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IMPROVEMENT OF ENVIRONMENTAL STANDARDS FOR RADON-222 EXPOSURE

Radiation safety is ensured by the system of legislative acts, regulatory and technical documents aimed at limiting the
occurrence of deterministic (manifestation and severity of which depends on the absorbed dose) and stochastic
(probability of which does not depend on the dose, and the frequency of their occurrence depends on the dose) effects in
humans from various sources of ionising radiation. Certain areas of southern Ukraine (central and northern territories
of Mykolaiv, Odesa, Kherson, and Kirovohrad regions) are characterised by the presence of granitoids in the underlying
rock layer, which contributes to the widespread development of granite mining and granite processing industries in the
region [5, 8]. Due to this and the planned introduction of uranium mining enterprises in the region in the near future,
one of the most pressing issues of radiation safety and radiation hygiene in the region is the issue of radiation safety from
man-made enhanced natural radiation background, primarily 222Rn exposure.

The article presents an analysis of the sources of dose load on workers in the granite mining industry. The purpose of
the study was to analyse the levels of 22Rn exposure of workers in the granite mining industry to assess the need to adjust
existing environmental standards. The materials used were the results of measurements of exposure dose rate,
measurements of 222Rn volumetric equivalent equilibrium activity in the air of working premises and at the workplaces of
granite quarry workers in Mykolaiv region, and the results of studies of 22Rn content in drinking water.

Keywords: radon-222, environmental standards, exposure, atmospheric air

Introduction.

Certain territories of southern Ukraine (central and northern territories of Mykolaiv, Odesa, Kherson and Kirovohrad
regions) are characterised by the presence of granitoids in the underlying rock layer, which contributes to the widespread
development of granite mining and granite processing industries in the region [4, 9]. On the other hand, these rocks are
characterised by an increased clarke content of radioactive elements of the uranium-thorium series, and, therefore, are
associated with manifestations of 222Rn and its daughter decay products (DDP). According to national authors [4, 6, 8],
the total annual dose from natural radionuclides in Ukraine is considerable and amounts to 6.15 mSv/year. According to
the UNSCEAR [7], the contribution of radon from DDP to the dose of the world's population from natural sources is
54%. In Ukraine, radon reaches 79% (4.2 mSv) of the specified dose and about 60% of the average effective dose from
all sources [8].

Due to the widespread development of granite mining and granite processing industries in these areas of the region,
as well as the planned introduction of uranium mining enterprises in the region in the near future, one of the most pressing
issues of radiation safety and radiation hygiene in the region is the issue of technogenically enhanced natural radiation
background, primarily 222Rn exposure. According to the researchers, the effective dose from 222Rn from the DDP for the
population of the northern and central regions of Mykolaiv oblast is 4-5 mSv/year. The purpose of the study was to analyse
the levels of 222Rn exposure of workers of granite mining enterprises.

Materials and methods.

The materials were the results of measurements of exposure dose rate (EDR), studies of equivalent equilibrium
volumetric activity (EEVA) of 2?2Rn in the air of working premises and at the workplaces of the main groups of workers
(crusher operator, perforator driller, stonemason, bulldozer operator, excavator operator) of granite quarries
(Pervomaiskyi granite and Pervomaiskyi granite and Crushed Stone Quarries, Oleksandrivskyi, Prybuzkyi, Sofiivskyi,
Novo-Danylivskyi granite quarries), results of studies of >’Rn EEVA in the air of residential premises of these workers,
results of studies of 2>?Rn content in drinking water.

Determination of the effective dose of external human exposure from technogenically enhanced radiation background

( Etixctn_nat) was performed based on the results of determining the exposure dose rate (EDR) and taking into account the

time spent by a person in the open area of 2000 hour/year, indoors — 4652 hour/year [7]. The effective dose from ?22Rn
inhal inhal ing (drink ing (drink

by inhalation ( Ezzan home zzlan: work ) @nd drinking water ( Ezzgén hon)]e , zzgén Wor)k) as determined in
accordance with mathematical models of the ICRP [1] and the UNSCEAR report [2]. The dose rate of oral intake of 22?Rn
to humans with drinking water was assumed to be 1-10® mSv/Bq [2]. In the statistical processing of the research results,
the following software was used STATISTICA 6.0., MathCard 7.0.

Research results.

The average value of exposure dose rate (EDR) at the workplaces of employees of Pervomaisky, Prybuzky,
Oleksandrivsky, and Novo-Danylivsky granite quarries was 17 + 3 pR/hour. EDRs at Sofiyivskyi granite quarry averaged
22 + 2 puR/hour, with EDRs of 24-28 pR/hour recorded at the workplaces of excavators, crushers, and drillers. In Novo-

5
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Danylivskyi quarry, where granite layers were opened, EDR levels of 35 uR/hour were recorded. The effective dose of
external exposure of granite quarry workers at the workplace ( E2¢ ) was on average 0.32+0.05 mSv/year at

tecn —nat
Pervomaisky, Prybuzky, Oleksandrivsky, Novo-Danylivsky granite quarries; 0.42+0.04 mSv/year at Sofiyivsky.

Table 1 shows the 222Rn EEVA values for each quarry. Almost all granite quarries were characterised by a wide range
of data scatter. At Sofiyivka granite quarry, almost all 2?Rn EDR measurements were above 100 Bg/m?. The coefficient
of variation of 222Rn EEV A results in this quarry was also high (~44%) due to the wide range of data scatter. The weighted
average value of ?22Rn EEVA at workplaces for all open pits was 129+2 Bg/m®.

Table 1. — 222Rn EEVA values at workplaces of granite quarry workers, Bg/m®

Employee's workplace )_( +Sx The maximum The minimum
granary B value value
Pervomaisky granite quarry 13624 220 85
Pervomaisky granite and crushed stone quarry 124446 190 50
Aleksandrovsky granite quarry 110+34 160 86
Prybuzky granite quarry 156448 310 84
Sofiyivka granite quarry 196+86 355 58
Novo-Danilovsky granite quarry 110+£36 240 58

Table 2 shows the results of studies of 222Rn EEVA in the living quarters of granite quarry workers.

Table 2. — The ?22Rn EEVA in the living quarters of granite quarry workers. Bg/m®
Granite quarry X + S; The maximum The minimum
B value value
Pervomaisky granite quarry 108430 120 55
Pervomaisky granite and crushed stone quarry ~ 123+12 160 45
Aleksandrovsky granite quarry 88+10 160 45
Prybuzky granite quarry 83410 120 55
Sofievsky granite quarry 127434 230 75
Novo-Danilovsky granite quarry 87+19 180 65

Elevated values of 22Rn EEVA are typical for buildings constructed either of concrete structures or mud bricks
(adobe), with granite foundations, without ventilated basements, and with either no or insufficient ventilation. In buildings
with good ventilation of living quarters, 22Rn EEVA values were low. It should be noted that for the specialists of
Pervomaiskyi Granit, Pervomaiskyi Granite and Crushed Stone, and Sofiivskyi Granite quarries, the average radon
activity values were at the level of the standards for existing buildings - 100 Bg/m? [7]. The average weighted ?*’Rn
EEVA values in residential premises was 9642 Bq/m®.

The results of studies of 22Rn content in water consumed by granite quarry workers (wells, boreholes) showed that
the content of 22Rn in some drinking water sources exceeded 100 Bg/l (the standard value according to [7]). High values
of 222Rn content in drinking water were observed for artesian water from the Sofiyivka granite quarry (345 = 17 Bg/1) and
from the Oleksandrivka granite quarry. The content of 222Rn in drinking water consumed by these specialists at home was
50 £ 18 Bg/l. It should be noted that other Ukrainian researchers [8,9] also note the need to continue studies of the content
of radon-222 in underground sources.

Calculated effective doses by inhalation of 22Rn to humans in the workplace (E % ) and at home ( E ™

222pn, home

. . inhal inhal
) and the total dose from inhalation ?>’Rn at home and at the quarry ( Elzr;z:nfhome Elzrz]z:nfwork) (Table 3). Value
ELZ?:L home is greater than the value of ELQQ:'n work Generalisation by quarries shows that the average weighted value of

the effective dose Eizrz‘?;'n work Was 2.1+0.2 mSv/year with a range from 0.9 to 5.9 mSv/year; the weighted average effective

k

dose ELZ?:'H home &S 4.1+0.2 mSv/year with a range from 1.8 to 9.7 mSv/year.

ing (drink)
222 Rn,work

Danylivskyi granite quarries; about 0.04 mSv/year in Oleksandrivskyi granite quarry; and 0.15 mSv/year in Sofiyivskyi
granite quarry. Average value of effective dose from intake of 22Rn in drinking water at home ( E59¢"™) ) was

222 Rn,home
0,05+0,01 mSv/year.

Effective dose from 222Rn in drinking water ( E was 0.02+£0.01 mSv/year in Prybuzkyi and Novo-
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inhal

Adding up all the obtained values of the effective internal dose of granite quarry workers (Ezzan home

inhal ing (drink) ing(drink) . . )

22230 work * 2220 home ' 222Rn work ) We obtain that the total effective exposure dose to granite quarry workers
via inhalation and oral routes of ?2?Rn intake (based on weighted average values) was 6,2+0,6 mSv/year. The maximum
values were 15,6 mSv/year.

Table 3. — Effective dose from ?2?Rn for granite quarry workers, mSv/year

Granite quarry Effective dose in the The effective dose at Total effective dose
Workplace E I2r2]??lln—work home E IZr;?:In—hom e E I2r2]D;In—hom e + E Izr;?:In—work
X +Sx| The The | X+Sx | The The X +Sx | The The
maxim | minim maxi minim maxim | mini
um um mum um um mum
value value value value value value

Pervomaisky granite
quarry

Pervomaisky granite and
crushed stone quarry
?J;':f;”dm“ky granite 18404 24 11 37404 67 18 5505 91 29
Prybuzky granite quarry 2,5+0,4 50 1,1 3,5+0,4 50 2,8 6,0£0,6 10,0 3,9
Sofievsky granite quarry 3,240,6 59 1,8 5,3%£1,4 9,7 3,2 8,7£3.4 15,6 50

qNuoa‘I’r?)'/Da”"O"s"ygra””e 18404 38 09 3,7+08 7,6 27  55:19 114 38

2,240,3 3,5 14  45+04 50 2,3 6,7+0,6 8,5 3,7

2,0£0,2 2,5 0,8 5,2+0,5 7,0 1.8 7,2+0,7 9,5 2,6

Conclusions.

1. Workers in granite quarries are exposed to a double burden of 222Rn (at work and at home). The weight-average
value of the effective dose from inhalation of 22Rn with workplace air was 2.1£0.2 mSv/year (with a range from 0.9 to
5.9 mSv/year). The average weighted value of the effective dose from inhalation of 222Rn with the air of residential
premises was 4.1£0.2 mSv/year (with a range from 1.8 to 9.7 mSv/year).

2. The total effective internal dose from ?22Rn intake in the air of working and living quarters and in drinking water
averaged 6.5+0.2 mSv/year, with maximum values of about 15.6 mSv/year. This allows us to recommend revision of the
current radiation safety standards to limit excessive exposure for employees of granite mining enterprises.
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UPDATE OF APPROACHES TO THE RADIATION AND ENVIRONMENTAL
MONITORING SYSTEM OF ATMOSPHERIC AIR

The article is devoted to highlighting the serious environmental problem of Ukrainian cities in terms of air pollution
and organization of the system of environmental monitoring of atmospheric air in accordance with European approaches.
As part of the implementation of the provisions of Directive 2008/50/EC into the national legislation of Ukraine, the
author proposes to introduce environmental monitoring of atmospheric air quality based on the expansion of fixed
measurements by means of indicative measurements of air quality indicators, taking into account regional problems of
the territories. The war in Ukraine in 2022-23 has further actualized these issues. Therefore, studies on the consistency
of indicative and fixed measurements of air quality indicators are relevant for Ukrainian cities.

The article presents an analysis of our own research on the experience of organizing an effective system of radiation
monitoring of atmospheric air in the Mykolaiv region, as well as other materials of our own observations on possible
radiation threats and research materials on the organization of radiation monitoring using sensors for indicative
measurements of atmospheric air quality indicators. It is shown that the system of radiation monitoring of atmospheric
air can be based on indicative measurements of exposure or equivalent dose rate (depending on the calibration), but with
mandatory calibration of station sensors by radioiodine. It is also shown that it is necessary to introduce environmental
monitoring of atmospheric air using indicative measurements of both chemical and radionuclide pollutants. At the same
time, observations of the exposure dose rate are insufficient in the current radiation monitoring of atmospheric air, as
they do not allow to quickly identify radionuclides in the air that are pure beta emitters.

Key words: indicative measurements, atmospheric air, monitoring, radionuclides

Introduction.

Clean and safe atmospheric air is a public value and the last free natural resource that the majority of the population
has no alternative to consumption. As part of the implementation of the provisions of Directive 2008/50/EC in the national
legislation of Ukraine, it is proposed to introduce environmental monitoring of atmospheric air quality based on the
expansion of fixed measurements by means of indicative measurements of air quality indicators, taking into account
regional problems of the territories [4]. The war in Ukraine in 2022-23 has made these issues even more urgent.

In particular, the functioning of radiation monitoring of the atmospheric air. We witnessed that during the Russian
aggression, military missiles were recorded over the units of the South Ukraine NPP in March and over the units of the
Zaporizhzhya NPP in April. The consequences of what the Russians have done in the Chornobyl exclusion zone need to
be studied and researched for a long time - today.

For many Ukrainian cities, high concentrations of formaldehyde and dust in the air, especially in cities with heavy
traffic, are a serious problem [1-3, 5, 7]. Therefore, studies on the consistency of indicative and fixed measurements of
atmospheric air quality indicators remain relevant for Ukrainian cities.

Materials.

The analysis presented in this article was based on:

1) the results of the functioning of the automated radiation monitoring system in the Mykolaiv region;

2) the results of own studies of the formation of effective radiation dose from the accidental intake of ruthenium-106
in Ukraine and European countries at 2018 year;

3) the results of own research on the implementation of a system of indicative measurements of atmospheric air quality
indicators in Mykolaiv city at 2021-22 years.
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Results and Discussion.

1. Both in the EU and in Ukraine, automated external radiation monitoring systems (AERMS) in the 30-km zone
around NPPs operate on the principle of indicative measurements of exposure dose rate (gamma background). In the
Mykolaiv region, in the post-Chornobyl period, an automated radiation monitoring system (ARMS) was in operation for
a long time (1986-2000) [9]), which the authors of this article were involved in organizing. This system allowed to have
information on exposure dose rates in 17 settlements of the Mykolaiv region on a continuous basis. The system provided
an opportunity to quickly assess the quality of atmospheric air in the settlements of the Mykolaiv region, to monitor the
dynamics of exposure dose rate in these settlements in an automated mode. The deployment of this system in Mykolaiv
region was dictated by the goal to provide open access to information on exposure dose levels in the region, where
radionuclides from the NPPs operating around the region may enter the airspace.

The main goal pursued by the developers when organizing the system of radiation monitoring of atmospheric air is to
optimize management decisions regarding the need for iodine prophylaxis for the population. From the experience of the
Chornobyl and Fukushima accidents in Japan, it is known that radioactive iodine is one of the first releases into the air,
which can enter the human body through the respiratory tract, skin and milk and is almost entirely concentrated in the
thyroid gland.

Therefore, to reduce the risk of thyroid damage from radioactive iodine, a mechanism is needed that would allow for
the rapid administration of a radioprotector, which in this case is stable iodine. The introduction of even a small amount
of stable iodine into the human body prevents its accumulation by the thyroid gland. When radioactive iodine enters the
body (through the lungs, skin), its accumulation in the thyroid gland reaches a maximum in 1-2 days, with 50-70% of this
dose being formed in 2-6 hours. The absorption of radioactive iodine by the gland stops 5 minutes after taking stable
iodine. If this is done within the first two hours, the radiation dose is reduced by 9-10 times. The most effective is the
prophylactic use of stable iodine before the appearance of radioactive iodine in the air, drinking water, and food (milk,
vegetables).

For the timely identification of radioiodine isotopes in the air, detectors were installed with a threshold of 250 puR/h.
This threshold was determined based on the results of a correlation and regression relationship between the level of
exposure dose rate and the level of 1311 activity in the air: the maximum permissible level of 1311l activity in the air of
5.55 Bg/m? corresponded to the level of 250 pR/h (Fig. 1). A programme was developed to alert the public to the need to
block the thyroid gland with stable iodine when the detector is triggered when the limit level is exceeded. Thus, it can be
assumed that indicative measurements of the exposure dose rate allowed for effective iodine prophylaxis of the population
in case of exceeding the level of 31 in the air.

This system of indicative measurements for assessing the radiation state of the atmospheric air was metrologically
certified at one time. The system was based on SRP-88N radiometers. The system existed for a long time (1987-2001).
Even now, residents of Mykolaiv recall it as a tool to reduce public concern about the lack of information on the state of
the radiation background in the region where NPPs are located.

The experience of operating the automated radiation monitoring system in the Mykolaiv region, which was based on
indicative measurements of exposure dose rate, showed a significant advantage in such measurements:

—  the population of the region had current information on the level of exposure dose rate in all district centres of
the region,

—  the regional authorities had a tool for prompt decision-making in case of changes in the radiation situation. This
information allowed to speed up the search for the necessary solution in case of changes in the radiation situation.

2. In 2017, both Ukraine and European countries detected ruthenium-106 in the air, which was transported from
Russia [2]. The presence of ruthenium-106 in the air was detected in the Czech Republic, Switzerland, Poland, Italy,
Germany, Austria, Slovakia, and others. The highest level of ruthenium-106 in France was recorded in Nice on 2-9
October, and in some areas of Romania, the concentrations of ruthenium-106 in the air were 1.5-2 times higher than in
Russia, up to 10 mBg/m3. Ruthenium is an element of the eighth group of the fifth period of the periodic table of chemical
elements. It is one of the platinum elements found in living organisms. It accumulates mainly in muscles. Its chemical
properties are similar to the platinum metals (iridium, osmium, palladium, rhodium). It is used in small nuclear
generators/radioisotope batteries of satellites,

Ruthenium-106 is beta radioactive. Ruthenium-106, like any radioactive isotope, poses a serious danger to humans,
as its toxicity is on a par with cesium-137. When it enters the atmosphere and water bodies, it enters the human body by
inhalation and ingestion, where it accumulates in the lungs and gastrointestinal tract. This, in turn, contributes to the
deterioration of the nervous, cardiovascular and digestive systems, as well as to an increased risk of cancer. At the same
time, the effects of its harmful effects do not appear immediately, but after several months. Unlike other radionuclides,
the distribution of ruthenium in the body is determined by the physiological state of the organism and the physicochemical
properties of ruthenium-106 compounds, which makes it difficult to assess the toxic hazard of ruthenium.

We have analysed the results of studies of the content of ruthenium-106 in the air of certain settlements of the
Mykolaiv region, analysed the radioecological situation in the southern region of Ukraine due to the passage of the
radioactive cloud in September-October 2017 [2]. The dynamics of the content of ruthenium-106 in the atmospheric air
in each of the settlements during a two-week period (from 22.09.2017 to 05-06.10.2017) was analysed. Based on the
results of this analysis, histograms were constructed and trends in the content of ruthenium-106 in each settlement were
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determined Cfolg = Ci‘&g ., (©)3). Total human intake of ruthenium-106 during this period P{%‘E ., (BK) in each settlement,

we determined: Pi‘&g = f(Cfo‘é (t) x V47 dt, VT _ is the reference daily volume of air inhalation by an adult, I/day

(22.22 l/day is accepted).
Effective equivalent dose from inhalation of ruthenium-106 to humans H{5¢, (38) can be defined: Hfst, = Pfss,

AT nieat — dose price of ruthenium-106 for inhalation (assumed 1,2 + 1077 Zv/BK).

As a result, it was found that the average individual effective dose to the population from ruthenium-106 inhalation
was 0.57+0.12 uSv. It is clear that today the radiation background from ruthenium-106 in this area has not changed
significantly. However, due to the threat of secondary rise of the latter in the event of wind storms, it is worth monitoring
the content of this radionuclide in the soil and in the air over the areas that were exposed to the ruthenium-106 cloud in
September-October 2017.

These results showed that it is impossible to completely distance oneself from radioactive and radioecological hazards.
We need to be prepared and able to quickly assess the radiation situation. In particular, in our opinion, it is necessary to
introduce environmental monitoring of atmospheric air based on indicative measurements not only for chemical pollutants
but also for radioactive ones. At the same time, observation of the exposure dose rate is insufficient in the current radiation
monitoring of atmospheric air, as it does not allow for the prompt identification of radionuclides in the air that are pure
beta emitters.

3. Under the Association Agreement, Ukraine has committed to approximating its legislation to a number of directives
that set standards for limiting the content of certain types of pollutants in the air. As part of the implementation of the
provisions of Directive 2008/50/EC into the national legislation of Ukraine, it is proposed to introduce environmental
monitoring of atmospheric air quality based on the expansion of fixed measurements by means of indicative
measurements of air quality indicators, taking into account regional problems of the territories. In accordance with
paragraph 26 of Article 2 of Directive 2008/50/EC of 21 May 2008 on atmospheric air quality and cleaner air for Europe
[1], "indicative measurements are measurements that meet data quality requirements that are less stringent than those for
fixed measurements".

Today, Ukraine has created a market for stations for indicative measurements of air quality parameters. At the
indicative level, stations use electrochemical gas analysers and optical dust meters.

We have systematised the stations for indicative measurements of atmospheric air quality indicators on the Ukrainian
market and presented stations for indicative measurements to address certain environmental problems of atmospheric air
pollution:

1) stations for indicative measurements of atmospheric air quality indicators only in accordance with the requirements
of Directive 2008/50/EC: CO, NO2, PM10 and PM2.5, temperature, relative humidity;

2) stations for indicative measurements of air quality indicators in accordance with the requirements of Directive
2008/50/EC and the regional problem related to atmospheric emissions from motor vehicles: CO, NO,, PM10 and PM2.5,
temperature, relative humidity, CH-0.

Since 2020, Petro Mohyla National University has been operating the Oxygen Air Fresh Max "EcoRozum" station,
the results of which can be seen in the current mode on the online map https://eco-city.org.ua/, and we have presented the
analysis of these measurements in our publications [3-7]. Since the autumn of 2022, we have also organised monitoring
of the radiation background using a corresponding radiometer station. In the current mode, this data can be viewed on the
online map https://www.saveecobot.com/maps.

To assess the effectiveness of the use of indicative measurement stations in the atmospheric air monitoring system,
we conducted a comparative analysis of the values of atmospheric air quality indicators in Mykolaiv in the period July
2021 - January 2022. The study materials were the results of measuring the content of formaldehyde in the city's
atmospheric air at 7 indicative measurement stations in Mykolaiv, which is currently displayed on the online map
https://eco-city.org.ua/ To compare the obtained results of indicative measurements, we analysed the results of
determining the formaldehyde (CH>O) content at 4 stationary reference stations for monitoring the atmospheric air of
Mykolaiv in the period January-December 2021. The bar chart (Fig. 2) shows the results (average values) of fixed
measurements and the results of indicative measurements of formaldehyde content in the atmospheric air of Mykolaiv.
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Fig. 2 Average monthly values of formaldehyde content in the atmospheric air of Mykolaiv for July 2021 - January
2022 based on the results of fixed measurements and indicative measurements

As can be seen, the average values of formaldehyde in the atmospheric air of Mykolaiv based on the results of
indicative measurements exceed the corresponding values of fixed measurements by 1.5-1.6 times, and vice versa: the
maximum values of formaldehyde in the atmospheric air of Mykolaiv based on fixed measurements exceed the maximum
values recorded during indicative measurements by 1.6-1.8 times. This fact once again confirms that at the reference level
of pollution (e.g., formaldehyde), environmental monitoring of atmospheric air should be organised not only by means of
fixed measurements, but also supplemented by indicative measurements using complex compact stations designed to
carry out indicative measurements of air quality indicators. The obtained close results of atmospheric air quality indicators
at all 7 indicative measurement stations indicate that when choosing the location of such a station in a city with large
traffic flows for background measurements of atmospheric air quality indicators, such a station should be located at a
great distance from the road.

Conclusions.

1. In case of nuclear accidents at NPPs, one of the first atmospheric radionuclide pollutants is radioactive iodine
(*311), which can enter the human body through the respiratory tract, skin and milk and is almost entirely concentrated in
the thyroid gland. The atmospheric air radiation monitoring system uses sensors to measure the exposure dose rate or
effective dose. To improve the existing system of radiation monitoring of atmospheric air, it is desirable to calibrate the
sensors for measuring the exposure dose rate by gamma radiation of radioiodine (*3*1). This will optimize the decision-
making process for the introduction of iodine prophylaxis.

2. The current system of radiation monitoring of atmospheric air does not allow timely and prompt identification of
beta-emitting radionuclides in the air. Elevated levels of ruthenium-106 in the air due to its man-made transfer from the
territory of Russia in the fall of 2018 were not recorded by this system. The results of dosimetry in the Mykolaiv region
in the fall of 2018 from man-made ruthenium-106 showed that the average individual effective dose from beta radiation
of ruthenium-106 during inhalation was 0.57+0.12 uSv. It is necessary to improve the system of environmental monitoring
of atmospheric air through systematic radiometry of atmospheric air samples and atmospheric deposition.

3. The average values of formaldehyde content in the atmospheric air of Mykolaiv based on the results of indicative
measurements exceed the corresponding values of fixed measurements by 1.5-1.6 times, and vice versa: the maximum
values of formaldehyde content in the atmospheric air of Mykolaiv based on fixed measurements exceed the maximum
values recorded during indicative measurements by 1.6-1.8 times. It is necessary to implement environmental monitoring
of atmospheric air using indicative measurements for both chemical and radionuclide pollutants. At the same time,
observations of exposure dose rate are insufficient in the current radiation monitoring of atmospheric air, as they do not
allow prompt identification of radionuclides in the air that are pure beta emitters.
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EXPLORING THE MODIFICATION OF CONSTANT ACTION OF NATURAL
RADIATION COMBINED WITH TECHNOGENIC. STUDY OF THE INFLUENCE OF

BEE BREAD

This study aimed to address immune system abnormalities in a population residing in an area characterized by
continuous low-intensity natural radiation combined with anthropogenic radiation exposure. A group of volunteers,
representative of the conditionally healthy population, received a dietary intervention supplemented with bee bread. The
investigation focused on modulating the cellular component of non-specific resistance and immune system functionality.
Following the course of bee pollen supplementation, the main study group exhibited significant improvements, including
the restoration of neutrophil levels responsible for phagocytosis and inflammatory response. Additionally, there was a
notable reduction in the frequency and severity of overt and covert immune deficiencies. These findings highlight the
potential of bee bread (BB) as an adjunct therapeutic intervention for enhancing the immune system in populations
exposed to radiation-related challenges. The study contributes to our understanding of strategies for mitigating immune

system impairments in radiation-exposed individuals.

Keywords: natural low-intensity ionizing radiation, cellular component of the immune system, non-specific resistance,

immune system, restoration, bee bread.
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MOILIYK MOJIU®PIKALI MOCTIMHOI Al MPUPOJHOI PAJIALIII KOMBIHOBAHOI
3 TEXHOI'EHHOIO. JJOCJKEHHS BIUIUBY BIKOJIMHOI'O OBHIKKSI

3 memoto kopexyii uagIeHUX NOPYUIeHb CUCEMU IMYHIMEmMY 8 YMOBHO 300P08020 HACENEHHS, W0 MeUKae Ha mepumopii
3 NOCMIIHOW OI€I0 HU3bKOITHMEHCUBHOI Npupoonoi padiayii, KOMOIHO8AHOT 3 MeXHO2eHHUMU PadiayiliHUMU BNIUBAMU,
2pyni 8010HMEPI8 000AMKO80 00 XAPH08020 pAYioHy 6Y10 66edeHO 000xcoMuHe 00HIxNCHCA Kypcom. IIposedeHi
00CHIOHCEHHSA BUABUNU O3HAKU GIOHOBIEHHS KIIMUHHOI IAHKU Hecneyuiunoi pesucmenmuocmi ma imynHoi cucmemu. Lle
NPOSABIANOCH 8 OCHOBHII 2PYNi 0OCMeNCeHUX Nicis Kypcy 60HCOTUHO20 OOHINCIHCA MeHOeHYIEID 00 8I0HO8IEHHS 00 PIBHs
HOpMU émicmy Heumpoghinie, 8i0n06i0aAIbHUX 3a (Pa2oYUMO3 MA 3ANALeHHS, d MAKOXHC 8iPO2IOHUM SHUNCEHHAM YACTNOMU
BUABNEHHS MA PIBHS 8AXHCKOCMI HAABHOI MA CKpUmMoi HeOoCmamHocmi iMyHHOI cucmemu.

Knrouosi cnosa: npupoona Hu3bKOIHmMeHCUHA IOHIZyIOUA paodiayis, KIMUHHA JAHKA CUCMeMU [MyHimemy,
Hecneyupiuna pe3ucmenmuicmy, IMyHHA CUCeEMd, 8IOHO6IEHHS, DONCONUHE OOHINCHCS

Introduction. In regions characterized by the coexistence of natural and anthropogenic ionizing radiation, populations
face the potential compounding and magnification of detrimental factors affecting their physiological well-being. The
persistent and cumulative exposure to adverse biotic, abiotic, and sociocultural elements within the environment can
engender a state of compromised adaptation mechanisms, disturbances in the intricate interplay of psychoneuroimmune
regulation, a decline in organismal resilience, and the subsequent development of pathological manifestations [1-3]. The
research conducted by our team unveiled substantial perturbations within the hematological and immune systems of the
population residing in the region of Kirovohrad Oblast, with particular focus on the city of Kropyvnytskyi [4, 5]. Given
the aforementioned outcomes, the development of radioprotective strategies aimed at safeguarding the inhabitants of
Kropyvnytskyi and analogous regions subjected to the continuous impact of dual radiation stress emerges as a pressing
imperative.

Currently, it is widely acknowledged that nutrition represents the most optimal and practically feasible approach to
protect the body against the continuous effects of ionizing radiation[6, 7]. Enhancing organism functioning, improving
adaptability, and overall quality of life can be achieved by enriching the population's diet with vitamins, micronutrients,
a complex of enzymes and coenzymes, as well as plant and animal biologically active additives or their complexes [7-9].
In addition to a well-balanced diet, it is necessary to introduce into the body biologically active substances (BAS) that
possess radioprotective properties. Particularly, BAS positively influences neuroimmune-endocrine regulation and
expands the adaptive capabilities of the major organ systems [2, 9]. In this context, BB appears to be of interest. BB is a
combination of flower pollen particles bound together and partially digested by bee saliva [2, 10]. It serves as a natural
multivitamin with unique morphological properties, chemical composition, and therapeutic-preventive properties [2, 10-
13]. Experimental animal studies have demonstrated the effectiveness of BB as a radioprotective BAS under prolonged
irradiation [2, 14].

The objective of this study was to investigate the potential impact of BB on the immune system, specifically on the
cellular component of non-specific resistance and the immune system as a whole.

A study was conducted to investigate the effect of BB on the content of key elements in the leukogram, which
quantitatively reflects the status of the cellular component of non-specific resistance and the immune system. The study
involved 58 apparently healthy women residing in Kropyvnytskyi. Among them, 23 women in the main group (MG)
received a course of BB supplementation in addition to their regular diet. The BB course lasted for 60 days, with a daily
dose of 2,5 grams administered on an empty stomach. The women in the control group (CG) did not receive BB
supplementation. At the end of the BB course, blood samples were collected from both groups of women to analyze the
content of key elements in the leukogram. The assessment of immune status was conducted using first-level
immunological tests, adjusted according to the age of the participants, based on previous research [15-18]. During the
study, the immune system parameters were evaluated based on the absolute content of leukocytes and their specific
subsets, including myelocytes, metamyelocytes, stab neutrophils, segmented neutrophils, eosinophils, basophils,
monocytes, lymphocytes, and natural killers. The investigation utilized a hematological analyzer at the Polyclinic Union
of the City Council in Kropyvnytskyi for analyzing the samples. Subsequently, the data were processed and analyzed at
the Department of Microbiology, Virology, Immunology, and Medical Biology of Donetsk National Medical University
in Kramatorsk.

The obtained results were subjected to statistical analysis using variation statistics methods. The software package
Statistic Windows (version 1) and relevant measurement programs were employed for data processing and analysis.

The conducted research showed the absence of a negative impact and the presence of positive changes regarding the
indicators of the cellular branch of non-specific resistance and the immune system. This means that the use of BB therapy
(BPT) in the bodies of conditionally healthy women has a beneficial effect on the functioning of their immune system.

Changes in leukogram indicators, such as an increase or decrease in specific types of leukocytes (e.g., neutrophils,
eosinophils, monocytes, etc.), may indicate the body‘s immune response activity. In Figure 1 and Figure 2, the data on
the content of leukocytes and the main elements of the leukogram reflecting the state of non-specific resistance and
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immune system in conditionally healthy women (CHW) residing in Kropyvnytskyi, Kirovohrad region, after the course
of BB is presented.
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Figure 1. — The effect of bee bread (BB) supplementation on leukocyte, neutrophil, and lymphocyte counts in
conditionally healthy women residing in Kropyvnytskyi, Kirovohrad region, for both the Main group (MG) and control

group (CG).
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Figure 2. — The effect of bee bread(BB) supplementation on the counts of stab neutrophils, eosinophils, basophils, and
natural Killer cells in conditionally healthy women residing in Kropyvnytskyi, Kirovohrad Region, for both the main
group (MG) and control croup (CG).

As seen from the data presented in Figures 1 and 2, there were minimal quantitative changes in the content of cells
representing the cellular branch of non-specific resistance in individuals of the main group after the course of BB
supplementation. Only a weak tendency towards changes in the content of leukocytes and leukogram elements, except
for a portion of granulocytes, was observed. The content of stab neutrophils and segmented neutrophils, compared to the
initial data of the MG and CG groups, as well as the reference values, did not show significant differences (P>0,05) during
the period after consuming BB.

The content of stab neutrophils was within the normal range, on average, prior to the start of the therapy course in
both the MG and CG groups. However, elevated levels of stab neutrophils were observed in 13,04+1,5% of individuals
in the MG group and 12,0+1,29% of individuals in the CG group before the BB course. After the BB course, the content
of stab neutrophils in the MG group did not exceed the normal range, while in 16,0+1,47% of individuals in the CG group,
the content of stab neutrophils remained elevated.

According to the findings, there were no statistically significant differences in the mean content of segmented
neutrophils between the MG and CG groups, both before and after the BB course. However, it is noteworthy that prior to
the course, an elevated proportion of individuals in the MG group (43,48+2,15%) exhibited increased levels of segmented
neutrophils, whereas, after the course, none of the individuals showed elevated levels. In contrast, the CG group
maintained consistent levels of segmented neutrophils before and after the BB course, with values of 44,0£2,16% and
40,0+1,96%, respectively. These observations were made within an academic framework to analyze the impact of the BB
intervention on the content of segmented neutrophils in the respective groups.

Prior to the BB course, basophils, which are not mandatory elements of the leukogram, were detected in 56,5+2,16%
of individuals in the MG group and 56,0+1,98% of individuals in the CG group. The average content of basophils did not
differ significantly between the MG and CG groups prior to the BB course. Elevated levels of basophils were observed
in 13,04+1,46% of individuals in the MG group and 16,0+1,47% of individuals in the CG group. After the BB course,
the frequency of individuals with elevated basophil levels did not change in both the MG and CG groups. However, in
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the MG group, the content of basophils was twice as high as the baseline values in both groups and the values in the CG
group after the BB course. These changes, however, did not reach statistical significance (P>0,05).

An exception among the granulocytes was observed with eosinophils, whose content significantly increased, on
average, in individuals from the MG group after the BB course (P<0,05), compared to the baseline values and the CG
group before and after the course. The content of eosinophils in the MG group after the BB course showed a tendency to
increase compared to the average values of the CHW but remained within the normal range. The increase in eosinophil
content after the BB course was detected in only 17,39+1,65% of individuals in the MG group and did not exceed the
normal limits (0-0,45 G in 1L) [15-16].

Individually, it was observed that 13,04+1,46% of individuals in the MG group and 16,0+1,47% of individuals in the
CG group exhibited elevated levels of monocytes, both prior to and following the BB course. However, when considering
the average values, the overall content of monocytes in both the MG and CG groups did not demonstrate statistically
significant variations before or after the administration of BB.

In the course of the study using routine methods, the average content of immune system cells, specifically
lymphocytes, showed minimal changes in both the MG and CG groups, both prior to and following the BB course. In
30,43+2,0% of individuals in the MG group and 28,0+1,79% of individuals in the CG group, mild to moderate immune
system deficiency was observed. Additional investigations, specifically the assessment of hidden immune deficiency [19],
revealed that prior to the BB course, 26,07+1,68% of individuals in the MG group and 28,0+1,79% of individuals in the
CG group also exhibited hidden immune deficiency. The combined occurrence of overt and hidden immune system
deficiency in the MG group was 56,5+2,6%, while in the CG group, it was 56,0+£1,90%. Following the BB course, the
frequency of overt immune system deficiency in the MG group decreased to 13,04%, compared to baseline (P<0,05). The
identified immune system deficiency in the MG group was of mild severity. The frequency of hidden immune system
deficiency in the MG group remained unchanged. Thus, the cumulative frequency of overt and hidden immune system
deficiency after the BB course in the MG group likely decreased to 43,48+2,1% (P<0,05). No changes were observed in
the CG group.
The frequency of natural killer cells did not show any significant differences before and after the BB course, both in the
MG and CG groups. However, in the MG group, the frequency of these cells likely decreased from 30,43+2,0% to 13,04%
after the BB course. In contrast, in the CG group, the frequency of natural killer cells and their content after the BB course
did not differ from the baseline data.

Thus, the conducted research has shown a positive impact of the BB course, manifested by a tendency towards
restoring the cell content to normal levels, primarily neutrophils, which are responsible for phagocytosis and
inflammation. Furthermore, there is a likely reduction in the frequency of detection of both overt and hidden immune
system deficiencies and their manifestations.

Conclusions:

The course of bee bread administration has a positive impact on the cellular component of non-specific resistance, as
evidenced by a tendency towards normalization of the indicators.

The course of bee bread administration positively affects the cellular component of the immune system, with a
tendency towards its restoration and a decrease in the frequency and severity of both evident and hidden deficiencies in
lymphocyte content.
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BIOLOGICAL CONSEQUENCES OF RADIONUCLIDES FOR THE ENVIRONMENT

The review draws attention to the fact that man-made radionuclides enter the environment mainly in solid form.
Information is briefly presented on the factors that determine the further behavior of radioactive particles in ecosystems,
radiation doses and biological consequences of radioactive environmental pollution. Thanks to human activities, natural
radionuclides of the earth's crust can enter the atmosphere. When coal is burned at TPPs, in addition to carbon dioxide
(a result of the greenhouse effect) and sulfur compounds (a result of acid rain), radon gas enters the atmosphere and
emits soot (a product of carbon condensation in the absence of oxygen), which contains radionuclides of the thorium
series. Scientists from different countries have repeatedly compared the radiation pollution of TPPs and NPPs. Long-
term studies have proven that coal-fired thermal power plants emit many times more radioactive substances into the
atmosphere than conventional nuclear power plants. However, historical experience also shows that this optimistic
situation changed dramatically due to the massive releases of radioactive materials caused by accidents at nuclear power
plants. In connection with the wide practical use of uranium and plutonium, the emission of these elements into the
environment has become one of the main problems of modern radiation ecology. Systematization of a large amount of
data during the entire post-accident period allowed the Commission to develop a fairly clear assessment. According to
the Scientific Committee, there were cases of thyroid cancer in children exposed to radiation during the accident. Trends
observed among this group of victims suggest that the number of cancer cases is likely to increase over the next decade.
Apart from the increased incidence of thyroid cancer among exposed children, there is no scientific evidence that
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increased overall cancer incidence or increased mortality is associated with radiation exposure. Leukemia is a cancer
that occurs mainly after exposure due to its short incubation period (210 years), and the risk of leukemia may not be
increased even among workers engaged in disaster recovery.

Key words: population exposure, ionizing radiation, natural radionuclides, radiation pollution.

BIOJIOTTYHI HACJ/IIAKH PAJIOHYKJILIIB
JJIs1 HABKOJIMIIHBOI'O CEPEJJOBUIIIA

B oenaoi seepmaecmoca ysaca ma me, wo mexHozeHHi padioOHYKAIOU NOMPANIAIOMb Y HABKOIUUHE cepedosuiye
nepesascHo y meepoomy guenadi. Kopomxo nodano ingpopmayiro npo ¢paxmopu, o eusHauaroms no0aaisuly no8eoiHKy
PAodioaKxmusHUX YaCMuHOK 8 eKOCUCMeEMAx, 003U ONPOMIHeHHA ma 6i0102iuHi HACTIOKY PAdioaKmMUeHoO20 3a0pyOHeHH s
HABKOMUWHB020 cepedosuiyd. 3a80AKU HCUMMEODIAILHOCMIE TH00ell 8 ammocepy MO*CYmb NOMPANIAmu RPUpPoOoHi
paodionykniou 3emuoi xopu. Ilpu cnanroeannui gyeinnsa na TEC, Kpim 8yenexkuciozo 2asy (pe3yibmam NaApHUKOB020
eghekmy) i cnonyk cipku (pe3yibmam KUCIOMHUX O00Wi8), 8 ammocgepy HAOX00umv 2a3 paooH [ 6UOLISLE CAdxNCy
(npodyxkm KoHOeHcayii gyaneyto npu HeCmMavi KUCHIO), AKUL MICIMUmMyv padioHyKIiou mopiceoco pady. Bueni pisHux
Kpain HeoOHOpa3060 nopisnioganu padiayiiine 3aopyonenns TEC i AEC. Baecamopiunumu 00cniodiceHHAMU 008€0eHO,
wo eyeinoni TEC suxudaiomes 6 ammocgepy padioakmuHux pewosun y 6Oasamo pasie Oinvuie, HINC aAMOMHI
enekmpocmanyii, wo npaywms 36udauHuM cnocoboom. OOHAK ICMOPUYHUL 00C8I0 MAKOIC NOKA3ZVE, WO UYs
ONMUMICIMUYHA CUMYAYisi PI3KO 3MIHULACA Yepe3 MAco6i GUKUOU padioaKmusHUX Mamepianie, CnpuiuHeri asapiamu
HA AMOMHUX eleKMPOCMAanYiax. Y 38'a3Ky 3 wupoKum npaKmuyHumM GUKOPUCMAHHAM YPAHY | NAVMOHII0 GUKUO YUX
eleMeHmi8 y HABKOIUUIHE cepedosuuje Cmaé OOHIE 3 20106HUX Npobiem cyyachoi padiayitinoi exonozii.
Cucmemamusayis 6enuKoi KinbKocmi OAHUX HPOMASOM YCb020 NICAAABAPINiHO20 nepiody odoszsoauna Komicii
Ppo3pobumu documsv 4imky oyinky. 3a oanumu Haykosozo komimemy, 6ynu 6unaoxku paxy wumosuoHoi 3ai103u y oimeil,
AKI 3a3HAAU ONPOMIHeHH: nio yac asapii. Tendenyii, ki cnocmepizaromvcs ceped yici epynu sHcepma, c8iouams npo
me, WO KilbKicmb 6UNaoKie paxy, UMOGIpHO, 3pocme Npomszcom Hacmynuozo oecamunimms. OKpim 30inbuienHs
3aX80pI06AHOCMI HA PAK WUMOBUOHOI 3aN03U ceped ONpoMiHeHux Oimel, HeMAe HAYKOBUX 00KA3i8 mo20, Wo
30IIbWEHHST  3A2aNbHOI  3AX80PIOGAHOCMI HA pak abo niOGUWEHHST CMePMHOCMI NO08 s3aui 3 padiayiiHum
onpominenuam. Jlevixemia — ye pax, axuil 3’A619€MbCsl 8 OCHOBHOMY RICAS NAUBY Yepe3 KOPOMKUU IHKYOayiunuu
nepioo (210 pokis), i pusux netikemii Modice He NIOBUWYBAMUC HAGIMb ceped NPayi6HUKI6, 3auHAMUX NiKeioayico
HACiOKi8 asapii.

Knrwuosi cnosa: onpominenns HaceneuHs, IOHI3VIOUe SUNPOMIHIOBAHHS, NPUPOOHI pAOIOHYKNIOU, padiayiiiHe
3a6pyOHeHHs.

Introduction. An important achievement of the second half of the last century is the practical development of nuclear
energy. Unfortunately, humanity entered the nuclear age in the worst possible way - the creation of nuclear weapons and
their use (Hiroshima, Nagasaki 1945). The subsequent numerous tests of nuclear weapons, as well as violations of the
nuclear technological cycle for the production of electricity, led to multiple emissions of radionuclides into the
environment. Society also grapples closely with the issue of storing and processing radioactive waste [47].

The circumstances listed above contributed to the formation of a negative attitude towards nuclear energy in society,
up to its complete rejection [1,2]. Radioactive pollution is often imagined as some homogeneous substance that fills the
environment, such as "thermal hydrogen™ or "ether". This point of view contradicts the results of humerous studies, in
which it has been proven beyond doubt that radionuclides of man-made origin enter the environment mainly in the form
of microparticles, and environmental pollution is not homogeneous [3,32,33].

In our opinion, one of the reasons for misconceptions lies in ignorance or misunderstanding that the formation of
radioactive pollution is associated with physico-chemical processes that occur at the atomic (or molecular) level, while
radioactivity is a property of nuclear elements, i.e. belongs to another, deeper level of the structure of matter. The second
reason is ignoring the influence of the natural environment itself on the formation, spread and transformation of pollution
[34,35]. The goal is to study the adverse impact of radiation pollution on the environment.

Research materials and methods. Assessments of the global situation, as well as assessments at the regional level,
can be found in many works [4, 5, 6, 7, 8, 9]. However, they are most fully described in the documents. Research materials

spoke: national regulatory and technical documents on radiation safety [26], legislation of Ukraine on radiation safety
and human protection from ionizing radiation, materials of a normative nature; materials of radiation research by scientists
of the Mykolayiv Scientific Research Laboratory on the Problems of Radiation Safety of the Population (NDL
"LARANI™) [25]. The Radiation Safety Standards of Ukraine (NRBU - 97), approved by the Resolution of the Chief
Sanitary Doctor of Ukraine dated December 1, 1997 No. 62 (hereinafter referred to as the Standards), is the main
document that establishes a system of radiation hygiene regulations to ensure the accepted levels of exposure, as for an
individual person, as well as society. The requirements of international and European organizations regarding radiation
safety and the state of the domestic system of state regulation of nuclear and radiation safety are analyzed. The problems
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in the national legislation on radiation safety that need to be solved in accordance with the current directive requirements
of the EU are highlighted [10, 11, 12, 13].

Research results and their discussion. Physico-chemical properties of uranium and plutonium (currently the most
important environmental pollutants), as well as a number of factors that determine their further behavior in the ecosystem,
are presented in a short form.

Sources of natural radioactivity include nuclides with very long half-lives, which, together with their short-lived
daughter products, have been present on Earth since its formation. Additionally, natural radioactivity arises from nuclides
formed by cosmic radiation in the upper layers of the atmosphere [14, 15]. Acting together, these sources create a natural
radioactive background, which is an integral part of the human habitat.

As a result of the practical activities of people, natural radionuclides in the earth's crust can be released into the
atmosphere [23]. Important sources of direct atmospheric emissions that existed long before the development of artificial
radioactivity are the processes of extraction, processing and use of minerals (coal, oil, phosphates, etc.). So, for example,
emissions of radionuclides into the atmosphere during the production of phosphate fertilizers are estimated at 90 Bq?8U
i 108 Bg???Rn for each ton of processed ore [19].

When coal is burned at thermal power plants, in addition to carbon dioxide (a consequence of the greenhouse effect)
and sulfur compounds (a consequence of acid rain), radon enters the atmosphere and soot (a product of carbon
condensation under conditions of lack of oxygen or too low temperatures) containing radionuclides is emitted thorium
series.

Scientists from different countries have repeatedly compared the radiation pollution created by thermal and nuclear
power plants (TPP and NPP). As a result of many years of research, it has been proven that the amount of radioactive
substances emitted into the atmosphere by TPPs operating on coal is many times greater than the emissions of NPPs
operating in regular mode [4]. However, historical experience also demonstrates that this optimistic picture can change
dramatically due to accidents at nuclear power plants, which often result in significant emissions of radioactive
substances.

Sources of radioactive contamination with artificial radionuclides. Artificial radionuclides are an important class of
environmental pollutants that can enter the environment through various technological processes. During the
hydrometallurgical processing of uranium ores, useful components are extracted from the initial raw materials in the
amount of 0.2% of the total mass, and 99.8% goes to production waste containing radioactive elements. A large number
of radionuclides of 36 chemical elements enter the atmosphere, among which more than 20% are radionuclides of iodine.
The most common sources of environmental pollution with artificial radionuclides are [18, 4, 11] - fallout from nuclear
weapons tests; emissions from nuclear fuel cycle enterprises (NFC); emissions as a result of nuclear accidents; leaks as a
result of violation of nuclear waste storage conditions.

Tests of nuclear weapons. Since 1945, more than 2,000 military nuclear explosions have been carried out in the
atmosphere, on the ground, underground and underwater. In addition, a number of underground tests were conducted for
peaceful purposes[30,31]. Most of the plutonium released into the atmosphere ended up in sea bottom sediments [20].
During a nuclear explosion in conditions of high temperatures and pressure occurring in a confined space, a significant
amount of uranium and plutonium instantly evaporates and is in an atomic, ionized state. Favorable conditions are created
for further condensation of radioactive substances. Therefore, after the nuclear tests, in all cases without exception, highly
active microparticles, which were called "hot particles”, were detected in the atmosphere and on the surface of the earth.
The size and shape of the particles, their chemical composition, and activity ratio (y/B) depended on the design and power
of the explosive device, as well as on the conditions of the explosion [4,18].

As arule, dense spherical particles of small size with a uniform distribution of activity were detected at high altitudes.
Significant radioactivity (90-95%) appears to be associated with particles larger than 200 pm.

Emissions from nuclear fuel cycle enterprises. Currently, nuclear power plants produce about 17% of the world's
electricity production [11]. The nuclear fuel cycle is the predominant source of radionuclide emissions following the
cessation of nuclear weapons testing. Especially dangerous in this regard are emergency situations at nuclear facilities,
which are accompanied by a leak of radioactivity [21]. As a result of numerous studies, it has been established that during
accidents at nuclear industry enterprises, the emission into the environment occurs mainly in the form of hot particles.
Moreover, radioactive particles can enter the environment both as a result of high-temperature (fire, explosion) and low
temperature emergency processes (leakage in the event of a leak) [40-42]. The properties of particles (size, shape,
chemical composition, activity, etc.) depend on the nature and scale of the accident. Among accidents at nuclear fuel
cycle enterprises, events at the Chernobyl Nuclear Power Plant hold a special place [9,22,29].

Storage and processing of spent nuclear fuel. Reactor operation is accompanied by fuel depletion (decrease in 235U
concentration) and accumulation of fission products. After several years of operation, exhausted fuel elements are
replaced with new ones, and those removed from the reactor are stored for some time for cooling and deactivation, and
then moved to storage facilities for long-term storage.

Spent fuel is a valuable raw material that, after its decontamination, can be removed from storage and reprocessed.
Processing of spent fuel at a specialized enterprise allows you to isolate uranium and plutonium, separate them, and then
to reuse them in reactors.
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Due to the wide practical use of uranium and plutonium, emissions of these elements into the environment have
become one of the main problems of modern radiation ecology [14].

Biological consequences of radioactive pollution of the environment. Assessments of the global situation, as well as
assessments at the regional level, can be found in many works [4, 5, 6, 7, 8, 9, 43-46]. However, they are most fully set
forth in the documents of the United Nations Scientific Committee on the Effects of lonizing Radiation (UNSCEAR) [10,
11, 12, 13], which is the Scientific Committee of the General Assembly with the right to assess and report on the levels
and effects of atomic radiation.

According to estimates made by the Scientific Committee at the turn of the 20th and 21st centuries [11, 13], the range
of individual doses determined by the level of the natural radioactive background is 1-10 mSv. This range depends on
factors such as the concentration of radionuclides in the environment, the latitude and altitude of the area, as well as
various other influencing factors. The largest contribution of artificial sources was associated with the tests of nuclear
weapons in the atmosphere[36-39].

The annual contribution to exposure from electricity production at nuclear power plants of nuclear states is estimated
to be no more than 2 pSv, and the average international annual dose due to medical diagnostics is 0.4 mSv.

Special attention (in separate documents of the Scientific Committee [12]) is given to consideration of the doses that
occur as a result of the accident at the Chornobyl NPP.

The systematization of numerous data for the entire post-accident period allowed the Committee to formulate a fairly
categorical assessment. The average doses were 100 mSv for 240,000 workers engaged in liquidation of the consequences
of the accident, 30 mSv - for 116,000 evacuated people, 10 mSv during the first decade after the accident - for those who
continued to live in contaminated areas. Maximum dose values can be 10 times higher.

Residents of European countries received doses of no more than 1 mSv in the first year after the accident, with a
progressive reduction of doses in subsequent years.

According to data available to the Scientific Committee, there have been about 1800 cases of thyroid cancer in children
irradiated during the accident. Trends observed among this group of victims suggest that the number of cancer cases is
likely to increase over the next decade. [15,24].

There were widespread psychological reactions to the accident, which arose from fears about radiation, but were in
fact in no way related to radiation doses. The committee also notes that there is a recent tendency to associate the increase
in the number of all cancers with the consequences of the accident at the Chernobyl nuclear power plant, ignoring the fact
that these increases were noted in the affected areas before the accident[28]. In addition, when interpreting the
consequences of the Chernobyl accident, it is necessary to concider information about the general increase in mortality
observed in recent years in most areas, including those not related to the consequences of the accident.

Conclusions. At the end of the review, we note once again that radionuclides of man-made origin enter the
environment mainly in the form of microparticles. Due to the wide practical use of uranium and plutonium, emissions of
these elements into the environment have become one of the main problems of modern radiation ecology. Radionuclides
tend to accumulate in soils and bottom sediments of water reservoirs, are easily adsorbed on the surfaces of plants and
microorganisms, thus becoming incorporated into food chains. Living organisms are exposed to radionuclides mainly via
surface contact, inhalation and food.

For situations similar to the accident at the Chernobyl NPP, the assessment of the radiological consequences of
environmental pollution should be differentiated (liquidation professionals, the population living in contaminated areas,
etc.).
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MPUKJAJHE 3ACTOCYBAHHS TEOPIi PAJIOEMHOCTI IPM EKOJIOTTYHOMY
HOPMYBAHHI AHTPOIIOTEHHOT'O HABAHTAYKEHHS HA HABKOJIMIITHE
CEPEJIOBUILE

3a0aua exono2iuH020 HOPMYBAHHA AHMPONOLEHHO20 HABAHMANCEHHA HA NPUPOOHEe cepedosuiye NOCMAnd yepes
HeoOXIOHICMb HAYKOB020 ODIPYHMYBAHHS OONYCMUMUX 2DAHUYL AHMPONO2EHHO20 6NAUBY HA NPUPOOHI KOMNIEKCU, AKI
Maromo 2apanmysamu ne auuie O1a2ononyuyst oOuHU, aie i Hadiinicmy i cmanicms exocucmenm. Ipu yvomy gidomo, wjo
He 6ci 06 ekmu npUPOOHUX 0i02e0YeHO3i6 MOJICHA HOPMYBAMU 34 Pe2iaMeHmamu Joounu. A ocmanne HeoOXioHo, 60
3MIHA SKOCTI NPUPOOHO20 CEPedosUd 34 PAXYHOK 30I0HEHHsI 81006020 CKAAOY, 3HUICEHHS CMIUKOCMI i, HAGIMb,
4acmKo8a 0ezpadayis eKkoCucmem makoHC NPU3o0UMsb 00 NOIPUEHHS YMO8 ICHYBAHHS TIOOUHU.

Y ecmammi npedcmasnerno pizni memooonociuni nioxoou 00 eKol02iuH020 HOPMYSAHHS MA GUCEIMIEHO OYMKY A6MOPIE
w000 3aCMOCYBAHHA NPU YbOMY meopii padioemMHocmi exocucmemu. 30Kpema, BUCEIMIEHO NIOXi0 BUKOPUCMAHHS
¢axmopis padioemHocmi exocucmemu AK IHOUKAMOPA 3MIHU CIMAHY eKOCUCMeMU Mda YHOPMYBAHHS GelUdUHU 3MIHU
¢axmopie padioemMHoCcmi NPu eKOI02IYHOMY HOPMYBAHHI AHMPONOSEHHO20 HABAHMANCEHHSL.

Memorw cmammi € OOCHIONCEHHS MOJNCTUBUX MEXAHIZMIBCINI  eKOJI02IYHO20 HOPMYBAHHA AHMPONOLEHHO20
HABaAHMAdCeHHs Ha 008KiLIA. Mamepianamu sucmynanu O0OCHIONCEHHS HAYKOBYI8 V cqhepi eKON02iUH020 HOPMYBAHHS
AHMPONO2EHHO20 HABAHMAdICeHHs. Buxopucmano pesyrvmamu padioeKonro2iyHux 00Ci0NHCeHb, NPOBeOeHUX 8 6ACelHl
p-Iligoennui Bye.

Tokazano, wo npu po3paxyuxy obcazieé naoxooxcenns 3" Cs y piuxy ma npu npoeedenni oyinku padiayiiinoi cumyayii
nompibHo 6paxoeysamiu HeOOHAKO8l NOKA3HUKU padioemHocmi Ha pisnux il oiiaukax. Iliomeepooiceno, wo uepes
NOHAMMSL padioEMHOCI eKOCUCEMU MOJICHA 0OSPYHIMYB8AMU eKOI02iUHe HOPMYBAHHS CKUOI8 PAOIOHYKAIOI8 Y 8000UMY,
a susnauaiouu Gakmop padioemHocmi OyOv-Koi exocucmemu — 3a6e3neuumu eKoaoSiHHUll nioxio 00 HOPMYSAHHS
AHMPONO2EHHO20 HABAHMANCEHHS HA NPUPOOHE cepedosuiye.

Kniouoegi cnosa: exonoziune nopmysanns, padiocmuicms, oioma

Beryn. CroromHi HOpMyBaHHS 3a0pYIHIOIOUAX PEUOBHH B IPUPOIHUX Oi0TeOleH03aX 0a3yeThcs Ha CaHITapHO-
Tiri€HIYHUX TPUHIUIAX 1 HOpMaX, TOOTO Ha MPIOPUTETHOCTI 3aXHUCTY, MOMEPeN yChOoro, IIOAWHU. [3 MUX MPHUHITUIIIB
BHUXOJSTH TiTIEHICTH MPH BCTAHOBJICHHI rpaHUIHO-oTycTuMux kKoHeHTpamnii (I'JIK) pisHnx pedosuH B atMochepHOMY
MOBITPi, Y BOMI, y MPOAYKTaXx xap4yyBaHHS. [IpuHIOWI opieHTaIlii Ha 3a0e3ledeHHs OE3MeKH IIOACH BimoOpaxye
AHTPOIIOLIEHTPU3M TIOTJISAIB HA AHTPOIOTCHHWH BIUIMB HA TPUPOIHE CEPEIOBHUIIE i, B OUIBIIOCTI BUMAJIKIB, €
BunpasaanuM. OIHaK 3aIMIIA€ThCS ITMTAHHS, YM 3aBXK/H, 1 B IKOMY CTYIEHI HOPMaTHBH, SIKi BCTAHOBIICHI AJISl JIFOIUHH,
3a0e3MevyroTh 3aXHCT IHIINX 00’ €KTiB )KUBOI IPHPOIU?

CroroHi 10BEACHO, 10 HE 3aBKIM HOPMATHBH, SIKi BCTAHOBJICHI JUTS1 JIFOAWHH, 3a0€3ME€yIOTh 3aXKCT IHIIHUX 00’ €KTIB
KHUBOI Tpupoan. Tak, A pagioHyKIIITHOTO HABAHTA)XKEHHS Ha eKOoCcHUCTeMy 3HaueHHs [ /K palioHyKIiIiB y TOBITpPi 1 y
BOJIi 3aXHIIAIOTH HE JIMIIE JIIOIUHY, ajie 1 iHIIi BUAM KUBUX OpraHi3MiB. ToOTO y IbOMY BHIIaJIKy CaHITApHO-TITi€HIYHE
HOPMYBAaHHSI 33/I0BOJIbHSIE EKOJIOTIYHHUI MPHUHIMIT HOPMYBaHHs pajialliiHOro HaBaHTa)XeHHs Ha ekocuctemy. OHaK,
1HIIIa CUTYaIlisl BAHUKAE, HATIPHKJIA;

— npu 3a0pynHEeHHI aTMoc(epHu CipuaHMM Ta3oM: SK BiJIOMO, NPW TPHBAJIOMY BIUIMBI I[OTO 3a0pyqHIOBaYa B
KOHLIEHTPALISIX, Ki HE NEPEBUIYIOTh CAHITAPHO-TITiEHIYHI HOPMATHBH, BiIOYBA€ThCSI YPaKEHHSI XBOWHHUX JICiB [4],

— JIMIIAHHUKY TUHYTH B MICIEBiH aTMocdepi, sSika 3a TirieHiYHUMH HOPMaTHBaMM BBaXKAETHCS JOIYCTUMOIO IS
JIFOJTUHH,

— TIpH JeSKUX 3a0pyJHEHHSX IPYHTY HadToro abo BaXKMMH METalaMH MOXYTh CHJIBHO ITOCTPaKAATH IPYHTOBI
MiKkpo- i Me3o¢aynu (Oyme migipBaHa MPOAYKTHBHICTh TAKUX IPYHTIB), B TOH Yac SIK CUIBCHKOTOCIOAAPCHKA MPOIYKITis
3 WX JIITHOK MOYKE BiATIOBIIaTH CaHITApPHUM HOPMAaM JUIS IPOJTYKTIB XapuayBaHHs [7].
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TakuM umHOM, He BCi 00’€KTH NPUPOTHHMX OIOreOLEHO3IB MOXHA HOPMYBATH 3a perjaMeHTamHy JIoauHu. Tomy
Ba)XXJIMBUM € JIOCIIJDKEHHS MOMIIMBHX MEXaHI3MIBCTI €KOJIOTIYHOTO HOPMYBaHHSI aHTPOIIOI€HHOTO HAaBaHTa)KEHHS Ha
JOBKLJIISL.

Martepianu i meToau.

MarepiaaMu BHUCTYHallll IOCHI[DKEHHS HAYKOBIIB y cdepi eKOJOTiYHOTO HOPMYBaHHS AaHTPOIOTCHHOTO
HaBaHTAXKCHHS.

Bukopucrano pe3yiabTaTH palioeKoJOTiYHUX JIOCHiPKeHb, NpoBeaeHux B Oaceitni p.IliBnennuii byr. Ilpu upomy
BU3HA4YeHHs1 akTUBHOCTI ¥’CS B 06’€KTax BOJHOTO CEPENOBMINA MPOBEAECHO IaMMa-CIIEKTPOMETPUYHMM METOJIOM 3a
JIOIIOMOT'010 F'aMMa-CIIEKTPOMETpa 3 HaIiBIIPOBITHUKOBUM aetekropoM I IK-175.

Pe3yabraTu fociigKeHHs .

3a baraThbma pe3yJbTaTaMH PI3HOMAHITHUX JIOCHIKEHb ChOTOIHI BCTAHOBJICHO, 1110 3HaueHHs [ JIK pagionykiimis y
TIOBITPI 1 B BOJI 3aXUINAIOTh HE TUIHKY JIOAWHY, ajie 1 1HIII BN )KUBUX opraHi3MiB [6]. OnHak, iHIIa CUTYyallis BUHUKAE,
HaTNpUKJIa, NpH 3a0pymHEHHI aTMocdepH CipYaHHM Ta3oM: IpH TPUBAIOMY BIUIMBI IhOTO 3a0pydHIOBada B
KOHIICHTpAIliAX, AKi HE NEepPEeBHINYIOTh CaHITAPHO-TITi€HIYHI HOPMATHBH, BiAOyBa€ThCS YpaKCHHS XBOWHHUX JICiB.
JImmaitauky THHYTH B MicIeBiil aTMocdepi, fKa 3a TirieHiYHIMHA HOPMAaTHBAMH BBAKA€THCS JOITYCTUMOIO UIS JIFOTUHH.
ITpu nesknx 3a0pyIHEHHIX IPYHTY HaTOO ab0 BaXKMMH METAJIaMH MOXKYTh CHIBHO IIOCTPAXIATH I'PYHTOBI MIKpO- 1
Me3odayHu (ToOTO Oyze migipBaHa IPOIYKTHBHICTh TAKUX IPYHTIB), B TOH Yac SIK CIIBCHKOTOCTIOAAPCHKA MPOIYKIIIS 3
LUX IUITHOK MOXKE BIJNIOBIATH CaHITAPHUM HOpPMaM JJIs MPONYKTIB Xap4yBaHHs [6]. Takum unHOM, He BCi 00’€KTH
HOPUPOAHUX 010reoneH03iB MOKHA HOPMYBATH 32 PELJIaAMEHTAMHU JIFOJUHU.

[pu Takomy miAXozi NPUHLKUIIOBO HOBUM € 00 ‘ckm Hopmyeanns. Iirieniuni Hopmatusu ['JIB ta I'IK mkimmuBux
pPEUOBHH Y MOBITPi, Y BOJI, Y NMPOAYKTaX XapuyBaHHS NepeadayaroTh Taki piBHI BIUIMBY, SIKI HE MOXYTh BHKIMKATH
3aXBOPIOBaHHS 200 BIAXMJICHHSI B CTaHi 3/10pOB’sI JIIOAWHH, [II0 BHHUKAIOTH B Ipolieci po0oTu abo y BijialeHuX TepMiHax
JKHUTTS TENEPIlIHBOrO 1 HACTYITHOTO MOKOJiHb. ExoJoriyHa periaMeHTalliss aHTpOIIOreHHUX BIUIMBIB repeadavae iHm
MIPUHIOMINA: OCHOBHUM 00’€KTOM HOPMYBaHHS BHCTYNAIOTh NMPHUPOJAHI CHCTEMH HAJOPTraHi3-MEHOTO PiBHSA (TOMyJIsmii,
CYKYITHOCTI, CIIIBTOBapHCTBa, 0iomeHo3H iH.) [6].

Exornoriune HOpMyBaHHS O3Haua€ OOMEKCHHS 3arajlbHOTO HABAaHTAKCHHS, L0 IHTETpye BCIO PI3HOMAaHITHICTH
MIPUPOJHUX i AHTPOIIOTEHHUX (PaKTOPIB, HA EIIEMEHTAP-HY €KOJIOTIYHY OJWHUINO (010re0IeH03, €KOCHCTEMY), 10 PiBHIB,
3a SKMX HE MOPYIIYIOThCS 1i cTaH 1 HaAilHICTh. Bigomo, IO TOJOBHUMM NOKa3HHUKAMH CTAaHY EKOCHCTEMH €:
PI3HOMaHITHICTH BHAIB, CyMa 0iOMacH BHIIB, YACEIBHICTh BHJIB €KOCHCTEMH Ta IIBUAKICTH ii 30inbmIeHHs [5], Tomy
3ajia4a eKOJIOTIYHOI perjaaMeHTarii 3B0AUTHCS 10 3a0€3MeUeHHs MiATPUMaHHS YCiX [IMX MOKa3HHUKIB.

Croromui BiZioMi €Ki METOIOJIOTIUHI MiAXOMU JO CKOJOriuHOro HopmyBaHHs. Ile, mo-mepiie, miaxim yepes
€KOJIOTIYHE HOPMYBaHHS_BHIIB-IHIMKATOPIB — BHIB, OI[IHKA CTaHy MOMYJIALIN SKUX MOXE B JOCTaTHBOMY CTYIIEHI
BiZIoOpaxkyBaTH cTaH exocucteMH [6,7]. [IponoHyeThCsI BUIUISTH B CTPYKTYpl IPUPOJHUX O10reo1eH031B MaloYrCIeH]
TOMYJIALIT BUIIB - TIOMIHAHTIB, sSIKi BU3HAYaIOTh MPOAYKTHBHICTb 0101I€HO3Y 1 HOr0 CBOEPIAHICTD, Ta YHUCIIEHI BUIH —
carTelniTH, siKi 3a0e3euyloTh HeOOXIAHUI piBeHb OIOXIMIYHMX LUKIIB, 0 € XapaKTepHUMH Ul JAaHOro neHo3y. [Ipu
TakOMY BiIOOpi BHIIB-IHAWKATOPIB BPaxXOBYETHCS, IO-TIEPIIC MACOBICTh BHJIB, AKi J0Ope NpEACTaBICHI SK B
0ioreorneHo3i, MO MiUIsrae HOPMYBaHHIO, TaK 1 Ha CIUTBHUX TEPHUTOPISLX; MO-IpyTe, BiliOpaHi BUIM MOBUHHI OYTH
BAIaMH — enudikaTopamd, sIKi TMPeNCTaBISIOTH OCHOBY OIOIEHO3y 1 BINIrpalOTh TOJOBHY pPOJb y CTBOPCHHI
OioneHOTHYHOTO cepenouia [6]. [Ipu poMy OTPiOHO MaTH HAOIp NAHUX, SKi XapaKTEPHU3YIOTh EKOJIOTII0 BHIY, B TOMY
YHUCIII YMOBHM MEIIKaHHS BHIY-IHIUKATOPY, SIKI BPaxOBYIOThb 3arajlbHy HOTO PpO3IOBCIOJDKEHICTb, IepeOyBaHHS B
ontuMyMi abo Ha mepudepii BuAy; HaHi mpo (OHOBY AMHAMIKY YHCETHHOCTI BHIY B AHAJIOTIYHHX YMOBaX, IIO
BUKJIIOYAIOTh aHTPONIOI€HHHUH BILIMB; JIaHi PO MIHJIMBICTH OCHOBHHX IMOMYJIIIHHUX MApamMerpiB BHIY, B TOMY YHCII
reHeTH4Ho 00ymoBJeHoi MiHmuBoOCTiI. Lle, 3po3ymislo, € Ba)KOIO 1 TPYIOMICTKOIO 3a1auero, 00 MpU HOMyJISIiHHUX
OIIHKAaX BaXKKO JETAJbHO MPOAHAII3yBaTH CTaH MOMYJIiil HaBiTh 0OMexeHol KimbkocTi BuAiB [6]. Tomy mpobGiiema
BHOOpPY 1 OOIpYHTYBaHHS Ti€l MiHIMaIbHOT KUJIBKOCTI BHIIB-iHIMKATOPIB, OIIHKA CTaHy MOMYJAIIil SKOTO MOXE B
JIOCTAaTHROMY CTYIICHI BiZoOpaXkaTH CTaH 010reoIeHo3y, MOTPedye Cepio3HOI HAYKOBOTO IPOPOOIICHHS.

Kpim TOro, po3poOka ekoJoriuHMX HOPMATHBIB 3a IIMM MiJIXO/OM, SIK BKa3aHO B [6], MOX/IMBA JIMIIE HA OCHOBI
KiJIbKICHOI OIIIHKM OOMEXXEHOi KUIBKOCTI IapaMeTpiB, SKi XapaKTepu3yloTh CTaH 00’€KTa, IO periiaMeHTyeThes. Lle
norpedye HeoOXigHOCTi icTOTHOI (opmamizamii i CHpPOMIEHHS pealbHUX NpoueciB (QYHKIIOHYBaHHS IPUPOIHHUX
MOMYJIAIN 1 iX B3a€MOBIJHONICHHS 3 OTOYYFOUHUMH KOMIIOHCHTaMH OiOTeOIeHO3y, IO, B CBOKO 4YEpry, MOXKe
BiZIOOpa3HTHCS HA Pe3yIbTaTax.

Jpyrum Ta GiIbII JOCTYITHUM B peaizalil Mix010M 10 €KOJIOTIYHOTO HOPMYBAHHS aHTPOIIOI'€HHOTO HABAHTAKEHHS
€ MeToJ|, 3amporoHoBaHWil B [3], 3a SKMM B SKOCTI ITOKa3sHMKa CTaHy 1 peaklii €KOCHCTEMH IIPOIIOHYEThCS
BHKOPHCTOBYBATH 3MiHy mapaMmeTpiB ii pamioemMHOCTi. PamioemHicTP ekocucTeMH — II€ TpaHHYHA KiNbKICTh
pamioHyKimiB, sika MOXke OyTH AemoHoBaHa 0i0TOK0 ekocucTemu 0Oe3 mmkomu ans cebe. Uepe3 moHATTS (akTopy
PpamioeMHOCTI BU3HAYAETHCS YaCTKa PaliOHyKIi/IiB, sIKa aKyMYJIIOETECS B PI3HUX KOMIIOHEHTaX €KOCHCTEMH (I BOJTHOL
€KOCUCTEMH — 11 Y BOJi, B 010Ti Ta B JOHHUX BiAKIaIeHHX) [5].

Ha xopucTh 3acTOCYBaHHS LBOIO MIJXOAYy B EKOJIOTIYHOMY HOPMYBAHHS aHTPOIIOI€HHOTO HABAHTAXKEHHS Ha
HABKOJIMIITHE CEPEIOBHIIEC BUCTYIAIOTh HACTYIHI (haKTOpH:

1) icTOTHMH BINIMB Ha EKOCHCTEMY CYMPOBOKYETHCS 3BOPOTHUMH abO HE3BOPOTHHMH 3MiHaMH (akTopiB
pamioeMHOCTI O10THYHHX i a010THYHMX (BOJIa) KOMIIOHEHTIB €KOCHCTEMH, a XapaKTep WX 3MiH 3aJIC)KHUTh BiJl BEIMYHHU
1 TPUBAJIOCTI IIOTO cTpecoBoro (akTopy abo BrMBy. Tak, HAIIPUKIIAM, € JOKA3H, 110 JIisl WIKIJIMBOTO (haKTopy Y BUIIIAIL
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rama-ornpomineHHst (pizuuHMiA BIUTKB) 1 BaKKUX MeTaliB (coii Bakkoro mMeranry Cd — XiMiuHHMiT BIUIMB) Ha POCIHHHY
EKOCHCTEMY, SIK TIPU CHHEPTiuHIN 1X Aii, Tak i OKpeMo (Ha MPHUKIaAi €eKOCHCTEMH BOIHOI KYIBTYPH POCIHH KYKYPYI3H)
BiIOOpaXXy€ThCS HAa BEIMYMHI YHMHHAKA PaJiOEMHOCTI KOPEHEBOI CHCTEMH POCIHH |].

2) crocobu peectparlii MiHIMaIbHO-IETEKTOBAHOI AKTHBHOCTI PaJiOHYKIIIB Tal0Th MOMKJIHBICTH PEECTPyBaTH
akTUBHOCTI Ha piBHI | Bk (posmax 1 aTomHOTO siapa), a A XIMIYHHX areHTiB MiHIMaJbHO-IETEKTOBAaHA aKTHBHICTh
CKJ1aziae OiNbII BUCOKI BEIMUHHH,

3) mpocCTOTY i JIETKICTh PO3PAaXYHKY (PaKTOPiB PATiOEMHOCTI EKOCHCTEMH.

Yepes ne hakTopu pagioeMHOCTI HPOIIOHYETHCSI BUKOPHCTOBYBATH SIK MOKa3HUKH CTaHY 1 0J1aromnoiryyust eKOCUCTEMH
IPY pi3HUX XIMIYHUX, QI3HYHMX i O10JOTIYHMX Ha Hel BIUTMBAX.

Po3risHeMO MOXXIMBICTH BUKOPHCTaHHsS (DakToOpy pasioeEMHOCTI BOJHOI €KOCHCTEMH Yy CHCTEMI €KOJIOT14HOTO
HopMyBaHHs. [loka3zaHo, IO ICTOTHHM € TOH PiBEHb BIUIMBY, SIKHH CYTTEBO 3MEHIIYE YHHHHUK PaJiOEMHOCTI OIOTH i
migsuiye (akrtop pamioeMHOCTi BoAu []. ToOTO onmTHManbHAM CIIOCOOOM €KOJIOTO-€THYHOTO CTABJICHHS IO BOJHHX
€KOCHCTEM € CTpaTeris, SKa CIpsAMOBaHA Ha 30epekeHHs Ta (a00) MiJABHINCHHS YMHHUKIB PalioeMHOCTI ii GioTHYHOL
CKJIaJI0BO1, 00 palioeMHICTh OYAb-IKOTO BOJOMMHUIIIA TIPH CKUIaHHI B HHOT'O PaTiOHYKJIIiTiB HE BUUEPITYETHCS JOTH, TOKH
¢yHKIiIOHYE 610Ta BOJOWMHUIIA, BIATBOPIOETHCS HoTo GioMaca i 30epiraeTbcs 3MaTHICT 10 KOHIHMIIIFOBAHHS CEPEIOBHIIIA.
[HImUMu croBamMu, GIATONONYYUs 1 KHUTTE3MATHICTH €EKOCHCTEMH, 3 OTHOTO OOKY, CBITYATH MO ii BUCOKY pagiOEMHICTh
i, HABIIAKW, BUCOKA PATiOEMHICTH 1 CTa0LIbHI BUCOKI 3HAUCHHS (PaKTOPIB pagiOEMHOCTI BHIIIB O10TH €EKOCHCTEMH CBiTIaTh
po OJaronoyyys i HaAiHICTh eKOCUCTEMH. B KiNIbKiCHOMY BUPa)KE€HHI IPONOHYETHCSI BCTAHOBJIIOBATH TaKi €KOJIOTTUHI
HOpPMATHUBH, sIKi 3a0e3meuyroTh He Oibiie 20% 3HMKEHHS (aKTOpy pagioEMHOCTI 0iOTH.

Jnst exocucremu piuku [liBneHHuid Byr xapakTepHHMMH ChOTOIHI € PI3HOMAHITHI LUIIXM HAIXOJKEHHS N0 Hel
IITYYHHUX PaiOHyKIIiiB, y ToMy 4uciti *¥7Cs (3MMBaHHs 3 3a0py/IHEHHMX aBaPiiHO-90PHOOUILCHKUM BUKHIOM TEPUTOPIH
VYkpainu, BUHIC i3 TPOIYBHUMHU BOJAMH 3 CTaBka-oxoJsomkyBaua IliBnennoykpaincekoi (ITY) AEC in.) [1]. A uepe3
PI3HUIIO TIAPOJIOTIYHUX, XIMIYHMX YMOB BOJHOTO CEPEJOBHUINA PIUKH, aKTYaIbHUMH € JOCIIIKCHHS COPOLIHHIX
BiactuBoctelt Oiotu piuku [liBmeHHnii byr Ha pi3HUX 11 AUTIHKAX .

[IpoBexneHi DOCTiKEHHS BMICTY 137Cs B 6i0Ti Ta B JOHHHUX BiIKIaICHHIX HA pizaux minsakax [liBmensoro byry Ha
Tepuropii MukomaiBckkoi obnacti [1], a y mpobax pud, siki HaiOLTBII PO3NOBCIOKEH] B XapuOBOMY palliOHI MiCIIEBOTO
HACeNCHHs: TUIOTBA, JIALI, CyAaK (OKpeMO B M’SIKOTi Ta B HYTPOLIAX), 3 IBOX IUITHOK PiYKOBOI CHCTEMH: MOOIHU3Y C.
MarsieBka (p. IliBgennuit byr) ta 0ins c. Jlumanu (By3pkuit muman) [2]. BusHaueHo, o iCHye pi3HHUI B po3Mipax
naxonuuenns “'Cs BoJopocTsAMH Ha Pi3HUX AUIAHKaX piuku Big m.Ilepsomaiicbka (850 bk / K%; " ) 1o Mm.Mukosaesa

J

(12005K/K%; / ) (Tabm. 1).
K1

Jenonysanns *'CS IOHHMMH BiIK/IaJIEHHAMH TaKOX XapaKTepM3yBallocs Pi3HUMH KOe(illieHTaAMH HAKOIIMYEHHS
(KH): Bix 1000 (B pationi M. [lepBomaiiceka) mo 1875 EK/K% / (y M. MukomnaeBa). Bepxis’s piuku (Big c. Mirii 10 M.
Kkl

[liBgeHHO-YKpaiHChKa) BiJ3HAYAETHCS MOPOTOBICTIO, IO CIPHSIE OCADKCHHIO PAIIONE3ii0 Ha HI, X0Ya 3a XIMIYHUMHU
nokazuukamu (pH 4,5-5,0) BojHe cepenoBuile Mae BIACTHBICTH 10 JiecopOLii paaionesito 3 BOIHUX KOMIOHEHTIB. Ha
nutsHIi Big M. [liBneHHOYKpaiHChKa 10 ¢. By3bke 3 Oiblll TOBIIBHOIO TEYI€0 PIUKH 1 JIe, 3aBASKH BUHOCY “TIPOyBHUX
BOJI 3 cTaBka-oxosopkyBada AEC, Boja xapakTepusyBaiacs OUIbII BUCOKUMHU MMOKa3HUKAMH 3arajibHOI MiHepauti3arlil
(o 1000 mr/n) mpu pH 5,8-6,0, Bimmiveni HaviBummi KH B37Cs BOJIOPOCTSIMH Ta JJOHHUMH BiikIagaeHHIMEA. OCOOIUBICTIO
moHu33s piukd (Bix c. KoBamiBka mo M. MuKkosaeBa) € HasBHICTh MOCTIHHOT pIYKOBOI Tedii TUTBKH IiJ Yac MaBOJKY, a
TAKOX MPOHUKHEHHS Yy PIiuKy IMiJi BIUIMBOM BITPOBHX HATOHIB JIMMAHHUX BOJ, IO TPHU3BOAUTH 1O IIiABUINCHHS
MiHepamizamii Boau (6mm3bko 700-800 Mr/im) i 9yepes Mo THO PivyKH BKPHUTO JTMMAHHUMHU Biikianamu, a pH cepenosuma
nopiBHIOE 6,5-7,0. ToOTo, uepes mepeMinTyBaHHS PiYKOBUX Ta JMMAaHHUX BOJ B HIDKHIN TeUil piYKM Ta BUCOKI TTOKA3HUKA
cosedl y TauumibkoMy BOJIOWMMUIL, TIOPsiZ 3 TIOBUILHOIO TEUi€r0, Ha Iii AIISHII PIYKH CKIIaJal0ThCs CIPUSATINBI YMOBH
JI0 BUHUKHEHHS 0CaJI0BUX (hOPM pajIiole3iro Ta KOHICHTPYBAHHIO HOTO B JOHHUX BIAKIAICHHIX.
Tabmums 1. — Cepenni 3HaueHHs KoedimieHTiB HakonmaeHHs (KH) 1B37Cs BOJIOPOCTSAMH 1 TOHHUMH BiJKIaJCHHIMHA

HAa pi3HUX AinsHKaxX p. [liBgenHmii byr

bx/kr/Bx/n
Micre cnocTepeskeHb KHjon. KHaos10p.
mobmm3y M. IlepBomaiiceka 1000£200 850+150
mo0nn3y M. MuKoIaeBa 1875+230 1200£170

IMokazosumu € KH *¥’Cs puGHuMM opraHisMamu y IIOHM331 PiYKU: ISl UIOTBH, KA HAJAE TIEPEBATY OBEPXHEBOMY
cepenosuiy, KH y m’skoTi cknas 37, B Hyrpomnax — 101 bx/ K%; / ; JUTSL JIAAIIA, TII0 MEIIKA€E B IPUIOHHOMY CEPEIOBHIIL,
LY/
KH manu 3navenns 16 ta 113 b/ K%; / y M’SIKOTi Ta B HyTpoIax BianosinHo; mis cynaka KH y m’sxori ckmas 136, a
L)

B HyTpomax — 58 BK/K%5 e AKi JIEMOHCTPYIOTh PIi3HHUINI0 B PO3Mipax HakomnudeHHs °'Cs puOHMMM OpraHizMamu He
J

TIJBKH B 3aJI€KHOCTI BiJl CHOCOOY KUTTSA puOH (MUPHUH, XIDKAIIbKHUIT), a TAKOXK BiJ CEpeIOBHIIA 11 MEIIKAaHHS Y BOJHIH
cucTeMi, posmipy HakonuueHHs ¥'Cs BOJOPOCTAMH, 110, B CBOIO YEPry, XapaKTEPU3YEThCS PI3HUMH 3HAYCHHAMH JLIs
okpemux ginsHOk [liBnennoro byry.
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Po3spaxoBani BenmuuHU (akTopiB panioeMHocTi Bojoiimuin y pyciui IliBnennoro byry (tabn. 2), MOXxyTs OyTh
IHIMKaTOPOM PaialliifHOrO CTaHy LMX BOAHUX 00 €KTiB (Tab. 2).
Tabauus 2. — @akrop pagioemuocti no *¥’Cs BoaHoi exocucremu p. IliBnennuit Byr

Micue crnocrepexeHnb ‘ Féiom Foon
o6y M. [lepBomaiicbka 0,89 0,73
mo0nmmu3y M. MuKoIaeBa 0,94 0,81

Ipumitka: Fsion — hakTop pamioeMHOCTI 3a OIOTHYHOK CKIIANAOBOW, Fop — (hakTOp pamioeMHOCTI 3a JTOHHUMHU
BIAKJIaICHHAMU

ITonepeus oninka (pakTopis pagioeMHOCTI BKasana, mo depe3 pisni KH ¥Cs BogHOK pocIMHHICTIO icHY€E pisHHLIS
B iX 3HAYCHHAX B 3QJIE)KHOCTI BiJ AUISTHKH piuku: B paifoni m.IlepBomaiiceka — 0,89, B paiioni m.Muxkomnaepa — 0,94. Ille
O1JIBLIOI0 € PI3HUIL YUHHUKIB PaJIOEMHOCTI €KOCUCTEMH, PO3PaxoBaHUX 0e3 BpaXyBaHHs OI0TMYHOI CKJIaJ0BOi, TOOTO
U1 3UMoBoro mepiony dacy: 0,73 B paitoni m.IlepBomaiicrkka Tta 0,81 - B paitoni m.MukomnaeBa. Llg pi3HHIA JeTKO
TIOSICHIOETHCS SIK 3MIHOIO COJISSHOT'O PEXUMY PIUKH, Tak i 3MEHIICHHSIM B 3UMOBHI Iepioj KUIbKOCTI 6iomacu, 110, sK
BU3HAYCHO, € OCHOBHHIM PETYIITOPOM EKOJIOTIYHOr0 CTaHy BOJAHOI €KOCHCTEMH.

Onnak st ekocucteMu [liBneHHOro Byry Ba)<JIMBOIO CKIIa0BOIO OIOTHYHOT KOMIIOHEHTH, SIKA TEOPETHYHO MOXKE
BILIMBATU HA BEJMYUHM YMHHMKA ii pajio eMHOCTi € pu6Hi opranismu. Pesynstatu ouinku KH ¥'Cs pubaumu
OpraHi3aMaMu B IIOHM331 PIYKH BKa3aJiy, 1110 JJIs IUIOTBH, sIKa HaJa€ nepesary noBepxueBomy cepenosuiny, KH y m’sikori
ckinaB 37, B Hytpomax — 101 Bx/ x%; / ; JUISL JISIIA, IO MEMIKae B MpuAoHHOMY cepenoBuii, KH manu 3Hauenns 16 ta

LY
113 bBx/ K%; y M’SIKOTI Ta B HyTpoIlax BianoBinHo; s cynaka KH y m’sikori ckinaB 136, a B HyTpomiax — 58 br/ K%;
K1l K1l

. Lli BenMuMHM CBigYATH OPO PI3HUIIO B po3Mipax HakomuueHHs 3'Cs pubHUMHU OpPraHi3MaMU HE TUILKU B 3aJI€KHOCTI
BiJl CIIOCOOY KUTTSl puOM (MUPHHH, XIDKAalbKUIT), a TAKOXK BiJ CepepoBHIIA ii MENIKaHHsS Yy BOJAHIN cucTeMi, po3Mmipy
HaxonuueHHs ¥'Cs BOJOPOCTAMM T. iH.

IIpu BpaxyBaHHI IUX JAaHUX B OINHII PamiOeMHOCTI ekocucteMu IliBaeHHoro Byry mMaemMo TMONEpENHIO OILIHKY
BeMYMHH (haKTopa pagio €éMHOCTI OIOTHYHOI CKIIaIOBOi MOHM33sI piukw Oing 0,96. Jns OIIHKY BIUTUBY Ha BEIUYHHY
YHUHHUKA PATIOEMHOCTI OIOTHYHOT CKIIQJOBOI BEpXiB’s PIUKM MOTPIOHO MPOJOBKHUTH PadiOCKOJOTIUHI TOCIIHKEHHSI
PpUOHUX OpTaHi3MIiB, SKi MEIITKAIOTH B Iiif aKBATOPIi PiuKH.

BucHoBkH.

1) Papgioemnicts ©¥’Cs y BofoiiMax Ha pisHUX AinsHkax p.IliBaenHuii Byr HeoqHaKoBa, L0 HOTPIOHO BPaXoBYyBaTHU
Hpu po3paxyHKy obcaris Hagxomkents ='Cs y piuky.

2) Tpu pospaxyHky ofcari HanxomxeHHs ¥CS y piuky Ta npu OpOBeAeHH] OLIHKY paiallifiHoil cuTyauii moTpi6Ho
BpPaxoOBYBaTH HEOJIHAKOBI MMOKAa3HUKU PaJi0EMHOCTI Ha pi3HUX ii AinsHkax. BpaxoBytoun ¢yHKUil 06i0TH eKocHcTeMU
MIPiICHOBOJAHOTO BOJOWMMUINA Ta BHUCOKI KOC(IIIEHTH HAKOIMYCHHS HEIO 137Cs moxHa CTBEpKYBaTH, IO HAsBHICThH
HOPMAaJIbHO (YHKIIIOHYIOUOT MIKPO(IIOpH, a TaKOX OaraTOKIITHHHHUX POCIWH 1 TBApUH € HEOOXITHHMH YMOBaMH
cTaliIpHOTO (PYHKI[IOHYBaHHS BOIOWMHUII SIK MOTJIMHAYIB PAliOHYKII/IB, 0 MOTPAILIIIOTE A0 HHUX, i MOXKE CITYKHUTH
MMOKa3HUKOM PEryJIFOBaHHS CKHUIIIB PAI0AKTUBHIX PEUOBHH Y MPICHOBOHE CEPEIOBHIIIC.

3) Ouinky ¢akropa pagioeMHOCTI OIOTHYHOI CKJIaJ0BOI MPICHOBOJHOTO BOJOWMHMIIA OaKaHO MPOBOAUTH HE JIHIIIE
3a BOJHOIO POCJIHMHHICTIO, a 1 32 pUOHMMH OpraHi3MaMmu; MpH IIbOMY BPaxOBYBaTH TUIbKH Ty pUOy “MicleBHX’ BHIIB,
apeas )KHTTS SIKOi He MoTpedye MirpamiiHuX BUXO/IB 332 MEKi 00CTEKEHOT BOJOUMHU.
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CHUCTEMA PEKY.JIbTUBALII BOJOMM, 3ABPY JHEHHX BHAC.IIJIOK IIIPHBY
KAXOBCBHKOI JAMBHU HA TIPUKJIAAI BY3bKOI'O JIUMAHY

B cmammi pozenanymo cmawn Bysvrkoeo aumany nicas niopusy dambu Kaxoecekoi I'EC. Busznauerno, uwo npomsazom
OCMAHHIX MICAYI8 eKONIO2IYHUL PU3UK 8I0 3a0pYOHeHHs Oi02eHHUMU pedosuHamu 3Haxooumecs Ha pisHi 0,52-0,91 ma
Mmodce Oymu Kknacugpikoeanuill Ak Hebesneunuil ma Oyoxce Hebesneunuil. Ilpoananizosano OUHAMIKY 3HUICEHHS
eKOJI02IYH020 PU3UKY MA PO3POONEHO NPOSHO3, AKUL 003607U8 GUIHAYUMU NPUOTUSHUL MEPMIH 3HUICEHHS PUSUKY 00
npuiinamuoeo pigua ye 6i0 20 0o 74 micayie 3a noxasnuxkamu BCK-5 ma 6i0 16 0o 54 micayis 3a noxkasnukamu XCK.
Cmeopero mMemooono2io ma po3paxoearo nomenyitini moxcausocmi byzvxkoeo ma J{ninpo-by3vko2o tumany 3 acuminayii
suxurymux 1600 muc moun 3a6pYOHIOIONUX PEUOBUH, WO NPU HAUKPAWUX YMO8AX CMAaHO8umv O6nusbko 13 micayis
secemayitinoeo nepiody (pazom 3 bionoziunoio 3umoio 17 micayis), wo eyiniomy 6ionosioae pospaxyHkam no pusuxy. B
MOl Jice Yac He 6apmo 3a0ysamu npo 30epedcents pe2yIapHux 3a6pyOHIoIOYUX Yakmopis, wo He MilbKU He 3HUKIU, a |
Micysmu nIOSUWUNY CITL WKIOIUSUT GNIUS, MOMY Yell MePMiH Modice Oymu 3HauHo Oinbuum. Busnaueno munonozio ma
b6ionpodykmusHicms QIMoOnIAHKMORY Ma 3anpONOHO8AHO GUKOPUCMOBYSAMU CEIMILOBI KOJIOOS3L 0/ NiOGUYEHHSL 30HU
11020 dHcUmmeisibHOCmi. 3anponoHO8ana KOHCMPYKYI C8IMI08020 KOA0O351 MEOPEemuyHo O03804UMb RIOSUUUMU
Modcaugicme exocucmemu 0o camoouuwennss Ha 30-50%. Takoow oyineno moocnusocmi aepayii 0ns 3a6e3nedents
bakmepianvHoi nepepoOKu opeaniku. Aepamop mae 3HAYHO SUWULL NOMeHYIan 3 T0KANI3ayii ma ouuugenHs 3a6pyoOHeHb
ma modice NIOGUWUMU WEUOKICMb CAMOOYUUeHHsl JIOKAIbHOI ekocucmemu 6 1,5-3 paszu 3anescHo 6i0 posmipy
oyrvoawox. Cmyninb 6UKOPUCMAHHA KUCHIO NPpU aepayii 3anexcums 8i0 po3mipy 0yisbauiok ma cmanosums 6io 6-1%
npu posmipi oynvoawiox 5-6 mm, 8-12 npu pozmipi 2-2,5 mm ma oo 15% npu posmipi 200-500 mxm 6 oughyzopax.
Kombinysanus nioxodie 3 ocgimienHam ma aepayicio He MilbKU MOdiCe CUTbHO NIOSUWUMU MEeMN pPeKYIbMmUueayii
3a0pyOHeHUX 8000UM, a i MOJICe MAMy XYOOUCHIO Ma KYIbMYPHY YIHHICMb AK Ni080OHUL apm-00 ekm. Sk pezynomam,
ompumMaHno 6a308i NOKASHUKU, HA AKi MOMCHA CNUPAMUCL NpU po3pobyi cmpamezii akmueHo20 8MPYUAHHA THOOUHU O
NPUBUOULEHHS BIOHOBLEHHS NOCMPANCOANUX 810 POCIlicbKOT azpecii 6000um nonu3ss Jninpa .

Knrouosi cnoea: exonociunuii pusuk, 6ioekcmpaxyis, QIimoniankmoH, aepayis, CeImiosull KOJN00s3b, HACIIOKU
exoyuoy.

Beryn. 3a0e3neueHicTs MPICHOI BOJOK0 YKPATHINB € Aem0 HIKYOIO 32 cBiToBHA cTaHapT (1045 MS Ha JIOIMHY 32
inMKaTopoM BoaHOro crpecy danbkenmapk [1] o3Hadae 61U3bKICTh 10 AediluTy Boau mpu Hopmi Bin 1700 M%), Ipu
LILOMY Y MiBJICHHOMY PerioHi YKpaiHu, HaBiTh 10 TEPOPUCTHIHOTO aKTy, 31HCHEHOT0 POCIHCHKUMH OKYIIaHTaMH Ha
kaxoBcbkiil 'EC, npobnema erpaanii BOAHUX €KOCHCTEM MiJICHITIOBaIach ()akTopaMu 3aperyIioBaHHs 0aceifHOBOTO
CTOKY B YMOBaX CTilIKOTO 3MEHIIIEHHS ITOKa3HUKiB BOJHOCTI, 301AHIHHSAM BHOBOTO Pi3HOMAHITTS TiIpOOiOHTIB,
3MiHaMH KJIIMaTy Ta He00 €KTUBHICTIO iCHYIOYOi CHCTEMH HOPMYBaHHS aHTPOIIOT€HHOT'0 HABAaHTAXKCHHS, SIKa
peTIaMEeHTYE SIKICTh PecypCy 3 TOUKH 30pY CIIOKHBAHHS JIOAWHOIO, a HEe KPUTEPii 3a0e3MeUeHHs eKOJIOTi9HO] Oe3neKn
JUISL TIPUPOJIHOTO KOMILIEKCY BLIIOMY.

B pesynpTaTi HABMHCHOTO MiApHWBY pociichkuMH okymaHTamu aamOm Kaxoscekoi 'EC 6 uepss 2023 poxy
BinbGynocsk ckunanus nonan 14,7 km® Boau [2] Ta 6yIo 3aTOIIEHO i YaCTKOBO 3pyiiHOBaHO 63447 ra nici Ta 587691 M2
rpyHTiB [3]. [Ipu npoMy Maca 3a0pyAHIOIOUNX PEYOBHUH, IO MMOTpPANMia 10 BOAHUX 00’€KTiB HIKHBOT Tewil J{Hinpa Ta
niBHIYHOT akBaTopii YopHoro Mops pocsrae 6imzpko 1600000 ToHH.

Biopemeniarist € HalfOUIBII TPOAYKTUBHUM METOJIOM, IIIO 32 paXyHOK 010€KCTpaKIii OpraHiyHUX PEYOBHH 103BOJINTD
MIPUIIBUIIIATH TPOLIECH OYHIICHHS BOJIU Ta 3amo0irTh MacoBill 3aruberni Tigpo0ioHTiB. B X011 maHOTO JOCIHIIHKEHHS
OyIle BU3HAYCHO PiBEHb €KOJOTTYHNX PU3HUKIB, CIPUYMHEHUX OPTaHIYHUM 3a0pyJHEHHSM Ta CHPOTHO30BaHO MTOTEHIIIHHI
MOYKJIMBOCTI PEKYyJIbTUBALIHHUX 3aX0/iB 3 3aCTOCYBaHHSM (DiTOIIIAHKTOHY Ta aeparii.
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IMocranoBka npod.JiemMu.

B cBiTOBII npakTHUIll OLlIHKA NPOOIEMATHKK TOTPEO B BOJHHUX PEeCypcax TiCHO MOB’s3aHa 3 KIIMATHYHOIO TTOJIITHKOIO
ta monemnto WEF (water-energy-food) [4]. [IpoGiiemMa pyKOTBOPHHX TEXHOTEHHHX KaTtacTpod Mae HU3bKE OXOILICHHS,
aJDKe Taki 3JI0YMHHI Jii € JOCUTh PIIKICHUMH B CBITOBiM mMpakTwili. B TOH e yac, aHaNIOTiuHI BUIMAJKH, BUKIUKAHI
3eMIIeTpycaMu, ab0 KOHCTPYKTUBHUMH HEIOJIKaMH TIAPOTEXHIYHUX CIOPYJ AAIOTh JOCUTH MIMPOKY CTATUCTHUKY IS
MIPOTHO3yBaHHS HacHiaKiB miapuBy Kaxoscekoi ['EC.

[IporHo3yBaHHS YCKIAOHIOETHCSA YHIKAIBHICTIO JUMaHHAX ekocucteM [liBmHS VYkpaiHH, 1m0 3HHXKYE
MIPOTHO30BAHICTh HACTIIKIB Pi3KOT0 MiIBUIIEHHS MPICHOCTI BOJAH AJIS MIPUCTOCOBAHUX JI0 COJIOHKYBaToi Boxu JHimpo-
By3pkoro miMany rifgpo 6i0HTIB.

BrpyuanHs mronuHM B MOAIOHMX BHIAIKaX MOTJIO O 3HAYHO NPUCKOPUTH OHOBJIEHHS NPUPOJHUX EKOCHCTEM Ta
30eperTy piBHOBAry, HOPyIIEHY BIAIITOBAHIM POCITHAMU €KOLUAOM.

[Ipote, B CBITOBIH mpakTUIl HE 3a(iKCOBAHO IHIIMX 3aXOJIB 3 OYMINEHHS PIYOK, OKpPIM (Hi3UYHOTO Ta XIMIYHOTO
BU/IQJICHHS 3a0pYIHUKIB, K TO 30ip CMITTS Ta yJIOBIIOBaHHS HadTOBUX IUIAM. Taxi 3axoau B HIKHIN akBatopii JHinpa
€ CHJIBHO YCKJIaTHCHUMHU 4yepe3 OOHOBI Jil, 3aMiHOBaHICTh Ta BUHECEHHS 3a0pyaHUKIB 10 YopHOTO MoOps Teuiero.

BiamnoBinHO, po3po06iroBaHUi KOMIUIEKC 3aX0/1iB MaTUME TIEPCIIEKTHBY TiJbKH MicCiIs 3aBEpIICHHS BiifHHU, a TAKOXK K
€JIEMEHT JIOKAJIbHUX JIi B TOYKaX rOCHOAAPCHKOT0 Ta MUTHOTO BO/103a00PIB.

Meta Ta MeTOAH J1OCTiTKEHHS.

MeToro moCHiIKeHHS € Po3poOKa KOMIUIEKCY 3aXOJiB 3 PEeKyJIbTUBAIll BOTHUX 00’€KTiB, 3a0pyAHEHIX BHACIIIOK
migpuBy Kaxoscrekoi ['EC..

006’ext pocmimxernas: BCK ta XCK sk iHauKaTopu opraHiqvHOTO 3a0pyIHEHHS BOJI.

[Ipemmet nocmimKeHHS: TePCIEKTHBU 010EKCTPAKIIil Ta aeparlii SK 3aX0/iB A OYHUIICHHS BOJ PIYKOBUX EKOCHCTEM
B TOYKaX BOJ03a00py Ta CKUILy 3BOPOTHIX BOJ.

OCHOBHI 3aBJIaHHS1 TOCIIiPKEHHSI:

1. OuiHUTH €KOJIOTIUHI PU3MKH BiJ OpPraHiyHOro 3a0pyJHEHHs BOJ B HWXHIHM Tewil /ninpa (3okpema Bysbkoro
numany) 3a nokazuukamu XCK ta BCK;

2. 3MOJIEII0OBATH MOXKIIUBOCTI CaMOOYHIIEHHS! By3bkoro tnmany dyepes 0i0eKCcTpakiito (iTOIIaHKTOHOM;

3. Po3poOutH cucTeMy NpHUCTPOiB Ta 3aX0.1iB AJIs BIIHOBJICHHS CTAJIOTO CTaHy BOAHOI eKkocucTteMu by3bkoro numanys;

4.CriporHo3yBaTH NEPCIEKTHBH 3aCTOCYBaHHS PO3pPOOJICHOT CUCTEMH SIK YaCTHHY MOPTOBOI Ta BOAOTOCHOAAPCHKOT
IHPPACTPYKTYPH. .

B ocHOBI mocHmimKeHHS € TPUIYIICHHS, IO 3aXOOM 3 aepamii B KOMIUICKCI 3 OCBITJCHHSAM TOBINI BOAH IUIS
3a0e3neueHHss IMPOCTOPOBOTO PO3MOAUTY (ITOIIAHKTOHY JO3BOJISITH NPHUIIBHIMINTA CAaMOBIZHOBICHHS BOJHHX
€KOCHCTEM ITiCIIST KaXOBCHKOTO eKOIHY. [ 1Iboro BUKOPUCTaHO CTAaTUCTHKY BHMIPIOBAHb JIO €KOIMJY, pPe3yIbTaTH
6esmocepenHix 3amipiB XCK ta BCK 0inst ogHOTO 3 MUTHEX BO03a00piB by3pKoro mMaHy Ta po3poOiieHy aBTOpaMu
CHPOILIEHY MOJIEINb .

Pe3yabTaTH 10CTiTKEHHSI.

[Nepinm KpOKOM B JaHOMY JOCIIDKEHHI € BU3HAUCHHSI €KOJIOTIYHMX PH3MKIB, BUKJIMKAHUX IOTPAIUIIHHAM 1 MIIH
600 THC TOHH OpTaHiKH 10 BOJHOI €KOCUCTEMH.

BpaxoByrouu Te, 1m0 06’eM Boj JHinpo-By3pkoro muMany cTaHoBUTH 61 3 kM, 1€ KOHIIEHTpallis 3a0py/IHUKIB, B
OCHOBHOMY OPTaHiYHOIO MOXOKeHHs Oins 530mr/am®, o nepesumtye Hopmy (50 mr) B monaz 10 pas.

B po3paxyHKy 3aCTOCOBYBaJIaCh METOIUKA [5], A€ BCi MOKA3HUKU PU3KKY, KPIM THX, JUIS BUXIIHHX 3HAYCHD SKHUX
I'IK € MiHiMansHIM 3HaYeHHSM (PO3YHMHEHUH KuceHb Ta pH), po3paxoByBaiuchk 3a Gopmyoro 1.

Rn(;:l—exp (ln (0,84)/MPCXCSX Cr), (1)

ne Rnc — IMOBIpHICTh PO3BUTKY TOKCHYHUX €()EKTiB, MOTEHUIIHNT PH3HK;

Cs — KOHIICHTpAIlis PEYOBHHU Y IIUTHIH BOJI, Mr/amS;

MPC — rpanu4HO q0IycTHMAa KOHIICHTPAITIS, Mr/om®;

Cr — koedinient 3anacy (0 ecix 10, ons ceunyio — 3, 0ns kanyepozenis - 100).

Mexi HOTEeHIIIHHOTO PU3UKY BU3HAYAIOTHCS TaK:

— 0-0,020 — npuitHsTHAT;

— 0,021-0,160 — 3anoBinLHMIA;

— 0,161-0,500 — He3anoBiaLHMIA;

— 0,501-0,840 — nebe3neunuii;

— 0,841-1 — Hag3BuyaiiHo HeOE3IIEYHUI.

[pu migcraHoBLi UX JaHUX, OTPUMY€EMO PiBEHb €KOJOTIYHOr0 PU3UKY | — Ha/3BUYAHO HeOe3neyHHH.

PeanpHi moka3HuKK Oysio BH3Ha4eHO, cnuparodyuch Ha aaHi BuMipioBanb no XCK ta BCK Ha omHOMY 3 mHMTHHX
BO/103200DiB.
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Tabmuus 1. — 3nauenns ekonoriyHoro pusuky 3a BCK-5 ta XCK

Exon
Ekon Exkon Exon pY3HUK 3a

BCK-5 BCK-5 XCK pU3UK 32 | PHU3HK 3a | PHU3HUK 3a XCK

Micsaup min max XCK min max BCK min | BCK max | XCK min max
Yepsaenn 2023 2,97 3,66 24,7 44,12 0,822023 | 0,880819 | 0,57739 | 0,785296
JIunens 2023 2,56 4.8 24,1 51,02 0,774134 | 0,938558 | 0,568455 | 0,83121
Cepriens 2023 3,3 4,26 25,2 50,2 0,853083 | 0,915906 | 0,584695 | 0,826314
Bepecenn 2023 3,3 45 22 56,3 0,853083 | 0,926854 | 0,535668 | 0,859594
JKosrens 2023 2,6 3,6 24,7 53,6 0,779325 | 0,87659 0,57739 | 0,845733
Juctomanm 2023 2,07 3,48 21,2 48,27 0,69972 | 0,867676 | 0,522532 | 0,814223
I'pynens 2023 1,77 3,4 21,2 35,29 0,642523 | 0,861378 | 0,522532 | 0,707879
Ciuenn 2024 2,1 4,05 22,2 49,06 0,70491 0,90499 | 0,538895 | 0,819271
bepesenn 2024 1,41 3,4 22,2 35,57 0,559331 | 0,861378 | 0,538895 | 0,710717

Awnanizyroun rpagiku (Puc 1) M MokeMO BH3HAYMTH, L0 BCi MIOKa3HUKU KPIM OCTAHHBOT'O MAalOTh TEHJAEHIIIO J10
MOCTYIOBOTO 3HUKEHHS.

1
0,9
0,8 - \ﬁ‘ =
0,7 — environmental risk at BOD-
0,6 NS 5 min
0,5 . -
04 environmental risk at BOD-
0,3 5 max
0,2 environmental risk at COD
01 min
O T T T T T T
¢ ) ¢ ) ¢ > > x 3 environmental risk at COD
NN N RN N N S 2 A\ 4
% Vv % 0% 0% % W% v max
¢ &N & @ & & & &
N W N NS NS NS NS 2 N
S o <O NS
w Q,@ ¢ o\\e e"z N
o 9

Puc 1. /IluHamika pu3HKIB BiJl OpraHiuHOTO 3a0py/JHEHHS BOJONM B MEPII MICsIIi eKOLHTY
Jlnst nporHo3yBaHHs OyIno 3/iiicHeHo iX aHaii3 B mporpamHomy naketi Curve Expert.

S =0.05560719

r=0.87628013
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Puc 2. 3mina pusuky 3a BCK-5 MinimMansHIM
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SIk pe3yipTar OTPUMYEMO JEIIO 3MIHEHY KBaJpaTH4YHY (PYHKIIO, 110 HOCUTh Ha3By TerutoeMHol moxeini (Heat

Capacity Model) (1).
0.113
ERpco—s(min) = 0.96 — 0.04T — 77 ¢))

He T —nepion B Micsatx, ERgco-5(min) — €KOTOTIUHMA pH3HK 32 MiHIMaIEHUM mToKa3HIKOM bCK-5.

[HCTpYMEHT MPOTHO3YBaHHS JAaHOTO MPOTPAMHOTO ITAKeTy MO3BOJHMB BH3Ha4uMTH nepion (Puc 3) 3a sxuit pusnk
JOCSATHE BEPXHBOI IUTAaHKH 33J0BUIBHOTO Aiana3oHy 3Ha4eHsb. L{eit Tepmin ctanoBuTh 20,2 MicsIIi 32 YMOBH, IO JHHAMIKA
3HIDKCHHS HE 3MiHHTHCS.

T | Pleaze press the right mouse button for the
Analyze - [Heat Capacity Model] x

Fird p=f[x] |Flr‘|l:|:-:=f[_',"]| Differentiate | Integrate Arclength ]

Given the value of the model, find the
comezponding & location,

Locate an & value, ==y

At = |016 # = 20,1681

Imitial Guess far ¥ [Optional) |5_ Qoonoo

Calculate Cloze | Help

— = T

Puc 3. Ilporuo3uuii nepioj| JOCSATHEHHS 33JJOBIIEHOTO PiBHS PH3UKY

Amnanorigyauit po3paxyHok 3a BCK-5 makcumanpanMm (Puc 4) nae gyHkiiro Toro x tumy (2).

S =0.02362415
r=0.71975624

o
o
oS
o
o

of!

Environmental risk of BOD-5 (max)

o '

o
N
=
©
w
S
a
o
o
o
(o)
N
©
©

Month after pollution

Puc 4. 3mina pusuky 3a BCK-5 makcumansauM

ERpco-smax) = 0.96 = 0.012T ===, (2)

ITpote nporHo3 1bOTo pasy € MEHII BTIIHUM Ta CTaHOBHUTH 74 Micsui (Puc 5).
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& i Please press the right mouse button for the
Analyze - [Heat Capacity hMaodel] >

Find y=f{x] Find u=Ff[y] TDifferentiateT Integrate T Arclenagth ]

Given the value of the madel, find the
correzponding = location,

Locate an = value, k=fly

ALY = == 74.0523
Initial Guess for ¥ [Optional) — |5.000000

Calculate | Cloze | Help

Puc 5. [Iporuo3 ontumizauii pusuKy

B Bunanky 3 XCK, mu maemo kBaaparuuny (3) ¢pyHkiiro (Puc 6), mo gae Kyau 61bI NOBiNbHE 3HIKESHHS B 54 Micsii
(Puc 7).

S =0.02013365
r=0.71497377

= o® ]

£ ]

(@) o® ]

(@) 4

O ]

S o8t ]

X ]
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Month after pollution

Puc 6. 3miHa pusuky 3a MiHiMaapHUMHK 3HaYeHHsIMH XCK

ER¢co(miny = 0.596 — 0.013T + 0.0007T2.(3)

I Please press the right mouse button for the
Analyze - [Quadratic Fit] x

TDifferentiateT Integrate T Arclength W

Find y=f[x]

Given the value of the madel, find the
conesponding # location.

Laocate an ¥ value, x=fly]

AtY= |08 = 54.4151

Iritial Guess for < [Optional] — |5.000000

Calculate | Cloze | Help
P

Puc 7. IIporao3He 3Ha4YeHHS Nepioy ONTUMI3AL] PH3UKY
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Amnani3 takux 3HadeHb s XCK (Puc 8) Takox nae kBagpatuany GyHKILioo (4).

S =0.04445477
r=0.71913267
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Month after pollution

Puc 8. Exonoriunuii pusmk 3a MakcumMainbHuMu 3HaueHHIME XCK

Lporo pa3y mamiHHS PU3UKY HACTUIBKH CTPIMKE, IO 3aJOBUIHHAN PiBeHb MOXe OyTH HOCATHYTO 3a 16 MicsiB (Puc
9).
ER¢cominy = 0.768 + 0.035T — 0.0045T2. (4)

X Please press the right mouse button for the
Analyze - [Quadratic Fit] >

Find w=F[x] Fird w=Fy] TDifferentiateT Intearate T Arclength ]

Given the value of the model, find the
conmezponding * location.

Locate an value, x=f[y]

ALY = = 16.0647
Imitial Guess for = [Optional] — |5.000000

Calculate | Cloze ‘ Help

Puc 9. IIporuno3He 3HauCHHS MEPioy ONTHMI3aLil pU3UKY

BinnoBigHO, aHAMI3 €KOIOTIYHOTO PU3NKY Ta HOTO JUHAMIKH B TIepIi Micsmi micns mixpuBy qam6u Kaxoscpkoi 'EC
JIEMOHCTPYE, 1110 B yMOBax By3pkoro nuMaHy Hapa3si NIPUCYTHIN HaI3BUYaifHO BUCOKHI Ta BUCOKHH PiBEHb PU3UKY Yepe3
opraniune 3a0pyaHeHHs. [lepioa HOTo mepexoay 0 3aI0BUTHHOTO PiBHS MPH iICHYIOYiH TWHAMII IPOTHO3YEThCS Big 20
110 74 micsB 3a nokasaukamMu bCK-5 ta Big 16 mo 54 micsmis 3a nmokasaukamMu XCK.

Jnst aHanizy MOXXJIMBOCTEH 3 TIPUCKOPEHHS IIPOLECIB CaMOOYHMINEHHS BapTO IMOYAaTH 3 aHaJi3y MOTEHUIHHHUX
MOXJIMBOCTEH (DiTOIUIAHKTOHY JIO BUHOCY OpPTraHiYHUX PEYOBHH.

Taxuii po3paxyHOK MOXIIMBO IPOBECTH 3TiJHO i3 3aKoHOMipHicTIO Pendinga. e kiarouoBnit nmokasuuk ainst NCP-
crexiometpii. 3HadeHHs 106(C):16(N):1(P) BBaka€eThCs ONTUMATHHIM.

Ha zanur kommnanii "Cripynina JIT" Oynn HamaHi paHi npo BHKOPUCTAaHHS J00pWB Ha OJMHUIIIO Mach NpHU
BUPOIIYBaHHI CHipyJIiHU B pe3epByapax — 200 Mr/r cyxoi pe4oBHHH a30Ty. TakuM 4MHOM, pO3paxyHKH BiAINOBITHO 10
3akoHOMIpHOCTI Pendinga BkazytoTs, mo criokuBaHHA pocdopy Oyzae 12,5 Mr/r cyxoi pe4oBHHH, a IIOTIMHAHHS BYTJICIIO
ckiane 1325 Mr/r cyxoi pedoBHHN.

BincotkoBe cmiBBigHOMmEHHS (iTOIUTaHKTOHY B 6iomaci Bysskoro mumany (Puc 10) mo oOpaxyHKY iX OCHOBHHX
Bimmimie — Cyanophyta (mianoGakrepii) 14%; Bacillariophyta (miatomoBi Bomopocti) 43%; Chlorophyta (3eneHi
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Bonopocti) 16%; Euglenophyta (eBrnenoinn) 7%; Dinophyta (qunodmnarenstu) 17%[6]; Cryptophyta (kpunrodirn),
Chrysophyta (Xpu30J1iTH, 30JI0Ti BOZOpPOCTI) Ta iH cymapHO 3%.

Cryptophyta, Phytoplankton
Chrysophyta Cyanophyta
Dinophyta ande.c. 14%

17% 9

Euglenophyta
7%

Puc 10. CniBBinHoeHHs GiTomIaHKTOHY B OioMaci by3bkoro nuMany

BusnayaeMo, MO B YMOBHO iJcajJbHOMY CEpEIOBHINI Oiopeakropax [7] Ha JITp CepEelOBHINA OTPHUMAHO
MPOAYKTUBHICTH HaWmommpeHimux rpyn Chlorophyta B 0,525 r/moby, ado 0,021875 r/rox. Jns Cyanophyta Takuit
npupict cranoBuB 6mu3pKko 0,49 /100y, a6o 0,02042r/ron. Euglenophyta mama mpupict 0,81 r/mo0y npu moxgBoeHOMY
OCBITJICHHI.

3a po3po0IIeHO0 paHille eHepreTHIHO0 MoaeIuTio [§] 1 T opraHiuHOI pedoBHHHU (BITOIUIAHKTOHY € piBHUM 21,35527
k/[x eHeprii a6o 1,5 r kucHio, mo gae 6iomacy 5776,40389 r/M? 3a BererariiHuii mepios B 8 MiCHIIiB.

Bianosigno, npu nnomi Bysbkoro nuMany B 162 KM%, MM MaeMo 3arajibHy GiONpOAYKTHBHICTH (DiTOIJIAHKTOHY
935776800000 r a6o 935776,8 ToHH OiomacH, 34aTHOI EKCTparyBaTH Ta AeNOHyBaTH 3 arMochepu 1239904,26 ToHH
BYTJICIIIO, TOTTUHYTH 3 Boau 187155,36 TonH asory, 11697,21 Tonu dpocdopy.

B pamkax /[Ininpo-Byspkoro numany, miomero 800 kMm%, Moxe 6yTH 3acBOoeHO 6ins 924224,622 ToHH a30Ty Ta
57764,0389 touHn dochopy 3a BereraiiiHuil mepioa ta aernoHoBano 612298812 ToHH ByTIIELIIO.

Lle o3Hauae, 1o Ha Micsp noruHaeTbes 115528,078 TonH azory ta 7220,50486 ToHH docdopy. Takum yuHOM Ha
MOTJIMHAHHS TPUPOAHIM HUIIXOM TUIBKM OpPTaHiYHUX PEYOBHH, SIKi MOTPANWIN JO JMMaHy BHACIIJIOK POCIHCHKOrO
TEpakTy MOTPiOHO 13 MiCSIIB BereTamiifHOTO MepioAy TOOTO TUTHPKH TEIUIMX MICAIiB. B Toi ke Yac mpoaoOBKYIOTh
icHyBaTH iHII (OHOBI (aKTOpH, SK aHTPOIIOTEHHE 3a0pyIHEHHS, 3MHUBaHHA BHACIIZOK epo3ii Ta iH., IO
YCKJIaIHIOBATHME MPOLIEC.

Jani, HaBeIeHI B TOCTIDKCHHI [9] BKa3yrOTh Ha Te, IO 3arajlbHU 00’€M CKHHYTHX CTiYHUX BOJ ckiamae 210-250
mad. M° . TIpu 1pOMY Ha OJHY JIOJMHY IIPMIAJAE B CEPEAHbOMY 2,56 KI' MiHepalbHMX CIONYK a30Ty Ta 0,6 Kr
MiHepaJbHuX croiyk ¢ocdopy Ha pik. Toxi I O4MIIEHHS TakuX OOCATIB, HANpUKIa] Bix Micta Mukoiaesa,
BPaxoOBYIOYHM THM4YacoBUil BUi3a O6mu3bko 40% HaceleHHs depe3 BiiiHy Ta npubiau3Hy umcenbHicTh B 500000, Maemo:
7,68-10% mr aszory Ta 18-10%° mr docdopy, 11 acuminanii skux norpi6uo 3840 TonH BogopocTeil mo asory Ta 14400
ToHH Ut (ocopy. BpaxoByroun noboBuii npupict B 1 /1, 3a pik i HeliTpaiizanii Bcboro ¢pocdopy norpioeH 00’ em
10520547,95 1 a6o 10520,6 M3, mo npu cepeaniil raubuni Inryay 1,2 M [10] B ginsuui, ae posmimeni Fatinuniebki
OYHCHI criopyau nmoTpedye 8767,2 M2 twromti. [Ipu npoMy yepes Te, 1m0 3a KOHIEHTpAIl Buiine 4 r/am3 (iTomiaHkToH
caM cebe 3aTiHIOE, MOXJIMBICT BHPOILYBaHHS HOro B TakHX oOcsSrax € HeiMOBipHOW. PeanpHuil mokasHHK
BiZIpI3HATHMETHCS Bij JlaboparopHoro npubimsHo Basidi. [Ipupona excrutyarye npubmmsno 40-60 cm rimbuHH, TOOTO
70 osioBuHM 00’ eMy. Ipm nocrasii cBiTiia Ha rmOuHy MoxxHa niaBummTi KK/ 1iboro npouecy Maiike BaBivi.

BiamoBinHO, 4aCTKOBO OYMIIEHI CTOKM MOXHA BUKOPHCTOBYBATH K CyOCTpar Juls BUPOIILYBAHHS OJIIHUX MIKpo
Bojtopocteil. Ha skanb, Mikpo BOZOpPOCTi 3 BUCOKMM BMICTOM O1JIKY, 10 SIKUX HAJIEXKHUTh CHIpYyJiHA € HENPUAATHUMH JUIS
GiomanuBa, TpoTe XJIOpena, 3/aTHa NpoayKyBath 29% omil Bij cBO€l Macu, 30epiraloyu MeBHY YHIBEpPCAIBHICTD SIK
KOpPMOBa KyJbTypa Ta JDKEpeNo eTaHoay/6iorasy i iH. 3BHUaifHO € OijbIl Creliani3oBaHi KyabTypu Ha 3pa3ok [ aHIkii
(DI-160) — 66% macwu ta HIuzoxitpito — 50-77% Macu. YMOBH iX BHPOIIyBaHHs MaJIO BiIPi3HAIOTHECS, TOMY OepeMo 3a
OCHOBY TIOTIEPEIHI PO3PaXYHKH.

Toxi, 3BaXkarouu Ha Te, M0 O10TATIMBO 3 OJIi1 OTPUMYETHCSA B 00cs31 1 10 1, MU MaeMO mepcieKTUBY oTpumMyBaTtu 4176
TOHH OiomanuBa Ha pik 3a YMOB, IO CKIANKCH depe3 BUi3x 40% HaceneHHs, IPHU BUPOIIYBaHHI HA JaHOMY cyOcTpaTi
xyiopenu. [Ipu mpomy 71 GioMacu TUIIAETHCS CHPOBHHOIO JUISI OTPUMAaHHS 0iora3y abo meperoHKH B 610€TaHOJ, KU €
JPYruM KOMIIOHEHTOM JUIsl OTpUMaHHA Oionanusa (0is, €TaHoJI Ta KaTalizaTop).

lannkis gae Buxig 9504 Tonnn 6ionanusa ta 34% macu cupoBunH, a [luzoxitpiit — 7200-11088 ToHH.

Tak sik 4epe3 camo3aTiHeHHS (ITOIIAHKTOH OCBOIOE TUIBKHM repii 60 cM riMOuHM, a epeMillyBaHHs, aHAJIOTIuHe
JI0 TIPOMUCIIOBOTO BHPOIIYBaHHS CIIIPYJIiHA HE MOKJIMBE B YMOBAaX PEKyJIbTUBALIi NPUPOTHUX BOJOWM, IMPOIOHYETHCS
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3aCTOCOBYBATH CBITJIOBI Koso 131 [ 11] y BUrIIsai TpyOOK 3 I3epKajIbHOIO IIOBEPXHEIO BCEPEANHI, PO3MIIIEHHUX Ha BiACTaHi
40 cm Big gHa 3 mpoMikkoM B Ti cami 40 cM. lle TeopeTHYHO MO3BOJNUTH MiJBUIIUTH MOXIUBICTH €KOCHCTEMH 0
camoountieHHs Ha 30-50% 3a paxyHOK pO3LIMPCHHS 30HH JI¢ BiIOYBA€THCA (POTOCHHTE3.

CyTb po3po0OKH MOJIsIrae B TOMY, 110 IPUCTPili MicTUTh: DOKyCyloUy ycTaHOBKY y BUIIsLIl a3epkana @penens (1),
cBiTNOBIA (2), 3’€HaHUI 3 TiAPOI30JIHOBAHOIO TPYOOIO, 10 MOKPHUTA B CEPEAMHI CBITIOBIOMBarOUOIO IUIiBKOIO (3), 3
3aKpUTHMU [IPO30PUM KOBITAKOM 0TBOpamu aiameTpom 30 cM At po3citoBaHH CBiT/IA Ha BifcTaHi 50 cM o1HE Bil OTHOTO

(4). 1
N

t_/
=)

5

[\S]

Puc 11. CiTyioBH# KONOIA3b JUIsl NPUCKOPEHHS CAMOOUMILIEHHS BOAOHM

Hpyruii, Oinein epekTuBHUI CcrIoci0, KU IITKOM MOXHA KOMOIHYBATH 3 TOTEPEIHIM — CTaHAapTHA aepallis, sK Ha
OYHCHHUX CIIOPYIaXx.

CyTb pO3p0OKH MOJIATAE B TOMY, IO MPUCTPIil MICTUTB: IKepeso kuBJIeHHs (1), yCTaHOBKY 11 3aKadyBaHHS MOBITPS
(2), THy4Ky MaricTpanbHy TpyOy 3 BEIIMKOIO KiNBKICTIO OTBOpIB miameTpoM 5-6MM (3), THyYKi pamiaibHi TpyoOwH,
HaTpaBJIeHI 0 UEHTPY BUTOKY 3 OTBOpam# A0 2-2,5MM (4), Tipoi30nbpoBaHy MPOBOAKY (5) Ta Maii yIbTpa3BYKOBI
JUHAMIKH 9acTOTO0 35-45 kinmoreprs (6), 10 MOKPUBAIOTH aHI TPYOH.

Puc. 12. Tlpunan a1 MpUCKOPEHHS CAMOOYHIIIEHHS BOJIOMM Ta JIOKaJi3allii aBapiiiHIX BUTOKIB
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CTyniHb BUKOPHCTaHHS KHCHIO TIPH aepallii 3aJeXuTh Bil po3Mipy O0yibp0aliok Ta CTaHOBHUTb BiJ 6-7% npu po3Mipi
OynOaiok 5-6 mm, 8-12 mpu po3mipi 2-2,5 MM Ta 10 15% npu po3mipi 200-500 mxm B mudy3opax. 3a po3MillleHHS B
TpyOKax CBITJIOBUX KOJIOAS31B OKPEMHX BIJIBIJIOK JIO JHA, TA MEPEKAYKX HUMH IIOBITPSI MOKHA BUPIIIUTH OJpa3y IBi
npoOieMH: HAcHYEHHS NPUAOHHOTO INapy KHCHEM Ta MOCTa4aHHS aTMOC(EpHOro BYIJIEKHCIOro rasy s
¢iTomIaHKTOHY. 3Ba)XKal0un Ha TEPMIH PO3KJIAJaHHs OpraHiKM MMpH aepauii B HOPIBHAHHI 3 TEPMIHOM PO3KJIaJaHHS B
ICUXpoiTBHOMY aHaepOOHOMY TIPOIIECi — MIBUAKICTH CAMOBITHOBIICHHS €KOCHCTEMH MOYKHA MiIBUIOUTH B 1,5-3 pasu
3aJIeKHO Bifl pO3MipiB Oymp0anIok.

. [Ipote, 3Baxxarouu Ha Te, IO B IPOMHUCIIOBOMY METAaHTEHKY TaK0O>K HEOOXiHE HarpiBaHHS CyOCTpaty, I BeTMINHA
ajiae, o J1a€ peaybHe 04iKyBaHHS B Ti caMi 50%.

TobTo, mpu KOMOIHOBaHOMY BHKOPHCTaHHI O0OX METOMIB MOXKHA MiJABHIIWTH IIBHIKICTH CAMOBITHOBIICHHS
3a0pyIHEHOT BOJHOI eKOCHCTEMH B 2 pasu.

BucHoBku.

[IpoBeneni nOCHiKEHHS JO3BOJWIM CKJIACTH 3arajbHE YSABJICHHS IPO MOJMJIMBOCTI CaMOOYHMIICHHS BOIHOL
exocucteMu by3bkoro nmumany okpemo Ta sk 4acTuHU J{Hinpo-by3pkoro muMany.

Po3paxyHkn mpoBEIEHO Ha OCHOBI pe3yibTaTiB IONEpENHIX JOCHiKeHb, 30KpeMa EHEpreTUYHOi MOoJeni
(hopMyBaHHs XapyOBOTO JIAHIIIOTa BOJOHMH.

BuzHaueHo Oi0NPOAYKTHUBHICTH (DITOINIAHKTOHY Ta HOTO THIIOBY CTPYKTYPY, IO JO3BOJHJIO OLIHUTU MOTEHLiIHI
MOJKJIMBOCTI 3 O10€KCTpaKIIii CIIOIyK a30Ty Ta Gocdopy i IeTOHYBaHHS BYTIICIIO.

Bymo npoBeneHO MOIeNIOBaHHS €KOJIOTIYHOTO pr3uKy 3a mokazHukamu XCK ta BCK-5 i mporao3yBaHHS TepMiHiB,
3a sIKi piBeHb PU3HKY BIAJE 10 3aI0BUTFHOTO PiBHS B TOCTIKYBaHiH TOUIl ITUTHOTO BO03a00py.

[lepcriekTHBHUM BHTIIAZa€ BapiaHT 00’€THaHHA PO3POOIIEHOI CHCTEMH aepalii 3 CBITIOJIOJHWM OCBITICHHSIM
(aHANOTIYHIM 32 IPU3HAYCHHSM JI0 PO3POOIICHOTO CBITIIOBOTO KOJIOAA3S) Ta iX OpHUriHANBHE XyH0KHE ohopmireHHs. Taki
aepauiiiHi CHCTEMH, MOXKYTb OyTH XOPOLIOIO TYPUCTUYHOIO MPUHAJION0 1 3aKYNaTUCh KpaTHAMHU, 110 aKTHBHO 3/IIHCHIOIOTh
no/i0H1 iHPPaCTPYKTYpHI MPOEKTH (€ 3HaYHA MepCHeKTHBa mpoaaxy takux cucrem B OAE, I3paini, bpuranii).

Exonoriunuii edekr monsraTMMe B PO3LIMPEHHI 3HaHb NPO peajibHi MOXKJIMBOCTI €KOCHUCTEMH Ta ampooaril
PEKyIbTHBALIMHUX 1 aBapiiHO-JIOKANI3alliiHMUX TEXHOJOTIH, IO 3aKiaje OCHOBH Ui pealbHOI peamizariil
iH(pPaCTPYKTYPHUX MPOEKTIB 3 PEKyJIbTUBALl aHTPOIIOTEHHO-TPAHC(HOPMOBAHUX BOJOIM.

B comianbHO-eKOHOMIYHOMY IUIaHI 1€ BHUpPaXaTHMMeThCsl uepe3 (iHAHCOBE 3alydyeHHS TpPOMaasH 10
IHPPACTPYKTYPHUX PEKYITUBAIMHAX Ta MOHITOPHHTOBUX IPOCKTIB Yepe3 TOKCHI3alil0 eKOJOTIYHNX HociyTr. HaBiTh
OJIMH aBapifHWH BUTIK 3[aTHUI HaHECTH HABKOJHIIHBOMY CEPEJOBHINY IIKOAY HA OUIBIIYy CyMy, HIK BCS BapTiCTh
MIPOEKTY
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BU3HAYEHHSA AHTPOIIOI'EHHOI'O BIIVIMBY HA COINIOEKOCUCTEMY ITPHU
3ABE3IIEYEHHI KOM®OPTHHUX YMOB JIUIA JIIOAUHA

Anomayia. Y cmammi po3ensiHymo 6niu6 aHMPONO2EHHO20 HUHHUKA — BUKOPUCMAHHA KOHOUYIOHEDIE, Ha
coyioexocucmemy y 383Ky 3i CIMBOPEHHAM KOMpopmuux ymoe ona niodunu. [ocrioxceno, wo 6azamo 3acobis,
CHPAMOBAHUX HA CINBOPEHHA KOMPOPMY, HecamuHo 6NIUBAIOMYb HA HABKOIUMHE cepedosulye ma cmaoproioms GUKUOU
8yeneKkuciozo 2azy ma ¢peouis. Buseneno, wo xonouyionepu cnoxcuéaiomv 3HAUHY KilbKicmb enexmpoenepeii ma
npu3eo0ams 00 3naunux euxudie CO2, 0cobaU80 3a yM08 2106anbH020 nomentinus. Pesyrsmamu pospaxynxie nokasanu,
wo 00un KoHOuyionep modice suxkuoamu Oauzbko 0,5 ke yenekucioco eazy Ha pik, wo npu3eooumsv 00 3HAYHO2O
AHMPONO2EHHO20 HABAHMAICEHHS HA COYI0EKOCUCmeEMY 6enuK020 Micma. IIposedeno npozno3 8UKUOi6 8y2leKUCI020 2a3y
KOHOuyionepamu, aki marome sxcumeni micma Muxonaeceéa. Bucynymo npunywenns, wo 6ausbko 400 muc. mewkanyie
micma mMarnms KOHOUYIOHepU, Wo 6 NepepaxyHKy Ha Kinvkicme eukudie ckiadae 211,68 mon Ha pik. Taxuii éniue ua
HABKOIUWHE cepedosuuye nompebye nooanbuux 00CII0NCeHb O SMEHUIEHHS He2AMUBHUX eKONO2IYHUX HACTIOKIS.

Kniouosi cnoea: anmponocennuii 6naus, coyioeKocucmemd, KOM@OPMHI YMOBU, GUKUOU BY2leKUCL020 2a3Y,
EHePeOCNONCUBAHHSL.

DETERMINATION OF THE ANTHROPOGENIC IMPACT ON THE SOCIO-
ECOSYSTEM WHILE PROVIDING COMFORTABLE CONDITIONS FOR HUMANS

Abstract. The article notes the influence of the anthropogenic factor - the use of air conditioners — on the socio-
ecosystem in connection with the creation of comfortable conditions for humans. It has been studied that many means
aimed at creating comfort have a negative impact on the environment and create emissions of carbon dioxide and freon.
Air conditioners have been found to consume significant amounts of electricity and lead to large CO emissions, especially
in a climate of global warming. The results of the calculations showed that one air conditioner can emit about 0.5 kg of
carbon dioxide per year, which led to a significant anthropogenic burden on the socio-ecosystem of a large city. A forecast
of carbon dioxide emissions from air conditioners owned by residents of the city of Mykolaiv was made. It is assumed
that about 400,000 residents of the city have air conditioners, which in terms of the amount of emissions is 211.68 tons
per year. Such an impact on the environment requires attention and further research to reduce negative environmental
consequences.

Keywords: anthropogenic impact, socio-ecosystem, comfortable conditions, carbon dioxide emissions, energy
consumption.

Beryn. KomdopTHi ymMOBH MIKpOKIiMaTy ISl JIFOJCHKOTO OpPraHi3My € BaKIIMBOIO CKJIQJ0BOI0 HOPMaIbHOL
MIPOAYKTUBHOCTI Tpari, caMOmo4yyTTs Ta (YHKIIOHYBaHHS opraHizMy. CTBOpeHHS KOM(OPTHHX YMOB JUIS JIFOJAWHHU
0e3rmocepeIHFO Ma€ BIUIMB HA HABKOJIHIIHE cepenoBuie [8].

Binpnricts 3aco0iB, sKi JIIOAWHA BUKOPUCTOBYE JUIsSi CTBOPEHHS BJIACHOTO KOM(OPTHOTO CTaHy MalOTh HEraTHBHUM
BIUIMB Ha conioekocucreMy. OHUM 3 TaKUX € KOHANUIIOHEPH, 00 IX BUKOPUCTOBYIOTbH Y XOJIOAHUM Ta CIIEKOTHHUH 1epioJ
poky [14,15].
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Konauiionepu MaroTh J1Ba OCHOBHUX BIUIMBOBHX (haKTOPH HA HABKOJIMIIHE CEPENIOBHUINE L€ — BYTJIEKUCIHN ra3 Ta
¢peoH. CboroHi KOHAUIIIOHEPH CHOXKUBAIOTH B J[Ba pa3u OUIbIE eNeKTPOSHEeprii, HiX BCi KOMII'IOTEpH IUIaHeTH. B
nepepaxyHKy Ha KUIBKICTh BYyTrJekuciioro razy ne 140 muibiioHiB ToH Ha pik. ToMy 3HMXKYIOUM BHKOPUCTaHHS
KOHJMILIIOHEPIB B JIBa Pa3nu MOXHA YMOBHO 3a0e3MeYNTH «OEe3KOIITOBHY» pOOOTY BCiX KOMII'IOTEpiB y cBiTi. B ymoBax
rJ100aJIbHOTO MOTEIUTIHHS KJIIMaTy J0AaTKOBI BUKHU/IH ra3iB i3 MapHUKOBUM e()EKTOM, a TAKOXK KOJOCAJIbHE ITOTINHAHHS
eHepTii KOHIUIIOHepaMH € HeTIPHITYyCTUMHUMH [5].

AHaJni3 JiTepaTypHHX JuKepes. Y Haml 9ac BiJKPUTHM IMUTAHHSIM € BIUTUB ()aKTOPiB HABKOJHUIITHHOTO CEPEIOBHUINA
Ha JIIOACBKHUN opraHizM. CaMe TOMy, IIMPOKOTO BUKOPHCTAHHS cepell JOCTiTHUKIB Ha0YIIO MOHITTSA «KOM(OPTHICTHY.
KombpopTHICTh 0XOIUTIOE MIHPOKHNA CIIEKTpP IMOKA3HUKIB, SKi HECYTh MPSIMHN YU ONOCEPEIKOBAHUI BIUIMB HA JIFOJICHKUI
OpraHi3M Ta BCTAaHOBJIIOE ONITUMAIIbHI 30HH KOM(OPTHOCTI IS JTFOIUHH [6].

BuxopucTaHHS KOHIUITIOHEPIB, K 3aC00iB Ui CTBOPEHHS KOM(POPTHUX YMOB, IO BCHOMY CBiTy HaOupae o0epTiB.
HageneHi cTaTUCTUYHI JaHI TiATBEP/HKYIOTh IIFO TE3Y.

Major Air Conditioner Markets
Million Units Million Units
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Source: JARN database
Puc. 1. OcHOBHI pUHKH KOHAMIIOHEPIB (MITH. ox.)

3a oninkamu BuaanHs JARN, cBiToBuii puHOK MoOyToBHX KoHauULioHepiB noBiTpst (RAC) y 2022 poui ckopoTHBCS
Ha 0,4% nopiBusiHO 3 2021 pokom, nocsrHyBiH 125,62 MinbiioHa mrT.

Ha Binminy Bix punky RAC-KOHAMIIIOHEpIB IOBITps, WO BiAuyBaB TpyJHOLI, TIio0ansHuid puHOK PAC-
KOHJMLIIOHEPIB MOBITPs, SKUi OyB MJISIBUM uepe3 BIuuB nanaemii B 2021 poui, modas 3pocratu Ha novatky 2022 poky
3aBJISIKM BIJIHOBJICHHIO TypU3My B 0araThboxX KpaiHax Ta 30UIbIIEHHIO 1HBECTHLIH y roreni Ta pecropanu. OUiHOUHHUN
nokaszHuk 3poctanHs PAC-punky B 2022 poui: 1,5% [9].

Bararo BueHHX, SKi JOCHIIKYyBalld MUTaHHA KOM(OPTHOCTI, BHCYHYIH CBOI TIlOTE3W CTOCOBHO KiTBbKiCHOTO
BU3HAYECHHS KOM(OPTHOCTI SIK ITapaMeTpa, i MPU LbOMY 3HaYHO CIIPUSUI PO3BUTKY JOCIIJKEHHS i€l TeMu.

AcrnekT BUBUEHHSI KOM(OPTHOCTI MICHKOTO CEPENOBHILA MTPECTaBIeHO Y poOoTi [7]. ABTOpY BAAIOCH BCTAHOBUTH,
oI0 PO3MOJUI METANoNiCiB BiOYBA€ThCSA 3a CTYNEHEM YCIIIIHOCTI KOHBEPTAIlil iHBECTHII, IO B CBOIO YEpPry
MMO3HAYAETHCS HA CHPUHHATTI MemKaHiiB. CTBOPEHHS CHCTEMH MOKA3HUKIB KOM(POPTHOCTI MICBKOTO CEpeIoBHIIA
MiIBUIIUTG €PEeKTUBHICTh BUKOPHCTAHHS IHBECTUIIIMHIX PECYpPCIB METaIoJIicy.

HocmimkeHHs: KoM(pOPTHOCTI 3 TOYKU 30pY BIUIMBY SIKOCTI MOBITPSHOTO CEPEAOBHINA HAa CAaMONOYYTTS JIOJAWHH
nocmipkyBaB [12]. 3a MaTeMaTHUHUMH METOAAMHU MOOYAZOBAaHO YOTHPH(AKTOPHY perpeciiiHy Moaemb i BUSBICHO, IO
BaroMHi BIUIMB HAa KOM(OPTHICTH JIOAWHU 3MIMCHIOIOTH TPU (PaKTOPH: TEMIIepaTypa IOBITpPS, BiTHOCHA BOJIOTICTh Ta
HIBHJIKICT PYXY MOBITPS i/ 4ac MapHOi B3a€EMOI{, TPOTe KOHIIEHTPAIIisl aepOi0OHIB HE MA€ CYTTEBOTO BIUTMBY HOPIBHIHO
13 iHIMMH (akTopamu.

Amnani3 6loKITIMaTHYHUX 1HIEKCIB Y pOOOTI O3BOJIMB BUOKPEMUTH HAaHOLIbII TOYHUI 1HIEKC, TaK SIK BiH BPaXOBYE
HaWOIIBIY KIJBKICTh MapaMeTpiB Ta METEOPOJIOTiYHMX (DaKTOPIiB, cepes OLIHEHHWX Ta JIOBECTH HOTo IepeBard Hajn
IHIIUMH, 110 JIO3BOJIMJIO CYTTEBO 3MEHIINTH BIAXHMJICHHS OLIHKK KOM(OPTHOCTI Ta BBa)KaTW HOTO JOUUIBHUM I Yac
Bukopucranus [13].

MeTo10 10CTiAKEHHSI € BU3HAUYEHHS aHTPOIIOT€HHOT0 HABaHTAXXEHHSI Ha COIIIOEKOCHCTEMY Y ITPOLIECi BUKOPHCTAHHS
KOHJMLIIOHEPY 3a/1J1s1 CTBOPEHHS KOM(MOPTHUX YMOB JUIS JIFOJMHH.

Martepianu i MeToaU TOCTITKEHHS.

Jns po3paxyHKiB BHKOPHUCTOBYBAJHCh CTAaTUCTWYHI JdaHi, SKi oTpuMaHi 3 odimiiiHOrO caiity MuKomaiBChbKOi
TeroeneKTpoleHTpai. I[lepepaxyHoK BUKHIB KOHAWIIOHEPAMH TPOBOIMBCS depe3 cranroBaHHs manuBa TEIL] Ta ii
BUKUJIAMH B HaBKOJHUIHE cepenosuiie. L1InsgxomM BU3HAUYEHHS BUKWJIB BYIJIEKHCIOTrO Ta3y, 3a PaxyHOK CIaJIOBaHHs
MIPUPOJTHOTO Ta3y, OyJI0 BUBEIEHO IPOMOPLIIO0 sl 00paxyHKy 3a0pyIHEHHS, sIKe Hece OJWH KOHIMIIOHep Ha pik. [l
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LILOTO CEepEe/IHE CIIOKUBAHHS KOHIHMIIOHEPY HPHUPIBHIN 10 BUpoOieHHs enekrpoeHeprii MukonaiBebkoro TEL, mio
JI03BOJIMJIO BU3HAYUTH KUIBKICTh BUKHIB. BCi po3paxyHKH MPOBOAMINCH 3 BAKOPUCTAHHIM MaTeMaTHYHUX 1 TAOINYHUX
nporecopiB MathCad ta MS Excel Bigmosiguo[1-3].

JocnikenHst 31iHCHEHO y paMKax MiKHapOJHOTO MPOEKTY «EBpOMNEICHKI 3eJIeHI BUMIPH», 10 Pealli3yeThcsl Ha
kagenpi exonorii YHY imeni [lerpa Morunu 3a nintpumku [porpamu €C Erasmus+ XKan Mone Kagenpa.

Pe3yabTaTn gocaigKeHHs.

BusHadueHO KINBKICTH eHeprii HEoOXiTHOI I CTBOPEHHS KOMGOPTHHX YMOB BIOMAa, i dac poOOTH Ta Ha
BiINOYHMHKY (y mpHUMIIIeHH X ). Tak, KUIbKiCTh TeTIOBO1 eHeprii HeoOXimHOl I KOM(MOPTHUX YMOB y 3UMOBHII IIepios
po3paxoByBajuock 3a popmymoro 1[11]:

Q=XSwonq "k o

Q — KiIBKICTh TEII0BOI eHeprii, BT;

Syon — ILIOIIA KIMHATH, M%;

(] — TMTOMa TEMJIOBA XapaKTePUCTHKA, BiJHECEHA JI0 TUIoN puMitnenns, (100 Bt/m?);

k — xoedilieHT, M0 BpaxoBye KIiMAT B paiOHI MPOKHUBAaHHS, PO3MJsAAa0dn MUKOMAiB, IS MBACHHUX perioHiB K
nopiearoBatume 0,8.

JKuT10Ba KiMHaTa y cepeHbOMY Ma€ Moty 12 M2, oTke:

Q =12-100-0,8 =960 BT
J111s po60YOro NPUMIILEHHS, B AKOMY JIFOJIMHA 3HAXOIUThCS OUIBbIIE CBOTO Yacy, mwiome 50 m2:
Q@ =50-100-0,8 =4000 Bt = 4kBTt

KinbKicTh TemmoBoi eHeprii HeoOXiAHOi IS IIPUMIIEHHS TeaTpy, KiHoTeaTpy wiomero 200 m? (moguHa Ha
BiJIIOYHMHKY):

Q =200-90-0,8 =14400 Bt = 14,4xBT

BaxnBo 3a3Ha4ymTH, MO B JaHOMY BHNAAKY ( qopiBHioe 90, uepes Te, 10 JaHi NPUMILICHHS HE MAIOTh BIKOH.

Buxonsun 3 BuUILE3a3HAYEHOTO PO3PAXYEMO CKIUIBKM BUKHUJIIB BYTJIEKHCIOIO ra3dy yTBOPIOETHCS 4epe3 CIIOKHUTY
€HEepPrio OJHUM KOHAUI[IOHEPOM.

Jns Bupobnenns 1 MBT/ron enektpoeneprii notpi6no cnamutu: 303 M3 npupoasoro rasy, 0,468 Ton Byrimis a6o
1,32 m® nepepunmu.

3a manumn MuxonaiBebkoi TEL, piuHe BUpoOHHUITBO eneKkTpoeHepril ckianae 6mu3pko 77 miaH. KBT/rox = 77000
MBT/rox.

Muxkonaiscbka TEL] cnoskupae 61au3bko 45 MaH. M° IPUPOIHOTO rasy Ha piK.

3Baxkatoun Ha Te, o MukomnaiBebka TELL BUKOpHCTOBY€E NpUPOIHUI Ta3 SIK OCHOBHE NMAJINBO, PO3Paxy€eMO BUTPATH
npupoaHoro razy [10]:

B=X-p @

X — 06’€M CHOKUTOrO Tazy, M%;

p — FYCTUHA PUPOJIHOTO Ta3y 3a HOPMAILHKUX yMOB, Kr/M® (0,723).

OTKe, MacoBa BUTpATa NPUPOIHOIO r'a3y CTAHOBHTH!

B = 45330000- 0,723 = 32751900 kr.= 32751,9 .

BanoBuii BUKH ByTJIEKHCIIOTO Ta3y BU3HAYAETHCS 3a (POPMYIIOIO:

Ecoz =107¢- kcoz Q"B 3)

k co,— MOKa3HUK emicii Byrmekucinoro rasy (58748,13 /T’ x);

Q" — mmwxya poboua TerI0Ta 3ropaHHs maausa (45,75 MJIx/kr).

E., =107%-58748,13 - 45,75-32751,9 = 88028,1 T

CkJ1a1aeMo NPOTIOPILiIO, JUIs BU3HAYEHHS KiIbKOCTI BUKMJIIB MM criairoBanHi 303 m® npupoHoro rasy:

303 M3 — x mon

45330000 m® — 88028, 1 mon

~88028,1-303 0.538
T 745330000 oo

OTxe, Bukuau Mukonaieskoi TELL mig yac Bupobnenns 1 MBt/rox cranoBisath 0,588 T Ha pik.

JaHi po3paxyHKH JO3BOJISIIOTH BH3HAUWTH, KIJIBbKICTh BUKHIB, SIKI YTBOPIOIOTHCS 32 CHOXXHTOI €HEpril OJHOTO
KOHJIUITIOHEA.

OnuH KOHIMIIOHED B cepenHboMy crioxkuBae 0,9 kBt/rox. Tomy:

1 000 kBm/200 — 0,588 m

0,9 kBm/2o0 —x m

090388 _  h005292 5292
X = 1000~ Y T=0,5292 Kr

Buxopsau i3 mpoBereHNX po3paxyHKiB, JOBTHH MPOIieC Bix BUpOOHUITBA enekTpoereprii Muxomaiscekoro TEL no
OXOJIO[DKEHHS NPUMIIIEHHS KOHIUIIIOHEPOM NPHUBOIHWTH IO TOTO, IO 3acid CTBOPEHHWIl A HAmoro KoM(pOpTHOTO
ICHyBaHHSI Ma€ HEraTHMBHUI BIUIMB HAa HAaBKOJIMIIHE CEPENOBHUINE, a caMme uepe3 BHUPOOJIEHY eJeKTPOCHEPriio
ATPUEMCTBOM JUIsl HOTO (DYHKIIOHYBaHHS, KiJibKicTh BUKHAIB CO2 cTaHOBISATH prbim3HO 0,5 K.
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BucHoBkn.

BuznaueHo, 10 oJ1Ha JIFOJIMHA ISl CTBOPEHHST KOM(OPTHOI TeMIepaTypy y MPHUMIIIEHHI 32 XO0JIOIHOT YH CHEKOTHOT
MIOTO/I, YMOBHO BUKUAE y ZOBKULIL 500 rpamiB BYIJIEKUCIIOrO Ta3y Ha pikK.

[Mpunyckaroun, mo y Mukosnaesi npoxxuBae Onuzbko 470 Tuc. xwureni, 3 HUX 400 THC. MalOTh KOHIUILIOHEPH,
PO3paxoBaHo, 10 LIOPIYHO 0 aTMOC(EPHOrO MOBITPSI BUKUAAETHCS OJIM3bKO 212 TOH BYIJIEKHUCIIOTO rasy.

OTxe, HacHiAKH KOM(OPTHIX YMOB CTBOPIOIOTH BaroMe aHTPOIIOTCHHE HABAHTA)KEHHS HA COIIOEKOCHCTEMY MiCTa.
[Ipote, He GepeThes N0 yBaru BUKUAHM (QPEOHIB y aTMOCc(epHEe MOBITPSI, AKi BIUIMBAIOTH HA 030HOBHH IIap IIAHETH.

VYci po3paxyHKH IIpoBeACHO 32 0PImiHHUME JaHUMHU calTy MUKOIaiBCHKOI TETIIOSIEKTPOIICHTPAIT.
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HIJISAXW ONTUMIBALIT BU3HAYEHHSI SIKOCTI MUTHOI BOIU
YEPE3 KOPEJIAAIIMHUU AHAJII3

Ha ocnosi npogedenoeco kopenayiino2o awanizy BCMAHOGIEHO G3AEMO3ANEHCHICIb MINC DIZHUMU XIMIYHUMU
KOMROHEHMAMU MA NOKA3HUKAMU SAKOCMI 600uU. 30Kpema, Oyau Usa6ieH] 83AEMO3ANEHCHOCTE MIdHC 6MICMOM HImMpamis,
Himpumis, cynbpamis, maneany ma pH 6o0u, a maxooic ixuitl 6n1ue Ha HCOPCMKICMb 00U.

s niomeepOdicenns yux sanezicnocmet Oyi0 npo8edeHo NOPIGHAHMS AHALIMUYHUX A NPAKMUYHUX PE3VIbMamis.
Jlabopamopui docniodicenns 6yau uKopucmani 018 nepesipKu KOperayiunux pieHaub, wo 0yiu ompumani Ha OCHOBI
ananizy. Ompumani pesyrbmamu 003801410Mb 3POOUMU BUCHOBOK NPO eeKMUBHICMb SUKOPUCIIANHSA 3A3HAYEHUX
XIMIUHUX nApamempis 05 nPOSHO3YBANHSL AKOCI 800U.

B nepcnexmusi yi 0ani modcyms cmamu OCHOB0I0 Ollsl pO3POOKU ONEPamusHux mMemooié GUHAUEHHS NOKA3HUKIE
axocmi numuoi goou. Taxuil nioxio modxce 6ymu GUKOpUCmMaHuil 0Jisk CTH8OPEHHS. NPOSHOZHUX Modenell, Ki 003801y
NOKpawumu cucmemy KOHMpOuo 3a AKicmio eodonocmauanus. Lle ocobnueo eajicaueo 6 kowmexcmi 3abe3neyenis
bezneku ma sAKocmi 6000NOCMAYAHHA 05l cnodcugayis. Taki Hayko8i nioxoou cnpusioms YOOCKOHANEHHIO CUCeM
600onocmavarts ma 3abesneueHnio 00cmyny 00 be3neuroi numHoi 800U O HACENEHHs.

Knruosi cnosa: 6ooa, sikicmv 600u, numna 600d, eKCHpec-noKA3HUKU, KOPeAayiiuHull aHaiis, pespeciiini piGHAHHS,
JHcopcmKicms, Manea, cyavpamu, Himpamu, Himpumu, pH, 3a06pyonenns 600u, 300po8'st 1r0OuHuU.

WAYS TO OPTIMIZE THE DETERMINATION OF DRINKING WATER QUALITY
THROUGH CORRELATION ANALYSIS

Based on the conducted correlation analysis, interdependence has been established between various chemical
components and water quality indicators. Specifically, correlations have been identified among the levels of nitrates,
nitrites, sulfates, manganese, and the pH of water, as well as their influence on water hardness.

To confirm these dependencies, a comparison of analytical and practical results was carried out. Laboratory studies
were utilized to verify the correlation equations derived from the analysis. The obtained results allow the conclusion to
be drawn regarding the effectiveness of using the mentioned chemical parameters for predicting water quality.

In perspective, these data could serve as a foundation for developing operational methods for determining indicators
of drinking water quality. Such an approach can be employed in creating predictive models that would enhance the
monitoring systems for water quality. This is particularly crucial in ensuring the safety and quality of water supply for
consumers. These scientific approaches contribute to the improvement of water supply systems and ensuring access to
safe drinking water for the population.

Keywords: water, water quality, drinking water, express indicators, correlation analysis, regression equations,
hardness, manganese, sulfates, nitrates, nitrites, pH, water pollution, human health.

42



https://doi.org/10.34132/
mailto:lesya.solis28@gmail.com
mailto:vnsmirnov79@gmail.com
mailto:vip.chvir@gmail.com

ISSN 2786-8982 Environmental and Radiation Safety Volume 1

Number 2 2024

Beryn. YV cywacHiii enoxi HaaMIpHO 3MEHIIYIOTBCS pE3epBU ITUTHOI BOJM, TOAI SK BOJOCIIOKMBAHHS B
IIPOMHCIIOBOCTI, CLIIBCHKOMY TOCIIOJAPCTBI 1 MOOYTI MOKe BUKOPHCTOBYBATH JIMIIIE TpicHi Boau [1].
BamBo BiA3HAYUTH, 10 HA CHOTOHINIHIM AeHs 70% BOAHUX pecypciB YKpaiHU HE BiANOBIIAIOTh BCTAHOBICHUM
cTaHjapram Ta HopMmaM. HaiiGinbie 3a0pyAHEHHS CIOCTEpIiraeTbcs B Ha3eMHMX Ta MiA3€MHHX BOJax, 30KpemMa y
MIBJCHHUX Ta CXIJHUX pErioHax KpaiHu, Takux sk MukonaiBcbka o0nactb. lle, pa3oM i3 HefodiKaMH B CHCTEMax
TPYOOIPOBOIB 1 OYNCHIX CHCTEM, CYTTEBO BIUTUBAE HA SKICTh MUTHOI BOIH [2].
OriHKa SKOCTI BOJIY 3IIHCHIOETHCS Ha OCHOBI ii CKITagy Ta BIACTHBOCTEH, BPaXOBYIOUH i1 MPUIATHICTH IS PI3HUX
BUKOpHCTaHb. OCOOIMBO BUCOKI BUMOTH NPE SIBISIFOTECS IO BOJH, 1[0 BUKOPHUCTOBYETHCS IS TOCTIONAPCHKO-TTUTHUX
moTpe0 BUPOOHUIHX, )KATIOBUX Ta IPOMAIChKUX OyaiBens [3,10]. IInutHa Boga, mpu3HaueHa A7 CIIOKUBaHHS JTFOIUHOIO,
MTOBMHHA BiJINIOBiJaTH Tiri€HIYHUM HOpMaM, OyTH OE3IeYHOI0 B EMiIEMIYHOMY Ta palialliifHOMy BiJIHOUICHHI, a TaKOX
MaTH IPUEMHI OPTaHOJIEITHYHI BIACTHBOCTI Ta Ge3MIKiTHBHH XiMiuHu# ckian [4, 5].
3abe3neueHHs HaJIe)KHOT0 3710POB's HAaceJIeHHs BU3HAUa€ BEJIMKY Bary sikocTi muTHOI Boau. 11106 3a0e3neunTy BUCOKY
SIKICTh TIMUTHOI BOJAM, HEOOXIJHO IIOJICGHHO KOHTPOJIIOBATH ITOKAa3HUKH, SKI MOXYTh HETaTHBHO BIUIMBATH Ha 3JI0POB'S
JOACH.
OnuH i3 METONIB KOHTPOJIIO SIKOCTI NMUTHOI BOJM - 1€ eKclpecHui aHami3. lle mBuakuii Ta edpexTHBHUHA crocid
BU3HAYCHHS TIOKa3HHUKIB SKOCTI BOJM, SKHH YacTO BHKOPUCTOBYETBHCS Ul MEPEBIPKM BOJM HAa HAasBHICTh IIKIIJTUBHX
JIOMIIIIoK abo Gakrepii [6-9].
JJis IpOBECHHS EKCIIPECHOTO aHaJli3y BUKOPUCTOBYIOTH CIICHiaIbHI TECTH, SKi MOXKHA IPUAOATH B CIICIialli30BAaHUX
MarasuHax. Lli TecTH JO3BOIIAIOTH BU3HAYATH Pi3HI OKA3HUKHU SKOCTI BOJH, TaKi SK:
e Piens pH, sxuii BU3HaUa€THCS 32 JOMOMOTOI0 iHANKaTOpHOTO narnepy. Hopmansauii pisens pH st nutHOI BoaM
3HAXOAUTHC B [lana3oHi Bix 6,5 10 8,5.

e PiBeHp XJIOPUIB, IO BU3HAYAETHCS 32 JOIIOMOTO0 TeCT-CMYKKH. HopMansHUiA piBeHb XJIOPHUIIB Y TUTHIH BOII
HeE MOBUHEH NepeBuIyBaT 250 mr/i.

e PiBeHb KOPCTKOCTI BOAM, BU3HAYCHUI 32 IOTIOMOTOIO TECT-CMY»KKH. HopMasbHUI piBEeHb KOPCTKOCTI Y MUTHIH
BOJli HE MOBHHEH MEPEBUIILYBATH 7.

[IpomoBxyrOUH TOCTIIKESHHS Yy cepi BOIOMOCTaYaHHS Ta 3a0€3MEYCHHS KICHOK MTUTHOIO BOIOK0, MOXKHA BU3HAUUTH
HamnpsIMK{ MOJANbIINX A0OCTiKeHb. OJJHUM i3 TaKUX HANpPSIMKIB € po3po0Ka HOBHX METO/IB €KCIIPECHOT0 BU3HAYCHHS
MOKa3HUKIB SIKOCTI MUTHOI Bou. Hampukian, po6oTa HaJi MeTojaMu, siKi €()eKTHBHO Ta MIBUAKO BU3HAYAIOThH MOKa3HUKU
SIKOCT1 BOJM, IIIO MICTSTHCS y HEBETUKUX KITTBKOCTSIX, TAKHUX SIK MiKpoOHi 3a0pyaHeHH: a00 pi3Hi XiMiuHiI pedoBHHH [12-
16].

Jnst 1poro MokHa BUKOPHCTOBYBAaTH II€PEIOBI METOIM aHaNi3y, Taki SK rasoBa xpomarorpadis Ta mac-
CHEKTPOMETPIsl, IO JIO3BOJIIOTH IIBUJIKO BH3HAYATH Pi3HI PEUOBMHHU Yy 3pa3kax BOAM. Takok MOXHA JOCIIKyBaTh
MOJKJIMBOCTI BHUKOPHUCTAaHHS OIOCEHCOPIB, SIKi B3a€MOJIIOTH 3 OIONOTIYHMMH CHCTEeMaMHU Ui BU3HAYCHHS Pi3HHUX
IIOKa3HUKIB IKOCTI BOIHU.

JlonaTkoBO, MOYKHa PO3IVISIATH BUKOPUCTAHHS LITYYHOTO IHTENIEKTY Ta MAIIMHHOTO HAaBYaHHS JUIS €KCIPECHOTO
BU3HAYCHHS MMOKa3HUKIB SKOCTI MUTHOI BoaW. Hampukiiaz, po3poOka mporpaMHOro 3abe3neueHHs, ke aHaji3ye AaHi 3
BCTaHOBJICHUX JIATYMKIB Y CUCTEMI BOJIONIOCTAYaHHs T4 aBTOMAaTHYHO BU3HAYAE PIBEHB SIKOCTI BOJIH.

BaxuBo Bi3HAYMTH, 1O TPU pO3pOOLIi HOBUX METO/IIB BU3HAYEHHS SIKOCTI ITIMTHOT BOAM HEOOXIHO TOTPUMYBATHCS
CTaH/JapTiB Ta HOPMATHUBIB, L0 PErYNIOIOTH SKICTh MUTHOI BOJM. PerynsipHi MOHITOPHHIM Ta aHaNi3M SKOCTI BOJM B
CHCTEMi BOJIOTIOCTaYaHHS € BaXKJIMBUMH JUIsl BUSIBIICHHSI MOXKJIMBUX MPOOJIEM Ta IXHBOTO 3amobiranus. Takoxk BaXJIMBO
3abe3nedyBaTi HaJeXXHE 30epiraHHs Ta TPAaHCIOPTYBAHHS 3pa3KiB BOAHW, 100 YHHKHYTH TTOMHIJIKOBHX pE3yJbTaTiB
BU3HAUYCHb.

OmHMM 3 TNepCIEeKTHBHUX HAINpPSIMKIB PO3pOOKHM HOBHUX METOJIB BH3HAYEHHs IMOKA3HUKIB SKOCTI NMUTHOI BOAU €
BUKOPHCTAHHS Cy4aCHUX TEXHOJIOT1H, TAKMX K 010CEHCOPHI CHCTEMH, JUIS OTPUMAHHS IBHJIKUX Ta TOYHUX PE3YJIbTATIB.
P03BHUTOK IHTEPHET-TEXHOJIOTIH JO3BOJISIE TIPOBOIUTH MOHITOPHHT SIKOCTI BOJH y PEXKHMMI peabHOTO 4acy.

OTXe, BUBUEHHSI METOJIIB €KCIPECHOTO BWU3HAYCHHS TOKA3HUKIB SIKOCTI MUTHOI BOJW BiJlirpa€ BaXKJIMBY pOIb Y
3a0e3neueHHi Oe3neKy HaceJIeHHs Ta JOTPUMAaHHI BUMOT 70 SKOCTi MUTHOI BOJH. P0o3poOka HOBHX METOJIB J0O3BOJISE
MIPOBOJUTH IIBUIKUA Ta TOYHWUH aHaii3 SIKOCTI BOJAM, IO MA€ BEJIMKE 3HAYCHHs IS 30€peKeHHS 3J0pOB'S JIIOACH i
JOBKIJIIA.

BaxxnuBiCTh SIKOCTI TUTHOT BOJM BU3HAETHCS SIK KIIFOUOBUH aCTEKT 3a0€3MeYeHHsI HAJICKHOTO 370POB'S HACEJICHHSI.
106 3a0e3meunTH BUCOKY SKICTh MUTHOI BOAM, HEOOX1THO MOIEHHO KOHTPOIIOBATH MOKA3HUKH, SIKi MOXYTh HETATUBHO
BIUIMBATHU Ha 3/10pOB'S JIIOAEH.

L1 poGoTa Mae Ha MeTi MPOBECTH AOCIIKEHHSI METO/IIB €KCIIPECHOTO BU3HAYCHHS IOKA3HHKIB SIKOCTI ITUTHOI BOJIU
Ta iX aHali3 Uil BU3HAYCHHS ONTHMAIBHOTO METOJY, KM 3a0e3MeduTh IMIBUAKY Ta TOYHY OLIHKY SIKOCTI BOAM.
JocnikeHHst BUKOHaHO Y pamkax mnpoekty JKana Mone Kadenpa 101081525—IM EUGD—ERASMUS-JMO-2022-
HEI-TCH-RSCH Hna 6a31 YopHOMOpPCHKOT0 HallloHAIBHOTO yHiBepcuTeTy iMeHi [lerpa Morumnu 3a migrpumku [Iporpamu
€poneiicekoro Cotozy Epazmyc+.

3aBaaHHs JOCIIKSHHS BKIIOYAIOTh:

1. AmHani3 iCHyIOUMX METOJ[iB BU3HAYEHHS MMOKAa3HUKIB SKOCTI MTUTHOI BOJIH, 30KpeMa, eKCIPeCc-METO/IiB.
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2. Po3rnsa BUMOT, BCTAaHOBJICHHX CTaHIApPTaMH Ta HOPMAaTUBHUMH JOKYMEHTaMH, SIKI PeryJIOIOTh SIKICTh MUTHOI
BOJIH.

3. JocnikeHHS MOXIIMBOCTEH BHKOPUCTAHHS PI3HUX METOJIB JJISl €KCIIPECHOTO BH3HAUEHHS MOKa3HUKIB SIKOCTI
IIUTHOI BOAM Ta NOPIBHSAHHS 1X €(DEKTHBHOCTI T4 TOYHOCTI.

4. TlpeacraBneHHS ONTHMAIBHOTO METOJNY EKCIIPECHOTO BU3HAYECHHS MOKA3HHMKIB SKOCTI MHUTHOI BOJM, SIKUH
BiJINIOBiJJa€ BUMOTaM CTaHJAPTIB Ta HOPMAaTUBHUX JOKYMEHTIB 1 3a0e31edye MBHUIKE Ta TOYHE BU3HAUYCHHS SIKOCTI BOJIH.

Martepiaau i MeTOIU T0CTITKEHHS .

[IpoBeneHo GaraTopiuHMII KOPEIAIMIHHWI aHami3 SKOCTI MUTHOI Boau B c. Bunorpamae, MuxomnaiBcbka 00JacTs
BHKOPHCTOBYIOUH Tporpamy Statistica 6.0 mis po3paxyHkiB. JoCTimKeHHS BUABHIO B3a€MO3AJICKHICTh MK Pi3SHUMHA
XIMIYHIMH KOMIIOHCHTAMH Ta TIOKa3HUKaMH SKOCTi BOAX IPOTATOM TPHUBAJIOTO IEPiOAdy.

30Kkpema, BCTaHOBJICHO KOPEIIAIii MiXk BMICTOM HIiTPAaTiB, HITPHTIB, cyib(aTiB, MaHrany Ta pH Boau. OrmiHeHO BIUIUB
[UX NOKA3HUKIB Ha )KOPCTKICTh BOAU. AHaJi3 MOKa3aB CTa0LIbHI TCH/CHIIIT Ta Bapiaii y SKOCTi BOJM MPOTATOM POKIB.

Jnst mepeBipkM OTpUMaHUX 3AJISKHOCTEH NPOBEJCHO NOPIBHSAHHS AaHAIITHYHUX Ta MPAKTUYHHUX DPE3yJbTaTiB,
oTpuMaHuX B jlaboparopHux ymoBax. OTpuMaHi AaHi JA03BOJAIOTH POOMTH BUCHOBKH IIOAO CTAOLIBHOCTI Ta MEBHHUX
TEHJICHLII! y PO3BUTKY BOJAHUX PECYPCIB Y PETioHi.

Pe3yabTaTH 10CaiTKeHb.

Pe3ynbraTi HaIOro JOCIHIKEHHS BKa3ylOTh Ha BaXIIMBICTh OLIHKH SIKOCTI MMUTHOI BOAH, SIKa € KJIIOYOBOIO y chepi
BOJOIIOCTaYaHHs. 3a0e3neueHHs Oe3leKH Ta BHCOKOI SIKOCTI IUTHOI BOXM BHUMAra€ ONCPATUBHOIO BU3HAYCHHS il
MOKa3HHUKIB SKOCTI SK Y 3BHYAHUX yMOBax eKCIUTyaTalil, Tak i B HAA3BHYAIHUX CHTyalisX. Y IIbOMY KOHTEKCTi Halll
METOJMYHHUHU MiAXiJ O eKCIPECHOr0 BU3HAYCHHS IIOKa3HUKIB SKOCTI MIUTHOI BOJIH € BEIbMH aKTYaJIbHUM.

[Mig gac mocmimKeHHs SKOCTiI MATHOI BOAW B ¢. BHHOTpamHe MM BHUSBIIIM BaXKIHBI 3B'I3KH MiXK i1 )KOPCTKICTIO Ta
IHIIMMU TTapaMeTpaMu. AHaII3 JOBIOTPUBAIMX JaHMWX BKa3aB HA ICHYBaHH IT'SITH 3B'A3KiB 3 HMOBIpHIcTIO Oinbme 70%.
BukopucroByroun nporpamy Statistica 6.0 11t po3paxyHKiB, MM OTPUMAJIH PE3YNIbTaTH, SIKI MOXKYTh OYTH BUKOPUCTaHI
JUTISL TIOJIIIICHHS KOHTPOJIIO SIKOCTI ITMTHOT BOAW B ¢. BuHOrpasiHe Ta iHIIMX MicTax YKpaiHH.

Otxe, 3ampornoHOBaHUil MeToll 0a3yeThCsi HA MaTeMaTUYHHMX PO3pPaxyHKax MOKa3HUKIB SKOCTI MUTHOI BOIH, IO
JI03BOJISIE OTPUMYBATH IIBUJIKI Ta TOCTOBIpHI pe3yabTaTh. Lle miaxia 3HauHO 3MEHIIye Yac aHali3y 1 MiZBHUILYE PiIBEHb

KOHTPOJIIO SIKOCTi BOJH B CHCTEMi BoioroctauanHts (puc. 1).
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Puc.1 PerpeciiiHa 3anexHICTh BMICTY XiMIYHHX ITOKa3HUKIB TUTHOI BoaW ¢. BuHorpamHe Big xopcTkocTi G. a)
HiTputy; 0) pH; B) HiTpaTH; r) cynabdaTy; 1) MaHraH.

Bu3HaueHo 3aJIe)KHOCTI MK PI3HUMH IMOKa3HUKAMH SIKOCTI IIUTHOI BOJIH, BUSIBIISIIOUHU IT'SITh 3B'SI3KIB 3 HMOBIPHICTIO
oinbie 70%. Lli 3B'I3KHM MOXKYTh CIIY)KHUTH IJIsl IPOTHO3YBAaHHS PIBHA SIKOCTI MUTHOI BOJM Ta BU3HAYCHHS ONTUMAIBbHUX
napameTpiB 00poOKH BOH.

PesynpraTy HammMX AOCTIKEHb MIATBEPAMIN, IO BUKOPUCTAHHS 3aIPOIIOHOBAHOTO METOAY € BKpail e(eKTHBHUM
JUISL KOHTPOJIIO AKOCTI MUTHOI BoAu. Lleil MeTon mo3Boisie OTPUMYBATH IIBUAKI Ta JOCTOBIPHI pe3ysbTaTH, IO Mae
Ba)KJIMBE 3HAYCHHS IIPU TEXHOTCHHOMY 3a0pyIHEHHI BOAN.

Otxe, Hamra poboTa YCHINTHO BUPINIKIIA TOCTAaBJICHI 3aBAAHHS, @ PO3pOOIeHHH MEeTO] MOXke OyTH BIPOBA/KECHUH y
MIPaKTHYHY JiSUTBHICTD JUISl KOHTPOJIIO SKOCTI MUTHOI BOJY Ta BU3HAYCHHS ONTUMAIBHUX ITapaMeTpiB 00poOKH BOIH.

Jns mepeBipkH HOCTOBIPHOCTI OTPHMaHUX pE3yNbTaTiB, MU TPOBEIH MOPIBHSIHHA KOHIEHTpAIifl XiMigHIX
MOKa3HUKIB, 5IKi OyJIM BU3HAYEHI 3a JIOTIOMOTOI0 PerpeciiiHuX piBHSHB, 3 pe3yJbTaTaMu J1a00paTOpHUX JAOCIIKeHb. [s
L[OT'O BUKOPHCTOBYBABCSl METOJ CIIBCTAaBJICHHS, 1 Oro pe3ynbTaTH noaaHi B Tabu.1. 3rigHO 3 OTPUMaHUMHU JaHUMHU,
KOPCTKICTh BOAM ckianae 4,2 Mr-eks/J

Tabnuug 1. — Bepudikaliisi po3paxyHKOBUX IIOKa3HHKIB 3a pe3yJibTaTaMu J1ad0paTOpPHOTrO aHallizy

XimivHa KoHnreHTpaliis pe4oBUHH, ..
Koedimient .
PeyoBuna CKJIa[0Ba MI/J1 o PiBHgIHHS
- kopemsuii, %
BOIM Po3paxyHok Amnani3
Manrau MnZ 0,0079 0,01 78 Y=-0,0027+0,0025xX
Cynbharu -S04% 56,3 72,0 78 Y=-3,526+12,215xX
Hitpatu -NOgs 0,17 0,18 95 Y=-15,14+3,318xX
Hitputn -NOy 0,06 0,08 80 Y=-0,025+0,0056xX
pH H* 7,6 7,6 93 Y=7,376+0,0739xX

AHani3yro4n JaHHi TaOIHIll, MOXKHA 3pOOHUTH TaKi BUCHOBKH:

1. KoedimieHTH KOpemsii I BCiX OKa3HUKIB € BUCOKHMHU, CBITYadd PO AOOPY 3aJEKHICTh MK aHATITHIHHIMHA
Ta MPAKTUYHUMH PE3yIIbTaTaMH.

2. Konnentpanii maHrany, cynb(daTiB Ta HITpaTiB MEPEBUILYIOTh JOIMYCTHMiI HOPMH, IO MOXE CBIIYHTH TIPO
POoOJIeMH 3 SAKICTIO TTUTHOT BOJIH.

3. Kouuentpaii HiTpuTiB Ta piBeHb pH 3HaX0AATHCS B MEXKaX HOPMHU.

4. PiBHJAHHA, OTpPHMaHi 3a JIOTIOMOTOI0 PETPEeciHHOrO aHali3y, MOXYTh OYTH BHKOPHCTaHI IS IIBHAKOTO Ta
eKCIPEeCHOTO BHM3HAYCHHS MOKAa3HMKIB SKOCTI BOAM 0€3 TPOBEACHHS JOPOTHMX Ta YacOMICTKHX JabopaTOpHHUX
JOCITIIKEHD.

BaxxnuBoro 3a7a4ero s BOJONOCTadalbHUX OpraHi3alliii € 3a0e3nedeHHsT HaCeJIeHHs SIKICHOKO MMUTHOIO BOIOK0. Jliist
IBOTO HEOOXITHO MPOBOJUTH PETYSIPHUN MOHITOPUHT Ta aHami3 sAkocTi Boan. OuH 13 croco0iB aHaIi3y SKOCTI BOJIU -
BUKOPHCTAHHS PETPECiHHUX PIBHAHB JUI BU3HAYEHHs KOHLEHTPAL[] XIMIYHUX TTOKA3HHKIB.

VY pamkax JaHoi CTaTTi OyJIM IIpoaHai3oBaHi OaraTopiyHi AaHi sSIKOCTI MUTHOI BOJM, 1 HA OCHOBI IIbOTO aHaJI3y Oynu
noOyoBaHi perpeciiini piBHsHHS. MaHraH, cynbhaTH, HITpaTH, HITPUTHU Ta piBeHb pH OynM 0OpaHi SK TOKa3HHUKH.

AHai3 TaHKX MMOoKa3aB, M0 KOHIEHTPAIlii XiMiYHUX ITOKA3HUKIB 3a1eXkath BiJ piBHA pH Ta B3aeMOIIOTH MixK cO00I0.
JUis BU3HAYEHHS IUX 3aJIeKHOCTeH Oyiu moOynoBaHi perpeciiHi piBHAHHS, SIKi JO3BOJIAIOTH BU3HAYATH KOHIIEHTPAIIIIO
ITOKA3HMKIB 3a 3HaYeHHAMH piBHA pH Ta iHINX XiMiYHUX TOKA3HHUKIB.
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OTtpumaHi perpeciiiHi piBHIHHs Oyin IepeBipeHi Ha BUBAXEHICTh PE3yNbTaTiB NUIIXOM MOPIBHAHHSA KOHICHTPAIIN
XIMIYHUX TTOKa3HUKIB, OTPUMAaHMX 3a JOTIOMOTOIO0 PIiBHSAHB Ta JabopaTOpHUX AociimpkeHb. [lepeBipka mokasamna, II0
OTpUMaHI pe3yNbTaTH € JOCTOBIPHUMH Ta MOXYTh OYTH BHKOPHCTaHI Ui BH3HAUEHHA SKOCTI INHTHOI BOJM.
BuxopucTaHHs perpeciiHuX piBHSHb € €(PEKTHBHHM METOJOM aHaJi3y SKOCTI IMHUTHOI BOIW Ta JO3BOJISE IIBHIKO Ta
JOCTOBIPHO BH3HAYATH KOHIICHTPAIi1 XIMIYHAX MOKAa3HHKIB.

Otrxe, Ha OCHOBI OaraTopiyHUX JaHHMX PO SKICTh MUTHOI BOAM Oynu MoOYJOBaHI perpeciiiHi piBHSHHSI, IO
JI03BOJISIFOTH €KCIIPECHO BH3HAYaTH KOHIEHTpamlii XiMIYHMX MOKa3HUKIB BOJW. BUKOpPHCTaHHS LUX PIBHSAHb MOXKE
3MEHILNTH Yac Ta BUTPATH Ha aHaJIi3 BOJM, a TAKOXK 3a0€3IeYUTH OLIbII ONIEPaTUBHUN KOHTPOJIB 32 SKICTIO BOJIH.

BucHoBku.

VY xo#i aHanizy 6araTopiuHUX JaHHMX SIKOCTI MUTHOI BOJY OTPHUMAaHO 3HAa4yyIly iH(GOPMALIO MPO PO3MOALT PI3HUX
XIMIYHUX PEYOBHH Ta 1X KOHLEHTpalito y Boai. CTaTUCTUYHUI aHaNi3 BUSABUB 3aJ€KHICTh MK PI3SHUMH ITOKa3HUKaMH
SIKOCT1 BOAM Ta iX KOHIEHTPALI€I0, IO JO3BOIMIO PO3POOUTH perpeciiiHi piBHAHHS.

OTtpumaHi piBHAHHSI MOXYThH CIYXXHTH U1 €KCIIPECHOTO BH3HAUCHHS IOKAa3HHKIB SKOCTI BOIM 0e3 HEOOXiTHOCTI
MIPOBEACHHS TPHUBAJOTO Ta BUTPATHOTO JJabopaTopHOTO aHamizy. lle 0cobimBo akTyalbHO y BHITAQAKAX, KOJIU MOTPIOHO
OTIepaTHBH BU3HAYUTH SKICTh BOJH B OOMIMPHIX KiTBKOCTSX a00 y BigaaeHUX paifoHax.

BukopucTanHS KOpEIALiHHOTO aHali3y 10 BU3HAYCHHS ITOKA3HUKIB SIKOCTI BOAU Ma€ BEJUKE 3HAYCHHS B aBapiiiHNX
CHUTyallisIX B CHCTEMax NHUTHOTO BojponocradaHHsA. [IpoBeneHnii aHanmi3 0araTopiyHUX JaHUX SIKOCTI MUTHOI BOJH B C.
BuHorpanse MukonaiBcbkol 00JiacTi 03BOJIMB BCTAHOBUTH 3HAYYIli KOPEJISIIHHI 3B'I3KM MK JKOPCTKICTIO BOJIH Ta
BMICTOM MaHraHy, cynb(ariB, HITpaTiB, HITpUTIB Ta pH B iHTepBaii 3HaueHs 0,75-0,95, mo cBiIYUTH PO aJeKBATHICTh
MPOBEJICHUX JTOCITiPKEHb.

BukopucranHsi perpeciiiHuX piBHSHb € e()EeKTHBHHM METOJOM JUIS aHali3y SIKOCTI HMHUTHOI BOAHM, 3a0€3Meuyroun
LIBUKE Ta JOCTOBIpHE BHM3HAUCHHs KOHIEHTpAIli XiIMIYHMX NOKa3zHHKIB. OTpHMaHi pe3yJibTaTH BiINOBINAIOTH
CTaHAapTaM Ta MOXYTb OyTH BUKOPUCTaHI y NPAaKTHYHIN AisUTEHOCTI JJIs1 OIIEPATHBHOTO MOHITOPUHTY SIKOCT1 BOJIH.

Otxe, po3po0iIeHi METOIMYHI I JXOH 10 €KCIIPECHOTO BU3HAYEHHS ITOKa3HMKIB SKOCTI TUTHOI BOAW MOXYTb 3HAUTH
IIMPOKE 3aCTOCYBAHHS B IPAKTHIII, CIPUSIIOUHN 3a0€3IIEUEHHIO OE3IIEKH Ta SKOCTI BOAOIIOCTAUYaHHS B PI3HUX pPErioHaX.
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AHAJITUYHE JOCJIIKEHHS EKOCUCTEMHUX ®YHKIIN IEHIPO®.J10PA
MHUKOJIAEBA B YMOBAX BOEHHOI'O YHACY TA 3MIH KJIIMATY

Aemopamu  docnioxceno ymosu 3pocmanHs ma euou Oenopognopu Mukonacea. Ilpoananizosano ¢axmu
nepesicusants 1imuvoi nocyxu 2023 poxy piznumu euoamu oepes. Ilopaxosano exocucmemui nociyeu 0epes ma oyiHeHo
ix saoicausicmo 6 cyuacHux peaiisx eitnu 6 Yxkpaini ma 2106aneHux smin kiimamy. Busnaueno onmumanvhi euou depes
ona micma Muxonaesa 3 ypaxy8awHam OMPUMAHUX pPe3VIbMamie O0O0CHONCeHHA ma Kouyenyilo ix eucaoxu. Ll
iH(hopmayin modce OGymu GKIOUEHA K PeKOMEHOayiro 00 Npasuil 002110y 34 3eNeHUMU HACAONCeHHAMU 8 micmi. B
pe3yrvmami 00CHONCeHb BUSHAYEHO eKOCUCMEMHI NOCAy2u 0e8 simu NonyaapHux oepeé Mukonaega, 00paxo8ano maki
noCIyeu sIKk NOIUHAKHS 8Y2Nleyio, 8UPOOIeHHS KUCHIO, d MAKO}C 8APMICMb 8IOHOBIEHHI KOHCHO2O0 3 0eped 3a 00NOMO200
npoepamu I Tree-Eco.

Knruosi cnosa: seneni Hacadxcenus, denopoghiopa micma, eKoCUCmemHi nociyau, KIMamuyHi 3MiHY, 60€HHI Oil,
syenexucautl 2as, I Tree-ECoO.

AKTyalbHicTh Ta (pOpMyBaHHS NPOOJIEeMATHKH.

B yMmoBax 3MiH KIiMaTy BCe Ba)Ku€ BIAETHCS 30€piraTd Ta BiJHOBIIOBATH 3€JICHI HACAKCHHS, K B MiCTaX TaK i B
npupoi. CuTyallisi cepiio3HO YCKJIAIHIOEThCS BINICHKOBOIO arpeciero pociiichkoi (emepariii Ta MOBHOMACIITAOHUM
BTOPTHEHHsIM, nounHarouu 3 2022 poky. Oco6a1MBO NOMITHI HACIIIKM BIUIMBY 3MiH KJIIMaTy Ta BOEHHUX Jii Ha MiBJIHI
VYxpainu, 30kpema Ha MuKoIaiBIIKHI.

B micti MuKkonaeBi BiIcOTOK NMPMKMBaHHS ITOCaAKOBOTO MaTepiaily JiepeB qyKe HU3bKHUIi, a ICHYI0Ui TopocCiIi JiepeBa
BCE YacTillle He NMEepeXMBarOTh Mocyxu. B Toil ke yac, B MUKOJaeBI MOYKHA 4acToO CIIOCTEPIraTH 3aCTOCYBAHHS Tak
3BaHOTO “KPOHYBaHHS AEPEB, K IIPU3BOIUTB JI0 TIOIIKO/PKEHHS JIepeB 1 ITocTynoBoi Horo 3arudeni. Kpim Toro, nepesa
BTPAYaIOTh CBOi €KOCHCTEMHI MOCITYTH.

OcraHHi JaHi TiApPOMETeoCIyX0u CBiaUaTh Ipo Te, mo B MuKkoiaeBi KoHIeHTpalii ¢popmanpaeriny B 2023 pori
MIepEeBHUIIYIOTh JIONyCTHMI HOpMH Maibke monHs. Came nepeBa NpH IIbOMY BHUCTYIAIOTh NPHPOAHUMH (ibTpamu
aTMocdepHOro noBiTps. Pazom 3 THM, B yMOBax BOEHHHX [iif cTaH atMoc(epHOTO MOBITPS B YKpaiHi HPOJIOBKYE
TIOTiPITYBaTHCS.

OTXe, MUTaHHSA TOCTIKEHHA EeKOoCHCTeMHHX (yHKmiii aeHnpodmopn MukonaeBa € Haa3BUYalfHO aKTyaIbHUM,
OCKUTBKH TIOTpeOye AETalbHOTO aHaNi3y BIUIMBY Ha CTaH JepeB 3MIiHM KIIMaTy Ta BIMCBKOBOi arpecii pociichKol
beneparrii.
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Mertor mocaimKeHHs € aHani3 craHy IeHapodiopu Micta MUKOJa€Ba, OI[IHIOBAHHS yMOB, SIKi BIUIMBAlOTh Ha
3pOCTaHHS JIePEB, a TAKOK BU3HAUCHHS iX €eKOCHCTEMHUX MOCIIYT ISl BIZTHOBJICHHS I€PEB MICTa B Cy4aCHUX peajlisix 3MiH
KJIiMaTy Ta BIICBKOBOI arpecii pociiickkol denepariii.

HaykoBa HOBH3HA JOCJiZKEHHS NOJIATae B CHpoOi 3AIHCHUTH OLIIHKY €KOCHCTEMHHX MOCIYT PO3IOBCIOJDKEHHX
JepeB MuKkosaeBa Ta MpoBECTH MOPIBHUILHUN aHAJI3 iX 3HAYESHHSI, @ TAKOX IX IPUCTOCYBAHHS A0 CY4aCHUX YMOB ITiBIHS
VYkpainu, BpaxoBYIOUHM BUKIUKH BOEHHHX [iif Ta 3MiHH KIIiMary.

Marepianun i Meroam aocaigikeHHs. B OCHOBI JOCHi[KeHHS AN BUPIMNICHHS MOCTaBICHUX 3aBIaHb OyIo
BHKOPHCTAHO €MITIPUYHI Ta TEOPETHYHI METOAM: 3aral-HOHAYKOBI (aHAII3 i CHHTE3), CIIOCTEPEKCHHS, MOJCTIOBAHHS,
eKCIIEPUMEHT, IHCTPYMEHTAIIbHI TOCIiKEHHS, IPOBEICHO PO3PaXyHKH eKOCHCTEeMHUX nociyT B mporpami I Tree Eco.

Pe3yabTaTn 10caigKeHHsI.

3MiHU KJTIMaTy CTBOPIOIOTH HOBI BUKIIUKH SIK JUIS JIFOACTBA TaK 1 YISl TOBKIJUIS, JI€ IEpeBa BiAIrparoTh 3 OJJHOTO OOKY
POJIb MOTY>KHUX TIPUPOJHUX €IIEMEHTIB, SIKi CIPUSIOTh 3MEHIICHHIO IHTCHCUBHOCTI KJIIMaTHYHHX 3MiH, @ TAKOX BIAYYTTS
X HaCJI/KIB JIIOJIMHOIO, 3 1HIIOTO AepeBa caMi MOTEpHAaOTh BiJl MOTEIUIIHHS, TOCYX, CTUXIHHUX KIIMAaTHYHHUX SBUIL.

Krnimatnyni yMOBU TiBAHS YKpaiHU TaKoX 3MIHIOETHCS, 30KpeMa, 3pOCTaE CepeIHBOPIYHA TeMIIepaTypa, a TaAKoXK
MEPioJI MOCYX, KUTBbKICTh OyPEBiiB Ta HITNX CTUXIHHUX SIBHIIL, [0 3HAYHO BILIMBAE HA YMOBHU 3POCTaHHS JCPEB. 30KpeMa,
Jito-ocinb 2023 poKy XapakTepu3yBanach THM, 110 MaiKe YOTHPH Micsll He OyJlo onajiB, a 3a JIMCTOMA]] TPAIMIOCh 1Ba
OypeBis, 3 IOpUBaMHU BITPY, SKUX BXKE JIaBHO HE criocTepiranock. barato nepeB micra He MEPEXMWIO MOCYXY, a MOTIM
OypeBii.

Pazom 3 TmM, B MuKoOIa€Bi 10Ci BiICYTHS KOHIIETIIIS IO O3€JICHEHHIO MICTa, a TAKOXK 3aTBEPUKEHI ITpaBUIIa 0TIy
3a nepeBamu. Ilpu 1ipomy G6arato nepeB KpOHYIOTh, TaK, IO L€ IPU3BOAMNTH A0 iX ITOJAIBIIOTO BMUPAHHA a0 B3araii
BupyOytoTh. KpiM TOTO, BHCasKa AEpEB HE BIAMOBIAA€ THM YMOBAM, 3a SKUX JIEPEBa BUKUBAIOTh.

MikHapoaHa IPaKTHKa TOBOPHUTH PO Te, M0 ePEeKTUBHUM CIIOCOOOM 30epeXeHHs IepPEB € BpaXyBaHHA iX [[IHHOCTI,
a came 1X eKOCHUCTEMHHUX mociyr. B YkpaiHi TiUIbKM BIPOBaKYETHCS MPAKTHKA OL[IHKM €KOCUCTEMHHX ITIOCIYT, aje
inTerpauis Ykpainu B €C BUMaratiMe NpUAHATTS 1 BIAMOBITHUX 3aKOHIB.

BunoBuii ckuan aenapoduiopm Ha mnpukiaaai micra MukosaeBa. [lin BrumBoM (akTopiB 30BHIIIHBOTO
CEpeIOBUINA Y POCIUH BHPOOJIAIOTHCS MEBHI O10JIOTIYHI 0COOIMBOCTI Ta (POPMYETHCS TX 30BHIIIHINA BUTIIAMI, a SIKIIO
Cepe/IOBHIIIE BiJIPI3HAETHCS, TO PICT POCIMH NPUTHIUYETHCS, BOHU BTPA4YalOTh JEKOPATHBHICTh, 200 TMHYTh. ToMy mif
yac BHOOpY TepHUTOpiH Juisi MailOyTHBOI BHCAalIKu JepeB, Tpebda 3HATH HE TUIBKM HPHPOJHO-KIIMATHYHI YMOBH
JCHAPOAECKOPATUBHOTO PaiioHy, a i BiTHOIICHHS IEPEBHUX POCIHH /10 (PaKTOPIB 30BHIIIHLOTO CEPEAOBHIIIA.

IIpu gormsni 3a AepeBaMH, HEOOXiTHO BpaXxOBYBAaTH ixX O10JOTIYHI OCOOJMBOCTI, K OT peakilis Ha CEpPeIoBHUIIC i
no0puBa, ciocoOr po3MHOKEHHS, TPUBAIICTh IEPioIy BereTarii.

[pu BuOOpi HOCTIKYBaHUX BUAIB AepeB B MicTi MuKoiaeBi Oyno BpaxoBaHO YHCEIBbHICTB, HOMYJSAPHICTh Ta IX
pO3TanryBaHHs.

IMpoananizoBano 11 BuiB aepes: pobiHist 3Buuaiina, pobiHist icesmpoakaitis, Robinia pseudoacacia L.; 6epect (Ulmus
minor Miller), 8’13 rpabonuctuit (3Buvaiinmii); ripkokaimad 3Buuaitauii, Aesculus hippocastanum, maponsa Has3Ba —
Karras; TonoJist 6ina, Populus alba; sicen mencunsBancekuit (Fraxinus pennsylvanica L.); moskosuiis 6ia (Morus alba);
KJIeH roctponuctuit (Acer platanoides L.); codopa smonceka, Styphnolobium japonicum, cocua kpumceka, Pinus nigra
ssp. pallasiana; maran kenonmuctuit, Platanus acerifolia, nina ssuuaiina (Tilia cordata Mill.) [1].

st 9 BuiB Oys0 MPOBEACHO OI[IHKY €KOCHCTeMHHX mociayr. OmiHKa He MPOBOAMIACKH I COGOPH SIMOHCHKOI Ta
COCHU KPHUMCBKOI.

OcHOBHi npodJeMu yTPUMaHHS Ta JOIJIAAY 3a AepeBamn MukoaaiBmuan. Y MukomaeBi Ta MUKOIaiBCBKiH
oOmacti BinOyBaeThCs 3HAYHI 3HECEHHS Ta HE3aKOHHI (32 maHWMH Jlep:kaBHOI €KOJIOTIYHOI 1HCIEKIIii) BUpYOKH JepeB
[2,3,4]. Bopomosik 2022-2023 poky, Oyio 3aeceHo 1500 Tomoub, GibIIicTh 3 SIKUX B3/IOBK Marictpaineit micra (puc.l.),
OLTBIIIE TIOJIOBMHHM TOIIOJIIB Malli TOOPHI CTaH.

Puc.1. 3py6aHni Tomoni Ha npoctiekTi Mupy, Mukounais, 2023 pix: a — 3aransHe ¢poTo, 6 — 3pyOIieHa Tomnoss
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Pa3zom 3 TuM, 4acTo JIepeBa BUACHO HE JIIKYIOTh, L0 NPU3BOJMTH /0 iX IIBUIKOMY crapiHHio. 1[0 3abe3neuntn
0e3MeKy MPOXOPKEHHS EICKTPUYHUX JAPOTIB a00 AKIIO AEPEBO MA€ CYXi TUIKH, HEOOXITHO 1HKOIH MiAPi3aTH JCsKi TUIKH
nepes. [Ipote wacto 1e pobate He mpodecioHanu (JIIH, sIKi HE PO3YMIFOTh 0COOIMBOCTI POCTY POCIIHH), IO BEIE 3a
c00010 XBOpOOU JiepeB, a Lie MPHUBOJIE IO BUCUXAHHS JIepeBa.

B pesynbraTi omparfoBaHHS JITEpaTYpHUX JDKepen, Oyjo 3’sCoBaHO, IO BUpYOKa Ta IOLIKOIKEHHS JEpeB
BiOyBaeThCA B MiICTi Ta 0OOJIACTi MOCTIMHO: YMCTKA JEPEB IMiJI EJIEKTPONPOBOJAMH, IOIIKOKCHHS JepeB Mia dac
PEMOHTHUX JIOPIT, OYIIBHUIITBO Ta HE3aKOHHE BUPYOYBaHHS JIEPEB B MICTi Ta 00JIaCTi, @ TAKOXK IX «KPOHYBAHHSI», K
METOJI OMOJIOJDKCHHS. Pa3oM 3 THM, B OUTBIIOCTI €BPOMEHCHKUX KpaiHaxX B)Ke AABHO 3aCTOCOBYIOTHCS 1HIN METOIU
TOTIISIAY 3a AepeBaMu [S].

Jlopocm Benuki gepeBa MOTPeOYIOTH IHAWBIAYadbHOTO MiAXOdy, 3 3amydeHHsIM apOopuctiB. [lpum mormsami 3a
JiepeBaMH, HEOOXiTHO BpaxoBYBaTH iX OI10JOTIYHI OCOOIMBOCTI, SK PEakKIlis Ha CepeJoBHINE 1 JOOpHBa, CHOCOOH
PO3MHOXEHHS, TPUBATICTH MEPioy BereTallii Tomo.

OcHOBHI exkocucTeMHi Mocayru aepeB. ExocncTeMHI MOCIyrH — BCi KOpUCHI Ojara, sIKi MOYKHa OTPUMATH Bif
OJIM3BKOTO CYCIJICTBA 3 MPUPOA0I0. Bisl €KOCHCTEMHUX MOCITYT MPSMO 3aJICKUTh 3310BOJICHHS (pyH/ITaMEHTaIbHUX MOTPeO
monuHH. [Tocmyru exocrcteM MOXKYTb OyTH BU3HA4eHI SIK «HA0Ip QyHKIIH €KOCUCTEM, SKi € KOPUCHUMH JUISl JIFOJIMHI
[6]. Bonn € HaciigxoM JONOMIDKHHMX TPOLECIB, sIKi IIIOTh B Pi3HUX YaCOBHX 1 IMPOCTOPOBHX MacmiTabax.», a TaKoX
«kuTTe3abe3neuyodi GyHkiin [8,9].

ChOroJiHi B YKpaiHCbKOMY 3aKOHOAABCTBI BIJICYTHI 3aTBEpKCHHI METOAMKH, HOPMH Ta MpaBWIIA, Ki O BH3HAYAIH
€KOCHUCTEMHI ITOCIyTH a00 JO03BOJSUIM iX BIPOBAKYBAaTH SK OOOB’sI3Kk0OBi. IIpoTe yNpaBNiHCHKHM MiIXia, SKAN
BpaxoByBaTHME EKOCHCTEMHI MOCIYTH JepeB, IO3BOJIUTH Mepel MPUAHATTS DIlleHHS 1040 BUPYOKH IepeBa Ui
MOOYZIOBH YEPTrOBOTO iHPPACTYPKTYPHOTO 00’€KTY, MPOAYMaTH HE JIMIIEC KOMIICHCANIHY MOCaAKy, aje i BU3HAYUTH
peaNbHYy I[IHHICTH JIepeBa B IPOIIOBOMY €KBIBaJICHTI.

Kpim Toro, came po3yMmiHHs AiHCHOI BapTOCTi NepeB JO3BOJUTH OOpaTH ONTHMaJbHI MicHsi JJis 1X IOCaiKH Ta
MPaBUJIbHE BUJIOBE PI3HOMAHITTSI, BpPaXOBYIOUH OCOOJIMBOCTI POCTY Ta €KOCUCTEMHI (hyHKIIIT.

ExocucremHi mociayru iepeB Hadarato pisHOMaHITHiII, 30KpeMa, cepe]] OCHOBHHUX ITOCIYT MOXHa BUIATUTH [10]:
BUPOOHUITBO KHCHIO;
aKyMYJISILisl BTJICKHCIIOTO Ta3y;

MOTJIMHAHHS 3a0pyaHIoBauiB, Takux sk NOy SOy, CO- Ta iH.;
BiJIBEJICHHS 3al{BOT BOJIW, YTPUMAaHHS BOJM B IPYHTI;

3aXHUCT Bij MyMY;

3aXHCT BiJ| ITHITY, 30KpeMa IOTJIMHAHHS APiOHOANCIIEPCHOTO BILIUBY;
YIOOpEHHS TPYHTY 32 PaXyHOK OTAJIOTO JIUCTS;

JIepeBHHa TOLIO.

B pamkax nocmimpkeHHs OyJ10 OI[IHEHO BIUIMB AEPEB HA TaKi MapaMeTpH JOBKULIS, SIK TEMIIEPATypY, IIyM, BOJIOTICTS,
npibHoucnepcuuii mun ta CO: 3a momomoror mopraruBHOro npwiany Smart Citzen (puc.2.). Jlauuit npumai
po3pobnenuii HaykoBusiMU 3 bapcenonu (Icmanis) Ta HamaHuii MHUKOJIATBCHKIH TPOMaJChKii oOcepBaTOpii MPOEKTY
CitiObs B mexax criBmparii 3 HamioHaIbHAM €KOOTIIHAM HIEHTPOM YKpaiHH.

ExcriepuMeHTanbHy 4acTHHY AOCHIKEeHHs Oyjo mpoBeaeHo BiiTKy, o 12.00 Ha mpocnekTi LleHTpansHOMy MicTa
Muxkounais. Lg Bynuns € Halmmpioro marictpamiro micta. [IpoTspKHICTE MpOCHeKTy OJIM3bKO BOCBMH KiJIOMETDIB, BiH
nepeTuHae Maike Bce MicTo i3 3axoay Ha cxif. [IpocrekT 3a0yjoBaHMIH Cy4aCHUMH KUTIOBUMHU KBapTaJld, TAKOXK TaM
crocrepiraeTbest mubHUK Tpadik. Ha mouaTky moBHOMAacIITaOHOTO BTOPTHEHHS POCIHCHKOI (enepanii Ha TEPUTOPIiO
VYkpaiHu, B3/10BXK IPOCIIEKTY OyJ10 BUPYOAHO s AepeB BUILY TONOIS cpiodiscTa.

PesynpraTi excriepuMeHTY MOKa3aiH, IIo TemrepaTypa B TiHi nepes 3 31,5 °C migastnack 1o 40.1°C Ha coni, a came
eI 6e3 nepes Oins qoporwy, myMm 3 53 nb migasascs qo 70 ab, Bomoricts 3 50 mpomine Briana o 39 mpomiie (Tabmums
1).

ASENENENENENENEN

Puc. 2. TTopraTuBHUI anJIé;[ Smart Citzen
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Tabmuug 1. — Pe3ynpTaTi eKCIEpUMEHTY BUMIPIOBAHHS IapaMeTpPiB JOBKLILIS
IlokasHuku y Tgi;;ii:ﬁz:;l:o?ﬁpw Ha conui, 6ins maricrpasni:
Lym 63,3 1b 70 nb
Temnepatypa 31,6 °C 40 °C
Boaoricts 53,8 38,7
Pm 2,5 24 29
Pm10 36 32
Pm1 414 22
CO: 450 706

MeToauka po3paxyHKy €KOCHCTEMHHX MOCJayr jaepeB 3a jgomomoror mnporpamu I Tree Eco. Posyminas
CTPYKTYpH, (QYHKIII Ta IIHHOCTI MiCHKOTO JIICOHACADKCHHSI MOXKE CHPHUATH NMPUHHATTIO YIPABIIHCHKUX PIMIeHb, SKi
OyIyTh BIJIMBATH HA MOKPAIIECHHS 3J0POB s JIIOAWHY Ta SAKICTh HABKOJIHIITHBOTO CEPEOBHIIA.

B Mexax nociipKeHHsl, OLIHIOBaHHS CTPYKTYpPH, QYHKIIT Ta 3HAYEHHS POCIMHHOCTI IIPOBOMIIHCS TPOTAIOM TPaBHS
— mucromana 2023 poky. [l aHamizy Oymno oOpaHo 9 BUAIB AepeB, sIKi € OMHUMH 3 HAWOUIBII PO3MOBCIOKCHUX B
MuxkounaeBi. Po3mipu aepeB, kpiM jiunu, 0ysio oOpaHO NpUOIM3HO ONHAKOBUMHU. Ha3zBu pepeB mopaHO JIaTHHOMO, IS
PO3paxyHKy E€KOCHCTEMHHX IMOCIyr Oyino BukopucTano mnporpama [-Tree Eco, po3po6ieHoro IliBHIYHOIO HAyKOBO-
nociigHoto craHuieto Jlicooi cimyx6u CLIA [11, 12].

IIporpama I-Tree Eco mo3BoJIsi€ OMIHIOBATH €KOCHCTEMHI IOCIYT JEPEB SAK Y BIIIOBITHUX OJUHUIISIX BUMIPY, TaK 1 B
rpoIoBoMy ekBiBajeHTI. Lle mo3BoJIge Kpalle pO3yMITH «IIiHY» JepeBa Ta MIABHINYE MOTEHIIHI MOMXIHBOCTI IS
3aXHCTY 3€JICHUX 30H Y HACEJICHUX ITyHKTaX, MOCWIAIOYNCH Ha X LIHHICTH Ta BaXIIMBICTh.

3 2006 poky mporpaMa MIMPOKO BHKOPHCTOBYETBCA B yCiX IITaTaX AMEPHKH, a TaKOXX IOMyJspHA B KpaiHaxX
OUTBIIOCTI KOHTUHEHTIB CBITY, a TAKOX B YKpaiHi.

OcCHOBHI TapaMeTpH, sIKi BUMipPIOBAJIICh 3a JJOIOMOTOI0 TTPOTPAMHU:

—  BHUJJICHHS 3a0pyIHEHb: METPUYHHUX TOH/pIK (IIPHOYTOK Ha DIK),

—  30epiraHHs ByIJICI10: METPUYHI TOHU (IPUOYTOK Ha PIK),

—  TIOMJIMHAHHS BYIJVICLIO: KiOrpamiB (MpUOYyTOK Ha PiK),

—  BUPOOHHUITBO KHUCHIO: KI/PIK,

—  BiaBeaeHwui crik: 0 Kyoomerpis/pik (mpuUOYTOK Ha PiK),

—  eHepro30epexeHHs OyiBeib: MPUOYTOK B PIK,

—  VHHKHEHHS BHKHJIB BYTJICIO: MPUOYTOK B PIK,

—  BIJTHOBHA BapTICTh: MPHUOYTOK B PiK.

B pospaxynkax merpuuna ToHHa: 1000 ximorpamiB. ['pomroBi 3HaueHHs H HaBOmATHCS B TPUBHAX Y 3BiTi, KpiM
BUIAJIKIB, KOJIH 1€ 3a3HAUCHO.

OuiHKHM OCITYT €KOCHCTEMH HaBOIATHCS IJIsl OKPEMUX TIOPiJT IepeB 3a HaBeIEHUMH TapameTpamMu. [Ipu nsomy ruromnia
JICTS IEPEB OLIIHIOETHCS 32 JOTIOMOTOI0 BUMIPIOBaHHS PO3MIPiB KPOHH Ta BiJICOTKA BIICYTHBOT KPOHHU. Y BHIIAJIKY, SKIIO
11i 3MiHHI JaHi He Oynu 3i0paHi, BOHU OI[iHIOIOTHCS BiJIMOBIAHO J0 BUAY JepeBa.

IIpoBeneHHs1 MOJbLOBOro AocaifkeHHsl. J[ns kpamoi i skicHOT poOoTH mOCTiKEHHS OyJIo CTBOpeHO rpadik
MTOJILOBHX 300DiB, /Ie ONMMCAHO OCHOBHI MPOIIECH, OCOOINBOCTI BUMIPIOBaHHS Ta 3arajibHi MOKa3HUKH POCIHH, SKi OyIu
nociimkeni. [Tig gac moap0BUX TOCIIHKEHh BU3HAYAIIMCS Ta 3aMMUCYBAJIMCS HA3BH BHUJIIB 1 POJIiB KOKHOTO JiepeBa. byio
BKa3aHO TOYHE BHMIpIOBaHHSA abo Kareropii JiaMerpy CTOBOYypy Ta BHCOTH JUIi KOXXHOTO JAepeBa. Bu3HaueHo THI
3eMJICKOPHCTYBaHHSI TepUTOpil po3ramryBaHHS JepeBa. OmmcaHoO craTyc JepeBa — IOCaJDKEHE ab0 CaMOCiBOM.
3aikcoBaHO KapTy KOOpPAWHAT, PO3MIPH KOPOHH, 3/I0POB’S KPOHH, OCBITJIIEHHS KPOHHU JE€PEB Ta HAasIBHICTH IIKIJIHHUKIB.
Bci crioctepeskeHHS MPOBOAMINCH 3 TPABHsI 110 JicTonasn (puc. 3.).
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Puc.3. ®oTo npoBeICHHS MMOJIBOBUX JTOCIIKCHD IEpPeB B MicTi MUKoOIaiB

B nporpawmi I Tree Eco BUKOHYIOTBCSI BCI pO3paxyHKH aHIJIIHCHKOI0 MOBOIO, & TOUYHE BUMIPIOBaHHs a00 KaTeropii
niamMeTpa cToBOypa JiepeBa Ta BUCOTH JUIsi KOKHOT'O JIepeBa BUMIPIOIOTHCS B CM, IIMPHHA 1 PO3MIPH KPOHM CTaH
BIJIMUPaHHS y BiJICOTKaX.

Pesyabratn po3paxynky B nporpami I Tree Eco. 36epirannsi Ta cekBecrpanisi Byriienio. 3MiHa KiiMary €
po0eMor0 r00aIbHOTO 3aHENOKOEHH. MIChKi JiepeBa MOXKYTh JOINOMOITH IOM’SIKIIUTH 3MIHY KJIIMaTy LUIIXOM
CEKBECTPY aTMOC(EPHOTo BYIJIELIO (3 BYIJICKHCIIOro rasy) B TkanuHax [15]. CekBecTpauisi ByrJIelo — 1i¢ BUAAICHHS
BYTJIEKUCIIOTO Ta3y 3 MOBITpsl pocnuHaMi KiibKicTh BYTJIEIO, IO HMOTJMHAETHCS IOPIYHO, 30UIBIIYyEThCS pa3oM i3
po3MipoM i cTaHOM JepeB. [ pyOmii cexBecTp epeB CTaHOBUTH OJIM3bKO0 216,6 KiTorpaMiB BYTJIEIIO Ha PiK i3 OB’ I3aHOIO
BapricTio 1,2 THC. TpH.

JlepeBa BiIIrpaloTh BaXJIMBY pOJb y 30€epiraHHi BYIJIeNio, IO MOXeE BIUIMBAaTH Ha IJI00aibHI 3MIHH KIiMaTy.
[TpoTsirom cBOro *UTTS iepeBa HAKOIIMYYIOTh BYTJIElb y CBOTH TKaHHHI uepe3 npouec GpoTocunTesy. OaHaK, KOJIH JEPEBO
BMHpAE 1 PO3KIIAIAETHCS, 3HAYHA YaCTHHA [[LOTO BYTJIEIIO MOXKE MOBEPHYTHCS B atMocdepy. TakuMm 4MHOM, KIIBKICTh
BYTJICIIIO, sIKa MOKe OYTH BUBIJIbHEHA, 3aJICKUTh BiJl CTaHY JIEPEB 1 MPOIECy 1X pO3KIafaHHs.

30epiraHHs 310pOBUX JIEPEB JIOIIOMArae yTpUMYBaTH BYyTJIelb, 30epekeHui y ixHiit 6iomaci. OJJHaK BUKHUAH BYTJICIIO
MOJKYTh CTATH HACITIIKOM TaKHX Jiii, SK BUPyOKa JIiCiB a00 HEKOHTPOJILOBAHUI PO3KIIad AepeB. BUKOpPHUCTaHHS IEpEBUHU
UL BUPOOHUITBA JOBIOBIYHMX TOBapiB a0o sSK JKepeno eHepril Moke JONOMOITH 3MEHIINTH BUKUIM BYTJIELIO, SKi
BiZ0yBaIOThCS P IXHBOMY PO3KJIaZaHHI abo ITiJ] yac 3rOpsHHS Ha eJIEKTPOCTAHIISMX, 1[0 BUKOPUCTOBYIOTH BYTriuis abo
JIEpEBHUHY SIK ManuBo. Takuid Miaxix MoXKe CIPHUATH 30€peXEeHHIO BYTJICII0 Ta 3HIDKEHHIO BIUTMBY Ha KiiMaT. [lepeBa 3a
ouiHkamu, 36epiraroTh 3,53 MerpuyHux ToH Byriento (19,5 tuc. rpx) [15-18].

Cepen BuaiB Jepes, siki Oyno gociipkeHo B MHUKoIaeBi BUSIBIICHO, 110 Oia Tonoss norauHae (puc.4, a) ta 30epirae
(puc.4, 6) Ta Haitbinpure Byraemto. [Ipnbmusno 27,2% Bij 3aranbHOro HaKOMUUYeHOTro Byriento Ta 24,5% Bix ycix gepes,
Ha JIpyromy Micli I1aTaH, Ha TPETbOMY MiCIli KJICH.

Ha niarpami (puc. 5.) HaBeeHO BapTiCTh €KOCHCTEMHOI NOCIYTH 110 aKyMYJIIOBaHHIO KapOOHY IJIsl KOXHOTO BUIY
nepesa. HaBezieHi AaHi CBiIYaTh Npo BayKJIMBICTh KOYKHOT'O 3 BHIIIB AePEeB B 00POTHOI 31 3MiHAMH KIliMaTy.

BaxxnmuBuM MOMEHTOM € Te, III0 MOYKHA OIIHUTH 1110 (PYHKIIIIO B TPOIIOBOMY €KBIBAJICHTI, PO3YMIIOUH CKiIBKH KOIITYE
aKyMyJisiilis KapOoHy, sIK Ta3y, sSIKHii BIUTUBAE HA 3MiHY KJIiMaTy.
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Puc.5. BapTicTh eKOCHCTEMHOT MOCITYTH 0 akaMyJitoBaHHIO KapOony

IMpu mpoBeneHHI iHBEHTapM3allil JepeB Ta TAKUX PO3PaXyHKAaX MOXHA MMOpaxyBaTH 3araibHUU MPHOYTOK, sKi
HAJIAIOTh JIEPEBA. TAKOK MOKHA MMOPaxyBaTH 30UTKH BiJl BUPYOKH TaKUX JIEPEB.

BupoOHUITBO KHCHIO. BUPOOHHIITBO KHUCHIO € OIHIEIO 3 HAWOLIBIIT YaCTO 3raJyBaHHUX IIepeBar MiCbKUX aepeB. Piune
BHUPOOHUIITBO KHCHIO JIEPEBOM OE3MMOCEPETHBO MOB’ I3aHe 3 KUTBKICTIO BYTJICIIO, OTIIMHEHOTO JIEPEBOM, IO MOB’SI3aHO
3 HAKOITMYCHHSIM JIePEBHOT GiomacH.

JocnimkyBaHi aepeBa, BCi pa3oM 3a po3paxyHKaMu BUPOOJISIOTE 577,5 KijlorpaMiB KHCHIO Ha pik.
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Ha pucyHky 6 HaBeIeHO MOPIBHSIBHY XapaKTEPUCTUKY KiIbKOCTI BUPOOIEHOrO KUCHIO JJIsl PI3HUX THIIIB Jepes. 3
PHCYHKY 6auUMO, 1110 JTiJiepaMu B BUPOOITKY KUCHIO Ta MOTJIMHAHHIO BYTJIEIIO € TOMOJIsI Oila, KIIEH, IIaTaH, TPOXU MEHIIIe
poOiHis IICeBIOaKaIlis Ta IMOBKOBHIIA Oifa.
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Puc. 6. XapakTeprucTiKa KiJTbKOCTI BUPOOJIIEHOTO KUCHIO JIJISl PI3HUX THUIIIB JIepeB

3a3Buyail B MicTax YKpaiHH MIPUHHATO CKOLIYBATH TPaBy Ta MPHOMPATH JIUCTS OIS AEPEB, Pa30M 3 L€ € JDKEPEIOM
010pI3HOMAHITTSA Ta SIK HACTIMOK MOXXHBHUX pedoBHH. OKpiM TOro, TpaBH Ta OMajie JHCTS IOCHIIOIOTH MPOIECH
yTPUMaHHS BOJIOTU B IPYHTI, IO € JIy)€ Ba)XJIMBUM B THX PErioHax, Jie CIOCTEPIracThCs 3MiHA CTPYKTYPHU YaCTOTH
OIajiB.

B mMexax nmocnmipkeHHs Oyno OIHEHO 3HauyeHHs MoXKUBHUX pedoBuH (azoty (N), docdopy (P), xamito (K)) y
nmcToBoMy omnazi, Butpatu N, P, K Ha noGpusa.

Ha pucynky 7 6auumo, sika MiHHICTb OAJIOTO JIUCTS B IepepaxyHKy Ha moOpuBa. HaliBumie 3HaueHHS y TutaTtana, 44,7
TPH Ha IPYrOMY MICIIi TOIIOJISA, @ Ha TPETHOMY IIIOBKOBHIIS Oijia.
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Puc. 7. LlinHicTh onanoro nucts (epepaxyHoK Ha J0OpHBa)

IIpono3uuii mo BiAHOBJIEHHIO JepeB Ta MOHITOPHMHTY iX cTaHy B yMOBax miBaHs Ykpainu. OCHOBHI pe3ysbTaTi
JIOCIIIPKEHb TIOKa3aJIy, I110:

1. lopociti iepeBa BENUKUX PO3MIpiB Ial0Th HalO11b1IIe eKOCHCTEMHUX TTOCIYT.

2. Tomost Oia gae HAWOIIBIIE EKOCUCTEMHUX MOCIIYT, @ TAKOXK MPUCTOCOBAHA 10 YMOB IiBIHS.

3. JlepeBa MicCT miBAHS YKpaiHu MOTPEOYIOTH MOJUBY Ta IHAMBIAYaJIbHOTO MMiIX0MY 10 00Pi3KH — apOOPUCTUKH.

4. BucamkyBaru Tpeba He 0arato a1epes, a Ti BUAH, SKi MalOTh BUII TOKA3HUKH MPUKUBAHHS.

5. BucamkyBatu aepeBa Tpeba 3 BpaXyBaHHSM OCOOJHBOCTEH IPYHTIB Ta KJIiMaTy BPaxOBYIOYH BiJCTaHb Ta THUII
MOCAJIKH.

B Mmexax mociipreHHs 0yJa0 cOpMOBaHO MEPeJIiK 3 I’ SITH JIepeB, sIKi € HalKpauuMu Ui MUKOIaeBa, BpaXOBYIOUH
X eKOCHUCTEMHI ITOCITYTH Ta 34aTHICTh MPUCTOCOBYBATHCS O KIIIMATHUYHUX YMOB IiBJIHS, & CaMe:
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1. Tomons 6ina, Populus albax (hatiyinniute, nepesicuio nocyxy, caoxicamu 630084c 0opie, 0bupamu oepesa 4oni08iuol
cmammi, opeanizyeamu NPASUIbHUL 002750).

2. Ilnatan kiaeHonuctuid, Platanus acerifolia (yinne, nepescuno nocyxy ma 6ypesiii, cadscamu 6 napkax).

3. Knen rocrponuctuii, Acer platanoides L.(yinne, nompebye nonugy, cadxcamu y 080pax 0a2amonogepxisox,
0p2anizoeysamu noIue).

4. llloskosursa 6ina (Morus alba); (uinne, nepesicuno nocyxy, kopuche, cumeon nigoHs, caodxicamu 6 Napkax, 3d
byounxamu (mam Oe He CIMABIAMb AGMIGKIL).

5. Codopa smonceka, Styphnolobium japonicum Codopa smoHCBKa (yitke, Kopuche, ecmemuune, Nepexculo nocyxy,
caooicamu 8 napkax, ckeepax)

OCHOBHI MPOTIO3HIIIT /TSI BPETYIIOBaHHS yIPaBIIHCHKUAX PYIICHD JOTIISITY 3a 3€JICHUMH Haca/pkeHHsI B MUKOJIaeBi B
YMOBaX 3MiH KJIIMAaTy Ta BOEHHOI arpecii pocificbkoi ¢eaepartii:

HaKJIaCTH JBOPIYHMI MopaTopiii Ha oMoJomKyBaHHs aepes [19, 20];

MPOBECTH 1HBEHTAPH3ALIIO JIEPEB Ta CTBOPUTH EJIEKTPOHY KapTy AEpeB;

PO3pPOOUTH KOHIETIIIO 03€JICHEHHS 3 BpaXyBaHHIM €KOCHCTEMHUX MOCIYT AEPEB;

3aTBEPANTH NpaBHUiIa yTPUMaHHS JIepEB;

MPOBECTH MOHITOPHHI MOKa3HUKIB CTaHy IPYHTIB;

3a]qy4uTH apOOpHCTIB JUIA JIIKyBaHHS CTapuX JEpeB, MPOBECTH TPEHIHTH AJsl BOJOHTEPIB Ta MpalliBHUKIB
KOMYHAJbHUX ITiJIIPHEMCTB.

JIis TOKpamieHHsl 3pOCTaHHS JepeB HEOOXIiAHO BHAUIATH OiNbIle 4Yacy Ta PeCcypciB UIA SAKICHHHA JOTISA 3a
pOCIUHAMH.

Oco0nuBy yBary npuaisITH BUOOPY JEpeB Ta Micub IS iX MOCAAKK Ta caMy TEXHOJIOTiI0 mocaaku. B mepcrekTusi
MIPOyMaTy BUKOPUCTAHHSA JAOIIOBOI BOJH IS ITOJIMBY JEPEB.

BucHoBku.

B craTTi HaBeleHO pe3yJNIbTaTH aHaNli3y 0COOIMBOCTEN YMOB 3pOCTaHHS IepeB Ha IMiBAHI YKpaiHH, Ha MPUKIal MicTa
MuxkosnaiB. 30Kkpema TOTOJHI YMOBM Ta IpyHTOBI ymMoBH. CepeaHbOpiuHa TemIieparypa MOBITpsS B Mukomnaesi
36ubinmiack B 2023 poui Ha 2 rpaxycu, nopiBHsIHO 3 2021 pokom, a mepion jdita-oceHi 2023 poKy xapaKTepu3yBaBCs
MOCYXO¥0, KOJIA Maiike 4 micsni He Oyso onaais. Kpim Toro, B mucronani Bigdyaock 2 Oypesii 3 mopuBamu BiTpy 1o 30-
40 m/c. Lle Bce BKa3ye Ha KJIIMaTH4YHI 3MiHH Ta CTBOPIOE HOBI BUKJIMKH JUISI JIFO/ICTBA Ta JOBKIJLISL.

BripoioByk TpaBHA-IHCTOIAA IPOBOJMIINCEH CIIOCTEPEKEHHS 3a IaHUMH JIePEeBaMU: SIK BOHH NEPEXXUBAIOTh OCYXY,
B SKOMY CTaHi, SIK Tepexuin OypeBii. B pe3ymbraTi IOCHIIKEHb BHSIBHIIOCH, IO HAHTIpIIE MEPeKWIN TOCYXY 3
3a3HAUCHMX JIEpeB KJIEH, COCHA Ta siceHb. Halikpame Tomnosns ta miaras. [loaus Ta npaBUiIbHUI TOTIISAA 3 IEMEHTaMHU
apOopucTuky OyB HEOOXiTHIIA O1TBIIOCTI AOCHTIHKYBaHHX JIEPEB.

Jiis po3paxyHKY €KOCHUCTEMHHX ITOCIYyr Oyio BHKOpucTaHO mporpama [-Tree Eco. OmiHeHO Taki eKocHCTeMHI
MOCTYTH SK 30epiraHHs BYTJICIIO, MOTJIMHAHHSA BYIJICHIO (BHIOAJCHHS 3 MOBITPS), BHPOOHHITBO KHCHIO. 3TiTHO
PO3paxyHKiB JepeBaMu, sIKi HAJAIOTh HAWOLIbIIE HABEIEHUX €KOCHCTEMHHX IOCIYT Iie Tomois Oima, Populus alba,
iatan, Platanus acerifolia ta knen Acer platanodes.

Briponoik 2022 poui B Mukosnaesi 3pybanu 1500 Tomosni, B nuTaHHI MOTJIMHAHHS Ta aKyMYyJIsiiii kapOoHy, 1ie CKJIaio
30uTKiB pubau3Ho 7 978 095 rpH B pik. SKiio BpaxoByBaTH, 110 SIK MiHIMyM 50% nux nepes OyJio B TapHOMY CTaHi i
MOTJIO IPOXUTH K MiHIMyM 11e 10 pokiB, To 1st cyma ckiana 39 890 475 rpu. Skuio BpaxyBaru, 10 TOIOJIS HalKpalle
MOTJIMHAE NPIOHOMUCTIEPCHUN MU, 3a0pyIHIOYI Ta3d, a TaKoXK (DYHKINT BIABOAY MOBEPXHEBOTO CTOKY, TO I Cyma
3HAYHO 3POCTaE.

BaxmBi ¢yHKHii HamaroTh i IHIN JepeBa, 30KpeMa, i COCHA, sKa 3JaTHAa BHPOOIATH (QITOHIHIN, SKi MAaIOTh
MIPOTHUBIPYCHI BIIACTHBOCTI, ajlie 3a CIIOCTEPES:KEHHSIMH, COCHA TMOTAHO 3pOCTae i B MICTI HOBI cajpKaHI Maibke He
TIPYOKUBAIOTHCS (JIMINE HA IPUBATHUX MOBIP AX), TaKOX codopa, aje 3a CrocTepexeHHIMH, co(opa IoraHo nepeHecsa
Oypesii. Cepen 1ociiUKyBaHUX JIEPEB, Ha JKallb, KJICHH 32 CIIOCTEPEKCHHIMH JIy’Ke ITOTaHO MEPEHECIH MOCYXY.

OTxe, migepaMu 3a eKOCHCTEMHHUMH TIOCITyTaMH Ta Ti, SIKi J0Ope BIDKUBAIOThH B CKJIAJHUX YMOBaX MiBIHS Y KpaiHU €
Tomouis Oina Ta miataH kKieHomucTuid. CaMe 1i JiepeBa MPOMOHY€ETHCS BUCAKYBATH, 30KpeMa B 3ara30BaHMX MICISX, a
TaKOXX MK JOoporamu Ta OyAMHKaMH Ul CTBOPEHHS 3aXHMCHOI 30HW. Bunx Tomom BapTo MigOHpaTH 3 ypaxyBaHHSIM
0COOJMBOCTI YTBOPEHHS IMyXY.

3 00epexHICTIO BHCAKYBaTH JIMIy Ta COCHY, iX NPIDKMBAEMICTH AyKe HHM3bKa. KpiM TOro, pekoMeHIyeThCs
BHCA/KYBATH 1 1HIIN 3 PO3MIAHYTUX JAEPEB 32 YMOBHU IPO(eCciHHOTO AOTIIIY.

PoGinis 3BMuaiina € iHBa3iiHUM BHIOM, aje sIKMi JoOpe MPIIKUBCS B HAIINX MIBJEHHUX yMOBAaX, PEKOMEHalii 1010
LIOTO JIepeBa NOTPEOYIOTh MOJATIBIINX JIOCIIPKEHb.

[IloBkoBHIsl Oina € TakoX JIEPEBOM CHUMBOJIOM MicTa, i PEKOMEHIYEThCS ii BHCa/KyBaTH 3a yMOBHM OOpaHHS
MIPaBUIILHOTO MiCIISl TIOCAIIKH.

Bci nepeBa notpeOyroTh 1OTIIsAY, TOJIUBY 1 BUMAraloTh BIIPOBa/DKEHHS MIPABMII AOTIISAY 32 A€PEBAMM Ta KOHIIEMIIIT
o3eJIeHeHHs MicTa MUKOJIAiB, 3 ypaxyBaHHs KJIIMaTHYHUX 3MiH Ta HACHIJKIB BOEHHOI arpecii pociiicbkoi deneparii.
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MOIEJIOBAHHSA EJIEKTPOMAI'HITHOI'O HABAHTA’KEHHS HA CYYACHI
COLIOEKOCHUCTEMMU BIJI CUCTEM EJIEKTPOMAT'HITHOI BOPOTBBH! ¥V IIEPIOJ
POCIMCBKOI AT'PECII IIPOTH YKPAIHU

Anomayin. Mooentosanus — eleKMpPOMACHIMHO20 — HABAHMANCEHHS — HA  coyioeKocucmemu  6i0  cucmem
eneKkmpomazuim1ol GopomodbU Modnce 0amu 3mo2y 3pO3yMIMu NOMEHYIlHI eKONO2IYHI PUSUKU MA 6NJUBU, K 6€0CHHS.
CYUAcHOT BIlIHU MOJiCe Mamu Ha MICbKi cepedosuwya. 30Kkpema, 8 ymMosax pocilicbkoi azpecii npomu Yxpainu, 3HauHe
surxopucmanns PEB mooice mamu six 6e3nocepeonitl, max i 00820Mpuedanuil GNiue.

Asmop namacaemucs docaioumu ma smooeniosamu cmynins énauey PED na coyioexocucmemy Yxpainu.

Cmammsi € 8adiCAUBUM HECKOM Y GUEUEHHSL eKOLO2IYHUX HACTIOKIE BOECHHUX KOHGAIKMIS | Modice Oymu KOPUCHOIO Ozl
O00CIOHUKIB y 2any3i eKO02il.

Knrouosi cnosa: 3a0pyonents HABKOIUWHLO2O Cepedo8Ud, eKONOSIMHI HACTIOKU 6IUHU 6 YKpaiHi, 6I0HOGIeHHS
oosxinns, PEF, enexmpomazHimue HABAHMANCEHHS.

MODELING OF ELECTROMAGNETIC POLLUTION LOAD ON SOCIOSYSTEMS BY
ELECTROMAGNETIC WARFARE SYSTEMS DURING THE PERIOD OF RUSSIAN
AGGRESSION AGAINST UKRAINE

Abstract. Modeling the electromagnetic pollution load on urban ecosystems from electromagnetic warfare (EMW)
systems can provide insight into the potential environmental risks and impacts that modern warfare can have on urban
environments. In particular, in the context of Russian aggression against Ukraine, the significant use of EW can have
both immediate and long-term effects.

The author tries to investigate and model the degree of impact of EW on the socio-ecosystem of Ukraine.

The paper is an important contribution to the study of the environmental consequences of military conflicts and may
be useful for researchers in the field of ecology.

Keywords: environmental pollution, ecological consequences of the war in Ukraine, environmental restoration, EW,
electromagnetic pollution.

Mera. MonenroBaHHS Ta aHali3 EICKTPOMArHITHOTO HABAaHTAXXCHHS Ha CYYacHI COI[IOGKOCHCTEMH Bil CHCTEM
eJIEKTPOMArHiTHOi OOpoTHOM B yMOBax BOEHHOTrO KOH(QJIIKTY, 30Kpema i dac pociiicekoi arpecii nmpotu YkpaiHu.
OCHOBHOIO METOIO € OIliIHKa MOTCHIIIHHUX EKOJIOTIYHUX PHU3MKIB Ta BIUIMBIB, SKI MOXXYTh BUHUKHYTH B PE3YJIbTATI
3actocyBanHsi PEB B ypOaHi3oBaHMX Ta IHIIMX BaXJIMBUX ISl JKUTTEIISUIBHOCTI CYCHUIBCTBA CepellOBUINAX.
JocmipkeHHS Mae Ha MET1 3MOJICITIOBATH TOBTOTPHUBAJ HACIIAKY TAKUX BILTUBIB I IPUPOJTHUX Ta COIIATbHIX CHCTEM.

Beryn. Y mepiox pociiickkoi arpecii mpoTH YKpaiHH CIOCTEPIraeThCsl 3pOCTAI0UE BUKOPHUCTAHHS TEXHOJIOTIH
eJIeKTpoMarHiTHol 6opoth0u. Li cucTeMu mpu3HAYeHi JUIsl 3a0e3MeUeHHs TepeBaru Ha 1ojii 0010 4yepe3 MepenrkoIn,
NPUAYIIEHHST a00 3HUIICHHS BOPOXHX €JICKTPOHHUX CHUCTEM. BHUKOPHUCTaHHS TaKHX CHCTEM MOXKE HECBIJIOMO
CHPUYMHNTH 3HAYHNUH €KOJIOTIYHUI BIUTHB HA COIIOEKOCHCTEMH. BUKOpHCTaHHS cHCTEM paJlioeeKTPOHHOI 00pOTHOH He
0OMEKY€EThCSl JIMIIE 30HAMH KOH(QUIIKTIB. BOHM IIMPOKO 3aCTOCOBYIOTHCS HABKOJO BAXIUBUX 1HOPACTPYKTYPHHUX
00'exTiB ganeko Bif yiHii 3iTkHeHHS. PED Moke OyTH epekTHBHO BHKOpHCTAHE [UIS 3aXUCTY CHEPreTHYHUX YCTAaHOBOK,
aeporopTiB, KOMYHIKAIlITHUX IEHTPIB, BOAONOCTAYAIbHUX CHCTEM Ta IHIINX KPUTUIHHUX 00'€KTIB BiJl MOKIIMBHX 3arpo3,
TaKWX SK HECAaHKI[IOHOBAaHE BUKOPHUCTAHHS IPOHIB a00 iHIMMX OC3MUIOTHHX JTAIBHHUX arapariB, M0 MOXYTh OyTH
BUKOPHCTaHI s PO3BiAyBaJbHHUX Miciii abo HaBiTh TepopucTnyHnx atak. Cucremn PEB MOXyTh BHABIATH,
MIEPEXOIUTIOBATH Ta HEUTpaNi3yBaTH PalliOCHTHANM, SKi KEPYIOTh IPOHAMHU, €()EKTUBHO OJOKYIOYM IX MOXKIUBICTH
30mpaty iHdopMmarliiro abo HaHOCHUTH MIKOAYy 00'ekTaM. Taki cHCTEMH MOKYTh OyTH pO3MiIlIeHI HaBKOJIO 00'€KTiB, II0
BHUMararoTh 0COOJIMBOTO 3aXUCTY MPOTH HECAHKI[IOHOBAHOTO JOCTYILY 3 MOBITPSI.

®opmya0BaHHA 1ijeil craTTi. ABTOPOM AOCIHTIPKEHHS MOCTABJICHI TaKi Mifi:

1. AmnamizyBaTH eJIEKTPOMArHITHE HABaHTAXXCHHS, SKC CTBOPIOIOTh CHCTEMH CJIEKTPOMArHITHOI OOpOTHOM Ha
ypOaHi30oBaHi Ta iHII Ba)KJIHMBI COIOEKOCHCTEMH B YMOBAaX BOEHHOTO KOH(ITIKTY.

2. OUiHUTH MOTEHIIHHWNA EKOJIOTIYHHI Ta COIiajJbHHUN BIUIMB IIhOIO HABAHTAXXCHHS Ha MICBKI CepelIOBHINA, 3
OCOOJMBHUM aKIIEHTOM Ha 37I0pPOB'Sl HACEIEHH, IHPPACTPYKTYPHY CTIHKICTh Ta IPUPOAHE TOBKIILIS.
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3. Po3pobutu METOMONOTIYHMIA MiIXi M0 MOICTIOBAHHS CICKTPOMATHITHUX BILUIMBIB, BUKOPHUCTOBYIOUYH CyYacHI
TEXHIYHI Ta aHAIITUYHI IHCTPYMCHTH JIJIsl BU3HAYCHHS KIJIbKICHUX 1 IKICHUX XapakTepucTuk BiuiuBiB PED.

4. TIporHo3yBaTH JOBrOCTPOKOBI HACHIAKH AJISI EKOCHCTEM Ta COLIAIBHUX CHCTEM.

Buxknax ocHoBHOT0 MaTepiajty AocTiTKeH s

1. PapioenexTponna GopoThda Ta edekTpomMarHiTHa Biiina (PEB)

PanioenekrponHa 60poThOa Biirpae KIKOUYOBY pOJib y CYYaCHHX BOEHHHX omepaillisx. PEB, abo enektpomarHiTHa
BiliHa mepedadae BUKOPUCTAHHS €JICKTPOMArHiTHOTO CIIEKTpa Ta CIIPSAMOBAHOI SHEPTii A1 KOHTPOJIIO CHEKTPY, Hammagy
Ha Bopora a0o INEeperIKo/DKaHHS BOPOXHMM onepauisM. OCHOBHOIO METOIO €JIEKTPOMArHiTHOI BiHM € M030aBJIeHHS
CYNPOTHUBHHUKA TIepeBard Ta 3a0e3ledeHHs M APYKHIX BIHCPKOBHX MIAPO3ALTIB OE3MMEepEemnIKoIHOTO TOCTYITy 10
€JISKTPOMArHiTHOTO CIIEKTPYy. BUKOpHCTaHHS eNeKTPOMarHiTHOI BifHM MOXKE MaTH Pi3HOMaHITHI aclieKTH, 3aJIEKHO Bif
KOHKPETHOI CHUTyamii Ta Iiiell BOEHHUX onepaum Bona Mose 3acTocoByBaTHCA SK 3 MOBITPS, Mop#, 3eMIl, TaK i 3
KOCMOCY, BUKOPUCTOBYIOUH SIK CHCTEMH 3 eKila)KeM, Tak i Oe3eKina)xHi cucTeMu. Y cBoOil cyTHocn eJIEKTpOMarHiTHa
BiffHa MOXe OyTH CHpsSMOBaHA Ha Pi3HI BUAM BIHCHKOBHUX Ta IIUBUIBHMX 3aC00iB, 30KpeMa Ha 3B’ 30K, pajilapy, CHCTEMH
HaBiramii Ta iHIII eNeKTPOHHI mpucTpoi. BoHa Moxke BkiIouaTH B ceOe Taki Jil, SIK NMEepexXOIUICHHsS KOMYHIKaliH,
MIEPEIIKOKAaHH PoOOTi pamapiB, CHOTBOPEHHS paJiOCHTHANIB Ta OaraTto iHMIOTo. Yci mi Zii BUKOHYIOTBCS 3 METOIO
3a0e3neueH sl MepeBard BJIacCHUM BiliCbKaM y KOH(JIIKTI, MEPEIIKO/PKaHHS BOPOXKHM OIEpalisiM Ta 3a0e3IedeHHs
Oe3meku Ta e()eKTUBHOCTI BOEHHUX Aii. EnekTpomarHiTHa BiifHa Bifirpae BasKJIMBY POJIb Y CydacHil BIHCHKOBIH cTparterii
Ta € HEeBiJ'€MHOIO YaCTHHOIO KOMIUIEKCHOTO MiIX0/y 10 3a0e3MeYeHHsI HallioOHaNbHOI Oe3neku Ta 000poHu. [1]

OCHOBHI TPUHOWANHN EJICKTPOMATHITHOI OOpPOTHOM BKIIOYAIOTh PI3HOMAHITHI 3aXOmu IS MPHUIYIICHHS
KOMYHIKaI[II{HNX KaHaJiB, cynyTHI/IKOBo'l' HaBirauii Ta poOOTH pafioJoKaliifHuX cucteM. JleTanbHille Ipo 1i NTPUHIHUIN:

l'[pw:[yulemm KaHaJiB 3B'sI3Ky. Brutodae 3axoan A MPUTITYIICHHS YU TIEPEXOIUICHHS pazuo Ta CYMyTHUKOBHX
3B'A3KIB BOpora. BUKOpUCTOBYIOTECS Pi3HI TEXHIKH, BKIFOYAIOUU CTBOPCHHS MEPENIKOL, LIYMIB, IMITallil0 CUTHANIB Ta
IHII MeTOAN, 1100 YHEMOIIMBUTH 200 YCKJIaAHUTH 3/11HCHEHHS KOMYHIKAIiH.

Mpuaymennss cynyrHukoBoi Hapiramii. CrpsmoBaHi 1ii Ha IEpEeIIKO/PKAHHS CHUTHaJaM CYNYTHHKOBHX
HaBiramiinnx cucreMm, Takux sk GPS, GLONASS a6o Galileo. Moxe BxiIroyaTd 3aciillIEHHS a00 1MITaIifo
CYNYTHUKOBHX CUTHAJIIB, 10 MOKE MPU3BECTH JI0 BTPATH 200 CIIOTBOPEHHS 3JaTHOCTI JI0 HaBIiralii BOPOXKHUX CUCTEM.

Hpuaymenns PJIC Ta orisiioBux pauaplB BpranHﬂ B poOOTY pamioNOKalifHUX CHCTEM, BKIIOYAIOUU
TPH/TY IICHHS CUTHAJIB BiX pa;:[apus a0o iMiTtauis XMOHMX IIiJIeH JyUIsi BBEACHHS X B OMaHy. 3acToCOBYy€eThCS HIyMOBl
IMITyJIbCH, TEpeIIKoIM a00 aKTHBHI IMPOTHPANapHi 3aX0AU Ul YCKJIAJAHEHHS a00 HaBiTh OJIOKyBaHHS poOOTH pasiapiB
MIPOTUBHHKA.

i npuanumu PED e kmrouoBnmu 1 3a0e3MedeHHs eeKTPOMarHiTHOI mepeBarn Ha mosti 000 Ta CTBOPEHHS YMOB
JUIS YCTIIHOTO BUKOHAHHS BiliCbKOBMX omepalliif. X 3acTocyBaHHs N03BOJISI€ 3HUKYBATH €(EKTHBHICTb BOPOKHX
KOMYHIKaIlifl, HaBiramifHUX 3aco0iB Ta pamioNOKAIIfHAX CHCTEM, IO BAXIWBO U1 3a0C3MeUYeHHsS O€3leKH Ta
YCHIIIHOCTI BOEHHHX Jii.

2. HNopiBusiabauii ananis kommiekciB PEB Ykpainu ta HATO 3 komniekcamu PEB 3C P®

BiitHa B YkpaiHi IpoJeMOHCTpyBajia BaXKIHMBICTh CHCTeM pamioenekTpoHHOI 0opotsbu (PEB) mns 3axwmcty Bin
BOpOXHX Oe3niorTHux JyitanbHux amnapartiB (BITJIA) ta iHmmx 3aco0iB BeleHHs palioeneKTpOHHOI BiliHH. Hipkue
MIPOBEICHO MOPIBHIBHAN aHaIi3 koMiutekciB PEB, mo BukopucToByroThes Ykpainoto ta HATO, 3 komruiekcamu PEB
3C P® [2], [3]. Knacudikauis kommniaekcie PEB:

Pomno-6amanviionna nanka — KOMIDIEKCH TIPU3HAYCHI JJIS 3aXUCTY HEBEIHMKHX ITIIPO3ILUTIB HA IO OFO.

bpucaona nanka — i KOMIIEKCH MalOTh OLIBIIY JajdbHICTH Aii Ta MOTYKHICTb, 1 MOXKYTh BUKOPHCTOBYBATHCS IS
3axXHCTy HUTHX OpUTa.

Cneyianizoeani xomnjiexkcu — TIpU3HAuYeHI Ui BUKOHAHHS IEBHHMX 3aBJaHb, HANPHKIAJ, 3aXHCTy BiI pajapiB
npoTtuBHHKaA ab0 npotunii BITJIA [4].

Manozabapummi, MOOYIbHI Ma HOCUMI KOMAEKCU — MAJIONOTY)KHI KOMIUIEKCH IO MOXYTh BUKOPHCTOBYBaTHCS
OKpEMHUMH coJjiaTamu [5].

Ta6murs 1. — IMopiBasuibHA Tabnuts cuctem PEB:

Komnaeke PEB oo rexe PEB Aanpuicts Iotyxn  lianason
Kiaac Yxkpainu Ta 3C PO i icTh wacror DyHKuUii
HATO 8
PotHo- IT i
N ) ) PUYIICHHS KaHAJIB
R —" AUDS Jleep 2 2-4 xm 100 Br = 20-400 MI'n sp's3iy BITJTA
JIaHKa
PotHo- IT i
. . : ) ) PUYIICHHS KaHAJIB
GaTAIbHOHAA M-LIDS Cinoxk 2-4 xm 100 Br = 20-400 MI'n sp's3iy BILJTA
JIaHKa
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KOMH'H?KC PEB Komnueke PEB  Janbuicts Iory:xkn  dianason
Kiac Ykpainu Ta 3C P® i ieTh 4aCTOT DyHKLil
HATO A ¢ cro
PotHo- ;
. Jlopanaur ) IIpunynienHs kanas
GaTaIbiOHHA Teep 3 6 kM 200 Br = 20-600 MI'n sp'3Ky BILIA
JaHKa
TEWS - Tactical
Electronic
Warfare System .
ra TEWS-| [punyuieHHs KaHAIIB
Tactical Bopucornederk 2 20-40 xm 1 kBt  20-3000 MI'y 3B's3Ky, CyIMyTHUKOBOI
Electronic Hagiramii Ta PJIC
Warfare System
Bpuraana naHnka Infantry
[punynieHHs KaHAIIB
ANMLQ-44A  ponenent 1 20-30km  1xBr  200-600 MIy 213 BIVIA.
Prophet CYIYTHHKOBOT
Bpuragna nanka Hasirauii Ta PJIC
TLS-BCT - [punynieHHs KaHAIIB
Terrestrial !'ayer P-330Y Mannat 30 kM 1,5 kBt 1,5-1000 MI't 3B's13Ky, CyITyTHUKOBOT
System-Brigade Bl E S
Combat Team Hasiranii Ta PJIC
Bpuranna nanka
Thales TRC 274 [puayiieHHs KaHATIB
SDJ VIUHF P 340P21'1[>:<H0ﬂe 25 kM 1,5 kBt 20-3000 MI'y 3B'sI3Ky, CyIMyTHUKOBOI
Bpura/Ha J1aHKa Jammer Hagiramii Ta PJIC
) ) [puayuenHs kaHanis
HOTA “;(ili(e).]?lllf” 15 km 500 Bt 101(\)/[1%000 3B'S13KY, CYITyTHUKOBOL
Bpuragna nanka H Hasirauii Ta PJIC
[punynieHHs KaHAIIB
Bykoses PB-109A 1520 kM 500 Br  20-3000 MI' BB,
«bunina» CYITyTHUKOBOTO
bpuranna nanka 3B'SI3KY

3. Buam mepemkoja B pagioesieKTpoHHil 60poTHOi

OnauM 3 kimrouoBuX iHCTpyMeHTIB PED € cTBOpeHHs nmepemko, o crpsiMOoBaHi Ha MPUIYIIEHHS a00 CIIOTBOPEHHS
BOPOXKUX PaiOCUTHANIB. 3alle)kKHO BiJl METOY Ta Iiiel BILTUBY, nepemkoan B PEb MoxHa moninuTy Ha Taki KaTeropii:

3.1 TouxkoBa nepemiKkoaa:

e By3pkocMyrosa, KOHIIEHTPOBAHa Jiisl, CIIPSIMOBaHa Ha NMEBHUN KaHA a00 4acToTy.

e [lepemkomkae poOOTI KOHKPETHUX PadiOeIeKTPOHHUX CHCTEM, HAIPHUKIIAM, CTaHIiH 3B's13Ky a00 panapis.

e HeedexkTnBHa MPOTH CUTHATIB 3 1TceBI0 BUMAaIKOBIM KogoM (ITITPY) yepes ix CTIHKICTh 10 By3bKOCMYTOBHX

MEPEIIKO/.

3.2. Il.1aBaloua nepemKoaa:
e [llmpoxocMyroBa AMHAMIYHA JIisl, IO XaOTHYHO 3MIiHIOE YaCTOTY B ME)KaxX IIEBHOTO Jiara3oHy.
e CTBOpIOE CKIIAIHI YMOBH 11 POOOTH BOPOXKUX PATiOCIEKTPOHHUX CHCTEM, 3MYIIYIOUH IX MOCTiiHO mepe0yBaTn

B PEKHUMI MONTYKY BiITBHOTO KaHAIY.

e Mae oomexery edektuBHICTh poTH [ITTPY, siki MOXKYTh YaCTKOBO MIPOHHUKATH Y€PEe3 IMITYIIBCH MEPEIIKOTH.
3.3. CyninbHa nepeuikoja:

e [llupoxocmyrosa, cranioHapHa Jist, 1110 OJIOKY€e BECh CIIEKTP YacTOT B IEBHOMY Jliara3oHi.

e MaxkcuMalbHO YCKIIaJHIOE POOOTY OyIb-SIKMX PaJiOeIEKTPOHHUX CUCTEM B 30HI BIUIMBY.
e BumMmarae 3HaUHHX pecypciB Ta MOTYXHOCTI JUIsl peaizarii.
e E(exTuBHIM METOJJOM CTBOPEHHS CYIILHOT MEPEIIKOIN € BUKOPUCTAHHS IIPUCTPOIB MPSMOT0 HU(PPOBOTO

cunresy (DDS).

e 3ale3neuye MTbHY MEPEHIKOY, sIKa 3HAYHO 3HIDKYE HMOBIPHICTH TPOPUBY KOPHUCHOTO CUTHATY.
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3.4. Po3zyMHa nepeunikoja:

e [HTenekTyanbHa s, 10 aHaNi3ye BOPOXKI CUTHAJIM Ta TeHepY€E AWHAMIYHI MEePEeIIKOoI1, MaKCUMaIIbHO
a/lanToBaHi 10 KOHKPETHOI CUTYallii.

e HaiicyuacHimmnii Ta HattedexTuBHimMit Mmeton PED.

e 3acTocoByeThcs B ckiagHuX komiiekcax PEB, ski 31aTHI nepexoIiroBaTy, aHa i3yBaTH Ta iMITYBaTH BOPOXKI
CHUTHAJIH.

e [lpukiamamMu pO3yMHHX IIEPEHIKO] € «cimydepm», mo 3aaTHi migMintoBaTa curdanu GPS, nmpusBoasan 1o
Ze30pieHTalii BOPOXKUX HaBIrallifHUX CHCTEM.

e CkIanmHICTh BUABJICHHS Ta HEHTpali3allii po3yMHHUX HEPEImKoA pOOHUTH 1X MOTYHUM iHCTpyMeHTOM PEB.

4. Po3paxyHOK NOTYKHOCTi CHTHAJTy Ha MepeJaBayi, 3 ypaxyBaHHSM Pi3HUX (paKTopiB, 10 BIUIUBAIOTH HA HOr0
MOIIMPEHHS.

1106 cnporHo3yBaTH OXOIUICHHS, HAM CHOYaTKy NMOTpiOHO 3HaTH ERP — edekTnBHY BHIIPOMIHIOBAaHY MOTY>KHICTh
yci€l nepeiaBalibHOT CUCTEMH.

ERP = noryxHicTh y Batax x 10" ((koedinienT nincunennst anrennoi cucremu 1b6)/10)

Pospaxyemo ERP nepenasaua PED i3 HacTynHuMu napamerpamu:

IHouaTkoBa notysxkHicTs (P_in) = 1500 Bt

Hincuaenns (G) =8 nb - 0.69 1b = 7.31 ab (3 ypaxyBanHsM BTpAaT B Ka0eJi 10B:kuHO0I0 60 MeTpiB)

ERP = 1500 Bt * 10"(7.31 5B / 10) = 1500 BT * 5.382 =~ 8074 BT

Po3paxyHok 1nokasye, mo cucteMa e(h)eKTUBHO BUIIPOMIHIOE CHTHAT MOTYXHicTio 0m3bko 8074 Br. 1le 3HaueHHS B
5.382 paswu Ginbie Hixk moyarkoBa notyxHicTs 1500 BT 3aBsaxu niacunenHto, sike 3abe3neuye anrena (7.31 nb).

Ie TeopeTnuHMi po3paxyHOK, SIKMI HE BPAXOBYE BCiX (PAKTOPIB, 110 BIUIMBAIOTH Ha TIOIIUPEHHS CUTHAIY B PEAIbHUX
yMOBax (HaIpUKIIad, HABKOJIHIIHE CEPEIOBHINE, EPEIIKoH). st O1IbII TOYHOTO OIIHIOBAaHHS 30HH IIOKPUTTS Ta PiBHA
CUTHAITY HeoOXiTHUI KOMIUICKCHHUH aHalli3 3 ypaXyBaHHAM IHX (aKTOPiB.

[lo 6 mobyxyBaT KapTy MOKPHUTTS I Takoro nepenasada PEB ckopuctaemochk OpenStreetMap Ta 6i0mioTeKor0
MO/IETIFOBAHHS TPOXOPKEHHS CHIHATY [6]. O6epeMo TOUKOI0 po3MillleHHs TepeaaBada Micto Mukomnais. Bucota mornu
60 metpiB Hax piBHeM Mops. (Puc. 1 Ta Puc. 2)

Kam'aHCbke Naanc

Soroca

Kpneuii Pir .
3anopixxs
it
Hixonone
Orhei
i
Straseni
Moldova X
! Mwukonais MeniTonons
Hincesti -
npacnonts :
Hus Xepcou
Comrat Opeca
Cahul Ceadir
Lunga
salati
Braila Esnaropus

Tulcea

Puc. 1. Teoperuunuii po3paxyHok 301 nokpurts PEb nepenasaua.
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Puc. 2. Teopernunuii pozpaxyHok 3oHu nokputts PED nepenaBaua GinbI geTanabHO.

4. HeraruBumuii Bnius Bix cucrem PEDB

Kpim ogikyBaHOTO BILIHBY Ha Xinx O6oiioBux fiii, PEb Hece B co0i 3Ha4HI €KOJIOTIUHI Ta COIiabHI PU3UKH, OCOOIUBO
B ypOaHi30BaHUX COIlioeKOCHCTEMaX [7].

HaykoBi nocnijpkeHHs CBiYaTh Mpo Te, IO eJIEKTpOoMarHiTHe 3abpyaHeHHs Bij cucrem PEB moxe mpussectn mo
momkoxeHHst JIHK, mopyimeHHs: poOOTH HEpBOBOI Ta IMYHHOI CHCTEM, a TAKOX JIO 3aru0Oeri mTaxiB, OJKII Ta 1HIIIX
TBapuH. J[OBroTpuBaje OnpoMiHEHHsI MOXXE CHPUYMHHUTH T'OJIOBHI 00JI, BTOMY, MOPYIIEHHS CHY, a TAKOX CEpHO3HIIIi
npoOiemu 3i 310pOB'sM, Taki sk pak [8]. EnekrpomartiTHi XBHUJI BiOMBAlOTHCS BijJl OyaAiBeNb Ta HIIMX O0'€KTIB, 10
MIPU3BOAUTH [0 MIOCUJIEHHS IX BILIUBY Ha JIFOAEH T4 EKOCUCTEMHU.

3rigHo Hakazy MO3 Ne266 Bix 23 tpaBust 2017 rpannuno pomyctumuii piBens EMIT (ERP) nnst pamiotexHiuHHX
00'exTiB OyB minBUIeHNI. BaiMBO 3a3HaYMTH, 10 AaHI CaHITAPHI HOPMH Ta MIPaBUIIa MICTATh HE JIMILE HOPMHU, ajie i
OCHOBHI HOJIOKEHHS TiTi€HIYHUX BEMOT [0 3aC0O0iB BUTIPOMiHIOBAHHS, 4 TAKOXK METOJMYHI BKa3iBKH 0 HMX. X MeTa —
periaMeHTyBaTH YMOBH €KCIUTyaTallii Ta pO3MIIIEHHS IIMX 3acC00iB 3 METOIO 3aXMCTy 37I0pOB'Sl HACEJIEHHS BiJl BILUIHBY
EMII. CanitapHi HOpMH BCTaHOBIIOIOTH TpaHUYHO HomryctuMi piBHI EMII mis pi3HEX TepHUTOPiH, BKIFOYAIOYH KHUTIOBI,
TPOMAJIChKi, AUTAYI Ta CIOPTUBHI Maiimanumku. s 3axucty mronmeit Bim EMII TakoX BCTaHOBJIIOIOTHCS CaHITaApHO-
3ax¥CHI 30HU Ta 30HH OOMEXeHHS 3a0yHOoBU. PO3MIIeHHST Ta eKCIUTyaTalliss paJioTeXHIYHHX OO'€KTIB Ha Jaxax Ta y
MIPUMILIEHHSX JKUTIOBUX, TPOMaJICBKHX Ta 1HIINX Oy IiBeINb T03BOJISEThCS, KO piBeHb EMII He nepeBuiye rpaHiaHO
JOITyCTUMHX HOPM. [9]

JlocmipkeHHST TakoX TMOKa3yIOTh 3B'SI30K MDK poOOTOI0 B Mpodecisx i3 cepemHiM ab0 BHCOKHM BIUTHBOM
€JIEKTPOMArHiTHOTO MO Haa3BHUaitHo Hu3bKoi yactotH (o 300 I'm) Ta Bumagkamu xBopoOM Ajbrreiimepa. AHaii3
JAHWX TIPOBOAMBCS HA MAIliEHTaX 3 TPHOX HE3aJNS)KHHUX KIiHIYHHUX cepiii: YHiBepcuteT I'enpcinki (PiHngHAiA), TiKapHI
Kockena (®inmsamis) Ta ILentp nocmimkens xBopobu Aumbireiimepa (Jloc-Anmkenec, CIIIA). 3aranphe
CITIBBiTHOIIEHH TaHciB cTaHOBUTH 3.0 (p < 0,001), 1m0 TOBOpUTH MPO TPUKPATHE 3POCTAHHS PU3UKY 3aXBOPIOBAHHSI.
Haii0inpir  BipOTiTHUM BIZIMBOM BBQ)KA€ThCSI CaMe€ €JIEKTPOMAarHiTHE IIOJIe, SKE€ MOXKe HETaTHBHO BIUIMBATH Ha
KaJbIli€BHH OATaHC Ta aKTUBYBATH KIIITHHH IMYHHOI CHCTEMHU, IO IIPU3BOIUTH 10 HewpoaereHepartii. [10]

3Bakaloun Ha NPOBeJCHUII aHANI3 MOKHA 3pOOMTH BHCHOBOK 10 BHkopucTaHHs posymHux PEB, sxi
AKTHBYIOTHCSI JIMIIe NMPH BUSABJIEHHI HiJi, € KI040BUM (akTopom y MmiHimizanii HerarmBHoro BmimBy. Lli
IHTEJIEKTyaJIbHI CHCTEMH JI03BOJIIIOTH JIOKATI3yBaTW Ta HEHTpadi3yBaTH BOPOXI CHUTHAIIM, 3HWKYIOUHM 3arajibHe
€JIEKTPOMAarHiTHEe HaBaHTa)XKEHHS HAa HABKOJIMIITHE CEPEIOBUIIIE.

Baxnauso 3a3HaunTH, 10 AocaimkeHHs BIIMBY PED Ha exocucremMu Ta jiofeii Bce e nepedyBae Ha paHHii
craaii. [TorpiOHi mOmAaTKOBI AOCHIMKEHHS ISl KPAlIoro PO3yMiHHSA PH3HKIB Ta PO3poOKH e€(heKTHBHUX METOMIB iX
MiHimi3arii.
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BucHoBkmu.

CucremMH pafioeIeKTpOHHOT OOPOTHOM BiAIrparoTh KPUTHYHY POJIb y CyYaCHHX BOEHHUX KOH(IIIKTaX, sIK L€ BUIHO 3
BUKOPHCTaHHAM iX y BiiiHI B Ykpaiui. EdextuBnicte PEb y mepemko/pkanHi Ta KOHTpPOJI KOMYHIKaliii Bopora,
HaBiraliiHUX CHCTEM 1 APOHIB, 3a0e3mnedye 3HaYHy CTpaTeriyHy nepesary Ha nodji 6oro. 3acrocyBanust PEB y 3axwucri
KPUTUYHO BaXJIMBOI IHQPACTPYKTYPH € 0COOINBO BAXIIMBHUM ISl 3aII00iraHHs TEPOPUCTUYHUX aTaK 1 PO3BIIyBaIbHUX
MiCiif, TIO TIAKpecTroe iX 3HA4YeHHsT B CYYaCHHX BOEHHHX cTpaTerisax. He3Bakaroun Ha BOEHHY €()EKTHUBHICTD,
exosoriunnii BB PEB He MoXHa irHopyBaTH. BUNpoMiHIOBaHHS, SIKe BOHH CTBOPIOIOTH, MOYKE MAaTH JOBTOTPUBAIII
HETaTHBHI HACJIIKH JJIT MICBKUX €KOCHCTEM Ta 370pPOB'S HaceleHHs. Po3poOka Ta BIPOBA/DKEHHS IHTEICKTYaTbHUX
cucteM PEB, ki akTUBYIOTHCS TUTBKH TTPH HEOOX1THOCTI, MOXKE TOTIOMOTTH MiHIMI3yBaTH 16l HETaTUBHHIA BILTUB. Kpim
TOTO, TOTPIOHI JOJATKOBI JOCIIDKEHHS JJIS TIOBHOTO PO3YMIHHS €KOJIOTIYHUX HACHIJKIB Ta pO3pOOKH e(EeKTHBHHX
3aXO0/iB 3HI)KEHHS BIUIMBY IIMX CHCTEM HA EKOCHCTEMH Ta 3JI0poB's mrofei. Haykose criBTOBapHcTBO, ypsiaum Ta
BIHCBHKOBI OpraHi3aiii MaroTh MPAIFOBATH Pa3oM JUIs 3a0e3MeueHHs OajlaHCy MK BOEHHOIO NMOTPEOOI0 Ta €KOJIOTTYHOIO
0e3reKor0. 3aCTOCyBaHHS HOBITHIX TEXHOJIOTIH Ta MOCTIMHMI MOHITOPHHT eKoJIoriyHOro BILMBY cucteM PEB MoxyTsh
3a0e3rneunTH BUKOHAaHHS BOEHHUX 3aBaHb 3 MiHIMI3alli€0 IKO/IH /s IPUPOIHOTO CEPEIOBHIIA TA 3J0POB'sI HACEIICHHSI.
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