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MODELING OF THE PROCESS OF SPREADING FINE DUST
IN THE ATMOSPHERE OF RESIDENTIAL AREAS

The features of modeling the dispersion process of fine dust in the atmosphere of residential areas were examined, which not only
enhanced understanding of cement dust dispersion processes but also allowed for the development of practical recommendations to
mitigate its negative impact on the environment and public health. It is well known that cement production is a primary source of air
pollutants, particularly cement dust, which degrades atmospheric quality and poses a serious health risk to nearby populations. The
research employed a combination of mathematical modeling and data analysis to predict the dispersion of cement dust in residential
areas adjacent to industrial facilities. The model simulated the behavior of particulate matter in the atmosphere, accounting for vari-
ables such as wind direction, emission rates, and particle size. Consequently, the study provided an accurate forecast of dust con-
centrations at varying distances from the emission source, offering valuable insights into the scope of the pollution. Moreover, the
analysis revealed that cement dust disperses over wide areas, leading to elevated levels of particulate matter in residential zones,
which can significantly affect human health, especially respiratory conditions. In addition to modeling, the study assessed the effici-
ency of current dust collection systems in cement production plants. It was found that improvements in dust collection technologies
could result in a 10-15 % reduction in dust emissions. As a result, the study advocates for the modernization of filtration and capture
equipment as a practical solution for mitigating the environmental footprint of cement production. The benefits of this research ex-
tend beyond immediate air quality improvements, as the reduction in emissions could lead to enhanced public health outcomes and a
decrease in long-term environmental damage. The findings underscore the importance of continuous air quality monitoring and regu-
latory compliance to control industrial pollution. The study's conclusions suggest that further research is needed to refine the dust dis-
persion model by incorporating additional environmental factors such as humidity, temperature, and urban landscape features. Future
studies could also explore the long-term effectiveness of improved dust collection technologies in diverse climatic and geographic
conditions.
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factors, remains unresolved. To optimize mathematical mo-
dels of cement dust dispersion, it is necessary to adapt them
to local meteorological and geographical conditions and ca-
librate based on monitoring data. The application of nume-
rical methods and regular model updates will enhance fore-
cast accuracy, enabling effective decision-making to reduce
environmental impact [8].

Object of research — distribution of fine dust in the at-
mosphere of residential areas adjacent to the PJSC Ivano-
Frankivskcement cement plant.

Subject of research — modeling of the process of the
spread of fine dust in the atmosphere of residential areas,
which takes into account emission sources, meteorological
conditions and geographical features, and also makes it pos-
sible to forecast pollution and assess their impact on the en-
vironment.

Introduction / Bctyn

In global scientific literature, the impact of cement pro-
duction emissions on atmospheric air quality has been wi-
dely studied. Numerous studies have focused on the disper-
sion of dust particles and their effects on the health of popu-
lations living near cement plants. The efficiency of dust
collection systems, aerosol processes, and the mathematical
modeling of pollutant dispersion in the atmosphere using
modern models such as AERMOD, CALPUFF, and others
have also been examined [7, 25]. However, insufficient at-
tention has been paid to modeling the migration of fine par-
ticulate matter in specific residential areas and complex to-
pographical conditions. The issue of improving mathemati-
cal models for accurately predicting cement dust dispersion,
taking into account local meteorological and geographical
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The purpose of the research — to develop a mathematical
model that takes into account key parameters such as emis-
sion sources, meteorological conditions, and geographical
features to accurately predict pollution levels and assess
their impact on the environment in residential areas.

To achieve this purpose, the following main research
objectives are identified:

1. Analysis of emission sources, which will enable the identi-
fication of key parameters of cement dust emissions, such
as intensity and chemical composition.

2. Development of a mathematical model, which will allow
for accurate simulation of dust dispersion and deposition
processes based on the collected data.

3. Study of meteorological conditions, which will provide the
opportunity to investigate local weather factors that influ-
ence dust dispersion and deposition, such as wind directi-
on, temperature, and humidity.

4. Model validation, which will enable the verification of its
accuracy and reliability based on real-world observations
from nearby areas.

5. Investigation of geographical features, which will ensure an
understanding of the impact of topography and terrain on
the accumulation of cement dust in residential areas.

6. Assessment of environmental and health impacts, which
will ensure an understanding of the consequences of pollu-
tion for the ecosystem and the health of residents in adja-
cent areas.

These objectives will help develop an effective strategy
for managing air pollution caused by cement production.

The analysis of recent research and publications. An
analysis of recent studies and publications indicates that the
issue of atmospheric air pollution by cement dust is one of
the key challenges in the context of technogenic environ-
mental load. Numerous scientific works are devoted to
studying the impact of emissions from cement plants on the
ecological state of areas adjacent to industrial enterprises,
as well as their negative effects on human health. These stu-
dies thoroughly examine the dispersion of cement dust and
its impact on air quality, highlighting the urgent need for
control and minimization of emissions. Additionally, consi-
derable attention is paid to analyzing the efficiency of dust
collection systems, which play a crucial role in reducing
dust concentration in the atmosphere [11, 15].

Research [2] provides a fundamental understanding of
the technical aspects of mathematical air quality modeling,
discussing various approaches — box, Gaussian, Eulerian,
Lagrangian, and particle models — and drawing conclusions
about the future of this field. Specifically, studies [19] focus
on the mathematical modeling of dust dispersion processes
in the air using modern models such as AERMOD and
CALPUFF. These models allow for accurate prediction of
pollution levels by considering factors like meteorological
conditions, terrain relief, and emission source parameters.
However, as noted in works [16, 23], existing models often
do not account for the specific local conditions in residenti-
al areas, which limits their applicability for pollution fore-
casting in such regions.

Thus, the necessity for further improvement of at-
mospheric dust dispersion models, taking into account spe-
cific local meteorological and geographical conditions, be-
comes evident. This will not only enhance the accuracy of
forecasts but also enable the development of more effective
measures to reduce technogenic load on ecosystems and
public health.

Materials and methods of research. To investigate the
dispersion of finely dispersed cement dust in the atmosphe-

re of residential areas, a comprehensive approach was
applied, involving the collection of empirical data and mat-
hematical modeling. Primary data regarding emission sour-
ces and their characteristics were obtained from production
reports of cement enterprises and environmental agencies.
This allowed for the consideration of emission parameters
such as source height, emission speed and volume, and par-
ticle size distribution [6].

Mathematical modeling of cement dust dispersion was
conducted using the AERMOD software package, which is
recommended by the United States Environmental Protecti-
on Agency (EPA) and is widely used for air quality as-
sessment [14]. This model accounts for complex meteorolo-
gical and topographical conditions, as well as the physicoc-
hemical properties of dust.

The obtained data were analyzed using statistical met-
hods to identify patterns in the dispersion of cement dust and
the influence of meteorological factors on pollution levels.

Research result and their discussion /
Pe3ysibTaTH A0C/IiP)KEeHH Ta iX 06roBOpeHHs

Research by leading scientists suggests that dust polluti-
on of the lower atmosphere poses a significant threat to the
environment and human health. Solid dust particles, depen-
ding on their characteristics, can have a variety of negative
effects [5, 17, 20]. Fine dust has the greatest fibrogenic acti-
vity, its particles penetrate the deepest and are retained by
the alveoli of the lungs, which causes a number of specific
diseases, which necessitates measures to reduce the flow of
pollutants into the air of settlements and predict the distri-
bution of dust particles in atmospheric air [1].

To develop a mathematical model of the fine dust pro-
pagation process, we use the differential diffusion transport
equation, this equation describes how the concentration of
dust particles changes with time and three-dimensional space:

0—C+ua—c+va—c+wa—c+o-*C:iya—C+y*V2C+k , (D

or ox % oz 0z" 0z
where: u, v, w are wind speed parameters along the Cartesi-
an coordinate system axis, m/s; u*— horizontal diffusion co-
efficient in the plane (x, 0, y), m’/s; y — vertical diffusion
coefficient in z — direction, m*/s.

The product of the Laplace operator for concentration is
calculated from the following relationship:

ViC = oc + oc , 2)
ox*  oy?
where: k — coordinate and time dependent source parameter,
k = fix, y, z, t); o* — value associated with substance trans-
formation, s — 1.

The authors [1, 3, 10] present that in order to solve this
one-dimensional problem of modeling the propagation of
fine dust in the atmosphere, equation 1 is considered in a
simplified form, while taking into account that the transfer
of solid particles in the atmosphere occurs under the condi-
tion — oo < x < oo, that is, in an infinite medium.

Using the data of meteorological conditions in relation
to the characteristics of the wind load, as well as taking into
account the stationary process of loading on the atmosphe-
re, equation (1) takes the form:

2
u‘i—c +oC=u ac

x dx’

+00(x-x)), )

where: Q — power of the source emitting dust into the at-
mosphere, kg/s; Ax — x,) — dirac delta function, which takes
into account the integral content of dust particles that diffu-
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se in the volume of air in height, as well as the number of
particles settling on the surface of the earth, 1/m”.

When solving this equation, the following boundary
conditions are taken into account that the limit of dust dis-
persion is a stationary source is the size of the sanitary pro-
tection zone (SPZ) of the enterprise; the source is in the
center of coordinates; source emission power is a constant
value [10, 12, 21].

The solution of equation (3) to obtain numerical data is
possible using finite difference dependencies.

To do this, it is necessary to discretize the space of
distribution of contamination of solid dust particles, taking
into account the distance from the source to the boundary of
the SPZ of the enterprise at certain intervals.

Space sampling is an important step in the numerical so-
lution of differential equations, such as the diffusion
transfer equation. One popular method for this is the finite
difference method. This method consists in replacing diffe-
rential operators with difference operators, which allows
you to turn a differential equation into a system of algebraic
equations. Consider the space sampling for the one-dimen-
sional diffusion equation:

2
£ _plt, 0
t Ox

Suppose that we sample space in increments of Ax and

time in increments of Az. Denote the concentration at point

x; = i‘Ax and at time t,= n-At as C/".

Then we can take advantage of spatial and temporal
discrediting:
1) Differential ~ equation (3) under the condition—

x=x,i=1n—1 can be replaced by a linear equation:

Ciin—2C, +C +u, Cu—GC (5)
h? 2h

2) Transforming equation (5) with respect to C;— 1, u; and C;
+ 1, we obtain a relationship for calculating the concentra-

tion of fine dust:
i) C,»+(
1-h

11 6,C = 08(x — xp) .

i

U;

i —) Ci+l = QS()C - X()) (6)
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To be able to predict the concentration of fine dust at a
certain distance from the source of dispersion, it is neces-
sary to take into account the wind speed and power of the
source, and it is necessary to use the dispersion equation of
dust inclusions in the atmosphere. Using this equation, you
can determine the distribution of dust concentrations depen-
ding on the height and distance and the source of the emis-
sion, taking into account the wind speed.

Most domestic and foreign scientists use the Gauss scat-
tering equation [18, 22] to simulate the scattering of pollu-
tants in the atmospheric environment. This equation takes
into account parameters such as wind speed, emission sour-
ce power, source height, and atmospheric turbulence.

For the selected object of research, the calculation of the
degree of distribution of fine particles of cement production
took into account the following data: the power of the emis-
sion source 8.4-107 kg/s; the average wind speed is 1.5 m/s,
the distance from the source is 1000 m, the horizontal diffu-
sion coefficient is taken accordingly [1] as for an aerosol —
1.5 m?/s. The simulation results are shown in Figure 1, indi-
cate that the profile of change in dust concentrations from
the emission source is uniform.
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4.5 B Cmax (mg/m3)
4 B Cmin (mg/m3)
- = Cavg (mg/m3)
£3.51
g
£
"£2.5
£
g 2
=}
S151
1<

400 500 600 800 500 from 1000 from
Distance from contamination source, (m)  SPZ border SPZ border

Fig. 1. Fine dust concentration distribution from emission source /
Po3mnoain koHIEHTpaiil APIOHOANCIIEPCHOTO MIITY BiJ IKepe-
J1a BUKULY
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Fig. 2. Map of dispersion of cement dust in the atmosphere with the existing cleaning scheme / Kapta po3ciroBaHHs [IeMEHTHOTO TIHJTY B atT-
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Fig. 3. Map of dispersion of cement dust in the atmosphere under the proposed scheme of air cleaning from cement dust / Kapra po3ciroBan-
Hs [ICMCHTHOT'O TIWJTY B aTMocdepi 3a MPOIIOHOBAHOI CXEMH OYMILICHHSI TIOBITPS BiJ] IEMECHTHOTO ITHITY

Calculations and model (Figure 1) together characterize
the circular wind direction. The greatest amount of impuri-
ties falls at some distance from the emission source due to
the transfer of air masses. This is due to the high inertia of
fine dust, the particles of which are picked up and transpor-
ted with the flow of wind. For a visual expression of the re-
sults of the obtained mathematical model, we built scatte-
ring maps of pollutants depending on the distance from the
source which are shown in Figures 2 and 3.

Experimental data on the degree of concentration of pol-
lutants in the dispersion of cement dust according to the
existing technological process are 10-15 % higher accor-
ding to the technological scheme proposed by us.

Based on the results of verification of the adequacy of
the mathematical model of fine dust dispersion and experi-
mental data, it was established that the deviation of the cal-
culated values of the mathematical model from the experi-
mental results does not exceed 20 % over the entire studied
range of distances (Figure 4).
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Fig. 4. Comparison of calculation results on dependence (6) and ex-

perimental data on concentration of cement dust in atmosphere /

[NopiBHSHHS pe3yNIbTaTIB PO3PaXyHKY 3a 3aJIEXKHICTIO (6) Ta ek-

CIEPUMEHTAILHUMH JaHUMHU KOHIIEHTpAMil IEMEHTHOTO Iy B
aTMocdepi

The Pearson correlation coefficient that characterizes a
measure of covariance, one whose result is always within
—1 and 1. It is a statistical measure that estimates the stre-
ngth and path of the linear coupling of an equation with two
variables. In relation to the obtained experimental and trend
lines, the Pearson correlation coefficient (R,) is in the range
0f 0.85-0.95.

20.0

Fig. 5. 3D graph of the distribution of polluted air in real conditions,
taking into account the boundary conditions and the introduction
of cleaning equipment according to the developed utility model
patent / 3D-rpadix po3noainy 3a0pyJHEHOTO HOBITPS B peab-
HMX YMOBaX 3 YPaxyBaHHSIM I'PaHUYHUX YMOB Ta BIPOBA/UKCH-
HS OYMCHOTO 00JIaJHAaHHS BiJIOBITHO 0 PO3POOJICHOT MaTeH-
THOT MoJIeTi

The calculation of the proposed model, taking into acco-
unt the boundary conditions, allows us to compare the 3D
graphic distribution of cement dust in real conditions, de-
pending on the distance from the source of pollution, provi-
ded that the proposed device is implemented to effectively
clean the air from cement dust [18]. The solutions of criteri-
al equations and the construction of graphical dependencies
are obtained using the Wolfram Alpha program in Figure
5 in the following sequence.

Interpreting as:

X(),754 . Y(),]S

maximize Y -15824-172- X - ——
2,24 X%

— max (7
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in 12< X <20,23<Y <58. ®)
Global maximum:

X[),754Y0<|5
)

_ 6737932912839621- 3/3005407/5009g3/20
- 47804853377
Therefore, the proposed mathematical model of disper-
sion of solid particles with sufficient accuracy describes the
process of dust propagation in atmospheric air.

at(X,Y) = (20,58).

Discussion of research results. An analysis of recent
scientific studies underscores the importance of mathemati-
cal modeling for predicting the dispersion of pollutants in
the atmosphere, particularly cement dust. Study [4] demon-
strates the use of the AERMOD model for simulating the
dispersion of pollutants from cement plants in urban condi-
tions. The results show that dust concentration significantly
depends on terrain relief, meteorological conditions, and
characteristics of emission sources, confirming the neces-
sity of applying models that account for local features for
accurate prediction of the environmental impact of industri-
al emissions.

In study [24], mathematical modeling of industrial emis-
sion dispersion, including aerosols, is presented, with calcu-
lations of concentration profiles at various distances from
the source. The use of differential equations allows for a de-
tailed description of the spread of fine particles in the at-
mosphere and predicts their concentrations with high accu-
racy. This contributes to a better understanding of the dyna-
mics of pollutant dispersion and the assessment of potential
impacts on human health and ecosystems.

Study [13] emphasizes air quality as a key indicator of
sustainable urban development. Air quality directly affects
public health and the environmental sustainability of a city.
The use of mathematical models to predict pollution events
aids in urban planning and the development of sustainable
development strategies aimed at reducing emissions and
improving the quality of life.

Article [9] explores the integration of air quality models
with environmental systems for monitoring and predicting
pollutant levels in the atmosphere. Combining models with
real data increases the accuracy of forecasts and contributes
to achieving sustainable development goals through optimi-
zed environmental management. This underscores the role
of mathematical modeling in supporting decision-making to
improve air quality and protect public health.

The overall analysis of these studies indicates the criti-
cal role of mathematical modeling in modern environmental
management. Improving pollutant dispersion models by
considering specific local meteorological and geographical
conditions is necessary to enhance forecast accuracy. This
enables the development of more effective measures to re-
duce technogenic pressure on ecosystems and improve the
population's quality of life. The scientific novelty and prac-
tical significance of these studies lie in the potential to cre-
ate advanced air quality monitoring systems and support
environmental policies aimed at protecting human health
and the environment.

So, based on the results of the work performed, it is pos-
sible to formulate the following scientific novelty and prac-
tical significance of the research results.

Scientific novelty of the obtained research results — for
the first time, a mathematical model for the dispersion of fi-

nely dispersed cement dust in the atmosphere of residential
areas was developed, which takes into account the key pa-
rameters of emission sources, meteorological conditions,
and geographical features of the area; the methods for mo-
deling dust deposition processes were improved based on
calculations of the spatial distribution of particulate matter
concentrations, allowing for accurate forecasting of the im-
pact on air quality under real production conditions; the
methodology for assessing environmental risks from in-
dustrial emissions on the environment and public health
was further developed.

Practical significance of the research results — the deve-
loped mathematical model of fine cement dust dispersion
can be applied for predicting particulate concentrations in
the atmosphere of residential areas adjacent to industrial fa-
cilities, which will allow the development of effective me-
asures to minimize air pollution and its impact on public
health, as well as implement improved dust collection sy-
stems at cement plants to reduce emissions by 10-15 %,
contributing to the improvement of the environmental situa-
tion and the reduction of the technogenic burden on the en-
vironment.

Conclusion / BucHoBKHu

A mathematical model has been developed that takes in-
to account emission sources, meteorological conditions and
geographical features, and also makes it possible to accura-
tely forecast pollution levels and assess their impact on the
environment in residential areas. Based on the results of the
research the following main conclusions can be drawn.

1. During the research, a mathematical model for the dispersi-
on of finely dispersed cement dust in the atmosphere was
developed. For the first time, factors such as emission sour-
ce parameters, meteorological conditions, and geographical
features of the locality were taken into account. This allo-
wed for accurate predictions of dust concentrations at vari-
ous distances from the pollution source and provided an
objective assessment of the pollution scale.

2. The analysis showed that cement dust is capable of spre-
ading over significant distances from the emission source,
leading to elevated concentrations of particulate matter in
residential areas. This can negatively affect air quality and
public health, particularly respiratory diseases. The fin-
dings underscore the necessity of monitoring and control-
ling dust levels in areas adjacent to industrial zones.

3. The AERMOD software package, widely accepted for air
quality forecasting, was used for the modeling. The model
demonstrated its effectiveness, as the simulation results we-
re consistent with experimental data, confirming its accu-
racy and reliability. This provides the possibility for the bro-
ad application of this approach to other industrial facilities.

4. An important practical conclusion of the research was that
the modernization of existing dust collection systems at ce-
ment plants could lead to a 10-15 % reduction in cement
dust emissions. This will significantly reduce the technoge-
nic load on the environment and enhance the level of envi-
ronmental safety in areas surrounding cement plants.

5. The results emphasize the importance of implementing mo-
dern air purification technologies at cement plants. It was
established that such measures can effectively reduce dust
concentrations in the atmosphere. The research also high-
lights the importance of continuous air quality monitoring
to promptly detect any pollution limit exceedances.

6. The proposed mathematical model can be used for the plan-
ning and implementation of environmental protection me-
asures. This will allow for better forecasting of pollution
levels under real production conditions and the develop-
ment of more effective strategies to reduce the negative im-
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pact of cement dust on the environment and public health.
The model can also be applied to other types of industrial
emissions, making it a universal tool in environmental ma-
nagement.

Thus, the results of the research have important theoreti-

cal and practical significance, as they not only enhance the
understanding of cement dust dispersion processes but also
provide practical recommendations for mitigating its nega-
tive impact on the environment and public health.
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Hayionanenuii ynieepcumem "JIvgiecoxa nonimexuixa", m. Jlveis, Yxpaina

MOJE/IIOBAHHA NPOLECY IMOMIUPEHHA APIBHOAUCIIEPCHOTI' O ITNJTY

B ATMOC®EPI )KUT/IOBUX PAHOHIB

Po3ristHyTO 0COOAMBOCTI MOAETIOBAHHS MPOLECY MOLIIUPEHHS IPiOHOANCIIEPCHOTO NIy B aTMOC(epi )KUTIOBUX PalOHIB, 10 HE
TUTBKY MOKPAIIMIO PO3YMIHHS MPOLECIB AUCHIEPTYBAHHS LEMEHTHOTO MIITY, a i Jajo 3MOTy pO3pOoOUTH MpaKTHYHI PEKOMEHAAI 3
MOM'SIKIICHHS fI0r0 HEraTMBHOTO BIUIMBY Ha JIOBKIUJUISA Ta 3710pOB'S HAaCEICHHs. BeTaHOBIICHO, 1110 CTANIMI PO3BUTOK KpaiHu nependa-
yae noTpely 3abe3nedeHHs OanaHcy Mk €KOHOMIYHAM 3POCTaHHAM, COLiaIbHIM J0OpOOYyTOM Ta eKOJIOTiuHO0 Oe3nekoro. Beranos-
JICHO, 110 OJJHUM 13 KJIFOYOBUX YMHHUKIB BIUIUBY Ha €KOJIOTIYHY O€3MeKy € AKiCTh aTMOC(EpPHOro MOBITPs, OCKLIBKHA BOHA Oe3moce-
peIHbO BIUIMBAE Ha 3/10pPOB'S JIIO/IEH, SKi IPOKUBAIOTH y PEerioHaX 3 MiJBHIICHNM PiBHEM TEXHOTCHHOT'O HaBaHTaKEHHs. 3'ICOBAHO,
110 [IEMEHTHE BUPOOHHIITBO € OJTHHM i3 TOJIOBHHX JDKEpes BUKHIIB IIKITTMBUX PEYOBHH, 30KpeMa Byrirekucioro rasy (CO:) Ta TBep-
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JIMX YaCTHHOK (THITy), siki popMyroTh aepoauciepcHi cuctemMu. OXapakTepH30BaHO 3aKOHOMIPHOCTI IOIIMPEHHS IEMEHTHOTO ITHITY,
II0 YTBOPIOETHCSI BHACIITOK IIPOMHICIOBOTO BUPOOHUIITBA IIEMEHTY, Ta HOTO CTPYKTYpPY K aepOAUCIIEPCHOI CHCTEMH, B SIKiH Auctep-
CHOIO (ppaKLi€lo € TBep/i YaCTHHKH a0 ApiOHOAMCIIEPCHI Kparul, a AUCIIepCiHHOIO (ha3010 — Ta30IOBITPsSIHA CYMIll, sSIKa MOXKe Mic-
TUTHU Pi3HI 3a0pyqHIOBAIBHI pedoBHHU. OIIHEHO BIUIMB IIEMEHTHOTO IMJIY HAa HaBKOJIMIIHE CEPELOBHIIE Ta 3/0POB'S JIOJACH, IO
NPOXXHMBAIOTh y paliOHax, MPHIETINX 10 IEMEHTHHX 3aBOJIB, 30KpeMa 3a JIOMOMOTO0 JIOBIOTPHUBAJIOT0 MOHITOPHUHTY KOHIIEHTpaLiit
nuity B arMocdepi. BecraHoBieHO, 1110 MOJETIOBAHHS MPOLECY PO3MOBCIOPKEHHS [IEMEHTHOTO WY € e()eKTHMBHUM METOIOM JUIS
MIPOTHO3YBAaHHS KOHLEHTPALill My B HOBITPI Ha Pi3HUX BiACTaHAX BiJ PKEpena BUKUIB, IO A€ 3MOTY pO3pOOIIATH KOHKPETHI 3a-
XOJH JJIsl 3HWKEHHSI TEXHOT€HHOTO BIUIMBY Ha MOBKULIA. OI[iHEHO BIUIMB MOHITOPHHTY SIKOCTI MOBITPSA Ha PO3POOIECHHS CTpaTerii
JUTSL TIOKPAIICHHS €KOJIOTIYHOT CUTYallil Ta 3HWKEHHS PU3UKIB JUIS 370pOB'S HAaceNeHHs. BUsABIEHO, 0 IEMEHTHUH MTUJI € OJHUM i3
NpIOpUTETHNX 3a0pyJHIOBAUIB, sIKI HEOOXIJHO BpPaxOBYBAaTH IiJ{ Yac opraHizamii eeKTHBHOTO aTMOC(EPHOr0 MOHITOPHHTY IS
CBOEYACHOTO pearyBaHHs Ha 3MIiHM piBHS 3a0pyqHEHHs. 3'ICOBAHO, IO BIOCKOHAJCHHS ITHJIOBJIOBIIIOBAJILHOIO OONAJHAHHS Ha Iie-
MEHTHHX 3aBOJAX Ja€ 3MOTY 3MEHIINTH BUKHIM IIEMEHTHOTO Iy B atMocdepy Ha 10-15 %, 1110 € BaXXIMBUM eTanom Juis 3abesre-
YEeHHsI eKOJIOTIYHOT OE3MeKH Ta ITOKPANIeHHS 3arajIbHOl SIKOCTI )KUTTS HACCIICHHSL.
Kutro4oBi cjioBa: cranuii po3BUTOK; aepOJUCIICPCHI CUCTEMH; MOHITOPHHT SKOCTI TMOBITPsI; MAaTEMaTUYHE MOJCTIOBAHHS.
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