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Abstract. One of the types of anthropogenic activities that leads to negative environmental changes
and biodiversity loss is the extraction of minerals within quarry-dump complexes, which requires
measures to restore ecological balance following the completion of mining operations. The search for
optimal methods to identify disturbed areas, monitor the condition and recovery dynamics of exhausted
lands in the context of biodiversity conservation and restoration was the aim of the study, particularly
when field research was inaccessible, and there was a need to observe multiple sites simultaneously.
This paper presents the results of assessing vegetation cover within territories disturbed by mineral
extraction using remote sensing techniques. Methods such as scientific analysis, synthesis, statistical
data processing, and the transect method were employed. It has been determined that the analysis
and monitoring of Normalised Difference Vegetation Index (NDVI) values, obtained via remote sensing,
enable the assessment of the quality of reclamation measures, identification of high-productivity areas,
and detection of problem zones for devising effective methods to improve the ecological condition
of the studied site. Within the examined Andriikovetskyi quarry-dump complex, the successional
stages exhibited heterogeneity, with some areas remaining open without vegetation cover and others
characterised by early successional stages and sparse vegetation. The lowest NDVI values were recorded
in 2019 and 2022, while between 2020-2021 and 2023-2024, an increase in biomass productivity was
observed, with the extent of areas covered by dense and moderate vegetation growing. It was noted that
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this situation was caused by height differences, surface irregularities, water and wind erosion processes
(due to the absence of reclamation measures), instability of the sandy substrate, and a low capacity to
supply vegetation with sufficient moisture. The findings of the study highlighted the importance of
reclamation measures for post-mining areas and provided practical recommendations for the necessary
engineering and technical measures to restore the quarry-dump complex to conditions that are closer
to natural ones, promoting the spread of zonal species and self-recovery processes

Keywords: disturbed areas; NDVI; mineral extraction; vegetation; habitat conditions; reclamation,;

monitoring

INTRODUCTION
Since the beginning of the 21t century, a nega-
tive trend of increasing anthropogenic impact
on natural environmental components has been
observed, particularly in the last decade. Anthro-
pogenic influence contributes to the emergence of
significant areas of unauthorised landfills, pollu-
tion of soils and water bodies, a decrease in soil
fertility, and a reduction in productivity. Biodiver-
sity loss, a crucial component of the environment,
is also significant on a large scale.

As highlighted by M. Horun et al. (2019), a
primary driver of rapid biodiversity loss is the
“Great Acceleration”, a period beginning in 1950
characterised by a surge in human activities. This
era marks the onset of the Anthropocene, a new
epoch where humanity has become the dominant
force shaping climate change, biodiversity, and the
environment through deforestation, soil degrada-
tion, agricultural expansion, land degradation, and
landscape fragmentation. The existing network of
protected areas is insufficient to safeguard spe-
cies, habitats, and ecosystems. According to the
State cadaster of territories and objects of the na-
ture reserve fund (2024), as of 2023, the coverage
of protected areas was 6.91%, significantly below
the European average of 21%.

Reclamation activities are accompanied by
monitoring of the restoration process of disturbed
lands. Remote sensing systems, including aerial
imagery and unmanned aerial vehicles (UAVs), are
used to observe and predict changes in the state of
the studied area under the influence of anthropo-
genic factors. As noted by N. Mironova & B. Arta-
monov (2020), these systems are used to address
practical tasks related to spatially distributed data,
which are employed to ensure the environmental
safety of regions and their sustainable develop-
ment. The authors highlight several advantages of
remote sensing methods, including the ability to

cover large areas, obtain information on multiple
objects simultaneously, monitor areas in regions
that are difficult to access for field observations,
achieve a high degree of information generalisa-
tion, and transition from a discrete picture of the
values of natural environment indicators at indi-
vidual points within the study area to a continu-
ous map of the spatial distribution of these indica-
tors. According to Yu. Vikhot et al. (2022), the main
disadvantages of using remote sensing methods
include dependence on weather conditions (as
satellite imaging cannot occur during cloudy or
rainy weather). When employing unmanned aerial
vehicles, research time is limited by weather con-
ditions and the season, and GPS signals can be lost
or degraded. Additionally, the cost of specialised
software or sensors can be quite high.

In the context of monitoring post-mining ar-
eas, the obtained data can provide information on
the structure and composition of the study area,
the dynamics of changes in mining landscapes, and
can be used to assess the effectiveness of reclama-
tion stages (including agricultural and forest phy-
tomelioration), the spread of hazardous phenom-
ena or their consequences (landslides, erosion,
fires), and the identification of critical conditions
such as weed proliferation, vegetation thinning,
changes in moisture content, and precipitation lev-
els. Using remote sensing techniques and analys-
ing satellite data, scientists R.M. Shevchuk (2019),
V. Carabassa et al. (2021), and J.C. Padro et
al. (2022) have highlighted the importance of con-
ducting monitoring studies using remote sensing
for mining sites, investigating their condition
and changes, and identifying water erosion pro-
cesses in disturbed areas through remote sensing.

According to data obtained by P. Pro-
kop (2020), an assessment of long-term land
use was conducted, identifying the main factors
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contributing to land degradation, such as de-
forestation, reduction of pastures, stability of
arable land cultivation, population growth, ex-
pansion of water bodies, and mining activities.
Researchers M.K. Firozjaei et al. (2021) evaluated
the actual and potential impacts of mining on the
biophysical characteristics of the Earth’s surface.
Monitoring the Normalised Difference Vegetation
Index and other plant growth indicators using re-
mote sensing (Earth observing system, n.d.; Crop
monitoring, n.d.) can reveal critical conditions
and phenomena after biological reclamation or
during spontaneous recovery.

The study aimed to assess the condition of
the phytocoenoses in the post-mining areas of
the Andriikovetskyi quarry-dump complex by ana-
lysing Normalised Difference Vegetation Index
values over a five-year period, obtained using re-
mote sensing techniques. To achieve this aim, the
following tasks were undertaken: identifying the
main factors influencing vegetation recovery in
the quarry-dump complex and characterising the
structure of the mining-industrial landscape. The
study also involved zoning the area according to
prevalent vegetation types, outlining problematic
zones within the quarry-dump complex and deter-
mining the causes of their emergence, as well as
providing recommendations for further measures
to optimise the ecological state of the studied area.

MATERIALS AND METHODS
To assess the condition of the phytocoenosis with-
in the study, various methods were employed,
including field methods (transect method, aerial
photography, collection of herbarium samples),
scientific methods (analysis, synthesis), and sta-
tistical methods (statistical analysis of collected
data). Changes in the condition of disturbed are-
as were identified through monitoring the NDVI
(Normalised Difference Vegetation Index), one of
the most widely used indices for the quantitative
assessment of vegetation cover. This index was
used to analyse the characteristics of primary veg-
etation formation and the progression of succes-
sional stages for different vegetation types within
the Andriikovetskyi quarry-dump complex. The
NDVI data were systematised and analysed during
the active vegetation period (March to October)
from 2019 to 2023, based on the Crop Monitor-
ing system using Sentinel-2 satellite data. The
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findings allowed conclusions to be drawn regard-
ing the vegetation’s projected cover.

The Andriikovetskyi sand quarry-dump com-
plex is located near the village of Andriikivtsi in
the Rozsoshanska rural territorial community of
the Khmelnytskyi District in Khmelnytskyi Re-
gion. The designated study area of the quarry is
4.3 hectares. Extraction took place from 2006 to
2015, and the quarry is situated amid agricultur-
al land where maize and sunflower are cultivated.
The identification of the quarry-dump complex in
the geospatial context was conducted using GPS
coordinates. The results of monitoring topograph-
ical changes through UAV aerial photography led
to the creation of an elevation change map, which
depicts the lowest and highest points of the quarry
and highlights its differences from the surround-
ing agricultural landscape. Based on the aerial
photography, a map with a hypsometric profile
was generated, which facilitated the description
and identification of the main elements of the
mining-industrial landscape structure. The pro-
gression of primary succession is influenced by
factors such as the mechanical composition of the
soil, the physical properties of the surface layer of
sand, and the exposure of slopes and dumps, re-
flecting the edaphic conditions. The characteris-
tics of the sandy substrate affect the distribution,
anchoring, and germination of seeds, as well as the
subsequent spread rate of species.

Based on archival data and Geoinform Ukraine
(n.d.), the main characteristics of the substrate of
the Andriikovetskyi sand quarry-dump complex
were determined as of 2020 and 2022: physico-
mechanical properties, mineral composition,
chemical composition, and fine-grained fraction.
In terms of physicomechanical properties, the
sandy substrate is characterised by a dense struc-
ture, with a bulk density ranging from 1.3 g/cm3 to
1.41 g/cm3 and an average true density of 2.63 g/
cm?. The proportion of fine-grained fractions of
clay, silt, and mud varies from 2.4% to 19.9%. The
primary mineral composition consists of quartz,
with admixtures of potassium feldspar and glau-
conite. In terms of chemical composition, the
sandy substrate contains SiO, (which predomi-
nates over other compounds, ranging from 81.99%
to 86.03%), AlL,O, (alumina), and CaO (quicklime),
each with contents exceeding 3%, as well as Fe,O,
and K,0, both with contents greater than 1%,
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and TiO, and MgO, with contents up to 1%.
Plant names are provided according to the Inter-
national plant name index (n.d.) and the system
by S. Mosyakin & M. Fedoronchuk (1999). Species
with high invasive potential are indicated as per
V. Protopopova et al. (2002). The description and
identification of common species were conducted
under laboratory conditions based on the collect-
ed herbarium material.

RESULTS AND DISCUSSION
Post-mining areas, once mineral extraction has
ceased, exhibit a range of negative environmen-
tal impacts including degraded air quality, soil
contamination, depletion of natural resources,
reduced groundwater levels, and altered topogra-
phy. In such areas, segetal and ruderal species, and
highly invasive species rapidly proliferate, hinder-
ing zonal successional processes and contributing

to the decline and loss of biodiversity in adjacent
natural areas. Natural restoration can take decades
or even centuries or may not occur at all, as devas-
tated lands are low in productivity and have con-
ditions that differ significantly from those of sur-
rounding areas, preventing the colonisation and
formation of species-rich zonal phytocoenoses.

It has been established that within the stud-
ied sand quarry-dump complex, self-restoration
of the plant cover has occurred, accompanied by
noticeable plant differentiation. The phytocoe-
nosis significantly differs from those formed in
undisturbed natural areas. One of the factors in-
fluencing species distribution within quarry-dump
complexes is the heterogeneous conditions of the
edaphotope. The results obtained from surveying
the area using UAVs facilitated the construction
of a height change map for the quarry-dump com-
plex, as depicted in Figure 1.

Figure 1. Height change map of the quarry-dump complex

Source: created by the authors
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Figure 2. The scale of values for the measured
contrasts
Source: created by the authors

Research findings have revealed that the an-
thropogenic conditions within the quarry-dump
complex are characterised by significant eleva-
tion differences (the deepest point of the quarry
is 328 meters above sea level, located in the north-
eastern part, while the highest point is 340 meters
above sea level, with a height difference within the
quarry ranging from 15 to 20 meters), the presence
of large embankments in the southern and south-
western parts of the quarry, and steep, unvegetat-
ed sand walls and slopes (up to 80° in the northern
part, up to 70° in the central, northwestern, and
western parts, and more gentle, up to 40°, in the
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eastern and southeastern parts). The vegetation
zoning of the quarrydump complex during the pe-
riod from 2019 to 2023 and its current state (2024)
are presented in Figure 3.

Figure 3. Zoning of the study area

Note: Il - dense vegetation; - moderate
vegetation; - sparse vegetation; - bare soil.
Source: created by the authors

Based on in situ research, the primary struc-
ture of the mining landscape was determined,
taking into account the aforementioned anthro-
pogenic conditions: the quarry floor (bottom)
where clay-rich rocks have partially surfaced;
hilly areas; inclined surfaces; sandy-loamy dumps
and sandy-loamy areas that were not involved in
mineral extraction; ridge-like rock embankments,
micro-hilly surface areas and escarpments, es-
pecially the escarpment of exposed rocks (main-
ly fine-grained sand), as well as low-lying areas
and transitional areas with sufficient moisture.
Since no reclamation measures have been carried
out within this quarry, and the structure of the
quarry-dump complex differs significantly from
natural landscape conditions, the distribution of
species and the course of successional stages are
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heterogeneous, with some areas lacking or virtu-
ally devoid of vegetation cover.

At the beginning of the study, a significant
difference in the condition of the eastern part of
the quarry and its internal slopes was observed, as
they were subject to landslides and erosion, which
was recorded in satellite images. Meanwhile, in the
central and western parts of the quarry, the spread
of woody shrub species and herbaceous plants was
noted. By 2022-2023, zonal species had appeared
in the species composition of the phytocoeno-
sis. The presence of mesophytes and mesotrophs
among the zonal species indicates soil-forming
processes and access to the necessary nutrients.
Woody shrub species are common in depressions
with sufficient moisture, on the slopes of the
northern part, while in the micro-hilly escarp-
ments of the northwestern part, the distribution of
herbaceous-grassy plant communities with soli-
tary woody species was recorded. Within the asym-
metrical hollows of the central part of the quarry,
segetal and ruderal, and herbaceous vegetation
predominates with a moderate projective cover.

Over the study period from 2019 to 2024,
plant colonisation did not occur in certain are-
as, primarily the eastern part of the quarry and
the internal slopes of the western, north-central,
and north-eastern parts. However, the total area
of land with absent or nearly absent vegetation
cover decreased. Several monocarpic herbs ap-
peared, dominated by the pioneer species Tussila-
go farfara L., which is characteristic of the initial
stage of succession. A small number of polycarpic
herbs, represented by species of the genus Fabace-
ae, were also present, which will positively impact
the enrichment of the sandy substrate with nitro-
gen (Didur & Shevchuk, 2020). The largest area of
land not covered by vegetation or with insignifi-
cant projective cover — 1.08 hectares, accounting
for 25% of the total quarry area — was observed in
2022. The change in the area of vegetation-cov-
ered areas and areas with bare ground (sandy sub-
strate) is presented in Table 1.

Table 1. Changes in the area of vegetation-covered territories

Year 2019 2020 2021 2022 2023
Indicator Area, Area, Area, Area, o
ha In % e In% |Area,ha| In% ha In % ha In %
Dense vegetation Il 1.09 26 1.31 31 1.58 37 1.16 27 1.41 33
Dense vegetation 1.49 35 2.16 51 1.38 32 1.26 30 1.76 41
Biological Systems: Theory and Innovation, Vol. 15, No. 4, 2024 27
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Table 1. Continued

2019 2020 2021 2022 2023
Year
Indicat Area, Area, Area, Area,
ndicator = In % i In% |Area,ha| In% = In % ha In %
Moderate vegetation 1.22 28 0.56 0.97 23 0.77 18 0.79 18
Sparse vegetation [ | 0.36 8 0.19 0.26 6 0.88 21 0.29 7
Bare soil lll 0.11 3 0.05 0.08 2 0.2 4 0.02 1

Source: calculated by the authors

Analysis of the retrospective data over a five-
year period allows for the tracking of the dynamics

of plant biomass development. The average NDVI
values for the study period are depicted in Figure 3.

0,8
06 —e—2019
—&— 2020

0,4
— 2021
0,2 2022
0 2023

March April May June

July

August September October

Figure 4. Average NDVI values during the active vegetation period 2019-2023

Source: developed by the authors based on the study

An increase in the NDVI was recorded from
May to June, with peak values occurring in July.
The lowest values were recorded in 2019, which
is associated with the presence of larger areas
not covered by vegetation and landslides on the
slopes. The highest biomass productivity values
were obtained in 2020-2021: in July-August 2020,
the values reached 0.65-0.71; in 2021, 0.65-0.69.
However, in 2022, a sharp decline in plant biomass
productivity was recorded: during the period from
July to August, values were within the range of
0.53-0.56. In 2023, the situation improved — NDVI
values increased (0.62-0.7), as did the areas cov-
ered by dense vegetation (the area value in 2022
was 1.16 ha and 1.26 ha, in 2023 this value was
1.41 ha and 1.76 ha), however, despite the increase
in productive areas, landslides continue in the
eastern part of the quarry.

It has been established that within devastat-
ed lands, negative phenomena can occur, timely
identification of which will allow for the imple-
mentation of preventive measures or measures to
mitigate the consequences and continue the res-
toration of disturbed territories. The identification

of these factors is carried out through thermal
contrasts, which are recorded by infrared and
thermal spectra. Scientist S. Alpert (2024) has
substantiated that using the NDVI index, problem
areas with probable oil pollution sites can be iden-
tified in this way. In the case of the study of the
Andriikovetskyi quarry-dump complex, changes
in spectra have allowed for the determination of a
sharp decline in plant cover productivity, increas-
ing the area of bare ground and sparse vegetation.
After inspecting the territory of the sand quarry,
it was found that the decrease in productivity was
associated with the appearance of several fire
outbreaks, caused by possible spontaneous com-
bustion or arson of unauthorised landfills, which
spread to adjacent territories.

The pyrogenic factor poses a significant
threat and its monitoring is crucial not only in
human-disturbed ecosystems but also in natural
ones. Researchers Ye. Suetnov & A. Lazebna (2020)
have determined that in areas where landfills are
located, spontaneous combustion can occur due
to the disposal of waste in unauthorised sites,
the absence of proper waste disposal procedures,
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and the formation of biogas, the accumulation of
which in large volumes can lead to massive fires.
In the case of the studied quarry, the most likely
cause of fires is the intentional burning of waste
by humans for disposal purposes, as the size of
the formed landfills and the insignificant compo-
sition of organic waste are insufficient for the ac-
cumulation of excessive amounts of biogas and its
subsequent combustion. As noted by O. Mudrak &
D. Andrusiak (2022), the impact of the anthropo-
genic factor is decisive in the occurrence of fires.
Climatic conditions, highly flammable plants and
their dry residues play a crucial role, as they can
lead to the rapid spread of fires and increase the
risk of emergencies that are no longer dependent
on human factors. This is what happened within
the Andriikovetskyi quarry — due to the burning
of landfills, the fire spread to vegetation-covered
areas, resulting in a massive wildfire of dead wood.

Large-scale mining sites such as peatlands
are particularly susceptible to fires. According
to research by L. Lischenko et al. (2022), seasons
with the highest risk of fires and the primary
risks associated with anthropogenic factors were
identified: within the two study areas, fires most
frequently occurred in autumn (September-Oc-
tober). In the Andriikovetskyi quarry, a massive
fire broke out in July, during peak temperatures,
confirming the influence of climatic conditions
on the spread of fire in the study area. In some
areas, the spread of segetal and ruderal vegetation
was observed, including species such as Elytrigia
repens (L.)P. Beauv, Capsella bursa-pastoris L., Ar-
temisia absinthium L., Cirsium vulgare (Savi) Ten,
Tripleurospermum inodorum (L.) Sch. Bip, Erysi-
mum cheiranthoides L., Chenopodium album L., etc.
Some species have a high invasive potential (Sol-
idago canadensis L., Stenactis annuua L. Cass, Acer
negundo L., Amaranthus retroflexus L.).

As of 2023, the hilly and sloping surfaces, the
quarry floor, the rampart-like embankments, and
the sandy-loamy surfaces are dominated by ruderal
vegetation, herbaceous plants, grasses, and a small
number of woody species. The inner slopes are
characterised by the absence of phytocoenoses or
are covered with sparse herbaceous vegetation and
are subject to frequent landslides of sandy sub-
strate. The eastern part of the quarry is character-
ised by the almost complete absence of vegetation,
particularly within the sandy escarpment where
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unauthorised sand extraction occurs, and the sur-
rounding area — the monolithic sandy bottom and
individual sections of sandy-loamy spoil heaps. A
small amount of herbaceous vegetation is repre-
sented by species such as Astragalus onobrychis L.,
Tanacetum vulgare L., Pimpinella saxifraga L., Myo-
sotis micrantha Pall. ex Lehm, Taraxacum officinale
Weber ex F.H. Wigg. s. 1., is formed on the steep
slopes of the quarry, with Tussilago farfara L. as the
dominant species in the plant cover of this area.
The process of quarry restoration is directly de-
pendent on its location, the degree of disturbance,
the formed edaphic conditions, the type of rock and
its properties, as demonstrated by the results of
the study conducted on different types of quarries.

The overall condition of the quarry and its
vegetation cover has been assessed as satisfac-
tory. Similar findings were reported by I. Vor-
ovencii (2021), who investigated the state of areas
following reclamation efforts, noting the estab-
lishment of spontaneous vegetation and forest re-
generation over several years. The development of
vegetation cover has also been deemed satisfactory
within the titanium ore extraction site, as indicat-
ed by the results of an EIA conducted by B.V. Bo-
rysiuk et al. (2022). The identified biogeocenoses
of forests, meadows, and wetlands are considered
to be quite resilient and suitable for supporting
plant and animal life. However, it has been noted
that the forested areas are densely populated with
underbrush, which may adversely affect the over-
all biogeocenosis of the forest. A similar negative
factor has been identified in the studies of the An-
driikovetskyi sand quarry-dump complex, where a
significant number of segetal and ruderal species
are prevalent, thereby impacting the formation of
vegetation cover within the studied area and hin-
dering the spread of zonal flora species.

Y. Wang et al. (2022), through NDVI analysis
of a vacant lot with limestone soil, found that the
ecological condition of the area was improving but
only reached a moderate level of vegetation cov-
er, indicating the need for additional reclamation
measures. According to the obtained monitoring
results, a general improvement in the situation
has occurred within the Andriikovetskyi quar-
ry-dump complex; however, the situation within
the eastern part of the quarry remains unsatisfac-
tory, requiring restoration work. When studying a
limestone quarry in India, scientists V. Kumar &
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K. Yarrakula (2022) analysed data from 1997 to
2017 and found an increase in built-up and agri-
cultural areas, while natural water bodies and for-
est areas decreased. Within the studied Andriik-
ovetskyi quarry, on the contrary, using the NDVI
index, an increase in the total area covered by
vegetation was determined (indicating a sequence
of successional stages). However, destructive pro-
cesses within the quarry do not cease, and areas
of bare ground (sandy substrate) are still localised
within the study object. A similar situation was
found by scientists L. Suresh et al. (2021) in granite
quarries: within the study area, areas were found
where vegetation was destroyed and there are
areas of bare substrate, although vegetation was
preserved on most of the study area. Research-
ers A. Buczynska et al. (2023) found, through an
analysis of vegetation index values within brown
coal extraction quarries, a general improvement in
vegetation cover, except in a specific area in the
north-west, where a decrease in the vegetation in-
dex was observed. Within the eastern part of the
studied quarry-dump complex, a section with the
worst vegetation cover indices was identified, sig-
nificantly differing from the sections in the west-
ern, central, and southern parts.

In the studies conducted by S. Huang et
al. (2021), the overall trend of using NDVI and the
limitations of the method that may impact the
assessment of vegetation cover were examined.
The researchers noted that this vegetation index
would continue to be the dominant index for veg-
etation studies; however, its effective application
depends on the quality of the multispectral data
obtained and its subsequent interpretation. Fur-
thermore, the need for training users of NDVI was
highlighted to minimise uncontrolled usage of the
data acquired. An important factor identified for
the accurate recording and interpretation of data
is the influence of sensor and atmospheric effects.
During the analysis of data from the Andriikovet-
skyi quarry-dump complex, the atmospheric effect
was noted as the most frequently recurring factor
that hampers proper registration of remote sens-
ing data on certain days of the growing season.

Monitoring disturbed areas using remote sens-
ing is more effective when combined with other
research methods and measures that contribute to
improving the restoration processes of devastated
sites. Researchers V. Adjiski & V. Zubicek (2023)

combined the Google Earth Engine (n.d.). compu-
tational platform with Landsat time series data,
NDVI, the RandomForest (RF) algorithm, and
LandTrendr to monitor the impact of mining, rec-
lamation measures, and solar power plant activi-
ties at a coal mine from 1984 to 2021. In this study,
remote sensing monitoring was combined with in
situ research within the quarry, making it possible
to identify the prerequisites and trends in chang-
es in vegetation and landscapes in the study area,
characterise the factors influencing the formation
of vegetation cover at the time of the study, and
forecast possible ways to implement conservation
measures. The study has determined that the An-
driikovetskyi quarry requires a mining engineering
stage of reclamation (grading, slope stabilisation,
formation of slopes, covering with a layer of fertile
or potentially fertile soil, removal and disposal of
waste) using environmentally friendly methods to
bring the conditions of the quarry-dump complex
closer to natural ones, which will contribute to ac-
celerating zonal successional transformations.

CONCLUSIONS

Biodiversity is a crucial component of the natural
environment, and its preservation is a prerequi-
site for the sustainable development of any region.
Since 2014, theriskofitslosshasincreased,especial-
ly in heavily disturbed areas of mining landscapes,
necessitating the adoption of new technologies for
monitoring and observing the state of the envi-
ronment. Monitoring the NDVI index has enabled
the assessment of the condition of phytocoenoses
in the studied areas and the timely identification
of problem areas during reclamation or the mon-
itoring of self-recovery of post-mining territories.

Remote sensing results and the transect
method of the territory have confirmed that due
to elevation differences, surface irregularities, fre-
quent water and wind erosion processes (resulting
from the lack of reclamation measures), instability
of the sandy substrate, and its low ability to pro-
vide plants with the necessary amount of mois-
ture, plant differentiation has formed within the
quarry. Some areas within the eastern part of the
quarry are not covered by vegetation, while the
inner slopes of the western and central parts of
the quarry are characterised by the course of pri-
mary successional stages, distinguished by sparse
vegetation. In 2023, the total area of plots where
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primary colonisation by species did not occur de-
creased: the area of bare ground is 0.02 ha, which
is 5.5 times less than the values recorded at the
beginning of the study in 2019.

The sparse vegetation cover in transitional ar-
eas includes the appearance of ruderal and segetal
species, and species with high invasive potential,
such as Solidago canadensis L., Stenactis annuua L.
Cass, Acer negundo L., and Amaranthus retroflex-
us L., which may hinder the spread of zonal spe-
cies and the formation of stable phytocoenoses.
Continued monitoring will allow tracking the
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Measures aimed at the self-recovery of quarries
and the formation of vegetation cover will con-
tribute to the establishment of quarries as objects
that will represent natural zonal flora in the con-
text of biodiversity conservation and sustainable
development. Further research aimed at finding
and identifying similar objects in the geospatial
realm, determining ways to improve the condition
of disturbed areas, and ways of their further prof-
itable use is promising.
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AHoTrauiss. OgHUM i3 BUJIB aHTPONOTEHHOI AiSITBHOCTI JIOOWHM, SKUI CIPUYMHSIE HEraTUBHI
3MiHM TPUPOJHMUX YMOB CepeloBMIllAa Ta BTpaTy OiOpisHOMaHITTSI, € BUOOOYBaHHS KOPUCHUX
KOMaJIMH Y MeXkaxX Kap’€pHO-BiBaJbHUX KOMIUIEKCiB, SIKi MOTpe6yIOTh 3aXOfiB 3 BimMHOBJIEHHS
€KOJIOTiYHOI piBHOBATM IMic/is 3aBeplieHHsT BULOOYBHUX POO6IT. [TOMYK ONTUMAaTbHUX METOLIB [JIsI
BUSIBJIEHHS TIOPYLIEHUX AiMSTHOK, MOHITOPMHIY CTaHy Ta IMHAMiKM BiJJHOBJIEHHS BiTIpalbOBaHMUX
3eMeJib Y KOHTEKCTi 36epeskeHHsI Ta BimHOBIeHHS 6iOpisHOMAaHITTS, CTAHOBMB METY HOCJIiIKeHHS,
0Cc06JIMBO B YMOBaX HEJOCTYMHOCTI IJIsI IPOBEAEHHS] HAaTYPHUX AOCTi)KeHb Ta 3a HeoOXimHOCTI
CIIOCTEpEeskeHHs 3a KiJbKOMa 06’€KTaMM OHOYACHO. B cTaTTi mpencTaBieHO pe3yabTaTy OI[iHKU
CTaHy POCAMHHOIO MOKPUBY B MeXaxX MOPYIIEHMX BUIAOOYBAHHSIM KOPUCHMX KOIAJIMH TEPUTOPIiii
3a JIOTIOMOTOI0 3ac06iB JMCTAHIIITHOTO 30HAYBaHHST 3eMJIi. 3aCTOCOBAHO TaKi MeTOAM SIK HayKOBi
(aHasi3, cuHTe3), CTAaTUCTMYHA OOpoOKa AAaHMX, MapIIPyTHUIT MeTon. Bu3HaueHo, IO aHasi3
Ta MOHITOPMHTI 3HauyeHb HOpMaJsizoBaHoro audepeHlifiHoro BererariiiHoro iHmekcy (NDVI),
OTPUMaHUX 3aC06aMU AUCTAHLITHOTO 30HAYBAaHHS 3e€MJIi, Ja€ 3MOTY OIiHUTH SIKiCTb MMPOBEIEHNUX
3aXO0fiB i3 peky/JabTUBaIlii, BUSHAUMTY BUCOKOIPOAYKTHUBHI AiJITHKM Ta BUSBUTU MPOOIEMHI 30HU
IJIST TIOMIYKY e(deKTUBHUX METO[iB IMOKpAaUleHHS eKOJOTiUHOTO CTaHy AOC/TiIKYyBaHOI MiMSTHKMU.
B Mexkax moCHiaKyBaHOTO AHJPiiKOBEIbKOTO Kap'€pHO-BiIBaJbHOIO KOMIIJIEKCY Bif3HAuUE€HO
HEOIHOPiAHICTh Tepebiry cykieciiiHux cTamiit, Ha TepuTOpii JoKaNi30BaHi BiZKpUTI OiNsTHKM 6e3
POCJIMHHOTO ITOKPUBY Ta IiITHKMU, SIKi XapaKTepU3yI0ThCS ITepe6birom mepBUHHUX CYKIIeCiiTHUX CTa i
Ta PO3PiIKeHOI0 POCIMHHICTIO. 3adikcoBaHO HaTHMKYI mokasHuky NDVI B 2019 ta B 2022 pokax, y
nepion 3 2020 mmo 2021 pp. Ta 3 2023 no 2024 poxu Bigbynock 36iablIeHHS TPOLYKTUBHOCTI 6iomacy,
I1JIOIIA IiJISTHOK i3 I'YCTO Ta MOMipHOIO POCIMHHICTIO 36i/bIINMIaCh. Bil3Hau€eHO, 1110 JaHa CUTYyallis
CIIpMYMHEHAa HasBHICTIO IepenajiB BMUCOT, HEPiBHOCTEN MOBEPXHi, MpoliecaMy BOOHOI i BiTpoBoi
epo3ii (10 € HaCAiAKOM BiICYTHOCTi peKyJIbTUBALiiHMX 3aXOAiB), HECTAOIJIbHICTIO IilllaHOTO
cy6CcTpaTy Ta HU3BKOIO 3JATHICTIO MO 3a6e3reueHHS POCAMH HeOOXimHOIO KiJbKiCTIO BOJIOTH.
PesysnbTaTaMy MpPOBeNEHOTO MOCTiKeHHS MifKpecjeHO BaskKJUBICTb PeKyAbTUBAIiIHUX 3aXOJiB
MOCT-MaiiHiHTOBUX TEPUTOPIiii Ta HAJaHO IIPaKTUYHI peKoOMeHJallii 1010 MpOoBeIeHHSsT HeoOXiTHUX
iH)KeHepHO-TeXHIYHMX 3aXOMdiB [Jis1 HaGJIMKeHHSI YMOB Kap'€pHO-BiIBaJbHOTO KOMIIIEKCY [0
MIPUPOIHUX, IO CITPUSITUME MOV PEHHI0 30HAJbHUX BU/IiB Ta IIpollecaM CaMOBiJHOBJIEHHS

KntouoBi cioBa: nopyueHi reputopii; NDVI; Bug06yBaHHSI KOPUCHUX KOTMAIVH; POCAMHHICTD; YMOBU
MicCl[e3pOCTaHb; PeKy/IbTUBAILiSl; MOHITOPUHT
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