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Bkiuan asropoB. /. KypnaHoB npuHMMan axkTUBHOE ydacTHE B KOHUENTYyalU3alUuu
UCCIIEIOBAHMSI, 3aHUMAJICSI COOPOM U KYpUPOBAHHUEM JAHHBIX, MPOBOAUI (POPMAJIbHBIA aHAIU3 U
cTaTucTUYeckue pacd€rsl. Takke OH MOATrOTOBMI NEPBUYHBIM YEPHOBUK PYKOIIMCH, Y4acTBOBaJl B
IPOBEPKE JAHHBIX M O(QOPMIICHMM BU3YaJbHBIX MaTEpUAJIOB, a TaKXKe NPUHUMAN ydacTHE B
penakTupoBaHuu Tekcra. . AlTXokaeBa BBICTyNMWJIA HAaY4YHBIM pPYKOBOJUTENIEM IIPOEKTAa,
obecrieynsia pyKOBOJCTBO U KOHTPOJIb BCEX 3TAnoB paboThl. OHA 3aHMMaIach KOHLENTyaln3anuei
UCCIIEIOBaHMS, Pa3pabOTKOW METOAOIOTUM M OOLIel METOAOIOrHYecKoi 0asbl, KOHTPOJIUpOBAIa
Ka4yecTBO JaHHbIX U BepUPHKaIMIO pe3ynbTaToB. I'. AliTxoxaeBa Taxke odecreunsia npuoopeTeHme
¢uHaHCHpOBaHUS W HEOOXOJMMBIE PECYpChl, PYKOBOAMJIA AAMHHUCTPUPOBAHHEM IPOCKTA,
OCYILIECTBIISIA KOOPAUHALIMIO HAIIMCAHUS CTaTbU M BBICTYIANa IVIABHBIM PEAAKTOPOM DPYKOIIMCH.
H.TypmanOeroB BHec BKJIaJ B KOHILENTyaJlM3allMl0, y4acTBOBaJd B cOOpe M MpeaBapUTEIbHON
00paboTKe JaHHBIX, @ TAKXKE B IPOBEICHUH paccieloBaHUs U MOJIEBbIX HccaenoBaHuid. OH momorai
B pa3pabOTKe METOMOJIOTHM, aHAJIN3a JAHHBIX, y4aCTBOBAI B IPOBEPKE M KOPPEKType TEKCTa, a
TaK)Ke€ B IIOJIrOTOBKE BU3YyaJIbHBIX MaTEPUAIIOB U PEAAKTUPOBAHUH CTATHU.
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ASSESSING LAND SUITABILITY FOR IRRIGATED AGRICULTURE IN THE
NORTH KAZAKHSTAN REGION USING MULTI-CRITERIA DECISION ANALYSIS

Abstract

This article presents an approach to assessing land suitability for irrigated agriculture based on
the Multi-Criteria Decision Analysis (MCDA) method using weighted summation. The aim of the
study is to integrate various factors affecting the potential of land for irrigation, taking into account
their relative importance. The study is focused on the development and testing of a methodology for
evaluating the degree of land suitability for irrigated agriculture in the North Kazakhstan Region of
the Republic of Kazakhstan. Ten key criteria were identified and quantitatively assessed, including
soil, geological parameters, land use, and others. The Analytic Hierarchy Process (AHP) method was
used to determine the weights of the criteria, which made it possible to structure complex decisions
based on pairwise comparisons of criteria. The calculation results, presented in the form of a spatial
differentiation map, showed zones with different degrees of suitability for irrigated agriculture. The
analysis showed that a high degree of suitability is mainly observed in the northwestern part of the
region near lakes and along the Ishim River, whereas lands with low suitability prevail in the southern
and southeastern parts. The developed methodology makes it possible not only to determine the
current potential of land resources but also to take into account factors affecting their sustainability
in the long term. This provides a basis for informed decision-making in the field of sustainable
agricultural development and planning, as well as for identifying promising areas for the development
of irrigated systems.
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Introduction

The problem of ensuring food security in the context of global climate change requires a
revision and optimization of approaches to land resource use, particularly for areas located in
vulnerable agro-climatic zones—moderately humid moderately warm, slightly humid moderately
warm, and slightly arid moderately warm—of the North Kazakhstan Region [1]. The majority of
agricultural production in the region is concentrated on rain-fed crops [2]. Irrigated agriculture plays
a key role in increasing the productivity of agricultural lands [3]; however, its mismanagement can
lead to soil degradation [4], secondary salinization [5], and depletion of water resources [6, 7].
Globally, irrigated agriculture occupies about 17% of all cultivated land but produces approximately
41% of crop output; in Kazakhstan, irrigated lands represent only 6.5% of total arable land, yet they
account for roughly 40% of national crop production, underscoring the strategic importance of water
management for agricultural development [8].

In this context, research on comprehensive land-suitability assessment for irrigation is
increasingly relevant, as it allows for minimizing risks and enhancing the resilience of
agroecosystems. Hadelan et al. (2020) identified criteria and developed assessment models using
multi-criteria decision-making methods to compare pre-defined sites for irrigation-system
construction [9]. Bozdag et al. (2016) applied multi-criteria analysis in conjunction with GIS
techniques to determine the degree of land suitability over a specific area [10]. Paul et al. (2020)
integrated geospatial multi-criteria decision analysis with the Analytic Hierarchy Process (AHP) to
evaluate the potential for using treated water for agricultural irrigation in California [11]. Similarly,
Rihab et al. (2024) demonstrated that selecting an MCDA method for classifying areas suitable for
irrigation with treated water depends on several factors, including decision complexity, data
availability, decision-makers’ preferences, and available computational resources [12].

The present study aims to develop and test a methodology for assessing land suitability for
irrigated agriculture in the North Kazakhstan Region of the Republic of Kazakhstan, based on Multi-
Criteria Decision Analysis (MCDA) and the Analytic Hierarchy Process (AHP), using the Weighted
Sum tool within the ArcGIS Pro environment [13, 14, 15, 16, 17]. The methodology integrates
publicly available datasets relevant to sustainable irrigation analysis and planning.

The main scientific contribution lies in establishing a transparent, data-driven, and reproducible
workflow for irrigation suitability assessment in a region where such systematic approaches have not
been operationalized. Unlike prior studies that rely primarily on static soil or land-use factors, this
study explicitly incorporates snowpack-derived water supply potential, surface-runoff pathways, and
slope-controlled retention capacity, thereby linking irrigated agriculture planning with the hydrologic
reality of snowmelt-driven water availability in Northern Kazakhstan. The analytic procedure ensures
replicability by using open-source climate and elevation products, consistent spatial pre-processing,
AHP-derived weights validated through consistency checks, and clear parameter ranges for each
suitability factor.

The novelty of this research stems from applying a standardized MCDA-AHP framework for
irrigation planning in Kazakhstan’s northern steppe, systematically integrating snow water equivalent
(SWE), slope-derived runoff accumulation, and soil moisture-retention indicators into the suitability
criteria, reflecting the importance of seasonal meltwater resources, and demonstrating that robust and
reproducible irrigation-suitability mapping can be achieved using openly available data and a fully
documented decision-weighting scheme.

It is assumed that key natural, agroecological, and hydrological criteria significantly influence
land suitability for irrigation and that these can be quantitatively assessed and normalized to ensure
comparability. Furthermore, the study posits that heterogeneous factors can be integrated into a single
suitability index using a weighted-summation approach in a GIS framework [13].

The practical significance of the findings lies in providing an evidence-based tool to support
decision-making for irrigation planning and management. The resulting suitability map can guide the
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identification of areas most promising for irrigation-system development and highlight zones
requiring reclamation or land-use modification, contributing to more efficient and sustainable use of
agricultural lands amid rising food demand and a changing climate.

Study Area

The study area (Figure 1) is the North Kazakhstan Region, located in the northern part of the
Republic of Kazakhstan. The region covers an area of 123,200 km? and shares a border with the
Russian Federation. The climate is sharply continental, with significant annual temperature
fluctuations and low humidity levels. The territory lies mainly within the West Siberian Plain and is
characterized by numerous closed depressions with lake clusters and isolated water bodies.

Precipitation is unevenly distributed: the average annual amount ranges from 225 to 335 mm,
with recorded extremes from 204 mm to over 600 mm. The coldest month is January (average
temperature —18.5 to —18.7 °C), and the warmest is July (+18.5 to +18.7 °C). In winter, precipitation
varies from 22 to 42 mm, and snow cover is unevenly distributed due to strong winds that shift snow
across open areas.

The soil cover follows a zonal distribution: in the north, ordinary loamy chernozems dominate,
while in the south, lighter-textured southern chernozems prevail.
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Figure 1. Map of the study area

Data and Methods

To assess the degree of land suitability for irrigated agriculture, this study employed the Multi-
Criteria Decision Analysis (MCDA) method, integrating the Weighted Sum approach with the
Analytic Hierarchy Process (AHP) [16, 18]. The traditional AHP method was selected because of its
robust theoretical foundation, its capacity to address complex decision-making problems through
hierarchical structuring, and its independence from large, authentic datasets [19].

The methodological framework comprised several key stages. First, ten relevant criteria
influencing land suitability for irrigated agriculture were identified using publicly available datasets.
These criteria included: (1) soil type, representing various soil classes such as chernozems, chestnut
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soils, and sierozems [20]; (2) soil organic carbon sequestration rate (Figure 2), which indicates the
soil’s capacity for long-term sustainable functioning and humus accumulation [21]; (3) land
productivity dynamics, expressed through a map illustrating productivity changes between 2001 and
2022 and categorizing territories according to degradation or improvement levels [21]; (4) soil salinity
[21]; (5) geology, described by geological mapping that delineates the spatial distribution of rock
types, their ages, and structural characteristics [22]; (6) subsurface flow, which characterizes the
distribution of aquifer complexes and horizons within sedimentary strata [23]; (7) groundwater,
focusing on aquifers closest to the surface [24]; (8) distance to water bodies, calculated by the authors;
(9) slope, derived from the Shuttle Radar Topography Mission (SRTM) 30-m digital elevation model
[25]; and (10) land use, depicted in Figure 3, showing the spatial distribution of different land-cover
categories, including agricultural areas, forests, pastures, water bodies, urban zones, and uninhabited

lands [26].
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Figure 2. Map of the rate of soil organic carbon sequestration in the North Kazakhstan region
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Each criterion was quantitatively evaluated and normalized to ensure comparability. All ten
input raster layers were reclassified into suitability scores prior to weighting. For continuous variables
such as soil organic carbon sequestration rate, soil salinity, and other continuous biophysical
parameters, reclassification was performed using their value distributions, dividing the range into four
equal-interval suitability classes (25% intervals). This approach ensures that the full spectrum of
variation for each criterion is captured and enables a consistent suitability ranking across
heterogeneous datasets.

Categorical data, such as LULC, were reclassified based on literature-supported suitability
rankings for irrigated agriculture. For example, water bodies and built-up areas were assigned the
lowest suitability value (1), flooded vegetation was assigned 3, bare ground 5, forest 4, pastureland
8, and cropland the highest value of 10, reflecting its inherently higher suitability for irrigation
development in the study context.

The weighting of criteria was performed using the AHP, which structures complex decisions
through pairwise comparison matrices. Pairwise comparisons of the selected criteria (Figure 4) were
conducted by the authors using the Saaty 1-9 scale [15] to quantify the relative importance of each
factor. In total, 45 comparisons were completed using an online AHP decision-support tool [17], and
the consistency ratio was evaluated to ensure coherence and reliability in the weighting results.

1 2 3 - 5 6 7 8 9 10
1 1 3.00 400 200 1.00 400 300 200 2.00 1.00
2 033 1 200 050 025 200 100 033 033 025
3 025 0.50 1 050 033 050 1.00 033 050 0.25
4 050 2.00 2.00 1 200 200 200 1.00 050 050
5 1.00 400 300 0.50 1 3.00 200 1.00 200 1.00
& 025 050 200 050 033 1 050 050 050 3.00
7 033 1.00 1.00 050 050 2.00 1 050 050 0.33
g 050 300 300 1.00 1.00 200 200 1 2.00 0.50
9 050 300 200 200 050 200 200 0.50 1 0.50

10 1.00 400 400 200 1.00 033 300 200 200 1

Figure 4. Pairwise comparison matrix of the criteria. The numbers from 1 to 10 correspond to
the numbering of the criteria in the "Criteria Definition" section

Based on the pairwise comparison matrix, the normalized weights of the criteria were derived
using the eigenvector method. To assess the logical consistency of expert judgments, the Consistency
Ratio (CR) was calculated. The resulting CR value was 8.6%, which falls within the acceptable
threshold of less than 10% [14]. The computed weights of the criteria varied according to their relative
importance (Table 1).
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Table 1. Criteria and their weights

|Criterion ||Weight |
[Soil ll0.170 |
|Soi| organic carbon sequestration rate ||0.054 |
ILand productivity dynamics 10.038 |
|Soi| salinity ||0.104 |
|Geology 0.135 |
Subsurface flow — Distribution of aquifer complexes and horizons in 0.081

deposits

|Groundwater — Aquifers lying closest to the surface [0.058 |
Distance to water bodies 0.123 |
[Slope [0.099 |
|Land use l|0.148 |

For each spatial unit (e.g., land parcel or raster pixel), a weighted sum was computed using the
Weighted Sum tool available in the ArcGIS Pro software package [13]. In this process, the value of
each criterion was multiplied by its corresponding weight, and the resulting products were summed
to obtain the overall suitability score. The calculation followed the formula:

si = Xj=1(wj X x;5) (1)

where s; is the final suitability score for unit i, w; is the weight of criterion j, x;; is the
normalized value of criterion j for unit i, n is the total number of criteria.

The obtained s; values were used to classify land into five suitability categories, ranging from
low to high. To improve the reliability of the results, iterative checks and sensitivity analysis were
conducted to assess the impact of weight changes on the final classification. From an applied
perspective, this workflow allows decision-makers and agricultural planners to objectively identify
priority zones for irrigation infrastructure, water harvesting systems, and land-reclamation programs.
The resulting suitability surface can support regional development strategies, farmer advisory
services, and investment planning by highlighting areas where irrigation expansion is likely to be
technically feasible, economically viable, and environmentally sustainable.

Results

The conducted analysis revealed clear spatial differentiation in land suitability for irrigated
agriculture across the North Kazakhstan Region. The suitability levels were categorized into five
classes: low, below average, average, above average, and high. The resulting raster output, visualized
on a map (Figure 5), provides a comprehensive overview of the region’s spatial variation in irrigation
potential.

The land suitability map for irrigated agriculture (Figure 5) shows a clear northwest-southeast
gradient driven by interacting geologic—pedologic, hydrologic—climatic, and anthropogenic controls.

Higher suitability areas (light and dark green) coincide with the Esil River valley and adjacent
lowlands (e.g., Sergeevka—Bulaevo corridor), underlain by Quaternary alluvial and loess-like deposits
that weather to medium- to fine-textured chernozem soils with good water-holding capacity and
moderate infiltration. Drainage density and runoff accumulation are higher along the Ishim and its
tributaries, and proximity to existing reservoirs and floodplains increases seasonal water availability
from snowmelt-fed flows. Slopes are generally <3-5%, reducing erosion risk and pumping head, and
the groundwater table is comparatively shallower in valley bottoms, which can lower conveyance
costs. Land use is dominated by cropland and pasture, which our LULC reclassification assigns higher
suitability scores. Built-up and protected areas are sparse. Together, these factors produce consistently
higher composite suitability indices.
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Toward the Pavlodar and Akmola borders on the southeast (orange and red colors), the
landscape transitions to more saline lacustrine and alluvial—proluvial deposits with a higher frequency
of solonetz/solonchak complexes. Our continuous rasters (e.g., soil salinity) therefore down-rank
these zones. The climate signal strengthens southeastward: precipitation declines and PET increases,
reducing reliable surface-water surpluses from snowmelt and raising irrigation requirements.
Topographically, the dissected periphery of the Kokshetau Uplands introduces steeper local slopes,
elevating erosion hazard and infrastructure costs. Hydrologically, runoff convergence and perennial
channels are less dense, and many basins terminate in closed saline depressions rather than passable
conveyance routes. Anthropogenic constraints also accumulate: fragmented cropland, more
bare/abandoned patches, and scattered settlements (all reclassified to lower suitability classes)
interrupt contiguous service areas for canals or pipelines. These combined factors depress the
weighted scores and explain the concentration of “below-average” and “low” classes in the south and
southeast.

Overall, high-suitability zones align with alluvial lowlands, gentle relief, chernozem-dominated
soils, and snowmelt-supported hydrology, whereas low-suitability zones reflect saline substrates,
higher PET/deficit, steeper or dissected terrain, weaker channel networks, and less favorable LULC.
This process-based reading confirms that the mapped pattern is consistent with the region’s geology,
hydrology, and land use.

Conclusions

This study presents a structured and reproducible approach to evaluating land suitability for
irrigated agriculture in the North Kazakhstan Region using Multi-Criteria Decision Analysis
(MCDA) and the AHP. By integrating ten critical criteria, including soil characteristics, geological
features, hydrological factors, topography, and land use, the methodology provides a comprehensive
framework for spatially assessing irrigation potential across a heterogeneous landscape.
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The resulting land suitability map reveals significant spatial variation in irrigation potential,
with the most favorable areas located in the northwestern part of the region, particularly along the
Ishim River and near lake systems. These zones benefit from advantageous soil conditions, access to
water resources, and gentle terrain. In contrast, the southern and southeastern parts of the region are
characterized by lower suitability, likely due to a combination of soil salinity, steeper slopes, and
limited water accessibility.

The use of the AHP method enabled the systematic weighting of criteria based on expert
judgment, ensuring that the resulting suitability index reflects the relative importance of each factor.
The consistency ratio of the pairwise comparison matrix remained within acceptable limits,
supporting the reliability of the weight assignments.

The developed methodology serves as a valuable decision-support tool for policymakers, land
managers, and agricultural planners. It not only helps identify priority areas for the expansion of
irrigation systems but also highlights regions where additional land reclamation or resource
management interventions may be required. Furthermore, the approach offers flexibility for
adaptation to other regions and contexts, provided that relevant spatial data are available.

In the context of increasing pressures on food systems and climate variability, this study
contributes to the broader goal of promoting sustainable agricultural development. The integration of
environmental, agroecological, and infrastructural criteria into a unified assessment framework
facilitates informed decision-making and supports long-term land and water resource planning in
vulnerable agroecosystems.

Funding. This research was carried out within the framework of the scientific and technical
program IRN BR24993222 “Development of a Decision Support System for the Environmental and
Economic Management of the North Kazakhstan Region in the Context of Sustainable Development,”
funded by the Science Committee of the Ministry of Science and Higher Education of the Republic
of Kazakhstan under program-targeted funding.
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COJITYCTIK KA3BAKCTAH OBJIBICBIHJIA CYAPMAJIbI EI'MTHIIJIIKKE
JKEPJEPIIH "KAPAMJBLJIBIFBIH KOII KPUTEPUHJIIK INEIIIM KABBLIIJIAY
I9IICI APKbLJIbI BAFAJIAY

Anoamna

byn wmakanmaga canMmakTalFaH KOCBIHJABI OIICIH KOJIJAHATBIH KON KPUTEPHIATIK IIeIIiM
kaopuimay (MCDA) omiciHe Heri3genreH cyapMallbl — eriHIIUTIKKE apHalIFaH KepJepliH
YKapamIbUIBIFBIH Oaraliay TOCUIl YChIHBUTAIBI. 3€PTTEY/IiH MaKCaThl — CyapMalibl ETiHIIUTIKKE KepaiH
QJieyeTiHe acep eTEeTiH JpTypii (axkTopiapisl OJAPAbIH CaTBICTHIPMANIbl MAaHBI3ABUIBIFBIH €CKepe
oThIphIN OipikTipy. 3epTTey ConrycTik KazakcTan 0OJBICBIHBIH ayMaFbIHIa CyapMaJibl €TIHIILITIKKE
apHaJFaH JKEpIICPIiH >KapaMIbUIBIK JTOPEkKECiH Oaranayra apHalIFaH OJICTEMEHI 93ipJeyre jKoHe
CHIHAKTAH OTKi3yre OarbITTaaFaH. ToOmbIpak, TeOJIOTUSUIBIK MapaMeTpiiep, Kep/i MaigaiaHy jKoHe
0acka /Ja OH HEri3ri KPUTEpHil aHBIKTAIBIN, CAHIBIK TYPFbINaH Oaramanisl. Kputepuiinepmaiy
caJIMaKTapblH aHBIKTAY YIIIH uepapxusiap ananusi (AHP) oxici KonaaHbuiabl, OyJ1 KpUTEpHlIepain
KYITBIK CaJBICTBIPYJIapblHA HETI3/IENTeH KypJeli memimMaepai KYphUIbIMaayFa MyMKIHAIK Oepi.
Ecenrtey Hotmxkenepi KeHICTIKTIK nuddepeHpanms Kaprackl TYPiHAE YCHIHBUIIBI )KOHE CyapMallbl
eTIHIIUTIKKE >KapaMIBUIBIKTBIH SPTYPIl Jdpexenepi kepceriai. Tangay KepCceTKeHIeH, KOFaphl
YKapamIbUIBIK aliMaKTapbl HET131HEH aliMaKThIH COJTYCTIK-OaThIChIHA, Keuep MeH Ecin e3eHiHiH
OOWBIH/Ia OpPHAJIACKAH, ajl TOMEH KapaMIBLIBIKTAFbl JKEPJIEP OHTYCTIK XOHE OHTYCTIK-IIBIFBIC
Oemikrepnae O6acbiM. JlallbiHIANFaH oicTeMe KEp PECYpPCTAPBIHBIH Ka3ipri oJieyeTiH aHbIKTAIl KaHa
KOIMaid, 0J1ap/IbIH Y3aK MEP3iM/li TYPaKThUIBIFBIHA 9CEP €TETIH (GaKTOPIIAp/Ibl Ja €CKepyre MYMKIHIIK
Oepeni. by aypln miapyamibUIBIFBIH TYPAaKThl JaMBITY MEH JKOcIapiay cajachlHIa Heri3/eireH
meniMaep Kaobuiaayra, COHIal-aKk cCyapMalibl JKyHellep/i JaMbITyFa MePCIEeKTUBAIBI ayMaKTap,Ibl
aHBIKTayFa Heri3 0oabl.

Kinm ce30ep: cyapMaibl €TIHIIUIIK, Kep KapaMAbUIbIFbI, KOl KpUTEPUIATI HIemiM Kadbuiaay,
canMakTanFaH KocelH b, ConTycTik KazakcTaHn 0OMbICH, arposKoKyheaepIiH TYPaKThLUTBIFbI
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OLEHKA MPUT'OAHOCTH 3EMEJIb IJIs1 OPOIIAEMOTI'O BEMJIE/IEJINSA B
CEBEPO-KA3BAXCTAHCKOM OBJIACTH C UCHTOJIb30BAHUEM METO/IA
MHOI'OKPUTEPUAJIBHOTI'O AHAJIM3A

Annomauusn

B craThe npeacTaBieH moaxo K OLIEHKE MPUTOJHOCTH 3€MeJlb JIsi OPOIIAEMOT0 3eMIIeIeNns
Ha OCHOBE MeTojJa MHorokpurepuaimpbHoro ananusza (MKA), wucnomb3yromero B3BELIEHHOE
cymmupoBanue. Llens uccneaoBanus 3aKiI0YaeTcsl B MHTETPAlK Pa3InYHBIX (PAKTOPOB, BIHSIOIIMX
Ha MOTEHIMAJ 3eMeNb JUIsl OPOIIEHUs, ¢ YYETOM WX OTHOCHTEIIbHOW 3HAauMMOCTH. VccnenoBanme
HampaBJIEHO Ha pa3paboOTKy W anpoOalldio METOJUKU OIEHKHU CTETIEHHU MPUTOTHOCTH 3eMEINb s
opommaemoro 3emienenus B Ceepo-Kazaxcranckoir obmactu Pecrybnmukm Kaszaxcran. beum
BBIIETICHBl M KOJIMYECTBEHHO OIICHEHBI JECSITh KIIIOYEBBIX KPUTEPUEB, BKIIOYas TIOYBY,
reoJOrMuecKkre IapamMeTphl, 3eMJIeNoib30BaHue W jApyrue. Meton aHanuza uepapxuit (AHP)
WCIIONB30BAJICS AJI ONpPENENIEHUs BECOB KPUTEPUEB, YTO IMO3BOJUJIO CTPYKTYPUPOBATh CIIOXKHBIE
pelieHusl Ha OCHOBE MOMAPHOTO CpaBHEHUA. Pe3ynbTaTsl pacyeToB, MpeCTaBICHHBIE B BUIEC KapThI
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IIPOCTPAHCTBEHHON IU(pepeHIMalny, T0Ka3alId 30Hbl ¢ Pa3JIMYHON CTENEHbI0 MPUTOJHOCTH VIS
opomracMoro 3¢MJICACIINA. Ananus IOoKa3aJjl, 4TO BBICOKAsA CTCNCHL NPUTOJHOCTH B OCHOBHOM
HaOJI0AaeTCsl B CEBEpO-3allaiHOM 4acTH peruoHa, BOMM3M 03€p M BAOJbL peku Mimm, Torma kak
3eMJIM C HU3KOW MPUTOAHOCTHIO MPeo0Ia aoT B I0KHOM 1 I0r0-BOCTOYHON yacTh. Pa3zpaboraHHas
METOAMKA MO3BOJISIET HE TOJBKO OINPENENUTh TEKYLIUH MOTEHIMal 3e€MENIbHBIX PECypcoB, HO M
YUUTBIBATh (PAKTOPHI, BIUSAIONINE HA UX YCTOWYUBOCTH B JIOJIFOCPOYHOM MEPCIEKTUBE. ITO CO3AET
OCHOBY Ul 0OOOCHOBAHHOT'O IPUHATHSI PELICHUH B 00JIACTH YCTOWUYMBOIO CEIbCKOXO035MCTBEHHOIO
Pa3sBUTHA WU IJIAHUPOBAHUA, 4 TAKKC IJId BbIABJICHUA NCPCIICKTHBHBIX TeppI/ITOpI/Iﬁ IJId pa3sBUTUA
CHCTEM OPOIIEHUS.

Knrwouesvie cnosa: opouaemoe 3eMIE[ENUe, NPUTOJHOCTh 3€MeNlb, MHOIOKPUTEPHAIbHBIN
aHanu3, B3BelleHHas cymma, CeBepo-Kaszaxcranckast 001acTh, yCTOHYMBOCTh arpO3KOCHCTEM
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«KYJAHHBIH (EQUUS HEMIONUS) PEUHTPOAYKIUSACBHIH VIE-BAJIKALL
MEMJIEKETTIK TABUY'Y PE3EPBATBIHBIH IJIE ©3EHIHIH CAFAJIBIK
IKOXYUECI KAFJAUBIHIA KY3EI'E ACBIPY)»

Axoamna

byn wmakamanma «kymanaelH (Equus hemionus) «Ine-bankam» MTP-1e1  aymarbiHa
PEUMHTPONYKIMSCHI KE31HJE OJapiblH JKaHa »JKOoXyHemepre Oedimaenyl MeH OHOJOTHSIIBIK
Heri3/ieMeci KapacTbIpbuiaabl. JKanyapablH OMOIOTHSUIBIK €peKIIeNir, Tapaity apeaisl, 1eHe OiTiMi,
CaJIMarbl, TOJJCY KOHE Ko0ero Ke31HAer! MiHe3-KYJIKbl KapacTelpblUirad. KyjgaHnnapablH MeKeH eTy
allMarbIHBIH TAaOMFU-KIMMATTHIK OSKaFjailapbl, »akKblH OpHAJacKaH T'HIPOMETEOPOJIOTHSIIBIK
CTaHLMSUIAp JEePeKTepl, TeOJOTHsUIBIK KYPbUIBIMBI, penbedi, KIUMaThl, TUAPOJIOTUSIIBIK PEXKUMI,
TOIBIPAK KAMBUIFBICBI MEH OCIMIIKTEp OYHHEC] >KaH-KaKThl TajjaHfraH. JKaHyapiapabl apHaiibl
OakpuTay ajaHJapbIiHIA XOHE BOJIEpJEpHAe Kajaraiay omicTepi KapacTelpburraH. COHBIMEH KaTap
KEpCIHIPY Ke3€eHIH/e KYJIaH1ap/IbIH KOCBIMIIIA KOPEKTIK ’KOHE MUHEPAJIJIbIK 3aTTaApPMEH KaMTaMachl3
€Ty JKOHE OJIapJbIH KOPEKTCHY Ke31HAETI MIHe3-KYJIKBIHBIH EpPEeKIIeNIKTEpIHE TOKTaJFaH.
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