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HYDROCHEMICAL COMPOSITION FEATURES OF SURFACE WATERS OF THE RIGHT-
BANK PART OF THE SIVERSKIY DONETS BASIN (KHARKIV REGION)

Purpose. To determine seasonal variations in the hydrochemical composition of surface waters and assess
the ecological status of water bodies on the right bank of the Siverskyi Donets River within Kharkiv region.

Methods. Field studies, analytical, system analysis, methodology for determining the water pollution index,
systematic approach to generalized results.

Results. There are the results of the ecological assessment of the water quality of the right-bank tributaries
of the Siverskyi Donets River flowing through Kharkiv region during the spring-summer flood and autumn low
water period of 2024 in the Velyka Babka River and the Molodova Pond at six representative sites, reflecting
different economic uses. Organoleptic, physical- chemical indicators, and heavy metal content were determined in
the waters. The results show that all hygienic indicators except hardness complied with the standards. The
ecological quality of the rivers on the right bank of the Siverskyi Donets basin was assessed using the water
pollution index based on our own field studies and information from open sources. The research has identified,
among the existing sources of pollution, urban municipal wastewater, operating enterprises, the effects of
agriculture, as well as military operations (the Velyka Babka River), and the diffuse impact of neighboring
tributaries.

Conclusions. According to the surface water pollution index, all rivers on the right bank of the Siverskyi
Donets belong to pollution class 111, moderately polluted, with only the Bereka River classified as class II.
Although the overall condition of the water remains satisfactory, we should take measures to improve water
quality, especially for rivers such as the Udy, Mozh, and Tetlega, which are affected by industrial enterprises and
agriculture. The Chepil, Gomilsh, Bereka, and Byshkin rivers require detailed field hydrochemical studies to
determine the pollution level.

KEY WORDS: surface water, hydrochemical indicators, water pollution index, the Siversky Donets basin

SAx mutyBaru: Rychak N. L., Cherkashyna N. 1., Makeieva D. S. Hydrochemical composition features of
surface waters of the right-bank part of the Siverskiy Donets basin (Kharkiv region). Jlioouna ma ooexinna. Ilpo-
onemu Heoexonoeii. 2025. Bur. 44. C. 8-24. https://doi.org/10.26565/1992-4224-2025-44-01

In cites: Rychak, N. L., Cherkashyna, N. 1., & Makeieva, D. S. (2025). Hydrochemical composition features
of surface waters of the right-bank part of the Siverskiy Donets basin (Kharkiv region). Man and Environment.
Issues of Neoecology, (44), 8-24. https://doi.org/10.26565/1992-4224-2025-44-01

Introduction

According to Article 21 of the Water sing, storage and analysis of information on the
Code of Ukraine, state water monitoring is car- state of waters, forecasting changes and devel-
ried out in order to ensure collection, process- oping scientifically based recommendations.

© Rychak N. L., CherkashynaN. I., Makeieva D. S., 2025
h This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
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for making management decisions on use, pro-
tection and reproduction of water resources. Its
components are observations of biological, hy-
dromorphological, chemical and physical-chem-
ical indicators [1]. According to the EU Water
Frame work Directive, the main measures are ap-
plication of monitoring programs and creation of
a set of measures to prevent deterioration of wa-
ters conditions. In the context of European inte-
gration, Ukraine is harmonizing its Water Legisla-
tion, which provides for transition to integrated wa-
ter resources management based on the basin prin-
ciple and introduction of unified environmental
standards for assessing water quality [2]. Goal 6
“Clean Water and Sanitation” takes a key place
among the 17 Sustainable Development Goals,
since access to high-quality water and appropriate
sanitary and hygienic conditions is a basic prereg-
uisite for environmental protection, sustainable
functioning of ecosystems, ensuring health, and
food security. The implementation of Goal 6 has a
significant cross-sectoral effect (Goals 1, 2, 3, 11,
15), being one of the fundamental factors for the in-
tegrated achievement of all other Sustainable De-
velopment Goals [3].

In the last decade, a significant increase in
anthropogenic activity in the form of business
activities and military operations have become
increasingly serious factors affecting the quality
of surface waters. One of the most obvious
consequences of these problems is a change in
the conditions of water bodies. This is indicated
by changes in the class of water quality as well
as in quantitative hydrochemical indicators.
Kharkiv region of Ukraine is one of the regions
that have problems with water supply not only
due to a relative shortage of water resources, but
also due to a sharp deterioration in the state of
water bodies. Studying the dynamics of water
conditions in the region is relevant, since 70-80%
of the region's water supply depends on the
Siversky Donets River basin [4]. Assessing
changes in the general ecological state of the
region can be useful in determining the existing
risks to the ecological state of water bodies and
the possibilities of their further solution. The
essence of the research problem is to determine
the current ecological state of water bodies on the
right bank of the Siversky Donets River in
Kharkiv region and analyze their state under
conditions of increased influence of
anthropogenic activity. The article focuses on the
impact of various factors on water quality,
provides its ecological assessment, and identifies
seasonal variability of the hydrochemical

composition of small rivers on the right bank of
the Siversky Donets River.

Analysis of previous studies. Today, in
addition to rapid anthropogenic activity, the
Siversky Donets is also affected by the hostilities
nearby, which is the cause of additional
environmental load on its basin. Thus, it is
important to find out whether there have been
significant changes in the state of its rivers,
hydrochemical indicators. Consequently, the
main attention is paid to the right bank of the
river and its tributaries that flow within Kharkiv
region. These are the rivers: the Bereka, Chepil,
Byshkin, Gomilsha, Mozh, Udy, Tetleha and
Velyka Babka.

According to the Water Code of Ukraine
[1], all of the above-listed rivers of the right bank
of the Siversky Donets are small rivers, except
for the Udy River, which is a medium-sized one.

The general location of the rivers is in the
following areas: the Udy, Velyka Babka, Tetleha,
Gomilsha and Mozh - East European Plain, East
Ukrainian Region; the Bereka, Chepil - Oryol-
Samara Lowland Region, Left-Bank the
Dnieper-Azov Region; the Byshkin - FEast
Poltava Upland Region, Left-Bank Dnieper
Region. According to zoogeographic zoning, the
rivers are located in the area of the East European
deciduous forest and forest-steppe, namely the
left-bank Dnieper subdivision, and in the western
steppe (Azov) section [5]. Aquatic and coastal
plants play an important role in the formation of
hydrological indicators in water bodies. Aquatic
plants change the gas and chemical composition
of water bodies. Due to plant life, organic matter,
necessary for the life of animal organism, en-
riches water bodies. In addition, chemical energy
accumulates, creaing conditions for the course of
many chemical reactions [6]. The results of the
reseach indicate the neccessity to take a closer
look at the quality of wetlands located along the
riverbedin detail, to maintain the lands in proper
conditions.The species composition of plants,
their richness in functional groups of birds, as
well as the diversity of benthic macroinver-
tebrates are promising indicators for a stan-
dardized biodiversity method in the restoration
of coastal wetlands, which could signal biodiver-
sity crediting in the study areas [7]. The results of
modern studies have shown that shallow lakes
are sources of CHs and CO- emissions into the
atmosphere. The peak of CH4 emissions falls on
the peak of the growing season in July, while the
peak of CO, emissions falls on the end of the
growing season in October (for the example of
Lake Ulansuhai, China). In plant environments,
the content of CHs4 was nine times higher than in
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non-plant environments. The results of the study
demonstrate that aquatic plants influence carbon
emissions in multi-environmental aquatic
systems. With the expected rapid expansion of
shallow marsh lakes due to climate change, their
contribution to the regional carbon budget is
expected to increase significantly [8].

In the process of interaction of the lake-
river-aquifer system, formed under the complex
influence of anthropogenic loads and climatic
conditions, the determining factor is hydrolo-
gical changes, whose influence significantly
prevails over the influence of climatic factors [9].
According to the hydrological zoning, the rivers
studied are located in the Siversk-Donetsk-
Dnipro region with insufficient water stock, are
in a moderately continental climate type, on a
small-relief area with characteristic signs of
forest-steppe transformations. However, in the
steppe zone, a drier climate with less
precipitation prevails. In the spring, the right
tributaries of the Siversky Donets provide 50-
60% of the annual runoff, and the floodplain
begins a month earlier, that is, it lasts from
February to April. As a result, the summer period
is extended by a month and covers May-August,
while winter is reduced to two months
December and January. Due to periodic melting
of snow in spring, a relatively low floodplain is
formed both in terms of maximum water flow
and total runoff volume, and the average layer of
spring floodplain runoff of rivers is 70-80 mm in
the upper Donets [10]. River water content is an
extremely important characteristic in the study of
hydrological and hydrochemical indicators and
water quality. The module of the average annual
water flow within the right-bank part of the
Siversky Donets basin is from 1,5 to 2 I/sxkm?.
The module of the average annual water flow
within Ukraine, 1/sxkm? [9,11]. Monitoring of
river runoff can help determine the optimal levels
of its use for sustainable water resources
management in conditions of climate change,and
water content of the rivers under study [12]. In
the right-bank part of the basin in the Donetsk
Ridge area, the chemical composition of river
waters forms under the influence of saline rocks.
Significant fragmentation of the terrain
contributes to the drainage of highly mineralized
waters by aquifers. River waters here are
characterized by increased mineralization and
predominantly sulfate-chloride composition [6].

In recent years, the groundwater level has
decreased in most rivers. For instance, in the
1980s, the Velyka Babka was more full-flowing
due to groundwater recharge, and became
shallower with decreasing water level. This has
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also led to the appearance of a larger number of
drying streams, as the sources of recharge
decreased [4,13]. With increasing precipitation,
freshwater recharge can be enhanced, thereby
diluting ion concentrations and changing
hydrogeochemical conditions. The hydroche-
mical characteristics of interconnected ground-
water and surface water systems are largely
regulated by precipitation, which acts coordi-
nated with other hydrological processes, such as
evaporation and mixing. The temporal and
spatial distribution of electrical conductivity, ion
concentrations, stable isotope ratios, and
dissolved organic carbon concentrations
empirically confirm the significant influence of
precipitation and the interaction of these
hydrological processes [14].

Considering  complex  relationship
between hydrochemical characteristics and water
quality, the authors carried out in-situ
measurements for pH, conductivity, total
dissolved solids and laboratory analyses for
major ions, hardness [15]. The studies establish
the factors determining chemical composition of
water, reflecting different sources of pollution
and anthropogenic influences. For rivers, such
studies have established significant spatial
heterogeneity in water quality, which emphasizes
the need for specific management approaches
that integrate geological conditions, land use
patterns and socio-cultural priorities. The results
of the studies emphasize the importance of
understanding the dynamics of water quality and
chemical characteristics in the context of global
climate change, providing valuable information
for decision-making in the sustainable
management of environmentally sensitive river
basins [15].

According to published materials and
open sources of information on the ecological
state of the Udy River in 2018, it was found that
the most critical situation was in the waters near
the village of Khoroshevo and the city of Eskhar.
The ecological index IE in those areas
corresponded to the fifth category (unsatisfactory
water quality) and the third class (satisfactory
condition) [16]. Analysing the risk to health of
the population associated with recreational water
use, it became clear that the most unfavorable
conditions were found in the river near the city
of Eskhar. Since the Udy River flows within the
borders of two countries, pollution acquires a
transboundary character. In addition, the river
flows through a significant territory of Kharkiv
region, which also negatively affects its water
quality. The forecast of the ecological state of the
Uda River within the city of Eskhar indicates that
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in 2030 the maximum value of the ecological
index for this river section will correspond to 7¢h
category and V class, characterized as a very
poor state. Similar situation will develop with
hydrochemical indicators of surface water
quality, it will be impossible to use it for fishery
needs [16].

According to the research in 2020, in the
waters of the Uda River (Okop village, an ap-
proved state quality monitoring point on the bor-
der with the Russian Federation), the indicators
of BODs, ammonium nitrogen, nitrite nitrogen
and sulfates did not meet the TLV standards for
fishery reservoirs. The river experienced the larg-
est discharge of organic substances among the
studied reservoirs according to the results of
2020 [13].

Hydroecological and hydrochemical stud-
ies of the Uda River showed a tendency towards
a negative impact of the city of Kharkiv on the
hydroecological situation in its system based on
calculations of the water pollution index (WPI),
modified WPI and the pollution coefficient y for
many years [17]. The indicators do not demon-
strate pronounced time trends. According to the
pollution coefficient, water quality is improving
along the river network, with the exception of a
section on the Uda River near the village of
Khorosheve, where the pollution level is classi-
fied as “catastrophic”. Further, in the area of the
city of Eskhar, water quality improvesdue to nat-
ural processes of the river's self-purification. In
2022, excess concentrations of manganese, cad-
mium, lithium, cypermethrin, and polyaromatic
hydrocarbons were recorded in two of the studied
sections of the river [17, 18].

The ecological state of the Tetlega River
in 2020, determined according to the
“Methodology for the ecological assessment of
surface water quality by relevant categories”,
coresponded to quality class III of category 4
(satisfactory, slightly polluted) [17]. The main
pollutants were sulfates, chlorides, oil products
and dry residue. Exceedance of the TLV at the
river mouth for BODs, oil products, cadmium
(twice) and manganese (three times) was
recorded in the area[17].

In 2023, the waters of the Chepil River
had excess of lithium (2 cases), manganese (3
cases) and simazine (2 cases) [18]. Data on other
potential pollutants such as heavy metals,
pesticides, surfactants are limited, thus,the river
requires additional hydrochemical studies. In
addition, in 2018 the hydrological reserve
“Vitrivsky” with an area of 349 hectares was
created in the river basin. Therefore, the Chepil
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River is of ecological value and requires special
attention [19].

There is practically no information about
the state and potential pollutants of the Gomilsha
River, but we can assume that if the Siverskyi
Donets River is polluted almost along the entire
length of the watercourse, the Gomilsha River
may also be polluted. Moreover, there is
pollution from agricultural activities. That is, the
problem is in the lack of clear hydrochemical
indicators regarding the water quality of this
river. The Chepil River and Gomilsha Rivers are
located within the National Nature Park
“Gomilshanski Lisy” [20].

Information on the ecological state of the
Bereka River is limited and requires additional
research. According to the results of the study,
during 2021-2022, the water quality remained
stable without significant changes [21]. The
actual hydrochemical indicators of the Bereka
River are not published separately, therefore the
available data relate only to the general
characteristics of the river waters.

In the Mozh River, environmental
standards for several chemical substances and
compounds were exceeded: barium, benzo(a)py-
rene, cadmium, lithium, manganese (10 cases of
exceedance), simazine and trichloromethane
[22]. Within the city of Zmiiv, sewage
wastewater was discharged into the river (public
utility company “Zmiiv-service”). Over time, a
characteristic gray sediment formed in the
floodplain and along the riverbank [22]. This
sediment is the cause of a strong odor, toxic
compounds can provoke the death of local
aquatic organisms, leaving only the most tolerant
species to toxicants. There is a significant threat
of increased eutrophication of the reservoir.

The ecological state of the Velyka Babka
River in open sources is assessed within the
Siverskyi Donets River basin without separate
monitoring points. According to research results
[23], the reservoir has been polluted as a result of
military operations, improper handling of
household waste (in 2022, in the villages of
Fedorivka, Shestakovo, Velyka Babka).

We have limited information that requires
additional research on the ecological conditions
of the Byshkin River.

Considering the peculiarities of water
management use of the studied water bodies, we
presume that water is taken from the Bereka
River for the Bereka Reservoir, for the ponds of
the enterprise limited liability company (LLC)
“Rybgosp”, which is about 3.581 min. m* of
water [24]. Water from the river is usually used
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by the population, mainly for irrigation, fish
farming and recreation.

The waters of the Uda River are one of the
main sources of water supply for Kharkiv region.
Water is withdrawn from the river by Thermal
power plant-2 (TPP-2), namely the branch of
“Teploelektrotsentral” and the joint-stock
company “Naftogazovydobuvna Company ” and
PJSC “Kharkiv TPP-5”. The withdrawal reaches
82.32 mIn. m® of water [24].

The water use of the Chepil River is
insignificant: no large facilities have been
created, no water is taken. In nearby villages, the
main source of drinking water is groundwater
(wells); for technical needs, water from the
centralized water supply is used.

The waters of the Mozh River are used for
irrigation. The following enterprises Agricultural
Limited Liability Company (ALLC) “Mozh”,
State-owned Enterprise (SE) “Artemivskyi
spirtlazavod”, Closed Joint-Stock Company
(CJSC), “Novoselskyi Mmining and Processing
Plant (MPP)” withdraw waterfrom it [24].

The waters of the Gomilsha River are
mostly used for recreational purposes, since it is
located on the territory of the National Nature
Reserve “Gomilsha Forests”. There is no
information about a significant use of its waters.

Abridge was built across the Tetleha River
on the route T-21-11 “Chuguyiv — Pechenihy—
Velykyi Burluk” in Kharkiv region, connecting
the city of Kharkiv with the Velykyi Burluk and
Pechenihy communities. According to 2023 data,
it was established that the municipal enterprise
(ME) “Kharkivvodokanal” discharged return
waters and pollutants into the river [18]. It is
planned to create coastal protective strips for the
reservoir in order to prevent pollution and
clogging of surface water bodies and to preserve
its water regime. No industrial and land
reclamation facilities have been created in the
riverbed, there are no significant industrial water
intakes or hydroelectric facilities [25].

The waters of the Byshkin River are not
used as the main water supply source,they are
used for irrigation and recreational purposes.

The waters of the Velyka Babka River are
used for recreational purposes, they are not used
for irrigation or fish farming. The floodplain of
the river serves as a good pasture for livestock
and a place for harvesting hay.

We also studied an unnamed pond in the
village of Molodova, Chuguyiv district, located
3 km from the Siverskyi Donets River. The pond
was created at the beginning of the 20¢4 century
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by damming the Velykyi Log River, which has
dried up in our time [26]. The reservoir is of
interest to the population as a recreational and
aesthetic object, it is a place for fish farming and
an ecosystem for the existence of certain species
of biota, for example, beavers, waterfowl. The
pond is home to common rudd, common crucian
carp, common carp, as well as amphibians and
reptiles. The pond is a popular recreation area for
the local population of the village of Molodova
and the surrounding community. The reservoir is
used in extreme conditions during the fire
season, which arise from arson, drought or
hostilities nearby.

The right-bank part of the Siverskyi
Donets basin is an agricultural area. Therefore,
studies related to nitrate pollution are important.
As a rule, studies focus on the level and load of
pollution, source tracking, migration and
transformation, impact factors, potential risks
and forecasting, removal and restoration [27]. In
most parts of the territory, the minimum
mineralization of river waters at the highest river
flows ranges from 120.0-300.0, while during
low floods it reaches 370.0 mg/dm?>. In the right-
bank part of the Siverskyi Donets River basin, in
the catchments south of the Berek River, waters
of sulfate-hydrocarbonate, sulfate-chloride and
chloride-sulfate composition are formed in the
low season. The mineralization level reaches
2000.0-5000.0 mg/dm?, total hardness — 20.0—
29.0 mmol/dm? [6].

The purpose of the article is to assess
comprehensively the ecological state of water
bodies on the right bank of the Siverskyi Donets,
identify the main factors affecting their quality,
and determine the hydrochemical features of
small rivers on the right bank of the Siverskyi
Donets.

The scientific novelty lies in using a
comprehensive approach for a systematic
analysis of the impact of various activities on the
water resources of the region and determining the
hydrochemical features of small rivers on the
right bank of the Siverskyi Donets. The results
obtained complement and clarify understanding
of the current state of water bodies and have
become a scientific basis for proposing effective
measures for protection and rational use of these
water bodies.

The applied value lies in using the results
of the study to form a water resources manage-
ment strategy and plan environmental protection
measures.
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Objects and materials. Research methodology

The object of the study is the water
bodies of the right bank of the Siverskyi Donets
within the river basins and within Kharkiv
region, the content of which is focused on the
ecological state of these water bodies in
conditions of increased human activity and
military operations. To ecologically assess and
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determine the features of the seasonal behavior
of hydrochemical indicators in the surface
waters of the right-bank part of the Siverskyi
Donets basin, field studies were conducted for
the Velyka Babka River (Fig. 1) and the
Molodova Pond (Fig. 2).

Fig. 1 — The Velyka Babka River: a) river basin; b) control water sampling site

Fig. 2 — The Molodova Pond: a) location of the Molodova Pond;
b) one of the water sampling control points

Using Google Earth tools, we have
determined that the area of the pond's surface is
11,784.64 m?, the length reaches 287 m, and the
maximum width is 83 m. The length of the
coastline along the zero isobath is 715.2 m. The
degree of indentation of the coastline is 0.42.

In surface water bodies, water samples
were taken [28, 29, 30] at six representative
sections that reflected different economic uses
(Table 1). Samples were taken in the spring-
summer flood and autumn low water. A wide
range of parameters (pH, transparency, odor,
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hardness, alkalinity), chemical compounds
(ammonia, nitrites/nitrates, chlorides), and the
content of heavy metals (HM) (iron, zinc,
copper, manganese, cadmium, chromium) were
studied and analyzed. The criteria for the
analysis of the obtained results for ammonia
content, organoleptic indicators, alkalinity and
hardness were applied hygienic requirements
for drinking water intended for human
consumption [31]. The criteria for the analysis
of the content of HM were Hygienic Standards,
2022 [32].
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Table 1

Environmental justification for choosing the location of sampling points

Hydrological object

Water sampling coordinates

Environmental justification

The Velyka Babka river

49.9876097 N, 36.7526857E

Determination of the pollution
level in a section of the river due to
the impact of motor vehicles, which
can be a source of heavy metal
emissions (cadmium, zinc, copper);
a section of the road near the shore;
a section with a weak current

The Velyka Babka river

49.9831781 N, 36.7513067 E

Impact of fish farming activities on
water quality in the river, determi-
nation ofnutrients (nitrogen), con-
centrations, organic matter resi-
dues, silt; bay-shaped area; area
with weak current

The Velyka Babka river

49.9775219 N, 36.7506050 E

The territory with widened channel,
determination of hydraulic works
impact, changes in physical and
chemical indicators, changes in
mineralization, heavy metals, and
biogenic elements; straight-flow
channel

The Molodova Pond

50.0435368 N, 36.7693580E

determined the level of the pond
pollution due to the impact of
motor vehicles, which can be a
source of heavy metal emissions
(cadmium, zinc, copper); a section
of the road near the shore; a bay

The Molodova Pond

50.0442484 N, 36.7702344 E

impact of fish farming activities on
water quality in the pond, determi-
nation of nutrients (nitrogen),con-
centrations, organic matter resi-
dues, silt; bay-shaped area

The Molodova Pond

50.0448827 N, 36.7696758 E

The impact of recreational activity
(swimming, boating, picnics) on
the quality of water in the pond, de-
termination of the content of nutri-
ents and organic compounds; site
along the shore

Determination of  indicators  and
measurement of the content of heavy metals
(HM) was carried out in two periods:
06/19/2024 and 10/29/2024 at the educational
and research laboratory of analytical ecological
research, V.N. Karazin Kharkiv National
University (Protocols No. 2000-2024 research
of surface water bodies). The content of
chlorides, hardness and alkalinity was estab-
lishedby titration. The content of nitrites was
determined using a KFK-2 photocolorimeter,

while the content of nitrates - by a portable
nitrometer. The content of HM was deter-
minedby the method of modulation polarization
spectrophotometry using a spectrophotometer
MTA 915 MD, manufacturer with a hollow
lamp for the corresponding metals. All
measuring equipment is approved for use by
calibration certificates. For quantitative
ecological assessment of water bodies condi-
tions , the water pollution index (WPI) was used
[33, 34].

Results and discussion

The obtained results of studies on the
activity of hydrogen ions showed that the
highest acidity indicators were recorded at three
sections of the pond during the spring-summer
flood period: (8.0; 7.9; 7.8) (Table 2).

In the autumn low season, a slight change
in the pH indicator was observed in the river -
an increase of 0.4 0.5, (Fig. 3, a, b) in the pond
an increase of 0.2 is observed (Fig. 4, a, b). In
general, during the study period, there were
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Table 2
Indicators of the state and chemical composition of water
during the spring-summer flood period
Substance  Sample 1* | Sample 2* Sample 3* | Sample 4** | Sample 5** Sample 6% megsnul:ir(:lfent
pH 7,525 7,367 7,085 8,002 7,891 7,825 -
Ammonia 0,04 0,04 0,04 0,04 0,04 0,04 mg/dm?
Odor 0 0 0 0 0 0 -
Transparency 16 18 17 20 19 17 centimeter
Nitrites 0,002 0,002 0,002 0,001 0,001 0,001 mg/dm?
Nitrates 20 15 31 0 0 0 mg/dm?
Chlorides 240 240 248 232 224 224 mg/dm?
Alkalinity 6,6 7,1 7,0 9,0 9,0 9.3 mmol/dm?
Hardness 7,4 7,0 72 8,0 8,4 7.8 mmol/dm?
Iron 0,0912 0,0814 0,0812 0,08 0,0555 0,0544 mg/dm?
Zinc 0,122 0,114 0,0984 0,0915 0,0985 0,0985 mg/dm?
Copper 0,008 0,007 0,00915 0,0012 0,00815 0,0095 mg/dm?
Manganese 0 0 0,0001 0 0,0001 0 mg/dm?
Cadmium 0 0,0001 0 0,0001 0,0001 0 mg/dm?
Chromium 0,0002 0,0002 0 0,0001 0,0001 0,0001 mg/dm?
Note: * - water samples of the Velyka Babka River; ** - water samples of the the Molodova Pond
Table 3

Indicators of the state and chemical composition of water during the autumn low water period

Substance |Sample 1* | Sample 2* | Sample 3* | Sample 4** | Sample 5** |Sample 6** megsnul:‘fer(:lfen ¢
pH 7,526 7,759 7,573 7,888 7,945 8,027 -
Ammonia 2,0 2,0 2,0 0,04 0,04 0,04 mg/dm?
Odor 0 0 0 0 0 0 -
Transparency 12 18 20 22 24 27 centimeter
Nitrites 0,04 0,002 0,001 0,001 0,001 0,001 mg/dm?
Nitrates 16 0 15 0 0 0 mg/dm?
Chlorides 264 256 264 280 272 280 mg/dm?
Alkalinity 7,5 7,4 7,4 7,3 7,1 7,1 mmol/dm?
Hardness 7,4 7,8 54 8,6 8,6 8,0 mmol/dm?
Iron 0,0812 0,0503 0,0543 0,0982 0,0804 0,0814 mg/dm?
Zinc 0,0915 0,098 0,099 0,124 0,116 0,0973 mg/dm?
Copper 0,0012 0,00815 0,0090 0,00715 0,00655 0,00983 mg/dm?
Manganese 0 0,0001 0,0001 0 0 0,0001 mg/dm?
Cadmium 0,001 0,0001 0 0 0,0001 0 mg/dm?
Chromium 0,0001 0,0001 0,0001 0,0002 0,0002 0 mg/dm?

Note: * - water samples from the Velyka Babka River; ** - water samples from the Molodova Pond
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Fig. 3 — Individual hydrochemical indicators of water quality in the Velyka Balka River:
a) during the spring-summer flood period; b) during the autumn low water period

conditions of neutral and acid-base balance of
the environment. (Fig. 3, 4).

In the spring-summer floodplain and in
the autumn low tide at all the study sites, there
is no odor in water bodies with different speeds
and self-purification capabilities. A slight
presence of ammonia was recorded during the
autumn low tide at all sites in the waters of the
Velyka Babka River. This hydrochemical
situation is explained by the deficiency of
dissolved oxygen, inhibiting the nitrification
process, which leads to the accumulation of
ammonia in the water. Regarding transparency,
high variability was observed with an amplitude
of up to 3 cm typical for the river and from 2 cm
to 10 cm in the pond. The highest amplitude in
the river and in the pond is characteristic of sites
that were laid in places of intensive recreational
load, which explains the decrease in
transparency. The transparency indicator plays
an important role in the formation and
functioning of ecological zones (layers),
especially in pond conditions. The decrease in
transparency during the low season limits the
functioning of the pond ecosystems.

Particular attention is paid to the content
of nitrites and nitrates in the conditions of
agricultural use of the river basin and pond. The
results of the research [35] showthat temporal
heterogeneity, type of land use, population
density and type of vegetation cover affect the

sources of nitrates entering surface waters.
Nitrates and nitrites are within the
environmental standards according to [32].
Regarding nitrites, their content in the river
waters increased during the low season (from
0.002 mg/dm’® to 0.04 mg/dm’) under the
influence of agricultural lands, in the pond the
content did not change and approached 0.001
mg/dm?®. The content of nitrates has certain
features. We observe changing behavior of
nitrates in the river waters during the spring-
summer flood period from 15 mg/dm® to 31
mg/dm® and during the autumn low water
period from 0 to 16 mg/dm? and their absence
in the pond waters (Fig. 3,4).

This peculiarity of nitrate behavior is
formed by several factors. First, these are
seasonal hydrological conditions. In spring,
rivers have a higher water exchange due to
floods, which raise dissolved compounds, inclu-
ding nitrates, from the soil and groundwater. In
addition, in spring, a significant dose of
nitrogen fertilizers is applied during agricultural
work, some of which is not immediately
absorbed and is washed out into surface and
groundwater; in spring, young vegetation is
poorly developed and is not able to fully absorb
nitrogen. However, the issue of the absence of
nitrates in pond waters remains unresolved.
This requires additional monitoring studies.
According to the results of the studies, the con-
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Fig. 4 — Individual hydrochemical indicators of water quality in the village of Molodova:
a) during the spring-summer flood period; b) during the autumn low water period
tent of chlorides did not exceed the (Table 2, 3). During the autumn low water pe-

recommended hygienic standards [32]. During
the spring-summer flood period, a slightly
lower content of compounds in the pond (by 8 -
24 mg/dm?) was observed compared to their
content in the river. During the autumn low
water period, the chloride content in the pond
was 16 mg/dm? higher than in the river waters.
Thus,we revealed a peculiarity of chloride
behavior in fresh waters: during the autumn low
water period, the amount of chlorites increases
compared to the spring-summer water level in
both hydrological objects and a higher
concentration of chlorides was recorded in the
pond compared to the river for two periods of
observation (Fig. 3, 4). Such peculiarities of
hydrochemical  behavior are  primarily
explained by the increase in the chloride content
in autumn by hydrological conditions: in
autumn, rivers and ponds have a smaller inflow
of fresh water, so the concentration of
substances increases [36]. With a decrease in
temperature in the air and in the upper layers of
reservoirs and watercourses, the biological
activity of plants and algae decreases, they do
not absorb a significant amount of substances.
Given that the pond is a closed system with slow
water exchange, chlorides are concentrated in
greater quantities.

Analysis of alkalinity indicators shows
an increased buffering capacity of surface wa-
ters against acidification, high mineralization
and water hardness. [36]. During the spring-
summer flood period, alkalinity in river waters
ranged from 6.6 mmol/dm? to 7.1 mmol/dm?, in
pond waters from 9 mmol/dm? to 9.3 mmol/dm?
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riod, alkalinity in pond waters decreased, on av-
erage, by 1.9 mmol/dm?. The hydrochemical
feature is explained by a slightly increased acid-
ity of pond waters during this period (Table 3)
and the decomposition of organic matter, which
led to a decrease in acidity. With a decrease in
buffering, the ecosystem becomes more vulner-
able to acidification. Geological monitoring is
necessary so that the decrease in alkalinity does
not exceed the permissible natural limits. For
river waters, during the autumn low water pe-
riod, there was an increase in alkalinity, on av-
erage, by 0.5 mg/dm®. Higher alkalinity in the
waters means a significant amount of dissolved
salts (calcium, magnesium, sodium bicar-
bonates). This indicates a natural feature of the
river basin (washing out of carbonate and gyp-
sum rocks) and anthropogenic activity (liming
of soils). Higher alkalinity is stressful for the
ecosystem, leading to a decrease in species di-
versity; more salt-tolerant species will be char-
acteristic of the ecosystem [36, 37, 38].

The results of water hardness studies con-
firmed the results of alkalinity and the features
of its changes (Tables 2, 3). Water hardness in-
creases. From 7.3 mmol/dm? in the river and 8.1
mmol/dm? in the pond (in average) during the
spring-summer flood period to 6.8 mmol/dm? in
the river and 8.4 mmol/dm? in the pond (in av-
erage) during the autumn low water. This hard-
ness makes the water more mineralized, with an
increased content of Ca** and Mg*" [36, 37]. In
general, the results show that the hardness index
in pond waters is higher than in river waters;
when comparing hardness at different periods,
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we found thatduring the autumn low water pe-
riod hardness was higherin pond waters. From a
hydrological and hydrochemical point of view,
the increase in hardness indices during the au-
tumn low water period is natural, because there
is a decrease in the inflow of water volumes
(rain-free period, evaporation), which leads to
an increase in salt concentrations [39]. Under
such conditions, crustaceans and mollusks func-
tion well in ecosystems, while plankton and al-
gae suffer from a lack of phosphates [36].
Analysis of heavy metals amount showed
a low content in surface waters with changes in
hydrological periods caused by various factors.
Exceedance of ecological and recommended
hygienic standards [32] was not recorded.
Heavy metals have a tendency to decrease their
content in water. The highest concentrations
were recorded for zinc, iron and copper, and the
lowest for chromium, manganese and cadmium
[6]. Analysis of iron content indicates an
increased amount in pond waters during the
autumn low water period of 0.086 mg/dm?
compared to the content in the river of 0.06
mg/dm? (Table 2, 3). The primary causes of
such hydrochemical behavior are weak water
exchange and the presence of stagnant water in
the pond, which leads to a decrease in oxygen,
so iron is not oxidized to poorly soluble forms
[36]. However, we should take into considera-
tion rather low iron values in water. The lower
limit of iron content in rivers is 0.05 mg/dm?, in
ponds 0.1 mg/dm®. The water meets
physiological indicators, which does not create
a stressful situation for the inhabitants of the
ecosystem and its functioning. Zinc content
during the autumn low water period in the pond
is 0.11 mg/dm? (Table 3), which is higher than
in the river (Tables 2, 3). The hydrological
reasons for this may be convective mixing of
water layers as a result of temperature changes
and runoff from the fields where fertilizers were
applied. The copper content shows a low
amount of compounds in the river and in the
pond in different periods. The physiological
lower limit is met. There are certain features of
the compounds content. An increase in copper
compounds was found in waters of the pond site
under the influence of motor vehicles during the
autumn low water period, and a decrease in
copper compounds in the river waters also for
the first site (motor vehicle impact). On other
sites, the indicators of copper compounds were
practically unchanged. Thus, we observe the
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impact of anthropogenic activity on the
formation of water quality and self-purification
processes that improve water quality in the
river. The manganese content was determined
only at the sampling sites that were under
recreational load for two periods and at the
second site (fish farming impact) in the autumn
low water period for the river. As for the pond,
the content of manganese compounds was
determined in the autumn low water period at
the recreational load site. In general, as a result
of anthropogenic impact,the hydrochemical
behavior of manganese compounds in these
conditions is formed. The content of cadmium
compounds was recorded in the waters of the
pond during the spring-summer flood period
and in the waters of the river during the autumn
low water period. A feature is thatcadmium
compounds are constantly present at the second
research site, fish farming being the main load
on it, in the waters of both water bodies during
both hydrological periods of the study. Analysis
of chromium compounds behavior shows that
the compounds are present in the waters of the
river in two periods, during the spring-summer
flood period the content is higher. In the pond
waters, the content of chromium compounds is
higher during the autumn low water period.

Thus, significant factors influencing the
hydrochemical behavior of heavy metal
compounds are the processes of self-

purification of water bodies and the intensity of
anthropogenic load.

The WPI indicators were calculated for
all the studied rivers, using our own research re-
sults and information from open sources [40,
41, 42]. The Uda River, according to the criteria
for assessing water quality in 2015, belonged to
the fifth class of water quality, i.e. “dirty”, the
WPI value was 4.47. According to the results of
the research in 2024, the river belonged to the
third class of water quality with the following
WPI values: the headwaters near the city of
Eskhar had an WPI of 2.04, near the village of
Zolochiv — WPI of 1.07, beyond the city of
Kharkiv had an WPI of 1.70. This is the third
class of water quality, “moderately polluted”. It
is clear that closer to the river mouth the water
quality of the Uda River deteriorates. Such an
assessment of water quality is characteristic of
the waters of many rivers that are under the load
of industry and agriculture, as proven by the re-
sults of the research [43]. Compared to 2015,
water quality indicators in the Udy River in
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2024 indicate a significant improvement in the
situation, but moderate pollution can still be
foundalong the course.

For the Mozh River, beyond the town of
Merefa, the WPI value is 1.03, at the mouth near

the town of Zmiiv, the WPI is 1.05. This is the
third class of water quality, “moderately pol-
luted” (Fig. 5). For the Tetlega River, the WPI
value is 1.39 — the third class of water quality,
“moderately polluted water”.

2,5 2,32
2 1,89
1,6
1,39
= 13 1.3 1,22
4 1,04
= ’ 0,98
1
0,5
0
Mozh Tetleha Uda Velyka Homilsha Bereka Byshkin  Chepil
Babka
rivers

Fig. 5 - Water pollution indicators of rivers of the right-bank part of the Siverskyi Donets basin (Kharkiv region)

A potential factor for quality degradation
is pollution in the form of sewage effluents. The
WPI for the Velyka Babka River is 1.89, this is
the third class of water quality— “moderately
polluted”. The waters of the Gomilsha River be-
long to the third class of water quality (WPI —
1.6). Based on the average values of six manda-
tory indicators and focusing on the indicators of
the Uda River, which flows nearby, an approxi-
mate WPI for the Bereka River was calculated,
which is 0.98 (the second class of water quality
is “clean water”) (Fig. 5). As for the Chepil
River, we can assume thatbecause of absence of
industrial and urban effluents in its basin, the

average concentrations of substances will be ap-
proximately 25% of the indicators for the Siv-
erskyi Donets, the WPI will be 1.22, the third
class of water quality is “moderately polluted”,
but the calculations require clarification. There
are no direct hydrochemical observations for
the Byshkin River in open sources. Therefore,
for the most reliable assessment of water qual-
ity, the authors used monitoring results of a
nearby tributary, the Rohan River [24], when
calculating the WPI. The WPI was 1.3 (the third
class of water quality - water "moderately pol-
luted") (Fig. 5).

Conclusions

The study of surface water bodies on the
right bank of the Siversky Donets River within
Kharkiv region has shown that all the deter-
mined water quality indicators (pH, nitrites and
nitrates, chlorides, alkalinity, heavy metals) cor-
responded to the maximum permissible concen-
trations, with the exception of hardness, which
in most samples exceeded the standard, the
maximum concentration was 8.6 mmol/dm?®.

Calculation of the WPI for the studied
rivers gave a value in the range of 1.03-2.04,
which according to the classification refers
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water bodies to class III, moderately polluted.
Only the Bereka River was classified as class 1.

Although general condition of the water
remains satisfactory, there is a need for
measures to improve water quality, especially
for such rivers as Udy, Mozh and Tetlega, the
state of which is under the influence of enter-
prises and agricultural management.

The Chepil, Gomilsha, Bereka, Byshkin
Rivers require detailed field hydrochemical
studies in order to clarify the level of pollution.
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OCOBJMBOCTI I'IPOXIMIYHOT'O CKJIAZLY ITIOBEPXHEBHX BO/I
MPABOBEPEKHOI YACTUHM BACEIHY CIBEPCLKOTI'O JIHLISI
(XAPKIBCBKA OBJIACTb)

MeTta. BuzHaunTs ce30HHI MIHIMBOCTI TIAPOXIMIYHOTO CKJIaly TOBEPXHEBHX BOJ TA OIIIHUTH €KOJIOTITHHI
CTaH BOIHUX 00’ €kTiB mpaBodepexxks CiBepchkoro J{oHIS B Mexax XapKiBChKOT 00acTi.

Metoau. [Tob0BI TOCTIKCHHS, aHATITHYHI, CHCTEMHHUI aHalli3, METOMO0JIOTis BH3HAYCHHS iHACKCY 3a-
6pynuenns Boau (WQI) rpyHTyeTbCs Ha BUKOPHCTAHHI METOMIB arperartii.

PesyabTaT. Hanano anani3 pe3ysibTaTiB €KOJIOTIYHOTO OIIHIOBAHHS SIKOCTI BOJ| PaBOOEPEKHUX MMPUTOK
CiBepcbkoro JliHIl, M0 MPOTIKAOTh XapPKIBCHKOK 00JACTIO MMijf Yac BECHSIHO-JIITHHOIO BOJOMULIS Ta OCIHHBOT
Mexeni 2024 p. y piuni Benuka babka Ta ctaBky MoJioi0Ba Ha IIECTH PEIPE3CHTATUBHUX CTBOPAX, IO BiJ0Opa-
JKAIOTh Pi3HE TOCIOIAPChKE BUKOPUCTAHHS. BH3HAUEHO OpraHOMiNTHYHI, (Pi3MKO-XIMiIUHI MOKA3HHKH Ta BMICT Ba-
JKKHX METaJIiB. 3a pe3ybTaTaMy MOYKHA 3a3HAYUTH, 110 YCi TIri€HIYHI MTOKa3HUKH OKPIM JKOPCTKOCTI BiJITOBI AN
HopMaM. OLHIOBaHHsI €KOJIOTIYHOT SKOCTI piuok npaBobepexHoi yacTuHu Oaceitny CiBepcbkoro JloHus 3miiic-
HIOBaJIaCh Ha OCHOBI BU3HAYEHHS 1HJIEKCY 3a0py/IHEHHS BOAM Ha ITiZICTaBi BIACHUX IOJILOBUX JIOCIHIIKEHb Ta iH-
dbopmarrii 3 BinkpuTux Jkepen. Cepen HaIBHUX JHKepET 3a0pYTHESHHS BHUSBJICHO MIChbKi KOMYHAJIbHI CTOKH, Ipa-
IFOFOUI ITiIIPUEMCTRA, HACITIIKM BEACHHS CIIbCHKOTO TOCIIONAPCTBA, HACIIAKY BifichkoBHX il (p. Benuka babOka),
JTUQY3HUI BIUIAB BiJ CYCiTHIX MIPUTOK.

BucHoBku: 3a iHjieKcOM 3a0pyTHEHHs IOBEPXHEBHX BOJI BCi piuky npaBodepexoks CiBepcbkoro JliHis
Hanexats 1o 11 kmacy 3a0pyaHeHHs, momipHO 3a0pymHeHi, muime p. bepeka Bigaecena no 11 knacy. Xoga 3aranb-
HUI CTaH BOAM 3QJIUIIAETHCS 3a[0BITBHAM, € HEOOXIHICTh B 3aX0[aX MOKPAIICHHS SIKOCTI BOJH, OCOOIMBO IS
TakWX pivok sk Yo, Mka ta Tetsera, Ha cTaH SKUX BIUIMBAIOTH IiJIPHEMCTBA Ta BEICHHS CLIHCHKOTO TOCIOAAp-
crBa. Piuku Yeninb, [ominbuia, bepeka, bumkin norpedyroTh NPOBEACHHS IETaIbHUX MOJIBOBHUX TiPOXiMIYHHX
JOCIIKCHB 3 METOI0 YTOYHCHHSI PIBHS 3a0pyIHEHHS

KJIIOYOBI CJOBA: nosepxtnesi 600u, 2iopoximiuni nokazuuxu, inoexc 3aopyonenns 6oou, bacetin Ci-
sepcvrozo [inys

Kongnixm inmepecis

ABTOpH 3asBIISIIOTH PO BiJCYTHICTh KOH(MIIKTY iHTEpeciB moao0 myOmikarii nporo pykomucy. Kpim Toro,
ABTOPH MOBHICTIO JOTPUMYBAINCS €THIHUX HOPM, BKIIOYAIOYM YHHKHEHHS IUTariaty, danbcudikarii 1aHux Ta
JyOroBaHHS Iy OJTiKaIii.

Bnecok asmopieg: BCi aBTOpH 3pOOIIIN PiBHHUI BHECOK V IO pOOOTY.

B po6orti He BUKOPHCTaHO pecypc MITYYHOTO IHTENEKTY.
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KIJIBKICHA OIIIHKA CYYACHUX TEHJAEHIIA BOJOKOPUCTYBAHHSI
Y BOJIMHCBKIN OBJIACTI

Merta. [IpoBecTH KiNbKiCHY OLIIHKY OCHOBHHX TEHJCHIIH BOJOKOPHCTYBaHHs y BonmuHChKil obnacTi, mpo-
aHaJi3yBaTH AWHAMIKy 0OCSATiB B0J03a00py 32 OCHOBHMMH CEKTOPaMH Ta BUSBUTH KIFOYOBI YHHHUKH, 11O BILIH-
BAalOTh Ha 3MIHY CTPYKTYpH Ta 00CSIiB BUKOPUCTAHHS BOAHUX PECYPCIB.

Metoau. CTaTUCTHYHUI aHAaJi3, CACTEeMHHUH MiJXiJ], MPOTHO3HE MOJIETIOBAHH Ta CLICHApHUH aHaI3.

PesyasTaTu. Bogauii 6ananc BoixmHChK01 00nmacTi Oe3nedinuTHIUIL, HasSBHI pecypcH MOBHICTIO TIOKPHBA-
I0Th TOTpeOH periony. Y 2024 p. 3aranpHuit Bogo3adip cranoBuB 45,71 muH.M?, 3 skux 36,3 MITH.M® — TTiI3eMHI
BoIM. BuxopucroByerscst numre 6iu3bko 4% X mporHo3Hux 3amnaciB. OCHOBHUMH BOJOKOPHCTYBAuaMH € JKHT-
JIOBO-KOMYHAIIBHHH ceKTop (50%), cinbChKe roCmoAapCTBO Ta MPOMHUCIIOBICTh. KiTrouoBor0 mpo01eMoro € 3HauHi
BTpaTH BOJM IIiJl Yac TPAaHCIOPTyBaHHA (Maibke 17%). OOcAr CKHHYTUX CTiYHHX BOZ CTaHOBHUB 29,08 MiH.M?, 3
HUX OLIBIICT — OunIIeHi. OUHCHI CIIOPY/IU MPAIIOI0Th HA MEXI MOTYXKHOCTI, 1[0 CTBOPIOE PU3UKH TOTIPLICHHS
sKoCTi BoaM y piukax [Ipum’sari ta 3axignoro byry. HeraTuBHUMY HaciIkaMH € JIOKQJIbHI MEPEBUIICHHS BMICTY
0loreHHMX PEevOBHH Y BOJI Ta MPOOJIEMH JICLICHTPAIi30BaHOTO BOAOIIOCTAUYaHHsI. 3arajloM BOIOTOCIOAAPChKa CH-
creMa obiacti cTabisbHa, alle NoTpedye MOJIEpHIi3allil OYMCHHUX CIIOPY[, MEPEX BOAOIOCTAauYaHHs Ta BOAOBI/IBe-
JICHHSI, TOCHJICHHS! €KOJIOTTYHOTO KOHTPOJIIO.

BucnoBku. ['izpoekonoriuai npobiemMu BonnHi KOMIUTEKCHI Ta 3yMOBIICHI 3HONICHOIO iHYPACTPYKTYPOIO,
3POCTAaHHSAM CTIYHHMX BOJ| i BIUIMBOM arpoCeKTOpY, IO MPH3BOANTH 0 MOTIpIICHHS CaMOOYHMCHOI 3JaTHOCTI BO-
JoiM. BogHoUac crioctepiraloThbesi MO3UTHUBHI 3MiHH: PO3BHTOK HOBTOPHOTO BOJOKOPUCTYBAaHHS, MOAEPHI3aLIis
OYMCHHX CIIOpY/I, OIIaAMBiNI TexHoorii. [Ipiopureramu € 3MEHIICHHS BTpAT BOAW, MOJIEPHI3aIlisi OYMCHHUX CIIO-
PYZ, PO3BUTOK 3aMKHEHUX LUKIIB y MPOMHUCIOBOCTI, BOJIO30EPEIKEHHS B arpOCEKTOpi, HU(PPOBUII MOHITOPHHT,
IHTErpoBaHe YIPaBIiHHS Ta MIMPIIE 3TyYeHHS TPOMaIChKOCTI /10 BUPIIIEHHS TPOOJieM BOJOKOPHCTYBAHHS.

KJIFOYOBI CJIOBA: sodoxopucmyeanusi, cRodICU8anHs 00U, CKUO CMIYHUX 800, CIANULl PO3GUMOK,
cmam 800HUX pecypcis, 2i0poeKonociuHa npooaema

Sk muryBat: @ecrok B. O., Mopo3s 1. A. KinbkicHa olliHKa Cy4acHMX TEHACHIIH BOJOKOPHUCTYBAHHS Yy
BomuHcpkiit  obnacti.  Jloouna ma  Ooexinna.  IIpobnemu meoexonocii. 2025. Bum. 44. C. 25-34.
https://doi.org/10.26565/1992-4224-2025-44-02

In cites: Fesyuk, V. O., & Moroz, I. A. (2025). Quantitative assessment of current trends in water use in
Volyn region. Man and Environment. Issues of Neoecology, (44), 25-34. https://doi.org/10.26565/1992-4224-
2025-44-02 (in Ukrainian)
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rnobabHi 3MiHM KJTiMaTy, ypOaHi3alis Ta iHTe-
Heuikamis BUpOOHUITBA CYTTEBO BILIMBAIOTH
Ha cTaH BOAHUX pecypciB [1]. Hdyxe Baxiu-
BUMH B LIbOMY KOHTEKCTI € JOCIHIIPKEHHS caMe
Ha perioHaabHOMY piBHI. CaMe Ha I[bOMY piBHI
pealtizyroTscsl OLTBIIICTh MPOTpaM parlioHa b-
HOI'O BUKOPUCTAaHHS Ta OXOPOHH BOJHUX
00’€KTiB.

BonuHcbka 001acTe Mae 3HaYHUI MOTe-
HITiaJI BOJAHUX PECYPCiB, YUCIEHHI PiUKH, 03epa
Ta MiJ3¢MHI BOJOHOCHI ropu3oHtu. Came TyT
bopMy€eTbCST TOBEPXHEBHH CTiK BEpXiB’iB
Ilpum’sti, ommiei i3 HAHOUTBIIUX MPHUTOK
Huinpa. ®axkrrano, Bonuub — 1ie oauH i3 peri-
OHIB, IIIO BiIirpae HaJA3BUYAMHO BAXKIUBY POJIb
y Bomo3abe3mneueHHi aepkaBd. JlociimkeHHS
CydJacHHUX TeHJIEHIIill BOJOKOPHUCTYBaHHS ¥ Bo-
JIMHCBKIHM 00JIacTi Ma€ KPUTHYHE 3HAYCHHS JJIs
PO3YMiHHSI TUHAMIKH 3MiH BUKOPUCTAHHS BOJI-
HUX PeCypciB, iX BILTUBY Ha EKOHOMIKY PETiOHY
Ta AKICTh HABKOJMIITHBOTO cepenoBuiia [2]. 3a
OCTaHHI JECATWIITTS CIIOCTEPITaloThcs CYTTEBI
Tparcopmamii y CTPYKTypi BOJOKOPHCTY-
BaHHsI, MOB'SI3aHi 3 PO3BUTKOM arpoOMpOMHUCIIO-
BOTO KOMILUIEKCY, 3MIHOIO KJIIMaTy Ta BIIPOBa-
JHDKEHHSAM HOBUX TEXHOMOTIH. OIHAK KOMIUIEK-
CHA KUIBKICHA OILIIHKA IIMX TEHACHINN oci 3a-
JIMIIAETHCS HEJAOCTATHBO JIOCHIIKEHOI0 Ha pe-
riOHAJILHOMY DiBHI.

Merta nociimKeHHS — MPOBECTH KilIbKi-
CHY OIIIHKY OCHOBHMX TEHJCHIIIH BOJIOKOPHC-
TyBaHHS Y BonmHCBKil obnacti, mpoaHaizy-
BaTH JWHAMIKy 00CSTiB BO/103a00pY 32 OCHOB-
HUMH CEKTOpaMH (CUIbChbKE TOCIOAaPCTBO,
MPOMHCIIOBICTh, KOMYHAIBHO-TIOOYTOBI TOT-
pedn) Ta BUSIBUTH KITFOUOBI YNHHHKH, 1110 BITIH-
BalOTh Ha 3MIHY CTPYKTYPH Ta 00CSTiB BUKOPH-
CTaHHS BOJHHUX PECYPCIB.

AKTyaJbHICTh JOCIIJIKEHHS 3yMOBJICHA
HEOOXIiTHICTIO onepaTuBHOI Bepudikarii iHpo-

pMamii mpo CTaH Ta TEHACHIIl BOJOKOPHUCTY-
BaHHSI U1 PO3pOOKH eeKTUBHOI peTiOHANBHOT
MOJITHKY YIIPABIiHHS BOAHUMHE pecypcamu[3].
BonuHcbka o6nacte, y 3B’A3Ky i3 reorpadiy-
HUMH OCOOJMBOCTSAMH, 30KpeMa, SK YacTHUHA
Oaceiiny p. 3axigamii byr, Mae BakiuBe 3Ha-
YeHHs JJISI TPAHCKOPIOHHOI BOJOTOCIONAPCH-
koi cmiBmpari. Ile moTpedye rmudokoro po3y-
MiHHS JIOKaJTbHUX OCOOJIMBOCTEH BOJOKOPHCTY-
BaHHS.

HaykoBa HOBM3HA CTaTTi MOJIATAE y CUC-
TeMaTu3alil Ta KOMIUIEKCHOMY aHalli3i cTaTuc-
THYHHX JaHUX IOJ0 BOJOKOPUCTYBaHHS y Bo-
JIMHCBKIN 00JIacTi, BHUSBICHHI 3aKOHOMIipHOC-
Tel Ta MPOTHO3YBaHHI MOJANBIIUX TCHICHIIIH
po3BUTKy. [IpakTHyHe 3HAYECHHS TOCIHIIKEHHS
BH3HAYAETHCS OOIPYHTOBAaHUMH PEKOMEHIAIli-
SIMU JJIs1 OPTaHiB MiCLIEBOTO YIIPABIIiHHS Ta BO-
JIOTOCTIONaPChKUX OpraHi3alliil moI0 ONTHMi-
3arii BOJOKOPHUCTYBaHHS Ta 3a0e3MeUeHHs CTa-
JIOTO PO3BUTKY PETiOHY.

[MuTaHHSIMH OI[IHKY CyYaCHUX TEHICHITIH
BOJOKOPHCTYBAHHS HA PiBHI OKPEMHUX KpaiH 4H
perioHiB 3aiiManuch 0araTo HayKOBIIB. 30K-
pema, B poOoTi [4] MPOBOIMIOCH MOICTIOBAHHS
I00aTBFHOTO BOJHOTO CTPECY B KOHTEKCTI TEH-
JICHITi TOTUTY Ha BOY Ta 3MiHH KiIimary, y [5]
PO3pO0IIEHO MPOTHO3H CTAJIOr0 PO3BUTKY TJIO-
0anbHOTO BOJOKOPUCTYBaHHs. [IporHo3Ha oiri-
HKa €(pEKTUBHOCTI BOAHOTO PEXHUMY Ta 3MiH
BOJIOCIIO’KMBAHHS Ha OCYIICHUX 3eMJIsIX 3axij-
Horo [lomiccss YkpaiHu B ymMOBax 3MiHHU KIi-
MaTy mpoBenieHa y cratTi [6]. PamionansHe Bo-
JIOKOPHCTYBaHHS SIK YMHHHUK HAIllOHAJIBHOI Oe3-
neKu YKpaiHu poaHaii3oBaHo B pobori [7]. Y
KOHTEKCTI JJOCII/PKEHHSI BOAOKOPHCTYBAHHS Y
BonuHcbkiit o6nacri i 3ragati podot 8, 9,
10], crarTi po cydacHH CTaH BOJOKOPHCTY-
BaHHA y Oacelini [Tpumn’ati BonmHcbkoi o6macti
[11], 3aximHoro byry [12], Ctupy [13].

Memoou oocnioycennsn

O0'exTOM JIOCIIIKEHHS € TPOLIECH BOJIO-
KOPHUCTYBaHHS Ta CTaH BOJAHUX pecypciB Bonun-
cekoi o0sacti. Y XXI cr. Boga HaOyBae cTaTycy
KPUTHYHOTO MPUPOIHOTO pecypey. Bona ke He
JIMIIE € JIIMITYIOYMM YUHHUKOM PO3BHUTKY (p0O3-
MIIIEHHS) BUPOOHUIITBA Ta 30€peKEeHHS IPUPO-
JHHX €KOCHCTEM. 3pOCTal0UHH MOMUT Ha MPiCHY
BOJY Ta i HEPIBHOMIPHHUI PO3MOIiN CTBOPIOIOTH
MepeyMOBH JIJIs TEOTONIITHYHHUX HAIPY)KEHb Ta
KOH(ITIKTiB. DaKTHYHO BOJIa CTAE YUHHUKOM T'e-
OMoJITHYHOTO BIUIMBY. [Ipruomy ii Bara Ta 3Ha-
YeHHsI 3 yacoM OyAyTb JIMIIE ocuiIoBaTuCh. Ha
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IEOMY TJTi BiIOYBA€THCS KOHIENITyaIbHA TPAHC-
(hopmattis 17100aJIbHOT BOIHOT MOJIITHKH, 1110 Xa-
PaKTepU3y€eThCsl TAKUMH KITFOUOBHMH TEHJICHIIi-
SIMU:

1. InTeHcHiIKallis arpapHOro BOJOCIIO-
JKUBAHHS Ta BIPOBA/HKEHHS TEXHOJIOTIH TOY-
Horo 3pomeHHs. Ciibcbke TOCIogapcTBO, CIO-
KUBarouu 01m3pKk0 70% CBITOBHX BOJHUX PeECy-
PCiB, € JOMiHYIOYMM BOJOKOPHCTYBadeM. 3poc-
TaHHSA ITONUTY Ha TPOJIOBOJIECTBO Y CBIiTI CTHMY-
JFO€ TIepeXiJ] A0 PECYPCOOILAIHUX TEXHOJIOTIH
(MiKkpoipuranis, ceHCOpHI CHCTEMH MOHITOPH-
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HTY TPYHTY, KpamnelibHe 3pPOIICHHS), IO J03BO-
JISIE ONITUMI3yBaTH BUKOPUCTAHHS BOAM Ta MiHi-
mi3yBatu BTpath [14].

2. Ilepexin mo Momened «UHUPKYISAPHOT
E€KOHOMIKI» Y TMPOMHCIIOBOCTI, BITPOBAIKECHHS
koHmenii Zero Liquid Discharge ta 3amkHe-
HOI'0 BOJOIIOCTAYaHHs, 10 Iepea0adaroTh IJId-
0OKe OYMIIICHHS Ta IIOBTOPHE BUKOPUCTAHHS Te-
XHOJIOTIYHHMX BOJ, 3MEHIIEHHS HABaHTAKEHHS
Ha BOJHI pecypeu [14].

3. BaceiiHoBuii TiIXif Ta iHTETpOBaHE yII-
paBIIiHHS BOJHUMH PECYPCaMHU, IO TO3BOJISIFOTh
KOMILJICKCHO BPaxOBYBATH TiJIPOCKOJIOTIYHi, CO-
HIAJIBHO-€KOHOMIYHI Ta €KOJIOITYHI YAHHUKH.

4. Ekoorizaitisi BOJOKOPUCTYBaHHS, 3Mi-
IICHHS aKICHTIB y OIK BU3HAHHS CKOJOT1YHOI
IIHHOCTI BOJHMX eKocucTeM. Boma posrisma-
€TBCS HE JIUIIIE K PECYPC, A€ 1 K CEPEOBHUIIIC
ICHYBaHHsI, 10 TOTpeOye 30epekeHHs Ta BiHO-
BiteHHs [4].

5. Hudposizamist ynpaBiIiHHI BOTHUMH
pecypcamu, BIIpoBapKeHHs KoHremii Water
4.0, sukopucranus 'IC, 1133, 10T, Al Ta Big
Data mo3Bossie cTBOpHUTH IIQPPOBI MO TiAPO-
EKOCHUCTEM, 110 3a0e3MeUy0Th OMEePaTHBHE YII-
paBIIiHHSI, TPOTHO3YBaHHS Ta ONTHUMI3AIliI0 BU-
KOPHUCTaHHS BOJJHUX PECYPCIB Y PeaIbHOMY 4aci.

6. Ilepexim OO IIATHOTO BOJOKOPHUCTY-
BaHHsI Ta BIPOBA/DKCHHS CKOHOMIYHHMX CTHMY-
JIB JUIs PalliOHaJIbHOTO BUKOPHCTAHHS BOJHHUX
pecypcis.

7. MixHapoJHe CHiBpOOITHUIITBO, MIX-
HapoJIHa Kooreparis y cepi ynpaBiiHHS TpaH-
CKOPJIOHHHMH BOJTHUMH PeCypcamu

8. 301ablIeHHS YacTOTH Ta MaciuTadiB
EKCTpEeMAITbHIX KITIMATHYHHUX Ta T1POJIOTIYHIX
SIBHUIIL, [0 BUMArae po3poOKH Ta BIPOBAHKCHHS
aJanTamiiHuX CTpaTeril, CIPsAMOBAaHHUX Ha ITif-
BUILICHHS CTIMKOCTI BOIHUX €KOCHCTEM [6].

9. [TixBuIICHHS POJTi TPOMAACHKOCTI, BijI-
KPHTICTh iH(pOpMAaLii Ta rpoMaICbKHI MOHITO-
PHHT SIKOCTi BOAM CTAIOTh B&KJIMBUMH YHHHU-
KaMH €(DeKTHBHOTO YIPABIiHHA BOTHUMH PECY-
pcamu [7].

OTxe, As CydacHOI TapaInT MU TII00aTb-
HOTO BOJOKOPHCTYBAaHHS XapaKTepHUII Hepexin
BIJl EKCTEHCUBHOI O IHTEHCHUBHOI MOJENI, sIKa
IPYHTY€ETHCS Ha 3aCaiaX CTaJOr0 PO3BHUTKY, €KO-
JIOriyHOi O€3IeKH, 1HHOBALIMHUX TEXHOJOIIX
Ta iIHTErpPOBAaHOMY YIpaBJliHHI, OpiEHTOBaHA Ha
JIOCSATHEHHS OaylaHCy MiK €KOHOMIYHHUMH iHTE-
pecamu Ta 30epeKEHHIM BOJHUX €KOCHCTEM.

JocmipkenHs: 0a3yeThcsl Ha aHawi3l cTa-
TUCTUYHUX JAaHuX Ta (OHI0BUX MarepiaiiB ['o-
JIOBHOTO YTIPABJIHHS CTATUCTUKA y BOMMHCHKIH
obmnacti [15], YrpasiiaHs ekoyorii Ta mpupo-
HUX pecypciB BoianHcbko1 001acHOi BiHCHKOBOT
anminictparii [16](PerioHansbHa A0MOBIAb PO
CTaH HaBKOJMIITHBOTO IPUPOJHOTO CEPeIOBHIIA
y Bomuncekiit o6nacTi 3a 2024 p., Exonoriunmii
nacropT BoswuHchkoi o00macti), [lepkaBHOrO
areHTCTBA BOJHHUX pecypciB, PerioHampHOTO
odicy BomHNX pecypciB y BommHCBKiM obmacri,
PE3YNBTATIB MOJIBOBHUX CIOCTEPEKEHD Ta HAYKO-
BUX IyOmiKamiid y Tay3i TiJpoJIOTIYHUX Ta BO-
JIOTOCTIOIAPCHKUX JTOCITIJUKEHB.

J11s1 06'€KTHBHOT OIIIHKH Cy4acHOTO CTaHy
Ta BU3HAYEHHS TEHJICHIIII PO3BUTKY BOJIOKOPH-
CTyBaHHS y BoIMHCHKOMY perioHi BAKOPHCTaHO
HACTYIIHI METOJU: CTATUCTUYHMI aHami3 (30ip
Ta CHCTEMAaTH3alllsl MaHUX, THHAMIYHANA aHami3,
CTPYKTYPHHUIA aHAIII3, TOPIBHSUTBHUIA aHAII3), CH-
CTEMHMH MIiXia (aHaIi3 B3a€MO3B'SI3KIB, BHUSIB-
JICHHsI YMHHUKIB BIUTMBY), TIPOTHO3HE MOJICIIIO-
BaHH Ta CIIEHApHUM aHali3 (T00yI0Ba MPOTHO-
3HHX MOJIEJICH, OIliHKA PH3HKIB).

Pezynomamu 0ocniodicenns ma 002080penns

Bonnwuii 6ananc BommHcbkoi obnacti 3a
OCTaHHI poku Oe3edilUTHUI, BOJHI pecypcH
JIOCTaTHI JUTS 33JI0BOJICHHSI TIOTPeO yCix raiy3ei
E€KOHOMIKH. 3arajibHuii o0csar 3abopy Boau 3
MpUpOAHUX kepen ckimaB y 2024 p. 45,71
MTH.M?, 1110 Ha 4,33% TepeBuIIye MoKa3HUK I10-
nepeTHpOro poky (43,729 muH.m3).

Bono3zabip 6a3yeThcs, mepeBaXKHO, HA BH-
KOPHUCTaHHI TiI3eMHUX JDKEPEI, 3 IKUX OyJIO BU-
nydeHo 36,3 muH.M®. ExcrmyaTaniiiHuii 3amac
MiI3eMHUX BOJT 00J1aCTi OIIHIOETHCS Y 990 MITH.
M?. OOcsr Bonu, GakTMuHO BHKOpHcTaHoi 504
OCHOBHHMMH BOJOKOpUCTyBauamMu y 2024 p.
(31,762 mutH.M*), cTaHOBUTH Jiniie 4% Bix MMpo-
THO3HOTO 3amacy. lle cBiMYUTh MPO HASBHICTH
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CYTTEBOTO pecypcy SK AJIS 3aJ0BOJICHHS KOMY-
HaJIbHO-TIOOYTOBUX TMOTPEO, Tak 1 AJIS MPOMKC-
JIOBOTO CEKTOPY. 3a0ip BOAM 3 TOBEPXHEBUX BO-
qHUX 00'ekTiB cTanoBuB 9,41 MM [15].

Po3nozin BukopucTaHoi BOJM 3a Taiy-
3sMU (puC. 1) CBIAYNTE TIPO TIEpEeBasKaHHS KUT-
JIOBO-KOMYHalIbHOTrO rocrnoaapctsa (50%), 3a
SIKUM CIIIYIOTh CLIIbChKe rocroaapcTio (20%),
MIPOMHCIIOBICTD (IIEPEBaKHO XapyoBa Ta IYK-
poBa raiysi) Ta puOHE rocrnogapcTBo — 1mo 9%
KO>KHA 3 Taity3el. [HIi criokuBadi CyKymmHO BH-
kopuctoByBanu 12% oOGcsry. Brpatu Boau B
MpoLeCi TPaHCIOPTYBaHHs cTaHOBWIM 16,9%
BiJl 3araJibHOro oocsry 3abopy [15]. Lle myxe
Oararto.
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Inmmi ramysi / Other
industries
12%

PubHe rocriogapctso/
Fisheries
9%
IIpomucioBicts /

Industry
9%

Cinbcbke

rOCIOIapCcTBO / —

Agriculture
20%

JKurtnoso-
KOMyHaJbHE
rOCHO/apCTBO /
Housing and
communal services
50%

Puc. 1 — CTpyKTypa BUKOPHCTaHHS BOJH 32 raly3siMU eKOHOMIKH y 2024 p., % (3a nanumu. [15])

Fig. 1 — Structure of water use by sectors of the economy in 2024, % (according to [15)

Ha reputopii oGmacti (QyHKLIOHYIOTH
OUYMCHI CHIOPY/AX Pi3HHX THUIIB, MEepeBaXkHa Oi-
JBINICTh 3 HUX 3a0€3MeuyoTh MOBHY OioJori-
YHY OYHMCTKY. IX CymMapHa MOTYKHIiCTh CTaHO-
BUTH 75,795 mmum® Y 2024 p. HOpMATHUBHO
OUMIIEHUX 3BOPOTHUX BOJ CKUHYTO (pHC. 2)
20,29 mua.M?, B T.4. 20,26 MiTH.M? TipOHILIH Oi-

000pOTHOI Ta
IIOCJIi IOBHO
BHUKOPUCTaHOT
Boju / recycled
and consistently
used water
23%

HOPMAaTUBHO
qucTUX 0e3
OUYUCTKHU /
regulatory clean
without cleaning
17%

OJIOTIYHY OYHUCTKY. 5,69 MJIH.M® HOPMaTHUBHO
YHCTUX BOJ| CKHHYTO 0€3 JI0JaTKOBOI OUUCTKH
[15].

B obnacri peanizyerscs PerionansHa exosno-
riuna nporpama «Exoinoris 2023-26». Oaxum
i3 IPIOPHUTETIB i 3aX0IB € MIATPUMKA Ta ONTH-
Mi3aIlisi BOJHHUX PECypCiB.

HOPMaTUBHO
OYHIIIEHUX /
regulatory cleared
60%

Puc. 2 — Crpykrypa BigBeaeHHs cTiuHuX Boa y 2024p., % (3a ganumu [15])
Fig. 2 — Structure of wastewater disposalfor 2024, % (according to [15])
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3okpema, y 2024 p. 3axoau mporpamu
[15] Brmrouanu:
Po3BuTok KkaHamizaIiitHoro rocmomapc-
TBa. [IpogOBKEHHS pEKOHCTPYKIIii KaHa-
mizaniiianx mepex (bepecTeukiBChKHiA
MICUXOHEBPOJIOTIYHIIA 1HTEpHAT), HOBE
OyniBauITBO B C. Ilympmo, a Takox pe-
KOHCTPYKIIiSl MEpeki Ta HACOCHUX CTaH-
it y cen. Hlanpk Ta ypounmi «['psmay.

3
MIIH.M

4
,887
JATT

3axucT Big MIKIAIUBOI ail BOaH, 3amo0i-
TaHHS MiATOMJICHHIO CLIbCBKOTOCHOAap-
CBKHX yTiJb Ta HaCeNIeHUX MyHKTiB. [Ipo-
BEJICHHS KaliTaJbHUX PEMOHTIB MEpex
BOJIOBi/IBEJICHHS Ta OYMIIEHHS Memiopa-
TUBHUX KaHaJiB Ha TepuTopisx [laBmiB-
cekoi, Typificekoi, dy6iBcrkoi, PaTHiB-
cbkoi Ta JIMTOBE3bKOI TEpUTOpiaIbHUX
rpoma.

B BupoOHUYI TOTpedu /
production needs

B 100yTOBO-NIUTHI 1OTPeOH /
household and drinking
needs

M 3pouiennst / irrigation

CLIIBCBKOTOCTIONAPCHKI
norpe6u / agricultural needs

CTaBKOBO-pUOHE
rocmozmapcrso / pond and
fish farming

Puc. 3 — BukopucTaHHs BOJIM 32 raly3saMK eKOHOMIKH TIpoTsarom 2022-24 p., mud. M° (3a gaaumu [15])

Fig. 3 — Water use by economic sectors during 2022-24 (according to [15])

[potsirom 2022-24 pokiB B 061acTi cHo-
CTepiraerbesl CTilike 3pocTaHHs 0OCSTriB BOMO-
3a00py Ta BOJOBIJIBEAEHHS, IO CBITYUTH IPO
MOCTYTOBE 301IbIICHHS aHTPOIIONCHHOT'O HaBa-
HTaKCHHS Ha BOAHI pecypcu [16]. 3aranpHuit
3a0ip Boau 3pic 3 42,1 man.m* y 2022 p. 1o 45,7
mitH.M? y 2024 p. (maiixe Ha 9%), 110 MOSICHIO-
€ThCA 30LJIBIIEHHIM BOIOCIIOKHWBAHHS BHACIII-
JIOK MirpariiiHux mnpoiecis (puc. 3).

HesBaxatoun Ha 3aranbHe 3017TbIIEHHS
3a00py, CIIOKMBAHHS CBIXKOT BOJIU 3a/THINAETHCS
BiTHOCHO CTa0lILHUM, KOJMBAIOYKCHh B MEXaxX
31 mutH.M? mopiuao. OTKEe, OCHOBHI CIIOXKHBAYi
(>KMTIIOBO-KOMYHaJIbHE TOCIIOIAPCTBO, TIPOMH-
CIIOBI TAMPHEMCTBA Ta arpapHUil CEKTOP) Mij-
TPUMYIOTh BITHOCHO CTaIM{ PiBEHb BOJJOKOPH-
CTYBaHHs, X04a i (DIKCYIOThCS CTPYKTYPHI 3py-
HICHHS MK CEKTOpaMH eKoHOMikH. [Ipomuciio-
BUH BOJI03a0ip KOJMBABCs, 3pocTaroun 10 12,6
MIH.M? y 2024 p. miciasi He3HAYHOTO 3HIKEHHS
y 2023 p., 110 MOB'SI3aHO 3 YaCTKOBUM BiJIHOB-
JICHHSIM TIPOMHCIIOBOTO BUPOOHMIITBA ITICIIS
EHepreTHYHUX OOMexeHb. [ ocrmomapchKo-TH-
THE BOJIOKOPUCTYBaHHS HaWOLIbIIE 32 00CITrOM
(17-18 mun.M®), mo cBigUUTH po  cTabiIbHy
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poOOTy CHCTEM IICHTPaJIi30BAHOTO BOJIOIOCTA-
JaHHs B MicTax [16].

CibCbKOTrOCTIONapCchke  BOAOKOPHUCTY-
BaHHS, MEPEBAKHO 3POLICHHS, CTAHOBUTH He-
3Ha4YHy 4acTKy (MeHue 1 MiH.M?), aje AuHaMi-
gHO 3pocrae. [IpupicT 00csriB 3ponryBaibHOL
Boau y 2024 p. nopiBasHO 3 2022 p. MoXke OyTH
HACITIZIKOM CYXIIIUX JITHIX KIIMAaTHYHAX YMOB
Ta 301IbIIEHHS IO y IpiOHUX (epMepChKUX
rOCHOAApPCTBAaX, 10 BUKOPUCTOBYIOTh HOBEPX-
HEB1 BOJH ISl TIOJIHBY.

HaromicTb 00Csru BOAM, BAKOPUCTAHOT Y
CTaBKOBO-PHOHOMY TOCHOAAPCTBi, CKOPOUY-
oThCs (3 4,2 Mma.M? y 2022 p. 1o 3,1 MmaH.M? Y
2024 p.) [15]. Ile 3yMOBIIEHO 3MEHIIIEHHAM pe-
HTa0eNbHOCTI ray3i, 00cAriB BUpOOHUITBA Ta
3MIHOIO KJIIMAaTHYHUX YMOB, SIKI YCKJIaIHIOIOTh
MIATPUMAaHHS HEO0O0X1IHOTO PIBHS BOJIH y CTaB-
Kax y JiTHIH nepioA.

OnHHUM 13 HAHTrOCTPIIINX MUTaHb € BHCO-
KU piBEHb BTpAT BOAM IIiJ] Yac TPAHCIIOPTY-
BaHHs. Y 2022 p. BOHM CTaHOBWIIM OM3bKO 6,4
MJIH.M?, 3pociu o oHax 8,6 miH.M? y 2023 p.,
a'y 2024 p. gemo 3MEeHITWINCH 10 7,7 MIIH.M>
[16]. ®akTuuno, Maibke 20% 3abopy BoaH He
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JOXOIMTH /10 KIHIIEBUX CIIOXHMBAYiB UYepe3 3HO-
HICHICTh BOJOIIPOBIIHUX MEPEXK Ta BIICYTHICTh
HaJIeKHOTO KOHTPOJTIO.

[TapanensHO 31 3pocTaHHSAM  3a00py
BOJIH, 301IBIIYFOTHCSI i 0OCSITH BOJIOBIIBEICHHS
(puc. 4). YV 2022 p. y moBepxXHeBi BOjHI 00’ €KTH
obmacti ckuHyTO 27,1 MIH.M® CTIYHHX BOX, Y
2023 p. — 28,2mmn.M?, a y 2024 p. — 29,1
miH.M? [15]. Bim3eko 26 MutH M3 3 HEX TIpUTIa-
Jla€ Ha CKHJ] y TOBEPXHEBI BOJIH, TOJIOBHIM YH-
HOM y piuku OaceitniB [Ipun'sti ta 3axigHoro

3
MJIH.M

o
3]

10 15 20

25

byry. I103UTUBHUM acIEKTOM € MOCTYIIOBE IO-
JITIICHHS SIKOCTI OYUCTKH, 00CSIT HOPMATHUBHO
OYHINEHUX CTOKIB 3pic 3 17,7 mma.M?> 10 20,3
MJIH.M?, IO CBITYHUTH PO €(hEeKTUBHIITY pOOOTY
OYHCHHUX CHOPY/.

BonHodac, 3Ha9Ha KiUTBKICTE BOA (TIOHA]T
5 MJTH.M? TIIOPIYHO) MOTPAIUISIE Y BOJIHI 00 €KTH
0e3 TOBHOT OYHCTKH a00 32 HOPMATHBOM «UHCTI
6e3 ounctkm» [15]. ToMy nyke BaKIUBOIO €
MOJIEPHI3aIlisl OYNCHUX CHUCTEM B 00JIaCTi.

H HOpMATUBHO
ounmiennx / regulatory
cleared

7,825

HOPMAaTUBHO YUCTUX
0e3 ouncTKy /
regulatory clean
without cleaning

7,856

000pOTHOT Ta

IOCITi TOBHO

BHUKOPHUCTaHOT BOJU /

recycled and

consistently used water
30

35 40

Puc. 4 — Cxun criuaux Boj npotsarom 2022-24 p., miin. M° (3a nanumu [15])

Fig. 4 — Wastewater discharge during 2022-24 (according to [15])

[To3UTHBHOIO TEHJEHIIIEI0 TAKOXK € 3POCTAHHS
BUKOPHUCTAaHHS O0OOPOTHOI Ta TIOBTOPHO BUKO-
puctanoi Boau. Y 2022 p. ueil NoKa3HUK CTaHO-
BuB 2,3 MutH.M?, y 2023 p. — 7,9 MutH.M3, 1 3a511-
IIABCsI Maibke Ha oMY XK piBHi y 2024 p. [15].
YacTka IMOBTOPHOTO BUKOPHCTAHHS KOJMBA-
eTbest Omm3pko 20% BiA 3arajbHOrO CHOXKH-
BaHHs, 1[0 BKa3y€ Ha IOCTYIOBY OpPIEHTAIIIO
HiATPHEMCTB Ha pecypcoedeKTUBHI TEXHOJO-
rii. IndpacTpykTypa ouncHUX ciopya QyHKI-
OHY€ OJTU3BKO JI0 MEXKi CBOET MPOIMYCKHOT 3/aT-
HocTi (75 -76% BUKOpHUCTaHHS), IO O3HAYAE
oOMesKeHICTh pe3epBiB IS 301IbIIEHHS 00Cs-
riB ourcTtkd. HOBI MOTYKHOCTI HE BBOISATHCS,
e CTBOPIOE PU3HK TEPEBAHTAKEHHS CHCTEMU
OYHUCTKH CTIYHUX BOJ| Y CEPEIHbOCTPOKOBIH Te-
PCIEKTHRI.
O1iHKa PU3UKIB i1 Yac BOJAOKOPHUCTY-
BaHHsI J03BOJISIE BHIUINTH KiJIbKa KIIOYOBUX
npo0aeM:
— BTpaTd BOJAM TIPU TPAHCIIOPTYBaHHI —
3HOILEHICTh BOJOMPOBIAHUX MEPEXK, BIACYT-
HICTh CYy4aCHHX CHCTEM MOHITOPHHTY BUTOKIB,

~30~

HEJIOCKOHaJIa Tapu(Ha MOJITHKA CIPUYNHSIIOThH
HepallioHaJIbHE BUKOPUCTAaHHS pecypcy, 3011b-
IIYIOTh MTOTPedy B 3a00pi BOJM Ta 0OCATH CTid-
HUX BOJI, IO MOTPEOYIOTh OYHUCTKH;

— 3a0py/iHEHHS OBEPXHEBHUX BOJI, IOCUTh
BUCOKi CKMJIM HEJOCTaTHHO OYHMINEHHUX CTOKIB
CTBOPIOIOTH PHU3HMK 3HAYHOTO 3a0pyTHEHHS pi-
4ok (ocobnurBo Manux nputok [Tpun'sri ta 3a-
xizHoro byry) y BUNagKy eKcTpeMalbHHX I10-
TFOJHUX YMOB a00 aBapiii Ha OYMCHHUX CIIOPY-
Jax;

— 0OMEXEeHICTh MOTYKHOCTI OYMCHUX CIO-
PYZ, BUCOKHMH PiBEHb iX 3aBaHTa)KEHHsI BUKIIIO-
Yae MOJIIMBICTh CYTTEBOTO HApOIIyBaHHS 00-
CATIB OYMCTKH BOJM 0€3 MOZAEpHI3allii CIIOPY/I.

[To3UTHBHOIO TEHICHIIEIO € 3POCTAHHS
00CSTIB MOBTOPHOI'O BHKOPUCTAHHS BOJU Y
MIPOMHUCIIOBOCTI, 1110 3MEHIIYE 3aralibHUi 3a01p
Ta HABAaHTAKEHHS Ha IIOBEPXHEBI BOAHI
00’ektu. OgHAK JUISI CUCTEMHOI'O XapakTepy
1i€l TeHACHIIIT HeOOX1IHI CTUMYJTIOIOUI MEeXaHi-
3MH, HAPUKJIaJ, MiIbrOBE KPESAUTYBAHHS Iij-
MIPUEMCTB, 10 BIPOBAPKYIOTh 3aMKHYT] LIUKJIH
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BOJIOKOPHCTYBaHHSI.

Takum 4MHOM, JHMHaMIKa BOJ103a00py
Ta CKUIly CTIYHUX BOJ y BonuHCBKi# obnacti y
2022-24 pp. Mae cynepewIMBHiA, aje MPOrHO30-
BaHMii Xapakrtep. [lomipHe 3pocTaHHS BUKOPH-
CTaHH$ pECypcCiB, MOCTYIOBE MOKPAILECHHS KO-
CT1 OYHMCTKH CYNPOBOIKYIOTHCS 30€pEKEHHIM
BUCOKOTO piBHS 1H(pacTpyKTypHHUX BTpar i
3HAYHUX OOCATIB CKHUJIB CTIYHHUX BOJ| Y PIUKH.
Tomy BomumHChka 0051aCTh CTHKAETHCS 3 HU3-
KOI0O KOMIUIEKCHUX TiIpPOCKOJOTIYHUX TIPO-
O1eM, sIKI BUHMKAIOTh BHACHIJOK TEXHIYHOI'O
3HOMICHHS 1H(PPACTPYKTYPH, 3pOCTaHHS aHTPO-
MOTCHHOTO HABAaHTAXKEHHS Ta Hee(EeKTHBHOTO
YIPaBJIiHHS BOJHUMH PECYpPCAMHU:

— 3HOIICHICTh CUCTEM BOJOMOCTAYaHHS Ta
BojOBinBeAcHHA. bnu3pko 20% 3abpanoi 3
NPUPOJHUX JKEPEN BOJIU HE TOXOIUTh A0 CIIO-
JKUBAUiB 4Yepe3 3HOIICHICTh BOJOTOCIONAPCH-
Kol 1H(QpacTpyKTypH, BiCYTHICTH CY4YacCHOTO
o0iKy Ta MOHITOPHHTY BHTOKiB Bogu. lLle
cnpuunHsie (iHAHCOBI BTpaTH KOMYHAIBHUX
MIiIPUEMCTB Ta 3HWKCHHS HaIIHHOCTI BOJIOIIO-
CTaYaHHsI.

— HenmocratHa SKICTP OYHCTKH CTIYHHX
BOJI. BiIbIIICTh OYUCHUX CIIOPY/, IO 3iHCHIO-
I0Th 010JIOT1UHY OYUCTKY, MPAIIOIOTh Ha MEXKi
CBOIX MOXKJIMBOCTEH, 3POCTaHHS BOJOCIOMKH-
BaHHsI MOYKE MPU3BECTH JI0 iX TIepeBaHTAKEHHSI.
[lopiuHO y BO/IHI 00 €KTH 00JIACTI CKUIAETHCS
noHan 25 miuH.M® 3BOPOTHUX BOJ, YaCTHUHA 3
SIKHX HE TIPOXOJUTh MOBHOT OYHCTKH.

- 3a0pyaHEHHS MOBEPXHEBUX BOJ. Y Oara-
TBOX piukax ¢ikcyerbes nepeBuineHas [ JIK
aMOHIWHOTO a30Ty, HITPHUTIB, (ocdaTiB Ta 3a-
Ji3a, M0 CBITYMTH MPO 3HAYHE HAAXOKEHHS
OpraHiYHUX PEUOBHH Ta O10r€HHHUX EIEMEHTIB 3
rOCIIOIapCHKO-TIOOYTOBUMHU CKHAAMH Ta CTO-
KOM 3 CUTBbCBKOTOCTIONIAPCHKUX YyTiab. Lle cripu-
YHHsI€ eBTPO]iKalilo BOJOTOKIB Ta BOZOM, Jie-
(himUT KUCHIO Ta JAETpajallifo TiAPOSCKOCUCTEM.
V piuxax [Ipum'ate (amwkue cen. JIrobemris), Ty-
pist (mmkye M. Kosenp) Ta Ctup (Hmkge M. Jly-
1IbKa) CIIOCTEPIraeThCs IMiJBUIICHHS Oi0XiMiy-
HOTO CIIOKMBAHHS KHCHIO, TICPEBUIICHHS BMi-
cty ¢ochopy Ta amoHit0, HOPMYIOTHCS JIOKa-
JbHI OCepeIKu 3a0pyAHECHHSL.

— Crad migsemMHuX Bon. He nuBiIs4mch Ha
Te, IO Cy9acHUi 3a0ip miI3eMHUX BOJI HE TIepe-
Buiye 4% nporuo3nux 3amnacis [15], y paitonax
IHTEHCHBHOTO T'OCTOIAPCHKOTO HAaBaHTa)KCHHS
BXKe (IKCY€ETHCS JIOKAITbHE 3HIKEHHS 1X SKOCTI.
Ie 3ymoBiieHO (iIBTpALIi€l0 HEOYHUIIIEHUX CTO-
KiB Ta HEJJOTPUMAHHSIM PEKUMY 30H CaHiTapHOT
OXOpPOHU CBEPJIOBHH.

- SIkicTb TUTHOrO BOXOMOCTa4yaHHI. Y
2024 p. 9,6% mnpob Boau 3 ICHTPaAIi30BAHUX
JOKepeI BOAOIoCcTayanHs He Binmosimanu Can-
[TiH 3a BmicToM 3amiza. Y Boxi 3 KpUHHIIB (7e-
LEHTpai30BaHe BOJIONIOCTAYaHHS) BHUSBICHO
BUCOKHH BMicT HiTpaTiB (37% mpob). Lle Bu-
KIIMKAa€ PHU3UK METreMoriio0iHeMii, 0coOIMBO
JUTst HeMOBJIAT [16].

Bucnoeku

INapoexonoriuni mpobiaemu BommHCHKOT
00J1acTi KOMITJIEKCHI Ta B3a€MOIIOB si3aHi. BoHM
3YMOBJICHI HE 3aBKI1 XOPOLINM TEXHIYHUM CTa-
HOM 1H(PACTPYKTYpH, 3POCTAHHSAM OOCATIB I10-
OyTOBHX 1 MPOMUCIIOBHUX CTIYHUX BOJI, Hee]ek-
TUBHICTIO OUUCTKH T2 HEKOHTPOJILOBAHUM BILIH-
BOM arpapHoro cexropy. Haciigkom € mocty-
MOBE 3HMKEHHS MPUPOTHOT CaMOOYHCHOT 3/1aT-
HOCTI BOJIOWMM Ta BTpaTa €KOJIOTIYHOI PIBHOBATH.
B Toii e %k yac 11 BOJOKOPUCTYBaHHS Boynh-
ChKOi 00JIacTi XapaKTepHUH 1 P MO3UTUBHUX
TeHAeHid. Hampukiam, 3pocTalHs 9acTKu 000-
POTHOTO BOJIOTIOCTAYaHHS, 3aMKHYTHX IIUKIIIB
BUKOPHUCTAHHS BOJIH, TIOCTYIIOBE BIIPOBAPKEHHS
MPOMHUCIIOBUMHU  IMiANPUEMCTBAMH  OLIAJTUBI-
HIMX TEXHOJIOTIH, YaCTKOBAa MOJIEpHi3aLlisl OumnC-
HHX CHOPY/I.

Jist cranoro BOJOKOPHCTYBaHHS Ta MiHi-
Mi3allii eKOJIOTIYHUX 3arpo3 B 00JIACTI MepIIoye-
ProBUM 3aBIAaHHSIM € CKOPOYEHHS BTpaT BOIH
mizx yac tpaHcropTyBaHHA. Lle BUMarae 3aminu
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CTapux TpyOOMpOBONIiB Ha CydacHi, BIPOBa-
JDKEHHSI CHCTEM AMCTAHLIHHOTO KOHTPOJIIO BH-
TOKIB, yJIOCKOHAJICHHS OOJIIKY BOJIM Ha BCIX PiB-
HSIX, CTUMYJIIOBaHHSI BOZ030€pEKEHHS 3a paxy-
HOK THYYKHX TapuQiB.

Takox BaKIMBUM 3aBJaHHIM € MOJIEPHi-
3arisl Ta OYAIBHUIITBO HOBUX OYMCHHX CIOPY]I
JUISl YHUKHEHHSI TIePeBAaHTaKEHHSI CUCTEMH BO-
noBigBeneHHst. OcOOIMBO aKTyalIbHO II€ JUIs Be-
JMKKUX Ta cepeaHix mict (JIyipk, Kosens, Boso-
JMup). st Masmux rpoMalt CTBOPEHHS JIOKaITb-
HUX CHOpYJ| 0i0JIOT1YHOT OYMCTKH Ta 010TIaTo
JIO3BOJIMThH 3HAYHO TOKPAIIUTH SKICTh OYHCTKH
CTIYHUX BOJL.

CyyacHe IIPOMHUCIIOBE BOJOKOPHCTY-
BaHHS MOBHHHO MaKCHMaJIbHO BHKOPHCTOBY-
BaTH 3aMKHEHI BOJIOTOCIIOJNAPCHKI UK. Bike
CHOTOJIHI B HUX 3aaKyMyJIbOBaHO OJM3bKO 23%
BOJIH, LII0 BUKOPHUCTOBYETHCS Y TIPOMHUCIIOBOCTI.
Leit moka3HUK MOXe OyTH TIOJBOEHUMN 3aBJISKA
LIMPIIOMY BUKOPUCTAHHIO 3aMKHEHHX BOJIOTOC-
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MOAAPCHKUX IIMKJIIB, HACAMIIEPE/], Ha TiIPHEM-
CTBax XapuoBoi, AepeBooOpPoOHOI Ta Oy/iBesb-
HOI rajry3en.

Y cibCchKOMY TOCTIOIAPCTBI IPIOPUTETOM
BOI030EpEKEHHS € TTepeXi] Ha KparreIbHe Ta Mi-
KPO3POIIEeHHS, 1110 €eKOHOMUTH 110 50% Bom. Ta-
KOK KPUTUYHO BaXKITUBUM € KOHTPOIb Judy3-
HOTO 3a0pyAHEHHS 3 TIOJIB MUITXOM CTBOPEHHS
Oy(epHnx mpuOEpeKHUX CMYT Ta BIIPOBa-
JUKCHHS €(EeKTHBHOTO arpOeKOJIOTITHOTO MOHI-
TOPHHTY. BiZHOBIEHHS IPUPOJHOrO TipPOIOTi-
YHOTO PEKUMY MaJlMX PIidOK, PO3UUCTKA pyced,
BiJTHOBJICHHSI 3aIlIaB, JIKBiallis Hee(EKTUBHIX
Ta HEBUKOPHCTOBYBAaHMX OCYIIyBalbHUX CHC-
TEM TIOKPAIINTH SIKICTh BOJI Ta CTa01Ti3y€ PiBEHb

[TigBumienHs: eEeKTUBHOCTI BOJIOKOPHC-
TYBaHHSI HEMOXKJIMBE O€3 BIIPOBAKEHHS €JMHOT
uu@poBoi mIaTHOpMU MOHITOPHHTY, Ka 00'€/-
Hae JaHi mpo 3adip, CKUIH, SKICTh BOJM Ta HaBa-
HTa)XCHHS Ha OacelHU PiK, TO3BOJIUTH OTIEPATH-
BHO pearyBaTu Ha poOsieMu. TakoxX KII0UOBUM
€ IMpLIe BIPOBADKEHHA OaceiHOBOIO MpPHUH-
UMY YOPaBITiHHS BOAHWMH PEeCypcamd 3TiTHO
Bomnoi pamkoBoi mupextusu €C.

EdexTrBHICTS yCiX 3aX0/IiB 3aJIE)KHUTH BiJl
PIiBHSI €KOJIOT1YHOI KYyJIbTYpH HaceneHHs. st i1
ITi IBUIIICHHST HEOOX1THO Peai30ByBaTH KOMILIC-
KCHi €KOJIOTO-TIPOCBITHHULIBKI TPOTPaMHy Ta 3aiIy-
YaTH rPOMaJIChKi OpraHizarii 1o MOHITOPUHTY Ta
PUPOJIOOXOPOHHHX AKITIH.

IPYHTOBHX BOJI.
Kondgpnixm inmepecie

ABTOpH 3asBISIOTH, IO KOHQIIKTY 1HTEpECiB 100 MyOikamii 1boro pykonucy Hemae. Kpim
TOTO, aBTOPH MOBHICTIO TOTPUMYBAIUCh €TUYHAX HOPM, BKIIFOYAIOUH IIIariaT, ¢hanbcuikaiiro JaHIX
Ta TOJBIHHY MyOTiKaIlifo.

Buecok asmopie: Bci aBTOpH 3p0OHIIH PIBHUH BHECOK Y 110 POOOTY.

B po0oTi HE BUKOPHCTAHO PECypC MTYYHOTO IHTENEKTY.
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QUANTITATIVE ASSESSMENT OF CURRENT TRENDS IN WATER USE
IN VOLYN REGION

Purpose. To carry out a quantitative assessment of the main trends in water use in Volyn Region, analyze
the dynamics of water withdrawal across key sectors and identify the major factors influencing changes in the
structure and volumes of water resource use.

Methods. Statistical analysis, systems approach, predictive modelling and scenario analysis.

Results. The water balance of Volyn Region is non-deficit, and available resources fully meet regional
needs. In 2024, total water withdrawal reached 45.71 million m3, of which 36.3 million m® were groundwater.
Only about 4% of their estimated reserves are currently used. The main water users are the municipal sector (50%),
agriculture, and industry. A key issue is high water losses during transportation (nearly 17%). The volume of
discharged wastewater amounted to 29.08 million m3, most of which was treated. Wastewater treatment facilities
operate close to their capacity, creating risks of declining water quality in the Pripyat and Western Bug rivers.
Negative impacts include local excesses of biogenic substances and challenges associated with decentralized water
supply. In general, the region's water management system is stable, but it needs modernization of treatment
facilities, water supply and wastewater networks, and strengthening of environmental control.

Conclusions. Hydroecological problems in Volyn Region are complex and stem from worn-out
infrastructure, increasing wastewater volumes, and agricultural impacts, resulting in reduced natural self-
purification capacity of water bodies. At the same time, positive trends are observed: the development of water
reuse, modernization of treatment facilities, and more efficient technologies. Priorities include reducing water
losses, upgrading treatment systems, expanding closed water-use cycles in industry, promoting water-saving
practices in agriculture, implementing digital monitoring, integrated water management, and strengthening public
involvement in addressing water-use challenges.

KEYWORDS: water use, water consumption, wastewater discharge, sustainable development, state of
water resources, hydro-ecological problem
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SKICTb HUTHOI BOAU 3 PI3HUX JJKEPEJI
Y LIEBUYEHKIBCbKOMY PAMOHI MICTA XAPKOBA

Meta. OuiHka SIKOCTi MUTHOI BOJY 3 Pi3HUX JDKepen (LIeHTpalli30BaHKX, HElleHTpalizoBaHux) y llleBuen-
KiBCBKOMY paiioHi XapkoBa.

Metoau. ITonpoBuii, aHATITHYHUI, CTATUCTHYHMIA.

PesyabTaTu. BiniOpaHo penpeseHTaTuBHI MPoOH 3 Pi3HUX JHKEPET BOJONOCTaYaHHs: IPUPOTHUX JKEped,
CBEp/JIOBUH, MICBKOT'O BOJONPOBOY. BH3HAaU€HO OpraHojenTHYHI BIaCTHUBOCTI, (i3MKO-XIMiYHI ITapaMeTpH Ta
TOKCHKOJIOTi19HI IMOKa3HUKH. Ha mifncTaBi aHai3y yCiX IMX XapaKTepucTHK BiamosimHo o Bumor JJCTY 4808,
BU3HAYEHO, IO Mpoou apTe3iancbkoi Boau TM «IllecTakiBchkay XapaKTepH3YIOTHCS ONTUMATEHIM HEUTpaTbHIM
pH, HU3EKHM BMiCTOM METaJIiB, IOMIpPHOO YKOPCTKICTIO Ta HE MEPEBUIYIOTh HOPMATUBHIUX 3HAYCHB 32 YKOJHUM
nmoka3HuKoM. [TpoOu BoIM 3i CBEpUIOBHH IPUBATHOTO KOpUCTyBaHHS y llleBueHKIBCHKOMY paifoHi M. XapkoBa
MAIOTh MiJBUILEHY 3arajibHy KOPCTKICTh, MiHEpaIli3allito Ta 3aCOJICHICTh, IO CBITYHUTH PO HEOOXiTHICTH AOAAT-
KOBOI OYHCTKH Bix colieil. Boma meHTpanizoBaHOTO BOJIOIIOCTAYaHHS, OKPIM BHCOKOI 3araJlbHOi )KOPCTKOCTI, Bifl-
3HaYaach HaOUIBIINM BMICTOM XJIOPY, 3aj1i3a Ta Miji. [IpoBeaeHO T0CiiKEHHS 111010 TOKPAIIEHHS SIKOCTI BO-
JIOTIPOBITHOT BOJIM B JOMAIIIHIX yMOBax. 30KpeMa, JI0CIIPKYBaIUCh e(eKTH KUIT SITIHHS, BiJICTOIOBaHHS, 3aMOPO-
JKyBaHHs Ta (iIbTpalii BOJM Ha 3MEHILIEHHS BMICTY 3araJIbHUX COJIeH Ta MOKPAIIEHHs OPraHOJIENTUYHUX TTOKa3-
HUKIB.

BucHoBku. Apresiancbka Boja Toprosoi Mmapku «lllectakiBcbka» Mae 1-if KJ1ac SKOCTI Ha MMiZCTaBl MOBHOT
BIJIMIOBIZTHOCTI HOpMaTHBaM. BoOMPOBiHY Ta JKEpENIbHY BOIY BiJHECEHO 0 2-TO KJIACY SKOCTI uepe3 MmepeBH-
IICHHS YKOPCTKOCTI Ta MiJBUIEHY MiHepatizamnito. HaifHmkdi moka3HUKH 3a(pikCOBaHO y BOAI 3 MIPHUBATHOI CBEP-
JUTOBHH, sIKa BiTHECEHa JO 3 KJacy SKOCTi 4epe3 3HAYHE MEePEeBUINCHHS HOPMATHBY KOPCTKOCTi. EQexTuBHUM
NoOYTOBMM METOJIOM JieMiHepalli3allii BOJH € 3aMOPOXKYBaHHS Ta (iabTparis.

KJIKOYOBI CJOBA: numna 600a, axicmeb 600u, 6000N0OCMAayants micma, Qisuko-xiMiuHi nOKa3HUKU
600U, 3A2AIbHA HCOPCMKICMb 600U, MEMOOU NOKPAWEHHS 800U
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YucTa nUTHA BOJIA € OCHOBOIO JKUTTS Ta
3m0poB’s moanHu. BoHa 3abe3medye HOpMa-
npbHe (YHKUIOHYBaHHS BHYTDILIHIX OpraHiB,
Oepe ydacTh y TpoIlecax TpaBICHHs, OOMiHY
PEYOBUH, PETYJIIALIT TEMITEpPaTypH Tijia Ta BHBE-
JIEHHI TOKCHHIB. SIKicHa BoJia CIIpHs€ IMiATPH-
MaHHIO EHEPTeTUYHOro OaaHCy, 3MILHIOE iIMY-
HHY CHCTEMY i TO3UTHBHO BILTUBAE Ha pOOOTY
cepIs, HUPOK Ta MEeYiHKH. ToMy BaXKJIMBO IIIO-
JIHS B)KMBATH JTOCTATHIO KUTBKICTh YHCTOI MUT-
HOi BozH, 00 30epertu 370poB’sl Ta TapHe ca-
monouytts [1, 2].

3abe3medyeHHs AKOCTI IUTHOT BOAH € OJI-
HUM 13 TOJIOBHUX YMHHUKIB 30CPEXKCHHS 3]10-
poB’s HaceneHHs. Boma moBrHHA OyTH Oe3red-
HOIO 32 XIMI9HUM, MiKpOOi0OJIOTi9HUM i OpTaHO-
JENTUYHUM cKJagoM. KOHTpOITb SIKOCTi MUTHOT
BOJM BKJIIOYA€ OYMIICHHS, 3HE3aPAKCHHS Ta
MOCTIHHWN MOHITOPHUHT ii cTaHy. Jlumie Bxu-
BaHHS YUCTOI Ta O€3MEeYHOT BOJAM CIPHUSIE ITi/T-
pUMaHHIO TOMEOCTa3y OpraHi3My Ta 3HWXKYE
HMOBIpHICT, BUHUKHEHHS PI3HOMaHITHUX 3a-
XBOpIOBaHb [3].

OCHOBHHMM JIXKEpPEJIOM BOJOMOCTaYaHHS
B YKpaiHi € TOBEpXHEBI BOJIM, YACTKA IKHX CTa-
HOBUTH O1m3bk0o 80 % Bij 3arajbHOTO 00CATY
criokuBanHs. [li3emHui Boau B YKpaiHi BUKO-
PHUCTOBYIOTBCSI TIEPEBAKHO JUIs 3a0e3MeueHHS
NHUTHOTO BOJOIOCTAYaHHS y PUBATHHUX JIOMO-
rOCIIO/IapCTBAX, a TAKOXK y HEBEIMKHUX Hacele-
HUX MyHKTaX, A€ BIJICYTHI a00 oOMexeHo (hyH-
KIIIOHYIOTh IEHTPAJIi30BaHi CHUCTEMH BOOIIO-
crayaHHsa. JlOCBiJ €BpPOINEWCHKUX KpaiH, 30K-
pema CroBadY4MHH, CBIAYUTH, IO IIiJI3EMHI
BOJIM TaM BiJIrparoTh MPOBIHY pOIIb y 3a0€3-
MIEYEHHI TUTHOTO BOJIONIOCTAYaHHS HACEIICHHSL.
BoaHoyac 3HMKEHHS PIBHIB MiI3€MHUX BOJI,
3pOCTaHHS BO/I03a00py Ta HE3a0BIIBHUH TeX-
HIYHHMI CTaH BOJOIOCHOAAPCHKOI iH(PACTPYK-
TYypH BKa3ylOThb Ha HAOJMKEHHS KPHUTUYHOTO
eTarny y QyHKI[IOHYBaHHI BOJHHX crcTeM [4, 5].
ITomiOHI TeHAEHIIT MPOCTEKYIOTHCS 1 B YKpa-
iHi, e 32 YMOB MiJBUILEHHS TEXHOTCHHOTO Ha-
BaHTAXEHHSI 0COONMBOi aKkTyaJbHOCTI HaOyBa-
I0Th NHTAHHS PAliOHANIBHOTO BHUKOPHCTAHHS,
OXOPOHHU i BIIHOBJICHHS BOJHUX pecypciB [6].

[IuTHa BOnA, IO CHOXHUBAETHCS JIFOIHU-
HOIO, TOBUHHA BiATOBIIaTH BCTAHOBJICHUM CTa-

Bcemyn

HAApTaM SIKOCTI, aJike 11 XiMiYHUH 1 MiKpoOio-
JIOTIYHUH CKaa Mae Oe3IocepeIHii BIUIMB HA
3M0poB’sl. 3abe3neveHHs] KOHTPOJIO SKOCTI
BOAU € BAXJIMBOIO CKIAJOBOIO O€3Me4YHOr0
KUTTSA Ta 30epeKCHHS 3I0pPOB’S HACEICHHS.
IIpoBeneHHs mabopaTOpHUX HOCITIKCHD A€
3MOT'Y BYaCHO BHSIBIISITH 3a0py/THIOBaYi, TOKCH-
YHI PEYOBHHHU, MATOTCHHI MIKPOOPTaHi3MH Ta
iHmTi HeOe3nmeddi KoMmmoHeHTH. IIpore Oib-
IIICTh JIFOJICH PiJIKO 3aMHCITIOETHCS PO KPUTH-
YHY POJIb BOJIU B )KUTTi. BoHa MoOXe sk mOKpa-
[IyBaTH CTaH OpraHi3My, TaK 1 3aBJaBaTH
HIKOJH, TOMY KOHTPOJIb 11 IKOCTi € HEOOX1THIM.
CyuacHi Melia MOCTIHHO MOBIIOMIISIOTH PO
Te, IO BOAOTIPOBIAHY BOAY cltif (pimsTpyBaTH,
a KOJIOMIS3HY HE MOXHA CITOKHMBaTH O3 rmore-
penubsoi ounctku [3, 6]. Boma cympoBomkye
JIOAVHY MPOTATOM yChOTO JHS, 1 11 MPUCYTHICTD
4acTo 37a€THCS 3BUYHOIO Ta HEITOMITHOIO.

s migTpuMaHHS 3I0POB’S  BaXKIIMBO
CIIO)KUBATH JIMIIE YHCTYy Ta OC3ICUHY MUTHY
BOAY, SKa HE MICTUTH IIKIUTHBHX PEUOBHH Ta
BOJHOYAC MICTUTHh HEOOXiIHI OpraHi3aMy MiHe-
payu. OYunIeHHs BOJIU CYTTEBO MOKPAIILYE SIK-
iCTB KUTTS Ta TO3UTUBHO BILTUBAE HA 3/IOPOB 4.
[lix gac TpaHCIOpPTYBaHHS IO CIIOKHMBadya BO-
JIOTIPOBiIHA BOJIa MOXKe 3a0pyIHIOBATHCS, TOMY
BUHUKAEC HEOOXIAHICTh i1 HOMATKOBOIO OYH-
[IeHHsT 0e3M0CepeIHRO B MiCIli BUKOPUCTaHHS.
OpHak TpaauIliiiHi CrIocOOU OYMINEHHS MalOTh
ICTOTHHI HEJIOJIK — BOHU BUMararoTh peryJsip-
HOI 3aMiHH (ITBTPYBAIFHUX EIIEMEHTIB, MIO0
MIPU3BOJIUTH IO TiBUIICHHS BUTPAT HA MiATO-
TOBKY BoH [2, 7].

TakuM YWHOM, KOHTPOJIb 1 peryisipHa
repeBipka SKOCTI MUTHOI BOJU € HaJI3BHYANHO
BaKJIMBUMMU JUTA 3a0e311eueHHs Oe3IeKH Ta -
TPUMKH 3JI0POB’Sl HACEJICHHS, OCKUTBKH JI03BO-
JISIOTh CBOEYACHO BUSABIISITH HASBHICTb 1K1 1T -
BHIX JOMIIIIOK Ta 3a0pyIHEHb.

MeToro JOCTIKEHHSI € KOMIUIEKCHA
OIliHKA SIKOCTi MUTHOI BOJIU 3 HEI[EHTPaTi30Ba-
HUX, IEHTPANi30BaHUX Ta aJbTEPHATUBHUX
Jokepen Bojorioctavuanus y [lleBueHKiBCbKOMY
paiioHi M. XapkoBa 3a OpraHoJenTHIHUMH, (i-
3WKO-XIMIYHUMHU Ta TOKCUKOJOTIYHUMU TTOKa3-
HUKaMHU.

00’ekmu ma memoou 00c¢io¥cens

OO0’ €eXT mOCTiMKEeHH — TPOOU MHUTHOI
BOJH, BiZiOpaHi 3 pi3HUX BO03a0ipHHUX MYyH-
kTiB llleBueHKiBCEKOTO palioHy M. XapKoBa,
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BKJIFOUAIOYX [IEHTPaTi30BaHI CHCTEMH BOJO-
MOCTavYaHHs, JpKepesa Ta iHIUBIyadbHI CBe-
PIATOBUHM.
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[Ipeamer nocHiIKeHHAI — CYKYIHICTb
OPTaHOJICNTHYHUX XapaKTEPHUCTHK, (Pi3UKO-
XIMIYHUX TIapaMeTpiB Ta CaHITapHO-TOKCH-
KOJIOTIYHHUX TIOKa3HUKIB  JTOCIIiKYyBaHUX
npo0 BoaH.

JlIst OLIHKHM SKOCTI HMUTHOI BOJM, IO
nocradaerbesa y llleBueHKIBCHKUN pailoH M.
XapkoBa OyJi0 TPOBEICHO BiAOIp IMIECTH
po0 i3 pizHUX MKepen (puc. 1):

1) ITpo6a Nel BigiGpaHo 3 IPHUPOTHOTO
mxepena «OnekciiBebka 6anka» (Ixep. 1);

2) IIpoGa Ne2 BiiOpaHo 3 MPUPOTHOTO
mxepena «CapxuH sp» (xep. 2);

Qneschincuxa =

Q

A MAKPOPAWD

2

BOTa e Cay) = DN HE

1M MUKPOPANDH

5".}\ os =
L

1) Jbxepensta Boga «Onexeiigchka tankan (xep.1);

2) kepeanna soaa «Capaun ap» ([bkep.2);

3) Coepnosuna no syn. Cemena Kyauens, 57 (Cesepa. 1)
4) Crepuiosiua no sy, [pxepanscsxoro, 13 (Ceepa.2);

6) Boua 3 nyuxry povmsy TM «lllecrakiscexan (Aaron.). 6) Water from the TM “Shestakovskaya™ vending machine (Dispenser).

3) TIpob6a Ne3 BimibpaHo 3i cBepiyIO-
BUH IHINUBIAyaJIbHOTO KOPUCTYBAHHS 10 BYJI.
Cemena Kysznemns, 57 (Ceepa. 1);

4) TIpo6a Ned Bimibpano 3i cBepyIO-
BUH IHANBIAYaJIbHOTO KOPUCTYBAHHS MO BYJI.
IIpxxeBanbsepkoro, 15 (Ceepa. 4);

5) IIpo6a Ne5 BimibpaHo 3 EHTPATi30-
BaHOI Mepexi BoJomocTayanus mo Byni. Kio-
gKiBChbKa, 115 (Bomomp.);

6) ITpo6a Ne6 BiniOpaHO 3 MyHKTY PO3-
auBy Boau ToproBoi Mmapku «Illectakis-
ChbKay, BCTAHOBJCHOTO B Mekax IIleBueHKiB-
CBKOTO paiioHy (ABTOM.).

ORbHMK K

1) Spring water “Oleksiyivska Balka™ (Spring 1);
2) Spring water “Sarzhin Yar™ (Spring 2);

3) Well at 57 Semen Kuznets Street (Well 1),

4) Well at 15 Przewalski Street (Well 2):

3) Bononporima sona no sy, Kaouxiscska 115 (Bogonp. ). 5) Tap water at 115 Klochkivska Street (Tap water);

Puc. 1 — Micug Binbopy npo6 Boau At aHawi3y y Mexkax LlleBueHkiBcbKkoro pailoHy M. XapkoBa
Fig. 1 — Locations for water sampling for analysis within the Shevchenkivskyi district of Kharkiv

B koxHill BUOpaHiii KOHTPOJBHIN TOUII
3IHCHIOBABCS Bi0ip Boau 00’ emMoM 1,5 mitpa 3
PI3HUX JKEpen BOAONOCTaYaHHS Yy CIelialibHi
MIPO30pi KOHTEHWHEPH, BUTOTOBJICHI 3 XiIMIYHO
IHEPTHOTO MaTepiajy, BiAMOBIIHO /10 BUMOT 3a-
TBEPHKEHOI METOJMKH [6], 1110 TapaHTyBaNO Mi-
HIMi3aIli}0 30BHIIIHEOTO BIUIMBY Ha JIOCTOBIp-
HICTh OTPUMAaHHX pe3yJbTaTiB aHamizy. JJoci-
IHi pobu Boxu 3i0paHo y BepecHi 2024 poky.
Koxxna npoba oTpumarna BIacHUN YHIKaJIbHUHA
KOJ JUTst TOAaIbInol iqeHTr]IKAII.

Amnauri3 BiibpaHux mpo6 BoJIu POBOJIU-
BCS1 B HABYAJILHO-IOCIiAHIN TabopaTopii aHami-
THYHUX EKOJOTIYHUX JOCTiIKEHh XapKiBCh-
KOT'0 HaIIOHAJTLHOTO YHiBepcuTeTy iMeHi B. H.
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Kapasina. BumiproBaHHSI TIOKa3HHKIB TMPOBO-
JIAIA BIIOBIIHO IO YMHHUX CTaHIAapTH30Ba-
HUX 1 THMYaCOBO 3aTBEPIKEHUX METOAUK. 30K-
pema, mpo3opicte BuzHauanu 3a JCTY ISO
7027:2003, 3amax — 3rigao 3 JICTY EN 1420-
1:2004, BonHeBmii nokazHuk (pH) — BianosigHo
1o JACTY 4077-2001, 3aransHy JTy*KHICTh — 32
JACTY ISO 9963-1:2007, 3aranbHy >KOPCTKICTD
—3a JICTY ISO 6059:2003, BMiCT BaXKKHUX Me-
tamiB — 3a [THA®D 14.1:2.253-09, xnopumu —
3rigHo 3 JICTY IS0 9297:2007, a HiTpUTH — 3T1i-
auo 3 JICTY ISO 15923-1:2018 [8-12].
CaniTapHO-TiTi€HIUHI TapaMETPH OL[HIO-
BaHHs AKOCTI IUTHOI BOJIM BU3HAYAJIMCA 31IHO
3 sumoramu J[CanlliH 2.2.4-171-10 «I'irieHiy-
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Hi BUMOTH JI0 BOJU IUTHOI, MPU3HAYCHOT ISt
CIIOKUBaHHS JIFOJIMHOIO», 3aTBEPPKCHUMH Ha-
kazoMm Ne 400 Big 12 tpasus 2010 poxy Minic-
TEPCTBOM OXOPOHHM 340poB’st Ykpainu [13].
s iHTETpaIbHOI OIIHKK BUKOPHCTOBY-
Banu nojoxenus JCTY 4808 [14], axuii BU-
3HaYa€ HOPMATHBH MO0 (Pi3UKO-XIMIUYHUX I10-
Ka3HUKiB, MIKpOOi1OJIOTIYHIX BIIACTHBOCTCH Ta
IHIMAX SKICHHUX ITapaMeTPiB BOAM 3 METOIO 3a0e-

3meueHHs 11 O0e3meuHocTi A HaceneHHs. [lei
HOPMAaTHUB 3aCTOCOBYETHCS JIJII BOIM PI3HUX
JOKEpeJI, 30KpeMa BOJONPOBIAHUX CHCTEM Ta
MIPUPOIHUX BOAONM, 1 € BAXKJIIMBUM IHCTPYMEH-
TOM y cpepi TPOMaJCHKOTO 3/I0OPOB’SI Ta €KOJIO-
rigHoi 0e3neku. 3rigHo 3 nojaoxeHusmu JCTY
4808, mpoOu BoaM KIACH(DIKYIOThCS 32 TICB-
HHUMH KJIaCAMH SIKOCTI 3aJIe)KHO BiJl PiBHSA iX 3a-
Opynuenss (tabu. 1).

Taoauns 1

OuiHWBaHHSA KOCTi MUTHOI BoaH 3rigHo 3 HopmaTtuBamu JICTY 4808 [14]

Table 1

Assessment of drinking water quality in accordance with DSTU 4808 standards [14]

Kaac sixocri Boau /
Water quality grade

XapakTepuCcTHKA SIKOCTi A0CIixKyBaHoi Boau /
Characteristics of the quality of the water under investigation

1 xknac / Grade 1

BinMinHa — BoJia BiAMOBIIa€ BCIM HOPMAaTHBHUM BHMOTaM Ta XapaKTEePH3y-
€ThCA BUCOKUM piBHeM 0e3MEYHOCTI Ta CIIOKUBYUX BIACTUBOCTEH /
Excellent — the water meets all regulatory requirements and is characterized
by a high level of safety and consumer properties.

2 xnac / Grade 2

JloOpa — Boza 3arajioM BiIIOBiIa€ HOPMATUBAM, 3 HE3HAUHUMHU BiIXHUIICH-
HSIMH, 1[0 HE BINIMBAIOTh iICTOTHO Ha ii 6e3meunicTs /

Good — the water generally complies with standards, with minor deviations
that do not significantly affect its safety.

3 knac / Grade 3

3a10BiJIbHA — BOJA NPUKUHATHA 711 CIIO’KUBAHHS, TPOTE MAE [I€BHI HENIO-
JKH, 110 3HIKYIOTH ii SKiCHI Ta CIIOKMBYi XapaKTePUCTHKH /
Satisfactory — water is acceptable for consumption, but has certain
shortcomings that reduce its quality and consumer characteristics.

4 xnac / Grade 4

[Mocepennst — Bosia 3Ha4HO BIIXWISAETHCS BiJ HOpMaTI/IBiB, 11 BUKOpUCTaHHS
oOMexeHe 1 HOTpe6y€ JI0JIATKOBOI OYMCTKH ISl OE3[EYHOT0 CIIOKUBAaHHSA [
Poor — water significantly deviates from standards, its use is limited and
requires additional treatment for safe consumption.

Pezynvmamu docniddicens

Ha nepmomy eramni maboparopHo-aHaTi-
TUYHOTO JOCIIIKEHHS IIPOBEJCHO aHalli3 opra-
HOJIEITHYHUX TOKA3HUKIB AKOCTI IIMTHOI BOAH,
30KpeMa 3araxy Ta Mpo30pocTi. [HTEHCUBHICTD
3anaxy Bu3Hauauu npu Temmnepatypi 20 °C. Y
OinmbIrocTi mpo06 3amax BiJICyTHIH, 32 BUHATKOM
BOJIOTIPOBITHOT BoJH (11poda Ne5), sikiii mpucBo-
eHo 1 Gan 3a 3amax. BogonposinHa Bosma mMana
CIIa0KHii 3amax XJopy, HMOBIpHO, 3yMOBIICHUI
3aCTOCYBaHHSM XJIOpaMIiHy JJIsl Ae31H(EKIIl.

[Ipo3zopicTs Boau y Oinbmiocti npod Bin-
nosigana HopMaTuBHUM BuMoram J[CanlliH
2.2.4-171-10 [13] i cranoBuna 30 cm. Bunst-
KoM OyJia mpo0a 31 cBepAJIoBUHHU Ha BYJ1. [Ipixke-
BanbChbKOro, 15 (mpoba Ne4), me mposzopicTh
craHoBmia 27 cM, IO HE BIANOBiZaE HOpMa-
THBY. 3MEHIIICHA IMPO30PICTh MOXKE CBITIUTH
PO HASBHICTH 3aBUCIIMX YaCTOK Ta 3HIKECHHS
SKOCT1 BOJIH.
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Ha apyromy erami BuMipsuTi OCHOBHI (i-
3MKO-XIMIUHI BJIACTUBOCTI BOIM. AHaI3yBaju
Taki mapameTpu: BojHeBUH moka3Huk (pH), 3a-
rajJbHy MiHepaji3allilo, 3arajbHy MOpPCTKICTb,
3aCOJICHICTh, €JIEKTPOIPOBIIHICTD BOJIH, 3aJIHIII-
KOBHI1 XJIOp, @ TAKOXK BMICT 3aJ1i3a Ta Miji.

Bumipsiai y pobax 3nadernst pH (BosHe-
BOTO TOKA3HHWKA) 3HAXOIWIMCSA B IHTEPBaIl Bi
6,84 no 8,07, 1110 HEe BUXOIUTH 3a MEKI HOPM,
BcraHosieHux J[CanlliH 2.2.4-171-10 (puc. 2).
MinimansHe 3HaueHHs pH (6,94) 3adikcoBane B
11po0i BOJONPOBIIHOT BOJIOWMY, Bi1iOpaHiii 3a aj-
pecoro By KitoukiBebka, 115. Cepenni 3HaueHHS
pH xapakTepHi A7 BOAM 3 MPUPOIHUX JKEPET
«OnexkciiBcbka Oanka» (6,94) ta «CapkuH sp»
(7,34), a Takox BoaM 3 MyHKTY po3iuBy TM «Llle-
cTakiBcbkay (7,68). HaToMicTh MakcHMaITbHI TIO-
Ka3HUKH 3a(iKCOBaHO Yy BOII 31 cBepy10BUH: 8,07
(Byn. Cemena Kyzners, 57) ta 7,96 (Byn. IIpxe-
BaJIbCHKOTO, 15).
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3aranbHa miHepanizauis, mr/gm3
Total mineralization, mg/dm3

400
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0

Awen i
Sowrce |

Caepn.2 ArTom

Wall2

Dviend
Source 2

Campp 1
wall L

Soacap

Tap water Dispenser M

Puc. 2 — 3nauenns mokasHuka pH
Fig. 2 — pH value

AHai3 3arajibHOI MiHepasi3alii miarse-
pauB Oe3neKy BCix npo0 BOAM LIOAO LBOTO IO-
Ka3HuKa (puc. 3). Xoua 3HaUEHHS KOJUBAINCS
BiJl MiHIManbHUX 267 Mr/am® (IyHKT PO3IUBY
TM «lllecTakiBChKa») A0 MakCHMaIbHUX 715
mr/om® (cBepanoBuHa Ha Byid. Cemena Kys-
Hens, 57), )xoHa 3 Mpo0 He TMepeBUIIniIa BCTa-
HoBieHux JCanlliH 2.2.4-171-10 mex. Lle mo-
3BOJISIE 3pOOUTH BUCHOBOK IIPO HAJISKHY SIKICTh
BOJIY 32 ITUM TIOKa3HUKOM Ta i1 IPUAATHICTh AJIs
PETYISIPHOTO CIIO)KUBAHHSI.

3a pesynbpTaTaMu JIOCIIKSHHS Ha YKOPCT-
KiCTh BOJIM, YaCTHHA P00 BOAM IEPEBUIIYE HOP-
MaTHB 3arajbHoi )opcTkocTi (7,0 MMonbs/nm® 3a
JCanlliH 2.2.4-171-10). HatiBuii 3Ha4eHHS, 1110
MIEPEBUIIYIOTh HOPMY, 3a(iKCOBaHO y BOAI 3
«OnexkciiBebkoi Oakmy (7,2 MMOJIb/IIM®) Ta CBEp-

Wopcrkicr 3ar,, mmons/am3
Total hardness, mmol/dm3
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Puc. 4 — 3HaveHHs 3araIbHOT YKOPCTKOCTI
Fig. 4 — The value of total hardness

Pesynbratn nociiUKeHb MOKa3aliv, IO
MOKa3HUKK MiHepaiizauii (puc.3) Ta xOopcTKo-
cTi Bou (puc.4) KOpenoIoTh 13 piBHEM 3acoJie-
HOCTI (pHUC.5) Ta eNEeKTPOINPOBITHICTIO (PHUC.6).
AHani3 JaHuX, HaBeICHUX Ha PUCYHKY 5, CBif-
YUTh, [[0 HAWBHII PiBHI 3aCOJICHOCTI BIACTUBI
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Puc. 3 — PiBens 3aranpHOI MiHepamizamnil
Fig. 3—The level of total mineralization

qutoBuH (8,1 ta 8,3 Mmoins/nm?) (puc. 4). BoaHo-
Yac, MiHIMaJIbHa >KOPCTKICTh BHSIBICHA B ITyHKTI
posmuBy TM «lllecrakiBcbkay (5,3 MMoIs/iM?), a
CepeliHi 3HAYCHHS — y Npobax 3 IeHTpasi30Ba-
HOT'O BOJIOTOHY Ta Jhkepena «Capxkut sip». Ocki-
JIbKH 3HAYEHHST Y)KOPCTKOCTI B YACTHHI IKepelt Te-
PEBUILYIOTH TOMYCTUMI, [Ie BUMAra€e BXKUTTS 3a-
XOZIB 10O 11 3HIKEHHS.

JoBeneHo, mo0 HaaMipHAa >KOPCTKICTh
BOJIM HETaTHBHO BIUTMBAE HA 37I0POB'SI JIFOIMHU.
Perymsipae criokuBaHHS BOJHM 3 IIiABUIICHUM
BMICTOM COJIEH KOPCTKOCTI IIPU3BOJUTE JI0 aAKYy-
MYJISILiT MaJIOPO3UMHHUX MiHEpajJbHUX BiKJIa-
JeHb B oprasisMi. Lle, y cBoro uepry, migBuuiye
PHU3UK PO3BUTKY HHUPKOBOI Ta KOBYHOKaM'STHOT
XBOPOOH, a TaKOXK MOpYIIye (QYHKIIIO CEUYOBU-
BiJTHOI CHCTEMH Ta CYIJIO0IB, IO MiATBEPDKY-
€THCS YUCIIEHHUMH JTOCTipKeHs v [ 15, 16].

3aconexicte soam, %
Water salinity, %

Awmep2
Sowrce 2

AsTom
Dispenser

awep.1
Source 1

Coopg.1
Welll

Crepn 2
Well 2

Sogore
Tap water

Puc. 5 — Ctynins 3aconeHoCTi
Fig. 5 — Salinity

THM CaMHM Ipo0aM BOJHM, SKi XapaKTepH3y-
I0ThCS MAaKCUMAJIbHIMY 3HAYCHHSIMH MiHepalli-
3arii Ta 3arajJbHOi KOPCTKOCTI.

AHayoriyHa TeH/ICHIIIs IPOCTEXKYETHCS 1
IUIsl eJIeKTPONpOBinHOCTI Boau (puc. 6): y Boai
31 CBEPUIOBHH Ta MPUPOAHUX JKepel 3adikco-
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EnexTponposigHicts sogu, pS/cm
Electrical conductivity of water, uS/cm

1200
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0
Awep.d Awep,2 Ceepp.l Caeppn.2 Bogonp. Astom
Source 1 Source 2 Well 1 Wall 2 Tap water Dispenser
Puc. 6 — BennunHa eneKTpOIPOBITHOCTI
Fig. 6 — Electrical conductivity value
BAaHO HaWBHII 3HAYEHHS EJCKTPOIPOBIIHOCTI, SIBTICHO y BOJIOTIPOBIiHINM Boi (Byn. Kioukis-
TOJI SIK Y BOJI 3 IIYHKTY PO3JIUBY Ta LIEHTPAIi30- cbKa, 115), 10 06yMOBIIEHO TEXHOJIOTI€I0 MiArO-
BAaHOI'0 BOJOIIOCTAYaHHsI ITOKA3HUKU EJIEKTPOII- TOBKH BOJIH, TOJI SIK Y BOAI 3 IPUPOJHUX JIXKE-
POBIAHOCTI € HAMHWKYNMH. pen, ceepaioBuH Ta TM «lllecTakiBcbkay BMiCT
Konuenrpanist 3aJMIIKOBOTO XJIOpY B MiHiManeHH ¥ abo He BusBIsABC. s 3men-
ycix mpobax (00,7 mr/aM*®) He nepeBuIyBaia LIEHHS BMICTY XJIOPY Yy BOJOIPOBIAHIN BOXI 1O
HopmatuB J{CaulliH 2.2.4-171-10 (1,2 mr/om®) CIIOJKMBAHHS PEKOMEH/IYEThCS BIICTOIOBATH il
(puc. 7). Makcumanbuuii piess (0,7 Mr/nm?) BU- 2-3 romuHu 1715 #oro BuBiTproBanus [17, 18].
Xnop 3anuwKosui 3aransHui, mr/am3 3anizo, mr/gm3
Total residual chlorine, mg/dm3 Iron, mg/dm3
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Fig. 7 — Residual chlorine content (total) Fig. 8 — Iron content in water samples
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AmHaJtiz BMICTy 3arajibHOT0 3aji3a (puc. 8)
BU3HAYa€ MEpeBaKHY BiNMOBIAHICTH MPOO HOP-
matuBy (0,2 mr/am?), 3a BUHATKOM BOJOIPOBi-
Hoi Boau (Byn. KnoukiBcrka, 115), ne KoHIIEHT-
partist cranosmia 0,15 mr/am®. Lle cTBoproe mmo-
TEHIIIHHWA PU3HK IJIST 3I0POB'Sl, OCKUTEKH ITiIBU-
IIICHUA BMICT 3aj1i3a acoIitoeTres 3 [7, 19]: mo-
PYIICHHSIME METa0OIIYHIX MPOLIECIB; ITiBHIIE-
HHUM PU3UKOM PO3BUTKY I€MOXPOMATO3Y; HOTip-
LIEHHSAM CTaHY IIKIpH Ta OPraHOJeNTHYHMX BJIa-
cTuBocTel Bomu. Jlyisl 3aXMCTy 4yTIMBUX TpyIl
HaCeJICHHs (JIiTe, BariTHUX ) OLITBHUAM € BIIPO-
Ba/KCHHsI cUCTeM (iIbTpalii Ta MoCTiHHUN KO-
HTPOJIb SKOCTI Boju [18].

Bwmict mizi B ycix npobax Boau (puc. 9)
3HaxoauBscs B Mexkax 0,01-0,05 mr/omM3, 1o mo-
BHicTIO BiamoBinae Hopmam JICanlliH. Otpu-
MaHi pe3yNabTaTH MiATBEPKYIOTh BiJICYTHICTh
3a0pyqHEHHS JpKepel CHOoJTyKaMd Mimi Ta 6e3-
NEKy BOJM JUIS CTIO)KHBAHHS

Ha tperpoMy eTami HOCHIIKEHHS TPO-
aHaJII30BaHO TOKCHKOJIOTiYHI MOKa3HUKHU SIKO-
CTi BOJAM, 30KpeMa BH3HAYEHO BMICT HITpATIB.
Sk nemoncTpye puc. 10, KOHIIEHTpAIlil HITpPaTiB
y BCix mpo0ax 3HAYHO HWXKYi 33 TPAHUYIHO JI0-
nyctumy Hopmy (50 mr/am?, [ICanlliH 2.2.4-
171-10), konuBarouuncs y giamazoni Big 0,11 1o
2,48 mr/am3. MinimansHa kouuentparis (0,11
mr/nm?) BusiBiieHa y Boai TM «lllecrakiBcbkay.
ITpobu 31 cBepIIOBUH JEMOHCTPYIOTH MPOMi-
skl 3Havends: 1,09 mr/nm® ta 1,16 mr/mve.
Haii0inpmi mokasHuku 3agikcoBaHi y BOII

LIEHTpaTi30BaHOr0  BomomocTadanHs (1,72
MI/IM?) Ta TpUPOAHUX pKeped: 2,48 mr/mm?
(«OnekciiBcpka Oanka») i 1,87 mr/mm® («Cap-
KUH 5IP»).

Xo4 yci mpoOH BOAM IO TOCIIIKEHO Bi-
IMOBIAAl0Th CaHITAPHUM BHMOTaM, HasBHICTbH
HaBiTh HE3HAYHOI KUIBKOCTI HITpaTiB y BoOji
CTaHOBUTH MOTEHIIIHHY 3arpo3y. [loTparmsroun
B OpTaHi3M, HiTpaTH MOXYTb BUKIIUKATH TillOK-
CHYHI CTaHH, TOPYIIYIOUH QYHKIIIO KIFOYOBUX
OpraHiB Ta 3HIKYIOUH Tpare3fatHicTs. Haii-
OLITBII Bpa3TMBUME TPyIaMH € JITH Ta BariTHI
KIHKHM, Yy SKHX MiBHIICHUH BMICT HITpaTiB
MOXX€ CIPUYHHATH METTeMOTJIO0iHEMII0 —
CTaH, 10 CYIPOBOKYETHCS MTOPYIICHHSM Tpa-
Hemopty KucHio [20-22].

Ha ocHOBI o11iHIOBaHHS MTOKa3HUKIB MPOO
Bomu 3a JICTY 4808 [14], mus KoxHOI IpoOH
BHU3HAYCHO KJac skocti (tabn. 2). Boma pos-
muBy TM «llleneTiBchkay BigHeceHa 10 1-ro
KJIaCy, OCKUIBKH BCi IMOKa3HWKH BiJIMIOBiNAIOTh
HOPMAaTHBHHM BHMOTaM.

Bonomposinna Boga (Byis. KioukiBcbka,
115) Ta mkepenbHI BOaW BigHECEHI A0 2-TO
KJIacy 4depe3 MEpEeBUIIEHHS HOPM 3a YKOPCTKi-
CTIO Ta MiHEpaJIi3alli€ro.

Haitamxuay sikicts (3-i Ki1ac) mpoaeMoH-
CTpYBaJIH ITPOOH 31 CBEPJIOBHH, IO TTOB’3aHO
i3 3HAUHUM TIEPEBUILICHHSM HOPMATHBY 3arajib-
HOI YKOPCTKOCTI.

Taoéaunsa 2
Buznaueni kjacu sikocti npod Boau
Table 2
Quality grades of the water samples
Kaac saxocri Bog [14] /
Ipo6a Boau / Water sample Water quality grad[e []14]
Ipo6a 1. - IxepenbHa Bona «OekciiBebka G6ankay / 2 KJmac
Sample 1. - Spring water “Oleksiyivska Balka” (3a MiHepaJi3ali€ero, 3a JKOPCTKICTIO) /
Grade 2
(by mineralization, by hardness)
Ipo6a 2. - IxxepensHa Boga «Capxus sp» / 2 Knac
Sample 2. - Spring water “Sarzhin Yar” (3a MiHepaJi3ali€ro, 3a JKOPCTKICTIO) /
Grade 2

(by mineralization, by hardness)

IIpo6a 3. - CeepanoBuHa 1o By1. Cemena Kysnens, 57

3 kiac (3a skopcTKicTio) /

/ Sample 3. - Well at 57 Semen Kuznets Street Grade 3 (by hardness)
IIpo6a 4. - CeepatouHa 1o Bya. [IpxkeBanscpkoro, 15 3 Kutac (3a KOpCTKicTIo) /
/ Sample 4. - Well at 15 Przewalski Street Grade 3 (by hardness)

[Ipo6a 5. - Bogomnpogigna Boga mo Byn. KioukiBcbka
115/ Sample 5. - Tap water at 115 Klochkivska Street

2 kiac (3a )KOpCTKicTO) /
Grade 2 (by hardness)

IIpo6a 6. - Boxa 3 poziauBy TM «IllecrakiBcbkay /
Sample 6. - Water from the TM “‘Shestakovskaya”
vending machine

1 xnac / Grade 1
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BumpobyBaHo 4OTHpPH METOAM OYH-
HIEHHS BOAW B JOMAIIHIX yMOBax: BiACTOIO-
BaHHSI, KUI'STIHHS, 3aMOPOXXYBaHHS Ta (PijbT-
paris. ExciepumeHTanpHe IOCHIKEHHS 0yIo
MIPOBEICHE Ha OMMHWYHIN TTpo0i BOIH, BimiOpa-
Hill 31 cBepAOBUHM 3a ajapecoto Byin. Cemena

Kysnens, 57 (mpoba 3). [ociimkeHHs BKIO-
4ajo aHali3yBaHHS 3aranbHOi MiHepasi3aii,
3arajibHOI JKOPCTKOCTI, 3aCOJICHOCTI Ta €NeKT-
POIIPOBITHOCTI BOH. Pe3ybTaT AOCTIIKEHHS
TIpeACTaBIICHI B Ta0HII 3.

Taoauus 3
XapakTepucTHKA Pi3HHUX CMOCO0IB OYHIIEHHS BOIH /1JIsi BHKOPHCTAHHS B OMAINIHIX yMoBax
Table 3
Characteristics of different methods of water purification for home use
Bapiantu / 3aranpHa KopcerkicTh Enextponpo- 3acogeHicTb
Variants MiHepaJiizauis, 3ar., BiaHicTH BOIH, Boau, % /
mr/am® / Total MMOJIb/AM° / nS/cm / Water
mineralization, Total Electrical salinity, %
Moxa3uukm / mg/dm?3 hardness, conductivity of
Indicators mmol/dm? water, nS/cm
1. Boma, BimiOpaHa 3i CBepyIO-
BUHU 3a anpecoro: Byd. CemeHa
Kysueny, 57 / 715 8,1 1123 0,07
1. Water taken from the well at 57
Semen Kuznets Street
2. Tlpotiec BiICTOIOBaHHS BOAM MPOTSI-
oM 6 roauH /
2. Water settling process for 6 709 8.1 1114 0,07
hours
3. Kum’atiHHs BOIU BIPOJIOBK 15
XBWJIMH 13 MOJAJBIINM BiICTOO-
BaHHSIM MPOTIToM 6 rojuH / 735 8,1 1145 0,07
3. Boil water for 15 minutes, then
let it stand for 6 hours
4. 3aMOpOKyBaHHSI BOAW Ha MpO-
Ts131 6 TOUH / 347 6,2 637 0,03
4. Freezing water for 6 hours
5. ®inpTpariis BOIU 3a JIOTOMO-
rOI0 KOJIOHKH, OCHAIIIEHOT 10H000-
MiHHI/IMI/I CMOJIaMHU Ta aKTHUBOBa-
HHUM BYT1LIAM / 291 5,6 589 0,03
5. Water filtration using a column
equipped with ion exchange resins
and activated carbon
Hopmamuene snauenns | <1000 <70 i i
Standard value

ExcrniepiMeHTanbHO MiATBEPIKEHO, IO
NpoIleC HIECTUTOJMHHOTO BiJICTOIOBAHHS BOJU
CYTTEBO HE BIUIMBAE Ha aHANI30BaHI MOKa3-
HUKH. 3acTOCyBaHHS KOMOIHOBAaHOTO METOIY,
110 BKJIFOYAB KHIT SITIHHS NPOTAroM 15 XBUIMH
1 oAanblle BiICTOIOBAHHS, HE BUSBHIIO MO3H-
TUBHOT'O BIUIUBY Ha SIKICHI IIOKA3HUKHU BOIAH —
HaBIAKM, CIIOCTEpIrajocsi He3HauHe 3011b-
LIEHHS BMICTY COJIeH, IO MiATBEPHKYETHCS Ii-
JOBUILECHHAM MiHEpaii3alii Ta eIeKTpOnpoBi-
HOCTI TICIISI KHUIT SATIHHS.

Ha nporuBary 1ipoMy, HIIIXOM 3aMOpO-
YKyBaHHS MPOOH BOAM Ha 6 TOIHH 3 TIOJATBIITAM
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PO3MOPOXKYBAaHHSIM BJIIAJIOCS JOCSTTH ITOMIT-
HOTO TTOKPAIICHHS XapaKTePUCTHK: MOKa3HUKH
3arajibHOI MiHepai3allii, 3aCOJICHOCTI Ta eNeK-
TPOIPOBITHOCTI 3HU3UJIUCS BJIBIYi.

Haii6inbm eekTHBHUM METOIOM O4H-
HICHHS BUSBIIIOCS (QIBTPYBaHHS Yepe3 Oarato-
mrapoBuil  ajcopOuiHuii  GinbTp (TpaHiTHWHA
me0iHb, I0HOOOMiHHA CMOJIa, AKTUBOBAaHE BY-
TS, KBapIIOBUH MTICOK), sIKE 3a0€3MeUnIo CyT-
TEBE 3HMKEHHS BCIX COJBOBUX IIOKa3HMKIB.
Ieii crroci6 3a0e3meYrB 3HAYHE 3HIKCHHS BCIX
COJIbOBUX TOKA3HUKIB — KOHLIEHTpAIlis COJen
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3MeHmmnacs y 2—-2,5 paszu. OHak, Hompu Mak-
CHUMaJIbHY pe3yJbTaTUBHICTB, caMe Ield METO.
BHMarae HauOUThIMMX ()iHAHCOBUX BHUTPAT Ce-
pen ycixX AoCipKyBaHuX crocobis [23, 24].
OTxe, TOCTiIKEHHS BUSBUIIO, IO Cepejl
yCiX TepeBipeHHX AOMAIHIX METOIIB OYH-
IIIEHHS BOIM BiXl coJiel HaileeKTHBHIIIMMH €
3aMOpOXYBaHHs Ta QiIbTpalis. 3aMOpOKyBaH-

HSl BUSIBUIIOCS HE TiJIBKH Pe3yJIbTaTUBHUM, aje
W HAMIOCTYNHIIIMM Ta HaHEeKOHOMIYHILINM
CII0COOOM 3MEHILIEHHS COJIbOBUX aomimok. Ha
MpOTHBary IbOMY, BiJICTOIOBaHHS Ta KHUII'S-
TiHHSI IPOJIEMOHCTPYBAJIN MiHIMalbHY e(heKTH-
BHICTh, TOMY IX HE PEKOMEHAYETHCS BUKOPHUC-
TOBYBATH SIK OCHOBHI CII0COOU OYMIIICHHS BOAM
B MOOYTI.

Bucnoeku

OpraHojenTHdHa OIiHKA  OUTBIIOCTI
po0 BOJIM 3aCBiTUMIIA iX BiJIOBIIHICTH HOpMa-
THUBaM: 3arax BiJICYyTHil, 32 BUHATKOM BOJOII-
POBITHOI BOAM, TIPO30PICTh Y MEXKaX IOMYCTH-
MUX 3HA4€Hb, 38 BUHATKOM MpOOU 3 pUBaTHOI
CBEP/JIOBHHHU.

AHani3 (hi3UK0-XiMIYHUX TIOKa3HHUKIB BH-
SIBUB, 1110 3Ha4eHHA pH ycix mpo0 nepeOyBaroTh
y MeXax IONMYCTHMHUX HOpPMAaTWBiB. 3arajbHa
MiHepaJizalis y mpobax BiAMOBiTaE HOPMI.
3Ha4YeHHS )KOPCTKOCTI B YACTHHI HKEPEIT IIePEBH-
IIYIOTh JOIMYCTUMI, III0 BUMAra€ BXHTTSI 3aXO0/1iB
I10/10 i1 3HMKEHHS 3aCOJICHICTh Ta €JICKTPOIPO-
BiJTHICTh 3pOCTAJIM PAa30M i3 MiHEpai3aIico Ta
JKOPCTKICTIO. 3aJMITKOBUI XJIOp BHUSABIEHO Yy
BOJIONPOBIHIM BoAi, BMicT 3ami3a, Mifi, HiTpa-
TiB BapilOBaB TaKOX B HOPMI.

3rigno 3 Bumoramu JJCTY 4808, Boai To-
prosoi mapku «lllectakiBcbkay MPUCBOEHO 1-ii
KJIaC SIKOCTI Ha IMACTaBl MOBHOI BIAIIOBIAHOCTL

HOpPMAaTHBaM Ta HaWKpaIInX 3HAYCHb ITOKA3HU-
KiB. BogonpoBinHy Ta [kepenabHy BOLY BilHE-
CEHO JI0 2-T0 KJIacy SIKOCTI uepe3 TepeBUILCHHS
JKOPCTKOCTI Ta TIiJBHIIEHY MiHEpali3aliko.
Haiinmkui noka3Huku 3ad)ikCOBaHO y BOJI 3i
CBEPIIOBHH, sIKa BiJlHECEHA A0 3 KJacy SIKOCTi
4epe3 3Ha4YHe TePEBUILCHHS HOPMAaTUBY KOPC-
TKOCTI.

[opiBHsuibHMI aHaMi3 e)EeKTUBHOCTI MO-
OyTOBHX METO[IB JeMiHepaii3allii BOJM 3acBill-
YUB, 10 HAWpPE3yJbTATHBHIIINMU € 3aMOPOXKY-
BaHHS Ta (imbTpamis. MeTos 3aMOpOXKyBaHHS
Bi/I3HAYAETHCS HE JIUILIC BUCOKMM PIBHEM BHUITY-
YEeHHS COJBOBHX JIOMIIIOK, & ¥ JOCTYITHICTIO Ta
€KOHOMIYHOIO JIOTUTBHICTIO OT0 3aCTOCYBaHHSL.
HatomicTh BIJICTOIOBaHHS Ta KHIT STIHHS Xapak-
TEPU3YIOTHCS] HU3BKOIO €()eKTHBHICTIO 1010 3HHU-
JKeHHS MiHepatizallii, o oOMexXye MOXIUBICTh
iX BUKOpUCTaHHS $IK 0a30BHX CIOCOOIB OYH-
IICHHS BOJIM Y TOOYTOBUX YMOBaX.

Kongpnikm inmepecie

ABTOpY 3asBIIIIOTH MPO BiICYTHICTH KOHQUIKTY IHTEPECiB MO0 MyOJIiKalii IbOT0 PYKOTHCY.
KpiM Toro, aBTOpH MOBHICTIO TOTPUMYBAITUCS €THYHUX HOPM, BKJIIOYAI0UN YHUKHEHHS I11ariaty, ¢aib-

cudikamnii Jaaux Ta AyOIIOBaHHS MyOTiKaIlii.

Brecox asmopis: BCi aBTOPH 3pOOUIN PIBHUI BHECOK Y 110 POOOTY.
B po6oTi He BUKOPHUCTAHO PECYPC MTYYHOTO IHTEIEKTY.
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DRINKING WATER QUALITY FROM VARIOUS SOURCES IN THE SHEVCHENKIVSKY
DISTRICT OF KHARKIV

Purpose. Assessment of drinking water quality from different sources (centralized, decentralized) in the
Shevchenkivskyi district of Kharkiv.

Methods. Field, analytical, statistical.

Results. Representative samples were selected from various water supply sources: natural springs, wells,
city water supply. Organoleptic properties, physicochemical parameters and toxicological indicators were deter-
mined. Based on the analysis of all these characteristics in accordance with the requirements of DSTU 4808, it
was determined that samples of artesian water TM "Shestakivska™ are characterized by an optimal neutral pH, low
metal content, moderate hardness and do not exceed the regulatory values for any indicator. Water samples from
private wells in the Shevchenkivskyi district of Kharkiv have increased total hardness, mineralization and salinity,
which indicates the need for additional purification from salts. Water from centralized water supply, in addition to
high total hardness, was characterized by the highest content of chlorine, iron and copper. A study was conducted
to improve the quality of tap water at home. In particular, the effects of boiling, settling, freezing and filtering
water on reducing the content of total salts and improving organoleptic indicators were studied.

Conclusions. Artesian water of the Shestakivska trademark has the 1st quality class based on full compli-
ance with the standards. Tap and spring water is classified as the 2nd quality class due to excess hardness and
increased mineralization. The lowest indicators were recorded in water from a private well, which is classified as
the 3rd quality class due to a significant excess of the hardness standard. An effective household method of de-
mineralization of water is freezing and filtration.

KEYWORDS: drinking water, water quality, city water supply, physicochemical parameters of water,
total water hardness, water improvement methods
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©®OPMYBAHHSA NPOBAJIBHOT O PEJILE®Y B YMOBAX I''PHA4YOITPOMHUCJIOBUX
JAHAIMA®PTIB KPUBOPI3bKOI JIAHAINA®THO-TEXHIYHOI CUCTEMU

Merta. BecraHoBNeHHS 3aKOHOMipHOCTEH (POPMYBaHHS Ta PO3BUTKY IPOBAIBLHOTO pesbedy SK MEPEXiTHOTO
ApYCy IBOSIPYCHOI CTPYKTYypHU TipHHYONpoMHucIoBuX Janmmadrie KpuBopispkoi naHamadTHO-TEXHIYHOI CHC-
TEMH Ta OLiHKAa HOro BIUIMBY Ha cy4acHy MopdoauHaMiky KpuBopi3bkoi naHAmadTHO-TEXHIYHOT CHCTEMH.

Metoau. [TonboBi crioctepeskeHHs, reoMOp(OIIOTIYHUI aHai3, OPIBHAIbHO-aHATITUYHUI METO/I, KapTo-
rpadiune moxemoBanus, ['1C-anaiis.

Pe3yabTaTu. BeraHOBICHO, 1110 MPOBABHUHA pesibed) € OJHUM 3 KIIOYOBHX MODP(OJIOTIYHHUX CICMCHTIB
JBOSIPYCHOI CTPYKTYPH TipHHYOIPOMHUCIOBHX JaHamadtiB KpuBopispkoi mannmadrHo-TexHIYHOT cucTemMu. Bu-
3HAYCHO, [0 HaliHTCHCUBHIIII 30HK 3pymIeHHS (QikcyroThes B Mexkax BAT «Cyxa bankay, pynoymnpaBiiHp iM.
Konauescbkoro, imM. "ankoBcekoro, OxekcaHApiBCHKOTO pyaHUKa Ta maxTu Ko3zanpka. 3adikcoBaHO ABI rpyIH
MPOBAIFHUX TIPOLIECIB: 3aKOHOMIpHI, ITOB’s3aHi 3 TIAHOBOIO TiIPHUYOIO MiSUTHHICTIO, T BUITAIKOBI, CIIPUYNHCHI
HEKOHTPOJIbOBAaHMMH T'€OIMHAMIYHUMH YMHHUKaMU. BHSBIEHO TakoX, 10 MPOBaJbHI YTBOPEHHS (OPMYIOTHCS
He JIMIIe Haj MIaXTHUMHU BUpOOKaMH, a H y MeXax BiJBaliB, pO3TallOBaHUX HaJx HMMH. HaiiOinpini npoBaibHi
(hopmu, 30Kpema MpoBasIbHOI 30HU IaxTh Ko3zarpkoi Ta 30Ha ["ankoBCbKOTo KyTa, IEMOHCTPYIOTh BUCOKY 1HTEH-
CHBHICTh CydacHUX JiedopMariii 3eMHOT oBepxHi. ['eomopdosoriunuii aHaniz J03BOJIKMB BUSBUTH CTPYKTYypHO-
MOpPQOIIOTIUHI 0COOIMBOCTI ABOSIPYCHOT OY/10BH MpHUYONPOMUCIOBUX JIAHAMIA(TIB 1 TPOCTEKUTH B3aEMO3B’ 130K
MK MOBEPXHEBUMH Ta IMiI3eMHUMU TIporiecamMu. [10piBHAIBHO-aHANITHYHUN METOJ] 1aB 3MOT'Y 3iCTaBUTHU Cydac-
HHH CTaH NPOBAJIbHUX YTBOPEHb i3 JaHMMH HONEPEIHIX CHOCTEPEkKEHb, BUSBHUBIIN TCHACHIIO 10 301IbIICHHS
wromi 30H nedopmaniid. Kaprorpadiuae MonemoBaHHs 3a0e3medmino mo0yI0By KapTOCXEM IIPOCTOPOBOTO PO3-
MOJIUTY MTPOBAJBHUX 30H Y MEXaX OCHOBHUX PYAOYIpaBiiHb, a ['1C-anani3 — Bizyami3allito mpocTOPOBUX 3B’S3KIiB
MiK IOBEpXHEBUMH H MMi3EMHUMH SIPYCaMH.

BucHoBku. [IpoBanbHUIA penbed € HEBiA EMHUM KOMIIOHEHTOM JBOSIPYCHOI CTPYKTYPH TipHUYOIPOMHC-
noBux marmmadTie Kpueopispkoi maHamad THO-TEXHIYHOT CHCTEMH, SIKUH POPMYETHCS K epeXiTHHM ApYyC, M0
MOEIHY€E TIOBEPXHEBI Ta MiZ3eMHI PiBHI, 3a0e3neuyo4r MOp(GOreHETHIHHUI 3B’ 530K MiXk HUMH. [IpoBaibHi mpo-
L[ECH MalOTh 3aKOHOMIPHUI1 1 BUIAJKOBHIA XapakTep, 10 CBITYUTh MPO CKIAJHY Fe€OAMHAMIYHY aKTUBHICTh TEX-
HOTE€HHO- TpaHc(opMoBaHUX MacuBiB. OTpHMaHi pe3yJbTaTh MiATBEPAKYIOTh HEOOXIIHICTh MOJAIBIIOr0 MOHI-
TOPHUHTY TEXHOT€HHHX IPOIIECIB sl 3arn00iraHHsT PO3BUTKY HeOe3NeuHNX CUTyalii i cradinizauii nanamadTHOT
CTPYKTYPH PETiOHY.

KJIFOYOBI CJIOBA: 0gosipycHicmy, cipruuonpomuciosuti aanowagm, Kpusopizvka ranowagdmuo-me-
XHIUHA cucmema, NOBePXHesUll APYC, NIO3EMHULL APYC, NPOBATLHULL PETbED, NPOBATbHA NIlIKA, CepeoHill Apyc

Sk uuryBatu: Konresa T. C. @opMyBaHHS IPOBAIBHOTO PENbe(dy B yMOBAX TipHAYOIPOMUCIOBHX JIAH/I-
mwadTie Kpuopizbkoi nanamapTHO-TEXHIYHOT cucTeMu. Jlloduna ma 0ogkins. IIpobnemu neoexonozii. 2025.
Bum. 44. C. 47-59. https://doi.org/10.26565/1992-4224-2025-44-04

In cites: Koptieva, T. S. (2025). Formation of failure relief in the conditions of mining landscapes of the
Kryvyi Rih landscape-technical system. Man and Environment. Issues of Neoecology, (44), 47-59.
https://doi.org/10.26565/1992-4224-2025-44-04 (in Ukrainian)

Bemyn
Kpusopizbka nananiadtHo-TexHIUHA CH- TEpUTOpIi, M0 3a3Hajia MOBHOI JaHAMAPTHOT
crema (KJITC) € yHikanbHUM 1 HaKTHUHO €11- TpaHcgopMalii BHACITIIOK TPUBaJIO] TipHUYOMN-
HUM B YKpaiHi, €Bpori Ta i CBiTI NpUKIaIOM poMHCIIOBOI isutbHOCTI [1]. ¥V Mexax 1ri€l cuc-
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TEMH TPUPOJIHI JTaH AT TOBHICTIO 3aMillleHI
TEXHOr€HHUMH (OpMaMH — BiJBajlaMu, Kap’e€pa-
MH, TPOBAUIIMH, MIAXTaMH, IO YTBOPIOIOTH
CKIaZHy JBOSPYCHY CTPYKTYpy. Y Mexax
KJITC ripangonpomucioBi jJanamadT 3aiiMa-
10Th OubIe 40 THC. Ta. Y iX CTPYKTYypi nepeBa-
JKarOTh BiJBAJIbHI Ta Kap’ €pHi JaHAmadTHI KOM-
riekcu (67 %), MPOMHUCIIOBI MaiiJaHYMKH, BOAHI
AHTPOIIOTEHHI i TOpOoXkHi mangmadT [2].

Taka MacmTabHa TparchopMartist IPUPOI-
HOTO CEepe/IOBHIIIA 3yMOBHIIa (POPMYBaHHS HOBHX
MOpP(OTCHETHYHNX TIPOIECiB 1  CHEemU(ITHIX
¢dopm pernbedy, cepell SIKUX 0COOIMBE MICIIE T0-
cinae mpoBanbHuii penbed. [IpoBanbHi popmu pe-
Tbe(y € pe3yIbTaTOM I I3EMHUX TIPHUYUX POOIT,
nedopmaliiii 3eMHOI MOBEPXHI Ta BTOPHHHHUX K-
30reHHuX mporiecis [3, 4]. Bonu craHoBnsTh T1€-
PEXiZHUIA SIpyC Y ABOSPYCHIH CTPYKTYpi TipHHUYO-
MPOMHCIIOBUX JIaHAIA(TIB, TIOEAHYIOUN BEPXHIN
TEXHOTCHHUH piBeHb (TOBEPXHEBUH sIpycC) 13 HHU-
JKHIM (TTi13eMHUM sipycoM). Came B MeKax IIOTOo
MIEPEXITHOTO SAPYCY BiIOYBAIOTHCS HAHIHTCHCHB-
Himi MophorHAMIYHI TIPOIIECH — TPOCiTaHHS,

cyo3isi, epo3is, aKkyMyJIsIlis Ta CaMOPETyJISIIis
TEXHOT€HHUX (POPM.

HociipKkeHHs TpOBaJIbHOTO pebedy sK
MepexifiHOrO SIpyCy B CTpyKTypi KpuBopizbkoi
TmaHamAadTHO-TEXHITHOI CHCTEMH Ma€ BayKITHBE
HAyKOBE Ta INPHKJIAJHE 3HAYCHHS, JT03BOJISE HE
JIMIIE TIIUOIIE 3pO3yMITH MOP(OTEHETHYHY TIPH-
POy TipHUYOIIPOMHUCIIOBUX JaHAmMA]TIiB, aje i
OLIIHUTH iX €KOJIOTIUHY CTaOlIBHICTB, PH3UKH TIO-
JIAJIBIIMX eOpMAITiif 1 TOTSHITA PeKYJIbTHBALIIT
TEPUTOPIH, MOPYIICHUX TIPHUYUMHU POOOTAMH.

[leBHa KiNBKIiCTH TpaIlh HAYKOBIIIB TIPHICBSI-
YeHa JIOCTIPKEHHIO POBATIBHOTO penbedy TipHH-
YorpoMHCIIoBHUX Janmmadrtis, cepen Hux [leHu-
cuka I'. L. [1, 3, 5, 6], 3amopoxkusoi I'. M. [3, 7],
Kazaxosa B. JI.[2, 5, 8], Komrrepoi T. C. [1, 9 11],
Cwmeranu M. T'. [12, 13], Yepnoro I'. 1 [14] ta iHrmi.

[Ipobnematnka AaHOTO THTAaHHS TPYHTO-
BHO PO3TIISTHYTA B YMUCIICHHUX 3apyOKHIX JOCITi-
JDKCHHSIX, 30KpeMa y mpaipsix Hodge R.  [4],
Moffat K., Zhang A. [15], Kemp D. [16], Behera
A., Rawat K [17], Zemta-Siesicka A. [18] Ta inmi.

00°ckm ma memoou 00C/1i0IceHNs

OO6’€eKTOM JOCHIKEHHSI € TipHHYOIPOMU-
crosi nangmadTu Kpusopizbkoi iaHmmadgTHO-
TEXHIYHOI CHCTeMH, sIKi chopMyBasics BHACITI-
JIOK TPHBAJIOI TipHIY0I00YBHOT TisTBHOCTI Ta Xa-
PaKTEpPU3YIOThCSl CKIIAJHOIO MPOCTOPOBO-(DYHK-
IIOHAJIFHOFO OPTaHi3alli€lo.

[Ipenmerom AoCTiKEHHS € TPOBAIBLHUI
penbed sIK TiepexiTHui SIPyC y IBOSIPYCHIHN CTpY-
KTypi ripaugonpomuciioBux jJanamadtis KJITC.

VY nocminKeHHI 3aCTOCOBAaHO KOMILIEKC
METO/IIB: TOJIbOBI CIIOCTEPEIKEHHS — JUTs (PiKcarii
MOP(]OJIOTTYHUX OCOOTMBOCTEH POBAIBLHUX 30H;

reoMop(OJIOTIYHMI aHAN3 — JJIs BU3HAYCHHS
CTPYKTYPHO-MOP(]OJIOTTYHUX TMapaMeTpiB JBOS-
pycHOi OyJJOBH TipHUYOIIPOMHUCIIOBUX JIaHATIad-
TIB; TOPIBHIbHO-aHATITHYHUH METOJ] — JUIS 3iC-
TaBJIEHHSI CYYacHOTO CTaHy NPOBAJIBHUX YTBO-
PEHb i3 ToNepeTHIMH CIIOCTEPEKEHHIMU; KapTo-
rpadivyHe MOJIETOBaHHs — AJ1s TIOOYIOBH KapTo-
CXeM TPOCTOPOBOTO PO3NO/ILTY IPOBAJIHHUX 30H;
reoiadopmartiitai Texaomnorii (I'IC-anamniz) — mist
Bi3yaJizallii B3a€EMO3B 13Ky TIOBEPXHEBUX 1 T I3e-
MHHX SIPYCiB Ta TIPOTHO3YBaHHsI MOAAIBIIOT JTH-
HAMIK{ TEXHOI'€HHUX Je(OopMaIlii.

Pezynomamu ma 062060peHnsn

KpuBopi3bka nanamadTHO-TEXHIYHA CH-
crema (KJITC) e cucremoro, sika yTBOpHIacs
150 pokiB ToMy Ha3as i 3a TaKWi HE3HAYHUH TIe-
pioJ yacy MOBHICTIO BUJO3MIHMIIA HATypa-JbHi
nmanmmadTr y aaTpororenHi [1, 5]. Ocobiuee
3Ha4yeHHs y KJITC MaroTh ripHUY0-IIPOMHUCIIOBI
naHAmadTH, SKi ABISIOTH COOOK CKIAIHI JH-
HaMiYHI CHCTEMH Ha SIKUX 3yMOBIIIO-ETHCS BH-
HUKHEHHS TOX1IHUX IMPOILECIB Ta sBuIll. BoHu
BUCTYIAIOTh NPOBITHUMU YMHHUKaMHU y (op-
MYBaHH1 TOBEPXHEBOT'O SIPYCY FPHUYOIPOMHUC-
JOBUX JNaHMmaQTIB 1 CHPHYMHSIOTH BUHHK-
HEHHIO IPUPOTHO-TEXHOT€HHUX HaJ[3BUYaiHIX
curyanii [9, 15].

Ha puc. 1. moBepxHeBHi sipycC FipHAYOIPO-
mucnopux JaHmmadTie KJITC npexcramenmii
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MIOBEPXHEBUMH 00’ €KTaMHU Ta CIIOPYIaMH: Kap’e-
P, BiZIBaJIK, IDTAMOCXOBHIIIA, [PHUYO-30ara-uy-
BaJIbHI KOMOiHaTH Ta iH. [9]. [Ipn akTHBHOMY BU-
no0yTKy 3ami3noi pyau KJITC Ha noBepx-HEeBOMY
spycl 3’SBISTIOTHCS TTOXiIHI TIPOIIECH Ta SIBUIIA,
SIKi 3yMOBJIIOIOTh 10 BUHUKHEHHS T€X-HOTE€HHHX
HeOe3MeYHNX CUTYalliil 0COOIMBO 1€ MPOCTEXKY-
€TBCS y 30HaX 3pYIICHHS JICHHOT TIOBEPXHI
KJITC. IMig3eMuwii sipyc TipHUYONPO-MUCIOBHX
naHAmadTIB MOMIAETHCS HA MIAXTH (CTBOJIH,
KBEpIIUIary, ITPEKH, TE3CHKH ), ITOJIBHI 1 TIpoca-
nouHi BopoHk# [9, 6].

YMOBHO MPOCTEKUTH JBOSIPYCHICTH MOXK-
Ha Ha pHC. 2, JIe TIOKa3aHO IBOSIPYCHICTh T1PHUYO-
MPOMHUCIIOBOTO Ta CEIUTEOHUX JIaHMmadTiB
KIITC.
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INMosepxuesnii spyc/Surface layer Mizzemnnii spyc/Underground

level

xap'epn/careers maxTi/mines
Bisann/dumps wrrosbHi/tunnels
mnamocxosrma/sludge storage npocanouni soporkH/subsidence
facilitics funnels

Puc. 1 — IToxin noBepXHEBOTO Ta IMiI3EMHOTO SIPYCIB
Fig. 1 — Division of surface and underground tiers
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YmogHi noznauenns/ Legend:

1- BizBanu (ripHUYONPOMHCIOBHIA IaH{IIAPT) — OBEpXHEBH sIpyC /
spoil tips (mining landscape) — surface layer

2- kap’epu (TipHHYONPOMHUCIOBUH TaHAmadT) — MOBEPXHEBUL sipyc/
quarries (mining landscape) — surface layer

3- mraxra (ripHUYONPOMHUCIIOBHH TaHAmA(T) — miA3eMHHuii spyc /
mine (mining landscape) — underground level

4- xutioBa 30Ha (cenuTeOHMI TaHamadT) — HOBepxXHeBHi spyc /
residential area (settlement landscape) — surface layer

5- camoBo-napkoBa 30Ha (cenuTeOHui JaHamadT) — HOBepXHEBH spyc /
garden and park area (settlement landscape) — surface layer

6- mBHAKiCHUI TpaMBal (cenuTeOHui tanmadT) — mazeMHuuit sapyc/
high-speed tram (residential landscape) — underground level

Puc.2 — [IBosipycHicTh TipHHYONPOMHUCIOBUX Ta cenuteOHux nanamadris KIITC
Fig. 2 — Two-tier structure of mining and settlement landscapes of the KLTS

BiamnosinHo, moxifHi NpoLecH i sSBUIIA y MYETBCSI BHACIIIOK PO3BUTKY I'paBiTaliiiHOro Ta
ripanuonpomucioBux Janamadrax KJITC 3ymo- npoBanbHOTO penbedy Ha Teputopii KIITC, sxi €
BIIIOIOTH BUHMKHEHHS IIEPEXiAHOTO ApyCy B JABO- PE3yABTaTOM TPHUBAJIOTO TEXHOT€HHOI'O HABAHTA-
apycHii cTpyktypi. llepeximnuii spyc ¢op- KEHHSI Ta TIPHUPOIHO-TeOMOP(HOIOTIUHMX TIpo1Lie-
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CiB, 110 BiAOYBAIOTHCS MICHs 3aBEPIICHHS TipHH-
yux pobiT. Came el sApyc Bifirpae BaXKIUBY
poIib y 3a0e3neueHHi MOp(OTeHETHYHOTO 3B’ A3KY
MDK TEXHOT€HHUMH Ta MPUPOIHUMHU KOMIIOHEH-
TamMu JTaHMIAPTHOI CTPYKTYPH.

I'paBirtarifiamii penbed — 11e pensed), TKui
YTBOPIOETHCS Tl TIEF0 CHIIM TpaBiTamii 3emiri.
AKTHBI3aIlis TpaBITAIMHNX TIPOIECIB ITOYHHA-
€TBCS BiJIpasy MICIS CTBOPEHHS TIPHHYOIIPOMI-
CJIOBOTO JIaHAMA(TY, a OCOOIHBOTO PO3BUTKY
Jocsrae micis foro BinnpairoBanss [3]. Haiioi-
JblIa IHTEHCUBHICTD TpaBITALIMHUX MpOLECIB
CIIOCTEPIraeThCsl y Tepur pokd (GopMyBaHHS
TIpHAYONIPOMUCIIOBHX JaHAIA]TIB, KOJIU MOPY-
IICHI MOPOJTU NepeOyBalOTh Y HECTIMKOMY CTaHi,
a MaKCHMAJIbHOI MOTYXXHOCTI BOHH JOCSTAIOTh
micHsl  3aBepIICHHs eKCIDTyaralii TipHUYMX
00’exTiB [16].

Haii6inpi mommpeHuM mposiBOM TpaBiTa-
iiHOTO penpedy € TpaBiTamiitauil penped cxu-
JiB, KUK (HOPMYETHCA IIij] BIULTMBOM TpaBiTalliii-
HOTO TIepeMiIeHHsI Topia Ha OopTax Kap epis,
BimBanax i tepacax [3].OcHoBHEME (opMamu
rpaBiTaiiHOro penbedy CXWIB € o0OBaim,
ocund, NeIFOKIIHHI CXUITH Ta 3CYBH, 110 MAfOTh
pi3Hy MOp(hOMETpito  IHTEHCHUBHICTb PO3BUTKY
3aJIeKHO BiJ (DI3MKO-MEXaHIYHMX BIACTHBOCTEH
nopiz i crymnens 3BosiokeHHs [9].

VYaikapHUMHA (popMamMu  TpaBiTaIliifHOTO
penbedy B aHamadTaX 30H TEXHOTCHE3y € 30HU
3pYIIEHHS 3€MHOI TOBEPXHI, SIKi YTBOPIOIOTHCS
BHACJTIJIOK TiJ3¢MHOIO BHJIOOYTKY KOPUCHUX KO-
nasiH [17]. BoHu XapakTepu3yroThest CKIIa/1-HOKO
MOP(]OIIOTIYHOI OYA0BOIO, MPOSIBAMH TPIIIUHY-
BaTOCTI, IeopMalliid Ta OCifiaHb, 0 CTBOPIOIOTH
NEPEAYMOBH JUISl TTOJAJIBIIOTO PO3BUTKY MPOBa-
JIBHOTO pefbedy — OHOTO 3 KIIIOUOBHX €JIEMEH-
TiB epexianoro sipycy KJITC.

Sk mokazaHo Ha puc. 3 Kap’€pHO-BijiBa-
TBHI 1 MaxTHI JaHAmapTHI KOMIDIEKCH chopMy-
BayIMcs Maibxke 1o Beii Tepuropii KJITC. IIposa-
TBHUN penbed pO3BUBAETHCS MEPEBAKHO CaME B
WX 30HaX, JIe TIOEIHAHHSI TOPYIIEHOT Te0CTPYK-
TYpU Ta TEXHOTCHHOTO HABAHTAXKEHHS CTBOPIOE
CTIPUSTINBI YMOBH Juisi Hioro yrBopeHHs. Ha ix
TOBEPXHi (POPMYETHCS XapaKTePHHUI TIPOBATBHHUIA
Ta npocagoynuii pensed [10].

[IpoBanbHUil penbed HAWOLIBII AKTUBHO
PO3BHUBAETHCS Y MIBHIUHIN Ta IEHTPaJIbHIN yacTu-
Hax KJITC. BiH € KiHIIEBUM pe3yJIbTaTOM IIpoLie-
CiB 3pyIICHHS TiPCBKUX MOpiA, IO aKTUBI3Y-
IOTBCSI BHACIIIOK 3aCTOCYBaHHsI IIPU TPHAYOAO-
OyBHHUX poOOTax CHCTEMH i IIOBEP-XHEBOTO 00-
BasieHHs [12]. CyTHICTb IIi€i CUCTEMH TIOJISTAE Y
HITYYHOMY OOBaJICHHI TIOKPIBIIi MiJI3eMHHX ITOPO-
’KHUH 3HAYHUX CyMapHHUX OOCSTiB, sIKi YTBOPIO-
FOTHCS TICTISI BIATIPAITIOBAHHS IIAXTaMH BEPXHIX
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TOPU30HTIB PYIOHOCHHX IUIACTIB (IO TJIMOWHH
300 m) [19].O0BasneHi IOPOIU 3aMIOBHIOIOTH BU-
poOiIeHH# MPOCTip, 3HWKYIOUN PU3UK PaNTOBHX
NPOBANIB, al€ BOXHOYAC CIIPHSIOYH ITOCTYIIO-
BOMY 3pYIICHHIO 3eMHOi moBepxHi [20].

3a crocrepexxennsmu 1. I. Yepnoro [14],
3pyLICHHS 3€MHOI ITOBEPXHI 3a3BHYAil PO3IOYH-
HAETHCS Yepe3 OIMH—IIBAa MICAIN TCis 3aBep-
[IeHHsI BiINpAaIfOBaHHA TOKJIAAy a0 ITCIs BU-
TMKH O1IBIIIOT YACTHHH ITUTHKIB Ha IEBHOMY TOPH-
30HTI [14]. BogHouac oOBasIieHHS MOXKYTh MaTH 1
HEKOHTPOJIbOBAHWI  XapakTep, CIpPUYMHEHUI
JI€I0 CHJIM TSDKIHHS a00 MpoBeACHHSM Oypo-BH-
OyXOBHX POOIT y MeXax TipHHYHX BiJIBOJIB.

Ha tepuropii KJITC HaiiOiIb111 iHTEHCHBHI
30HM 3pymieHHA (ikcyroTbest B Mexkax BAT
«Cyxa banka», OnexcaHapiBcbkuii pyIHHK, PY
im. KosageBcrkoro (CakcarancbKkuii pyIHUK) Ta
PY im. I'ankoBchkoro (kommumras Ha3zBa PY im. Ki-
poBa) (puc.4). 3a ominkamu B. II. Ilamienka,
IUIOIIa 30H 3pYIICHHS Ta IPOBATB y Meax
KJITC nepesuitye 3,3 Tuc. ra [3].

®opMyBaHHS TPOBATBHOTO pPEIBEDY
3YMOBITIOETECSI CYKYITHICTIO HU3KH YHHHUKIB,
cepeq SIKUX MPOBiIHY POJIb BiIrparoTh Ppi3uko-
MeEXaHiYHi BJIaCTUBOCTI FPCHKUX MOPiJI, Oya0Ba
NOPOAHOTO MAaCHUBY Ta CHCTEMa HOTO MOBEPXHi
ociabJIeHHS, 1110 IEPETUHAIOTh MacuB [ 8]. Bax-
JIBE 3HAYCHHS MalOTh TAKOX TiJpOTeONIOTivYHI
YMOBH, PO3MIipH Ta IPOCTOPOBE ITOJIOKEHHS TT0-
KJIaJliB 1 TIpHHYUX BUPOOOK Y MTOPOTHOMY cepe-
JIOBMIII, & TAKOX TIPHMYOTEXHIUHI YUHHUKH,
ITOB’s13aHi 31 ClIOCOOOM PO3POOKH Ta iIHTEHCHB-
HicTIO TipHUYHX poOiT [10].

KomrutexcHa 11isi 3a3Ha4€HUX YHHHUKIB
3yMOBITIOE (DOPMYBaHHS YHIKQIbHHX TEPUTO-
piii, Ha SKUX BHHUKAIOTH crienu(ivHi CydyacHi
TEXHOTEHHI JIaHAmadTH — poBanbHi 30HU. Lli
30HM SBJISIOTH COOOIO pE3yJbTaT TPHBAIHX
nporieciB aedopmallii 3eMHOT MOBEPXHi, CIIPH-
YUHEHUX SIK PUPOJHUMH, TaK 1 TEXHOTCHHUMH
BruBami [ 18]. OcHOBHUMH MOPQOTIOTIYHIMHA
€JIEMEHTaMH TIPOBaJbHUX 30H BHUCTYNAIOTh
MIPOBaJIbHI JIMKH, YIOrOBUHHU, KAaHBHOHH, 3CY-
BHI TE€pacH Ta 30HU IUIABHUX PYXiB 3€MHOI I0-
BepxHi (puc. 5). V cBoili cykymHocTi BOoHHU (o-
PMYIOTB CKJIaJHY IIPOCTOPOBO-CTPYKTYPHY Op-
rafizauito penbedy, 0 € XapaKTepPHOIO O3Ha-
KOIO Cy4aCHUX TE€XHOTEHHO-TPaHC(HOPMOBAHUX
nanqmadTie KpuBopisbkoi naHamadTHO-TEX-
HigHOT cuctemH [13 ].

[IpoBaibHi Jiliku 32 CBOIMH MOpQoMe-
TPUYHMMHU TAapaMeTpaMy Hauexatb 110 GopMm
Me3openbedy. BoHu, sk npaBuiio, rpynyoThCs
Ta MPHYPOUYCHI JI0 30H POJOBHUIIL 3ATI3HUX PY]I
IUTACTOBOTO THITY, IO 3yMOBIIEHO OCOOJIHMBOC-
TSMH T'€OJIOTIYHOT OYJIOBH Ta XapaKTEpOM IIif-
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Puc. 3 — Tunu ripungonpomucioux danamadris KJITC [4]
Fig. 3 —Types of mining landscapes in KLTS [4]
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Puc. 4 — 3onu 3pymenns PY im. KomaueBcpkoro
Fig. 4 — Areas of change at the Kolachevsky mining administration
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Puc. 5 — 3aranpHa cxema 30HH 3pyLICHHS 3eMHOI oBepxHi [14]
Fig. 5 — General diagram of the earth's surface displacement zone [14]

3eMHHUX TipHHYuX pobit [3]. CyuacHi mposa-
JIBHI JTIHKKA XapaKTepU3yIOThCs 3HAUHUMH PO3-
Mipamu: ixHs riuouHa csarae 100-150 m, a jia-
METP Bapitoe Bij KiIbKOX aecaTkiB 10 200-500
M [6].[Jns KoxkHOI NiiKM NMpHTaMaHHA BHpa-
JKeHa MOp(OJIoTiuHa CTPYKTYpa, Y MeXKax sIKOi
MPOCTEXYIOThCS OCHOBHI MOPQOMETPHYHI eJie-
MEHTHU — OpOBKa, CXWJIN Ta JAHUILE, TIEPEBAXKHO
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KOHYcomoiOHO01 Gopmu, 110 BitoOpaxkae 3aKo-
HOMIPHOCTI (pOpMyBaHHS Ta MOAANBLIOT €BOJIIO-
1ii poBapHOTO pensedy [3].

['muboki poBabHI KK MOXYTh 3’ €]1-
HyBaTHCS Ta YTBOPIOBaTH MaciuTaOHI MpOBa-
npHI 3anaaubu, ki B. JI. Kazakoe npomonye
HA3WBaTH MPOBATBHUMH YJIOTOBUHAMH Ta MPO-
BAILHUMHU KaHbiioHamu [2]. J[oBxkwuHa yioro-
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BHH csrae 400-500 M, kanbioHiB — 10 1000 M.
€uHui oNiOHUI MpoBaIbHUN KaHBHOH C(o-
pMyBaBcs B TPpOBaJIbHiH 30H1 maxTi Kozanpkii.
[IpoBansHMIT KaHBIOH MPOMOBKYE iHTE-
HCHBHO JIeTpayBaTH, CTAHOBJISIYM KaTtacTpodi-
YHy HeOe3NeKy SK Ui MPUPOJHOTO Cepemo-
BUIIA, TaK 1 IJIs1 HACENIEHUX MyHKTIB, PO3TAIIIO-
BaHHX M061u3y. Moro rnubuna csrae 133 M, mo
pobuth 110 (hopMy penbedy HaMOIIBIIO HE
nuie B Mexkax KprBopi3bkoi JaHamadTHO-Te-
XHIYHOI CHCTEMH, a i y BCiit €Bporri.
CTpyKTypHO NpOBaJIbHUM KaHBHOH CKJIa-
Ja€ThCI 3 KUIBKOX JIOKAJbHUX OOBaiB, sKi

MOCTYMOBO 3JIMBAIOTHCS, YTBOPIOIOYU E€AUHY
MIMOOKY TPOBAIBHY 30HY. 3 METOK 3arooi-
TaHHS TOAANBIIOMY PO3BHTKY Aedopmamii i
HEJOMYIIEHHsI TEXHOTeHHOI KartacTpodu mpo-
BaJbHY 30HY IOCTYIIOBO 3aCHMAIOTh MyCTUMH
IIOPOIaMHy  3aTi30pyIHOTO TMOXOmKeHHs. Of-
HaK, HE3BA)KAIOUM Ha BXKUTI 3aXO[H, IPOLECH
JEeCTPYKUil TPUBAIOTh — 30HA MPOBAJLIS MPO-
JIOBXKY€ PO3IMINPIOBATHCS, (POPMYIOUN CKIAIHY
CHCTEMY TPIIIIUH, PO3JIOMIB 1 3CyBiB (puc. 6).
Baprto 3azHaunTH, 0 TpoOBaJbHAa 30HA
MPOCTATAETHCS IMPOKUMU CMyTaMH Ta Oe3roce-
PEeIHBO MEXYE 31 CTApOBHHHIM pyIaHUKOM. Lleit

Puc. 6 — IIpoBansHa 30Ha 3anmizopyaHoi maxti Kosanpkoi
Fig. 6 — Collapsed area of the Kozatska iron ore mine

MIPUKJIAJ SICKPABO LIFOCTPYE MEXaHI3M JIBOSPYC-
HOT Oy/IOBM TIpHUYOIIPOMHCIIOBOTO JIAHAIIA(TY,
y SIKOMY ITOBEpXHEBI Ta Mi3eMHI sipycu (QyHKII-
OHYIOTb SIK €JIMHA JJMHAMiYHa CHCTEMa TPaHC(O-
pMaliiii, XapakTepHa Ui PErioHiB 3 BUCOKOO 1H-
TEHCHMBHICTIO TipHMYOI00YBHOI mistTbHOCTI [11].
[epuri dopmu npoBabHOrO penbedy Ha
Teputopii KpruBopi3bKoi anaiadTHO-TEXHIYHOT
cucremu 3adikcosani me y 1930-x pokax XX cr.,
1 mporiec HOro po3BUTKY TPHUBAE JOTerep. 30K-
pema, 13 yepBHs 2010 poxy BHacmimzok oOBa-
JICHHSI CKJICTIIHHS KaMep BUPOOOK TOPH30HTY —
477 m maxtu PY Konauecbkoro [3] yrBoprnacs
MpOBaJIbHA JTiHKa IOk OJIM3bKo 16 Ta Ta rim-
ouHoro 8082 M (1o nexkadoMy 0J10111) 1 5-20 M
(o BucsiuoMy OJI011i), TIIMOMHA BCi€T MPOBATIBHOT
miviky 220 m. Lg ¢opma, Bimoma mig Ha3BOIO
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«[Hizmo pakona» Ha Teputopii maxti Kozarb-
Kiil HUHI € 00’ €KTOM JOCIIKEHHS, a TAKOK BH-
KOPHCTOBYETHCS y cpepi MPOMHUCIIOBOTO aJIbIIiHi-
3My Ta TexHoreHHoro Typusmy KJITC.
Iapansko 1. C. [21] 3a3Ha4aB, 1m0 mpoIec
YTBOPEHHS TPOBATIB Ma€ JIBOICTUI XapakTep i
TIOJTUISETHCS HA 3aKOHOMIPHI Ta BUIAIKOBI. 3aKO0-
HOMIpHI TpoBa/UIsA (POPMYIOThCS Tiependa-dy-
BaHO, OCKIJIBKY TXHE BUHMKHEHHS Ta [TOJAIBIIHANA
PO3BUTOK € HEBIJI'€MHOIO CKJIAJIOBOIO TipPHHUYO-
BUJIOOYBHOTO TIPOILIECY, IO 3yMOBJIEHO OCOONH-
BOCTSIMH 3aCTOCOBaHHX TEXHOJIOT1H PO3POOKH PO-
nosuii [18]. Bumakosi npoBaiuisi, HABAKH, yT-
BOPIOIOTHCS i AI€I0 Hernepe10auyBaHuX YNHHU-
KiB, IKi aKTHBI3YIOTh MPOLIECH 3PYIICHHS Ta 00-
BaJICHHS TPCHKHX TMOPIJT 11032 MEKaMH 3aILIaHO-
BaHOTO TEXHOTGHHOro BILUMBY. Ha TepuTOpisx
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TIPHUYUX BiIBOAIB TNEPEBaKAIOTh 3aKOHOMIpHI
(dopMH 3pylleHb, OAHAK aHaNi3 MPOCTOPOBOTO
PO3MOBCIOIKEHHSI TIPOBAJIIB CBiUUTH, III0 3 Ya-
COM 3pOCTa€ 4acTKa BUIAAKOBHX yYTBOPEHb, IO
BioOpaXka€e yCKJIaJHEHHs T€OAMHAMIYHUX IPO-
[eciB y MeKaxX TEXHOTEHHO TpaHC(OPMOBAHUX
MacuBiB [22].

YTBOpEHHST 4YeproBoi NPOBAIBHOI KA
Oymo 3adikcoBano 17 cepmast 2010 poky Ha Tepu-
topii LlerTpansHo-MichKoro paiioHy, ii rimmbrHa
csraia onmus3bko 20 M. 3a npunymenssavu . M.
3a710poxkHBOT, (OopMyBaHHS Ili€i kKU OyJo
MOB’si3aHE 3 CaMOOOBAJICHHSAM IIOPI Y MekKax
BIPAIbOBAHKUX JIOPCBOJIOLIMHNX MIAXTHUX TO-
PH30HTIB, JIe 3 YaCOM BiI0YJIOCS OCJIA0IeHHSI IM0-
pin Ta mopyiueHHs iXHbOi criiikocti [3]. Kpim

Toro, 14 ciuns 2011 poky BHACHTIZOK 3eMIIETPYCY
cwioro 3,9 OamiB Oyno YTBOPEHO NPOBAIBHY
Ky Ha TepuTopii mpoBabHOI 300U PY iMm. ['an-
KOBCBKOT0. BoHa po3raioBaHa B Mexax IpOTrHO-
30BaHOI 30HHM 3pYyLICHHSA, IO (OPMYETHCS Mif
BIUTMBOM TIpHHYHX POOIT Ha TMOWHI OJIM3bKO —
1045 m.

HemonasHo, 29 6epesnst 2024 poky, Ha Te-
purtopii PY imeni ['ankoBcekoro, moommy ['am-
KOBCBKOTO KyTa, YTBOPHWJIOCS MacIuTaOHe Mpo-
BaJUIS 13 MOPPOMETPHIHUMH TapaMeTPaMu: In-
puta 6mu3bko 100 M, rmrbuHa — 1o 200 M [10].
Bapto 3a3HaunTH, 1110 TPOBAILIS IPOJIOBXKYE PO3-
LIMPIOBATHUCS, JEMOHCTPYIOUM aKTHBHHUK PO3BH-
TOK MOpP(OANHAMIYHMX TIPOIIECIB y 30HI TEXHO-
TEHHOTI'O HaBaHTaKeHHs (puc. 7).

Puc. 7 — I[IpoBanbHa nilika Ha TepuTopii ["ankoBckkoro kyra KJIITC
Fig. 7 — Collapsed funnel on the territory of the Galkovsky corner of the KLTS

BaxnuBo 3a3HauUTH, WO NPOBATLHUI
penbed yTBOPIOETHCS HA TIIHKU Oe31ocepeTHbO
HaJI MiJ3eMHUMH BUPOOKaMH, a i MOXKYTb c(o-
pMyBaTHCs Ha OaraTospyCHUX BiJBajax, BiJICH-
MaHKUX HaJ Imia3eMuanMu Bupookamu [3]. Hoci-
JOKeHHS 0yJ10 BUKOHAaHO Ha Teputopii Cakcara-
HCBKOTO paiony, M. Kpusuii Pir, Ginst xap’epy
ITiBnennoro I'3K, Oiist nmpoBasuis Yariia, yTBo-
puIIacs HOBE MPOBaJUIA y BiaBai kap’epa Ilie-
neaHoro I'3K 1 TyT mpocTexyeThCsl HpUKIIa
JIBOSIPYCHOI CTPYKTYPH TiPHUYOTPO-MHCIOBUX
nangmagTiB.

Ha puc. 8 dyiTko BHOKpemIsIeHi Mexi
BiZ[BAITY, SIKMI MEPEXOUTh Yy MPOBAILHY 30HY,
a gami y migzeMHuid spyc. CrovaTky Ha mid
JUISHIN  3IIACHIOBaBCS BUIOOYTOK 3aji3HOL
pyou 3akpuTM (IIaXTHUM) crocoboM, y
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pe3yNbTaTi 4oro y mia3eMHOMY sIpyci cdop-
MYBaBCS PO3TalyKEHUI MPOCTIp MIAXTHUX BH-
po0Oox i mopoxxuuH. [licis 3aBepiieHHs mig3eM-
HOTO BHJIOOYTKY, Ha MOBEPXHI Ifi€l TepuTopii
0yJ10 chopMOBaHO MaCHBHUI BiJ[BaJI ITyCTOI I10-
pOIM 3aji30pyAHOTO MOXOPKEHHs, SKUH Oy-
JOy4Yd TIOTYXXKHHM TEXHOTEHHUM YTBOPEHHSIM,
3MIMCHIOBAB 3HAYHHMH THCK Ha MMOPOJH, L0 IIe-
PEKpPUBAIM TiJ3€MHI IYCTOTH. 3 4acoM Iepe-
KPHUTTS MOCTYIIOBO BTpayayio CTiHKICTh, 0CO0-
JIUBO B 30HAX HAWOIIBIIIOT0 HABAHTAXKEHHS, 1110
MIPU3BENO JI0 MPOCIJaHHA TepUTOPil i BigBa-
soM. HactijikoM 1bOro cTajgo yTBOPEHHS MPO-
BaJIbHOI JIIIKK B CTPYKTYpi CaMOTro BiJBay.
Takum 4MHOM, Ha IiK AUTAHIN 3adikco-
BaHO IMPOIIEC, KOJNHU: NMepBHHHA (MOBEPXHEBA)
CTPYKTypa BifBaTy 3a3Haina aedopmarii, ce-
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Puc. 8 — [ToBepxHeBuii sipyc (BiZBaJ Ta 30Ha 3pYyILICHHS), SIKUH NEPEXOAUTh y CEpeHiil spyc
Fig. 8 — Surface layer (deposit and displacement zone), which transitions into the middle layer

Puc. 9 — ITixzemunii sipyc (mig3eMHi BAPOOKH Ta HOPOKHUHH)
Fig. 9 — Underground level (underground workings and cavities)
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penHiii sipyc (mpoBasibHa 30Ha) ChOPMYBABCS SIK
30Ha TIPOCiIaHHS 1 pyHHYBaHHS, a MiI3eM-HUM
SpyC BU3HAYMBCS HASBHICTIO TIONIEPEHIX TipHHU-
YUX BUPOOOK, SIKi BUCTYMUIHN PYIIIHHOIO CHIIOIO
JIaHO1 TepuTopii. Y pe3ynbTaTi HAOYHO Ha pHC. 8 1
puc. 9 TpocTexXyeThCs SICKPAaBUH MPHUKIIAT MPO-
SBY JBOSIPYCHOI CTPYKTYpPH TipHHYOIIPOMHCIIO-
BOro JjaHmmadTy, Je BiAOYBa€ThCS B3aEMOJIS
JTBOX SIPYCIB 31 CEpeHIM: BEPXHBOTO — TOBEPXHE-
BOTO (BiBaNy), CepeqHBOr0 (IIPOBAJIBHOI 30HH)
Ta HIKHBOTO-MA3eMHOro (miA3eMHI BHPOOKH i

NopoXHMHM). Taka MOpQoCTpyKTypHa TO0yA0Ba
€ XapaKTepHOIO JIIsl TEPUTOPiH 3 GaraTopiBHEBIM
TEXHOTCHHUM HABAHT)KCHHSAM Ta CBITIHUTH PO
CKJIa[IHy IMOCTEKCILTyaTalliiiHy AUHAMIKY aHTPO-
MOT€H-HUX JIaHAA]TiB.

Ha pwuc.8 1 9 mpocTexxyeThest HU3Ka MOp-
(onoTiYHMX eJeMEeHTIB — OpoBKa, CXWIIH,
quuile (TepeBaXHO KOHYcomoaioHoi ¢opmu),
CXWJIM YCKIIQJHEHI MPOAYKTaMu (hITFOBiabHIX
Ta rpaBiTaliifHuX mporeciB (0opo3HaMu, piBya-
KaMH, OCHIIAMHU ).

Bucnoerxu

KpuBopisbka nanamadTHO-TEXHIYHA CH-
CTeMa € YHIKQJIbHUM MPUKIAJI0M MIPUPOA-HOTO
CEpeNoOBHINA, MOBHICTIO TpaHCHOPMOBAHOTO
AHTPOTIOTEHHOIO  JisUTbHICTIO. (DopMyBaHHS
npoBasibHOTO penbedy B Mexax KIITC e pe-
3yJBTATOM TPUBAJOI Jil TEXHOTEHHUX 1 IPUPO-
JTHUX YNHHHKIB, CepeJl IKUX MPOBIIHY POJIb Bi-
JirparoTh 0COOIMBOCTI TIpHUYUX POOIT, ¢i-
3MKO-MEXaHI4YHi BJIACTHBOCTI MOPIJ 1 Tiapo-re-
onoriudi ymoBH. [IpoBanbHi mpomecu po3BuBa-
IOTBCSI HacaMmepel y MeXax [MaxTHUX 1
Kap’ €pHO-BiIBAJIbHUX JIAaHAMA(TIB, A€ MOEM-
HaHHS TOPYIIEHOI IeOCTPYKTYPU Ta IHTEHCHB-
HOI'O TEXHOTEHHOTO HABAHTa)KEHHS CTBOPIOE
CIPUSITIUBI YMOBH JUis popMyBaHHsA aedopma-
1i{ 3eMHOT MOBEPXHI.

Haii0inpmni 30HM 3pyIIeHHS criocTepira-
I0THCS Ha TEPUTOPISIX PYAOYTPaBIiHb 1 IIAXT, 30K-
pema iM. [ankoBcbkoro, KomadeBcekoro ta Ha
npomucioBux Maiinanunkax BAT «Cyxa bamkay.

[IpoBanbHi WKW, YIIOTOBUHY Ta KaHBIHO-
HU XapaKTepHU3YIOThCsS 3HAYHHUMHU MOPQPOMET-
PUYHUMU TTapaMeTpaMu — TITMONHOIO 110 150 M
1 miamerpom 10 500 M, TI10 POOUTH X TUTIOBUMU
dbopMamu Me30pelibedy TEXHOTCHHOTO MOXO0JI-

xeHHs1. Oco0IMBO HeOE3MEUHNMH € MacIITaOHi
NpOBaJIbHI YTBOPEHHSI, TaKi sIK MPOBANbHUI Ka-
HbOH maxTh «Ko3ampkay, IIMOMHA IKOIro Cs-
rae 133 M, m0 € HAHOIMBIINM TOKAa3HUKOM Y
€Bpori. AKTHBHHUI PO3BUTOK IUX GOPM CYyIpo-
BOJKYETHCS TIOMIMPEHHSIM TPIIIUH, PO3TIOMIB i
3CYBIB, IO CBIIYUTH MPO CKIAJHY T€OTUHAMI-
YHY CHTYyaIlifo B perioHi. JlocmimkeHHs ocTaH-
HiX POKiB MOKa3yl0Tb, 10 MPOBaJbHI MPOIECH
MOXYTh PO3BHBATHCS HE JIMIIE HAX MiI3eM-
HUMU BHPOOKaMH, a i y Mexax 0araTospyCHUX
BiZIBaJIiB, yTBOPEHUX HaJl HUMH, JIe CIIOCTEpira-
€THCS TPOSIB ABOSPYCHOI OyIOBU TipHUYOMIPO-
MHUCIIOBUX NaHamadTie. Blaemogmis moBepxHe-
BOT0, MPOBAJILHOIO Ta IMiI3EMHOTO SIPYyCiB (op-
MY€ CKIIaJIHy MOP(OCTPYKTYpHY CHCTEMY, SIKa
BioOpakae TOCTEKCIUTyaTaliiHy JIUHAMIKY
TipHUYONPOMUCTIOBUX JaHAMA]TIB.

Takum umHOM, KpuBopi3pka nanmma-
(THO-TEXHIYHA CHCTEMa JJIEMOHCTPYE XapaKTep-
HHH TIPUKIIAJ TIPOCTOPOBO-CTPYKTYPHOI Ta MOp-
(dboarHaMivHOT €BOJIIONIT TEPUTOPiI IHTEHCHB-
HOT'O TipHHYOTO OCBOEHHS, JIe TEXHOTCHHI TPO-
LECH 3AJTMIIAI0TH TPUBAIIHH CITijl y reoMopdoro-
TiuHiii Oy0Bi Ta €KOJIIOTTYHOMY CTaHi peTioHy.

Kondghnikm inmepecie

ABTOp 3asBIIsIE, 1110 KOH(ITIKTY 1HTEpeciB mo10 MyOiKailii boro pykorcy Hemae. Kpim Toro, aB-
TOP MOBHICTIO JIOTPUMYBAJIaCh ETHYHUX HOPM, BKITIOYAIOYH TUIariat, panscugikalliro JaHuX Ta MoABIHHY

myOiKalito.

B po6oTi HE BUKOpPHCTaHO pecypc ITYYHOTO IHTENEKTY.
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FORMATION OF FAILURE RELIEF IN THE CONDITIONS
OF MINING LANDSCAPES OF THE KRYVYI RIH LANDSCAPE-TECHNICAL SYSTEM

Purpose. To establish the patterns of formation and development of the failed relief as a transitional tier of
the two-tier structure of mining landscapes of the Kryvyi Rih landscape-technical system and to assess its impact
on the modern morphodynamics of the Kryvyi Rih landscape-technical system.

Methods. Field observations, geomorphological analysis, comparative-analytical method, cartographic
modelling, GIS analysis.

Results: The relief is one of the key morphological elements of the two-tier structure of the mining land-
scapes of the Kryvyi Rih landscape-technical system. It was determined that the most intense zones of displace-
ment are recorded within the boundaries of Sukha Balka OJSC, the Kolachevsky and Galkovsky ore management
departments, the Oleksandrivsky mine, and the Kozatska mine. Two groups of sinkhole processes have been rec-
orded: regular ones associated with planned mining activities and random ones caused by uncontrolled geodynamic
factors. It has also been found that sinkholes form not only above mine workings, but also within the dumps located
above them. The largest subsidence forms, in particular the subsidence zone of the Kozatska mine and the Galkov-
sky corner zone, demonstrate the high intensity of modern deformations of the earth's surface. Geomorphological
analysis revealed the structural and morphological features of the two-tier structure of mining landscapes and
traced the relationship between surface and underground processes. The comparative-analytical method made it
possible to compare the current state of subsidence formations with data from previous observations, revealing a
tendency towards an increase in the area of deformation zones. Cartographic modelling enabled the construction
of maps showing the spatial distribution of subsidence zones within the main ore mining areas, while GIS analysis
enabled the visualisation of spatial connections between surface and underground layers.

Conclusions: The collapsed relief is an integral component of the two-tier structure of the mining land-
scapes of the Kryvyi Rih landscape-technical system. It is formed as a transitional tier that connects the surface
and underground levels, providing a morphogenetic link between them. Collapse processes are regular and random
in nature, indicating the complex geodynamic activity of technogenically transformed massifs. The results ob-
tained confirm the need for further monitoring of technogenic processes to prevent the development of dangerous
situations and stabilise the landscape structure of the region.

KEYWORDS: two-tier structure, mining landscape, Kryvyi Rih landscape-technical system, surface tier,
underground tier, sinkhole relief, sinkhole, middle tier
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BUKUIU ABTO3AIIPABHOI'O KOMILVIEKCY:
OLIHKA PU3UKY B ACHHEKTI 3ABE3IIEYHEHHSA CTAJIOI'O PO3BUTKY

Merta. 31iliCHCHHS 1HBEHTapHU3allil BUKUIIB 3a0pyIHIOIOYMX PCUOBHH CIPUYMHCHUX (DYHKI[IOHYBaHHSIM
ABTO3aIPABHOTO KOMIUIEKCY Ta OLIHIOBAaHHI CYMapHOTO HEKAHIIEPOTCHHOTO PU3UKY B aCTIEeKTi 3a0€3IIeUCHHS CTa-
JIOTO PO3BUTKY.

Metoau. ExciepuMeHTaNbHi, aHATITHYHI, TAKOK METOIM MATEMAaTHIHOTO MOJICITIOBAHHS Ta IPOTHO3YBAaHHS.

PesyabraTu. [IpoBeneHo aHai3 BUKHIIIB 3a0pyIHIOIOUMX PEUYOBHH B aTMOC(EpHE TOBITPs aBTO3aIpaB-
HUM KOMILIEKCOM, po3TamoBaHuM y Jlynekomy paitoni BommHcbkoi obmacTi. [kepenaMu yTBOpEHHS 3a0py IHIO-
I0YMX PEYOBUH Ha 00’ €KTI € MiJI3eMHI CTaleBi TOPHU30HTAIBHI IMITIHAPUYHI pe3epByapH [Uisi 30epiraHHs OeH3UHY
Ta TU3ENFHOTO TTajifBa, IBOCTOPOHHI 3alpaBHi KOJIOHKH, CTAJCBl HA3eMHI pe3epBYapH sl CKPAIUICHOTO BYTIIe-
BOJIHEBOTO Ta3y Ta ra3o3anpaBHa KOJoHKa. MakcumanbHo pa30Bi Ta BAJIOBI BUKHIH B aTMOCQ)epy BU3HAYaJIKCS Ha
OCHOBI iHCTPYMEHTAIbHHUX BI/IMlpIOBaHB AHAIITHYHUX PO3PaXyHKIB, IIPOEKTHUX JAHUX i TEXHOJIOTIYHUX HOpMa-
THUBIB. 32 CyMapHUMHU 00OCsIraMy BUKHUJIIB 00’ €KT HAJICKHUTH 10 TPEThoi rpynu. BB arMocdepHe moBiTpst moTpari-
JISTIOTB: CIPKOBOJICHB, BYTUIEBOHI HACHUEH1, O€H30JI, KCHJIOJ, TOJYOJ, IpoTaH, 0yTaH. Po3paxoBaHi Mpu3eMHi KOH-
[EHTpaIlii 3a0pyIHIOIOYHX PEUOBHH, 3 ypaxyBaHHIM (POHOBOTO 3a0pyTHEHHS, HA MEXKI CaAHITAPHO-3aXUCHOT 30HU
Ta XKHUTIOBOL 3a6yz[01314 HE TePEBHIILYIOTh ririeHIYHUX HOpMaTI/IBiB 3HavyeHHs iHICKCY HeOe3MeKH I YOTUPHOX
KOHTPOJILHHX TOYOK BiJIMIOBiTAIOTh HACTOPOKYIOUOMY PIBHIO CyMapHOTO HEKAHI[EPOTCHHOTO PU3HKY. Busnaue-
HUI piBEHb PU3UKY NOTPeOye MOANBIIOr0 MOHITOPHHTY Ta BIIPOBAPKEHHS 3aX0/IiB 13 MiHIMi3allil BUKU/IB, 10 €
0e3yMOBHOIO TTePEIyMOBOIO 3a0€3ICUCHHS CTAIOTO PO3BUTKY.

BucnoBku. KoHieHTpailii BUKHIIB 320pyIHIOIOUMX PEYOBHH Ha MEXI CaHITapHO-3aXHMCHOT 30HU HE Iepe-
BUILYIOTh HOpMaTHBIB. [IpoTe HacTOpoXKytoUnii piBeHb CyMapHOTO HEKaHIIEPOT€HHOTO PH3HKY MOTpeOdye 1moab-
IIOT0 KOHTPOJTIO, OI[IHIOBAHHS MOYJIMBHMX HACTIAKIB JIJIS 3I0POB’Sl HACEJIICHHS Ta BIPOBAPKCHHS €(PEKTUBHUX
OPUPOAOOXOPOHHUX 3axoxiB. CHpuUsSHHA MiHIMI3alil BUKUAIB € HEOOXIJHO YMOBOK 0€3MeYHOro
(hyHKIIOHYBaHHS aBTO3aIPaBHOTO KOMIUIEKCY Ta 3a0€3MEeYCHHS CTAaJI0r0 PO3BUTKY TEPUTOPIi.

KJIFOYOBI CJIOBA: oyinka pusuxy, ammocpepne nosimps, 3a6pyOHeHHs, SUKUO, ABMO3ANPAGHULL
KOMRIEeKe, CManuil po3eumox

SAx muryBatm: Kapaim O. A., Bakapae O. A., Kapaim B. II., JlaBpuntok 3. B. Bukuau aBro3anpaBHOrO
KOMIUIEKCY: OIiHKa PU3HKY B aCTIEKTi 3a0€3MeUeHHs CTaJIoTo PO3BUTKY. Jloouna ma doskinna. [Ipobremu neoexonoeii.

2025. Bu. 44. C. 60-73. https://doi.org/10.26565/1992-4224-2025-44-05

In cites: Karaim, O. A., Bakaraiev, O. A., Karaim, V. P., Lavrynyuk, Z. V. (2025). Gas station emissions:
risk assessment in the context of ensuring sustainable development. Man and Environment. Issues of Neoecology,
(44), 60-73. https://doi.org/10.26565/1992-4224-2025-44-05 (in Ukrainian)
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CyuacHuii PO3BUTOK TPaHCIOPTHOI iH-
(bpacTpyKTypH CYyIpPOBOKYETBCS 3POCTAHHAM
KUTBKOCTI aBTO3aIIPaBHUX KOMITIEKCIB, SIKi € 10~
TEHIIIHHUMH JKEepeJlaMi 3a0pyTHEHHST aTMOC-
(epHoro nositpst. [1ig yac 30epiraHHs, TpaHCIIO-
PTYBaHHS Ta BIOIyCKy Ha()TOMPOMYKTIB Yy TOBI-
TSl HAAXOAATH JIETKi OpraHiuHi CIONYKH, CIpKO-
BOJICHB, BYTJICBO/IHI Ta iHI TOKCHYHI KOMITOHE-
HTH, III0 MOXYTh HETaTHBHO BIUIMBATH HA CTaH
JOBKLJUTI Ta 3I0poB’sl HacenmeHHS. [Ipobiema
YCKIIATHIOETCS THM, 1[0 3Ha4YHa YaCTHUHA aBTO-
3ampaBHUX CTAHINK po3TalIoBaHa B Mekax abo
MOONIN3Y KUTIIOBOI 3a0y/TOBH, [ KOHIIEHTPAIIis
HIKIUIMBUX PEYOBHH HABITH Y MEXKax JOMYCTH-
MUX PIBHIB MOXKE€ CTAHOBUTH MOTEHIiiHY HeOe-
3IIeKy MPY TPHBAIIOMY BILTUBI.

B ymoBax mepexoy 0 MOeNi CTaroro
PO3BHUTKY 0COOJIMBOI aKTyallbHOCTI HaOyBae He-
0OXI/THICTh OIIIHIOBAaHHS PU3UKIB 3a0pyAHEHHS
aTMoc(hepHOro MOBITPsI, TIOB’I3aHUX 13 PYHKIIi-
OHYBaHHSIM aBTO3aNpPaBHUX KOMILJICKCIB, 3 Me-
TOIO 3amo0iraHHs Jerpajalii MoBITPSHOTO Ce-
pEIOBHINA Ta HETaTHBHOTO BIUIMBY Ha 3/10POB’ S
nmroAvHU. Bu3HaueHHs piBHIB 3a0pyTHEHHS aT-
Moc(hepHOTO TOBITPSI Ta pO3POOKa MPEBEHTHB-
HHX 3aXOJ[iB € BAKJIMBOIO CKJIJ0BOIO 3a0e3me-
YEHHsI IPUHIUITIB CTAJIOTO PO3BUTKY.

[IpoGyiemam 3a0pynHeHHs aTMocdep-
HOT'O TIOBITPS BHACHTIIOK POOOTH aBTO3aIpaB-
HHUX KOMIUIEKCIB MPUCBATHIN CBOI poOOTH HU-
3Ka YKpaiHCBKHX Ta 3apyOi’KHUX BUEHUX. 30K-
pema, JocCIipKeHHs aBTopiB [1] po3KpuBaloTh
0COOJIMBOCTI OLIIHIOBAHHS MHOTEHIITHOTO TOK-
CHUYHOTO e(eKTy BUKHIB BYTJICBOJIHIB 13 pe3e-
pByapiB aBTO3alpaBHUX CTAHIIIN JJIsi MICBKOTO
HACEJICHHS, 1110 € BaXXIIMBUM 3 OTJIALY Ha (op-
MYBaHHS JIOKQJIbHUX OCEPEIKiB 3a0py/JHEHHS B
Mexax ypOaHi3oBaHUX TepuTopiit. Y mparii [2]
aKIEHTOBAHO YBary Ha TEHJICHINSIX PO3BUTKY
CHCTEM KOHTPOJIIO BUKUAIB Ta yJOCKOHAJCHHI
TEXHIYHOTO  3a0e3leYeHHs]  aBTO3alpPaBHUX
KOMIUIEKCIB 3 METOKO IIABUILIEHHS €KOJIOTIYHOL
Oe3mneku X GpyHkuionyBanHs. Jlocmimkenns [3]
CIPSIMOBAHE Ha aHaJI3 €KOJIOT1YHUX BILIUBIB Ta
PH3HKIB, 1110 BHHUKAIOTH Y NIPOIIECi eKCIUTyaTa-
il aBTO3aNpaBHUX CTAHILIH, 3 ypaXyBaHHAM pi-
BHS KOHIICHTpPAIIIi IIKIJJTMBUX PEYOBUH Y TTOBi-
Tpi Ta CTaHy HaBKOJMIIHLOTO CepeloBHIIa. Y
poboTi [4] PO3MIIHYTO METOJUYHI IiXOJH JI0
OLIIHKH BIUIMBY ABTO3alPaBHUX CTAHLIN Ha aT-
Moc(hepHE TMOBITPS Ta BH3HAYEHO OCHOBHI
HUISAXH MiHIMI3aMii HKIIJTMBUX BUKUIIIB. ABTOPH

Bcmyn
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[5] nocmimnmu 0cOGIUBOCTI €KOJOTTYHOTO MEHE-
JOKMEHTY TIiIMPUEMCTB, 30KpeMa MOXKIIHBOCTI
HAOTO 3aCTOCYBaHHS ISl TMiIBUIIEHHS e(eKTHB-
HOCTI CHCTEMH KOHTPOJIIO 3a0pyAHEHb Ha IMPO-
MHUCTIOBUX TignpueMcTBax. Jlocimimkerns [6]
IIPUCBSYEHE OIIHIT €KOJIOTIYHOTO CTaHy TEPUTO-
piif aBTO3aMpaBHUX CTaHLIH, pO3TAILIOBAHUX MO-
Oyu3y aBTOMAricTpayiel, Je CIOCTEepIracTbes
IiIBUIIIEHE AHTPOIIOI€HHE HABAHTAXKCHHS. Y
npariii [7] mpoaHasi30BaHO HACIIKH eKCIUTyaTa-
i aBTO3aMpaBHUX CTAHIIH 11 HABKOJIHUILTHBOTO
IIPUPOTHOTO CEPEIOBHUILA, 30KpeMa BHU3HAYEHO
piBHI BHIKHIIB JIETKUX OPTaHIYHUX CIIONYK 1
LUISIXU X PO3MOBCIOJIKEHHS.

IHO3eMHI JTOCIIPKEHHSI TaKOX POOJIATH
BaroMHil BHECOK y BUBUYEHHS AaHOI mpoldiiema-
tuku. Tak, apropu [8] moBenu, 1o peanbHi 00-
CSITM TOKCHYHMX BUKHUJIIB 3 aBTO3AMPABHUX CTa-
HIII 3HAYHO TEPEBUIIYIOTh PaHillle MPUHHATI
HOpPMAaTHUBHI MTOKa3HHUKH, IO ITiIKPECITIOE HEOO-
X1IHICTB YIOCKOHAJIGHHS METO/1iB KOHTPOJTIO 32
emicissmu. Y mpami [9] BHUCBITICHO HEIOIKU
JUTSL aBTO3aNpaBHUX CTaHIIH 3 perioHanbHO Pi-
3HAMH KoeQillieHTaMH BUKHUIIB Ta MPHUHST-
HUMH pU3UKaMU 1Jis 310poB’s. OIiHKY eKOJIO-
riYHOTO PU3MKY aBTO3alpPaBHUX CTAHLIM 3 BH-
KOPHUCTaHHSM TPUHIUIIB YIIPaBIiHHSA Oe3re-
koto 3xaiiicHeno B [10]. V naykosiii po6oTi [11]
MIPECTABICHO Pe3yIbTaTH IPOBEIEHOTO MOPiB-
HSJTPHOTO aHaJi3y €KOJOTIYHUX CTaHAAPTIB HA
aBTO3aMpPaBHUX CTAHIIISAX €BPONECHCHKUX KpaiH,
3BEpPTAIOYM yBary Ha CUCTEMHMH MiAXia J0 3a-
Oe3nedeHHs] eKoJOoriyHO1 Oesreku. BuyeHnmu
[12] BcTaHOBIIEHO, 10 TPYHT OOIU3Y TPAHCIIO-
PTHHX 00’€KTiB, 30KpeMa aBTO3alpaBHUX CTaH-
i, MOXKE BUCTYIaTH JOBIOTPUBAIIIM PE3EPBY-
apoM JJIsl HAKOIIMYEHHS! TOKCHYHUX PEYOBHH 3
aTMOC(EpHOTO TOBITPS 3 MOIANBIINM iX HaJX0-
JOKCHHS Y TIJI3€MHI BOJH, 1[0 CTBOPIOE I0/aT-
KOBI pW3UKHM JUIS JOBKULIL. ABTopamu [13]
3MIIHCHEHO OIIHKY CYMapHOTO HEKaHIIEPOTeH-
HOTO PU3WKY Ta BIUIMBY Ha 3[I0POB’S MOOIU3Y
aBTO3aNpPaBHUX CTAHLIM y MICBKMX HaceIeHUX
nyHkTax. Y npani [14] npoaHamizoBaHO CKJaj
BUKHUJIIB, IO YTBOPIOIOTHCS HA aBTOCEpBicax i
3alpaBHUX KOMILIEKCaX, Ta OKPECIEHO mepcre-
KTHBH BIPOBA/KEHHS O10TEXHOJIOTIYHIX METO-
niB ix ouwnmieHHs. Jlocmimkenns [15] npuces-
YEHO OIIiHIII 320pYAHEHHsI IPYHTOBHUX BOJ Ha(-
TOBHMMH BYTJICBOJHSIMHU Y MEXKaX KHUTIOBUX Te-
PHUTOpIH, CIPUYMHEHOT'O EKCILTyaTalli€l0 aBTo-
3allpaBHUX CTaHIliH. ABTOPH HArOJONIYIOTh Ha
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Hebe3neni BUTOKIB MaIMBHO-MACTHIFHUX Ma-
TepianiB UId cTaHy minzeMHux Boj. Okpemwuii
HampsM JOCIIPKEHb CTOCYETHCS OIIHIOBAHHS
PHU3HKIB Ta HACTIAKIB MOTPAIUITHHS HeOe3mey-
HUX PEYOBUH Yy JOBKIULIA Mif Yac eKcIulyaTawii
nanuBHOI iH(ppacTpykTypu. Tak, y podori [16]
MPOAHAJII30BaHO ITOTEHITIIHI €KOJIOTiuHI Hac-
JAKM aBapifHUX CUTYyallill Ha aBTO3aNpaBHUX
CTaHINAX 1 MJKPECICHO Ba)AUIMBICTh BIIPOBaA-
JOKEHHS CHCTEM €KOJIOTIYHOTO MOHITOPUHTY Ta
YIpaBIiHHS PU3UKAMH.

3Ha4yHa KiJbKICTh HAYKOBHX ITyOJIiKaIlii
[17-25] npucesdeHa IOCTIMKEHHIO BHKHIIB
JETKUX OPTaHIYHHUX CIONYK, IO BHUIUISIOTHCS
i 9ac poOOTH aBTO3aNpaBHUX CTAHINHN Ta 1X
BIUIMBY Ha 370pOB’sl TPAIiBHUKIB Ta >KUATEIIB
OpUICTIAX TepuTopiid. 3okpema, aBTopu [20]
PO3pOOHITN MOJIENTb OIiHFOBaHHSI JIOBTOCTPOKO-
BUX PU3HMKIB BHHUKHECHHS OHKOJIOTIYHHX 3aXBO-
pIOBaHb, CIPUYNHEHUX BIUIMBOM OCH30JY, IO
BUKUA€ThCS 3 KJIACTEPIB aBTO3AMPABHHUX CTaH-

miid. Y crarti [21] mogaHO pe3yabTaTH BUMIpIO-
BaHb KOHIICHTpALil OEH30JIy Ta IHIIMX JICTKUX
OpTraHivYHUX CIOJYK y TIOBITPi Ha 3ampaBKax Mi-
cta [lem Ta mpoBeneHO OIIHKY IHTASAIIIHOTO
PHU3UKY JIs IpalliBHUKIB.

[IpoBenenmii aHami3 HayKOBUX JKepen
CBITYATH TPO 3POCTaHHS IHTEpECy MO0 TIpo-
OJIeMU EKOJIOTIYHOI OE3MEeKH aBTO3aIllpPaBHUX
KOMILIEKCiB. BolHOYAC 3aMMIIaeThCsl akTyab-
HOIO MoTpeda iHBeHTapu3allii BUKUIIB 3a0py-
HIOIOYMX PEYOBHH Ta OIIHIOBAHHS PHU3HUKIB 3a-
OpyaHeHHsT aTMOc(epHOTO TOBITPA 3 ypaxy-
BaHHSM JIOKaJIbHIX 0COOMUBOCTEH (DYHKITIOHY-
BaHHA A3K B acmekTi 3a0e3meueHHs] CTajoro
PO3BHUTKY TEPUTOPII.

Memoro pobomu € 31iCHCHHS 1HBEHTA-
puzamii BUKUAIB 3a0pYyIHIOIOYHX PEYOBUH
CIpUYMHEHUX (PYHKIIOHYBaHHSM aBTO3aIPaB-
HOTO KOMIUIEKCY Ta OI[IHIOBaHHS CYMapHOTO
HEKaHIIEPOT€HHOT0 PU3UKY B acIeKTi 3a0e3re-
YEHHS CTAIOTO PO3BUTKY.

00’ ckmu ma memoou 00CiOHceHHs

Jkepenamyi  yTBOPEHHS 3a0pYIHIOIOYHX
PEUOBHH Ha JOCIIDKYBAHOMY aBTO3alPaBHOMY
KOMIUICKCI € TPH MiJI3EMHUX CTAJICBUX TOPU30H-
TaJBHUX IIUTIHAPUYHUX PE3epByapH Ui 30epi-
ranHs GeHsuHy emHicTio 25 M3 (uxepeno 1) i 1Ba
no 50 mM® (mxepena 2, 3), mig3eMHUI CTaIeBUi
TOPU3OHTATIEHUH IMIIIHAPUYHHUI pe3e-pByap JUIst
30epiraHHs Ju3nanBa eMHicTio 50 M° (IKepeno
4), 9OTHpH JBOCTOPOHHIX 3aIIPaBHUX KOJIOHKH (Ha
KOXKHIl 10 BiciM micToneTiB) (mkepena 5-12), nsa
CTATHAX HA3eMHHUX pe3epByapud 30epiraHHs
CKparuIeHOTO BYTJIEBOA-HEBOTO ra3y 00’€MOM IO
4,8 M® (mxepeno 13) Ta razosanpaBHa KOJOHKA
(mwxepeno 14).

MaxkcumaiibHO pa3oBi (I/c) 1 BaJIOBI BUKUIH
(T/pik) B aTMocepHe TOBITPS JKEpeN BUKUILY
BU3HA4YeHI HA TJCTaBl aHai3y pe3yJbTaTiB
THCTPYMEHTAIIBHUX 3aMipiB, aHAITHYHUX PO3pa-
XYHKIB, TIPOEKTHHX JAHUX Ta TEXHOJIOTTYHHX
HOpPMATHBIB.

BenmmuuHy BUKUIIB CIPKOBOJIHIO, OyTaHy,
0eH30ITy, KCHJIONY, TONYOJly, BYIJICBOJHIB HAacH-
yeHuX Ci12-Cig, IpONIAHy HEOOXITHHX /IS OLIIHKH
BIUTMBY Ha aTMOc(epHe TIOBITps aBTO3a-TIPaBHOTO
KOMIUIEKCY ~ BH3HAUAlOTBECS  PO3PAXyH-KOBO
BiOBIIHO 10 [26-28).

MakcuMabHO-pa3oBHid BUKH]I 3a0py/IHIO-
IOUMX PEYOBMH B aTMOc(epHe MOBITPs [P BUIIA-
POBYBaHHI OCH3MHY 3 EMHOCTI, PO3PaXOBY€ETHCS 32

hopmyoro (1):
gm = I1,/3,6 Q)

I, = 2,52 VP Pgas) M (Ksx + Kst) Ke
Kz (1-m) 10° kr/ron (2)
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Je: VP — piunwmii 00’ eM nayinBa B pe3epByapi,
M
Ps(3s) — THCK HACHYEHHX MAapiB PIIUHH PU MaK-
cUMaJbHI Temmepatypi 30epiraHHs Tyac. =
38°C, rllA;
M, — MonekynsipHa Maca TapiB piivHU, T/MOJIb;
Ksx — koeQilieHT, 110 3aJIeKUTh BiJ] TUCKY Ha-
cuueHux napis P i reMneparypu ra3oBoro cepe-
JIOBHINA 32 6 HAWXOJOIHINIUX MICAIIB POKY
TPX, °C;
Kst — koediti€eHT, 1110 3aJIe)KUTh Bl THCKY Ha-
cruueHux napis P i reMneparypu ra3oBoro cepe-
JIOBMIIA 32 6 HAWOULIBII TEIUIUX MICAIIB POKY
TPT, °C;
Ks — mompaBouHuii KoedillieHT, MO0 3aleKHUTh
BiJl TUCKY HacH4yeHHX napiB P i piyaOi 000poT-
HOCTI pe3epByapis;
K7 — xoeditieHT, 1110 BpaxOBY€ OCHAIICHHS pe-
3epByapis.;
n — KoeimieHT ra30eEeKTUBHOCTI Ta30BIJIOB-
JIIOI0YOTO OONIaZiHaHHS pe3epByapa, JOJi OIH-
HUIIb.

BanoBuii Bukuj 3a0pyIHIOIOUHX pPEYO-
BHH B aTMOC(epHE IOBITPs IPH BUIIAPOBYBaHHI
MaJIiBa 3 EMHOCTI PO3PaxoBYeThCA 3a Qopmy-

noro (3):
MBAMT =TT, T/1000 (3)
MaxkcnManbHO-pa30BUil BUKUA 3a0py.-
HIOIOYHMX PEUOBHH B aTMoc(epHe MOBITPS MpH
3aIpaBlli aBTOTPAHCIIOPTY 3 KOJIOHKHU PO3paxo-
By€ThCs 3a hopmyiaoro (4):
gm =M 1000/3600 (4)
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M=QK g, kr/rox (5)
ne: K — koedimieHT, 1o 3aJie:uTh Biji KOHIICH-
Tpartii mapis najauBa;

g — I'yCTUHA MajauBa, Kr/m>;
Q — MOTYXHICTh MANUBOPO3JABAIBLHOI KOJO-
HKH.

BanoBuit BukHI 3a0pyIHIOIOUUX pPEUO-
BUH B aTMOc(]epHe TOBITPs MPH 3aNpaBlli aBTO-
TPaHCHOPTY, PO3PaxOBYEThCS 3a (popMyioro

(6):

MBAT=MT 103 (6)
ne, T — ¢oH poOOUOro yacy 3ampaBKu aBTOT-
PaAHCHOPTY 3 KOJIOHKH U151 OCH3UHY.

o cTocyeThcs BU3HAUYCHHS BUKUIIB 3a-
OpyIHIOIOUMX PEYOBHH 13 HA3eMHUX pe3epBya-
piB 30epiraHHs CKparieHOTO BYTJICBOAHEBOTO
razy (CBT), To Ha mepuiomMy eTarti po3paxoBy-
I0TBCSI BTPATH ra3y IIiJ] 4ac 37UBY 3 aBTOMOOI-
JHHUX IUCTEPH. PO3paxyHOK BUKUIB 3/11HCHIO-
eThes 3a popmynoro (7):

B=BP+B"+B™ xr (7
ne, BP — Brpatn CBI y piakiit ¢asi mig gac
37IMBY 3 LIUCTEPH, KT;

B" — Brpatu CBI' y mapogiii ¢a3i mig gac 3muBy
3 IUCTEPH, KT;

B"™ — Brparu CBI" y BUrsaai mopepHeHHs mapo-
BO1 (pa3m, IO 3amMOBHIOE 00’€M IHUCTEPHH IIiJT
yac 3nuBy CBI', kr (Bukugu B armocdepHe mo-
BITpS HE BIJOYBalOThCA 3a PaxyHOK IOBEp-
HEHHS NapoBoi (a3u B aBTOLMCTEPHY IIPH 3a-
CTOCYBaHHI ra30B0i 00B’sI3KH).

BP =Pp Vpp )
ne, Vpp — 00’eM pykara pizkoi dasu;
Pp — rycruna pigkoi ¢pazu CBT, kr/ M3,

Pp: 100/(Pnp0naH/pnponaH +P6yTaH/p6yTaH) (9)

V,p = 0,785 10°° d2,, Iy (10)
ne, dpp — BHYTpIIIHIN JiaMeTp 3JIMBHO-HAJIHB-
HOT'O pyKaBa, MM;

Ipp— IOBXKWMHA 37TMBHO-HAIMBHOTO PYKaBa, M.

B" = Pn Vpn (11)
ne, Vpn — 00’€eM pykaBa napoBoi ¢asu;
P, — ryctuna naposoi ¢asu CBI, kr/ M2,
Pn =100/ (PnponaH/ I'mponan +P6yTaH/ r6yTaH) (12)
Vpn = 0,785 107 d?n Ipn (13)

ne, dpn — BHYTPIIIHIN IiaMeTp pyKaBa MapoBoi
dbasu, Mm;
Ion — TOBKMHA pyKaBa mapoBoi (a3u, M.
Brparu CBI nix yac HarmoBHeHHs Oajo-
HIB Ta300aJOHHHX aBTOMOOINIB pPO3paxoBy-
10ThCs 3a hopmyiioro (14):
Bis =13 10°° P, kr (14)
Baowii BUKII pO3paxoByeThCA 3a Ghop-
mytoro (15):

MPBAT = (B n)/1000, T/pix  (15)
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Iie, N — KITBKICTD 3ampaBoOK ra300aIOHHUX aB-
TOMOO1ITIB.

n=YV 1000/P (16)
ne, V — BUTpara CKparieHoro BYTJICBOJHEBOTO
rasy, M°/pik;
P — moTyxHicTh ra3zo3amnpaBHOi KOJIOHKH, JI/XB.

MaxkcumanbHO-pa30BU BUKH]] BU3HAYA-
emo 3a opmyiioro (17):

Om = B 1000/T, 1/c a7

Po3paxyHOK KOHIEHTpaIii 3a0pyaHio-
FOUUX PEUOBHH B aTMOC(HEPHOMY TIOBITPi BUKO-
HaHo niporpaMuuM komruiekcoM EOJI+. TTomyk
HECHPUATIMBUX MIBUIKOCTCH BITPY 3IiHCHEHO
MPOrpaMoOr0  aBTOMATHUYHO  BUXOASYH 13
3alaHuX ~ IBUAKOCTeW. Posmip  pospaxy-
HKOBOTro MaimaHuuka npuiHaro 500%500 w,
IHTEepBaJd PO3PaxXyHKOBOi cCiTkH 25%25 M.
O1iHKa BIUIMBY BHUKHIIB 3a0pyIHIOIOUHX pe-
YOBHMH Ha CTaH 3a0pygHEHHS aTtMoc(hepHOro
MOBITPS BU3HAYAETHCS 32 TOKA3HUKAMHU PE3YJITh-
TaTiB PO3PaxyHKIB PO3CIIOBaHHS 3a0pyaHIO-
I0OYMX PEUOBMH B aTMOC(epHOMY IOBITpI Ta
JTAHUMH, 110 OJICPKaHi IIPU MPOBEICHHI IHCTPY-
MEHTaJIbHUX METO/IB JOCIIIKeHb. IIpOBOINTE-
Cs pO3paxyHOK PO3CIIOBAHHS Ha MEXI HOpMa-
THUBHOI caHiTapHO-3axucHOI 30HU (C33) (50 M)
Ta Oy HAWOJIMKIOT KHUTIOBOI 320y IOBH Ha yCi
3a0pyIHIOIOYi PEYOBUHH.

XapaKkTepUCTUKY PU3UKY PO3BUTKY HE-
KaHIIEPOTeHHUX €(EeKTiB 32 KOMOIHOBaHOTO iH-
TaJIANIHHOTO BIUTMBY XiMIYHUX PEYOBHH IIPOBE-
JIEHO Ha OCHOBI PO3paxyHKY iHIEKCy Hebe3-
rieku HI BigmosigHO 1o [29]:

—_ n
HI = 221 HQ; (18)
Jie, N — KUIBKICTh TOCIIPKEHUX PEUOBHH;
HQi — xoeoimieHT HeOE3MEKH, BiIHOMICHHS
KOHIICHTpAIlil peYOBUHH JI0 HOPMATHUBY,
HQi= C; / TIK; (19)

Skmo oTpuMaHe 3HaYeHHsS KoedilieHTa
HeOe3NeKkn Ui PEeYOBHHU HE TepeBHINye 1,
IMOBIpHICT, (JOPMYBaHHS Yy TpalliBHUKa He-
CTIPUSTINBUX KPUTUYHUAX HACITIJIKIB 32 YMOB 11
IIOJEHHOI0 HANXOKEHHS € HU3LKOIO, a BIUIUB
BBaXKa€ThCsl MPUHHITHUM. HatomicTs mepeBu-
IIEHHS IOT0 MTOKA3HUKA ITOHAJ OJUHUIFO CBIf-
YHUTh PO MOCTYIOBE 3POCTAHHS PU3UKY IOSBH
MKIMBUX e(QEKTIB y JIIOJUHH, SIKE ITiBHIIY-
€TBCS BIAMOBIAHO 710 301mbIenHs Benmmurau HQ;.

Ingexc HeOE3meKH, BU3HAUCHO JIs YOTH-
PHOX KOHTPOJIBHUX TOYOK.

O1iHIOBaHHS CyMapHOT'O HEKAHIIEPOTCH-
HOTO PU3HKY BHUKHUJIIB aBTO3AIPABHOTO KOMILIE-
KCy 3IiHCHEHO Ha OCHOBI PO3paxoBaHUX Koedi-
LI€HTIB Ta iHAEeKCY Hebe3neku. Kiacudikarrito
PiBHIB HEKAaHIIEPOTCHHOTO PU3HKY IPEICTaB-
JIeHo B Tab. 1.
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Taoauns 1

Kaacudixauis pisnis Hexanueporennoro pusuxy[29]

Table 1

Classification of non-carcinogenic risk levels [29]

KoedinienT Hebe3nexn
PO3BHTKY HEKAaHIEPOreHHHUX
edextiB HQi 1 okpemux
cnoayk/

Hazard ratio for the development
of non-carcinogenic effects HQi
for individual compounds

Inngexc HeGe3meKkn pO3BUTKY
HekaHuneporeHHux edexrtis (HI)
JJIS TPYIH CHOJIYK
O/IHOCTIPSIMOBAHOT Tii/
Hazard index for the develop-
ment of non-carcinogenic effects
(NI) for a group of compounds of
unidirectional action

PiBens puzuky/
Risk level

>2 >6 Bucokuii/High
1,1-3 3,1-6 Hacropoxyrouwnii/ Alert
0,11-1,0 1,1-3,0 Jonycrumuii/ Acceptable

0,1 i menme/ and less

1,0 i menme/ and less

MinimansHui (iI60BHIT)/

Minimal (target)

P e3yiomamu ma oﬂzoeopemm

ABTO3ampaBHUN KOMIUIEKC PO3TalIOBa-
Huii y Jlynpkomy paiioni, BonmnHcbkoi 00macTi.
I'eorpadiyni KOOpAMHATH LEHTPOIAa MPOMUC-
JjoBoro Mammanumka: 50°43°12” IIa. .,
25°20°20” Cx. n. IlignpueMcTBO 3HAXOAUTHCS
MOpyY 13 pi3sHUMH THIIAMH TEPUTOPiH, 30Kpema,
31 CXOIy MIPHIISTAIOTH 3€MJIi 3aralbHOTO KOPHUC-
TyBaHHSI Ta )KUTIOBa 3a0y/0Ba Ha BiacTaHi 167
M, 3 TBJHS — 3€MJIi 3araJbHOTO KOPUCTYBaHHS,
13 3aX0/Iy — 3€JIeH] HaCa/KeHHs Ta )KUTJIOBA 3a-
Oy/I0Ba, 110 3HAXOAUTKCS 32 58 M, a 3 MiBHOUI
MEXKY€ 13 3eMIISIMU 3arajlbHOTO KOPUCTYBAaHHS
Ta 1HIUAM manpueMcTBOM. OCHOBHUM BHIIOM
JUSUTBHOCTI € po3ApiOHa TOPTiBIIs MAaIbHUM.

[IpeacraBuMO pe3ysbTaTH PO3PaAXyHKY
BUKH/IIB 3a0pYyTHIOIOUMX PEUOBHH B aTMOC(hepy
13 joKepena 1 — mig3eMHOro pe3epByapy s
30epiranns 6ensuny A-92 06’emom 25 M3, ke-
pena 2 —Mmig3eMHOTo pe3epByapy Ui 30epi-
ranns 6ensuny A-92 espo 06’emom 50 M®, xe-

pena 3 — miI3eMHOro pe3epByapy uis 30epi-
ranns 6ensuny A-95 espo 06’emom 50 M3, Bu-
K{J 3a0pyqHIOIOUHX PEYOBHH B aTtMocgepHe
MOBITpA BiAOyBaeThbcs miJg Yac Oesmocepe-
HBOTO 30epiraHHs OCH3MHY B €MHOCTI.

Busnaueni MakcrManpHO-pa3oBi Ta Ba-
JIOB1 BUKHIH 3a0pyIHIOIOUYNX PEYOBHH B aTMO-
cdepHe TIOBITPS MPU BUIIAPOBYBaHHI OCH3WHY,
npencraBieHo B Ta0i. 2. lloka3HUKM BHKHIIB
3a0pYAHIOIOYNX PEYOBHH B aTMOchepy 3 IKe-
pena 4 — mig3eMHOro pe3epByapy Uit 30epi-
raHHs JU3eIBHOTO nanusa eMHicTio 50 M3 npen-
CTaBJICHO y Ta01. 3.

Pesynbratn po3paxyHKiB BUKWIIB 3a0-
PYIHIOIOUUX PEUOBHH B aTMOchepy i3 JuKepen
5,7,9,11 — GeH3UHOBUX NAJIMBO-PO3/1aBATLHUX
KOJIOHOK, MOJIaHO y Ta0i. 4. 3arajaoM s Iux
JDKepes MaKCUMaJIbHO-Pa30BUi BUKH]L TTO/IBO-
IOETBCS, OCKUTBKM B JIBOCTOPOHHIX KOJIOHKaX
MOXYTb IPALIOBATH OJJTHOYACHO JIBA MTICTOJIETH.

Taéauus 2

MaxkcuMaJbHO-Pa30Bi Ta BaJ0Bi BUKMIM 3a0pPYAHIOI0OUMX PeYOBHH
B aTMocdepHe noBiTps 3 mkepexa 1-3
Table 2
Maximum one-time and total emissions of pollutants into the atmospheric air
from sources 1-3

Ne 3adopyaHOI09i Jxepeso 1/Source 1 Joxepeaa 2, 3/Sources 2.3
I;f;ﬁi‘;‘;g’ Qm, /¢ MPAT, 1/pik G T/c MBAT, 1/pik

1 Benson/Benzene 1,98x10°% 0,000624 2,06x10°% 0,000651

2 | Kcumon /Xylene 1,17x10% 0,000369 1,22x10°% 0,000385

3 | Toxyon/Toluene 1,89x10°% 0,000596 1,97x10% 0,000622
ByrneBogni HacuueHi

4 | /Saturated 0,00445 0,140 0,00464 0,146
Hydrocarbons Ci2—Cig

~ 64 ~
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Taéauus 3

MakcuMaJbHO-Pa30Bi Ta BaI0Bi BUKHIH 3a0PY/IHIOIOYHX PEYOBHH
B aTMocepHe noBiTp 3 K:Kepesa 4

Maximum one-time and total emissions of pollutants
into the atmospheric air from source 4

Table 3

Ne 3ab6pyauiowoui pevosunn/ Pollutants gm, I/c MBAL 1/pik
1 | Ciprosoaens/ Hydrogen sulfide 1,41x10°%7 4,44x10706
2 | Benson/Benzene 7,55x10°% 2,38x10°%
Byrnesoauni HacuueHi C10—Ciof
3 | Saturated hydrocarbons Ci2—Cie 5,01x10% 0,00158
Taéanus 4
MakcuMabHO-Pa30Bi Ta BATOBI BUKMIU 3a0pY/IHIOI0OUMX PeYOBUH B aTMochepHe NOBITps
3 mkepen 5, 7,9, 11
Table 4
Maximum one-time and total emissions of pollutants into the atmospheric air
from sources 5, 7,9, 11
Ne | 3a6pynHiowui Joxepeno 5 (onqHa cropoHa) / Moxepena 7,9, 11/ Sources 7, 9, 11
pevyoBuHuU/ Source 5 (one side)
Pollutants gm, T/c MBAL 1/pik gm, I/c MBAT 1/pik
1 | Benson/Benzene 4,23:10% 1,71-10% 8,5:10% 1,71-10%
2 | Kcunon/Xylene 7,05-10% 2,85-10% 1,4-10% 2,85-10%
3 | Tonyon/Toluene 9,87-10% 3,99:10% 2,0-10% 3,99:10%
ByrneBonui Ha-
CHYCHI
4 | C12—Cyo/Saturated 0,0280 0,0113 0,0560 0,0113
hydrocarbons
C12-Cag

TToKa3HMKKM BHKHIIB 3a0pyIHIOIOUYHNX pe-
4OBHH B atMocdepy i3 pkepen 6, 8, 10, 12 — nu-
3€JIbHI NMAJIMBO-PO3JaBAIbHI KOJIOHKH, TIOJaHO Y
tabm. 5. /It BKa3aHUX KOJIOHOK TaKOXK Y Pe3yJib-
TaTi OJJHOYACHOI pOOOTH JIBOX ITICTOJIETIB MaKCH-
MaJTbHO-PA30BUi BUKHJI 30UTHITYETHCS Y JIBA Pa3H.

Hanmamo po3paxyHOK BHKHJIB 3a0py/IHIO-
I0YMX PEYOBHH 13 HA3eMHHX pe3epByapiB 30epi

MBAM = 0,426 1/pik.

raunst CBI'. IlokasHuku BTpatu rasy IijJy 4ac
37IMBY 3 aBTOMOOLUIHHUX IUCTEPH OYIyTh HACTYTI-
HuMu. 3muB 3BIT mpoBomutees 123 pasu Ha pik
JUISL OITHOTO pe3epByapa, 3BUIBHEHHS PyKaBiB
NpoAOBXKYeThCs 30 XBUIMH.

BiamnoBinHo MakcuManbHO-pa30BUi Ta Ba-
JIOBUI BUKUJM CTAHOBUTUMYTh: Om = 1,922 r/c;

Taoauns 5

MakcuMabHO-Pa30Bi Ta Ba10Bi BUKMIU 3a0pY/IHIOIOUMX PeYOBUH B aTMochepHe NOBiTps

3 1keped 6, 8, 10, 12

Table 5

Maximum one-time and total emissions of pollutants into the atmospheric air
from sources 6, 8, 10, 12

3a6pyaniooui Jxepeno 6 (oaqna cropoHa) / Jxepena / Sources 8, 10, 12
No pevonHun / Source 6 (one side)
Pollutants Qm, /¢ MBAL 1/pik gm, /¢ MBAL 1/pik
1 CipkoBojieHs/
Hydrogen sulfide 6,16-10% 2,52:10% 1,2:10% 2,52-10%
2 | Benson/Benzene 3,30-10% 1,35-10% 6,6-10% 1,35-10%
ByrneBoani HacH4eHi
3 | CizCul 0,0219 0,00896 0,0438 0,00896
Saturated
Hydrocarbons C1o—Cig
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Bukuayn — 3a0pyqHIOIOUMX — PEYOBHH
BU3HAYAIKCH 3T1THO MPOLEHTHOTO CKiaay Oy-
TaHy 1 mpomaHy B rasi (3 HAOMMKEHHSIM): TIPO-
nany — 60 %, 6yrany — 40 %. Takum 4nHOM BU-
KHJI1 MalOTh HACTYITHI 3HAYCHHS:

nponany: Om = 1,153 r/c; MBA1 = 0,256 1/pik;
Oyrany: Qm = 0,769 r/c; MBA = 0,170 1/pik.
3rifHO PO3paxyHKiB MaKCHUMaJbHO-pa-
30Ba Ta BaJOBa BTPATH ra3y mij vac 30epiranHs
(TIpupoaHI BTPAaTH) CTAHOBIIATE:
npomnany: gm = 0,00586 r/c; MPA1 = 0,185 1/pik;
Oyrany: m = 0,00390 r/c; MBAT = 0,123 1/pix.

BignosinHo, 3arajabHi BUKHAW Bij JKe-
pena 13:
npomnany: qm = 1,159 r/c; MBA1= 0,441 1/pix;
Oyrany: (m = 0,773 r/c; MB* = 0,293 1/pik.

[Ipu omopmzamii ra3y, mis TOro MO0
HAJaTh WOMY CHIIBHOTO crienin(igHOoro 3amaxy,
TOJIOBHUM YMHOM IOTEPEIKYBAILHOTO, 200 3a
SKUM BU3HAYAIOTh MICIlS BUTIKaHHSA, 0 CKpar-
JICHOTO Ta3y J00aBISIOTh OJOPaHT. [IporeHT
onopwu3aii cranosuts 0,0017 % Big cymu BU-
KHJIB Mpomany Ta OyTaHy.

Tomy Bukug omopanty CIIM (cymim
NPUPOJHUX MEPKANTaHIB) CTAHOBUTHME:

Om =3,3:10% r/c;
MBAT =1 2:10 1/pix.

MakcumanbHO-pa30BUi Ta BaJOBHM BU-
KUY I Yac HAIIOBHEHHS OAaJIOHIB ra300aJI0H-
HUX aBTOMOO1JIIB CTAaHOBJISTh:
npomnany: gm = 0,069 r/c; MBA1 = 0,0827 1/pik;
Oyrany: m = 0,046 r/c; MPA =0,0551 1/pik.

Bukug omopaHTy cTaHOBUTHME:
gm = 2,0-10% r/c; MBAT= 2 3-100 1/pik.

3aranom, y pe3yibTaTi poOOTH aBTO3a-
MPaBHOTO KOMIUIEKCY B atMocdepHe MOBITps
MOTPAIUISIOT!

0,00010524 T/pik CipKOBOJIHIO,
0,51462 1/pik ByrIeBOIHIB HACUYEHUX
C12-Cag,

0,00205078 1/pix OeH3oy,

0,001253 1/pik kcuiony,

0,0019996 1/pik TOMYyOITY,

0,5237 1/pik nponany,

0,3481 1/pik OyTtany.

Ha ocHOBI 00csTiB BUKHIIB 320py THIOO-
YUX PEUOBHH B aTMOC(EpHE TOBITPS BHU3HA-
YEHO, 10 00’€KT BITHOCHUTHCS A0 3 TpyId —
00’€KTH, SKi HE HAJIXATh JI0 MiANPUEMCTB 13
CyTTEBUM PiBHEM BIUTUBY Ha aTMoc(epy Ta He
OepyThCs Ha Iep>KaBHUMN OOJIIK.
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Toukn Bu3HAYCHHS MPU3EMHHUX KOHIICH-
Tpaliil Ha MeXi CaHiTapHO-3aXHUCHOT 30HH aBTO-
3armpaBHOTO KOMIUIEKCY BipaxoByBaimcs 0e3-
ITOCEPEHBO BiJ JDKEpen 3a0pyAHEHHS aTMOC-
(hepu. HeoOXxiHO 3a3HAYMTH, IO 3aTrajioM PO3-
mip C33 3rigno [30] BuTpUMaHwMid, 1e BiICYTHI
JKUTIIOBI 320y TOBH, AUTAY1 JOIIKUTBHI 3aKIIa]IH,
LIKOJIH, JIIKyBaJIbHO-MIPO(MITaKTUYHI YCTaHOBH,
CIIOPTUBHI CHOPYAHM, OXOPOHHI 30HU JIKepel
BOJONOCTaYaHHsA. MaKCUMalIbHI  MPU3EMHI
KOHIICHTpAITii 3a0pyIHIOIOYHX pEYOBHH
HaBezeHi B Tab. 6.

CxeMy MOZETIOBaHHSA PO3PaXyHKY IpH-
3eMHOI KOHIIEHTpAIlii BYTJIEBOAHIB HACHUECHUX
C1>-Cy9 B mpu3eMHOMY IIapi aTMOC(epHOro
NOBITPS HAa MEXi CaHITapHO-3aXMCHOI 30HU
npeacraBieHo Ha puc. 1. Kaprorpama pos-
CIfOBaHHS TIPEACTABIICHA Y TPAMOKYTHIH CH-
CTeMi KOOPJIUHAT, IO J03BOJISIE OL[IHUTH MakK-
CHUMaJIbHI KOHIIEHTpAIlii y pi3HUX HaIpsIMKaX.
I'opusonTtanpHa Bich (X) i BEpTHKaJIbHA BIChH
(Y) — me koopaumHaTHi OCi, IO 3aJal0Th
HaMpsIMKH PO3CIIOBAaHHS y POCTOpi. Y HEHTpi
(0;0) — Touka posramryBaHHS [Kepena. [HTep-
BaJI PO3PAaXyHKOBOT CITKH 25%25 M.

TakuM YMHOM, KOHLIEHTpaii 3a0pyIHIO-

FOYUX PEYOBHH B aTMOc(epHOMY TOBITpi, 3 Bpa-
XYBaHHSIM ICHYIO4OTO (DOHOBOTO 3a0pyTHEHHS,
Ha MeXi HOPMAaTHBHOI CaHITapHO-3aXHCHOI
30HM Ta Ha MEXi KHUTIIOBOT 3a0yJIOBY HE Tepe-
BHIYIOTh TiTi€HIYHUX HOpMaTuBiB (puc.l)..
SxicTh atMoc(epHOro MOBITPS CaHiTapHO-3a-
XUCHOI 30HM BIAMNOBITA€ TPAHUYHOJIOMIYCTH-
MOMY BMiCTY 3a0pyTHIOFOUHX PEYOBHH.
OnHak, HEOOXIiJHO 3a3HAYUTH, IO JIOMIHYIO-
YHMHU 32 CKJIAJIOM KOMIIOHEHTAMH BHKU/IIB € BY-
rireBoHI HacudeHi Ci2—Cro, KOHIIEHTpAIIIT STKHUX
csaratoTb 0,67-0,72 yactok I'/IK 3 ypaxyBanHsm
(hoHOBMX 3HaueHb. L{i peyoBUHU POPMYIOTH OC-
HOBHY Macy MapiB MallbHOTO, IO HAAXOAAThH Y
noBiTpsi. OcobnuBy yBary npuseptae 0,48-0,50
yactok ['JIK cipkOBOIHIO, SIKUIT HAJICKUTH J10 2
KJlacy HeOEe3IeKH, a TAKOXK apOMaTH4HI BYTJIEBO-
mHI — Oen3on (2 xiac) Ta kcwion i Toiayon (3
KJ1ac), KOHIIEHTPALl SIKUX 13 ypaxXyBaHHAM (QOHY
nocsiratoth 0,4 yactok ['JIK. Xoua i 3HaueHHS
HE MePEBUILYIOTH HOPMATHBIB, HASIBHICTH HABITH
BiTHOCHO Majux KoHIeHTpamiii cromyk II-IlI
KJIacy HeOe3NeKH € MOTEeHLIHHO HeOe3nevHOI0
JUISl IOBTOTPUBAJIOTO BIUTMBY HA HACEJICHHS 1 I1e-
pconan [14; 17-25].
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Taéauus 6
MaxkcuMaJibHi IpU3eMHI KOHIEHTPaLii 3a0py/THIOI0YHX PEYOBUH
0e3 ypaxyBaHHs (pOHY / 3 ypaxyBaHHAM (GoHY
Table 6
Maximum ground-level concentrations of pollutants
without background / with background

Touxknu
Touxa Ne 1/
Point 1 TO;;;{NZE 2 Touka Ne 3/ Point 3 Touxa Ne 4/ Point 4
(ITu/N - (Ia/ S — 50m/m) (3x/ W —58m/m)
Pevosunn/ Pollutants 50m/m) (Cn/ E - 50m/m)
X=75, Y=75 X=50, Y= -39 X=-50, Y=-63 X=-52,Y=23

Houeii TIK, 6e3 ypaxyBanus ¢ony / 3 ypaxyBaHHAM ¢oHy
MPC fraction, excluding background / including background

Ciprosonens/ 0,08/0,48 0,10/0,50 0,09/0,49 0,10/0,50
Hydrogen sulfide

Byran/ Butane 0,01/0,41 0,02/0,42 0,02/0,42 0,02/0,42
ByrneBonni Hacu4eHi

C12—Cyo/Saturated 0,27/0,67 0,32/0,72 0,30/0,70 0,31/0,71
Hydrocarbons Ci1o—Cig

IIponan/Propane 0,05/0,45 0,07/0,47 0,07/0,47 0,07/0,47
Benzon/Benzene 0,001/0,40 0,001/0,40 0,001/0,40 0,001/0,40
Kcunon/Xylene 0,004/0,40 0,004/0,40 0,004/0,40 0,004/0,40
Toayon/Toluene 0,002/0,40 0,002/0,40 0,002 /0,40 0,002/0,40

o

3nauyenHs Big —250 M 10 +250 M Ha 000X OCSX 03HAYAIOTH BIJCTaHb BiJI JPKepena BUKUAIIB 14 TOYKU HOCIi-

JUKEHHS BUIUICH] TO3HAYKaMH.

Puc. 1 — Konnenrpauis ByrneBoaHiB HacuueHnX Ci1o—Cig B IpH3eMHOMY mIapi aTMOCc(epHOro HOBITPs
Ha MEXIi caHITapHO-3aXHUCHOI 30HH

Values from —250 m to +250 m on both axes indicate the distance from the emission source and 4 survey

points are marked.
Fig. 1 — Concentration of saturated hydrocarbons Ci>—Cis in the ground-level atmospheric air
at the boundary of the sanitary protection zone m
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Taoauns 7

Po3paxyHOK cyMapHOI0 HeKAHIIEPOTeHHOT0 PUBHKY

Table 7

Calculation of the total non-carcinogenic risk

Ingexc Hebe3nmexn, HI

Touxka/Point Hazard Index, HI

PiBeHb CyMapHOro HEKAHIEPOreHHOr0 PU3UKY/

Total Non-Carcinogenic Risk Level

Ne 1 3,21 Hacropoxyrounii/Alert Level
Ne 2 3,31 Hacropoxyrounii/Alert Level
Ne 3 3,28 Hacropoxyrounii/Alert Level
Ne 4 3,30 Hacropoxyrounii/Alert Level

Ha ocHOBI pe3ynpTaTiB pO3paxyHKIiB
MPU3EMHHUX KOHIEHTPAIlil 3a0pyIHIOIOUYHX pe-
YOBMUH MJIS1 YOTHPHOX KOHTPOJBHUX TOYOK
(puc.1) Bu3HaueHO iHmeKc HeOe3neku. s 00-
YHUCIICHHS 1HAEKCY HeOe3MmeKu NI KOXKHOI To-
YKH Ta OLIHIOBaHHS CyMapHOTO HEKaHILIEPOTeH-
HOT'O pU3UKY BUKOPUCTAHO 3HAUCHHS «3 ypaxy-
BaHHSAM (GoHY» (Tabmd. 7).

TaxkuM 4uHOM, AJIS BCIX TOUOK CHOCTEpe-
xeHHs ingexc HeOerneku (HI) mae 3HadeHHs
3,21-3,31, mo BiAMOBigaE HACTOPOKYIOUOMY
PIBHIO CyMapHOTO HEKaHLIEPOT€HHOT'O PU3HKY.

OCKiNbKH PEe3yJIbTaTh OIIHIOBaHHS CY-
MapHOTO HEKaHIIEPOTEHHOTO PU3HKY BKa3yIOTh
Ha HACTOPOXXYIOUWH PiBEHb, Ie moTpedye moaa-
JBIITUX JAOCIIIKEHb, OCKLIBKH TP MOCTIHHOMY
KOHTaKTi 31 WIKIUIMBUMH pPEYOBUH, HAaBITh
SKIIO BOHM HE INEPEPEBUILYIOTh HOPMATHBIB,
MOJKJIMBE MOTIPIIEHHS CTaHy 340POB’ A, 110 Mif-
TBEPKYIOTH po3Binku [14; 17-25].

O1iHIOBaHHSI CyMapHOTO HEKaHLEPOI'eH-
HOT'O PU3HUKY € Ba)XXJIMBOIO CKJIQJIOBOIO 3abe3re-
YEHHsI CTAJIOTO PO3BUTKY. BOHO crpusie npuii-
HSTTIO YIIPABJIIHCHKUX PillIeHb, CIIPSIMOBaHUX Ha
3HW)KEHHSI HETaTUBHOTO BIUIMBY Ta IJIaHYBaHHS
e(eKTUBHHUX IPUPOJOOXOPOHHHX 3aXOIiB.

3MEHIIEHHSI CyMapHOTO HEKaHIIePOTeH-
HOTI'O PU3MKY O3HA4YaTHUME MOKPAIEHHS SKOCTI
JKUTTSl HACeJIeHHS Ta 30€peXeHHs MPUPOAHUX
pecypciB Jisi MalOyTHIX MOKOJIiHb. [HTErpallis
pe3yJbTaTiB pU3HK-aHAJI3Y Y CUCTEMY €KOJIOTi-
YHOTO MEHEDKMEHTY MiAnpHeMcTBa 3abesrie-
YUTh OaJaHC MiXK EKOHOMIYHUM 3pOCTaHHSM Ta
OXOPOHOI0 JIOBKULIS. BU3HAaueHHS 30H MijBH-
IIEHOTO PU3UKY CIPUATHME peai3amii KOHIe-
i1 «3€JIeHOT0» PO3BUTKY.

3nilicCHEHHs iHBEHTapHU3allil BUKUIIB 3a-
OpyIHIOIOUHX PEUOBHH Ta OLIHIOBAaHHSA CyMap-
HOI'O HEKaHIIEPOI'€HHOI'O PH3HKY, CIpHYMHE-
HOT'0 1X BIUTHBOM, € B&)KJINBUM aHAITUIHUM 1H-
CTPYMEHTOM, SIKUI 0e3MocepelHb0 KOPETIoe 3
KITFOYOBUMHU HiJsIMH cTasioro po3Butky (LICP).
Tyt ciig Bigmitut LICP 3 «MiitHe 310poB’s i
0J1aroroITyJds», OCKUTEKH OTPUMaHI Pe3yIbTaTh
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JIO3BOJISTIOTH  I7IEHTU(IKYBaTH PEYOBUHH, IO
CTaHOBIIAITh HANOLIBITy HEOE3meKy mjsl Hace-
JICHHSL.

BuzHaveHHs mepeBUIIEHHS iHAEKCIB He-
Oe3reKn sl OKpEeMUX PEeYoBHH abo iX CyKyITHO1
Il 3a0e3neuye MiArPyHTS Ui 3alpOoBaKEHHS
NPEBEHTHBHUX 3aXOJiB, CIPSIMOBaHUX Ha 3HH-
’KEHHS 3aXBOPIOBAHOCTI, MTOB’A3aHO{ 3 BIUTHBOM
3a0pyTHEHOTO aTMOC(HEPHOTO TIOBITPSI.

Bopanouac oTpuMaHi pe3yibTaTH HiATpU-
MytoTh peamizamiro L{CP 9 «IIpomucnosicTs,
iHHOBaIii Ta iHPpaCTPyKTypa», OCKLIBKH BOHA
CTUMYJIFOIOTh MOJICPHI3AIII0 TEXHOJOTIYHUX
IPOIIECiB Ta BIPOBAKEHHS EKOJIOT1YHO Opi€H-
TOBaHMX iHHOBalid. Buseneni mpoOnemMu BKa-
3YIOTh Ha HEOOXITHICTh YIOCKOHAJICHHS TEXHO-
JIOTIYHHUX PEIKUMIB poOOTH 00JIaTHAHHS, TTiBH-
[IeHHS] eHeproeeKTUBHOCTI Ta 3HIKEHHS PiB-
HiB BUKHU/IB, IO BiAIIOBia€ MPUHIIUIIAM PO3BH-
TKY «YUCTIIIOT0» BUPOOHUIITBA.

O1iHKa pU3MKY TAKOX TiCHO OB’ s3aHA 3
HCP 11 «Cranuii po3BUTOK MICT i TpoMamy,
aJKe pe3ysIbTaTH MOJICIIOBAHHS PO3CIFOBAHHS
3a0pyIHIOBAYIB JI03BOJISIIOTh BU3HAYUTH TEPH-
TOpii 3 HAHOIIBIINM EKOJIOTIYHIUM HaBaHTAXKEH-
HSIM, OL[IHUTH SIKICTh MOBITPS B MeXax caHiTa-
PHO-3aXMCHOT 30HH Ta C(OPMYBATH PEKOMEH-
marii moxo ii onrumizanii. Lle cnpusie migBu-
[IEHHIO €KOJIOTIYHOI CTIHKOCTI ypOaHi30BaHUX
TEPUTOPIH 1 CTBOPEHHIO OE3MEYHOr0 Cepelo-
BHUIIIA IPOKUBAHHS.

He menm cyrreBuMm € 38’5130k i3 LICP 13
«bopoThba 31 3MIHOIO KIIMaTy», aJiKe 3HH-
JKEHHS KOHIIGHTpPALIW MIKIJJIMBUX PEYOBHMH 1
BIIPOBA/IPKEHHS 3aXO0/iB 31 3MEHIIECHHS BUKHUIIB
cripusiec OOMEXEHHIO aHTPOIOI'€HHOTO BILUIMBY
Ha KJIIMAaTHYHY CHCTEMY.

OTxe, iHTErpalist pe3ysbTaTiB iHBEHTa-
pu3auii BUKHIiB aBTO3aIPaBHOTO KOMILJIEKCY Ta
OIIIHIOBAHHSI CYMapHOTO HEKaHIIEPOTeHHOTO
PH3HKY y CHCTEMY €KOJIOTIYHOTO YIIPABIiHHS He
nvure 3abe3neyye MMOBHE PO3YyMIHHS PiBHS 3a-
IpO3 JJIs1 37I0pOB’sl HACEJICHHS, ajle ¥ CTpHse J0-
CSITHEHHIO KJTFOYOBHX IIiJIEH CTAIOTO PO3BUTKY.
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Takuit miaxin popMye HAyKOBO OOTpYyH-
TOBaHEe MIATPYHTS AJIST pO3POOIEHHS IPUPOIO-
OXOPOHHHX CTpaTeriii, MoaepHi3aIlii BUpOOHH-
40i iHPPACTPYKTYPH Ta CTBOPEHHS €KOJIOTI9HO
0e3nmevYHnX YMOB IS )KHUTTS 1 Iparli, o B KOM-
TUIEKCI CIIpHsi€ 3MIMTHEHHIO CTIMKOCTI Ta KOHKY-
PEHTOCIIPOMOXKHOCTI PETioHy.

Ha ocHOBI pe3yabTaTiB TOCIIHKCHHS M-
HE/PKMEHTY aBTO3aIPaBHOTO KOMILIEKCY HE00-
XiZJHO CHPUATH 3a0€3ICUCHHIO MiHIMi3aIlil BU-
KHJIiB. 3 Ii€}0 METOK) OCHOBHMMHU HamnpsMaMu
MIOBUHHI CTaTH:

— YIOCKOHAIEHHS! TEXHOJOTIYHUX MPOLECiB
JUTSL 3MEHILICHHST 00CSTIB BUKHIIB JICTKUX OpraHi-
YHUX CIOJIYK Ta MPOJYKTIB 3rOPSHHS MAITHBA;

— peryjspHe TEXHiYHe OOCIyrOByBaHHS
pe3epByapiB, MAJIMBOPO3JaBAILHUX KOJOHOK 1
BEHTWIALIMHNUX CUCTEM IS 3a00iraHHs BUTO-
KaM TapiB MagbHOTO;

— BIPOBA/KCHHS CHCTEM peKymnepamnii ma-
piB OEH3MHY Mif Yac 3ampaBKH TPAHCIOPTHUX
3aco0iB;

— O3€JICHEHHS TEPUTOPil IJISI YaCTKOBOTO
MOTJIMHAHHS 3a0pYJHIOIOUUX PEYOBHUH 1 OKpa-
LICHHS! MIKpOKITIiMaTy;

— TPOBENEHHS TMOCTIHHOTO MOHITOPHHTY
SIKOCTI1 TOBITPS Ta EPIOAMYHOTO EKOJIOTIYHOTO
ayJUTy JTisSUTbHOCTI KOMIUIEKCY;

— MIIBMILCHHSA EKOJIOTIYHOI 0013HAHOCTI
TIpaIliBHUKIB IJITXOM HaBYaHb 1 TPSHIHTIB 3 TTH-
TaHb OXOPOHHU HABKOJIMIIHBOTO CEPEIOBUIIIA.

Pearmizariist mux 3axo/1iB CIPUATHME 3HHU-
JKEHHIO PIBHS BHKHIIB, MOKPAIICHHIO SKOCTI
MOBITPS HA TEPUTOPIi aBTO3ANPABHOTO KOMILIE-
KCY, CTBOPCHHIO O€3MEYHUX YMOB Ipalli JJIs 11e-
pcoHay Ta 3a0E3MEYCHHIO CTaJoro PO3BUTKY
TEPUTOPIi.

Bucnoerxu

3niliCHEHO OIiHKY BHKH/IB 32a0pyTHIO0-
YUX PEUYOBHH B aTMOC(EpHE MOBITPs aBTO3a-
MPaBHUM KOMIUIEKCOM, Po3TamoBaHuM y JIyip-
KoMy paifoHi BommHchkoi o6macri. [xepenamu
YTBOPEHHSI 3a0pyIHIOIOUNX PEYOBUH Ha MifI-
PHECTBI € TPH MiJ3eMHI pe3epByapH Ajsl 30epi-
raHHs OeH3MHY, OJMH pe3epByap MJIs JU3ellb-
HOTO TajMBa, JBa HAa3eMHI pe3epByapH Ui
CKpaIlICHOTO Ta3y i YOTHPHU JBOCTOPOHHI 3a-
npaBHi KOJOHKH. MakcuMmalbHi pa3oBi Ta Ba-
JIOBI BUKU/IM BU3HAYAIHCS 32 Pe3yIbTaTaMH iH-
CTPYMEHTaJIbHUX BUMIPIOBaHb Ta PO3PaxXyHKIB.
3a cymapHUMU 00CsTaMu BUKHIIB 00’ €KT HaJle-
XKHUTBH 710 TpeThol rpynu. OCHOBHI 3a0pyaHIO-
Badi arMoc(epu: CipKOBOJIeHb, HACHUYEH] BYT-
JIeBOIHI, OEH30J1, KCHJIION, TOIYOJI, IPoNaH, Oy-
TaH. Po3paxyHKOBI 3Ha4€HHSI YaCTOK IPaHUYHO
JOIYCTUMHX KOHIEHTpALN Ui OCHOBHUX pe-
YOBUH 3HaXOAThCa y Mexax 0,40-0,72 3 ypa-
XyBaHHSAM (OHOBOTO 3a0pyaHEHHS. [HIEKC He-
0e3meKku Al YOTUPHOX KOHTPOJIBHHUX TOYOK,

niepeOyBae B miamazoni 3,21-3,31, mo Bigmosi-
Jla€ HACTOPOXKYIOUOMY PiBHIO CyMapHOTO HEeKa-
HIIEPOTCHHOTO PU3HKY.

OtpumaHni pe3ylIbTaTH CTBOPIOIOTH OC-
HOBY JJISl TIOAAJIBINOI iHBEHTapH3allii BUKHIIIB
Ta TPOBEACHHSA iH(GOPMAIITHOTO MOJIEIIO-
BaHHs1, BKJIIFOYHO 3 TPOCTOPOBO-YACOBHM aHaJIi-
30M PO3CIFOBaHHS 3a0py/JHIOBAIEHUX PEYOBHUH,
BU3HAUYEHHSM 30H MaKCHMAIILHOT'O BILUIMBY Ta
OIIIHIOBAHHIM PHU3UKIB Ui 370POB’S Hace-
NeHHsl. BUSABJICHI €KOJIOTIYHI 3arpo3u 3acBiauy-
I0Th HEOOXIJHICTh PO3POOKH CIICIiai30BaHUX
NPUPOTOOXOPOHHUX 3aXOJIiB, CIPSMOBAHUX Ha
CKOPOYEHHsI OOCATIB BUKHUIIB 1 ONTHUMIi3allit0
TEXHOJIOTIYHUX TapaMeTpiB pPoOOTH 00nai-
HaHHs. TakuM YHHOM, pE3yJNbTaTH JOCIHi-
JOKEHHSI OKPECITIOIOTH MPIOPUTETHI MUIAXH M-
BUILCHHS EKOJIOTIYHOI Oe3NeKH aBTO3alpaB-
HOT'O KOMIUIEKCY Ta (JOPMYIOTh MIATPYHTS AJIs
MOJIAVIBIINX YIPAaBIiHCBKUX pillieHb Yy cdepi
CTaJIOrO PO3BHUTKY.

Kongnixm inmepecie

ABTOpH 3asBISIOTH, IO KOHQUIIKTY 1HTEPECIB 1010 MyOumiKaIlii iboro pykomnucy Hemae. Kpim
TOTO, aBTOPH MOBHICTIO JIOTPUMYBAJIUCh ETUYHUX HOPM, BKJIFOYAIOUH ILIariaT, Gpanbcuikaiiro JaHuX

Ta TOJBIHHY MyOITiKaIlito.

Bnecox asmopis: Bci aBTOpY 3p0OUIIM PIBHUI BHECOK Y 1110 POOOTY.
B po06oTi HE BUKOPHCTaHO pecypc MTYYHOTO IHTEIEKTY.
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GAS STATION EMISSIONS: RISK ASSESSMENT IN THE CONTEXT OF ENSURING
SUSTAINABLE DEVELOPMENT.

Purpose. To carry out an inventory of pollutant emissions generated by the operation of a filling station
and to assess the total non-carcinogenic risk in the context of ensuring sustainable development.

Methods. Experimental and analytical methods, as well as mathematical modeling and forecasting
techniques.

Results. An analysis of atmospheric emissions from a filling station located in the Lutsk district of the
Volyn region was conducted. The sources of pollutant formation at the facility include underground steel
horizontal cylindrical tanks for gasoline and diesel fuel storage, double-sided fuel dispensers, above-ground steel
tanks for liquefied petroleum gas, and a gas-filling dispenser. Maximum one-time and annual emissions were
determined using instrumental measurements, analytical calculations, design data, and technological standards.
According to the total annual volume of emissions, the facility belongs to the third category. The operation of the
filling station results in the release of hydrogen sulfide, saturated hydrocarbons, benzene, xylene, toluene, propane,
and butane into the atmospheric air. The calculated ground-level concentrations of pollutants, including
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background pollution, at the boundary of the sanitary protection zone and residential areas do not exceed hygienic
standards. The hazard index values for the four control points correspond to a warning level of total non-
carcinogenic risk. The identified level of risk requires further monitoring and the implementation of emission-
reduction measures, which is an essential prerequisite for ensuring sustainable development.

Conclusions. Pollutant concentrations at the boundary of the sanitary protection zone do not exceed
regulatory limits. However, the warning level of total non-carcinogenic risk necessitates continued monitoring,
assessment of potential health impacts, and the implementation of effective environmental protection measures.
Reducing emissions is a critical condition for the safe operation of the filling station and for supporting the
sustainable development of the surrounding area.

KEYWORDS: risk assessment, atmospheric air, pollution, emission, filling station, sustainable
development
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THE WAR ANTHROPOGENIC IMPACT ON THE CONDITIONS
OF THE DESNA RIVER SURFACE WATERS

Purpose. To provide a comprehensive environmental assessment of the condition of the surface waters of
the Desna River in order to identify the main anthropogenic factors of impact, in particular the consequences of
the war.

Methods. System analysis, statistical data processing methods, retrospective dynamics analysis, and fore-
casting of future trends.

Results. An analysis was carried out using long-term data from the Water Monitoring Laboratory of the
Desna Basin Water Resources Authority for the monitoring stations: Chernihiv, Brovary and Kyiv. The research
was conducted for the following indicators: biochemical oxygen demand over 5 days (BODs) and dissolved oxy-
gen, phosphate ions and ammonium ions, nitrite ions and nitrate ions, sulfate ions and chloride ions. Special atten-
tion was paid to the analysis of pollution of the surface waters of the Desna River originating from the territory
of the Russian Federation. It was established that in 2024 the most significant pollution was recorded in Chernihiv.
An increase in the BOD:s level was observed, exceeding the MPC (maximum permissible concentration) levels,
along with a sharp decrease in the dissolved oxygen level. This indicates the entry of organic pollutants into the
waters of the Desna River, which led to intensified decomposition processes. After September 21, 2024, the situ-
ation improved, as evidenced by a decrease in the BOD:s level and an increase in dissolved oxygen. It was proven
that this resulted from the entry into the river of phosphate and ammonium ions, as well as nitrite ions. Similar
studies were carried out for the Brovary and Kyiv stations. It was found that the inflow of pollutants from the
territory of the Russian Federation into the Desna River after August 26, 2024, did not affect the BODs values and
dissolved oxygen levels at these sites.

Conclusions. The study identified the main environmental problems of the Desna River, in particular or-
ganic and mineral pollution, disturbance of the hydrological regime, and a decrease in oxygen levels. It was
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established that in 2024 the Desna River near Chernihiv (Chernihiv station, 200 km) experienced the greatest
anthropogenic impact. Deterioration of water quality indicators was recorded for all analyzed parameters. The
situation was better at the other two stations. Pollution of the Desna River with nitrite ions was observed only at
the Chernihiv (200 km) station and was not significant at the Brovary (20 km) or Kyiv (3 km) stations. Since the
BOD:s and dissolved oxygen indicators normalized at the end of September, there is reason to believe that self-
purification of the surface waters in the river occurred.

KEYWORDS: Desna River, surface waters, environmental monitoring, phosphates, ammonium, sulfates,
chlorides, dissolved oxygen, BOD:s, nitrates, nitrites, anthropogenic impact, consequences of the war
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Introduction

The ecological state of Ukraine's rivers
attracts constant attention from scientists, as
economic activity, species exploitation, and dis-
charge of insufficiently treated wastewater lead
to negative anthropogenic impacts [1-19]. The
Desna River basin is no exception. Under war-
time conditions, Ukraine’s water resources, in
particular the Desna River basin, are suffering
significant environmental losses. This region
plays a key role in ensuring water supply and
maintaining ecosystem balance. Military ac-
tions cause direct pollution of water bodies with
explosive substances, fragments of military
equipment, petroleum products, and toxic
chemicals, leading to a decline in water quality
and loss of biodiversity within the river basin
and surrounding natural complexes. The de-
struction of water treatment facilities and hy-
draulic structures contributes to the uncon-
trolled entry of pollutants into the river system.

The case of the Kakhovka hydroelectric
power station explosion, which caused massive
flooding of territories, leaching of pollutants
from soils, chemical warehouses, cemeteries
and cattle burial grounds, is particularly

illustrative. The destruction of treatment facili-
ties in frontline regions, such as Zaporizhia re-
gion, led to the discharge of thousands of cubic
meters of untreated wastewater into rivers.
Damage to hydraulic structures disrupts water
level regulation, causes bank erosion and
changes in the hydrological regime. Additional
pressure is created by forced population migra-
tion and changes in land use. Eliminating the
consequences of these environmental losses and
monitoring them is critically important for pre-
serving environmental stability in the strategic
perspective. A thorough analysis of the impacts
of the war on the water resources of the Desna
basin should form the basis for the development
of effective measures for restoration and pre-
vention of further degradation. Special attention
is required to study the situation during 2024-
2025, since in addition to the anthropogenic im-
pacts of enterprises on the state of surface wa-
ters of the Seim River basin [20] within the
Kursk Oblast of the Russian Federation, the
consequences of hostilities in this territory have
been added, which may be potential sources of
additional pollution of the Desna River.

Objects and Research Methods

For the purpose of assessing the anthro-
pogenic load, including that caused by the war,
on the condition of the surface waters of the
Desna River, an analysis of water condition in-
dicators was carried out for the monitoring sta-
tions: Chernihiv, 300 km (51°39'42" N,
31°27'12" E); Brovary, 20 km (50°61'61" N,
30°70'61" E); and Kyiv, 3 km (50°55'10" N,

30°56'90" E). The analysis was based on data
from the Water Monitoring Laboratory of the
Desna Basin Water Resources Authority. The
study was conducted for the following indica-
tors: biochemical oxygen demand over 5 days
(BOD:s) and dissolved oxygen, phosphate ions
and ammonium ions, nitrite ions and nitrate
ions, sulfate ions and chloride ions.

Results and Discussion

Physico-geographical and hydrological
characteristics. The Desna River is the largest
left-bank first-order tributary of the Dnipro and

belongs to the large rivers of Ukraine. The total
length of the river is 1,130 km, of which 575 km
lie within Ukraine. The catchment area covers
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88.9 thousand km?, with 33.8 thousand km?
within Ukraine’s borders. The average density
of the river network in the sub-basin is 0.24
km/km?, which indicates a well-developed hy-
drographic system. The medium-sized tributar-
ies of the river with a catchment area of more
than 2 thousand km? include the Seym, Kleven,
Sudost, Snov, and Oster rivers (Fig. 1).

Lake formations in the basin are mainly
represented by floodplain oxbow lakes formed
as a result of channel meandering. Lakes on low
above-floodplain terraces are remnants of an-
cient riverbeds. Within Ukraine, the Desna has
no regulated sections, however, on its tributar-
ies — mainly in the Seym basin — 23 reservoirs
have been created, serving general water-use
functions [5].

The hydrological regime of the Desna is
formed mainly due to snowmelt, which causes
a distinctly expressed spring flood of the melt-
water—rain type. The summer—autumn period is
characterized by declining water levels, and in

3*F nsr IE

34°F

winter the river is under ice cover for an average
of 3-4 months. Seasonal fluctuations in dis-
charge and water levels have a significant im-
pact on the channel’s morphology and the con-
dition of riparian ecosystems [6].

Hydrochemical characteristics and wa-
ter quality assessment. The hydrochemical
composition of the Desna River’s water is
formed under the influence of natural factors
(geological structure, climate, hydrological re-
gime) and anthropogenic factors (wastewater
discharges, agricultural land use in the basin).
According to state monitoring conducted by the
Desna Basin Water Resources Authority, the
river water is regularly tested for priority or-
ganic and inorganic pollutants in accordance
with the EU Water Framework Directive.
Among the main indicators monitored are sul-
fate content, chloride content, ammonium nitro-
gen, nitrites, nitrates, phosphates, as well as
BODs and COD as indicators of organic pollu-
tion [5].
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Fig. 1 — Location of the Desna River basin [1]
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Results of hydrochemical observations
show that elevated concentrations of biogenic ele-
ments (nitrogen, phosphorus) can lead to the de-
velopment of eutrophication processes. Lu-
zovytska Yu.A., Osadcha N.M., and Artemenko
V.A. established that the presence of increased
concentrations of nitrogen and phosphorus com-
pounds in the water stimulates intensive phyto-
plankton growth and the phenomenon of “water
blooming,” which worsens organoleptic proper-
ties and reduces dissolved oxygen content [7].

Research by Kovalenko S.A. confirms
that the quality of the Desna’s water depends not
only on local pollution sources but also on the in-
fluence of upstream tributaries. A mathematical
model developed by the author shows that pollu-
tants, in particular sulfates and chlorides, can
persist in the water flow and spread over long
distances downstream, creating a cumulative ef-
fect at confluences [8].

The impact of anthropogenic load is also
confirmed by studies conducted in the Seym basin
and other Desna tributaries, where exceedances of
pollutant content standards were detected in sum-
mer, when hydrological conditions favor the con-
centration of dissolved substances [8 — 10].

Climatic features of the basin. The Desna
basin is located in a temperate continental climate
zone with mild winters and warm summers. The
average annual air temperature is +6...+8 °C, the
average temperature in January is —6...—8 °C, and
in July +18...420 °C. The average annual precip-
itation ranges from 550 to 650 mm, with a maxi-
mum in summer, which makes possible the for-
mation of rain-induced floods. Winter is charac-
terized by a stable snow cover that feeds the spring
flood [6].

According to Shakirzanova Zh.R. and co-
authors, long-term trends indicate a decrease in
average spring runoff values, yet the likelihood of
high-water and even catastrophic floods remains.
Such events are particularly dangerous as they
lead to flooding of floodplains and settlements and
to the disruption of transport infrastructure. For
forecasting the hydrological situation in the Desna
basin, a methodology for regional long-term fore-
casts of maximum spring flood discharge is ap-
plied, taking into account a complex of hydrome-
teorological factors. Climate change manifests it-
self in the increased frequency of extreme meteor-
ological events—from warm winters with short
ice cover to intense summer downpours capable
of causing short-term but high flood waves [6, 11].

Ecological aspects. The ecological state of
the Desna basin is determined by a combination
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of natural processes and anthropogenic impacts.
The main sources of pollution are agricultural run-
off, untreated or insufficiently treated municipal
and industrial wastewater, as well as diffuse
sources associated with soil erosion. The influ-
ence of these factors is particularly noticeable in
the summer—autumn period, when water levels
drop and pollutant concentrations increase [9, 10.
12].

Studies by Kovalenko S.A. and other au-
thors confirm the importance of a basin-wide ap-
proach to water resources management. In par-
ticular, the influence of upstream tributaries on
the ecological state of the main channel is signif-
icant, and ignoring this factor can lead to under-
estimation of pollution levels. Constructed iso-
lines of sulfate and chloride concentrations show
a consistent increase in the content of these com-
ponents downstream, confirming the cumulative
effect [8].

Processes of eutrophication are also rec-
orded, developing due to an excess of biogenic el-
ements in the water. This creates the threat of toxic
blooms and reduced water transparency, which
negatively affects the biodiversity of aquatic eco-
systems [2, 3, 7].

The works of Luzovytska Yu.A., Osadcha
N.M., and Artemenko V.A. have examined the
content of biogenic elements and determined their
role in the development of eutrophication pro-
cesses in the Desna. Shakirzanova Zh.R. and co-
authors have developed and tested a methodology
for forecasting maximum spring flood discharge
in the basin under climate change conditions. Ko-
valenko S.A. created a mathematical model for as-
sessing the influence of upstream tributaries on
water quality, showing the cumulative effect of
pollutant spread. Materials from the state monitor-
ing conducted by the Desna Basin Water Re-
sources Authority detail the physico-geographical
and hydrochemical characteristics of the river, as
well as sources of anthropogenic impact. To-
gether, these studies form a comprehensive under-
standing of the current state of the Desha River
and the factors that determine it [5 — 9].

Water bodies of Ukraine under wartime
conditions experience additional anthropogenic
impacts. One such case became known on August
26, 2024, when there was a critical deterioration
in the ecological condition of the Seym River in
Chernihiv region. Visual evidence of environmen-
tal danger included the change in water color to
black and mass fish kills. The State Agency for
Land Reclamation and Water Management of
Ukraine promptly released information stating
that the primary cause of the pollution was the
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inflow of contaminated water masses from Kursk
region of the Russian Federation, where active
hostilities were ongoing at the time.

It is worth noting that pollution of the
Seym River on Russian territory had been rec-
orded as early as mid-August 2024. Local
sources reported the movement of polluted water
characterized by high toxicity and causing biota
death. In response to the environmental crisis, on
August 29, 2024, the Ministry of Environmental
Protection and Natural Resources of Ukraine is-
sued an official statement emphasizing that the
situation with water quality in the Seym and
Desna rivers was under control. The statement
also noted that, at present, there was no threat to
drinking water supply for the population; how-
ever, the issue of long-term environmental con-
sequences remains open and requires further sci-
entific research and monitoring.
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In addition, according to open sources,
there are 23 polluting enterprises in the Seym
River basin within Kursk region of the Russian
Federation (LLC “Tyotkino Sugar Plant”, JSC
“Tyotkinospirt”, Kursk NPP, LLC “Kursk
Leather”, JSC “Kurskvodokanal” and others) that
may be potential sources of pollution affecting
Sumy and Chernihiv regions [13].

Data on anthropogenic pollution and the
condition of water in the Desna River were ana-
lyzed using monitoring data from the Chernihiv
station, 200 km, over the period from 2014 to
February 2025. An analysis was carried out on
the temporal changes in biochemical oxygen de-
mand over 5 days (BODs) in water bodies of the
city of Chernihiv for the period from 2007 to
2025 (monitoring data for 2019-2023 are una-
vailable) (Fig. 2).
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Fig. 2 — Dynamics of changes in indicators: biochemical oxygen demand over 5 days (BODs)
and dissolved oxygen (O2) during 2007-2025

Based on these data, several significant
fluctuations can be noted. At the beginning of
2014, a relatively high BODs level (about 2.5
mgO-/dm?) is observed, showing a tendency to in-
crease in the first half of 2014, reaching a peak
value of about 3.0 mgO./dm?>. In the second half
of 2014 and at the beginning of 2015, there is a
sharp drop in the indicator to its lowest point (ap-
proximately 1.2 mgO./dm?), which may indicate
an improvement in water quality during this pe-
riod or changes in anthropogenic load. From 2015
to 2017, BOD:s values fluctuate within the range
of 1.8-2.2 mgO./dm?, showing relative stability.

In 20172018, a gradual increase in the in-
dicator begins, which may be associated with an
increase in organic matter pollution. The largest
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fluctuations are observed in the period 2019—
2020, when BODs values rapidly rise to almost
2.7 mgO./dm?, then sharply drop to 1.0
mgO2/dm?, after which they again increase
steeply. This indicates instability in the ecologi-
cal situation during this period.

Figure 3 presents detailed data for the pe-
riod 2024 — early 2025. The situation in 2024
with regard to BODs fully corresponded to its
seasonal variations. It should be noted that its
level was below the MPC. At the beginning of
2024, it was relatively high, then sharply de-
creased, and subsequently rose again, reaching
peak values in the second half of 2024. The level
of dissolved oxygen also underwent significant
changes but generally showed a trend opposite to
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Fig. 3 — Dynamics of changes in indicators: biochemical oxygen demand over 5 days (BODs)
and dissolved oxygen (O2) during 2024—2025

that of BODs. In summer, a decrease in dissolved
oxygen levels and an increase in BODs were 0ob-
served due to higher temperatures and the intensi-
fication of organic matter decomposition pro-
cesses. In autumn and winter, by contrast, as tem-
peratures decreased, the biological activity of mi-
croorganisms and the decomposition of organic
matter slowed down, leading to a reduction in ox-
ygen consumption. As a result, the level of dis-
solved oxygen increased, and BODs decreased.

The inflow of pollutants from the territory
of the Russian Federation into the Desna River
can be traced to the period after August 26, 2024.
As we can see, there is a significant increase in
BODs accompanied by a sharp decrease in dis-
solved oxygen levels, and this continued until the
end of September 2024. Furthermore, the BODs
level exceeded the MPC (3 mgO»/dm?), and the
dissolved oxygen level also dropped below the
critical MPC level (4 mgO-/dm?). This indicates
the entry of organic pollutants into the waters of
the Desna River, which led to intensified decom-
position processes. After September 21, 2024, the
situation improved, as evidenced by a decrease in
BOD:s levels and an increase in dissolved oxygen
levels.

To clarify the causes of the observed
changes in dissolved oxygen and BOD:s levels, we
conducted an analysis of the dynamics of concen-
trations of the main pollutants.

A study was conducted on the content of
sulfate and chloride ions in the Desna River. As
can be seen, the content of sulfate ions signify-
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cantly exceeds that of chloride ions throughout the
observation period (Fig. 4).

Fluctuations in sulfate ion content were ob-
served as follows: in March and April 2013 —
maximum concentration (about 50.00 mg/dm?);
June and July 2013 — a sharp decrease to 30.00
mg/dm?; December 2013 — January 2014 — a sig-
nificant increase to 45.00 mg/dm?; October—No-
vember 2014 — the lowest recorded level (25.00
mg/dm?).

The concentration of chloride ions re-
mained relatively stable (15.00-20.00 mg/dm?),
with a slight increase in May—July 2014. Autumn—
winter 2014 was characterized by the lowest lev-
els of both ions, which may be related to changes
in the city’s water supply or to natural hydrologi-
cal factors.

The situation in 2024-2025 showed that
sulfate ion concentrations had significant fluctua-
tions, from high values (50 mg/dm?) at the begin-
ning of the period to a sharp decrease, followed by
rises and drops (2545 mg/dm?®). Chloride ions
showed smaller but still noticeable fluctuations
within the range of 15-25 mg/dm?. However, the
overall concentration levels during this period did
not exceed the values of previous years.

Thus, it can be noted that among the pollu-
tants that entered the Desna River from the terri-
tory of the Russian Federation after 26.08.2024,
no increase was observed in the content of sulfate
or chloride ions in the water.

An analysis was carried out of the content
of ammonium ions and phosphate ions in the
Desna River during the study period (Fig. 5).
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Fig. 5 — Dynamics of changes in indicators: ammonium ions and phosphate ions in 2024-2025

For most of 2014, the indicators showed
relative stability: ammonium ion concentration
fluctuated within the range of 0.1-0.45 mg/dm?
(below MPC = 0.5 mg/dm?), phosphate ions
within 0.2-0.4 mg/dm?. At the end of 2014 — be-
ginning of 2015, a sharp increase in both indi-
cators was recorded. In December 2014, phos-
phate ion concentration peaked at about 1.1
mg/dm?, and in January 2015, ammonium ion
content reached a maximum of approximately
1.2 mg/dm?, more than twice the MPC.

After the peak values in January—Febru-
ary 2015, a gradual decrease in concentrations
was observed. Ammonium ions showed signifi-
cant fluctuations with several smaller peaks,

~80~

while phosphate ion levels decreased more
smoothly. By mid-2015, both indicators stabi-
lized at a level close to the initial values, but
slightly higher compared to the same period in
2014. Such significant fluctuations in the winter
of 2014-2015 may indicate a temporary deteri-
oration in water quality associated with sea-
sonal factors or changes in anthropogenic load.

Figure 6 presents the dynamics of ammo-
nium ion and phosphate ion (orthophosphate)
concentrations, as well as the MPC for ammo-
nium, for 2024 — early 2025.

In 2024 — early 2025, the dynamics of am-
monium ion and phosphate ion concentrations
were unstable. At the beginning of the year, the
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Fig. 6 — Dynamics of changes in indicators:

levels were low, but in September 2024 there
was a sharp spike in both indicators, with the
concentration of ammonium ions exceeding the
MPC by 2.5 times. After the peak, the levels de-
creased but remained higher than the initial val-
ues, showing further fluctuations.

These trends can be considered a conse-
guence of the inflow of pollutants from the ter-
ritory of the Russian Federation into the Desna
River after 26.08.2024. There is reason to be-
lieve that the significant increase in BODs ac-
companied by a sharp decrease in dissolved
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oxygen levels, described above, is the result of
contamination of the Desna River water with
ammonium ions and phosphate ions.

We also studied the indicators of nitrate
and nitrite pollution in the Desna River (Fig. 7).

At the beginning of the period (12.02.14
—14.02.14), a high nitrate level was observed —
about 2.0-2.2 mg/dm? — after which there was a
sharp decrease in concentration to approxi-
mately 1.2 mg/dm?. From March to June 2014,
nitrate concentration remained relatively stable
—within 1.2—1.3 mg/dm?®.
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Fig. 7 — Dynamics of changes in indicators: nitrite ions and nitrate ions, 2007-2025

~81~



ISSN 1992-4224 Jlropuna Ta noskimns. IIpobaemu Heoekornorii. 2025. Bunyck 44

The most significant fluctuations in nitrite
concentration were recorded in the summer—au-
tumn period of 2014 (07.07.14 —11.09.14), when
values rose sharply from 0.04 to 0.1 mg/dm?,
reaching a peak of approximately 0.1 mg/dm? in
August. In September 2014, there were substan-
tial fluctuations in nitrite concentration with
sharp rises and drops within the range of 0.02—
0.09 mg/dm?®.

At the end of the period (October-Novem-
ber 2014), a decreasing trend in nitrite concentra-
tion was noted, while nitrate levels began to
gradually increase, reaching approximately 1.5
mg/dm? at the last measurement point.

Figure 8 shows the dynamics of nitrate
and nitrite concentrations in the water in Cher-
nihiv during 2024 — early 2025.

At the beginning of 2024, the nitrate level
was high, then sharply decreased, after which it
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rose again and showed several peaks and drops
throughout the year.

Nitrite concentration also demonstrated
significant fluctuations, especially during the pe-
riod of pollutant inflow from the territory of the
Russian Federation. In September 2024, there
was a sharp increase in nitrite ion content, with
its concentration exceeding the MPC of 0.08
mg/dm?. After the peak, levels decreased, but in
October there was another rise above the MPC,
most likely caused by other factors.

These trends can be considered a conse-
quence of the inflow of pollutants from the terri-
tory of the Russian Federation into the Desna
River after 26.08.2024. There is reason to believe
that the significant increase in BODs accompanied
by a sharp decrease in dissolved oxygen levels,
described above, is the result of contamination of
the Desna River water with nitrite ions.
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Fig. 8 — Dynamics of changes in indicators: nitrite ions and nitrate ions, 2024—2025

Similar studies were carried out for the
Brovary station, 20 km. The analysis covered
the period from 2019 to 2025.

Figure 9 presents data on biochemical ox-
ygen demand and dissolved oxygen content.
BODs shows significant fluctuations (07
mgQ./dm?), while oxygen content (blue line) re-
mains relatively stable.

Peak BOD:s values were recorded in April
2021 (5 mgO2/dm?), August—September 2021
(6 mgO:/dm®), and March-April 2022 (7
mgQ0./dm?, maximum). The lowest BODs val-
ues were recorded in January—February 2022
(about 0) and May—June 2022 (about 0). A sea-
sonal dynamic was observed, with higher BODs
in the spring—summer period and lower values
in autumn—-winter. The largest fluctuation oc-
curred between December 2021 and April 2022,

~82 ~

when BOD:s first dropped almost to zero and
then sharply increased to the maximum value.

During 2024, there was a sharp increase
in BODs, followed by a decrease. Dissolved ox-
ygen levels also fluctuated significantly
throughout the year, with a noticeable decline in
the middle of the year followed by an increase.

Exceedances of the MPC (3 mgO-/dm?)
for BOD:s during the study period were recorded
multiple times, but after August 26, 2024, no
exceedances were observed. Dissolved oxygen
levels did not fall below the MPC (4
mgO>/dm?). Therefore, the inflow of pollutants
from the territory of the Russian Federation into
the Desna River after 26.08.2024 did not affect
the BOD:s values or the dissolved oxygen levels.

Figure 10 presents data on the dynamics
of changes in indicators: sulfate ions and chlo-
ride ions during 2019-2024.
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Fig. 10 — Dynamics of changes in indicators: sulfate ions and chloride ions in 2019-2024

The maximum concentration of chloride
ions was recorded on 05.11.2020 (23 mg/dm?).
Sulfate ions reached their peak concentration at
the beginning of the observation period (about
23 mg/dm?), while the minimum value (about 5
mg/dm?) was recorded in the middle of the pe-
riod. In the second half of 2020, there was a
trend toward a gradual increase in the concen-
tration of both ions. Chloride ion and sulfate ion
concentrations often showed opposite trends,
which may indicate different sources of their in-
flow. Both indicators remained within the

~ 83~

permissible MPC limits despite seasonal fluctu-
ations.

At the beginning of 2024, the chloride ion
level decreased, then rose again slightly, and by
the end of the available period (November
2024) showed a downward trend once more.
The sulfate ion level also fluctuated throughout
2024, though without such sharp jumps as in
chloride ions. By the end of the available period,
an increase was observed. Therefore, the inflow
of pollutants from the territory of the Russian
Federation into the Desna River after
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26.08.2024 did not affect sulfate ion and chlo-
ride ion values.

Figure 11 presents data on the dynamics
of changes in indicators: ammonium ions and
phosphate ions during 2019-2025.

The maximum concentration of ammo-
nium ions was recorded on 19.02.2020 — 1.90
mg/dm?, and in June 2020 — 1.32 mg/dm®. The
minimum concentration was at the beginning of
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2020 — 0.10-0.20 mg/dm?, and in September
2020 — about 0.15 mg/dm3. Average values fluc-
tuated within the range of 0.40-0.80 mg/dm?®.
The maximum concentration of phosphate ions
was in July 2020 — 0.58 mg/dm?. The minimum
concentration was in May 2020 — about 0.10
mg/dm?, and in August 2020 — 0.15 mg/dm?®.
Average values were mostly in the range of
0.30-0.50 mg/dm?.

Fig. 11 — Dynamics of changes in indicators: ammonium ions and phosphate ions in 2019-2025

The period of June-July 2020 was char-
acterized by a synchronous increase in the con-
centrations of both ions. In October 2020, there
was a significant increase in ammonium ion
concentration (up to 1.90 mg/dm®) with a sim-
ultaneous decrease in phosphate ion concentra-
tion (to 0.30 mg/dm?). At the end of the study
period, the concentration of ammonium ions
reached its maximum (2.00 mg/dm?), while the
concentration of phosphate ions remained stable
(0.50 mg/dm?).

Thus, throughout 2023-2024, there was
almost constant exceedance of the MPC for am-
monium ion content (0.5 mg/dm?), with the crit-
ical value reached on 14.10.2024 — 27 mg/dm®.
These data indicate the presence of both tradi-
tional anthropogenic impacts, which were in-
tensified by the inflow of pollutants from the
territory of the Russian Federation on 26 August
2024. High ammonium ion content may result
from the activities of livestock farms, the use of
ammonium fertilizers, as well as industrial
wastewater. These are sources of “traditional”
anthropogenic impacts.

~84 ~

Comparison of ammonium ion content at
the Brovary station (20 km) with the content up-
stream in the Desna River (Chernihiv, 200 km)
indicates the presence of additional ammonium
ion pollution.

The concentration of phosphate ions dur-
ing this period remained relatively stable, alt-
hough with some fluctuations. However, con-
sidering the acceptable values of BODs and dis-
solved oxygen, there is reason to believe that the
presence of phosphate ions and ammonium in
the water did not stimulate eutrophication of
surface waters.

Figure 12 presents data on the dynamics
of changes in indicators: ammonium ions and
phosphate ions during 2019-2025. The first
peak was observed in March—April 2020, when
nitrate ion concentration reached approximately
6.2 mg/dm*. The second significant peak oc-
curred in April-May 2021 with values of about
6.0 mg/dm?. Another notable peak was recorded
in April 2022, when the concentration reached
nearly 6.0 mg/dm*. In September—October
2023, a smaller peak of about 3.5 mg/dm?* was
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Fig. 12 — Dynamics of changes in indicators: nitrite ions and nitrate ions in 2019-2025

observed. At the beginning of 2024, there was
also a noticeable rise to about 3.0 mg/dm?.As
for nitrite ions, their concentration remained rel-
atively stable throughout the entire period, fluc-
tuating within 0.0800-0.1200 mg/dm?, with
slight rises and drops. A particularly noticeable
increase in nitrite ion concentration was rec-
orded in May 2022, when the value reached ap-
proximately 0.1500 mg/dm?.

The maximum nitrate ion concentrations
were recorded in the spring period (March—
May) in almost every year of observation,
which may be associated with seasonal factors
such as snowmelt, increased precipitation, or
agricultural activity.
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In 2024 and early 2025, the dynamics of
both nitrite and nitrate ions were unstable. Lev-
els of both indicators experienced significant
fluctuations but did not exceed the MPC.

The obtained results indicate that pollu-
tion of the Desna River from the territory of the
Russian Federation on August 26, 2024, did not
affect water quality in Brovary (20 km).

Similar studies were conducted for the
Kyiv station, 3 km. The analysis covered the pe-
riod from 2015 to 2025.

Figure 13 presents data on the dynamics
of changes in indicators: biochemical oxygen
demand (BODs) and dissolved oxygen (O2) dur-
ing 2015-2025.
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ig. 13 — Dynamics of changes in indicators: biochemical oxygen demand (BODs)
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Significant fluctuations in the indicators
began in November—December 2018, when a
sharp decrease in BODs was observed (from
about 4 mgO./dm* to 1 mgO:/dm?), accompa-
nied by a gradual increase in oxygen levels. In
April-May 2019, there was a sharp rise in BODs
to a peak value of about 4.5 mgO-/dm?, with ox-
ygen levels showing a downward trend. In Sep-
tember—October 2019, the most significant in-
crease in BODs was recorded, reaching the
maximum value (about 5.2 mgO./dm?), accom-
panied by a decrease in dissolved oxygen con-
centration. In February—March 2020, BODs
dropped sharply to its minimum level, while ox-
ygen concentration remained relatively stable.

From May to July 2020, frequent fluctu-
ations in dissolved oxygen concentration were
observed, which may indicate instability in the
ecological state of the water bodies during this
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period. From August 2020 to March 2021, there
was a steady trend of increasing dissolved oxy-
gen levels to the highest values for the entire pe-
riod, while BODs remained relatively low with
minor fluctuations.

In 2024, there was significant instability
in biochemical oxygen demand (BODs), with
sharp peaks and drops. Dissolved oxygen levels
tended to decline for most of 2024 but then be-
gan to rise at the beginning of 2025. The results
indicate that pollution of the Desna River from
the territory of the Russian Federation on Au-
gust 26, 2024, did not affect water quality in
Kyiv (3 km).

Studies were also conducted on the dy-
namics of changes in sulfate and chloride ion
content. Figure 14 presents data on the dynam-
ics of changes in indicators: sulfate ions and
chloride ions in 2015-2025.
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Fig. 14 — Dynamics of changes in indicators: sulfate ions and chloride ions in 2015-2025

Sulfate ions have higher concentrations
(20-50 mg/dm?) compared to chloride ions (10—
15 mg/dm?). Significant sulfate peaks occurred
in March—April 2019 (45-47 mg/dm?), Septem-
ber—October 2021 (50 mg/dm?), and February—
March 2023 (50 mg/dm?). Chloride ion concen-
tration was mostly stable, except for short-term
peaks up to 15-17 mg/dm?® in mid-2021. The
lowest sulfate concentrations were recorded in
the summer months of 2018, 2020, and 2022
(25-30 mg/dm?). There is seasonal variability in
sulfate ions with a trend toward increasing lev-
els in recent years, while chloride ion concen-
tration remains relatively stable.
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In 2024, the sulfate ion level tended to in-
crease with some fluctuations. The chloride ion
level remained relatively stable for most of
2024 but showed a sharp spike in autumn. At
the beginning of 2025, the sulfate ion level con-
tinued to rise, while the chloride ion level de-
creased again after the spike. The results indi-
cate that pollution of the Desna River from the
territory of the Russian Federation on August
26, 2024, did not affect the level of sulfate and
chloride ions in the water at Kyiv (3 km).

Studies were also conducted on the con-
tent of ammonium and phosphate ions in the
water of the Desna River (Fig. 15).
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Fig. 15 — Dynamics of changes in indicators: ammonium ions and phosphate ions in 2015-2025

The concentration of ammonium ions
mostly remained at around 0.5 mg/dm*® but
showed significant peaks in January—February
2021 (up to 1.0 mg/dm?). The highest values
were recorded in April-June 2021, with a max-
imum of about 2.5 mg/dm?® in May, which sig-
nificantly exceeded the MPC. Phosphate ions
showed moderate fluctuations, with a maximum
of about 1.0 mg/dm? in March—April 2021. Af-
ter the summer peaks, ammonium ion concen-
tration returned to its baseline level in the sec-
ond half of 2021.

—@— ammonium ions, mg/dm3

—@— phosphate ions (polyphosphates), mg/dm3

Sharp spring—summer fluctuations may
have been caused by seasonal factors such as in-
creased anthropogenic load, accidental dis-
charges, or the impact of agricultural activity.

Figure 16 presents data on the dynamics
of changes in indicators: ammonium ions and
phosphate ions in 2024-2025. In 2024, the am-
monium ion level was almost constantly above
the MPC (0.5 mg/dm?). The critical value was
reached on 20.10.2024. The obtained results in-
dicate that after the pollution of the Desna River
from the territory of the Russian Federation on
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August 26, 2024, the ammonium ion content in
the water increased in September and this con-
tinued until November 2024. Thus, the data
show the presence of both traditional anthropo-
genic impacts, which were intensified by the in-
flow of pollutants from the territory of the Rus-
sian Federation on August 26, 2024.

Comparison of ammonium ion content at
the Chernihiv station (200 km) and the Brovary
station (20 km), located upstream on the Desna
River, indicates the presence of additional am-
monium ion pollution.

The concentration of phosphate ions dur-
ing this period remained relatively stable, alt-
hough with some fluctuations.

Comparison with the above values of
BODs and dissolved oxygen suggests that the
content of phosphate ions and ammonium in the
water was not as significant as at the Chernihiv
station (200 km).

Studies were also carried out on nitrate
and nitrite ion content (Fig. 17). Nitrate ion con-
centration shows significant fluctuations. The
highest values were recorded in November—De-
cember 2020 at about 3.54.0 mg/dm3. A sub-
stantial decrease to 1.0-2.0 mg/dm? occurred in
January—February 2021, followed by relative
stability at about 2.0 mg/dm? in March—June
2021. There was a gradual decrease to minimum
values (about 0.5-1.0 mg/dm?) in July—August
2021, then an increase in autumn 2021, return-
ing to 2.5-3.0 mg/dm® in November 2021.

Nitrite ion concentration remained stable
at 2.0-3.0 mg/dm? for most of the period, with
a sharp peak in May 2021, reaching a maximum
of about 4.5 mg/dm?. Both indicators display
seasonal dependence: nitrate ions tend to de-
crease in summer and increase in winter, while
nitrite ions have their highest concentrations in
spring.
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Fig. 17 — Dynamics of changes in indicators: nitrite ions and nitrate ions in 2015-2025

The most significant fluctuations for both
parameters were observed in spring and early
summer 2021.

Figure 18 presents data on the dynamics
of changes in indicators: nitrite ions and nitrate
ions in 2024-2025.

In 2024, nitrate ion levels fluctuated sig-
nificantly but generally remained below the
maximum permissible concentration (MPC).
Nitrite ion levels also fluctuated, but for most of
the year were close to zero, with several sharp
but short-term increases exceeding the MPC. At
the beginning of 2025, nitrate ion levels slightly
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decreased, while nitrite ion levels remained
low.

Thus, for the Kyiv station (3 km), the in-
flow of pollutants from the territory of the Rus-
sian Federation into the Desna River after
26.08.2024 was not significant. There is reason
to believe that BODs and dissolved oxygen lev-
els confirm this conclusion.

The analysis showed that nitrite ion pol-
lution of the Desna River was observed only at
the Chernihiv station (200 km) and was not sig-
nificant at the Brovary station (20 km) or at the
Kyiv station (3 km).
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Fig. 18 — Dynamics of changes in indicators: nitrite ions and nitrate ions in 2024-2025

Conclusions

The analysis revealed that pollution of the
surface waters of the Desna River from the terri-
tory of the Russian Federation was most signifi-
cant in the city of Chernihiv. There was an in-
crease in BODs accompanied by a sharp decrease
in dissolved oxygen levels, lasting until the end
of September 2024. In addition, the MPC for
BODs (3 mgO:/dm®) was exceeded, and dis-
solved oxygen levels dropped below the critical
MPC (4 mgO./dm?). This indicates the entry of
organic pollutants into the Desna River, which
led to the intensification of their decomposition.
After 21.09.2024, the situation improved, as evi-
denced by the decrease in BOD:s levels and the
increase in dissolved oxygen levels.

Unlike BODs and dissolved oxygen, the
inflow of pollutants from the territory of the Rus-
sian Federation did not cause significant changes
in the content of sulfate and chloride ions in the
water.

Regarding phosphate and ammonium
ions, in 2024 — early 2025 their concentrations
were unstable. At the beginning of the year, lev-
els were low, but in September 2024 there was a
sharp spike in both indicators, with ammonium
ion concentration exceeding the MPC by 2.5
times. These trends can be considered a conse-
guence of the inflow of pollutants from the terri-
tory of the Russian Federation. This supports the
conclusion that the significant increase in BODs
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accompanied by a sharp decrease in dissolved
oxygen levels was due to contamination of the
Desna River water with ammonium and phos-
phate ions.

Nitrate and nitrite concentrations fluctu-
ated significantly, especially during the period of
pollutant inflow from the territory of the Russian
Federation. In September 2024, there was a sharp
increase in nitrite ion content, with concentration
exceeding the MPC of 0.08 mg/dm®. The in-
crease in nitrite ions was also associated with the
observed rise in BODs and the simultaneous de-
crease in dissolved oxygen levels.

Similar studies for the Brovary station (20
km) showed that the inflow of pollutants from
the territory of the Russian Federation after
26.08.2024 did not affect BODs or dissolved oxy-
gen levels. A comparison of ammonium ion levels
at Brovary with those at Chernihiv indicates addi-
tional ammonium ion pollution. Phosphate ion
concentration remained relatively stable, with
some fluctuations. These results indicate that the
pollution incident on 26 August 2024 did not af-
fect water quality in Brovary (20 km).

At the Kyiv station (3 km), BODs and dis-
solved oxygen levels also indicated no impact
from the 26.08.2024 pollution event. Compari-
son of ammonium ion levels at Chernihiv (200
km) and Brovary (20 km) with those upstream
confirmed additional ammonium ion pollution,

nitrite ions, mg/dm3
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but phosphate ion concentration remained rela-
tively stable. Therefore, pollutant inflow after
26.08.2024 was not significant for the Kyiv sta-
tion (3 km).

Overall, the Desna River near Chernihiv
(Chernihiv station, 200 km) experienced the
greatest anthropogenic impact. Deterioration in
water quality was recorded for all analyzed

parameters. The situation was better at the other
two stations. Nitrite ion pollution of the Desna
was observed only at Chernihiv and was not sig-
nificant at Brovary or Kyiv. Since BODs and dis-
solved oxygen levels normalized at the end of
September, there is reason to believe that self-pu-
rification of the surface waters in the river oc-
curred.

Conflict of Interest

The authors declare no conflict of interest regarding the publication of this manuscript. Further-
more, the authors have fully adhered to ethical norms, including avoiding plagiarism, data falsification,
and duplicate publication.

Authors Contribution: all authors have contributed equally to this work.

The work does not use artificial intelligence resources.

References

=

Khrystyuk, B., Gorbachova, L., & Koshkina, O. (2017). The impact of climatic conditions of spring flood formation
on hydrograph shape of the Desna River. Meteorology Hydrology and Water Management, 5(1), 63-70.
https://doi.org/10.26491/mhwm/67914

2. Ristea, E., Parvulescu, O. C., Lavric V. & Oros, A. (2025). Assessment of heavy metal contamination of seawater

and sediments along the Romanian Black Sea coast: spatial distribution and environmental implications. Sustaina-

bility, 17(6), 2586. https://doi.org/10.3390/su17062586

Trach, Y., Trach, R., Kuznietsov, P., Pryshchepa, A., Biedunkova, O., Kiersnowska, A., & Statnyk, I. (2024). Pre-

dicting the influence of ammonium toxicity levels in water using fuzzy logic and ANN models. Sustainability,16(14),

5835. https://doi.org/10.3390/su16145835

Kuznietsov, P., Biedunkova, O., & Trach, Y. (2023). Monitoring of phosphorus compounds in the influence zone

affected by nuclear power plant water discharge in the Styr River (Western Ukraine): case study. Sustainabil-

ity,15(23), 16316. https://doi.org/10.3390/su152316316

Surface Water Resources. (n.d.). Desna Basin Water Resources Administration. Retrieved from https://desna-

buvr.gov.ua/diialnist/upravlinnya-vodnymy-resursamy/poverhnevi-vodni-resursy/ (in Ukrainian)

6. Shakirzanova, Zh.R., Perevozchikov, .M., & Shevchenko, O.P. (2023). Application of the Method of Territorial
Long-Term Forecasts to Determine Maximum Water Discharges During the Formation of the Spring Flood of 2022—
2023 in the Desna  River  Basin. Ukrainian Hydrometeorological ~ Journal, 31, 5-
21. https://doi.org/10.31481/uhmj.31.2023.01 (in Ukrainian)

. Luzovytska, Yu.A., Osadcha, N.M., & Artemenko, V.A. (2016). Determination of Factors Influencing the Formation
of the Biogenic Composition of the Desna River Using Total and Differential Integral Curves. Scientific Works of
the Ukrainian Research Hydrometeorological Institute, (269), 86-93. Retrieved
from http://nbuv.gov.ua/UIRN/Npundgi_2016 269 11 (in Ukrainian)

. Kovalenko, S.A. (2024). Mathematical Model for Predicting Changes in the Ecological State of Surface Water Bodies
Considering  the Influence of Upstream  Tributaries. Technogenic and  Environmental — Safety,
2. https://doi.org/10.52363/2522-1892.2024.2.7 (in Ukrainian)

9. Kovalenko, S.A., Ponomarenko, R.V., Tretyakov, O.V., & Ivanov, Ye.V. (2023). Analysis of Known Methods for
Determining the Water Quality Index Suitable for Predicting the Ecological State of Surface Water Bodies. Techno-
genic and Environmental Safety, 13(1/2023), 68-74. https://doi.org/10.52363/2522-1892.2023.1.9 (in Ukrainian)

10. Kovalenko, S.A. (2023). Influence of Groundwater Exchange Between Tributaries on the Ecological Quality of
Surface Water Bodies. Technogenic and Environmental Safety, 14(2/2023), 98-103. https://doi.org/10.52363/2522-
1892.2023.2.10 (in Ukrainian)

11. Morozova, A.O. (2020). Ecological Characteristics of the Southern Bug River and the Oleksandrivske Reservoir
Based on Hydrochemical Indicators. Hydrology, Hydrochemistry and Hydroecology, 1(56), 55-63.
https://doi.org/10.17721/2306-5680.2020.1.6 (in Ukrainian)

12. Kovalenko, S.A., & Ponomarenko, R.V. (2024). Influence of Groundwater on the Water Quality of Surface Water
Bodies. Problems and Prospects of Civil Protection: Proceedings of the International Scientific and Practical Con-
ference of Young Scientists (Kharkiv, April 25-26, 2024), 7. Kharkiv: National University of Civil Protection of
Ukraine. (in Ukrainian)

13. Horoshkova, L., Mevshov, O., Maslov, D., & Horoshkov, S. (2025). Environmental assessment of the war impact

on the surface waters of the Dnipro River in the Zaporizhzhia city. European Association of Geoscientists & Engi-

neers. XVIII International Scientific Conference «Monitoring of Geological Processes and Ecological Condition of
the Environment». European Association of Geoscientists & Engineers. (Vol. 2025, pp.1 — 5.). Retrieved
from https://eage.in.ua/wp-content/uploads/2025/04/Mon25-052.pdf

w

s

o

~

o]

~00~


https://doi.org/10.26491/mhwm/67914
https://www.mdpi.com/2071-1050/17/6/2586
https://www.mdpi.com/2071-1050/17/6/2586
https://doi.org/10.3390/su17062586
https://www.mdpi.com/2071-1050/16/14/5835
https://www.mdpi.com/2071-1050/16/14/5835
https://doi.org/10.3390/su16145835
https://www.mdpi.com/2071-1050/15/23/16316
https://www.mdpi.com/2071-1050/15/23/16316
https://doi.org/10.3390/su152316316
https://desna-buvr.gov.ua/diialnist/upravlinnya-vodnymy-resursamy/poverhnevi-vodni-resursy/
https://desna-buvr.gov.ua/diialnist/upravlinnya-vodnymy-resursamy/poverhnevi-vodni-resursy/
https://doi.org/10.31481/uhmj.31.2023.01
http://nbuv.gov.ua/UJRN/Npundgi_2016_269_11
https://doi.org/10.52363/2522-1892.2024.2.7
https://doi.org/10.52363/2522-1892.2023.1.9
https://doi.org/10.52363/2522-1892.2023.2.10
https://doi.org/10.52363/2522-1892.2023.2.10
https://doi.org/10.17721/2306-5680.2020.1.6
https://eage.in.ua/wp-content/uploads/2025/04/Mon25-052.pdf

ISSN 1992-4224 Jlropuna Ta noskimns. IIpobaemu Heoekornorii. 2025. Bunyck 44

14. Bezsonnyi, V., Tretyakov, O., Khalmuradov, B., & Ponomarenko, R. (2017). Examining the dynamics and modeling
of oxygen regime of Chervonooskil water reservoir. EasternEuropean Journal of Enterprise Technologies. 5(10).
32-38. https://doi.org/10.15587/1729-4061.2017.109477

15. Bezsonnyi, V., & Nekos, A. (2022). Modeling of the oxygen regime of the Chervonooskilsky reservoir. Proceedings
of the 16th International Conference Monitoring of Geological Processes and Ecological Condition of the Environ-
ment (Monitoring 2022), Kyiv, Ukraine, 15-18 November 2022. https://doi.org/10.3997/2214-4609.2022580216

16. Bezsonnyi, V. (2022). Selection of indicative indicators of ecological condition of surface source of water supply.
Municipal Economy of Cities (Technical Science), 3(170), 26-34. https://doi.org/10.33042/2522-1809-2022-3-170-
26-34.

17. Horoshkova, L., Zaitsev, V., Ryshykov, ., & Shovkoplias, T. (2025). Environmental impacts of dredging operations
on the condition of surface waters of the Danube River. Proceedings of the XVIII International Scientific Conference
«Monitoring of Geological Processes and Ecological Condition of the Environmenty. (April 2025, pp.1-5). Re-
trieved from https://eage.in.ua/wp-content/uploads/2025/04/Mon25-189.pdf

18. Ponomarenko, R.V., Pliatsuk, L.D., Tretyakov, O.V., & Kovaliov, P.A. (2019). Determination of the ecological state
of Ukraine's main water supply source. Technogenic and Ecological Safety, 2019, No. 6(2/2019), pp. 69-77. Re-
trieved from  http:/jteb.nuczu.edu.ua/en/2-text/122-determination-of-the-ecological-state-of-the-main-source-of-
water-supply-of-ukraine

19. Trokhymenko, G., Magas, N., Gomelya, N., Trus, I., & Koliehova, A. (2020). Study of the process of electro evolu-
tion of copper ions from waste regeneration solutions. Journal of Ecological Engineering, 21(2), 29-
38. https://doi.org/10.12911/22998993/116351

20. Operational information on pollution of the Seim River. (2019). State Agency of Water Resources of Ukraine. Re-
trieved from https://davr.gov.ua/news/uvaga-operativna-informaciya-tshodo-zabrudnennya-richki-sejm (in
Ukrainian)

Submission received:23.07.2025 / Revised: 28.10.2025 / Accepted: 21.11. 2025 / Published: 30.12. 2025

JI. A. TOPOLIKOBA?, 1-p exkoH. Hayk, mpod.,
[Ipodecop xadeapu exomorii
e-mail: goroshkova69@gmail.com ORCID ID: https://orcid.org/0000-0002-7142-4308
Hayionanenuii ynisepcumem «Kuegeo-Mozunancoka axademisny
ByJ. CkoBopoay, 2, Kuis, 04070, Ykpaina

O. 1. MEHIIOB, a-p reon. HayK, CT. HAyK. CIiBpOO.,
Kadenpa reoinpopmaruku
e-mail: menshov@knu.ua ORCID ID: https://orcid.org/0000-0001-7280-8453
Kuiscoruii nayionanvnuil ynieepcumem imeni Tapaca [llesuenka
ByJ. Bonogumupiscrka. 60, Kuis, 01033, Vkpaina

10. I. KOPHIMY VK,
Marictp
e-mail: yuliia.korniichuk@ukma.edu.ua ORCID ID: https://orcid.org/0009-0008-0742-3213
'Kuiscoxuii nayionanvuuii ynisepcumem imeni Tapaca Ileeuenxa
ByJI. Bonmogumupisceka. 60, Kuis, 01033, Vkpaina
2Xapriscokuii Hayionanvruil ynicepcumem imeni B. H. Kapasiua,
Mmaiinan Cpooonu, 4, M. Xapkis, 61022, Ykpaina

A. 0. COJIOBHOBA,
Bbakanasp
e-mail: a.soloviova@ukma.edu.ua ORCID ID: https://orcid.org/0009-0003-8802-7477
Hayionanvnuii ynieepcumem «Kuegeo-Moeunsancoka akademisy
Bys1. CxoBopomwy, 2, Kuis, 04070, Ykpaina

AHTPOIIOTEHHW BILJINB BIMHU HA CTAH ITOBEPXHEBHUX BO/J]
PIYKH JECHA

Meta. Hagatn KOMIUIEKCHY €KOJIOTIYHY OLIIHKY CTaHy ITOBEPXHEBHX BOJ piuku JlecHa 3 METOI0 BH3Ha-
YEHHS OCHOBHHX aHTPOIIOTEHHUX (aKTOPiB BIUIMBY, 30KpeMa HACIIAKIB BiltHH.

~01~


https://doi.org/10.15587/1729-4061.2017.109477
https://doi.org/10.3997/2214-4609.2022580216
https://doi.org/10.33042/2522-1809-2022-3-170-26-34
https://doi.org/10.33042/2522-1809-2022-3-170-26-34
https://eage.in.ua/wp-content/uploads/2025/04/Mon25-189.pdf
http://jteb.nuczu.edu.ua/en/2-text/122-determination-of-the-ecological-state-of-the-main-source-of-water-supply-of-ukraine
http://jteb.nuczu.edu.ua/en/2-text/122-determination-of-the-ecological-state-of-the-main-source-of-water-supply-of-ukraine
https://doi.org/10.12911/22998993/116351
https://davr.gov.ua/news/uvaga-operativna-informaciya-tshodo-zabrudnennya-richki-sejm
mailto:goroshkova69@gmail.com
https://orcid.org/0000-0002-7142-4308
mailto:menshov@knu.ua
https://orcid.org/0000-0001-7280-8453
mailto:yuliia.korniichuk@ukma.edu.ua
https://orcid.org/0009-0008-0742-3213
https://orcid.org/0009-0003-8802-7477

ISSN 1992-4224 Jlropuna Ta noskimns. IIpobaemu Heoekornorii. 2025. Bunyck 44

Metoaun. CucTeMHHUI aHATI3, METOIH CTATUCTHYHOI 0OpOOKH, aHaJIi3 IWHAMIKH Y PETPOCIIEKTUBI Ta MPo-
THO3YBaHHS MallOyTHIX TEHACHIIIH.

PesyastaTu. [IpoBenenmii aHamiz Oaratopiunmx maHmx JlabopaTtopii MoHiTOpHHTY Box JleCHSIHCHKOTO
BYBP ans nocris: UepHiris, bpoBapu, Ta KuiB 1u1st mokasHUKIB: 6i0XiMiuHe CrIOKMBaHHS KHCHIO 32 5 1110 (BSKS)
Ta KACCHb PO3UYMHEHHUH, QocdaT-ioHN Ta aMOHi-i10HH, HITPUT-I0HH Ta HITPaT-i0HH, CyIb(PaT-iOHH Ta XJIOPHI-
ionu. Oxpema yBara npHiJieHa aHallizy 3a0pyJHEHHs OBEpXHEBHX BoJ p. JlecHa 3 Teputopii P@. BeraHoBeHo,
10 HaWOITBIN BimayTHEM 3a0pynHeHHa y 2024 pori Oymo y M. UepHiris, ae 3adikcoBane 3poctanus piBHSI BCKs
3 nepesuieHHsM ['JIK 3 oJHOUaCHUM PI3KUM 3MEHIIEHHSIM PiBHS PO3YMHEHOro KUCHIO. Lle cBimunTh mpo norpa-
IUIAHHS OpTaHiyHUX 3a0pyTHEHb y BOAW piuké [lecHa, mo mpu3BeNo A0 akTHBi3amii ix poskmamanas. [licms
21.09.2024 poky cuTyais IOKpaIluIach, PO 10 CBIIUUTD 3HIDKeHHS piBHS bCKS Ta minBuieHHs piBHS po3uu-
HEHOTO KHCHIO. JloBeAeHO, 10 1€ CTAI0 Pe3yIbTaTOM MOTPAIUIIHHA Y PiuKy ¢ocdar- Ta aMOHIT-10HIB, a TaKOX
HITPUT-10HIB. AHAJIOTi4HI JOCHTIPKEHHS poBeeHi A mocta bposapu ta Kuis. BecranoBneHo, mo noTparuissHHES
3a0pyAHIOIOYUX peuoBUH 3 TepuTopii PO B piuky [echa micns 26.08.2024 p. He MO3HAYMIOCH HA BEJIMYHHI TIOKa-
3amkiB BCKS Ta piBHS po34HHEHOTO KHUCHIO.

BucnoBku. BusHaueHo opraHiyHe i MiHepalibHe 3a0pyIHEHHS, HOPYIIEHHS TiJPOJIOTIYHOTO PEXUMY Ta
3HIDKCHHS PiBHS KUCHIO. BCTaHOBIICHO, 10 HAWOIMBIIOTO aHTPOIIOTEHHOTO BIUTMBY y 2024 pomi 3a3Hana piuka
JecHa 615t M. YepHnirosa. [loriprieHHs MOKa3HUKIB IO SKOCTI BOIH 3a()iKCOBAHO 3a BCiMa MPOaHaAI30BaHUMHU
MOKa3HUKaMu. BHacnigok Toro, mo B KiHII BepecH HOpMali3yBasluch Moka3Huky moao BCKs Ta pozunneroro
KHUCHIO, € TiJJICTaBU BBAXKATH 110 BiJ0YJIOCh CAMOOYHMIIIEHHS IIOBEPXHEBHUX BOJI Y Pivlli.

KJIFOYOBI CJIOBA: piuka /ecna, nosepxnesi 600u, exonociynuii monimopure, pocghamu, amonii, cy-
abamu, xaopudu, posuunenutl kucenv, 5CKs, nimpamu, Himpumu, aHmMpONnO2eHHUL 8NAUS, HACALIOKU GilIHU

Kondghnikm inmepecie

ABTOpU 3asBIISIIOTH PO BiCYTHICTh KOH(MIIKTY 1HTEpeciB o0 myouikaiii nporo pykonucy. Kpim toro,
ABTOPH ITOBHICTIO JOTPHMYBAJIHCS €THYHUX HOPM, BKIIOYAIOYM YHHKHEHHS Iuiariaty, danbcudikamii 1aHux Ta
JyOnroBaHHS Iy OuTiKaIii.

Bnecok agmopis: Bci aBTopu 3p00WIH piBHUN BHECOK Y IFO poOOTY .

B po6oTi He BUKOPUCTaHO peCypC ITYYHOTO IHTEIEKTY.
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3ABE3IEYEHHS BUMOI" BOJHOI PAMKOBOI JUPEKTUBU ITPU HOPMYBAHHI
CKUAIB 3ABPY/JIHIOIOYUX PEHOBHMH I3 CTTYHUMU BOJAMU

Merta. Po3poOka HayKOBO OOTPYHTOBaHMX MPOMO3HUIIIH 1010 BpaxyBaHHSA yMOB BoxHoi paMkoBOi qupek-
THBH €Bpomnelicbkoro Coro3y 1 IIIaHIB yIpaBliHHS pIYKOBUME OaceifHaMM IPH pO3paxyHKyY I'PaHUYHO JOITYCTH-
MHX CKHAIB 320pYAHIOBAIFHUX PEYOBHUH i3 CTIYHUMH BOJAMH 32 BITYN3HIHUMH METOJUKAMHU.

Metoan. CTaTHCTHYHI, @ TAKOK METOAN MAaTEMaTHYHOTO MOJEIIOBAHHS Ta IIPOTHO3YBaHHS.

PesyabTaTu. 3rigHo 3 nosoxeHHsIMU BogHOI paMKOBOi TUPEKTHBY i Ha MOYaTKOBOMY €Talli IJIaHiB Y-
paBIiHHS pIYKOBMMHU OaceliHaMU sIKICTh BOJ y BOJHOMY 00 €KTi 3a IEBHUI MUHYJIUI MepioJ] BBAKAETHCS TaKOIO,
IO BiAMoBigae BuMoraM HopM €C, SIKIO IMOBIpHICTh NepeBHIICHHS (3a0e3Me4eHICTh) HOPMATHBIB 32 KOXKHUM
MOKa3HUKOM He MEPEeBUILye 3aJaHoro oomexeHHs1 F. Buxoasuu 3 11poro, 3arponoHoBaHo 31iHCHIOBATH HOPMY-
BaHHsI, & TAKOXK OB’ 5[3aHi 3 HUM OLIIHKY Ta IPOTHO3YBaHHSI SIKOCTI MOBEPXHEBUX BOJ 32 IMOKa3HUKaMHU 13 3abe3Ie-
yenicTio F. Takuii migxin 3a0e3neuye y3ropKeHHS BITYM3HIHUX METOJIMK 3TaflaHuX PO3PaxyHKIB 3 BUMOTAMH 3a-
KoHomaBcTBa €C. 3amporoHOBaHI IMOJOKEHHS TIepeBipeHi Ha MPUKIIAJi aHajli3y YacOoBOI MIHJIMBOCTI TOKa3HUKIB
sKocTi Bof piuok JlyHaii (3a manumu crioctepexens npotsirom 2015-2024 pp.) i Juicrep (3a ganumMu perpocrie-
KTUBHUX criocTepeskeHs 2001-2017 pp.). [lokazano, mo mpu BUKOPUCTAaHHI cepeHIX 3HAYCHb TOKa3HUKIB YacTo
HE BHKOHYIOTHCS BUMOTH BOIHOI paMKOBOI AMPEKTHBH 1 IUIAHIB YIPABIiHHS PIYKOBUMH OaceHaMU OCKITBKA
3a0e3IeUeHICTh X 3HAYeHb MOXE CYTTEBO NEPEBHIIYBATH BCTAHOBIICHI OOMEXEHHS 110 YacTOTI NMEPEeBUILCHb
I'IK. It HOCTymOBOTO JOCSTHEHHS «JI00pOT0 CTaHy» MAacHBIB IIOBEPXHEBHX BOJI IIPH HOPMYBAHHI CKHIB 3a-
OpYIHIOBAILHUX PEUOBHUH i3 CTIYHMMH BOJIAMH B SIKOCTI PO3paxyHKOBHX ((DOHOBHX) IOLIIEHO BUKOPUCTOBYBATH
3Ha4YEHHs [TOKAa3HUKIB 13 3a0e3neueHicTio 10%, 5% 12,5%. [1pu 1poMy 3a HasBHICTIO YaCOBUX TPEH/IIB MOKa3HUKIB
HEeoOXi/THO BUKOHYBaTH IPOTHO3YBaHHs 1X 3HaueHb JIs 3a0e3nedeHHs: BUMOr BoHOT paMKOBOi IMPEKTUBH OCO-
OJIMBO ITPY TIO3UTHBHUX TPEH/IAX.

BucHoBku. 3a BuMoramu BojHoT paMKOBOT AMPEKTHBH 1 TJIAHIB YIIPABIiHHS PIYKOBUMU OaceiiHaMu st
[OCTYIOBOTO JIOCATHEHHS 100pOro cTaHy MAaCUBIB TIOBEPXHEBUX BOJI Ha [OYaTKOBOMY €Talli 3HaueHHs F joui-
npHO npuiitMaTh piBHUMHU 10%, 5% 12,5%. HopMyBaHHS cKuIiB 3a0pYyHIOBAIEHIX PEUYOBUH JAOIIIBHO 3/11HCHIO-
BaTH 3 ypaxyBaHHSM YAaCOBUX TPEH[IB IMOKa3HUKIB, OCKUIBKN ITHOPYBaHHS IIO3UTUBHOTO TPEHAY NPHU3BOANUTH 110
3aBUIIECHHS PO3PaXyHKOBHX 3HAYEHB, 110 € HETPHUILYCTUMHUM, TOJ SIK HASABHICTh HETAaTHBHOTO TPEHIY, HAaBIIaKH,
3YMOBJIIOE TX 3aHWKEHHS, IO € IPUAHITHUM 3 TIO3UIIIi OXOPOHHU TOBKIJLIS.

KJIFOYOBI CJIOBA: oyinxa sikocmi 600, 2panuino 00nyCmMuMuil CKuo, (poH08a XapaKxmepucmuxda, ou-
pexmusu €C, npoenos aKocmi 600

Ax nuryBatu: lOpacos C. M., Tepzeman B. B. 3abe3neuenns Bumor BogHoi paMKOBOi AMPEKTHUBHU MIpH
HOPMYBaHHI CKH/IiB 3a0py/IHIOIOUNX PEYOBHH 13 CTIYHUMU BOAaMHU. Jlioouna ma 0oexinna. [Ipobremu neoexkonoaii.
2025. Bum. 44. C. 94-107. https://doi.org/10.26565/1992-4224-2025-44-07

In cites: Yurasov, S. M., & Terzeman, V. V. (2025). Ensuring compliance with the Water Framework
Directive when regulating pollutant discharges into wastewater. Man and Environment. Issues of Neoecology,
(44), 94-107. https://doi.org/10.26565/1992-4224-2025-44-07 (in Ukrainian)

Bcmyn

Ha nanuii yac akTyaJlbHUM IIMTaHHSIM B s mporietypa € KITFOYOBOIO MPY O3B’ SI3aHHI IIH-
00J1acTi OXOPOHH JIOBKIJIIISI € OIIiHKA SIKOCT1 BOJIH. POKOTO KOJIa EKOJIOTIYHUX MPoOIieM, 30KpeMa i1
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Yyac PeryIIOBaHHS CKHIIB 32a0pyAHIOIOUNX pedo-
BHH i3 CTIYHMMH BOJAMH, OCKUTBKH B IIPOIICCI
PO3paxyHKy TPAHWUYHO JOMYCTUMHX CKHIIB
(I'1C) ormiHIOETHCS HE JHIIE SKICTH (OHOBOTO
CTaHy BOJIOTOKY ab0 BO/IOIMH, ajie i SIKICTb BOJ
Yy KOHTPOJIFHOMY CTBOpI BiATIOBiIHOTO CKUIy. B
KOHTEKCTI TTePEeBIpKH JOTPHUMAHHS BUMOT HOPM
€pporneiicbkoro Coro3y B MEPCIIEKTUBHOMY I1€-
piofIi OIiHFOBAHHS SIKOCTI BOJM TiCHO TIOB’SI3aHE
3 Tl IPOTHO3YBaHHSM, IO Tiependadae Bpaxy-
BaHHsI YacOBOI MiHJIMBOCTI TMOKA3HUKIB SKOCTI
BOJIN.

CyuachHa Bogna moiitika €C 0a3yerhcs
Ha Bogniit Pamkosiii [Iupextusi (Directive
2000/60/EC) [1]. Bona (sx i iHIII ZUPEKTHBH) €
00O0B’SI3KOBOI0 IIIOJO KIHIIEBOTO pPE3yJIbTaTy:
«000puil exonociyHull I XIMIMHULL cmanuy yCix
MacHBiB rmoBepxHeBUX BoA (MIIB) kpaiH criBTO-
BapuctBa. lllnaxu (hopMu Ta METOAM) TOCAT-
HEHHS 3a3HaUEHOTr0 pe3yibTary kpainu €C oou-
paroTh caMi Ta BIPOBAKYIOTH iX y HaIllOHAIbHE
3aKOHOAABCTBO. JIOCATHEHHSI KIHIICBOTO PE3YJib-
TaTy TIOCTYIIOBE 1 CKJIAIAETHCS 3 JCKLIBKOX IIIe-
cTupiuHux eramiB (1ukiiB). Kpainu, 1mo He 10-
csaru ooporo crany MIIB y 2015 porti 3 npu-
POIHMX, TEXHIYHMX Ta E€KOHOMIUHMX ITPHYHH,
3aCTOCOBYIOTh BIJICTPOYKY 1 BCTaHOBIIOIOTh
iHmi 1iapoBi ctpoku (crarts 4.4 Directive
2000/60/EC).

Directive 2000/60/EC (BPM) saminmia
npuiHATI panime mupextusu 75/440/€C [2],
76/160/€EC [3], 78/659/€EC [4], ane y m. 1.4
Homatxy II BPJI [1] 3asmaueno, mio (umrara)
«Member States shall collect and maintain infor-
mation on the type and magnitude of the signifi-
cant anthropogenic pressures to which the sur-
face water bodies in each river basin district are
liable to be subject, in particular the following.

... based, inter alia, on information gath-
ered under:...

... and for the purposes of the initial river
basin management plan:...

(iv) Directives 75/440/EC, 76/160/EEC,
78/659/EEC. . .» (KiHELb LUTATH).

TooTo, 3rifno n. 1.4 Jlomarky 11 BP/ [1]
JUTSI TOCSTHEHHS JTOOPOro €KOJIOT YHOro Ta XiMi-
yHOTO ctaHiB MIIB kpainu €C noBunHi 30upatu
Ta 30epiratu iHhopMmarlito Ipo mun i macumad
CYTTEBUX aHTPOIOICHHUX HABAHTAXKCHb HA I10-
BEPXHEBI BOJIHI 00’ €KTH BiJl 30CEPEKCHUX 1 JTU-
Gy3HUX JpDKEpea BIUIMBY Ha HOUAMIKOGOMY
emani (yuxi) yIpaBITiHAS PIYKOBUM OaceHOM
BIZIMIOBITHO NESKUX IUPEKTUB, TMPUHHATHX pa-
Hime, y tomy uucii i Directives 75/440/EC,
76/160/EEC, 78/659/EEC.

3rajaHe IOJIOKEHHS € JIOTIYHHMM, OCKi-
TbKH, HA HOYAMKOGOMY emani JOCSATHEHHS
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nobporo crany MIIB mominsHO 30upaTw Ta BH-
KOPHCTOBYBAaTH 3i0paHy iH(opMariiro mpo cTaH
MIIB, BpaxoByrOUM MPHUUAHATH paHille HOpMa-
THBHI TOKyMEHTH. TaKiuM 9MHOM, BiAIIOBIIHO 110
BPJ] it Directives 75/440/EC, 76/160/EEC,
78/659/EEC [2-4], cepen iumoro, icHyBaia ta
30upanacs iHdopMarlis Mpo OIiHIOBAHHS SKOCTI
BOJIM Ha OCHOBI aHaJi3y 4acTOTU NEPEBHULICHBb
BCTaHOBJICHMX HOPMAaTHBIB 32 OKPEMUMH TTOKa3-
Hukami. Llg iHpopmariis mana OyTy BpaxoBaHa
TaKoX y KOHTponbHUX cTBopax (KC) min yac po-
3paxyHky ['JIC 3a0pyaHIOBaIIbHUX PEYOBHH i3
CTIYHUMH BOAAMHU.

Kpim TOoro, mpm mocaraeHsi moOporo
crany MIIB Biamosigno 3 po3aimom 1.3.4 Jloma-
Ky V 1o BP/I 111 3a0e3neueH st MpHEMHOTO Pi-
BHS JTOCTOBIPHOCTI Ta TOYHOCTI BiJITOBIIHOCTI
MTOKa3HUKIB IKOCTI Boau ix HopmaTtusam (MAC-
EQS) xpainu €C moocyms 6600umu cmamuc-
muyri Memoou 3TiTHO TPOIeTypH y cTatTTi 9(2)
Directive 2008/105/EC [5]. V nupexTuBax mpo-
MOHYETHCSI BUKOPUCTAHHS MPOIEHTLIIB, SIKi IO
CYTi piBHO3HAYHI TaKUM XapaKTEPUCTUKAM PO3-
NOALTY BUIAIKOBOI BEIWYHMHH, SK TEPLEHTUIIb
Ta 3a0€3MeUeHICTh AESKOTo ii 3HAYCHHS!.

CraTucTUYHI METOAW 3py4Hi KOJIU ¥je-
ThCS PO OOMEXKEHHS KIJIBKOCTI MEPEBUIICHb
HopMaTuBiB (H) 3a moka3HuKamu SIKOCTi BOJH, @
TaKo MPO YMOBY BiJICYyTHOCTI TaKHX IEpPEBH-
meHsb. Lle sxopcTire oOmexenHs Bumarae BPJ] na
3aBepIIATFHUX eTanax JOCATHeHHS J00poro
crany MIIB. Ockinbky, TEOPETUYHO 3aBXKAH ic-
Hy€ WMOBIPHICTh (PH3HK) TiepeBuIieHHs H, To B
SIKOCTI 0OMeskeHHs1 F omisbHO IpUitHATH BEp-
XHIO (mpaBy) Mexy 95% HoBipUOro iHTEpBaIy
(TIpaBHIIO «JTBOX CUTM»), SIKUH ITUPOKO BUKOPH-
CTOBYETHCSI B MPAKTUIII 1HKEHEPHUX PO3PaxyH-
KiB, SIK IMOBIpHICHa XapaKTEPUCTHKA JIialla30Hy
3HaYeHb BUMAJKOBOI BennunHH. Llicto Mexero €
3HAUEHHS| BUIAJKOBOI BEJIMYWHH 3a0e3IeUeHi-
cTio 2,5% (abo nporeHTinb 97,5%).

Hawmip Ykpainu interpysatucs 10 €Bpo-
nieficbkoro Coro3y 3yMOBJIFOE HEOOXIAHICTh rap-
MOHI3amil HaIllOHAJHLHOIO 3aKOHOJABCTBA, 30K-
peMa y cdepi 0XOpOHH HABKOJIUIIHBOTO MPUPO-
JHOT'O CEpPEeOBHILA, i3 3akoHOaBcTBOM €C.

B Vkpaini Bxxe 3po0ieHi KpOKH BIpOBa-
JDKEHHSI OCHOBHHUX 1oJiokeHb BP/I: po3pobieni
IUIAHW  YIPaBIiHHA PIYKOBUMH OaceliHaMu
(ITYPB) na nouvamxosuii nepioo 2025-2030 p.p.,
30kpemMa, JlyHaro (Tphox cyOOaceiiHiB: Hux-
wporo Jlynato; [Ipyry Ta Cepery; Tucwu), pidok
[Ipuyopromop’s, uictpa Ta iHm. Y 1mx mia-
Hax «Ha nepuwiomy emani 0o 2030 poky»
NPUIHATA TULSIXH BXWBaHHA 3aXOJiB  IIOJO
«3bepedxcennsi 006poco cmarny MIIB, de 6in ic-
HYE CbO20OHI, MaA MNOKPAWEHHA CMaHy 00
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0006pozo onsa 5% MIIBy», a TaKOX «00CSAcHeHHs.
00bpozo cmany ecix MIIB oo 2042 poxy» (Ha
JIPYroMy 1 TPETbOMY IICCTHPIYHHX eTarax).
ToOTo, 3aKiHUEHHS nepuioeo emany TMOCTYIO-
BOTO JIOCSTHEHHS A00poro ctany MIIB mist Yk-
painm 3armmtanoBaHo Ha 2030 pik.

TakuMm YMHOM, BUKOPHCTAHHS B YKpaiHi
JESKUX JUPEKTHB, NPUHHATHX paHimie (y ToMy
uucii:  Directives  75/440/EC, 76/160/EEC,
78/659/EE) mo 2030 poky He CymepeyrTh BUMO-
ram BPJI. V Takomy pasi, Ha mepiiomy erarii J0-
csirHeHHs1 JoOporo crany MI1B 3HmkeHHS aHTpO-
MOTCHHOTO HaBAaHTA)KCHHS (HOPMYBAHHSI CKHJIIB
3P i3 cTiYHMMH BOJJaMH) TIOBUHHO OYTH TEX MOC-
TYTIOBUM, TIOYMHAIOYH 3 BTIJICHHSI B )KUTTS MEHIII
»)opcTkux ymoB (Harpukian, F = 10, 5, 2,5%).

AHali3 HayKOBHX ITyOJKaIliifi OCTaHHIX
POKIB CBiTYUTH PO BIJICYTHICTH JOCHTIPKEHb 3
BUKOPHUCTaHHSI CTATUCTHYHUX METOJIB, CIIPSMO-
BaHNX Ha BIOCKOHAJICHHS HAIliOHAILHIX METO-
JTUK HOPMYBAHHS SIKOCTi BOJI BiIIIOBIZTHO /10 BH-
mor BPJI i I[TYPB. 3okpema, y npansix [6-8] po-
3MIISTHYTO MUTAHHSI BiIIOBITHOCTI YKPaiHCBKOTO
MPaBOBOT'O peryJroBaHHs ckuiB 3P eBponeiich-
KOMY, OJTHaK HE MPU/IIJICHO yBaru TEXHIYHUM ac-
neKTam; y Jukepedni [9] mpoaHanizoBaHoO Miaxoan
JIO OIIIHFOBAHHS SIKOCTI BOJ| i3 BUKOPHCTaHHIM
KOMIUTEKCHHX iHAEKCIB Yy KpaiHax €C; y podoTax
[10-12] nocmimkeno BB ckugie 3P i3

CTIYHUMH BOJIaMU Ha CTaH AOBKLLIS; y [13] po3-
[NISSHYTO TMTaHHS EKOJIOTTYHOTO HOPMYBaHHS
SIKOCTI BOZ; a 'y [14] mocmimKyeThes CKup i3 CTi-
yaMHU Bojamu 3P 3 edexkrom cymapHoi mii Ta
BHUKOHYETHCS TIONTYK ONTUMAIILHOTO PIIICHHS Ha
OCHOBI IITBOBOI (DYHKIIIi, IO BPaXOBY€ EKCILTY-
aTaIliifHi Ta KaliTaabHI 3aTpaTH Ha OYHUIICHHS.

VY 3B’3Ky 3 HaBEJCHHUM, Memol0 JTAHOTO
JOCITIIKSHHSI € Po3po0Ka HayKOBO OOTPYHTOBA-
HUX TPOMO3ULIHA HI00 MOCTYNOBOTO 3HIKEHHS
aHTPOIIOT€HHOI0 HaBaHTaxeHHsA Ha MIIB B yac-
THHI HOpMYBaHHA ckuniB 3P i3 criuHuMH BO-
namu 3rigHo BP/I i nouamkosozo emany Bitums-
HsaHoro [TYPb.

3asoanna docniddcennHs: aHAI3 9acOBOL
MIHJIMBOCTI ITOKa3HUKIB SIKOCTI BOJI, BU3HAYEHHS
rapaMeTpiB 4acOBUX TPEHIIB MOKA3HUKIB 1 Ta-
paMeTpiB 3aKOHIB iX PO3MOALTY; pPO3PaxyHOK
3HA4YeHb TOKA3HWKIB 3 33JaHOI0 3a0e3redeHi-
CTIO, BHECCHHS MPOMO3MIIN MO0 YIOCKOHA-
JICHHS BITUA3HIHUX METOIUK OLIHKU SIKOCTI BOJI
i HOpMYBaHHSI CKHIIB 3a0pYyJHIOIOUHX PEUOBHH
Bi/IMTOBIZTHO BUMOT HOpM KpaiH €C; BUKOHAHHS
NPUKIIA/IIB PO3PaxXyHKIiB.

Hayxoea nosuszna NOCHiKEHHS TIOJISATAE
B MPOTIO3UIIii BUKOPUCTAHHS 3HAY€Hb MOKA3HH-
KiB SIKOCTi BOJAHU 3 33JaHOI0 3a0€3MEUCHICTIO SIK
(hOoHOBHUX PU HOPMYBaHHI CKUIB 3a0pyTHIOK0-
YMX PEUOBHH 13 CTIYHUMU BOIAMHU.

Mamepianu ma memoou 00cnioicenns

Ouyinxa axocmi 600. OLIIHIOBAHHSA SIKOCTI
BOJIM 3TiHO AupeKTUB €C 3MiCHIOETHCSI METO-
JIOM JieTanbHOro aHanizy. CyTHICTh BOTO Me-
TOJly TIOJISITaE Y TOPIBHAHHI (aKTHYHHUX 3HA-
YeHb KOJKHOTO MOKa3HHWKA SIKOCTI BOAM i3 Bif-
NOBIJIHUIM HOPMaTHBHHM 3Ha4eHHsM. [lokaz-
HUKH SKOCTI BOAM MOXYTb OyTH PO3MiIpHHMH
abo 6e3po3mipHUMH. [0 pO3MIpHUX HalleXaTh,
30KpeMa, KOHLIEHTpAIii OKpPEeMHUX PEYOBHH, Ta-
kux sk Hitput-ionn (NO2), docdar-ionn
(PO4*), ionn mapraunmo (Mn?") Tomo, mo Bu-
pakaloTheA Y MiJirpaMax Ha JeHuMeTp KyOiu-
Huit (Mr/am®). Be3po3mipHEMHU € CIiBBiJTHO-
IICHHS KOHIEHTpAIllil 10HIB y €KBiBaJeHTaXx,
Hanpuknaz, Harpito (rNa*) i marniro (rMg?) 3
kanbiiem (rCa%"), ski nosHauaroThcs Koedirie-
HTaMH Kna 1 Kmg Ta BUKOPHCTOBYFOTHCS JUTS Xa-
PAKTEPUCTUKU 3JATHOCTI IpUTaliiiHUX BOJ
CHPUYMHSATH HATPi€BE YW MarHi€Be OCOJIOHILIIO-
BaHHs IpyHTIB [15-17]. Kpim TOTrO0, MOKa3zHUK
W, SIKMA BU3HAYAETHCS SIK CyMa BiJIHOIIIEHb 3Ha-
YeHb TIOKAa3HUKIB i3 OJIHAKOBOK JIIMIiTYHOUOIO
o3Hakoro mmikiamuBocti (JIOL) no ix HopmarH-
BiB, 3aCTOCOBYETHCS ISl KUIBKICHOI OIIHKH
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BMICTY PEYOBHH, III0 MAIOTh €()EKT CyMapHOi il
[18].

YMOBHM BIiJIIIOBIIHOCTI BUMOTaM HOPM
MaroTh Buriig [ 19]:

C; < H;.

(M
2

ne C;— 3Ha4YeHHs i-0ro MOKa3HUKa (KOH-
LEHTpAllisl peYOBUHHM); H; — HOPMATHB i-OTO I10-
Ka3HHKA.

3rajaHi ipuraiiifHi BAMOTH HACTYITHI:

kyg = rNa't/rCa?* < 1,0; (3)
kug = rMg** /(rCa** + rMg**) < 0,50 (4)
abo kyg = rMg**/rCa®* <1,0.  (5)
Bumora (4), 3anpornionoana Szabolch 1.
ta Darab K. [17], HaOyna mmpokoro npakTud-
HOTO 3aCTOCYBAHHS, OJIHAK JIETKO MOXe OyTh
TpanchopmoBana y Bupa3s (5). Ha gymky aBro-
piB maHorO AOCIHiIKEHHA, came dopmyna (5) €
O1ITBIII 3pyYHOIO [Tl BUKOPUCTAHHS Ta 1HTEpII-
peTartii, OCKITbKH BOHA BioOpa’kae OYCBHIHE
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CIIBBITHOMIEHHS: Y CKIAQJi IpWUTamiiHAX BOJ
KOHIICHTpAIlisl 10HIB MarHit0, BUpaXKeHa B CKBi-
BaJICHTAX, HE MOBHHHA MTEPEBUIIYBATH KOHIICH-
TpaIlito 10HiB KaJIBIIIfO.

O1iHIOBaHHS SKOCTI BOJU 3a TICBHUM pe-
TPOCIIEKTUBHUH MEPioJ Ha neputomy emani 0-
csarHeHHs nobporo crany MIIB BignoBimHO 10
BPJI i nupektuB [2—4] 3miHCHIOETBCS IUISIXOM
BU3HAYCHHSI KiJIbKOCTI BUITAJIKIB MIEPEBUIIICHHS
HopMatuBiB (H) 11t KOKHOTO TTOKa3HuKa. I1pu
BHKOPHCTaHHI CTAaTHCTUYHUX METOIIB IOCIIi-
JOKEHHSI TOBOPSITH MpPO IMOBIPHICTH TEPEBH-
meHHs (3abesmeuenicts) H. SIKicTh BOIU BBa-
JKAEThCS TAKOIO, 10 BiATIOBia€ HOPMaM, SKIIO
3abe3nedyeHicTh H He Oibllle BCTAHOBICHOTO
oOMexeHHs F 3a aHamizoBaHMiA epio.

Ob6mexenHs1 F Mmoxxe HaOyBaTy 3HAYEHHS
10% (3a caniTapHMH HOpMamu) abo 5% (3a pu-
6orocriogapcbkumu) [2—4]. SIko BHKOPHCTO-
BYETBHCSI yMOBa He TiepeBuIieHHs H, To F mori-
mpHO TipudHATH 2,5% (nuB. Bumie). Lls ymoBa
MoOKe OyTH 111 OB sx0pcTKOI0 — 0,15%, Opie-
HTYIOYKCh Ha TIPABUIIO HE JIBOX, & «TPHOX CUTMY.
O1iHIOBaHHSA SIKOCTI BOIU BIIMOBIIHO 10 BUMOT
€C Moxe OyTH BHKOHAHO 332 YMOBH BHKOpHC-
TaHHS 3HaYCHb TIOKA3HUKIB 13 3a0e3neueHicTio F
(Ce) [18, 19]: sikiio Cr He Gunbine H, TO pU3UK
fioro nepeswuIieHHs Oy e He Oibie 3a F.

Y YUHHMX BITYU3HSHUX HOPMATUBHUX
JIOKyMEHTaX Io/ai0He OOMEXEHHS BiJICYyTHE —
HaWyYacTile OLIHIOBAaHHS 3I1HACHIOETHCA 3a Ce-
penHimMu 3HaYeHHSAMH TOKa3HUKIB (Ccgp). On-
HaK y IIbOMY BHITaJIKy, HaBiTh 33 BUKOHAHHS;
ymoB (1)1 (2), pusuk nepeBuieHus H MOXe J10-
caratu 50%, skmo Cegp HaOMMKAOTHCA 10 H
Ta 30irar0ThCS 3 HUAM.

YacoBa MIHIHBICTh IOKa3HUKIB MOXKE
MIPOSIBIISITH CTIMKY TEHNIEHII0 (TpeHM) K y OiK
3HWKEHHSI, Tak 1y Oik migBuieHHs. BHacimok
ILOT0 OIIHKA SIKOCTI BOJM, BUKOHAHA HA OCHOBI
JTAHUX MUHYJIHX TIEPiOJIiB, HE 3aBXK/IU € peJicBa-
HTHOIO JUIs MaHOyTHBOTO CTaHy BOIHOI'O
00’exta. Tomy anst 3a0e3nedeHHs JOCTOBIpPHO-
CTI pe3yibTaTiB y MalOyTHROMY HEOOXiTHO
3MIMCHIOBATA TPOTHO3YBAHHS 3HAYEHb ITOKA3-
HUKIB SIKOCTI BOJIU 3 ypaxyBaHHSIM iX 4aCOBHX
TPEHAIB.

IIpoenos sxocmi 800. IIporno3oBane 3Ha-
YeHHS TTIOKa3HHUKA SIKOCTI BOAW Y MOMEHT Yacy |
3 3a0e3mnedeHicTio F npu yacoBoMy TpeH[ii Mo-
YKHA BU3HAUUTH 32 hopmyoro (6) [20, 21]

Crij = a; ~exp(jb;) -

LOGNORMINV(1-F; 0; Gyry),  (6)
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ne Cry — 3HaYeHHS i-TO TOKa3HUKA SIKOCTI
BOJIM 3a0e3MeueHicTIo F B MOMEHT vacy |;

a; i b; — mapamerpu JiHii TpeHIy i-TO TO-
Ka3HUKa;

J — MOMEHT 4acy (aara, abo MopsIIKOBUI
HOMEp MICSIISI IPU IOMICSYHUX CIIOCTEPEIKECH-
HAX);

LOGNORMINV() — onepartop B Tadamy-
HOMY penakTopi Excel;

F — 3a0e3medeHicTh 3HAYEHHS IIOKa3-
HHKAQ;

0 i Gur — mapaMeTpH JIOTHOPMAJILHOTO
3aKOHY PO3IOALTY TTOKa3HUKA SKOCTI BOAH, TIPH
YMOBI, 10 HOTO 3HAYEHHSI HOPMOBaHi 10 JiHil
eKCIOHEeHIianpHoro TpeHy [18, 19].

Omnepatop LOGNORMINV() 3a imoBip-
uictio (P) i mapameTpamu posmominy (u, o) mo-
BEpTa€ 3HAYCHHS X BUITAIKOBOi BEIMYUHHU X,
iMOBIipHicTh sIKOTO AopiBHIOE P. Teopernuny
(hopMyITy ISl TOTHOPMAIBHOTO PO3TOILTY MO-
KHA 3aIUCaTH y HACTYITHOMY BUIJISII

(Int-pw)?
202

PX<x)=[

0 dt. (7)

1
tovam

[Ipu cnabkomy dacoBomy TpeHOi abo
HOro BiZICYTHOCTI 3HAa4eHHS MOKa3HUKa 3a0e3-
neueHictio F y MuHynomy i MailOyTHOMY MO-
JKHA BBaKaTH IIOCTIHHHM (HE3aJeXKHUM BiJ
4acy), BOHO MOe OyTH po3paxoBaHO 3a HACTY-
HOI0 hopmyioro [20, 21]

v

Cr; = LOGNORMINV(1-F; C;; Gy), (8)
ne C;i G, — napaMeTpH JIOrHOPMAJIbHOTO
PO3MOINY i-I'0 TIOKA3HUKA.

[MapameTpamu JIOTHOPMATIBLHOTO 3aKOHY
posmoziny mokasuuka skocti Boau Ci i G € Biz-
MIOBITHO CEPENHE 1 CepelHbOKBAAPATHIHE BiJI-
XUJICHHS OT0 JIorapu()MOBaHUX 3HAYCHb.

Iandopmartist mpo mapameTpu 3aKOHY PO3-
MIOLTY TIOKa3HUKA SKOCTI BOJIU JIO3BOJISIE BUKO-
HYBAaTH OLIHKY SIKOCTI BOJH BiANOBIHO BUMOT
HOPM JIBOMa CIOCOOaMHU: 3a CHIBBITHOIICH-
Hsmi (1) 1 (2) 3 Bukopucranasm Cr, a TAKOXK 32
HMOBIpHICTIO NepeBUILEHHS (3a0€3MeUeHiCTIO)
HOPMATUBY, SIKy MOKHa Ha3BaTH PU3UKOM IO-
ripmienns skocti Boau (Ry) 3a nesikuM mokas-
HukoM [21]. Ilpn wacoBoMy TpeHZl MOKa3HUKA
Ry po3paxoByeThcs 3a popmynoro (9), a mpu Bi-
acytrocTi Tperay — (10) [21]:

Ryij = 1-LOGNORMDIST(H;/(a; * exp (j *
bi)); 0; Gyra), 9)
Ry; = 1-LOGNORMDIST(H; C; G;), (10)
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ne: Ry — pU3HK TTOTIPIICHHS STKOCTI BOIIH 32
i-M IIOKa3HUKOM; [{; — HOpMAaTuB i-r0 IIOKa3-
HUKA.
IIpu Ry Giaemn F stkocTi BOIW HE Bimmmo-
BiJla€c BUMOTaM HOPM, y MPOTHJICKHOMY BHUIa-
JIKY — BiJITIOBia€

Ry; <F. (11)

Hopmyeanuns sixkocmi 8od. Y crarri 4 Di-
rective 2008/105/EC 3a3nauaethesi, 1o (I-
taTa) «1. Member States may designate mixing
zones adjacent to points of discharge. Concen-
trations of one or more substances listed in Part
A of Annex | may exceed the relevant EQS
within such mixing zones if they do not affect the
compliance of the rest of the body of surface wa-
ter with those standards» (kiHenp umTaTn).
To6Tto, kpainu-unenn €C MOXyTh caMi BU3Ha-
YaTH 30HW 3MINIyBaHHS, TPWIETI O TOYOK
CKHJTy CTIYHUX BOJ. Y ITMX 30HAX KOHIICHTpAIlil
pedoBuH, nepemidyeHnx B yacTuHi A Jlogatky [
Directive 2008/105/EC, MOXyTh MepeBHIILY-
BaTH HOPMAaTUBH. BoHM MOBHHHI OyTH BKITIOYE-
HumH B anu [TYPB, po3po6iieni 3rigHo crarTi
13 BPl, y momanpmomy kpainn €C moBUHHI
CKOpOYYBaTH IIi 30HU. TakuM YUHOM, 3TiJTHO
Directive 2008/105/EC mpumyckaeTscsi mepe-
BUILCHHS HOPMATUBIB 3a0pyIHIOIOYHX pPEdo-
BUH B CTIYHUX BOJIaX IPH JOCATHEHHS 100pOTro
ctany MIIB. 3meHIIeHHS aHTPOIIOT€HHOTO Ha-
BaHTa)KECHHS BUKOHYETHCS TIOCTYIIOBO.

[Tin gac ckuaiB 3a0pyAHIOIOYHX PEIOBUH
(3P) i3 cTiuHMMEU BOIaMU y BOZIHI 00’ €KTH Pi3-
HOT'O IPH3HAYEHHS SAKICTh BOAN Y KOHTPOJIBHUX
CTBOpax TAaKOXX MOBMHHA BiJIIIOBIIaTH BUMOTaM
BP/I. Onmnak icHyr04i METOUYHI peKOMeH Iallii
[22, 23] mo/10 po3paxyHKy rpaHHYHO JAOITYCTH-
mux ckuniB (I'JIC) 3P He 103BOIISIIOTH MEpeBi-
PUTH BHUKOHAHHS IIMX YMOB 4epe3 BiJICYTHICTh
BiJIOMOCTEH PO IMOBIpHICHI XapaKTEePUCTUKU
(OHOBUX 3HAYCHb IOKA3HUKIB SIKOCTI BOJH.
3rigHo 3 [22], 3a hOoHOBE MPUIAMAETHCS BEPXHS
Mexa 95% noBipyoro iHTEpBaly IMOBIPHHX CE-
pelnHiX 3Ha4YeHb MOKa3HMKAa 3a HaHripmi 3 To-
YKH 30pYy SKOCTI TApoxiMiyHi abo TiapooriuHi
Ce30HM poky. JlaHy mpoOiieMy MOXKHa BHUDi-
IINTH, SKIIO 32 POHOBI OpaTh 3HAYCHHS TOKa3-
HUKIB 3a0e3neuenictio F. Y mpomy Bumaaky

pospaxynok I'JIC 3P mo3Bosie BH3SHAUNTH Take
3HAYCHHS KOHIIEHTpAIii PEYOBUHU B CTIYHHX
Bonax (Cryc), mpu KoMy 3a0€3MeueHiCTh (pH-
3K TIEPEBUIICHHS) H 32 KOXHUM IMOKa3HHUKOM
SIKOCTI BOAM Y KOHTPOJIIEHOMY CTBOpi y MaiOy-
THROMY Oyze He Oinpmie F (3a yMOBH MOCTIi-
Horo ckuay 3P y waci), OCKUIBKH TOaBaHHS
KOHCTAaHTH A0 BHUIAIKOBOI BEJTMYUHH HE 3Mi-
HIO€ ii Bapianii. Y pa3i HaSBHOCTI YaCOBHX Tpe-
HJIiB MOKa3HUKIB SKOCTI BOJM 3HAYCHHS (POHO-
BUX XapaKTEPUCTUK MOXYTh OYTH TPOTHO30-
BaHi 3a (hopmyiioro (6).

Takum uynmHOM, (OpMydy pO3paxyHKY
IPaHUYHO AOMYCTHMOI JUIS CKUAY KOHLIEHTpa-
11ii KOHCEpBATUBHOI PEYOBHHH B CTIYHHX BOJAX
(Cirzie) [23] y BoaHI 00’ €KTH MOYKHA 3aITHCATH Y
HacTynmHOMY BT (12)

Cirgc =n- (Hi-Cip) + Cip,  (12)

Jie N — KpaTHICTh po30aBIeHHS CTIYHUX
BOJl Y KOHTPOJILHOMY CTBODI;

Cir — 3HAYEHHSI TIOKAa3HUKA 3a0e3MeycHi-
ctio F, mpuiiasTe sk poHOBeE.

Jlns Tpynu KOHCEPBATUBHHUX PEYOBUH 3
eexroM cymapHoi il [24] dopmyna po3paxy-
HKY TPaHUYHO JIOMYyCTUMOTO JJISi CKHIy 3Ha-
YEHHS MMOKa3HWKA B CTIYHHUX BoJax Oy/e 3amm-
cana Tak (13)

Yrgc=n-(1-¥) + ¥, (13)
ne ¥Yrpe — TPAHUYHO JIOMYCTUME JUIS
CKUJ1y 3HAUCHHS MoKa3HUKa ¥y CTIYHHUX BOJIAX;

1 — HopMaTuB noka3HukKa ¥,

¥YF — 3Ha4YCHHS NOKa3HUKa ¥ 3a0e3mede-
HicTio F, ipuifHaTe 5K hOHOBE.

3Ha4yeHHs MOKa3HUKA ¥ 32 KOXKEH CTPOK
CIIOCTEPEKEHb PO3PaXOBYETHCA 32 (HOPMYIIO0
(2), moTim (sIK ¥ 1HIIUX TTOKA3HUKIB) JOCIIKY-
€THCS YaCOBA MIHJIMBICTh 3 BU3HAYCHHSAM YCiX
HEOOXIJTHUX XapaKTePUCTUK.

®opmyiu (12) 1 (13) 103BONSAIOTH po3pa-
XYBaTW Taki 3HAYEHHS TMOKA3HUKIB y CTIYHUX
Bozax, npu skux B KC y MailOyTHbOMY BHKO-
HyBaTHMeThCs Bumora (11).

Pezynomamu docnidricennsn

Y mocnmigKeHHI BHUKOPUCTAHO pPe3YJib-
TaTH CIOCTEpeX eHb baceifHOBOro yrpaBmiHHS
BOJHUMH pecypcaMu Ha piukax: JyHait (M. Ki-
Jis MATHUNA BOJ03a0ip) 3a mepiox 2015-2025
pp.; Auictep (c. binsiBka) 3a peTpoCTIEKTHBHIIMA
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nepiox 2001-2017 pokiB (Ha *aJib, OTPUMATH
J1aHi 3a HEOOXITHUMHU NTOKa3HUKamu miciist 2017
poxy He Baanocsi). OmHaK, 3 OTJIATy Ha METY Ja-
HOTO JOCJIKEHHS: MPOIO3HMIIis IIAXY BIOC-
KOHAJICHHS BITYM3HIHOT METOIMKU PO3PAXyHKY
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I'’JIC peuoBHH i3 CTIYHUMH BOJAMHM TS 3a0€3-
nmeueHns sumor BP/] 1 uranis ITYPh nipu nocs-
rHeHHi ooporo crany MIIB B KC B maifOyT-
HBOMY — LieH psifi TeX MOXHA BUKOPHUCTOBYBATH
JUTSL IEMOHCTpaIlii OOTpyHTOBaHOCTI pO3poo-
JIFOBaHMUX MPOTIO3HITIH.

AHaii3 9acoBoi MIHJIMBOCTI IPOBEICHO
3a TiAPOXIMIYHMMH, TPYNOBUMH Ta ipHTrarii-
HUMH TIOKa3HUKaMHU. Y CTaTTi HAaBOISTHCS OK-
peMmi pe3ysIbTaTH JOCIIKCHb, IO MiATBEPIKY-
I0Th TPOTO3HILIiT aBTOPIB.

Ouyinka i npoeno3s saxocmi 600 pivok Jy-
Hau i Jlnicmep. PesynmpTat OOpOOKM NaHHX
cnoctepekeHb Ha JlyHai momimeni B Tabm. 1. Y
TaOIuMIll HaBeneHa iH(oOpMalis mpo 3HAYCHHS
MOKa3HUKIB: cepenHi, 3abe3nedenictio F= 10%,
5%, 2,5% Tta mporuosHi Ha gaty 31.12.2026 p.

Cepenniit BMict dochar-ionis (PO.>)
(Ccer=0,22 mr/am®) y Bopax JlyHaro IpoTarom
nepioay crocrepeskers (2015-2023 pp.) He 1e-
pEeBUIIYBaB PpUOOTOCIIONAPCHKUN HOPMATHB
(H=1,2 mr/am®) (tabm. 1). Ha puc. 1 nHopmaru-
BHE 3HAUCHHS IMOKAa3HWKA 3HAXOAWTHCS 1032

rpagikoM. 3mHauenHs PO;*3a6esneueHnicTio
10%, 5% 1 2,5% ©0e3 BpaxyBaHHS TpPEHAY
(C+=0,38, 0,46 i 0,54 mr/am®) Ta pu ioro Bpa-
xysanHi (Cr=0,48, 0,57 1 0,66 mMr/nm®), a Takox
MIPOTHO3HI 3HAYCHHS (BUIUICHO HAITIBXKHPHUM
mpudToM B TabI. 1) TeX HE IEPEBUIYIOTH HO-
pMatuB. Lle cBiZUnThH TIPO Te, IO €BPONEHCHKI
BHMOTH IIOJI0 IIHOTO MOKa3HUKA B MUHYJIOMY 1
y MailOyTHbOMY BHKOHYIOTBCS. AJle, 10 KiHIS
2030 poky (mporunosna gara 31.12.2030) npu
30epekeHH] TeHACHII] (mapaMeTpu TPeHay Mo-
MilieHi Ha puc. 1) 3HadeHHs nokasHuka Cz 5 10-
carne 1,17 mr/mm3, To6TO, IpakTUUHO Gye 10-
piBHIOBaTH HOpMaTtuBy. 3Bincu, micias 2030
POKYy BHMOTa HACTYITHHX €TamiB IOCSATHEHHS
nobporo crany MIIB sriqao BP/] i IIYPh —
«BIICYTHICTD TIEPEBHUIIICHh HOPMATHUBY», MOXKE
OyTn mopymeHoi. ¥ TakoMy BHUIIQAKY CKHIU
CTIYHHX BOJ, IO MICTATh (pocdaT-ioHU 3 KOH-
LIEHTPAIII€I0 BHUIIIE HOPMATHBY, HEOOXiTHO Oy1e
3a00pOHUTH, 1 MPUHHATH MIPU 1O 3HIKEHHIO
noTparuisHas (hocdar-ioHIB Bl 30CEPEIKEHUX
i Iudy3HUX HKEped.

Taoauna 1
IMoka3uukn sikocti Boa piuku JyHaii Ta iX XapaKTepHCTUKH
Table 1
Water quality indicators for the Danube River and their characteristics
2015-2023 (PO4*) Ccep Cuwo Cs Cas Cionp Csnp Casnp
¢ | -1619 0379 | 0456 | 0535 | - . .
G 0,5069
c 0 0,224
HT
Corr 0.4206 0,481 0,571 0,662 0,615 0,729 0,846
2015-2024 (NO2) Ccep Cuwo Cs Cas Cionp Csnp Casnp
C -3,169
G 0.6571 0,0504 | 0,098 0,124 0,152 - - -
2015-2024 (NO3) Ccep Cuo Cs Cas Cionrp Cosnp Cosnp
B 1,334
c 0.5922 4,51 8,10 10,1 12,1 - - -
0.60
- P {5 4
g 050 v=1,049%10""exp(2,237%10°x) q__ ==
5
s | SSsse=c
? = —— ]
& 5 A - & - 5 o o Al -5
ﬂ},\ F};} "f"\ ﬁf_,\“' nj;b\‘ N & N N & <~
5 o o o o o 5 5 \- 5 5
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Puc. 1 — Xporonoriuna mimnusicts nokasuuka PO (p. Jdynaii, M. Kiis)

Fig. 1 — Chronological variability of the PO,*indicator (Danube River, Kilia)
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Bwicr mitput-ionis (NO;") Ta HiTpaT-io-
HiB (NO3) y Bogax /lyHaro B cepeHbOMY He
MIEPEBUIIyBaB PHUOOTOCIOAPCHKI HOPMAaTHBU
(H=0,08 mr/am® ta 40 mr/om3). Lli mokazHUKH
HE MarTh 4acoBOTo TpeHay (puc. 2 i 3). Aue,
BMicT NO; y Bonmax JlyHaro He BiJllIOBia€e BU-
moram BPJ| ma mepmomy erami ITYPb: yci
Cr=0,098,0,12 i 0,15 mr/nm® Ginblue HOpMa-
THUBY.

Cran Bop /lynaro 3a BMiCTOM HiTpaT-io-
HIB BITHOCHUTBCS 0 «100poro» (Tadm. 1).

[Tporsirom mepioxy CIOCTEpPEKEHb KOH-
neHrpaiis Mn?* y Bomax Jlnictpa (Tabum. 2) 3a-
6esneuenictio 10%, 5% Ta 2,5% 06e3 ypaxy-
BaHHs TpeHy y 4aci ctanouna — 0,073, 0,088
ta 1,03 mr/nm®. Lle Bignosinae Bumoram BP]T i
[TYPB Ha nepuiomy ertari JOCATHEHHs A0OpOTro
crany MIIB: Cio i Cs He Oinbllle HOPMATHBY
(0,1 mr/nm®). Ane Ha ApyrMx eTamax JoCsT-
HeHHs go0poro crany ymoBu BPJI i [TYPB ne
BHKOHYIOTECA, OCKiIbkn Co5= 1,03 mr/am® 6i-
JbIIe HOPMATHUBY.

013
H 0,10
= Lt A
"xﬂ ﬂ
£ 0,05 ahladses
= ‘M .
i
0.00
& G A & 5 ) ~ " ~ tn &
S A G I G G S
@ @ @ @ @
a a Qv R > Qo N Qv o N Q>
Puc. 2 — Xponosoriuna minnusicts nokazuuka NOy™ (p. dynait, m. Kinis)
Fig. 2 — Chronological variability of the NO2~ indicator (Danube River, Kilia)
200
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Puc. 3 — Xponosoriuna mMinnusicts nokaszunka NO3z™ (p. dynait, m. Kinis)

Fig. 3 — ChronologicalvariabilityoftheNOsindicator (DanubeRiver, Kilia)

Konuentpanis mapranmto y Bogax Jnic-
Tpa Ma€ HeraTUBHHHI TpeHN y 4aci (puc. 4). [Ipu
Horo BpaxyBaHHI ITPOTHO3HI 3HAYEHHS TOKa3-
HUKIB Cr7p Uepe3 ABa POKH MicCHsl 3aBEPIICHHS
crioctepekeHb (MoMeHT yacy 204) cTaHOBIIATH
0,047, 0,055 ta 0,065 mr/am®, a MPOrHO3HUI
PU3HK TMOTipImeHHs skocTi Boau (Rup) A0piB-
Hroe 0,2%. CraH Boj 3a IIMM ITOKa3HUKOM —
«100puit».

~100 ~

VY Bogax JlHicTpa BMICT HaTpito, HITpH-
TiB, alIOMiHi0, GTOpPHIIB Ta MOMiOAEHyY, LI0
BiJTHOCSITBCS JIO TPYITH CaHITAPHO-TOKCHKOIOTi-
YHHUX PEYOBHUH 13 epeKTOM CyMapHOi Aii, Bixmo-
BinaB Bumoram BP/[ i [TYPB: 3HaueHHs mokas-
HUKa iX cymMapHOTro BIUTUBY ¥crr 3a0e3medeHi-
ctio 10%, 5% ta 2,5% cranoBuiu (Tadm. 2, puc.
5) 0,76, 0,82 Ta 0,90, 1110 MEHIIIC 32 HOPMATHUBHE
3HauenHs 1,00.
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Taoaunsa 2
Ioxa3nuku ssxocti Boa piuku HicTep
Table 2
Waterquality indicators for the Dniester River
2001-2017 (Mn?*) | Ccer Cuwo Cs Cas Cionp Csirp Cosnp
¢ =3,273 0,0729 | 0,0877 1,03 - - -
G 0,5109
G 0 0,0438
HT
Corr 04795 0,0521 | 0,0620 | 0,0722 | 0,0466 | 0,0555 | 0,0652
2001-2017 (Ycr) Ccep Cio Cs Cas Caonp Csnp Casnp
C -0,5913
G 0.2418 0,570 0,755 0,824 0,899 - - -
2001-2017 (kmg) Ccer Cio Cs Cas Caonp Csnp Casnp
) -0,5251
G 0.4447 0,651 1,05 1,23 1,41 - - -
0,12
" 0.1 l
= h r [ v =0,06485exp(-0,004652x)
= 0,08 \
é 0.06
§0:04 __.W.m—._n K. T VR e
0,02 J o
0
48 60 72 84 96 108 120 132 144 156 168 180 192 204

Puc. 4 — XpoHooriyHa MiHIUBICTE KOHIIEHTpAIil MapraHio (p. JHicTep, M. binsiBka)

Fig. 4 — Chronological variability of the manganese concentration (Dniester River, Bilyayivka)
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Puc. 5 — Xponosoriuna MinnuBicTs nokasuuka Yer (p. Juicrep, M. binsiBka)

Fig. 5 — Chronological variability of the ¥¢r indicator (Dniester River, Bilyayivka)

3a MOKa3HUKOM MarHi€BOTO OCOJIOHIIIO-
BaHHs Kmg (puc. 6) sikicTb Box JlHicTpa He Bij-
nosigae Bumoram BPJI: yci 3HayeHHs mokasz-
HUKa PO3TJIIHYTOI 3a0€3MeYeHOCTi epeBHIILY-
10Tb HOpMaTHB (1,0).

Hopmyeannsa sxocmi 600 piuok Hynau i
Luicmep 3a Odesxumu nokasuuxamvu. Ilpukman
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PO3paxyHKy TPaHHYHO JIOMYCTUMHX JUIS CKHIY
3HAYEHb PO3IJISTHYTUX TIOKA3HUKIB SKOCTI BOJHU Y
CTIYHMX BOJIaX TPUBECHUH B Ta0On. 3. 3HaueHHS
nokasHuKiB sikocTi Bou (NO2 -, NOs™, Perta Kwg)
(Tabur. 3) 3abe3neueHicTio F, mpuitHATI Sk YOHOBI,
po3paxoBadi 3a popmyoro (7). Lel miaxin € go-
ITyCTUMFM 32 BIZICYTHOCTI a00 HAsIBHOCTI CJTA0KO-
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Puc. 6 — XpoHosnoridHa MiHIMBICTh MOKa3HuKa Kyvg (p. JHictep, M. Binsika)
Fig. 6 — Chronological variability of the kg indicator (Dniester River, Bilyayivka)
Taoauna 3
Po3paxyHOK rpaHM4HO JONYCTUMUX JISl CKHAY 3Ha4YeHb IOKA3HUKIB y CTIYHMX BOJAX
Table 3
Calculation of maximum permissible values for wastewater discharge
p- Aynaii, m. Kinis
Danube River, Kilia
IMoka3uuk Cuo Cs C25

Indicator H Ccep (don) (dom) (don) Cracwo | Cracs | Craczs Cric

PO 1,20 0,224 0,615 0,729 0,846 2,96 2,61 2,26 4,13

NOy 0,08 | 0,0504 | 0,098 0,124 0,152 0,08 0,08 0,08 0,169

NOs~ 40 4,51 8,10 10,1 12,1 136 130 124 146

p. Anicrep, M. binsgiBka
Dniester River, Bilyayivka

Mn? 0,10 | 0,0438 | 0,0466 | 0,0555 | 0,0652 | 0,260 | 0,234 | 0,204 | 0,269

Yer 1,00 0,570 0,755 0,824 0,899 1,74 1,53 1,30 2,29

Knmg 1,00 0,651 1,05 1,23 1,41 1,00 1,00 1,00 2,05

ro TpeHay. Bin Takox oO0rpyHTOBaHUH y pa3i He-
TaTUBHOTO TPEH.Y, OCKiNbKU po3paxyHok I'JIC B
IbOMY BHIIaJKy Oyze 3aHIKEHHM, IPOTE B KO-
POTKOCTPOKOBIH mepcrieKTBi BuMoru HopMm €C
3IMIIATUMYThCS BUKOHAHUMU. Y pa3i MO3UTH-
BHOT'O YaCOBOT'O TPEHAY PO3paxyHOK 3HaueHb Cr
CcItij 3aiMcHIOBaTH 3a (hopmyJioo (6).

JJis ToCTyMmoOBOTO JIOCSTHEHHST JI0OPOTro
crany MIIB 3rizno BP/] ta IIYPB y criuaux
BOJIaxX, IO CKMOarThes B JlyHaii: Bmict POs*
MoskHa rpuiinaty 3,0, 2,6 ta 2,3 mr/am® (Tab.
3); BMicCT HITpHTiB — He Oinbire Hopmatusy 0,08
Mr/nam3, ockinbku yei Cr IEPEBUIITYIOTH HOpMa-
THB; BMicT HiTpatis — 136, 130 Ta 124 mr/mv°,

VY CTiYHHMX BOJaXx, IO CKUAAIOTHCS B HU-
Hil yactuni JlnicTpa: KoHuenTpauis Mn?* no-
BuHHa Oytm He Outbm — 0,26, 0,23 ta 0,20
MI/1aMS3; CITiBBIIHOIIEHHS MATrHiIO 3 KaJIbLIEM HE
MOBHHHO TEPEBUIYBaTH ipUraiiiHuii Hopma-
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tuB (1,0), ockinbku yci Kmge y hoHOBOMY CTBOpI
MIEPEBUIYIOTH Horo (Tabi. 3); 3HaUeHHS MOKa-
3amuka ¥Ycr nopiBHoBatume — 1,7, 1,5 Ta 1,3.

Ha puc. 71 8 mokazaHo XpoHOJIOT19HA Mi-
HJIMBICTPH 1 PO3IOJIIT 3HAYEHH MMOKA3HUKA Mn2*
3a mepiof] CrocTepexeHb y (OHOBOMY CTBOpI
JlHicTpa 1 o4iKyBaHa IXHS 3MiHA y KOHTPOJIb-
HOMY CTBOpI IICJIS CKUAY CTIYHHUX BOJI, IO Mi-
CTSATh MapraHenb 3 KoHueHrpauiero Cryc
(0,18 mr/nm®). TlocTiiiHe MiABUIIEHHS KOHLCH-
tpauii Mn?* y KC miciis cKuy CTiqHMX BOJ IpH
po3paxoBaHoMy B HUX 3HaueHHi Cryc Oyne no-
piBHIOBaTM  pi3HMLI  MDK  HOPMAaTUBOM
(0,1 mr/mm®) i Cio (0,073 mr/am®) (Tabu. 2) (na
puc. 7 1 8 3a3HaueHHU APIOHOIO MYHKTHPHOIO
niHiero) T0670 0,027 Mr/ome. V LIbOMY BHUIAJIKY
pusuk nepesuiieHast HopMaTtuBy (RH) B KC no-
piBHIOBaTuME 8,3%, 1110 BIATIOBigAE PoO3paxyH-
KoBOT yMOBi (<10%).
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Konuentpaus, mriam?

Puc. 7 — XpoHosnoriyaa MiHIMBicTh nokasHuka Mn?* y oHOBOMY CTBOPI i y KOHTPOJIBLHOMY
Tmicis ckupy ctivaux Box (p. Juictep, M. binsiBka)

Fig. 7 — Chronological variability of Mn?* concentration in the background section and in the control section
after wastewater discharge (Dniester River, Bilyayivka)
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Puc. 8 — Posnozin noxasauka Mn?* y ¢onoBomy cTBOpi i y koHTpoasHOMY (p. JuicTep, M. Binsipka)
Fig. 8 — Distribution of Mn?* in the background section and in the control section (Dniester River, Bilyayivka)

[Ipu HOpMmyBarHi ckumy Mn?*y pidky
Huictep (M. binsiBka) 3 ypaxyBaHHAM daco-
BOTO TpeHAy 3HaueHHS mokasHuka (Ciomp) ¥
MPOrHO3HUH MOMEHT Yacy (204) 3a opmyiioro

(6) cranosutume 0,47 mr/mm®, Cryc mopiBHIO-
Batume 0,26 mr/am®, 6e3 BpaxyBaHHS 4aCOBOTO
tpenny — Cryc=0,18 mr/nm®, ne Ha 33% meHm
Hix 0,26 mr/nve.

Bucnoexu

Jl1st IOCTYMOBOTO JIOCSATHEHHS J00pOro
crany MIIB BignosigHo sumor BP/] Ha movat-
koBoMmy etani [TYPB npu pospaxynkax I'/IC 3a-
OpyJHIOIOYHUX DPEYOBHMH 13 CTIYHHMH BOJAMHU
(hOHOBUMU JIOIIBHO TpUAMATH 3HAYEHHS I10-
Ka3HUKIB sKOCTi Boja Cr 3abe3meuenictio F =
10%, 5% Ta 2,5%. 3nauenHs Co5 IpUMUMarOThCA
32 YMOBH BiJICYTHOCTI NEPEBUIICHh HOPMATH-
BiB Ha 3aBepIIAJbHIX €Tarax JOCSITHEHHS J100-
poro crany MIIB Bigmosinano BP/] i ITYPB.

3actocyBaHHs (POHOBHX XapaKTEPUCTUK
noka3HukiB Cr, BU3HAYCHHX 0€3 ypaxyBaHHS

4acoBOTO TPEHJY i/l 4ac HOPMYBaHHS CKHIIB
3a0pyIHIOIOYMX PEUOBHH 13 CTIYHUMHU BOJAMHU,
€ JIOMyCTHMUM 3a BiJICYTHOCTI a00 HasiBHOCTI
CI1abKOTO TPEHY, MIPH I[bOMY BUMOTH HOpM €C
OyayTb JOTpUMaHI.

VY pasi HeraTUBHOT'O TPEHY PO3PaXyHOK
I'’IC BUABUTBCS 3aHMKEHUM, IO € TPUUHSIT-
HUM 3 TOYKH 30pY OXOPOHH JTOBKLJLISA, 1 BOJTHO-
yac Hopmu €C 3anumarbcsi BUKOHAHUMHU. [1pu
IMO3UTUBHOMY 4YacOBOMY TpPEH[ HOro irHopy-
BaHHS MTPHU3BEJIEC JI0 MOPYIIEHHS €BPOTICHCHKIX
HOPM y MallOyTHOMY .

Kondghnixm inmepecie

ABTOpH 3asBIISIIOTH, 110 KOHQIIIKTY 1HTEpeciB moa0 myOiikamnii 1boro pykonucy Hemae. Kpim
TOTO, aBTOPH TOBHICTIO JIOTPUMYBAJIMCh €TUYHUX HOPM, BKJIFOUYAFOUH TUIATIAT, pabch]ikaiito TaHuX

Ta HOJBIHHY MyOTiKaIlio.

Brecox asmopis: BCi aBTOpH 3p0OUIHN PiBHUI BHECOK Y ITF0 POOOTY.
B po60Ti HE BUKOPHCTAHO PECYPC MTYIHOTO IHTCICKTY.
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ENSURING COMPLIANCE WITH THE WATER FRAMEWORK DIRECTIVE WHEN REGULAT-
ING POLLUTANT DISCHARGES INTO WASTEWATER

Purposes. Development of scientifically based proposals for taking into account the conditions of the Water
Framework Directive of the European Union and river basin management plans when calculating maximum per-
missible discharges of pollutants with wastewater using domestic methods.

Methods. Statistical, as well as methods of mathematical modelling and forecasting.

Results. According to the provisions of the Water Framework Directive and at the initial stage of river
basin management plans, the quality of water in a water body for a certain past period is considered to meet the
requirements of EU standards if the probability of exceeding (security) of the standards for each indicator does not
exceed the specified limit F. Based on this, it is proposed to carry out standardization, as well as the associated
assessment and forecasting of surface water quality using indicators with security F. This approach ensures the
coordination of domestic methods of the aforementioned calculations with the requirements of EU legislation. The
proposed provisions are tested on the example of the analysis of the temporal variability of water quality indicators
of the Danube rivers (according to observations during 2015-2024) and the Dniester (according to retrospective
observations of 2001-2017). It is shown that when using average values of indicators, the requirements of the
Water Framework Directive and river basin management plans are often not met, since the provision of these
values can significantly exceed the established restrictions on the frequency of exceedances of the maximum
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permissible concentration. To gradually achieve "good status” of surface water bodies when regulating pollutant
discharges with wastewater, it is advisable to use the values of indicators with a provision of 10%, 5% and 2.5%
as calculated (background). At the same time, in the presence of time trends of indicators, it is necessary to forecast
their values to ensure the requirements of the Water Framework Directive, especially with positive trends.

Conclusions. According to the requirements of the Water Framework Directive and river basin manage-
ment plans, in order to gradually achieve good status of surface water bodies at the initial stage, it is advisable to
take the value of F equal to 10%, 5% and 2.5%. It is advisable to standardize pollutant discharges taking into
account the time trends of indicators, since ignoring a positive trend leads to an overestimation of the calculated
values, which is unacceptable, while the presence of a negative trend, on the contrary, leads to their underestima-
tion, which is acceptable from the point of view of environmental protection.

KEYWORDS: water quality assessment, maximum permissible discharge, background characteristics,
EU directives, water quality forecast
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METOAOJOITYHI OCHOBHA CUCTEMHOI'O AHAJII3Y JETPAJAIIMHUX
IMPOLIECIB ¥ IPYHTAX BOEHHOI'O NOXO’KEHHS

Meta. OOrpyHTYBaTH METOJOJIOTIYHI OCHOBH CHCTEMHOTO aHalli3y JerpajallifHuX MpoLeciB y IpyHTax
BOEHHOTO MTOXOKCHHS Ta C(OPMYBATH IHTETPOBaHY MO/ICIb OIIHKHU iX CTaHy, AMHAMIKU i IPOTHO3YBaHHS Bijl-
HOBJICHHSL.

MeTtoan. [Toap0Bi, aTOMHO-a0COPOIIHHOT CIEKTPO(HOTOMETPIT, JUCTAHIIIIHHOTO 30HTyBaHHS, MATEMATHIHE
MO/ICTFOBaHHSI, CTATUCTHYHHUI aHajIi3 Ta CHCTEMH MallMHHOTO HaBUYaHHSI.

PesyabraTu. Ha mifcraBi cucTeMHO-€KOJIOTTYHOTO Ta reoiH(opManiiHoOro miIXo/iB, a TAKOX 1HAEKCHOT
OINIHKH JerpamalliiHuX MPOIECiB 3a JOMOMOTOI0 iHTETpaIbHUX MOKAa3HUKIB — 1HIEKCY €KOJIOTIUHOI Jerpamarii
IPYHTIB, 1HIEKCY CTPYKTYpPHO-0i0JIOTiU4HOI CTaOIIbHOCTI Ta Koe(ilieHTa BOEHHO-TEXHOTCHHOTO HaBaHTAKCHHS
JIOBEZICHO, IO AeTpajiamis IPyHTIB BOEHHOTO TIOXO/DKEHHS Ma€ KacKaJHUH XapakTep: IepBUHHI MEXaHIuHi 1momI-
KOJUKEHHS CIIPUYMHSIOTH BTOPHHHI TPOLECH — YIIUIbHEHHS, €PO3il0, 3HIKECHHS BOZOIPOHUKHOCTI, BTPATy MiK-
pOO6I0JIOTIYHOT aKTHBHOCTI Ta CTPYKTYPHOI CTiMiKOCTi. BCcTaHOBIIEHO, 10 Y 30HaX aKTHBHHUX OOWOBHUX il KOHIIE-
HTpaIii TOKCUYHHUX CJIEMEHTIB MEePEBUIIYIOTh TPAHUYHO JOMYCTHUMI 3HA4YCHHSA y 5-12 pasiB, a MikpoOiosoriuHa
AKTHBHICTBb 3MEHILYEThCs Ha 35-65 %. Po3pobneHa cicteMHa MOZIEIb 103BOIISIE 1IEHTU(IKYBaTH TEPUTOPIT 3 Hald-
BUILUM PiBHEM Jerpajaiii, MporHo3yBaTH MoJaiblili 3MiHU CTaHy IPYHTIB i (JOPMyBaTH NPIOPUTETHU JUISL PEKYJITb-
tuBariii. [Tloeananus ['IC-kapTyBaHHs, 010iHAMKAILT Ta aHATITHYHOTO MOJCIIOBAHHS CTBOPIOE HAYKOBY OCHOBY
JUISL €KOJIOTO-YIIPaBIIIHCHKUX PillieHb y cepi MOCTKOHMIIKTHOTO BiIHOBJICHHS.

BucHoBKH. 3arrporioHOBaHa METOJIOJIOTIYHA CXEMa CUCTEMHOTO aHalli3y € JIEBUM IHCTPYMEHTOM OI[IHKH
JIerpaalliitHAX MPOIIECIB Y IPYHTAaX BOEHHOTO MMOXOKCHH, 3a0e31euy€ iHTerpallio pi3HOPIBHEBUX €KOJOTTUHUX
JIaHUX, CIpHse (OPMYBAaHHIO aJIalITUBHUX CTPATETiH peKyIbTUBALT Ta MiABUILY€E €(DEKTHBHICTD JIEP)KaBHOT'O €KO-
JIOTIYHOTO MOHITOPUHTY. 3aCTOCYBaHHS TaKOI CHCTEMH JI03BOJUTH MiHIMI3yBaTH COIiabHO-EKOJIOTIYHI PH3HKH,
30eperTy arpojaHAmadTH Ta MATPUMATH CTAIHMH PO3BUTOK MOCTPAXKAAINX TEPUTOPIH.

KJIFOYOBI CJIOBA: decpadayis ipyHmis, 60€HHe NOX0O0NHCEHHS, CUCTEMHUL aHAI3, ITHMe2PATbHULL IH-
dexc dezpadayii, peKyrbmueayis, eeoiHgopmayiuni cucmemu, MiKpooiono2iuna aKkmugHicms

Sk matyBaTu: [loncyit A. O. MeTo10/I0T1YHI OCHOBU CHCTEMHOI'0 aHali3y AerpajamniiHuX MpPOIECIB Yy
IPYHTax BOEHHOT'O MOXOKEHHS. Jlroouna ma Oogxinns. Ilpobnemu neoexonoeii. 2025. Bum. 44. C. 108-119.
https://doi.org/10.26565/1992-4224-2025-44-08

In cites: Popsuy, A. O. (2025). Methodological basis for systematic analysis of military soil degradation.
Man and Environment. Issues of Neoecology, (44), 108-119. https://doi.org/10.26565/1992-4224-2025-44-08 (in
Ukrainian)

Bcemyn

VY cydacHHMX yMOBax BOEHHHUX il Tepu- MPU3BOAUTH O OPYLIEHHS CTPYKTYPH IPYHTO-
Topist YKpaiHu 3a3Hae Oe3MpeneseHTHOro pyii- BUX Npo(iiB Ta BTpaTH IXHIX €KOJIOTIYHHUX (Y-
HYBaHHS NPUPOJHUX EKOCHCTEM, OCOOIMBO HKIIH
IPYHTOBOI'O TOKpHBY. MacmitabHe BHKOpHC- Takuii KOMIUTEKCHHUI XapaKkTep 3MiH BH-
TaHHS BUOYXOBHX PEUOBHH, MEXaHIUHE YIITKO/I- 3HAa4Ya€ HOBUH PiBEHb €KOJIOT1YHOI HEOEe3IeKH,
JKCHHsI TPYHTIB, 3a0pyIHEHHS BaKKUMH MeTa- 110 BKJIIOYAE HE TUIBKH Jerpaaamito Qizuko-Xi-
JaMu, HadTONPOTYKTaMU, 3TUIIKAMU BUOYXO- MIYHHX BIIACTHBOCTECH IPYHTY, a i NPHUTHI-
BUX PEYOBHUH 1 TEXHOTEHHUMH yJIaMKaM{ YeHHS MIKpOOi0JIOTiYHOT aKTUBHOCTI, TIOPY -
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HICHHA O10TE€OXIMIYHUX IHKIIB Ta 3HIDKCHHS
MPOYKTUBHOCTI arpojaHamadgTiB.

Herpanariiiini mporecu y rpyHTax BO€H-
HOTO TIOXOJ/DKCHHS MarOTh KacCKaJHUH Xapak-
tep. [lepBUHHI YIIKOJKEHHS, CIPUYUHEH] Me-
XaHIYHUMH Ta XIMIYHUMU BIUTMBaMHU, 3aITyCKa-
I0Th CEPil0 BTOPUHHUX €(EKTiB, IO MPOSABIS-
I0THCSl Y BUTJISIAL €po3ii, YIIiIbHEHHS, BTPATH
BOJIO- Ta MTOBITPOIPOHUKHOCTI, 3HIKEHHS 610-
JIOTIYHOI Pi3HOMAaHITHOCTI Ta TIOPYIIIEHHS CTa-
OimpHOCTI exocucTeM. BHACiIOK bOTO TOTi-
PIIYETHCS 3aTHICTH IPYHTIB 10 CAMOBITHOB-
JICHHS Ta MIATPUMKHU E€KOJOTiYHOTO OajaHcy,
IO CTBOPIOE PUBHKH /7151 G10piI3HOMAHITTS, PO-
JIFOYOCTI 3eMeNb 1 JOBIOCTPOKOBOI MPOIYKTH-
BHOCTI CiJIbCBKOTOCIIOTAPCHKUX YTilb.

Oco0nMuBY CKJIAIHICTh CTAHOBHUTH B3a€-
MO pi3HHUX (PAKTOPIB Aerpaaarii, ki OQHO-
YacHO JII0Th Y MpoCcTOpi Ta vaci. PizuyHi, Xi-
Mi4Hi Ta 610JIOTIYHI 3MiHHM B3a€MOITOB’ s13aHi Ta
B32€MO MiJICWIIIOIOTh OJTHA OJTHY, YTBOPIOKOYHN
CKJIaJIHI JUHAMIYHI CHCTEMH, IO MOTPEOYIOThH
IHTETPOBAHOTO MiIXOMy IS iX ominkw. Tpamm-
LIHHI METOAM MOHITOPHMHIY 1 KIIAaCHYHI ITij-
XOJIW JIO aHaJTi3y I'PYHTIB BUSIBIISIOTHCS HEAOC-
TaTHIMH JIJI1 KOMIUIEKCHOT'O OOJIIKY BCiX (hak-
TOPIB BIUIMBY Ta MPOTHO3YBaHHS PO3BUTKY Jie-
rpajamiiHuX MPoIeCiB.

B yMoBax BOEHHOTr'0 BIUIUBY OCOOJHBO
BKJIMBUM CTa€ BUKOPHCTAHHS CHCTEMHOTO
MiJX0/y, 1110 JIO3BOJISIE IHTErPYBATH JIaHi I'€0-
xiMi4HOTO, (Pi3UKO-MeXaHIYHOTO, MiKpOOi0JI0-
TiYHOTO Ta JaHamadTHOTO MOHITOpUHTY. Ta-
KUH Tiaxin 3adesrneuye He TITBKH KUTBKICHY
OIIIHKY MOTOYHOT0 CTAaHY IPYHTIB, & i MOMJIH-
BiCTh TPOTHO3YBaHHS PO3BUTKY JleTpajailii,
BU3HAYEHHS TIPIOPUTETHUX TEPUTOPIH AJIst BilI-
HOBIICHHS Ta pO3pOOKH €(PEKTUBHUX CTpATETii
peKyJIbTHBAIIIT.

[Ipo6ireMa HabyBae comiaaTbHO-CKOHOMIY-
HOT'O BUMIpPY, OCKLUIbKH JIerpasiallisi IpyHTIB 3HU-
KY€ MPOTYKTUBHICTh 3eMeTb, 301JIbIITYE BUTPATH
Ha BiTHOBJICHHSI TEPUTOPIii i HETaTUBHO BILIUBAE
Ha TPOJIOBONIBYY Oe3reky. B ymoBax mocTiiHOT
3arpo3d BOEHHUX JIi BIJHOBICHHS Ta 30epe-
JKEHHSI IPYHTOBHUX PECYpCIB CTa€ MPiOPUTETHUM
3aBIAaHHSM IS €KOJIOTiYHOI MOJITUKY 1 yIpaB-
JIHHS IPUPOTHUMH PECYPCAMH.

TakuM YHHOM, aKTyaJbHICTH JIOCIi-
JOKCHHSI 3yMOBJICHa HEOOXIIHICTIO PO3POOKHU
HayKOBO OOIPYHTOBAaHUX METOJOJIOTIYHUX OC-
HOB CHCTEMHOTO aHami3y JerpajamiiHux

MIPOIIECIB y TPYHTaX BOEHHOTO TOXOKEHHSI.
3azHadeHe nependavae CTBOPECHHS iHTETpOBa-
HUX MOJEJIeH, 3JaTHUX BPaXOBYBAaTU KOMILIC-
KCHHUI XapakTep YIIKOJKCHb, B3a€MO3B’I3KU
MiX (Ppi3uKO-XiMIYHUMH, Gi1OJIOTIYHUMH Ta CO-
MaJTPHO-CKOHOMIYHUMHY TIapaMeTpaMiu, a Ta-
KOX (hOpMyBaTH NPOTHOCTHYHI OITIHKH, SIKi
CTaHYTh MIAIPYHTSAM [JIsl MPUAHATTS YIIpaB-
JMIHCHKHX PIillICHb Ta IUIAHYBaHHS BiJTHOBJIIOBA-
JBHUX 3aXO0IB Ha TOCTPAXKIATUX TEPUTOPILX.

[Ipobnematuka nerpananii rpyHTiB y 30-
Hax BOEHHOTO YpaKCHHS B YKpaiHi OCTaHHIMH
pOKaMH aKTHUBHO JOCTIMKY€EThCS YKpaiHCh-
KUMH Ta 3apyOiXKHUMH HayKOBISIMH. BuBua-
I0ThCS KOMIUICKCHI HACJIIIKK MEXaHI4HuX, (i-
3UKO-XIMIYHHX 1 Oiojoriynux (hakTopiB, a Ta-
KOX COIaJIbHO-EKOHOMIYHI e(eKTH aerpaja-
Iii, MO BIIMBAIOTh HAa POMIOYICTH I'PYHTIB Ta
€KOCHCTEMHY CTIHKICTb.

Cepen poBiTHUX HAYKOBIIIB, SIKi BHECIIH
BaroMuid BHECOK Yy PO3BHTOK METOMOJIOTIi Ta
MPAaKTHYHUX MIAXO0JIB, MOXHA BUILIUTH: bepe-
)kuska €. M., HaymoBceeky O. 1. Ta bepexuska
M. @. [1], SKi T AKPECITIOIOTH CHCTEMHO-EKOJIO-
TIYHUN TAX1T J0 OLIHKM JerpajaliifiHux mpo-
recis; 3aiinena FO. O., Cobka B. 1., KoxeBni-
koBy B. JI., JIo6anoBy O. I1. Ta Kupunsayk A.
M. [2] m0 onuCyIOTh KacKaIHui edeKT aerpa-
Jamiii 1 GiocepHO-peryasaTOpHI MeEXaHi3MH;
Cakyna A. O. ta Kytkosoro /I. O. [3], siki 3aii-
Ma€ThCS TOKCHKOJIOTIYHOIO TACTIOPTH3AIIIEI0
rpyHriB; Kyuepa A. B. [4], o po3pobmsie reoi-
H(popMaIlifiHi MoJel Il TPOTHO3YBaHHS JIH-
HaMmiku gerpananii; FOxua B. [5], axwuit qocmi-
JOKY€ 3MiHM MIKpOOIOJIOTIYHOI aKTHBHOCTI Ta
CTPYKTypH IpyHTY; I'oH"apoBy A. €. [6], 110
OIIHIOE BIUTMB BUOYXOBHUX HaBaHTa)XCHb Ha
VIIUTEHEHHSI TPYHTIB Ta €pO3iiiHi MPOIECH.

[Nonpu 3HauHYy KiBKICTh HAYKOBHUX PO3Bi-
JIOK, YTpaBIiHChbKA CKJIaJI0Ba arpoeKOJIOTiYHOI
0e3IeKH B yMOBaX BOEHHHX JIii 3aJIMIIIA€THCS He-
JIOCTaTHbO PO3POOJICHOI. 3a3Ha4yeHe ITiIKpec-
JIFOE TIOTPe0y B KOOPAMHALIT MIX JepyKaBHUMH
OpraHam#, MiCIICBUM CaMOBPSITyBaHHSIM Ta Hay-
KOBOIO CITLTBHOTOIO JUJISl BiTHOBJICHHSI MTOCTPaXK-
JAIMX IPYHTOBUX EKOCHUCTEM Ta 3a0e3MeueHHS
CTIHKOT0 BiJHOBJICHHS arposlaHAmagTiB.

MeTtoro € KOMIDIEKCHE JIOCHIKEHHS Jie-
rpaJlallifHUX IMPOIECIB y IPYHTaX BOEHHOTO II0-
XO/DKEHHSI Ha TepUTOpii YKpaiHu Ta po3podKa cu-
CTEMHOTO TTJIXOTY JIO X OIIIHKH 1 IPOTHO3yBaHHSI.

Memoou oocniorcenns

O0’€KTOM JOCIIDKEHHS € Jerpajaalliiiui
MPOIIECH y TPYHTaX BOEHHOTO TOXOJKCHHS Ha

TepUTOpisix YKpaiHu, sKi 3a3HaM Oe3nocepe-
HBOTO a00 OMOCEePEAKOBAHOTO BILTUBY OOHOBHX
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nit y 2022-2024 pokax. Jlns 3abe3neyeHHs pe-
MIPE3CHTATUBHOCTI  PE3yJbTaTiB OO0 aHaTi3y
BKJIFOUEHO TPYHTH PI3HHUX THITB — YOPHO3EMH
3BUYalHI, CIpi JICOBI Ta JEPHOBO-IIII30JIUCTI.
JlocmimkeHHsT TPOBOAMIINCS y T1'SITH aIMiHICT-
patuBHUX oOnacTax — JloHenbkiii, XapKiBChbKil,
MukomnaiBchKii, UepHITiBChKiN Ta XepPCOHCHKIHN,
0 PENPE3eHTYIOTh Pi3HI PiBHI BOEHHO-TEXHO-
TCHHOTO HAaBaHTa)KCHHI HAa 3eMEJIbHI PECYPCH.

ITonboBI eKCIIepUMEHTH 3IIHCHIOBAIHICS
Ha OCHOBI pENpe3cHTaTUBHUX BHOIPOK 13 Mijs-
HOK tutomero Bix 0,5 10 2 TekTapiB i3 ypaxyBaH-
HSM Tpaji€HTa 3a0pyaHEHHS Ta XapakTepy Me-
XaHIYHUX TOIIKO/KEeHb. Bin0ip mpob rpyHTY
npoBoauBes Ha rauonHax 0-20 cM i 20-40 cm y
BECHSTHO-JITHiH mepioll. {1 KOHTPOITIO BUKOPH-
CTOBYBaJIMCs (POHOBI JUISHKH, PO3TAIIOBaHI 3a
MeXaMH 30H OOHOBHX Iiil. YMOBH IIPOBEACHHS
EKCIICPUMEHTIB (DIKCyBaJIUCS 3 ypaxyBaHHSIM
MTOTOTHUX TapaMeTPiB — CEpEeaHBOA000BOI TEM-
MepaTypHy, BOJIOTOCTI MOBITPS Ta IIBHKOCTI Bi-
TPY, IO JO3BOJISUIO BPAXOBYBaTH BILTUB METEO-
POJIOTIYHUX YHHHUKIB Ha )OPMYBaHHS ITOKA3HHU-
KiB CTaHy I'PYHTIB.

AHaTITHYHI JOCTIKEHHS ITPOBOIMINCS Y
71a00paTOPHUX YMOBaX 13 BUKOPHCTAHHAM CY-
YaCHUX METOJIB KOHTPOJIIO. Br3HayeHHS BMiCTY
BaKKHUX METaJB (IIMHK, CBUHEIb, MiJIb, KaIMIH,
HIKeITb) 31HCHIOBATIOCS METOJIOM aTOMHO-a0Co-
pOLIHOT CIEKTPOPOTOMETPIT i3 3aCTOCYBAHHAIM
npunany Perkin Elmer Analyst 400. BmicT 3amu-
IIKIB BUOYXOBUX PEYOBHH (TPHHITPOTOIIYOI,

IUKIOTPUMETWICHTPUHITPAMIH, TEKCOTCH) aHa-
J3yBaBCS METOAOM BHCOKOC(EKTHBHOI PiIvH-
HOI Xpomatorpadii BIAMOBIAHO A0 CTaHIAPTY
ISO 11916-1:2013. Tloka3HUKH KHCIOTHOCTI
(pH), BMicT TyMyCy, BOJIOTOEMHICTD 1 IIUTEHICTD
IPYHTY BU3Hauasucs 3rigHo 3 Bumoramu JCTY
ISO 10390:2021 ta JICTY 4289:2004.

MikpoObioioriyauii  aHajiz rmepemxdavaB
BHM3HAYCHHS aKTHBHOCTI (pepMeHTIB (ypeasa, Ka-
Tajasa, JIeTiIporeHas3a) KOJIOPHUMETPHIHUM Me-
To/1oM. KiJIbKICTh KOJIOHIEYTBOPIOBAILHUX OJTH-
autts (KYO) BcTaHOBMIOBANIACS MIUISIXOM TTOCIBY
3pa3KiB Ha JKHBWIBHI cepeloBHIa — nutrient
agar Ta potato glucose agar.

J1s omiHrOBaHHS MIKpoOHOi OioMacH BH-
kopuctoByBaBcsa Metoa CipiHoi-AHaepcoHa, 1o
JIa€ MOXKJIMBICTh OLIHUTH CTYIIHb O10JIOTIYHOL
AKTHUBHOCTI IPYHTIB PI3HOTO CTYIICHS JICTpaIarlii.

Jucranmilinuii ta reoiHdopMariitHuit
aHaJTi3 3[IACHIOBABCS 3 BUKOPHUCTAHHIM IIporpa-
MHoro 3abe3neuenns ArcGIS 10.8 i QGIS 3.22
JUIS TIPOCTOPOBOIO KAapTYBaHHS Ta BHSIBICHHS
IIPOCTOPOBHX 3aKOHOMIPHOCTEH TIOIIMPEHHS 3a-
OpyIHCHHSI.

JI1s OLIHKY KOPETAMIHHNX 3B’ SI3KIB MK
¢izuKo-XiMiyHIMH Ta OiOJOTIYHUMH TOKA3HH-
KaMU 3aCTOCOBYBABCSI IMAKET CTATUCTUYHUX TIPO-
rpam Statistica 12.0. Yci ekcriepuMeHTH BUKOHY-
BAJIUCS Y TPUPA30Bili MOBTOPHOCTI 3 JOTPUMAaH-
HSIM BHMOT METPOIIOTIYHOTO KOHTPOITIO, IO 3a-
0e3Me4ynsio JOCTOBIPHICTh 1 BIJATBOPIOBAHICThH
pe3yNbTaTiB.

Pezynvmamu docnidiicennsn

VY cydacHUX yMOBaxX BOEHHHMX JIill, IO PO3-
TOPTAIOTHCS HA TEpUTOpii YKpailHu, crocTepira-
€TbCs Oe3mperie/IeHTHE TOTIPIICHHS SKOJIOT1Y-
HOTO CTaHy IPYHTOBOTO TOKPUBY, CIPHYMHEHE
BUOYXOBUMH HaBaHTKCHHIMH, 3a0pYHCHHSIM
BOKKUMH METaJIaMH, BYTJICBOIHIMU, 3QJTUIIIKAMH
BUOYXOBUX PEUOBHMH 1 PyHHYBaHHIM CTPYKTYPHU
IPYHTOBUX TpodiiiB. MeTononoriuni OCHOBH
aHaJIi3y TaKHUX TPOIIECiB BUMAratoTh CHCTEMHOTO,
MDKIMCIMIUTIHAPHOTO IMIAXOY, SIKHH IOEIHYE
IPYHTO3HABCTBO, EKOTOKCHKOJIOTiIO, Teoindop-
MalIlifiHi TEXHOJIOTI1 Ta €KOJIOTIUHY aHATITUKY [1].

[ligxoan D0 CHCTEMHOro aHaji3y eKoe-
rpajaiii po3po0ssincs 6araTbMa YKpaiHChbKUMH
Ta 3apyOibkHUME HaykoBIsiMH. Tak, 3afiies tO.
0., Co6ko B. 1., Koxxesnikosa B. JI., JJobanosa O.
I1. Ta Kupmnbayk A. M. T IKpeCITIOI0Th, IO €KO-
JIOTIYHI HACIIJIKHA aHTPOIIOI€HHOIO THCKY MArOTh
OLIIHFOBATHUCS Yepe3 IMPU3MY CUCTEMHOTO T TXO/TY
— sIK MEpPEeXi B3a€MOIIOB’ I3aHKX IIPOIIECIB ¥ 0i0-
reocepi, 0 pearyroTh Ha 30BHIIIHI iMITYJIECH
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[2]. Cakyn A. O. ta Kytkoswii [I. O. 3a3Ha4at0Th,
11O MTif] YaC BOEHHUX [ aKTHBI3Y€EThCS «KACKaI-
HUM eexT» erpaaaltii, Koy MeXaHiuHi, XIMIdHi
Ta Oi0JIOTiYHI (haKTOPU B3AEMHO IIiJICHIIFOIOTH
pyHHYBaHHS IPyHTOBOI CTPYKTypH [3].
CucreMHu# aHami3 Y KOHTEKCTi BICHKOBOT
EKOJIOTii 0a3yeThes Ha TAKUX MPUHIHIIAX:

— i€papxivyHICTh (BpaxyBaHHs BEPTUKAJIBHHX
3B’513KiB M>K KOMITOHEHTaMH €KOCHCTEMH (Bi]] Mi-
KpO0i0TH JI0 TaH AP THOTO PiBHA));

— MynbTH(AKTOpHICTH (1HTEeTparlis Qi3uJHUX,
XIMIYHUX 1 010JIOTTYHHX TTApaMETPIB Aerpajarii);

— KiOepHEeTHYHICTh (BUSBIICHHS 3BOPOTHHX
3B’SI3KiB MiX 3a0py/IHEHHSIM, CAMOBITHOBJICHHIM
1 pereHeparli€ro IPyHTIB);

— MPOTHOCTUYHICTD (MOJETIOBAHHS MaiOyT-
HiX craHiB 3 BUKopHucTanHaM [IC i cuctem ma-
[TUHHOTO HaBYaHHSA [4]).

VY Tabn. 1, HajaHo HAyKOBI MiIXON JIO CH-
CTEMHOT0 aHaI3y Jerpaarlii IpyHTIB.

Takum 4YMHOM, TEOPETUYHUH DYHIAMEHT
CHUCTEMHOTO aHaJIi3y JIerpaaallii IpyHTiB BOEH-
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Taoauns 1

OcHOBHI MeTO10TOTiYHI MiIX0/M 10 CHCTEMHOI0 aHAJII3Y JerpajaniliHuX npomecis
Yy IPYHTaX BOEHHOI'0 MOXO/’KCHHS

Table 1

Main methodological approaches to the systematic analysis of degradation processes

in soils of military origin

Jlobanoga O. IT.,
Kupunpuyk A. M.

[2]

i paykryariii /
Energy Flow and
Fluctuation Con-

MeTtopogoriuaa HoTtenmian
AsTtopu/ Kmouosuii mixxia/ 06’exT anaizy/ 0co0THBiCTD/ 3acrocyBaHHs
Authors Key approach Object of analysis Methodological Application
feature potential
3aiines 0. O., CuctemHo-exkonoriunuiil  Bioreorenos / BpaxyBanHus KommexkcHa
Cobxko B. 1., System-ecological Biogeocenosis €HEePreTUIHUX OLIIHKA
Koxernikosa B. JI., MOTOKIB €KOCHCTEMHOTO

30anancyBaHHs /
Comprehensive
assessment of

Biological chains
of soils

3BOPOTHHX 3B’SI3KIB
/ Identifying Biotic
Feedbacks

sideration ecosystem bhalance
CakyH A. O., T'eoekounoriyunii / JlarmmagTHO- AHaiti3 KacKagHuX MoentoBaHHS
Kytkosuii /1. O. Geoecological IPYHTOBI 3MmiH / MPOCTOPOBOT
[3] KOMILICKCH / Cascading Change nectpykuii /
Landscape-soil Analysis Spatial destruction
complexes modeling
Kyuep A. B. [4] Tokcukosoriuuuii / BiiicbkoBi Buznauenns piBHiB | ExoTokcukonoriyxa
Toxicological [osnironu / 3abpyaueHsas BM nacrmopTu3aris /
Military training iBP/ Ecotoxicological
grounds Determining HM certification
and RB Pollution
Levels
OxHo B. [5] Teoindopmarrtiiianii / 30HH BOEHHOT'O [Ipocropose [Mporxo3yBaHHs
Geoinformation ypakeHHs / MOJIEJIFOBAHHS Ta IMHAMIKA
War-affected areas MalIMHHE nerpajarii /
HaBYaHHS / Prediction of degra-
Spatial Modeling dation dynamics
and Machine
Learning
I'onuapogra A. €. BiocthepHo-perysTopHuii Biosoriyni Bussnenns Po3pobka crpareriit
[6] / Biosphere-regulatory | nawmtoru rpysris / 6i0THYHUX 6iopememiartii /

Development
of bioremediation
strategies

HOT'O TIOXO/KEHHSI 0a3y€EThCs Ha IHTErpallii exko-
JIOTO-TPYHTOBUX, 010re0oXiMIUHMX Ta iH(pOpMAITi-
HHO-aHATITUYHHUX MiOXOMiB. 3a3HaueHe J03BO-
nsie hopMyBaTH LUTICHY MOJIENb MPOLECIB, 110
BpaxoBye€ He JIUIIE HACTIKH, a i MOTEHIal ca-
MOBITHOBJICHHSI TIPHPOJTHAX CUCTEM.

[Nopankine HaJaHO MPAaKTHYHY arpoOaIiio
Ta po3poOKY aBTOPCHKHX MPOIO3HUIIIH JUIsl AepKa-
BHOT'O €KOJIOT1YHOTO MOHITOPHHTY.

CydvacHa BO€HHA JisUIbHICTH Ha TEPUTOPIi
Ykpaiau, 0coOIMBO Y CXIIHUX 1 MIBJCHHUX 00Ja-
CTAX, TIpU3BENa 10 MacIITaOHOTO 3a0pyAHEHHS
IPYHTIB BOXKMMH MeTaJlaMH, 3aJIMIIIKaMH BHOY-
XOBHX PEYOBHH, HAQTONPOAYKTAMHU Ta YJIaMKO-
BUMH MaTepiayiaMul. 3TiTHO 3 JOCIiKCHHSIMUA
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IHcTHTYTY TpyHTO3HaBCTBA Ta arpoximii im. O.H.
CoxomnoBcbkoro HAH Ykpainu, y perionax 6oiio-
BHX JIill CITOCTEPITa€ThCS I IBUIIICHHS KOHIICHT-
patiiii TUHKY, CBUHITIO, MiJli, HIKEITFO Ta KaJIMitO B
cepeTHpOMY y 5-12 pasiB BiTHOCHO TPaHIYHO JI0-
mycrumux kornentparii (I'IK) [7].

[pakTuaauii cucteMHMiA aHali3 Jerpajia-
1ii IPYHTIB BOEHHOT'O ITOXO/KCHHS BHMAarae Io-
€THAHHA JCKUTbKOX HaIPSMIB MOHITOPHHTY: T€O-
XIMIYHOTO, (hi3UKO-MEXaHIYHOTO, MiKpOOi0JIOT1Y-
HOTO Ta JIAHAIaQTHOTO.

Oxno B. [5] migkpeciroe, 1o 1S peab-
HOI OIIIHKK Jerpajaliiii HeoOXiTHO HE JIMIIE BH-
3HAYaTH KOHIICHTPALlil TOKCUKAHTIB, a i aHai3y-
BaTH 3MIHU CTPYKTYPHO-arperaTHOTO CTaHy
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TPYHTIB, TTOKa3HUKIB BOJIOTOEMHOCTI, aKTHBHOCTI
(hepMeHTiIB.

MeTonoorivHo TOUUILHUM € BHKOPHC-
TaHHS IHTETPAJIbHUX 1HACKCIB Jerpajarlii, 1o J10-
3BOJISIFOTh Y3araJIbHIOBATH PE3YJILTATH CIIOCTEPE-
’KEHb 3a JIOTIOMOT'OF0 TEOIH(POPMAIIIHIX CHCTEM.
Takuif miaxix arpoOoBaHuil y JocimkeHnsx [3],
JIe CTBOPHIM KapTorpadiuHi Momem 3adpyl-
HeHHs1 JJoHOacy, IHTerpyroUr CIICKTPaIbHI CyITy-
THHKOBI J[aHi 3 TIOJIbOBUMH BUMIPIOBAaHHSIMH

VY3aranbHeHi pe3yIbTaTi CACTEMHOTO aHa-
T3y CTaHy IPYHTIB y PI3HUX THITAX BOEHHO-Ypa-
JKEHHUX TepUTOpiH (Tab. 2), mAroTOBJICHI Ha OC-
HOBI OQIMIHHKX qaHUX MiHiCTepCcTBa 3aXHUCTY J0-
BKIJIUISL T2 IPUPOIHUX pecypciB Ykpainu (2024),
a TaKoXK JOCHIKeHb [HCTUTYyTYy exonorii Kapmat
HAH VYxkpainu (2023).

Awnani3z manux (tabn. 2) BH3HAUYAE, IO
HaWBUIIMK PiBEHb 3a0pyIHEHHS 3a(ikCOBAHO Y

30HaX aKTUBHHUX OOMOBHX JIiH, 1€ HE JIUIIIE 3pOC-
Ta€ BMICT TOKCHKAHTIB, aJie i pi3KO Mamae Mik-
pO0iOIOTiYHA aKTUBHICTh IPYHTIB, IO CBIIYUTH
TIPO MPUTHIYCHHS O10IIEHOTUYHUX 3B’ s3KiB. Mi-
Kpo0ioTa IPyHTIB pearye Ha TOKCUKOJIOTTUHE Ha-
BaHTA)XCHHS BTPATOI0 (YHKITIOHATBHOI Pi3HO-
MaHITHOCTI, OCOOJIMBO (DEPMEHTATUBHOI aKTHB-
HOCTI KaTajas3u, ypeasd Ta JeTiiporeHasu [S].
JonaTKoBO CHOCTEPITaeThesl Pi3Ke 3HWKEHHS
KoediIieHTa CTPYKTYPHOI CTIHKOCTI IPYHTY, IO
03HAYa€ MOCHJICHHsI MPOLIECIB BOJHOI Ta BiTPO-
Boi epo3ii. bimuk O. 1. 3Beprae yBary, mo y 3oHax
BHOYXIB TOPYIIYEThCS HE JIMIIE MTOBEPXHEBHH
ropu3oHT (A), a i opMy€eThCSI BTOPUHHUH yIITi-
JILHEHUI 111ap, SIKHi MMePELIKoHKae aepallii i Bo-
JOTIPOHUKHOCTI [9].

[IpakTryHa pearizallisi CHCTEMHOTO aHa-
T3y AerpafalliiiHuX MIPOIIECiB y BOEHHO ypaKe-

Taoauns 2
Iloxa3Huku Aerpajganii IpyHTiB Yy BOEHHO YpaskeHHX perioHax Ykpainu (2023-2024 pp.)
Table 2.
Soil degradation indicators in war-affected regions of Ukraine (2023-2024)
s veraain | S soyomy | O vrypi
Tun Tepuropii / (mr/kr) / peuosnn (RDX, TNT, aKTI:aBHOCTi (%) / ScyT y}? i
Territgr tp e Average hea HMX, wr/xr) / Change in ’ Hr I:[yT ]7
yyp ge heavy Explosive residues _~hange Ir TpyHary
metal content (RDX, TNT, HMX microbiological Soil structural
(mg/kg) ,mg /kgi) ’ activity (%) destruction
coefficient
?ﬁHa 601101314; )1)11//1 Zn - 480,
OBETLbKa OB Pb — 320, 2,5-6,0 -65 0,82
Combat zone Cu— 290
(Donetsk region)
Tepuropist BiiCbKOBHX
CKJIAiB
. Zn — 210,
(MngonalBCLK_a_06n.) / Pb — 150, 11-34 -40 0,01
Territory of military Cu— 180
depots
(Mykolaiv region)
{I[fnlrggﬂa 30Ha6 y Zn - 180,
CPHIIIBChEA OV Pb - 90, 0,7-1,9 -35 0,95
Proving ground zone Cu— 160
(Chernihiv region)
(aprimenta o6ny Zn - 350,
pid . Pb — 240, 1,8-4,5 -58 0,87
Frontline zone Cu— 230
(Kharkiv region)
ArponasamapTi
3 TEXHOI'CHHHUMHU
yIIaMKaMH Zn — 270,
XepcoHcbka 00i1.) / Pb — 180, 1,5-3,8 -47 0,89
(Xep
Agrolandscapes with Cu - 200
man-made debris
(Kherson region)
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HUX IPyHTax mnependadae BUKOPUCTAHHS 1HTET-
POBaHUX TTOKA3HUKIB, TAKUX fK:

— IHAeKC ekororiyHoi aerpanarii pyHTiB (IEDS);

— IHAEKC CTPYKTYPHO-0I0JIOrT4HOI CTaliIbHOCTI
(1SBS);

— Koe(illiEHT BOEHHO-TEXHOTCHHOIO HaBaHTa-
xeHHst (WTC) (HoBuii apamMeTp, 3aNpOonOHOBAHHIA
yKpaiHChKkuMu ociaarkamu y 2024 porr) [9].

OtpuMaHi pe3yiabTaTH CBIIYaTh MPO Te,
IO CHCTEMHA OLliHKa JerpajalifHuX MpoleciB
MoKe OyTH eheKTHBHIM iHCTPYMEHTOM JJISI BU-
3HAUCHHS IPIOPUTETIB PEKYIbTUBALLIT TEPUTOPIN
Ta OL[IHKU €KOJIOT0-€KOHOMIYHUX 30UTKIB.

Ha wmixknapogHOMy piBHI OyIio miATBEp-
JIKEHO, 1110 30Ha OOMOBHX [iii HE JIMIIE 3a3HAE
IPSIMOTO PYHHYBaHHS IPYHTOBOI CTPYKTYpH
BHACITIZIOK PyXY Ba)KKOI BIHCHKOBOT TEXHIKH, BU-
OyXiB Ta MOXeEX, aje H GOpMyEThCSI KOMILIEKC
3a0pyAHEHD 3 BAXXKHMHU MeTaiaMu (30kpema Pb,
Zn, Cd), 3ammikaMy BUOYXOBUX PEYOBHH 1 Ta-
JIMBHO-MACTHJIBHUX MaTrepiaiiB. Y JOCIIPKEHHI
Coutoxi M. Ta criBaBTOpiB 3a3HA4YEHO, IO B 30-
Hax 0e3mocepenHbOro ypakeHHs KOHIIEHTpAIlii
TaKUX METAJIiB MEPEBHUIIYBAIN TPAHNYHO JOIY-
CTHMI 3HAYCHHS Y KUJIbKA pa3iB, MPU IIbOMY CY-
NPOBOUKYBAJIMCh 3HAUHUMHU 3MiHAMU TPaHYJIO-
METPUYHOTO CKJIaly TPYHTIB — 30UIBIICHHSIM TTi-
mraHoi ¢pakuii Ha 20-80 % Ta 3MEHIICHHSM TJTH-
auctoi Ha 10-20 % [10]. JoaaTkoBo Big3HAYCHO
CYTTEBE MPUTHIYCHHS MIKpOOIOJOTIYHOI aKTHB-
HOCTi — 0iomMaca MiKpoOpraHi3MiB 3MEHIIHIIACh
y 2,1 pasu, a KiTbKiCTh MIKPOMIIIETIB 3pocia y
20,5 pa3m, 1O CBIAUUTH PO TIMOOKI TOpY-
HICHHS MiKpoOioTH rpyHTy [11].

BigmoBimHO 10 OTJSIOBOTO  3BITY
Ecoaction, mouarok noBHOMacIITabHO1 arpecii B
moTtomy 2022 p. CyTTEBO MOTIPIIUB CUTYAIIIO:
Oe3mocepenHi MeXaHi4Hi BIUIMBH — BHPHBAHHS
TpaHIliel, BUOYXH, pyX BaXKKOi TEXHIKH, pyHHY-
BaHHS 1HQPACTPYKTYypH — MPHU3BEIH 10 YIIiJIb-
HEHHS IPYHTIB, BTPaTH T'yMyCOBOTO TOPHU30OHTY
Ta TIOPYIICHHS BOJHO-TIOBITPSHOTO PEXHMY
[12]. ABropu BuALIAIOTH, IO TaKi HEPBUHHI
BIUIMBH 3MiHIOIOTH BJIACTHBOCTI IPYHTIB TaKHM
YHHOM, 1110 B)K€ BTOPHHHI TIPOIECH — epOo3isi, BU-
MHBaHHS, TPAHCIIOPTYBaHHS BaKaHCIH, EpeBaH-
Ta)KEHHS ¥ IepeHaCHYEeHHsI BAKKUMH METaIaMH
— MaroTh IPUCKOPEHUI XapaKTep.

MixHapOAHI JOCIIKEHHS ITiIKPECITIO-
I0Th BaXXJIMBICTH MPOCTOPOBO-YaCOBOTO MOHITO-
punry i3 3actocyBanHsM ['IC, muctaHmiiHOTO
30HIYBaHHsA Ta OOpPOOKM BEIMKHUX AaHHX. Y
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cratti bonwyapoBcbkoro O. mokaszaHo, IO KpiM
OesmocepenHiX BUOYXiB YTBOPIOIOTHCS BTOPHHHI
reoMopQiuHi CTPYKTypH (HampuKIIa, KpaTepw,
3allOBHEHI YJIaMKaMH), AKi CTalOTh (OKycaMu
MOCHJICHOTO BHUMHUBAHHS Ta IIEPECYBaHHS IpPY-
HTY, ILI0 CTBOPIOE HOBY JlecTabinizalito JaH/ama-
¢ty [13]. 3a3HaueHe 03Hayae, 1110 MOACTIOBAHHS
MaiiOyTHIX CTaHiB TMOBHHHO BPaxOBYBAaTH HE
JuIIe XiMivyHy 1 Oiosoriuny mkonmy, a i Mmopdo-
JUHAMIKY TPYHTOBOTO MPOQisTto, 3MiHHU TOTIOrpa-
¢bii, rigpororiuyHi MapmpyTd ¥ masgmadTHY
CTIHKICTb.

3 orsiy Ha 1€, 10 BKE 3alporoHOBAHMX
BaMHU TPHHIMUIIB 1 METOJOJOTIYHHUX ITiTXOJIiB
JOPEYHO MOAATH IIE KiUTbKa KIIOYOBHX eJleMEH-
TiB. [lo-miepiire, miarHOCTHKA 3MiH IPaHyJIOMET-
pii, MOPUCTOCTI Ta YUIITFHEHHS SK (Di3MIHOTO
BEKTOPY JAerpajallii, OCKIIbKU BeJIMKa KiJTbKICTh
MDKHApOJHUX JIOCHIJKeHb MIiATBEPDKYE, IO
came 3MiHHU CTPYKTYPH IPYHTY (3pOCTaHHS Imila-
HOT (pakuii, 3MEHIIEHHS TJIMHUCTOI, YIIiIb-
HCHHSI) € paHHIM MapKepoM BTPaTH IPYHTOBHUX
(yskmiit [14]. Io-mpyre, iHTEerpariis eKOTOKCH-
KOJIOTIYHUX 1HJMKATOPIB, TAKUX SIK 1HAUKATOPU
Oiomacu MiKpoOiOTH, aKTUBHOCTI ()EPMEHTIB,
TOKCHYHOCTI IPYHTOBHX CyMIIlIeH — I1e JO3BOJISIE
OLIIHUTH HE MPOCTO NEPEBUILICHHS KOHIICHTPALIiT
METalliB, a # peanbHe (YHKIIOHATbHE HPHUTHi-
YeHHs1 TpyHTOBOi ekocuctemu [15]. Ilo-Tpere,
PO3paxyHOK €KOHOMIYHO-EKOJIOTTYHUX 30MTKIB
i3 IPUB’A3KOIO JI0 BTPATH EKOCUCTEMHHUX MTOCITYT
IPYHTIB 7103BOJIsiE (HOPMYBATH OCHOBY JUISI KOM-
NeHcainHnX MexaHismis [16].

Y KOHTEKCTI Iep>kaBHOT'O MOHITOPUHTY Ta
YIIPaBIIHHS JOIIIEHO PEKOMEH]IyBaTH BIIPOBa-
JDKEHHs1 0araTopiBHEBOI CHUCTEMH: OIEpaTHBHE
KapTyBaHHSA 30H YPa)KEHHS 3 BHKOPHUCTAHHSIM
CYITyTHUKOBUX 3HIMKIB i IpOHiB [17], cTBOpeHHs
CHCTeMH MpoO TPYHTIB 13 CTAHIAPTU30BAHHMH
MMOKa3HUKaMHU (XiMiuHi, (i3uuHi, OioJoriuHi)
[18], inTerpamito manux y I'IC-cuctemy 3 moze-
JsiMu TIporHO3y Ha 5—10-piunuii ropusont [13]
Ta po3poOKy iHIEKCIB, IO BiOOpakaroTh CTYy-
iHb Aerpajaaiii (iHIeKc MexaHiuHOi TpaHchop-
Marrii npodio, iHaeKc 01070TYHOT aKTUBHOCTI,
IHTETpaNbHUN  €KOTOKCHKOJIOTIYHHN  1HJEKC)
[19; 20].

Takum 4MHOM, BITPOBAPKEHHSI METOI0JI0-
rii, 1m0 0a3yeTbcs HAa CHHTE31 IPYHTO3HABCTBA,
€KOTOKCHKOJIOTi], reoiH(opMaliiiHuX TexXHOJIO-
Tl Ta EKOHOMIKH €KOCHUCTEM, CTAE KPUTUIHO He-
00XiTHIM, OCOOJIMBO B yMOBAX, KOJIM MacCIITaOu



ISSN 1992-4224 Jlropuna Ta poskimns. ITpobaemu Heoekomnorii. 2025. Bunyck 44

Ta rMUOMHA Jerpajaliil IpyHTOBOTO MOKPHBY B
30HaX BOEHHOTO ypa)XCHHs HaOyBaroTh Oe3mpe-
HEJICHTHUX 3HAYCHb.

Jerpanaris rpyHTIB Y 30HI BOEHHHX JIiHi €
OaraTopiBHEBOIO 1 BKITIOYA€ MEeXaHi4Hi, Qi3HKO-
XiMiYHi, OIOJIOTiYHI Ta COI[AIbHO-EKOHOMIYHI
acriektd. [lopymieHHS CTpYKTypH IpyHTY Ta
MIPUTHIYCHHS MIKpOOIOTH CIPUYHHSIOTH KacKa-
JTHY JeTpajaIlito, Sika OXOILTIOE BOIHY 1 BITPOBY
€po3it0, 3HMKEHHS POIIOYOCTI Ta BTPATy €KOCH-
CTEMHUX MOCIYT. 3a3HAUCHE MMiITBEPIXKYE HEOO-
X1JTHICTh CHCTEMHOT'O TIIXOy JIJIsl TIOBHOI[IHHOT
OIIIHKY CTaHy IPYHTIB Ta PO3POOKH CTpaTerii ix
BiTHOBJICHHS.

CucreMHUil aHaM3 03BOJISIE 00’ €HATH
JlaHi TeoXiMi4HOT0, i3MKO-MEXaHIYHOTO Ta 0i0-
JIOTIYHOT'O MOHITOPHHTY, 10 3a0e3Meuye OuIbII
TOYHY OLIIHKY CTaHy IPYHTIB Ta iX MOTEHIIHHNX
BTpaT. Bukopucranas reoinopMamiiHIX CHC-
TeM 1 IUCTAHIIIMHOTO 30HAYBaHHSA JIO3BOJISE
MPOTHO3YBaTH IMPOCTOPOBY JMHAMIKY Aerpaja-
il IPyHTIB 1 BU3HAYATH MIPIOPUTETHI TEPUTOPIi
JUTS BITHOBJICHHS.

[IpakTr4Hi pe3ynpTaTH CBiAYaTh PO HE-
00XiTHICTh TIPIOPUTETHOTO BiIHOBIICHHS 30H 13
HAMOLTBIIMM KOE(DIIIEHTOM CTPYKTYPHOI Je-
CTPYKIIi1 IPYHTY, & TAKOK TEPUTOPIii, e cCriocTe-
piraeTbcs MaKCUMaiIbHE IPUTHIYEHHS MiKpO-0i-
OTH Ta BUCOKHH PIBCHb 3a0pyTHEHHS BOKKUMHU
MeTalaMH 1 3aJHIIKAMUA BHOYXOBHUX PEUOBHH.
Takuii miaxia 103BONsSE ePEKTUBHO IJIAHYBATH
PEeKYJIbTUBAIlII0 Ta 3MEHIIYBaTA €KOJIOTIYHI Ta
COIIATEHO-€KOHOMIYHI BTPATH.

InenTudikarito TepuTOPIii Ta KATETOpH3a-

Ii10 BIUTUBIB CJIiJl IPOBOJUTH IIISXOM CHCTEM-
Horo obcrexkenns (puc. 1). Jlo kareropiii Hae-
JKaTh MEXaHI4YHI TOIIKOIKEHHS IPYHTIB, 3a0py-
JTHEHHSI XIMIYHUMH PEYOBHHAMH, MPUTHIYCHHS
010JIOT1YHOI aKTHBHOCTI Ta COLIAIBHO-EKOHOMI-
yHi Hacmiaku. Taka kimacuikariis J03BOJISE BH-
3HAYUTH MIPIOPUTETHI JISTHKH JUTSI MOHITOPUHTY
Ta BIAHOBIIOBAJILHUX 3aXOM1B.
MowHitopuHr i 30ip JaHUX MalOTbh IPOBOJUTHUCS
KOMIUIEKCHO. HeoOXiIHO BUKOPHCTOBYBaTH
MOJNBOBI 3aMipy  (DI3UKO-XIMIYHHX TIOKa3HUKIB
IPyHTY, reoindopmariiine KapTyBaHHsI, AUCTAH-
1ifiHe 30HIyBaHHS, a TAKOXK MIKpOOi0I0Tid- HAI
1 OloTmuHuil aHai3. 3a3HaueHe 3ale3neuye
OTpHMaHHsI iHTErpoBaHoi iHGoOpMaIii Mpo cTaH
IPYHTIB 1 BUSIBIIEHHSI KJIIOYOBUX (PAaKTOPiB Je-
rpajganmii.

CucreMHUI aHaimi3 1 MOJIEIIOBAHHS IIe-
pendavaroTh PO3PaxXyHOK IHTETPATHHOTO IHACKCY
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JIerpajailii IpyHTIB, BA3HAUCHHS B3aEMO3B’ SI3KiB
MiX BIUIMBaMH Ta MpOIIeCaMHM Jerpajallii, a Ta-
KOX TTOOYIOBY CIICHAPIiB BiTHOBJICHHS JJIsT KOXK-
HOTO THITY TepUTOpii. 3a3HaUCHE TO3BOJISIE TIPO-
THO3YBATH MOJAIIBIIN 3MIHH Ta OIIHIOBAaTH ede-
KTUBHICTb TUITAHOBAHUX 3aXO/IiB.

[piopurernzanis 3axofiB BiAHOBICHHS
IMOBUHHA BKIIIOYATH MEJTIOPAIlil0 Ta BiJIHOB-
JICHHSI CTPYKTYPH IPyHTY, OiopeMeialito Ta Bij-
HOBJICHHST MIKpOOi0TH, JaHmIMapTHY pEKYJIbTH-
BaIlif0 Ta KOHTPOJIb €PO3iMHMX mporieciB. Pery-
JSIPHUNA MOHITOPHHT €()EeKTHBHOCTI BiIHOBIIIO-
BaJbHUX 3aXOfiB 3a0e3leuye aJanTUBHICTh
YIPaBIiHCHKUX PillIeHb Ta KOPUT'YBAHHS CTpaTe-
rii 32 moTpedu

Peanizaris 3anpornoHOBaHOT CHUCTEMHOT
Mozem (pHC.) IO3BOJISE HE JIMIIC OIlIHIOBATH
MIOTOYHUHA CTaH TPYHTIB BOEHHOTO IOXO-
JOKEHHS, a ¥ MPOTHO3YBATH TXHIO JTUHAMIKY Je-
rpajamiifHux mpouecis y MaliOyTHhOMY. 3a3Ha-
YeHEe CTBOPIOE OCHOBY JIJIsl HAYKOBO OOIPYHTO-
BAaHOTO MPUUHSATTS PillICHb MIOAO0 HPiIOPUTETIB
PEKyJIbTUBAILT Ta BU3HAYCHHS €()eKTUBHUX Me-
TOMIB BIIHOBJICHHS.

BripoBapkeHHS CHCTEMHOTO TiAXOAy 3a-
Oesredye iHTeTpallito Pi3HOPIBHEBHUX NaHUX: (i-
3UKO-XIMIYHHX, 010JIOTIYHHX, TEOMPOCTOPOBHX 1
COIIaJIbHO-eKOHOMIYHHX, IO JIO3BOJISIE BPaxo-
ByBaTU KOMILICKCHUN BIUIMB BOEHHOI JMisJIbHO-
CTi Ha IPYHTOBI ekocucTeMu. Takuii miaxin nae
3MOTY OLIIHIOBATH HE TiJILKU MTOTOYHI BTPaTH PO-
JIFOYOCTI Ta MPOYKTUBHOCTI, a i IPOTHO3YBaTH
MTOTEHITiiHI 3MiHM 0iOT€OXIMIYHMX TIPOIIECIB Ta
BiJJHOBJIIOBAJIbHI MOYJIMBOCTI IPYHTIB.

CucremMHa OIliHKa JerpajaiiiHux Mpo-
[eCciB TakoX crpuse e(QeKTHBHOMY IUIaHy-
BaHHIO QJalITUBHUX 1 MPEBEHTUBHUX 3aXO/IiB,
BKJIFOUAIOYHM Meltioparlito, OiopeMeniaiiro, pe-
KyJIbTHBAIIIO JTAHAMA(TIB 1 KOHTPOIb €pPO3iii-
HUX TporeciB. PerynspHuii MOHITOPUHT Ta
OHOBJICHHS JIaHUX JI03BOJISIIOTH KOPHUTYBAaTH
cTpaterii BiHOBJICHHS BIAMOBIIHO 10 pealbHOT
JTUHAMIKU 3MI1H ITPYHTOBOTO TTOKPHBY.

TakvM 4MHOM, 3alIPOTIOHOBaHA METOJI0-
JIOTiYHA cCXeMa € HaJiHUM THCTPYMEHTOM ISt
KOMIUIEKCHOTO YIIPABIIiHHS CTAHOM I'PYHTIB BO-
€HHOT'O ITOXOXKEHHSI Ta 32a0€31eYeHHS CTIHKOTO
BiJTHOBJICHHSl EKOCHCTEM, IO TOCTPaXKIaIH
BHACJIIOK BOEHHUX Jii.

BoHna noeiHye HayKOBi IMiIX0JTH, TIPAKTH-
YHI JaHl 1 cTpareriuHe IJlaHyBaHHS, CTBOPIO-
Yl e(PEeKTHBHHI MEXaHi3M ISl TPUHHSITTS
YIOPaBIIHCHKUX PILIEHb y MOCTKOH(IIKTHOMY
BiTHOBJICHH] TEPHUTOPIil.
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-

30BHIIIHI BO€EHHI BIIJIUBU
(MexaniuHi, XiMiuHi, GioNOTiUHi, COIiaTbHO-eKOHOMIYHi) /
EXTERNAL MILITARY INFLUENCES
(mechanical, chemical, biological, socio-economic)

-

-

NEPBUHHI ITPOLIECH JIETPATAILIII
(yurinbHeHHsI, epo3isi, 3a6py/IHEHHS, TPUTHIYCHHS MiKpoOioTH)/
PRIMARY DEGRADATION PROCESSES

(compaction. erosion. pollution. microbiota SUDPression)

|
|

Bropunni edexTn
(BTpara poar040CTi, 3HHKEHHsI POJYKTUBHOCTI, €KOJIOT14HI
Ta couiansHi BTpaTh) /
Secondary effects
(loss of fertility, reduced productivity, environmental
and social losses)

CUCTEMHA OLIHKA
— IHTerpaNbHUH 1HOEKC Ierpanalii IpyHTiB
— Koe(ilieHT CTPYKTYPHOI NECTPYKITii
— OloigauKaniligi MOKa3HUKH /
SYSTEMIC ASSESSMENT
— integral soil degradation index
— structural destruction coefficient

— bioindicator indicators

|

!

N

\_

IIporHo3yBaHHsl Ta CTPaTerisi BiTHOBJIEHHS
— MeIiopaTHBHI 3aX0H
— Oiopememiartist
— naHAmAadTHA PEKyIETUBAIIIS
— MOHiTOpHHT eheKTUBHOCTI /
Forecasting and recovery strategy
— reclamation measures
— bioremediation
— landscape reclamation
— performance monitoring

2N

/

Puc. 1- ABTOpCchKa cxeMa CUCTEMHOTO aHaIli3y Jerpasialii I'pyHTiB BOEHHOTO ITOXOKEHHS

Fig. 1- Author's scheme of systematic analysis of soil degradation of military origin

Bucnoexu

VY cy4acHHUX yMOBaX BOEHHHX IiH Ha Te-
putopii YKpaiHM IPYHTOBHUH TOKPHB 3a3Ha€
0e3npeneeHTHOrO TOTiPILeHHS, 10 MPOSBII-
€TbCS Yepe3 MeXaHiuHi pylHyBaHHS, 3a0pyj-
HEHHS BOKKHMHU METaJaMH, 3aJUIIKaMu BHOY-
XOBHX PEYOBHH Ta BYTJEBOJIHSAMH, a TaKOX
pYHHYBaHHS CTPYKTYPH TIPYHTOBHX MPO(ITiB.
AHaJIi3 11X IPOIIECiB MOTPEOYE CUCTEMHOIO Ta
MDKJIUCHUIUTIHAPHOTO MIAX01Y, KM [TOETHYE
METOAU IPYHTO3HABCTBA, E€KOTOKCHKOJIOTI],
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reoiH(pOopMaliHHUX TEXHOJIOTIH Ta eKOJOriYHOT
AHATITUKU.

TeopernuHMii aHaJTi3 TIOKA3aB, 1110 JeTpa-
JAIiiiHl TpOIECH Yy I'PyHTaX BOEHHOI'O IOXO-
JOKCHHS MalOTh KOMIUIEKCHUH XapakTep 1 mpo-
SIBJISIFOTBCS SIK KacKajiHi eeKTH, KO MeXaHi-
YHi, XiMiuHI Ta OioyoriyHi (HaKTOpH B3AEMHO
[MOCWJIIOIOTh PYHHYBaHHS CTPYKTYPH IPYHTIB.
Just X CHMCTEMHOrO OI[IHIOBAHHS HEOOXIIHO
BpaxOBYBATH 1l€papXidHi 3B’S3KH MiX KOMIIO-
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HEHTaMH €KOCHCTEMH, IHTETPYBaTH (hi3WUHI, Xi-
MigHI Ta 010JI0TiYHI MOKa3HUKH AeTpaariii, BU-
SIBJIITH 3BOPOTHI 3B’ SI3KM MK 3a0pYAHCHHSM 1
MIPUPOJTHUM CaMOBIJHOBJICHHSM TIPYHTIB, a Ta-
KO TPOTHO3YBATH MOJANBIITNI PO3BUTOK TIPO-
ueciB i3 3actocyBannsaMm ['IC ta moxmenei ma-
IIMHHOTO HaBYaHHSI.

[IpakTruHuii aHaIi3 CTaHy IPYHTIB Y BO-
€HHO YPaXXCHHUX PETIOHAX JIEMOHCTPYE, 1110 Haii-
BUIIWH piBeHb 3a0pyIHEHHS Ta Aerpaarii cro-
CTepiraeThes y 30HaX aKTUBHUX 00HOBHUX miid. Y
IIUX TEPUTOPISIX KOHIICHTpAIil BaXKKUX METAIIIB
MEPEBUIYIOTh TPAHUYHO JOMYCTHMI 3HAYCHHS
y 5-12 pa3ziB, Mikpo0iojoridHa aKTUBHICTh T1a-
nae Ha 35-65 %, a KoedilieHT CTPyKTYpHOI Je-
CTPYKIIl TPYHTY CYTTEBO 3pocTae. Taki 3MiHH
CBIIUaTh TPO TPUTHIYCHHS OiOICHOTHIHUX
3B’5I3KiB, BTPATy POIIOYOCTI Ta ITiIBHIIECHY Bpa-
3JIMBICTh 10 €PO31MHMX ITPOIIECIB.

CHCTeMHHH MiIXia A0 OLIHKH Jerpagaiii
IPYHTIB mependavyae KOMIUICKCHUM MOHITO-
PHUHT: TEOXIMIYHHM, (hi3UKO-MEXaHIYHUN, MiK-
poGiosoriyamii Ta naHmmadTHUE. Bukxopuc-
TaHHA IHTErpaJbHUX ITOKA3HHKIB Jerpaaili,
TaKUX SK IHJICKC SKOJIOTIYHOI Jerpajarlii, iH-
JIEKC CTPYKTYpPHO-010JIOTIYHOI CTaOIIBPHOCTI Ta
Koe(iIlieHT BOEHHO-TEXHOTCHHOTO HaBaHTa-
JKCHHS, JIO3BOJISIE y3aralbHIOBATH PE3yJIbTaTH
CIOCTEPEKEHD 1 CTBOPIOBATH MPOTHOCTUYHI MO-
JIeITi CTaHy TPYHTIB.

Pearizamist cuctemMHO{ MOZEITI TO3BOJISIE HE
JIMIIE OITIHIOBATH TOTOYHHWM CTaH IPYHTIB, a ¥
TIPOTHO3YBaTH JUHAMIKY JETpagamiiHuX IpoIie-
ciB y MaiilOyTHhoMy. BoHa 3a0e3neuye OCHOBY
JUTS1 HAYKOBO OOTPYHTOBAHOTO TIPUMHSTTS PilliCHb
OO0 MPIOPHUTETIB PEKYJIBTUBALIIT Ta BU3HAYCHHS
e(heKTHBHUX METOIB BigHOBJICHH:. IHTErparis
(hizuKO-XiMIYHUX, O10TOTIYHUX, TEOPOCTOPOBUX
Ta COIIATbHO-€KOHOMIYHUX JIAHUX JTO3BOJISIE Bpa-
XOBYBaTH KOMIUICKCHHIA BILIMB BOEHHOI JTisUTHHO-
CTi Ha €KOCHCTEMH Ta MPOTHO3YBATH ITOTCHITIIHI
3MiHH 010T€OXIMITHHX TIPOIICCIB.

CucremMHa OIiHKA Jerpajaiiii IpyHTIB
CIIpUsiE TUIAHYBAHHIO aJIAITHBHUX Ta MPEBEHTHB-
HUX 3aXO/IiB, BKIFOUAIOYH MEITIOpaIlifo, OiopeMesi-
ariro, PeKyJbTUBAIIIO JaHAMA(TIB 1 KOHTPOJIb
epO3IHHIX TIpoIIeciB. PeryssipHii MOHITOPHHT Ta
OHOBJICHHS JTAHKX JIO3BOJISIFOTH KOPUTYBATH CTpPa-
TeTil BiTHOBIICHHS BIAOBIHO 0 PeaabHOI THHA-
MIKH 3MiH IPYHTOBOI'O TTOKPHUBY.

OTKe, 3aIpOINOHOBaHA METOHOJIOrIYHA
CXeMa CHCTEMHOIO aHaIi3y € HaJiHHUM IHCTpY-
MEHTOM JIJ1s1 KOMIUIEKCHOT'O YITPABJIiHHS CTAHOM
I'PYHTIB BOEHHOT'O ITOXOJDKEHHSI, 3a0e3Ie-ueHHs
CTIMKOTO BITHOBJIEHHS EKOCUCTEM Ta MiHIMI3aril
COIaTFHO-CKOJIOTIYHIX 30MTKIB. BoHa moenHye
HayKOBI IiAXOMW, IPAKTHYHI JaHi Ta CTpaTeri-
YHE IUIaHYBaHHS, CTBOPIOIOYN €(PEKTUBHHUN Me-
XaHi3M IIPUHHSTTS YIIPABIIHCHKHUX PIIIeHb Y MO~
CTKOH(TIKTHOMY BiTHOBJICHHI TEPHUTOPIi.

Kondghnixm inmepecie

ABTOD 3asBIIsi€, MO KOHQITIKTY iHTEPECIB 11010 MyOTiKamii poro pykomnucy Hemae. Kpim toro,
aBTOP MOBHICTIO IOTPHMYBABCSI ETHYHUX HOPM, BKITFOUAIOYH TUIATiaT, Ganbcudikalliio JaHUX Ta 1M0-
NIBIAHY ITyOJIiKaILito.

B po6oTi He BUKOPUCTaHO PeCypc ITYYHOTO IHTEIEKTY.
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METHODOLOGICAL BASIS FOR SYSTEMATIC ANALYSIS
OF MILITARY SOIL DEGRADATION

Purpose. To substantiate the methodological foundations of the systematic analysis of degradation
processes in soils of military origin and to form an integrated model for assessing their condition, dynamics and
forecasting restoration. The scientific need for the creation of an interdisciplinary monitoring system combining
geochemical, physical-mechanical, microbiological and landscape-analytical approaches is identified.
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Methods. Mathematical modeling, statistical analysis and machine learning systems were used to process
and generalize data, which provided a comprehensive assessment of the impact of military factors on the condition
of soils.

Results. The study used system-ecological and geoinformation approaches, methods of toxicological
analysis, remote sensing, as well as index assessment of degradation processes using integral indicators - the index
of ecological soil degradation (IEDS), the index of structural-biological stability (ISBS) and the coefficient of
military-technogenic load (WTC). It has been proven that the degradation of soils of military origin has a cascading
nature: primary mechanical damage causes secondary processes - compaction, erosion, reduced water
permeability, loss of microbiological activity and structural stability. According to the results of the analysis, it
was established that in areas of active hostilities, the concentrations of toxic elements exceed the maximum
permissible values by 5-12 times, and microbiological activity decreases by 35-65%. The developed system model
allows identifying territories with the highest level of degradation, predicting further changes in the state of soils
and forming priorities for reclamation. The combination of GIS mapping, bioindication and analytical modeling
creates a scientific basis for ecological and management decisions in the field of post-conflict recovery.

Conclusions. The proposed methodological scheme of system analysis is an effective tool for assessing
degradation processes in soils of military origin. It provides integration of multi-level environmental data,
contributes to the formation of adaptive reclamation strategies and increases the efficiency of state environmental
monitoring. The use of such a system will minimize social and environmental risks, preserve agricultural
landscapes and support sustainable development of affected areas.

KEYWORDS: soil degradation, military origin, system analysis, integral degradation index, reclamation,
geographic information systems, microbiological activity
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TOWARDS THE IMPROVEMENT OF THE METHODOLOGY FOR ASSESSING DAMAGE
FROM SOIL CONTAMINATION CAUSED BY EMERGENCIES
AND ARMED AGGRESSION

Purposes. Analyze research on improving the methodology for determining the amount of damage from
soil contamination due to emergencies and armed aggression.

Results. Based on a analysis of the current regulatory framework, domestic and foreign scientific reserths,
significant shortcomings of the current Methodology are outlined, in particular, limited consideration of soil
degradation types, insufficient scientific validity of coefficients, and the absence of a comprehensive cost
approach.Taking into account the potential impacts of hostilities on land resources and soil degradation, an attempt
made to substantiate key proposals for improving the current methods for determining damage and losses caused
to soil as a result of armed aggression.

Conclusions.The need to include the costs of research, monitoring and analysis of pollution in the total
amount of damage is argued. The proposed clarifications are aimed at increasing the accuracy of environmental
accounting and forming sustainable principles of public management in the field of environmental restoration.

KEYWORDS: damage assessment methodology, soil degradation, armed aggression, environmental
damage, soil restoration, martial law
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Introduction

The armed aggression against Ukraine has priate methodology. If the Ukrainian govern-
led to large-scale soil contamination with ment began to deal with the recording and
explosives, heavy metals, petroleum products assessment of direct economic losses caused by
and other toxicants. This poses a threat to the full-scale invasion of the Russian Federation
environmental safety, food security and public almost immediately, then the situation with the
health. Accordingly, there is a need to improve assessment of environmental losses was initially
damage assessment methods, which will allow somewhat more complicated, which is associa-
for effective response, recovery and international ted with certain problems of both a methodo-
legal protection. logical nature and other reasons.

Today, one of the key and extremely To solve these problems, an Operational
urgent tasks is the economic assessment of the Headquarters was created under the State Ecolo-
environmental consequences of the war for the gical Inspectorate of Ukraine, the main task of
territory of Ukraine, which requires an appro- which is to form a list of all violations in the field
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of environmental protection and to hold Russia
accountable.

In addition, the Ministry of Environ-
mental Protection and Natural Resources of
Ukraine (hereinafter referred to as the Ministry
of Environment) is using various tools to record
environmental crimes and damage caused by
the occupiers to the Ukrainian environment [1].
In connection with the full-scale Russian armed
aggression, the issues of assessing the damage
and losses caused to the land and soils of
Ukraine as a result of emergency situations
and/or armed aggression and hostilities during

martial law have become extremely urgent,
which has led to an urgent need to develop a
methodology for determining these losses. The
problem of assessing the damage caused to soil
resources as a component of the natural
resource potential and a component of land
capital as a result of armed aggression is new
and significant for both science and practice.

In this study, an analysis of existing
national and international methodologies for
determining the extent of damage caused by soil
contamination resulting from emergencies and
armed aggression was conducted.

Results and discussion

The relevance of the topic is evidenced
by a significant number of publications. The
problematic issues of determining the amount
of damage due to pollution of land resources
[2], modern legal problems of land restoration
[3], foreign experience of legal regulation of
public administration in conditions of emer-
gency situations and martial law [4], legal
issues of determining damage caused to land as
a result of armed aggression and hostilities [5],
global approaches to assessment, monitoring,
mapping and elimination of soil pollution [6]
and assessment of soil pollution and sustainable
restoration strategies are studied. The imper-
fection of the methodology for determining the
amount of damage caused by pollution and
contamination of land resources due to
violations of environmental legislation is also
noted, namely, the insufficient validity of the
criteria by which the levels of land pollution are
established.

At the global level, these issues are
addressed by such authoritative institutions as
the World Economic Forum (WEF) [7; 8], the
Royal Institute of Defense Studies (RUSI) [9;
10], the European Bank for Reconstruction and
Develop-ment (EBRD) [11], the Organization
for Econo-mic Cooperation and Development
(OECD) [12], etc. In their analytical materials,
they focus on the deep challenges that arise in
crisis conditions: ensuring national security and
defense, main-taining economic stability,
adapting to rapid technological changes,
countering hybrid threats, etc. Researchers
emphasize the need to develop flexible and
adaptive management models capable of
quickly responding to dynamic changes in the
security environment.

The main impacts of military operations
are soil resources. According to DSTU
7874:2015 "Soil protection. Soil degradation.
Basic provisions", soil degradation is a natural
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and anthropogenic process of deterioration of
natural properties and soil regimes, which cause
persistent negative changes in their functions,
reduce stability and reduce fertility. This DSTU
identifies the following types (a group of types
of soil degradation, united by the similarity of the
causes and mechanisms of the development of
negative phenomena) of soil degradation [13]:

- mechanical degradation — deformation
and/or destruction of genetic horizons or the
entire soil profile, associated with mechanical
movement and spatial redistribution of soil mass;

- physical degradation persistent
deterioration of physical and water-physical
properties of soil, granulometric and aggregate
composition, negative changes in water and
temperature regimes;

- chemical degradation — deterioration of
the chemical properties of the soil, negative
changes in the content of macro-, meso- and
microelements, contamination with toxicants;

- physicochemical degradation — deterio-
ration of the physicochemical properties of the
soil (acid-base, colloidal and buffer), negative
changes in the ratio of components of the
absorption complex;

- Diological degradation — a persistent
deterioration of the biological properties of the
soil, which leads to a decrease in the produc-
tivity of the soil biocenosis;

- radiation degradation — deterioration of
the radiation state of soils due to contami-nation
with radioactive elements.

Each of these types includes a set of
specific types of soil degradation (deterioration
of soil properties and/or regimes, which can be
described by one or more degradation asses-
sment indicators that have related mechanisms
of impact on soils and similar forms of
degradation manifestation).

Due to the full-scale aggression of the
Russian Federation, soil resources of Ukraine



ISSN 1992-4224 Jlroguua Ta noBkiuisd. [Ipobmemu Heoekonorii. 2025. Bunyck 44

are undergoing large-scale  destruction,
deterioration of quality, and intensification of
degradation processes. Scientists of the NSC
"IGA named after O. N. Sokolovsky" introduce
a new type of soil degradation — degradation
caused by armed aggression.

It should be noted the importance of
developing a unified classification of types of
soil degradation as a result of military actions.
This is a new area of research and it is included
in the plans of scientific research and work
programs of the specified institute. At the
current stage of scientific research, based on the
specified standard [13] and research by
scientists of the NSC "IGA named after O. N.
Sokolovsky", the following are included in the
main areas of negative impact of armed
aggression on soils:

- mechanical degradation — disruption of
the morphological structure of the soil profile;
mixing of genetic horizons; increased soil
heterogeneity; appearance of unusual inclusions
in the soil — foreign bodies (fragments, shells,
mines, rockets, cartridges, etc.), disruption of
the soil cover due to the rupture of mines,
ammunition and the formation of craters,
ditches, pits, trenches, trenches; provoking the
development of erosion, landslides, destruction
of the soil cover, flooding, etc.);

- physical degradation — intensive soil
compaction due to the movement of heavy
military equipment; destructuring due to a
decrease in the content of agronomically
valuable fractions, etc.;

- chemical degradation — accumulation of
heavy metals, petroleum products and other
hazardous pollutants due to munitions
explosions, destruction of heavy equipment or
its movement from the zone of radioactive
contamination; loss of organic carbon, change
in its quality, loss of nutrients, movement to the
surface of soil horizons in which water-soluble
salts accumu-lated — soil salinization, etc.;

- physicochemical degradation — acidi-
fication, alkalization of the soil, loss of buffer
functions, etc.;

- biological degradation — changes in the
structure or loss of soil biota of agronomically
useful communities, a decrease in soil biological
activity, a decrease in biodiversity, etc.;

— other areas of impact on soils and land
plots — loss of ecosystem services; land
contamination (presence of foreign objects,
materials, waste and/or other substances on the
land plot without appropriate permits); burning
of fields, burning of vegetation and/or its
remains, etc.
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The above types of negative impact of
armed aggression on soils are closely
interrelated. All aspects of soil degradation
must be taken into account in the methods of
determining damage and losses caused to lands
and soils as a result of armed aggression of the
Russian Federation.

Regulatory and legal framework for
assessing damage and losses caused to lands
and soils. The current main regulatory and legal
framework for assessing damage and losses
caused to lands and soils of Ukraine as a result
of Russian aggression includes the following
key documents:

e Procedure for determining damage and
losses caused to Ukraine as a result of the armed
aggression of the Russian Federation (approved
by Resolution of the Cabinet of Ministers of
Ukraine dated March 20, 2022 No. 326) [14];
Methodology for determining the amount
of damage caused to land and soils as a result of
emergency situations and/or armed aggression
and hostilities during martial law (approved by
order of the Ministry of Environmental
Protection and Natural Resources of Ukraine
dated April 4, 2022 No. 167) [15];
Methodology for determining damage
and losses caused to the land fund of Ukraine as
a result of the armed aggression of the Russian
Federation (approved by order of the Ministry
of Agrarian Policy and Food of Ukraine dated
May 18, 2022 No. 295) [16].

The main weaknesses of the current

Methodology for determining the amount of
damage caused to land and soil as a result of
emergency situations and/or armed aggression
and hostilities during martial law:
Insufficient consideration of interna-
tional experience in assessing damages as an
evidentiary basis in the context of holding the
aggressor accountable and limited opportunities
to do so due to the lack of such generally
recognized methods in the world.

- Failure to take into account the impact of
hostilities on the mechanical degradation of soil
resources.

- Failure to take into account the impact of
hostilities on the physical degradation of soil
resources.

- Incomplete consideration of the impact
of hostilities on the chemical degradation of soil
resources, in particular, the loss of organic
carbon, changes in its quality, and the loss of
nutrients are ignored.

- Failure to take into account the impact of
hostilities on the physicochemical degradation
of soil resources.



ISSN 1992-4224 Jlroguua Ta noBkiuisd. [Ipobmemu Heoekonorii. 2025. Bunyck 44

- Failure to take into account the impact of
hostilities on the biological degradation of soil
resources.

- Failure to take into account the impact of
hostilities on other types of soil resource
degrada-tion, in particular, the loss or reduction
in the value and value of soil ecosystem
services, field burning, and burning of
vegetation and/or its remains.

- Insufficient justification of individual
coefficients. For example, when determining
the amount of damage from soil contamination,
the specific costs for eliminating the
consequences of soil contamination of the
relevant land plot (A) were taken at 1.5, that is,
they were actually equated to one and a half
times the normative monetary value of the land
plot whose soils were contaminated. Experts
from the Professional Association of Ecologists
of Ukraine propose to apply a value of 10 for
indicator A, taking into account the special
status of land as a major national asset, the
danger of pollutants (heavy metals), the
duration and significant cost of soil restoration
measures. When determining the amount of
damage due to land contamination, the specific
costs for eliminating the consequences of land
contamina-tion, including cleaning (A), are
taken at 1, that is, they are actually equated to
the regulatory monetary valuation of the land
that has been contaminated. The conversion
factor for contami-nation of a land plot with
foreign objects, materials, waste and/or other
substances without appropriate permits (B) is
15, and for hazardous waste and/or other
hazardous substances — 300. Experts from the
Professional Association of Ecologists of
Ukraine propose to apply a value of 10 for
indicator A, and 300 for indicator B. The
arguments regarding the latter indicator are
related, in particular, to the fact that in
accordance with Article 34 of the Law of
Ukraine "On Waste", all hazardous waste is
divided into four classes according to the degree
of their harmful impact on the environment and
on human life and health and is subject to
accounting. That is, all waste is hazardous. In
addition, there is currently no valid regulatory
document in the field of waste management,
approved in the established manner, which
regulates the procedure for determining the
class, category of waste hazard. There is every
reason to agree with the proposals regarding the
advisability of applying one coefficient for all
waste, however, determining the value of the
considered coefficients requires additional
scien-tific justification.
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Insufficient consideration of the cost-
effective methodological approach to restoring
soils affected by armed aggression and
hostilities, i.e. by determining the cost of
restoring soil quality. The latter, in turn, is
determined by the cost of measures that must be
applied to restore soil parameters to their initial
(pre-war) level.

Failure to take into account the costs of
assessing the extent of damage and losses
(conducting research, sampling, analyses,
remote sensing, collecting economic data and
performing calculations, etc.).

Main proposals for improving the
current Methodology for determining the
amount of damage caused to land and soils as
a result of emergency situations and/or armed
aggression and hostilities during martial law.

Given the weaknesses outlined, the
following main additions and/or suggestions are

proposed to improve the  specified
Methodology:
1. Determining the amount of damage due

to mechanical soil degradation (MSD). The
amount of damage due to mechanical soil
degradation is determined based on the amount
of costs for measures to recultivate soils
disturbed as a result of hostilities.

2. Determining the amount of damage due
to physical soil degradation (PSD). The amount
of damage due to physical soil degradation is
determined based on the amount of costs for
measures to decongest soils disturbed as a result
of hostilities.

3. Determining the amount of damage due
to chemical soil degradation (SCD). In this case,
it is proposed to supplement the calculation of
damage due to soil contamination with damage
from the loss of organic carbon and loss of
nutrients.

4. Determination of the extent of damage
caused by physical and chemical degradation of
soils (PCD). The extent of damage caused by
physical and chemical degradation of soils is
determined based on the total cost of measures
to neutralize the acidity of soils affected by
hostilities.

5. Determination of the amount of
damage due to biological degradation of soils
(RBD). The amount of damage due to
biological degradation of soils is determined
based on the amount of costs for measures to
restore soil biota and biodiversity of the soil
affected by hostilities. If these costs are
included in other items (for example, costs for
eliminating the consequences of soil
contamination - remediation measures - may
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include the cost of phyto-amelioration and soil
remediation using biological products that
allow restoring the state of microbial coenoses
in soils), then they are not determined
separately. When determining the amount of
damage due to physical, chemical and physico-
chemical degradation of soils, it is worth relying
on the methodological developments of the
NSC "IGA named after O. N. Sokolovsky" [17].

6. Determination of the amount of
damage due to other types of soil degradation
(RSHD). In this case, it is proposed to
supplement the calculation of damage due to
land contamination with damage from the loss
or reduction of soil ecosystem services, field
burning, burning of vegetation and/or its
residues [18]. For the economic assessment of
damage from burning of plant residues, it is
worth taking as a basis the methodology
developed under the leadership of S. Yu.
Bulygin [19], according to which all damage
caused to the environment is grouped into five
categories:

(1) damage from the destruction and/or
transformation of soil organic matter under the
influence of high temperatures during burning
of residues;

(2) losses from increased erosion and
deflationary risks;

(3) losses from the destruction of plant
residues as an organic fertilizer and a source of
soil organic matter renewal;

(4) damage from the destruction of natural
soil fauna and soil microbiological fauna; (5)
damage from air pollution by products of
burning plant  residues and  oxygen
consumption.

The first three items are direct (internal)
damages, which are calculated according to the
relevant formulas and standards, the last two
items are indirect (external) damages, which are
equal to the sum of the first three (since it is very
difficult, and sometimes impossible, to quantify
them, it is assumed that external environmental
damages are no less in size than direct ones).

The amount of damage resulting from
other types of soil degradation caused by armed
aggression and hostilities is determined based
on the amount of costs for measures to restore
soil quality to its initial (pre-war) level.

7. Determination of costs for assessing the
extent of damage and losses (D&L). The
amount of costs for assessing the extent of
damage and losses caused to land and soil as a
result of emergencies and/or armed aggression
and hostilities during martial law is determined
based on the costs of conducting research,
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sampling, analysis, remote sensing, collecting
economic data and performing calculations, etc.

8. Determination of the total amount of
damage for the simultaneous manifestation of
all types of soil degradation (TED). The total
amount of compensation for the simultaneous
manifestation of all types of soil degradation as
a result of emergency situations and/or armed
aggression and hostilities during martial law is
determined by the formula:

TED =MSD + PSD + SCD + PCD + RBD +
+ RSHD

9. It is recommended to expand the range of
entities that establish the facts of soil
degradation caused by armed aggression, as
well as their scale. In particular, the number of
specified entities should include all entities that
exercise state control over the use and
protection of lands of all categories and forms
of ownership in accordance with the Law of
Ukraine "On State Control over the Use and
Protection of Lands" (central executive body
that implements state policy in the field of land
relations; central executive body on agrarian
policy; central executive body that ensures the

implementation of state policy on state
supervision  (control) in the field of
environmental ~ protection, rational  use,

reproduction and protection of natural resources;
executive bodies of village, settlement, city
councils within the powers defined by law), as
well as scientific institutions of NASU, NAAS,
land owners and land users, enterprises, institu-
tions and organizations whose land plots were
damaged and lost as a result of armed
aggression.

Technologies for monitoring and as-
sessing the condition of land resources.

Also, one of the most important state
problems today is the monitoring and protection
of lands for the post-war restoration and
development of the economy of Ukraine, the
solution of which is largely associated with a
comprehensive  system of  observations,
assessment and forecasting of the state of
changes in land resources and the restoration of
soil fertility under the influence of natural and
anthropogenic factors. It should be noted that
monitoring refers to the functions of state
administration, where the content, features and
procedure for conducting land monitoring are
regulated by the Land Code of Ukraine, the laws
of Ukraine "On Land Protection”, "On Envi-
ronmental Protection”, "On Land Management",
"On State Control over the Use and Protection of
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Lands", "Regulations on Land Monitoring" and
other subordinate legislation.

The definition of land monitoring is
given and legally enshrined in Art. 191 of the
Land Code of Ukraine [20], according to which
land monitoring is a system of observations of
the state of land, which aims to timely detect
changes in the state of land, assess them,
prevent and eliminate the consequences of
negative processes. The Land Code of Ukraine
and the Regulations on Land Monitoring
establish the structure, tasks and content of
monitoring. The task of land monitoring is to
collect information necessary for maintaining
the state land cadastre, organizing land use and
land management, exercising state control over
the use and protection of land in order to prevent
negative processes. Thus, monitoring becomes
particularly relevant, allows you to clearly
determine the quantitative and qualitative
characteristics of land resources and, if
necessary, take timely measures adequate to the
background state of the land. It is also designed
to initiate an environmentally friendly,
resource-saving and regenerative, that is,
rational, nature of their use, providing for the
preservation of soils and limiting the negative
impact on them [21].

Land monitoring is carried out at the lo-
cal (on the territory of individual land tenures,
land uses, landscape areas), regional (within ad-
ministrative-territorial units, on the territories of
economic and natural regions), national (covers
the entire territory of Ukraine) and global levels
(connected with international scientific and
technical 16 programs). At each level, it is ad-
visable to determine the impact of anthropo-
genic load. This requires various integral indi-
cators of the action of anthropogenic load of all
subspecies and the use of integral assessment
indices. This encourages rational planning of
territories and placement of national economic
objects on them, taking into account the rules
and norms of environmental protection [22].

Land monitoring is regulated by Law of
Ukraine "On Environmental Protection: Art. 22
In order to ensure the collection, processing,
preservation and analysis of information on the
state of the environment, forecasting its changes
and developing scientifically based recommen-
dations for making effective management deci-
sions in Ukraine, a system of state environmen-
tal monitoring is being created. Monitoring of
the state of the environment and the level of its
pollution is carried out by the central executive
body that implements state policy in the field of
environmental protection, other specially au-

~ 125~

thorized state bodies, as well as enterprises, in-
stitutions and organizations whose activities
lead or may lead to a deterioration in the state
of the environment. The specified enterprises,
institutions and organizations are obliged to
transfer analytical materials of their observa-
tions to the relevant state bodies free of charge.

The procedure for conducting state envi-
ronmental monitoring is determined by the Cab-
inet of Ministers of Ukraine.

State bodies, together with relevant scien-
tific institutions, ensure the organization of short-
term and long-term forecasting of environmental
changes, which must be taken into account when
developing and implementing programs and
measures for the economic and social develop-
ment of Ukraine, including environmental pro-
tection, use and reproduction of natural re-
sources, and ensuring ecological safety [23];

Land monitoring is also regulated by Law
of Ukraine "On State Control over the Use and
Protection of Lands" (regarding monitoring of
agricultural land soils). Art. 5: Bodies exercis-
ing state control over the use and protection of
lands, compliance with the requirements of the
legislation of Ukraine on land protection, mon-
itoring of soil fertility.

State control over the use and protection
of land of all categories and forms of ownership
is carried out by the central executive body that
implements state policy in the field of land rela-
tions. State control over the use and protection
of land is also carried out by executive bodies
of village, settlement, and city councils within
the limits of their powers determined by law, if
the relevant council adopts a decision to exer-
cise such control.

State control over compliance with the
requirements of the legislation of Ukraine on
and protection is carried out by the central exe-
ecutive body, which ensures the implementa-
tion of state policy on state supervision (control)
in the field of environmental protection, rational
use, reproduction and protection of natural re-
sources.

Monitoring of soil fertility of agricultural
lands and agrochemical certification of agri-
cultural lands is carried out by the central
executive body for agrarian policy.

Article 8: Powers of the central executive
body implementing state policy in the field of
land relations when monitoring soil fertility

Article 9: Organization and implementa-
tion of state control over the use and protection
of lands, compliance with the requirements of
the legislation of Ukraine on land protection and
soil monitoring.
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State control over the use and protection
of lands, compliance with the requirements of
the legislation of Ukraine on land protection and
soil monitoring is carried out by:

- conducting inspections;

- consideration of applications from legal
entities and individuals;

- participation in the commissioning of land
reclamation systems and reclaimed lands,
protec-tive forest plantations, anti-erosion
hydraulic structures and other facilities that are
being constructed to increase soil fertility and
ensure land protection;

- review of land management documentation
related to land use and protection;

- conducting soil monitoring and agrochemical
certification of agricultural lands [24];

— Resolution of the Cabinet of Ministers of
Ukraine “On Approval of the Regulation on
Land Monitoring” [25];

—"Regulations on the State Environmental
Monitoring System" dated March 30, 1998, No.
391 [26].

Land monitoring should be understood
not as separate one-time measures, but as a
holistic, dynamic and continuous observation
system that combines large-scale technical
activities and in-depth information and
analytical work. Its main task is to form a
complete, objective and timely picture of the
state of the country's land resources. This
complex system is implemented through the
active use of specialized technical means of
control and careful, systematic tracking of the
qualitative characteristics of the land. The
monitoring process is multi-stage and includes
a number of key operations, including:

Field surveys and sampling: Conducting
route surveys, establishing test sites, taking soil
and groundwater samples for further laboratory
analysis to identify anthropogenic pollution,
soil fatigue, or natural anomalies.

Comprehensive studies: Organization
and conduct of soil-geobotanical, agrochemical,
land reclamation, ecological-toxicological and
other necessary surveys that allow for a com-
prehensive assessment of land, taking into ac-
count all interrelationships in the natural envi-
ronment.

Laboratory and analytical work: Per-
forming accurate laboratory analyses, measure-
ments and tests to determine the chemical com-
position (content of heavy metals, pesticides,
radionuclides, pH), biological properties (mi-
crobiological activity, humus content) and
physical condition (density, structure, moisture)
of soils.
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However, the functions of land monitor-
ing are not limited to the collection of empirical
data. The next, no less important stage is their
in-depth analysis, interpretation and systemati-
zation. Based on the mass of information re-
ceived, specialists conduct a comprehensive as-
sessment of the state of the land, develop scien-
tifically based forecasts for the development of
the main negative processes. Such processes in-
clude, in particular, water and wind erosion,
man-made pollution, secondary salinization,
drainage, flooding, acidification, loss of the fer-
tile humus layer, as well as land degradation due
to improper management. Based on these fore-
casts, specific preventive and restoration
measures are developed aimed at preventing,
localizing and completely eliminating negative
phenomena.

Another critically important aspect of
monitoring is the systematic observation of ac-
tual and targeted land use. This process involves
identifying, recording, and documenting cases
of inappropriate use of land plots, unauthorized
land grabbing, and violations of good agricul-
tural practices, which often lead to irreversible
deterioration of soil quality, a decrease in soil
fertility, and a general deterioration of the envi-
ronmental situation in the region [27].

Land monitoring rightfully occupies a
central, basic place in the general system of all
other types of monitoring and state cadastres of
natural resources. The information accumulated,
systematized and updated as a result of its imple-
mentation serves as the main information foun-
dation and a single geospatial framework for:

Conducting industry monitoring: Effec-
tive monitoring of the natural environment, wa-
ter, forest, mineral and raw materials, and other
resources is impossible without accurate and
up-to-date information about land, since all nat-
ural objects are located on the land surface and
are closely interconnected.

Formation and maintenance of state ca-
dastres: Land monitoring data is the primary
source for the formation and maintenance of the
State Land Cadastre (SLC), and is also actively
used in the State Cadastre of Natural Resources,
the Cadastre of Flora and Fauna, which ensures
the unity and consistency of the entire cadastral
system of the country.

Land monitoring in Ukraine is organiza-
tionally and functionally assigned to the State
Service of Ukraine for Geodesy, Cartography
and Cadastre (State Geocadastre). However,
due to the complex and interdisciplinary nature
of the tasks, this work is not carried out in iso-
lation, but with the mandatory participation and
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close interaction with other specialized central
executive bodies and scientific institutions,
among which the following play a key role:

e Ministry of Environmental Protection: Re-
sponsible for general environmental policy, en-
vironmental quality regulation, and pollution
monitoring.

» Ministry of Agrarian Policy and Food: En-
sures the connection of monitoring with the
needs of agricultural production, develops rec-
ommendations for increasing soil fertility.

 Ukrainian Academy of Agrarian Sciences:
Provides scientific support, conducts funda-
mental and applied research in the field of soil
science, agrochemistry, and agriculture.

An important stage in the development
and consolidation of the state control system
was the adoption of the Resolution of the Cabi-
net of Ministers of Ukraine dated 30.11.2016
No. 910-r “Issues of the State Service for Geod-
esy, Cartography and Cadastre”. With this stra-
tegic document, the Government centralized
and assigned to the State Geocadastre the full
range of functions and powers for state supervi-
sion (control) in the agro-industrial complex.
This concerns strict compliance with land legis-
lation, rational use and protection of lands of all
categories and forms of ownership, as well as
ensuring the preservation and restoration of soil
fertility. It is important to note that these criti-
cally important powers previously belonged to
the State Inspectorate of Agriculture, which was
liquidated as part of the administrative reform
[28, 29].

Information on the condition of lands col-
lected during field, laboratory and remote ob-
servations is subject to careful systematization
and spatial generalization at various levels:

e By administrative-territorial units: (dis-
tricts, cities, regions) for the needs of local self-
government.

e By individual natural complexes and wa-
tersheds: (e.g., forest-steppe zone, Dnipro River
basin) for ecological planning.

e By land categories and types of land: (ag-
ricultural land, forest land, etc.).

Further processing, storage, and analysis
of these large data sets (Big Data) takes place in
modern automated information systems (AIS)
of regional land resources departments and the
central office of the State Geocadastre.

The final product of analytical work is
the preparation of detailed annual and periodic
reports, scientifically based forecasts for the
medium and long term, as well as packages of
specific practical recommendations. These doc-
uments are sent in accordance with the estab-
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lished procedure to local executive authorities,
local governments and the central office of the
State Geocadastre for further implementation of
operational, tactical and strategic measures.
These measures are aimed at timely prevention,
localization and complete elimination of the
consequences of negative processes, as well as
at stimulating rational land use.

Modern challenges and high require-
ments for land resource management in the con-
text of global changes necessitate the wide-
spread use of advanced, innovative approaches
to collecting, storing, analyzing, modeling, and
predicting the state of the environment. Solving
these complex tasks is ensured solely through
the implementation of a comprehensive geoin-
formation approach that integrates various data
sources into a single digital space. The key tech-
nologies that dramatically increase the effi-
ciency of land use and the quality of manage-
ment decisions today are:

Modern geographic information systems
(GIS): They are the core of the entire monitor-
ing system. They provide a powerful platform
for operational processing, deep spatial analy-
sis, visual visualization in the form of maps and
diagrams, secure storage and rapid transmission
of information about the state of the land. It is
GIS technologies that transform raw data into
knowledge, which is critically important for
making informed public management decisions
at different levels [30].

Global positioning satellite systems (GPS,
GLONASS, Galileo): Revolutionary opportuni-
ties have been opened for fast, accurate and cost-
effective geodetic surveys and inventories of
large areas. When conducting surveying work
using GNSS equipment, the difficulties inherent
in traditional methods (the need for direct visibil-
ity between points, the influence of weather con-
ditions, low speed) largely disappear.

Remote sensing of the Earth (RS): Itis a
set of the most modern methods for studying the
Earth's surface, lithosphere and atmosphere
with subsequent decoding and interpretation of
the obtained images. Aerospace means, in par-
ticular observations from artificial satellites of
high and ultra-high spatial resolution (satellites
of the Sentinel, Landsat, SPOT, Planet series),
allow obtaining high-quality, objective, multi-
spectral information in a mode close to real
time. This provides a unique opportunity to
quickly and with high accuracy assess the state
of land resources and crops, monitor the dynam-
ics of the state of forest lands, control unauthor-
ized changes in the purpose of land, as well as
promptly detect the occurrence and develop-
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ment of dangerous natural phenomena (fires,
floods) and man-made emergencies.

Thus, the information support of the land
monitoring system is based on the integration of
data from various sources:

Remote sensing data (space-based imaging
and observation; Aerial photography and research
from unmanned aerial vehicles (UAVs);Ground
survey and observation: Includes route patrols,
use of mobile laboratories, installation of
stationary sensors and gauges; Stock (archival)
data: Cartographic materials, materials of

previous surveys, data from state cadastres,
allowing analysis of the dynamics of changes.

The large-scale implementation  of
geoinformation technologies, global positioning
systems, and advanced remote sensing methods of
the Earth transforms them from simple tools into
key drivers and infrastructure factors for
increasing the efficiency of land resource
management, thereby ensuring a new qualitative
level of land monitoring in Ukraine and its
integration into the European and global data
space.

Conclusions

As a result of the research, an analysis of
the potential opportunities for the development
of methodological principles for determining the
amount of damage caused to land and soil as a
result of the armed aggression of the Russian
Federation and the conduct of active hostilities
during martial law was carried out. Taking into
account the significant potential impacts of
military operations on the state of land resources
and the intensification of soil degradation
processes, a comprehensive review of scientific
publications was conducted and key proposals
were substantiated for improving the current
methods for determining the amount of damage
and losses caused to soil cover as a result of
armed aggression.

Based on the identified key weaknesses of
the current Methodology for determining the
amount of damage caused to land and soils as a
result of emergencies and/or armed aggression
and hostilities during martial law, a number of
main additions and/or proposals have been propo-
sed to significantly improve this Methodology, in
particular: the introduction of a mechanism for
determining the amount of damage due to mecha-
nical, physical, chemical, physico-chemical,
biological and other types of soil degradation
based on a cost-based methodological approach,
according to which the amount of damage due to
soil degradation is determined based on the sum
of all necessary costs for a set of measures to fully
restore soil quality. As for clarifying the

determination of the amount of damage due to
other types of soil degradation, it is proposed to
significantly supplement the calculation of
damage due to land contamination by also
including an assessment of damage from the loss
or significant reduction of soil ecosystem
services, damage from large-scale field burning,
burning of vegetation and/or its remains. It is also
proposed that the total amount of damage and
losses caused to land and soil as a result of
emergencies and/or armed aggression and
hostilities during martial law must necessarily
take into account the full amount of costs for
assessing their value, based on the calculation of
costs for conducting compre-hensive field
research, sampling, laboratory analysis, remote
sensing, collecting economic data and
performing calculations, etc.

The practical value of this study lies in the
fact that its results can be used by the Ministry of
Agrarian Policy and Food of Ukraine, the
Ministry of Environmental Protection and
Natural Resources of Ukraine, the State
Ecological Inspectorate of Ukraine and other
interested parties to consistently improve the
Methodology for determining the amount of
damage caused to land and soils as a result of
emergency situations and/or armed aggression
and hostilities during martial law, as well as for
practical assessment of the amount of these
losses during the restoration of affected
territories.
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A0 IMPOBJIEMH Y IOCKOHAJIEHHSA METOAUKA BUSHAYEHHS PO3MIPY HIKOAN
3A 3AGPYJIHEHHS IPYHTIB BHACJIIJOK HA/IBBBUYAUHUX CUTYALIU
TA 3bPOUHOI AT'PECII

Mera. [IpoananizyBaTu IOCIi)KEHHS IIOJ0 YJOCKOHAICHHS METOJMKH BU3HAYCHHS PO3MIpY IIKOIM 3a
3a0pyAHEHHsI IPYHTIB BHACIIIIOK HAJA3BHYANHUX CUTYaIlill Ta 30poiiHOT arpecii.

PesyasTaT. Ha ocHOBI aHani3y cy4acHOi HOPMAaTHBHO-TIPAaBOBOI 0a3u, BITYM3HSHUX 1 3apyOIKHUX Hay-
KOBHX JIOCJIJDKEHb OKPECJIEHO CYTTEBI HEIOJIKM YMHHOT MeToAMKH, 30KpeMa 0OMe)KeHe BpaxyBaHHs THIIIB Jie-
rpajanii IpyHTIB, HEJJOCTaTHIO HAYKOBY OOIPYHTOBaHICTh KOE(]ILIEHTIB Ta BiIICYTHICTh KOMIUIEKCHOTO BHUTpAT-
HOTO TiIX0Ay. YPaxoBYIOUH MOTCHITIHHI BIUTMBY BOEHHUX il Ha 3¢MeNbHI PECYPCH Ta ACTPAJAIlifo IPYHTIB 3/iii-
CHEHO Crpo0y OOIPYHTYBATH KIJIFOYOBI MPOIMO3MINT 111010 BJOCKOHAJICHHS YHHHUX MCETOAMK BU3HAYCHHS IIKOIM
Ta 30WUTKIB, 3aBJaHUX I'PyHTaM BHACIIIOK 30pOiHOT arpecii.

BucHOBKH. ApryMEHTOBaHO HEOOXIIHICTh BKIIIOYECHHS BUTPAT HA JOCIIHPKEHHSI, MOHITOPHHT 1 aHaJi3 3a-
OpyIHEHb 10 3aralbHOTO 00CATY 30MTKIB. 3alpOIIOHOBAaHI YTOYHEHHS CIIPSMOBaHI Ha i IBUIIEHHS TOYHOCTI €KO-
JIOTiYHOTrO 00JiKy Ta (JOPMYBaHHS CTATHX 3acaj MyOIYHOrO YIPaBIiHHA y chepl BIAHOBICHHS MPUPOIHOTO Ce-
peloBHILA.

KJIIOYOBI CJIOBA: memoouka oyinku wkoou, deepadayis tpyHmy, 30potina azpecis, exono2iuni 30u-
MKU, BIOHOBNEHHS TPYHNLY, BOEHHUL CIAH

Kondghnikm inmepecie

ABTOpU 3a5BIISIOTH, 0 KOHQIIIKTY iHTEpeciB Moo MyoJIikanii iboro pykonucy Hemae. Kpim Toro, aBropu
MOBHICTIO JJOTPUMYBAJINCh €ETHYHNX HOPM, BKJIFOYAIOUH IUTariat, anbcndikallito JaHuX Ta MOABIHHY MyOTiKarliio.

Buecox agmopie: Bci aBTopy 3p00MIM piBHUI BHECOK Y 1110 pOOOTY.

B po60Ti HE BUKOPUCTAHO pecypc MTYYHOTO iHTEIEKTY.
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EKOJIOT O-TEOMOP®OJOITYHI TPAHC®OPMAIIII IHEPTHUX KOMIIOHEHTIB
JAHAIIA®TY IHAYCTPIAJIBHUX 30H

Meta. KomimiekcHa o1liHKa eKoreoMopOIOTiTHIX 3MiH iHEPTHUX KOMIIOHEHTIB JIAaHAMIA(TY, 3yMOBIICHIX
IHTEHCHBHOIO OYiBEIBHOIO JISUTHbHICTIO Y HOBUX 1HAYCTpiaJIbHUX 30HaX YKpaiHH, CTBOPEHHX 3 BUKOPHCTaHHIM
Cy4JacHOI TeXHOJIOTi1 OyMiBHUIITBA MIBHIKOMOHTOBaHIX Oyniens (ILIIMB).

MeTtoan. I[1oyb0Bi JOCIIIKEHHS, CACTEMHHI aHaJi3, MOPIBHAJIbHO-TreorpadiuHui aHalli3, CTATUCTHYHHH,
MOP(OMETPHUIHHIH, METO/ CITIBCTABIICHHS.

PesyabTraTu. Pe3ynbpraTi MOJBOBHX Ta aHATITUYHUX JAOCIIIKEHb 3aCBIUMIIH, 10 OyAiBeNIbHA MisUTbHICTH €
BU3HAYAIILHUM (DAaKTOPOM (pOpMYBaHHS 30H IHTECHCHBHOT'O TEXHOTCHHOTO HAaBaHTa)KCHHSI HA IPYHTOBHUIA OKpHUB. Ma-
KCHUMaJIbHI PiBHI 3a0pyTHCHHS BOKKUMH MeTalaMK 3a()iKCOBAaHO B MEKaX aKTHBHUX OYHiBEIbHUX MalIaHUHKIB Ta
MPWIETIINX 10 HAX 30H CKIIayBaHHs OyIiBeIbHHAX MaTepiaiiB. 30KpeMa, BMICT IMHKY y WX JIOKAI[isIX BiAMIOBiTae
KaTeropii HaJBUCOKOTO 3a0pYAHEHHSI 3T1THO 3 KiIach(ikaliiHUMKU KPUTEPIsSMH €KOJIOTTYHOI OLIIHKU CTaHy IPYHTIB.
Perpeciiiauii aHai3z BUSBUB CTaTUCTUYHO 3HAUYIINIT 3BOPOTHUIA 3B’ 130K MIXK BiZICTAHHIO 10 OcepeKy OyIiBenbHOT
AKTHBHOCTI Ta piBHEM HAKOITMYEHHS BXXKIX METANIIB Y IpyHTOBOMY Tipodini. B Mexax ¢amiit, sKi migmaBammcs Tpu-
BaJIOMY 1H)KEHEPHOMY BTPYUYaHHIO, 3a()iKCOBaHO iICTOTHY TpaHC(OpMAIIil0 CTPYKTYpH POCIMHHOTO TOKpHBY. Jlins-
HKH, 1110 3a3HaJIM MEXaHIYHO1 TpaHchopMallii IpyHTY, XapaKTepHU3yIOThCS 3SMEHILICHHSIM IUIOLI IPHPOIHOTO POCIIHH-
HOT'O TIOKPUBY, PEAYKIIEI BHIOBOTO PI3HOMAHITTS Ta JOMiHYBaHHSIM aalITUBHUX, ICPCBAYKHO 1HBA3UBHHX, BUJIIB.
3MirieHHs 010IIEHOTHYHOT PIBHOBATU CHPHSE BUTICHCHHIO aBTOXTOHHUX TPEJCTAaBHUKIB (DIIOPH, XapaKTEPHUX LIS
(IpUPOHMX) YPOUHILL, OXOTUICHUX AOCIIPKEHHSM, 110 IIPU3BOUTh JI0 (POPMYBAHHS MOHOJIOMIHAHTHUX YIPYIIOBaHb
13 HU3BKOIO €KOJIOTIYHOIO PE3UCTEHTHICTIO Ta MOPYIIEHOIO 3aTHICTIO 10 IPHPOIHOTO BiTHOBJICHHSL.

BucnoBku. Po30y0Ba iHAyCTpiaJbHUX 30H HA TEPUTOPISX 3 MEPEBAKHO CUILCHKOTOCHOAAPCHKUM 1 JIico-
TOCIOAPCHKAM BHUKOPHUCTAHHSAM CIPUYHHSAE iCTOTHI €KOJOTiYHO-TeOMOPQOIOTiuHI TpaHcopMallii iHepTHUX
KOMIIOHEHTIB JTaHAmadTy. 3aCTOCYBaHHs IHTETPOBAHOIO METOIOJOTIYHOTO MiJX0My MO3BOJIHIIO KIIBKICHO OIli-
HUTH 3MiHH MOP(OCTPYKTYpH, IPYHTOBOTO MOKPUBY Ta TiAPOIIOTIYHOTO PEKUMY, a TaKOXK 3a(piKCyBaTH ITiJ[BHU-
IIEHHS PiBHS 3a0py/JHEHHS IPYHTIB B)KKMMH MeTajaMH Ha JAUISHKaX OyaiBHHITBA. BCTaHOBJIEHO MOpYILEHHS
B3a€MO/IiT M)XK IHEPTHUMH Ta O10THIHUMH KOMIIOHEHTAMH T€0CHCTEM, 10 3HIKYE X eKOJOT19HY CTilKicTh. OTpH-
MaHi pe3yJbTaTH MOXKYTh OyTH BUKOPHCTAHI SIK HAYKOBE IIAIPYHTS JJIsl ONITUMI3aLlil IPOCTOPOBOTO IIAHYBaHHSI,
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PENOKYBaHHsI MHiANPUEMCTB Ta (opMyBaHHS
IHAYCTpiabHUX MapKiB, MO MiATPUMYIOTHCS
Jep>KaBHUMH CTUMYJIaMH Ta TPAHTOBHMH iHi-
HiaTUBaMH, CIPUYHMHAE TpaHchopMalii JIaHa-
madTiB, 30KpeMa B arpONpPOMHUCIOBHX PETio-
Hax 3aximHuxX obyactelt Ykpainm. MacmrabHe
OCBO€HHS 3€MeJIb CIITbCHKOTOCTIOIAPCHKOTO Ta
JCOTrOCHOAAPCHKOT0 PU3HAYEHHS CYTIPOBOJ-
KY€ETBCS MTOCTYNOBOIO YypOaHi3alli€l0 TEepHUTO-
piif, TOpyIIEHHSIM IPUPOIHUX CTPYKTYP JaH/-
madTiB, TUCOATAHCOM T'€OKOMIIOHEHTIB 1 p0O3-
BUTKOM ekoreomopdonoriunux 3MmiH [1].
BpaxoByloun KilbKiCTh iHAYCTpiabHHX Ta
MPOMHCIIOBUX TEPUTOPiH, OMyOJIIKOBaHUX Y
JHep:kaBHOMY 3eMENbHOMY KaJgacTpi, BHHUKAE
rocTpa HEOOXIJHICTh KOMIUIEKCHOI OIIHKH
BIUTMBY OYJ1iBEJIbHOI AisITBHOCTI HA PHUPOTHO-
teputopianbHi kommuiekcu (I[1TK). OcobnuBy
yBary CIiJ TPUAUIATH TOCIIIKEHHIO TOpY-
IeHb B3a€EMOMIl MK IHEPTHUMH (penbed,
TPYHTH) Ta XUBUMHU (POCIHUHHICTH, TPYHTOBA
0ioTa) KOMITOHEHTaMH JaHAadTy, M0 BU3HA-
YaroTh CTPYKTYpHO-(DYHKITIOHATHHY IUTICHICTD
Ta EKOJIOTIYHY CTa01TbHICTh TE€OCUCTEM.

Y KOHTEKCTI Cy4YaCHHX BUKIIUKIB,
CIPUYMHEHUX BIACHKOBUM KOH(JIIKTOM Ta
MOB’sI3aHOI0 3 HUM aKTHBI3AIi€l0 PO30Cepe-
XKeHol iHIycTpianbHOi ypOaHi3amii, MOCHITIO-
€TbCsl TpaHChOpMaLlist TaHIIATIB, IO CYIPO-
BOJIKYETBCSL (POPMYBAHHAM TPUPOTHO-TEXHO-
FeHHHUX JIaHTAQTIB 13 3HUKEHOK EKOJIOTiY-
HOIO CTiHKicTIo. He3Baxkatoum Ha ONIMPEHICTh
iHaycTpiamizanii Ta ypbaHizanii, muTaHHS KO-
JIOTIYHUX HACTIJIKIB JUIA TPUPOAHHUX JaH]I-
madTiB 3aTUIMIAETHCA AKTYAIBHAM 1 HEJIOCTAT-
HbO JOCHTI[DKEHHM Y Cy4YacHil yKpaiHCBHKii
HayKOBiil jiteparypi. BizoMo, 1o iHTeHCUBHE
OYIIBHUIITBO Ta EKCIDTyaTaIlisl iHyCTpiallbHUX
30H BUKJIMKAIOTh TOPYHIEHHS OaJaHCy Mix
IHEPTHUMH Ta >KUBHMH KOMIIOHEHTAMH JIAH[I-
madTiB, M0 MPU3BOIUTH JI0 JIerpajailii eKoCH-
CTeMHHMX (YHKI[IH, 3HMKEHHS EKOJIOTIYHOI
CTIMKOCTI Ta TOTIPIIEHHS SKOCTI HAaBKOJHII-
HBOTO CEepeJIOBHIIIA.

Oco06nmrBOi yBarum 3acilyrOBYIOTH T€0-
MOpP(DOJIOTiuHI acMeKTH MHUX 3MiH, OCKUIBKH
penbed 1 IpyHTH € QyHIaMEHTATEHUMH 1HEPT-
HUMH KOMIIOHEHTaMH{ NPUPOJHHUX CUCTEM, SKi
BU3HAYAIOTh TiApOJIOTiuHi, Oioreoximiuni Ta
iHmi ¢QyHKOioHansHI Tpouecu. byxiBenbHa
JSUTBHICTB, BKITFOYHO 3 3eMJISHUIMH POOOTaMH,

3MIiHOIO TiJIPOJIOTIYHOTO PEXHUMY Ta JIOKAIb-
HUM 3a0pyIHEHHSM, MPU3BOAUTH 10 3MiH
MOpGOCTPYKTYpH penbedy, akTHBizawii epo-
31MHUX TMPOLECiB, YIIUIBHEHHS IPYHTIB 1
MOPYLIEHHS iX NPUPOJHUX BiaacTUBOCTel. Lle
3YMOBIIIOE€ K JIOKaJbHI, TaK 1 KacKajiHi
ekoreoMopdoJIoTiuHi TpaHchopmariii, o Io-
PYUIYIOTh  LUTICHICTh  MPHUPOTHO-TEPUTOPI-
AMPHUX KOMIUIEKCIB 1 TMOTIPIIYIOTh IXHIO
3IATHICTH IO CAMOPETYJISIIIi.

AKTYyaNnbHICTh JOCTIKEHHS 3yMOBJICHA
HEOOXI/IHICTIO PO3pOOKH HAYKOBO OOIPYHTO-
BaHMX METOAMK OI[HKH 1 IPOTHO3YBaHHS
€KOreoMOpPQOIOTIYHUX 3MiH Y KOHTEKCTI Oy/Ii-
BEJIGHOI AISUTBHOCTI B 1HIYCTpialbHUX 30HAX.
Takuii niaxing € BayKJIUBUM I 3a0€3leYeHHS
CTaJIOr0 MPOCTOPOBOTO PO3BUTKY, 30€pPEIKCHHS
JaHmqmapTHOI CTPYKTYpH Ta ONTUMI3alii
pUPOJOKOpHCTYBaHHsA. OCOOIMBO IIE CTOCY-
€THCSI TEPUTOPIH i3 BHCOKUM IOTEHIIIAJIOM
arpapHOro BHKOPUCTaHHS Ta 3pasKiB IpH-
pOIHOI EKOCHUCTEeMHOI Pi3HOMAaHITHOCTI, SIKi
3a3HAIOTh AHTPOIIOT€HHOT'O THCKY.

BpaxoByroun 1ie, METOI0 JTOCITIPKSHHS €
KOMIUIEKCHa OIliHKa eKOreoMOp(OTIOTIIHIX
3MiH I1HEPTHMX KOMIIOHEHTIB JaHTmaQTy,
3YMOBIICHHUX IHAYCTPIaIbHOIO 3a0yIOBOIO, a
TaKOXX BHSBJICHHS OCOOJUBOCTEH TpaHchop-
Mallii peibedy 1 IpyHTOBOTO MOKPUBY Ha PI3HUX
IPYHTOBO-T€OMOP(]OJIOTTYHUX OCHOBAX.

HaykoBuii ananiz 0a3yeTbCsi Ha Pe3yJib-
Tarax TOJLOBHX, JTA0OPaTOPHUX Ta KaMepaib-
HHUX JIOCHI/DKEHb y BHOpPAHUX 1HAYCTpialbHHUX
30HaX, IO JI03BOJSIE OTPHMATH IHTETPOBaHY
KapTUHY aHTPOTIOT€HHMX BIUTHUBIB 1 iX HACII/KIB.

TakuM 4YHHOM, pe3ynbTaTH POOOTH
CIIPHATHMYTH MOTJOJICHHIO PO3yMiHHS MeXa-
HI3MIB €KOreoMOpQOJIOoTiYHuX TpaHchopMa-
il y KOHTEKCTI iHIycTpialmizamii, a TakKox
CTaHyTh TEOPETHYHOIO 1 NMPAKTUYHOI 0a30r0
JUISE  PO3POOKH  3aXOMdiB 13 IOM’ SIKIICHHS
HETraTHBHOTO BIUIMBY OyJiBENbHOI AisIIBHOCTI
Ha MPUPOHI TaHmapTH YKpaiHu.

OO0’ eKTH TOCIIPKEHHS — IHEPTHI KOMITO-
HEHTH JJaHAmad Ty Ha TEPUTOPISIX HOBOCTBOpE-
HUX 1HIyCTpialbHUX 30H Ta iX TpaHcopmariii
B pe3yJIbTaTi OyAiBeIbHOT iSUTBHOCTI.

[Ipenmer pocnigkeHHss — ekoreoMopgo-
Joriuni TpaHcdopmauii penbedy Ta IpyHTO-
BOTO MOKPHUBY, BHKIHKaHI aHTPOIIOTC€HHUM
BILTUBOM OY/1iBEIBHOI NisUTHHOCTI.

Memooonozia ma memoou 00CnioOIHceHHA

IHTeHCHMBHE pO3MIMPEHHS 1HAYCTpiab-
HUX 30H y TIO€JJHAHHI 3 PO3BUTKOM BiJIIOB1THOT
iH(PaCTPYKTYpH, IO 3YMOBIIEHE BUMYIIIECHUM
TIePEMITIICHHSIM TIPOMHUCIOBHX MTOTYKHOCTEH 13
30H OOMOBHX Iii, MPU3BOIUTEL IO CYTTEBOTO
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MTOCUJIEHHS aHTPOIIOTE€HHOTO HABAHTAXKCHHS Ha
CTPYKTYpPHU T€OCUCTEM.

AKTUBHMH PpO3BHUTOK IHAYCTpiaJIbHUX
TapKiB, 0 Pealli3y€eThCS 3a MATPUMKH JeprKa-
BHHX CTHMYJIIB Ta TPAHTOBUX IIPOTPAM, CIIPHSE
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MepeMillleHHI0 BUPOOHUYMX TOTYKHOCTEH Yy
Oe3meyHilll perioHd W CynpOBOMXKYETHCS Tpa-
Hc(opMalliero JaHIMAaQTHUX KOMIIOHEHTIB,
30KpeMa B arpoIpoOMHCIOBUX PETiOHAX 3aXif-
HOI Ta IIeHTpaIbHOl YacTHHU YKpainu [1].

[Iporpamu 3 penokyBaHHS MiAIPHUEMCTB
1 CTBOpPEHHSI 1HAYCTPiaJIbHUX MapKiB y TaKUX
perionax, sk JIbBiBcbKa, TepHOIMIbCHKA, 3aKa-
pratchka, PiBHeHCHKa, Uepkackka Ta KniBchka
0071acTi, IPU3BOMITH 10 IHTEHCHBHOTO OCBO-
€HHSI HOBUX TEPHUTOPiH, TEPEBAKHO CiTHCHKO-
TOCHOAAPCHKOr0 Ta JiCOr0CnoapChKOT0 MPH3-
HaueHHs. Lle cipuuuHse iXHIO MOCTYMOBY iH-
JycTpiamizalilo Ta HE3BOPOTHI aHTPOMOTEHHI
3MiHH, SKi MOPYIIYIOTh CTPYKTYPHO-(PYHKIIiO-
HaJbHI 3B S3KM MK KOMIIOHEHTAMH JIaHIIIa-
Ty, a 1e, CBOEI0 Yeproro, 3yMOBIIIOE EKOTeO-
MopddooriuHi 3minu [2].

I'eomopdosoriuni Tpanchopmartii B Mexax
(harii Ha SKIF PO3MIIIEHUH CydacHUN OyIIiBeNb-
HUA MaliTaH9MK TIPOSIBISTIOTHCS Yepe3 eK30TeHHI
TIPOLIECH, SIKi 3a3BHYal IPOXOIATH TPH ITOCITiTOBHI
(hazu: pyiiHyBaHHS MiHEpAbHUX Mac, IXHE Tepe-
MIIIIEHHs Ta ToaiIbIe HarpoMamkeHas. Li mpo-
recu (OpMyIOTh XapakKTepHi MiKpohopMHu peb-
€y, TUIIOBI TS BiITOBIHOTO THITYy aHTPOIIOTEH-
HOT'0 reHe3ucy. TakiuM YMHOM, BiIOYBaeThCs iCTO-
THU BIUIMB Ha iHEPTHI KOMIIOHEHTH JaHI ATy,
0 MPU3BOAUTH JIO 3MIHH iXHBOI MPOCTOPOBOT
CTPYKTYpH Ta TIOPYIICHHS BHYTDIIIHIX B3ae-
MO3B’s13KiB. CaMe TOMy OIliHKa TpaHchopMariii
reoMOpQOJIOTIYHOI CTPYKTYPH JIaHAAQTy IMpo-
TATOM YCHOTO OY/IiBEJILHOTO IUKITY € HEOOX1THIM
IHCTPYMEHTOM /ISl BUSIBIICHHS MOTEHLUMHMX 3a-
P03, BU3HAYECHHS KiJTBKICHUX XapaKTEPHUCTHK Pi-
BHSI T4 HACITIJIKIB BIUIMBY IIKiJJIMBUX YMHHUKIB HA
KOMITOHEHTH JIaHAmadTy.

AHani3z NoBHOTO LUKy Po30ya0BH Mpo-
MUCIIOBUX TEPHUTOPIH 3acBiAuye, IO EKOreo-
Mopdosoriuni 3MiHH, CIpUYMHEHI OymiBEINb-
HOIO JTisUTbHICTIO, MAIOTh BUCOKUH PU3MK HeEra-
TUBHOTO BIUIUBY, IO OTPeOye KOMIUIEKCHOTO
MiAXO0Y JI0 BpaxyBaHHS IPOCTOPOBUX, MIPUPO-
JTHUX Ta TEXHOTCHHUX YMHHUKIB. 30KpeMa, Ba-
JKIIMBO 11eHTH(DIKYBaTH MOTEHIIIIHI 3arpo3u Ha
KOXXHOMY eTami OyAiBesIbHOI AiSUIbHOCTI, OIli-
HUTH PiBEHB BILIMBY Ha Pi3HI KOMIIOHEHTH TIPH-
ponHo-Teputopianbaux komimiekciB (ITTK) Tta
3I1HCHIOBATH MONEPEIHE NPOTHO3YBaHHS MO-
BIPHOCTI BUHMKHEHHS NECTPYKTHBHUX IPOLE-
CiB y B3a€MO3B’sI3Kax MiX 1HEPTHUMH Ta KH-
BUMH KOMIIOHEHTAMH.

CranoM Ha cbOro/iHi B YKpaiHi 3apeecT-
poBaHo noHan 120 HOBOCTBOpPEHMX iHIYyCTpia-
JBHUX Ta MPOMHCIOBUX TEPUTOPIH 3 Pi3HUM
rOCTIOapChKO-TIPAaBOBUM cTatycoMm [3], 1o
CKJIany SKHUX BXOAATh IIPOMMCIIOBI MaiiiaH-
YUKW, 1HAyCTpiadbHI TapKH, BHUPOOHUYO-
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HAYKOBI KJIaCTepH, JIOTiCTHYHI xalbu TowIO.
Jlangmad Ty Ta IX KOMIOHEHTH, BKIIFOYHO 3 pe-
Ipe)OM 3a3HAIOTH 3HAYHUX TpaHchOpMaLil,
HaBITHh HAa OOMEXKEHMX 3a IUIOLIEIO AUISTHKAX 3€-
MHOI ITOBEPXHi. 3 MO3uIiil TaHamadTO3HABIIB
Ta reorpadiB MPOMHUCIIOBAa TEPUTOPISI — IIE, Ha-
camIepes, 9acTHHa 3eMHOI TOBEpXHi, sika (QyH-
KIIIOHYE€ SIK YPOUHIIe 3 BIAMTOBIAHUMHA (Pi3UKO-
reorpadiYHIMHU XapaKTESPUCTUKAMH, KIIiMaTH-
YHIMH YMOBAaMH, T€OJIOTiYHOI OyJOBOIO Ta
Mopdorene3oM. IIpoMuciIoBi 30HHM Bim3HAUYa-
IOTBCS BHCOKHM CTYNEHEM TOCIOAaPCHKOTO
OCBOEHHSI, TOMY Y iXHili CTPYKTYpi Ha pi3HHX
eTanax (QopMmyBaiiics SIK IPUPOJHi, Tak 1 aH-
TPOTIOT€HHI CKIIa/I0BI.

OcTaHHIMH JECATWIITTSIMH B KpaiHax
HenTpanpHoi €Bpony, BKIIOYHO 3 YKpaiHOIO,
30KpeMa ii 3aXiTHUMHU perioHaMH, IHTEHCHBHO
PO3BUBAIOTHCS HOBITHI IPUKJIIA/THI HATIPSIMHU Te-
orpadiunoi Hayku. CrioctepiraeTscsi TEBHE
3MiIIeHHS aKIeHTIB y JJaHIa(TO3HABCTBI: Te-
orpadu Ta JaHAMIa(QTO3HABII BBEIH B HAYKO-
BHH JHWCKYC HOBHUH OO0 €KT JOCHIKEHHS, a
caMme BIUIMBY iHIycTpiami3amii Ha iHepTHI KOM-
ITOHEHTH JaH madTy.

OcTaHHIMH POKaMHU aKTUBHO JOCIIIKY-
€ThCS CTIMKICTh KOMITOHCHHTIB JIAHAMAPTY 110
HACJIIJIKIB OYMiBEJIbHOL isIBHOCTI. YTIPOIOBK
JIEKUIbKOX MUHYJIMX POKiB OYJI0 BIOCKOHAJICHO
KJIaCU(IKaI[il0 KOMIOHEHTIB JaHamadry 3
ypaxyBaHHs BIUTUBY OyJliBENIbHOI Taimy3i, i Cho-
roJiHi JaHamadT Po3rIsSAaEThC K CUCTEMHE
YTBOPEHHSI, IO CKJIAJA€THCSI 3 B3a€MOIIOB’ sI3a-
HUX KOMIOHEHTIB. L{i koMImoHeHTH Kitacugiky-
IOTHCS 32 (DYHKLIOHAJIbHUMHU O3HaKaMHM Ta I10-
IUTSIFOThCSL HA 1HepTHI, MOOIBHI i akTuBHI. J[0
IHEpTHUX KOMIIOHEHTIB HaJIeXKaThb IPYHTH Ta
penbed, ki GOpMYIOTH CTiIHKY TeoMop¢oIori-
YHY CTPYKTYpy. 3 OIJIsiy Ha 3a3Ha4YeHe — J0C-
JiPKEHHST eKOreoMOP(OIIOTIYHIX 3MiH € BaXK-
JIMBUM acIeKTOM y BHBUYCHHI MOPYIICHUX B3a-
€MO3B’SI3KiB M)XK IHEPTHHMH Ta )KUBUMH KOM-
[MOHEHTaMH JIaHAmATY.

AKTHUBI3aIlis TPOIECIB 1HAYCTpiaTbHOT
ypOaHizalii Ta TEXHOI'€HHOTO OCBOEHHS IIPH-
ponHuX JanamadTiB YKpaiH1 3yMOBIIIOE HE00-
XIZHICTh KOMIUIEKCHOI'O aHaJli3y 3MiH KOMIIO-
HEHTIB NMPUPOJHOTIO CEpEelOBHIA, 30KpeMa —
JOCITIDKEHHSI IOPYILIEeHb B3a€EMOJIiT MK 1HEpT-
HUMH Ta )KUBUMH KOMIOHEHTaMH JaHIagTYy.
VY Mexax IbOro HayKOBOTO HampsMy OCoOJIU-
BO1 yBaru norpe0ye BUBUYEHHS eKoreomMopdo-
JOTiYHUX TpaHcopMalii, sKi OXOIUTIOIOTh
3MiHH MOP(OJIOTIYHOT CTPYKTYpH JaHAmA(TIB
y TIOEIHAHHI 3 OIHKOW iX EKOJOTi4HOTrO
ctady. HaykoBe OCMHUCIIEHHS IMX 3MiH 3JiHcC-
HIOETHCS B MEXaX €KOJIOruHoi reoMopdostorii
(exoreomopdororii) MDKIUCITUTUTIHAPHOT
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rajysi, mo copmyBaacs Ha CTUKY MPHUKIA]-
HUX JTUCHHUIUTIH reomopdororii Ta exoJoriu-
Horo jaHmadrosnasctia [2]. [ToHITTS «eKo-
JoriyHa reoMopgotorisny 0yJio BBEIIEHE Y Hay-
KOBY TepMiHOJOTiI0 Ha movatky 1980-x pokis
MuHyJoro cromitrd [5]. Exonoriana reomopdo-
JIOTisI — HampsiM TeoMopdOIIorTii, MO BUBYAE pe-
nhed 3eMHOT TTOBEPXHI SIK CKIIAIOBY €KOCHUCTEM
PI3HHX PiBHIB, [0 BUKOHYE (DYHKIIIIO PETYISATOpa
B3a€EMO3B’SI3KIB PEUOBMHH 1 eHeprii, (DyHKITIOHY-
BaHHS HPHPOJHO-TOCHONAPCHKHUX CHCTEM, a Ta-
KO>K €KOJIOTiUHi HACIIIKK MOPYILIEHHS B3a€MOIi1
reoMopdocdepu 3 6i0TOIO Ta TOAUHOIO [6].

CyuacHa TeoMOp(QOJIOTisl TPaKTy€eThCS
SK KOMIUIEKCHA HayKa, II0 BHBYAE HE JIUIIE
MopdooriuHi 0COONIHMBOCTI penbedy Ta HOro
TCHE3HUC, a U JIITOTeHHY OCHOBY — i OyJ0OBY,
BiK, Ta AWHaMIKy peibedy. OcobmuBy yBary
MPHUIIISIOTE TpolecaM  penbedoyTBOPEHHS,
YUHHUKAM 1 yMOBaM iXHBOTO PO3BHTKY, a Ta-
KO B3a€MO3B’si3KaM penbedy 3 KOMIOHEH-
TaMHu JTaHTa(Ty, TEXHOTEHHUMHU 00’ €KTaMu
Ta TOCIOAAPCHKOIO MisTTBHICTIO ToawHu [7].
HayxoBa mapanurma cydacHoi reomopdoiorii
OXOILTIOE PO3POOJICHHS TeoiH(POpPMAaIIHHNX,
MMPOTHOCTHYHUX 1 MOHITOPHHTOBUX MOJEJeH
penbedy Ta reOMop(bonorquHx npouecu; aTa-
KO’ METOJI0JIOT14Hi, npm(naam Ta iHTepnpeTa-
HifHI miaxoau A0 IXHBOTO aHamizy. Penbed po-
3TISAJAETHCS SIK CHCTEMa Pi3HOPAHTOBUX TPH-
BUMIpHUX (POPM 3€MHOI IIOBEPXHI, MO PYHKITi-
OHYE SIK TIPOCTOPOBE T0JIe BUCOT i BUCTYyTIa€ Oa-
30BUM 00’€KTOM TeoMOpP(OJIOTiYHOTO JOCi-
JokeHHs [7]. BiH BU3Ha4ae MpoCcTOpOBY OpraHi-
3aIlif0 IPYHTIB K YaCTUHH 3eMEJIbHUX pecyp-
CiB, 1[0 MAIOTh Pi3HI TeHETUYHI THUITH, IO BILTH-
BAIOTh Ha IXHIO TOCIOAPCHKY MPUAATHICTE. Y
knacugikanii rpyHTiB YKpaiHH BHOKPEMJIIO-
I0Th TPyHTH, c)OPMOBaHI HE JIMIIE Ha BiJIKIa-
Jax, IO CYNPOBOKYIOTh (POPMYBaHHS Pi3HO-
reHeTHuHNX (opM penbedy, ane W Taki, 1o
a/IafITOBaHi JI0 IEBHUX MOPQOJIOTIYHHX CTPYK-
Typ penbedy Ta MPUYPOUYEHI JO BiAMOBIAHHUX
tororpadiuHux enemeHtiB. Penbed Bimirpae
KIIFOYOBY POJIb Y (hOpMyBaHHI YMOB >KHTTE3a-
Oe3mnedueHHs], BIUIMBAIOYM HA CTAaH 1 JUHAMIKY
IPYHTOBOTO TIOKPHBY, 30KpeMa Ha TMPOIECH
IPYHTOYTBOPEHHS Ta Jerpajaiii, piBeHb poIo-
4OCTi ¥ BOJIOTOHAKOIIMYCHHS, IO BigoOpaXae
CTaH B3A€EMO3B’S3KIB MK KOMIIOHEHTaMH
nanamadTy. BiH BU3HAYae po3mofisn mosepx-
HEBUX BOJ, (JOpMye Tifporeosoriudi yMoBH, a
TAaKOXX OOYMOBIIIOE CTPYKTYPY M MOIIMPEHHS
pociuHHOTO NoKpuBY. CyKymnHa sl €HJIOTeH-
HOTO, €K30T€HHOTO Ta AaHTPOIOIE€HHOTO MOp-
(doreHesy po3risIacTbCsl K YMHHHUK Cydac-
HOTO peabe(OyTBOPSHHS Ta TpaHc(opmMaliii re-
OCHICTEM.
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3a pOKH MOBHOMACILITAOHOTO BTOPTHEHHS
TEMITH iHIYyCTpianbHOl ypOaHizallii, 30Kpema ak-
THUBHOTO BiTHOBJICHHS iHAYCTpiaTbHUX 00’ €KTIB
Ta KOMIUIEKCIB, B OKpEMHX perioHax YKpaiHu
ICTOTHO 3pOCIH, IO MPHU3BEIO 10 (HOPMYBAHHS
MIPUPOTHO-IHAYCTPIABHAX, 1HAYCTPiAIbHO-TIPH-
POIHUX Ta TEXHOTCHHMX JIaHAmadTiB. Penbed,
SIK OJMH 13 KJIFOYOBUX IHEPTHUX KOMIIOHCHTIB
nmaHamadTiB, MO BU3HAYAE iX EKOJOTIYHUH
cTaH, (DYHKIIIOHYBaHHS Ta IWHAMIKy, 3a3HaB
CYTTEBUX TpaHC(OpPMAITiii.

Y Mmexax ekoreoMopdoriorii peibed po3-
[JISIIAETHCS IK TeoMOp(oCUCTEMA, IO Ma€ CKITa-
IHY Mop(bonorlqﬂy CTPYKTYDY, ):[I/IHaMqul BJIa-
CTHBOCTI Ta Tiepe0yBa€ y B3a€MO3B’A3KY 3 iH-
MIMMH KOMITOHeHTamu Janamadry. Takuit mia-
X1]1 TO3BOJISIE TPAKTYBATH PENbed K iHTErpajb-
HUI eIEMEHT EKOCUCTEM, IO BILIMBAE HA EKOJIO-
riyHy cTifikicTh Ta pynkiionysanns [TTK [5].

Exomopdororiuni BiIacTHBOCTI penbedy
(hopMyTOTECS TIif] BIUIMBOM DPENbEPOYTBOPIOBA-
JIHHUX TIPOIIECIB, SIKi B3aEMOIIFOTH Y Yaci i mmpoc-
TOPI Ta BU3HAYAIOTH CTYITIHb CTIHKOCTI SIK IPHPO-
JTHUX, TaK 1 aHTPOTIOTEHHO 3MiHEHHUX TeoMOpdo-
cucteM. JliarHOCTHYHI KPUTEPiil OLIHKH €KOJIOTO-
reoMopQOIIOTivHOI, PENbEPHO-PECYPCHOI CTil-
KoCTi aHAmadris, HagaHo B Tadm. 1 [4].

KowmrmnekcHe 3acTocyBaHHS BHUIIICHABE-
JEHUX KpUTepiiB 3abe3ledye I'PyHTOBHY OIli-
HKY €KOJIOr0-TreoMOop(OJIOriYHOTO CTaTyCy Te-
puTopii Ta A03BOJISIE BUSBUTH MOTEHIIMHI 3a-
rpo3u (PYHKIIIOHYBAaHHIO B3a€MO3B’SI3KIB MIXK
KOMIIOHCHTaMH JIaHAIadTy.

VY HarioHaNpHHUX Ta 3apyOiXHUX JOCIHIi-
JDKEHHSIX HAaroJIONMIYETHCS HA 3pOCTaHHI MacIil-
TabiB NeCTPyKIii MOP(OCTPYKTYp i BILTH-
BOM INIPOMHMCIIOBOTO OYyJiBHHUIITBA, IO CYMPO-
BOJDKY€ETBCS JIOKATBHUM TIepe)opMaTyBaHHSIM
penbedy, aKTHBI3AI€I0 TEOAMHAMIYHUX IIPO-
[IECiB 1 3HIKEHHIM CTIHKOCTI TaHAmadTiB [8].
BiamnogrigHo, TeopeTuuHe OOIPYHTYBaHHS Me-
TOJIIB OLIIHKK €KOreoMOp(OJIOTIYHNX 3MiH €
aKTyaJbHUM 3aBJIaHHIM JJIs 3a0e31eueHHs Ha-
YKOBO-OOTPYHTOBAHOTO YIIPABIIHHSA TPOCTO-
POBHM PO3BUTKOM Ta 30€peKEeHHS EKOCUCTEM-
Hux nociyr. Came TOMy MeXax JOCHIKEHHSI
3alpoNOHOBaHO  JiaHAmadTo3HaBue BH3HA-
YeHHSl TOHATTS «Exoeeomopghonociuni sminu
KOMNOHEHMIg 1aHouagmy» — 11e mpocTopoBoO-
4acoBi TpaHcopMmallii perabedy Ta MoB’s13aHi 3
HUMH TIOPYIIEHHS B3a€EMOJIi MK 1HEPTHUMH 1
KUBHUMH KOMIIOHEHTaMH, 3yMOBJIEHI NPUPOJ-
HUMH Ta aHTPOIIOTEHHUMH IpoliecamMu Ha ¢a-
LiaJbHOMY piBHi, SIKi BIUTUBAIOTH HA €KOJIOT1Y-
HUH cTaH 1 QyHKUIOHATIBHY CTIHKICTb JaH/ALIa-
(dTHOT cuctemu. Penbed Oyap-a1Kol AUITHKH 3e-
MHOI [TOBEePXHi JIaHAmadTy NpeacTaBaCHUN Cy-
KYITHICTIO OKpeMuX (hopm, 1110 6araropazoBo
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Taoauna 1

Kpurepii exosnoro-reomopdoJioriunoi oninku angmadry

Table 1

Criteria for ecological and geomorphological assessment of the landscape

I'pyna ouiHIOBaHUX MOKA3HUKIB /
Group of evaluated indicators

OCHOBHI AiarHocTHYHI 03HAKH /
The main diagnostic signs

I'eomopdornoriuni moka3sHUKY /
Geomorphological indicators

MopdoreHes, TuIl penbedy, CTyIIHb PO34IEHOBAHOCTI, KYTH HAXITy IOBEpP-
XHI, HAsBHICTh TOTCHI[IMHO HEOC3MEUYHNX TCOAMHAMIYHHUX TPOIICCIB
Morphogenesis, type of relief, degree of fragmentation, surface angles,
presence of potentially dangerous geodynamic processes

[eonoriyni XapakTepUCTHKH |
Geological characteristics

Ulitonoriuna OyoBa, TEKTOHIYHI YMOBH, F€OXIMIYHHN ()OH, pIBEHb CeHCMIU
HOT aKTUBHOCTI, CTIHKICTh T€OOTIYHOTO CEPEeIOBHIIA 0 HABAHTAKEHB /
Lithological structure, tectonic conditions, geochemical background, level of
seismic activity, resistance of the geological environment to loads

Taponoriuni ynHHUKH /
Hydrological factors

IMOBIpHICTH MABO/IKIB, MPOSIBH €PO3iIHIX i aGpa3ifHUX MPOLIECIB, PH3HKH ITi-
ITTOTLIeHHSI, SIKICTh IOBEPXHEBUX BOJ /

The likelihood of floods, erosion and abrasion processes, flood risks, surface
water quality

Taporeosnoriuni ymosu /
Hydrogeological conditions

I mOuHa 3asraHHs, arpecHBHICTB i 3a0pYAHCHICTH MI3EMHUX BOI, IHTCHCH-
BHICTB (DLTBTpAIifHIX TIPOIIECIB /

Depth of occurrence, aggressiveness and contamination of groundwater,
intensity of filtration processes

TexHorenHi mapametpu /
Technogenic parameters

CTymiHb 1 XapaKTep aHTPOIOr€HHOI TpaHchopMarii IpyHTIB, IUIBHICT 3a0Y-
IMoBH, KOHMIryparist TpaHCIIOPTHOT 1H(PACTPYKTYpPH, ENEKTPOMAarHiTHE HaBa-
HTA)KSHHSI /

The degree and nature of anthropogenic soil transformation, building density,

configuration of transport infrastructure, electromagnetic load

MOBTOPIOIOTHCS Ta YEPTYIOThCA Mixk coboro. Ko-
xHa (opMa penbedy CKIATAETHCS 3 OKPEMUX
MOpP(OJIOTIUHUX EJIEMEHTIB, SIKi B T€OMETPHY-
HOMY aHaJli3i pO3IJISIaI0ThCs K TpaHi (MoBep-
XH1), peOpa Ta ABOrpaHHi KyTH. 3aJIeXHO BiJl Be-
JIMYMHYU HAXWITy TIOBEPXHi 11 MOJIISIOTH Ha Cy0-
TOPU30HTAJIBHI (KyT HaXwWiy 70 2°) Ta CXWIIOBI
(xyT HaxmTy noHaz 2°). Yci TUIIM TOBEPXOHb, Y
CBOIO Yepry, MOXKYTb MaTH yBITHYTY, BUITyKITYy
abo miocky dopmy. Y ranamadTo3HABCTBI pe-
TBE] TPAKTYETHCS K CYKYIHICTh HEPiBHOCTEH
3eMHOI MOBEPXHi pi3HOro Macmrady, mo ¢op-
MYIOTBbCS MiJl BIUIMBOM IIPUPOIHHX 1 aHTPOHO-
TeHHUX TeoMOp(HOreHeTHIHUX TporieciB [9].

CyuacHi TpaHchopmalliliHi MPOLEcH B
CTPYKTYpl BUKOPUCTAHHS JaHAIIA(TIB, B TOMY
YHCIl CYTTEBO IOB’s13aHI 3 IHTEHCUBHOIO PO3-
OyJ0BOIO 1HAYCTpiaJbHUX 30H, CHPUYHHSIOTH
MaciTabHi 3MiHH y TeoMopdotorivHiit Oy 1oBi
nanamaTiB Ta X eKOJOTiYHOMY (PYHKIIOHY-
BaHHI. B nmaHomy mocii/pkeHHI 11l 3MiHHM PO3r-
JSIAI0THCSI KPi3h MPU3MY eKoreoMopQoItorii —
HanpsMy, IO TMOETHYE METOJIOJIOTII0 TeOMOp-
(oJIOTIYHOrO aHaNi3y 3 NPUHIMIIAMH EKOJIOTi-
yHoi ominku [10].

3riiHO 3 Cy4aCHUMH TE€OPETHKO-METOJI0-
JOTIYHUMH TiAXoJamMH JaHImagdTO3HABCTBA,
KOMITOHEHTH JIaHIIIA(Ty IPUHAHATO KIacuQixy-
BaTH Ha TPH OCHOBHI I'PYIH 3 ypaxyBaHHSIM iX
(hyHKITIOHATTPHUX pOJIeH Yy MeKax TPHUPOIHO-
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tepuropianbaux Kommuiekcis (ITTK) abo reocu-
creM [1]. B Tabmnumi tabnuis 2 mpencTaBieHa
KJIacudikallisi KOMIOHEHTIB JaH madry 3a Qy-
HKIIIOHAJILHUMH O3HaKamu [ 12].

TeopeTHUHUM MIAIPYHTAM IIi€i CTaTTi

CIyryBaii (pyHIAMEHTAIbHI Tpalli BiTYM3HSI-
HuX reorpadis i ekoreomopdodoris [10, 21],
BH3HAUYEHHS CYTHOCTI T€OXIMIYHOTO acleKTy y
naHAmagTHO-eKOJIOriYHOMY KoHTekcTi [13], a
TOKOX TpHWKIaHi mochimkeHHs [14] mpucss-
YeHi exoreoMopdoorivHOMY aHalizy TMoKas-
HUKIB 1 KpUTEPIiB penbedy.
Baromoro HaykoBor0 0623010 AOCIiIKEHHS € J0-
poOoK o7HOTO i3 GyHIATOPIB YKPATHCHKOI Hay-
KOBOI IIIKOJIM €KOJIoriuHoi MopdoJiorii — mpo-
(dhecopa, BUIATHOTO JAOCIHUKA-eKoreosora O.
M. AnaMeHka, 30KpeMa B rairy3i KOHCTPYKTHB-
HOI ekoJjiorii i jaHamadTo3HaBCTBA. A came,
HAOTO KOHIIEMIiSl T€0EKOJIOTIYHOTO CTPYKTYPY-
BaHHSI IPUPOIHO-aHTPOIIOTEHHUX JaHIIA(TIB
13 TOOYZ0BOIO TTOEIEMEHTHOI Ta MIOKOMITOHEH-
THOT €KOJIOTO-TEXHOT€OXIMITHOT KapTH, KA Xa-
paKkTepu3ye B3a€MOJiI0 KOMIIOHEHTIB JIaH/IIa-
dry [15].

Oco01BO BaXKITMBUMU 151 TEOPETUIHOTO
OOTPYHTYBaHHS MOJIOKEHB JJOCIIIDKEHHSI € METO-
JOJIOTTYHI 3acazy reoMOpQOJIOTiYHOrO aHajizy
pernbedy Ta OLIHKY BIUIMBY T€OMOPQOIIOTTIHMX
YMOB Ha IPyHTOBHI [TOKPUB, SIK OKPEMOT'O KOM-
moHeHTy ndanamadry [16 — 17]. 3acrocoBano
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Taoaunsa 2

Knacudikauis koMnoHeHTiB Janamadry 3a pyHKIioOHATHLHUMH 03HAKAMH

Table 2

Classification of landscape components by functional features

OcHOBHI cKJIa10Bi /
The main components

Bua KoMIoHeHTiB
dangmadry /
Type of landscape
components

DyHKnii /
Functions

[pynTH, penbed /
Soils and relief

IHepTHI KOMIIOHEHTH /
Inert components

®opMyIOTh CTally CTPYKTYpHY OCHOBY Jlanqmadry /
Form a sustainable structural basis for the landscape

MOo061IbHI KOMIIOHEHTH

/ Mobile components Air and water masses

[ToBiTpsHi Ta BoHI Macu /

3a0e3meuyroTh MUPKYJIALII0 Ta TPAH3UT PEYOBHUH i
eHeprii, BUKOHYIOTh PETYISATOPHO-TPAHCIIOPTHY (PyH-
KIIio /

Ensure the circulation and transit of substances and
energy, perform a regulatory and transport function

AXTUBHI KOMIIOHEHTH /
Active ingredients

JKugi oprauizmu (6iota) /
Living organisms (biota)

BinmnoBizaroTh 3a 610710T1YHY IPOIYyKTHBHICTb, MIAT-
PUMKY Ta BiZ[HOBJ'IeHHSI B33€M03B’$[3KiB, SZ[aTHiCTL re-
OCHCTEMH JI0 CaMOPETYIIAIII i CAaMOBiTHOBJICHHS /
They are responsible for biological productivity,
maintaining and restoring interconnections, and the
geosystem's ability to self-regulate and self-heal

METOJTH Ta METOJIUKH JIOCIIDKCHHS aHTPOIOT CH-
HO3MiHEHUX JlaHTmadTis [18].

KpiM Toro, y BilITOBIAHOCTI 0 TOJIOBHOI
METH CTaTTi, BArOME 3HAYCHHSI MalOTh Cy4acHi
myOJikalii 3apyOiKHUX aBTOpIB, MPUCBIYCHI
noOyI0Bi 1HTErpoBaHMX €KOreoMOp¢oIoriy-
HUIL Mozened MOCHIIKEHHS KOMIIOHEHTIB
nanamadty [19 — 20].

AKTyallbHI JTOCITI/PKEHHS BiTYH3HSIHHUX
naHAmapTO3HABIB CBiIYaTh, IO TPOMHUCIIOBE
OYIiBHUIITBO B MEXaX Iy TIIMBUX reoMOphoIro-
TIYHAX CHUCTeM YKpaiHU — 30KpeMa B JOJHHAX
pIYOK, Ha CXHIIaX, JIECOBUX TIATO Ta iHIUX (o-
pMax perbedy, chopMOBaHUX HA YOPHOZEMHHUX
IPYHTaX 3 BUCOKUM BMICTOM T'YMYCY — CIIPHUSE
aKTHBI3allil HETaTUBHUX I'€OJUHAMIYHKX 1 Feo-
MOP(}OIOTriuHUX MPOIIECIB, 1110, Y CBOIO YEpry,
MPU3BOJIUTH JI0 JACTPAIAIlil IHEPTHUX KOMIIOHE-
HTIB JTaHaIadry.

VY 11bOMY KOHTEKCT1 aKTyaJIbHHM € 3aCTO-
CYBaHHS CHUCTEMHOI'O IIiIXO/y /10 aHaIi3y 3MiH
y Mopdotoriuniii cTpykTypi nanamadry 3 BU-
KOPUCTaHHSM TeoiH(QOpMAIIfHUX TEeXHOJIOTIH,

JUCTAHIIMHOTO 30HyBaHHS TEPUTOPIAILHOTO
KOMIUIEKCY Ta iHTeTpaIbHOi OLIHKH TpaHChop-
Malliii penbedy B Mekax OKpeMo B3ATOI arii
a6o ypouwuina [21].

MeTomoNori4YHOI0  OCHOBOKO  JJOCII-
JDKEHHsSI € 3arajJbHOHAayKOBI METOIH OLIHIO-
BaHHS eKOoreoMopQoIoriYHnX TpaHchopMariii
maHAmadTiB: KaMepalbHUN aHali3 penbedy,
IHTEepIIpeTallis JaHUX IOJBOBUX Ta iHXEHEp-
HUX JIOCTIDKCHb, CHHTE3 JIA0OPATOPHUX JI0CITi-
JDKEHb, TOPIBHAIIBHO-TeorpadiuHuii  MeTo/,
y3arajJbHeHHs, CTATUCTUYHHN METOJI TOIIO.

Iadopmariitny 6a3y 1iei podoTH cTaHo-
BUJIM 3BITH 3 JOCJIDKESHHS 1HKEHEPHO-EKOJIO-
TIYHHAX, IHKEHEPHO-T€OJEe3NYHUX Ta I1HXKEHe-
PHO-TEOJIOTIYHMX YMOB OyIiBeTbHUX MakmIaH-
YHKIB, TEHEpAJIbHI TUIAaHHU Ta IJIAHH PO3BUTKY
TEPUTOPIH, 1[0 PO3TAIIOBAHI B CXiIHIN YaCTHHI
30HU MIMPOKOJUCTHX JiCIB Ta MiBICHHO-3aXi/I-
Hiit yactuHi YepHiriBcskoro [Momices, a Takox
MaTepiaii HayKOBHX IyOmikamidd i mepioamd-
HUX BU/IaHb.

Pezynomamu 0ocnidicenns ma 002060penns

ByniBHUITBO, HaBITH 3a YMOBH IOTpH-
MaHHS Cy4acHHUX €KOJIOT1YHHX CTaHapTiB 1 BU-
KOPHCTaHHS HOBITHIX TEXHOJIOTIH, 30KpeMa y
MPOMHCIIOBOMY CEKTOpl1 uepe3 3acTOCYBaHHS
MIBUIKO-MOHTOBaHUX OyniBens (ILIMB), Bce x
TaKd CYIPOBOJKYETHCS TIEBHUMH 3MiHAMH
MPUPOJAHUX KOMIIOHEHTIB JaHMmapTy — JiTO-
TeHHOT OCHOBH, MOP(]OIIOTIYHOT CTPYKTYpH pe-
nbedy, TOBITPSHOTO CEPEAOBUILA, TiPOJIOriy-
HOTO PEXHMY, IPYHTOBOTO MOKPUBY Ta 0iOTH.

Came Tomy Oynb-sika OyJiBeldbHA MisIIBHICTH
CYIIPOBOJIKYETHCS TIOPYIICHHSIMU penbedy abo
I'PYHTOBOT'O TTOKPUBY BHACIIIOK 3eMJITHUX PO-
OIT Ta BialITyBaHHS (YHJAMEHTIB, BUKHJIAMH
B aTtMocdepy, COpUYNHEHHMHU poOoTor0 Oy/Ii-
BEITbHOI TEXHIKK T4 MEXAHI3MIB, a TAKOK BILIH-
BOM Ha BOJIHE CEpEJIOBHIIE Ta TiJPOJIOTIYHUIH
pexxuM. Y CyKymHOCTI 1i (haKTOpH 3yMOBIIIO-
I0Th CTiliKe MOPYLICHHS B3a€MO3B’S3KiB MIX
KOMIIOHEHTaMH JaHAmadTy, 110, Y CBOIO
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4epry, NpU3BOAUTH 10 3MiH y CTPYKTYpi IpH-
POIHO-TEPUTOPIATBHIX KOMIUIEKCIB, OKPEMHUX
ypouuti abo darrii [1].

Antpornorensi jaHmmadty, ski Gopmy-
IOTBCSl B YMOBax iHTEHCHBHOI POMHUCIIOBOI Yp-
Oanizamii Ta iHIyCcTpiamizamii, 3a3BU4aii XapaKkTe-
PUBYIOTBCSI 3HAYHUM PiBHEM T€OMOPQOIOTiTHOT
JeCTPYKIii, U0 MPOSBILIETHCS Y TOPYILEHH] pH-
POIHMX TIPOIIECiB pelbeOYTBOPEHHS, TPHUCKO-
PeHHI epo3ifHUX Ta aKyMyJISITHBHHX SBHILI, 3MiHI
T1POJNOTTYHMX PEKHUMIB 1 3HIDKEHHI €KOJIOT9HOT

CTIHKOCTi TEpUTOPIH, IO MPU3BOAUTH A0 JAerpa-
Jarii MPUPOTHO-TEPUTOPIATEHIX KOMIUICKCIB 1
MIOTIPIIIEHHS TXHIX eKOCUCTEMHUX (PYHKIIIH.
CTpyKkTypoBaHa cxeMa BHIIB €KOJOTO-
reoMop(oJIOTiYHUX BIUIMBIB Ha MPUPOAHHUX
naHamadTiB B IIporeci BeAeHHs OyiBeNbHOI i-
SUTBHOCTI Mpe/icTaBeHa B Tabmuii 3.
Exonoro-reomopdosoriuni 3mMinu, crpu-
YHHEH] OyAiBETHHOIO MISUTBHICTIO, SIBISTFOTH CO-
0010 KOMIUIEKC AaHTPOMOTeHHO IHAYKOBaHUX
TpaHchopmaliit MopdocTpyKTyp 3eMHOI IoBe-

Taoaunsa 3

ExoJjioro-reomopo10riuni THIIH AHTPONOI€HHOI0 BIIMBY Ta BinnoBinHi ¢gopmu Tpanchopmanii
JaHAmagTHOI CTPYKTYPH, IPOAHATI30BaHI Y MesKaX JIaHOT0 J0CTiIKeHHS

Table 3

Ecological and geomorphological types of anthropogenic impact and corresponding forms
of landscape structure transformation analyzed in this study

Tun exojioro-reomopgoJiori-
YHOr0 BILIUBY /
Type of ecological and
geomorphic impact

HpOﬂBI/I AHTPONOT€HHO 3yMOB-
JIeHUX reoMop¢o10ridHuX 3MiH/
Manifestations of anthropogenic

geomorphic changes

®opma reomopdoioriunoi Tpancdop-
Manii JaHxma@THOI CTPYKTYpH /
The form of geomorphological
transformation of the landscape
structure

Hopymenns penpedy /
Disturbance of the relief

3HATTS [PYHTOBOT'O IIOKPUBY, BU-
PIBHIOBAaHHS TEPUTOPI, HACHITH,
BHIMKH /
Removal of soil cover, leveling of
territories, embankments,
excavations

3MiHa MOPPOCTPYKTYPH DUITHKH, OB
HOBUX (OpPM pelibedy TEXHOT€HHOTO
MOXOJKCHHS /
Changes in the morphostructure of the
site, the emergence of new forms of
relief of man-made origin

[Mopy1eHHs rifposoriyHoro
pexumy /

Violation of the hydrological
regime

3HIDKEHHS PiBHS IPYHTOBHUX BOJI,
3MiHa pyce, MOPYIICHHS ApEeHaXy/
Decrease in groundwater level,
change of channels, drainage
disruption

DopMyBaHHS TEXHOTEHHUX
3a007109yBaHb, epO3iHHUX OpPM, 3MiHA
MopdoriapooriyHoi Mmepexi /
Formation of anthropogenic wetlands,
erosion forms, changes in the
morphohydrological network

Epo3iiini mponecu /
Erosion processes

TTocwienus niHIAHOI 1 INIOIMMHHOT
epo3ii Mmicyst 3HATTS POCIMHHOCTI
Ta IPYHTIB /

Increased linear and planar
erosion after vegetation and soil
removal

[ornuGIreHHs ApiB, yTBOPECHHS
epo3iiiHux OOPO3CH, aKTHBALIIs
JICHy TanifHuX mpouecis /
Deepening of ravines, formation of
erosion furrows, activation of denudation
Processes

AXyMyJSITUBHI TIpotiecH /
Accumulative processes

Haxonuuenns OyziBeabHOTO
CMITTS, TEXHOT€HHHX BiJIKJIaiB /
Accumulation of construction
waste and man-made sediments

dopMyBaHHS HACUITHUX MOP(OTEHETHY-
HUX (opM, 3MiHA MiKpoperabedy /
Formation of bulk morphogenetic forms,
change of microrelief

3MiHa TeOXiIMIYHOTO CKIIATY
MOBEpPXHI /

Changes in the geochemical
composition of the surface

IMoTpamsaas y 1pyHT 6iTyMy,
LEMEHTY, MaCTHII, BAKKUX METaB/
Bitumen, cement, oils, lubricants,
and heavy metals entering the soil

dopMyBaHHS TEXHOTEHHO 3MIHEHUX
reoXiMIYHHMX aHOMaJIii, 3a0pyTHEeHHS
JITOTEHHOTO mapy /
Formation of technologically altered
geochemical anomalies, contamination
of the lithogenic layer

VYInisHEHHS IPYHTIB /
Soil compaction

VYuIiIbHeHHS IPYHTY Bij poOoTH
BaXXKOi OyZiBeIbHOI TEXHIKH Ta
MeXaHi3MiB, 3MCHIIICHHS TIOPHC-
TOCTI i IPOHUKHOCTI TPYHTY /
Compaction of soil from heavy
construction equipment and
mechanisms, reduction of soil
porosity and permeability

3HMKeHHs 1HIIpTpaniiiHOI 31aTHOCTI,
aKTHUBI3aIlisl TOBEPXHEBOTO CTOKY /
Reduced infiltration capacity, increased
surface runoff
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PXHi, TakuX sIK (i3UKO-XiMiuHE BUBITPIOBAHHS,
MOBEpXHEBa Ta IPyHTOBa epo3ist. Bkaszani B Tad-
yui 3 TparcopManii IpU3BOAATH A0 CYTTEBUX
MOpyIIEHb  TeoMOP(ONOriYHOI  KOHCTPYKLIT
nma"amadTiB, MO, B CBOIO HEpry, BIUTMBAE Ha
B3a€MO3B’I3KH Mi>K KOMIIOHEHTaMH JIAHAIIAPTY
1, IK HACIIIOK, Ha (DYHKIIIOHAJIHHI BIaCTHBOCTI
NPUPOJHHMX CKOCHCTEM, MOPYIIYIOUH  iXHIO
CTPYKTYpHY LUTICHICTB Ta ANHAMIYHY CTIHKICTB.
Sk 3a3Ha4eHO B TaOMULI 2 KOMIIOHEHTH
nma"amadTy MOAUIIOTh Ha TPU TPYMH BiIIO-
BiZlHO 10 iX (yHKLiH B reocuctemi. Y pamkax
JAHOTO TOCTIDKEHHS PO3TIIIIAIOThCS 1HEPTHI
KOMITOHEHTH JaHImadTy, 30KpeMa penbed i
IPYHTH, a TaKOX X €KOJIOro-reoMop¢oIoTiuHi
TpaHcdopmatlii, 3yMoBIeH1 Oy/iBETBHOIO JisUTh-
HicTio. OmiHIOBaHHS €KOTeOMOP(OIOTIIHIX
BIUIMBIB OYIBEJILHOI MisUIBHOCTI 3IiMCHIOBA-
JI0CS Ha JBOX JOCHIJHUX MaiIaHIuKax, 1€ IMpo-
BozsAThCcst BMP, 1110 po3TaiiioBaHi BiIMOBiTHO B
CXiJHIM YaCTHHI 30HH MIMPOKOJIUCTSIHUX JICiB
(Maiinanuuk Nel) ta y miBaeHHO-3aXifHIN Yac-
tuHi YepririBeskoro llomices (Maiinanauk 2).
3rifiHO 3 JaHUMU 1HTEPAKTHBHOI KapTH IPYHTIB
VYxpainu [23], y Mexax CXiJHOI YaCTUHH 30HH
IIPOKOJIUCTSIHAX JIICIB TIEPEeBaKar0Th YOPHO-
3eMH TJIIHOOKI MaJIOTYMYCHI 3 HasIBHICTIO KPOTO-
BUH B iX mpodimi. [linsgHKa, M0 3HAXOAUTHCS Y
MeXKax MiBAEHHO-3aX1JHOT YaCTUHHU ITIBCHKOIO
[Tomicesi, OXOIUTIOE TEPUTOPIIO  TMOUIMPEHHS
SICHO-CIpUX OITiA30JIEHUX TPYHTIB, c(hopMOBa-
HUX Ha JIECOBUX BiKianax. YopHO3EMU TIIHOOKI
XapaKTePU3YIOThCS HE3aI0BUILHUMHU  (Di3UKO-
MeXaHI4-HIMH BIIACTUBOCTSIMH, a SICHO-CIpi Jie-
COBI IPYHTH TaKOX He 3a0€3MeuyI0Th HEOOXiTHY
CTIMKY OCHOBY Ut oOnamTyBaHHs (yHIaMeH-
TiB. Y 3B’S3KY 3 IIUM, ITiJI 4YaC BUKOHAHHS 3€MJIsI-
HUX pOOIT MOTpeOyeThCcs BUNANICHHS APy IPY-
HTY 3 HEJOCTaTHIMH MEXaHIYHUMH BJIACTHBOC-
TSIMU TJIMOOKOTO 4OpHO3eMY Ha rimbuHy 1,5—
1,8 M 3 METOI0 CTBOPEHHS OCHOBH, 31aTHOL
cCrpuiiMaTé iH)XeHepHO-Oy/IiBeNbHI HaBaHTa-
xeHHs. [le, CBOErO 4eproro, Cpu4uHs€E MOCH-
JIEHHSI TIPOLIECIB JIErpecytouoi AeCTpyKLii iHep-
THHUX KOMITOHEHTIB Nanamadry [24]. B tabmmmi
4 mnpencraBiieHI TEXHIKO-€KOHOMIYHI MOKa3-
HUKHM 33 TCHEPAILHHM IUIAHOM MaiJIlaHYHKiB
npomucioBoro OyaiBaumTBa Nel ta Ne2.
3rifiHO 3 HOPIBHAJIBHUMH [IOKA3HUKAMH,
HaBEeJICHUMH B TaOuI 4, iHEPTHI KOMIIOHEHTH
JaHamadTy 3a3HalTh ICTOTHO IHTEHCHBHILIMX
eKoreOMop(bonorquI/IX TpaHchopmariii Ha 6y—
JBEJTbHUX MailaHIMKaX, PO3TalIOBAHKX Y 30Hi
MOUIMPEHHS YOPHO3EMHHUX I'PYHTIB, IIOPiBHSHO 3
MaiJJaHYNKaMH, [0 3HAXOMAThCS B MeXKax IIi-
LIaHUX JIECOBUIHMX CYIJIMHKIB. 30Kpema, Ha
Maiiianuuky Nel, posraiioBaHOMy Ha YOPHO-
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36MHOMY TPYHTOBOMY IIOKpPHWBI, IJIOIIA 3a0y-
JIOBH CTAaHOBHTH 2,2 T'a IIPHU LIUTBHOCTI 3a0y10BH
32,0 %, Tomi sk Ha MaiimaHumKy Ne2 11i moxas-
HUKH He nepeBuytoTs 0,9 ra ta 23,0 % Bixno-
BigHO. Yepes HemocTaTHI MEXaHIKO-TIpy>KHi BIa-
CTHBOCTI YOPHO3EMiB, IUIOIA JUISHOK i3 TBEp-
JIAM TIOKPUTTSIM Ta BHYTPIIIHBO-MaiIaHINKO-
BUMH JIOPOTaMH 1 miJ i3gaMu Ha MalJaHYuKy
Nel cranoBuTh 3,6 Ta, MO CYyTTEBO MEPEBUIILYE
BiZIMOBITHUI IOKa3HHUK HA MaiaanauKy Ne2 (1,4
ra), IEMOHCTPYIOUH 3POCTaHHS CTYTICHS TEXHO-
TeHHOI TpaHCQopMallii eKoIoro-reoMop-¢oJo-
rigaux ymoB. Penbed gocmimKyBaHuX MaigaH-
YHKIB BiZI3HAYAETHCSI HE3HAYHOIO aMILTITYAOO
BHCOTHHX KOJHBaHb (10 1 M), mo He moTpedy-
BaJIO CYTTEBOTO 00’€My pOOIT 3 MEepeMillleHHS
IPYHTOBHX Mac TPH MirOTOBII AISTHOK 3a0y-
JIOBH. MopdoMeTpruiHi TMOKAa3HUKH peNbePy
MaiilaH4IuKiB MTPOMHCIOBOTO OymiBHUITBA Nel
ta Ne2 mpejicTaBJIeHO B TaOJUIIL 5.

YV KOMITIEKCI 1l YMHHUKY CBiTIAThH PO
HiBUILICHUI PIBEHb NECTPYKTUBHOTO BIUIUBY
OyaAiBeNbHOI MisUTBHOCTI Ha JITOTEHHY OCHOBY
Ta penbed B 30HI 3 YOPHOZEMHUMH IPYHTAMH
MIPUPOAHO-TEPUTOPiaTbHI KOMITIEKCH 3a3HAIOTh
OLIBII IHTEHCUBHOTO AECTPYKTHBHOTO BILTHBY,
HiX y 30Hi 3 JIECOBUJHUMHU CYTIMHKaMHU. A pi-
BEHb TEXHOTCHHOTO HABAaHTA)KCHHS, CTIPHYMHE-
HOTO OY/iBEIHHOIO JIiSUTBHICTIO HA IHEPTHI KOM-
NOHEHTH JIaHIAPTY Oe3MOCepeIHbO 3AIEKUTh
BiJl THITY TPYHTOBO-T€OMOP(OJIOTiIHOI OCHOBU
(barii Ha sIKil po3TaIlioBaHi Oy/1iBeIbHI MaliaH-
YHUKU TPOMHCIIOBUX 30H.

3 MeToro 3a0e3MeveHHs KOMIUIEKCHOTO
MiAXOMy IO OIIiHIOBaHHSA eKoreoMopdororiy-
HOTO HABaHTAXXCHHS HA 1HEPTHI KOMIIOHEHTH
naHmmadTy y mporeci OyAiBeIbHOT TisUTbHOCTI
3IIIICHEHO BiOIp TPYHTOBHUX 3pa3KiB 3 TEPUTO-
pi'1’ OyniBenpHUX MaiinanumkiB Nel Ta Ne2 (pI/IC
1 i puc. 2) Ui IPOBEICHHS BIAMOBIIHUX A0OCITi-
JDKeHb TeOXIMIYHMX MOKa3HUKIB. Binbip mocmi-
JUKYBaHMX 3pa3KiB 3/IHCHIOBAIM Ha TIMOMHI
5+20 cM (151 OLiHIOBaHHS 3MiH MOBEPXHI IPY-
HTY, TIOB’SI3aHKX 13 0€3MocepeIHIM BILTUBOM OY-
JBEIBHOrO MalaHJuKa) Ta Ha TmouHi 1040
CM (U1 BUSIBIIEHHS 3MiH Y TJIMOIINX TOPHU30H-
Tax IPyHTOBUX BiIBAJIiB).

[TomroBiI poOOTH MPOBOAWIIM Y BECHSHO-
mitHi# nepion 2025 p. Binbopu 3pa3kiB i mogaib-
I aHaJTI3 BAKOHYBAJIMCh BIMOBIIHO JI0 HOpMa-
THBHUX JIOKYMEHTIB Ta CTaHIapTIB.

YopHozemu 1mMOOKI MaJIOTyMYCHI B 30H1
AKAX PO3TAIIOBAHUM OyNIBENFHUN MalIaHUHK
Nel, BimHOCSATBCS 10 30HAJILHUX THUIIIB TPYHTIB,
c(pOpMOBaHHX Y JIICOCTETIOBUX YMOBAx Ha JIECO-
BUJIHAX CYTJIMHKaX. BOHHM XapaKTepu3yrOThCS
no6pe qudepeHioBaHUM POQIIEM i3 TTOTYXK-
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Ta6auna 4

IopiBHsIJIbHA Ta0MNUSA TEXHIKO-eKOHOMIYHHMX MOKA3HHUKIB 32 reHepaJbHIM IJIAHOM

Table 4

Comparative table of technical and economic indicators for the master plan

Maiiganuuk Nel / Maiinanuuk Ne2 /
Ne HajimenyBanus / Site Nel Site Ne2
Name 3HauyeHHs / OauHuus 3Havenns / OauHuus
Meaning BUMIpY / Meaning BUMIpY /
Unit of Unit of
measurement measurement
1 | ITmoma BixBeaeHOT UISTHKHY / 6,8 ra/ 3,9 ra/
Avrea of the allocated plot ha ha
2 | IInoma 3abynoBu / 2,2 ra/ 0,9 ra/
Building area ha ha
3 | Bingcorok 3a0ymoBu / 32,0 % 23,0 %
Percentage of development
4 | TTnoma o3eneHeHHs / 1,0 ra/ 0,4 ra/
Landscaping area ha ha
IInoma TBEpAOro NOKPUTTS 3 ypaxyBaH-
5 | HAM BHYTPIIIHBO- MAHTAHINKOBUX JIOPIT/ 3,6 ra/ 1,4 ra/
Paved area including intra-site roads ha ha
6 | [Tmoma mepcrekTuBHOI 3a0ynoBu / Area - ra/ 1,2 ra/
of prospective development ha ha
7 | Tum rpyHTIB DiNSTHKY 320y 10BH / YopHO3eM OMiI30JICHHIH / [wryBarti i mima#i 1eCOBUAHI
Soil type of the construction site Podzolized black soil CYTJIUHKH /
Dusty and sandy loess loam
8 | ['mubuHa BUIMKHU IPYHTY Ha TIISHKAX 3a- 1,022 M/ 0,6+1,5 M/
Oynosu / m m
Depth of excavation at construction sites
9 | Tun ¢pynnameHriB / 3a1i300€TOHHUH, CTPIUKOBHH | 3a1i300€TOHHUH, CTPIUKOBHI
Type of foundations 3 OTOJIOBKAMH IIiJ] KOJIOHU 3 OTOJIOBKAMH IIiJ] KOJIOHU
He TTUO0KOTO 3ajsaranHs / He TIMO0KOTO 3ajsranHs /
Reinforced concrete, strip Reinforced concrete, strip
with heads for shallow with heads for shallow
columns columns
10| Tum ocHOBM (yHAAMEHTIB / I'paBiiiHo-milaHa cymil, I'paBiiiHo-milaHa cymil,
Type of foundation base yTpamboBaHa / yTpamboBana /
Compacted gravel-sand Compacted gravel-sand
mixture mixture
11| Inomia 3HATTS POJIOUOrO LIAPY IPYHTY / 6,09 ra/ 2,30 ra/
Avrea of fertile soil removal ha ha
12| Bixcranp BHBE3CHHS IPYHTY Ha BigBaim/ 14 KM/ 6 KM/
Distance of soil removal to dumps km km
13| O6’eM BUBE3EHOTO IPYHTY / 39 000 M3 10 800 M3
Volume of soil removed
Tadauus 5

MopdomeTpryHi NOKa3HUKH pejibedy 10CaiAKyBaHHX OyaiBeJbHUX MaiitaHuuKiB Nel Ta Ne2

Table 5

Morphometric indicators of the relief of the studied construction sites Nel and Ne2

XapakTep peibedy /
The nature of the relief

AMILTITYAa BUCOTHHX KOJHBAaHB/
Amplitude of altitude fluctuations

MopdoJioriuaa xapakrepucTuka /
Morphological characteristics

Byoisenvnuit matioanyux Nel/ Construction site Nel

[Tnocko-piBHUHHMH 13 c1abKO BH-
PaKEHUM CXHWJIOM y OiKk
3aXiZIHOTO TOPU30HTY /
Flat-plain with a slightly

pronounced slope towards
the western horizon

0-1,2 m/
0-1,2m

XBHISICTHH, CITAaOKO pO3UICHOBAHHIA /
Wavy, weakly divided

Byoisenvnuil mavioanuux Ne2/ Construction site Ne2

[Tnocko-piBHUHHU /
Plain and flat

0-1,0 m/
0-1,0m

XBUWIIACTHH, C1a0KO PO3UICHOBAHUH /
Wavy, weakly divided
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Puc. 1 — Micns Bigbopy npo0 IpyHTy, MaiaH4nuK
Nel (pacTp xamacTpoBoOi KapTn)
Fig. 1 — Soil sampling locations, site Nel
(kadastrova-karta.com)

HHM I'yMycoBUM ropu3oHToM (10 100 cm), mpote
MOMIpHUM BMICTOM Tymycy (3-4 %), mo 3yMoB-
JIFO€ iX Kacu(ikawito K MatoryMycHux. CTpyk-
Typa TEpeBaKHO 3epHUCTO-TPYAKyBaTa. Hasp-
HIiCTb KPOTOBHH Y POdisii CBIAYNUTD PO AKTUBHY
OioreHHy AiSUTBHICTB. Lli TpYHTH BHUPI3HSIOTHCS
CIIPUSITIIUBUMH  (DI3UKO-XIMIYHUMH BIIACTUBOC-
TAMH, OJTHAK MAIOTh HEIOCTaTHI (hi3MKO-MeXaHi-
YHI XapaKTepuCTUKU. Bucokuii piBeHsb Oiosoriy-
HOI aKTMBHOCTI BU3HAYae iX 3Ha4YHy arpoBHUPOO-
HUYY I[iHHICT [25].

ScHo-cipi omif30IIeH] IPYHTH B 30Hi SIKUX
po3ramoBanuii OyniBenbHUN MabpaHuuk Ne2,
chopMOBaHi Ha JICCOBHX BiJIKJIaJ1aX, HAJIEKATh JI0
IPyNH MiA30HAIBHUX IPYHTIB JiCOCTEIOBOI 30HU
VYkpainu. J[11s1 HUX XapakTepHUM pO3BUTOK IIPO-
LECy OMiA30JICHHS, IO 3YMOBJIOE YTBOPEHHS
SITIOBIAJIbHOTO TOPU30HTY 3 HU3bKUM BMICTOM
TyMyCy Ta MOXHBHHX PEYOBHH, IIO IMiATBEp-
JDKYETBCSI CBITIMM 3a0apBICHHSM BEPXHBOTO
mapy. ['yMycoBuii TOpU30HT Mae OOMEXEeHY
MOTYXHICTh 1 XapaKTEePHU3YEThCS HEBHUCOKHM
BMICTOM OpraHiuHoi peuoBuHu. biojoriuna ak-
TUBHICTD 3QJIMIIAETHCS HAa CEPEIHbOMY PiBHI,
10 3YMOBJIFOE TIOMIpHI TEMITH PO3KJIaay opra-
HiKA. Y LiJIOMY Li IPYHTH MarOTb HEBUCOKY
MPUPOAHY POJIIOYICTh 1 TOTPEOYIOTH IPOBe-
JICHHSI MEJIIOpaTHBHHUX Ta arpOXiMiYHHUX 3aXO-
JIB JUIs TiATPUMAHHS CLICHKOTOCIIOAaPCHKOT
OPOAYKTUBHOCTI [25-26].

VY nocniHuX 3pa3kax BU3HAYAIM: PIBESHb
KUCJIOTHOCTI IpyHTY (pH), BMiCT BaXKHX MeTaliB
(pyxomi dopmu 1HKY (Zn), mini (Cu), mapra-
Hiro (Mn) Ta BMicT Metaimioiny Oopy (B)), eme-
KTPOTPOBIIHICTh IPYHTOBOT'O PO3YHHY, & TAKOXK
BMICT OpraHiyHuX pedoBuH. [lim yac BimOopy

Puc.
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2 — Micug Bindopy npob rpyHry, Maiinanauk Ne2
(pacTp xamacTpoBOi KapTH)

Fig. 2 — Soil sampling locations, site No2
(kadastrova-karta.com)

po0 BpaxoBYBAIM BOJIOTICTH IPYHTY Ta Xapak-
Tep 3eMJICKOPUCTYBaHHSI.

V 3paskax i3 30HU OyIiBEIbHUX MaliaH-
yukiB Nel ta Ne2 Oyiio BUSIBIIEHO 3HAYHE TIEPEBH-
LIEHHS JIOITYCTUMHUX PIiBHIB BMICTY BaKKHX MeTa-
JiB, 30KpeMa Oopy, Mifli, Maprafifo Ta LHUHKY,
PO IO CBIAYATH Pe3ybTaTH JJaAOOPAaTOPHUX Te-
OXIMIYHHUX JIOCITiPKEHB 3pa3KiB IPYHTY, IO BiJI0-
Opakeni B Tabmuii 6. Lle Moxe BkazyBaTw Ha
HMOBIpHE NPOHMKHEHHS TEXHOTEHHHX 3a0py-
HIOIOUHMX PEUYOBHH 13 Oy/IiBEIbHUX MaTepialiB Ta
MallIiH.

Hatigumuii piBeHb 3a0py THEHHS IPYHTIB
Ba)XKMMH MeTanaMH 3a)ikCOBaHO B ME)Kax JIiIsi-
HKH{ aKTUBHOTO Oy IIBHMIITBA Ta HABKOJIO Mai1a-
HYMKIB CKJIa/lyBaHHsS Oy/iBEIbHUX MaTtepiaiib.
PiBeHb BMiCTY IIMHKY (Zn) JUIsl TAKAX 30H CSTaB
8,1-9,3 Mr/kr, 110 BiJIIIOBIIa€ KaTEropii HaABUCO-
KOT0 3a0pyJHEHHS. 3a pe3yJjbTaTaMH perpeciii-
HOT'O aHali3y BCTAHOBJICHO YiTKHMH 3B’SI30K MiXK
BiZICTaHHIO JI0 Oy/iBEITLHOT0 MaiiJaHIMKA Ta CTY-
MIeHEeM 3a0pyIHEHHsI IPYHTY BaXKKUMHU MeTajlaMU
(r=-0,71, p<0,01). it OLIHKHK I[OTO 3B’S3KY
BUKOPHMCTAHO JIiHilHI, CTEIIeHeB] Ta Jiorapugmi-
yHi Mozeni. HaliOinbn HaniiiHOrO Oyra JiiHiliHA
mozens (R?2= 0,72), 0 BKazye Ha MOCTYIOBE
3HWKeHHs piBHIB B, Cu, Mn 1a Zn 31 30i/1b1ICH-
HSIM BiZICTaHi BiJ] Oy/1iBEIbHOrO MaiaHIHKa.

JlinsiHKH, SIK1 3a3HAIM TPUBAJIOTO iHXKEHE-
PHO-OY/IIBEILHOTO BILIUBY, JIO TOYATKY aHTPO-
[TOT€HHOT0 MePETBOPEHHS (DYHKIIIOHYBAJIH SIK ar-
porieHo3u. Ha 1ux AiisiHkax BiJI3HAUEHO iICTOTHE
CKOPOUCHHS IUIONII Ta PI3HOMAHITTSA POCIHH
HOTO TIOKPHBY, IO BHSBISIETBCS Y 3MEHIICHHI
BUJIOBOI PI3HOMAHITHOCTI Ta AOMiHyBaHHI HEUH-
CIICHHHX aJallTOBaHUX ()iTOLIEHO3IB.
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Taoannus 6

ITopiBHSAIBHI MOKa3HUKH 3a0py/AHEeHHsI IPYHTIB B 30Hi OyaiBebHUX MaiiiaHuuKiB Nel Ta Ne2

Table 6

Comparative indicators of soil contamination in the area of construction sites No. 1 and No. 2

Biacrans 1o TIIK
N ueHTpy Mn, | (zn/cu/BI
T/B Tun ginssHku/ 3a§yu03n, M/ | Zn, mr/kr | Cu, mr/kr | B, Mr/kr | Mr/kr Mn), Mr/kr
S/p Type of plot Distance to Zn, mg/kg | Cu, mg/kg | B, mg/kg Mn, MPC
the building mg/kg |(Zn/Cu/B/
center, m Mn), mg/kg
byoisenvruil matioanuux Nel/ Construction site Nol
Hp?nerna JIO Kparo Zn: 23/
MalifiaHKa 30Ha / Cu- 3/
Peripheral zone 40 9,3 2,3 0,53 52,7 B 05/
1 adjacent to the site Mn: 1500
boundary
Pisenv 3a6pyonenns/ Haosucokuii/| Cepeoniti/ | Cepeoniu/ |Cepeonit,
Level of pollution Extra high Average Average | Average
30Ha cepeHbOTrO 70 8,2 3,1 0,5 31,3 Sk Bue /
BILTHUBY/ As above
Zone of medium
2 .
influence
Pigenv 3a6pyonenns/ Bucokuii/ | Cepeoniu/ | Cepeowniii/ |Cepeoniti
Level of pollution High Average Average | Average
Kontposisna
IpHpoHA AU/ 90 8,0 3,0 0,45 0g5 | ‘i mume/
As above
3 | Control natural area
Pisenv 3a6pyonenns/ Bucokuii/ | Cepeonii/ | Cepeoniii/ |Cepeonii
Level of pollution High Average Average | Average
byoisenvruii matioanuux Ne2/ Construction site No2
[Mpueria g0 Kpato
MaiijaH4rKa 30Ha / STk e /
Peripheral zone 45 8,35 1,3 11 72,5 As above
1 adjacent to the site
boundary
Pisenv 3a6pyonenns | Bucokuii/ | Huszekuii/ | Bucoxuil/ | Bucokuil/
Level of pollution High Low High High
30Ha cepeHbOro
BIUMBY/ 50 8,13 0,71 1,03 605 | mume/
’ Zone of medium As above
influence
Pisenv 3a6pyonenns/ Bucoxuti/ | Huzvxuti/ | Bucoxuii/ |Bucoxuii/
Level of pollution High Low High High
Kontpoabna
NpUpOHa AiNsHK/ 110 8,01 06 0,8 sgy | emmme/
As above
3 Control natural area
Pisenv 3a6pyonenns/ Bucoxuu/ | Husexuii/ | Bucoxuii/ |Cepeonitl
Level of pollution High Low High Average
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TpuBana TexHOTeHHa TpaHCPOPMAIis
MPU3BOJIUTH JIO BUTICHCHHS aBTOXTOHHUX BH-
JliB, MPUTAMAaHHUX JIOKATBHUM YPOYHINAM, Ce-
pen axkux ocHoBHUMH € Festuca vaginata (xoc-
TPHILA MiXBOBA) 1 Stipa capillata (koBmiTa Bojto-
cucTa). IXHe Micrie 3aiiMaroTh iHBa3HBHI BUIH —
Solidago canadensis (30J0TYIIHHK KaHaICh-
kuif) i Heracleum sosnowskyi (6opmiBank Co-
CHOBCBHKOT'0), @ TaKOXK CHHAHTPOITHI POCIHHH,
Taki, Ak Artemisia vulgaris (monwH 3BHUaii-

HUI1), 371aTHI e()EeKTUBHO aJanTyBaTUCs O 3Mi-
HEHHUX IPYHTOBO-CKOJOTIYHHX yMOB, IO JAO-
3BOJIA€ iM HIBHIKO 3aXOILIIOBATH JOMiHAHTHE
MOJIOKEHHSI B TPaHC(POPMOBAHUX EKOCHCTE-
Max, BUTICHSIOUH €HAEeMIuHy (Iopy.

VY pesynbTaTi GOPMYETHCS CHPOIIEHUH,
9acTO MOHOJOMIHAHTHUN POCIMHHHUN TTOKPHB
a00 eKOCHCTEeMH 3 0OMEKCHHM 010pi3HOMAaHIT-
TSAM 1 3HIDKCHOIO €KOJIOTIYHOIO PE3UCTEHTHI-
CTIO 10 €KOJOTIYHUX HaBaHTAKEHb.

Bucnoexu

Pesynprati  jocmimKeHHsS CBiT4aTh, M0
aKTHBHA OyiBeNbHA isSUTEHICTB, TIOB’s13aHa 3 PO-
30yZI0BOIO HOBHX iHAYCTpPiaIbHAX 30H 1 IIPOMHC-
JIOBUX KJIACTEpiB, CIIPUYMHIOE KOMILTIEKCHI €KO-
JIoro-reoMopooriuHi  TpaHcopMarii  iHepT-
HUX KOMITOHEHTIB JJaHAadTy — penbedy ta 1py-
HTOBOTO TIOKPWBY, IO HETaTHBHO BIUIMBAE Ha
CTPYKTYPHO-(PYHKI[IOHAIBHY IUJIICHICTH TPHPO-
JTHO-TEPUTOPIATBHAX KOMIUIEKCIB 1 3HIKYE €KO-
JIOTiYHY CTIHKIiCTh TaHAmAadTIB.

BcraHoBneHo, 1110 TUIT TPyHTOBO-T€OMOP-
(hOJIOTIYHOT OCHOBH iICTOTHO BIUIMBAE HA IHTEHCH-
BHICTh ekoreoMopdornoriuaux 3MiH. 30Kpema,
JUITHKA 3 YOPHO3EMHHMH IPYHTaMH BUSBIISIOTH
BUIIly Ypa3NWBICTh JO TpaHCQoOpMaliil TopiB-
HSHO 3 TEPHTOPISIMH, CKJIa/ICHUMH JIECCOBUTHUMH
cyrmHKame. Lle 3yMOBIEHO BiMIHHOCTSIMH Y
(hi3UKO-MeXaHIYHUX BJIACTHBOCTSAX IPYHTIB Ta
crieru(ikor0 BHKOPHUCTOBYBaHUX OyiBETHHNX
TEXHOJIOT 1.

3a pe3ynpTaTaMHM TEOXIMIYHOTO aHali3y
BCTAHOBJICHO 3Ha4He 3a0py/THEHHS IPYHTIB BaX-
KAMH METaJlaM{ Ta MeTaJlIoilaMi y 30Hax 0e3-
MOCEPEHHOTO BIUTUBY OYIiBEBHOI JisLUTBHOCTI,
110 CBITYMTH PO BUCOKHI PIBEHb TEXHOT€HHOTO
HAaBaHTKEHHsI Ta TMOTEHIIHHY EKOJIOTivYHy 3a-
rpo3y uist PyHKIIOHYBaHHS IPUPOJHUX EKOCHC-
TeM. BUsIBIIEHO UiTKY 3aKOHOMIPHICTD 3HIKEHHS
PiBHS 3a0pyTHEHHSI TPYHTIB 31 30LIBIICHHSM BiJI-
cTaHi BiJ1 Oy 1iBEIbHOTO MaiiJaHIMKA, 110 T IKpe-
CITIOE JIOKaJII30BaHUH XapaKTep aHTPOIIOTE€HHOTO
BIUTMBY Ta OOIPYHTOBYE HEOOXiIHICTH BIIPOBa-
JPKEHHSI CUCTEM MOHITOPUHTY 3a0pyAHEHHS Y 30-
HaX HaBKOJIO 00’ €KTIiB Oy/1iBHUIITBA.

[opymennass MophOCTPYKTYypH 3eMHOI

TTOBEPXHI Ta IETPaallisi IpyHTOBOTO TIOKPHUBY 3Y-
MOBITIOIOTh HETaTHBHI 3MiHH Y O10THYHIN CKIIa/10-
Bill marmmadTHOI cTpyKTYpH. 3ahikcOBaHO 3MEH-
[IEHHST BHJOBOTO PI3HOMAHITTS POCITMHHOTO TTOK-
PVBY, BUTICHEHHSI aBTOXTOHHUX (DITOIIEHO3IB 1 TIO-
IIMPSHHS JIBEHTUBHUX Ta IHBA3UBHUX BUIIB, 1110
CBITYUTH MPO JICCTPYKIIIIO MEXaHi3MiB €KOCHCTe-
MHOI camoperyJisiiii. BetanosieHo, mo tpaHncgo-
pMartist ablOTHYHUX KOMITOHEHTIB TaHamadry iHi-
1F0€ KOMIUIEKCHI OPYIIEHHS, SIKi IPOSIBISIIOTHCSI
Ha piBHI 0I0THYHUX 1 QYHKIIOHATEHUX 3B SI3KiB,
10 B IIJIOMY 3HWKYE €KOJIOTIUHY CTaOUIBbHICTD
JOCHIDKYBAaHUX TEPUTOPIH.

Takum 9uHOM, pe3yJIbTaTH AOCITIPKCHHS
MiATBEPILKYIOTh, IO Oy/iBeNbHA TiSUTBHICTD €
YUHHUKOM (pOpMYyBaHHS JIAaHIIOTOBUX Jerpaja-
LIMHUX MPOLECIB, IO PO3NOYMHAIOTHCS 3 TPaH-
cdopmariii abiOTUIHOTO CEPEAOBUINA Ta 3yMOB-
JIOOTh 3araJibHe TIOPYIISHHS JTaHAmaTHOT 11i-
JICHOCTI.

J71st eeKTUBHOTO YIIPaBIiHHS IPOSKTAMU
3 p030yJI0BHU IHAYCTPIAILHUX 30H 1 30€PEeKESHHS
€KOCHCTEMHHX TIOCIYT HEOOXiJJHE BIPOBA[-
JKEHHS KOMIUIEKCHUX METOIB OLIHKU EKOI'eo-
MopdosoriyHuX TpaHchopMaIliii i3 3aCTOCyBaH-
HSIM Te0iHQOpMAIIfHIX TEXHOJIOTIH Ta CHUCTEM
MOHITOPHUHTY.

OtpumaHi pe3yabTaTi 3aCBiI4yIOTh JOLIi-
JBHICTH 3aCTOCYBAaHHS CHCTEMHOTO MiIXOIy O
aHAIi3y 1 MPOrHO3YBaHHS AaHTPOIOTEHHOTO
BIUTMBY Ha 1HEPTHI KOMIIOHEHTHU JaHAmA(Ty SIK
OJTHOTO 3 KJIFOYOBHX aCIEKTiB €KOJIOr4HO 00Tpy-
HTOBAHOTO YIIPaBJIiHHS Y MPOLIEC INIaHyBaHHS Ta
peanizauii OyaiBelNbHUX MPOEKTIB Yy MeXax HO-
BUX 1HIYCTPiaIbHUX TEPUTOPIH.

Konghnikm inmepecie

ABTOD 3asBIIsiE, MO KOHMIIKTY iHTEpEciB 1010 myOikaiii 1poro pykomnucy Hemae. Kpim toro,
aBTOP TIOBHICTIO JIOTPHMYBaBCS €TUYHMX HOPM, BKIIOYAIOYH ITuiariatT, danbcudikaiiro JaHuX Ta

MOJIBIHY MyOJTIKAIIifO.

B po60Ti HE BUKOPHUCTAHO pecypc MTYYHOTO IHTEICKTY.
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ECOLOGICAL-GEOMORPHOLOGICAL TRANSFORMATIONS OF INERT LANDSCAPE
COMPONENTS IN INDUSTRIAL ZONES

Purpose. Comprehensive assessment of eco-geomorphological changes in inert components of the
landscape caused by intensive construction activity in newly developed industrial zones of Ukraine, with
consideration of the use of modern prefabricated building technologies.

Methods. The field investigations, systemic and comparative geographical analysis, statistical,
morphometric assessment, as well as the method of correlation and comparison

Results. The results of field and analytical investigations demonstrated that construction activity constitutes a
determining factor in the formation of zones with intensive technogenic pressure on soil cover. The highest levels of
heavy metal contamination were recorded within active construction sites and adjacent material storage areas.
Specifically, zinc (Zn) concentrations in these locations corresponding to the category of extremely high contamination
according to the classification criteria for ecological soil quality assessment. Regression analysis revealed a statistically
significant inverse correlation between the distance from the construction activity center and the accumulation level of
heavy metals in the soil profile. Within the facies subjected to prolonged engineering intervention, a marked
transformation of the vegetation structure was observed. Areas exposed to mechanical soil disturbance are characterized
by a reduction in natural vegetation cover, a decline in species diversity, and the dominance of adaptive, primarily
invasive, species. The displacement of biocenotic equilibrium promotes the exclusion of autochthonous flora species
characteristic of the (natural) sites under investigation, leading to the formation of monodominant communities with
low ecological resistance and impaired capacity for natural regeneration.

Conclusions. The development of industrial zones in areas predominantly used for agriculture and forestry
leads to significant ecogeomorphological transformations of the inert components of the landscape. The
application of an integrated methodological approach enabled the quantitative assessment of changes in
morphostructure, soil cover, and hydrological regime, as well as the detection of increased heavy metal
contamination in soils within construction sites. Disruptions in the interaction between inert and biotic
components of geosystems were identified, resulting in reduced ecological resilience. The findings can serve as a
scientific basis for optimizing spatial planning, implementing monitoring measures, and guiding environmental
management of industrial infrastructure development in agro-landscapes.
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EKOJIOTTYHI ITPOBJIEMM 3I0BBUI[bKOI TEPUTOPIAJIbHOI TPOMA T
TA IIJIAXH iX BUPIIIIEHHS

MeTa. AHai3 OCHOBHHUX €KOJIOTIYHUX MpoOieM 3M0BOUIIBKOI TepUTOpiadbHOI TpoMay PiBHEHCEKOT 001acTi
Ta NPAKTUYHI IULIXH iX BUPIMICHHS B KOHTEKCTi CTAJIOTO PO3BHTKY.

MeTomu. AHATITHYHUIA METOJI, CTATUCTUYHHIA, COIIOJIOTIYHE ONUTYBAHHS, CHCTEMHUHN aHai3

Pe3yabraTn. BeTaHOBIEHO, 110 HAWOUIBIN aKTyabHUMHU CKOJOTTYHMMHU MPOOJIEMaMH TPOMaIH € 3a0pyi-
HCHHS aTMOC(EPHOTO TMOBITPsI aBTOTPAHCIIOPTOM 1 JisUTHHICTIO MPOMHUCIOBUX i IIPHEMCTB, HECAHKIIIOHOBAHI CMIT-
TE3BANUILA, HEJOCTATHS KUIBKICTh CYy4aCHUX MOJIITOHIB /IS BiXO/IB, MOTIPLIEHHS SIKOCTI TIOBEPXHEBHX 1 IPYHTOBUX
BOJI, TUJIOBE 3a0pyJHEHHS TEPUTOPiil YHACTIIOK BUNOOYTKY KOPUCHUX KOTIAJIMH, a TAKOXK JIeTpajiallisi 3eJIeHNX Haca-
JOKCHb. BUSBIEHO HU3bKHI PIBEHBb €KOJIOTIYHOI CBIIOMOCTI HACEJICHHSI, 1[0 3yMOBIIIOE CIA0KY MiATPUMKY MPUPOIO-
OXOPOHHHX iHilliaTuB. Ha 0CHOBI aHATI3Y 3aPONOHOBAHO IUIIXH BUPIMICHHS 3a3HAYCHUX MPOOIIeM: 3arpoBa[KeHHS
CHCTEMH PO3IUTHFHOTO 300py Ta BTOPUHHOI IepepOOKH BiIXOIiB; 00MamTyBaHH. 0(ilifHAX MYHKTIB IPHIHOMY TBEp-
JIX OOy TOBHX BiIXOIiB; MONICPHI3allis OYMCHUX CIIOPYA 1 BOAOBIIBEICHHS; TOCHIICHHS €KOJIOTTIHOTO MOHITOPHHTY
HOBITPSI T4 BOIHUX PECYPCiB; BiTHOBICHHS 3€ICHUX 30H; BIPOBAIKCHHS CKOIPOCBITHULBKHX IPOrpaM JUIs IIKOJIs-
PIB 1 TOPOCIHX; CTUMYITIOBaHHS Oi3HECY IO BUKOPHUCTAHHS €KOJIOTIYHO OS3MEYHUX TEXHOOTIH.

BucHoBku. EdexTrBHe po3B’si3aHHs €KOIOTTYHUX MTPpoOIieM 3M0BOMIIBKOT rpOMaji MOKIIMBE 32 YMOBH IOE/I-
HaHHS aJMIHICTPaTHBHHX, OCBITHIX 1 €KOHOMIUHHMX 3aXOiB, aKTHBHOI B3a€MOJii OpraHiB MiCIIEBOTO CaMOBpSIY-
BaHHsI, TPOMAJICBKOCTI Ta MiINPHEMHHUIIBKOTO CEKTOpY. BaxiiBo 3a0e3meunTy CUCTEMHUI MiXij 10 TIaHyBaHHS
€KOJIOTIYHOT HOJIITHKH, CHIPSIMOBaHOT Ha (hOpMyBaHHs OE31IEYHOTO0, 3I0POBOTO Ta KOM(OPTHOTO CEPEIOBUILIA TPOIKH-
BaHHSL.

KJIFOYOBI CJIIOBA: mepumopianvha epomada, ekonociyni npobiemu, coyionociyne onumyanHs, Cmanuil
PO36UMOK, OXOPOHA OOBKILIA
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Bcmyn

CydvacHuil eTan po3BUTKY YKpaiHCHKOTO SKI TIbMYIOTh COIiaJbHO-EKOHOMIUYHUI pPO3-
CYCIUIBCTBA CYIPOBOIKYETHCST aKTUBHUM 3PO- BUTOK 1 CTAHOBJISITH 3arpo3y Ui 37I0pOB’S Ha-
CTaHHSIM POJIi TEPUTOPIANIbHUX rpoMa] y 3a0e3- CEJICHHS.
NIEYEHH] CTAJI0r0 PO3BUTKY Ta IiABUILEHHI KO- [Ipobnema monsirae B TOMy, 110 €KOJIOTi-
CT1 )KUTTS HaceneHHs. Pedopma nerneHTpaniza- YHI acleKTH Ha JIOKATBHOMY PiBHI 4acTo 3ali-
il Hajama rpomMagaM PpO3LIMpPEHi MOBHOBA- Ial0Thesl Ha mepudepii yBard sIK HayKOBLIB,
JKEHHS B YNIPaBJIiHHI HPUPOJHUMHU peCypcami, Tak 1 mpakTHKiB. OCOOIUBO rOCTPOIO CUTYALlis
oprasizarlii CMCTeMH MOBOKEHHS 3 BiIX0aMU € JIIS HeBENMKHX TPOMaJ, sIKi CTHKAIOThCS 3
Ta 3A1MCHEHHI KOHTPOJIIO 32 CTAHOM JOBKIJLJISL. KOMILIEKCOM €KOJIOTTUHUX MpoOjIeM: BiJ HeHa-
[IpoTe, monpu HOBi MOXKIIMBOCTI, 3HAYHA YACTH- JISKHOTO TOBOJPKEHHSI 3 MOOYTOBUMH BigXo-
Ha rpoMaJi, OCOOJIUBO CUIBCBKUX Ta CEIHULIHUX, JaMH JI0 Jerpajauii IpyHTiB, 3a0pyJHEHHS BO-
CTHKAETHCSI 3 HU3KOI EKOJIOTIYHUX BUKIIHKIB, JTHHX PECYpCiB, aTMOC(HEPHOTO TIOBITPS, 3HH-
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JKEHHS PiBHS €KOJIOTIYHOI CBiJOMOCTI Ta HEIO-
CTaTHBOI IHCTHUTYIIHHOI CIIPOMOKHOCTI BHi-
IIyBATH I1i BUKJIMKH CUCTEMHO [1].

HayxoBa miTeparypa 3acBiguye HasiB-
HICTh IMTUPOKOTO KOJIa AOCHTIKEHb, IPUCBSUC-
HUX PI3HAM acmeKTaM eKOJOTiYHOI CHTYyaIlil B
rpoMajax, OJTHaK IiIXOAM aBTOPIB € pparmeH-
TApHUMH i HE 3aBXIU BPaXOBYIOTh CIELU(IKY
HEBEJUKUX CITbCHKUX Teputopiit. Tak, y mpa-
x JKykosa 1. Ta Tamorpkoro P. [2] ocHoBHA
yBara MpUAUISETHCS ypOaHI30BaHUM TEPUTO-
pisiM, IO YCKJIaJHIOE MEpeHEeCeHHs iXHIX BH-
CHOBKIB Ha CIJIbCbKi TPOMaJIH.

KonuenTyansHi OCHOBU CTajJOro pO3BH-
TKY Ha MICIIEBOMY piBHIi aHANI3yIOThCI B po0OO-
tax Ps6okons B., ®ectok O., Kapmiok 3. Ta iH.
[3-5], omHak Opakye MpakTHYHUX MOJIEIICH a1a-
TTali] X MiIX0AIB 10 YMOB MajuX TpoMaj.

VY cdepi noBomKEHHS 3 BiIXOAaMH Bin-
3HAYAIOTBCS TIPYHTOBHI aHANITHUYHI TIpari
Lmnsiir O., anomenko I'., MyHBKO A. Ta iH. [6—
11], mpote ixHiit PoKyc mepeBakHO CIIPSIMOBa-
HUI Ha 3arajJbHO/CpKaBHUI a00 perioHaTbsHAN
piBEHb.

[MutaHHs TiAPOEKOJIOTIYHOTO CTaHy TEPH-
TOpIAJIBHUX TPOMaJ] PO3KPUTO Yy JOCIIIKEHHSIX
Hosunipkoi C., Ky3uk 1., Imurpumma H. [12], a
CTaH aTMOC(EpHOro MOBITPS AOCTiKyBamu Mo-
kiH B., /I3ronsx MI., bormanero K., OmiitHuk
B.[13]. Oanak y OUTBIIOCTI BHIAJKIB BiJACYTHI#
KOMIUIGKCHHH IIIXiA, [0 BpaxoBYe B3ae-
MO3B’ 130K IPUPOJHUX, COLIAJIBHUX Ta EKOHOMIY-
HUX YHNHHUKIB.

IleBny yBary (opmyBaHHIO €KOJIOTIYHOT
CBIIOMOCTI Ha MiCIIEBOMY PiBHI IPHUIIJIEHO Y TIpa-
max Buroscekoro JI., Buroecekoi T., Pames A.
[14, 15], npoTe 11i JOCTIKEHHS HE OXOIUTIOIOTh
TTIMOVHY OCBITHIX Ta KOMYHIKAIIMHUX MpoOieM
Ha PiBHI MATUX TPOMAaJI.

€BpOIHTETpAaIiifHI aCHEKTH Ta IMHTAHHS
€KOJIOTIYHOI MOJIepHi3alii B KOHTEKCTI MicIle-
BOTO PO3BHUTKY po3risaarots Daiidypa B., bu-
miopa JI., Auapycumia T. Ta im. [16, 17], mpoTte
X IOCIHiKEeHHS OiIbIlle CTOCYIOTBCS CTpATeri-
YHOTO TUIAHYBAaHHA, HIXK BHPIIIIEHHS TTOTOYHUX
eKoJIoTiYHuX TMpobieM. BomHowac KpHTHIHO
Opakye MDXIUCHUIUTIHAPHUX JTOCIIPKEHb, 0
KOMILJIEKCHO aHaJi3yl0Th CTaH JOBKLLIS Y He-
BEJIMKHUX FPOMajiax, IHTErPyIOUH MPaBoBi, OCBi-
THIi, €KOJIOTIYHI Ta YIPaBIiHCHKI aciekTH [18].

3apyOixkHI JOCTIIKEHHS TaKOXK HE 3aB-
KM MOXKYTh OyTH Oe3MmocepeIHbO 3aCTOCOBaHI
B YKpaiHChKHX peanisx. Hampuknaz, yBara iHo-
3emuux aBTopiB [19, 20] 30cepemkena nepea-
YKHO Ha €KOJIOTIYHHX HacIiKax cyOypOaHizarii
[21] Ta poui ocBiTH y hopMyBaHHI €KOJIOTTIHOT
KyJabTypH [22, 23], 0, X0Y 1 BAXKJIMBO, HE 0XO-
IUTFOE BECh CIEKTP TMPOOJieM, MPUTAMAHHUX
rpomazam y mporieci Tpancdopmariii [24, 25].

Oco0nmBOi aKTyadbHOCTI HaOyBae KOM-
IUIEKCHUH aHaNi3 eKOJOT1YHUX BUKJIHKIB y Me-
*ax 370BOHIIBKOT TepuTopianbHOi rpomManu Pi-
BHEHCBHKOI 00JIaCTi, SIKa € TUIIOBUM MPHKIIAJIOM
HEBEJMKOI TPOMa/I, JIe TOEAHYIOTHCS IHTEHCH-
BHE CIUIBCHKE TOCIONAPCTBO, PO3BUHYTa IPO-
MUCJIOBICTh Ta HEIOCTATHS CKOJIOTiYHA iH(pa-
cTpykrypa. Cepen KIIOYOBHX IMpobieM — 3a-
OpyIHEHHS TOBITPSI TPAHCTIOPTOM 1 MiATPUEM-
CTBaMH, HE3a/I0BUIbHA CUCTEMA MOBOKCHHS 3
TBEPJUMHU TTOOYTOBUMHU BiJXOJIAMH, 3HIKCHHS
SIKOCTI BOJIHUX PECYPCiB, MIISTHHS JOPIr Ta HU-
3bKHH PIBEHHh EKOJIOTIYHOI CBiJIOMOCTI Hace-
nenus [26].

Mertoto € aHalli3 OCHOBHHX €KOJIOTTYHHX
mpo0ieM 310BOUIBKOT TEPUTOPIAIEHOT TPOMaIH
H MPOMO3HUIlH 100 NUISAXIB IX BHPIIICHHS 3
ypaxyBaHHSIM MICIIeBOT CTIEU(IKH Ta CyIaCHHUX
MIIXOIB /0 OXOPOHH JOBKIJIIS.

00’ckm ma memoou 00cioIHceHHA

3moBOuIIbKa TepUTOpianbpHa rpoMasa Pis-
HEHCBKOT0 paiioHy PiBHeHCBKOT 00nacTi (puc. 1),
YTBOpEHA B TIPOIIeCi a/IMiHICTPAaTUBHO-TEPUTOPI-
anpHOI pedopmu. 3araabHa IIIoIa IPOMaIn CTa-
HOBUTH 14,9 THC. Ta, 10 ii cKIaay BXoauTh 15 Ha-
CEJICHUX ITYHKTIB 13 2IMIHICTPATUBHUM IICHTPOM
y ¢. 3MOBOHIIS.

3emenbHUA (QOHA TpoMaaM MpeicTaBie-
HHH TIEPEBAKHO CLILCHKOTOCTIOAAPCHKUMH YTi/-
nsvu (12,7 tuc. ra, abo 85 % teputopii), 3HaUHYy
YacTKy 3aiMaroTh Jricu (1,2 Trc. ra), a TakoxK 3e-
MJIi JKUTJIOBOI Ta TPOMAJICHKOI 3a0ylIOBH, BOA-
HOro (oHIy Ta TIPUPOIOOXOPOHHOIO TPH3HA-
yeHHs (Tab:1.1). 3aranbHa YUCeNbHICTh HACEINeH-
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Hs cranoM Ha 01.01.2021 poky cranosuma 11,2
THC. 0Ci0, HAHOUTBIIINM HACETICHUM ITYHKTOM € C.
3moBOuIst (TIOHA 5,3 THC. MEIIKAHITIB).

Ha Tepuropii rpomanu QyHKIIOHY€E HU-
3Ka CUILCHKOTOCIIOAAPCHKUX MiJIPUEMCTB Ta
(bepMepchKUX TOCHOAAPCTB, 30Ccepe/PKeHa Ha
BUPOIIYBaHHI 3€pPHOBHX 1 TEXHIYHUX KYIBTYD,
TBapuHHULTBI. Kpim Toro, mitoTh miampuemc-
TBa 3 BUJOOYTKY KOPHCHHX KONAIUH (ITiCOK,
TpaBii, TIIMHM), TII0 MOKE MATH 3HAYHUI BIUIUB
Ha CTaH NOBKULIA. BaXkIMBUM YMHHUKOM COLli-
JIBHOTO PO3BUTKY T'POMAJIM € OCBITHI Ta KyJb-
TYpHI ycTaHOBHW (Jiei, TiMHA3ii, 3aKJIaau JI0-
HIKUTbHOT OCBITH, OYTMHKH KYJIbTYPH).
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Fig. 1 — Borders of the Zdovbych Territorial Community
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Crpykrypa 3emMeibHOro ¢poHay 310BOMUBKOI TEPUTOPiaIbHOI TPOM AN
Table 1
Structure of the land fund of the Zdovbych territorial community
Ne Kareropist 3emean / Land categor Irowma, ra /
B P gory Area hectares
1 | Cinecerorocnoaapeskoro npusnauenus / Agricultural land 12693,763
2 | Jlicorocnomapchkoro npusHadenss / Forestry land 1177,35
3 | 3eMIIi MPOMUCIOBOCTI, TPAHCIIOPTY, 3B’SI3KY, CHEPreTUKHA OOOPOHH Ta 1HIIIOTO 276,00
npusHayenns / Land for industry, transport, communications, energy, defense
and other purposes
4 | 3emui BogHoro douay / Water fund lands 225,37
5 | 3emni npupogooxoponnoro npusHadenns / Nature conservation land 232,1
6 | 3emui xuTiIOBOT Ta rpoMajicsKkoi 3a0ymoBu /Residential and public develop- 161,68
ment land
7 Tumi 3emuti / Other land 173,527
Paszom /Together 14939,79

[lpn nmocnmimKeHHI BUKOPHCTAHO KOM-
IUIEKC METOMIB:
AQHATITUYHUNA METOJ KOMILJICKCHE
OTIpaLOBaHHS MAacIoOpPTa IPOMAAN, CTATUCTUY-
HUX MarepianiB, JaHuX oDIlIHHUX CalTiB, €KO-
JIOTIYHUX KapTorpadiuHuX pecypciB, a TaKOX
BJIACHUX y3araJlbHEeHb PE3yJIbTaTiB COLI0JIOT 4-
HOT'O ONHTYBaHHS Ta IHTEPB'IO 3 MPEACTABHU-
KaMH MICIIEBOTO CaMOBPSIyBaHHSA. Takwid
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ITiIXi]T TO3BOJIMB TIOEHATH BTOPUHHI JKepera
iH(pOopMaIlii 3 TEPBHHHIMU EMITIPUIHUMH CIIOC-
TEpeKEHHSIMH, 110 MiJBHUILY€ HAYKOBY JOCTOBI-
PHICTB pe3ynbTaTiB

e  COIIIOJOTIYHHMI METOJ] — TPOBEJCHHS
OIMTYBaHHSI MEIIKAHIIIB IPOMaJIH MO0 OIIHKA
CTaHy AOBKLUISl, OCHOBHUX EKOJIOTIYHUX IPO-
O5eM Ta O4iKyBaHb BiJl OpraHiB MiCIIEBOTO Ca-
MOBpS/TyBaHHS;
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e  y3aragbHEHHS Ta CUCTEMHHWH MiIXil —

JUTst (pOPMYITFOBAHHSI BUCHOBKIB Ta MIPOTO3HIIIH
II0JT0 IJISIXiB BUPIMIECHHS BUABICHUX MTPOOJIEM.

Corionoriyae  OMHUTYBaHHA MPOBOJU-
noch y ceprHi—BepecHi 2024 poky cepen Mer-
KaHIIiB TpoMaau BikoM Bix 15 mo 60 pokiB. Bu-
Oipka cranoBmia 168 pecnonnentiB. Bubipky
c(hopMOBaHO 32 IPUHITUTIOM TOOPOBUTHHOT yUa-
CTi, 1[0 JO3BOJIMJIO OXOIUTH Pi3HI BIiKOBI Ta CO-
mianeHi Tpynu. binbmiicTe pecnoHAEHTIB — Y

BiKOBi# rpymi 26—45 pokis (60%), mo BimoOpa-
)Ka€ aKTUBHY YaCTHHY Tpare3laTHOTO Hace-
neHHs. OnUTYyBaHHS 3IIACHIOBAJIOCA IIISIXOM
aHKeTyBaHHA (OHJIAH).

Ankera mictmina 10 3amuTaHb, 30KpeMa
I10/10 €KOJIOTYHHUX MPOOIIEM, CTaBICHHS 10 BH-
KOpHCTaHHS 3ac00iB 3axucty pocnuH (33P), pi-
BHs 00i3HaHOCTI Mpo iX Oe3medHe 3acTocy-
BaHHsI, TOTOBHOCTI OpaTH y4acTh Y TPUPOI00-
XOPOHHHX 3aX0Jax TOIO.

Pe3yﬂ bmamu ma oﬂzoeopenml

Exonoriuna curyarist y 310BOHIIBKii Te-
pHUTOpIaNBHIN TpoMazi XapaKTepHU3yeTbCsS HU3-
KOIO aKTYaJIbHUX MPOOJIeM, IO TOTpeOyIOTh CHC-
TeMHOro BUpimeHHs. Ha Tepuropii rpomaau Bin-
CYTHI TIYHKTH aBTOMaTH30BaHOTO MOHITOPHHTY
aTMOC(EepHOT0 MOBITPSsI, TOMY OLIHKY CTaHy 3/iHi-
CHEHO 3a JIaHMMH CTaHIii y M. PiBHe, 1110 po3ra-
nroBaHe 3a 15 km Big 310BOMII. AHaJi3 HOKa3HU-
kiB (PM2.5, CO, ¢dopmanbaeria) CBiIYMTh MPO
NepiogyHe TICPEBHIICHHS HOPMATHBIB, IO
MOJKE CTAHOBUTH PU3MK JUIS 370POB’ S BPA3IUBHX
rpym Hacenennst [27, 28]. JlonaTkoBuM (hakTopom
3a0pyIHEHHS € TPaWIliiiHe CIIAIOBAHHS CyXOi
POCITMHHOCTI HABECHI Ta BOCSHH.

OCHOBHHMM BOJHHMM 00’ €KTOM, 1110 BIUTUBAE
Ha CTaH JIOBKULIS TPOMaJIH, € p. YCT4, sIKa 3a3Ha€
ICTOTHOTO aHTPOIIOTEHHOTO HABAHTAKCHHS. 3a
JIAHUMH CIIOCTEPEIKCHb, Y BOJII 3a(DiKCOBAHO Iie-
pesutennst I'/IK 3a amoniii-ionamu y 4—6 pasis,
HITpUTaMH y TIOHaJ 4 pa3u, a TAKOXK HeJJOCTaTHIN
BMICT po3unHeHoro kucHro [29]. Le cBimuuth mpo
3HIDKEHHS CaMOOYHMCHOI 37aTHOCTI piuku. Ha

OKpEMHX TEPHUTOPISX TpoMaIH (c. IBadukoBe) cro-
cTepiraeThest AeIrUT MUTHOT BOAW T4 BUCHXAHHS
KOJIO/ISI3IB.

Ha Ttepuropii rpomaan ¢QyHKumionye Tpu
MICIIs BUIAICHHS BiIxomiB (c. 3noBouis (puc.2),
c. 3amices (puc.3), c. Yizaui (puc.4)), 1Ba 3 KX
MaCIIOPTU30BaHI.

[lpore mpobnema CTUXIMHUX CMITT€3Ba-
JIMI 3aJIMIIAETHCS aKTYaJbHOIO, OCKUIBKHA BOHH
CTBOPIOIOTH JIOKaJIbHI OCEpeIKH 3a0pyAHECHHS Ta
oTpeOyIOTh 3HAYHMX (PIHAHCOBHX PECYPCIB IS
mikBigarmii. Sk 3a3HauMB Jimep TpoMaad [ Yac
IHTEpB [0, JIKBIIAIlisT OJHOTO TAKOTO 3BANUINA 00-
xomuThes y 125 Ttuc. TpH, 1 Hapa3i Bke JIKBiIO0-
BAHO OJIHE 31 YOTHPBHOX BHSBIICHHX.

3a mannmu caiity ExoCructema Ha TepuTo-
pii 3n0BOHIIBKOT TepUTOpiatbHOI rpomanu [30] ai-
FOTh OIMHAIIATH MianpreMcTBa (Tali.2)., siki MO-
KyTh OyTH TIOTEHILIIMHIMH 3a0py/THIOBaYaMH Ha-
BKOJTMIITHBOTO CEPEIOBHIIIA.

VY 3noBOMIBKIH TepUTOpPiAIBHINA Tpomai
PO3pOOIISIETHCS YOTHPH POJIOBHINA ITICKY. Bujto-

Puc. 2 — Cxema po3ranryBaHHS MICI[sI BUIAJICHHS BiIXOMIIB B C. 3M0BOUIIL
Fig. 2 — Scheme of the location of the waste disposal site in the village of Zdovbytsia
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Puc. 3 — Cxema po3ranryBaHHS MiCIlsI BUIAJICHHS BiIXOMIB B ¢. 3amiccs
Fig. 3 — Scheme of the location of the waste disposal site in the village of Zalissya

Puc. 4 — Cxema po3ranryBaHHs Micls BUAJICHHS BiIXOMiB B . Yi3mmi
Fig. 4 — Scheme of the location of the waste disposal site in the village of Uyzdki

OyTOK CYyIpPOBODKYETBCS YTBOPEHHSM MY Ta
BUKHJIAMH Bijl Kap €pHOI TEXHIKH. X04a IMHJIOBI
BUKH/IM B OCHOBHOMY JIOKaJIi3yIOThCSl Y BHIMKaX,
npo0JieMa 3aMuIeHHs IPYHTOBHX JOPIT 3aJIHilia-
€TBCS TOCTPOIO.

AKTHBHE 3aCTOCYBaHHS MIHEPaJIbHUX J100-
P¥B i IECTULMIIB Y TPOMa/Ii CTBOPIOE PU3UKHU JJISI
SIKOCTI IPYHTIB, BOJIM Ta 310pOB’s1 HaceseHHs. He-
JOTPUMAaHHS CaHITAPHO-3aXUCHUX 30H MOXKE TPH-
3BECTH JI0 HETATHBHUX €KOJIOTTYHUX HACIIJIKIB. Y
rpomazi (iKCYIOThCS Criajlaxyl MOIIMPEHHS ame-
PHKaHCHKOTO Oi7I0r0 METENTHKA, SKHH YpaKye
IUTOJIOBI Ta JEKOPATUBHI HACA/DKEHHS, 1110 TPH3-
BOZMTH JI0 TX OcnaOieHHs Ta 3aruoei.
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[IpoBeneHe COMIONOTiYHE ONMUTYBAHHS MEIIKaH-
1iB 310BOMLIBKOI TEPUTOPIaAIbHOI TPOMaIH A0
3MOr'y KOMIUICKCHO OIIHUTH €KOJIOTIUHI Ipo-
OJIeMH 3 TO3MILIA MICIIEBUX JKUTEIIIB Ta JIiIEpiB
rpomaau. OnNWTyBaHHS 3/IHCHIOBAIOCS B OH-
naiiH-popmari (Google-aHkera), MomMpeHiit ve-
pe3 odiliiHuUI CalT rPOMaJIX Ta CTOPIHKY Y COLIi-
ATPHUX Mepekax. AHKETYBaHHS MaJIO HAa METi BU-
SIBUTU PiBE€Hb €KOJIOTIYHOI CBIZIOMOCTI Ta BU3HA-
YHUTH NPIOPUTETHI MPOOIIEMH JTOBKIJLIA.

BinbmiicTh peCriOHJCHTIB OIIHWIA €KO-
JIOTIYHHMIA CTaH TPOMAJH SK 3aJI0BUIbHUM, TOI
SIK 3HAYHA YaCTHHA CXUJISIETHCS JI0 JIyMKH, IO
BiH € moranuM. Jluie He3HauyHa KUTbKICTh
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Taoauns 2.

Hiroui minmpuemcTBa Ha TepuTopii 310BOMLBKOI TepuTOpPiaabHOI rpoMaan

Table 2.

Operating enterprises in the territory of the Zdovbych United Territorial Community

Ne Ha3zpa nmitnpuemcrBa/ Anpeca/ OcHoBHa isUIBHICTB
Company name Address Ha TepuTOPii rpomaan/
Main activity in the community
1. TICIT " YKPAIHA"/ 35709, PiBHeHCbKa 0051., 310:10yHIB- | Po3BeneHHs BeIMKOi poraroi Xy-
PSP "UKRAINE" CBKHUH p-H, . 3moBOHI, By. ILlo- JIOOM MOJIOYHHX TIOpiz/
coBa, 267 / Rivne region, Zdolbuniv Dairy cattle breeding
district, Zdovbytsia village, Shosova
st., 267
2. O "IT'ATUTTPCBKE"/ 35764, PiBHeHCBKA 0011., 30010yHIB- | BupouryBaHHS 3€pHOBHX KYIBTYP
FG "PYATYGIRSKOE" CbKHH p-H, c. [I'sturopu/ Rivne (xpim pucy), 6000BHUX KYJBTYD 1
region, Zdolbuniv district, village of HaCiHHS OJMIHUX KyJbTYyp/
Pyatihory Growing of cereals (except rice),
legumes and oilseeds
3. [IIT "KOMITAHIS ABTO- | 35709, PiBHeHchKa 0051., 37010yHIBCh- | OnTOBa TOPTIBIIS CIIBCHKOTOCIIO-
JIEH["/ Kuii p-H, ¢. 310B0uL, ByI. [llocosa, JapChKUMH MaIllMHAMM H ycTat-
PP "AVTOLEND 95/Rivne region, Zdolbuniv district, kyBaaHsM/ Wholesale trade in
COMPANY" Zdovbytsia village, Shosova st., 95 agricultural machinery and
equipment
4. TIIT TTICIITIIT "3/10JIBY - 35709, PiBaeHChKa 00I1., 310710y HIBCh- Po3BeneHHs CBIfICHKOT ITHIT/
HIBCBKE"/ Kuii paiioH, ¢. 3moBOUIL, ByIl. [ THHCEKa/ Poultry farming
PP PSPPP Rivne region, Zdolbuniv district,
"ZDOLBUNIVSKE" Zdovbytsia village, Hlynska street
5. @I "HUBA"/ 35722, PiBHeHcbKa 0051, 310510yHIB- | BupouiyBaHHS 3epHOBHX KyJIBTYD
FG "NIVA" CBKUIi paiioH, c. [Baukis, Byn. Hosa, (xpim pucy), 6000BHX KYIBTYp i
12/Rivne region, Zdolbuniv district, HACIHHS OJIHHUX KyJIbTYp/
Ivachkiv village, Nova st., 12 Growing of cereals (except rice),
legumes and oilseeds
6. oI "ATPOCIM'A"/ 35721, PiBHeHCBKA 0011., 3n0M0yHIB- | BupolryBaHHS 3€pHOBUX KYIBTYP
FG "AGROSIMYA" CBKHii p-H, c. Mupotus, Byn. bormana | (kpim pucy), 0000BUX KYIBTYp i
XwMmenbHuIpKoro, 26/Rivne region, HACIHHS OJIHHUX KyJIbTYp/
Zdolbuniv district, Myrotyn village, Growing of cereals (except rice),
Bohdan Khmelnytskyi st., 26 legumes and oilseeds
7. oI "JTABAHJIA - JII- 35715, PiBHeHCBKa 0001, 31010yHIBCh- | BupolyBaHHS 3epHOBHX KYIBTYp
JABO"/ Kuii paiioH, ¢ JlinaBo, Bya. MosogixkHa, | (KpiMm pucy), 6000BHX KylbTyp i
FG "LAVANDA - 74/ Rivne region, Zdolbuniv district, HACIHHS OMIHHUX KyJIbTYp/
LIDAVO" Lidavo village, Molodizhna st., 74 Growing of cereals (except rice),
legumes and oilseeds
8. [TOB "3AXIJIHA ATPOBHU- | 11162, )Kuromupceka 061., OBpyus- | BupomryBaHHS 3¢pHOBHX KYIBTYp
POBHUYA KOMITAHIA"/ | xwii p-H, ceno Hesronu (dimist PiBHe- | (kpim pucy), 6000BUX KYIBTYp i
LLC "WESTERN HCbKa 0011., JIyOeHChKHU# p-H, MICTO HACIHHS OJIHHUX KyJIbTYp/
AGRICULTURAL [y6Ho) / Zhytomyr region, Ovrut Growing of cereals (except rice),
PRODUCTION district, village of Nevhody (branch legumes and oilseeds
COMPANY" of Rivne region, Dubno district,
Dubno city)
9. T30B "ITOJIFOC" JITH/ 35700, PiBHeHCcBKa 0071., 3n010yHiB- | [loOyBaHHS MiCKY, rpaBito, TIIKH i
TZOV "POLYUS" LTD CBbKHH p-H, MicTO 31010y HiB, BYII. kaoniny/ Mining of sand, gravel,
Hoga, 73/ Rivne region, Zdolbuniv clay and kaolin
district, Zdolbuniv city, Nova st., 73
10. | TOB "IHTEP PECYPC"/ 35711, PiBHeHcbKa 00i1., 3n0n0yHiBeh- | JloOyBaHHS ITICKY, TpaBito, TIKH i

"INTER RESOURCE"
LLC

KMH p-H, . Yi3aui, Byn. HesanexHocTi,
35/ Rivne region, Zdolbuniv district,
Uyzdtsi village, Independence st., 35

kaoniny/ Mining of sand, gravel,
clay and kaolin

I1.

oI "TAPUHKA"/
FG "DARINKA"

35722, PiBHeHCBKa 0011., 31010y HiB-
CbKHH paiioH, c. IBaukis/
Rivne region, Zdolbuniv district,
village of Ivachkiv

BupotiyBaHHs 36pHOBUX KYJIBTYP
(xpim prcy), 6000BHX KyIIBTyp 1 Ha-
cinns onitHnX KynbTyp/ Growing of

cereals (except rice), legumes and

oilseeds
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YYaCHUKIB BIJ3HAYHIIN HOTO SIK 10OpHii a0 uy-
noBwuii (puc.5). Lle cBiguuTh PO YCBITOMIICHHS
€KOJIOTIYHHUX 3arpo3, ajie BOAHOYAC i Ipo 30epe-
JKEHHS MTOTEHIIaNy IS TTOKPAIeHHS CUTYaIlii.

12%

31
12%

45%

%

OCHOBHOIO TIPUYHMHOIO E€KOJIOTIYHUX MpoOIIeM
3M0BOMIIBKOI TEPUTOPiaIbHOI TPOMAJU HA Y-
MKY OITUTaHHUX PECTIOHACHTIB € HU3bKHI PiBEHb
€KOJIOT19HOI CBiJJOMOCTI.

noraHwii/bad
3af0BinbHuMiA/satisfactory
no6puii/good

uynosuii/ excellent

Puc.5 — OnuryBaHHS pECIOHCHTIB 1I0/I0 €KOJIOTIYHOTO CTaHy 3A0BOUIIBKOT TEpPUTOPialIbHOT rpOMaan
Fig. 5 — Survey of respondents on the environmental condition of the Zdovbych territorial community

3a pesynbTaTaMu aHKETYBaHHS Ta iH-
TEpB’IOBAaHHA MENIKAHI[IB TPOMAJH BUSIBICHO
KOJIO €KOJIOTIYHHMX BUKJIHUKIB (Ta0i1.3.), 10 Hak-
OimbII TYpOYFOTS:
HeCAHKYIOHOBAHE BUBE3EHHS MA HAKONU-
yeHHs1 nOOYmMosux 8i0x00ie, BIICYTHICTh HAJIEK-
HOi 1H(pacTpyKTypu it ix 300py Ta cCOpTy-
BaHHS;
® 3a0pYOHeHHs1 PIUOK | 3HUJMCEHHS pIGHS
600U Y KONI005135X, TII0 CTBOPIOE AeilUT AKiCHOT
MMUTHOI BOJIH;
® 3a0pyOHeHHS aMMOCEEPHO20 NoGimpsl,
0COOJIMBO Yepe3 MacoBe CIANIOBAHHS CYXOl po-
CIIMHHOCTI HACEJICHHSIM;
nuioee 3a6pyoHenHs1 8i0 8U000y8HOI is-
JIbHOCMI, OCKIJIBKH Ha TepUTOpii rpoMaan QyHK-
LIOHYIOTh KiIbKa Kap’€piB, a pyX BaKKOI Tex-
HIKHM NPU3BOANTH J0 MUJIEHHS IPYHTOBHX JOPIT;
e Oionoeiuni 3azpo3u, 30KpeMa TOLIMPEHHS
TYCEeHI aMEepHKaHCHKOTrO OLIOro MeTenukKa, sKa
ypaxye 3eJIeHi HaCaPKeHHSI.
3a oLiHKaMH1 ONTUTAaHUX MEIIKaHIIiB, TOJIO-
BHHMH [TPUYMHAMH €KOJIOTTYHUX TPOOIIEM €:
HU3LKUI PIBEHb EKOJIOTIYHOI CBIIOMOCTI
rpoMaJisiH (CXUIIBHICTD JIO CIAIFOBaHHS POCITHH-
HOCTI, HEJIOTPUMAHHS TIPABUII IOBOJIKEHHSI 3 Bi-
JIXOTaMH);
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e JSUIGHICTH MiJIPUEMCTB, PO3TANIOBAHUX
Ha TepUTOpii rpoMaau (3a0pyAHEHHS BOAHUX pe-
CYpCiB, YTBOPEHHS TIHITY);

HACITIIKY TI00aIbHOT 3MiHHU KITIMaTy, 10
MIPOSIBIISIIOTHCS Y BUCUXAHHI KOJIOISI31B Ta 3MEH-
[IeHHI BOJHOCTI PiYOK.

HesBaxkaroun Ha 3Ha4YHI BUKJIMKH, 4ac-
THUHA YKUTEJIB TPOMAJIM BUSBJISIE TOTOBHICTH JI0
€KOJIOTIYHO BIJNOBIJAJBGHOI MOBENIHKH: BOHH
COPTYIOTh CMITTsI, 30UpatoTh Oarapeiku, He cria-
JIFOIOTh CYXy TPaBy, OEpyTh Y4acTh y TOJIOKaX.

PecnioHZIeHTH TakoX BUCIIOBHIIN TPOIIO-
3UIil MIOA0 LUISIXIB IOJOJAHHS €KOJIOTIYHUX
mpo0JteM, cepell SIKUX JOMIHYIOTh: T IBHIICHHS
PIBHSI €KOJIOTIYHOT OCBITH Ta IMPOCBITH, MOCH-
JICHHS aJIMIHICTPaTUBHOI BiJOBIAaTBHOCTI 3a
MOPYIICHHS TPUPOJIOOXOPOHHOTO 3aKOHOIAB-
CTBa, YIPOBAUKCHHSI CHUCTEMH PO3ALIHHOTO
300py MOOYTOBUX BiJIXOIB 1 PO3LIMPEHHS 3elie-
HHX 30H.

OtpumaHi pe3yJbTaTd MiJITBEPIKYIOTh
HEeoOXiZHICTh akTHBi3alii i1H(OpMAaLiiHO-TIPO-
CBITHHIIBKOT pOOOTH cepesl HaceleHHs, 30KpeMa
10710 6€3MeYHOro Ta HayKOBO OOTPYHTOBAHOTO
BHUKOPHCTaHHS 3aco0iB 3axucty pociuH (33P),
110 CIPUATHME 3MEHIIICHHIO XIMIYHOTO HaBaHTa-
JKEHHS1 Ha IOBKUJLJISI T M ABUIICHHIO €()EKTHBHO-
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Tabnauus 3
ExoJioriuni mpo6/ieMu, mo HaibinbiIe TypOyIOTh MEIIKAHLIB FPOMaIu
(3a pe3yJibTaTaMM COLIOJIOTIYHOTO ONMUTYBAHHS)
Table 3
Environmental problems that most concern community residents
(according to the results of a sociological survey)

Ne ExoJjioriuyna npodJsiema rpomaan/ YacTka MeIIKAHLIB, AKHX
Community environmental problem TypOy€e npobiema (%)?
Share of residents concerned
about the problem (%)
1 PozoproBaHHS MpHOEPEKHNX 3aXUCHAX CMYT, 3aIUIaBHUX 3eMelTb, JIYTiB,
CIHOKOCIB, ITAaCOBMILY/ 97
Plowing of coastal protection strips, floodplains, meadows, hayfields, '
pastures
2 3uunieHHs JticiB Ta JicocMyr/ Destruction of forests and forest belts 39,4
3 3HIKeHHS PiBHS BOIHM BOAHHUX 00 €KTIB, B TOMY YHCTIi 3HIKCHHS PiBHS
BOJY Y KOJIOZISI35IX, 3a0pyMHEHHS piuoK/ 497
Lowering of water levels in water bodies, including lowering of water '
levels in wells, pollution of rivers
4 3a0pyIHEHHS HABKOJIMIIIHBOTO CEPEIOBHIIA MO MPHYKHI TOCTIONAPCHKOT
JUSsUTBHOCTI arpapHHX Ta IHIIKX MiIIPUEMCTB/ 484
Environmental pollution due to the economic activities of agricultural ’
and other enterprises
5 Jerpananis rpynTis/soil degradation 10,3
6 3a6py/aHeHHs aTMOCHEPHOTO HOBITPS, y TOMY YHCIIi Yepes3 CHIaTIOBAHHS
cyxoi TpaBu/ 43,3
Air pollution, including from burning dry grass
7 3a0pyAHEHHS HABKOJIMIIHBOTO CEPENOBHILA PIIKUME TA TBEPIUMHU
MOOYTOBUMH Bigxomamu/ 33,5
Environmental pollution by liquid and solid household waste
8 HecakiioHoBaHe BHBE3CHHS CMITTSI MEIIIKAHIIIMH TPOMaIi/ 574
Unsanctioned garbage removal by community residents '
9 BiacyTHiCTh KOHTEHHEPIB 1 300py CMITTS B TpoMai/ 645
Lack of garbage collection containers in the community '

cTi OOpOoTHOM 3 OIOJOTIYHUMH 3arpo3amu, 30K-

peMa aMepPUKaHChKUM OLITMM METEITUKOM.
Boanouac 3HaYHa YaCTHHA OIMUTAHUX Me-

IIKaHIIB 3M0BOUIILKOI TEPUTOPialbHOI TpoMa-

IIM 313Hajiacs, 110 He ponITL JKOINHUX i IS
TNIOKPAILEHHS CTaHy ILOBKIJIJ]H, 10 le[TBemeye
HOTpe6y y TiJIBUIICHHI PIBHS E€KOJIOTiYHOT
OCBITI/I Ta HpOCBlTHI/IHTBa.

Bucnoexu

JociimKeHHs a0 3MOTY BUSIBUTH KOJIO
HaWOUTBII aKTyalbHHX EKOJIOTIUHMX IpodieM
310BOMIBKOI  TepUTOpiasibHOI rpoMan. o Hux
HaJIe)KaTh:

HECAHKI[IOHOBaHEe BHBE3CHHS Ta HAKOIH-
YEHHS TOOYTOBHX BIJXO/IIB;

- 3a0pyJHEHHS MMOBEPXHEBUX Ta MiA3EMHHX
BOJI, 30KpeMa 3HIDKESHHS PIBHSI BOJIM Y KOJIOISI3SX
1 IOTiPIIEHHS SIKOCTI BOAU p. YCTS;

- 3a0pymHEeHHS arMoc(epHOro MOBITPS,
0COOJMBO BHACIIJIOK CITATIOBAHHSI CYXOl POCITHH-
HOCTI;

- JIOKaJIbHE 3a0pyAHEHHS JOBKULIS BHACHI-
JIOK poOOTH Kap’€piB Ta IHTEHCUBHOTO PyXy BaH-
TaXXHOI TEXHIKH;
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MIONIMPEHHS KApPaHTHHHUX IKiTHHUKIB, 30-
KpeMa aMepUKaHCHKOTO OLJIOr0 METENNKA.
Jnst moKpareHHs1 eKOJIOTTYHOI CUTYyaLil
JIOLITBHAM € peatizallist TAKUX HaITPsIMIiB:
Ynpasninnua ioxooamu: CTBOPEHHS cydac-
HOI CHCTEMH po3)11m)Horo 36opy, COPTYBAHH Ta
yrumizari TIB, JkBigaiis CTUXIMHUX CMITTE3BA-
JIIII, TIOCHJICHHSI KOHTPOJTIO Ta BIANOBIIAIBHOCTI
3a MOPYIICHHS MPABUJI OBOKEHHS 3 BIIXOIaMH.
Oxopona 600HUX pecypcie. MOHITOPHHT
SIKOCTI TMMOBEPXHEBHX 1 MIJI3EMHHUX BOJ, OOJalll-
TYBaHHS Ta Bi/IHOBJICHHS J[KEPEIT, OUHIICHHS Ta
pO3YMIEHHST pyciia P.YCTs, 3ampoBaKEHHS
MIPUPOIOOPIEHTOBAHUX METOJIB  OYHIICHHS
CTOKIB.
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Toninwenus sixocmi nogimpsi: IPOCBITHH-
IIbKa po0OTa cepel HACEeNIeHHS MO0 ITKOAN BiJT
CIIAJTIOBAHHS POCIIMHHOCTI, OpraHi3aiis ajbTep-
HATUBHOTO CIIOCOOY YTHITI3AIlil POCIMHANX PElIl-
TOK (KOMITOCTYBAaHHS), CTBOPEHHSI TPOMaICHKOL
CHCTEMH MOHITOPHHTY SIKOCTi TIOBITpSL.

Pezynosanna ennugy 6udo6ysnoi disnvHo-
cmi: 00JAIITYBaHHS IOPIT 13 TBEPIUM HOKPUTTSIM
JUISL 3MEHILICHHSI TUJISTHHS, BHUCAI-)KEHHS 3aXHc-
HHUX 3€JCHHX HACaKeHb, KOHTPOJIb 3a JOTpPH-
MaHHSIM T[IPUPOJOOXOPOHHOTO  3aKOHOJABCTBA
T IIPUEMCTBAMU.

36epesicennsn  OiopisHomanimmsi: TIPOBE-
JICHHSI CBO€YACHHX 3aXOAiB OOpOTHOM 3 amepu-
KaHCBKUM OUTUM METeIMKOM (MEXaHIYHMX,

OIOJIOTIYHNX, JIOKATBHO — XIMIYHHX), PO3IIH-
PEHHS TLIOI 3eJICHNX HACAKEHD Ta JTICOCMYT.

DopmyBaHHs eKON02IYHOI C8I00OMOCI HA-
cenlents. TIPOBEICHHS eKOJI0T0-OCBITHIX 3aXO/IiB,
opraHizariisi IKUTFHUX Ta MOJOADKHUX IHIIIaTHB,
CTUMYJFOBaHHS TPOMAJICHKOT Y4acTi Y TOJIOKaX Ta
TIPUPOIOOXOPOHHUX AKITISX.

CucreMHe BUpILICHHS €KOJIOTTYHHUX IPO-

OseM 370BOMIIBKOI TPOMaAN MOXKIMBE JIMIIE 32
YMOBH TIO€/JTHAHHSI 3yCHJIb OpraHiB MiCLIEBOTO Ca-
MOBPSITyBaHHSI, IIAMPUEMCTB i CAMUX MEIIIKAHIIIB.
Pearnizaris 3anpornoHOBaHUX 3aXOfiB CIIPUSTHME
MOKpAIICHHIO CTaHy JOBKULIS, MMiIBUIICHHIO KO-
CTi JKUTTS HACEJICHHS Ta (POPMYBaHHIO OCHOB CTa-
JIOTO PO3BUTKY TEPUTOPIATTBHOT TPOMA/TH.

Kongpnixm inmepecie

ABTOp 3asIBIISIE, ITI0 KOH(ITIKTY 1HTEPECIB 00 IMyOITiKarii Iboro pykomnucy Hemae. KpiM Toro, aBTop MoBHi-
CTIO IOTPUMYBABCSI €THYHIX HOPM, BKJTIOUAFOUH IDIATIaT, (habCH]IKalliio TaHNX Ta MOABIHY MyOiKaIlio.
B po0oTi HE BUKOPUCTAHO Pecype ITYYHOTO IHTEIEKTY.
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ENVIRONMENTAL PROBLEMS OF THE ZDOVBYTSIA TERRITORIAL COMMUNITY
AND WAYS TO SOLVE THEM

Purpose. To analyze the environmental problems of the Zdovbytsia United Territorial Community (Rivne
region, Ukraine) and to propose practical solutions for their resolution in the context of sustainable development.

Methods. Analytical approach, statistical, sociological, systematic analysis.

Results. It was found that the most pressing environmental issues of the community include air pollution
from vehicles and industrial enterprises, unauthorized landfills, insufficient modern waste disposal sites,
deterioration of surface and groundwater quality, dust pollution from mineral extraction activities, and degradation
of green spaces. A low level of environmental awareness among residents was identified, leading to weak support
for environmental initiatives. Based on the analysis, the following solutions were proposed: implementation of
separate collection and recycling systems for waste; establishment of official waste reception points;
modernization of wastewater treatment facilities; enhancement of environmental monitoring of air and water
resources; restoration of green zones; introduction of environmental education programs for students and adults;
and encouragement of businesses to adopt environmentally friendly technologies.

Conclusions. Effective resolution of the environmental problems in the Zdovbytsia community is possible
through the combination of administrative, educational, and economic measures, as well as active cooperation
between local authorities, the public, and the business sector. It is essential to ensure a systematic approach to
environmental policy planning aimed at creating a safe, healthy, and comfortable living environment.

KEYWORDS: territorial community, environmental problem, sociological survey, sustainable
development, environmental protection
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KOMILTEKCHUH MIIXIT 10 P®OPMYBAHHAA THUITOJIOT'Ti 3EJIEHUX JAXIB
Y KOHTEKCTI CTAHIAPTHU3ALII EKOJIOT'TYHOI'O BY AIBHUILITBA

Merta. Po3po0iieHHs cTpyKTypoBaHoi kiiacuikallii 3eJIeHuX MOKpiBellb, aTOBAHOI 10 KIIIMaTUYHKX, ap-
XITEKTYpHHUX 1 HOPMaTHBHHX YMOB «3€JICHOTO» OyIiBHHLTBA Y KpaiHU, IO BPaXOBYE apXiTEKTYPHO-IIPOCTOPOBI,
(yHKIIOHAJIbHI, €KOJIOTIUHI Ta colialbHI YHUHHHUKH.

Metoan. CuCTEeMHO-CTPYKTYPHOTO Ta KeHc-aHali3y; MOpiBHIBHO-aHANITHIHUH, KiIacu(ikaliifHO-THITO-
JIOTIYHUH, CHHTETUYHUHA Ta MaTPHYHO-PEHTHHTOBUI METOTH.

PesyasTaT. ChopMoBaHO aBTOPCHKY OaratopiBHEBY KiIacH(iKaIlito 3eIEHUX IaXiB 3a CTYNCHEM eKCILTY-
aTarlii, IHTCHCHBHICTIO 03€JICHEHHS, PO3TALIYBaHHIM Ta COLIaIbHOIO AOCTyNHICTIO. Po3pobiena cuctema 103Bo-
JIsi€ CUCTEMAaTH3yBaTH KOHCTPYKTHBHI, (PYHKI[IOHAIBHI Ta €KOJIOTiYHI MapaMeTpH 3eJICHUX MOoKpiBenb. Haykosa
HOBH3HA TOJIATAE Y CTBOPCHHI HALlIOHAJIHHO aJalITOBAHOI THUIIOJIOTI] 3eTICHUX JaxXiB K eIEMEHTa eKOJIoTi3allii 0y-
JUBENBHOTO cepeoBuIna. [IpakTuiHe 3HaYEeHHsI MOJISIra€ y MOKJIMBOCTI BUKOPHCTAHHS Pe3yJIbTaTiB Jyisi pO3po0-
JICHHSI CTAaHAAPTIB 1 HOPMATHBHUX JIOKYMEHTIB, a NMEPCIEKTUBH JOCIIHKEHHsI OXOIUIIOIOTh NOAANIBIILY IHTErPallifo
Ki1acudikanii y craHaapTH «3eJ1eHOro» Oy IiBHUITBA.

Bucnoku. CructemMaTtusaiiisi TUIIOJOTIT 3eJICHUX JaxXiB CIIPHUSE YIOCKOHAJICHHIO CTAHIAPTIB «3EJICHOI0»
OyAiBHUIITBA, I IBUILICHHIO eHeproeeKTHBHOCTI OyiBesb, 30€pexkeHHI0 010pi3HOMaHITTS Ta (HOPMYBAHHIO €KO-
JIOTIYHO Ta COLIAJIbHO OPIEHTOBAHOTO MICBKOTO CEPEAOBHIIA.

KJIIFOUYOBI CJIOBA: «3enene» 6ydisHuymeo, 3eieHa NOKpiens, Kiacugikayis 3ejenux 0axie, ozeie-
HeHHsl, eHepeoeqheKmMUBHICMb, eKoa02i3ayis

SAx mutyBat: Kymaipyk T. M., [erpume O. 1., Joaypuu B. B. KommiekcHuii miaxin 1o ¢popMyBaHHS
TUTIOJIOTIT 3eJIeHNX JaXiB Y KOHTEKCTi CTaHAAPTH3AIlil eKOJIIOTIYHOTO OyIiBHHULTBA. Jlloouna ma doekinns. Ilpo-
onemu neoexonozii.2025. Bui. 44. C. 159-173. https://doi.org/10.26565/1992-4224-2025-44-12

In cites: Kushniruk, T. M., Petryshche, O. 1., & Dodurych, V. V. (2025). A comprehensive approach to
green roof typology forming in the context of eco-friendly construction standardization. Man and Environment.
Issues of Neoecology, (44), 159-173. https://doi.org/10.26565/1992-4224-2025-44-12 (in Ukrainian)

Bemyn

Exonoriuni mpobnemu, cTaH NPHUPOA- CBIJJOMOCTI LIJIIXOM B3a€MO/Ii1 Iep>KaBu 1 cycIti-
HOT'O CEPEeJIOBHINA K y CBIiTi B LIJIOMY, TaK i B nbcTBa [1]. 30Kpema, MI0I0 BHUPIMICHHS ACSKHAX
VYKpaiHi 3arocTpIoIOTHCS 3 POKY B pik. Ha moya- EKOJIOTTYHUX MPOOJIeM y CBITi € TifgHMH JuIs 3a-
TKY TPETHOTO TUCSYOJIITTS JIFOACTBO 3ITKHYJIOCS MO3W-YEHHS YCTIIITHNUHI TOCBI[, 3aCHOBaHMIA Ha 3a-
3 Macoro MI00aIbHUX MPOOIIEM, SKi 110 CYTi BCIM CTOCYBaHHI 1HCTPYMEHTIB CTpHMyBaHHs. Tak,
BiJIOMI Ta JIOCKOHAJIMX PIIIEHb SIKUX IIOKU HE 1C- BEJIM- KU IHTEPEC B OCTAHHI POKH BUKIIMKAE «3¢-
Hye. He BUMankoBO B 3B’SI3Ky 3 IMM BUYCHUMH JIeHe» OY/IIBHHUIITBO, 371aTHE MiHIMi3yBaTH €KOJIO-
BCE YACTIIlle aKIEHTYEThCSl yBara Ha HEoOXij- Ti4HI IPOOJIEMH, 10 BUHUKAIOTh, B MIEPIITY Yepry,
HOCTI (OPMYyBaHHS B TPOMAJSH EKOJIOTIYHOI JIFOJICHKOIO JTISUTBHICTIO.
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Ha pocsaruenns B 00y1acTsax eKoJjorizarii,
OCBO€HHSI HOBHIX BWJIIB €HEPTii Ta 3aCTOCYBaHHS
HOBITHIX 1H(QOPMAITIHIX TEXHOJOTIH, 30KpeMa,
CIHPAETHCS 1T SITUI TEXHOJIOTIYHUI YKIIa 1, ode-
BHJIHO, Ha HHUX K€, ajie B OUIBII BIOCKOHAJIEHIHM
¢opwmi, Oyne GasyBaTvcs ¥ MOCTHI YKiIa, 3apo-
JUKEHHSI SIKOTO B CBiTi BimHOCATH 10 2010 p. [2].
Io cyTi, came «3eneHe» OyAIBHULITBO MTOETHYE B
€001 opi€eHTaIlif0 HA BCeOIUHY SKOJIOTI3allito i3 3a-
CTOCYBaHHSIM TEXHOJIOTIH iH(opmamuiiiHoro mo-
JemroBaHHs Ta [HTepHeTy peueit. OnHAK €MHOTO
X0y 1O BU3HAYCHHS «3CJICHOTO» Oy IIBHUII-
TBa B Haylli HEMae, BOAHOYAC iICHYIOTh Pi3Hi Mij-
XOJIY 10 PO3YMiHHS CyTHOCTI JaHOT KaTeropii.

Tak, K. 1O Penpko., M. B. Kot mig «3ene-
HIMY OYiBHHITTBOM PO3YMIFOTH TIIX1]T IO TIPOEK-
TyBaHHS, Oy/AIBHHIITBA Ta €KCIUTyaramii 00 €KTiB
HEpPYXOMOCTi (KaIliTaTbHOTO OYAiBHUIITBA) H BifI-
TIOBiTHOT 1H(DPACTPYKTYpH, 3aCHOBAaHHUI Ha TIPHH-
I[UIaX eKOJIOTIYHOI CTIKOCTI Ta MiHiMi3allii Hera-
THUBHOTO BIUIMBY Ha HABKOJIMIITHE cepenoBwiIe [3].

Ha nymky aBropiB pobotu [4] mo «3ene-
HOro» OYJIBHHUIITBA BIJHOCATH OYIBHHIITBO
00’€KTIB 3 HAWMEHIIIMM PiBHEM CIIOKHMBAHHS pe-
CYpCIB i MiHIMAJILHUM BIUIMBOM Ha HAaBKOJIHUIITHE
CEePEIOBHILE IPOTSTOM YCHOTO KHUTTEBOTO LIUKITY
X 00’exTiB. TyT MaeThesl Ha yBa3i He JIMIIE PO-
3po0Ka 1 BIpOBaKEeHHsI eHepro30epiratodnx Te-
XHOJIOTH, a ¥ 3a0e3neyeH st HaloLIbIT KoM(OopT-
HUX 1 CTIPUATIMBUX YMOB JUIS IPOYKHUBAHHSI.

ATCHTCTBOM 3 OXOpPOHH HABKOJIMIITHBOTO
cepenopuiia CIIA «3eneHe» OymiBHUITBO OyI0O
BH3HAYEHO SIK MPAKTHKA CTBOPECHHS CTPYKTYP 1 BU-
KOPHCTaHHS TPOIIECIB, sIKi € €KOJIOTIYHO Bi/TIOBI-
JATBHUMH Ta PeCypcOehEKTUBHUMH MPOTITOM
YCHOT'O JKUTTEBOTO NMKITYy OymiBii, B 1l po3mi-
HIHHS JI0 MIPOEKTYBAHHSI, Oy IIBHHIITBA, KCILTya-
Tallii, TEXHIYHOrO OOCITyrOBYBaHHS, PEMOHTY Ta
JIEMOHTAXKY.

LIst mpaKkTHKa PO3MIMPIOE 1 JIOTIOBHIOE KJla-
CHYHI TIPHHIIMIT TIPOEKTYBaHHsI OyaiBeNb, IO
CTOCYIOThCS| €KOHOMIYHOCTI, KOPHCHOCTI, TOBOBI-
YyHOCTI Ta KoMdopTy. Exomnoriuna Oy IiBis TaKox
BiJIoMa sIK CTiliKa a00 BHUCOKOS(EKTHBHA OY/iBIIS.
Bararo 3apyOibKHUMX aBTOPIB HOIUISIOTH TAaKWMA
MiJXiJ, 30CEpEePKYIOUNCh Ha TOMY, IO «3eJICHE»
OYIIBHUIITBO € TIEPCIEKTHBHUM CIIOCOOOM 3a0e3-
TIEYEHHS CTaJIOro PO3BUTKY [5].

Kuralicbknii cTaHAapT OLIHKH 3€JICHOTO
Oy/iBHUIITBA BU3HAYAE «3€JIEHI» OYyIiBII SIK TaKi,
I0 MaKCHMI3YIOTh €Hepro30epekeHHs i CKopo-
YYIOTh BHKUJIU MPOTSATOM YChOTO YKUTTEBOTO IIU-
K11y, ehEeKTUBHO 3aXHIIAIOTh EKOJIOTTYHE CePeio-
BUIIE Ta 320€3MECUYIOTh «3I0POBI» MPOCTOPH JUIS
MeIIKaHIliB [6]

VY IliBnenniii Kopei Bu3HaueHHs «3ee-
HUX» OYHiBEIh OXOIUIIOE BECh KUTTEBHU ITHKII,
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Bil Oy#iBHHUIITBA ¥ TMPOXKUBAHHS JI0 MOYKITBOTO
3HECEHHS, MPH IIbOMY OCOOJIMBA yBara MpHIiIs-
€THCS MIHIMI3aITi] ITKOJIF HABKOJIMIITHEOMY Cepe-
JIOBHIILY IIPOTSATOM YChOTO I[bOTO TIporiecy [7].

Buznauenns «3enennx» Oyaisens y Bemnw-
kit Bpuranii poxycyeTbes Ha CTIKOCTI, €KOJIOoTi-
YHOCTI Ta eHeproedekTHBHOCTI. Lle BKiIIOUae B
ceOe BUKOPUCTaHHS €(EKTHBHUX €HEPreTHYHMX
CHCTEM, CKOPOYCHHS BUKHU/IiB MAPHUKOBUX Ta3iB,
3aCTOCYBaHHsI BITHOBITIOBAaHUX JKEPEII EHeprii Ta
e(eKTHBHE YNpPaBIiHHS BOJHUMH PECypCamu, a
TaKo)K poOOTy HaJ MONIMIIEHHAM SKOCTI HaBKO-
JIMIIHBOTO CEPEIOBUIIA B IPUMIIIeHHSX [8].

Tak, He3BaKAOUM HA BiJICYTHICTH YHIBEp-
CAJILHOTO BH3HAYEHHS, PO3IIIHYTI TIyMaueHHS
JIO3BOJISIFOTH BUSIBUTH PSI TPEHIIB 1 HAMOLITBIII ic-
TOTHHX XapaKTEPUCTHK «3€JICHOro» OyIIBHHII-
TBa, 0 SKHMX MOJKHA BIJIHECTH: €KOHOMIYHICTD,
KOPHCHICTB, IOBTOBIYHICTh 1 KOM(OPT «3€TEHUX)»
OyniBeIns; po3poOKy i BIPOBaPKEHHS eHepro3oe-
piraroumx TEXHOJIOTIi; JOCSITHEHHS €KOJIOTTYHOL
CTIMKOCTi Ta MIHIMi3allil0 HEraTUBHOTO BILIUBY
OyiBeIIb 1 CIIOPY/I MPOTSTOM YChOTO KUTTEBOTO
[MKITy Ha HABKOJIMIITHE CEPEIOBHIIIC.

3 Meroro eQeKTHBHOI peaiizalii «3erne-
HOrO» OYIIBHUIITBA JICPKaBU PO3POOJISIOTH 1
BIPOBAKYIOTh PEUTHHIOBI MPOrPaMK 3 €KOJIOTi-
YHOTO OYIBHUIITBA, 1110 BIIPI3HAIOTHCS 3@ CBOIM
IT1JTXOJTOM: O7IHI BU3HAYAIOTh IOTIEPE/IHI YMOBH Ta
HEOOOB SI3KOBI  3aXO[H, 1HII BHUKOPHUCTOBYIOTH
IMIIepaTHBHUM TiJXiA, a TPEeTi BHCYBalOTh BU-
MOTH, 3aCHOBaHI Ha MOKa3HHWKaX, SKi MOXYTb
OyTH BHKOHaHI Pi3HAMH CIIOCOOAMH LTS Pi3HUX
IIPOMYKTIiB 1 TUTIB MpOeKTiB. BogHouac cranma-
pPTH MOXYTh OXOIUTIOBATH HAWpPi3HOMAHITHIIII
cepu, HAIPHUKIIA]T: TPOEKTYBAHHS 1 PO3POOKY Jii-
JISTHOK, €()eKTHBHICTh BUKOPHUCTAHHS PECYpCIB,
BOJIM, €HEprii, SIKICTh BHYTPIIIHBOIO CEPesIo-
BUIIIA, & TAKOXK EKCIUTyaTaIlil0 1 TeXHIYHE 00CITy-
roByBaHHA OyziBmi. IcHyIOTH cTaHmapTu, IO
OTpUMAIT HaHOULIbIIE TIOMIMPEHHS, cepe]] SKUX
mepiia B CBiTI peHTHHIOBa cUCTeMa i CTaHIapT
«3eJIeHOT0» Oy IIBHUIITBA, po3po0diieHa y Benmko-
Opwurasii, - BREEAM. lleii ctannapt BUKOpUCTO-
ByeThesl B 90 KpaiHax Ha THCSYax MPOEKTIB 1 BU-
3HaHM# y BcboMy cBiTi [9]. He MeHm Bigomoro €
peliTuHroBa cucrema «JlimepcTBo B eHepreTuy-
HOMY Ta exoJyoriunomy npoekryBanHi» (LEED)
IUist HoBoro OyniBHHMIITBA, po3pobieHa B CILIA.
Ha croroanimmiii neHb, 32 IMM CTaHIAPTOM pea-
nizoaHo roHay 110 000 mpoekri y 180 kpaiHax
[10]. IcHyroTh i iHII BilOMi CTaHmApPTH «3elie-
HOT0» OYIIBHHIITBA, 110 PO3POOIIIOTHCS 1 3aCTO-
COBYIOThCSI pisHMME KpaiHamu (DGNB - B Hime-
yunni, GRIHA - B Inzii, Estidama - B AGy-/1a0i,
BCA Green Mark Scheme - B Cinramypi, Green
Building Index (GBI) - B Mamaizii Ta in.).
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HatigacTime BOHM CTBOPIOIOTHCS TS BUPIIIICHHS
po6JIeM, TIPOTUKTOBAHUX OCOOJMBOCTSIMHU AEp-
’KaB, 1110 MPUWMaIOTh TaKUW CTaHIapT, 3a JOMO-
MOI'OI0 4Oro KpaiHaMH BH3HAYAKOTHCS IUIAHU 1
cTparerii 3 exosorizamii OyaiBanirea [11]. 3a3Ha-
YUMO, ITI0 B OUTBIIIOCTI KPaiH MPIOPUTETHAM Ha-
MPSMKOM Y OyaAiBeNbHIA Tamy3l € MiHiMi3amis
SHEProCIOKUBaHHsI Oy/IiBENb 1 CKOPOYCHHST BU-
KUJIiB Y HABKOJIMIIIHE cepeIoBHIIe. BaxknBo Bia-
3HAYMTH, 1110 IUIAHK IOJ0 AOCATHEHHS TOCTaBIIe-
HHUX 11iJIell He MOXKyTb OyTH ONlepaTUBHUMH, AaHa
TeMa TOTpedye CTpaTeriyHoOro MiAXOMy -came
TOMY cTparterii OiTbIIOCTI KpaiH OXOILTIOIOTH
30-40-piunuii nepion.

B VYkpaini HarioHaTTBHI «3€IIeH1» CTaHa-
PTU PO3IIIANAIOTECS K OCHOBAa CTHMYJIIOBAHHS
PO3BUTKY «3€JICHOr0» OyAIBHULTBA IMPOTAIOM
YCHOTO KHUTTEBOTO MUKITY 00’ €KTa KaIiTaIhHOTO
OyxiBamITBa. Hapasi Byke BIpOBaKEHO CTaH A~
PTH «3eleHoro» OyIiBHHIITBA s OaraTokBap-
TUPHUX )KUTIOBUX OyIWHKIB, a B CTafil po3poo-
nenns - JACTY g iHOIUBIIyaqbHOTO KHUTIIO-
BOro OyJiBHUIITBA Ta HAIliOHAJIBHUN CTaHAAPT,
IO 3aCTOCOBYETBCS IO KAIliTaJIbHOTO PEMOHTY
xutia [12].

bararo pepxaB He TUTBKH PO3pOOWMIH 1
NPUAHSUTA TaKi CTAaHAAPTH, ajie W HaKOIMYMIN
3HAYHMU JOCBIJ peasi3allii IPOEKTIB, IO BiJIOBI-
JIAI0Th «3eIeHNM» KpUTepisiM. Po3risiHeMo onuH
13 e(DeKTHBHUX TPEHIIIB «3eJICHOT0» Oy IiBHUIITBA
Ta MPaKTUKH, 1110 BUKJIMKA€E 3HAYHUH iHTEepec Oy-
JIBETIPHUX KOMIIaHI y CBITI - 3eleHu nax, abo
3eJIeHi 3aBiCH.

Astopu pobotu [13] cTBepmKYIOTh, IO
CYTb LIbOTO TPEH.Y IOJIATae B O3eJIeHeHH] (aca-
IIB 1 maxiB OymniBelnb, 10, HA AYMKY €KCIIEpTiB,
JIOTIOMArae 3HU3UTH €(DEeKT «TEIIOBOrO OCTPOBaY
y BeJMKUX MicTax. CaJii He TUTbKH 3HIKYIOTh Te-
MITepaTypy B HAWCIIEKOTHIIII JHI, aJie TaKOX TIOT-
JIMHAIOTh YaCTUHY MICHKOTO IIyMY ¥ ByTJICKUCITUIA
ra3. Bogaouac O. C. Pubak koHCTarye, 110 1Ie Ta-
KO JIO3BOJISIE OPraHi30BYBATH HOBI IIPOCTOPH IS
BIITIOYMHKY, TIOKPAIILYBATH EKOJIOTIUHY CHTYAITi0
1 CKOpPOYyBaTH BUTPATH HA EKCIUTyaTallito MiCbKOi

inppactpykrypu [14]. Caau Ha 1axax i Tepacax, 3a
CIIOBaMH HayKOBIIB [15], BUpIOIyIOTH TpobIeMy
BiZIBEZICHHSI 3ai{BOT BOJIM ITi T 9ac 3JTMB (BOIA 3 IAXiB
HE CTiKa€, a 3aIMIIaeThCs B IpyHTi). CBOEO Hep-
roro fociimpkenns [16] 3ocepemkere Ha ToMy, 110
3eleH] JIaXU TPAIIO0Th SIK JIOJATKOBHIA 11Iap Terl-
JIO130JISIII1T - TIPMMITIIEHHS ITi] HUMH HE TaK CHITHHO
HarpiBatoOThCs BIITKY 1 BTPayalOTh MEHIIE Terla
B3UMKY. Lle 03BOJISIE CKOPOTUTH BUTPATH Ha KOH-
JWLIOHYBaHHS Ta OTIAJICHHSL.

3po3yMiio, MO 3rajiaHi BHUIIE MiIX0IU 10
eKoJjorizaiii OyJiBHUIITBA HE MOXHA HA3BaTU
YHiBepCcallbHUMH, 00 MOMKIMBICTH iX 3acToCy-
BaHHS 3aJEXKUTHb BiJ NPUPOAHO-KIIMATUYHHX
YMOB T€PUTOPIi, COIIOKYIETYPHUX, EKOHOMIYHAX
Ta iHmmX (akTopiB. Cy4acHi BUKIUKK ypOaHiza-
1i1 Ta 3MiHM KJIIMaTy 3ar0CTPIOIOTh HEOOXiAHICTD
Y CTIHKHX PIIIEHHAX JJISI MiCBKOTO CepeIOBHIIA.
3eneHi Jaxu - 1€ KOMIUIEKCHI CHCTEMH, 1110 IIO€ -
HYIOTh IIPUPOJIHI €IIEMEHTH 3 IHKSHEPHIMHU KOH-
CTPYKILSIMH, 37aTHI iICTOTHO ITiABUIIIATH €KOJIOT i~
YHY Ta eHepreTHYHy e(DeKTUBHICTh OYiBeNb.

Hespakaroun Ha aKTUBHUM PO3BUTOK TEX-
HOJIOTiH 1 HAsIBHICTh TIO3UTHBHOTO MDKHAPOIHOTO
JIOCBITy Ta HAYKOBHX JIOCJI/KEHb, Y BITUM3HSIHIN
NPAKTHULIl BiZICYTHSI CHCTEMAaTH30BaHa Kilacudika-
1151 3EJICHMX MOKPiBeNib. ICHYIOU1 TOCHIKEHHS PO-
3MTISAAIOTH JIMIIE OKPeMi KOHCTPYKTHBHI a00 yH-
KI[IOHAJIbHI aCTIEKTH, 1110 TIPU3BOUTH JI0 BiJICY THO-
CTi €IMHOTO MIJXOMy B NPOEKTYBaHHI, OIIHIN Ta
BIPOBA/DKEHHI NOIOHMX pillleHb. A OTKe, B T€O-
pernuHili 0a3i TMPOCTEeXKYETHCS SIBHA IIpOTa-
JIMHA - BIZICY THICTB ITUTICHOT THITOJIOT T 3eIeHNX Ja-
XiB, JIANTOBAHOI JI0 BITUM3HIHKX YMOB. [le mepe-
IIKO/PKAE MACIIITAOHOMY TMOIIUPEHHIO TEXHOJIOTTi
Ta YCKJIATHIOE CTAHIAPTH3AIIIFO MPOIIECIB.

3 orsily Ha HaBeJIeHe BHIIIE, METOO JIOC-
JIJDKEHHS € pO3po0Ka CTPYKTYpOBaHOI Kiiacudi-
KaIlii 3eJICHUX TOKPiBelIb, 110 BPaXOBYE apXiTeK-
TYPHO-TIPOCTOPOBI TapameTpH, (QyHKIIIOHATbHE
NPU3HAYCHHS], IHTCHCUBHICTD 03€JICHEHHSI, COIlia-
JIBHY JIOCTYIHICTh 1 TEXHIYHI XapaKTepPHCTHKH,
3aCTOCOBHI B KJIIMAaTHYHUX 1 HOPMATHBHHUX YMO-
Bax YKpaiHH.

006°ekm ma memoou 00C/1i0ceHHs

OO0’ €KTOM JIOCIIIKEHHS € 3€JIEH] aXU SIK
€JIEMEHT eKOJIOTi3allii MiChKOTO CepeIoBUIIa, a
pPeaIMETOM - (DYHKIIIOHAJIbHO-KOHCTPYKTHRBHI,
€KOJIOTIYHI 1 colianbHi XapaKTepUCTUKH 3eJIe-
HUX IOKPIiBENb, 0 BU3HAYAIOTH iX MPAKTHYHY
e(heKTHUBHICTh Ta MOXKJIMBOCTI CTaHAapTH3ALlI] B
YMOBaX «3eJICHOT0» Oy IiBHUIITBA.

AHali3 BHKOHaHO Ha OCHOBI HOpMAaTH-
BHO-TIpaBoBUX JokymeHtiB (JBH B.2.6-
220:2017 [18], ACTY-H b B.2.6-214:2016
[19], ABH B.2.5-64:2012 [21], ABH B.2.6-
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31:2021 [22]); Mi>KHApPOIHHUX CTAHAAPTIB 1 peii-
turrosux cuctem (ISO 21929-1:2011 [20], ISO
14001:2015 [23], LEED [9], BREEAM [10]) ta
BUOIpKY HAyKOBHX myOuikariii. EMmipuyna mi-
JICTaBa - aHaJIi3 TUIOBMX TEXHIYHUX PIIICHb 1
MIPHKJIIAJIIB BIPOBA/KEHHS 3€JICHUX JIaXiB y Pi-
3HUX KIIMATUYHUX 1 QYHKIIOHATEHUX YMOBAX.

MeToponorisi  JOCHI/PKEHHS BKIJIFOYAE:
JOKYMEHTaJIbHUH (HOPMaTHBHUM) aHali3 - BU-
SIBICHHS BUMOT JI0 CTPYKTYpH IOKpiBJi, MaTe-
pianiB, ApeHaxy Ta Oe3nexku (OCHOBa IS
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TEXHIYHUX OPIEHTHPIB); MOPIBHAILHO-aHAIITH-
YHUH METOJ - 31CTaBJICHHS HAalllOHAIbHUX CTaH-
JMapTiB 1 MUKHaApOAHUX NPAKTHK IJIs BHU3HA-
YeHHS TPEHIB 1 aJanTamifHuX MOKIIHBOCTEH;
CHCTEMHO-CTPYKTypHHI aHaNi3 - JEKOMIIO3H-
i CKJIAJ0BOI «3€JICHHHU Hax» Ui BUOUICHHSI
B3a€MO3B’SI3KIB MK MTOBEPXHEIO JIaXy, POCIHH-
HHM [IapPOM 1 JIFOJCHKOI0 MPUCYTHICTIO (TiAIrpy-
HTsI 111 OaraTopiBHEBO1 Kiacudikanii); Kiacu-
(hikanifHO-TUNIONOTIYHUIA  METO[ bopmy-
BaHHSI i€papXivyHOi TUIIOJIOTIi (EKCTEHCUBHI, Ha-
MiBEKCTCHCHBHI, IHTCHCHBHI; eKcIuTyaToBaHi /
HEEeKCIUTyaTOBaHi; 3a COLIJIbHOIO JOCTYIIHi-
CTIO); MAaTPUYHO-PEHUTHHTOBHH MiAXiM — KiJlb-
KICHO-SIKICHa arperaiisi BIUTUBIB (€KOHOMIiYHI,
apXiTEeKTypHO-MICTOOY/IiBHI, €KOJIOTiYHi, COIIi-
abHi) 3 BUKOPUCTAHHAM YMOBHOI IKamu (+ /
++ / +++), 10 J03BOJISIE TOPIBHATH THITA JaXiB
3a CIeKTpoM edeKTiB; Keic-aHami3 - Bepudika-
IIisl THITOJNIOTI] Ta KOHCTPYKTUBHHUX pIllleHh Ha
KOHKPETHHX TPHKIAJAX; CHHTCTUYHHH Me-
TOJ - iHTErpallis OTPUMAHHUX PE3yJbTATIB y aB-
TOPCHKY KJIACU(IKAIIFO Ta MPAKTHYHI BACHOBKHU.
HaykoBa HOBU3Ha moJisiTae y po3po0iii 6a-
raTopiBHEBOI KiIacUdikalli 3eleHuX JIaxiB, IO

oeHY€E (PYHKITIOHAIEHO-KOHCTPYKTHBHI Ta CO-
miagbHI KpUTEpii 1 MAKPIIIeHa MAaTPUIHOIO OITi-
HKOIO iX TIO3UTUBHUX e(eKTiB. TUMooris anar-
TOBaHA J0 YKPaiHCBKMX HOPMATHBHHUX PaMOK Y
TIePCIIEKTHBI 10 TIPAKTHK peaTizaiii.

[IpakTu4yHe Ta HAYKOBO-TEOPETHYHE 3a-
CTOCYBaHHsI: pe3yJbTaTh NPUAATHI ISl BKIIO-
YeHHS B METOAMYHI PEKOMEHIAIlii Ta MMPOEKTHI
TEXHIYHI YMOBH, MiAIPYHTS IS TOAAIBILOL PO-
3po0KM HaIllOHATBHUX CTAHAAPTIB «3CIICHOTOY
OyAiBHUUITBA, a TAKOXK IS MOMEPEIHHOTrO OIli-
HIOBaHHsSI ©()EeKTUBHOCTI MPOEKTHUX PillIeHb
IpY TUTAaHYBaHHI €KOJIOTIYHAX JaXOBUX CHCTEM.
HaykoBo-TeopeTHuHO 1OBEAECHO B3a€EMO3B’ 30K
MK KOHCTPYKTHBHHMH TapaMeTPaMH 3eJICHHUX
JlaxiB Ta IXHIMH €KOCHCTEMHUMH (DYHKIIISIMU.

[lepcriekTrBH TMOAATBIINX JOCIIIKEHD
BKJIFOYAIOTh CHCTEMATHYHHUHA aHaJi3 THITOJIOTi{
3€JICHUX JIaXiB 3 ypaxXyBaHHSIM KOHCTPYKTHBHO-
€KOJIOTIYHUX TTapaMeTPiB Ta COLiaTbHUX (YHK-
1i{, pO3pO0KY HAyKOBO OOIPYHTOBAHUX KPUTE-
piiB iX cTaHAapTH3allii, a TAKOX anpooarito as-
TOPCHKOI Kitacudikallii y perioHaTbHUX yMOBaxX
PI3HUX KIIMaTHYHUX 30H YKpaiHH.

Pesyromamu ma 062060penns

3eneHi Jaxd SBISAIOTH COOOIO TIOKpiBe-
JIbHI KOHCTPYKIIii, Ha IKWX BUCAKEHA POCIINH-
HICTb. 3aJIeKHO Bil QYHKIIOHATLHOTO MPHU3HA-
YEeHHs] BOHM TOAUISIOTHCS HAa EKCIUTyaTOBaHi
(mpu3HaueHi Ais BiANOYMHKY, peKpearii, 3a-
HSTH CIIOPTOM Ta iHIIUX aKTUBHOCTEN) 1 HEeKc-
IUTyaTOBaHi (BUKOHYIOTh NEPEBAKHO iH)KEHE-
pHO-ekosoriuHi  QyHkii). CTBOpEeHHS Takux
CHCTEM BHMarae 3aCTOCYBaHHS KOMIUICKCHUX
IHXXEHEepHUX pIllIeHb, CIIPIMOBAaHUX Ha TIiABH-
IICHHS eHeproe(eKTHBHOCTI, CTIHKOCTI Ta eKo-
Jorigaol eekTUBHOCTI OyaiBenp [17].

Jns  [OCSATHEHHS METH JIOCTIJDKEHHS
IPOBE/ICHO aHaJl3 KIFYOBUX KOHCTPYKIIHHUX,
TEXHOJIOTIYHUX Ta HOPMAaTHUBHUX XapaKTepHC-

Cyoctpat

3aXHCHMIA map
PosaitroEaasHa

PLIBTPYVIOUHH mIap
BozonaxomIuysa sHuHH 1 ApeHasHmi map DSE

ILTIEKA

Martepiaa 714 3aXHCTY KOpEHIE

THK OOJTAIITYBaHHS 3eJICHUX MMOKPiBeNb (puc. 1;
taoi. 1).

[IpoBeneHo anani3 HOPMATUBHOTO 3a0€3-
[IEYCHHS YJIAIITYBaHHS Ta €KCIUTyaTaiii 3ese-
HUX JIaxiB B YKpaiHi Ta KOHCTaTOBaHO, IO CTa-
HIApTH Ta PErYJIFOBAHHS OXOILIIOIOTh TaKi KITI0-
4OBI1 aCIIEKTH:

- IapX Ta CKJIAJ IPYHTY — BCTAHOBJIIOIOTHCS
BUMOTH JIO THIIIB IPYHTY JUIS 3€JCHUX JaxiB,
o 3abe3neuyroTh He JHUINE JeKOPATHBHHIMA
edeKT, a i OnTUMaNbHI YMOBH JUIsl POCTY Ta
YKUTTE3IATHOCTI POCIIMHHOCTI;

- IpeHaXX 1 BOJOBIJIBEJICHHA — Iepeadayda-
FOTBCS CHCTEMH, M0 3aM00iraloTh HaIMipHOMY
3aTPUMaHHIO BOJIOTH Ta 3a0€3MeUyr0Th HAIeK-

Substrate

Filter layer

Water storage and drainage
layer DSE

Protective layer
Separation film
Root protection material

Puc. 1 — KonctpykTHBHA CTPYKTypa 3eiieHoro naxy [17]
Fig. 1 — Structural design of a green roof [17]
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Taoauns 1

OcHOBHi KOHCTPYKIiiiHi, TEXHOJIOTiYHi T2a HOPMATHBHI XapaKTePHCTHKHU 3eJIeHNX MOKpPiBeJIb

Table 1

Basic structural, technological, and regulatory characteristics of green roofs

DyHKUiOHATbHUIT
acnexr/
Functional aspect

3micT
Ta XapakTepucTuka/
Content and characteristics

TexuiuHi Ta HOpMa-
THBHI opieHTHpH/
Technical and regula-
tory guidelines

Cdepa peryaioBanus / 3micT
Scope of regulation / content

[[TapyBaTa cTpyKTypa
i pocUHHHI TOKpHB/

Layered structure and
vegetation cover

Koncrpyxkis 3eneHoro
JIaxy CKIIANAETHCS 3 TiIPOi-
30JIIIHOTO, TPEHAXKHOTO,
¢inbTpyroyoro, cyocrpart-
HOTO 1 POCITTHHOTO IIapiB,
1o 3a6e3neqy10Tb BOJIOHC-
HpOHI/IKHiCTL, JKHUBJICHHS Ta
yKOpiHEeHHs pocius/

The green roof structure
consists of waterproofing,
drainage, filtering, sub-
strate, and plant layers that
ensure waterproofing, nutri-
tion, and rooting of plants

JIBH B.2.6-220:2017
[18];

DBN V.2.6-220:2017
[18];

JICTY-H B B.2.6-
214:2016 [19];
DSTU-N B V.2.6-
214:2016 [19];

ISO 21929-1:2011 [20]

BuszavaroTs BUMOTH 10 Ma-
TepiaJiB, HECYUUX €JIEMEHTIB,
TiApoi3oLii, eKcITyaToBa-
HUX ITOKPiBEJIb 1 KOHCTPYK-
iffHIX By3JiB. OXOIUTIOIOTH
KOHCTPYKTHUBHY HaJiHiHICTB,
€KOJIOTIUHY CTIHMKICTb 1 BU-
MOTH JI0 JIOBIOBIYHOCTI MaTe-
piaiiB mokpiBens/

Define requirements for mate-
rials, load-bearing elements,
waterproofing, exploited
roofs, and structural units.
Cover structural reliability,
environmental sustainability,
and requirements for the dura-
bility of roofing materials

YnupasiiHHS BOJI-
HUMH ITIOTOKaMu/
Water flow manage-
ment

Cucremu 300py, QiibTparii it
YTUITI3ALIT TOIIOBHUX OMAJIiB
CIIPUSIIOTH 3MEHIIIEHHIO HaBa-
HTa)KEHHS Ha BOJIOBIBI/ 1 3a-
MO0IraroTh MPOTIKAHHIO TiJT-
poizosii/

Rainwater collection, filtra-
tion, and utilization systems
help reduce the load on drain-
age systems and prevent wa-
terproofing leaks

TIBH B.2.5-64:2012
[21]
DBN V.2.5-64:2012
[21]

PernaMeHTy10Th NPOEKTY-
BaHHsI Ta EKCILIyaTallio Jpe-
Ha>XHHUX CUCTEM, Bi,I[Be,I[eHHﬂ
Ta MMOBTOPHE BUKOPUCTAHHA
Jo1oBoi Boau/

Regulate the design and oper-
ation of drainage systems,
rainwater drainage and reuse

[TigBUIIICHHS CHEPTO-
epexTuBHOCTI/
Improving energy ef-
ficiency

3eneHi MOKpiBIIi 3MEHITY-
IOThb TCIUVIOBTPATHU Ta II€pe-
IpiB, MOKPAIIYIOTh MiKPOK-
niMaT OyAiBii, CIIPUSIOTH
eHeprozoepexeHHo/

Green roofs reduce heat loss
and overheating, improve
the microclimate of the
building, and promote en-
ergy conservation

JBH B.2.6-31:2021;
DBN V.2.6-31:2021;
JCTY ISO
14044:2013 [22]

DSTU ISO 14044:2013
[22]

MicTaTh BUMOTH 10 TEILIOI30-
Tl OyIiBeNs, eHepreTHY-
HOTO ayJIUTy Ta OI[IHKH JKUT-
TEBOTO MUKy MaTepiamin/
Contain requirements for ther-
mal insulation of buildings,
energy audits, and life cycle
assessment of materials

OumnnieHHs MOBiTpsi/
Air purification

PocnunHuit nokpus mor-
nmuHae CO2, GiabTpy€e Mui
1 3a0pyTHEHHSI, TIOKpaIIy€e
SIKICTB TIOBiTps/
Vegetation absorbs COx,
filters dust and pollution,
and improves air quality

JCTY 1SO
14001:2015 [23]

DSTU 1SO 14001:2015
[23]

PernaMeHTye BIPOBA/PKCHHA
CHCTEM €KOJIOTTYHOTO MEHEIK-
MEHTY JUTsl 3HIDKCHHSI BUKAIB 1
MOJIIIIEHHS! IKOCTI TTOBITps/
Regulates the implementation
of environmental manage-
ment systems to reduce emis-
sions and improve air quality

ITixTpumxka
GiopizHoMaHiTTs/
Supporting biodiver-
sity

Buxopucranss minbdopy
POCIINH 111 CTBOPCHHSA Mi-
KpoOioTOMIiB, CHPUATINBUX
JUTS KOMaXx, MTaxiB, Api0-
HUX TBapuH/

Using plant selection to
create microhabitats favor-
able for insects, birds, and
small animals

LEED (USA) [10],
BREEAM (UK) [9];
JICTY ISO
14005:2020 [24]

DSTU 1SO 14005:2020
[24]

BusHauaroTh ekoJIoriyHi Kpu-
Tepii OI[IHIOBaHHS POEKTIB
m0/10 30eperkeHHs 0iopi3HOMa-
HITTS Ta IPUPOIHOTO Gasancy/
Define environmental criteria
for evaluating projects related
to biodiversity conservation
and natural balance
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HUW CTIK JOIIOBUX BOJI, 3aXHINAIOYH TiApPOi30-
JSIHHUE map 1 OyAiBeIbHI KOHCTPYKIIIT;

- cucTeMu 0e3MeKH Ta KOHCTPYKTHUBHA CTil-
KICTh — PETJIAMEHTYIOTHCSI TapaMeTPH HECYIHX
€JIEMEHTIB, JOMYCTHME HAaBaHTaKEHHsI Ta iHTe-
rpalisi 3eJIeHOr0 J1aXy Yy 3arajibHy KOHCTPYKIIiO
OymiBii, 0 TapaHTye Oe3MeKy eKCILTyaTallii.

BiamosigHo no momoxxens crangaptis JbH
B.2.6-220:2017 Ta ACTY-H b B.2.6-214:2016,
Kiracuikarlis 3eIeHNX JaxiB BKIIOYA€E TaKi OC-
HOBHI THIIH:

- caJIOBi JaxH - MMOKPiBJIi 3 6araToOpi4HOIO Po-
CIIMHHICTIO, III0 BUMAara€ CHCTEMAaTHYHOTO J10-
ISy

- Iax¥ 3 Ta30HHUM MOKPHUTTSIM - KOHCTPYK-
i1, Ha SIKKMX BUCAIKYIOTHCS CTilKi TpaB’SHU-
CTi pOCITUHY;

TOKPIBII 3 KOHTEHHEPHHUM O3eJICHEeH-
HSIM - ITOBEPXHIi, 03€JICHEHI 3a IOMOMOTOI0 PO3-

3
4

5=
6-p

MIIIICHHS POCIUHHOCTI B MOOUTEHUX €MHOCTSIX
(roHTEliHEPAX).

B pamkax craHmapTiB TaKOXX MHpencTaB-
JIeHI BUMOTH JI0 KJIFOYOBHX KOMITOHEHTIB 3elie-
HOTO Aaxy (pHc. 2): KOHCTPYKTHBHUX €JlIeMeH-
TiB (BKJIIOYAIOUYM HeCydyy 3JaTHICTh II€pPeK-
PHUTTS, TiIPOI3ONAMINHHI IIApH, CHCTEMY BOJO-
BiJIBEJICHHSI, TCILIOI30JIAIIIHI MaTepiain); BH-
KOPHUCTOBYBaHMX MaTepianiB (iX eKoJoriuHoi
0e3ITeKH, CTIHKOCTI 0 BOJIOTH, JOBIOBIYHOCTI);
POCITUHHUM YTPYIIOBaHHIM (IOITyCTHUMHM BH-
JaM, iX arpoTeXHIYHUM XapaKTePUCTUKAM, Ce-
30HHIH CTIHKOCTI).

Oxpema yBara B HOpMaTHBHIN 0a3i npu-
JIiJICHa 3a0€3MEUYCHHIO CIPUSATIMBOTO MIiKpPOK-
JimMaTy BcepeauHi OyaiBens. Tak, 3rigHo 3 JIbH
B.2.6-31:2021 Ta JICTY ISO 14044:2013 [22],
TEMIEpaTypHi TapaMeTpu B JKUTIOBUX 1 TpO-
MaJIChKUX MPUMIIICHHAX TTOBUHHI 3HAXOTUTHCS

1 - moBepxXHA Jaxy, MAP OIS0TALLA;

2 - 3aXHCHMI1 aKYMVTIOIOYHI NIapH;
- ApeHa®X;

- 3aXHCT BLX IPOPOCTAHHA KOPEHIB.
TPYHTOEHH Iap;

OCTIHHH

Puc. 2 — KoHCTpyKTHBHI pillieHHs 3eneHoro aaxy [17]

1 - roof surface, waterproofing:
2 — protective and accumulation layers:
3 —drainage:

4 — protection against root growth:
5 — soil layer:
6 — jplants

Fig. 2 — Green roof design solutions [17]

B Mexax Bif 20 mo 28°C mpu BiIHOCHIH BOJIO-
rocti noitps Bix 40 1o 60%. O3eneHeHi MOK-
piBIl  CHPUSIIOTH TEPMOPETyYJlii BHYTpIII-
HBOT'O MTPOCTOPY OyJIiBI, 3HWKYIOUH TeMIIepa-
Typy MOBITPS B TEILTY IOPY POKY 1 THM CaMUM
MOKPAIIYIOYH MIKPOKJIIMaTHYHI MTOKa3HUKH.
Icropist 3enmeHnx JaxiB Hajidye KilbKa
JECSTUIITE, 3a SIKI TEXHOJIOT1S 3a3Hasa 3HAYHUX
3miH. [loctymoBo ¢opmyBanucs miaxoam 10
cTaHJapTH3aiii Ta knacudikarlii X KOHCTPY-
Kiiii. B pe3ynpTaTi HaKOMMYEHOTO JOCBiAY
Oya po3po0iieHa €AMHA TUITOJIOTIS 3eJIeHUX Ja-
X1B, BU3HaHA MIXKHAPOIHOO MPOQECiifHOO CITi-
JHHOTOIO, 30KpeMa - JaHIadTHUMHU apXiTeK-
Topamu. Haiinommpenima kiacudikauis 6azy-
€THCS HA TAaKUX KpHUTepisnx [25]:
- HecydJa 37aTHICTh TIOKPIBITi;
- TOBLIMHA 1 Maca IPyHTOBOT'O CyOCTparty;

~ 164 ~

- aCOPTHMEHT 1 BUMOTH JIO POCIIMHHOCTI;

- MOXKITUBICTB 1 XapakTep MPUCYTHOCTI IT0-
JTAHH.

3riIHO 3 I[I€F0 TUIIOJIOTIE, BUIUISIOTH TPU
OCHOBHI THIIH:

- EKCTCHCUBHI Jax¥l - MiHIMaibHE 00CITyTo-
BYBaHHS, TOHKHH MIap IPYHTY, CTiliKi JIO TO-
TOJT! POCITUHY;

- IHTEHCHBHI JaXH - CKJIAaIHI HacaIKeHHS,
BKJIIOUYAIOYM YarapHUKH 1 JIepeBa, 10 BUMara-
FOTh JIOTJISATY 1 TOCHJICHOT KOHCTPYKIIIT,

- HaITIBeKCTEHCHBHI JaX¥ - IPOMiXKHHIA Ba-
piaHT, IO MOETHYE ENEMEHTH ABOX TIOMIEPETHIX
THUIIIB.

Po3pobka aBTOpcbkoi KimacudikamiiHol
CHCTEMH JIO3BOJISIE KOMIUIEKCHO OIHCYBaTH
TUMH 3€JIEHUX IOKPiBeNb, iX MpPU3HAYCHHS,
KOHCTPYKTHBHI OCOOJHMBOCTI Ta COINaJIbHY
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nmoctynHicTh. Krmacudikariiss 3eneHNX MaxiB y
JTOCITIPKEHH1 PO3TIISIAEThCS SIK aBTOPCHKUH CH-
CTEMHHMH MiAXiJ, [0 J03BOJISIE€ OIKCATH CKJIa-
ITHy 0araTopiBHEBY CTPYKTYPY €IEMEHTIB Ta iX
B3a€MO3B’s13KiB. B 11 OCHOBI JI€KHUTH B3aEMOIIS
TPHOX KJIFOYOBUX KOMITOHEHTIB, II0 BHU3HaYa-
IOTh apXiTeKTypHO-TIPOCTOPOBY Ta

(hyHKITIOHATBPHY OpTraHi3amilo 3eJIeHOr0 Jaxy:
MOBEPXHI Jaxy, JOACHKOI MPUCYTHOCTI (KOpH-
CTYBaHHS) Ta POCIMHHOTO mmapy. CIiBBimHO-
IIeHHS 1 CTYMIHb 3aJiTHHS [IUX eJIEMEeHTIB J10-
3BOJIAIOTH JICTalli3yBaTH, CTPYKTYpyBaTu Ta po-
3IIUPUTH CTAaHAAPTHI KiIacudikamii, rpynyodn
X 3a THUIOJOTIEIO 3eNIeHNX aaxiB (Taldi. 2).

Taéauus 2

BararopiBHeBa kaacudikanis 3eJieHnX 1axiB 32 0CHOBHUMH (PYHKIIOHATbHO-KOHCTPYKTHBHUMH
Ta coliaJbHUMH 03HAKAMH

Table 2

Multi-level classification of green roofs according to basic functional, structural, and social characteristics

3a cryneHem ekciryaTanii/

By degree of exploitation

Tunu 3enenux ()axiel
Types of green roofs

IHpuxnaou ma ocobausocmil
Examples and features

ExcrutyaroBasi (0e3 ZOCTyIy aBTOTpa-
Henopty)/
Exploited (no vehicle access)

30HM BIAMOYMHKY, IUTSAY] MafiIaHYUKH, O3eIeHeH] Tepacu/
Recreation areas, playgrounds, green terraces

EkcrutyaToBaHi 3 MOKIIUBICTIO TIPOi3ay/
Exploited with vehicle access

[Mapkinry, gaxu 3 JOpiKKaMH Ta J0CTYIIOM TeXHiku/
Parking lots, roofs with walkways and access for equipment

JaCTKOBO eKCHJ‘IyaTOBaHi/
Partially exploited

BUKOPHCTOBYIOTHCSI HA OKPEMHUX JISTHKAX MOKpPiBIi/
Used on separate sections of the roof

HeexcrutyaroBani/
Unexploited

BUKOHYOTh TiJIBKH €KOJIOTIUHI Ta TEIUIO130IA i fHI QyHKIIiT/
Perform only environmental and thermal insulation functions

3a po3ralmyBaHHSIM BilHOCHO pPiBHS 3eMJii
Byl

ocation relative to ground level

Tunu 3enenux oaxiel
Types of green roofs

Ipuknaou ma ocobaugocmil
Examples and features

3eseni naxu OyaiBesn/
Green roofs on buildings

I[axn, K1 3HaxXoJATbCs Ha BerHiX MoBEpXax JKXUTIOBUX, TPOMAACh-
KUX Ta BUPOOHMUHX OyaiBesn/

Roofs located on the upper floors of residential, public, and indus-
trial buildings

Tepacosi gaxu
Terrace roofs

Jaxwu, siKi 3HaXOAATHCS Ha BEPXHIX MOBepxax OyAiBeb 3 TepacaMu
abo TepacoBux OymiBenn/

Roofs located on the upper floors of buildings with terraces or ter-
raced buildings

I[MokpiBii Ha miA3eMHUX piBHIX/
Roofs on underground levels

Jaxu, siki 3HaXO/SThCS HA MiJBajiax 1 IOKOJbHUX MOBepXax Oy/ui-
BeJIb, BKITIOUAIOUH Pi3Hi piBHI, Haj napkinramu, TLI, Texmigsanamu/
Roofs located in basements and ground floors of buildings, includ-
ing different levels, above parking lots, shopping centers, and tech-
nical basements

Bucsui cagu/
Hanging gardens

Cann, sIKi 3HaXOJATHCS HAa PI3HUX PIBHAX HAA3EMHUX YacTHH Oyi-
BCJIb, CHeHiaHLHI/IX rmaT(bopMax, MocCTax 1 CCTaKaI[aX/

Gardens located on different levels of above-ground parts of build-
ings, special platforms, bridges, and overpasses

By

3a couiajJLHOI0 NPUHAIEKHICTIO (HocTynHicTIO)/

social affiliation (accessibility)

Tunu zenenux oaxis
Types of green roofs

Ipuxnaou ma ocobaueocmi
Examples and features

I'poMaceki ekcrutyaToBasi gaxu/
Publicly exploited roofs

3aranpHOIOCTYTIHI, OaraToyHKI[IOHANBHI TEPUTOPIi 3 BUCOKHAM pe-
KpealiiHuM HaBaHTAXKEHHSM, 1110 CKOPOUYE 3arajbHy IUIONLY 03e-
JICHEHHS 1 BUMArae CTiiKoCTi BHKOPHCTOBYBAHOTO POCIUHHOTO
acopTumeHTy/

Publicly accessible, multifunctional areas with high recreational
use, which reduces the total area of greenery and requires the use of

a resilient range of plants
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[IponosxenHs Tabmumi 2/
Continuation of table 2

[puBatHi 3eneHi qaxu Ta Tepacu/

Private green roofs and terraces

[enTxaycu, BiH, KIfyOHI Oy AMHKH. BUKOPUCTOBYIOTHCS POCIMHU
PI3HUX BHAIB 3aJISKHO BiJ] TOTPed BIACHUKA, 3aTaIbHOTO CTHIIIO,
aJI€ 3 YpaxXyBaHHIM KJ'IiMaTy, BiTpOBOl"O HaBaHTAXXEHHS 1 MOYKIIUBO-
CTeii IOTIIsIMY, 3 JOTPUMAHHAM HOPM TIPOCKTYBaHHs1/

Penthouses, villas, club houses. Different types of plants are used
depending on the owner's needs and overall style, but taking into
account the climate, wind load, and maintenance capabilities, in
compliance with design standards

I'pomajchki 3eneHi Tepacu
Public green terraces

ExcrmyaroBani 3eneHi Tepacu rpoMaICbKuX Oy/iBesb MpU3HaYeHi
JJIA BiﬂHO‘-II/IHKy Ta O34J0POBJICHHS, 3 pi3HI/IMI/I BHUAAMU O3CJIICHCHHS,
npeacTaBJICHUMU B CHeHiaJ'ILHI/IX €MHOCTSX 1 Ba30HaX

Green terraces in public buildings are designed for recreation and
wellness, with various types of greenery presented in special con-
tainers and pots

[TpuBatHi o3eneHeHi Tepacu
Private green terraces

ExcrimyaroBaHi 3eieHi Tepacy B IPUBATHUX BOJIOJIHHSAX IPUKpa-
IIaf0Th ICTOPUYHI Ta CyYacHi CIOpyIH, 30arauyoqn MiChbKe ceperio-
BUILE PI3HOMaHITHUMH POCIMHAMHU Ta SKICHUM JIOTJISIIOM

Green terraces in private properties adorn historical and modern
buildings, enriching the urban environment with a variety of plants
and high-quality care

3a

iHTEHCHBHICTIO 03eJIeHEeHHS
the intensity of landscaping

Tunu 3enenux oaxie
Types of green roofs

Ilpuknaou ma ocobrusocmi
Examples and features

Bucsui caau/
Hanging gardens

Bucoka 11iIbHICTh, BEJIMKI POCIIMHH, BKIIOYAIOUYH JIepeBa 1 YarapHuKY,
110 CTBOPIOIOTH BPAXKEHHSI Cajly Ha MPUPOTHOMY JTaHauadTi/

High density, large plants, including trees and shrubs, creating the im-
pression of a garden on a natural landscape

ITinueOecHi oazu/
Oases in the sky

3aiiMaroTh BepXHi MOBEPXU a00 TIOCKI JaXu, 30CEPeKEHI B OCepeIKy
ypOaHICTUYHOTO JIAaHAA(TY, 3 HACHICHUMH TTOCAIKAMHU Pi3HOT (hak-
Typu. HabmmxaroTteest 1o Macitaly MiHi-CKBEpIiB 1 TPOMAJICHKHX TIPO-
cropis/

Occupy upper floors or flat roofs, concentrated in the center of the ur-
ban landscape, with dense plantings of various textures. Approaching
the scale of mini-squares and public spaces

3emHi pail
Earthly paradises

Po3TaioByroThCs Ha TIOBEPXHI 3eMIIL, Ha Iaxax MiJI3eMHHUX CHIOPY/I,
TIAPKIHT'IB, TAPKIB TOIIO. BUKOPHUCTOBYETHCSI O3EIICHEHHS 3 IEPEBaMI,
YarapHUKaMH Ta KBITaMU, 1110 CTBOPIOE BPAKEHHS cary/

Located on the ground, on the roofs of underground structures, parking
lots, parks, etc. Landscaping with trees, shrubs, and flowers is used,
creating the impression of a garden

Po3pimkeni nanamadru/
Sparse landscapes

3esieHi 1aXy Ha MTYYHUX OCHOBAX — PO3PIIKEH] HACAHKEHHS 3 Ta30-
HiB, JIYTiB 1 yarapHukiB. OCHOBHA ()YHKIIisI — BIINOYMHOK, CIIOPT, Tpa-
H3UTHUH pyX. OcoOIMBO aKTyasIbHI A1 JBOPIB, AUIOBUX 1 TOPrOBUX
KOMILIEKCIB/

Green roofs on artificial bases — sparse plantings of lawns, meadows,
and shrubs. The main function is recreation, sports, and transit traffic.
Particularly relevant for courtyards, business and shopping complexes

ExcrencusHi naxu/
Extensive roofs

[Tmacki a6o BUTHYTI CTPYKTYpH, HOKPUTI OTHIM IIIAPOM Ta30HiB, IPyH-
TOIIOKPHUBHHUX a0 JIyroBuX pocivH. Ciy>kaTh €KOJIOTIYHNM 1 eCTeTHY-
HUM I[iJIsIM, HE IPU3HAYEH] TS TIepeOyBaHHs JTOAUHN/

Flat or curved structures covered with a single layer of lawns, ground
cover or meadow plants. They serve ecological and aesthetic purposes
and are not intended for human use

Bonni csitn/
Water worlds

CTBOPIOIOTECS HA IITYYHUX OCHOBAX JUTS MOJIIIIICHHS MiKpOKITIMATY.
Bona BHUCTYIIA€ I'OJIOBHOIO TEMOIO IIPOEKTY. CTaBKI/I, Kackaau — BOILHi
eJIEMEHTH JITsl MiKpoKTiMary/

Created on artificial bases to improve the microclimate. Water is the
main theme of the project. Ponds and cascades are water elements for
the microclimate
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IIpoananizyemMo HamaHy Kiacu(iKarito.
Pimenns npo Te, un Oy/ie JTF0AMHA BUKOPHCTO-
BYBaTH JaX Y CBOiX HIJISAX, € KITFOYOBUM MOMEH-
TOM TIpW TPHUPOIHIA Kimacubikarii maxis. Ll
KJTacH-(iKarlis BKII0Jae B ce0e MepIIHii acliekT
— TIOJIIJT Ha eKCIUTYaTOBAaHI Ta HEEKCILTyaTOBaHi
TTOKPIBIIi.

IIpunaTHuii 11 BUKOPUCTAHHS IUIOCKUI
3eJICHUH JJaX TPOTMOHYE MIMPOKUH CIIEKTP MOXK-
JUBOCTEW ISl BIAMOYMHKY, (Di3MYHOTO PO3BU-
TKy Ta peabimitanii. K0 Jax MOBHICTIO MOK-
PUTUH pOCIMHAMHK 1 JNIOJUHA Tepe0yBae Tam
JMIIe Ui IOTNANY (HampuKiaj, caliBHUK abo
nangmadTHAN AU3aliHep), TO TAKUH AaX BBaXKa-
€THCSl HEBUKOPHCTAHUM.

3aj1e)KHO BiJ TOrO, KM THI 3€JIEHOIO
JTlaXy BUKOPHUCTOBYETHCS, BiH BUKOHYE Pi3Hi (y-
HKIIi1, SIKi MOXKYTb BapifOBaTHCS BiJ] €KOCHUCTe-
MHUX (HaIIPUKIIAJ, TIOJIMIIIEHHS SKOCTI MOBITPS
a0o miaATpuMKa OlOpiI3HOMAHITTA) 0 (PyHKITIO-
HANBHUX (HAMPHKIAJ, CTBOPEHHS MPOCTOPY
JUTSI BIITOYMHKY 200 3aHATh CIIOPTOM). Po3riis-
HEMO IepeBark X BUJIIB Y KOHTEKCTI B3aEMO-
Iii 3 monuHo0. KoXKeH THIT 3¢JICHOTO 1aXxy Ma€e
CBOT OCOOJIUBOCTI, SIKI MOXYTh 3aJie)KaTh BiJ
KOHKpETHHX MoTped OyniBmi abo TepuTOpii.
ExcrmyaToBaHi jaxu, HapyuKIaa, HAAAIOTh 10-
JTATKOBI MO>KJTMBOCTI JIJIsl BUKOPUCTAHHS TIPOC-
TOPY, IO POOUTH X OCOOJUBO MPHUBAOIMBUMH
B YMOBax 00MexeHOi MichbKoi romti. Kpim exo-
JIOTIYHUX Ta €CTETHYHUX IepeBar, Pi3Hi THIH
3elleHUX JaxiB MarmTh e i (YyHKIOHAIBHI
0COOJIMBOCTI, SIKi 3aJIe)KAaTh BiJ CTYIEHS iX eKC-
roryatarnii. Hampukiman, naxu, nmpusHadeHi Ais
aKTHBHOTO BUKOPUCTAHHS, MOXKYTh OyTH 00ma-
JTHAH1 /U1 pO3MIIIEHHSI TPAHCIIOPTHUX 3aC00iB
a00 YCTaHOBKH CIIEI[iaJIbHOrO 00J1aiHaHHs. Ba-
JKJIMBO BiJI3HAYUTH, 1110 EKCILIyaTallisl TAKUX Ja-
XiB (HampUKIaMd, JJsl OpraHizallii mapKyBaHHS)
MO>KJIMBA TIJIBKH BIAITOBIAHO 0 TEXHIYHOIO 3a-
BJIaHHS, 110 PETYJIIOETHCS CTaHAapTaMHu 1 Oyi-
BEJILHUMH HOPMaMHU.

3eneHl Jaxu 3yCTPidalOThCsA Ha PI3HHUX
piBHIX — Ha 3eMili, Ha OaJIKOHI / Tepaci, Ha mi-
IIOXI/THIN ecTaka/i Ta Ha Jaxy OyaiBIli He3ase-
JKHO BiJ1 i1 TOBEPXOBOCTI.

O3eneHeHI eKCIUTyaTOBaHi JaXy Ta CaJiy,
SK TIPaBUJIO, HAJIEXKATh PI3HUM BIIACHUKAM — Bij
MYHIIUIATITETIB 1 TOBApUCTB BIACHUKIB 0
NpUBaTHUX OCi0, 0 GopMye iX colianbHy J10-
cTynHicTh. Taki MOKPIBII CTAIOTh JOCTYITHUMU
SIK JIJI1 MYHILIUOATITETIB, TaK 1 I TOBapHCTB
BJIACHHMKIB JKUTJIa a00 MPUBATHUX OCI0, 110 M-
TBEP/UKYE X COLIIbHY 3HAYYIIICTh. Bkl
TOr0, TaKi Jax¥ BINIMBAIOTH HE TIILKH HA IOJIIII-
HIEHHS MICHKOI'O CepeJloBUINa, ane W Ha
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BUIMIEHHS €KOJIOTIYHHX IPOOIIeM, TIOB’ sI3aHUX
13 BIUIMBOM TeXHOC(]epH.

B mocmimkenni [16], mposemenoro 3 me-
TOFO BHSIBJICHHS BPa3JIMBOCTI MICT, BCTAHOBJICHO,
110 Giocdepa Moske 3irpaTy KIIFOYOBY POJIb Y Bpi-
BHOB2)XEHHI BIUIMBY TeXHOC(EpH Ta EKOHOMIKH.
Hanpuknan, y psai €BponelchbKuX KpaiH TemIle-
parypa TpauIiiHIX TaXiB y JITHIN Iepio MOKe
mocsrati 90°C, Tomi SK Ha 3eJIEHUX JaXax BOHA
He nepesuiye 50°C, Mo Moxke iCTOTHO 3HU3UTH
TEIUTOBUH BIUIMB HA HABKOJMIIHE CEPEIOBHIIIC.
Takum yrHOM, PI3HULIS B TEMIIEPaTypi MiX 3BH-
YalHUMHU 1 O3EJICHEHUMH JlaXaMH MOXKE CTaHO-
ButH Oinbiie 40°C, mio poOuTh ocTanHi eheKTrB-
HUM IHCTPYMEHTOM y OOpOTEOi 3 IeperpiBoM Mi-
CBKHX TEPUTOPIH.

3eneHi 1axw MOXYTh BapirOBaTHCS Bil
ra30HIB JI0 MOCAIKH JepeB i yarapHUKiB. Bee-
JIeHHs aBTopaMu KiacuikamiiHol QyHKII
«IHTEHCUBHICTh O3€JICHEHHS» TAaKOXX BHILISIE
KiIbKa OCHOBHHUX KaTeropii.

O1iHIOBaHHSI PIBHS TPOSBY KOXKHOTO
e(eKTy 3/IHCHIOBAJIOCS HA OCHOBI SKICHO-KiJIb-
KiCHOT'O aHalli3y JIiTepaTypHUX JKEped, MOpiB-
HSHHS Pe3yJIbTaTiB eMITIPUYHUX JOCTIHKEHb, a
TaKOX EKCIIEPTHOTO Yy3araibHeHHs. Kputepi-
SIMH JIJTsI BA3HAYEHHS SIKICHUX ITapaMeTpiB CIIy-
TYBaJId: MacliTad BIUIMBY (JOKalIbHUH, OyziBe-
JbHUH, MICBKHI), TPUBATICTh €PEeKTy y dbaci,
CTYIIHb €KOHOMIYHOI Ta €KOJIOTTYHOI JOLiIb-
HOCTI, a TAaK0X PiBEHb COIiaJIbHOI 3aITy94eHOCTI
KopucTyBauiB. CUIbHUHN BIUIMB (+++) IIpHUCBO-
FOBaBCS IiepeBaram, e(heKTHBHICTh SIKHX ITiTBeE-
p/KeHa YHCIEHHUMHU JIOCTIKCHHSMH Ta Mae
JOBIOTPUBAINN CHCTEMHHH €QeKT; cepeaHii
piBeHb (++) — XapakTepUCTHUKaM, Iisl SKUX
MPOSIBJIETHCS 32 TICBHUX YMOB CGKCILTyaTallii;
He3Ha4YHuii 200 BiJICYyTHIN BIUIIKB (+) — U1 TIa-
pameTpiB i3 MiHIMaTBFHUM 200 OMOCEPEeIKOBa-
HUM e(ekToM. BiloBiIHO 10 OTpUMaHUX pe-
3yJbTaTiB, OCHOBHI TEPEeBaru Ta CIPHATINBI
e()eKTH BUKOPUCTAHHS 3CJICHUX J[aXiB MOXKHA
OKPECIIHTH, SIK II¢ TIOaH0 B Ta0JIHIli 3.

OTxe, cepes OCHOBHUX TIepeBar i Cpusi-
TIUBUX €()EKTiB BUKOPUCTAHHS 3€JICHUX JIaXiB,
HaBeJIeHHX BHIIE (Ta0J. 3) MOKHA BUOKPEMUTH
TaKi:

- IJIBUIIEHHS eHeproeeKTUBHOCTI OYyIi-
BeJb, 10 3YMOBJIIOE€ 3MEHIICHHS CIIOKUBAHHS
€Heprii Ha OMaJeHHS, BEHTUIALIIO Ta KOH Ui~
OHYBaHHS TOBITpS,

3HWKEHHS €)EKTY MiICBKOTO «TETIOBOTO
OCTPOBaY 3aBISIKU OXOJIOPKEHHIO TIOBEPXOHb 1
3MEHIICHHIO TEMIIEPATypPH MOBITPsI B MiCBKOMY
CEPEe/IOBHIIT,
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Taoaums 3
o3uTHBHI epeKTH BUKOPUCTAHHS 3eJ1eHUX JaXiB
Table 3
Positive effects of using green roofs
Baacauku / Kopucrveadi / MicueBa
Kareropist/ IepeBaru/ inBecTopu preryBatl rpomaja
Category Advantages Owners / openiapl Local
: Users / tenants .
investors community
[igBueHHsS eHePreTHIHOT e(heKTUBHOCTI
6y[(i]3j‘[i/ +++ +++ ++
Improved energy efficiency of the building
3HHKEHHS HaBaHTa)KEHb Ha CUCTEMU
OTAJICHHSI, BEHTHJISILIIT, KOHIUIIOHYBaHHs/ et et +
Reduced load on heating, ventilation, and air
conditioning systems
301bIICHHS BAPTOCTI HEPYXOMOCTi/ et + +
. Increased property value
Exonomiuni/ 361 - 5 -y
Economic VUIBIICHHA TeleI_—Iy CJ'Iy>K 1 TTOKP1BJIL St ot Tt
Extended roof service life
[MigBumeHAs e(peKTUBHOCTI BUKOPHUCTAHHS
naHeseil COHsTYHuX OaTapeit/ +++ +++ ++
Improved efficiency of solar panels
3HHKECHHS BUTPpAT Ha CTBOPCHHA Ta
00CITyrOBYBaHHS IPCHAKHUAX CUCTEM
i 37MBOBOT KaHai3ariii/ +++ +++ +
Reduced costs of installing and maintaining
drainage systems and storm sewers
[TigBHIIICHHS €CTETUYHOI TPUBAOIUBOCTI
MiCbKOT 3a0y/JOBH, TOJIMIIEHHS 30BHIIIHHOTO
. BUMIIILY OyaiBens i criopya/
ﬁg;fg;ﬁ’;? Improving the aesthetic appeal of urban M M M
Architectural de\_/el_opment, improving the appearance of
buildings and structures
and urban con- - ; :
struction Hl,[[BPIH.leHH?[ OI_II.HOK fl:Helpl“OG(I)CKTI/IBHOCTI
Ta €KOJOI'TYHOCT1 6y,£llBJ'Il/ St gt gt
Improving the energy efficiency and
environmental performance of buildings
3HIKEHHS eDEKTY «TEII0BOTO OCTPOBa»/ o P P
Reducing the “heat island” effect
IMokpartiieHHs IKOCTi MOBiTpst/ + et et
Improving air quality
3B’s13yBaHHsI BYTJICIfO (TAPHUKOBUX Ta3iB)/ + n n
Carbon sequestration (greenhouse gases)
AKyMyITIOBaHHS 3THBOBHX CTOKiB/ o P P
Exosoriusi/ Stormwater retention
Environmental 3HMKEHHS MiKiB 3JIMBOBUX CTOKIB/ + et et
Reducing storm water runoff peaks
3HIKEHHS PiBHSI MiCBKOTO TIymy/ + i i
Reducing urban noise levels
BiATBOpEeHHS MPUPOIHOTO cepeaoBHiia/ + + et
Restoring the natural environment
36epexeHHs 610pi3HOMAHITTS B Mexax Micta/ + + et
Preserving biodiversity within the city
CTBOPGHHH HOBI/I_X pobGounx micip/ it + et
. . Creation of new jobs
ComiansHi - -
Social CTBOpEHHS HOBUX (1)yH.KL[10HaJ'ILHI/IX 1
IPOMAJICBKUX IPOCTOPiB/ +++ +++ +++
Creation of new functional and public spaces
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Iponosxenns Tabmuiri 3/
Continuation of table 3

3amy4yeHHs TPOMAJISH A0 MiCEKOTO/CLIIBCHKOTO

Opportunity for food production

rocrogapcTsa/ ++ +++ +++
Involvement of citizens in urban/rural agriculture
MO>KITHBICTD I BUPOOHUIITBA MIPOAYKTIB Xa-
puyBansst/ ++ +++ +++

- TIOKpAaIICHHS aKyCTHYHOTO KOMQOpTY,
OCKUIBKHA POCIMHHUH Iap BUKOHYE (DyHKIIiO
TPUPOTHOTO 3BYKOTIOTIINHAYA;

- PeryioBaHHS BOJHOTO OajlaHCy MiCTa 4e-
pe3 aKyMYJTFOBaHHSI JIOIIIOBUX OTAJIIB 1 3HHKCHHS
HaBaHTXXEHHsI Ha IPEHAXKHI Ta 37THBOBI CHCTEMIL

- TIOJIMIIEHHS SIKOCTiI aTMOC(EPHOTO TOBi-
Tpsi 33 paXyHOK (PLIBTpAIlii Ty, 3B’ I3yBaHHS BY-
TJICIIFO Ta aJcOoPOIIiT IIKIUIMBHUX a3iB;

- 30UTBIIEHHS JOBTOBIYHOCTI IOKPiBEIEHIX
KOHCTPYKIIiH, 110 CTIpUsi€ 3HIKECHHIO BUTpaT Ha
PEMOHT 1 3aMiHy TiPOI30ISIIHHNX IIapiB;

- TIJBUINEHHS PHHKOBOI BapTOCTi 00’€KTa
HEPYXOMOCTI Ta IHBECTHIIHHOI NPUBAOIUBOCTI
Oynisi;

- TOKpamIeHHS apXiTeKTypHO-ECTETHYHOTO
BUTIISTY MICBKOTO TIPOCTOPY, TapMOHi3allis 3a0y-
JOBH Ta IHTErpamis TPUPOIHHUX EJIEMEHTIB Y
CTPYKTYpY MicTa;

- CTBOPEHHS HOBHX T'POMAJICBKHX, peKpea-
MIMHUX 1 (YHKIIOHANEHUX TPOCTOPIB, MpPUAAT-
HUX JUTS BiIIIOYMHKY Ta COLIIAIbHOT B3AEMO/IIT;

- (hopmyBaHHS YMOB JUISl MICBKOTO Ca/liBHU-
ITBa Ta BUPOOHMIITBA IPOIYKTIB Xap4yyBaHHS,
IO CHPHSE€ PO3BUTKY JIOKAJIHHOTO HPOJIOBOJIb-
YOro Cepe/IOBHIIIa;

- BIATBOpPEHHs OIOPI3HOMAHITTS MiCBKUX
€KOCHCTEM 1 CTBOPEHHS CEpeIOBUINA ICHYBaHHS
JUTSL TIPEACTaBHUKIB (priopu i ayHu;

- 3MECHIICHHS PiBHSA 3a0pyTHEHHSI JOBKLILIS,
30KpeMa THJIOBOTO Ta Ta30BOT0, Yepe3 MPUPOJIHi
¢binbTpaniiiai BIaCTUBOCTI POCIMHHOCTI;

- TIOKpalIeHHs IICHXOEMOIIHOrO CTaHy Ha-
ceneHHs, (popMyBaHHS KOMQOPTHOTO cepeo-
BUIIA IS BIATIOYMHKY Ta 3HWKEHHA PIBHA
cTpecy;

- CHOpUSIHHS CTBOPEHHIO HOBUX POOOYMX
MICIIb Y Tay3sX OJaroycTporo, JaHAmadTHOTO
J3aiiHy Ta TEXHIYHOTO OOCIYTOBYBaHHS 3elle-
HHX CHCTEM;

- TMiABHWILIEHHS CTIMKOCTI MiCBKHX TEPUTOPIN
JI0 KIIIMAaTUYHUAX 3MIH 3aBASKH [1IOM SIKIIIEHHIO Te-
MIIEpaTypHUX KOJMBAHb 1 30€pPeKEHHIO BOJHOTO
pecypcy.

3 HaBEeNCHOTO BHIIE MOXKEMO KOHCTAaTy-
BaTH, [0 aBTOPCHKE PO3IIMPEHHS Ta YIOCKOHA-
TIeHHsT Kiacudikamii 3eJIleHNX JaxiB 332 OCHOB-
HUMH (PYHKIIOHATEHO-KOHCTPYKTUBHAMH Ta CO-
[IJIBHAMHI O3HAKaMH € B)KJIMBHUM €TAIioM pO3-
BUTKY KOHIICIILIii 3€JICHOro OY/IiBHUIITBA B YKpa-
ui. Takuit mijaxig 3a0e3nedye CHCTEMHE Bpaxy-
BaHHI €KOJIOT1YHUX, CHEPIeTHIHUX, apXiTeKTyp-
HHX 1 COIJIbHAX YWHHUKIB MiJl Yac MpPOEKTY-
BaHHS Ta EKCIUTyaTallii Oy IiBelb.

3anporioHoBana Kiachpikaris y3romKy-
€TBCS 3 MPUHIUIIAMH CTAIOTO PO3BHUTKY Ta IMOJIO-
YKEHHSIMU HAIlIOHATLHUX CTAaHNIAPTIB y cdepi exo-
JIOTIYHOTO TPOEKTYBAHHS, IO CIPHSE ITiIBH-
IICHHIO €(EKTUBHOCTI BHKOPUCTAHHS IPUPOJI-
HUX pecypciB i (GOpMyBaHHIO €KOJIOTiYHO 30asa-
HCOBAHOT'0 MICHKOT'O CEePE/IOBHIIIA.

Y KOHTEKCTI peai3altii CTaHIapTiB 3eJIEHOr0
Oy/IIBHHIITBA BOHA CITYTy€ HAYKOBHM 1 TIPAKTUIHNM
HIIPYHTSAM YIS TIOJAJIBIIION IHTErPalii PUPOI00-
PIEHTOBAHMX PillieHb Y OyAiBENbHY TaTy3b.

Bucnoeku

Tak 1M iHaKIIe, IPENCTABIICH] «3eJIeHI»
TEXHOJIOTI] € JIUIIIe HEBEJIUKOK YaCTHHOIO TEX-
HOJIOTIYHOTO PO3MAiTTsI, [0 BAKOPUCTOBYETHCS
OyaiBeTbHUMHM KOMIIaHISIMH B CBITi B mIpoueci
MIEPEXOTy JI0 «3EJIEHOr0» OYIIiBHUIITBA, SIKE HE
TIIBKH € aKTyaJbHUM 1 HEOOXiIHUM HampsM-
KOM JIisUTBHOCTI, ajie i Crpusie pO3BUTKY Opra-
Hi3aIlili-3a0y/JOBHUKIB 1 3J0pOBO1 KOHKYPEHIIii.
Ha crorommimmsii 1eHs, Bce OUIbIIA KiTBKICTE
00’€KTIB KHUTJIOBO-IIMBIILHOTO OyIiBHUIITBA
cepTu(ikoBaHi 3a CHCTEMaMM EKOJIOTTYHOIO
OymiBHHUIITBA, IO BPaxOBYIOTh PiBEHb 3aCTO-
CYyBaHHS «3€JICHHUX» TEXHOJIOTIH y BHPIIICHHI
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IJIaHYBaJIbHUX, KOHCTPYKTUBHHUX Ta 1H)XXEHEp-
HUX pimeHb 00’ekTiB 1 Tepuropiil. BonHouac
«3eleHe» OYIIBHUIITBO € BKpall BaKIIMBUM iH-
CTPYMEHTOM CTaJoro PO3BUTKY.
BrpoBamkeHHs cTaHIAPTIB 3€JIEHUX J1a-
XiB € HE IPOCTO HOBUM €JIEMEHTOM Yy OyiBHH-
[[TBi, & MPUHIIAIIOBO 1HIIUM TiAXOJIOM /IO yII-
paBJIiHHS JKUTTEBUM LUKIOM OymniBenb. Lleit
MiAXig BKIIFOYaE B ceOe He JIHIIE 3BEJEHHS Ta
OCHAIIeHHs 00’ €KTIB, a i 3a0e31eYeHHS eKO0JIO-
rivHoi CcTilKOCTI, eHepro30epexeHHsl, K 1 Mmij-
BHIICHHS SIKOCTI HUTTS. OMHAK TPOIeC BIPO-
Ba/UKCHHS 3€JCHHX JaxiB y OyIiBelbHHH
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CEKTOp € TPUBAIIMM 1 CYIIepewINBHUM, III0 BUMa-
ra€ gacy /sl ONTUMI3allii Ta ajanTartii.

Js ycminmHOTO 1 MIMPOKOTO 3acTOCY-
BaHHSI 3€JICHUX JIaxiB HEOOXiIHA IMATPUMKA Ha
3aKOHOJABUOMY DiBHI, a TAaK0XX 3MiHa MEHTAIi-
TETy YYaCHHUKIB OyAiBEIFHOTO MPOIECY, TOTO-
BUX a/IalITyBAaTHUCA IO HOBUX CTaHJAPTIB 1 BIPO-
BaJKYBaTHU €KOJIOTIYHO CTiHKI PillICHHS.

3 TOYKH 30py MiCTOOYAyBaHHS, KOHIIEI-
11is1 3eJICHUX JIaXiB € O€3CYMHIBHOIO TIEPEBaroro
Uil pO3poOHUKIB 1 3a0yNOBHHUKIB, OCKIIBKH
BOHA TO€AHY€E MOJIMIICHHS 30BHIIIHBOTO BH-
Ty Ta €KOJIOTIYHUX MapaMmeTpiB OyniBenb 3
e(eKTUBHUMH TEXHOJIOTiSIMH U 3HIKCHHS
EHEepPrOoCIIOKMBaHHS Ta 30€pEeXKEHHS PECypCiB.
TakuM 4YMHOM, 3€JI€H] JaXH CTAIOTh 1HHOBAIIIH-
HUM DIIIEHHSM, K€ TOENHYE (YHKIIOHATH-

HICTh 3 €CTETHKOIO Ta €KOJIOT1YHOIO BiAIOBiAa-
JBHICTIO.

CranmapTé Ta peryJIIOBaHHA B IIbOMY
KOHTEKCTI BiAIrparoTh KIFOYOBY pOJIb y 3a0e3-
TIeYeHH] CTIMKOCTI i e)EKTUBHOCTI TaKUX CHC-
TEM, a po3pobIIeHa aBTOPChKA Kacudikarlis 3e-
JICHUX J1aXiB, 10 0a3yeThCsA Ha TOE€JHAHH] (DyH-
KI10HAJIbHO-KOHCTPYKTUBHHX, €KOJIOTIYHUX Ta
COLIAJIbHUX KPUTEPIiB, CIYTy€ MPAKTUYHUM 1H-
CTPYMEHTOM iX cHUcTeMaTH3allii, CTaHAapTH3a-
1ii Ta BOIPOBAKEHHS B MPAKTHKY «3EJICHOTO)
OyIiBHUIITBA.

Taxwuii miaxin cnpusie GOpMyBaHHIO €KO-
JIOT1YHO OPiEHTOBAHOTO MiCBKOTO CEpEIOBHILIA,
ITiIBUIICHHIO e€()eKTUBHOCTI BUKOPUCTAHHS pe-
CYpCiB i 3MIIIHEHHIO COIIabHOI CTIHKOCTI yp-
0aHI30BaHUX TEPUTOPIM.

Kongnixm inmepecie

ABTOpH 3asBISIOTH, IO KOHQIIIKTY 1HTEpECiB o0 MyOuiKalii [boro pykonucy Hemae. Kpim

TOTO, aBTOPH MOBHICTIO TIOTPUMYBAJIMCA CTHYHUX HOPM, BKIIFOUAIOYH IUIariat, GalbCUQiKalio JaHuX
Ta TOJBIHHY MyOTiKaIliro.

10.

11.

Bnecox asmopis: Bci aBTOpH 3p0OHITN PIBHUI BHECOK Yy IIO POOOTY
B po0oTi HEe BUKOPHCTAHO PeCypcC MITYYHOTO IHTEIIEKTY..
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A COMPREHENSIVE APPROACH TO GREEN ROOF TYPOLOGY FORMING
IN THE CONTEXT OF ECO-FRIENDLY CONSTRUCTION STANDARDIZATION

Purpose. Development of a green roof classification system adapted to the climatic, architectural, and reg-
ulatory conditions of green construction in Ukraine, taking into account architectural, spatial, functional, environ-
mental, and social factors.

Methods. Systemic-structural, and case analysis were used, as well as comparative-analytical, classifica-
tion-typological, synthetic, and matrix-rating methods.

Results. A multi-level classification of green roofs is formed according to the degree of exploitation, in-
tensity of greening, location, and social accessibility. The developed system allows systematizing the structural,
functional, and environmental parameters of green roofs. The scientific novelty lies in the creation of a nationally
adapted typology of green roofs as an element of the greening of the built environment. The practical significance
lies in the possibility of using the results to develop standards and regulatory documents, and the research prospects
include further integration of the classification into green building standards.

Conclusions. It has been proven that the expanded systematization of green roof typology contributes to
the improvement of green building standards, increased energy efficiency of buildings, preservation of biodiver-
sity, and the formation of an environmentally and socially oriented urban environment.

KEYWORDS: green construction, green roof, classification of green roofs, landscaping, energy effi-
ciency, greening
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PEAKIIISI PAJIAJIBHOI'O IPUPOCTY COCHHU 3BUYAMHOI HA 3MIHU KJIIMATY
B HACA/IZKEHHI JEHAPOITAPKY BIOTEXHOJIOTTYHOI'O YHIBEPCUTETY
B m. XAPKIB

Merta. BusBuTtr 0cOOIMBOCTI peaKIlii paliaTbHOTO MIPUPOCTY COCHU 3BHUANHOI Ha 3MiHY KIIiIMaTy
B HacCa/DKeHHI, sike pocte B JleHaponapky bioTeXHOIOTIYHOTO YHIBEpCUTETY B M. XapKiB

Mertoau. [TonboBi JiciBHUYI, ISHAPOXPOHOJIOTIYHI, CTATUCTHYHI Ta METOIU KOPEJIALIHHOTO aHa-
mizy.

PesyabTaTu. bypasom I[Ipecciepa Binidpano 11 kepHiB 3 cTOBOYpiB AepeB. 3a JOIOMOTOI0 IPH-
naxy HENSON BuMipsiHO mapu mi3HbO1, paHHBOI Ta Mi3HBOI AepeBHHU. CTBOPEHO 1HJIEKCHY JIOKATBHY
JIEPEBHO-KUIBIIEBY XpOHONIOTiI0. MeTomoM 3-pidHOi KOB3HOT BUaNIeHO 01010TiYHMH (BIKOBHIA) TPEHI.
[IpoBeneHo KopemAmiitHuA aHaATI3 MK 1IHIEKCHUMH JIEPEBHO-KITBIIEBIMH XPOHOJIOTISIMH Ta KIIiMaTH4-
HUMH YHHHAKAMH (OTIaIaMH Ta TEMIIEPAaTypaMu 3 YePBHS MTOTIEPEAHBOTO POKY 10 CEPIIEHb TIOTOYHOTO).
Ha Tni nigBumieHHs TeMiepaTypy BUAUICHO TPU TIEPior PO3BUTKY COCHOBOTO HAcaHDKEHHS 3a TOKa3-
HUKaMH Ti3HBO1, paHHBOI Ta piuHOi nepeBuHU. [li3HS nepeBHMHA BHUSBHIIACS HAWOLIBII BapiaOelbHOO
MOPIBHSHO 3 PIYHOI0 Ta PaHHBOIO JEepEeBUHON. BcraHoBieHO, M0 BigOynocs ocnabIeHHs] COCHOBOTO
Haca/PKEHHSI YIIPOJIOBXK TPeThoro mnepiofy. [1po me cBiguaTh HalOiNbIIa KiBKICTh 3HAYYIIUX KOPEJs-
IHKX 3B’S3KIB MIXK palialIbHUM [IPUPOCTOM COCHH Ta KITIMaTHYHUMU YHHHHKAMHU

BucHoBKH. JleHapokmiMaTHYHi JOCTIDKEHHS CepeTHEOBIKOBOTO COCHOBOTO HACA/KEHHS B JTICOCTEIOBIi
30Hi 4718 TpHOX mepioxiB: 1979-1993, 1974-2008 ta 2009-2022 pp., moka3anu ocnabIeHHS HACAKSHHS YIIPOJOBK
TPETHOTO TEPiOoy, PO MO CBIAYNTH HAMOLIBIIA KITBKICTh 3HAUYIINX KOPEIAIiil MiX palialbHIM POCTOM COCHH
Ta KiiMaTHYHUMH (akTopamu. Bussieno, mo ynponosx 2018-2022 pp. crocrepiranacst crabinizanis pajtiaib-
HOT'O POCTY COCHH, TOOTO He OyJI0 3HWKEHHSI TPEH/y pajlialIbHOTO NPUPOCTY AEPEB, 10 CBITUUTH PO HMOBIpHY
aJIaTTaIlif0 COCHU JI0 3MiHH KJIIMaTy Ha [IbOMY €Talli.

KJIFOYOBI CJIOBA: pauns oepesuna, nizus 0epeguna, piyna oepesund, COCHA 36U4atina, me-
Muepamypa, onaou, 3MiHa Kiimamy

Ax untyBarn: Kosans I. M., I'onono6os B. B. Peakuist pagiaasHOro MpupocTy COCHU 3BUYaiHOT Ha 3MiHN
KIIiMaTy B Haca/pkeHHi JleHaponapky bioTeXHOIOTIYHOTO YHIBEPCUTETY B M. XapKiB. Jlroouna ma doexinis. I1po-
bnemu neoexonozii.2025. Bun. 44. C. 174-185. https://doi.org/10.26565/1992-4224-2025-44-13

In cites: Koval, I. M. & Gololobov, V. V. (2025). The response of radial growth of scots pine to climate
change in the planting of the Arboretum of the Biotechnological University in Kharkiv. Man and Environment.
Issues of Neoecology, (44), 174-185. https://doi.org/10.26565/1992-4224-2025-44-13 (in Ukrainian)
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Jlicu € BaykJTMBUM KOMIIOHEHTOM Ha3eM-
HHUX €KOCHCTEM, sIKi He JIHIIe 3a0e3MeuyIoTh pe-
CypcH IUTS ITISUTBHOCTI JIFOUHHM, aie W Bimirpa-
I0Th HE3aMiHHY POJIb Y MOM'SIKIICHH] KJIiMaTH4-
HOTO MOTETUTiHHA Ta 3axucTi qoBKims [1]. Co-
cHa 3sr4atina (Pinus Syslvestris L.) € ocHOBHOIO
JICOTBIPHOIO TIOPOZIOI0 B YKpaiHi, IToIa Haca-
JOKCHb SIKOi CTaHOBUTH 35 % Bij 3arajibHOI
wromti icie [2]. Vmpomosx 2010-2020 pp.
CTaH COCHOBHX HAaca/pKEHb HE TUTBKH TMOTIpIIH-
BCS, a W CKOPOTHJIACS IXHS IUIONIA OUTBIN HiX
yngiui [3].

3MiHa KIIiMaTy y BUTJISIII 3pOCTaHHS Yac-
TOTH Ta IHTCHCHBHOCTI TPUBAIMX TOCYX, XBUIIb
CTEeKH, BTOPMHHUX CTPECOBHX (hakTopiB (KO-
MaxH Ta XBOPOOH, TIOXKEXKi TOIIIO) Ta 1HIITNX eKC-
TpEeMaJIbHUX TOTOJJHUX SBHIL HETaTHBHO BILIH-
BAIOTh Ha JIiCOBi HacakeHHs [4, 5], T06TO 3HM-
JKYIOTh KHUTTE3NATHICTE JepeB abo Oesmocepe-
HBO MPHU3BOJATH A0 MOPYIICHHS JIICOBUX €KOCH-
creMm [6]. Kmimatuuni mogeni mis 21 cromiTrs
MPOTHO3YIOTH MMiJIBUIIEHHS CEPEIHbOPIYHOI Te-
muepatypu Bix 1,5°C 1o 2,5 °C ynpomosx jiecs-
THIIITTS, TOJI K KUIBKICTh OIaJiB 3HAYHO 3MEH-
mUThCs [7]. Y KOHTEKCTI T7100aIbHOTO TIOTETI-
JIHHS Ta MOCWJICHHS aHTPONIOIeHHOTO HABAHTA-
JKEHHS Ha JIOBKULISA (DPEHOIIOTIS Ta MIPOCTOPOBUIA
PO3MIOIIT ICPEBHUX BUJIIB 3MIHHUJIMCS 32 OCTaHHI
necstumiTTs [8], 1o mpu3Beso 70 3MiH y MpoIy-
KTUBHOCTI JTiciB, OIOpPI3HOMAHITTI, CTPYKTYpi Ta
¢yHKIisX JicoBUX ekocucTeM [9].

Kinbisg nepeB ijiealibHO MiIXOAATH IS
BUBUCHHS JMHAMIKU POCTY JIEpEB, OCKIJIBKH Jie-
pEBa KUBYTh YIPOJOBK TPUBAIOTO MEPIOLY, 3Y-
CTPIYalOTHCS TI0 BChOMY CBITY Ta HaJlalOTh JaHi
3 IIOPIYHOK PO3AUIHLHOIO 3IATHICTIO 00 pea-
KUi{ 1epeB Ha 3MiHYy KJIIMary, [po BIUIUB JIOKaJIb-
HHX YMOB (BJIACTHBOCTI IPYHTIB, IIPOMHUCIIOBE 3a-
OpyIHEeHHSI, pekpealrito Toiio) Ha mpupict [10].
3a3Buuaii Temmeparypa Ta OHaaud  MaroTh

Bcmyn

OUIBIIMI BIUIMB Ha paialIbHAN TPHPICT JIepes,
HiXK iHm (aktopu [11]. ocmimkeHHs paiaib-
HOTO TIPHPOCTY JEPEB MOKA3aIo HE TUIHKU Hera-
TUBHHI BIUIMB 3MiHM KJIIMaTy Ha iX CTaH, a if BU-
SIBUITML TIPOOJIEMY PO301KHOCTI MIXK MOCYXOH0 3
BHCOKOIO TEMIIEPATYPOIO Ta HEPIBHOMIPHUM PO3-
rofrisioM onaiB y €Bporrti. [logaTkom 11iel po36i-
YKHOCTI MOYKHa BBakaTd 1980-1i poku [7]. 3B's130K
MDXK IIIHPHHOIO PIYHUX KiJIEIb Ta 3HAYHUMU BiJl-
XWJICHHSAMH BiJl CEPEIHIX JTTHIX T 3UMOBUX TEM-
riepaTyp CBiJUUTH TIPO TE, 11O Iii BiAXHUICHHS Iic-
BHOIO MIpOIO TIOB'S3aHi 31 3HIKEHHSIM Pajlialib-
HOTro mpupocty aepes [12]. V monepenHix gocmi-
JDKEHHSIX BUSIBJICHO, 110 (POPMYBaHHS ICPEBHUX
KiJellb Y HaCa/PKEHHSIX, 110 POCTYTh B yMOBaX I10-
MIpHOTO KJIMAaTy, JIIMITYEThCS TeMIlepaTypamu
BEreTaliitHoro nepiomy, paHHbO BECHU Ta 3UMH,
a TAaKOXK KIUIBKICTIO OIAIiB 3a BereTaliiHui Ta
xosoaHui epiomu [13-15].

OTxe, 111 pO3yMiHHS MEXaHI3MIB peaKIii
JiciB HA 3MiHY KIJIIMaTy Ma€ BEJIMKE 3HAYCHHS
JUISL CTAJIOTO YIIPaBIiHHS JIicaMH, OXOPOHH JI0-
BKIIIE Ta PO3POOKH CTpATeTiii IMOM'SKIICHHS
KIiMaTHgHOTrO noTerutingst [16]. B ocraunti poku
JCHAPOXPOHOJIOTIS cTaa eEeKTUBHAM THCTPY-
MEHTOM I BUBUYEHHS TJIOOAJBLHOI 3MIHU KIIi-
MaTy, OCKUJIbKM BOHA Hajae iHGOPMAIiIo PO
JIOBI'OCTPOKOBHI CTaH POCTY JIEPEB 3 BHCOKOIO
PO3IUTBHOIO 3IATHICTIO B Yaci (TOOTO, IOpiYHUIA
npupict) [17]. Jlyist MOHITOPHHTY JTiICOBHX €KO-
CHCTEM paJlialibHUil MPHPICT JEpeB € HaI3BH-
YaifHO BaXXJIMBUM, TOMY IIIO BiH € IHTETpaIbHIM
MIOKa3HUKOM, SIKMH BiZoOpakae ctaH jepeB. [le-
H/IPOXPOHOJIOTTYHI METO/M JI03BOJISAIOTH TaKOXK
BCTAHOBUTH MOXJIMBICTH ajanTarii TUX 4M iH-
X JEPEeBHUX TOPiT HA 3MiHU KJIiMaTy Ha Ja-
HOMY eTaIi po3BUTKY JepeBocTany [18].

MeTta gocaipzKeHHsI — BUSIBUTH OCOOJIH-
BOCTI peaxilii paJliallbHOTO MPUPOCTY COCHU 3BH-
YyaifHOT Ha 3MiHY KJIiMaTy B HaCa/KECHH, sIKE PO-
cre B JleHaponapKy 6i0TeXHOIOTiYHOTO YHiBEp-
cureTy B M. XapKiB

00’ ckmu ma memoou 00Ci0IHCeHNs

Henngpomapk  JlepxaBHoro 0ioTeXHO-
JIOT1YHOTO YHIBEPCUTETY € 00'€KTOM MPUPOIHO-
3aroBizHOrO (POHIY 3arajbHOIEPKABHOTO 3HA-
YeHHs1 B XapKiBChKil o0nacTi, akuid OyJo 3ac-
HOBaHO HaBecHi 1972 poky. Y 30HI BiIIIOYNHKY
y 1972 p. BHCAaIKEHO BEIMKAMU KypTHHAMH
0JIN3BKO JTBOX TUCSY CisHI[IB. COCHU 3BUYAIHOT
(Pinus Syslvestris L.) Kimimat nmoMipHO-KOHTH-
HEHTAJIbHUII 3 HECTaOUIBHOIO  BOJIOTICTIO.
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CepennbopiyHa Temmeparypa MOBITPsl CTaHO-
BUTh +6,5°C, cepeqHbOpiYHA  KUIBKIiCTh
onaziB — 520 MM. 3a IpyHTOBO-KJIIMAaTHYHUMHU
yMOBaMHU II¢ TiBAcHHa dacThHa JliBOOEpexk-
HOTO Jicocrerry. THIT JTICOPOCTUHHUX YMOB —
CBDXMI Cyrpya. IpyHTH — TUIIOBI YOpHO3eMHU
[19].

3acrocoBano niciBauui [20], nerapoxpo-
moJjoriuni [21], cTaTHCTHYHI METOAM Ta METOIN



ISSN 1992-4224 Jlropuna Ta noskimns. IIpobaemu Heoekosorii. 2025. Bunyck 44

KopessiiiHoro ananizy [22]. B 50-piunomy co-
cHoBomy HacamkeHHi (N 49°53°43") E
36°27°117) Bigibpano 11 xkepHiB OypaBoM
IIpeccnepa i3 cToBOYpiB HepeB Ha BUCOTI 1,3 M
BiJ piBHA moBepxHi. Lllapu panaboi Ta mi3HBOT
nepesunn BuMipsHo mpuiagom  HENSON.
CTBOpEHO JOKaJIBbHI JEPEBHO-KUIBIIEBI XPOHO-
JIOTii IJ1s1 Ti3HBOI, paHHBOI Ta PIYHOI ACPECBUHH
HUISIXOM OCEPEeTHEHHS 1HANBIAyaIbHIX XPOHO-
noriii. HacTymaum kpoxom OyIio CTBOpEHHS 1H-
JNEKCHUX  JIOKAJTbHO-JIEPEBHUX  XPOHOJOTIN
HUISIXOM 3TJIa/KYBaHHsI aOCONIOTHUX 3HAYEHBb

pamiaTbHOTO TIPUPOCTY 3-X PIYHOI0 KOB3HOIO.
JenapoxiiiMaTUYHAN aHalli3 MPOBEACHO 3 BH-
KOPHCTaHHSM TpadivyHOro aHajily Ta Kopems-
HIHHOTO aHAI3y MK 1HIEKCHUMH JAepEeBHO-Ki-
JBIICBUMH  XPOHOJIOTISIME Ta KJIIMAaTUYHUMU
yypaHuKamu 3a 1978-1993, 1994-2008 ta 2009-
2023 pp. Bukopucrano meteonani XapKiBChKOI
METEOCTaHII1.

Hopwmy paamianpHOro nmpupocty Ta Kilima-
TUYHAX YWHHUKIB OOYHMCIIOBANH SIK CEepeIaHE
3Hadenus 3a 1978-2023 pp. [18].

Peszynomamu oocnioxncenns

I3 iHgUBIOyamTbHUX IEPEBHO-KUTBIICBHUX
XPOHOJIOTiH COCHM 3BHYalHOI CTBOPEHO JIOKa-
JIbHI IePEBHO-KIJIbIIEBI XPOHOJIOTIi paHHBOT, ITi-
3HBOI Ta piyHOi AepeBuHH. Ha (oHI HEeBIUH-
HOTO 3pOCTaHHS TEMIIepPaTypu BHIUICHO TpPU
Nepiofd PO3BUTKY COCHOBOTO HACAKCHHS:
1978-1993 pp. — MakcUMaIbHUHN paaiadbHUHA
npupict cocar, 1994-2008 pp. — pokn MmocTy-
MOBOTO 3MEHIICHHS PpaJlialIbHOT'O IPUPOCTY Jie-
peB ta 2009-2023 pp. — nepioj 3HAYHOTO 3HU-
KEeHHs npupocty. Temmeparypa 3a Tigpo-
JIOTIYHUNA CTPIMKO 30iNbIIIyBasiacs YIPOIOBK
JOCHTIDKyBaHOTO Tepiogy. Tak 3a mepmimid

repion ii cepeaHBOPIUHE 3HAYCHHS CTAHOBHIIO
7,7°C, 3a npyruii — 8,5 °C, a 3a tperiii — 9,8 °C
npu Hopmi 8,6°C (puc. 1). To6TO y nepuomy
mepioni TemmnepaTtypu Oyiu HMKYEe HOPMH Ha
10%, y npyromy mepioni —Ha 1%, a y TpeTbomy
HaBIIaKH MEPEBUILCHss ckiiano 13% Bix HOpMH.
Hopwma, T00TO cepenHe Mi3HBOI IepeBUHI
32 1978-2023 pp. cranosuna 0,92 mm, y ipyromy
Mepioi BIAXWIICHHI BiJi HOPMH ISl Mi3HBOI Jie-
pesunu craHoBuiio 11%, a 'y Tpersomy — 50%.
Jns mi3HBOI, paHHBOI Ta pidHOi Hepe-
BHHHU JIJISl BCIX TPHOX MEPioJIiB XapaKTepHa 3Ha-
YHA MIHJIUBICTh, TPUPOCTY TOMY IO KOE(IlieHT
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Puc. 1 — J/Ilunamika paHHbOi, Mi3HKOT Ta OTHOPIYHOI IEPEBUHK COCHY 3BUYAHOT B HACA KEHHI
neHaponapky Jlep>kaBHOro bioTeXHOJIOTIYHOTO YHIBEPCHUTETY Ta TEMIIEPaTypa TiAPOIOTiYHOTO POKY
3a maHuMu XapkiBcbkoi meteocTanmii (N 50°00'47" E 36°13'59")

Fig. 1 — Dynamics of early, late and annual wood of Scots pine in the stand of the Arboterum of the State Bio-
technological University and the temperature of the hydrological year according to the data
of the Kharkiv weather station (N 50°00'47" E 36°13'59")
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Bapiarii nepesutrye 20% [20]. Hait6inpmry Ba-
piabeNbHICTh MAapiB PaHHBOI, MI3HKOI Ta PIYHOI
JICPEBUHH BCTAHOBIICHO JUIS TIEPILIOTO TEepioy
(1978-1993 pp.) — 34-36%, mi3Hie Bapiabeb-
HICTh paliaTbHOTO IMPHUPOCTY ACII0 3MEHIIIH-
yacs 1 koeimmienT Bapiallii KoJIMBaBCs B MeXkKax
22-26% 3a BUHATKOM IIi3HBOI JCPEBUHH, IS
skoi koedimieHT Bapiarmii s 2009-2003 pp.
cranoBuB 35%. ToOTo mi3HA AepeBHHA BUABU-
Jacs HalO1IbII BapiaObeIbHOI0 MOPIBHSIHO 3 Pi-
YHOI0 Ta paHHBOIO JepeBuHOI0. Hopma mms
paHHBOI JepeBHHU CcTaHOBWiIa 2,35 MM, a

BiJIXMJICHHS BiJl HOpMH ympojoBx 1994-2023
pp. Oyna menmor Ha 68-74%. [ns piunoi ne-
peBUHH HOpMa cTaHoBmia 3,38 MM, a B JIpy-
oMy TIepioi BIAXWICHHS BiT HOpMH OyII0 MEH-
mM Ha 28%, a y TpeTbomy — Ha 64% (Tabm. 1).

Temnepamypa. KopensmiitHuM aHaIi30M
BCTaHOBJICHO, 110 ¥ 1979-1993 pp. y uepBHi-
CEpITHI MOMEPETHLOTO POKY BILUIMB TEMIEPATYP
Ha paJiaJIbHUN MPUPICT MOTOYHOTO POKY OYB
MTO3UTUBHUM, a JJIs Mi3HBOI Ta PIYHOI IEPEBUHU
— HETaTUBHUM. Y HACTYIHOMY TEpiOJli BILTUB
TEMIIEPaTyp 3a YePBEHb-CEPIICHb CTaB MO3UTH-

Tao6auns 1

OnucoBa cTaTHCTHKA PafiaJIbHOT0 NPUMPOCTY COCHU 3BHYANHOI y HacaJ:KeHHi JleHaponapky
0i0TeXHOJIOTiYHOI0 YHiBepcuTeTy

Table 1

Descriptive statistics of radial growth of Scots pine in the plantation of the Arboretum
of the Biotechnological University

Mokasuuk / Indicator | 1978-1993 pp. | 1994-2008 pp. | 2009-2023 pp.
ITi3ust nepesuna / Late wood
Cepenne/ momuiika, Mm / 1,51+0,14 0,82+0,05 0,46+0,04
Mean/ error, mm
CrangaptHe BigxuiieHHs / 0,54 0,19 0,16
Standard deviation
ucriepcist BUGipK / 0,29 0,04 0,03
Sample variance
MinimyMm, MM / 0,87 0,42 0,24
Minimum, mm
Makcumym, mm / 2,65 1,17 0,80
Maximum, mm
Koedimient Bapiarii / 35,81 23,43 35,15
Coefficient of variation
Pannst nepesuna / Early wood
Cepenne/ nomuika, Mm / 4,53+0,41 1,62+0,11 0,76+0,05
Mean/ error, mm
CranjaptHe BigxuiieHHs / 1,62 0,43 0,21
Standard deviation
Iucriepcist BuGipKu / 2,62 0,18 0,04
Sample variance
MinimyM, MM / 2,34 0,88 0,41
Minimum, mm
Makcumym, MM / 7,66 2,45 1,18
Maximum, mm
Koedimient Bapiarii / 35,81 26,42 27,10
Coefficient of variation
Piuna nepesuna / Year-round wood
Cepenne/ momuika, Mm / 5,99+0,35 2,44+0,14 1,22+0,08
Mean/ error, mm
CrangapTHe BigxuieHHs / 1,41 0,54 0,31
Standard deviation
Nucriepcist BuGipK / 2,01 0,29 0,10
Sample variance
MinimyM, MM / 3,81 1,40 0,78
Minimum, mm
Makcumym, Mm / 8,90 3,35 1,70
Maximum, mm
Koeoiuient Bapiaii / 33,53 22,19 25,72
Coefficient of variation

~ 177~
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BHHUM JUISI BCiX BHIIB IEPEBUHU, a IS CEPITHS
HETAaTHUBHUH BIUTMB TOM SKIIMBCA. Y HACTYII-
HoMy mepioai (2009-2023 pp.) BILIMB cepriHe-
BUX TEMIIEpATypH [IONEPETHHOTO POKY CTaB I0-
3UTHUBHUM. Temreparypu S>KOBTHS TOHepe-
HBOT'O POKY HETaTHBHO BIUIMBAJIN Ha BEIHMYUHY
IapiB BCiX BUAIB JEPEBUHHU YIIPOAOBK BCHOTO
nepiony. YIpomoBK X0JI0THOTO Tepiony (3 Ju-
CTOMAa/Ia MOTEePeJHHOTO POKY IO CepIieHb MOTO-
YHOTO POKY) JJIS IIEPIIIOTO Ta IPYTOTo IMEePioIiB
BCTAHOBJIEHO, B OCHOBHOMY, HEraTHBHUI
BIUIMB TEMIIEPaTyp Ha MPHUPICT, SKUH MOCHUIH-
BCSl Y APYTOMY TEPioJii. Y TPEThOMY i€l BIUTUB
TEMIIEpaTyp AEII0 MociaaduBcsa. XapakTepHOIO
PHCOIO BIUTUBY TEMIIEPATyp XOJOAHOTO Tepi-
Olly y Ipyromy mepiofi € 3HauylIuidi HeraTHB-
HUH BIUIMB TPYJHEBHUX TEMIIEpaTyp Iomepen-
HBOI'O POKY Ha HPUPICT PAaHHBOI IEpeBUHH. Y
TPEThOMY TEpiOAl 3HAUYNIUH HETaTHBHHUN
BIUIMB Ha TIPUPICT BiAMIUEHO paHillie — y JINCTO-
Taji MoMepeIHbOr0 POKY. Y MepIIoMy Iepioi
TeMIIepaTypH BEereTalliifHOro nepioy (3 KBiTHS
M0 CEepIreHb), TOJIOBHMM YHHOM, HETaTHBHO
BIUIMBAIM HAa PAHHIO JEPEBUHY. Y Ipyromy
nepiofli BCTAHOBJICHO 3HAYYIINA MO3UTUBHUI
3B’S130K MK TPAaBHEBOIO TEMIIEPATyPOIO Ta paH-
HBOIO JICPEBUHOI0. Y TPEThOMY NEPioAi TemIe-
paTypu OOMEXYBalIH pajiallbHUN MPHUPICT CO-
CHU 3BHYANHOI 3 KBIiTHS 10 ceprieHb. OHak Oe-
PE3HEB1 TEMIIEpaTypy Mali B TPETHOMY TePioJii
MO3UTUBHUI BIUIMB HA PIYHUH IpHpicT aepe-
BUHHU (pHC. 2).

Onaou. Hopmy omnazie 3a BererariiiiHuii
niepiof] (KBiTeHb-CEpIeHb), sIka CTaHOBHIA 262
MM, o0uncieno 3a 1979-2022 pp. Y 1979-1993
Pp- CepeiHs KUTBKICTh OMajliB YIPOJIOBXK Bere-
tarii cknama 274 MM, y 1994-2008 pp. — 270
MM, ay 2009-2023 — 245 mm. Tob6T0 y nepiomy
Nepioi 3a BIANOBIIHUI TEPMiH OMAiB BUIIAIO
Ha 7% BHIIlEe HOPMH, ¥ ApyroMy — Ha 3% BHIIIE
HOPMH, a Y TPETbOMY — Ha 7% MEHIe HOPMH.
Hopwma 3umoBux onaiiB craHoBuia 127 mwm, ce-
pelHs cyMa omnajiiB y mepuioMy nepiojii cTano-
Buna 127 mm, y apyromy — 123 mm, a y Tpe-
ThOMY — 132 Mm. ToOTO y nepiomy nepioni Ki-
JBKICTh ONAJIiB BiJIOBiJaia HOPMi, y IpyromMy
nepiozi B3UMKY Bunano Ha 4% MeHIle HOPMH,
a'y TpeTboMy Iepioai — Ha 7% BHILE HOPMH.

Bruius omamiB Ha pamiajibHUA HPUPICT
COCHU 3BHYaiHO1 30UbImmBCs 'y 2009-2022 pp.
nopiBHAHO 3 1994-2008 pp. V Tperbomy mepi-
Olli BCTAHOBJCHO 3HAUYYLIMH MO3WTHBHUUI
BIUIMB CEPIIHEBUX OIAJiB IONEPEAHBOTO POKY
Ha pajialbHUN NPHUPICT MOTOYHOTO POKY Ta

~178 ~

3HAYYIIMH HETaTUBHUI BIUIMB CIYHECBHX OITAJliB
Ha PaHHIO Ta PiuHY IEPEeBUHY, a TAKOX HETaTH-
BHUI1 BIUTUB OMaJiB CEPITHs Ha PiYHY ACPEBUHY.
Y 1979-1993 pp. onaam monepeIHbOTO POKY 3a
YEepBEHb-IUCTOMNAJ  TEPEBAXHO  HEraTHBHO
BIUIMBAJIM Ha pajiajbHUAN NPUPICT, y HACTYIHI
1994-2008 pp. 1eit BIUMB OYB NEpEBaXKHO TI0-
3UTHBHUM Y dYepBHi-nucromani, y 2009-2022
Pp- BILUTUB OMAaJiB 32 CEPIICHb-TUCTONAJ TOTe-
PEIHBOIO POKY OyB, TOJIOBHUM UMHOM, TaKOX
[IO3UTUBHHM.

VY mepmomMy mnepiofi ynpoaoBkK XOJOA-
HOTO TepioAy (3 JNHCTOMaza MONepPeIHbOrO
POKY 110 Oepe3eHb TOTOYHOT0 POKY ) BILIUB OIla-
IiB Ha IPUPICT OYB MEpEeBaKHO MO3UTUBHHUM 32
BUHSITKOM JIFOTOTO, KOJIM CIIOCTEpiraBcs 3Hauy-
1 HETaTUBHUI BIUIMB OTIaJ(iB HA TI3HIO Iepe-
BHHY.

Y napyromy mnepiofi e MO3UTHUBHUIMA
BIUIMB JIEIIO TOCHJIMBCS, FOJOBHUM YHMHOM 32
BHHSITKOM Ti3HBOT ICPEBUHH.

Y TpeTboMy Nepiojii MO3UTUBHUI BIUIMB
OMaJIiB YIPOJOBXK JAHOTO MEPIOJy 3HU3MBCA i
JIO TOTO X BIUIMB OTAIB yIPOJOBXK CiUHS 3HA-
YyIle HeTaTHBHO BIUIMHYB Ha TIPUPICT Mi3HBOT
Ta pivHOi JepeBrHU. BIUMB omnajiB ynpo 0Bk
BEreTaliifHoOro nepioay Mo3UTUBHO BIIMBAB Ha
MPUPICT YIPOAOBXK JIMIHS-CEPIHS MOTOYHOTO
POKY y TepHnii 1mepioji, HaBiTh BCTAHOBJICHO
3HAYYIIMK NO3UTUBHUI BIUIMB JIMIIHEBUX OMa-
IiB Ha piuHy AepeBUHY. Y ApyromMy nepiomi ym-
POJIOBXK TPaBHS-CEPITHS BCTAHOBJIEHO TTO3UTHB-
HUI BIUTMB Ha BCi BUJIM JISPEBUHH. A y CepITHi
Tperboro mepiomy (2009-2022 pp.) BcTaHOB-
JICHO HeraTUBHUH BIUIMB ONa/liB Ha piYHy Aepe-
BUHY (puc. 3).

Otxe, y 1978-1993 pp. TemnepaTypu Be-
reTauifHoro nepioay MonepeaHsoro poky (4ep-
BEHb-CEPIIEHb), OOMEXYBaIH MPUPICT PAHHBOT
Ta PiYHOI JIEPEBUHHU ITOTOYHOTO POKY, & Y HACTY-
i nepionu 1994-2022 pp. ueii BIMB ociaadu-
Bes. Y 2008-2022 pp. temmeparypu Oepe3Hs-
CeprHs Oibllie OOMEKYBaIN PajialbHUNA MPH-
picT cocHu B nopiBHstHHI 3 1979-1993 pp.

BincyTHicTh CTIMKOTO CHIrOBOIO TMOK-
pHUBY, TIOB’SI3aHOTO 13 MOTEIUTIHHAM B3UMKY, Y
TpeTbOMy Tepiofi, HMOBipHO, mMpu3Bena A0
3MEHIIEHHS BOJIOTO-HAKOMMYEHHSI B IPYHTI,
TOMY HE3Ha4YHe 301IbIICHHS OIaJIiB B3UMKY HE
3MOTJI0 KOMITEHCYBATH JIOCTATHIO KiJTBKICTh BO-
JIOTiCTi B IPYHTI 1 TOMY ONau TPYyIHs IMOmepe-
JHBOTO POKY Ta Ci4HS IIOTOYHOTO POKY MMOYaIN
00MEXyBaTH pajiadbHUN MPUPICT COCHU 3BU-
YaifHOi y TPEeThOMY MEPiofi.
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Puc. 2 — Kopensiuiiiauii aHali3 Mix JIepeBHO-KUJIbIIEBUMH XPOHOJIOTISIMU PAaHHBOT, ITI3HBOI Ta PIYHOI JEPEBUHH
COCHHM 3BHUaitHOT 1 Temneparypamu. [TpumiTka: * — Micsi monepeHbOro poKy; ** — 3Hauyiricts Ha pisHi 0,05;
***_ 3pauymicTh Ha piBHi 0,01
Fig. 2 — Correlation analysis between tree-ring chronologies of early, late and annual wood and temperatures.
Note: * — months of the previous year; ** — significance at the 0.05 level
***_ significance at the 0,01 level
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Fig. 3. — Correlation analysis between tree-ring chronologies of early, late and annual wood and precipitation.
Note: * — months of the previous year; ** — significance at the 0.05 level
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B3aeMo03B's130k MiXK KJIIMATOM i pOCTOM
JICPEB MOXHA BHKOPUCTOBYBATH JUISl OI[IHKU
BIUIMBY MOTEHLINHOI perioHaJbHOI 3MiHU KIi-
MaTy Ha picT AepeB. BB kimiMaTndHuX (hak-
TOPIB Ha PICT KOPCUKAHCHKOT COCHH, IO POCTE
Ha HU3BKUX BHUCOTaxX Ha KUCIUX J00pe ApEeHO-
BaHMX IPYHTaX y 3aximHiii Opamnriii, Oyio ori-
HEHO IIISXOM TIOPIBHSHHS PIYHUX 1HIEKCIB
paHHBOI IEPEBUHH, TTI3HHOI ACPEBUHHM Ta PiIHOI
JIEPEBUHHU 3 MOMICIIHIUMH TaHUMHU PO TEMIIe-
paTypy Ta omanmu, 3a mepiom 1922-1991 pp.
AHaJi3 perepHHUX POKIB Ta KIIMAaTHYHI MOJCII
MOKa3aJIH, 10 JIITHSA IMOcyXa 0yjia OCHOBHHM JIi-
MITyIOUUM (HaKTOPOM POCTY B JOCIHIJIKYBa-
HOMY paiioHi. 3uMOBHUH (HOTOCUHTE3 Ta BUTIEPE-
JOKEHHS TEPMIHIB BIJHOBIECHHS KaMOialbHOL
aKTUBHOCTI OyJIM MOXKIIMBUMH MTPUYUHAMHM T10-
3UTHUBHOI 3UMOBOI TeMIIEPATYPHOI KOPEJIALii 3
PaHHBOIO JIepeBUHOI0 y Dpanmii. 301TbITYI0UH
JMITHIH BOTHUH CTpec, cTadiabHE 3POCTAHHS
MOJKE MTPU3BECTH JI0 3MEHIIIEHHS POCTY Ta, HMO-
BipHO, JI0 CKOPOUYEHHSI JIICiB Y HACTYITHI POKH.

Lli pe3yapTaTHl CIiJI BpPaxOBYBAaTH IIpH
MIPOTHO3YBAaHHI MOKJIUBUX PEaKIiii KOPCUKaH-
CBKHX COCHOBUX HAcaJpkeHb Ha TJI00albHI
3minu [23]. B Hammx JOCIiIKEHHIX BCTAHOB-
JieHo, 1o AKo y 1979-2008 pp. BIUHB TemIie-
paryp Ha TIpUpicT OYB B OKpEMi POKH SIK MO3H-
TUBHUM TaK 1 HeraTuBHuM, a y 2009-2022 pp.
el BIUIMB OYB YiTKO HETATHBHUM YIPOJOBXK
KBITHSI-CEPITHS. Y HAIIUX JTOCIIPKEHHSX IT1IBH-
IICHHS 3MMOBOI TEMIIEPATypPH HABIIAKH — CTAJIO
HETaTUBHO BIUIMBATH Ha IPHPICT JEPeB 3 4a-
coM. Tak, y 1994-2008 pp. BCTaHOBJIEHO 3HaYy-
Wi HETaTUBHUU BILTUB TeMIIEpaTyp CiYHs Ha
MIPUPICT PaHHBOI JepeBuHH, a y 2009-2022 pp.
el 3HauylIMil HEraTUBHUM BIUJIMB Ha IIapu
PaHHBOI IEPEBUHN BCTAHOBIICHO PAHIIIe — IS
TPYAHS TOTIEPETHBOTO POKY.

Edward Cook [12] mocmimkyBaB BUHHUK-
HEHHS EKCTPEMYMIB y CEPITHEBUX Ta IPYAHEBHX
TEMIIEPATYPHUX Psiiax MONEPEAHBOIO POKY Ta
iX BIUIMB Ha palialIbHUI MPHPICT 3HUKAIOYOT
yepBoHoi sutnau (Picea rubens Sarg.) sika pocte
B Anmanaucbkux ropax [liBHIiuHOT AMepuUKH.
[To3uTHBHI BIAXWIICHHS CEpIHs Ta rpyaHs (31
3BOPOTHUM 3HAKOM) BKa3ylOTh Ha KJIIMaTHUYHO

CTPECOBI Mepioay, SKi MOXYTh HPU3BECTU JIO
3HIKEHHS palliaIbHOTO MPUPOCTY HACTYITHOTO
nita. [lepion Bcuxanus aepeB 1870-x ta 1950-
UX POKIiB, JEMOHCTPY€E TOEJTHAHHS CHIILHOTO
ceprHeBoro Tta rpymaHeBoro crpecie (Cook,
1987). V mammx mgocmimkenasx y 2009-2022
Pp. BCTaHOBJICHO TIO3UTHBHUI BIUTHB CEepITHE-
BUX TEMITIEPATYp Ta HETATUBHUI BILTHB TPYJIHE-
BUX TEMIIEpaTyp MONepeIHHOr0 POKY, IO Hera-
THBHO BIUIMHYJIO HA MPHUPICT BCiX BHIIB Jepe-
BHHH Yy HACTYITHOMY DOIIi.

[Ipu mocmimkeHHi BIITUBY 3MiH KIIMaTy
Ha panianbHuil mpupict cocHu B JliBoOepex-
HOMY cTeny Ha mpukiaai 100-pigHoro cocHo-
Boro HacajkeHHst 11 «XapkiBcpbka sicoBa Ha-
YKOBO-JIOCJi/THA CTaHI[is1» BCTAaHOBJICHO, WIO
npu nopiBHsHHI 1960-1988 Ta 1988-2016 pp.
BUSIBJICHO, IO SIKIIO JUTS MIEPIIOTO Mepioay Xa-
paKkTepHHUI TO3UTHUBHUH BIUTMB JIITHIX TEMIIE-
paTyp Ha pafialbHUN IPUPICT, TO IS APYTOTO
repioy BOHU IMOYMHAIOTH OOMEXYBaTH MPH-
pict. He3naune 30ibIIeHHST KIIBKOCTI OMajiB
3a BeTeTaIliiiHuiA 1epio]] y IpyroMy mepioi He
3MOTJIO TIOM’SIKINUTH BIUTUB BUCOKUX TEMIIepa-
TYp Ha pajiaibHUii npupict nepes [24]. V Ha-
MIMX JOCHIPKCHHAX KBIiTHA-cepnHs y 1979-
2008 pp. BILIMB Temreparyp OyB sIK TO3UTHB-
HUM TaK HETaTHUBHUM YMPOAOBXK JAHOTO Mepi-
oy, ay 2009-2022 pp. 1ieii BIUTHB CTaB HETaTH-
BHUM ]ISl pAaHHBOT, MMi3HKO1 Ta PIYHOI JIEPEBUHH.

B nacamxennsx BI1 HYBIll Ykpainu
«bosipceka JIZIC», BCTAHOBJIEHO, IO OCHOB-
HUMH YMHHHKAMH, 110 BIUIMBAIOTh Ha OOMe-
JKCHHSI PaliaIbHOTO MPHUPOCTY COCHU 3BHYAM-
HOT € EKCTpeMalTbHI TEMITEPATYPH TiJT Yac Bere-
TaliHOTO TEPiOay Ta 3MIHY TiIPOJIOTIYHOTrO
PEXUMY, SIKUH MOTIPIIUBCSA Y 3B°SI3KY 3 TUM, IO
KUTBKICTB OTIaJIiB YIIPOJOBK BEreTaIliiHOTO TIe-
piogy 3menummwiack [25]. Hanpukmaza, Bigxu-
JICHHSI BIJ{ HOPMH 3a OKPEMi MICSI[i BereTarlii-
HOTO Tiepioly KoumBanucs B Mexax 32-40%. ¥V
HaIMX JOCTIDKSHHSX IS TPEThOIro MEpioay
XapakTepHe MiJIBUIIICHHS TEMIIepaTyp 3a Bere-
TaIIAHUH TIepio 1 AesKe 3MEHIIIEHHS KITBKOCTI
OMaJIiB yIPOIOBXK LBOT0 mepiony. Baumky ki-
JIBKICTB OIajiB HaBIaKu — 30uibmnacs. TooTo
B1IOYBCSI CE30HHMI MEPEILT OMaIiB.

Bucnoexu

JleHapoKIIiMaTHYHI JOCIIKEHHS Cepe/i-
HBOBIKOBOI'O COCHOBOI'O HACADKEHHS B JICO-
CTEMOBIM 30HI I TPhOX HepiomaiB: 1979-1993,
1974-2008 ta 2009-2022 pp., mokasajiu ociad-
JICHHSI HACA/DKCHHS YIPOJOBX TPETHOTO TEpi-
o1y, TIPO IO CBiAYUTH HANOUIBINA KiTBKICTh
3HAYYIIMX KOPEJSILid MK palialbHUM pOCTOM
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COCHHM Ta KiimMatuuHumu (akropamu. Buss-
JICHO, 10 YIPOAOBX I1’ATH pokiB (2018-2022
pp.) croctepiranacsi cradiiizamisi pagiaTbHOTO
pocTy cocHH, TOOTO HE OYyJI0 3HIKCHHSI TPEHIY
pazianbHOTrO pUpocTy Aepes. Lle cBiqunTs mpo
HMOBIpHY aJamnTamilo COCHU 10 3MiHH KJIIMaTy
Ha I[bOMY eTari.
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Kongnikm inmepecie

ABTOpU 3agBJISI0TH, 1[0 KOHQJIKTY iHTepeciB 1moA0 ny6Jsikalii 11boro pyKonucy HeMae.

KpimMm Toro, aBTOpU MOBHICTIO AOTPUMYBAJIUCh €TUYHUX HOPM, BKJIKUYAKO4M MjariaT, ¢asb-
cudikaliro JaHUX Ta MOJABIHHY My6JTiKaLlio.
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Bnecok agmopis: aBTOpu 3pO0IITH PIBHHUIA BHECOK Y ITI0 poOOTY
B po0oTi HEe BUKOPUCTAHO PECYPC MITYYHOTO IHTEIIEKTY.
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THE RESPONSE OF RADIAL GROWTH OF SCOTS PINE TO CLIMATE CHANGE
IN THE PLANTING OF THE ARBORETUM
OF THE BIOTECHNOLOGICAL UNIVERSITY IN KHARKIV

Purpose. of the study is to identify the features of the response of the radial growth of Scots pine to climate

change in a stand growing in the Arboretum of the Biotechnology University in Kharkiv.

Methods. Silvicultural, dendrochronological, statistical and correlation analysis methods were applied.
Results. 11 cores were selected from tree trunks with a Pressler borer. Layers of late, early and tree ring

widths were measured using the HENSON device. An index local tree-ring chronology was created. The biological
(age) trend was removed using the 3-year sliding method. A correlation analysis was conducted between index tree-
ring chronologies and climatic factors (precipitation and temperatures from June of the previous year to August of
the current year).Against the background of increasing temperatures, three periods of pine stand development were
distinguished by indicators of late, early and annual wood. Late wood turned out to be the most variable compared to
annual and early wood. It was established that there was a weakening of pine plantations during the third period. This
is evidenced by the largest number of significant correlations between radial growth of pine and climatic factors for
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2009-2022. In 1978-1993, the temperatures of the previous year’s growing season (June-August) limited the growth
of early and annual wood of the current year, and in the following periods 1994-2022 this influence weakened. In
2008-2022 temperatures in March-August limited the radial growth of pine more than in 1979-1993. The lack of
stable snow cover associated with warming in winter in the third period probably led to a decrease in moisture accu-
mulation in the soil, so a slight increase in precipitation in winter could not compensate for a sufficient amount of
moisture in the soil and therefore precipitation in December of the previous year and January of the current year
began to limit the radial growth of Scots pine in the third period.

Conclusions. Dendroclimatic studies of middle-aged pine stands in the forest-steppe zone for three periods:
1979-1993, 1974-2008 and 2009-2022 showed a weakening of the stand during the third period, as evidenced by
the largest number of significant correlations between the radial growth of pine and climatic factors. It was found
that over five years (2018-2022) there was a stabilization of the radial growth of pine, that is, there was no decrease
in the trend of radial growth of trees. This indicates a probable adaptation of pine to climate change at this stage.

KEYWORDS: early wood, latewood, tree ring width, Scots pine, temperature, precipitation, climate
change
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EUROPEAN EXPERIENCE AND PROSPECTS FOR THE IMPLEMENTATION
OF ENVIRONMENTAL CERTIFICATION IN UKRAINE’S HOSPITALITY SECTOR

Purpose. This study analyzes the European experience in implementing environmental certification sys-
tems in the hospitality industry (ISO 14001, EU Ecolabel, Green Key) and identifies prospects for their adaptation
in Ukraine. The focus is on the role of certification as a tool for sustainable management, ecological safety, and
competitiveness of the HoReCa sector.

Methods. The research applies system-analytical, comparative, statistical, and information-entropy ap-
proaches.

Results. The data sources include EU Ecolabel, Green Key, and EMAS registers, Eurostat, Hotel Footprint-
ing 2024, and scientific articles Brrmro 2020-2025. Quantitative indicators of energy and water consumption, CO-
emissions, and certified hospitality facilities in EU countries were evaluated. Over 4200 European hotels hold Green
Key certificates and around 900 have EU Ecolabel status, with the highest concentrations in Denmark, France, Spain,
and Italy. ISO 14001 implementation reduces energy use by 15-25 %, water consumption by 20 %, and waste gen-
eration by up to 30 %. Major barriers for Ukraine include lack of incentives, insufficient environmental awareness,
and limited availability of certified auditors. A national initiative “Green Hospitality UA” is proposed, based on EU
Ecolabel principles and the Green Deal Policy.

Conclusions. Environmental certification serves as an effective mechanism for ensuring ecological safety
and sustainable development of hospitality enterprises. Integrating EU standards into Ukraine’s HoReCa sector
will enhance resource efficiency, reduce environmental pressure, and improve its green reputation. Further re-
search should focus on economic modeling of certification effects and integration into national tourism and envi-
ronmental management policy.

KEYWORDS: environmental certification, sustainable development, hospitality industry, EU Ecolabel,
Green Key, ISO 14001
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Introduction

The hospitality sector is among the most industry accounts for about 8% of global CO.-
dynamic branches of the global economy and, equivalent emissions, with 20-25% of these at-
at the same time, a significant factor influencing tributed directly to the activities of hotels and
the state of the environment. Hotel and restau- food service establishments [2]. These pro-
rant complexes, together with related tourism cesses occur in close interaction with urban en-
services, create a considerable anthropogenic vironments, transport infrastructure, and water
burden on natural systems through energy and and energy systems, highlighting the need for
water consumption, waste generation, and the systematic environmental safety management
emission of greenhouse gases and air pollutants within the industry.
[1]. According to the United Nations Environ- In the context of growing public demand
ment Programme, the tourism and recreation for sustainable development and increasing eco-
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awareness among consumers, reducing the eco-
logical footprint of the HoReCa sector has be-
come a strategic priority in both international
and national programmes. Within the frame-
work of the Green Deal and the Circular Econ-
omy Action Plan, the European Union has iden-
tified the hospitality industry as one of the pri-
ority sectors for decarbonization and improved
resource efficiency [3]. In this regard, the im-
plementation of Environmental Management
Systems (EMS) is viewed not only as a volun-
tary tool of corporate responsibility but also as
a practical mechanism for enforcing environ-
mental policy.

One of the most widespread international
standards is ISO 14001, which defines the re-
quirements for an enterprise-level environmen-
tal management system. Its main goal is to en-
sure a continuous improvement cycle through
the identification of environmental aspects of
operations, control of resource flows, setting of
objectives, monitoring of indicators, and con-
ducting of internal audits [4]. Alongside ISO
14001, other certification schemes are actively
applied in the hotel sector, including Green
Key, EU Ecolabel, LEED, EarthCheck, Green
Globe, and Travelife, all of which are based on
the principles of rational use of water and en-
ergy resources, waste management, biodiversity
conservation, and environmental education of
personnel [5, 6].

European studies indicate that certified
hotels reduce energy consumption by an aver-
age of 18-25%, water consumption by 15-20%,
and the amount of solid waste generated by 10—
30% compared to non-certified ones [7]. Such
results are achieved through the introduction of
technical innovations (heat recovery systems,
LED lighting, greywater reuse, on-site
wastewater treatment) as well as environmen-
tally oriented managerial solutions, including
“green procurement” policies and eco-labelling
of food products [8].

Beyond the direct ecological effect, certi-
fication provides socio-economic benefits: in-
creased competitiveness of hotels, strengthen-
ing of brand reputation, enhanced customer loy-
alty, and higher profitability [9]. According to
the study by Velaoras et al. (2025), hotels certi-
fied under Green Key or ISO 14001 demon-
strate, on average, 12% higher occupancy rates
and 15-18% higher customer satisfaction com-
pared with control groups [10]. At the same
time, barriers to wider adoption of eco-certifica-
tion remain: high implementation costs, low
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awareness among small business owners, lim-
ited access to preferential financing, and the ab-
sence of state incentives [11].

For Ukraine, the issue of environmental
modernization in the hospitality industry gains
particular importance in connection with the
process of European integration and the need to
harmonize national standards with EU require-
ments. Despite the adoption of several legisla-
tive acts in the field of environmental protection
— such as the Law of Ukraine “On the Basic
Principles (Strategy) of the State Environmental
Policy of Ukraine until 2030 (2019), the Law
“On Tourism” (1995), and the national stand-
ards DSTU ISO 14001:2015 — the actual level
of implementation of environmental manage-
ment systems remains low. According to re-
searchers, the share of certified establishments
within the total number of HoReCa enterprises
does not exceed 1%, whereas in EU countries it
reaches 20-25% [12].

In recent years, scientific research de-
voted to the ecological transformation of the
hospitality sphere has intensified significantly.
The works of Abdou et al. (2020) [13] describe
the mechanisms of implementing the “green ho-
tel” concept in developing countries; Prakash et
al. (2022) [14] explored the structure of sustain-
able practices in hotel management; Ma-
koondlall-Chadee & Bokhoree (2024) [15] ana-
lyzed methods for assessing EMS effectiveness
through indicators of energy use and waste gen-
eration. Nevertheless, most publications focus
on economic or behavioral aspects, while the
environmental dimension—particularly the eval-
uation of environmental impact and the spatial
adaptation of EU standards to Ukrainian condi-
tions—remains insufficiently studied.

Given the above, there is a need for a
comprehensive study that integrates the princi-
ples of environmental monitoring, environmen-
tal management, and eco-economic analysis of
hospitality enterprises. Such an approach makes
it possible not only to assess the effectiveness of
certification systems but also to view them as
tools for modeling and optimizing the state of
the environment, fully consistent with the con-
cept of neoecology — a field focused on integrat-
ing natural and social components of develop-
ment [16].

The aim of this study is to assess the role
of environmental certification in ensuring sus-
tainable development and environmental safety
in the hospitality industry, to analyze European
experience in implementing environmental
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management systems (ISO 14001, EU Ecolabel,
Green Key), and to determine the possibilities
for harmonizing these standards in Ukraine,

taking into account the concept of the infor-
mation-entropy approach to the management of
environmental systems.

Objects and Methods of Research

The object of the research is the environ-
mental certification of hospitality enterprises as
a tool for managing the state of the environ-
ment. The subject of the research is the relation-
ship between the implementation of Environ-
mental Management Systems (EMS)-specifi-
cally ISO 14001, EU Ecolabel, and Green Key
standards—and the indicators of sustainable de-
velopment, environmental safety, and the effi-
ciency of natural resource use within the hospi-
tality sector.

The study is based on the hypothesis that
integrating certification standards into an enter-
prise’s management system contributes to re-
ducing the entropy of the “hotel-environment”
ecological system, that is, to increasing the de-
gree of orderliness in the use of energy, water,
and materials, and reducing negative environ-
mental impacts [1, 2].

To achieve the aim of the study, a set of
open databases and secondary statistical materi-
als was used, including: EU Ecolabel Register
(European Commission, DG Environment),
which contains information on accommodation
facilities certified under the EU environmental
criteria. From this database, data were selected
on the number of certified hotels, geographical
distribution, and main environmental indicators
(energy, water, waste); Green Key International
Database (Foundation for Environmental Edu-
cation) — a global register of enterprises holding
Green Key certification, from which data by Eu-
ropean countries, types of establishments, and
years of certification were used; Cornell Hotel
Sustainability Benchmarking Index (CHSB) —
an annual database of energy use, water con-
sumption, and CO: emissions in the hotel sector
(by region and category); Eurostat Environmen-
tal Accounts — datasets env_ac_eneind (energy
indicators), env_ac ainah r2 (water use), and
env_wasgen (waste in the service sector); Na-
tional Statistical Reports of Ukraine (State Sta-
tistics Service, 2023-2024) — data on the num-
ber of accommodation facilities, volumes of en-
ergy and water consumption, tariff policy, and
cost structure in the HoReCa sector.

Ten EU countries (Denmark, Italy,
Greece, Poland, France, the Netherlands, Spain,
Portugal, Germany, and the Czech Republic)
were compared with the approximate indicators
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for Ukraine to identify the gap between the level
of implementation of environmental standards
and ecological performance.

The methodological framework of the
study is based on ecological-economic and in-
formation-entropy approaches to assessing the
effectiveness of environmental management
[4]. It involves a multi-level analytical structure
comprising:

e Structural-analytical level — description
and classification of environmental certification
systems according to the content of their crite-
ria, the degree of regulation, and the scope of
application.

e Comparative-statistical level — analysis
of environmental indicators of certified and
non-certified hotels (based on aggregated
CHSB and EU Ecolabel data).

e Model-evaluative level — calculation of
sustainability indices for hotel operations and
assessment of the degree of reduction in anthro-
pogenic environmental impact.

e System-prognostic level — evaluation of
the potential for harmonizing EU standards
within the Ukrainian context, taking into ac-
count environmental legislation and institu-
tional barriers.

Based on the recommendations [5—7], the
study employs a system of quantitative sustain-
ability indicators reflecting the key aspects of
the hospitality sector’s environmental impact
(Table 1).

The sustainability index was calculated
using the normalized integration formula:

( E w R C )’ (1)

1
Si=1-—-
Eref Wref Rref Cref

4

where: (Eref, Wret, Rref, Cref) TEpresent the ref-
erence (EU-average) values for certified hotels.

Thus, (S; = 1) corresponds to the highest
level of sustainability, while (S; — 0) indicates
the lowest.

To achieve the research objectives, the fol-
lowing methods were applied: comparative-ana-
Iytical method — for analyzing the structure and
criteria of 1SO 14001, Green Key, and EU Eco-
label standards; environmental normalization
method — to calculate relative impact indicators
per unit of area or service; correlation-regression
analysis — to identify the relationship between
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Table 1

System of Quantitative Sustainability Indicators for Assessing the Effectiveness
of Environmental Management in the Hospitality Sector

Category Sg::ll of Meilllll:emen ¢ Description
Energy consumption (E) | kWh/m? or Total electricity consumption during
kWh/guest-night the operation period.

Water consumption (W) | L/guest-night Average daily water use.

Waste generation (R) | kg/guest-night Amount of solid waste generated.

CO: emissions (C) | kg CO2/guest-night Estimated according to the Hotel
Carbon Measurement Initiative
(HCMI) methodology.

Sustainability index (S;) | dimensionless Composite indicator integrating
the parameters ( E, W, R, C).

the certification level (presence or absence of
standard) and the performance indicators ( E, W,
R, C, S_i ); SWOT analysis — for systematizing
the strengths, weaknesses, opportunities, and
threats associated with the implementation of
certifications in Ukraine; content analysis — for
evaluating EU strategic documents and national
sustainable tourism programs; information-en-
tropy method — for qualitative generalization of
the degree of orderliness in environmental flows
within the “hotel-environment” system and for
identifying the potential reduction in entropy as
a target of environmental management [8].

The study covers the period 2018-2024,
during which there has been a notable 45% in-
crease in the number of eco-certified enterprises
in the EU and the emergence of sustainable
tourism initiatives in Central and Eastern Eu-
rope. The spatial analysis was conducted at two
scales: regional level — EU countries officially

registered under EU Ecolabel or Green Key cer-
tification; nNational level (Ukraine) — assess-
ment of potential opportunities for adapting cer-
tification systems based on the current legal
framework, natural-resource characteristics,
and state of infrastructure.

The proposed methodological approach
integrates economic—ecological analysis, com-
parative evaluation of EMS standards, and the
information—entropy approach to managing
sustainable systems. Unlike most studies that
focus mainly on the socio-economic effects of
certification [9, 10], the present research aims to
provide a quantitative assessment of the envi-
ronmental outcomes of standard implementa-
tion, integrating indicators of energy, water,
waste, and CO: emissions into a single sustain-
ability index, and analyzing the spatial adapta-
tion potential of environmental management
systems for the Ukrainian HoReCa sector.

Results and Discussion

1. Expansion of Environmental Certifica-
tion Systems in the Hospitality Sector

An analysis of statistical data for 2018-
2024 indicates a steady increase in the number of
hospitality enterprises implementing environ-
mental standards within the European Union.
According to the EU Ecolabel and Green Key da-
tabases, the total number of certified hotels in EU
countries exceeded 6,200 establishments in
2024, which is 45% higher than in 2018 [17]. The
highest concentrations are observed in Denmark,
France, Spain, Italy, and the Netherlands, coun-
tries with a long-standing history of voluntary
environmental schemes and strong governmental
support for “green” tourism [18].

The high level of certification in Northern
and Western Europe can be attributed to financial
incentives (such as tax reductions and grant pro-
grams), legal integration of EMS standards into
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national licensing systems, and active engage-
ment of local authorities. For example, in Den-
mark, more than 75% of hotels belonging to the
national hotel association hold a Green Key cer-
tificate, while in the Netherlands, over 60% of
accommodation enterprises have implemented
ISO 14001 or equivalent EMS frameworks [19].

In contrast, Central and Eastern European
countries (Poland, the Czech Republic, Hungary,
Bulgaria, Romania) demonstrate significantly
lower levels—no more than 10-12% of all accom-
modation facilities [20]. This is largely due to in-
sufficient institutional support, the absence of na-
tional environmental tourism programs, and lim-
ited awareness among small businesses regard-
ing the benefits of certification.

As of 2025, Ukraine does not have any of-
ficially Green Key or EU Ecolabel certified es-
tablishments, although several international hotel
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chains (Hilton, Radisson, Reikartz) have par-
tially implemented internal environmental poli-
cies harmonized with 1SO 14001 [21]. This sug-
gests substantial potential for the development of
a national certification system, especially in the
context of Ukraine’s forthcoming EU accession
and the adaptation of environmental legislation
to European requirements.

2. Classification and Characteristics of
Major Environmental Standards

The 1SO 14001 Environmental Manage-
ment Systems standard is an internationally rec-
ognized framework for developing, implement-
ing, and improving enterprise-level environmen-
tal management systems. In the hotel sector, this
standard involves identifying environmental as-
pects (energy, water, waste, chemicals), develop-
ing an environmental management policy, set-
ting objectives, defining monitoring and auditing
procedures, and documenting results and im-
provement plans [22].

A study by Dias et al. (2024) demonstrated
that 1ISO 14001-certified hotels achieve, on aver-
age, a 20% reduction in energy use, a 15% reduc-
tion in water consumption, and a 25% reduction
in waste generation compared with non-certified
enterprises [23]. Moreover, ISO 14001 promotes
the formation of an environmental culture among
staff and facilitates integration into international
tourism supply chains.

The EU Ecolabel is the official voluntary
certification system of the European Commis-
sion. Its criteria cover the entire life cycle of hos-
pitality services—from energy and water supply
to procurement, cleaning, catering, and infor
mation policy. A distinctive feature of the EU
Ecolabel is its combination of quantitative and
qualitative criteria, including: energy consump-
tion < 90 kWh/m? per year; water consumption <
350 L/guest-night; share of renewable energy >

50%; implementation of towel and linen reuse
programs [24].

The EU Ecolabel has been actively ex-
panding in Italy, Spain, Portugal, and Greece.
Between 2018 and 2024, the number of certified
hotels increased from 800 to 1,500, reflecting
stable business interest and strong support from
national environmental agencies [25].

The Green Key program, developed by the
Foundation for Environmental Education (FEE),
is a global initiative specifically targeting the
tourism and HoReCa sectors. Its criteria are di-
vided into five groups: Environmental manage-
ment; Technical measures (energy, water, waste,
chemicals); Corporate social responsibility; In-
formation policy and staff training; Customer
communication [26].

Green Key uses a points-based system and
requires annual re-audits, which strengthens trust
in certification. According to 2024 data, more
than 4,200 hotels in 67 countries worldwide hold
this certificate, approximately 70% of which are
located in Europe [27].

3. Comparative Characteristics of Envi-
ronmental Certification Standards

A consolidated analysis of the criteria
demonstrates that all three systems — 1SO 14001,
EU Ecolabel, and Green Key — pursue similar ob-
jectives (reducing negative environmental im-
pacts and increasing resource efficiency) but dif-
fer in their scope, flexibility, and institutional
frameworks (Table 2).

According to Wilco W. Chan (2009) [28],
Green Key is the most attractive system for small
and medium-sized businesses, whereas SO
14001 is optimal for large hotel chains, and EU
Ecolabel provides the highest level of environ-
mental reputation, being recognized by EU au-
thorities.

Table 2

Comparative Characteristics of Environmental Certification Systems in the Hospitality Sector
(ISO 14001, EU Ecolabel, Green Key)

Characteristic ISO 14001 EU Ecolabel Green Key

Type of standard International Official EU ecolabel Non-governmental voluntary
initiative

Main focus Management system Service life-cycle criteria Category-based environmental
assessment

Verification Independent audit Official approval by a com- | Annual audit by FEE

petent EU body

Adaptation flexi- High (applicable to all | Medium (only for tourism High (adaptable to local

bility sectors) services) conditions)

Implementation High Medium Low

cost
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4. Impact of Certification on Environmen-
tal Indicators

The use of open data from CHSB 2024 en-
ables a quantitative comparison of the environ-
mental effects of certification. Average values
for EU hotels are presented below (Table 3).

Thus, environmental certification has a
statistically significant positive effect (p < 0.05)
on all major sustainability indicators [29]. The
most substantial reduction in waste generation is
explained by the systematic implementation of
waste separation and food waste minimization
programs, while improvements in energy effi-
ciency result from the modernization of lighting,
ventilation, and heating systems, as well as the
introduction of smart-room technologies.

5. Economic Effects of Implementing En-
vironmental Standards in the Hotel Industry

The results presented by Chi et al. (2022)
[30] demonstrate that environmental certifica-
tion delivers not only environmental improve-
ments but also significant economic benefits.
Based on an analysis of 420 hotel enterprises
across 15 EU countries, the following average
trends were identified: Reduction in energy-re-
lated operational costs — by 18-27 %; Reduction
in water consumption — by 15-20 %; Reduction
in waste management expenses — by 25-30 %;
Increase in room occupancy — by 10—12 % on
average; Growth in brand market value — by 5—
7 % in the long term.

Table 3
Environmental Effects of Hotel Certification in the EU According to CHSB 2024
Indicator Non-certified hotels Cer;gtg(iilggilj %J(iZf::)leﬁey / Redu:/itlon,
Energy, kWh/m? per year 310 240 22.6
Water, L/guest-night 430 360 16.3
Waste, kg/guest-night 1.8 1.2 333
COz, kg/guest-night 20.4 15.8 22.5

Hence, environmental certification creates
a dual effect — economic (cost reduction, profit
growth) and socio-environmental (improved
brand image, enhanced customer trust, and devel-
opment of employees’ environmental culture).

A survey of hotel managers conducted by
the authors [31] revealed that 67 % of respondents
perceive certification as a strategic investment, 21
% as a marketing tool, and only 12 % as a forced
response to market pressure. This indicates a grad-
ual transition from declarative to conscious ap-
proaches in environmental management within
the hospitality industry.

6. Social Effects and Consumer Behavior
Change

Among the key findings of the study [32] is
an analysis of the relationship between the level of
environmental certification and hotel guest behav-
ior. It was found that 76% of customers are willing
to choose a “green” hotel if the price is compara-
ble, and 34% are even ready to pay 5-10% more
for an environmentally friendly service.

Behavioral changes are also reflected in
higher participation rates in towel and linen reuse
programs and in the reduced frequency of daily
room cleaning. In certified hotels, such initiatives
are supported by an average of 70-75% of guests,
while in non-certified hotels — only 40% [33].

These indicators show that environmental
certification fulfills an educational function — it
promotes the spread of environmental awareness
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among consumers, encourages the formation of
“green demand,” and enhances the long-term
competitiveness of enterprises.

7. Managerial Advantages of EMS Systems

Implementing an Environmental Manage-
ment System (EMS) in accordance with 1SO
14001 or EU Ecolabel transforms the organiza-
tional structure of a hospitality enterprise by in-
troducing new management practices such as:
regular environmental audits; appointment of an
environmental manager; maintenance of re-
source consumption logs (energy, water, chemi-
cal agents); development of environmental im-
provement action plans; staff training on envi-
ronmental issues [34].

Such measures not only optimize internal
processes but also enhance corporate reputation
among partners and investors. Moreover, certifi-
cation facilitates participation in national and EU-
funded sustainability programs (such as the EU
LIFE Programme and Horizon Europe), which re-
quire compliance with environmental manage-
ment criteria.

8. Comparative Analysis: EU vs. Ukraine

Despite the active development of environ-
mental certification in EU countries, in Ukraine,
the implementation of such systems remains at an
early stage. The results of the comparative analy-
sis reveal significant institutional and informa-
tional asymmetry (Table 4).
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Table 4
Comparative Characteristics of Environmental Standard Implementation in the Hospitality Sector
. Ukraine e
Indicator EU (average) (estimate for 2024) Deviation
Share of certified hotels, % 22 <1 -95%
Availability of national Tax benefits, grants, advisory
. . Absent -
incentives support
Legislative integration of EMS Aligned with EU regulations 3
(EMAS) Fragmentary
Availability of data and audits Open registries (EU Ecolabel, No centralized database B
Green Key)

Average energy use, KWh/m? 240 > 400 +67%
Average water consumption, 360 - 550 +529
L/guest-night
Waste generation, kg/guest-night 1.2 =2.0 +67%

The data show that Ukrainian enterprises
consume 1.5-2 times more resources per ser-
vice unit than certified hotels in the EU [35].
The main causes include low energy efficiency,
obsolete water-supply technologies, the absence
of waste separation systems, and limited access
to environmental knowledge and consultancy.

These disparities underline the need for
institutional modernization, improved environ-
mental awareness, and the creation of national

incentive mechanisms to facilitate the transition
toward sustainable hospitality practices aligned
with EU standards.

9. SWOT Analysis of Environmental
Standard Implementation in Ukraine’s Hospi-
tality Sector

To assess the potential for integrating
ISO 14001, EU Ecolabel, and Green Key stand-
ards into Ukrainian practice, a SWOT analysis

was conducted (Table 5).
Table 5

SWOT Matrix for Implementing Environmental Management Systems (EMS)
in Ukraine’s HoReCa Sector

Strengths (S)

Weaknesses (W)

* High share of natural recreational resources and
tourism potential;

* Low level of environmental awareness among
managers;

* Existence of the adapted national standard
DSTU ISO 14001:2015;

* Absence of a national eco-certification program,;

* Increasing demand for sustainable tourism
among foreign visitors;

* Lack of state incentives and preferential financing;

* Active participation of universities and
educational institutions in “green” education
initiatives.

¢ Outdated technical and material base in most
establishments.

Opportunities (O)

Threats (T)

» Harmonization of standards with EU legislation
following Ukraine’s accession;

* Financial constraints and economic instability;

* Participation in Horizon Europe, LIFE, Interreg
programs;

* Low interest from small businesses;

* Development of a national “Green Hospitality
UA” brand;

« High costs of audits and certification;

* Growing domestic “green” demand among
tourists.

EMS.

« Risks of formal (“paper-based”) implementation of

The results of the SWOT analysis indi-
cate that Ukraine possesses a high potential for
integrating environmental standards into the
hospitality industry. However, realizing this po-
tential requires the establishment of a state-sup-
ported motivation system (tax reductions, grant
programs, and methodological centers) as well

as informational and educational support for
businesses.

If such measures are implemented,
Ukraine’s hospitality sector could achieve the eco-
efficiency level of EU countries within 7-10
years, consistent with recent forecasts [36, 37].
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10. Conceptual Model for Harmonizing
Standards in Ukraine

Based on the conducted analysis, a con-
ceptual model of harmonizing environmental
management systems has been developed. It is
grounded in the integration of international and
national instruments. The main elements of the
model are as follows (Fig. 11):

1. Regulatory integration — adoption of a
government resolution recognizing EU Ecolabel
and Green Key certifications as equivalents of na-
tional eco-standards.

2. Institutional support — establishment of
an Interagency Center for Sustainable Tourism
and Hospitality under the Ministry of Environ-
mental Protection and Tourism.

3. Financial incentives — introduction of tax
benefits and subsidies for enterprises holding
valid EMS certificates.

4. Educational component — development
of special training courses and certification pro-
grams for HoReCa managers.

5. Monitoring system — creation of a public
registry of certified enterprises and open access to
their environmental performance indicators.

GREEN HOSPITALITY UA
National Model for Harmonization of Environmental Management
Systems (EMS)

—_ |

1. Regulatory Integration
- Recognition of EU

2. Institutional Support
- Center for Sustainable

3. Financial Incentives
- Tax benefits for certified

Ecolabel and Green Key as
national eco-standards

- Harmonization with ISO
14001

Tourism under the Ministry of
Environmental Protection and
Tourism

- Partnershins with businesses

enterprises
- Grants and low-interest loans
for eco-modernization

— =

4. Educational Component

- Eco-education for the HoReCa sector
- EMS manager certification

- Green Hospitality training courses

l

5. Monitoring System

- Public registry of certified enterprises
- Open data on eco-efficiency
- SDG 12 and SDG 13 indicators

Fig. 1 — Conceptual model for harmonizing environmental certification standards for Ukraine

The proposed model aligns with the EU
approaches to achieving the Sustainable De-
velopment Goals (SDGSs), particularly SDG 12
“Responsible Consumption and Production”
and SDG 13 “Climate Action”, and contributes
to forming a national system of “green” com-
petitiveness.

11. Eco-Entropic Interpretation of Envi-
ronmental Certification Effects
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The information—entropy approach to
analyzing environmental certification is based
on the assumption that any economic system
operates within flows of energy, matter, and
information, which may be either ordered or
chaotic [38]. High entropy reflects uncon-
trolled resource consumption, waste genera-
tion, and inefficient process organization. Con-
versely, entropy decreases when a system
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transitions to structured management, i.e.,
when policies, norms, and procedures are es-
tablished to regulate resource use.

Formally, the level of environmental en-
tropy in a hotel complex, denoted as ( H_e ),
can be described through the variance (uncer-
tainty) of key indicators — energy (E), water
(W), waste (R), and CO: emissions (C) —as fol-
lows:

(2)

where (p;) represents the normalized propor-
tion of each environmental flow (E,W,R,C)
within the total resource circulation structure.

For non-certified hotels, the average en-
tropy value ( H_e ) equals 1.29, while for cer-
tified hotels, it decreases to 0.96, i.e., 25%
lower, indicating a higher degree of system or-
der [39].

Thus, implementing 1SO 14001 or
Green Key systems can be viewed as a mecha-
nism of entropic self-regulation, where re-
source information (monitoring, reporting,
control) reduces uncertainty and stabilizes the
interaction between the enterprise and the en-
vironment.

12. Environmental Optimization of the
“Hotel-Environment” System

Based on the previous indicators, a gen-
eralized model of environmental optimization
was developed, where the objective is to mini-
mize the total environmental impact ((1_e)) un-
der economic feasibility constraints:

He Yic1pilnp;,

E

R
Ie :W]'E_+W2 _—
ref

Rref

+w

+wsy -

4 Cref

min, (3)

where (w_i) are the weighting coefficients of indi-
cator significance (in this study: (w; =
0,35; w, = 0,25; w; = 0,20; w, = 0,20)).
Calculations for 50 certified hotels
demonstrated that resource use optimization is
achieved through combined measures: 30—
35% — energy-efficient technologies (heat
pumps, heat recovery, LED lighting); 25% —
water-saving equipment (aerators, dual-flush
systems); 20% — reduction of food waste; 20%
— transition to renewable energy sources [40].
After implementing this comprehensive
strategy, the integrated sustainability index (S;)
increases from 0.71 to 0.87, corresponding to a
22% reduction in total environmental impact.
13. Information—-Energy Balance of the
System
In terms of information ecology, the “ho-
tel-environment” system can be viewed as an

Wrer
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open thermodynamic structure in a quasi-sta-
tionary equilibrium between consumed and re-
turned resource flows. Environmental certifi-
cation introduces a feedback loop in the form
of information flow (audits, reporting, inspec-
tions), which regulates the energy balance.

This relationship can be schematically
represented as:

Raw and energy flows — operational
processes — emissions/waste — informational
control (EMS) — corrective actions — new
cycle with reduced losses.

Thus, the information flow acts as a neg-
ative feedback mechanism that stabilizes the
system.

Calculations show that the energy effi-
ciency coefficient ((\eta_E = E_{out}/E_{in}))
in certified establishments reaches 0.84, com-
pared to 0.68 in conventional hotels — an im-
provement of approximately 24%. This indi-
cates that the system is approaching a state of
minimal entropy [41].

14. Relationship Between Environmen-
tal Certification and Environmental Safety

Within the framework of the neoecolog-
ical approach, environmental safety is under-
stood as a balanced state between economic ac-
tivity and natural processes, ensuring ecosys-
tem functionality and a comfortable human en-
vironment [42].

The results show that certification sys-
tems contribute to achieving this balance
through: reduction of anthropogenic pressure
on air, water, and soils; mitigation of pollution
risks (particularly from cleaning agents and
food waste); improvement of sanitary and hy-
gienic conditions within facilities; enhance-
ment of staff environmental competence;
strengthening the socio-economic resilience of
enterprises.

Together, these factors form localized
nodes of increased ecological stability, posi-
tively influencing territorial systems — cities,
resorts, and recreational zones. Thus, certified
hotels become integral elements of the regional
environmental safety system, characterized by
reduced entropy and enhanced predictability of
environmental processes [43, 44].

15. Model of Integrating Eco-Certifica-
tion into the Sustainable Development Strategy

Based on the conducted analysis, a model
linking environmental certification and the
achievement of Sustainable Development Goals
(SDGs) is proposed, encompassing three levels:
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1. Micro level (enterprise) — implemen-
tation of 1SO 14001, EU Ecolabel, or Green
Key; internal monitoring and environmental
reporting.

2. Meso level (region) — formation of
networks of certified establishments as ele-
ments of “green tourism clusters.”

3. Macro level (state) — integration of
EMS into national environmental safety and
tourism policies.

The model envisions phased develop-
ment: from pilot regions (Odesa, the Carpathi-
ans, Podillia) to a national program “Green
Hospitality Ukraine,” which could serve as an
analogue to European initiatives such as Blue
Flag or Eco-Tourism Label [45].

Implementation of this system will not
only reduce environmental risks but also en-
hance the tourism attractiveness of regions,
which is particularly important for Ukraine’s
post-war economic recovery.

Conclusions

The results of this study confirm that the
implementation of environmental standards in
the hospitality industry is an effective instru-
ment for environmental management and a key
driver of sustainable development. Through a
comprehensive analysis of ISO 14001, EU Eco-
label, and Green Key, their common features,
specific criteria, scope of distribution, and eco-
logical and economic outcomes were identified.
The main findings can be summarized as fol-
lows:

It has been established that environmen-
tal certification in the hospitality sector reduces
energy consumption by 20-25%, water con-
sumption by 15-20%, waste generation by 30—
35%, and CO: emissions by 20-25% compared
to non-certified enterprises. These results con-
firm the effectiveness of Environmental Man-
agement Systems (EMS) as practical mecha-
nisms for mitigating anthropogenic pressure on
the environment.

An eco-entropic model of certification
impact has been developed, describing the re-
duction of uncertainty (entropy) in environmen-
tal flows through the structuring of informa-
tional and resource processes within the “hotel—
environment” system. It was found that EMS
implementation reduces entropy by approxi-
mately 25%, thereby increasing the orderliness
and predictability of enterprise functioning.

Environmental certification produces a
dual positive effect: evironmental, through the
reduction of the impact on natural systems; and
socio-economic, through higher profitability,
improved customer loyalty, enhanced corporate
image, and better working conditions for staff.

A SWOT analysis of EMS implementa-
tion in Ukraine’s hospitality industry revealed
that the main strengths include significant tour-
ism potential, the existence of the adapted
DSTU ISO 14001:2015 standard, and the inter-
est of international hotel chains. The weak-
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nesses include the absence of state incentives,
limited financing, and a low level of environ-
mental management culture among business
owners.

A conceptual model for harmonizing Eu-
ropean eco-standards (ISO 14001, EU Ecolabel,
Green Key) in Ukraine has been proposed. It in-
cludes five key components: regulatory integra-
tion (recognition of European certificates); in-
stitutional support (creation of the Green Hos-
pitality Ukraine center); financial incentives
(tax reductions, grants); educational component
(training programs for HoReCa managers);
monitoring system (public registry of eco-certi-
fied facilities).

The developed provisions can be applied
in state policy for sustainable tourism, particu-
larly during the preparation of the National
Strategy “Green Hospitality of Ukraine”; in uni-
versity curricula for the fields of Hospitality and
Restaurant Management, Management, and En-
vironmental Safety; in the activities of profes-
sional associations (e.g., Ukrainian Hotel & Re-
sort Association, Federation of Restaurateurs of
Ukraine) for the development of sectoral eco-
management standards; and in business consult-
ing and environmental auditing during national
implementation of ISO 14001 and Green Key
systems.

For the first time in Ukraine’s hospitality
sector, an information—entropy interpretation of
environmental management has been proposed.
It allows the certification process to be under-
stood as a means of reducing entropy in an open
economic—ecological system, thereby increas-
ing systemic stability.

The implementation of EMS in the hotel
and restaurant sector should be included among
the priorities of Ukraine’s national environmen-
tal policy. It is necessary to establish financial
and fiscal incentives (tax reductions, grants,
low-interest loans for energy efficiency) and to
introduce a state pilot program “Green
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Hospitality Ukraine” to harmonize ISO 14001
and EU Ecolabel standards.

An important direction for the future is
the development of educational and awareness
programs to train specialists in environmental
management for the service sector. It is also ad-
visable to create a national open registry of en-
terprises certified under international eco-stand-
ards, with regular publication of environmental

Promising future research directions in-
clude: development of a regional environmental
safety index for tourism areas; deepening the en-
tropy-based analysis of resource flows in hotel
operations; assessment of the impact of digital
technologies (10T, big data) on EMS efficiency;
and modeling eco-economic risks associated
with implementing sustainability standards in the

performance indicators.

context of post-war economic recovery.
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€BPOIIEVICHKHAM JOCBIJ 1 IEPCIIEKTHBH BITIPOBA/’KEHH 1 EKOJIOT'TYHOI
CEPTU®IKALIIL Y COEPI TOCTHHHOCTI YKPAIHHA

MeTta. AHalti3 €BpOIEHCHKOTO JOCBIAY BIPOBAKEHHS CUCTEM €KOJIOT19HOI cepTrudikamii y cdepi rocTuH-
HocTi (ISO 14001, EU Ecolabel, Green Key) Ta Bu3HaunTi nepcrexTuBH ix aganrauii B Ykpaini. Oco0iuBy yBary
MPUIIICHO POJTi EKOJIOTIYHOT cepTu(iKaLii K IHCTPYMEHTY YIIPABIIiHHS CTAIMM PO3BUTKOM TOTEIHHO-PECTOPaH-
HOro Oi3Hecy, MiJBUIICHHS HOro eKOJIOTIYHOT 0€3MeKH Ta KOHKYPEHTOCIPOMOKHOCTI.

Metoan. BukopucTaHo CHCTEMHO-aHATITHIHHN, TIOPiBHAJILHAN, CTATUCTUYHAN Ta iH)OPMAIIIHO-CHTPO-
MIMHUN MAX0aHU.

PesyastaT. JKepenbHy 0a3y craHOBIATH odimiiiHi eBpomeiicbki peectpu (EU Ecolabel, Green Key,
EMADS), naui Eurostat, Hotel Footprinting 2024, a Takoxx HaykoBi mmyoJikariii Scopus i WoS (Velaoras et al., 2025;
Abdou et al., 2020; Prakash et al., 2022). 3xiificHeHO aHaTi3 KUTbKiCHUX TIOKa3HUKIB €HEPTO- Ta BOJIOCIIOKABAHHS,
BukuniB CO: Ta piBHs ceptudikauii mignpuemcts HoReCa y kpainax €C. BeraHoBneHo, 1o y kpainax €C nonaa
4200 3aco6iB po3mimeHHs MaroTh ceptudikat Green Key, a 6imspko 900 — EU Ecolabel; HaiiBumni TeMmu momru-
penns 3adikcoBano y Hanii, @pantii, Icnawnii ta ITanii. 3anmposamkenns cranaaptis ISO 14001 103Bosisi€ 3HU3UTH
eHeprocrnokuBanHs Ha 15-25 %, BogocnioxkuBanHs — Ha 20 %, yTBOpeHH: BimxoniB — 10 30 %. BusBiieHo 0CHOBHI
Oap’epu a1 YKpaiHu: BIICYTHICTh €KOHOMIYHHMX CTUMYIIIB, HU3bKHUIl PIBEHb €KOJIOTTYHOT KYJIbTYpH MEPCOHAIY,
HecTava cepTH(iKOBaHUX ayAUTOPIB. 3alIpOTIOHOBaHO MOIEIh HaIlioHANBHOI iHimiaTuBH « Green Hospitality UAy,
1o 6asyerscs Ha npunimnax EU Ecolabel ta Green Deal Policy.

BucnoBku. ExornoriuHa ceprudikalis € ai€eBUM MeXaHI3MOM IIiJIBUIEHHS €KOJIOT1YHOI Oe3lekn Ta cra-
JIOTO PO3BHUTKY TOTEIHHO-PECTOPAHHUX MiANPHEMCTB. AnanTtamnis ctagaptiB €C B YkpaiHi cnpuiTUMe 3MeH-
IICHHIO aHTPOIIOT€HHOTO HABAHTAXXEHHSI, 3pOCTAHHIO €HEProe()eKTUBHOCTI i POPMYBaHHIO MMO3UTUBHOTO €KOJIO-
rigHoro iMimKy ykpaincekoro HoReCa-cexkropy. ITogansimi qocmipKeHHS TOUIJIBHO 30CEPEIUTH Ha €KOHOMIU-
HOMY MOJENIOBaHHI eeKTiB ekocepTudikanii Ta iHTerpamnii ii B Aep>KaBHY HOIITHKY TypuU3My H €KOJOTI4HOTO
MEHE/KMEHTY.

KJIIOYOBI CJIOBA: exonociuna cepmudpikayis, cmanuti po3eumox, 20menbHo-pecmopantuil bisuec,
EU Ecolabel, Green Key, 1SO 14001

Kongpnixm inmepecie

ABTOD 3asBIIsIE, 110 KOHDITIKTY iHTEepeciB 110,10 MyOJiKanii 1boro pykomucy Hemae. Kpim Toro, aBTop mo-
BHICTIO IOTPUMYBABCSI €THYHNX HOPM, BKIIFOUAIOYH IUIariaT, hasbcuikallio JaHuX Ta II0ABIHHY ImyOuTiKarliro.
B po6oTi He BUKOPUCTAHO pecypc MTYYHOT'O IHTEIEKTY.
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ASSESSMENT OF COMPLIANCE WITH THE NORMATIVE ZONING RATIO
OF NATIONAL NATURE PARKS IN UKRAINE

Purposes. To assess the compliance of the actual functional zoning of the territories of national nature
parks of Ukraine with the current regulatory requirements.

Methods. System analysis, statistics, cartographic modeling.

Results. The world experience of zoning was analyzed, and a comparative analysis of the actual zoning of
all 26 national natural parks of Ukraine was carried out with the state building standards DBN B.2.2-12:2019
"Planning and development of territories™, according to which each park must have a clearly defined share of the
area of the zones: reserve, regulated recreation, stationary recreation and economic zone.. Six groups of parks were
identified according to the degree of compliance of zoning with the standards: "Satisfactory” - 6, "Close to satis-
factory™ - 2, "Less close to satisfactory™ - 5, "Far from satisfactory™ - 5, "Completely unsatisfactory” - 4. It was
not possible to assess zoning in 4 NNPs due to differences in official sources. It was found that the functional
zoning of 70% of the national nature parks of Ukraine does not meet the established regulatory requirements, An
interactive map of zoning of Ukrainian NNPs was created; recommendations for improving zoning were proposed.

Conclusions. The non-compliance of functional zoning with established regulatory requirements nega-
tively affects the effectiveness of the protection of natural areas. The situation in each park depends on natural
conditions, the level of recreational pressure, and the socioeconomic context, but having clear and reasonable
zoning is essential to achieving the main goal of preserving ecosystems, ensuring sustainable use of natural re-
sources, and developing ecotourism.
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Introduction

Effective zoning of the territories of en- also to organize sustainable recreational activi-
vironmental institutions is an important compo- ties and integrate local communities into the
nent of sustainable management of natural re- management of territories. This section ana-
sources and ensuring long-term conservation of lyzes the international experience of zoning
biodiversity. International practice shows that a protected areas, including the recommendations
clear delineation of functional zones allows not of the International Union for Conservation of
only to protect valuable natural complexes, but Nature (IUCN) and examples of the application
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of a multi-level zoning system in certain coun-
tries, which can serve as a guide for improving
approaches in Ukraine.

The system introduced in Canada, in par-
ticular within the Aulavik National Park, is inter-
esting and illustrative. [1] The management plan
for this park provides for a clearly defined multi-
level zoning system that includes five functional
zones, each of which performs its own environ-
mental, social or management function.

The most protected zone is Zone |, which
is intended for the absolute preservation of the
most sensitive and valuable natural or cultural
sites. Visiting, transportation and any form of in-
terference are completely prohibited in this part
of the park. It serves as a kind of ecological core,
providing a basic level of preservation of unique
natural processes. In this aspect, it is analogous
to the protected zone in Ukrainian national parks,
according to DBN B.2.2-12:2019, although the
Canadian model is often even stricter in terms of
access.

Zone 1l covers the majority of the park's
area and plays the role of a buffer zone, where
natural processes are preserved without signifi-
cant anthropogenic interference. This area is in-
tended for wild natural landscapes, where mini-
mal intervention is allowed only in case of emer-
gency. Recreational use is possible here, butin a
limited format - only in compliance with the re-
gime of visits without infrastructure. This zone
can be compared to the regulated recreation zone
in Ukraine, although the Canadian interpretation
is more conservative.

The third zone, the natural environment
Zone, is a transitional zone between wild natural
areas and areas with a higher level of anthropo-
genic impact. It is possible to use basic infrastruc-
ture, install navigation signs, build trails and
campsites here. The main goal of this zone is to
provide an opportunity to get acquainted with nat-
ural values without the threat of their degradation.

The fourth zone is defined as the active
recreation zone, which includes places with a
more developed infrastructure for receiving visi-
tors. It is designed for short-term visits, orga-
nized tours, excursions, and services. Campsites,
information centers, and service facilities can be
built here. This zone can be compared to the
Ukrainian zone of stationary recreation.

The fifth zone, Park Services, is reserved
for administrative and service facilities neces-
sary for the park's operation. The construction of
technical facilities, warehouses, staff quarters,
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and transportation infrastructure is allowed here.
This zone is analogous to the economic zone in
the Ukrainian approach to zoning. Its area is
small, but it is critical for ensuring the viability
of the management system.

The zoning system in Aulavik Park not
only demonstrates a multi-level approach to na-
ture conservation, but also provides flexible
management of the territory depending on the
level of ecological value, recreational load, and
logistical needs. [1] It is important to emphasize
that the Canadian experience clearly reflects the
desire to preserve the integrity of natural land-
scapes at the level of the entire ecosystem, with
minimizing human impact in most of the park.
For Ukrainian national nature parks, this can
serve as an example of an effective spatial struc-
ture where priority is given to biodiversity con-
servation rather than the exploitation of recrea-
tional potential. Particularly valuable is the prin-
ciple of strict protection of the most sensitive ar-
eas, and it is implemented not declaratively, but
through real management mechanisms, includ-
ing access restrictions, a clear division of func-
tions and responsibilities, and constant monitor-
ing of the natural environment.

The global practice of zoning protected ar-
eas is gradually shifting from formal division to
assessing the effectiveness of this zoning in
terms of achieving environmental, social and
management goals.

The functional zoning of national parks
varies significantly from country to country or
region to region, due to differences in natural
conditions, geographical location, socio-eco-
nomic development, and management ap-
proaches. For example, the United States uses a
classical zoning model with a clear distinction
between natural and anthropogenic zones, as
well as a detailed approach to managing each of
them. In Italy, the zoning structure is more dif-
ferentiated - it covers from three to six types of
functional zones, which indicates the flexibility
and complexity of the system. In New Zealand,
functional zoning involves the use of the con-
cepts of "special zones™ and "management zon-
ing," which allows for adaptation of approaches
to specific environmental goals. [2]

A thorough study conducted by an inter-
national group of authors in 2024 is dedicated to
a global analysis of the effectiveness of zoning in
biosphere reserves, one of the highest formats of
protected areas in the international system
(UNESCO MAB). [3] The paper systematizes
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more than 100 publications on the implementa-
tion of the zoning concept on five continents. Bi-
osphere reserves, unlike classical national parks,
have a more comprehensive model of function-
ing based on the principle of coexistence of na-
ture conservation and sustainable development.
Traditionally, they are divided into three main
zones: core zone, buffer zone, and transition
zone. The core zone is intended exclusively for
the preservation of natural ecosystems, the buffer
zone is for scientific research, environmental ed-
ucation and ecotourism, while the transition zone
provides for sustainable economic activities of
the local population. The authors emphasize that
the mere existence of zoning does not guarantee
the achievement of environmental goals. The ef-
fectiveness depends on the clarity of the bound-
aries, the legal status of the zones, interaction
with local communities, and the resources in-
volved in management. In many countries, there
are cases where the formal designation of a core
or buffer is not accompanied by real restrictions,
which leads to the loss of the values of these ar-
eas. This is especially true in countries with in-
sufficient control or an unstable political situa-
tion. Considerable attention is paid to examples
of adaptive zoning, which changes depending on
the results of monitoring, environmental condi-
tions, or socioeconomic conditions. This allows
for a more flexible and dynamic management
system that meets real threats and needs. The
publication also discusses the impact of local
community participation on the effectiveness of
zoning implementation. Active cooperation with
communities, involving them in decision-mak-
ing and sharing the benefits of ecotourism signif-
icantly increases the level of conservation in
buffer and transition zones. [3]

Clear and functionally sound zoning can
significantly enhance the effectiveness of biodi-
versity protection within protected areas. One of
the most widely used models in the world is the
zoning concept adopted by the Man and the Bio-
sphere (MAB) program. [3] This concept is ac-
tively used in many countries, such as Australia,
Canada, China, Germany, Mexico, Spain, and
the United States. Although the names and spe-
cific management regimes may vary, the basic
principle remains the same: differentiating the
territory by function, from the strictest environ-
mental protection regime to the zone of permis-
sible human intervention. The purpose of this ap-
proach is to reduce pressure on the most valuable
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areas of the territory from the point of view of
conservation, while ensuring the possibility of
sustainable use of resources in less vulnerable ar-
eas. However, global analysis shows that the ef-
fectiveness of this approach is not unambiguous.
In some cases, functional zoning has indeed
demonstrated positive results, for example, by
limiting infrastructure development to the transi-
tion zone or by striking a balance between con-
servation and socioeconomic development.
However, there are also a significant number of
studies that have revealed serious shortcomings:
even in strictly protected core areas, significant
human interventions are often recorded, and the
level of this impact is only increasing over time.
These cases demonstrate the risk of formalizing
zoning when it exists only "on paper" without ac-
tually enforcing the restrictions. This situation
leads to the fact that the principles of zoning are
not implemented in reality, and the protection re-
gime remains declarative. It is also important to
note that the effectiveness of zoning depends not
only on the cartographic division of the territory,
but also on the level of management: stronger
management structures are better able to control
deforestation and other threats. One of the main
problems is the lack of information park manag-
ers have about the actual state of protected areas.
In most cases, managers do not have clear data
that would allow them to determine whether
functional zones are appropriately delineated.
There is also a lack of integrated regional data on
the state of ecosystems, which makes it impossi-
ble to make informed management decisions. In
this regard, modern approaches require regular
analysis of the effectiveness of zoning in terms
of achieving conservation goals, conservation of
target species and habitats, and social acceptabil-
ity of measures. [4]

Thus, mere compliance with formal zon-
ing regulations (e.g., core or buffer areas) does
not guarantee effective protection. More im-
portant is the mechanism for implementing zon-
ing: clear boundaries, monitoring compliance,
community involvement, and flexibility of the
system to take into account changes in the envi-
ronment and social environment. These conclu-
sions are extremely relevant for the analysis of
zoning in Ukrainian NNPs, where there is cur-
rently a similar tendency to declarativeness and
a lack of systematic monitoring of functional
zones. The processed information on the world
experience of zoning is grouped in Table 1.
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World experience in zoning National Parks

Table 1

Country / Region Functional areas

Principle of zoning and fea-
tures

Notes.

Canada  (Aulavik|1. Zone of absolute safety
National Park) 2. Buffer zone of wildlife

3. Natural environment zone
4, Zone of active

recreation

5. Park Services

The zones are divided according
to the level of anthropogenic
pressure and ecological value.
Zone 1 — complete prohibition of
access.

Zone 2 — minimal intervention.
Zone 3 — light infrastructure.
Zone 4 — tourist infrastructure.
Zone 5 — maintenance.

High level of control.

Real access restrictions,
functional management, and
adaptive management are
provided.

Biosphere reserves|1. Core
(UNESCO, global|2. Buffer
practice: Germany, |3. Transition
Spain, Mexico,
China, etc.)

Differentiation by function:

core — nature protection,

buffer — research and ecotourism,
transition — sustainable develop-
ment.

It is widely used in the Man
and the Biosphere program.
There are often problems with
the formality of zoning
without a real regime.

Ukraine (according|1. Protected area (>20%)

to DBN B.2.2-|2. Regulated recreation area
12:2019) (=35%)

3. Zone of stationary recrea-
tion (=10%)

4. Economic zone

(15-35%)

Allocation according to regula-
tory requirements and type of use.
Protected — scientific observa-
tions, no interventions.
Regulated — recreation with re-
strictions.

Stationary — campsites, etc.
Economic — support of the park's
vital activity.

There is often declarative
nature and lack of monitoring.
The actual zoning does not
always comply with the norms.
Management approaches
need to be modernized.

Problem Statement

In today's environment of deepening en-
vironmental crisis, increasing anthropogenic
pressure on natural resources and active devel-
opment of recreational tourism, the issue of ef-
fective management of protected areas is be-
coming particularly relevant.

One of the key tools of such management
is functional zoning, which allows optimizing
the spatial structure of national nature parks
(NNPs), ensuring the preservation of valuable
ecosystems and at the same time meeting the
needs of society in recreation, education, re

search and sustainable use of natural resources.
Given that there are more than fifty NNPs in
Ukraine, it is important not only to formally de-
fine their functional zones, but also to ensure
that zoning complies with established stand-
ards, control their compliance, and monitor the
effectiveness of the spatial organization of ter-
ritories.

Objective: to assess the compliance of
the actual functional zoning of the territories of
national nature parks of Ukraine with the cur-
rent regulatory requirements.

Methodology of Study

The ratio of zones of the National Nature
Parks in Ukraine is regulated by the DBN B.2.2-
12:2019 Planning and Development of Territo-
ries. [5] When designing the territories of
NNPs, the following functional zones should be
distinguished:
- protected, which should cover an area of
20% of the park's territory;
- regulated recreation - should be 35% or
more of the park's territory;
- stationary recreation should cover 10% or
more of the park's territory;
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- economic zone — may consist of settle-
ments, industrial, municipal, infrastructure fa-
cilities, land plots to meet the needs of the park
(5-10%). In total, the zone may comprise 15-
35% of the park’s territory.

The following sources were used to col-
lect primary information on the state of zoning of
national nature parks: official websites of the
NNPs of Ukraine; open scientific sources and
publications; geospatial data available in the
public domain; materials from planning and or-
ganizational documents approved by the admin-
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istrations of the NNPs. Special attention was paid
to officially confirmed or published data only.
To perform calculations and create tables, we
chose the Google Sheets program, which allows
us to process the required amount of data and
structure the information.
Stages of the study:
1. Selection of national parks for analysis.

2. Collection of data on functional zoning.

3. Calculation of the normative areas of func-
tional zones based on the total area of the NNP.
4. Comparison of actual and standard areas.

5. Analysis of zoning compliance with the es-
tablished standards.

6. Systematization and visualization of the
results.

Research Results

The zoning of national parks performs a
very important function - ensuring the preserva-
tion of particularly valuable landscapes and, at the
same time, the realization of other functions - sci-
entific, educational, enlightening, recreational, so-
cial, etc. That is why the percentage norms of the
area of each zone approved by the regulatory au-
thorities correspond to their main tasks:

1. Protected area (20%): This percentage is
necessary to provide a large enough space to
preserve natural ecosystems, rare species of
flora and fauna, and to conduct scientific re-
search. It should be isolated from human activ-
ity, allowing ecosystems to develop without hu-
man intervention.

2. Regulated recreation (35%): This zone
allows maximum use of the territory for tourism
and recreation, but subject to the requirements
for minimizing the negative impact on nature. It
is taken into account that for sustainable tour-
ism development, a significant part of the terri-
tory should be allocated for recreational activi-
ties with restrictions.

3. Stationary recreation (10%): A dedicated
part of the park is needed to provide the neces-
sary infrastructure for vacationers (campsites,
recreation centers, hotels). It should be suffi-
cient to accommodate people, but also maintain
a balance without harming the environment.

4. Economic zone (15-35%): The economic
use zone is necessary to ensure the proper oper-
ation of the park, maintain infrastructure and
provide basic needs such as power, water, ad-
ministrative buildings, etc. This ensures the vi-
tal activity of the national park without violat-
ing environmental requirements.

Legal aspects of functional zoning. The

legal aspects of functional zoning of national
nature parks are regulated by a number of legis-
lative and regulatory acts:
The Law of Ukraine "On the Nature Re-
serve Fund of Ukraine™ establishes the basis for
the protection of natural areas, regulates the is-
sues of protected areas and their protection [6].
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DBN B.2.2-12:2019 "Planning and De-
velopment of Territories" - provides specific
guidelines for the design of NNP territories, in-
cluding the allocation of functional zones,
which allows for nature protection while inte-
grating human activities [5].
Resolutions of the Cabinet of Ministers
of Ukraine and other bylaws - regulates issues re-
lated to the use of land within protected areas, or-
ganization of environmentally friendly recrea-
tional activities and sustainable development [6].
Using a search on the official websites of
the NNPs and open sources posted on the Inter-
net, we managed to obtain data on functional
zoning for 26 out of 56 NNPs. Among these
parks, most published information on zoning on
their official websites(21). The other 5 parks
(Velykyi Luh, Verkhovynskyi, Ichnianskyi,
Kamianska Sich, Shatskyi) did not have the
necessary information on their official websites,
but we managed to find this information in
third-party sources.

By tabulating the data and making calcu-
lations according to the methodology, 26 parks
were conditionally divided into 6 groups, de-
pending on the correspondence of the actual ar-
eas of functional zones to the calculated (nor-
mative) ones.

Group 1 ("Azov-Sivash”, "Azov", "Syni-
ogora", "Carpathian™, "Verkhovyna", "Ichnian-
skyi") [7, 8,9, 10, 11, 12] includes 6 NNPs with
satisfactory protected areas. Among them,
Azov-Sivash is the leader in terms of the pro-
tected area (75.2% of the total park area), Ich-
nianskyi is the leader in terms of the area of the
regulated recreation zone (75.8% of the total
park area), and Syniogora NNP has the closest
to the normative functional zones (Fig. 1). Their
location is somewhat unusual - the protected
area is located on the border of the NNP, but
given that it is the area adjacent to the top of the
mountain range, the distribution of functional
zones is logical.
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Fig. 1 — Example of group 1. Functional zoning of the Syniogora National Park [10]

The next group 2 includes 2 NNPs "Ga-
lytskyi" and "Skole Beskydy" [13, 14], which
have close to satisfactory areas of functional
zones. The zoning of the Galytskyi Park cannot
be called completely satisfactory due to the
smaller than the normative area of the regulated
recreation zone (30% instead of 35+% of the to-
tal park area) and slightly larger than the nor-
mative area of the economic zone (35.1% in-
stead of 15-35% of the total park area). The ar-
eas of the protected zone and the regulated rec-
reation zone correspond to the normative ones,
but the area of the stationary recreation zone is
overestimated (40.9% instead of 15-35% of the
total area of the park (Fig. 2).

Group 3 is characterized by less satisfac-
tory zoning, which is less close to the normative
areas of functional zones and includes 5 parks
("Vyzhnytskyi", "Hetmanskyi", "Tuzly Estuar-
ies”, "Korolivski Beskydy", "Velykyi Luh").
[Two of them exceed the area of the economic
zone ("Tuzly Estuaries" - 46.3%, "Velykyi
Luh" - 44.6%). The Hetmansky NNP is charac-
terized by a large area of the regulated recrea-
tion zone - 80.7% of the total area and an insuf-
ficient area of the protected zone - 16.2% (Fig.

3.). The NNP "Vyzhnytskyi" also has an insuf-
ficient protected area - 18.7%, but the zones of
regulated recreation and economic use meet the
normative values (44.4% and 30.3%, respec-
tively). The Korolivski Beskydy NNP is char-
acterized by a significant excess of the area of
the stationary recreation zone (42.5% instead of
10% of the total park area).

Group 4 includes 5 NNPs (“"Hutsul-
shchyna”, "Dvorichanskyi”, "Desniansko-Staro-
hutskyi”, "Sviati Hory", "Tsumanska Pushcha"),
[20, 21, 22, 23, 24] whose zoning is classified as
"far from satisfactory". In the case of four parks,
the area of the economic zone exceeds the norma-
tive values ("Hutsulshchyna" - 50.7%,
"Dvorichanskyi" - 57.2%, "Desniansko-Starohut-
skyi" - 36.0%, "Tsumanska Pushcha" - 69.7%)
(Fig. 4). The areas of regulated recreation in the
Desniansko-Starohutskyi and Hutsulshchyna
NNPs are satisfactory (48.2% and 41.2% re-
spectively), in the Sviati Hory Park this area is
79.4%, and in the Tsumanska Pushcha NNP this
area is completely absent. Other areas of the
functional zones of the three NNPs are smaller
than the normative ones (Protected zones:
"Dvorichanskyi - 17.5%, Desniansko-Starohut
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skyi - 15.7%, Sviati Hory - 6.5%, Hutsulshchyna
- 7.7%, instead of 20% of the total park area. And
the area of regulated recreation "Dvorichansky" -
23.0% instead of 35+%).

The following 4 parks (""Gomilshanski for-
ests”, "Zalissia", "Podilski Tovtry", "Uzhanskyi")
[25, 26, 27, 28] are grouped into the 5th group and
are characterized by a complete discrepancy be-
tween the actual zoning areas and the normative
ones (Fig. 5). All three parks have a significant ex-
cess of the area of the economic zone ("Gomil-
shanski forests" - 75.5%, "Zalissia" - 71.1%,
"Podilski Tovtry" - 94.1%, "Uzhanskyi" - 70.7%)
at the expense of other functional zones.

The last group of 4 parks (Synevyr, Yavor-
ivskyi, Kamianska Sich, Shatskyi) [29, 30, 31, 32]
cannot be analyzed due to the difference in the to-
tal area provided in open sources and on official
websites and the calculated area obtained by sum-
ming all functional zones.

All the information described in this sec-
tion is summarized in Tables 2 and 3.

Most of the National Nature Parks of
Ukraine have not published numerical infor-
mation on the areas of functional zones, and nor-
mative values were calculated for them based on
the published information on the total area of the
parks' territories. The resulting calculations are
presented in Table 4.
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Data visualization is a key tool for a deeper
understanding of spatial processes, especially in
the field of ecology and nature protection. In the
context of analyzing the zoning of Ukraine's na-
tional nature parks, graphical representation of in-
formation allows not only to summarize signifi-
cant amounts of spatial data but also to make them
accessible for interpretation by both specialists
and a wide audience. Visualization helps to iden-
tify imbalances in the distribution of functional ar-
eas. As part of the thesis, an interactive map was
created on the ArcGIS platform, which demon-
strates the current state of zoning of all Ukrainian
national parks. The first map created using the
ArcGIS platform with points is the NNPs that pro-
vided information on zoning, depending on their
geographical location (Fig. 6). The colors of the
points provide information on the compliance of
the areas of functional zones with the normative
ones.

Map created using the ArcGIS platform
with red triangles indicating the NNPs that did not
provide information on zoning, depending on
their geographical location (Fig. 7).

The analysis has shown that most of
Ukraine's NNPs have problems with the quality of
functional zoning. Satisfactory or close to satis-
factory zoning prevails mainly in the Carpathian
region and in the south of the country. Instead, the
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Symbols for Table 3

Mismatch of the total area

Not satisfactory at all

Far from satisfactory

Less close to satisfactory

Close to satisfactory

Satisfactory

~ 208 ~

Table 2
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Table 3

Comparison of the calculated (normative) and actual areas of the functional zones of the Ukrainian NNPs

Protected zone |Regulated recrea- |Stationary recrea- Economic zone,
Park 20% tion, >35% tion. 10% 15-35%
Ne | Name of NPP | area,
Ne
Total real % | norm | real % | norm | real % | norm | real % ?roorrr: n(:cr)m
km?ha

1 | Azov-Sivash | 53154 | 39231 752 [10430] 618 | 1,2 |18254| 49 0,1 | 5215 | 12256 | 23,5 | 7823 |18254

2 | Priazovsky | 78126 | 16388 | 21,0 |15625|33669| 43,1 |27344| 40 | 0,1 | 7813 | 28029 | 35,9 |11719[27344
3 | Syniogora | 10g66 | 2187 | 201 | 2173 | 5452 | 50,2 [ 3803 | 90 | 0,8 [ 1087 | 3135 | 289 | 1630 | 3803
4 | Carpathian | 50495 | 11401 | 22,6 |10099|25964| 51,4 [17673] 96 | 0.2 | 5050 | 13033 | 25,8 | 7574 | 17673
5 | Verkhovinskyi| 12022 | 5917 | 49,2 | 2404 | 3609 | 30,0 | 4208 | 26 | 02 | 1202 | 2470 | 205 | 1803 | 4208
6 | Ichnyanskyi | 9666 | 2140 | 22,1 | 1933 [ 7324 | 758 | 3383 | 35 | 04 | 967 | 166 | 1,7 | 1450 | 3383
7 | Galytskyi | 14684 | 5105 | 34,8 | 2937 | 4405 | 30,0 | 5139 | 14 | 041 | 1468 | 5160 | 35,1 | 2203 | 5139
g | Skole Beskids | 35684 | 8350 | 234 | 7137 [12596| 35,3 | 12489 1427 | 4,0 | 3568 | 14594 | 40,9 | 5353 | 12489
g | Vyzhnytskyi | 11938 | 2107 | 18,7 | 2248 | 4992 | 44,4 | 3933 | 745 | 6,6 | 1124 | 3394 | 30,2 | 1686 | 3933
10| Hetmanskyi | 11673 | 1895 | 16,2 | 2335 | 9425 | 80,7 | 4086 | 115 | 1,0 [ 1167 | 236 | 2,0 | 1751 | 4086
11 | Tuzly estuaries | 27865 | 10404 | 37,3 | 5573 | 4561 | 16,4 | 9753 | 55 | 0,2 | 2787 | 12893 | 46,3 | 4180 | 9753
Korolivski
12|  Beskydy 8997 | 2416 | 26,9 | 1799 | 2574 | 28,6 | 3149 | 3828 | 42,5 | 900 | 179 | 2,0 [ 1350 [ 3149
13| VelykyiLuh | 16756 | 8104 | 484 | 3352 | 1172 | 7,0 | 5866 0 | 0,0 | 1676 | 7479 | 44,6 | 2514 | 5866
14 | Hutsulshchyna | 32048| 2480] 7.7 | 6450] 13295| 412 |11287] 130 04 | 3225 16343| 907 | 483711287
15 | Dvorichanskyi | 3131 | 548 | 17,5 | 626 | 721 [ 230 | 1096 | 70 | 2,2 | 313 | 1791 | 57,2 | 470 [ 1096
Desnyansko-
16 | Starogutskyi | 16214 | 2547 | 15,7 | 3243 | 7820 | 482 | 5675| 2 | 0,0 | 1621 | 5844 | 36,0 | 2432 | 5675

17| SviatiHory | 40448 | 2648 | 6,5 | 8090 |32098| 79,4 (14157 1894 | 4,7 | 4045 3808 | 9,4 | 6067 [14157

Tsumanska
18 Pushcha 33475|9854 | 29,4 | 6695 0 0,0 [11716] 300 | 0,9 | 3348 | 23320 | 69,7 | 5021 |11716
Gomilshanski
19 forests 14314 | 1022 7,1 | 2827|1380 | 9,6 | 4947 | 1100 | 7,7 | 1413 | 10811 | 75,5 | 2120 | 4947
20 Zalissia 14836 | 2511 | 16,9 | 2967 | 1521 | 10,3 | 5193 | 250 | 1,7 | 1484 | 10552 | 71,1 | 2225 | 5193

21 [Podilski Toviry| 261315 | 2282 | 0,9 [52263|12961| 5,0 |91460| 208 | 0,1 [26132(245843| 94,1 |39197|91460

22 | Uzhanskyi 46146 | 5224 | 11,3 | 9229 | 8203 | 17,8 |16151| 99 0,2 | 4615 [ 32620 | 70,7 | 6922 | 16151

23 Sinevyr 40777 | 5840 | 14,3 | 8155 |21377| 52,4 |14272 8 0,0 | 4078 | 390 1,0 | 6117 |14272

24| Yavorivskyi 7108 1030 | 14,5 | 1421 | 1428 | 20,1 | 2487 | 40 0,6 710 415 5,8 | 1066 | 2487
Kamianska

25 Sich 12261 | 2942 | 24,0 | 2452 | 3407 | 27,8 | 4291 56 0,5 | 1226 | 2319 | 18,9 | 1839 | 4291

26 Shatskyi 32515 | 5446 | 16,7 | 6503 |12836| 39,5 |11380| 1028 | 3,2 | 3252 | 29667 | 91,2 | 4877 |11380
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Estimated normative zoning areas for NNPs without published information

Table 4

:?g: Protected Regula_ted Station_ary Economic zone,
NoNe Name of NPP Totai zone recreation, | recreation. | From 15% t0o35%
km?ha 20% >35% 10%

1 |Svyatoslav's Beloberezhye 35223 7045 12328 3522 5283 12328
2 | Beloozerskyi 7014 1403 2455 701 1052 2455
3 | Boykivshchyna 12240 2448 4284 1224 1836 4284
4 | Buzky Gard 6138 1228 2148 614 921 2148
5 | Golosiivskyi 10988 2198 3846 1099 1648 3846
6 | Dermansko-Ostrozkyi 5448 1090 1907 545 817 1907
7 | Dzharylgatskyi 10000 2000 3500 1000 1500 3500
8 | Dniester Canyon 10829 2166 3790 1083 1624 3790
9 | Enchanted Land 6101 1220 2135 610 915 2135
10 | Karmelukove Podillia 16518 3304 5781 1652 2478 5781
11 | Kremenets Mountains 6951 1390 2433 695 1043 2433
12 | Kreminna forests 7269 1454 2544 727 1090 2544
13 | Small Polissya 8762 1752 3067 876 1314 3067
14 | Mezinskyi 31035 6207 10862 3104 4655 10862
15 | Meotis 20720 4144 7252 2072 3108 7252
16 | Nyzhniodniprovskyi 80177 16035 28062 8018 12027 | 28062
17 | Nyzhniodnistrovskyi 21511 4302 7529 2151 3227 7529
18 | Nyzhniosulskyi 18635 3727 6522 1864 2795 6522
19 | Nobel 25318 5064 8861 2532 3798 8861
20 | Oleshky sands 11671 2334 4 085 1167 1751 | 4085
21 | Northern Podillia 15587 3117 5455 1559 2338 5455
22 | Pripyat-Stokhid 39315 7863 13760 3932 5897 13760
23 | Pyriatynskyi 12028 2406 4210 1203 1804 4210
24 | Slobozhanskyi 5244 1049 1835 524 787 1835
25 | Khotynskyi 9446 1889 3306 945 1417 3306
26 | Cheremoskyi 7117 1423 2491 712 1068 2491
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central and eastern regions have a significant
number of parks with unsatisfactory or very un-
satisfactory zoning.

In addition to visual information, the cre-
ated interactive map allows you to find out about
the real (if any) and estimated (regulatory) zoning

~212 ~

by clicking on any of the symbols responsible for
each national park. Clicking on the mark opens a
window with the name of the NNP and a fragment
from Tables 1, 2 or 3, respectively, for each ob-
ject. An example of a window with information
can be seen in Fig. 8.
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Conclusions

The study found that the functional zon-
ing of Ukraine's national nature parks often
does not meet the established regulatory re-
quirements, which negatively affects the effec-
tiveness of natural area protection. International
experience, in particular the practice of Canada
and UNESCO biosphere reserves, demonstrates
the importance of not only formal zoning, but
also real compliance with the regimes of use of
the territories, systematic monitoring and adap-
tive management.

Based on a comparative analysis of the
existing zoning in all the National Nature Parks
of Ukraine and the normative areas of func-
tional zones according to DBN B.2.2-12:2019,
26 parks were conditionally divided into 6

groups according to the level of compliance of
zoning with the standards, except for four parks
where discrepancies were found. Six parks were
rated as "Satisfactory”, 2 as "Close to Satisfac-
tory", 5 as "Less Close to Satisfactory", 5 as
"Far from Satisfactory", and 4 as "Completely
Unsatisfactory".

An interactive map was developed to vis-
ualize the results.

The situation in each park depends on the
natural conditions, the level of recreational
pressure, and the socio-economic context, but
having clear and reasonable zoning is essential
to achieve the main goal of preserving ecosys-
tems, ensuring sustainable use of natural re-
sources, and developing ecotourism.
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OUIHKA TOTPUMAHHS HOPMATUBHOI'O CIIIBBITHOIEHHS 30HYBAHHSI
HANIOHAJIBHUX ITPUPOJHUX ITAPKIB B YKPAIHI

Mera. OmiHATH BiATIOBIAHICTE (PAaKTHYHOTO (DYHKIIIOHAIFHOTO 30HYBAaHHS TEPUTOPIH HAIiOHATBHIX
NPUPOJHUX NapKiB YKpaiHU YMHHUM HOPMATHBHUM BHMOTaM.

Metoau. CucTeMHHI aHaJi3, CTATHCTHYHI, KapTorpadidHe MOJCITIOBAHHS.

PesyabraTu. [IpoananizoBaHo CBITOBHIA IOCBiJ 30HyBaHHsI, 3A1MCHEHO MOPIBHAILHUN aHai3 (akThy-
HOrO 30HYBaHHA Bcix 26 HIIII Vkpainu 3 mepxxaBHumu OyaiBenpHuMH HOpMamu JIBH B.2.2-12:2019 «Ilnany-
BaHHs Ta 3a0yZ0Ba TEPUTOPIi», 3T1THO 3 SKUMH KOXKEH MapK NOBUHEH MaTH YiTKO BU3HAYEHY YacTKY IUIOLIA 30H:
3aIoBiIHOI, PEryJIbOBaHOI peKkpearnii, CTallioHapHOI peKpearliii Ta rocrofapchKkoi 30HU. BuzHaueHo 6 rpyIr mapkis
3a CTYNEHEM BIAMOBIAHOCTI 30HYBaHHS HOpPMAaTHBaM,: «3aq0BUIbHO» - 6, «HabmwkeHe 10 3aM0BUIBHOTO» - 2,
«MeHI1 HaOIMKEHE J0 3aI0BUILHOIO»- 5, «Jlaneke Bif 3aJ0BIILHOIO» - 5, «30BCiM He3amoBiIbHE» - 4. OLiHKa
3oHyBanHs y 4 HIIII BusBHIach HEMOXKIIMBOIO 13-32 PI3HMLI JaHUX Yy oQiliiHUX JpKepenax. BcraHoBieHo, 110
¢yHkIioHanBbHE 30HYBaHHA 70 % HaliOHAIBFHUX MIPUPOJHUX MAPKiB YKpalHM HE BIATIOBiJa€ BCTAHOBJICHUM HOP-
MaTuBHUM BuMoram. CTBOpeHO iHTepakTUBHY Kapty 3oHyBanHsa HIIII Ykpainu; 3anpornoHoBaHo pexoMeHanii
IIOJI0 YIOCKOHAJICHHS 30HYBaHHS.

BucnoBku. HeBignoBifHICTh (DYHKIIOHAIBHOTO 30HYBaHHS BCTAHOBJICHUM HOPMaTHBHUM BUMOTaM He-
TaTUBHO BIUTMBAE Ha €()EKTHBHICTH OXOPOHH NMPHUPOAHUX TepUTOpii. CuTyamis B KOXKHOMY NapKy 3aJISKUTh Bix
MPUPOJHUX YMOB, PIBHS PEKPEAIifHOTO THCKY, COI[Ia/IbHO-EKOHOMIYHOTO KOHTEKCTY, POTE MaTH YiTKe i 00rpy-
HTOBaHE 30HYBaHHS BKpail Ba)XKJIMBO ISl IOCSTHEHHS TOJIOBHOI METH — 30€pPEKEHHSI €KOCHCTEM, 3a0e3NeueHHs
CTaJIOr0 BUKOPHUCTAHHSI IPUPOIHUX PECYPCIB Ta PO3BUTKY €KOJIOTIUHOTO TYPH3MY.

KJIIFOYOBI CJOBA: Hayionanbhuii npupoOHuil napx, (pyHKYiOHAIbHe 30HYBAHHS, HOPMAMUE, 30HA CY-
60pOI 0XOPOHIUL, 30HA Pe2yIb0BAHOI peKpeayii, 30Ha CMayioHapHoi pekpeayii, 20cno0apcyKa 30Ha, IHMepaKmueHa
Kapma

Konghnikm inmepecis

ABTOpH 3asBIIAIOTH PO BIACYTHICTH KOHMIIKTY iHTEpeCiB M0x0 myOmikatii mporo pykomucy. Kpim toro,
ABTOPH MOBHICTIO TOTPUMYBAINCS CTUYHAX HOPM, BKIIFOYAIOUM YHUKHCHHS IUIariaty, danpcudikamnii JaHux Ta
JyOnroBaHHS 1myOuTiKaIii.

Bnecok asmopis: Bci aBTOpHU 3p00WIH PiBHHN BHECOK Y IO poOOTY .

B po0o0Ti He BUKOPHCTAHO PECYPC LITYYHOTO IHTENEKTY.
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LANDSCAPE ARCHITECTURAL PROPOSAL OF THE LEISURE PATH ALONG
THE RIVER GAUJA IN LATVIA

Purpose. To propose the recreational educational trail for the public along the river Gauja.

Methods. Field, landscape and architectural proposal.

Results. The recreational educational trail will lead along riverside and has a start point at an active leisure
park ’Ramkalni’’, about 40 km away from the capital of Latvia- Riga and end in Sigulda, about 53 km away from
Riga. The planned route includes 8 stops who are currently separated and don’t have a connecting route yet. For
the trails and stairs in places of terrain changes, it is planned to use the wood of Larix trees, as it rots
much more slowly than other trees. The topics of the informational boards in the planned trail are
educational about: the trail, Gauja River, Gauja National park, geology of the cliffs, active leisure park
“Tarzans’’, Sigulda city.

Conclusions. The landscape architectural proposal and design of the equipment is simple,
minimalistic and natural shapes, with simple bench and information sign structures, mostly using wood
material like wooden beams. Most of the places showcase the beauty of the picturesque Gauja Valley,
some of them are also designed for outdoor activities.

KEYWORDS: landscape, educational trail, leisure time, recreation in forest, Gauja river, Latvia
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Introduction

Latvia is a land of forests and wood — our of the most influential in the national economy.
“green gold’’. Almost every Latvian resident is In the development of rural regions of Latvia,
connected to forests, forestry and forest the forest is one of the most important
products in various ways. The forest is both resources, providing a livelihood for more than
deeply rooted in our cultural traditions and 80 thousand people who work in various fields.
provides opportunities for spending free time To these should be added another 150 thousand
and earning income. Wood has long been used Latvian private forest owners who earn irregular
in construction, making furniture and various income from the forest [1].

household items, and since Latvia regained its Recent research frames forest recreation
independence, the forest sector has become one not as a luxury activity but as a widespread, soci-

© Bihunova M., Bremane A., 2025
This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0

~ 217 ~


https://doi.org/10.26565/1992-4224-2025-44-16
mailto:maria.bihunova@uniag.sk
https://orcid.org/0000-0003-1826-1172
mailto:annijabremane@inbox.lv
https://orcid.org/0009-0000-8413-8661
https://www.google.com/maps/place/data=!4m2!3m1!1s0x46ef2544a60ec557:0xa384842727b7a5f1?sa=X&ved=1t:8290&ictx=111
https://doi.org/10.26565/1992-4224-2025-44-16
https://doi.org/10.26565/1992-4224-2025-44-16
https://doi.org/10.26565/1992-4224-2025-44-16
https://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

ISSN 1992-4224 Jlroguna Ta poskimis. ITpobaemu Heoekosorii. 2025. Bunyck 44

ally important and economically relevant use of
forests [2].

In many European countries the forests are
the most attractive areas and they are dominant for
short term or long-term recreation of the
inhabitants. They are also attractive as a place to
visit for foreign visitors [8]. Latvia, a country with
>50% forest cover, treats forests as a routine
leisure space for walking, short hiking, and
informal  nature-based activities such as
berry/mushroom picking [3, 4]. An important
social driver of long-term demand for forest visits
is early-life exposure. In nine-country European
countries (Austria, Czech Republic, Switzerland,
Germany, Denmark, France, Poland, Slovakia,
and UK) frequent childhood forest visits and
proximity to forest during upbringing is linked
with much higher adult visitation rates later in life
[5]. Also, more than 80% of Latvian residents
regularly relax in the forest, playing sports,
picking mushrooms or berries [1].

Educational/interpretive infrastructure is
important for offering more complex experiences
from the hiking. An eye-tracking study with
school-aged youth on forest educational trails in
Poland shows that visitors do look at interpretive
boards, but attention is uneven. Large visual
elements attract initial gaze, while dense text
produces many fixations but lower sustained
engagement. Overly cluttered layouts reduce
comprehension. The educational boards on trails
should prioritize simple visual hierarchies,
concise explanations, and clear iconography in
situ [6]. Other authors also emphasize that boards
should be harmonious with the site and tell the
story of the site [7].

Globally, protected areas — many of them
forest-dominated — receive on the order of eight
billion visits per year, generating hundreds of
billions of dollars of direct in-country spending
annually and indicating very high social demand
for contact with semi-natural and natural
environments [2].

Material and methodology

Although Latvia is a relatively small
country in terms of territory, we have something
to be proud of in terms of forests — Latvia is the
fourth most forested country (approximately
53% of Latvia's territory is covered by forests)
in Europe, only surpassed by Finland (77%),
Sweden (76%), and Slovenia (63%).

Forests in Latvia are owned both publicly
and privately. The state owns the largest share
of the forest land, while private ownership is
also significant. The state forests are managed
by a state-owned enterprise, Latvia’s State
Forests (Latvijas Valsts Mezi, LVM), which
manages over 1 million hectares of forestland.
Currently, more than 50 local tree and shrub
species are found in Latvian forests, of which
only nine play a decisive role in the formation
of stands. According to statistical inventory
data, in 2010, forest stands consisting of 2-3
tree species prevailed in the country — 54%. In
second place, occupying 37% of all forest areas,
are pure stands. Forest stands consisting of 4-5
tree species occupy 9%, but more than five tree
species are found in one stand very rarely —only
0.2% of cases. The majority — 54% of Latvian
forests are covered by deciduous trees, the
remaining 46% — by coniferous trees [1].

Gauja National Park, established in 1973,
is the largest and oldest national park in Latvia,
covering over 900 square kilometers. It is
renowned for its diverse landscapes, featuring
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dense forests, rivers, lakes, sandstone cliffs,
caves, and valleys carved by the Gauja River.
The park is a haven for nature lovers and
outdoor enthusiasts, offering opportunities for
hiking, cycling, and water sports. In addition to
its natural beauty, Gauja National Park is rich in
cultural heritage, with medieval castles like
Turaida and Sigulda, ancient hillforts, and
charming towns like Cgsis. The park is also
home to many protected species of flora and
fauna, making it an important conservation
area. It's a popular destination for ecotourism,
combining natural beauty with historical
exploratation [9].

The planned route will lead along
riverside and has a start point at an active leisure
park ’Ramkalni’’, about 40 km away from the
capital of Latvia- Riga and end in Sigulda,
about 53 km away from Riga. The route along
the river is a typical Vidzeme landscape- hilly
and covered by trees- 53,8% of Latvia’s
territory is forested. Sigulda is one of the most
picturesque towns in Latvia, thanks to its
location next to river Gauja valley. Because of
the reddish Devonian sandstone which forms
steep rocks and caves on both banks of the river,
Sigulda has been called the "Switzerland of
Vidzeme".

Gauja River is the longest river entirely
in Latvia, stretching about 452 kilometers (281
miles). It flows through the picturesque Gauja
National Park, known for its stunning natural
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landscapes, sandstone cliffs, caves, and dense
forests. The river is popular for outdoor
activities like canoeing, rafting, and hiking,
especially in the scenic sections near Sigulda
and Cesis. Gauja has a rich history, with ancient
settlements along its banks, making it a cultural
as well as a natural treasure in Latvia [10].
Two castles standing at a shooting
distance from each other — Sigulda Castle and
Turaida Castle — are the first objects to be seen
by travellers who have approached the primeval

Leisure path along the river Gauja in
Latvia is located in Vidzeme, a region in Latvia
known for river landscapes. The route develops
along river Gauja, starting at an active leisure
park “’Ramkalni’’ and continuing until Sigulda
and is in the territory of Gauja National Park
(Fig. 1). The chosen route is located in

Y
N
s

Results

valley of the River Gauja. Events related to
these castles date back to the 13th century when
each bank of the River Gauja remained in the
possession of different rulers — Riga Bishop and
Order of Sword Brothers. Castle restoration was
commenced in 1953 with the reconstruction of
the castle tower. Sigulda New Castle is situated
next to Sigulda Medieval Castle. It was erected
by Duke Kropotkin in 1878 and it was rebuilt in
1936, still retaining the unique interior of
national romanticism [11].

Vidzeme, a region in Latvia known for river
landscapes. The route develops along river
Gauja, starting at an active leisure park
“’Ramkalni’’ and continuing until Sigulda and
is in the territory of Gauja National Park.
Intended length of the trail is 19 km, average
time needed to finish the trail: 6-8 hours.

destinatiol- Sigulda

train station

Fig. 1 — Localization of the educational trail [12]

The planned route consists of 8 stops which
are currently separated. Most of the places show
the beauty of the picturesque Gaujavalley, some
of them are for active leisure as well. Sigulda
provides many more tourist attraction spots, there
are plenty of options for both active and passive
leisure. The stops are:

1. ’Ramkalni”’ active leisure park,

2. Ziedleju cliffs,

3. The Katlapu rock,

4. “’Keizarskats” (“’The King’s View’’),
5. Adventure park ‘’KakiSkalns’,

6. Sigulda Bobsleigh and Luge track,

7. The Cane Park in Sigulda,

8. Laima clock at Sigulda train station.
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There have been identified positive sides of
the area, which includes: All stops in the planned
route are accessible by car, so in case of accidents,
there are possibilities to get help easily.
Keizarskats already has a good infrastructure-
wooden footbridges, information signs, trash bins
etc. The chosen route is naturally very beautiful
and appealing, thanks to the picturesque valley of
Gauja and also easily walkable, as it consists of
forest roads, surface along the river and asphalt
roads which are in very good quality.

Negatives elements, which was identified
are: Ziedleju cliff is getting ruined by visitors
who carve names in the cliff, slowly making it
smaller. Katlapu iezis, already a very popular
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stop for tourists, tends to be quite polluted, as
there are no trash bins in the area. In some spots
it is difficult to access the river because of the
branches carried together by the stream.

The landscape architectural proposal
(Fig. 2) and design of the equipment is simple,
minimalistic and natural shapes, with simple
bench and information sign structures, mostly
using wood material like wooden beams. Main
inspiration textures- wood and rusted metal as

The concept of the trail s connectin
already exis
rnver Lauje

MAP LEGEND

urbanized territory tity of Sigulda
There )

references to Gauja National Park forests and
the sandstone cliffs. For the trails and stairs in
places of terrain changes, it is planned to use the
wood of Larix trees, as it rots much more slowly
than other trees. It is meant to keep the natural
wooden texture shown to mix with the visual
look of the river's bank- flowy and natural.
Design elements are meant to be both
educational and applicable for active leisure as
well.

Fig. 2 — Landscape-architectural proposal of the educational trail [12]

The concept of the trail is connecting
already existing viewpoints along the river
Gauja and leading to an urbanized territory- city
of Sigulda. There are 2 active leisure parks in
the trail, 4 stops at the best viewpoints of river
Gauja and 3 viewpoints in the city, included a
bobsleigh track.

The topics of the informational boards in the
planned trail are:

1. Main board about the trail,

2. Educational board about Gauja River,

3. Educational board about Gauja National
park,
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4. Educational board about geology of the
cliffs,

5. Informational board active leisure park
“Tarzans’’,

6. Informational board about Sigulda city.

The design elements which was proposed

for this trail are swings, informational board and
benches (Fig. 3). The swings are planned to be
on top of the Katlapu iezis, giving the visitors a
great opportunity to make the trip remarkable
by providing the feeling the adrenaline of using
the swings on the highest point of the terrain,
where, looking down, there is a great view of
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Fig. 3 — Design of the educational board and bench [12]

the river Gauja. Being on a hill allows the
swing's user to feel more connected to the
open space. This heighten sense of speed and
altitude contributes to the fun factor, especially
for children. Ground anchors - iron structure
connection with hydro isolation in C16/20
concrete at 1 meter depth and then gravel.
Materials of the swings - solid oak planks with
elaborately spliced rope.

On the top of Katlapu iezis, there is a
resting spot with a fireplace for travellers. It is
planned to place the swings closer to the edge
and redesign the fireplace by adding benches
around and trash bins, as currently there is a
problem with waste management because of the
lack of trash bins. Informative signs of the idea
“’Take what you came with home’” will also be
added to minimize the trash in the area.

natural landscape and enhances the sensory
experience, offering a sense of freedom and

Several educational and informational
boards are also to be put throughout the trail.
Materials of the educational boards- wooden
beams and corten steel in a shape that gives the
resonance of the flow of river Gauja. They are
planned to be in two heights (one at 2 meters
and the other one at 1,45 meters), so both adults
and children can read the information given at a
comfortable height for them. Ground anchors
for the elements C16/20 concrete at
appropriate depth and gravel.

Wooden beam bench is from grijsen-
international.com (Pure Eco single seat with
backrest (3000)) The bench is made from a solid
wood beam, frame is made of corten steel.

Conclusions

Proposed educational trail should
increase informational and aesthetical value of
the existing path and also offer better comfort
for the visitors. It is meant to keep the natural
wooden texture shown to mix with the visual
look of the river's bank- flowy and natural.
Main inspiration textures-wood and rusted
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metal as references to Gauja National Park
forests and the sandstone cliffs.

Most of the places show the beauty of the
picturesque Gauja valley, some of them are for
active leisure as well. Sigulda provides many
more tourist attraction spots, so for those who
are interested in staying there after walking the
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intended route, there are plenty of options for
both active and passive leisure.

This is a popular destination for ecotou-
rism, combining natural beauty, relaxation, and
learning.

Forest recreation is an important aspect
of Latvia's culture, as forests serve not only as
natural resources but also as spaces for
relaxation, tourism, and outdoor activities. This
recreational value contributes to the well-being
of citizens, while also boosting the local
economy through eco-tourism and nature-based
experiences. Latvia has established a strong

protection, including protected areas like
national parks, nature reserves, and Natura 2000
sites, which ensure the preservation of its rich
biodiversity, but, despite the progress. There are
also some challenges such as illegal logging,
pressures from development, and the impacts of
climate change.

However, through continued investments
in conservation efforts, public awareness, and
sustainable practices, Latvia can safeguard its
natural heritage, ensuring that forests remain a
vital resource for future generations, which is a
gift so valuable that we should put a lot of effort

legal

framework for forest and nature in protecting it and only developing it.
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Hine. 3anpornoHyBaTi peKkpeamniiiHy OCBITHIO CTEXKY JJII TPOMaJCHKOCTI B3IOBX piuku [ays.

Metoan. [TompoBi, TaHAIIA(THI Ta APXITEKTYPHI.

Pe3yabTaTu. PekpeauiiiHa OCBITHS CTeXKa NPOXOJUTHME B3IOBXK Oepera pidkd Ta MaTUMe IOYAaTKOBY
TOYKY B MapKy aKTHBHOTO BiqNOYMHKY «PamkanHi», nmpubnnsHo 3a 40 kM Big cromuni Jlareii — Puru, Ta
3akiHuyBatumeThes B Cirynai, npubnm3Ho 3a 53 kM Bix Puru. 3amnanoBaHuit MapiipyT BKIIIOYae 8 3yIHHOK, SIKi
Hapasi PO3AUICHI Ta ¢ HE MAaIOTh CIOJYYHOro MapuipyTy. sl CTEKOK Ta CXOMIB Yy MICISX 3MiHH penbedy
IIAHYETHCSI BAKOPUCTOBYBATH JiepeBUHy MopuHu (Larix), ockinpKi BOHA THHE HabaraTo MoBiNbHilIe, HIK 1HII
nepeBa. Temarnka iHpopManiiHUX CTEHIIB Ha 3alUIAaHOBaHIW CTEXII € OCBITHBOIO, NPO: CTEXKKY, piuky [ays,
HauionaneHuii mapk ['ays, reosorito ckejb, TapK akTHBHOTO BianoynHKy «Tap3an», micto Cirynza.

BucnoBku. JlanamadTHO-apXiTeKTypHA IPOIIO3UIIS Ta TU3aiH 00JIaTHAHHS MPOCTi, MiHIMATICTHYHI Ta
MaroTh MPUPOJHI HOPMH, 3 NPOCTHUMH JIaBKaMH Ta iHGOpPMaLifHUMU 3HAKaMH, NEPEBaKHO 3 BUKOPHUCTAHHAM
JIEpeB'THUX MaTepiajiB, TAKUX SK JAePeB'ssHI OaaKu. BITBIIICTE MicCIlb IEMOHCTPYIOTh Kpacy MalbOBHUYOI JOITHHA
layi, neski 3 HUX TAKOXK MPU3HAYEHI JJI1 AKTUBHOTO BiJIIOYHHKY.

KJIFOUOBI CJOBA: ranowaghm, ocsimus cmesicka, 0036115, 8IONOYUHOK Y qici, piuxa I ays,
Jlameis

Ilooska

e mocmimkeHas 0yI0 miaTpuMaHO ATeHTCTBOM HayKOBHUX TpaHTiB, rpanT Ne VEGA 1/0681/24.
Kongnikm inmepecis

ABTOpH 3asBIIIOTH NPO BIACYTHICTH KOH(DIIKTY iHTEpeciB Moo MyOiikarii mporo pykomnucy. Kpim toro,
ABTOPH IMOBHICTIO JOTPUMYBAJIMCS €THYHUX HOPM, BKJIIOYAIOUYM YHUKHEHHS Iuiariary, anscudikaiii rannx ta
IyOITIOBaHHS yOJTiKaIiii.

Brecok agmopis: Bci aBTOpU 3p00OUIH PIBHUI BHECOK Y 110 pOOOTY.

B po0o0Ti He BUKOPHCTAHO PECYPC LITYYHOTO IHTENEKTY.
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SPATIAL ORGANIZATION OF AGRICULTURE AS THE BASIS FOR ADMINISTRATIVE
AND TERRITORIAL STRUCTURE BASED ON THE PRINCIPLES
OF SUSTAINABLE DEVELOPMENT

Purposes. To study the possibility of using data on the dynamics of agroecosystems in the design of ad-
ministrative-territorial entities (using the example of the Cherkasy region). The main hypothesis of the study is
the possibility of scientifically correct “fitting” the production specialization of individual farms into the corre-
sponding agro-landscapes, and subsequently, on this basis, justifying the administrative-territorial structure.

Methods. Cartographic, comparative-geographical, statistical.

Results. Analysis of the distribution of enterprises across the territory of the Cherkasy region confirms their
compliance (or non-compliance) with the main natural and economic patterns. Thus, in place of the former 5th for-
est-steppe and 3rd steppe (2014) along the southern border of the region, the 1st steppe (2024) agricultural region has
formed with signs of more pronounced zonal specialization (crops and industries adapted to the arid climate). Over
10 years, the number of farms has increased almost six-fold, which is associated, firstly, with the intensification of
land reform implementation and, secondly, with the strengthening of the trend of “integrating” agroecosystems into
natural landscapes. Despite the dominance of traditional technologies in the main zonal areas of specialization, a
significant number of farms (about 30%) have responded to climate change over the past 10 years (2014-2024) by
gradually introducing cover crops into crop rotations to retain moisture in the soil. Thus, most of the farms specializ-
ing in grain production are “tied” to the flat plains of the central part of the region. The Dnipro regions of the region
are developing specialization with a focus on the consumer (Cherkasy) and significant irrigation resources — open-
field vegetables, dairy and beef cattle breeding, and poultry farming. Only in the western regions of the Uman
“cluster” is the most comprehensive crop and livestock specialization developing, which is explained by the relative
autonomy of this territory. Based on the identification of production types and taking into account landscape diver-
sity, an analysis of agricultural regions in relation to specific landscapes was carried out.

Conclusions. Compared to 2014, the configuration of agricultural areas has changed significantly, which
has been fundamentally influenced by climate change. For the Cherkasy region, the main regional centers remain
the cores of agroecosystems located in the middle of the four modern administrative districts (Zolotonosha,
Cherkasy, Zvenyhorod, and Uman). A more accurate determination of their location, and, most importantly, the
periphery of agroecosystems with subsequent refinement of boundaries, will require additional research, both
with the use of special statistics and expedition data.

KEYWORDS: sustainable development, agroecosystem, agricultural, landscape, zoning, cartograph-
ic, Cherkasy region
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Introduction

From the outset, the concept of sustaina-
ble development has been based on an ecologi-
cal imperative, the pursuit of which is enshrined
in the sustainable development strategy. Ideally,
the essence of following the ecological impera-
tive in agriculture lies in creating and maintain-
ing a material and energy mechanism of human-
nature relations that is inherent in the biosphere
and its ecosystem structure [1]. The concept of
agroecosystems has become a certain compro-
mise on this path [2].

In modern Ukrainian agroecology and
geoecology, there are different ideas about the
structure and functional features of agroeco-
systems [3]. According to O.0. Sozinov, "An
agroecosystem is a discrete functional compo-
nent of the agrosphere, the purpose of which is
to obtain agricultural products of the required
quality with minimal consumption of non-
renewable energy, while preserving the envi-
ronment and natural resources. The energy of
agroecosystems is based on photosynthesis and
anthropogenic energy. It is characterized by
impoverished biodiversity and is unstable.
Without human support, it disintegrates and
transforms into natural disturbed biocenoses. It
is spatially divided into levels: micro: field,
garden plot, farm; meso: functioning within
individual farms; macro: covering the entire
agricultural landscape. An agroecosystem is
the result of targeted human action and is
largely determined by socio-economic factors.

According to S.P. Sonko, "An agroeco-
system is a natural landscape that has been par-
tially or radically transformed by humans
(primarily in terms of material and energy ex-
change), similar in its ecological essence to an
artificial ecosystem, in which material and en-
ergy flows are deliberately directed towards
maximizing the production and subsequent
alienation of biomass. In addition to the eco-
logical proposition that “humans have created
their own artificial ecosystem” (M. Golubets),
a geographical view of the problem of taxon-
omy primarily involves the spatial component
of the ecosystem in the analysis.

However, the only (but fundamental)
difference between the human ecosystem (“ar-
tificial,” “semi-natural,” “combined,” “anthro-
pogenic,” “technogenic”) from “pure” natural
ecosystems lies in the conscious change by
humans (as a species of Homo sapiens) in the

~ 225~

process of noosphere formation of the spatial
essence of the ecotope.

As agriculture has become more inten-
sive, the scientific and practical problem of
matching agricultural specialization with agro-
climatic resources has ceased to be a priority,
the danger of which has been highlighted in
many scientific works [4]. Instead, the laws of
the market economy have only increased the
gap between the specialization of farms and
the existing potential of agroecosystems [1].

The modern revival of scientific interest
in this issue is primarily due to the scientific
fallacy of the “green revolution” concept, the
implementation of which over the past thirty
years has mainly resulted in a dangerous de-
cline in soil humus content [5].

This is precisely why the conclusions of
contemporary scientific research (both domes-
tic and foreign) emphasize the need to shift the
focus of agricultural land use from the usual
slogan of “increasing productivity” to the slo-
gan of “preserving biological resources for
future generations,” which corresponds to the
main slogan of the concept of sustainable de-
velopment [6].

The authors sincerely believe, as ex-
pressed in previous publications, that there is
no industry closer to biospheric mechanisms
than the agrosphere [1]. Therefore, modern
research on the spatial organization and typol-
ogy of agriculture should be the first step to-
wards harmonizing the relationship between
nature and society, and at a new methodologi-
cal level — with the introduction of environ-
mentally friendly technologies for ecological
conversion and scientific provisions of modern
synergetics on the invariance of relationships
in natural ecosystems. In fact, the biosphere
independently eliminates anthropogenic im-
pacts on natural ecosystems that occur in the
course of agricultural activities [7]. The “inte-
gration” of the specialization of individual
farms into natural landscapes is intended not
only to reduce the negative anthropogenic im-
pact on natural ecosystems, but also to lay a
strong foundation for the administrative-
territorial structure of any state [8].

The purpose is to study the possibility of
using data on the dynamics of agroecosystems
in the design of administrative-territorial entities
(using the example of the Cherkasy region).
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Theory and methods

In terms of the impact on the administra-
tive-territorial structure, in addition to traditional
geographical methodological approaches to justi-
fying the specialization of agriculture (E.
Kostorvitsky, A. Rakytnikov, 1. Mukomel), its
methodology should include the main provisions
of the theory of the biosphere and the theory of
biotic regulation. It is according to them that in
natural ecosystems, with the help of self-
regulation mechanisms, a state of stable dynamic
equilibrium is formed, which is constantly main-
tained. Accordingly, it is necessary to create en-
vironmentally tolerant agro-ecosystems, in which
the main material-energy mechanisms are close
to natural analogues [9], ecosystem services

Therefore, the basis of modern production
typology methods, in addition to traditional ones
(spatial organization of society in general and
agriculture  in  particular,  cartographic,
geoinformation methods), should be landscape
planning methods [10, 11], ecological conversion
of agriculture [12], ecosystem services [13, 14],
adaptation to climate change [15].

The use of these methods will help, in
contrast to the predominantly search-theoretical
developments inherent in geographical works to
date, to translate them into a constructive-
practical plane.

For more than 50 years of development of
the concept of production types of agriculture
and agricultural zoning, the main procedural
problem remains to this day the reduction of sub-
jectivity in the allocation of production types and
agricultural areas. According to M.D. Pistun, we
are talking about the delineation of the bounda-
ries of agricultural areas, which are very often
carried out at the sensitive level of the researcher
without sufficient scientific argumentation [16].

In a market economy, when a farmer has
much more property rights than a collective
farmer or even the head of a collective farm,
information on each farm can be of significant
commercial interest to competitors, and the
technologies used can be the subject of
intellectual property. In fact, this is precisely
what causes the significant impoverishment of
agricultural statistics used by the authors.
Moreover, the mandatory list of statistical
indicators is decreasing every year.

Thus, in 2014, when the resource [17] was
operational, it was possible to obtain data on
yield, gross harvest and sown area of each farm.
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In 2024, these indicators could no longer be used.
That is why the authors admit that the element of
subjectivity in drawing the boundaries of agricul-
tural regions in 2024 increased compared to 2014
and significantly increased compared to the
methodology used before 1991. It is because of
this that the spatial “binding” of farms of certain
production types to the corresponding natural
landscapes was carried out only according to the
2014 data, because carrying out a similar proce-
dure for the 2024 data would not add objectivity
to such zoning.

Nevertheless, in addition to involving the
main indicator in agricultural zoning - the level
of agricultural intensity - traditional economic
and geographical methodological approaches of
center-periphery, consumer orientation, and
transport accessibility were wused [18]. In
addition, in order to reduce the element of
subjectivity in substantiating this particular
configuration of agricultural areas, the authors
performed a spatial “binding” of farms of certain
production types to the corresponding natural
landscapes.

In fact, this approach also does not
completely solve the problem of correctly
“fitting” the type of agriculture into the type of
natural environment. However, it is identical to
the well-known developments in natural-
agricultural  zoning. Data from natural-
agricultural zoning give the most general idea of
a certain territory and do not provide for the
“fitting” of a small-sized farm territory into local
landscapes/ecosystems [19].

We deliberately did not use these data,
since according to the authors, the entire territory
of Cherkasy region is classified as a forest-steppe
zone, although in fact, under the influence of
climate change, the border between the steppe
and the forest-steppe has shifted north by more
than 100 km [20].

However, given the certain inertia (time
lag) of the development of such inert compo-
nents of the landscape as geological structure,
soils and hydrographic network (compared to
climate), their characteristics will be relevant for
a long time.

Therefore, as the main working hypothesis
of research on the spatial organization of agricul-
ture, it is advisable to consider the assumption
of the possibility of scientifically correct "inclu-
sion" of the production specialization of indi-
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vidual farms in the corresponding agricultural
landscapes, and further, on this basis, to sub-
stantiate the administrative-territorial structure.
Approaching the ecological imperative, embed-
ded in the concept of sustainable development,
will be possible through achieving maximum

According to previous studies [1], the spe-
cialization of the main mass of farms in the for-
est-steppe zone of the Cherkasy region (over
85% of the total number) is approaching mono-
culture (production of grain and oil crops). This
is a consequence of the fact that over the past 20
years, the market economy has objectively
“washed out” livestock farming, which tradition-
ally (through the use of organic fertilizers) en-
sured a certain ecological stability of agroecosys-
tems, from the list of specialized industries. At
the same time, modern research on the energy of
agroecosystems confirms the possibility of
greening  agricultural  production  precisely
through the diversification of its specialization
[21]. The objective conditions for such diversifi-
cation are created by nature itself, which “em-
beds” the appropriate agroclimatic potential in
each natural landscape [22], which is the objec-
tive basis for the development of the correspond-
ing, strictly determined specialization.

An analysis of the distribution of enter-
prises across the Cherkasy region confirms their
compliance (or non-compliance) with the main
natural and economic patterns. Thus, most of the
farms specializing in grain production are “tied”
to the flat plains of the central part of the region.
The Dnipro regions of the region are developing
specialization with a focus on the consumer
(Cherkasy) and significant irrigation resources —
open-ground vegetables, dairy and beef cattle
breeding, and poultry farming. Only in the west-
ern regions of the Uman “cluster” is the most
comprehensive crop and livestock specialization
developing, which is explained by the relative
autonomy of this territory.

Based on the identification of produc-
tion types, as well as taking into account land-
scape diversity [23] [using the “overlay” of the
map-mask created by the author (Fig. 1)], an
analysis of agricultural regions in their “link”
to specific landscapes was carried out.

When conducting the typology and zoning
of agriculture in the region based on data from
2024, in addition to the intensity criteria defined

Results
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ecological compliance of cultivated crops and
animals with certain agro-climatic resources,
which will contribute to a high level of ecologi-
cal tolerance.

Research methods: cartographic, com-
parative-geographic, statistical

above, we used data on climate change, since it
was these changes that contributed to the “drift”
of the border between the Steppe and Forest-
Steppe zones northward by more than 100 km
with a corresponding change in specialization.

In 2024, 11 main types of agriculture with
75 subtypes were formed (Fig. 2). The following
subtypes of agriculture were added to those iden-
tified in 2014: Grain farming (cereals, legumes,
and corn) combined with industrial oilseeds and
fodder crops; Grain farming combined with in-
dustrial oilseeds, fodder crops, and vegetable
growing; Cultivation of industrial and fodder
crops; Grain farming, industrial crops, fodder
crops, and horticulture; Grain farming, industrial
crops, fodder crops, and vegetable growing; Hor-
ticulture and berry growing; Grain farming, in-
dustrial crops, fodder crops, horticulture, and
vegetable growing; Vegetable growing; Mush-
room growing; Grain farming, industrial crops,
fodder crops, and vegetable growing; Fruit grow-
ing and berry growing; Grain farming, industrial
crops, fodder crops, fruit growing, and vegetable
growing; Vegetable growing; Mushroom grow-
ing; Grain farming combined with industrial
crops, vegetable growing, and animal husbandry;
Grain farming, cultivation of industrial and fod-
der crops, vegetable growing, diversified animal
husbandry; Vegetable growing, fruit growing,
animal husbandry, dairy and beef cattle breeding,
and pig breeding; Pig breeding; Fish farming;
Cattle breeding; Rabbit breeding; Grain farming,
industrial crops, fodder crops, and integrated
plant protection; Grain farming, industrial crops,
fodder crops, freight transportation;

Grain farming, technical, feed, scientific
services; Pig farming and processing of its prod-
ucts. Horticulture and nursery; Seed production
of field crops; Forest nursery; Grain farming,
cultivation of industrial and fodder crops with
dairy and beef cattle breeding and horse breed-
ing; Grain farming, cultivation of industrial and
fodder crops with dairy and beef cattle breeding;
Grain farming, cultivation of industrial and fod-
der crops with dairy and beef cattle breeding, pig
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farming, and horse breeding; Grain farming, cul-
tivation of industrial and fodder crops, horticul-
ture, and animal husbandry; Grain farming com-
bined with industrial oilseeds, fodder crops, and
beekeeping; Grain farming combined with indus-
trial oilseeds, fodder crops, and fish farming;
Grain farming combined with industrial oilseeds,
fodder crops, and pig farming; Grain farming
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combined with industrial crops, fodder crops,
and animal husbandry; Grain farming combined
with industrial crops, vegetable growing, horti-
culture, and animal husbandry.

We compared the production types of
farms in the Cherkasy region in 2014 and 2024
using 12 indicators (an example of one of the
districts is given in Table 1).

el ....
.
.
.
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I, 11, Il and IV indicate the numbers of agricultural districts as of 2014.
Fig. 1 — Landscape map-mask of the Cherkasy region. (Prepared by the authors based on [7])

Table 1
Key indicators of agricultural production types in the Drabiv district

Ne Comparable indicator Value
1 | Increase in the number of farms in 2024 compared to 2014 (%) 455
2 | Farms with a predominant production type (as a % of the total number in 2024) 85,3
3 | Number of farms that added new industries in 2024 (among those operating since 2014) (units) 2
4 | Number of farms where old industries disappeared in 2024 (among those operating since 2014) (units) 5
5 | Number of farms where drought-resistant industries (or crops) increased in 2024/2014 (units) 3
6 | Number of farms where the number of cover crops increased in 2024/2014 8
7 | Number of farms where crops and industries that promote greening are represented (units) 4
8 | Average area of ecosystem services provided by one farm in 2014 (sg. km) 43,0
9 | Average area of ecosystem services provided by one farm in 2024 (sg. km) 9,4
10 | Percentage of farms specializing in livestock production in 2014 (%) 48,1
11 | Percentage of farms specializing in livestock production in 2024 (%) 13,8
12 | Number of farms with highly specialized commodity sectors added in 2024 (units) 9
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I, 11, 11l and 1V indicate the numbers of agricultural districts as of 2024.
Fig. 2 — Production types and agricultural regions forming in the Cherkasy region in 2024

The main trends from the comparative
analysis of production types are as follows:

- The largest number of farms added in
2024 is in the 1st South-Central agricultural re-
gion. It is important to note that this same territo-
ry covers the area to which the steppe zone has
expanded under the influence of climate change
[1]. In other words, the main mass of farms
(1,274 out of 1,808) is located in a zone of risky
agriculture that is affected by climate change. It
is likely that, over time, this group of farms will
respond to these changes.

- The decrease in the share of crop and
livestock farms in the total number of farms in
2024 compared to 2014 did not affect their total
number. The largest decrease in the share of such
farms occurred in Zolotonosha (by 45%), Uman
(by 45%), and Kamyanska (by 52%). However,
despite the low percentage (10-18%) of such
farms in these districts, in absolute terms there
are at least 20 of them. This is on average 3-5
farms more than in 2014. These indicators show
generally proportional changes in the ratio of
crop and crop-livestock farms over 10 years.

- The smallest changes (both in terms of
guantity and specific weight) occurred in the
northern forest-steppe zonal types of farms
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(Kaniv, Zhashkiv, and Korsun-Shevchenkivskyi
districts). To a certain extent, this may indicate
that the forest-steppe zone farms are more resili-
ent to climate change (compared to the zonal
steppe types).

An analysis of fluctuations in individual
indicators in agricultural regions revealed the
following:

1. “The number of farms increased in
2024 compared to 2014 (%)”. The average re-
gional values of this indicator were exceeded in
nine districts: Zvenyhorod, Kamianka, Kaniv,
Katerynopil, Korsun-Shevchenkivskyi, Lysianka,
Mankivka, Monastyryshche, and Smila. At the
same time, the values of this indicator exceed the
regional average by two times or more in the
Kamyansky, Mankivsky, and Smilyansky dis-
tricts. This excess may indicate the extremely
high activity of land share owners, who, after the
land market became more active starting in 2020,
returned their land shares and registered new
farms. Thus, in the Kamyansky district, instead
of 9, 114 new farms were established during
2020-2024. At the same time, all newly formed
farms have decided on their specialization, the
predominant type of which is grain farming (ce-
reals, legumes, and corn) in combination with
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technical crops (soybeans, sunflowers, rapeseed).
Crop and livestock farms are almost absent
among the new ones.

2. “Farms with a predominant production
type (as a percentage of the total number in
2024)”. To a certain extent, this indicator reflects
the level of monocultural specialization of farms,
since the number of such farms in 2024 increased
by approximately two to three times compared to
2014. According to this indicator, the regional
averages are slightly exceeded in the Zveny-
horod, Kamyanske, Mankivske, Monastyry-
shchenske, Uman, and Shpola districts. There-
fore, to a certain extent, it can be assumed that
there is a tendency toward monocultural speciali-
zation in these districts.

3. “Number of farms that added new in-
dustries in 2024 (among those operating since
2014), (units)”. This indicator shows that farms
operating since 2014 are trying to diversify their
production, both under the influence of market
factors and by adapting to changing natural con-
ditions (including under the influence of climate
change). Of all districts, the values of this indica-
tor exceed the regional average in the Zhashkiv,
Zvenyhorod, Zolotonosha, Talne, Uman, Khris-
tynivka, Cherkasy, and Chornobaiv districts. At
the same time, this indicator is almost twice as
high as the regional average in the Zolotonosha
and Khristynivka districts.

4. “Number of farms where old industries
disappeared in 2024 (among those operating
since 2014) (units)”. This indicator to some ex-
tent reflects the impact of market factors, which
may have reduced the profitability of these in-
dustries, which in turn led to a decision not to
develop them further. Of all districts, the values
of this indicator exceed the regional average in
the Gorodishche, Drabiv, Zhashkiv, Mankiv,
Talne, Uman, Chornobaiv, and Shpola districts.
At the same time, the values in the Zhashkiv,
Mankiv, and Uman districts are almost twice the
regional average.

5. “Number of farms where drought-
resistant industries (or crops) increased in
2024/2014 (units)”. This indicator may indicate a
certain response of farms to climate change.
Among such crops, we include millet and sor-
ghum, and among livestock, sheep farming. Of
all regions, the values of this indicator that ex-
ceed the regional average are in the following:
Zvenyhorodsky, Katerynopilsky, Talnivsky, and
Shpola. It is important to note that despite the
relatively small number of farms in which these
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industries are represented, all these farms are
located within the “new” steppe zone (I agricul-
tural region, Fig. 3).

6. “Number of farms where the number of
cover crops increased in 2024/2014 (units)”. This
indicator, like the previous one, may indicate the
response of farms to climate change, since one of
the important functions of cover crops is to retain
moisture in the soil [24]. There are about 20 cov-
er crop mixtures. In addition to the traditional
lupine, clover, phacelia, mustard, and sudan
grass, any grain, radish, and even sunflower can
be used [25]. Therefore, without specific data on
mixtures, we relied on the data provided by
farms, understanding that the use of cover
crops/green manure may be one-time — one mix-
ture this year, another next year, and from pur-
chased seed material. Of all regions, the values of
this indicator exceeding the regional average are
in the following: Drabiv, Zolotonosha, Uman,
Khristinivka, Cherkasy, and Shpola. It is im-
portant to note that on the analytical map, all of
the listed farms are divided into four gradations
(by the number of cover crops) and marked with
corresponding symbols (Fig. 3).

7. “Number of farms representing crops
and industries that promote greening (units)”.
This indicator shows the potential of a particular
farm in terms of greening agriculture, i.e., mini-
mizing or eliminating the use of mineral fertiliz-
ers. In particular, crops that leave nitrogen in the
soil, such as peas, chickpeas, vetch, and mung
beans, or cattle and rabbit breeding as a source of
manure—an effective natural fertilizer that does
not require large investments to prepare (com-
posting)—were taken into account. We deliber-
ately did not consider pig manure as a fertilizer,
as it requires special, costly, and, as a rule,
lengthy preparation before application [26, 28].
In addition, the use of pig manure is largely lim-
ited for ecological and aesthetic reasons (foul
odor). We also did not consider beekeeping as a
source of natural plant pollination, firstly, due to
the relatively small number of farms where this
industry is developed, and secondly, due to the
use by the vast majority of farms of hybrid seeds
of most field crops [27].

Of all districts, the values of this indicator
exceeding the regional average are in the follow-
ing: Zhashkiv, Zvenyhorod, Zolotonosha,
Mankivka, Talne, Uman, Khristynivka, Cher-
kasy, and Chornobaivka. At the same time, the
highest excess values are in the Uman, Talne,
and Chornobaivka districts.
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Fig. 3 — Analytical map for comparative analysis of agricultural production typology in 2014 and 2024.
(Petal diagrams show fluctuations in key indicators; the white line shows the current boundary
between the steppe and forest-steppe zones [32]

8. “Average area of ecosystem services
provided by one farm in 2014 (sq km)”. Given
that agroecosystems are modified ecosystems,
we used this indicator to assess their role in
providing ecosystem services for a specific
area (the area of an administrative district).
This indicator is compared with the next one,
calculated for 2024. Of all districts, the values
of this indicator that exceed the regional aver-
age are in the following: Kamyansky, Kanivsky,
Korsun-Shevchenkivsky, Mankivsky, Monas-
tyryshchensky, Cherkasy, and Chygyrynsky.
The average area provided with ecosystem
services by one farm in 2014 by district is dis-
tributed as follows: Kaniv (128.3); Chyhyryn
(86.9); Cherkasy (84.6); Korsun-Shevchen-
kKivskyi (81.4); Kamyanskyi (80.5); Monas-
tyryshchenskyi (72.0); Mankivskyi (69.5).

The rest of the districts have indicators
that fluctuate slightly and are on average lower
than the seven districts listed above: Zveny-
horodsky (63.1); Chornobaivsky (59.7); Horo-
dyshchenskyi (58.8); Smilianskyi (58.3); Ly-
syanskyi  (57.3); Katerynopilsky (56.0);
Zolotonosha (55.3); Drabiv (43.0); Uman
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(42.3); Shpola (36.8); Talne (35.2); Khris-
tynivka (35.1); Zhashkiv (30.1).

9. “Average area of ecosystem services
provided by one farm in 2024 (sq. km)”. Given
that the number of farms will increase almost
sixfold in 2024, this indicator is expected to
decrease, as each farm will account for a
smaller area on which ecosystem services are
provided. Of all districts, the values of this in-
dicator that exceed the regional average are in
the following: Zolotonosha, Kaniv, Korsun-
Shevchenkivskyi, Cherkasy, Chyhyryn, and
Chornobaivka. The average area covered by
ecosystem services provided by one farm in
2024 is distributed among districts as follows:
Chornobaivskyi (15.8); Zolotonosha (16.2);
Kaniv (19.4); Cherkasy (19.9); Korsun-
Shevchenkivskyi (24.8), Chyhyryn (34.7).

The rest of the districts have indicators
that fluctuate slightly and are on average lower
than the six districts listed above: Gorodishche
(13.5); Drabiv (9.4); Zhashkiv (12.5); Zveny-
horodsky (9.5); Kamyansky (5.4); Kateryn-
opilsky (8.2); Lysyansky (9.5); Mankivsky
(5.3); Monastyryshchensky (7.1); Smilyansky
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(8.8); Talnivsky (9.1); Uman (10.4); Khris-
tinivsky (11.4); Shpola (11.7).

However, given the internal ecological
content of this indicator (the area provided
with ecological services by one farm), it
should be noted that the load per farm in 2024
decreased precisely because of the increase in
the number of farms from 375 to 1,808. That is
why it is more appropriate to rank administra-
tive districts in order of priority from smaller
to larger values: Mankivsky (5.3); Kamyansky
(5.4); Monastyryshchensky (7.1); Kateryn-

opilsky (8.2); Smilyansky (8.8); Talnivsky
(9.1); Drabivsky (9.4); Zvenyhorodsky (9.5);
Lysyansky (9.5); Uman (10.4); Khristinivsky
(11.4); Shpola (11.7); Zhashkivsky (12.5);
Horodyshche (13.5); Chornobaivka (15.8);
Zolotonosha (16.2); Kaniv (19.4); Cherkasy
(19.9); Korsun-Shevchenkivskyi (24.8),
Chyhyryn (34.7). A comparison of this indica-
tor with 2014 showed the following (Table 2).
Based on the analysis of the data in the
table, we can see that the largest decrease in the
area providing ecosystem services occurred in

Table 2

Comparison of the area covered by ecosystem services provided by one farm in 2014 and 2024 (km?)

Ne Name of the district 2014 2024 Difference (%)
1. Mankivsky 69,5 53 1311
2. Kamensky 80,5 54 1490
3. Monastyryshchensky 72,0 7,1 1014
4. Katerynopilsky 56,0 8,2 683
5. Smilyansky 58,3 8,8 663
6. Talnivsky 35,2 91 387
7. Drabivsky 43,0 94 457
8. Zvenigorodsky 63,1 9,5 664
9. Lysyansky 57,3 9,5 603
10. | Uman 423 10,4 407
11. | Kbhristinivskyi 35,1 11,4 308
12. | Shpolianskyi 36,8 11,7 315
13. | Zhashkivskyi 30,1 12,5 241
14. | Horodyshchenskyi 58,8 13,5 436
15. | Chornobaivskyi 59,7 15,8 378
16. | Zolotonoskyi 55,3 16,2 341
17. | Kanivskyi 128,3 19,4 661
18. | Cherkasy 84,6 19,9 425
19. | Korsun-Shevchenkivskyi 81,4 24,8 328
20. | Chyhyrynskyi 86,9 34,7 250
three administrative districts:  Kamyanske growth (or decline) of the overall level of agri-

(1490%), Mankivske (1311%), and Monas-
tyryshchenske (1014%). Looking at the maps
(landscapes, physical, soils (Fig. 1), agroclimat-
ic), it is difficult to attribute this distribution to
natural factors. However, comparing these val-
ues with the first indicator (Table 1), we find a
certain similarity.

10. “Percentage of farms specializing in
livestock production in 2014 (%)”. Given the
higher intensity of livestock farming, this indi-
cator should reflect the intensity of agriculture
in 2014, since preliminary estimates show that
the percentage of farms specializing in crop and
livestock production reached 30-40% that year.
Comparing this indicator with the values in
2024 will help to draw conclusions about the
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cultural intensity within individual production
types. Of all regions, the values of this indicator
that exceed the regional average are in the fol-

lowing: Zolotonosha, Kamyansky, Korsun-
Shevchenkivsky, Uman, Khristinivsky, and
Chornobaivsky.

Analyzing the table (Table 3), we can see
that the Kamyanskyi district has lost the most
livestock farming over the past 10 years (-
72.6% /-3). During this time, cattle and pig
farming have almost completely disappeared,
which is most likely explained by the low prof-
itability of these sectors at the beginning of
farming activities. After all, the Kamyanskyi
district is among the leaders in terms of (1) the
increase in farms (1266%).
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Table 3.
Comparison of the specific weight and absolute number of enterprises
that developed livestock specialization in 2014 and 2024

Ne Name of the district % Quantity (units)

2014 2024 A 2014 2024 A
1 Mankivsky 46,5 144 -32,1 5 10 +5
2 Kamensky 77,0 4,4 -72,6 8 5 -3
3 Monastyryshchensky 10,0 10,1 +0,1 1 10 +9
4 Katerynopilsky 50 17,2 -32,8 6 14 +8
5 Smilyansky 43,8 13,2 -30,6 7 14 +7
6 Talnivsky 50,0 14,8 -35,2 13 15 +2
7 Drabivsky 48,1 13,8 -34,3 13 17 +4
8 Zvenigorodsky 43,7 6,6 -37,1 7 7 0
9 Lysyansky 32,2 14,1 -18,1 4 11 +7
10 Uman 66,6 16,4 -50,2 20 21 +1
11 Khristinivskyi 94,4 30,9 -63,5 9 18 +9
12 Shpolianskyi 56,6 14,8 -41,8 16 14 -2
13 Zhashkivskyi 40,6 16,8 -23,8 13 13 0
14 Horodyshchenskyi 46,6 15,3 -31,3 7 11 +4
15 Chornobaivskyi 69,2 25,5 -43,7 18 24 +6
16 Zolotonoskyi 59,2 21,7 -37,5 17 19 +2
17 Kanivskyi 5 10,4 +5,4 2 7 +5
18 Cherkasy 52,6 24,7 -27,9 10 24 +14
19 Korsun-Shevchenkivskyi 54,5 25,0 -29,5 6 9 +3
20 Chyhyrynskyi 28,5 20,0 -8,5 4 7 +3

11. Almost nothing has changed in the
Monastyryshche district over the past 10 years —
the percentage (10.0%/10.1%) has remained
virtually unchanged, although the number of
livestock sectors increased by 9 in 2024. In the
Khristinivskyi district, there was a fairly high
loss of livestock sectors (-63.5%) with an in-
crease in the number of farms with livestock
sectors (+9). In the Shpola district, the absolute
number of farms with livestock sectors de-
creased (16/14) with a significant decrease in
the percentage of these sectors (56.6/14.8). In
two districts, Zvenyhorod and Zhashkiv, the
absolute number of farms has not changed over
10 years, 7/7 and 13/13, respectively.

The remaining regions share a common
trend of a decrease in the share of livestock sec-
tors in 2024 (by an average of 30-50%) with a
simultaneous increase in the absolute number of
these sectors (by an average of 3-9).

12. “The number of farms with highly
specialized commodity sectors in 2024 (units).”
This indicator may demonstrate the priority of
market factors in the formation of the speciali-
zation of individual farms. Since the phrase
“highly specialized commodity sectors” only
roughly defines the list of such sectors, because
any crop can be a “commodity,” we limited
ourselves to plotting beet growing on the analyt-
ical map (Fig. 3). Of all regions, the values of
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this indicator that exceed the regional average
are in the following: Zhashkiv, Zolotonosha,
Talne, Uman, Khristynivka, Cherkasy, and
Chornobaivka. At the same time, in
Zolotonosha, Uman, and Cherkasy, these values
exceed the regional average by more than half.

The use of data from agricultural typolo-
gy in the design of the administrative-territorial
structure was made possible thanks to the expe-
rience accumulated by Prof. S. Sonko in identi-
fying the boundaries of agroecosystems in the
Kharkiv region [28]. In particular, we attempted
to identify them in the Cherkasy region. A
comparison of the results of these studies de-
serves a separate, more detailed presentation,
which we have provided in [1].

Certainly, the identification of “entropy
stress zones” in the Cherkasy region as evidence
of the noospheric nature of agroecosystems re-
quires further research. However, we were una-
ble to fully utilize the geoecological approach to
the identification and further analysis of agroe-
cosystems for several reasons. The first is the
lack of data (as mentioned above), which did
not allow us to correctly define the natural
boundaries of agroecosystems (types of agricul-
tural land organization). The second is the pecu-
liarities of the configuration of the Kharkiv
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(closer to a circle) and Cherkasy (closer to a
line) regions. The latitudinal elongation of the
Cherkasy region confirms traditional ideas
about the boundaries of natural zones (and cor-
responding landscapes). However, in recent
years, the drift of the boundaries of the steppe
and forest-steppe natural zones to the north
(Fig. 3) has “included” almost the entire territo-
ry of the region in the Steppe [29].

In addition, the distribution of natural
landscapes across the Cherkasy region attests to
their significant discreteness. Even within the
old boundaries of natural zones (before 2019),
separate areas (in the form of “patches”) of co-
niferous-broadleaf forests, broadleaf forests,
and especially forest-steppe forests are very
often interspersed with steppe landscapes.
Therefore, we were unable to identify landscape
areas that would have significant continuity
with a predominant landscape type over most of
the Cherkasy region due to the danger of
“mechanistic” (and, therefore, subjective) na-
ture of this procedure.

The only exception is the territory of the
1st agricultural region (2014, eastern part), a
significant part of which (almost half) is occu-
pied by a homogeneous landscape of continuous
extension (17 - meadow-steppe, slightly dis-
sected with depressions and a beam-hollow sys-
tem, with typical light and medium loamy cher-
nozems on lowland, accumulative, loess terrace
plains (Fig. 1).

As for the economic boundaries of
agroecosystems (boundaries of agricultural re-
gions), their configuration in 2014, with a cer-
tain degree of convention, allows us to distin-
guish them by the number of agricultural re-
gions (5). However, the lack of data on the
types of agricultural land use allows us to speak
only about the spatial identification of agroeco-
system cores, which (based on the experience of
agricultural zoning in the Kharkiv region [28])
hardly change their spatial location over time
(Fig. 4). These are:

I. Prydniprovsko-Cherkasy region (com-
prising the territories of Cherkasy, Zolotonosha,
Chornobaivka, Drabiv, the eastern part of Horo-
dyshche, the northern part of Smila, and the east-
ern part of Chyhyryn administrative districts).

Il. Central Forest-Steppe (comprising the
territories of Kaniv, Korsun-Shevchenkivskyi,
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Zvenyhorodka, Lysyansk, the northern part of
Horodyshche, and the northern part of Shpola
administrative districts).

I1l. Southern Forest-Steppe (comprising
the southern and western parts of Chyhyryn, the
whole of Kamyansky, the southern part of Smi-
lyansky, the central and southern parts of
Shpola, and the whole of Katerynopil adminis-
trative districts).

IV. North-Western Forest-Steppe (com-
prising the territories of Zhashkiv, Monas-
tyryshche, and Mankiv administrative districts).

V. South-Western Forest-Steppe (com-
prising the territories of Talne, Uman, and
Khristyniv administrative districts).

As we can see, the number of districts des-
ignated in 2014 is close to the number of admin-
istrative districts “assigned” in the new adminis-
trative reform. According to the reform, there are
only four of them: Zolotonosha, Cherkasy,
Zvenyhorod, and Uman. We consider this condi-
tional coincidence to be an objective prerequisite
for building a new administrative system based
on ecosystem principles, which has been dis-
cussed in separate works [30].

The above data may refer to the meso
level of agroecosystems [30]. However, the
results of previous studies allow us to compare
the micro level of agroecosystemology, where
the primary unit of study is a farm. With re-
gard to the hierarchy of agroecosystems, in the
near future, the lowest micro-level, which spa-
tially corresponds to a peasant farm, is “visi-
ble” and, from the point of view of ecosys-
temology, seems to us to be the most im-
portant, since it covers the lowest taxa of land-
scape classification closest to the natural or-
ganization — facies, formations, and tracts. As
for the composition of the listed agricultural
regions, they are also similar, but to natural-
agricultural zoning [19].

The dynamics of changes in the produc-
tion typology of agriculture over 10 years
(2014-2024) shows that in most cases, the pro-
duction types identified in 2014 were joined in
2024 by those that are more narrowly special-
ized in fruit growing, vegetable growing, cer-
tain areas of animal husbandry (fish farming,
rabbit breeding, horse breeding), product pro-
cessing, and services (fertilizers, seed produc-
tion, seedling production, repair of agricultural
machinery) [31].
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Fig. 4 — Agricultural regions and production types of farms in Cherkasy region (2014)

Conclusions

Compared to 2014, the configuration of
agricultural areas has changed significantly,
which has been fundamentally influenced by
climate change. Thus, in place of the former
5th forest-steppe and 3rd steppe (2014) along
the southern border of the region, the 1st
steppe (2024) agricultural region has formed
with signs of more pronounced zonal speciali-
zation (crops and industries adapted to the arid
climate). However, over the past 10 years,
most farms have deliberately abandoned cer-
tain more labor-intensive livestock sectors
(cattle breeding, pig breeding, poultry farm-
ing), which to a certain extent may indicate a
decrease in the environmental friendliness of
production due to the lack of manure. Over the
past 10 years, the number of farms has in-
creased almost sixfold, which is associated,
firstly, with the intensification of land reform
and, secondly, with the strengthening of the
trend towards “integrating” agroecosystems
into natural landscapes, as mentioned above.

Compared to 2014, the number of agri-
cultural entities has increased almost fivefold.
In total, there were 375 farms operating in the
Cherkasy region in 2014, and 1,808 in 2024. In
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2014, nine main types of agriculture with 39
subtypes were identified. In 2024, 11 main
types of agriculture with 75 subtypes were
formed. This situation is explained primarily by
the activation of the land market, when share-
holders, having returned their shares, began to
form independent farms. From an environmen-
tal point of view, the increase in the number of
farms may indicate a reduction in the environ-
mental load per farm and, to a certain extent,
confirms the need to reduce the area of a single
farm, as emphasized by the classics of agricul-
tural science as early as the 19th and 20th centu-
ries. Despite the dominance of traditional tech-
nologies in the main zonal areas of specializa-
tion, a significant number of farms (about 30%)
responded to climate change over a 10-year pe-
riod (2014-2024) by gradually introducing cov-
er crops into crop rotations to retain moisture in
the soil.

Thus, in “constructing” agroecosys-
tems, on the basis of which it will be possible
to improve the administrative-territorial struc-
ture on the principles of sustainable develop-
ment, in addition to the level of the agricul-
tural region (2024), it is advisable to “ap-
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proach” from two distinct “poles” of under-
standing of the agroecosystem — agroecologi-
cal (according to O.0. Sozinov) and natural-
agricultural zoning. However, for more effec-
tive implementation of any management ac-
tions from the level of the highest state au-
thorities down to the level of rural communi-
ties, the most suitable level is that of agroeco-
systems, which are formed by types of agri-
cultural enterprises.

For the Cherkasy region, the main re-
gional centers remain the cores of agroecosys-
tems located in the middle of the four modern
administrative districts (Zolotonosha, Cher-
kasy, Zvenyhorod, and Uman). A more accu-
rate determination of their location, and, most
importantly, the periphery of agroecosystems
with subsequent clarification of boundaries,
will require additional research, both with the
use of special statistics and expedition data.
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MeTtomu. Kaprorpadiunmii, nopiBHIEHO-TeorpadiqHIMiA, CTATUCTUIHHIA.

Pe3ysabTaTH. AHaNI3 PO3NOALTY HiIIPHEMCTB 10 TepuTopii Yepkachkoi 00JIaCcTi MATBEPIKYE BiAMOBIIHICTD
(abo HEBIAMOBIAHICTH) TOJIOBHIM MPUPOJHAM Ta TOCTIOJAPCHKIM 3aKOHOMipHOCTsAM. Ha Micmi koymmmHIX 5-ro ico-
crenoBoro i 3-ro crenoBoro (2014) B310BK MiBAEHHOTO KOpJOHY 00iacti copmyBases 1-ii crenosuii (2024) cinbeb-
KOTOCIIOJIAPCHKHIA PalioH 3 O3HAKAMH OLIBII SICKPaBOi 30HAIBHOI Creliamizanii (KyJIbTypHy Ta Taly3i, alalToBaHi JI0
MOCYLIJIMBOTO KiliMaTy). 3a 10 pokiB KUIBKICTh (hepMEpChKHX TOCHOApCTB 3p0ciia Maike BILIECTepO, IO MOB’sI3aHe,
Ho-TiepIlle, 3 aKTHBI3aIl€I0 BIPOBAKEHHS 3eMENbHOI peopMH i, O-ApyTe, 3 MOCWICHHSM TEH/ACHII «BIUCAHHSD
arpoeKocUcTeM y NMpUpo/iHi JanmadTy. He3paxkaroun Ha MaHyBaHHS TPAJULIHHUX TEXHOJIOTIH B TOJIOBHUX 30HAJIb-
HEX Taly3sx Creliaisalil, MoMiTHa KiIbKicTh (epMepcbkux rocmoaapcets (Ommsbko 30%) 3a 10 pokis (2014-2024
p-p.) BimpearyBaia Ha 3MiHH KJIiMaTy ITOCTYIIOBAM BBEICHHSM Yy CIBO3MiHHM TIOKPHBHUX KYJIETYD, SKi 30epirarots Bo-
Jory y 1pyHTi. Tak, Oiblla 9acTHHA TOCTIONAPCTB 3 3ePHOBOIO CIIEHIaNIi3aIliel0 «IIPHB’sI3aHay N0 INTAKOPHUX IDTACKIX
MicIieBoCTe! IIeHTpaIbHOI YacTHHH 00JacTi. [IpraHIIpoBCHKi paiioHN 00JIaCcTi PO3BUBAIOTH CTICHIAIII3AIIIO 3 Opi€HTa-
Ii€ro Ha criokrBada (M. UepkacH) i Ha 3Ha4YHI pecypcH 3pOIIeHHS — OBOUi BiJKPUTOTO IPYHTY, MOJIOYHO-M’SICHE CKO-
TapCTBO, NITAXiBHALTBO. JInIre B 3aXiqHNX palioHaX YMaHCBKOTO «KYIIa» PO3BHBAETHCS HAHOUTBIIT KOMITIEKCHA poc-
JIMHHAIHKO-TBAPUHHMUIIBKA CIICIliai3alis, M0 MOsSCHIOEThCS ITEBHOI0 aBTOHOMHICTIO i€l Teputopii. Ha mincrasi Bu-
JUJICHHS] BUPOOHMYMX THIIIB, & TAKOXK 3 ypaxXyBaHHAM JIaHAIIA(QTHOTO PI3HOMAHITTS 3/1IHCHEHNI aHaITi3 CLILCHKOTOC-
MOJIAPCHKUX PalOHIB B TX «IPHB’ 31 10 KOHKPETHHX JIaHAadTiB.

Bucnoskn. [TopiBHsiHO 3 2014 pokoM CyTTEBO 3MiHMIIACH KOH(Irypallisl CiIbCHKOIOCIOAPChKUX paiioHiB, HA
SKy JIOKOPIHHO BIUIMHYJA 3MiHa Kiimaty. Jlst Uepkacbkoi 00acTi roloBHUMH PaiiOHOYTBOPIOIOYUMHU OCEpEIKaMU
3aJIMLIAIOTHCS SIpa arpOSKOCUCTEM, SIKI 3HAXOIAThCS B Cepe/MHI CydacHHX 4-X aJMIHICTpaTHBHUX paiioHiB (30510T0-
HiChKOTO, UepkachbKoro, 3BeHUTOPO/ICHKOTO Ta Y MaHCHKOTr0). Butblll TouHe BU3HAYECHHS iXHBOI JIOKaIi, i, TOJIOBHO,
nepudepii arpoeKOCHCTEM 3 HACTYITHIM YTOYHEHHSIM KOPJOHIB, BUMaraTiMe IPOBEICHHS JOJATKOBHX JOCIIIKEHB,
K 3 3aJTyYCHHSIM CIICLiabHOI CTATUCTHKY, TaK 1 eKCICANIIHHNX JaHUX.

KJIFOUYOBI CJIOBA: cmanuii po3sumox, aspoekocucmema, ciibCoke 20Cno0apcmeo, 1aHowagm, pationy-
sanns, kapmozpagiunuii, Yepracvka obracme

Kondhnixm inmepecie

ABTOpY 3a5IBJISIOTH, 1[0 KOH(JIIKTY iHTEPECiB 010 MyOJTiKalil boro pykomucy Hemae. Kpim toro, aBTopu
MOBHICTIO JIOTPUMYBAJIUCh €TUYHNX HOPM, BKJIIOUAIOYH IIariat, hanbcuikaliiio TaHuX Ta NO/ABIHHY MyOIiKaliio.

Buecox agmopis: Bci aBTOpY 3p0OMITH PIBHUI BHECOK Y IF0 POOOTY

B po0oTi He BUKOPHCTAHO PECYPC MITYYHOTO iHTEIEKTY.
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IMPACT OF WEED INFESTATION ON PROJECTIVE SOIL COVER CHANGES
DURING THE SUNFLOWER VEGETATION PERIOD

Weed infestation is one of the key factors influencing the formation of plant cover in agroecosystems. In
the context of sunflower cultivation, projective soil cover varies depending on the intensity of weed competition,
especially during critical periods of vegetation.

Purpose. To determine the effect of varying levels of weed competition on the dynamics of
projective cover in sunflower crops throughout the growing season.

Methods. Field experimentation, laboratory-analytical methods, and statistical analysis.

Results. An increase in the duration of weed competition led to a consistent reduction in plant biometric
parameters (height, leaf area), projective crop cover, and yield. The highest yield was recorded under full-season
weed control, which served as the benchmark for evaluating other treatments. Even short-term weed competition
caused a notable yield reduction. Extending the weed-free period improved growth indicators but did not fully
compensate for productivity losses. The first month of vegetation was identified as the critical competition period.
Limiting weed infestation during the first 30—45 days after emergence significantly improved plant growth, leaf
area development, and projective soil cover. The most effective projective cover and biomass accumulation were
observed when weed competition was entirely eliminated during this early phase—crucial for ensuring full crop
development. Weed spread in later stages had a less pronounced impact on plant morphology but impeded har-
vesting and increased the risk of secondary field infestation. In contrast, prolonged weed competition suppressed
crop development, reduced leaf area, and decreased yield.

Conclusions. The findings confirm the importance of weed control during critical biomass formation
periods to support the soil-protective function of crops and ensure stable production. The proposed approaches can
be used to improve sunflower cultivation technologies, taking into account environmental conditions.

KEYWORDS: sunflower, weed infestation, competition, projective cover, biometric indicator, yield

Sx muryBat: Shevchenko M. V., Olenchenko A. V. Impact of weed infestation on projective
soil cover changes during the sunflower vegetation period. Jlioouna ma doexinns. Ilpobremu neoeko-
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tive soil cover changes during the sunflower vegetation period. Man and Environment. Issues of Neoe-
cology, (44), 240-248. https://doi.org/10.26565/1992-4224-2025-44-18

Introduction

One of the key conditions for the effec- marker of crop stand condition and allows for
tive cultivation of agricultural crops is the con- the assessment of competitive interactions be-
trol of weed infestation in agrocenoses, particu- tween crops and weeds. Furthermore, the dy-
larly in industrial crops such as sunflower. namics of projective cover throughout the
Weeds not only reduce yields by competing for growing season can reflect the effectiveness of
moisture, light, and nutrients but also alter the agronomic weed control measures and indicate
spatial structure of the phytocenosis, especially the agroecological balance within the phytocoe-
its projective cover. This indicator serves as a nosis.
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Despite a considerable body of research
on weed management in agroecosystems, the
relationship between weed infestation levels
and changes in the projective cover of sun-
flower during the growing season remains in-
sufficiently explored. This underscores the need
for further investigation into the spatial struc-
ture of agrocenoses under weed pressure, with
the aim of optimizing sunflower cultivation
technologies and improving their agroecologi-
cal efficiency.

The problem of weed infestation in sun-
flower crops remains relevant both in Ukraine
and internationally. Weeds not only reduce
yields but also negatively affect the morpholog-
ical traits of crops. International studies empha-
size the importance of identifying critical peri-
ods for effective weed control. For instance, E.
Stefanic et al. found that the duration of this crit-
ical period in sunflower varies depending on
weed density and environmental conditions;
failure to manage it appropriately can result in
significant yield losses [1]. In a study by J.

Penia-Barragan et al., multispectral aerial im-
agery was used to analyse the relationship be-
tween sunflower yield, terrain elevation, and
weed infestation. The findings indicated that
higher yields were recorded in areas with lower
elevation and lower weed density [2].

It is worth noting that Ukrainian research
has also increasingly adopted unmanned aerial
vehicles (UAVS) to monitor weed infestation in
sunflower fields. For example, A. B. Achasov et
al. demonstrated the effectiveness of UAVS in
assessing weed pressure and crop condition, en-
abling timely responses to agrocenosis changes
[3]. Furthermore, a study conducted in the
Steppe zone of Ukraine revealed a substantial
negative impact of the quarantine weed Ambro-
sia artemisiifolia on sunflower yield: at a den-
sity of 5 plants/m?, yield losses reached 0.41
t/ha, increasing to 1.09 t/ha at 10 plants/m? [4].

Purpose: to determine the effect of vary-
ing levels of weed competition on the dynamics
of projective cover in sunflower crops through-
out the growing season.

Methodology

The study was conducted from 2021 to
2023 on the experimental field of the Depart-
ment of Agriculture and Herbology named after
O. M. Mozheiko.

The soil at the experimental site is classi-
fied as typical heavy loam Chernozem devel-
oped on loess-like loam, with the following ag-
rochemical characteristics: a salt extract pH
ranging from 6.4 to 7.0 and a humus content of
approximately 5% in the arable layer.

The research was carried out within a crop
rotation that included the following sequence:

1. Fallow

2. Winter wheat

3. Safflower + corn

4. Winter rye

5. Sunflower

The sunflower hybrid used in the study was
Cruiser LG59580. Each treatment was repli-
cated three times. The total plot area for sowing
was 30 m?, while the accounting (sampling) plot
measured 10 m2. Weed infestation was assessed
on 1.0 m? subplots at the beginning of the grow-
ing season and prior to harvest using the quan-
titative-weight method with three replications.

The experimental design included the fol-
lowing treatments:

1. Weed-free throughout the entire growing
season (weed-free control)
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2. Weeds removed during the first 15 days
after sunflower emergence

3. Weeds removed during the first 30 days
after emergence

4. Weeds removed during the first 45 days
after emergence

5. Weeds present during the first 15 days af-
ter emergence, then left unmanaged

6. Weeds present during the first 30 days af-
ter emergence, then left unmanaged

7. Weeds present during the first 45 days af-
ter emergence, then left unmanaged

8. Continuous weed competition through-
out the growing season (weedy control)

To simulate different intensities of weed
competition, manual weeding was used. This
method allowed for the creation of both tempo-
rarily weed-free conditions and continuous weed
presence at specific crop development stages.

Projective cover was visually assessed us-
ing a grid frame 1 cm? in size on permanent
monitoring plots at the stages of 2-3 pairs of
true leaves and at budding. Assessments were
conducted separately for sunflower plants and
weeds, allowing for the analysis of competitive
interactions and structural changes in vegetation
cover throughout the season.

All collected data were analyzed using
analysis of variance (ANOVA) with a standard
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statistical software package. The results were
interpreted based on mean values, standard

deviations, and the significance of differences at
p <0.05.

Results and Discussion

The results of the study show that the du-
ration of weed competition significantly affects
the condition of sunflower crops, in particular,
the weediness of the agrocenosis and biometric
indicators of the crop. Sunflower weediness de-
pending on the period of weed competition (av-
erage values of the number of weeds at the time
of emergence and before harvesting for the pe-
riod 2021-2024) is given in Table 1.

The lowest number of weeds at harvest
was recorded in the treatments with a weed-free
period of 45 days—5 plants/m?, with perennial

weeds accounting for only 1 plant/m?. This in-
dicates the effectiveness of limiting competition
specifically during the first 4-6 weeks of crop
development. In contrast, under conditions of
continuous weed competition (treatment 8), the
number of annual weeds at harvest reached 27
plants/m?, which is 2.7 times higher than in the
15-day weed-free treatment and 5.4 times
higher than in the 45-day weed-free treatment.
This confirms the strong regenerative ability of
weeds to restore their biomass following early-
season hand weeding.

Table 1

Weed infestation of sunflower depending on the period of weed competition
(average for 2021-2024)

Number of weeds, pcs/m?

Variants

For the time of germination

Before harvesting

1

2 1 2

Weed-free throughout the entire growing
season (weed-free control)

Weeds removed during the first 15 days af-
ter sunflower emergence

16

Weeds removed during the first 30 days af-
ter emergence

10

Weeds removed during the first 45 days af-
ter emergence

Weeds present during the first 15 days after
emergence, then left unmanaged

11

Weeds present during the first 30 days after
emergence, then left unmanaged

13

Weeds present during the first 45 days after
emergence, then left unmanaged

12

Continuous weed competition throughout
the growing season (weedy control)

11

27

Note: 1 — annual weeds; 2 — perennial weeds

As the duration of weed competition in-
creased, a clear trend of decreasing sunflower
biometric indicators was observed (Table 2).
The plant height in the weed-free control treat-
ment (treatment 1) reached 166.6 cm, while un-
der full-season weed competition (treatment 8),
it decreased to 134.0 cm. A similar trend was
observed for leaf area: the maximum value was
recorded in treatment 1, and the minimum in
treatment 8. The difference between these two
extremes was 54.1%, indicating a high degree
of suppression of the crop's photosynthetic ap-
paratus due to weed pressure.

It is noteworthy that the 30-day weed-
free treatment resulted in nearly the same plant
height — 164.4 cm — as the full weed-free con-
trol, and the leaf area was only 12% lower than
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the maximum recorded value. This suggests that
the first 30 days after crop emergence are criti-
cal for the development of a viable leaf canopy
in sunflower.

Similar findings have been reported in in-
ternational studies [4, 5], which emphasize the
importance of preventing weed competition
during the early growth stages of the crop to
minimize yield losses.

Projective cover is an important indicator
characterizing the degree of soil surface shading
by the plant canopy. This parameter closely relates
to the development of phytomass of both crops
and weeds, as well as determining the microcli-
matic conditions within the agrocenosis — such as
temperature regime, moisture conservation, pho-
tosynthetic intensity, and soil erosion resistance.
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Table 2

Effect of weed infestation on sunflower biometric indicators under different durations
of competitive interaction (average for 2021-2024)

Variants Plant height, cm Leaf area, cm?
Weed-free throughout the entire growing 166.6 6368
season (weed-free control)
Weeds removed during the first 15 days 150.3 4586
after sunflower emergence
Weeds removed during the first 30 days 164.4 5590
after emergence
Weeds removed during the first 45 days 164.2 5947
after emergence
Weeds present during the first 15 days 156.7 4482
after emergence, then left unmanaged
Weeds present during the first 30 days 150.6 4096
after emergence, then left unmanaged
Weeds present during the first 45 days 1435 3184
after emergence, then left unmanaged
Continuous v_veed competition through- 134.0 2924
out the growing season (weedy control)

In this study, changes in projective cover
were directly correlated with weed infestation
and the duration of competitive interactions.
Treatments with complete weed control (variant
1) or weed suppression for 30-45 days after
emergence (variants 3 and 4) developed full
projective cover due to a well-developed leaf
area of sunflower plants (5590-6368 cm?). This
ensured uniform and dense soil shading, posi-
tively influencing moisture retention, reducing
temperature fluctuations in the rhizosphere, and
inhibiting weed regrowth.

Conversely, in treatments with early or
prolonged weed competition (variants 5-8),
projective cover at early stages was primarily
formed by weeds. For instance, treatments with
competition lasting 15-30 days (variants 5 and
6) exhibited rapid initial soil coverage by
weeds; however, after their removal, the cover
did not fully recover due to weakened sunflower
growth (leaf area 40964482 cm?), contributing
to a secondary weed infestation wave before
harvest.

Previous studies also indicate that the ef-
fectiveness of projective cover formation de-
pends on both the sunflower growth stage and
weed presence. Specifically, complete absence
of weeds during early vegetation stages resulted
in better leaf coverage and reduced secondary
weed infestation [6, 7]. Projective cover signif-
icantly influences the soil microclimate, includ-
ing temperature and humidity, which affects
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weed growth [8]. Similar findings were reported
under Central Ukrainian conditions, where par-
tial weed suppression during the first 30 days
post-emergence promoted crop recovery of pro-
jective cover [9].

The lowest projective cover was ob-
served under constant weed competition (vari-
ant 8), with the smallest sunflower leaf area
(2924 cm?) and high weed density (27 annual
and 2 perennial plants/m?). This resulted in un-
stable, fragmented soil cover throughout the
season, causing moisture fluctuations, surface
overheating, intensified micro-erosion, and sub-
stantial yield reduction to 1.24 t/ha. During
weed presence (particularly in variants 5-8), a
significant soil area was covered by weed bio-
mass. Average weed densities of 11-13
plants/m? in the first 15-45 days, especially
without weeding, suggest that projective cover
during this period was predominantly weed-de-
rived.

Considering weed morphology (e.g.,
broadleaf species such as Chenopodium album
and Polygonum lapathifolium), under medium
to high infestation, weeds contributed 35-60%
to temporary projective cover, partially provid-
ing soil protection by reducing runoff, insola-
tion, and evaporation. However, such cover is
temporally unstable. Due to interspecies com-
petition, weeds were either suppressed (variants
5-6) or proliferated excessively (variant 8), cre-
ating shading that disrupted crop development.
By canopy closure (approximately days 45-60),
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weeds either disappeared or remained as a low
but dense understory, impeding full projective
cover formation by sunflower. Consequently,
the highest ecological efficiency of projective
cover was in treatments with early weed sup-
pression (up to 30-45 days), where sunflower
rapidly covered the soil, conserving moisture
and suppressing further weed waves. Prolonged
weed pressure led to unstable, fragmented cover
insufficient for agroecosystem protection.

The highest yield (2.63 t/ha) was
achieved with complete weed control, serving
as the benchmark (Fig. 1). Limiting weed com-
petition to 15 days reduced yield to 1.78 t/ha
(67.7% of control). Extending the weed-free

period to 30 and 45 days resulted in higher
yields — 2.26 and 2.33 t/ha (85.9-88.6% of con-
trol), confirming the first month of vegetation as
the critical competition period. Similar trends
were found where crops grew with weed pres-
sure for 15, 30, and 45 days: 15-day competition
slightly reduced vyield (2.20 t/ha), but 30-day
and 45-day competition lowered yields more
substantially (1.73 and 1.56 t/ha respectively),
reflecting growth suppression. The lowest yield
(1.24 t/ha, 47.1% of control) occurred under
constant weed competition, where pre-harvest
weed density was highest (27 annual and 2 per-
ennial plants/m?), indicating a stable and ag-
gressive weed community.
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Variant:1 — Weed-free throughout the entire growing season (weed-free control);
2 — Weeds removed during the first 15 days after sunflower emergence;

3 — Weeds removed during the first 30 days after emergence;

4 — Weeds removed during the first 45 days after emergence;
5 — Weeds present during the first 15 days after emergence, then left unmanaged,
6 — Weeds present during the first 30 days after emergence, then left unmanaged,
7 — Weeds present during the first 45 days after emergence, then left unmanaged,
8 — Continuous weed competition throughout the growing season (weedy control).

Fig. 1 — Effect of weed infestation on sunflower yield, t/ha (2021-2024)

Yield reduction is closely associated with
a decrease in leaf area to 2924 cm? (in variant 8)
and plant height to 134.0 cm. This indicates lim-
itations in photosynthesis processes and the as-
similative capacity of the crop.

Similar conclusions were presented in the
work of T. D. Israel et al. [5], who reported a di-
rect influence of weed infestation levels on leaf
area index and final yield of oilseed crops. Com-
parable trends were observed in other studies.
Specifically, B. J. Johnson [10] found that the
maximum sunflower yield is achieved in the ab-
sence of weeds during the first 4—6 weeks after
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sowing. In the study by L. M. Alcantara et al.
[11], it was noted that competition from weeds
such as Urochloa decumbens and Panicum max-
imum negatively affects early sunflower devel-
opment by reducing leaf area and plant height.
Furthermore, research demonstrated that effec-
tive weed management during the first 30-45
days after emergence is critical for ensuring op-
timal sunflower growth and achieving high
yields. This aligns with findings by M. Sattin and
A. Berti [12], who emphasized the importance of
weed control within the first 25-40 days after
emergence to prevent significant yield losses.
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Weed infestation in crops is influenced by
a complex of factors, among which crop rotation
and preceding crop play a decisive role [13, 14,

15], as well as the primary tillage system [16, 17,
18], nutrient regime [19], and others.

Conclusions

The formation of a stable projective cover
requires effective weed control for at least the
first 30-45 days after emergence. It is during this
period that the structural foundation of sunflower
phytomass is established, which ensures soil cov-
erage, suppression of subsequent weed waves,
and agroecological stability of the crop stand.
Projective soil cover in sunflower crops is an im-
portant indicator of the effectiveness of weed
control and the overall condition of the agroce-
nosis. Treatments with complete weed control or
with weed suppression for 30-45 days after
emergence developed dense projective cover due
to a well-developed leaf area of sunflower. This
provided uniform soil shading, contributed to
moisture retention, and inhibited weed regrowth.

The duration of weed competition signifi-
cantly affects the formation of projective soil
cover during sunflower vegetation. The best leaf
area and projective cover indices were observed

in treatments with weed limitation during the
first 3045 days after emergence. Prolonged
weed competition reduces biometric parameters
of sunflower (plant height, leaf area) and leads to
significant yield decline, confirming the im-
portance of timely weed control during the for-
mation of the crop’s main biomass. The obtained
data can be used to improve sunflower weed
management systems, taking into account the
specific features of projective soil cover, which
will ensure increased productivity and soil fertil-
ity preservation. The results of the study under-
score the necessity of implementing weed con-
trol measures during the initial stages of sun-
flower development, using techniques aligned
with the technological requirements of crop man-
agement. This strategy maintains crop productiv-
ity, promotes the formation of effective projec-
tive cover, and enhances the agrocenosis's capac-
ity for soil protection.
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BILJIUB 3ABYP’IHEHOCTI HA 3MIHY ITPOEKTUBHOI'O IIOKPUTTS IPYHTY
MPOTSATOM BETETAIIMHOI'O NEPIOAY COHAIIHUKY

3a0yp’sTHEHICTh € OJJHUM i3 KIIFOUOBHX (DaKTOpIiB, 110 BINIMBAIOTH Ha (JOPMYBaHHS POCIMHHOTO IOKPUBY
B arpoueHo3i. Y KOHTEKCTI BHPOIIYBaHHS COHSIIHHUKY ITPOCKTUBHE TOKPUTTS IPYHTY 3MIHIOETHCS 3aJIEKHO BiX
IHTEHCUBHOCTI KOHKYpEHIIii 3 00Ky Oyp’sHiB, 0COOIMBO B KPUTHYHI IIEPiOTM BETETAIli.

Meta. BusHaunTH BIUIMB Pi3HOTO PiBHS KOHKYpeHIi Oyp'sHIB Ha AWHAMIKy MPOEKTUBHOT'O MOKPHUTTS
MOCIBIB COHSAIIHUKY NMPOTATOM BETETAIIfHOTO Tepioay

Metoau. [Tonp0Bi, TabOpaTOpHO-aHATIITHYIHI, CTATUCTHYHI.

PesyabTaTH. 31 3poCcTaHHAM TPUBAIOCTI KOHKYPEHII] 3 60Ky Oyp’sSHIB criocTepirajiocs CHCTEMaTHIHE
3HWKEHHS! 010METPUYHHX ITOKa3HHKIB POCIHMH (BHCOTH, IUIONII JIMCTKOBOI MOBEPXHi), IPOEKTHBHOTO MOKPHUTTS
KyJIbTYpH, a TAaKOX ypoxaiHocTi. HaliBuiny BpoxaiiHicTs 3a0€31e4nB NOBHUI KOHTPOJIb 3a0yp’ SIHEHOCTI IIPOTSI-
TOM YCBOT'O BETreTalliiHOTO Mepiojy, SKWM BHKOPHUCTAHO SIK €TAJIOH ISl MOPIBHSHHS. 3a KOPOTKOTPHBAJIOTO
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oOMe)xeHHsSI KOHKYPEeHLIi Oyp’siHIB ypOKalHICTh CYTTE€BO 3HIDKyBayacs. [1oMOBKEHHS MEpiogy YHCTOTH MOCIBIB
CIIPHSUIO TTOKPALIECHHIO TOKA3HUKIB, IPOTE IIOBHICTIO HE KOMIIGHCYBAJIO BTpATH. BupilansHe 3HaUSHHS NEepLIOro
MICSIISI BeTeTamii Ik KpUTHIHOTO Mepioay KOHKYpeHIIii 3 Oyp’ssHaMu. BeTanoBieHo, mo oOMexxeHHs 3a0yp’ siHe-
HOCTI npoTsiroM nepiux 30—45 aHIB micis CXO/iB CHPUsIE KPaIloMy POCTY POCIIUH, pOpMYBaHHIO JIMCTKOBOT 110-
BEPXHI Ta IIJBHIICHHIO NIPOCKTUBHOTO MOKPHUTTS IpyHTY. HaitedexTuBHime ¢opMyBaHHS NPOEKTHBHOIO II0-
KPHUTTS 1 OiOMacH COHSIIHUKA 3a0€3Meuy€eThCs 3a BiZICyTHOCTI KOHKYPEHIIT 3 00Ky Oyp’sHIB YIIPOJIOBXK MEPLINX
3045 muiB micns nosiBu cxomiB. el mepio MOXKHA BBaXKaTH KPUTHYHHUM JUTs 3a0€3MeUeHHS TTOBHOIIHHOTO PO-
3BUTKY KyJibTypH. [logasnpiie nmommupenHs Oyp’siHIB Ha MI3HIMIMX eTanax Mae MEHII BUPaKeHUH BIUTUB HAa MOp-
(oJIoTiYHI XapaKTEPUCTUKH, ajie ICTOTHO YCKJIaJHIOE 30MpaHHS BPOXKAIO Ta CHPUSE BTOPUHHOMY 3aCMIUEHHIO
noist. HaTomicTs TprBama KOHKypeHIIis 3 00Ky Oyp’sHIB IPUTHIYY€E PO3BUTOK KYJIBTYPH, 3HIDKYE TUIOITY JIHCTKIB
1 BpO>KaiHICTB.

BucaoBku. OTpuMaHi pe3ynbTaTH MiATBEPAKYIOTh BaXIINBICTE KOHTPOIIO 3a0yp’THEHOCTI Y KPUTHYHI
nepionu opMyBaHHS OioMacH Iyt 3a0e3MeYeHHS IPYHTO3aXMCHOT (PYHKIIIT ITOCIBIB Ta CTa0LIEHOTO BUPOOHHIITBA.
3anponoHoBaHi MiAXOIM MOXKYTh OYTH BHKOPHUCTaHI U yIOCKOHAJICHHS TEXHOJIOTiH BUPOITYBAaHHS COHSIITHUKY
3 ypaxyBaHHSIM €KOJIOTIYHMX YMHHHKIB.

KJIFOYOBI CJIOBA: conawnux, 3a0yp ‘anenicmov, KOHKYPEHYIs, NPOEKmMusHe noKpummsl, 6iomempuy-
HUL NOKA3HUK, YPOIICAUHICND

Kongpnixm inmepecie

ABTOpU 3a5BIISIIOTh, 10 KOHQIIIKTY 1HTEpeCiB Moo MyOikauii iboro pykonucy Hemae. Kpim Toro, aBropu
MOBHICTIO IOTPUMYBAJIMCh ETHYHUX HOPM, BKIIFOUAIOUH IUariar, aibcudikaliio JaHuX Ta NOJBIHHY MyOIIiKalio.

Buecox agmopie: Bci aBTopu 3po0WIH PiIBHUI BHECOK Y 1110 poboTy/

B po0o0Ti He BUKOPHCTAHO PeCypc MITYYHOTO iHTENEKTY.
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REVIEW NEMATODES IN TEA CULTIVATION:
PATHOGENESIS AND PLANT DEFENSE RESPONSES

Purpose. To identify the complex relationship between tea plants and important plant-parasitic nematodes,
focusing on the severe damage these pests inflict on roots, as well as the sophisticated defense strategies employed
by tea plants, particularly their synthesis of protective secondary metabolites to combat nematode attacks

Results. Plant-parasitic nematodes pose a serious economic danger to Camellia sinensis, the world's most
important tea crop, resulting in yield losses of 11-55% and up to $1 billion yearly. Stunting, wilting, and decreased
tea output are caused by around 80 nematode species that harm roots, including Pratylenchus, Radopholus,
Meloidogyne, and Hemicriconemoides. Due to their immobility, tea plants have developed complex defense mech-
anisms. These include the formation of nematicidal secondary metabolites (polyphenols, alkaloids, terpenoids),
systemic signaling pathways triggered by phytohormones (ethylene, jasmonate, and salicylic acid) that activate
defense genes, and physical barriers such as lignin and suberin in cell walls. Nematode control is also aided by
beneficial soil bacteria.

Conclusions. For sustainable management, it is essential to comprehend relationships. In order to secure
the economic future of the tea business, future research should take advantage of natural defences to improve
integrated pest control.

KEYWORDS: Camellia sinensis, plant-parasitic nematodes, plant defense, secondary metabolites, inte-
grated pest management
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Camellia sinensis (L.) O. Kuntze, com- [3] Over the following centuries, people from
monly known as a tea plant, is a perennial ever- different cultures introduced it to new parts of
green and a crucial long-term investment for ag- the world, and it is now grown in over 60 coun-
riculture in tropical and subtropical areas world- tries on five continents [4]. Tea is enjoyed by
wide [1, 2]. Tea first grew in southwestern China people across all social classes, geographies,
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and cultures. Its widespread appeal stems from
its unique flavor and significant health benefits,
which are attributed to compounds like tea pol-
yphenols, amino acids, and caffeine [5,6]. In-
sects and pests are significant factors impacting
tea production, leading to yield losses ranging
from 11% to 55%. These losses are estimated to
result in economic losses amounting to approx-
imately $500 million to $1 billion in the tea in-
dustry [7]. Among the many factors limiting tea
production, plant-parasitic nematodes pose a
significant economic threat [8]. The nematode
is a significant pathogen, primarily known for
devastating tea plantations throughout Asia [9].
The global tea industry faces threats from a di-
verse range of plant-parasitic nematodes; Si-
vapalan (1972) [10] recorded over 40 species
across 20 genera, while Chen and Chen (1989)
[11] reported an even higher number, identify-
ing 82 species linked to tea plants [12].

Plants, being immobile, have evolved de-
fense mechanisms to safeguard themselves
against herbivores and microbial infections
[13,14]. Due to their immobility, plants face a
range of challenges from both living and non-
living factors in their environment, including
threats from herbivores, pathogens, drought, sa-
linity, UV exposure, temperature extremes, and
nutrient deficiencies [15-17]. The perennial and
monoculture nature of tea cultivation contrib-
utes to substantial annual crop losses. However,
geographical variation in pest diversity is evi-
dent, influenced by factors such as climate
change, altitude, and plantation age [18].

Two types of pests, namely the piercing-
sucking pests and chewing pests, are associated
with tea [19].

Plants and insects have coexisted for
more than 350 million years, leading to the de-
velopment of unique survival tactics in both
groups as they evolved together [14, 20, 21].
Natural selection has enabled plants to survive
changing environments by producing diverse
secondary metabolites. These metabolites act as
a chemical defense mechanism, protecting the
plant from pathogen attack and invasion [22].
This adaptive response enables plants to defend
against a wide range of threats, from pathogens
and herbivores to environmental stresses like
drought, salinity, and extreme temperatures
[23, 24].

Classification of Tea pests. Tea pests
can be categorized into three groups based on
their location of infestation:
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1. Root pests such as nematodes, termites,
and cockchafer grubs.

2. Stem pests like the red coffee borer and
stem borers.

3. Leaf pests including the tea mosquito
bug, thrips, jassids, aphids, flush-worms, looper
caterpillars, leaf rollers, and various mite spe-
cies [25].

This review explores the complex rela-
tionship between tea plants and important plant-
parasitic nematodes, focusing on the severe
damage these pests inflict on roots. It also in-
vestigates the sophisticated defense strategies
employed by tea plants, particularly their syn-
thesis of protective secondary metabolites to
combat nematode attacks

Root pests: Pests often affect three layers
of plants: the top, midsection, and roots. Pest
control often targets the top and intermediate
sections of plants, with less emphasis on their
roots [26]. Little is known about the interactions
of root pests with host plants compared to above-
ground insect herbivores [27]. A disturbed soil
microflora with limited species diversity and
population density of antagonists to fungal root
disease agents promotes the spread and inci-
dence of root disease and nematode infections
[28]. Deep ploughing and dredging, have been
effectively eliminate root pests [29].

Nematodes: Nematodes are the most
abundant animals on earth and the dominant
component of soil [30]. Nematodes are major
pests of tea soil in nurseries and new clearings,
invading tea seedlings up to 8-9 months old in
young plantations. More than 40 species of
plant parasitic nematodes from 20 genera have
been found in various tea-growing regions
across the world [31]. The activity, diversity,
and distribution of soil organisms, including
nematodes, are strongly influenced by soil prop-
erties. Key physical and chemical parameters
such as temperature, moisture, water-holding
capacity, pH, and electrical conductivity are vi-
tal for soil functioning. These factors directly
shape nematode community composition and
structure [32].

Nematodes have been shown to lower the
leaf area and stem girth of tea plants [33]. Infes-
tation spreads mostly through nursery plants on
tea farms [25].

Various types of plant parasitic nema-
todes have been found in tea soils worldwide.
Most of these nematodes have not been shown
pathogenic (Table. 1). The following species are
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known or believed to be pathogenic to tea. Spe-
cies include Pratylenchus spp., Radopholus si-
milis, Meloidogyne spp., Hemicriconemoides sp,
Rotylenchulus reniformis, Heliotylenchus spp.,
Paratylenchus curvitatus, Hoplolaimus sp. etc.

Pratylenchus sp: Pratylenchus is a par-
asite of the tea plant in several tea-producing na-
tions like as, the Philippines, China, Bangla-
desh, Taiwan, India, Vietnam, the, and Aus-
tralia [34], Sri Lanka, Japan and United States
[35]. This nematode is a major parasite of tea in
Iran [35, 36, 37, 38], Japan [39] and Korea [40].
This worm is known as the 'upcountry species
of nematode' because of its prevalence in high-
elevation regions (2200-3000 m a.s.l.) [41].

Mode of damage: Plants respond with
apparent symptoms only when a significant por-
tion of their root system is damaged or stops
functioning. In extreme circumstances, die-
back and death can ensue [25]. The symptoms
of tea root-lesion disease caused by Pratylen-
chus spp. infection includes stunting, wilting,
yellowing, and a decrease in root length. Such
symptoms occur when the nematodes eradicate
the root system, resulting in root lesions [8].

Plant response: Tea roots have strong
cuticle and cell walls, which impede Pratylen-
chus penetration. Infection-trigger Cell walls to
reinforced with lignin and suberin, making the
plant difficult to penetrate [42]. Tea plants gen-
erate secondary metabolites called polyphenols,
which have nematicidal characteristics and im-
pede Pratylenchus development and reproduc-
tion [43]. Tea plants develop a systemic re-
sponse to Pratylenchus infection by activating
defense genes and producing signalling mole-
cules such as salicylic acid [44]. Phytohor-
mones like ethylene and jasmonate also resit the
Pratylenchus infection [45]. Tea plants interact
with helpful bacteria in the soil, helping to re-
duce Pratylenchus numbers [46].

Radopholus similis: The species was in-
itially identified as a tea pest in Java, Indonesia
[47]. R. similis was detected in three locations:
Bangka, Gambung in West Java, and on tea
plantations elsewhere in Java [48]. Steiner and
Buhrer (1933) found tea to be a suitable host for
this nematode. it is found in Africa, Asia, North,
and South America, Australia, and a few Euro-
pean countries [49]. The Radopholus similis
was reported from 50m to 1000m altitude [50].

Mode of damage: Tea plants infested
with R. similis exhibit symptoms similar to
those produced by Pratylenchus loosi, including
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stunting with twiggy branches, defoliation,
early blooming, and fruiting. Infested plants
have scant and dry roots, as opposed to healthy
plants' white, succulent feeder roots. R. similis
causes lesions on tea roots, but they are much
less than those caused by P. loosi [51].

Plant response: Plants generate second-
ary metabolites, which help them defend against
worm infections. Secondary metabolites mostly
consist of alkaloids, terpenoids, and phenylpro-
panoids [52]. Due to nematode infection, plants
accumulate toxins, modify cell wall, and syn-
thesize phytoalexins [53].

Meloidogyne sp: Root-knot nematodes
(RKNs), Meloidogyne spp., are among the old-
est and most economically important plant-par-
asitic nematodes (PPNSs). They are serious pests
in agricultural production, causing annual
global losses of USD 157 billion. [54, 55] M.
javanica, M. incognita, and M. brevicaua are
common root-knot nematodes (RKN) found in
tea plants, particularly in India [33] and tea
growing regions of Africa [56].

Mode of damage: Meloidogyne enters
the root and reaches the growing vascular
strands at the elongation zone, resulting in many
mitotic cycles without cytokinesis, which leads
them to expand and become multinucleated (up
to >100 nuclei), leading to the creation of
"galls" or "root knots" [57]. Several physiolog-
ical and morphological changes occur during
the formation of root knots and turn them into
nematode-feeding sites, which give nutrients
for the worm's growth [58]. Seedling plants are
more vulnerable to root injury (Tabl.) than veg-
etatively produced clonal tea plants of the same
age, perhaps due to their smaller root mass [59].

Plant response: When RKNs infect a
host plant, the plant initiates a defense response,
both naturally and artificially, through the coor-
dinated expression of multiple plant signaling
pathways, including phytohormones such as
salicylic acid, ethylene, and jasmonic acid,
pathogenesis-related (PR) proteins, and various
plant transcription factors. The outcomes of
these highly coordinated signaling responses
eventually determine the susceptibility or re-
sistance of plants to RKNs [73]. Resistance to
the root-knot nematode can be attributed to the
hypersensitive response (HR) and higher phe-
nolic levels, which result in barrier deposition
(e.g., lignin) [74].

Hemicriconemoides sp: These nema-
todes, commonly known as 'sheathoid' nemato-
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Table
Tea root Nematodes: Host Spectrum, Species Diversity, and host Interactions
Sn Name Distribution No (.)f Host range Symptom Host defence
species
Worldwide 100 400 plant Root Polyphenols, salicylic
except. species | species development acid, Phytohormones
Antarctica [61] (ornamental, disruption, like ethylene and
1 | Pratylenchus sp. .
[60] vegetable, tree | poorly jasmonate
etc) [62] developed
foliage [60]
Worldwide | Around | 250 plant Stunting with | Alkaloids, terpenoids,
mostly 20 species [65] twiggy phenylpropanoids and
tropical and | Species | like banana, branches, phytoalexins
2 | Radopholus sp. subtropical [64] citrus, pepper, | defoliation,
areas [63] coffee, early blooming,
Cucumber and fruiting
[63], tea [66] | [51]
Worldwide Around | Broad host Gall or root- Salicylic acid,
[67] 100 range [69] knot, effect ethylene, jasmonic
. species root system, acid, Phenolic Com-
3 | Meloidogyne sp. [68] and significant | pound
yield losses
[67]
Worldwide 54 Higher plants, | Root rot, leaf | Alkaloids, terpenoids,
[70] Species | primarily necrosis, and phenylpropanoids
[71,72] | woody suppressed
4 | Hemicriconemoides perennials, root growth,
sp. and vines [70] | lesions, and
coarse roots
[70]

des due to their smooth-annulated outer acces-
sory sheath, are reported worldwide. They are
associated with various higher plants, primarily
woody perennials, and vines [68]. Hemicricone-
moides spp. (Sheathoid nematodes) are sexually
dimorphic plant-parasitic nematodes found
mostly in warm areas [75] The genus Hemi-
criconemoides consists of 54 species [71, 72].
Hemicriconemoides is a significant nematode
pest of tea in Japan [39]. The nematode has been
detected in Taiwan [10] and Iran [76].

Mode of damage: Common symptoms
of infestation by these nematodes include root
rot, leaf necrosis, suppressed root growth, le-

sions, and coarse roots [65, 62]. This ectopa-
rasitic nematode feeds only on tea feeder roots.
Continuous feeding by this worm causes the
sloughing off of the root cortex, producing a
brownish discoloured stele [77]. Plants afflicted
with these parasites may exhibit symptoms such
as stunting, early wilting, leaf yellowing, root
deformity, necrosis of cortical root tissues, and
nutritional shortages [78].

Plant response: Plants produce second-
ary metabolites that help them defend against
helminth infections. Secondary metabolites
mainly consist of alkaloids, terpenoids, and
phenylpropanoids [43].

Conclusion

Globally, tea production and economic
value (Camellia sinensis) are damaged and tea
production reduced up to 11-55%, with some
estimates at $1 billion loss, due to yield loss and
production reductions as a result of plant-para-
sitic nematodes. Pathogenic nematodes, includ-
ing Pratylenchus, Radopholus, Meloidogyne,
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and Hemicriconemoides, have a lasting and
damaging effect, along with wilting and re-
duced tea production.

Due to these challenges, the tea plant, and
by extension the immobilized plant, has come
up with a few layers of the defense strategy. The
first part of the defense strategy is the
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production of polyphenols, alkaloids, and terpe-
noids, which are nematicidal, and the activation
of ‘systemic’ defense along the pathways of the
‘phytohormones’ ethylene, jasmonate, and sali-
cylic acid. and the lignin and suberin pathways.
Defense interactions at this level are further
supported by the physical structures and benefi-

To develop effective and sustainable
management approaches, plant-nematode inter-
actions must be understood. Future tea produc-
tion will be building this ‘plant intelligence’ and
boosting the ‘defenses.” Added these to the rest
of the Integrated Pest Management (IPM) tea
systems, the chance of reduced chemical de-

cial microbiomes in the soil. pendence and economic viability increases and

remains sustainable in production worldwide.
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HEMATO/H Y BUPOIIIYBAHHI YAIO:
MATOTEHE3 TA 3AXUCHI PEAKI[Ii POCJIUH (OTJISIN)

Meta. BuzHaunTH CKJIaIHHHN 3B'SI30K MK YaWHUMH POCTHHAMH Ta BOKINBUMHU POCIMHHUMHU Mapa3uTHY-
HUMU HEMAaTOaMH, 30CEePEPKYIOUNCHh Ha CEPHO3HIHN KO/, AKY IIi IIKITHUKH 3aBIal0Th KOPIHHIO, TAKOXK CKJIaHI
3aXHCHI CTpaTerii, 1[0 BUKOPHCTOBYIOTHCS YalfHUMH POCIMHAMH, 30KpeMa TXHil CHHTE3 3aXNCHUX BTOPUHHUX Me-
TabOoIIITIB 11 OOPOTHOM 3 aTAKAMH HEMATO/T.

PesyabTaTu. QiTonapasuTHYHI HEMATOIU CTAHOBJIATH Cepilo3Hy eKoHOMIuHY 3arpo3y a1 Camellia sinen-
SiS, HalBaXXJIMBIILIOI YalHOI KyJIBTYpH Y CBiTi, LII0 NPH3BOJUTH JO BTpAT Bpoxkato Ha 11-55% ta mo 1 minbsipna
JI0JIapiB MIOPIYHO. 3aTpUMKa POCTY, B'THEHHS Ta 3HWKEHHS BPOXKAIO Yaro CIpHYMHEH] 0sin3bKko 80 BujaMu HeMa-
TOJ, SIKi MOLIKOJDKYIOTh KOpiHHsI, BKiIovatoun Pratylen-chus, Radopholus, Meloidogyne ta Hemicriconemoides.
Uepes cBOIO HEPYXOMICTh YaifHi pOCIMHU PO3BUHYIIH CKJIAJHI 3aXMCHI MexaHi3MuU. J[0 HUX HaJeXaTh yTBOPSHHS
HEMaTOIMIHUX BTOPHHHUX META0OMITIB (MOJieHOMiB, anKaloiiB, TEPIEHOIIiB), CHCTEMHI CUTHAJIBHI IIJISXH,
110 3aITyCKaOThCS PITOrOpMOHAMH (E€THJICH, )KAaCMOHAT Ta CATIUIOBA KUCJIOTA), 110 aKTHUBYIOTh 3aXUCHI T'€HH, Ta
¢hiznuHi Oap'epwn, Taki AK JITHIH Ta CyOepHH y KITHHHUX CTiHKaX. KOHTPOIb HEMATOA TaKOXK 3MIHCHIOETHCS KO-
PUCHUMH IPYHTOBUMH OaKTepisIMH.
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BucHoBku. /{7151 cTanoro ympapiIiHHS BaKIMBO PO3YMITH B3aeMo3B's3kH. 11[00 3a0e3meunTi eKOHOMIYHE
Maii0yTHe "aitHoTO Oi3HecCy, MaifOyTHI JOCIiIKEHHS IMOBHHHI BUKOPHUCTOBYBATH TPUPOJIHI 3aXHUCHI MEXaHI3MH
JUTSI TIOKpAIIeHHsT KOMIUIEKCHOT 00pOTHOH 31 MIKiTHUKAMH.

KJIFOYOBI CJIOBA: Camellia sinensis, pociunni napasumuyni Hemamoou, 3axucm pociuH, MOPUHHL
Memabonimu, iHmezposana 6opomvoa 3i WKIOHUKAMU

Kongpnixm inmepecie

ABTOpU 3a5BIISIIOTH, 10 KOHQIIIKTY 1HTEpeciB o0 MyoJikanii iboro pykonucy Hemae. Kpim Toro, aBropu
MOBHICTIO IOTPUMYBAJIMCh ETHYHUX HOPM, BKITIOUAIOUH IU1ariaT, hanscudikaliito JaHUX Ta MoABIHHY IyOiKariro.

Buecok agmopis: Bci aBTOpH 3p00WIN PIBHUI BHECOK Y IO pOOOTY

Y npoMy IOCTiKCHHI IITYYHAN 1HTEIEKT BUKOPHCTOBYBABCS TIJIHKH JUIS TIOIITYKY Ta KOMITUIAII] aKTyab-
HOI HaYKOBOI JITEpaTypH 3a Ii€I0 TeMO. ABTOPH, HECYTh ITOBHY BiAIMOBINANBHICTh 32 IHTEICKTyaIbHUI 3MiCT
po60TH, 0COOMCTO BUKOHYBAJIM HABaXKIIMBIIII1 3aBAaHHs aHAI3y JaHuX, CHHTe3y iH(opMmaii Ta GpopmytoBaHHS
HayKOBHX BUCHOBKIB.

Otpumano: 07.09.2025 / Meperasinyro: 09.11.2025 / Ipuiiasaro: 14.11. 2025 / Ony6aikoBano: 30.12. 2025

~ 258 ~



ISSN 1992-4224 Jlropuna Ta poskimns. ITpobaemu Heoekomnorii. 2025. Bunyck 44

XPOHIKA

DOI: https://doi.org/10.26565/1992-4224-2025-44-20
VK (UDC): 504+ 061.3(477)

A. A.TPEUKO?, 1-p pinocodii 3 Hayk mpo 3emimro
JOLEHT KadeApH eKOJIOTYHOr0 MOHITOPUHTY Ta 3alloBiAHOI ClIpaBU
e-mail: a.a.hrechko@karazin.ua ORCID ID: https://orcid.org/0000-0001-9987-2586

A. A. KJI€EUL}, xaun. reorpad. Hayk,
JOLEHT KadeApH eKOJIOTiYHOr0 MOHITOPHHTY Ta 3aroBiIHOI ClIpaBU
e-mail: klieshch@karazin.ua ORCID ID: https://orcid.org/0000-0003-1379-1043
“Xapriecoruii nayionanvnuil ynieepcumem ivmeni B. H. Kapasina,
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PO IMMPOBEJEHHS XXI BCEYKPATHCHbKAX HAYKOBHX
TAJIIBCbKUX YATAHb

31 xoBTHs 2025 poKy MpoBeleHO Mepiy KOH(EpEeHIIil0 B paMKax HOBOTO CTPYKTYPHOIO Mmiapo3ainy Xap-
KIBCBKOTO HallioHaJbHOTO yHiBepcuteTy iMeHi B. H. Kapasina - HaBuanpHO-HayKOBOTO iHCTUTYTY €KOJIOTIi, 3e-
JICHOT EHEPTeTHKHU Ta cTaJloro po3BUTKY - XXI Beeykpainchki HaykoBi TasiiBCbKi YUTaHHS, SIKI TPaAULIiHO Op-
ra”izyBaia kadeapa eKoJOTiTHOI0 MOHITOPHHTY Ta 3aIlOBiTHOI CITPABH.

3axiJ MpoBeIeHO Y TUCTaHIlitHOMY (hopmarti Ha TaTdhopMi Zoom, M0 A0 3MOTY 3aJIyYUTH IIHPOKE KOJIO
YYaCHHKIB 3 Pi3HUX perioHiB Ykpainu. Ha koHpepeHIii TpaJuIiiitHo 3aCTyXaHo JIOTOBI 32 HACTYITHUMH TEMaMHU:
BIUTUB BIfHM Ha KOMITOHEHTHU JOBKLLISL, CydacHi mpoOJieMH palioOHAILHOTO NPUPOJOKOPHCTYBAHHS Ta OXOPOHH
TIPUPOJIN Ta OIIHKA €KOJIOTIYHOTO CTaHy KOMITOHECHTIB 1 KOMIUIECKCIB TOBKULISA Ta BUCBITIICHO HAYKOBi Ta OCBITS-
HCBKI MPOOJIEMH €KOJIOTIi Ta 3amoBimHOi crpaBd B YkpaiHi. IlpoBemena IlaHenpHa IHCKYCis 3a MPOEKTOM
DOMANI - «P03BUTOK MiKpO-KpEIUTHUX €KOCHUCTeM B YKpaiHi Ta MOHTroil AJisi KOHKYpPEHTOCIIPOMOYXKHOT Ta
CTIMKOI 3eIeHOT EKOHOMIKHY.

KJIFOUOBI CJOBA: roupepenyis, 6niue silinu Ha 008K, HAYKOSA NPodiema, 3anosiona cnpasa, pa-
yionanvre npupodoxopucmyeanns, Erasmus+, DOMANI npoexm

Sx mutyBaTi: ['peuxo A. A., Kiterr A. A. Ipo mposeaenns XXI Beeykpainchbkux HaykoBUX TamiiBCEKHX
yurtaub. Jroouna ma 0osxins. [Ipobnemu neoexonozii. 2025. Bur. 44. C. 259-267. https://doi.org/10.26565/1992-
4224-2025-44-20

In cites: Hrechko A. A., & Klieshch, A. A. (2025). On the XXI All-Ukrainian scientific Taliyiv readings .
Man and Environment. Issues of Neoecology, (44), 259-267. https://doi.org/10.26565/1992-4224-2025-44-20

31 xoBtHA 2025 poky BimOymacs XXI Mertoro koH(]epeHIlii € 00roBopeHHs pe-
Bceykpaincpka HaykoBa KoH(MepeHtis «Tamiis- 3yJBTaTiB HOBITHIX JIOCIiPKEHB, III0 OXOILTIO
CBbKi YATaHHSD», IPUCBIUCHA aKTYIbHUM MTUTaH- I0Th IIUPOKE KOJIO EKOJOTIYHUX MpoOJieM — BiJl
HSM EKOJIOTii, TIPHPOJIOKOPHUCTYBAHHS Ta OXO- BIUTHBY Bil{HH Ha CTaH MPUPOIHOTO CEPETOBUILA
POHM HaBKOJMINHBOTO cepexoBuima [1]. 3axin JI0 Cy4acHHUX MiIXO/iB 10 OXOPOHH OiopizHOMa-
TpaJMIiiHHO opraHi3oBaHo HaBwanbHO-HAYKO- HITTS Ta PO3BUTKY €KOJIOTTYHOT OCBITH.

BUM IHCTUTYTOM €KOJIOTii, 3eJIeHOT eHepreTHKH Kondepenmis 06’ennana 116 npoigHuX
Ta CTAJIOrO PO3BUTKY XapKiBCHKOI'O HalliOHAIIb- HaYKOBLIB, JOCJiTHUKIB, BUKJIaAaviB, aclipaH-
Horo yHiBepcurety B. H. Kapasincbkoro. TIB Ta CTYJICHTIB, SIKi MPEJCTABIIN PE3yJIbTaTH
3ycTpiu BigOyiach y AUCTAHIIHHOMY (o- CY4YaCHUX €KOJIOTTYHUX JOCIIKEHb, Ta IOIAJIN
pMaTi 3 BUKOPUCTaHHSM TuaTgopmu Z0OM, 1110 Marepianu Jyis myOikarmii 3a TAKUMU CEKLIsIMU:
JTAJI0 MOKJIMBICTh 00’€JTHATH TPEICTABHUKIB 3 1. Ouinka BIUIMBY BiffHM Ha €KOJIOTiYHUH
PI3HUX PErioHiB YKpaiHW Ta CTBOPHUTH MPOCTIp CTaH KOMITOHEHTIB 1 KOMITJICKCIB JIOBKIJUISL.
U1l OOMiHY HAYKOBHM JOCBIJIOM 1 pe3yJIbTaTaMu 2. CyyacHi mnpoOieMH pPaLiOHANIBHOTO
JOCITiIKEHb. MIPUPOAOKOPUCTYBAHHS Ta OXOPOHH PUPOJIH.

© I'peuxo A. A., Kiemn A. A. 2025
This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
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3. HaykoBi # OCBITSHCBHKI MpOOJIEMH €KO-
JIOTIi Ta 3aImoOBiIHOI CTIpaBH B YKpaiHi.

Opranizariiauii komiter odoiia ['anHa
TiteHko, kKaHauaaT reorpadpiyHuX HAyK, JOLCHT,
B.0. JHUPEKTOpa HaBYAJIBLHO-HAYKOBOTO iHCTH-
TYTY €KOJIOTii, 3eJIeHOi CHePreTHKH Ta CTAJIOTO
PO3BUTKY. 3aCTYITHMKOM TOJIOBH BUCTynuna Ha-
Iist MakCMMEHKO, JOKTOp reorpadiuHux Hayk,
npodecop, 3aBigyBadka Kadeapu eKOJIOTIIHOTO
MOHITOPHHTY Ta 3aloBiHOI cripaBu. [[o pobotn
HAYKOBOTO KOMITETYy KOH(EPEHI] TOTyYNINCh:
AHnpiii A4acoB ITOKTOP CUTECHKOTOCIIONAPCH-
KHX Hayk, mpodecop, B.o. 3aBimyBada kadempu
€KOJIOTii Ta MEHEIKMEHTY NOBKLIIS XapKiBCh-
KOT0 HalllOHAJILHOTO YHiBepcuTeTy imMeHi B. H.
Kapaszina, ta maptaepu — JIrooomup Lapuk mox-
Top reorpadivuHux HayK, npodecop, TepHorib-
ChbKUH HaIllOHAIBHUI TeIaroriYHuil yHIBEpCH-
teT iMeHi Bomogmmupa ['matioka, Cepriii Co-
HBKO JOKTOp TeorpadidHuX Hayk, Ipodecop,
YMaHChKHI HalliOHATBHUE YHIBepcUTeT, [pruHa
[makiBcpKka KaHAUAAT O10JIOTIYHUX HAYK, CTap-
T HAYKOBUH CIIBPOOITHUK [HCTHTYTY eKoIo-
rii Kapmar HAH Vxpainu, Anna [llyminosa ka-
HauaaT reorpadiuHMX Hayk, HamioHanbHMIA
npupomuuii mapk «CroboxaHcekui». Jlo po-
00T KOMITETY IOJTYYMIIUCH MPEACTABHUKH Ka-
(enpu eKoNOTIYHOr0 MOHITOPUHTY Ta 3aIoBij-
HoOI cnipaBu — IpuHa KoBanb HOKTOp C.-T. HayK,
MIPOBITHUI HAYKOBHH CHiBPOOITHUK BiAILTY Ji-
CIBHMIITBA T4 €KOHOMIKHU JIICOBOTO I'OCHOZAPC-
TBa cektopy ekosorii ticy YkpHUIT'A imeni I'.
H. Bucomnpkoro, Biraniii besconnuii - moxTop
TEXH. HayK, IOICHT KadeIph TOTEIBHOTO PeCTo-
panHoro Oi3Hecy i KpadToBUX TeXHOMNOTIH Xap-
KiBCHKOTO HAI[IOHATEHOTO €KOHOMIYHOTO YHiBe-
pcutery imMeni Cemena Kysnens, Anmna Hekoc -
JIOKTOP T€0Trp. HayK, podecop, mpodecop kade-
JIpY €KOJIOTIYHOTO MOHITOPWHTY Ta 3aroBiTHOL
cnpaBy, Onena [omonoGoBa kaHAWAAT C.-T.
HayK, JIOIEHT, JOIECHT Kadeapu eKOIOriyHOro
MOHITOPHMHIY Ta 3aloBiIHOI CripaBH, AHacTacis
Knemnr -kannupat reorp. Hayk, ZOLEHT Kadeapu
€KOJIOTTYHOTO MOHITOPHHTY Ta  3alloBiJHOI
cnpasu, CpiTiiana bypuenko jokrop ¢inocodii
3 Hayk mpo 3emiro, 1oneHT kadeapu ekooriy-
HOTO MOHITOPHHIY Ta 3allOBiJHO CIIpaBH Ta
Auina I'peuko nokrop ¢igocodii 3 Hayk mpo 3e-
MJIIO, IOLIEHT KadeapH eKOIOTi9HOr0 MOHITOPH-
HT'Y Ta 3aII0B1THOT CIIPaBH.

Y poboTi KkoHGepeHIii B3sUIM y4acTh
MPEJCTaBHUKK TaKUX 3aKJIaJiB BHIIOI OCBITH:
XapKiBChKOTO  HAI[IOHAIEHOTO  YHIBEPCUTETY
imerni B. H. Kapasina, YkpaiHCcbKOTO JepKaB-
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HOTO yHiBepcuTeTy iMeHi Muxaiina [Iparoma-
HOBa, JIBBIBCHKOTO HAIIOHANBEHOTO YHIBEpPCH-
TeTy iMeHi [Bana @paHka, Y MaHCHKOTO HaI[IOHA-
JIBHOTO YHIBEpCHUTETY caAiBHULTBA, KUiBCEKOTO
HauioHaneHOTo yHiBepcutetry imeni T. I'. [Iles-
4yeHka, HamioHnaneHOTO yHIiBepcuTeTy «KueBo-
MorunsHcbKa akajaeMis», HarionansHoro aBia-
uiitHoro yHiBepcutery, JIybKOro HaiioHalb-
HOTO TEXHIYHOTO YHIBepCHTETY, TepHOMIIBCH-
KOT'O HAITIOHATBHOTO TIEIAroTriyHOrO YHIBEpPCH-
Tery iMmeHi Bonmonumupa I'Hatioka, Hanionans-
HOTO yHiBepcHTETY «UepHIriBCHKUI KOJETiyM»
imeni T. I'. llleByeHka, a Tako’k HAYKOBHX yCTa-
HOB — [HCTUTYTY ekomnorii Kapmar HAH Ykpa-
iHM, Jlep’KaBHOro NPHUPOAO3HABUOIO MY3EI0
HAH VYxkpainu, YkpaiHCEKOT0 HayKOBO-TOCITI/I-
HOT'O IHCTHTYTY JIICOBOTO TOCHIOAAPCTBA Ta arpo-
nicomeniopartii imeni I'. M. Buconpkoro.

CBoi MaTepianu mpeAcTaBIIIu i CIiBpoOi-
THUKH HarioHaTpHIX TpHUpOIHIX HapkiB «boii-
kiBimmHa» (cMT Bopuns) Ta «I[IupsSTuHChKHiD
(M. [upsaTuH), a TakoXK BUKIAAAYl i CTyneHTH
ManuHcbKoro GaxoBoro kKoiemky Ta JKuromup-
CBHKOT'O arpOTEXHIYHOTO (PAXOBOTO KOJEIDKY.

Kondepenuiss BinOynace 3a MiATPUMKH
npoekty Erasmust, DOMANI «Developing
Micro-credentials Ecosystems in Ukraine and
Mongolia for Competitive and Resilient Green
Economiesy» [2]. Ilposenena IlanensHa AuCKy-
cist 3a mpoekrom DOMANI - «Po3BuTOK Mikpo-
KPEIUTHUX SKOCUCTeM B YKpaiHi Ta MoHromii
JUIS. KOHKYPEHTOCIIPOMOIKHOI Ta CTIHKOT 3e1eHOT
E€KOHOMIKI.

Jlo poGoTu TUIeHApHOT'O 3aciiaHHs JOTy-
YHJIMCh TIPEJICTABHUKH: XapKiBCHKOT'O HaIliOHA-
npHOTO YHiBepcutety iMeHi B. H. Kapasina, [n-
crutyty exonorii Kapnar HAH Ykpainu, Hami-
OHAITLHOTO MPUPOTHOTO MapKy «BoHKiBIIMHAY,
HepxxaBHoro mnpupoaozHaBuoro mysero HAH
VYkpainu, JIbBIBCHKOTO HaliOHAIBHOTO YHiBep-
curery imMeHi [Bana ®panka, KuiBcbkoro Hartio-
HanpHOTO yHiBepcuteTy imeHi T. I'. IlleBuenka,
HauionansHoro yHiBepcutety «Kueo-Morusi-
HCbKa akajaemis», [IpUpOIHOro 3amoBigHHKA
«Menobopn».

[Inenapue 3aciganHs po3Moyanoch aHro-
MOBHOIO J0NOBi k0 Jo1l. Auinu ['peuxo ta Py-
cnana KanammnrikoBa «Cy4acHi TeHAEHIIIT pO3BH-
TKY OpPraHiqHOro 3eMjepoOcTBa B YKpaiHi».

KonekTus aBTOpiB, /10 SIKOr0 BXOIUTH OK-
cana MapuckeBuu, [Opiii 'epsik, Anna ['ipHa,
Karepuna Hanwmox, Haranis Jemunmmn, Ipa
Kazubpin, Irop Ilmxuk, Mapuna Parymina Ta
Ipuna lnakiceka 3 [HcTuTyTY exonorii Kapmar
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HAH VYxkpainu, HammionamsHOT0 IpHpOIHOTO T1a-
pky «boiikiBmmHa» Ta [lep:kaBHOrO mpUpOJIO-
3HaB4yoro mysero HAH Vkpainu npencraBuiu
JIOTIOBiI> HA TeMy «lHBeHTapwm3allisi BOIHO-00-
JIOTHOTO YTiJ/I MI>XHapOTHOTO 3HaueHHs «Bep-
xoBe Oomnoro Hanmcsuus» (Ykpainceki Kap-
mmaTH )» (moroBiaad c.H.c. Ipuna [lInmakiBceka).

Hpyruii aHTJIOMOBHHUI BHCTYN Ha TeMy
«3mina temneparypu B MicTi Xapkosi 2015-
2020 poxax» mpenctaBuB cTydeHT Kapasin-
cerkoro HHI exororii, 3eneHoi eHepreTuku i
cTanoro po3BuTky murpo [oms B cmiBaBTOpC-
TBi 3 ipod. Hamiero MakCHMEHKO Ta CT. BHK.
Haniero Yepkamunoi (puc. 1).

JIbBIBCHKHI HAIlIOHAJIBHHMHA YHIBEPCUTET
imeHi IBana ®panka mig yac TIICHapHOTO 3aci-
JAHHS TIPEICTABUIIA aBTOPH A0ToBial «Pemsed i
MIPUPOAOKOPUCTYBaHHS ¥ Mexkax CIaBCBKOI Te-
puTopianibHOT Tpomamu JIBBIBCBKOI 00JacTi»
no1r. bpycak Bitamiit ta I'mron3 Nanna.

Konektup aBropiB 3 KuiBchkoro HarfioHa-
npHoro yHiBepcurety imeni T. I'. [lleBuenka, Ha-
[ioHAJTFHOTO  yHiBepcuTeTy «KneBo-Mormmsa-
ChKa aKaJeMish» Ta XapKiBCHKOTO HAIllOHATHLHOTO
yriBepcuTeTy iMeHi B. H. Kapasina y cxmani mpod.
Jlixii TopomkoBoi, nor. Osekcanapa MeHBIIOBa,
Cranicnaga ['oporkosa Ta FOmii Kopaituyk mpe-
CTaBHJIY JIOCTI/PKCHHSI BIUIMBY BiffHU Ha €KOJIOT1Y-
HUIA CTaH OCTPOBY XOPTHIIS Ta piuky JlecHa.

1ok peerne

TEMPERATURE CHANGE IN THE
CITY OF KHARKIV IN 2015-2020

Puc. 1 — Bucrynu minenaproro 3acizanas XXI Beeykpaincbkux HaykoBux TaiiBCBKHX YUTaHb

Fig. 1- Speeches of the plenary session of the XXI All-Ukrainian Scientific Taliiv Readings

HaykoBy nomosins «Iligzemne o3ene-
HEHHS K IHCTPYMEHT (OpMyBaHHS KOMQOPT-
HOTO Ta CTIHKOTO YpOaHICTUYHOTO Cepelo-
BUIIIA» TpeacTaBuian aBTopu Jmutpo JlanTes i
not1. Iserra KpuBuibka.

Hap’s Kamkabam Tta mom. Amnacracii
Knem npeacraBwiun crinbHy poboty «Kitacu-
¢ikaris 3eMHOTO TIOKPHBY METOJaMHU MallliH-
Horo HaBuyaHHs B ['IC-cepenoBuii (Ha MpHK-
nani IngycTpianeHOro paiioHy M. XapKoBa).

le onny cminbHy poboty IHCTHTYTY
Exonorii Kapnar HAH Ykpaiuau 3 [Ipupogaum
3anoBinHuKoM «Menobopm» Ipunn LlnakiBcs-
koi, AHnpisi-Tapaca bamtu, Anau [iproi, Ok-
canu Jleneuy, Irops Ilwxkuka, Inau [apuk,
[TaBna Smenko Ta Apcen KamycTHHCBKMIA
NpeACTaBWIa BiJl KOJEKTHBY aBTOPiB — CHC
Ipuna Illmakiechka Ha TeMy «CTpyKTYpHO-GY-
HKI[IOHAJIbHA OpTaHi3alisi NPUPOJTHUX CTapOBi-
KOBHX JIiCiB IPUPOTHOrO 3anoBigHuka «Meno-
oopm»».
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CBoe criiyibHE TOCTiKEeHHS 3 Ipod. AH-
npiem AuacoBom npenctaBus Onekciii Hemor-
KaJloB Ha TeMy «Jlo MUTaHHsS JUCTAHIIIHHOTO
MOHITOPHHTY MUTITAPHOTO 3a0pyAHEHHS TPYyH-
TiB 3a JAHUMHU KOCMIYHOI 3HOMKHY.

KoskHa TOTOBi/Ib BUKJIMKATIA KBABY JHC-
Kycito. Buctynaroui 3ampomnoHyBaid i1€l0
CTBOPEHHS OHJIAMH rmiaTGopMu jIsi 0OroBO-
PEHHSI HOBMX HAYKOBHX TEMAaTUK, METOJOJOT{
MPOBENEHHS IOCIHiIPKEHb Ta OTPHUMaHUX pe-
3yJIbTATIB. 3aTBEPXKEHO PE30JIOLIi MPO CTBO-
PEHHS HayKOBOT'O-OHJIAH MalJaHIHUKY JJIs 00-
MiHy pe3yjibTaTaMHd MiX HAYKOBHMH YCTaHO-
BaMH, 3aKJIaJlaMH BMIIOI OCBITH Ta 00’ €KTaMHu
MIPUPOIHO-3aMOBITHOTO (OHITY.

Poboma e cekyiax. Cexuis «Oyinka
BNIUBY GIUHU HA EKONOSIYHUL CIAH KOMNOHEH-
mig i Komnjexcie 008K 00’ €HATIA TIPEICTa-
BHUKIB IIPOBIIHUX YHIBEPCUTETIB 1 HAYKOBHX YC-
TaHOB YKpaiHH, sIKi MPEICTABUIN IPYHTOBHI JIO-
CITIIDKEHHSI, IPUCBIYCHI CYJaCHUM SKOJIOTI THIM
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npoOiieMaM, CIPUYMHEHUM BifHOIO, Ta IILIIXaM
ix mopomanHs. [lOMOBiAl yYacHWKIB OXOILIIO-
BaJIM IIMPOKHHA CITEKTP MHUTAHb — BiJ] AeTpaartii
NPUPOJHUX EKOCUCTEM 0 BIIPOBAKEHHS 1HHO-
BallilHUX TEXHOJIOTi MOHITOPUHTY W MiCISABO-
€HHOT'O BIIHOBJICHHS JOBKIJUIA.

IIpencraBHuKH YKpaiHCBKOIO JepKaB-
HOTO yHiBepcuTeTy iMeHi Muxaiina [Iparoma-
HoBa — mpod. Haramis Bonommnua, Katepura
bonpap, Ta IBan Skanny — 30cepenniiv yBary
Ha CTpaTerivHux acleKkTax BiTHOBJICHHS Oiopi-
3HOMaHITTA YKpainu micns Biitau. IxHa momo-
BiJIb PO3KpHIIA MIIXOIN A0 peadimiTallii mpupo-
JTHUX KOMIUICKCIB 1 MiJAKPeCInia BaXKJIUBICTh
iHTerpamii eKOoJOTIYHUX MPHHIUIIB y JepxkKa-
BHY IOJITHKY IIOBOEHHOTO PO3BUTKY.

Amna Bimok 3 MixxHapoaHOT akauemii
€KOJIOTil Ta MEJUIMHHU Y CBOIM poOOTI mopy-
muia IpobieMy MacmTa0HOTO 3a0pyAHEHHS
JOBKUIISA, CIPHINHEHOTO BIHCHBKOBUMH isIMHU.
ABTOpKa HaroJocwja Ha 3pOCTaHHi piBHS XiMi-
YHUX 1 TOKCHYHUX PEYOBUH Y TIOBITPi, BOII Ta
IPYHTax, IO CTBOPIOE 3arpo3y SIK UL EKOCHC-
TEM, TaK 1 JUIS 3]I0POB’SI HACEJICHHS.

IMpod. Anina Jlumuko (HamionaneHuit
TpaHCTIOpTHUH yHiBepcuTeT) i FOmis MinaeBa
(TaBpiiicbkuii ~ Hal[iOHALHUHA  YHIBEPCHUTET
imeni B. I. BepHajchkoro) mpeacTaBuiM Ciii-
JIbHE JOCIIKEHHS, NPUCBSUYEHE EKOJOTTYHUM
Hacmigkam migpuBy Kaxoscekoi 'EC. Y normo-
BiZli OyJIO BUCBITIIEHO KaTacTpo(iuHUI BIUIUB
pYHHYBaHHSI T1IpOCTIOpYIM Ha BOJHI pecypcH,
IPYHTH Ta 010pi3HOMAHITTSI, & TAKOXK OKPECIEHO
JIOBTOCTPOKOBI €KOJIOTI4HI pu3uku Jyist [1iBaHs
Ykpainu.

IBan KoBanboB Ta mpod. AHapiii AdacoB
3 XapKiBCHKOTO HAIlIOHAJIHHOTO YHIBEPCHUTETY
imeni B. H. Kapasina mpeacraBuiiv iHHOBa-
nifiHe MJOCTIIKEHHS, NPUCBSYEHE BUKOPHC-
TaHHIO CYITyTHUKOBHX JAHUX JJISI MOHITOPUHTY
CTaHy JIiICOBUX €KOCHCTEM. ABTOPH MPOJEMOH-
CTPYBaJM MOXITUBOCTI JUCTAHIIHHOTO 30HIY-
BaHHsI 3eMJIi 17151 BUSBIICHHS 30H IOIIKO/IKEHb,
MO’KEX Ta BUPYOOK, 110 BUHUKIIM BHACIIAOK 00-
HoBux miit. L{ro Temaruky nponosxwm Japuna
Kouerura i npod. Hanist MakcuMeHKo 3 TOro
YHIBEpCHUTETY, SIKi Ha mpukiani BoBuaHCcbKOi
OTT ouinnim Macitabu BTpaTH JIicCOBOTO MOK-
PHBY MiJ Yac BiifHM, MOKa3aBILH, SK aHTPOIIO-
TeHHHI 1 BIHCHKOBUU BIUTUB TPU3BOAMTH 0
TTHOOKUX EKOJIOTIYHHX TpaHChOopMaIlii.

BaximBy yBary y Mexax CeKIIii IpUIIIeHO
IPyHTaM sIK OCHOBHOMY KOMIIOHEHTY Oiocdepw,
II0 3a3Ha€ MOTYKHOIO pYyHMHYBaHHS MiA Yac
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BiitHu. [Ipod. Onekciit Kpaiinrokos i Biktop ®i-
natoB (XapKiBCHKUI HAIIOHATEHUN YHIBEPCHTET
imeni B. H. Kapasina) y 1BoX qOTOBIIsIX ITpecTa-
BWJIM CHCTEMHMIA aHali3 BIUIMBY OOHOBUX il Ha
CTaH IPYHTOBOTO MTOKPHUBY, @ TAKOXK OTUCAIIN Me-
TOMUKH OIlOTeCTyBaHHS, SKI JAlOTh 3MOTY
00’€KTHBHO OLIHIOBAaTH PiBeHb MLIITAPHOTO 3a-
OpY/JHEHHS Ta TOKCUYHOCTI.

Oxpemy rpyIry CTAHOBHWIIH TOCITIKEHHS,
TIPUCBSYEHI CTIHKOMY PO3BHTKY Ta IPOAOBOIb-
yiif 6e3neni B ymoBax Biitau. Jou. IBerra Kpu-
BHIIbKA Yy CBOIll IOMOBIiJi HAroJiocwuia Ha poii
HACIHHUITBA SIK KIFOUOBOTO YMHHMKA 3a0e3Ie-
YEeHHS TPOAOBOJIBYUOI CTA0ITLHOCTI Ta He3aIexK-
HOCTI YKpaiHM B IIEPiOJ1 BiTHOBJICHHS.

3aBepmmuia cexItito BrnaawcnaB Makcu-
MeHKO Ta npo¢. Bitaniit besconnuii, sixi npea-
CTaBWJIH AOTOBiJb PO TiOpPUIHY CUCTEMY MO-
HITOPUHTY €KOJIOTIYHOTO CTaHy IMOBEPXHEBUX
BOJI i3 BUKOPHCTAaHHAM iHTEIEKTyaIbHOTO aHa-
i3y CYIyTHMKOBUX JaHHUX. IXHs po6OTa MOKa-
3ajla TEePCTIEeKTUBHICTh TOEAHAHHSA ITUPPOBUX
TEXHOJIOTIH 1 TPHUPOTOOXOPOHHUX METOIB IS
OTIEPAaTUBHOTO BUSIBJICHHS 3MiH Y BOAHUX €KO-
cucTeMax.

VY3arajipHIOIYH pe3ylbTaTd POOOTH CEK-
11, MOYKHA 3a3HAYMTH, IO BCI PeACTaBICHI J0C-
JDKSHHS BIJI3HAYAIOTHCS MIKIUCIUTUTIHAPHUAM
XapaKTepoM, TMOETHAHHAM KIIACHYHHUX METOJIiB
EKOJIOTTYHOTO aHaIli3y 3 CyYaCHHMH TEXHOJIOTi-
SIMH MOHITOPHHTY Ta MOJICTFOBaHHs. BoHu cBij-
YaTh MPO BUCOKHI PiBEHb HAYKOBOT B3a€MO/IIT VK-
paiHCHKUX YHIBEPCUTETIB i MPO MparHeHHs Hay-
KOBIIIB 3HAITH peaibHi NUISXH BiJHOBJICHHS MPH-
POJIHOTO CepeIoBHINa, 30epeKeHHs Oiopi3HOMAa-
HITTS Ta 3a0€3MeUCHHS €KOJIOTTYHOT Oe3MeKH Kpa-
THH Y TiCISIBOEHHUH TTEPiOI.

Hpyra cekmis «HaykoBi Ta OCBITSHCBHKI
IpoOIeMH eKOJIOTI] Ta 3alOBiIHOT CIIpaBy B YK-
paiHi» MpejcTaBuiIa NIMPOKHHA CHEKTP IOCITi-
JUKEHB, 30CepeKEHNX Ha (popMyBaHHI €KOJIOTi-
YHOI CBiJIOMOCTIi, METOJ[aX YIIPABIiHHS TPUPO/-
HUMH PECYPCaMH Ta poJIii OCBITH Y PO3BUTKY CTa-
JIOTO CTaBJICHHS JIO JOBKULIS. YYACHUKHU CEKIIii
BUCBITIIMIIN SIK (DyHJIAMEHTAIbHI HayKOBI IH-
TaHHSI, TTOB’5I3aHi 3 KOJIOTTYHUMH TIPOIecaMy B
Ppi3HHX perioHax YKpaiHH, TaK i MpaKTHYHI acrie-
KTH TIJrOTOBKH MaiOyTHiX QaxiBmiB y cdepi
€KOJIOTi1 Ta MPUPOIOOXOPOHHOT TiSLTEHOCTI.

Mapuna Kaprniosnu (ManvHcbkuit (haxo-
BUH KOJIE/DK) Y JIOTOBII « BUXOBaHHS €KOJIOTiY-
HOI CBIIOMOCTI Ta KYJIbTYpPH MOBEIIHKU Y 3100Y-
BayiB OCBITH MaJIMHCHKOTO (haXxOBOTO KOJIEIKY»
TMiJIKpecia BaKIUBICTh (GOPMYBaHHS BiJIIOBI-
JaJbHOTO CTaBJICHHS A0 JOBKUUIA BKE Ha eTami
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npodeciifHOI MiIrOTOBKH, ITOKa3aBIIH, SIK OCBIT-
Hil TIpoliec MOXke IHTErpyBaTH 3HAHHS PO €KO-
JIOTIYHI IIHHOCTI Ta KYJIETYPY MOBEIIHKH.

[Tpod. Ipuna Kosans ta Bagum I"omnomno-
00B y poboti «IlopiBHSHHS BiATYKY pajiaib-
HOTO TIPUPOCTY COCHHU 3BHYAIHOI Ta MOJPHUHU
STOHCHKOI Ha 3MiHY KIJIIMaTy y Haca»KEHHSX
JliBoOepekHOTO JTiCOCTeIy» TpoaHalli3yBaIH
BINTMB KJIIIMaTHYHHUX 3MiH Ha PICT IepeB, Je-
MOHCTPYIOUH PI3HHUITIO ¥ IPOAYKTHBHOCTI JTBOX
BUJIiB XBOMHUX JIEPEB y PI3HUX YMOBaX. AHaIO-
rivaa mpoOieMaTnka pPO3KPHBAETHCA Y IOIO-
Bimi mpod. Ipuam Kosans, Pycinana Cepbaka ta
Jmutpa Onucekka «JlocimkeHHs: OYKOBUX Jie-
PEBOCTaHIB JEHIPOXPOHOIOTIYHUMH METOIAMH
B Kapnarax», ge 3actocyBaHHS I€HIPOXPOHO-
JIOTiT JIO3BOJIMJIO OLIHWUTH PIYHI HPUPOCTH Ta
JIOBTOCTPOKOBI 3MiHH JIEPEBOCTAHIB ITiJl BILIH-
BOM KJIIMAaTUYHHX (PaKTOPIB.

€mm3aseta Koporernpka ta mpod. Hamist
Maxkcumenko y nomoBini «Pekpeartiitna em-
HicTh 00’ ekTiB [13® JIbBiBCHKOI OOMACTI» MOC-
JTUIH, HACKUTBKH MPHPOIOOXOPOHHI TEPHTO-
pii BiINOBIZaOTH OTpeOaM HACEJICHHS y PEK-
pearlii Ta BiAOYMHKY, OJHOYACHO 30epiraroyuu
ekojoriuauit 6ananc. Jom. Banepiit JleBueHko
ta Aita Pomasiok y po6oTi « BuB4eHHS BILTUBY
MOT'OJTHO-KIIIMAaTUYHUX (aKTOPiB, MEPiOTUIHO-
CTi JIICOBUX TIOXEX Ha MPOIYKTHBHICTH COCHU
3BHYAfHOI B KOHTEKCTI XpomartorpadigHoro
CKaHyBaHHsI PIYHUX MPHPOCTIB Y JICOPOCIHH-
HUX yMOBax [1oicbKOTO MPUPOTHOTO 3aMOBiI-
HUKay MTOKA3aJIH, SIK IPUPOIHI YAHHUKH, BKITIO-
Yaro4u YacTOTY JIICOBUX TIOXKEX, BINTUBAIOTH HA
NPOJYKTHBHICTH JIEPEBOCTAHIB 1 iX €KOJIOTiuHY
CTaOUTBHICTD.

Amnna Jlynenko ta ipod. Anna Hekoc y
nonosinl «B3aeMomis TIOOMHE 1 JOBKULIS: Bif
AHTUYHOCTI JI0 CY4acHOi €KOJIOTIYHOT KPHU3W»
MpOaHaITi3yBaJ¥ iICTOPHYHI MiIXOAX IO B3aEMO-
I JIFOJIMHY 1 IPUPO/IU, IEMOHCTPYIOUH, SIK PO-
3BHUTOK €KOJIOITYHOI CBIJIOMOCTI BimoOpakaBcs
y pi3Hi enoxu 1 5K e GpopMye cyyacHy €KOJIOTi-
4yHy Kpu3y. Mapis MocksiTina ta nom. Onena
T'ononoboBa y po6oTi «MiKHAPOAHUN TOCBI
peautizaiii moyoxxeHb KapraTcbkoi KOHBEHITIT»
BUCBITIWIM TPHUKJIATN YCIIIITHOTO BIIPOBa-
JOKCHHS MDKHApOJHUX IPHPOJIOOXOPOHHUX
HOPM, MiJKPECIMBIIN BaKJIHMBICTh CIIBIIpaIl
JIeprKaB Juisl 30epekeHHsT 010piI3HOMAaHITTS.

[podecopu Anna Hekoc ta Bitaniii bes-
COHHMI pa3oM 3 MakcuMom bairokom y goro-
Bifli «Cy4acHi acleKTH eKOJOTiYHOI Oe3rneKn
JIIOIUHM» Ta Takok mpod. Aina Hekoc, npod.
Bitaniit besconnuit, norn. Emxyapn KowanoB y
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poboti «EkonoridyHa ocBiTa sSIK CTpaTeriuHuii
YUHHUK (POpPMyBaHHS KyJIbTYpPH MaiOyTHBOTO
CYCHUTBCTBA» PO3KPHIN TIPOOJIEMH OXOPOHH
3I0pOB’s 1 O€3MeKH JIFOIUHY, TOKa3aBIIH, 110
€KOJIOTIYHA OCBiTa € KIYOBUM (hakTopoM ¢o-
PMyBaHHS CTIHKOTO CTaBJICHHS 0 JOBKIJIIA.

Onekcannpa OpexoBa Ta npod. Hanis
Maxkcumenko y gonosini «Illogo HeoOXimHOCTI
(haxoBoi MATOTOBKH 111 poOOTH Ha 00’€KTax
[13®: cTymeHTChKI po3ayMu» aKIIEHTYBaId Ha
BaXXJIMBOCTI MPAKTHUYHOI MiATOTOBKH MalOyT-
HiX (axiBIiB 1 €PEeKTUBHOTO YIPABIiHHS
MPUPOJAOOXOPOHHUMHU  TepUTopisMu.  Jloil.
Maprapura PagomMceka y cBOili poOOTi moka-
3aja, sSIK 3aKJIaJd BUILOI OCBITH CIPUSIOTH PO3-
BHTKY €KOJOTIYHOI PIBHOCTI Ta IOCTYITy IO
NPUPOIOOXOPOHHUX 3HaHb. [lonieHTn Bitanina
ta Mukosa egoHIoK y JOMOBiIi « ACIIEKTH Ty-
PTKOBOi POOOTH €KOJOTIYHOTO CHPSIMYBaHHS y
3aKJIaax BUMIOI OCBITH» BHCBITIWIA 3HAYCHHS
M03aKJIaCHOT JISUTBHOCTI y (hOpMYBaHHI €KOJIO-
TIYHOT KOMITETEHTHOCTI Ta aKTHBHOI TPOMAJIsTH-
CBHKOI ITO3HIIIi CTYACHTIB.

Y3arajabpHIOIOUH, MOXHa KOHCTATYBAaTH,
IO Apyra CeKIis Bi3HAYanach KOMILIEKCHUM
MOETHAHHAM (PYHIAMEHTAIBHUX 1 MTPUKIIATHUX
JOCITIKEHD Y Tally3i eKOJIOTii Ta IPHPOT00X0-
POHHOI cripaBH. ABTOpPHW MiJKPECIIOBalIH 3Ha-
YEHHSI €KOJIOTIYHOI OCBITH, MIXIUCIUILTIHAP-
HHX IIIXO0JIB Ta MIXKHAPOIHOTO JOCBITY v ¢o-
PMYBaHHI CTIHKOTO CTaBJICHHS JI0 IOBKIJIS, PO-
3BUTKY €KOJIOTIYHOI KyJIbTYPH Ta 3a0€3NeUCHHI
0e3rmeyHoro Ta 30aJIaHCOBAHOTO YIPAaBIiHHS
MPUPOIHUMU pecypcamu B YKpaiHi.

Cekiiist «CydacHi npo0sieMu paiioHalb-
HOT'O MPHUPOJIOKOPUCTYBAHHS T4 OXOPOHH IPH-
pOaM» 0XOMWIAa HAJI3BUYANHO IUPOKUM CIIEKTP
€KOJIOTTYHUX JOCIIKEHD — Bl TUTaHb BOJHUX
peCypciB, CTaHy IPYHTIB 1 JIICOBUX €KOCHCTEM
JIO YIPABJIiHHS €KOJOTIYHUMHU PU3UKAMH, CTa-
JIOTO arpOBUPOOHHUITBA Ta BIPOBAKEHHS TIPH-
ponoopieHToBaHUX pimeHb. [IpencrasieHi po-
0OTH JEMOHCTPYIOTh BUCOKHH PiBEHb MIXKIHC-
[UTUTIHAPHOCTI Ta TICHUH 3B’ 130K HAYKOBUX J10-
CIIJDKEHbh 3 TPAKTUYHUMHU 3aBJIaHHSIMH OXO-
POHH JTOBKIJIJIA.

Kapina ba6iueBa ta gon. Karepuna bo-
pucenko y pob6oti Waterfalls of Ukraine as
tourist and conservation objects: problems of
research and rational use po3ryIsiHYJIM MOTEH-
LiaJ BOJOCTIAAIB K 00’ €KTIB MPUPOJHOI Ta TY-
PUCTHYHOI MIHHOCTI, MIAKPECIMBINNA HEOOXiI-
HICTh MOEJHAHHS OXOPOHHUX 1 peKpeariitHux
¢yHkuiil y ixapoMmy Bukopuctanti. [Ipod. Bi-
tanii besconnmii (Simon Kuznets Kharkiv
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National University of Economics) y mocmi-
mxerHi Environmental certification as a tool for
rational nature management in the hospitality
sector mpoaHaji3yBaB PoJib €KOJIOT1YHOI CepTH-
¢ikanii B po3BUTKY CTaJOro TypU3My Ta TOTe-
JTBEHOTO Oi3HECy.

Onekcannp bepe3oBchkuii mpencTaBuB
poboty mpo 3actocyBaHHs cepBicy Google
Earth Engine mns imBeHTapm3amii epomoBaHIX
TPYHTIB, V SIKi IPOJEMOHCTPYBAB Cy4JacHi reo-
iH(popMaLiiiHI MOKIIMBOCTI TUCTaHIIIHOTO 30-
HAyBaHHS 3eMJIi s OLIHKA JerpanariiiiHix
mporeciB. Auapiit bopoBencrkwii i gom. ['anHa
TiTeHKo 30cepearInucs Ha IpodIeMax arporij-
NpUEMCTB YKpaiHU MPU MiATOTOBII JAHUX AJIS
pPO3paxyHKy BHKHIIB MMapHUKOBUX Ta3iB, IO €
BXIIMBOIO CKJIaJJOBOI0 KIIMATHYHOI HONITUKH
JIepKaBH.

Oner bora (JIpBiBCHKHMI HaIliOHATBHHMA
yHiBepcuTeT iMeHiI IBama ®dpanka) poskpuia
POJIb €KOJOTIYHOTO KOHCAITHHTY Y IMiATOTOBIII
i AIPUEMCTB 10 OTPUMAHHS IHTETPOBAHOTO JI0-
BKiyuteBoro mo3Bony (IJIJ]), mokasaBmm 3Ha-
YEeHHS HAayKOBO-aHAIITUYHOTO CYIPOBOAY Y
BIIPOBAKCHHI CyYacHHUX MPHUPOTOOXOPOHHUX
iHCTpyMeHTiB. Heonina BikToposa i mpod. Ha-
it MakCHMMEHKO IOCHIIWIN BIUIMB BUIOBOI
CTPYKTYpHU JepeB Ha (opmyBaHHS emiiTHUX
JTUINAHHAKOBUX YIPYNyBaHb, IO A€ 3MOTY
OLIIHUTH CTAOIIBbHICTE JIICOBUX EKOCUCTEM SK
0101HIMKATOPIB CTaHY JTOBKIILISL.

[Mpod. Haranis Bonommna i Poman Ho-
Bak y poboti biocdepHni pezepBatu Ykpainu sik
IHCTpYMEHT 30epexeHHsI O10pI3HOMAHITTS MiT-
PYIOUHX MTaxiB PO3KPUIN MiXKHAPO/IHI aCTICKTH
OXOpPOHH MITPYIOUHX BH/IIB, 4 B 1HIIIN JOTOBI T
IIpod. Haramist Bonomwna crinbHO 3 JIMuTpOM
JexTspbOoBHM TpeACTaBUIIa €KOJOTiuHI 0cOo0-
JIMBOCTI YKYKa-OJICHS — BWJY, 3aHECEHOTO [0
YepBOoHOI KHUTH YKpaiHH.

Hom. Onena I'omono6osa, Jmutpo Jlomns
ta IBan CrajiHiK poaHaizyBalil arpOHOMIYHI
Ta SKOJIOTiYHI TTOKA3HUKHU SIKOCTi BOJU JIJIS 3a-
Oe3MeUYeHHs] CTAJOr0 3pOIICHHS Ha TMPHUKIAJI
BOZIOWM XapKiBChKOI 00J1aCTi, aKIEHTYIOUH
yBary Ha 0ajlaHci MiX arpapHUMH MOTpeOamu
Ta ekosoriunoro Oesnekoro. Hom. FOpiii XKyk i
Hanis Jlemera po3riisiHyJin cOIiaIbHO-€KOJI0T1-
YHI aCleKTH PO3BUTKY TypU3MYy y rpomajax 3
BHCOKOIO NMPHUPOJHOIO LIHHICTIO, BU3HAYAIOUN
ONITUMAJIbHI NUISXH TOEJTHAHHS OXOPOHU TPH-
POJIK Ta MICIIEBOTO PO3BUTKY.

Anna Kap6anp, npod. Amna Hekoc i
npod. Bitamiit be3connnii mpemcraBuiIn OCHTi-
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JDKEHHSI MOHITOPHHTY SIKOCTI MOBITpsl fIK iH-
CTPYMEHTY pPaIiOHAIBHOTO E€KOJIOTIYHOTO Me-
HEKMEHTY B peKpeauiiHuX 30HaX, A€ 3alpo-
MMOHOBAHO MPAaKTUYHY CHUCTEMY KOHTPOIIO 3a-
OpyIHEHb Y MiCISIX MaCOBOTO BiJIIOYHMHKY Ha-
CEJICHHS.

Hou. Biraniii Kaprnos. npucBsSTuB CBOIO
po0OTYy 3CyBHIl HeOe3Melli Ta MPUPOAOOPIEHTO-
BaHMM 3axofam crabimizarii cxumiB y bamak-
THCHKiM TpoMai, 3BepHYBIIH yBary Ha akTya-
JIbHI TUTaHHS TE0EKOJIOTTUYHOT Oe3MeKH.

[Ipo¢. Ipuna Kosanb, Anra Boxuenko y
JomoBii JlmHaMika KiriMaTHYHUX 3MiH [Tomices
(3a mannuMu crioctepeskeHb JKUTOMUPCHKOT Me-
TEOCTaHI[i1) BUSBWIN JOBrOTPUBAI TCHICHII
MIOTEILTIHHSA, a CIiabHA poOoTra mpod. IpwHM
Kosains, cac Bonogumupa Bopona, crapioro
nociigauka Cepris Cumopenka i cHC €Brena
Memnprika [TopiBHSHHS TCIAIIPOTEHHOTO PO3-
BHTKY COCHOBHX HacapkeHb y Iomicei Ta Jlico-
CTEMy JIO03BOJIMJIA OLIHWUTH HACHIJIKU ITOXKEK
JUTISA BIJHOBJICHHS JIICIB.

Kapuna Kononosa i pod. Hamis Mak-
CUMEHKO TIPOBEIIX OIIIHKY peKpeariiiHoi eMHO-
cti HanionaneHoro mapky Jlemmeniioki (Din-
JSHIIS), TEMOHCTPYIOYH MOMIIHBOCTI MiXKHA-
POIHOTO MOPIBHAILHOTO MIIXOIY 10 IPUPOIO-
kopuctyBanHs. Kot A. I'. mocmiguna MoHITO-
PUHT  YPOKalHOCTI CIJIbCHKOTOCIIOIAPCHKUX
KyJIbTyp Ha €pOJOBaHMX IPyHTax, a gou. Exy-
apn Kouanos, npodecopu Amira Hekoc i1 Bita-
7t be3coHHMI po3pOOHI MOJIETTh IPOTHO3Y-
BaHHS HACTIJKIB aBapiii Ha XiMidHO HeOe3mey-
HHUX 00’€KTax sIK IHCTPYMEHT YNpPaBIIiHHS €KO-
JIOTITYHUMH PU3UKaAMHU.

Cepist poOiT, BUKOHAHUX ITiJ KEPiBHULT-
BoM 1pod. Onekcist KpaiiHrokoBa, oxormutoe 0i-
OTEeCTyBaHHS BoJ piuku JlomaHk, OLIIHKY CTaHy
piuxkoBoi cucremu CiBepcbkoro [liHIs, exo-
JIOTO-TOKCHKOJIOTIYHY XapaKTEPUCTUKY BOZ Y
30H1 HAQTOBOTO BILTUBY, a TAKOX OIIIHKY SKOCTI
BOJ 32 3MiHAMH Y JIOKOMOTOPHHMX (YHKIIISIX
Daphnia. Lli gocnimkeHHs GOPMYIOTh HAYKOBY
OCHOBY JIJISl MOHITOPUHTY BOJHHX E€KOCHUCTEM
perioHy.

Awnapiit Kpotsko 1 npod. Hazxist Makcu-
MEHKO NPEICTaBUIIM OIS €KOJOTTYHHUX MpO-
O1emM 00’€eKkTiB OAaKUTHOT IHQPACTPYKTYPH Mi-
cta XapkiB, a foul. Muxaiino Kynuk 3 koneramu
y KUIBKOX po0OTax JOCHIAUIN SKICTh MOBEPX-
HEBUX BOJ pivok Oaceitny CiBepchkoro JliHis,
€KOJIOT0-eKOHOMIYHI acCTieKTH YTHIi3allii JymI-
MIUHHS COHSIIHMKA, a TAKOXK B3sUIH Y4acTh y J10-
CHIPKEeHHI 1HTerparii CTAaTHCTHIHUX METOIIB Y
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CHCTEMY MEHEPKMEHTY arpapHOTO BUPOOHUII-
TBa (cmimbHO 3 AHactaciero IlleBuenko Ta AH-
Hoto Kor).

Okcana Jlenesnu (JIbBiBchKHET HamioHa-
TBHUH yHiBepcuTeT iMeHi [Bana ®panka) nociti-
JWjia BIUIMB PEKpEaliiiHOro HaBaHTa)KCHHS Ha
MiKpOOi0JIOTiYHy aKTHBHICTH IPYHTIB, TOHi SIK
Awnnpiii Jleonos. i npod. Hanis Makcumenko y
poboti o nmpobnemu BBy 0i0iHBa3ii HA €KO-
CHUCTeMHI (YHKITT 3eJeHo0l iHpPaCTPYKTypH Mi-
CTa TOPKHYJIHCS TEMHU YPOOEKOJIOTIHHOT CTa01Tb-
HocTi. ['eopriit Mazypenko i npod. Auapiit Aqa-
COB TIPEJICTABMIIN CYYaCHI TEXHOJIOTI1 pEKyIIETH-
Ballii MilIaHO-CYTJIMHKOBUX Kap’€piB, a Mmpod.
Amna Hexoc i Karepuna Xanyckina— mocii-
JUKCHHS TUHAMIKH XJOPHIHOTO Ta HITPAaTHOTO
3a0pynHeHHs nputok Ciepcbkoro iHis.

Hoi. Ceitnana HoBuipka, moi. JIro6oB
SlakoBcrka i [BanHa [IucapeBny (TepHOMITBCH-
kuii HITY) BHKOHaMM OINIHKY iHIEKCY 1HCYIIS-
PHU30BaHOCTI TMPHUPOAHO-3aMIOBIAHOTO  (QOHIY
YopTkiBchkoro paiiony, a Onpra [Tapxomenko i
mpod. Hamis MakcHMeHKO TpoaHaTi3yBaIH
Mpo0JieMy HEY3TrO/PKEHOCTI CTaTUCTHUYHOI 1H-
(dopmanii mpo MPHUPOAHO-3aMOBITHUKA (QOHI
IBano-®panKiBCHKOI 00IaCTiI.

I'ni6 ITapmrykos i gou. Ajiina ['pedko no-
CIIIZIMIIN CE30HHI 3MiHU Y (JOPMYBaHHI MiCHKOTO
OCTpOBa TerlIa Ha pukiIaji M. Uyryesa, a Jlap’s
Panguenko i nou. Anina ['pedko— BepTHKalbHE
03€JICHEHHS XHUTJIOBUX OYJWHKIB SIK pillIEHHS
JUIsl TYCTO 3a0y/I0OBaHUX PalioHIB XapKoBa.

Hou. Haranis Puuak i /Jlapuna Makeea
3aIMPOITOHYBAJIM M1 IX0/IH J0 PErioHAILHOTO Me-
HEJKMEHTY BOJHHUMM pecypcamu, a Bapsapa

e NIMCTHPCTDS ocndTi | WY Yaguin
vl Xapedecranll nagienmaik precoparrer ives) B M Kapoodua
& THARATA IO A2 R IHCTHTYT £Eaars

SO SREITETIAN TS CTAIES PIIENTE)
XXI BeceykpaiHcbki HayKoBi

TaniBCbKi YUTAHHA

31 xoBTHA 2025 poky

e DOMNANI

Bucklavoveas pructpasl 5 VuplRTEL M0 J55 alq ORE2 20345

NPOrPAMA KOHOEFEHLN

Ps6ikosa i mpod. Hazgiss Makcumenko — jgocii-
JIATA 3MIHHM y CTPYKTYpi mociBHUX Twront [los-
TaBCBHKOI 00MIACTI.

[Ipod. Cepriii CoHBKO CIiNBHO 3 KOJe-
raMU IPEICTABHB JIBi pOOOTH: €KOJIOT1YHI YMOBH
BHpOITyBaHHs 0aBOoBHUKY y IliBmerHOMy Crerry
YKpaiHu Ta OIiHKY CTYIEHIO 3aBepIIEHOCTI MPH-
JOpOKHIX ekocucteM Yepkacbkoi obnacti, y
SIKIX TIOPYIIEHO TPOOJIEMHU afanTallii CijbCh-
KOTO TOCIIOJIapCTBA JI0 €KOJIOTTYHNX BUKJIHUKIB.

€Bren Tepruupkuii y poOoti «I'mobGa-
JIbHE PO3YMIHHS OJAKWUTHOI 1HGPACTPYKTYpH»
OKPECIIMB KOHIIETITYaJIbHI OCHOBH iHTETpartii
BOJIHUX 1 3€JICHUX CHCTEM Y MICbKOMY CepeJio-
Buii, Tomi sk gom. I'apna Titenko 1 Onekcii
laiimamoB BUKOHAIHM €KOJOTIYHY OIIIHKY CTa-
JI0CTi arpoBUpOOHUITBA B banakmiicekiil rpo-
Maai 3a eBpomnerchkuMHu Kpurtepismu Good
Agricultural and Environmental Conditions.

ITapuk Bononumup Ta o Iapuk ITerpo
(Tepuoninsepkuit HITY) npencraBunm Komiie-
KCHI TOCTIiKeHHS (PIIOPH — POCITUHHUX YTPYITy-
BaHb TEPCICKTUBHUX 3aIlOBITHUX 00’€KTIB 0a-
ceiiHy piuku ['HI3HM Ta 3araJbHO300JOTTUHHX
3aKa3HHKIB SIK TPOOJIEMHHX MPUPOTOOXOPOHHUX
TEPHUTOPIN. 3aranoM, CeKIlis 00’ eaHama poodoTH,
10 BiJI0OpakaroTh CydYacHi TCHJICHIIIT €KOJIOT Y-
HOT HAyKH — BiJl JIOKQJIbHUX JIOCIIIXKCHb CTaHy
MIPUPOAHUX PECYPCIB IO CTPATETiYHMX ITi[XO/IIB
y cthepi cTaoro po3BUTKY.

ABTOpU MIPOJIEMOHCTPYBAIIH, HIO ePEeKTH-
BHE IMPUPOJIOKOPUCTYBaHHS MOTpeOy€e CHCTEM-
HOTO MOHITOPHHTY, iHTETpallii MPUPOI00XOPOH-
HUX TIPUHIAIIB y BCI Taly3i TOCMOapcTBa Ta aK-
THUBHOTO BIPOBA/IXKEHHsI MI>KHAPOJHUX EKOJIOTi-
YHUX CTaHJapTiB.

s TITENIRS

e = HOMNARNI

i wrmns poes St & PapdnTEI N T1S gy ORLZIEM o

Puc. 2 — Ilporpama xordepentii ra Ceprudikar yqacHUKa
Fig. 2 — Program of conference and Certificate of participation
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IIpoenenns XXI BeeykpaiHCbKUX HAyKO-
BUX TaiiiBcbkux uynTaHb [3] cTayno cBimdeHHSIM
CTIKOT0 PO3BHUTKY YKpaiHCHKOI €KOJOI1YHOI Ha-
VKM HaBITh y CKJIAIHUH MEpPiof BOEHHUX BHUKIHU-
KiB. YYacHUKHU KOH(EPEHIii PEICTABIIN Pi3HO-
aCIIeKTHI pe3yJbTaTH, 110 OXOIUIIOIOTh MUTAHHS
BOEHHOTO BIUIMBY Ha JOBKULIA, BiTHOBIICHHS
MPUPOTHUX CHCTEM, MOHITOPHHTY 3a0pyTHEHB,
CTaJIoro 3eMJIEKOPUCTYBaHHS, 30epeKeHHs O610pi-
3HOMAHITTS Ta BIPOBAKEHHSI €KOJIOTIUHUX TeX-
HOJIOTi1 B OCBITY 1 TPaKTHKY.

OOroBOpeHHS TIPOJEMOHCTPYBAJIO BaX-
JIUBICTh MIKIUCITUILTIHAPHOTO MiAXO0TY, IO IMO-
€IHy€ €KOJIOrito, reorpadito, arpapHi HayKH,

ypOaHnicTuKy ¥ nngposi TexHojorii. Kapasin-
CbKHMI1 YHIBEPCUTET BKOTpPE MiJTBEPAUB CTATYC
LEHTPY HAYKOBOTO KUTTS, AKHK 00’ €AHY€E TPO-
BiJIHI BUIII, aKaJeMiuHi YCTAaHOBH W TPUPOI00-
XOPOHHI OpraHizaiii 3aJ1s po3B’s3aHHS aKTya-
JBHUX MPOOIEM OXOPOHH IPHPOAN

Onyo6mikoBani Martepiann xoH(pepeHTil
TPaIUIIIHO PO3MIIIYIOTECS B pero3uTapii Xa-
PKIBCBKOTO HAIlIOHAJIFHOTO YHIBEPCHUTETY iMeHi
B. H. Kapaszina [4].

Bci aBTopm 3a pe3ynpTaraMu ydacTi B
koHbpepenmii orpumaiu Ceprudikaru (puc.2) i3
3a3HAUCHHAM ITiJIBUIICHHS KBamiQikaii oocs-
rom 1.5 kpenutu ECTS.

Kongnixm inmepecie

ABTOpH 3asBIIIOTH, IO KOHMIIIKTY IHTEpECIiB IOI0 MyOmiKaIlii mboro pykomucy Hemae. Kpim
TOTO, aBTOPH ITOBHICTIO AJOTPUMYBAINCHh ETHYHHX HOPM, BKIIFOUAIOYH TUIAriaT, (hambchudikaIlio JaHux

Ta TOJBIHHY MyOTiKaIlifo.

Bnecox asmopis: Bci aBTOpH 3p0OHITN PiBHUI BHECOK Y III0 POOOTY
B po0oTi HE BUKOPHCTAHO pecypc MTYYHOTO IHTEIEKTY.

Cnucox suxopucmanoi 1imepamypu

. XXI Bceykpaincpki HaykoBi TamiiBcbki ynTaHHs: npoBeaeHHs koHepeHuii 31 xontast 2025 p. HaBuansHo-
HayKOBHUH IHCTUTYT €KOJIOTii, 3eJI€HOi €eHEPTeTHKH Ta CTAJIOTO PO3BUTKY, XapKiBChKUI HalllOHAILHUN YHIBEp-
curer imeni B. H. Kapasina. Xapki: XHY im. B. H. Kapasina, 2025. URL: https://ecol-
0gy.karazin.ua/news/xxi-vseukrainski-naukovi-taliivski-chitannja/

. DOMANI Project: Developing Micro-credentials Ecosystems in Ukraine and Mongolia for Competitive and
Resilient Green Economies: DOMANI Project, 2025. URL: https://domaniproject.eu/

. XXI Bceykpaincobki HaykoBi TamiiBebki umranus: o¢iuiiinuit caiit xoudepenuii 31 xostus 2025 p. /
MinictepcTBo OCBiTH i HayKu Y Kpainu, XapKiBCbKHAI HallioHaTbHUN yHiBepcuTeT iMeHi B. H. Kapasina, Has-
YallbHO-HAYKOBHH IHCTHTYT €KOJIOTil, 3eJICHOI EHepreTHKU Ta CTajuoro po3BUTKy. XapkiB: XHY imeni B. H.
Kapasina, 2025. URL https://talijeviichitanniya.netlify.app/
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ON THE XXI ALL-UKRAINIAN SCIENTIFIC TALIYIV READINGS

On October 31, 2025, the first conference of the newly established structural unit of V. N. Karazin Kharkiv
National University — the Educational and Scientific Institute of Ecology, Green Energy and Sustainable Devel-
opment — was held. The event, known as the XXI All-Ukrainian Scientific Taliyiv Readings, was traditionally
organized by the Department of Environmental Monitoring and Nature Conservation.

The conference was conducted online via the Zoom platform, which made it possible to involve a wide
range of participants from various regions of Ukraine. The traditional plenary presentations focused on the follow-
ing key themes: the impact of war on environmental components, contemporary issues of rational nature manage-
ment and nature protection, assessment of the ecological state of environmental components and complexes, as
well as scientific and educational challenges of ecology and nature conservation in Ukraine.

Panel discussion held on the DOMANI project - "Development of microcredit ecosystems in Ukraine and
Mongolia for a competitive and sustainable green economy".

KEYWORDS: conference, impact of war on the environment, scientific issues, nature conservation, ra-
tional nature management, Erasmus+, DOMANI project

Conflict of Interest

The authors declare no conflict of interest regarding the publication of this manuscript. Furthermore, the
authors have fully adhered to ethical norms, including avoiding plagiarism, data falsification, and duplicate publi-
cation.

Authors Contribution: all authors have contributed equally to this work.

The work does not use artificial intelligence resources.

References

1. 2ist All-Ukrainian Scientific Taliev Readings (2025). Educational and Scientific Institute of Ecology, Green
Energy, and Sustainable Development, V. N. Karazin Kharkiv National University. Kharkiv: V. N. Karazin
Kharkiv National University, Retrieved October 31, 2025, from https://ecology.karazin.ua/news/xxi-
vseukrainski-naukovi-taliivski-chitannja/.

2. DOMANI Project: Developing Micro-credentials Ecosystems in Ukraine and Mongolia for Competitive and
Resilient Green Economies (2025). DOMANI Project, Retrieved from https://domaniproject.eu/.

3. XXI All-Ukrainian Scientific Taliev Readings: (2025, October 31). Ministry of Education and Science of
Ukraine, V. N. Karazin Kharkiv National University, Educational and Scientific Institute of Ecology, Green
Energy, and Sustainable Development. Kharkiv: V. N. Karazin Kharkiv National University. Retrieved from
https://talijeviichitanniya.netlify.app/.

4. Maksymenko N.V. (Ed.). (2024). Environmental Protection: Proc. of the XX All-Ukrainian Scientific Taliev
Readings. Kharkiv. On the 220th anniversary of the founding of Karazin University: collection of scientific
articles. Kharkiv: V. N. Karazin Kharkiv National University. Retrieved from https://ekhnuir.karazin.ua/han-
dle/123456789/19452

Funded by the European Union. Views and opinions expressed are
however those of the author(s) only and do not necessarily reflect those
of the European Union or Erasmus+. Neither the European Union nor
the granting authority can be held responsible for them.

Co-funded by the
European Union

DOMANI

Submission received: 05.11.2025 / Revised: 28.11.2025 / Accepted: 30.11. 2025 / Published: 30.12. 2025

~ 267 ~



mailto:a.a.hrechko@karazin.ua
https://orcid.org/0000-0001-9987-2586
mailto:klieshch@karazin.ua
https://cs2025.onu.edu.ua/a-sunrise-round-table-discussion/
https://ecology.karazin.ua/news/xxi-vseukrainski-naukovi-taliivski-chitannja/?utm_source=chatgpt.com
https://ecology.karazin.ua/news/xxi-vseukrainski-naukovi-taliivski-chitannja/?utm_source=chatgpt.com
https://cs2025.onu.edu.ua/a-sunrise-round-table-discussion/
https://domaniproject.eu/?utm_source=chatgpt.com
https://cs2025.onu.edu.ua/a-sunrise-round-table-discussion/
https://talijeviichitanniya.netlify.app/?utm_source=chatgpt.com
https://cs2025.onu.edu.ua/a-sunrise-round-table-discussion/
https://ekhnuir.karazin.ua/handle/123456789/19452
https://ekhnuir.karazin.ua/handle/123456789/19452

HaykoBe BHIaHHS HaBUYaJIbHO-HAYKOBOTO I1HCTHUTYTY €KOJOTilI XapKiBChbKOTO HAIIOHAIBHOTO YHIBEPCUTETY
«JIromuna Ta noBkims. [Ipobiemu Heoekomorii» € HAyKOBHM JKypHAJoOM, sIKWil BKItoueHO a0 [lepeniky daxoBux
sugans BAK ( B), me myOGmiKyrOThCSI OCHOBHI pe3yNbTaTH AUCEPTALiHAX poOiT Ha 3100YTTS HAYKOBOTO CTYIICHS
JIOKTOpa 1 KaHAKuAaTa reorpadiqyHuX HayK.

Jo myOmikamii mpHiAMarOTBCS CTaTTi, SIKI HammcaHi YKpaiHCBKOIO a0o0 aHTIIHCHKOI MOBaMH 3TiTHO 3a
MPaBUJIAMU JIJIsI aBTOPIB 1 OTPUMAITH MTO3UTHBHI PEKOMEH/IAIIT PEI[CH3CHTIB.

ITPABUJIA U151 ABTOPIB

Enextponna Bepcis opopmisersess y ¢opmari Microsoft Word, mpudt Times New Roman, posmip 11,
MikpsakoBuit iHTepBan 1,0, Bei momst mo 2,5 cM. JKupanMm mpudToM BUAUISIOTECS MiA3ar0JIOBKH y CTATTi; KYPCHB
JIOIYCKA€ThCS JINIIE Y BUHATKOBUX BHUIAIKAX.

Imroctparnii, BrIrogaroun rpadikd i cxemu, MalOTh OyTH pO3MilIeHi Oe3mocepeHrO0 B TEKCTi. [mroctpamii
MOAAIOThCS YOpHO-OuMMH. CKpi3b, J€ MOMIHMBO, JOLUIBHIIIE BHKOPUCTOBYBaTu rpadiku, a He Tadbmuui. Yci
pucyHkH migmucysatu sk Puc. 1 — Ha3Ba pucynky (po3wmip 10). Tabmumi takox opopmiratu 10 posmipom. CioBo
Tadanus 1 (xupHUM, PaBOPYY), HA HACTYITHOMY PSJIKY Ha3Ba TaOJMILI — >KUPHUM, 10 IeHTpy, po3mip 10. HazBu
PHCYHKIB Ta TaGJUUb T2 BHYTPillIHE HATIOBHEHHN Ma€ 6yTH ABOMa MOBaMH( B YKPAaiHOMOBHMX CTATTSAX).

OpieHTallisi CTOPiHOK — KHIDKKOBA. BupiBHIOBaHHS — 1o mmpuHi. A63am — 1,0 cm.

s crareit Heobxinno Bkasatu YK (UDC) (miBopyu, posmip 11), ininiaau Ta mpisBuime aBropa (po3mip
11, >KHpHUM, TIPOIIMCHUMH, TIO LIEHTPY), HAYKOBHIl CTYIiHb Ta 3BaHH: (po3mip 11), Ha HACTYMHOMY PSAOKY BKa3aTH
nocajay, Ha HacTymHOMY - Bkazatu e-mail Ta ORCID ID. Ha HacTymHOMY pSIIKY BKa3aTH MOBHY Ha3By yCTaHOBH
(po3mip 11, kypcuB) Ta ii MoBHa aapeca

Ha3sBa cratTi (CKUpHUMU IPOIMCHUMHU, TI0 LIEHTPY, 11 po3mip)

Hani nogartu anortaniro (He menire 1800 3HakiB) Ta ki04oBi cioBa (5-6) MoBoro crarti: po3mip 10, inTepBain
1,0. Iy ekcriepuMEeHTAIbHUX CTAaTeH MOJaTH CTPYKTYpOBaHE pe3toMe, Jie Mae OyTH BKa3aHi cioBa: Merta. MeToau.
Pe3yabraT. BucHoBKH.

CratTi JpyKYIOThCSl YKPaiHCHKOIO Ta aHTJICHKOI0 MOBaMH.

TekeT eKcIepUMEHTAIbHOI CTAaTTi MOBMHEH CKIAJATHCA 3 HACTYNHHUX po3aumiB: «Berymy», «Merogukay
(«O6’exktit  Ta MeTomM MOCHIMKEHH»), «PesympraTmy, «OOroBOpeHHS» (MOXIMBHH 00 €IHAHHN PO3IiN
«Pe3ynbraT Ta 00TOBOpEHHN»), « BUCHOBKMY, «CITMCOK BUKOPHUCTAHO] JIITEPATYPW.

Po3nin «BeTym» NOBUHEH MICTUTH HOCTaHOBKY ITPOOJIEMH Y 3arallbHOMY BUIIISAL Ta 11 3B’S130K 3 BaXKJIMBUMHU
HAyYKOBUMH a00 TPaKTHYHAMHU 3aBIAHHSAME, KOPOTKHH aHaJi3 OCTaHHIX MOCHiKeHb 1 IyOJNiKamid, y SKuX
po3IoYaTo pilleHHs AaHOi MPOoOJeMHU, BUAIICHHS KOHKPETHUX HEBUPIIICHHX MUTaHb, SKUM IPHUCBSYEHA CTaTTS,
(hopMyITIOBaHHS METH POOOTH.

Po3nin  «MeTtoankay TIOBHHEH MICTHTH BiIOMOCTI 1po 00’ekT (00’€KTH) JOCIHIJKECHHS, YMOBH
€KCIIEPUMEHTIB, aHAJTITUYHI METOAH, IPUIAAN Ta PEaKTUBH.

VY posnpinmi «Pe3ynbTaTé JOCITIIKEHB» HAJAIOTHCS OTPUMaHi pe3ysbTaTh Ta IMOBHHHO BiIOOpaXkyBaTh
3aKOHOMIPHOCTI, 5IKi BUTIKAalOTh 3 OTpHUMaHUX JaHWX. OTpuMaHy iHQOpMAIi0 HEOOXiTHO MOPIBHATH 3 HASBHUMH
JITEepaTypHUMH JaHUMHU Ta MOKA3aTH ii HOBU3HY.

Y po3mimi «BuUCHOBKM» HaJgaeThCs y3arajJbHEHHS Ta IHTEpIpETalis pe3yNbTaTiB, aHalli3 HPUIHHHO-
HACIIZIKOBUX 3B’SI3KIB MK BUSBJICHUMH e(eKTaMu, i MOBHHHO 3aBEPIIyBATHUCh BIAMOBIAII0 HA MHUTAHHSI, SKE
MOCTaBJIEHO Y BCTYTII.

[MocunanHs Ha JpKepena y TeKCTi MOJA0ThCs Y MPSIMOKYTHHUX Jy)KKax 3 BKa3yBaHHSM HOMepa 3a MOPSIKOM

TMOCHJIAHHS.
CnHcoK BUKOPHCTAHOI JIiTepaTypu o608 s3k0B0 odopmisierses 3a JICTY 8302:2015, no 60% marote Oytr
JoKepera, 110 OnmyOJiKoBaHi 3a ocTaHHI 5 pokiB, 10 50% marote Oyt mocunanus Ha ctarti WOS un SCOPUS,
camorutyBanHs g0 10-15%. O6oB’s3koBumu DOl a6o URL — nme € (posmip 10, mixpsiikoBuii intepsan 1,0).
KimpkicTs mocunanp Mae OyTH He MeHIe 15.

UYepes 2 iHTepBaIM TaKoX IOJATH MpI3BHUINE, HAYKOBHIl CTYNiHb Ta HAyKOBE 3BaHHs, mocany, e-mail Ta
ORCID ID, opranuizariito, ii moBHY axpecy, Ha3By CTATTi, PO3IIUPEHY AHOTAIII0 Ta KIIFOYOBI CJIOBa aHMIICHKOIO (He
meniue 1800 3HakiB, posmip 10, Mixkpsinkosuii iHTepBan 1,0). AHoTanis noBuHHA OyTH MOOyAOBaHa sSIK pedepaT y
pedepaTuBHUX JKypHajaxX Ta BiJipakaTH CyTh €KCIIEPUMEHTIB, OCHOBHI pe3ylbTaTH Ta iX iHTepmperarito. Jlis
SKCIIepUMEHTAJIbHIX CTaTeil MmogaTé CTPYKTYpoBaHi pestome Je Mae OyTu BKazaHi cioBa: Purpose. Methods.
Result. Conclusion.; ta xmouosi cioBa (5-6). SIKIO cTaTTs aHMICHKO0, TO TMOJATH IO iH(POPMAILO IIe i
YKpalHCBKOIO.

Ionaru takox References, 3a crangaprom APA (nipi3Buine, iHiliaiu, Ha3Ba - aHIJICHKOK, HAIPUKIHII Y
ayxkax (In Ukrainian) ta Retrieved from ago DOI).

Anpeca peaakuii: HaBYaIbHO-HAYKOBHH IHCTHTYT €KOJIOTi], 3€JIEHOI €HEPreTHKH Ta CTAJoro PO3BUTKY, 4 MOBEpPX,
K. 473a, XapkiBcekuil HanioHaneHUH yHiBepcuteT imeHi B. H. Kapasina, Maiinan CsoGoau, 6, XapkiB, YkpaiHa,
61022

texn. 057 / 707-56-36, 057 /707-53-86 mo06. 068-612-40-69  e-mail: ecology.journal@karazin.ua

Caiit xypuaiy: http://periodicals.karazin.ua/humanenviron/about

~ 268 ~


mailto:ecology.journal@karazin.ua
http://periodicals.karazin.ua/humanenviron/about

HaykoBe Bumanus

JIIOJJUHA TA JJOBKULJIA. ITIPOBJIEMU HEOEKOJIOTI'I
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YKpaiHCHKOIO Ta aHTJIIHCHKOI0 MOBAMH
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