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EXPERIENCE IN MAPPING ERODE SOILS BASED ON REMOTE SENSING DATA

Purpose. Demonstration of the capabilities of modern Earth remote sensing data and geoinformation
technologies for the identification and large-scale mapping of eroded soils with a special emphasis on the detection
of sheet water erosion, which remains insufficiently represented on the existing soil maps of Ukraine.

Methods. Data processing was performed on the Google Earth Engine platform by generating a bare
soil composite image based on the Bare Soil Index (BSI), scene classification masks, and median pixel reduction.
Identification of eroded areas was carried out by visual interpretation taking into account spectral, spatial, and
morphological features of water erosion.

Results. The study was conducted within the territory of the Novoodeska territorial community of
Mykolaiv region using archival maps of agro-production soil groups at a scale of 1:10,000 and multitemporal
Sentinel-2 satellite images for the period 2020-2025. Significant discrepancies were identified between archival
soil maps and the current spatial distribution of eroded soils, indicating an intensification of degradation processes
over recent decades. The application of multitemporal bare soil composites ensured reliable delineation of severely
eroded soils and outcrops of parent materials within agricultural landscapes. As a result, an updated large-scale
map of severely eroded soils at a scale of 1:10,000 was created, which significantly exceeds existing cartographic
materials in terms of detail and reliability.

Conclusion. It has been proven that the integration of multitemporal Sentinel-2 satellite imagery and
cloud-based geoinformation analysis significantly increases the accuracy of water erosion mapping, especially its
sheet forms. The proposed approach is an effective tool for updating soil-cartographic materials.

KEYWORDS: water erosion, eroded soils, Earth remote sensing, Sentinel-2, Google Earth Engine,
soil mapping

Sk nuryBatu: Achasov A. B, Seliverstov O. Y., Titenko G. V., Kalashnikov R. R. Experience in mapping
erode soils based on remote sensing data. Jlroouna ma dosxinas. Ipobnemu neoexonozii. 2026. Bun. 45. C. 8-20.
https://doi.org/10.26565/1992-4224-2026-45-01

In cites: Achasov, A. B., Seliverstov, O. Y., Titenko, G. V., & Kalashnikov, R. R. (2026). Experience in
mapping erode soils based on remote sensing data. Man and Environment. Issues of Neoecology, (45), 8-20.
https://doi.org/10.26565/1992-4224-2026-45-01

Introduction

The current state of land resources of losses in the amount of 40-50 billion hryvnias
Ukraine is characterized by critical levels of [1]. Water erosion occupies a leading position
degradation, which leads to annual economic among degradation processes. According to

© Achasov A. B., Seliverstov O. Y., Titenko G. V., Kalashnikov R. R., 2026
This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0

~8~


https://doi.org/10.26565/1992-4224-2026-45-
mailto:achasov@karazin.ua
https://orcid.org/0000-0003-2446-3707
mailto:oleg.seliverstov@karazin.ua
https://orcid.org/0000-0002-8477-274X
mailto:titenko@karazin.ua
https://orcid.org/0000-0002-8477-0672
mailto:ruslan.kalashnikov@student.karazin.ua
https://orcid.org/0009-0002-3616-400X
https://doi.org/10.26565/1992-4224-2026-45-0
https://doi.org/10.26565/1992-4224-2026-45-01
https://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

ISSN 1992-4224 Jlropuna Ta noskimns. [Ipobaemu neoexonorii. 2026. Bunyck 45

expert estimates, the area of land affected by
water erosion reaches 13.4 million hectares,
including 10.6 million hectares of arable land [2].
Water erosion, as the dominant degradation
process, not only reduces fertility due to the
washout of the upper humus layer, but also
causes a number of indirect negative
consequences: disturbance of the hydrological
balance, pollution of water bodies, and
intensification of organic matter mineralization,
which leads to an increase in greenhouse gas
emissions [3].

In the context of global climate change
and intensification of agricultural production,
monitoring and accurate mapping of eroded soils
become strategic tasks for ensuring food security
and sustainable land use. Such mapping should
be based on the use of Earth remote sensing
(ERS) data in combination with geographic
information systems (GIS), which provides
prompt, objective, and high-precision analysis of
the state of the soil cover [4].

There are many examples of successful
application of ERS and GIS for mapping eroded
soils. Seutloali et al. [5] used 30-meter
multispectral Landsat TM5 satellite data to map
the degree of soil erosion in Transkei,
demonstrating the importance of 30-meter
multispectral Landsat sensors for detecting soil
erosion at the regional scale.

In paper [6], the process of mapping the ¢
coefficient is described, which characterizes the
type and degrees of erosion in the empirical
erosion model that is widely used in the process
of creating soil erosion maps using the Erosion
Potential Method (EPM). The mapping was
based on the use of satellite images obtained
from the Landsat 7 Enhanced Thematic Mapper
Plus (ETM+) and Landsat 8 Operational Land
Imager and Thermal Infrared Sensor (OLI/TIRS)
missions over a ten-year period. Mapping and
identification of erosion processes were carried

out on the Google Earth Engine (GEE) platform
based on the Bare Soil Index (BSI).

Czech researchers [7] tested a remote
sensing method for determining eroded areas at
the regional scale using a combination of time
series of Sentinel-2 image data, aerial
orthophotos, and ground data. A high potential of
this approach for obtaining valuable data on
actual soil degradation as a result of erosion was
demonstrated.

Radek Malinowski et al. [8] carried out
automated mapping of rill erosion based on
remote sensing data. The studies showed that the
use of UAVs provides high detail for automated
mapping of erosion rill networks using machine
learning methods, in particular the Random
Forest algorithm.

Wang et al. [9] used seven Google Earth
images with different spatial resolutions com-
bined with auxiliary data to detect gullies in parts
of the chernozem region in northeastern China.

Despite the significant level of research on
the topic of mapping eroded soils, it remains
relevant for Ukraine primarily due to the
specificity of its soil cover. In particular, most
existing global publications relate to the
interpretation and mapping of rill water erosion.
At the same time, the issue of recording sheet
erosion remains practically unconsidered. In our
opinion, this is due to the fact that chernozems,
which prevail on the territory of Ukraine, occupy
approximately 230 million hectares, which
constitutes about 1.8% of the total land area of
the Earth [10].

Chernozems are characterized by high
reserves of organic carbon (humus), which gives
them their characteristic dark gray color, and by
a deep profile. Accordingly, at the medium and
strong stages of soil washout, weakly humus-
enriched genetic layers reach the surface, which
allows them to be sufficiently clearly identified
on satellite images [3].

Objects and materials. Research methodology

The research was conducted within the
territory of the Novoodeska territorial
community (NTC) of Mykolaiv region (Fig. 1).
The Novoodeska territorial community has
54,773 ha of agricultural land with high
potential for crop production (grain crops,
industrial crops) and livestock production
(cattle, pigs, poultry).

The community has a high-quality soil
cover represented by typical chernozems,

southern chernozems, with inclusions of
meadow-chernozem soils. At the same time,
there is numerous evidence of significant
degradation of the soil cover, primarily due to
water erosion, which requires the adoption of
appropriate environmental protection measures.
An example is a satellite image (Google Earth
Pro service) of the territory of the NTC near the
village of Novopavlivka, on which some exam-
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Fig. 1 — Territory of the Novoodeska territorial community of Mykolaiv region

ples of manifestations of water erosion are
highlighted with black arrows (Fig. 2).

The research was conducted within the
framework of the project “DIY4Change for
Green Recovery and Sustainable Development
of Two Communities in Mykolaiv Region”,
implemented by the NGO Mykolaiv City
Development Fund. One of the project
objectives was to prepare local communities for
the development of a Comprehensive Spatial

Development Plan. A priority task of the project
was to support the Nova Odesa community in
the preparation of such a plan, which required
updating and refining data on land resources.
Given the agricultural profile of the community
and the significant level of arable land
degradation, particular emphasis was placed on
mapping severely eroded soils and exposures of
parent material as the most critical and
environmentally vulnerable areas.

Fig. 2 — Examples of water-erosion degradation of soil cover within the territory of the Nova Odesa territorial
community, Mykolaiv region

In the research, archival maps of agro-
production soil groups at a scale of 1:10,000
were used, which were compiled in 1994 and
2001. All of them were georeferenced to the
geographic coordinate system in the QGIS
geoinformation system.

~10 ~

The identification of eroded soils on the
images was carried out by the method of visual
interpretation. Visual interpretation is a classical
method of analysis of aerospace images, which
is based on the recognition of objects by their
characteristic features without the use of
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complex software. The specialist uses direct
features (color, shape, structure, etc.) and
indirect relationships between them, carrying
out a complex logical-intuitive process inherent
specifically to humans. Due to the difficulty of
full automation of such analysis, this method
remains a relevant and highly effective tool that
successfully complements modern methods of
machine object recognition.

The image presented in Fig. 2 also shows
the main drawback of the Google Earth Pro
service — it presents high spatial resolution
images over a period of more than 20 years, but
without the possibility of ordering an image for a
specific time. As can be seen in the figure, part of
the fields in any image will always be covered
with vegetation or its residues, which signify-
cantly complicates the interpretation process.

It is possible to partially eliminate this
problem by using images from the Sentinel-2
satellite [11], which are freely available for any
date range and any territory. However, in order
to find high-quality images with bare soil for
each field, download them, and interpret them
using traditional methods, enormous time and
labor costs would be required.

An alternative to this is the use of the
Google Earth Engine (GEE) service. GEE [12]
is a specialized cloud platform for geospatial
data analysis at the planetary scale. Unlike

Results

At the first stage of the research, archival
maps of agro-production soil groups for the
territory of the Novoodeska community were
analyzed. In particular, a vector layer of
severely eroded soils was created, the legend of
which is given in Table 1. The total area of
eroded soils on the territory of the NTC
according to archival maps is 26,013.2 ha; the
area of severely washed soils is 5,214.3 ha,
moderately washed soils — 10,009.7 ha, weakly
washed soils — 10,789.2 ha.

A preliminary visual integrated analysis
of remote sensing data and archival maps
showed that far from all severely eroded soils
are represented (Fig. 3). For example, plot 75l
(Fig. 3a) is marked as moderately washed,
whereas the satellite image indicates severe
erosion (red arrow, Fig. 3b).

This is quite understandable considering
the date of map compilation — the 1990s.
Moreover, these dates most likely indicate not
the actual conducting of field soil surveys, but
only the updating of the cartographic material
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traditional GIS packages, GEE combines a
multi-petabyte archive of satellite data with
Google’s high-performance computing
capabilities. This makes it possible to perform
complex mathematical and statistical processing
of large data arrays without the need to
download them to local storage media [13].

For the detection of eroded areas, a key
advantage of GEE is the possibility of
generating multitemporal composite images of
bare soil. The algorithm is based on the analysis
of time series of Sentinel-2 satellite data over
several years. The software script performs an
iterative review of each pixel in the data archives
and applies vegetation masking based on
vegetation indices.

From the stack of images where a pixel is
identified as bare soil, the most representative
value of spectral reflectance is selected using
statistical reduction functions. This makes it
possible to eliminate the influence of cloudiness,
shadows, and random noise, creating a single
seamless image of the entire territory of the
Novoodeska community, where each field is
displayed in the state after plowing or before
crop emergence. The process of constructing
such a composite image for the territory of the
NTC will be described in detail in the next
section

itself. Over the past time, soil degradation
processes could have introduced their negative
corrections into the structure of the soil cover.
It should also be added that at the time of map
compilation, the information-technological
capabilities available now — free remote sensing
data and advanced geoinformation technologies
— were absent, which objectively did not allow
the creation of highly detailed soil maps.

Water erosion is differentiated into two
main types: sheet (surface) and linear (rill)
erosion. Sheet erosion is characterized by a
relatively uniform washout of the topsoil layer
across the entire area of the plot, which leads to
the appearance of large-scale eroded zones.

Remote diagnostics of this type is based
on changes in spectral properties: eroded areas
appear lighter due to the exposure of sub-humus
horizons. At the same time, this fact alone is not
sufficient, as the light color of the soil may be
caused by its natural genesis, for example
podzolization or formation on parent rocks of
light granulometric composition. In addition to
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Table 1
Explication of eroded soils in the Nova Odesa territorial community
Agro-
prqductlon Agro-production soil group name Area, ha
soil group
code
65¢ Ordinary Chernozems, slightly eroded, silty light-clay, on simple slopes 504,8
651 Ordinary Chernozems, slightly eroded, light-clay, on loess of narrow erosion-prone 3500 1
plateaus
661 Ordinary Chernozems, moderately eroded, light-clay, on loess 1771,1
66¢ Ordinary Chernozems, moderately eroded, low-humus, light-clay, on loess 1076,1
676 Ordinary Chernozems, low-humus, thin, severely eroded, heavy-loamy, on loess-like 83.7
loams of complex slopes '
67n Ordinary Chernozems, severely eroded, on loess of complex exposure slopes 2375
T4e Southern Chernozems, low-humus, slightly eroded, heavy-clay, on loess-like loams 2562
of complex slopes '
Southern Chernozems, low-humus, slightly eroded, light-clay, on loess of narrow
741 ; 6433,7
erosion-prone plateaus
74 Chernozems, low-humus, slightly eroded, medium-loamy, on loess-like loams 331
a underlain by limestone from 150 cm. '
75 Southern Chernozems, low-humus, moderately eroded, medium-loamy, on loess-like 5733
A loams ’
Southern Chernozems, low-humus, moderately eroded, heavy-loamy, on loess-like
75¢ 1710,9
loams of complex slopes
75n Southern Chernozems, low-humus, moderately eroded, light-clay, on loess of slopes 4095
Southern Chernozems, low-humus, severely eroded, medium-loamy, on loess-like
761 . . . 99,8
loams underlain by limestone eluvium from 150 cm.
766 Southern Chernozems, low-humus, severely eroded, heavy-loamy, on loess-like 179.2
loams of complex slopes ’
761 Southern Chernozems, low-humus, severely eroded, light-clay, on loess of complex 1516
slopes '
851 Chernozems, slightly eroded, non-saline and slightly saline, light-clay, on dense clays 16,9
85¢ Chernozems, slightly eroded, medium-clay, on dense clays of complex slopes 33,6
86€ Chernozems, moderately eroded, medium-clay, on dense clays of complex slopes 304,4
8611 Chernozems, moderately eroded, light-clay, on dense clays of complex slopes 86,7
87¢ Chernozems, slightly eroded, non-saline and slightly saline, light-clay, on dense clays 1,8
871 Chernozems, severely eroded, light-clay, on dense clays of complex slopes 10,1
931 Chernozems, moderately eroded, medium-loamy, on sands 0,9
102e Chernozems, moderately and severely eroded, skeletal heavy-loamy, on simple slopes 687
1031 Chernozems, moderately eroded, medium-loamy, on limestone eluvium of complex 391,3
slopes
104 Chernozems, severely eroded, medium-loamy, on limestone eluvium in complex 3603 1
. with limestone outcrops (10-30%), on complex slopes ’
Ordinary Chernozems, low-humus, shallow, severely eroded, heavy-loamy, on loess-
104e - . - . 162,3
like loams underlain by limestone eluvium at 0.5-1.0 m
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a) Map of agro-production soil groups

b) Satelliteimagery with an overlaid map of agro-

production soil groups

Fig. 3 — Example of the obsolescence of existing maps of agro-production soil groups

color, it is necessary to take into account the
presence of a characteristic feathery structure of
the image — alternating light and dark stripes
oriented parallel to each other. These stripes
represent the alternation of runoff depressions,
which are weakly manifested in the relief. An

additional important characteristic is the
orientation of these stripes perpendicular to the
landscape thalwegs (Fig. 4).

For the recognition of linear erosion on
satellite images, a set of interpretive features
is used, allowing the identification of gullies

a) Mykolaiv region

b) Kharkiv region

Fig. 4 — Example of water erosion identification from remote sensing data

based on their morphology and optical
properties. In particular, attention is paid to the
specific winding shape and dendritic (tree-like)
structure of networks, whose sizes correspond
to the scales of fields. In addition, key indicators
include: clear alignment of new gullies with old
erosion forms, such as ravines; repeatability and
preservation of object contours across different
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image series; pronounced brightness contrast
and characteristic heterogeneous coloring
compared to the background image of adjacent
arable plots [14].

It should be noted that the distinction
between sheet and linear erosion is fairly
conditional. On agricultural lands, water does
not move as a continuous flow; temporary
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streams of equal size always form. Accordingly,
in the interpretation of eroded soils, a general
delineation is carried out without dividing by
erosion types [15,16].

To correct archival cartographic data, a
composite image of bare soil was created (based
on Sentinel-2 satellite data). To obtain the
composite using the Gemini 3.0 artificial
intelligence service, a software algorithm was
generated for Google Earth Engine.

The algorithm used archival satellite data
from the Sentinel-2 constellation for the period
2020-2025. To ensure correct identification of
the soil cover specifically, the script applied
selection for specific months — March, April,
August, September, October. This corresponds
to periods of the agricultural cycle when
vegetation cover is minimal. Spatially, the search
was limited to the boundaries of the NTC with
prior filtering by cloudiness level — less than 60%
of cloud pixels in the scene.

A key element of the algorithm is the
calculation of the Bare Soil Index (BSI). The
calculation is performed using a formula that
combines the shortwave infrared (SWIR), red
(Red), near-infrared (NIR), and blue (Blue)
channels:

(B11 -+ B4) - (B8 + B2)

BSI
(B11 + B4) + (BS | B2)

where: B2 - Blue
- B4-Red
- B8 - NIR (Near-Infrared)
- BI11 - SWIR1 (Short-wave Infrared 1)

This index allows effective differentiation
of bare soil areas from vegetation and built-up
territories. BSI is a normalized difference index,
its values theoretically range from -1 to 1.
Positive values correspond to areas with high
reflectance in the shortwave infrared and red
spectra compared to near-infrared and blue. This
is characteristic of bare soils, sand, and
anthropogenic objects.

Negative values are typical for surfaces
with high chlorophyll content (active vegetation)
or water bodies. Since vegetation intensely
reflects light in the NIR range (B8), the
denominator of the formula increases, and the
numerator becomes negative, resulting in
negative index values.

To select “pure” soil pixels, a two-level
filtering system is implemented in the algorithm.
At the first level, masking is carried out using the
Scene Classification classifier. This is a built-in
Sentinel-2 layer, where only pixels classified as
“vegetation” and “bare soil” remain. At the
second level, filtering is performed by BSI
values > 0. This allows exclusion of residual dry
vegetation and pastures, leaving only arable land
or areas with minimal chlorophyll content in the
collection..

a) satellite image, Google

b) Bare Soil Index

Fig. 5 — Result of constructing the Bare Soil Index in the Google Earth Engine service.
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Map of Highly Eroded Soils and Parent Rock Outcrops in the
Novoodeska Community

- MPKHAPOOHUIA
BIAPOMXKEHHS

T/ mik. v

- wee—— e KiOmeters

Fig. 6 — Map of severely washed soils and outcrops of parent rocks in the territory
of the Novoodeska territorial community
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To obtain the final result, a median
reduction method is applied to the filtered image
collection. Choosing the median instead of the
mean minimizes the influence of random
outliers, such as residual cloud shadows or
artifacts, and provides the most spectrally
representative state of the soil over a five-year
period.

The final image includes spectral channels
B2, B3, B4, B8, B11, and a separate BSI layer
(Fig. 5). Export of the results is configured in the
“UTM zone 36N” coordinate system with a
spatial resolution of 10 meters per pixelAnalysis
of the BSI layer (Fig. 5) shows that it is not

possible to completely eliminate the influence
of vegetation, which is manifested as a mosaic
in the image along the field boundaries. This is
due to the short five-year period of analysis and
the widespread use of no-till technology, under
which the surface is constantly covered with
vegetation or its residues. At the same time,
combining the BSI layer with high-resolution
images (Google, Bing, ESRI) made it possible
to create a map of severely washed soils and
outcrops of parent rocks of the Novoodeska
community (Fig. 6) at a scale of 1:10,000 [17].
According to updated data, their area is
12,027.6 ha

Discussion

The results of the conducted study
confirm the need to update cartographic data on
the state of Ukraine’s soil cover, since soil maps
compiled in the 1990s — early 2000s are now
significantly outdated. Comparative analysis
showed that archival data do not reflect the actual
scale of degradation. For instance, according to
old maps, the area of severely washed soils in the
Novoodeska community was about 5,214 ha,
whereas according to refined remote sensing
data, this figure increased to 12,027.6 ha. This
discrepancy is explained not only by the
intensification of erosion processes over the last
20-30 years but also by the limited technical
capabilities of the previous century, which did
not allow for high-resolution monitoring.

The use of the cloud platform Google
Earth Engine (GEE) demonstrates a significant
methodological advantage in the processing of
large geospatial data, providing the scientific
community with free access to vast remote
sensing datasets. GEE fundamentally changes
not only the location of computations but also the
strategy for geospatial research development, as
it enables instant work with multi-year satellite
archives without the need to download data or
manage local storage. This opens opportunities
for implementing multi-scale and multi-temporal
projects, such as global time series, which are
often infeasible on conventional desktop
computers [18,19].

The platform eliminates the need for
separate stages of data acquisition and
preprocessing, instead offering  globally
consistent and reproducible workflows based on
curated collections. The latter term refers to a set
of carefully selected, systematized, and
preprocessed datasets [20]. Specialists from
Google and partner organizations (e.g., NASA)
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perform extensive preparatory work on
standardization, preprocessing, quality control,
and data updating.

Thanks to automatic parallelization of
analysis  within  Google’s infrastructure,
processing geospatial data at a planetary scale is
reduced from months to mere hours. A striking
example of such efficiency is the study by
Hansen et al. [21], in which approximately 707
terabytes of Landsat-7 imagery were processed
to create a global forest map in just 100 hours —
a task that would have taken a million hours
outside of GEE.

An important analysis tool was the Bare
Soil Index (BSI), which allows clear
differentiation of bare surfaces from vegetation
by combining spectral channels, where high
reflectance in the shortwave infrared and red
bands indicates exposed soil. However, as the
study showed, even a five-year analysis period
and the use of BSI do not entirely eliminate the
influence of vegetation. This is due to the
specifics of modern agriculture, particularly the
widespread adoption of no-till technology, where
soil remains constantly covered with crop
residues, creating a “mosaic” in the imagery.

Combining automated indices with visual
analysis allowed the creation of an updated map
of severely washed soils of the community at a
scale of 1:10,000, which will be useful in the
development of the Comprehensive Plan for
Spatial Development of the Territory.

The resulting layer of severely washed
soils can also serve as a training dataset for
further remote studies of the soil cover in
Mykolaiv region.

The conducted mapping is also
strategically important for ensuring food security
and reducing greenhouse gas emissions, as
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erosion intensifies the mineralization of organic
matter. The use of artificial intelligence for
algorithm development in GEE (as was done

with Gemini 3.0 in this work) opens new
prospects for operational monitoring of land
resources at regional and national levels

Conclusions

Existing soil maps of the Novoodeska
territorial community, compiled at the end of the
20th century, significantly underestimate the
current scale of land degradation. A substantial
portion of areas previously classified as
moderately washed now exhibit signs of severe
erosion.

The use of the cloud platform Google
Earth Engine and Sentinel-2 satellite data is an
effective method for creating seamless bare soil
maps. This allows mitigation of disturbances
from vegetation and cloud cover, ensuring high-
accuracy monitoring over large areas.

washed soils and outcrops of parent rocks of the
NTC was developed at a scale of 1:10,000. The
area of severely washed soils is 12,027.6 ha,
more than twice the archival data. The resulting
map is important for the development of the
Comprehensive Plan for Spatial Development
of the Territory and for implementing soil
protection measures.

For achieving maximum accuracy, it is
advisable to combine automated indices (BSI)
with visual interpretation of linear and sheet
erosion features, which helps avoid errors
associated with the natural heterogeneity of the

Within the study, a new map of severely soil cover.
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JAOCBIA KAPTOI'PA®YBAHHS EPOJOBAHUX TPYHTIB HA OCHOBI JAHUX
JUCTAHIIMHOI'O 30HAYBAHHA

Meta. MoXIHBOCTI Cy4acHHX JaHUX AUCTAHIIWHOTO 30HAYBAaHHS 3eMIli Ta TeoiH(QOpMAIiITHAX TEXHO-
JoriH A imeHTH(IKALIT Ta BEIMKOMACIITaOHOTO KapTorpadyBaHHS €pOIOBAHUX IPYHTIB 3 OCOOIMBUAM aKIIEHTOM
Ha BHSBJICHHS IUTOLIMHHOI BOAHOT €po3ii, sika 3aJIMIIAEThCS HETOCTATHRO TIPECTABICHOI0 Ha HasIBHUX IPYHTOBHX
KapTax YKpaiHu.

Metoan. O6poOKy nanmx BukoHaHO Ha miatdopmi Google Earth Engine muraxom gopMyBaHHS KOM-
MO3UTHOTO 300paKeHHS BIKPUTOrO IPYHTY Ha OCHOBI iHaekcy Bare Soil Index (BSI), macok crieHoBoi kinacudi-
Kalii Ta MeJiaHHOI peayKuil mikceniB. [neHTudiKkalio epoIoBaHUX IISHOK 3Ji{CHIOBAIM METOJIOM Bi3yalbHOTO
JenpyBaHHS 3 ypaxXyBaHHSIM CIIEKTPAIbHHUX, IPOCTOPOBHX 1 MOP(OJIOTiYHUX O3HAK BOAHOT epo3ii.

PesyabsTaTu. [locnimkenHs npoBeneHo Ha Teputopii HoBoonecbkoi TepuropianbHoi rpomMany Muko-
naiBchKoi 001aCTi 3 BUKOPUCTAHHSAM apXiBHHX KapT arpoBUPOOHMYMX IpyIl IpyHTiB MacmTady 1:10 000 Ta Gara-
TOTEeMITOpaJbHUX CYIyTHUKOBHX 3HIMKIB Sentinel-2 3a nepiox 2020-2025 pp. BeranosneHno cyTTeBi po30iKHOCTI
MIXX apXiBHHIMH IPYHTOBUMH KapTaMH Ta Cy4aCHUM IPOCTOPOBHM PO3IIOIIIIOM €pOJOBAHUX IPYHTIB, IO CBITYHTh
PO MOCHJICHHS JerpaJalifHiX MPOLECiB YIPOJOBK OCTaHHIX JECATUIITh. 3aCTOCYBaHHS 0araToTeMIIOpaIbHUX
KOMIIO3UTIB BIIKPUTOTO TPYHTY 3a0€3MeYriIo HaAiiHe BUIIJICHHS CHIIbHOSPOAOBAHNX IPYHTIB i BUXOIB MaTepu-
HCBKHX IOPill Y MeXaX CiIbChbKOroCIoAapchKkux JaHamadrie. Y pe3ynbTaTi CTBOPEHO aKTyalli30BaHy BEJIMKOMa-
cmtabHy KapTy CHIBHOSPOJOBaHHX IPYHTIB y MacmTabi 1:10 000, sika icTOTHO MEpeBHUILy€E 3a ACTAITBHICTIO Ta
JIOCTOBIPHICTIO HasBHI KapTorpadivdHi MaTepiaim.

BucHoBok. [HTerpaliis 0araToTeMnopajibHUX CyIyTHUKOBUX 3HIMKIB Sentinel-2 Ta XMapHOTro reoingo-
pMaliiiHOro aHasi3y 3HaYHO IiBHUIIYE TOUHICTh KapTorpadyBaHHs BOJIHOI epo3ii, 0COOIMBO 1 INIOMMHHUX GOPM.
3anpornoHoBaHMii MiIXi/] € ehEeKTUBHUM IHCTPYMEHTOM JIJIsl OHOBJICHHS IPYHTOBO-KapTorpadgiyHuX Marepianis.

KJIFOUYOBI CJIOBA: 600na eposis, epodosani tpynmu, oucmanyiine 30H0yeants 3emnui, Sentinel-2,
Google Earth Engine, ipynmose kapmozpagysanms

Kondghnikm inmepecie

PobGoTa BukoHaHa B pamkax npoekTy «DIY4Change mist 3e7I€HOTO BiTHOBIICHHS Ta CTaJIOTO PO3BUTKY
2 rpoman MukonaiBchKoi o0macTi», mo peanizyerbes ['O «DoHa po3BUTKY MicTa MuKonaiBy 3a miaTpuMKi Mixk-
HaponHoro (oI «BigpomkeHHs». Marepian BimoOpaxae MO3HIIiI0 aBTOPIB i He 000B'I3KOBO BioOpaxkae MO3H-
miro IRF.

ABTOpH 3asBIISIOTH ITPO BIICYTHICTH KOHQIIIKTY IHTEPECIB 11010 ITyOtikamii boro pykonucy. ABTOpu
MOBHICTIO JOTPUMYBAJIMCS €THYHHUX CTaH/APTIB, BKIIOYAIOUH IIUTaHHS TUIariaTy, danbendikanii 1aHux Ta 1y oimo-
BaHHSI ITyOTiKamii.

Buecox aemopie: ABTOpH 3p00OMIIM PiBHUI BHECOK Y 110 pOoOOTY.

/eknapauyis npo euxopucmanns L1

HITyunuii inTenekt Gemini 3.0 3acTocoBaHO JUIst HAIMCAHHS IPOTPAMHOTO aJITOPUTMY ISl TeHeparlii KoM-
MO3UTHUX 3HIMKIB BIJIKPUTOTO I'PYHTY 3a nanumHu Sentinel-2 (cepsic Google Earth Engine).
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TPAHCOOPMALIS KYJIbTYPHUX IAHAIMA®TIB YPBOI'EOCUCTEMH XAPKOBA
B YMOBAX BO€HHOT O BIUVIMBY: KOHCTPYKTUBHO-TEOI' PA®ITYHUU HIAXII
J0 OHIHIOBAHHS TA BIIHOBJIEHHA

Meta. OOTpyHTYBaTH KOHCTPYKTHBHO-TEOTpadiqHUHN MiaXi/I 10 OIiHIOBaHHS TpaHC(HOpMAIIil KyIbTypHUX
nanamadriB ypboreocucremu XapkoBa B yMOBaX BOEHHOTO BIUIMBY Ta BU3HAUWTH HANPSIMU 1X 30€pexeHHs, OIl-
TUMI3aIil i iHTerparii y CHCTeMy HiCIIBOEHHOTO €KOJIOTIYHO 30alaHCOBAHOTO BiTHOBJICHHS MICTa.

Metoan. CucteMHuil aHai3, NOPiBHUIbHO-TeorpadiyHnii, kaprorpadiuuii, reoindopmManiiiHui, THIIO-
JIOTIYHUH Ta eKCIIEPTHO-OIIHOYHUH ITiXO0IH.

PesyabraTu. KynsrypHi nanamad Ty po3risiHyTO sSIK CKIIaJ0BI IPUPOJIHO-TOCIIONAPCHKOT TEPUTOPIaIbHOT
CHCTEMH MiCTa, 10 MOEAHYIOTh IPUPOAHY OCHOBY, aHTPOIIOTCHHY 3a0ya0BY, (QYHKIIOHAIBHE BUKOPHCTAHHS Te-
pUTOPIi, ICTOPUKO-KYJIBTYPHY I1aM’sITh, Bi3yallbHO-TaHAIIa( THI XapaKTepUCTHKH Ta Oe31mekoBi napamerpu. [Toka-
3aHO, III0 BOEHHUH BIUTMB CIPUYUHUB HE JIHIIC (Pi3MYHE MOMKOIKCHHS KYJIbTypHIX 00’ €KTIB 1 MiCBKHUX MPOCTO-
piB, a i 3MiHy (QYHKIIH, CHMBOJIYHOTO 3HaYEHHS, Bi3yaJbHOI LITICHOCTI, peKpealifHOro MOTeHIiany Ta CIpHid-
HSTTS] MiCBKOTO CepeJOBHIIA. 3aPOIIOHOBAHO 3aMIHUTH BY3bKE MOHSITTS «BiIEOEKOJIOTISH IIHPIIOK KAaTEropi€ero
«Bi3yanpHO-MaHMmadTHA KOM(GOPTHICTE MICBKOTO CepeloBHUINaY. Po3pobieHo cucteMy KpUTEpiiB OLiHIOBAHHSI
CYYacHOT'0 CTaHy KyJIbTYPHHX JIaHTIIA(TIB, 1110 BKIOYAE IPOCTOPOBUIA, EKOJIOTIYHUM, KYJIbTypHUH, QyHKIIIOHA-
JTHHAN, BOEHHO-TpaHC(HOpMAIliifHAH, Bi3yalbHO-TaHMIa(QTHUHA Ta YIPaBIIHCEKAN OJOKH.

BucnoBku. KynbrypHi nanamadTn XapkoBa AOIUILHO PO3IIISAATH K PECYpC MICbKOI CTIKOCTI, €K0JI0-
Ti9HOi Oe3IMeKH, MTPOCTOPOBOI CIIATKOEMHOCTI, JIOKAIBHOT 1IGHTHYHOCTI Ta MICIIBOEHHOTO BiTHOBJICHHS. ix omi-
HIOBaHHS Mae OyTH iHTerpoBaHe y GIS-MoOHITOpHUHT, 3eNeHy iHPPaCTPYKTypy, NPOTpaMH OXOPOHH CIIaJIHHH,
MeMopiaizallii Ta IpoCTOPOBOTO IIAHYBaHHS MICTa.

KJIFOYOBI CJIOBA: xyasmypuuii aanowagm, ypooceocucmema, Xapxis, exonroziuna besnexa, 6izya-
JIbHO-IaHOuApmua Komgopmuicms, nicia80€HHE 8iOHOGNEHHSL

Sk mutyBaTi: Hekoc A. H., Mipomanaernko B. B. Tparchopmartist KynbTypHEX TaHAIIAa(TIB ypOOoTreocuc-
TeMr XapKoBa B yMOBaX BOEHHOTO BIUIMBY: KOHCTPYKTMBHO-TeorpadpiuHHUi MiJIXiJ JO OLIHIOBAHHS Ta BiIHOB-
neuust. Jhoouna ma ooexinns. Ilpobnemu neoexonoeii. 2026. Bum. 45. C. 21-30. https://doi.org/10.26565/1992-
4224-2026-45-02

In cites: Nekos, A. N., & Miroshnychenko, V. V. (2026). Transformation of cultural landscapes of the
Kharkiv urban geosystem under war impact: constructive-geographical approach to assessment and recovery. Man
and Environment. Issues of Neoecology, (45), 21-30. https://doi.org/10.26565/1992-4224-2026-45-02 (in Ukrain-
ian)

Bcmyn
Kynerypui nanamadgtu  ypOaHi3oBaHHX 3HAYEHHSI, ECTETHYHI XapaKTEPUCTHKH Ta CyJacHi
TEPUTOPill € CKIATHUMH IIPUPOIHO-AHTPOTIOTEH- ($hopMH IPUPOAOKOPUCTYBAaHHA. Y MekKax KOHC-
HUMHU YTBOPEHHSIMH, Y SIKMX MOEIHYIOTHCS MPH- TPYKTHBHOI reorpadii Taki JaHmmadTy 10iIbHO
POZIHA OCHOBA MiCBbKOI TEPUTOPIi, iICTOPHUIHO co- PO3IIIAAATH He JINIIE K 00’ €KTH CIaAIHA 200
pmoBaHa 3a0yznoBa, (PyHKIIOHAIBHE BHKOpHC- €JIEMEHTH MICBKOTr0 00pa3sy, a Ik KOMIIOHEHTH
TaHHsI POCTOPY, COLiaIbHA ITaM’Th, CUMBOJIIUHI MIPUPOTHO-TOCTIONAPCHKOT TEPUTOPialIbHOT CHC-
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TeMH, IO BIUIMBAIOTh Ha SIKICTh CEPEAOBHIIA
MIPOKUBAHHS, pEKPEAiHAN ITOTCHITIAN, SKOJIO-
riuHy Oe3reKy, MPOCTOPOBY OpTraHi3aliio MicTa
Ta HampsIMU HOro 30aJaHCOBAaHOIO PO3BUTKY.
Takwif miaXix BiATIOBiIAE MPEIMETHOMY OO
cnemianpHOCTI 11.00.11 — KOHCTPYKTHBHA T€OT-
padist 1 panioHansHe BUKOPUCTAHHS IIPHUPOIHUX
pecypcis [1].

€Bporelicbka aHaTHa KOHBEHIIIS BH-
3Ha4yae JaHMmadT SK TEPUTOPIlO, CIPUHHATY
JIFOJIbMH, XapaKTep SIKOI € pe3yabTaTOM Jii Ta B3a-
€MOIiT MTPUPOTHUX 1 JIFOJACHKUX YHUHHUKIB [2]. Y
KyJbTypHO-TeorpadiuHii Tpamuuii us iges pos-
BUBA€ KJIACHYHE PO3YMIHHS NaHAMA]Ty 5K pe-
3yIBTATY Jii KyJbTypH Ha PUPOIHY OCHOBY [3].
Js ypOaHi30BaHMX TEPUTOpIH 1€ 03HAYaE, 0
MICTO He MOXe OyTH 3BelIeHE JIMIIIE 10 3a0yI0BU
a00 aJMiHICTPATHBHOI CTPYKTYpPH: BOHO € Oararo-
PIBHEBOIO YpOOTEOCHCTEMOIO, y SIKIH TTPUPOJIHI,
aHTPOTIOTeHHI, COIlialIbHI, €KOJIOTTYHI Ta CHMBO-
JIYHI TPOIIECH B3a€EMOIIIOTH Y MeKaX KOHKPETHO1
TEPHUTOPII.

JocmipkeHHsT  KylnbTypHUX JIaHAmagTiB
XapKoBa BKe TIOpYIIyBaId MUTaHHS reorpadid-
HOTO 1 PaBOBOT'O CTaTyCy KyJIbTYypPHOTO JIAH 1A~
(Ty, a TaKOX OI[IHIOBaHHS KOM(OPTHOCTI Bi3ya-
JIBHOTO cepeoBuina ypboreocucremu [4, 5]. On-
HaK CydYacHi yMOBH MOTPeOYIOTh OHOBJICHHS ITUX
migxoniB. Boernwit BB micist 2022 poky 3Mi-
HUB MaTepiaIbHU CTaH MICBKUX TIPOCTOPIB, (hy-
HKITIOHAJTbHE BUKOPHUCTAHHS TEPUTOPIiH, piBeHb
0e3neku, XapakTep Bi3yaIbHOTO COPUHAHSTTS, CH-
MBOJIIYHE 3HAYEHHS IMOMIKODKEHUX OO0 €KTIB 1
POJIb 3€JIEHUX 30H Y BiZIHOBJICHH] HACENICHHSL.

CyuacHi MDKHApOIHI METOIUKH OIliHIO-
BaHHs JaHAMA(QTHOrO XapaKkTepy Ta Bi3yalbHOIO
BIUTMBY JJAI0Th MOXKJIMBICTh aHAJII3yBaTH HE JIMIIIE
Mopdooriro Teputopii, a ¥ il 4yTaHBICTH 10
3MiH, TIPOCTOPOBY IITICHICTh, XapaKTep CIIPHii-
HSTTS Ta YIPaBIHCHKI opieHTHpH [6; 7]. BoaHo-
yac koHrenist oopasy micra K. JliHua 1o3Bomsie
OLIIHFOBATH POJIb LLISXIB, MEX, PaliOHIB, By3JIiB 1
OpieHTHPIB y (OpPMYyBaHHI MEHTaJbHOI CTPYK-
Typu Micbkoro mpoctopy [8]. dms Xapkosa mi
IIXOM BaXKJIMBI Yepe3 3MiHy (QYHKIIH OKpEMHUX
PaioHiB, MOIIKO/DKEHHS Bi3yalbHHX AOMIHAHT i
TMOSIBY HOBUX IPOCTOPIB T1aM ’SITi.

JlocmimKkeH S eKOJIOTIYHOT TICHUXO0JIOTI 10-
BOJATH 3HAYEHHS MPUPOJHOTO U Bi3yaJbHO 30a-
JIAHCOBAHOTO CEPEIOBHINA JUISI TICUXOJIOTTYHOTO
BiTHOBIIEHHSI o rHY [9—11]. Mickki 3emeHi mpo-
CTOpH Ta BOJHI 00’€KTH 3 NPUOCPSIKHUMH 30-
HaMH 3a0€311e4y0Th IUPOKUM CIIEKTP eKOCUCTe-
MHUX I10CIIYT, CE€peJl SIKUX PEryIF0BaHHS MIKPOK-
JMaTy, 3MEHILIEHHS IIIyMOBOI'O HaBAHTA)KEHHS,
miATpUMaHHs 010pI3HOMAHITTS, peKpeartist Ta co-
maseHa B3aeMomiss [12]. YV 1boMy KOHTEKCTI

~22 ~

KYJIBTYpHI JaHAma()TH MarOTh pO3TISAaTHCS He
SIK TIACHBHA CITa/IIIINHA, a K PECYPC MICBKOT CTiii-
kocti [13, 14].

Mixnapomani nokymeat UNESCO miono
BIIPOBaDKEHHS KOHBEHIIIT TTPO BCECBITHIO CIIaI-
UIMHY PO3MVISNAIOTh KYJIBTYpHI JaHAmAPTH SIK
PE3yIBTAT B3AEMOJIi1 IPUPOAHN 1 JIFOAWHH, IO Bi-
JIo0pakae iCTOPUYHY €BOJIOMII0 CYCITUTHCTBA Ta
Horo ajanrauifo 10 HTPUPOAHOTO CEPEAOBHINA
[15]. B ymoBax BiiiHH 1151 ipo0ieMaTHKa HabyBa€e
oco0mmBoi akTyanpHOCTi. 3a manivu UNESCO,
cranoM Ha 15 kBitHs 2026 poky B YKpaiHi BepH-
¢dikoBaHO 526 TOMIKOMKEHUX KYyJIBTYPHHX
00’exTiB [16]. 3a indopmariiero MiHicTepcTBa Ky-
JBTYPH Ta CTPATETidYHUX KOMYHIKaIliii YKpaiHu,
cranoM Ha 25 Gepesnst 2025 poKy MOMIKOMIKEHO
1419 00’€eKkTiB KyJIbTYypHOI CIIAMIIMHY, a HAWOi-
TBIIa KUTBKICT TaKUX O0’€KTIB TpUMajaia Ha
XapkiBcbKy o0nacts — 329 [17].

[TicnsiBoeHHE BIMHOBJICHHS YKpaiHU Mae
Oe3nocepenHii IPOCTOPOBHH, EKONOTTYHHUH 1 Ky-
NBTypHO-NanamadTHUil Bumip. OHOBIICHA OITi-
HKa MOTpeO BiJIHOBJICHHS Ta PEKOHCTPYKIIT YK-
paiHu BU3HAYae 3arajibHy motpedy y 524 mupn
nonapis CIIA mpoTsAroM HaCTYIHOTO JECSTH-
mitrst [18]. st XapkoBa Bke PO3poOIISIOTHCS
MDKHApOJIHI TUTAHYBaJIbHI IMIAXOAM, 30KpeMa B
mexxkax Kharkiv Masterplan [19]. Boamrouac
npunuunu Hosoro eBponelicekoro bayraysy ak-
LIEHTYIOTh TIOETHAHHSI CTIKOCTI, 1HKITFO3UBHOCTI
Ta €CTETUYHOI SKOCTI ipocTopy [20], 1110 € Ge3mo-
CepeTHhO PETICBAHTHUM ISl BiJTHOBIICHHS KYJIb-
TYPHUX JTAaHA(TIB MiCTa.

Meroto cTarTi € O0TpYHTYBaHHS KOHCTPY-
KTUBHO-T€OrpadiyHOro MiJIXOy O OLiHIOBAHHS
TpaHchopmMallil KyJIbTypHUX JIaHImadTiB ypoo-
reocucteMr XapKkoBa B YMOBAaX BOEHHOTO
BIUIMBY T4 BU3HAUCHHS HAIPSIMIB iX 30€peKeHHsl,
ONTUMI3aLii i iHTerpauii y cucremMy MicIsIBOEH-
HOTO €KOJIOTIYHO 30aJ1aHCOBAHOTO BiJHOBJICHHS
MicTa.

J71st nocATHEHHSI METH ITOCTABJICHO TaKi 3a-
BIaHHS:

— YTOUHHTH 3MICT KYJIBTYpHOro JaHmmadry
ypOoreocHucTeMH B KOHTEKCTI KOHCTPYKTHBHOI
reorpadii;

— OOTpyHTYBaTH AONLIBHICTh BUKOPUCTAHHS
MOHATTA ~ «Bi3yalbHO-NaHAadQTHA KOMQOPT-
HICTb MICBKOT'O CEPE/IOBHIIIAY;

— BU3HAYUTH OCHOBHI HaNpsIMK BOEHHOT TpaH-
copmarii KynpTypHUX JaHAadTiB XapKoBa;

— 3aIpOITOHYBATH KPHUTEPii OMIHIOBAHHS CY-
YaCHOTO CTaHy KyJbTYPHUX JaHAMAQTIB;

— OKpPECIIUTH KOHCTPYKTHBHO-TeorpadivHi Ha-
MPSIMH X TiCISIBOEHHOTO BiZJTHOBJICHHSI.
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00°’ckm ma memoou 00CiOIHCEHHA

O0’ekTOM JIOCHIDKEHHS € KYyJIBTYpHI
nanamadti ypooreocucremMu Xapkosa. [Ipeame-
TOM JOCTIKEHHS € KOHCTPYKTUBHO-TEOrpadiyuHi
0coOMBOCTI X TpaHchopMarlii, OIMiHIOBaHHS Ta
HICIIIBOEHHOI ONTHMI3ALl] K CKIIAJHUKIB €KOJIO-
riuHO1 Oe3MeKy, MPOCTOPOBOI Opraxizatii Ta 30a-
JIAHCOBAHOTO MPUPOJOKOPUCTYBAHHSL.

MeTOomO0IOTIHHOI0 OCHOBOIO € KOHCTPYK-
TUBHO-TeorpadivHNH MiXi, 32 SKUM KyJIbTYpPHI
JTaHmmadTH PO3IIIANAIOTECS SIK SIEMEHTH IPH-
POIHO-TOCHIOAAPCHKOI TEPUTOPIAILHOT CHCTEMU
micra [1]. Indopmauiitny 6a3y cTaHOBISATH OITy-
OJiKOBaHI HAyKOBI Mpalli 3 KyJIbTypHO-JIAH/IIIA-
¢dTHOT MpobnemaTuky Xapkosa [4, 5], MixkHapO-
JIHI JOKYMEHTH y cdepi aHamadTHOT oI THKH
Ta OXOPOHU craAIiuHy [2, 15], BiakpuTi MaTepi-
aJTH II0/JI0 BOEHHOTO MOMIKO/DKEHHS KyJIbTYPHOT
cnaammHu [ 16, 17], a Takok cydacHi ImiIx01u1 10
BiIHOBIICHHSI MicT Ykpainu [18-20].

VY mociiKeHHI BUKOPHCTAHO CUCTEMHUIA
aHai3, MOpiBHANBLHO-TeorpadiYHA METO, Me-
TOJT TUTIOJIOT13a11i1, KapTorpadidaunii i reoiHop-
MaIliifHUI aHajIi3, eKCIIEPTHE OLIHIOBAHHS, €Jie-
MEHTH JIaHAMIadTHO-BI3yalbHOI OIIIHKKA Ta
KOHCTPYKTHBHO-TeorpadidHe y3arabHeHHSI.

CucTeMHHIT MiIXi1 3aCTOCOBAHO VIS PO3-
sy XapKoBa sk ypOOreocucTeMu, Je KyIbTy-
pHi saHmmadTH QYHKIIOHYIOTH Yy  B3ae-
MO3B’sI3KY 3 IPUPOHUMHU KOMIIOHEHTaMH, 3a0y-
JIOBOIO, TPAHCIIOPTHOIO MEPEXKEI0, 3eTIEHUMH 30-
HaMH, BOJHUMH 00’ €KTaMH, IPOMHUCIOBUMH Te-
PUTOPIAMH, 00’€KTaMH CHAJIIMHU Ta COI[ialib-
HHUMH TPAKTHKaMH HACEJICHHSI.

IopiBHsuTEHO-TeOTpadh I METO BUKO-
PHCTaHO JUIsl 3iCTaBJICHHS JOBOEHHOTO Ta Cy4ac-
HOTO CTaHy KyJbTypHHX NaHamadTis. [lopis-
HSHHSI 3/[ICHIOETBCST 32 TAKMMH HaIpsiMaMu: 30e-
PEXEHICTh MTPOCTOPOBOI CTPYKTYPH, (QYHKIIOHA-
JbHa TpaHcOpMallisl, CTYMiHb MOLIKOKEHHS,
3MiHa Bi3yaJbHO-TaHIIAQTHAX XapaKTEPUCTHK,
BTpata ab0 30epeeHHs 1CTOPHKO-KYJIbTYPHOT
LIHHOCTI, 3MiHa peKpeaniiHoro NoTeHwiay, 1mo-
sBa TEPUTOPIN 3 MEMOpiaJIbHUMU 1 OenirepaTus-
HUMH (DYHKIIISIMH.

Mertoz THIoNOoTi3allii 3aCTOCOBAHO IS CH-
cTemMaTH3allii KyJbTYPHHUX JIAaHIA(TIB 32 MOX0-
JOKeHHsIM, (DYHKI[ISIMH, MPOCTOPOBUM MacIITa-
00M, piBHEM aHTPOIIOreHHOI TpaHchopmarii Ta
CyJaCHHUM cTaHOM. J[o aHai3y 3aTydeHo cenuTe-
OHi, cakpanbHi, TadanbHi, peKpeariiHi, TpOMH-
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CJTOBI, TOPO>XKHI, MEMOpIaTbHI, OeITire-paTHBHI, ic-
TOPUKO-apXiTEeKTYpPHI Ta acolliaTHBHI KyJIbTYpHi
napmmadty. Mani apxitektypHi ¢opmu nomi-
JIHHO PO3IJTIIIATH HE SK CAMOCTIHHUM KJTac KyJTb-
TYpPHUX JaHIMA(TIB, a K MIKPOCTPYKTYPHI elle-
MEHTH a00 Bi3yalbHO-CEMaHTUYHI MapKepH.

Jnst aHamizy cy4acHOTO CTaHy KYyJIBTYp-
HUX JTAHTA(TIB 3aIPOMOHOBAHO TOAATKOBY TH-
TIOJIOTIIO 32 CTYIIEHEM BOEHHOI TpaHCcQopMartii:
30epekeHi, YaCTKOBO TPaHC(HOPMOBaHi, TOIIKO-
JDKEH1, KpUTHYHO JIErPpaioBaHi, HOBI MEMOpiaJbHi
Ta OenirepaTuBHi, a TAKOXK JJAaHAIAQTH TIPiIOpHTE-
THOTO MCJISIBOEHHOTO BiTHOBJICHHSL.

Kaprorpadiuauit i reoindopmariitaumit
aHA3 PO3MISIAECThCS K 0a30BHH IHCTPYMEHT
cydacHoro omiHroBaHHs. [lominkHuM € (opmy-
BaHHA OararormapoBoi (GIS-0a3m KymbTypHHX
naaamadTie XapkoBa, sika Ma€ BKITIOYATH MEXI
KyJBTYpHO-JTaHIaQTHUX 00’ €KTiB, 00’ €KTH Ky-
JIBETYPHOI CIIa I HH, 3€JICH] 30HU, BOJIHI 00’ €KTH.
peKpeattiitHi TepuUTOpii, MPOMHUCIOBI TaHAIIA(TH,
JKUTJIOBI MAaCWBH, TPAHCIIOPTHI KOPUIIOPH, 30HU
TOIIKO/KEHb, 00’ €KTH TMOTEHIIIHHOT MeMopiai-
3al1ii, IPOCTOPH MiIBUIIIEHUX OC3MEKOBUX PU3H-
KiB Ta TEPUTOPIi MPIOPUTETHOTO BiTHOBIICHHSI.

Ha BigmiHy Bif TepMiHOJOTI1, 10 BUKOPH-
CTOBYBaJIa MOHSTTS «BiZICOEKOJIOTIUHA KOM(OPT-
HICTB» [5], TPOIOHYETHCS 3aCTOCOBYBATH II0-
HATTS «Bi3yalbHO-NMaHMmadTHa KOM(OPTHICTH
MICBKOTO Cepe/loBHIIa». BOHO OXOILTIOE pi3HO-
MaHITHICTb 1 MacIITa0HICTh 3a0yI0BH, HAsIBHICTh
NPUPOJTHHUX EJIEMEHTIB, 30€pEeKEeHICTh iCTOpHY-
HUX JOMIHAHT, KOMIO3UIIHHY IUTICHICTD, CTY-
IMiHp PYHHYBAaHHS, HASBHICTh arpecUBHHUX a0o
TpaBMaTUYHHUX Bi3yaIbHUX EJIEMEHTIB, JAOCTYII-
HICTbh 3€JIEHHUX MPOCTOPIB 1 TICUXOJIOTTYHY Oe3rie-
YHICTh CEPEIOBHIILIA.

st oneparionaizanii 3aipOOHOBAHOTO
KOHCTPYKTUBHO-TeorpadigyHoro migxoay cgop-
MOBaHO CHCTEMY KpPHUTEpIiiB OIIHIOBaHHS CydJac-
HOTO CTaHy KyNbTYPHHX JIaHAmadTiB XapKosa.
BoHa noejHye mpocTOpoBi, €KOJIOTivHI, KyJIbTY-
PHi, (DYHKIIOHaNIbHI, BOEHHO-TpaHC(HOpMALIiiiHi,
Bi3yallbHO-JIaHAIIA( THI Ta YIIPaBIHCHKI Mapame-
TpU, WO JIa€ 3MOTY PO3MISJATH KYJIbTYpHUH
JaHmmadT He JUIE K 00’ €KT CHAaILINHY, a 5K
CKJIJIOBY YpOOr€0CHCTEMH, PECYPC €KOJIOTiUHOT
Oe3reKky, MICHKOI CTIMKOCTI Ta IiCISBOEHHOIO
BIJHOBJICHHS. Y3araJlbHEHHs BiANOBIAHUX OJI0-
KiB 1 KpUTEpiiB OLIIHIOBaHHS TOJIaHO B TabmmLi 1.
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Taéaunsa 1

Kpurepii oliHioBaHHS Cy4acHOro cTaHy KyJbTypPHUX JaHAmadTis XapkoBa

Table 1

Criteria for assessing the current state of Kharkiv cultural landscapes

Baok oninoBanns/
Evaluation block

OcHoBHi kpuTepii/ Main criteria

[Tpoctoposwii /
Spatial

[Tiomta, Mexi, TOCTYIHICTh, 3B’ SI3HICTH 13 MICHKOIO CTPYKTYPOIO, TIOJIOKEHHS
y CHCTEMI 3€JIeHHX 1 TPAaHCIIOPTHUX KOPHUAOPIB

/Area, boundaries, accessibility, connectivity with the urban structure, position
in the system of green and transport corridors

Exonoriunmnii /

HasiBHICTb 3eJIeHHX HacaKeHb, BOAHUX 00 €KTiB, MIKPOKIIMaTHYHA POJIb,
pekpeauiitHuii moTeHwiall, eKOJOT1YHI PU3HKH, y4acTh Y popMyBaHHI

CKOCUCTCMHUX MOCIYT

Ecological /Presence of green spaces, water bodies, microclimatic role, recreational
potential, environmental risks, participation in the formation of ecosystem
services
IcTopuKko-KyIpTypHA HiHHICTH, CAMBOJIYHICTD, 30€PEKEHICTh CIa IIIHHH,
KynerypHuii / POIb Y MICBKIH iI€HTHYHOCTI
Cultural /Historical and cultural value, symbolism, preservation of heritage,

role in urban identity

OyukiionansHuit / Functional

CyuacHe BUKOpPHCTaHHS, 3MiHa (DYHKIIii, IHTCHCUBHICTh aHTPOIIOT'€HHOTO
HaBaHTaXXCHHA, HOTCHHiaJ'I AallITUBHOT'O BUKOPHUCTAHHA
/Modern use, change of functions, intensity of anthropogenic load, potential for

adaptive use

Boenno-tpanchopmariiiauii /
Military-transformational

CTyniHb NOIIKOJDKEHHS, HASBHICTh PYHHYBaHb, OS3IIEKOBI PU3UKH, MOSIBA
MeMopialbHUX a00 OenirepaTHBHUX (QyHKIIN
/Degree of damage, presence of destruction, security risks, emergence of

memorial or belligerent functions

BisyanbHo-nanamadrHuii /
Visual-landscape

KommosumiitHa minicHICTh, €CTeTHYHA BHPa3HICTh, MacIITa0HICTh, Bi3yaabHa
Jierpajarisi, HassBHICTh TPAaBMATHIHHX Bi3yalbHHUX €JIEMEHTIB
/Compositional integrity, aesthetic expressiveness, scale, visual degradation,

presence of traumatic visual elements

Vupasniacekuii /Management

OXO0poHHUI CTaTyC, HASBHICTH MTPOEKTIB BiTHOBIICHHS, TIPIOPUTETHICTD
PEKOHCTPYKIIi1, MOXKIIMBICTh IHTETPALlii y CTpaTerii MCITBOEHHOTO PO3BUTKY
/Protection status, presence of restoration projects, priority of reconstruction,

possibility of integration into post-war development strategies

O1iHIOBaHHS 32 KOXXHHUM OJIOKOM MOXE
3IiCHIOBATUCA 3a 11" ITHOATBHOIO IIKAJIOK0, J1e
1 Oan o3HaYa€ KPUTHUYHO HECIIPUATIMBUI CTaH
a00 HU3BKY 3HAYYIIICTh KpUTEpito, a 5 GasiB —
BUCOKHUH piBeHb 30€peKEeHOCTI, 3HAUYIIOCTI

a00 BiTHOBIIOBAILHOTO TIOTeHIiamy. Ha ocHOBI
IHTETpaIbHOI OIHKK KYJIBTYpPHI JIaHTmadTH
MOXYTh OYTH BiJIHECEHI JI0 TPYIT HU3BKOTO, CE-
penHBOr0 ad0 BHCOKOTO MPIOPUTETY MiCIISBO-
€HHOT'O BiJTHOBJICHHS.

Pe3ynomamu ma 062060penns

Y Mexax KOHCTPYKTHUBHOI reorpadii Ky-
IbTypHUH Nanamadt ypoaHizoBaHOT TepUTOPIT
JOLITBHO pO3MNIAIaTh sk (DyHKIIOHAJIbHUN
KOMITOHEHT TPUPOJTHO-TOCIIOIAPCHKOI TEPHUTO-
pianpHOT cucteMu micta. Y Takill iHTeprpeTarii
BiH € HE JIUIIE «BUJIUMHUM 00pa3om» TepUTOPIi,
a ¥ HOCIEM EKOJIOTIYHHX, COLIaIbHHUX, PeKpea-
LIHUX, 1CTOPUKO-KYJIBTYPHUX 1 O€3MeKOBHX
GyHKITIH.

VYpboreocuctema XapkoBa chopmyBa-
Jacs SIK CKJIaZHa MoMi()yHKIiOHaJIbHA CHCTEMA,
y SIKill IpUpOJHA OCHOBA TEPUTODIi, 3€eH] Ma-
CUBH, BOJIHI 00 €KTH 3 PIYKOBUMHU JOJIUHAMH,
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BOJIOJIUTBHI TIPOCTOPH, TPAHCIIOPTHI OCi, MPO-
MUCIIOB1 30HH, )HUTJIOBI palloHU, icCTOpHYHA 3a-
OyzoBa, cakpalibHi 00’ €KTH, MEMOpialibHI TPo-
CTOpPH Ta TPOMAJICHKI TEPHUTOPii yTBOPIOIOTH
B32€MOIIOB’ A3aHY KYJIETYpHO-JIaH AP THY
CcTpyKTypy. ToMy 00’€KTamMu aHali3y MaloTh
OyTH He JIUIIIe OKPEeMi IaM’ITKH apXiTeKTypH, a
{ LiTiCHI TepUTOPiaIbHI KOMIUIEKCH.

Boennuiil BB Ha KyJIbTYpHI JIaHALIA-
¢t XapkoBa Mae GaraTOBUMIpHHH XapakTep.
Bin mposBisietsest y ismuHOMY pyHHYBaHHI
OyaiBenb i MPOCTOpiB, 3MiH1 QyHKIIH, CAMBOTI-
YHUX 3HAa4Y€Hb, BI3yaIbHOI'O CIPHHHATTA,
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JIOCTYIHOCTI, OE3MeYHOCTI Ta eKOJIOTIYHOTO
CTaHy MICBKHUX TepHUTOpid. PyifHyBaHHS OKpe-
MOTO 00’€KTa MOXK€ CHPHYHHSTH BTpaTy He
JUIIIe MaTepiajbHOi OIIHKM, & W MOpPYIICHHS
MIPOCTOPOBOI IITICHOCTI IMHPIIOTO JaHAmadT-
HOTO KOMIUIEKCY.

[lepmmM HampsimoMm TpanchopManii €
¢hi3uuHe MOIIKOKEHHS MaTepiaJbHOI CTPYyK-
Typu nauamadris. Mnerscs mpo icropuuni 6y-
JiBI, CakpallbHi CIIOPYAH, 3aKIagl KyJIbTYpH,
JKUTIIOBY 3a0yJ0BY, TPOMAJICBKi IPOCTOPH, Me-
MopianbsHi 00’ ekTH, (hacanu, eneMeHTr onaroy-
cTporo Ta 3eneHi HacapkenHs. JJani UNESCO i
MiHicTepcTBa KyJNbTypH Ta CTPATETiYHHX KO-
MyHIKaIiii YkpaiHu MiATBEpIKYIOTh 3HAYHI
MacmraOy MOMIKOUKEHHS KYJIBTYpHOI CIIaj-
MUHA YKpaidu, 30kpema Xapkisuuau [16, 17].

Hpyrum HampsmMoMm € (QyHKIIOHATBHA
Tparcdopmaiisi MiCBKOTo MpocTopy. Tepuro-
pii, sIKi 0 BiffHW BUKOHYBAJM peKpealliigi, Ty-
PUCTHYHI, OCBiTHI a00 eCTeTHYHI PYHKIIii, ¥ Cy-
YaCHUX yMOBaX MOXYTh CTaBaTH MPOCTOPAMH
00MEXEHOTO JIOCTYIly, HeOe3NeKH, eBaKyailii,
BOJIOHTEPCHKOI aKTHBHOCTI, THMYaCOBOTO YK-
putTs abo mam’siti. beaneka, HasBHICTh YKPUT-
TiB, TPaHCIOPTHA IOCTYIHICTh, CTaH iH(pa-
CTPYKTYDH Ta TICUXOJIOTiYHE CIIPUUHSATTS TEPH-
Topii 3 HacHiAKaMu (i310JOTTYHUX 3MIH y CTaHi
3[I0POB’sl HACENICHHS CTalll HE MEHII BaXJIH-
BHMH, HIX i €CTETUYHA TPUBAOIHBICTD.

Tperim HanpsiMOM € (popMyBaHHS HOBHX
a0o0 akTyasizallis HasBHUX MEeMOpialbHHX 1 Oe-
nirepaTuBHEX JaHAMAGTIB. Micus pyiHyBaHb,
MOIIKOKEH] OyiBIIi, MPOCTOPU OOOPOHH, YK-
PUTTS, BOJIOHTEPCHKI IIEHTPH, MICI TaMm ATi
npo 3aru0iuX, THMYacOBI MEMOpiaIbHI 3HAKH
Ta CMMBOJIIYHO 3HAUYYIIl 00’ €KTH CTarOTh Yac-
THUHOIO HOBOT KYJITYPHO-JTaHIAPTHOT CTPYK-
TypH XapkoBa. Y Maiil0yTHROMY TaKi IPOCTOPH
MOXXYTh OyTH IHTEIPOBaHI 10 CUCTEMHU MIChKOT
nam’siTi, OCBITHIX MapIIPyTiB, My3eHHUX MpaK-
THK ITPOCTO Heba Ta mporpam MpoCcTOpOBOI pe-
KOHCTPYKLII.

YeTBepTUM HANPSIMOM € TpaHc(hOpMAaList
BizyanpHO-NaHAmadTHOI KoMpopTHOCTI. BiitHa
JoAa’da HOBI YMHHHUKH: PyHHYBaHHA (acamis,
MOMIKO/IKEH] KHUTIOBI MACUBH, TAMYACOBI 3aXH-
CHI KOHCTPYKLLIi, 3aKpHTi BikHa, CIiJ1 BUOYXIB,
MIOPOKHI MPOCTOpH, (hparMeHTauio 3a0ya0BH,
3pyHHOBAaHI JIOMIHAHTH, 3MiHY OCBITJIICHHS, 00-
MEKEHHSI JIOCTYIy Ta TIOCTifiHYy TPHCYTHICTh
0e3rexoBuX MapkepiB. ToMy Bi3yallbHO-JTaH/I-
mradTHa KOM(POPTHICTH CHOTOIHI MA€ OLIIHIO-Ba-
THCS Yepe3 TTOETHAHHS KOMITO3HUITIIHOI ITiTiICHO-
CTi, 30€peKEHOCT] ICTOPUIHHX JOMIHAHT, CTAHY
3eJIEHUX HACaHKEHB 1 MPUOEPESIKHNX 30H BOTHUX
00’€KTiB, pIBHA Bi3yalbHOI (hparMeHTarii,
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HAasBHOCTI TPaBMAaTHYHHUX €JICMCHTIB 1 MOXKITH-
BOCTI IICUXOJIOT{YHOTO BiTHOBJICHHSI.

3anpornoHOBaHa THIIOJIOTI CYYacHOTO
CTaHy KyJbTypHHX JaHmmadTiB XapkoBa
BKJIIOYAE 30€peKeHi, YaCTKOBO TpaHCHOpPMO-
BaHi, TOMIKOKCHI, KPUTHYHO JAeTpaioBaHi,
HOBI MeMopiaibHi Ta OemirepaTHBHI JaHAIIA-
¢TH, a TakoX NaHAMA(TH MTPIOPUTETHOTO ITic-
JSIBOEHHOTO BigHOBIEHHs. Taka Tumoinoris €
JUHAMI4HOIO, OCKLIBKH BPaXOBY€ HE TIIbKHU MO-
X0KeHHS a00 (YHKIUIIO, a i CTymiHb TpaHCc(o-
pMarii, MOTeHIial BiJHOBICHHS Ta YMpaBiiH-
CBKY JIOIUIBHICTb.

BizyansHo-manamadTtHa KoM(OPTHICTH
Ma€ CTaTH OJHUM i3 KPUTEPiiB MiCIIBOEHHOTO
IDTaHyBaHHS. 3 TO3UIINA €KOJIOTi9HOI TICHXOIIO-
rii mpupoaHi I BizyaslbHO 30alaHCOBaHI cepe-
JOBUIIA MOXYTh CIPHATH IICHXOJOTIYHOMY
BiIHOBJICHHIO, 3HWKEHHIO CTpeCy Ta TIOJiI-
[IEHHIO caMOnovyTTs roauan [9—11]. Y wmicri,
0 3a3HAJI0 MAcIITa0OHOIO BOEHHOTO BIUIUBY,
BIJTHOBJICHHS HE IIOBUHHO OOMEKyBaTHCS (i3u-
YHOIO PEKOHCTpYKUi€o OyniBens. BoHo mae
(dbopmyBaTH cepenoBullIe OE3MeKH, MPOCTOPO-
BO1 BITI3HABAHOCTI, ICTOPUYHOI CHAJKOEMHOCTI
Ta IOJJICHHOTO KOPUCTYBaHHSI.

KynbrypHi nanamadTi Takox € pecyp-
COM MiChbKOi crifikocTi. BoHu 3a0e3mneuyioTh
IIPOCTOPOBY CHAJKOEMHICTh, M ATPUMYIOTH JIO-
KaIlbHY iIEHTHYHICTh, (DOPMYIOTh €KOJIOTIYHHUN
1 peKpeariifHii MOTeHIliaj, CIPUSIIOThH COIiallb-
HOMY Ta IICUXOJIOT1YHOMY BiJHOBIJICHHIO Hace-
JIeHHsI. Y IbOMY KOHTEKCTi BOHH BiJIIIOBi1al0Th
cydacHOMY po3yMiHHIO urban resilience sik 31a-
THOCTI MICTa aJanTyBaTHUCS JI0 KpU3, BiTHOB-
nroBatH QyHKIII Ta TpaHcpopMyBaTUCS BiAIO-
BiZIHO 10 HOBMX yMOB [13, 14].

KoHncTpykTHBHO-Teorpagiuni Hamps-
MM HiCJIBOCHHOro BimHoBJeHHs. IlicisaBo-
€HHE BIJIHOBIICHHS KYJBTypHHUX JaHImaTIB
XapKoBa Ma€ IpyHTYBATHCS HE JIUIIIE Ha PecTa-
Bpallii okpeMux O0O0’€KTIB KyJbTypHOI CIaj-
LIMHU 200 PEKOHCTPYKIIi MOIMIKOKEHO1 3a0y-
JIOBU, @ HA KOMIUIEKCHOMY KOHCTPYKTHBHO-T€-
orpadiunomy minxozxi. BiH Mae moenHyBaTH
IIPOCTOPOBHI aHai3, €KOJIOTIYHE OIIHIOBAHHS,
JanquadTHE TUIAHYBaHHSA, OXOpPOHY CIIaj-
LIMHY, Bi3yallbHO-NaHAWA(THY peabimiTarito
Ta IHTETpaLilo KyJIbTYPHUX JaHAIA]TIB y cHC-
TEMY €KOJIOIYHO OE3[EYHOr0 PO3BUTKY ypOO-
T€OCHCTEMH.

[epmioueproBuM HampsiMOM Mae OyTH
CTBOPEHHS LU(POBOTO KaIacTpy KyJIbTYPHHX
nmaaamadTie XapkoBa. Takwii KagacTp TOBH-
HEH OXOIUIIOBATHU HE JIMILE IaM’SITKH apXiTek-
TypH, icTOpii a00 MOHYMEHTAJILHOTO MHCTEII-
TBa, a W ICTOPWYHI KBapTad, CaKpaJIbHi
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aHcaMO1i, KJIaJOBHIIA, MEMOpIaIbHI TEPUTOPIT,
peKpealtiiHi MpoCTOPH, MPOMHUCIIOBI JIaHIIa-
(GTH, KUTIOBI MaCHBH 3 BHPA3HOIO MPOCTOPO-
BOIO 1JIEHTUYHICTIO, MICIlI BOEHHOI maM’sTi Ta
MOIITKOKEH] TEPHUTOPIi, 110 Ha0YITH HOBOT'O CH-
MBOJIIYHOTO 3HAYEHHS.

Jpyrum HampsiMoM € po3poOJIeHHs ChC-
TEMH OIIHIOBaHHS MPIOPUTETHOCTI BiJHOB-
nenHs. s micnsBOEHHOTO TUIaHYBaHHS HEJ0-
CTaTHBO 3a(ikcyBaTu (aKT MOIIKOMKECHHS, He-
00XiTHO BU3HAYUTH POJIb TEPHUTOPIl Y CTPYK-
Typi MicTa, BTpadeHi i HOBI (yHKUIi, piBeHb
€KOJIOTIYHOI 3HAYYIIOCTI, peKpealiiHuii moTe-
HITian, 0e3IMeKOBi YMOBU Ta MOKJIMBICTh ajari-
THBHOTO BHWKOPUCTAHHA. Takwil MigXiJ y3ro-
JDKYETBCS 3 MDKHAPOAHUMH MTPAKTUKAMU JIaH/I-
maTHOTO OI[IHIOBAaHHS Ta BI3yaJbHOTO aHa-
mizy [6, 7].

TperiM HampsiMOM € iHTETpalist KyIbTy-
pHUX JTaHAmMAa(TIB y 3€IeHO-0NaKuTHY iH(ppa-
CTPYKTypy MicTa. 3eleHi MPOCTOPH Ta MiChKi
BOJIHI 00’ €KTH, 00JIaIITOBAHI JIXKepea 3a0e3re-
YyIOTh EKOCHCTEMHI TIOCITYTH, 30KpeMa MOJIiIl-
HICHHS SIKOCTI MOBITPs1, 3SMEHIICHHS IIIyMOBOTO
3a0pyAHEHHS, PETYIIIOBAHHS TEMIIEPaTypPHOTO
PEeXUMY, MATPUMaHHS O10piI3HOMAHITTSI, PEK-
pealito, BUKOPUCTAHHS YHCTOI JDKEPEIbHOT
BOJIM, Ta TIO3UTHBHUHN BIUIMB Ha 3JI0POB’S Ha-
cenenns [12]. ¥V micnsBoenHOMY XapKoBi mi
¢yHKIii HAOyBaOTh JONATKOBOTO 3HAYCHHS,
OCKINTbKH MicTO moTpebye He muie (iznaHoi
PEKOHCTPYKIIii, a i €KOJOTIYHOI Ta COIliaTbHO-
TICUXOJIOTIYHOI peabimiTarii.

YeTBepTHM HANpsIMOM € Bi3yallbHO-
nanamadTHa peabuTiTalis MOMIKOKEHUX Te-
puropiit. Ii MeTa nonsrae He e y BigHOB-
neHHi (acaniB abo OJaroycTporo, a y mosep-
HEHHI TEPUTOPIsIM MPOCTOPOBOI MITICHOCTI,

OazyBaTHCs Ha MPUHITUIAX 30epekeHHs TPOC-
TOPOBOI TMMaM’ATi, KyJIBTypHOI YyTIHUBOCTI,
€KOJIOTIYHOI JOLIILHOCTI, O€3leyHOCTI Ta
IICUXOJIOTIYHOI BITHOBIIIOBAHOCTI.

OxpeMHM HampsiMOM Ma€ CTaTH Hay-
KOBO OOTpYHTOBaHa MeMOpiaiizalisi BOEHHOTO
JnocBiny. Micust pyiiHYBaHb, MpPOCTOpU 000-
POHHU, BOJIOHTEPCHKI OCEpEeNIKH, MOIIKOMKEHI
CUMBOJIIYHI OyIiBNi Ta TEpUTOpPii MacoBOro
MepeKMBaHHS HEOE3MEeKH BXKE CTall 4acTH-
HOIO HOBOi KyJNbTYypHO-TaHAIMA(THOI CTPYK-
Typu wMicta. Pexomenpamii ICOMOS i
UNESCO 1n1oz0 3axucTy CHaIIMHU y BOEH-
HUAX YMOBax HaroJOmIyIOTh Ha HEOOXiTHOCTI
JOKYMEHTYBaHHS MOLIKOIXECHb, OLiHIOBAHHS
PU3HKIB 1 TOETHAHHS OXOPOHHW CHAAIIHHU 3
notpebamu rpoman [23, 24].

[IpoMucioBi Ta MOCTIPOMHUCIIOBI JaHII-
madTtin XapkoBa MOXYTh OyTH TpaHCHOpPMO-
BaHi 3 MPOOJIEMHHUX TEPUTOPIH Y PECYPCH PO3-
BUTKY. AJaNTUBHE BUKOPUCTAHHS TaKUX TEPU-
TOpiii Mae BpaxoBYBaTH CTYIIHb 3a0pyTHEHHS
IPYHTIB, TEXHOTCHHE HABAaHTAXKEHHSI, ICTOPUKO-
NPOMHUCIIOBY IIHHICTh, TPAHCHOPTHY AOCTYII-
HICTh, MOXJIHMBICTh O3€JICHEHHS, €KOJIOTIYHOI
peabuiTariii, CTBOPEHHS HOBHX TPOMAJICHKUX
MPOCTOPIB Ta MAJTUX apXiTEKTYPHUX (HOPM.

Kynbrypri nanmmadTtin MaroTh OyTH
BKJIFOUYEHI JI0 CTPATETiYHUX JOKYMEHTIB ITiCIIs-
BOEHHOTO PO3BHUTKY XapkoBa. €BponenchKuil
JIOCBIJI CTAJIOTO BiJHOBJIEHHS MICT, IIIAXOIH 10
inTerpamii maHamadTy y MICTOOYAIBHY ITOJIi-
TUKY Ta TMPaKTUKHA MATPUMKH CTIHKOCTI yKpa-
THCBKMX TPOMaJ CBiI4aTh MPO HEOOXiAHICTH
MOEHAHHS €KOJIOT1YHO1, COLiabHOI, KyJIbTYp-
HOi Ta iH(pacTPYKTYpHOI CKIIaJJOBUX PEKOHC-
TpykKii [21, 22, 25-27]. BoxHo4ac y KOHTEKCTI
30pOMHOT0 KOH(IIKTY BaXKJIMBUM 3QJIUIIAETHCS

BITI3HABAHOCTi, €CTETUYHOI BHPA3HOCTI Ta 3aXMCT KYJBTYpHOI CHAJANIMHU BiJ] HACIHiIKIB
MICUXOJIOTTYHOT Oe3IeKH. Bona Mae BHOYXOBOI 30p0i Ta MOBTOPHUX PU3HKIB [28].
Bucnoexu

KynerypHi nanmmadta ypboreocucremu
XapkoBa JOLUUIBHO PO3MIISIATH HE JIMILIE SIK
00’€KTH ICTOPUKO-KYJIBTYPHOI CHaAIIMHU a0o
€CTEeTUYHOTO CIIPUHHATTSA MiCBKOTO IPOCTOPY, a
AK CKJIaJ0Bi IPHUPOAHO-TOCIIOAAPCHKOI TEPUTO-
piaJbHOI cCHCTEMH MicTa.

Y Mexax KOHCTPYKTHBHOI Teorpadii
BOHU BUKOHYIOTh €KOJIOT1UHI, peKpealtiiiti, ife-
HTAQIKAIIWHI, MEMOpiallbHi, IUIAaHYBaJbHI Ta
0e3reKoBi PYHKIIIT.

Boennuii BIUIMB 1CTOTHO 3MIHHB CTaH,
GyHKIIT Ta COPUAHATTS KyJIBTYPHHUX JaHamad-
11ii, piBeHb IOMIKODKECHHS, OE3MEKOBI PU3HKH,
BTpary abo 3MiHy (QyHKOif, MeMopiajabHe
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TiB XapkoBa. PyiiHyBaHHsS icTOpu4HOI 3a0y-
JIOBH, JKUTJIOBHX MAacuBIB, TPOMaJChKUX IIPOC-
TOpIiB, CaKpaJbHUX, MEMOPIATBbHUX 1 KYyJIbTYp-
HUX 00’ €KTIB CHPUYMHUIIIO HE Juiie piznyuHy 1e-
rpajalito OKpeMHX TEPUTOPIH, a if TpaHcdopma-
L[i10 TPOCTOPOBOi mam’siTi, Bi3yalbHOI LiJIICHO-
CTi, pEKpEaIlifHOTO MOTEHIiaTy Ta IICUXOJIOT Y-
HOT'O CIPUMHATTSI MICBKOTO CEpEeIOBHIIIA.

JIOoBOEHHI TIIXOAW J0 aHANi3y KyJIbTyp-
HUX JIaHTma@TiB XapKkoBa NOTPeOyIOTh CyTTE-
BOTO OHOBJICHHS. Y CYYacHHX yMOBaxX HEOOXi[
HO BpaxoOBYBaTH CTYITiHb BOEHHOI TpaHC(hopMa-
3HAYEHHSI, €KOJIOTTYHUH TOTEHITIaI 1 TPIOPHUTET-
HICTD IICIIBOCHHOI'O BIIHOBJIECHHS.
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3anponoHOBaHO BUKOPHUCTOBYBaTH II0-
HATTA «BizyanbHO-NaHamadgTHa KOMQOPTHICTH
MICBKOTO CepeIOBHIIa» SIK IHUPIIY i METOI0II0-
TIYHO JOIIBHINTY KaTeropito MOPiBHSIHO 3 BY3b-
KHM IOHATTAM «BII€OEKOJIOrisT». BoHa oxornmoe
LUTICHICTh TPOCTOPOBOI KOMITO3HMIIii, MPHUPOAHI
€JIEMEHTH, ICTOPHYHI IOMIHAHTH, MAaCIITaOHICTh,
0e3IeUHICTh, ICUXOJIOTIYHY TPHHHSITHICTE cepe-
JIOBUILIA Ta WOrO 3/IaTHICTh CIPHATH BiJHOB-
JICHHIO TICHXO0-(i310JI0TTIHOTO CTaHy HACEIECHHS.

Jl1s1 OLliHIOBaHHS CY4acHOI'O CTaHy KyJlb-
TYpHHX JaHAaTIB XapKoBa JOULITEHO 32CTOCO-
ByBaTH KOMIUIEKCHY CHCTEMY KpHUTEpiiB, IO
BKJTFOUA€ MPOCTOPOBHUM, €KOJIOTTYHUH, KYIbTYp-
HUH, (QYHKIIOHATIEHUI, BOEHHO-TpaHchopMarliii-
HHH, Bi3yaJlbHO-NTAHAIMA()THAH Ta YIpPaBIiHCH-
Kuit 6710Kku. Takuid miaxizn 03BoJIsie BU3HAYaTH HE
JIIIE CTYTIiHb TMOIIKO/KEHHS TepuTopii, a i ii
poitb y QyHKIIOHYBaHHI YPOOr€OCHCTEMHU.

Kynerypri nmanmmadtn XapkoBa MaroTh
OyTH IHTETPOBaHi J0 CHCTEMH 3€JIEHOi-OIaKuT-
HOI iH(pacTpyKTypH MicTa. 3eJICHI 30HHU, BOJIHI
0o0’exkTH  Ta npubepexkHi  TPOCTOPH,

peKpeartiiiHi, cakpanbHi, TadaabHi, MEMOPiaTbHI
MOXYTh BUKOHYBATH Ba)KJIMBI €KOCUCTEMHI I10-
CIIyTH OO PETYIIOBAaHHS MiKpPOKIIIMATy, 3MEH-
IIEHHS II[yMOBOTO ¥ TEIIOBOTO HaBaHTAKCHHS,
miATpUMAaHHS ~ OlOpi3HOMAHITTS,  CTBOPEHHS
YMOB ISl BIATIOYMHKY Ta TCUX0-(i31070TTHHOTO
BiIHOBJICHHSI HACEIICHHSI.

IlicnsBoeHHE BiAHOBICHHS XapKoBa Mae
OazyBarucs Ha GIS-iHBeHTapH3anii KyIbTypHHX
nammadTiB, JNaHAMA(THO-BI3yaTbHOMY OIIi-
HIOBaHHI, BU3HAYEHHI NMPIOPHUTETIB PEKOHCTPYK-
1ii, peBiTasi3allii MOMKOKEHUX i TOCTIPOMUC-
JIOBUX TEpUTOpiH, GopMyBaHHI MeMOpiaIbHUX
IIPOCTOPIB, PO3BUTKY MICHKHX 3€IEHUX KOPHUJIO-
piB Ta iHTerpamii 0€3MeKOBUX PIllICHb Y MiChKe
CEepeIOoBUILLE.

Tpancdopmariis KynbTypHHX TaHmmad-
TiB XapKoBa B YMOBaX BOEHHOTO BIUIUBY € HE
JIMIIIE TIPOOJIEMOIO OXOPOHH CHA/IIIUHH, & i KOM-
TUICKCHUM 3aBJaHHSM KOHCTPYKTHUBHOI reorpa-
(bii, exomoriuHoi Oe3nexu, 30aIaHCOBaHOTO ITPH-
POIOKOPHUCTYBAHHS Ta MiCISIBOEHHOTO TPOCTO-
POBOTO MJIaHYBaHHSI.

Kongnikm inmepecie

ABTOpY 3aCBIUYIOTh, 1[0, HE3BAXKAIOYH HA TE, 1110 OJIUH 13 aBTOPIB CTATTI € WICHOM PEIaKIiHHOT
KOJIETii I[bOT0 KYpPHAIY, IPOIIEC PEIlEeH3yBaHHS, IPUHHATTS PIllIEHHS 11010 MyOJIiKaIlii Ta peJaryBaHHs
MIPOBOIMIINCS HE3AIEKHO, O€3 OTO yJacTi 4M BIUMBY. byb-AKi MOTEHIiliHI KOHQUTIKTH iHTepeciB Oymu
MOBHICTIO YCYHEHI IIIJISIXOM 30BHILTHBOTO KOHTPOJIIO MPOIIECY.

ABTOpH MOBHICTIO TOTPUMYBAJIUCS €TUYHUX CTAH/AAPTIiB, BKIIOYAIOYH IMUTAHHS IUIariaty, ¢aib-

cudikamnii Jaaux Ta AyOIIOBaHHS MyOTiKaIlii.

Bnecox asmopis: ABTopu 3poOUIN PiBHUH BHECOK Y IF0 POOOTY.

exnapayia npo euxopucmannsa L1

VY nocnimxenHi BukopuctoByBanu ChatGPT-5.1 (OpenAl, 2025) BUKiIr04HO 17151 peAaryBaHHs
MOBHU Ta KOpEKUil rpamaTtuku. Beck HayKOBUH KOHTEHT, MaTepiajy Ta BUCHOBKU CTBOPEHI aBTOpaMu.
OcraToyHHl TEKCT NEPETIISIHYTHI Ta MepeBipeHUH aBTOPaMH.

Cnucox suxopucmanoi 1imepamypu

1. Tacmopt crienianbaocTi 11.00.11 — KOHCTpYKTHBHA reorpadist 1 parjioHaIbHEe BUKOPUCTAHHS MPUPOIHUX PECyp-
ciB. KuiB, 6. p. 2 c. URL: https://asp.knu.ua/doc/Pasport/11.00.00/11.00.11.pdf

2. European  Landscape  Convention.  Florence,  20.X.2000. Council of Europe. URL:
https://www.coe.int/en/web/landscape/the-european-landscape-convention (mara 3sepuenns: 27.03.2026).

3. Sauer C. O. The Morphology of Landscape. University of California Publications in Geography. 1925. Vol. 2,
No. 2. P. 19-53. URL: https://www.scribd.com/doc/256866389/Sauer-1925-Morphology-of-Landscape

4. Mipomnnyenko B. B., Hekoc A. H. Kynbrypauit nanmmadr: reorpadiunuii Ta npaBoBuii actiektu. Jlroouna ma
ooexinns. Tlpobremu neoexonozii. 2011. Ne 1-2. C. 69-73. URL: http://luddovk.univer.kharkov.ua/sites/de-
fault/files/Papers/Mirishnih.pdf

5. Mipomanyenko B. B. KoMbopTHICTH BiIe0€KOIOTIHHOTO CepeoBHINa ypOOTeocuCcTeEMH MicTa XapKiB: Bieoe-
KOJIOTIYHUH acniekT. Jlioouna ma Ooekinna. Ilpobremu wneoexonoeii. 2012. Ne 1-2. C. 92-99. URL:
http://luddovk.univer.kharkov.ua/sites/default/files/Papers/15-12-17.pdf

6. Swanwick C. Landscape Character Assessment: Guidance for England and Scotland. Cheltenham ; Edinburgh :
The Countryside Agency ; Scottish Natural Heritage, 2002. 84 p. URL: https://digital.nls.uk/pubs/e-mono-
graphs/2020/216649977.23.pdf

7. Guidelines for Landscape and Visual Impact. Landscape Institute, Institute of Environmental Management and
Assessment. 3rd ed. London ; New York : Routledge, 2013. 169 p. URL: https://www.torbay.gov.uk/me-
dia/15326/68-guidelinesforlandscapeandvisualimpactassessment-_3rd-edition_2013.pdf

~27 ~


https://asp.knu.ua/doc/Pasport/11.00.00/11.00.11.pdf
https://www.coe.int/en/web/landscape/the-european-landscape-convention
https://www.scribd.com/doc/256866389/Sauer-1925-Morphology-of-Landscape
http://luddovk.univer.kharkov.ua/sites/default/files/Papers/Mirishnih.pdf
http://luddovk.univer.kharkov.ua/sites/default/files/Papers/Mirishnih.pdf
http://luddovk.univer.kharkov.ua/sites/default/files/Papers/15-12-17.pdf
https://digital.nls.uk/pubs/e-monographs/2020/216649977.23.pdf
https://digital.nls.uk/pubs/e-monographs/2020/216649977.23.pdf
https://www.torbay.gov.uk/media/15326/68-guidelinesforlandscapeandvisualimpactassessment-_3rd-edition_2013.pdf
https://www.torbay.gov.uk/media/15326/68-guidelinesforlandscapeandvisualimpactassessment-_3rd-edition_2013.pdf

ISSN 1992-4224 Jlropuna Ta nokimns. [Ipobaemu neoexonorii. 2026. Bunyck 45

8. Lynch K. The Image of the City. Cambridge, MA : MIT Press, 1960. 194 p. URL.: https://cus.ubt-uni.net/wp-
content/uploads/2024/11/Kevin-Lynch-The-Image-of-the-City.pdf

9. Kaplan R., Kaplan S. The Experience of Nature: A Psychological Perspective. Cambridge : Cambridge University
Press, 1989. 340 p. URL: https://www.hse.ru/data/2019/03/04/1196348207/%5BRachel_Kaplan,_Ste-
phen_Kaplan%5D_ The Experience of (b-ok.xyz).pdf

10. Ulrich R. S. View through a window may influence recovery from surgery. Science. 1984. Vol. 224, No. 4647.
P. 420-421. https://doi.org/10.1126/science.6143402

11. Hartig T., Mitchell R., de Vries S., Frumkin H. Nature and Health. Annual Review of Public Health. 2014. Vol.
35. P. 207-228. https://doi.org/10.1146/annurev-publhealth-032013-182443

12. Haase D., Larondelle N., Andersson E., Artmann M., Borgstrom S., Breuste J., Gomez-Baggethun E., Gren A.,
Hamstead Z., Hansen R., Kabisch N., Kremer P., Langemeyer J., Rall E. L., McPhearson T., Pauleit S., Qureshi
S., Schwarz N., Voigt A., Wurster D., EImgvist T. A quantitative review of urban ecosystem service assessments:
concepts, models, and implementation. Ambio. 2014. VVol. 43, No. 4. P. 413-433. https://doi.org/10.1007/s13280-
014-0504-0

13. Ahern J. From fail-safe to safe-to-fail: Sustainability and resilience in the new urban world. Landscape and Urban
Planning. 2011. Vol. 100, No 4. P. 341-343. https://doi.org/10.1016/j.landurbplan.2011.02.021

14. Meerow S., Newell J. P., Stults M. Defining urban resilience: A review. Landscape and Urban Planning. 2016.
Vol. 147. P. 38-49. https://doi.org/10.1016/j.landurbplan.2015.11.011

15. Operational Guidelines for the Implementation of the World Heritage Convention. UNESCO World Heritage
Centre. Paris, 2023. URL: https://whc.unesco.org/en/quidelines/ (mara 3Bepuenns: 27.03.2026).

16. Damaged cultural sites in Ukraine verified by UNESCO. UNESCO. URL: https://www.unesco.org/en/ukraine-
war/damaged-cultural-sites (mara 3BepHenns: 27.03.2026).

17. Due to russian aggression, 1,419 cultural heritage sites and 2,233 cultural infrastructure facilities damaged in
Ukraine. Ministry of Culture and Strategic Communications of Ukraine. 2025. URL:
https://mincult.gov.ua/en/news/due-to-russian-aggression-1419-cultural-heritage-sites-and-2233-cultural-
infrastructure-facilities-damaged-in-ukraine/ (mara 3Bepuenus: 27.03.2026).

18. Updated Ukraine Recovery and Reconstruction Needs Assessment Released. World Bank. 2025. URL.:
https://www.worldbank.org/en/news/press-release/2025/02/25/updated-ukraine-recovery-and-reconstruction-
needs-assessment-released (mara 3Bepuenus: 27.03.2026).

19. Kharkiv Masterplan - Ukraine. Norman Foster Foundation. URL:
https://normanfosterfoundation.org/project/kharkiv-masterplan-housing-pilot-project-kharkiv-ukraine-2024-
2025/ (mata 3Bepuenns: 27.03.2026).

20. New European Bauhaus: Beautiful, Sustainable, Together. Communication from the Commission to the European
Parliament, the Council, the European Economic and Social Committee and the Committee of the Regions.
COM(2021) 573 final. Brussels, 2021. URL: https://new-european-bauhaus.europa.eu/system/files/2021-
09/COM%282021%29 573_EN_ACT .pdf (unara 3sepuenns: 27.03.2026).

21. IPCC. Climate Change 2022: Impacts, Adaptation and Vulnerability. Contribution of Working Group Il to the
Sixth Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge : Cambridge University
Press, 2022. URL.: https://www.ipcc.ch/report/ar6/wg2/ (nara 3seprenns: 27.03.2026).

22. Sustainable rebuilding of Ukrainian cities. Eurocities Toolkit. 2024. URL.: https://monitor.eurocities.eu/wp-
content/uploads/2024/05/Eurocities_Toolkit Ukraine final.pdf (nara 3sepuenns: 27.03.2026).

23. Recommendations of the ICOMOS Europe Group on the damage and loss of cultural heritage in Ukraine.
ICOMOS, 2022. URL:
https://www.icomos.org/images/DOCUMENTS/Secretariat/2022/Ukraine/ICOMOS_Europe Group_recomme
ndations_Ukraine.pdf (nata 3Beprenns: 27.03.2026).

24. Action Plan for Culture in Ukraine. UNESCO, 2024. URL:
https://articles.unesco.org/sites/default/files/medias/fichiers/2024/09/UNESCO%20Action%20Plan%20Culture
%20for%20Ukraine%20Recovery%202024.pdf (mara 3Bepuenns: 27.03.2026).

25. Oldham M. Urban landscapes and climate change: the contribution of Landscape Architects to improve the quality
of life. Council of Europe, 2021. URL.: https://www.iflaeurope.eu/assets/docs/CEP-CDCPP_%282021%29 7E_-

Report_Landscape Architects.docx%282%29 .pdf (nata 3Beprenns: 27.03.2026).

26. UNDRR engages with Ukrainian cities at European Urban Resilience Forum. UNDRR, 2024. URL:
https://mcr2030.undrr.org/news/undrr-engages-ukrainian-cities-european-urban-resilience-forum  (mara 3Bep-
HeHHs: 27.03.2026).

27. Supporting resilient cities and reconstruction in Ukraine. Deutsche Gesellschaft fiir Internationale
Zusammenarbeit (G1Z), 2023. URL: https://www.giz.de/en/projects/strengthening-urban-resilience-areas-
supply-infrastructure-and-housing-ukraine (mara 3Bepuenss: 27.03.2026).

28. Destroying Cultural Heritage: Explosive Weapons’ Effects in Armed Conflict and Measures to Improve
Protection. Human Rights Watch, 2024. URL: https://www.hrw.org/report/2024/04/18/destroying-cultural-
heritage/explosive-weapons-effects-armed-conflict-and (mata 3Beprenns: 27.03.2026).

Otpumano: 04.04.2026 / Tlepermsinyto: 05.05.2026 / Ipuitasito: 09.05.2026 / Ony6aikosano: 30.05.2026

~28 ~


https://cus.ubt-uni.net/wp-content/uploads/2024/11/Kevin-Lynch-The-Image-of-the-City.pdf
https://cus.ubt-uni.net/wp-content/uploads/2024/11/Kevin-Lynch-The-Image-of-the-City.pdf
https://www.hse.ru/data/2019/03/04/1196348207/%5BRachel_Kaplan,_Stephen_Kaplan%5D_The_Experience_of_(b-ok.xyz).pdf
https://www.hse.ru/data/2019/03/04/1196348207/%5BRachel_Kaplan,_Stephen_Kaplan%5D_The_Experience_of_(b-ok.xyz).pdf
https://doi.org/10.1126/science.6143402
https://doi.org/10.1146/annurev-publhealth-032013-182443
https://doi.org/10.1007/s13280-014-0504-0
https://doi.org/10.1007/s13280-014-0504-0
https://doi.org/10.1016/j.landurbplan.2011.02.021
https://doi.org/10.1016/j.landurbplan.2015.11.011
https://whc.unesco.org/en/guidelines/
https://www.unesco.org/en/ukraine-war/damaged-cultural-sites
https://www.unesco.org/en/ukraine-war/damaged-cultural-sites
https://mincult.gov.ua/en/news/due-to-russian-aggression-1419-cultural-heritage-sites-and-2233-cultural-infrastructure-facilities-damaged-in-ukraine/
https://mincult.gov.ua/en/news/due-to-russian-aggression-1419-cultural-heritage-sites-and-2233-cultural-infrastructure-facilities-damaged-in-ukraine/
https://www.worldbank.org/en/news/press-release/2025/02/25/updated-ukraine-recovery-and-reconstruction-needs-assessment-released
https://www.worldbank.org/en/news/press-release/2025/02/25/updated-ukraine-recovery-and-reconstruction-needs-assessment-released
https://normanfosterfoundation.org/project/kharkiv-masterplan-housing-pilot-project-kharkiv-ukraine-2024-2025/
https://normanfosterfoundation.org/project/kharkiv-masterplan-housing-pilot-project-kharkiv-ukraine-2024-2025/
https://new-european-bauhaus.europa.eu/system/files/2021-09/COM%282021%29_573_EN_ACT.pdf
https://new-european-bauhaus.europa.eu/system/files/2021-09/COM%282021%29_573_EN_ACT.pdf
https://www.ipcc.ch/report/ar6/wg2/
https://monitor.eurocities.eu/wp-content/uploads/2024/05/Eurocities_Toolkit_Ukraine_final.pdf
https://monitor.eurocities.eu/wp-content/uploads/2024/05/Eurocities_Toolkit_Ukraine_final.pdf
https://www.icomos.org/images/DOCUMENTS/Secretariat/2022/Ukraine/ICOMOS_Europe_Group_recommendations_Ukraine.pdf
https://www.icomos.org/images/DOCUMENTS/Secretariat/2022/Ukraine/ICOMOS_Europe_Group_recommendations_Ukraine.pdf
https://articles.unesco.org/sites/default/files/medias/fichiers/2024/09/UNESCO%20Action%20Plan%20Culture%20for%20Ukraine%20Recovery%202024.pdf
https://articles.unesco.org/sites/default/files/medias/fichiers/2024/09/UNESCO%20Action%20Plan%20Culture%20for%20Ukraine%20Recovery%202024.pdf
https://www.iflaeurope.eu/assets/docs/CEP-CDCPP_%282021%29_7E_-_Report_Landscape_Architects.docx%282%29_.pdf
https://www.iflaeurope.eu/assets/docs/CEP-CDCPP_%282021%29_7E_-_Report_Landscape_Architects.docx%282%29_.pdf
https://mcr2030.undrr.org/news/undrr-engages-ukrainian-cities-european-urban-resilience-forum
https://www.giz.de/en/projects/strengthening-urban-resilience-areas-supply-infrastructure-and-housing-ukraine
https://www.giz.de/en/projects/strengthening-urban-resilience-areas-supply-infrastructure-and-housing-ukraine
https://www.hrw.org/report/2024/04/18/destroying-cultural-heritage/explosive-weapons-effects-armed-conflict-and
https://www.hrw.org/report/2024/04/18/destroying-cultural-heritage/explosive-weapons-effects-armed-conflict-and

ISSN 1992-4224 Jlropuna Ta nokimns. [Ipobaemu neoexonorii. 2026. Bunyck 45

A. N. NEKOS, DSc (Geography), Prof.,
Professor of the Department of Environmental Monitoring and Protected Areas Management
e-mail: nekos@karazin.ua ORCID ID: https://orcid.org/0000-0003-1852-0234
V. N. Karazin Kharkiv National University,
Svobody Sq,6, 61022, Kharkiv, Ukraine

V.V. MIROSHNYCHENKO
Deputy Director
e-mail: vmiroshnichenke@gmail.com ORCID ID: https://orcid.org/0000-0002-6785-6351
LLC "VDM-Ukraine",
Kashtanova Str., 16, Dnipro, 49051, Ukraine

TRANSFORMATION OF CULTURAL LANDSCAPES OF THE KHARKI1V URBAN
GEOSYSTEM UNDER WAR IMPACT: CONSTRUCTIVE-GEOGRAPHICAL
APPROACHES TO ASSESSMENT AND RECOVERY

Purpose. To substantiate a constructive-geographical approach to assessing the transformation of cultural
landscapes of the Kharkiv urban geosystem under war impact and to define directions for their preservation, opti-
mization and integration into the system of post-war environmentally balanced urban recovery.

Methods. The study uses systemic, comparative-geographical, cartographic, geoinformation, typological
and expert-assessment methods.

Results. Cultural landscapes are considered as components of the natural-economic territorial system of
the city combining natural basis, anthropogenic development, territorial functions, historical memory, visual-land-
scape characteristics and safety parameters. It is shown that war impact caused not only physical damage to cultural
objects and urban spaces, but also transformation of functions, symbolic meanings, visual integrity, recreational
potential and perception of the urban environment. The category “visual-landscape comfort of the urban environ-
ment” is proposed as a broader methodological alternative to the narrow term “videoecology”. A system of criteria
for assessing the current state of cultural landscapes is developed, including spatial, ecological, cultural, functional,
war-transformation, visual-landscape and managerial blocks.

Conclusions. The cultural landscapes of Kharkiv should be considered as a resource of urban resilience,
environmental safety, spatial continuity, local identity and post-war recovery. Their assessment should be inte-
grated into GIS monitoring, green infrastructure, heritage protection programmes, memorialization and spatial
planning.

KEY WORDS: cultural landscape, urban geosystem, Kharkiv, environmental safety, visual-landscape
comfort, post-war recovery
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AHAJII3 CTAHY BOJJHUX PECYPCIB XAPKIBCHKOI OBJIACTI

Meta. AHai3 cTaHy BOJHHX pecypciB XapKiBChbKii 001aCTi, OIlIHKa aHTPOIIOT€HHOTO BIUIHMBY 32 CYy4aCHUX
YMOB.

Metoan. CucreMHu# aHai3.

Pe3yabTaT. XapKiBchbKa 00JIACTh XapaKTEPU3YETHCS HIU3HKO EMHICTIO BOJHHUX PeCypciB. Y perioHi Bo-
IHI pecypcu GOpPMYIOThCS 32 PaXyHOK HAJIXO/DKCHHS OBEPXHEBUX BOJ 13 piuku CiBepchkuil [loHeIb, MiCIIEBOTO
PIYKOBOTO CTOKY, a TAKOXX CTIYHHUX, INAXTHHUX 1 Kap’€pHUX BOJ. AHali3 MOKa3ye IOCTYIIOBE 3MEHILICHHS B OCTAHHI
POKH CIIO)KUBAHHS BOJIH 3 MPUPOIHUX JKEPEII, IPH LIEOMY IPOMHUCIIOBICTD 3aJIMIIAETHCS OCHOBHUM CIIOKUBAYCM.
BusHaveHo nepioiyHi MepeBUILCHHS JOMYCTUMHX HOPM KallaMyTHOCTI, KOJBbOPY, 3arajibHOi JKOPCTKOCTI Ta KOH-
LeHTpalii 3ami3a, cynb(aris, HITpaTiB, amiaky, xJopuIiB Ta ¢propy. Hapasi sikicTh BOAM 3aIMIIIAETHCS HECTAO1Tb-
HOIO 4yepe3 KOMOIHOBaHMH BIUTMB MPOMHCIIOBHX CKHJIB Ta HACJiIKIB BiChbKOBUX niil. [TopiBHsIBbHMIA aHai3 na-
HHUX MOHITOPHHIY 32 OCTaHHIH piK BUSBHB 00EpEXHY TEHJCHIIO 10 0340POBJICHHS TOBEPXHEBUX BOJ 32 MOKa3-
HuKamu opranignoro 3a0pyauenns (BCKs) Ta minepanizarii (Cysabdartu, XJIOpUan).

BucnoBku. ['ipoekonoriuna cutyaisi B XapKiBCbKii 00yMOBJIEHa 3alpOBaXKCHHIM BOEHHOTO CTaHy 1
KJIIMaTHYHAMH 3MiHaMu. Bu3HaueHo HarajpHy NOTpeOy B MOJIEPHI30BaHUX CHCTEMax 3a0opy Ta JI0JaTKOBUX 3a-
XO0J/IaX OYHMIICHHS BOJH.

KJIFOUOBI CJOBA: ipyrmosi 600u, nogepxuesi 600u, CNOANCUSAHHS, XIMIUHI NOKAZHUKU 800U

Sx muryBatn: Cepenenko B. B. Anani3 crany Boguux pecypciB XapkiBcbkoi oonacri. Jlroduna ma 0oe-
kinas. Ipoonemu neoexonoeii. 2026. Bum. 45. C. 31-42. https://doi.org/10.26565/1992-4224-2026-45-03

In cites: Seredenko, V. V. (2026). Analysis of the water resources state in Kharkiv region. Man and Envi-
ronment. Issues of Neoecology, (45), 31-42. https://doi.org/10.26565/1992-4224-2026-45-03

Bcmyn

3ale3reuyeHds HaAIlOHAJIBHOI  Oe3lexku HEHHS TPOJYKTaMHU JIETOHAIii OoenpumnaciB Ta

JIep’KaBH B YMOBaX TPUBaJIOi BOEHHOT arpecii He- BUTOKaMu HadTonpoaykTiB. OcobiamuBoi roct-
PO3PUBHO TIOB’s13aHE 3 OXOPOHOIO BOJHHUX PeECy- poTH HabyBae npoOiieMa cTaHy HEl[eHTpalli3oBa-
pCiB, SIKi € KPUTHYHO BaXKJIMBUM €JIEMEHTOM HUX JDKEpes BOJIOIIOCTaYaHHs, Ie piBeHb 3a0py-
KUTTe3a0e3MeueHHsl. XapKiBcbka 001acTb, BO- JHEHHS HITpaTaMH Ta MaTOr€HaMU 3arpoxye
JIOJIIFOYM PO3rayKEeHOI TiporpadiuyHorn Me- 3JI0POB’10 HACEJICHHSI.
PEXEI0 Ha YOIl 3 TOJOBHOK apTepi€l0 PerioHy XapkiBcbka 001aCTh € CTpaTeriyHuM
— piukoro CiBepcekuii JloHeus, Bigirpae crpa- JDKEpeJIOM MPICHOT BOAW AJISl CYCiJJHIX PETiOHiB,
TETi4HY POJb y BOJI03a0e3IeUeHH] He JIUIIE MTiB- TOMY ii €KOJIOTIYHUI CTaH BILTMBAE HA HAlliOHA-
HIYHO-CXIJTHOT'O, @ i CYCIJTHIX PErioHiB YKpaiHu. JIbHY BOJIHY O€3IIeKy.

IIpote aHTpOIOreHHMI THUCK Ha BOJIHI PerioH BoOIIiE PO3raTy’KEHOI) MEPEKEIO
eKOCUCTEeMU XAapKiBIIMHH 32 OCTaHHI POKH 3a- BOJIHUX apTepiid, 110 (OpMYIOTh CKIIaJIHY TiIpor-
3HaB JIOKOPIHHOT TpaHchopmarii. Akio y poBo- padiuny cTpykTypy. 3aranoM Ha XapKiBIIHI Ha-
€HHUM TIepio/i OCHOBHUMH YHMHHHUKAMH Jerpajia- JigyeTbest 867 pivoK, SKi pO3MOALIAIOTHCS 32 Ma-
il Oy MpoMHUCIIOBi Ta MOOYTOBI CTIUHI BOIH, ciTaboM Ha BEJMKI PiuKH, CepeiHi BOAOTOKH i
TO cTaHoM Ha 2024-2026 poku Ha IEePIINA TUIaH Marti piuku. J{o Benukoi piku BigHocHThest CiBep-
BUHIIIIM HACJIAKY aKTUBHMX OOMOBHUX Hii: py#i- cbkuil JloHel, 3arajgbHa JIOBXKHWHA SIKOTO CSTae
Halisl T1IPOTEXHIYHUX CIOPYH, MpsMe 3a0pya- 1053 kM, a Mmexamu 0071acTi nposirae 375 km

© Cepenenko B. B., 2026
_’“]_ This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
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foro pycna. Jlo cepeiHiX BOZOTOKIB BiIHOCSITHCS
uricts pivok: Ockin, ¥ au, Jlonans, Mepmna, Opinb
ta Camapa. Pemta BomHUX 00’€KTiB € MaIMH
piuxamu. [lonpu He3HAUHI PO3MIPH, BOHU € CTpa-
TETIYHO BAKIMBUMH JJISI JIOKATEHOTO BO/I03a0€3-
MICYEHHSI.

IHTEeHCHBHE BUKOPHCTaHHS BOIHUX PECYP-
CiB IIPOMHCIIOBUM CEKTOPOM CTBOPIOE HU3KY KPH-
TUYHUX BHUKJIWKIB. HamMipHe BOHOCTIOKHBAaHHS
NPU3BOJUTH A0 IOCTYIOBOTO BUYEPIAHHS NPH-
POIHMX 3amaciB mpicHoi Boau. bpak Boau HeraTu-
BHO TMO3HAYAEThCS HAa CUIbCHKOTOCTIONAPCHKOMY
BHUPOOHUIITBI, IO CIIPHIHMHSE AS(IUAT IPOI0BO-
abctTBa [1].

CraH BOJTHMX €KOCHCTEM XapKiBCHKOI 00-
JIACTi 32 OCTAaHHI IIiCTh POKIB 3a3HAB Kap/HHAIb-
HUX 3MiH: Bi/I TOMIPHOTO aHTPOIIOTEHHOT'O HaBa-
HTQ)KEHHS Y JOBOEHHHH TIEpioJl 70 TINOOKOT eKo-
JIOTIYHOI KPH3H, CIIPHYMHEHOT OOMOBUMH MiSIMH
Ta pyHHaIi€lo iHQPaCTPYKTypH.

Jlo mouaTky MOBHOMAcCIITaOHOTO BTOPT-
HCHHS OCHOBHA yBara HayKOBIIiB Oyna 3ocepe-
JDKEHa Ha TifipoxiMiuHOMy MoHiTopuHTY CiBep-
cpkoro JliHI Ta mpodiiemMax MaJiX PidoK.

OcHOBHMMH TIPOOJIEMHU SKOCTi BOIH OyIH
aHTPOTIOTeHHE HaBaHTAXXEHHsI 1 ce30HHICTB. [Ipo-
MHCJIOBI Ta TIOOYTOBI CTOKM CHCTEMAaTHYHO 3a-
OpY/HIOIOTH BOJIOMIMHU aMOHIEM, HITPUTAMH, XJI0-
punamu Ta opratikoo (BCKs). B3umky piBeHb
KHUCHIO JICILIO 3pOCTAE, MPOTE KOHLEHTPALis CyJlb-
(artiB 1 XJOPHUIIIB 3ATHIIAETHCS BUCOKOIO [2].

3 MoYaTKOM TMOBHOMACIHITaOHOTO BTOPT-
HEHHS BOJIHI 00'€KTH PETiOHY CTaJli 30HOIO €KO-
norigaoro nvxa. [lepion akTMBHUX OOHOBMX JTiit
CTIIPUYMHUB KatacTpo(iduHe MOTipIIEHHS! SKOCTI
MOBepXHEBUX Boj. PyiiHyBanHs [ledeHi3pkoi Ta
OckinbCbKOi Tpedens MpU3BeIIo 10 po30aaHcy-
BaHHs Tigposoriunoro pexumy [3]. Kpim toro,
3adikcoBaHo crierugivuHe 3a0pyIHEHHS, Hexapa-
KTEpHE JJIs1 MUPHOTO 4Yacy. B Bomy moTpaBisitoTh

3aJTUIIKYA PAKETHOTO MAJTUBA Ta BHOYXOBHX PEUO-
BuH. Ilicis ynmapi mo Hadrobazax (30kpema y
2024 porii) KoHIIEHTpAaIlisi HAQTOMPOIYKTIB Y pid-
kax Hemunuis ta Jlonane nepeBuIiyBaia HOpMH
y JiecsiTku pasis [4].

B po6ori [5] mpoanarizoBano BIms 60iio-
BUX il Ta pyWHYBaHHS MMPOMHUCIIOBHX 1 iH(pa-
CTPYKTYPHUX OO’€KTIB Ha TIOTIPIICHHS SIKOCTI
BOJIH, 30KpeMa B XapKiBChKil 00JIacTi.

[lepiomnnIHO TIPOBOMUTHCS OIIHIOBAHHS
SIKOCTI BOJIM 3 PI3HUX JDKEpen Micta Xapkosa [6,
7], ne BU3HAYAETHCS KJTaC SKOCTI 1 HalaHi peKoMe-
HJIAIIT JUTSl IOKPAILCHHSI BIIACTUBOCTEH BOJIH.

Cranom Ha mepury nojioBuHy 2026 poky
CHTYallisl 3AJIMIIAECTHCS HATIPY>KEHO0, OCOOIMBO
y cdepi HEIEeHTPaTi30BaHOTO BOIOIIOCTAYaHHSI.
3a gannMu XapKiBCHKOTO 00JIACHOTO LIEHTPY KO-
HTPOJIIO Ta MPO(UIAKTUKK XBOpOO (KBITCHB
2026):

- 40,2% npo0 Boau 3 KOJIOAA3IB Ta IPUPOL-
HUX JDKEPE HE BIIMOBIAAIOTh CaHITapHO-XIMiy-
HUM HOpMaM;

—  CIIOCTEPIraeThCsl KPUTUYHE MEPEBUILICHHS
BMICTY HITpaTIB, 3aJ1i3a Ta 3araJbHOi JKOPCTKOCTI;

— 'y HomyJIsIpHUX JpKepenax Xapkosa (Cap-
xwuH sp, [lerpenkn) 3adikcoBaHo MikpoOGiomori-
YHEe 3a0pyAHEHHs, 1110 TIOB’A3aHO 3i 3MiHOO PiB-
HIB I'PYHTOBHX BOJI Ta IMOIIKO/DKEHHSAM KaHaJTi3a-
iHUX Mepex [8].

[Nomanpmmii aHam3 BOIHUX PecypciB 3a-
JIMIIIAETHCS aKTyaIbHUM. SIKICTh 1 CKJIaJ BOJM B
piuKax i iHIIUX BOJOWMAX MOCTIHO 3MiHIOETHCS
i1 BIUTMBOM KITIMATHYHUX YMOB 1 JisUTBHOCTI
mronei. 1le 0coONMMBO MOMITHO B YMOBaX BO€EH-
HOT'O CTaHy 1 JI0JJATKOBUM HAaBaHTa)KESHHSM Ha Ti-
npocdepy, sKa € BAKIMBUM €IIEMEHTOM HABKOJIH-
ITHBOTO CEPEIOBUIIIA.

Mertoro poOOTH € aHAJTI3 CTaHY BOJAHUX Pe-
cypciB XapKiBChKili 0071aCTi, OLlIHKA aHTPOIIOTeH-
HOT'O BIUIMBY 32 CY4acHHX YMOB.

Memoou oocnioycennsn

[Ipu anamizi craHy BOJHUX peCcypCiB BU-
KOPUCTaHO METOJM CUCTEMHOTO aHaJi3y OIpH-
JIOJHCHUX JaHUX TIOKAa3HHKIB SKOCTI BOJHUX
pecypcis [1-18], B ToMy 4mCIi MiA3EMHMX i TI0-
BEPXHEBUX BOJI Ta IMHUTHOI BOJU, BPaXOBYHOUU
mani  JlomoBigi TWpo  cTaH  TPUPIHOHTO

CEepEeOBHILA Ta AHATITHYHI TOBIIKK IIIOJI0 €KOJIO-
TiYHOTO CTaHy M. XapKoBa Ta XapKiBChbKOi 001acTi.

Ominka 6a3yeTbcs Ha KIIOYOBHX KPHUTEPisX
SIKOCTI BOJIM, BKJTIOYAIOYH COJIOHICTH (€JIEKTPOTpO-
BIJTHICTB), KUCTIOTHICTH (pH), OCHOBHI 10HH, HITpaTH,
MiKpoOioJoriyHi 3a0pyaHIOBaYi.

Pezynomamu 0ocnidicenns ma 002060peHns

IcHye Ge3niv BayIMBHX 3B'S3KIB MIX CY-
10, TIPICHOI BOJOK 1 OKeaHamu. 3abpyia-
HEHHS Ha CYIII OKa3yl0Th ICTOTHHH BILTUB Ha BO-
JHi exkocucteMu. KoprcHo 11e BpaxoByBaT s

JI0 IIUTICHOTO YTPaBJiHHS TPUPOIHUMH pecyp-
CaMu Ta EKOHOMIYHOT'O PO3BUTKY.

OmHUM 3 KOMIIOHEHTIB Tigpochepu €
ITI3eMHI BOM, SIKICTh SKHX € AyXKe BaKIHUBOIO.
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[Tix3zemMHi BOU MalOTh CBIM YHIKQJIBHUM XiMid-
HUI ckyaj. SIKiio, HampuKiaa, BOHU Oarati Ha
3a1i30, MapraHenp Yd CipKOBOJIEHb, TO MPH BH-
XOZ1 Ha MOBEPXHIO 1L €JIEMEHTH MOXYTb HAKO-
MUYyBATUCH Y BOIOWMAX 1 3MIHIOBATH XHiH TpH-
pOIHUI GaraHc.

OcCHOBHUMH JDKepelnamMul  3a0pyIHEHHS
IPYHTOBHUX BOJ| € CLITbCBKE TOCMOIAPCTBO, MPO-
MUCIIOBICTh, TTOOYTOBI Kepena. JJoopuBa (HIT-
partu, ¢octhaT) IPOHUKAIOT y TPYHT 1 3 4aCOM
JIOCSITAIOTh PIBHSA IPYHTOBUX BoJ. [lecTuiam ta
repOinuan — 11 XiMiYHI pEYOBHHH, SKi 3aCTOCO-
BYIOTBCS JIS 3aXUCTY POCIIHH, ajie TOTPAIUISIOTh
y BOJy Yepe3 JIOII i MOJIUB. SIKIIO Mi[3eMHI BOH
MICTSTh HaAMIpHY KUTBKICTH MOXHBHHUX pPEdo-
BUH (30KpeMa, Gocopy Ta a3oTy 3 100puB), I1e
MO€ BUKJIHMKATH eBTpodikalito, TOOTO HaaMi-
PHE 3pOCTaHHsI BOJOPOCTEH y piukax i o3epax.
I1e, cBO€IO Yeproro, € MPUUNHOK 3HWKEHHS Ki-
JIBKOCTI KHCHIO Y BOI1 Ta 3aru0elti BOAHUX Opra-
Hi3MiB. ['Hii 1 cTiYHI BOIM TBAPUHHUIIBKUX (hepM
TaKOXX MICTSTh TATOT€HHU, OpPTraHiuyHI PEYOBHUHH
Ta asor [9].

3a0pyIHEHHS IMi3eMHHUX BOJI IIPOMHUCIIO-
BUMH PEYOBHHAMH, CTIYHIMHU BOoJiaMH abo TIpo-
QyKTaMd Ha(TOBOI MisTIBHOCTI TaKOXK MOXKe
MIPU3BOIUTH JI0 TOKCUYHUX HACIIAKIB JUIS €KO-
CHUCTEM PIYOK 1 03ep, OCOOJIUBO SAKIIO IIi pedo-
BUHHU BaKKO PO3KJIAIAIOTHCSL.

[Tix3eMHi BOJAM € JDKEPEJIOM JKUBJICHHS
JUIsl PIYOK 1 03ep, 0cOONIMBO B TIOCYIILIMBI TIepi-
onu. SIkio 11i Boau 3a0pyaHeH1 (HanpuKIiIa, Hi-
TpaTaMH, TECTHINAAMH, BAXKUMH METalaMu
200 Ha()TOBUMU MPOJYKTaMH), TO BOHH MOXKYTh
MEPEHOCUTH 1i 3a0pyIJHEHHS B IIOBEPXHEBI
BOJIH, TIOTIPIIYIOYH iX SKICTh.

[HOMI Mim3eMHI BOMM MAIOTh IiJABHIICHY
Temreparypy (HANpHKIIAA, TeOTepMabHI JKe-
pena). BoHn MOXXyTh BIUIMBAaTH Ha TeMIlepaTyp-
HUH PEKUM BOJOWM, 3MIHIOIOUM YMOBHU JUIS
JKUTTS BOJHHUX OpPTaHi3MiB.

[ToripiieHHsT SKOCTI MiA3EMHHX BOJ Ha-
OpsIMy 3arpOXKy€ YHCTOTI Ta EKOJIOTIYHOMY
CTaHy pivoK i 03ep. OCKIIBKH BO/Ia MOCTIHHO ITH-
PKYJIIOE B MIPUPOJIi, OXOPOHA IMiJI3EMHHUX BOJI €
KITFOUOBOIO CKJIAJIOBOIO 30€pekeHHsI BChOTO BO-
JTHOTO CepeIOBHILA.

3Banuia HeOE3MEeYHUX BiIXO/IiB TIPU BH-
TIKaHHI TOKCHMYHUX PEYOBHH (PTYTh, CBHUHELb,
KaaMil) y 3eMJII0, HAQTONPOAYKTH 1 XiMi4UHI BH-
TOKH 3 3aBOJIiB, aBTO3aIPaBOK, HaTOOA3 Ta He-
JOCTaTHbO OYHMIIIEHI MPOMHCIIOBI CTOKH TaKOX
3HAYHO MOTIPIIYIOTH SIKICTh IPYHTOBHX BOJ. 3a-
OpyIHEHHs IPYHTOBUX BOJI — L€ HACIJOK JIisUTh-
HOCTI JIFOJIMHU, TIepI 3a Bce 1ie HecBijioMe abo
OC3KOHTPOJLHOTO TIOBODKEHHS 3 XiMiKaTamw,
BiIXOJaMH Ta BOXHUMH pecypcamu. Lle 3abpyn-
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HEHHSl JyK€ CKIagHO YCyHyTH, 00 mia3eMHa
BOJIa OYMIIYETHCSI NPUPOIHUAM LULIXOM [TyXKe
nosinbHO [10].

Y XapkiBcpkiii 00macTi BOIHI pecypcu
(OpMYIOTBCS 32 PaXyHOK HAaJIXOIDKEHHS IOBEP-
XHEeBUX BOJ i3 piukn CiBepcrkuii JloHenpb, Mic-
[IEBOTO PIYKOBOTO CTOKY, & TAKOX CTIYHHX, IIIa-
XTHHX 1 Kap’€pHHUX BOI. J{0MaTKOBO BUKOPHCTO-
BYIOTBbCS 3allacd MiJ3eMHHUX BOJ, arMoc(epHi
OTIaJIM Ta BOJH, IO HAIXOMSTH 13 CyCiHIX peri-
oHiB. O0JIaCTh XapaKTEpU3YETHCS AYKE HHU3b-
KHM piBHEM 3a0€3MEUCHOCTI BOIHUMHU PECyp-
camu. Le mume 1,8 % Bifg 3aranbHOTO 00CSTY BO-
IHUX pecypciB YKpaiHH.

OCHOBHI IOKa3HUKW BUKOPUCTAHHS 1 Bifl-
BEJICHHS BOJIU 1O POKaX 3a TAaHKUMHU XapKiBChKOI
obnacHoi ajMiHicTparii mokaszauo B tabum. 1 [11].
JlaHi cBiT4aTh PO MOCTYIOBE 3HIKEHHS 3a00py
BOJIY 3 IPUPOIHUX JPKEPEJT, CTIOKUBAHHS CBIXKOT
BOJIY 1 3araJIbHOTO BOJIOBiIBeieHH . Hampukian
y 2010 poui cnoxuro 287,0 Mia M3 Boau, a B
2023 — tinbku 119,2 mun M. Tlpu npoMy piske
3HWKEHHS B1IOYIIOCH MiCHsI TOYaTKy TOBHOMAC-
mrabHoro BTopraeHHs P®. [loryxHicTh oumc-
HHUX CIIOPYJ TaKOXK 3HIKYETHCA.

Haii0inpmmmM crokuBadeM BOJHU B Peri-
OHI € TIPOMUCIIOBICTh. MH 0a4MMO 3pOCTaHHS
cnoxkuBans 3 2000 mo 2020 pik. [Tortim cTpi-
MKE TaJiHHA OUTBII HiXK B YOTHPH Pa3H, SIKE
00yMOBIIEHO TIOYaTKOM OOHOBHX [Tl 1 BTPaTOIO
MIPOMHCIIOBUX MOTYyXHOCTel. PazoM 3 TuM 3HH-
KYETHCS TIOOYTOBO-TIUTHI MOTPEOU B HACIHIJIOK
BEJIUKOI KUIBKOCTI MELIKAHI[B, K1 3aJHILIMIN
cBoi gomiBku. Y 2023 porii criocTepiraeThes He-
3Ha4HE 301IBIICHHS CTIOKUBAHHS yCiMa CITOKH-
BayaMu. lle MO)XHa MOSICHUTH BiIHOBJICHHSIM
poOOTH AESKMX HiANPHEMCTB, MOBEPTAHHIM
JIOJIOMY MEIIKAHIIB MICTa 1 BEJIUKOI KUIbKICTIO
nepeceneHiiB. MoxHa IPUITYCTUTH, 1110 B 2025
poti Oyne crioctepiratucs ayxe He3HadHe 30i-
JBUICHHS! BUKOPUCTAHHA BOJHU, TaK siK B 2023
POl TOKa3HUKU HE3HAYHO, ajie BCE K Taku Oi-
neime, Hix y 2022 pori.

VY XapkiBCbKOMY perioHi Aep>kaBHHUM
MOHITOPHHT MiJJ3¢MHUAX BOJl BCTaHOBHUB, IO
BOHH BiTHOCATHCA 110 I Kitacy XiMigyHOTO CTaHy,
TOOTO «HemocsarHeHHs aooporo» [11, 12]. Lle
KaTeropisi, sika MPUCBOIOETHCS BOJHOMY 00'e-
KTy, SKIO X04Ya O OJMH i3 MOKAa3HHUKIB XiMid-
HOTO CKJIaJly TEPEBHIIYE BCTAHOBJICHI HOpMa-
THUBH €KOJIOTT1YHOI Oe3MeKH:

- Yy BOJI BUSIBJICHO KOHIICHTpaIIii 3a0py -
HIOIOYHX PEYOBHH (HITPATIB, BaXKKUX METAIIB,
HaPTONPOYKTIB TOIIO), SIKi BUIIII 32 HOPMY JUIS
«1o0poro» craHy. 3a pe3yiabTaTaMd JOCIHi-
JDKEHB TIPO0 BOJIM MOBEPXHEBUX BOJ XapKoBa i
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Taoauna 1
IMoxa3HUKH BUKOPUCTAHHS i BiABeJeHHSI BOIH, MJTH Mo
Table 1
Indicators of Water Use and Discharge, million m3
IToxaznuku Poxu
Indicators Years
2000 | 2010 | 2015 | 2020 | 2022 | 2023
3a0ip BO/M 3 IPUPOIHNX BOAHUX JIKEPET —
BCBhOI'O
/Water abstraction from natural water 4030 1 337.0 | 2928 | 3101 | 1449 | 1395
sources — total
f’m BHKOPHCTATHA 401,0 | 3350 | 289,0 | 2914 | 1152 | 119,2
or use
Cno)xuBaHHA CBIXKOI BOIH, 3 HET Ha: 2080 | 2870 | 2470 | 2914 | 1152 | 119.2
/Freshwater consumption, including: ' ' ' ' ' '
BUPOOHHI MOTPEOn 105,0 | 104,0 | 1181 | 171,7 | 402 | 437
/ _industrial needs
NOGYTOBO-TIHTHI MOTPEOH 251,0 | 1430 | 1227 | 1124 | 724 | 726
/ domestic and drinking needs
3powertz 90 | 30 | 31 | 51 | 15 | 15
/ irrigation
CLITBCHKOTOCTIONAPCHKI TOTpeOn 210 50 29 29 11 14
/ agricultural needs ' ' ' ’ ‘ '
BOOBIBC/ICHH, 3 HEOTO: 358,0 | 303,0 | 2921 | 312,2 | 130,8 | 1584
/Water discharge, including:
y TIOBEPXHEBI BOIIH 00 €xTH 3450 | 298,0 | 2884 | 3088 | 129,1 | 156,5
/ __into surface water bodies
ToTyXHICTS OHHCHUX CTIOPY 1 641,0 | 512,0 | 5035 | 4832 | 467,6 | 4682
/Capacity of treatment facilities

00J1aCcTi BCTAHOBJICHO MEPEBUIICHHS TPAHUYHO
JIOIYCTUMHMX KOHIICHTpAIlil 110 puborocmnoaap-
ChKMM HOpMaTuBaMm ( 1Mo amoHil-iony B 1-6,0
I'IK, o nitput-ionam B1-4,0 I'/IK, mo BCKs B
1-1,4 TAK, no Hadrompoaykram B 1-6,5 I'JIK).

—CTaH BOJM TOTipIIMBCA HE Yepe3 MpH-
pojHi (akTopu, a BHACIIJOK JisJIBHOCTI JIFO-
JIUHY (CLITBChKE TOCTIOAAPCTBO, POMHUCIIOBI BU-
KHJIM, TIOUIKOJDKCHHS 1H(PPACTPYKTypu dYepes
0oMoBI Ail).

Taka Boma morpedye 0OOB'S3KOBOI J10-
JTATKOBOi OYUCTKU IIE€pPE]l BUKOPUCTAHHAM SIK
nutHoi. ByxuBanus Boau Il kiacy B «cupomy»
BUTTISAI MOKe OyTH HeOe3neuHuM Ui 310po-
B's. Jlep>kaBa 3000B's13aHa po3pOOHUTH IIJIaH 3a-
XOJIB I BiTHOBJIEHHS BOJIHOI0 00’€KTa, 1100
MOBEpHYTH Horo o I kinacy.

3a pesynbTaTamu AociiukeHs [11], y me-
’KaxX PErioHy He OyJI0 BHUSBJICHO MEPEBHUIICHb
€KOJIOTTYHUX HOPM SIKOCTI BOJIM 32 MPIOPUTET-
HUMHU 3a0pyIHIOBAIILHUMH PEYOBHHAMHU Ta CIIe-
UGIYHIMHA TTOKAa3HUKAMHU JUIss OaceiHy (30K-
peMa necTUluaaMu, alkiideHonamMmu, nojiapo-
MaTUYHUMH Ta TaJIOTEHOBAHWMHU BYTJICBOJ-
HAMHU). Y OUIBIIOCTI BHITJKIB PIBEHb IHX
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peYOBHH OYB HACTUTBKY HU3BKUM, II0 1X BKKO
OyJI0 BUSBUTH.

Pazom 3 TuM, 3adikcoBaHO cTabiNbHE T1e-
PEBHIIIEHHS JIOIYCTUMHX KOHIIEHTPALii crienu-
(hiuHux peyoBuH Oaceiiny (mo mapranio 1,65
I'JIK ta muaky 1,1 TOK) BiamosigHo 10 pubo-
rocronapcbkux HopM. Lle mepeBuieHHsS Mae
CTaJICTh 1 BKJIAJAETHCS Y PAMKH OaraTopiuHUX
MOKA3HHUKIB.

KmimMaTtudHi yMOBM 3HAYHOIO MipOrO
BIUIMBAIOTh HAa XIMIYHHUH CKJIaJ BOIH, 30KpeMa
yepes o0csr BoaHoro croky. ¥ 2023 — 2025 po-
Kax BECHsHA IMOBiHb Ha OUIBIIOCTI PiYOK Oa-
ceitny CiBepcrkoro Jlinis Oyna 3Ha4HO ciad-
IIOIO 3a cepeHho0araTopiyHi 3HaueHHs. 3ara-
JIbHA BOJHICTh OaceiHy CTaHOBWJIA JIMIIE 55—
85% Big HOpMU.

[Hounnaroun 3 cepenuan XX CTOJMITTS, B
VYxpaiHi He TpaIusIocs TAKOTO MAaCHITabHOTO
CIIyCKY BOJIOCXOBHIIA, SIK II€ CTAJIIOCH Yy KBITHI
2022 poxy Ha piuni Ockin. Exonoru BuzHanmm
IO TIOJIIF0 OJIHIEIO 3 HAW3HAYHINIMX E€KOJIOTiY-
HUX 3MiH, IO BiIOYy/HCS i Yyac BiliHU. 3a 1a-
HUMH  «YKpaiHCBKOI  IPHUPOJOOXOPOHHOI
TPyIH», 3 BOJOCXOBHIIA pPANTOBO BHIIUIO
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0nu3bKO0 355 MiIbIOHIB KyOi4YHUX METPiB BOJH,
BHACITIZIOK YOO OTOJIMIIOCS Maiike 9 Thcsy re-
KTapiB 3aMyJICHOr0 JHA, KOJMIIHIX 3aIIaBHUX
aykiB Ockomy [14].

Boanouac, 3a miacyMKaMu MOHITOPUHTY
noBepxHeBuX BoA Y 2023 12024 pokax B paiioHi
3a00py mutHOi Boau KII «XapkiBBogokaHam» 3
piuku CiBepcbkuii JloHenb, KOHIIEHTpaii ¢i3u-
YHUX 1 XIMIYHHX MOKAa3HUKIB 1 BMICT KaTiOHIB
METAJIIB BIAIIOBINAJIH TIT€HIYHAM BHMOTaM 10
SKOCT1 BOAM [ MIUTHOTO, TOCIIOAaPCHKO-TI00Y-
TOBOTO Ta iHIIOTO BUKOPUCTAHHS HACEICHHIM
[4, 11].

3rigHo 3 pe3yjbTaTamMu J0CJiIKEeHb
3pa3KiB THUTHOI BOOW 3 JDKEpPEN Ta CHCTEM
[EHTPAI30BAHOTO BOJOIOCTAYaHHS, MPOBe/Ie-
Hux y 2024 ta 2025 pokax [4, 8, 11, 15], y 3pa-
3Kax MepioguYHO (PiKCyBaUCS TEPEBHUICHHS
JIOTTyCTUMHX HOPMATHBIB 32 TAKMMH TTOKA3HU-
KaMM, K KalaMyTHICTh (2,5 Mr/am®), KoJabopo-
BiCTb (25 rpamyciB), 3aranbHa xopcTkicts (10,5
MMOJII)/I[Ms), KOHIICHTpaIlisl 3aii3a, Cyab(arTis,
HiTpaTiB, amiaky, xiopumis (280-350 mr/mm°),
¢ropy Ta cyxoro 3amumky (1100-1200 mr/am®).
I3 3aranpHOI KinbkocTi ipo6 3,3% He BiAMOBI-
JTAJTA BCTAHOBJICHUM TiTi€HIYHUM HOPMATHBAM.
Haii0inpmia KibKicTh BiAXHUIIEHB 3adikcoBaHa
B [3tomchkomy, Kym’sHCbKOMY, Jlo3iBchKOMY
Ta XapKiBCbKOMY paiioHax. Y IOCIiIPKEHUX
3pa3kax BHSBICHO TMEPEBUIICHHS IOMYCTHUMUX
3HAYEHb 32 TAKUMH [TOKa3HUKAaMHU, K KaJaMyT-
HICTh, KOJIp, 3arajbHa >KOPCTKICTh, a TaKOXK
KOHIIEHTpaIli 3aiiza, cymb(dariB, HITpaTiB 1
xmopuis [8, 15].

3 METOI0 OLIIHKK MacIuTadliB Ta HACIIAKIB
3a0pyaHEHHST BOJHUX pecypciB XapKiBChKOL
001acTi BHACIIOK BOEHHUX JIiH, 3 )KOBTHS 2022
POKY 31 ICHIOETHCS MOHITOPUHT MAaCHBIB MTOBE-
pxHeBUX BojI. CrIOCTEpe)eHHs IPOBOISATHCS Ha
piukax CiBepcokuii loneup, Benukuii bypnyk,
VY au, Jlonans, Xapkie, Jluneus, Mox ta Ockin
y THX MICIISIX, JIe TI€ JO3BOJISIE TIOTOYHA BOEHHA
curyanis [11-14].

HocnimkeHo cepenHbOpiuHI KOHIEHTpa-
1ii OpraHiyHUX Ta OIOTEHHHMX CIIOJIYK, a caMe
XCK, BCKs, HiTporen 3aranbHuil, Gocdop 3a-
TaJlbHUHA 1 CyXMH 3alMIIOK. 3a pe3ysibTaTaMu
JIOCITIJDKEHB TPO0O BOJIU MOBEPXHEBHUX BOJ Xap-
KOBa 1 00J1aCTi BCTAHOBJICHO IIEPEBUIIICHHS TPpa-
HUYHO JIOITyCTUMHX KOHLIEHTpawLild 1Mo pudoro-
CHOAApCHKUM HOPMaTHBaM, a caMe: 10 aMOHii-
iony (1-6,0 ' 1K), mo Hitpur-ionawm (1-4,0 T'JT),
no BCKs (1-1,4 I'IK), mo Hadronpoaykram (1-
6,5 TIK).
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9 mrororo 2024 poky B pe3yibTaTti 00-
cTpiny HadToOa3m, po3TamoBanoi B Hemumnuis-
HCHKOMY paiioHi XapKoBa, CTaBCs BUTIK HahTO-
MPOAYKTIB, IO COPUYMHUIO 3a0pyIHEHHS pi-
yok XapkiB Ta Jlonanb. [licas iHuaeHTy B pi-
9KH M. XapKoBa Ta XapKiBChKOi 001acTi moTpa-
mm 85,863 T 3a0pyOHIOIOYHMX PEYOBHH. Y
Bozi p. Hemunwist 3adikcoBaHo nepeBuIeHHs
JAONyCTHMUX piBHIB HadTONpoayKTiB [4], 1110
CBITYHTH TIPO 3a0pYAHEHHS MMOBEPXHEBUX BO/I.
Xoua aHai3 MiJ3eMHUX JPKEpeNl BOJOMOCTa-
YaHHS HE BUABUB IEPEBHUILICHHS TPaHUYHO JI0-
ITyCTUMHUX KOHIIEHTpaIliii HaQTONMpPOAYKTIB, ic-
HY€ PU3HK, IO 3 YaCOM 3a0pyJHEHI IPYHTH MO-
KYTb CTaTH JDKEPEIIOM TPOHUKHEHHS IIUX Peyo-
BHH Y MiJJ3eMHI BOJJOHOCHI TOPU30HTH.

[locriitHe 6oMOapayBaHHS perioHy pi3-
HUMH BHJIAMH O030pPOEHHS CHJIBHO MOTIpIIy€e
CTaH eKkocucTeM. Benmka KiIBKICTh JOHATKO-
BOTO 3a0pyTHEHHS MMOTPAIUISE B TIOBITPS 1 B BO-
IHi pecypeu XapkiBmuHd. Byno 3adikcoBaHo
NEpEBUILICHHS CEPEe/IHIX MOKAa3HHUKIB 3a OaraTo
POKIB T10 3’€THAHHIM a30Ty Ta Ha()TOMPOIYK-
tax. lle, B mepury depry, moB’si3aHO 3 60HOBUMHU
nisimu B perioni [16-18]. Hanmpuknan: B [Tedeni-
JKCBKOMY BOJIOCXOBHINE (PIKCYETHCS TEpPEBU-
meHHst BMicTy docdaris (0,55 mr/m) i HiTpaTiB
(1,6 mr/m), a Takox mepeBuiIeHHs B 15 pasiB
snavenHs ['JIK mo BCKs (2,8 mr O/n) i Benu-
yuHi cyxoro samumky (500 T'JIK) [3]. e cBia-
YUTH PO 3a0pyIHEHHS BOJIU B HACIIJIOK PYyH-
HyBaHHS rpe0JIi BOJOCXOBHINA 1 BHACIIOK BO-
€HHOI aKTUBHOCTI TTOpYY.

3a gammMu XapKiBCHKOTO 00JacHOTO
HEHTPY 3 TiAPOMETEOPOJIOrii MpoaHaIi30BaHO
3MiHY XiMiYHUX MTapaMeTPiB SKOCTi BOJHUX pe-
cypciB XapkiBmuHu B 6epesHi 2025 i B OepesHi
2026 pokis [13, 14]. Anani3 npoBoauBcs 1o 17
KOHTPOJIBHUM TOYKaM, IO OXOIUTIOIOTh OCHO-
BHI PIYKOBi cUCTeMH XapKiBIIMHU (Ta0I.2).

Binpmicte TO4ok 3a00py po3TanioBaHi
a00 B THPJIOBUX YacTHHAX (MICLs BITAIHHS O1-
Hi€l piuKkM B iHIIY), J€ aKyMYJIIOETbCS 3arajb-
HU piBeHb 3a0pyIHEHHS BCi€i piuku, abo B Me-
JKax Ta OKOJHIISIX BEMKUX HACEICHUX ITyHKTIB
(XapkiB, boronyxis, Mepeda, bepectun, 3omo-
4iB), IO JTO3BOJISE OLIHUTH MPSMUN aHTPOIIO-
T€HHUI BIUIMB MICT HA €KOJIOTTYHUM CTaH BOJIH.
JocipkeHHsT TIPOBOASTHCS KOKHOTO MICSIIS.
st ananizy Oyio B3siTH faHi 3a GepeseHb 2025
Ta O6epesenb 2026 pp., MO AO3BOJIWIO BiACTe-
JKUTH TMHAMIKY BOJTHUX 00’€KTIB B yMOBax Te-
XHOTEHHOTO HaBaHTaxeHHs. OLiHKa MPOBOIH-
Jacs BiAMOBITHO [0 >KOPCTKUX HOPMATHUBIB pU=
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Ioxa3nuku sikocTi Boa XapkiBcbKkoi 00J1acTi

Water quality indicators of the Kharkiv region

Tadoauns 2

Table 2

Pe3yabTaTi BUMipIOBaHb, mr/mm®
Measurement results, mg/dm?
Hitporen .
, Po3unne- ... | Hirporen
Ne Ha3Ba BOJIHOI'O 00 €EKTY T aMOHIN- HITDHT- X.]IOpl/I- C JIb(l)a-
Name of water body BCKs HUI pH au y
_cab BODs |Ammoni- fuit Chlori- i
Dissolved Nitrite Sulfates
um . des
oxygen nitrogen nitrogen
HopmaTuBHI IOKa3HUKH SKOCTi BOJ
pI/I6OFOCHOI[apCBKOFO MPU3HAYCHHA
/Standard indicators of quality of 6 2 0,39 40 300 100
waters for fishery purposes
p- Mepeda, m. Mepeda
| /River Merefa, Merefa
1 | 03.2025 14,4 3,93 0,411 0,020 59,7 207
03.2026 12,5 2,89 0,637 0,033 27,9 87,5
! p. bepectoBa, M. bepectun
2 | /River Berestova, Berestyn
03.2025 13,6 4,54 0,411 0,006 56,9 623
03.2026 11,1 2,91 0,409 0,015 8,6 60,9
3 | OpinbChKe BOIOCXOBHIIE
[Orilsk reservoir
03.2025 12,4 6,01 0,747 0,027 256 1900
03.2026 12,5 4,31 0,175 0,012 32,9 47,5
4p. CiBepcrkuii [loHeTp, . 3amoHeIbKe
4 | IRiver Siverskyi Donets,
Zadonetske village
03.2025 11,4 5,75 0,473 0,055 72,3 232
03.2026 10,2 1,78 0,433 0,061 60,0 207
! p. XapkiB, rupiio M. XapkiB
5 | /River Kharkiv, mouth of Kharkiv
03.2025 14,7 6,04 0,432 0,024 94,8 332
03.2026 11,3 3,72 0,329 0,039 57,2 215
6 | p. Hemunuis, rupio m. Xapki
/River Nemyshlya, mouth of
Kharkiv
03.2025 15,0 7,94 0,404 0,019 89,8 255
03.2026 12,2 2,05 0,348 0,043 93,6 209
7 | p. Jlonans, rupno M. Xapkis
/River Lopan, mouth of Kharkiv
03.2025 12,6 9,62 2,416 0,106 117 278
03.2026 11,3 1,48 0,130 0,083 92,9 194
8 | p. Mox, rupio M. 3miiB
/River Mozh, mouth of Zmiiv
03.2025 14,5 5,15 0,363 0,007 54,0 273
03.2026 4,25 1,49 0,467 0,099 49,3 122
9 | p. Yau, Bumie M. Xapkosa
/River Udy, above Kharkiv
03.2025 14,1 8,71 1,332 0,009 31,6 210
03.2026 12,5 2,50 0,433 0,058 27,9 118
10 p. Mepna, 1 km Buie M. boromyxis
River Merla, 1 km above Bogoduhiv
03.2025 12,0 2,17 0,699 0,007 28,1 151
03.2026 11,3 2,31 0,077 0,072 16,4 57,1
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[IponoBxenHs TadmuUIi 2
Table continuation 2

11 . Mepma, 1 xm HIDKIE M. Boromyxis

River Merla, 1 km below Bogoduhiv

03.2025 12,7 1,29 1,230 0,011 28,8 162

03.2026 11,3 1,94 0,125 0,081 15,7 51,4
12 | p. Cisepcekuit  Jlonenp Ile-

YeHi3bKe BICX, ¢. [leueHiru

/River Siverskyi Donets

Pechenizke regional agricultural

district, Pechenyhi village

03.2025 13,3 3,45 0,767 0,016 46,3 164

03.2026 10,8 0,68 0,321 0,066 44,3 177
13 | p. JIe6 soxa, Tupio, c. JIe6 soxe

/River Lebyazha, mouth, Lebyazhe

village

03.2025 12,7 1,95 1,274 0,024 23,2 682

03.2026 11,9 1,21 0,321 0,030 21,4 601
14 | p. Yuu, c.30mo4iB

[/River Udy, Zolochiv village

03.2025 13,0 6,33 0,315 0,011 97,6 341

03.2026 10,5 1,51 0,433 0,058 36,4 118
15 | p. Cisepcbkuii [loHeup, HuxYe

rupina p. Yy, c. Ecxap

[River Siverskyi Donets, below the

mouth of the Udy river, Eschar

03.2025 13,0 6,72 0,712 0,107 76,5 214

03.2026 9,91 1,26 0,645 0,045 41,5 219
16 | p. Yuu, rupno, c. Ecxap

/Udy River, mouth, village Eschar

03.2025 12,6 9,08 2,028 0,347 117 299

03.2026 9,34 1,84 0,932 0,107 77,2 215
17 | p. Mypowm, rupio

/Murom River, mouth

03.2025 12,1 4,56 0,343 0,011 54,0 240

03.2026 11,3 1,79 0,367 0,030 68,6 205

00rocrnoaapchbKOro NpU3HAYEHHs, ¢ IPaHUYHO
nomycrumi konueHtpanii (I'/1K) € 3HauHO HIK-
YUMH, HDXK JJIs1 TUTHUX a00 TEeXHIYHUX MOTPeO,
1110 J03BOJISIE€ BUSIBUTH HABITh HE3HAYHI HETATH-
BHI TeHJEeHIII B ekocucTeMi. Bu3Havyanuch Ki-
npKocTi po3unHeHoro kucHio, BCKs (6ioximi-
YHE CHOXHMBAHHS KUCHIO 3a 5 1i0), HITporeHy
aMOHIMHOTO (aMOHIiH-HITpOreH), HITPOreHy Hi-
TPUTHOTO (HITPUT-HITPOTEH), XJIOPUIIB Ta CY-
nbQaris.

KucneBuii pexxuMm € QyHIaMEHTaILHUM
IHIMKATOPOM 3JI0pOB'S Bogo¥MMH. Po3unHeHui
KHACEHb € KPUTUYHUM MapaMeTpoM, IO BU3HA-
Yya€ MOXKJIMBICTh ICHYBaHHS BULIMX TiAp0OioH-
TiB, 30KpeMa pu0. SIKIIO 1ei MOKa3HUK HUKYE
HOPMH ITOYMHAETHCSI TIMOKCIA (331yXa) riapobi-
oHTiB. Puba crae miusiBoro, BTpayae 37aTHICTh
JI0 PO3MHOKEHHSI, a IPH KPUTHYHUX 3HAYCHHSX
(MmeHme 2 Mr/nmm®) Hacrae MacoBuid 3amop. Ta-
KOXK 3yNHHSIOThCA IPOLIECH CaMOOYUILEHHS 1

BOJIa TTIOYMHAE THUTH, BUALISIOYH CIPKOBOJICHD.
SIKII0 TTOKa3HUK 3HAYHO BHILE HOPMH 1€ 4acTO
CBIJTYUTH PO «IBITIHHSD» BOJU (HAJTHIIIOK BO-
JIopocTei), MO BACHb MPOIYKYIOTh KHCEHB, a
BHOYI HOTr0 pi3KO IMOMJIMHAIOTH, BUKIHKAKOYU
HIYHI 3aMOPH.

VY 6epe3ni 2025 poky crocrepiraaucs
HAJIBUCOKI KOHIICHTpAIlii PO3YHMHEHOTO KHCHIO
(mo 15,0 mr/nm® y p. Hemunust ta 14,7 mr/mm®
y p. XapkiB), 10 MOSICHIOETECS HU3BKOIO TEM-
[epaTyporo BOJIU Ta IHTEHCUBHUM HACHYCHHSIM
ITiJ] Yac BECHIHOIO MaBoaAKy. O HaK MOPIBHSAIb-
Hull anani3 2026 poky BUSIBUB TPHUBOXHY Jic-
rpajalio bOro MOKa3HWKAa B OKPEMHX JIOKa-
nisx. HalOinpin kpuTryHa cuTyaliis 3adikco-
BaHa Ha p. Mox (M. 3MiiB), Jie piBeHb KHCHIO
3HU3UBCA 3 14,5 10 4,25 mr/am3. OCKIIEKU HO-
pPMaTHB CTAaHOBHUTH HE MEHIIEe 6 MTI/IM>, TaKHii
CIaJl CBITYUTH MPO HASBHICTH MOTY>KHOTO JIXKe-
pena opra"igHoro 3abpymHeHHs abo 3acTiifHi
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SBUIIA, L0 CIPUYHHSIOTH AKTHUBHE CIIOKH-
BaHHsI KUCHIO Ha MPOLIECH OKUCHEHHS. JledinuT
KHCHIO TaJbMY€ IPOLECH IPUPOIHOIO CaMOO-
YHULICHHS BOAM, OCKIIBKH aepoOHi OakTepii He
MOXYTh €()EeKTUBHO OKHCJIIOBATH OpraHiuHi 3a-
OpynHenHs. Lle cTBoproe 3arpo3y BUHUKHEHHS
3aMOpy puOM Ta HAKONIMYEHHS TOKCUYHUX IIPO-
IOYKTiB po3nany (CipkOBOAHIO, METaHy) Y MpH-
MIOHHUX Trapax Boau. [lomiOHa TeHIEHINISI, X0
1 B MEHIIIMX MaciTadax, XapakTepHa s Oiib-
mrocti 00'exTiB (Hampuknaz, ans p. bepecrosa
criocTepiraeTbcst 3HWwkeHHs 3 13,6 mo 11,1
MT/aM3), 0 BUMara€ MUILHOTO KOHTPOJIIO 3a
CTaHOM iXTio(ayHH.

OmuuM 13 HaMBaXJIUBILIUX JOCSATHEHD
3BITHOTO TIEPiOy € paJAuKalbHE 3HIDKEHHS 010-
ximiunoro crioxkuBanus kucHio (BCKs). ITokas-
HuK BCKs BinoOpaxae KinbKicTh KUCHIO, HEOO-
XigHY A7 MiKpOOiOJIOTi9HOTO PO3KIaTy Opra-
Hikn. [lepeBUIeHHS MBPOTO MOKAa3HHUKA CBiJ-
YUTh MPO HAJJIMIIOK JIETKOPO3KJIAAHOI opra-
Hiku (cTiuHi Boan). MikpoopraHizmu, 1o ii e-
PEpOOISAIOTh, TMOTTUHAIOTh BECh BUTHHUHA KH-
CCHb, IMEPETBOPIOIOYM BOAOHMY Ha «MEPTBY
30HY». Yum Buiie bCKS, TuM cuibHirie 6akTe-
pianpHe 3a0pynHeHHs Boau. 3HadeHHI BCKs
HIDKYE HOPMH CBIJUUTH MPO YHUCTOTY BOIH Ta
BiJICYTHICTh CBIXKMX OpPTaHiYHUX BUKH/IIB.

VY 2025 pori cTaH pidoK y Mexax MicTa
XapkoBa OyB OJM3BKHM JI0 €KOJIOTIYHOI KaTac-
tpodu: p. Jlomanep mnpomemoHcTpyBasia 9,62
Mmr/am3, a p. Yiu — 10 9,08 mr/am3, 1o nepesu-
IIyBaJo HOpMY Maibke y 5 pasiB. Taki mepeBu-
IICHHS CBIAYWIM MPO I1HTEHCHBHE HAaIXO-
JOKEHHS TOCTIO/IapChKO-T00YTOBHUX Ta TPOMUC-
noBux cTigHUX Boj. CtaHoMm Ha OepezeHp 2026
POKY CHOCTEpiraerbcsi pasrouuii mporpec: pi-
BeHb opraniku B p. Jlonans 3HU3MBCs 10 1,48
mr/nm®, p. XapkiB — 1o 3,72 mr/nm®, a B p. Yau
(3omou4iB) — g0 1,51 Mr/am3. Taka MO3UTHBHA
JTMHaMiKa MOXKe OyTH Pe3yIbTaTOM 3MEHIIICHHS
00csTiB CKUJIIB 200 MOKpAIIEHHSI POOOTH OUYHC-
HUX CHOPYA MiCBKUX KOMYHQJIBHUX MiANPH-
emctB. [ani 2026 poky (iKCyrOTh HEOHUiKyBaHO
MO3UTUBHI 3MiHH, SIKI MOXYTh CBIJUUTH TIPO
CYTTEBY MOJIEPHI3aLil0 OYMCHUX CHOPYJ, MPH-
NUHEHHS ASUTBHOCTI OKPEMHX HPOMHCIOBUX
MiAIPUEMCTB 200 MMOCHIIEHHS €KOJIOTI9HOTO Ha-
rsiny. Bognouac, OpinibChbKe BOJIOCXOBUIIIE Ta-
KOX IPOAEMOHCTPYBAJIO MoKpameHHs 3 6,01 1o
4,31 mr/oM3, Xxo4a Bce 1€ 3aIMIIAETHCS 32 Me-
*amu HopMH (2,0 Mr/mm?).

Curyaiiist 3 0i0TeHHUMU €JIEMEHTaMU 3a-
JIMIIAETHCS HaMOLIbII CTA0UILHOIO Ta BOJIHOYAC
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MpoOJIEMHOI0 YaCTHHOIO MOHITOpPHHTY. Bwmict
CIIOJIYK a30Ty € MapKepoM (eKaJIbHOTO Ta Mpo-
MHCJIOBOTO 3a0pyIHEHHA. AMOHIN € TOKCHY-
HUM JUTsL pHO, BiH IOPYILIY€ iXHE AMXAHHS Ta M0-
mKokye 3s0pa. [lpu miaBumenHi pH Boan
aMOHIN MEePeTBOPIOETHCS HAa BKpal OTPYWHUHN
amiak. Jlns JIOQWHU Taka BOJAA HEMpHIAaTHA,
OCKIUTbKM BKa3ye Ha HeOe3leuHe OakTepiaibHe
cepeloBHUIIe. SHIKEHHS KUTbKOCTI aMOHIITHOTO
HITPOTE€HY CBITYMTH ITPO 3aBEPIIEHHS IMPOIIECiB
MiHepatizallii Ta YUCTOTY BOJHOTO 00’ €KTY.

AwmoHiitHuid HiTporeH y 2025 pomi ne-
MOHCTPYBaB KPUTHYHI IepeBHIICHHS B p. Jlo-
nasb (2,416 mr/am?®) Ta p. Yau (2,028 mr/om®),
o B 5-6 pazis Bumie 3a ['JIK (0,39 mr/am®). B
2026 pori U1 aMOHIHHOTO HITPOTEHY CIIOCTE-
piraeTbcsl 3arallbHe 3HW)KEHHS KOHIIEHTpAIlil,
MpPOTe BOHM 3almuIIaroThes Buimmmu 3a ['JIK.
Oco0nuBy yBary npuseptae p. Mepexa, e 3a-
(hixcoBano 3pocrtanHs mokasHuka 3 0,411 mo
0,637 mr/am3. Y Toii ke yac p. Mepia HIKYE M.
BoromyxiB mokasama 3pa3KoBe 3HIDKCHHS 3
1,230 mo 0,125 mr/am?, oo miarBepmkye edek-
TUBHICTb JIOKAJIbHUX OYHCHHX 3aXOJiB.

HitpuTt € HalOiNbIl TOKCHYHUMHE CIIO-
nykamu azotuctoi rpymu. Y 2026 porii Ha Oara-
THOX 00’ €KTax 3a(pikCOBaHO PiCT KOHIIEHTpAILIiN
(manpuknan, p. Mox — 0,099 mr/am®). Ilpu ne-
PEBUILEHHI HOPMH HITPUTH JilOTh SIK CHIIbHA
OTpyTa, BUKJIMKAIOYN Y pUO METreMorio0iHe-
Mito (KpOB BTpaya€ 37aTHICTh TIEPEHOCHTH KH-
ceHb). HaBiTh He3HAUHE TIEpEBUIIICHHS TIPU3BO-
JUTH JI0 XPOHIYHUX XBOPOO iXTiodayHH Ta 3HU-
JKEHHS IMYHITETY BOJIHUX Oprasi3miB. SKiio
MOKa3HUK HU)KYEe HOPMH 1€ BKa3ye Ha cTabiib-
HUW €KOJIOTIYHWH cTaH Ta eeKTUBHY POOOTY
MIPUPOIHUX (PUTHTPIB.

KinpKicTh HITPUTHOTO HITPOTEHY € iHIHU-
KaTOpPOM MPOMIDKHHUX CTaJlill po3Kiany a3oTUcC-
TUX cronyk. Ha BinqMiHy BiJf aMOHit0, KOHIIEHT-
paiis HiTpuTiB y 2026 potii 3pociia Ha 6araTbox
o0'extax. ¥ p. XapkiB (rMpii0) BOHA ITiHSIIACS
3 0,024 no 0,039 mr/nm?, a B p. Mox — 3 0,007
mo 0,099 mr/mv*. lle Bka3zye Ha Te, M0 XOYa
npsimi ckunu opraniku (BCKs) 3menmmmucs,
MPOLIECH OKMCHEHHS a30Ty B PIUKOBil BOAl Bce
11e BiJOYBAIOTHCS IHTEHCHBHO, 1110 CTBOPIOE TO-
KCUYHE HABAHTKEHHS HA EKOCHUCTEMY.

KimekicTs cynbdaris Ta xmopuais (HOp-
MatuBHI KoHmeHTpamii 100 mr/mm® ta 300
MI/AM® BIATIOBIHO) BH3HAYAIOTh MiHepaiza-
[iI0 BOAW. SIKIO KOHIIEHTpAllis CyJb(aTu
BUIIE HOPMH Boja HaOyBa€ TipKOTO CMaxy,
MO’KE BUKJIMKATH PO3JIaly TPaBIECHHS Y JIIOACH
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Ta TBapuH. BuUCOki KoHIEHTpauii cynbdariB
MPUCKOPIOIOTH KOPO3il0 METaIeBUX KOHCTPYK-
IiH Ta HETATHBHO BIUTMBAIOTH HA PO3BUTOK IKPH
puO. [lepeBuiieHHsI HOPMAaTUBHUX 3HAYEHB JUIS
XJIOpU/IiB TIPUBOAUTH K MiJBUILEHHIO COJIOHO-
CTi BOJIM Ta € arpeCUBHUM U TOBKULIA. Han-
JUIIIOK XJIOPUIIB yCKIAIHIOE (POTOCHHTE3 BOJ-
HUX POCJIMH 1 pOOUTH BOJY HENIPHUIATHOIO ISt
3pOIIEHHSI Ta TPOMHCIOBOTO BHUKOPHUCTAHHS
0e3 TopoTroi OYNCTKH.

[Noka3zHuku MiHepaizamii (XJIOpUIu Ta
cynb(haTH) MPOJECMOHCTPYBAIUA HAHOUIBIITY aM-
writyay 3mid. Opinbebke Bogocxosuie y 2025
polii OyJI0 30HOK €KCTPEMAJILHOTO XiMiYHOTO
HaBaHTaXEHHS: BMICT cynbdariB csraB 1900
Mr/aM?, a xmopugiB — 256 mr/om®. Le Oyro pe-
3yJBTATOM 0araTOpiYHOrO HAKOIWYECHHS MiHe-
pamizoBanux BoA. Y 2026 polli MOKa3HUKH TI0-
BEpHYJHCS 10 (OHOBHUX 3HA4YCHb (CynmbhaTh —
47,57 mr/mm?, xnopuan — 32,9 mr/nm®). Cxoxa,

X04Y 1 MEHIII BUpa)KeHa TeHACHIIis, criocTepira-
eTbes Ha p. bepecroBa (3HIKEHHS cynbdariB 3
623 mo 87,5 mr/mm?). 1le cBiqIHUTH IIPO IHTECHCH-
BHE ITPOMHBAHHS PYCeJl Ta IPUIIMHEHHS HaIX0-
JOKCHHSI BUCOKOMIHEPAJi30BaHMX IAXTHUX 200
TEXHIYHUX BOJI.

3a maHWMH JOCTIHKCHh MOXHA CTBEp-
JDKYBaTH, IO TOBEPXHEBI BOAW XapKiBIIUHH
3HAXOJIATHCS HA €Tall aKTUBHOTO BiTHOBIICHHS.
Haii6inpm 3a0pyAHEHHMH TOYKaMH 3aJIHIIA-
I0ThCS THpIa pivok Y au Ta Jlonans, 1o 3yMoB-
JICHO BHCOKOIO KOHIEHTPAL€I0 HACENICHHS Ta
mpomucioBocti. Ilpore auHamika 2026 poky
Jla€ MIJICTaBH JUISl CTPUMAHOTO OITUMI3MY.
KimtouoBMM BUKIMKOM Ha HACTYNHUH IEpion
CTa€ BUPIMIEHHS MPOOJIEMH BHUCOKOTO BMICTY
CIIONYK a30Ty Ta PO3CIiTyBaHHS MPHYUH Pi3-
KOTO TajiHHS PiBHA PO3YMHEHOT'O KHCHIO B D.
Mo, 1110 MO CTATH TIePEIIKO 00 ISl BiHO-
BIICHHS O10pI3HOMAHITTS B PETiOHI.

Bucnoexu

AHajti3 eKoJIOTiYHOTO CTaHy BOJHUX Pecy-
pciB XapkiBcekoi obmacti y mepion 2022-2026
POKIB BH3HAYMB, IO TIOPS 13 TPATHUIIIHAM TIPO-
MHCIIOBUM 3a0pYAHEHHSIM, KITFOYOBUM (aKTOPOM
Jerpafaiii BOJHUX €KOCHCTEM CTaJIM HACIIIKH
OoiioBux midd. PyiiHamis iH(pacTpykTypu (rpe-
0esb, OUMCHUX Criopy, HadTo0a3) mpu3Bena 1o
PI3KHX CTPHUOKIB KOHIEHTpAIlii HAaQTONPOIYKTIB,
B)KKHX METAJIB Ta CIEIM(PIYHNX TOKCUKAHTIB Y
piukax Hemwruis, Jlonans Ta Y u.

Curyaitis 3 CHEHTPATI30BaHUM BOJIOIO-
CTadaHHSM CTaHOM Ha KBiTeHb 2026 poKy 3ai1H-
H1aeTbcs KpUTU4HOO: moHan 40% mpoO i3 ko-
JIOJIA31B Ta KANTaXIB HE BiJIIOBIIAIOTH CAHITAp-
HUM HOpMaM. OCHOBHUMH ITPOOIeMaMu € BUCO-
KHIA BMICT HITpaTiB, 3ajli3a Ta MiKpoOionoriune
3a0pyTHEHHS, 0 3yMOBJICHO TOMIKOPKEHHIM
KaHaTi3al[iiHUX MEPEeX Ta 3MIHOIO PIBHIB IPyH-
TOBHX BO/I.

[opiBHsUIbHUI aHAT3 TAHUX MOHITOPHHTY
3a OCTaHHIH PiK BUSBUB 00EPEKHY TSHJICHITIO JIO
O3JI0pOBJICHHSI TIOBEPXHEBHX BOJ 32 IOKa3HH-
kamu opra”iyaoro 3a0pyaHeHHs (BCKs) Ta

MiHepamizamii (cymbdaru, xmopumu). Lle moxe
OyTH HACITIIKOM SIK YaCTKOBOTO BiTHOBJIEHHSI PO-
0OTH OYMCHHX CHOpPY[, TaK 1 3araJbHOTO 3HH-
YKEHHSI IPOMHCIIOBOTO HaBaHTAXeHHs. BonHouac
TPUBOKHUM 3JIMILAETHCS CTaH p. Mok, ae 3adi-
KCOBAHO KPUTHUYHE MaJiHHS PiBHS PO3UMHEHOTO
KHCHIO, Ta CTaOLJIbHE IEPEBUILICHHS! HOPM HITpH-
THOTO a30TY B 1HIIIMX BOJIOMMAaX.

Macmtabuuii crryck OcKiTbChKOTO BOIOC-
XOBHIIA Ta 3HIKEHHS BOAHOCTI Oaceiiny CiBep-
cekoro Jlints 1o 55-85% Bix HOpMH CYTTEBO TIO-
CJIa0WIIM CaMOOYMCHY 3JIaTHICTh PIYOK, IO PO-
OWUTb €KOCHCTEMH BKpail BPa3IMBUMHU A0 OyIb-
SIKUX HOBHX 3a0pY/IHECHb.

[opaneiie ynpapiiHHA BOJHHUMH PECYp-
caMH perioHy motpeOye BIPOBAIKECHHS CHUCTEM
IHTErPOBAHOIO MOHITOPHHTIY, 1110 BPAXOBYE B3a€-
MO3B’ 30K MiJ3eMHHX Ta TIOBEPXHEBUX BOJ, a Ta-
KOXK HEBIJIKITQIHUX 3aXOJIiB 13 PEKyJIbTHBAIIII Te-
puTopiii, 3a0pyaHEeHNX HAa(TONPOIYKTaMH, IS
3arno0iranHsl X MOTPAIUITHHIO Y TIMOOKI BOJIOHO-
CHIi TOPH30HTH.

Konghnixm inmepecie

ABTOp 3a5BIIsI€, 10 KOHQIIIKTY iHTEpeciB moao myOiikamii nporo pykonucy Hemae. Kpim toro,
aBTOP TOBHICTIO JOTPUMYBAJIACh ETHYHMX HOPM, BKJIFOUAIOYH IJiariat, Ganbcrugikaliito JaHux Ta mo-

IBiliHY myOiKamio.

eknapayia npo euxopucmanns I

VY npoMy JocTiKeHHI He BUKOPUCTOBYBABCS TeHEPATUBHUM LITYYHHUH 1HTEJICKT.
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ANALYSIS OF THE WATER RESOURCES STATE IN KHARKIV REGION

Purpose. Analysis of the state of water resources in the Kharkiv region, assessment of anthropogenic im-
pact under current conditions.

Methods. System analysis.

Results. The Kharkiv region is characterized by a low capacity of water resources. In the region, water
resources are formed due to the inflow of surface water from the Siverskyi Donets River, local river runoff, as well
as sewage, mine and quarry waters. The analysis shows a gradual decrease in water consumption from natural
sources in recent years, while industry remains the main consumer. Periodic exceedances of permissible norms for
turbidity, color, total hardness and concentrations of iron, sulfates, nitrates, ammonia, chlorides and fluorine have
been identified. Currently, water quality remains unstable due to the combined impact of industrial discharges and
the consequences of military operations. A comparative analysis of monitoring data for the past year revealed a
cautious trend towards improving surface water in terms of organic pollution (BOD5) and mineralization (sulfates,
chlorides).

Conclusions. The hydroecological situation in Kharkiv is due to the introduction of martial law and climate
change. An urgent need for modernized intake systems and additional water purification measures has been iden-
tified.

KEYWORDS: groundwater, surface water, consumption, water chemical parameters
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DYNAMICS OF FORMATION OF ECOSYSTEM RELATIONSHIPS
IN ROADSIDE LANDSCAPES OF THE LEFT-BANK PART OF CHERKASY REGION

Purpose. A study of the dynamics of new ecosystems forming as a result of highway construction on sites
that were once natural or anthropogenically altered landscapes, with a view to restoring future biodiversity.

Methods. Field observation and photographic documentation, geochemical analysis, and instrumental
monitoring.

Results. The authors focused primarily on the ecosystemic aspect of the broader issue—the anthropogenic
transformation of natural landscapes. This is because ruderal vegetation, which largely forms new ecotopes
resulting from human activity, plays a restorative role for degraded substrates. It actively participates in
biogeochemical processes and is a key factor in the restoration of native flora following its complete destruction
due to road construction. An assessment was made of the differences between roadside ecosystems on the left bank
of the Cherkasy region (Kaniv—Zolotonosha—Chornobai route) and local ecosystems. The greatest prevalence of
species from the Asteraceae family was observed. In addition, the spread of invasive flora was recorded in all
studied areas. At the same time, ruderal and native flora families along roadways jointly contribute to the formation
of ecosystem connections. Polygons were identified where abnormal deviations in the studied indicators were
observed.

Conclusions. Roads function as habitats, sources, sinks, barriers and channels. As habitats, road corridors
can support entire populations of plants and animals and may be important for their conservation. If they contain
some of the last local or seed habitats of a species, they may be critically important. The study of individual
parameters that characterize the formation of ecosystem ties in roadside landscapes of highways of the right bank
of the Cherkasy region and the comparison of these parameters with the National Biotope Catalog allows us to
establish certain patterns of the distribution of ruderal vegetation, which will subsequently form ecosystems
resistant to external disturbances.

KEYWORDS: ecosystem connection ecosystem, roadside, vegetation, group, invasive, landscape, rude-
ral, human activity
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Introduction

Modern scientific methodology requires landscapes. Most foreign sources emphasize the
adaptation to the growing demand of society for priorities of ecosystem dynamics precisely when
ecosystem services [1], not only in purely natural conducting monitoring studies of roadside strips
territories, but also in anthropogenically altered [2]. And in the most developed countries, this ap
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proach to monitoring is already embodied in spe-
cific practical guidelines for road services [3].

According to the authors, natural land-
scapes, the stability of which is supported by the
appropriate ecosystem dynamics, should become
the standard with which any human interference
and impact on the environment should be com-
pared. Thanks to the presence of the phenome-
non of life, the biosphere can "fight" with such
influences in different ways - eliminate, tolerate,
adapt, and nullify. Actually, this phenomenon is
in the subject field of modern ecology as a sci-
ence of the relationship between the body and the
environment.

Therefore, with any human intervention in
the ecosystem dynamics in the process of form-
ing anthropogenic landscapes (including road
ones), it is necessary to expect an adequate re-
sponse of natural ecosystems in the form of the
formation of adaptation mechanisms. In other
language, on the site of the former natural eco-
system as a result of road construction, ecosys-
tems adapted to new conditions are formed,
which one of the authors calls «<noospheric» [4].
In fact, ecosystems adapted to anthropogenic in-
tervention are formed with phenomenal speed in
roadside landscapes, the completeness of the for-
mation of which was studied by us earlier [5].
Previous studies conducted using this methodo-
logical approach covered the right-bank part of
the Cherkasy region [6]. Therefore, in order to
logically complete the complete study of the re-
gion's territory, we continued to implement this
approach to the rest of the region's territory,
namely, to the left-bank part of it. Actually, this
publication is dedicated to the results of such re-
search.

Modern scientific methodology requires
adaptation to the growing demand of society for
ecosystem services [1], not only in purely natural
territories, but also in anthropogenically altered
landscapes. Most foreign sources emphasize the
priorities of ecosystem dynamics precisely when
conducting monitoring studies of roadside strips
[2]. And in the most developed countries, this ap-
proach to monitoring is already embodied in spe-
cific practical guidelines for road services [3].

According to the authors, natural land-
scapes, the stability of which is supported by the
appropriate ecosystem dynamics, should become
the standard with which any human interference
and impact on the environment should be com-
pared. Thanks to the presence of the phenome-
non of life, the biosphere can «fight» with such
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influences in different ways - eliminate, tolerate,
adapt, and nullify. Actually, this phenomenon is
in the subject field of modern ecology as a sci-
ence of the relationship between the body and the
environment.

Therefore, with any human intervention in
the ecosystem dynamics in the process of form-
ing anthropogenic landscapes (including road
ones), it is necessary to expect an adequate re-
sponse of natural ecosystems in the form of the
formation of adaptation mechanisms. In other
language, on the site of the former natural eco-
system as a result of road construction, ecosys-
tems adapted to new conditions are formed,
which one of the authors calls «noospheric» [4].
In fact, ecosystems adapted to anthropogenic in-
tervention are formed with phenomenal speed in
roadside landscapes, the completeness of the for-
mation of which was studied by us earlier [5].
Previous studies conducted using this methodo-
logical approach covered the right-bank part of
the Cherkasy region [6]. Therefore, in order to
logically complete the complete study of the re-
gion's territory, we continued to implement this
approach to the rest of the region's territory,
namely, to the left-bank part of it. Actually, this
publication is dedicated to the results of such re-
search.

On domestic territory, the priorities of
ecosystem dynamics when conducting monitor-
ing studies of road landscapes are indicated only
in a few works [5; 7; 8; 9].

In particular, in geographical works it is
proposed to define the basic geosystem as a ge-
netic ecological and geospatial model of the
landscape, the central (controlled) component of
which is ground cover. Ground cover combines
phenomena of biotic and social origin, which are
fundamental to the definition of ecosystem ser-
vices [10]. From a theoretical point of view, this
approach brings scientific methodology closer to
biosphere (ecosystem) dynamics through the
symbiosis of Earth sciences (geography, land-
scape science) with life sciences (ecology, eco-
systemology).

Most environmental studies of roads usu-
ally focus on their harmful effects, and these bi-
ases prevent a full assessment of the environ-
mental functions of roads. The characteristic fea-
tures of the roads are their narrow continuous
shape with a fairly large area of roadsides (com-
pared to the core), which support ecosystems
other than nearby lands. The impact of the road-
side is stronger because roads have a much
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higher density of terrain, are impenetrable, al-
ways carry people and vehicles that themselves
create some noise, light, pollution and physical
obstacles [2].

The effects of the edge of the road are in-
tensified, as many of them are permanent. Ac-
cording to the Wildlife crossing structure hand-
book design and evaluation in North America [3],
the overall impact of roads and transport infra-
structure on biodiversity is three-way:

* Many types of impact on certain sections
of the road are cumulative - accumulation of pol-
lutants from vehicles, maintenance of roadside
agricultural land, support of surface water by
road embankments.

* The impact of several roads is cumula-
tive at the level of a particular landscape, as new
roads are being built and old ones are not elimi-
nated. This increases the impact on the
«untouched» particles of natural ecosystems,
which contributes to their fragmentation.

* Some negative effects have a delayed ef-
fect, such as fragmentation effects that prevent
the re-colonization of residual habitats by the
fauna and the increase in the number of ruderal
and invasive flora.

The work Effects of road age and distance
on plant biodiversity: A case study in the Yellow
River Delta of China [11] investigated the impact
of distance from the side of the road and the road
on the richness, diversity and composition of
plant species in 17 sites. The results showed that
there were more species near the side of the road
than further from the side of the road (>200 m).
Species richness and plant diversity increased
with the age of the road at most measured dis-
tances, while species richness on the side of the
road increased significantly with the age of the
road and peaked at the age of the road 20 years
after the richness of the species stabilized.

Monitoring studies of the Kyiv-Odesa
highway as a landscape engineering system but
along its entire length were carried out in 2021
by R.V. Didura. According to the author, road
landscape engineering systems (DLIS) are zonal-
azonal structures of technogenic origin and their
knowledge is possible at the geotechnical level,
covering knowledge of natural geography, land-
scape science, technology, economics, ecology,
etc. [9].

Geochemical studies are devoted to the
accumulation of micro-elements (Cu, Pb, Zn,
Cd) by the phytomass of plants of technogeni-
cally transformed ecotopes (on the example of m.
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Cherkasy) was carried out by N.M. Kornelyuk
and S.M. Konyakin [12].

Our main focus was on the environmental,
more precisely the ecosystem aspect of the iden-
tified problem. It is important that the communi-
cation routes we have selected within the Cher-
kasy region are almost completely "covered" by
the Galicia-Slobozhan ecological corridor,
which is a significant part of the national ecolog-
ical network [13].

When analyzing the above works, it is im-
portant to pay attention to the following quanti-
tative and qualitative parameters of roadside
landscapes, which can affect their ecosystem dy-
namics:

—The species composition of plant groups,
which can be an indicator of individual road im-
pacts, for example, the presence of halophytic
plants indicates the fight against glaciation with
salt [14], or the soil washing regime is insuffi-
cient; the presence of invasive plants - the inten-
sity of their seed transfer by vehicles or birds; the
presence of hydrophytic plants, which may indi-
cate insufficient drainage of the roadway (aqui-
fers), etc.

—External signs of animal life in roadside ar-
eas (anthills, burrows, excrement, predator hunt-
ing, animal remains, etc.) to assess the complete-
ness of ecosystem relationships in roadside eco-
systems.

—Signs of disruption of ecosystem dynamics
on the road (fragmentation of ecotopes, death of
animals as a result of traffic, etc.).

A certain synthesis of these theoretical ap-
proaches is the concept of noospheric ecosys-
tems. It investigates the evolution of the
noospheric development of mankind, the main
spatial consequence of which is the formation of
three groups of elements of territorial structure.
These three groups form a modified ecological
niche of our species. In particular, there are three
types of noospheric ecosystems — agroeco-sys-
tems (planar, areal), urboecosystems (cell, nodal)
and infraecosystems (linear, network), which
have all the features of the ecosystem and are in
complex interdependent relationships with each
other [4]. Thus, considering infraecosystems as
part of the ecological niche of Homo Sapiens, we
preserve the ecosystem essence of all road land-
scapes, since for the most part their artificial na-
ture depends entirely on man, who regulates their
species diversity, being, however, limited by
general physical and geographical conditions.
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Therefore, road landscapes (according to
the current classification [15], we will consider
as  infraecosystems  (from  the term
«infrastructure») according to the concept of
noospheric ecosystems [4].

Our research focused on determining the
dynamics and directions of development of road-
side ecosystems that are formed on the left bank
of the Cherkasy region. The main questions that
needed to be answered were:

1. How significantly are the roadside eco-
systems of the left-bank Cherkasy region (direc-
tions Kaniv - Zolotonosha - Chornobay) different
from the natural ecosystems of this area. In par-
ticular, the assessment of all (or some types of
influences). Soil composition, hydrological re-
gime, phyto- and zoo-varienation, dustiness,
noise pollution, radiation background, etc. That
is, determining the current state of roadside eco-
system data using a number of indicators.

2. How these ecosystems have adapted to
the conditions of anthropogenic influence
(changes in the species composition of plants and
animals, the formation of new trophic relation-
ships, etc.).

3. What should be done to reduce the neg-
ative impact of transport activities on a new eco-
system adapted to environmental conditions.

Monitoring studies were carried out by
route by car along the following roads: Zgar vil-
lage — Pishchane village — Sofiivka village —
Nova Dmytrivka village — Kropyvna village —
Irkliiv — the border of Cherkasy and Poltava re-
gions on the Kremenchuk reservoir — Novy Kov-
ray village — Chekhiv pumping station). In total,
9 stops were made for measurements and appro-
priate sampling. Stops were made at the branches
of the side roads adjacent to the main one in order
to move sideways (right or left) for a distance of
up to 50 m to determine the degree of change in

ecosystem interconnections depending on the
distance from the main route [16].

Our research focused on determining the
dynamics and directions of development of road-
side ecosystems that are formed on the left bank
of the Cherkasy region. The main questions that
needed to be answered were:

1. How significantly are the roadside eco-
systems of the left-bank Cherkasy region (direc-
tions Kaniv - Zolotonosha - Chornobay) different
from the natural ecosystems of this area. In par-
ticular, the assessment of all (or some types of
influences). Soil composition, hydrological re-
gime, phyto- and zoo-varienation, dustiness,
noise pollution, radiation background, etc. That
is, determining the current state of roadside eco-
system data using a number of indicators.

2. How these ecosystems have adapted to
the conditions of anthropogenic influence
(changes in the species composition of plants and
animals, the formation of new trophic relation-
ships, etc.).

3. What should be done to reduce the neg-
ative impact of transport activities on a new eco-
system adapted to environmental conditions.

Monitoring studies were carried out by
route by car along the following roads: Zgar vil-
lage — Pishchane village — Sofiivka village —
Nova Dmytrivka village — Kropyvna village —
Irkliiv — the border of Cherkasy and Poltava re-
gions on the Kremenchuk reservoir — Novy Kov-
ray village — Chekhiv pumping station). In total,
9 stops were made for measurements and appro-
priate sampling. Stops were made at the branches
of the side roads adjacent to the main one in order
to move sideways (right or left) for a distance of
up to 50 m to determine the degree of change in
ecosystem interconnections depending on the
distance from the main route [16].

Research methodology

In total, 5 stops were made on the first
route and 5 stops on the second route for appro-
priate measurements and sampling.

The following types of measurements
and observations were performed at each of the
polygons (sampling points):

Fixation of geographical coordinates;

- Measurement of the radiation back-
ground with a TERRA-P dosimeter;
- Photographing the plant and animal

world directly near the roadway and 25-
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30 meters from it (10 photos each) (Ni-
kon 5000 camera);

- Taking soil samples directly near the
roadway and 25 meters from it (1 kg per
bag) with subsequent chemical analysis;

- Noise level measurements (Benetech
GM1351);

- Fixing the number of vehicles;

- Dust measurements with data entry into
the appropriate log (PM2.5 Walcom SR-
516A log dust meter);



ISSN 1992-4224 Jlropuna Ta nokimns. [Ipobaemu neoexonorii. 2026. Bunyck 45

Fig. 1 — Polygon Ne2. Marshal gas station near the village of Pishchane

- Air quality measurements with an Air
quality detector.
The results of measurements and fixation
are shown in Fig. 1.

Approaches to the formation of ecotopes
in anthropogenic landscapes are important from
a methodological point of view. We adhere to
the methodological scheme of R.1.Burda. Ac-
cording to the author, the nature and degree of
anthropogenic transformation of locations, hab-
itats, as well as biotopes, determines the for-
mation of specific features of an anthropogenic
dwelling as a habitat in which at least one of the
abiotic or biotic components has undergone
changes as a result of direct or indirect anthro-
pogenic impact [17].

The prerequisites for creating a moti-
vated, fast, open, understandable, acces-sible
and simple classification of anthropogenic hab-
itats are to take into account a number of their
characteristics. The most important of them are.

1. Location of environments relative to
the relief.

Results
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The main methods that were applied: pol-

ygon method, comparative, cartographic, visual

observation and photofixation.

2. Place of growth (biological cycle).

3. The absence of a single dominant veg-
etation cover is the mandatory participation of
determinants reflecting anthropogenic changes
in the biotope and physiotype.

4. Variety of types of nature use.

We tend to identify road embankments as
eluvial habitats located on elevated relief ele-
ments, because each road has an elevated em-
bankment.

In general, ruderal phytocenoses in ur-
banized and man-made conditions can become
ecological niches for many species of fauna and
contribute to ecosystem regeneration [18]. At
the same time, ruderal groups are the main cen-
ters of distribution of alien species, especially
those with high invasion potential and trans-
former species, which pose a real threat to the
biodiversity of natural ecosystems [19].
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In addition to the listed indicators and
characteristics, quantitative assessments of the
degree of biodiversity were also used [20].

At this stage of research, the main atten-
tion was paid to the identification of individual
species of plants and plant groups. The authors
will receive the rest of the results after conduct-
ing laboratory studies of soil samples, plant
samples and analysis of biodiversity. The data
of expeditionary monitoring studies were en-
tered in the relevant table (Table 1.).

In the future, to increase the clarity in the
comparative analysis, the method of petal dia-
grams was used (Fig. 2), using the indicators re-
flected in Table. 1.

The vegetation is represented by the fam-
ilies: Amaranthaceae Juss. (Amaranth); Apocy-
naceae Juss. (Swalloom); Asteraceae Bercht. &
J.Presl (Asters); Boraginaceae Juss. (Roarse);
Brassicaceae Burnett (Cabbage or Cruciferous);
Caryophyllaceae Juss. (Cloves); Fabaceae
Lindl. (Legumes); Euphorbiaceae Juss. (Eauth
or milkweed); Hypericaceae Juss. (St. John's
Wort); Lamiaceae Martinov (Deaf nettle or lip-
flowered); Papaveraceae Juss. (Popies); Po-
aceae Barnhart (Thin-legged); Polygonaceae
Juss. (Buck); Portulacaceae Juss. (Portulace);
Ranunculaceae Juss. (Zhovtetsev); Rosaceae
Juss. (Roses or Pink); Rubiaceae Juss. (Maren);
Sapindaceae Juss. Equisetaceae Michx. ex DC.
(Horseytails); Apiaceae Lindl. (Circular or um-
brella); Convolvulaceae Juss. (Birch); Gerania-
ceae Juss. (Crane, geranium); Scrophulariaceae
Juss. Urticaceae Juss. (Nettles); Balsaminaceae
A. Rich. (Balsamins); Malvaceae Juss. (Malva);

Onagraceae Juss. (Onagrovi); Solanaceae Juss.
(Solanaceae); Sapindaceae Juss. (Sapind); Aris-
tolochiaceae Juss. Salicaceae Mirb. (Willow);
Ulmaceae Mirb. (EIm). The most common are
plants of the aster family.

The spread of invasive plants such as: As-
clepias syriaca L. (Syrian Vatochnik), Ambrosia
artemisiifolia L. (Ambrosia polynolist), Erigeron
annuus (L.) Desf. (One-year-old), Euphrosyne
xanthiifolia (Nutt.) A.Gray, Robinia pseudoaca-
cia L. (Robinia common), Erigeron canadensis
L. (Canadian Zlinka), Acer negundo L. (Ash-
leaved maple), Ulmus pumila L. (EIm low,
dwarf), Solidago canadensis L. (Canadian gold).

Analyzing Table 2 by the number of rec-
orded species, polygons 1 (Zgar village) and 5
(Kropyvna village), 36 and 44, respectively,
draw attention. They also have the largest num-
ber of plants that are characteristic of the corre-
sponding biotopes from the national catalog, re-
spectively 13 and 14.

The visual relationship between the over-
all air quality and the number of recorded plant
species (as, for example, at polygons 1,2,3,8)
requires the use of correlation analysis, to which
the authors will devote their future research.
The same applies to the relationship between
the noise level and the total number of plants.
For the 1st and 5th polygons, such a visual de-
pendence should be confirmed by the results of
correlation analysis.

The remaining indicators given in the ta-
ble can play with new colors if they are supple-
mented with future results of plant repeatability,
as well as in the case of their comparison using

Plantaginaceae Juss. (Podant); Violaceae the method of petal diagrams, which the authors

Batsch. (Violet); Cannabaceae Martinov. will certainly do upon completion of the pro-

(Hemp); Cyperaceae Gen. PIl. (Osoceae); cessing of these expeditionary studies.
Conclusions

Roads perform various ecological func-
tions that affect wildlife.

Roads function as habitats, sources,
sinks, barriers and channels. Depending on the
road, its location and the number of vehicles
that move it, some of these features can be of
important environmental importance.

As habitats, road corridors can contain entire
populations of plants and animals and may be
important for their preservation. If they contain
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some of the species' recent local or seed habi-
tats, they may be critical

The study of individual parameters that
characterize the formation of ecosystem con-
nections in the roadside landscapes of the right
bank of the Cherkasy region and the comparison
of these parameters with the National Catalog
of Biotopes allows us to establish certain pat-
terns of distribution of ruderal vegetation,
which will subsequently form ecosystems re-
sistant to external disturbances.
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Table 1
Some parameters of the dynamics of the formation of roadside ecosystems along the roads of the left-bank part of the Cherkasy region
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Symbols: - numbers of polygons (observation points), respectively, respectively, 1 — Zgar village; 2 — Pishchane

village; 3 — Sofiivka village; 4 — Dmytrivka village; 5 — Kropyvna village; 6 — Irkliiv city; 7 — border of Cherkasy
and Poltava regions; 8 — Novy Kovray village; 9 — Chekhovka pumping station. Indicators: 1 — Total air quality
(points); 2 — Phenols (mg/m3); 3 — Organ. compounds (mg/m3); 4 — Dust particles PM 2.5(ug/m3); 5 — Dust
particles PM 10(ug/m3); 6 — CO (ppm); 7 — CO2 (ppm); 8 — Temperature (0C); 9 — Humidity (%);10 — Radiation
background (uSv/h); 11 — Noise level of trucks (db); 12 — Noise level of passenger vehicles (db); 13 — Noise level
of passenger vehicles (db); 14 — Number of plant species (units) ; 15 — Number of invasive species (unit) ; 16 —
Number of plant species from the national biotope catalog (dis.)Plant groups at individual points of study are
formed by almost all families of ruderal and aboriginal flora.

Fig. 2 — Images of parameters that reflect the dynamics of roadside ecosystems
using the petal diagram method
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JANHAMIKA ®OPMYBAHHA EKOCUCTEMHUX BI/IHOCHUH
Y IPUJIOPOKHIX JIAHJIIIA®TAX JIBOBEPEXKHOI YACTUHHA
YEPKACBKOI OBJIACTI

Merta. JlocnipkeHHS JUHAMIKH (POpPMYBaHHSI HOBUX E€KOCHCTEM, 1110 (OPMYIOThCS B pe3yibTarTi OyaiBHU-
IITBa aBTOMOOUIBHMX JOPIr Ha MicIli KOJIMCh NPUPOJHHUX 200 aTPONOreHHO 3MIHEHMX JIaHA(TIB AJIsI BiHOB-
JICHHSI Maii0yTHHOTO 010pI3HOMAHITTSL.

Metoan. [TonpoBi crioctepexenns Ta ¢porodikcaii, reoXiMiYHUHA, IHCTPYMEHTAILHO-MOHITOPHHT OBHH.

PesyabtaTu. [IpuaineHo mpioputeTHy yBary €KOCHCTEMHOMY AacIEKTy aHTPOIIOTEHi3allil MPHpOTHUX
naaamadTiB. OCKIIBKY pyaepaibHa POCIHMHHICTB, SIKa 34e011pII0T0 (OPMY€E HOBI €KOTOIH, 10 BHHUKAIOTh B pe-
3yJIbTaTi aHTPOTIOTEHHOI AiSIIFHOCTI, BiAIrpae BiTHOBIIOBAIEHY POJIb AT JeTPaJOBaHUX CyOCTpaTiB;a 6epe akTH-
BHY y4acTh y 010r€0oXiMi4HHX IpoIecax Ta € BaXJIMBOIO YMOBOIO IS BITHOBIIEHHS abopureHHoi (hiaopu micis il
MIOBHOTO 3HMIIICHHS B PE3yJbTaTi JOPOKHBO-OyIiBebHIX pob6iT. EKOocHCTeMHI 3B'A3KM Y IPUAOPOXKHIX JIaH A~
(Tax IOoCHiIKYBaINCh NUISIXOM BHBUYEHHS BHJOBOTO CKJIQJy POCIMHHUX YIPYIOBaHb, 30BHIIIHIX O3HAK JKUTTS
TBapHH Y NPHIOPOKHIX 30HaX, O3HAK NOPYIIEHHS JUHAMIKH €KOCHCTEM JI0POroro (pparMeHTalisi eKOTOIIiB, 3arv-
0eJb TBApUH BHACIIIOK HAI3y TPAaHCHOPTHHX 3aco0iB ToIO). JJMHAMIKa MPUAOPOKHIX EKOCHCTEM JOCIIKyBa-
JIMCh IUISIXOM peecTpallii Ta IoAabIIOro OPiBHAHHS POCIMHHOCTI 3 11 BIIIOBIAHUM criickoM y HarionansHomMy
KaTajo3i OioromiB. 3polbIieHa OIiHKA BIIMIHHOCTI MPUAOPOXKHIX eKOcUcTeM JiBobepexoks Yepkacbkoi obmacTi
(nanpstmku KaniB - 3osorononta - YopHoOaii) Bij MiciieBUX ekocucTeM. BeTaHOBIEHO HaWOUIbIE NOMIMPEHHS
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MIPeICTaBHUKIB poanHU ANcTpoBHX (Asteraceae). KpiM Toro, Ha BCiX ZOCIHIIKYyBaHUX IiISHKaX 3a(hikKCOBAHO II0-
IMpeHHs iHBa3iitHo1 Guropu. BogHouac poauau pyaepaibHOi Ta aOOpUTeHHOI (II0pH B3IOBXK JTOPOXKHIX CMYT pa-
30M OepyTh y9acTh y pOpMyBaHHI €eKOCHCTEMHHUX 3B's3KiB. BU3HAaUeHO MOJIITOHY, Ha KX CIIOCTEPIraloThCcs aHO-
MaJIbHI BIIXUIICHHS JOCTIUKYBAaHUX MOKA3HUKIB.

BucnoBku. Jloporu GyHKIIOHYIOTH SIK CEpeIOBHIIA ICHYBaHHS, JHKepeJa, MOrInHaYi, 6ap’e€py Ta KaHaJH.
Sk cepenoBHIIa iCHYBaHHS, JOPOXKHI KOPUAOPH MOXKYTh YTPUMYBATH LTI MOMYJISILIT POCIIMH 1 TBAPUH 1 MOXKYTb
MAaTH 3HAYCHHS ISl iX 30epexeHHs. SIKI0 BOHU MICTATH IEsAKi 3 OCTAHHIX MiCIIEBHX a00 HACIHHEBHUX CEPEIOBHIIL]
ICHyBaHHS BUY, BOHH MOXYTb OyTH KPUTUYHO BayKJIMBUMU. JlOCIIDKEHHS OKPEMUX MapaMeTpiB, sIKi XapaKTepH-
3yI0Th (pOpMYBaHHSI EKOCUCTEMHHX 3aB’sI3KiB Y MPUAOPOXKHIX JIaH(madTax aBTOUUIAXIB MpaBodepexoks Yepka-
CBKO1 00JIacTi 1 MOPIBHAHHA WX mMapaMmeTpiB 3 HarioHansHAM KaTamoroM 0iOTOIB TO3BOJISIE BCTAHOBHUTH TMEBHI
3aKOHOMIPHOCTI PO3MOBCIOIKEHHS Py IepaibHOI pOCITHHHOCTI, SIKa 3r010M c(popMye CTiiiKi 10 30BHIIIHIX 30ypeHb
SKOCHCTEMH.

KJIFOYOBI CJIOBA: exocucmemuuii 38'a30K, npuoopodiCcHiil, pOCIUHHICIb, YePYROBAHHS, TH8A3IUHUL,
Janowagm, exocucmema, pyoepanbHa, AHMPONO2eHHA OIAIbHICMb

Konghnikm inmepecie

ABTOpH 3aCBiTUYIOTH, 10, HE3BAYKAIOUX HA T€, IO OJWH i3 aBTOPIB CTATTI € WICHOM PeHaKIiiHOI KOJeTii
I[bOT'0 )KypHaJy, IPOLEC PELCH3yBaHH, IPUUHATTS pillleHHs MOA0 MyOJiKauii Ta peraryBaHHs IPOBOIUIUCS He-
3aJIeXHO, Oe3 Horo yyacTi 4M BIUTMBY. Byab-siki HOTEeHLIHI KOH(IIKTH iHTepeciB OyJIM MOBHICTIO yCyHEHI HUIS-
XOM 30BHIIITHBOT'O KOHTPOJIIO IPOIIECY.

KpiM Toro, aBTOpH MOBHICTIO JOTPUMYBAIKCh ETHYHUX HOPM, BKJIIOYAIOUH IUIariar, panbcuikaliiio JaHuxX
Ta MOJBIHHY Mmy0iKaliko.

Brecok agmopis: Bci aBTOpU 3p00OHIH PIBHUI BHECOK Y ITI0 pOOOTY.

exnapauyia npo euxopucmannsa L1
B po6oTi He BUKOPUCTaHO pecypc MTYYHOTO THTEIEKTY.
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OLIHIOBAHHSA EKOJIOT'TYHOI'O CTAHY PUBOI'OCHHOJAPCBKUX BOJHUX
OB’€EKTIB Y ACIIEKTI 3ABE3IIEYEHHS EKOCUCTEMHUX HOCJIYT

Merta. O1iHIOBaHHS €KOJOTIYHOTO CTaHy PHOOTOCIOAAPCHKUX BOJAHHMX O0’€KTIB y acHeKTi 3a0e3MeYcHHS
€KOCUCTEMHHMX IOCITYT Ha OCHOBI aHai3y KJIFOUYOBUX TiAPOXIMIYHUX MOKA3HWKIB 1 BU3HAYCHHS iX BIUIMBY Ha Qy-
HKI[IOHYBaHHS BOJHUX EKOCHCTEM.

MeTtoan. AHaNITHYHI, PO3PAaXyHKOBi, MOPIBHAIBHI, TiAPOXIMIYHMN aHami3, METOAM EKOJIOTIYHOT
Ki1acudikanii U1 OLIHKH SKOCTI BOJN pUOOTOCIIOIAPCHKUX BOAHUX 00 €KTIB.

PesyabraTn. OIiHEHO EKOJIOTIYHMN CTaH PUOOTrOCIOAAPCHKOI TEXHOJOTIYHOI BOJOWMH B aCIHEKTI
3a0e3MeueHHs €EKOCUCTEMHHUX MOCIYT Ha OCHOBI aHaNi3y KIIIOYOBHUX TiJPOXIMIYHMX MOKa3HUKIB. BuszHaueHo, mo
OinbLIICT JOCIIIKYBaHHUX TTapaMeTpiB Bianosinae [I-111 kimacam sikocTi BoAH, 110 XapaKTepU3YeE 3arainom 100puii
1 3aI0BUTBHUI CTaH BOAHOTO cepefoBuina. [linTpuMyBaibHI €KOCHCTEMHI TIOCITYTH PEaTi3y0ThCsI Ha BHCOKOMY Ta
3aJJOBUILHOMY PiBHSIX, 110 3yMOBJICHO CTaOUIBHICTIO KHCIOTHO-JIY)KHOTO PEXHUMY Ta NMPUHHATHUMHU yMOBaMH
KHCHEBOTO 3a0e3neuyeHHs. PeryinoBalibHI IMOCITYTH, MOB’s3aHI 3 HpoOLEcaMH CaMOOYMIIEHHS Ta KpYyroooiry
PEUOBHH, 320€3MEUyIOThCS IIEPEBAKHO Ha 33J0BITFHOMY PiBHI, IO BigoOpakae MOMIpHUI piBEHh OPTaHIYHOTO
HaBaHTAXXEHHs. 3abe3nedyBajbHi €KOCHCTEMHI IOCIYTH TaKOX XapaKTepU3YIOThCS 33JOBUIBHMM pPiBHEM, IO
CBITUNTH TPO 30€peKEHHSI PECYpPCHOI NMPHUAATHOCTI BOIM AJsI pUOOrOCIIONapChKOro BUKOpHCTaHHsS. BoxHowac
BUSIBJICHO OKpEMi BIAXHMJICHHS, 30KpeMa IIiJBUIICHUI BMICT 3aJli3a 3araJIbHOTO, SIKi MOJKYTh BIUIMBATH HAa YMOBH
(YHKIIIOHYBaHHS BOJHOI €KOCHCTEMH. Y3araJlbHEHHs pPe3yJbTaTiB 3a OJIOKOBUMH ITOKa3HWKAMM 3acCBiJUUIIO
MepexiIHMiA XapakTep SKOCTi BOJM MK JIOOPUM 1 3a/I0BIJIbHUM CTaHOM.

BucHoBku. OIiHIOBaHHS €KOJOIIYHOIO CTaHy PHOOTOCIOAApPCHKUX BOJHHX OO0’€KTIB Yepe3 IMpHU3MY
€KOCHCTEMHHX TOCIYT JI03BOJISIE TIOETHATH XapaKTEPUCTHKH SIKOCTI BOAM 3 aHANI30M (YHKIIOHYBaHHS BOJHOI
exocucTeMH. PiBeHb eKOJIOTIYHOTO cTaHy Oe3rmocepelHbO BIH3HA4Ya€e e(heKTUBHICTD peati3allii miATpUMyBaJIbHIX,
perymioBaNbHUX 1 3a0e3nedyBajbHAX EKOCHCTEMHHX IOCIyr, a OKpeMi TiApOXiMidHI HMOKa3HUKH MOXXYTb
BUCTYIIAaTH YWHHHUKAMH, 1[0 OOMEXYIOTh iX MOBHOLIHHE (DyHKIIOHYBaHHS. 3allpOIOHOBAHUH MiAXiJ CTBOPIOE
MOXJIMBICT OB KOMIUIEKCHOI OIIIHKH CTaHy pHOOrOCIIOIapChKUX BOJONWM Ta MOXKe OyTH BUKOPHUCTAHUH JUIs
BIOCKOHAJICHHSI CUCTEMHM MOHITOPHHTY 1 YIIPaBIiHHS BOJHUMHU pecypcaMu 3 ypaxyBaHHSM EKOCHCTEMHOTO
Hixoy Ta 3a0e3MeUeHHs CTaJIOr0 PO3BHUTKY.

KJIFOUYOBI CJIOBA: exonociunuii cman, iHOUKAmMopHe OYIHIOGAHHA, AKICMb 600U, pub020CnooapcuKi
800HI 06 €KMU, eKOCUCTEMHT NOCTYU, CIMATUL PO3BUTNOK
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CydacHa mapaaWrmMa yIpaBlliHHS BOJ-
HUMH pecypcamu Jiefalli Olble Opi€HTYeThCS
Ha IHTETPAIIif0 eKOJIOTIYHUX, €EKOHOMIYHUX 1 CO-
[IaIbHIX acCHeKTiB (YHKI[IOHYBaHHS BOIHHUX
eKocucTeM. Y I[bOMY KOHTEKCTI OCOOJIMBOTO
3HaueHHS HaOyBa€ KOHIEMIS EKOCHCTEMHHUX
HOCTIYT, SIKa PO3IJISiae TPHPOIHI CHCTEMH SIK
JDKEpeo MaTepialbHUX 1 HeMaTepiadbHUX BH-
TOJ JJisl CYCIUIBCTBA. BinmoBigHO 10 mimxomiB
OIiHKA €KOCHCTEM TUCTIOMTTA [1, 2], ekocuc-
TEMHI TOCIYTH OXOILTIOIOTH 3a0e3redyBalibHi,
pETyIIOBaNbHI, MATPUMYBaJbHI Ta KyJIbTYpHI
¢yHKIii, 110 GOPMYIOTh OCHOBY JOOpOOYTY JIFO-
JIMHH Ta CTAJIOro po3BHUTKY [3].

Puborocmonapcbki BoJHI 00’ €KTH, 30K-
peMa CTaBKOBi €eKOCHCTEMH, BUKOHYIOTh LINPO-
KW CIIEKTp eKOCHCTeMHHX (YHKIIH, cepen
SAKUX KIFOYOBHMH € MIATPUMAaHHS Oiopi3HOMa-
HITTA, popMyBaHHS KOPMOBOI 0a3u TinpobioH-
TiB, PETYJALIS TiAPOXiMIYHOTO PEXHUMY, a Ta-
KOX 3a0e3medueHHs] pecypcHOi 0a3u puOHOTO
rocrnofapcTpa. Ix exosoriunumii ctan Gesmoce-
pellHBO BU3HAYAE PiBEHBb peaizallii mux (QyHK-
il 1, BIAODOBIAHO, OOCAr Ta SKICTh HAJaHUX
eKOCHCTeMHUX Tociyr. [loripmieHHst sKOCTi
BOJIM, TIOPYUICHHS TiJPOJIOTIYHOTO PEXHUMY,
eBTpodikamisg Ta HaAMiIpHE aHTPOIIOTeHHE Ha-
BaHTa)KCHHS PU3BOAATH JI0 3HWKEHHS MTPOJTY-
KTUBHOCTI BOJIHUX €KOCHUCTEM 1 BTpaTH iX QyH-
KIIIOHAJIBHOI CTIHKOCTI.

VY cyyacHHX HayKOBHX JJOCIIJDKEHHSIX, 30-
kpema B Mexax miaxoziB IPBES, ekosoriunwmii
CTaH BOJHHUX 00’€KTIB PO3IIIAAAETHCS HE JIUIIIC
SIK XapaKTePUCTHUKA SKOCTI CepeIOBHIIIA, aJie 1 K
IHTETpaJIbHUI MOKA3HUK 3JaTHOCTI €KOCHUCTEM
3abes3neuyBaT ekocuctemHi mociyru [4]. Ta-
KAW Tiaxin nepeadadvae mepexia BiJ TpaauIiii-
HOI OL[IHKM OKPEMHX TiIpOXiMIYHHUX 4H 0i0JI0Ti-
YHHX ITApaMETPIB JI0 KOMILJICKCHOTO aHaIi3y Qy-
HKI[IOHYBaHHS €KOCHCTEMH Ta i1 BHECKY Y 3a0€3-
MeYEeHHs CYCHJIbHUX MOTPEO.

V 3B’sI3Ky 3 IUM aKTyaIbHUM € PO3p00-
JIEHHS MiAXOMIB 10 OLIHIOBAHHS €KOJIOTTYHOIO
CTaHy pUOOrOCHOAAPCHKUX BOAHUX 00 €KTIB 3
ypaxyBaHHSIM iX 3JaTHOCTI 3a0e3redyBaTH eKo-
CHUCTEMHI mOCHyrd. Takuil Mifxif T03BOJISIE
OibIr OOIPYHTOBAHO OLIHUTH (PYHKIIOHATBHY
[[IHHICTh BOJTHUX €KOCHUCTEM, BU3HAYUTU PiBEHb
ix merpanarii Ta copMyBaTH HAyKOBO OOTPYH

Bcmyn
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TOBaHI PEKOMEHMAIll MOm0 iX 30epekKeHHS i
BIJHOBJIEHHS.

Ananiz ocmannix docnidxcenv ma nyoni-
xayiu. CydacHi BITYM3HSIHI HayKOBI Ipari i3 Ha-
MPSIMKY JOCIIAXKYBaHOT TEMH 30CEpeKeHi Iie-
PEBaXXHO Ha OIfIHIII AKOCTI BOJIU Ta CKOJOTiY-
HOTO CTaHy puOOrocHoAapChKUX BOJONM. 30K-
peMa, 3HauHa yBara NpuAUIEThCS KOHTPOIIO Ti-
JPOXIMIYHUX TIOKA3HUKIB K 0a30BOTO 1HCTpY-
MEHTY 3a0e3MeueHHs] ePeKTUBHOrO (PYHKIIOHY-
BaHHs puOHOTO rocmoaapcTsa [5; 6; 7], a Takox
OIIIHIOBaHHIO CTPYKTYPHHUX KOMITOHEHTIB €KOCH-
CTeM CTaBKiB 1 BOJIOWM pPHOOTOCHOAAPCHKOTO
npusHaueHHs [8]. YV Mexax OGaceitHOBOTO Tmij-
X0y JOCTIKEHO BIUIMB aHTPOIIOTCHHHUX YHH-
HUKIB Ha BOJHI €KOCHUCTEMH, IO JO3BOJISIE BU-
CTaHy Ta E€KOJIOTIYHY CTIHKIiCTh [9]. MeToauuHy
OCHOBY TaKHX JOCIIKEHb (POPMYIOTh HOpMATH-
BHI JIOKYMEHTH, 30KpeMa METOAUKHU €KOJIOT1HHOT
OIIIHKU SKOCTI moBepxHeBuX Boj [10], a Takoxk
3aKOHOJIaBY1 aKTH, 1110 PETYJIIOIOTH JisUTBHICTD Y
cdepi akBaKyJIbTYpPH Ta OXOPOHH BOJHUX Oiope-
cypcis [11-13].

BonmHouac MiKHapoiHI HampairoBaHHS
JEMOHCTPYIOTh 3HAYHY KUIBKICTh POOIT MPUCBSI-
YEeHUX JOCIIHKEHHIO MTPOLIECIB OUUILEHHS BOJH
B CHCTEMaXx aKBaKyJbTypH, 30KpeMa y IITyYHUX
BOIHO-O00s0THHX yriasx [14—19]. Takox po3r-
JISIAIOTHCS CyYacHI TEXHOJIOTTT OUUIICHHS BOIU
y pHOOrocrogapchbKuX CTaBKax, 30KpemMa i3 3a-
CTOCYBaHHsIM (Di3MKO-XIMIYHUX METOIB, IO
CIIPHSAIOTH 3MEHIICHHIO aHTPOTIOT€HHOTO HaBaH-
TaKeHHsT Ha BOJHI ekocuctemu [20]. V3arais-
HEHHS CYYaCHUX MiAXOMiB 10 (yHKIIOHYBaHHS
AKBaKyJIbTYpU SIK CKJIQJIOBOI €KOCHUCTEM TIpe[-
CTaBJICHO B OMIIOBHX POOOTax, N aKLEHTY-
€TBCSl yBara Ha B3a€MO3B’SI3Ky MDK BUPOOHH-
YUMH TPOIIECAMH, SIKICTIO BOJAM T4 EKOJIOTiY-
HuUMHK Haciigkamu [21]. Okpemi jociimkeHHs
MiAKPECITIOIOTE POJIb 010pI3HOMAHITTS Ta TpOdi-
YHOI CTPYKTYpU y 3a0e3leueHHI CTaOLIbHOCTI
AKBaKYJIETYPHHUX CHCTEM 1 i IBUIICHHI TX €KOJIO-
riyaoi edexTuBHOCTI [22].

Buoinenns nesupiwenux pauiwie yacmun
3aeanvroi npobaemu. Tlonpy 3HAYHY KiJIBKICTh
JIOCITIJ[KEHB, OUTBIIICTD 13 HUX 30Cepe/KeHa Ha
OKpeMHUX acrekTax (YHKIIOHYBaHHS BOAHHUX
€KOCUCTEM — SIKOCTI BOJIU, TEXHOJOTISX OYM-
IIeHHst a00 YIPaBJIiHHI aKBaKyJILTYporo. BomHo-
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Yyac MUTAaHHS iHTErpauii IuX pe3yabTaTiB y KOH-
TEKCTI OI[IHFOBAHHS EKOJIOTIYHOTO CTaHy pubo-
TOCMOJAPCHKUX BOJHUX 00 €KTIB Yepe3 mpru3My
E€KOCHCTEMHHUX IOCTYT 3aJIUIIAEThCS HEI0CTAT-
HBO PO3po0IIeHNM. 30KpeMa, TOTpedye MOAab-
IIOTO JTOCHIKEHHST BCTAHOBJICHHS B32€EMO3B’ 513~
KiB MK TIOpOXiMI9HUMHY TIOKa3HHKaMH Ta 3/1aT-
HICTIO BOJIHUX €KOCUCTEM 3a0e31euyBaT pery-

JFOBaJIbHI, MATPUMYBAJIBHI Ta 3a0e3nedyBaibHi
MOCITYTH.

Mema. oUiHIOBaHHS €KOJIOTIYHOTO CTaHy
pUOOroCIIoIApCHKUX BOITHUX 00 €KTIB Y acIIeKTi
3a0e3IeUeHHs] eKOCUCTEMHHUX MOCIYT Ha OCHOBI
aHaJi3y KJIFOYOBUX TiAPOXIMIYHUX TIOKA3HUKIB 1
BH3HAYEHHS 1X BIUIMBY Ha (yHKIIOHYBaHHS BO-
JHUAX EKOCHCTEM.

00’ ckmu ma memoou 00CiOIHceHHs

O0’ekTOM JTOCHIPKEHHS CITyTyBasia pruoo-
TOCTIOIAPChKa TEXHOJIOTIYHA BOJOWMA TUIOMICHO
BOJIHOTO 3epkana 143,2258 ra, sika 3HAXOAUTHCS
mooim3y cena I'pamucek (3a MekaMHu HaceJICHUX
MyHKTiB), MaHEBUIBKOI CEIWIIHOI TpPOMAaH,
Kaminn-Kammpcrkoro paiioHy, BomuHcbkoi 006-
macti. Tepuropis 11 po3TamryBaHHS —Xapak-
TEPU3YETHCS TIEPEBAKHO PIBHUHHUM PEITLEPOM,
TIOITUPEHASIM ~ JCPHOBO-ITIA30IMCTHX  IPYHTIB,
MABHITICHIM piBHEM 3BOJIOKEHHS Ta pPO3BH-
HCHOI0 MEPEKEI0 MallMX BOJOTOKIB 1 Memiopa-
TUBHUX KaHamiB. JlocmimKyBaHa MICIEBICTh
HAJIOKUTh JIO TOJICHKOI MPHPOIHOI 30HH, IO
3YMOBIIIOE CIIEIU(IKY TiAPOJIOTIYHOTO PEKUMY
BOJIONMHM, 30KpeMa TIIOMIPHY IHTCHCHBHICTh
BOJIOOOMIiHY, HU3bKHI PIBEHb MiHepamizalli Ta
JIOCTaTHIO TIPHPOIHY BoJ03abe3meueHicTs [23].

Puborocniogapcbkuii BoIHUH 00’ €KT (yH-
KI[IOHye $IK TOBHOCHCTEMHA aKBaKyJbTypHa
EKOCHCTEMa, 110 3a0e3reuye TMOBHUM  IUKIT
BUPOIIYBaHHS pUOW — BiJ BIATBOPEHHS 1 M-
POILYBaHHSI JI0 HATYJy Ta OTPUMAHHS TOBAPHOI
npoaykiii. Jlo ckiamy rocroapcTBa BXOAUTD 22
CTaBKH, cepell SKUX 4 HaryibHi (61m3eko 80 %
IONTi), 2 BHPOIIYBabHI, 7 3UMYyBaJIbHUX 1 9
HEPEeCTOBHUX, 1110 3abe3rneuye epeKTUBHE yIpa-
BJIIHHS TIOMYJISILIIHOIO CTPYKTYPOYO TiIpOOiOHTIB
1 Oe3MepPePBHICTh BUPOOHUUOIO ITPOLIECY.

BomorocTayandst Mae  KOMOIHOBaHWH
XapakTep 1 3/IHCHIOETHCS 33 PaXYHOK PIUKOBOTO
CTOKY, TiJI3eMHHX BOJ Ta aTMOc(epHHX OmaiB,
110 (hopMye BITHOCHO CTAOLTBHUH T1IPOIOTUHHIA
pexum. [IpoTouHicTh BOAOWMHU Ta MOXKIIHBICTH
PETYIIOBaHHS BOJOOOMIHY CTBOPIOIOTH YMOBH
JUISL TIATPUMAHHS ONTUMAIBHUX TiIPOXIMIYHAX
napaMeTpiB. TpHBaIICTh HANOBHEHHS CTaBKIB
CTaHOBUTH JI0 3 MICHIIB, a TMOBHUHA HUKI IX
cnycky — Omu3pko 20 mi0. CkupmaHHS BOIU 3i
CTaBKiB 3/IIHCHIOETHCS y BOJOCKHUIIHI KaHAJH, a
mam — y piuky Yepesaxy, 1o 3a0e3neuye
KOHTPOJIbOBAHUM BOJOOOMIH 1 MiHIMI3aIIifO
HETaTUBHOIO BILIMBY Ha BOJIOTOKH.

Cucrema yrpaBIiHHS BOJOOOMIHOM JI03-
BOJISIE PETYJIOBATH TiPaBIIiUHI XapaKTepHC-
THKH, 3a00iraTd 3aMyJICHHIO Ta 3MEHIIyBaTH
BUHECCHHS 3aBHUCIIMX pPEYOBMH 1 OIOTeHHUX
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€IIEMEHTIB y TpuiiManbHi BoaHI 00’ektu. Lle €
Ba)KJIMBUM YMHHUKOM TTiITPUMAHHS €KOJIOTIYHOT
PIBHOBArd BOJHOI CHCTEMHU.

OYHKITIOHYBaHHSA BOJOWMH BHU3HAYAETHCS
KOMIDIEKCOM €KOJIOTIYHHX 1 TEXHOJIOTIYHAX YHH-
HUKIB, Cepell SKUX KIIOUYOBHMH € TiApOXiMidHi
TTOKa3HHUKH (BMICT PO3YHHEHOI'O KHCHIO, CITOJYK
azory Ta (ochopy, pH), Tpodiunmii craH i
CTpykTypa OiomeHo3y. PHOOmpoIyKTHBHICT
ICTOTHO 3aJICKUTH BiJT THITY TOCIIOAPIOBAHHS: 32
€KCTEHCHUBHOI TEXHOJIOTII BOHA CTAHOBHUTH OJIHU-
3pK0 500 Kr/Ta, Toi sIK 3a iHTeHCHBHOI — 10 1400
KI/Ta, 10 BIJNOBIZa€ YMOBaM CEPEIHBOIO PiBHS
inrencudikamii [23].

TakuM 4rHOM, PHOOrOCIOAAPCHKUI BOI-
HUN O00’€KT € IMPUPOIHO-aHTPOIIOTCHHOK €KO-
CHCTEMOI0, y SIKIf TOE€JHAHHS TiJIPOJIOTIUHHX,
TIAPOXIMIYHMX 1 TEXHOJIOTIYHUX TTapaMeTpiB BHU-
3HaYa€e PiBeHb OIOMPOIYKTHBHOCTI Ta 3MATHICT
3a0e3reuyBaTH €KOCHUCTEMHI ITOCITyTH, 30KpeMa
3a0e3mneuyBaibHi, IO MPOSBISIOTECT Y (HOpMy-
BaHHI  Oiompomykiii  (pHOOIPOIYKTUBHOCTI),
PETYIIIOBAIBHI Ta i ITPUMYBaJIbHI.

OuiHIOBaHHS E€KOJIOTIYHOro CTaHy puOo-
rocHoIapchKoi BOJOMMHU 3/IHCHIOBAJIOCS HA OCHO-
Bl aHaJI3y TiIPOXiMIYHHUX MTOKA3HUKIB 13 BUKOPH-
CTaHHSIM TMOPIBHSUIBHOTO METOTY, 1110 Tepeadayae
3icTaBiieHHs PaKTUYHUX KOHIIEHTPAIH i3 TpaHny-
HOo pomyctumuMmH 3HaueHHAMH (I'JIK). Taxwuii
MIJIXIJ J03BOJISIE BU3HAYUTH CTYIHB BIJIIOBI/-
HOCTI SIKOCTI BOJHOTO CEPEOBHINA BUMOTaM
(hyHKITIOHYBaHHS BOJHOI €KOCHCTEMHU.
MeTroauuHuil maXig BKIIFOYaB:
BCTaHOBJICHHS  BIATIOBIJHOCTI  TiapoXi-
MIYHHUX MTOKa3HUKIB HOPMATUBHUM 3HAYCHHSM SIK
0a30BOr0 KPHUTEPIiIO EKOJIOTIYHOrO CTaHY BOJIOHMU;

— BUSIBJICHHS BIIXWIEHD 1 MOTEHIIWHUX HKE-
pen 3a0pyIHEeHHS K YMHHHKIB, IO BILIMBAIOThH
Ha EKOCUCTEMHI MPOIIECH;

— OIIIHKY SIKOCTI BOAM PUOOTOCTIONAPCHKOT
BOJONMU,

— BU3HAYCHHS PiBHS peaizallii eKOCUCTEMHUX
[OCITYT Ha OCHOBI KJIACIB SIKOCT1 BOIH;

— QopmyBaHHS BHCHOBKIB IIOJI0 €KOJIO-
TYHOTO CTaHy BOJOWMH Ta 1i (DyHKI[IOHATHHOT
3IATHOCTI 3a0e3MeTyBaTH CKOCHCTEMHI MTOCTYTH.
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Exosoriysa OLHKA SIKOCTI BOIM BUKO-
HyBaJlacsd 3a (Hi3UKO-XIMIYHUMH TTOKa3HUKAMU
BIAMOBIOHO [0 METOOMKH €EKOJIOIIYHOI KJIach-
¢ixartii mosepxuesux Box [10]. V mexax mocmia-
JKEHHS 3aCTOCOBAHO OPIEHTOBHUM THII OIIIHIO-
BaHHS, 1110 0a3y€ThCs Ha Pa30BUX BUMIPIOBAHHSX
IHAUKATOPIB, SAKI BiTOOPaKAIOTh ITOTOYHUM CTaH
BOIHOI EKOCHCTEMH Ta pIiBeHb peaiizamii ii
(hyHKIIIH.

AHam3 SKOCTI BOOWM TIPOBOIHMBCS 3a
TpbOMa TpyIaMH ITOKAa3HUKIB, KOXKHA 3 SKHX
XapaKTepU3y€e OKPEeMi acHeKTH EKOCHCTEMHOTO
(YHKITIOHYBaHHS:

1. CompoBuit Omox (Ic): xymopum,
cynb(haT, CyXUil 3aJMIIOK — TOKa3HUKH, IO
BHU3HAYAIOTh PIBEHb MiHEpasi3alii Ta pecypcHy
NPUIATHICTh BOIM, TIOB’s3aHy 13 3a0e3medy-
BAJILHUMU €KOCUCTEMHUMH TIOCITyTaMHU.

2. Tpodo-canpobionoriuanii 610k (IT-C):
pozunnaennit kucenb, XCK, BCKs, amoHiiHwMit
asor, HiTpuTH, HiTpatH, Gocharn, pH —
MTOKAa3HHUKH, 110 XapaKTepHU3yIOTh iHTCHCHBHICTD
0iOreoXiMIYHMX TPOIECiB, KWCHEBHA PEKHM 1
TpohIUHUI CcTaH BOAONMH, SKI BH3HAYAIOTh
piBeHb peaiizallii MmITPUMYBATGHHX 1 PEryITo-
BaJIbHUX €KOCUCTEMHUX TTOCIIYT.

3. biok cnenuivHIX PEUOBHH TOKCHUIHOL
Ta pamiamiiaoi mii (IT): 3amizo 3arambHe —
MOKA3HUK SIKOCTI BOJHOT'O CEPEIOBHIIIA, 1110 HE €
OesnocepeHIM  IHIMKATOPOM  EKOCHCTEMHHUX
MOCJIYT, aji¢ BIUIMBA€ HAa YMOBM IX peaisallii,
30KpeMa uepe3 3MiHy (hi3i0J0riYHOrO CTaHy
TiApoOiIOHTIB.

Bmsnaueno ingekce compoBoro ckiany (Ic)
Ta iHIEKC TPOoQO-carrpoOioIOriYHNX TOKa3HHUKIB
(IT-c), sIKi JO3BOJIIOTH y3araJIbHUTH 1H(MOPMALII0
NpO CTaH BOJHOTO CEPElOBUIA B MeEXax
BINMOBITHNX (DYHKIIOHATBHUX OJIOKIB. IHAEKC
cnemudivyanx mnokaszHukiB (IT) He po3paxoBy-
BaBCsl uyepe3 OOMEKEHY KiNbKICTh BHU3HAYEHHX
THIMKATOpIB, OJJHAK 3HAYCHHS 3aJli3a 3araJlbHOTO
BpaxoBY-Bajocsl TIPH iHTEpIpeTallii pe3ysibTaTiB
SIK YUHHHK, 1110 MOYKE OOMEKYBaTH €KOCUCTEMHI
TPOIIECH.

Krnacudikariisi sKkocTi BOAM 3/iCHIOBA-
macs 3a mareMa kimacamu (I-V) Ta cemm
kateropismu (1—7), 1o BioOpaxxaroTh CTYIIHB i
YUCTOTH (3a0pyTHEHOCTI):

— 1 wnac (kareropis 1) BigmoBimae Bogam
BiMiHHOI sikocTi — BiaMminHi (B)/excellent (E), o

XapaKTepu3yroThes sk nmyxe uucti ([[xY)/very
clean (VO);

— 1II xmac (xareropii 2-3) OXOITIOE BOIU
Io0poi sxocri: myxe moopi () very good (VG)
Ta 1o6pi (JI)/good (G), s1Ki 3a cTyIIeHEM YHCTOTH
Bu3HauaroThCs sk uucti (d)/clean (C) abo mocuts
qucri (J{H)/fairly clean (FC);

— I xmac (kateropii 4-5) BKIIOYa€e BOAH
3a/I0BUIBHOI sIKOCTI: 3amoBimeHi (3)/satisfactory
(S) T1a mocepemui (IIc)/moderate (M), w0
BIAMOBIArOTE C1abKo 3a6pyauenum (C3)/slightly
polluted (SP) i momipHo 3abpyaHEHUM
(I13)/moderately polluted (MP) Bogam;

— IV xnac (kareropis 6) TpeACTaBICHUIA
BOIaMu oraHoi sikocti — morasi (IT)/poor (P), ski
xapakTepu3yioTees sk opyani (B)/dirty (D);

— 'V xnac (kateropis 7) BiAMOBIiZa€ BomaM
Jy’Ke ToraHoi sikocTi — myske morani (JIT)/very
poor (VP), 1o BigZHOCATHCS IO AyKe OpYIHHX
(1IBb)/very dirty (VD) [10].

OIiHIOBaHHA OTPUMAaHHUX PE3YJIbTaTiB
3MIHCHIOBANIOCS Yepe3 TPH3MY EKOCHCTEMHHX
MOCTYT 13 ypaxXyBaHHSM (YHKIIOHATBHOI PO
TIAPOXIMIYHMX TTOKA3HUKIB Y BOIHIM €KOCHCTEMI.
INokasHuKK  po3risAandcs K  IHJUKATOPH
€KOCHUCTEMHHUX TMPOIECIB, 10 3a0e3MeuyroTh
(opMyBaHHS BIAMNOBIAHMX TOCIyr, abo sK
YMHHUKH, 10 MOKYTh OOMEKYBAaTH iX peai-
3aiito. [Ipy 1bOMy HOPMATHBHI 3HAYCHHS
BiI0OpaXaroTh HAJICKHUH piBeHb (PYHKIIOHY-
BaHHS E€KOCHCTEMH, TOMi SK TX IEPEBHIICHHS
CBITYMTH TPO  TOPYUICHHS  EKOCHCTEMHHX
MPOIECiB 1 3HIKEHHS 3JaTHOCTI BOIOHMH
3a0e3MevyBaTH eKOCHCTEMHI TOCITYTH.

BimmoBitHICTE MiXK TiAPOXIMITHAMH ITOKAa3-
HUKaMH, CKOCUCTEMHHMH TPOIIECAMHU Ta THIIAMU
EKOCUCTEMHUX TIOCITYT HABEICHO B TaOM. 1.

PiBeHb 3a0e3MeueHHS EKOCHCTEMHHUX
MOCTYr BU3HAYABCS IIJISIXOM CIiBCTABICHHS
KJIaciB SIKOCTI BOJIM 3 Tpajialliero ix peanizarii:
Ki1ac — Bucokuii pisens (B)/high level (H), 1l —
noopuii  ([1)/good (G), Il — 3anoBinbHU
(3)/satisfactory (S), IV — mumspxwuii (H)/low (L),
V — nyxe uusbkuii (JTH)/very low (VL). Takwuii
MiAX1J  JI03BOJIIE IHTETPYBaTH pPE3yJbTaTH
TIIPOXIMIYHOTO aHami3y B OIIHKY (yHK-
[IOHAJIBLHOrO CTaHy BOJHOI €KOCHCTEMH Ta il
3J1aTHOCTI 3a0e3neuyBaTu €KOCHCTEMHI
TTOCITYTH.

Pe3ynomamu n0cnioicenns ma 062080peHHn

Pe3ynbTaTy OLiHIOBAHHS BiIIOBIIHOCTI I'i-
JIPOXIMIYHMX MOKA3HHKIB HOPMAaTHBHUM 3HAYCH-
HSIM K 0a30BOTO KPHUTEPiIO €KOJIOTIYHOIO CTaHy
BOZOMMH CBiT4aTh PO NEPEBAXKHY BiANOBIIHICTD

JIOCTIDKYBAaHUX TTapaMeTPiB BUMOTaM JI0 BOAHUX
00’€KTIB puOOTrOCIIONapChKOro MpU3HAYCHHSI.

Y 2025 poii KOHIEHTpAIii OCHOBHHX
0i0reHHHUX CIONYK TIepeOyBai B MeKax JI0ITycC-



ISSN 1992-4224 Jlropuna Ta nokimns. [Ipobaemu neoexonorii. 2026. Bunyck 45

i THIIAaM eKOCHCTEMHHX mocayr

and types of ecosystem services

Taoauns 1

BinnoBignicTh rigpoxiMiuHuX NOKa3HMKIB eKOCHCTEMHHM NpoLecaM

Table 1

Correspondence of hydrochemical indicators to ecosystem processes

Buiok Pe‘3y.m>TaT _ Tun ekocucTeMHOL Pouib MOKA3HIKA
/BIOCk HOK?3HHK BUMIPDIOBAHHSA Exocucremuui npouec mocayru /ROIe of the
/Indicator |/Measurement /Ecosystem process /Type of ecosystem indicator
result service
|| o seronero gemoypan | D -
/Chlorides 13,87 mr/nm /Formation of the salt /Provision /Water suitability
composition of water indicator
Cymdaru CipuaHnuii LMK, MiHepaiiza- | 3abesnedyBaibHi IHMKTO?HSKOCTI
Ic / gulfates 22 mr/mam® uis o /Provision | Water quality
/ Sulfur cycle, mineralization indicator
Cyxui 3a- 3 3aranbpHa MiHepaizanis 3abesnedyBanbHi IHHHKE(})IF})IECGT? pere!
751?;0rlésidue 230 mr/am / General mineralization /Provision / Resource value
indicator
Pozunnenuit . . . . .
KHCCHE 6,44 JuxaHus, OKUCHO-BINHOBHI | IlixTpumyBanbHi Inpuxarop Qynkmio-
IDissolved MrOo/ ~_mporecH / Supporting HYBaHHS
oxygen / Respiration, redox processes / Functioning indicator
Ximiyae
CIIOKWBAHHS OKHCHEHHS OpTraHivYHUX pe- InnukaTop opraniu-
KHCHIO 18,3 YOBHUH PerymnroBanpHi HOT'O HaBaHTAXEHHS
/ Chemical mrOz/nm® / Oxidation of organic / Regulating / Organic load
oxygen substances indicator
demand
BioxiMmiuHe po3kianaHHs Op- IHANKaTOpP IHTCHCHBHO-
BCK 5 2.9 MrOo/m TaHIK1 PerynroBanmpHi CTi CAMOOYHILEHHS
/BOD 5 ’ 2 / Biochemical decomposition / Regulating / Self-purification
of organic matter intensity indicator
A3oT amo- Mineparizamis OpraHiqvHo1 IHHHI;ESE g:f;(bOp-
HiltHAN 3 PEYOBHHHU PerynroBanmpHi "
Ir-c | /Ammonium 0.304 mr/av® | \tineralization of organic / Regulating tr::n';lfgr(;?:t?on
nitrogen matter indicator
IpomixHi cranii HiTprpika- THauKaTop mopy-
Hitputn 0,023 Mr/mv® it PerymtoBanbhi IICHHS TIPOLIECIB
INitrites ’ / Intermediate stages of / Regulating / Process disturbance
nitrification indicator
Inguxarop Tpodiu-
Hitpatu 0.4 M/ Kinnesa cranis Hitpudikanii |  PerymoBanbhi HOTO CTaHy
INitrates ’ / Final stage of nitrification / Regulating / Trophic state
indicator
dochopHuii 1Mk, TEpBUHHA
®docharun 0.032 Mr/® MPOJTYKILisS PerymoBanbhi  |[Haukarop eBTpodikariii
/Phosphates ’ A / Phosphorus cycle, primary / Regulating Eutrophication indicator
production
- 5 [lirpuMyBasbHi IH)_II/IK.aTop CcTaOUIBHO-
pH 74 I/ICJ'IOTI_—IO-J'Iy)KHI/II/I OanaHc / Supporting CT1 ce_penowma
’ / Acid-base balance / Environmental
stability indicator
S [HukaTop sikoCTi ce-
3amizo I'eoximiuni mpouecw, Hajxo- penoBHIa Ta 06Mexy-
It 3arajabHe 0.56 MF/,HM:; }I)KeHHf.{ 3 rpyHTlB o BaJ'II)H_I/II/I YHUHHHK
ITotal iron ’ / Geochemical processes, / Environmental

input from soils

quality indicator and
limiting factor
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MUX 3Ha4eHb: a30T aMoHiiHuH — 0,304 Mr/mm3, Hi-
tputh — 0,023 mr/mv3, HiTpatn — 0,4 Mr/om?, Tlo-
Ka3HUKHU KHCHEBOTO PEXXUMY TaKOXX BiIIOBIIaIN
HOPMAaTHBaM: BMICT PO3UMHEHOTO KUCHIO CTAHO-
BUB 6,44 Mr O2/nm3, 6i0XIMIYHE CIIOKHUBAHHS KH-
cao (bCKs) — 2,9 mr O./aM?, XiMiYHE CIIOXKH-
BanHs kucHio (XCK) — 18,3 mr Oz/nmv>.

3HayeHHS MOKa3HHUKIB COJIBOBOTO CKIAIY
3aIMILATINCS HU3bKUMHU Ta BIATIOBIAIM XapaKTe-
PHUM JUTs TIPICHHUX BOJT yMoBaMm: XJopuu — 13,87
Mr/am?, cyabhaty — 22 Mr/aM?, CyXuid 3aIHIIOK —
230 mr/nm?. Peaxiist cepenosuia Oynia OU3b-
Koro 10 HektpamsHoi (pH — 7,4). KonmenTpariis
¢docdaTiB TakoK HE MEpPEBUINYBaja HOPMATHB-
HUX 3Ha4YeHs i ctanosuia 0,032 mr/ove,

BomHouac BCTaHOBIGHO NEPEBUILECHHS
TPaHUYHO JOIMYCTHMOI KOHIIGHTpAIlii s 3aii3a
3arajibHOTO, BMICT sikoro y 2025 poui gocsras
0,56 mr/om?® (I'’IK — 0,1/cbon).

3arajoM OTpUMaHi pe3yibTaTd CBIAYATH
PO BIAMOBIHICTH OUIBIIOCTI TIAPOXIMIYHUX ITO-
Ka3HUKiB HOPMAaTHBHUM BHMOTaM, 32 BHHSTKOM
OKpeMUX CTIeIF(PiTHNX KOMITOHEHTIB, 1110 TIOTpe-
OYIOTH MOJATBIIIOTO aHANI3y Ta BpaxXyBaHHS MPU
OLIIHIII €KOJIOTIYHOTO CTaHy BOJIOMMHU.

st mpoBeIeHHS OPiIEHTOBHOI €KOJIOTIHHOT
OIIIHKY pa30Bi 3HAYEHHS OKPEMUX TiJPOXiMITHUX
TIOKAa3HHUKIB TOPIBHIOKOTH 13 BiJIMOBIIHUMHU KpPH-
Tepisimu sikocTi Bozu [10]. BusHaueHi kinacw, Ka-
TEropii sIKOCTi BO/IM Ta PiBEeHb 3a0e3MeUEeHHSI €KO-
CHUCTEMHHX TIOCITYT pUOOTOCTIONAPCHKOT BOJIOHMH
HaBeJIeHO B TaolI. 2.

Pe3ynpraT OLIHIOBaHHS SKOCTI BOAM
pHOOTOCIIOAPCHKOT  TEXHOJIOTIYHOI  BOJIOWMH
3a eKOJIOT1YHOI0 Kiacu(iKalie cBig4aTh Mpo
HEOJTHOPIAHHIA PiBEHb ii €KOJOTIYHOTO CTaHy B
MeXaxX OKpeMHX (YHKIIOHAIEHUX OJIOKiB, IO
Oe3nocepeIHbO BiIOOPaKAEThCS Ha PIBHI 3a-
Oe3nedeHHs! eKOCUCTEMHHX TTOCIYT.

[Toka3HUKH COJILOBOTO CKJIAJy BOJIU Xa-
PaKTEepU3YIOTHCS TIEPEBAKHO 3aI0BIIHHUM PiB-
HEM SIKOCTi. 30KpeMa, KOHIEHTpAIlii XJIOPHIiB
Ta cynbdariB Bixnosigarots Il kmacy skocTi
BOJI, 110 CBIAYUTH PO IOMIpHUH piBEHb MiHe-
pautizanii Ta 3aI0BUTLHUI CTaH BOJHOTO cepe
nosuia. Ile oOymoBiIIOE 3a/IOBITBHUN pPiBEHBb
3a0e3neueHHs 3a0e3MeuyBaIbHUX E€KOCHUCTEM-
HUX TIOCTYT, TMOB A3aHMX 13 BHKOPHUCTAHHAM
BOJIH SIK pecypcy.

BoaHouac noka3HUK CyXOro 3aUILIKY Bi-
nnosigae Il kmacy SKOCTi, IO XapakTepusye
BOJy SIK BIJIHOCHO YHCTY 3a CTyIIEHEM MiHepa-
mizanii Ta 3a0e3neuye 1oOpuil piBeHb peanizamnii
3a0e3neuyBajbHUX TOCIYT. Taka pi3HOCIIPSIMO-
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BaHICTh TIOKAa3HHKIB CBIIYUTH MPO 3arajiom
CIPUATIINBI, ajie HEOAHOPITHI yMOBU (OpMY-
BaHHS COJILOBOTO CKIIaTy BOJIH.

BriokoBuii 1HIEKC COJBOBOTO CKIIAay
Boau (Ic) cranoButs 3,87, 1110 BiAMOBinae nepe-
XigHIA cyOKaTeropii MK TPEThOIO Ta YeTBEp-
TOIO0 KaTeropisMH sSKOCTI Boad. Lle CBigumThH
PO MEPEBAXHO 3aJ0BUTLHUN CTaH BOJAHOTO Ce-
pElOBHIIA 3 TEHJCHINIEI0 JO MOKpAIIECHHS JI0
nmo0poro piBHA. 3a CTyIIeHEM YHCTOTH BOJIA Xa-
PaKkTepHU3yETHCS TEPEX00M BiJ c1abKo 3a0py-
IHEHOI 40 JOCUTH YHCTOI, [II0 BU3HAYAE 3a10B1-
JTHHUHA piBeHH 3a0e3MedeHHs 3a0e3evyBab-
HUX €KOCHUCTEMHHX IOCIYT, TIOB’SI3aHHX 13 pe-
CYPCHOIO MPUAATHICTIO BOAH JJisi pUOOTOCIIO-
JApCHKOTO BUKOPUCTAHHSI.

[lo crocyeThest Tpodo-campobionoria-
HOTO OJIOKY, TO OIIiHKa MMOKAa3HHKIB, SKi Xapak-
TEpPU3YIOTh 010r€OoXiMiuHI MPOIECH, CBITYUTH
PO 3arajioM 3aJI0BITLHHI CTaH BOJHOT €KOCHC-
TEMH 3 OKPEMHMH O3HAKaMH IiJIBUILEHOTO Op-
raHIYHOrO0 HaBaHTAKCHHSL.

[Toka3HUKKM KUCHEBOrO PEKUMY JIEMOH-
CTPYIOTh CTaOTbHHUN, aie HE ONTHMAIbHUN
cTaH: po3uuHeHuii kuceHb Ta BCKs Biamosina-
10716 Il Kitacy sKoCTi, 10 BKa3ye Ha 3aI0BLIb-
HUW PiBeHP MIATPUMYBAIBHUX 1 PETYIOBAIb-
HHUX eKocucTeMHUX nociyr. Bornoyac XCK Bi-
nnosinae Il kiacy, 1o cBiIYUTH Ipo 100py 371a-
THICTh €KOCUCTEMH 70 OKUCHEHHS OpTraHiYHUX
PEYOBHH.

CraH a30THOTO LUKJIY € BIJIHOCHO CTa0i-
JTHHUM: KOHIICHTpAIlii aMOHIHHOTO a30TY 1 HiT-
putiB Bignosinatots II knacy skocTi, mo BKa-
3y€ Ha 33/I0BUILHUI piBEHb TpaHCHOpMAIiITHIX
MIPOIIECiB, TOMAL K HITpaTH BimHOCATHCS 10 11
KJIacy, IO CBIMYUTH MPO ePEKTHBHE 3aBep-
HICHHS MpoIieciB HiTpU]iKarii.

Konnenrpartist pochatiB TakoxK BiAMOBI-
nae Il knacy sikocTi, o BKa3ye Ha q00puit pi-
BEHb PETYIIOBATBHUAX IMOCITYT Ta BiACYTHICTH
BUPaXEHHUX 03HaK eBTpodikarii. 3uayenHs pH
BiamoBigae | kimacy SKOCTi, 110 CBIAYUTH PO
BHCOKHI piBEHb CTa0UILHOCTI CepellOBHIIA Ta
ONTUMAJIbHI YMOBH JIJISl ICHYBaHHS TiJ{po0ioH-
TiB. Y IIJIOMYy TOKa3HUKHU LLOTO OJIOKY BiJO-
OpaxaroTh 33J0BUTLHUI PiBeHb peaizallii mija-
TPUMYBAJIBHHUX 1 PETYNIOBAILHUX EKOCHCTEM-
HUX TIOCITYT, i3 JIOKaJHbHIUMHU O3HAKaAMU IOKpa-
LICHHS] OKPEMHUX MPOIIECiB.

bnokouii inaekc Tpodo-canpobiomnoriy-
HUX nokasHukiB (IT-c) craHoBUTH 3,68, 110 Bij-
MOBIJIA€ TMEPEXiTHOMY TMOJOXKEHHIO MK Tpe-
THOIO T YETBEPTOIO KATErOPIsIMK SKOCTI BOJIH.
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Tadauus 2

Kaacu, kaTeropii sskocTi Boau Ta piBeHb 3a0e3meYeHHs] €KOCHCTEMHHX MOCJIYT
pudorocnogapcbkoi Bogoiimu, 2025 p.

Table 2
Water quality classes, categories, and the level of ecosystem service provision
in a fishery water body, 2025
. . Ha3pa kuaciB
Kareropis Ha3ssa kiacis . .
. . . 1 KaTeropii .
AKOCT1 K 1 KaTeropim . PiBennb
Jjac o AKOCTI BOJ 3a
Pesyabrar Boau/ YTo- . | fAIKocTi BOJ 3a . 3a0e3nmevyeHHs
. AKOCT1 .. CTYHIeHEM IX
BHUMIPIO- YHEHa Ka- 1X CTAaHOM C€KOCHUCTEM~-
Baok | Moxasuuk BaHHS Teropis / BOMM 1/ Name of wa- ueroT HUX MOCJIYT
{3Iock I Indicator /Measurement Water /\ﬁ/;ltiir ter quality / I:l;meugri}/va- / Level of
result quality cat- qclassy classes and cIasges an)é provision of
egory/ Re- categories by cateqories b ecosystem
fined cate- their condi- thei% degreg services
gory tion of purity
Xnopunu 3 3/3/ 36/C3/
IChlorides 13,87 mr/mm 4/4,32 111 /S Pol/SP 3/S
Cynbdatu 3 3/Ic/ 36/113/
le | /Sulfates 22 ur/mm o1 - SIM Pol/MP 315
Cyxwuii 3anu-
LI0K 230 mr/am® 22,2 11 I[G//{[/IC[E/ Ié/;é/ /G
/Dry residue
Po3unnenuit
KHCEHb 3 3/3/ 36/C3/
IDissolved 6,44 MrO2/nm 4/4,38 III S/S PoI/SP 3/S
oxygen
Ximiuge
CIIOKMBaHHSA
KHCHIO 3 a/a/ q/14/
/Chemical 18,3 MmrOz/nm 3/3,26 II G/G CIEC /G
oxygen
demand
BCK 5 3 3/3/ 36/C3/
/BOD 5 2,9 MrO2/am 4/4,39 11 S/S Pol/SP 3/S
IT-¢ "Asor  amo-
HilHU# 3 3/3/ 36/C3/
/Ammonium 0,304 mr/mm 414 1 SIS Pol/SP 315
nitrogen
Hitpuru 3 3/c/ 36/113/
Nitrites 0,023 mr/mm 5/5,07 11 S/M Pol/MP 3/S
HitpaTu 3 o/l q/14/
/ Nitrates 0,4 Mr/am 33,47 Il GIG C/FC VG
docharu 3 a/al q/14/
Phosphates 0,032 mr/mm 3/3,05 I G/G CIEC /G
pH 7,4 1/1,83 1 oy v B/H
3ai3o 3ara-
It JIbHE 0,56 mr/mm® 5/5,12 111 38/}_['\2/ s 6{}1,\/% 3/S
/Total iron °

Hpumimka/Note: SIkicTh Boa 3a ix cranoM Ta uncroTa/ water quality & degree of purity:
I - Bigminni (B)/excellent (E), mysxe wucri (JxY)/very clean (VC);
II - mayxe no6pi (J1)/very good (VG); no6pi (J])/good (G), urcri (H)/clean (C) , nocurs uncti (J{U)/fairly clean (FC);

IIT — 3anoBineHi (3)/satisfactory (S); nocepenni (ITc)/moderate (M); cnabko 3adpyanenum (C3)/slightly polluted (SP), momipuo
3a6pyaHernM ([13)/moderately polluted (MP) Bomam;
IV — norawi (IT)/poor (P), 6pyasi (B)/dirty (D); V — my»xe morani (ZIIT)/very poor (VP), nyxe 6pyarunx (IB)/very dirty (VD)
PiBenn 3a0e3mevyenns exocucremuux mocayr / Level of provision of ecosystem services:

| — Bucokwuii pisens (B)/high level (H), 11 — no6pwuii ({)/good (G), 111 — 3anosinsauii (3)/satisfactory (S),

IV — nmsbkuii (H)/low (L), V — nysxe ausbkuii (JH)/very low (VL).
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OTtpumane 3Ha4YeHHS BioOpaxkae 3a10BUTLHHIN
CTaH BOJHOI €KOCHCTEMH 3 eJIeMeHTaMH H00-
poro (QyHKIIOHYBaHHS OKpEeMHX MpoleciB. 3a
CTyTIEHEM YHCTOTH BOJIa Bapiro€ BiJl CIa0KO 3a-
OpymHEHO{ 10 JOCUTH YHCTOI, IO CBIAYUTH IIPO
3aIOBUTHPHHAN PiBEHB pealizamii miATpIMyBaib-
HHX 1 peTyJIIOBaJbHUX €KOCHCTEMHHUX IOCIYT,
30KpeMa MPOIIECiB CAMOOYHINEHHS Ta 0i0TeoXi-
MIYHHX TpaHC(HOpPMAITii.

HocmimkeHHs: TOKa3HUKa OJIOKY CHemH-
(iYyHMX PEUOBHH, MOKa3ye, IO KOHLEHTPALis
3ami3a 3aranbHoro Bignosigae Il kmacy sikocti
BOJIY, 110 CBIYUTH NPO 3aJ0BLILHUIMA, ane 00-
MEKEHHUH CTaH BOJHOTO CEpeAOBUILA. 3 OTIIALY
Ha Te, 0 3aJ130 € MOKa3HUKOM SIKOCTi cepelio-
BHUII[a, WOTO IMiJIBUIICHUNA BMICT MOXE BHCTY-
NaTH YUHHUKOM, SKHH 0OMexye eeKTUBHICTh
peatizanii eKOCHCTEMHHX MOCIYT, 30KpeMa ue-
pe3 MOTeHIIHHWH BIUIMB Ha (i31010T19HIH CTaH
riapoOiOHTIB Ta IPO30PICTH BOIH.

TakuM 4UHOM, PE3yJIBTaTH €KOJIOT19HOT
OIIIHKH CBiT4aTh, IO pUOOTOCIIOAPCHKA BO
noiima xapakrtepusyerbea mnepeBakHo [I-III
KJIAaCaMH¥ SIKOCTi BOJI, IO BiAIIOBiIae J0OpoOMy
Ta 33J0BUTHHOMY PiBHSAM €KOJIOTIYHOTO CTaHY.
3HaueHHs OJOKOBUX 1HJIEKCIB MiJITBEP/KYIOThH
NepexiJHUN XapaKkTep SKOCTi BOJHOTO cepeo

BHIIA — BiJ] 33I0BUIBHOTO JI0 T0OOPOTO, M0 BiJIO
Opaxae BIIHOCHY CTa0UIBHICTh TiAPOXIMIYHOTO
PEKUMY 3a HASIBHOCTI OKPEMHX 03HAK aHTPOIIO-
T€HHOTO BIUIUBY.

ConpoBuii ckaa Boau GopMye 3a10B1ITb-
HUN piBeHb 3a0e3redeHHs 3a0e3nedyBallbHUX
€KOCHCTEMHHUX TIOCIHIYT, MO0 CBIAYUTH TpO 30e-
PEeXEHHsI pecypCcHOI IPUIATHOCTI BOIY VIS PU-
0orocrnonapcbKoro BHKOPHUCTaHHS. BomHodac
MMOKa3HUKH Tpo(do-campobiooriqHOT0 OIIOKY
BiI0OpakaloTh 33/I0BUILHUIA PiBeHb peatizamii
MiATPUMYBATBHUX 1 PETYIIOBAIbHUX €KOCHCTE-
MHHUX TMOCIYT, 30KpeMa MpoIeciB caMOOYH-
LIeHHS, 010re0XiMiYHOTO KPyroo0iry pedoBHH
Ta MiATPUMAHHS CIIPUSTINBUX YMOB iCHYBaHHS
riapoOioHTiB. Pa3oM i3 TUM, HasBHICTh IiJIBH-
IIEHUX KOHIICHTpAIlii OKPEMHX KOMIIOHECHTIB,
30KpeMa 3aii3a 3arajbHoOro, CBIIYUTH PO JIO-
KallbHI OOMEXEHHS SKOCTI BOJHOTO CEpelo-
BHIIA, SKi MOXYTh BIUIMBAaTH Ha €()EKTHBHICTH
peaizarii eKOCHCTEMHHX TTOCITYT.

PuGorocronapchka TEXHOJNOTIYHA BO-
noiiMa (QYHKITIOHYE SIK BITHOCHO CTa0iJIbHA BO-
JTHa €KOCHCTEMa 3 IepeBa KHO 3a0BITBHIM Pi-
BHEM €KOJIOTIYHOTO CTaHy Ta 3a0e3ledeHHs
€KOCHCTEeMHHUX TOCIHYT, IO AO03BOJISIE MiATPH-
MyBaTH ii pudoroc nogapcbke BUKOPUCTAHHS

1. BOJIA 2. NOKA3HHKH | 3, EKOCHCTEMHI 4. EKOCHCTEMHI i 5
> AKOCTI BOJAM ‘ MPOLLECH MNOoCiayru S BlLKOPH(’I'.Ml e g
(riapanorhwst ywosn) (riapoxisivi ((pywxuionysanms (matecox y AolpaliyT vommm)
nApANCTRN) | €EXOCHCTCMK) TLarpusysansid pocaymm
- Piners soam - Poxamesit wcers (0,) | - Kneremell peaon - Nisrpuna i s - PuGonpoayxremicns.
- Iporowicrs, - BCK, | | Syem—- Ao oot (yposaitmicrs)
ponoolmin XCK - Tpancdopmanis opramivmol g
= L e — Peryammaiiil nociymn o Bt e
- Tesneparypa noas -~ Asor aseontitmit (NH,*) | -0 N "
pancaa) ENOONRINEINS DO - Exomonsain ofesmmsicn,
- Hporopicm. - Hirpwrmn (NO, ) Bloreaxisdane xpyrooSis - POryIomanim oo craty
g : ) - Bloreaxisdani xpyr (0, €Oy - Crillmicr, PO
« FNiaposoriandi - Hirpamu (NO, ") (C.N. P, Ferain) - Kgryroolin Giorcsmn eresesrin mmm;‘uﬁxou 3
peaan (cesoumictn, - @ocdarn (PO™) I — - Perymosames MixposaiMaTy
onam) = Cornomit o | (lroszasscron, sespoding Zabemesynaumui nocryrm
(sinepani sanin) S Cosioramiin e Pecyposa npevsrredens. soss
. Tant . - A porlinsing
Jasiw mraasee (Fe) (macopGuin, mﬂllﬁl - Blonpoxyxitis (puba, mopsosd Gaa)
- pH, aymuicn Gloserpaauin) - Bowd pecypen aam
TOCHIOARPERKHX BoTPel
¥ i . ¥ i
' ' ' ' '
' ' ' ' '
| | A | '
' ) ' '
' ' AHTPOITOI'EHHUIM BILINB ! '
e daas (npamuii i onOCEPEAKOBAHMEA) L obec e ————

- 3abpynenns

- lNopinan, suecenns nobpun
- Texnonoriuui onepauil B aKBaKYJILTYPI
- Knimarsani sminn

Puc. 1 — KonnenryaisHa MOJIebh B3aEMO3B’ SI3KY SIKOCTiI BOJIH, EKOCHUCTEMHHUX TIPOIIECIB T EKOCUCTEMHUX

TOCITYT y pUOOTOCIIONaPCHKiN BOAOHMI

Fig. 1 — Conceptual model of the relationship between water quality, ecosystem processes, and ecosystem

services in a fishery water body
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33 YMOBH MOAANIBIIOr0 KOHTPOITIO T1POXiMIYHHX
MOKa3HUKIB. J{s BimOOpaKeHHsT B3a€MO3B’SI3KY
MDK TIIPOXIMIYHAMH TTOKa3HUKAMH, CKOCHCTEM-
HHMMH TPOILIECAMH Ta EKOCHCTEMHUMH MOCITYTaMU
y puborocrnofapchKii BOIOWMI 3amporoHOBaHO
KOHIIETITYyaITbHY MOJIeTh (prc. 1), 1o Biqobpaxkae
TIOCITIIOBHICTD ()OPMYBaHHS €KOJIOTIIHOTO CTaHy
BOJTHOTO 00’ €KTAa — BiJ[ T1IPOJIOTIYHUX YMOB 1 I10-
Ka3HHKIB SIKOCTI BOJM 0 €KOCHCTEMHHX TIpOIIe-
CiB, ITI0 BU3HAYAIOTH PIBEHb pearizallii eKOCHCTe-
MHHUX TOCIYT Ta e(eKTHBHICTh prOOrocrmonap-
CHKOTO BUKOPHCTAHHSI.

3anpornoHoBaHa MOJIENb JAEMOHCTPYE,
10 T1IPOXiIMiYHI TOKa3HUKH BUCTYIAIOTh KITIO-
YOBHUMHU iHILPIKaTOpaMI/I CKOCHUCTCMHUX ITPOLIC-
CiB, 30KpeMa KHCHEBOTO PEXXUMY, TpaHCHOopMa-
11ii O10TE€HHUX EJIEMEHTIB 1 MPOIECiB CaMOOYH-

IIeHHS. [HTEHCUBHICTH IMX MPOLECiB Oe3moce-
penHBO BU3HAYa€ piBEeHb peanizawii migTpuMy-
BaJIbHUX, PETYIIOBATHHIX 1 3a0€3meuyBabHIX
€KOCHCTEeMHUX MociyT. BogHodac aHTpomnoren-
HUH BIUTMB (TOCIONAPChKa MisIbHICTh, HAIXO-
JOKeHHS 3a0pyIHIOIOYUX PEYOBHH, TEXHOJOTI-
YHi omeparlii B akBaKyJIbTypPi) MOXe 3MIHIOBaTH
riApOXiMiYHI TapaMeTpy BOAHM, IO IPU3BOJUTH
JI0 TIOPYIICHHS €KOCHCTEMHHX TPOIECIB 1 3HU-
KEHHS €()EeKTUBHOCTI €KOCHCTEMHHUX MOCIYT.
TaxkuM 4UHOM, SIKICTh BOJU € BU3HAYAIIb-
HUM YMHHUKOM (YHKLIOHYBaHHS puOOTOCIIO-
JapChKOi EKOCHCTEMH, OCKIJIBKH Yepe3 CYKyI-
HICTh B32€MOIIOB’SI3aHHUX IIPOIECIB BOHA BILIH-
Ba€ Ha OlOMPOIYKTHBHICTD, SIKICTh pUOHOT TIPO-
IyKIii Ta 3arainpHy e(eKTUBHICTH pHOOTOCITO-
JapCHKOTO BUKOPUCTAHHS BOJIOMMH.

Bucnoexu

3aCcTOCOBAaHO KOMIUIEKCHMI MIiAXIA OO
OI[IHIOBAHHS SKOCTI BOAM, SIKMH mepembadae
BpaxyBaHHS HE JIUIIE TiIAPOXIMIYHHX ITOKa3HH-
KiB, a i 34aTHOCTI BOJHOI €KOCHCTEMH 3a0e311e-
qyBaTH €KOCHCTEeMHI mociyrd. [impoximiusi
MOKa3HUKH PO3TIBIHYTO K 1HIUKATOPH SKOCHUC-
TEMHHX IPOIIECIiB, 30KpeMa CaMOOYHIIICHHS, Oi-
OT€OXIMIYHOTO KPYrooOiry pedoBHH i1 MATPH-
MaHHS YMOB iCHYBaHHS TilIpoOiOHTIB, IO JI0-
3BOJISIE OLJIBII TIOBHO OXapaKTepU3yBaTh QyHK-
[{IOHANBHUI CTaH PUOOTrOCIOIAPCHKUX BOJOHM.

OTpumaHi pe3ynbTaTH MiATBEPIKYIOTb,
110 €KOJIOT1YHHI CTaH BOJIOWMH Oe31ocepeTHbO
BH3HAYA€ PiBEHb pealtizallii 3a0e3neTyBaIbHUX,
pEryIIOBAILHUX 1 MIATPUMYBaJIbHAX €KOCHCTE-
MHUX niocyr. [Ipu oMy HaBiTH He3HAYHI Bifl-
XUJICHHS OKPEMHX MOKA3HUKIB MOXYTh BUCTY-
MaTH YUHHUKAMH, 110 OOMEXYIOTh €(eKTHB-
HICTh (PYHKITIOHYBaHHS €KOCHCTEMH, IO 0CO0-
JIMBO BXKJIMBO BPAaXOBYBaTH B yMOBaX puOoro-
CIIOJIAPCHKOT0 BUKOPUCTAHHS BOJTHUX 00’ €KTIB.

3acTocyBaHHS OJIOKOBOTO ITAXOMY IO
aHaJi3y TIIPOXIMIYHMX TOKa3HUKIB Yy TOEM-
HaHHI 3 EKOJIOTIYHOI KJacH(iKalielo SKOCTi
BOAM JO3BOJIJIO KOMIUIEKCHO OXapaKTepHU3y-
BaTH CTaH BOJAOWMHU, BUSBUTH SIK 3arallbHi 3aK0-
HOMIpHOCTI 11 ()yHKIIOHYBaHHS, TaK 1 OKpemi
YUHHUKH, TI0 MOTPEeOYyIOTh KOHTpOJo. Takwii
MIXIJT € 3pyYHUM IS IPAKTHYHOTO BHKOPHC-
TaHHS, OCKUJTBKY 320€3IeTye MOXKIIUBICTh 1HTe-
prpeTarii pe3yJibTariB He JHIIe 3 TO3UIIIH KO-
CT1 BOJH, a i uepe3 iX 3HaueHHS sl PYHKITiO-
HyBaHHS €KOCHUCTEMH.

VY ninomy 3anpornoHoBaHa METOUKA OLTi-
HIOBaHHS MOX¢e OyTH BUKOpHCTaHa SIK 1HCTPY-
MEHT JIJISl BAOCKOHAJICHHS YITPaBIIiHHS PrOOTro-
CTHOAAPCHKMUMU BOJHHMH 00’ €KTaMH, 30KpeMa
JUTSI CBOEYACHOTO BUSIBJICHHS! TOTEHIIIMHUX €KO-
JIOTIYHUX PHU3HKIB, OOTPYHTYBaHHS IPHUPOI00-
XOPOHHHUX 3aXOMiB 1 MATPUMAHHS CTAIOro Qy-
HKITIOHYBaHHS BOJHUX €KOCHUCTEM.

Kondgpnixm inmepecie

ABTOpH 3asBISIOTH, 10 KOHQUIIKTY 1HTEPECIB 1010 MyOuiKaIlii boro pykonucy Hemae. Kpim
TOTO, aBTOPH TMOBHICTIO JIOTPUMYBAJIMCh €TUYHUX HOPM, BKJIFOUYAFOUH TUIATIAT, (pabchdikaiito TaHuX

Ta HOJBIHHY MyOTiKaIlio.

Bnecox asmopis: Bci aBTOpY 3p0OUIIM PIBHUI BHECOK Y 1110 POOOTY.

eknapayia npo euxopucmannsa I

B po06oTi HE BUKOPHCTaHO pecypc MTYYHOTO IHTENEKTY.

Cnucox euxkopucmanoi rimepamypu
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ECOLOGICAL STATUS ASSESSMENT OF FISHERY WATER BODIES IN RELATION
TO ECOSYSTEM SERVICE PROVISION

Purpose. To assess the ecological status of fishery water bodies in the context of ecosystem service
provision based on the analysis of key hydrochemical indicators and determination of their influence on the
functioning of aquatic ecosystems.

Methods. Analytical, computational, and comparative methods, hydrochemical analysis, and ecological
classification methods for assessing water quality in fishery water bodies.

Results. The ecological status of a fishery technological water body was assessed in the context of
ecosystem service provision based on the analysis of key hydrochemical indicators. It was found that most of the
studied parameters correspond to water quality classes 11111, indicating an overall good to satisfactory condition
of the aquatic environment. Supporting ecosystem services are realized at high and satisfactory levels due to the
stability of the acid—base regime and adequate oxygen conditions. Regulating services related to self-purification
processes and nutrient cycling are predominantly provided at a satisfactory level, reflecting a moderate level of
organic loading. Provisioning ecosystem services are also characterized by a satisfactory level, indicating the
preservation of water suitability for fishery use. At the same time, certain deviations were identified, particularly
elevated concentrations of total iron, which may affect the functioning of the aquatic ecosystem. The generalization
of results based on block indices revealed a transitional character of water quality between good and satisfactory
conditions.

Conclusions. Assessing the ecological status of fishery water bodies through the lens of ecosystem services
enables the integration of water quality characteristics with the analysis of ecosystem functioning. The ecological
status directly determines the effectiveness of supporting, regulating, and provisioning ecosystem services, while
certain hydrochemical indicators may act as limiting factors for their full realization. The proposed approach
provides an opportunity for a more comprehensive assessment of fishery water bodies and can be used to improve
monitoring systems and water resource management based on the ecosystem approach and principles of
sustainable development.

KEYWORDS: ecological status, water quality, fishery water bodies, ecosystem services, sustainable
development
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OILIIHKA EKOJIOT'O-TYPUCTUYHOI'O IOTEHLIAJIY XAPKIBCHKOI OBJIACTI
B YMOBAX BE3IIEKOBO-EKOJIOI'TYHUX PU3UKIB BOEHHOI'O YACY

Meta. KOMIUIEKCHO OIIIHUTH €KOJIOTO-TYPUCTHYHHUH MOTEHIIia)l XapKiBChKOI 001acTi HA OCHOBI aKTyalb-
HOTO aJMiHICTPaTUBHO-TEPUTOPIAIFHOTO YCTPOIO, CTPYKTYPH NPHUPOIHO-3aII0BiIHOTO (OHIY Ta OE31EKOBO-EKO-
JOTIYHNX OOMEXEHb BOEHHOTO Hacy.

Metoan. Ananiz oiliiiHNX eKONOTIYHUX 1 HOPMAaTHBHUX JDKEpe, KapTorpadiuHe y3arajabHeHHs, HOPMO-
BaHa OaJibHA OIIHKA, EKCIIEPTHE PaH)KyBaHHS YMHHMKIB, KJlacTepu3allia PUPOAHO-PEKpealliiHuX TepUTopiil Ta
SWOT-ananis.

PesyabTaTn. XapkiBchbka 00acTh Ma€e 3HAUHUN PECypCHUIT MOTEHIal Uil PO3BUTKY €KOJIOTTYHOTO, i-
3HaBAJILHOTO, HAYKOBOT'O Ta PEKpealifHOro Typu3My, 3yMOBIICHHUH MO€THAHHSM JIICOCTENOBHUX 1 CTEMOBUX €KOCH-
cteM, piukoBux gonuH CiBepcrkoro Jins, Ockomy, Y, Xapkosa Ta JlomaHi, JiCOBHX MAaCHBIB, BOJZHO-OOJIOTHUX
YTigb 1 IeHaponoTiyHnx 00’ e€kTiB. OUiHIOBaHHS BUKOHAHO 332 YOTHPMA TPyIaMH KPUTEPiiB: IPUPOIHO-EKOJIOTid-
HUH ToTeHian, iHppacTpyKTypHE 3a0e3edeHHs, TPaHCIIOPTHO-iHPOpMaLliifHa JOCTYIHICTh 1 O€3MeKOBa TOCTY-
MHICTE. J{1s yCyHEeHHs Cy0’ €KTHBHOCTI pO3paxyHKIB 3aIpOIIOHOBAHO (OpPMali30BaHUHN iHTETpalbHUM iHACKC i3
(hikcoBaHMMU BaraMH KOMITOHEHTIB i mKkajoto 0-10 6amiB. BuninaeHo 1’ SITh €KOJIOTO-TYPUCTHYHUX KiIacTepis: ['o-
Minpmianckko-CiBepcpkooHenpkuil, Crno00xkaHChK0-KpacHOKYTCEKHI — IEHAPOIOTIYHO-TIPUPOI00XOPOHHHIIA,
[Meuenizpko-CrapocantiBcbkuii, Kyn’siHcbko-/{BopiuaHcbko-BopiBehkuid 1 XapKiBCbKUI NPUMICBKHUI Jticomap-
KOBO-pekpeauiiinnii. HaliBummii ehekTHBHO peasi3oBaHui MOTEHIIAN MalOTh XapKiBCbKUN puMickkuii Ta ['omi-
nbiIancbko-CiBepChbKOIOHEIbKHI KilacTepH, Toi sk Ky’ siHcbko-/{BopiuaHcbko-BopiBehKHii KilacTep XxapakTe-
PH3YETHCSI BUCOKOIO PUPOJHOIO LIIHHICTIO, aJle KPUTUYHO HU3bKOIO OE3IIEKOBOIO JIOCTYITHICTIO.

BucnoBku. [lepcriekTHBY pO3BUTKY €KOTYpHU3MY B XapKiBChbKili 00J1acTi BU3HAYAIOTHCS HE JIUILE PECypC-
HOIO TIPUBAOIIMBICTIO, a il piBHEM €KOJIOTIuHOI peabinitanii, po3MiHyBaHHs, BIIIHOBJIECHHS iIHPPaCTPyKTypH, Liud-
poBoro iH(GOopMyBaHHS Ta IHTETpaLlil TEPUTOPIATEHUX IPOMAJL Y MICIIBOEHHY MOJIENb CTAJIOTO IPHUPOIOKOPHCTY-
BaHHSI.

KJIFOYOBI CJIOBA: exonozciunui mypusm, Xapkiscvka 001acme, npupoOHO-3anosionuil (poro, besne-
KOBUTL PU3UK, CIATUTL PO3BUMOK, €KOI020-MYPUCIMUYHUL Kacep

Sk muryBatu: CucoeBa C. 1. OmuiHka €K0J0ro-TypUCTHYHOTO MOTeHIialy XapKiBChbKoi 00J1acTi B yMOBax
0€3MeKOBO-CKOJIOTIYHUX PU3KKIB BOEHHOTO Yacy. Jlioouna ma doskinis. IIpobrnemu neoexonozii. 2026. Burl. 45.
C. 67-78. https://doi.org/10.26565/1992-4224-2026-45-06

In cites: Sysoieva, S. I. (2026}. Assessment of the ecological and tourism potential of Kharkiv region under
wartime safety and environmental risks. Man and Environment. Issues of Neoecology, (45), 67-78.
https://doi.org/10.26565/1992-4224-2026-45-06 (in Ukrainian)

Bcmyn

Exonoriunuii Typu3M po3risiiacTbes sIK TEPUTOPISIMU, OCOOJIMBO B PETiOHAX 13 BHCOKOIO
(dbopma MpUPOJI0OPIEHTOBAHOTO BHKOPUCTAHHS KOHIICHTpAIi€l0 00’€KTiB TPUPOTHO-3aIOBII-
TEPUTOPIH, 10 MOEJHYE peKpealiifHi norpedu Horo (OHAY Ta YyTIMBHX ekocucTeM [1, 2].
HaCeJICHHS, EKOJIOT1UHY OCBITY, MATPUMKY Mi- Hnst YkpaiHu po3BUTOK €KOTYpU3MY Ma€e
CIIeBHX IpoMaj 1 30epeskeHHs 010pi3HOMAHITTSL. MoJIBif{HE 3HaUEHHSA. 3 OJTHOTO OOKY, BiH CIIMpa-
VY cyuacHHMX yMOBax BiH HaOyBa€ 3HAuCHHS HE €TbCS Ha 3HAYHUHA TPUPOJTHO-pEKpeartiiHui
JIMILE K CETMEHT TYPUCTHYHOTO PUHKY, a U K MOTEHII1aJl, pI3HOMaHITHICTh JaHAmAaTIB 1 Me-
IHCTPYMEHT CTAJIOTO YIPABIIHHS TPUPOTHUMHU PEXy 3aMoBiIHUX TepHUTOpii. 3 iHIIOro OOKY,

© Cucoesa C. 1., 2026
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TEPUTOPIN CTAJO 3aJCKHUM BiJl OC3MEKOBHUX,
MiHHHMX, €KOJIOTIYHUX Ta 1H(QPACTPYKTYpHHUX
obmexenb [3-5]. Tomy TpaawuiiiHa OIliHKa Ty-
PUCTUYHOTO TOTEHIiaNy, $Ka IPYHTYETHCS
JIMIIE HAa HAasiBHOCTI MPUPOJHUX PECYPCiB, yKe
HE € JOCTaTHHOIO.

XapkiBcbka 00J1aCTh € TIOKa30BUM PETi0-
HOM JIJISl TAKOTO TUITY JOCHimkeHHs. BoHa po3-
TaIIOBaHA y MEXKaxX JICOCTETOBOI Ta CTEIIOBOI
MPUPOTHUX 30H, Ma€ PO3BUHEHY Timporpadi-
YHY MEpEeXy, 3Ha4yHi JIICOBI MacHBH, HallioHa-
JIbHI MPUPOJHI MAPKH, perioHanbHi JaHmad-
THI TapKW, 3aKa3HUKH, ICHAPOJIOTIYHI # ca-
JIOBO-TIapKOBi 00’ekTH. BogHouac obnacts 3a-
3HaJa iICTOTHOTO BIUIWBY OOMOBHX Jili, OKymamii
OKpPEeMHX TEPHUTOPii, MiHyBaHHS, pyHHYBaHHS
1H(PACTPYKTYpH Ta MOMIKOPKEHHS TTPUPOTHIX
KOMILIEKCIB [3, 6].

HasBHi mocmimxeHHsT pO3BUTKY €KOJIOTi-
YHOTO TYpH3My B YKpaiHi MepeBaKHO PO3KpH-
BAafOTh 3arajbHi IepeyMOBH, POOIEMH Ta Tie-
pcriekTuBM 11010 Hanpsmy [7-10]. OnHak nus
XapKiBcbKOi 00NacTi 3aJIMINAETHCS HEAOCTaT-
HBO OIPAIbOBAHUM IMTaHHA ITOETHAHHS PECy-
PCHOI OIIIHKH €KOJIOTO-TYPHCTUIHOTO TIOTEHIIi-
aly 3 YAHHUAM aJMiHiCTPAaTHBHO-TEPUTOPiailb-
HUM YCTPOEM, aKTyaJbHUMH AAHUMH IPHUPO-
JTHO-3aIOBITHOTO (OHIY Ta OE3MEeKOBO-EKOIIO-
TYHUMH PU3UKaMHU BOEHHOTO Yacy.

MeTo10 € KOMIUIEKCHA OIiHKa E€KOJIOTO-
TYPUCTUYHOTO IMTOTEHITiary XapKiBChKOi 001acTi
Ta BU3HAYCHHS MEPCIEKTUBHUX HAIPAMIB HOTO
PO3BUTKY 3 ypaxyBaHHSIM aKTyaJIbHOTO aJMiHic-
TPAaTUBHO-TEPUTOPIAIBHOTO YCTPOIO, CTPYKTYPH
MIPUPOAHO-3aMOBITHOTO (DOHIY ¥ Oe3meKoBO-
€KOJIOTIYHUX 00OMEKEHb BOEHHOT'O Yacy.

00’ ckmu ma memoou 00CiONHceHNs

OO0’ €KTOM JOCTIIKEHHS € TIPUPOJIHI, pe-
KpeaiitHi, iHppacTpyKTypHi Ta Oe3MeKoBi me-
penyMoBH (DOPMYBaHHS €KOJIOIO-TYPUCTHY-
HOTO TOTeHIiany XapkiBcekoi obmacri. [Ipen-
METOM JOCIIPKEHHS € TIPOCTOPOBI 3aKOHOMIp-
HOCTI KOHIIEHTpAIlii MPHUPOTHO-PEKpeariiiHiux
pecypciB, piBeHb X QaKTHIHOI TOCTYIMHOCTI Ta
MOJKJIMBOCTI 3aJIy4EHHS JIO CTAIOTO €KOTYpHC-
TUYHOTO BUKOPUCTAHHS.

TepuTopianbHOIO ~ OCHOBOIO  JIOCIIi-
JOKEHHS € YHHHUHA aJIMiHICTPaTHBHO-TEPUTOPI-
aNbHUI ycTpii XapkiBchbkoi obmacti. 3rijgHo 3
noctaHoBoro BepxoBHoi Pagn Ykpaiau Ne 807-
IX Ta posmopsyxennsm Kabinery MinicTpis
Ykpainu Ne 725-p, o0nacts aHaJi3yeThCS B Me-
JKaxX YKPYIHEHUX PaWOHIB 1 TepUTOpialbHUX
rpoMaj, a He 3a 3aCTapijiol0 CITKOI KOJIMIIHIX
paiioniB [11, 12]. 3a nanumu XapKiBChbKOI 00-
JIACHOT pajiv, JI0 CKJIaay 00JIacTi BXOASATh 7 paki-
OHiIB 1 56 TepuTopianbHuX rpoman [13].

Iadopmarniiiny 6a3y cranoswim: Exoio-
riuauil nmacnopt XapkiBcbkoi obriacti 3a 2024
piK, o¢iuiiiHi HOPMAaTUBHI JOKYMEHTH OO
aJIMiHICTPAaTUBHOTO YCTPOIO, PEECTPHU Ta TEpe-
JKU TepHUTOPiil i 00’€KTIB PUPOTHO-3aTIOBI/I-
Horo (OHIy, Marepianyd BiIKPUTHX JKepel
[IOJ0 €KOJOrIYHMUX HACHIAKIB BIMHHU, a TAKOXK
pe3yJbTaTH €KCIIEPTHOTO y3arajlbHEHHS I0J0
NPUAATHOCTI TEPUTOPIH JI0 €KOTYPHCTHYHOTO
BUKOpHcTaHHs [3-6, 11-17].

Ilepiox mocmimkenHs oxormtoe 2021-
2025 pp. JoBoeHHuU cTaH BUKOPUCTAHO 5K 0a-
30BUI I XapaKTEPUCTHKH PECYpPCHOrO MOTe-
HIliay, a craHoM Ha 2024-2025 pp. BpaxoBaHO
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BIUIUB BOEHHHX Jiid, JIOCTYITHOCTI TEPUTOPIH 1
MOUIKOJPKEHHSI TPUPOJOOXOPOHHUX 00’ €EKTIB.
Takuit miaxin gae 3MOTy BiTOKPEMHUTH peCypc-
HUH MOTEHITiaN TepUTOPii Bif 11 GakTHIHOI ITpH-
JMATHOCTI 10 0E3MeYHOr0 TypUCTHYHOTO BUKO-
pHCTaHHSL.

J1a KiUTBKICHOT OI[IHKM BUKOPUCTAHO iH-
TerpaJbHUN 1HIEKC €KOJIOT0-TYPUCTUIHOTO TI0-
teHmiany teputopii (ETPI), skuit pozpaxoBaHO
3a popmyIioro:

ETPIj = 0,35Nj + 0,251j + 0,20Aj + 0,20Bj,

ne Nj — IpUpOAHO-EKOJIOTIUHUIA MOTeHIiamN j-i
TEPUTOPIi;

Ij — inppacTpyKTypHE 3a0€3eUeHHS;

Aj — TpaHCHOpTHO-iH(pOpMaIliiHa TOCTYTI-
HICTB;

Bj — Ge3nexoBa JOCTYIHICTS.

[Tokaznuk Bj He € omiHKOIO HEOE3MeKu:
BHCOKHMH Oasl 03Ha4a€e BUIIY MOXIHUBICTH 0€3-
MEYHOTO BHUKOPHCTaHHS TEPUTOPil, HHU3BKHUMA
Oast — 3HaYHI 0OMEXCHHS Yepe3 BOEHHI, MiHHI,
€KOoJIOT14Hi a00 iHPPACTPYKTYPHI PU3HUKH.

KinpkicHI MOKa3HUKA HOPMYBaJIHMCS 10
mkanu 0-10 6anis. s cTUMYIISATOPIB 3aCTOCO-
BaHO HOopMyBaHHs X' = 10(x - Xmin)/(xmax -
xmin), s gectumynaropis - X' = 10(xmax -
X)/(xmax - xmin). SIKiCHi MOKa3HUKH OIIiHIOBA-
JMcs 3a I SATHPIBHEBOIO mikanoro: 0-2 Gamu -
Jly’Ke HU3bKUH piBeHb; 3-4 - HU3bKUIA; 5-6 - ce-
penHiii; 7-8 - Bucokuii; 9-10 - qyxe BUCOKHH.

OcTtatouHi OIiHKK (HOPMYyBAIIUCS 5K Ce-
penHE 3HAYCHHS 3a IPYINOI0 MMOKa3HHKIB i3 Te-
PEBIPKOIO JIOTIYHOT Y3roJDKEHOCTI MK pecypc-
HOIO IIiHHICTIO, iH(QPACTPYKTyporo i Oe3mneko-
BOIO JTOCTYMHICTIO (Tabi. 1).
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Taoauusa 1
CucreMa NOKa3HUKIB UIS1 OLIHIOBAHHS €K0JIOT0-TYPUCTHYHOI0 MoTeHliaxy XapkiBcbKoi o0acTi
Table 1
System of indicators for assessing the ecological and tourism potential of Kharkiv Region
. . Hanpsim ouiHioBaHHS
Komnonent Bara 3MicT noka3HUKIB })Direé{[ion of
/Component /Weight / Indicator content
assessment
[Tnoma ta xoruenTparis [13®; nangmadrae
) (T —— PI3HOMaHITTS; HAsBHICTH JIICOBHX, BOXHO-00-
I (I)JTGI?-I Ii[an (N) JIOTHUX, CTETIOBUX 1 PIYKOBUX €KOCHUCTEM; IPH- Crumymsrop
/Naturlgl and ecoloical 0,35 POIOOXOPOHHA IIHHICTh /Stimulant
otential (N) g /Area and concentration of the NRF; landscape
P diversity; presence of forest, wetland, steppe
and river ecosystems; environmental value
HasiBHicTh 3ac00iB pO3MillleHHSI, TYHKTIB Xap-
[HdpacTpykTypHE 3a0€3- YyBaHH:, MAPKOBaHUX MapUIPYTiB, BI3UT-LICHT- CruMYISITO
nedeHHs (I) 025 PpiB, JIOKaJIbHUX TYPUCTUYHHUX CEPBICIB /Stin};ulantp
/ Infrastructural provision ’ / Availability of accommodation facilities, food
0] points, marked routes, visitor centers, local
tourist services
TpancropTHO-indopMa- ABTOMOOITbHA ¥ 3aJ1I3HUYHA JIOCTYIIHICTH;
P: P Heop ONMM3BKicTh 10 XapKoBa Ta palOHHUX IICHTPIB;
uiiiHa 0CTynHicTs (A) IUQpOBE MPEICTABICHHS MapIIPYTYy; HaBITaIlis CrumyniTop
/ Transport and 0,20 POBC 1Ip : PIIPYTY, HABIIX /Stimulant
information accessibilit / Automobile and rail accessibility; proximity
(A) y to Kharkiv and district centers; digital
representation of the route; navigation
BincyTHicTh akTHBHHX OOMOBHIX MiH, OKyTIAIlil,
MIHHOT HeOe3MeKu, OiliifHIX 00MEKEHb 10C- CTumyIsiTop;
BesIekoBa LOCTVIIHICTS TYITy; CTaH iH(PACTPYKTYpH Ta CaHITAPHO-EKO-| HHU3bKHH Oall 03HavYae
B) octy 020 JIoriYHa Oe3MeYHICTh BUCOKI pH3UKH
| Safety accessibility (B) ’ / Absence of active hostilities, occupation, /Stimulant;
y y mine danger, official access restrictions; low score means high
condition of infrastructure and sanitary and risks
ecological safety

JlocmipKeHHST CITUPAEThCS HAa CydacHi
migxoau OaraTOKpUTEPiaibHOTO OIIHIOBAHHS
PEKpEeaLiifHOro Ta MPUPOI0-OPIEHTOBAHOTO TY-
pusmy, ne noenuywtbes GIS-ananmiz, HOpMy-

BaHHS KPUTEPIiB, EKCIIEPTHE paH)XKyBaHHS Ta 1H-
TerpajbHa OIliHKa TEPUTOpIabHUX albTepHa-
tus [18-20].

Pe3ynomamu 0ocniodicenns ma 062060peHHs

Akmyansna npupoono-pecypcHa 6aza
€K0102iuH020 mypuszmy. XapKiBCbka 0011acTh
pO3TalloOBaHa Ha MIBHIYHOMY CXOJi YKpaiHU B
MeKax JICOCTENOBOI Ta CTEMOBOI MPUPOIHUX
30H. [Inoma obmacti craHoBuTh 31418,5 kM2,
Penbed Teputopii € XBUIIACTOIO PIBHUHOIO, PO-
34JICHOBAHOK) PIYKOBUMH JIOJIMHAMM, SIpaMU Ta
Oaskamu.

OcHOBHOI0 BOAHOIO apTepielo € CiBepch-
kuii JloHens, 10 OaceifHy SKOTO HaJeXKHTh Oi-
JbIIA YaCTUHA TEPUTOPIii 00JIACTi; BaXKITUBUMHU
takok € piuku Ockin, ¥Yau, Xapkis, Jlonans,
Bepeka, Bopua Ta iHIm BogoToku [6].

Exonoro-typucTnyHuil oTeHmian oona-
cTi HOpMY€EThCS 3aBISKU MOETHAHHIO KIJIBKOX
THITIB TIPUPOTHHUX PECYPCIB: JIICOBUX MACHBIB,
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3aIJIaBHMX 1 BOJHO-00JIOTHUX KOMIIIEKCIB, CTE-
MOBHUX JUISTHOK, KPEHISTHUX CXWIIIB, PIYKOBUX
JIOJIMH, JEHAPOJIOTIYHMX 1 CaJloBO-IAPKOBUX
00’exTiB. CaMe Take MO€HaAHHS CTBOPIOE Mepe-
OYMOBH JUISL PO3BHUTKY HIILIOXiJHOTO, Mi3HaBa-
JBHOTO, OPHITOJIOT1YHOT0, BOJHOT'O, HAYKOBOTO
1 OCBITHBOTO €KOTYPHU3MY.

['onoBHOIO  IHCTUTYLIHHOIO OCHOBOIO
€KOJIOTIYHOTO TYPHU3MY € TPHPOJHO-3aIOBiA-
Huil ¢ponz. 3a ExonoriuauM macnoprom Xap-
KiBcbkOi oOmacti 3a 2024 pik, cTaHOM Ha
01.01.2025 npupoaHo-3anoBignuii poua obia-
cTi Hayiuye 247 00’€ekTiB; 3araibHa 00IiKOBa
mioma craHoButh 85446,0 ra, ¢axkTuyHa
mromia — 74888,2 ra, a6o 2,4% oy obmacTi
[6]. Lli moKa3HUKH IPUHIIUITIOBO BiIPi3HIIOTHCS
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BiI[ HCYTOYHCHUX OaHUX, IO IHKOJIM HAaBO-
OATBCA Y BTOPUHHUX OIVIAJOBUX [KEpCiiax,

TOMY B il CTaTTi BAKOPUCTAHO came OQiliiHy
akTyaii3zoBaHy ctpykrypy [13® (Tabdm. 2).

Tabaunsa 2

AKTyani3oBaHa CTPYKTYpa NPHPOIHO-3aN0BiAHOrO0 hoHAYy XapKiBchbKoOI 00/1acTi
cranom Ha 01.01.2025

Table 2
Updated structure of the nature reserve fund of Kharkiv Region as of 01.01.2025
Kareropis KinbkicTn, .
- . . Ilnoma, DyHKUIOHAJIbHE 3HAYEHHS
TepuTopiii Ta 00’exriB [13® IT. Ia 151 eKOTVDH3M
ICategory of territories and /Number, | .2 /ZII: . y{) I y
objects of the NPF pcs rea, ha unctional value
' for ecotourism
31'[;3111/101?3 (;HEII/IE:I Giocepni 0 ) He npexacrasneHi B obnacTi
/Natureﬂ and biosphere reserves /Not represented in the region
SInpa npupoJO0OXOPOHHOI0, HAYKOBOT'O
HauionaneHi npupoHi napku 3 226900 Ta OCBITHBOTO TYPH3MY
/ National nature parks : / Nuclei of nature conservation, scientific
and educational tourism
Pekpearniifine BUKOPHCTaHHS 32 PEXKUMY
PerionansHi manamadTHi mapku 7 205443 OXOpOHU NaHAIIa]TIB
/ Regional landscape parks ' / Recreational use under landscape
protection regime
3 30epexeHHs 010pI3HOMAHITTA 1 CIIeIiali30-
AKasHUKH 3ara/lbHONCPAABHOTO BaHUM HA KOBO-HiSHaBaHLHI/Iﬁ TYPU3IM
SHATCHIA 3 1038,0 / Biodive?lsity conservation and syp?ecialized
/ Reserves of national importance scientific and educational tourism
JlokanpHa ocHOBA JJIL TPOMAACBKUX
3aKka3HUKH MiC].[eBOFO 3HA4YCHHA 171 37 658.4 €KOCTEKOK 1 II3HABAJILHHUX MapH.Ip}ITiB
/ Reserves of local importance ’ / Local basis for public eco-trails and
educational routes
I1an’ STKH PHPOJI MICIEBOTO ToukoBi 00’ €KTH PUPOTHUIOT
SHATCHHA 44 645,9 Iurepnperartii
{ nl:lsétg:#g;onuments of local / Point objects of natural interpretation
OxopoHa MIHHUX MMPUPOJHIX KOMIUIEKCIB i
3anoBiHI ypouuia 9 25372 JIOKaIbHHUX €KOCUCTEM
/ Reserved tracts ' / Protection of valuable natural complexes
and local ecosystems
Boraniuni cagn 2 552 OcBiTHIii 1 HAYKOBHIA TypU3M
/ Botanical gardens ' / Educational and scientific tourism
Exomoro-ocBiTHill i KyJIbTypHO-TII3HABAIB-
JeHapororivuHi mapku 2 743 HUH Typu3M
/ Dendrological parks ' / Ecological, educational and cultural and
educational tourism
3oosoTivHI TapKu 1 220 OCBITHS Ta IPHPOIOOXOPOHHA (PYHKILiS
/ Zoological parks ' / Educational and environmental function
Mapiu-naw’srricu KynerypHO-nanamadtauil Typusm
CAOBO-TIAPKOBOTO MUCTCITBA 5 180,7 / gultu}gl and Ialr11dsca e tour}i]spm
/ Parks-monuments of landscape art P
CykymHa Mepeska IPHPOI00XOPOHHUX
Pazom, ob6mikoBa mioma 247 85 446 0 TEePUTOPIii 001IacTi
/ Total, registered area : / Total network of nature conservation
territories of the region
2,4% mutomti aAMiHICTPaTUBHO-TEPHUTOpia-
dakrnuna mioma [130 247 74 8882 JILHOT OJIMHUIIL

/ Actual area of the NPF

12.4% of the area of the administrative-
territorial unit

Jxepeno: cknaaeHo 3a nannMu ExonorigHoro nacnopta XapkiBchkoi obacti 3a 2024 pik [6].
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Crpykrypa [13® miaTBepaxye, mo o0-
JacTh HE Ma€ MPUPOJHUX 3aMOBITHUKIB, OHAK
Mae TpHU HaIllOHAIBHI IPUPOIHI apKH, CiM pe-
TiOHANBHUX JaHAMAPTHUX MApKiB 1 3HAYHY Ki-
JBKICTh 3aKa3HHKIB MICIIEBOro 3HaueHHA. [le
CYTT€BO 3MIHIOE IHTEPIPETAIIIIO0 TYPUCTHIHOTO

MOTEHIIay: KIIOYOBUM PECYpPCOM € HE OKpe-
MUl «eTaJOHHMIT» 3aOBIIHUK, a MepekKa MpH-
POIOOXOPOHHUX TEPUTOPIH PIZHOTO PEXUMY,
sIKI MOXKYTh OyTH 00’€HaHI B TeMaTH4YHI Map-
LIPYTH, EKOJOTiIYHI CTEXKH Ta OCBITHI Mpo-
rpamu (Taodm. 3).

Tabunusa 3

DYHKIiOHATbHA THIOJIOTISA MPUPOAHUX pecypciB Il eKOJIOTIYHOr0 TYPUIMY

Table 3

Functional typology of natural resources for ecotourism

Ipuxnagu nposiBy B
XapkiBcbkiii 00s1acTi

IoTenuiiini BuIN

/ Forest ecosystems

Ta OaiipayHi Jicu;
T'OMiJTbIITIaHCHKI JTiCH;
TIPUMICBKI JTiICOTTapKOBi
MaCuBHU

/Oak, pine and birch
forests; Gomilshan
forests; suburban forest-
park areas

03710pOBYHIA, OCBITHIH,
¢doTo-Typu3M

/Hiking,

health, educational,
photo-tourism

Tun pecypcy €KOTYPU3MY OcHOBHi 00MeKeHHS
/ Resource type rrfai)i(%rgglt?gr?];n / Potential types of / Main limitations
Kharkiv region ecotourism
JlicoBi exocucTeMu Jy60Bi, COCHOBI ITitroximHuii, IToxexHa Hebe3meka,

MiHyBaHHH, TIOIIKO’KCHH
JicoBOi iHQPACTPYKTYpH
[Fire hazard,

mining, damage to forest
infrastructure

PiukoBi gonuHN

CiBepcrpkwii JloHenp,

Bopanuii, m3HaBajabHUMH,

3a0pyaHeHHS BOJ,

/ Wetlands

OepeKHI KOMITIEKCH

/ Flood plains, old-
growth forests, coastal
complexes

HAyKOBHH, OCBITHIH
/ Ornithological,
scientific, educational

/ River valleys Ockin, Y u, Xapkis, nanamadTHAN pYHHYBaHHS MOCTIB,
Jlonans / Water, cognitive, OOMEKEHHSI IOCTYITY
/ Siverskyi Donets, landscape / Water pollution,
Oskil, Udy, Kharkiv, bridge destruction,
Lopan access restrictions
BonHo-00510THI yrigas 3aruiaBy, crapuli, npu- | OpHITOJIIOTTYHU, Ce30HHICTh, Yy TJIUBICTh

6ioTomiB, caHiTapHi
Puszuku

/ Seasonality, habitat
sensitivity, sanitary risks

CrenoBi Ta JIyq9HO-
CTEIOBI TUITHKHA

/ Steppe and meadow-
steppe areas

Banku, cxwnm, TUISHKA
LUTHHHOI Ta HATIIBIPH-
POIHOI POCIIMHHOCTI

/ Gibs, slopes, areas of
virgin and semi-natural
vegetation

Boraniunuii, OCBITHIH,
¢doTo-Typu3m

/ Botanical, educational,
photo-tourism

BumnamroBanusi,
PO30pIOBaHHs, BifiCEKOBE
TIOIITKOJKEHHS TPYHTIB

/ Burning, plowing,
military damage to soils

Jenaposoriusi

Ta CaZi0BO-TIAPKOBI
00’€eKTH

/ Dendrological and
garden-park objects

KpacHokyTcpkuit
JIEHIPOIIapK,
MapKH-TIaM’ ITKA
/ Krasnokutsky
Arboretum,
parks-monuments

KynbTypHO-mi3HaBaILHHUH,
OCBITHIH{, HAYKOBHH

/ Cultural and cognitive,
educational, scientific

[Totpeba B yrpuMaHHi,
BiTHOBJICHHI I U POBiit
iHTepIpeTamii

/ Need for maintenance,
restoration and digital
interpretation

Knacmepna mooens exono2o-mypuc-
mMuYHO20 nomenyiany. 3 ypaxyBaHHIM TIpOC-
TOPOBOI KOHIICHTpAIlil MPUPOJHUX PECYPCIB,
[13®, TpaHCHOPTHOI JOCTYMHOCTI, HASBHOCTI
TYPUCTUYHUX CEPBICIB i 0€3MEKOBUX OOMEKEHD
BUUICHO 11’ ITh €KOJIOTO-TYPUCTHYHHX KJIacTe-
piB. Knacrep y npomy mocnimxeHHi po3risiaa-
€TbCSA HE SK aJMiHICTpAaTHBHA OJMHUI, a SIK
(GYHKLIOHANBHO TIOB’SI3aHa TEPUTOPis, e

MPHUPOHI 00’ €KTH, MapIIPYTH, TPOMAJIU Ta 1H-
(bpacTpykTypa MOXKYTh (HOPMYBaTH CIITHBHUN
TYPUCTUYHUI NPoyKT. Takuid mijxin 1ae 3Mory
YHUKHYTH TIOMUJTKH BUKOPHCTAHHS 3aCTapijioi ci-
TKH paiioHyBaHHs. KoXkeH Kiacrep CITiBBijIHE-
CEHO 3 YMHHMUMM paliOHaMM Ta TPOMajiaMu, aje
OIliHKa BUKOHYETHCS 32 MPUPOTHO-PEKPEAIITHOO
JIOTIKOIO, 1110 € OLITBII KOPEKTHUM [Tl €KOJIONTYHOTO
TYpU3MY.
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bBanbHi OLIHKM KJIacTepiB BH3HAYAIUCS
IUISTXOM HOPMYBaHHS KUTbKICHUX MTOKAa3HUKIB Ta
EKCIIePTHOTO y3araibHEeHHS SIKICHUX XapaKTepu-
cTHK. /)1 MPUPOAHO-EKOIOTIYHOTO TOTEHITIATY
BPaxOBYBAJIUCS KUIBKICTh 1 IUIONA 00’ €KTIB
113D, nanamadTHa pI3HOMaHITHICTD, HAIBHICTH
BOJHHUX, JICOBUX, CTCTIOBUX 1 JACHIPOJIOTIUHUX
pecypciB. [HpacTpykTypHa CKIIa0Ba OIIHIOBA-
Jacs 3a HAasBHICTIO TYPHCTHYHHX CEpBICIB,

3ac00iB PO3MIILIEHHS, MAPKOBAHUX MapIIpyTiB i
Bi3uT-1IeHTpiB. TpancnopTHO-iH(OpMaLiiiHa 1o-
CTYIIHICTh BH3HAUajacsi 3a TPAHCIIOPTHOIO
3B’S3aHICTIO, OJU3BKICTIO JIO IICHTPIB MOMUTY Ta
IUQpPOBUM MpeCTaBICHHSM MappyTiB. besme-
KOBA JIOCTYITHICTH OITIHIOBAJIACS 3 YpaxyBaHHAM
JTAHWUX TIPO OKYTAIlif0, aKTUBHI O0HOBI Iil, MIHHY
Hebe3neky, nomkomkenHs [13® ta odiniiiHi 06-
Me)KEHHS TOCTyIy (Tab. 4).

Taoauns 4
InTerpajbHa oiHKA €KOJIOrO-TYPUCTHYHOTO MOTEHIiaIy MPiOpUTETHUX KJIacTepiB
Table 4
Integrated assessment of the ecological and tourism potential of priority clusters
Exousoro-rypucrnunuii
KJiacrep InTepnperanis
/Ecological and tourist N I A B | ETPI [/ Interpretation
cluster
I'omineinanceko-Cisep- | 8,6 6,6 6,8 55 | 7.1 Bucokwuii pecypcHUiA IOTEHIIIAT; TOTPeOye
ChKOJIOHELIbKHI 0e3nexoBoi akTyaizamii MapIuIpyTiB
/ Gomilshansko- / High resource potential; requires safety
Siversko-Donetsk updating of routes
Crnob6oxanceko-Kpacuo- | 8,2 5,8 6,1 6,5 | 6,8 CralOinbHUI TPUPOAOOXOPOHHHM 1 OCBITHIH
KyTCBKHUH JIGHAPOJIOT- MOTeHLial
YHO-MPUPOJOOXOPOHHUIA / Stable environmental and educational
/ Slobozhansko- potential
Krasnokutsky
dendrological and nature
conservation
[Neuenizpko-Crapocanri- | 7,4 5,2 5,9 38 |58 Bucoka BogHO-pekpeartiifHa IiHHICTh 3a
BCbKUI CYTTEBHX OOMEXEHb JOCTYILY
/ Pechenizko- / High water and recreational value with
Starosaltivsky significant access restrictions
Kyn’sucpko-/IBopivan- 8,8 3,5 3,2 15 |49 Jly>e HiHHWIA TPUPOIHUN KOMIUICKC, ajie
cbKo-bopiBchkuii (akTUYHO HETIPUAATHUHN VIS TYPU3MY TTi[|
/ Kupyansko- 4ac aKTUBHHUX OOMOBUX PU3MKIB
Dvorichansko-Borivsky / Very valuable natural complex, but
practically unsuitable for tourism during
active combat risks
XapKiBCHKHUH MPUMICh- 6,4 8,0 8,4 6,2 | 7,2 HaiiBuma peanizariiiHa cipoMOXHICTh 3a-
KHH JIiCOTIapKOBO-pEKpe- BISIKHU iH(PpaCTPYKTypi Ta OIU3BKOCTI 10
amifiHui CIIO)KHBava
/ Kharkiv suburban forest / Highest implementation capacity due to
park and recreational infrastructure and proximity to the
consumer

IIpumitka: N — mpupoaHo-ekonoTidHMI oTeHmian; | — iHppacTpykTypa; A — TpaHCIOPTHO-iHpOpMaIiiHa TOCTYII-
HicTh; B — Oe3nexoBa mocrynnicts. ETPI po3paxoBano 3a ¢opmynoro, HaBeneHOO B po3aimi «O0’€KTH Ta METOAU IOCIi-
JoKeHHsD». OLIHKA MAIOTh JOCHITHUIBKAN XapaKTep i He 3aMIHIOIOTh O(ilifHOro BUCHOBKY MO0 O€3MEYHOCTI Bi/IBIAyBaHHS

TEPUTOPIH.

Note: N — natural and ecological potential; I — infrastructure; A — transport and information accessibility; B — safety
accessibility. ETPI is calculated according to the formula given in the section “Objects and methods of research”. The
assessments are of a research nature and do not replace an official conclusion on the safety of visiting the territories.

Pe3ynbratu BU3HAYAIOTH, L0 HAWBUIIUI
e(heKTUBHO peaTi30BaHMIA MOTEHIIia] MAOTh Te-
puTopii, Ae pecypcHa MpHUBaOIUBICTD MOEIHY-
€TBCSA 3 JOCTYIHICTIO, iHYpacTPyKTypoIo Ta Bi-
OHOCHO  HIDKYUM  piBHEM  O€3MEeKOBUX
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oomesxeHb. Came ToMy XapKiBChKUIl IpUMich-
KM JTICONapKOBO-peKpeaniiHuii KiacTep OTpH-
MaB OJIM3bKUH 10 HABUILIOTO 1HAEKC, TIONPH HU-
K4y TPHUPOJOOXOPOHHY YHIKaJIBHICTH IOPiB-
HsHo 3 Ky’ stHehKO-/[BOpiuanceko-bopiBcekuM
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kiactepoM. OcTaHHIM Mae HalBHILY MPUPOTHY
IIHHICTh, aje 4epe3 OOWOBi aii, MiHHY HeOE3-
NeKy, pylHyBaHHS iH(QPACTPyKTypu H oOme-
JKEHHS JOCTYITy HOTo (PaKTUIHUHN TYPHUCTHIHIHA
MOTEHITI T Y BOEHHUH IePio]] € pi3KO 3HMKEHUM.

Bnaue 6oennozo uunnuka na exonozo-
mypucmuyny npuoamnicms mepumopiii. Bo-
€HHUM YMHHHK € CHCTEMHUM OOMEKyBadeM JUIs
€KOJIOrO-TyPUCTHYHOTO BUKOPUCTaHHs XapKiB-
cbKoi oOmacti. Mloro BIUTMB TIPOSIBISIETHCS HE
JMLIE Y 3MEHILICHH] TYPUCTHYHUX MOTOKIB, a il y
npsMiid TpaHcdopmarii TPUPOAHUX TEPUTOPIM:
MOXKeXaxX, MEXaHIYHOMY IOpYIICHHI IpPYHTIB,
3a0pyAHEHHI BOJ 1 IPYHTIB, MOLIKOXKEHH] JIiCO-
BUX €KOCHCTEM, 3HUIICHHI TYpPUCTHYHOI iH(pa-
CTPYKTYpH, MiHHI} HeOe3Ieli Ta 00MeXeHHi 10-
CTYILy JIO 3aIlOBiTHUX 00’ €KTIB.

3a ExojorivHuM macmopToMm 007acTi, B
okymartii nepedysaino 103 06’extu [13D B [3rom-
cekoMy, Kym’sachkoMy, XapkiBcbkoMy Ta Uy-
ryiBCbKOMY paiioHax, o cTaHoBuTh 41,7% 3a-
rajgpHoi KiabKkocTl 00’ekTiB I13D; 58 00’ekTiB
nepeOyBa 0e3MocepeIHO B 30HI aKTHBHHUX
OottoBux mitt. OKkpeMo 3a3Ha4eHO 3HAYHI MTOIITKO-
mxenas PJIIT «YepBoHOOCKINbCEKHI 1 «Deib-
IMaH-Ekonapk», a TakoX akTUBHI OOMOBI JIii Ha
Teputopii  J[BOpiyaHCHKOI CENMIIHOI  paju
Ky’ sHcbKOTO paiiony, ae posramosanuii HITIT
«JIBopiuanchkuii» [6].

Lle o3Hauae, 110 OILIHIOBATH ITOTEHIIAJ
XapKiBChKOI 00J1aCTi JIMIIIE 33 KIIbKICTIO TPUPO-
JTHHUX PecypciB HEKOPEKTHO. Y BOEHHHUX YMOBaX
CIiJT PO3PI3HATH PECYPCHUIl MOTEHIial, TOOTO
MIPUPOIHY ¥ peKpeartiiiHy IiHHICTh TEPUTOPIi, Ta
pearizoBaHuil MOTEHIlia)l, TOOTO MOKJIMBICTH il
0e3neyHoro i 3aKOHHOTO BUKOPUCTAHHS VIS
eKoTypu3My (Tadu. 5).

YpaxyBaHHS BOEHHOT'O YHMHHHKA 3Mi-
HIOE JIOTiKy IUTaHyBaHHS €KOJOTIYHOI'O TYpH-
3My. Y MHpPHHUI 4Yac TpiOpUTET Mir OM HaJaBa-
THUCS TEPUTOPISM 13 HAHBUIIOIO TPUPOTHOIO YHi-
KaJbHICTIO. Y BOEHHHI Ta paHHIN MiCISIBOCHHUN
Nepion MPIOPUTETHICTh MAE€ BU3HAYATUCS TPH-
€IMHOI0 YMOBOIO: TNPHPOJHA I[IHHICTE — 0€3-
MeYHa JOCTYIHICTh — TOTOBHICTh MICIICBOI 1H-
bpacTpykTypu. 3a0pyaHEHHS BOAHUX 00’ €KTIB,
MOMIKO/IKEHHSI JIICOBUX €KOCHUCTeM abo MiHy-
BaHHS HE € JINIIE YNHHUKAMU «BTPATH MPHBA0-
JIMBOCTI»; BOHU CTBOPIOIOTH NPSIMi €KOJIOT14HI Ta
CaHITapHO-0E3MIEKOBI PU3NKHU AJIsI HACEJICHHS ¢
Bi/BiTyBauiB [3-5].

SWOT-ananiz pozeumky ekonociunozo
mypuzmy. SWOT-anani3 BUKOPUCTAHO SIK SIKiC-
HHUH IHCTPYMEHT CTPATEriuHOI0 y3arajibHEeHHS], a
He sIK caMOCTiliHy KuTbKicHy Moxenb. lle nae
3MOT'Y YHHUKHYTH HEOOIPYHTOBAHOTO IIPHCBO-
€HHs 0amiB 0€3 PO3KPUTTS DKEpEN 1 crocoly
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po3paxynky. ®@aktopu SWOT chopmoBano 3
ypaxyBaHHSM aKkTyaibHuX danux [13®, agmini-
CTPaTUBHOTO yCTPOIO, CTaHy OE3MeKOBOi JOCTY-
IMHOCTI Ta CYYacCHUX MIIXOMdIB JI0 PO3BUTKY
eKoTypu3My (Tabd. 6).

Ilpiopumemu nicna60€HHO020 BiOHOG-
neHHa ma pozeumky. llpakTrdyHa peanizamis
€KOJIOTO-TYPUCTHYHOTO TOTEHIaTy XapKiBCh-
Koi 00acTi Mae BimOyBaTrcs moeranso. Ha mep-
[IOMY €TaIli MpiOpUTETOM TTOBHHHI OyTH iHBEH-
Tapu3allis NomKopKeHnx 00’ exTiB [13D, exono-
riuHe 00CTeKEeHHS TEPUTOPI, IepeBipKa MiHHOT
Oe3MeKy, OIiHKAa CaHITAPHOTO CTaHy BOJHHUX
00’€ekTiB i TicoBuX MacuBiB. be3 1poro Typuctu-
YHE BUKOPHCTAHHS HABITh HAHOLIBII PUBAOIIHU-
BUX TPHUPOJHUX TEPUTOPIl HE MOKE BBAKATHCS
CTaJIMM 1 Oe3meyHuM. 3arporiOHOBaHA IMOETAll-
HICTB Y3TOJKY€EThCS 13 3arabHOACPKAaBHUMH Ta
pETiOHaJbHUMH TIPIOPUTETaMHU  BiTHOBJICHHS,
CTaJIOr0 IIPOCTOPOBOTO PO3BHUTKY 1 ITiIBUIIICHHS
CHPOMOKHOCTI rpomar [21, 22].

Ha npyromy erani mouineHO popMyBaTu
MEpexXy KOPOTKHX Oe3MeYHHX MapIIpyTiB Ha-
BKOJIO JJOCTYITHUX TPHUPOJHUX JIOKAIii, HacaMm-
riepes] y XapKiBcbKoMy mipuMicbkoMy Ta Ciio60-
*KaHChKO-KpacHoKyTCchKOMY Kiactepax. Taki
MapIIpyTd MOXXYTb BUKOHYBaTH peKpealiiiHy,
OCBITHIO U pealinmitaniiiny (QyHKIil 1 Hace-
JICHHsI, HE CTBOPIOIOYM HAJMIPHOTO HaBaHTa-
JKCHHSI Ha 9y TIIMBI €EKOCHCTEMH.

Ha tpetbomy etari, micns crabinizaii 6e3-
MIEKOBOI CHTYyallii, MOXJIMBE TOCTYIIOBE IOBEp-
HEHHS JI0 PO3BUTKY BOJHOT'O, OPHITOJIOTIYHOTO,
JaHMIA(THOTO Ta HAYKOBOTO TYPU3MY B JIOJIMHI
Cisepcbkoro /[inns, Iledenispko-CrapocanTiBeh-
komy Ta Kym’ ssHcpko-/IBopiuaHCEKO-BOpiBCEKOMY
knacrepax. [Ipore 11e Mae BigOyBaTHCS JIMIIIE TTiCTIS
O(iIiAHOTO TTITBEPPKEHHS OE3IeKH, eKOJIOTid-
HOTO ay/IUTY Ta BiTHOBJICHHS YIIPaBIIIHCHKOI CIIPO-
MO>KHOCTI IIPUPOJIOOXOPOHHUX YCTAHOB.

Baxxnneoro yMOBOO € 1udpoBizailis yii-
PaBIIiHHS €KOTYPU3MOM: CTBOPEHHS IHTEPaKTHB-
HOi KapTu OE3MEYHUX EKOCTEKOK, IMO3HAYCHHS
3a00pOHEHNX 200 OOMEKEHUX TEPUTOPIH, po3-
MiIeHHs iHGopMallii Mpo cTaH MapIIPyTIB, Ipa-
BHJIA TIOBEIHKH, CE30HHI OOMEKEHHS Ta KOHTa-
KTH BiINOBiAanbHUX cIyk0. Takuii iHCTpyMeHT
€ 0COOJIMBO aKTyalbHUM Yy PETioHi, [ie Oe3meKoBa
CHUTYaLlisl MOKE ILBUJIKO 3MiHIOBATHCS.

3anpononoeana ouiHKa Ma€ HU3Ky odme-
arcens. [o-niepiue, iHTErpaIbHUN iHAEKC BiOOpa-
Kae JOCITIIHULBKY OLIHKY MOTEHLiay, a He ogi-
LifHUA 103BUT Ha BiABiXyBaHHs TepuTopii. Ile-
pel NPakTHYHUM BHUKOPUCTaHHSIM MapILIpPYTiB
MOTPiOHI aKTyaTbHI BUCHOBKH KOMITETEHTHHX Op-
raHiB I0JI0 MIHHOI, CAHITAPHOI, €KOJIOTIYHOI Ta
1HGPACTPYKTYypPHOI OS3IIEKH.
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Taoaunsa 5

PerionanbHa cnenudika 0e3mekoBo-eKOJIOTiYHUX 00MeKeHb €K0JI0r0-TYPUCTHYHHUX KiIacTepiB
XapkiBcbkoi o0acti

Table 5

Regional specificity of safety and environmental restrictions of ecotourism clusters in Kharkiv Region

Kuacrep
/Cluster

Kuro4oBi puzukn
/ Key risks

Hacainkn
IJIS TYPHU3MY
/ Implications for
tourism

Ilepmoueprosi aii
/ Priority actions

Tomineianceko-Cisep-
CBKOJIOHEIIbKUH

/ Gomilshansko-
Siversko-Donetsk

[ToxexHi pU3UKH, JIOKa-
JIBHI TOIIKOIKEHHS 1H-
(dhpacTpykTypH, motpeda
B IIEpEBipIIi MapIIPYTiB
/ Fire risks, local
infrastructure damage,
need to check routes

MosxnuBe oOMexeHe
Bi,HHOBJIeHH}I KOPOTKHUX
MapIIpyTiB micis ogi-
IIIHOTO i ATBepIKEHHS
Oe3mekn

/Limited resumption of
short routes possible
after official
confirmation of safety

AyIuT MapupyTiB, MapKy-
BaHHs O€3MEeYHUX JISHOK,
nudpose iHHOpMyBaHHS
/Route audit, marking of
safe areas, digital
information

Crnob6oxancrko-Kpac-
HOKYTCBKUH JIEHAPOJIO-
TIYHO-TIPUPOTOOXOPOH-
HUH

/ Slobozhansko-
Krasnokutsky
dendrological and nature
conservation

ITotpeba B OHOBJICHHI
iHpopMauiiiHoi iH(pa-
CTPYKTYPH, CE30HHI pe-
KpealliliHi HaBaHTa-
JKCHHA

/ Need to update
information
infrastructure, seasonal
recreational loads

IlepciexTuBHUN 1115
OCBITHBOTO Ta HAyKOBO-
Mi3HABAILHOTO TYPHU3MY
/ Prospective for
educational and
scientific-cognitive
tourism

[MacnopTu3aris exocre-
JKOK, PO3BUTOK Bi3HUT-I[CH-
TpiB, JIIMITyBaHHs HaBaH-
TAXCHHS

/ Certification of eco-trails,
development of visitor
centers, load limitation

[Neuenizpko-Crapoca-
TTIBCHKUHA

/ Pechenizko-
Starosaltivsky

Bau3eKicTh 10 30H BO-
€HHOTI'O BHJ'II/IBy, 06MC-
JKEHHS JOCTYIly, pU3UKHU
JUTSI BOOHUX 00’ €KTIB

/ Proximity to military
influence zones, access
restrictions, risks to
water bodies

Bopauii i mpubepesxHuit
TypHU3M MOXJIUBUH
JIMLIE TiCIIsl CaHiTapHO-
€KOJIOTiYHOT Ta Oe3reKo-
BO{ nepeBipKU

/ Water and coastal
tourism possible only
after sanitary-ecological
and safety inspection

OriHKa SKOCTI BOAH, TIepe-
Bipka OeperoBoi iHdpa-
CTPYKTYpH, Oe3MeKoBa Ha-
Birarist

/ Water quality
assessment, inspection of
coastal infrastructure, safe
navigation

Kyn’ saCBKO-[IBOpidaH-
cpk0-bopiBcbkuit

/ Kupyansko-
Dvorichansko-Borivsky

AxTuBHI 00i0BI pu-
3UKH, MiHHa HeOe3IieKa,
nomkopkeHHs [130,
HEIOCTYIHICTh OKPEMHX
TepuTopiit

/ Active combat risks,
mine danger, damage to
the NRF, inaccessibility
of certain territories

TypucTuuHe BUKOpHC-
TaHHS B IOTOYHUX YMO-
Bax Mae OyTH IIPHUIIH-
HeHe a0o pizko oOMe-
JKEHE

/ Tourist use under
current conditions
should be stopped or
sharply limited

Po3minyBaHHS, eKoIOTi-
YHa IHBEHTApH3allis, Bij-
HOBJICHHSI [IPUPOJI00XO0-
POHHOTO yNPaBIiHHS

/ Demining, ecological
inventory, restoration of
environmental
management

XapKiBCHKHUH MPUMICh-
KHH JIiCOTTapKOBO-PeK-
peaniinuit

/ Kharkiv suburban
forest park and
recreational

Pexpearniiine nepeBan-
Ta)kKeHHS, (pparmeHTartis
3€JICHUX 30H, 3a0py-
HEHHS ¥ 3aCMiYeHHSs

/ Recreational overload,
fragmentation of green
areas, pollution and
littering

Mo>xe BUKOHYBaTH (pyH-
KIIF0 HAaWOIMx4oi 0e3-
[€YHOT 30HU KOPOTKO-
TPHUBAJIOTO IPUPOIOOPI-
€HTOBAHOT'O BiHHOHHHKy
/ Can serve as the nearest
safe zone for short-term
nature-oriented
recreation

PerymoBanHHSs MOTOKIB,
€KOOCBiTa, MOHITOPHHT
CTaHy 3€JICHUX 30H

/ Flow regulation,
ecological education,
monitoring of the state of
green zones
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Taoauns 6

SWOT-MaTpuus po3BUTKY €KOJOTiYHOro Typu3my B XapkiBcebKiil o0aacti

Table 6

SWOT matrix for ecotourism development in Kharkiv Region

CuibHi cTopoHH
/CuabHi cTOpoHH

Cna0ki croponu
/ Ca1adki ctopoHu

Pi3HOMaHITHICTB JICOCTEMOBHX, CTECTIOBUX, PIYKO-
BHX 1 BOJHO-00JOTHHX €KOCHCTEM; HASIBHICTE 247
00’exriB [13®; Tpu HalioHaTBHI IPUPOIHI APKY;
OJU3BKICTh BEJTUKOTO MICHKOTO PHHKY CIIOKHUBAYiB;
HAYKOBO-OCBITHIH TOTeHIIan XapKoBa

ecosystems; presence of 247 NPF objects; three
national natural parks; proximity of a large urban
consumer market; scientific and educational
potential of Kharkiv

/Diversity of forest-steppe, steppe, river and wetland

Hwusbka yactka ¢axtrunoi mromi [13® y miomi obia-
CTi; HEPIBHOMIPHICTH IPOCTOPOBOTO PO3MOJILLY Pecyp-
CiB; HEO0CTaTHs KIJIBKICTD MapKOBaHUX €KOCTECIKOK;
cnabke 1M(ppoBe MPEACTABICHHS MapIIPYTiB; 3aIeXk-
HICTh YaCTHHH TEPUTOPIiH BiJ Oe3MEKOBUX 0OMEXECHb
/. Low share of the actual NPF area in the area of the
region; uneven spatial distribution of resources;
insufficient number of marked eco-trails; weak digital
representation of routes; dependence of some
territories on security restrictions.

Mo:kauBocTi
/Opportunities

3arpo3u
/ Threats

[TicnsiBoeHHa eKoJoTiuHa peaditiTalis NpUPOTHAX
TEPUTOPIil; PO3BUTOK KOPOTKUX OC3MEUHUX MapIii-
PYTIB; iHTErpalis rpoMaj] y TyPUCTHYHI IPOIYKTH;
CTBOPCHHS IIU(PPOBOI KAPTH EKOCTEIKOK; 3aTyUCHHS
MDKHApOJHUX POrpaM BiIHOBJICHHS TOBKIJUIS; PO-
3BUTOK HAYKOBOI'O Ta OCBITHBOT'O TYpu3smy
/Post-war ecological rehabilitation of natural areas;
development of short safe routes; integration of
communities into tourism products; creation of a
digital map of eco-trails; involvement of
international environmental restoration programs;
development of scientific and educational tourism.

MinHa HeOe3neka; HOBTOPHI pyiHHyBaHHS iHppacTpy-
KTYpH; TIOKEXI Ta JAerpajalisi JiCOBUX €KOCHCTEM; 3a-
OpyIHEHHS BOJI i IPYHTIB; HEKOHTPOJIbOBAaHE peKpea-
LiifHe HaBaHTa)KEHHs1; HecTa4ya (hiHAHCYBaHHS Ha 1HBe-
HTapu3allito, po3MiHyBaHHs i BigqHOBIeHHs [13D

/ Mine hazard; repeated destruction of infrastructure;
fires and degradation of forest ecosystems; water and
soil pollution; uncontrolled recreational load; lack of
funding for inventory, demining, and restoration of the
NPF.

[To-mpyre, yacTMHA CTATHCTUYHOI iH(OP-
Mallii B yMOBaX BOEHHOTO CTaHy Ma€ OOMEKEeHY
JIOCTYITHICTH 200 OHOBITIOETHC 13 3aTpuMKOLO. Lle
0COOJIMBO CTOCYETHCS CTaHy TTOLIKO/PKEHHX TTPH-
POIHHX TEPUTOPIiH, PaKTHIHOI TOCTYIHOCTI OK-
pEeMHX TpOMaj, CTaHy TYPUCTHYHHUX OO0 €KTIB i
TPOTSDKHOCTI IPHAATHUX MAPIIPYTIB.

[o-Tpere, omiHIOBaHHS OE3MIEKOBOI JOCTY-
ITHOCTI € 4acoBO HecTaOlmpHUM. Tepuropis, sika B
OJIMH TIEPIOT MOXKE PO3IIIAAATHCS K BiJHOCHO
JIOCTYITHA, 33 3MiHH BOEHHOT CHTYAIlil MOXKE CTATH
HETIPUIATHORO 1S BiBiAyBaHHs. ToMy 3arporo-
HOBaHa MOJIC/b IMOTPEOYE PEryJIIPHOrO OHOB-
JICHHSL.

Bucnoexu

XapkiBchbka 00aCTh Ma€ 3HAYHUHA €KO-
JIOTO-TYPUCTUYHUIA TIOTEHIan, chopMOBaHUI
TIOEJTHAHHSIM JTICOCTETIOBHUX 1 CTEIIOBUX JIaH]IIIa-
(TIiB, pIYKOBHX JIOJIMH, JICOBUX MACHBIB, BOJHO-
0OJIOTHUX YTi/ib, JEHAPOJIOTIYHUX 00 €KTIB 1 Me-
PEXKI MPUPOTHO-3aTIOBIIHOIO (POHTY.

ButinieHo 1T’ SITh IPIOPUTETHUX KIIACTEPIB:
INominb-ancbko-CiBepebkoponerbkuid, Cio0o-
’aHChKO-KpacHOKYTChKHI JIEHIPOIOTIHHO-TIPH-
ponooxoponnuii, IledeHizpko-CrapocanTiBCh-
kuit, Kyn’sHcbko-JBopivaHcbko-bopiBebkuii 1
XapkiBChbKHI MPUMICEKHH JTiCOMTApKOBO-pPEKpea-
IIHHUH.

3anporOHOBaHMId IHTErpaJbHUI  1HACKC
ETPI nae 3Mory o€ AHaTH IPUPOJHO-EKOJIOTTIHY
LIHHICTb, IHPPACTPYKTYpHE 3a0€3[eUeHHS, TPaH-
CHOPTHO-iH(OpMaIliiiHy Ta OC3MEeKOBY IOCTYII-
HicTh. HaiiBumry peamizamiiHy CIIPOMOXHICTh Y

MOTOYHHX YMOBAX MarOTh XapKiBCbKUI PUMIiCh-
KHH JTiCOTIapKOBO-peKpeartiiauii Ta I'oMinbIan-
cpK0-CiBepCchKOMOHEIIbKIH Kimactepu. Ky’ siH-
cbko-J[BopivaHchKo-BopiBchkuii kinactep 30epi-
rae Jiy’e BUCOKY TIPHPOJIHY IIHHICTb, aJie yepes3
AKTUBHI O€3MEKOBI PU3UKU HOT0 TYPUCTUYHE BH-
KOPHCTaHHS € TUMYACOBO HETIPUIHSATHHM.

BoeHHNMI YMHHYK HE JIUILIE 3MEHILY€ TYPH-
CTWYHI TOTOKH, a ¥ TpaHchopMmye caMy CTpyK-
TYpy €KOJIOrO-TYpHCTHYHOrO noreHuiany. 1lom-
kopkeHHs 13D, minHa HeOe3meka, 3a0pyAHEHHS
BO/I 1 IPYHTIB, JTiCOBi TOKeXi, pyHHyBaHHA iH(pa-
CTPYKTYpH Ta OOMEXKEHHS JIOCTYITy MalOTh PO3r-
JSAAaTHCS K KIIOYOBI KOMIIOHEHTH METOIUKH
OL[IHFOBAHHS.

[Nopanpmmii pO3BUTOK EKOJIOTTYHOTO TY-
pu3My B XapKiBCBKil 001aCTi Ma€ TPyHTYBATHCS
Ha TIOCTAIHIA MOJEIN: €KOJIOTIYHAa iHBEHTapH-
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3alisg i po3MiHYBaHHS; BiJTHOBJIEHHS 0a30BOi iH- 3alydeHHsT T'pOMaj 0 YIPaBIiHHS TYPUCTHY-
(pacTpykTypH; macropTh3alisa 0e3neyHux Mmap- HUMH TPOTYKTaMH; MOHITOPUHT pEeKpeariiHoro
HIpyTiB; LuQpoBe iHGOpMyBaHHS BiJBiTyBadyiB; HaBaHTa)KEHHsI Ha IPUPOJIHI KOMIUIEKCH.

Kondghnixm inmepecie

ABTOp 3asBIsie, M0 KOH(MIIKTY iHTEpeciB moao myOikarii mporo pykomnucy Hemae. Kpim toro,
aBTOp TMOBHICTIO TOTPUMYBajach ETUYHUX HOPM, BKIIIOUAIOYH TUIariaT, danbcru(ikaimio JaHuX Ta I1Mo-
NBIAHY ITyOJIiKaIito.

[eknapayia npo euxopucmannsn I

Agtop BukopucroByBasia ChatGPT-5.1 (OpenAl, 2025) BUKJIFOYHO Ul pelaryBaHHsS MOBH Ta
KOpeKIIii rpamaruku. Bech HayKOBWiI KOHTEHT, MaTepiaid Ta BUCHOBKH CTBOpeHi aBTopoM. OcraTod-
HUH TEKCT NEPETIISHY THI Ta MIEPEBIPEHUI aBTOPOM.
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ASSESSMENT OF THE ECOLOGICAL AND TOURISM POTENTIAL OF KHARKIV
REGION UNDER WARTIME SAFETY AND ENVIRONMENTAL RISKS

Purpose. To assess the ecological and tourism potential of Kharkiv Oblast using the current administra-
tive framework, updated data on the nature reserve fund, and wartime safety and environmental restrictions.

Methods. The research applies analysis of official environmental and regulatory sources, cartographic
generalization, normalized scoring, expert ranking, territorial clustering and SWOT analysis.

Results. Kharkiv Oblast has considerable potential for ecological, educational, scientific and recreational
tourism due to the combination of forest-steppe and steppe ecosystems, river valleys, forests, wetlands and den-
drological objects. The integrated assessment combines four components: natural and ecological potential, tour-
ism infrastructure, transport and information accessibility, and safety accessibility. Five priority ecotourism clus-
ters were identified: Homilshany-Siverskyi Donets, Slobozhanskyi-Krasnokutsk dendrological and nature con-
servation, Pechenihy-Staryi Saltiv, Kupiansk-Dvorichna-Borova and Kharkiv suburban forest-park cluster. The
highest effectively realized potential is recorded for the Kharkiv suburban and Homilshany-Siverskyi Donets
clusters, while the Kupiansk-Dvorichna-Borova cluster retains very high natural value but has critically low
safety accessibility under current wartime conditions.

Conclusions. The future development of ecotourism in Kharkiv Oblast depends on environmental reha-
bilitation, demining, infrastructure restoration, digital visitor information and integration of territorial communi-
ties into a post-war sustainable nature management model.

KEYWORDS: ecotourism, Kharkiv Oblast, nature reserve fund, safety risk, sustainable development, eco-
tourism cluster
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JAUCTAHLIHE OLIHIOBAHHSI IPOCTOPOBO-YACOBOI TPAHC®OPMALIIT
KAXOBCBKOI'O BOJIOCXOBHIIA MICJIS PYITHYBAHHS I'PEBJIT
3A TAHUMH SENTINEL-2

Merta. BusButu Ta oxapakTepu3yBaTi IPOCTOPOBO-4acoBy TpaHchopmarito KaxoBchkoro BoIOCXOBHIIA
Ta MPUJICTIIUX JaHIAPTIB Micis pyﬁHyBaHHﬂ rpe6ni Kaxoscekoi 'EC 6 4epBHSA 2023 poky 3a JaHUMH JUCTaH-
LIfHOTO 30HyBaHHA 3eMJIi IIJIIXOM IHAMKAMLIi 3MiH BiIKpUTOI BOAHOI MOBEPXHI, TPOCTOPOBOT CTPYKTYPH OCYIIIe-
HOT0 JIO’Ka BOJIOCXOBHIIIA Ta O3HAK PAHHBOCYKLECIHHOTO 3apOCTaHHs OTOJICHUX JOHHUX BIIKIAIB Y MicisaBapiii-
HUH TIepioz.

Metoan. [HIEKCHMIA, MOPIBHIBHO-YACOBU, Bi3yalbHO-AeMH(PYBATLHUN Ta YACTOTHUI aHANI3N JTAaHUX
JTUCTAHIIITHOTO 30HTyBaHHS 3eMIIi.

PesynbTaTH. [HQOpMAIiHOI OCHOBA JAOCIIKCHHS — MajoxMapHi ciienn Sentinel-2 MSI pisas L2A 3a
2023 pik, orpumani gepe3 Copernicus Data Space Ecosystem. [yis1 inankanii BiZKpuToi BOAHOI IIOBEPXHI po3pa-
xoBaHo NDWI, a st BusiBieHHS ()OTOCHHTETUYHO aKTUBHOT'O pociauHHOro mokpuBy — NDVI. TIpoctopoBo-ua-
COBI 3MiHH OIIHFOBAJIM MIISTXOM 3ICTaBJICHHS KIFOUYOBHX YaCOBHX 3pi3iB [0 Ta Micis pyliHyBaHHS rpedni Kaxos-
cekoi 'EC, BizyanpHOro aemmdpyBaHHs 300paeHb Y MPUPOJHUX KOJIbOPaX 1 aHali3zy YaCTOTHOTO PO3IMOJLTY
3Ha4eHb mikceniB.3a ganuvu NDWI BcTaHOBJIEHO pi3ke CKOPOUYCHHS Ta ()parMEeHTAIF0 BiIKPUTOT BOJHOT ITOBEP-
xHi KaX0BCHKOr0 BOJOCXOBHIIA [TPOTSTOM MEPIIUX TUXKHIB MiC/s pyiHyBaHHs rpedii. CyiiibHe BOAHE 13€PKalio,
XapakTepHe Ui nepez[aBaplnﬁoro CTaHy BOJIOCXOBMIIIa, Tpchq)opMyBanocs[ Y BYy3bKE pycrio I[Hlnpa cucremy
3aJIMIIKOBUX BOJIOMM 1 3HAa4HI IUIOIII OrOJeHUX AOHHMX BigknaaiB. AHaniz NDVI 3a ocinniii nepiox 2023 poky
BUSIBUB TOSIBY ()OTOCHHTETHYHO aKTUBHOTO POCIMHHOTO IOKPHBY Ha YAaCTHHI OCYIIEHOTO JIOXKa BOJIOCXOBHIIIA.
Jonatni 3Hauennss NDVI Ta 3MillieHHsT 4aCTOTHOTO PO3MOIUTY MIKCEiB y OiK BEereTOBaHHX IOBEPXOHb CBIT4aTh
PO IIBUKE MTIOHEPHE 3apOCTaHHS IUISHOK, SKi IO pyHHYyBaHHS Ipedii mepeOyBaiu i BOAOKO.

BucnoBku. PyiinyBanns KaxoBcbkoi 'EC crippuunHIIO HIBUAKY NIEpeOYI0BY I'iIPOCKOCHCTEMH HUKHBOT'O
JlHinpa 3 rmepexo/1oM Bi MTyYHOTO BOAHOTO 00'€KTa J0 CKJIAJHOI MO3aiK1 PyCIOBUX, OOJOTHHX, JIyYHHX 1 Oro-
neHux cyocrpataux niuisHok. Jlani Sentinel-2 y noennanui 3 innexcamu NDWI ta NDVI natoth 3Mory 00'eKTHBHO
JIOKYMEHTYBATH TaKi 3MiHH HaBiTh 3a BiJICYTHOCTI O€3MEYHOro JOCTYITYy IO TEPUTOPii mocmimkeHHs. Buspnene
PaHHBOCYKIIECIHHE 3apOCTaHHSI OCYIIEHOTO JI0’Ka BOJOCXOBHUINA Ma€ HEOITHO3HAYHE €KOJIOT1YHE 3HAUEHHS: BOHO
MOJKE CBIYUTH MPO YACTKOBE BiJTHOBJICHHS 3aIlJIaBHUX O10TOIIIB, aJie BOJAHOYAC CYIIPOBOIKYETHCS PH3UKAMH BTO-
PHHHOTO 3a0py/HEHHS, IMJIOBOTO NEPEHECEHHs IOHHHUX BiJKIIa/iB, MOKEKHOT HEOE3MEeKN Ta HEKOHTPOJIbOBAHOT
TpaHchopmamii tanamadris. [logansumii MOHITOPHHT TepuUTOpPii MOTpedye MOETHAHHS ONTHIHNX 1 PaSapHUX Cy-
MyTHUKOBHX NaHWX, yacoBUX psaaiB NDWI/NDVI Ta, 3a MOXIIMBOCTI, HA3MHO1 BaJiIallii.

KJIIOYOBI CJIOBA: Kaxoscvke sodocxosuwe, Sentinel-2, oucmanyivne 3onoysanus 3emni, NDWI,
NDVI, exocucmemua mpancgopmayis

Ax uuryBatu: Makcumenko B. O., besconnuii B. JI. /lucraniiiiHe OliHIOBaHHSI TPOCTOPOBO-YaCOBOI Tpa-
Hcdopmanii KaxoBchkoro Bo0CX0BHINA MiCHs pyitHyBaHHs rpe0ui 3a jaHumu Sentinel-2. Jlroouna ma dosxinis.
IIpobnemu neoexonocii. 2026. Bum. 45. C. 79-91. https://doi.org/10.26565/1992-4224-2026-45-07

In cites: Maksymenko, V. O., & Bezsonnyi, V. L. (2026). Remote sensing assessment of the spatio-
temporal transformation of the Kakhovka reservoir after dam destruction using Sentinel-2 data. Man and
Environment. Issues of Neoecology, (45), 79-91. https://doi.org/10.26565/1992-4224-2026-45-07 (in Ukrainian)
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PiukoBi Ta BOJOCXOBHIIIHI T€OCHCTEMH Ha-
JISKATh J0 HAHOUTBIIT TUHAMIYHIX ITPHPOTHO-aH-
TPOTIOT€HHUX KOMIUICKCIB, CTaH SKUX BH3HaYa-
€TBCS B3aEMOJIIEIO TiJPOJIOTIYHOTO PEKUMY, pe-
needy, JOHHNX BiIKITaZiB, POCIMHHOTO ITOKPHBY,
KIIIMAaTHYHUX YAHHHUKIB 1 TOCTIOAAPCHKOTO BHKO-
pUCTaHHS TepuTOpii. ByAiBHUIITBO BEMKUX Til-
POTEXHIYHUX CHOPYJ ICTOTHO 3MIHIOE TMPUPOI-
HUHA PEeXUM PIYKOBOTO CTOKY, TpaHC(HOPMYye 3a-
TUIaBHI NaHAWAa(TH, 3MIHIOE YMOBH aKyMYJISLIii
HaHOCIB, (pyHKIIOHYBaHHS BOIHMX 1 mpubepe-
JKHO-BOJHHMX €KOCHCTEM, a TAKOXK XapaKTep B3ae-
MOJIii IOBEpXHEBUX 1 Mmia3eMHux Box [1, 2].

OpmauM 13 HalOimbI TpaHCHOPMOBAHHX
BEIIMKMX PIYKOBHX OaceitHiB €Bporu € OaceitH
Huinpa. Ynpogorx XX cTONTTS HOro pycio
OyJ10 3aperyabpoBaHe KackaioM BOJOCXOBHIIL, IO
CYTT€BO 3MIHIJIO TIPUPOTHHUN TiPOJIOTIYHUN pe-
JKUM PIiYKH, CTPYKTYPY 3aIUIaBHUAX JaHAIIa(TIB 1
XapaxkTep MPUPOJOKOPUCTYBAHHS B MpPHOEpEK-
Hux perioHax [3]. KaxoBcbke BOAOCXOBHIIE,
ctBopere y 1956 pori B HykHii wacTuHi Hinpa,
OyIJI0 OTHUM 13 KITFOYOBHUX E€IIEMEHTIB IHOTO Kac-
kaay. BoHo 3abe3nedyBano peryatoBaHHs CTOKY,
3pOLICHHS], BOIONOCTa4YaHHsI, €HEPreTUYHi Ta ro-
CHoiapchKi (YHKIIii, OHAK BOJHOYAC CIPUYH-
HIJIO 3aTOIUICHHS 3HAYHHX TUIONI IPUPOTHHX 3a-
IJIaB, CUTLCHKOTOCTIONAPCHKHUX 3€MEITb 1 TEPUTO-
piit icropuanoro Bemikoro Jlyry [4].

PyiinyBanns rpet:ti Kaxoscbkoi 'EC 6 ve-
pBHs 2023 poKy CTaNIO OJIHIEFO 3 HAWOLIBIINX Ti-
JIPOEKOJIOTTYHNX KaTacTpod y cydacHidd ictopii
VYkpainu. [logis mpu3Bena 10 pi3KOro coparto-
BaHHS BOJIOCXOBHIIIA, 3aTOIJICHHS] TEPUTOPIN HU-
KY€ 32 TeUi€l0, OrOJICHHS BEJIMKHX IUIONT JJOHHHUX
BIJIKJIA/IiB, TOPYIICHHS BOJOIIOCTAYaHHs, BTPATH
BOJIHHX 1 IPHOEPEIKHO-BOTHUX O10TOIIIB, a TAKOK
(hopMyBaHHsI HOBHX JOBIOCTPOKOBHX €KOJIOTIY-
HUX 3arpo3 [5-8]. Hacmigku 1€l nmoaii oxoruiro-
I0Th He JIWIIIE TiIpOoJIoTivHMH, a i reoMmopdoIori-
YHUH, IPYHTOBHH, OI0TUYHHIA, CaHITAPHO-EKOJI0-
TIYHHH Ta COLIATbHO-CKOHOMIYHHI BUMIpH.

OcoONMBICTIO  JOCTIPKEHHsI  HACTI/KIB
pyiayBanus Kaxoscbkoi [ EC € oOmexena Mox-
JMBICTH TPOBEACHHS TPaJULIMHUX ITOJHOBHX
CIOCTEPEKEHb. 3HAUHA YAaCTHHA TEPUTOPI] KO-
HIHHOTO BOJIOCXOBHIIA Ta MPUIIETIINX JaHAImad-
TiB iepeOyBa€e B 30Hi BIUIMBY OOMOBUX JIili, MiH-
HO1 HeOe3meKn Ta 0OMEXEHOro J0CTYyIy. 3a Ta-
KHX YMOB JUCTaHLiHE 30HAYBaHHS 3eMli HaOy-
Ba€ 0COOJIMBOrO 3HAYEHHS SIK OE3NEeYHUA, onepa-
TUBHHH 1 BiITBOPIOBAHUI 1HCTPYMEHT €KOJIOTIY-
HOro MoHiTopuHry. CynyTHHKOBI JaHi Jar0Th

Bcemyn
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3MOTY OIIIHFOBATU MPOCTOPOBUM MaciiTald 3MiH,
MTOPIBHIOBATH CTaH TEPUTOPIT y pi3HI 4acoBi mepi-
o1, GiKcyBaTH JUHAMIKY BiJKPHTOI BOJHOI IO-
BEpXHi, Or0JICHUX CYOCTPATIB i POCIMHHOTO TOK-
puBy 0e3 Oe3rmocepeTHpOTo epeOyBaHHS TOCTI-
HHKa B HeOesneuHiit 3omi [9-11].

Cepen BIIKpUTUX CYMYTHHKOBHX MIiCii
0COONIMBE 3HAYEHHS JUII MOHITOPUHTY TaKHX
IIpOIIeCiB MaroTh JaHi Sentinel-2. MynbTHCTIEKT-
panbHul cercop MSI 3a0e3neuye mpocTOpoBy
po3aineHicTh 10 10 M y BumUMOMy Ta ONMX-
HBOMY iH(ppadepBOHOMY Jiara3oHax, 1o € JOCTa-
THIM JJIsI aHAJI3y BEJTMKUX BOIHUX O0'€KTIB, MPH-
OCpeXHUX TEPUTOPIH, POCIMHHOTO MOKPUBY Ta
3MiH 3eMHOI MoBepXHi. Bigkputuii goctym o ap-
xiBy Sentinel-2 uepe3 Copernicus Data Space
Ecosystem mae MOXXIMBICTD 3IiHCHIOBATH PETPO-
CTIEKTUBHUI aHaJIi3 TEpPUTOPIi IO Ta MICIIS KaTac-
TpodiuHoi MO, a TAKOXXK BUKOPUCTOBYBAaTH CTa-
H/IAPTH30BaHI 1HACKCHI METOM JUI IHTepIpeTa-
it 3min [11-13].

Jlist oLtiHFOBaHHSI TpaHCQOpPMAITii BOTHUX 1
POCIIMHHMX TIOKPUBIB HAHOLUTBII MTOMMPEHUMH €
HOpMaJTi30BaHi pi3HUIEBI CHEKTpabHi 1HICKCH.
Ianexc NDWI 3acTOCOBY€ETHCSI /151 BUSIBIICHHS Bi-
JOKPUTHX BOJHHMX IIOBEPXOHb 1 PO3MEXYBaHHS
BOJM Ta CyXOJIOJNy 32 PaxyHOK KOHTPAcCTy MiX
BIJIOUTTSIM Y 3€JICHOMY Ta OJIMDKHBOMY iH(pauep-
BOHOMY [iama3oHax [14]. Y Bumaakax ckiamaHOi
MEXKI MiX BOJIOI0, MOKPHM MYJIOM 1 3a0y/0Ba-
HUMH TTOBEPXHSIMU MOXXYTh BUKOPHUCTOBYBATHCS
TakoX Moju(ikoBaHI ab0O albTEPHATUBHI iHIIE-
kecu, 30kpema MNDWI ta AWEI [15-17]. [ngekc
NDVI BHKOPHCTOBYETHCS JIJIsI OIIHFOBAHHST HAsIB-
HOCTI Ta IHTEHCHBHOCTI (JOTOCHHTETHYHO aKTHB-
HOI POCJIHMHHOCTI, 10 POOHUTH HOro NMpuaAaTHUM
JUTSL BUSIBJICHHSI POCIIMHHOTO ITOKPHUBY Ha OCYIIIe-
HHUX JIUTSIHKAX J0a Bogocxosuina [18].

[lonpu 3HauHy CycHinbHY Ta HAyKOBY
yBary Jio KaxoBcbKkoi katacTpodu, MUTaHHS IPo-
CTOPOBO-4aCOBOI iHMKAIIT TpaHCHOpMALIIT JT0Ka
BOJJOCXOBHIIIA HA OCHOBI BIIKPUTUX CYITyTHHKO-
BUX JIaHUX 3IMILAETHCS akTyanbHUM. OcTaHHI
JIOCTIJPKEHHSI TATBEPIDKYIOTh 3HAYHHMA ITOTCH-
man Sentinel-2, NDWI Ta moB'si3aHuX BOIHUX
MacoK I aHallily HacHinkiB pyiHyBanHs Ka-
XOBCBKO1 rpedii [21-26]. Bogaouac BaXJIMBUM €
3aCTOCYBaHHS TOCTYITHOI Ta IIPO30POi METOIUKH,
sIka MOYKe OyTH BiITBOPEHA ISl MOHITOPUHTY 1H-
LIMX BOEHHO-TEXHOT€HHMX a00 TipOeKosoriy-
HUX KaTacTpod.

MeTto10 € BHUSABJICHHS! Ta XapaKTEPUCTUKA
MPOCTOPOBO-4acoBoi TpaHcdopmarii Kaxoscs-
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KOTO BOJIOCXOBHINA Ta MPHJICTIIUX JIAaHTIA(TIB
micis pyinyBanHs rpe6ii Kaxosebkoi [EC 6 ue-
pBas 2023 poky 3a manumvu Sentinel-2 L2A mus-
XOM 3aCTOCYBaHHS CIICKTPAIBLHHX IHJICKCIB
NDWI i NDVI st inaukartii 3MiH BiIKpHTOi BO-
JTHOI TIOBEPXHIi, OTOJICHNX JTOHHUX BiAKIIAIIB 1 PO-
CITHHHOTO TIOKPHBY.
J1s1 MOCSTHEHHS TIOCTABJICHOT METH BU3HA-
YEeHO TaKi 3aBJIaHHS:
- BimiOpatn TpHOATHI UIS aHaJi3y CIIEHH
Sentinel-2 L2 A 3a k1r040Bi 9acoBi Tiepio/u 10 Ta
micis pyiHyBaHHS rpe0ii;

- pospaxysatu NDWI anst inaukanii BizkpuToi
BOJJHOI MOBEPXHi Ta OLIHUTH MPOCTOPOBI 3MiHH
akBaropii KaxoBChKOr0 BOTOCXOBHIIE;

— pospaxyBatu NDVI 1151 BUSBIEHHS POCIIUH-
HOT'O TOKPHBY Ha OCYIICHHX IUISTHKAaX JIOXKa BO-
JIOCXOBHIIIA;

- MpOaHaJi3yBaTl YacTOTHUH PO3IOJIT 3Ha-
yenp mikcenriB NDWI 1 NDVI mnst miprsep-
JUKEHHS BUSIBIICHHX 3MiH;

- IHTepIpeTyBaTH OTPUMaHI Pe3yIbTaTH ¥ KOH-
TEKCTI T'€O0EKOJIOTIYHMX HACHiAKIB PyHHYBaHHS
Kaxoscbkoi 'EC.

006°ckm ma memoou 00Ci0ICceHH

OO0'extoM nociimkeHHst € Teputopis Ka-
XOBCBKOTO BOJIOCXOBHILIA Ta IMPWJIETII JIaH/Ia-
¢t HIKHBOI Tedil JHinpa, mo 3a3Hamu Pi3Kol
TpaHchopmariii micns pyitHyBaHHs rpedii Kaxos-
cekoi ['EC 6 yepBas 2023 poky. /1o 30HU aHai3y
BKJIFOYEHO AaKBATOPII0 KOJMIIHBOTO BOJOCXO-
BUINA, OCHOBHE pycio [IHirpa, 3aJuiKoBi BO-
JIOWMHM, OTOJICHI JOHHI BIIKJIa M Ta MPHOCPEIKHI
JIJISTHKH, Ha SIKUX ITICIIS CTIPAIfOBAaHHS BOIOCXO-
BUINIA BiIOYBaJMCS 3MIiHM TIOBEPXHEBOTO ITOK-
pUBY.

[MpenmeToM IOCTIKEHHS € POCTOPOBO-
Y4acoBi 3MiHH CIIEKTPAJIbHUX XapaKTEPHCTUK 3eM-
HOI TTOBEPXHi, IO BiIOOpaKalOTh MEpeXiJ| TepH-
TOpIi Bi CTaHy IITYYHOTO BOTHOTO O0'€KTa JIO
MO3aiK/ PYCIIOBHUX, 3aJTMIIKOBO-BOJJHUX, OrOJIE-
HUX 1 BETreTOBaHUX IUITHOK. Po3misHyTO nBi
TPYIH 3MiH: CKOpPOYEHHS Ta (pparMeHTallist BiJK-
pUTOT BOIHOT IOBEPXHI ITicTIst pyHHYBaHHS Tpediti
i1 popMyBaHHSI POCITMHHOTO MTOKPUBY Ha OCYIIIe-
HUX JUTTHKAX JI0’Ka BOJOCXOBHINA B TTicIsIaBapiii-
HUI TIEPioI.

Jns aHami3y BUKOPHCTAHO MYJIBTHUCIIEKT-
paibHI CymyTHUKOBI 3HIMKH Sentinel-2 MSI pi-
BHS 00po0OKku L2A, otpumMaHni yepes miatdopmy
Copernicus Data Space Ecosystem. [lani piBHs
L2A micTste aTMOc(epHO CKOPUTOBAHI 3HAYESHHS
TIOBEPXHEBOT'O BIIOUTTS, 1110 3a0€3euye KOPEKT-
Hillle TIOPIBHSHHS CIIEH Pi3HUX JIaT MOPIBHIHO 3
nanumvu piBast L1C. st po3paxyHKy CIIEKTpaib-
HUX 1H/IEKCIB BUKOPHUCTAaHO KaHaim Sentinel-2 i3
MPOCTOPOBOIO PO3aLIbHICTIO 10 M: 3eneHuil Ka-
Hai B3, yepBonuii kanan B4 ta 6moxHil iHpa-
yepBoHuii kaHan B8 [11-13].

Binbip cymmy THHKOBHUX CIIeH 3/1iHCHIOBABCSI
3a TAKMMH KPUTEPISMH: MiHIMAITbHA XMApPHICTh Y
MEKaxX TepUTOpil JOCIiPKEHHS, BIJICYTHICTh 3HA-
YHUX XMapHHUX TiHEH HaJ KOJMIIHBOIO aKBaTO-
pi€r0 BOJOCXOBHWINA, HASBHICTH IIOBHOTO TMOK-
PUTTS 30HH aHAI3y Ta BiANOBIHICTH KIIOYOBUM
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eTaram po3BUTKY Moii. [y mopiBHSIIBHOTO aHa-
73y BUKOPHUCTAHO TPU YacoBi 3pi3u: 25 TpaBHA
2023 poky - mepemaBapiiHUA CTaH; 25 4epBHA
2023 poky - micnsaBapiiHuiA cTaH Ha 19-i 1eHpb
micist pyiiHyBaHHs rpe6uti; 3 sxoBTHS 2023 poky —
OCIHHIH CTaH TEPUTOPIi IS iHIUKAIIi POCIHH-
HOT'0 TIOKPHUBY Ha OCYILEHUX JISTHKaX.

Jnst inaukanii BiIKpUTOi BOAHOT MOBEPXHI
3aCTOCOBAaHO HOPMATi30BaHMH DI3HULICBHA iH-
nexc Bogu NDWI, 3ampomonoBanuii S. K.
McFeeters [14]. [anexc po3paxoByBaBcs 3a hop-
MYJIOIO:

NDWI = (pGreen — pNIR)
/(pGreen + pNIR),

ne pGreen — MOBEPXHEBE BIIOUTTA y 3e1€-
HoMy KaHauti Sentinel-2 B3,

pNIR — moBepxHeBe BIIOWTTS y OMvk-
HBOMY iH(pauepBoHOMY KaHani Sentinel-2 B8.

®iznuHa ocHOBa BukopuctanHsi NDWI
TIOJISITAE B TOMY, 1110 BiIKPUTI BO/IHI TOBEPXHi 3a-
3BHYAH MArOTh TMiJIBUIIICHE BiTOUTTS y 3€JIEHOMY
JiarmazoHi Ta HU3bKe BiIOUTTS y OMMKHBOMY iH-
¢pauepBoHOMY [iana3oHi. YHACIIZOK LBOTO
3HaueHHss NDWI 17151 Bogu nepeBakHo € 1oaT-
HUMH, TOJI1 SIK JUIs TPYHTIB, POCIIMHHOCTI T IITY-
YHUX TIOBEPXOHb BOHH 37ICOUIBIIOTO 3HMKY-
FOTHCS JI0 HYJIBOBHX 200 BiJ'€MHHMX 3Ha4YCHb. Y
oMy jociimkernHi NDWI BukoprcToByBaBCs
HacamIiepe/l 1J1si IPOCTOPOBOT 1HAMKALIIT BIAKPH-
TOi BOJJHOT IMOBEPXHI Ta MOPIBHSHHS 11 KOHPIry-
paiii MiX KJIFOYOBUMH 4YacOBHUMHU 3pizamu. [lo-
porose 3HaueHHs NDWI > 0 3actocoByBasiocs
SIK OPIEHTOBHUI KpHUTEpiil BiJHECEHHsI MIKCENiB
JI0 BOJTHOT IIOBEPXHI.

st BUSIBIIEHHS POCIMHHOTO TOKPHUBY Ha
OCYIICHOMY JIOXKi BOJIOCXOBHILA BHKOPHCTaHO
HOPMaJli30BaHUN Pi3HULEBUH 1HAEKC POCIUHHO-
cri NDVI [18]. [ngexc pospaxoByBascs 3a ¢Gop-
MYJIOHO:

NDVI = (pNIR — pRed) / (pNIR
+ pRed),
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ne pNIR — noBepxHeBe BiIOUTTS y Onvk-
HBbOMY iH(pauepBOHOMY KaHami Sentinel-2 B8,

pRed — moBepxHeBe BIIOWTTS Y 4epBO-
HOMY KaHaui Sentinel-2 B4.

NDVI BUKOpUCTaHO SIK iIHAWKATOp HasB-
HOCTI (DOTOCHHTETHYIHO aKTUBHOI POCITMHHOCTI.
Hwuzbki Ta Big'eMHI 3HaUYSHHS 1HAEKCY iHTEpIpe-
TYBaJIUCS SIK BOJHI TOBEPXHi, OTOJICHI IPYHTH,
JIOHHI BiKJIaau abo mTyyHi mokpuTTs. JlomatHi
3radenHss NDVI BkasyBanu Ha HasiBHICTH POC-
JMHHOTO TOKPUBY PI3HOI IIUTBHOCTI. Y JOCHi-
mxenni NDVI He BuKopucTOBYBaBCS A7 BU3HA-
YEHHs BUJOBOIO CKJIQAy POCIMHHOCTI, a JIMIIE
JUTS TIPOCTOPOBOTO BUSABJICHHS AUISHOK i3 (hOTO-
CHUHTETUYHO aKTUBHHUM MOKpUBOM. Tomy oTpu-
MaHi pe3yJbTaTH IHTEPIPETYBAIUC SIK O3HAKU
PaHHBOCYKIIECIHHOTO 3apOCTaHHs a0o MioHep-
HOI POCIMHHOI KOJIOHI3allii, a He sIK Oe3nocepe-
JTHE BCTAHOBJICHHS KOHKPETHHX POCIMHHUX
yIPyNOBaHb.

UYepes BiACYTHICTh TIOBHOI BEKTOPHOI Ma-
CKH JIOCITI/PKYBaHOI TEPUTOPIi, BIACHUX TOYHUX
TUTONIIMHHIX PO3PaxXyHKiB 1 HE3aIKHOI ITOITLOBOT
Baumimarii pesynsratt NDWI ta NDVI inTepnpe-
TyBaJIHCS SIK 1HIMKATHBHI Ta HE PO3TIISAAIOTHCS
K OCTaTOYHA KiJbKiCHa Kiacuikariist Tuiorng
BOJIM, POCIMHHOCTI a00 OTOJIEHHWX CyOCTpaTiB.
OCHOBHU# aKIIEHT 3p00JICHO Ha TIOPIBHIHHI ITPO-
CTOpPOBOT KOH(Iryparlii HOBEPXHEBHX KJIACIB MiXK
NIEBHUMH YAaCOBHMH 3pi3aMHu.

JlonaTkoBo J1s1 iHTepIpeTallii 3MiH 3aCTO-
COBAHO aHAJTi3 YaCTOTHOT'O PO3MOJILTY 3HAYEHb ITi-
kcernis NDWI 1 NDVI T'icrorpamu po3nominy
JTO3BOJISUTH OI{IHUTH 3MiHY IOMIHYFOUMX CIIEKTpa-
JBHUX XapaKTEPUCTUK TTOBEPXHi MXK Pi3HUMH Ja-
tamu. 1151 mepenaBapiiHOro CTaHy O4iKyBaHUM €
NiepeBayKaHHs 3HAUEeHb, XapaKTEPHHUX VISl BiIKpH-
TOi BOJTHOT moBepxHi. J[j1st miciisiaBapiitHOro cTany

— 30UIBILIEHHS YaCTKHY IIIKCEIIB, 1110 BIAIOBIAAIOTE
OTOJICHOMY CyOCTpary, 3TUIIKOBIM BOJIOHMaM 1
pycioBuM AuTAHKaM. s OCIHHBOTO Tiepiomy —
3MimmenHs po3noAiry NDVI y 6ik nogaTtHux 3Ha-
YeHb, 110 CBIAYMUTH MPO 301IBIICHHS YaCTKH Bere-
TOBAHHUX [IOBEPXOHb.

IaTepmperarist pe3ynpTaTiB  BHKOHYBa-
Jacsl UUTSIXOM IO€IHAHHS 1HAEGKCHOTO aHali3y,
BI3yaJIbHOTO  Jemu(pyBaHHI  300pa)KeHb
Sentinel-2 y mpupoaHUX KOJIbOpax Ta aHAII3Y
IIPOCTOPOBOTO PO3TAIITYBaHHS 3MiHEHUX JIiJIs-
HOK. Pesyneratu NDWI BukopucroBysanucs
JUTSI OITIHKH BTPATH IIPOCTOPOBOI ITLTICHOCTI BiI-
KPHUTOI BOJHOT IIOBEPXHi Ta (hOPMYyBaHHS 3aJIHIII-
KOBOI TimporpadiuHoi cTpykTypu. Pesynbratu
NDVI BUKOpUCTOBYBANUCS AJIS1 BUSIBIICHHS [IPO-
CTOPOBUX IIPOSIBIB POCIIMHHOTO ITOKPHUBY HA OT0-
JIEHNX JOHHHUX BIIKJIaax.

[1ix gac iHTEpIIpeTarii pe3ynbpTaTiB Bpaxo-
BYBAJIMCSl METOJAMYHI OOMEKEHHS JTOCITi/PKEHHSI.
[No-nepiie, BUKOPUCTaHHS ONTUYHHUX CYITyTHH-
KOBHUX JIaHUX 3aJICKHUTh BiJl XMapHOCTI, aTMOc(he-
PHHX YMOB 1 HASIBHOCTI XMapHUX TiHEH.

[lo-mpyre, mpOCTOpPOBOI  PO3IUTHHOCTI
Sentinel-2 y 10 M tocTaTHbO 715 aHAJTi3y BEJIUKO-
MacIUTaOHUX 3MiH BOJOCXOBHIIA, aJIe BOHa 0OMe-
Ky€ MOXJIMBOCTI JETAIBHOIO ACMIU(PYBaHHS
BY3bKHX PYyCeJ, APIOHMX 3aJIMIIKOBUX BOJONM 1
MO3ai4YHUX POCIMHHUX YTPYIOBaHb.

Io-Tpere, moporoBe BHUIIJIEHHS BOIAM 32
NDWI Moke naBatv HOXMOKH Ha IUITHKAX MLI-
KOBOJ|JIS, MOKPOTO MYITy, TypOiTHOT BOJI Ta 3Mi-
[IAHUX TKCEIB y MPpUOepekHil 30Hi.

[lo-gerBepre, NDVI € ingukaropom oto-
CHHTETHYHO aKTUBHOI POCIMHHOCTI, ajie He JIO-
3BOJISIE CAMOCTIHHO BM3HAYMTH BHAOBUH CKIa,
Bik a00 (hiTOIIEHOTHYHY CTPYKTYPY POCIMHHOTO
MIOKPUBY.

Pezynvmamu docnidiicennsn

IlepenaBapiitnuii cran KaxoBcbkoro
BOJOCXOBMINA 3a JaHuMHu Sentinel-2 Bin
25.05.2023. Anami3 cuenu Sentinel-2 L2A Binx
25 tpaBHus 2023 poKy 3acBiuuMB, IO HAIEPEI0-
nHi pyiiryBanHss rpedini Kaxoseskoi 'EC Bomo-
cxoBHIIE 30epirajio MpOoCTOPOBY IUTICHICTD SIK
BEJIMKUHN MITYYHUIH BOJHUN 00'€KT. Y Bi3yauiza-
i1 IPUPOJTHUX KOJIBOPIB BOJIHA MOBEPXHS HPO-
CTEeXKyBajacs sIK CyIiJIbHE aKBaJIbHE JI3ePKaIIo,
110 3aiiMajio OCHOBHY YacTHHY MPOCTOPY MIiX
OeperoBUMHU JiHISIMHU Ta MaJlo YiTKO BUPaKEHY
BUAOBXEHY (HopMy B3IOBXK N0iIMHU [Hinpa.

Pospaxynok NDWI s nepenasapiid-
HOT'O 3HIMKa II0Ka3aB IEepEeBaKaHHS JOAATHUX
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3Ha4YeHb 1HIEKCY B MeXax aKBaTopii BOZOCXO-
Buma. Lle BiAmoBizae cieKTpaabHUM BIACTUBO-
CTAM BIZIKpUTOI BOJHOI TIOBEpPXHI, SIKA XapaKTe-
PH3YETHCSI BIIHOCHO BUILUM BiIOUTTAM Y 3elie-
HOMY KaHaJl Ta HU3BKUM BiAOUTTSIM y OJMK-
HBOMY iH(pauepBOHOMY Jiamna3oHi. 3a KpuTe-
piem NDWI > 0 ocHOBHa yacTHHA KOJHIIHBOI
akBartopii kinacupikyBaacs sK BOIHA IIOBEPXHL.

[MpubepexHi TUISTHKA Ta TPUIIETIII arpo-
JaHMmapTH MalTH 1HII CIIEKTPabHI XapakKTe-
puctuku. BoHu Biapi3Hsuncs BiJ akBaTopii HU-
K4uMH a00 Big'eMaumu 3HayeHHsMu NDWI ta
nogatauMu 3HadeHHIMH NDVI Ha minsgakax 13
POCIMHHUM MOKPUBOM. Y MeXax MpHOepeKHOT
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CMYTH TPOCTESKYBaJIHMCS JIOKaJdbHI UISHKA
npudepeKHO-BOJHOT POCIMHHOCTI, a Ha MpHJIe-
TJIAX TEPUTOPIsIX — MO3aiKa CIITbCHhKOTOCTIONAp-
CBKHUX YTi/b, HACEJIEHUX MYHKTIB, JIICOCMYT i Bi-
JKPUTHUX TPYHTIB.

Takum umHOM, cueHa Big 25.05.2023
Oyna BHKOpHCTaHa SIK 0a30BW YacCOBWIA 3pi3,
IO XapaKTepHU3ye CTaH BOJOCXOBHILA /0 KaTa-
cTpodiyHorO crpaioBanHsa. BoHa nama 3mory
3aikCyBaTH BHUXiJHE CITiBBiIHOIIEHHS OCHOB-
HUX THIIIB TIOBEPXHi: JOMiHYBaHHS BiIKPUTOI
BOJIHOI MOBEPXHI B MEXax aKBaTopii Ta HasB-
HICTh POCJIMHHOTO H arpapHoro mOKpHBY Iepe-
BAJKHO 32 11 MEXaMHU.

Covomeus

< woas

SONIGUMATON

MicasaBapiiina Tpancdopmanis Boja-
HOI moBepxHi 3a gaHumu Sentinel-2 Bin
25.06.2023. Cuena Sentinel-2 L2A Big 25 uep-
BHs 2023 poky BimoOpakae CTaH TepUTOpii Ha
19-ii menw micns pyiinyBaHHs rpe0ini. [lopis-
HSHHS I[FOTO 3HIMKa 3 TepeJaBapiifHOIO CIie-
HOIO TTOKa3ajio Pi3Ky 3MiHy IIPOCTOPOBOI Oopra-
Hizanii BogHoi noBepxHi. CyLineHe BoAgHE A3€-
pkaio, ake gikcyBanocs B TpaBHi 2023 poky, 10
KiHIISI 9epBHS OyII0 3aMiHEHEe MO3aTKOI0 3aJIHTII-
KOBUX BOJHHX AUISIHOK, OTOJICHUX TOHHUX Bij-
KJIaJiB i pycinoBux gopm (puc. 1).

NDW!I-kapra 3a 25.06.2023 BusiBuna cyT-
TEBE CKOPOYCHHS TUIOII MIKCEJIIB i3 TOAaTHUMHU

Puc. 1 — Bizyanizauis ingekcy NDWI 30u1 KaxoBcbkoro BoJocXoBHIIa Micis pyHHyBaHHS Tpedii, Sentinel-2
L2A, 25.06.2023: cuHiii KoJip - BiAKpUTa BOJAHA IIOBEPXHS, OYPO-Cipi TOHH - OTOJICHI JOHHI BiKIa 1

Fig. 1 — NDWI visualization of the Kakhovka Reservoir area after dam destruction, Sentinel-2 L2A, 25 June
2023: blue colour indicates open water surface, brown-grey tones indicate exposed bottom sediments

3HAYEHHSIMH 1H/IEKCY. Y MeKaxX KOJHIITHbOI aKBa-
TOpii BOJOCXOBHMIIA JOAaTHI 3HaueHHs NDWI
30epirajucs MepeBaXKHO B MEXKax aKTUBHOTO Py-
cna JIHinpa, 3aIMIIKOBHX BOJOIM, TOHIKEHHX
JUTSTHOK penbedy Ta OKpeMHX (parMeHTiB 3aToIl-
JICHOT a00 Mepe3BoJIKeHOI moBepxHi. HaromicThb
3HaYHAa YaCTUHA TEPUTOPIl, SKa HAa TPABHEBOMY
3HIMKY KiacudikyBanacs sK BOJla, Ha YepBHE-
BOMY 3HIMKY BIJIIIOBi/Iasia BiJ'€MHUM a00 OJIN3b-
KAM 710 HyJsis 3HadeHHsM NDWI, o cBiguuth
TIPO OTOJICHHS IOHHUX BiIKIIA/IIB.

Y mpocTopoBiit CTPYKTYpi IicisaBapiii-
HOTO CTaHy MOXKHA BHJIUIATH KiJIbKa OCHOBHHX
THITIB MOBEpXHi. AKTHBHE pycio JHinpa micus
CIPALIFOBAaHHS BOAOCXOBHUILA 30CEPEAMIOCS Y Bi-
JTHOCHO BY3bKIH CMy3i, S5IKa TMPOCTEXKYEThCS
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B37IOBK KOJMIIHBOIO JIoXKa Bopocxosuina. Ok-
pemi goxatHi NDWI-ninsiaku 3adikcoBaHO y 1mo-
HIDKCHHSX pebedy KOJMITHBOTO JIHA BOJOCXO-
BUIA, IO BiAMOBIAAIOTH 3ATUIIKOBUM BOJOM-
MaM, CTapUYHUM (hOpMaMm, TaTbBEraM KOJIMIIHIX
IIPUTOK 1 JIOKAJIBHUM ACTIPECIsSIM.

Haii6inpiry miomnty B MeXax KOJIMIIHBOL
aKBaTopii CTAHOBWIIM AUISIHKY 3 Bi'€MHUMH 200
OJIM3bKUMHU 710 HYJ1s1 3HaueHHAME NDWI. VY Bizy-
aJtizarlii MPUPOIHUX KOJIBOPIB BOHHU MPOSIBIISLIHCS
SIK CBITIO-Oypi, cipi a0 TeMHO-Cipi HOBEpXHi.
Taki crieKTpaibHI O3HAKHM BIINOBIIAIOTH OroJie-
HUM MYJIUCTHM, ITIIAHAM 1 TTHHUCTHM JIOHHUM
BIIKJIaZIaMH, IO 3aJMIIMIUCS TTICIIS IIBHIKOTO
Bigxoay Boxu. YacTuHa TepuTOpii Mana mpomi-
JKHI CHEKTpalbHI XapaKTepPUCTHKH, MO MOXKE
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BiATIOBIJATH MOKPOMY MYJIY, MITKOBOJIIO, TUM-
YacOBO MEPE3BOJIOKEHUM TMOBEPXHSAM ab0 3Mi-
[IaHUM TIKCETIM HAa MEXI BOIM W OTOJIEHOro
cyOctpary.

lopiBastHas  cuen  25.05.2023  Ta
25.06.2023 3acBiquuio, MO0 OCHOBHA MPOCTO-
poBa 3MiHa MoJIsATalia He JHIIe Y 3MEHITICHHI BiJI-
KPHUTOi BOJHOI MOBEpXHi, a W y 3MiHI caMoro
TUIy (QYHKIIOHYBaHHS TepuTopii. Bomocxo-
BUINE SIK CYIUTbHUN INTYYHUH BOIHWNA 00'€KT
TpaHc(opMyBaJIocs y MPOCTOPOBO HEOJHOPIAHY
CHCTEeMY, JIe TOEAHATUCS PYCIIOBHH CTIK, 3aJIHII-
KOBI BOJIOMMH, OTOJICHI JIOHHI BIZIKIIA/TU Ta TIepe-
3BOJIOYKCHI JTUISTHKH.

®opmyBaHHSI POCJHHHOTO MOKPUBY HA
OCyIIeHOMY JIOKiI BogocxoBumIa Bocenn 2023
POKy. AHari3 ociHHBOI crieHn Sentinel-2 L2A 3a
3 xoBTHS 2023 poKy HOKa3aB MOJAJIBLIY 3MiHY
CIIEKTPAIBbHHUX XapaKTEPHCTUK KOJIHIITHBOT aKBa-
Topii. SIKIIO B 4epBHi 3HaYHA YacTHHA OCYILe-
HOTO JIO’Ka BOJIOCXOBHINA BiATOBiJgaia Oroe-
HHMM JIOHHUM BiIKJIaJIaMH 3 HU3bKUMHU 3HAYCH-
HsiMu NDVI, To BoceHHn Ha 0araTthoX IiISTHKAX
Oyo 3adikcoBano nonatHi 3HadeHHss NDVI, xa-
paxTepHi a1 (POTOCHHTETUYHO aKTHBHOI poc-
JIMHHOCTI (pHC. 2).
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[Ipocroposwuii po3noaist NDVI cBiguuts,
IO POCIUHHUI MOKPUB (OPMYBABCS HEPIBHO-
MipHO. HaliGinbim BUpasHi A0AaTHI 3HAYCHHS
IHICKCY CITOCTepiraiucs Ha MiISHKaX i3 A0CTa-
THIM 3aJIMIIKOBHM 3BOJIOXKEHHSIM, MOOIN3Y py-
CJIOBHIX 1 3aJIMIITKOBO-BOJHUX (POPM, a TAKOXK Y
MeKaxX MOHIKCHHX YaCTHH KOJMIIHBOTO JHA.
Menm BupaxkeHi 3HaueHass NDVI Oynu xapak-
TEpHI JIJIS CyXIIMX a00 MEHII CTablIbHUX CY0-
CTpaTiB, Jie TIPOIEC 3aPOCTAHHS BiJOYBaBCsI MO-
BUTBHIIIE 200 MaB )parMEHTApPHUIN XapaKTep.

®dikcanig mogataHux 3HadeHr NDVI na
TEPUTOPISIX, sAKi y TpaBHi 2023 poky BiAINOBI-
Jay BIAKPUTIA BOJHIA MOBEPXHi, BKazye Ha
(bopMyBaHHS (POTOCHHTETHIHO aKTHBHOT'O POC-
JIMHHOTO OKPYBY HA YaCTHHI KOJHIIHBOI aKBa-
Topii. BonHowac 1i pesyibpraTH HE CIi OTOTO-
YKHIOBATH 3 BU3HAYCHHSIM BUIOBOT'O CKJIaIy abo
(ITOLEHOTHYHOI CTPYKTYpPH POCIMHHOCTI. 3a
JAaHUMH OJIHOTO ONTHYHOTO I1HJIEKCY HEMOXK-
JIMBO JIOCTOBIPHO PO3MEXYBaTH OKpeMi BHUJIH,
POCIIUHHI yrpyMoOBaHHS YW CTajil CyKIecii,
TOMY 3a(hiKCOBaHi 3MiHH IOLIJIBHO IHTEPIPETY-
BaTH SIK 1HIUKATHBHI 0O3HAaKH PaHHBOCYKLECIH-
HOTO 3apOCTaHHs a00 MOHEPHOT POCIUHHOI KO-
JIOHI3alil OCYIIEHUX JOHHUX BiIKJIAMIB.

-y Wi

Puc. 2 — Bizyanizauis ingekcy NDVI ocyienoro soxa KaxoBcbkoro Bogocxouia, Sentinel-2 L2A,
03.10.2023: 3eneHi TOHM - JUISTHKH 3 (POTOCHHTETUYHO aKTHBHOIO POCIMHHICTIO, OypO-Cipi TOHH — OroJIeHi
abo ciabko BereroBaHi cyocrpaTu

Fig. 2 — NDVI visualization of the drained Kakhovka Reservoir bed, Sentinel-2 L2A, 3 October 2023: green
tones indicate photosynthetically active vegetation, brown-grey tones indicate exposed
or sparsely vegetated substrates

Y nOpocTopoBOMY BiJIHOIICHHI BETeTO-
BaHi TUISHKK YTBOPIOBAaJIM MO3aiKy 3 BiIKpH-
TUMH CyOCTpaTaMu, 3aJIMIIKOBUMH BOJIOWMaMH
Ta pycnoBuMH Qopmamu. Taka MO3aidHICTBH

~84 ~

Bi0Opakae HEOAHOPIAHICTH YMOB MiCJsl CIIpa-
LIOBAaHHS BOJOCXOBHIIA: PI3HUN TPaHyJIOMET-
PUYHUN CKJIAJ TOHHUX BiJIKIaiB, BiIMIHHOCTI
y 3BOJIOKEHHI, MiKpopenbedi, OMU3bKOCTI 10
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JDKepesl HaCiHHEBOTO MaTepially Ta TPHBAaIOCTi
nepeOyBaHHS MOBEPXHI 0€3 BOJHOTO MOKPHBY.

Yacroruii ananiz 3Havenb NDVI.
Jnst nomaTKoBOi iHTepIpeTallii 3MiH MOBEpXHe-
BOTO MOKPHBY OYyJIO MPOaHATI30BaHO YacCTOT-
Hul posnonin 3naueHnb NDVI y Bu6panomy Bi-
KHI TepuTopii mocimimkenHs. OTpuMana ricTor-
pama ajsi KOBTHEBOI CLIEHH AEMOHCTPYE 3Mi-
[ICHHS 3HAYHOI YaCTHUHH IMIKCENIB y AOAaTHUN
nmianma3zoH 3HadeHb NDVI. e y3romkyeTbes 3
MOSBOI0  TMOBEPXOHb 13  (POTOCHHTETHYHO

Sentinol-2 L2A - NDVI

1]

AKTUBHUM POCIMHHUM MOKPHUBOM TOPIBHSHO 3
TicasaBapiiHUM JIITHIM cTaHoM (puc. 3).
HasiBHiCTh TiKCEIB i3 HU3BKUMH 200 Bi-
n'emanMHy 3HadeHHSIME ND VI 30epiraeTpes, mo
BitoOpaskae MPUCYTHICTD 3ATUIIIKOBHUX BOIOIM,
BIIKpUTHX TOHHUX BIAKIAIIB, MEPE3BOIOXKE-
HUX JUISHOK 1 CTa0KO BET€TOBAaHUX TIOBEPXOHb.
Boanouac 30iibIIeHHS 9acTKU AOAATHUX 3Ha-
yeHb NDVI BKkasye Ha Te, 0 pOCIUHHUI MOK-
PHB CTaB OJTHUM i3 IOMITHUX THIIIB IOBEPXHI Ha
OCYIICHHX TUISTHKAX KOJIMIIHBOI aKBATOPIi.

&l o)
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Puc. 3 — Yacroruuii posnozin 3navens NDVI y Bubpanomy BikHi Tepuropii nociimkenns, Sentinel-2 L2A, »xxo-
BTeHb 2023 poky: Bick X — 3HaueHHs iHAekcy NDVI, Bich Y — gacTora / KibKICTh MIKCEIIB

Fig. 3 — Frequency distribution of NDVI values within the selected study window, Sentinel-2 L2A, October
2023: X-axis indicates NDVI values, Y-axis indicates frequency / number of pixels

lNicrorpaMuuii aHaii3 JOMOBHIOE Bi3ya-
npHe nemudpysants NDVI-kapT, ockiibku J0-
3BOJISIE TIEPEUTH BiJ SIKICHOTO OMHCY «I03elie-
HIHHS» TEPUTOPIi J0 iHTEepIpeTalii CreKTpaib-
HOT'O PO3MOJLTY. 3MILIICHHS PO3MOILTY 3HAYCHb
NDVI y nogatHuii nianma3oH MiATBEpKYE, IO
3MiHH, 3a(iKCOBaHi Ha 300pa’keHHI, HE € JIUIIE
JIOKJILHUM e(PeKTOM, a BiIoOpakatoTh OMITHY
nepeOyI0By TOBEPXHEBOTO IMOKPUBY B MEXKax
JOCITiAKYBaHOT TEpUTOPIi.

Y3araJbHeHHs1 pe3yJbTaTiB JAMCTaH-
HifHOro aHaJi3y. Y3araJbHEHHS pe3yNbTaTiB
NDWI-, NDVI-anani3zy Ta BizyajibHOTO jaermd-
pyBanHs Sentinel-2 CBIAYMTH PO IOCIHIIOBHY
IIPOCTOPOBO-YaCOBY TPaHC(HOPMALIIIO TEPUTOPIT
KaxoBcbkoro Bogocxosuiia y 2023 pori. [lepe-
JaBapiiHUN CTaH XapaKTePH3yBaBCS JIOMIiHY-
BaHHSM CYIIJIbHOT BIJIKPUTOT BOJHOI HOBEPXHI.
[Ticns pyiiHyBaHHS rpe0JIi CHOCTEPIranocs piske

CKOpPOYCHHSI Ta (pparMeHTallisi BOJHOIO J3€p-
Kauia, popMyBaHHs 3THIIKOBOTO pycia J[Himnpa,
JIOKQJIbHUX BOJIOMM 1 BEJIMKHX TUIOII OTOJICHUX
JIOHHUX BiIKJaaiB. B ociHHIN mepioa 4yacTHUHA
OCYIIEHOTO JIOXKa BOJIOCXOBHINA HAOya JA0/aT-
Hux 3HaueHb NDVI, 1m0 BKa3ye Ha mosBy ¢GoTo-
CHHTETUYHO aKTHBHOT'O POCIMHHOTO TIOKPHBY.

OTtpuMaHi pe3yJIbTaTd MalOTh 1HIUKATHB-
HUH XapakTep i JeMOHCTPYIOTh MOXKJIMBOCTI Bi-
JIKpUTHUX JaHux Sentinel-2 Asi onepaTUBHOTO
T€0EKOJIOTIYHOTO MOHITOPUHTY TEPUTOPIH, He-
JOCTYIHUX JUIsi OE3MeYHHX ITOJIbOBHUX JIOCIi-
JOKEHb.

VY cykymnHocTi pesyinsratdi NDWI, NDVI
Ta TICTOrPaMHOTO aHajIi3y MiITBEPIKYIOTh, 110
i pyHHyBaHHs rpe0Ji Bi0yJiacst HE JIUIIIE Ti-
JIpOJIOTIYHA 3MiHA, IOB'I3aHa 31 3HUKHECHHIM
3HAYHOI YaCTHHHU BiJKPHUTOI BOAHOI IOBEPXHi, a
i nanamadTHa nepedya0Ba TEpUTOPIi.

062060pennsn

OtpumaHi pe3ynbTaTd CBiTYaTh PO MIBU-
JIKy Ta HPOCTOPOBO BHpa3Hy TpaHchHOpMaIlito

KaxoBChbKOro BOJIOCXOBHINA TCHS PyHHYBaHHS
rpeoni  Kaxoscekoi T'EC. IunekcHuit anamis
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Sentinel-2 moka3aB MociiOBHY 3MiHY CIIEKTpa-
JIBHOTO 00pa3y TEpUTOPIi: Bi TOMiHYBaHHS BiJK-
pUTOI BOIHOI MOBEPXHI Y TIepeAaBapiiHuii mepiox
o (parMeHTartii BOJHOTO A3epKayia, OTOJICHHS
JIOHHUX BIIKJIAIiB 1 OGO TIOSBU POCITHH-
HOT'O TIOKPHMBY Ha YacCTHHI OCYIIEHOTO JIOXKa BO-
nmocxosuia. Taka quHaMika BigoOpaskae He JIHIe
TiIPOJIOTiYHY 3MiHY, TIOB'SI3aHy 31 CIIPAIFOBAHHIM
BOJIOCXOBHIIIA, a ¥ TIMOITY TaHmmadTHY epedy-
JoBy TepuTopii [5-9].

3 reoeKoJIOTiYHOT TOUKH 30pY PyHHYBaHHS
Kaxoscekoi 'EC npu3zBeno 10 pi3koi 3MiHU (yH-
KI[IOHYyBaHHS HIDKHBOJHITIPOBCHKOI T€OCUCTEMH.
Teputopist, sKka MPOTArOM JECATUIIITh iCHyBaja
SK BEJMKE HITyYHE BOJOCXOBUINE, Y KOPOTKHUIA
YacOBUHM MPOMDKOK TModYana HaOyBaTH O3HAaK
CKJIaJTHOT PYCIIOBO-3aIlIaBHOI crctemu. Ha mici
KOJIMIIIHBOTO CYHIIBHOTO BOJHOTO J3epKaia
chopMyBanacsi Mo3aika AaKTUBHOTO pycia
JHimpa, 3aUITKOBIX BOJIOUM, TIEPE3BOJIOKEHNX
TIUTSTHOK, BIIKPUTHX IOHHUX BiJIKJIAIiB 1 TUTTHOK
i3 pociuHHUM mokpuBoM. Came Taka Mo3aiy-
HICTPH € OJHI€IO 3 TOJIOBHHUX O3HAK ITicIsaBapiii-
HOTO CTaHy TepPHUTOpii.

Bukopucranass NDWI nano 3mory mpo-
CTEKHUTH TIPOCTOPOBY (’pparMeHTauiIo BiJIKpH-
TO1 BOIHOI TOBEpXHi. Y nepenaBapmHHM me-
pioJl BOZOCXOBUINE MaJIO LiJICHY MPOCTOPOBY
CTPYKTYPY, TOAI SIK Miciisi pyWHyBaHHS Tpe0i
nonathi 3HaueHHss NDWI 36epiranucs nepesa-
JKHO B MEXax PYyCJOBHUX 1 3aJIMIIKOBO-BOJIHUX
ninstHoK. Lle Bkasye Ha mepexin Bl pexuMy
IITYYHOTO BOJOCXOBHIIA O 3HAYHO CKJIaJIHi-
1o MpOCTOPoBOi KoHpirypauii, y sikiii BoaHa
MOBEPXHS BXKE HE € JOMIHAHTHUM 1 CyLiIIbBHUM
eneMeHTOoM. BogHowac ciif BpaxoByBaTH, 10
NDWI € uyTnuBuM 10 cTaHy ITOBEPXHI it MOXKeE
JaBaTH HEOJHO3HAYHI pe3yJlbTaTH Ha MEexi
BOJIM, MOKPOT'O MYJY, MiJIKOBOJ/IS Ta NEPE3BO-
JIOXKEHUX JOHHMX Bimkmamin [14-17].

Amnaniz NDVI 3a ocinniii nepiog 2023
POKY CBIIYHTH IPO MOSIBY (POTOCHHTETHYHO aK-
THUBHOTO POCIMHHOTO TIOKPWBY Ha YacTHHI OCY-
HIEHOTO JIoXKa Bojtocxosuila. Lle € BaxkimBum mo-
Ka3HAKOM PaHHBOTO €TaIly EeKOJIOTiYHOI TpaHC-
dopmariii Tepuropii. [losiBa momatHUX 3HaYEHB
NDVI Ha ninsHkax, siki 10 pydHyBaHHS rpe0ii
nepeOyBaJIH ITi/1 BOAOIO, BKa3ye Ha IIBUIKY POC-
JIMHHY KOJIOHI3aLlil0 OTOJIEHHX JOHHUX BiJKJIa-
niB. Bognouac NDVI He 103BoJIs€ BU3HAYUTH
BUJIOBUH CKJIaJ POCIIMHHOCTI, i1 ()ITOLEHOTHYHY
CTPYKTYpy a00 CTaOUIbHICTh C(l)OpMOBaHI/IX
YIpYyIOBaHb [18] Tomy KopekTHile TOBOPHTH
HE IIPO MOBHICTIO CPOPMOBAHY cyKuecuo a mpo
paHHBOCYKIIeCiliHEe 3apocTaHHs ab0 TMiOHEpHY
POCITMHHY KOJIOHI3aIlil0 OCYIIIEHOTO CyOCTpary.
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IMOBipHUMH YMHHUKAMH IIBUIKOI MOSIBU
POCJIMHHOTO TOKPHBY € TIOEJHAHHA KITBKOX
ymoB. [lo-miepiire, JoHHI BiIKIIa 11 BOJIOCXOBHIIA
[IPOTATOM TPUBAJIOTO Yacy aKyMyJIIOBAJIN Opra-
HIYHY PEYOBHHY, TOHKOAMCIEPCHUNA MaTepiai i
IIOXHBHI €IEMEHTH, 1110 MOIJIO CTBOPUTH CHIPUSI-
TIHUBUH CyOCTpart Ayt mpopocTanHs pociu. [1o-
JpyTe, MCIS BiIXOAY BOAW YaCTHHA JIOXKA BOJIO-
CXOBHIIa 30epiraja IMiIBUIICHE 3BOJIOKCHHS,
0COOJIMBO y TIOHIDKEHHX JUISTHKAX, TOOIU3y 3a-
JIMIIKOBUX BOJOWM 1 B3IOBXK PYCIIOBHX q)opM
[o-Tpete, mxepenaMu HACIHHEBOTO MaTeplaﬂy
Mornu OyTH TpHOEpEeKHI POCIMHHI YIpyImo-
BaHHS, 3aIUIaBHI JISHKY, 3aIMIIKU Tpudepe-
YKHO-BOJJHOI POCITMHHOCTI Ta MpPWIIETIi arpo-
JTaHAmadTH.

Pa3zoMm i3 TUM ekosoriuHe 3HAuYCHHS Ta-
KOTO 3apOCTaHHSI € HEOJHO3HAYHHM. 3 OIHOTO
00Ky, BOHO MOYKE CBITYMTH PO IMOYATOK CTHX1H-
HOTO BiTHOBJICHHSI OKPEMHX 3aIUIaBHUX a0 JIy-
YHO-00JIOTHHX O10TOMIB, AKi iICTOPUYHO OyiH Xa-
paKTepHUMHU Il HIKHbOro [lHimpa mo crtBoO-
peHas KaxoBCHKOTO BOJOCXOBHINA. 3 iHIIIOTO
00Ky, Taka TpaHchopMarllisi He MOXe OIliHIOBa-
THCS OAHO3HA4HO MO3UTHUBHO. OroseHi NOHHI
BiIKJIaTM MOXYTb MICTUTH 336pyILHIOBaJH;Hi pe-
YOBHMHH, HAKOIMYEH] 32 JNECATUIITTS (byHKulo-
HYBAHH BOJIOCXOBHIIIA. Ix ocymrenns, aepariis,
nepeMillieHHsT BITPOM a0 3aydeHHs JI0 TOBEp-
XHEBOTO CTOKY MOXYTh CTBOPIOBATH PH3HKH
BTOPUHHOTO 3a0pyIHeHHs [5, 8, 9].

OkpemMoi yBars MOTPEOYIOTh 3aJIMIIKOBI
BOJIOWMH, sIKi OyIu 3a)iKCOBaHi 3a JIOTIOMOTOO
NDWI micnst criparroBanHs BomocxoBuia. Taki
00'€eKTH MOXYTh BHUKOHYBaTH Pi3HI €KOJOTi4HI
(hyHk1il. BoHM MOXKYTH OyTH THMYaCOBUMH OCE-
penkamu 30epeKeHHsT BOTHOI 010TH, JDKepernaMu
BOJIOTH JJIsI NPWJIETIMX AUISHOK 1 JIOKJIBHUMH
sIApaMu IOJaJIbIIOT 3aIUIaBHOI AMHaMiku. BogHo-
Yac y 3aIMIIKOBUX BOJONHMAaxX MOKIIUBE IIOTIp-
IICHHS SIKOCTI BO/IM Yepe3 3aCTiliHi yMOBH, ITi/IBU-
HICHHS TEMIlepaTypy, eBTpo(QYBaHHs, HAKOIHU-
YeHHs] OPraHIvYHOT peYOBUHH Ta KOHTAKT i3 3a0py-
JTHEHUMH JJOHHUMHU BilKnagamu. J{jist OIiHKY X
IIPOLIECIB ONTUYHKUX 3HIMKIB Sentinel-2 HexocTa-
THBO; TTOTPiIOHI JOAATKOBI JaHi PO SKICTh BOJIH,
TiIPOXIMIYHMIA CKJIaJT, TOHHI BiKiam Ta 6ioty [19].

BaxxnuBuM pe3ynsraToM poOOTH € IeMOH-
CTpallisi MPUAATHOCTI BIAKPUTHX CYITyTHHKOBHX
nmaHux Sentinel-2 as onepaTHBHOI iHAWKAIIIT Be-
JIMKUX EKOJIOTTYHUX 3MIH y 30HI, HEJOCTYIHIH
IU1sl Oe3NeYHrX MOJIBOBUX JIOCIHIDKEHb. YMOBH
OoioBHX [, MiHHA HeOe3leKa Ta OOMEKEHHI
JOCTYI A0 TEPUTOPil poOIIATh KIIaCHYHHUI Ha3eM-
HHUI MOHITOPUHT (hparMeHTapHUM a00 HEMOXKITHU-
BUM. ¥ Takiii cutyarii /133 cTae He JOMOMIXKHUM,



ISSN 1992-4224 Jlropuna Ta noskimns. [Ipobaemu neoekonorii. 2026. Bunyck 45

a 0a30BUM JKEpENoM IPOCTOPOBOI iH(pOpMarii.
Sentinel-2 no3Bossie MOPiBHIOBATH CTaH TEPUTO-
pii y pi3Hi 4acoBi mepioau, (iKcyBaTH OCHOBHI
HaTpsMHU TpaHChOopMallii, BUAUIITH BOIHI, Oro-
JIeH] Ta BET€TOBaHi AUTIHKH, a TAKOK (hOpMyBaTH
OCHOBY JIJISI TIOIAJTBIIIOTO IETATBHIIIONO aHAJI3y
[21-26]. To obMekeHb DOCHTIKEHHS CITifT BiTHe-
CTH Te, 10, TIO-TIepIIIe, aHalli3 0a3yeThCs Ha OKpe-
MHX YaCOBHX 3pi3ax, a He Ha IOBHOMY 4aCOBOMY
psi 3 BUCOKOIO YaCcTOTOIO CTIOCTEepekeHb. Lle 00-
MEXYE MOXIIMBICTh JETAITGHOTO BiATBOPEHHS
NPOMIKHUX €TaliB CIpallOBaHHS BOJOCXOBHIIA
Ta MOAANBILIOI IUHAMIKU 3apOCTaHHS; MO-ApyTe,
BUKOPHUCTAaHHS JIMIIIE ONTHYHUX JaHKUX Sentinel-2
3aJISKUTh BiJl XMapHOCTI, aTMOCEPHUX YMOB i
OCBITJICHHSI; TIO-TPETE, IPOCTOPOBOI PO3IUTHHOCTI
10 M J0CTaTHBO YIS 3arajlbHOTO aHaJi3y BEJHU-
KO0 BOAHOTO 00'€KTa, ajie HeIOCTATHBO IS Jie-
TaITbHOI OI[IHKA BY3bKHX PYCEIL, IPiOHNX BOIONM,
MO3aIYHMX POCIMHHUX YIPYIOBaHb 1 JIOKATEHUAX
€KOTOHIB, TI0-4ETBEpPTE, BIACYTHICTh BIACHOI
TIOJTBOBO]T BaJTiTaIlii HE TO3BOJISIE OCTATOYHO TIiIT-
BEPJMTH BUJIOBHI CKJIaJl POCIMHHOCTI, CTaH JIOH-
HUX BIJIKJIAIIB 1 IKICTH 3AJIUIIKOBHX BOJIL.

VY momanmbvx OCHIIKEHHSX JTOUUTEHO
PO3IIUPUTH YacOBY 0a3y aHaNI3y IUIIXOM BHKO-

pucTaHHs oBHOTO psiny Sentinel-2 3a 2023-2025
poku. Lle 103BOIUTE MPOCTEKUTH CE30HHY Ta Mi-
KPIUHy ITUHAMIKY POCIMHHOTO MOKPHBY, CTali-
JIbHICTh 3aIMIIKOBUX BOAOWM 1 MOMJIMBE HOAa-
nbiie hopMyBaHHS 3arIaBHUX OioTomiB. Jis mo-
JIOJIaHHS OOMEXXEHb ONTHYHHX JaHHUX JIOUTEHAM
Oyme 3amyunTH pajgapHi 3HIMKH Sentinel-1, ski
MOXXYTh BHKOPHCTOBYBATHCS HE3JEKHO Bif
XMapHOCTI Ta OCBITJIEHHsI. [lepCcrieKTHBHIM € Ta-
ok noegdanast NDWI, MNDWI, NDVI, inaex-
CiB BOJIOTOCTI, Kacu(ikalii 3MHOTO TIOKPHBY Ta
mrdpoBux Mozienelt penbedy A1 TOYHIIIONO Po-
3MEKYBaHHS BOJIM, MOKPOTO MYJy, CyXHX JIOH-
HUX BiJIKJI3JIiB 1 POCIMHHOCTI.

OtpuMaHi pe3yJbTaTH MalOTh 1HIMKATHB-
HHH XapaxTep, ajie Taf0Th 3MOT'y IPOCTEKHUTH OC-
HOBHI HaNpsMH 3MiH y MeXKaX KOJMIIHBOI aKBa-
Topii KaxoBCHKOro BOMOCXOBHINA. 332 JaHUMH
Sentinel-2 BcTaHOBIEHO CKOPOYEHHS BiAKPUTOI
BOJTHOI TTOBEpXHi, (DOPMYBaHHS OTOJEHHX JiJIs-
HOK JIO’Ka BOJIOCXOBHIIA Ta MOSIBY (DOTOCHHTETH-
YHO aKTUBHOT'O POCIMHHOTO OKPHBY Ha YaCTHHI
OCYIIEHUX TEPUTOPIi. 32 YMOB 0OMEKEHOTO JI0C-
TYIy A0 paioHy MOCTI/PKEHHS TaKWH MiaXin
Moske OyTH BUKOPHUCTaHHH TS OTAJIBIIOTO CIIO-
CTEpPE)KECHHS 32 CTAHOM TEPHUTOPIi.

Bucnoexu

3a pe3ynbTaTaMu aHai3y MyJIbTHCIIEKTPa-
JIbHUX 3HIMKIB Sentinel-2 L2A BcTaHOBIEHO, 1110
pyinyBanns rpedni Kaxorcekoi I'EC 6 wepBHs
2023 poKy CHOPUYMHWIO ILIBUAKY IPOCTOPOBY
TpaHchopmariito KaxoBchKkoro BOJJOCXOBHIIA Ta
npuiernux JanamadTis. [lepenaBapiiianii cran
TEPHUTOPIl XapaKTepru3yBaBcs IOMIHyBaHHSIM CY-
IUTFHOT BIAKPUTOI BOJHOI ITOBEPXHI, TOJI K TIi-
Clisl pyliHyBaHHS Tpe0Jii BOJHE J3epKaJio BTpa-
THJIO TIPOCTOPOBY IIUIICHICTH 1 TpaHchopmyBa-
JI0Csl y MO3aiKy akTHBHOTO pyciia J[Hirpa, 3asmum-
KOBHX BOJIOIMM, MEPE3BOJIOKEHNXK JIUISTHOK 1 OTO-
JIEHUX IOHHUX BIJK/IaIiB.

Ianexkc NDWI BusiBuBcst eheKTUBHUM iH-
CTPYMEHTOM JIJIsl TUCTaHIIMHOI 1HAMKAI] 3MiH
BiIKpUTOi BOJIHOT 1ToBepxHi. [TopiBHSHHS TIepeia-
BapiiiHOI Ta TicisaBapiiiHoi cieH Sentinel-2 3a-
CBITUMJIO Pi3Ke CKOPOYEHHS 1 (hparMeHTaLlito BO-
JIHOT TIOBEpPXHI B MEXaX KOJMIMHBOI aKBaTOpil.
Bonnowac pesynsratn NDWI ciif iHTEpTIpeTy-
BaTH K 1HIUKATUBHI, OCKUILKHY Ha IIISIHKAX MIJI-
KOBOJ|ISl, MOKPOT'O MYJTy, IIEpE3BOJIOKEHNUX JOH-
HUAX BIiZKIAmiB 1 3MIIIAHUX IIKCENIB MOKIIUBI
KIacU]IKaIliiHI TOXHUOKH.

Ananiz NDVI 3a ocinniii mepiog 2023
POKYy TIOKa3aB TOsIBY (DOTOCHHTETHYHO AKTHB-
HOTO POCIMHHOTO TOKPHBY HAa YaCTHHI OCyIIe-
HOro Joka KaxoBCBKOro BOJOCXOBHIIA, IO
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CBIJUHUTH IIPO MOYATOK PaHHBOCYKIIECIHHOTO 3a-
pocTaHHs a00 MOHEPHOI POCIMHHOI KOJOHI3ail
JOHHUX BIJIKJIAJIIB, sIKi JI0 pyHHYBaHHs rpe0di me-
peOyBaim i Bomoro, npu 1bomy NDVI He mo-
3BOJIsIE BU3HAYUTH BUAOBHI CKJIaJ] POCIMHHOCTI,
TOMY OTPHMaHi Pe3yJIbTaTH MOTPeOYIOTh MOAab-
IOTO YTOYHEHHSI 32 JIOTIOMOT'OIO TTOJIBOBUX CIIOC-
TepexkeHb a00 JaHMX BHUILIOI IPOCTOPOBOI PO3-
JIJIBHOCTI.

Yacrorauii agams 3Haueds NDVI miarse-
pZUB 3arajbHy TEHACHLIO 10 3MiHH CIIEKTpalb-
HOTO 00pa3y TepuTopii B OCIHHII TIepio: mopsi
13 3QJIMIIIKOBUMH BOJJOHMAaMH, OTOJICHUMH Ta Tie-
PE3BOJIOKEHUMH CyOCTpaTaMH 3'SIBUIMCA AiJIA-
HKH 3 JOJaTHUMH 3HAYEHHSIMU 1HIIEKCY, XapaKTe-
PHUMH JUTSI pOCIMHHOTO TIOKpUBY. Lle y3romky-
€TBCS 3 BI3yallbHUM JEUIH(PPYBaHHSAM CYITyTHH-
KOBUX 3HIMKIB 1 CBiJYUTH PO ()OpMYBaHHSI HOBOT
MO3aiuHOI CTPYKTYpH MOBEPXHEBOTO MOKPHBY B
MeKax KOJIUITHBOI aKBaTOPii.

[licnsaBapiiina Tpancgopmariss Kaxosch-
KOTO BOOCXOBHILIA MA€ HEOIHO3HAUHI €KOJIOTi-
YHI HACJIKK. 3 OZIHOrO OOKY, IMOsIBa POCIIMHHOTO
MIOKPUBY Ha OCYIIICHOMY JIOXKI MOXe OyTH riepe/i-
YMOBOIO YaCTKOBOT'O CTHUXiHHOTO BiTHOBJICHHS
3aIUIaBHUX, JIYYHUX 1 OOJIOTHHX OIOTOIIB HHXK-
HborO J{HINpa. 3 iHIII0r0 60KY, OTOJICHHS JOHHUX
BiIKJIafiB, MOXJIMBE BTOpHHHE 3a0pyIHEHHS,
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NIMJIOBE MIEPSHECEHHS], IOTIPIICHHS CTaHy 3aJTUII-
KOBHX BOJIOWMM 1 IOYKEKHA HeOe3meKa CTBOPIOIOTh
HOBI €KOJIOT19HI PU3HKH, 1110 TIOTPeOYIOTh TPHBa-
JIOrO MOHITOPHHTY.

Bigxpuri nani Sentinel-2 y moeaHanHi 3 iH-
nexcamut NDWI ta NDVI € npugatauM iHCTpY-
MEHTOM JJIs1 OTICPATUBHOI TUCTAHITIMHOI 1HIKA-

0COOJIMBO B YMOBAaX, KOJIU TTOJILOBI JTOCHI/PKSHHS
HEMOXJIHMBI abo HeOe3meuHi uepe3 00ioBi il
JLi1s1 TomabIoro miABUINEHHS TOYHOCTI OLIIHOK
JIOIUTHHO MOETHYBATU ONTUYHI MaHi Sentinel-2 i3
panmapHuMu 3HIMKamu Sentinel-1, yacoBumu psi-
mamu 3a 2023-2025 poku, i poBIMHI MOICIITMH
penbedy, TIAPOXIMIYHIMI TaHUMH Ta HA3EMHOIO

il  MacImTa0HUX  TiJPOCKOJIOTIYHUX  3MiH, BaJIiAani€ero.

Konghnixm inmepecie

ABTOpH 3aCBiUyIOTh, 10, HE3BAKAIOUM Ha T€, IO OAMH i3 aBTOPIiB CTATTi € WICHOM pelaKIiiHHOT
KOJIETi{ IIbOTO JKypHAITY, TPOIEC PeleH3YBaHHS, IPUAHATTS PIIIEHHS 100 MyOiKaIlii Ta pegaryBaHHs
MPOBOJIUITUCS HE3aJIEKHO, Oe3 HOro y4acTi UM BIUIMBY. Bynb-Ki moTeHwiiHI KOHQIIKTH iHTEpeciB Oynn
MOBHICTIO YCYHEHI IIJIIXOM 30BHIITHHOI'O KOHTPOJIIO MPOIIECY.

Kpim ToT0, aBTOpPH MOBHICTIO TOTPUMYBAINCH €TUYHAX HOPM, BKITIOYAIOYH TUIariat, (ambcudi-
KaIlifo JaHWX Ta MMO/IBIHHY IMyOJIiKaIlito.

Bhecox aesmopis. ABTopy 3p00WITN PiBHUN BHECOK B 1€ JTOCIIHKCHHSI.

eknapayia npo euxopucmannsa L1

Agtopu BukopuctoByBaimm ChatGPT-5.5 (OpenAl, 2026) BUKITIOYHO 7151 MOBHOTO pelaryBaHHS,
CTPYKTYPHOTO BIIOPSIIKYBaHHS TeKCTY. Bech HayKOBHIT KOHTEHT, MaTepialii Ta BACHOBKH CTBOPEHI aB-
TOpaMu. Y ci HayKOBI ITOJIOKEHHS, IHTEPIIPETAIlii, pe3yJIbTaTH T4 BACHOBKH KPUTUYIHO ITEPEBiPEHI aBTO-
pamu, sIKi HeCyTh MOBHY BiAIIOBITAIBHICTh 32 3MICT PYKOITUCY.
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REMOTE SENSING ASSESSMENT OF THE SPATIO-TEMPORAL TRANSFORMATION
OF THE KAKHOVKA RESERVOIR AFTER DAM DESTRUCTION
USING SENTINEL-2 DATA

Purpose. To identify and characterise the spatio-temporal transformation of the Kakhovka Reservoir and
adjacent landscapes after the destruction of the Kakhovka Hydroelectric Power Plant dam on 6 June 2023 using
Earth remote sensing data. The study focuses on detecting changes in the open water surface, identifying the spatial
structure of the exposed reservoir bed, and assessing early vegetation colonisation of drained bottom sediments

~ 89 ~


https://doi.org/10.1080/01431169608948714
https://doi.org/10.1080/01431160600589179
https://doi.org/10.1016/j.rse.2013.08.029
https://doi.org/10.1029/2018RG000598
https://doi.org/10.1016/0034-4257(79)90013-0
https://doi.org/10.1016/j.earscirev.2020.103187
https://doi.org/10.1126/science.abo2812
https://doi.org/10.36023/ujrs.2024.11.1.257
https://doi.org/10.36023/ujrs.2025.12.4.296
https://doi.org/10.3997/2214-4609.2024510066
https://doi.org/10.3997/2214-4609.2024510069
https://doi.org/10.1038/s43247-024-01397-5
https://doi.org/10.1038/s41586-021-03695-w
mailto:maksymenko.vladyslav.o@gmail.com
https://orcid.org/0009-0001-5525-2438
mailto:vitalii.bezsonnyi@hneu.net
https://orcid.org/0000-0001-8089-7724

ISSN 1992-4224 Jlropuna Ta noskimns. [Ipobaemu neoekonorii. 2026. Bunyck 45

under conditions where field surveys are limited or impossible due to active hostilities, mine contamination and
safety risks.

Methods. Frequency distribution analysis of pixel values and visual interpretation of natural-colour im-
agery were used as additional tools to support the interpretation of spectral changes.

Results. The study is based on low-cloud multispectral Sentinel-2 MSI Level-2A imagery for 2023 ob-
tained through the Copernicus Data Space Ecosystem. The Normalized Difference Water Index was used to iden-
tify open water surfaces and assess the spatial fragmentation of the reservoir water body. The Normalized Differ-
ence Vegetation Index was applied to detect vegetation cover and evaluate early plant colonisation on the exposed
reservoir bed. Key temporal scenes before and after the dam destruction were compared to determine the main
stages of landscape transformation. The NDWI analysis revealed a rapid reduction and fragmentation of the open
water surface of the Kakhovka Reservoir during the first weeks after the dam destruction. The continuous water
body that had characterised the reservoir before the disaster was transformed into a narrow Dnipro river channel,
a system of isolated residual water bodies, and extensive areas of exposed bottom sediments. The NDVI analysis
for the autumn period of 2023 showed the formation of vegetation cover across part of the drained reservoir bed.
Positive NDVI values and a shift in the frequency distribution of pixel values toward vegetation-covered surfaces
indicate rapid pioneer vegetation colonisation of areas that had been submerged only several months earlier.

Conclusions. The destruction of the Kakhovka dam caused a rapid reorganisation of the lower Dnipro
hydroecosystem, with a transition from an artificial reservoir to a complex mosaic of riverine, wetland, meadow-
like and exposed substrate areas. Sentinel-2 imagery combined with NDWI and NDVI indices provides an effec-
tive, objective and reproducible tool for documenting such transformations when direct field access is restricted.
The detected early vegetation colonisation of the exposed reservoir bed has ambiguous ecological implications.
On the one hand, it may indicate partial spontaneous restoration of floodplain habitats similar to those that existed
before the reservoir was created. On the other hand, it may be accompanied by risks of secondary pollution, dust
transport from contaminated sediments, fire hazards and uncontrolled landscape transformation. Further monitor-
ing should combine optical and radar satellite data, multi-temporal NDWI and NDVI series, and, where possible,
field validation.

KEYWORDS: Kakhovka Reservoir, Sentinel-2, Earth remote sensing, NDWI, NDVI, ecosystem transfor-
mation
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LANDSCAPE-ECOLOGICAL FUNDAMENTALS TO THE REVITALIZATION
OF THE POND IN THE B. F. OSTAPENKO DENDROLOGICAL PARK
OF THE STATE BIOTECHNOLOGICAL UNIVERSITY

Purpose. To justify the comprehensive revitalization of the pond within the B.F. Ostapenko Arboretum of
the State Biotechnology University as a nature-based solution for adapting the arboretum's ecosystem to climate
change and implementing the landscape design proposed by A.D. Zhirnov.

Methods. Retrospective analysis of archival project decisions, landscape and environmental planning, dig-
ital terrain modeling, field, laboratory analytical.

Results. A retrospective analysis of archival design decisions from 1970-1971 revealed the main cause of
the water body's dysfunction: the high infiltration capacity of the sandy bottom of the reservoir, which prevented
natural water accumulation. A comprehensive landscape-ecological assessment of the territory was conducted,
justifying the feasibility of restoring the pond through the implementation of modern engineering solutions, spe-
cifically the installation of an impervious liner based on bentonite barriers. A three-dimensional model of the pond
bed was developed, incorporating a dedicated bio-plateau zone. A phytoremediation system involving oxygenating
plants was proposed. The high quality of snowmelt water as a resource for filling the water body was demonstrated.

Conclusion. The landscape and ecological conditions of the area, combined with the application of modern
technologies, will facilitate the restoration of the pond's aquatic-anthropogenic ecosystem. This will transform the
dysfunctional territory into an active ecological hub, providing climatic moderation through the creation of a
"moist oasis" and an autonomous irrigation reservoir. The implementation of the project directly contributes to the
achievement of UN SDG 15.1 by ensuring the sustainable functioning of introduced species collections in the
context of climate change.

KEYWORDS: landscape and environmental planning, revitalization, arboretum, nature-oriented solu-
tions, GIS modeling, bentonite barriers, bio-filtration area, oxygenating plants, Sustainable Development Goals
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Introduction

A distinct group of objects involved in
landscape planning comprises aquatic anthro-
pogenic systems, specifically man-made ponds,
the favorable ecological status of which must be
maintained by their creator — a human being.
Studies by L. V. Ilyin are dedicated to the inves-
tigation of the hydrochemical and hydrobiolog-
ical regimes of water bodies in Ukraine [1, 2].
In a theoretical and methodological context, the
contemporary research by V. K. Khilchevskyi,
M. R. Zabokrytska, et al. [3, 4] is of leading im-
portance. The works of M. H. Shcherban, V. V.
Myasoiedov, V. A. Kapustnyk, S. R. Novytska,
V. K. Khilchevskyi, et al. [4, 5, 6, 7] are specif-
ically dedicated to the evaluation of recrea-
tional water bodies.

Despite this, the ecological role of such
objects and their ecosystem services are often
overlooked by researchers and significantly un-
dervalued, particularly in comparison with
other types of anthropogenic activities. Alt-
hough artificial reservoirs usually have a sim-
plified environmental structure compared to
their natural counterparts, they are highly valu-
able for supporting local biodiversity [8].

The relevance of restoring small water
bodies is consistent with the strategy of the EU
Water Framework Directive, which since 1996
has extended protection to all types of surface
and groundwater. Today, the degradation of
small water bodies and their gradual loss are
recognized as a significant environmental con-
servation problem throughout the European
Union [9, 10].

The experience of successful interna-
tional nature conservation strategies is of par-
ticular importance in the context of pond resto-
ration. A notable example is the Million Ponds
Project by the Freshwater Habitats Trust, whose
main goal is to overcome the effects of a cen-
tury of small water body loss by restoring a net-
work of ponds in the landscapes of Great Brit-
ain. The results of the project showed that the
creation of more than 1,000 new and restored
ponds between 2008 and 2012 provided habi-
tats for about 50 rare species that are threatened
with extinction [11, 12].

In the context of ecologically consistent
pond restoration, the application of landscape
and ecological planning is instrumental for as-
sessing the environmental status of both the wa-
ter body and its adjacent territory [13, 14, 15,
16]. It is landscape and ecological planning that
enables the identification of existing land-use
conflicts within the pond's zone of influence and
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upon the pond itself, the prediction of their con-
sequences, and the development of optimization
measures. In contrast to other systems, addi-
tional research in these cases necessitates the
modeling of dynamic rather than merely static
parameters, as the water management system un-
dergoes significant transformations throughout
the year (water levels, pollutant concentrations,
the intensity of conflict sources, etc.).

Water bodies, as objects of study, have a
long history of research from various perspec-
tives: hydrophysics, hydrochemistry, hydrobi-
ology, biological productivity, etc. Undoubt-
edly, the scientific contributions of specialists
in various fields can serve as a methodological
and analytical foundation for landscape and
ecological planning. At the same time, land-
scape and ecological planning does not aim to
replace specialized research, but rather to sys-
tematize, integrate, and direct it towards solv-
ing a common task — the restoration of the water
management landscape (the pond).

The dendrological park of the B. F. Osta-
penko State Biotechnological University is a na-
ture reserve, the genesis of which was based on
the integration of scientific research and aes-
thetic planning functions. In the architectural and
planning concept developed in 1970-1971 by
scientists from the L’viv Forestry Institute under
the leadership of A. D. Zhirnov, water compo-
nents — a fountain and a decorative pond — were
considered as the compositional dominant and
the hub of the hydrological network [17, 18].

The foundation for spatial planning was
laid by large-scale geodetic surveys (1969—
1970) and soil studies conducted under the su-
pervision of D. G. Tykhonenko, which resulted
in the creation of a detailed soil map on a scale
of 1:2000 [17]. However, retrospective analysis
shows that the implementation of hydraulic
structures became the most vulnerable link in
the 1972 project due to the lack of a comprehen-
sive water supply system and the presence of a
thick sand layer, which causes high soil infiltra-
tion capacity and prevents natural water accumu-
lation. At the present stage, the grass-covered
bed of the pond with an area of 0.6 hectares is in
a state of long-term exposure conservation. The
pond, which according to A. D. Zhirnov's plan
was supposed to be a landscape accent, has
turned into a grassy hollow that disrupts the in-
tegrity of the exhibition area (Figs. 1-2).

The implementation of a landscape and
environmental planning in combination with
the concept of green-blue infrastructure allows
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the existing ravine to be transformed into a
functional ecosystem node for intercepting sur-
face runoff. In order to optimize the water bal-
ance of the territory, instead of the process of
uncontrolled infiltration of atmospheric precip-
itation into the lower horizons, it is proposed to
install an artificial waterproofing screen. This
design solution will transform the pond bed
from a drainage area into a functional reservoir
for storing meltwater and rainwater. This will

Fig. 1 — Satellite imagery showing the spatial

localization of the de-functionalized pond bed

within the dendrological park’s vegetation
structure

Transforming the bed into a functional
depot for collecting and accumulating surface
runoff will solve the problem of irrigation water
shortages. Creating an autonomous irrigation
reservoir will ensure the technological inde-
pendence of the introduction nursery and per-
ennial flower collection, which is a necessary
condition for the viability of the facility in the
context of climate change.

The creation of a reservoir will initiate
the development of ecotopes suitable for the
formation of hydrophilic communities and
coastal-aquatic ecosystems. The implementa-
tion of the proposed solutions will contribute to
the natural enrichment of the arboretum’s biodi-
versity. Thanks to the creation of a spacious lit-
toral zone, the pond will serve as the main cen-
ter of biological diversity for aquatic and
coastal flora and fauna. This significantly in-
creases the scientific and educational potential
of the arboretum, presenting it as an object with
fully functioning aquatic biotopes. A list of pre-
viously unavailable ecosystem services is pre-
sented in Table 1.

The failure to complete the hydraulic en-
gineering works during the establishment of the
arboretum is now seen not only as an engineer

create a “wet oasis” that will naturally ensure
natural thermoregulation and optimization of
the microclimate of the surrounding areas of the
arboretum. The water mirror will create the
conditions for effective thermoregulation and
microclimate stabilization, neutralizing temper-
ature stress for introduced species during peri-
ods of extreme summer drought. Thus, the cre-
ated reservoir will act as a natural moderator of
the surface air layer.
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ing shortcoming of the past, but also as a funda-
mental scientific challenge. Historical retrospec-
tives show that the architectural concept of the
founders, which envisaged the creation of a wa-
ter feature, was ahead of the technical capabili-
ties of the time. The high infiltration capacity of
the soil in the 1970s became an insurmountable
obstacle to natural water accumulation [17].

At the present stage, modern nature-ori-
ented solutions are overcoming this technological
gap. What was unattainable half a century ago due
to the lack of perfect waterproofing means is now
being implemented through innovative ap-
proaches to water resource management.

The use of modern materials to form an
artificial waterproofing screen for the imple-
mentation of surface runoff interception sys-
tems is a logical conclusion to A. D. Zhirnov's
historical idea, adapted to the requirements of
today's climate stability. The restoration of the
water mirror corrects the long-standing “land-
scape pause”, transforming the pond into a
functional moderator of the microclimate and a
center of biotopic attraction, combining the his-
torical concept with modern environmental re-
quirements.
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List of previously unavailable ecosystem services

Table 1

Projected State

E_cosystem Curr_ent S_tate After Ecosystem Effect
Service Category (De-functionalized Bed) S
Revitalization
Hydr_omorphlc M1 Reduction of summer tem-
. S croclimate modera- .
Regulating Increased air aridity; thermal stress | .~ . perature peaks; enhanced
: e - tion; natural humid- e e
(Climate) for mesophilic introduced species. | ... .. plant viability and resili-
ification of the sur-
X ence.
face air layer.
. C o Accumulation  of | Technological autonomy of
. Irreversible infiltration of runoff .
Provisioning . . . surface runoff in the | the nursery (1.0 ha) and
into sandy horizons; total depend- . .
(Resource) created reservoir for | flower beds (0.3 ha); re-
ence on external water sources. S ;
irrigation purposes. | source conservation.
Creation of eco-
topes for macro- | Increased biodiversity;
Support_mg Absence of hydrophilic biotopes. phyte§ and c_oastal strengthen'mg of the pgrk
(Biological) fauna; formation of | ecosystem's self-regulation
a bio-filtration sys- | processes.
tem.
Restoration of the Integrity of the landscape
. Lo A.D. Zhirnov com- | image; growth of recrea-
Cultural Compositional fragmentation; per- . : . . o
. . . . positional domi- tional potential. Cognitive
(Educational & | ception of the basin as an unfin- “enh lue: i q |f
Aesthetic) ished/neglected object nant; enhancement | value: increased appeal for
' of visual attractive- | scientific research and eco-
ness. education.

Research methodology, objects, and methods

A fundamental feature of this study,
which we have repeatedly emphasized [14, 15,
16], is the implementation of landscape and
ecological planning (LEP) not only within the
potential bed of the water body but within the
catchment area as a whole. Therefore, at all
stages of LEP, a significant area encompassing
both the water body and the adjacent land is
subject to investigation.

To justify the project decision to revital-
ize the water body and accurately determine the
morphometric characteristics of the ravine, dig-
ital terrain modeling methods were applied in
the QGIS geographic information system envi-
ronment. The work uses remote sensing data
obtained from the OpenTopography global re-
pository, where raster data from AW3D30 dig-
ital elevation models of the global digital prod-
uct integrated into the European Space Agency
Earth monitoring system was selected to ensure
maximum micro-relief detail — Copernicus
DEM (Digital Elevation Model) [19].

High accuracy of morphometric analysis
of the territory was ensured by using the ALOS
World 3D (AW3D30) global digital surface
model [20]. This dataset, provided by the Japan
Aerospace Exploration Agency (JAXA), is
based on the results of precision stereomapping
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performed using the PRISM panchromatic sen-
sor of the DAICHI satellite. The methodologi-
cal advantage of the selected dataset lies in its
genesis: the model with a horizontal resolution
of about 30 meters (1 arc second) is derived
from a high-precision commercial network with
a 5-meter step.

The use of AW3D30 in the study is due
to its recognized stability and high vertical ac-
curacy, which currently meets the leading
global standards among open sources of geo-
spatial information. The use of archival data in
combination with modern GIS correction tools
made it possible to form a reliable topographic
basis for designing the reservoir bed, minimiz-
ing errors associated with micro-relief features.

By spatially restricting the object's geo-
graphic coordinates, it was possible to localize
the pond bed and adjacent slopes, which created
a reliable basis for further design. As a result,
the digital model obtained became the basis for
calculating the volumes of the future pond bed,
determining the boundaries of the water mirror,
and designing a waterproofing screen, taking
into account all the features of the natural slope
of the surface (Fig. 3).

The final stage of digital data processing
was the development of a spatial relief model in
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the SketchUp architectural design environment
[21], namely, the transformation of vectorized
relief data into a three-dimensional analytical
model. The use of SketchUp tools in combina-
tion with surface interpolation methods made it
possible to create a digital copy of the pond bed,
which is a necessary condition for the transition
from two-dimensional planning to three-dimen-
sional engineering design. The process began
with the integration of raster and vector materi-
als obtained in GIS into a three-dimensional en-

vironment. This ensured the topographic
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Fig. 3 — Digital Elevation Modeling (DEM)
for pond restoration in QGIS environment.

The introduction of volumetric model-
ing solves a number of tasks, namely, it pro-
vides the opportunity to study in detail the
steepness of slopes and morphological fea-
tures of the bed from any angle, allows

accuracy of the future model and its corre-
spondence to the actual geographical coordi-
nates of the object (Fig. 4).

The generation of a polygonal grid based
on 0.5 m contour lines enabled a high-precision
reconstruction of the object’s morphological
structure. Specifically, it allowed for the clear
localization of the ravine thalweg, which deter-
mines the natural runoff vector, as well as the
geometric parameters of the ravine brows that
form the spatial boundaries of the catchment
area and the designated bio-filtration zone

Fig. 4 — 3D digital terrain model of the projected pond

bed, visualized in SketchUp.

identifying the lowest relief marks for the ra-
tional placement of hydraulic structures, and
creates a basis for calculating the filling lev-
els of the reservoir and modeling the water
mirror.

Research findings and discussion

The justification for the algorithm of wa-
ter body restoration within the arboretum's struc-
ture is based on the concept of landscape and
ecological planning [22, 23, 24, 25]. Since land-
scape and ecological planning focuses on small-
scale areas at the local level of environmental or-
ganization, the application of this approach al-
lows for the creation of a water body to be con-
sidered an organic element of the arboretum's
landscape organization.

The inventory stage traditionally encom-
passes the study of natural landscape compo-
nents and the socio-economic environment,
alongside the creation of corresponding carto-
graphic works. The work commenced with the
delineation of the catchment area boundaries,

~ 96 ~

which directly participate in forming the ecolog-
ical status of the water body. For this purpose,
GIS modeling of the catchment territory was em-
ployed (Fig. 1). The use of geographic infor-
mation systems for generating terrain contours
creates a basis for predicting hydromorphomet-
ric indicators, while the application of the "from
model to object” principle allows for the trans-
formation of digital data into a precision design
of the pond bed. The construction of a polygonal
model in the SketchUp environment served as a
tool for transitioning from theoretical analysis to
the practical reproduction of the water body's ge-
ometric parameters.

The next component of the natural char-
acterization of the study object, as with other
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territories, is the geological one; however, since
the focus is on the restoration of the pond, the
authors utilized results from previous research in
the project.

The specificity in addressing the next
component — soils — lies in the fact that they are
clearly distinguished within the catchment basin
but 'disappear’ within the boundaries of the water
body itself. However, the very existence of the
pond necessitates the formation of natural-tech-
nogenic ecosystems, which consist of the aquatic
ecosystems proper and transitional ecosystems
between them and the adjacent land, which terri-
torially correspond to water protection zones.
These encompass zones of flooding, partial in-
undation, and zones of erosional activity, which
are appropriately delineated within the project.

In the inventory phase documentation,
particular emphasis is placed on climatic charac-
teristics, as the water body is sensitive to climatic
changes. In addition to studying data on temper-
ature dynamics, precipitation patterns, periods of
ice cover, and flood events, the assessment stage
of the landscape and ecological planning in-
volved an investigation of the snow cover to de-
termine potential pond contamination from sur-
face runoff during the spring thaw.

The final natural component required to

form a comprehensive understanding of the
landscape is vegetation. Consequently, signifi-
cant attention was paid to the accurate represen-
tation of the structure of both the current phyto-
cenosis and the one that preceded it. At the same
time, the revitalization project envisages the re-
placement of the natural vegetative cover.
The pond is surrounded by developed green
spaces and pine massifs that function as a natural
buffer. The preserved natural herbaceous cover
of the arboretum significantly minimizes the
risks of agrochemical runoff, while the absence
of impermeable asphalt surfaces within the adja-
cent territory contributes to the maintenance of a
healthy hydrological regime.

Consequently, the results of the inventory
stage provided the basis for the subsequent as-
sessment stage of landscape and ecological plan-
ning, in which ecological-geochemical studies of
the defined territory constitute a mandatory com-
ponent. Within this approach, assessing the qual-
ity of water resources intended for filling the res-
ervoir enables the prediction of the aquatic sys-
tem's state upon completion of the works.

Given the specific features of its creation
and location, the filling of the water body is
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significantly facilitated by atmospheric precipi-
tation and surface snowmelt runoff. This paper
presents the results of a chemical analysis of the
snow cover sampled within the territory of the
arboretum during the winter period.

The aforementioned analysis is regarded
as an integral component of the comprehensive
monitoring of the aquatic environment's quality.
These data constitute a necessary link for under-
standing the baseline ecological status and as-
sessing the potential nutrient loading on the eco-
system during the spring flood period. Such an
approach enables the detection of early signs of
anthropogenic impact and serves as a foundation
for further long-term observations to ensure the
sustainable functioning of the water body within
the arboretum.

The study was conducted by sampling the
snow cover within the territory of the arboretum.
Snow water was obtained by controlled melting
of samples at room temperature. This approach
made it possible to analyze the chemical compo-
sition of precipitation in its “primary” state, re-
flecting the level of atmospheric load on the eco-
system. The obtained water was analyzed for the
content of priority pollutants. Given the absence
of direct standards for the content of chemicals
in snow cover, the quality of the melted snow
water was assessed by comparison with the Hy-
gienic Water Quality Standards, approved by
Order No. 721 of the Ministry of Health of
Ukraine, dated May 2, 2022 [26]. This approach
allows us to predict changes in the chemical
composition of pond water during spring snow-
melt and to determine the compliance of snow
water with the water quality requirements for
water bodies used for domestic and industrial
purposes.

The assessment methodology under the
above-mentioned order provides for the use of
maximum permissible concentrations (MPC) or
indicative permissible levels (IPL) of sub-
stances. The assessment is based on the limiting
hazard indicator, which determines the most sen-
sitive area of impact of a substance: sanitary-tox-
icological, general sanitary, or organoleptic. An
important element of the analysis is also the clas-
sification of pollutants by hazard classes, which
allows the identified substances to be ranked ac-
cording to their potential risk to the aquatic en-
vironment and public health [26]. The compre-
hensive combination of these parameters ensures
a high degree of reliability of the environmental
forecast within the framework of developing
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measures for the revitalization of the reservoir.
The assessment was carried out according to
physical, chemical, and chemical indicators

composition, the presence of biogenic elements,
and potentially toxic substances.
The results of determining the content of

characterizing its hydrogen index, salt chemicals in snow water are presented in Table 3.
Table 3
Integrated ecological assessment of snow water chemical content, 2026
Parameter Value MPC [26] IPL [26] Limiting Hazard Indicator H(zjllzaa;;d
pH 6.62 6.5-8.5 - - _
Nitrates, 0.18 45 - Sanitary-toxicological 3
mg/dm? ) y g
Phosphates, .
me/dm? 0.02 35 — Organoleptic 3
Chlorides, .
me/dm? 3.00 350 - Organoleptic (affects water taste) 4
Calcium, .
mg/dm? 1.00 - 200 Organoleptic (affects odor and taste) 3
Magnesium, .
mg/dm? 0.60 - 50 Organoleptic (affects odor and taste) 3
Sodium, . . ]
mg/dm? 0.30 200 - Sanitary-toxicological 2
Sulfates, .
mg/dm? 2.49 500 - Organoleptic (affects water taste) 4
Iron, mg/dm? 0.0002 0.3 — Organoleptic (affects color) 3
Zinc, mg/dm? 0.011 1.0 B Effect on the overall sanitary regime of 3
the water body
Copper, .
mg/dm? 0.001 1.0 - Organoleptic 3
Manganese, .
mg/dm? 0.000 0.1 - Organoleptic (affects color) 3
Cadmium, 0.001 <0.001 - - ’
mg/dm
Chromium . . .
[Cr5], mg/dm? 0.002 0.05 - Sanitary-toxicological 3
Cobalt, . . .
mg/dm? 0.005 0.1 - Sanitary-toxicological 2
Nickel, . . .
mg/dm? 0.004 0.10 - Sanitary-toxicological 3
Lead, mg/dm? 0.008 0.03 Sanitary-toxicological 2

The results of chemical analysis of snow
water collected in the winter of 2026 indicate
an extremely low level of anthropogenic load.
The values obtained for all indicators comply
with the requirements of Order No. 721 of the
Ministry of Health. Particular attention is drawn
to the state of substances of the 2nd hazard
class. The concentration of highly hazardous
cobalt and lead in the samples is minimal, in
particular, the lead content is 0.008 mg/dm?
with an MPC of 0.03 mg/dm?, and cobalt is
0.005 mg/dm*® with a MPC of 0.1 mg/dm?.
However, the concentration of cadmium is
0.001 mg/dm?, which is equal to the MPC. This

“borderline” situation requires special atten-
tion, as cadmium has the property of bioaccu-
mulation in the food chains of aquatic ecosys-
tems [27].

Mineralization indicators: chlorides — 3.0
mg/dm?, sulfates — 2.49 mg/dm?, sodium — 0.30
mg/dm?, calcium — 1.0 mg/dm?, magnesium —
0.60 mg/dm?* demonstrate an extremely low con-
tent of dissolved salts. Total mineralization is
0.013 g/dm?. The pH of 6.62 is close to neutral.
Such snow water acts as a natural “solvent” that
can reduce the total concentration of salts in the
surface waters of the pond after summer evapo-
ration. The annual filling of the pond with water
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of such high quality is a factor in its sustainable
functioning.

The content of biogenic compounds,
namely nitrates, is 0.18 mg/dm?, phosphates —
0.02 mg/dm?, which is extremely low compared
to their MPC: 45 mg/dm? and 3.5 mg/dm?, re-
spectively. The minimal presence of biogenic
elements in meltwater inhibits the primary
productivity of algae at the beginning of the
growing season and creates conditions for the
competitive advantage of higher aquatic vege-
tation. The latter, thanks to their longer vegeta-
tion cycle, effectively assimilate nutrients, in-
hibiting the development of blue-green algae
throughout the season.

Low concentrations of Fe, Mn, Zn, Cu,
Co, and Ni in snowmelt do not pose a toxico-
logical threat, as they are significantly lower
than the established MPCs. In the context of an
artificial ecosystem of a pond with container-
grown macrophytes, these concentrations can
be considered not as pollutants, but as a poten-
tial source of essential micronutrients, in partic-
ular, iron, manganese, copper, and zinc, which
are essential cofactors of photosynthetic en-
zymes and components of chlorophyll [28].

Summarizing the results of hydrochemi-
cal analysis, it can be stated that snow cover in
the arboretum is a source of high-quality water
with minimal anthropogenic impact. The ab-
sence of excess biogenic substances, low min-
eralization, and favorable pH create the condi-
tions for the formation of a stable hydrochemi-
cal regime in the pond and prevent the intensi-
fication of eutrophication processes. At the
same time, a balanced content of essential mi-
croelements, whose concentrations are signifi-
cantly lower than the maximum permissible
levels but physiologically significant, can con-
tribute to maintaining the functional activity of
macrophyte metalloenzyme systems during
their vegetation. However, the concentration of
cadmium, which is approaching the maximum
permissible limit, indicates the need for system-
atic environmental monitoring to control the
dynamics of this priority toxicant.

The next stage of landscape and ecologi-
cal planning is generalization and forecasting.
This stage is specifically dedicated to the devel-
opment of the pond restoration project. An in-
dividual approach to the design object takes
into account the specific nature of the arbore-
tum as an object of the nature reserve fund and
the particularities of land use within its
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boundaries. The revitalization strategy focuses
on the formation of stable ecotopes capable of
self-regulation.

The application of a systematic algorithm
of landscape and ecological planning transforms
the pond revitalization into a scientifically man-
aged process, where every stage — from digital
modeling to hydrobiological observations of wa-
ter quality and bottom sediments — is aimed at
forming a stable, functional, and self-regulating
aquatic component of the arboretum.

The creation of a water body should
serve as a factor for increasing landscape diver-
sity. According to the principles of landscape
and ecological planning, the revitalization of a
pond should be based on the creation of a het-
erogeneous bed structure. Instead of a uniform
deep-water bed, a division into two main func-
tional zones is proposed: a deep-water accumu-
lative part and a shallow-water biological treat-
ment zone (bioplato).

Digital modeling confirms that the mor-
phology of the beam already contains a formed
depression, which serves as the basis for the fu-
ture reservoir. Although the bed requires tech-
nological refinement to achieve the design
marks, the scope of this work is significantly
smaller compared to the construction of an arti-
ficial basin “from scratch.” The presence of
such a prepared relief allows the focus to shift
from massive earthworks to precision bottom
planning. This minimizes soil excavation and
provides favorable conditions for laying a wa-
terproofing screen. Thus, the use of the natural
contours of the ravine significantly optimizes
the cost structure of the project, transforming
landscape features into a significant economic
asset. Thus, the integration of natural forms into
the project model ensures the rational use of
funds, transforming the geomorphological fea-
tures of the territory into an economic asset for
revitalization measures.

An essential aspect of ensuring the func-
tional stability of artificial reservoirs is the cre-
ation of a reliable anti-seepage liner. Modern
waterproofing for such facilities is represented
by two main types of materials: polymer ge-
omembranes and geosynthetic clay liners.
Within the framework of our project, we con-
sider the use of geosynthetic clay liners, specif-
ically bentonite mats, as the optimal solution
for pond restoration.

Bentonite mats are a high-tech composite
consisting of natural sodium bentonite mineral
and polymer fibers, which allows for the
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combination of natural clay's environmental
friendliness with the strength and adaptability of
synthetic materials [29]. These materials ensure
the long-term sustainability of ecosystems due to
their ability to adapt to the physicochemical
changes of the environment. The primary ad-
vantage of these materials, in contrast to tradi-
tional polymer geomembranes, is their self-heal-
ing capacity for minor damages, facilitated by
the sodium bentonite that swells upon contact
with water. This is particularly crucial when in-
stalling on existing microrelief with a significant
number of inflections. The ultra-low filtration
coefficient of these materials upon full hydration
guarantees the retention of the calculated water
volume and the stability of the water table, even
during periods of precipitation deficit [30].

Modern approaches to improving anti-
seepage liners are aimed at increasing their oper-
ational reliability by enriching materials with
natural components. As evidenced by current re-
search [31], the introduction of biopolymers,
specifically agar-agar, significantly increases the
strength of bentonite mats, ensuring their struc-
tural integrity under the pressure of the water
mass. Another promising direction is the regula-
tion of bentonite swelling properties: optimizing
this parameter helps prevent deformations of the
pond bed and preserves the designed contours of
shallow-water bioplatoons [31].

When designing the pond, we rejected
the idea of creating a geometrically correct res-
ervoir in favor of a natural model of a water
body. Instead of a monotonous bottom, the pro-
ject envisages the formation of zones of varying
depths. Research by Linares et al. identifies the
physical conditions of the habitat as an indis-
pensable tool for maintaining biodiversity in ar-
tificial reservoirs, directly affecting their eco-
logical sustainability. The creation of various
depth gradients with a smooth transition from
the shore to the deep zone ensures the formation
of a stable and rich ecosystem [32]. According
to the conclusions of Oertli and Parris [33], the
main focus in design should be on the banks of
ponds, as they support a significant part of the
overall biodiversity of the water body, provid-
ing fauna with places for shelter, reproduction,
and migration between aquatic and terrestrial
environments. An expanded shallow water
zone ensures faster water warming, activates
zooplankton development, and creates numer-
ous ecological niches. Although diversity of
shore characteristics at the landscape level is

~100 ~

desirable, it is shallow water profiles, according
to researchers, that promote the development of
aquatic vegetation and create high habitat het-
erogeneity, which should become the norm in
urban and park landscape design [33, 34].

The basis was the modeling of the bed
profile with a smooth concave curve, with an
expanded shallow zone, which occupies about
40% of the total water surface area, to the max-
imum depth. Sufficient space creates conditions
for the development of macrophytes and ben-
thic communities, which are the basis for the
natural self-purification processes of the reser-
voir. The deep-water zone of the reservoir will
serve as an ecological refuge for aquatic organ-
isms during extreme temperatures, preventing
complete freezing or overheating, thereby en-
hancing the overall stability of the ecosystem.

For the development of the shallow-wa-
ter zone, a layer of high-density geotextile is
laid over the previously installed bentonite
mats. Its primary function is to provide me-
chanical protection for the bentonite liner
against punctures by plant rhizomes and to pre-
vent substrate erosion. A mineral substrate with
a thickness of 15-20 cm is placed on top of this
protective layer. It is recommended to use a
mixture of washed gravel and zeolite. Zeolite
acts as an ion-exchange filter that absorbs am-
monium and phosphates, thereby preventing
eutrophication and maintaining the required
water quality.

Oxygenating plants are the actors of
aquatic ecosystem health. They are planted in
substrate or coconut mats, and for many spe-
cies, plant parts can be added directly to the wa-
ter. These plants are the real secret to the health
of a pond, which is usually hidden beneath its
surface, so they remain largely invisible to the
eye. Since the substrate is inert, oxygenators are
forced to absorb nutrients directly from the wa-
ter column, acting as a “biological pump” and
saturating the water with oxygen, working tire-
lessly to keep the water clean and clear. The
root system of oxygenators develops horizon-
tally within the substrate, without reaching the
waterproofing layer thanks to a separate layer
of geotextile.

A list of recommended oxygenating
plants, compiled on the basis of an analysis of
the works of G. Speichert, S. Speichert, and D.
G. Hessayon, is presented in Table 2 [35, 36].

Coastal flora forms a transitional zone of
the reservoir. Its root system is immersed in the
bottom substrate under water, while the main
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Table 2
Recommended aquatic oxygenators and their Functional Significance in pond ecosystems
Plzz;iﬁ::)m ¢ D(Zg:ilnzlrll) Ma)zllz)e pth Functional Significance
Elodea cana- 0.2-0.8 up to 3.0 Powerful oxygenator. Has one of the highest oxygen release
densis rates per unit of biomass. Acts as a high-capacity biological
pump, absorbing mineral nutrients.
Myriophyllum 0.5-1.5 up to 3.5 Powerful oxygenator. Thanks to its finely divided structure,
spicatum the leaves provide maximum gas exchange area. Works effec-
tively in synergy with Elodea canadensis.
Potamogeton 0.5-1.2 up to 2.5 Early starter. Ensures oxygen balance in early spring while
crispus other plants are still dormant.
Chara vulgaris | 0.4-1.0 up to 5.0 Biogenic calcification. In addition to oxygenation, it effec-
tively absorbs carbonates and clarifies water.
Potamogeton 0.8-1.5 up to 3.0 Deep-water aeration. Large leaves effectively saturate the
lucens middle and lower layers of the water body with oxygen.
Ceratophyllum | 0.5-2.0 up to 9.0 Nitrogen control. Ideal for ammonium absorption; functions
demersum even in low-light conditions at significant depths.
Eleocharis pal- | 0.0-0.2 up to 0.5 Bank stabilization. Creates a dense sod mat that prevents bank
ustris erosion and filters surface runoff. Stabilizes zeolite substrate.
Provides bottom aeration and shelters fish fry.
Eleocharis acic- | 0.1-0.5 up to 1.0 Benthic filter. Forms underwater "meadows" that purify the
ularis near-bottom water layer.
Hottonia palus- | 0.3-0.6 0.8 Bioindicator of water purity and oxygen saturation. Superior
tris spawning substrate: soft leaves do not damage fish eggs.
Fontinalis anti- | 0.4-1.0 4.0 Year-round aeration and heavy metal sequestration. Provides
pyretica bactericidal protection for fish eggs; remains active even un-
der ice.
Tillaea aquatica | 0.0-0.2 0.3 Egg protection in extreme shallows.

part of the shoots actively develops in the air.
Unlike oxygenators, coastal plants have almost
no effect on the biological balance or purifica-
tion of water, performing primarily a decorative
and landscaping function of visually softening
the contours of the reservoir. They skillfully blur
the boundary between the water surface and the
free, natural contours of the reservoir. In sum-
mer, plants such as Iris pseudacorus, Acorus cal-
amus, Alisma plantago-aquatica, Caltha palus-
tris, Butomus umbellatus, Carex stricta,
Pontederia cordata, Scirpus lacustris, and Ve-
ronica beccabunga become the main accents,
decorating the pond with their flowers and tex-
tured leaves (Fig. 5).

The use of the existing dam as a structural
element allows for the implementation of a grav-
ity aeration system. The installation of an over-
flow pipe in the dam body provides a waterfall
effect. This technical solution promotes inten-
sive gas exchange at the air-water interface, fur-
ther enriching the flow with oxygen before it en-
ters the deeper part of the pond, thereby optimiz-
ing the reservoir's water chemistry. To maintain
continuous circulation, an autonomous solar
power generation system is installed on the dam
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Photovoltaic panels power pumps that provide
vertical and horizontal water exchange, equaliz-
ing the temperature regime (Fig. 6). The combi-
nation of natural purification methods with tech-
nological solutions allows the creation of a sus-
tainable center for biodiversity conservation,
which simultaneously performs the economic
tasks of the park, in particular, the accumulation
of water for irrigation. The distribution of the
dam allows you to simultaneously create a deco-
rative area with a significant amount of coastal
plants, stabilize the hydrological regime by cre-
ating a reservoir volume, and does not interfere
with the natural purification of water by oxygen-
ating plants. The presence of areas with calm wa-
ter opens up the possibility of introducing a col-
lection of species and cultivars of the genus
Nymphaea. These plants require a stable water
surface without strong currents, which is made
possible by the correct zoning of the reservoir
[35, 36].

The formation of a branched vegetation
structure — from submerged macrophyte beds to
dense coastal helophyte thickets — is conducive
to maintaining a high level of biological diver-
sity in the reservoir. The creation of such natu-
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Fig. 6. — Forced aeration and water circulation in the project model of the pond
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ral centers, where plants with different require-
ments for immersion depth and insolation inten-
sity are harmoniously combined, is one of the
most ecologically justified and effective ap-
proaches to ecosystem management. Enriching
the floristic composition stabilizes the internal
ecosystem of the water body and creates a sta-
ble basis for the development of all associated
fauna [33].

The ecological stability and biological di-
versity of a pond are largely determined by the
nature of land use within its catchment area. A
pond of high ecological quality is characterized

primarily by high water quality, in particular, the
absence of excessive inflow of biogenic sub-
stances and low concentrations of pollutants. Im-
portant features of such a reservoir are developed
areas of aquatic vegetation, natural morphology
of the banks with gentle slopes, and the absence
of invasive alien species [33].

The mechanisms of functioning of artifi-
cial water body ecosystems require special atten-
tion from researchers, as they differ significantly
from their natural counterparts. The revitaliza-
tion of the water body in the arboretum gives
cause for optimism regarding water quality.

Conclusions

To restore the pond in the B. F. Osta-
penko Arboretum, a complex of landscape and
ecological planning measures was conducted.
The inventory phase resulted in a GIS terrain
model of the area where the aquatic anthropo-
genic landscape is planned, along with a sys-
tematic collection of the territory's natural char-
acteristics (geological-geomorphological, pe-
dological, climatic, and vegetative).

The assessment stage focused on deter-
mining the potential impact of the catchment
basin's landscape on the hydrochemical water
characteristics by evaluating the chemical com-
position of the snow cover, which serves as the
primary source of water inflow to the pond via
surface runoff. It was established that the melt-
water possesses low mineralization and a mini-
mal content of nutrients, which acts as a deter-
mining factor in inhibiting eutrophication pro-
cesses and maintaining the pond's clarity. De-
spite safe concentrations of most heavy metals,
the detection of cadmium at the threshold of the
maximum permissible concentration (MPC) in-
dicates potential risks of its bioaccumulation
within the trophic chains of the artificial eco-
system. At the same time, the presence of Zn,
Cu, Fe, Mn, and Co in non-toxic concentrations
creates a favorable background for the mineral
nutrition of macrophytes in container culture.

At the stage of generalization and fore-
casting, utilizing GIS modeling and 3D visuali-
zation methods based on Copernicus DEM and
AW3D30 data, the projected bed was adapted
to the existing microrelief of the gully with high

precision. This minimizes the volume of earth-
works and ensures optimal zoning of the water
body, with the delineation of an accumulative
zone and a shallow-water biological treatment
zone (bioplato).

Several technological solutions are pro-
posed to minimize the negative environmental
impact of adjacent landscapes on the aquatic
anthropogenic landscape:

—The implementation of bentonite barriers
allows for the mitigation of the high infiltration
capacity of the sandy bed;

—The use of geotextiles in the coastal zone
ensures mechanical protection of the bentonite
liner and stabilizes the shoreline;

—The synergy between the ion-exchange
properties of the zeolite substrate and the vital
activity of macrophyte oxygenators enables ef-
fective self-purification;

—The introduction of a solar power system
for forced aeration and water circulation en-
sures the stability of the hydrochemical regime,
even during periods of extreme drought.

The creation of a reservoir will transform
a dysfunctional area into an ecological asset for
the arboretum. The implementation of the pro-
ject will generate new ecosystem services, from
the climate moderation of a “wet oasis” to the
formation of an autonomous irrigation reser-
voir, which directly contributes to the achieve-
ment of UN SDG 15.1: Ensure the conserva-
tion, restoration, and sustainable use of terres-
trial and inland freshwater ecosystems.
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JAHIIIA®THO-EKOJIOTTYHI OCHOBHM PEBITAJII3AIIIL CTABKA
B AEHJAPOJIOTTYHOMY ITAPKY IMEHI b. ®. OCTAIIEHKA
JEPXKABHOI'O BIOTEXHOJIOT'TYHOI'O YHIBEPCUTETY

Meta. OOrpyHTYyBaHHS KOMILUICKCHOT peBitaiizailii ctaBka aeHaponapky JIBTY im. B. ®. Ocranenka sk
MIPUPOJ0-OPIEHTOBAHOTO PIILICHHS AJIS aJlanTallii eKOCUCTEMH JI0 KIIIMaTHYHUX 3MiH Ta BiTHOBJICHHS iCTOPUYHOTO
naramadTHOrO 3aaymy A. J. XKupHoBa.

Metonu. PerpocriekTBHNIT aHAaI3 apXiBHUX MPOEKTHUX PillIeHb, JTaHAMIA(THO-EKOJIOTIUHE TUTaHyBaHHS,
IU(pPOBE MOJEITIOBAHHS PENbE(DY, MOTHOBI, JIAOOPATOPHO-aHATI THYHI.

Pesyapraru. 1InsxoM peTpoCIIeKTHBHOTO aHai3y apXiBHUX MPOEKTHHUX pimeHb 1970—1971 pp. BusBIeHO
TOJIOBHY TIPUYXHY JIe(PYHKIIIOHATI3AI{ BOMHOTO 00’ €KTY — BUCOKY iH(QIIBTpallifHy 30aTHICTH MIIIaHOTO JHA BO-
JIOMMH, 1110 YHEMOKIIMBITIOBAJIO TIPHPOIHY aKyMyJrsiiiiro Boau. [IpoBeneHo KOMIUIEKCHY JIaH A THO-EKOJIOTYHY
OLIIHKY TEPUTOPIii Ta 0OIPYHTOBaHO MOXKJIMBICTh BiJIHOBJICHHS BOJOWMH 3aB/ISIKK BIIPOB3KEHHIO CY4aCHUX 1HXKe-
HEpHHX pillleHb, 30KpeMa CTBOPEHHSI NPOTU(IIBTPAIiIIHOrO eKpaHa Ha OCHOBI OeHTOHITOBUX Oap’epiB. Po3po0-
JICHO TPUBUMIpPHY MOJIEJIb JIOXKA CTaBKa 3 BUAIJICHHSIM 30HM 0i011aTo. 3anponoHoBaHo cucteMy (itopemeniariii
3a y4acTIO POCJIMH-OKCHUreHaTopiB. J[0OBeZ€HO BHCOKY SIKICTh CHIrOBOI BOAM SIK PEeCypCy /s HAIlOBHEHHS BO-
JIONMHU.

BucnoBku. JlanamadTHO-€KOIOTIYHI YMOBH TEPUTOPIi Ta BUKOPHCTAHHS Cy4acHUX TEXHOJIOTIH J103BO-
JSITH BITHOBHUTH BOIHO-aHTPOIIOTEHHY €KOCHcTeMy cTaBka. Lle TpanchopMye nedyHKIioHaII30BaHy TEPUTOPIO
B aKTHBHUI €KOJIOTIYHMI By30J1, 110 3a0e3Medye KIIMaTHIHy MOAEPALIifo 3aB/IIKH CTBOPEHHIO «BOJIOTOTO 0A3HCY»
Ta aBTOHOMHOTO ipuTaniifHOTO pe3epByapa. Peamizalis npoekty Oesmocepentpo crpuse gocsraeHHio LICP 15.1
OOH, rapanTytoun ctane QyHKIIOHYBaHHS KOJEKIiH IHTPOAYLIEHTIB B yMOBaX 3MIHEHHS KJIiMary.

KJIIOUOBI CJIOBA. Jlanowagmuo-exonoeiune nianysanus, pegimanizayis, 0eHOponapk, npupoooopic-
moeane piwienns, I'TC-mo0entoeanns, 6ionnamo, OiopisHOMAHIMMSA, POCIUHA-OKCULEHAMOP, Yib CIMAN020 POZBUMKY

Kongnixm inmepecie

ABTOpH 3aCBITYYIOTh, 110, HE3BAKAIOUH HA T€, 110 OJWH i3 aBTOPIB CTATTi € TOJIOBHUM PEJAKTOPOM IIHOTO
KypHaIy, IPOLeC PEeLeH3yBaHHS, IPUIHITTS pillIeHHS II0J0 myOmiKamii Ta peJaryBaHHs IPOBOIMIINCS He3alle-
KHO, 0e3 TX ydJacTi UM BIUIMBY. PerieH3yBaHHs, ocTaTOUHE PillIEHHs yXBaJIIOBAJIOCS IHITMMH WIEHAMH pefaKIiitHOT
KoJIeTi1, SKi He € criBaBTOpaMH. byb-gKi NOTEeHIiHI KOH(IIKTH iHTEpeciB OyJM IMOBHICTIO YCYHEHI IUIIXOM
30BHILIHBOTO KOHTPOJIIO MPOLIECY.

Kpim Toro, aBTOpH MOBHICTIO IOTPUMYBAIIUCh ETHYHUX HOPM, BKIIFOUAIOUH IUIariar, ¢anscudikariio aa-
HUX Ta IOJBIMHY ITyOJIiKaLifo.

Bnecox agmopie: Bci aBTOpH 3p00OMIN PIBHUH BHECOK Y 1110 poOOTY.

/eknapayia npo euxopucmannsn LT

VY 11p0My TOCTiIKEHHI HE BUKOPHCTOBYBABCS TeHEPATHBHUM IITYYHUN 1HTEIIEKT.
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Bionoegionicme npoekmy

JocnimpkeHHs BUKOHaHE B Mekax peaiizamii 0romketHoi HIP «lnsixu BiHOBICHHS 3€JICHO-
OnmakuTHOI iHQPACTPYKTYpH MPUPPOHTOBUX MICTH.
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OLIIHKA 3ABPYJJHEHHSI JOHHUX BLJIKJIAJIEHb
BAYKKHUMHU METAJIAMHY TP TPUBAJIOMY BILJIMBI TEC

Merta: Orminka reoXiMigHOTO Ta €KOJIOTiYHOTO CTaHy JOHHUX BiIKIIaJICHb Y MEXaX T1IPOIOTIYHOT CHCTEMHU
"p. l'anna Jluna — Bypmtuacbke Bogocxosuie — p. Jricrep".

Metoan. [TonpoBi, aHATITHYHI, CHCTEMHHUN TiAXiT AT y3araJbHEHHS Pe3yIIbTaTiB.

Pe3yabTaTH. 3pa3ku ocafiB BiliOpaHO Ha CEMH PENPE3CHTATHBHUX CTBOPAX TiIPONOTIYHOI cucTeMHu. J{is
iHTepIpeTamnii TaHNX Ha BMIicT Baxkkux MertaniB (Cu, Zn, Cd, Pb) BUKopuCTOBYBaIN TIOKa3HUKHU: IHACKC T€0aKy-
MyJsLii, koedinieHT 30aradyeHHs, iHIeKc 3a0pyAHEHHS Ta TOKCUKOJIOTIYHUI cKpuHIiHT. OTpUMaHi 3HaYeHHs 1H-
JICKCY T€0aKyMYJIAIlil BKa3yIOTh Ha EKOJIOTIUHE 0J1aromoyyys, a reoXiMiyHui UK Zn B 6acelini p. ['auna Jluma
BU3HAYAETHCS BUKJIIOUHO TMPHPOIHUMH JIITOTEHHUMH npoluecaMu. Po3paxoBaHi 3HaueHHs KoediuieHTy 30ara-
yeHHs juure s Cd Ha TpeTboMy CTBOpPI BKa3yrOTh Ha aHTPOIOIEHHY CKJIaJoBY. BcTaHOBJIEHO, IO 3HAYCHHS
iHnekcy 3a0pyaHeHHs y cTBopax Ne3 Ta NoS BU3HauaroTh CTaH aHTPOIOTEHHOI Aerpaaii; Ha GOHOBHX Ta 3aMU-
Kalo4uX CTBOpaX iHIEKC BKa3ye Ha BICYTHICTh 3a0pyHeHHs. HalBUIMI TOKCHUKOIOTIYHUHA CKPUHIHT BUSIBICHO
st Cd y ctBopi Ne3, 1o a€ mizctaBy CTBEpAXKYBATH IIPO IIPUXOBAHE €KOJIOTITHE HABAHTAKCHHS, SIKE 33 HECTIPH-
ATIMBHX TiAPOXIMIYHUX YMOB MOKE TPaHC(OPMYBATHCS B pPealbHy 3arpo3y Uil OeHTOCHHX OioreHo3iB. Po3pa-
XOBaHI 3HaUCHHS CyMapHOi TOKCHYHOCTI BapifOIOTh B MEXXKax, IO BiAMIOBila€ HA3LKOMY Ta IIOMIpHOMY PIBHSIM
€KOTOKCHKOJIOTIYHOTO PH3HKY. MakcuMmalibHe 3Ha4eHHs KoedimieHTa 3agikcoBaHO B 30HI aKyMyJBLii (CTBOp
Ne3), mo € moka3zHUKOM 3pocTaHHSA 0ioJOTiYHOI HeOEe3MEeK! BHACIIIOK CHHEPTETHYHOTO e(heKTy HAaKOIMMYCHHX
B)XKHX METaJiB. 3HAUCHHS 1H/IEKCY HABaHTAXXCHH 3a0pyIHEHHS Ta IHIEKCY 3a0pyAHEHHS] BUSHAYMIIH, 110 €KO-
JIOTIYHUI PU3HK, TIOB'SI3aHU 3 HASBHICTIO Ba)KKMX METAJIB y JIOHHHMX BiJKJIAJICHHSX PIUOK Ta BOJOCXOBHIIA OYyB
MOMIPHHM.

BucHoBku. Pe3ynbraTi JOCHIIPKEHHS! MalOTh IPAKTHYHE 3HAUSHHS JJIsl pO3POOKH CTpaTeriil ynpaBiiHHs
HaBKOJIMILIHIM cepefoBHLIeM st piukoBoi cuctemu ['Huna Jluna — J{xictrep. BumipsiHi piBHI HAKOTTMUEHHS BaX-
KHX METaJIiB Y JIOHHHX BiJIKJIaJaX CIYTYIOTh OCHOBOIO JIJIsl OIIIHKH €KOTOKCHKOJIOTIYHOTO CTaHy BOJIOCXOBHIIIA Ta
MPOTHO3YBaHHS CTIHKOCTI BOJHUX €KOCHCTEM JI0 aHTPOIIOTCHHUX BIUIMBIB.

KJIFOYOBI CJIOBA: 0orni gioknadenHs, 600Ha eKxocucmema, meniosa eiekmpocmanyis

Sk muryBatu: Puyax T. JI. OuiHka 3a0pyiHEHHS JOHHUX Bi/IKJIaICHb B)XKUMHU METaJIaMH IIPU TPHUBATIOMY
BmwmBi  TEC. Jlwouna ma Ooekinna. Ilpobremu  neoexonoeii. 2026. Bum. 45. C. 109-123.
https://doi.org/10.26565/1992-4224-2026-45-09

In cites: Rychak, T. L. (2026). Assessment of heavy metal contamination in bottom sediments due to long-
term exposure to TPP. Man and Environment. Issues of Neoecology, (45), 109-123.
https://doi.org/10.26565/1992-4224-2026-45-09 (in Ukrainian)

Bemyn

Exonoriuna  pmecrabimizaiis  BOJHHX peaKilifo CTpyKTypHHX 3MiH B ekocuctemi [1],
00’€KTiB y 30HI BIUTUBY CHEPreTHYHUX KOM- [0 3HAYHO TMPHCKOPIOE TpaHcdopMmalito Oio-
TUIEKCIB OOYMOBITIOETHCS MTOETHAHUM BILTHBOM reOXIMIYHUX IMKIIIB Y cepenoBuili. Bzaemomnis
TEMIIepaTypHUX Ta XiMIYHUX YHHHHKIB. [lopy- TEMIIEpaTypHUX aHOMaIlii Ta TOCTIHHOTO
HICHHS TEPMOJIMHAMIYHOT PIBHOBAru akBaTopii XIMIYHOTO HaBaHTKEHHS BiJl 3BOPOTHHX BOJI
BHACIiIOK Oe311epepBHOro BiJIBEIEHHS HU3BKO- TpaHchopMye TiIpoxiMidHUH mnpodias Bo-
NOTEHUIHHOTO TeIUIa CHPUYMHSE JIAHIIOTOBY noimi. Lle cTuMyIioe KyMyJIsLito TOKCUKaHTIB
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y JJOHHUX BiJIKJIaax Ta IHIIIIOE Jerpaiallito eKo-
CHCTEMH 4epe3 PO3pHB 1l MPUPOTHUX (PYHKINO-
HAJIbHUX 3B’SI3KiB [2].

[piopuTeTHUM 3aBJaHHSM BUBUCHHS BO-
JIOWM-OXOJIOJDKYBaYiB € OCHIPKEHHS JOHHHX
BIAKIIAMIB SIK CEpEelOBWINA, IO JACMOHYyE Ta
CTa0OLII3y€ TiIPOXIMIYHUI PeKUM 00’ €KTIB EHEp-
retukd Oco0MMBOi HAYKOBOI aKTyaTbHOCTI Ha0y-
Ba€ OIIHKA MITPAIiiIHOTO MOTEHIIaTy MiKpoeie-
MEHTIB y CHCTEMI «Boza — JOHHI Biakmamm» Jlo-
BeJleHO, o 4epe3 Tpusary podory TEC cknan
JIOHHUX BIJIKJIaJiB 3Ha4HO TpaHchopmyeThes. Lle
CTBOPIOE PU3HK TOTO, 110 PaHille 3aTPUMaHi Ha JTHi
CIIOTYKH 3HOBY IOTPAIUIATH Y BOAY Yepe3 3MiHy ii
XIMIYHUX 200 TeMIIepaTypHHUX MOKa3HUKIB [1].

AKyMyJISIIisl TEXHOTCHHUX TOJIOTAHTIB Y
JIOHHUX OcCaJax JO0CATae KOHIICHTpAIlii, 31aTHI
CIPUYMHUTH MOPYIIECHHSI MEXaHI3MiB CaMOpery-
namii BomHUX exocucteM. [IpiopuTteTHi TOKCH-
KaHTH, 30KpeMa Bakki metanu (Pb, Zn, Cu, Cd),
BUCTYMAIOTh PENPE3CHTATUBHUMH TeOXiMid-
HUMH 1HAWKATOPaMHU €KOJOTIYHOTO PU3UKY [3].
PiBeHp IXHBOI KyMyIAIil y MTOHHUX BiAKIamax
piukoBUX OaceiHiB Ta BOJOCXOBHII JO3BOJISE
BepudikyBaTn MacmTabu  aHTPOMOTEHHOTO
TUCKY Ta OLIHUTU TMOTEHIIHHY 3arpo3y Jyis
rizxpo6ioHTiB [1, 3].

OTKe, TOCHIPKSHHS BMICTY BO)KKUX METa-
JIB y JIOHHMX BIJIKJIaIaX 3aJIUIIAETHCS aKTyallb-
HMM Ta CHOPSIMOBaHMM Ha BUPIIICHHS Ba)KJIMBOI
npo0IIeM Cy4acHOCTI — CTBOPUTH €KOJIOTiYHO Oe3-
TICYHE BOJIHE CEPEIOBHILIC JUIS MIATPUMKHU (PYyHK-
I[IOHYBaHHS yCi€l TIAPOCHCTEMH Ta €eKOCHCTEMU B
iIOMY.

CyTHicTb po0i1eMH NoJISIrae y HeoOXiIHO-
CTi KOMIDIEKCHOT'O TiJIXOy 10 OIL[iHKH €KOJIOTid-
HOTO CTaHy JOHHHX BiIKJIaJliB, i BU3HAYUTH MacC-
mTabu akyMyJIsIlii BaKKHX METANIB Ta iHIINX 3a-
Opy/HIOBAYIB TS MOATBIIOTO KOHTPOJIIO Ta KO-
peKiiii cuTyartii.

Boau BomocxoBHIIL 3a3HAIOTH BILTUBY TEM-
niepaTypHUX aHOMaJTiH, eBTpOodiKarlii, 3MiHH Ta30-
BOT'0 PEXKHUMY Ta HAKOITMUYCHHS OI0M€HHUX Ta TOK-
CHYHUX KOMIIOHEHTIB, 1110 0€310CepeIHbO BILTMBAE
Ha SIKICTh BOJIY JIIS TEXHIYHOTO Ta MOTEHIIHHOIO pe-
KpeariitHoro BUKOPUCTaHHS Ta PUOHMIITRA [4].

JIOHHI BIIKIagM BUKOHYIOTH POJIb JIETIO
Ba)KKHX METaIB, OPraHiYHHUX CIONYK 1 IPOIYKTIB
TEXHOT€HHOTO HABAHTAXEHHS, TIPY 3MiHi OKUCHO-

BIZTHOBHUX YMOB CTaJIM BTOPHHHHMM J[KEPEIOM
3a0pyaHeHHs BomHOI ToBINi [5]. IlokasHukm
CKJIQJy JTOHHHUX BIiJKJIJIIB JIO3BOJISIIOTH aJICK-
BaTHO OIIHIOBATH €KOJIOTIYHHI PHU3UK aHTPOIIO-
TeHHOr0 HaBaHTaKEHHs Ha BOAHI 00 ekt [6].
JocmimKkeHHs: HayKOBIIB OKa3alld, 10 TPH To-
TIpITIeH] SIKOCTi, TOHHI BIKJIa¥ CTAHOBJIATH TIO-
TEHIIIIHY 3arpo3y U OaceiHy piuku, a mpocTo-
POBHUH PO3MOALT BAKKUX METATIB ITOB’ S3aHUH 31
CTaIllOHAPHUMH JDKEpeJaMy 3a0pyIJHEHHS Ta
3MIHIOEThCS  (UTIOBIAIBHUME  TIporiecamMu [ 7].
ToMmy KiTbKiCHA OIliHKa BMICTy 3a0py/HIOBAIIb-
HUX KOMIIOHCHTIB Y JIOHHHX BIJIKJIa/IaX € BaXITU-
BAM KPHUTEPIEM CKOJIOTIYHOTO CTaHy BOJHUX
00’ekTiB 1 e]eKkTHBHUM i1HCTPYMEHTOM JIOB-
TOCTPOKOBOTO €KOJIOTIYHOTO MOHITOpHHTY. st
MiHIMIi3allii 3a3HaYeHUX PH3HMKIB HEOOXIJIHE CH-
CTEMATUYHE TMOKPAIICHHS BOJOOYHMCHUX TEXHO-
JIOTiH, TTOCHJICHNI KOHTPOJb 332 CTAaHOM BOJH, a
TaKoX 1H(OPMYBaHHS HACENEHHS PO MOXKIIHBI
HeOe3ITeKH.

MeTa IOCTIIKCHHS BHSBHUTH IIPOCTOPO-
BUI PO3MOALT BYKKUX METANIB Y JIOHHUX BiJKJIA-
J1ax, OL[IHUTH IeOXIMIYHUM Ta €KOJIONTYHUN CTaH
JIOHHUX BIJIKJIAMIB Yy TiAPOJOTIYHINA CHCTEMI P.
I'anna JIuna — BypluTHHCBEKE BOAOCXOBUILE — P.
I'muna Jluma — p. [lmicrep 3a JOMOMOTroIO
reoxIMIYHUX Ta €KOJOTTYHUX 1H/IEKCIB.

Jlis  MOCSTHEHHS TOCTaBJICHOI METH
HEOOXiIHO TPOaHalli3yBaTh CTaH MMOBEPXHEBUX
BOJI, JIOHHMX BIJIKJIQJIiB, 110 OyJIM BigiOpaHi Ha
peNpe3eHTaTUBHUX CTBOPAX TiIPOJIOTIYHOI CH-
CTeMH, BH3HAYWTH OCHOBHI BHIU 3a0pya-
HIOBAUiB; IPOBECTH T1IPOXIMIUYHUI aHANI3 TOH-
HUX BIJKJIAIIB I BUSBJICHHS HeOE3MEUHUX
€KOJIOTIYHUX PHU3UKIB, 3MOJICIIOBATH ITOTEH-
LiAHI PU3HUKH JUTS €KOCUCTEMHU, SIKi MOXKYTh BH-
HUKHYTH B pe3yJbTaTi TPHUBAIOTO 3a0pya-
HEHHSI, 3alpOIOHYBAaTH PEKOMEHNIAI] IS 3a-
no0ITaHHs 3HIKEHHS PU3HKIB JIST EKOCHCTEMH.

HaykoBa HOBU3HA MOJISTAE Y BU3HAUCHHI]
HOBHMX ITiJIXOIB JIO OI[IHKU €KOJIOTIYHOrO CTaHy
JMIOHHUX BIJKJIAiB, TOB'SI3aHUX 13 TPHUBAIHM
BIJIMBOM TEILJIOBOT €JICKTPOCTAHIIIT Ta 00CIyro-
BYIOYOT iHQPACTPYKTYPH.

[puknagHe 3Ha4eHHs POOOTH MMOJIATAE Y
MO>KJIMBOCTI 3aCTOCYBaHHS i1 pe3yNbTarTiB JUIs
YJIOCKOHAJICHHS CUCTEMH MOHITOPUHTY TIOBEp-
XHEBUX BOJ 1 JOHHUX BIJIKJIAJIIB.

006°’ekmu i memoou 00cni0IcenHs

OO0'eKTOM [MOCHIDKEHHS € JOHHI Bigk-
JIa]iv T1ApOJIOTiYHOT CHCTEMH i1 OaraTopiuHUM
BIUIMBOM BypIITHHCBKOT TEIIOBOT €JeKTpOCTa-
Hiii (ByTEC). ByTEC - oauH i3 HalOimbImx
GHEPreTHYHUX O0’€KTiB 3axigHoi Ykpainm.
IlinmpuemMcTBO 3a0e3medye IEHTpali30BaHEe
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TEeTIonocTayanHsl Micta Bypmtuna Ta 3nxiic-
HIOE TEHEpalilo eJeKTPUYHOI eHeprii i
IBano-®pankiBcekoi, JIbBiBCbKOi 1 TepHOMinb-
ChKOi 00TacTei, a TaKOXK PO3TAIIOBaHA HA Tie-
pEeTHHI JiHIN elleKTpomnepenad, mo 3'¢THYIOTh
YKkpaiHy 3 €BpONEHUCHKOIO EIIEKTPOMEPEKEIO
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yepe3 Pymyniro, Yropumny ta CroBayduHy.
Enextpuuna mnotyxuicte ByTEC cranoButs
2400 MBT, temmoa — 177 I'kan, y ToMy uucii
160 I'kan y cucteMi rapss40ro BOJOIIOCTaYaHHS.
ITanuBHMIA OaylaHC TIPECTABICHUH ITePEBAKHO
IPUPOAHUM Ta30M 13 YaCTKOBUM BHUKOPHCTaH-
HSIM BYT1JUISl, YACTKa SIKOTO B OCTaHHI POKH Ma€e
TEHIIEHIIi10 10 3MeHIIeHHs [8]. O0csar peaizo-
BaHOI MpoMyKIii miampuemcTBa ckias 21 290,9
MJIH. TPH., IO BignoBinae 6im3pko 22 % 3ara-
JBHOTO 00CATY NPOMHCIOBOI peamizamii B
IBano-®pankiBepkiii obnacti. [na 3abesme-
4yeHHS! (QyHKIIOHYBaHHS TEXHOJIOTIYHUX MpO-
I[ECIB €NEKTPOCTAHIIIT 3MiHCHIOEThCS 3a0ip CBi-
K01 Bogu B 00cs3i 22,424 mun. M3 [9]. Y 2023
p. CyMapHi 00CSATH BUKOPUCTAHHS CBIKOI BOAM
Ta BUTPATH BOJHM B OOOPOTHHX 1 3BOPOTHUX CH-
cTeMax BOJOIOCTadaHHs cTaHoBwiau 22,406
MJIH. M® TIpU BCTaHOBJICHOMY JimiTi 56,852
miH. M? [10]. ¥V mporeci ekcrutyaranii By TEC
YTBOPIOIOTBCS Pi3HI KaTeropii CTiYHWUX BOT,

Kyremn

“al

m

30KpeMa TemJI00OMiHHI BOJIHW, TPAHCIOPTHI
BOAW CHCTEMH TiAPO30JIONUIAKOBHIAICHHS,
IIPOMUBHI Ta pereHepaiiHi BOAM MiCIs XiMid-
HOTO BOJIOOYHITICHHS, TTOBEPXHEBHH CTIK 13 Te-
PHUTOPii MPOMHUCIIOBOTO MaiIaH4YMKa, a TAKOX
rOCIIOIaPCHKO-TIO0YTOBI CTOKH.

[IpeameT mocmiKeHHS — XIMIYHANA CTaH
JOHHUX BIIKJIAAIB Ta MPOIECH aKyMYJIAIiil Ba-
JKKAX METalliB y TiIPOJIOTIUHIA CHUCTeMi Mix
BruBoM TEC.

KomriurekcHa OIiHKa €K0JIOrO-XIMI4YHOIO
CTaHy JOHHUX BIJKJIQIIB Ta IXHHOTO IOTCH-
LIHHOTO BIUIMBY Ha SKICTh BOJHOTO CEPEIo-
BumIa OasyBanacsi Ha pe3ylbTarax MOJbOBUX
JOCIIDKEHB, IPOBEICHUX Y MEKCHHUHN Mepion
2025 poky. [Ipobu moBepxHEeBUX BOJ 1 JOHHUX
BiZIKJaiB BiAOMpaNucs HA CEMH CTBOpax, IO
PENpE3EHTYIOTh MPOCTOPOBY TUHAMIKY TiIpo-
XIMIYHAX TIOKa3HUKIB JOCTiKyBaHOI €KOCH-
cremu (puc. 1). lmHaMiKy SIKOCTI BOJ y CUCTEMI
«p. I'nnna Jluna — BypluTHHCEKE BOJOCXOBUILE

Kovmuiem

.l

.l

.5

Puc. 1 — Kapra-cxema po3TamryBaHHs CTBOPIB JIOCITIJDKEHHS B TiApooriuHiil cucremi «p. ['nuna Jlnna —
Bypmrtunceke BogocxoBume — p. I'auma Jluma — p. AricTep»
Hpumimra™: yugppamu nozuaueno cmeopu 8i060py npob OOHHUX 8I0K1A0I6

Fig. 1 — Schematic map showing the locations of sampling sites in the hydrological system “Gnyla Lypa River —
Burshtyn Reservoir — Gnyla Lypa River — Dniester River”
Note*: The numbers indicate the sampling sites for bottom sediments
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— p. AuicTep» neTanbHO MpOaHaANi30BaHO B PO-
60Ti [11], a TaKOXk TOTIOBHEHO OIIHKOO BILTUBY
pakeTHHX OOCTpPUTIB Ha TiAPOXIMIYHHN CTaH
BOJHUX 00 €kTiB [12].Penpe3eHTaTBHI CTBOpH

JIOCTTIDKEHb 00Mpaliuch, 0a3ylo4ynch Ha TeEO-
Mop(doIIoTiuHi, TiAPOIUHAMIUHI Ta €KOJIOTIYHI
0COOIIMBOCTI pycen PidoK Ta aKBaToOpii BOIOC-
xoBwuiia (tadi. 1).

Taoauus 1

Jlokanizanis Ta exos1oriune o0IpyHTYBAHHSI MepexKi CTBOPIB cllOCTepesKeHHS
3a CTAHOM JOHHHUX BiAKJaxiB

Table 1

Location and environmental justification of the network of monitoring stations
for the condition of bottom sediments

Koopaunatn
Micue po3TamryBaHHs prene
Binoopy
penpe3eHTaTUBHOIO
Homep CTBOPY A0CJTi>KeHHSs JOMTHX XapaKTepHCTHKA aHTPOIION¢HHOT'0 HABAHTAKCHHS
CTBOPY / Location of / BUIKIaAIB / ExoJioriuHe 00IpyHTYBaHHSI
: Coordinates . -
/ representative Characteristics of anthropogenic load /
: of bottom - AL
site of the study . Environmental justification
sediment
sampling
sites
1 p. 'anna Jluma 49.354027 N, | ®onoBuii cTBOp. Po3ramoBanuii BUIlE 3a TEUi€IO Bif
(c. babyxiB) 24611688 E | ycix mxepen 3a0bpynHeHHA. CIy>KUTH A BCTAaHOB-
/Hnyla Lypa River JIEHHSI TIPUPOTHOTO PiBHSA MeTamiB. Exosoriuyno 6e3-
(Babukhiv village) TeYHA TEPUTOPis
/ Background level. Located upstream of all sources of
pollution. Serves to establish the natural level of
metals. Ecologically safe area
2 p. lnuna Jluna 49.305770 N, | Micrs, me Tedis CHOBUIBHIOETHCS, IO CIPHSE Oca-
(¢ Kynnui) 24.621583 E | mkeHHIO ApiOHUX (pakiill, sKi HaiiOiIbIIe COPOYIOTH
/ Hnyla Lypa River MeTaiu. JlisHKa mo0Iu3y HACEICHOTO MYHKTY, BILUTHB
(Kunychi village) aBTOTPAHCIIOPTY
/ Places where the flow slows down, which contributes
to the deposition of fine fractions that sorb metals the
most. Area near a settlement, the impact of motor
vehicles
3 BypmtuHCchKE BOTOCXO- 49.25029 N, | Bomocxosuiie, 3aToka. Micls, e Tedis CIOBIIbHIO-
BHIIE, TiBUK Oeper 24.66472 E eTbcsa. KpuTndHa TOYKa 3 BUSBICHAM HAWBUIIAM BMi-
(c. KopocToBuui) CTOM BYIJICBOJHIB MICJIsI PAKeTHUX OOMOapayBaHb y
/ Burshtyn Reservoir, left TIOBEPXHEBUX BOJAX
bank |/ Reservoir, bay. Places where the flow slows down.
(Korostovychi village) Critical point with the highest hydrocarbon content
detected after missile bombing in surface waters
4 Bypmrturaceke Bogocxo- | 49.253099 N, | Pexpeauiiina tepuropis, Micus 1t pubanbcTBa
BuIe, IpaBuii 6eper (M. | 24.645376 E | /Recreational area, fishing areas
Bypurtun)
/ Burshtyn Reservoir,
right bank (Burshtyn
town)
5 p. [Hnna Jluma 49.208779 N, | 30Ha mpsAMOTO BIUIMBY CKUAY CTiYHMX 3i cTanmii. [i-
(c. boBuiB, cxinHa okpa- | 24.703988 E | JsiHKYM 10OJIM3Y HACENEHUX IyHKTIB
iHa cena) [Zone of direct impact of wastewater discharge from
/ Hnyla Lypa River the station. Areas near settlements
(Bovshiv village, eastern
outskirts of the village)
6 p. l'amna Jluna 49.198302 N, | 3oHa 3mimryBaHHS Ta aKyMYyJISLii
(mxyge ¢. Bosiis) 24.714770 E | /Mixing and accumulation zone
/ Hnyla Lypa River
(below Bovshiv village)
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[IponosxenHs Tadmmmi 1
Continuation of table 1

7 p. Auicrep, HmK4Ye BHa-
ninas p. ['Hnna Jluna
(amxue c. Tycrans, HH-
kae M. ["ama)

/ Dniester River, below
the confluence of the
Hnyla Lypa River
(below Tustan village,
below Halych town)

49.118300 N,
24.754028 E

OpyIHIOBauiB

transit of pollutants

30Ha 3MilryBaHHs. MOHITOPHHT KyMYJISITUBHOTO ede-
KTy Ta OLIHKA IKOCTi BiKJIaiB TPaHCKOPAOHHOI apTe-
pii. 100M HIKYE 32 TEUI€IO MICHS BiJl MICIS BIAAiHHS
p. ['auna Jluma y p. JHicTep MIg OWIHKHA TPAH3UTY 3a-

IMixing zone. Monitoring of cumulative effect and
assessment of sediment quality of the transboundary
artery. 100m downstream after the confluence of the
Hnyla Lypa River into the Dniester River to assess the

AHaNITHIHUR eTan peajizoBaHO Ha 06a3i
HaBYAJILHO-JOCITHUIBKOT J1abopaTopii aHai-
THYHUX €KOJIOTIYHMX HociaikeHs XHY imeHi
B. H. Kapasina (Bepn¢ikoBaHO MPOTOKOIAMH
Ne 2224-30 ta Ne 2208-2214). Busnaueo riapo-
XIMiYHI TIOKa3HWUKH, BMICT PO3YMHEHHUX COJEH
Ta KOHIEHTparii Bakkux metanis (Pb, Cd, Cu,
Zn) y Bozi Ta TBepii (pa3i BiAKIALIB METOOM
aTOMHO-a0COPOLiIHOT CIIEKTPOMETPIi.

s iHTEeprpeTalii OTpuMaHuX TaHUX Ta
ineHTHudikarii renezucy 3a0pygHeHHS OyITo0 3a-
CTOCOBAHO KOMIUIEKCHUN MaTeMaTUYHUN ana-
par, 10 BKIIIOYAE TaKi MIOKa3HUKH: 1HAEKC Te0-
akymyssiii - (Igeo), koedimieHT 30aradueHHs
(EF), immekc HaBaHTaKeHHS 3a0pyJAHCHHS
(PLI), Toxcukonoriunuii ckpuninr (SQGS).

Innexc reoakymyiisiii (1geo) Bukoprcra-
HUH UTS OLIHKW 1HTEHCUBHOCTI

AHTPOIIOICHHOTI'O

HaKOIIMYCHHA

METAIIIB

BiTHOCHO (pOHOBUX 3HAueHb. JlJisi OOUUCTICHHS
BHKOPHCTaHa MaTeMaTuyHa Mojens [13]:

Igeo = log, (

),

ne: Cn — BuMipsiHa KOHIIGHTpAIIis JOCTIKyBa-

HOTO €JIEMEHTa B 3pa3Ky;

Bn — reoximiuHmii ¢oH ANS TBOTO eje-
MeHTa (BUKOPHCTOBYIOTH CEpEeIHId BMICT Yy
3eMHii kopi, 3a Kimapkom, abo nokanpHUIA (o-

HOBHII PiBEHB).

1.5 — mocriitamit koedirieAT (dhakTop Ko-

peKuii), sIKHii BHUKOPHCTOBYETHCS IJIsi MiHi-
Mi3allii BIUIUBY MOXKJIMBUX MPUPOIHUX KOJIH-
BaHb (POHOBUX 3HAYEHb, CIIPUYMHEHHX JIITO-

JIOTIYHUMHU OCOOIMBOCTSIMH.

3a moka3HUKOM |Je0 BU3HAUECHO CTYIiHb
3a0pyAHEHHS TOHHKX BifkIaaiB (Tabi. 2)

Kaacugikauisn 3a6pynenns [13]

Classification of pollution [13]
3uauenns Igeo Kaac Cryninb 3a0pyAHeHHS
/ 1geo value Class / Degree of contamination
<0 0 [pakTraHO He 3a0pyTHEHO
- Virtually unpolluted
Bij He 3a0pyJHEHOTO 10 TIOMipHO
O<lgeo<l 1 3a0pyaHEHOrO
/ Non-polluted to moderately polluted
[TomipHO 3a0pyaHEHO
1<lgeo=2 2 / Moderately polluted
Bix momipHO 10 CHIIBHO
2<lgeo<3 3 3abpyauenoro/ Moderately to heavily
polluted
CuitbHO 3a0pyTHEHO
3<lgeo=4 4 / Heavily polluted
Bix criibHO 10 Haa3BUYANHO
4<|geo<s 5 3a0pyaHeHOTO
/ Heavily to extremely polluted
S5 6 Hapm3BuuaitHo 3a0pyHEHO
/ Extremely polluted
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KpuTHuHO BaXKITMBUM TOKA3HUKOM JUIS
JIOHHUX BIJKNaiB € Koe(ilieHT 30arayeHHs
(Enrichment Factor, EF), mo momomarae 3po-
3yMITH, YU € 16 MeTaJ pe3yJIbTaTOM Ilisiiib-
HOCTI JIIOJVHM, YW BiH HAKOIHUYUBCS 4Yepes
0CcO0JIMBOCTI MiHEpaIbHOTO CKiaxy. Jms o6-
gucineHds EF Bukopucrana mareMaTtndHa MO-
nenb [14, 15]

(Ci/Cref)sample

EF = —
(CL/Cref)background

),

ne Ci — KOHIEHTpaIlisl MeTay 0 AOCIHi-
JUKYETBCS B TPO0O1 TOHHNUX BiAKIIAIIB;

Cref — konHmenTpariii pedepeHTHOrO ee-
MeHTa B mpoOi MOHHWX Bifkmanis. Iyus po-
3paxyHKy ejqeMeHT-pedepeHToM (HopMatizaTo-
pom) oOpaHO THTaH,

(Ci/Cref)sample — BigHOIICHHS KOHIICH-
Tpamii MeTary 10 JOCIIKYETbCS O KOHIIEH-
Tpauii pe)epeHTHOTO eleMEeHTa B Mpooi;

(Ci/Cref)background — BimHOIIEHHS THX
caMux eneMeHTiB y ¢oHi (y KIApKy 3eMHOI

Cryninp 30araueHHs JOHHUX BiKJIA/IiB 32 3HaYeHHSAM Noka3uuka EF [15]

KOpH).

BigmoBimHo 3HaueHbp mokasHuka EF
BH3HAYEHO CTyHiHb 30aradeHHs JOHHUX
BiaKiIaiB (Tabm. 3)

Taoaunsa 3
Table 3

The degree of enrichment of bottom sediments based on the EF index [15]

3nauenns EF
/ EF value

Cyninb 30arayeHHst
/ Enrichment degree

EF<2

MinimanbsHe (IpUPOIHE TIOXOKEHHS)
/Minimal (natural origin)

2< EF<5

ITomipHe 30aradeHHs
/ Moderate enrichment

5<EF<20

3HauHe 30arauycHHs
/ Significant enrichment

20<EF<40

Jyxe BHCOKe 30aradeHHs

/ Very

high enrichment

EF>=40

HanzeuuaiitHo Bucoke 30aradeHHs
/ Extremely high enrichment

Ianexc naBanTaxeHHs 3a0pyaHeHns (PLI
— Pollution Load Index) inTerpanbHii MOKa3HHK,
SIKWI JI03BOJTUB OI[IHUTH 3arajlbHUi PIBEHb TOK-
CHYHOTO THUCKY Ha JIOHHI BIIKJIa/I1, BPAXOBYIOUH
Bif[pa3y KilbKka MeTaliB, Ha YCIi JIUISHIN MO-
ciipkerHs B 1iiomy [16,17]. [ns oOuncneHHs
BHUKOPHCTaHA MaTeMaTUIHA MOJIENb [ 16]:

PLI = chl X sz X Cf3

ne Cpn — koeQilieHT 3a0pyJaHEHHS KOXKHOIO
OKpeMoro  Metaimy  (pO3paxoBYeTbCS — SIK
Csample/Cbackground).
N - KUTBKICTh METAIB, 10 aHAJII3YIOThCS.
PospaxoBani 3HaueHHs mokasHuka PLI
JIO3BOJIVJIM BCTAHOBUTH CTYIiHb 3a0pyIHEHHS
JOHHUX Binkmanis (Tabi. 4)

Taoauus 4

Knacudikauis PLI [17]

Table 4

PLI Classification [17]

3uavenns PLI
/ PLI value

CTaH JOHHMX Biak/aaiB

/ Sedi

ment condition

PLI<1

3a0pyaHEHHS BiJICYyTHE
/Contamination absent

PLI=1

Mexa /Limit

PLI>1

3a0pyJHEHHS IPUCYTHE
/ Contamination present

J1s OIIHKK TNOTEHIIHHUX TOKCHYHHX
e(heKTiB y IOHHHX BiJIKJIa1aX BOJOCXOBUIIA BH-
KOpHCTaHa MDbKHapogHa cuctema Sediment
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BUKOpHCTaHI KOHCEHCYCHi cTaHmaptu [18], sKi €
ynisepcansaumu. TEC (Threshold Effect Conce-
ntration) — moporoBa KOHICHTpaliss e(peKTy,
HIDKYE SIKOT HETaTUBHUH BIUTVB Ha 00Ty 3a3BUUaii
He crocrepiraethes; PEC  (Probable  Effect
Concentration) — KOHIEHTpaIlsi HMOBIPHOTO
e(eKTy, BUIIE SKOI YaCTO BUHUKAIOTH HECIIPHST-
TMBi 610JTOTI9HI HACIAKY. [HHBI Ty anbHy TOKCHY-
Hicth (TUI) po3paxyBaiu isi KOKHOTO METaTy 3a
MaTeMaTHIHOIO MomenTo [ 18]:

Ci
PECi

TUi = (4),

ne PECi — iiMOBipHa KOHIICHTpAILlis
e(eKTy JJIs IIHOr0 METaIly;

[lepeBuiieHHsI OMHUYHOTO 3HAYEHHS IO~
kasauka TUi (TUi > 1) cBiguuTh mpo BUCOKY
WMOBIPHICT> BHHHUKHEHHS TOCTPHX TOKCHIHHUX
e(eKTIB, 10 MOXYTh MPHU3BECTH JIO JIETAIBHUX
HacmiKiB ab0 cyTTeBHX (i310JOTIYHUX TMOpPY-
meHs y TiApobioHTiB. Po3paxoBaHo cepenHii
koedimienr SQG (MSQG-Q - Mean Sediment
Quality Guideline Quotient) mst ouinku cymap-
HOT TOKCHIHOCTI. [[J1s 00UrCIeH ST BUKOpHUCTaHA
MaTeMaTHdHa Monenb [19]:

mSQG — Q = Zie1(psc) (5),

n

JIe N — KUIBKICTh aHAJII30BAaHUX METAIB.

AHani3 MpoCTOPOBO-YaCOBHX 3MiH 3/1iHCHEHO
3riIHO PiBHS MOTEHIIATY TOKCHYHOCTI (Tabi1. 5)

Taoauns 5

IMoka3HuKH /151 BUSHAYEHHS PiBHS moTeHIiay TokcuyHocTi [19]

Table 5

Indicators for determining the level of toxicity potential [19]

IMMapamerp / PiBeHb moTeHuiary
Parameter TokcuuHoCTI
mSQG -Q /Level of toxicity potential
<0.1 Huspkuii /Low
0.1-1.0 Cepenniit / Medium
>1.0 Bucoxkuii / High

Pezynomamu ma 0062060penns

Just Bepudikamii orpumannx aboparop-
HHX JIaHMX Ta BCTAaHOBJICHHS I€HE3HCY MiKpoeIie-
MEHTIB ~ 3aCTOCOBaHO  OaraTOKpUTepiabHHNA
MiJIXij, Mo BKIFOYae po3paxyHok Igeo, EF, PLI,
BU3HAYECHHS  IHAMBIAyaJhbHOI  TOKCHYHOCTI;
HAJaHHSA OLIHKM I[IOTEHIINHUX EKOTOKCUKO-
JIOTTYHUX PU3MKIB JJ1s1 OEHTOCHUX OIOICHO3IB.

PospaxyHok iHmekcy 1geo mo3BonmB Kia-
cuikyBaTH piBeHb CEIMMEHTOJIOTIYHOTO HaBaH-
Ta)KEHHS Ha JOC/IDKYBaHUX CTBOPAX; BIAMOBIIHI
AHAITUYHI JIaHi CHCTEMaTH30BaHo B TalJI. 6.

Exosnoriunmii ctad JOHHUX BIAKIIAIIB Tif-
POJIOTIYHOT CHCTEMH OIIHIOBAIH IIIISIXOM TOPiB-
HSIHHSI ()aKTHYHMX KOHIICHTpAIlill BOYKKHX MeTa-
7B 13 X ()OHOBMMHM 3HAYEHHSMH B HPHPOIHHX
rpyHTax. ¥ Oaceiini p. ['nuna Jluna mommpesi
Cipi OIiJI30JI€H] IPYHTH, YOPHO3EMH OIIiI30JICHI,
YOpHO3eMH TJIMOOKI, AEPHOBO-IIII30JIMCTI, Jep-
HOBI, JIy4Hi, JTy4HO-00J10THi, TopdoBuiia. Ha Te-
pHTOpIT POBENICHHSI JTOCITI/PKEHHS HAHOLITBII 10~
HIMPEHI YOPHO3EMH OITi/I30JIeH] MAJIO TYMYCHI TH-
NOBi cepenHbO CyrMUHUCTHMH  (Omm3bko 50%
TUTOIII paiOHY JTOCIIKEHHS), TIO TOJIMHAM PIYOK
— Jy4Hi i gepHOBO-TIeioBi rpyHTH [20].

AHari3 OTpUMaHUX pe3yibTartiB. BmicT Ba-
s0Boi popmu Pb y rpynTax M. Bypurtun 3naxo-
JMThCS y Mekax Bin 9.2 o 18.15 mr/kr [21], TAK
- 30 mr/kr, knmapk 10 mr/kr [22]. s po3paxyHKy
Igeo pexoMeHI0BaHO BUKOPHCTOBYBATH JIOKAJIb-
HHH (QOH BMICTY Ba)KKOTO METajly UM HOTO CBITO-
Bl KJapk. B yMOBaxX iHTEHCHBHOTO TEXHOT'€H-
HOro HaBaHTaxeHHsA bypmruHcpkoi TEC Ha
PErioH, BCTAHOBJICHHS iCTHHHOTO JIOKAJIbHOTO
reoxiMiuHOro (OHY YCKIJHIOEThCS — depes3
TPaHCKOPIOHHE TIepEeHEeCeHHsI un audy3He 3a0-
pyaHeHHs. Tomy BHKOpPHCTaHHS — CBITOBHX
KJIApKIB Y JOCTIDKEHI BHCTYHa€ O0'€KTHBHUM
€TAJIOHOM JIOAHTPOIIOTEHHOTO CTaHy. Bukopu-
CTaHHS 3Ha4€Hb KJIapKa BiAIOBia€ KIaCHIYHOMY
migxony po3paxyHKy |geo, mo mo3Bosisie YHUK-
HYTH Cy0'€KTHBI3MY TIpH BHOOpI JIOKaJIBHHUX (O-
HOBUX [UISIHOK, SIKI MOXYTh MaTH NPHUPOJIHI
reoxiMiuHi aHoMaii. 3acTocyBaHHs KoedilieHTa
1,5 y dopmyrni Igeo 3ymMoBIeHO BiANOBIIHO 1O
KJ1acu4HOI MeToauku I'. Mioiiepa i HiBesIro-
BaHHSI MOJIMBUX NPHUPOIHMX BIAXWUIEHb (POHO-
BUX KOHIIeHTpamii (Bn), crnpuamHeHUX JIiTO-
JIOT19HOIO MiHJHBICTIO BiakmamiB [13]. Haykosri
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Tabauus 6
PiBenb cenmmeHTOI0TiYHOr0 HaBanTa:keHus (I geo) Ha cTBopax gocaigKeHHS
Table 6
Level of sediment load (I geo) at the survey sections
Pospaxynox log2(Cn / 15)
PeuoBuna [ Crgop 1| Creop2 | Creop3 | Crop4 | Cteop5 | CtBop 6 | CrBop 7
/Sitel | /Site2 / Site 3 / Site 4 / Site 5 / Site 6 / Site 7
CBuHEIIb 0.64 0.65 2.13 1.84 2.93 2.46 0.67
Kanmiii 0.51 0.85 3.80 2.31 1.80 1.47 0.53
Minp 0.55 0.49 0.77 0.61 0.75 0.64 0.62
Hunk 0.11 0.12 0.72 0.15 0.52 0.23 0.10

BUKOPHCTOBYIOTh CaMe€ [I€ 3HAa4eHHS LbOro
KoeQilieHTa, KU TapaHTye, 0 PO3PaxOBaAHUN
CTYTiHb 3a0pyAHEHHS BiOOpakae came aHTpO-
ITOI'€HHMH BIUIUB, a HE JIOKAJIbHI I'€0JI0rYHI 0C00-
TMBOCTI. 3acTocyBaHHs YHiikoBaHOro Koedi-
mieHTa 3a0e3neyye MOMKIIMBICTH  KOPEKTHOTO
TIOPIBHSHHSL OTPUMAaHUX I1HJEKCIB i3 pe3yibTa-
TaMU MDKHAPOIHUX JOCHIKeHb, OTprMaHi 3Ha-
uenHst 1geo Pb uist BCiX CTBOpIB KOJNMBAIOTHCS B
Mmexkax Bix - 0.58 1o 0.09. Lle cBimunTs, 110 piBeHB
HakorueHHst Pb e miniMampHiM. Xo4a TiepeBu-
ureHss gony (10 mr/kr) dikcyeTbest y OUTBIIOCTI
npo0 (kpim nepioi), koeditient 1.5 HiBentoe 1
KOJIMBaHHS SIK npuponHi. Jlume y ctBopax Ne3
(Kopoctoeuui) Ta No5 (BopmiiB 1) iHzekc BUXO-
quth y mo3uTtuBHy 30HY (0.09), mo dhopmanbHO
BIZTHOCHTS iX 710 1-T0 Kitacy (rodaTkoBa craisi 3a-
OpyaHeHHst). 3a BMicToM Ph 1OHHI BifKIaau cu-
CTEMH XapaKTepU3YIOTHCSI sIK €KOJIOTiYHO OJIaro-
noy4Hi. HaBiTh y 30HaX MOTEHIIHHOTO BILUIUBY
(BoOCXOBHIIE) HAKONMYIEHHS METaJTy HE I0CATae
TOKCHYHO 3HAYyIIHX PiBHIB.

Bwmict Banosoi ¢popmu Cd B mexax 0,6-7,5
mr/kr, BmictT Cd B 3emniii kopi 1,6 x 107° % [23].
V rpyntax m. Bypirtus Bmict Cd y Basosiii ¢o-
pmi ckianae 2.29-4.14 mr/kr, kinapk ckiagae 0,5
mr/kr [21]. ['eoximMiyHMil aHAaJi3 JOHHUX BifKIIa-
IiB 3a iHIeKcoM |QJe0 BHSIBHB CYTTEBY aHTPOIIO-
reHHy Tpanchopmaiiiro 3a BmMictom Cd B Mexax
akBatopii bypituHcbkoro Bogocxosuma. Ha Bi-
nMiHy Bif (hoHoBUX CTBOpiB (Nel, No2, No7), ne
MOKa3HUKK |ge0 3anuinaroThes BiJl €MHUMH, Y
ctBopi Ne3 (c. KopocroBuui) 3Ha4eHHs iHIEKCY
nocsirae 1,93, o BiAToBigae Apyromy Kiacy 3a-
OpymHEHHS («IIOMIpHO 3a0pyTHEHU» ).

Taxe 3poctanus koHmenTpartii Cd (o 2,85
MI/KT) y CEeIMMEHTaX LEHTPaJbHOI YaCTHHHU BO-
JOCXOBHIIIA BKa3y€ Ha iHTEHCHBHE OCAKEHHS
METaTy B 30HaX 31 3HIKEHOIO T1IPOANHAMIYHOIO

akTuBHicTIO. OTpHUMaHi pe3yabTaTh KOPETIOITh
13 JaHWMH CTaHy TOBEPXHEBUX BOJ BOJJOCXOBHIIIA
micyst BoenHux BumBiB [12] mst Cd, mpote amr-
mityna HakormdeHHs Cd € BHIOFO, 10 POOUTH
HOro NpiOpUTETHIM YNHHHKOM EKOJIOTTYHOTO PH-
3WKY B JIaHI{ BOJHIA CHCTEMI.

VY 1pynTax M. bypmrus Bmict Cu y Baio-
Biif opmi cknamae 6.24-12.25 mr/kr, GhoHOBHI
BMmicT 17 mr/kr, [21], knapk ckiagae 20 Mr/kr
[22]. Anasi3 reoxiMigHOTO CTaTyCy JOHHHX BifIK-
naniB 3a BMictoM CU mpomeMOHCTPyBaB BiICYT-
HICTh TEXHOT€HHOTO 3a0pyJTHEHHS Ha BCiii MPOTSI-
JKHOCTI JIOCTIDKYBaHOI BOJIHOI cMcTeMu. BeraHo-
BJICHI Bij eMHI 3HaueHHs |geo < 0 cBiguaTh, II0
Bapianii koHnenTpaiiin Cu oOyMOBIIeHI TiepeBa-
JKHO TPUPOJHMMH YHHHUKAMH CEITUMEHTOre-
He3y, a He aHTPOIIOIeHHOIO eMiciero. Takum uu-
HoM, CU He BHCTyIa€ YMHHUKOM €KOTOKCHKOJIO-
TYHOTO HABAHTAKEHHS ISl JIOCTIDKYBaHOI aKBa-
TOPIi.

Bwicr BanoBoi ¢opmu Zn y rpyHTax M. by-
PIITHH 3HaXOsAThesl B Mexkax 11,03-28,14 mr/kr
[21], dboHOBHiIT BMICT - 60 MI/KT, KJIapK CKJIaIae
50 mr/kr [22]. Ha ocHoBi po3paxoBanux |geo
BCTaHOBJICHO, M0 ZN MiATBEPKYE EKOJOTIUHY
CTaOUIBHICT, BOJHOI cuctemu. OTpuMaHi 3Ha-
4YeHHs |Je0 Ha BCiX MOHITOPUHIOBHX CTBOPaX
3HAXOIATLCA B aianasoni Bix -3,41 1o -0,46 Bka-
3YIOTh Ha €KOJIOTIUHE OJIaroroayddsi CHCTEMH 3a
MM TOKa3HUKOM. CriopaniHe 3pOCTaHHS KOH-
LeHTpauii Zn y ueHTpajibHii yacTuHi Byprurun-
ChbKOro BozocxoBuina (65,4 Mr/Kr) He MpHU3BO-
JIATH JIO TIEPEBHIIICHHS T€0XIMIYHOTO IOPOTY, IO
J03BOJISIE KIIacH(DiKyBaTH 1l BiIKJIaJH K PaKTH-
YHO HE 3a0pyaHeH] TexHoreHHuM ZN. OTpuMaHi
Pe3yIbTaTH JIO3BOJISIIOTH CTBEP/KYBAaTH, IO Te-
oximiunuii mukn Zn B Gaceiini p. ['amna Jluma
BU3HAYAETHCS BUKJIIOYHO IPUPOJHUMH JTITOT€H-
HHUMHU NIPOLIECaMU.
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s pospaxynky EF (koedinienta 30ara-
yeHHs1) BUKopuctanuii Tutad (Ti) sik Hopmaiza-
TOP, OCKUIBKH BiH € MAJIOPYXJIUBHUM 1 YiTKO Bif0-
Opakae TIpUPOAHY MiHEpaJdbHY Marpuiio. Po-
3paxyHOK TPOBEIEHO 3a YMOBH CTaOLIBHOTO
BMmicTy Ti (8938 mr/kr [22]) mis BUABICHHS aH-
TPOIIOT€HHOTO HAaBaHTAKCHHs. T1 BUOpPAHO TOMY,
O BiH € CTaOUThbHUM TPHPOIHHAM EJIEMEHTOM,
SKUH HE MOIMHAETHCS JKUBUMU OpraHi3MaMH Ta
He BCTYTIA€ B XIMIYHI peaKIlii mpy 3MiHi yMOB y BO-
JoiMI (HampuKIIad, MpU 3MiHI PIBHS KHUCHIO UM
TeMIiepaTyp). Y JOCHIPKYBaHIM 30HI BIUTHBY
TEIUIOBOI €JIEeKTPOCTaHIIii, JIe CHOCTEpPiratoThCs
3HAYHI TeMIepaTypHi KOJMBaHH Ta 3MiHa XiMid-
HOTO CKJIa Ty BOJI, BAKOPHCTAHHSI Ti € OLITBII HaTili-
HHUM TIOPIBHSHO 3 Fe, 4 pyxJMBICTh 3aJIeHTh
BiJI KHCHEBOTrO pexkiMy. Takuii MijiXif| BiANOBIIae
METOZMYHUM peKoMeHmartisiM [15] Ta mo3Bosse
HIBEITIOBATH BIUIMB HEOTHOPITHOCTI MiHEPAIOTiY-
HOTO CKJIaay BIOKIafiB, 3a0e3medyroun 00'ek-
THBHY OLIHKY QHTPOIIOT'€HHOI'O HABAaHTAXKCHHSL.

PesynbraTi po3paxyHKiB BU3HAYMIH, 1110
Cd — KpuTHYHHI Mapkep: 1€ €IUHHHA MeTal,
SIKUL IEMOHCTPYE AHTPOIIOTEHHY CKJIAJ0BY. Y
ctBopi Ne3 (c. Kopoctosuui) EF = 5,70, o kna-
cU(]IKyeTbCS SIK «3HAYHE HAKOMWUeHHs». Lle
NPSIMUIA I0Ka3 TEXHOTeHHOTo moxokeHHs Cd B
uiii touni. CrocoBHo Pb 3Hauenus EF komusa-
totbes Bix 1,0 go 1,6. Ockinbku EF < 2, 11e BBa-
JKAETHCSI MiHIMATLHIM HAKOTTMYESHHSIM (Taour. 2),
sKe MOXe OyTH 3yMOBJICHE MPUPOHUMH JIITO-
JIOTTYHUMH OCOOJIMBOCTSIMH, @ HE TEXHOTEHHUM
3a0pynnenasam. CrocoBHo Cu Ta Zn cho-
crepiraemo, mo EF cTabineHo Hikye 2 (a i Zn
HaBiTh HIKYe 1). Lle cBiquuTh mpo Te, 10 BMICT
[IMX METaJIiB IOBHICTIO KOHTPOJIIOETHCS MPUPOI-
HUMHU IIpoLecCaMu po3citoBaHHs. Takum 4nHOM,
3acTOCyBaHHS HOpMai3aiii 3a Ti 703BoHITO0 TU-
(hepeHIIiFoBaTH TeHE3NC BAKKUX METAIIB y CH-
ctemi. Pospaxosani EF mis Pb, Cu ta Zn He mie-
PEBUIIYIOTH MOPOTY 2, M0 BKa3ye Ha ix mepe-
BR)XHO JITOTEHHE TOXOJKeHHs (Tabm. 3).
Haromicte mist Cd y ctBopi Ne3 BcTaHOBJIEHO
3HaYHy aHTponoreHHy ckianoBy (EF = 5,7), mo
CBIJYUTD PO IHTEHCHBHE HAIXOKEHHS I[HOTO
METaTy 3 30BHIIIHIX JPKEPEIT Ta HOTo MoJjalibIy
aKyMYJIILIIO y TOHHHUX CeAMMEHTax Byprutun-
CBKOT'O BOJIOCXOBHIIIA

Xoya TEOpPETHYHO HE MOXKHA IOBHICTIO
BUKJIIOUUTH JIOKQJIbHI TPUPOIHI MiKpO-aHO-
MaJiii, OAHO3HAYHICTh aHTPOIOTE€HHOTO MOXOA-
xenHst Cd y cTBopi Ne3 miATBEpIUKY€ETHCS METO-
nom riopiBHstHHSA. [To-niepine, muist Pb, CuTta Zny
uii ke toumi 3HaueHHs EF 3amumimarorecs B
Mmexkax (oroBux (MmeHme 2). lle miaTBepmKye,
110 IPUPO/IHA OCHOBA JTHA 3TUINAECTHCS HE3MiH-
HOIO, a OT)KEe, 3pOCTaHHSI pIBHSA KaaMilo He
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noB’si3aHe 3 reonorieto. [lo-mpyre, po3pus Mix
npupoaHuM (onom i mokazHukom Cd (EF =
5,70) € 3Ha4yHWUM, MO0 MOSICHUTH HOTO JIWIIIC
JIITOJIOTTYHUMH OCOOJIMBOCTSIMHU. TaKUM YHMHOM,
y ctBopi Ne3 crocrepiraeTbes came KOMOIHOBa-
HAH e(eKT: IHTEHCHBHE TEXHOTEHHE HaIXO/I-
xennss Cd y moemHaHHi 3 TiIpoauHAMIYHHME
YMOBaMH JaHOi JUISTHKH, SIKi CIPUSIOTH HOTO
KOHIIGHTPYBAaHHIO y JOHHHX Binmkmazax. Hop-
Mamizamis 3a Ti skpa3 1 Oyna mpoBeneHa I
TOro, MO0 BIACIATH TPUPOIHI YWHHHUKH.
OCKiIBKH JIJIS IHIIIAX METaIiB BOHA CITIPAIIOBaIa
1 TIOKa3aJa npupoJHuii ctal, To it Cd BoHa mo-
Kazaya aHTPONIOreHHY CKIIaJ0BY.

3adikcoBane 3HauHe HakornuueHHs Cd y
crBopi Ne3 (EF = 5,70) moriuno miarBep-
JOKYETBCSl HAIIMMH TIOTIEPEHIMU  JIOCITIJDKEH-
HSMHU CTaHy MOBEPXHEBHX BOJ TICIS BOEHHUX
oOctpimiB [12, 24]. 3okpema, y IIiif e JToKarii
panime Oyio BCTAHOBIIEHO €KCTpeMalbHEe 3a0-
PYZHEHHS BOIHOTO JI3epKajia HahTonpoyKTaMu
(mepeuitieHHs y 56 pa3iB), a TAKOXK ITiABHUIICHHS
piBuiB Cd, Fe. Takuii 30ir He € BumaakoBum. Ma-
CHBHE HAaJXO/DKEHHS HadTH y BOmOWMY BHa-
CIIOK OO0CTpimiB 00'ekTy KpuTH4HOI iH(]pa-
CTPYKTYPU CTBOPWJIO YMOBH sl (hopMyBaHHS
CTIHKMX  OpraHO-MiHEpAIbLHUX  KOMIUIEKCIB.
HadroBi 1uriBku Ta YaCTUHKH CaxKi CIIPUSIOTH
HIBUIKOMY OCa/UKEHHIO BAKKAX METaNiB 3
TOBII[I BOJAY HA JHO. TakKUM YMHOM, Cy4acHHU
CTaH JIOHHHX BiJIKJI/IiB Y BKA3aHOMY CTBOPi BO-
JIOCXOBHINA € Pe3yJbTaTOM JIBOX MapaliellbHUX
NPOLIECIB: JIOBIOTPUBAJIOMY BIUIMBY TEILUIOBOT
eJIeKTpOCTaHIli (TOCTiiHE TeMIlepaTypHe Ta
XiMiYHEe HaBaHTa)XEHHS) Ta TOCTPOTO BOEHHOTO
BIUTHBY, SIKUH CTaB KaTaJli3aTOPOM iHTEHCHUBHOL
Hakormuenast Cd y  JOHHHX — BigKJIaJax.
Bigninuty BIUTHB TEXHOTE€HHOTO HABAHTAXKECHHS
TEC 1 BoeHHHX (akTOpiB Hapa3i HEMOXKJIMBO,
arne ix moexHaHHs 3yMOBIIO Tiepexia Cd 1o ka-
TEropii NPIOPUTETHUX EKOJIOTTHHUX PH3UKIB JUIS
JIOCITiIPKYBAHOT aKBaTopii.

st po3paxyHKy iHIEKCY HaBaHTaXKECHHSI
(PLI) criouatky Oys10 00UHCIICHO KOShIIliEHT 3a-
opynuenHs (CF) 1uist KoXKHOTO MeTaiy, JUIst KOXK-
HOTO CTBOPY JOCIiKeHHS (Tabdmn. 7)

3rizno 3 kinacudikauiero TomimiHCOHA
[17] (tabn. 3) iHTerpajbHa OIlIHKA TEXHOTCH-
HOTO HABaHTA)XEHHA Ha JOHHY MiJCUCTEMY, IIPO-
BeJicHa 3a Jjonomororo iHgekcy PLI, BusBmia
30HM €KOJIOT1YHOIO PU3MKY B LIEHTPaIbHil ya-
cruHi Byptiuaeskoro Bonocxosuiia. Beranos-
neHo, mo 3uaueHHs PLI y ctBopax Ne3 (1.85) ta
Ne5 (1.40) mepeBUIIYIOTH OAMHMLIO, IO Kia-
cu(ikyeTbCS SK CTaH aAHTPOIOTCHHOI Jerpa-
nariii. BogHoyac Ha (OHOBHX Ta 3aMHKAIOUUX
CTBOpax IHACKC 3aJIMIIAETHCSA B Mexkax 0.57—
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Taoauus 7
KoediuienTn 3a6pyaHeHHs 1Jis1 MeTaJiB Ha yCiX CTBOPAaX J0CTiIKeHHS
Table 7
Pollution factors for metals at all monitoring sites
Creop | CF CF CF CF
/ Sites (Pb) (Cd) (Cu) (Zn)
Nel 1.00 0.82 0.84 0.16
No2 1.20 1.28 0.74 0.19
Ne3 1.60 5.70 1.17 1.09
Ne4 1.40 3.46 0.91 0.22
No5 1.60 2.70 1.14 0.78
Ne6 1.50 2.20 0.95 0.14
No7 1.20 0.80 0.93 0.15
PLI
2 1,85
15 1,4
0,99
1 0,81
057 268 06  mPL
"1 i i
O .
1 2 3 4 5 6 7

Puc. 2 — IIpocropoBuii po3noxin inaekcy 3adpynaenns (PLI) mist Baxxkux merainis (Pb, Cd, Cu, Zn)
B ocazi BoaHoi cucreMu (1, 2,...7 — cmseopu docnidsicennst)

Fig. 2 — Spatial distribution of the Pollution Load Index (PLI) for heavy metals (Pb, Cd, Cu, Zn) in the
sediment of the studied aquatic system (7, 2,...7 — study sites)

0.81, mo miaTBEepIKYE JIOKATBHAN XapaKkTep 3a-
OpyIHEHHs, 3yMOBJICHUI MeperyciM BHCOKOIO
akymyJssiiero Cd Ta Pb (puc. 2).

[Ipoctoposwmii pocmomin PLI (puc. 2)
YITKO IEMOHCTPYE JIOKai3alilo 30HU CeAUMEH-
TOTeHHOTO pu3uKy. HaiiBumii 3HaweHHs PLI
(1.85 Tta 1.40) 3adikcoBano Ha ctBopax Ne3 ta
Ne5, mo Bka3ye Ha cTaH aHTPOIIOTE€HHO] JAerpa-
manii (me PLI > 1.0). Ha Bimminy Bix mporo, Ha
¢donoBomy cTBOpi Nel Ta 3aMHUKarO4YOMYy CTBOPI
Ne7 3HaueHHs i1HOEKCY 3aJMIIAIOTHCS B 3a-
noBitbHOMY nianasoHi (< 0.70), mo cBimuuTh
npo e(eKTUBHICTh CEAMMEHTAIll MeTaliB y
MeXax BypIITHHCHKOrO BOJIOCXOBHINA Ta Bij-
CYTHICTb NepeHoCy 3a0pyIHIOBAYiB.

Juist Toro, 00 3po3yMiTH 41 € BMICT Me-
Tay TOTCHIIHHO JIETAILHUM JUISl JOHHUX Op-
radi3miB, OyJ0 pO3paxoBaHO iHAMBITYaIbHY
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tokcuuHicts (TU). Jlist 1iporo Oyiiu BHKOPH-
cTtaHi BcraHoBleHi 3HayeHHS PEL (Mr/kr)
3rijIHO 3 MbKHapoHUMH HopMaTiBami [ 19]: Pb
91,3 mr/kr, Cd 3,53 mr/kr, Cu 197,0 mr/kr, Zn
315,0 mr/kr. Pospaxynox TU mokasaB, mo
BMICT JOCIII/DKYBaHUX BAKKUX METAJIB Yy JIOH-
HUX BIAKJIAZaxX TiJIPOCHCTEMHU 3HAXOIUTHCS
Hmxk4e noporosux 3Hadenb PEL. Ilonpu 3adik-
COBaHE aHTPOIIOTCHHE HAKOIMYEHHS, 3HAYCHHS
TU n1st BCIX €IEMEHTIB He TIEpEBHIIYBaIH OJIH-
HUII0. HaliBUIIIMIA TOKCUYHMI HOTEHIIIAI BUSB-
neno g Cd y crBopi Ne3 (TU = 0,81). Lle Bka-
3y€ Ha MPUXOBAHE CKOJOTIYHE HABAHTAKEHHS,
SKE 32 HECHPHUATIUBUX TiIPOXIMIYHAX YMOB
MOKe TpaHc(OpMYBaTHCA B peaibHy 3arpo3y
JUTsi OEHTOCHHX Oi0IIEHO3IB.

Jiist OiHKK CyMapHOi TOKCHYHOCTI po-
3paxoBanuii koediuienr SQG. InTerpanbna
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OIliHKA SIKOCTi JIOHHUX BiJIKJIQJIiB 32 TIOKa3HUKOM
MSQG-Q mo3BoNMIIa BCTAHOBUTH HMOBIP-HICTh
MPOSIBy HETaTUBHHX Oionoridyamx edek-tiB. Po-
3paxoBaHi 3HaueHHs BapitoroTh Bix 0,08 no 0,32,
110 B [LJIOMY BiJITIOBIIa€ HU3KOMY Ta IOMIpHOMY
PIBHSM €KOTOKCHKOJIOTTYHOTO PH3NKy. Makcu-
MaJIbHE 3HAueHHS KoedirieHTa 3adikcoBaHO B
30Hi akymysiuii ¢. Kopocrosuui (0,32), mo Bka-
3y€ Ha 3pOCTaHHs OiONOTiYHOI HeOe3NeKH BHa-
CIIZIOK CHHEPreTHYHOTO e(heKTy HAKOIMMYEHUX
BAXKUX METAIB  Ta MOTpeOye TMOCTIHHOTO
MOHITOPUHTY, OCKUJIBKU CYKYITHE HaBaHTAKCHHS
Ha 6EHTOCHI 0101IEHO3H € CYTTEBO BUIIIM 32 TIPH-
ponHuii hoH.

3B’SI30K MK pPO3pPaxOBaHHMH TeOXiMid-
HUMH I1HIEKCaMH Ta OIOTMYHUMM HACTIIKaAMUA
PO3KPHUTO JJOCTATHHO TMOBHO Yepe3 3aCTOCYBAHHSI
metoponorii SQGs. BuxopucraHHs MOporoBux
3gayeHb PEL 103BOMIO BCTAaHOBHUTH, 110 X0Ya
KOHIICHTpAIIii METATIB He TOCATIIH PiBHS 3arudeni
opeanizmie (TU < 1), BoHM miepeOyBarOTh y 30HI
"mpuxoBaHOro HaBaHTaxeHHs". HaliBumuii mo-
kasuuk TU s Cd (0,81) y crBopi Ne3 e kpu-
TUYHO Omm3pkEM 10 omuHUIN. lle HaykoBo
OOIPYHTOBYE PU3MK BUHHUKHECHHS XPOHIYHOT TOK-
CHYHOCTI, III0 MOYKE TPOSIBIISATHCS y 3HIKEHHI pe-
MIPOYKTHUBHOI 3[IaTHOCTI OEHTOCHUX OPraHi3MiB
Ta TOpYIIEHH] TPO(IYHHUX JIAHIIOTIB, HaBITH 3a
BiZICYyTHOCTI MUTTEBOT'O JICTAJILHOTO e(heKTy.

InTerpanbauii mokasuuk MSQG/-Q Bpaxo-
BY€ HE JIMIIE KOHIIEHTPAII0 OKPEMUX METaJiB, a
U ixHro cuHeprernuHy piro. 3HaueHHs 0,32 y
ctBopi Ne3 BKasye Ha MOMipHY HMOBIPHICTB MPO-
sIBy HETATUBHUX O10JIOTTYHUX €(EeKTiB, IO € JI0-
CTaTHIM MATPYHTSIM IJIs1 IPOTHO3YBaHHA 3MiH Y
CTPYKTYpi OEHTOCHHX 0i10IIeHO3IB.

AKIIEHT Ha TOTEHLIHHIA HeOe3meli He €
TrepeOUTBITCHHIM, OCKUThKY 3HaueHHs TU ot Cd
(0,81) e Ha 19% BimgaaeHe Big Mexi IMOBIp-
Hoi JietanbHoi aii (PEL). ¥V nuHamMiyHHX eKOCH-
cTemMax, SKUMH € BOJOCXOBHIIE-OXOJIOKYBad
TETUTIOBOI €IEKTPOCTAHIII1, TAKWH 3arac MiITHOCTI
€ MiHIMaJILHUM 1 MOXe OyTH BHYEpPIIaHHUI 32 KO-
POTKHIA IPOMDKOK Yacy. JIoHHI BiIKiIaam € aeno-
HeHTamu 3a0pyIHEeHHS. 3a BiTHOCHO HU3BKOI 110-
TOYHOI TOKCHYHOCTI BOHH 3aJIMILAIOTHCS [KEepe-
JIOM BTOPHUHHOTO 3a0pynHeHHs. Bynb-sika 3MiHa
TimpoxiMidHOTO pexkuMy (3HKeHHs pH, Temre-
paTypHi KOJHBaHHS BiJl €HEProOJIOKiB abo 30y-
PEHHs 0cajliB) MOXKe npH3BecTH 10 epexoay Cd
y GiogocTynHy (opMy, pi3KO 30LIBIIYIOUH pe-
TFHY TOKCHYHICTh. HM3bKi 3HaYEHHS CyMapHOI
TOKCHYHOCTI YacTO HE BPaXOBYIOTh e(eKT 0io-
akymyJstiii. Cd Mae 31aTHICTh HAKOTTUYYBaTHCS B
TKaHWHAX TiAPOOIOHTIB MPOTSITOM JKUTTA. Takum
YHHOM, HaBiTh "MOMIpHUIA" PIBEHb 3a0pyTHEHHS
JIOHHUX BIJIKJIAZIB TPU3BOAUTH JI0 XPOHIYHOTO
OTPY€EHHSI JIAHOK TPO(IUHOTO JIAHIIIOTA.

Bucnoeku

3acTocyBaHHS ~ 0araTOKpHUTEpiaIbHOTO
nigxony (Igeo ta EF) mo3Bonmuio BCTaHOBHTH,
mo BmictT Cu Ta Zn y TOHHUX BiJKJIaJaX BU3HA-
Ya€ThCS BUKITFOYHO TMPUPOTHUMHU JIITOTCHHUMH
nporecamu. s Pb 3adikcoBaHO MOYaTKOBY
CTaJil0 aHTPONOT€HHOTO BIUIUBY Ha OKPEMUX
CTBOpax, MpOTe HOro KOHIIEHTpAIlii 3ajuiia-
FOTBCS B MEKaX €KOJIOTTYHO Oe3MeYHUX 3HAYCHD.

BcraHoBiieHO — CYyTTEBY  TEXHOT'CHHY
TpaHc(OpMAaIlito TOHHUX BiIKIAIIB 32 BMICTOM
Cd. V uenrpanpHiii 4acTuHi BypIiTHHCHKOTO
Bogocxosutia (ctBop Ne3, ¢. Kopocrosudi) Bu-
SBIICHO 3HAYHE aHTpororeHHe 30arayeHns (EF
= 5,7) Ta piBeHb «IOMIpHOTO 3a0pyAHEHHS»
(Igeo = 1,93). 1le Bka3zye Ha iHTCHCHBHE HajI-
XOJIKCHHSI METaJTy 3 30BHITHIX JKEpeN Ta Horo
aKyMYJISIII0 B 30HaX 31 3HIKEHOK TiJPOH-
HaMIYHOIO aKTHBHICTIO.

InTerpanbHa OLiHKA 3a IHICKCOM HaBaH-
taxenHs (PLI) 4iTko Jokanizye 30Hy ceTMMeH-
TOTEHHOTO PU3HKY B MEKaX aKBaTOPil BOJOCXO-
Buma (ctBopu Ne3 ta Ne5, ne PLI>1). Bomrowac
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(OHOBI Ta 3aMHUKaIO4i CTBOPU JIEMOHCTPYIOTh
samoBinpHud cran (PLI<0,81), mio cBimuuth
po 6ap’epHy pOJIb BOJOCXOBHIIA, SIKE aKyMy-
o€ 3a0pynHIOBadi Ta 3amobirae ix TpaH3UT-
HOMY TiepeHocy B p. [Juictep.

PospaxyHOK iHAWBIAyaJIbHOT TOKCHY-
Hocti (TU) moka3as, 1110 KOHIIEHTpaIlii MeTalliB
Hapa3i He MEepeBUIIYIOTh MOPOrOBUX 3HAYEHBb
PEL. OngHak BHCOKMI TOKCHUYHMM ITOTEHIIIA
Cd y uenrtpanbHiit yactuni Bogocxoswuiia (TU
= 0,81) Ta inTerpanpHuii mokazHuk MSQG-Q
(0,32) Bka3yroTh Ha HPUXOBAHy 3arpo3y Ta
MOJKJIMBICTh MPOSIBY HETaTHBHUX O10JIOTIYHUX
e(eKTiB 3a 3MiHU TAPOXIMIYHUX YMOB.

BusiBnenuit  cuHepreTHYHUU  eeKT
HAKOMUYEHUX METAJIiB Ta MepeBUIICHHS (HOHO-
BUX TOKa3HHUKIB MOTPeOYIOTh BIPOBAIKCHHS
PETYJSIPHOTO  CEIMMEHTOJIOTIYHOTO  MOHITO-
pUHTY BypImITHHCHKOTO BOJZOCXOBHIIA SIK KITHO-
4oBOi JIaHKW TpaHcopMalii MirpamiifHux
(hopM BaXKKUX METAJIB y KacKaji JOCITiKyBa-
HOT T'1JIPOCHCTEMH.



ISSN 1992-4224 Jlropuna Ta noskimns. [Ipobaemu neoekonorii. 2026. Bunyck 45

Konghnikm inmepecie

ABTOp 3asBIIsI€, 0 KOHQIIKTY iHTEepeciB MIoA0 myOikamii [poro pykomnucy Hemae. Kpim toro,
aBTOp TOBHICTIO TOTPUMYBABCS €THUYHHX HOPM, BKJIIOYAIOUM IuTariat, (aabcudikallifo JaHUX Ta I10-
IBilHY myOiKamio.

/eknapauyia npo euxopucmannsa LT

Y 11boMy JOCIIPKEHHI HE BUKOPUCTOBYBABCS T€HEPATUBHUM INTYYHHIA IHTEIICKT.
Cnucox euxopucmanoi rimepamypu
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ASSESSMENT OF HEAVY METAL CONTAMINATION IN BOTTOM SEDIMENTS
DUE TO LONG-TERM EXPOSURE TO TPP

Purposes. To assess the geochemical and ecological status of bottom sediments within the “Gnyla Lypa
River — Burshtyn Reservoir — Dniester River” hydrological system.

Methods. Field and analytical methods, with a systematic approach to synthesizing the results.

Results. Sediment samples were collected at seven representative sites within the hydrological system. To
interpret data on heavy metal content (Cu, Zn, Cd, Pb), the following indicators were used: geoaccumulation index,
enrichment factor, pollution index, and toxicological screening. The obtained geoaccumulation index values indi-
cate ecological well-being, and the geochemical cycle of Zn in the Gnyla Lypa River basin is determined exclu-
sively by natural lithogenic processes. The calculated enrichment factor values for Cd at the third section indicate
an anthropogenic component. It has been established that the pollution index values at sections No. 3 and No. 5
indicate a state of anthropogenic degradation; at the background and terminal sections, the index indicates the
absence of pollution. The highest toxicological screening was detected for Cd at section No. 3, which provides
grounds for asserting the presence of a latent ecological load that, under unfavorable hydrochemical conditions,
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could transform into a real threat to benthic biocenoses. The calculated values of total toxicity vary within ranges
corresponding to low and moderate levels of ecotoxicological risk. The highest value of the coefficient was rec-
orded in the accumulation zone (station No. 3), indicating an increase in biological risk due to the synergistic effect
of accumulated heavy metals. The values of the pollution load index and the pollution index indicated that the
environmental risk associated with the presence of heavy metals in the bottom sediments of rivers and reservoirs
was moderate.

Conclusions. The results of the study are of practical significance for the development of environmental
management strategies for the Hnyla Lypa—Dniester river system. The measured levels of heavy metal accumula-
tion in bottom sediments serve as a basis for assessing the ecotoxicological status of the reservoir and predicting
the resilience of aquatic ecosystems to anthropogenic impacts.

KEYWORDS: bottom sediments, aquatic ecosystem, thermal power plant
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LIYM FEHEPATOPIB SIK UUHHUK BILIUBY HA JOBKLLISI
I CTAH 3/10POB’S1 JIIOJUHU
(HA IIPUKJIAJI m. KPEMEHYYK)

Merta. [locnimKeHHs IIyMOBOTO BIUIMBY IPANOIOYUX T€HEPaTOpiB Ha €KOJIOTIYHI yMOBH MICBKOTO cepe-
JIOBUIIIA 1 CTaH 3/I0POB’sI HACEJICHHS Ha IIPUKJIa/Ii IIEHTPaIbHOT YacTHHU M. KpeMeHuyK Juist HOro 3MeHIICHHSL.

MeTtoan. AHaii3, CHHTE3, HOPIBHSIHHS, aHKETyBaHH:, MaTeMaTHYHUH, KapTorpadiuHuil, rpadiyHui.

PesyabraTu. B nienrpanbhiii yactiHi KpeMeHuyka BCTAaHOBIICHO T€HEPATOPH IIEPEBAKHO HEBHUCOKOT T0-
TYXHOCTI, cepe]] IKuX OSH3MHOBI FeHepaToOpH, He OCHAIIEH] 3aXUCHUM KOXKYXOM; JHU3€JIbHI MOJIENl Takol camol
MOTYKHOCTI 0€3 3aXHUCHOT'0 KOXKYXY; OSH3MHOBI T'€HepaTOpPH HEBUCOKOI MOTY>KHOCTI 0€3 KOXKyXY; IHBEPTOpPHI MO-
Jielti; OEH3WHOBI FeHEepaTOpH Pi3HOT MOTYKHOCTI, OCHAILICHI 3aXUCHUM KOKyXoM. B nentpi Kpemenuyka chopmy-
BaJIHCS 30HHU 3 BUCOKOIO KiJIBKIiCTIO TEHEPATOPIB, € PIiBEHH IIyMy HE BIATIOBiNA€ TirieHIYHIM HOpMaM, IO € He-
MIPUTYCTAUMHM, OCKUTBKH B pallOHI PO3MIIICHO >KUTIOBI 3a0yI0BH, OaraTo OCBITHIX, MEIUYHUX, PEKpeariifHuX
00’exTiB. 'eHepaTOpy BCTaHOBIICHI Ha BigCcTaHi Bix 1 10 2-3 M Bij MimIOXixHOT 30HH, IO CIIPUYHHSE HETATUBHUI
BIUIUB Ha HAceJIeHHSA. BifcTaHb MK HUMH HE3HAaYHA, TOMY iX 30HH BIUIMBY NO€IHYIOThCS. BHBUCHHS BIUTUBY
IIyMy T€HEpaTOpiB HA SKICTh CHY JIIOAWHH ITOKA3aJI0, 0 BiH MOCTIHHO UM YaCTO 3aBa’ka€ ITOBHOLIHHO BiINOYH-
BaTH BHOYI. BHBUEHHS NIyMOBOTO BIUIMBY I'€HEpATOpIB Ha 3[aTHICTh KOHIEHTPYBAaTH yBary IoKas3ajo, 10 Ha
Po0OOTI MOCTIHHO BUHUKAIIM ITPOOJIeMH 3 KOHLIEHTpalieto yBard. [llym reneparopy CipHyuHs€E y JFOIUHU IPATIiB-
JIMBICTh, CTBOPIOE BIAUYTTS AUCKOMOOPTY.

BucHoBku. [1151 3MEHIIIEHHSI HETaTUBHOTO IIYMOBOTO BIUIMBY F€HEPaTOPIB HA MiChKE CEPEJOBHIIE 1 3/10-
POB’sI HAacEJICHHsI MPONIOHYETHCSI BCTAHOBJIIOBATH IHBEPTOPHI TeHepaTtopu abo iHII MOoJielli, OCHAIIEeH] 3aXUCHUM
KOKYXOM, BUOHMpPATH ONTUMAaJbHI MiCLs JJIsl IX PO3MIIEHHS, ITOKPAIyBaTH LIYMOI30JISIII0 KHUTIA, 3AIHCHUTH
IOpUANYHE OOIPYHTYBaHHS 3aCTOCYBaHHS I'€HEPATOPIB JUIs 3aXUCTY IHTEPECIB JKUTEIIB MicTa.

KJIFOYOBI CJIOBA: cenepamop, uymoge 3a0pyoHeHHs, 2ieiEHIYHI YyMOBU, MEHMANbHE 300P08 ‘51

Sk muryBati: AnekceeBa T. M. Illym reHepaTopiB SIK YMHHUK BIUTHBY Ha TOBKULIA 1 CTaH 30pPOB’S IIFO-
muHA (Ha mpukitani M. Kpemeruyk). Jlioouna ma dosxinns. Ilpobremu neoexonoeii. 2026. Bum. 45. C. 124-136.
https://doi.org/10.26565/1992-4224-2026-45-10

In cites: Alekseeva, T. M. (2026). Generator noise as a factor influencing the environment and human
health (on the example of Kremenchuk). Man and Environment. Issues of Neoecology, (45), 124-136.
https://doi.org/10.26565/1992-4224-2026-45-10 (in Ukrainian)

Bemyn

OcobnuBicTi0 3uMoBOTO Tiepiony 2025- CIPUYMHEHI POCIMCEKOI0 arpeciero. 3 1HIIOro
2026 pokiB B Ykpaini OyJ0 HIMPOKE 3aCTOCY- 00Ky reHepaTopy YMHSTH BIUIMB Ha €KOJIOTid-
BaHHsI TEHEPATOPIB 3 Ti€l MPUYUHH, IO CIIOKH- HHUI CTaH HaBKOIMIIHLOTO CEPEIOBUINA, Y TOMY
Bavi OTPUMYBAJIH €JIEKTpOeHeprito 1mo 4-5 ro- YHCITI CTBOPIOIOTH IIYMOBE 3a0pyAHEHHS, MOTi
IuH Ha 100y. Bes kpaina, y Tomy umcni i Kpe- PILIYIOUH Tiri€HIYHI YMOBH NPOKUBAHHS 1 mpari
MEHYYK, JKWJIM 32 rpadikaMu BiIKIIOYCHb eje- HACEJICHHS.
KTpoeHeprii. 3 ojHOro OOKy albTepHATHBHI [Iym HEraTHBHO BIUIMBAE HA CTaH 310POB’S
JDKepesia eJIEKTPOIOCTaYaHHs JaBajlil MOXKIIU- HaceJIeHHs], B TIEpIIy Yepry Ha opranu ciyxy. Ilin-
BICTh YKpATHIISIM JI0JIaTH TEMPABY, IpaLfOBaTh BUILEH] PiBHI IIyMy CHPUYHMHSIOTH MOCTIHHE iX
MiJi Yac BUMKHEHb €JIEKTPOXXHMBIICHHS, IO Harpy>KeHHsL, 110 TTiJIBUIITY€ TOPIr 4y TIIMBOCTI,
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TOMY JIFOJIHA HE MOYKE PO3PI3HATH 3BYKH 1 OKpemi
CJIOBA 1 BUTpaya€ Ha I1e IOAATKOBI 3yCHILIS 1 eHep-
riro. [TocTiiHMiA IyMm CTIpUYHHSIE BIUTUB HA CIIPHI-
MaJIbHUM amapar CIIyXOBOTO aHajizaropy, IO
MOJKE BUXOJIUTH 3 JIajy 1 PU3BOAUTH 0 TYTOBY-
xocTi. lllymoBe 3a0py/THEHHSI HEraTUBHO BILIUBAE
TaKOXk HA CTaH [EHTPAIILHOI HEPBOBOI, CHIIOKPHH-
HOI, CepIIeBO-CYIMHHOI cucTeM [1].

Panime ke BHBYANIOCS IIyMOBE 3a0pyi-
HEHHSI MICBKOTO CEPEIOBHIIA Bill MIPOMUCIOBUX
MiINPUEMCTB, aBTOMOOLUILHOTO TpaHCTIopTy. ['eo-
rpadist TaKUX JOCIIIKEHb JOCHUTh MIUpOKa. Tak,
ITyMOBE 3a0pyJHEHHS JOBKLLISI, CTBOPEHE aBTO-
MOOLTEHUM TpaHcriopToM, Y Kuesi y nopiBHAHHI
3 €BPONEHCHKIMU MicTamu, BuBdasacs [lickyHo-
Boro JLE., Cepoentok I".A., I'omiuenko H.b. [2]
Oco6aMBOCTI IITyMOBOTO 3a0pYAHEHHS [IEHTPAITh-
Hoi yactuHu JIbBoBa BUuBYaimu I'pununinmmy HM.,
[ymmat T.1., XKopixra O.0. [1], XMenpHUIIBEKOTO
- Miponoga, H. I"., Mopo3os, A. B., Mopozosa, T.
B. [3].

¥ TlonTaBi Taki JOCIiIKEHHS MTPOBOMIIA
Crenosa O.B. [4], B Oneci - Iloneraesa J.M., Ca-
¢dpanoB T.A., Kurxesma 5.5 [S]. HocmimkeHHs
UIyMOTIOTJIMHALHUX BIACTUBOCTEH POCIIHH 3 Me-
TOO 3HIDKEHHS PIBHIB IIIyMOBOTO 3a0pyTHEHHS
npoBoam Maxcimiies C.1., lynapens C.M. [6].
[MutaHHs aaMIiHICTPATHBHO-TIPABOBOTO PETYJIFO-
BaHHS IIyMOBOTO BIUIMBY aBTOMOOUIBHOTO
TPaHCIIOPTY Ha CTaH MPUPOHOTO CepPeIOBHINA i
37I0pOB’Sl HAcEJCHHs BHCBITICHO Y HAyKOBHX
npansix bakyrina €.1. [7].

CriocoOu  OIiIHKM IIIyMOBOTO HaBaHTa-
JKEHHS MiCBKOT'O CEPEIOBHIIA PO3TIISTHYTO y CTaT-
X Muxaitmok FO.JT. [8]. 3actocyBaHHs METO/IiB
reoiH(OpPMAaIliifHOTO OIliHIOBaHHA 1 KapTorpa-
¢yBaHHs piBHIB mIymMy oOrpyHToBano Koporo-
noro H.IT, Kynau T.I". [9].

HesBaxkarouu Ha IpOBEJICHI PaHiIIe JOCTi-
JDKEHHsI 3 TIUTaHb IIYMOBOTO 3a0pyJHEHHS Ha-
BKOITMIITHHOTO CEPEAOBHIIa, 3apa3 OpaKye pooiT,
MPUCBSYEHNX BIUIMBY JPKEpEN AllbTEpPHATUBHOTO
€JIEKTPOIIOCTAYaHHs Ha MPUPOAHE CEPEIOBHILIE.
SIKI110 BUBYEHHS BIUIMBY T'€HEpaTOpiB HA CTaH aT-
MocC(hEepHOT0 TIOBITPsI CTAJIO 00’ €KTOM yBaru Hay-
koBoi criinmbHOTH [10], TO ITyMOBMIA 1X BILIUB 3a-
JIUIIIABCS HETOCTATHRO JOCTKeHuM. JlaHunii Ha-
IPSIM JTOCITIIKEHB € 3apa3 aKTyaIbHIM, OCKUTBKH
3HAYHA YaCTHHA 00 €KTIB CHEpreTHYHOI iH(pa-
CTPYKTYpH 3pyiHHOBaHa BHACHTIZOK aTaK pOCIiCh-
KOTro arpecopa. MeHia ix gactuHa (pyHKIIIOHYE,
ajie B Oyb-SIKMIA MOMEHT TaKOX MOXKe OYTH I10-
HIKOJPKEHA BOPOIOM, TOMY B YMOBaX BOEHHOT'O
CTaHy TeHEepaTop 3AJIMINAETHCS BAXKIMBHM JDKE-
pEeNoM eNeKTPOKUBIICHHS, SIKHI TIPAIoe 10 3-5
TOIMH ITOCIILUIb.

Mera poO0TH — IOCTIPKEHHST [ITyMOBOTO
BIUTMBY TIPALIOIOYHAX T€HEPATOPiB HA €KOJIOTiYHI
YMOBH MICBKOTO CEpeIOBHIIA 1 3I0pPOB’Sl Hace-
JIeHHs1 Ha TIPUKJIali HeHTpanbHOI yacTrHH M. Kpe-
MEHYYK [ HOro 3MEHIICHHSI.

1 TOCATHEHHST Takoi METU PO3B’sI3yBa-
JIMCh HACTYITHI 3aBJaHHS:

BuBYeHHS TEXHIYHUX XapaKTEPHCTUK TCHE-
paropis, 110 BU3HAYAIOTH PiBEHb IIIYyMY, iX BUIIB,
niepeBar.

JociipKkeHHst piBHS LIyMy BiJ] T€HEPaTOpiB
Ha TPHKIAJI IeHTPaIbHOI YacTHHH M. Kpemen-
YyK i HOT0 BIUIMBY Ha €KOJIOTTYHI YMOBH TIPOXKH-
BaHHsI 1 poOOTH HACEJICHHSI.

JlocmipKeHHsl BIDIMBY IIIyMY BiJl TIPAITIOrO-
YUX TeHepaTopiB Ha ICUXOEMOLIHHMIA CTaH Hace-
JICHHSI.

PexoMenpamist 3aXofiB OO0 3MEHIICHHS
BIUIMBY IIyMYy BiJI T€HEpaTOPIiB HA EKOJOTIYHUHA
CTaH PalioHy JIOCTI/PKEHHS 1 HACCIICHHSI.

Memoou ma memoouxa 00cnioIHceHHA

3acTOCOBaHO METOIM HAayKOBOI'O JIOCIIi-
JOKCHHSI: aHalli3, CHHTE3, MOpIBHSHHS, aHKETY-
BaHHsI, MaTeMaTUYHNH, KapTorpadiuauii, rpadiy-
HUH.

B sikocTi paiioHy JOCHipKeHHsST BUOPaHO
neHtp M. KpemeHuyk 3 Orjisy Ha Te, MO TyT
BCTaHOBJICHO BEIIMKY KUTBKICTh aJlbTePHATUBHUX
JDKEpeI eJeKTpOXKUBIIeHHs. B 1ieHTpi micta 3Ha-
XOJUTHCS HOTO JiJI0Ba YaCTHHA: TOPTIBEJIbHI Op-
raHizaiii (pUHKY, CyniepMapKeTH, MiCbKHi Oyau-
HOK TOPTIBIIi), a/MiHICTPaTUBHI YCTAHOBH, IICH-
TPY HaJaHHS TOCIYT HaceleHHIO (OaHKiBCBbKi
CTPYKTYpH, alTEKH, MEIUKO-IiarHOCTUYHI IeH-
TPH, 3aJTi3HUYHMH 1 aBTOBOK3aJIM, IIEpYKapHi, po-
3BaXKaJIbHI IIEHTPH, TOIITOBI BiJyTUIeHHs, odicH,
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LEHTPH HAIaHHS a/IMiHICTPaTUBHHUX MOCIYT, TPO-
MaJICBKOI'0 Xap4yBaHHs, CIIOPTHBHI KIIyOH), OCBi-
THI YCTaHOBH (3aKJIa Iy 3araJIbHOI CepeTHBOI 1 J10-
IIKUTFHOT OCBITH, PUBATHI IIIKOJIH 1 IIEHTPH PO3-
BUTKY, JTUTSYa XYJIOXHS 1 CIIOPTUBHA IIKOIH,
Kpemenuyipkuii  HalliOHAJIBHUN ~ YHIBEPCHTET
iMeHi Muxaiina Octporpancbkoro). OKpiM TOro
TYT 3HaxonsThcs pekpeartiiai ([TpuaHinpoBch-
KW TapK, CKBEpH, IUIDK) 1 KYJIBTypHI 00‘€KTH
(Kpae3HaBuMii My3ei, manai KyJibTypH, 0i0iio-
TEKH, rajepes), JKUTJIOBI 3a0y/I0BH, 1110 POOUTH
paiioH mocitiKeHHs MicieM nepeOyBaHHS BeJH-
KO1 KITbKOCTI JTI0fIeH.

Ha mouatkoBomy erami poOoTH B3ATO Ha
00JIIK TeHepaTopH, BCTAHOBJICHI y LEHTpaIbHIl



ISSN 1992-4224 Jlropuna Ta noskimns. [Ipobaemu neoexonorii. 2026. Bunyck 45

yacTuHi M. KpemeHuyk: 3ahikcoBaHO Ha3By ycTa-
HOBH, LII0 BCTAaHOBHJIa reHeparop i ii agpecy, THI
reHepaTopy 3a MAIMBOM, HOTO MapKy, MOTYX-
HicTb. OKpIM TOrO BCTAHOBJICHO HAsSBHICTBH (200
BIZICYTHICTh) 3aXHCHOTO KOXXYXY, BU3HAUEHO Bifl-
CTaHb BiJ MICI[I BCTAHOBJICHHS T€HEPATOpPY 0
CHOPY/I¥ @ TAKOXK /IO TIIIOX1THOT 30HM.

Micus po3rainryBaHHS T€HEpaTopiB MO3HA-
YeHi Ha KapTi IeHTpaTbHOI YacTHHU M. KpemeH-
YyK, TPOAHAII30BAHO CITIBBIIHOIICHHS Pi3HUX
THIITiB TEHEPATOPIB.

Hacrynnwmii eran qociipKeHHsT BUBUCHHS
TEXHIYHUX XapaKTEePHCTHUK F'€HEPaTOpiB, BCTAHO-
BJICHUX y IICHTPAJIbHIM YaCTHHI MicTa. 3a TeXHi4-
HOIO JIOKYMCHTAIIIEF0 BU3HAYCHO PiBHI IITyMY, 110
CTBOPIOIOTh T'€HEPATOPH, BCTAHOBJICHI B paiioHI
JocTipreHHs. Takox mpoaHatiz0BaHo pi3Hi THITH
reHepaTopiB 3 TOUYKU 30py CTBOPEHOTO HUMH Pi-
BHSI [ITyMOBOTO 3a0pyJHEHHS, 3pYYHOCTI y 3aCTO-
CYBaHHI, €KOHOMIYHOCTI, MOJKJIMBUX PU3HKIB B
XOJIi eKCILTyaTarii.

PiBens nrymoBoro 3a0pyaHEHHS B IIEHTpa-
TBHIN YacTrHI M. KpeMeHdIyK BH3Ha4aBCs po3pa-
XYHKOM. P0o31mofist iyMoBOTo BIDIMBY Y JOBKLLTI
BU3HAYABCS BIATOBIIHO IO TIPaBWJIA 3BYKOTEX-
HIKH, 3TiIHO SIKOTO JUTSl TOYKOBUX JKEPEN 3BYKY

KO)KHE TOABOEHHS BIJICTAaHI 3MEHIIYE pPiBEHb
mymy Ha 6 1b [11]. Ha ocHOBI NOpiBHAHHS OTpU-
MAaHHX Pe3yNbTATIB 3 ririeHIYHUMH HOPMATUBAMH
[12, 13] 3po6ieHo BUCHOBOK MO0 SKOCTI Tiri€Hi-
YHUX YMOB 1 BIUTUBY IIIyMOBOTO 3a0pyAHEHHS Ha
CTaH 3710pOB’sT HACEICHHS.

Jn1st BUBUEHHS piBHIB IIIyMy B paiioHi A0cC-
JHKSHHS BHOPAaHO TPH IUITHKH, 1€ KUTBKICT
BCTaHOBJICHUX T€HEPATOPiB BUSBHIIACS HAMOLTb-
m1ot0. JIJ1st X ITUTSTHOK CTBOPEHO KapTH, 1€ BiJO-
OpaKeHO piBHI IIyMy 3a JIOTIOMOTOIO i30JIiHIH 3
TIOIIAPOBUM HAHECEHHSIM BiJITiHKIB.

Brutus nrymy Bij reHepaTopiB Ha CTaH Me-
HTAJIBHOIO 3/I0POB’ S )KUTEIIB MiCTa JIOCITiIKYyBa-
BCSI HA OCHOBI OITUTYBaHHSI, AJIsl YOTO PO3POOIICHO
CTICIiANIbHY aHKETY ISl aHAII3y BIUIMBA IIIyMy Ha
3[JaTHICTh KOHLICHTPYBATH yBary, sIKiCTb CHY, BH-
HUKHEHHS BIIYYTTS TPUBOXKHOCTI, ITiJBHIIICHOI
ZpaTiBIUBOCTI, AuckoMopTty. Pedynprarn orm-
TyBaHHS 0OPOOIIEHO 3 BUKOPUCTAHHSM CTaTHCTH-
YHUX METOIIB.

3aBepIaibHAM €TaroM podoTH Oyia pe-
KOMEHJALLIsI 3aX0A1IB U1 3HWKCHHSI HETaTUBHOT'O
[TyMOBOT'O BIUTHBY BiJl TIPAIFOIOUMX T€HEPATOPIB
Ha EKOJIOTIYHMI CTaH MICBKOTO CEepeloBHINa i
3II0POB’SI JIFOMHU.

Pezynvmamu docnidicennsn

I'eneparopu € IpUCTPOSIMH, IO MEPETBO-
PIOIOTH MEXaHiYHy €HEpril0 Ha EJIEKTPUYHY, €
JOKEpPETIOM aBTOHOMHOTO €JIEKTPOKUBIICHHS TTiJT
Yyac BUMKHEHb €JIEKTPOEHeprii. 3a MOTY>KHICTIO
TeHepaTopH TOAUIIOTH Ha MOOYTOBI 1 Mpommc-
JIOBI.

[loOyToBi  reHepaTopu, IO  CTaJlK
00’€KTOM yBar" B TJaHOMY JIOCIiJPKEHHI, MarOTh
MOTY>KHICTB J10 12 KBT i 3aCTOCOBYIOTBCS JUIs 3a-
OesnedeHHs: po0OTH KOTIIB, HACOCIB y TIOOYTI a
TaKoX JyIsi 00’€kTiB Majoro Oisnecy. IIpommc-
JIOBi TEHEPaTOPH OLITBIII BUCOKOI IMTOTYXHOCTI 3a-
CTOCOBYIOTh Ha POMHCIIOBHX TiIIPUEMCTBAX.

[lanuBoM 117151 TeHEpaTOpiB ciayrye OeH-
3MH, nu3enb i ra3. KomOiHOBaHi reHepatopu B
SKOCTI MaJIMBAa BUKOPUCTOBYIOTh OCH3WH 1 Ta3.
HaiimeHmmii BIUIMB Ha €KOJIOTIYHUHN CTaH MpU-
POIHOTO CepeAOBHILA YHHATH TEHEPATOPH, SKI
KUBJIATBCSA BiJl COHSYHUX NaHeneill. Burparu
naJMBa 3ajexarb, B EpIIy 4epry, BiJl MOTYX-
HoCTi mpucTporo. Tak, OEH3MHOBUH TreHepaTop
BuTpadae y cepeanbomy 0,35-0,5 n/kBt-rox,
nusenbhuii — 0,2-0,4 n/xkBt-rox [14, 15].

3a MOOIUIBHICTIO TeHepaTopu OyBarOTh
CTalioHAapHi i mopTartuBHi. CTalioHapHI MOHTY-
I0TBCS y QYHIAMEHT 1 i IKITF0Ya0ThCsl aBTOMa-
THYHO, KOJI TIOTPi0HO. B paiioHi qociiHpKeHHs
Oynu BUSBJIEHI T'€HEpAaTOpPH OpPYyroi rpynu —
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MIOPTATHBHI, SIKi BAKOPUCTOBYIOTHCSI JISI OCBIT-
JICHHSI )KUTIIA 1 y MaoMy Oi3Heci.

BeH3nHOBI reHepaTopy CTBOPIOIOTH HIyM
1o 70 nb, oco61MBO Taxi, M0 MaKOTh HIYMOTIOT -
JUHANBHUM KOXyX. [IpucTpoi € He nyxe Cckia-
JTHUMH B €KCIUTyaTallii, 3aIyCKaloThCs HaBITh 3a
YMOBH HU3BKUX TEMIIEPATyp 1 YCHILIHO 3aCTO-
COBYBAJIMCSI B 3UMOBUH mepion s 3abesrme-
YEeHHSl €JEKTPOEHEPTi€l0 MPOTATOM HETpUBa-
noro nepiony. llle omHiero mepeBaror OEH3M-
HOBHX I'€HEpaTOpiB € 1X MOPIBHSHO HEBHCOKA
BapTICTh, O BILUTMHYJO HA BUOip Takoi Mojeni
reHepaTopy BIACHUKaMH MaJloro Oi3Hecy i pH-
BaTHUX OYJWHKIB B IIEHTPi MicTa.

l'onoBHUM HEJOMIKOM OEH3MHOBHX T'eHE-
paTopiB € HEMOXKIUBICTh TPOJIOBKYBATH EKC-
IIyaTarito micis 5-8 roauHHoi poOoTH, MiCis
goro Tpeba 3pobutn may3y. Y OSH3MHOBUX Te-
HEepaTopiB 0OMEXKEHUi pecypc, TOMY TEPMiH iX
CIIO’KMBAHHS HE JIy’K€ BUCOKHil. PiBeHb CIOXKH-
BaHHSI TMaJBa Y HUX BUIINH 32 JU3EIbHI TeHe-
paropu, ToMy cobiBapTiCTh €JIEKTPOEHEPTii A0-
CHUTb BUCOKa. | eHepaTopu Takoro TUIY HE PO3-
BHBAIOTh BUCOKOT MOTY>KHOCTI, TOMY B TIPOMHC-
JIOBOCTI HE 3aCTOCOBYIOTBCSL.

JuzenbHi TeHepaTopH MpaLioTh 3 OLIb-
IIOK0 TIOTYXKHICTIO, BOHA € OUIbII HaJliHUMH
IIPUCTPOSIMH, MAFOTh OUTBIII BUCOKUH PECypC, MO-
JKYTh TIPAITIOBATA TIPOTSITOM OUIBII TPHUBAIOTO
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TepMiHy Oe3 May3u TOpPIBHSHO 3 OCH3MHOBUMHU
aHajioraMi. BOHM CIIOXXHMBarOTh MEHIIE TalnBa,
0 POOUTH iX OUTBII €KOHOMHHUMH. 3 IHIIIOTO
00Ky 11i/1 Yac poOOTH BOHH CTBOPIOIOTH BHCOKHI
piBeHb nIyMy. BoHM € OUTBIN CKITAIHIMU B €KC-
TUTyaTallil, OCKLTBKH 3aITyCKaIOThCS TLTBKH 3 Tie-
BHUX TEMIIEpaTypHHX yMOB. [lu3erbHI reHepa-
TOPH € OLIBII BAPTICHUMH ITOPIBHSIHO 3 OCH3UHO-
BuMH pisHoBrgaMu (Ha 20-40 %).

I'a30Bi TeHepaToOpM 3acCTOCOBYIOTHCS HE
TaK IIMPOKO, SIK OCH3MHOBI 1 au3enbHi. Bonu €
OLTBII EKOHOMHHUMHU, OCKUTHKH a3 KOIITYE JIeIIIe-
BIIIE 32 OeH3MH 200 au3enbHe nanuBo. ['a30Bi re-
HEpaToOpH HEe CTBOPIOIOTH LITyMYy BHUCOKOTO PiBHS,
TOMY iX PEKOMEHIYIOTh BUKOPHCTOBYBATH ISt
JKUTIIOBOT 3a0y10BU. AJie 11e Tpeba poOuTH 3 00e-
PEXHICTIO, OCKUTbKH Ta3 € BHOYXOHEOE3NEYHOIO
PEUYOBHHOIO.

Haii6inpim yHiBEpcaTbHIMU BUAaMU TeHe-
paTopiB BBa)KAIOThCS KOMOIHOBaHi, SIKi IpaIfro-
I0Th Ha OCH3WHI 1 Ha Ta30BOMY TasuBi. Taka oco-
ONMUBICTP HAa€ iM MOMUIMBICTH TIPAIIOBATH Ha
TaKOMY TIAJIBI, SIKE € OUTBII JOCSHKHUAM 1 €KOHO-
MHHMM Ha JJAHUH MOMEHT Jacy. Taki reHepaTopu
JIOCUTH HaiiHi, TIPAIOIOTh 31 3HAYHIMH HaBaH-
TaKCHHAMH TIPOTSATOM TPHUBAJIOTO 4acy. MeHIr
3PYYHUMH iX POOUTH CKIIQJIHICTh B €KCIUTyaTallil,
TeXHIYHOMY 00ciyroByBaHHi. OKpiM TOro Taki
PI3HOBUIIM TEHEpAaTOpiB € OLIBII BapTiCHUMH i
OLIBII BHOAIMBUMHU /10 SIKOCTI IIAJIABA.

OcTtaHHIM 9acoM OUIBII HIMPOKOTO 3aCTO-
CyBaHHS Ha0YBaIOTh iIHBEPTOPHI T€HEPATOPH, IO
€  JDKepeloM ~ YHCTOrO0 1 CTaOUTBHOTO

KinbKicTb reHepaTtopis,

€NEeKTPUYHOTO CTPYMY, 10 BaXKJIMBO IS OpraHi-
3alliii 1 YCTaHOB, JI¢ eKCIUTyaTYIOThCS YyTJIUBI
npuiagu (MearuHe oOnagHaHHS, KOMI IOTOPH
tomto). Taki Momen reHepaTopiB MPAIOIOTh SIK
Ha OeH3WHI, TaK 1 Ha TU3eTHbHOMY TanuBi. [HBep-
TOPHI TEHEPATOPH € KOMITAKTHUMH TIPHUCTPOSIMH 1
HE CTBOPIOIOTH IIIyM BHUCOKOTO PiBHSI.

B xo1i po6oTH B3sIT0 Ha 00JIiK TeHEpaToOpH,
BCTAaHOBJIEH] y TIEHTpallbHIA JacTuHI MicTa Kpe-
MeH4YyK. byrno ob6crexxeno Bymumi CoOopHy,
Irops Ceparoka, neiitrenanta Iloknanosa, IBana
Masemu, Tpoinpky, 29-ro Bepechs, LlleByenka,
KsapraneHy, OyneBap VYkpaincekoi CmiBapyx-
HOCTI Ta iHII.

Haifuacrie B paifoHi 1ociIyKEeHHsI 3aCTO-
COBYIOTHCSI TEHEPATOPH HEBUCOKOI MOTYKHOCTI
2-3 kBT 3a BHKIIIOYEHHSM THX BHIIAAKIB, KOJH
MOBa HJie PO 00’ €KTH 3 BEJIMKOIO ILIOIICHO (Cy-
niepmapkeT «ATby), a0o, Ko Ha 00’ €KTI BHKO-
PHUCTOBYIOTH ITOTYKHi €JIEKTPHYHI TIPHIIaIH (ere-
KTPWYHI JyXOBi MadH JUIT BUTOTOBJICHHS BHITI-
ykH B Kae «KymmiHigi»).

Bcroro B paifoHi mociimKeHHS OYII0 B3STO
Ha o0OmiK 75 renepatopiB. JlocmimKeHHS TOKa-
3a1H, 10 OEH3UHOBI TeHEPATOPH 3aCTOCOBYIOTHCS
yacTille, HiK Ju3elbHi. ['eHepaTopiB iHBEpTOp-
HOTO THITY BHSIBJIICHO HEBEJIUKY KUIBKICTb, B SIKO-
CTi MaJiiBa BOHHU 3aCTOCOBYIOTH OcH3uH. Cepen
TeHEPaTOPIB PaioHy JTOCIIIKSHHS PEICTaBIICHI
yeTpoi pizanx mapok: «Limited 3000», «Forester
EC 3000», «Konnery, «Schonner Ta immi.

Sk nmokasanu gociipkeHHs (puc. 1), onHa
TpEeTHHA BCiX TeHePaTOpiB PaiioHy - Ile OEH3MHOBI

1 2 3 4 5

Tunu reHepaTopiB

1 — GeH3MHOBI reHepaTopy MOTyXHicTIO 2,8-3,0 KBT 6e3 3aXHCHOT0 KOXYXY,
2 — nU3eNbHI reHepaTopy MoTysxHicTio 2,8-3,0 kBT 6e3 3aXMCHOTO KOXKYXY,
3 — iHBepTOpHI renepaTopy; 4 — GEH3MHOBI TeHEPATOPH MOTYXKHICTIO 10 2 KBT 0€3 3aXHCHOr0 KOXKYXY,
5 — OEH3UHOBI 'eHEPaTOPH, OCHAIEHI 3aXUCHUM KOXKYXOM
Puc. 1 — Tumu rerepartopis, IOMHUPEHNX Y NEHTPaANbHIN yacTHHI MicTa KpemeHuyk

1 — petrol generators with a power a power output of 2.8-3.0 kW without a protective enclosure;
2 —diesel generators with a power output 2.8-3.0 kW without a protective enclosure; 3 - inverter generators;
4 - petrol generators with a power a power output to 2 kW equipped with a protective enclosure.
Fig. 1 — Generator types located in the centre of Kremenchuk

reHeparopu noryxHictio 2,8-3,0 kB, He ocHa-
1IeHi 3aXucHUM KOoxkyxoM (33 %). Ha nuzenbHi
reHepaTopu 0e3 3aXHUCHOTO KOXKYXY i 3 TaKOIO
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caMmol0 MoTyxHicTio mpunagae 21 % Bix ycix
reseparopis. BussieHo MeHII MoTyKHi OeH3H-
HOBI reHeparopu (1o 2 kBT1) 0e3 KOXyxy y
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KibKocTi 15 %. IHBepTOpHI MOaeni reneparo-
piB, 110 MPAIIOIOTH HAa OCH3WHI, IPEACTaBJICH] B
uenTpi KpemeHuyka He Iy e MUPOKO 1 CKiIaaa-
101b 17 %. I'eHepaTopy, 1m0 OCHaIIEHI 3axuc-
HUM KOKyXOM BHSIBIIEHI B HEBHCOKIN KIJTBKOCTI
— 13 %, xynu BKiIIOUEHI OEH3MHOBI MOAENi Pi3-
HOI oTy>HOCTI. ['a30B1 1 KOMOIHOBaHI THITH Te-
HEpaTopiB HE BUSABIICHO.

BusiBieni renepatopy HaHeceHi Ha Ka-
pTy-cxemy, IO CBiT4UTh Mpo GopMyBaHHS Ii-
JISTHOK 3 OCOOJIMBO BUCOKOIO iX KinbKicTio. Came
y MeXax TakuX JUITHOK BHBYAIHCA pPiBHI
myMmy. OnlHa 3 TaKuX JUTSTHOK PO3TAlllOBaHA Y
mexax Byiunb CobopHa i Iropst Cepmioka y
mpoMikKy Mix BymmisimMu [lleBuenka i Hebec-
moi CotHi (puc. 2).

8 ~‘. 14
a ' >
\enTpa Ha .6 :1
4 \\“& :
» e* -l
AP ' nk
R

0

PiBens mymy, nb

- 50-60 1B; - 60-70 1B; - > 7016

Puc. 2 — PiBeHb mymy Biji reHepaTopiB y LeHTpaibHii yacTiHi Micta KpemeHuyk

Fig 2 — A generator noise level in the central part of Kremenchuk

B mpomy paiioHi po3ramoBaHo Oararto
TOPTiBeJIbHUX TOYOK («Meray, «30J0THIA BiK»,
«M’sicHa 1aBKay), Kade, 1€ NepeBaKHO BCTAHO-
BIIeHI O€H3WHOBI TeHeparopu. [lu3enbHi i iH-
BEPTOPHI MOJIelTi Mpe/IcTaBJIeHi Majo. SIK moka-
3aHO Ha PUCYHKY 2, HAWBUIIIi PiBHI IIIyMY BHSIB-
JieH1 BAOBXK Tpoi3HOi vactuHm Byiumi CoOo-
pHA, Jie pO3MIIIEHO BEJUKY KiJbKICTh IOBEIIip-
HUX 1 Mara3uHiB CIIOPTUBHHUX ToBapiB. Haiimo-
Ty>Himi reaeparopu (3 kBT) Tyt BcraHOBIeHI
Ha HEBEIWKIN BiACTaHI Bix MIIIOXiTHOI 30HWU,
TOMY IITYMOBHII BIUTUB Ha HACEJICHHS ITiJIBUIIIE-
Huil. [pariorodi renepaTopu po3TaloByIOThCS
Ha He3HayHii BiACTaHI OAUH BiJ OIHOrO, a I
MOTIPIIY€E €KOJIOTYHI YMOBH, OCKIJIBKH 30HH 1X
BIUIMBY MOEJHYIOTHCS 1 HAKIJIQAAIOTHCS O/IHA Ha
onHy. Taki AINISTHKY XapaKTepU3yIOThCs ITiJABH-
HIEHUM PiBHEM IIIyMOBOTO 3a0pyAHEHHS.

Bynuii Co6opHa i Iropst Cepatoka xapa-
KTEPU3YIOThCSI aKTUBHUM PYXOM aBTOMOOINb-
HOTO TPAHCHOPTY, IO TaKOX CTBOPIOE
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IIyMOBUM BIUTMB. SIKIIIO B3SITH J10 yBaru, 1o B
bOMY paiioHi OKpiM MarasuHiB, o(iciB po3Mi-
[IEHO JKHUTIOBY 3a0yA0BY, IEHTPAIBHY MIiCBHKY
0i0mioTeKy, AWTAYI PO3BUTKOBI IIEHTPH, 3a-
KJIaJ1 IOMIKLUTBHOT OCBITH, TO BUHUKAE MTOTpeda
HaWMIBUIIIOTO PO3B’SI3aHHS MPOOJIIeMU 3HU-
JKEHHS PIBHS IIyMY.

BusnaueHo, o yacTo reHepaTropu BcTa-
HOBJIEHI Ha BIJCTaHI MeHIIE HDK 6 M BiJ CIO-
pyH, L0 € TMOPYIICHHSAM TirlEHIYHUX HOPM,
OCKUTBKH 32 TAKUX YMOB 3HAYHO ITiJIBUIIYETHCS
piBeHb yMy. [HIIIMM BUIOM TIOPYIIIEHb Tiri€Hi-
YHMX BUMOT B IICHTPI MICTa € BUIAIKU POOOTH
reHepaTopiB B HIYHUH Yac.

Hpyra niisHka 3 MiABUIIEHAM pPiBHEM
mymy chopmyBanacs B paiioni OynsBapy Ykpa-
fHChKOTO Bimpomxenns i Bynuni KsapransHoi,
Jie TeHepaTopH (MepeBaKHO OCH3WHOBI) Pi3HOL
MOTY>KHOCTI € JDKEPEIIOM EeJIEKTPOIIOCTauYaHHS
JUTSI Mara3uHiB, 0aHKIBCHKHX YCTaHOB, alTeK, Ji-
ArHOCTUYHOTO LEHTPY «ApHiKay, cuHaroru. Sk
BU3HAYCHO, IHBEPTOPHI TI'CHEPATOPH  TYT
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npeacTaBieHi ayxe mMano (puc. 3), HalBUIIUN
LIYMOBHH BIUTUB CTBOPIOETHCS B BAOBK MPOi3HOT
yacTuHH OynbBapy YKpaiHcbkoro BinmpomkenHs
1 B palioHI METUYHOTO MEHTPYy «ApHika». Mak-
CUMaJTBHI piBHI ckiamaroTs 80 ab i 6imbIre, mo
nopyurye BUMoru JlepxaBHuX caHiTapHUX HOPM
JIOITyCTUMHUX PiBHIB IITyMYy B IPUMIIIEHHSIX JKHT-
JIOBUX 1 TPOMAJICHKUX OYAWHKIB 1 Ha TEPUTOPIl
JKUTIIOBOI 3a0yoBH [12].

3rigHO TaHWX BUMOT, B MEXKaxX TEPUTOPIH,
IO NPWISTA0Th 0 Mara3uHiB, BOK3aJliB, ITyHK-
TiB IPUHAOMY MiANIPUEMCTB MOOYTOBOTO 00CITY-
TOBYBaHHSI piBeHb IIYMY HE TIOBHHEH IEPEBU-
uryBatu 70 nb.

Bu3HaueHo, 1110 HalBUIIII PiBHI ITYMOBOT'O
BILUTUBY YTBOPIOIOTHCSI B MICISIX PO3MIIIIEHHS Oe-
H3MHOBHX 1 JH3EJIBbHUX TEHEepaTopiB, SKi He

OCHAIlICHI 3aXUCHUM KOXyXoM. Taki Ikepena
IBTEPHATUBHOTO EJIEKTPONIOCTAYaHHS BCTAHOB-
JIFOKOTHCS Ha BiacTadl Bijg 1 M 10 2-3 M Bij IMiIo-
XiHOT 30HU, TOMY KHTENi MiCTa, mepedyBarodn
B IIbOMY PaiOHi, TOTEPIAIOTh BiJ| ITiIBUIIIEHOTO
ITyMOBOTO 3a0pyTHEHHSI.

Sk BKa3aHO paHillle, paiiOH XapaKTepH3y-
€TBCS JIOCHTH BUCOKHUM TPAaHCIIOPTHUM HaBaHTa-
JKEHHSIM, TOMY TIiIBHILIEHH1 piIBEHB IIyMYy, CTBO-
PEHMIT aBTOTPAHCIIOPTOM 1 ITPAIFOI0YNMH TeHEepa-
TOpaM{, HETaTHBHO BIUIMBA€ HA EKOJOTiuHi
YMOBU B PEKpeamiiiHiii 30Hi, ska po3TalIoBaHa
ooJu3y.

Haiiumyi piBHI mIymMy Tako»X BHSBIICHI B
palioHi MEAMYHOTO LEHTPY «ApHiKa» i1 MiCbKOi
JITSYO01 CIIOPTUBHOI MIKOIH (pUc. 3), IO € TyXKe
HeOaXaHUM MOPSJT 3 TAKMMH 00’ ekTaMu. SIKITo

- 50-60 nb;

- 60-70 nb; > 70 nb

Puc. 3 — PieHp mymy Bij reHepaTopiB y HeHTpanbHil yacTrHi Micta KpeMeHuyK

Fig. 3 — A generator noise level in the central part of Kremenchuk

BpaxyBaTH, IO TYT TAKOX 3HAXOAATHCS KUTIIOBI
3a0yJIOBH, 3aKJia] 3arajlbHOI CepelHboi OCBITH,
OyIIMHOK TUTSY01 TBOPYOCTI, TO MpodiieMa 3aroc-
Tproethest. 1lle oj1Ha 30Ha 3 MiJBUILIEHUM ITyMO-
BUM BIUTMBOM 3HAXOJUTHCS B PAfOHI CHHArOTH,
JIe PO3MIIIICHHUI 3aKJIaJ1 TOLIKIILHOT OCBITH.
Tpertst 30Ha, Jie 30CepePKEHO 3HAUHY KiJlb-
KICTh T€HEpPaTOPiB, YTBOPUIIACH B PAiiOHI BYJIHUIIh
Axanemika MacnoBa. TyT po3ramoBaHO TOpri-
BEIbHI 1 OAHKIBCBKI CTPYKTYpPH, O(icH, IMyHKTH
HaJIaHHA TIOOYTOBHX MOCIYT, IIEHTPU PO3BHTKY
JUTsL MiTed. SIk mokasaim TOCHiJKEHHS, TYT Iepe-
Ba)KaIOTh OCH3WHOBI 1 JM3€bHI reHepaTopu 0e3
3aXMCHOTO KOXyXa. [HBEpPTOpDHHMX TIeHepaTropiB
TYT He BusBIEHO. Ha 1iif minsHIi reHeparopu
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pO3TaIOBaHi Ha HEBEJMKIH BiJICTaHI OJIMH BijI OJ1-
HOT0, B pe3yJIbTaTi iX 30HH BIUTMBY 00’ € THYIOTHCS
1 CTBODIOIOTB PiBEHB IIyMY BUIMH, HiX 60 1b. Sk
1 B TIONEPEIHIX BHIIAJIKAX, TEHEPATOPU PO3TAIIIO-
BaHi OLJIs CTiH OY/IMHKIB, 1110 I ICHJIFOE IITyMOBHIA
BIUTHB Ha mimoxo/iB. llIuprHa npoi3noi yacTuHn
i TpoTyapiB B IieHTpi KpemeHdyka HeBenmka,
TOMY LITyMOBE 3a0py/IHEHHSI TOUIUPIOETHCS B 00-
MEKEHOMY TIPOCTOPI.

Tpeba BiAMITHTH, 1110 B PAfOHI 3aBXK/IU Be-
JIMKWAN HAIUIMB JIFOJICH, OCKIIBKU TYT PO3MIIIIEHO
XKHUTIIOBY 3a0yIOBY, KPYIHI CyHepMapKeTH, KO-
MyHaJbHE MEAWYHE MiAnpueMcTBo «LleHTp mep-
BMHHOI MEIMKO-CaHiTapHOI JIONIOMOTH», CTaHLIs
MEpEIMBaHHs  KPOBi, MPOTHTYOEPKYIbO3HHUM
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JCTIaHCEP, IIKOJIM AUTYA XYIOXKHS 1 IHO3eMHHX
MOB, 3aKJIaJW JOUIKUJIBHOI OCBITH, IpPUBATHI
mkonu. ToMy mrymMoBe 3a0pyIHEHHs BIUIMBA€E Ha
HANOLTBIT Bpa3IuBi KaTeropii HaCENeHHS: AiTeH 1
THX, XTO TIOTpeOye MEANIHOI IOTIOMOTH.

Mix pafioHamMu, 1€ BHBYAaBCSI pIBEHb
ryMy, 6araTo CHiTbHOTO: HACHYEHICTh MiCHKOIO
IH(PACTPYKTYpOIO, HAsBHICTh JKATIOBOI 3a0y-
JIOBH, BENWKI CKYITYEHHS JFOJIEH, BUCOKA Killb-
KICTh TIepEeBaYKHO OCH3WHOBHX TEHEpaTopiB 0Oe3
3aXMCHHUX KOXYXIB, PO3MIILECHHS TeHEpaTopiB
OLIs CTiH CTIOPY/T HA HE3HAYHIH BiJICTaHI OIUH BiJT
OJTHOTO i BiJI MIIIOXiJHOT 30HM, THTEHCHUBHHUN PyX
aBTOTPAHCIIOPTY, OOMEXKEHHH IPOCTIp TIOIIH-
PEHHSI IIIYMOBOTO BIUIUBY.

B po6oti BUBYABCS BIUIMB IIyMy Ha CTaH
370pOB’sl JItoAMHYU. PaHile mpoBeneHi J0CITi-
JDKEHHsI B Il Taiy3i MOoKas3anu, IO B TEpIIy
Yepry IIyM CHpPHYHHSE 3MIHH Y OpraHax CIyxy,
SIKi CYTIPOBOIKYIOTHCS IT1IBUIIIEHHSIM TIOPOTY 4y-
THOCTI. [lim BrTMBOM mIymMy MOKe BimOyBaThCS
MacKyBaHHS a00 3ariymieHHs OJHUX 3BYKIB iH-
mmmvu [16]. Tlepina peakitist opradiB ciyxy Ha
IIyM - (QYHKITIOHAIBHA aIanTaIlist 3 i IBUIIIEHAM
MOPOTOM YYTHOCTI, SIKa € 3BOPOTHIM SIBUIIIEM,
OCKIUIBKH OpTaHU CITYXY TIOBEPTalOThCS 0 HOPMHU
TicIIsl HETPUBAJIOTO BiIOYMHKY y THmi. [lig gac
BTOMU OpraHIiB CIyXy BHCOKHH PpiBEHb IIyMY
CTIPUYMHSE OLTBII MITMOOKI 3MiHH, IO MOXKE MPH-
BeCTH JI0 po3naiy ¢ynkuiit. [llym BrmBae Ha po-
00Ty cepleBO-CyJMHHOI CHUCTEMH, CIPHYHHSIE
TIJIBUIIIEHHST apTepialbHOTO THUCKY, MOXKE CIIPH-
YHHUTY 1H()APKT MiOKapy, iHCYIbT, IOPYIIICHHS
pPUTMY CepLEBHX CKOpodeHb. [IpariiBHHKH, 10
HOCTIHHO 3HAXO/ATHCS I1i/1 BILTABOM LIIyMY CKap-
JKaTbCs Ha TOJIOBHHH O1JTb, 3aI1aMOPOYEHHS, TTOTa-
HHUI1 alleTHT, Y HUX MOXKYTh PO3BHHYTHCS AUChY-
HKIIiT 30y, HIOXY, cMaKy. Taki npaIrliBHUKH 1OC-
TiiHO TepeOyBaroTh y CTaHi 30yMKEeHHS, Y HUX
MIOPYIIYETHCS. HEPBOBO-TICHXiYHA PIBHOBAra, 10
NPU3BOANTL IO 3aXBOPIOBaHb HEPBOBOI CHC-
TeMy, y TIepIIy Yepry J0 HEBPO3iB.

JocikeHo BIUTMB MIyMy Ha €MOIlIHHO-
TICUXIYHUH CTaH JIFOJWHY MUISIXOM OMHTYBaHHS
MPOBEICHOTO MpoTsAToM ciuns 2026 poKy: ornu-
taHo 40 pecrioHAeHTIB BikoM Bijx 20 10 65 pokiB
3 pi3HEM cTaHOM 370poB’si. Cepen y4acHHKiB
OINUTYBaHHS NMEPEBAKAIN NPEICTABHUKU KIHO-
yoi crati (70 %). AHKeTyBaHHS OyJI0 MPOBEACHO
cepell JII0JeH, 110 MPALOI0Th B yCTAHOBAX LIEH-
Tpy Kpemenuyka, ie BCTAHOBJIEHO FeHEPaTOPH,
Ta >KUTENIB MiCTa, IO MEUIKAalOTh MOpyY 3 Ta-
KAMH opraHizauismu. sl IpoBeIeHHS OIUTY-
BaHHS 3a JOIOMOTOI0 OHJIAHH-PEaKTOpPy CTBO-
PCHO eNEeKTPOHHY (opMy, SIKY HaJICHIAM pec-
MIOHJICHTaM Y BHTJISII TocuiaHb. [lonepenHno 3
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yYacCHUKaMH aHKETYBaHHS MpPOBOIWIN Oecimy
IUIS TIOSICHEHHSI METH OTUTYBAHHSI.

[IpoBeneHi paHilie AOCTIIKCHHS MOKa-
3aJ¥, 10 IIyM HETaTUBHO BIUTMBAE Ha 3aJI03U
BHYTPIITHBOI CEKpetlii, HACIiIKOM YOTO € yTBO-
PEHHSI TOPMOHY KOPTH30Jy KOPOK HaIHHPHH-
KiB. TpuBase TEepeBUIIEHHS HOPM KOPTHU3OIY
MIPU3BOAUTH O TIABWIICHHS THCKY, TIOpY-
[IEHHIO IMYHITEeTy, 00MiHYy PEYOBHH 1 CHY, KOJIH
JIOAWHI BaXXKO 3aCHYTH, BHOYI TPAIUISIOTHCS
npoOy/PKEHHs, COH 4acTo OyBa€e TIOBEpXHEBUH.
HagiTh KOpOTKI IIIyMH IiJ] Yac CIIAHHSI JIFOIUHH
3HWKYIOTh SIKiCTh CHy. HemoBHOUiHHHMIT COH
MPU3BOJMTE 10 HEAOCTATHHOTO BiAMIOYHMHKY He-
PBOBOI CUCTEMH, XPOHIYHOT IEPEBTOMH, JIFOANHA
3paHKy He BiquyBae cebe 0aaboporo 1 mpocuHa-
€ThCs BKe BTOMIIeHOMO [17]. Hemocunanus cTBo-
PIOE Y JIFOJMHU BiTYyTTs BUCHAXKCHOCTI.

JocmimKkeHHst BIUIBY T€HEPaTOpiB Ha K-
ICTh CHY ITOKa3aJIo0, IO JJIsl Maike TPETHHU pec-
NoHIEeHTIB (35 %) IIyM HE CTBOPIOE NEPEIIKOIH
Jutst 3aciHAHHSA (puc. 4). MOXKIHBO, 11e TIOB’SI3aHO
3 TUM, TII0 TeHEePATOPHU TMPAIFOOTH TIPOTATOM PO-
0040r0 JTHS 1 BUTTAIKH 3aCTOCYBAHHS TeHEPATOPIB
BBEUEpl TparuIsItoThCs HeyacTo. 29 % cepen onu-
TaHUX (TePEBaKHO MOJIOJUX JIFOACH) BBAKAIOTH,
110 IIIyM 1HOJI 3aBakae iM cmatu. 11 % mockap-
JKWINCh HA Te, IO LIyM IM 4acTo 3aBaXkae 3a-
cHyTd. UBepTh pecrioHaeHTIB (25 %) NoBIIOMUIH
PO Te, 1110 [ITyM MTOCTIHHO HEraTUBHO BILTUBAE Ha
IpoIIeC 3aCHHAHHS.

[IpoBeneHi MOCHIPKEHHS TOKA3aId, IO
IIyM BiJI TeHEPATOPIB HE Ja€ MOXITMBOCTI e(eK-
THUBHO TIPAIIOBaTH, KOHIIGHTpyBatu ypary. Ha-
BiTh HE Jy)K€ CHJIGHHUIA IITyM Bi/IBOJIKA€ TPaIliB-
HUKIB Bil p0OOTH, 3HIKYE TIpaIe3/1aTHICTh, 3aBa-
JKa€ TIPOLIECY MUCIIEHHS. 3HIDKSHHS TIpare3/iaT-
HOCTI CHPHYMHSETHCS IIBUAKAM BTOMJICHHSIM
poGitHukiB. [locmimkernHs [16] mokasyooTs, 1110
IiJ] BIUIMBOM IIIyMY 3pOCTAIOTh CHEPreTHYHI 3a-
TpaTd OpraHi3My JUIs BUKOHAHHS poOOTH, TOOTO
BOHA BUSIBIIIETLCS JUIS JIFOJMHH OIIBII BaXKKOIO,
HIXX Taka cama po00Ta, BAKOHAaHa B YMOBAX THIIIL.
[Iym mocTiiiHO BigBOJIKAE POOITHUKIB BIJl
PO3B’s13yBaHHS 3aBJlaHb, a JJIsl TOTO, 00 3HOBY
30CEPEAUTHCH Ha POOOYOMY ITUTAHHI, JIFOAUHI T10-
TpiOHO MPUKJIACTH OAATKOBI 3yCHJIIS 1 BUTpa-
TUTH Oarato eHeprii. ¥ 3B’s3Ky 3 LM HEPBOBa
CHCTEMa LIBHUAKO CTOMITIOETBCS, BUCHAXKYETHCS,
10 MOXKE MIEPEHTH y XPOHIUHY [IEPEBTOMY.

Oco0uBO 1€ CTOCYEThCS POOITHUKIB PO-
3ymoBoi niparti, cepu IT, odicaux poOiTHHKIB,
MpEeACTaBHUKIB TBOpuMX npodeciid. [lymoBuii
BIUIUB € MIPUYMHOIO MPOCTOIB Ha poOOYOMY Mi-
CITi Ta TTOJIOBKCHHS peaKilii (0co0IMBO Jac BU-
oopy). Lllym 3aBakae mporiecamM BepOabHOTO
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KinbKicTb pecnoHaeHTIB
o

1 2 3 4

pynu

1 — pecrnoHJeHTH, SIKMM IIIyM T€HEPaTOPIB HE 3aBAXKA€E CIATH; 2 — PECIIOH/ICHTH, SIKUM LITyM
1HOJI 3aBa)kae CIaT; 3 — PECIIOHICHTH, SKUM IIIyM FeHEepaTopiB IOCTIHHO 3aBakae ClaTy,
4 — pecroH/ICHTH, SIKUM LIyM Fe€HEpaTOPiB 4acTO 3aBAXKA€E CIATH
Puc. 4 — Brums myMy Bizx TeHepaTopiB Ha SKICTh CHy MEIIKaHIiB M. KpemeHuyk

1 — respondents, whom a generator noise does not prevent from sleeping; 2 - respondents, whom
a noise sometimes prevents from sleeping; 3 - respondents, whom a generator noise constantly
prevents from sleeping; 4 - respondents, whom a generator noise often prevents from sleeping;

Fig. 4 — A generator noise impact on the sleep quality of residents of Kremenchuk

oOMiHy iHpOpMaIi€to, MO Oyae MPUMYIITyBaTH
JFOJIH pO3MOBIISITH TYUHIIIIE, a 1Ie B CBOIO YepTy
Oyze mifBHIIYBaTH piBeHb Hymy. IIpoBeneHi
panime gocnimkeHas [ 18] cBimgars mpo Te, mo
B YMOBaX HapOCTaHHSI BAPOOHUYOTO ITyMY 3HH-
JKY€EThCS MPAIE3AaTHICTh 0(iCHUX POOITHUKIB,
IO TPAIIOIOTh 3 KOMIT IOTEPHOIO TEXHIKOIO.
Tpeba migkpecanTH, WO UL PO3B’S3yBaHHS
CKJIaJIHUX BUPOOHWYMX 3aBJIaHb TaKa TCHACHIIIS
€ Oipi BupakeHoto (30 %), HiXK 11 BUPIIICHHS
npocTimmx nutadb (22 %). Hanuii daxt nosic-
HIOETBCS TUM, 1110 CKJIaJIHI 3aB/IaHHSI BUMAraroTh
OUTBIIOI KOHIEHTpAIlli yBarw, HaIlpy>KeHHS Ta
PO3YMOBOIO HABAaHTAKECHHS, a IBUIIEHHUH pi-
BEHb ILIIyMY 3aBa)Ka€ LM IporecaM. Takox 3po-
CTa€ KUIBKICTh IOMYIIEHUX TOMUIIOK, a I1e BUMa-
ra€ J0JaTKOBOTO Yacy JUIs TOTO, 00 MepeBi-
pUTH poOOTY Ta BUTIPABUTH iX.

Iym € HeCTIPHATIUBAM YHHHHKOM HaB-
yajbpHOTO cepenoBuiia. Jocmimkenns OHILyk
LIL [19] moka3amnu, mo B yMOBax IIiIBUIIEHOTO
[IYMOBOTO HABaHTAXXEHHS CIIOCTEPITAETHCSI 3PO-
CTaHHS aJaNTaliiHOrO MOTEHIIaTy y 3100yBa-
YiB OCBITH, 1110 BKa3y€ Ha HAIPy>KEHiCTh 0i0J10-
riYHUX MEXaHi3MiB ajanTamii. B maHiit poboTi
BUSIBJICHO KOPEJISLII0 MIX PIBHEM IIIYMOBOIO
JUCKOM(DOPTY 1 piBHEM TPUBOYKHOCTI.

[IpoBeneHo mociiKeHHS BIUIMBY IIYMY
BiJl TeHepaTtopy Ha 3/IaTHICTh KOHIIEHTPYBATH
yBary mija yac podbotu, HaBuaHHs1. Tak, oJJHaKoBa
KIJIBKICTh Y4aCHHMKIB onuTyBaHHA (1o 32,5 %)
1HOJII 1 TOCTIMHO BiUyBa€, 110 IIIYM 3aBaXKaE 30-
CepeIUTHICh Ha pOOOYMX 3aBIIaHHSIX, BiJIBOJIIKAE
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BiJ po0OOTH, sIKa BUMarae oOMipKOBYBaHHSI, ITifl-
BHIICHOT yBaru, akTHBHOTO MHCIICHHs (pHc. 5).
25 % PECIOHCHTIB MOBIIOMUIIM TPO YacTi BU-
MaJKu, KOJHM IIyMOBHH BIUIUB BiJl T€HEpaTopy
3HWKY€ KOHILIEHTpaliro yBaru. Tpeba mimkpec-
JIMTH, IO Cepe]l TAKUX PECTIOHICHTIB 0araTo Mo-
noaux mmojeil. HesHayHa KiIbKICTh yYaCHUKIB
OIUTYBaHHsI NpoiH(opMyBasia Ipo Te, IO LIYM
TeHEepaTopy He 3aBakKae KOHICHTPYBaTH yBary
Ha po0OYMX MUTAHHAX 1 HE BIUIMBAE HA MpaLe3-
JIATHICTB.

[Iym mig gac poOOTH MOXKE CTaTH PUYH-
HORO ITiJIBUILIEHOT JPATiBIUBOCTI, HECIIOKOIO, Bi-
OUYyTTS HaPYXXEHHSI, 10 TaKOX 3aBakae edex-
THBHO TPAaIOBaTH. BHACTIZOK 1IBOTO B KOJEK-
THBI MOKYTh BUHUKATH KOHQIIIKTH, SIKi BiZBOJTi-
KarOTh BiJl pOOOTH, ITOTiPITYIOTh ICHXOJIOTTYHHH
KJIiMaT y TPYJOBOMY KOJIGKTUBI. AHaIi3 pe3yib-
TaTiB aHKETYBaHHS IMOKa3as, mo 18 % pecnon-
JEHTIB MiJl BIUIMBOM LIyMy T'€HEpaTopiB MOC-
TiiHO BiguyBanu ApaTiBIMBICTE. 25 % mMOBixO-
MWUITH, 10 TAKUH CTaH Y HUX BUHUKAB JOCHUTh Ya-
cro. HaiiGinbim uncensHO0 rpymoro (39 %) Oyiu
YYaCHUKHM aHKETYBaHHS, SKi 1HOAI BimdyBaiu
JpaTiBIMBICTh. 18 % OmMUTaHMX BBaXKalH, IO
BIUIMB IIyMy HE CHPUYUHSB Y HUX ITiJJBHIICHOI
JpaTiBIMBOCTI.

[lix BruIMBOM IIyMy y JIIOAWHHA MOXE BU-
HUKATH BIAYYTTS JUCKOMQOPTY, TPUBOXKHOCTI,
BOHA TiepecTae BiayBatu cebe 3atuimHo. Omu-
TyBaHHS MOKa3ajo, mo 25 % omuTaHuMX MocC-
TIHO BiMUyBalId JUCKOMQOPT IMiJ] BILUIMBOM
MPaLIOI0YHX TeHepaTopiB. 35,7 % moBimomMum,
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1 — pecnioHAEHTH, KM IIIyM T'eHepaTopiB HOCTIHHO 3aBayka€ KOHIICHTPYBATH yBary Ha poO0OYOMY MiCIIi;
2 — PeCIOHICHTH, SKUM IIIyM iHOZ] 3aBaka€ KOHLICHTPYBATH yBary; 3 — PECIIOHACHTH, SIKM IIIyM TeHepaTopiB
YacTO 3aBaXka€ KOHIICHTPYBATH yBary, 4 — PeCIIOHICHTH, SIKMM IIIyM TeHEpaTOpiB He 3aBaykae KOHIICHTPYBATH yBary
Puc. 5 — BrutiB mymy BijJ reHepaTOpiB Ha 3[aTHICTh KOHIIEHTPYBATH yBary

1 — respondents, whom a generator noise constantly prevents from concentration at work; 2 — respondents,
whom a noise sometimes prevents from concentration at work; 3 — respondents, whom a generator noise often
prevents from concentration at work; 4 — respondents, whom a generator noise does not prevent from concen-
tration at work
Fig. 5 - A generator noise impact on the concentration ability

10 TaKWi CTaH BHUHUKAB y HUX iHOmi. 17,9 %
CKap KWJIACS Ha YacTe BIIUYTTs JUCKOMQOPTY.
21,4 % MeIIKaHIIiB MiCTa, BBa)KalOTh, IO BiJ-
YyTTsl IUCKOMQOPTY MiJ BIUIMBOM IIyMy I'€He-
paTopiB y HUX HE BUHHKAIO.

[lopiBHSHHA OTPUMaHHUX pPE3YJBTATIB 3
MIPOBENIEHIMH PaHille nociipkeH s MH [ 12] mo-
Ka3aJIo PO3LIMPEHHS JianasoHy LIKiJJIMBUX
BIUIMBIB Ha MEHTAJIbHE 3[I0POB’S JIIOAUHM - BH-
HUKHEHHS JPaTiBIUBOCTi, BiTYyTTS JHCKOM-
dhopty.

3rigao «CaHiTapHUX HOPMH BUPOOHIYOTO
nurymy, yiubTpazByky Ta iHdpassyky JCH
3.3.6.037-99» [13] piBHi mymy Ha poOOYHX Mic-
151X, JIC TOJIOBHUMH BHJIAMH JIISUTLHOCTI € «TBOpYA
JUSUTBHICTD, KEpiBHA pOOOTA 3 IMi/IBUILICHUMHU BU-
MOTaMH ... HAyKOBA JsUTbHICTh, IPOrPaMyBaHH:,
BUKJIAJITAaHHS Ta HABYAHHS, JIKAPChKa TISUTHHICTE
He MOBHHHI nepeBuityBatu 50 ab.

3rinHo Jonatky 1 no «/lep:xaBHuX caHi-
TapHUX HOPM JIONyCTHUMUX PIiBHIB LIyMYy B NPH-
MIIICHHSX YKUTJIOBHX 1 TPOMAJCHKUX OYyJIMHKIB
Ta Ha TEPUTOPIl KUTIOBOI 3a0ymoBu» [12], pi-
BEHb LIyMy Ha «TEPUTOPIi, 0 0e3MmocepeaHbo
MIPUJISTAIOTh JI0 )KUTJIOBHUX 00’ €KTIB, MOJIKJIIIHIK,
amMOyJIaTOPil, TUCIIAHCEPIB ... AUTAYMX JOIIKi-
JIBHUX 3aKIaziB, MIKiA, 0i0IioTeK My3eiB»
BJICHb HE TIOBHHEH IepeBuIyBaTu 55 nb, BHOU1
—45 nb. Ha «repuTopii, 110 npuIisTarTh 6e31o-
cepeiHbO 10 OPiCHUX OYIIBEsIbY TaKHi MOKa3-
HUK HEe MO)ke niepeBuityBati 65 nb. Tomy axry-
QIPHUM 3aBJAHHSIM € BHU3HAUCHHS OCHOBHUX
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HanpsIMiB 3HIKEHHsI BIUTUBY IIIyMY T€HEpPaTOpiB
Ha CKOJIOT1YHI YMOBH MICBKOTO CEpEIOBHIIA i
3JI0POB’sI JIFOJUHM.

BaxxmmBoro mipo01eMoro € 3HMKEHHS pi-
BHS IIyMy Yy caMmoMy #oro jukepeni. He tpeba
00HpaTH TeHepaTopH, SIKi CTBOPIOIOTH HalBHUILE
[TyMOBE 3a0pyTHEHHS — TU3ENbHI 1 OSH3MHOBI.
Kpame obuparu inBepTOpHI Mojeni. Baximgo,
o0 reHepaTop OyB OCHAILEHUH TJIyIIHHKOM,
110 3HIDKYE piBeHb mymy Ha 10-15 ab.

MeHmmi 1IIyMOBUH BIUIMB 3/1iHCHIOIOTH
3aKpuTi Mojiesi renepatopis (Ha 15-20 nb). Ox-
HaK, BiJJKPUTI TCHEPATOPH Ha PaMi 3aJTHIIAIOTHCS
OLIBII TOMYJIAPHUMH 3aBJISIKUA HIDKYil BapTOCTI
1 IPOCTOTI y 3acTocyBaHHi. SKIIo y reHepaTopa
He nepeadaueHnii Kopiyc, TO HOro Mo>kHa 3po-
OuTH caMocTiiiHO. MeTaneBuii kopmyc, 000uTHIA
3cepe/IMHA ITYMO3aXUCHUM MaTepiajioM, poOUTh
TeHepaTop MEHII HeOe3MeuHNM i O1IbII JOBIOBi-
YHUM. 3HWKEHHIO PiBHS LIYMY CIIPUSE BUKOPH-
CTaHHA aKyCTHYHHX KHJIMMKIB 1 MHOIJIACTOBUX
6nokiB. KonrBaHHs reHepaTopy, 10 CTBOPIOIOTH
myM i BiOpawito, MOXXHA 3MEHIIUTH MLUIIXOM
BCTaHOBJIEHHs aemndepHux mpyxuH. [lomat-
KOBa 130JIALISI CTBOPIOETHCS, SIKILIO TEHEPATOp
Oyze 0OKJIaIcHHUI MILlIKaMH 3 TTICKOM.

BaxnBuM € BHOIp ONTHMAIBHOTO MICIIS
JUIsl po3MillieHHs TeHepaTopy. Bin mae OyTu po-
3TAIIOBAHMH HA BiJICTaH]l HE OJIVDKYE, HIXK 6 M Bij
CTiHu Oy/IMHKY. He BapTO BCTAHOBIIOBATH TE€HE-
paTop Ois BXiaHOI ABepi B mmia i3, odic TOIIO,
Kpalie pO3MICTUTH HOTro 3 TOPIEBOTO OOKYy
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CIIOPY/IH, aJie He Iijl BIKHAMH KBApPTHP, JI¢ MEII-
KarTh Jroau. Tpeba, mo0 Micie, ae po3miie-
HUI yCTpiit, moOpe mposiTproBanocs. He MoxHa
BCTAHOBITIOBATH T€HEPATOp B apkax, Iy i3max,
MiACOOHMX TOMEIIKAaHHIX, OCKUTBKA TaM Oyze
HAKOITMYYBATHCh YA HUM ra3.

Jinst 3MeHIIeHHS IIyMy MOKHa BCTaHO-
BUTH Ha TEHEPATOPi EKO-PEKUM, IS SIKOTO Xa-
PaKTEepHO MEHIE OOepTaHHSA IBUTYHA, HIDKYE
BUpOOJeHHsT eHeprii. bepyum mo ysarm, mio
CIpaBHUI amapaT CTBOPIOE MEHIIMH piBeHb
urymy, Tpeba 3a0e3nednTH reHepaTopy BiATO-
BiJIHE TeXHiIYHE OOCITyTOBYBaHHS 1 A0JEpKaHHS
BUMOT II0JI0 HOTO eKCILTyaTarlii.

OCKIJTBKY T€HEepaTop CTaB BaXKIMBOIO Ya-
CTHHOIO MICBKOTO MPOCTOPY, TO MUTaHHS HOTO

3aCTOCYBaHHs MAIOTh OYTH 3aTBEpIXKCHI I0pUAH-
YHO JJI5 3aXUCTY 1IHTEPECiB JKUTEIIB MiCTa.

KpemeHuyKiBIISIM, OCOOJIIMBO 3 ITHMH,
MOYKHA PEKOMEH/IyBaTH HE BIANIOYMBATH OPYY 3
MIPALFOIOYMMHU TeHepaTopaMyu. MeNKaHIsIM Mi-
cTa Tpeba MOMIKITYBATUCS PO IIyMOI30JISIII0,
BCTaHOBUTH IIACTHUKOBI BikHA. [lo MoxuBOCTI
Tpeba PO3MICTUTH MICIIE IS CITAaHHS SKOMOTa
Janelie Bix mpkepena mrymy. llpuitmatounm mo
yBary, Mo rym pO3CiIO€TI>C$[ ITi 7] BIUTHBOM poc-
nuH, Tpeba o3enenstu Micto [20, 21] i 1p03M1H1y-
BaTH POCIIMHH Ha OankoHax OyauHKiB. [yist mia-
TPUMAHHS CHY JIIOMHI MOKHA 3aCTOCOBYBAaTH
MoJIiMEepHi 200 CHITIKOHOBI 6epym1 st 3acmo-
KOEHHS e()eKTUBHUMH € TEXHIKH peJlaKcallii i BU-
KOHAHHS TUXAIIbHUX BIIPAaB.

Bucnoexu

[ym Bij reHepaTOpiB € BaXKJIMBUM YWH-
HUKOM BIUIMBY Ha €KOJIOTIYHHN CTaH MiCHKOTO
cepenosuina. B neHTpanpHii yactuHi Kpemen-
YyKa HaWOUIbII MOIIMPEHUMHU MOMACTSIMH, SIKi
CTBOPIOIOTH 3HAYHE IIyMOBE HABAaHTAKEHHS, €
TeHepaTopH, IO TPAIIOIOTh Ha OeH3WHI i, y
MEHILIOMY CTYICHI, TU3ebHOMY TajuBi. [HBep-
TOPHI T€HEPAaTOPH, 110 NPAIIOI0Th HAa OCH3MHI 1
CTBOPIOIOTH IIyM MEHIIOTO PiBHS, MPEACTaB-
JIeHi y palioHi JOCIiKEHHS MaJIo.

B 1ientpi micra BUSIBJICHI 30HU, JIe KiJIb-
KICTh BCTAHOBJIEHHX T'€HEPATOpiB HAKOIMbINIA 1
piBeHb IIYMOBOTO 3a0pyJHEHHS HANBHIIWIL.
BuzHaueHi TyT piBHI IIyMy NEpPEBHIYIOTh TiTi-
€HIYHI TOKa3HUKY JUI TEPUTOPIiH, 10 MpuIIsira-
I0Th JI0 )KUTJIOBUX OYAWHKIB, IUTSIYUX, MEANY-
HUX 3aKJIaJiB, KyJIbTYPHUX 00’ €KTIB.

[poBeneni mocmimKEHHs BIUIUBY IIyMY
BiJl TeHEpaTopiB Ha MEHTAIBHE 37I0POB’S JIIO/IeH
CBIT4aTh TPO MiJBHIIIEHY PO3PATOBaHICTh, BTO-
MITIOBaHICTh, TPHBOXHICTh. LIlyMOBHIi BIIHB 3a-
BaXAE JIOIAM BIIIOYMBATH, KOHIICHTPYBATH
yBary Juisi po3B’si3yBaHHS ITUTaHb HA POOOYOMY
MICII], 1110 3HKYE e(DEKTHBHICTD IPAaLIi.

st 3HIKEHHS piBHS IIyMY Bija reHepa-
TOpIB, MIOKPAIIEHHS €KOJIOTIYHIX YMOB B MICTi
1 cTaHy 3710pOB’ sl HACEIICHHS MIPOTIOHY€THCS OTI-
TUMaJbHUN BUOIp TUIY T€HEPaTOpy, TEXHIYHE
BIOCKOHAJICHHS TIPHCTPOIO, ONTHMAJIBHE HOTO
PO3MIIIEHHS y MiCBKOMY TPOCTOpi, OOTPYHTY-
BaHHS IOPUIMYHUX ACHEKTIB 3aCTOCYBaHHS Te-
HEepaTOPiB, MiIBUIIEHHS IIyMOi30JISIiT )KUTTIA.

MeTtoauuHe 3Ha4eHHS pOOOTH IMOJISTAE Y
TOMY, [0 BUKOPHCTaHWH MIIXiJ O BUBYCHHS
[IyMOBOT'O BIUIMBY T€HEPATOPIB Ha €KOJIOTIUHHH
CTaH MICBKOT'O CepeIOBHINa MOXKe OYTH 3aCTOCO-
BaHM{ B iHIIMX MiCTaX. 3alpOIOHOBaHI 3aXOH
II0/10 3HWKEHHSI [ITyMOBOT'O BILTUBY I'€HEPATOPIB
Ha JOBKUDIA 1 37I0pOB’S JEOAWHA MOXYTh OyTH
BpaxoOBaHi KePiBHUIITBOM MicCTa, Cy0’€KTaMH Ma-
JI0ro Oi3HECy.

HayxoBa HOBM3HA pOOOTH MOJISTAE Y TOMY,
[I0 JICTAJO MOJAJIBIIOrO PO3BUTKY BHBYCHHS
BIUIMBY IIyMy BiJ{ MPAIfOIOYMX TeHEPAaTOpiB Ha
HABKOJIMIIIHE CEPEIOBUIIIE, CTaH (HI3UYHOTO 1 Me-
HTaJIGHOTO 3/I0pOB’sl, BH3HA4YE€HO OCHOBHI Ha-
TPSIMU 111010 3MEHIIIEHHS HOr0 BIUIUBY Ha €KOJIO-
TiYHI YMOBH 1 CTaH 3JJ0pOB’ sl HACEIICHHSI.

Kongnixm inmepecie

ABTOp 3asBIIsI€, 10 KOHQIIIKTY iHTEpeciB moao myOiikamii nporo pykonucy Hemae. Kpim toro,
aBTOP TMOBHICTIO JOTPUMYBABCSI €TUYHUX HOPM, BKITIOYAIOUM IUIariar, Gpanscudikaiio JaHuX Ta TOo-

JBIMHY TyOIiKaIlifo.

Jeknapauia npo euxopucmanns L1

VY 1poMy IOCHIJKEHH] He BAKOPHCTOBYBABCS FCHEPATUBHUHN IITYYHUN 1HTEJIEKT.
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GENERATOR NOISE AS A FACTOR INFLUENCING THE ENVIRONMENT
AND HUMAN HEALTH (ON THE EXAMPLE OF KREMENCHUK)

Purpose. To investigate the impact of operating generators on the ecological conditions of the urban
environment and public health, using the central part of Kremenchuk as a case study, with a view to reducing this
impact.

Methods: analysis, synthesis, comparison, questioning method, statistical method, cartographic method.

Results. Low-power generators are mainly installed in the central part of Kremenchuk: petrol generators,
which are not equipped with protective enclosures, diesel models of the same power rating without protective
enclosures, low-power petrol generators without enclosures, inverter models, petrol generators of different power
rating, equipped with protective enclosures. There are zones with a high concentration of generators in the centre
of Kremenchuk, where the noise level does not comply with health standards; this is unacceptable as the area
features by residential developments and numerous educational, medical and recreational facilities. Generators are
installed at the distance of 1 to 2-3 metres from a pedestrian zone and this has a negative impact on the local
population. The distance between them is negligible, so their areas of influence overlap. A study of the impact of
generator noise on the quality of human sleep showed that it constantly or often interferes with a full night's rest.
A study of the impact of generator noise on the ability to concentrate showed that there were constant problems
with concentration at work. Generator noise causes a person to be irritable and creates a feeling of discomfort.

Conclusions. Inverter generators and other models equipped with protective enclosures for reducing the
negative noise impact on the town environment and the population health are recommended for installation.
Optimal places for their location shall be selected, sound isolation shall be improved, and a legal reasoning for a
generator exploitation for the town residents’ interest’s protection shall be established.

KEY WORDS: generator, noise pollution, hygiene conditions, mental health
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ENVIRONMENTAL ASPECTS OF BABY FOOD PRODUCTION

Purpose. To study the current state of the baby food market in Ukraine in terms of environmental aspects
of production, quality and safety management of raw materials and finished products, environmental labelling and
harmonisation of national legislation in the field of baby food with European standards.

Methods. System-structural, abstract-logical, statistical method, methods of induction, deduction, com-
parison, as well as system-analytical method.

Results. The article presents the national (commodity and medical) and European classification of baby
food. It is determined that 64 % of the Ukrainian market is made up of imported products (mainly Nestlé, Danone,
HiPP brands), which have advantages due to the use of specialised European raw material zones. The article de-
scribes domestic baby food producers that compete with imported analogues. It is noted that some of them are
introducing environmental innovations in production and packaging. The author highlights the impact of the latest
legislative changes of 2025-2026 on environmental labelling, safety control and environmental friendliness of
baby food products. This indicates a significant shift in the vector of greening at the legislative level towards the
harmonisation of Ukrainian legislation with European legislation. The article also examines the problem of green-
washing in Ukraine and the effectiveness of the national legislative framework in combating the misuse of pseudo-
environmental labelling.

Conclusions. The article confirms that the introduction of an environmental labelling system is a key
preventive mechanism for ensuring the safety of baby food. Global and Ukrainian sociological studies show a high
demand for organic baby food. However, the spread of greenwashing reduces the trust of Ukrainian consumers in
local brands in favour of European ones. Overcoming this problem and focusing on the concept of Zero Waste and
sustainable development are critical to increasing the competitiveness of domestic producers.

KEY WORDS: baby food, environmental safety, environmental labelling, specialised raw material
zones, greenwashing, organic products, European integration
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Introduction

Baby food products are a group of prod-
ucts for feeding children in the first three years
of life, preschoolers and schoolchildren, as well
as specialised products for therapeutic nutrition
of sick young children. They are designed to
meet the nutrient needs of the child's body at
different stages of its development. Since food
is a plastic material for building the basic tissues
of a growing organism, as well as a source of
energy to make up for the energy expenditure in
the course of life, the role of baby food products
for the child's body is extremely important.

The production and sale of baby food
products requires special attention from both
producers and market operators and consumers
of this product group. Providing children with-
safe and high-quality food is a national priority
for any country.

Today, there is no unequivocal opinion
on ecological bioproducts. A number of experts
believe that it is necessary to distinguish be-
tween the concepts of environmentally friendly
production, where the product is manufactured,
and an environmentally friendly product that
meets the standards of human nutrition. For ex-
ample, if a company uses motor vehicles with
internal combustion engines for its production,
it cannot be classified as environmentally
friendly.

Organic products are most relevant in
children's nutrition due to the physiological
characteristics of a child's body, which is more
sensitive to the presence of harmful chemicals
in food than an adult's body. Therefore, in some

countries, organic products account for half of
the baby food market.

The fundamental aspects of quality man-
agement and environmental safety of food prod-
ucts at the stage of raw material selection are
covered in the works of Y. Slyva, N. Bukalova,
T. Prylipko, and V. Nosik. O. Rechun, O.
Peredrii, V. Ploskonos, V. Halysh, and O.
Rechun have studied the issue of technologies
for the production of environmentally friendly
packaging materials and the assessment of en-
vironmental risks associated with the migration
of toxic substances from packaging materials
into baby food products. Researchers E.
Mykhailova and M. Vorozhbiyan analyse the
Ukrainian and European experience of intro-
ducing environmental labelling as an effective
mechanism for ensuring the safety of baby food.
The issue of environmental labelling and eco-
certification of baby food is reflected in the sci-
entific works of S.V. Berzina and N.M. Bogatko
[1-8].

Despite the process of implementation of
European legislation in the field of legal and
regulatory measures, the system of state control
over food safety in Ukraine, namely in the baby
food sector, is still undergoing improvement.
Therefore, the purpose of this study is to inves-
tigate the current state of the baby food market
in Ukraine in terms of environmental aspects of
production, quality and safety management of
raw materials and finished products, environ-
mental labelling and harmonisation of domestic
baby food legislation with European standards.

Objects and Methods of Research

The object of the study is baby food with
an emphasis on the integrated system of ensur-
ing its quality, environmental safety and com-
pliance with regulatory standards. The method-
ological basis of the article is based on the use
of a set of analytical, statistical, logical and sys-
tem-structural methods. The study uses a sys-
tematic approach, according to which all market
processes and phenomena in the field of baby
food production were analysed in their integrity
and interdependence.

The following scientific methods were
used to obtain the main theoretical results: ab-
stract and logical, methods of analogy,

comparison, induction and deduction. In analys-
ing the current state of the domestic baby food
market, the statistical method was used; the
method of comparison (critical understanding
of methodological approaches, concepts, mod-
els and proposals of leading scientists dedicated
to increasing environmental awareness and en-
hancing safety in the field of baby food produc-
tion); systematic and analytical method (study
of legislative acts and other regulatory docu-
ments). All of these research methods comple-
ment each other and together provide an oppor-
tunity to comprehensively consider the subject
of the study.

Results and Discussion

Baby food products are divided into sub-
groups depending on the type of main raw material:

— grain-based
— milk-based:;
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— fruit and berry and vegetable based,;
— fish and meat-based.

Along with the above commodity classifi-
cation, a medical classification is used, which
identifies four groups of products that children
need for the entire period of growth and develop-
ment, taking into account their daily needs and
the child's age (in ml):

Group 1 - Protein-containing foods
(meat, fish, eggs, cottage cheese, curd, peas,
beans, soya, lentils), the daily requirement for
which is 100+15n, where n is the number of
years of the child.

Group 2 — Milk and dairy products. Their
daily requirement is 500-600 r regardless of age;

Group 3 — Fats, which should include ani-
mal oil (15+n), vegetable oil (5+n), natural un-
vitaminised cod fish oil (5+n);

Group 4 — Fruits and vegetables (except
potatoes), including juices, the daily require-
ment for which is 300+30n [9].

The European classification of baby
foods has a legal and regulatory framework
based on Regulation (EU) Ne 609/2013 and re-
lated directives.

Unlike the traditional commodity classi-
fication by type of raw material, European leg-
islation divides products into four main catego-
ries depending on their purpose and the physio-
logical needs of the child.

1. Infant formula and follow-on formula,
which fully or partially replace breast milk.
They are divided according to the age of the
child into:

— Infant formula, intended for babies
from birth to 6 months (labelled with the num-
ber 1 or the word Pre on the packaging);

— Follow-on formulas intended for chil-
dren aged 6 months and older as a liquid com-
ponent of complementary foods (labelled with
the numbers 2 (from 6 months), 3 (from 10-12
months) and 4 (from 18 months and older).

2. Processed cereal-based foods for feed-
ing infants and young children during weaning
or transition from formula to regular food. It in-
cludes: simple cereal porridges (to be diluted
with milk or other liquid); cereal milk porridges
(to be diluted with water only); baby pasta;
crackers and baby biscuits.

3. Baby foods, which are not mixtures or
cereal products. They are divided by con-
sistency and composition depending on the age
of the child:

— one- or two-component homogenised
fruit, vegetable or meat purees (from 4-6
months);
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— purees with a soft texture containing
small pieces to stimulate chewing skills (from 8
months);

— multi-component ready-to-eat meals
(stews, pasta with meat, etc.) adapted to the
needs of children from one year old and contain-
ing larger pieces (from 12 months);

— fruit bars, special children's yoghurts,
fruit and milk desserts.

4. Foods for Special Medical Purposes
are developed exclusively for children with di-
agnosed diseases, disorders or specific medical
conditions whose needs cannot be met by regu-
lar food (hypoallergenic and anti-reflux formu-
las, food for premature and underweight chil-
dren, lactose-free formulas or specialised amino
acid formulas)

European baby food manufacturers also
use a unified age navigation (Stages) on labels,
which corresponds to the consistency of the
product and the ability of the child's gastrointes-
tinal tract to absorb certain ingredients (4+
months, 6+ months, 8+ months, 10+ months,
12+ months) [10].

According to official statistics, the pro-
duction of domestic baby food products is esti-
mated at about 6.3 thousand tonnes per year.
The largest share in the total production of these
products is milk-based baby food (59 %), as
well as fruit and vegetable purees and juices
(about 26 %). Smaller volumes are represented
by flour-based baby food (about 8%) and vari-
ous homogenised fruit and berry products
(about 7 %) [11].

In Ukraine, the demand for domestic
baby food products is more than half met by im-
ported products. The largest importers of baby
food on the Ukrainian market are European
countries, accounting for 64 % of total imports.

Today, Ukraine has a stable range of sup-
pliers of imported baby food (Table 1). The key
positions are held by multinational corporations
such as Nestlé (Switzerland) — NAN, NESTO-
GEN, Gerber brands; Danone/Nutricia (Nether-
lands) — Aptamil, Milupa brands; HiPP (Aus-
tria). The German company Humana and the
Czech company Hamé, as well as Slovenian
brands Bebi and Frutek, are also active in the
market. Much of the products of these brands
are manufactured at powerful European facto-
ries in Eastern Europe, in particular in Hungary,
Poland and the Czech Republic, which ensures
stable logistics to the Ukrainian market [11, 12].

It is noteworthy that in 2026, great em-
phasis is placed on specialised (therapeutic) nu-
trition for children, where Nutricia and Nestlé
are almost monopolists.
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Table 1

Results of the analysis of the main suppliers of baby food

Company/ | Statusin the
brand Ukrainian Characteristics of the company
(country) market
Nestlé Leader NAN, NESTOGEN, Gerber brands. Nestlé is actively investing in production
(Switzerland) in Ukraine, although most baby food remains imported.
Danone Brands Aptamil, Milupa. Nutricia are part of the Danone group. They have a
Leader :
(Netherlands) large share in the formula and cereal segment.
HiPP One of the most popular brands of organic baby food. It is supplied mainly from
. Stable Lo .
(Austria) factories in Germany, Austria and Hungary.
Humana Acti Stable presence in pharmacy chains and speciality stores.
ctive
(Germany)
Heinz Limited pres- | After the sale of a number of plants in Eastern Europe, the brand's share in
(Germany) ence Ukraine slightly decreased compared to 2010-2019.
Hame Remains a representative in the pureed meat segment.
(Czech
Republic)
Frutek . A brand of Fructal that is present on the market but has less marketing activity
. Niche
(Slovenia) compared to the leaders.
Bebi The Bebi brand (formerly Droga Kolinska) is now owned by the Serbian Nelt
(Serbia, Group or Atlantic Grupa (depending on the region of distribution). Production
Slovenia) is often localised in other EU countries.

The main advantages of imported baby

food include:

— a wider range of products: from adaptive
breastmilk substitutes to complementary foods

and clinical nutrition;

— a wide range of foods for children with
special needs (hypoallergenic and lactose-free for-
mulas, products for premature babies, etc;)

—maximum closeness of the majority of im-
ported formulas to breast milk in terms of compo-
sition and, therefore, better acceptance by infants;

— use of modern ergonomic packaging ma-
terials for long-term storage without loss of qual-

ity and nutrients;

—the use of environmentally friendly raw
material areas and a strong scientific base that
ensures a high level of product quality and

safety [13].

It is well known that high-quality raw ma-
terials are the key to product safety for children.
To obtain high-quality raw materials, it is neces-
sary to allocate environmentally friendly land
where no synthetic fertilizers, pesticides, herbi-
cides and other harmful substances are used in
the cultivation of agricultural products, biodiver-
sity is maintained and the principles of sustaina-
ble agricultural production are followed.

The allocation of special fields for grow-
ing raw materials for baby food is a standard
practice for the world's leading brands. Offi-
cially, such areas are often called «special raw
material zones» or «organic/ecological farmsy.
Such zones exist in many countries with devel-
oped agricultural sectors and strict quality con-
trol standards (Table 2).

Table 2

Main countries with specialised raw material zones for baby food

Country/companies (brands)

Specialisation and types
of raw materials

Characteristics and features of safety
control

Germany, Austria, Switzerland
Brands: HiPP, Holle.

Organic farming (Bio/Organic stand-
ards). Strict control: even the chemical
composition of rainwater is checked.

A wide range of agricultural
raw materials

Italy, Spain

Fruit (apples, peaches,
plums), tomatoes, cereals

Specialised plantations for European
puree and cereal factories.

Poland, Hungary, Czech Republic
Nestlé, Danone/Nutricia.

Farming in accordance with EU stand-
ards. Powerful bases with huge certi-
fied areas.

A wide range of agricultural
raw materials

New Zealand, Ireland, the Netherlands
Brands: Aptamil, NAN, Nutrilon.

Ecological pastures. "Reference milk"

Raw materials. for the production of dry mixes.
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The main factors in the quality and safety
of such raw material zones are long-term (3 to 5
years) soil preparation before obtaining a
Bio/Organic certificate, including cleaning from
pesticide and agrochemical residues, as well as
the use of natural fertilizers and biosecurity.
These fields must be isolated from industrial fa-
cilities, motorways and landfills. Baby food pro-
ducers enter into direct long-term contracts with
farmers, fully controlling the process from sow-
ing to harvesting.

Prior to the cancellation in July 2022 of
the Cabinet of Ministers' Resolution «On Ap-
proval of the Procedure for Granting the Status
of a Special Zone for the Production of Raw Ma-
terials Used for the Manufacture of Baby and Di-
etary Food Products», more than 80 farms in 14
regions of Ukraine (Vinnytsia, Volyn, Dniprope-
trovs'’k, Zhytomyr, Ivano-Frankivsk, Kyiv,
Odesa, Poltava, Sumy, Kharkiv, Kherson,
Khmelnytsky, Cherkasy, Chernihiv) had the sta-
tus of a special raw material zone. In these areas,
animal and vegetable products were grown for
baby food production.

Against the backdrop of a fairly high share
of imports, the position of Ukrainian baby food
producers has strengthened tremendously. They
are now competing with their foreign partners on
the basis of price and availability. An analysis of
the baby food market shows that 11 companies
are currently leading the domestic production of
these products.

Khorol Milk and Baby Food Cannery
LLC (Khorol, Poltava region) remains the only
enterprise in Ukraine specialising in the produc-
tion of milk powder for infants in the first days
of life (TM Malyuk, Malyutka) and baby water
TM Malyuk, which is recommended for children
from the first days of life for constant consump-
tion. Since milk dust is generated during the
spray drying of milk, the facility is equipped with
modern cyclones and filters that capture fine
product particles, preventing their emission into
the environment. Additionally, due to the use of
large volumes of industrial water, the plant uti-
lizes CIP (Clean-in-Place) systems that facilitate
wastewater pre-treatment. The enterprise is cer-
tified under the 1SO 14001:2015 environmental
management system.

Odesa Baby Food Canning Plant JSC
(Odesa) is a long-standing leader in the canned
fruit and vegetable segment, specialising in the
production of fruit and vegetable purees, juices
and nectars for children (TM Chudo-Chado,
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Malyatko). The plant's environmental impact
centers on water and energy consumption for
sterilization (local filtration units for wastewater
pre-treatment; modern pasteurizers and steriliz-
ers help reduce gas and electricity usage), and
maintaining the Zero Waste concept (fruit and
vegetable pomace from juice production is di-
verted to animal feed or fertilizer production;
separately collected paper, polyethylene, and
glass cullet are sent for recycling).

FDI Econia LLC (Zolotonosha, Cherkasy
region) is one of the first companies in Ukraine
to produce children's water with a focus on envi-
ronmental friendliness (TM Malyatko, Akvulya,
Chytyi Klyuch, YODO, DIVO VODA). Today it
has representative offices in Slovakia and Cy-
prus. As of 2025, the company produces a full
cycle of baby food (biscuits, porridge, mashed
potatoes, juices under the Malyatko brand). This
facility was designed and built from the ground
up, ensuring full compliance with modern envi-
ronmental standards. The Cherkasy region is tra-
ditionally considered an agricultural area with a
low industrial footprint, eco-location. For pack-
aging, the enterprise uses only BPA-free food-
grade plastic and implements lightweighting
technologies for plastic bottles.

Yagotynsky Butter Plant, Yagotynske for
Children branch (Zgurivka, Kyiv region) pro-
duces a full range of dairy products for children
aged 6 months and over under the Yagotynske
for Children brand. 40 % of the Ukrainian baby
milk market belongs to this manufacturer. The
enterprise serves as a benchmark for Ukraine in
terms of environmental safety (CIP systems for
wastewater treatment, sorting and transferring
packaging waste for recycling, and the imple-
mentation of the ISO 14001:2015 environmental
management system).

Lustdorf LLC (lllintsi, Vinnytsia region)
is a major producer of baby milk and milkshakes
(Selyanske, Burienka, Na Zdorovye). Lustdorf is
actively implementing environmental changes,
namely the eco-friendly Tetra Gemina packaging
with the innovative HeliCap™ 26 Pro non-re-
movable lid. The new format of the lid can sig-
nificantly reduce environmental pollution and re-
duce CO: emissions to 1.4 million tonnes of
equivalent by 2030.

PrJSC Prydniprovsky Plant (Dnipro) is a
long-standing leader in the production of baby
dairy products (Zlagoda Malyatko TM). The
Zlagoda plant was one of the first in Ukraine to
widely use eco-friendly packaging. An
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innovative example is the Lean Pack flexible
packaging, which contains natural minerals
(particularly chalk) that accelerate its degrada-
tion. Since the plant is a large industrial facility
in a densely populated area, it is constantly un-
der the supervision of municipal environmental
authorities.

Firm Favor LLC (Kyiv) produces 7 types
of dairy and fermented milk products for baby
food (TM AMA, A-MAM). In 2020, the com-
pany successfully confirmed its naturalness and
received the right to use the word «Natural» and
the «Natural Product» labelling mark (certificate
Ne UA.08.002.513). «Favor» makes a significant
environmental contribution by developing en-
ergy-efficient and clean production, has an envi-
ronmental certificate in accordance with 1SO
14024 and a food safety management system cer-
tificate, confirming the low environmental im-
pact of its products. In 2023 and 2025, the com-
pany confirmed the compliance of its products
with environmental criteria, receiving awards
from the Ministry of Environmental Protection
and Natural Resources of Ukraine and the inde-
pendent certification body Living Planet.

Municipal Enterprise «City Dairy Fac-
tory-Baby Food Kitchen» (Kharkiv) is the only
enterprise in the city that produces liquid and
paste-like dairy products for children from 6
months of age. Despite the city's frontline status,
it continues to provide the region with fresh ther-
apeutic and preventive nutrition. The enterprise
is implementing a strategy for transitioning to a
circular economy. The central kitchen is the only
one in Ukraine that has preserved a returnable
glass container system for baby food.

Wise Food Processing Company LLC
(Dnipro) produces dairy-free baby food based on
cereals for children from 6 months and more than
20 types of instant cereals. The company is part
of the organic food segment. The primary pro-
duction method is extrusion, which, from an en-
vironmental standpoint, is one of the «cleanest»
methods of processing raw materials. The in-
stalled high-capacity exhaust systems and cy-
clone filters prevent dust dispersion into the am-
bient air of the city’s industrial zone.

HIPP-Uzhhorod LLC (Zakarpattia re-
gion) is an important logistics and production
centre for HiPP, which specialises in organic raw
materials, herbal teas and juices. The company is
a distributor in Ukraine of organic baby food TM
Hipp and Bebivita, as well as baby cosmetics TM
Babysanft. As part of the HiPP Group, Hipp-
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Uzhhorod LLC makes a significant environmen-
tal contribution based on the principles of sus-
tainable development, namely, actively reducing
COzemissions; using energy-efficient technolo-
gies; environmentally friendly office and adver-
tising materials, paper and writing utensils; intro-
ducing eco-friendly packaging; implementing
measures to protect climate and water resources,
supporting biodiversity and environmental con-
servation projects.

Modern baby food production is accom-
panied by a significant environmental footprint
- from greenhouse gas emissions at the farming
stage to microplastics left over from packag-
ing. Pollution of soil, water and air with heavy
metals, pesticide residues, nitrates and myco-
toxins affects the environmental safety of the
raw materials.

Many infant formulas are based on cow's
milk. According to international studies, the
production of 1 kg of milk powder produces
about 4 kg of COzequivalent. In addition, the
supply chain (from growing animal feed to pro-
ducing milk) requires thousands of litres of
fresh water [14].

Baby food production plants produce
wastewater that is highly toxic to water bodies,
containing high concentrations of total nitrogen,
lactose (up to 0.25 %) and milk fats, which leads
to a critical reduction in oxygen in water (chem-
ical oxygen demand can reach 1700 mg Ox/dm?),
which, if not properly treated, causes blooms and
fish kills.

Sophisticated packaging used for preserv-
ative-free baby food, such as soft pouches (sa-
chets with lids) and multilayer plastic packaging,
is virtually impossible to recycle. Therefore, bil-
lions of such bags end up in landfills every year,
where they decompose into microplastics.

In 2020, the European Union adopted a
comprehensive Farm to Fork plan to create a
sustainable ecological food system and new
regulations on packaging waste. The plan is to
make all packaging recyclable or reusable by
2030. European manufacturers are investing in
the development of mono-materials for baby
food (spiders made of one type of plastic that
can be recycled) [10].

For example, Danone and Nestlé are im-
plementing the principles of regenerative agri-
culture to reduce methane emissions at dairy
farms. To solve the problem of packaging, some
European manufacturers cooperate with innova-
tive recyclers (such as TerraCycle), which create
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special collection points exclusively for chil-
dren's pouches, recycling them into outdoor fur-
niture or building materials [15].

In the current environment, Ukraine is
witnessing a deterioration in the overall environ-
mental situation. Large areas of contaminated
and mined land as a result of military operations,
as well as the intensified use of agrochemicals,
pose risks of contamination of raw materials.
Therefore, environmental aspects of domestic
baby food production are a key factor in the
safety of the finished product.

The Law of Ukraine «On Waste Manage-
menty in the new version of 02.03.2026 launches
a mechanism of extended responsibility of baby
food producers, namely the introduction of man-
datory funding for the collection and recycling of
their packaging. Domestic juice and puree facto-
ries must modernise their own treatment facili-
ties (aerotanks and biofilters) to prevent organic
waste from being discharged into the municipal
sewerage system [16].

In 2025-2026, Ukraine and the EU coun-
tries underwent extremely important legal and
regulatory changes that directly affect the safety
of packaging, environmental labelling and con-
trol of the safety and environmental friendliness
of baby food products. This indicates a signifi-
cant shift in the vector of environmentalisation at
the legislative level towards the harmonization of
Ukrainian legislation with the European one.

In particular, the implementation of Regu-
lation (EU) 2025/351 has set new, much stricter
criteria for the environmental safety of plastic
materials (microplastics and chemicals from
containers) that come into contact with infant
food (purees and formulas) in order to minimise
the migration of unintentionally added sub-
stances (NIAS). In addition, the updated guide-
lines of the State Service of Ukraine on Food
Safety and Consumer Protection pay special at-
tention to the transparency of labelling and envi-
ronmental labelling of baby food, which is an in-
tegral part of ensuring its safety in the face of to-
day's environmental challenges [17, 18].

The Verkhovna Rada of Ukraine adopted
as a basis the draft Law «On Amendments to
Certain Legislative Acts of Ukraine on Bringing
Ukrainian Legislation in the Field of Baby Food
in Line with the Requirements of EU Legisla-
tion» Ne 4554 (adopted on October 21, 2021; en-
tered into force on May 13, 2022), which aims to
bring Ukrainian legislation in the field of produc-
tion and circulation of baby food in line with the
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requirements of EU legislation. Specifically, in
2022, the Law of Ukraine «On Baby Food» has
become null and void; significant changes re-
garding the regulation of quality, safety, and la-
beling specifics in the field of baby food have
been made to the Laws of Ukraine «Fundamen-
tals of Ukrainian Legislation on Health Care»
(dated November 19, 1992, No. 2801-XII), «<On
Basic Principles and Requirements for Food
Safety and Quality» (amended in 2014), «On
State Control over Compliance with Legislation
on Food, Feed, Animal By-products, Animal
Health and Welfare» (dated May 18, 2017, No.
2042-V111), «On Consumer Information Regard-
ing Food Products» (dated December 6, 2018,
No. 2639-VIIIl) and «On Advertising» (dated
July 3, 1996, No. 270/96-VR).

Environmental labelling is a statement
that indicates the environmental aspects of the
production or content of a particular product. It
can be presented in the form of phrases, symbols
or images on labels or packaging, in technical
documentation, advertising materials, etc. The
purpose of environmental labelling is to confirm
verified information about the environmental
characteristics or benefits of a product. The gen-
eral principles and methods of its application are
set out in the international standards of the 1ISO
14020 series «Environmental labels and declara-
tions», which have been implemented into the
Ukrainian national standardisation system by
means of an identical translation and are directly
applicable (DSTU ISO 14020 series) [19].

As for the labelling of baby food with eco-
labels, this most often refers to certificates of or-
ganic production, which guarantee that the raw
materials are grown without pesticides, chemical
fertilisers and GMOs, and that there are no artifi-
cial colours or preservatives. The following la-
bels can be found on baby food products availa-
ble on the domestic market:

— Euro-leaf is the official EU organic label
that guarantees that products meet strict EU or-
ganic farming and animal husbandry standards
(HiPP, Gerber Organic);

— Bio-Siegel (Germany) is a national Ger-
man mark that often accompanies the Euro-leaf
on the label (HiPP, Bebivita);

— The State Mark of Organic Products
(consisting of two circles forming a yellow-blue
leaf) — confirms the product's compliance with
the Law of Ukraine «On Basic Principles and Re-
quirements for Organic Production, Circulation
and Labelling of Organic Products» (products of
LLC FDI «Econia») [20, 21].
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Domestic producers often use the so-
called greenwashing, a marketing ploy that
makes consumers believe that a product is envi-
ronmentally friendly or organic, when in fact it is
not. Most often, fake eco-labels are used on baby
food, such as «Eco product», «Ecologically clean
product», «ECOp, etc. Some baby food produc-
ers stylise the labels as large green eco-signs and
place them in the most visible place [22, 23].

In Ukraine, the Law of Ukraine «On Basic
Principles and Requirements for Organic Pro-
duction, Circulation and Labelling of Organic
Productsy» (Ne 2496-VII1) prohibits the use of
such terms without a certificate.

According to Article 34 of this Law, if a
product has not undergone an official organic
certification procedure, it is prohibited to use the
following words or words with the same root in
its labelling or advertising «organic», «biody-
namic», «biological», «ecological», «organicy,
as well as any derivatives thereof, including the
popular prefixes bio- and eco-.

In addition, there are laws in Ukraine that
also protect consumers from environmental
misinformation. The Law of Ukraine «On Infor-
mation for Consumers on Food Products» pro-
hibits the use of information that may mislead
consumers about the characteristics or proper-
ties of a product. Under the Law of Ukraine «On
Protection against Unfair Competition», the
Antimonopoly Committee may fine a company
if it attributes fictitious environmental perfor-
mance to its product to gain an advantage over
competitors.

In general, the terms «ecologicaly», «or-
ganicy», «bioproduct» and similar are often used
synonymously, although there are certain peculi-
arities between them, depending on the legisla-
tion of a particular country. The choice of word
also depends on the language of the country. Or-
ganic is more commonly used in English-speak-
ing countries (UK, USA). Bio is a popular term
in Germany, France and Italy. The term Eco is
often used in Scandinavian countries.

In the European Union, according to Reg-
ulation (EU) 2018/848, the terms Organic, Bio
and Eco are legally equivalent. In a broader in-
ternational context (ISO 14024), «sustainability»
can refer not only to the composition of food, but
also to the environmental impact throughout the
product's life cycle [23].

Thus, the introduction of an eco-labelling
system (in particular, in accordance with the in-
ternational standard 1SO 14024) is one of the
most effective preventive mechanisms for ensur-
ing the safety of baby food products. Ecolabel-
ling is an indicator that products have undergone
an independent assessment of compliance with
strict environmental criteria at all stages of their
life cycle — from growing raw materials in envi-
ronmentally favourable areas to using safe pack-
aging. For the Ukrainian market, eco-labelling is
not only a tool to increase the competitiveness of
domestic producers in the domestic and Euro-
pean markets, but also a critical benchmark for
consumers in choosing guaranteed safe products.

Conclusions

As the baby food market is particularly sen-
sitive to environmental initiatives, many countries
in Europe and the US conduct global surveys and
analyses to monitor the safety and environmental
friendliness of products for children. They are
conducted by companies such as Nielsen, Mordor
Intelligence, Grand View Research, as well as uni-
versities and research centers.

According to these studies, the most active
consumers of organic products in Europe and the
US are women aged 25-40 with children who
care about the future of their families. They buy
organic food, eco-friendly household chemicals,
etc. for their children. This segment of consum-
ers is receptive to information about the need to
take care of their health and preserve the planet
for future generations. Economic studies show
that parents are willing to pay an average of 17-
27 % more for certified organic baby food com-
pared to conventional baby food [22].
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In Ukraine, research on the consumption
of organic baby food is conducted on a smaller
scale. These surveys are usually initiated by cer-
tification bodies (Organic Standard), the Organic
Initiative Association, the Living Planet NGO,
the Pro-Consulting research agency, interna-
tional donor projects supporting the organic sec-
tor, etc.

The results of sociological surveys show
that Ukrainian families most often become in-
terested in organic products when a child is
born. However, consumers often get lost in
greenwashing, which is why the level of trust in
well-known European organic brands among
Ukrainian parents is often higher than in domes-
tic producers.

Today, leading a «green» lifestyle, being
«ekofriendly», is becoming a global trend. Ad-
herents of this philosophy consume environmen-
tally friendly products, use energy-saving tech-
nologies and alternative energy sources, limit the
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use of materials that have a negative impact on concept, which aims to avoid polluting the planet
the environment, and support the Zero Waste and change people's lifestyles and mindsets.
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EKOJIOI'TYHI ACIIEKTH BUPOBHULITBA ITPOAYKTIB
JUTAYO0T'O XAPUHYBAHHSA

Mera. JlocniKeHHS Cy9acHOTO CTaHy PHHKY MPOIYKTIB JUTSYOTO XapuyBaHHS B YKpaiHi 3 MOTIISAAY Ha
€KOJIOTI4HI aCTIeKTH BUPOOHUIITBA, YIIPABIIHHS SIKICTIO Ta O€3MEeYHICTIO CHPOBHHH Ta TOTOBOT POYKIIiT, MUTaHHS
€KOJIOTTYHOT0 MapKyBaHHS Ta FApMOHI3aIlil BITYM3HSHOTO 3aKOHOJIABCTBA y Chepl TUTSIOT0 XapuyBaHHS 3 €BPO-
NEeWChKUMH HOPMaMHU.

Metoan. CucreMHO-CTPYKTYpHHU, a0CTPaKTHO-JIOTYHUH, CTATUCTHYHUNA METOJI, METO/IM 1HTyKIii, Je-
JYKLi1, MOPIBHSHHS, a TAKOXX CUCTEMHO-aHAIITHYHUN METOI.

PesyabTaTn. HaBeneHo BITUM3HAHY (TOBapO3HABUY Ta MEIMUYHY) Ta €BPONEHCHKY KJIACH(IKAIIIO INUTS-
4yoro xap4yBaHHA. BusHaueno, mo 64 % ykpaiHCPKOTO pHHKY CKIIQa€ IMIIOPTHI IPOIYKTH (MIEpeBaXHO OpeHIN
Nestlé, Danone, HiPP), sixi MaroTh mepeBaru 3aBASKH BUKOPHCTAHHIO CIICI[iali30BaHUX €BPOTEHCHKUX CHPOBHH-
HUX 30H. HajaHo XapakTepuCTHKY BITUYM3HSIHUX BUPOOHHKIB JIUTSYOTO Xap4dyBaHHsI, sKi CKJIaJa0Th MEBHY KOH-
KypEHI[I0 IMIIOPTHUM aHayioraM. Bif3HadeHo, 0 €Ki 3 HUX BIIPOBAKYIOTh €KOJIOTIYHI IHHOBAI] Y BUPOOHN-
IITBO Ta MaKyBaHHs. BUCBITIIEHO BIUTMB HOBITHIX 3aKOHOIaBYUX 3MiH 2025-2026 pOKiB 11010 €KOJOTIYHOTO Map-
KyBaHHsI, KOHTPOJIIO OE3MEYHOCT] Ta eKOJIOTIYHO YNCTOTH NMPOAYKTIB AUTSIYOrO XapuyBaHHs. Lle cBiquuTh 1po
CYTT€BE 3MIILLIEHHS BEKTOPY €KOJIOTi3allii Ha 3aKOHO/IaBYOMY PiBHI y Oik rapMoHi3auii yKpaiHCBKOTO 3aKOHOaB-
CTBa 3 €BPOINEHCHKUM. J[0CII/DKEHO NPOOIeMy I'pIHBOIIMHTY B YKpaiHi Ta Ai€BICTh BITUYM3HSHOI 3aKOHOJAaBYO]
0a3u y 60poTh0i 3 HENPABOMIPHUM BUKOPHCTAHHIM TICEBIOCKOJIOTIYHOTO MapKyBaHHS.

~ 146 ~


https://mepr.gov.ua/biznesu/ekologichne-markuvannya/shho-take-ekologichne-markuvannya/#:~:text
https://zakon.rada.gov.ua/laws/show/2639-19#n638
https://zakon.rada.gov.ua/laws/show/2639-19#n638
https://dpss.gov.ua/news/bezpechnist-kharchovykh-produktiv-markuvannia-dytiachoho-kharchuvannia
https://qualityexpert.com.ua/articles/698883-ekolohichna-produktsiya-ta-ekomarkuvannya-v-kharchovomu-sehmenti
https://qualityexpert.com.ua/articles/698883-ekolohichna-produktsiya-ta-ekomarkuvannya-v-kharchovomu-sehmenti
https://doi.org/10.52058/2786-6025-2025-3(44)-190-202
mailto:nataliia.cherevychna@hneu.net
https://orcid.org/0000-0002-6660-5366
mailto:kramarenkodp@gmail.com
https://orcid.org/0000-0003-1353-686X
mailto:n.i.hirenko@gmail.com
https://orcid.org/0000-0001-6854-8257

ISSN 1992-4224 Jlropuna Ta noskimns. [Ipobaemu neoekonorii. 2026. Bunyck 45

BucnoBku. IlinTBeppKeHO, MO BIPOBAHKEHHSI CUCTEMH €KOJIOTIYHOTO MapKyBaHHA € KIFOUYOBHM IIpe-
BEHTHBHHUM MEXaHI3MOM TapaHTyBaHHS OE3IIEYHOCTI TUTSIOro XapuyBaHHA. CBITOBI Ta YKpaiHCHKI COITIOIOTIUHI
JIOCTIKCHHS JEMOHCTPYIOTh BUCOKHI MOMUT HAa OpraHigyHe AWUTSYE XapuayBaHHA. [IpoTe mommpeHHs TpiHBOIIH-
HT'Y 3HUKY€E JOBIPY YKPaiHCHKUX MOKYTIIIB J0 JOKAJIbHUX OPCHIIB HA KOPHUCTh €BpONCHChKUX. [lomonanHs 1miei
npoOJeMu Ta OpieHTallisl Ha KOHIENi0 «Zero Waste» 1 cTajuii pO3BUTOK € KPUTHYHO BAXKIMBUMHU JUIS I1iJ[BU-
IICHHS KOHKYPEHTOCIPOMOYKHOCTI BITYU3HSIHUX BUPOOHUKIB.

KJIFOUOBI CJIOBA: oumsue xapuysanHs, ekonoziuna 6e3nexa, ekoioeiune MapKy8aHHsl, cneyianizo-
6AHI CUPOBUHHI 30HU, SPIHEOULUHE, OP2AHIYHA NPOOYKYIs, €6PONELCbKA IHmezpayis

Kongpnixm inmepecie

ABTOpH 3asBISAIOTH, IO KOHDIIKTY iHTepeciB moa0 myOIikalii mporo pykonucy Hemae. Kpim Toro, aB-
TOPH TIOBHICTIO IOTPUMYBAJIHMCS €THYHUX HOPM, BKITIOUAIOYH TUIAriaT, (haabcUdikallito JaHUX Ta MOABIHHY ITyO-
JIKAIO.

Bnecok agmopis: Bci aBTOpH 3p00WIIH PIBHHUI BHECOK Y ITI0 poOOTY.
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MYPAJIA SIK EJTEMEHT YPBAHICTUYHOI'O MUCTELITBA
TA YUUHHUK PO3BUTKY MICHKOI'O TYPU3MY
(HA IPUKJIAJI m. IBAHO-®PAHKIBCBHK)

Merta. 31iiCHUTH KOMIUIEKCHUI aHai3 MypaJiiB M. [BaHO-DpaHKIBCHK K 00’ €KTIB MICHKOTO KYJIBTYPHOTO
MPOCTOPY Ta TYPUCTHYHOT MPHUBAOIMBOCTI;

Metoan. AHaiizy Ta CHHTE3y, CHCTeMaTH3allii Ta kiacudikarii, kaprorpadigHuii, OMMCOBHI.

PesyabraT. Mypanu M. [BaHO-®PpaHKIBChK € BaXKJIMBUM €JIEMEHTOM MiCHKOTO KyJIbTYpHOTO JaHAmadTy
Ta MOTEHUIHHUM PECYPCOM JUIsl PO3BUTKY KyJbTYpPHO-II3HABAILHOTO TypH3MYy. 3 aHAIli3y reolpOCTOPOBOIO pO3-
MIIIEHHS Ta 3MiCTy MypaliB y M. [BaHO-DpaHKIBCHK pPO3pOOJICHO TYPUCTHYHUHN apT-MapmIpyT y MeKaxX MICTa.
BcraHOBIICHO, 1110 CBOEPIAHICTH Mypa-MIPOIYKTY IS €KCKYPCIHHUX MOCIYT MOJIATAE Y iX MOCTIHHOMY OHOBJICHHI
00’€ekTiB. 3a3Hau€HO, 110 OJHUM i3 BaXKJIMBUX ACIEKTIB MPOCYBaHHs eKCKypciitHoro npoaykry «Mypainu [Ipuka-
praTTs» € 03HAHOMIIEHHS MiCLIEBMX MEIIKAHIIB i3 1M MUCTELTBOM Ta HOTO KyJIBTYPOIO, a Cepe/l MUTIIB-aMaTo-
PiB — MOIMIMPEHHS «KOAEKCY €THKM» paTepiB (MypalicTiB). BusBieHo, 110 OCHOBHUM HETaTUBHUM YHHHHUKOM Yy
MPOCYBaHHI apT-KYJIbTYPHOT'O MPOAYKTY HA PUHOK TYPUCTUYHHX TOCIYT € BiACYTHICTh (haxiBIiB-€KCKYpCOBOIIB
3 Mypalti3My.

BucHoBku. ['eonpocTopoBa cTpyKTypa CTBOPIOE IIEPEAYMOBH /ISl BAKOPUCTAHHS MYypaJliB SIK €JICMEHTIB
MiCBKOTO KyJIbTYpPHOTO JaHAMATy Ta NepcreKTUBHUX 00’ €KTiB TYpUCTHYHOI NPUBAGIMBOCTI. IX MoeaHAHHS 3
IHIIUMH KyJIbTYPHHUMH Ta ICTOPHYHUMH JIOKALIISIMH MiCTa JI0O3BOJINTh CTBOPUTH HOBI (hOPMAaTH €KCKYPCIHHUX ITpo-
rpam, 10 CIPUATHMYTh IuBepcHdiKalil TYpUCTHIHOTO MPOIYKTY.

KJITOYOBI CJIOBA: mypan, mypucmuunuii mapupym, Ieéano-Dpankiecok, apm-KyaiomypHuil npooyKm,
gaxiseyb-excKypcoso0 3 Mypanizmy

SAx nuryBatn: KoBanseska JI. B., I[Tapxomenko O. I'., JIynis M. M. Mypanu sik eeMeHT ypOaHiCTUIHOTO
MHCTENTBa Ta YNHHUK PO3BUTKY MICHKOTO TypH3My (Ha npukiiani M. IBaHo-DpaHKiBCBK). Jloduna ma 008Kinis.
IIpobnemu neoexonoeii. 2026. Bur. 45. C. 149-162. https://doi.org/10.26565/1992-4224-2026-45-12

In cites: Kovalska, L. V., Parkhomenko, O. H., & Lutsiv, M. M. (2026). Murals as an element of urban art
and a factor in the development of urban tourism (a case study of lvano-Frankivsk). Man and Environment. Issues
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Y niepioz TparcdopMariii CycriibCTBa, po-
3BUTKY OCOOMCTOCTI, MUKKYIBTYPHOI KOMYHIKa-
1i1, TIparHeHHs 10 30arayeHHs 3HaHHSIMH, 3POC-
TaHHsI 1HTEIEKTYyalbHOTO MOTEHIiAy Ta PO3BH-
TKY KPEaTHBHOCTI CTBOPIOIOTHCSI YMOBH IS 3pO-
CTAIOuOro IMOMHUTY Ha KYJIBTYPHHH TPOIYKT.
Tomy, y Halr yac, opsif i3 3aralbHUMH KYJIbTYp-
HIMH Ta ICTOPUYHIMH PECypcaMul BiIOyBaeThCs
IHTEHCUBHHH TIOIITYK aIbTEPHATHBHUX PECYpCiB
Uil AuBepcudikamii TypHCTUYHOI MPOMO3HIIiL.
Cepen ocTaHHIX Barome Miciie OCUTH MypalTH, sSIK
BHJ] BYJIMYHOTO MUCTEITBA, IO BKIIOYAE B cede
po3dapOoBaHi a00 HAMaILOBaHI Ha CTiHAX OyIi-
BeJb rpadivHi a00 XynokHI 300pakeHHs. BoHu
CTBOpEHI SIK IHAWBITyaTbHO TaK ¥ IHIMIATHBHOIO
Tpymnoro amaropiB i/abo xynoxxHukiB. Lli TBopn
BUPI3HSAIOTHCS 3HAYHUMH PO3MIPAMH.

YV nmocimimpKeHH] MypaiB sIK 00’ €KTIB TypH-
CTUYHOTO IHTEPECY YacTO BUKOPUCTOBYETHCS 3a-
MPOIIOHOBaHA OPUTAHCHKUM JOCTITHUKOM MiCh-
KOro MHCTelTBa Kiacudikamis crpit-apty Illa-
krepa P. [1], ne BHOKpeMIIeHO Taki THITH CTPIT-
apTy, sIKi MOXKyTh OyTH aJlanToBaHi AJIsl aHaT3y
MYpaJTiB SIK TYPUCTHUHUX aTpPaKIIiii:

1. MemopianbHi Mypaiu — IPHUCBSYEHI iCTO-
PUYHUM TIOJTisIM, BUJATHAM OCOOHMCTOCTSIM, Halli-
OHAJIBHIH Tam’SITi.

2. CoujaJbHO-KpUTHYHI Mypasld — BigoOpa-
JKAFOTh aKTyaJIbHi CYCIILTbHI IPOOIeMH, TpoMaIsi-
HCBKY TO3HIIIF0, 1]1e] COMIZIApHOCTI UM TPOTECTY.

3. JlekopaTWBHO-ECTETHYHI MYpad — CIpsi-
MOBaHi Ha Bi3yaJIlbHE OHOBJICHHS MiCHKOTO Cepe-
JIoBHIIA, (OpMyBaHHS IPUBAOIIMBOTO YpOaHICTH-
YHOTO JIAaH ATy .

4. Imentudikaniiini  (JIOKaIbHO-OPEH/IOBI)
MypaJli — PeNPE3eHTYIOTh KYJIBTYPHY CIIelu}iKy
TEPHUTOPII, JIOKAJIbHI CUMBOJIH Ta CIIPUSIOTH (Hop-
MYBAaHHIO TYPUCTHYHOT'O IMiJKy MicCTa.

3rigHo 3 TEXHIKOK Ta CIOCO0aMH CTBO-
PEHHSI MypaJliB, HA OCHOBI y3arajibHEHHSI HayKO-
BUX [2] 1 JOBIIKOBHX JIXKEPEJI, MPOIIOHYEMO 3BE-
JICHY aBTOPCHKY Ki1acu(iKalio MypaJis:

— TpaIUIIHUI Mypall — MypaJl, SIKUH po3-
(apOoBaHmii Ha CTiHAX OYyIiBEIb 33 JIOIMOMOTOI)
KoIbopoBuX (apod [3];

— 3D-mypan — CTBOpeHHH 3 BUKOPHCTaH-
HSIM TEXHOJIOTI] TPUBHMIPHOTO MAITFOBAHHS, IO
HaJIa€ 300paXKeHHIO 00'eMHOCTI 1 TITHOMHY [4];

— rpadiTi-Mypas — CTBOPEHHH 3 BUKOPHC-
TaHHSIM aepo30JIbHUX hapo [5];

Bcemyn
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— MO3al4HUIl MypaJl — CTBOPEHUH 3 BUKO-
PHUCTaHHSM IUIUTKH, CKJIa a00 1HIMX MaTepiais,
110 3i0paHi y popMi 300paxKeHHS;

— abCTpaKTHUI Mypail — HaMaJIbOBaHUH Y
BUTBHOMY CTHJIi, 3 BUKOPUCTAHHSIM a0CTPaKTHHX
(hopM Ta KOITBOPIB.

B Ykpaini ocHOBHUM JKepernoM iHpopma-
111 IpO CTBOPEHHS MypaJliB y pi3HHUX MiCTax € TOo-
BimoMiieHHs B 3MI, iHhopMaris Ha eIeKTPOHHUX
pecypcax, BeO-caiitax Tomro. Huni Taki 300pa-
KCHHS BHCTYIAIOTh B&KJIMBUM IHCTPYMEHTOM
IUTsL 3aJTy4eHHS] TPOMAJIChKOI yBaru JO MHCTEL-
TBa; B3a€EMOJIi 3 ayJUTODIEI0, SIKa MOXe OyTH
OLJIBII PI3HOMAHITHOIO Ta IUPIIOIO, HIXK Y TpaIu-
OIHHAX My3esX 91 Tajepesix; 3a0e3MeUeHHs 10C-
TYITHOCTI JIO MUCTEIITBA BCIX, HE3aJICXKHO BiJI CTa-
TYCY, BIKy, COIIaJIbHOTO CTaHy; 3MiHH 30BHIIII-
HBOTO BHTJISITY MICT 1 IPHIJIETIINX TepUTOpiil. Sc-
KpaBICTh Ta YHIKAJIBHICTD CY4aCHOTO BYJIMIHOTO
MHCTEITBA € [DKEPETIOM CTHMYITIOBaHHS TEPUTO-
plaibHUX TPOMaJ Ta MiAMPUEMHUIIBKUX CTPYKTYP
y BiIBEIECHHI MICIb IJIs1 MypaliB, a TAKOX BiIK-
PHTTS Mara3uHiB, Tajiepeii Ta iX BUCTABOK, IPOBE-
JICHHS ayKI[IOHIB TBOPIB MHUTIIIB 3 METOIO 3aIy-
YEHHS1 MOJIOJIOTO TTOKOJIIHHS 10 KPEaTUBHOTO MU-
crenTBa. Mypaiu CTaloTh HE JIMILE YaCTHHOIO Mi-
CIIEBOTO KYJBTYPHOTO KOJIOPHTY, aie i MOTyX-
HUM IHCTPYMEHTOM JUIsl 3aJIydeHHS TYPHUCTIB.
Tomy BUKOpPHCTaHHS MypaliB y Typr3Mi HaOyBae
BCE OLITBIIOT MOMYJISPHOCTI B yCboMy cBiTi. Crift
3a3HAYUTH, IO BYJIMYHE MUCTEITBO MO-PI3ZHOMY
CIIPUIIMAETHCS SIK CTEHKXOJIAEPaMH KyJIbTYPHOTO
Ta TYPUCTHYHOTO CETMEHTY TaK 1 MpeICTaBHU-
KaM{ MICIIEBOI BIIaJyl 1 BIIPi3HAETHCS 3a Kpai-
Hamu [6]. Hanpuknan, y Himeudusi Ha 3anuiikax
BepmniHchKOi cTiHM 300payKeHO Mypaj iCTOpHY-
HOT TEMAaTHKH, sIKi CTaIN TOMYJISIPHAUMU Cepe]] Ty-
PHCTIB 1 € CHMBOJIaMH €/IHAHHS Ta MUCTeLTBa. B
Icnanii M. Banencist npociaBuocs cBoiMu QyTy-
PUCTHYHUMH Ta BPAXAOUYAMU MYpalaMH, SKi
CTal 00'€KTOM MPUBAOIMBOCTI JIJISI TYPHUCTIB.
OnHuM i3 UEHTPIB €KCKYPCIHOTO CTpIiT-apTy Y
CIIA e m. Heto-HMopk (paiion bpykin). Y Bpic-
toni (Benvka Bpurasisi) TBOpUiCTh MiCIIEBHX Ta
CBITOBHX XYyJO)KHHKIB BIIaHOBYETbCS I Yac
MPOBENICHHS KYJIbTYPHOIO CTPIT-apT (PECTUBAITIO
Banksy, B Iagii — St+art Ywmar, ge Ha mypanax
TIPEICTaBICHA TPAIUIliiHA IHAINCHKA KyJIbTypa
Ta 1i criiBiCHYBaHH:I i3 Cy4acHICTIO. Xoua Mypajiu
4acTo pO3IIISINIAIOThCS SIK 3aci0 s oOiamTy-
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BaHHS MICBKOTO TIPOCTOPY Ta BHPaKEHHSI TBOP-
YOro BUIITYKYBaHHS, iICHYIOTb J€sIKi HETaTHBHI ac-
TICKTH, TIOB'SI3aHi 3 IXHIM BUKOPHCTAHHSM.

Mypasnu yacto 300pakeHi Ha ICTOPUYHUX
a00 KyJbTYpHHX OYAIBIISIX, TOPYILYIOUH IXHIO aB-
TEHTUYHICTh Ta BHIJIA, [0 MOXKE PH3BECTH JI0
BTpATH CNIAAINHN Ta 3HUILICHHS apXiTEeKTypHOTO
00JIMY4st MicTa. [HKOJTH CIIOCTEPIracThCst 3aIliKaB-
JICHICTh KOPITOpamiidi Ta KOMEPIIHHIX IHTEpECiB
JI0 BUKOPHICTaHHS MYpPATiB SK IHCTPYMEHTY peK-
JIaMH, 1[0 MO>KE 3MIHUTH TXHIO TIEPBICHY METY BU-
PaXCHHS MUCTELTBA Ta KYJIbTypPH.

ShxiokeBebka 1. cTBEpaKye, 0 Mypalld y
M. JIon3s (IosbIna) He MarOTh HAIliOHAJILHOTO Ta
MDKHApPOIHOTO BU3HAHHSA. BOHM He minroTosneHi
JUTS1 IHO3EMHUX TYPHUCTIB (OKPiM MOBECHKOI HEMA€E
MypaJiiB iHIIMMH MOBaMH) X04a MarOTh MOTEH-
miaj s MiABHMILEHHS MMi3HaBaHHOCTI MicTta. Oxn-
HAaK [IaHyBaJIbHUKH BYJITYHOTO MUCTEITBA YacTO
PO3MIIIYIOTh Y TypUCTHYHHX Onorax iHopma-
IIIF0 TIPO MOZOPOXKI, 30KpeMa, Mypaiu. Lle e sck-
PaBUM MPHKIIAJI0M 3aCTOCYBaHHS HU(PPOBOTo KO-
HTCHTY Ta COLIJIBHUX MEPEX UL BUBUCHHS TY-
PHCTHYHOTO TIOTEHITiaTy MypaiB [7].

Ckinnep JIx., [Hxomidd JI. cTBepmKyIOTh,
IO TYPHUCTIB Y BCHOMY CBITi IPUBAOIIIOIOTH MYy-
pa-ppecku SK TypUCTHYHA TTaM'siTKa Ta SIK ac-
HEKT MaTepialbHOl KylbTypu. YacTo BoHa acori-
I0ETBCS 3 TIOJNITHKOIO, KYJIBTYPHOIO CIaIIIHOI0
Ta iieHTudikye Micue, sIKe BiIBIIYIOTb. ABTOpH
HAroJIONIYIOTh, 110 MypaJ 1 TYpu3M Oye [iHHIM
JUISL THX, XTO IKAaBUTBCS KYJIBTYPHOIO I€orpa-
¢iero, Typu3MOM, IOCTIPKEHHSMH ICTOPUYHOL
CIIAAIIMHU Ta MUCTETBOM [ §].

Iseit K., XacHa M. cTBEpIKYIOTH, 1110 My-
paM CTaM PEeKOMEHIOBAaHUMHU O0’€KTaMH ISt
TYPHCTIB, TOMY BOHHM € Ha Pi3HUX TYPUCTHYHHX
BeO-caliTax. BoHM OKpAIIyIOTh MICBKY 1I€HTHY-
HICTh Ta JlyX TPOMaJIU, CIIPUSIOTH (POpMYyBaHHIO
MicIlb Ta KyJbTYPHOMY CaMOBHPa)KCHHIO, a Ta-
KOX MiJBUILYIOTh E€KOHOMIYHY NpUBAOIUBICTH
TYPHCTUYHOI necTuHarii [9].

VY HayKOBUX HAIliOHAJIBHUX PO3POOKaX
[Iposotap H., Omimescrka 0., Mesennesa K.,
Kpasuenko K. BuCBiITIIEHO TeHIEHIIIO 10 ACLEH-
Tpaizaliii po3MilieHHs: 00’ €KTIB BYJIMYHOIO MH-
CcTelnTBa y MicbkoMy Tipoctopi [10].

V HallioHaJIbHIM HAYKOBIH JIiTEpaTypi Ipo-
OneMarika MypaJliB IOCIHiDKY€EThCS IEPEBAXKHO Y
KOHTEKCTI PO3BUTKY CTpIT-apTy, ypOaHiCTUUHOI
KyJbTYpY Ta TpaHchopmarlii MiCbKOTO KyJIBTYp-
HOTO MPOCTOpY.
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3okpema, nociigHuku Pomanisa O., Puba-
gka O., CaBenbena /I, [11] posrmimaroTe okpemi
acTeKTH 1HHOBALIITHOTO TYPUCTHYIHOTO TPOLYKTY
«Crpit-apt JKutomupa» Ta 3a3Ha4arOTh HOTO
BIUIMB Ha TyPUCTHYHHHN iMizK M. JKutomup.

IIparts bitaeBoi I'. po3kpuBae KIFO9OBI 10-
3UIIii Yy (JOpMYBaHHI KOHIIENTYAILHOI Ta 171€0JIOTi-
YHOI CKJIAJIOBOI MYypaJliB, MPUUMHH ()EHOMEHY aK-
THBHOI B3aEMO/Iii CTIHOIHKCIB i3 TypucTamu [12].

barenko A. BUBYasa BIUTHB Mypaj-apTy Ha
0CcOOHUCTICHE CIPUIHSTTA Ta HA IPUKYTICTh YBaru
JI0 COLIATFHO-TIOMITHYHUX MPOOIIEM Y MiCBKOMY
KoHTekcTl. Ha 1i myMKy cTiHOIMCH MaroTh XyA0-
JKHIO I[IHHICTb, YHIKAIbHUM CMHCIIOBHIA TIOCHII, a
He € Jmiie 3acodom ectetnzarii [13].

Crarrsa T'aBpumioka b. mpucesuena aHa-
T3y YKpaiHCBKOrO Mypaji-apTy y KOHTEKCTi CBi-
TOBOTO MHCTEITBA. ABTOPOM JIOBEJICHO, IO MY-
pa-apT € CyJaCHUM IPOSBOM KIIACHYHUX HACTiH-
HUX PO3IUCIB 1 3aC000M KOMYHIKAIIii i3 COIIiy-
MOM, CIIOHYKa€ YKpaiHCHKUX XYJ0KHUKIB JI0 TI0-
CTiliHOI iHTeTparlii, MOAOPOKEH, MOIIYKy HOBHUX
CHoco0iB  CaMOBUP&KEHHS Y MYyJIbTUKYIBTYp-
HOMY CBITI [14].

OyHKITIOHYBaHHSI MyPaJIiB y COLIIOKYIBTY-
PHOMY KOHTEKCTI Cy4acHOCTI po3risigae ['aBpu-
natn [. ABTOpKa akIeHTye yBary Ha Mypaii-apT, siK
BUJI JTyXOBHO-TIPAKTUYHOI JIISUILHOCTI JIFOIMHH,
0 HE JIMIIE BifloOpaXkae KapTUHY CYCHUTHHOL
CBIJIOMOCTI, aJre ¥ IPU3BOANTH 10 TPAHCPOpMAIIii
COIIOKYIBETYpHOTO TIpocTopy [15].

KpiMm Toro, y HOBITHIX JOCTI/PKEHHSIX YK-
PaiHCHKUX MUCTEITBO3HABIIIB MypaJIX PO3TJIsia-
IOTBCS SIK (hopMa XyJOKHBOT peakiiii Ha cycri-
JIBHO-TIOJIITHYHI TporiecH. 30KkpeMa, Xy IIKoBa A.
aHaJIi3y€e PO3BUTOK aHTUBOEHHUX MYpaJiB y Iie-
piox pociiicbko-yKpaiHChKOI BilHH, TiIKPECITIO-
F0UHM TXHIO CHMBOJIIYHY Ta KOMYHIKaTHBHY POJIb Y
(hopMyBaHHI CyCIITBHUX HAPATHBIB 1 KyJIbTYPHOI
mam’siti [16].

Takum 4MHOM, aHAIT3 TIpallb YKPATHCHKHX
BYEHHX CBITYMTH PO Te, [0 MYPAITH JeIalli Yac-
Tillle pO3ITISAAIOTHCS SIK BAXKIUBHUN €JIEMEHT yp-
0aHICTUYHOTO MUCTEITBA Ta KYJIBTYPHOTO TIPOC-
Topy MicTa. BogHouac, y cydacHUX JOCTIHKEH-
HSIX JIMIIIE YaCTKOBO BHCBITJIIEHO MHUTAaHHS BHKO-
PHCTaHHSI MypaJIiB SIK TYPUCTHYHHUX aTpakiii Ta
€JIEMEHTIB TYPUCTHYHOI IHPPACTPYKTYPH, IO 3y-
MOBITIOE HEOOXIJTHICTh TMOAAIBIIOT0 HAyKOBOTO
aHAJII3y 1IbOTO SBUILA, 30KpeMa, Ha NIPUKJIazl OK-
peMux MicT YKpaiHu.

Cepen HEBUPIMICHUX THUTAHL BYJIMIHOTO
MHCTELTBA € IX TeONpOCTOpOBa KOHLEHTPALIS Y
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MiCBKOMY MPOCTOPI, OHOBJIEHHS iX TEMATHUKH, PO-
3MIIIEHHS Ta PETYJIIOBAHHS Ha 3acajax MapTHCH-
HaTHBHOTO MiCHKOTO TUIAHYBaHHSL.

Mera — 31iiiCHUTH KOMIUIEKCHHH aHaji3
MypaitiB M. IBaHO-DpaHKIBCHK SIK 00 €KTIB MiCh-
KOTO KYJIBTYPHOTO IIPOCTOPY Ta TYpPHCTHYHOI
NpUBaOINBOCTI.

JocigHuipKi 3aBIaHHs BKITIOYAIOTh: BH-
3HAYEHHS T€0NPOCTOPOBOI OpraHizaIlii MypaiiB y
M. IBaHO-DpaHKIBCHK; OIMUC XapaKTEPHCTHKH
00’€KTIB CTpIT-apTy MICBKOTO MPOCTOpY; CTBO-
PEHHA apT-TypUCTUYHOTO MAapIIpyTy; BHU3Ha-
YeHHsI BIUIMBY BYJMYHOTO MHCTEITBA HA COLIO-
KyJIBTYPHHUI IPOCTIP MicTa.

Memoou oocnioricenns

Jns omparfoBaHHS HAyKOBHX ITiIXOZIIB
JI0 TPaKTyBaHHS MYpPAaJliB SK €JIEMCHTIB MiCh-
KOTO KyJBTYPHOTO IIPOCTOPY Ta 00’ €KTIB TypH-
CTUYHOI TIPHUBaOIMBOCTI BUKOPHUCTAHO METOT
aHaNi3y Ta CHHTE3y. 3 METOI0 BIOPSIKYBAaHHS
MypaniB M. IBaHO-DpaHKIBCHK 3a TeMaTH4-
HUMH, TPOCTOPOBUMH Ta (PYHKIIOHATEHUMU
O3HaKaMHM 3aCTOCOBAHO METO]| CHCTeMaTHh3aIlii
Ta Kiacudikarrii.

[MopiBHsITBPHUKA METOA JO3BOJIUB 3icTa-
BUTH NPAKTUKH IHTErpaIlii CTpiT-apTy y TypHC-
THYHUHN MIPOCTIp IHIIHUX MicT YKpaiHH Ta 3apy-
ODXOKS 3 JOCBIIOM M. [BaHO-DpaHKIBCHK.

[Ipoctoposuii (kaprorpadiunuii) anamis
3aCTOCOBAaHO IS AOCTIIKCHHS PO3MIIICHHS
MypaJliB y CTPYKTYpi MICBKOTO CepeIoBHIIA Ta
OLIIHIOBAaHHSI MOTEHIiANTy IX BKIIIOYECHHS A0 TY-
PHCTHYHUX MapIIPYTiB.

st xapakTeprCTUKU XYI0KHIX, CHMBO-
JYHUX 1 3MICTOBUX 0COOIMBOCTEN MypaliB BU-
KOPHCTaHO OIMCOBHI METOJ, @ METO/] KOHTECHT-
aHali3y — JUIsl ONpAIIOBaHHA iH(GOpMAIiTHIX
JoKepe, myOJikaiii y Mesia Ta MarepiaiiB Ty-
PUCTHYHUX PeCypcCiB MO0 iX (HyHKITIOHYBaHHSI
SIK 00’€KTIB TYPUCTUYHOTO iHTEpECY.

Pezynomamu 0ocnidicenns ma 002080pennsn

[osiBa mepmmx MacmTabHUX MypaliB y
MICTI TTOB’sI3aHa 3 TsUTbHICTIO TPOMAJICBKUX 1Hi-
[IaTUB, MUCTEIBKUX (PECTUBAIB 1 JIOKAIbHUX
ypOaHicTHYHUX NPOeKTiB. Cepea HUX BaXKIIUBY
pousb Bimirpamu mpoektu Urban Space 100 (3
2015 p. dyHKIioHYE K uTaTdopMa IS pO3BH-
TKy Micta [Bano-®paHKiBChK, iHiHiHoBanuii ['O
«Temre Micto») Ta Porto Franko (3_2010 mo
2018 pp., ininidoBanuit 'O «IHmia Ocgitay y
CHiBMpali 3 JIOKAIbHUMH KYJIbTYPHUMH Jis-
YaMH), y MeXax SIKUX OyJIo CTBOPEHO HU3KY Ha-
CTIHHHX PO3IHUCIB y Pi3HUX YaCTHHAX MicTa.

Mypanu y M. IBaHo-@paHKIBCbK BUPi3-
HSIOTBCS  TEPUTOPIaTbHOIO  KOHIEHTPALIE0,
(GYHKLIOHATBHOIO POJLIIO Y MICBKOMY IPOCTOPi
Ta MOTEHIIAIOM BUKOPUCTAHHS Y TYPHCTHYHIN
nisutbHOCTI. Po3MimnenHs ix Ha acagax sKUTIo-
BUX OyJTMHKIB, TPOMaJICEKUX Oy/IiBelb 3a0e31e-
4ye TXHIO Bi3yaJIbHY JIOCTYIHICTh y MiCBKOMY
cepeloBHIi. Y TPOCTOPOBIN CTPYKTYpi MicTa
BOHU PO3MIlIIEHI HEPIBHOMIPHO Ta YTBOPIOIOThH
TEpUTOPiaIbHI Ocepe Ky (LIEHTpallbHA YacTHHA
MICTa, )KUTJIOBI MIKpOpaOHHU Ta JIOKaJIbHI KJia-
CTEpH MypalliB).

Ilepmmii ocepe oK OXOIUTIOE IIEHTpa-
JbHY YacTHHY M. [BaHO-DpaHKIBCHK Ta TpuIle-
[J1i KBapTaJIK ICTOPUYHOTO apeaily mooJu3y ro-
noBHUX Bynuib. Hanpukmnan, mypan «Crinbhi
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MeX1» CTBOpeHO Ha (acani OyAMHKY Ha BYIL.
@®panka, 5 (puc. 1). TyT Mypaiu BUKOHYIOTh
NEPEBAKHO PpENpe3eHTAIIiHYy Ta KyJIbTYpHO-
KOMYHIKaTHBHY (DYHKIIiIO, OCKLIBKH pO3TAIlIO-
BaHI B pailoHax 3 aKTMBHUMH TYPHUCTUYHUMH
MOTOKAMH Ta ICTOPUYHOIO 3a0YI0BOI0. 3aBISKH
OJIU3BKOCTI 10 OCHOBHUX TYPUCTHUYHHX Maplll-
PYTiB Taki 00’€KTH GOPMYIOTH JT0OAATKOBI JIOKA-
il TYpUCTUYHOTO iHTEpecCy.

Hdpyruii ocepellok XapaKTepU3yeEThCs
HaHOIIBIIIOI KOHIEHTPAIIEI0 HACTIHHUX PO3-
MHCIB Ta OXOIUTIOE YKHUTIOBI MIKpOpPaliOHU Mi-
CTa, 30KpeMa XHUTIOBY 3a0yJIOBY JPYToi MOJo-
BHHU XX cT. Y IIMX pailoHaX MypaJli BUKOHY-
I0Th POJIb €CTETUYHOTO OHOBJICHHS YKUTIOBOTO
cepeyoBHIa, a MacimTabHi (acagun OyIWHKIB
3a0e3MeuyloTh JOCTaTHIO IUIOILYy JJIsl CTBO-
PEHHS BEJIMKUX XYAO0KHIX KOMITO3HUIIIH.

Hampukian, Ha CTiHI KUTIOBOrO OyaH-
HKY 110 ByJI. [Bactoka, 80 (puc. 2) cTBOpeHO My-
paJl MiCLEBUM XYAOKHHUKOM 1 CKYJBOTOPOM
I'puropsitnom C. Ha crinomnuci 300paxeHa ociHb
(cuHuIi, omane nucTs sAOMyHI, JKOBTI TOHH),
wiomero 700 M2 Mypai, Ha sKOMy 300pakeHi
IMIJUTITKA, SKi 3aliMaloThcs CIIOPTOM, Karta-
IOTBCSI Ha JBOKOJICHHUKY Ta B)XXHBAIOTH 3]10-
pOBY XKy Ipe3eHTOBaHHUM Ha OyAWHKY, IO Ha
Bya. Ctyca, 1 (puc. 3).
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Puc. 1 - Myp
Ha ByJ. ®panka, 5

Fig. 1 — Mural “Shared Borders”
on Franka Street, 5

anr «CHinpHI MEXI»

JIONOBHIOE TieH OcepeioK KOJICKITisS Mypa-
J1iB Ha (hacaax HOBOOYIOB Ta Oropoik (puc. 4—6),
JI YKMBOITHC BUKOPUCTOBYETHCS SIK €IIEMEHT apXi-
TEKTYpPHOTO TU3aliHy Ta Bi3yaJbHOTO OpEHIUHTY
TEpUTOPIi. ¥ Cy4aCHUX JKHTJIOBHX MPOEKTAX MY-
pajii BUKOHYIOTh IEKOpaTUBHY (PYHKILIO Ta Miji-
KPECHIOIOTh 1HAWBIAYaAIbHICTD KHUTIOBOTO Cepe-
JoBUIa. BOHM IHTErpyIOTHCS y 3araibHy KOHIIE-
MIIit0 071aroycTporo Ta (JOPMYyIOTh HOBI aKIICHTH
MICBKOTO TIpocTopy. 3okpema, mypan «llazmm»
BUKOHAHWH Ha (pacaji HOBOTO OYIUHKY >KUTIIO-
BOro xomuiekcy «IIpuBok3abHUID, IO HA BYIL
BoBunHenbKii, 55 € abCTpakTHUM 300pasKeHHSIM 3
eneMeHTaMu rpadiTi, 10 BUKITUKAE THTEPEC cepert
TYpUCTIB. B 0CHOBI cTiHOMHKCY — 3HAKOBA CUCTEMA,
o0irpaHa y TpeH/1ax COIialTbHOTO TN3aiHy Ta MiHi-
MamisMy Mypai Ha HOBOOYZIOBI Ma€e 3armgpoBa-
HHH 3MicT. Takoro pogy Mypajiy CTatOTh eJleMEH-
TOM apXITEeKTYPHOTO JM3aiHy Ta MAPKETHHIOBOTO
TIO3UIIIOHYBAaHHSI JKUTIIOBUX KOMITIEKCIB.

AHaji3 IpoCcTOpOBOro PO3MIIICHHS Mypa-
JiB y M. IBaHO-®paHKiBCHK J03BOJISE BUSIBUTH OC-
HOBHI 3aKOHOMIPHOCTI X TEPUTOPIAILHOT JIOKAJTi-
3aIlii Ta BU3HAYMTH XapaKTep MPOCTOPOBOi KOH-
HeHTparlii uX 00’eKTiB. Y CTPYKTypi MiCHKOrO
NPOCTOPY NPOCTEKYETHCS TaKi THITH PO3MILIICHHS
MypaJtiB:

1. JIiniliHa KOHIIEHTpAIIisl CITIOCTEPIraeThCs
B3/I0BYK OCHOBHHX TPaHCIIOPTHUX MaricTpaiei Ta
BEIIMKUX BYJIUIb MicTa. Y TakuX BUIMAJKaX My-
pajiii pO3TalOBYIOTECS MOCIIIOBHO Ha (acanax
OyniBenb, popMyroun CBOEpiHI Bi3yabHi KOpH-
nopu. [oxiOHa nokaizamist 3a0e3neuye BUCOKY
BUJIMMICTb HACTIHHMX PO3MHUCIB Ta CHpHUsE iX
CTIPUHHATTIO ITUPOKUM KOJIOM MEIIIKAHIIIB 1 BiJl-
BijyBaduiB MicTta. Taka Jokamizaijis 3ade3nedye

Puc. 2 — Mypan OciHHI MOTHBH
Ha ByJ. IBactoxka, 80
Fig. 2 — Mural “Autumn Motifs”
on Ivasyuka Street, 80
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Puc. 3 — Mypax Ha Bymmui Cryca, 1.
Fig. 3 — Mural on Stusa Street, 1

BHCOKY Bi3yaJIbHy JJOCTYITHICTb 00’ €KTIB i cripHsie
(hopMyBaHHIO BITI3HABAHOTO MICHKOTO 00pa3y.
KpiMm Toro, Mypaiu, po3raiioBaHi B3IOBX BY-
JIMLb, HAIpUKJIa, 1o ByJl. IBactoka Ta BoBuuHe-
[IbKa, BUKOHYIOTh (PYHKIIIFO CBOEPITHUX Bi3yalb-
HHUX MapKepiB OKpeMUX paiOHiB.

2. KnactepHa (ocepenkoBa) KOHIIEHTpAIIis
XapakTepHa Ul OKPEeMHUX JKUTIOBUX KBapTajliB
a0o0 OyIMHKIB, I¢ PO3MIILYETHCS ACSIKI Mypaiu y
OesmocepenHii OMM3EKOCTI OJMH JI0 OTHOTO, IO
YTBOPIOE CBOEPIMHI «MypasbHi ocepeaxm». Taki
JIOKarlii MaroTh TIOTEHIiaN Jyisi GOpMyBaHHS Te-
MaTHYHHX MUCTEIBKUX MapLIPYTiB i MOXKYTh BH-
KOPDUCTOBYBAaTHCS  SIK  OKpeMi  TypHCTH4HI
00’ eKTH/TIOKAIIi] Ui OyTH BKJIIOYSHUMH JI0 MapIII-
pyrtiB. Harpukiaz, OyuHOK Ha By, XOTKEBHYA,
54 Mae ofpa3y IeKilbKa CTiHOIMHUCIB (OJU3BKO
JICB’SITH), 30KpeMa Mypanu «Ykpainkay, «Jlis-
YKHA 3 NITax0M», «COHSIIHUKI» Ta 1HIII KOMIO-
3UIli1, 0 CTBOPIOIOTH 1IN TEeMaTHYHUIA MHUCTe-
UbKHH TipocTip. HasiBHICT AEKUTBKOX XYHOMKHIX
po0iT Ha oTHOMY 00’ €KTi (hOpMYy€E CBOEPIAHMI TIO-
KJIbHUH LIEHTP CTPIT-apTy Ta IiJBUILYE TypHC-
THYHY [TPUBAOJIMBICTD LIET JIOKAIIil.

3. Mucnepcue (po3cisiHE) PpO3MILIEHHS
MPOSIBIISIETHCS Y BUMAIKAX, KO OKpEMi Mypajiu
PO3TallOBaHi y Pi3HUX YaCTHHAX MicTa 0e3 YiTKOT
TepUTOpiaibHOI KOHIeHTpauii. Takuil Tvn jJ0Ka-
Ji3awii XapakTepHUi AJ1si 00’ €KTiB, CTBOPEHUX Y
PI3HI Mepio iy Ta B MEXKaxX Pi3HUX MHUCTEIBKHUX
ininiaTus. [lpuknagom € mypan «Ilaznmm» Ha da-
cani OynuHKY Byll. BoBumHenbka, 55, a Takox
mypait «CHijibHI MeXi» Ha OyauHKy Byi. ®dpa-
Hka, 33. Take po3mimieHHs (OpMye po3raiy-
KEHY MepexXy 00’ €KTIB CTPIT-apTy y pi3HUX paii-
OHaX MiCTa.
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Puc. 4 — Mypain I'epoto Hebecnoi  Puc. 5 — Konuenrynbhuii Mmypan  Puc. 6 — Mypanu Ha 6ararornoBepxiBkax

cotHi — Pomany 'ypaky Ha OTOPOXi Fig. 6 — Murals on high-rise buildings
Fig. 4 — Mural by the Hero of the Fig. 5 — Conceptual mural
Heavenly Hundred — Roman on the fence
Gurak

Po3maitTs TBOpIB y Pi3HUX CTHIISIX BHO- Ta mmbokoro BipyBaHHA B €nuHoro bora. ¥V
CUTH HETIOBTOPHHI KOJIOPUT Y MICTO Ta JI03BO- MepeBaXkHil OINBIIOCTI TaKi cakpalbHO-TEMa-
Jsi€ PO3TISLIATH MOTO HE JIMIIE SK TPOBiTHUMA TUYHI 300paXKCHHSI TPEACTABICHI Ha JIEpXKaB-
iHAyCTpianbHUN HEHTp YKpaiHu, aje i sK JIoKa- Hux OyniBmsax. Hanpuknan, vemopmamik Biue-
Iil0 KpeaTHBHOI KynbTypu. Ha mypamax M. Boro Maiinany, Ha oIHOMY i3 KopmyciB IBaHo-
IBaHO-®paHKIBCBK 4acTO 300pakeHO AYXOBHY OpaHKIBCHKOTO ~ MEAWYHOTO  YHIBEPCHTETY
CYThb YKpaiHCBKOTO Hapomy, IyX HE3JIaMHOCTI (puc. 7, 8).

Puc. 7 — KpearuBHa inest Mopasicra Puc. 8 — Mypain — «€anicts YKpaiHm»
Fig. 7 — Creative idea of a muralist Fig. 8 — Mural — «Unity of Ukraine»
Mypanu sik popma cydacHoro myoiiu- «Mypamu [Ipukapnartsa» (puc. 9), skuii nepea-
HOTO MHUCTEITBA BiJIrpat0Th BAXKIIMBY POJIb Y Oauae O3HAMOMJICHHS 3 HAWBIJOMINIMMH Ha-
(hopMyBaHHI Bi3yaJbHOI0 00pa3y MicTa Ta po3- CTIHHMMHM PO3MHCaMHU MICBKOTO IpocTopy. Ma-
BUTKY HOTO KYJIbTYPHOT'O CEPEIOBHIIIA. pLIPYT Opi€EHTOBaHWII HA MOETHAHHS KYJbTY-
3 TYpUCTHYHOT TOYKH 30py Mypasd BU- PHO-TII3HABAJIBLHOIO TYpHU3My Ta ypOaHiCTHY-
CTYTIAIOTh SIK OKpEMi 00’ €KTH KyJIbTYPHOTO iH- HOTO CTPIT-apTy, IO JO3BOJISIE PO3IIUPUTH Tpa-
Tepecy Ta SK CKIaI0BI KOMIUIEKCHUX TYPHCTH- JULIAHI TYPUCTUYHI JIOKALIT MiCTa Ta 3aJIy4YUTH
YHHUX MapuIpYTiB, IO crpHsie AuBepcudikaiii BiJIBiyBauiB 10 HOBUX KyJbTYPHHX IIPOCTOPIB.
TYPUCTHYHOTO MPOIYKTY. MapupyT Mae JiHIHHO-KIJBLIEBY NpOC-
Oco0MBO TEPCHEKTUBHUM € BHKOPHC- TOPOBY CTPYKTYpY, LIO TMOEIHYE IEHTPAIbHY
TaHHS MypaJliB y MeXaxX TeMaTUYHUX MapIIPYTIB YaCTHHY MiCTa 3 IPWICTJIIMMU JKUTIOBUMHU pa-
CY4acHOT'O MHCTELTBA, KPEaTUBHUX IIPOCTOPIB Ta ronamu. OcHoBHa (hopma mepemilieHHsS —IIi-
ypOaHiCTUYHOI KYJIETYpH. LI0XiJHa, OAHAK OKPEeMi AUISIHKH MOXYTh Iie-
Ha ocHoBi HassBHUX 00’€KTiB BYJINYHOTO penbavaTi BHKOPHUCTAaHHSI E€JIEKTPOCAMOKATiB
MUCTENTBA y M. [BaHO-PpaHKIBCHK 3aIPOIIOHO- a00 BEJIOCHIIEIB Yepe3 BiJNaICHICTh OKPEMHUX
BaHO TEMAaTUYHUH TYPUCTHYHUM MapIIPyT 00’exTiB. Takuii popmar 103B0JIsI€ OXONUTH Oi-
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JBITY KUTBKICTh MypalliB, pO3TallIOBaHUX Y Pi3-
HUX (YHKLIIOHANEHUX 30HAX MICTa.

3aranpHa TPOTSHKHICTH MapuIpyTy CTa-
HOBUTH 6 KM. TpHBamicTh MPOXOHKEHHS MapII-
pyTy ctanoBuTh 3 roa. Takuii yac BKIO4ae me-
peMmilIeHHs MiXK 00’ €KTaMu, OTJISIT MypalliB, iH-
(dopmarifini posnoBimi ekckypcoBoxaa. llpum
NpOoBeJIeH] eKCKYPCii 3 IeTaTbHUM MUCTELTBO3-
HAaBYMM aHANI30M TPUBAJICTh MapHIpyTy CTa-
HOBUTHUME 4 TOI.

MapupyT npoxoauTh yepe3 (yHKIiOHa-
JIbHI 30HU MICTa:

a) MICHTPAJIbHY YaCTUHY MicTa (IT0YaTOK Ma-
pIIPYTY), A€ TYPUCTH 3HAHOMIISATHCS 3 HACTIH-
HUMH PO3IHCAMH ICTOPHKO-KYJIBTYPHOI Ta CH-
MBOJIIYHOI TEMaTHUKH, MPUCBIYCHUMH BIIOMHAM
YKPaiHCHKUM JisiuaM KyJIbTYPH Ta JyXOBHOCTI;

0) rpoMajcbKi MPOCTOPH Ta KYyJBTYpHi JIO-
Kalii — AUUISTHKA MapupyTy, 1€ MypalH MO€-
HaHi 3 KyJIbTypHUMH 00’ €KTaMH, OCBITHIMH yC-
TaHOBaMHM Ta IPOMAJCbKUMU Oy IiBISIMHU;

B) XHTJIOBI MiKpOpaOHM MicTa, Ji¢ CTBO-
PEHO HaHOLIBIII 32 MIIOMICIO MypPaJIH.

Legend
— - city limits
» - route directions
- tourist attraction
1 - mural number
- road

1- «'yiynka 3 HOyTOYKOM — MEHYJIE i cydacHey, 2, 3, 5, 8, 13, 15 — Feros/Dilk, 4 — «I'puropiii CkoBopoaa», 6 —
«IBan ®pankoy, 7 — «Kazkosuii momit», 9 — «liti», 10 — «Keitka Llicuk», 11 — «®parmeHTH BizyaabHOT MaHimy-
asuii», 12 — «Tapac Lepuenko 3 NLAW», 14 — «IInypku mt060Bi», 16 — «OciHHii Mypai 3 CHHHYKaMm. |

1 — «Hutsul girl with a laptop — past and present», 2, 3, 5, 8, 13, 15 — Feros/Dilk, 4 — «Hryhorii Skovoroda», 6 —

«Ivan Frankoy, 7 — «Fairy Flight», 9 — «Children», 10 — «Kvitka Cisyk», 11 — «Fragments of Visual Manipulationy,
12 — «Taras Shevchenko with an NLAW», 14 — «Laces of love», 16 — «Autumn mural with tits (birds)».

Puc. 9 — Typuctuunuii mapmpyt «Mypanu I[Ipukapnarrs»
Fig. 9 — Tourist itinerary «Prykarpattia Murals»
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OCHOBHI 3YNMUHKH MapupyTy, KOTPHA
OXOILTIOE 03HaHOMJICHHS 3 TAKMMH apT-300pa-
KEHHSMU:

1. Mypan «'yiynka 3 HOyTOyKOM — MH-
HyJe i cyuacHe» (puc. 10) cTBopeHuit Micie-
BUMH Xynoxkaukamu HOpiem Ta Maproro 11iT-
YyKaMH, BBAXKAE€THCSI OJHUM 3 KpalllUX cepen
BYJINYHOT'O MUCTENTBAa YKpaiHu. [aeero nanoro
Mypaiy € po3BUTOK cydacHux [T-rexHonorii,
IpU [bOMY HE BTpavarOdyy HalllOHAJIbHY KyJlb-
TypY, iCTOpIiIO Ta TpaaAMLii.

2. Mypan «IBan ®@panko» (puc. 11). As-
TOPOM IIBOTO TBOPY € XyJdokHUK Poman bon-
yyk. Ilix 300pa)keHHSIM NMHCHMEHHUKA HaIlU-
caHa ¢pasa «f cun Hapofdy, IO Bropy uue».

Ines uporo mypany — miHeCEHHS MAaTPiOTHY-
HOTO IyXy HAIllOro HAapoAy Ta HaJaHHS Halil B
MaiOyTHE HAIIOI AePIKaBH.

3. Mypan «Tapac llleBuenko 3 NLAW»
(puc. 12) yeproBuii 3pa3oKk MUCTELTBA XYA0XK-
Huka Pomana bonuyka. MemkaHnii micta 3Ha-
IOTH T1e# Mypait sk «l1leBueHKo 3 mKaBeTiHOMY.
Mypaun nianvcaso psakamu 3 moemu «KaBkaszy:
«bopitecs — mobopere, Bam bor momarae!».

4. Mypan Omnera ta IOmnii-Mapii Llpomka
npe3eHTye nBoe mitert (puc. 13). Leit Mmucrerb-
KHI TBIp CIIyTY€ CBOEPITHUM 3aKIMKOM 0 MPO-
BEJICHHS aKTUBHOTO JO3B1JIJIS HA JIOHI IPUPOIH.
Takox BiH 3BepTae yBary Ha CydacHy IIpO-
OJeMy MOJIOZOrO MOKOJIHHS — HaAMipHE Ipo-
BOJIKCHHS 4acy y Pi3HUX raJpKeTax.

Puc. 10 — Mypan

«'ynynka 3 HOyTOY- «IBan ®paHko»,
Kom», Byll. Tponeiiby-  Byx. benbBenepcoka, 19
cHa, 4 Fig. 11 — «Ivan Franko»

Puc. 11 — Mypan

Puc. 12 — Mypan
«Tapac IlleBueHko 3

ByJ. Konosansis, 16

Puc. 13 — Mypan «ditu»,
By JloBxeHka, 11A
Fig. 13 — «Children» mural,
11A, Dovzhenka, Str.

NLAWY,

Fig. 10 — Mural mural, 19, Belvederska, Str. Fig. 12 — Mural
«Hutsulka with a «Taras Shevchenko
laptop», from NLAW»,

4, Trolleybusna, Str. 16, Konovaltsia, Str.

5. Murtui Feros Ta Dilk (Cepriii i Bitamiit
I'pex) cTBOpMIM psin MypaliB, SIKi MPHKpaIla-
10T OyaiBmio KiHoTeatpy «Kocmocy, cTiHK

00’extu. Takox 3a imimiatmBu Mutisa Dilk
CTBOPEHO MpPOeKT «DpaHKIBCHKUH BYIHIHUN
MamoHoK» (puc. 14-19).

JIBOPY MICBKOi JUTSUOl JIiKapHi Ta 1HIII

Puc. 15 — Mypan Puc. 17 — Mypan

Puc. 16 — Mypan
Feros/Dilk, Byxn. JI. I'yzapa Feros/Dilk B nBopi, nepex- Feros/Dilk, Byn. ®panka, 5  Feros/Dilk, xiHoTeaTp

Puc. 14 — Mypan

«Kocmoc»
Fig. 17 — Feros/Dilk
mural, «Cosmos» cinema

pects By JI. T'yzapa ta  Fig. 16 — Feros/Dilk mural,
ByIL. [anmuipkoi 5, Franka, Str.
Fig. 15 — Feros/Dilk mural in
the yard, intersection of L.
Huzar, Str. and Halytska, Str.

(3ynueKa Oins bacriony)
Fig. 14 — Feros/Dilk mural,
L. Huzara Str.

(stop near Bastion)
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Puc. 18 — Mypaun Feros/Dilk Puc. 19 — Mypax Feros/Dilk,
Ha Byl Tuunny, 10 nBopuk JKK Consunnii, Byn. O. JloBxeHka, 27
Fig. 18 — Feros/Dilk mural, Fig. 19 — Feros/Dilk mural,
10, Tychyny, Str. courtyard of the Sonyachny residential complex,

27, O. Dovzhenka, Str.

5. Mutui Oner Llpomko ta 3opsiH Cymn 30kpemMa, Byymil Jlomxkenka, Konosanbirt ta Yo-
crBopwin Mypan «Kaskouit momit» (puc. 20) y PHOBOJIA 1 IPHUJIETJII 10 HUX TEPUTOPIi.
2017 poui. TyT 300paxeHa ManeHbKa TiBUMHKA, 7.Y pamkax npoekty «Bigkputuii Bynuy-
sKa JTiTae B HeOl mopyd 3 mraxamu. Mypai OyB pe- HUH MAaJIFOHOK» JIbBIBCBKMU XynoXHHK Cepriii
AITII30BaHUI 3 METOIO XYI0KHBOTO OCyYaCHEHHS PankeBuu ctBoprB Mypan «DPparMeHTH Bizyab-
Ta BI3yaJIbHOTO TIOKpAIIEHHS MiCHKOTO Cepero- HOi MaHimymsii» (puc. 21). lana po6ora Oyna
BUINA B MEXKaX MiBHIYHO-3aX1/THOI JKUTIIOBOI Yac- CTBOpEHA ITiCIIsl OOTOBOPEHB 3 MICIIEBIMH KHTE-
TUHU MicTa [BaHO-DpaHKIBChK, SKa OXOILTIOE, JISIMU TOJIO JIOITBHOCTI CTBOPEHHS MypaIiB.

Puc. 20 — Mypan «Ka3koBuii mosit, Byt Maszenu, 177 Puc. 21 — Mypan «®PparMeHTH BizyalbHOT MaHIITyJISII D,
Fig. 20 — Mural «Fairy Tale Flight», 177, Mazepy, Str. Byin. Caxapoga, 30A
Fig. 21 — Mural "Fragments of visual manipulation”,
30A, Sakharova, Str.

8. Xynoxnuk i1 ckyasnrop Cepriii 'pu- 11. Mypan «lInypku mo60Bi» (puc. 25),
ropsiH cTBopuB «OCiHHIM Mypall 3 CHHUYKaMI CTBOPEHUI! JIbBIBCHKOIO XyJIOKHUIEIO ONECHOI0
(puc. 22), mo mnepemae 4ynoBy armochepy Cwmaroro. Ha ctini 300paxkeHa pyka Icyca Xpu-
OCEHI — 300pa)keHHs OIaJIoro JIUCTS, 0JyK Ta CTa Ta MIHYPKH, SKi CHMBOJII3YIOTh TO€IHAHHS
OCLINX TTaxiB. 3 borom.

9. Oner 3amopa, Ipuna Kosanescrka Ta Peamnizawis Takux TypiB 3a0e3me4nTh CO-
Biraniii binoycos-Bannsik cranu apropamu My- LiaJbHO-CKOHOMIYHHN €(eKT, 110 MPOSBIISATH-
paiy, npucssiaeHoro Ksitui Llicuk (puc. 23). METbCS Y 3pOCTaHHI JOXOAIB Cy0’€KTiB TypHcC-

10. MypaJ1, npUCBSIYEHUH YKpaiHCBKOMY THUYHOI JIiSUTBHOCTI, 3pOCTaHHI KUIBKOCTI Jiera-
¢inocody, mucemenHuky I'puropiro CkoBo- JBHUX MYpalliB, iHTeHCH]iKalii MOJIOIIKHOTO
pouxi, crBopennit Pomanom bonuykom. 3o6pa- KYJbTYpPHO-ICTOPUYHOTO TYpU3MY.
skeHHs . CkoBOpoay, IKUH CTYIIA€ 1O PO3KpH- TpaauuiiHuMu 1HCTpYMEHTaMU TPOCY-
Till KHU31, CYIPOBOKY€EThCA HamucoMm: «Jlyxo- BaHHS EKCKypCiiHOTO mpoaykry «Mypanmu
BHa 30posi CWJbHIIIA 3a TUIeCHY» (puc. 24). [IpukapnatTTs» 3aJIMIIAETHCS APYKOBAHA peKia-
IIpucesiuenuit et crinonuc 300-piydro 3 AHS MHa MpoAyKiist (OyKiieTH, iaepu TOILO), Mar-
HApOPKEHHS YKpaiHChKOro Qinocoda-much- HITH 13 300pakeHHsAM MypaiB, a Takox 3MI i
MEHHUKA. InTepuer-pecypceu.
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Puc. 22 — «OcinHiit mypai 3
CHHUYKaAMUY,
Bya. IBacroka, 80
Fig. 22 — «Autumn mural with Fig. 23 — Mural ded
titmice», to Kvitka Tsysy
80, Ivasyuka, Str. 23, Mateyki, St

[IpocyBanHs apT-MapmpyTy Ha PHHOK
TYPUCTHYHUX TOCIYT € CKJIaHUM IPOLIECOM,
OCKIUJIBKU CIOCTEPIraeTbesl BiACYTHICTh (axiB-
LiB-€KCKYPCOBO/IB, CIIELaTi30BaHUX Yy Mypai-
3Mmi. Ile € OJJHUM 3 HEeraTWBHHX YMHHHKIB, IO
BIUTMBAE HA SIKICTh MPOIIOHOBAHOTO TYPHUCTHUY-
Horo npoaykrty. HeBinnosiguicts ¢axooi mia-
TOTOBKH CHEIialiCTiB TYPUCTHYHOTO OOCITyTO-
BYBaHHS /0 BUMOT CYy4aCHOTO KOHKYPYHOUOT'O
Ha TYPUCTUYHOMY PUHKY KYJIBTYPHOTO CerMme-
HTY TIOSICHIOETBCS BIJCYTHICTIO aKpeauTariii-
HOI KOMICii 3 KpeaTUBHOI apT-KyJIbTYpH. 3BiJcH
BUIUIMBAE, 110 KaJAPOBO-OpraHi3alliiHUNA aCTIEeKT
TYpUCTUYHOrO 00ciIyroByBaHHs (mpodeciiina
MiJrOTOBKA CIIELIaTiCTIB-MypPaIiCTiB 3 TypHUC-
THYHOTO CYMPOBOY, PO3pOOKa TEXHOIOTTIHOT
KapTH apT-MapupyTy, HOPTQEst eKCKypcoBoa
Ta IHIIOI METOIWYHOI JOKyMEHTauii) y M.
IBaHO-®paHKiBCHK YTPYAHIOE SIKICHY ITPE3eHTa-
IIF0 ByJTUYHOTO MHUCTEIITBA.

CBOEPIHICTh MypaTI-IPOIYKTY UISl €KC-
KypCIHHX TIOCIYT TIOJSITae y iX MOCTIHHOMY
OHOBJICHHI HOBUMHM 00’ €KTaMH, SIKi 4epe3 Moro-
JHI YMOBH Ta iHIII YAHHUKW 30BHILIHBOTO Ce-
peIOBHUINAa MOXKYTh IICYBAaTUCS TA PyHHYBaTHCS.
BpaxoByroun ckJIagHICTh TEXHOJOTIi BiJHOB-
JICHHS JIETAIbHUX MYPaJIiB, i 00'€KTH OTpeOy-
I0Th MOCTIHOTO OHOBJICHHS YM HaBiTh CTBO-
penns 3aHoBo. Lleii nporiec BuMarae ¢iHaHCy-
BaHHS, 10, y MEPEBakHil OUIBIIOCTI, MOKJIa-
JICHO HAa CaMHX MUTIIB. ToMy chOTO/IHI, 30epe-
JKEHHSI MypaJliB Ta 1HIIIOTO TUITY CTIHOIHCY 3a-
JIMIIAETHCS. HEBUPIIICHUM ITUTAHHAM, OCKUIBKH

Puc. 23 — Mypan, npuc-
BsrueHuit Keitii Licuk,
ByJa. Marteiiku, 23

icated
k!
r.
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«I'puropiit CkoBopona»,

Puc. 25 — Mypan
«I1Irypku m000BI»,
ByIL B. Jlenkoro, 6a

Fig. 25 — «Lace of Love»
mural,
6a. B. Lepkogo, Str

Puc. 24 — Mypan

By JI. I'y3apa, 9
Fig. 24 — «Gryhoriy
Skovoroda» mural,

9, L. Huzara, Str.

JesiKi 3 HAX BXKE 3HUILEHO Y Pe3yJIbTaTi yTem-
JICHHS CTIH JKUTJIOBUX OYJWHKIB Ta ITiJT BILIH-
BOM aTMOC(EPHHUX SIBHIIL.

Pimennsm 3a3HaueHol MpoOieMHu MOXKe
CTaTH BIPOBA/DKCHHS KOMIUIEKCHOTO TaKETy
3aX0/liB, CIIPSIMOBAHUX HA PO3BHUTOK MYpai3My
SIK TYPUCTUYHOTO PECypey Ta iHTerparito Micta
B KOHIIeMIIito cyyacHoro SMART-micra. Jlo Ta-
KHX 3aX0/1iB HaJIe)KATh: 3a0e31eueHHs (piHaHCY-
BaHHsI 3 00Ky cy0’€KTiB TYpUCTHUYHOTO Oi3HECY,
IpaHTOBA MiATPUMKA Ta BUKOPUCTAHHS KOIITIB
MICILIEBOTO OIOJDKETY JUIS BiTHOBJICHHS Ta 30e-
peXEHHS MypaiB; CTBOPEHHS CIellialli3oBa-
HOTO BeO-pecypcy, mo (yHKI[IOHyBaTHUME SK
OHJIaliH-My3ell MypaiiB M. IBaHO-DpaHKIBCHK,
3a0e3neuyroun iH(GOpMaIiiHy JTOCTYIHICTh Ta
M1 ABUILYIOYH IPUBAOIMBICTh TYPUCTHYHHUX Ma-
PLIPYTiB; oprasizarist KypciB npodeciiiHoi mia-
TOTOBKH MYPAJICTIB i3 TYpUCTHYHOTO CYIPO-
BOIY, TOEJHYIOUM MHCTEIBKY Ta CEpBICHY
CKJIaJ0BI.

Y uudposizaiii TypUCTHYHOTO MPOIY-
KTy HPOIOHYETHCSA TaKOXK pPO3pOOKa MOOIIb-
HOT'0 JIONIATKY, SIKHH JI03BOJISIE TYpPUCTaM 3HAXO0-
JIUTH BCl HACTIHHI PO3MMCH MiCTa Ha KapTi Ta
IUTAHYBATH BIACHUN MapIipyT.

BkiroueHHsT Mypay-MapuipyTiB 10 Map-
KOBUX TYypiB HiIBULIMTH TYPUCTHYHY MpPHUBAO-
JIUBICTh MICBKOT TEPHUTOPIi Ta cripusiTume Ghop-
MYBaHHIO HOBOTO KPEaTHBHOTO TYpPHCTHYHOTO
NPOJIYKTY, OPIEHTOBAHOTO Ha 33J0BOJICHHS KY-
JTBTYpHUX TOTpeOd BiaBimyBawiB. [Tomynsipusa-
1Iis Ta MATPUMKA TAaKUX MapLIPYTIiB Cy0’eKTa-
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MU TYPUCTUYHOTO Oi3HECY, OpraHaMu MICIIeBOI
BJIAN Ta aKTUBHOIO TPOMAJCHKICTIO 3abe3re-
4uTh e()eKTHUBHE MPOCYBAHHS HA PUHKY TypHC-
TUYHHX MTOCITYT Ta CTBOPUTH JI0JIATKOBI MOXKJITH-

BOCTI JUIsl 3aly4eHHsI TYpUCTiB. Yci 3a3Ha4yeHi
3aX0/U € CKIaoBUMH po3BUTKY SMART-micTa
Ta THUQpoBI3alii TYypUCTHYHOI 1H(PpACTPYK-
TypH.

Bucnoexu

Mypanu y M. [Bano-®paHKIBChK € BaxK-
JUBUM €JIEMEHTOM MICBKOI'O KYJIbTYPHOTO
nmaHAmadTy Ta MOTEHIIHHAM PECYPCOM I PO-
3BUTKY KYJbTYPHO-III3HABAJILHOTO TYpU3MY.
[xusa mpucyTHICTB y pi3HHMX (yHKIIOHATBHHX
30Hax Micta cnpusie GOpMyBaHHIO JTOKAITBHUX
MUCTEILKUX OCEPE/IKiB Ta ypOaHICTHYHOT i/IeH-
TUYHOCTI. ['eompocTopoBa CTpyKTypa MypaliB
BUCTYIA€ €IEMEHTOM MICBKOTO KYJIBTYpHOTO
MaHAmadTy Ta MEePCIeKTUBHUX 00’ €KTIB TypH-
cTuaHOi mpuBabauBocTi. BoHM WacTo € okpe-
MUMH 00’ €KTaMH KyJIBTYPHOTO iHTEpeCY i CKia-
JOBUMH KOMIUIEKCHUX TYPUCTHYHHX MapILIpy-
TiB. OCOONMBO TEPCHIEKTUBHUM € BHUKOPHC-
TaHHA MypaJliB y MEXKax TEMaTHYHHX MapIIpy-
TiB Cy4aCHOT'O MUCTELTBA, KPEaTUBHUX IIPOCTO-
piB Ta ypOaHICTUYHOI KYJIBTYpH.

CTBOpeHHSI EKCKYPCIfHOTO TIPOIYKTY
«Mypanu IlpukapnarTs» CHOpPUATUME 3ally-
YEHHIO KPEaTHBHOTO MOJIOAOTO TOKOJIHHS B
00JamTyBaHHI MICBKOTO IPOCTOpYy M. IBaHo-
OpaHKiBCHK, MiIBUIIUTh TYPUCTHYHHN IMIiIK
MiCTa Ta KyJIbTypHHH PiBeHb MICIIEBOTO Hace-
neHHs. MapupyT 3a0e3nednTh KOMIUIEKCHE
03HaOMJICHHS 3 YPOaHICTHYHHM MHUCTEITBOM
MicTa Ta ciayryBaTuMe popMyBaHHSIM KpeaTHB-
HOT'O TYPUCTHYHOT'O MPOIYKTY.

Jiis eeKTHBHOTO PO3BUTKY MypallizMmy
SIK TYPUCTHYHOTO Pecypcy HeoOXiHa KOMILIe-
KCHa MIiATpUMKa 3 OOKy MICIIEBOI BIIajIH,
Ccy0’€KTIB TYpUCTUYHOTO Oi3HECY Ta TPOMACh-
KOCTI, [0 BKJIFOYa€ (piHAaHCYBaHHS, TOIYJIAPH-
3allil0 MapIpyTiB, MPOoQeciiHy MiArOTOBKY MY-
paNicTiB 1 3aMy4YeHHS IHHOBAIIHUX TU(POBUX
TexHonorii. Takuit miaxin 3adesnedye hopmy-
BaHHS CTaJIOT0 Ta KOHKYPEHTOCIPOMOXKHOTO
KYJIETYPHOTO IPOAYKTY JUIS MiCbKOTO TYpU3MY.

BaxnuBUM € TakoX BUAUICHHS IS My-
PAJIICTIB JIOKAIIiii 3 ypaXyBaHHSIM I'€OIpOCTOPO-
BOTO PO3MIILIEHHS Ta TEMATHKH, IO CIIPUSTHME
ONTHMI3alii MPOTO3ULif HA PUHKY TYPHCTHY-
HUX TOCITYT, MOJIIIIATH CTaH KOH IOHKTYPH TY-
PUCTUYHOTO apT-KyJIbTYPHOT'O IPOIYKTY Ta 3a-
0e3MeunTh pallioHaJbHE BUKOPHCTAHHS MiCh-
KOT'0 TIPOCTOPY Y TYPUCTHYHOMY Oi3HECI.

Hudporizamiss MypaliB BUCTyHaTUME
e()eKTUBHUM IHCTPYMEHTOM IIiIBUIIIEHHS J1OC-
TYIHOCTI TYPUCTUYHUX 00’ €KTIB Ta iHTerparii
ix y xoHremnmito cydacHoro SMART-Micra. Lle
CTIpUSiE CTBOPCHHIO HOBUX MOMIIUBOCTEH IS
3aJy4eHHS TYPUCTIB Ta PO3BUTKY KYJIbTYPHOT'O
TYypHU3MY Ha JIOKQILHOMY PiBHI.

Kondghnixm inmepecie
ABTOpY 3asBISAIOTH, MO KOHQIIKTY iHTEpPECiB 1100 MyOIiKamii mboro pykonucy Hemae. Kpim
TOTO, aBTOPH MOBHICTIO JIOTPUMYBAIUCh ETUYHUX HOPM, BKJIIFOYAIOUH ITIariaT, Gpanbcuikaimiro JaHuX

Ta MO/IBIHY MyOIIiKaIIito.

Bnecox asmopis: Bci aBTOpH 3p0OUIHN PIBHUI BHECOK Y ITF0 POOOTY.

Hexnapauia npo euxopucmanns LT

VY nociipKeHHI He BAKOPUCTOBYBABCS T€HEPATUBHUN IITYYHUHN 1HTEJIEKT.

Cnucok euxopucmanoi 1imepamypu

1. Schacter R. The World Atlas of Street Art and Graffiti. Aurum Press Ltd. 2023. P. 400. ISBN-13:

9780711283442

2. 3onotapuyk H., ®enenens T. Mypanu B cydacHoMy ykpaiHcbkoMy mucTeuTi. Tpaauiii Ta iHHOBaIl y cy4dac-
HOMY Ju3aifHi: MaTepianu BeeykpaiHChKOI HAyKOBO-TIPaKTUYHOT KOH(pepeHil (M. IBano-PpaHKiBCEK, 25 KBi-
THA 2023 poky). IBano-@pankiBcsk. Pemaxmiiino-sunasanynii Bigain 3BO «Vuisepcurer Kopoins [Jannmay.
2023 C. 36-41. URL: http://repository.ukd.edu.ua/handle/123456789/1016 (nata 3BepHenns 25.02.2026)

3. Different types of murals. URL: https://www.designingbuildings.co.uk/wiki/Different_types of murals. (gara

3BepHeHHs 15.02.2026)

4. T"aBpuam I. Mypanu ta rpadiri B cy4acHii YkpaiHi: oco6muBocTi Ta BixtMiHHOCTI. Kyiemypa Ykpainu. Xapkis:
XJAK, 2018. T. 62. C 34-54. https://doi.org/10.31516/2410-5325.062.23



http://repository.ukd.edu.ua/handle/123456789/1016
https://www.designingbuildings.co.uk/wiki/Different_types_of_murals
https://doi.org/10.31516/2410-5325.062.23

ISSN 1992-4224 JTronuna Ta noBkiuis. [Ipobnemu Heoekomnorii. 2026. Bumyck 45

5. Joy of  six: the buildings  transformed by 3D hexagon murals. URL.:
https://www.theguardian.com/cities/2019/feb/12/joy-of-six-the-buildings-transformed-by-3d-hexagon-murals
(mara 3BepHenHs 20.01.2026)

6. Slke mnpusnauenus wmypany? URL: https://www.edenart.com/news/what-is-a-mural (mata 3BepHEHHS
20.02.2026)

7. Jazdzewska 1. Murals as a tourist attraction in a post-industrial city — a case study of LodZz (Poland).
Turyzm/Tourism. 2017. V. 27. Ne2. Pp. 45-56. https://doi.org/10.1515/tour-2017-0012

8. Skinner J., Jolliffe L. Murals and Tourism. Heritage, Politics and Identity. UK, Bristol: View Publications.
2019. 320 P. ISBN 9780367218942

9. Yiwei R., Hasna M. F. Murals as catalysts for tourism growth in Muar Town: public perceptions and future
potential. International Journal of Art & Design (IJAD). 2025. Vol. 9(2) SI-2. P. 81-93.
https://doi.org/10.24191/ijad.v9i2/S1-2.7092

10. [Iposotap H., Onimescrka FO., Mesennes K., Kpapuenko K. Bymmdnae MuCcTEITBO y MiCEKOMY IIPOCTOpIi: po-
3MIIIEHHS Ta COPURHATTA Y MicTax YKpainu. Bichuk Xapkiecbkozo HayioHanbHo2o yHisepcumemy imeni B. H.
Kapasina, cepis  «leonocis.  T'eoepaghisn.  Exonoeisy, 2021, Bum. 55. C. 216-231.
https://doi.org/10.26565/2410-7360-2021-55-16

11. PomasniB O., Pubadok O., Casenbesa J[. CTpiT-apT B TypucTUuHOMY mpocTopi XKutomupa. I eoepaghiss ma my-
DU3M. Kuis, 2023 C. 41-49. URL:
http://www.geolgt.com.ua/index.php?option=com_content&view=article&id=289&Itemid=221&lang=uk
(mata 3BepHenns 20.03.2026)

12. bitaeBa I'. MucteurBo Mypaiy SK JHHaMIYHE XYIO0KHE SBHUIIE CYYacHOTO YKPalHCHKOTO comiymy. Haykosuii
acypuan  Xyoooicna — kyaemypa.  Axmyanvui  npobnemu. 2022. Bwm.18. Ne 1. C. 79-86.
https://doi.org/10.31500/1992-5514.18(1).2022.260428

13. barenko A. Mypan-apT K CKIajoBa KyJIbTYPHOTO MPOCTOPY MicTa. Vxpainceki Kyaemyponoziuni cmyoii.
2020. Bum. 2. Ne 7. C. 65-68. https://doi.org/10.17721/UCS.2020.2(7).11

14.TaBpwtok b. YkpalHChKuil Mypai-apT y KOHTEKCTi CBITOBOTO MHCTeUTBa. Bichux JIb6iecbKkoi HayionanbHoi

akaodemii Mmucmeyms, 2018. Bun. 37. C. 241-254. URL:
https://visnyk.Inam.edu.ua/visnyk/2018/37/82aa4b0af34c2313a562076992e50aa3 (marta 3BEpHEHHS
05.03.2026)

15. TaBpuutam 1. Mypan-apt y konTekcTi MacoBoi KynbTypu X XI cronitrs. [Tumanns kynemyponoeii. 2018. Bum.
34. C. 133-142. https://doi.org/10.31866/2410-1311.34.2018.154059

16. XynsxoBa A. AHTHBOEHHI Mypasid B YKpaiHi Ta CBITI miJ 9ac pociiicbko-ykpaiHcekoi BiiHH. HUDPROM:
JKypnan  ykpaincekoco  mucmeymea ma ouzauwy. 2023, Bwm. 25. Ne 1. C. 193-205.
https://doi.org/10.33625/hudprom2023.01.193

Otpumano: 25.03.2026 / IMepernstayto: 27.04.2026 / Mpwuiiasito: 04.05.2026 / Ony6ikoBano: 30.05.2026

~ 160 ~


https://www.theguardian.com/cities/2019/feb/12/joy-of-six-the-buildings-transformed-by-3d-hexagon-murals
https://www.edenart.com/news/what-is-a-mural
https://doi.org/10.1515/tour-2017-0012
https://doi.org/10.24191/ijad.v9i2/SI-2.7092
https://doi.org/10.26565/2410-7360-2021-55-16
http://www.geolgt.com.ua/index.php?option=com_content&view=article&id=289&Itemid=221&lang=uk
https://doi.org/10.31500/1992-5514.18(1).2022.260428
https://doi.org/10.17721/UCS.2020.2(7).11
https://visnyk.lnam.edu.ua/visnyk/2018/37/82aa4b0af34c2313a562076992e50aa3
https://doi.org/10.31866/2410-1311.34.2018.154059
https://doi.org/10.33625/hudprom2023.01.193

ISSN 1992-4224 JTronuna Ta noBkiuis. [Ipobnemu Heoekomnorii. 2026. Bumyck 45

L.V. KOVALSKA, PhD (Geography),
Associate Professor of the Department of Tourism Studies and Local History
e-mail: lesia.kovalska@cnu.edu.ua ORCID ID: https://orcid.org/0000-0001-7582-8249
Vasyl Stefanyk Precarpathian National University,
201B Halytska Str., Faculty of Tourism, Ivano-Frankivsk, 76000, Ukraine

O. H. PARKHOMENKUO, PhD (Geography),

Associate Professor of the Department of Ecology, Geography and Nature Management;
e-mail: sasho1979turizm@ukr.net ORCID ID: https://orcid.org/0000-0001-7939-9576
T.H. Shevchenko National University “Chernihiv Colehium”,

53 Hetmana Polubotka Str., Chernihiv, 14013, Ukraine

M. M. LUTSIV,
Master’s Degree Holder
e-mail: mariia.lutsiv.21@pnu.edu.ua ORCID ID: https://orcid.org/0009-0007-3802-6352
Vasyl Stefanyk Precarpathian National University,
201B Halytska Str., Faculty of Tourism, Ivano-Frankivsk, 76000, Ukraine

MURALS AS AN ELEMENT OF URBAN ART AND A FACTOR IN THE DEVELOPMENT
OF URBAN TOURISM (A CASE STUDY OF THE CITY OF IVANO-FRANKIVSK)

Purpose. To provide a comprehensive analysis of murals in the city of lvano-Frankivsk as components of
the urban cultural space and objects of tourist attractiveness.

Methods. Analysis and synthesis, systematization and classification, cartographic analysis, descriptive
method.

Results. The conclusions highlight that murals in Ivano-Frankivsk constitute a significant element of the
urban cultural landscape and a promising resource for the development of cultural and educational tourism. The
study include an analysis of the geospatial distribution and thematic content of murals in lvano-Frankivsk, as well
as the development of an urban art tourist route. It has been established that a distinctive feature of murals as a
tourism product is their dynamic nature, characterized by continuous renewal through the emergence of new
artworks. The study emphasizes that an important aspect of promoting the tourism product ‘“Murals of
Prykarpattia” is raising awareness among local residents about this art form and its culture, alongside the
dissemination of an ethical code among amateur artists (muralists). A key constraint identified in the promotion
of this art-cultural product within the tourism market is the lack of professionally trained guides specializing in
muralism.

Conclusions. Their geospatial configuration creates favorable conditions for their integration into the city’s
tourism infrastructure as attractive cultural sites. The combination of murals with other cultural and historical
locations enables the creation of innovative tour programs, contributing to the diversification of the tourism
product.

KEYWORDS: mural, tourist route, lvano-Frankivsk, art-cultural product, muralism tour guide
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ASSESSMENT OF MILITARY IMPACTS ON PROTECTED AREAS OF UKRAINE
USING SENTINEL-1 AND MACHINE LEARNING

Purpose. To assess military impacts on protected areas of Ukraine using Sentinel-1 Radar Vegetation Index
(RVI) data and machine learning methods in order to identify spatial and temporal patterns of vegetation disturb-
ance and ecosystem transformation under wartime conditions

Methods. Spatial and temporal changes are analyzed using remote sensing techniques combined with ma-
chine learning methods, including unsupervised classification algorithms to detect patterns of vegetation disturb-
ance and ecosystem transformation. Additionally, comparative analysis and time-series analysis are applied to
assess the impact of military activities on forest ecosystems under wartime conditions.

Results. This study assesses the impact of military activity on forest ecosystems in eastern Ukraine using
Sentinel-1 SAR data, the Radar Vegetation Index (RVI), baseline-relative change analysis, and unsupervised ma-
chine learning. The primary objective was to detect, quantify, and characterize war-related forest disturbance in
the Serebrianskyi Botanical Reserve which is directly exposed to active military operations and to understand the
extent, severity, and temporal dynamics of that damage relative to a pre-conflict baseline. A conflict-free control
site, Homilsha Forests National Nature Park, was used to distinguish military-driven change from background
ecological variability. The study addresses whether Sentinel-1 RVI, VV, and VH backscatter can capture the spa-
tial patterns and progressive development of military-induced forest disturbance over the period 2020-2025. Sen-
tinel-1 data were processed in Google Earth Engine and restricted to forest pixels using a land-cover mask. Annual
summer composites were generated for each year, and a pre-conflict baseline (2020-2021) was used to quantify
post-disturbance change. The analysis encompassed annual RVI trend assessment, rule-based damage classifica-
tion, K-means clustering, and detection of isolated forest anomalies. After 2022, Serebrianskyi ROl showed a
marked RVI decline from stable values in 2020-2022, with changed forest pixels in 2025, including severely
disturbed pixels increasing. Homilsha ROI remained stable, and no deterioration trend. Machine-learning results
were consistent.

Conclusions. SAR methods have proven to be effective for remote monitoring with limited field access,
although derived categories of damage should be interpreted as remote sensing indicators and not as field validated
categories of damage.

KEYWORDS: Sentinel-1, SAR, Radar Vegetation Index, Forest disturbance, affected forests, Remote
sensing, Machine learning
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Introduction

The full-scale military aggression against
Ukraine has caused unprecedented environmen-
tal damage, particularly within protected natural
areas that play a crucial role in preserving bio-
diversity, maintaining ecosystem stability, and
supporting ecological secu-rity. Military opera-
tions, including shelling, explosions, fires, for-
tification construction, and the movement of
heavy military equipment, have significantly
transformed natural landscapes and accelerated
ecosystem degradation. Forest ecosystems lo-
cated within protected areas are especially vul-
nerable to such disturbances due to their sensi-
tivity to physical destruction, pyrogenic im-
pacts, and long-term changes in vegetation
structure [1, 2].

Armed conflict is increasingly recognized
as a major cause of environmental degradation,
forest degradation, biodiversity loss and land
cover change. The environmental impacts of war
are both direct and indirect. Direct impacts in-
clude shelling, explosions, fire, bombing, move-
ment of military vehicles, trench construction,
fortification construction and deliberate destruc-
tion of vegetation. Indirect impacts include ille-
gal logging, resource extraction driven by dis-
placement, reduced forest management, weak-
ened conservation enforcement, limited access to
monitoring and loss of forest management capac-
ity [3-5] defines the field as the ecology of war,
and stresses that war should be understood not
only as a political or humanitarian crisis, but also
as a process of environmental degradation. This
aspect is particularly important in forested con-
flict zones where repeated disturbance can
change the structure of vegetation, soil character-
istics, etc.

Military activity may affect forest ecosys-
tems through a number of interacting pathways.
Explosions and artillery fire can break the stems,
damage the crowns, create craters, ignite the
fires, and expose the bare ground. Heavy military
vehicles can compact the soil, disturb the roots,
damage the undergrowth and create trails that
fragment the forest habitat. Trenching, building
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of roads and fortification may further alter the
microtopography, drainage and continuity of for-
ests. In addition, limited access during conflict
can hinder firefighting, pest control, sanitary log-
ging, biodiversity monitoring and restoration ac-
tivities [4, 6]. These processes can result in can-
opy degradation, biomass loss, fire scars, soil dis-
turbance, fragmentation, pollution and long-term
loss of environmental resilience.

The link between armed conflict and for-
ests is complex, as war can have a wide range of
environmental impacts depending on the inten-
sity of the conflict, governance conditions, dis-
placement of populations and the demand for re-
sources. McNeely (2003) describes how forest
biodiversity is directly affected by the destruc-
tion of habitats and indirectly by institutional col-
lapse or increased exploitation. Gaynor, et al. [7]
goes on to explain that armed conflict can have
multiple impacts on conservation, such as mor-
tality of wildlife, loss of habitats, displacement
and changes in human pressure. Armed conflicts
may lead to rapid forest loss through logging,
mining, fires and military damage, or they may
restrict certain uses by trade or access restrictions
[8]. Conflict-related changes in forests should
therefore be assessed with regard to local ecolog-
ical conditions, the basic vegetation structure, the
exposure to conflict and the comparison areas.

Comparative evidence from other con-
flicts shows different environmental damage
caused by war. During the Vietnam War, forests
were severely damaged by chemical pollution,
bombing, fire, and long-term contamination,
making Vietnam one of the most notorious ex-
amples of environmental degradation caused by
military action [3, 6]. In Syria, war-related defor-
estation is associated with fuel wood extraction,
displacement, administrative collapse and dis-
placement through direct famines, Daiyoub et al.
[9] using remote sensing and machine learning to
detect conflict forest extinctions from 2010 to
2019. n the Democratic Republic of Congo,
Butsic et al. [10] found that warfare, mining, and
protected areas interacted to shape deforestation
patterns. In Rwanda, Ordway [8] has shown that
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post-conflict forest outcomes can be politically
and institutionally complex, with changes in for-
ests shaped by both conflict-induced destruction
and post-conflict conservation policies. These
examples show that the environmental damage
caused by conflict may include canopy loss, de-
forestation, loss of biodiversity, soil degradation,
pollution, altered fire regimes, fragmentation of
habitats and weakened environmental govern-
ance. Remote sensing has become a central tool
for assessing environmental damage in war-af-
fected regions because field surveys are often un-
safe, delayed, or impossible. Kaplan et al. [11]
reviewed the usage of remote sensing for envi-
ronmental protection in war situations and
demonstrated that satellite data can be used to
support the assessment of forest loss, fire, soil
degradation, oil pollution, damage to infrastruc-
ture and damage to agriculture. Shevchuk et al.
[12] used remote sensing data to investigate en-
vironmental consequences of the Russia—
Ukraine war and emphasized the importance of
satellite monitoring where field access is limited.
More generally, remote conflict monitoring is
becoming more widespread as high-resolution
satellite imagery, dense time series data and ma-
chine learning technologies become more avail-
able [13]. Remote sensing is therefore valuable
not only for detecting physical damage, but also
for producing replicable evidence that can be
compared with comparable evidence from other
times and other places.

Optical sensors such as Landsat and Sen-
tinel-2 are widely used to monitor vegetation
loss, burn scars, changes in soil cover and the de-
cline of forests. However, optical images are lim-
ited by cloud cover, smoke, seasonal lighting and
atmospheric conditions. Synthetic aperture radar
(SAR), in particular Sentinel-1, is an important
addition as it can receive data without interfer-
ence from daylight and is less affected by cloud
cover. The SAR backscatter is sensitive to the
structure of vegetation, humidity, surface rough-
ness and geometry of the canopy, which makes it
suitable for monitoring forests under challenging
observation conditions [14-17]. This makes Sen-
tinel-1 particularly useful in conflict-affected ar-
eas where it is necessary to monitor continuously
and where optical images may be incomplete.

The vegetation index of the radar scan is
commonly used to summarize the vegetation
scatter. In the Sentinel-1 dual-polarization data,
VH backscattering is generally related to volume
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scattering from vegetation canopy, whereas VV
backscattering is more affected by surface scat-
tering and double-spreading effects. The RVI
combines these signals to represent the density of
vegetation, the structure of the canopy and the
characteristics related to biomass. Mandal et al.
[14] demonstrated the value of the dual polari-
metric RVI for vegetation monitoring by using
Sentinel-1 SAR data. Vreugdenhil et al. [16] ex-
plored the relationship between the Sentinel-1 ra-
tio metrics and optical depth of vegetation in Eu-
rope. These studies support the use of vegetation
indices derived from the SAR for the detection of
changes in vegetation structure where optical
data alone may not be sufficient.

In forest ecosystems, SAR-based monitor-
ing is particularly useful because structural dis-
turbance may occur before complete land-cover
conversion. Forest degradation may involve par-
tial canopy loss, branch breakage, reduced un-
derstory complexity, soil exposure, or burn ef-
fects without immediate conversion to non-forest
land cover. Optical vegetation indices can detect
greenness and photosynthetic activity, but SAR
can add information on canopy structure, mois-
ture, and surface conditions. Studies combining
SAR and optical time series have shown that
multi-source approaches improve disturbance
mapping and forest monitoring, particularly in
heterogeneous landscapes [18-20]. For conflict-
affected forests, this is important because war-re-
lated disturbance may be spatially irregular, tem-
porally abrupt, and structurally complex.

Machine learning has also become in-
creasingly important in forest monitoring and
conflict-related environmental assessment. In
many conflict zones, field reference data are lim-
ited or unavailable, making unsupervised,
weakly supervised, or semi-supervised ap-
proaches useful. Clustering methods can iden-
tify groups of pixels with similar temporal or
structural characteristics, while anomaly detec-
tion can highlight observations that depart from
expected behavior. Daiyoub et al. [9] used re-
mote sensing and machine learning to assess
war-induced deforestation in Syria, and Gatti et
al. [21] applied machine learning to detect for-
est loss in Ukraine during the war. More gener-
ally, machine-learning approaches have been
widely used with Sentinel-1 and Sentinel-2 data
for land-cover mapping, biomass estimation,
disturbance detection, and forest monitoring
[18, 22, 23].
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For conflict-affected forests, an integrated
approach combining SAR indices, temporal base-
lines, control areas, and machine-learning classifi-
cation is methodologically valuable. Baseline
comparison helps distinguish disturbance from
normal seasonal variability, while control areas
provide a reference for regional environmental
variation. Machine learning can support classifi-
cation of forest condition where field labels are
limited. However, remote-sensing-derived dam-
age classes should be interpreted as indicators of
structural disturbance rather than direct field-con-
firmed damage categories. SAR signals can be in-
fluenced by canopy structure, moisture, surface
roughness, burn effects, and acquisition geometry.
Therefore, the strongest interpretation comes from
convergence among multiple indicators, such as
temporal change, spatial pattern, SAR backscat-
ter, vegetation indices, and contextual evidence of
conflict exposure.

In the context of conflict-related ecologi-
cal assessment, the major expected damage types

from military activity include canopy degrada-
tion, tree mortality, burned vegetation, fragmen-
tation, soil compaction, crater formation, trench
disturbance, altered hydrology, contamination,
and restricted forest recovery.

Compared with cases such as Vietnam,
Syria, the Democratic Republic of Congo, and
Rwanda, forest disturbance in Ukraine should be
understood within a combined framework of di-
rect military pressure, protected-area vulnerabil-
ity, remote-sensing detectability, and limited
field access.

The use of Sentinel-1 RVI and machine-
learning methods therefore contributes to a
growing body of research that uses Earth obser-
vation to assess ecological damage in conflict-af-
fected regions. In relation to the present article,
this literature supports the methodological use of
Sentinel-1 SAR, RVI, baseline-relative change
analysis, and unsupervised machine learning for
forest disturbance assessment in areas where mil-
itary activity limits direct ecological fieldwork.

Objects and Research Methods

Study Area. This study focuses on two
forest regions defined as areas of interest
(AOIs) in eastern Ukraine (fig. 1) representing
different levels of exposure to disturbance asso-
ciated with military activity. The first AOI cor-
responds to the Serebrianskyi Botanical Re-
serve, located within the Kreminna forest mas-
sif in Luhansk region. The reserve is situated
approximately 8 km southwest of the city of
Kreminna, within the Kreminna district, and en-
compasses forest compartments 110-113 and
131 of the Serebrianka forestry of the State En-
terprise “Kreminna Forestry and Hunting
Range”. This AOI is located in close proximity
to the active frontline and has been directly af-
fected by warfare, military operations, and as-
sociated disturbances since 2022. The second
AOI is located within Homilsha Forests Na-
tional Nature Park in Kharkiv region and lies at
a greater distance from the frontline, with com-
paratively lower exposure to direct military ac-
tivity during the same period. The spatial con-
figuration of both AOIs and their relative posi-
tion with respect to the frontline are illustrated
in Figure 1, where the Serebrianskyi AOI (Ser-
ebrianka forest area) is highlighted in red and
the Homilsha AOI is shown in blue.

The Serebrianskyi AOI was defined as a
rectangular  polygon (38.1125-38.2375°E,
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48.96-49.02°N), representing a forested area
adjacent to zones of active hostilities. The Hom-
ilsha AOI was delineated as a polygon derived
from a 2.5 km buffer around a central coordi-
nate (36.2796°E, 49.5939°N), capturing a forest
area spatially separated from the main conflict
zone. To ensure consistency in land cover con-
ditions for remote sensing analysis, both AOIs
were restricted to forested pixels using the ESA
WorldCover 2020 dataset (forest class = 10). A
spatial connectivity filter (minimum of 8 con-
nected pixels) was further applied to exclude
isolated or potentially misclassified pixels,
thereby retaining only contiguous forest patches
suitable for analysis. These preprocessing steps
ensure that subsequent analysis is limited to
structurally consistent forest areas.
Syntaxonomic Composition and
Structural Characteristics of Forest Vegetation
in the Study Areas. The Serebrianskyi Botanical
Reserve (Kreminna forest massif) is character-
ized by forest vegetation belonging mainly to
the classes Vaccinio-Piceetea (pine forests on
sandy substrates) and Quercetea robori-petraeae
(oak-dominated forests), including alliances
such as Dicrano-Pinion sylvestris and Querco
roboris-Pinion sylvestris. The vegetation is
dominated by Pinus sylvestris and Quercus ro-
bur, with admixture of Betula pendula, Populus
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Fig. 1 — Study areas used in the analysis: (top) Serebrianskyi Botanical Reserve AOI (Serebrianka forest area,

Luhansk region) shown as a red polygon located near the frontline and exposed to active military operations;

(bottom) Homilsha Forests AOI (Kharkiv region) shown as a blue polygon, located farther from the frontline
with lower exposure to direct military activity

tremula, and occasionally Acer platanoides. The
ground layer typically includes Calamagrostis
epigejos, Festuca ovina, Carex ericetorum,
Convallaria majalis, and Polygonatum odora-
tum, along with lichens of the genus Cladonia
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and mosses such as Pleurozium schreberi and Di-
cranum. Structurally, these forests are usually
two-layered, with a pine-dominated canopy on
nutrient-poor sandy soils and a relatively sparse
herbaceous layer composed of xerophilous and
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forest-steppe species. Lichen and moss cover can
be well developed in more open stands, reflect-
ing dry edaphic conditions typical of river terrace
ecosystems in the Siverskyi Donets basin.

The Homilsha Forests National Nature
Park (Kharkiv region) represents mesophytic
broadleaved and mixed forests of the forest-
steppe zone, primarily associated with the class
Quercetea robori-petraeae and, locally, Vac-
cinio-Piceetea in pine-dominated areas. The
dominant tree species are Quercus robur and Pi-
nus sylvestris, accompanied by Acer plat-
anoides, Tilia cordata, Fraxinus excelsior, and
Betula pendula. The herbaceous layer is com-
paratively species-rich, including Aegopodium
podagraria, Stellaria holostea, Carex pilosa, As-
arum europaeum, and Convallaria majalis,
while the moss layer is less pronounced and
composed mainly of mesophytic forest species
such as Brachythecium. These forests exhibit a
well-developed multi-layered structure with a
dense canopy, distinct shrub layer, and diverse
understory, reflecting more favorable moisture
conditions and higher ecological stability com-
pared to the Serebrianskyi AOI.

Satellite Data, Preprocessing, and Radar
Vegetation Index. Vegetation monitoring is com-
monly performed using optical remote sensing
data; however, optical observations are limited
by cloud cover and illumination conditions.
These limitations reduce data availability, espe-
cially in regions affected by warfare and military

activity, where continuous monitoring is re-
quired. To address this, this study uses Synthetic
Aperture Radar (SAR) data from the Copernicus
Sentinel-1 mission, which provides observations
independent of atmospheric conditions and solar
illumination.

Sentinel-1 Ground Range Detected
(GRD) products were processed in Google Earth
Engine (GEE). Data selection was limited to the
Interferometric Wide (IW) acquisition mode
with dual polarization (VV and VH), covering
the period from January 2020 to December 2025.
Both ascending and descending orbit passes were
included to increase temporal coverage and re-
duce acquisition bias.

The two polarizations provide different in-
formation about surface and vegetation structure.
VV polarization is mainly sensitive to surface
scattering and double-bounce effects, while VH
polarization is more sensitive to volume scatter-
ing within vegetation canopies.

Preprocessing was applied to ensure con-
sistency of the SAR data. Standard Sentinel-1
processing includes orbit file application, ther-
mal noise removal, radiometric calibration, and
terrain correction (fig. 2).

After preprocessing, the data were pre-
pared for analysis. The processed images were
spatially subset to the defined AOIs. The VV and
VH polarization bands were then separated and
transformed between linear and decibel represen-
tations as required for further processing (fig. 3).

Reag > Apply Orbit Fle

Thermal Nose
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Catbration Torrain Comoction
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Fig. 2 — Sentinel-1 preprocessing workflow including orbit file application, thermal noise removal,
radiometric calibration, and terrain correction
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Fig. 3 — Post-processing workflow including spatial subsetting to AOIs, separation of VV and VVH bands,
and conversion between linear and decibel backscatter values
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Vegetation dynamics were quantified us-
ing the Radar Vegetation Index (RVI). The
RV was calculated for each Sentinel-1 acquisi-
tion as:

where 6°VV and o°VH represent the
backscatter coefficients in the co-polarized
(vertical transmit—vertical receive) and cross-
polarized (vertical transmit—horizontal receive)
channels, respectively. The RVI exploits the
sensitivity of cross-polarized backscatter (VH)
to volume scattering within vegetation cano-
pies, while the co-polarized component (VV) is
more influenced by surface and double-bounce
scattering.

As a result, higher RVI values generally
indicate increased vegetation density, structural
complexity, and biomass, whereas lower values
correspond to sparse vegetation or non-vege-
tated surfaces. The normalization by the sum of
VV and VH reduces the influence of absolute
backscatter intensity and improves comparabil-
ity across different acquisition conditions.

Time-Series Data Processing. To reduce
speckle noise and short-term variability inher-
ent in SAR data, seasonal composites were gen-
erated using median aggregation for the peak
vegetation period (June-August), with addi-
tional emphasis on July—August to enhance in-
terannual contrast. For each year, median com-
posites of VV, VH, the Radar Vegetation Index
(RVI), and the VH/VV ratio were produced af-
ter applying a forest mask to ensure consistency
in land cover. A pre-disturbance baseline was
subsequently defined as the mean of the 2020
2021 seasonal composites, providing a stable
reference against which anomalies and potential
disturbance signals could be evaluated.

A multi-temporal feature stack was con-
structed at the pixel level to capture both struc-
tural properties and temporal dynamics of veg-
etation. This included baseline features (VV,
VH, RVI, and VH/VV ratio), post-disturbance
metrics for 2024-2025 (mean values and differ-
ences relative to baseline such as ARVI, AVV,
and AVH), and temporal statistics for 2022—
2025 (mean, minimum, maximum, standard de-
viation, range, and linear trend of RVI). In ad-
dition, annual RVI values from 2020 to 2025
were retained as a time series, alongside a con-
textual binary indicator distinguishing conflict-
affected and control regions, enabling
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differentiation between disturbance-driven and
natural variability.

To ensure computational efficiency while
maintaining statistical robustness, a stratified
random sampling approach was applied, select-
ing 12,000 pixels per region at a spatial resolu-
tion of 20 m. Sampling was conducted directly
on the feature stack while preserving spatial ge-
ometry, resulting in a combined dataset of ap-
proximately 24,000 forest pixels. Monthly time
series of RVI, VV, VH, and the VH/VV ratio
were then computed for each region and aggre-
gated over the June—August period to assess
seasonal behavior and long-term trends. Annual
summary statistics, including mean, median,
and upper percentiles (75th and 90th), were also
derived, with the optimal reducer selected based
on its ability to maximize contrast between dis-
turbed and control areas while minimizing
noise.

Integrated Remote Sensing and Machine
Learning Pipeline for Forest Disturbance
Detection. A structured methodological frame-
work was implemented to detect and classify
forest disturbances using SAR-derived indica-
tors. The workflow operates at the pixel level
and is based on large-scale sampling of Senti-
nel-1 data within predefined AOIs. For each re-
gion, approximately 12,000 pixels were sam-
pled at 20 m spatial resolution, and a multi-tem-
poral feature dataset was constructed for the pe-
riod 2020-2025. The analysis focuses on sum-
mer months (June-August) to ensure con-
sistency of vegetation conditions and reduce
seasonal variability. A baseline period (2020—
2021) was defined to represent pre-disturbance
conditions, against which subsequent changes
were quantified. The workflow integrates SAR
preprocessing, feature extraction, temporal
analysis, and unsupervised machine learning to
derive spatially explicit indicators of forest con-
dition and disturbance.

The analytical workflow presented in
Figure 4 follows a structured multi-step pipeline
for detecting and classifying forest disturbances
using SAR-derived indicators. The process be-
gins with study area definition, where Areas of
Interest (AOIs) are delineated and constrained
to forest cover. This is followed by data acqui-
sition, where Sentinel-1 SAR imagery (VV and
VH polarization) is collected for the period
2020-2025. In the preprocessing stage, the da-
taset is filtered according to acquisition param-
eters (date, orbit, polarization), and radiometric
and geometric corrections are applied.
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Fig. 4 — SAR-based workflow for forest disturbance detection, including preprocessing, index calculation
(RVI, VHIVV), feature generation, unsupervised analysis (K-Means, Isolation Forest),
and rule-based classification

After preprocessing, SAR-based indices
are computed, including the Radar Vegetation
Index (RVI) and the VH/VV ratio, which cap-
ture vegetation structure and scattering behav-
ior. These indices form the basis for subsequent
temporal analysis. Seasonal compositing is per-
formed to reduce short-term variability and
noise. Summer composites (June—August) are
used to represent peak vegetation conditions,
while inter-annual comparisons focus on con-
sistent seasonal windows. A baseline is then
constructed using pre-disturbance observations
(2020-2021), providing a reference for detect-
ing deviations in subsequent years. Following
baseline definition, a feature stack is generated
by combining multiple indicators, including
baseline statistics, post-2022 deviations (ARVI,
AVV, AVH), temporal trends (e.g., RVI slope),
and variability metrics. These features are used
as input for pixel-level sampling and time-series
extraction, enabling both spatial and temporal
analysis. The pipeline then branches into two
complementary unsupervised approaches. First,
clustering is applied using the K-Means algo-
rithm (clustering module, Scikit-learn) to group
pixels into four categories representing different
forest condition states. Second, anomaly detec-
tion is performed using the Isolation Forest al-
gorithm (ensemble module, Scikit-learn), which
identifies pixels exhibiting unusual temporal
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behavior relative to the overall dataset. The out-
puts of these analyses are integrated into a dam-
age classification stage, where a rule-based sys-
tem assigns each pixel to one of four classes
(destroyed, degraded, stable, improved) based
on deviations from baseline conditions. Finally,
the workflow produces spatial and statistical
outputs, including disturbance maps, annual
summaries, cluster distributions, and time-se-
ries visualizations. The entire pipeline was im-
plemented in Python, using the Google Earth
Engine API for large-scale data processing,
NumPy and Pandas for data handling, Scikit-
learn for machine learning (preprocessing, clus-
tering, anomaly detection), and Matplotlib for
visualization.

Unsupervised Analysis and Rule-Based
Damage Classification. Unsupervised machine
learning was selected due to the absence of reli-
able ground truth data in conflict-affected re-
gions. This approach enables the identification
of intrinsic patterns in the data without prede-
fined labels and is therefore suitable for explor-
atory analysis of disturbance dynamics. Cluster-
ing was performed using the K-Means algo-
rithm (clustering module, Scikit-learn), which
partitions the feature space into a predefined
number of clusters by minimizing within-clus-
ter variance. The number of clusters was set to
four, corresponding to an interpretable gradient
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of forest condition ranging from intact to se-
verely disturbed. Multiple initializations (n =
20) were used to improve solution stability, and
cluster quality was evaluated using the silhou-
ette score. The resulting clusters were inter-
preted semantically based on their statistical
properties, including RVI levels, temporal
trends, and variability. Additional interpretation
was supported by spatial distribution patterns
across AOIs, allowing differentiation between
disturbance-related and background variability.
In parallel, anomaly detection was conducted
using the Isolation Forest algorithm (ensemble
module, Scikit-learn). This method identifies
observations that are easier to isolate in a ran-
dom partitioning process, which correspond to
rare or unusual patterns in the dataset.

The model was configured with 400 trees
and a contamination rate of 12%, producing
both anomaly scores and binary labels. This ap-
proach is particularly effective for detecting lo-
calized or non-systematic disturbances that may

not form distinct clusters. To obtain interpreta-
ble outputs, a rule-based classification frame-
work was applied to translate continuous
change metrics into discrete disturbance clas-
ses. The classification is based on deviations of
annual RVI values from the baseline, normal-
ized by the standard deviation (o) of baseline
variability. Thresholds were defined using a
combination of pixel-level statistics and re-
gional quantile constraints. Specifically, the
standard deviation of baseline RVI was used to
account for natural variability, while a 90th per-
centile floor was applied to avoid unrealistically
low thresholds in stable areas.

Each pixel-year observation was classi-
fied into one of four categories: destroyed
(ARVI < —20), degraded (—20 < ARVI < —o),
stable (JARVI| < o), and improved (ARVI > o).
This formulation ensures that classification re-
flects both the magnitude of change and the in-
herent variability of the system, improving ro-
bustness across heterogeneous conditions.

Results and Discussion

Changes in Sentinel-1 vegetation signal
in the conflict-affected and control forests. As
shown in Figure 5, the Sentinel-1 results revealed
a clear divergence between the conflict-affected
Serebrianskyi Botanical Reserve and the control
site in Homilsha Forests National Nature Park.
During the pre-disturbance period, correspond-
ing to 2020-2022, both regions exhibited rela-
tively stable seasonal behavior, with no pro-
nounced directional change in the mean summer
RVI signal. In Serebrianskyi, RVI values re-
mained high and comparatively consistent dur-
ing this interval, indicating stable canopy-related
scattering conditions. In contrast, the Homilsha
control site showed only minor interannual vari-
ation and no evidence of marked decline.

After 2023, a different pattern became
evident. In the Serebrianskyi site, RVI de-
creased substantially relative to the pre-disturb-
ance baseline, and this decline continued
through 2024-2025. The reduction in RVI was
accompanied by a concurrent decrease in both
VV and VH backscatter, with a more pro-
nounced decline in the cross-polarized VH
component. This pattern is consistent with a re-
duction in volumetric scattering from forest
vegetation and suggests a progressive loss of
canopy structure. In contrast, the Homilsha site
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remained comparatively stable over the same
period, with only limited fluctuations in
backscatter and a slight positive shift in RVI rel-
ative to the baseline. The annual values support-
ing this comparison are summarized in Table 1.

Overall, the contrast between the two
AOIs indicates that the observed decline in the
conflict-affected forest cannot be explained by
regional seasonal variability alone. Because
both sites were analyzed using the same sea-
sonal window and processing workflow, the di-
vergence between the two forests provides di-
rect evidence of disturbance-related structural
change in the Serebrianskyi forest. These results
establish the basis for the subsequent spatial and
machine learning analyses.

Annual change in RVI relative to the pre-
disturbance baseline. The annualized compari-
son relative to the 20202021 baseline provided
a clearer measure of divergence between the
two study areas. As shown in Figure 6, both
AOIs remained close to baseline conditions dur-
ing 2020-2022, indicating that no substantial
departure from the reference period was evident
in the early part of the observation record.

From 2023, the annual pattern differed
between the two study areas. In the Serebri-
anskyi Botanical Reserve, RVI changed from
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Fig. 5 — Changes in Sentinel-1 Radar Vegetation Index (RVI), VV backscatter, and VVH backscatter in the con-
flict-affected Serebrianskyi Botanical Reserve and the control site in Homilsha Forests National Nature Park
during 2020-2025

near-baseline values in 2021-2022 to a negative
deviation of about 8.6% in 2023. This decline
increased to about 26.6% in 2024 and remained
at a similarly low level in 2025, at about 28.7%
below the baseline. The largest year-to-year de-
crease was observed between 2023 and 2024,
when the baseline-relative RVI dropped by
about 18 percentage points. These results indi-
cate that the main shift in the vegetation signal
occurred after 2022 and became substantially
stronger in 2024.

In contrast, the Homilsha control site did
not show a negative trend. After remaining
close to baseline in 2020-2021, it showed a pos-
itive deviation of about 2.7% in 2022, a slightly
lower but still positive value of about 1.8% in
2023, and further increases to about 5.1% in
2024 and 8.5% in 2025. Thus, while the con-
flict-affected forest showed a progressive
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negative shift, the control forest remained stable
and showed a small positive change relative to
the baseline.

The difference between the two AOIs in-
creased strongly after 2022. In 2023, the sepa-
ration between the sites was about 10.4 percent-
age points. This difference increased to about
31.7 percentage points in 2024 and to about 37.2
percentage points in 2025. Therefore, the an-
nual baseline-relative comparison not only con-
firms the difference observed in the seasonal
time series, but also shows that the divergence
between the conflict-affected and control for-
ests became larger through time. Overall, the
Serebrianskyi site showed a sustained decrease
in RVI relative to the pre-disturbance baseline,
whereas the Homilsha site remained stable or
slightly positive during the same period.
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Annual Sentinel-1 summer metrics for the conflict-affected and control forest sites Tebled
during 2020-2025

Region Name Year RVI \AY} VH Ratio
2020 0.93 -10.03 -15.23 0.31

2021 0.94 -9.46 -14.6 0.31

Serebrianskyi Botanical 2022 0.94 -10.07 -15.22 031
Reserve 2023 0.86 -10.14 -15.85 0.28

2024 0.69 -13.45 -20.4 0.21

2025 0.67 -13.83 -20.83 0.2

2020 0.72 -9.5 -16.09 0.22

2021 0.73 -9.59 -16.15 0.22

Homilsha Forests 2022 0.74 -9.28 -15.78 0.23
National Nature Park 2023 0.74 -9.24 -15.8 0.23
2024 0.76 -9.29 -15.67 0.24

2025 0.78 -9.64 -15.79 0.24

Serebrianskyi vs Homilsha forests: annual RVI change relative to pre-war baseline
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Fig. 6 — Annual change in Radar Vegetation Index (RVI) relative to the 2020-2021 baseline in the con-
flict-affected Serebrianskyi Botanical Reserve and the control site in Homilsha Forests National Nature Park
during 2020-2025

Progressive increase in damaged forest
share from 2022 to 2025. The damage classifi-
cation results showed no measurable damage
signal in either study area in 2020-2021. As
shown in Figure 7, the share of changed forest
pixels, defined as the sum of degraded and
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destroyed classes, was 0.0% in both regions in
both years. In 2022, non-zero values appeared
in both sites, with 8.7% changed pixels in the
Serebrianskyi Botanical Reserve and 9.4% in
the Homilsha control site. However, from 2023
the two study areas showed different patterns.
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Fig. 7 — Annual share of changed forest pixels (%) in the conflict-affected Serebrianskyi Botanical Reserve

and the control site in Homilsha Forests National Nature Park during 2020-2025.

In the Serebrianskyi Botanical Reserve,
the share of changed forest increased to 27.9% in
2023, 61.3% in 2024, and 70.1% in 2025. This
corresponds to an increase of 19.2 percentage
points between 2022 and 2023, followed by a
further increase of 33.4 percentage points be-
tween 2023 and 2024. The increase from 2024 to
2025 was smaller, at 8.8 percentage points,
which indicates persistence of a high damage
level after the sharp increase observed in 2024.

A similar pattern was observed for the
strongly damaged class. As shown in Figure 8,
the share of destroyed forest pixels in the Sere-
brianskyi Botanical Reserve was 0.0% in 2020-
2021, increased to 0.4% in 2022 and 4.9% in
2023, and then rose sharply to 35.7% in 2024 and
42.7% in 2025.

The largest increase occurred between
2023 and 2024, when the destroyed share in-
creased by 30.8 percentage points. This indicates
that the rise in total damaged area was associated
not only with moderate degradation, but also with
a strong increase in the most severe damage class.

The class composition shown in Figure 9
further supports this result. In the Serebrianskyi
Botanical Reserve, the stable class decreased
from 91.3% in 2022 to 72.2% in 2023, 38.7% in
2024, and 29.9% in 2025. At the same time, the
destroyed class increased from 0.4% in 2022 to
4.9% in 2023, 35.7% in 2024, and 42.7% in
2025, while the degraded class increased from
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8.3% in 2022 to 23.0% in 2023, 25.6% in 2024,
and 27.4% in 2025. These values show a progres-
sive shift from stable forest conditions to dam-
aged classes, with the largest change occurring
after 2023.

In contrast, the Homilsha control site did
not show the same cumulative increase. The
share of changed forest pixels was 9.4% in 2022,
11.6% in 2023, 8.5% in 2024, and 1.4% in 2025.
The destroyed class remained low throughout the
study period, with values of 0.5%, 0.7%, 0.6%,
and 0.0% in 2022-2025, respectively. In the
same period, stable and improved classes re-
mained dominant in the control site. Overall,
these results show that the decline in the radar
vegetation signal in the conflict-affected forest
corresponded to a strong increase in damaged
forest area, whereas the control site showed only
low-level variation without progressive accumu-
lation of damage.

Spatial progression of disturbance across
years. The spatial maps showed that the disturb-
ance pattern in the conflict-affected forest was
organized in space and changed over time. In
2021, both study areas were assigned almost en-
tirely to the stable/improved class. No degraded
or destroyed zones were identified in either AOI,
and the spatial pattern was uniform in both for-
ests. This pre-disturbance condition is shown in
Figure 10.
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Yearly strongly damaged forest share
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Fig. 8 — Annual share of destroyed forest pixels (%) in the conflict-affected Serebrianskyi Botanical Reserve
and the control site in Homilsha Forests National Nature Park during 2020-2025
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Fig. 9 — Annual distribution of forest damage classes in the conflict-affected Serebrianskyi Botanical Reserve
and the control site in Homilsha Forests National Nature Park during 2020-2025
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Fig. 10 — Spatial distribution of forest disturbance classes in 2021

As shown in Figure 10, both forests re-
mained spatially stable during the baseline pe-
riod. No visible clusters of degraded or destroyed
areas were present. This indicates that the dis-
turbance pattern observed in later years was not
present in the pre-disturbance period.

A different spatial pattern appeared after
2021. In 2022, disturbed areas were present in
both AQIs, but they remained sparse and frag-
mented. In the Serebrianskyi Botanical Re-
serve, 8.7% of sampled forest area was classi-
fied as disturbed, including 8.3% degraded and
0.4% destroyed area. In the Homilsha control
site, the disturbed share was 9.4%, including
8.9% degraded and 0.5% destroyed area. At
this stage, disturbed areas in both sites were
distributed as isolated points or small patches
and did not form broad continuous zones. The
spatial development from 2022 to 2025 is
shown in Figure 11- 12.

In 2023, the spatial pattern in the Serebri-
anskyi Botanical Reserve changed substantially.
The disturbed share increased to 27.9%, includ-
ing 23.0% degraded and 4.9% destroyed area,
while the share assigned to the stable/improved
class decreased to 72.2%. Disturbed areas were
no longer limited to isolated locations and began
to form broader zones, especially in the central
and southern parts of the AOI. In contrast, the
Homilsha site remained dominated by the sta-
ble/improved class, which accounted for 88.4%
of the sampled area. Although 11.6% of the area
was classified as disturbed, these disturbed areas
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remained spatially dispersed and did not form
large connected zones.

In 2024, the spatial expansion of disturb-
ance in the Serebrianskyi Botanical Reserve be-
came much stronger. The disturbed share
reached 61.3%, including 25.6% degraded and
35.7% destroyed area, while the share assigned
to the stable/improved class decreased to 38.7%.
Large connected damaged zones became visible
across a substantial part of the AOI. The spatial
pattern changed from fragmented patches to
broad continuous areas. In the Homilsha control
site, the spatial pattern remained different. The
stable/improved class accounted for 91.5% of the
sampled area, while disturbed classes repre-
sented 8.5%, including 7.9% degraded and 0.6%
destroyed area. These disturbed areas remained
small and scattered In 2025, the spatial disturb-
ance pattern in the Serebrianskyi Botanical Re-
serve intensified further. The disturbed share in-
creased to 70.1%, including 27.4% degraded and
42.7% destroyed area, while the stable/improved
class decreased to 29.9%. The destroyed class
became the dominant disturbed category and oc-
cupied extensive connected zones across much
of the AOI. Compared with 2023 and 2024, the
2025 pattern shows both further expansion and
stronger spatial continuity of severe damage. In
contrast, the Homilsha site remained almost en-
tirely assigned to the stable/improved class. In
2025, 98.6% of the sampled area belonged to this
class, 1.4% was classified as degraded, and no
destroyed area was identified. The few disturbed
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Fig. 11 — Spatial distribution of forest disturbance classes in 2022-2023
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Fig. 12 - Spatial distribution of forest disturbance classes in 2024-2025

areas that remained were isolated and did not in-
dicate broad spatial change.

Overall, the spatial maps show a transi-
tion in the Serebrianskyi Botanical Reserve
from stable conditions in 2021 to sparse frag-
mented disturbance in 2022, broader disturbed
zones in 2023, and extensive connected dam-
aged areas in 2024-2025. The control forest did
not show a comparable pattern and remained
dominated by the stable/improved class throu-
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ghout the study period. This result supports the
interpretation that the disturbance signal in the
conflict-affected forest reflects a real spatial ex-
pansion of forest damage rather than random
variation.

Unsupervised classification reveals a
gradient from intact to severely disturbed forest.
The unsupervised classification separated the
sampled forest pixels into four semantic classes:
stable/intact forest, transitional/mixed forest,
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degraded forest, and severely disturbed forest.
This classification was based on multi-temporal
Sentinel-1 features and allowed the forest con-
dition to be represented as a gradient rather than

as a binary damaged-undamaged pattern. As
shown in Figure 13, the relative proportions of
these classes differed strongly between the two
study areas.

Cluster composition by region
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80 -
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40 4

Share of sampled pixels (%)
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0_

Homilsha Forests National Nature Park

Bl Stable [ Intact forest
Transitional / mixed forest

s Degraded forest

mm Severely disturbed forest

Serebrianskyl Botanical Reserve

The classes include stable/intact forest, transitional/mixed forest, degraded forest, and severely disturbed forest

Fig. 13 — Composition of semantic forest-condition classes derived from K-means clustering
in the Serebrianskyi Botanical Reserve and Homilsha Forests National Nature Park

The control site was dominated by the
stable/intact class, which accounted for 97.7%
of sampled pixels. The remaining classes repre-
sented only a small fraction of the area, includ-
ing 1.9% transitional/mixed forest, 0.3% de-
graded forest, and 0.1% severely disturbed for-
est. In contrast, the Serebrianskyi Botanical Re-
serve showed a substantially different composi-
tion. Only 15.9% of sampled pixels were as-
signed to the stable/intact class, while 9.0% were
classified as transitional/mixed, 31.6% as de-
graded, and 43.5% as severely disturbed. Thus,
degraded and severely disturbed classes together
accounted for 75.1% of the sampled forest in the
conflict-affected site, compared with only 0.4%
in the control site. The spatial distribution of
these classes is shown in Figure 14.

The spatial pattern of the classes was also
strongly different between the two study areas.
In the Serebrianskyi Botanical Reserve,
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degraded and severely disturbed classes occu-
pied large parts of the AOI and formed broad
spatially continuous zones. The stable/intact
class was restricted to a smaller proportion of
the area and was spatially fragmented. The tran-
sitional/mixed class occupied an intermediate
share and was located between the more stable
and more disturbed parts of the AOI. In the
Homilsha control site, the stable/intact class
covered almost the entire sampled area, while
the other classes appeared only as rare and iso-
lated pixels without broad spatial continuity.
These results are consistent with the tem-
poral and damage-class analyses presented in
the previous sections. The conflict-affected for-
est was not only characterized by a larger dam-
aged share, but also by a clear shift of the fea-
ture space toward degraded and severely dis-
turbed conditions. In contrast, the control forest
remained concentrated in the stable/intact class.
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Colors indicate stable/intact forest, transitional/mixed forest, degraded forest, and severely disturbed forest

Fig. 14 — Spatial distribution of semantic forest-condition classes derived from K-means clustering in the Sere-
brianskyi Botanical Reserve and Homilsha Forests National Nature Park

Therefore, the unsupervised classifica-
tion supports the interpretation that the disturb-
ance signal is expressed as a continuous gradi-
ent of forest condition and not only as the pres-
ence or absence of damage. The main result is
that the unsupervised classification clearly dif-
ferentiated the conflict-affected forest from the
control site and identified a strong predomi-
nance of degraded and severely disturbed clas-
ses in the Serebrianskyi Botanical Reserve.

Supporting anomaly detection and
integrated evidence of forest disturbance.
Anomaly detection provided additional support
for the separation between the two study areas.
Isolation Forest identified a substantially larger
anomalous share in the conflict-affected Sere-
brianskyi Botanical Reserve than in the Hom-
ilsha control site. In the combined analysis,

22.8% of sampled pixels in Serebrianskyi were
classified as anomalous, compared with 2.2% in
Homilsha. This result indicates that the radar-
temporal structure of the conflict-affected forest
departed more strongly from the general pattern
of forest condition represented in the full dataset
(Tabl. 2).

This anomaly-based result is consistent
with the main findings of the previous sections.
The temporal analysis showed a progressive de-
cline in RVI and backscatter in the Serebri-
anskyi forest relative to the 2020-2021 base-
line, while the control site remained close to
baseline or slightly positive. The damage clas-
sification showed a strong increase in disturbed
forest area in Serebrianskyi, with the changed
share reaching 70.1% and the destroyed share
42.7% in 2025. The spatial maps showed that

Table 2

Summary of anomaly detection results for the conflict-affected and control forest sites

Homilsha Forests National

Serebrianskyi

Metric Nature Park Botanical Reserve
n_pixels 12003 10934
anomaly_pixels 261 2492
mean_anomaly_score 0.42 0.48
median_anomaly_score 0.42 0.47
anomaly_share 0.02 0.23
run_name combined combined
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this disturbance was not randomly distributed,
but formed broad connected zones that ex-
panded over time. In addition, the unsuper-
vised classification showed that the conflict-
affected AOI was dominated by degraded and
severely disturbed classes, whereas the control
site remained almost entirely within the sta-
ble/intact class.

Taken together, these results show agree-
ment across several analytical levels. The con-
flict-affected forest showed a negative temporal
shift in radar vegetation signal, a progressive in-
crease in damaged area, a spatial expansion of
connected disturbed zones, and a strong concen-
tration of pixels assigned to degraded and se-
verely disturbed classes. The control site did not
show the same pattern. This overall agreement
supports the interpretation that the observed
changes in the Serebrianskyi Botanical Reserve
reflect substantial forest disturbance rather than
background variation.

Conflict-related disturbance signal in the
Serebrianskyi forest. The results indicate that
the forest disturbance signal observed in the
Serebrianskyi Botanical Reserve is closely
aligned with the spatial and temporal context of
military activity in eastern Ukraine. The study
area is located near the active frontline and was
defined as a conflict-affected AOI exposed to
warfare, military operations, and associated dis-
turbances since 2022, while the Homilsha For-
ests National Nature Park was selected as a con-
trol site with lower exposure to direct military
activity. This contrast provides an important in-
terpretive basis for separating disturbance-re-
lated vegetation change from broader regional
or seasonal variability.

The post-2022 decline in Sentinel-1 RVI,
VYV, and especially VH backscatter in the Sere-
brianskyi forest suggests a reduction in forest
structural complexity. During the pre-disturb-
ance period, the Serebrianskyi AOI showed rel-
atively stable radar vegetation conditions, but
after 2023 the RVI signal declined substantially
and continued to decrease through 2024-2025.
This decline was accompanied by reductions in
both VV and VVH backscatter, with a particularly
strong decrease in the cross-polarized VH com-
ponent. Because VVH backscatter is more sensi-
tive to volume scattering within vegetation can-
opies, its decline supports the interpretation that
the observed signal reflects canopy degradation,
loss of woody vegetation structure, or reduced
vertical complexity rather than only short-term
seasonal variation. This pattern is consistent
with the expected effects of war-related
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disturbance on forest ecosystems. Shelling, ex-
plosions, fire events, movement of heavy mili-
tary equipment, trenching, soil disturbance,
fragmentation, and restricted forest manage-
ment access can all contribute to canopy dam-
age, tree mortality, exposure of bare or burned
surfaces, and simplification of forest structure.
Such processes would be expected to reduce
vegetation-related volume scattering and there-
fore lower RVI and VH values. The sharp de-
cline observed after 2022 is therefore not only
temporally consistent with intensified military
pressure, but also physically consistent with the
way SAR signals respond to changes in vegeta-
tion structure. The comparison with the Hom-
ilsha control site strengthens this interpretation.
Both AOIs were processed using the same Sen-
tinel-1 data source, seasonal compositing win-
dow, forest mask, and baseline-relative work-
flow. However, the control forest did not show
a comparable negative trend; instead, it re-
mained stable or slightly positive relative to
the baseline. Therefore, the divergence be-
tween the two forests indicates that the Sere-
brianskyi decline cannot be explained by re-
gional seasonal variability alone. Rather, the
combined decrease in RVI, VV, and VH points
to a disturbance-driven structural change in the
conflict-affected forest.

Conflict-related disturbance signal in the
Serebrianskyi forest.The temporal pattern of
disturbance in the Serebrianskyi Botanical Re-
serve suggests that the detected forest degrada-
tion was not a single short-term anomaly, but a
progressive process that intensified after the be-
ginning of large-scale military activity. During
2020-2021, both study areas remained close to
baseline conditions, and no measurable damage
signal was detected in either AOI. In 2022, dis-
turbed pixels appeared in both regions, but the
pattern was still limited and fragmented. This
early-stage disturbance may reflect the initial
emergence of abnormal vegetation signals, but
it did not yet form a broad spatial pattern.

A clearer divergence became visible
from 2023 onward. In the Serebrianskyi forest,
the RVI deviation from the 2020-2021 baseline
became negative in 2023 and then declined
sharply in 2024-2025. The annual results show
that RVI decreased by about 8.6% in 2023,
26.6% in 2024, and 28.7% in 2025 relative to
the pre-disturbance baseline. The strongest shift
occurred between 2023 and 2024, indicating
that the main structural change in the vegetation
signal developed after the initial phase of dis-
turbance. In contrast, the Homilsha control site
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remained stable or slightly positive during the
same period, which strengthens the interpreta-
tion that the Serebrianskyi trajectory reflects lo-
calized disturbance pressure rather than a shared
regional trend. The damage classification re-
sults confirm this cumulative pattern. In the Ser-
ebrianskyi AOI, the share of changed forest pix-
els increased from 8.7% in 2022 to 27.9% in
2023, then rose sharply to 61.3% in 2024 and
70.1% in 2025. The destroyed class followed an
even stronger trajectory, increasing from only
0.4% in 2022 and 4.9% in 2023 to 35.7% in
2024 and 42.7% in 2025. This indicates that the
disturbance did not only expand spatially, but
also increased in severity. The shift from mostly
stable forest conditions toward degraded and
destroyed classes is consistent with prolonged
and repeated disturbance rather than a tempo-
rary fluctuation in radar response.

The spatial maps further support this in-
terpretation. In 2021, both AOIs were almost
entirely stable or improved, with no visible clus-
ters of degraded or destroyed forest. In 2022,
disturbed pixels appeared as sparse and scat-
tered patches in both sites. By 2023, however,
the Serebrianskyi forest began to show broader
disturbed zones, especially in the central and
southern parts of the AOI. In 2024 and 2025,
these areas expanded into large connected dam-
aged zones, and the destroyed class became spa-
tially dominant across much of the conflict-af-
fected forest. The control site did not show a
comparable spatial transition and remained
dominated by stable or improved pixels
throughout the same period. This temporal and
spatial sequence is consistent with the effects of
prolonged military pressure on forest ecosys-
tems. Repeated shelling, fire events, mechanical
disturbance from military equipment, trench
construction, restricted access for forest man-
agement, and fragmentation of forest stands can
gradually convert initially localized damage
into broader structural degradation. The ob-
served progression from sparse disturbance in
2022, to expanded degraded areas in 2023, and
to extensive connected damaged zones in 2024—
2025 therefore supports the interpretation that
the Serebrianskyi forest experienced cumula-
tive war-related disturbance over time.

Stability and slight improvement of the
Homilsha control forest. The Homilsha Forests
National Nature Park showed a markedly differ-
ent temporal pattern from the conflict-affected
Serebrianskyi forest. While the Serebrianskyi
AOI experienced a sustained post-2022 decline
in RVI and backscatter, the Homilsha control
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site remained comparatively stable throughout
the observation period. Its RVI values did not
show a negative trajectory; instead, they in-
creased slightly from 0.72 in 2020 to 0.78 in
2025. The baseline-relative comparison also
showed a positive deviation in later years,
reaching approximately 5.1% in 2024 and 8.5%
in 2025. This indicates that the control forest did
not undergo the same structural degradation de-
tected in the conflict-affected AOI. The damage
classification results support this interpretation.
In Homilsha, the share of changed forest pixels
remained low and did not accumulate through
time. Although 9.4% of pixels were classified
as changed in 2022 and 11.6% in 2023, this
share declined to 8.5% in 2024 and only 1.4%
in 2025. The destroyed class remained negligi-
ble throughout the post-2022 period, with val-
ues of 0.5% in 2022, 0.7% in 2023, 0.6% in
2024, and 0.0% in 2025. Therefore, the control
site showed only limited background variability
rather than progressive degradation.

The slight positive shift in Homilsha may
reflect several non-exclusive factors. It may be
associated with natural interannual variability in
vegetation condition, favorable moisture or
growing-season conditions, or local ecological
differences between the two forests. Homilsha
is described as a mesophytic broadleaved and
mixed forest system with a well-developed
multi-layered structure, dense canopy, distinct
shrub layer, and more favorable moisture con-
ditions compared with the Serebrianskyi AOI.
These structural and ecological characteristics
may contribute to higher resilience of the radar
vegetation signal and may partly explain why
the site remained stable during the study period.
Another plausible explanation is a temporary
reduction in direct anthropogenic pressure dur-
ing the war period. In protected or less accessi-
ble forest areas, reduced recreation, forestry op-
erations, traffic, or other forms of human activ-
ity may allow vegetation structure to remain sta-
ble or show modest improvement. However,
this interpretation should be treated carefully.
The present analysis does not directly measure
changes in forest management intensity, visitor
pressure, local land use, or microclimatic con-
ditions. Therefore, the observed positive RVI
shift in Homilsha should not be interpreted as
confirmed recovery, but rather as an indication
that the control forest remained structurally sta-
ble or slightly improved according to Sentinel-
1-derived indicators. Overall, the Homilsha site
functions as an important reference for inter-
preting the Serebrianskyi disturbance signal.
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Because both AOIs were analyzed using the
same Sentinel-1 workflow, seasonal window,
forest mask, baseline definition, and classifica-
tion procedure, the absence of progressive degra-
dation in Homilsha strengthens the conclusion
that the strong decline and spatial expansion of
damaged classes in Serebrianskyi were not
caused by general regional variability alone. In-
stead, the contrast between the two sites supports
the interpretation of localized disturbance pres-
sure in the conflict-affected forest.
Methodological value, uncertainty, and
implications for war-affected forest monitoring.
The results show that Sentinel-1 SAR data, com-
bined with baseline-relative change analysis and
unsupervised machine learning, can provide a
practical approach for monitoring forest disturb-
ance in areas where field access is limited by mil-
itary activity. The use of RVI, VV, and VH/VV

indicators made it possible to detect both tem-
poral decline and spatial expansion of damage in
the Serebrianskyi forest, while the control site
helped distinguish localized disturbance from
broader regional variability.

However, the derived classes should be
interpreted as remote-sensing-based indicators
of structural disturbance rather than direct field-
validated damage categories. SAR signals can
be affected by canopy structure, moisture, sur-
face roughness, fire effects, and acquisition
conditions, and the two AOIs differ in vegeta-
tion composition and ecological context. De-
spite these uncertainties, the convergence of
temporal, spatial, and machine learning evi-
dence supports the usefulness of this workflow
for rapid assessment and long-term monitoring
of war-affected forests.

Conclusions

This study assessed forest disturbance in
conflict-affected eastern Ukraine using Sentinel-
1 SAR data, Radar Vegetation Index (RVI),
baseline-relative change analysis, spatial classi-
fication, and unsupervised machine learning.
Two forest areas were compared: the Serebri-
anskyi Botanical Reserve, located near the active
frontline and exposed to military activity, and the
Homilsha Forests National Nature Park, used as
a control site with lower direct conflict exposure.
Sentinel-1 VV and VH backscatter data for
20202025 were processed in Google Earth En-
gine, restricted to forest pixels, aggregated into
summer seasonal composites, and compared
against a 2020-2021 pre-disturbance baseline.

The results showed a clear post-2022 diver-
gence between the two forests. In the Serebri-
anskyi AOI, RVI declined from stable pre-dis-
turbance values of about 0.93-0.94 in 20202022
to 0.86 in 2023, 0.69 in 2024, and 0.67 in 2025.
This decline was accompanied by decreases in
both VV and VH backscatter, with the stronger re-
duction in VH indicating a loss of vegetation vol-
ume scattering and canopy structural complexity.
In contrast, the Homilsha control site remained
stable and showed a slight positive RVI shift, in-
creasing from 0.72 in 2020 to 0.78 in 2025.

Baseline-relative analysis confirmed that
the main disturbance signal in the Serebrianskyi
forest emerged after 2022 and intensified in
2024-2025. RVI decreased by approximately
8.6% in 2023, 26.6% in 2024, and 28.7% in 2025
relative to the pre-disturbance baseline. The
share of changed forest pixels increased from
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8.7% in 2022 to 27.9% in 2023, 61.3% in 2024,
and 70.1% in 2025. The destroyed class in-
creased especially strongly, reaching 35.7% in
2024 and 42.7% in 2025. Spatial maps showed
that this disturbance developed from sparse frag-
mented patches in 2022 into broad, connected
damaged zones by 2024-2025.

Machine learning results supported the
same interpretation. K-means clustering identi-
fied a strong predominance of degraded and se-
verely disturbed classes in the Serebrianskyi
forest, where these classes together accounted
for 75.1% of sampled pixels. In contrast, the
Homilsha control site was dominated by sta-
ble/intact forest, representing 97.7% of sampled
pixels. Isolation Forest anomaly detection also
showed a much higher anomalous share in Ser-
ebrianskyi than in Homilsha, further supporting
the separation between the conflict-affected and
control forests.

Tthe Serebrianskyi forest experienced a sub-
stantial and spatially expanding disturbance signal
after 2022, consistent with the timing and location
of prolonged military activity. The stability of the
Homilsha control site cannot be explained by re-
gional seasonal variability alone. Although the de-
rived damage classes should be interpreted as re-
mote-sensing-based indicators rather than field-
validated damage categories, the convergence of
temporal decline, spatial expansion, classification
results, and anomaly detection supports the useful-
ness of Sentinel-1 RVI and SAR-based machine
learning workflows for moni-toring war-affected
forests where direct field access is limited.
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OIIIHKA BIMCHbKOBHUX BILJIMBIB HA ITIPHPOJOOXOPOHHI TEPUTOPII
YKPATHH 3A TOITOMOT' OO SENTINEL-1 TA MAIIMHHOT'O HABYAHHSI

Meta. OuinuTy BiliCHKOBI BIUIMBU Ha MIPUPOJOOXOPOHHI TepuTOpii YKpaiHu 3a JoOMOroro aa-
Hux Radar Vegetation Index (RVI) Sentinel-1 Ta MeToniB MallIMHHOTO HABYAHHS 3 METOIO BUSIBIICHHS
MPOCTOPOBHX 1 YaCOBHX 3aKOHOMiPHOCTEH MOPYILIEHHsS POCIMHHOCTI Ta TpaHcOpMallii eKOCUCTEM B
YMOBaX BOEHHOT'O 4acy.

MeTtoamu. [IpocTopoBi Ta 4acOBi 3MiHHM aHATI3YBAIKCS 13 3aCTOCYBAHHSIM METO/IiB TUCTAHIIIHHOTO
30HyBaHHS 3eMJIi y TIO€JHAHHI 3 METOIaMH MAIIMHHOTO HaBYaHHS, 30KpeMa aJlrOpUTMaMU HEKOHTPO-
JHOBAHOI KiIacuGikamii i1 BUSBICHHS 3aKOHOMIPHOCTEH MOPYIIEHHS POCIMHHOCTI Ta TpaHcopmarii

~ 185~


https://doi.org/10.3390/rs10091396
https://doi.org/10.3390/rs12203404
https://doi.org/10.1080/22797254.2021.2018667
https://doi.org/10.3390/rs12040727
https://www.mdpi.com/3042-4526/2/1/7
https://www.sciencedirect.com/science/article/pii/S2351989425000289
https://www.sciencedirect.com/science/article/pii/S2351989425000289
https://www.sciencedirect.com/science/article/pii/S0034425723003504
https://doi.org/10.3390/rs14164083
mailto:goroshkova69@gmail.com
https://orcid.org/0000-0002-7142-4308
mailto:menshov@knu.ua
https://orcid.org/0000-0001-7280-8453
mailto:20denismaslov@gmail.com
https://orcid.org/0009-0009-7397-8329

ISSN 1992-4224 Jlronuna ta nokiwis. [Ipo6iemu Heoekosorii. 2026. Bunyck 45

exocucTeM. J[0JaTKOBO 3aCTOCOBaHO MOPIBHSJIBHUHN aHAIII3 1 aHaNi3 YaCOBHX PSAIB AJISl OL[IHKH BIUIUBY
BiICHKOBOI IisTTFHOCTI Ha JTICOBI €KOCHCTEMH B YMOBaX BOEHHOTO 4acy.

PesyabTaTu. OniHeHO BIUTMB BiHCHKOBOI AisUTFHOCTI HA JTICOBI €KOCUCTEMH CXOIy YKpaiHH 3 BH-
KopucTtanHsaM nanux Sentinel-1 SAR, innmekcy pocimaaocti Radar Vegetation Index (RVI), anamizy
3MiH BiJTHOCHO 0a30BOTr0 IEPiOAy Ta METOJIB HEKOHTPOJIHLOBAHOTO MAIIMHHOTO HaB4aHHs. KimbkicHa
OIliHKA Ta XapaKTEePHCTHUKA MOPYIICHb JIICOBUX €KOCHCTEM, MIOB’ A3aHHUX 13 BOEHHUMH TisIMU, Y MEXKax
CepeOpsHCHKOr0 O0TaHIYHOTO 3aKa3HUKA, SIKUI 0€3M0CePeIHRO 3a3HAE BIUIMBY aKTUBHUX OOHOBHX JIiH,
a TaKOXXK BU3HAUEHHS MacIuTa0iB, iIHTEHCHBHOCTI Ta YacOBOI JUHAMIKM IIMX MOIIKO/HKEHb BU3HAYCHO
BiTHOCHO JIOBOEHHOTO 0a30BOTO TEPioy, MIJIsl 90T0 BUKOPHUCTOBYBajIacs KOHTPOJIbHA TepuTopis — Ha-
[IOHATFHUHN MPUPOTHUH TapkK «[ OMINBITAaHCHKI JTicH», IKWW HE 3a3HaBaB BIUIMBY OoWoBHUX mid. Orii-
HEHO, HacKiIbKY Mmoka3Huku Sentinel-1 RVI, a Takox koedimieHTH 3B0poTHOrO po3ciroBanHsd VV i VH
3/1aTHI BifoOpaskaTH MPOCTOPOBI 3aKOHOMIPHOCTI Ta TIOCTYITOBHI PO3BUTOK MOPYIIEHb JiCiB, CIIPHYIH-
HEHHUX BICBKOBHMH JisiMu, mpotsarom 2020-2025 pokie. Jani Sentinel-1 o0pobnsuics y cepenoBuili
Google Earth Engine Tta Oyyiin 0OMeXeHi JIHIIE JIICOBUMH ITKCEJIIMU 32 JOMOMOI'OI0 MAacKH 3€MHOTO
noKpuBY. 11151 KO’KHOTO pOKy Oynu cOpMOBaHi JIITHI KOMIIO3UTH, a TOBOEHHUH Oazoswuii nepion (2020—
2021 poku) BUKOPUCTOBYBABCSA ISl KITbKICHOI OI[IHKHM MICISIBOEHHHUX 3MiH. AHaNi3 BKJIIOYaB OI[IHKY
piunux tpenaiB RVI, knacudikaniro momkomkeHs Ha OCHOBI MpaBWII, KiacTepu3amiro meronom K-
means Ta BUSBJICHHS 130JIbOBaHUX aHOMAJTii JicoBoro nokpusy. [licis 2022 poky mo 2025 poky B Me-
xkax CepebpstHCebKoi nociinnoi repuropii (ROI) 3adikcoBano cyTTeBe 3HIKEHHS 3HaYeHb RVI. YacTka
3MIHEHHX JIICOBHX ITIKCEIiB 3HAYHO 301JIbIIIeHa, 30KpeMa YacTKa CHIIFHO MOPYIICHHUX ITKCEIiB TaKOX
3Ha4yHO 30uThIIMIacs. BomHoyac y mexax ["ominbinancekoi gocninnoi Teputopii (ROI) 30epiranacs
cTabinmpHa cuTyamis. Pe3ynpTaTi MalllmHAOTO HABYAHHSI ITiITBEP/IVIIH 11l TeHISHIII].

BucuoBku. Metonu SAR nponeMoHCTpyBain BUCOKY €(EKTUBHICTH ISl AUCTAHIIITHOTO MOHI-
TOPUHTY B yMOBaX 0OMEKEHOT0 IOJILOBOTO JIOCTYILY, OJTHAK OTPHUMaH1 KaTeropii MOIIKOKEeHb CIIiJI po-
3MJISLIATH K 1HIUKATOPH JUCTAHIIMHOTO 30HAYBaHH, a HE K MOJIbOBO IiATBEPKEHI KaTeropil perpa-
namii EKOCUCTEM.

KJFOYOBI CJIOBA: Sentinel-1, SAR, Radar Vegetation IndeXx, nopyuenns nicie, ymosu nicis,
oucmanyiline 30H0Y8anHs 3emui, MAUUHHE HAGYAHHS

Kondghnikm inmepecie

ABTOpH 3aCBITUYIOTH, IO, HE3BAYKAIOUX HA Te€, IO OJWH i3 aBTOPIB CTATTI € WICHOM PeHaKIiiHOI KOJerii
IIbOT0 )KypHaJLy, IPOLEC PEICH3yBaHH, IPUUHSATTS PillIeHHs 1010 IMyOJiKanii Ta peJaryBaHHs IPOBOMIIHCS He-
3aJIe)KHO, 0e3 HOoro yJyacTi 9 BIUTUBY. byab-sKki MOTEHIiHI KOHQIIKTH iHTepeciB OyJIX MOBHICTIO YCYHEHI MU~
XOM 30BHIIIHBOTO KOHTPOJIO MPOLECY.

Kpim TOT0, aBTOpH IMOBHICTIO TOTPUMYBAIUCH CTUIHUX HOPM, BKITIOYAFOUYH TUIATiaT, PabCU(IKaIlio JaHUX
Ta MoJBIiHY my0iKalito.

Bnecok asmopis. ABTOopH 3p0o0MIN PIBHUI BHECOK B 1€ JTOCIIIKCHHS.

Jexnapauia npo euxopucmannsn LT

Astopu BukopuctoByBasm ChatGPT-5.5 (OpenAl, 2026) BUKIIFOUHO 11 MOBHOTO peIaryBaHHs, CTPYKTY-
PHOTO BIIOPSIIKYBaHHs TEKCTYy. Bech HayKOBHUit KOHTEHT, MaTepiaiu Ta BACHOBKH CTBOPEHI aBTOpaMU. Y i HayKOBi
MIOJIOXKEHHS, IHTepIpeTarii, pe3yIbTaTH Ta BUCHOBKYM KPUTHYHO MEPEBIPEHi aBTOpaMH, SKi HECYTh MTOBHY BiIIIO-
BIZTQJIBHICTB 32 3MICT PYKOIIUCY.
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JIETPAJIAIIIA JICOBUX EKOCUCTEM JIBOBEPEJKHOI'O JJICOCTENY YKPATHH
TA BIIJIUB HA ATPOJTAHAIITA®TH: DPSIR-ITIAXITI

Mera. AHaniTH4YHE y3araJbHEHHS JCTpaaliifHuX MPOLECiB y JicoBUX exocucTemax JliBodepexHoro Jli-
cocTeny YKpaiHu Ta iXHii 3B’ 130K i3 €KOJIOTIYHUM CTAaHOM MPWIIETIUX arpojaHAmadTiB 3 BAKOPUCTAHHAM MO
DPSIR

Metoan. 3actocoBano DPSIR-anani3 (EEA, 1999) sk koHuentyaabHy OCHOBY JUIsl CTPYKTYpYBaHHS PH-
YHHHO-HACIIAKOBHX 3B’ A3KiB; METOJl CHCTEMATH3allii Ta y3araJbHeHHs O10THYHUX YMHHHKIB THCKY Ha OCHOBI J1a-
HUX JIICOTATOJIOTTYHUX 00CTEKEHb; MOPIBHILHII aHalli3 HAYKOBUX JKEPEIL.

PesyasTaTH. EMIipndHy OCHOBY CTaHOBIATH AaHi oOctexkeHb moHan 5000 mepeB siceHa 3BUYAHOTO
(Fraxinus excelsior L.), mpoBeseHnX y pi3Hi pOKH B MeXax GaraTopiyHuX JoCaimkeHpb (mepeBaxto y 2010-x po-
Kax) Ha 52 mocTiiHuX 1 125 THMYacoBHX MPOOHMX IUIOMIAX y HACAIDKEHHSIX CEMH JIiCOTOCIIONAPCHKUX i PH-
eMCTB. JI1s1 OOTPYHTYBaHHsI YIPABIIHCHKUAX 3aX0/[iB BUKOPHUCTAHO METOAMYHI ITiXO0/IH JIICOMATOIOTIYHOT0 MOHi-
TOPUHTY PIBHUHHOI YacTHHH Y KpaiHu. CrcTeMaTn30BaHO OCHOBHI 010 THYHI YHHHUKH THCKY, 30KpeMa CTOBOYPOBi
IKITHUKH, JJUCTOTPU3YUi KOMaxH, TaTOreHHI TpHOH Ta 0aKTepio3H, B3aEMOJIIS SIKMX Ma€ KOMIUIEKCHUH (cuHepre-
TUYHUH) XapakTep. OOTPyHTOBaHO MPUYNHHO-HACTIIKOBUI NaHMor Tuck — Ctan — BrumBs. 3HWKEHHS MPOTH-
epo3iiiHOI Ta BOAOPEry/IFOBAIbHOI (PYHKIH JAerpaZoBaHUX JIICOBUX CKOCHUCTEM Y3TO/DKYETHCS 3 MOTIPIICHHIM
BJIACTUBOCTEH I'PYHTIB i 3HIKEHHSM X POJIIOYOCTI; IHTCHCHU(IKAIlis epO3IHHNX MPOIECiB y MPHIIETIINX arpoJaH/-
madrax y3roJKy€eThCs 3 JAHUMH JITEPaTypHUX JHKEPEIL.

BucnoBku. CaHiTapHHH CTaH sICEHEBUX JIEPEBOCTAHIB PO3IIIAAETECS K iHOOPMATUBHUIN IHTETpabHUN
IHIMKATOp JIerpaanii JJiCOBUX €KOCUCTEM 1 paHHIi MapKep eKOJOTIYHUX PU3MKIB 11 arposanmadris. Haykosa
HOBH3HA MOJIATaE Y (hopMaltizallii Ta aHATITHIHOMY OOTPYHTYBaHHI IPUYHHHO-HACTIIKOBHX 3B’S3KiB MiXK 010TH-
YHAMH YHHHUKAMH JeTrpajallil sICCHeBUX JCPEBOCTAHIB 1 €KOJOTIYHHNMHK 3MiHAMH arpoNIaHAIIA(TIB Yy MeXax
DPSIR-minxomy, a Tako) y BAKOPUCTaHHI CaHITApPHOTO CTaHy SIK IHTErpajbHOIO 1HAMKATOPA [IUX IIPOLECIB.

KJIHOUYOBI CJOBA: ycuxanns sicena, Fraxinus excelsior, canimapnuii cman depesocmanis, eposis ipy-
Hmis, Giomuynuil muck, oeepaoayis aicie, DPSIR

SAx nutyBatu: bopucosa B. JI., Kpumron €. A., Hazaperko B. B. [lerpagamnis micoBux exocuctem JliBo-
oepexuoro Jlicocrenmy Ykpainu Ta BiiuB Ha arpojanamadta: DPSIR-miaxin. Jroouna ma oosxinns. Ipobremu
neoexonozii. 2026. Bun. 45. C. 188-198. https://doi.org/10.26565/1992-4224-2026-45-14

In cites: Borysova, V. L., Kryshtop, Y. A., & Nazarenko, V. V. (2026). Degradation of forest ecosystems
in the Left-Bank Forest-Steppe of Ukraine and impact on agricultural landscapes: DPSIR approach. Man and
Environment. Issues of Neoecology, (45), 188-198. https://doi.org/10.26565/1992-4224-2026-45-14 (in Ukrainian)

Bemyn
JlicoBi ekocrCcTEMH BUKOHYIOTh KIIFOYOBI MiATpUMaHHs O10pi3HOMAHITTS Ta ACMOHYBaH-
eKoJoriuHi (yHKLii, 30KpeMa 3aXHUCT IPYHTIB Hs Byrnemto [1-3]. ¥V JliBoGepexunomy Jlico-
BiJl epo3ii, peryiaioBaHHS BOJHOIO OanaHCy, creny YKpaiHH iX poJib € BU3HAYAJIBLHOO JJ1s
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crabimizarnii. BojgHodac ynpo1oBk OCTaHHIX Je-
CSITUIIITh CIIOCTEPITAETHCS CTIHKE MOTipPIICHHS
CaHITApHOTO CTaHy AEPEBOCTAHIB IiJ] BILTMBOM
KIIMaTHYHAX 3MiH, OIOTHYHMX YAHHUKIB 1 aH-
TPONIOT€HHOTO HABAHTAKEHHS, IO CYHNPOBOA-
JKY€THCS OCIIAOJICHHSM iX TIPOTHEPO3iiHOI Ta BO-
JIOPETYFOBAIEHOI (DYHKITIH.

AKTyanpHICTh TIPOOJIEMH 3yMOBIIEHA BH-
COKHMM PiBHEM epo3iitHol HeOe3meku: nmoHaa 40
% rpyHTIB YKpaiHu 3a3HaI0Th €pO3iMHUX Mpo-
IIECiB Pi3HOT IHTEHCUBHOCTI, a Oym3bko 30-32 %
OPHUX 3eMelb MiIIAI0ThCs BOIHIN epo3ii [4, 5].
3a ymMOB iHTeHCH]IKaLlil 3eMIEKOPHCTYBaHHS Ta
3MiH KJTiMaTy 1€ IPU3BOAUTD 0 3pPOCTaHHS €KO-
JIOTIYHUX PU3MKIB JJIS arposiaHamIagTiB.

Jlerpanaitist JTiCOBUX €KOCHCTEM aKTHBHO
JIOCIIJKYETHCS SIK HA HAI[lOHAILHOMY, TaK 1 Ha
MDKHApOAHOMY piBHsIX [6—9]. BecTanosneHo, o
OlOTHYHI YMHHWKH, 30KpeMa KOMaxH Ta I1aTo-
TeHHI TPUOM, BiIITPalOTh KIIFOYOBY POIH Y TIPO-
necax ocnmabnenHs aepeBoctaHiB [10-12]. ¥V
[IFOMY KOHTEKCTi JIOIJIBHAM € 3aCTOCYBAaHHS
koHnenTyansHoi pamku DPSIR (Driving forces
— Pressure — State — Impact — Response) [13].

Oco0nuBe 3HA4YEHHS Ma€ BCHUXaHHSI
siceHa, 1oB’s13aHe 3 maTorenoM Hymenoscyphus
fraxineus. I3 mouatky 1990-X pOKiB BCHXaHHS
siCeHa MOIUPUIIOCs B OLIBIIOCTI KpaiH €Bpory,
BKJIIOUaroun Ykpainy [ 14-20]. MixxHapoHi J10-
CIIJPKEHHST MIATBEPIUKYIOTh KIIOYOBY poiib H.
fraxineus y po3BuUTKY BCHXaHHs siCEHa Ta y3a-
TTBHIOIOTH ITIXO/IH 10 YIIPABIIIHHS IUMH IIPO-
necamu [17-20]. Jlerpanarist siceHeBUX Hacaj-

JKEHb MOXKEC 3YMOBIIOBATH 3HIKCHHS EKOCH-
CTEeMHUX TIOCJIyT JIICOBHMX KOMIIOHEHTIB arpo-
maHamadTiB, 30KpeMa IXHIX PETryITIOBAIBHUX 1
3axucHUX QyHKMiH [21, 22].

BomHowac mocmimpKeHHST epo3iMHNAX TIpo-
IeciB B arpoanamadrax mepeBaKHoO 3I1HCHIO-
FOTBCSI OKPEMO BiJl aHANI3Y CTaHy JIiCOBUX €KO-
CHCTEM, III0 3yMOBIIOE ()parMEeHTapHICTh Cydac-
HUX YSIBICHb TIPO B3aEMOJIiIO uX cucteM. [o-
IpU HasBHICTh 3HAYHOTO OO0CATY HAyKOBUX
TIpallb, BiICYTHIH Y3r0/PKEHUI METOIMYHIH ITijl-
X1l 10 IHTETPOBAHOTO aHAJi3y MPUYMHHO-HACTI-
JIKOBHUX 3B’SI3KIB MK OlOTMYHMMH YHMHHUKAMH
oca0JIeHHS JTICOBUX €KOCUCTEM 1 JeTpajailiero
npuierux arpojaHamadTie. 30kpema, Opakye
IHCTPYMEHTIB, IO MAO3BOJSIIOTE CHCTEMHO
ITOB’13aTH KOHKPETHI areHTH Oi0THYHOTO THCKY
3 EKOJIOTIYHAMH HACTiJKaMH B MEXax €IUHOI
aHATITHYHOT MOJIEII.

Mertoro cTarTTi € y3araibHEHHS Jerpana-
LiHHUX TPOIIECiB y JlicoBUX ekocucTemax JliBo-
oepexxroro Jlicocrenmy YkpaiHu Ta oOmiHKa iX-
HBOTO 3B’SI3KY 3 €KOJIOTIYHUM CTAaHOM IPHUIIET-
nux arpojanmmadTie Ha ocHoBi DPSIR-miz-
XOJ1y 3 BUOKPEMJICHHSM O10THYHMX YMHHHKIB SIK
KJTFOUOBHUX €JIEMEHTIB THCKY Ta BUKOPUCTAHHSIM
sicena 3BuuaiiHoro (Fraxinus excelsior L.) sik iH-
JMKAaTOPHOTO BHIY.

3anponoHOBaHMM MiAXiJ Ma€ aHAIITHKO-
y3arajJbHIOBATLHHUN XapaKTep 1 CpsSMOBaHUI Ha
(dopmartizairto NPUIUMHHO-HACTIIKOBUX 3B 53-
KiB, 110 (hOpMy€ OCHOBY UIS ITOJTAITBIIO] KiTBKi-
CHOI OITIHKH ITUX TPOIIECIB.

00’ ckmu ma memoou 00CiOIHceHHns

OO’€KT MOCTIKEHHSI — JIICOBI €KOCHC-
temu JliBoGepexHoro Jlicocteny Ykpainu 3 110-
MiHyBaHHSIM siceHa 3BuuaitHoro (Fraxinus
excelsior L.) y ckmaai JepeBOCTaHiB, a TAKOX
TIPHJIETI arpoianamadTy.

[IpenmeT mocmimkeHHS — MPUYIUHHO-HA-
CIIJIKOBI 3B’ S13KHA MiX Ol0OTHYHUMH YNHHUKAMU
ocnaOeHHs ICCHOBUX JePEBOCTAHIB 1 Aierpaaa-
ui€ro arpojanamadTis.

EmnipuyHy OCHOBY IOCHIJUKEHHS CTa-
HOBIIATH JIaHI JCOMATOJIOTIYHUX OOCTEKEHB
nonan 5000 nepes siceHa 3BUYAHOTO, IPOBEIE-
HUX y Pi3HI POKH B Mexax OaraTtopiuHux Jo-
cimipkenb (mepeBaxno y 2010-x pokax) Ha 52
MOCTIHHUX 1 125 TUMYACOBHX MPOOHMX ILIOIIAX
Yy HACa/KEHHSIX CEMH JIiCOTOCHOJapChKUX
mignpuemcts  JliBoOGeperkHoro  JlicocTemy
VYkpainu, y3arajabHeHi B MoHorpadii [16]. O0-
CTeKCHHST BUKOHAHO BiJMOBIJHO J0 YWHHHX
METOAUYHMUX MIAXOAIB  J1CONATOJIOTTYHOIO
MOHITOPHHT'Y PIBHUHHOI YacTUHH YKpainu [15]
13 BUKOPUCTAaHHAIM CTaHJAPTHUX TaKCAIHHUX 1
JIIaTHOCTUYHUX O3HAK OLIHIOBAHHS CaHIiTap-
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HOTO CTaHy JIepeBOCTaHiB. Y poOOTi BHKOpH-
CTaHO CUCTEMAaTH30BaHi JJaHi IUX 00CTEKEHb.
JoaaTkoBO BUKOpPHCTAHO JIiTepaTypHi
JOKepea, 10 BiJoOpakaloTh Cy4acHi OI[IHKU
MacITabiB i iIHTEHCUBHOCTI €po3iiiHUX MpoIie-
ciB B arponanamadrax Ykpainu [4, 5], a Takox
MDKHApPOJIHI JTOCTIDKEHHS, PUCBSIYCHI Jerpa-
JIAITi1 TICOBUX €KOCHCTEM Ta EKOCHCTEMHUM I10-
cimyram [10, 21].
Y mocniKeHHI 3aCTOCOBAHO METOTH:
DPSIR-migxin (EEA, 1999) [13] sk 6a-
30By CHUCTEMY EKOJIOTIYHHX I1HIUKATOPIB IS
CTPYKTypH3allii MPUUMHHO-HACIIIIKOBUX 3B’ 513-
KiB MDDK OIOTMYHHUM THCKOM, CTAHOM JIiCOBHX
€KOCHCTEM Ta IX €KOJOTIYHHMH HACIIiIKaMHu;
y3arajibHeHHsI METOJUYHUX ITIXO/IIB
JI0 OIIIHIOBAaHHSI CaHITAPHOTO CTaHy JepeBO-
CTaHiB BiAMOBIAHO 110 [15];
METOJ CUCTeEMATH3aLi] O10THYHUX YHH-
HUKIB — 1151 Knacudikauii Ta y3araibHEHHs Oc-
HOBHMX areHTiB THUCKY (KOMaxW, NaTOTeHHI
rpubu, OaKTepio3u) Ha OCHOBI JaHUX JIiCOTATO-
JIOT1YHUX 00CTEKEHB;
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-  TIOPIBHSJIBHMH aHami3 HAyKOBUX JKe-
peln — A7 OLIHIOBaHHS Y3TOKEHOCTI OTpUMa-
HUX PE3YNbTATIB 13 CYYaCHUMHU YSBICHHSIMHU
IIOT0 IeTpaIallii JiciB 1 €pO3iHMX MPOIIECiB;

- METOJ HOPMYBaHHS Ta AHAIITHYHOTO
y3arajJbHEHHA TIOKa3HWKIB — IS 1HTErpaitbHOi
OIIiIHKY KOMITOHEHTIB JeTpazaIlii JIICOBUX KO
cucteM Ha ocHoBi mkamm 0—1 ta dopmamizamii
B3a€MO3B’s13KiB Mixk KommonenTamu DPSIR [13].

®dopMyBaHHS  TPUYMHHO-HACIIIKOBUX
3B’s13kiB y Mexkax DPSIR 3aificHroBaniocs muisi-
XOM IHTepHpeTalii eMIipuIHIX MTOKa3HUKIB ca-
HITApHOTO CTaHYy JEPEBOCTAHIB K 1HIUKATOPIB
KoMIOHeHTa State Ta iX cmiBBigHeceHHs 3 0i0-
TUYHAMHY YUHHAKaMH THCKY (Pressure) i exosmo-
TIYHUMH HaCiIKaMH JJIs  arpolaHamadTiB
(Impact) Ha OCHOBI y3aralbHEHHs JiTepaTyp-
HUX JIaHUX.

Pezynomamu docnioicens

JlicoBi Hacamkenns JliBobepesxxHoro Jli-
COCTEIY XapaKTEePHU3YIOThCS 3HAYHOIO Y4acTIO
IyOOBO-SICEHEBUX JCPEBOCTAHIB, Y SIKHX SICEH
3puyainuit (Fraxinus excelsior L.) pasom i3 xy-
0oM 3BHUaitHUM (popMye mepimii sipyc. AHami3
CTPYKTYpH SICEHOBUX HACA/KEHb TIOKA3Y€E IXHIO
HU3bKY 30epexenicTh i3 BikoM: 0 VIII xmacy
BiKy (BiKy crturiocti) 36epiraerses Bin 0,7 %
1o 40,2 % HacaIKeHb 3aJIe)KHO Bif JICOTOCIIO-
JapCcbKOTo TianpueMcTsa [16].

3 MeTor0 cucTemMaTu3alii OCHOBHUX 0io-
THYHUX YMHHUKIB THUCKY Ha SICEHEBi JepeBOC-
TaHU iX CTPYKTYpy y3arajbHEeHO Ta MOJaHO Ha
cxeMi (puc. 1), e BUOKpEMIICHO YOTHPH TPYITH
areHTiB — CTOBOYPOBI LIKiAHUKH, TUCTOTPU3YUl
KOMaxH, TIaTOTeHHi rpudu Ta OakTepio3n — sKi
dopmytots kommonent Pressure (P) y DPSIR-
pamiii.

biomuuni yunnuxku ocnabdnenHns oepe-
eéocmanie. CmosOyposi wikionuxu. Y cToBOy-

pax 1 TijKax JepeB BHSBICHO KOMILIEKC KO-
poiniB: Benukuil siceHoBuit ny6oin (Hylesinus
crenatus), crpokatuil siceHoBuii ay6oin (H.
fraxini) ta onuBkOBHI sceHoBuil Jy0Ooim (H.
toranio). 3aceneHicTh KOPOiaMK BHIIIA y ICPEB
i3 HWKYMM caHiTapHuM ctaHoM [8, 16]. [loxat-
KOBY 3arpo3y CTaHOBIISITH JEPEBOTOYUII — dep-
BUIIS B ifytiBa (Zeuzera pyrina) Ta yepBwuils ma-
xyda (COSSUS COSSUS), IO CHPUYHHSIOTh Me-
XaHIYHI TIOITKOKEHHS CTOBOYPIB.

Jlucmoepu3syui komaxu. Y iepiogu Maco-
Boro po3mHoxeHHs (2001-2003, 2010-2012 pp.)
JIUCTS SICEHA MOLIKOJDKYBAJIM 3UMOBUU I SIAYH
(Operophtera brumata), ri010Ba JIHCTOBiliKa
(Archips crataegana), 4opHuii SICCHOBUII MHJIb
mmk (Tomostethus nigritus) ta GimokpankoBuit
sceHoBuit munbimk  (Macrophya punctum-al-
bum). Haiigwia inTeHcHBHICTS Aedosmialii 3a-
(ikcoBaHa y MiCBKHX HaCaJ[KEHHSX, OCBITICHHX
Jicax i moje3axucHux jicocmyrax [8, 16].

P — BIOTUYHI YAHHUKW TUCKY

(Fraxinus excelsior L.)

v

Croatyposl wxkiaHunim
{(xcunodharn)

Mylesinus crenatus
M. fraxiry / M. torannio

- ZOUuzera pyrina, COSSUS COSSUS

!

[ NMavorennl rpntn ]

(rHnnl, Hexposw)

— Hymenoscyphus fraxineus
— Armillania spp. (AHaHe NOUMPeHHS)

— Fomes formentarius

Nucrorpuayul komaxmw
(nedroniaropw)

Operapitera brumala
— Tarmostethus nigntus

— Macrophya punctum-album

l

[ Baxrepiansul xaopoGn J

(Herkposn)

Pseudomonas syringae
pv. savastanaol

— Enmterobacter nimipvessuralls

Puc. 1 — Ctpykrypa 6i0THYHMX YMHHUKIB TUCKY (KOMIIOHEHT P) Ha Haca/pKeHHS
sceHa 3BuyaiiHoro (Fraxinus excelsior L.) y JliBo6epexuomy Jlicocteny Ykpainu

Fig. 1 — Structure of biotic pressure factors (component P) on the planting
of common ash (Fraxinus excelsior L.) in the Left-Bank Forest-Steppe of Ukraine
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Hamoeenni epubu ma Hexkposu. Xanapo-
BUIl HEKPO3, CIIPUYMHEHNH rpudoM Hymeno-scy-
phus fraxineus, GikcyeThes B HACAPKEHHSX SICCHA
3 mouatky 2010-x pokiB [7, 14, 17]. OxopeHkoBi
rawt (Armillaria spp.) Ta cToBOypoBi THHITI
(Fomes fomentarius, Ganoderma applanatum,
Laetiporus sulphureus) mormmpeHi B ssiceHEBHX Jie-
peBocranax [16, 17].

Baxmepiosu. Tybepkynbo3 sicena (Pseudo-
monas syringae pv. savastanoi) BHSBICHO B ce-
pennbomy Ha 18 % nepes (MakcumansHO — 86 %).
bakrepianbHa BozsiHka (Enterobacter nimipres-
suralis) chpuuwHsIE€ JOJATKOBE TMOTIPIICHHS
CTaHy AepeB. 30yJHUKH NPOHHUKAIOTH Yepe3 MO-
PO3000iHN, MEXaHiYHi TOIIKOMKEHHS Ta MpH-
poxHi oTBOpH pociuH [16, 17].

Bnnue dezpadauii nicie na npune2ni azpo-
nanowagpmu. OcnallieHAs POTHEPO3iIHHOI (y-
HKII1 JTiCiB, 32 TAHUMH JITEPATyPH, TIPOSIBISIETHCS
y 3MeHIIIeHH] IIUTBHOCTI KPOH, 3aruderni JepeB i
3pimKeHHI Haca/pKeHb. Y TPHIETIINX arpoianHi-
madTax crocrepiracTbcs iHTEHCHU]IKAIlis BOTHOT
Ta BITPOBOI €po3ii, a TAKOXK MOTiPIICHHS BIACTH-
BOCTEH IPYHTIB 1 3HWKEHHsI 1X poatodocTi [4, 5].
Lle y3romkyeTbesl 3 pe3yibTaTaMu JOCHiKeHb
HIOJI0 POJTi POCIMHHOTO TOKPUBY Y 3aro0iraHHi
epo3ii [21].

OcabJieHi MoJIe3aXUCHI JTICOCMYTH Xapa-
KTEPU3YIOThCS 3HIKEHHSIM e(DeKTHBHOCTI BiTPO-
3aXMCHOI (YHKIIT, 0 MiABUIYE PU3UK AedIis-
[IHUX TPOIIECiB y MPUIIETIHX TepuTopisx. [lo-
PYIICHHS BOJOPETYIIOBaIbHOI (DYHKIi JTiCiB
MIPOSIBIIIETBCS Y 3MiHI TiJIPOJIOTIYHOTO PEXKUAMY,
III0 MO’KE CYTIPOBOJIKYBATHCS 301TBIICHHSM T10-
BEPXHEBOT'O CTOKY Ta 3MHBOM POJIIOYOTO HIapy
[21]. Herpanariist TicCOBUX €KOCHCTEM CYIPOBO-
JOKYETBCSL 3MIHAMU O10pI3HOMAHITTS, MIKPOKJTi-
MAaTHYHUX YMOB 1 3MEHIICHHSM JICTIOHYBaHHS
ByTIIEIIO [22].

DPSIR ak ananimuuna mooens. 11okas-
HHUKW CaHITApHOTO CTaHy SICCHEBUX HACAKEHb
BUKOPUCTAHO SIK EMITIPUYHY OCHOBY  JUIS
omiHtoBaHHS KomrioneHnTa State y DPSIR-pamiii.
IHTepripeTallis €KOJOTIYHUX HACHIAKIB 3iiic-
HIOETBCS 3 ypaxyBaHHSAM MIJAXOMIB JIO KIa-
cuikarlii eKOCHCTEMHHUX TIOCITYT Ta OIIHIOBaHHS
ix 3MmiH [23, 24]. IIpexncraBieHo NPUIMHHO-HAC-
JIJKOBHH JIaHLIIOT:

D (Driving forces) — kirimaTi4Hi 3MiHH, aH-
TPOTIOT€HHE HABAHTAKEHHS, 1HBA3is IATOTCHIB
[7, 18, 20].

P (Pressure) — 0ioTHYHI YMHHUKH: IIKiJI-
HHKH, JIACTOTPU3Y4i KOMaxH, IaATOreHHI rpruOH Ta
Oakrepiosu [8, 14, 16].

S (State) — BiACYTHICTH 3I0pOBHX JIEPEB;
50,6 % cuibHO ocabyieHuX; aeoiallisy; MOIH
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PCHHS THWJICH; IHJIEKC caHiTapHOro crtany 2,0—
2,6; 30epexenicTs HacamkeHb 0,7—40,2 % [16].

I (Impact) — 3sHmKEHHS TPOTHEPO3ilHOT Ta
BOJIOPETYITIOBATHFHOT (DYHKITIH JIiCIB; TTiIBUIIICHA
IHTEHCHBHICTE epo3iiiHuX mporecis [4, 5]; 3minn
MIKpOKJTIMATY.

R (Response) — canitaphi pyOKu, MOHITO-
PHHT, KOHTPOJTb IITKITHUKIB, BiIHOBICHHS JIiCOC-
myr [15, 21, 25].

VY3aranbHeHHs pe3ysbTaTiB MOIAHO Y BHU-
i DPSIR-tabnm (tabn. 1) ta cxemu mpu-
YHHHO-HACITiTKoBOT O JiaHItora P — S —1 (puc. 2).

Ananimuyuna oyinka piensa oezpaoauii
nicoeux exocucmem. 3 METOIO y3araJlbHEHHS
OTPUMaHMX pe3yJbTaTiB Ta (opmanizamnii npu-
YHHHO-HACTIIKOBUX 3B’s3KiB y Mexkax DPSIR-
ITiIX0/Ty 3aIIPOTIOHOBAHO 1HTETpaIbHY aHATIITH-
YHY OIIHKY PiBHS Jerpajaii JJiCOBUX €KOCHC-
TeM. IHTerpanbHuil MoKasHuK aerpazgaiiii (1D)
PO3TISAAAETHCS K y3arajibHeHa (DYHKIIiS B3ae-
momii komnouentis DPSIR:

ID=f(P, S, 1), ID € [0; 1],

ne: P (Pressure) — iHTeHCHBHICTh GiOTHY-
HOTO THCKY (TIOITUPEHICTH IIKiTHHKIB, TTATOT€HIB,
OakTepio3iB);

S (State) — cran mepeBocTaHiB (4acTka
ocnabneHnx JaepeB, nedoriamis, caHiTapHUI
CTaH, 30epeKEHICTh HACAKCHB ),

I (Impact) — exonoriuni Hacmiaku (3HH-
JKEHHsI TIPOTHEPO3iHOI Ta BOJOPETYIIOBAIBHOI
¢byHKUil, iHTeHcHdikalis epo3iifHIX MPOIIECIB,
TIOTIPIIIEHHS BIIACTHBOCTEH TPYHTIB).

3uauenns |1D, Habmmkeni 1o 1, BianoBiga-
FOTh BUCOKOMY PIBHIO Jerpajiaiii, To/i sIK 3Ha-
4yeHHs, HaOmmokeHi 1o 0, XapakTepu3yoTh MiHi-
MaJIbHUH TIPOSIB JeTpalalliifHHX TIPOLIECIB.

[Noka3HUK BUKOPHUCTOBYETHCS IJIsI iHTEp-
mpeTariii B3a€MO3B’SI3KIB MK KOMITOHEHTaMHU
DPSIR; #ioro dopmanizaiisi y BUTTISII KOHKPET-
HOT yHKIIIT MOXe OyTH TPeIMETOM MOAATBIIIX
JOCTIKeHb. AHaJI3 y3aralbHEHUX eMITIpHYHUX
JIAHUX CBIIYNTh, 10 3POCTAHHS IHTEHCUBHOCTI
Oiotrunoro Trcky (P) Ta moripiieHHst ctaHy Je-
peBoctaHiB (S) BiIOBIIA€E MiJBUIIEHHIO PIBHS
nerpanartii (ID — max), o y3ropKyeThes 3 1o-
CWJICHHSIM €pO3iHHMX TPOIECiB i 3HIKEHHSIM
CTIMKOCTI NPHUJIETINX arponaHmadris.

3anpoIioOHOBaHMK MiXII JT03BOJIE 1HTE-
IpyBaTH Pi3HOPLIHI TIOKa3HUKH Y €IUHY y3aralib-
HEHY OLIIHKY, 1110 MO>Ke OyTH BUKOpHCTaHa SIK OC-
HOBa JUISl TIOAANBIIOTO KiJIbKICHOTO MOJIEITIO-
BaHHSI.

HopMyBaHHs TMMOKa3HUKIB 3IiHCHIOBA-
JOoCs 3a TIPUHITUIIOM Tpajamii iHTEHCHBHOCTI
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JlerpaaliiHuX O3HaK y Mexkax mkanu 0-1, me
3HaueHHs, HaOmmkeHl 10 0, BIAMOBIZAIOTL Mi-
HIMaJPHOMY TIPOSIBY HETaTWBHUX 3MiH, a 3Ha-
4yeHHsI, HabKeHi 10 1, — BHCOKOMY PiBHIO Jie-
rpagauii. [nTepBany mkanu copMoBaHO Ha OC-
HOBI y3araJlbHEHHS eMITIpHYHUX JaHUX JIiCOTa-
TOJIOTIYHUX OOCTEKEHb Ta €KCIEPTHOI 1HTEep-
mpeTallii MOKa3HHUKIB CaHITAPHOTO CTaHy Jiepe-
BocrtaHiB. /liamazon 0,8—1,0 BiAmoBigae BHCO-
KoMy a00 KPUTHYHOMY DIiBHIO AETpaalliitHIx

nporieciB, Tofi sik 0,7-0,9 — BHCOKOMY piBHIO
MPOSIBY €KOJIOTIYHUX HACIiKIB, OB’ I3aHUX 13
iHTeHCH(DIKAITIEI0 epO3IMHNX TPOIIECIB 1 MOTip-
[ICHHSM IPYHTOBHX XapaKTEPUCTHK TPUIICTIIHX
arposianamadTis. 3anpoOHOBAHUH MiAXiA Mae
EKCTIIepTHO-y3aralbHIOBABHUI  Xapaktep 1
CIpSMOBaHUI HacaMIiepe]] Ha MOPIBHAIBHY 1H-
Teprperanito komnoneHtisB DPSIR, a ne Ha
(hopMyBaHHS CTPOTOI KUTBKICHOT MOJIENi AeTpa-
Jarii.

Taoauns 1

Y3araanHenHs DPSIR-ananisy nerpaaanii JicoBHX ekocucTeM (Ha NIPHKJIA/l iCEHEBHX /IePEBOCTAHIB)
Ta BILUIMBY Ha npuJjieri arpoinanamadtu Jlisodepexnoro Jicocremy

Table 1

Summary of DPSIR analysis of forest ecosystem degradation (using the example of ash stands) and the
impact on adjacent agrolandscapes of the Left Bank Forest-Steppe

Komnonent
DPSIR Slcenesi nepeBocranu / Ash stands BruiuB Ha arponanamagT
/Component (Fraxinus excelsior L.) Impact on agrolandscape
DPSIR
D — Pymrifini | KimimatuuHi 3MiHK; aHTpOIIOTeHHE HaBaHTa- | [lopyIIeHHS BOXHOTO PEXHUMY; IiABHUICHHS
CHJIH skeHHst; iaBasis H. fraxineus [7, 18, 20] apUIHOCTI; HECTAOUIBHICTh MPOAYKTHBHOCTI
/ Climate change; anthropogenic load; | [10]
invasion of H. fraxineus [7, 18, 20] /Violation of the water regime; increased
aridity; instability of productivity [10]

P — Tuck CroBOyposi mikigauku (Hylesinus spp.); mu- | OcnabiaeHHs TiCOCMyT; 3HMKEHHS BiTpo3a-
CTOTPHU3ydYi KOMAaxW; XalapoBHH HEKPO3; | XMCHOI Ta BOJIOPETYMOBAIBHOT GyHKIiH [21]
ramni (Armillaria, Fomes); 6akrepiosu [8, |/ Weakening of forest belts; reduction of
14, 16, 17] wind protection and water regulation
/Stem pests (Hylesinus spp.); leaf-eating | functions [21]
insects; halary necrosis; rots (Armillaria,

Fomes); bacteriosis [8, 14, 16, 17]

S — Cran BincytHicte 3mopoBux nepeB; 50,6 % | [TopymenHs 3axucHuX (pyHKLiH JiciB; 3HHU-
CHIIHO OcCNa0lieHnx; nedoiamis; IIOIHK- | )KEHHS  CTIHKOCTI  arpomaHmmadriB 10
PEHHsI THWJICH; IHIEKC CaHITApHOrO CTaHy | epo3iiiHux nporecis [4, 5]
2,0-2,6; 36epexenicts 0,7-40,2 % [16] / Violation of protective functions of forests;
/ Lack of healthy trees; 50.6% severely | reduction of resistance of agrolandscapes to
weakened; defoliation; spread of rots; | erosion processes [4, 5]
sanitary ~ condition index  2.0-2.6;
preservation 0.7-40.2% [16]

| — Bniius 3HIDKEHHST POTHEPO3iitHOI Ta Bojoperyto- | [nteHcudikaris eposii (3a omiHkamu Jitepa-
BaIbHOI (YHKIH; mOpymieHHsT CTPYKTypH | Typu — 10 30—40 % Teputopii); 3MEHIICHHS
6ioeHO31B; 3MEHIIEHHS OGiOpi3HOMAHITTS | pomodocti TpyHTIB [4, 5]; moripriueHHs
[21, 22] MIKpOKIIIMaTy
/Reduction in anti-erosion and water-|/ Intensification of erosion (according to
regulating functions; disruption of the | literature estimates - up to 30-40% of the
structure of biocenoses; reduction in | territory); reduction of soil fertility [4, 5];
biodiversity [21, 22] deterioration of microclimate

R — Binryk CanitapHi pyOku; onTuMiszamiss ckiany; | SHWKEHHS eposii; crabimizamis IpyHTIB;
MOHITOPHHT [15]; KOHTPOJIb MIKITHUKIB; Ce- | MBUIIECHHS CTIHKOCTI arpoiaHamadris
Jekuist cridkux Qopm [25]; BigHOBneHHs | [21]

JicocMyr / Reduction of erosion; stabilization of soils;
/ Sanitary felling; optimization of composition; | increase of resistance of agrolandscapes [21]
monitoring [15]; pest control; selection of
resistant forms [25]; restoration of forest belts
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S — CaHitapHu# cTaH
ICEHEBUX EPEBOCTaHIB

P — BioTuyHum TUCK | — Exonoriyxmi Bnnme

Kopoigu: Hylesinus spp. 0 % nepes | kareropii Eposis: po 30-40 %
(3n0pOBKX HE BUABNEHO) TepuTopii (3a ouiHKamu)
1 ¥ > I 4 ¥ N ¥ ¥ 2
Nedoniatopu: Operophtera 50,6 % cunbko 3HMKEHHS BMICTY
brumata, Tomostethus nigritus ocnabnexux gepes rYMYCy B rpyHTax
svnv ~ - ‘V‘ N A w
Xanaposuit Hekpo3 2 Ocnabnerxn none3axmucHux
. > 3HauHe NOWMPEHHA THUNEn : g
(Hymenoscyphus fraxineus) nicocMyr; aednauis
s ¥ . N ¥ —¥ — r ¥ ~
OXOpeHKosi rHuN 36epexeHicTs A0 CTUrNOCTI; 3HWKEHHA PeryniosancHnx
(Armillaria spp.) 0,7-40,2 % EKOCUCTEMHUX NOCNYT
¢ ¥ i ¥ i =
TyGepKynso3 acexa IHpexe caniTapHoro crany: 3meHweHHn BiopiaHoMaHITTA
(Pseudomonas syringae pv. 2,0-26 e i : ~
savastanoi) NlectabinizaLyis Mikpoknimary
\ J \ J \ J
¥ ¥ ¥
r 3\
R — Bignosigb (ysaransHeHo)
- J
Puc. 2 — IlpuanaHO-HachinkoBuii nanmor P — S — I (DPSIR): BinoOpakeHHS 3B SI3Ky
MiX OIOTHYHHUM THCKOM, CTAHOM JICPEBOCTaHIB Ta €KOJOTIYHIMH 3MiHAMH
Fig. 2 — Causal chain P — S — I (DPSIR): reflecting the relationship between biotic pressure, stand
condition and ecological changes
Inmepeansna ananimuyuna oyinka Kom- Ta iX eKCNEePTHO-aHANITUYHOTO y3arajbHEeHHS,
noHenmie Oezpaoayii icosux eKocucmem [IOJIaHO B Ta0uII 2.
(nopmoeana wkana 0-1) OLiHKY MarOTh €KCIIEPTHO-aHATI THYHHIH
Hop™moBaHi oI1liHKM KOMITOHEHTIB JIerpa- XapakTep 1 He rmependadaroTh TOYHOTO KUTbKic-
Jauii, OTpuMaHi Ha OCHOBI EMIIIPUYHUX JaHUX Horo BuMiproBaHHs. OTprMaHi 3HAYEHHS CBiX
Taoauns 2
AHaJiTHYHA OUiHKA KOMIOHEHTIB Jerpaaauii JicoBux ekocucreM (HopMoBana mkaja 0-1)
Table 2
Analytical assessment of components of forest ecosystem degradation (normalized scale 0-1)
Komnonent DPSIR Ioxa3uuk _— Ouinka (0-1)
/ DPSIR Component / Indicator Xapaxrepueruka / Characteristic /Score (0-1)
P (Pressure) Biotnunmii THCK Bucoka nommpeHicTh IKiAHUKIB, TATO-
/ Biotic pressure TeHHUX IpuOiB 1 bakTepio3iB
- . 0,8-1,0
/High prevalence of pests, pathogenic
fungi and bacteriosis
S (State) Cran gepeBocTaHiB | 3HauHa yacTKa OCiabJIeHUX JEPEB, Bij-
/ Status of tree stands | cyTHicTe 3M0pOBHX HacajKeHb, Je-
doumiarrist 0,8-1,0
/ A significant proportion of weakened
trees, lack of healthy stands, defoliation
I (Impact) Exosnoriuni Haciiaku | [TocuiieHHst epo3ifiHUX mpoleciB, Io-
/Ecological ripIIeHHsST TPYHTOBHX BJIacTHBOCTEH [ 07-09
consequences Intensification of erosion processes, o
deterioration of soil properties
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YyaTh MPO BUCOKHUI PiBEHb Aerpajamii JIiCOBUX
EKOCHCTEM 1 Y3TO/PKYFOThCS 3 IHTEHCUBHICTIO Oi-
OTHUYHOTO THCKY Ta CTAHOM JICPEBOCTaHIB.
BukopucraHHs HOPMOBaHOI IITKaJIU 3a-
Oe3reuye TMOPIBHUILHUN aHAi3 KOMIIOHCHTIB

Jerpajaiii Ta GopMye OCHOBY JIJIS TIOAAJIBIIIOTO
KUJIBKICHOTO OIUHIOBAHHS B3a€MO3B’SI3KIB MIXK
JICOBUMH €KOCHUCTEMaMHM Ta IPHICTIIMMU arpo-
nmaHamagTaMH.

062060pennsn

Otpumani pesynsratn DPSIR-anamizy
BKa3yIOTh Ha CHCTEMHHUH 3B’ 30K MiX Jerpaaa-
LI€I0 JIICOBUX €KOCHCTEM 1 3MIHAMH €KOJIOT1Y-
HOT'O CTaHy NpUJIETINX arponanamadris. Bera-
HOBJICHI 3aKOHOMIPHOCTI MOXHa I1HTEpIIPETy-
BaTH SIK HACHiOK TpaHcopmanii 610THIYHOTO
THCKY, IO PU3BOJIUTH JI0 TOPYIIEHHS (QYHKITi-
OHAITFHUX XapaKTEPHUCTHUK JTICOBUX HACAKEHBI
NOoJaNbIInX 3MiH B arpoexocucremax. OnHum
13 OCHOBHHX MEXaHi3MiB TaKOTO BILTUBY € 3HH-
JKEHHS ITPOTUEPO3IHHOT Ta BOJAOPETYIIOBAIBHOI
¢yskmii miciB. OcnabneHHs AepeBOCTaHIB i
BIUTMBOM KOMILIEKCY OlOTHYHHX YHHHHKIB Cy-
MIPOBOIKYETHCS 3PIHKSHASIM HACADKEHb 1 3Me-
HIIICHHSM IIIIBHOCTI KPOH, 110 TPHU3BOIUTH JI0
3HWKCHHSI 3JTATHOCTI JIICIB 3aTPUMYBAaTH MOBE-
PXHEBHI CTIK 1 3aXWIIATH IPYHT BiJ eposii. Y
pe3yJbTaTi IHOTO B MPHJIETIIUX arpoianamad-
Tax MOCHJIIOIOTHCS MPOIIECH K BOAHOI, TaK i Bi-
TPOBOI epo3ii. AHAJIOTI4YHI 3aKOHOMIPHOCTI B3a-
€MO3B’SI3Ky Mi)K CTAHOM POCIMHHOTO TIOKPHUBY
Ta epo3iHHUMHM IIPOLIECaMH BiJJ3HAUEHO B YKpa-
THCBKHX HmociaimkeHHSX [4, 5]. Y3arampHeHi
MDXXKHApOJIHI OLIHKHA TaKOX ITiITBEPIKYIOTh ITi
BrucHOBKH: 3a nannmu FAO [10], nerpanarmiiiai
NPOLIECH Y JIICOBUX EKOCUCTEMAX CYNPOBOIKY-
IOTBCSI 3HI)KEHHSIM €KOCUCTEMHHX MOCIYT, 30K-
peMa peryoBaHHsS BOJHOTO PEXUMY Ta 3aXH-
CTY IPYHTIB.

BaxiuBuM ejieMeHTOM crabumizamii ar-
poiaHAmadTiB € MONE3aXKCHI JTicocMyTH, QyH-
KIIIOHAJIbHUH CTaH SAKUX 0E3M0CEPEIHBO BILIH-
Ba€ Ha IHTEHCUBHICTH Je(UISAIIMHUX MPOIIECIB.
3HMKEHHS iXHbOI €)EeKTUBHOCTI SIK BITPO3aXH-
cHOTO 0ap’epa CyIpOBOIKYETHCS TTOCHIICHHSIM
JeduIsIii, o BiIMOBiIa€ MOJOKEHHIM arpoti-
coMeltiopartii Io10 poti JIICOBUX HACAIKEHb Y
peryJroBaHHI MIKpPOKJIIMAaTy Ta 3aXUCTI IPYHTIB
[21]. Takum ymHOM, AETpajallis JiCOCMYT BH-
CTYIIa€ O/IHUM 13 YMHHUKIB AecTalinizauii arpo-
€KOCHCTEM.

[opyuienHst BogoperynoBaibHOl QyHK-
Ii1 JIICIB TPOSIBIISIETHCS Y 3MiHI TiIPOJIOTiYHOTO
PEKUMY, 1110 TOTIOBHIOE BUSIBJICHI MTPOIIECH Jie-
rpajariii Ta MOCHJIOE IX BILIMB Ha MPHIICTIII ar-
ponanamadgT 4depe3 30UTBIICHHS TOBEpXHE-
BOTO CTOKY 1 3MHB POJIOYOTO IIapy TIPYHTY.
Taki 3MiHH TaKOX Y3TOJDKYIOTBCS 3 OIIIHKAMH
MDKHApOIHUX OpTaHi3alliif, 3riHO 3 SKUMH JIe-
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rpajamisi JICOBUX EKOCHCTEM CYHPOBOIXKY-
€THCSI 3HIKCHHSM €KOCHCTEMHHUX TIOCIYT 1 He-
raTWBHO BIUIMBA€ HA MPOJYKTUBHICTH Ta CTii-
KiCTh mpuiieraux 3emens [10].

Y 1bOMY KOHTEKCTI JIiCOBI HACaPKEHHS
32 YMOB 30€peKEeHOT0 (PYHKIIOHATLHOTO CTaHy
BHKOHYIOTh POJIb Oy(EepHOTo eeMenTa, 1o 3a-
Oe3nedye cTadimi3alliro BOJHOTO PEXKUMY JaH/I-
madTiB. BogHouac ix merpapmarisi mpu3BOAUTH
JI0 €KOJIOT1YHUX HACHIJIKIB, 30KpeMa 3HIKEHHS
OlOpIZHOMAHITTS, 3MiH MIKPOKITIMATHIHIX
YMOB 1 3MEHIIECHHS JeTIOHYBaHHS BYIJICLIO, 1110
BILTHBAaE Ha (YHKI[IOHYBaHHS arpoeKOCHCTEM.
OTtpuMaHi pe3yabTaTH TaKOX BiAIOBIJAIOTH CY-
YaCHUM JIOCHI/KEHHSIM IIIOJI0 BCUXAHHS SICCHA
B €Bpori, 1e Hymenoscyphus fraxineus posris-
JTAETHCS SIK KIIFOYOBUH (DaKTOp Jerpajaailii nepe-
BOCTaHiB |7, 20], 1110 orocepeIKOBAaHO BILIUBAE
Ha CTaOUIBHICTh JIICOBHX KOMIIOHEHTIB arpo-
nanamadTie. Y Mexax KOHIICMIIT eKOCUCTEM-
HHUX TOCIYT Ii MPOIECH IHTEPIPETYIOThCS SK
3HIKEHHS PETYJIOBAIBHUX 1 MIATPUMYBAJIbHUX
dbynkuii nagamadTis [23, 24].

TakuMm 4YMHOM, BUSBJIEHI 3MIHM MOKHA
PO3TIISJIATH SIK B3a€MOIIOB’s13aH1 MPOIIECH, IO
noTpeOYIOTh CHCTEMHOI0 aHali3y. [HTepnpeTa-
Lis OTpUMaHMUX pe3ysbTariB y Mexax DPSIR-
MiAXOLY O3BOJISIE PO3IIISLIATH BHSIBJICHI HPO-
LIECH B MeXax €IWHOI aHaJITUYHOI MOJIEIIL.
[IpuanHHO-HacHiqKOBHI NaHIoT P — S — [ Bi-
noOpaxkae TpaHchopMallito 0iOTHYHOTO THUCKY
B 3MIHU CTaHy JIICOBUX €KOCUCTEM i X MOjalib-
HIMH BIUTUB Ha TIPWIIETII arposaHamadTH, 110
BimmoBigae mnpuHmmnam DPSIR-miaxomy mo
aHaJTi3y CKJIaIHUX €KOJIOTTYHUX cucTeM [13].

VY npakTHYHOMY BHMIpi pe3yibTaTH 10C-
JJKSHHST MOXYTh OyTH BUKOpPHUCTaHI JIIsl 00-
IPYHTYBaHHSI YIPABIIHCHKUX DillieHb y cdepi
JICOKOPUCTYBAHHS Ta arpoiicomerniopairii. 30-
KpeMa, MiATPUMaHHS ONITUMAJIbHOT y4acTi CTii-
KHX TIOpiJl y CKJaJii Haca/PKeHb 1 CBOEYaCHE
MpOBEACHHS PYOOK JOIJsiAy CHOpSMOBaHI Ha
MiJIBUIICHHST CTIHKOCTI AepeBocTaHiB [7, 16],
TOII K 1HTErpauis MOHITOPHUHTY CaHiTapHOTO
CTaHy JIICIB y CHCTEMY OLIHIOBAHHS arpoJiaH-
madTiB MOKE BUKOPHCTOBYBATHCS SIK 1HCTPY-
MEHT PaHHBOI JIarHOCTHKH €KOJIOTIYHUX PH3H-
KiB, 30KpeMa epo3iiHux npouecis [4, 5, 23].
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[lepcrieKTHBHUM HANPSIMOM € TaKOX BU-
SBJICHHSI Ta PO3MHOXKEHHsI JIepeB, MOTCHLIHHO
CTIMKMX 10 XaJapoBOro Hekpo3y. HasBHICTS Te
HETHYHOI BapiabenmbHOCTI cTikikocTi Fraxinus
excelsior no Hymenoscyphus fraxineus cTBo
pIOE TIEpeIyMOBH ISl CENEKIIHHHUX Iporpam
[25], mo BimmoBimae cydacHUM MiAXoAaM [0
yIpaBIiHHS JierpajatiiHuMu npouecamu [18].

BigHOBICHHS TMOJIE3aXUCHHUX JTICOBUX
CMYT, OCa0JeHWX OIOTHYHMMH YHHHUKAMH,
PO3TIIANAETECS SIK CKJIAZoBa IPYHTO3aXHUCHOI
crparerii [21], Toai SK TPUHIMIIA CTAJIOTO YII-
paBiiHHA Jicamu [27] 3a0e3MeqyIoTh Y3ro -

KEHHS TPUPOJIOOXOPOHHHUX 1 TOCHOAAPCHKHUX
3ax0fiB y MeXax JaHJIa(THAX CUCTEM.

OtprMaHi pe3ynbTaTH MaloTh IepeBa-
JKHO SIKICHHH XapakTep 1 0a3yloTbcs Ha y3a-
TaJIbHEHH] eMITIPUYHUX [TaHUX, 0 OOMEeKye
MO>XKITUBICTB KiJIbKICHOI OI[IHKW CHJIM Ta MacIII-
Ta0iB BUSABJICHUX B3a€MO3B’s3KiB. CITiJi TaKOX
BpaxoByBaTH, IO BUKOPUCTaHI JTaHI OTpUMaHi
y Pi3HI POKH, IO MOXeE BIUIMBATH HA iX MOPIB-
HsaHHICTE. KpiM TOTO, BiACyTHICTH YyHidikoBa-
HO{ CTaTUCTHYHOI 0a3M AJisl OHOYACHOTO aHa-
73y JiCOBHUX 1 arponaHamadTHUX MOKa3HHUKIB
YCKJIQJHIOE KUTBbKICHY 1HTErpamilo KOMIOHEH-
tiB DPSIR.

Bucnoerxu

Y3arajgpHeHO AerpaialiifHi mpouecH y Jii-
coBux ekocucremax JliBoGepexxkHoro Jlicoctemy
Yxpainu Ta mpoaHali30BaHo X 3B 530K i3 €KOJIO-
TIYHAM CTaHOM TPHWIIETNIUX arpoiaHmmadTiB y
Mexkax DPSIR-migxomy. 3ampornoHoBaHO Mmiaxisn
JI0 iHTepmpeTallii CaHITApHOTO CTaHy JIEepPeBO-
CTaHIB SIK IHTETPAILHOTO 1HIUKATOPA IIMX 3MiH.

IokazaHo, mo 6i0THYHMIT THCK, 3yMOBIIE-
HUH JII€F0 KOMIUICKCY IIKITHUKIB 1 MaTOTCHIB,
TIOB’SI3aHUI 13 MOTIPIICHHSAM CaHITAPHOTO CTaHy
SICCHEBUX JICPCBOCTAHIB 1 3HIKSHHSM 1X €KOJIOTi-
yaux (yHkuid. BeraHoBneHo, 10 11i 3MiHU Cy-
TPOBOJKYIOTHCS TOCIA0IEHHSIM IPOTUEPO3IHHOT
Ta BOJIOPETYJIFOBATLHOI POJIi JIICIB Ta IHTEHCH)i-
KaIli€r0 epo3iHMX MPOLIECIB Y MPUIICTIIMX arpo-
naHamadrax.

IHTepnpeTariisi  pe3ynbTaTiB Yy Mekax
DPSIR-mixomy M03BONsiE PO3IJIAAATH BHSBIECHI
TIPOIIECH SIK TPUYMHHO-HACIIKOBUH JIaHITror P —

S — |, mo BimoOpaxkae TpaHchopmalliro 610THY-
HOTO THCKY B 3MIHH CTaHy €KOCHCTEM 1 iX moja-
JBIIUH BIUTMB Ha arpoiiaHamadTa.

[pakTryHe 3HauYCHHS pPE3yJIbTATIB OJS-
ra€ y BHKOPHCTaHHI TOKa3HWKIB CaHITAPHOTO
CTaHy JICiB y CHCTeMax €KOJIOTTYHOTO MOHITOPH-
HIY K IHIUKATOpIB PAaHHBOTO BUSBIICHHS PU3H-
KiB gerpapmariii arpomammadTiB i OOIpyHTY-
BaHHS 3aXO/IiB JICOKOPHCTYBAHHS Ta arpoJricomMe-
Jiopailii, 30KpeMa BiJJHOBJICHHS I10JIC3aXHUCHUX
JICOCMYT 1 ITiIBUIIIEHHS CTIKOCTI HaCa/KEHb.

Pe3ynbTaTit yTOUHIOIOTH IPHYNHHO-HACITI-
JIKOBI 3B’SI3KH JIETPajiallil JICOBUX E€KOCHUCTEM 1
€KOJIOTIYHUX 3MiH arpolafmmuadTriB y Mexax
DPSIR-migxomy. [lomanbiri gocimimkeHHs TO1Ii-
JIBHO CIPSIMYBaTH Ha KUIBKICHE OI[IHIOBaHHS B3a-
€MO3B’sI3KIB MiX JIETPAJIAIli€r0 JICOBUX EKOCHC-
TEM 1 epO3iHHUMH TPOIIECaMH 3 BUKOPUCTAHHIM
(hopmartizoBaHUX MOJIeNeH 1 yHI(IKOBaHHX JJAHUX.

Kondgpnixm inmepecie

ABTOpY 3asBISAIOTH, IO KOHQIIIKTY 1HTEpPECiB 11010 MyOIiKamii mboro pykomnucy Hemae. Kpim
TOTO, aBTOPH MOBHICTIO JIOTPUMYBAJIUCh €TUYHUX HOPM, BKJIIFOYAIOUH IIIariaT, parbcuikaiiro JaHuX

Ta TIOJBIHY MyOTiKaIlito.

Brecox asmopis: BCi aBTOPH 3pOOUIN PIBHUI BHECOK Y IF0 POOOTY.

eknapauyia npo euxopucmanns I

Ilig gac mMiArOTOBKM PYKOMHUCY aBTOPH BUKOPHCTOBYBAJIM IHCTPYMEHTH IITYYHOTO IHTEIEKTY
(ChatGPT, OpenAl) BUKITIOYHO TSI TEXHIYHOI Ta MOBHOCTHJIICTHYHOI MATPUMKH TEKCTY, CTPYKTYPY-
BaHHS OKpeMuX (hparMeHTIiB pyKOMHCY Ta TIEPEBIPKU aKaJeMIYHOTO CTHIIIO BUKIIAIY.

VYci HayKOBI MOJIOXKEHHS, aHATITHYHI BUCHOBKH, 1HTEPIIPETAIIisl Pe3yJIbTaTIB, PO3PAXyHKHU Ta OC-
TaTOYHA PEAAKI[iS CTaTTI BAKOHAHI aBTOPAMHU CAMOCTIHHO. ABTOPH HECYTh MOBHY BiAOBIJAIBHICTH 32

3MicT myOJTiKariii.

Cnucox suxopucmanoi 1imepamypu

1. Millennium Ecosystem Assessment. Ecosystems and human well-being: wetlands and water. Washington: World
Resources Institute, 2005. URL.: https://www.wri.org/research/millennium-ecosystem-assessment-ecosystems-

and-human-well-being

2. Bonan G. B. Forests and climate change: forcings, feedbacks, and the climate benefits of forests. Science. 2008.
Vol. 320, No. 5882. P. 1444-1449. https://doi.org/10.1126/science.1155121

3. Global forest resources assessment 2020: main report / ed. A. Sarre. Rome: Food and Agriculture Organization
of the United Nations, 2020. URL: https://openknowledge.fao.org/server/api/core/bitstreams/9f24d451-2e56-

4ae2-8ada-1bc511f5e60e/content



https://www.wri.org/research/millennium-ecosystem-assessment-ecosystems-and-human-well-being
https://www.wri.org/research/millennium-ecosystem-assessment-ecosystems-and-human-well-being
https://doi.org/10.1126/science.1155121
https://openknowledge.fao.org/server/api/core/bitstreams/9f24d451-2e56-4ae2-8a4a-1bc511f5e60e/content
https://openknowledge.fao.org/server/api/core/bitstreams/9f24d451-2e56-4ae2-8a4a-1bc511f5e60e/content

ISSN 1992-4224 Jlronuna Ta goBkimms. ITpo6nemu Heoekomorii. 2026. Bumyck 45

4.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

Bulygin S., Antonyuk D. Soil erosion in Ukraine. Hayxosuii sichux HYBill Yxpainu. Cepis: Asponomis. 2016, Ne
235. C. 143-151. URL: https://agriculturalscience.com.ua/web/uploads/journals_pdf/Visnik Agron-
omy 2016 235.pdf

Tapapiko O. I',, Inbenko T. B., Kyuma T. JI., Binokiabs O. A. Epo3ist IpyHTIB SIK YMHHHK OITyCTETIOBAHHS arpoJIaH-
wadris  Vkpainu. Aepoexonoeiunuti ocypuan. 2021. Ne 3. C. 6-16. URL: https://journalagroeco.org.ua/is-
suelview/14494

Flower C. E., Knight K. S., Rebbeck J., Gonzalez-Meler M. A. The relationship between the emerald ash borer (Agrilus
planipennis) and ash (Fraxinus spp.) tree decline. Forest Ecology and Management. 2013. Vol. 303. P. 143-147.
https://doi.org/10.1016/j.foreco.2013.04.017

Enderle R., Stenlid J., Vasaitis R. An overview of ash (Fraxinus spp.) and the ash dieback disease in Europe. CAB
Reviews. 2019. Vol. 14, No. 25. P. 1-12. https://doi.org/10.1079/PAVSNNR201914025

Meshkova V., Samoday V., Davydenko K. Ash dieback and contributing factors of forest weakening in provenance
tests in the Sumy region. Central European Forestry Journal. 2021. Vol. 67, No. 2. P. 113-121.
https://doi.org/10.2478/forj-2021-0001

Schei F. H., Arnberg M. P., Grytnes J. A., Johanesen M. S., Johansen J., Milford A. B., Tollefsrud M. M. Ash dieback:
a cascade of ecological effects in the ground flora. Forest Ecology and Management. 2024. Vol. 572. Art. 122322,
https://doi.org/10.1016/j.foreco.2024.122322

FAO, UNEP. The state of the world's forests 2020: forests, biodiversity and people. Rome: FAO, 2020. 214 p.
https://doi.org/10.4060/ca8642en

Kpytsxora B., I'ymua O., SIuce JI. 3actocyBaHHS 0i0JIOTIYHOTO METOMY IUTA 3aXHCTY JICY 1 JICOBHX HACaJDKCHb B
Vxpaiui. Bicnux agpaproi nayxu. 2020. T. 98, Ne 1. C. 39-46. URL.: https://agrovisnyk.com/pdf/ua_2020 01 06.pdf
Byxma 1. CraH omiHIOBaHHS 3arpo3 Ta aJaNTAIIMHAX 3aXO0AIB Y JIICOBOMY TOCTIONAPCTBI YKpaiHH Y 3B’A3KY 31 3MIHOIO
wrimaty. Kuis, 2022. 38 c¢. URL: https:/Aww.sfi-ukraine.org.ua/wp-content/uploads/2023/11/buksha_climate-
change report 31-01-2022-ukr.pdf

Smeets E., Weterings R. Environmental indicators: typology and overview. Copenhagen: European Environment
Agency, 1999. 19 p. URL.: https://www.eea.europa.eu/en/analysis/publications/tec25

Davydenko K., Meshkova V. The current situation concerning severity and causes of ash dieback in Ukraine caused by
Hymenoscyphus fraxineus. In: Vasaitis R., Enderle R. (ed.). Dieback of European ash (Fraxinus spp.): consequences
and guidelines for sustainable management. Uppsala: Swedish University of Agricultural Sciences, 2017. P. 200-208.
URL: https://Awww.researchgate.net/publication/315670555_The current situation_concerning_sever-
ity_and_causes of ash_dieback in_Ukraine caused by Hymenoscyphus_fraxineus

MertomugHi BKa3iBKH 3 HaIJIiLy, OOJKY Ta IIPOTHO3YBaHHS ITOIIAPSHHS IIKITHUKIB 1 XBOPOO JICY JUTsl pIBHUHHOI Ya-
crunn  Yxpainm [/ 3a pen. B. J. MemkoBoi. Xapkie: Hose cmoso, 2020. 90 c¢. URL:
https://uriffm.org.ua/static/main/files/method naglyad_oblik_prognoz_.pdf

Memkosa B. JI., bopucosa B. JI., Kpumrron €. A. Canimapnuti cman sicena 3suyaiinozo y Jlisobepesicuomy Jlicocmeny
Yxpainu: monorpadis. Xapkis : dakr, 2025. 173 c.

Kowalski T. Chalara fraxinea sp. nov. associated with dieback of ash. Forest Pathology. 2006. Vol. 36, No. 4. P. 264—
270. https://doi.org/10.1111/j.1439-0329.2006.00453.x

Vasaitis R., Enderle R. (ed.). Dieback of European ash (Fraxinus spp.): consequences and guidelines for sustainable
management. Uppsala: Swedish University of Agricultural Sciences, 2017. 299 p. URL: https://Awww.cost.eu/up-
l0ads/2018/07/European_Ash_Consequences and Guidelines for_Sustainable Management.pdf

Timmermann V., Barja 1., Hietala A. M., Kirisits T., Solheim H. Ash dieback: pathogen spread and ascospore dispersal.
EPPO Bulletin. 2011. Vol. 41, No. 1. P. 14-20. https://doi.org/10.1111/j.1365-2338.2010.02429.x

Pautasso M., Aas G., Queloz V., Holdenrieder O. European ash dieback: a conservation biology challenge. Biological
Conservation. 2013. Vol. 158. P. 37-49. https://doi.org/10.1016/].biocon.2012.08.026

Jose S. Agroforestry for ecosystem services and environmental benefits. Agroforestry Systems. 2009. Vol. 76, No. 1. P.
1-10. https://doi.org/10.1007/s10457-009-9229-7

Mitchell R. J., Beaton J. K., Bellamy P. E., Broome A., Chetcuti J., Eaton S., Woodward S. Ash dieback in the UK:
ecological implications and management. Biological Conservation. 2014. Vol. 175. P. 95-109.
https://doi.org/10.1016/j.biocon.2014.04.019

Haines-Young R., Potschin M. Common international classification of ecosystem services (CICES V5.1 Revision of
the Common International Classification for Ecosystem Services (CICES V5.1): A Policy Brief. One Ecosystem 3.
E27108 https://doi.org/10.3897/oneeco.3.e27108

Millennium Ecosystem Assessment. Ecosystems and human well-being: synthesis. Washington : World Resources In-
stitute, 2005. URL: https://mww.millenniumassessment.org/documents/document.356.aspx.pdf

McKinney L. V., Nielsen L. R., Collinge D. B., Thomsen I. M., Hansen J. K., Kjar E. D. The ash dieback crisis:
genetic variation in resistance. Plant Pathology. 2014. Vol. 63, No. 3. P. 485-499. https://doi.org/10.1111/ppa.12196
Skovsgaard J. P., Thomsen I. M., Skovgaard I. M., Martinussen T. Associations among symptoms of dieback in
ash stands. Forest Pathology. 2010. Vol. 40. P. 7-18. DOI: https://doi.org/10.1111/].1439-0329.2009.00599.x
Rametsteiner E., Simula M. Forest certification as a tool for sustainable forest management. Journal of Environ-
mental Management. 2003. VVol. 67, No. 1. P. 87-98. DOI: https://doi.org/10.1016/S0301-4797(02)00191-3

Otpumano:03.04.2026 / Ilepernsayto: 05.05.2026 / IMpuiiasro: 10.05.2026 / Ony6aikoano:30.05.2026

~196 ~


https://agriculturalscience.com.ua/web/uploads/journals_pdf/Visnik_Agronomy_2016_235.pdf
https://agriculturalscience.com.ua/web/uploads/journals_pdf/Visnik_Agronomy_2016_235.pdf
https://journalagroeco.org.ua/issue/view/14494
https://journalagroeco.org.ua/issue/view/14494
https://doi.org/10.1016/j.foreco.2013.04.017
https://doi.org/10.1079/PAVSNNR201914025
https://doi.org/10.2478/forj-2021-0001
https://doi.org/10.1016/j.foreco.2024.122322
https://doi.org/10.4060/ca8642en
https://agrovisnyk.com/pdf/ua_2020_01_06.pdf
https://www.sfi-ukraine.org.ua/wp-content/uploads/2023/11/buksha_climate-change_report_31-01-2022-ukr.pdf
https://www.sfi-ukraine.org.ua/wp-content/uploads/2023/11/buksha_climate-change_report_31-01-2022-ukr.pdf
https://www.eea.europa.eu/en/analysis/publications/tec25
https://www.researchgate.net/publication/315670555_The_current_situation_concerning_severity_and_causes_of_ash_dieback_in_Ukraine_caused_by_Hymenoscyphus_fraxineus
https://www.researchgate.net/publication/315670555_The_current_situation_concerning_severity_and_causes_of_ash_dieback_in_Ukraine_caused_by_Hymenoscyphus_fraxineus
https://uriffm.org.ua/static/main/files/method_naglyad_oblik_prognoz_.pdf
https://doi.org/10.1111/j.1439-0329.2006.00453.x
https://www.cost.eu/uploads/2018/07/European_Ash_Consequences_and_Guidelines_for_Sustainable_Management.pdf
https://www.cost.eu/uploads/2018/07/European_Ash_Consequences_and_Guidelines_for_Sustainable_Management.pdf
https://doi.org/10.1111/j.1365-2338.2010.02429.x
https://doi.org/10.1016/j.biocon.2012.08.026
https://doi.org/10.1007/s10457-009-9229-7
https://doi.org/10.1016/j.biocon.2014.04.019
https://doi.org/10.3897/oneeco.3.e27108
https://www.millenniumassessment.org/documents/document.356.aspx.pdf
https://doi.org/10.1111/ppa.12196
https://doi.org/10.1111/j.1439-0329.2009.00599.x
https://doi.org/10.1016/S0301-4797(02)00191-3

ISSN 1992-4224 Jlronuna Ta goBkimms. ITpo6nemu Heoekomorii. 2026. Bumyck 45

V. L. BORYSOVAL, PhD (Agriculture),
Lecturer of the Department of Forestry and Game Management,
e-mail: borisova.valentina@ukr.net ORCID: https://orcid.org/0000-0001-6915-1681

Y. A. KRYSHTOP, PhD (Agriculture),
Associate Professor Department of Ecology and Biotechnology in Plant Production,
e-mail: kafagroeco@ukr.net ORCID: https://orcid.org/0000-0002-2868-3101
V. V.NAZARENKO, PhD (Agriculture),
Associate Professor of the Department of Forest Cultures, Land Reclamation and Landscape Architecture,
e-mail: 0997301084 @btu.kharkiv.ua ORCID: https://orcid.org/0000-0002-1043-1619

IState Biotechnology University,
44, Alchevskykh Str., Kharkiv, 61002, Ukraine

DEGRADATION OF FOREST ECOSYSTEMS IN THE LEFT-BANK FOREST-STEPPE
OF UKRAINE AND IMPACT ON AGRICULTURAL LANDSCAPES: DPSIR APPROACH

Purpose. An analytical synthesis of degradation processes in forest ecosystems of the Left-Bank Forest-
Steppe of Ukraine and examines their relationship with the ecological condition of adjacent agricultural landscapes
using the DPSIR framework.

Methods. The DPSIR approach (EEA, 1999) was used as a conceptual framework to structure cause-and-
effect relationships; methods of systematization and generalization of biotic pressure factors based on forest pa-
thology survey data were applied, along with a comparative analysis of scientific sources.

Results. The empirical basis comprises data from surveys of more than 5,000 common ash trees (Fraxinus
excelsior L.), conducted over multiple years (mainly in the 2010s) across 52 permanent and 125 temporary sample
plots in stands of seven forest enterprises. Methodological approaches to forest pathology monitoring in the plain
regions of Ukraine were used to substantiate management measures. The main biotic pressure factors were sys-
tematized, including stem pests, defoliating insects, pathogenic fungi, and bacterial diseases, whose interaction is
characterized as complex (synergistic). A causal chain P — S — I was identified. The decline in erosion-control
and water-regulating functions of degraded forest ecosystems is consistent with the deterioration of soil properties
and a decrease in soil fertility; the intensification of erosion processes in adjacent agricultural landscapes is con-
sistent with findings reported in the scientific literature.

Conclusions. The sanitary condition of ash stands is regarded as an integral indicator of forest ecosystem
degradation and an early marker of environmental risks for agricultural landscapes. The scientific novelty lies in
the formalization of cause-and-effect relationships between biotic factors of ash stand degradation and ecological
changes in adjacent agricultural landscapes within the DPSIR framework, as well as in the use of the sanitary
condition of stands as an integral indicator of these processes.

KEYWORDS: ash dieback, Fraxinus excelsior, forest stand sanitary condition, soil erosion, biotic pres-
sure, forest degradation, DPSIR
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3ACTOCYBAHHA CEPBICY GOOGLE EARTH ENGINE
JJI JOCJIIKEHHSA CTAHY AT'POJTAHAIIADTIB

BesnpenenentHa nerpanamnisi IpyHTOBOTO HOKPHBY YKpaiHM BHACIiIOK 30poiHOi arpecii P® yckmanHro-
€THCS] TPUBAJIMMHU IIPOLIECAaMU BOJHOT Ta BITpOBOi epo3ii. TpanuiiliHi MeToan 00CTeXXEHHsI TEPUTOPIi Hapasi 00-
MEKEHI uepe3 MiHHY HeOe3IeKy, 0 POOUTh TUCTAHIlIITHE 30H{yBaHHS 3eMJIi KJIFOUOBHM IHCTPYMEHTOM €KOJIOTI-
YHOT OLIIHKH.

Mera. Mpaktuune Bukopuctanus Google Earth Engine miis omiHKM BIUTHBY €pOIOBAHOCTI IPYHTIB Ta 1X
3a0pyJHEHHS Ba)KKUMH METaJIaMH Ha CTaH POCIUHHOCTI.

Metoan. JJocnipkeHHs IPYHTYEThCS Ha (PiTOIHAMKAIIIHOMY MiAXOAl 3 BAKOPUCTAHHIM MYJIBTHUCIIEKTpa-
JBHUX JIaHHUX CymyTHHKa Sentinel-2.

PesyabsTaTn. ExcriepuMeHTanbHI OCTIHKEHHS 3aicHIOBamUCS ipoTaroM 2024-2025 pp. Ha 6a3i 1BOX pe-
MPE3CHTAaTHBHIX TECTOBHX IOJIITOHIB, PO3TAIIOBAHUX Y MeXax Porancekoi TepuropianpHOi rpoMann (XapKiBCh-
Kuit paiioH, XapkiBcbka 00macTs). [ OLIHKY cTaHy pOCITMHHOCTI (Ha MPUKJIIAli COHSIIHUKY) 3aCTOCOBAHO BEre-
tariiiai ingexkcn NDVI ta NDRE. O6po0ka Benmuknx MacHuBiB JaHUX 3[iHCHIOBaNIacsi aBTOMAaTH30BAHO B CEPEIIO-
Buili GEE Ha 6a3i JBOX TecTOBUX MOJIITOHIB y XapKiBChKii obnacti. Ha nonironi Nel npoBenieHo mopiBHsIbHUIMA
PETPOCIIEKTHBHUI aHai3 30H MOTEHLIHHOTO 3a0pyIHEHHS BaKKUMH MeTallaMH (BHacIiiok 6oMOoTypoOarii) Ta
(dhoHOBUX AiNsAHOK. BeTaHOBICHO, 110 (DiTOIHIUKAIIIHI aHOMATIT MOXKYTh MaTH MPUPOIHE MMOXOKESHHS, 1[0 ITi/-
KPECJIIOE BXKJIMBICTh MOPIBHSHHS 3 JOBOEHHUMH IOKa3HMKAaMH JJIsl KOPEKTHOI OIIHKM BOEHHUX 30MTKiB. Ha
noiiroHi Ne2 BHSIBJIEHO YITKY KOPEJSILI0 MK CTYHNEHEM €pOJIOBAaHOCTI YOPHO3EMIB Ta 3HAUEHHSMH IHJIEKCY
NDRE: BrpaTta koxHuX 10 cM TeHeTHYHOT0 MpoQ1iII0 IPYHTY KOPEIOEe 31 3HIKEHHAM iHaekcy Ha 0,01 oauHMLI.
Po3paxoBaHo cymapHHii HeJOOIp BpOXKa0 Yepe3 epo3ito, sIKHA AT TOCTITHOT TUISHKH CKIaB oHaa 650 .

BucnoBku. [loBeneHo Bucoky edekruHicTh iHaekcy NDRE sk iHmukaTopa BMicTy xiopodisy Ha mi3HIX
eramnax Bereraiii. Pesynpratn miarseppkyoTh, mo inrerpamist ['1C-TexHoOTi# Ta CYyIyTHIKOBOTO MOHITOPHHTY
€ 6e3aIbTepHAaTHBHOIO OCHOBOIO JJIsl PO3POOKH CTpaTeriii MOBOEHHOT peMe/tianii 3eMelTb Ta BIPOBaPKEHHS CUCTEM
TOYHOTO 3eMJIEpOOCTBa.

KJIKOYOBI CJIOBA: 3emenvhi pecypcu, oucmanyiiine 30u0ysanus semni, Google Earth Engine,
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€po3i€ro, 10 MPU3BOIWIO O BTPATH POAIOUO-
CTi Ta MOTipIIEHHs CTPYKTYPH IPyHTOBOTO MO-
kpuBy [1].

Epo3is rpyHTiB € 01HUM 13 HaiimacTad-
Hilumx (aktopiB ¢izuuHOi Herpagamii 3emMens,
0 CTAaHOBUTH MPSIMY 3arpo3y III00albHIH mMpo-
IOBOJIBYIM Oe3meli. 3a CBITOBUMH OLIHKaMH,
omm3pko 80% 3eMenb, MPUIATHUX IS 3eMITe-
poOCTBa, BXKE TI€I0 YM iHILIOIO MIpOI0 3a3HAIN
MOMipHOTO a00 CHJIBHOTO BIUIMBY €pO3iHHHX
mporeciB. B Ykpaini macmrabu aerpanaiii Ha-
OyBalOTh KPUTHYHOTO XapakTepy: IUIOIIa epo-
31ifHO HeOe3MeuHuXx 3eMenb csrae Maibke 18
MJIH T2, 3 IKuX 13 MJIH ra 3arpoxye BoJHa epo-
3is, a 5 MIH ra - BiTpoBa. EkoHOMIUHI Ta exoio-
ri4HI HACIAKM LBOTO SIBUIIA KOJOCAIbHI. 30K-
pema, Ha BUpOOHHUITBO 1 T MpOIYyKIii pociIuH-
HUITBA (B YMOBHOMY 3€pHi) BTpadaeThcs Om-
3bKO 7 T IPYHTY, IO IPU3BOIUTH A0 MUTBSIPAHUX
€KOHOMIYHHX 30HMTKIB [2, 3].

Epo3is rpyHTIB Hapasi BUCTyMae JOMiHY-
FOYMM YMHHUKOM (Di3MYHOI Jerpajaiii 3emMesb-
HUX PecypciB, IO OE3MOCepenHbO 3arpoxkKye
CTIMKOCTI TI00aJIhHUX TPOJOBOIBYNAX CHCTEM.
3rigHo 3 akTyambHUMU omiHkamMu FAO, monHan
80% cBITOBOTO P MiAJAETHCA IOMIPHOMY
a00 CHJIBHOMY BIUIMBY JIECTPYKTUBHHX TIPOIIE-
ciB. B Ykpaini neit BUKiniK HaOyBae 03HaK Halli-
OHAJIBHOT €KOJIOTiYHOI KPH3H: 3arajbHa IUIOoIa
€po3iifHO HeOe3MeYHNX YTifb MEPeBHIIHIA M0-
pir'y 18 mu1H ra. 3okpema, JMHaMiKa BOIHOI €po-
3ii oxorutroe 13 MITH T4, Toi K BiTpoBa (aediis-
11is1) aKTUBHO 3arpoXye Iie S5 MJIH ra [2, 4].

ExoHOMIYHMI BUMIip AeTpajallii IpyHTO-
BOT'O TIOKPHBY € KPUTHYHHUM: BCTAHOBJICHO KO-
peALito, 3a TKOT BUPOOHUIITBO 1 T CIITBCHKOTO-
CHOJAapChKOi MPOAYKIIT (Y 3epHOBOMY €KBiBa-
JIEHT1) CYNPOBOJIKYETHCS HE3BOPOTHOKO BTpa-
TO0 OMM3BKO 7 T poaroyoro mapy. Taki Temin
NPU3BOJIATH HE JIUIIE JIO MUTBSIPJHHUX TIPSIMHX
€KOHOMIYHMX 30MTKIB, a i 1O BUCHAKECHHS IIPH-
POJIHOTO KarliTary KpaiHH.

B yMoBax BOEHHOrO CTaHy CHTYaIlis
YCKJIQAHIOETBCS ~ aHTPONOTE€HHO-MUTITApHUM
BIUTMBOM. YTBOpPEHHSI BUPB BiJl 0OCTpIJIB, MO-
PYLICHHS LUTICHOCTI JEPHOBOIO MIAPy BaXKKOIO
TEXHIKOIO Ta 3HUIICHHS JiCOCMYT CTal0Th TPH-
repaMyd HOBHX €PO3IMHHUX OCEPE/IKiB, IO IMOT-
pedye inrerpanii metoaiB ['IC-moHiTOpHHTY Ta
JICTAHIIMHOTO 30HTyBaHHS JUIsl OTIEPaTUBHOTO
OLIIHIOBAHHSI CTaHy 3eMeb [5, 6].

30potina arpecis pociiicbkoi Qeneparii
MpoTH YKpaiHU CIPHYMHUIIA OC3NpeIeACHTHY
B CyYacHil icTopii MiliTapHy JAerpajamito 1py
HTOBOT'O IIOKPHUBY, IEPETBOPUBIIN TEPUTOPIIO
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JIep>KaBd Ha OMHY 3 HaWOLIbIn 3a0pyTHEHHX
Ooenpunacamu y cBiti [7, 8]. Ockinbku moHaz
15-21 MinpiOH TeKTapiB YKPaiHCHKUX 3€MEIb,
MepEeBaXHO YOPHO3EMIB, OMUHMIINCS i BILIH-
BOM aKTUBHUX OOHOBHX JIili, MaciiTabHa aerpa-
JIAIlis TPYHTOBUX PECYPCiB CTAHOBHTH MPSIMY 3a-
rpo3y €KOJIOTiYHINi CTAOUTLHOCTI Ta TI00abHIN
npoaoBosbuiii 6e3meri [9-11]. OcobauBy Hebe-
3MIEKy CTaHOBHUTH XiMiuHE 3a0pyAHEHHS MMOTEH-
LifHO TOKCHYHUMH eJIeMEHTaMH, HacaMIepe.
Baxxkumu Metanamu (Pb, Cd, Hg, Cu, Zn, Ni,
Sb), 110 BUBLIBHSIOTHCS BHACHIJOK JCTOHAIT
CHApS/IiB, MiH 1 pakeT, a TAaKOX IiPOITi3y 3HHIIE-
HOT BiiicbKOBOI TexHiku [12-14]. Lli 3a0pynHio-
Bayi € MEPCUCTCHTHUMH, HE MiAI0ThCs 010J10-
TIYHOMY PO3KJIaJaHHIO, IIPUTHIYYIOTH MIKpOOi-
OTY IPYHTY Ta MalOTh 3[JaTHICTh O Oi0aKyMyJIsi-
il B TPO(IYHUX JIAHITIOTaX «POCIHHA — TBAPHHA
— JIIOIMHAY, TIPU [IBOMY TIepioJT IXHBOTO IPHPO-
JTHOTO CaMOOYHIIIEHHST MOXE TPUBATH Bija CO-
TEHb 710 KiJTbKOX THCSY pokiB [15, 16]

B ymoBax TpuBaro4oro KoHQIIKTY, MiH-
HOT HeOe3mekn Ta 00MEKEHOTO JOCTYITY JI0 Te-
pHUTOpii, MOCTIMKEHHS €KOJIOr0-Te0XiMigHOTO
CTaHy MUTITApHHUX arpoaHamadTis i3 BIpoBa-
JDKEHHSAM 1HHOBALIMHUX METOMIB JIHUCTAHIIN-
Horo 30HyBaHHs Ta ['IC-TexHOOriH € KpUTH-
YHO BAXKJIMBUM JUIsI OINEPATUBHOI OIIHKU
[IKOJIH, IIPOTHO3YBaHHS MIrpailii TOKCHKAHTIB i
HAYKOBOTI'O OOTPYHTYBaHHS CTpaTeriii MOBOEH-
HOT peMeiariii 3eMeJb.

VY TakuxX CKIaJHHUX yMOBax TpaIulliiHi
METO/JM MOHITOPHUHTY, 3aCHOBaHI Ha TOYKO-
BOMY TIOJILOBOMY BiOOpi 3pa3KiB, BUSBIIS-
IOThCSI HAJITO BapTiCHUMH, TPUBAIMMHU Yy Yaci Ta
9acTo HeOe3NeYHUMH a00 HEMOKIMBUMH IS
peasizailii Ha BEIMKHUX TUIOMIAX.

BukopucTaHHsS TEXHOJOTH JTUCTAHIIIN-
HoTro 30HayBaHHs 3emii (/133) BiakpuBae HOBI
MOJXKJTUBOCTI /ISl ONEPAaTHBHOTO Ta HEPYHHIB-
HOT'O KOHTPOJIIO CTaHy 3eMelib. OcolnuBe mic-
1€ cepe]] CydyacHHUX iIHCTPYMEHTIB MOCiIae XMa-
pua mardopma Google Earth Engine (GEE). Ti
KIIIOYOBUMH TI€pEeBaraMu € BiJIbHUN JOCTYI A0
0araTopiyHUX apxiBiB CYIyTHUKOBHUX JIAHUX
(Sentinel, Landsat), BucOKa MIBUAKICTH OIpa-
LIOBaHHS KOJIOCAJIbHMX MAacCHBIB iH(OpMAIIii
0e3 BUKOPUCTAHHS JIOKATEHUX 00YHCITIOBATH-
HUX TOTYXHOCTEH Ta MOXKIIMUBICTD POBEICHHS
TOYHOTO PETPOCIIEKTHBHOIO aHAI3Y CTaHy Po-
CIIMHHOCTI Ta IpyHTiB [17].

Merta — npaktuuHe BukopuctanHs GEE
JUIS OIIIHKY BILTUBY €POJIOBAHOCTI IPYHTIB Ta iX
3a0pyIHEHHS BaKKUMH METalaMH Ha CTaH poc-
JIMHHOCTI.
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Memoou oocnioricennsa

ExcniepuMeHTanbHI JOCITIIKESHHS 3ii-
cHroBanucs npotsarom 2024-2025 pp. Ha 6asi
JIBOX PENpE3eHTaTHBHUX TECTOBUX MOJITOHIB,
PO3TaIIOBaHUX Y MekaX PoraHchKoi TepUTOpi-
anpHOI rpoMany (XapKiBCbKUH paroH, XapKiB-
chKka 0011acTh).

HaykoBa koHuenmiss poOOTH IpyHTY-
€ThCs Ha (iTOIHIUKALIHHOMY TAXO0M1, Ie poc-
JMHHUI TOKPHUB PO3TIIIAETHCS K MPUPOJHHAN
IHTETrpaNbHUI 1HAUKATOP EKOJIOT1YHOTO CTaHy
arponanamartdy. Jns Bepudikarii ctaHy arpo-
[IEHO31B 3aCTOCOBAHO METOAM JHCTAHIIIITHOTO
3ouayBanHsa 3emm ([133), mo 3abe3neuyroTh
BHCOKY €()eKTHUBHICTh Ta OIEPATHBHICTH MOHI-
TOPHHTY.

JlocnipkeHHS TPOBOJMIINCH 33 JBOMA
OCHOBHHMMH HaIpsIMKaMH:

1) OuiHka BIJIMBY MilliTapHOTO 3a0pya-
HEHHS TPYHTIB Ba)XKUMH METaJlaM{ Ha CLIbCh-
KOTOCHO/AaPCHKY POCIMHHICTD MIISIXOM JHCTa-
HUiitHOTO MOHITOpHHTY (TIoJe Nel, puc.1).

2) OuiHKa BILUTUBY €pOJOBAHOCTI IPYHTIB
Ha CUTBCHKOTOCTIOAAPCHKY POCITHHHICTD IILIS-
XOM JUCTaHUIHHOTO MOHITOpHHTY (mosie No2,
puc.1).

Y Mexax HayKoBOi criBmpalli XapKiBCh-
KOT'O HaIllOHAIBHOTO yHiBepcuTeTy imeni B.H.
Kapasina 3 nporpamoro USAID AT'PO Buko-
pucTano 0a3zy reoJaHNX arpOBUPOOHUYUX TPYII
IpyHTIB XapKiBChbKOI 00IaCTi.

:

A

[ v Pormecoas rocesss
[ oo acaimns ccnide

Puc. 1 — Po3minieHHs HOMIroOHIB JOCHTIHKEHHS HAa TEPUTOPIi
Porancekoi TepuTOpiaabHOT rpOMaan

Fig. 1 — Location of the studied landfills on the territory of the Rohansk territorial community

3riHO 3 HElo 3arajbHa IUIONIA IPYHTOBOTO MOK-
PUBY 3€MeJlb CLIBCHKOIOCIIONAPCHKOr0 MpH3HA-
YeHHS B MEXax PoraHchKoi TepruTopiaabHOI Tpo-
MaJH CTaHOBHUTHL 6767,7 ra (puc. 2). lludpwu ar-
POBHpPOOHMYMX Tpym TpyHTiB (pHc.2) Bimmo-
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BimtoTh «llopsiaky Benenus JepskaBHOTo 3eMenb-
Horo kazmactpy» (momatku 2-75 mo Ilopsaky)
[18].

AmnHamiz orpuMaHoi BHOIpKH CBiTYHTH
PO BUCOKE Pi3HOMAaHITTs IPYHTIB TEPUTOPIi, e
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Puc. 2 — IpyHToBuii HOKpHB POraHchKoi TEPUTOPIaIbHOT IPOMaIH
Fig. 2 — Soil cover of the Rohansk territorial community

inenTudikoBano 36 pi3HOBU/IIB IPYHTIB 3 IOMi-
HYBaHHSIM YOPHO3EMIB THIIOBUX CEpPEIHBO T'y-
MYCHHX B)XKO CYTJTMHKOBHX Ta JIETKO TJIMHUC-
Ttux. Beranosieno, mo 46% (3109,6 ra) 3ara-
JBHOTO TPYHTOBOTO TOKPHBY I'POMAJU KIIacH-
(iKyroThCs SIK 0cO0MMBO 1iHHI IpyHTH [19].

BopHouac BUsIBIEHO 3HAYHE MTOITUPEHHS
JIerpajialliiHuX MPOIECiB: €pOA0BaHI IPYHTH
3aiiMarots 3090,9 ra, mo cranoBuTh 45,7% Bix
3arajibHOro rpyHrtosoro ¢onny. Cruin 3aysa-
JKUTH, 110 BUKOpUCTaHa 0a3a reoJaHNX MiCTHTh
iH(pOpMaLil0 BUKITIOYHO OO0 arpapHUX Yrinb,
TOJ SIK BIIOMOCTI MPO CTaH IPYyHTOBOTO IOK-
PHUBY B MeXax MICT, HACeJICHUX ITyHKTIB Ta 3e-
MeJIb JIicOBOTO (pOHIY Hapasi BiACYyTHI.

VY nocnipKeHHSX 3aCTOCOBYBAITUCH KOC-
MiuHI 3HIMKE Micii Sentinel-2 (mporpama
«Copernicus»), 30KpeMa JaHi CYIyTHHUKIB
Sentinel-2A Tta Sentinel-2B. Koxen amapar
OCHAIIICHUH MYJIBTUCTIEKTPAIBHAM CEHCOPOM,
0 3/IKCHIOE 3HIMaHHA y 13 jiama3oHax enek-
TpomarHiTHoro crektpa (Copernicus Data
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Space Ecosystem, ctanom Ha 8§ ciuns 2026 p.).
Joctyn no MaTepianiB OTpUMaHO 3a TOCHJIAH-
HSIM: https://dataspace.copernicus.eu/data-
collections/copernicus-sentinel-data/sentinel-2.

HasiBHiCTH MyJIBTHCIIEKTPATIEHOT 3HOMKH
JIO3BOJIIE  CTBOPIOBATHM CHHTE30BaHi 300pa-
JKEHHSI, 1110 BiIOMBAIOTh PI3HOMAHITHI BereTa-
LIHHI IHACKCH 30KpeMa HOpMaJli30BaHM B1IHO-
cHuit ingekc Beretamii (NDVI) ta HOpMmaizo-
BaHUH PI3HUIICBHUH iHJIEKC «YEPBOHOTO KPAIO»
(NDRE).

HopmMastizoBanuii BiITHOCHUN BereTarlini-
Hut ingekc (NDVI) € oganM 13 HaOLIbII BXKH-
BaHUX MOKA3HHKIB ISl OIIHKH CTaHy POCIHH-
HOTO TIOKpHUBY. DI3WYHWI NMPHHIUIT PO3paAXY-
HKky NDVI 6a3yerscst Ha KOHTpacTi MiX IHTeH-
CUBHHUM IOTJIMHAHHSAM COHSYHOI pajiamii mir-
MEHTaMH XJIOpo(isly B YEpBOHIH 30HI CIEKTpa
(Red) Ta BucOKUM KOe(iLliEHTOM pO3CiIOBaHHS
eHeprii Me30¢hioM JIMCTKa B OJIMKHIN iH(pade-
pBoHiit obmacti (NIR).
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Po3paxyHOKk iHAEKCY 3HIMCHIOETHCS 3a
hopmyioro:

NDVI = (NIR - Red) / (NIR + Red) (1)
ae:

- NIR - 3HaueHHs BIIOMBHOI 3JaTHOCTI B
OmkHIN iHQpadepBOHii 00J1aCTi CIIEKTPa;

- Red - 3naueHHs BiOMBHOI 37]aTHOCTI B
YepBOHIiH 00IacTi CIIeKTpa.

NDVI 3Mmory KinbkicHO OIiHUTH (HOTO-
CHHTETHYHY aKTHUBHICTH Ta TyCTOTY OioMacwy.
Bucoki 3HaueHHs IHAEKCY CBiAYaTh PO PO3BH-
HEHY BEreTaTHBHY Macy Ta CIIPUATIUBUHN (iTO-
CaHITapHUHN CTaH, TOMAI SK HU3bKI NMOKAa3HUKHU
BKa3ylOTh Ha Je(IIUT BOJIOTH, MOIIKOIKESHHS
HIKiJHUKaMK a00 CTaIito Ierpaaallii Xioporia-
ctiB [20]. IIpote NDVI mae 0OMeKeHHS Y BH-
sl eeKTy «HACHUYCHHSD): MPH JOCSTHEHHI
MaKCHUMAaJIBHOI IIJILHOCTI JIMCTOBOTO armapary
BiH BTpayae YyTJIMBICTh 10 MOAAJBIINX 3MiH Y
craHi mocisis [21].

s HiBeNMIOBaHHSA IOTO HEAOTIKY Ta
OTPUMaHHS O1JIBIII TOYHUX JIAHUX Ha Mi3HiX eTa-
Iax OHTOICHE3y POCIMH BHKOPHUCTOBYETHCS
NDRE. Horo MPUHIIAIIOBA BiMIHHICTH TOJS-
ra€ y 3aMiHi Y4epBOHOT'O KaHAITy Ha BY3bKUU TIe-
peXigHMH [iama3oH CHEeKTpa MK YEPBOHHM Ta
OIKHIM 1H(pPaYepBOHUM BHIIPOMIHIOBAHHSM -
Red Edge.

dopmyna po3paxyHKy HaOyBa€e BUTIISY:

NDRE = (NIR - RedEdge) / (NIR + RedEdge)

)

OCKiTbKM BHIIPOMIHIOBaHHS Y CHEKTpi

Red Edge 3maTtHe mpoHHMKAaTH Kpi3b BEpXHIH

SIpYC JIMCTS 3HAYHO TNIMOIIe, HiXK 3BUYaiiHe Ye-

pBore cBiTiio, NDRE 3a0e3neuye 00’eKTUBHY

OLIIHKY BMICTY XJIOpo(isy Ta a30Ty B yciii To-
BILli POCIMHHOTO TIOKpUBY [21].

[omryk, po3paxyHOK BereTalliifHIX 1HIEeK-

ciB 00p0o0OKa Ta iX aHaJIi3 POBOANIIUCH ABTOMATH-

4HO 3a fonoMororo cepsicy Google Earth Engine.

Pesynomamu ma 062060pennsn

AxTHBHI 00MOBI [l TPUBAIK HA TEPHTOPIT
rpomamn y OepesHi 2022 poky. JluctaHtidaMi MO-
HITOpUHT TIposiBiB OoMmOoTypOawii BusiBHB 916
BHPB, 1110 CTBOPIOE TIEPEyMOBH IS 320pY/THEHHS
IPYHTIB TPOMaJIH B&KKMMH MeTaiamu [22].

JocipkeHHsT 10 OIHIN  3a0pyIHEHHS
IPYHTIB BAYKKMMH METAJIaMHU TIPOBOIUIIHCH HA T10-
mironi Nel 3arampHOrO TUTOMIEO 53 ra (puc. 1).
OOcTesxyBaHe IoIe MOCTpaxaaio y xoxi Ooko-

BUIX [Iilf, Ha pUC. 3 a HaBeIeH1 BUPBH, sIKi OyIIH 3a-
(hikcoBaHi B X011 AemmppyBaHHI KOCMIYHAX 3Hi-
MKiB [22]. AHai3 po3rairyBaHHs BUPB MOKA3ye,
110 BiJ] 00CTPLIiB MepeBaKHO MOCTParK 1alia JIUIIIe
LEHTpaJibHa YacThHa noss wiowero 11,3 ra. Ha
Hiit OyI1o 3a¢ikcoBaHo 92 BUPBH, OTKE IIUIBHICTh
BUPB Ha Hill ctaHOBUTH 8,14 mrt/ra. s yactrHa
OyIia BUJIUIEHA SIK TIOTEHIIHHO 3a0py/IHEHA BaXK-
KnMH MeTanamu (puc.30).

0)
Puc. 3 — BuzinesHs noTeHOiiHO 3a0pyAHEHOI Ta He3a0pyJHEeHOT 30H Ha mojiroxi Nel
Fig. 3 — Identification of potentially contaminated and uncontaminated areas at landfill No. 1
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PoGouoto TinoTe3010 BU3HAYEHO MPHUILY-
IIEHHS, 10 Ha TIOTEHIIHHO 3a0pyIHeHii TepuTo-
pii (puc. 30, 30Ha 2) PO3BUTOK C.-T. POCIHH Oyie
TIpIIKM HiX y He3a0pynHeHii (puc. 30, 30Ha 1).

3a mormomororo cepeicy «KapTa mociBiB B
VYkpaini» BU3Ha4YeHI arpo)OHH ISl TIONITOHY
Nel 3a ocranni poku. Beranosieno, mo y 2019,
2021, 2023 ta 2025 pokax Ha Iiii TUISHII BUPO-
IIyBaBCsl COHSIIHUK, IO JO3BOJIMIIO MTOPIBHITH
CTaH iAEHTUYHOI KYJIbTYpU y (OHOBHH Mepion
(o mouatky akTUBHHX OOHMOBHX [Iiif) Ta B yMO-
BaxX HAsBHOTO MIJTITApHOTO 3a0py/THEHHSI.

OuiHIOBaHHS CTaHy POCIHH IPOBOANIIOCH
3a BeretariiinuM ingekcoM NDRE, skuii € oco-
OJIMBO YyTJIMBHM IO BMICTYy XJOpOQiITy B JHCTI
pocnus. Po3zpaxynok NDRE npoBoauBcst Ha oc-
HOBI JIaHMX KOCMIYHOi 3MOMKH CYIyTHHKa
Sentinel-2 3a gomomoror  OHIANWH-CEpBICY
Google Earth Engine. Jlns apromartu3ariii mmpo-
1ecy OyJio po3po0JICHO aIrOPHUTM, KU BiIOH-
paB yci 6e3XxMapHi 3HIMKH TIPOTITOM BereTalliii-
HOTO IUKIY Ta PO3paxOBYBaB IHIEKC OKPEMO

JUTSL 30H MOTEHINIMHO 3a0pyIHEHHX 1 He3a0pyI-
HEHHX TPYHTIB, a TaKOX (popMyBaB CHHTE30Ba-
HUH ycepeaHeHu pacTp 3a pik. Pesynbraru ana-
i3y mpezcTasieHi y Tabammi 1.

3riHO 3 POOOYOIO TIMTOTE3010, CEPEIHBO-
piuni 3Hauenns NDRE nHa 3a0pyaHeHiit Tepuro-
pii (NDRE_3.1.) MatoTh OyTH HWKYHMMH 32 Bif-
TIOBIJTHI TIOKa3HWKW HAa He3aOpyAHEHIH MiISHII
(NDRE _H.1.), a pizanma mix #uMu (Delta
NDRE*100) moBuHHa OyTH Bil’€MHOIO, IO
CBITYMTHME MPO TOKCMYHMUH BIUIUB HA POCIIUH-
HICTb

Hpyruii eran HayKoBo1 poOOTH MPUCBAYE-
HUII BUBUCHHIO BIUIMBY €POJOBAHOCTI IPYHTIB
Ha CTaH CUTBCHKOTOCTIONAPCHKHUX KYJIBTYpP y Me-
*ax momirony Ne2. OCHOBHUM HiarHOCTHIHAM
MOKA3HUKOM BHUCTYIIaB HOPMaJTi30BaHUH BiJIHO-
cuuii Beretamiuuii iHaekc (NDVI). OOGuwmc-
JICHHS 1HIIEKCY 3/iIICHIOBATIOCS HA OCHOBI MYJIb-
THCTIEKTPaJbHUX JaHUX CyMmyTHHKa Sentinel-2 i3
BUKOPHUCTAHHAM IHCTPYMEHTApPil0 XMapHOi IJia-
thopmu Google Earth Engine.

Taoauus 1
PesyabraTn po3paxynky ingekcy NDRE nis noJirony Nel
Table 1
Results of the NDRE index calculation for polygon No. 1
Pik C.r. KyJIbTypa NDRE__?..T. NDRE_]:[.T.
Near [ Agricultural / contaminated |/ uncontaminated | Delta NDRE*100
culture area area
2019 COHSIIHNUK 0,328 0,337 -0,922
/ Sunflower
2021 COHALIHUK 0,341 0,345 -0,378
/ Sunflower
2023 COHAIIHUK 0,378 0,383 -0,515
/ Sunflower
2025 COHSIIHUK 0,346 0,352 -0,624
/ Sunflower

VY xoxi Bepudikallii HasIBHUX KapTorpa-
¢iuHMX MaTepianiB OyJ0 BCTAaHOBJIECHO HEOO-
XUIHICTh aKTyauizallii apXiBHOi TPyHTOBOI Ka-
pTH mociiaHol AuUTTHKH. [lopiBHAIBHUI aHami3
3 cepi€ro aKTyaJbHMX KOCMIYHHX 3HIMKIB BH-
SIBHB CYTTEBI HEBIAMOBITHOCTI MEX €pOJIOBa-
HUX yrinp (puc. 4a). Pesymbratu nemmdpy-
BaHHs naHux ceppicy Google Earth cBimuars
1po 3HAYHY TpaHchOpMaLlilo KOHTYPiB nerpa-
JOBaHUX AUISTHOK Ta iHTeHCH]iKalilo MpoIeciB
epo3ii MOPIBHSHO 3 PETPOCIEKTUBHUMHU Ja-
HUMH. Ha 0CHOBI OTprMaHUX pe3yibTaTiB 0yii0
PO3p00JICHO OHOBIIEHY KapTy arpOBUPOOHUINX
TPYII TPYHTIB MOJITOHY (pHC. 40).

Jns mopanpmioi aHAMITHYHOI OOpPOOKH
JMaHUX y CEPEIOBHUINI XMapHOI IIaThopMu
Google Earth Engine 0yio po3po0ieHo creri-
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QITI30BaHUN AITOPUTM, MTPU3HAYCHUH IS PO3-
pPaxyHKy CEepeIHbO3BAKCHMX 3HAYCHb BEreTa-
uiHoro ingekcy NDRE. O0uucieHHs: poBo-
Juics udepeHIiioBaHO IS KOXHOIO IPYH-
TOBOI'O BHJILIY BIAMOBIAHO IO aKTyali30BaHOI
KapTOCXEMHU anOBI/Ip06HI/I‘lI/IX rpyn rpyHT1B
(puc. 40) mpoTsSroM BereTaliiHOrO Mepioay
2025 poxy. OTpuMaHi KiJIbKiCHI XapakTepHc-
TUKWA CUCTEMAaTHU30BaHO Ta HaBEJEHO y TabuI. 2.
Pesynbprati AMCTaHIIHOTO MOHITOPH-
HT'Y CTaHy CLIhCHKOTOCIIOAPCHKOI POCIUHHO-
CTi Ha TecToBOMY mojironi Nel cBim4ate mpo
cTalle 3HIKEHHS 3HaYeHb BereTaliifHoro iHae-
kcy NDRE =Ha ginstHKax MOTEHITIHHOTO MidiTa-
pHOTO 3a0pyIHEHHS IMOPIBHSHO 3 KOHTPOJb-
aumH (PoHoBUMH) 30HaMH (Tabim. 1). Bucoknii
CTYTIHB JOCTOBIPHOCTI OTPUMAHUX JTaHUX 3Y-
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0) oHOBJICHA KapTa

HIudp arporpym: 54e YopHOo3eMH THITOBI CEPETHHOTYMYCHI BaKKOCYTIIMHKOBI;
55e YopHo3eMH THITOBI 1 YOPHO3EMH CHIIBHOPETPAI0BaHI CTab03MUTI BaXKKOCYTIMHKOBI; 56 Yop-
HO3EMH THIIOBI 1 YOPHO3EMH CHIIBHOPETPAI0BaHI CEPEHbO3MUTI BAXKKOCYTIIMHKOBI
Puc. 4 — OHOBIICHHS KaPTH arpOBUPOOHMYMX T'PYII IPYHTIB mojiroHa Ne2

Agrogroup code: 54e Typical chernozems, medium humus heavy loam;
55e Typical chernozems and strongly degraded chernozems, slightly washed out heavy loam;

56e Typical chernozems and strongly degraded chernozems, medium washed out heavy loam)
Fig. 4 — Updating the map of agricultural production groups of soils of polygon No. 2
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PesyabTaTn po3paxyHnky ingexcy NDRE npisa nosirony Ne2

Calculation results of NDRE index for polygon #2

3uimox /Snapshot

20250420T083559_20250420T083901_T36UYA
20250420T083559_20250420T083901_T37UCR

20250425T083621_20250425T083621_T36UYA

20250425T083621_20250425T083621_T37UCR
20250606T084501_20250606T084457_T36UYA
20250606T084501_20250606T084457_T37UCR
20250609T083559_20250609T084325 T36Y1

20250609T083559_20250609T084325_T37UCR
20250624T083621_20250624T084314_T36UYA
20250706T083741_20250706T083740_T36UYA
20250706T083741_20250706T083740_T37UCR
20250709T083559 20250709T084337 T36Vi

20250709T083559_20250709T084337_T37UCR
20250714T083621_20250714T084118_T36UYA
20250729T083559_20250729T084008_T36Y 1

20250729T083559_20250729T084008_T37UCR
20250805T084501_20250805T084457_T36UYA
20250808T083559 20250808T083936_T36Y1

20250808T083559_20250808T083936_T37UCR
20250828T083559 20250828T083926 T36Y1

20250828T083559_20250828T083926_T37UCR
20250912T083611_20250912T084011_T36UYA
20250912T083611_20250912T084011_T37UCR
20250914T084451 20250914T084454_T36UYA
20250914T084451 20250914T084454_T37UCR
20250922T083651 20250922T083737 T36Vi

20250922T083651_20250922T083737_T37UCR
20251004T084501_20251004T084456_T36UYA
20251004T084501_20251004T084456_T37UCR

CepenHe 3a pik

MOBJICHUH 3aCTOCYBaHHSIM PEJIEBAaHTHOI METO-
JIOJIOT1YHOI CXeMH: aHaJIi3 MPOBOJUBCS Ha MOCi-
BaxX 1JICHTUYHOI KyJbTYPH (COHSIIHHUK) MPOTA-
TOM YOTHPBOX YaCOBHX 3Pi3iB, IO OXOIUIIOIOTh
JIBa TOBOEHHI POKH (pETpOCHEeKTHBHUI HOH) Ta
JIBa POKM IMIIAKTHOTO BIUIMBY (TI€pioA aKTHB-
HUX 00MOBHX Aiif). 3a CTPYKTYyporo moOynoBU
JlaHa MOJICJTb BiJINIOBiIa€e mapameTpaM oaHoda-
KTOPHOTO TOJHOBOTO JIOCTITY 3 JIBOKPATHOIO
MOBTOPHICTIO, IO JIO3BOJISIE MIiHIMI3yBaTH
BIUIMB BUIAJKOBUX YHHHUKIB Ta BEpU(IKyBaTH
BUSIBJICHI 3aKOHOMIPHOCTI.

YHucneHHi AOCTIPKEHHS MiATBEPHKYIOTh
MOXKJIMBICTh HETPSIMOTO0 MOHITOpHHTY BM y
IPYHTI, 3aCHOBAHOTO Ha aHai31 (i3i0J0TTUHIX
3MiH y POCIMHAX MiJl BIUIMBOM TOKCHYHOTO

Tadauusa 2

Table 2

TNara / Cepenne / Cepenne/ | Cepemne/

Date Average Average Average

NDRE 54e NDRE 55e¢ | NDRE 56e
20,04,2025 0,27 0,26 0,26
20,04,2025 0,27 0,26 0,26
25,04,2025 0,29 0,25 0,25
25,04,2025 0,29 0,25 0,24
06,06,2025 0,36 0,23 0,26
06,06,2025 0,36 0,23 0,26
09,06,2025 0,35 0,23 0,25
09,06,2025 0,35 0,23 0,25
24,06,2025 0,32 0,29 0,3
06,07,2025 0,53 0,51 0,47
06,07,2025 0,52 0,51 0,47
09,07,2025 0,51 0,52 0,47
09,07,2025 0,5 0,52 0,47
14,07,2025 0,5 0,53 0,48
29,07,2025 0,44 0,51 0,46
29,07,2025 0,44 0,51 0,46
05,08,2025 0,53 0,55 0,51
08,08,2025 0,49 0,54 0,51
08,08,2025 0,48 0,54 0,51
28,08,2025 0,44 0,45 0,42
28,08,2025 0,43 0,45 0,41
12,09,2025 0,32 0,27 0,26
12,09,2025 0,32 0,26 0,26
14,09,2025 0,35 0,27 0,26
14,09,2025 0,34 0,27 0,26
22,09,2025 0,35 0,25 0,24
22,09,2025 0,35 0,25 0,23
04,10,2025 0,29 0,24 0,22
04,10,2025 0,29 0,23 0,22
0,39 0,36 0,34
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crpecy [23-25]. Pocnuuan akymymiorote BM,
0 MITPYIOTh 13 TPYHTOBOTO PO3YHHY Yepes3 KO-
PEHEBY CHCTEMY JI0 BET€TATUBHHX OpraHiB -
creben Ta et [23, 26-28]. HakonuveHHs Ta-
KuX eneMeHTiB, sk kammiii (Cd), apcer (As),
pryts (Hg), migs (Cu), xpom (Cr), cBuHENb
(Pb), musk (Zn) Ta Hikensb (Ni), iHILIIOE KacKaj
(hizionoriuaux 3miH. L{i BHYTpimHI TpaHCchOp-
Marlii BKJIFOYAIOTh IPUTHIYEHHS CHHTE3Y XJIO-

podiny, pyiiHyBaHHS yIbTPacTPYKTYPH KIIITHH,
IHAKTUBAIIII0 (PEPMEHTIB Ta MOPYIIEHHS MPOLIe-
ciB ¢porocunTesy i Tpancmiparii [29]. Ockinbku
(diziooriuHMi cTaH POCIHUH Oe3MoCepeaHbO
KOPEJTIO€e 3 IXHIMU ONITHYHUMH BIIACTHBOCTSMH,
cerncopu /133 3maTHI peecTpyBaTH Ii 3MIiHH Y
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BUIIIMOMY Ta 1H(ppauyepBOHOMY [liaria3oHax ele-
KkTpomarHiTHoro criektpa [30].

[onpu TeopeTUUHy MOIIMBICTD JUCTaH-
IIFHOT TIarHOCTUKY 3a0py THEHHS IPYHTIB 3a CTa-
HOM (DITOIICHO3IB, TITBEP/KCHY aHAIII30M Hay-
KOBOI JIiTepaTypu, y MexKax JaHOTO TOCIiHKEeHHS
BCTAaHOBUTH TPSAMY IETEPMIHAINIO HE BAAIOCH.
PesynbraTn cBim4aTh, M0 3HWKEH] 3HAYSHHS 1H-
nekcy NDRE B mekax MOTEHINHHO iMITaKTHOI
30HU CITIOCTEPITATIMCS PEJICBAHTHO SIK ITiJ] J9ac BO-
€HHUX Jiii, TaK 1 B ToBOeHHUH niepioA. Lle mae -
JCTaBU CTBEPIPKYBATH PO HASBHICTH CTAIOrO
(haxTOpa BIUIMBY Ha CTaH POCIHHHOCTI, III0 Mae
HEMUTITApHE TTOXO/PKEHHSI.

3Bakalo4yM Ha Te, 10 IPYHTOBHUIl MOKPUB
nosirony Nel € TOMOTeHHHM 1 TIpelcTaBICHUI
YOpHO3EMaMH THIIOBUMH CEPeIHbOTYMYCHUMH
BaKKOCYIJIMHKOBUMH (arporpymna 54¢), 3adikco-
BaHa [IPOCTOPOBA HEOTHOPIAHICTh HE MOXKE OyTH
MOSICHEHA BiJIMIHHOCTSIMH B T€HE3UCI IPYHTIB.
InenTrdikaris TMX MPUXOBAHUX YWHHHUKIB (MiK-
popenbed, 0COOIMBOCTI TIIPOJIOTIYHOTO PEXKUMY
TOII0) € HEOOX1THOIO YMOBOFO ISl METOANYHOTO
OOTPYHTYBaHHS aJITOPUTMIB TOYHOTO 3eMIIEpOOC-
TBa Ta MUQEPEHIIIHOBAaHOTO YIIPABIiHHS MPOITYK-
TUBHICTIO JaHOTO arpoaHamadTy.

Pesynpratn gocmimkens Ha momironi Ne2
MiATBEPIDKYIOTh JIETePMIiHOBAaHUN 3B'SI30K MIiXK
CTYTIEHEM €pOJIOBAHOCTI IPYHTIB Ta PiBHEM IIPO-
JIYKTUBHOCTI arpo(iTOIeHO31B. 3ri{HO 3 JaHUMHU
riobaabHOro Meta-aHamzy [31], KkyMyaTuBHMIA
HETaTHBHUH BIUIMB HA BPOXKaWHICTh MOCHITIO-
€TbCS EKCIIOHEHIUAIbHO 31 30UIBIIEHHAM IJIU-
OWHM epo3iifHOTO 3pi3y. SIKIIOo BTpaTa BEPXHHOTO
mapy 0 5 cM Moke HiBenroBatucs Oy(hepHiCcTIO
IPYHTY, TO OAANbINA JAETPaaallis MPU3BOAUTH JI0
HEJTHIHHOTO TafiHHSA BPOXKAHHOCTI: TIpH BTparti
5-10 cM mokasHUK 3HIKEHHS CTaHOBHUTH -0,34, a
npu KpuTuaHii eposii (20-30 cm) csrae -0,99, mo
POOUTH TTOBHE BiIHOBJICHHS MPO{yKTHBHOCTI He-
MOJKJIMBMM HAaBITH 3a IHTEHCHBHOI XIMi3amii Ta
memiopartii [31].

AHaii3 cepeTHhOPIYHMX 3HAYCHb THJCKCY
NDRE 3a 2025 pik (Ha OCHOBI penpe3eHTaTUBHOT
BUOIpKH 3 29 CYyIyTHHUKOBHX 3HIMKIB) BUSIBUB Ui-
TKY nuQepeHIlialifo CTaHy MOCiBiB 3aJIeXKHO BiJl
arpoBHpPOOHNYOI TpynH TPyHTIB (Tabn. 2). s
MOJIBHUX (HE3MUTHX) YOPHO3EMIB (arporpyma
54e) cepenne 3nauendss NDRE cranoswuno 0,39,

it cmabosmutux (55¢) - 0,36, a it cepeHbO3-
mutux (56e) - 0,34. BpaxoByroun MopQosnoriyai
0CcOOJMBOCTI, JIe CTa003MHTI IPYHTH XapaKTepH-
3yIOThCsl 3MEHIICHHIM mpodito Ha 20 cm, a ce-
peaHbo3MHUTI - Ha 40 cM, BCTAaHOBJICHO 1HAMKATH-
BHY 3aJIeXKHICTh: 3HIWKeHHs iHAekcy NDRE na
koxHi 0,01 oguHUIT KOpEeIoe 3 BTPATOO MPHO-
miHO 10 ¢cM MIMOWMHM TEHETHYHOTO IPOQLITIO
IPYHTY.

AHami3 mpocTopoBOi CTPYKTYpHU TIPYHTO-
BOTO TOKpHBY moJiirona No2 CBiTYHTH PO 3Ha-
YHy JIOMIHAIIIO JEeTpaJloBaHUX AUITHOK: TIIOMIA
MOJATbHNX (HE3MUTHX) TPYHTIB CTAHOBHTB JIHIIIE
0,12 ra, Tomi SK Ca0O3MHTI Ta CEPETHBO3MMTI
BIIMIHHM 3aiiMaroTh 3 ra ta 2,21 ra BiAmoBiAgHO.
J7st KifbKICHOT OLIIHKY BIUIMBY €pO3ii Ha TIPOJY-
KTHBHICTh OyJIO 3aCTOCOBAaHO METOAWKY Ha OC-
HOBI MeTpukH Tapapuko (1983), 3rigHo 3 siKOIO
BTpaTa KOXKHOTO CaHTUMETpa TMOTY>KHOCTI I'eHe-
THYHOTO TPOQIIIO TPYHTY MPU3BOAUTH O 3HH-
JKeHHS BpoxkaitHocTi Ha Ha 0.5-2 1y/ra.

BpaxoBytoun, 1mo cepemHs BpOXaWHICTh
COHSIIHUKY B YKpaini y 2025 pomi ctaHOBHIIa
1,83 1/ra, Ta y35BIIN cepeTHE 3HAYCHHS METPUKU
Tapapuko - 1 ;Ha 1 cM - OyJ10 TIpOBEAEHO po3pa-
XYHOK TiIIOTETHYHOTO BAJIOBOTO 300py VIS Pi3-
HHX IPYHTOBHX BUIUIIB. 30KpeMa, 1JIsl HE3MUTHX
IpyHTIB (arporpyma 54e) mel MoKa3HWK BH3HA-
4yeHo Ha piBHi 21,96 11, Tof K 17151 Clab03MUTHX
(55e) Ta cepenabo3MuTHX (56€) AUISIHOK po3pa-
XYHKOBI 3Ha4eHHs CTaHOBJATH 489 11 Ta 316 11
BiANoBiHO. TakuM 4MHOM, CyMapHUil Heno0op
BPOXal0 BHACITIIOK €pO3iiHHX IPOLIECiB Ha J0C-
JIDKYBaHOMY TOJIroHi csirae 659,39 11 (Buxo-
JIIYM 3 PI3HUII MK TOTEHI[IMHO MOMIJIMBUM Ta
(haxTHIHUM 300pOM).

OtpuMaHi JaHi MiAKPECITIOTh, IO IHTEH-
CHBHICTh BOJIHOI €po3il € KPUTUYHHUM JIIMITyIO-
YUM YMHHHUKOM, SIKHI 3yMOBJIIO€ HENiHIKHE Ma-
JIHHSA MPOAYKTUBHOCTI arpodirorneHosiB. Buss-
JieHa KOPEeJISLisi MiX CTYNEeHeM 3MUTOCTI IPYHTY
Ta 3HadeHHsMH iHAekcy NDRE no3Bossie Buko-
PHUICTOBYBATH METOJIH JIUCTAHIIIHHOTO 30HIY-
BaHHA SIK HaIHHUI IHCTPYMEHT IS TPEIH31HHO1
OIIIHKA EKOHOMIYHHMX 30HMTKIB Ta paiiOHyBaHHS
TepHUTOpiii 3a cTyneneM Jerpanaiii. Lle crBoproe
METOJIMYHE TAIPYHTS JIIS BIIPOBAKECHHS CHC-
TeM TUdepeHIiifoBaHOro0 BHECEHHS TIOOPHB 1 Me-
JIOPAHTIB 3 METOIO YaCTKOBOT KOMITEHCAIIii BTpAT
POFOUOCTI Ha €POJOBAHMX 3EMJISIX.

Bucnoeku

IlinTBepmkeHO e()EeKTUBHICTD BHKOPHC-
TaHHA XMapHOi 1atdopmu  Google Earth
Engine (GEE) Ta MymsTHCHICKTpaIbHUX TaHUX
Sentinel-2 qmst MoHiTOpHHTY arponasamadTis B
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YMOBax MUITApHOTO ¥ epo3ifHOr0 HaBaHTa-
JKeHHS. BcTaHOBIIEHO 3aKOHOMIPHOCTI TPOCTO-
POBOI HEOTHOPIAHOCTI POCIMHHOTO IOKPHBY,
BHSIBJICHO 3B’SI30K CIIEKTPAJLHUX 1HAUKATOPIB 13
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JICTPaJIAIli€l0 IPYHTIB Ta OOIPYHTOBAHO MOXKITHU-
BOCTI MPAKTHYHOTO 3aCTOCYBaHHS OTPHUMAaHHX
PE3yJIBTATIB Y CHCTEMaX TOYHOTO 3eMJIepOOCTBa.

KomruiekcHe MOCHiIKEHHSI CTaHy arpo-
nanamadtiB Porancekoi TeputopianbHOI Tpo-
MaJd B yMOBaxX MIiNITAPHOTO Ta €pO3iHOTrO
BIUTUBY JI03BOJIsIE CDOPMYITIOBATH HU3KY KOHIIE-
NTyaJbHUX BUCHOBKIB, IO MAalOTh SIK TEOPETH-
YHE, TaK 1 MPUKJIAJHE 3HAYECHHS VIS CyYacHOl
€KOJIOT1i Ta arpoHOMii:

- IligTBepaKeHO CTpaTeriuHy poJib XMa-
pHoi ratdopmu Google Earth Engine (GEE) six
0e3aTbTEPHATUBHOTO 1HCTPYMEHTY JUIS TIPOBE-
JICHHSI €KOJIOTIYHOTO MOHITOPHUHTY B YMOBax
30poiiHOTO KOHQUIIKTY. MOKIIHMBICTh OMNpaIlto-
BaHHSI KOJIOCAJIbHIX MAaCHBIB MyJIbTHCIIEKTPaITh-
HUX JaHux Sentinel-2 0e3 BUKOPUCTAHHS JIOKA-
JBHUX OOYMCIIOBAIBHUX IOTY>KHOCTEH J03BO-
JIsi€ HIBETFOBATH PU3HKH, TIOB'13aHI 3 MIHHOIO He-
0e3meKor0 Ta OOMEKEHUM JIOCTYTIOM 10 TEPHUTO-
piif, a aBTOMAaTH3aLlisl PO3PaXyHKY BereTalliitHuX
ingekciB (NDVI, NDRE) 3a0esmnedye BHUCOKY
OTIEPATUBHICTE OTPUMAHHS pE3yJbTATIB, IO
KPUTHUYHO BaKJIMBO ISl IPUHHSATTS YIIPABIiHCH-
KUX pillIeHb y arpoCceKTOoPi.

—MeTooIoriyHo  JOBEOEHO HEeoOXia-
HICTh BIPOBADKEHHS PETPOCHEKTHBHOTO aHa-
JIi3y TIPH OLIHII MiTiTapHOI Jerpajialiii 3eMelib:
Keic nonirony Nel nmpoznemMoHCTpyBaB, 110 ¢iTo-
IHAWKALIAHI aHOMaIi, SIKi MOXYTh TpPaKTyBa-
THUCSI SIK HACIJIOK OOMOBOr0 BILTUBY, YacTO Ma-
I0Th ()OHOBE MOXOJ/KEHHSI, 3yMOBJICHE TIPHPOJI-
HOIO HEOJTHOPI/THICTIO IPYHTOBOTO ITOKPHBY, 10
Mae QyHIaMEeHTaIbHE 3HAYEeHHSI IS KOPEKTHOT
OLIIHKM BOEHHMX 30WTKIB, pernapariil i miaHiB
PEeKyIbTHBAIL].

- BcTraHoBIIEHO WiTKY KUTBKICHY 3aJek-
HICTP MK piBHEM Jerpafauii rpyHTy Ta Horo
CIEKTPAIILHOIO BiJIMOBIIF0: BUKOPUCTAHHS 1H-

nekcy NDRE BusiBunocs Oinbin iHdopmaTHB-
HuM 1nopiBHsHO 3 NDVI Ha mi3Hix eranax Bere-
Tauii CoOHs

IHKKY, a OTpuUMaHi pesynbTaTh CBiYaTH,
10 epo3iiiHi TPOLICCH € JOMIHYIOUMM YHUHHUKOM
3HW)KEHHS POJII0YOCTI, IPHYOMY BTpaTa KOXKHUX
10 cM 1pyHTOBOTO TIPOdLITI0 KOPETIOE 31 3HU-
JKeHHsM iHekcy Berertarlii Ha 0,01 oxummmi, a
cyMapHUil Hemobip ypokato moHax 650 11 me-
MOHCTPY€E MacIITad €eKOHOMIYHUX BTpaT.

- Pe3ynpratu nocnimKeHHs BKa3ylOTh Ha
HEOOXIJHICTh MEPEeXoay Bifl 3arajJbHUX METOIIB
3eMIIepOOCTBA IO IPEITU3IHHNX CTpATETii BiAHO-
BJICHHS, OCKUIBKW JIaHI JUCTAHIIIMHOTO 30HIY-
BaHHSl BXKE MOXYTh CIyT'yBaTH OCHOBOKO IS
CTBOPEHHA KapT TU(epeHIIIHOBAHOTO BHECCHHSI
MeJ'IlOpaHTlB i ILO6pI/IB 1o 3a6e3neqye SIK €KOHO-
MiIO pecypciB, TaK 1 LILOBE BiJHOBJICHHS Haii-
OLIBII JeTpaIOBaHKX JiNISTHOK.

- Pe3ynpratu BUXOASTH 32 MEXi CYTO ar-
PapHOTO MOHITOPHUHTY Ta MOPYILIYIOTh MUTAHHS
COLIANBHOI IIHA Jerpajarii JaHamadgTis, apke
MiHyBaHHS Ta (i3udHe pyHHYBaHHS IPYHTOBOTO
MTOKPUBY € CKJIQJIOBOIO IIMPIIOI T'yMaHITapHOI
Kpu3H, popMyroun oTpedy B PO3BUTKY CYyMiXK-
HUX HampsMiB, 30KpeMa 6i0MeTUIHOI iHKeHepii
ta 3D-npyky mpoTesiB, L0 J03BOJISE PO3IIIS-
JIaTY TIOBOEHHE BiTHOBJICHHS Y HOBIH Tapaiurmi
€KO-COLIIaJIbHOT peadiiTarii.

MoHa CTBEp/XKYBaTH, IO CHHEPTis Cy-
yacHux ['IC-TexHoI0TI# Ta KJIaCHYHOTO IPYHTO-
3HABCTBA BIJIKPUBAE IUISX JIO HAYKOBO OOTPYH-
TOBAHOTO TOBOEHHOTO BiJIPOJKEHHsI YKpaiHH.
[Momankin AOCHIPKEHHS MalOTh OyTH CIIPSIMO-
BaHi Ha IHTETPAIFO0 AJITOPUTMIB IITYYHOTO 1HTE-
JICKTY JUI aBTOMaTUYHOT'O PO3Ii3HABAHHS THUITIB
MiJ‘IiTapHI/IX TIOIITKOJKEHb Ta PO3POOKY IH(PO-
BUX JBIHHHKIB arponaHz[maq)TlB 110 103BOJIUTh
[IPOTHO3YBaTH erpauuo B)XKUX METAJIiB y TPO-
(iYHMX JAHIIOTaX 1 rapaHTyBaTH Oe3meKy Xap-
YOBOI MPOAYKIIIi.

Kondghnikm inmepecie

ABTOpH 3asIBJISIFOTH, 1110 KOH(IIKTY 1HTEpeciB 100 MyOImiKailii 1boro pykonucy Hemae. AB-
TOPH TMOBHICTIO JIOTPUMYBAITUCHh €THYHUX HOPM, BKJIIOYAIOUM IUIariar, Ganbcudikallito JaHux Ta mo-

IBiliHY myOJiKamio.

Bhecox asmopis: aBTopy 3p00OUIN PIBHUI BHECOK Y IF0 POOOTY.

exnapayia npo euxopucmannsa LI

B po6Gori BukopucToByBaBcs TyuHui iHTenektT Gemini 3.0 11t po3poOKy anropurMmy JUIst cep-

Bicy Google Earth Engine.
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APPLICATION OF THE GOOGLE EARTH ENGINE PLATFORM FOR THE STUDY
OF AGRICULTURAL LANDSCAPE CONDITIONS

The unprecedented degradation of Ukraine's soil cover as a result of the armed aggression of the Russian
Federation is complicated by long-term processes of water and wind erosion. Traditional methods of surveying
territories are currently limited due to mine danger, which makes remote sensing of the Earth a key tool for
environmental assessment.

Purpose. Practical use of Google Earth Engine to assess the impact of soil erodibility and heavy metal
contamination on the state of vegetation.

Methods. The study is based on a phytoindication approach using multispectral data from the Sentinel-2
satellite.

Results. Experimental studies were carried out during 2024-2025 on the basis of two representative test
sites located within the Rohansk territorial community (Kharkiv district, Kharkiv region). To assess the state of
vegetation (using the example of sunflower), the vegetation indices NDVI and NDRE were used. Processing of
large data sets was carried out automatically in the GEE environment on the basis of two test sites in the Kharkiv
region. At site No. 1, a comparative retrospective analysis of zones of potential heavy metal contamination (due
to bomb disturbance) and background areas was conducted. It was established that phytoindication anomalies may
have a natural origin, which emphasizes the importance of comparison with pre-war indicators for a correct
assessment of war damage. At site No. 2, a clear correlation was found between the degree of erosion of black
soils and the values of the NDRE index: the loss of every 10 cm of the soil genetic profile correlates with a decrease
in the index by 0.01 units. The total crop loss due to erosion was calculated, which for the experimental site
amounted to over 650 c.

~ 210~


https://doi.org/10.1007/s10653-023-01693-7
https://doi.org/10.3390/agronomy13061521
https://doi.org/10.1016/j.scitotenv.2024.174068
https://doi.org/10.1038/s41598-024-83479-0
https://doi.org/10.1038/s41598-024-83479-0
https://doi.org/10.1016/j.scitotenv.2024.174021
https://doi.org/10.1038/s41598-020-79439-z
https://doi.org/10.1016/j.scitotenv.2021.148856
mailto:anna.kot@karazin.ua
https://orcid.org/0000-0003-4700-2620
mailto:alnemo7024@gmail.com
http://orcid.org/0009-0005-8275-7553

ISSN 1992-4224 Jlronuua ta goskiwis. [Ipobiemu Heoekoorii. 2026. Bumyck 45

Conclusions. The high efficiency of the NDRE index as an indicator of chlorophyll content in the late
stages of vegetation has been proven. The results confirm that the integration of GIS technologies and satellite
monitoring is an alternative basis for developing post-war land remediation strategies and implementing precision
agriculture systems.

KEYWORDS: land resources, remote sensing, Google Earth Engine, Sentinel-2, vegetation index, NDRE,
soil erosion, military degradation
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CTBOPEHHS CEJIEKI[IMHO-IIIHHOI'O MATEPIAJTY HA BA3I FEHETUYHOTI'O
KOHTPOJIIO ZKHPHOKHUCJIOTHOI'O CKJUIALY JUISSHOI OJIII

Merta. BuBueHHS ycraaKOBYBaHHS KUPHOKHUCIOTHOTO CKIIAAY JUITHOL OJIii AJIs YCIIITHOTO CTBOPEHHS HO-
BOTO CEJIEKLIHOro Marepialy 3 pi3HHUM BMICTOM 0. -JIIHOJICHOBOI KUCJIOTH, CTIKOTO JI0 OCYXH.

Metomn. ['eHeTHYHMIA aHAII3, IHIUBIAyaIbHUI 1001, CTATUCTUYHUHN, Ta30PIJMHHA XpoMaTorpadis.

PesyabtaTu. [IpoBeneHo cxpeliyBaHHS KOHTPACTHUX OaThKiBCBKUX (POPM, HU3BKOJIHOJIEHOBOTO COPTY
Constunuii (9,7%) 3 BUCOKOJIIHOIEHOBUMH JTiHisiMu M-17, 13-2, M-28, M-48 (57,5-64,8%). BcTanoBieHo mpomi-
JKHE YCIIaIKOBYBaHHS JIHOJICHOBOI KUCIOTH (©-3) Ta MiHOJeBOi (©-6) y nomysiii F1 [Ipu Bu3HaueHHI iCTHHHOTO
Ta TIMOTETUYHOTO TETEPO3UCY, SIBUIIIE HE BUSABJICHO. Y momyiisimisx Fo migpaxoBaHo BUCOKI KoedillieHTH ycna-
KOBYBaHHS B IIIMPOKOMY CEHCi 32 HEHaCHYECHHMH XUPHUMH KHCIOTaMH (-3 Ta ©-6). YcnagkoByBaHHS y BY3b-
KOMY CeHCI momysiniit F3 mokasano Takox BHCOKI 3HAYCHHS 32 HCHACHUCHIMH KHPHAMH KHCIIOTaMH, SKi JTOCTi-
JOKYBaJIH.

BucHoBku. Briepiie B YkpaiHi npoBeaeHO reHeTHYHNH KOHTPOIIb )KUPHOKHCIOTHOTO CKIIAy JUISTHOT OJIil.
Pe3ynbTaTl T€HETHYHOTO aHAI3y HEHACHYCHUX XKHUPHUX KUCIOT (®-3 Ta 0-6) y nonymsuiii Fi1, F; TaFs cBimuars
npo e(eKTUBHICTh 1000pY HEHACHUCHUX KUPHUX KUCIOT. BHCOKI MOKAa3HUKH yCHaJKOBYBaHHS TaKOXK JIEMOH-
CTPYIOTh aJMTHBHY [0 T€HIB, Ta HE3aJIS)KHICTh B/l Jy)ke MOCYILLIMBUX YMOB BHUPOILYBaHHS JIbOHY OJIIHHOTO.
EdexTuBHuii 1006ip 3a THOJCHOBOI Ta JIIHOJICBOI KUCIIOT IaB 3MOT'Y BUIUTUTH PsiJ] CEIICKI[IHHO-IIIHHOTO MaTepiany
Ta CTBOPUTH HOBU# copT [10’KMBHUI XapuoBOTo HANPSIMKY 3 BMICTOM JIiHOJIEHOBOT KucioTH 10 10 %, oist sikoro
XapaKTePU3YETHCS MOJAOBKEHUMH TEPMIHOM 30epiraHHsl.

KJIFKOYOBI CJOBA: wsna onis, w-3 ninoaenosa kucioma, -6 HiHoaeea KUCIOma, xapakmep OOMIHy-
sanms, ycnaokogysauns, nonyaayia Fi- Fs, copm

Sk muryBaTn: HikoHoBa B. M. CTBOpEeHHS CeleKIiiHO-I[IHHOTO MaTepiary Ha 0a3i TeHeTHYHOTO KOHT-
POJIO KUPHOKUCIOTHOTO  CKJany JUITHOI  omii. [Ipobnemu neoexonoeii. 2026. Bum. 45. C. 213-220.
https://doi.org/10.26565/1992-4224-2026-45-16

In cites: Nikonova, V. M. (2026). Creation of breeding material based on genetic control of the fatty acid
composition of flaxseed oil. Man and Environment. Issues of Neoecology, (45), 213-220.
https://doi.org/10.26565/1992-4224-2026-45-16 (in Ukrainian)

Bcemyn

3a ocTaHHI IECATUNITTS Xap4OBUI JTaHI- 3JI0pPOB'sl, OKPIM BHCOKOTO BMicTy ®-3. JInsHa
madT KapIuHAJILHO 3MIHUBCS. 3I0pOBE Ta Pi3- OJTisI TIOKpAITye€ 3aralbHAN CTaH 30POB'sI, MiT-
HOMAaHITHE Xap4yyBaHHA BHXOJHUTbH Ha MEPLIMN pUMy€E CaMONOYyTTS Ta TiABUIIYE SIKICTbH
rutad. JIIsiHa oJtist KpiM TEXHIYHOTO HAIPSIMKY KUTTS, 3armo0iraroun abo MONETIIyIoYH XPOoHi-
BUKOPHUCTaHHSI, Ha0yJa MOMYJISIPHOCTI K [[iHHA 4Hi 3axBoproBanHs [1,2,3]. Ase Hemomikom
xapuoBa jgo00aBka. Bona mictuts ®-3, ©-6, ®-9, JUISTHOT OJ1ii € ii BHCOKa YyTJIMBICTH IO TeIla,
JITHAHU, OUTKH, Xap4y0OBi BOJIOKHA, BITAMIHU, Mi- CBITJIa Ta BIUIMBY KHCHIO. BupimeHHSIM i€l
Hepamu (Ca, Mg, Na, K, P, Cu, Fe, Mn, Zn ta npo0JeMH € CTBOPEHHS HOBHUX COPTIB JbOHY
B), dbenonu, dpaBonoiny. OJIIfHOTO 3 PI3HUM BMiCTOM JIiHOJIEHOBOI (®-3)

JlirHaHy B JUISHIN 01111 — 11 TOTYHi Po- Ta JIiHOJIEeBOT (®-6) KUCIOT, CTIHKUX 0 HOCYXH
CJIMHHI CTIONYKH ((hITOECTPOTeHN ) Ta AHTHOKCH- [4]. BuBuCHHS T€HETHKH YCIaJKOBYBaHHS KHU-
JIAHTH, SIKI MICTAThCS B YaCTUHKAX HACIHHS PHOKHCIIOTHOTO CKJIaJqy OJil € OCHOBHUM B
JHOHY MalOThb [JOJAaTKOBI TepeBard JUis LBOMY aCHEKTi.

© Hikonosa B. M., 2026
This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
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JocipKeHHs. TeHEeTUYHOTO  KOHTPOIIIO
BMICTY HEHACHUCHHUX XKUPHHUX KUCJIOT B OJii Ha-
cinHs JbOHY [5] Ta coi [6] mpomemoHcTpyBamM
aIUTUBHY (KOIOMIHAHTHY) IIif0 TeHIB. Y HACIHHI
riopuniB F; ycmamkoByBaHHS JTiHOJIEHOBOI KHC-
jota Oyio mpoMikaUM. Posmomin Fs HaciHHs 3
pocmuH F2 3 mpomikamMu piBasivu 18:3 OyB mo-
ni6HIM 10 posmominy Fo [6].

Pesymeratin mocmimkenns Zhang Ta iHmm.
[7] na Brassica napus moBew, 0 BMICT JIiHOJIe-
HOBOI KucnoTH y F1 OyB HIDKUMM, HIXK y 000X Oa-
TBKIB, 1[0 BKa3y€ Ha YaCTKOBHI Heasei3M 0aTh-
KIiBChKHX TeHIB. OUeBHIHOTO TETEPO3HUCY HE CIIO-
crepiranocst. 3 iHIIOrO OOKy, YCHaJKOBYBaHHS
BMICTY JITHOJICHOBOT KUCJIOTH € JIOCUTH CKJIaTHUM
NPOLIECOM, Ha SKWH BIUIMBAIOTH SICPHI T'€HH,
CTaH po3BUTKY eMOpioHa [8].

Walkowiak Ta inmri [9] Bim3Haummm cepen
ribpuaiB F1 3HAYHY acHMETpito B O30T ase-
JIIB T€HIB, 1110 BU3HAYAIOTh BMICT 0JIETHOBOI, JIIHO-
JIeBOI Ta o -JTiHOMEHOBOT KucioT. OmiHKa cepe-
HBOTO cTyrieHs noMinyBanHs (H1/D)1/2  mns mi-
HOJICBOT Ta 0. -JITHOJICHOBOI KUCJIOT MOKa3asa He-
TOBHE JIOMiHYBaHHA. TakoX Oyiy BCTaHOBIICHI
BHCOKI KOe(IIi€EHTH CIaAKOBOCTI Y IIMPOKOMY

ceHci s niHoneroi (0,88-0,89) Ta niHONEHOBOI
kuciot (0,86-0,94).

Bucoka crniafkoBiCThy MO€THAHHI 3 BUCO-
KM ab0 TIOMiIpHAM T€HETHYHHUM TIporpecoM Oyma
BUSBJIEHA OJIETHOBOI Ta JTiHOIeHOBOI KUcIoT [10].
Tomi sk cepenHs CrIaIKOBICTh Oyiia TOKa3aHa ISt
JIHOJIEHOBO] Ta JIiHOJIeBOi KuciotH [11].

JlociTHIKY, SIKi IPOBOIVIIA TEHETUIHUI
aHai3 BMICTY KHPHUX KHCJIOT B OJii, BHSBUIN
JOMIHYBaHHSI aJJUTUBHOI MiHIMBOCTI Ha/I HEa -
THBHOIO. CTOCOBHO JIbOHY, BUSIBJICHO, III0 BMICT
JHOJEHOBOI KHCIIOTH ICTEPMIHYETHCS IBOMA He-
3aICKHUMH T€HaMH 3 aJuTHBHOIO mHieto. [lpn
LBOMY CIIOCTEpirajgach BUCOKA Ta CEPEAHS CIiaj-
KOBiCTL 11 HCHACUYCHUX JKUPHUX KUCJIOT.

Ane B yMOBax CWIBHOI MOCYXH YKpaiHH
(3ona Crery) BHUKIMKAaE 3alliKaBICHICTH: Bapia-
OCNBHICTh TIEBHOT 03HAKH 3HAYHOIO MipOKO 3yMO-
BIIIOBaHA T€HETUYHUMU (haKTOPaMH Y1 BILTUBOM
HABKOJIMIITHBOTO CEPEIOBHIIIA.

MerToto € BUBYCHHS YCIaJKOBYBaHHS KH-
PHOKHCIIOTHOTO CKJIQy JUISTHOI Ol TS yCITim-
HOT'O CTBOPEHHS HOBOT'O CEJIEKIIIITHOTO MaTepiairy
3 PI3HUM BMICTOM 0. -JIIHOJICHOBOI KHCIIOTH, CTiii-
KOT'0 /IO TTIOCYXH.

00'ekmu ma memoou 00cniorcens

OO0'eKTOM JOCITIKEHHS € TEHETHKAa KHP-
HOKHCJIOTHOT'O CKJIaJTy JUISIHOL OJ1ii JIbOHY.

[TonboBl JTOCHI/PKEHHS TPOBOJIWIUCH Y
2023-2025 pp. y lHCTHTYTI ONWHUX KyIbTYp
HAAH Vxkpaiaun (3anopizeka obnactb, 30Ha
Creny). 3axnaganHst JOCTI/IB, YCI BUMIPIOBaHHS
Ta CIOCTEPEKEHHS IPOBO/ITH Y BiMOBIAHOCTI 3
pexomerarismu [12]. JlocimipKeHHsIMU TIepet-
Oavaiocst poBeIcHHsI (PEHOJIOTIUYHMX CIIOCTEpe-
JKeHb, MOP(OJIONTYHUX JIOCITIPKEHb, OI[IHFOBAHHS
CENIeKIIHHOTO MaTepialy 3a TOCIOapChKO-IIiH-
HUMH O03HAKaMH 1 XapaKTEePUCTHKAMU.

J171st BCTaHOBIICHHS YCTIaJIKOBYBAHOCTI JKH-
PHOKHCIIOTHOTO CKJIAy OJii, OyJIH JOCHi/pKEeHi
ciM BHYTpIiIIHBOBHUAOBUX KoMOiHarii F1 (Comstu-
Huii X M-17, Consunnii x M-48, M-48 x CoHsau-
wuit, Constunmii X 13-2, 13-2 x Constunmii, Consi-
yuuid X M-28, M-28 x CoHstuHHI).

Xapakrep nomiHyBaHHs TiOpuaiB F1y nma-
HOMY JIOCII/DKCHHI BHM3HAYaIM 3a MOKa3HUKOM
CTyIeHs TOMiHyBaHH 3a popmyJioro [13].

F1—-MP
hp=

P—MP

ne F1 — cepemms apudmeTnana Aj1st O3HAK
riOpHIiB IEPLIOTO MOKOJIHHS;

MP — cepenus apudmeTnyHa IS O3HAK
JIBOX 0aTHKIBCHKHX (hOpM;
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P — cepenns apudmerryana s 6aThKiBCh-
K0i opMH 3 OLTBIIUM PIBHEM O3HAKH.

XapakTep yCHaJKyBaHHS BHU3HAYAIM 3Ti-
JTHO Tpajiartii :

hp > + 1,0 — mo3uTHBHE HaUIOMiHYBaHHS
( rereposuc)

+0,5 < hp < +1.0 — mo3uTHBHE JTOMiHY-
BaHHS,;

-0,5 > hp <+0,5 — npoMixHe yCHajaKy-
BaHHS,;

-1,0 <hp<-0,5 — HeratuBHe MOMiHYBaHHS

hp <-1,0 — HeratMBHE HaJIOMiHYBaHHS
(merpecist).

IcHye nexinbKa THITIB TETEPO3UCY.

CripaBHil reTepo3uc po3paxoBYEThCS SIK
BUPKEHE Y BIJICOTKAX BiJJHOIICHHS Pi3HHII MiX
o3Hakoro riopuaa (F1) Ta HalHOLIBIIOK BETUYH-
HOIO 03HaKM 0aTbKiBChKOi mapu (P Max) no Haii-
OLIBIIOT BEIMYMHY O3HAKHU 0aThKIBCHKOT IAPH.

lNnoteTnvHMl reTepo3uc BU3HAYAETHCS SIK
BUpaKEHE Y BiJICOTKaxX BiJHOLIECHHS Pi3HHII MK
o3Hakoto Tioprna (F1) Ta cepeTHbOI0 BETMIUHOIO
o3Haku OatbkiBchkoi mapu (P cep) mo cepenuboi
BEJIMYMHY O3HaKM OaTbKiBChKoi mapwu [14,15,16].

YcnaakoByBaHHS Y HIMPOKOMY CEHC1 BMi-
CTy JKHPHHUX KUCJIOT B OJIil IIPOBOJIMIIA HA TPHOX
BHYTPIIHBOBHIOBHX Tonyisiisix Fo (Corstanuii
x M-28, Consunnii x M-48, Constunuii x 13-2).
Byno npoananizoBano 1o 150 riOpumaHuX pocIuH
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F2ta mo 20 pocnmu F1 i 6aTbkiBCbKUX Qopm Py,
P>. Koedinientn ycnankoByBanocti (H) BusHa-
yaiu 3a popmysioo [9].

H=(F2-(P1+P2+F1):3)):F,
e P1, Py, F1, Fo- qucnepcii o3nHak.
3rigHO 3 3arayIbHONPUIHATOIO TPAJAIIET0,
Koe(iLieHTH yCTIaJKOBYBaHOCTI MOJUISUIHCH Ha:
ucoki — 0,66-1,0;

cepenni — 0,33-0,65;

am3bki — 0,0-0,32.

YcnaakoByBaHHS Y By36bKOMY CEHC1 BMICTY
JKUPHHAX KUCIIOT B OJTii IPOBOJIMIIN Ha OJTHIN BHY-
TpilHbOBUIOBIH KoMOiHawil (Consunnii x M-
28). Jlns Bu3HaYCHHS BY3bKO-CIPSIMOBAHOI CITa-
JIKoBOCTI Oyso mpoaHamizoBano mo 150 ribpua-
uux pocun Fs F2 3a dhopmymnoro [17,18]

h2 (%) = (G/S x 100%),
ne Selection gain (G= C-A),
differential selection (S = B-A);

(A) - cepenHe 3HaUCHHS O3HAKH B TIOITYJIsI-
il Fa,

(B) — 3HaueHHSI O3HAKH B Pe3yJIbTATI Bill-
oopy B Fo,

(C) — 3HaueHHsI O3HAKK B PE3yJIbTaTi Bijl-
6opy B Fa.

Jluctepciiiamii aHai3 3MiHCHIOBAIIN B ITPO-
rpaMHoMy iakeTi Microsoft Excel.

Bu3HayeHHS >KMPHO-KHUCIOTHOTO CKJIaTy
HAaCIHHS TIPOBOAMIIM METOAOM Ta30piANHHOI XPo-
marorpadii (I'PX) y naboparopii npunano-pumi-
PIOBAIBHUX KOMIUIEKCIB Ta MAacoBHX aHaIi3iB
IOK. Posmoxin cymirr BHCOKOMOJEKYISIPHUX
KHUPHUX KHCIIOT Ha OKPEeMi KOMIIOHEHTH POOHIIH
Ha razopiamHHOMY xpomartorpadi «HP 6890».
Jns mimpaxyHKy BiICOTKOBOTO BMICTY KOXKHOI
KUPHOI KHCJIOTH PO3paxyBalyl 3arajbHy IUIOILY
mikiB, 6epyun ii 3a 100 %. [Totim, 3HaX0A4IM Ya-
CTHHY ITiKa KOXKHOT YKUPHOI KHCIIOTH Y BiJICOTKaX,
OTpHMAJIY 3HAYEHH 1X MPOIIeHTHOrO BMicTy [19].

Pezynomamu 0ocnidxicenns ma 062060peHHs

[Ipu cxperyBaHHI HU3HKOJIIHOIEHOBOTO
copty Consunmii (9,7%) 3 BHUCOKO-JIIHOJICHO-
BuUMH JiHismu M-17, 13-2, M-28, M-48 (57,5-

64,8%) BUSIBICHO, IO YCIAAKyBaHHS JiHOJIE-
HOBOI KHCIIOTH Ma€ B F1 mpoMiKHUI XapakTep
(Tab.1).

Tao6auns 1
Cryninb gominyBanns y Fi13a ckinagom J1iHOJIEHOBOT KHCTIOTH
Yy HaciHHi JILOHY oJiiiHoro, 2023 pik
Table 1
Degree of dominance in F1 by linolenic acid composition
in oilseed flax, 2023
. Crynidb 10MiHy-
KE]l\fgil;-l[I:ll:l?ﬂ BMiCT_ JIiHO.]_IeHO_BO'f KucJa0TH, % BaHHSA FeTeposn_c,%
IHybrid / Linolenic acid content,% / Degree of / Heterosis,%
combination dominance
P1(9) P2 (3) F1 hp | Tun/ Type Ir I'T

CoHstuHmii 9,740,12 | 54,44226 | 34,1£2,53 | 0,09 Iy -37,0 +6,2
/ Sunny
x M-17

CoHsryHuHA 9,7+0,12 57,5+0,17 34,1+2,53 0,02 Iy -40,7 +1,4
/ Sunny

x 13-2

13-2 x Constunnmi 57,5+0,17 9,7+0,12 37,8+4,02 0,17 Iy -34,3 +12,5
/ Sunny

Consranuii 9,740,12 | 64,8+0,64 | 41,2+0,86 | 0,14 Iy -36,4 +10,5
/ Sunny
x M-48

M-48 x Constunuii | 64,8+0,64 | 9,7+0,12 41,2+£0,05 | 0,14 ny -36,4 +10,5
/ Sunny

ConstaHmi 9,7+£0,12 | 60,0+1,83 | 40,8+2,27 | 0,23 Iy -32,0 +2,9
/ Sunny
x M-28

M-28 x Constunmit | 60,0£1,83 | 9,7+0,12 38,9+2,36 | 0,16 Iy -21,1 +11,5
/ Sunny

[pumitka: ITY-npomixkae ycagkoByBaHHs, I -icTuHHMIA reTeposuc, I'T- rimoTeTnunnii reteposuc.
Note: ITY -intermediate inheritance, IT" -true heterosis, I'T -hypothetical heterosis.
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Bwicr ninonenoBoi kuciotu B F1BapitoBar
Bix 34,1 % y komOiHamisx cxperryBanHs CoHsY-
Huit x M-17, Constunmii x 13-2 o 41,2 % y kom-
Oinamisix cxpenryBanHs Constanuii x M-48, M-48
x CoHIHUT.

[Ipy upoMy, HaliMeHINA CTYIHb JTOMIiHY-
BanHHs Oyna Bix 0,02-0,09 y komOiHaIisSX cXperry-
BanHs Constuauii X M-17, Consunmid x 13-2, a
HaiOutbima 0,23 y komOinanii Consranamii x M-28.
3aeHOCTI Bifl HAIPSIMKY CXPElTyBaHHS (TIpsMi,
3BOPOTHI) HE CIIOCTEPITAIOCS.

Ipu oOumcieHi MOKa3HUKIB ICTHHHOTO Te-
Tepo3uca y Beix momyJisiisix Fi BimmiueHo Hera-
THBHE 3HA4YEHHS, a TIMOTETUYHUI TeTepPO3UC TO-
Ka3aB MMO3UTUBHI 3HaueHus Bif 1,4 1o 12,5%.

Bubip BiAMOBIAHUX KOMIOHEHTIB ISl
CXPEIIYBaHHsI € MEPIIUM 1 HABaXKIMBIIIAM KPO-
KOM Y CTBOPEHHI HOBHX COPTIB 3 OakaHHMU O3Ha-
kamu. st BUBEZIGHHSI HOBHX COpTIB HEOOXiJTHO

3HATH, SIK YCTIaZKOBYIOTHCSI IOCIIKYBaHi O3HAKH.
Le no3BonuTh cenekuionepaM BHOpaTH Hailedek-
THBHIIIy cTparerito Binoopy. CepemHst mpomyk-
TUBHICTH OaThKiBCBKOi JiHII B TiOpUmHHX
KOMOIHAIisIX BioOpakae auTHBHY JIit0 TeHIB Ta
YacTOTY CIIPUSTIIUBUX aJIeiB.

YcnaKkoByBaHICTh O3HAKH B IMUPOKOMY
CEHCI - I1e yacTKa (peHOTUIIOBOT Bapiarlii, 110 1mo-
SICHIOETHCSI TCHETUYHUMU TIPHIWHAMY, TOMI SIK
BY3bKOCIPSIMOBaHa CIIaJIKOBICTB - TI€ 4aCTKa, 110
MOSICHIOETBCS aTUTHBHOIO JTi€to reHiB [18].

SK Monenb 151 BUBYEHHS yCIIaKOBYBaHO-
CTi YKUPHO-KUCIIOTHOTO CKJIQTY OJIil, JOCIiIKEHO
TpU BHYTPIIIHBOBUIOBI KoMOiHamii F, (Consu-
Huit X M-48, Constunnii X 13-2, Constunmii X M-
28). BaTbKiBCbKM KOMIIOHGHTH OYJIM KOHTPACT-
HHMMH 32 BMICTOM JIIHOJIEHOBOI Ta JIiIHOJICBOT KUC-
70T (Tabm. 2).

Taoanna 2
YcenaakoByBaHiCTh :KUPHOKHCIOTHOTO ckiaaay y riopuais F2ibony ouiiinoro, 2024 p.
Table 2
Heritability of fatty acid composition in F2 hybrids of oilseed flax, 2024
liopuana xomGinanis Jucnepcisn oznaxu/ Trait variance
/ Hybrid combination P.(Q) | PO | F1 | F2 H
Consunuii x M-48 Jlinonenosa kuciota / Linolenic acid
/Sunny x M-48 1,98 | 399 | 3,75 | 19746 | 098
Jlinonesa kwucnora / Linolenic acid
643 | 075 4,63 | 18458 | 098
Consunmii x 13-2 Jlinonenosa kuciorta / Linolenic acid
[Sunny x13-2 198 | 430 | 3193 | 21271 | o094
Jlinonesa kwucnora / Linolenic acid
643 | 076 | 1245 | 20955 | 0,96
Consunuii x M-28 Jlinonenosa kuciora / Linolenic acid
/Sunny x M-28 1,98 | o040 | 3379 | 17325 | 093
Jlinonesa kwucnora / Linolenic acid
643 | 010 | 2099 | 18359 | 0,95

Sk Bu3HaueHO 3 Tabnwii 2, KoedilieHTH
YCIIIKOBYBAHOCTI y IIMPOKOMY CEHCI Yy JOCITi-
JDKyBaHMX KOMOIHAIIISNX IS HEHACHYEHHUX JKHP-
HUX KUCIIOT (JIITHOJICHOBOT T JITHOJIEBO1) Oy BU-
cokumu (0,93-0,98).

Jlucnepcist JIIHOJIEHOBOI KUCJIOTH Y TIOMY-
jsii Fy komOiHamii cxpernyBantss COHSYHUR X
M-48 cknagana HaliMeHlle 3HauyeHHS — 3,75, y
MOPIBHSAHHI 3 IBOMA IHIIMMHU KOMOiHaiisimu. B
komoOiHawisx Consunnii X 13-2 ta CoHAuHMI X
M-28 ner nokasHuk ctaHoBuB 31,93-33,79. V
nonyJsiuii F2 mucnepeist TiHONEHOBOT KUCIOTH Y
KOMOIHAINSIX SKI JOCTIPKYBaId BapitoBajia BiJl
173,5 no 212,71. 3a 1iHOIEBOi KHCIIOTH CIIOCTEPi-
TaJvcs aHAJIOT4Hi 3HaYeHHs. Pe3ynbraTu nucrre-
PCIiHOTO aHasIi3y MPOEMOHCTPYBAJIU BUCOKY YC-
MaJIKOBYBaHICTh B Immpokomy cenci (H=0,93-
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0,98), 1110 CBiTIUTH MPO ePEKTUBHHI BiOIp IS
JIHOJICHOBOI Ta JIIHOJIEHOBOI KUCJIOT.

Buicoki 3HaueHHS yCIaJKOBYBaHOCTI BKa-
3YIOTh Ha T€, IO O3HAKH, IO JOCIIJKYIOTHCH,
MEHII 3aJIe)KaTh BiJI HABKOJMIIHBOTO CEPEeIo-
BUIIIA B IXHIN eKCIIpecii.

Mognenb po3MIETICHAS 32 BMICTOM JIiHO-
JeHoBoi kucinotu Oyna Omusbkoro 10 15:1.
ToOTO BMICT JaHOI HEHACHYEHOI KHMPHOI KHUC-
JIOTH JIETEPMIHYIOTh J[Ba HE3AJCKHHX TCHH 3
AJIUTUBHOIO JTIETO0.

By3bko-cripsiMOBaHe YCHaJKOBYBaHHS —
LIe IPSAMHHN X1, SIKKI Tepeaoayae mopiBHAHHS
peakuiii Binbopy Ta mudepenmianis Bigdopy. L
KOHIIETIIIISI BBAXKAETHCS €(PEKTUBHOIO IS OI[IHKA
CTaOLIBHOCTI peakilii Bi0Opy 03HAKHU 3 IBOX Pi3-
HUX TIOKOJiIHb 3 HEOJHAKOBUMH BIUIMBAMH
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HaBKOJIMIIHLOTO ~ cepefoBuiia. EdexTuBHiCTh
11i€i KOHIIENIIii TakoX OyJia MPOJEMOHCTPOBaHA
Farid et al. [18] na momyssiitisix Tomaris Fs.

Binbuiicte po0iT NMPUCBSYCHO BHBYEHHIO
KiTBKICHUX O3HAK MPOAYKTUBHOCTI, 1 TyXe Majio
BIIOMO TIPO YCIIaZKOBYBaHHS JKHPHO-KHCIIOT-
HOTO CKJIQJTy OJii JIbOHY B momyJsiisax Fz. Tomy
HaMH OyB MPOBEICHUI aHaIli3 BY3bKO-CIIPSIMOBa-
HOTO yCIIa/IKOBYBAaHHS I1i€] O3HAKH.

BcraHoBieHO BHCOKHIT piBEHH IO3HUTHB-
HOTO YCTaJKyBaHHS 32 BMiCTOM JIIHOJIEHOBOI KH-
ciotu (72,88 - 94,61 %) Ta JiHONEBOI KUCIOTH
(93,73 - 139,01 %) mpu no6opi B momyswsArisax Fz
3 BMICTOM JIiHOJICHOBOT KUCTIOTH B Mexkax 10-40
% (Tabin.3).

Taxk, ipu BigOopi JiHONeHOBOI kucnotu 30-
40 % BU3HA4YEHO MiHIMaJbHE 3HAYCHHSI BY3bKO-
crierugivHOrO yCHaKoByBaHHs +72,88% myst Ji-
HOJICHOBOI KHUCJIOTH Ta MaKCHMAaJIbHE 3HAYCHHS
+139,01 % [u1s MHOJEBOI KUCIIOTH.

B 1miziomy, 3Ha9eHHS BY3bKO-CIIEIU(IIHOTO
YCIaIKOBYBaHHS 3HAXOUTHCS HA BUCOKOMY PiBHI
He 3aJIe)KHO Bifl BiOOpY JiHONeHOBOI kucioTu 10-
40 %.

TakuM YMHOM, UMM BUILIE 3HAUCHHS yCIajl-
KOBYBaHOCTI, TUM HIDKYMI €KOJIOTTYHHH BIUIMB Ha
BUP&KEHHS O3HAKH, SIKUH MEPEIIKOKAE eeKTH-
BHOMY BiZIOOpY T'€HOTHITIB.

ToOto, 100ip y ABOX pi3HUX momyswii F»-
F33a «KHPHOKHCIIOTHHM CKJIaZIOM Oflii» € edek-
THBHHUM.

Tao6auns 3
By3bKko-cnpsiMmoBaHe yCHaAKOBYBAaHHS y momyasmii F3
Consiunnii x M-28 npu no6opi JiinosieHoBoi kuciaotu 10-40 %, 2025 p.
Table 3
Narrowly directional inheritance in the F3 population
Sunny x M-28 when selecting for linolenic acid 10-40%, 2025
Monyasiis F3 Consiunmii x M-28 / Population F3 Sonnyachny x M-28
IMapamertp Haszsa kucjor Bwmict Bwmicr Bwmict Bwmict
/Parameter / Name of JIiHOJIEHOBOT JIiHOJIeHOBOT JIIHOJIEHOBOT JIIHOJIEHOBOT
acids KHCJIOTH KHCJIOTH KHCJIOTH KHCJI0TH
10 10 % 1m0 10-20 % 10 20-30 % 1m0 30-40 %
/ Linolenic / Linolenic / Linolenic / Linolenic
acid content acid content acid content acid content
up to 10% up to 10-20% up to 20-30% up to 30-40%
JliHoyieBa 31,81+1,02 31,81+1,02 31,81+1,02 31,81+1,02
F, based / Linolenic
population (A) Jlinonenosa 38,20+0,98 38,20+0,98 38,20+0,98 38,20+0,98
/ Linolenic
Jlinonena 67,21+1,40 55,12+1,23 48,14+1,09 36,68+1,13
F selected / Linolenic
(B) Jlinonenosa 4,19+1,12 17,58+1,09 21,49+1,05 33,70+1,08
/ Linolenic
Jlinonena 71,15+1,03 53,66+1,18 49,79+1,08 38,58+1,10
F3 selected / Linolenic
© Jlinonenosa 6,07+1,14 20,96+1,04 22,39+1,11 34,92+0,99
/ Linolenic
. . Jlinonena 35,7+1,09 23,31+0,97 +16,33+1,14 +4,87+1,12
Differential / Linolenic
selection -
_ JliHoneHoBa -34,01+0,90 -20,60+1,06 -16,71+0,99 -4,50+0,89
(S=B-A) . .
/ Linolenic
. Jlinonena 39,34+1,10 21,85+0,98 +17,98+1,03 +6,77+1,01
Selection . .
gain /.Llnolenlc
_ JliHoneHoBa -32,13+1,07 -17,30+1,09 -15,81+1,12 -3,28+1,15
(G=C-A) . .
/ Linolenic
Jlinonesa +110,19 +93,73 +110,10 +139,01
h 2 (%) / Linolenic
=(G/Sx 100%) Jlinonenosa +94,47 +83,98 +94,61 +72,88
/ Linolenic
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Bucnoexu

Brnepie B ymoBax NOCYyIIMBOI 30HHU Y K-
paini OyJi0 JOCIHiKEHO reHeTHIHUH aHami3 Fi -
F3 HeHacMYeHUX )KUPHUX KUCIIOT Y JUISHIHN OJIii.

BusiBieno, 1o ycrnaakoByBaHHs JiHOJE-
HOBOT KUCIJIOTH Y JUISHIN OJi1 Mae TpOMiXKHHIA
xapakTtep B momysuii Fi. SIBumie rereposucy
HE BUSIBJICHO.

VYcnagkoByBaHICTh y MIHPOKOMY PO3Y-
MIiHHI B JOCHiKyBaHMX KoMmOiHamisx Fp mms
HEHACHYCHUX KUPHUX KUCIOT (JIIHOJICHOBOI Ta
niHOJNIEBO) Oyiia BUCOKA.

By3pko-cpsiMoBaHe ycHaZKOBYBaHHS Y
noryJismii F3 mpoieMOHCTPYBaIo TPOXHU HIKY1
MOKa3HUKH, HK Yy IHPOKOMY PO3yMiHHI, aie
BOHH 3aJIMIIAIOTHCS HAa BUCOKOMY piBHI. Lle mo-
3BOJIHJIO TIPOBECTH €()CKTUBHUM 1HIUBIAYalIb-
HU BinOip BKe B paHHIX mokoniHHsAX (F2-F3),

OCKUIBKU (hDEHOTHUN POCIUHHU MaiKe TOYHO Bi-
no0paxae il reHOTHII.

[linTBepUKEHO aqUTWUBHY MiI0 TEHIB.
Tomy cenekmioHep Moxke Oe3Me4HO 3IiHCHIO-
BaTH CBill BiI0ip Ha OCHOBI ()EHOTHUITIOBOI €KC-
npecii HUX 03HAaK B OKPEMill POCIIUHI, 3aCTOCO-
BYIOUH MPOCTI METOAHM BigOOpY.

Ha 6a3i BUBUCHOTIO I'€HETHYHOI'O KOHT-
POITIO BUIUICHO PSI CENCKIIIHHO-IIIHHNX 3pa3-
KiB 3 PI3HMM BMICTOM HEHACHUYCHHUX >KHPHUX
KHCIIOT Ta BUCOKOIO CTIHKICTIO JTO TIOCYXH.

CtBOpeHo HOoBH copT IlokuBHUIT Xapyo-
BOTO BHKOPHCTAHHS 3 BMiCTOM JIIHOJIEHOBOT KH-
ciotu 10 10 %, cTilikuil 10 NOCYXH, SIKHH Hpo-
XOUTH JeprkaBHe coproBunpoOysanms [20]. Lleit
COPT PEKOMEHIOBAHO I TIEPEPOOKH Ha XapuoBY
OJ1i10, SIKa Ma€ TIOJJOBKEHHUH CTPOK 30epiraHHs.

Kongnixm inmepecie

ABTOp 3asBJISI€ PO BiACYTHICTh KOHMIIKTY iHTEepeciB moa0 mybmikamii mporo pykomnucy. Kpim
TOTO, aBTOP TOBHICTIO JOTPAMYBABCS €THYHUX HOPM, BKJIIOYAI0UN YHUKHEHHS I1ariaty, (pamscudikarii
JIAHUX Ta TyOIFOBaHHS ITyOTiKaIlii.
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CREATION OF BREEDING MATERIAL BASED ON GENETIC CONTROL
OF THE FATTY ACID COMPOSITION OF FLAXSEED OIL

Purpose. To study the inheritance of the fatty acid composition of flaxseed oil for the successful develop-
ment of new breeding material with varying levels of a-linolenic acid that is drought-tolerant.

Methods. Genetic analysis, individual selection, statistical analysis, gas-liquid chromatography.

Results. Crossbreeding was conducted between contrasting parental forms: the low-linolenic variety Soni-
achnyi and the high-linolenic lines M-17, 1Z-2, M-28, and M-48. Intermediate inheritance of linolenic acid (®-3)
and linoleic acid (0-6) was established in the F1 population. When determining true and hypothetical heterosis, the
phenomenon was not detected. In the F, populations, high heritability coefficients in the broad sense were calcu-
lated for unsaturated fatty acids (o-3 and ®-6). Heritability in the narrow sense in the Fs populations also showed
high values for the unsaturated fatty acids studied.

Conclusions. For the first time in Ukraine, genetic control of the fatty acid composition of flaxseed oil has
been conducted. The results of genetic analysis of unsaturated fatty acids (o-3 and ®-6) in the Fy, F2, and Fs
populations indicate the effectiveness of selection for unsaturated fatty acids. High heritability indices also demon-
strate the additive effect of genes and independence from very arid growing conditions for oil flax. Effective se-
lection for linolenic and linoleic acids made it possible to identify a number of breeding materials of high value
and to create a new variety, “Nutritious,” intended for food use, with a linolenic acid content of up to 10%, whose
oil is characterized by extended shelf life.

KEYWORDS: flaxseed oil, omega-3 linolenic acid, omega-6 linoleic acid, dominance, inheritance, F1—F3
populations, variety
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CONTROL OF SOLIDAGO CANADENSIS L. USING VARIOUS HERBICIDE
PROTECTION SCHEMES

The aggressive spread of the invasive plant Solidago canadensis L. poses a serious threat to Ukraine's
phytocenoses. This species rapidly colonizes areas due to the high viability of its root system and its wide
ecological adaptability, making control by traditional methods difficult.

Purpose. The purpose of this study is to evaluate the effectiveness of three herbicide treatment schemes
for controlling Solidago canadensis L., using herbicides based on dicamba, triasulfuron, and glyphosate.

Methods. The effectiveness of three chemical control schemes was studied from 2021 to 2025 in the Forest-
Steppe zone of Ukraine. Herbicides based on triasulfuron, dicamba, and glyphosate were tested. Effectiveness was
assessed by measuring the toxic effect on plants, reduction in biomass, number of viable shoots, and the weed's
ability to regenerate. Observations covered the growing season and analyzed long-term effects of herbicide
application.

Results. The highest effectiveness was shown by the herbicide Lintur 70 WG, containing triasulfuron and
dicamba. It caused up to 94.3 percent plant death and minimal regeneration during the season. Herbicides based
on glyphosate and dicamba alone were less effective, particularly in long-term control and root suppression. The
use of Lintur 70 WG significantly reduced Solidago canadensis density and lowered the risk of repeated
proliferation.

Conclusions. The results indicate that the combination of triasulfuron and dicamba is suitable for effective
control of Solidago canadensis in agricultural lands. These findings can serve as a basis for practical
recommendations for chemical protection of crops, aimed at maintaining productivity and ecological stability of
phytocenoses.

KEYWORDS: dicamba, glyphosate, invasive weeds, phytotoxicity, triasulfuron
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Introduction

Invasive weeds pose one of the most water, nutrients, and space. As a result, natural
serious threats to phytocenoses, biodiversity of phytocoenoses are transformed, the species
natural habitats, and the economic stability of composition of plant communities changes, and
agricultural production. The spread of alien the benefits provided by natural vegetation may
plant species leads to profound structural and decline significantly [1-2].
functional changes in plant communities, One of the most aggressive alien species
disrupts ecological balance, and reduces the in Ukraine is Solidago canadensis L., a
productivity of agricultural landscapes. In many perennial herbaceous plant belonging to the
regions of the world, invasive plants are Asteraceae family. This species originates from
considered one of the key drivers of biodiversity North America but has rapidly expanded across
loss and habitat degradation, as they compete Europe and Asia during the last decades. Solidago
with native species for resources such as light, canadensis is characterized by high ecological
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plasticity, rapid vegetative propa-gation through
rhizomes, and abundant seed production. These
biological features enable the species to colonize
a wide range of habitats, including agricultural
lands, abandoned fields, forest edges, riverbanks,
roadsides, and disturbed areas. The plant forms
dense monodominant stands that suppress the
growth and development of native vegetation,
thereby significantly reducing species diversity
within invaded communities [3-4].

The spread of Solidago canadensis causes
significant ecological and economic
consequences. In natural habitats, the species
displaces native plants and alters the structure of
plant communities, which ultimately leads to a
decline in biodiversity. In agricultural landscapes,
the invasion of this species contributes to a
decrease in the productivity of forage lands,
deterioration of pasture quality, and an increase in
the costs associated with weed control [5]. Dense
stands of S. canadensis can also negatively affect
soil properties and nutrient cycling processes,
leading to long-term degradation of invaded areas.
In addition, the species demonstrates strong
competitive ability that further inhibit the
germination and growth of surrounding plants [6].

Control of Solidago canadensis is
complicated by its high ecological plasticity and
adaptability to various environmental conditions.
The species demonstrates considerable tolerance
to drought, soil nutrient fluctuations, and
anthropogenic disturbances [7]. Moreover, the
presence of a well-developed rhizome system
allows plants to rapidly regenerate after
mechanical removal or partial damage. These
biological characteristics significantly reduce the
effectiveness of traditional mechanical or
agrotechnical control methods and necessitate the
use of integrated management strategies aimed at
limiting the spread of the species and suppressing
its vegetative regeneration [8-9].

Among available control  methods,
chemical protection remains one of the most
effective approaches to reducing the abundance of
Solidago canadensis, especially in areas with high
levels of infestation. Herbicides with systemic
action are capable of penetrating plant tissues and
translocating to the root system, which increases
the likelihood of complete plant destruction and
prevents subsequent regrowth. However, the
efficiency of herbicide treatments largely depends
on the active ingredients used, the growth stage of
the weed, environmental conditions, and the
application method. Therefore, the selection of
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effective herbicides with a high level of systemic
activity is of critical importance for successful
control of invasive weeds in agricultural and semi-
natural ecosystems [10].

In Ukraine, the problem of invasive plants
is becoming particularly urgent due to significant
anthropogenic transformation of landscapes and a
high level of disturbance of natural habitats.
Numerous alien species, including Solidago
canadensis, Heracleum  sosnowskyi, and
Ambrosia artemisiifolia, are actively spreading in
forest areas, roadsides, arable lands, and urban
landscapes. Their proliferation leads to the
displacement of native species, a decrease in
biodiversity, disruption of soil cover, and
alteration of key ecological processes [11-12].
This, in turn, affects the productivity of
agricultural lands, increases the costs of plant
protection and weed control, and poses a threat to
natural landscapes and the conservation of rare
flora. Thus, research on invasive species and the
development of effective control methods are of
great importance for maintaining ecological

stability and economic sustainability of
agroecosystems in Ukraine [13-14].
Invasive weeds not only threaten

biodiversity and agricultural productivity but also
disrupt ecological functions that provide essential
services to humans. The invasion of alien plants,
such as Solidago canadensis, can alter nutrient
cycling, soil microbial communities, and
hydrological regimes, which in turn affects
resilience and stability of natural habitats.
Changes in soil structure and chemistry caused by
dense stands of invasive plants may reduce the
suitability of areas for native species and hinder
the restoration of natural plant communities.
Consequently, the ecological impact of invasive
species extends beyond the immediate
displacement of native flora and encompasses
long-term alterations in fundamental ecological
processes [15-16].

Furthermore, the economic consequences
of invasive plants are substantial and multifaceted.
In  phytocenoses, infestations by Solidago
canadensis increase production costs due to
additional labor, machinery use, and chemical
inputs required for control. Infested pastures and
meadows often show reduced forage quality and
biomass yield, leading to lower livestock
productivity. In semi-natural landscapes, tourism
and recreational value may decline as invasive
stands replace aesthetically and ecologically
valuable native vegetation. Quantifying these
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ecological and economic impacts is essential for
prioritizing management interventions and
allocating resources efficiently [17].

Finally, the rapid spread of Solidago
canadensis highlights the need for region-specific
management strategies that consider local
environmental conditions and the biology of the
species. Climatic factors, soil fertility, land use
patterns, and disturbance regimes all influence the
success of invasive plant control. Integrated
approaches, combining mechanical, chemical,
and preventive measures, are increasingly
recommended, but their implementation requires
detailed knowledge of weed growth dynamics,
regeneration potential, and herbicide efficacy
under local conditions. Therefore, research aimed
at evaluating the comparative effectiveness of

different herbicidal treatments provides critical
information for designing sustainable and
evidence-based control programs [18].

The aim of this study is to assess the
effectiveness of three herbicide protection
schemes against Solidago canadensis L. using
preparations based on dicamba, triasulfuron, and
glyphosate. A comparative analysis of their
influence on weed vegetative mass, the dynamics
of biomass reduction, and the potential for plant
recovery after treatment was conducted. The
results obtained can serve as a scientific basis for
developing practical recommendations for che-
mical weed control and improving management
strategies aimed at limiting the spread of Solidago
canadensis in the northern and central regions of
Ukraine.

Materials and Methods

Studies to assess the effectiveness of
chemical control of Solidago canadensis L. were
conducted in 2021-2024 in the Forest-Steppe zone
of Ukraine. The soils of the experimental plot are
gray forest medium loam, with a humus content of
2.6%, pH of the salt extract is 6.1. The area of the
accounting plot is 125 m? the number of
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repetitions is three, the placement of variants is by
the method of complete randomization (Fig. 1).

The areas of herbicide application
include natural, semi-natural, and ruderal sites
(abandoned plots), where the control of
Solidago canadensis can be carried out with
minimal risk to other plant species.
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Fig. 1 — Location of the research area

Before treatment, weeds were counted by
the number of plants per 1 m? and by phenophases
of development. At the time of application of the
preparations, Solidago canadensis plants were in
the phase of active vegetative growth (30-50 cm
in height). The study compared three herbicide
protection schemes (Table 1).
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The treatment was carried out using a
manual knapsack sprayer at an air temperature
of +20-+23°C, humidity of 65-70% and wind
speed of no more than 2 m/s. The working
solution consumption rate was 300 I/ha. The
assessment of the effectiveness of herbicides
was carried out visually using the EWRC
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Herbicide protection schemes for the control
of Solidago canadensis L.

Table 1

. L Consumption rate, Lo . Active ingredient
Variant Herbicide kg/ha or I/ha Active ingredient(s) content
Triasulfuron 41 g/kg
| Lintur 70 WG 0,3 kg/ha Dicamba
(sodium salt) 659 g/kg
1l Dianate BASF 1,51/ha Dicamba 480 g/l
Glyphosate 551 g/l
I Roundup Max 4,0 Vha (potassium salt) (equiv. 450 g/l

(European Weed Research Council) scale on
the 7th, 14th, 28th and 42nd day after treatment.
Additionally, the following were taken into
account: a decrease in the number of viable
shoots per 1 m? the degree of suppression of
aboveground biomass; the percentage of plant

death; signs of plant regeneration on the 60th day.

Statistical processing of the results was
carried out by the method of variance analysis
using the LSDo.os significance criterion.
Averaged data are presented with an indication
of the standard deviation.

Results and Discussion

The results presented demonstrate
differences in the effectiveness of the studied
herbicides in suppressing Solidago canadensis L.
over the observation period. Seven days after
application, the highest level of plant suppression
was recorded in the treatment with Lintur 70 WG,
where the effectiveness reached 63.5%. During
the same period, Roundup Max provided a
suppression level of 52.1%, while Dianate BASF
showed the lowest initial effect at 47.8%. This
indicates a faster initial action of Lintur 70 WG
compared with the other herbicides.

Fourteen days after treatment, the effecti-
veness of all herbicides increased considerably.
The highest values were again observed in the
variant with Lintur 70 WG (78.7%), confirming
its high biological activity against the studied
species. In the treatment with Roundup Max, plant
suppression reached 73.4%, whereas Dianate
BASF provided 69.6% effec-tiveness. Although
the differences between the herbicides became
slightly smaller at this stage, Lintur 70 WG still
demonstrated the best performance.

On the 28th day after application, the
effectiveness of the herbicides continued to
increase. The highest suppression level was
recorded for Lintur 70 WG (84.3%). Slightly
lower values were observed for Roundup Max
(82.6%), indicating high but somewhat slower
activity of this herbicide. In contrast, Dianate
BASF reached 74.1%, reflecting a more moderate
level of effectiveness compared with the other
treatments.

The maximum effectiveness values were
recorded 42 days after herbicide application. In
the treatment with Lintur 70 WG, plant suppre-
ssion reached 91.8%, indicating the highest
biological efficiency against Solidago canadensis
L. Roundup Max ensured 84.7% suppression of
plants, demonstrating stable and relatively high
effectiveness throughout the entire observation
period. The lowest values remained in the Dianate
BASF treatment (79.3%), although this herbicide
also provided a substantial reduction in the
viability of the invasive species population
(Table 2).

Table 2
Effectiveness of herbicides against Solidago canadensis L.
in dynamics, %
Variant Herbicide 7 days 14 days 28 days 42 days

I Lintur 70 WG 63,5+23 78,7+ 3,1 843+238 91,8 +3,5

[l Dianate BASF 478+23 69,6 + 3.1 741+28 793 +3.,5

1l Roundup Max 52,1+£23 73,4+3,1 82,6 £2.8 84,7+3,5
Overall, the results indicate that all studied both the speed and level of Dbiological

herbicides are capable of effectively suppressing
Solidago canadensis L., but their action differs in
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effectiveness. Lintur 70 WG proved to be the most
effective herbicide, providing the highest level of
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plant suppression throughout the study period.
Roundup Max showed high but slightly slower
activity, while Dianate BASF demonstrated
comparatively lower effectiveness.

Analysis of the data presented in Figure 1
shows a significant difference in the
effectiveness of the studied herbicides in
controlling Solidago canadensis 60 days after
treatment. The highest results are demonstrated
by Lintur 70 WG: the reduction in the number
of shoots is 88%, the suppression of
aboveground biomass is 91.2%, and the death
of plants reaches 89.6%. The data confirm the
high activity of the drug both in the destruction
of the aboveground part of the weed and in the
reduction of the regeneration ability - only 2-3
new plants per square meter.

Roundup Max showed average effective-
ness. The reduction in the number of shoots was
71%, the biomass was suppressed by 77.4%,
and the death of plants was at the level of
73.1%. Despite a fairly good level of action,
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noticeable signs of regeneration were observed
- up to 5-7 new plants/m?, which indicates a less
deep effect on the root system compared to
Lintur. The lowest efficiency was found by
BASF's Dianat: shoot suppression was 63%,
biomass - 68.5%, plant death - 64.7%, and
regeneration ability remained the highest
among all variants - up to 8-11 new plants per
1 m? This indicates an insufficient long-term
effect of the drug on perennial weeds with a
developed root system. Thus, among the studied
herbicides, the most effective means of
controlling Solidago canadensis L. was Lintur
70 WG, which provided comprehensive sup-
pression of vegetative mass, a high level of
weed death and minimal signs of regeneration
on the active ingredients, their concentration and
mechanism of action. (Fig. 1).

The results of the study confirm the signi-
ficant difference in the effectiveness of herbicides
in controlling (Solidago canadensis L.) depending
The highest efficiency was demonstrated by the

II | II | II |

Plant death, % Signs of regeneration

(number of plants/m?)

E Roundup Max

Fig. 1 — Comparison of herbicide effects on biomass, death, and recovery of Solidago canadensis L.

herbicide Lintur 70 WG, which includes triasul-
furon (ALS inhibitor) and dicamba (synthetic
auxin). The combination of two active ingredients
with different mechanisms of action resulted in a
powerful and long-lasting phytotoxic effect on the
weed, including the root system, which ensured
stable control of S. canadensis, which was
manifested in a high percentage of plant death, a
significant decrease in biomass and a slight
regeneration ability even 60 days after treatment.
Roundup Max, which contains glyphosate, was
somewhat less effective. Although the initial
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phytotoxic effect was noticeable, over time,
partial recovery of plants was observed, which is
explained by the lower ability of the drug to
completely penetrate the perennial root system of
Solidago canadensis. This result is consistent with
well-known data on the decrease in the effective-
ness of glyphosate in the fight against aggressive
transient and perennial weeds. Dianat BASF with
a single active ingredi-ent, dicamba, showed the
lowest effectiveness. Although dicamba has the
ability to suppress a wide range of dicotyledonous
weeds, in the case of Solidago canadensis its
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effect was insufficient for long-term control. This
indicates the need to combine dicamba with other
active ingredients to achieve a deeper effect on the
root system and reduce the regeneration capacity.

All three herbicides showed phytotoxic
effect in the early stages after treatment, however,
only in the conditions of variant | it was possible
to provide stable control and minimize regrowth
of the weed. Accordingly, for effective chemical
protection of natural and semi-natural lands
infested with Solidago canadensis, it is advisable
to wuse preparations with multicomponent
composition and different mechanisms of action.

Comparison of the obtained results with
recent studies confirms the general patterns of
herbicidal control effectiveness against Soli-
dago canadensis L., while highlighting the sig-
nificant role of the mode of action of the herbi-
cides and their influence on interspecific com-
petition and plant regeneration.

In the study [19], it was shown that Soli-
dago canadensis exhibits higher tolerance to
glyphosate compared to native species, and in-
creasing the herbicide dose may even enhance
its competitive advantage. Our results partially
agree with these findings: although Roundup
Max demonstrated relatively high effectiveness
(84.7%), considerable plant regeneration was
observed. This indicates that glyphosate does
not provide complete control of S. canadensis
and may leave viable underground organs.

Similar results were reported by T. Raj-
dus [20], who demonstrated that glyphosate ap
plication alters interspecific competition and

does not always reduce the invasive potential of
Solidago canadensis, and in some cases may
even promote its dominance. This explains the
insufficient long-term effectiveness of glypho-
sate and the observed regrowth after its applica-
tion in our study.

In the study [21] was shown that even with
glyphosate use, a significant reduction in bio-
mass and physiological activity of S. canadensis
does not guarantee complete plant eradication,
and effectiveness is considerably increased only
when combined with other agents. In particular,
a decrease in root biomass by 26-81% was re-
ported. This is consistent with our results, where
the highest effectiveness was achieved using the
combined herbicide Lintur 70 WG, which af-
fected both the aboveground and underground
parts of the plant.

The findings of Chun-Feng [22] also con-
firm that controlling Solidago canadensis under
natural conditions is challenging and requires a
systematic approach, as a single herbicide appli-
cation does not provide stable long-term control.
This aligns with our results for Dianate BASF,
which showed the lowest effectiveness and the
highest level of plant regeneration.

The obtained results clearly demonstrate
the advantage of combined herbicides. The high
effectiveness of Lintur 70 WG confirms the
need for a comprehensive impact on the physi-
ological processes of plants. This ensures not
only rapid suppression of Solidago canadensis
but also a significant reduction in its regenera-
tive capacity over the long term.

Conclusion

The study confirmed that the effective-
ness of chemical control of invasive perennial
plants, such as Solidago canadensis L., is
largely determined by the composition of active
substances and the mechanisms of action of the
drugs. The most stable and long-lasting effect is
achieved by the use of herbicides with a
combined composition, which affect not only
the above-ground part of the plant, but also its
root system. The biological characteristics of
the species, in particular the ability to vegetative

reproduction and rapid regeneration after
damage, significantly affect the effectiveness of
control methods, which emphasizes the need for
an integrated approach. Chemical protection
should be considered as part of a comprehensive
strategy for managing invasive weeds,
combined with agrotechnical and mechanical
measures, which allows minimizing the risk of
regeneration and contributes to the long-term
restoration of local plant communities after the
invasion of an aggressive species.
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KOHTPOJIb SOLIDAGO CANADENSIS L. I3 3BACTOCYBAHHSM PI3BHUX CXEM
I'EPBIINUAHOI'O 3AXUCTY

ArpecuBHe TIOIIMPEHHs iHBa3iiHOI pocimuu Solidago canadensis L. craHoBHUTH cepiio3Hy 3arposy ¢ito-
neHosaM Ykpainu. Lleit Bun mBHIKO KONOHI3Y€ TepUTOPIi 3aBISIKH BUCOKIH JKHTTE3IATHOCTI KOPEHEBOI CHCTEMH
Ta MUPOKIH SKOJIOTIYHIN adaTHBHOCTI, 10 YCKJIAJHIOE O0POTHOY TPATUIIIMHUME METOIAMH.

Mera. Ominka eheKTUBHOCTI TPHOX cxeM repOinuaHoi 06podku mis 6opotsbu 3 Solidago canadensis L. 3
BUKOPHUCTAHHSM repOilH/IiB Ha OCHOBI TUKaMOu, Tpracyib(hypoHy Ta riaidocary.

Metoau. EdekTiBHICTh TPHOX cXeM XiMiuHOT 60poThOM BuBYaiacs 3 2021 mo 2025 pik y JlicocTenosiit
30HI Ykpainu. BunpoOyBani rep6inuan Ha ocHOBI Tpuacyib(dypoHy, nukam6ou Ta raidocary. EdexTuBHICTS O11i-
HEHO LIISIXOM BUMIPIOBAHHSI TOKCHYHOI'O BIUIMBY Ha POCIHMHH, 3MEHIICHHS 010MAacH, KiJIbKOCTI )KUTTE3AaTHUX
MIarOHiB Ta 3aTHOCTI Oyp'sTHY J0 pereHepartii.

PesyasTaTu. HaiiBunry edextuBHicTh mokaszas repoimuy Jlintyp 70 WG, mo MicTuth TpuacyinbQypoH Ta
nukamoOy. Lle crippunnsiio 1o 94,3% 3arubeni pocsinH Ta MiHIMaIbHY pereHepalito IpoTsIroM ce3ony. I'epoinunn
Ha OCHOBI rimiocary Ta TukaMOu OKpemMo Oy MEHII epeKTHBHUMHU, OCOOJIMBO B IOBFOCTPOKOBOMY KOHTPOJI Ta
npurHiueHHi kopexis. Bukopucranss Lintur 70 WG 3nauno 3menmmio miysHicts Solidago canadensis ta 3uu-
3WJI0 PU3HK TIOBTOPHOTO PO3MHOKEHHSI.

BucHoBkH. Pe3ynbraTy MOKa3yrTh, 110 KOMOIHAIIiS TPHACYILGYPOHY Ta TUKAMOU MiAXOAUTH i eeK-
TUBHOTO KOHTpOIo Solidago canadensis Ha cifibchbKOTrOCIOAAPCHKUX YriAsX. JlaHi BACHOBKH MOXYTb CITyTyBaTH
OCHOBOIO JUISl PAKTUYHUX PEKOMEH/ALIH 00 XIMIYHOIO 3aXHCTY CUIbCHKOTOCHOAAPCHKUX KYJBTYP, CHPSMO-
BaHMX Ha MIJATPUMKY TPOJIYKTHBHOCTI Ta €KOJIOTTYHOT CTablIIbHOCTI arpOeKOCHCTEM.

KJIFOYOBI CJIOBA: ouxamba, enigpocam, ineaziunuii Oyp 'sin, pimomoxcuynicms, mpiazyis@)ypon

Kondghnixm inmepecie

ABTOpH 3asBISIOTH, 10 KOHQUIIKTY 1HTEpECIB 1010 MyOIiKalii 1boro pykonucy Hemae. Kpim
TOT0, aBTOPH MOBHICTIO TOTPUMYBAJIMCh €TUYHUX HOPM, BKJIIOYAIOUH TUIAriaT, Ganbcudikamito TaHX
Ta MOABIHHY MyOITiKaIito.

Brecox asmopis: BCi aBTOPH 3pOOUIN PIBHUI BHECOK Y 1110 POOOTY.

/eknapauyia npo euxopucmannsa L1

VY 1poMy JIOCHIJKEHH] He BAKOPHCTOBYBABCS FCHEPATUBHUHN ITYYHUN 1HTEJIEKT.
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KJIMATUYHI YUHHUKHU PO3IIUPEHHSI Drosophila suzukii (Martcymypa)

TA ITIPOT'HO3 ®PITOCAHITAPHOI'O PU3UKY JJIA ATTJHUIITBA
JBBIBCHKOI OBJIACTI

Meta. OUiHUTH BIUTHB KIIIMATHYHHAX 3MiH Ha IWHAMIKY HOLIMPEHHS iHBa3iifHOTO mIKimHuKa Drosophila
suzukii (Matsumura, 1931) y JIbBiBCEKilf 00macTi Ta IMpPOTHO3YBaTH (IiTOCAHITApHWUH PU3WK VIS STiTHUITBA
periony mo 2030-2035 pp.

MeTtoan. AHani3 TpeH/IB TeMIlepaTypHHUX MOKa3HHUKIB 3a AaHuMHU JIbBiBchkoi Mereoctanmii (2001-2023

pp.); po3paxyHok cyMm akThBHUX (>10 °C) Ta edekTHBHMX Temmeparyp; KIIMaTHYHE IPOTHO3YBaHHS 3a
cuenapismu IPCC RCP4.5 i RCP8.5; mojmenmtoBaHHs KinbkocTi mokodiHe D. suzukii meromom miHiiiHOT
EKCTPAMOJISIIT;, OIlIHKA MOTECHI[IMHUX EKOHOMIYHUX 30UTKIB JIJIsI OCHOBHHUX SITIAHUX KYJIBTYP.
PesyabraTu. Beranosneno, mo 3a 2001-2023 pp. cyma akTuBHHX Temneparyp 3pociia Ha 270 °C-1o0a, KUIbKICTh
Mopo3HHX AHiB (Hk4e —7 °C) ckopotuiack BaBidi. 3a crieHapieM RCP4.5 no 20302035 pp. popMyroTbest yMOBH
Jutst 4-5 noxosine D. suzukii Ha pik. [ToTeHIifiHi eKOHOMIYHI 30UTKH ISt SITLAHUITBA JIBBIBIIMHU OLlIHEHO Y 284—
339 mua rpH/pik (RCP4.5) 1 310-380 muH rpa/pik (RCPS.5).

BucHoBku. PesynpratH OOTpyHTOBYIOTH HEOOXIAHICTH 3alpoOBa/UKEHHS PETIOHAIBHOI CHCTEMH
(iTOCaHITAPHOrO MOHITOPUHTY Ta PAaHHBLOTO pearyBaHHs, BKIOuYeHHs D. SUzukii 10 mepeniky KapaHTHHHHX
opraHi3MiB YKpaiHu # rapMOHi3allii BITYN3HIHUX (PITOCAHITAPHUX CTAHIAPTIB i3 HopMamu €C.

KJIFOYOBI CJIOBA: kiivamuyni 3MiHu, iH8A3IUHUL WKIOHUK, (DIMOCAHIMAPHUL PUSUK, NPOSHO3Y6AHHSL,
10T Kynbmypu, ekonomiuni 3oumxu, RCP-cyenapii

Sk muryBatn: Koanbuyk O. 1., KoBansuyk 10. O., Criopko M. O. KiiMaTH4Hi YMHHUKA PO3LIMPEHHS
Drosophila suzukii (Matcymypa) Ta mporHo3 (iTOCaHITAPHOTO PU3UKY s sArigHuiTBa JIBBIBCHKOI 00IACTi.
JIoouna ma dosxinas. Tlpobaemu neoexonoeii. 2026. Bun. 45. C. 229-236. https://doi.org/10.26565/1992-4224-
2026-45-18

In cites: Kovalchuk, O. I., Kovalchuk, Yu. O., & Stiurko, M. O. (2026). Climate drivers of Drosophila
suzukii (Matsumura) spread and phytosanitary risk forecast for berry production in Lviv region. Man and
Environment. Issues of Neoecology, (45), 229-236. https://doi.org/10.26565/1992-4224-2026-45-18

Bemyn
['mobasibHEe MOTEIUIIHHSA € OJHUM 13 30UIBIIyE TPHUBATICTh BETETAIlIMHOTO Ce-
KJIIOYOBHUX JIpaiiBepiB MOIIMPEHHS 1HBa31M- 30HY, CHpHUSE PO3IIUPEHHIO apeasiB MIKija-
HUX BH[IB KOMax y BHIMX mmportax [1]. HUKIB 1 3pOCTaHHIO KIJIBKOCT1 iXHIX IOKO-
[TixBUIIIEHHS CepeHbOPIYHUX TEMIIEPATYp ninb [2]. Drosophila suzukii (Matsumura,

© Kosanpsuyk O. 1., Koanpuyk 0. O., Ctiopko M. O., 2026
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1931) (Diptera: Drosophilidae) — imBasiiinmit
¢itodar, mo 3aBma€ 3HAYHUX CKOHOMIYHHX
30UTKIB sTimarKaM €Bporm ¥ IliBHIUHOI AMe-
puku [3]. Camums Bumy BiAKiamae SHrs
Oe3nocepeHb0 B M'SIKOTH JIO3PiBAlOYMX ILUIONIB
3aBJISIKY 3a3yOpeHOMY STHIICKIIa Ty — OCOOJIHBICTb,
mo Bigpisase D. suzukii Bix immmx mposodin i
3yMOBIIIOE 11 OCOOJNMBY HEOC3MEUHICTh ISt
caniBHUKIB [3].

B €Bpormi Bua NOMMPHUBCS HAI3BHIAWHO
MIBHUIKO: TSI ocepenkn 3adikcoBano B Icmanii
Ta Itanii y 2008 p., a Bxe no 2015 p. mkinHuka
BUSIBIIEHO Maibke B ycix kpainax €C [6, 13].
Asplen et al. [6] BcTaHOBIIH, IO CTpiMKa 1HBA3IS
3yMOBJICHa IIMPOKOI0 KOPMOBOIO 0a3010 (TOHA[
30 BUIB ATIHUX 1 KICTOYKOBUX TJIOIB), 37aTHi-
CTIO JI0 IIBHJKOTO HAPOIIYBaHHS MOMYJIAIIN 3a
CIPUSTIAMBUX YMOB 1 BIICYTHICTIO CHeIiami3zo-
BaHMX eHTOMo(ariB y HOBHX apeanax. B Ykpaini
IIKiTHHK Briepiire 3adikcoBanmii y 2014—2016 pp.
y 3akapnarri [4]. Ockineku JIbBiBCbKa 001aCTBb
MeXye 3 3aKkapnaTchKOI0 Ta Mae CXOXKHH
ME30KIIMaT 3 TIONIbCBKUMU ¢  CJIOBALlbKIMHU
perionamu, ne D. suzukii Bxe 3axpimiaace [13],
perioHabHa OIliHKA (PITOCAHITAPHOTO PU3HKY €
BKpail aKTyalbHOIO.

BakIMBHM KOHTEKCTOM € Te, 110 JICKiJIbKa
aBTOPIB JOCTIDKYBaJIM TOTeHIiHI apeamn D.
suzukii B ymoBax wimiMatinynux 3miH. Langille et
al. [10] 3MozemoBay pO3MINPEHHS apeary BUILY
y Kanani BigmoBimao mo crenapiiB RCP4.5 i
RCP8.5, noBiBmmM cyTTe€BE 3pOCTAHHS ILIOIII
npugatHux teputopiit. Tait et al. [11] npoanaii-

3yBaJI BeNMKOMAacITabHi MPOCTOPOBO-YacOBi
3aKOHOMIPHOCTI ypakeHHS MiofiB y LleHT-
paiTbHii €BPOITi 1 BCTAHOBHIIN TICHHH 3B'T30K MK
KUTBKICTIO TIOKOJIIHh MIKiTHAKAa Ta CyMaMH
eextnBHUX Temmeparyp. Shearer et al. [15]
MOKa3aJiv, 10 (EHOTHUIOBA ILIACTHYHICTE D.
suzukii — 31aTHICTh YTBOPIOBATH 3UMOBY MOpPQY
— CYTTEBO PO3LIMPIOE MOXKIMBOCTI BHIY [IO
MepEeKUBAHHS HECTIPUATIANBUX 3UM y TIOMIpHOMY
kimimari. LI mocmimpkeH s i ATBePHKYIOTh METO-
JIOJIOTIYHY OUUTbHICT BHKOpHcTanHsS RCP-
CleHapiiB 1 cyM e(eKTHBHUX TeMIlepaTyp IS
pETIOHATBHUX TIPOTHO3IB, MPOTE KOMITIEKCHOTO
KUTbKiCHOTO aHai3y /it JIbBIBCHKOI 0011acTi 10ci
HE TPOBOIUIIOCE.

JIbBIBCHKA 00JIACTH € OJHUM 3 HAWOUIBIIINX
BUPOOHWKIB AT B YKpaiHi: TUIOMIA TiJ] CyHHUIICIO
cazioBoro repesuirye 12 000 ra, mig MaTuHO —
3 800 ra [5]. BogHowac cnoctepiraeTbest BiTUyT-
HE TIOTCIUTIHHSA: CepeqHBOpIYHA TeMIIepaTypa
3pocina 3 +7,6 °C (2001-2010) o +8,9 °C (2021—
2023), w10 CTBOPIOE Jieali CIPUSATIAMUBIII YMOBU
qutst Hatypamizarii D. suzukii [6]. BpaxoByroun
3HAQUYHy €KOHOMIYHy IiHHICTH Tamy3i Ta
BIJICYTHICTh pEriOHABHOI MPOTHO3HO-(iToCaHi-
TapHOI MOJENi, I TeMa € HarajibHOKW 1
HEZ0CTaTHHO BHBYCHOIO.

Mera — OLIHUTH BIUIAB KIIIMATHYHUAX 3MIiH
Ha JIMHaMIKy MOUIMPEHHS 1HBa31HHOrO IIKITHUKA
Drosophila suzukii (Matsumura, 1931) vy
JIpBiBCBKiH 0OmacTi Ta MporHO3yBaTu (hiToCaHi-
TapHUI PU3KK IS ST1THAITBA periony 1o 2030—
2035 pp.

00’ckmu ma memoou 00Cni0IHCEHHA

Meteoposoriuni mani. Buxopucrony-
BaHO apXiBHi AaHi JIbBIBCbKOI METEOPOIOTIHHOT
cranmii 3a 2001-2023 pp.: cepenHbo1000BI
TeMIepaTypH, KUTbKicTh Mopo3HuX JaHiB (T < —
7 °C), xinbkicte aktuBHuX mi6 (T > 10 °C).
Cymu aktuBHux temneparyp (CAT) pospaxo-
BaHO 3a (hopmyIoro:

CAT = X (Tcepeonvooobosa — 10 °C)
o5 Tcepeonvooobosa > 10 °C (1)

ne Tcepennpro000Ba — cepeAHbO1000BA
temmneparypa noBitps (°C). Cymu epekTuBHIX
temneparyp (CET) nmns OWIHKM KILIBKOCTI
nokoiiab D. suzukii po3paxoByBaiu aHaioriu-
HO, 3 TOporom po3BUTKy +10 °C Ta HOpMOIO Ha
onue nokominaasg 220 °C [8].

KiimMaTtn4Hi MPOTHO3M TPYHTYIOTCS Ha
cuenapisix [IPCC ARG6 [7]: RCP4.5 (Represen-
tative Concentration Pathway 4.5 — crienapiii 3
MOMIPHUM paaialliiHuM npumycom +4,5 Bt/m2,

~ 230 ~

IO XapaKTePU3YEThCA IOCTYIIOBUM 3HMKCH-
HSIM BHKHJIIB TAPHUKOBHX Ta3iB micist 2040 p.;
3pocTaHHs riobaibHOI Temneparypu +0,4
°C/necstunitrsi) i RCP8.5 (Representative
Concentration Pathway 8.5 — cuenapiii 3
BHCOKHM paJialliiHuM npumycom +8,5 B1/m?,
10 BIAMOBIgAE OE3MEPEPBHOMY 3POCTAHHIO
BUKUJIB 0€3 CYTTEBHX OOMEXCHb; 3POCTAaHHS
temneparypu 1o +0,7 °C/necstumitrs) [7].

Kinpkicts mokouninb D. suzukii 3a koxxeH
PiK 1 TIPOTHO3HWI TepioJ] PO3PaxOBYBAIHU SIK
yacTKy Bij nineHHs nporno3zosanoi CET Ha 220
°C. IIporuo3 CET na 2030-2035 pp. oTpumaHo
METOJIOM JIHIHHOT eKCTpamnoJIsilii, Biakaaiopo-
BaHOi Ha ¢akTnanux maamx 2001-2023 pp. i3
MOTIPaBKOI0 Ha NPHUPICT TeMIepaTypu Bilmo-
BijtHO 710 KosxkHOTO RCP-cienapito [7, 10].

Po3paxyHoxk eKOHOMIYHMX 30HMTKIB.
[Norenuiiini ekoHomiuni 30utku (I1E3, rpa/pik)
po3paxoByBaiu 3a GopMyIolo:
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ME3=SxV xI[ xIT/ 100

Iie S — mIoma HacapKeHb (Ta);
VY — ypoxkaiiHicTb (T/Ta);
I — wina peamizarii (rpa/T);
1 - BifcoTok nomkomkeHAs Bposkaro (%o).
bazoBi mani (miomi HacamXeHb 1 ypo-
JKAMHICTh) B3ATO 31 CTATHCTHYHOro 30ipHHKA
[5]. Wiam peamizamii TpUHHATO 3a NTaHUMH
MinicTepcTBa arpapHoOi TOJITHKH Ta IPOJIO-
BOJIbCTBA YKpainu 3a 20222023 pp.: CyHUIs —
45 tuc. rpH/T, MaTuHAa — 52 THC. TPH/T, YOPHULIS

()

— 67 TtHc. TpH/T. BiACOTKM TONIKOMKEHHS
Bpoxato (II) mpuiiHSTO Ha OCHOBiI y3aranib-
HEHHS JiTeparypHUX gaHux 3 LleHTpanbHOT
€pomu [9, 11].

CratuctuuHy o0OpOOKYy BHKOHAHO Y
mporpami R 4.3.0 (maketu Im, stats). s
aHaTi3y TEMIIEpaTypHUX TPEHIIIB 3aCTOCOBAHO
MPOCTy JiHIKHY perpecito (3ajeKHa 3MiHHA —
pivHe 3HAUYeHHs MOKa3HUKa, He3aJekKHa — PIK).
JlOCTOBiIpHICTh TpPEHIIB OIlIHIOBAIH 3a P-
KpuTepieM Ha piBHI 3HagymocTi p < 0,05.

Pezynomamu ma 002060penns

Knimamuuni mpenou i npoznosu.
Amnaniz ganux JIpBiBCbKOi MeTeocTaHLii 3a
20012023 pp. BUSBUB BHPaKCHI IMO3UTHBHI
TPEHIIU JUISA BCIX TMOKA3HUKIB, BAXKJIMBHX IS
posmmpenns D. suzukii (ta6m. 1).

3 aHami3y AaHMX Ta0JI. 1, cymMa aKTUBHUX
Temrepatyp 3pocia Ha 270 °C 3a qBa gecsTH-
JITTS, IO MaTeMaTHYHO BiATOBigae peamizartii
JTIOJTATKOBOTO TOKOJIHHS IIKiTHUKA (HOpMa
PO3BHUTKY onHOrO mokoiinHsa — 220 °C [8]).
BusiBienuii TpeH1 € CTAaTUCTHYHO JOCTOBIPHUM
(p < 0,05). KinpkicTs AHIB i3 TeMIepaTypaMu

Hwk4e —7 °C smenmmacs 3 28 (2001-2010) mo
14 (2021-2023), 1110 CYTTEBO TOJIIIIIITYE 3UMOBE
BIOKHMBaHHsI 3MMOBOT Mopdu Buxy [15].

3a momipauMm crieHapiem RCP4.5 no
2030-2035 pp. odikyeThcs 30LTBIIEHHS CYMH
aKTHUBHHX TemmepaTyp no 2500-2650 °C i
CKOpPOYEHHSI 3MMOBOT'0 MEPiojy, IO CTBOPHUTH
ymoBH 1151 4—5 nokoutieb D. suzukii va pik [10].
e cywmicHo 3 manmmu mist basapii Ta bagen-
Bropremb6epry, ae mnoumnatoun 3 2014 p.
CHCTEMAaTUYHO PEECTPYETbC 4—5 TOKOINiHB
[13]. 3a mecumictuanaumM crieHapiem RCP8.5

Taoauna 1
KaiMmaTuuni napamerpu JIbBiBebkoi o01acti (2001-2023) Ta nporso3s ao 2035 p.
Table 1
Climate parameters of Lviv region (2001-2023) and forecast until 2035
Mokasuuk Hporno3 2030-2035
/Indicator 2001-2010 2011-2020 2021-2023 / Forecast 2030-2035

(RCP4.5)
Cepennpopiuna T-pa, °C
/ Average annual +7,6 +8,1 +8,9 +9,3—+9,7
temperature, °C
Cyma akrt. T-p (>10 °C),
°C-noba
/ Amount of active 2050 2180 2320 2500-2650
temperature (>10 °C),
°C-day
Kinekicrs quiB T >15 °C
(KBIT.—KOBT.) _
/ Number of days T >15 °C 82 % 108 120-130
(April-October)
Kinpkicrs quiB T <7 °C
(3uma) _
/ Number of days T <-7 °C 28 21 14 8-12
(winter)
CepenHpopivHa KUTBKICTh
prams, Mu 694 712 728 740-760

/ Average annual
precipitation, mm

~ 231~



ISSN 1992-4224 Jlropuna Ta nokimns. [Ipobaemu neoekonorii. 2026. Bunyck 45

MPOTHO3YE M€ OUTBII IHTEHCUBHUN PO3BUTOK
curyamii: g0 2030-2035 pp. cyma aKkTUBHHX
Temmeparyp Moxe nocsrta 2700-2900 °C, o
TEOPETHYHO 03BOJISE peaiizarlito 5—6 IoKo-
JiHb WIKiTHUKA Ha PIK i CYTTE€BO 30UIBIIMTH
E€KOHOMIUHi pu3uKU. MiX JBOMa cLieHapisiMH Y
ropu3oHTi 2030-2035 pp. pi3HHIS y cymax

aKTUBHMX Temriepatyp ckiamae 200250 °C-noba,
110 BiJNOBiAa€ JOAaTKOBOMY HETIOBHOMY TTOKO-
JIIHHIO LIKITHUKA.

Exonomiuna OYiHKa PU3UKI8.
Po3paxyHOK MOTCHIIHHUX €KOHOMIYHHUX 30UT-
KiB BUKOHAHO 3a (Gopmysor (2) okpemo s
KOXXHOI KyNlbTypH 1 HaBesieHo B Tabmumi 2.

Tabauns 2

IporHo3uuii ¢piTocanirapuuii pusuk D. suzukii ayst ocHoBHEX KyJbLTYp JIbBiBIIMHM
(20302035 pp., cuenapiii RCP4.5)

Table 2

Predicted phytosanitary risk of D. suzukii for the main crops of Lviv region
(2030-2035, RCP4.5 scenario)

Kyabrypa Inoma, Tomkopkenns, HE3, MJIH Pipens KpnTFpii' BH3HAYEHHS
/Crop ra % TpH/piK ——— _ PiBHSA pU3HKY
/ Area, / Damage, % / PED, min / Risk level / Criteria fqr determining
ha ' UAH/year the risk level
Cynuis 12 400 60-80 148-197 Kputnunuit | Yci Tpu kputepii
caaoBa [Critical HECTIPUSTIIUBI
/Garden /All three criteria are
strawberries unfavorabl
Manwna 3 800 55-75 42-57 Bucokuit | IBa 3 TpOX KpHUTEPIiB
/ Raspberry / High HECIPUATIUBI
/ Two of three criteria are
unfavorable
Yopaus 2100 50-70 21-29 Bucokuii | JIBa 3 TpOX KpHUTEPIiB
/ Blueberries / High HECTIPHUSTINBI
/ Two of three criteria are
unfavorable
Yepemrsst 4 600 30-50 28-46 Cepenniit | OnuH 3 TPHOX KPUTEPIiB
KHCIa / Medium | HecnipusATIHBHI
/ Sour cherries / One of three criteria is
unfavorable
CMopoanHa 890 45-65 4-6 Cepenniii | OnuH 3 TpbOX KPUTEPIiB
4OpHa / Medium  HecnipusTIUBHI
/ Blackcurrants / One of three criteria is
unfavorable
Bunorpan 1200 20-35 5-9 Huspkuii—- | MeHma 4y TJIMBiCTb
(panHi coptn) cepeaHid | KyJabTypu
/ Grapes (early I Low—Medium / Less culture sensitivity
varieties)

PiBens diTocanitapHoro pusuky (Tadsm.
2) BU3HAUEHO 32 CYKYITHICTIO TPbOX KPHUTEPIiB:
(1) xmiMaTMYHA TPUAATHICTH PETiOHY IS
PO3BUTKY IIKiHUKA (3a mporHo3oBanoto CET);
(2) ypasnuBicTh KynbTypu (3a IepeBaramu
stiriexnanku camutl [3, 6]); (3) exoHomiuHa
3HAYYIIiCTh HOTEHUIHHUX 30UTKIB (0OCsr
rany3si). Kputuunuii piBeHb pU3UKY TPUCBOEHO

~ 232~

MpPU HECHPUATIUBOMY IOETHAHHI YCIX TPHOX
kputepiiB, Bucokuii — neox, Cepe/iHiii — OHOTO.

HaiiBummii piBeHb PU3MKY NPOTHO3Y-
€TbCS TSl CyHULI canoBoi: npu miomi 12 400
ra i noreHuiiiHoMmy mnormkopxkeHHi 60-80 %
BpOXal0 EKOHOMIYHI BTPATH MOXYTh CSTHYTH
148-197 man rpu/pik. Pasom i3 mamunoO i
YOPHHUICID CYMapHi IMOTEHIIHHI 30WUTKU st
perioHy ckinanarTh 284339 MiaH TpH/piK 3a
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crienapiem RCP4.5 ta 310-380 muH TpH/pik 3a
RCP8.5. TloniOHi OWIHKHK IS €BPOICHCHKUX
PETIOHIB 3 aHANOTIYHUMHY KIIIMAaTHYHAMH T1apa-
MeTpamMu  ckimagarote  1,5-3,0 % BBII
arpapHoro cexropy [11].

Cucmema pimocanimapnozo Konmpo-
Jaro. Ha oCHOBI OTpUMaHWX TaHHUX PO3POOJICHO

D. suzukii mo meperniky KapaHTHHHHX
opraniamMiB  YkpaiHu i3  BIANOBiAHUM
(itocaniTapHIM  periiaMeHTyBaHHsSM  [12].
TepMiHn MOHITOPHHTY (KBITEHB—IHUCTOMA)
BH3HAuUCHI (PCHOJOTIYHUM IIMKJIOM IIIKiTHUKA!
nepur 0coOMHM PEeECTPYIOTHCS MPU CTIHKOMY

nporpiBanHi TOBiTpsA moHam +10 °C, mo B

KOMIUIEKC 3aX0JliB (DITOCAHITAPHOTO KOHTPOJIIO yMoBax JIbBIBIIMHM  BIANOBiZa€ IMOYATKY
(tabm. 3). Kimo4oBUM €IEMEHTOM € BKITFOUCHHSI KBITHSL.
Tadauus 3
PexomeHoBaHa cucrema (pirocanirapuoro koutposro D. suzukii aias JIsBiBcbKOi 061acTi
Table 3
Recommended phytosanitary control system for D. suzukii for Lviv region
3axin 3mict Tepminu Ta 00rpyHTYBaHHS BinnoBiganbHuii opran
Event / Content / Timeline and justification / Responsible body
MoHiTOpHHT ATpaKTUBHI TACTKU KBiTeHp—mricTOMA I mEpIi T0pocii JlepKpoacoKuBCIy 0a
Monitoring (cymimn s65y<HOTO 0COOUHU 3'SIBISIOTHCS MpH cTilikomy | [12]
OIITY Ta YE€PBOHOTO nporpianni monan +10 °C /State Service for Food
BHHA) Ha SAT1IHAX /April-November: the first adults and Consumer Protection
rOCIOAapCTBaX appear when temperatures are [12]
[Attractive traps (a consistently above +10 °C
mixture of apple cider
vinegar and red wine)
on berry farms
KapanTunna O6oB's13k0Ba [inopiyHo: BCi mapTii HOCaAKOBOTO diTtocanitapHa ciyx0a
eKCIepTu3a cepTudikaris MaTepiary IpH mepeMileHHl MK [12]
/ Quarantine MOCaIKOBOTO 00J1aCTAMH Ta BBE3EHHI / Phytosanitary Service
expertise Marepiany sriJHuxX / Year-round: all batches of planting [12]
KyJIBbTYP material when moving between
/ Mandatory regions and imported
certification of planting
material of berry crops
Iudopmysanns | [lopiyni mpakTHYHI [I{opoky (KBITEHB): 10 MOYATKY JIHYBME im. C.3.
BUPOOHUKIB peKOMeHaIIIT o010 JTBOTY iMaro Ixunpkoro, [HCTHTYT
/ Informing MOPOTiB IIKIAJIHBOCTI | Every year (April): before the start 3axucty pocindt HAAH
producers Ta CTPOKiB 0OPOOKHU of the adult flight / LNUVMB named after
/ Annual practical S.Z. Gzhytsky, Institute of
recommendations on Plant Protection of NAAS
harmfulness thresholds
and processing times
XimiuHun BunpoOyBanns CeprieHp—K0BTeHb: MK Jb0Ty 11111 I'ocrionapcTBa — 06po0OKH;
3aXUCT JIO3BOJICHUX MOKOJTiHB, (a3a J03piBaHHS IIOMIB JIHYBMB — mMoniTOpHHT
/ Chemical IHCEKTHIIN/IB / August—October: peak of the flight | pesucrenTHOCTI [14]
protection (cminTopam, manarion) | of the I1-111 generations, fruit / Farms — treatment;

3TiJTHO 3 peeECTpOM
MECTUITNIIB Y KpaiHu

/ Testing of permitted
insecticides (spintoram,
malathion) according to
the register of
pesticides of Ukraine

ripening phase

~ 233~

LNUVMB — resistance
monitoring [14]
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AHati3 M>KHapOHOTO JOCBITY 3aCBiI-
qye, 10 KpaiHu 3 aHAJOTTYHUMH KTiIMaTHY-
HUMH TIOKa3HHKamMu — ABcTpis, Himeuunna
(baBapis Ta banen-Broprembepr), 1lBeiiia-
pis — 3ampoBagWiii OOOB'SI3KOBHI MOHITO-
punr D. suzukii me y 2014-2016 pp. [13].
OOoB's3k0Ba (hiTocaHiTapHa cepTHdi-Kaiis
MOCaJKOBOro Marepiany BBeleHa B €C y
pamkax pernmamenty €C 2016/2031. Llei

CTaHIAPTIB B KOHTEKCTI €BpOIHTErparlii
VYkpainu.

[IpocTopoBe kapTyBaHHs (iTocaHITap-
HUX pU3MKIB 13 3acTocyBanHsM [ IC-metonis
€ JIOBEJICHHM IHCTPYMEHTOM YIIPaBIIiHHS
KapaHTUHHUMH IIKiTHUKaMu B LeHTparnbHii
€spori [13].

Po3pobka Takoi kaptu ajist JIbBIBCHKOT
o0nacTi € HACTYMHUM JIOTIYHUM KpPOKOM Yy

JIOCBIJ] € aKTyaJbHUM OpPIEHTUPOM JUISt PO3BUTKY 3aIIpOIIOHOBAHOL CUCTEMU
rapMOHi3allii BITYM3HSHHUX (DiTOCAHITAPHUX MOHITOPHHTY.
Bucnosku

Kmimatnuni  tpeau  JIbBiBCbKOL
o0JsacTi CBi4aTh MPO MOCHIIOBHE MOTET-
JIHHS: cyMa aKTHBHHX TEMIIEpaTyp 3pocia
Ha 270 °C-noba, KUIBKICTh MOPO3HHUX JIHIB
CKOPOTHJIACh BJIBiYi — 1€ KPUTUYHI YMOBH
JUISL IPUCKOpeHHs iHBasii D. suzukii.

o 2030-2035 pp. 3a cueHapieMm
RCP4.5 miporHo3yeTrncsi 301IbIICHHS KiJTb-
KOCTI TIOKOJIiHb IIKIJHUKA 10 4—5 Ha pIK, 3a
cienapiem RCP8.5 — nmo 5-6 mokodiHb.
[ToreHmiiini eKOHOMIYHI 30MTKM YIS SATIiA-
HUNTBA JIbBIBIIMHM OLIHIOIOTHCS y 284—-339
MiH rpH/pik (3a RCP4.5) ta 310-380 muH
rpa/pik (3a RCP8.5).

binbiia peanicTUUHICTL CLEHApIIo
RCP4.5 nmns ropuzonty 2030-2035 pp.
OOrpyHTOBaHa TMOTOYHUMH TEHICHIIISIMU
3MIHM KJIIMATUYHOI TOJIITUKH, TOMY BIH
oOpaHuii sk 0a30BUM Ui NPaAKTUYHHUX
peKOMeHAaIiH.

Jls MiHIMI3aIli pU3UKIB HEOOX1THO:
3alpoBaJUTH PErioHaNbHUHN (iTocaHiTap-
it MouitopuHr D. suzukii, BrimrouMTH
IMIKiTHAKA /10 TepeNiKy KapaHTHHHHUX
Oprai3miB  YKpaiHM Ta 3alpoBaJUTH
000B'I3KOBY  cepTHdIKAII0 MOCATKOBOTO
marepiaiy sSIriAHUX KyJIbTYyp; TApMOHI3yBaTH
BITUM3HAHI (piTOCa-HITApHI CTAaHIAPTH 3
pernamentoM €C 2016/2031.

[lepcieKTHBHUMHU HAMpPSIMKaMH  I10-
JanbIINX JOCHIPKEHb €: mpoctopoBe ['1C-
KapTyBaHHs (piTOCaHITApHUX PH3HKIB 3
ypaxyBaHHSIM MIKPOKJIIMATUYHUX IpajlieH-
TIB PETIOHY; BUBUEHHS MPUPOJIHUX EHTOMO-
¢aris D. suzukii B ymoBax JIbBiBIIMHH TSI
PO3BUTKY TIporpam O10JIOTIYHOTO KOHT-
pOJIIO; MOHITOPHHI PE3UCTEHTHOCTI perio-
HaJIbHUX MOIMYJIALIN 10 1HCEKTUIUIIB.

Kondgpnixm inmepecie

ABTOpY 3asBIAIOTH, MO KOHQIIKTY iHTEpPECiB 11010 MyOIiKamii mboro pykonucy Hemae. Kpim
TOTO, aBTOPH MOBHICTIO TOTPUMYBAIUCh €TUYHUX HOPM, BKJIIIOYAIOUH IIIariaT, (anbcudikalliro qaHux

Ta MO/IBiIHY MyOITiKaIIio.

Brecox asmopis: BCi aBTOPH 3pOOUIIN PIBHUI BHECOK Y 110 POOOTY.

eknapauyia npo euxopucmanns I

VY 1poMy JocTiKeHHI He BUKOPUCTOBYBABCS TeHEPATUBHUM IITYYHHUI 1HTEJICKT.
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CLIMATE DRIVERS OF Drosophila suzukii (Matsumura) SPREAD AND PHYTOSANITARY
RISK FORECAST FOR BERRY PRODUCTION IN LVIV REGION

Purpose. To assess the impact of climate change on the dynamics of spread of the invasive pest Drosophila
suzukii (Matsumura, 1931) in Lviv region and to forecast phytosanitary risk for berry production up to 2030-2035.

Methods. Analysis of meteorological trends using data from Lviv meteorological station (2001-2023);
calculation of degree-day sums (SAT/SET); IPCC RCP4.5 and RCP8.5 scenario-based projection; linear
extrapolation of generation number; calculation of potential economic losses for major berry crops.

Results. Over 20012023, the sum of active temperatures increased by 270 degree-days (p < 0.05), and the
number of days with temperatures below —7 °C decreased twofold. Under the RCP4.5 scenario, conditions for 4—
5 generations of D. suzukii per year will form by 2030-2035. Under RCP8.5, up to 5-6 generations are projected.

Potential economic losses for berry production in Lviv Oblast are estimated at 284-339 million UAH/year
(RCP4.5) and 310-380 million UAH/year (RCP8.5).
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Conclusions. Results justify the establishment of a regional phytosanitary monitoring system with
attractive trap networks, mandatory inclusion of D. suzukii in Ukraine's quarantine organism list, mandatory
planting material certification, and harmonization of Ukrainian phytosanitary standards with EU Regulation
2016/2031.

KEY WORDS: climate change, invasive pest, phytosanitary risk, forecasting, berry crops, economic
losses, RCP scenarios
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XAKATOH FRESH AIR 2026 SIK IHCTPYMEHT ®OPMYBAHHA THHOBAIIIIHUAX
KOMIIETEHTHOCTEUN: 10CBIJ YKPAIHCBKOI KOMAHIHN
INPOEKTY ERASMUS+ DOMANI

Meta. BUCBITIUTH JOCBIJ MiATOTOBKY Ta y4YacTi CTYJEHTCEKHX KOMaHA XapKiBCHKOTO HAIlIOHAIBHOTO YHi-
Bepcutety imeHi B. H. Kapasina Ta KuiBcpkoro HarioHaesHOTO yHiBepcuTeTy iMeHi Tapaca IlleBuenka y mMixHa-
poanomy xakaroHi Fresh AIR 2026 y pamkax npoekty Epazmyct DOMANI Ta npoaHaitizyBaTH pojib XaKaToHY
SK IHCTPYMEHTY HeopMasibHOT OCBITH AJ1sl JOPMYBaHHS IHHOBALIHHUX KOMIETEHTHOCTEH Yy cdepi 3eseHoT eKo-
HOMIKH, €KOJIOT1YHOTO MOHITOPHHTY Ta CTAJIOTO PO3BUTKY.

PesyabTaTu. [IpencraBieHo npolec miArOTOBKY 10 XaKaTOHY, SIKMH BKJIIOYaB: KOHKYPCHUI Bi0ip y4acHU-
KiB (i3 16 3asiBoK BiniOpaHo 8 CTy/eHTIB s 2 KOMaH/ Biji XapKiBCHKOTO HalliOHAIBHOTO YHIBEPCHUTETY iMEHi
B.H. Kapa3ina Ta 3 12 3asB0k — 8 cTyaeHTiB Juis 2 koMaH] Biji KHiBChKOTrO HalliOHAJILHOTO YHIBEPCUTETY iMEHi
Tapaca llleBueHka); MpOBEACHHS 3aX0/IiB 13 TIMOUAIHTY JJIs HATATOPKSHHSI KOMaHIHOT B3aEMO/IIT; MCHTOPCHKHUI
cynpoBif Ta 48-roxuHHEMI MapadoH po3poOku npoTtoTHmiB. OmucaHo yotupu crBopeHi npoextr: S.E.N.S.E. (in-
TENIeKTyaJIlbHa €KOCHCTEMa MOHITOPUHTY €HEpProCIOKMBaHHS Ta aKyCTHYHOTO HaBaHTakeHHs), Agrolmpact Al
(mnardopma aHasi3y MOUIKOPKEHUX BikHOIO 3eMenb), AquaFire Climate System (exocucrema ynpaBiliHHS BOA-
HUM OaylaHcoM /i1 3amobiranHs noxexam), GreenX (ruatdopma eKoJOTiYHOTO MOHITOPHMHTY 3 HTETpalli€io B
«KwuiB [ludposuii»). ¥ xakaroHi 3maranucs 37 koMaH 3 YKpainu Ta cBity. [l Bepudikaiii pe3yasTaTiB mpoBe-
JICHO OTMMTYBaHHA yJacHHKIB (N=16), sike BUSBIIO BUCOKHI PiBEHb 33/I0BOJICHOCTI Y9acTIO B XakaToHi: 87,5 %
OIIIHMJIN JJOCBI SIK «100puit» ab0 «BigMiHHUI, 100 % MO3UTHBHO OIIHIIN MEHTOPCHKY ITIATPUMKY, HAHO1TBIIHIA
MpoTpec yYaCHUKH BiA3HAYMIN B KOMaHAHIN poboTi (81,3 %) Ta kpuTnaHOMY MHCHeHHI (62,5 %).

BucnoBku. Xakaton Fresh AIR 2026 3acBiquuB epekTHBHICTH popMaTy HehopMabHOT OCBITH AJis Hop-
MYBaHHSI MDKIUCHUHUIUTIHAPDHUX KOMIIETEHTHOCTEH: KPEaTHBHOCTI, KOMaHIHOI pOOOTH, KPUTUYHOTO MHCIICHHS,
€KOJIOT1YHOI CBIZJOMOCTI, CYCHIJIbHOT Bi/INOBIAaIHOCTI, KOMYHIKaTHBHUX HaBHYOK Ta cTpecocTiikocti. Llinecnps-
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MOBaHE KOMaHJOyTBOPEHHS CHPHSIIO IICUXOJIOTIYHIN CyMICHOCTI, POJIbOBIH CTPYKTYpi Ta CTPECOCTIHKOCTI B yMO-
Bax OHJIAMH-HaBYaHHSI Ta O0e3meKoBUX 3arpo3. CuHepris GpopMabHOT akaJeMidyHOl MiITOTOBKH Ta iHTEHCHBHUX
3MaraabHuX (opmariB y Mexax npoekry DOMANI € ctpaTeriyHUM HAmpsSMOM ITiATOTOBKM (axiBIiB, 3MaTHUX
e(heKTHBHO pearyBaTH Ha €KOJIOTIYHI BUKJIMKHA BOEHHOTO Ta IMIOBOEHHOTO Yacy.

KJIIOYOBI CJIOBA: xaxamon, Fresh AIR 2026, DOMANI, neghopmanvra oceima, KOManooymeopenns,
EKONI02TYHULI MOHIMOPUHS, WMYYHUL IHMENIeKM, KOMNEeMeHMHICMb

Sk muryBatu: Knemn A. A., Hleuenko O. I'., Auenko 1O0. B., Bypuenxko C. B., I'peuko A. A., Koctupxko L. O.
XaxaroH Fresh AIR 2026 sik iHCTpyMeHT opMyBaHHS IHHOBALITHUX KOMIETEHTHOCTEH: IOCBI YKpalHCHKOI KO-
MaHu poekty Erasmus+ DOMANI. Jloouna ma doexinns. [lpodremu neoexonoeii. 2026. Bun. 45. C.237-251.
https://doi.org/10.26565/1992-4224-2026-45-19
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Kostyrko, 1. O. (2026). The Fresh AIR 2026 hackathon as a tool for developing innovative skills: the experience of
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Bcmyn
CyuacHi 1o0anbHi BUKIMKH Y cdepi [Ipoext Epasmyct+ «DOMANI — Po3Bu-
OXOPOHM JIOBKIJUISA, 3yMOBJICHI 3MIiHOI KIIi- TOK €KOCHCTEM MiKpoKBaiidikamid B YKpaiHi
MaTy, BUCHAXXCHHSIM PeCcypciB, BTpaToro 0iopi- Ta MoHromii Uil KOHKYpPEHTOCIIPOMOXKHOI Ta
3HOMAHITTS Ta HEOOXiHICTIO HepeXo Ly 10 CTa- CTIHKOI 3€JI€HOi CKOHOMIKMHY» Ma€ Ha METi PO3-
JIOrO PO3BUTKY, @ TAKOXK — B YKPAiHCHKHX pea- BUTOK THYYKHX, IHKJIIFO3UBHUX OCBITHIX TPa€K-

TOPIM JIJIS MiATOTOBKH «areHTiB 3MiHY», 31aTHUX
MiATPUMYBATH CTaldy TpaHcopMaIio CBOIX
kpaim [6] . Ilporopiu ykpaiHCbKa KOMaHJa
npoekty DOMANI y sikocti odiniiHux mapt-
HepiB gomydmiacs 10 opranizarii [V Mixaapo-
nmHoro xakaToHy Fresh AIR 2026 [7], sxwuit 00'-
€JIHaB CTYJICHTIB, BUKJIaJ]a4iB Ta CKCIECPTIB JJIs
MOLIYKY PillIeHb aKTyaJlbHUX €KOJOTIYHUX IIPO-
6nem (puc. 1).

BaJuBUM CKJIQJIHUKOM IiJITOTOBKH 10
XaKaTOHY CTaB JIOCBiJl, OTpPUMaHUN B yMOBax,

JisX — Oe3MpereNeHTHIM BILUTHBOM BOEHHHX
Jlid, BUMAraroTh BiJ] HOBOI TeHepaiii (axiBiliB
He JIHIIe MorTHOIeHnX (paxoBUX 3HAHB, a i 3/1a-
THOCTI TIBUJKO IHTETPYBaTH MiKIUCIHILIIHA-
PHI TIXOAM, MPAIIOBATH 3 BEIMKHMH MAaCH-
BaMU JIaHUX Ta CTBOPIOBATH JI€BI TEXHOIOTI1UHI
pimeHHs. Y TakhX yMOBax TpajauiiiHa Gopma-
JIbHA OCBITA, siKa 3abe3neuye QyHnaMeHTaNbHy
MiJITOTOBKY, YacTO HE BCTHra€ 3a JUHAMIKOIO
TEXHOJIOTIYHUX, CYCHIIBHUX Ta E€KOJIOTIYHHX

3MiH. HaTOMiCTB HeQ)opyaana OCBi_Ta — 30K- KOJIM TIOBHOMAcCIITAaOHa BiifHa B YKpaiHi 3yMo-
peMa y opmaTi XakaTOHiB, BOPKILOIIIB Ta iHTe- BUJIa TIEPEXij] OCBITHHOTO MPOIIECY B 3aKJIagax
HCUBHHUX 3MarajlbHUX IPOrpaM — CTa€ eheKTH- BMIIIOT OCBITH Ha 3MIIIIAHUMH, a 1HO1 i TOBHICTIO
BHUM IHCTPYMEHTOM ()OpPMyBaHHS IPUKIIaHUX oHJyaiiH-popmar HaBYaHHs. Y Takomy (hopmaTti
KOMIIETEHTHOCTEH, KOMaHIHOT pOOOTH Ta iHHO- 3HAYHO CKOPOYYETHCS YacTKa Oe3mocepeHbol
BALIAHOTO MUCJIEHHS. MI>KOCOOMCTICHOI B3a€EMOJII CTYJACHTIB, IO

XakaToHH, SKi CrloyaTKy BUHUKIH B IT- YCKJIQJIHIOE IPUPOJIHE HAOYTTSI HABUYOK aKaJie-
CepelOBHUIN, ChOTOJHI YCIIIIHO 3aCTOCOBY- MIYHOi KOMYHIKaIlii Ta pO3BUTOK KOMYHIKaTHB-
I0OTBCS B €KOJIOTIYHIM Ta collianbHil chepax, Hux soft skills. Came Tomy iHTerpais 3ycuis,
JIO3BOJISFOYH 32 KOPOTKHIi 4aC CTBOPHTH LIPOTO- CHpsSIMOBaHa Ha TIO0JIAaHHS COIIANIbHOT 13011

Ta QOpMyBaHHS HABUYOK KOMaHAHOI poOOTH,
HaOyBa€ KPUTHUYHOTO 3HAYCHHS K IHCTPYMEHT
KOMIIEH AT e iUty )XKUBOT B3aEMO/III.

Meta — mpoanaiizyBaTH e()eKTUBHICTh
XaKaTOHIB $IK 1HCTPYMEHTY He(popMaJbHOT
OCBiTH JiJ1sl GOpMYBaHHsI IHHOBAIITHUX KOMIIe-
TEHTHOCTEH Ha MPHKIAJAI Yy9acTi YKpaiHChKUX
koMmaH[ poekTy Erasmus+ DOMANI B mixkHa-
ponnomy xakatoHi Fresh AIR 2026.

TUMH pillleHb U pealbHUX npodsieM. Xaka-
TOHM JeNalli YacTillle BHUKOPHCTOBYIOTHCSA B
OCBITHROMY TIpOIlleCi SIK e()eKTUBHHU IHCTPY-
MeHT ()OpMYBaHHS KPUTHIHOTO MHUCIIEHHS, KO-
MaHIHO1 pOOOTH Ta €KOJIOTIYHOT CBiTOMOCTi [ 1-
3], 1m0 MHiATBEPIKYETHCS MOCBIAOM IXHBOI'O
BIIPOBAKCHHS B MIXKHAPOIHHUX IMPOEKTAX, 30K-
pema Horizon Europe Ta Erasmus+ [4, 5].
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Puc. 1 — Odiuiitni naptHepu xakatony Ha 6aHepi Fresh AIR 2026 [7]
Fig. 1 — Official partners of the hackathon on the Fresh AIR 2026 banner [7]

00°’ckm ma memoou 00CniOICeHHA

O0’€eKTOM IOCTIKEHHS € TPOoIIeC Iiaro-
TOBKH Ta Y4acTi CTyJJICHTCHKUX KOMaH]I 3aKJIa/liB
BUINOI OCBITH YKpainu (XapKiBChbKUI HallioHa-
neHUHN yHIBepcuTeT iMeHi B. H. Kapasina ta Ku-
iBCHKMIA HalllOHAJBLHUI yHiBepcuTeT imMeHi Ta-
paca IlleBueHka) y MDKHApOJHOMY XaKaTOHI
Fresh AIR 2026, opranizoBaHOMY 3a ITi ITPUMKH
npoekty Epasmyc+ DOMANI.

3a mpoexkrom DOMANI noctyn o mpo-
rpaM HaBYaHHS BIPOJIOBXK JKUTTS Ta MIKPOKBa-
midikarliii peanmizyeTbcsl Yepe3 IMiTbOBI KaHAJH:
VHIBEPCUTETChKE MEHTOPCTBO JUIS CTYJCHTIB,
CTpaTerivuHi mapTHepcTBa Jjisi Oi3Hecy Ta BiJIK-
PHTI 3axX0Au I IMPOKOT rpoMaaceKocTi. Js
NPaKTUYHOTO 3aKPIMJICHHS 3HaHb KOHCOPLIyM
BIPOBa/KY€ KOMIUIEKCHY MTPOrpamMy aKTHBHOC-
TeH, OJHUM 3 €JIEMEHTIB SKOI € HaIllOHAJIbHI Ta
MIKHAPO/IHI XaKaTOHHU.

Peajtizaltisi IpakTUYHOTO CKJIaJIHUKA HaB-
yaHHS 3akpimieHa 3a PoOounM makerom 3
(WP3) npoekty DOMANI, y mMexax sikoro 3a-
TUIAHOBAHO MPOBEJICHHS IBOX HAI[IOHAJIbHUX Xa-
KaToHIB — B YKpaini Ta B Monromii. 1li 3axoau
MOKITUKaHI 00’ €/JTHATH aKaJeMiYHy EKCIIEPTH3Y 3
TBOPYHMM ITOTEHLIAJIOM YYaCHHKIB /1715 pO3POOKH
NPUKJIQJHUX EKOJIOTiYHMX cTparerid. Caoero
Yeproro, Mi>KHapOAHUM XaKaTOH € YaCTHHOIO Po-
0oumnx naketiB 5-6 i cnpsAMoBaHui Ha QiHAIBHY

BaJIJIAII0 Pe3yNbTATIB MPOEKTY HA MIXHAPOJ-
HOMY piBHI.

Jo ydacTti y XakaToHi 3aJ1yd4aroThCsl KO-
MaH/I{ CTYICHTIB Ta MOJIOJMX HAYKOBIIIB Bif] KO-
JKHOTO 3aKiafy-napTaepa. HamionansHuii xaka-
TOH JUIsl YKpaiHCBKHUX MapTHEpiB OyB Opranizo-
BaHMA Ha 0a3i HarioHameHOTO YyHiBEpCHTETY
«Opnecpka noiTexHika» 3a (paxoBoi mATPUMKH
yyieHa KoHcopiiymy 'O «YkpaiHcbke MeTeopo-
JIOTiYHE Ta T1IPOJIOTiYHE TOBAPUCTBOY. YUYacHH-
KaMH 3Marab CTajy NpeacTaBHUKU KuiBcbkoro
HaliOHAJILHOTO YHiBepcuTeTy imeHi Tapaca Ille-
BYCHKA Ta XapKiBChKOTO HAIlIOHAIBHOTO YHIBE-
pcurety imeHi B. H. Kapasina.

ITinroToBKa KOMaH y KOKHOMY 3 JIBOX
VHIBEPCUTETIB Bif0yBajiacs aBTOHOMHO, OJJHAK
32 €IMHUM aJTOPUTMOM, BU3HAUYCHUM MPOEKTOM
DOMANI. [lo ii ckiagy BXOAWIN: KOHKYPCHHUH
BiZI0Ip y4YacHHKIB (32 KpUTEpisiMH MOTHBAIIi,
(haxoBMX HABUYOK, BIAMOBIJIHOCTI TEMATHUIl Ta
BOJIOJIIHHS QHTJIIHCHKOK MOBOIO), OpraHi3ailis
TIMOUIMHIY Ta MEHTOPChKUH cympoBia. Koop-
JIMHALIIFO TIATOTOBKK B KOXXHOMY 3aKJIaji 31iic-
HIOBAJIM TPU3HAYEHUH KEpiBHUK 1 BUKIamadi-
MEHTOPH.

MeTonu JOCHIPKEHHS BKIIFOYAOTh: SIKiC-
HUI aHaJi3 OCBITHBOTO MPOLIECY B MEXKaX XaKa-
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TOHY; OITMUCOBHMH MeTO TS (DiKcarlii eTarmiB -
TOTOBKH Ta MPOBEACHHS; METOJ KeHC-CTali JyIst
aHaJi3y JOCBiy KOXXHOI KOMaHIH, CIIOCTEpe-
JKEHHS 3a DisUTEHICTIO YUYACHHKIB — CTYICHTIB Ta

MEHTOPIB; aHaji3 KOHKYPCHOI JOKYMEHTAIii
(MOTHBALIIHHMX JIMCTIB, 3asBOK); y3araJbHEHHS
PE3yJIbTATIB OMpaLlOBaHHS 3BITHOI JOKYMEHTa-
mii mpoexty DOMANI.

Pesyﬂbmamu ma 062060p6HH}1

IlimroToBKa Ta y4acTh KOMaHJ XapKiB-
CBHKOTO HAIlIOHAJIHHOTO VHIBEPCUTETY IMEHI
B. H. Kapazina ta KuiBcbkoro HarjioHaabHOTO
yHiBepcurety imeHi Tapaca llleBuenka B Mixk-
HapomHoMmy xakatoHi Fresh AIR 2026 BinOyBa-

Bepesenn 2026:
Opranizauin ra ein6ip

4 Gepesun -
Tpesiur gnn menropis

A0 16 Gepeamn ~
Blabip xomana

28 Gepeawn -
TiMBlnanur

JINCS B KIJbKa MOCIIJOBHMX €TaIliB, SIKI 0XOII-
JOBIM K OpTaHi3aIlifHO-METOAUYHY CKJa-
JIOBY, TaK i Oe3rmocepeHI0 poOOTy 31 CTy/CH-
TaMH. 3arajibHa XpOHOJIOTIS MO Maja TaKui
BUTIIA (puC.2).

Keitenb 2026:
NposeaeHHA XaKaToHy

& walrunm -
@lmanummi nirimmre

2-3 wnlrmn -
InTencwama pobora

Puc. 2 — TaliMyaitH miaroToBKy Ta y4acti y xakatoni Fresh AIR 2026.
IDicepeno.: cTBOPEHO aBTOpaMH 3a JoroMororo Notebook LM.
Fig. 2 — Timeline of preparation and participation in the Fresh AIR 2026 hackathon.
Source: Created by the authors using Notebook LM.

Memoouuna niozomoexa ma HAGYab-
Hull mpeninz 0o xaxamony. 4 oepesns 2026
poky BinOyBcst onnaiH-TpeHiHr «UA Hackathon
Training DOMANI», npucBsdeHuii onaxy-
BaHHIO CYYaCHUX METOJIMK MPOBEJICHHS XaKaTo-
HiB. CriikepamMy BUCTYIIIIIM MAPTHEPU TPOEKTY
DOMANI: Ammina Kamoni (LlenTp cucteMHNX
iHHOBaIliH, YropimHa) tTa Ouip Armancyx (Ha-
IOHAJIBHUI yHIBepcHTET MOHTOIIT).

ExcrnepTu npe3eHTyBajal OCHOBU TEXHO-
Jorii TPOBENEHHS XaKaTOHIB, IOAUTHIIACS
NPaKTUYHUMH iHCATaMH III0JI0 OpraHizalii 3a-
X0[liB y TiopumaHOMY (hopMmati (puc.3).

e  KUIr04OBi acmieKTH TPEHIHTY BKITFOYAIIH:
BUKOPUCTAHHS  IHTEPaKTUBHHUX  OH-
JIaifH-TOIIOK JiJTst epeKTHBHOT opraHiza-
1ii poOOTH BiIAICHUX KOMaHI,

Ii€Bi BIIPaBU Ul HAJaroKEHHS B3ae-
MoJIiT («alicOpeHKIHT-aKTUBHOCTI» ) JUTSI
LIBUJKOTO 3TYPTYBaHHS YYaCHUKIB;
Ii€Bi BIIPaBU Ul HAJaroKEHHS B3ae-
MoJIiT («alicOpeHKIHT-aKTHBHOCTI» ) JUTSI
IIBHUJIKOTO 3TYPTYBaHHS YYaCHUKIB;
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®  [pHUHIMNU POPMYBAHHS KOMaHJ Ta Op-
raHi3ailii MeHTOPCHKOT i ITPUMKH;
®  CTPYKTypoBaHMi poOoumii mporec xa-

kartoHy (imeHTH(ikaiis BUKIWKIB, BH-
3HAYEHHS Ta JOCIIKEHHS MPOOJIeMH,
TeHepYBaHHS 1/1e#, ToOnpaIfoBaHHS pi-
IIEHHS).

AKTHBHMMHU  YYaCHUKaMU  TPEHIHTY
ctamu 11 mpeicTaBHUKIB YKPaiHCHKUX OpraHi-
samii-naptaepie DOMANI, o 3a6e3neunio
METOJIOJIOTIYHY Y3TOJKEHICTh IiJArOTOBYOIO
eTary.

Biooip yuacnuxie. Bin0ip yyacHUKIB Bij
XapKiBChKOTO HAIIOHAJILHOTO YHIBEPCUTETY
imeni B. H. Kapasina 31iiicHIOBaBCSl Ha KOHKY-
pcHux 3acanax. Kpurepii oniHtoBaHHS, Gpopma
3asBku (Google-hopma), npuKkIiag MOTHBAITIH-
HOTO JICTa Ta Pe3ylbTaTH POOOTH KOHKYPCHOT
KOMICIT HaBeIeHO Ha puc. 4 (a—T BiJIOBIIHO).

o 16 6epesnst 2026 poky TpuBaB IpUioM
3as1BOK: CTYACHTH NIOAaBAJI aHKETH 3 IIEPEJIiKOM
HABUYOK, JOCBITy Ta MOTHBAIIIHI JIUCTH.
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Puc. 3 — Ounaitn-tpeniar «UA Hackathon Training DOMANI» [8]
Fig. 3 — Online training «UA Hackathon Training DOMANI» [8]
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b) Google form for participant selection;
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B) MoTuBaIliifHAI TUCT yY4aCHHUKA BinOOpYy;

r) Pe3ysbraTy OiHIOBaHHS KOHKYPCHOI KOMICIi.

¢) Participant's motivational letter; d) Results of the competition committee evaluation.

Puc. 4 — Ertan Bigbopy y4acHUKIB KOMaHJ JIO0 y4acTi B XaKaTOHI
Fig. 4 — Stage of selection of team members for participation in the hackathon
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Yceporo Oyio momgano 16 3asBOK, KOXKHY
3 AKX OIIHIOBajla KOHKYpPCHA KOMICisl 3 11’ ATH
BUKJIaadiB-y4acHUKiB mpoekty DOMANI (T
Titenko, H. Makcumenko, C. Bypuenko, A.
I'peuko, A. Knemr).

OuiHroBaHHS IPOBOJMIIOCS aHOHIMHO 32
4oTHpMa OJIOKaMHu:

® MoTHBaIidHuN TUCcT (Makc. 50 OaiiB) —
3a IecsIThMa KpUTEPisIMU (4iTKiCTh MOTH-
BaIlii, peuekcisi BmacHOro JOCBiay, yc-
BiIOMJICHHS IIIHHOCTI KOMaHIHOI poOOTH
TOIIO) 32 5-0aJILHOIO IIKAJIOK;
(axoBi HaBuukH (Makc. 12 OaniB);
BIJIMTOBITHICTE TEMaTHIHUM KjacTepaM
(maxc. 18 GaiiB);

® piBeHb BOJIOJIHHS AHTJIIHCHKOIO MOBOIO

(maxkc. 20 GautiB).

3a pe3yabpTaTaMu OI[iHFOBAaHHS BiiOpaHO
BiCiM HaHCHJIBHIIINX YYaCHUKIB, 00’ €THAHUX Y
nmBi komanam: «Karazin EcoPunks» (Heonina
Bikroposa, Imutpo Jlante, I'mi6 ITapmykos,
Kapuna Penpko) Ta «Green KaMinds» ([Imu-
tpo Homns, Jap’st Pamuenko, Anacracis LlleBue-
HKo, Jleawnc [lerames).

Bin6ip yuacuHukiB Bij KuiBchbkoro Hartio-
HaJBHOTO yHiBepcuTeTy iMeHi Tapaca IlleBue-
HKa 3/1iIHCHIOBABCS 332 aHAJOTTYHOK METOAO0JIO-
riero. Jlo 16 6epesns 2026 poky KaHIHIATH I10-
JIaBaJIM 3asIBKH HA Y4acTh y XaKaTOHi: CTYJCHTH
PEECTPYBATHCS HYepe3 CHEIiaIbHO pO3po0IIeHy
I'yrn-dopmy, B sIKy nogaBajid CBOi pe3roMe Ta
MOTHBAIIiHHI JTUCTH. Bchoro Oyio momano 12 3a-
SBOK Ha y4acTb. [lonani 3asBku OyJo po3risi-
HYTO KOHKYPCHOIO KOMICI€I0 3 BUKJIa[adiB-y4a-
caukiB nmpoekty DOMANI (C. 3anotorpkuM, C.
Cuixxkom, O. IlleBuenko, 10. fuenko, 1. Koctu-
pKOM).

3a pe3yapTaTaMu OIiHIOBaHHS Oyi10 00-
paHo BiciM HaHCHIBHIIIMX YYACHHKIB, SKi
o0’enHanucs y aBi komanmu: «MeteoShield»
(Oxcana Cxisap, Henic CaBuenko, AuHa by-
nenHa, Jliana bpunboBa) ta «Greenix» (ApTyp
JlykaceBuu, Mukona CraBauuuii, Onexkcanapa
Hanunina, [lennc Asayk).

Hanazoo0sxcenna KomanoHol 63acmooii:
mimbinodine. 28 oepesns 2026 poky mis Biio-
panux ydacHukiB KapasiHCBKOTO yHIBEpPCUTETY
OyJl0 Opra”i3oBaHO 3aXim 13 KOMaHIOYTBO-
peHHs y XapKiBChbKOMY 300mapky (puc.5). 3a-
Xig Oyno moOymoBaHO SK KOMaHJIHUN KBECT i3
MECTH 3aBHaHb. [3 mormsany HedopMalbHOI
OCBITH 1€l opMaT pealtizyBaB KIIOUOBI PHH-
[IUITHA: HABYAHHS Yepe3 0 Ta CTBOPEHHS MO3H-
THUBHOTO CTpecy B 0€3MeYHOMY CepeTOBHIIL.

MeroauyHa ITiHHICTH 3ampPOMOHOBAHMX
BIIPaB IMoOJsiTala B HAaBMHCHOMY KOHCTPYIO-
BaHHI CUTYyallill «0e31MeYHOro abCypay» — YMOB,
JIe Y9aCHUKHU MAfOTh JIIITH CIIOHTaHHO, HE 00s-
yrch momMunuTucs. KokHe 3aBJaHHS BHKOHY-
Bajio cnenudiuny yHkiito (Tadm. 1).

[Ticnst 3aBepIIeHHST KBECTY KOMaHAH 00-
paJii BIIaCHI Ha3BHM Ta OTPUMATH MEHTOPCHKHIA
cymposia: komanny «Karazin EcoPunks» cy-
npoBopkyBana gorentka C. Bypuenko, a ko-
Mauay «Green KaMinds» — mporienTka A. I'pe-
9K0. MEHTOpH JOMOMOTIIN PO3MOALIATH PO
BIJITIOBI/THO /10 BUSBJICHUX ITiJl YaC KOMaHA0yT-
BOPEHHS CHJIBHUX CTOPiH YUYaCHHKIB.

25 Gepesnst 2026 poky Juisi BimiOpaHUX
cTyieHTiB KUiBChKOro HaIlioHaabHOrO YHIiBEp-
curery imeHi Tapaca llleBuenka Oyno oprai-
30BaHO 3aXiJl 13 KOMaHIOyTBOPEHH: Ha 0a3i re-
orpadiunoro gaxkyabTety (puc.6).

Puc. 5 — TimOinainr yuacHuKiB XakaToHy BiJ Kapa3iHcbkoro yHiBepcuTeTy
B XapKiBCbKOMY 300mapKy [9]
Fig. 5 — Teambuilding of hackathon participants from Karazin University at the Kharkiv Zoo [9]
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Taoauna 1

DyHKIiOHAJbHE PU3HAYEHHS BNPaB MijJ Yyac TIMOLIIUHTY

Tablel

Functional purpose of exercises during team building

3ananns / Task

®ynkuist / Function

«Crexka Turpay» /
«Tiger's Pathy

IToxomanHs comianbHOT HTOIIi1, 3HATTS MOBJICHHEBUX 3aTHCKIB /
Overcoming social inhibition, removing speech blocks

«Kupad'stauit 6ackeT60»
Ta «X00o0THa ecTaderar /
«Giraffe Basketball»

and «Trunk Relay»

®dopMyBaHHS HAaBHUOK HeBepOaabHOI KOOpIWHAII, B3a€EMHOTO
HaJamTyBaHHS /
Formation of non-verbal coordination skills, mutual adjustment

«Hima cuena 3 coBorwo» /
«Silent Scene with an Owl"

Po3BuToOK emmaTii, 31aTHOCTI pO3yMiTH mapTHepa 0e3 cIiiB /
Developing empathy, understanding a partner without words

«EMy-3a0ir 3 repermkoaammn /
«Emu Obstacle Race»

CHHXpOHI3allisg PyXiB, CIIbHE TOI0JIAHHS TePEITKOIN /
Movement synchronization, joint overcoming of obstacles

«CHHXpOHHE 031XaHHS 3 JIeBaMu» /
«Synchronous Yawning with Lions»

CtBOpeHHs e(eKTy CHIJIBHOTO PUTYaIly 3aBEPILICHHS, TOCUIICHHS
rpyIoBoi €1HOCTI /

Creating the effect of a shared closing ritual, strengthening group
unity

Puc. 6 — TimOunniHr yuacHukiB xakatoHny Big KHY Ha 6a3i reorpad4noro gakynsrery
Fig. 6 — Teambuilding of hackathon participants from KNU at the Faculty of Geography

[Mporpama  TIMOIIIUHTY

MO€EIHyBajIa
€JIEMEHTH OCBITHBOTO Teperiisyny (HaykoBi i-
JHMH Ta TPEHIHTH) 13 TPAKTHYHHMH BIPABaAMH,
CIPSIMOBaHUMHM Ha BHUSBJICHHS 1HIUBITyalIbHAX
1 KOMaHJTHUX KOMIIETEHTHOCTeH y4acHUKiB. Ta-
Kuii hopMaT BiIOBIIaB MiIX0aaM HehopMallb-
HO1 OCBITH, 30KpeMa MIPUHIHUIIAM HABYaHHS de-
pe3 AocBil Ta peduIeKCUBHOIO OCMHCIICHHS
OTpUMaHHX 3HaHb. YacTuHa TIMOIIIUHTY KO-

MaHa KuiBChKOTO HaIliOHAJILHOTO YHIBEPCH-
tety imeni Tapaca IlleBuenka BimOyBanacs B
YKPHTTI Yepe3 MOBITPSHY TPUBOTY (pHC.6).
MeToau4Ha IHHICT 3aX0/1y MoJIsirana y
MOEHAHHI aHATITHYHUX Ta I1HTEPAKTHBHHUX
KOMITOHEHTIB, IO JO03BOJMIO He jwuile chop-
MyBaTu 0a30Bi HABHYKH KOMAaHIHOI B3a€MOJIIi,
a ¥ 3MIMCHATH TEPBUHHY AIarHOCTUKY poJieh
y4acHHKIB y komaHi. OcobnuBa yBara npumii-
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JISIIacsl BIIpaBaM, sIKi MOJICITIOBAIN PEaIbHI CH-
Tyarii MpUIHHATTS pillleHb, KOMYHIKaIIii Ta po3-
MOAUTY BiANOBiZaNBHOCTI. 30Kpema, Oyiia BH-
KOpHCTaHa aBTOpPChKa BIpaBa «KimiMaTHaHMIA
crapTamn», Mo Iepexbadanra poOOTy B MajuX
rpynax Haj CTBOPEHHSM KOHIIEMIi YMOBHOTO
€KOJIOT1YHOTO TIPOEKTY.

YyacHHKaM MPONIOHYBANOCS 38 0OMexke-
HUH Yac:

® chopMyITIOBATH 1I€T0 IPOEKTY;

® [1iIrOTYBaTH KOPOTKY MPE3CHTAIIII0
(mtiT9);

® OOTPYHTYBATH aKTYaJbHICTh 1 MOXK-
TIMBI LUISXH peaizarii.

VY mporneci BUKOHAHHSI 3aBJaHHS CTyIEHTH
CITOHTaHHO PO3MOAUBUIA POJII BiIITOBITHO IO
BJIACHHMX CXHJIBHOCTEH 1 CuiibHUX cTOpiH. Crio-
CTEPEXKCHHS 3a TXHBOIO JTISUTBHICTIO JI03BOJIUIIO
imeHTH(iKyBaTH Taki GyHKIIOHAIBHI POII:

® xaniman KOMAaHOU — KOOPJHHYBAaB PoO-
00Ty TPyIH, IPUIIMAaB KJIFOUOBI PillICHHS;

® nimuep — TPE3CHTYBAB iJIEI0, BIMIMOBI-
JIaB 33 KOMYHIKAIIIf0 3 ayIUTOPIEIO;

® aHanimuK — CTPYKTypyBaB iH(opmaliito,
OOTPYHTOBYBAB JOIUILHICT TPOEKTY;

® Ousaiinep — O(POPMIIIOBAB BI3yalIbHY
CKJIAJIOBY MPE3CHTALli] Ta KpeaTUBHY KOHIICTIIIIIO.

JlomaTkoBi BIpaBM Ha CaMOOIHKY Ta
TpynoBy peduieKciro CIpHsIN yCBiTOMIICHHIO
CTYJCHTaMHM BIIACHUX POJICH Y KOMaHII Ta TIij-
BUIICHHIO PIBHSA B3aeMopo3yMiHHs. [lepermsn
HAyKOBHX BijjleoMaTepiaiiB i mojaneiie ix 00-
TOBOPEHHS JIO3BOJIMIIM 3aKPIMUTH TEOPETHYHI
ACIIEKTH KOMAaHJHOI B3aEMOJII Ta KPUTUIHOI'O
MUCIICHHS.

3a pe3ynpraTaMu TiMOIIAMHTY copmo-
BaHO po0O0Yi KOMaHAM 31 30aJTaHCOBaHUM PO3-
noijioM poJieit. Takuii miXiJl CTBOPUB MePei-
yMOBH I €eKTUBHOI MOANBIIOT CITiBITPAIli,
MiBUINMB PiBEHb 3ay9EHOCTI yYacCHHUKIB Ta
CIIpUSIB PO3BHUTKY iXHIX KOMYHIKaTHBHHX 1 Op-
rafizaliiifHux KoMreTeHTHocTer. [lics 3aBep-
IIEHHS TIMOUIIMHTY KOMaHIH MIPUIyMali Bia-
CHI Ha3BU Ta OTPUMAIH MEHTOPCHKHI CyNpo-
BiJ: MeHTOpoM KoMaH i «MeteoShield» crana
ACUCTEHTKa Kadepu METEOPOJIOTii Ta KIIiMaTo-
norii HOmis SlueHko, a MEHTOpPOM KOMaHAU
«GreenX» cTaB 3aBilyBad HABYAJIHLHOIO CHHOTI-
TUYHOIO JTabopaTopieto Kaderpu MeTeopoIorii
Ta xiiMaTosnorii IBan Koctupko.

Yuacmo y xaxamoni Fresh AIR 2026
ma iozo pesynbmamu. XaxatoH Fresh AIR
2026 BinOyBcs 3 2 o 4 xBiTHS 2026 POKY B Ti-
OpumHomy ¢opmari Ha 6a3i HamionamsHOro
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yHiBepcuTeTy «Opechbka TMOMTEXHIKa» 32
copusinag ['O «Ykpainceke 00’etHaHe MeTeo-
pOJIOTiYHE Ta TiIPOJIOTIYHE HAYKOBE TOBapHC-
TBO». Y XaKaTOHIi 3Maranucs 37 KOMaH] i3 pi3-
HUX MicT YKpaiHH Ta CBITYy.

[Iporpama xakaToOHy BKJIOUaa:

® JICKIIi1 3 MTYUHTY Ta OPATOPCHKOT'O MH-
CTELTBA;

® MaiicTep-KinacH 3 0hOpMIIEHHS TIpe3eH-
Tallli;

® 48-rogMHHUN 1HTCHCHMBHMH MapadoH
PO3pOOKH MPOTOTHIIIB;

® (iHATBHUIA MITYUHT NIEepe]] eKCIIEPTHUM
Kypi.

Hwxve monaHo KOPOTKHI OMUC KOHLIET-
il TPOTOTHUIMIB, PO3POOJICHUX KOMaHIAMH-
yuacHuIIMU Bif mpoekty DOMANI mig wac
48-roIMHHOTO XaKaTOHY.

Komanna «Karazin EcoPunks» xpea-
THBHO MIiIHIIIIA 0 PillleHHS MICEKHUX MPOOIeM
(puc.7) i3 KOHICHIIEI0 TPOTOTHITY CHCTEMHU
S.E.N.S.E. (Smart-Energy & Noise
Surveillance Ecosystem). Ha ocHoBi aHami3y
BUKIIMKIB KOMaHJIa 3alpoIioHyBaja iHHOBa-
MiHHY MDKIUCOUIDIIHAPHY KOHIIEHINIO, CIpS-
MOBaHy Ha KOMIUICKCHE BHPIIICHHS MPoOJieM
ypOaHi30BaHOTO cepeoBHIa YKpaiHH B yMO-
BaX CHEPTreTUYHOTO ACQIIIUTY Ta 3POCTAHHS
IryMoOBOTo 3a0pyaHeHHs. [neifHa mpomnosuiis
cucremu S.E.N.S.E. mnepenbauana BnpoBa-
JUKeHHST aBTOHOMHUX loT-By3niB ByJIMuHOTO
OCBITJICHHS HA OCHOBI COHSIYHOT €Heprii 3 ajar-
TUBHOIO JIOT1KOI0 (5% SICKpaBOCTI B CTaHi CIO-
ko010, 100% npu nerekuii pyxy), 1o 3a nomnepe-
OHIMHM OLIIHKaMH KOMAaHJU JO3BOJISIE TOCATTH
exonoMmii 710 80% eneprii. Moaynbs Acoustic Al
Ha OCHOBI HEHPOHHHX MEPEeX aHalli3ye ayiio-
CUTHAJIM Y BUTJISII CIEKTPOTpaM, imeHTH(]IKY-
1ouu Jpkepena mymy. Moayias Eco-Verdict Tpa-
Hcopmye 310paHi JaHi y IOPUIUYHO 3HAYYIII
IUQPOBI 10Ka3M I EIEKTPOHHOTO CYI0UYMHC-
TBa. OKpEeMUM KOMIIOHEHTOM € BepPTHUKaJIbHI 3e-
JeHi cucteMu 3 poboruzoBanumu «Wallbots»
Ut 00CITyTOBYBaHHSI POCIIHH, IO 33 33TyMOM
aBTOPIB 3a0€3MeUyI0Th HPUPOIHE IIYMOIIOTIIH-
HaHHA (10 10 1b).

Komanna «Green KaMinds» npartio-
Baja HaJ PO3POOKOI0 KOHLEMNLii MPOTOTHILY
Agrolmpact Al — e inTenekryansHa GIS-ma-
ThopMma I aBTOMATH30BAHOTO MOHITOPUHTY
MOLIKO/PKEHUX BIHOIO CUTBCBKOTOCIOAAPCH-
KUX 3eMenb (puc.8). 3amponoHOBaHWM anro-
pPUTM POOOTH CHUCTEMH BKJIIOYAE: 30ip JaHUX
aBToHOMHUMH BriJIA; KoM’ roTepHuil aHami3
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Puc. 7 — Ilpesenraris npoekty S.E.N.S.E. komannoro «Karazin EcoPunksy
Fig. 7 — Presentation of the S.E.N.S.E. project by the Karazin EcoPunks team

Puc.8 — Komanna «Green KaMinds» mig gac po3po0ku nporotuiry Agrolmpact Al
Fig. 8 — The Green KaMinds team during the development of the Agrolmpact Al prototype

JUTSE 1IeHTH(IKAIT BUPB Ta OILIIHKH iX apameT-
piB; IHTEIEKTyaIIbHY OIIIHKY CTaHy IPYHTOBOTO
nokpuBy 3a pornomororo 1I; inrerpamito B I'IC
3 HaKJIaJaHHSIM Ha EKOJIOTIYHI IIapu Ta JaHi
HepxxaBHoro 3emenbHOro kagactpy. lloten-
[ifHO OYiKyBaHi pe3yNbTaTH, 32 PO3paxyHKaMU
KOMaHJM: CKOpOYECHHs 4Yacy aHanmizy Ha 70—
90%, 3HIWKEHHS BHTPAT HAa MOHITOPHHT MO
60%, MOIJIMBICTH OIEPATHBHOIO CTBOPEHHS
KapT €KOJIOTIYHOTO PU3HKY.

Komanna «MeteoShield» mpe3enTtyBana
npoekT AquaFire climate system — KOHIIETIIiIO
IHTEJIEKTYaJIbHOI €KOCHCTEMH INPEBEHTUBHOI'O
YIOpaBIiHHS BOJHUM OajlaHCOM Ui 3aro0i-
raHHs JlaH madTHUM ToxexaM (puc.9). 3a 3a-
JYMOM YYacHHUKIB, Ceplie CUCTEMH — Le Tpe-
JTUKTUBHA HEHpoMeperka, sSika 3/IIHCHIOE 3TUTTS
nmannx (Data Fusion). Bona 6e3nepepBHo aHa-
Ji3y€e TOKAa3HUKU 3 HA3€MHHUX METEOCTaHIIiM,
JATYUKIB BOJIOTOCTI IPYHTY Ta CYIyTHHKOBUX
3HIMKIB. CucTeMa 0aunTh MOBHY KapTHHY: JI€
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came 3apa3 OCHITIOETBCS BITEP, JIe 3eMJIsl BTpa-
THJIa OCTaHHI 3aIlac BOJIOTH 1 JIe POCIUHHICT
JocsiTiia KpUTUYHOT Mexi 3HeBoaHEHHs. [Ipo-
MOHOBAaHA AapXiTEKTypa CHUCTEMH BKIIIOYAE B
cebe 3 OJ0KH:

® Memeoponoeiunuii 610K: aHaII3 TeMIepa-
TYpHHX TPEHJIIB, KiJIbKOCTI ONaJliB, MIBU/I-
KOCTI BITpY;
Tioponoeiunuii 610K: piBEHb IPYHTOBOI BO-
moru (loT-cencopm), akTyanpbHuUil medeT
PIYOK Ta BOJJOCXOBHIII;
biogisuunuii 610k: CyIyTHHKOBI 1HIEKCH
cyxocTi pociuaHOCcTi (NDVI, NDWI).

Ha ocHogi 3i0panux nanux AquaFire re-
HEpPYy€ BUCOKOTOYHY TEIJIOBY KapTy TiApOJori-
yHOro Jedinuty. BoHa mMarematnyHo BHpaxo-
By€ WMOBIPHICTh 3aiiMaHHs JUIs KO)KHOTO TeK-
Tapa. Y KpUTHUIHUX 30HaX (HABKOJIO HACEIEHUX
MYHKTIB, y3/I0BX aBTOMarictpaieii abo Ha Mexi
LIHHUX JIICOBUX MACHUBIB) MPOIOHYE PO3rop-
TaTh aBTOHOMHI [0T-crcTemMu 3BONIOKEHHSI.
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Puc. 9 — Ilpesenrarnis npoekty AquaFire climate system xomanmoro «MeteoShield»
Fig. 9 — Presentation of the AquaFire climate system project by the «MeteoShield» team

Komnu cucrema ¢ikcye KpUTHIHUH iHACKC CyXO-
CTi, BOHa aBTOMAaTUYHO PO3IIIIIOE BOAY, CTBO-
prorouu BoJjiori OydepHi 3001 — exkoToHu. [lei
MIKpOKJIIMaTHYHUH Oap'ep Qi3udHO HE A€ BO-
rHIO mommpioBatucs. CrucrtemMa Mae 1Ba piBHI
nocryiry. st aep’kaBHUX OpraHiB — IIe TIOTY-
JKHUHM namOop| sl PUHRHATTS PIIICHb 11010
ynpagiinHs Bojoto ta cuiamu JCHC. s 3Bu-
YalHUX JIFOJCH — 1€ 3p03yMIIHN T0JIaTOK a0o
cUCTeMa CIOBIII[CHb.

Komanna «Greenix» 3a MeTy BU3HaYMIA
PO3poOKyY KOHIIENIi1 ¢ PoBOi mIaThopMu s
MiCHKOTO MOHITOPHHTY, IIIO CIIPSIMOBaHAa Ha BH-
SIBJICHHS TA BUPILICHHS! KOMYHaJIbHHUX 1 €KOJIO-
rivaux mpobnem (puc.10). OcHoBHA imes cep-
Bicy «GreenX» monArae B iHTerpauii 3ycHiib
rpoMajsiH, Oi3HeCy Ta KOMYHAIBHHX CIYXO
HUISIXOM CTBOPEHHS €UHOTO cepefoBuina. [1ig
Yac XakaTOHYy KOMaH/a 3arpoIrioHyBaja KO-
YOBY OCOOJIMBICTB IIAT(HOPMH — 3aCTOCYBAHHS

K
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MexaHi3My reimidikarii, 30kpema cucremu 6a-
JBHAX BHHAropon (CucreMma JIOSIBLHOCTI), IO
CTUMYJIIOE€ MEMIKaHLiB a0 ¢ikcamii Ta ycy-
HEHHS MiCbKUX TIPO0JIeM, a TaKoK (popMyBaHHS
CIIBPHOTH €KOJIOTIYHO CBiJOMHX TPOMAJISH
(BomonTepiB). I'acio mmardpopmu: «GreenX —
where data becomes actiony.

OyHKIIOHATEHO KOHIIEMIiA TarhopMu
repemdadac MOKIIUBICTh CTBOPEHHS KOPHCTYBa-
YaMU 3asBOK 13 (Dikcalliero mpooieMH, sKi 00po-
OJSFOTHCS 13 3aCTOCYBaHHIM TEXHOJIOTIN MITY4-
HOTO 1HTEJIeKTY. 3aJIeKHO BiJ TUITY Ta IpiopuTe-
THOCTI 3BEpPHEHHS, CHCTEMa aBTOMAaTHYHO Ha-
MPaBJIsI€ 3asBKU J0 BiAMOBIIHUX KOMYHAJIBHUX
CITy0, TyOITiKye X Y BOJIOHTEPCHKOMY MOy
a0o mepenae Ha JOATKOBY HEPEBIPKY Mojepa-
TopaM. TakuM YMHOM, OUIKYETHCS ITiABHUIICHHS
PIBHSI TPOMa/ITHCBHKOT 3aTy4eHOCT], ONITHMI3aIlist
MpoIieciB 0OpOOKH 3BEPHEHb Ta CKOPOYCHHS
Yacy BUPIIIEHHS MiCHKHX MTPOOIeM.

Puc. 10 — IIpe3enrauis npoekty GreenX xoMaumor «Greenix»
Fig. 10 — Presentation of the GreenX project by the «Greenix» team

~ 246 ~



ISSN 1992-4224 Jlropuna Ta noskimns. [Ipobaemu neoexonorii. 2026. Bunyck 45

4 xBitHSI 2026 pOKy BimOYBCS (hiHATHHII
MITYUHT, HAa SKOMY KOMAaHIW TIPE3CHTYBaIU
CBOi MPOTOTHIIM TIEpe]] eKCIIEPTHUM XKypi. 3a
pe3yJIbTaTaMU OIIHIOBAHHS TIEPEMOXKIIME Xa-
katony cranu komanau «Cold blood» (1 mi-
cre), «Future aid» ta «fennec» (2 micne), «Al
Cobot», «0x0I» Ta «Realphys» (3 micue), a Ta-
Kok «Ecoglowy», «Midgard», «asterics and
abelics» Ta «Badicam» (4 wmicue). Xoua ko-
Mauau npoekty DOMANI He motpammimu 10
gucIa MEePEeMOXKINB, YJacTh Y XakaToHi Fresh

AIR 2026 crama ms CTyICHTIB IIIHHUM TIpaK-
TUYHUM JOCBIIOM, a BCi YYaCHUKH OTPHMANN
ceprudikaru [9,10]. Opranizatopu MPOEKTY
DOMANI TakoX MiATOTYBaJIM IJIsI KOMAaHI
cremianbHi 3a0X0UyBaIbHI MPU3U: I KOMaH[
XapKiBCHKOTO YHIBEPCUTETY — EKCKYpCilo 10
¢dropapiymy boraniuroro camy, a anms KOMaHT
KuiBcbKoOro yHIBEpCUTETY — IHTEPaKTUBHY €KC-
Kypcito Ha ['igponoriuny cranuito «Kuis» (Be-
HeIIaHCBKUH ocTpiB, I'impomapk).

0b2060pennsn

AHai3 miAroToBYOro eramy Ta y4acTi B
XaKaTOHI J03BOJIUB BUOKPEMHUTH KJIIOUOBI KOM-
METEHTHOCTI, 10 (GOPMYIOTbCA B TakoMy (op-
MaTi He()OPMaJIbHOT OCBITH, a TAKOXK 3ICTABUTH
iX 13 KOHKpETHUMH eTarmaMyd poOOTH KOMaHI.
3okpema:

e Kpeamuguicmb — 3HaTHICTh TEHEpY-
BaTH 1HHOBAIIiitHi i7el B cTucii Tepminu (48 ro-
JIMH) TIPOSIBUJIACS T Yac po3pOOKH KOHIICIIIIIH
yotupbox nporotuis (S.E.N.S.E., Agrolmpact
Al, AquaFire, GreenX), KoxeH 13 SKHX MPOIIO-
HyBaB HECTAaHAApTHE BUPINICHHS aKTyalbHHX
€KOJIOTIYHHUX MPOo0IeM;

e Komanouwa poboma — HAaBUUKHA POJIHO-
BOT'O PO3IOJIUTY, B3a€EMOJOIIOMOTH Ta CHHXPO-
Hizarii aiit popmyBasvcs i 9ac TIMOLTIHHTIB
(xBecT B 300mapKy, BrpaBa «Kiimarnunuii cta-
pTam») Ta 6e3M0CepeHbO B IIpoIieci 48-roquH-
HOTO MapadoHy;

o Kpumuune mucienns — OIIHKA BIACHUX
pillieHb Ta aHalli3 3BOPOTHOTO 3B’ SI3KY BiJ] €KCIIe-
pTIB peaizoByBajacsi 4yepe3 MEHTOPCHKHU Cy-
MIPOBLJT Ta MATOTOBKY 110 (DiHAFHOTO M TYHUHTY;

® FExonociuna ceioomicmv — PO3yMIHHS
KOMIUIEKCHOCT] €KOJIOTIYHMX mpobieM (eHep-
rofiediluT, IIyMOBE 3a0pyIHEHHS, Jerpanaris
3eMeJIb BiJl BOEHHUX JIiM, JTICOBI MMOXKEXK1) Ta BiJI-
MOBIJJAJILHOCTI 32 1X BHPIIIEHHS CTaja KIF0Y0-
BUM MOTHBATOPOM JIJIs BCIX YOTHPHOX KOMaH]T;

e CycninbHa 8i0N0BI0ANbHICHb — OPIEH-
Tallist po3po0OK Ha peanbHi TOTpedu rpoma Ta
nepxasu (interpauis GreenX y «Kuis Lludpo-
Buit», nigrpumka JJCHC uepes3 AquaFire, ropu-
JquaHo 3Hauyi gokasu B S.E.N.S.E.) cBigunth
PO BHCOKHH PiBEHb COLIaBHOI 3piJIOCTI CTY-
JIEHTIB;

o KomyHixamugni naguuxky — MyOmiaHUNA
3aXUCT TMPOEKTIB, apryMeHTallis, podboTa 3 mu-
TaHHAMH Kypi TPEHYBaJMCA MiA 4Yac JIEKLiH 3
HITYMHTY, MaliCcTep-KiaciB Ta (piHaIbHOT Ipe3e-
HTAIIIT;
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o Cmpecocmitikicmb — €PEKTHUBHA PO-
00Ta B yMOBax >KOPCTKOT'O TaliMIiHTY Ta IHTCH-
CHUBHOTO HaBaHTaXCHHs (48 romuH, oOMEexKeHi
TEXHIYHI pecypcH, poOoTa B YKPHUTTI Mija 4ac
MOBITpsiHO1 TpuBOTH 1711 KoMaHan KHY) crana
OKpPEeMHM BUKJIMIKOM, SIKHH KOMaHAH YCITIIITHO
MO0JaIH.

Jns Bepudikamii X BHCHOBKIB 0yJ10
MTPOBEJICHO ONTUTYBaHHs y4acHUKIB (16 cTyaeH-
TiB — 1O 8 BiJl KOKHOT'O YHIBEpCHTETY ). Pe3yiib-
TaTH 3aCBIIYMIIH, 1110 IIepeBa)KHA OLIBIIICTh pe-
crionaeHTiB (moHax 87,5 %) MO3MTHBHO OIIi-
HUJIH IPO30PICTh KOHKYPCHOTO Bimoopy. TimMOi-
JUIMHT BU3HAJIM HAJ3BUYAHO KOPUCHHM ISt
3rypTyBaHHsI KoMaHau 75 % y4yacHukiB. AbGco-
JIIOTHO BCl CTYACHTH BiI3HAYMIN HAJICKHY Op-
raHi3aliifHy Ta MEHTOPCBHKY IMIATPUMKY 3 OOKY
yHiBepcureTiB (100 %), 30kpema HagaHHS 0€3-
MEYHOTO MIPUMIIIEHHS Ta MEHTOPCHKHUNA CYTIPO-
Bia. IIpu 1bOMy ONMHTaHI BUCOKO OIIHHMIIN SIK-
iICTh TPEHIHTOBOTO KOHTCHTY Ta JIOCTYITHICTBH
MEHTOPIB (MakcHUMaJIbHUI 0an BUCTaBWIH 15 i3
16 pecrionnenTiB). HaiiOuibIn eMOIiiHUM MO-
MEHTOM JUISl YYaCHHKIB cTaB (iHAJbHHUN MiT-
4yuHT niepes Kypi (monan 31 % Bianosineit).

BoaHovac onuTyBaHHS BUSBUIIO i TICBHI
npoOJeMHi 30HU opraHizanii xakatony. Jloric-
THUKa Ta TAMIHT OTpUMAaIM HAWOLIBIIMK PO3-
KHJl OI[IHOK — BIJ] «4yJIOBO» JO «HE3aJ0Bi-
JBHOY, 1110 CBIIYUTH MPO MOTpeOy OnTHUMI3aIlii
4acOBUX pPaMOK y MaOyTHiX mpoekTax. 37,5 %
YYaCHUKIB 3a3HAYMIIM, 10 iM OpaKyBajo dacy
Ha TeXHIYHE ONpAaIlfOBaHHs pimeHb. He3Baxka-
109U Ha IIe, 3aralibHUil piBeHb 3aJI0BOJICHOCTI
yuactio B mipoekti DOMANI BusiBUBCS IyXke
BHCOKHMM: 87,5 % pecroHJICHTIB OLIHKMIN CBil
JTOCBIJT SIK «700puii» abo «BiaMiHHHNY. XKomeH
YYaCHUK HE BUCIIOBUB HE3aI0BOJICHHS.

Jlo TO3WTHBHUX AacleKTiB Oprasizaii
CJIiJT BIAHECTH: SIKICHY METOJIOJIOTIYHY IMiATOTO-
BKY, €(EKTHBHY CHCTEMY MEHTOPCHKOI'O CY-
poBOY, TiOpuaHuil Gopmar, 1o 3ade3neunB
JIOCTYITHICTD JUIsl yYACHUKIB 13 PI3HUX PETiOHIB,
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a TaKOXK BHCOKHH PIBEHb E€KCIEPTHOTO XKYpi. MEHb 1 HEMOCTAaTHIO IHTETPaIlil0 MK KOMaH-
HemomikamMmn Mo)kHa BBa)KaTH OOMEKEHICTh naMH (TIepeBayKHO 3MarajlbHAMN, a He Kojabopa-
4yacy Ha TNIMOOKE OTPAIfOBaHHS TEXHIYHUX Pi- THBHHH XapakTep).
Bucnoeku

Xakaron Fresh AIR 2026, opranizoBanmit Po3pobiteHi CTYIeHTCHKUMHM KOMaHIaMH
y Mexkax npoekty Epazmyc+ DOMANI, 3acBif- mpoekta (S.E.N.S.E., Agrolmpact Al, AquaFire
yuB  e(peKTuBHiCTE (opmary HeGOPMAIBHOT Climate System, GreenX) 1eMOHCTPYIOTb BUCO-
OCBITH JUTSI PO3BUTKY MIKIUCIMILTIHAPHAX KOM- Kﬂﬁ'piBeHB i}{HQBaHiﬁHOCTi, OpI€HTAIIIIO Ha pea-
IIETCHTHOCTEH CTYACHTIB IPUPOXHUYMX CIICI{ia- JbHI CKOJIOTT4HI BUKIIMKH BOEHHOTO Ta [OBOEH-
JBHOCTEH. Y4acTh y 3MaranHi 37 komana 3 Yk- HOro 49acy Ta MoTeHIal AJIs NOAAIbIIOro BIpo-

BaDKCHHS. Y Cl YOTHPH KOHIICTIIIT 0a3yI0ThCS Ha
BHKOPHCTaHHI IITYYHOTO IHTEJICKTY, IO CBif-
YHTH PO TOTOBHICTh CTYJICHTIB 710 POOOTH 3 CY-
YaCHUMH TEXHOJIOTISIMH.

[lpoBeneHe  omMTYyBaHHS  YYaCHUKIB
(N=16) BusSBMIIO BUCOKHI1 piBEHB 3araIbHOT 3a]10-
BOJICHOCTI: 87,5 % pECIIOHICHTIB OI[HWIM CBIM
JIOCBIJ SIK «I00pHiD» a00 «BiaMiHHMID), a 100 %
YYACHUKIB MMO3UTUBHO OIIHUJIA MEHTOPCHKY ITifl-
TpuMKy. BomHouwac 37,5 % cTymeHTiB 3a3HaunImy,
o iM OpakyBaJio yacy Ha TEXHIUHE OIpAIlto-

paiHu Ta CBITY MiATBEPIMIIA 3POCTAIOUHMH ITOITHT
Ha NoAi0HI hopMaTH cepel] MOIOIi.

AHai3 miIroToBYOro eTamy Ta Y4acTi B
XaKaTOHi JIaB 3MOT'Y BHOKPEMHTH KJIFOUOBI KOM-
MIETCHTHOCTI, IO (HOPMYIOTHCS B TakoMmy (op-
Marti HepopMaNbHOT OCBITH: KpEaTUBHICTb (371a-
THICTH TE€HepyBaTH iHHOBaIliiiHi ixei 3a 48 ro-
JINH), KOMaHOHa po0OoTa (POJILOBHM pPO3ITOMI,
B33a€MOJIONIOMOTa), KPUTHYHE MUCJICHHS (OLIIHKA
BJIACHHX PillIeHb Ta aHaJli3 3BOPOTHOTO 3B’SI3KY),

eKonorqua. CBiIOMICTB (p03yMiH§ﬂ KOMILIIEKC- BAHHS pillieHb, 1O BKA3ye Ha MOTPedY B OMTHUMi-
HHX EKOJIOTIYHHUX Mpo0IIeM), CYCHiJIbHA BiAMOBI- 3a1lif YACOBMX PAMOK MAHGYTHIX XaKATOHIB.
JTAJILHICTB (Opi€HTAIlis1 PO3POOOK Ha PeasbHi 1Mo- Cuneprist (pOpMaIbHOI aKageMidHOT TIi-
Tpebu), KOMyHIKaTHBHI HABUYKY (ITyO1idHHMii 3a- TOTOBKM Ta IHTCHCUBHHX 3MarajibHuX (hopma-
XHUCT TIPOEKTIB) T4 CTPECOCTIMKICTh (poboTa B TiB € CTpaTeriYHUM HANPSAMOM ITiArOTOBKH (a-
YMOBaX JKOPCTKOI0 TaAWMIHTY Ta OC3IICKOBHX 3a- XIBIIIB, 3/aTHUX €()EKTUBHO pearyBaTH Ha €KO-
rpo3). PesymbraTH onmTyBaHHS MiATBEPIMIIH, JoriyHi BUKIMKA. OTpUMaHHK JOCBIT MOXeE
110 YYaCHHKH BiI3HAYMIIA HAMOIIBIINI ITporpec OyTH KOPHUCHUM IS IHINMX 3aKJIaaiB BHIIOI
came B KoMaHAHiH po6orti (81,3 %) Ta kpuTHU- OCBITH, L0 IUIaHYIOTh JOIY4aTH CTYIEHTIB O
HOMY MUCIIEHH] (62,5 %). MDKHApOJHUX XaKaTOHIB, a PO3POOJIEHI METO-

[inecnpssMmoBaHe KOMaHIOYTBOPEHHS ITe- JAHUKH KOHKYPCHOI'O BiZl60pY Ta TiM6iﬂ}lHHFy
pell XakaTOHOM 3apeKOMEH[yBajio cede K Jlie- MOXYTb OyTH M?‘CHIT36OBaH1 B MCXKaX IHINUX
BUI1 IHCTPYMEHT ITiIFOTOBKH CTYJICHTIB, SIKi HAB- OCBITHIX IIPO€KTIB.

ABTOpPH BHUCIIOBIIIOIOTh IUPY TOJSKY
Ammini Kamoni (Attila Katona) ta Ouipy An-
mancyxy (Ochir Altansukh) 3a tipoBeneHHS
TPEHIHTY, METOIOJIOTIYHY IMATPUMKY Ta Iea-
roriune HaTxHeHHs. Oxpema monska Onezy
Hlabniw ta unenam I'O «Ykpaincvke 06’co-
HaHne memeopooziune ma 2ioponoziune Hay-
Ko6e mosapucmeoy — 3a CIpUsTHHs CTBOPEHHIO
1aThOpPMH XaKaTOHY JUIsl iIHHOBAIIHHOT CTy/Ie-
HTCHKOI TBOPYOCTi. ABTOPU TaKOX [SKYIOTh
yCIM y4YacHUKAM KOMaHJ, SKi JOJYyYUIIUCS IO
MiJTOTOBKH Ta TIPOBEICHHS 3aX0/1y.

YalOTHCS IEPEBaYKHO OHJIAKH. B 000X yHiBepcH-
TeTax OyJ0 BUKOPUCTAHO Pi3Hi, aye eeKTHBHI
¢dopmaru: st komana KapasziHcekoro yHiBep-
CHUTETY — KBECT Y 300MapKy, uisi komana Kuis-
CHKOTO HaIliOHAJIBHOTO yHiBepcuTeTy iMeHi Ta-
paca llleBueHka — KOMOiHaIIi}0 OCBITHBOTO IIEpe
ISy Ta TPakTHYHOI BrpaBu «KiiMaTnaHuit
crapram». OOuaBa MmiAXomu crpusiiu (Gopmy-
BaHHIO IICHXOJIOTIYHOI CYMICHOCTI, POJIbOBOL
CTPYKTYPH Ta CTPECOCTIHKOCTI; 75 % y4acHUKIB
BH3HATM TIMOUTIWMHT HAI3BHYAHHO KOPHUCHHUM
JUIsl 3TypPTYBaHHsI KOMaH]TH.

Kongnixm inmepecie

ABTOpPH 3asIBISIIOTH, 0 KOHQIIIKTY 1HTEpeciB 1010 myOikanii nporo pykonucy nemae. Kpim
TOTO, aBTOPH TMOBHICTIO TOTPUMYBAJICh €THYHUX HOPM, BKJIIOYAIOUM IUIariat, Gaabcudikamio JaHX
Ta HOJBIHHY MyOTiKaIlio.

Bnecox asmopis: Bci aBTOpY 3p0OUIIN PIBHUI BHECOK Y 1110 POOOTY.
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exnapayia npo euxopucmannsa L1

Bukopuctano pecypc mty4noro inrenekry Notebook LM mist reHepatiii o0KpeMoro iTocTpaTu-

BHOTO 300pa)Ke€HHs. ABTOPH HECYTh IMOBHY BiIIOBINATBHICTD 32 3MICT, JIaHi Ta BUCHOBKH.
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https://ecology.karazin.ua/news/trening-z-organizacii-onlajn-hakatoniv-za-proiektom-erasmus-domani/
(mata 3BepueHHs: 16.04.2026).

JBi xomanau, onHa merta: «Karazin EcoPunks» Ta «Green KaMinds» — Ha MiXHapoJHOMY XaKaTOHi 3a
npoekroM DOMANI. Kapasincovkuii HaguanbHO-HAYKOGUI ITHCMUmMYmM eKoa02ii, 3eeHOI eHnepeemuKy ma cma-
noeo  possumky.  https://ecology.karazin.ua/news/dvi-komandi-odna-meta-karazin-ecopunks-ta-green-
kaminds-na-mizhnarodnomu-hakatoni-za-proiektom-domani/ (nata 3Bepuenns: 18.04.2026).

The Fresh AIR 2026 Hackathon was held in Ukraine. DOMANI Project — An official website of DOMANI
Project. URL.: https://domaniproject.eu/index.php/the-fresh-air-2026-hackathon-was-held-in-ukraine/ (mara
3BepHEeHHS: 18.04.2026).
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THE FRESH AIR 2026 HACKATHON AS A TOOL FOR DEVELOPING INNOVATIVE SKILLS: THE
EXPERIENCE OF THE UKRAINIAN TEAM FROM THE ERASMUS+ DOMANI PROJECT

Purpose. To highlight the experience of student teams from V. N. Karazin Kharkiv National University
and Taras Shevchenko National University of Kyiv in the international Fresh AIR 2026 hackathon under the
Erasmus+ DOMANI project, and to analyse the role of the hackathon as a tool of non-formal education for
developing innovative competencies in the fields of green economy, environmental monitoring and sustainable
development.

Results. Theare presents the preparation process for the hackathon, which included: competitive selection
(16 applications, from which 8 students were selected for 2 teams from V. N. Karazin Kharkiv National University;
and 12 applications, from which 8 students were selected for 2 teams from Taras Shevchenko National University
of Kyiv); conducting team-building activities to establish team interaction; mentoring support; and a 48-hour
prototype development marathon. Four created projects are described: S.E.N.S.E. (intelligent ecosystem for
monitoring energy consumption and acoustic load), Agrolmpact Al (platform for analysing war-damaged lands),
AquaFire Climate System (ecosystem for water balance management to prevent fires), GreenX (environmental
monitoring platform integrated into "Digital Kyiv"). Thirty-seven teams from Ukraine and the world competed. A
post-hackathon survey (N=16) showed a high level of satisfaction with participation in the hackathon: 87.5% rated
their experience as "good" or "excellent", 100% positively assessed mentoring support, and the greatest progress
was reported in teamwork (81.3%) and critical thinking (62.5%).

Conclusions. The Fresh AIR 2026 hackathon demonstrated the effectiveness of the non-formal education
format for developing interdisciplinary competencies: creativity, teamwork, critical thinking, environmental
awareness, social responsibility, communication skills, and stress resistance (confirmed by survey data: 81.3% and
62.5%). Purposeful team-building contributed to psychological compatibility, role structure, and stress resistance
in the context of online learning and security threats. The synergy of formal academic training and intensive
competitive formats within the DOMANI project is a strategic direction for training specialists capable of
effectively responding to environmental challenges of wartime and post-war times.

KEYWORDS: hackathon, Fresh AIR 2026, DOMANI, non-formal education, team building,
environmental monitoring, artificial intelligence, competencies
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HayxoBe BumaHHS HABYAIbHO-HAYKOBOTO IHCTHTYTY €KOJIOTii XapKiBCHKOTO HAIlIOHAJIFHOTO YHIBEPCHUTETY
«JIromuna Ta noBkimus. [IpobieMn HeoeKOIOTiD» € HayKOBUM >KypHAJIOM, sIKUi BKJItoueHo 1o [Tepeniky dpaxoBux
Bugaab BAK ( B), ne my06mikyroTbcst OCHOBHI pe3yNIbTaTH TUCEPTAiHHUX POOIT Ha 3100y TTS HAYKOBOTO CTYTICHS
JIOKTOpa 1 KaHAKuAaTa reorpadiqyHuX HayK.

Jo myOmikamii mpuAMaroThCs CTAaTTi, SKi HaNFCaHi YKpaiHCHKOIO a0 aHTITIMCHKOI0 MOBaMH 3TiTHO 3a
MPaBUJIAMU JIJIsl aBTOPIB 1 OTPUMAITH MTO3UTHBHI PEKOMEH/IAIIT PEI[CH3CHTIB.

ITPABUJIA U151 ABTOPIB

Enextponna Bepcis opopmisierbes y popmati Microsoft Word, mpudr Times New Roman, po3mip 11,
MixpsakoBui inTepsai 1,0, Bei mosst o 2,5 M. JKupHuM mpudToM BUIIISIOTHCS i13ar0JI0BKH Y CTATTi; KypCHB
JIOIYCKA€ThCS JIUIIE Y BUHATKOBUX BHIA/IKAX.

LtocTparii, Bkrouaroun rpadikum i cxemu, MaTh OyTH pO3MIMIeHI Oe3nocepeqHbo B TeKcTi. LmrocTparii
MOJAI0ThCs YOpHO-OimMu. CKpi3b, JIe MOXKIIMBO, JOLUIBHIIIE BUKOPUCTOBYBATH rpadiky, a He Tabmumi. Yci
pucyHKku mianucysatu sk Puc. 1 — Ha3zsa pucysky (po3mip 10). Tabmwmi Takox odopmirstita 10 posmipom. CitoBo
Tadanus 1 (kupHUM, IPaBOpPYY), HA HACTYITHOMY PSIAKY Ha3Ba TaOJHILI — XKUPHUM, N0 HEHTPY, po3mip 10. Ha3zBu
PUCYHKIB Ta Ta0/MIb TA BHYTPIllHE HATIOBHEHHS Ma€ OyTH ABOMA MOBaMHU( B YKPaTHOMOBHHX CTATTAX).

OpieHrTaris CTOPIHOK — KHIKKOBA. BupiBHIoBaHHS — 1o mmpuHi. A63ar — 1,0 cm.

s crareit HeoOxigno Bkazatu YK (UDC) (miBopyu, posmip 11), ininiaau Ta npizBuine aBropa (po3mip
11, ®upHUM, TPOMUCHUMH, 10 IEHTPY ), HAYKOBUH CTYIiHb Ta 3BaHHsI (po3Mip 11), Ha HACTYMHOMY psIKY BKa3aTu
nocajy, Ha HacTymHoMy - Bkazatu e-mail ta ORCID ID. Ha HacTynmHOMY PSIJIKY BKa3aTH MOBHY Ha3By YCTAaHOBHU
(po3mip 11, kypcus) Ta ii noBHa aapeca

Ha3zpa craTTi (KUpHUMH TIPOTIMCHUMH, TI0 LIEHTPY, 11 po3mip)

Hani mogati aHoTariro (#e merie 1800 3HakiB) Ta kimouoBi cinosa (5-6) MoBoro crarti: po3mip 10,
iaTepBain 1,0. JIyis ekcriepiMEHTaIbHUX CTaTel oJaTh CTPYKTypOBaHE pe3toMe, e Mae OyTH BKa3aHi cJIoBa:
Meta. Meroau. PesyabraTn. BucHOBKH.

CrarTi IpYKYIOTBCS YKPaiHCBKOIO Ta aHIITIHCHKOIO MOBaMH.

TekcT ekcriepuMEHTaNIbHOI CTaTTi MOBHHEH CKIAJAaTHCA 3 HACTYITHHMX po3fuliB: «Berym», «Merogukay
(«O0’exkTH Ta METOAM JIOCHIIDKeHHs»), «Pesynbratm», «OOroBopeHHs» (MOXIMBUII 00’€AHaHUI PO3ALT
«Pe3ynbpraTn T2 00roBOpeHHN»), « BHCHOBKMY, « CIICOK BUKOPUCTAHOI JTiTEpaTypu».

Po3nin «Berym» NMOBHHEH MICTUTH TOCTaHOBKY INpOOJEMH y 3aralbHOMY BUIVISAI Ta 11 3B’S30K 3
BaXIIMBUMH HAYKOBUMH 200 MPAKTHIHUMH 3aBIAHHIMI; KOPOTKUH aHANi3 OCTAaHHIX TOCIIIKEHb 1 myOmikamii, y
SIKMX PO3MOYaTO PillIeHHs JaHoi mpoOieMH, BUIIEHHS KOHKPETHHX HEBUPIIICHUX IUTaHb, SKUM IPUCBSIUCHA
cTaTTs, GOPMYJIIOBAHHSI METH POOOTH.

Po3nin «MeToankay TOBMHEH MICTHTH BIIOMOCTI Tpo 00’ekT (00’€KTHM) JOCHIJKEHHS, YMOBH
eKCTIEPUMEHTIB, aHATITUYHI METO/N, PN TA PEaKTHUBH.

VY posnini «Pe3ynbTaTH IOCHIIPKEHb» HAJalOThCS OTPUMAaHi Pe3yJbTaTH Ta MOBHHHO BiOOpaKyBaTH
3aKOHOMIPHOCTI, SIKi BUTIKAIOTh 3 OTpUMaHUX JaHuX. OTpuMaHy iH(pOpMAIIifo HEOOXiqHO MOPIBHATH 3 HASBHUMH
JITEpaTypHUMHU IAHUMHU Ta MOKA3aTH il HOBU3HY.

VY po3nini «BUCHOBKW» HANA€ThCS y3aralbHEHHS Ta IHTEpIPETAlis pe3yibTaTiB, aHANl3 HMPUYHHHO-
HACJIIIKOBHX 3B’S3KiB MiX BUSBJICHUMH e(eKTaMH, 1 IOBUHHO 3aBEPIIyBATHCh BIAMOBIIII0 HA MUTAHHS, SKE
MIOCTABJICHO Y BCTYTII.

IMocunanHs Ha jKepena y TEKCTI HMOAAIOTbCS Y NPSAMOKYTHHX IyXKKax 3 BKa3yBaHHSM HOMeEpa 3a

MOPSIIKOM MOCHJIAHHS.
CrnHcox BHKOPUCTAHOI JiTepaTypH 0608 s13k0B0 opopminsiersest 3a JJCTY 8302:2015, no 60% marots OyTH
JDKepeTa, Mo onmyOIlikoBaHi 3a ocTaHHI 5 pokiB, 10 50% MaroTe OyTr mocwianns Ha ctarti WOS un SCOPUS,
camonutyBanHs 10 10-15%. O6o’s3koBuMu DOI a6o URL — ne € (po3mip 10, mixpsiakoBuit inTepsai 1,0).
Kinpkicts nmocuianp Mae OyTu He MeHIe 15.

Yepes 2 iHTepBaIM TaKOX MOJATH NPi3BHUILE, HAYKOBUI CTYIiHb Ta HayKOBE 3BaHHS, ocajy, e-mail ta
ORCID ID, oprani3atiito, Tl IOBHY aapecy, Ha3By CTaTTi, PO3LUIMPEHY aHOTAI[II0 Ta KJIOYOBI CJIOBA aHTIIHCHKOO
(ue menme 1800 3HakiB, po3mip 10, mixpsakosuii iHTepsan 1,0). AHoTanis moBuHHA OyTH MOOyIOBaHa SK
pebepar y pedepaTHBHUX >KypHaJaxX Ta BipakaTH CyTh EKCIEPUMEHTIB, OCHOBHI pe3yJbTaTH Ta iX
iHTepnpeTanito. s eKCiepuMeHTalIbHUX CTaTel MoJaTH CTPYKTYpOBaHi pe3toMe Jie Mae OyTH BKa3aHi ciloBa:
Purpose. Methods. Result. Conclusion.; ta kmro4osi ciosa (5-6). SIKIIo cTarTst aHTIHCHKOK0, TO MOIATH IO
iH(opMariro 11e i yKpaiHCHKOIO.

IMomatu takox References, 3a cranmaptom APA (mipi3Buine, iHiriany, Ha3Ba - aHTHHCHKOI0, HATPHKIHIII
y ayxkkax (In Ukrainian) Ta Retrieved from a6o DOI).

Anpeca pegakuii: HaBYaJIbHO-HAYKOBHH IHCTUTYT €KOJIOT1i, 3€JIEHOT €HEPreTHKH Ta CTAJIOr0 PO3BUTKY, 4 ITOBEPX,
K. 473a, XapkiBchkuil HallioHanbHUH yHiBepcuTeT imeHi B. H. Kapasina, Maiigan Co6oawu, 6, Xapkis, Ykpaina,
61022

ten. 057 / 707-56-36, 057 / 707-53-86 mo06. 068-612-40-69  e-mail: ecology.journal@karazin.ua
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