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NUMERICAL MODELING OF AIR POLLUTION FROM DUMPS

Purpose. Rock dumps are long-term sources of air pollution. A significant amount of harmful substances enters
the atmosphere. Particularly intense is the pollution of atmospheric air due to dusting dumps. An important task is
the development of methods for predicting the dynamics of atmospheric air pollution during the emission of harmful
impurities from dumps. When developing methods for predicting the dynamics of air pollution from dumps. It is
very important to create a universal model that would allow on a single computing platform to calculate the process
of atmospheric air pollution for various impurities that are released from dumps. Another important problem is the
choice of the place for optimal placement of future dumps in order to minimize their negative impact on the envi-
ronment. Methodology. Numerical modeling of the formation of atmospheric pollution zones near rock dumps is
based on the application of the equation of turbulent dispersion of an impurity in the atmosphere. To solve the prob-
lem of choosing the rational location of the dumps, the conjugate equation is used. Numerical integration is carried
out using an implicit difference scheme. Findings. Numerical models are developed. The first numerical model al-
lows one to evaluate the effect of rock dumps on air pollution. The second numerical model allows, on the basis of
a one-time calculation, to determine the rational location of the future dump from the point of view of its minimal
impact on air pollution. Originality. Two numerical models are proposed that are based on the application of the
turbulent diffusion equation and the conjugate equation. These models make it possible to quickly determine the
effect of rock dumps on air pollution. The models take into account the convective transport of the pollutant, atmos-
pheric turbulent diffusion, the intensity of the emission of impurities from the dump. Practical value. The devel-
oped numerical models are implemented in the form of program codes. These program codes can be used when per-
forming serial calculations on computers of low and medium power, i.e. computer technology, which is available to
organizations involved in environmental issues in technologically saturated regions. When carrying out calculations
based on the constructed numerical models, typical initial data are used regarding the intensity of the emission of
impurities from dumps, weather conditions characteristic of a specific region of the country.

Keywords: air pollution; rock dumps; mathematical modelling; numerical models

Creative Commons Attribution 4.0 International © M. M. Biliaiev, T. I. Rusakova, 1. V. Kalashnikov,
doi: https://doi.org/10.15802/stp2019/178855 1. O. Bondarenko, E. Y. Gunko, 2019


http://creativecommons.org/licenses/by/4.0/

ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxka ta nporpec Tpascnopty. Bicaux /IHinponerpoBcskoro

HAI[lOHAJIIBHOTO YHIBEPCHTETY 3alli3HUYHOTO TpaHcmopty, 2019, Ne 4 (82)

EKOJIOI'I TA IIPOMUCJIOBA BE3IIEKA

Introduction

It is known that the wide extraction of hard coal
around the world started in the beginning of the
XIX century, which is connected with the needs of
economic development [2, 10]. The coal is ob-
tained in various ways: in quarries and in mines.
A characteristic feature of the development of both
coal deposits and other minerals is the removal of
large rock masses, the annual volumes of which
are several times higher than the volumes of coal
produced. These rocks also form numerous dumps
represented by different species of rocks, which are
heterogeneous in the granulometric composition.
Depending on the technology of heaping, dumps of
the following types are formed: conical (waste
pits), spinal and flat. The areas of influence of the
dumps exceed the area of the dumps several times.
Landfills and waste heaps occupy about 165 thou-
sand hectares, which is 2.5 % of the territory of
Ukraine.

The harmful effect of rock dumps of coal mines
on the environment has been investigated by many
authors. Dumps of coal mines burn, dust, erode
and are radioactive. As a result of physical and
chemical weathering, the rock collapses, turns into
dust, and together with combustible gases and
a combustion site is one of the main sources of air
pollution and deterioration of the sanitary condi-
tion of cities and working settlements of coal
mines. For waste heaps, spontaneous combustion
processes are typical in which up to 70 thousand
tons of harmful substances per year enter the at-
mosphere: carbon monoxide, carbon dioxide, sul-
fur dioxide, sulfuric anhydride, hydrogen sulphide,
carbon disulfide, carbon monoxide, nitrogen ox-
ides, sulfuric acid, ammonia, cyanides, thiocya-
nates and others. Much attention is paid to the
burning coal dumps in the whole world. Various
geophysical methods and methods of GIS are used
to find centers of ignition . Gases entering the at-
mosphere from the dumps change the composition
of atmospheric air, which significantly affects the
soil and vegetation cover, the animal world, the
productivity of land in adjacent areas to the dumps.
At burning of 1 kg of a rock there is a pollution of
atmospheric air in volume of 6.7-8.7 million m3,
An assessment of the effect of dumps on the envi-

ronment in the study of physical and mechanical
properties of rocks was carried out.

There are neighboring villages in the zone of the
dumps influence, in this connection an active issue
is the assessment of the harmful impact of dumps on
the environment and, first of all, on the level of air
pollution. For this evaluation, the OND-86 model is
used, which completely does not allow taking into
account the parameters of the stability of the atmos-
phere, the change in the value of wind speed to the
formation of pollution zones. In the world practice,
more universal mathematical models based on solv-
ing the equations of convective-diffusion dispersion
of an impurity in atmospheric air are used to solve
problems of assessing the influence of dumps on
atmospheric air pollution.

At present, the regularities of the effect of
dumps from coal mines on the environment have
been clarified both during their operation and after
the elimination of mines. Methodological ap-
proaches to the comprehensive environmental as-
sessment of the impact of coal mine dumps on the
environment have been improved. It was shown
that an effective approach is based on adequate
models of wind flow around dumps and convec-
tive-diffusion transfer of dust-gas impurities in the
area of the dumps.

The main source of air pollution of adjacent ar-
eas to the dumps is their burning and dusting.

Around 60-75 % of conical and 17-37 % of flat
dumps are subjected to spontaneous combustion,
more than 500 thousand tons of gaseous substances
are emitted from their surfaces annually. Namely,
about 9.758 kg of CO, 154170 kg of CO,, 1476 kg
of SO, 339 kg of H.S, 72 kg of NO+NO; enter the
atmosphere per day from burning rock dumps of
mines and concentrating factories of Donbas. Ac-
cumulation of these substances is the cause of en-
vironmental problems such as «destruction of the
ozone layer» and «greenhouse effect». In addition,
more than 400 tons of rocks that contain toxic ele-
ments (Hg, Pb, As, Se, Cd, Ni, Mo, Zn, Mn, V, Be,
etc.) are blown into each of the adjacent territories.
A burning rock dump has a sanitary protection
zone of 500 m, a non-combustible zone —300 m,
a separation of harmful substances and combustion
products — up to 3 km. From this it can be conclud-
ed that living in the territories located in the vicini-
ty of waste tanks is dangerous for life and health.
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It is known that conducting experiments to in-
vestigate the formation of contamination zones is
a fairly time-consuming process, Computational
Fluid Dynamics (CFD) modeling is performed
with the help of expensive commercial packages
ISC3, Aermod, Fluent, CFX, etc [3, 6-9]. Many
numerical calculations are performed on the basis
of the Lagrange and Gauss models and their vari-
ous modifications [9, 11].

The aim of this work is the development of
a numerical model for assessing the impact of
dumps on air pollution in nearby settlements and
the possible location of the dump so that its nega-
tive impact is minimal on the areas under consider-
ation. The proposed model can be used to predict
air pollution in the event of a possible ignition of
the waste water when a significant amount of
harmful substances enters the atmosphere.

Purpose

The aim of the work is to develop computing
numerical models to assess dumps influence on air
pollution and to solve the problem of choosing of
rational dump location.

Methodology

In this paper, the solution of two problems is
considered related to the simulation of atmospheric
air pollution from dumps.

Direct problem. A direct problem is to simulate
atmospheric air pollution from the dump at
a known value of its location coordinates. It can be
project coordinates, that is the location where the
dump is supposed to be located, or the coordinates
of an already existing dump. To simulate the
spread of gaseous emissions from dumps, the mass
transfer equation (1) is used. In many works the
rock dump is considered as a point-like object of
pollution, in this work the blade is modeled by
a set of point sources specified by the Dirac func-
tion, so it is reduced to an area source.

The meteorological situation parameters specif-
ic for the particular region where the dumps are
located are determined based on the processing of
observational data or based on the application of
meteorological forecast data [1-4, 6, 12]

oC ouC ovC
—+—+—+0C=
ot ox oy

B a )l
3 (08(-x)a(y-%). O

where C is the concentration of the pollutant (dust
or gaseous impurity) (mg/mq); u, v — averaged val-
ues of the components of the velocity vector of the
air flow (m/s); o — coefficient that takes into ac-
count the rate of settling of the impurity and inter-

action with the earth’s surface (1/s), p=(p,.p, ) -

the coefficients of turbulent diffusion (m/s?);
X;,y; —coordinates of point sources of pollutant
receipt (m); Q; — the averaged value of the intensi-
ty of the impurity from the dump at the location of
the point source (mg/s); 8(x—x )d(y—y;) — Di-
rac delta function, which simulates the flow of pol-
lutant from an area source.

The coefficient o, according to Marchuk, can
be represented in the form ¢ =¢, + o, + o5, where

o, Iis the coefficient taking into account the chem-

ical transformation of the impurity in the atmos-
phere, o, =w, /H is a coefficient taking into ac-

count the ratio of gravitational settling velocity of
the pollutant (dust) wg, m/s to the averaging height
H =600+800 m, o, =p,/H is the coefficient tak-
ing into account the turbulent interaction of the
pollutant and underlying surface.

The intensity of admixture intake from dumps
can be estimated on the basis of experimental data
or developed methods [4]. For example, the intensi-
ty of dust emission (tons/day) from inactive dumps
can be estimated on the basis of empirical depend-
ence:

Q=210"°-S, (2)

where S is the surface area of the dump (m?).

Calculation of emissions (tons/day) from dumps
not operating for less than three years is calculated
using the formula:

Creative Commons Attribution 4.0 International
doi: https://doi.org/10.15802/stp2019/178855

© M. M. Biliaiev, T. I. Rusakova, 1. V. Kalashnikov,
1. O. Bondarenko, E. Y. Gunko, 2019


http://creativecommons.org/licenses/by/4.0/

ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxka ta nporpec Tpascnopty. Bicaux /IHinponerpoBcskoro
HAI[lOHAJIIBHOTO YHIBEPCHTETY 3alli3HUYHOTO TpaHcmopty, 2019, Ne 4 (82)

EKOJIOI'I TA IIPOMUCJIOBA BE3IIEKA

P =f

p P,

3)

where P, —the amount of polluting gases released

from the dumps after the operation is finished
(tons/day); P — amount of polluting gases released
from the dumps during operation (tons/day) (4);
f — coefficient, depending on the time during
which the dump does not work.

After 1 year f =0,5; after 2 years f =0,3; af-
ter 3 years f =0,1 (then the allocation becomes
insignificant).

Calculation of gases emissions (tons/day) from

existing burning slagheap and spinal heap are cal-
culated according to the formula:

P=0.001-m-H-D, (4)

where m is the coefficient depending on the quali-
ty of coal (Table 1.), H — height of dump (m);
D —the amount of rock that is given to the dump
(tons/(m-day).

Table 1
The values of the coefficient m
Contaminant %C;Qﬁ:s \I;\cg:;n
basin
Carbon monoxide, CO 0,2 2,0
Carbon dioxide, CO- 2,5 9,3
Sulfur dioxide, SO 0,02 0,5
Hydrogen sulfide, H,S 0,01 0,03
Nitrogen oxides, NO+NO; 0,002 0,006

Calculation of emissions (tons/day) for gases
from burning flat dumps is calculated using the
formula:

P=o,001-q-(o,036-s+0,052-J§-x.H), (5)

where g — specific gas emission (kg/(m2 day)); for
CO, q=7,6; for CO2, g=138; for SO2, q=17;
for H2S, q=0,5; for NO + NO2, q=0,12; S —
the area of the base of the flat blade (m2); H — is
the average height of the dump (m).

For the numerical solution of equation (1), an
alternating-triangular implicit difference splitting
scheme is used [1, 2, 6]. Consider the principle of
constructing of this scheme.

Convective derivatives can be represented as:
ouC au'C Lo C
ox o ox
ovC ov'C N ov C
o oy oy

where
Lo UHul Cou=lu vV o vl
ut= = v = Vo= .

2 2 2 2
To approximate convective derivatives, we use the
expressions:
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The second derivatives are approximated by the
following expressions:

i n @ ~1i Cileli _Ci'?jﬂ - Ci'?j+l _Cin-+1,1j _
ax X ax MX AXZ X AXZ
= M;XCT'H-]. + M)—(G—XCn+l,
2f, ) g SOl GG
8y Y 8)/ y Ayz y Ayz
=M, C"™ +M:C".
b vy
2(“ ﬁ) ~i Cily; -Gt . Gl -Gl _
ox\ " ox X AX2 X A2
= M;XCrH—l + M)—(e-xcn+1,
o, X)) 4 Cria—Cit Gl -Clh
ay y 6y y Ayz y Ay2
—_ l 1
= MWCn+ + M;yCn+ )

With these notations taken into account, the dif-
ference analog of the impurity transport equation
(1) has the form:
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At Lx X
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Integration over a time interval splits equation
(6) as follows:
— at the first time step k = n + 1/4:

Cikj_cinj 1 k k G -k
L S *.C + +.C +—-C" =
At 2(LX ! ) 4"
1

+ k - + k - .
:Z(MXX-C + My -C"+ M, -CK+ M, -C")i(7)

— at the
c=n+1/4;

second time step k=n+1/2;

Cil,('_cic,'l— k - ~k O -k
T+E(LX'C +1,-C )+qu=

1 - + - + .
=Z(MXX :C+ M5 -Co+ M, -CH+ My, -C°); (8)

— at the third time step k=n+3/4; c=n+1/2
the formula (7) is used, in the fourth time step
k=n+1; c=n+ 3/4 the formula (8) is used, in the
fifth step the formula:

5N+l  gn

Ci,i —Ci;j

5. 9)

A feature of this difference scheme is that an
unknown value of the impurity concentration at
each step of the splitting is found by the explicit
scheme of the running count. Based on the differ-
ence equations, the «<FORW-2D» code was devel-
oped.

Direct problem. Under this task, the situation is
considered when it is necessary to find the location
of the dump so that its negative impact on the ob-
jects under consideration is minimal. Namely, the
concentration of the pollutant coming from the
dump at the locality point of the settlement should
not exceed a certain predetermined value

C(x,y)<C,, where C, — MAC for populated ar-
eas.

To solve this problem, we can use equation (1)
and sequentially choose different coordinates, dif-
ferent positions of the dump, by finding the solu-
tion of the problem by the search method. Howev-
er, this process requires lots of calculations, since it
is necessary to solve equation (1) many times to
determine the pollutant concentration field in the
settlement for different variants of the dump
placement. More effective is the approach pro-
posed by academician Marchuk, which is based on
the solution of the conjugate equation (10) [3]

_oC” auct aC .

+0oC =
ot OX
o, oCc’. &, oC”
= (n, —) + —(u, — (10
ax(ux 5 )+5(uy3)+p()

where C” is the function conjugated with a func-
tion C (mg/m?3), p is a certain function.

The boundary conditions for the conjugate
problem have the form:

- C"=C; - concentration of pollutant in am-
bient airat t=T (s);

- C" =0 - at the boundaries of the calculated
area.

The form of the function p can be extremely
diverse, for example [3]:

P(X,y,t)=8(x—%)d(y—Y,)d(t—t;)-Cr, (11)

If a solution of the conjugated equation (10) is
found, then it is necessary to find the value of the
functional of the following form [3]:

T

1 =Q[C" (%, Yo t)dt.

0

(12)

Having constructed the isolines of this func-
tional, the solution of the problem is sought from
the condition [3]:

1(%: Yo:t) <o, (13)

where ¢ is maximum permissible value of poten-
tial |.

To solve the conjugated problem (10), new var-
iables are introduced:
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u'=-u,v'=-v,t'=T —t.

The solution of the conjugated problem starts
from the moment of time t=T, the calculation
proceeds in the opposite direction of time. To solve
equation (10), we use the alternate-triangular im-
plicit difference scheme considered above, that is,

an unknown value C” is found by an explicit
scheme of the running account. Based on this algo-
rithm, the code «<BACK-2D» was developed. This
code is aimed to solve the problem of justifying the
location of the dump.

Findings

The developed codes were used to solve two
problems. The first problem is the calculation of the
atmospheric air pollution zone with carbon monox-
ide using the proposed numerical model. The source
of pollution are the dumps of the West-Donbas mine,
the characteristic dimensions of the occupied territo-
ry are 860 m by 415 m according to the map. With
the possible spontaneous combustion of these
dumps, more than 10 tons/day of carbon monoxide
can enter the atmosphere. The West-Donbas mine is
a coal mining enterprise in the town of Ternivka,
Dnipropetrovsk region (Ukraine), commissioned
since 1979, is included in the PAO «Ternove» mine
management of «DTEK  Pavlohradvuhillya»
(DTEK) from 2013, the largest mine in the Western
Donbass. The calculation was carried out with the
following parameters: the dimensions of the com-
puted area were 4 km per 2 km, the wind velocity
was U =6 m/s with the south-west direction (Fig. 1),
Cyax=18.381 mg/m? with steady flow regime.

T

Riat

Rocd g

WestTlonbots Mine s f}f, i
y A 6

AR, 1418%

Fig. 1. Percentage distribution of carbon monoxide
concentration in the contaminated zone

The concentration value is represented as
a percentage of its maximum value at the
calculated time. Calculations showed that the
maximum  value of the  concentration
Cux=18.381 mg/m® can exceed maximum
allowable concentration (maximum one-time)
MACm.t.=5 mg/m3, but the distribution of
concentration decreases from the center of the
pollutant supply source (mine dumps) to the
periphery. The percentage distribution of the
concentration is shown in Figure 1, there are in the
pollution zone: dumps — 96-76 %; the mine and its
territory — 76-58 %; Molodizhna Str., Ivan Franko
Str., Maiakovskoho Str. — 56-44 %; Lermontova
Str., Dniprovs’ka Str. — 42-30 %; Zhovtneva Str.,
Spas’ka Str., Michurina Str. — 26-10 %. On the
territory that limits the calculated zone of
pollution, and outside of it the concentration of
carbon monoxide is 5-10 % or less. In Figure 1,
a general zone of contamination is shown in the
circle, which can occur when the meteorological
parameters change, namely the direction of the
velocity.

Fig. 2. Isolines of the functional I, which justify the
choice of possible placement of the dump

The presentation of modeling results by
imposition of contamination zones on a map of the
territory, that is near to the source of pollution
allows us to determine quickly the boundaries of
zones of technogenic pollution and their variation
under different meteorological conditions and
different intensities of the pollutant.

The second problem is to select the location of
the dump based on the solution of the conjugated
equation. To illustrate the practical application of
this approach, Figure 2 shows the isolines of the
functional (12), determined after solving the
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conjugated equation (10), which allow to
determine the possible location of the dump, so
that the negative impact on the village was
minimal.

The isoline 1=5 shows that if the dump is
placed along this line, then in the village the
concentration of CO in the air will be 5 mg/m?. If
the dump is placed on the line 1 =9, this means
that the CO concentration in the air is 9 mg/m3, it
will exceed MACm.t. So, having made only one
calculation based on the conjugate equation, it is
possible to obtain an area where it is recommended
to have a dump to minimize its influence on the
level of air pollution in the village.

From the mathematical point of view, the
influence of the dump on the air pollution in the
village will be the same for any of its location
along the line I =const (I =5). However, from
a practical point of view, it is necessary to divide
the obtained picture of the isolines distribution of
the functional | into two parts Figure 3. The section
A-B should be excluded from consideration,
because if the dump is located on this site, when
the wind direction in the village changes, intensive
air pollution will occur, so it makes sense to put
a dump in the C-D section. So, a computational
experiment carried out to determine the functional
lines, taking into account the practically possible
location of the dump, allows us to refine the
coordinates of the dump by solving the direct
problem using equation (1).

Originality and practical value

Two numerical models were developed to pre-
dict atmosphere pollution from dumps of breed.
The first model is based on equation of pollutant
convective — diffusive transfer. The second model
is based on the equation of conjugate problem.
Numerical integration of modeling equations is
performed using implicit difference scheme of spit-
ing. The developed models can be used for quick
assessment of dumps influence on air pollution and
to solve the problem of choosing of rational dump
location.

Conclusions

As a result of the research, the following results
were obtained:

1. A mathematical model is proposed for the
«express» forecast of the level of air pollution in
the impact zone of mine dumps, which is based on
the numerical integration of the equation of con-
vective-diffusion dispersion of an impurity in the
atmosphere. For numerical integration of the mod-
eling equation, an implicit difference splitting
scheme is used, representing the balance of the
impurity mass for each difference cell. The un-
known value of the impurity concentration is de-
termined by the running account method, which
allows a simple software implementation of the
difference relations.

The proposed model has a significant ad-
vantage over the currently used normative method-
ology of OND-86. The peculiarity of the model is
the efficiency in obtaining forecast data. The mod-
el takes into account the main physical factors af-
fecting the formation of contamination zones. This
model is implemented in the form of the program
code «<FORW-2D».

2. A mathematical model has been developed
for solving the problem of scientifically justified
selection of the mine dump location with the con-
dition of a minimum level of air pollution in eco-
logically significant areas (villages for workers,
residential areas).

This model is based on solving the conjugate
equation, which allows to determine the position of
the dump based on a one-time calculation. This
model is implemented in the form of the program
code «BACK-2D».

3. The solution of the problem of assessing the
impact of mine dumps on the level of atmospheric
air pollution, as well as on justifying the location
of the dump, requires 2 seconds of computer time.
This is important for carrying out serial calcula-
tions in the centers for environmental protection.

4. The perspective of development in this direc-
tion is the working out of a 3D numerical model
for predicting the formation of pollution zones near
the dumps taking into account their geometric
shape.
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YUCEJBHE MOJIEJTIOBAHHS 3ABPY/THEHHS MMOBITPSITHOT' O
CEPEJIOBMIIIA BIJ] BIIBAJIIB

Mera. BigBamu mopoan € JOBrOCTPOKOBHMH JDKepenaMu 3a0pyqHEHHS aTMOocdepHOoro noBitps. B atmocdepy
HAJIXOIUTh 3HAYHA KUTBKICTh IIKIiJUIMNBAX pedoBHH. OCOOIMBO iHTEHCHBHO BiOYBAa€ThCS 3a0pyIHEHHS aTMOcdep-
HOTO TIOBITPS BHACTINOK IIBITIHHS BigBalsiB. BakKITMBUM 3aBIaHHIM € PO3pOOKa METOJIB MPOTHO3Y AWHAMIKH 3a0-
PYIHEHHS aTMOC(EpHOTO TOBITPS IPU BUAICHHI IIKIUIMBAX JOMIMIOK Bix BigBamiB. [lpu po3pobui MeToxiB mpo-
THO3Y OUHAMIKH 3a0pyTHEHHS MOBITPSHOTO CEPENOBHINA Bif BinBaiiB. J[y)ke BaXKJIMBHM € CTBOPCHHS yHIBEepCab-
HOT MOJIeNi, siKa TO3BOJsUIa O Ha €IWHINA OOYUCITIOBATIBHOI MIaT(opMi 3AiHICHIOBATH PO3paxyHOK Mpoliecy 3a0py -
HEeHHS aTMOC(EPHOTO TOBITPS AJIsL PI3HUX JOMILIOK, SIKI BUIUIAIOTHCS BijJ BifBamiB. Takoxk Ba)KJIMBOIO MPOOIEMOIO
HaBKOJIMIIHE cepepoBuiie. Meroauka. UncenbHe MOJEMOBaHHS ()OPMYyBaHHs 30H 3a0pyaHEeHHs atMocdepu 01t
BiZIBaJIiB [TOPOAY BUKOHAHO Ha OCHOBI 3aCTOCYBaHH PIBHSHHS TYpOYJIEHTHOTO PO3CiIOBaHHS JIOMILIKH B aTMOChepi.
Jlns BupilieHHst 33/1a4i M0 BHOOPY palliOHAJTBHOIO MICIsSI PO3TAIIyBaHHS BiJBAJTiB BUKOPHUCTOBYETHCS 3B'A3aHE
piBHsAHHS. YrcenbHe IHTEIpYBaHHS 31HCHIOETHCS 32 JOIIOMOTOI0 HESIBHOI pi3HHIEBOT cxeMu. PesyabTaTn. Po3pos-
JIeHO yuceNbHi Moneni. [lepiia yrcenbHa MOJIENb O3BOJISIE OLIIHUTH BILUTHB BiIBAJIIB MOPOIY Ha 3a0pyIHEHHS aTMO-
cdepHoro noBiTps. [pyra yucenpHa MOAENbL NO3BOJSE HA OCHOBI OJJHOPAa30BOrO PO3paxyHKY BH3HAYHMTH pallio-
HaJIbHE MICIIe PO3TAIlyBaHHS MailOyTHBOTO BiBaTy 3 TOYKHU 30pY HOro MiHIMaJbHOTO BIUIMBY Ha 3a0pYAHCHHS at-
MocdepHoro noBiTps. HaykoBa HOBH3HA. 3aIpOITOHOBAHO JIBi YHCEIbHI MOJIENI, SIKi IPYHTYIOTBCS Ha 3aCTOCYBaHHI
piBHSHHS TypOyneHTHOi Iudy3ii i 3B'13aHOrO piBHSAHHA. J[aHi MoOmenmi TO3BOJSIOTH ONEPATHBHO BU3HAYUTHU
BIUIMB BIiZIBaJIB TOpOIY Ha 3a0pyaHeHHs arMochepHOro mOBITps. Mojenl BpaxoBYIOTh KOHBEKTHBHUIA
nepeHoc 3a0pynHioBaya, aTtMoc(epHy TypOyleHTHY IuQy3ilo, IHTEHCHBHICTh eMmicii NOMIIIKM BiJ BiaBaity.
IpakTuuna 3HaunMicTb. Po3pobieHi yncenbHi MOJieNl IMIZIEMEHTOBAH] y BUIIISI IPOrpaMHUX KoxiB. JlaHi npo-
rpaMHi KOJM MOXYTb OyTH BUKOPHUCTaHI, [IPY MPOBE/ICHHI CEPiIHNX PO3paxyHKIB HA KOMITIOTEpax Maioi i cepeHb-
01 MOTY)XHOCTI, TOOTO OOYMCIIOBAJIILHOI TEXHIKH, SKa € B PO3MOPS/DKCHHI OpraHizailiid, 1mo 3aliMaroThCs €KO-
JIOTIYHUMH NpoOJieMaMy B TEXHOTEHHO HaCHMUEHMX perioHax. [Ipu mpoBeneHHI po3paxyHKiB Ha 0a3i moOyJOBaHUX
YHCEIbHUX MOJEJCH BHKOPHUCTOBYIOTHCS THUIIOBI BHXIJHI JaHi MO0 iHTCHCHBHOCTI €MICil JOMIIIOK BiJ BiIBaiB,
METEOYMOBH, XapaKTEPHI [l KOHKPETHOTO PETiOHY KpaiHH.

Knrouogi crosa: 3a0pynHeHHs atMocdepy; BiiBaJIK OPOJH; MaTeMaTHYHE MOJICTIOBAHHS; YHCEIbHI MO
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YUCJEHHOE MOJEJINPOBAHME 3AT'PSI3HEHUSI BO3AYIITHOM
CPEJbI OT OTBAJIOB

Heas. OTBaBl MOPOABI SABIAIOTCSA JOJTOCPOYHBIMH UCTOYHHKAMH 3arpsi3HEHHS aTMOc(epHoro Bo3nyxa. B ar-
Mocdepy HOCTyHaeT 3HAYUTEIBHOS KOJIMYECTBO BPEAHBIX BemiecTB. Oco00 MHTEHCHBHO NPOUCXOMUT 3arpsisHEHHE
aTMOC(epHOro BO3yXa BCIEACTBHE NBUICHUS OTBANOB. BaxkHOil 3amadeli sBisieTcst pa3paboTka METOIOB IIPOTHO3a
OUHAMUKH 3aTrpS3HEHUs aTMOC(EpHOro Bo3ayXa IPH BEIIEIICHHH BPEIHBIX IpUMecei oT oTBanoB. [Ipu paspaborke
METOJZIOB NPOTHO3a JIMHAMHKH 3arpsi3HCHHS BO3IYIIHOI cpensl oT oTBaoB. OUYeHb BaXKHBIM SBISIETCS CO3aHHE
YHUBEPCAJIBHOW MOJIEIH, KOTOpasl 1M03BOJsIa Obl HA €JMHOW BBIYHCIHUTEIHHON IUIaTGOpME OCYIIECTBISITE pacueT
mpolrecca 3arpsi3HeHUs] aTMOC(EpHOro BO3AyXa Ul Pa3IMYHBIX NPUMECEH, KOTOpBIE BBIJCISIFOTCS OT OTBAJIOB.
Taxoke BakHOW NpoOJIEeMOil ABJsIeTCsT BEIOOP MECTa ONTHMAIBHOTO pa3MeIIeHHsT OYAYIIUX OTBAJIOB, C LEIBIO MH-
HUMH3AIMK MX OTPULATENILHOTO BIMSHUS Ha OKpyxatouryto cpeay. Meronuka. UucienHoe MoaenupoBanue ¢op-
MHUPOBaHHS 30H 3arpsi3HEHHs aTMoc(epbl BO3Jie OTBAJIOB MMOPO/bI BHIMOJHEHO HA OCHOBE NMPHMEHEHUS YpaBHEHUS
TypOYJICHTHOTO pacceMBaHUs IpuMecH B atMocdepe. g pelneHns 3agadn 1o BIOOPY PallMOHAIBHOTO MECTa pac-
TIOJIOXKEHHST OTBAJIOB UCIIOJIB3YETCsl CONPSDKCHHOE ypaBHEHHE. UNCICHHOE HHTETPUPOBaHHE OCYIIECTBISETCS C 110~
MOIIBIO HESIBHOW Pa3HOCTHOW cxeMbl. Pe3ynbTarsl. PaspaboTansl uncieHHble Mojenu. [lepBas 4uciIeHHAs MOJEIb
MO3BOJIICT OLCHUTH BIHMSHIE OTBAJOB MOPOJBI HA 3arpsisHEHHE aTMOC(EpHOro Bo3ayxa. Bropas uncieHHas Moaeib
MO3BOJIICT Ha OCHOBE OJHOPA30BOT0 pacyeTa ONpeleHTh PalMOHAJBHOE MECTO PACIIONOKEHUS OyIyIIero oTajia
C TOYKHM 3pEHHs €ro MUHHMAaJBHOTO BIUSHHA Ha 3arps3HeHue atMoc(epHoro Bo3nyxa. Hayunas nosusHa. Ipex-
JIOXKeHBI JIBE YHCIICHHBIC MOJEIH, KOTOPBIE OCHOBBIBAIOTCS HA NPUMEHEHHU YpaBHEHUS TYpOyJeHTHOU Iuddy3uu
" CONPSAKECHHOI'O YpaBHCHUS. IIaHHI)Ie MOJECJIN TMO3BOJAKOT ONCPATUBHO ONPEACINUTL BIMAHUE OTBAJIOB MOPOALI Ha
3arpsisHeHUe aTMOc(epHOro Bo3ayxa. MoJenn yYUTHIBAIOT KOHBEKTHBHBIN MEPEHOC 3arpsA3HUTEIs, aTMOC(EPHYIO
TypOyJIeHTHYI0 An((y31I0, HHTEHCUBHOCTh 3MUCCUY NpUMecH oT oTBajia. [IpakTHueckasi 3HauYnMocTh. Paspabdo-
TaHHBIC YUCJICHHBIC MOACIN UMITTICMCHTHPOBAHbI B BUJIC TPOTrPaAMMHBIX KOOOB. I[aHHI)Ie nporpaMMHBIE KOJAbI MOT'YT
OBITh WCIIOJIb30BAHbI, NMPU TPOBEACHUH CEPUUHBIX PACUYETOB HA KOMIIBIOTEpaxX Majloil M CpeAHEeH MOIIHOCTH,
T.€. BRIYUCIUTEILHOMN TCXHUKE, KOTOpasA UMCCTC B paClOPSKECHUN OpFaHH3aHHﬁ, 3aHUMAarIMUXCs 9KOJIOTrHYCCKUMU
npobieMaMy B TEXHOTCHHO HACHIIICHHBIX PerdoHax. IIpy npoBeneHNH pacyeToB Ha 0a3e MOCTPOCHHBIX YHCICHHBIX
MOJEJNCH HCHOJIB3YIOTCSl THIIOBBIC HCXOIHbBIC JAHHBIC OTHOCHUTEIFHO WHTCHCHBHOCTH SMUCCHH IPHMeECeH OT OTBa-
JIOB, METCOYCIIOBHS, XapaKTEPHBIE s KOHKPETHOTO PErHOHA CTPAHBL

Knrwouesvle crosa: 3arpszHeHne aTMOC(epbl; OTBAJIBI IIOPOABI; MaTeMaTHYECKOE MOJICITUPOBAHUE; YUCICHHBIC
MOJEIA
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