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Purpose. The purpose of this work is to assess the pollution of atmospheric air in Dnipro city as
a result of dust entrainment from the ash-disposal areas of Prydniprovsk TPP.

The methods. Assessment of atmospheric air pollution in the city of Dnipro as a result of dust
entrainment from the ash-disposal areas of Prydniprovska TPP was carried out as follows: physical
and chemical characteristics of the stored fly ash were determined; specific dust entrainment from the
surface of dry beaches of ash-disposal areas under the most favorable conditions was determined;
mathematical modeling of the spread of atmospheric air pollution of Dnipro city by suspended parti-
cles was carried out using UPCAP "ECO Center" program; a comparative assessment of dust entrain-
ment reduction due to the gradual processing of the deposited fly ash was carried out.

Findings. Almost 100% of the total mass of ash consists of particles smaller than 80 um, the
content of particles smaller than 10 and 2.5 um is 27.7 and 8.2%, respectively. The main chemical
compounds contained in ash are silicon dioxide, aluminum oxide, iron (I11) oxide and carbon. The
gross entrainment of substances in the form of suspended fine-grained solid particles from the surface
of the dry beaches of the Prydniprovska TPP ash-disposal facilities is 18,654 tons per year. The area
of atmospheric air pollution of Dnipro city by suspended particles is about 850 km? and covers Sa-
marskyi, Sobornyi, partly Industrialnyi and Shevchenkivskyi Districts. As a result of the implemen-
tation of a waste-free technology for the processing of fly ash with the utilization of the iron-contain-
ing fraction, the area of pollution can be reduced by 13.5 times up to 63 km?, the contamination zone
in this case will cover underpopulated part of Samarskyi District of the city of Dnipro.

Scientific novelty. A refined dependence of the particle size distribution of the mature
Prydniprovsk TPP fly ash particles was determined for the further assessment of potential dust en-
trainment. For the first time, modeling of the distribution of fine-grained particles of fly ash of the
Prydniprovsk TPP in the atmospheric air of the city of Dnipro was carried out, taking into account
meteorological conditions, conditions of dust formation and particle size distribution.

Practical implementation. The results of the research can contribute to reducing the level of
atmospheric air pollution in the city of Dnipro. This will improve the quality of life of the local pop-
ulation and protect the natural environment from negative impacts. Research results can also be a
basis for the development and implementation of technological solutions for the waste-free pro-
cessing of stored fly ash with marketable products obtaining.

Keywords: atmospheric air, fly ash, pollution, dust entrainment, fly ash processing, impact, fuel,
ash-disposal area.
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Introduction. Prydniprovsk TPP is a thermal power plant located in the east part
of Dnipro city in the Samarskyi District on the left bank of the Dnipro river. The ther-
mal power plant was designed to use anthracite as a fuel. Later, the station was switched
to natural gas, but during the crisis with the supply of this type of fuel, it returned to
coal consumption. In the spring of 2017, a decision was made to use gas coal as a fuel.
The enterprise was designed for the production and supply of electric and thermal en-
ergy. However, during the preparation for the 2019-2020 heating season, the heating
of the left-bank part of Dnipro city was reconnected from the Prydniprovsk TPP to the
city's utility companies due to the temporary shutdown of the station.

Since the beginning of its operation, Prydniprovsk TPP is one of the main enter-
prises that pollute the environment of the city of Dnipro. The main pollutants include:
metals and their compounds, substances in the form of suspended solid particles, nitro-
gen compounds, sulfur dioxide (SO), carbon monoxide (CO), methane, fluorine and
its compounds. At the same time, in 2019, during the reconstruction of the gas cleaning
equipment of power unit No. 10, a new modern electric filter and a system for contin-
uous monitoring of waste gases were installed. The implementation of this project
made it possible to increase the degree of flue gas purification to 99.8% and reduce
dust entrainment to atmospheric air to 50 mg/m?®, which corresponds to European
standards. In 2018-2019, two automatic stations for continuous monitoring of atmos-
pheric air were installed on the territory of Prydniprovsk TPP at the border of the san-
itary protection zone in order to track the concentrations of carbon monoxide, sulfur
dioxide and nitrogen [1]. The analysis of the state of atmospheric air pollution in the
cities of the Dnipropetrovsk Oblast is carried out according to the data of the Dniprope-
trovsk regional center for hydrometeorology. The following substances are monitored:
dust; sulfuric anhydride; carbon monoxide; nitrogen dioxide; nitrous oxide; phenol;
ammonia; formaldehyde and hydrogen sulfide [2].

Near the Prydniprovsk TPP there are two ash-disposal areas. According to the
state statistical report [3], 28.066 million tons of fly ash have been accumulated in these
ash-disposal facilities. A feature of fly ash particles is an extremely developed specific
surface, which is formed under the influence of high temperatures during combustion
of coal. Due to this, ash particles intensively sorb molecules of various compounds,
including toxic ones, from the flow of flue gases. When large volumes of fly ash are
stored, these substances can pass the soil and groundwater, causing pollution and harm-
ing water systems. Soil pollution can affect local ecosystems and lead to loss of biodi-
versity, including changes in plant species composition, as well as reducing crop yields.

At the same time, fly ash is a finely dispersed material. When the beaches of ash-
disposal areas desiccate, the particles easily move to a suspended state, under favorable
conditions they are lifted by the wind quite high and transported to considerable dis-
tances. Taking into account the significant amount of stored fly ash and the area of ash-
disposal facilities, it can be assumed that finely dispersed particles of fly ash are a
significant pollutant of the atmospheric air of the city of Dnipro.

Therefore, the purpose of this study is to assess the pollution of atmospheric air
in Dnipro city as a result of dust entrainment from the ash-disposal areas of
Prydniprovsk TPP.
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Main body. To achieve the purpose of the study, the following stages were per-
formed in the process of work:

— research of physico-chemical characteristics of stored fly ash;

— study of meteorological indicators of the city of Dnipro to determine the period
of the most favorable conditions for the dust entrainment to start;

— calculation of specific dust entrainment from the surface of dry beaches of ash-
disposal areas depending on meteorological indicators and characteristics of the stored
material;

— mathematical modeling of the spread of atmospheric air pollution in the city of
Dnipro by suspended particles using the UPCAP "ECO Center" program;

— comparative assessment of reduction of dust entrainment due to gradual pro-
cessing of stored ash.

Physico-chemical characteristics of stored fly ash. In the course of research,
the granulometric composition of fly ash stored in the Prydniprovsk TPP ash-disposal
facilities was determined. The granulometric composition was determined using a laser
diffraction analyzer Malvern Mastersizer 2000 designed to determine the dispersion of
particles from 20 nm to 2 mm. The method of laser light scattering, implemented in
this device, is based on recording the angle of light scattering from particles. The device
uses a helium-neon laser with a wavelength of 630 nm. The particle size distribution is
measured by the method of dynamic scattering of laser radiation using the complete
theory of Fraunhofer-Mee light scattering.

Table 1
Granulometric composition of mature fly ash of Prydniprovsk TPP

Grain-size | -0,09 | -0,08 | -0,06 | -0,04 | -0,03 | -0,02 | -0,01
class, mm | +0,08 | +0,06 | +0,04 | +0,03 | +0,02 | +0,01 | +0,0025

Yield of the
class, %

-0,0025 | Total:

0,04 | 2,39 | 14,21 114,43 20,89 |20,34| 195 8,2 |100,0

As can be seen from the research results, almost 100% of the total mass of ash is
made up of particles smaller than 80 um, the content of particles smaller than 10 pm is
27.7%, the content of particles smaller than 2.5 um is 8.2% (Table 1, Fig. 1). The av-
erage size of ash particles is 20.86 um. The average density of particles is
2800 kg/m3. According to research [4], dust containing particles smaller than 5 pm is
erosive and dangerous, as it has a fibrogenic effect, can negatively affect the cardio-
vascular system and cause allergic reactions. Under the conditions of intensive mois-
ture evaporation and insufficient wetness, the beaches of sludge storage facilities des-
iccate, particles with a size of less than 0.1 mm easily become suspended and can
spread to a distance of up to 20 km [5].
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Fig. 1. Distribution of fly ash particles of Prydniprovsk TPP by size

The moisture content of fly ash was determined by drying the sample at a temper-
ature of 120°C to a constant mass, based on the ratio of the mass of water to the mass
of wet material. In the course of research, it was found that the moisture content of ash
Is from 7.1 to 9.8%.

The chemical composition of fly ash was determined in the laboratory of the Cen-
ter for processing mineral and man-made raw materials of Dnipro University of Tech-
nology. As can be seen from the results of the analysis (Table 2, Fig. 2), the main
chemical compounds contained in the ash are silicon dioxide, aluminum oxide, iron
(111) oxide and carbon. All of these components are individually commercial products
and can be used in industry. Therefore, the development of waste-free ash processing
technology is an urgent task. It allows not only to solve the environmental problems of
ash storages, but also to make a profit due to the sale of final products.

Table 2
Chemical composition of mature fly ash of Prydniprovsk TPP

Ash
component

Content, % | 49.25|2.39 | 1.58 {1947 | 9.43 |0.85| 0.66 |3.67|0.12 | 12.56

SiOz CaOo MgO A|203 Fezog TiOz NaZO Kzo Stot C
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Calculation of specific dust entrainment. At the power plant, there is a system
of removal of fly ash via hydraulic transport. Ash is transported by means of a system
of sludge pipelines to two sludge accumulators, namely: the passage of the Shiyanka
River and balka Zakhidna. The total area of ash-disposal facilities is about 250 hectares
[6]. Using the Google Earth service, the area of the dry beaches of the Prydniprovsk
TPP ash-disposal facilities was determined on aerial photographs. They amount, re-
spectively, to 128.8 hectares for the passage of the Shiyanka River and 66.3 hectares
for balka Zachidna. The total area of dry beaches is 1,951,456 m? or 195.1 hectares.

At a constant intensity of the dust entrainment source, the level of local atmos-
pheric pollution is a function of the air speed at the location of the source, the direction
of the air flow, the degree of its turbulence, and the distance from the dust entrainment
source. The process of dust entrainment is very complex, its intensity depends on a
number of factors, namely: dispersed composition of dust and shape of particles, its
specific gravity, physical and chemical properties, magnitude of adhesion forces, air
flow speed, dust content, etc. Dust entrainment occurs only when the action of aerody-
namic forces on the particle exceeds the action of all other forces. According to the
methodology for calculating the content of pollutants in emissions from unorganized
sources of atmospheric pollution [7], dust entrainment is defined as emissions during
static storage of material by the expression:

q=hy ky ks ke ky-q F, 1)
where g — dust entrainment from the surface of dry beaches of ash-disposal areas, g/s;
ky — coefficient that takes into account local meteorological conditions, namely the
average surface wind speed (for calculations, we accept values from 1.2 to 1.4);
k4 — coefficient that takes into account the degree of protection of the dump from ex-
ternal influences, conditions of dust entrainment (for a dump open on 4 sides is equal
to 1.0); k5 — coefficient that takes into account the moisture content of the stored ma-
terial (for calculations, we accept values from 0.1 to 0.4); ks — coefficient that takes
into account the profile of the surface of the stored material and is defined as a ratio
F,../F, for ash storage facility is equal to 1.0; k7 — coefficient that takes into account
the coarseness of the material (for particles less than 1 mm is equal to 1.0); ¢ — dust
entrainment from 1 m? of actual surface, g/s (for materials of clay size, we accept
0.004 g/s-m?); F — dusting surface of the material, m2.
The gross emission of a pollutant M (tons per year) is determined by the expression:

M=q- Ty - 3600-107°, (2)

where g — dust entrainment from the surface of dry beaches of ash-disposal areas, g/s;
Tmax — the period most favorable for dust entrainment, based on the analysis of meteor-
ological observations, h.

It is obvious that the entrainment of dust from the surface of the ash-disposal areas
will occur only under favorable meteorological conditions. According to research re-
sults [4, 5], air humidity has a significant impact on the process of dust entrainment
from the surface of the sludge storage. Thus, with air humidity above 70 %, the adhe-
sion of fine-grained particles increases significantly. Accordingly, at high air
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temperatures and low humidity, the desiccated surface of the sludge storage becomes
a potential source of dust entrainment. The results of climate observations in the city
of Dnipro for 2023 indicate that relative humidity below 70 % is observed for 8 months
(from March to October) [8-10]. According to the results of the analysis of the mete-
orological indicators of the city of Dnipro for 2023, namely: the amount of precipita-
tion, the number of clear, cloudy and overcast days, cloud cover, the average monthly
air temperature and the absolute maximum air temperature, the period most favorable
for dust entrainment (Tnax) Was calculated for each month.

According to expressions (1), (2) for each month, the calculation of annual dust
entrainment from the surface of dry beaches of ash-disposal areas and gross pollutant
emission was performed. The results of the calculations are given in Table 3.

Table 3
Calculation of the gross annual entrainment of pollutants in the form of suspended fine-
grained particles of fly ash from the surface of the ash-disposal areas of Prydniprovsk TPP

WO ey | @95 | T | ton
March 6,2 9.5 1093 72 283
April 6,3 9.8 1093 144 567
May 4,8 8.6 1873 216 1456
June 49 7.4 3747 288 3885
July 6,8 7.1 4371 360 5665
August 6,7 7.2 4371 288 4532
September 6,7 8.2 2186 216 1700
October 6,5 9.7 1093 144 567
Total: 8.5 2478 1332 18654

According to the performed calculations, the gross emission of substances in the
form of suspended fine-grained solid particles from the surface of the dry beaches of
the Prydniprovsk TPP ash-disposal areas amounts 18,654 tons per year.

Modeling of the distribution of pollutants in atmospheric air. The main pur-
pose of modeling the spread of pollutants in atmospheric air is to estimate the spatial
distribution of concentrations and predict the change in concentrations of pollutants as
the distance from the source of pollution.

Typically, scattering models are described by turbulent diffusion processes in the
atmosphere. Conservation of mass for a given pollutant at an arbitrary point in space is
described by the Euler equation:

C(x,y,z)=47?Dr exp{—%(r—x)}, (3)
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where C — pollutant concentration, g/m?®; Q — pollution source capacity, g/s; D — coef-
ficient of turbulent diffusion, m?/s; r — distance from the source of pollution, m; u — av-
erage wind speed, m/s.

According to this model, the dependence of the concentration on the distance to
the pollution source is hyperbolic. A feature of the model based on the Euler equation
Is the use of a fixed grid (vertical and horizontal). The solution of equation (3) occurs
simultaneously at all intersection points of this grid, while taking into account the pro-
cess of pollutant exchange between the intersection points.

Modeling of atmospheric air pollution by suspended particles as a result of dust
entrainment was carried out with the help of the Unified Program for the Calculation
of Atmospheric Pollution — UPCAP "ECO Center". Aerial photographs of the surface
of the ash-disposal areas were obtained using the SAS.Planet software, which enables
viewing and analysis of maps and satellite photographs of the earth's surface. The scale
of the image was chosen in such a way as to maximally display the calculated area of
atmospheric air pollution. The satellite image covers an area of 28.35 km in width and
31.65 km in height, or 897 km? of the total area of the city of Dnipro.

The following initial data were used for the calculation: the amount of dust en-
trained from the surface of the Prydniprovsk TPP ash-disposal areas, the average sur-
face wind speed for the year, the average air temperature in the winter and summer
seasons, the area of dry beaches of the ash-disposal areas, the recurrence of winds from
different directions in the city of Dnipro for the year 2023. Meteorological indicators
were taken in accordance with the ecological passport of the city of Dnipro, developed
by the Department of Transport and Environmental Protection of the Dnipro City
Council, and archival data of climate observations were also used [3, 4]. The size of
the sanitary protection zone for the ash-disposal areas was set at 300 m, in accordance
with the State Sanitary Rules for the Planning and Development of Settlements [11].

As a result of modeling the distribution of pollutants in the form of suspended fine
particles of fly ash from the dry beaches of the Prydniprovsk TPP ash-disposal areas in
the atmospheric air of the city of Dipro, it was found that the area of atmospheric air
pollution is about 850 km? and covers Samarskyi, Sobornyi, partly Industrialnyi and
Shevchenkivskyi Districts (Fig.3, a).

At the same time, surface concentrations of dust at the border of the sanitary pro-
tection zone exceed the maximum allowable concentration by 20 times, which indi-
cates significant dustiness of the air and a high risk of non-carcinogenic danger for the
population living in the zone of influence of this pollutant.

The next step of the modeling included an assessment of the degree of reduction
in dust entrainment as a result of the gradual processing of ash-disposal areas and the
release of land occupied by these facilities for further reclamation. As a result of ash-
disposal areas processing, dust entrainment from the surface of dry beaches will obvi-
ously decrease, however it does not seem possible to predict its exact indicators.

The existing processing technology includes the classification of the initial fly ash
by size and further enrichment in a flotation machine with a high degree of pulp aera-
tion of the "Jameson Cell"” type [12, 13]. This technology makes it possible to extract
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the carbon fraction from ash with high efficiency. It is suitable for further use as a fuel
or sorbent, since it has a developed specific surface.

a b

Fig. 3. Results of modeling the distribution of fine-grained fly ash particles of
Prydniprovsk TPP in the atmospheric air of the city of Dnipro:
a — the current situation; b — projected situation in case of gradual fly ash processing

However, this technology does not provide a solution for the utilization of the iron-
containing fraction. Taking into account the fact that fly ash can contain up to 30% of the
iron-containing fraction [14], the development of processing technology which allows its
utilization is an urgent task. This will make it possible to create an actually waste-free
technology for the complete processing of the accumulated volumes of fly ash.

As aresult of previous studies, the possibility of using the iron-containing fraction
of fly ash as a weighting agent in dense medium separation of coal was substantiated.
The use of high-frequency demagnetization in the regeneration scheme of the
weighting agent particles makes it possible to completely restore the rheological prop-
erties of the suspension. At the same time, the sedimentation rate of demagnetized
magnetite suspension decreases by 3 times, which allows to increase the efficiency of
dense medium separation [15].

For the calculation, the conditions were determined that the stored fly ash in the
amount of 28.066 million tons can be processed within eight years at a facility produc-
tivity of 500 t/h. As a result of the modeling, it was found that the implementation of
the proposed technological solutions for the complete processing of mature fly ash will
significantly reduce dust entrainment from the surface of the ash-disposal areas of
Prydniprovsk TPP. At the same time, surface concentrations of dust will exceed the
maximum allowable concentration by two times at the border of the sanitary protection
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zone. The area of atmospheric air pollution by suspended particles will cover an un-
derpopulated part of Samarskyi District and will amount approximately 63 km?, which
Is 13.5 times less than the area of existing pollution (Fig. 3, b).

Conclusions. Almost 100% of the total mass of ash consists of particles smaller
than 80 pum, the content of particles smaller than 10 and 2.5 pm is 27.7 and 8.2%,
respectively. The average size of ash particles is 20.86 um. The average density of
particles is 2800 kg/m®. Finely dispersed ash particles easily move into a suspended
state. Taking into account the significant amount of stored fly ash and the area of ash-
disposal facilities, finely dispersed particles of fly ash can cause a significant pollution
of the atmospheric air of the city of Dnipro.

The main chemical compounds contained in the ash are silicon dioxide, aluminum
oxide, iron (I111) oxide and carbon. All of these components are individually commer-
cial products and can be used in industry. Therefore, the development of waste-free ash
processing technology is an urgent task. It allows not only to solve the environmental
problems of ash storages, but also to make a profit due to the sale of final products.

The gross emission of substances in the form of suspended fine-grained solid par-
ticles from the surface of the dry beaches of the Prydniprovsk TPP ash-disposal areas
amounts 18,654 tons per year.

As a result of modeling the distribution of pollutants in the form of suspended fine
particles of fly ash from the dry beaches of the Prydniprovsk TPP ash-disposal areas in
the atmospheric air of the city of Dipro, it was found that the area of atmospheric air
pollution is about 850 km? and covers Samarskyi, Sobornyi, partly Industrialnyi and
Shevchenkivskyi Districts. At the same time, surface concentrations of dust at the bor-
der of the sanitary protection zone exceed the maximum allowable concentration by
20 times, which indicates significant dustiness of the air and a high risk of non-car-
cinogenic danger for the population living in the zone of influence of this pollutant.

As a result of the implementation of a waste-free technology for the processing of
fly ash with the utilization of the iron-containing fraction, the area of atmospheric air
pollution can be reduced by 13.5 times up to 63 km2. The contamination zone in this
case will cover underpopulated part of Samarskyi District of the city of Dnipro.
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88. https://ir.nmu.org.ua/handle/123456789/167036

AHOTAIIA

Merta. MeTtoto po6oTHu € O1iHKa 3a0pyAHEHHsI aTMOc(epHOro MoBiTps Micta J[HINMpo B pe3ybTaTi
NWIOBUHOCY 13 30s10cxoBul [Ipuaninposcskoi TEC.

Metoamnka. OuiHKy 3a0pyIHEHHs aTMOC(EpHOro MoBiTps MicTa J[HIIpo B pe3ynbTaTi MTUIOBHHOCY
13 30mocxoBunl [Ipuaninposcbkoi TEC npoBoanan HaCTYITHUM YHHOM: BU3HA4Y€HO (Pi3MKO-XIMIiuHI
XapaKTePUCTUKH 3aCKJIaI0BaHOl 30J1M; BU3HAUECHO MUTOMHI MHJIOBHHOC 3 MOBEPXHI CyXUX IUISKIB
30JIOCXOBHII] 332 MAKCUMAIIBHO CIIPHSTINBUX YMOB; IMPOBEJACHO MaTeMaTHUYHE MOJICITIOBAHHS PO3ITO-
BCIO/DKEHHS 30HU 3a0pyIHEHHS aTMOC(epHOro moBiTps MicTa J{HINMPO 3Ba)KEHUMHU YaCTHHKAMH 3a
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nonomororo nporpamu YIIP3A «EKO LenTp»; mpoBeeHo NOPIBHSUIbHY OLIIHKY 3HIKEHHS TUJIOBH-
HOCY 3a paxXyHOK IIOCTYIIOBOI epepoOKH 3aCKIIal0BaHOT 30JIH.

PesyabraT. Maiixe 100% Big 3aragbHOi Macu 307U CTaHOBJISATH YaCTUHKU po3MipoMm MmeHiie 80
MKM, BMICT 4acTUHOK MeHie 10 Ta 2,5 mxm cranoButh 27,7 Ta 8,2% BianoBigHo. OCHOBHUMH XiMi-
YHUMU CIIOJYKaMH, 110 MICTATBCS y 30711, € TIOKCHJI KPEMHII0, OKCHUJ amtoMiHito, okcu 3amiza (I1I)
Ta ByTJIeIb. BamoBwii BUKK] peUOBUH Y BUTJISI CYCIIEHAOBAHUX TOHKO3EPHUCTHX TBEPANX YACTHHOK
3 MOBEpxHI cyxuXx IUIsDKiB 3omocxoBui [IpuaHinposcekoi TEC cranoButh 18,654 TOHH Ha pIK.
[Tnoma 3abpyaHeHHsT aTMOC(hEpHOTo MOBITPs MicTa J{HINPO 3BaKEHUMH YaCTHHKAMU CKJIajgae Ou-
3pK0 850 kM Ta oxormmoe Camapcebkuii, Co6opHuii, yacTury IHaycTpianbHOro Ta IlleBueHKIBCHKOTO
paiioniB micta [[Hinpo. B pe3ynbraTi BIpoBaKeHHs 0€3B1AX0HOT TEXHOJIOTII MepepoOKHU 30JI1 BH-
HOCY 3 YTHJII3AIli€r0 3a1i30BMICHOT (hpakiiii 1oty 3a0pyAHEHHS MOXIJIMBO 3MEeHIIUTH y 13,5 pa3iB
710 63 kM2, 30Ha 326y THEHHS PH IILOMY OXOILTIOBATHME MajloHAceIeHy yacTHHY CaMapchbKOro paii-
oHy MicTta J[Himpo.

HayxoBa HoBH3HA. Bu3HaueHO yTOUHEHY 3aJIeKHICTh PO3IOALTY YaCTUHOK Jiexanoi 30mu [IpuaHi-
npoBchkoi TEC 3a KpynHICTIO 321151 TOAAIBIIOT OLIHKK MOTEHIIITHOTO MIJIOBHHOCY. Briepie mpo-
BE/ICHO MO/ICITIOBaHHS MTOUIMPEHHS TOHKO3EPHUCTHUX YAaCTHHOK JIexalioi 305 BuHocy [Tpuaninpos-
cekoi TEC B atMmocdepHOMy moBiTpi MicTa JIHINPO 3 ypaxyBaHHSM METEOPOJIOTIYHUX YMOB, YMOB
MIJIOYTBOPEHHS Ta KPYIMHOCTI YaCTHHOK.

IMpakTuyHa 3HAYUMIiCTb. Pe3ynbraT JOCHIIKEHh MOKYTh CIPHSTH 3MEHIICHHIO PiBHS 3a0py-
HEHHsI aTMocepHOro nmoBiTps micta JHinpo. Lle 103BOMUTh MOKPALIUTH SKICTh KUTTS MIiCIIEBOTO
HaceJeHHs Ta BOEpEerTH MpUpPOIHE CePEOBUILE BiJl HETAaTUBHOTO BIUIMBY. Pe3ynbTaT HOCIiIKEeHb
TaKOX MOXYTb CIIyTYBaTH OCHOBOIO JUISI PO3POOKH Ta BIPOBAKEHHS TEXHOJIOTIYHUX PIilIEHb 3 0€3-
BiZIXOJJHOT ITepepoOKH 3aCKJIaI0BAHOI 30JIM BUHOCY 3 OTPUMAaHHSAM TOBapHHUX MPOIYKTIB.

Knrwuoei cnosa:. ammocgeprne nosimps, 301a 6unocy, 3a06pyOHeHHs, NUTOBUHOC, nNepepodKa 30.1u,
6NIUB, NANIUBO, 30]I0CXO8ULYE.

146



