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Abstract

This article explores the use of artificial intelligence (Al) technologies for detecting and preventing cyber
threats. With the advancement of the digital age, the number and complexity of cyberattacks are increasing.
Traditional methods often fall short in countering these threats, highlighting the need for modern approaches.
Al technologies enable cybersecurity to reach a new level by rapidly processing large volumes of data,
detecting anomalies, and proactively responding to attacks. The main objective of the article is to evaluate the
effectiveness of Al technologies and propose ways to integrate them into modern cybersecurity systems. The
study utilized machine learning algorithms and data processing methods to analyze their accuracy and speed
in detecting attacks. The findings demonstrated the superior efficiency of Al tools compared to traditional
methods. This work contributes to research in the field of cybersecurity and aims to unlock new opportunities
for protecting informational infrastructure. Additionally, the article discusses potential challenges in
implementing these methods and solutions to address them.
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Abstract

The article examines the dynamics of coastline changes in the Northern Caspian Sea from 2016 to 2024 based
on remote sensing and cartographic data. It identifies key transformation directions, highlighting areas of active
erosion and accretion. The study considers natural and anthropogenic factors influencing these changes,
including fluctuations in sea level, climatic conditions, and economic activities. The results help assess the
environmental and socio-economic consequences of coastal zone transformation. Additionally, the study
provides recommendations to mitigate negative impacts on the Northern Caspian Sea ecosystem, aiming to
balance environmental sustainability with human activities in the region. The findings contribute to better
coastal management and long-term ecological preservation.
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Introduction

The western part of the modern Republic of Kazakhstan, known as the Caspian Sea, is located in the
Kazakh steppe and covers the territories of Atyrau and Mangystau regions, as well as the northern
and middle waters of the Caspian Sea. This region is located within the coordinates 41°20'-49°15'
north latitude and 47°05'-56°45' east longitude, referring to the fourth time zone. The land area of the
territory is 278.6 thousand km?, and the water area of the Caspian Sea stretches from west to east for
720 km and from south to north for 880 km. The coastline of Kazakhstan along the Caspian Sea is
about 2.3 thousand km long. The geographical appearance of the Caspian region includes steppes,
sultry semi-deserts, winding rivers with moderate currents, steep chalk slopes, steep dry channels,
arid wastelands, ancient gently sloping mountain ranges and vast plains. In addition, there are low
gentle mountains covered with pine forests on its territory. Due to the unique natural conditions of
the Caspian region, the Turkic terms «takyr» and «sor» have entered the geographical science,
denoting specific types of landscape characteristic of this area [Mamaeva N., 2023: P.64].

Main body

The coast of the Caspian Sea is located in the western part of the country, bordering Atyrau and
Mangistau regions. There are several large settlements in the Caspian lowland. In general, on the
coast of the Caspian Sea, according to statistics for 2023, the population of the Caspian region of
Kazakhstan, including the Mangystau and Atyrau regions, is about 1.1 million people. About 800
thousand people live in the Mangystau region, and about 660 thousand people live in Atyrau region.
These regions are actively developing due to the oil and gas industry, attracting labor, contributing to
population growth in the cities of Aktau and Atyrau, the main centers of the region. Of particular note
are the cities of Aktau, Atyrau, Fort Shevchenko and Kuryk, large settlements. Aktau is a city in the
south-west of Kazakhstan, the center of the Mangystau region. Aktau is an important center of the oil
and gas industry, a transport hub and port, as well as a popular tourist attraction. Atyrau is another of
the major cities located on the coast of the Caspian Sea. Atyrau city is the administrative center of
Atyrau region, located in the west of Kazakhstan, along the Zhaiyk River. The city was founded in
1640. Fort Shevchenko is a small town in the north of Aktau with a population of about 6,371 people.
Thanks to historical monuments and museums, the city has cultural significance. Kuryk is a village
located in the south of Aktau, with a population of about 12,000 people. Kuryk is an important
transport point due to the port providing ferry service across the Caspian Sea. These cities play an
important role in the region's economy, primarily in the oil and gas industry and marine logistics
[Ivkina N. et al., 2023: P.91].

The entire negative relief form of the Caspian territory is occupied by the Caspian lowland, and its
surface is covered with sands (Naryn, Mynteke, Taisoygan, Karakum, Sam), valley landscape
(Zhaiyk, Oyl, Sagyz, Zhem), salt marshes (Oli, Koltyk, Tentexor, etc.) and numerous takyrs. There
are erosive depressions and dry channels between sandy and barren massifs, the Inder Mountains, the
Imankara and Koikara ranges stand out. The highest point of the northern coast of the Caspian Sea is
Zheltau with a height of 221 m, located in the extreme southeast of Atyrau region. The southern part
of the region is characterized by a more elevated relief, where the spurs of the Turanian lowland are
located, represented by the Mangystau Mountain Plateau. The terrain of the territory includes a
variety of shapes: small hills, gentle mountains of medium height, flat spaces, territorial basins, as
well as areas of mantled sands. The highest point of this region is 556 m, and Karakiya (132 m below
sea level) is the deepest depression in the country.

The most extensive part of the land is the Tupkaragan Peninsula, which is located in the Caspian Sea
with a width of about 40 km and a width of 60 km. The surface of the peninsula is rocky, with an
absolute height of 156-203 m. The underwater and water surface of the shores is rocky and steep. In
terms of physical and geographical conditions, the Caspian Sea is conditionally divided into three

41



Eurasian Scientific and Methodological Journal “East-West” (2025) Ne 4(8) December

parts: the North Caspian Sea (25% of the sea area), the Middle Caspian Sea (36%), and the South
Caspian Sea (39%) (Figure 1) [Kudryavtseva N. et al., 2019: P.230].
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Figure 1. Physical Map of the North Caspian Sea
Note: compiled based on the data [Nacional'nyj atlas RK, 2010]

The terrain is flat, with low hills, the valley is uneven, the plain with sandy and salt lakes. Basically,
it is a very flat, sometimes filled space with drainage gullies. Frost, whose temperature changes
rapidly, is characterized by windiness, low rainfall and severe continental weather. The maximum air
temperature ranges from +36°C to +46°C. The air temperature above +10°C lasts up to 170-180 days.
Since the second half of December, the ground has been covered with solid snow. Lasts up to 69-95
days. The average snow thickness does not exceed 10-15 cm. The animal habitat area belongs to a
dry and arid area. The annual rainfall reaches 137-200 mm. About 900-1000 mm of water evaporates
from the sea surface per year.

It consists of the lower reaches of the Zhaiyk River, the eastern branches of the Yedil delta (in the
region of Kazakhstan) and Zhem, Sagyz, Oyil, the bed of which is filled with water only in spring.
The Zhaiyk is considered the largest transit and unregulated river in Kazakhstan with reservoirs in
the middle and lower reaches of the Caspian basin.

Materials and methods

The exploration of the Caspian Sea began in the last century, but systematic scientific work was
initiated by Peter the Great in 1714-1715. The first detailed study of the eastern coast of the Caspian
Sea was conducted by an expedition led by A.Bekovich-Cherkassky. In the second half of the 18"
century, I.F. Soymonov carried out hydrographic studies of the sea. At the beginning of the 19%
century, thanks to the works of A.E.Kolodkin, the coast of the Caspian Sea was mapped for the first
time. In the period 1904-1915, large-scale hydrological and hydrobiological expeditions aimed at
studying the marine processes of the Caspian Sea were organized under the leadership of
N.M.Knipovich. In general, research on the Caspian Sea became widespread after the October
Revolution. Since the Caspian Sea connects 5 states, the research in it was not stopped only by
scientists-geographers of the USSR. In 1995 a meeting of united representatives of the Caspian littoral
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states was held in Tehran. The meeting was based on the development of the concept of environmental
sustainability of the Caspian region and management of the use of its resources, but in practice any
environmental program is complicated by the increasing importance of its importance as a large oil
and gas region [Nacional'nyj atlas RK, 2010].

Research at the beginning of the XXI century was directly related to the rapid development of science
and technology. At this time, research was carried out that revealed the dynamics of changes in the
water level of the Caspian Sea. In 2021 Asakereh H. and Varnaseri N. conducted a comprehensive
analysis of precipitation regime patterns on the Iranian coast of the Caspian Sea, identified high
annual precipitation with different coefficients of variation and monthly changes in the coastline, and
considered the impact on sea level dynamics. Chen J. L., Azizpour J., Ghaffari P., Arpe K., Leroy S.
and other researchers have linked the decrease in sea level to the decrease in the flow of the Yedil
River in recent years. They examined seasonal and long-term changes in the level of the Caspian Sea.
Chen J. in his research, using satellite altimeter data, he noted a downward trend in the level of the
Caspian Sea since 2005 and a significant acceleration of this process in these years. Using the
altimeter data of the satellite, Lebedev S. later determined the change in sea level in the mid-1970s,
and this was influenced by the hydrometeorological process. In most subsequent studies, geographers
used space images and remote sensing methods in their research, which made a significant
contribution to the accuracy of general information [Alireza A.A., Hashemifaraz A., 2024: P.3230].

To study the dynamics of changes in the coastline of the Northern Caspian Sea in the period 2016-
2024, high-resolution Earth remote sensing data obtained from Landsat and Sentinel satellites, as well
as topographic and cartographic materials from previous years provided by local and international
geographic information services, were used. Additionally, hydrometeorological observations were
analyzed, including information on changes in water levels and climatic conditions in the region.

Research methods include: geoinformation analysis - processing and interpretation of satellite images
using GIS programs (ArcGIS, QGIS); digital data processing - identification of shoreline contours
using image classification algorithms; cartographic method - involves a comparative analysis of
changes in the boundaries of the coastline in different time periods; statistical analysis is used to
study the relationship of shoreline changes with natural factors such as fluctuations in water levels
and precipitation, as well as anthropogenic influences; field observations - verification of remote
sensing data by surveying key areas of the coastal zone. Such an integrated approach allowed not
only to establish the nature of the transformation of the coastline, but also to identify the dominant
factors determining its dynamics.

Results and discussion

The Kazakh coast of the Caspian Sea is 2,320 km long. The northeastern part of the Caspian Sea
plays an important role as a maritime transport route connecting Kazakhstan with foreign countries
through shipping routes. Due to the flat terrain of this section of the coast, there is a possibility of
flooding up to 35-40 km inland.

In the 1930s, the water level in the Caspian Sea dropped sharply by 1.8 m, and this process continued
until 1977, which led to a general decrease in sea level by 3 m. The main reasons for this phenomenon
were a decrease in precipitation in the Yedil River basin and the active construction of reservoirs
along its course. In the following years, the water level began to rise gradually, and this process
continued until 1995. In general, it is assumed that sea level rise during this period is associated with
the hydroclimatic effects of El-Nino telecommunications and southern fluctuations. Using satellite
altimetry, it is possible to register a decrease in water level by about 7 cm per year between 1996 and
2015, which is about 1.5 m. In recent years, this decline has increased slightly, decreasing by 10 cm
per year from 2006 to 2021. The decrease in water levels has led to the drying up of 15,000 km? of
the marine reservoir, affecting most of the northeastern coastal region, replacing it with a multi-year
to seasonal reservoir. Another reason for the decrease in the Caspian Sea level is the intensive
evaporation process in the sea as a result of climate change (Figure 2).
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Figure 2. Change in the Caspian Sea level based on DAHITI data based on satellite altitude
measurements from 1900 to 2024
Note: compiled based on the data [Schwatke C., 2015: P.4360]

Given the significant fluctuations in the Caspian Sea level in the 20th century, it is important to
determine the degree of influence of anthropogenic climate change, since climatic factors can cause
rises and falls in the water level by 2-3 meters. It should be borne in mind that current trends in sea
level change continue and may even intensify under the influence of an increase in greenhouse gas
concentrations in the atmosphere. In this context, long-term climate observations and forecasts play
a key role in assessing possible changes in the Caspian Sea level in the future [Samant R., 2023:
P.357].

Fluctuations in the level of the Caspian Sea are caused by a combination of climatic, tectonic and
anthropogenic factors that are in a complex interaction and are constantly changing in time and space.
Whereas in the early Neogene the main influence on sea level was exerted by tectonic processes and,
to a lesser extent, climatic conditions, at present climatic changes and anthropogenic impact are
becoming key factors.

According to modern concepts, the level of the Caspian Sea is determined by its water balance, which
is formed due to such processes as climatic conditions, river runoff, precipitation on the surface of
the sea, and the water cycle inside its water area. In addition, a number of natural and anthropogenic
factors contribute to an increase in the concentration of carbon dioxide and other greenhouse gases in
the atmosphere, which leads to climate change in the Caspian Sea region.

In recent years, global warming has continued to reach record levels. According to the World
Meteorological Organization, 2020 was one of the three warmest years in the history of observations,
with the average global temperature above the level of 1850-1900 by 1.2+ 0.1°C. Moreover, the last
five years, as well as the previous decade, have been the hottest in the entire period of meteorological
measurements. However, the rate of climate change varies from region to region. In Kazakhstan, the
Caspian region demonstrates the highest rates of increase in the average annual and seasonal air
temperature. In general, warming in the northern latitudes is more important than in the southern
latitudes, since in these areas, including the main part of the Yedil River basin, temperature
fluctuations exceed global values by 2-3 times. In addition, temperature fluctuations depend on the
time of year and vary from month to month. Since air temperature is a key characteristic of climate,
changes in its statistical structure cause a restructuring of the processes of heat and moisture transfer
in the atmosphere, which, in turn, affects the precipitation regime [Dolgih S.A., 2022: P.43].

One of the main elements of the water balance of the Caspian Sea is the water mass that rivers bring.
About 130 rivers flow into the Caspian Sea, but the bulk of the flow into the sea is brought by the
Yedil, Zhaiyk, Terek, Sulak, and Kura rivers. According to some reports, the Yedil River accounts
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for more than 80% of the water entering the Caspian Sea. However, at different stages, this
contribution can be quite large. Thus, fluctuations in the Caspian Sea level are largely determined by
the variability of the Yedil River. Thus, the study of the hydrological regime of the Yedil River and
its influence on fluctuations in the Caspian Sea level is very relevant. In this sense, this study explores
the changes taking place in the course of the Yedil River and the factors that influence them, as well
as analyzes the relationship between these changes and fluctuations in the Caspian Sea.

The territory on the banks of the Yedil River is characterized by a high level of industrial and
agricultural development. However, among the factors influencing the hydrological regime of the
Yedil River, there is undoubtedly an advantage of climatic factors. The Yedil is one of the largest
rivers in the world and the largest in Europe, with a basin that occupies a third of the European part
of Russia. The length of the Yedil River is 3,530 km, and the basin area is 1,360,000 km?. Currently,
about 45% of industry and half of all agriculture in Russia are concentrated in the river basin. The
river basin produces more than 20% of all fish for the food industry. The main source of the Yedil
River flow is snowmelt and precipitation in its basin. The Yedil River flows into the Caspian Sea, the
world's largest inland body of water. Four reservoirs have been built in the upper reaches of the river:
Ivankovskoye, Uglichskoye, Rybinsk and Gorkovskoye. All large reservoirs of the Upper Yedil basin
are comprehensively used in hydropower, water transport, logging, water supply, fishing, and
recreation.

The Yedil River and its tributaries receive the bulk of their water resources from snowmelt, which
provides about 60% of the total runoff, while the remaining 40% comes from rainwater. The largest
volume of water in the river is observed in spring during floods and in autumn during heavy rains. In
winter and summer, the water level decreases significantly. The river freezes in November in the
upper and middle reaches, and in the lower reaches the ice cover is formed only in December. In
spring, the melting of ice begins in the lower reaches in early March, while in the upper reaches the
process of opening the river ends only in April (Figure 3).
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Figure 3. Long-term variability of the annual flow of the Yedil River at the Verkhny Lebyazhy
hydrometeorological station in the period from 1938 to 2020 and its integral difference line
Note: compiled based on the data [Chen J.L., 2017: P.6997]

According to the Volgograd Hydrological Station for 1881-2016, the average annual flow of the Yedil
River is 253 km? per year. The maximum flow was observed in 1926 (389 km?*/year) and 1975 (160
km?/year). Periods of high runoff of the Yedil River coincide with periods of high precipitation in the
basin, while periods of low runoff coincide with periods of less precipitation. The amount of
precipitation in the river basin for each period was calculated by multiplying the average annual
precipitation per mm by the basin area (Figure 4).
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Figure 4. Comparison of precipitation volumes in the Yedil River basin and their runoff
at the Verkhny Lebyazhy hydrological post in different time periods
Note: compiled based on the data [Chen J.L., 2017: P. 6997]

If we take into account that the results obtained in this study mainly confirm the forecasts of modern
models of the Caspian Sea level, then we can expect that in the future the runoff coefficient and,
consequently, the efficiency of converting precipitation into wastewater will decrease. This means
that with the current level of precipitation in the Yedil River basin and climate warming, its runoff
will decrease. In modern conditions, an annual rainfall of 585.4 mm will be required to ensure the
formation of an annual river flow of 250 km. For comparison, in the period from 1938 to 1976, the
corresponding value was 522 mm, and in the period from 1977 to 2005 — 528.2 mm.

Of great importance is the study of the relationship of the flow of the Yedil River with the level of
the Caspian Sea. According to the data of Makhachkala, upper Lebyazhye point and sea level control,
the annual flow of the Yedil River and the total flow of other rivers flowing into the sea (1959-2020)
is shown (Figure 5).
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Figure 5. Comparison of the annual flow of the Yedil River (1938-2020) and other rivers flowing
into the Caspian Sea (1959-2020) with long-term changes in sea level (1938-2020)
Note: compiled based on the data [Safarov E., 2024: P.1744]
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The curves of the total flow of the Yedil River and all rivers flowing into the sea are practically
parallel, and the correlation coefficient between them is close to 1 (0.994). This is understandable,
since the dynamics of the total flow is largely determined by the dynamics of the flow of the Yedil
River, which is 80-90% of the former flow. A comparison of the time curve of the Caspian Sea level
with the curve of the differential integral of the annual runoff of the Yedil River mainly showed their
similarity, that is, large values of river runoff corresponded to large values of sea level. However,
since 2005, the sea level began to decline rapidly, and even with a large annual outflow of water into
the sea, the water level continued to decrease. A comparative analysis of this situation with the results
of a number of authors shows that a sharp decrease in sea level in recent years has been associated
with a sharp increase in evaporation from the sea surface as a result of changes in the wind regime
over the Caspian Sea [Yasinskij S.V., 2013: P.95].

Currently, from 2015 to the present, the level of the Caspian Sea tends to decrease. The sea level has
already decreased by 1.4 m, and according to some data - by more than 1.5 m. The most severely
affected region is the northeastern part of the Caspian Sea, that is, the Kazakh part.

The water balance of the Caspian Sea is formed by several key components:

1. River runoff is the main source of water supply. The main role in maintaining the water balance is
played by the Yedil River, which provides 80-85% of the total flow. In addition, Zhaiyk, Kura and
Terek have a significant influence. On average, the annual volume of river flow into the sea is about
300 km®.

2. Precipitation is an additional factor affecting the water balance. Their number depends on climatic
conditions and averages 20-30 km? per year.

3. Evaporation is one of the most important processes affecting the water level. Water losses due to
evaporation can reach 600-800 km® per year, which leads to a shortage of water resources and a
decrease in sea level.

4. Groundwater is an insignificant but existing source of replenishment of the water balance. Their
contribution is significantly lower compared to other components.

These factors are interrelated and determine the water level in the Caspian Sea. Changes in any of
them can lead to significant fluctuations in water levels and have an impact on the marine ecosystem.

The oil industry plays a key role in the economy of Kazakhstan, actively developing due to the
significant oil reserves in the country. Most of these resources are located in the Caspian Sea, a region
of not only strategic economic importance, but also characterized by high environmental
vulnerability. The increase in oil production, processing and transportation in the area leads to an
increased risk of oil spills. In this regard, the strategic development of oil infrastructure, including
coastal, offshore and inland fields, as well as the construction of oil pipelines in resource-rich areas,
is of paramount importance. However, the expansion of the industry is accompanied by serious
environmental threats, such as the destruction of natural ecosystems and the increased likelihood of
oil spills, which can have long-term consequences for the region's biodiversity. Oil transportation by
sea requires special attention, since strict environmental safety measures are necessary to prevent
accidental spills. In the last ten years, the number of spills has increased due to the growth of
international freight traffic caused by the increasing demand for energy resources and industrial goods
[Iskakov B., 2024: P.9566].

Oil and gas fields are being actively developed on the territory of the Caspian Sea. The proven oil
reserves are estimated at about 10 billion tons, and the total oil and gas condensate resources amount
to 18-20 billion tons. Oil production in this region began back in 1820, when the first oil well was
drilled on the Absheron shelf near Baku. In the second half of the 19" century, oil production acquired
an industrial scale on the Absheron Peninsula, and later spread to other areas.

It is not easy to determine the exact number of industrial enterprises on the Caspian Sea coast, but it
is known that Kazakhstan is actively developing its oil and gas infrastructure. For example, Atyrau
has about 115 oil and gas enterprises that play an important role in the region's economy.
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Up to 70-90 thousand tons of oil hydrocarbons flow into the Caspian Sea annually. Also, about 29
thousand tons of petroleum products come from the coast, including discharges from production
facilities and ships. The volume of pollutants entering the Caspian Sea varies significantly depending
on the year and the sources of pollution. In 2023, the Caspian Sea received about 70-90 thousand tons
of petroleum hydrocarbons annually from river runoff. This pollution occurs both from rivers such as
the Yedil and from the coast, where the volume of oil pollutants is about 29 thousand tons per year.

The statistics of pollutants in the Caspian Sea from 2016 to 2024 show that the main sources of
pollution are oil and gas operations, wastewater and agriculture. For example, in some areas, the
concentration of petroleum products can reach 8000 MPC (maximum permissible concentration)
[Erezhep G., 2017].

This study is aimed at analyzing the results of space monitoring of the coastline of the Northern
Caspian Sea using data obtained through satellite technologies. The main purpose of monitoring is to
assess changes in the state of the coastal zone of the region. Studying the dynamics of the Caspian
Sea coastline plays an important role not only for marine tributaries, but also for biological
ecosystems located in the area.

The study used GIS technology and obtained several years of space images. With the help of satellite
images, it made it possible to track long-term changes in the water level, the area of water bodies and
changes in the coastline. This is important for understanding the impact of climate change and
anthropogenic activities (Figure 6).

Figure 6. Space image of the Research Area (North Caspian Sea)
Note: compiled based on the data [Ivkina N. et al., 2023: P.70-77]

During the study, combinations 2, 3 and 4 were combined, studying the Landsat 8-9 combination
from the space images uploaded. This is because these combinations clearly demonstrate the
dynamics of hydrographic analysis and perennial changes in River and lake waters. By combining
these combinations, PAN, that is, by combining 8 combinations, it increased the resolution of the
cosmic image, giving it high accuracy.

The monitoring was carried out using Landsat 8-9 satellite images. The data was collected over a 9-
year period from 2016 to 2024. The research area was located along the coastline of the Caspian Sea,
the border of the Atyrau region of the Republic of Kazakhstan (Figure 7) [Ivkina N. et al., 2023: P.70-
77].
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Figure 7. Space picture of the coast of the Northern Caspian Sea from 2016 to 2024
Note: compiled based on the data [Ivkina N. et al., 2023: P.70-77]

In the Kazakh part near the city of Atyrau, in the delta of the Zhaiyk River, as well as in the northern
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part of the Mangystau region, the shallowest areas of the sea were observed.

Monitoring results: in the period from 2016 to 2018, an increase in the coastline was observed, by a
maximum of 11 km, and the process of extending the northern coastline was also observed (Figure

8).
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The largest increase in the coastline in the period 2018-2020 was 7 km, in various areas the shoaling
of the eastern part was observed.

In the period 2020-2022, a deviation of the coastline of the Caspian Sea at a distance of 2 km - 16 km
was observed in the area near the Atyrau region oil pipeline. The largest deviation of the coastline
was observed at 16 km in the eastern part of the sea.

In the period from 2022 to 2024, the water level on the eastern coast of the Caspian Sea varied within
16.6 km, while in the northwestern and western parts of the sea these fluctuations were less
pronounced.

In 2023, there was a significant decrease in the water level in the Caspian Sea, which continued the
trend observed since 2006. The shallowing of the world's largest enclosed body of water is due to
climatic changes, including an increase in air temperature, a decrease in precipitation and a decrease
in river flow.

During the monitoring of changes in the coastline of the Northern Caspian Sea, shallow waters were
identified within the Atyrau region. In the period 2016-2024, its area was 3,090 km? (Figure 9, 10).

[ Shallowing

of the Caspian Se:
016-2024

area 3 090,925 sq. km =" - "
(not including islands) e IS i

0 % 40

Figure 9. Dynamics of the length of the coastline of the Northern Caspian Sea in 2016-2024
Note: compiled based on the data [Ivkina N. et al., 2023: P.70-77]
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Figure 10. Dynamics of changes in the coastline of the Northern Caspian Sea
Note: compiled based on the data [Ivkina N. et al., 2023: P.70-77]
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Shallow waters pose a major threat to the formation of new islands in the northern part of the Caspian
Sea. The probability of their formation is highest in this area. Falling water levels have a negative
impact on the ecosystem, causing desertification of the soil and a significant reduction in the
population of seals, sturgeon and red fish.

Despite the studies conducted aimed at predicting changes in the Caspian Sea level using regional
and global climate models, there is still considerable uncertainty in forecasts for the 21st century.
After analyzing the trends in water level changes, scientists have drawn the following conclusions:
according to the research of N.Elgindi and F.Georgie, by 2100 the level of the Caspian Sea may
decrease by 4.5-5 meters. At the same time, other studies suggest that the water level may drop by 9-
18 meters, which is associated with an increase in evaporation from the sea surface. In recent scientific
papers based on various models, it is predicted that the decrease in sea level will be 8-10 meters within
the CMIP5 models under various scenarios of climate change, and according to CMIP6 models, the
drop may reach 20-30 meters [Elguindi N., Giorgi F., 2007: P.370].

Conclusion

Thus, the decrease in the water level in the Kazakh part of the Caspian Sea is a serious environmental
problem that can have a significant impact on the ecosystem of the region, the population of coastal
settlements. As already noted, the main reasons for the decrease in water levels are related to climate
change, a decrease in river water supply and anthropogenic activities.

To prevent further reduction of the Caspian Sea coastline within the Atyrau region, the following
solutions can be considered:

1. Rational management of water resources of rivers flowing into the sea. The Yedil River is the main
source of fresh water flowing into the sea. Therefore, it is necessary to stop excessive water use of
the river in agriculture and industry, develop a system for the proper use of water resources and begin
work on raising the level of small rivers that provide the sea with water.

2. Reduction of anthropogenic load. This is coastal oil and gas production, which is an urgent problem
today. Currently, the sea is becoming unstable and sometimes full depending on the season. At this
point, offshore oil pipelines are washed away by water, and such oil spreads over the surface of the
water. This has a serious impact not only on sea level, but also on the ecosystem of the sea, where
biodiversity lives. To do this, it is necessary to tighten environmental regulations and limit large
enterprises.

3. Conducting negotiations within the framework of international cooperation. The Caspian Sea
borders not only with Kazakhstan, but also with Russia, Turkmenistan, Iran, and Azerbaijan. Joint
programmes for the protection and conservation of water resources should be developed and
implemented on the basis of international cooperation. This includes the exchange of information,
joint management of water resources and the implementation of environmental initiatives. For
example, it is necessary to negotiate with the Russian side and take measures to increase the volume
of incoming water.

4. Mitigation of the effects of climate change. The implementation of measures to reduce greenhouse
gas emissions from the coastal industry and the fight against global warming can help reduce the
change in the hydrological balance of the region. The development of «green» technologies and
energy is important to minimize the impact on the climate.

5. Monitoring and forecasting. It is necessary to strengthen monitoring of the Caspian Sea, including
monitoring of water levels, water quality, climate change and anthropogenic impact. Modern
modeling systems help to predict changes and develop strategies in a timely manner [Sarsenbaev B.S.
etal., 2022: P.72].

A comprehensive combination of these measures can contribute to maintaining the water level in the
Caspian Sea and ensuring the sustainable development of the region.
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Coarycrik Kacnmii TeHi3i :karajiay cbI3bIFbIHbIH 2016-2024 skbl11ap apaJIbIFbIHAAFbI 63T€py
AUHAMHUKACHI

! C.Kapac, '4.E.Ecunbaesa
LT H.I'ymunes amoinoaevr Eypaszus ynmmuix yuusepcumemi (Acmana, Kazaxcmarn)

Anoamna

Makanana KambIKTBIKTaH 30HATAY XKoHE Kaprorpadusuiblk nepekrep Herizigae 2016-2024 sxpuimap
apanbiFeiiaa Kacnuiinin conTycTiriHmeri skaranay ChI3bIFBIHBIH ©3repy AMHAMHMKAChl KapacTbIpbiaansl. On
OenceHal HSpo3Usl MEH aKKpelusi aiiMakTapblH Oeliln KepceTe OTBIPHIN, TpaHc(OpMAIMSIHBIH HeTisri
OarbITTapbIH AHBIKTAMIBI. 3ePTTEY OCHI ©3repiCTEPre acep eTeTiH TAOUFHU KOHE aHTPOIOTeHAIK (haKTOpIapIbl,
OHBIH iIIiHAE TEHI3 ACHTeHiHIH, KIMMATTBIK >XafJaiapJblH *KOHE INApyallbUIbIK KbI3METTIH ayBITKYbIH
KapacTeIpapl. HoTrkenep jkaranay aMarblH ©3TepPTY/IiH KOJOTHSUIBIK KOHE 9JIEyMETTiK-DKOHOMHUKAIBIK
canjapbid Oaranayra kemekTeceni. COHBIMEH KaTap, 3epTTey IKOJIOTHSIBIK TYPAKTHIIBIKTE aiiMaKTaFbl afgam
opeketriMeH TeHectipyre OarbiTTanFan Conrycrik Kacrmili TeHi3iHIH SKOXXYyHeciHe Tepic ocepai a3auTy
OolibIHIIA YChIHBICTAP Oepei. HoTmkenep sxaranayabl 0acKapy/pl )KakcapTyFa JKoHe KOpIllaFraH OpTaHbl Y3aK
Mep3iMJIi CaKTayFa bIKIaJl eTe/Il.

Tyuiin co30ep: Conryctik Kacnuii, *xaranay CbI3BIFBI, ©3repicTep IHUHAMHUKACHI, 3PO3US, AKKpPELHs,
KALIBIKTHIKTaH 30H/bLIAY, aHTPOIIOTEHIIK 9Ccep, IKOXKYHE, Cy AeHIeHiHiH e3repyi.

Jnnamuka namMeHeHnuii 6eperosoii imHun Cesepnoro Kacnusi 3a nepuon 2016-2024 roasl

! C.Kapac, 'A E Ecunbaesa
Eepasuiickuii nayuonanvusiii yuusepcumem umenu JI.H.Nymunesa (Acmana, Kazaxcman)

Annomayus

B crarbe paccMaTpuBaeTcsi TMHaMHKa U3MeHeHui oeperosoit muann CeBepHoro Kacrus ¢ 2016 mo 2024 rox
Ha OCHOBE JAHHBIX IUCTAaHIMOHHOTO 30HIUPOBaHUS W KapTrorpaduu. B craThe ompeaeneHbl KiItOUYeBBIE
HanpaBlIeHUs] TpaHCPOpPMAalUK, BBIJENCHBI O0JAacTH aKTHBHOW JpO3MHM M aKkkpeuuu. B uccnenoBaHumn
paccMaTpuBalOTCSl MPUPOAHBIE W AHTPOINOTEHHBIE (DAKTOPHI, BIMSIOMIME HAa 3TH W3MEHEHHS, BKIIOYas
KoJIeOaHUS YPOBHSA MOPS, KIIMMATUYECKUE YCIOBUS X SKOHOMHUECKYIO I€ATeIbHOCTE. Pe3ynbraTel moMoratroT
OLIEHUTH SKOJIOTHYECKUE M COLHMAIbHO-SKOHOMHUYECKHE MOCIEICTBHS TpaHchopMauuu NpuOpPEKHON 30HBI.
Kpome Toro, B mcciemoBaHuM COIEPIKATCS PEKOMEHAALMU TI0 CMSTYEHUIO HETaTHBHOTO BO3JEHCTBHS Ha
skocuctemy CeBepHoro Kacnws, HampaBleHHbIe Ha oOecliedeHHe OajaHca MEXKIy JKOJOTHMYEeCKOM
YCTOMUMBOCTBIO M [JESTENbHOCTHIO 4YeEJIOBEKAa B pEruoHe. Pe3ynbTaThl HCCIEIOBaHUS CIIOCOOCTBYIOT
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YIIYUIIEHUIO YIPAaBICHUS MPUOPESKHBIMUA PAaiOHAMH W COXPAHCHUIO OKPYKAIOUICH CPelbl B JOITOCPOYHOM
TIePCIICKTHBE.

Krrouesvie cnosa: CeBepuwiii Kacmmii, OeperoBas mWHUWSA, NWHAMHAKA W3MCHCHHM, DPO3Ws, aKKPEIIHs,
JTUCTAaHIIMOHHOE 30HANPOBaHUE, aHTPOMOTEHHOE BO3ACHCTBUE, SKOCUCTEMA, U3MEHEHUE YPOBHS BOJIBI.
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TYPAKTBI JAMY MAKCATTAPBIHBIH MEMJIEKETTIK AYJUTI

* O BIBPAU®, '5.A. AJIMBEKOBA
LT H.I'vmunes amvinoaser Eypasus ynmmulx ynugepcumemi
(Acmana, Kazaxcman)
*assiyaybray@gmail.com, alibekova_ba@enu.kz

Anoamna

byn makanana TypakTsl JaMy MaKcaTTapblH XKY3ere achIpyAarbl MEMJICKETTIK ayAUTTIH PoJIi KapacThIPbLIa b
TypakTsl mamy MakcaTTapsl — bipikkeH ¥urrap ¥ibpIMBI KaObUIIaFaH 9IEYMETTIK-OKOHOMHUKANBIK TaMy MEH
KOpILIlaFaH OpPTaHbl KOPFAy apachIHIAFbl TEHrepiMl KaMTaMmachl3 €TETiH Oarmapiama. byn Makcartapisl
OpBIHJIAY — K€3 KEJITCH CJIIH Y3aK MeP3iMli 1aMybIHBIH aJIFBIIIAPTHI. MEMIICKETTIK ayTUT — OChI MaKcaTTapra
KETyZeri MaHBI3IbI KYpaJl, OJI pecypCcTapAbIH THIMII ’KSHE alllbIK MaiJaJaHbUTybIH Kaaranar, TypakTsl Jamy
MakcaTTapblHa KETyre OaFbITTAIFaH OPCKETTePAIH HOTIDKEIUIINH alKbIHAayFa MYMKIHIIK —Oepei.
MeMIIeKeTTiK ayTUT HOTIDKECIHe MEMIICKETTIK JKocmapiay >KyHeciHiH KYKaTTapbIHbIH TYPAaKThl TaMyAbIH
KYH ToOpTiOiH JKy3ere acwlpylarbl THIMILUTriHE Oara Oepyre Oomampl. Makamaga TypakTtel gamy
MaKcaTTapbIHBIH MEMIIEKETTIK ayAWTiH Kbi3MeTiHe eHrisreH Ounmsaaus, Typkus xone Peceiinin YKorapsl
ayJUT OpTaHAapbIHBIH TaXipuOenepi TanmaHaabl. KazakcranHelH TypakTel gaMy MakcaTTapblHa KETY
KOPCETKIIITeP] TaJIaHbII, OJIap/Ibl JKaKCcapTy JKOJIAphl KapacThIPbLIa b

Tyuin ce30ep: TypakTel mamy MakcaTTapbl, BipikkeH yiITTap YWbIMBI, MEMJIEKETTIK ayauT, XaJbIKAPaJIbIK
TaxipuOe, ecenTiIiK, THIMILTIK.

Kipicne

Typakrtel namy maxcarrapsl (TJAM) — 2015 xpuibl Bipikken ¥atrap ¥iieiMbel (B¥Y¥Y) kaObuinaras,
aZlaM3aTThIH QJIE€yMETTIK-9KOHOMHKAJIBIK JaMybl MEH KOpILIaFaH OpTaHbl KOPFay apachIHJIaFbl Tele-
TeHIIKTI cakrayabpl kKesneWTiH 2030 >xputFa AEWIHTI FalamablK JaMyIblH OachIMIIBIKTapbIH
alikpIHAalTEIH OarnapiaMa [The 17 goals]. TypakThl 1aMmy MakcaTTapbIHbIH MEMJIEKETTIK ayUTi OCBI
cayaiapJarbl MEMJICKETTIK O6acKapy >KyHeciHIer KEeMIIUTIKTEPIH aHbIKTaIl, OJap bl KO0 OOMBIHIIA
YChIHBICTap Oepeni. ATainFaH MakcaTTapAbl OpbIHJAY 9pOip MEMIIEKETTiH MYJAJEciHJe, all ojJapra
KETyJle MEMJIEKETTIK ayAUT aca MaHbI3/Ibl pOJIre ue.

Herisri 0esim

Kazakcran ymin Typakrel namy makcartapbl (TJM) enmiH YITTBIK JaMy casCaThIHBIH HETi3Ti
0achIMIBIKTApbIHBIH Oipi OOJBIN TaOBLIAABl. DKOHOMHKAHBI OpTapamnTaHAbIpy, SJIEYMETTIK oJl-
ayKaTThl apTTHIPy JKOHE OKOJOTHSUIBIK TYPAKTBUIBIKTEI KamTamackl3 eTy TJIM-HBIH Heri3ri
Karu1aTTapblHa TONBIK colikec keneai. byn MakcaTTapra Ko xkeTkizy KazakcTaHHBIH XallbIKapabIK
JIEHTeiIer OeeliH apTTRIPYMEH KaTap, Y3aK Mep3iMJIl TYPaKThUIBIK MeH OpKEeHICY KaMTaMachl3
ereni. Memuekertik ayaut T/IM-Fa jkeTy *OJBIHAAFBI MaHbI3AbI Kypall peTiHAe KapacThIPbLIAIbI.
On MeMJEeKeTTIK KOHE KBa3UMEMIIEKETTIK CEeKTOp CYOBEKTUIepIHIH YITTBHIK pecypcTapabl
naiilananyblHbIH AIIBIKTBIFBI MEH eCeNTUIriH Kamramachid eteni. CoHpaii-ak  «... xahaHIbIK
NManlbIMIIbI, €JNIIH OpPHBIKTHl JAaMYyBIHBIH Y3aK Mep3iMal OarbITTapbl MEH OachIMABIKTapbIH
alKpIHIAWTBIH MakcaT KOI0 KyKaTTapblHa HEri3fenreH» MeMIIeKeTTIK »Kochapiay >XKyHeciHiH
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