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FOREST ECOSYSTEMS OF EAST KAZAKHSTAN IN THE SYSTEM OF WATER
BALANCE REGULATION AND SOIL EROSION PROTECTION

Abstract

The article examines the impact of forest ecosystems in Eastern Kazakhstan on the regulation
of water balance and protection of soils from degradation. Experimental studies have been conducted
to assess the water retention capacity of soils, the level of erosion and the dynamics of humidity in
various forest formations. The results show that forests play an important role in stabilizing the
hydrological regime and preventing erosion processes. Remote sensing data and GIS technologies
have been applied to analyze vegetation cover density, soil moisture indices, and NDVI values, which
provides a comprehensive assessment of ecosystem health. The study also examines the role of tree
and shrub composition in erosion resistance, highlighting the importance of mixed forest formations
in increasing soil stability. The results highlight the need for sustainable forest management practices
and afforestation strategies to mitigate land degradation and improve regional water conservation
efforts. Analysis of precipitation infiltration and evapotranspiration rates shows that forests contribute
to maintaining stable groundwater levels, reducing the risk of droughts and floods in adjacent
agricultural and urban areas. The study concludes with recommendations for adaptive management
strategies for forest conservation, including afforestation using native species, controlled grazing
methods, and the implementation of solutions based on natural factors to enhance landscape
resilience. These findings serve as the basis for the development of a comprehensive policy aimed at
preserving the ecological functions of forests in Eastern Kazakhstan and ensuring long-term
environmental sustainability.

Keywords: forests, water balance, soil erosion, soil degradation, East Kazakhstan.

Introduction

Forest ecosystems play a key role in ensuring the sustainability of natural landscapes, shaping
water balance, and preventing soil degradation [1]. In Eastern Kazakhstan, where the continental
climate prevails with sharp temperature fluctuations and uneven precipitation distribution, forest
conservation is a critically important aspect of the ecological stability of the region [2]. In recent
decades, active land development, deforestation and climate change have led to an increased risk of
soil erosion and a decrease in their water retention capacity [3].
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The water balance of the territory is determined by a number of factors, among which vegetation
plays an important role. Forests are able to retain significant amounts of moisture, reducing
evaporation and increasing precipitation infiltration into the soil. In addition, the root system of the
trees helps to consolidate the soil and prevents water and wind erosion. In the mountainous and
foothill regions of Eastern Kazakhstan, forests perform even more important functions, preventing
catastrophic landslides and mudflows that can occur due to intense precipitation [4, 5].

The main problem of the region is related to the degradation of soils due to their over-
compaction, reduction of organic matter and erosion processes. Intensive pasture use and expansion
of agricultural land often lead to deterioration of the soil cover, which in the long term can affect land
productivity. In this context, forests are not only a source of biological diversity, but also an important
element of natural regulation of hydrological processes [6].

The purpose of this study is to analyze the water-retaining characteristics of soils in the forest
ecosystems of Eastern Kazakhstan, assess the level of erosion and determine the contribution of
forests to the regulation of water balance. To achieve this goal, field experiments were conducted,
including measurements of soil moisture capacity, infiltration rate, and erosion resistance in various
types of woodlands. Open steppe areas subject to natural degradation processes were used as a control
group [7-9].

The scientific significance of the study lies in the identification of specific mechanisms through
which forests contribute to the conservation of water resources and the prevention of loss of fertile
soil. The practical significance of the work is related to the development of recommendations on
reforestation and effective environmental management in arid and continental climates. The article
also examines the prospects for the introduction of forest plantations into the agro-landscapes of the
region in order to increase their resistance to changing climatic conditions [10].

Thus, the study is aimed at a comprehensive study of the impact of forests on the hydrological
regime of the region and the protection of soils from degradation. The results can be useful for
ecologists, specialists in the field of soil science and land use, as well as for government agencies
involved in environmental protection and sustainable agricultural development [11].

Materials and methods

The study was conducted on the territory of East Kazakhstan in 2023-2024. Three experimental
sites have been selected. Mountain coniferous forests (spruce, pine) are characterized by dense stands
and a well-developed root system, which contributes to the high water retention capacity of soils.
Deciduous forests (birch, aspen) have a moderate density of tree cover, but a higher seasonal
dynamics of moisture accumulation. Steppe areas (control group) are represented by grassy
vegetation, are subject to high evaporation and active erosion processes [12-14].

Hydrological analysis. The hydrological analysis included the study of the soil water regime
and the dynamics of moisture availability, which was of key importance for assessing the processes
of erosion, land degradation and ecosystem sustainability. Determination of soil moisture capacity by
gravimetric analysis. To assess the moisture capacity of the soils, samples were taken at different
depths (0-10 cm, 10-30 cm, 30-50 cm) [15].

Samples were taken using standard soil drills or cylinders. Fresh samples were weighed and
dried in a drying cabinet at a temperature of 105 °C to a constant weight. The percentage of moisture
in the soil was re-weighed and calculated. Measurement of water infiltration using double cylinder
infiltometers. The method allowed us to estimate the rate of water absorption by the soil and the
permeability of soil horizons [16].

Two concentric metal cylinders were inserted into the soil. The inner and outer cylinders were
filled with water and the rate of water seepage into the soil was recorded. The infiltration coefficient
was determined based on changes in the water level. Evaporation analysis by installing evaporator
cups. The method made it possible to measure the intensity of evaporation of water from the surface
of the soil and vegetation. Evaporation cups were installed in control areas with different types of
vegetation [17]. The water level in the cups was regularly measured, which made it possible to
determine moisture loss. The data obtained was used to assess the water balance of the territory.
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Soil research. The complex of soil studies made it possible to study in detail the physico-
chemical properties of the soil, which are important for understanding the processes of degradation,
erosion and productivity of land [18].

Soil structure analysis by sieve analysis. The granulometric composition of the soil affected the
water retention capacity and resistance to erosion. The samples were dried and sieved through a set
of sieves of various diameters (for example, 2 mm, 0.5 mm, 0.25 mm, etc.). The percentage of sand,
silt, and clay was calculated by the mass of the fractions. The data obtained was used to classify the
soil type [19].

Determination of humus content by Turenne method. Turenne's method was based on the
oxidation of organic matter in the soil, which made it possible to determine the level of fertility. The
soil samples were treated with a solution of potassium bichromate in sulfuric acid [20]. After the
chemical reaction, the intensity of staining of the solution was evaluated. The percentage of humus
in the soil was calculated.

Mechanical soil analysis. The soil samples were mixed with a dispersant to destroy the
aggregates. The sedimentation method was used, in which particles of different sizes settled in water
at different speeds. The proportions of sand, silt and clay were determined, which made it possible to
assess the water-holding capacity of the soil. Determination of soil resistance to water erosion. Under
laboratory conditions, the samples were exposed to a stream of water of varying intensity. The process
of soil erosion on the simulated slopes was studied in the field. The parameters of soil resistance to
erosion and erosion were determined [21].

Erosion monitoring. Erosion monitoring methods have made it possible to quantify the
processes of soil destruction. Setting reference points. The reference points were fixed on the ground,
which made it possible to measure soil flushing throughout the year. They were installed in areas with
varying degrees of forest cover and slope. Periodic measurements of the soil levels around the
reference points were carried out. The intensity of soil flushing was estimated depending on weather
conditions. Using precipitation meters. Sedimentation meters were used to measure the amount of
sediment formed as a result of erosion.

Special tanks were installed in the relief depressions. After the rains and snowmelt, accumulated
soil particles were measured. The dynamics of erosion processes depending on the season was
analyzed. Geodetic measurements of relief changes. Digital profilers were used to create topographic
profiles of the area. Changes in the depth of gullies and gullies were monitored. Forecasts of soil
degradation were modeled.

Satellite analysis and remote sensing. Modern remote sensing methods have made it possible
to conduct large-scale studies of soils and vegetation with high accuracy. Using NDVI data and
humidity indices. NDVI (normalized difference vegetation index) was calculated based on satellite
images, which reflected the state of vegetation. Humidity indices (for example, NDMI — normalized
humidity index) were used to estimate the moisture content in the soil. The data was analyzed over
time to identify changes in vegetation cover. Comparative analysis of long-term satellite data from
Landsat and Sentinel-2. We analyzed images from different years to identify trends in soil
degradation. The density of vegetation cover and the degree of soil moisture were assessed. We have
identified areas subject to increased erosion. Analysis of topographic and climatic data. We have
created digital terrain models based on satellite data. The water balance of the territory was modeled
taking into account climatic factors. Degradation processes were predicted based on the analysis of
trends in soil moisture [22, 23].

The use of complex research methods allowed us to obtain a detailed picture of hydrological
processes, dynamics of soil characteristics and erosion processes. The use of satellite analysis and
geodetic measurements expanded the possibilities of monitoring and forecasting degradation
processes, which was important for the conservation of land resources.

Results and discussion

The results of the soil moisture capacity analysis showed that forest soils retain 25-40% more
moisture than steppe areas. This is due to the high content of organic matter and the developed root
system of trees, which promotes the penetration of water into the soil.
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Figure 1 - Soil Moisture Capacity in Different Ecosystems
of Forest Resources in East Kazakhstan
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Figure 1 —Soil moisture capacity in different ecosystems of forest resources in
EastKazakhstan

As can be seen from Figure 1, when comparing different ecosystems - coniferous forest,
deciduous forest and steppe, the steppe zone was taken as the control. Main observations. Coniferous
forest ha 38-39%; Deciduous forest follows 36-37%; Steppe (control) exhibits are 23-24%. Forest
ecosystems (both coniferous and deciduous) retain significantly more soil moisture than the steppe
ecosystem.

Infiltration Capacity of Soils in Forest Massifs of Eastern Kazakhstan
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Figure 2 — Infiltration capacity of soils in forest areas of Eastern Kazakhstan
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Markakol NP demonstrates 35 mm/hr, which indicates. Bukhtarma forestry follows 28 mm/h.
Ridderaal forestry 26 mm/h. Zyryanovsky forestry 21 mm/h. Semey forestry has a significant 11
mm/h. Katon-Karagai NP has the lowest infiltration capacity, 5 mm/h.

Changes in the infiltration capacity of soil composition, vegetation cover, organic matter
content and land management methods. Markakolsky NP and Bukhtarma forestry are characterized
by a low rate of infiltration. In the Katon-Karagai NP, it may indicate a higher surface runoff and
lower water retention. Forests with a higher infiltration capacity contribute to groundwater
replenishment.

Soil Evaporation in Forest Massifs of Eastern Kazakhstan
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Figure 3 - Soil evaporation in the forest area of East Kazakhstan

Bukhtarma forestry demonstrates the highest rate of soil evaporation, 200 mm/month. Katon-
Karagai NP is also 130mm/month. The Zyryanovsky forestry and the Semey forestry have moderate
110mm/month. The forestry of the Reader has 100 mm/month. Markakolsky NP is the lowest
evaporation rate, at 80 mm/month.

Higher soil evaporation in Bukhtarma forestry and Katon-Karagai NP indicates higher
temperatures, lower humidity or a decrease in canopy cover. Lower evaporation rates in NP Markakol
for better moisture retention. Differences in the rate of soil evaporation include microclimate, soil
properties, and vegetation density. These data can be useful for understanding water balance, soil
moisture conservation strategies, and sustainability of forest ecosystems.

Figure 4 shows various soil parameters in different woodlands, including granulometric
composition, humus content, sand content, silt content, clay content, and erosion resistance. The sand
content (orange columns) is the highest in all forests, especially in the Zyryanovsky forestry (~72%),
which indicates a loose soil structure prone to water drainage. The granulometric composition (blue
columns) is relatively high, especially in Riddersky forestry, Katon-Karagaysky NP and Zyryanovsky
forestry (~50-60%), which indicates a well-developed soil structure. The clay content (purple
columns) varies, but remains moderate (~25-30%) in most areas, with the exception of the Semeysky
forestry and Bukhtarma forestry, where it is slightly lower. The sludge content (red columns) is
usually low, about 10-15%, indicating a limited accumulation of fine particles.
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Soil Studies and Water Erosion Resistance in Forest Massifs of Eastern Kazakhstan
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Figure 4 - Soil resistance of various forestry zones to water erosion in the conditions of
Eastern Kazakhstan

The humus content (green columns) is consistently low in all massifs, which indicates a low
content of organic substances and a possible susceptibility to erosion. Erosion resistance (brown
columns) is minimal, and all woodlands exhibit low resistance, which makes them potentially
vulnerable to soil degradation. The high sand content in areas such as the Zyryanovskoye forestry
suggests rapid water filtration, but poor moisture retention, which makes these soils susceptible to
erosion without proper vegetation cover. The moderate clay content contributes to some water
retention, but it can still allow surface runoff, which increases the risk of erosion. The low humus
content in all massifs indicates a poverty of organic substances, which can affect soil fertility and
stability of its structure. Erosion resistance is generally low, indicating that most woodlands require
sustainable soil conservation methods to prevent degradation.

Average Soil Erosion in Different Ecosystems

Average Soil Erosion (t/ha per year)

Coniferous Forest Deciduous Forest Steppe (Control)
Ecosystem Type

Figure 5 — Indicators of soil erosion in forest ecosystems of East Kazakhstan
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The soils of the forests of Eastern Kazakhstan have moderate structural stability, but are at risk
of erosion due to their high sand content, low humus content and low resistance to erosion. Strategies
such as reforestation, mulching, and controlled land use can help improve soil stability and water
retention.

Control measurements of soil washout showed that in the steppe zone the loss of the fertile
layer is 3-4 times higher than in the forest zones. In coniferous forests, erosion is minimal due to
dense vegetation cover and a layer of litter, which reduces the impact of precipitation.

The steppe (control) has the highest level of land washout - 5 t/ha per year. Deciduous forest
shows a moderate level of soil erosion — approximately 1.2 t/ha per year. Coniferous forest has the
least erosion — about 0.5 t/ha per year. Forest ecosystems (coniferous and deciduous forests)
significantly reduce land washout compared to open steppe areas. This is due to the higher content of
organic substances. The steppe (control) shows the highest level of erosion, which is associated with
the open terrain and the absence of dense vegetation, with a low content of humus and loose soil
structure.

Dynamics of Soil Moisture Throughout the Year
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Figure 6 — Dynamics of soil moisture in different ecosystems during the year (average over 3
years)

The chart illustrates the monthly dynamics of soil moisture in forest and steppe soils. Forest
soils consistently maintain higher moisture levels (around 31-39%) throughout the year, with
relatively stable fluctuations. In contrast, steppe soils show greater variability, ranging from 10% to
19%, with noticeable drops in August and October. Overall, forest soils exhibit better moisture
retention compared to steppe soils.

Spectral Vegetation Analysis refers to the use of remote sensing data to assess and monitor
vegetation characteristics based on how plants reflect and absorb electromagnetic radiation across
different wavelengths.

Table 1 -The ratio of woody, shrubby and herbaceous species using spectral analysis

Ne Forest Massif Tree Cover (%) Shrub Cover (%) Grass Cover (%)
1 Katon-Karagai NP 65 20 15
2 Ridder Forestry 70 18 12
3 Zyryanovsk Forestry 68 22 10
4 Semey Forestry 62 25 13
5 Markakol NP 60 27 13
6 Bukhtarma Forestry 66 23 11
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This table shows the percentage of tree, shrub, and herbaceous species coverage in various
forests of Eastern Kazakhstan based on spectral analysis. The highest tree cover is observed in
Riddersky forestry (70%), followed by Zyryanovsky forestry (68%) and Katon-Karagaysky NP
(65%). The lowest tree cover is observed in Markakolsky NP (60%), which indicates a relatively
higher proportion of shrubs and herbaceous vegetation. In general, all woodlands have more than
60% tree cover, which confirms their characteristics of dense forest.

4. Satellite monitoring of soil moisture
Remote Sensing Results of Forests in Eastern Kazakhstan
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Figure 7 — Results of remote sensing of forest resources in East Kazakhstan

Figure 7 shows remote sensing indicators for various forests in Eastern Kazakhstan, including
the normalized vegetation difference index (NDVI), humidity index (NDW!I), average annual
humidity (mm), and forest cover density (%). The highest values (~650-700 mm) are observed in
Ridder Forestry, Zyryanovsky Forestry, and Bukhtarma forestry., which indicates a high amount of
precipitation or moisture retention in the soil. Katon-Karagai NP and Markakol NPF show lower
humidity values (~400-500 mm), which indicates drier conditions or lower retention capacity.

The highest NDVI index (~0.75) was recorded in Ridder Forestry, which indicates dense and
healthy vegetation. The Zyryanovsky forestry and Bukhtarma forestry also show a relatively high
NDVI index (~0.71-0.73), which indicates good forest cover and healthy plant growth.

The Katon-Karagai National Park (~0.69) and the Semey Forestry (~0.70) have a moderate
vegetation density, indicating a combination of forest and open areas.

NP Markakol (~0.66) has the lowest NDVI index, which indicates a lower vegetation density
or potential degradation of forest cover.

Higher NDVI values (0.71-0.75) in Riddersky, Zyryanovsky and Bukhtarma forestry indicate
a better forest condition, greater biomass and denser forest cover. Lower NDVI values (~0.66-0.69)
in Markakol NP and Katon-Karagai NP may indicate sparser vegetation, potential deforestation, or
more severe climatic conditions.

Woodlands at higher latitudes (in the north), such as Riddersky forestry and Zyryanovsky
forestry, are characterized by better vegetation conditions. The southern regions (Markakol National
Park, Katon-Karagai National Park, Bukhtarma Forestry) show lower NDVI values, possibly due to
fluctuations in altitude, differences in precipitation, or the influence of land use.

Remote sensing data confirmed significant differences in soil moisture dynamics between forest
and steppe areas. Forests contribute to the preservation of moisture throughout the growing season,
while steppe areas experience a shortage of moisture during dry periods.
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Cartogram of NDVI and Bioecological Observations in Eastern Kazakhstan
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Figure 8 — Cartogram for the integration of remote sensing data with terrestrial bioecological
observations

Conclusion

The study confirms the significant role of forest ecosystems in regulating the water balance and
preventing soil degradation in Eastern Kazakhstan. The results show that forest soils retain 25-40%
more moisture than steppe territories due to their higher organic matter content and well-developed
root system. Coniferous forests demonstrate the greatest water retention capacity, followed by
deciduous forests, while steppe soils are more susceptible to rapid drying and erosion.

Infiltration analysis shows that forest soils, especially in Markakolsky National Park and
Bukhtarma forestry, have higher infiltration rates, which contributes to better groundwater
replenishment. On the contrary, steppe soils exhibit a lower infiltration capacity, which leads to an
increase in surface runoff and a higher risk of erosion. Soil evaporation rates also vary in different
forest ecosystems, with Bukhtarma Forest District showing the highest levels of evaporation, and
Markakol National Park the lowest, which highlights differences in microclimatic conditions and
vegetation.

The assessment of erosion resistance shows that forest areas experience significantly lower rates
of soil erosion compared to steppe zones. Coniferous forests with their dense vegetation and
accumulated litter show the least erosion, while steppe areas suffer from severe soil loss due to

Spectral analysis of vegetation additionally confirms that forest landscapes support higher
vegetation cover, which increases soil stability and reduces the risks of land degradation. Remote
sensing data supports these findings, demonstrating that forests contribute to maintaining constant
soil moisture levels and increasing ecosystem resilienceSpectral analysis of vegetation additionally
confirms that forest landscapes support higher vegetation cover, which increases soil stability and
reduces the risks of land degradation. Remote sensing data supports these findings, demonstrating
that forests contribute to maintaining constant soil moisture levels and increasing ecosystem
resilience. The highest NDVI values were recorded in Riddersky and Zyryanovsky forestry
enterprises, indicating denser and healthier vegetation, while lower values in Markakolsky and Katon-
Karagai National Parks indicate potential

Overall, the study highlights the important ecological function of forests in conserving water,
preventing erosion, and maintaining land stability. Theall, the study highlights the important
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ecological function of forests in conserving water, preventing erosion, and maintaining land stability.
The results highlight the need for sustainable forest management, afforestation
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CY BAJIAHCBIH PETTEY )KOHE TOIIBIPAK OPO3USACBIHAH KOPFAY
JKYUECIHJEI'T IIBIFBIC KASAKCTAHHBIH OPMAH DKOXYHEJEPI

Anoamna

Makanaga Hlerreic KazakcTanmarbl opMaH SKOXYHETEpiHIH cy OallaHCBIH peTTeyre KoHE
TOMBIPAKThl JerpajallusJaH KOpFayFa ocepl KapacThlpbulFaH. TONBIPAKTBIH Cy[Ibl ycTalm TYpy
KaOIJIeTiH, dPO3Hsl NEHICHIH JKOHE OPTYPJl OpMaH TY3UIIMIEPIHIET1 BUIFAIIBUIBIK JHHAMHKACHIH
Oaranay YIIiH 9KCIEpUMEHTTIK 3epTTeyiep Kypriziai. Hotmxkenep opManaapIbIH THAPOIOTHSITBIK
PEXUMI TYPaKTaHABIPY/AA KOHE 3PO3HsI MPOIECTEPiHIH aJIbIH allyJ]a MaHbI3Ibl POJ aTKAPATHIHBIH
KepceTel. OCIMIIIK KaMbUIFBICBIHBIH THIFBI3/IBIFbIH, TONBIPAK bIIFAJIbIIBIFBIHBIH KOPCETKIIITEPIH
xone NDVI Monzepin Tanaay YIIiH KallbIKTBIKTaH 30HATAY nepekrepi men ['AXK texHomorusiapsi
KOJIJaHbUIbI, OYJI 9KOKYHenepi xai-KyiiH *KaH-KaKTbl OaraiayJibl KAMTaMachl3 eTell. 3epTTey
COHBIMEH KaTap 3pO3UsiFa TO3IMAUTIKTET1 aramTap MeH OyTajap KypaMbIHBIH POJIiH 3epTTel, apajiac
OpMaH TY3UIIMJAEPIHIH TONBIPAK TYPAKTBUIBIFBIH apTTHIPYIaFbl MAaHBI3IBUIBIFBIH  KOPCETEII.
Hotmxenep sxepiH AerpaJanyschiH a3aiTy KOHE aliMaKTHIK Cy/Ibl YHEM/IEY IIapanapblH )KaKCcapTy
YIIIH OpMaHAapAbl OacKapyAblH TYpakThl TOKIpHOeci MEH OpMaH ecipy CTpaTerusIapblHbIH
Ka)KeTTUIIrH KepceTei. JKayblH-IalIbIHHBIH HHOUIBTPALUSACH] MEH OyJIaHy *KbUIIaM/IbIFbIH TAAAY
OpMaHJap/IbIH JKep acThl CyJapbIHBIH TYPAKThl ACHI€HiH YCTall TYPYFa, ipreiec aybuliapyambulblK
KOHE KallalblK JKepiep/ie KYpPFaKIIBUIBIK TIE€H Cy TacCKbIHBI KayliH a3alTyFa BIKNAI ETETIHIH
KepceTenl. 3epTTey OpMaHJapAbl CakTayAblH aJalTHUBTI 0acKapy CTpaTerusulapbl, COHbIH 1ILIiHE
KEPruTKTI TypJepAl HaiifanaHa OTHIPbII OpMaH ecipy, OaKbUIaHATHIH >KaWbUIBIM 9/ICTEpl KOHE
na"amadTTapAblH TYPaKTBUIBIFBIH apTThIPY YIIIH TaOufu (pakTopiapra HEri3AeireH memrimaepi
eHr13y OObIHIIIA YChIHBICTapMEH asikTanaasl. by tyxeipbivaap L erbic KazakcTan opMaH apbIHbIH
SKOJIOTHSUIBIK  (DYHKIMSUIAPbIH CaKTayFa J>KOHE Y3aK Mep3iMaAl AKOJOTHSUIBIK TYPAKTHUIBIKTHI
KamMTaMachl3 €Tyre OarbITTAIFaH KEIICH 11 CasgCaTThl d31pJeyre Heri3 O0Iabl.

Kinm ce30ep: opmaH, cy 6alaHChl, TONBIPAK 3PO3HCHI, TOMBIPAKTHIH Jerpafanusicsl, LIbFbic
Kazakcras.
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JIECHBIE OKOCUCTEMbI BOCTOYHOI'O KA3AXCTAHA B CUCTEME
PEI'YJIMPOBAHUMSA BOJAHOTI'O BAJIAHCA U 3AIIIUTHI ITIOYB OT OPO3UN
Annomauusn
B cratee paccmarpuBaeTcs BIMSAHHME JIECHBIX 3KocucrteM Bocroynoro Kaszaxcrana Ha
peryaupoBaHMe BOJHOro OajaHca M 3allUTy [OYB OT Jerpajauuu. belaum mpoBeneHsbl
AKCIEPUMEHTAIbHBIC UCCIIEOBAHUS JIJIsl OLEHKH BIIAroyepyKUBAIOIIEH CIIOCOOHOCTH M0YB, YPOBHS
5pO3UM U TUHAMUKHU BJIAXKHOCTH B PA3JIMYHbIX JIECHBIX (opManusax. Pe3ynbTaTel IOKa3bIBAIOT, YTO
jeca UrparoT BaXHYIO pPOJIb B CTAOMIM3aLUU THAPOJOTMYECKOTO peXuMa M IPeJOTBpAICHUH
nporeccoB 3po3uu. JlanHele nuctaHumoHHOro 3oHaupoBaHus U [MC-texHonorum Obuln
HCIIOJIB30BaHbl JUIsl @HAJIW3a IUIOTHOCTH PACTUTENBHOIO IOKPOBA, MHJEKCOB BJIAXXHOCTH IIOYBBI U
3HayeHuid NDVI, yTo 1no3Bojsier mojayduTh KOMIUIEKCHYIO OLIEHKY COCTOSIHMSI 3KOCHCTeMbl. B
HCCIIEA0BAHUM TAKXKE PACCMaTPUBACTCA POJIb COCTAaBA JEPEBbEB U KYCTAPHUKOB B YCTOMYMBOCTH K
3pO3UH, NOAUEPKHBAETCS BaXXHOCTh CMELIAHHBIX JICCHBIX (POpPMAaLIUH JUIsl TOBBIIIEHUS YCTOHUMBOCTH
nouBbl. [lomydeHHBIE pe3ynbTaThl IMOAYEPKUBAIOT HEOOXOJUMOCTh MNPUMEHEHHS METOH0B
YCTOMUYMBOIO JIECOIOJIB30BaHMsI M CTPATEruil 00IeceH s 1Sl CMATYeHUs MOCIeACTBUN Jlerpalaliiu
3eMeJIb U COBEPLICHCTBOBAHUS PETHOHAIBHBIX YCHUIIMHI 110 COXPAHEHUIO BOJHBIX PECYPCOB. AHAINU3
KO3 (PHUIMEHTOB MPOHUKHOBEHUSI aTMOC(HEPHBIX OCAJAKOB U CYMMAapHOI'O MCHApPEHMs IOKAa3bIBAET,
YTO Jieca CIIOCOOCTBYIOT MOJICPIKAHHUIO CTAOMIIBHOTO YPOBHS TPYHTOBBIX BOJI, CHUKAsI PUCK 3aCyX U
HAaBOJHECHUI B IPWIETAIOIIMX CEJIbCKOXO3SAMCTBEHHBIX M TOPOACKUX paiioHax. MccinemoBanue
3aBEpIIACTCS PEKOMEHIALMAMU 110 aJAlTUBHBIM CTPATErusM YIPAaBJICHUS Uil COXPAHEHUS JIECOB,
BKJIFOYast 00JIECEHUE C MCII0JIb30BAaHUEM MECTHBIX BUOB, METO/IbI KOHTPOJIIMPYEMOI'O BhIllaca CKOTa
U BHEIPEHUE pEIICHU, OCHOBAHHBIX HA MPUPOAHBIX (aKTOpax, /U MOBBIMICHHUS YCTOMYHUBOCTH
na"amadToB. OTU  BBIBOJABI CIY)KaT OCHOBOH Uil pa3pabOTKHM KOMIUIEKCHOM IOJUTHUKH,
HAIpaBJICHHOW Ha COXpaHEHHE JKOJOTHMYeCKMX (yHKuui siecoB B Bocrounom Kazaxcrane u
obecreyeHre 10JIr0CPOYHOM SKOJIOTHYECKOH yCTOMUNBOCTH.

Knrwouesvie cnoea: nec, BOAHBIN OamaHc, 3po3us IOYB, JAErpajands MOYyB, BocTouyHbIit
Kasaxcran.
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O ®OPMUPOBAHUU ITPUPOJHO-3KOJOTNYECKOT'O KAPKACA
TEPPUTOPUU, KAK TIPOCTPAHCTBEHHO-OPI'AHU30BAHHOM CTPYKTYPhI
YCTOMYUBOI'O PABBUTHS PETHOHOB KA3AXCTAHA

Annomayus
B nanHOW cTarhe TPOBENEH CHUCTEMHBIM aHANMM3 B OOJNACTH CO3JaHUS MPUPOIHO-
IKOJIOTHYECKOTO KapKaca Ha OCHOBE M3y4eHUS W aHaJIK3a CIEIUAIBHOMN JIUTepaTypbl, HOpPMaTHBHO-
MPABOBBIX  JOKYMEHTOB, OIEHKA NPHUPOJOOXPAHHONM U  PEKPEalnoOHHOW JAeSITeTbHOCTH
MIPUPOJTOOXPAHHBIX YUPEKICHUN, IKOCHUCTEMHBIX YCIYT JIMHEHHBIX JIECOHACAKICHHUM, BOJHBIX
PECYpCOB U Ap.

491


https://doi.org/10.37884/2-2025/49
mailto:kerteshev.talgat@kaznaru.edu.kz
mailto:shynybekov.murat@kaznaru.edu.kz
mailto:akimzhanov.darkhan@kaznaru.edu.kz
mailto:lesnik78@inbox.ru
mailto:mukhtar.baibatshanov@kaznaru.edu.kz
mailto:alia.iralina@mail.ru

