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Annotation. The purpose of this study is to analyze the temporal dynamics of the normalized
relative vegetation index (NDVI) in the territory adjacent to the city of Aktau, while simultaneously
assessing its potential as an indicator of the accumulation of heavy metals in the soil cover. The main
focus is on assessing the impact of anthropogenic activities on the marine area and the coastal zone
of the Caspian Sea, which is an ecologically significant and vulnerable natural system. Aktau city,
located on the coast of the Caspian Sea, is considered as a representative facility for conducting
comprehensive geoecological research. As part of field and laboratory work, the content of humus,
heavy metals, and other physico-chemical parameters of the soil was determined. Laboratory analyses
of the humus composition and chemical characteristics of the soil layer revealed that the increased
content of heavy metals in the upper soil horizon clearly correlates with the levels of anthropogenic
stress, which indicates a significant impact of anthropogenic factors on the environment.

Keywords: Monitoring, heavy metals, vegetation index NDVI, remote sensing of the Earth,
Mangystau region.

Introduction

The Caspian Sea is the world's largest enclosed body of water, located on the border of Europe
and Asia [1]. In recent decades, the region has faced increasing environmental problems caused by
the active development of the oil and gas industry, including the development of offshore fields and
the transportation of hydrocarbons. Significant pollution of the water area and coastal zone by
petroleum products and other man—made compounds, as well as erosion processes, lowering of
water levels and transformation of coastal ecosystems are caused, among other things, by the
construction of hydraulic structures - dams, canals and other infrastructure facilities. These processes
indicate the intensification of anthropogenic impact on a unique natural system and emphasize the
need for comprehensive geoecological studies aimed at assessing the current state of the environment
and predicting the consequences of further impacts [2].

The purpose of this study is to assess the impact of heavy metal pollution, in particular copper,
on the state of ecosystems in the coastal zone near the village of Shapagatova village (Mangystau
region) using methods of geoinformation analysis and remote sensing data.

The soil cover is the main medium of accumulation of heavy metals coming from the
atmosphere and hydrosphere. The largest amount of these pollutants accumulates in the humus
horizon, where they enter into stable chemical bonds with various soil components —
aluminosilicates, non-silicate minerals, and organic matter. Characteristics such as humus content,
acid-base balance, redox potential, sorption capacity and the level of biological activity of the soil
play a key role in the retention and migration of heavy metals. These parameters determine the degree
of metal fixation in the upper soil horizon, reducing their mobility and potential toxicity to biota.
Nevertheless, mobile forms of heavy metals that retain the ability to migrate vertically pose a serious
environmental threat [3]. The research results indicate that the concentrations of heavy metals in the
upper layers of the soil are a reliable indicator of the degree of anthropogenic impact on the
environment [4].

Materials and methods

The purpose of this work is to conduct a comprehensive geoecological study, including an
analysis of the temporal dynamics of the normalized relative vegetation index (NDVI) in Aktau city,
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in order to assess its applicability as an indirect indicator of the accumulation of heavy metals in the
soil cover. Additionally, the impact of anthropogenic activity on the marine water area and the coastal
zone of the Caspian Sea, one of the most vulnerable natural objects in the region, is being investigated.

Field studies were conducted in a narrow coastal zone of the Caspian Sea near the village of
S. Shapagatova (Mangystau region, Republic of Kazakhstan) using a route method. As part of the
expedition work, four research sites were allocated: RS-1, RS-2, RS-3 and the RS-4 control site. Soil
sampling was carried out in 2019 and 2021.

Five-point samples were taken at each of the four sites, totaling 20 samples. Samples were
taken from a depth of 5-20 cm in accordance with GOST 17.4.4.02-84. All samples were taken within
one day to minimize the influence of weather and time factors. The soil samples were dried to an air-
dry state at room temperature, sifted through a sieve with a hole diameter of 1 mm and combined into
composite samples for further analysis.[5]

A complex of laboratory analyses was carried out, including the determination of the
following soil characteristics: humus content, color of soil material, granulometric composition, total
nitrogen content, content of mobile forms of potassium and phosphorus, mobile compounds
characteristic of carbonate soils, as well as other physico-chemical parameters. The method of atomic
absorption spectrometry using the MGA-915M installation in an accredited laboratory of Accu Test
LLP was used to determine the content of heavy metals. The mobile forms of the following metals
were determined: lead (Pb), nickel (Ni), chromium (Cr), mercury (Hg), vanadium (V), copper (Cu),
iron (Fe), zinc (Zn). The data obtained were compared with the established maximum permissible
concentrations (MPC) according to regulatory documents [6].

Characteristics of research sites

RS-1 is located near the village of Akshukyr, at a distance of 303.65 m from the coastline of
the Caspian Sea.

RS-2 is located along the Aktau — Fort Shevchenko highway, at a distance of 1,635.1 m from
-1, near an open warehouse of mineral fertilizers and building materials.

RS-3 is located in the area of private residential development in the village of Shapagatov, at
a distance of 2135 m from RS-2.

RS-4 (control site) is located at a distance of 9578 m from RS-3 and is used to assess the
background state of the environment, minimally affected by anthropogenic impact.

The location of the soil sampling points is shown in Figure 1. The map was compiled in a GIS
environment using the QGIS software.

1“‘

Figure 1 — Soil sampling points
Methods of geoinformation technology
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The Sentinel Hub platform was used via the EO Browser web interface to obtain and pre-
analyze remote sensing data. The satellite images were selected based on a cloud cover criterion of
no more than 30%, which ensured high-quality visualization of the Earth's surface. Multispectral
images obtained from the Sentinel-2 spacecraft with a spatial resolution of up to 10 meters were used
as the source [7].

Satellite data processing, calculation of the NDVI vegetation index, and visualization of the
results (including mapping the location of soil sampling points in Aktau) were performed in the QGIS
3.32 software environment.

Vegetation status was analyzed using the normalized relative vegetation index (NDVI),
widely used in ecological, geographical, and agroecological research. NDVI was calculated using the
standard formula:

NDVI = NIR — RED/NIR + RED, (1)

where NIR is the reflectivity in the near infrared range,
RED is the reflectivity in the red range of the spectrum.

This index makes it possible to quantify the level of vegetation productivity and can be used
as an indirect indicator of the ecological state of the territory, including when monitoring man-made
impacts [8].

The results of the calculation of the normalized relative vegetation index (NDVI) are presented
as numerical values ranging from -1 to +1. These values reflect the degree of vegetation development
in the study area. High NDVI values (close to +1) indicate the presence of dense, physiologically
active vegetation, while low values (close to -1) indicate the absence of green vegetation and the
presence of water surfaces, artificial objects or an exposed substrate. Values approaching zero
correspond to areas with sparse vegetation or open soils and soils.

The NDVI calculation was performed on the basis of Sentinel-2 satellite data, using
reflectivity values in the near—infrared range (channel 8 - NIR) and the red spectral range (channel
4 — RED).

Based on the calculated values, an NDVI spatial map was constructed, visualizing the degree
of vegetation development in the studied area [8].

To assess the condition of the vegetation cover and its potential connection with soil
contamination with heavy metals, a coastal area was selected within the city limits of Aktau, including
a soil sampling zone. The total area of the analyzed territory was 462.52 km?.

Research results and their discussion

In the study area near the village of Akshukyr, along the direction to Aktau airport, brown
desert soils typical of arid conditions prevail. In the subsurface horizons, at depth, the presence of a
saline layer is recorded, which indicates a transition to saline and saline soil types.

The results of a soil analysis conducted in 2019 [9] showed that the humus content in the upper
horizon varies from 1.18 to 2.62%, while in deeper layers the humus concentration decreases to 0.42—
0.97%. The level of soil nutrient availability remains relatively low.

The content of mobile phosphorus in the surface horizons ranges from 515.17 to 2004 mg/kg,
and the content of carbonates is in the range of 1.77-3.11%. The total nitrogen content varies from
0.26 to 0.39%.

The granulometric composition affects the cation exchange capacity, which varies in the range
from 9.62 to 32.15 mg-eq/100 g. The composition of the soil-absorbing complex (SAC) is dominated
by exchangeable magnesium, which makes up 40-80% of the total amount of absorbed cations, which
is typical for soils exposed to salinity and carbonate exposure.

The reaction of the soil medium varies from neutral to slightly alkaline, with the pH values of
the aqueous extract in the range of 6.85-7.41.

The physico-chemical characteristics of the studied soils are presented in Table 1, based on
monitoring data from 2019 [10].
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Table 1 — Physico-chemical properties of the soil of research sites in 2019

Physico-chemical characteristics of the Research sites (monitoring of soil conditions)
. RS-1 RS-2 RS-3 RS-4
(background)
Humus, % 1,18 1,39 1,47 2,62
Total nitrogen, % 0,26 0,34 0,39 0,27
Phosphorus (gross), mg/kg 1660,3 472,5 515,17 2004
Carbonates, % 3,11 1,77 1,82 2,75
Exchange capacity, mg-eq/100 g 9,62 22,85 24,15 32,15
Exchangeable calcium, mg-eq/100 g 1,5 4 5 1,3
Exchangeable magnesium, mg-eq/100 g 7,11 17 18,45 11,7
Exchangeable sodium, mg-eq/100 g 0,61 0,93 0,97 16,13
The sum of the salts 0,57 1,06 1,3 0,2
pH 7,39 7,1 7,41 6,85

According to the data presented in Table 2, the content of organic matter in the upper soil
horizon of the study area in 2021 ranged from 1.19 to 2.63%. The level of nutrient availability remains
low: the concentration of mobile phosphorus ranges from 473.4 to 2003.8 micrograms/kg, the content
of carbonates is from 1.78 to 3.13%, and the total nitrogen content is from 0.24 to 0.41%.

The dependence of the cation exchange capacity on the granulometric composition is noted:
with a heavier soil texture, the ability to exchange increases. The value of the cation exchange
capacity (CEC) varies in the range from 9.65 to 32.19 mg-eq/100 g. The structure of the soil-
absorbing complex (SAC) is steadily dominated by exchangeable magnesium, accounting for 40-80%
of the total exchange capacity.

The reaction of the soil medium is characterized as neutral or slightly alkaline, with pH values
of the aqueous suspension in the range of 6.87—7.63.

A comprehensive analysis allows us to characterize the soils of the studied territory as poorly
enriched with organic matter, with an alkaline reaction, signs of salinization and reduced resistance
to anthropogenic impact, which is confirmed by data from previous studies [11].

The analysis of the physico-chemical properties of the soil environment in the study area
indicates a low content of organic matter, an alkaline reaction of the soil solution, a tendency to
salinization, as well as a low resistance of soils to anthropogenic impact. These characteristics reduce
the buffering and self-cleaning properties of soils, increasing their vulnerability to the accumulation
of pollutants.

Table 2 — Physico-chemical properties of soils of the studied sites in 2021
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Physico-chemical characteristics of the soil Research sites (monitoring of soil conditions)

RS-1 RS-2 RS-3 RS-4

(background)

Humus, % 1,19 1,41 1,48 2,63
Total nitrogen, % 0,24 0,36 0,41 0,28
Phosphorus (gross), mg/kg 1662 4734 516,15 2003,8
Carbonates, % 3,13 1,78 1,84 2,77
Exchange capacity, mg-eq/100 g 9,65 22,89 24,89 32,19
Exchangeable calcium, mg-eq/100 g 1,7 4,2 5,2 1,4
Exchangeable magnesium, mg-eq/100 g 7,12 17,2 18,5 11,8
Exchangeable sodium, mg-eq/100 g 0,63 0,95 0,98 16,29
The sum of the salts 0,59 1,07 1,33 0,24
pH 7,42 7,52 7,63 6,87

Taking into account the potential environmental hazard of heavy metals, monitoring of their

concentrations in the soil cover should be based on the regulatory values of maximum permissible
concentrations (MPC). The results obtained can serve as a basis for long-term monitoring of the state
of the environment, as well as for the development of programs to reduce the anthropogenic load,
including measures to rehabilitate disturbed areas and control pollution sources [12].
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Figure 2 — The presence of heavy metals in the soil in 2019

At the RS-2 site, located near the highway and an open warehouse of road construction
materials, an excess of nickel content to 1.32 of the maximum permissible concentration (MPC) was
recorded. This excess is most likely due to the use of various storage tanks for paint and varnish
materials at the facility, as well as the operation of heavy-fuel vehicles (including tractor equipment
running on fuel oil). At the same time, the zinc concentration at this site remains within the regulatory

limits.
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The analysis of the arsenic content showed an excess of the maximum permissible
concentration in all the studied sites, including the RS-4 control site, where the maximum value was
noted. This fact may be due to the natural geochemical features of the Mangystau region, where the
processes of arsenic accumulation and migration are of a natural rather than exclusively man-made
nature.

The cadmium level on RS-2 also exceeds the regulatory threshold, reaching 1.88 MPC, which
is probably due to the activity of diesel vehicles used in the storage and transportation of construction
materials.

For chromium in all the studied areas, the values remain within the MPC, which indicates the
absence of significant sources of supply of this element at the time of the research.

Excess lead content was also recorded at RS-2, which can be explained by exposure to exhaust
fumes from vehicles, including specialized equipment (graders, tractors, etc.) operating near the site
under study.

Thus, the RS-2 site, characterized by its proximity to transport infrastructure and man-made
facilities (open warehouse, highway), demonstrates the highest degree of heavy metal pollution. At
the same time, the RS-4 control site conditionally retains the environmental condition closest to the
background, despite the excess concentration of arsenic caused by natural factors.
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Figure 3 — The content of heavy metals in the soil in 2021

A comparison of data on the content of heavy metals in soils for 2019 and 2021 showed a
downward trend in the concentration of copper in most of the studied sites. In particular, an excess of
0.2 MPC copper content was recorded at RS-3, which may be due to the residual impact of economic
activity, despite the overall reduction in anthropogenic load caused by restrictions during the COVID-
19 pandemic.

The highest concentrations of copper, nickel, zinc, arsenic, cadmium, chromium and lead were
also recorded at this site compared to other studied sites. This is probably due to the presence of
private residential development, as well as activity in the field of small-scale construction and
industrial activities, accompanied by emissions of harmful substances.

A significant decrease in copper and chromium concentrations was noted at RS-2 —
approximately 2.5 times compared to 2019. This trend is apparently related to the temporary cessation
of the storage of building materials near the site during the restrictions imposed in connection with
the pandemic. A similar decrease was recorded for cadmium, arsenic and nickel, which indicates a
temporary reduction in the anthropogenic impact on the soil cover. In order to spatially assess the
state of vegetation, an analysis of remote sensing data obtained using the Sentinel-2 satellite was

carried out. A total of 11 multispectral images were processed, including 5 images for 2019 and 6
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images for the spring period of 2021. The images were selected based on the criteria of minimum
cloud cover and maximum phase activity of vegetation (spring growing season), which allowed for a
reliable assessment of the ecological condition of the territories.

The calculation of the normalized relative vegetation index (NDVI) showed the dynamics of
decreasing vegetation productivity in a number of areas. A comparative analysis of the NDVI over
the years revealed changes in the state of vegetation, which can serve as an indirect indicator of
changes in the ecological state of the soil cover. Given that vegetation reacts sensitively to
concentrations of pollutants in the soil, NDVI indicators can be used to monitor ecosystem
degradation and restoration processes.

According to the analysis, a significant part of the studied territory corresponds to the
categories of degradation, environmental risk and crisis status according to NDVI values. Thus, the
quality of vegetation cover can be considered as an integral bioindicator of the ecological state of
soils, including the accumulation of chemicals, in particular heavy metals.

Figure 5 shows the scale of NDVI values with the corresponding color coding used for
interpreting satellite images.

A0 0

B

The analysis of remote sensing data, based on the processing of 11 satellite images,
demonstrated significant changes in the state of vegetation cover in the study area over the period
2019-2021.

In 2019, the values of the normalized relative vegetation index (NDVI) ranged from 0.5 to
0.6, which indicates a high productivity of vegetation and a relatively favorable condition of the soil
cover. At the same time, in 2021, there is a decrease in NDVI values to the range of 0.3-0.4, which
reflects the deterioration of vegetation and the possible intensification of soil degradation processes.

Figure 3a shows a satellite image from April 26, 2019, demonstrating a higher density and
quality of vegetation cover in the study area. On the contrary, Figure 3b (dated April 15, 2021) clearly
shows a decrease in the area and density of green vegetation, which correlates with a decrease in
NDVI values.

The decrease in the NDVI index in 2021 indicates unfavorable changes in ecological and
geochemical conditions that contribute to the deterioration of soil conditions and a decrease in their
bioproductivity. These processes can have cumulative effects and long-term consequences, especially
in the context of ongoing anthropogenic impact.

The primary data on the normalized vegetation index (NDVI) obtained for the study area
indicated a high density and biological activity of vegetation cover. In particular, in the RS-1, RS-2,
and RS-3 sites, during the initial observation period, the NDVI values ranged from 0.5-0.7, which
corresponds to a healthy vegetation cover with active photosynthetic activity.

However, during repeated monitoring conducted in 2021, a sharp decrease in NDVI values
was recorded, up to zero or negative values at all research sites. Values close to 0 reflect the absence
of active vegetation, the presence of heavily degraded cover, or its complete disappearance.

Such a significant decrease may be due to a number of adverse factors, including:
accumulation of heavy metals in the soil and disturbance of its chemical balance; hydroclimatic
anomalies such as drought; phytopathological processes (plant diseases); intense anthropogenic
impact, including man-made pollution, mechanical destruction of the soil and infrastructural
construction.

Figure 4 —- NDVI discrete scale
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a) 26.04.2019 b) 15.04.2021

Figure 5 — Satellite image with the NDVI index

A sharp drop in NDVI values to critical levels is an ecologically alarming indicator indicating
a disruption in the functioning of plant communities and possible ecosystem degradation. In this
regard, additional diagnostics of the causes of the processes and the development of measures for the
restoration of vegetation cover are necessary, including measures for the rehabilitation of
contaminated soils, control of sources of anthropogenic impact and restoration of the natural
environment.

Conclusion

The results of a comprehensive analysis conducted in 2019 and 2021 indicate the presence of
significant soil contamination with heavy metals within the studied territories, with particular
attention being paid to copper, which demonstrates the highest concentrations among the studied
elements.

The suspected sources of increased copper content are industrial emissions, including the
activities of metallurgical and chemical enterprises, the production of electronics, as well as
wastewater and the use of medicinal agrochemicals in agriculture. Elevated copper levels in the soil
environment can have a toxic effect on plants, disrupting physiological processes.: causing chlorosis,
inhibition of root system growth, disruption of photosynthesis, as well as a decrease in total biomass
and vegetation productivity.

At the early stages of the study, a possible correlation was assumed between the copper
concentration and the values of the NDVI (Normalized Difference Vegetation Index), a spectral
indicator sensitive to changes in the health and density of vegetation cover. It has been established
that high levels of copper can lead to a decrease in NDVI, which confirms its potential as an indicator
of anthropogenic degradation of soil and vegetation cover.

The dynamics of observations over the period 2019-2021 demonstrates a decrease in the
number of sites exceeding the maximum permissible concentration of copper, which may be due to a
number of factors: the transition to more environmentally friendly technologies, improved filtration
and purification systems for emissions, stricter environmental regulations and standards, and a
decrease in industrial activity amid the COVID-19 pandemic.

Thus, copper and other heavy metals pose a serious environmental threat, having cumulative
and long-term effects on soil and plant systems. This highlights the need for regular monitoring of
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heavy metal content in soils, as well as the use of GIS and remote sensing methods, including NDVI,
as tools for rapid environmental assessment.

To minimize environmental risks, it is necessary to develop and implement comprehensive
man-made pollution management measures, including technological innovations, regulatory
regulation and an ecosystem approach to environmental protection. The implementation of such
strategies will contribute to the sustainable development of the regions and increase environmental
safety.
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U3YUEHUE BPEMEHHON JUHAMUKU UHIEKCA NDVI HA TEPPUTOPUUA
BBJIM3U I'OPOJJA AKTAY

Kupseas U.H.
ITomopckuii yausepcurer, Ciynck, [lonbia
e-mail.ru: kirviel@yandex.by

AHHoTanus. llenpl0 NaHHOTO HCCIENOBaHUS SBISETCS aHAIM3 BPEMEHHOM IUHAMHMKU
HOpPMAJIM30BaHHOTO  OTHOCUTENIBHOrOo pactutenbHoro wuHaekca (NDVI) wHa Teppurtopum,
npuiieraiomed Kk ropoay Akray, ¢ OJHOBPEMEHHOW OLEHKOH €ro moTeHIMajla Kak HHJIUKaTopa
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HAaKOIUICHUS TSDKENIBIX METAJNIOB B MOYBEHHOM NOKpoBe. OCHOBHOE BHHMAHHE YAENSAETCS OLICHKE
BO3JICHCTBUSI AHTPOIOTCHHON JEATEIPHOCTH HAa MOPCKYIO aKBAaTOPHIO M TMPUOPEKHYIO 30HY
Kacnuiickoro Mops, KOTOpoe ABISETCA SKOJOTMYECKH 3HAYMMOM U YSI3BUMOM TPUPOJHOM CUCTEMOIA.
I'opon Akrtay, pacnosioxeHHbIH Ha noOepexbe Kacmumiickoro Mops, paccMaTpuBaeTcsi Kak
pEeNpe3eHTaTUBHBIN 00BEKT AJIs MPOBEACHUS KOMIUIEKCHBIX I€0IKOJIOIMYECKUX HccieloBaHui. B
paMKax TOJEBBIX W JIAOOPATOPHBIX pabOT OBLIO OIPEACIICHO COJACPXKAHUE TyMycCa, TSKEIBIX
METAJJIOB U JIPYTUX (DU3UKO-XMMHYECKHX IapaMeTpoB IMOuBbl. JlabopaTopHble aHAJIM3bl COCTaBa
rymyca U XMMHYECKUX XapaKTEPUCTUK MOYBEHHOT'O CJIOS MMOKA3aJlH, YTO MOBBIIIEHHOE COJIepKaHue
TSKEJIBIX METAJUIOB B BEPXHEM FOPU30HTE MOYBBI YETKO KOPPEIUPYET C YPOBHEM AHTPONOT€HHOU
Harpy3kd, 4YTO CBHUJCTEIBCTBYET O 3HAYUTEIBHOM BO3JCHCTBHUH AHTPONOTEHHBIX (DAaKTOPOB HaA
OKPY’KaIOILYIO Cperdy.

KirwudeBbie cjioBa: MOHUTOPHUHI, TSDKEIbIE METAJUIbl, BEreTallMOHHBIA HHAEKC NDVI,
JTUCTaHIIMOHHOE 30HAUpOBaHKEe 3emiid, MaHrucrayckasi 00JacTh.

AKTAY KAJIACBIHBIH MAHBIHJIAFBI AYMAKTA NDVI WHIEKCTHTH
YAKBITIIA TMHAMWKACKIH 3EPTTEY

Kupseas U.H.
ITomop ynusepcureri, Ciyrnck, [loasma
e-mail: kirviel@yandex.by

Anparna. byn 3eprreyniH MakcaTsl AKTay KajacblHa iprefiec ayMaKTarbl HOpMallaHFaH
canpIcThipMansl ociMaik uHAekciHiH (NDVI) yakpiTmia auHamMukachlH Tangay OOJbIT TaObLIAbI,
COHBIMEH Oipre OHBIH OJICYETiH TOIBIPAK >KAMBUIFBICBIHAA ayblp METAIIAPIbIH IKHHAKTATY
MH/IMKATOpBI peTiHje Oaranay OoJbI TaObUIaAbl. DKOJOTUSIIBIK MaHbI3/Ibl XKOHE Ocall TAOUFH Kyiie
6o TabbuTaThIH Kacruii TeHi3iHIH TEeHI3 aKBaTOPHUSICHl MEH JKarajnay aiMarblHa aHTPOIIOTECHIIK
KBbI3METTIH ocepiH Oaranmayra OacThl Hazap aynapbuiafgel. Kacnuil TeHiI3iHIH JKarajaybIHAa
OopHaJlacKaH AKTay KaJlachl KEIIEH/I T'€0dKOJIOTHSUIBIK 3EPTTEeyJep KYPrizy YIIiH OKUIIIK 00bEKT
peTiHae KapacThlpbulaibl. JlajmaiblK >KOHE 3epPTXaHAJBIK JKYMbBICTAp asChbIHAA T'YMYCTBIH, aybIp
METaJIap/IbIH JKOHE TOIBIPAKTHIH 0acka (hM3MKa-XUMHUSIIBIK ITapaMeTpiIepiHiH KypaMbl aHBIKTAJIIbI.
I'yMyCTBIH KypaMbIH ’oHE TOIbIpaK KaOaThIHBIH XUMUSUIBIK CUITaTTaMalapblH 3epTXaHaJbIK Tajllay
TOTIBIPAKTHIH JKOFAPFBl TOPU30HTBIH/IAFBI AYBIP METAJIAP IbIH KOFAPbLIAYhl aHTPOTIOTCH/IIK KYKTEME
JIeHreiMeH HaKTbl KOppesLUsIaHFaHbIH KOPCETTI, OyJ1 aHTPOIOreH ik (haKTOpJIap/IblH KOpIIaFraH
opTara auTapJbIKTall acepiH KepceTel.

Tyiiin ce3aep: MOHUTOPHHI, ayblp Mertanaap, NDVI Bererauusnblk WHIEKCI, >Kepai
KaIIBIKTBIKTAaH 30H1Tay, MaHFBICTay OOJIBICHI.
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