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DETERMINING ZONES OF CHEMICAL POLLUTION IN THE CITIES
AND ASSESSMENT OF CHRONIC DISEASES RISKS

Purpose. The scientific paper is aimed at creating a methodology of chemical pollution zones in the territories
of industrial cities and accounting the possibility of assessing the risks of chronic diseases. Methodology. The
method of numerical calculation of nitrogen dioxide concentration in atmospheric air is based on the solution of
three-dimensional impurity transfer equations, which directly comes from a permanently stationary source (industri-
al enterprise) and a linearly distributed source (highway). The method takes into account the process of chemical
transformation of impurities and photolysis in the atmosphere. The numerical model is based on the splitting of
model equations and their solution using an implicit difference scheme. Findings. The created software allows con-
ducting computational experiments to calculate the areas of atmospheric air pollution with nitrogen dioxide, taking
into account the interaction of impurities coming from various types of pollution sources and meteorological para
meters. On the basis of the obtained field of nitrogen dioxide concentration, an assessment of the change in the risk
of chronic intoxication associated with atmospheric air pollution with nitrogen dioxide over 50 years was carried out.
Originality. For the first time the regularities of changes in the level of atmospheric air pollution with nitrogen
dioxide have been established with due regard to the mutual influence of emissions from the industrial enterprise
and highway and their chemical transformation in the atmosphere. The risk of chronic intoxication has been calcu-
lated and its changes have been analyzed with due regard to the interaction of emissions from the industrial enter-
prise and highway, it leads up to 10% of risk increasing. Practical value. Authors developed a mathematical model
and method of numerical calculation. Software created on their base allows obtaining quickly quantitative results
necessary in developing the system for monitoring the man-made loaded regions of the city. The obtained patterns
of impurities dispersion allow us to estimate the levels of pollution in urban areas of the city by emissions from in-
dustrial enterprises and highways. Accounting of the mutual impact of emissions and the calculation of risks of in-
toxication allows solving environmental problems arising in the development of transport strategy in cities.

Keywords: industrial enterprise; highway; dispersion of impurities; chemical interaction; risk of disease

Introduction stationary sources, which tend to be sustainably
reduced.

For mobile sources of pollution (cars) are char-
acterized: by high rates of growth in the number of
cars compared with an increase in the number of
stationary sources; their spatial distribution; close
proximity to residential areas; higher toxicity of
vehicle emissions compared to stationary sources;
low location of the source of pollution from the
earth's surface, as a result of which the exhaust

The atmospheric air of the territories in large
cities contains a large amount of anthropogenic
impurities: emissions from industrial enterprises,
motor vehicles, mini-boiler houses, products of
fuel combustion and waste incineration. These im-
purities are characterized by a constant presence in
space, inhomogeneity and uneven distribution. The
growth of motor vehicles retains its leadership in
urban air pollution, in contrast to emissions from
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gases of automobiles accumulate in the breathing
zone of people and are dispersed more slowly by
wind compared to industrial emissions. These fea-
tures lead to the fact that motor transport creates
extensive zones with a steady excess of air pollu-
tion standards in cities.

The constant increase in emissions of nitrogen
oxides into the air is also connected: with the de-
velopment of motor transport, tendency of more
complete use of fuel, which leads to an increase in
NOx emissions with increasing temperature at

more efficient engine operation; with an increase
in the speed of the motor transport, as a result of
which NOx grows nonlinearly. In this regard, an-
thropogenic pollution of atmospheric air with ni-
trogen oxides takes on a critical character in indus-
trial densely populated cities with a large network
of highways.

According to the data of the environmental
passport of Dnipro city, the main stationary indus-
trial sources of air pollution with NOx emissions
include several city enterprises (Table 1).

Table 1
The NOx emissions of the main enterprises of the city
Total NOx To the total er-rlw—i(')sstih:ngozsaelzt-
Name of the property emissions, object emis-
tyear sions. % tlement) of the
' object, %
Prydniprovska TEPS 15 399.971 18.7 84.3
PC «Dnipro Metallurgical 4003.362 37 622
Complex»
PLC «Dnipro Metallurgical Plant» 1 066,608 11.9 5.8
PC «Interpipe Nyzhnodniprovskyi
Tube Rolling Plant» 431.807 286 24
PLC «Dnipro Coke Chemical 413.750 327 41
Plant»

Analysis of the data of the Central Statistical
Office in the Dnipro region showed that the total
amount of NOx emissions from all stationary
sources of pollution in the Dnipro city was about
50.000 tons, and from all types of vehicles about
20.000 tons in 2017.

The peculiarity of air pollution in industrial cit-
ies is that there is an interdependence of emissions
from various types of sources. The most typical
situation is the interaction of emissions from indus-
trial enterprises with emissions from motorways
(Fig. 1). The assessment of the pollution level tak-
ing into account the emissions interaction is rather
difficult task, both from a mathematical point of
view and in numerical implementation. The com-
plexity is due to the need to solve the three-
dimensional mass transfer equations for impurities
that enter the atmosphere from various types of
pollution sources, as well as the need to take into
account the processes of chemical transformation

of impurities in the atmosphere.

When solving this class of problems, studies
are carried out to find changes in the concentration
in the atmospheric air of impurities received either
from stationary sources or from mobile ones with
or without consideration of the process of their
chemical transformation in the atmosphere [2].

Fig. 1. Scheme of emissions influence:
1 — industrial facility; 2 — the highway;
3 — zone of mutual influence of emissions from 1 and 2
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Both abroad and in Ukraine, calculations are
carried out on the basis of empirical or analytical
models or on the basis of numerical models of
software packages [10-15]. In these works, a num-
ber of factors affecting the state of the atmospheric
air of the city are considered; effective methods for
reducing the man-made load are proposed. Ma-
thematical modelling of the space-time distribution
of pollutants from a power plant, which is per-
formed in the FlexPDE software package, is stud-
ied in [11]. The efficiency of a system for model-
ing air pollution and human exposure was esti-
mated on the base of the geographical information
system AirGIS [7]. The effect of emission sources
on environmental pollution PM_s [8, 14] has been
considered. Background pollution represents the
lowest levels of air pollution to which people are
constantly exposed, but few studies have focused
on modeling this type of pollution [9].

However, the question of the mutual influence
of impurities from industrial emissions and high-
ways, while taking into account their chemical
transformation in the atmosphere, remains relevant.

In industrial cities, the forecast of risks for the
population is of great importance. Risk assessment
in case of technogenic accidents is the subject of
works by V. . Golinko, L. V. Drannikova,
V. F. Stoetsky [3], works on risk analysis in case
of systematic air pollution with hazardous chemi-
cals are dealt with by V. V. Menshikova,
A. A. Shvyryaeva, T. B. Zakharova [5], chemical
transformation  processes are described in
H. T. Overman [13]. Obviously, where there is an
interaction of impurities of various types of
sources (Fig. 1, zone 3), the risk of the disease in-
creases even more, since the residents of this re-
gion may not suspect that they are in the zone of
influence of several sources of air pollution. You
can identify zones on the city map and assess pos-
sible risks using mathematical modeling methods.
This issue is also important from the point of view
of the monitoring system of technologically loaded
regions.

Metallurgy is one of the most important sectors
of the economy, as it allows other industries to de-
velop. PC «lInterpipe Nyzhnodniprovskyi Tube
Rolling Plant» is the largest manufacturer and sup-
plier of steel pipes for various purposes; the pro-
ducts of this plant are supplied to 50 countries of
the world, characterized by high reliability and

durability. However, this company has a techno-
logical impact on the air, it is among the environ-
mentally-unsafe objects located in the city.

The emissions of nitrogen oxides from «Inter-
pipe Nyzhnodniprovskyi Tube Rolling Plant» are
considered, which, according to statistical data,
amount to 437.807 tons/year (Table 1). This indus-
trial enterprise occupies an intermediate position
among other enterprises of the city in terms of NOx
emissions, which allows evaluating the mutual in-
fluence of emissions from this enterprise and the
nearby highway with certain traffic intensity.

Purpose

The main purpose of this research is to develop
a mathematical method of numerical calculation
for estimating the concentration of impurities in
the atmospheric air of a city with the mutual influ-
ence of emissions from an industrial enterprise and
vehicle emissions taking into account their chemi-
cal transformations in the atmosphere and meteoro-
logical parameters, on the base of three-
dimensional transport equations. On the basis of
the received field of NOx concentrations, it should
carry out an assessment of the risks of chronic in-
toxication of the population living in the area af-
fected by the selected sources of pollution.

Methodology

When a vehicle is moving and when it is idling,
various kinds of pollutants enter the air, which
undergo a transformation under the influence of
sunlight. Let us consider the main chemical
reactions occurring in atmospheric air between
nitrogen oxide NO, nitrogen dioxide NO, and

ozone O, :

NO, +h,——NO+0, 1)
0+0, >0, 2
NO +0,—%—NO, +0,, 3)

Only the main three reactions (1) — (3) are tak-
en into account, since to calculate the chemical
transformation of emissions in the atmosphere, it is
necessary to know the rates of their chemical reac-
tions, which are determined experimentally. They
were studied in papers [12-13].
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To calculate the level of air pollution by these
pollutants, it is necessary at the first stage to solve
the transport equations for each impurity in the
atmosphere:

aINO] _ u[NO] _av[NO] ow[NO] _

ot OX oy oz
0 a[NO] 0 a[NO]
—&(ux P —)+ ay(M Y ———)+
o, 0[NO]
+§(uz oz )+

+Quod(X —X%)3(Y — ¥5)3(2 - 2;) ; (4)
dINO,] ou[NO, ] . oV[NO, ] . ow[NO, ] _

ot OX oy 0z
3 G[NO ] 0 G[NOZ]
—&(ux ax )+ay(u Y —)
o, O[NG,]
J’_E(“z 82 )+

+Qno,8(X —X)3(Y = ¥o)8(z — 2,) ; (5)
o0s] , ou[O,] . v[0;] . ow[O,] _

ot ox oy oz
[0] 0[O ]
8X(lle N ay(uy & )+
o, 0[0]
+E(”’z = ), (6)

where Q, is the intensity of NO emission from
the industrial enterprise or transport, Qo is the

intensity of NO, emission from an industrial en-
terprise or from motor transport; u, v, w — compo-

nents of the wind speed vector; p=(u,,u,,u,) —

turbulent diffusion coefficients; X,,Y,,z, — coor-
dinates of the emission source of the pollutant (in-
dustrial plant or highway);
S3(X—x,) d(y—Y,) 8(z—z,) — Dirac delta func-
tion, which is used to simulate the release of a pol-
lutant. The values of diffusion coefficients are cal-
culated using the formulas: p,=(0,1+1)-U,

u,=(0,1+1)-U, where U is the wind speed,

m
n, = k[ij , Where z is the height above the level
4

of Earth, z, is the height where the wind speed is
U, m=1, k=0,2 [4, 6].

At the second stage, it is necessary to calculate
the chemical transformation of impurities. The
process of chemical transformation is calculated on
the basis of dependencies:

¥=—kl[NO] [03]+‘]N02[N02]’ (7)
%z-kl[m] [0;]-Jyo, [NO,],  (8)
5] ey osatie). @

Chemical reactions and photolysis are interre-
lated in the atmosphere. The photolysis rate

JNOZ,[S'l] and  reaction rate  constant

k,, [ppb?s™], depending on temperature, are de-
termined by expressions:

Jno, =8,14-107°(0,97674+8,37-107* -

(T —273,15) ++4,5173-10° - (T - 273,15)?), (10)

k, =44,05-10" exp(—@)

(11)

Nitrogen dioxide decomposes to produce nitric
oxide, and latter is oxidized by ozone. As a result
of the series of consecutive reactions, one molecule
of nitric oxide contributes to the destruction of an
average of 10 ozone molecules. NO, is more toxic

than NO. The scale of NO transformation is
10 km per 1 hour, and NO, — 100-200 km per 2

days. To assess the level of air pollution with ni-
trogen dioxide, taking into account the mutual in-
fluence of emissions from industrial enterprises
and the highway, it is necessary to solve equations
(7) — (9) together. The setting of boundary condi-
tions for solving the transport equations is consid-
ered in the works of Marchuk G.I., Samarsky A.A.

As you know, risk is a category of market
economy, which is a multi-dimensional concept.
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Risk classification is carried out depending on the
main reason for the occurrence of risks: natural,
man-made, environmental, commercial. From the
point of view of applying the concept of risk in its
analysis and management of technological safety,
important categories are: individual, potential terri-
torial, social, collective risks.

To describe the risk of chronic intoxication (in-
cluding the risk of cancer) associated with air pol-
lution, a linear-exponential model is often used [1].

B
R, =1-exp —0,174-( ¢ ] -t1,(12)
p

MPC,, - K

where Rp is the risk, C is the concentration of

a substance that has an impact over time t; B —

coefficient taking into account the particular toxic
properties of substances; MPC,q — maximum per-
missible daily average concentration of the chemi-
cal substance in the air of populated areas, mg/m?®,
This concentration should not have a direct or indi-
rect adverse effect on a person with indefinite inha-
lation (years). Nitrogen oxides are moderately haz-
ardous substances, they have the 3rd hazard class.
Recommended by Alymov V. T., Tarasova N. P.
for calculating risk parameter values: B=1,

K,=4,5.

For the numerical solution of the impurity
transfer equation (4) — (6) with respect to the
highway and the industrial facility, an implicit dif-
ference scheme is used. The essence of this scheme
is that the model equations are split into equations
of a simpler form. At each step of splitting, the
unknown values of the concentrations of nitric
oxide NO, nitrogen dioxide NO, and ozone O,

are calculated using the running account method
[2, 4, 6]. In each difference cell to calculate the
process of chemical transformation, i.e. to solve
equations (7) — (9), the Euler method is used. The
process of modeling air pollution NO, NO,, O,

is reduced to a sequential solution at each time step
of equations (4) — (6) and (7) — (9).

As a result of mathematical and numerical
modeling, the computer program «Transfor-
mation» was developed to conduct computational
experiments. Performing calculations using this
program is based on the following information:
wind speed and direction; the state of the atmos-

phere; coordinates of pollution sources (industrial
facility and motorway); emission intensity of the
pollutant; chemical transformation factors; factors
included in the model, according to risk assess-
ment.

According to the Dnieper Region Weather Ar-
chive, the average direction of the wind directions
for the year is the eastern direction (from where it
blows) is 15 %.

Findings

The industrial facility PC «Interpipe Nyzhnod-
niprovskyi Tube Rolling Planty, the NO, emission

intensity of which is Q=14,076 g/s, and the Slo-
bozhansky Avenue highway, which is located in
710 meters from the emission sources (pipes) of
the enterprise, are considered. The intensity of the
movement of vehicles on the considered section of
the road is 300 auto/min with eight straight lines,
the relative number of cars per 1 m of the highway
is 0,45 auto/m, with NOx emissions per 1m
Qa=0,012 g/s.

The size of the computational area is 3,5 km by
1,2km, the wind speed from the east was
U =7 m/s. The isolines of NO, concentration are
shown at the level of z=12 m.

Calculations were made to estimate the level of
concentration NO, in the atmospheric air, taking

into account the impurity only from an industrial
enterprise (Fig. 2). In the zone of pollution fall:
plant territory — 90 %, Stoletov St. — 80 %, Bazhov
St. and Voyennaya St. — 70 %, lzumrudnaya St.
and Sapernaya St. — 60 %, Karazin St. and
Lugovskaya St. — 50 %, Rostovskaya St. and
Tramwaynaya St. — 40 %, Proskurovskaya St. and
Lesya Ukrainka St. — 30 %, Svetlaya St. and
Radistov St. — 20 %, Yaselnaya St. and Manuylov-
sky Avenue — 10 %, Karun St. — 5 %.

Fig. 3 shows the zone of pollution, which is
formed under the influence of the highway. The
following streets in the zone of pollution: Bazhov
St. and Voyennaya St. — 80 %, lzumrudnaya St.
and Sapernaya St. — 70%, Karazin St. and
Lugovskaya St. — 60 %, Rostovskaya St. and
Tramwaynaya St. — 40 %, Proskurovskaya St. and
Lesya Ukrainka — 30 %, Svetlaya St. and Radistov
St. — 10-20 %, Yaselnaya St. — 5 %.

Fig. 4 shows the zone of pollution, taking into
account the mutual influence of emissions from an
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industrial enterprise and the highway. Starting
from the first source (plant), a plume of pollution is
drawn along the direction of movement of air
masses, the percentage of impurities gradually de-
creases. Having reached the highway, the NO,

concentration begins to increase again, as the
plume of pollution from the second source, taking
into account the principle of superposition, is su-
perimposed on the one that is already present in the
atmospheric air, the NO, concentration of impuri-

ties and the pollution zone increases. The concen-
tration of nitrogen dioxide varies according to this
dependence: the territory of the plant — 90 %,
Stoletov St. — 80 %, Bazhov St. and Voyennaya St.
— 80-90 %, lzumrudnaya St. and Sapernaya St. —
70 %, Karazin St. and Lugovskaya St. — 60 %,
Rostovskaya St. and Tramwaynaya St. — 50 %,
Proskurovskaya St. and Lesya Ukrainka St. —
40 %, Svetlaya St. and Radistov St. — 30 %,
Yaselnaya St. and Manuylovsky Avenue — 20 %,

+ E %\
s 5 S v %

Fig. 2. Nitrogen dioxide pollution zone,
one source of pollution — industrial enterprise

Fig. 3. Nitrogen dioxide pollution zone,
one source of pollution — highway

Yan, % § m %\

Fig. 4. Nitrogen dioxide pollution zone,
two sources of pollution — industrial
enterprise and highway.

Fig. 24 show the concentration values, which
are presented as a percentage of the maximum
concentration at this time  t=52,5 min:
Cmax=0,0928 mg/m?® (Fig. 2) — NOx emissions are
taken into account only from an industrial enter-
prise Cmax=0.0359 mg/m? (Fig. 3) — NOx emissions
are taken into account only from the highway,
Cmax=0,1279 mg/m® (Fig. 4) — emissions from two
pollution sources are taken into account.

The found impurity concentration field allowed
us to estimate the change in the risk of chronic in-
toxication associated with atmospheric air pollu-
tion with nitrogen dioxide over 50 years (Fig. 5).
The calculation of the risk of chronic diseases was
carried out according to model (12), the calculation
was considered the concentration of nitrogen diox-
ide. The risk calculation was performed for points
located at a distance of about 30 m from the high-
way.

1

L YT ]
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2 ‘. .’,v
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P
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Fig. 5. Changes in the risk of chronic intoxication with
nitrogen dioxide:
1 — without taking into account emission highway;
2 —taking into account emissions highway
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Fig. 5 shows that the mutual influence NO,

emissions from highway and plant lead to the in-
creasing of the chronic diseases risk by 10 %.
Thus, it is necessary to develop measures to reduce
the risk of disease in this area.

Originality and practical value

For the first time in the paper:

1. The patterns of changing the level of atmos-
pheric air pollution with nitrogen dioxide were es-
tablished, taking into account one point source of
pollution — an industrial enterprise and one linear
source of pollution — a highway. A qualitative pic-
ture of the field of nitrogen dioxide concentration
was obtained taking into account the mutual influ-
ence of emissions from an industrial enterprise, the
highway and their chemical transformation in the
atmosphere.

2. The risk of chronic intoxication has been cal-
culated and its changes have been analyzed taking
into account the interaction of emissions from an
industrial enterprise and the highway, it has been
shown that this leads to an increase in risk of 10 %.

3. A mathematical method was developed for
numerical calculation of the pollutant concentra-
tion field taking into account the interaction of
emissions of various types of pollution sources.
Based on it, software has been created that allows
to quickly obtain quantitative results necessary in
developing a system for monitoring man-made
loaded regions of the city.

The obtained patterns of dispersion of impuri-
ties allow us to estimate the levels of pollution of
the city’s territory by emissions from industrial

enterprises and highways. Accounting for the mu-
tual influence of emissions and the calculation of
risks of intoxication allows solving environmental
problems arising in the development of transport
strategy in cities and assessing the level of intoxi-
cation of workers of the external auction, whose
working areas are located in the zone of influence
of several pollution sources.

Conclusions

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

— a mathematical method was developed for
the numerical calculation of the concentration of
impurities in the atmosphere on the basis of three-
dimensional mass transfer equations;

— the method allows to calculate the concentra-
tion level separately for a permanently operating
point source of pollution or for a linearly distrib
uted source of pollution, and taking into account
their mutual influence;

— software was developed to carry out compu-
tational experiments on the calculation of nitrogen
dioxide pollution zones for a single pollution
source - an industrial enterprise or a highway, tak-
ing into account two sources of admixture;

— the developed method allows to carry out an
assessment of the risk of chronic intoxication asso-
ciated with atmospheric air pollution with nitrogen
dioxide for 50 years based on the calculated con-
centration field.

The development perspective of this direction
is the creation of a model that takes into account
the leakage of impurities into the buildings.
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BUABJEHHS 30H XIMIYHOT'O 3ABPYJTHEHHS B MICTAX 1
OIIHKA PU3UKIB XPOHIYHUX 3AXBOPIOBAHb

Mera. HaykoBa po6oTa Mae 3a METy CTBOPESHHSI METOI0JIOT1] BUSIBJIICHHS 30H XIMIYHOTO 3a0pyIHCHHS HA TEpPH-
TOPISIX IPOMUCIIOBHX MICT 1 BpaXyBaHHs MOXJIMBOCTI OIL[IHKH PU3UKIB XPOHIYHUX 3aXBOpIOBaHb. MeToanka. Meron
YHCENILHOTO PO3PaxyHKY KOHLEHTpALil JIOKCHIY a30Ty B aTMoc(epHOMY MOBITPi 0a3yeThcs Ha BUPIIICHHI TPUBH-
MIpHUX DPIBHSIHb NEPEHOCY AOMIIIKH, sKa O€3110CepeIHbO HAIXOUTh BiJ] TIOCTIHHO AiF0YOr0 CTAlliOHAPHOTO JKEepe-
na (IPOMHUCIIOBOTO TIAMPUEMCTBA) 1 JIIHIHHO PO3MOIICHOTO JKepena (aBToMarictpaii). MeToauka BpaxoBye Tpo-
Iec XiMIYHOTO MepEeTBOPEHHS JOMIIIKU 1 GoTomi3y B aTMocdepi. UncenbHa MOAETh IPYHTYETHCS Ha PO3IMICTUICHHI
MOJIETIbHUX PIBHSAHB 1 IX PO3B’sI3aHHI 32 JOIIOMOT'OI0 HEsBHOI pi3HMIEBOI cxeMu. PedyabTarn. CTBOpeHo mporpam-
He 3a0e3MedeHHs], 110 J03BOJISIE IPOBOJIUTH OOUHMCITIOBAIbHI EKCIIEPUMEHTH 3 PO3paxyHKy 30H 3a0py/IHEHHS aTMOC-
(epHOTO MOBITPS TIOKCHUAOM a30Ty 3 ypaxXyBaHHSAM B3a€MOBIUIMBY AOMIIIKH, IO HAIXOIWUTH BiJl Pi3HHUX THIIIB JDKE-
pen 3a0pyHEeHHSs, 3 ypaxyBaHHIM METEOpOJIOTiYHNX NapaMeTpiB. Ha ocHOBI 0TpuMaHOTO 1MoJisi KOHIIEHTpaii Ji0K-
CHIy a30Ty IPOBEJICHA OIliHKA 3MiHU PU3UKY XPOHIUYHOI IHTOKCHKAIi{, TOB’A3aHOTO 13 3a0pyAHEHHSIM aTMOC(epHO-
TO MOBITPSI TIOKCHUAOM a30Ty mpotsaroMm 50 pokis. HaykoBa HoOBU3HA. YTiepiie BCTAHOBJICHO 3aKOHOMIPHOCTI 3MiHH
piBHS 3a0pyOHEHHS AaTMOC(QEpPHOTO TOBITPS TIOKCHAOM a30Ty 3 YpaxyBaHHSAM B3a€EMOBIUIMBY BHKHIIB
MIPOMHUCIIOBOTO MiIPUEMCTBA i aBTOMAricTpalii i iX XiMiYHOTO mepeTBOpeHHs B aTMocdepi. BukoHaHOo po3paxyHOK
PU3UKY XpOHIYHOi IHTOKCHKaIlli ¥ MpOBEIEeHO aHami3 MOro 3MiHM 3 YpaxyBaHHSIM B3a€EMOBIUIUBY BHKHJIIB
IIPOMHCIIOBOTO TIIIPUEMCTBA ¥ aBTOMAricTpali, IMOKa3aHo, IO Il NPU3BOJWUTH JI0 3pOocTaHHs pu3uky Ha 10 %.
IIpakTuuna 3HaunmicTb. Po3pobiieHa MaTeMaTHuHa MOJIEINb 1 METOJIMKA YUCEIBHOIO PO3PaXyHKY, CTBOpPEHE Ha iX
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OCHOBI TIporpamHe 3a0e3MeUYeHHs JO3BOJISIOTh ONEPATHBHO OTPUMYBATH KUNBKICHI pe3ynbTaTd, HEOOXimHI mifj yac
PO3pPOOKH CHCTEMH MOHITOPUHIY TEXHOT'€HHO HaBaHTAXXEHUX perioHiB Micta. OTpHMaHi 3aKOHOMIPHOCTI pO3Cito-
BaHHS TOMIIIKH JTO3BOJISAIOTH OIIIHUTH PiBHI 3a0pyAHEHHS ypOaHi30BaHUX TEPUTOPINA MiCTa BUKAAAMHU IPOMUCIOBHX
MiATPHEMCTB 1 aBTOMaricTpaineif. OOMiK B3a€MOBIUIMBY BHKHIIB i pO3paxyHOK PH3HKIB IHTOKCHKAIIi TO3BOJISE BU-
pilIyBaTH €KOJIOTIUHI 3a/1a4i, 10 BHHUKAIOTH IIiJ1 9ac pO3pPOOKH TPAaHCHIOPTHOI CTpaTerii B MicTax.

Knrouosi crosa: mpoMuCIioBe TATIPHEMCTBO; aBTOMATriCTpaib; PO3CiFOBaHHS TOMIIIKH; XiMiYHA B3a€EMOZIS; PHU-
3UK 3aXBOPIOBAHHS
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BBISIBJIEHUE 30H XUMHNYECKOI'O 3ATI'PASHEHUSA B I'OPOJAX U
OLIEHKA PUCKOB XPOHUYECKHUX 3ABOJIEBAHUI

Heanb. Hayanast paboTa cBOCH 1eTbI0 HMEET CO3/1aHUE METOOJIOTHH BBISIBICHHUS 30H XUMHYECKOTO 3arpsi3HEHHS
Ha TEPPUTOPHIX IPOMBIIUICHHBIX T'OPOJOB M y4YET BO3MOXHOCTH OLIEHKH DPHUCKOB XPOHHYECKHX 3a00JICBaHHMI.
Metoauka. MeToJ YHCIEHHOTO pacdyeTa KOHLIEHTPAIMH ANOKCHAA a30Ta B aTMOC(EPHOM BO3IyXE OCHOBBIBACTCS
Ha pEIICHNH TPEXMEPHBIX YpaBHEHHH IEepeHoca NMPHUMECH, KOTOpas HEMOCPEACTBEHHO IOCTYIAET OT IOCTOSIHHO
JIEUCTBYIOIIETO CTAIIIOHAPHOTO MCTOYHHKA (TIPOMBIIUICHHOTO MPEANPHUATHS) U JTMHEHHO paclpeieNieHHOT0 HCTOU-
HHKa (aBTOMarucTpanu). MeTouka y4uThIBaeT MPOLECC XUMUYECKOW TpaHcdopMaluy npuMecH u GoTonusa B atT-
Mochepe. UncneHHas MOJIeTIb OCHOBBIBACTCS HAa PACIICIUICHUH MOJICTIBHBIX YPABHEHUH U UX PELICHUH C TIOMOILBIO
HESIBHOM Pa3HOCTHO# cxembl. Pe3yiabTaThl. Co31aHO MPOrpaMMHOE 00ECIIEUYCHHE, TIO3BOJISIONICE TPOBOJANUTE BhI-
YHUCIINUTEIIbHBIE IKCIIEPUMEHTHI 10 PacdeTy 30H 3arpsi3HEHHs aTMOC(EpHOro BO3/1yXa JTUOKCHJIIOM a30Ta C YY4ETOM
B3aMMOBIIUSHUS [IPUMECH, TIOCTYHAIOIIEH OT Pa3InYHOrO TUIIA UCTOYHHUKOB 3arpsi3HEHHUS, C YIETOM METEOPOJIOTH-
YecKHUX IapameTpoB. Ha ocHOBeE MOTy4eHHOT0 MO KOHIIEHTPAlluy AMOKCH/IA a30Ta MIPOBEACHA OLIEHKA U3MEHEHUS
pHCKa XPOHMYECKOW MHTOKCHKAIMHM, CBA3AHHOTO C 3arpsA3HEHHEM aTMOC(EpPHOro BO3/1yXa JHOKCHIOM a30Ta Ha
npotsbkeHnn 50 ner. Hayynas HoBu3Ha. BriepBble yCTaHOBJIEHBI 3aKOHOMEPHOCTH M3MEHEHHUS! YPOBHS 3arpsi3He-
HUSI aTMOC(EPHOT0 BO3IyXa JUOKCHJIOM a30Ta C YUE€TOM B3aUMOBIINSHHS BHIOPOCOB IIPOMBIIIIIIEHHOTO MPEATIPUATHS
W aBTOMAarucTpajd W UX XUMHYECKOH TpaHchopmaimu B aTMocdepe. BrinmonHeH pacder prucka XpOHHYECKOH HH-
TOKCHKAIIMU U TIPOBE/ICH aHAJIN3 €r0 M3MEHEHHUS C YYeTOM B3aUMOBIIMSHHUS BBIOPOCOB NMPOMBIIUICHHOTO MTPEATIPH -
TUS U aBTOMarucTpaliy, MOKa3aHo, YTO 3TO NMPHUBOAMT K pocTy pucka Ha 10 %. IIpakTnyeckasi 3HAaYUMOCTh. Pa3-
paboTaHHas MaTeMaTHUYeCKas MOJENb M METOAMKA YUCIECHHOTO pacyeTa, CO3JaHHOE Ha MX OCHOBE IPOTrpaMMHOE
obecrieyeHne MO3BOJIAIOT ONEPATUBHO MOTY4YaTh KOJIMYECTBEHHBIE PE3yIbTaThl, HEOOXOJUMBIE B pa3paboTKe cucTe-
MBI MOHHTOPHUHIAa TEXHOT€HHO Harpy>XeHHBIX PErHOHOB roposa. IlosydeHHbIe 3aKOHOMEPHOCTH PACCEUBAHUS MPHU-
MECH TT03BOJIAIOT OLIEHUTh YPOBHH 3arpsi3HEHUSI YpPOAHN3UPOBAHHBIX TEPPUTOPHUIT TOPOIa BEIOPOCAMH MPOMBIIIIEH-
HBIX TIPEANIPUATHII 1 aBTOMAarucTpaie. Yder B3auMOBIHSIHNSA BEIOPOCOB U PacdeT PUCKOB MHTOKCHKAIIMU MO3BOIA-
€T peIaTh HKOJIOTHUECKHE 3a/1a4H1, BO3HUKAIOIIUE PU pa3paboTKke TPaHCHIOPTHOM CTPaTEeruyu B ropoJiax.

Kniouegvie cnosa: MpoMBIIUICHHOE TPEIIIPUATHE; aBTOMAriucTpallb; pacCCEMBAHUE NMPUMECH; XUMHIECKOE B3au-
MOJICHCTBHE; PHCK 3a00JICBaHUS
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