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Mathematical and numerical methods are used to simulate physical and chemical processes when building models of pollutants dispersion
in the air and on the soil surface. Based on meteorological data and information on the source of emissions, these models characterize both
the primary pollutants entering the atmosphere directly and the secondary ones formed as the result of complex chemical reactions. These
models are important for the air quality management system, as they allow monitoring emissions into the atmosphere, predicting their
distribution, as well as developing effective strategies intended for reducing harmful substances in the atmosphere. The article presents an
overview of computational methods used to simulate the pollutants dispersion in atmospheric air and on the soil surface, such as the
Gaussian torch model, the Lagrangian dispersion stochastic model, and the Eulerian model of atmospheric diffusion. The practical
application of the considered models showed sufficient reliability and validity of the air and soil pollution levels forecast. The simulation
uses computer programs that include algorithms for solving the mathematical equations that control pollutant dispersion. The dispersion
models are used to estimate the concentration of air pollutants or toxins. They can also be used to predict future concentrations under
certain scenarios. They are useful for studying the pollutants that disperse over long distances and can initiate reactions in the atmosphere.
Such software products are as follows: AEROPOL, AERMOD, GRAL, TAPM CSIRO, CALPUFF, HYSPLIT, etc. A method of
processing information about the pollution sources and the environmental parameters, based on the HYSPLIT program, is proposed to
form maps of the volume and surface activity of radionuclides. This method was applied to analyze the process of the plutonium isotopes
dispersion as a result of the movement of air masses in the places of fires in April 2020 in the exclusion zone of the Chornobyl NPP, as
well as the associated hazard for the population health and the environment.

Keywords: turbulent diffusion equation, impurity scattering in the atmosphere, point source, near-surface concentration level,
atmospheric pollution, volumetric activity of radionuclides.
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Currently, the atmospheric pollution is increasing due to the anthropogenic influence of industrial enterprises,
nuclear power plants, transport, industrial and household waste dumps, and urban construction. The problem of
environmental protection requires a large amount of experimental research invested in monitoring of the environment
state. Environmental monitoring systems, which include automatic (stationary) and mobile air pollution monitoring
stations, have been created to effectively control the quality of the atmosphere. One of the main tasks of environmental
monitoring is the collection of data on concentration of pollutants. This information is necessary for further analysis and
forecasting of air and soil quality when making management decisions as to ensuring the environmental safety.
Monitoring of the environment state allows analyzing data and determining the impact of atmospheric pollution on the
quality of the environment and on the health of population.

Theoretical studies are needed to develop models that include identification of pollution sources, quantification of
pollutant release rates, understanding of the process of the emission transportation from the source to the point of
discharge, and knowledge of the physical and chemical transformation processes of the released substances, that may
occur during this transportation.

The creation of models for the estimation of the concentration fields and source parameters using the observation
data and model representations of the impurity dispersion processes allows more reliable control of the main parameters
of the technogeneous pollution of the area. This approach makes it possible to determine the information capability of the
observation systems and to optimize the position and the number of sampling points.

THE TECHNIQUES OF SIMULATION OF THE POLLUTANTS DISPERSION IN THE ATMOSPHERIC AIR

When building models of air quality, mathematical and numerical methods are used to simulate physical and
chemical processes that affect the substances dispersion in the atmosphere. Based on meteorological data and information
about the source of emissions (emission concentration, smokestack height, etc.), these models characterize both primary
pollutants, which enter the atmosphere directly, and secondary pollutants, which are formed as a result of complex
chemical reactions in the atmosphere. These models are of great importance for the creation of an atmospheric air quality
management system, as they allow controlling emissions into the atmosphere, predicting their dispersion and developing
effective strategies for reducing harmful substances in the atmosphere.

The development and improvement of new models is associated with the development of computer technology and
the appearance of previously unavailable satellite meteorological data. This allows taking into account a large number of
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pollutants and their interaction, a large number of emission sources of various configurations, and the influence of
complex atmospheric processes.

The process of the dispersion of pollutants occurs due to their being transferred by air masses and the diffusion caused
by turbulent air pulsations. Almost all the impurities sooner or later deposit on the Earth's surface, the heavy ones — under
the influence of the gravitational field, the light ones — as a result of the diffusion process. The pollutants get into atmospheric
air, water, soil, and later into the living organisms. The assessment of contamination of the atmosphere and the underlying
surface with impurities is carried out using mathematical models built on the basis of partial differential aerodynamic
equations, as well as their finite-difference approximations. These models are also known as atmospheric dispersion models.

Theoretical and experimental studies of processes of the impurities diffusion and features of their spatio-temporal
dispersion are the basis for an objective assessment of the state and trends of changes in atmospheric air pollution of soil,
vegetation, and water bodies.

The most significant amount of fundamental research in the field of the environment is performed in the USA and
European countries. In many countries, the air quality is assessed using the AQI index (air quality index). This index is
used by all the world environmental government bodies to inform the public about the level of air pollution, as well as to
forecast air pollution [1, 2].

To obtain indicators of atmospheric air pollution, some up-to-date models for calculating the concentrations of
pollutants in the atmosphere are needed.

The success of developing air pollution models depends on understanding the laws of pollutants dispersion. The
main factors determining the dispersion of a pollutant are advection (horizontal transport) and vertical diffusion. The wind
speed determines both the mechanism of transportation of impurities and atmospheric turbulence [3].

The input information that is required when building a model includes three main groups of parameters: source
parameters, environment parameters, and boundary conditions.

The source parameters include the rate of the impurity release, the type of the source (point, linear, surface), the
nature of the source functioning (instantaneous, continuous), the properties of the pollutant, and its chemical activity.

The group of environmental parameters includes: the temperature gradient (vertical, horizontal), wind direction and
speed, cloud cover, radiation, precipitation, rate of temperature and pressure change, values of background concentrations
of impurities in the air.

The group of boundary conditions is formed by the surface properties (roughness, topography), inversion height,
surface temperature, and surface air currents.

The accuracy of the model depends on the completeness of accounting for the variables included in each group. The
simulation allows obtaining the dispersion of impurity concentration in space and time, evaluating the processes of
impurity deposition, washing-out, chemical interaction, and sorption [3].

There are four main approaches to solving the problem of the substance scattering of in a moving gaseous medium [4]:

1. Direct experimental research, which is related to the use of instrumental methods for determining the form of
emissions, trajectory of the pollution spread, diffusion conditions. This approach is used to solve tasks of operational
forecasting and management, but not long-term planning.

2. The theory of similarity is used in modeling in those cases when, it is impossible to correctly assess the boundary
conditions and directions of air flows due to the complexity of the topography and buildings, and therefore the hydraulic
models have to be used.

3. The theory of pollutant diffusion is based on the law of mass conservation. It assumes the uniformity of the main
movement along the coordinate axes and the use of the common methods of averaging the turbulent characteristics
consisting of average and pulsational components. The solution of the semi-empirical diffusion equation is widely used
to calculate the dispersion of impurities in the atmosphere.

4. The classical statistical theory describes atmospheric turbulence in terms of its intensity, scale, and spectral
properties. It allows studying the history of the movement of individual particles and determining the statistical
characteristics necessary for the description of diffusion.

The type of random process, used in the study of turbulence and diffusion, can be characterized as stationary,
homogeneous, isotropic, and Gaussian.

Since each approach has its advantages and disadvantages, the choice of any of the listed approaches depends on the
fact how adequate the conditions of the pollution process under study are in this case. The progress in the development
of atmospheric diffusion understanding is achieved by combining the use of the theory with carefully planned
observations and experiments.

One of the last stages of simulation is related to the choice of the coordinate system. Some models use the moving
Lagrangian coordinate system, some other ones use the fixed Euler coordinate system. The models using Lagrangian
coordinates allow determining the substance concentration at any moment along the curvilinear trajectory of its
dispersion, and here it is not necessary to integrate the model along all three spatial coordinates. The model with Euler
coordinates allows obtaining a solution at any point in space and for any moment of time. Such a model turns to be
convenient in the case of a large number of point sources.

The final stage in the process of the model building is the selection of its basic version, which is characteristic of the
adopted approach to simulation. This basic model can be static or dynamic, deterministic or stochastic, linear or non-
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linear, stationary or non-stationary by analogy with the models, which are used in chemical technology. Fig.1 presents
the classification of mathematical models designed for the atmospheric pollution assessment and forecast.
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Figure 1. Block diagram of the mathematical models classification of the pollutants dispersion in the surface layer of the
atmosphere
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Forecasting models are used to simulate atmospheric air pollution processes. Long-term and operational forecasting
models are distinguished. For long-term forecasting, the calculation (analytical, approximation) models, based on the
solution of the turbulent diffusion equation, have become the most widespread. They are "torch", "clew", "box" models,
and finite-difference ones. For operational forecasting, statistical models of linear and non-linear regression, as well as
models of heuristic self-organization (method of group accounting of arguments) are widely used. For operational
forecasting of air pollution in case of emergency and volley emissions, the calculation (analytical methods) " clew "
models should be used, which are employed to forecast the spread of impurities from instantaneous point sources. The
most common are forecasting models that are obtained with the solution of the turbulent diffusion equation taken into
account. The phenomena of pollutant transfer and diffusion are described by the equation [2]:

% = div(K - gradC) — grad(CU) + Q )
turbulent diffusion convection source

where C is the concentration of the pollutant; K = (ky, ky, k) is the vector of turbulent diffusion coefficients; U = (u, v,
w) is the vector of the averaged velocity field of the air medium; Q is the pollutant emission rate of the source.

The choice of the initial and boundary conditions, which are necessary to solve equation (1), depends on the
operating conditions of the source and the properties of the underlying surface.

On the basis of equation (1), four main types of models are obtained: "clew", "torch", "box" and finite-difference
ones. In general, solving equation (1) using analytical methods is impossible. This becomes possible either by simplifying
the equation or by using numerical methods.

Thus, the presence in equation (1) of the assumptions about the absence of convective transfer, non-isotropy of the
medium and the location of the source outside the analyzed area, leads to the equation:

ac a?c a%c a%c
=k +kym+kza7. (2)

ot Xoxz

The fundamental solution of this equation has the form of Gaussian function. This solution is used in the models of
"clew" and "torch" type.

The model of "clew" type assumes an instantaneous source of pollution. The process of transferring the forming
cloud ("clew") from the source under the wind influence is considered in the moving coordinate system. The equation of
the non-stationary Gaussian model has the form:
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where C(x, y, z, t) is the concentration of the pollutant at the point with coordinates x, y, z at time t; U, V, W are the
average values of wind speed in x, y, z directions at time t; oy, oy, 0, are the standard deviations of "clew" dimensions in
X, y, z directions, respectively; Q is the amount of the substance released by the pollution source at time t [4].

The model allows determining concentrations on the curved trajectory of the "clew" movement. In addition, it allows
taking into account the change in atmospheric stability. Operating with the "clew" model involves real-time observation
of the wind field. Integrating the model over space allows obtaining a solution for the instantaneous volumetric source.

The shortcomings of the model include: the requirement of a large amount of meteorological data (measurements of
wind speeds along all three coordinates), the difficulty of determining the initial height of the gravity center of the "clew",
the complexity of the calculation program.

The “torch” model (stationary Gaussian model) is based on the assumption of a continuously operating point source.
It is obtained by integrating equation (1) over time. The equation of the "torch" model looks like this:

cOait =g |42 [fom [ ()] - em -1 @

where C(x, y, z, H) is the concentration dispersion along the x, y, z coordinates; Q is the pollutant release rate; U is the
average wind speed; oy , o, are standard deviations of the "torch" dimensions in the horizontal and vertical directions at
the given x; H=h+Ah is the effective height of the "torch"; h is the pipe height; Ah is the rise of the "torch") due to its
buoyancy [4].

The major advantage of the "torch" model is its simplicity and the possibility to calculate the concentration fields
basing on a relatively small number of experimentally determined parameters.

The "box" model is used for the rough estimation of the pollutant released from large surface sources. In this model,
it is assumed that inside the analyzed volume of air, the concentration does not depend on the coordinates y and z, and
the particles of the substance do not move relative to the environment. The wind speed is assumed to be the same with
height. Such an assumption is usually made in the absence of more precise meteorological data. Besides, it is necessary
the diffusion of the jet in the transverse and vertical directions to be small. This assumption is valid if the source of
pollution is limited by buildings, topographic irregularities (mountains, hills) and the inversion height.

In addition to the single "box" model, there are known options for building of the multi-box models intended to
estimate the concentrations from the distributed emission sources. In these cases, the atmosphere is divided on the system
of "boxes", and then the impurity fluxes between the boxes and the concentrations in each of them are calculated. The
"boxes" are usually bounded below by the earth surface, and above by the height of the inversion or an arbitrarily chosen
upper boundary.

Such a model is, in fact, a finite-difference analogue of the diffusion equation under the condition of vertical
homogeneity of the medium, the absence of diffusive components, and the transfer occurring only due to advection being
taken into account. Basing on such models, the impurity concentrations in the entire region are calculated for the same
time.

The multi-box model has the following disadvantages: 1) the complete mixing is assumed to occur in the vertical
direction; 2) the absence of diffusion between the "boxes" is assumed; 3) the accuracy of the model corresponds to the
accuracy of the first-order differential equation.

Another broader class of models was obtained as a result of replacing the diffusion equation with simpler equations
and using numerical methods for their solution, they are "finite-difference” models. These models are based on the
approximation of the air basin by three-dimensional cells to obtain the numerical solution. The main problems here are
due to the model stability and accuracy.

The practical application of the models considered above showed sufficient reliability and validity of the forecast of
air pollution levels created by individual powerful point sources.

Subject to the implementation methodology, the known methods of forecasting atmospheric processes can be
divided into numerical, statistical, and pattern recognition methods [4, 5].

The forecasting methods, being developed on the basis of mathematical description of the impurities dispersion, in
which the turbulent diffusion equation is used, are numerical. Such methods are universal with respect to the source,
medium characteristics, and boundary conditions and allow the use of turbulent exchange parameters. Numerical methods
of forecasting are used to solve the following tasks:

1. Forecast of maximum impurity concentrations from the sources, that is, the calculation of maximum
concentrations created at a certain distance from the source.

2. Forecast of integral characteristics of air pollution from the plane source.

3. Forecast of the highest concentration from dispersed sources.

For the forecast of air pollution from individual sources and from a group of sources, the methods of numerical
integration of the atmospheric diffusion equation are used directly.
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The forecast of air pollution in cities and industrial areas using the statistical models is carried out by statistical
methods. The latter ones are based on statistical analysis of observations. It is assumed that during the analysis period, as
well as during the forecast period, the emissions and location of the sources practically do not change. This is associated
with certain errors and limitations of the results of analysis and forecasts, which are not characteristic of numerical
methods, so the specified assumption is used for relatively short forecast periods, i.e. from a few hours to a few days.
Besides, with a large number of sources and their insufficient power, it can be assumed that the increase in emissions
from some of them is compensated by the decrease from the other ones. Therefore, the growth of average and total air
pollution in the city is mainly associated with the changes in meteorological conditions or the synoptic situation.

The Important factors for ensuring the accuracy of the air pollution forecast are the choice of model parameters and
the synoptic situation and sets of meteorological factors being taken into account.

To study the influence of meteorological conditions of air pollution, it is possible to apply the method of pattern
recognition. The task of identifying the sources of air pollution can be considered as a typical task of pattern recognition.
The image recognition is the classification of the initial data into a certain class using the choice of the existing features
or properties, which characterize these data, from the total set of features. The subject of recognition combines a number
of scientific disciplines. They are combined by the search for a solution to the common problem of distinguishing
elements, which belong to a specific class among many different elements belonging to several classes.

ANALYSIS OF THE SOFTWARE DESIGNED FOR SIMULATION OF ATMOSPHERIC
POLLUTION DISPERSION

The simulation of atmospheric dispersion is the mathematical simulation of the process of the pollutant’s dispersion
in the surrounding atmosphere. The simulation is carried out using computer programs that include algorithms to solve
the mathematical equations, which govern the pollutant dispersion. The dispersion models are used to estimate
concentrations of air pollutants or toxins emitted from the sources, such as industrial enterprises, motor traffic, or
accidental emission of chemicals. They can also be used to predict future concentrations under certain scenarios. They
are most useful for studying pollutants that disperse over long distances and can initiate reactions in the atmosphere.

Many up-to-date programs, designed to simulate dispersion, include a preprocessor module for inputting
meteorological and other data, and a postprocessor module for graphical representation of the output data and mapping
of the area exposed to the air pollutants. The diagram of the area under exposure may also include isopleths showing the
areas having from minimum to high concentration, which represent the greatest risk for health.

In many countries of Europe and in the USA, currently, when numerically predicting the spread of impurities in the
boundary layer of the atmosphere, the Gaussian "torch") model, or the dispersive Lagrangian stochastic model, or the
Eulerian model of atmospheric diffusion is chosen.

The Gaussian model assumes that pollutant dispersion occurs in a Gaussian dispersion. Such models are usually
used to predict the "torch") emitted by a stationary emission source. Gaussian-type models dominate in the majority of
regulatory documents of many countries of the world, regulating the procedure and rules for calculating surface
concentrations up to the distances of 50 km.

The Gaussian "torch" model functions in a stationary mode, the meteorological parameters do not change in time and
space. This model is most often used to predict the spread of long-term atmospheric pollution from the sources located at the
level of the earth surface or at some height. The application of the model is limited to the local scale. This technique is
recommended by the United States Environmental Protection Agency (EPA) for calculations that are of a regulatory nature.

The Gaussian "torch" model is implemented in many software products. In fact, this is currently the most common
method of atmospheric pollution simulation: CALINE4 [6], HIWAY2 [7], CAR-FMI [8], AEROPOL [9], ADMSS5 [10], etc.

One of the most well-known systems for simulation of the pollutants spread in atmospheric air, which uses the
Gaussian "torch" technique, is AERMOD [11].

AERMOD is the model developed by AERMIC (a joint working group of scientists from AMS (American
Meteorological Society) and EPA) for regulation of atmospheric air pollutions. AERMOD is an up-to-date advanced
"torch" model. This model uses the pollutant dispersion based on the atmospheric boundary layer turbulence structure
and the scaling concept; it is capable of handling simple and complex terrain. AERMOD considers pollution from three
types of "torches": main, indirect and penetrating (Fig. 2) [12].

For steady conditions, the expression for AERMOD concentration (Cs) has the Gaussian form and is similar to that
used in many other steady-state "torch" models:

Q o (z—hes+2mz;e )2 (z+hes+2mz;, )2
Coloy2) = 2y o [ex” (T”)*exp <—” , )
F,=-—— (_i) ’
vy J2moy exp 20y ( )

where u is the wind speed; Fy is the lateral dispersion function; z is the effective mechanical height of the mixed layer;
6 1s the total vertical dispersion; h is the height of the "torch") (the height of the emission source plus the height of the
"torch" itself).
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Figure 2. Schematic of the torch simulation in AERMOD [12]

In AERMOD, the total concentration (C) is calculated by formula (7) by summing the contribution from three
sources:

C(x,y,z) = Ca(x,y,2) + C,(x,y,2) + C(x,y,2). @)
The concentration from the main source is calculated by formula:
Qf; o A (z=pqj—2mz;)° (z+1pgj+2mz;)°
Cd = (X,J’;Z) = \/%Fy Z%:lZm—Oij[exp <_1121le> +exp <_dij]] > (8)
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where Ahg is the plume height of the emission source; hs is the plume height, with the height of the emission source taken
into account; w;j is the vertical velocity for the upflow (j = 1) and dispersion of the downflow (j = 2); 6, and yg; are the
parameters of the emission source height and vertical dispersion. The subscript j=1 is used for the upflows and j=2 for
the downflows.

The concentration from the indirect source is calculated according to the following formula:

of, w A +pi—2mz;)’ —pgi+2mz;)’
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where, Y= Wq- Ah;, and Ab; is the plume from an indirect source.
For the penetrating source the expression for concentration (C,) has Gaussian form in both vertical and transverse
directions. The concentration caused by this source is determined by the formula:
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where zicsr is the height of the upper reflecting surface in the stable layer, and 6, is the total dispersion for the penetrating
source.

The complete AERMOD simulation system consists of two processors: a meteorological preprocessor (AERMET)
and a mapping program (AERMAP), as well as the dispersion model itself. The detailed information on the development
of the model is described on the EPA resource [11].

The Lagrange's method and the Euler's method for describing turbulence are used when solving different problems,
independently or mutually complementing each other.

The Euler’s models are built on the solution of the semi-empirical equation of turbulent diffusion, which is integrated
on a finite-difference Euler’s grid. The representation of turbulence by Euler is related to the assignment of the field of
random variables in space and time by means of an equation or a system of equations, such as the equations of
hydrodynamics. By successively averaging these equations, a system of equations describing any processes in a turbulent
environment is obtained. In this case, the argument is the set of coordinates of points in space, and the components of the
velocity vector of the medium movement and the values of the impurity concentration at this point in space are functions
of these coordinates and time [3, 13].

The Eulerian model of atmospheric diffusion rather easily solves the problems associated with predicting the
mesoscale transfer of emissions. However, due to the use of a relatively coarse grid (horizontal linear size is several
kilometers or more) there are difficulties in presenting concentration gradients from the point and line sources [3].
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The Eulerian models differ among themselves subject to the method of obtaining the meteorological values, i.e.
wind speed and turbulent diffusion coefficient. These models, unlike the Gaussian models, are rather complex and require
significant software processing time. Currently, there are a large number of implemented Eulerian models of pollutant
transport in the atmosphere. However, many of them are suitable only for the areas of about several tens of kilometers,
what does not allow studying the long-range impurity transfer.

In the Lagrange method, an infinitesimal particle with coordinates at a fixed time is considered. And when it is
moving, its coordinates are considered at the subsequent moments as functions of the time of the initial coordinates, with
further averaging of the trajectory parameters or groups of trajectories according to the environment fluctuations. The
particle velocities are derivatives of coordinates and time. The impurity from a point source is usually represented as an
ensemble of discrete "balls" or particles. For each "ball" the trajectory of its movement in the time- and space-varying
wind field is calculated and the diffusion transfer is also calculated. This is done, for example, using the stochastic models,
and often the turbulent structure is assumed to be the Gaussian. Studying the transfer and scattering of a large number
(several thousand) of tracer particles allows simulating the drift and dispersion of the impurity in the turbulent atmospheric
boundary layer. The impurity concentration at any point in space is represented as the sum of contributions from each
Lagrangian element.

The Lagrangian model of the atmospheric pollution spread is represented as a sequence of "torches", inside each of
which the substance has a certain dispersion. This approach is more flexible than the principle of the Gaussian "torch", as
it is closest to the physical essence of the matter scattering in the atmosphere. The Lagrange model allows simulating the
process that is non-stationary in time and space, and quite correctly takes into account the changes in the direction of the
wind, the complex topography of the area, and chemical transformations of the matter. This technique gives correct results
when simulating both the instantaneous or short-term emission and the long-term emission, for example, for a seasonal
or annual cycle. The Lagrange model is an effective tool in the study of atmospheric pollution propagation processes. The
approach, in which the movement of individual particles is tracked, gives more opportunities to obtain qualitatively new
results, as compared to the Euler approach. However, solving the problem of describing the matter movement by
calculating the speed of its movement in the nodes of the coordinate grid imposes a number of restrictions. For example,
if the substance is a certain amount of radionuclides, then the process of describing the decay and/or transformation into
other types of radioactive particles with this approach is difficult. On the contrary, the Lagrangian approach offers a
simple solution to this problem.

A few decades ago, the use of Lagrange models was practically impossible due to the large volume of necessary
calculations, but now, with the growth of up-to-date computing power, it is quite possible.

The application of the Lagrangian model is justified, when it is important to take into account temporal and spatial
changes in meteorological conditions. Also, the model makes it possible to estimate the pollutant spread in calm weather
much better.

This class of models is relatively young, as compared to the Gaussian "torch" model. There are several software
implementations of this approach: GRAL [14], TAPM CSIRO [15], CALPUFF [16], HYSPLIT [17].

One of the examples of the Lagrangian cloud model implementation is HYSPLIT [18]. More precisely, HYSPLIT
uses a combined Lagrangian-Eulerian model, which is widely used in the up-to-date pollutant dispersion modeling
systems.

In order to take into account the shortcomings of the analyzed approaches, some hybrid models of impurity
propagation in the atmosphere were proposed, in which the Lagrangian dispersive stochastic approach is used at the initial
stage of emission propagation, and the Eulerian model of atmospheric diffusion is used to predict the further transfer and
transformation of pollution over long distances. Nevertheless, when using this method, there are still problems associated
with the combination of two different approaches for the description of the impurity.

To obtain the pollutant concentration cards, the task of selecting the necessary software product arises. Installing and
running all the pollutant propagation modeling systems is a time-consuming task: for each software product, it is necessary
to find the raw data in a certain format, learn the architecture and startup procedure, and install certain software and hardware.
Therefore, the choice of the most effective system is based on the study of domestic and foreign research.

As a result of the up-to-date models analysis, the HYSPLIT (HYbrid Single-Particle Lagrangian Integrated
Trajectory), was chosen, which had been developed at the NOAA Air Mass Laboratory (USA) and the Australian Bureau
of Meteorology [19].

The HYSPLIT model allows for three-dimensional modeling of the process of formation and spread of an air
pollution cloud from the given source. The HYSPLIT model combines two classical approaches: Lagrangian and Euler,
the advection and diffusion equations are solved independently in the Lagrangian formulation, and the concentration
calculations are performed within the framework of the Euler approach on the fixed spatial grid. The input meteorological
information that is required for HYSPLIT is borrowed from the calculation data of the meteorological models, which are
based on the results of the in-situ measurements. Generally, this information is presented on the regular spatial grid and
includes the data on the vertical dispersion of horizontal and vertical wind components, temperature and pressure, as well
as the surface pressure, and some other parameters.

HYSPLIT functions in the dialog mode and has a detailed user manual; it can be operated online from the NOAA
page or via an executive program.
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The user kit contains a library of programs for each specific application. There is a need to have a grid of weather data in
one of several geographic projections at certain intervals. This data, in the form of the archival materials or the results of weather
forecast models, are available on the Internet in the form of the already formatted data for input into HY SPLIT.

In addition, there are programs intended to convert NOAA output information, The National Center for Atmospheric
Research (NCAR), or European Center for Medium-Range Weather Forecasts (ECMWF) source data into the format,
which is suitable for the HYSPLIT model.

The impurities concentration in the air is calculated at the points of intersection of the grid coordinates (in latitude
and longitude) for the air flows, and for the individual particles — in the form of cell-averaged concentrations. The model
contains a ground coordinate grid, the sizes of bumps, and the terrain information at 1° resolution in the Northern
Hemisphere. The model allows consideration of dry and wet deposition of impurities, radioactive decay and restoration
of the suspension state.

The main initial parameters for the simulation are as follows:

* The initial time (year, month, day, hour);

* The position (initial values of latitude, longitude and altitude);

* The initial time and duration of dispersion (i.e. run duration);

» The impurity characteristics (number of types, speed and duration of the radiation);

* The size of the calculation grid (including the mixing height and the height of each vertical level on the
concentration grid);

* The particle properties (diameter, density and shape, deposition rate, molecular weight, coefficient of chemical
interaction with the surface, diffusion rate, half-life, suspension rate, etc.) and sampling time.

Currently, in some Eastern European countries, all the calculations of atmospheric pollution are carried out applying
special software tools, i.e. the unified programs for calculating atmospheric pollution, which are an appendix to "Methods
for calculation of the harmful substances concentration in the atmospheric air" [20]. In 2018, its new edition came into
force, but the approach to simulation had not changed significantly ("Methods for calculating the dispersion of emissions
of harmful (polluting) substances in the atmospheric air" [21]).

The unified program for the calculation of atmospheric pollution allows determining the concentrations of pollutants
in atmospheric air by calculation. The program can be applied to any sources of emissions of polluting substances,
regardless of which branch of the national economy they belong to.

A number of software products are based on this approach: the "Ecolog" program series of the "Integral"
company [22], the Unified Program for the Calculation of Atmospheric Pollution "ECOcenter-Standard" [23], and others.

METHODOLOGY OF PROCESSING THE INFORMATION ON THE RADIONUCLIDES DISPERSION
IN THE AIR AND ON THE SOIL SURFACE

Adaptation of the modeling system to a specific region or a specific task is a separate complex task [24, 25]. The
method of processing information about pollution sources and environmental parameters for the formation of pollutant
concentration maps consists of the following stages: analysis of the parameters required for processing; simulation of the
pollution dispersion; visualization of simulation results (both archival and predictive).

This method was applied to analyze the process of Pu isotopes dispersion due to the movement of air masses in the
places where fires occurred in April 2020 in the exclusion zone of the Chernobyl NPP and the associated dangers for the
population and the environment [25]. The HYSPLIT program was used to study the pollutants spatial dispersion.

The maps of volumetric and surface activity of radionuclides in the air and in the process of their falling on the
ground in the period of April 8-13, 2020 were constructed. Fig. 3 presents the map of Pu radionuclides volumetric activity
in the air on April 9, 2020, due to the fire in the area of Kopachi village to Chistogalivka village.
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Figure 3. Volumetric activity of Pu isotopes in the air on April 9, 2020 due to the fire in the area
of Kopachi village to Chystohalivka village (per day), the source height being 20 m [25]

Fig. 4 presents the map of the surface activity of Pu isotopes in the process of their falling on the soil on April 9,
2020 in this area.
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As aresult of the analysis of the dispersion of Pu radionuclides in the territory under consideration, it was established
that due to the presence of this element, the radioactivity in the air and in the process of radioactive particles falling on
the ground was low. Despite the high radio toxicity of Pu isotopes, the contribution of their radioactivity to the radiation
effect on the population during inspiration or consumption of food products will be insignificant.

The risk of fires in the exclusion zone of Chernobyl increases with the climate change, and the measures to prevent
them should be considered in some emergency programs. This information will allow to gain some important insights
about the dynamics of accumulation, transformation and migration of Pu and 2*! Am isotopes. There is also an opportunity
to study the impact of ionizing radiation from the fires in the exclusion zone of the Chernobyl NPP on the environment.
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Figure 4. Surface activity of Pu isotopes in the process of their falling on the ground on April 9, 2020 due to the fire in the area of
Kopachi village to Chistohalivka village (per day), the source height being 20 m [25]

CONCLUSIONS

An analysis of the up-to-date methods of simulation of the pollutants dispersion in atmospheric air, as well as the
software complexes, which are based on them, has been carried out.

A method of processing the information about the pollution sources and environmental parameters for the formation
of pollutant concentration maps, based on the HYSPLIT software complex has been proposed.

The expediency of using the HYSPLIT pollutant dispersion model for the analysis of Pu isotopes dispersion due to
the movement of air masses in the places, where fires occurred in April 2020 in the exclusion zone of the Chornobyl NPP,
is shown.
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MOJIEJIIOBAHHSA MMOIUPEHHS PAIOHYKJIIAIB ¥ MTOBITPI TA HA TIOBEPXHI IPYHTY
Mapuna ®@. Ko:xxeBnikoBa, Bosionumup B. JleBeneun
Hayionanenuii naykosuii yenmp «Xapxiecokuil gizuxo-mexniunuil incmumymy, HAHY
eyn. Akaoemiuna, 1, 61108, Xapkis, Ykpaina

[Ipu nobyxnoBi Monesneit momupeHHs 3a0pyAHIOIOYHX PEYOBHH Y MOBITPi Ta Ha IOBEPXHI IPYHTY BUKOPHCTOBYIOTHCS MaTeMaTHYHI Ta
YHCeNbHI METOMM U1 MOAETIOBaHHS (i3MUHHX Ta XiMIiYHMX mporeciB. Ha OCHOBI MeTeoposoriuHMX AaHHX Ta iHpOpMaIii mpo
JDKepeIIo BUKHIIB, Il MOJIETi XapaKTepU3yIOTh K IIEPBUHHI 3a0pyIHIOI0U] pEUYOBHHM, 1[0 MOTPAIUIIOTH O€3I0cepenHbo B atMochepy,
TaK i BTOPHHHI 3a0pyAHIOBAYi, [0 YTBOPIOIOTHCS BHACHIINOK CKIAIHUX XIMIUYHHX peakmiid. Ili Moxeni MaroTh 3HAYEHHS JJISI CHCTEMH
YIPaBIiHHS SIKICTIO aTMOC(EPHOTrO IOBITPS, OCKUIBKHM JO3BOJISIIOTH KOHTPOJIOBAaTH BHKHAW B arMocdepy, NPOTrHO3yBaTH ix
TIOIIUPEHHS Ta PO3pOoOIATH e(EeKTUBHI CTpATeril MO0 CKOPOUSHHS WIKI/UIMBUX PEYOBHH B aTMocdepi. Y CTaTTi HaBEAEHO OIS
00YHCITIOBATIEHUX METO/IIB, SIKi 3aCTOCOBYIOTHCS TIPH MOJICTIOBAHHI MOIIUPEHHS 3a0pyJHIOIOUUX PEYOBHH B aTMOC(EPHOMY MOBITPi
Ta Ha MOBEPXHI IPYHTY, Taki SK MOJeNb raycoBoro (akeia, jJarpamixeBa JHUCIEpCiiiHa CTOXaCTHYHA MOJelb, eiIepoBa MOJEINb
atMmochepnoi audys3ii. [IpakTrdHe 3acTOCyBaHHS PO3IIITHYTHX MOJENeH T0Ka3alo JOCTATHIO HAAIHHICTD Ta IOCTOBIPHICTh MPOTHO3Y
piBHIB 3a0pyIHEHHS TMOBITPS Ta IPyHTY. MOZETIOBaHHS BHUKOHYETHCS 3a JOMOMOTOI0 KOMITIOTEPHHX TPOrpaM, IO BKIIOYAIOTH
QITOPUTMH U1l BHUPIMICHHS MaTeMAaTHYHUX pIBHSAHb, SKi KEPyHOTh JAWCHEpcielo 3a0pyaHioBada. Mogeni po3citoBaHHS
BUKOPHCTOBYIOTHCS 3 METOIO OIIHKM KOHIEHTpallil 3a6py/IHIOBAyiB MOBITPS YU TOKCHHIB. X TaKOX MOKHA BUKOPHUCTOBYBATH s
NIPOTHO3YBaHHS MAaiOyTHIX KOHIEHTpAIii 3a TeBHHX CIeHapiiB. BoHM KkopucHi 111 BHBYEHHS 3a0pyJHIOIOUMX pEYOBHH, SKi
PO3CIIOIOThCSI Ha BENMKI BiZCTaHI 1 MOXYTh PO3MOYMHATH peakiio y atMmocdepi. Jlo Takux NporpaMHHUX NPOIYKTIB HaJe)KaTh:
AEROPOL, AERMOD, GRAL, TAPM CSIRO, CALPUFF, HYSPLIT Tomro. 3anpornoHoBaHo MeTox 00poOKH iH(popMaIli mpo
JpKepesa 3a0pyHEHHs Ta IapaMeTpH HaBKOJMIIHBOTO CepeloBHINA JUll GpOopMyBaHHSA KapT 00'€MHOI Ta MOBEPXHEBOI aKTUBHOCTI
panionykiizniB Ha ocHoBi nporpamu HY SPLIT. Ileit meTon OyB 3acTocoBaHmiil s aHATI3Yy MPOLECY MOLUIMPEHHS 130TOMIB IUTyTOHIIO
BHACITIIOK PyXY MOBITPSHUX Mac Y MiCIISIX BHHUKHEHHS Moxexk y kBiTHI 2020 p. y 30Hi BiguyxenHs HoproOunbcekoi AEC Ta mos's3aHi
3 IIUM HEOE3MeKH U1l HACEICHHS Ta HAaBKOJIHMIIHBOTO CEPEIOBHIIIA.

KunrouoBi cioBa: pisusnna mypoynenmnoi oughysii; poscitoganns oomiwiku 6 ammocghepi; moukose 0dxicepeno, pigeHv NpusemMHoi
KoHyenmpayii; 3aopyonenns ammocgepu; 06'emna akmusHicms padioHykuioie





