeds, pollutants accumulate near
the source. However, with an increase in wind speed to u = 4 m/s, v = 4.5 m/s, w =
= 0.05 m/s, pollutants are removed from the source at an accelerated rate. At a vertical
wind speed of w = 4.5 m/s, particles rise into the upper atmosphere, which contributes
to a decrease in their concentration near the earth’s surface over time. Numerical exper-
iments were conducted at various values of relative atmospheric humidity. It was found
that at a relative air humidity of 80 %, the particle settling velocity increases by a factor
of 1.442; at 90 %, by a factor of 1.765; and at 95 %, by a factor of 2.190.
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1 Introduction

It is well known that the growth of production volumes and the expansion of trans-
portation systems in industrial regions significantly impact the environment; this is par-
ticularly noticeable in developing countries, where new industrial facilities are being built
at a rapid pace. Increased emissions of pollutants and aerosol particles in the ground
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layer of the atmosphere inevitably lead to environmental imbalances in industrial regions
and may be accompanied by climate change.

Taking into account the above, the issues of assessing the level of pollution of the
atmosphere and the underlying surface by passive and active aerosol emissions, the place-
ment of new industrial facilities in compliance with sanitary standards, determining the
intensity and degree of pollution of air and water basins, as well as assessing the im-
pact of harmful emissions on the state of flora and fauna are urgent tasks in the field of
environmental protection.

Mathematical modeling (MM) is one of the useful methods for carrying out thorough
research, tracking and predicting the ecological status of the environment, and making
well-informed decisions.

Meteorological conditions and terrain significantly influence the dispersion of pollu-
tants. Taking these factors into account in MM allows for a more detailed description of
pollutant dispersion processes and an assessment of the overall environmental condition of
the studied object. Based on the above, a new, constructive methodology for monitoring
and forecasting the environmental condition of the region under consideration is discussed
in [1], based on obtaining spatially distributed data on turbulence characteristics and air
quality parameters.

The approach of employing a multi-layer model to simulate the dispersion of hazardous
materials in the atmospheric boundary layer while accounting for the topography and
characteristics of the subsurface layer is described in [2]. The process is described by
a system of partial differential equations with the corresponding initial and boundary
conditions. The model is developed based on the equation of motion of a multicomponent
air medium and equations for calculating the pressure and heat flows in the gas and
condensed phases. Heat transfer in a multicomponent medium is calculated using the heat
transfer equation for a gas, and the Mendeleev—Clapeyron equation is used to determine
the vapor pressure as a function of temperature.

The process of pollutant transport and diffusion in the atmospheric boundary layer
is mathematically modeled in [3]. The model takes into account atmospheric air mass
movement, particle settling velocity, photochemical transformations, decomposition, and
washout under the influence of precipitation. Particle settling velocity is determined based
on their diameter and density, gravity, and air viscosity. The model also accounts for the
influence of orography and allows for the determination of the air flow velocity field near
the terrain, which can be used to estimate the concentration of atmospheric pollutants
under various meteorological and topographic conditions.

In [4], the relationship between PMs 5 pollution and complex terrain and meteoro-
logical conditions was investigated. Using radiosonde data and the WRF model, 334
pollution events from 2013 to 2017 were analyzed. The study took into account wind di-
rection, Froude number, atmospheric boundary layer fluxes, wind speed differences, and
vortex formation behind terrain. The results showed that atmospheric flow and orography
have a significant impact on pollutant accumulation areas.

The study [5| analyzed the influence of atmospheric boundary layer parameterization
schemes on the modeling of meteorological conditions and aerosol pollution. It was shown
that non-local schemes provide more intense turbulent mixing, while local closure schemes
are characterized by relatively less intense turbulent mixing under stable stratification
conditions.

Scientists have studied the development of the atmospheric boundary layer and changes
in air flows under complex terrain conditions [6]. The results of observations and mod-
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eling using WRF showed that the influx of daytime sea breezes into the basin enhances
the air flow and affects O3 transport. At night, a stable boundary layer was formed,
accompanied by a strong night current in the lower layers of the atmosphere. The results
obtained indicate the relationship between meteorological conditions, characteristics of
the atmospheric boundary layer and complex terrain with pollutant transport processes.
The study [7] used the WRF-CALPUFF modeling system, in which experiments were
conducted to assess the sensitivity of the modeling results to orographic features of the
terrain. According to the study results, taking into account orographic features led to an
average increase in NOy concentration in urban areas by approximately 30 %.

The study [8] examined pollutant dispersion in the Akhangaran Valley using a hy-
drodynamic model. The model took into account the morphometric characteristics of
the terrain, meteorological and synoptic conditions, as well as mountain-valley circulation
and air flows. Calculations were performed using the finite difference method. The results
showed that at wind speeds above 3 m/s, pollutants leave the valley more quickly, while
at wind speeds below 2 m/s, pollution levels increase, especially near emission sources.
Precipitation was also identified as an important factor contributing to atmospheric pu-
rification.

The issue of researching and forecasting the dispersion of dangerous compounds in the
atmosphere is examined in [9]. The authors created a mathematical model that considers
weather and climatic variables in addition to other process characteristics. Based on the
suggested model, numerical experiments were carried out. The findings demonstrate that
important variables like wind speed, soil moisture, and soil type have a big influence on
how dangerous compounds spread throughout the atmosphere.

The identification of aerosols with different origins is another crucial challenge. The
work of V. K. Danchenko and T.S. Ivlev [10] presents the primary methods for resolving
this issue and the findings of the related investigations, while the article by R.F. Lavri-
nenko [11] focuses on the investigation of the formation of the chemical composition of
precipitation. It gives quantitative features of the spatiotemporal changes in the chemical
composition of precipitation and cloud water and summarizes the findings of measure-
ments of their composition.

In [12], a mathematical model (MM) describing the dispersion of industrial emissions
in the atmosphere is proposed. A method of splitting by physical processes, including
migration, diffusion, and absorption, as well as a second-order finite-difference scheme
in time, is used for the numerical solution of the problem. The influence of parameters
such as wind speed and direction, absorption coefficient, and the physical and mechanical
properties of particles on the dispersion of airborne contaminants is determined.

Scientists [13] proposed a model for predicting the environmental state of the atmo-
spheric surface layer. This model takes into account the settling velocity of aerosol parti-
cles emitted from high pollution sources, turbulent dispersion in the horizontal direction,
and vertical particle movement based on the Stokes equation. The effect of changes in
wind direction on the particle settling area is also taken into account. The model was
tested in the city of Barnaul to assess the dispersion of benzo(a)pyrene. The results
showed good agreement between the calculated and experimental data.

Article [14] is devoted to mathematical modeling, analysis, and prediction of the dis-
persion of toxic substances in the atmospheric boundary layer. The model takes into
account the velocity of particles in the air, as well as the horizontal and vertical diffusion
coefficients, which depend on the ambient temperature, transport velocity, and particle
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diameter. Computational experiments were conducted using the proposed mathematical
model.

In the study [15], an MM was developed for monitoring and forecasting the processes
of dispersion and propagation of aerosol particles in the lower layers of the atmosphere.
A structural algorithm based on the method of integrating the model into computing
systems was developed for its implementation.

The authors of [16] proposed a multicomponent air environment dynamics model de-
scribing the processes of pollutant and heat transport, as well as phase transitions during
the dispersion of harmful compounds in the atmosphere. As part of the study, paral-
lel algorithms for solving this model were developed and implemented in software for
high-performance computing systems.

The study [17] presents a review of methods for modeling air pollution in urban
canyons, focusing on the interaction of aerodynamic and chemical processes. For model-
ing airflow dynamics, computational fluid dynamics (CFD) is an effective numerical tool,
primarily including RANS and LES models. Reynolds-averaged Navier—Stokes models
are inherently steady-state methods, while large-eddy simulation models can account for
the unsteadiness and discontinuity of canyon flows and reproduce transient turbulent
structures in urban canyons.

An extended three-dimensional Eulerian model is proposed in [18] to model atmo-
spheric pollution. The model takes into account the processes of pollutant advection
and diffusion, particle deposition according to Stokes’ law, temperature-dependent chem-
ical decomposition, pollutant uptake by vegetation, washout by precipitation, and the
influence of terrain. Turbulent diffusion is parameterized based on the Pasquill-Gifford
stability classes. The Upwind/QUICK schemes and the CFL criterion are used in the
calculations. The influence of terrain on pollutant dispersion for different wind directions
and speeds is demonstrated.

Study [19] examines the Eulerian advection—diffusion model, designed to describe the
wind dispersion of pollutants and their turbulent mixing. The book discusses the phys-
ical interpretation of the Monin—Obukhov length (L), its application to assessing the
atmospheric stability class, and a method for calculating diffusion coefficients.

Thus, existing studies have considered factors such as terrain, meteorological condi-
tions, atmospheric boundary layer conditions, turbulent diffusion, particle deposition, and
chemical transformation—either individually or in combination—in MMs of atmospheric
pollutant dispersion. However, in complex terrain, the challenge of comprehensively as-
sessing the interaction of these factors within a single MM, taking into account local
meteorological and orographic features, remains relevant.

It should be noted that, in the MM of pollutant propagation in the atmospheric
boundary layer, many authors assume that the spread of pollutants emitted from sources
does not reach the boundaries of the computational domain, and that there is no influx of
pollutants across these boundaries. Studies of this process have shown that at high wind
speeds, aerosol particles are carried beyond the computational domain.

This paper attempts to fill this gap and provide a more adequate description of the
process under consideration by comprehensively considering key parameters, including
atmospheric air velocity, air temperature, humidity and density, particle diameter, oro-
graphic features, diffusion and absorption coefficients, and particle interactions with the
underlying earth’s surface. These parameters depend on weather and climate conditions,
time of day, and season.
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In light of the aforementioned, the goal of this work is to create a mathematical model
and a numerical technique for solving the problem of transport and diffusion of aerosol
emissions in the atmospheric boundary layer while accounting for the aforementioned
aspects.

2 Problem statement

Considering the orography of the region, the MM of the process of propagation of
dangerous substances in the atmospheric boundary layer has the following form [20-22]:
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Here z, y, z is the coordinate system; @ is the concentration of dangerous substances
in the atmosphere; 6, is the primary concentration of dangerous substances in the at-
mosphere; the wind speed in three directions is denoted by u, v, and w; the particle
deposition velocity is denoted by wy; the coefficients of absorption and capture of danger-
ous chemicals in the atmosphere are denoted by ¢ and a, respectively; D,, D,, D, are the
diffusion and turbulence coefficients; ¢; ; 1, is the Dirac function; () and Fj are the sources of
hazardous material emissions from industrial facilities and the earth’s underlying surface,
respectively.

In the problem under consideration, the parameters H and 3 take into account the
orography of the terrain as well as the mechanical and physical properties of the underlying
earth’s surface. The parameter H can have the following values: 0 indicates that the layer
is underground, 1 indicates that it is in the atmosphere, and (n — zx_o5)/Az indicates
that it is beneath the orographic surface, where Az = 2,05 — 2105 and 7 is the elevation
above the plane parallel to sea level. The degree of airflow obstruction is determined by
introducing a multiplier H (0 < H < 1) for each layer of the model (Fig. 1).

To integrate the given problem, the main parameters of the mathematical model of
the process u, v, w will be defined in the form of power functions

ue ) =pl(2) s w0 =lnl(2) wn=ll(2) sn,

21



Modeling pollutant transport and diffusion in the atmospheric boundary layer. .. 153

-

/);():;Q I#;I
NI s
4 sl N

A

»d Yol yx

>

Figure 1 Terrain along the area of aerosol emission transfer: o — H = (n — zx_05)/Az, X —
H=0,6 —H=1.

where |v;| is the modulus of the wind speed at z = 1 m.

From the formulation of the problem it follows that, in order to take into account the
interaction of aerosol particles with the underlying surface of the earth, the coefficient 3
must be calculated using the formula [9, 23|

0, z > 2,
/8(‘/1/‘7 y’ Z) - 1 65

0.264 u(2) ®wys(z), 2z < 2.
Here zj, z;, are the heights of vegetation and the critical layer, s(z) is the specific surface
area of vegetation, and w, is the settling velocity of aerosol particles.

To calculate the capture coefficient of fine aerosol particles in the boundary layer, the
following relation can be used [14, 23-25]:

—pCyL(z,y, 2)Uu;, for z > z;

oz(x,y,z,U):{

0, for z > 2, max,

where L(x,y, z) is the vegetation’s leaf area density profile (or the leaf surface area per
unit volume); U is the air flow velocity; u; is the flow velocity in the direction of interest;
p is the air density (kg/m?); Cy is the drag coefficient.

Leaf area density L(x,y,z), which is defined as the total leaf area per unit volume
or area of plant mass, is a metric used to characterize the structure of a plant canopy.
Typically, it is expressed in square meters per cubic meter (m?/m?) [14,23, 25|, or as leaf
area per unit volume or area:

—_— ’y —_—
b= 1 (222) oy (1-2222)]
Zh — % Zh — %

B 6, 0<2< 2z
7 0.5, zm <z<h;

where

L,, is the coefficient of maximum leaf area density within the vegetation; z,, is the height
at which L, is reached (z,, = 0.4h).
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The following relationship is used to determine the particle settling velocity [21-23]:

(pp — ph) gdi({lf, Y, Zat) .
18u ’
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where G is the hygroscopic parameter, M is the relative air humidity, d, is the dry particle
diameter, p, is the particle density, pj, is the air density, p is the air viscosity, g is the
acceleration due to gravity, s is the hygroscopic growth coefficient, and d,, is the diameter
of the wet particle.

In this formulation, to determine the absorption coefficient of harmful substances in
the atmosphere, a sinusoidal dependence was obtained on the basis of statistical processing
of long-term data in the form of the following relationship:

o(t) = 09 + Ao sinwt.

Here oy is the average daily change in the absorption coefficient of aerosol emissions into
the atmosphere; Ao is the amplitude of the change in the absorption coefficient per day;
w is the cyclic frequency of the daily change.

The Dirac delta function is additionally introduced into the advection—diffusion equa-
tion (1) in order to accurately describe the source of propagation in space and time:

%L:qm 5((3% — 2g) (Y5 — Yg) (2 — Zq));
0.

V(g Ygs 24) € .

Here ¢,, is the power at each point of the source emitting a harmful substance, respectively
outside and inside the region; ¢ is the Dirac function; d(x; — 24, y; — g, 2k — 24) is the
center; T4, Yq, 24 is the source location point; x;, y;, 2, is the calculation point; €, is the
source location region.

As noted in [21-24], the coefficients of diffusion and transfer of harmful substances in
the atmosphere D,, D,, D, are calculated depending on the air flow velocity in the atmo-
sphere, the particle diameter, the air temperature, the coefficient of molecular diffusion
and the settling velocity of aerosol particles:

Dy = Dy, 1+“M ; Dy = Dy, 1+0M ; D, =D, 1+a—<w_w9) ;
dp dp dp
(9)
kgT
m= =7 10
6mnd, (10)

n(T) =no (%)3/2 (?:5) (11)
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where D,, is the coefficient of molecular diffusion, kp is the Boltzmann constant
(kg = 1.38 x 10723 J/K), T is the absolute temperature, T" = t(°C) + 273.15, 7 is the
dynamic viscosity, Ty is the initial temperature, Ty = 273 K, S is the Sutherland temper-
ature, S = 110.4 K, and 1) is the initial viscosity, 7y = 1.716 x 1075 Pa-s.

As is well known, hills and mountain ranges located in open areas, as well as high-rise
urban development, significantly influence changes in wind speed and direction. These
orographic and anthropogenic factors significantly influence the formation of air currents
and their direction and, consequently, the transport and diffusion of pollutants in the
surface layer of the atmosphere.

According to the fundamental principles of hydrodynamics governing the movement
of air masses in the atmosphere, wind speed rises as the atmospheric pressure differential
increases, and the air flow velocity decreases to 20 m/s close to the ground as a result of
friction against the rough surface.

3 Solution methods

From the formulation of problem (1)-(8), it is clear that it is difficult to obtain an
analytical solution. As a result, a numerical technique based on substituting differen-
tial operators with finite-difference ones was created for the numerical integration of the
problem.

It is also important to note that computational experiments using real data require
a source of model parameter values relevant for a given area and at a given time. For
this purpose, software interfaces for communicating with geoinformation and weather web
services were developed. For example, the values of H for a given area are downloaded
online using the Google Maps elevation data API. Weather data, in particular wind speed
and direction (u, v, w), are retrieved from web services such as Weather Underground,
World Weather Online, and WebserviceX.NET.

Auxiliary databases of elevation data based on the radar topographic survey (SRTM)
and of average annual weather characteristics, including wind roses, were also created for
a number of industrial regions of Uzbekistan, including Angren, Almalyk and Navoi.

To conduct a comprehensive study of the above process, based on the proposed math-
ematical apparatus, a software tool has been developed consisting of:

a block for preparing, entering and formatting data;

— software modules that allow the creation of relief maps of varying levels of detail based
on publicly available data from SRTM, the radar topographic survey of the Earth’s
surface project;

— a computing unit in which the main sought variables and parameters of the mathe-
matical model of the object under study are calculated;

— a block for forming and filling a database with the results of numerical calculations
performed on a computing cluster;

— a block for interpreting and analyzing data presented in graphical, animation and

numerical formats;
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— a block for making decisions and generating recommendations on the optimal place-
ment of production facilities in order to preserve the environmental state of the region
in question.

Combined with data obtained from real-time weather web services, the developed
approach enables monitoring and forecasting of the process in question in near-real time.

4 Results

Using the proposed mathematical tools, computational experiments were conducted
on a computing cluster using a test example (Figs. 2-10). A material balance equation
was used to control the accuracy of the calculations.

The obtained results differ in that the modeling takes into account weather and climate
factors, as well as the features of the mountain-valley circulation of the atmosphere within
the Central Asian region.

XZ slice (y=0), t = 6.15 — particle settling along z
15

10

Figure 2 Concentrations of pollutants in the atmosphere at a height of z = 100.0 m at t =
=6.15 h.

As can be seen from Figs. 2 and 3, the concentration of pollutants in the near-surface
atmospheric layer under calm wind conditions varies significantly depending on the dif-
fusion coefficient, which in turn depends on air temperature and humidity, as well as the
diameter and density of the particles.

As can be seen from Figs. 6 and 7, the dynamics of changes in pollutant concentrations
depend on the velocity of atmospheric air masses and the weather and climatic conditions
of the region under consideration.

The computational experiments conducted revealed that the orographic features of the
Earth’s surface have a significant impact on the dispersion of pollutants in the atmosphere.
Analysis of the simulation results showed that the accumulation of pollutants depends on
the direction of airflow around obstacles and mountain ranges (Fig. 8).

Studies by many authors have noted that the highest levels of air pollution from low-
lying sources are observed at light wind speeds of 0 to 1 m/s. For emissions from high-lying
sources, maximum pollutant concentrations are typically recorded at so-called dangerous
wind speeds, ranging from 3 to 6 m/s, depending on the velocity of gases exiting the
exhaust stack.
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3D pollutant cloud, t = 0.66

Figure 3 Concentrations of pollutants in the atmosphere at a height of z = 50.0 m at ¢ = 0.66 h;
o = 0.000254; o = 5.0.

XY slice (z=100.00), t = 8.90
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10

Figure 4 Concentrations of pollutants in the atmosphere at a height of z = 100.0 m at ¢t =
=8.90 h; a = 5.0.

One of the key factors significantly affecting the concentration of harmful substances
in the atmosphere is the capture coefficient of fine aerosol particles (Figs. 9, 10). This
coefficient varies depending on the vegetation density in the region under consideration
and the leaf area density profile of the vegetation (i.e., the leaf surface area per unit
volume). As the value of this coefficient increases, the concentration of harmful substances
in the atmosphere decreases proportionally.

Dangerous wind speeds, combined with unstable atmospheric stratification and in-
tense pollutant transport, lead to a maximum increase in the concentration of harmful
substances in the ground layer of the atmosphere. Under these conditions, horizontal air
currents play a primary role in the dispersion of harmful substances in the atmosphere.
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3D pollutant cloud, t = 5.24

Figure 5 Variation in the concentration of pollutants in the atmosphere at a height of z = 10.0 m
at t = 5.24 h; 0 = 0.000334; o = 5.0.
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Figure 6 Concentrations of pollutants in the atmosphere at ¢t = 4.29 h.

Test calculations were carried out for different particle sizes (d, = 107" m; d, =
=10"% m; d, = 107 m). Analysis of the obtained results showed that, over time, as the
particle size decreases, the area of their distribution significantly expands in the direction
of air mass movement (Figs. 7, 8).

As can be seen from the calculations, at wind speeds of u = 2 m/s, v = 0 m/s, and

= 0.05 m/s, and at air temperatures in the range T' = 20-30 °C, the movement and dis-
persion of aerosol particles in the surface layer of the atmosphere occur predominantly in
the horizontal direction under the influence of the wind flow (Figs. 9, 10). Consequently,
at low wind speeds, pollutants accumulate near the source, whereas with increasing dis-
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Figure 7 Variation in the concentration of pollutants in the atmosphere at a height of z = 50.0 m
at t =4.29 h.
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Figure 8 Variation in the concentration of pollutants in the atmosphere at a height of z =
= 150.0 m at Viedium = 5.0 m/s; o = 0.000334; o« = 0.5.

tance their concentration gradually decreases due to turbulent diffusion and atmospheric
mixing.

Computational experiments have shown that at wind speeds of u = 4 m/s, v =
=4.5m/s, and w = 0.05 m/s, PMy 5 particles are rapidly carried away from their source
and intensively mixed in the atmospheric boundary layer. As the vertical wind speed
increases to w = 4.5 m/s, the particles rise into the upper atmosphere, which contributes
to a decrease in their concentration near the earth’s surface over time.

Calculations were also conducted at various relative atmospheric humidity levels. At
80 % relative humidity, the particle settling velocity increases by a factor of 1.442 and the
sedimentation process accelerates by a factor of 2.080. At 90 % relative humidity, these



160 Ravshanov N., Kamoliddinova F., Lu Y.

XZ slice (y=0), t = 1.77 — particle settling along z
15

10

Figure 9 Concentrations of pollutants in the atmosphere at a height of z = 50.0 m at Vijedium =
=5.0m/s; t = 1.77; 0 = 0.000334; o = 5.0.

. XZ slice (y=0), t=0.76 — particle settling along z

10

Figure 10 Concentrations of pollutants in the atmosphere at Vijedium = 3.5 m/s; t = 0.76 h;
o = 0.000334; o = 0.55.

figures are 1.765 and 3.116, respectively, and at 95 % relative humidity, they are 2.190
and 4.795.

Computational experiments were conducted at various air flow temperatures. When
the temperature is —3 °C, the diffusion coefficient is at its lowest. Consequently, molec-
ular diffusion is relatively weak, the pollutant remains concentrated around the emission
source, and the cloud has a relatively small dispersion zone and a narrow spatial distri-
bution. At —2°C, a slight increase in temperature leads to an increase in the diffusion
coefficient. Compared to —3°C, the pollutant plume becomes slightly wider and extends
further downwind. The concentration near the source decreases slightly due to increased
diffusion. At 0°C, the diffusion process becomes more pronounced. The pollutant is
transported further from the source, and the concentration distribution becomes spatially
more uniform. Thus, an increase in temperature leads to a noticeable expansion of the
dispersion region. At 10°C, the diffusion coefficient increases significantly compared to



Modeling pollutant transport and diffusion in the atmospheric boundary layer. .. 161

subzero temperatures. As a result, the pollutant plume becomes wider and extends fur-
ther. The pollutant concentration is distributed more uniformly across the computational
domain, which leads to a decrease in peak concentrations near the source. At 20°C, en-
hanced molecular diffusion leads to a significant expansion of the concentration region.
The pollutant is transported over a greater distance in the direction of the prevailing
wind. At the same time, the maximum concentration decreases due to stronger spatial
dispersion. At 30°C, the diffusion coefficient reaches its highest value among all the cases
considered. Thus, the pollutant plume exhibits the greatest spatial expansion and the
widest dispersion range in the downwind direction. The concentration is distributed over
a significantly larger area, and the maximum concentration near the source is compara-
tively lower. Numerical results demonstrate a clear relationship between air temperature
and pollutant dispersion. As the temperature increases from —3°C to 30 °C, the diffusion
coefficient increases, leading to an expansion of the pollutant concentration field in both
the longitudinal and transverse directions. Conversely, at lower temperatures, diffusion
is weaker, and pollutant concentrations remain higher near the source. Therefore, tem-
perature should be considered as an important parameter when calculating the diffusion
coefficient and predicting pollutant dispersion in the atmosphere.

5 Conclusion

The developed mathematical framework for the mechanisms by which dangerous com-
pounds are transported and diffused in the atmosphere can be used for optimal siting of
newly constructed industrial facilities, assessing the scale and spatial distribution of envi-
ronmental emissions, determining the concentration of dangerous materials on the surface
and in the atmosphere, and subsequently making informed decisions aimed at minimizing
environmental risks.

Computational experiments have shown that wind speeds are higher over elevated
areas than in the surrounding flatlands, resulting in more intense pollutant transport in
this region. Since the high-pressure zone extends a certain distance ahead of the elevation,
the airflow changes direction before reaching its slope. It should be noted that when an
air mass interacts with a steep hill with an uneven surface, the wind speed can rise
dramatically, increasing turbulence and the turbulent diffusion coefficient.

Computational tests have demonstrated that the combination of dangerous wind
speeds, unstable atmospheric stratification, and intense pollutant transport leads to a
significant increase in pollutant concentrations in the surface layer of the atmosphere.
Furthermore, horizontal air currents are crucial in pollutant dispersion.

In the course of solving test problems for different values of particle diameter (d, =
=10""m; d, = 1078 m; d, = 107 m), it was established that over time, as the particle size
decreases, the area of their distribution significantly expands in the direction of movement
of the air mass.

At wind speeds of u = 2 m/s, v = 0 m/s, and w = 0.05 m/s, and at air tempera-
tures in the range T = 20-30°C, the transport and diffusion of aerosol particles occur
predominantly in the horizontal direction. At low wind speeds, pollutants accumulate
near the source, whereas with an increase in wind speed to v =4 m/s, v = 4.5 m/s, and
w = 0.05 m/s, pollutants are rapidly carried away from the source. With an increase in
vertical wind speed to w = 4.5 m/s, particles rise into the upper layers of the atmosphere,
which contributes to a decrease in their concentration near the earth’s surface over time.



162 Ravshanov N., Kamoliddinova F., Lu Y.

Software interfaces have been developed for interaction with geoinformation and
weather web services, allowing computational experiments to be conducted using real
weather and climate data for a given territory.
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MOAEJINMPOBAHUE ITEPEHOCA N INOPY3UNN
SATPASHAIOIINX BEIITECTB B IIO'PAHNUYHOM CJIOE

ATMOC®EPEI C YUETOM OPOI'PA®UN MECTHOCTU
1N METEOPOJIOTNTYECKUNUX ®AKTOPOB

! Paswanos H., ' Kamoauddunosa D., **Lu Y.
*luyy@ncut.edu.cn
'Hayuno-uccieoBaTeIbeKnii HHCTUTYT Pa3BUTHS MUMPOBLIX TEXHOJIOIMil I MCKYCCTBEHHOTO
naresiekta, 100125, Y3bekucran, r. Tamkent, M-8 By3-2, 17A;
2IIkoJa NCKYCCTBEHHOIO MHTEJIJIEKTA M KOMIILIOTEpHBIX HayK, Cesepo-Kuraiickmit
Texaosiornvdeckuit yuupepcuret, 100144, Kuraii, r. [lekun

B crarpe paccmarpuBaercs 3ajiada MOJEJIUPOBAaHUS Ipolecca mepenoca u auddy-
3UN 3alr'PASHAIONNX BEIIECTB U ad3PO30JIbHBIX MEJIKOJUCIIEPCHBIX 9aCTHUIl B IIOT'PAHUYIHOM
cJ10e aTMOCQEPBI ¢ YIETOM 0pOrpadpuIecKux 0COOEHHOCTEH 3eMHON TOBEPXHOCTH, CKOPO-
CTU JBUKEHUS BO3JYIIHBIX MACC, TEMIIEPATYPhI, BJIAXKHOCTU U IJIOTHOCTH BO3/yXa, JIHa-
MeTpa dJacTull, KoaddunnenToB auddy3nn n MTOIJIONEHNs, a TaK:Ke B3auMOIACHCTBUs
3arpsi3HSIONINX BEIIECTB C MOJCTUJIAIONIEH 36MHON MOBEPXHOCTHIO U JIPYTUX BHEITHUX
daxTopos. Ha ocHoBe IpelJIO?KEHHOIO MAaTEMATUYIECKOTO aIllapaTa MPOBEIEHbI BLIUKC-
JINTEJIbHBbIE IKCIIEPUMEHTBI, B XOJ/J€ KOTOPBLIX BBIABJICHO, YTO BBLICOKasd CKOPOCTL BETpPa
B COYETAHUU C HEYCTONYMBOH crparudukanueit arMocdepbl 1 UHTEHCUBHBIM IIEPEHOCOM
npuMeceil IPUBOAUT K 3HAYUTELHOMY YBEJUYEHUIO KOHIIEHTPAIUU BPEJHBIX BEIIECTB
B IIPU3EMHOM CJIOe aTMOCGEPDbI. YCTAaHOBJIEHO, UTO MPU PACCENBAHUU BPEIHBIX BEMIECTB
B aTMocdepe OCHOBHYIO POJIb UI'PAIOT MOPU30HTAJIbHBIE TIOTOKU. PeIeHbl TeCTOBbIE 3a-
JIa<n TIPH PA3JIMIHBIX 3HAYEHHUSX pasMepa dacrul (d, = 1077, 1078 uw 107° M). Yera-
HOBJIEHO, 9YTO C T€YE€HUEM BPEMEHU IIPU YMEHLIICHUN Pa3Mepa IaCTHUIl O6JI&CTB nx pac-
[IPOCTPAHEHNUSI CYIIECTBEHHO PACIIUPAETCS B HAIIPABJIEHUN JIBU2KEHUST BO3/LYIITHON MACCHI.
BbraucimreibHbIMI 9KCIIEPUMEHTAME YCTAHOBJIEHO, YTO IIPU CKOPOCTSIX BeTpa u = 2 M/c,
v =0 wM/c, w = 0,05 m/c u Temueparype Bozayxa B auanazone T = 20-30°C pacupo-
CTpaHEeHUE 3alr'PA3HAIONMNX BEIIECTB IIPOUCXO/UT MPECUMYIICCTBEHHO B I'OPU3OHTaAJIbHOM
Hanpasjienun. [Ipu HuU3KOI CKOpPOCTH BeTpa HAOJIIOMAETCs HAKOILICHWE 3arPSI3HSIONINX
BeIecTB BOIM3U NCTOYHUKA, TOTJIA KaK MIPH YBEIMIEeHUN CKOPOCTH BeTpa /10 u = 4 M/c,
v=4,5wm/c, w= 0,05 M/c IPOUCXOUT YCKOPEHHOE y/IAJICHIE 3arPA3HSIONIIX BEIIECTB OT
ucrounuka. [Ipu BeprukaabHOii ckopocTu Berpa w = 4,5 M/ IPOUCXOIUT TOIBEM YaCTHIL
B BEPXHHE CJIOU aTMOCQEPHI, ITO CIIOCOOCTBYET CHUXKEHUIO MX KOHIIEHTPAIINHN Y IOBEPX-
HOCTHU 3€eMJIM C TE€YeHHeM BPEMECHH. SICTaHOB.)'[eHO7 9TO 1Ipnu OTHOCHUTEJILHON BJIa>KHOCTHN
Bozayxa 80 % CcKOpoCTb OCasKIeHust 9acThIl yBeanausaeTcsa B 1,442 pasa; npu BIasKHO-
ctu 90 % — B 1,765 pasa; a npu BaaxkHoctu 95 % — B 2,190 pasa.

KiroudeBple ciioBa: MareMaTniecKoe MOJI€JINPOBaHUE, YUCJIEHHbIE METO/Ibl, METEOPOJIO-
rm4ieckKue ycJjaoBud, oporpachH MECTHOCTHU, 3al'PA3HAIOIINE BeIleCTBa, BJIa2KHOCTb U TEM-

neparypa BO3/yXa, BBIYUCJIUTE/IbHbIE SKCIIEPUMEHThI

Huruposanue: Paswaros H., Kamosuddurnosa @., Lu Y. MonemupoBaHue mepeHOca
n qudDy3un 3arpAa3HSIONIX BEIIeCTB B MOIPAHUYHOM CJI0€ aTMOChEpPHI ¢ YIETOM OPO-
rpadun MECTHOCTH U MeTeoposorndeckux dpaxropos // IIpobieMbl BBIYHCIUTETIHHON 1
npuk/agHoil Mmaremaruku. — 2026. — Ne5(76). — C. 148-164.

DOI: 10.71310/pcam.5 76.2026.10



No5(76) 2026

ARl TEXNOECCYALAR VA, SUNTY STELLEXTHI
BN A MTIRESH LN TADCRGCOT InNSTITUM

HISOBLASH VA

MATEMATIKA
MUAMMOLARI

[TPOBIEMBI BbI1HC/
N TIPHRJIATHOH MA!

PROBLEMS OF COMP

AMALIY

HTEIBHOR
EMATHKH

UTATIONAL

AND APPLIED MAT

IEMATICS

[SSN 2181-§460




I[TPOBJIEMBI BEIYNCJINTEJIBHOM 1
[TPUKJIAJTHOII MATEMATIUKUA

Ne 5(76) 2026

2Kypnana ocunoan B 2015 romy.
N3znaercsa 6 pa3 B roj.

Yupeaureb:
Hayuno-nccieoBare/ibCKuii HHCTUTYT Pa3BUTHS IU(MPOBBIX TEXHOJIOTHIA 1
HMCKYCCTBEHHOIO MHTEJLJIEKTA.

I';maBHBI pemaKkTOp:
Papmanos H.

3amecTHuTE M TVIABHOTO PEJAaKTOPA:
Apumos M.M., [Tagumeros X.M., Axmemon 1. /1.

OTBeTCTBEHHBIII CeKpeTaphb:
Voaiipynnaes M.IILI.

Pepakinonnsbrii coBer:

Azamo A.A., Anoes P.J1., Amupramues E.H. (Kazaxcran), Apymanos M.JL.,
Abpynnozona C.®. (Tapkukucran), Bobopaxumos B.11., Bypuames B.®.,
Hxymaésos V.3., 3arpebuna C.A. (Poccus), Samopun AWM. (Pocens), Urnarbes H.A.,
Unsun B.II. (Poccns), Umankynos T.C. (Kazaxcran), Ucmarmmos .1 (Poccus),
Kabanuxun C.U. (Poccus), Kyp6ornos H.M., Mamaros H.C., Mupzaes H.M.,
Mypagos ®@.A., Hasuposa 9.111., Hopmypomos YU.B., Hypanues ®@.A., Hypaaues @.M.,
Omnanacenko B.H. (Ykpanna), Pacymmyxamenos M.M., Cajynaesa 1A,
Craposoititos B.B. (Benapycn), Xaéros A.P., Xammpkururos A., Xamuamos P.X.,
XywxaeB N.K., Xyxaepos B.X., Qmmamarosa /1.B., dyctmypomosa 11.2K.,

Use En Yu (Poccns), Ila6ozos M.III. (Tamkukucran), Dimov 1. (Boarapus),

Li Y. (CIIA), Mascagni M. (CIIA), Min A. (l'epmanus), Singh M. (FOxnas Kopes).

Kypnan saperucrpupoBan B AreHTCTBe HH(MOPMAIME U MACCOBBIX KOMMYHUKAIIWI 1TpU
Avmancrpanun [pesugenta Peciybmukn Y36ekucran.
Ceugerenbcro Ne0O8H6 ot 5 asrycra 2015 roza.

ISSN 2181-8460, eISSN 2181-046X

HpI/I eperedaTrke MaTepruaJjioB CChlJIKa Ha 2KYypHall 0b0g3aTeNILHA.
3a TOYHOCTb (baKTOB n JOCTOBEPHOCTD I/IHCbOpMaHI/H/I OTBETCTBEHHOCTDb HECYT aBTOPHI.

A npec penakmun:

100125, r. TamkenT, M-B. By3-2, 17A.
Tem.: +(998) 71 263-41-98.
O-noura: journals@airi.uz.
Beb-caitT: https://journals.airi.uz.

JnzaiitH 1 BEpcTKAa:
[MTapunos X./I.

Orneuarano B Tunorpacdun HUM PIITUN.
[Tognucano B ewars 28.10.2026 1.
@opmar 60x84 1/8. Bakaz Ne 6. Tupazx 100 k3.


https://journals.airi.uz

PROBLEMS OF COMPUTATIONAL AND
APPLIED MATHEMATICS

No. 5(76) 2026

The journal was established in 2015.
6 issues are published per year.

Founder:
Digital Technologies and Artificial Intelligence Development Research Institute.

Editor-in-Chief:
Ravshanov N.

Deputy Editors:
Aripov M.M., Shadimetov Kh.M., Akhmedov D.D.

Executive Secretary:
Ubaydullaev M.Sh.

Editorial Council:

Azamov A.A.; Aloev R.D., Amirgaliev E.N. (Kazakhstan), Arushanov M.L.,
Abdullozoda S.F. (Tajikistan), Boborakhimov B.I., Burnashev V.F., Djumayozov U.Z.,
Zagrebina S.A. (Russia), Zadorin A.L. (Russia), Ignatiev N.A., Ilyin V.P. (Russia),
Imankulov T.S. (Kazakhstan), Ismagilov I.I. (Russia), Kabanikhin S.I. (Russia),
Kurbonov N.M., Mamatov N.S., Mirzaev N.M., Muradov F.A., Nazirova E.Sh.,
Normurodov Ch.B., Nuraliev F.A., Nuraliev F.M., Opanasenko V.N. (Ukraine),
Sadullaeva Sh.A., Starovoitov V.V. (Belarus), Khayotov A.R., Khaldjigitov A.,
Khamdamov R.Kh., Khujaev [.LK., Khujayorov B.Kh., Eshmamatova D.B.,
Dustmurodova Sh.J., Chye En Un (Russia), Shabozov M.Sh. (Tajikistan),
Dimov I. (Bulgaria), Li Y. (USA), Mascagni M. (USA), Min A. (Germany),
Singh M. (South Korea).

The journal is registered by Agency of Information and Mass Communications under the
Administration of the President of the Republic of Uzbekistan.
Certificate of Registration No. 0856 of 5 August 2015.

ISSN 2181-8460, eISSN 2181-046X

At a reprint of materials the reference to the journal is obligatory.
Authors are responsible for the accuracy of the facts and reliability of the information.

Address:
100125, Tashkent, Buz-2, 17A.
Tel.: +(998) 71 263-41-98.
E-mail: journals@airi.uz.
Web-site: https://journals.airi.uz.

Layout design:
Sharipov Kh.D.

DTAIRI printing office.
Signed for print 28.10.2026
Format 60x84 1/8. Order No. 6. Print run of 100 copies.


https://journals.airi.uz

Conepxkanne

Pacynos A.C., Paumosa I'"M., Paxmamos M.H.
Metox Monre-Kapiio jist pereHust HeJTMHEHONO KHHETUIECKOTO yPABHEHHS
Boapnmana .. . .. O <

Jwrynos M.V., Xamdamos P.X.
MHorokpurepuaibHas ONTUMHU3AINS CHCTEMBI TOIbEMa BOJIbI C UCIIOJIb30Ba~
HUEM COJIHEYHBIX (DOTOIIEKTPUUECKUX TMaHeJ el . . . . . . . . . . . . . ... ... 22

A60dyanaes K.JI.
[IpunIun pasaesneHus KJ1acCoB U 3aBUCUMOCTD PE3Y/IbTaTOB KJIACTEPU3AIUNA OT
MEPBI PACCTOTHUS . . . « o o o v v v v e e e e e e e e e e e 33

Pamasonos 11111
Cenekiust 00bEKTOB 110 OTHOIIEHUAM € OJIMKAAIIIMI 00beKTaMi IIPOTUBOIIO-
JIOZKHOT'O KJIaCCa U COXpaHeHHue JIOKAJIbLHON CTPYKTYphI oOyJaroiieil BeIOOpku . . 46

Hcomudounos A. 1., Axbaposa A.A., Axbapos B.X.
MapkoBcKasi IepeKJIiodaiomiasicad BeKTOpHasl aBTOPErpPecCHs JJIsi CKPBITHIX
[JIMKEMIIECKUX PEXKUMOB B PEAJIbHBIX JJAHHBIX CAMOKOHTPOJIS Juabera: OreH-
K& Ha OTJIO?KEHHON BBIOOPKE . . . . . . .« v v v v v i v i e i e v oo oo 60

Kum K. K.
Cpasuurenbabiii anans XAl-110/1x0/10B j1Jist 0OHAPYKEHUsI CHHTETUYIECKO pedn 72

Qumamamosa /. B., Corusrcanosa K. A.
[Ibadduanosa cTpykTypa u crieKTpaJibHas JUHAMUAKA JIUCKPETHOTO OIlepaTO-
pa Jlorku—BosbTepphl: 1101X0/1 K HHTErPaIid Me0JJOrHIeCKIX JaHHbIX . . . . . . 95

Lorcymaésos V.3., A6dupaxmornosa M.H., Yemonos JI.C.
YucieHHoe pellleHre TPEXMEPHON CBA3aHHONW JIUHAMUYECKON 3aJa4d TepMO-
YIOPYTOCTU B JEPOPMAIUAX . « .« o o o o v e e e e e e e oo e e e oo 119

Baxaes U.U., Axmedocarosa J].A.
Q--CIIpaBeJ/INBast ONTUMUBAIMOHHAsS MOJIE/Ib U YUCJCHHBIE aJTOPUTMBI BHIOODa
oO0ITelt JIEKCMYECKON HOPMBI TIODKCKHUX SI3BIKOB . . . . . . . . . . . . . . . .. .. 137

Paswanos H., Kamoruddurnosa @., Lu Y.
MogemmpoBanune nieperoca u audys3un 3arpsa3HsIONInX BEIEeCTB B TOIPaHITI-
HOM cJ10e aTMOocdhepbl ¢ yIETOM oporpadun MECTHOCTH U METEOPOJIOTUIECKUX
GAKTOPOB . . . . . . e 148



Contents

Rasulov A.S., Raimova G.M., Rakhmatov M.Y.

Monte Carlo solution of the nonlinear kinetic Boltzmann equation . . . . . . .

Eshkulov M.U., Khamdamov R.Kh.

Multi-criteria optimization of solar photovoltaic-based water lifting systems . . .

Abdullaev K.D.
The principle of class separation and the dependence of clustering results on

the distance measure . . . . . . . ..

Ramazonov Sh.Sh.
Instance selection based on nearest-enemy relations and preservation of the

local structure of a training sample . . . . . . . .. .. ...

Isomiddinov A.l., Akbarova A.A., Akbarov B.X.
Markov-switching vector autoregression for latent glycaemic regimes in real-

world diabetes self-monitoring data: an out-of-sample evaluation . . . . . . . .

Kim K.K.

Comparative analysis of XAl approaches for synthetic speech detection . . . .

Eshmamatova D.B., Solijanova K.A.
Pfaffian structure and spectral dynamics of a discrete Lotka—Volterra operator:

a framework for geological evidence integration . . . . . . . . .. ... ... ..

Djumayozov U.Z., Abdirakhmonova M.N., Usmonov L.S.
Numerical solution of a three-dimensional coupled dynamic thermoelasticity

problem in terms of strains . . . . . . . . . ...

Bakayev 1.1., Akhmedjanova D.A.
An o-fair optimization model and numerical algorithms for selecting a common

lexical norm of Turkic languages . . . . . . . . . . .. ... ... ... ...

Ravshanov N., Kamoliddinova F., Lu Y.
Modeling pollutant transport and diffusion in the atmospheric boundary layer

considering terrain orography and meteorological factors . . . . . . . ... ..



	Обложка_А3 (2)--
	Обложка_А3 (2)--

