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GEOECOLOGICAL FEATURES OF THE FORMATION AND DEVELOPMENT
OF MINING LANDSCAPE-TECHNICAL SYSTEMS OF UKRAINE

Purpose. To analyze the patterns of formation, structure, and functioning of mining landscape-technical
systems of Ukraine, to identify their typological features, and to substantiate directions for their optimization and
rational use under current geoecological challenges.

Methods. Historical-geographical approach, landscape-geomorphological analysis, cartographic modeling
using GIS technologies (Google Earth), generalization method, and anthropogenic-landscape forecasting method.

Results: The mining territories of Ukraine represent complex landscape-technical systems formed as a
result of long-term interaction between natural conditions and technogenic processes. These systems extend be-
yond the boundaries of mining and land allotments, encompassing extensive adjacent areas transformed by mining
activities, including post-mining landscapes. It has been found that the dominant elements of these territories are
geo-mining technical systems, whose structure includes natural, technological, and information blocks, while their
functioning is associated with the movement of mineral matter and intensive geodynamic processes. It has been
established that mining landscapes are formed under the influence of both open-pit and underground mining meth-
ods, which determines their morphological diversity (quarry-dump, subsidence-related, lake-wasteland, etc.). It
has been proven that the Kryvyi Rih Landscape-Technical System (KLTS) serves as a unique testing ground for
the formation of technogenic landscapes, where a wide range of their types is concentrated. It has been determined
that anthropogenic landscapes occupy significant areas, forming a complex altitudinal-landscape structure with
accumulative, denudation-accumulative, and denudation levels. It has been revealed that the intensive develop-
ment of mining activities has led to substantial transformations of relief, the hydrological network, microclimate,
soil cover, and vegetation of the region. The features of the Donetsk and Pre-Carpathian landscape-technical sys-
tems have been analyzed; they are characterized by a high level of anthropogenic pressure, significant disturbances
of geosystems, activation of exogenous processes, and the formation of technogenic landforms. It has been estab-
lished that within the Donbas region there is intensive soil and water pollution, disruption of the hydrogeological
regime, and the emergence of hazardous geodynamic phenomena. The Pre-Carpathian region is characterized by
slow processes of natural restoration of vegetation and soils, accompanied by significant mosaicity of the landscape
structure. It has been identified that the formation of mining landscapes is accompanied by the development of
negative natural-anthropogenic processes (erosion, karst, subsidence, flooding, pollution), which determine the
current geoecological state of the territories. It has been substantiated that the optimization of mining territories
should be based on a systemic approach, taking into account structural, functional, and dynamic characteristics of
geosystems, and should include land reclamation, the development of geoecological monitoring, and rational en-
vironmental management.

Conclusions: The mining landscape-technical systems of Ukraine are complex natural-anthropogenic for-
mations, whose functioning is determined by the interaction of natural factors and technogenic processes. They
are characterized by significant transformation of natural components, the formation of specific morphological
structures, and active migration of matter. The current state of these systems is associated with the development
of geoecological problems, which necessitates the implementation of comprehensive optimization measures, in-
cluding reclamation, monitoring, and rational resource use. The identified patterns of formation and development
of mining landscapes should serve as a basis for further research and practical measures aimed at stabilizing and
restoring disturbed territories.

KEYWORDS: mining landscapes, landscape-technical system, geo-mining technical system, technogenic
landscape, anthropogenic transformation, reclamation, geoecological optimization
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Introduction

Mining-industrial territories correspond
to mining and land allotments; however, the
concept of a “mining-industrial territory” is
considerably broader and includes anthropo-
genically transformed areas that have emerged
beyond these allotments and remain under the
influence of the mining industry. Post-industrial
territories that emerged after the completion of
mineral extraction and beneficiation possess a
specific status. Within these territories, rem-
nants of historical objects (mines, excavations,
buildings, etc.) have been preserved, while
transformed landforms have developed at the
industrial sites and waste storage facilities, ac-
companied by activated processes of landscape
self-restoration. The primary objective of this
constructive-geographical study is to analyze
the landscape structure of mining-industrial ter-
ritories, identify their comprehensive character-
istics, and substantiate proposals for their fur-
ther rational use. This involves the application
of various methodological approaches: geoeco-
logical, geocadastral, historical-geographical,
and medical-geographical.

Although the formation of mining-indus-
trial landscapes is conditioned by human activ-
ity, they develop within specific physical-geo-
graphical conditions and in close interaction
with existing natural landscapes. Consequently,
an important feature of their study is the consid-
eration of both natural and socio-historical fac-
tors. At present, mining-industrial territories
constitute complex landscape-technical struc-
tures formed under the influence of various an-
thropogenic impacts, including mining-indus-
trial, residential, transport, hydraulic-engineer-
ing, and others. The dominant subtype within
mining-industrial territories is represented by
geo-mining technical systems. Geo-mining
technical systems belong to autonomous ge-
otechnical systems in which a forced movement
of the system-forming flow of mineral matter
occurs [19]. In the conceptual scheme of geo-
mining technical systems, the following
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principal elements may be distinguished: the
extraction component (mineral extraction
equipment), the servicing component (drainage
systems and waste-rock development systems),
and the accompanying component (quarry-
dump complexes). The functioning of geo-min-
ing technical systems is primarily determined
by the specifics of their formation and develop-
ment. A characteristic feature of mining-indus-
trial geo-mining technical systems is their par-
ticular structure, whose main elements include
the natural (landscape), technological (design,
extraction, and processing), and informational
blocks. A distinctive feature of the technologi-
cal extraction element of geo-mining technical
systems is the presence of several units, namely:
quarry and dumping units (for open-pit mining
operations) and mine units (for underground
mining operations). The structural elements of
geo-mining technical systems are distinguished
by the peculiarities of both the technological
process and their functioning.

In Ukraine, both anthropogenic and min-
ing-industrial landscapes, particularly those of
southern Ukraine, were first studied by Yu. .
Hlushchenko, who investigated the anthropo-
genic-natural geocomplexes of the Kerch Pen-
insula and characterized mining-industrial de-
velopments. The views of V. I. Vernadsky, A.
E. Fersman, and V. H. Bondarchuk concerning
the scale and significance of industrial activity
in the life of planet Earth are widely recognized.
Taking into account their development features,
landscape structure, and impact on the natural
environment, industrial landscapes are subdi-
vided into industrial proper and mining-indus-
trial landscapes.

Mining-industrial landscapes of Ukraine
have been investigated by such researchers as
H. I. Denysyk, V. L. Kazakov, H. M. Zadorozh-
nia, S. M. Smetana, and others. S. M. Smetana
developed a taxonomic classification of techno-
genic landscapes. V. L. Kazakov focused on
theoretical issues of anthropogenic landscape


https://doi.org/10.26565/1992-4259-2026-34-08
https://doi.org/10.26565/1992-4259-2026-34-08

ISSN 1992-4259 Bicauk XapkiBchKOro HallioHaJIbHOTO yHiBepcuTeTy iMeni B. H. Kapasina.

Cepist «Exomnoris». 2026. Bumyck 34

science, carried out a classification of techno-
genic, particularly mining-industrial, land-
scapes, and proposed mechanisms for their ra-
tional use. H. I. Denysyk and H. M. Zadorozh-
nia developed a taxonomic system of mining-
industrial landscapes and identified derivative
processes and phenomena within them.

Among the studies devoted to industrial
landscapes, the works of L. M. Tiutiunnyk de-
serve special attention. Based on field research,
these works provided the first characterization
of the industrial landscapes of the Kryvyi Rih

Landscape-Technical System, proposed classi-
fication schemes, partially investigated their ge-
ochemical properties, and compiled corre-
sponding cartographic schemes.

Numerous scholars have also investigated
anthropogenic types of localities directly associ-
ated with mining-industrial landscapes, including
V. H. Bondarchuk, Ye. A. Ivanov, H. I. Denysyk,
A. V. Hudzevych, and I. M. Voina. Their scien-
tific works present a wide variety of anthropo-
genic landforms (negative and positive) formed
during the extraction of mineral resources.

Object and Methods of Research

The object of the study is the mining-in-
dustrial landscape-technical systems of Ukraine
in terms of their geoecological condition and
development. In selecting the terminological
framework of mining-industrial landscapes, the
method of terminological analysis was applied.
The principle of historicism was employed to
analyze the development and formation of min-
ing-industrial  landscape-technical  systems
within the territory of Ukraine.

In the analysis of mining-industrial land-
scape-technical systems, the methods of obser-
vation and diagnostics were used. The observa-
tion method made it possible to obtain primary
information in the form of a body of empirical
knowledge. The diagnostic method was applied
to identify the principal properties and charac-
teristics of the investigated mining-industrial
landscape-technical systems. The method of
landscape-geomorphological analysis enabled

the study of contemporary landforms and re-
vealed the dependence of the spatial distribution
of mining-industrial landscape-technical sys-
tems on terrain features. Based on the conducted
research, the territories were mapped using
Google Earth. In certain cases, fragments of
specific types of mining-industrial landscapes
(quarry-dump types) were also demonstrated,
including the quarries of PJSC “Inhulets Mining
and Processing Plant” and PJSC “Southern
Mining and Processing Plant.” By applying the
method of generalization, conclusions of a the-
oretical, methodological, and practical nature
were substantiated. The method of anthropo-
genic-landscape forecasting made it possible to
develop approaches for improving the structure
of mining-industrial landscape-technical sys-
tems, preventing their destruction, enhancing
their qualitative characteristics, and predicting
future changes within particular regions.

Results and Discussion

Industrial landscapes in Ukraine have
formed around large industrial enterprises of the
processing industry or within industrial regions.
In particular, they are concentrated in Donbas,
Kryvbas, the Industrial Prydniprovia region, the
Lviv—Volyn Basin, and others. Areas domi-
nated by industrial landscapes are characterized
by the most active formation and rapid accumu-
lation of technomass, the presence of a two-tier
(surface and subsurface) structure of unigque
landscape complexes, the complete anthropo-
genization of geocomponents and landscape
complexes, as well as clearly defined temporal
and spatial boundaries of industrial landscapes,
which in most cases makes it possible to distin-
guish industrial landscapes from other anthro-
pogenic ones [13].
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The mining industry in the Kryvyi Rih re-
gion has been functioning for approximately
one and a half centuries; however, even within
this relatively short period, it has transformed
natural landscapes into anthropogenic ones,
which currently dominate the landscape struc-
ture of the region.

The Kryvyi Rih Landscape-Technical
System (hereinafter referred to as the KRLTS)
originated within the territory of Kryvyi Rih in
Dnipropetrovsk Oblast. Its development is
based on the Kryvyi Rih iron ore basin. The ex-
traction of mineral resources, primarily iron
ores, in this territory was accompanied by sig-
nificant transformation of natural landscapes
and the formation of anthropogenic landscapes.
Their area increases annually, mainly due to the



ISSN 1992-4259 Bicauk XapKiBChKOTO HaIliOHATLHOTO yHiBepcutery imeHi B. H. Kapasina.

Cepist «Exomnoris». 2026. Bumyck 34

expansion of mining-industrial landscapes. At
present, iron ore extraction is concentrated at
the following mining and processing plants:
Central, Northern, Southern, and Inhulets Min-
ing and Processing Plants, which belongto LLC
“Metinvest Holding,” as well as the Novokryv-
orizkyi Mining and Processing Plant, which be-
longs to PJSC “ArcelorMittal Kryvyi Rih.” In
terms of the concentration of mines, quarries,
and mining and processing plants, this macrore-
gion has no equivalent in global practice. It was
precisely on the basis of the mining-industrial
enterprises of the Kryvbas basin that the
KRLTS was formed [8].

The spatial configuration of the KRLTS
has undergone significant changes, and its es-
tablished boundaries are not absolute but rather
conditional. A clear tendency toward boundary
transformation can be observed due to the active
development of technogenesis. In the mid-
1970s, the boundaries of the KRLTS almost
completely coincided with those of the Inhulets-

Huriivka

Lozuvatka

Kryvyi Rih

Shyroke

Inhulets ooy

Saksahan valley-gully physical-geographical
district of the steppe spurs of the Dnipro Upland
within the Dniester—Dnipro northern-steppe
province. However, by the late 1980s, mining-
industrial construction had begun in the eastern
part of the Middle Inhulets inclined physical-
geographical district. Consequently, from the
1990s to 2010, the boundaries of the Kryvbas
quarries were altered, and new territories were
allocated for waste dumping. Administratively,
the KRLTS encompasses the territories of two
districts — Kryvyi Rih and Shyroke — as well as
parts of the adjacent Apostolove, Pyatykhatky,
and Sofiivka districts of Dnipropetrovsk Oblast,
in addition to small territories within the Vyso-
kopillia district of Kherson Oblast and the
Kazanka district of Mykolaiv Oblast. At pre-
sent, according to its territorial configuration,
the KRLTS extends 96 km from north to south
and 62 km from west to east, covering an area
of 4.1 thousand km?, which constitutes 0.67%
of the territory of Ukraine (Fig. 1).

Maryanivka

Novopillia

legend:

the boundaries of the
Zelenodolsk Kryvyi Rih landscape-
El technical system.

Fig. 1 — Current boundaries of the Kryvyi Rih landscape-technical system (prepared
using GIS technology Google Earth)
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Mining-industrial landscapes are wide-
spread throughout the territory of the Kryvyi Rih
region, which is stipulated by the specific spatial
occurrence of iron ore deposits within the Kryvyi
Rih iron ore basin. Over time, anthropogenic land-
scapes — predominantly mining-industrial ones —
have emerged and continue to develop, currently
occupying nearly 40 thousand hectares and play-
ing a significant role in the functioning of the con-
temporary Kryvyi Rih Landscape-Technical Sys-
tem (KRLTS). At the same time, the heterogene-
ity of natural conditions, together with the pres-
ence of quarries and waste dumps, determines the
specific features of the region’s altitudinal and
landscape structure.

The surface landforms of the KRLTS were
formed on the basis of the Ukrainian Shield and
its geological formations. The leading element of
the morphostructural relief consists of forest-
loamy upland and lowland watershed plateaus
complicated by various types of morphosculpture,
including fluvial, karst, suffosion, gravitational,
and aeolian forms. The relief is represented pre-
dominantly by meso- and microforms. Due to the
activity of temporary watercourses, erosion, mate-
rial transportation, and accumulation, a fluvial re-
lief developed. During the formation of the min-
ing-industrial complex, fluvial processes immedi-
ately begin to exert an active influence on the lith-
ogenic base, transforming and stabilizing it.

Within the KRLTS, anthropogenic saline
and freshwater reservoirs accumulate approxi-
mately 500 million m*® of water. Among them,
sludge storage facilities contain up to 200 million
m?* of mine and quarry waters with an average
mineralization of 5-8 g/dm*. Every year, more
than 40 million m® of mine water from depths of
up to 1,500 m reaches the surface from the aqui-
fers of all geological structures within this terri-
tory. At the same time, the estimated flooded areas
caused by water filtration from sludge storage fa-
cilities within Kryvbas amount to 230-270 km?.
The hydrological network of the KRLTS has been
completely transformed. The microclimate has
undergone significant changes not only within
Kryvbas itself but also in adjacent regions. In
landscapes affected by technogenic activity within
the KRLTS, natural soils have been replaced by
soil mixtures and technogenic substrates, while
the vegetation cover has been transformed into
phytocenoses dominated by synanthropic and ru-
deral (weed) associations with impoverished tax-
onomic composition.

As aresult of iron ore extraction and indus-
trial waste disposal along the iron ore deposits of
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the Kryvyi Rih geological structure, the northern
steppe landscapes and the riverbeds of the Saksa-
han and Inhulets rivers were completely de-
stroyed. In their place, anthropogenic landscapes
— predominantly residential and industrial — have
emerged and continue to develop actively, becom-
ing the dominant background landscapes within
the KRLTS. Contemporary natural landscapes of
the KRLTS have formed under the influence of
landscape-forming factors, including lithogenic,
hydrogeological, soil, and vegetation factors [18].

The structure of the mining-industrial land-
scapes of the KRLTS is formed by the following
locality types: quarry-dump types (dump-mono-
basin, plateau-shaped multi-tier dump, ridge-
shaped multi-tier dump, quarry-dump-lake,
guarry-dump-terrace, quarry-lake-terrace, and
quarry-terrace types), as well as mine-collapse,
mine-subsidence, and lake-wasteland locality
types.

Mining-industrial landscapes of the Kryvyi
Rih region have mainly been studied within the
framework of altitudinal stages, altitudinal-land-
scape levels, and locality types. As a result, three
altitudinal-landscape levels have been distin-
guished: accumulative, denudation-accumulative,
and denudational. These are characteristic of al-
most all quarry-dump complexes within the
KRLTS. The most widespread locality types in
this territory are quarry-terrace and plateau-
shaped multi-tier dump types. The altitudinal dif-
ferentiation of each of these types is also hetero-
geneous. In particular, microzones — areas charac-
terized by different rates of denudation-accumula-
tive processes — are clearly distinguished within
them. It is important to note the upper denuda-
tional, middle accumulative-denudational, and
lower accumulative microzones. Altitudinal tiers
can also be observed within these microzones [5].

Having passed through various stages and
phases of development, relatively stable bioceno-
ses dominated by steppe zonal flora have formed
within the quarry-dump locality types of the
KRLTS. These include Festuca rupicola Heuff,
Koeleria cristata (L.), Poa stifola (L.), Elytrigia
repens (L.), Agropiron pectinatum (Bieb.), Lotus
ukrainicus (Klok.), Astragalus dasyanthus (Pall.),
Coronilla varia (L.), Melilotus albus (Medik.),
Xeranthemum annuum (L.), Galium verum (L.),
and others, totaling more than 100 species. In ad-
dition, territories adjacent to waste dumps (ravines
and fallow lands) characterized by chernozem
substrates contain such species as Stipa lessingi-
ana (Trin.), Gagea ucranianica (Klok.), Thymus
marschallianus (Willd.), Adonis vernalis (L.),
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Salvia officinalis (L.), and others. On old waste
dumps with rocky substrates (Precambrian crys-
talline rocks, including granites, amphibolites,
gneisses, quartzites, shales, etc.) and mixed sub-
strates (combinations of Precambrian crystalline
rocks and Cenozoic sedimentary rocks), the fol-
lowing species are widespread: Zygophyllum fa-
bago (L.), Crambe tataria Sebeok, Crambe pon-
tica (Stev. ex Rupr.), Alyssum minutum (Schlecht.
ex DC.), Gypsophila paniculata (L.), Dryopteris
filix-mas (L.) Schott, and others. In general, all lo-
cal landscape-technical systems of Kryvbas are
characterized by an incomplete cycle of vegeta-
tion cover and landscape formation. The over-
whelming majority of plants on waste dumps are
anemochorous (up to 60%) and barochorous (up
to 20%), while only certain old spoil heaps exhibit
a significant degree of vegetation closure and
function as centers of ecological information for
adjacent systems [7].

Kryvbas is the most unique region of
Ukraine in terms of both the diversity and territo-
rial structure of mining-industrial landscapes.
Within the relatively small territory of the Kryvyi
Rih region (4.1 thousand km?), highly diverse
groups of technogenic landscapes have formed.
The region represents a landscape unique area
where almost all varieties of technogenic

landscapes of Ukraine are combined. It has been
estimated that within the city of Kryvyi Rih,
which constitutes the residential-industrial core of
the region, the most widespread technogenic land-
scapes are residential (34.1%), industrial (31.9%),
and transport (15.0%) types. Currently, seven
quarries operate within the territory of Kryvbas:
Quarry No. 1 of the Northern Mining and Pro-
cessing Plant, Quarry No. 2 of the Northern Min-
ing and Processing Plant, Quarry No. 3 of the
Northern Mining and Processing Plant, the South-
ern Mining and Processing Plant Quarry, the Hlei-
uvatka Quarry belonging to the Central Mining
and Processing Plant, the Pershotravnevyi Quarry
belonging to the Northern Mining and Processing
Plant, the Hannivka Quarry belonging to the
Northern Mining and Processing Plant, and the In-
hulets Quarry belonging to the Inhulets Mining
and Processing Plant.

The KRLTS holds several records within
the mining industry:

e The deepest iron ore quarry in Europe —the
quarry of PJSC “Inhulets Mining and Processing
Plant” is one of the most powerful and deepest
quarries in Europe, reaching a depth of 426 m. The
guarry contains substantial iron ore reserves
amounting to approximately 38 million tons of ore

(Fig. 2).

Fig. 2 — The quarry of PJSC “Inhulets Mining and Processing Plant”
(prepared using GIS technology Google Earth)
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o The quarry of PISC “Southern Mining and
Processing Plant” is one of the largest quarries in
the world and serves as one of the principal sites
for iron ore extraction in Ukraine, as well as a ma-
jor attraction of industrial tourism. Its depth is ap-
proximately 400 m, its length reaches 3 km, and
its width is 2.6 km. The quarry has a rounded
shape and, in terms of productivity and depth, is
surpassed only by the Inhulets Mining and Pro-
cessing Plant quarry (Fig. 3).

o The deepest iron ore mine in the world, lo-
cated within the KRLTS, is the Kryvorizka Mine
(formerly known as the Rodina Mine). The de-
signed production capacity of the mine amounts to
2.6 million tons of high-grade ore and is ensured
through the development of the 1240-1315 m ho-
rizons. The iron content in the ore massif at the
operating horizons of 1165 m and 1240 m reaches
58.6%. The shaft of the Kryvorizka Mine extends
to a depth of 1,580 m.

Fig. 3 — The quarry of PJSC “Pivdennyi Mining and Processing Plant”
(prepared using GIS technology Google Earth).

The Donetsk Landscape-Technical Sys-
tem, where all major grades of coal are repre-
sented, constitutes the principal coal-bearing re-
gion of Ukraine in terms of both reserves and ex-
traction volumes. Within the Carboniferous strata,
approximately 300 coal seams have been identi-
fied, two-thirds of which have a thickness of 0.30—
0.45 m, while only 130 seams exceed 0.45 m in
thickness. Geologically, Donbas is divided into
two coal-bearing regions: the Southwestern and
the Northeastern. The former is associated with
the Kalmius—Torets depression, whereas the latter
corresponds to the Bakhmut Basin.

Within the Donetsk Carboniferous se-
guence, two maxima of coal accumulation are dis-
tinguished: in the Lower Carboniferous, the
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Upper Visean and Lower Serpukhovian deposits,
and in the Middle Carboniferous, two strati-
graphic stages. The principal reserves of Donetsk
coal are of Middle Carboniferous age. Lower Car-
boniferous coal-bearing deposits of industrial sig-
nificance extend along the southern margin of the
Donetsk depression for approximately 300 km
and have a width ranging from 15 to 40 km. Mid-
dle Carboniferous coal-bearing deposits are dis-
tributed throughout the entire territory of the de-
pression and are most clearly expressed within the
depression itself and on its southwestern slope.
Along the depression, the coal-bearing capacity
gradually decreases and completely disappears to-
ward the northeastern direction.
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According to the scheme of economic re-
gionalization, two principal economic subregions
were formed within the territory of Donetsk Ob-
last: the Central Industrial Subregion and the
Southern (Azov) Industrial-Agricultural Subre-
gion. In turn, the Donetsk—Sloviansk polycompo-
nent zone is located within Donetsk, Luhansk, and
partially Dnipropetrovsk oblasts and is associated
with the Hercynides of the Donetsk folded struc-
ture and the deposits of the Dnipro—Donetsk De-
pression. This zone is conventionally divided into
two macroregions: the Donetsk and the Slovi-
ansk—Artemivsk macroregions. In general, a sig-
nificant number of deposits of complex-forming
mineral resources are densely concentrated within
the zone, while some of them (hard coal and rock
salt) are characterized by basin-type distribution.
The combination of various types of fuel-energy,
mining-chemical, technological, non-metallic raw
materials for metallurgy, and construction materi-
als caused the formation of a complex of extrac-
tion, beneficiation, and processing enterprises of
fuel-energy, metallurgical, chemical, and con-
struction specialization within this territory. As a
result, three industrial agglomerations and eleven
industrial hubs were formed within Donbas [8].

The territories of Donetsk and Luhansk ob-
lasts of Ukraine are located within the steppe cli-
matic zone, and these lands contain the largest
proportion of steppe natural and semi-natural
landscapes in Ukraine. Within Donetsk and
Luhansk oblasts, the area of steppe landscapes
amounts to 314,499 and 596,210 hectares respec-
tively, constituting 8% and 19% of the total area
of the oblasts. Natural territories of the region are
represented by steppe ecosystems: the central part
of Donetsk Oblast and the southern part of
Luhansk Oblast are occupied by the rocky steppes
of the Donetsk Ridge, the northern part of
Luhansk Oblast is represented by chalk flora com-
munities also belonging to the steppe type, while
the southern part of Donetsk Oblast consists of the
flat chernozem steppes of the Azov region.

Intensive exploitation of mineral deposits,
their further beneficiation, and processing nega-
tively affect the lithosphere and contribute to the
activation of exogenous geological processes,
changes in the physicomechanical properties and
composition of soils, and pollution of groundwa-
ter and surface waters of Donbas. Within a rela-
tively short period, natural waters, soils, vegeta-
tion, and other components of the natural environ-
ment are destroyed under the influence of mining
technogenesis. The mechanism of these processes
is primarily determined by the migration of toxic
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metal compounds together with natural waters. In
particular, lead is widespread in the soils of Do-
netsk Oblast due to the presence of its sources, in-
cluding motor vehicles, metallurgical and coke-
chemical industries, coal-fired boiler plants, and
others. The average lead content in urban soils
(96.8 mg/kg) is almost three times higher than in
rural areas (35.4 mg/kg). The average zinc content
in urban soils (228.1 mg/kg) exceeds by more than
three times its concentration in rural soils (60.8
mg/kg). The manganese content in urban soils of
the region (2296 mg/kg) is approximately twice as
high as in rural areas (1274 mg/kg), where man-
ganese concentrations do not exceed current hy-
gienic standards [7].

The development of the extractive industry
has been accompanied by the alienation of large
areas of agricultural land in Donbas, which, after
temporary use, were transformed into technogenic
wastelands. Significant losses of land resources
also occurred because safety zones were estab-
lished around each waste rock dump, within
which atmospheric air became polluted and soils
salinized and waterlogged. Large areas are occu-
pied by sites of concentrated solid waste from pro-
cessing enterprises, including ash dumps, tailings
storage facilities, and slag disposal sites. Their
substrates contain substantial amounts of toxic el-
ements contaminating the atmosphere, soils,
groundwater, and surface waters. The most pro-
longed and intensive impact on natural landscapes
and the formation of mining-industrial landscapes
occurs during open-pit extraction of mineral re-
sources. In such cases, mixed rock horizons are
exposed and transferred to waste dumps. In addi-
tion, the morphological components of natural
landscapes, from tracts to locality systems, un-
dergo restructuring. Significant territories of Do-
netsk Oblast have experienced such destruction of
natural landscape structure, where numerous de-
posits of different types of mineral raw materials
are exploited by open-pit methods.

By the beginning of the armed conflict in
Donbas, up to 14 billion tons of coal and waste
rock had been extracted, while the volume of cre-
ated mine workings exceeded 9 billion m?, and the
total area of fragmented disturbed territory
reached 15 thousand km? The mine complex of
Donbas represents a stable source of emissions
amounting to up to 6 billion m*/year of explosive
and toxic gases (methane, radon, etc.), whose mi-
gration pathways are significantly altered under
military impacts on mine drainage and ventilation
regimes. In general, industrial coal extraction
caused irreversible disturbances of the
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geodynamic and hydrodynamic equilibrium of the
region and significantly increased the sensitivity
of the geological system to military factors.

Technogenic disturbances of natural condi-
tions within this territory are primarily caused by
mining operations conducted at nearly 900 mines
across 180 coal seams. In total, approximately
2,250 seam workings are counted within the coal-
bearing geological structures, which significantly
reduced their geomechanical stability during
flooding and background seismic events. The cre-
ated natural-technogenic geosystem of the region
— “technogenic objects — environment” — encom-
passed approximately 4,000 potentially hazardous
facilities, more than 300 mines and quarries, and
2.5 thousand so-called “kopanky” (unlicensed
shallow pits), as well as up to 1,300 spoil heaps,
among which more than 300 are burning and con-
stitute permanent sources of pollution by toxic el-
ements and compounds affecting the near-surface
atmosphere, adjacent landscapes, and groundwa-
ter. At the same time, under conditions of reduced
mine drainage (almost by half) and increasing
flooded areas, the risk of accelerated burning of
spoil heaps and their explosion with destructive
effects on adjacent residential and industrial facil-
ities significantly increases. Critical ecological
impacts on the hydrogeomechanical conditions of
the geological system (filtration compression, me-
chanical and chemical suffosion, etc.) and disturb-
ances of surface and underground hydrosphere re-
gimes were caused by the annual inflow into mine
workings of up to 760 million m* (24.5 m3/s) of
contaminated mineralized mine waters containing
up to 2.5 million tons/year of water-soluble salts.
During the expansion of coal mining operations
and disturbances of the geological system, includ-
ing regional aquitards and the spatial development
of technogenic fracturing accompanied by riv-
erbed disruption (more than 600 cases), the vol-
ume of local groundwater runoff resources in-
creased up to fivefold.

Considering the severe impact of hazard-
ous exogenous processes (landslides, karst, abra-
sion, flooding, etc.) on Donetsk Oblast, the entire
territory has been classified as a first-category
hazard area. The length of the coastline affected
by abrasion amounts to approximately 50.7 km.
The total area of rocks susceptible to leaching con-
stitutes 3,102 km?. The area of open karst distribu-
tion reaches 52 km?, with 371 manifestations ac-
counting for 11.7% of the affected territory. The
dissolution of carbonate and sulfate rocks occurs
at different rates. Karst processes are most wide-
spread and develop most rapidly in gypsum-
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bearing and salt-bearing deposits. These areas are
located on the slopes of the Bakhmut, Mokra and
Sukha Plotva, Kazennyi Torets rivers, and the
Horilyi Pin stream. Human activity (mines, brine
extraction industries, quarries, large water intakes,
and leakage from urban communications) signifi-
cantly accelerates karst processes by increasing
the velocity of groundwater movement within fis-
sure-karst aquifers. Surface areas where Karst-
forming processes are most widespread are lo-
cated in Sloviansk, Kramatorsk, Soledar, Bakh-
mut, and Mariupol [9].

The vegetation of the Donetsk Landscape-
Technical System is represented by such species
as Astragalus sareptanus A. Beck, Bulbocodium
versicolor, Centaurea pseudoleucolepis Kleo-
pow, Hyssopus cretaceus Dubjan, Neottia nidus-
avis, Adonis vernalis L. Spach, Onosma tanaitica
Klokov, Achillea glaberrima Klokov, Matthiola
fragrans Bunge, Elytrigia stipifolia (Czern. ex
Nevski) Nevski, Lycopodiella inundata (L.) Ho-
lub, and others.

The Donetsk Landscape-Technical System
also contains numerous mining facilities known
not only in Ukraine but throughout Europe:

o PJSC “Pokrovske Mine Administration” is
the largest coal mine in Ukraine, with a projected
production capacity of 2.1 million tons per year.
Industrial coal reserves exceed 200 million tons.

The Pre-Carpathian Landscape-Tech-
nical System is located within the territories of
Lviv and Ivano-Frankivsk oblasts. Spatially, it is
associated with the Pre-Carpathian Foredeep. Ac-
cording to geological regionalization, this zone in-
corporates several major territorial concentrations
of mineral deposits: the Pre-Carpathian oil and gas
region, the Pre-Carpathian sulfur-bearing basin,
the Pre-Carpathian potassium-bearing basin, the
Dniester gypsum-bearing district, and others. It is
characterized by a clustered pattern of territorial
distribution of mineral deposits. In particular, the
Boryslav—Stebnyk and Dolyna—Kalush macro-
clusters, as well as the Yavoriv, Rozdil, Myko-
laiv—Pustomyty, Nadvirna, Bilche—Volytsia, and
Staryi Sambir clusters, are distinguished.

The Pre-Carpathian Landscape-Technical
System is characterized by three historical-geo-
graphical periods of mineral resource exploita-
tion: the pre-industrial period, the artisanal period
(before 1772), and two industrial periods — the
manufactory period (until 1939) and the industrial
period (until 1991). In the course of research on
the Pre-Carpathian Landscape-Technical System,
particular attention has been devoted to the natural
conditions of soil substrate formation and
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vegetation self-restoration on ozokerite mining
waste dumps. It was established that these for-
mation processes proceed slowly within the waste
dumps. The principal limiting factor for phytoce-
nosis formation on extraction dumps is excessive
salinization of the soil substrate. The first species
to restore vegetation on the dumps is sea buck-
thorn (Hippophae rhamnoides), which occurs in
the form of dense thickets and isolated small clus-
ters. In addition to sea buckthorn, black poplar
(Populus nigra), silver birch (Betula pendula), as-
pen (Populus tremula), Norway maple (Acer plat-
anoides), and European ash (Fraxinus excelsior)
occur within this territory. Flooded and poorly
drained depressions provide natural conditions for
the development of hydrophilic and hygrophilous
vegetation, whereas mesophilous and xerophilous
vegetation dominates on the tops of waste dumps.
The mosaic character of the natural conditions of
the dumps has resulted in differences in vegetation
species composition. The greatest species diver-
sity is characteristic of phytocenoses in flooded ar-
eas. Poor vegetation composition is typical of
steep slopes affected by sheet erosion and saline
areas of newly formed spoil deposits [13, p. 140].

Regarding the natural-economic systems of
the Pre-Carpathian sulfur-bearing basin, the de-
velopment of geosystems and the degree of their
anthropogenic transformation under conditions of
liquidation of sulfur industry enterprises possess
specific features. In particular, this includes the
ecological condition of mining-industrial geosys-
tems under the flooding of sulfur quarries and the
creation of reservoirs and recreational zones on
their basis. The territory of the Pre-Carpathian
Landscape-Technical System is characterized by
centers of hazardous exogenous processes, includ-
ing landslides, erosion, karst, abrasion, and others.

Reclamation is particularly necessary
within burning coal waste dumps (especially the
dump of PJSC “Lviv Coal Company”), zones of
intensive land subsidence, karst sinkholes,
flooded areas, and ozokerite mining dumps. Spe-
cial attention should also be devoted to the regu-
larities of geosystem functioning and develop-
ment within areas of underground sulfur smelting
(mining districts “Pisotskyi” and “Borysy”). The
degree of anthropogenic transformation of soil
and vegetation cover is relatively high. Within the
mining district “Yavoriv Reservoir,” geosystems
with a moderate level of transformation of em-
bryozems predominate. Soil formation on external
dumps, tailings storage facilities, the internal part
of hydraulic dumps, and the southern sections of
the quarry occurs almost without human
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intervention. Areas of strong anthropogenic influ-
ence on soil mixtures have been identified in
zones of ongoing industrial use, construction sand
extraction, and accumulation of solid household
waste. Strongly transformed vegetation communi-
ties dominate, accounting for 38.7% of the total
area of the site. Significant transformational
changes associated with sulfur extraction and
post-mining activities have occurred in the major-
ity of geosystems within the Pre-Carpathian min-
ing-industrial landscape-technical system. Severe
vegetation damage is observed within the shore-
line zones of reservoirs and areas undergoing rec-
lamation works. Vegetation cover remains almost
unrestored within industrial sites and areas of ille-
gal construction sand extraction. Within sulfur de-
posits, only 5-6% of disturbed territories have
been reclaimed. These are mainly dumps formed
from Quaternary loess-like loams. On most
dumps composed of Neogene clays, reclamation
activities are not conducted. Soil formation, as
well as the further functioning conditions of
young embryozems and technosols, exhibit a
number of features differing from natural ana-
logues. Depending on the age of the dumps and
the nature of overburden rocks, pedogenesis af-
fects the upper substrate layers (3—20 cm). Soil
mixtures are characterized by low thickness and
weak differentiation of the vertical profile. They
are marked by the formation of simple vegetation
communities as a result of spontaneous over-
growth and reclamation, accumulation of primary
organic matter, development of organogenic hori-
zons, and related processes [13].

Post-mining geosystems within the Pre-
Carpathian sulfur-bearing basin are gradually
overgrown by woody vegetation (Pinus sylvestris,
Hippophae rhamnoides, Salix caprea, Robinia
pseudoacacia, Populus tremula, Betula pendula)
and herbaceous species, indicating the potential
for independent natural restoration of soil and veg-
etation cover. However, the processes of self-res-
toration of disturbed lands proceed too slowly.

The vegetation of the Pre-Carpathian Land-
scape-Technical System is mainly represented by
such species as Blechnum spicant, Pyrola rotun-
difolia, Moneses uniflora, and others. The Euro-
pean type of geographical elements includes
Streptopus amplexifolius, Symphytum cordatum,
Primula elatior, Mercurialis perennis, and others.
Among the representatives of the European geo-
element, numerous endemic species are also pre-
sent, including Festuca carpatica, Festuca porcii,
Cardamine opizii, Sedum carpaticum, Viola
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declinata, Leucanthemum rotundifolium, Muscari
pocuticum, and others.

In general, the specific features of land-
scape structure within mining-industrial land-
scape-technical systems are determined both by
the peculiarities of natural conditions (tectonics,
geological structure, hydrological conditions, etc.)
and by technological aspects (production
schemes, duration and intensity of industrial pro-
cesses, etc.) related to mineral resource exploita-
tion [22]. The contemporary structure of geosys-
tems within areas of mineral extraction and bene-
ficiation is determined by the extraction method
(open-pit or underground), the mining system ap-
plied, the intensity and duration of exploitation of
mining-industrial facilities, as well as the conser-
vation or liquidation of mining enterprises [19]. It
is precisely the transformation of geosystem gen-
esis during mineral resource development that dis-
tinguishes mining-industrial geosystems from ad-
jacent territories. The formation of these geosys-
tems is conditioned by the development of natu-
ral-anthropogenic processes and phenomena, in-
cluding land subsidence, landslides, erosion, karst
collapses, flooding, pollution, and others. The
principal role in the manifestation and functioning
of these geosystems is played by the correlation
and dominant direction of migration flows, pre-
dominantly destructive ones [23].

Optimization of mining-industrial territo-
ries represents a complex of controlled managerial
measures implemented both during mineral ex-
traction and beneficiation to ensure more efficient
use, and after the completion of mineral resource
exploitation to guarantee environmental safety

and the performance of other economic functions.
The selection of optimization measures primarily
depends on the complexity of landscape structure,
the intensity of natural-anthropogenic processes,
the degree of anthropogenic transformation and
pollution of geosystems, the level of ecological
hazard, and the amount of funding available for
such measures [20]. Optimization measures for
mining-industrial territories involve substantiat-
ing implementation pathways, identifying natural
and socio-economic constraints, determining spe-
cific forms of environmental management, and
analyzing the consequences of human activity.
These measures should combine technologically
advanced, economically efficient, and long-term
rational exploitation of mineral deposits with the
use of other natural resources, protection of ge-
osystems from excessive anthropogenic pressure,
regulation of natural-anthropogenic processes,
and preservation of valuable historical-cultural
and protected natural sites [21].

The outcomes of optimization of mining-
industrial territories include improvement of the
ecological condition of mining-industrial geosys-
tems; regulation of the intensity of hazardous nat-
ural-anthropogenic processes; reclamation of
waste dumps, settling ponds, industrial sites, and
related areas; creation of optimal conditions for
the revitalization of anthropogenically trans-
formed geosystems; substantiation and imple-
mentation of geoecological monitoring systems;
improvement of land-use structure and establish-
ment of protected natural areas; as well as mu-
seumification and revalorization of historical min-
ing heritage sites.

Conclusions

The functioning of mining-industrial land-
scape-technical systems exerts a significant influ-
ence on the formation of diverse landscape types
belonging to the mining-industrial class. Mining-
industrial landscapes should be understood as an-
thropogenic complexes formed as a result of the
interaction between a geo-mining technical sys-
tem and the environment, functioning through
the use of both natural energy and the energy de-
termined by mining technologies, and character-
ized by active migration of mineral and biogenic
matter.

In the course of anthropogenic transfor-
mation of landscape structure under the influence
of mining equipment, a complex of geoecological
problems is formed. Disturbance of the lithogenic
base of the territory causes the development of
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depressive landforms, which are particularly pro-
nounced within quarry sections of mining-indus-
trial territories. The condition of atmospheric air is
closely associated with industrial emissions from
enterprises and the functioning of industrial com-
plexes. Surface waters undergo substantial
changes in water-level regimes and loss of hydro-
chemical properties. Due to drainage activities
within mining-industrial territories, groundwater
levels significantly decline, while both quantita-
tive and qualitative characteristics deteriorate. The
soil geocomponent experiences losses of fertility
and is restored only partially through reclamation
measures. Significant transformations also affect
vegetation cover, manifested in the replacement of
natural vegetation by ruderal-wasteland commu-
nities of patchy character.
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An essential task for addressing the further
optimization of the mining-industrial landscape-
technical systems analyzed in this study is the
identification of patterns of their dynamics and de-
velopment. The identified dynamic tendencies of
mining-industrial landscapes should form the ba-
sis of a structural-dynamic landscape analysis of
the prerequisites for rationalizing their use, while
systems of measures aimed at improving the geo-
ecological condition of the region should be for-
mulated with consideration of the obtained analyt-
ical results.

Restoration of the landscape structure of
territories disturbed by mining-industrial activities
should be completed through reclamation works.
The final stage of reclamation is the biological
stage, which is directed toward restoring the natu-
ral landscape structure of the territory.

In implementing optimization approaches,
it is advisable to apply the following principles:
optimization measures should be carried out ex-
clusively on the basis of a systemic approach en-
compassing structural, functional, and dynamic
aspects; optimization of the territorial structure
should account for landscape-ecological princi-
ples of territorial optimization; the structural

aspect enables consideration of mining-industrial
territories as complex landscape-technical struc-
tures resulting from anthropogenic impacts; the
functional aspect involves the investigation and
mandatory consideration, when selecting direc-
tions for territorial optimization, of the compo-
nents of mining-industrial landscape-technical
systems — waste dumps, guarries, mine structures,
and the corresponding diverse mining-industrial
landscapes formed on their basis; the dynamic as-
pect takes into account the historical characteris-
tics of territories and their contemporary transfor-
mations.

The identified tendencies of dynamic
changes in mining-industrial landscapes should
serve as prerequisites for selecting directions of
environmental management optimization within
these territories. The criterion for territorial opti-
mization should be the correspondence between
the selected reclamation methods and the land-
scape structure of the territory. Of particular im-
portance is the establishment of an ecological-
landscape geoinformation monitoring system for
the purpose of generalization and further optimi-
zation of territories on the basis of scientifically
substantiated approaches.
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I'EOEKOJIOI'TYHI OCOBJIMBOCTI ®OPMYBAHHA TA PO3BUTKY I''PHUYOIIPO-
MUCJOBUX JAHJIINA®THO-TEXHIYHUX CUCTEM YKPATHH

MeTta. Anani3 3akoHOMipHOCTEl (popMyBaHHS, CTPYKTYpH Ta (YHKIIOHYBaHHS TipHUYOIIPOMHCIOBHX
JMaHAmadTHO-TEXHIYHMX CUCTEM YKpaiHH, BHOKPEMJICHHS IX THIOJIOTIYHNX 0cOOIMBOCTEN 1 OOIPYHTYBaHHS Ha-
MPSAMIB ONITUMI3AIlii Ta paIlioHATEHOTO BUKOPHUCTAHHS B YMOBAX Cy9aCHHUX I€O0EKOJIOTIYHUX BUKIHKIB.

Metoau. CrioctepexeHHs, JaHamagpTHO-reoMopdoIoTiuHnl aHami3, kKapTorpadiyHe MOJETIOBaHHS i3
sukopucranusm ['IC-rexuomnoriit (Google Earth), Mmero anTpomoreHHO-MaH A THOTO TPOTHO3Y.

PesyabTaTn: 'ipaunyonpomuciosi Teputopii YkpaiHu € CKIagHUMH JTaHAMAPTHO-TEXHIYHUMH CHCTe-
MaMHd, C(OPMOBAHMMH BHACTIJIOK TPHBAJIOI B3a€MOJii MPHUPOJHUX YMOB 1 TEXHOTEHHHMX TporeciB. Bonu
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OXOIUTIOIOTH HE JIMIIE MEeXI MPHUYMX 1 3eMENIbHUX BiJIBOIB, aje i 3Ha4HI IPUIIErITi TepuTopii, TpaHchopMoBaHi
i BIUIMBOM TipHU40100YBHOI AisSUTBHOCTI, BKIIOYAIOYH MOCTMAiHIHIoBI nanamadTi. JJoMiHyIOYMMH eleMeH-
TaMHM LUX TEPUTOPIH € TeOripHUUOTEXHIYHI CUCTEMH, CTPYKTYypa SIKMX IpeJICTaBIeHa IPUPOIHUM, TEXHOIOTTYHUM
Ta iHpopMamiiHuM O6510KaMH, a QYHKIIIOHYBaHHS MOB’S3aHE 3 IIEPEMIlICHHAM MiHEpaTbHOI PEYOBHUHH Ta iHTEH-
CHUBHHMH TCOIMHAMIYHAMH IpoIliecaMi. BCTaHOBIIEHO, IO TipHUYIOTPOMHUCIOBI JaHAMA(TH (GOPMYIOTHCS Mix
BIUIMBOM BIIKPHUTOTO Ta MiJA3€MHOTO CIIOCO0IB BHAOOYBaHH:, IO BH3HAYA€E X MOP(OJIOTiUHy Pi3HOMAaHITHICTh
(xap’epHO-BiBaNbHI, MAXTHO-TIPOCAIOYHI, 03epHO-TIYCTHPHI Ta iH.). KpnBopi3pka naHAmagTHO-TEXHIYHA CH-
crema (KJITC) € yHiKanpbHEM IOJITOHOM (DOpPMYBAaHHS TEXHOTCHHUX JAHAMA(DTIB, 1€ 30CEPEHKEHO IIHUPOKHHA
CHeKTp X TumiB. BcTaHOBIICHO, IO aHTPOTIOTEHHI JaHadTH 3aiMalOTh 3HAYHI TUTOIII, (OPMYyIOUHN CKIIaJHY BHU-
COTHO-TaHAMA(THY CTPYKTYpY 3 aKyMYJIATHBHUMH, ACHYIAliHHO-aKyMyJSITHBHUMHU Ta JCHyIAUiiHUMHU piB-
HSMU. BusiBiieHO, 10 iHTEHCUBHUI PO3BUTOK MipHUYOJ00YBHOI AisIIBHOCTI CIIPHYMHUB CYTTEBI 3MiHHU penbedy,
T1IpOJIOTiYHOT MepeXi, MIKpOKIIIMaTy, TPYHTOBOTO ITOKPHUBY Ta POCIMHHOCTI periony.OcobnuBocTi JloHerpKoi Ta
[pukapnarceKoi 1aH A THO-TEXHIYHUX CHCTEM XapaKTEPH3YIOTHCS BUCOKUM PIBHEM aHTPONIOI'€HHOTO HaBaH-
Ta)KeHHs1, 3HAUHHMH MTOPYIICHHAMH F'€0CUCTEM, aKTHBI3aII€10 €K30T€HHUX MPOLECIB Ta (POPMYBaHHIM TEXHOT'CH-
HUX (opM penbedy. B mexax [lonbacy crocrepiraeThCs IHTCHCHBHE 3a0pYIHEHHS IPYHTIB 1 BOII, MOPYIICHHS
T1POTeoNIoTiYHOT0 peXxuMy Ta (OpMyBaHH HeOe3NeUHNX reoquHamMivyHuX sBuml. [ [IpukapnaTtcekoro periony
XapakTepHi MPOIlecH MOBUIFHOTO CAaMOBIJHOBICHHS POCIMHHOCTI Ta IPYHTIB, IO CYIPOBOJUKYIOTHCS] 3HAYHOIO
MO3ai9HICTIO JaHAIA(THOT cTpyKTypu. POpMyBaHHS TipHUYONPOMHCIOBHX JaHAMA(TIB CyIPOBOIKYETHCS PO-
3BUTKOM HETaTUBHHUX MPHPOIHO-aHTPOIIOTEHHUX IPOLECIB (€po3is, KapcT, MPOCiAaHHs, MiATOIUICHHS, 3a0py -
HCHHSA), SKi BU3HAYAIOTh CyYaCHHH T€OCKOJIOTIYHHU cTaH Teputopiil. OOTrpyHTOBaHO, IO ONTHMI3allisl TipHU-
YOIPOMUCIIOBHX TEPUTOPIH Ma€ 6a3yBaTUCs HA CHCTEMHOMY ITIIXO/1 3 YpaXyBaHHIM CTPYKTYpPHHUX, (YHKIIOHAIb-
HUX 1 TUHAMIYHUX XapaKTEPUCTUK F€OCHCTEM, a TAKOX IepedadaT peKyIbTHBALIIO MOPYIIEHUX 3eMeb, PO3BHU-
TOK I'€0€KOJIOTIYHOTO MOHITOPUHTY Ta pallioHaJbHE MPUPOJAOKOPHUCTYBAHHS.

BucnoBku. ['ipHnuonpomucioBi JanAmadTHO-TEXHIYHI CUCTEMHU YKpaiHH € CKJIaJHIUMH IPUPOIHO-aH-
TPOIOTeHHUMH YTBOPECHHIMH, (DYHKI[IOHYBaHHS SIKUX BU3HAYAETHCS B3a€MOJIIEIO IIPUPOAHUX YHHHHUKIB 1 TEXHO-
TeHHHX IPOLIECIB; XapaKTEePU3yIOTHCS 3HAYHOIO TpaHC(HOPMAIII€I0 NPUPOJHUX KOMIIOHEHTIB, pOpMYBaHHSM CIie-
UQIIHIX MOP(OIOTIYHNX CTPYKTYP 1 aKTUBHOIO Mirpariero pedoBuHu. CydacHUA CTaH IMX CHCTEM CYIIPOBOI-
JKYETHCSI PO3BUTKOM T'€0EKOJIOTTYHHX TPOo0JIeM, 110 oTpedye BIPOBAKEHHS KOMIUIEKCHHUX 3aXO0/1iB ONTUMI3allil,
30KpeMa peKyJbTHBAIii, MOHITOPHHTY Ta paIliOHAIFHOTO BUKOPUCTAHHS pecypciB. BusBIEHI 3aKOHOMipHOCTI
(hopMyBaHHS 1 pO3BUTKY TipHHYOIIPOMHUCIIOBUX JIAaHAIA(TIB MAIOTh CTATH OCHOBOIO JUIS TTOAAJIBIINX JTOCTIPKEHb
1 IPaKTUYHUX 3aXOMIB MO0 CTad1Ii3allil Ta BiTHOBICHHS MTOPYIICHIX TSPUTOPI.

KJIFOYOBI CJIOBA: zipruuonpomuciosi ranowa@mu, 1aHOWADMHO-MEXHIYHA CUCMeEMA, 2e02iPHU-
YOMEXHIUHA Ccucmema, MexHO2eHHUL NaHOWAdm, AHMPONO2EeHHA MPAHCHOPMAYis, peKyTbmueayis, 2eoexo-
JNI02iYHa onmumizayis
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