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Purpose. Development of methods and software for determining levels and zones of atmospheric air pollution by
emissions from mining and power generating companies that contain significant volumes of sulfur oxides.

Methodology. The forecast of the level of atmospheric air pollution by sulfur-containing emissions from mining
and power generating companies is based on a mathematical model for calculating the concentration of sulfur diox-
ide, which takes into account the processes of its oxidation, as well as the formation and evaporation of sulfuric acid
in the atmosphere. The numerical method is based on the joint solution of the equations of convective-diffusion
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transport of pollutants that come directly from enterprises or are formed additionally due to chemical reactions in the
atmosphere. The technique is implemented using implicit difference schemes.

Findings. The developed methodology and software allow predicting the levels of atmospheric air pollution by large
industrial enterprises taking into account chemical transformations of sulfur oxides in the environment. A number of
numerical experiments have been carried out to estimate the levels and zones of atmospheric air pollution in the city of
Dnipro with sulfur dioxide near industrial enterprises, taking into account various meteorological conditions.

Originality. The regularities of atmospheric air pollution by sulfur-containing emissions from industrial enter-
prises are established on the basis of a joint solution of transport process equations as for impurities coming from
sources of pollution and transformation as a result of chemical reactions in the atmosphere.

Practical value. The developed forecast method and software allow determining the concentration of pollutants in
the atmosphere and assessing the level of environmental hazard of large industrial enterprises. The obtained patterns
of dispersion of sulfur oxides make it possible to predict pollution levels of environmental objects on the territory of
industrial cities and to introduce air protection measures in a timely manner.

Keywords: industrial enterprise, emission, dispersion, chemical interaction, numerical model

Introduction. Enterprises of mining and metallurgical
and fuel and energy complexes are the main sources of
pollution of environmental objects [1]. Annually, as a re-
sult of their functioning, up to 35 % of the pollution from
all stationary sources enters the environment. This leads to
significant contamination of territories adjacent to indus-
trial enterprises. High levels of contamination of environ-
mental objects in the areas of functioning of metallurgical
enterprises with heavy metals have been established.

One of the main pollutants of the environment in the
operation of mining and energy enterprises is sulfur
compounds. The most dangerous for life and health of
people is sulfur dioxide SO,, which is formed by burning
of organic fuel (coal, oil) containing sulfur, as well as
during industrial processing of sulfur-containing raw
materials. And emissions of sulfur dioxide, caused by
the operation of thermal power plants burning organic
fuels, exceed 100 million tons per year [2].

More than 60 % of the released amount of SO, is due
to the combustion of coal and oil [3]. In connection
with the requirements for reducing air pollution with
S0O,, oil with low sulfur content is in great demand and
therefore is sold at a higher price.

The harmful effect is caused not only by sulfur diox-
ide itself, the main damage is caused by sulfur trioxide
SO, formed during the oxidation of SO,. Sulfur dioxide
is difficult to oxidize in clean air. However, in the pres-
ence of dusty metal oxide particles under the influence of
0,, sulfur dioxide very quickly turns into SO;. The reac-
tion proceeds on the surface of the particles, which play
the role of a heterogeneous catalyst. The ejected gases
contain a significant amount of finely divided solids —
ash, suspended in air. The oxidation of SO, is also facili-
tated by the presence of moisture droplets in the air, and
SO, dissolved in water oxidizes rather quickly [3].

An additional source of air pollution are vehicles that
emit pollutants into the environment, which worsen the
living conditions of the population in large industrial
centers [4]. To improve the efficiency of the capture of
pollutants with vehicle exhaust, a mathematical model
has been developed that takes into account the relevant
performance characteristics [5].

Analysis of the recent research and publications. The
works by Batluk V.A., Bakhareva V.S., Galich R.V.,,
Pitsyk Yu. V., Proskurina I. V., Shaparya A. G., Shvarts-
man V. M., Yakuba O.R. etc. are dedicated to the study
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of the environmental consequences of the operation of
large mining and metallurgical and power enterprises in
urban areas.

Currently used are: empirical models — the norma-
tive methodology OND-86 (All-Union normative doc-
ument — 86) The Methods of Calculations for the Concen-
tration of Harmful Substances in the Atmospheric Air from
Enterprises Wastes; analytical model of Gausse [3] and
its varieties, numerical models [6]. To assess the effec-
tiveness of compliance with environmental and sanitary
and hygienic standards in residential development in the
area of the emissions of waste gases from firing ovens,
the level of surface concentrations of pollutants in the
ambient air was calculated using the “PLENER-1.25”
software complex [7]. In work [8], the effectiveness of
reducing the negative impact of coke plants on the envi-
ronment has been established.

The authors of [9] proposed criteria that take into
account the negative impact of pollutants on human
health. This allows us to determine the main directions
of reducing the level of danger by choosing the optimal
management decisions.

Empirical and analytical models allow calculating
the pollutant concentration field at a stationary point
source of contamination. The use of numerical models
based on the solution of the Navier-Stokes equations
with different turbulence models for this class of prob-
lems is usually carried out on expensive software pack-
ages such as Ansys. Mathematical models have also been
developed for solving problems of protecting the atmo-
sphere, hydrosphere and underlying surface on the basis
of three-dimensional unsteady mesoscale processes in
the atmosphere and stratified reservoirs [1, 3].

It should be noted that the proposed models and cri-
teria do not fully take into account the processes of dis-
persion and chemical transformations of sulfur oxides in
the atmospheric air of industrial cities.

Therefore, there is a need to develop a methodology
for assessing the detail of the spatial distribution of at-
mospheric air pollution by harmful impurities, which
are emitted by large industrial enterprises.

Unsolved aspects of the problem. When SO, is emitted
in the atmosphere, the following reactions are possible:
gas-phase molecular oxidation, gas-phase oxidation by
radicals, oxidation on the surface of solid particles, and
oxidation of liquid-droplet particles. The intensity of the
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reactions depends on the time of day, season, latitude, the
number of particles, their size, the physical and chemical
properties of the surface, as well as the probability of the
molecule entering the liquid-droplet phase (clouds and
fogs). It should be noted that the rate of sulfur oxidation
decreases with distance from the source of emissions [4].

The main way to convert SO, to SOj; is photochemical
oxidation. Absorption of a photon by a molecule of SO,
with a wavelength of more than 300 nm can lead to the
transition of one of its electrons from one orbit to another,
a higher one. In this case, the molecule passes into an ex-
cited state, its reactivity increases. Sulfur trioxide SO;,
formed in one way or another, depending on the specific
state of the atmosphere, dissolves in droplets of moisture to
form sulfuric acid. As a result of increasing emissions of
sulfur oxides into the atmosphere, the content of sulfuric
acid in precipitation increases sharply.

In an atmosphere where NH; ammonia is locally
contained, an acid-base interaction can occur, resulting
in the formation of ammonium hydrogen sulfate
NH,(HSO,) or ammonium sulfate (NH,)2SO, in con-
tact with a concentrated ammonia solution.

The dense haze enveloping many large industrial ar-
eas consists mainly of air-dispersed ammonium sul-
phate formed in this way. It’s not safe to breathe this air.
As a result of the release of sulfur and nitrogen oxides
into the atmosphere, acids are formed that cause the
acid precipitation. When falling into a reservoir or soil,
such precipitation affects surface waters, soil, terrestrial
and aquatic ecosystems, various structures, buildings.
Negative effects of sulfate on humans when inhaled are
already observed at a concentration of 6—10 pg/m?,
while the maximum allowable concentrations for SO,
are 50 ug/m?, and for H,SO, are 100 ug/m?.

As a result of chemical, photochemical, physico-
chemical reactions between pollutants and atmospheric
components, other secondary pollutants are formed.
The main source of pyrogenic pollution on the planet
are thermal power plants, metallurgical and chemical
enterprises, boiler plants, consuming more than 70 % of
the annually produced solid and liquid fuels.

According to the foregoing, the current task is to as-
sess the pollution of atmospheric air from industrial and
power plant emissions. The solution of this class of prob-
lems requires the creation of mathematical models for the
rapid assessment of the level of air pollution. The process
of dissipating SO, in the atmosphere is accompanied by a
number of chemical reactions, which are practically im-
possible to model in simulation. Therefore, in practice,
they are limited to considering some of them.

Formulation of the purpose of the work. The aim of
the work is to develop a methodology and software for
the rapid numerical calculation of levels and zones of air
pollution in areas adjacent to large industrial enterprises,
taking into account chemical transformations of pollut-
ants in the atmosphere, depending on the meteorologi-
cal parameters of the environment.

Presentation of the main research. In solving this
problem, we will take into account the process of forma-
tion of sulfuric acid in the interaction of SO, with water
vapor. In this case, the modeling equations are
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where C is the concentration of SO,; W is the concen-
tration of water vapor; 4 is the concentration of sulfuric
acid H,SOy; u, v — components of the wind speed vector
averaged over the transfer height (Marchuk G.I.);
p = (wx, wy) is the coefficient of turbulent diffusion; Q —
emission intensity of pollutant SO,; 8(x — x;) d(y — y,) is
the Dirac delta function; x;, y; are the coordinates of the
emission source; o is a coefficient that takes into ac-
count the chemical decomposition of SO,, 6 =0.027 h™!
(Arguchintsev V. K.); 7 is time. The content of water va-
por in the atmosphere is 60 %.

Equations (1—4) describe the dispersion of SO,, water
vapor and sulfuric acid emissions by wind and atmospher-
ic diffusion. Equations (2) and (5) take into account
changes in SO, concentration due to the formation of sul-
furic acid and changes in its concentration due to the
chemical transformation of SO,. In addition, we will take
into account the process of interaction of SO, with am-
monia, which is contained in the atmospheric air of indus-
trial cities. The presence of ammonia in the atmospheric
air of settlements can be taken at the level of an average
daily allowable concentration of 0.04 mg/m?. To take into
account the interaction of SO, with ammonia, it is neces-
sary to integrate, at each time step, the following equation

oC

5 = O N-C, (6)
where N is the concentration of ammonia in the ambi-
ent air, 6, = 0.003#7".

The statement of the boundary conditions for this
equation is considered in the papers by Arguchintsev V. K.,
Marchuk G. 1. and Samarskiy A. A. Numerical integration
of the impurity transfer equations (1, 3, 4) is carried out
using an implicit difference splitting scheme developed by
Samarskiy A. A. We give a description for one of the trans-
fer equations, for example, for equation (1). Similarly, in-
tegration is performed for equations (3, 4).

The time derivative is approximated by the divided
difference “back”

n+l
o G'=Gj.
ot At

In convective derivatives, the terms of unidirectional
transfer are written as
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Taking into account the previous expression, the
convective derivatives are approximated by the separat-

ed “against the flow” differences on the upper time
layer

+ + n+l _ .+ n+l
ouC _uiy O —u Gl

- - i,ji-1,j :L;CVHI;
X
_ — n+l - n+l
ouC uny Gy —u Gl
x Ax =Lem
X
+ +1 + (n+l
v C VGl =viClh L .
~ =LC"
dy Ay g
_ - n+l - n+l
v C VGl =i, Ol
5 = n :LyC .
y Yy

The velocity components u are determined on the
vertical faces of the difference cells, and the velocity
components v — on the horizontal faces. The indices of
these faces correspond to the indices of the cells located
to the right of or above the corresponding face.

The second derivatives are approximated as follows
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where L, L, L, Ly, M M, M5,
for the difference operators. Taking into account the
above notation, the difference analog of the transfer
equation is written as

M, are the symbols

cHl_cn
L) LJ +L+cn+1+L—Cn+l+L+Cn+l+
At * " Y

+L;C”+1 + GC’;H'I =(M;C™'+ L C™' +
+L C™ + L C™ )+ g8,

Denote 5;— the number “1” or “0”, depending on
whether the source of contamination is located or not in
the difference cell “j”. The value of g; is equal to the
intensity g, of the corresponding k™" source located in
the difference cell “ji” divided by the area of this cell

45 = qi/(AxAy).

Split the difference equation into four difference
equations so that at each step only one direction of per-
turbation transfer is taken into account, determined by
the sign for the convective derivative. In this case, the
difference equations have the form:
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In the above difference equations, a value g, = 9
AxAy

is used. The value of the function 9, is identically equal
to zero in all cells, except for those where the source of
the ejection is located.

Since at each step of the splitting the template of the
difference equations has a triangular shape, then on the
upper time layer the unknown value of the function C'is
found using the “running account” method. On the ba-
sis of the constructed numerical model, a software
package was developed in the Fortran language.

In a similar way, the numerical integration of equa-
tions (2) and (4) is performed.

The developed numerical model was applied to study
the dynamics of atmospheric air pollution during steady-
state emissions of sulfur dioxide by a metallurgical plant
located on the territory of the city of the Dnipro.

The emission source is constantly operational. Ac-
cording to the data of the environmental passport of
Dnipro concerning emissions of large enterprises into
the atmosphere, the intensity of sulfur dioxide emission
is Q = 17.4 g/s. The calculation was carried out with the
following parameters: dimensions of the calculated area
are 18x8 km; diffusion coefficient, according to Prosku-
rina [. V. is p = (0.1 + 1) - U; averaging over the transfer
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height is of 600 m. In the first version of the calculation,
the wind velocity was U = 6 m/s with the wind direction
from the northwest o = 20° (Fig. 1), Cpyux= 0.3426 mg/m?,
t=152s; in the second version of the calculation, the wind
speed is U= 8 m/s with the direction of the wind from the
northwest o = 60° (Fig. 2), C,. = 0.3226 mg/m?, t=52s.

In Figs. 1 and 2, the concentration value is expressed
as a percentage of the maximum concentration at a spe-
cific time.

Thus it is visible, as in the course of time the signifi-
cant zone of pollution is formed. Cloud pollution very
quickly covers the surrounding areas, located in the di-
rection of the wind.

When considering the first meteorological situation
(Fig. 1), the following contaminated areas fall into the
contamination zone: Svoboda Ave., Mazepa Ave., Metal-
lurgov Ave., Pushkin Ave., Alexander Pol’ Ave., Gagarin
Ave. The concentration of sulfur dioxide varies according
to this dependence: Zavodskaya Str. — up to 55 %, Kievs-
kaya Str. — up to 45 %, Orlovskaya Str. — up to 32 %,
Rabochaya Str. — up to 20 %, Titov Str. — up to 10 %.

When considering the second meteorological situa-
tion (Fig. 2), according to which the direction of the
wind was changed o = 60° and the wind speed was U =
= 8 m/s, the pollution zone included: Svoboda Ave.,
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Fig. 1. Zone of pollution by sulfur dioxide with the direc-
tion of the wind from the northwest o. = 20°, one
source of pollution
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Fig. 2. Zone of pollution by sulfur dioxide with the direc-
tion of the wind from the northwest o = 60°, one
source of pollution
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Mazepa Ave., Metallurgov Ave., Bohdan Khmelnytsky
Ave. The concentration of sulfur dioxide varies accord-
ing to this dependence: Zavodskaya Str. — up to 45 %;
Kievskaya Str. — up to 40 %, Orlovskaya Str. — up to
30 %, Rabochaya Str. — up to 15 %, Titov Str. — up to
7 %, Victory Str. — less than 4 %.

Fig. 3 shows the zone of pollution with sulfur dioxide,
which is formed from two sources: metallurgical and cok-
ing plants. The initial data, the meteorological parameters
and the dimensions of the computational domain were
assumed to be the same as for the first version of the cal-
culation in the presence of one source of pollution. The
pollution cloud covers: Svoboda Ave., Mazepa Ave., Met-
allurgov Ave., Pushkin Ave., Aleksander Pol’ Ave., Bog-
dan Khmelnitsky Ave, Gagarin Avenue. The concentra-
tion of sulfur dioxide varies according to this dependence:
Zavodskaya Str. — up to 75 %, Kievskaya Str. — up to
65 %. Orlovskaya Str. — up to 40 %, Rabochaya Str. — up
to 30 %, Titov Str. — up to 25 %, Zaporozhye highway
Str. — up to 20 %, Kosmicheskaya Str. — less than 12 %.

To evaluate the impact of emissions of the second enter-
prise on the level of atmospheric air pollution, a design
point was chosen at a distance of 5 km (along the x axis) and
2.5 km (along the y axis) from the emission source. With
the emission from the metallurgical plant only (Fig. 1), the
concentration of contamination at the reference point is
about 12 % of the concentration at the outlet from the in-
dustrial pipes (from C,,,.=0.3226 mg/m?), and in the pres-
ence of a second pollution source (the coking plant), the
concentration at a given point increases and is about 30 %,
i.e. the level of pollution is increased 2.2 times. Thus, us-
ing the developed numerical model, it is possible to pre-
dict the effect of emissions on the formation of atmo-
spheric air pollution zones in a city when building new
enterprises or when reconstructing existing ones.

In the operation of thermal power plants that use or-
ganic fuel, the following pollutants enter the atmo-
sphere: sulfur oxides, nitrogen oxides, carbon dioxide,
particulate matter and other substances. Emissions of
thermal power plants account for 40 % of the total emis-
sion of stationary pollution sources (K. Work, C. Wor-
ner). The thermal power station (TPP) with a capacity

of 1 GW at a consumption of 3 million tons of coal emits
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Fig. 3. Zone of pollution by sulfur dioxide with the direc-
tion of the wind from the northwest o = 20°, two
sources of pollution
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into the environment: 7 million tons of CO,, 120,000 tons
of SO,, 20,000 tons of NO,, 750,000 tons of ash.

Analysis of data on air emissions of large enterprises
of the city of Dnipro showed that the greatest amount of
SO, comes due to the operation of Pridneprovskaya
TPP — 55434 tons/year.

The developed numerical model was used to estimate
the zone of pollution with sulfur dioxide at operating
Pridneprovskaya TPP. The emission intensity of sulfur
dioxide is Q= 1.78 kg/s. The dimensions of the calculated
area are 15 x 7.2 km; the diffusion coefficient, according
to Proskurina I. G. is u = (0.1 = 1) - U; averaging over the
transfer height of 600 m, the wind speed from the south-
east was U=6m/s, C..., =0.582 mg/m?, t=52s.

The maximum permissible concentration of SO,
(maximum one-time — 0.5 mg/m?, daily average —
0.05 mg/m?).

When considering this meteorological situation
(Fig. 4), the following areas fall into the contamination
zone: Soborny district, Heroyev Ave., Gagarin Ave.,
Aleksander Pol’ Ave., Pushkin Ave. The concentration
of sulfur dioxide varies according to this dependence: in
the area of the southern bridge it is up to 54 %, Si-
cheslavskaya embankment — up to 30 %, Gagarin Ave. —
up to 15 %, Alexander Pol’ Ave. — up to 10 %, Vladimir
Antonovich Str. it is less than 6 %. At the reference point,
the Heroev Ave., the SO, concentration is 22 %, namely
C=0.1281 mg/m?, which is less than the maximum one-
time concentration, but twice the daily average.

As a result of the conducted researches, the authors
developed a software package in the language of For-
tran, which realizes the numerical solution of the equa-
tions of convective-diffusion transport of pollutants and
the equations of their chemical transformation in the
atmosphere with the help of implicit difference splitting
schemes. The error in the calculations is determined by
the grid step size, the accuracy of the input meteoro-
logical parameters, and the intensity of the pollutant
emission. The error in the calculations is 15—17 %.

Conclusions and recommendations for further re-
search. As a result of the research, the following results
were obtained:

- regularities of dispersion and chemical transforma-
tions of pollutants coming from large mining and metal-
lurgical and power generating enterprises were established;

Fig. 4. Zone of pollution by sulfur dioxide with wind di-
rection from the southeast o = 30°, source of pollu-
tion — Pridneprovskaya TPP
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- a methodology for estimating the levels of air pollu-
tion at different distances from large enterprises, allow-
ing to take into account both the specific chemical trans-
formations of pollutants in the air and the effect of me-
teorological conditions on their dispersion was devised;

- a numerical model for calculating the dispersion of
emissions in the atmosphere, taking into account the
change in the magnitude and direction of wind speed, the
vertical diffusion coefficient with altitude was thought out;

- a software package has been developed that makes
it possible to conduct computational experiments to as-
sess the level of atmospheric air pollution from large in-
dustrial enterprises, taking into account the chemical
reactions of pollutants in the atmosphere;

- a study was carried out on the level of atmospheric
air pollution by sulfur dioxide in the zone of influence of
both a single enterprise and the joint operation of sev-
eral industrial facilities;

- studies of the levels of atmospheric air pollution
with sulfur dioxide in the zone of influence of a mining
and smelting enterprise and a thermal power station
were conducted.

The study of the level of atmospheric air pollution by
industrial enterprises is necessary for the environmen-
tally safe operation of these facilities. Conducting this
class of calculations is an indispensable tool for the
practical assessment of the environmental situation
when large industrial enterprises operate, whose activi-
ties are associated with the entry of harmful contami-
nants into the atmosphere.

The obtained results help form the scientific and
methodological basis for the creation of a three-dimen-
sional numerical model for the forecast of atmospheric
air pollution in industrial cities. The prospect of devel-
opment of this direction is the creation of a three-di-
mensional model that allows to take into account the
terrain and the development of the terrain.
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MeTta. Po3pobka MeToauKu i mporpamMHoOro 3abes-
MeYeHHs IJIsl BU3HAUYEHHS PiBHIB i 30H 3a0pyIHEHHS
aTMOoC(EepHOTro TOBITPSI BUKUIAMU TipHUYO-METaTyp-
TiiHUX i eHEPTOreHEPYIOUNX MiATTPUEMCTB, 1110 MiCTSITh
3HAYHi 00CSATU OKCUJIB CipKH.

Metomuka. [IporHo3 piBHSI 3a0pyIHEHHSI aTMOC-
(hepHOrO MOBITPSI CiPKOBMILIYIOUMMU BUKMIAMU Tip-
HUYO-METATyprilHUX i eHeproreHepyouux Mianpu-
€MCTB I'PYHTYETbCSI HA MaTeMaTUYHIN Monei 111 po3-
paxyHKy KOHULEHTpallil TiOKCUIYy CipKH, 110 BPaXxoOBY€
MpOIIeCU 1OTO OKMCIICHHSI, a TAKOX YTBOPEHHS i BU-
napoBYBaHHS CipyaHO1 KMCJIOTU B atMocdepi. Hucens-
Ha MeTOoAMKa 0a3yeTbCsl Ha CIIUILHOMY pillleHHI piB-
HSIHb KOHBEKTUBHO-IU(Y3iiHOro mepeHocy 3a0py-
HIOIOUMX PEUYOBUH, 1110 HANXOASITh OE3M0CEPETHBO Bil
MiIMpUEMCTB 200 YTBOPIOIOTHCS TOAATKOBO 32 PaXyHOK
XiMiYHMX peakiiii B aTMocepi. Meronuka peanisy-
€ThCS 3 BUKOPUCTAHHSIM HESIBHUX Pi3HULIEBUX CXEM.

Pe3yabTaTtu. Po3pobieHa mMetoauka i mporpaMmHe
3a0e3MevYeHHs JO3BOJISIIOTh ONEPATUBHO MPOTHO3YBAa-
TU piBHI 3a0pyIHEHHS aTMOC(EPHOro MOBITPSI BUKU-
JaMW BEJIUKHMX ITPOMHUCIIOBUX ITiIIIPUEMCTB 3 ypaxy-
BaHHSM XiMiYHUX TE€pEeTBOPEHb OKCHUIIB CipKM B Ha-
BKOJIUIITHEOMY CepeloBUIIi. [1poBeaecHO psim dmceshb-
HUX eKCIIEPMMEHTIB 3 OLIHKM PiBHIB i 30H 3a0pyaHEH-
HsI aTMOC(ePHOTro TOBITPsT M. IHIMpo MiOKCUIOM Cip-
KU1 Mo0JIM3y MPOMUCIOBUX MIAMNPUEMCTB 3 ypaXyBaH-
HSM Pi3HUX METEOPOJIOTIYHUX YMOB.

HaykoBa HoBu3HA. BcTaHOB/IEHI 3aKOHOMipHOCTI
3a0pyIHEHHST aTMOC(EPHOTro MOBITPSI BUKUIAMU TTPO-
MUCJIOBUX MiAMPUEMCTB HA OCHOBI CITiJILHOTO pillleH-
Hs1 PpIBHSIHb TEPEHOCY JOMIIOK, 110 HAaIXOISTh Bif
JKepes 3a0pyaHeHHs, i TpaHchopMallii B pe3ybTarTi
XiMIYHUX peaklliii B aTMocdepi.

IIpakTuuna 3HaumMicTh. Po3pobiieHi TpOrHO3Ha
METOOMKa ¥ IIporpaMHE 3a0e3ICUCHHS TO3BOJISIIOTH
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OITepaTUBHO BU3HAYWTH KOHIICHTPAIIIO 3a0pyIHIOI0-
YUX PEYOBUH B aTMOChepi, OLIIHUTU PiBEeHb €KOJIOTiu-
HOi HeOe3Imeku (hyHKIIIOHYBaHHS BEJIMKUX IIPOMUCIIO-
BUX HianpueMcTB. OTprMaHi 3aKOHOMipHOCTI PO3Cito-
BaHHSI OKCUJIIiB CipK1 JO3BOJISIIOTH ITPOTHO3YBAaTU PiBHi
3a0pyaHEHHSI 00’€KTIiB HAaBKOJMUIIIHBOIO CEpPEelOoBUIIA
Ha TEPUTOPii TPOMUCIOBUX MICT i CBOEUACHO BIPOBa-
JKYBaTU MOBITPSIOXOPOHHI 3aXOIHU.

KmouoBi cioBa: npomucaose nionpuemcmeo, suxuo,
PO3CII0BAHHS, XIMIMHA 83AEMO0Is, YUCEAbHA MOOCAb

Ienb. PazpaboTka METOOMKM M IIPOrPaMMHOIO 00e-
CIICYeHMS /15T OIpeIe/ICHYSI YPOBHEM 1 30H 3arpsiI3HEHUS
atMocdepHOro Bo3ayxa BLIOpOCaMU TOPHO-METaJLTypIii-
YEeCKMX 1 SHEProreHepUpyIolrX MPearpusiTuii, KOTo-
pbIe cofiepKaT 3HaUUTeIbHbIE 00BEMbI OKCUIIOB CEPHI.

Metoauka. [1porHo3 ypoBHsI 3arpsi3HeHUsT aTMOchep-
HOTO BO3IyXa CepOCOoepKalllMMU BEIOpOCaMU TIPEIITPH-
SITUA OCHOBBIBAETCSI HAa MaTeMaTWMUYECKOW MOIENU ISt
pacueTa KOHIICHTpAIMU IUOKCHIA CEPhI C YUECTOM IIPO-
LIECCOB €T0 OKMCJICHUS, a TAaKKe 00pa30BaHUS 1 MCTIape-
HMSI CepHOM KMCIIOTHI B aTMocdepe. UncaeHHasT MeTOIM-
Ka 0a3mpyeTcss Ha COBMECTHOM pEIICHUN YpaBHCHUM
KOHBEKTUBHO-IU(M(PY3MOHHOTO TepeHOoca 3arpsi3HsIO-
IIIMX BEIIECTB, KOTOPbIE HETIOCPEACTBEHHO ITOCTYIIAIOT OT
TIPEANPUSITUI WA 00pa3yroTCsl JOTIOTHUTEIBHO 32 CYET
XUMMUECKUX peakiivii B atMochepe. MeTonuka peaausy-
€TCsI C MCITOJIb30BAaHEM HESIBHBIX PA3HOCTHBIX CXEM.

Pe3ynbTatbl. Pa3paboTaHHble MeTOmMKa W MpoO-
rpaMMHOe o0OecIiedeHre TTO3BOJISIIOT OTepaTUBHO TTPO-
THO3MPOBATh YPOBHU 3arpsi3HEHMSI aTMOCGhEpPHOTO
BO3IyXa BEIOpOCAMM KPYITHBIX MIPOMBIIIJICHHBIX TIPEI-
MIPUATHN ¢ YIETOM XMMUYECKUX MIPeBpaIIeHUIT OKCH-
JIOB cephl B OKpyxartotieit cpene. [1poenen psi unc-
JICHHBIX SKCIICPUMEHTOB II0 OIIEHKE YPOBHEUM M 30H
3arpsI3HeHMsT aTMocepHOoro Bo3ayxa r. JlHemp amok-
CHUIIOM Cepbl BOJIM3U MPOMBIIIJICHHBIX TIPEANPUITHI C
YYETOM Pa3TUIHBIX METEOPOJOTMUECKUX YCIOBUIA.

Hayunasi HoBu3HA. YCTaHOBJIEHbI 3aKOHOMEPHOCTU
3arpsi3HeHUsT aTMOC(hEpPHOro BO3dyXa CepocoaepXKa-
IIAMU BEIOpOCAMM TTPOMBIIIJICHHBIX TIPEATIPUSTHIA Ha
OCHOBE COBMECTHOT'O PEIIeHUsI YpaBHEHWI i1 TIPO-
1iecca mepeHoca rpruMeceid, MocTyIapIInX OT UCTOY-
HUKOB 3arpsi3HEHUS, W TpaHC(hOPMALIUU B pe3yIbTaTe
XUMMYECKUX Peakluii B aTMocdepe.

IIpakTHyecKas 3HaYMMOCTh. Pa3zpaboTaHHBIE MPO-
THO3HAs METOAMKAa U IPOrpaMMHOE OOeCIIeueHUE T0-
3BOJISIIOT OTEPATUBHO OMNPENEIUTh KOHIICHTPALIMIO 3a-
I'PSI3HSIONINX BEILIECTB B aTMOcGepe U OLIEHUTh YpO-
BEHb 9KOJIOTMYECKOI OMacHOCTU (DYHKIIMOHUPOBAHMS
KPYITHBIX MPOMBILIUIEHHBIX mpeanpusituii. [lomydeH-
Hbl€ 3aKOHOMEPHOCTU pacCerBaHUsI OKCUIOB Cepbl
TTO3BOJISTIOT  TIPOTHO3MPOBATh YPOBHU  3arpsi3HEHUS
00BEKTOB OKPYXaIIIIeil cpebl Ha TePPUTOPUU TIPO-
MBIIIIJICHHBIX TOPOIOB ¥ CBOEBPEMEHHO BHEIPSITH BO3-
JIYXOOXPaHHBIC MEPOTIPUSITHSI.

KinioueBble ciioBa: npomoiuiienHoe npeonpusmue, bl-
opoc, pacceugarue, xumuieckoe gzaumooeicmeaue, Huc-
JNeHHAs MOOenb

Pexomendoseano 0o nybaixauyii dokm. mexH. HAyK
B. I. I'oninercom. Jlama naoxooxncenwns pykonucy 15.03.16.
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