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Abstract

Background and Aim. Climate change, growing pressure on water resources, and increasing
agricultural demand for water require more efficient irrigation management. The digital transformation
of water management improves water-use efficiency and strengthens the resilience of irrigation systems.
This study evaluates water distribution efficiency in the Almaty region and substantiates the use of
digital technologies for water resources management under stochastic variability in water availability.

Materials and methods. The study was based on statistical data on water use in the Almaty region for
2010-2024, hydrological records of the Ili River basin, and official data from Kazakhstan's authorized
water management agencies. Systems analysis, comparative assessment, statistical analysis, correlation
analysis, and regression modeling were applied. The coefficients of variation, correlation, and
determination were calculated to evaluate water distribution efficiency. The applicability of GIS, IoT,
SCADA systems, digital twins, and artificial intelligence toirrigation management was also assessed.

Results. The results indicate an improvement in the efficiency of water resources management.
Water withdrawal increased by 20.8%, while the water distribution efficiency coefficient rose from
0.62 to 0.77 and water losses decreased from 38% to 25%. Irrigation water consumption per unit area
declined by 22%, resulting in estimated annual water savings of approximately 640 million m®. A strong
negative correlation was found between water losses and system efficiency (r = —0.89). The regression
model demonstrated high explanatory power (R? = 0.86), confirming the robustness of the results. The
implementation of digital technologies contributes to more efficient water allocation, reduces water
losses, and greater resilience of irrigation systems.

Conclusion. Digital technologies enhance the efficiency and sustainability of water resources
management by improving water distribution, reducing losses, and the adaptability of irrigation
systemsto hydrological variability. The proposed digital-stochastic framework provides a scientific and
methodological basis for developing digital water management platforms and decision-support systems,
as well as for the practical implementation of adaptive water allocation technologies in irrigation
management.

Keywords: digitalization; water distribution; digital technologies; irrigation systems; water
resources; Almaty region.
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Introduction

Climate change, increasing anthropogenic pressure, and growing agricultural demand for water have
become critical factors affecting the sustainability of agricultural production. According to international
assessments, agriculture accounts for nearly 70% of global freshwater withdrawals, while water scarcity
is increasingly recognized as one of the major threats to food security [1]. This issue is particularly
important in regions with extensive irrigated agriculture, where the efficiency of water allocation directly
affects crop productivity and the effective use of land resources [2, 3].

The Almaty region is one of Kazakhstan’s major irrigated agricultural areas in terms of both irrigated
land area and water use. The formation of regional water resources depends on hydrological, climatic,
and anthropogenic factors, resulting in considerable interannual variability and an increased probability
of water shortages [4, 5]. Ongoing climate change is altering established water supply regimes and
intensifying risks to agricultural production systems[6].

Conventional approaches to water distribution management, which rely on fixed water delivery
schedules and long-term mean runoff values, have become less effective under current environmental
conditions. Such methods do not adequately account for the stochastic nature of water resource formation
or the variability of hydrological processes [7, 8]. Therefore, integrated water resources management
has gained increasing importance, as it emphasizes the consideration of economic, environmental, and
social factors in decision-making|[1, 9].

Recent studies indicate that the digital transformation of the water sector offers significant
opportunities to improve water-use efficiency. The application of geographic information systems (GIS),
Internet of Things (IoT) technologies, SCADA systems, decision-support systems (DSS), artificial
intelligence methods, and digital twin concepts enables continuous monitoring of water systems and
enhances the quality of water management decisions [10]. In recent years, machine learning approaches
have been increasingly used for hydrological forecasting, flood risk assessment, and water resources
management [ 11]. Furthermore, integrated modeling frameworks and decision-support systems facilitate
comprehensive analysis of water-useprocesses and contribute to more effective management of water
infrastructure [12, 13].

The adoption of digital technologies has demonstrated considerable potential to reduce water losses,
improve the accuracy of water demand forecasts, and increase the efficiency of water allocation[ 14,
15]. However, most previous studies have focused on individual aspects of digitalization and have paid
limited attention to the influence of stochastic water availability on irrigation management [7, 11].

In Kazakhstan, the integrated application of digital technologies combined with stochastic modeling
of water resources remains insufficiently investigated. At the same time, the digital transformation of the
water sector has become one of the strategic priorities of national water policy, as reflected in the Water
Resources Management Development Concept of the Republic of Kazakhstan for 2024-2030 and the
Comprehensive Water Sector Development Plan of the Republic of Kazakhstan [16].

The present study aims to assess the efficiency of water distribution under conditions of stochastic
variability in water availability and to substantiate the application of digital technologies for irrigation
system management. The scientific novelty of the research lies in the development of an integrated digital—
stochastic approach to water distribution management that combines statistical analysis, assessment of
water resource uncertainty, and advanced digital management technologies. The proposed framework
makes it possible to account for interannual fluctuations in water availability and adapt water allocation
regimes to the challenges associated with climate change and increasing water scarcity.

Materials and Methods

The study was based on a comprehensive assessment of water resources management and water
distribution processes in the irrigation systems of the Almaty region, Republic of Kazakhstan. The
information base included statistical data on water withdrawal, water consumption, and water losses,
official reports of the Ministry of Water Resources and Irrigation of the Republic of Kazakhstan, and
hydrological observations from the Ili River basin. The methodological framework combined integrated
water resources assessment, hydrological time-series analysis, system modelling, and digital water
management approaches, including integrated environmental modelling, artificial intelligence, and
digital twin technologies for irrigation management and decision support [7, 8, 12, 13, 14, 15].

207



EYPA3VIAABIK ATPOTEXHUKAZBIK KYPHAZ / EURASIAN AGROTECHNICAL JOURNAL / EBPA3UMICKIUI ATPOTEXHUYECKWI XKYPHAA
Ne 2 (130)/2026 ISSN 3135-243X,3135-2448

The study relied on an integrated systems approach combining water management, statistical
analysis, and digital assessment techniques. Systems analysis methods were applied to examine the
structure and functioning of water distribution processes as an essential component of water resources
management under conditions of variable water availability. Comparative analysis was used to evaluate
existing water allocation approaches and identify opportunities for implementing advanced digital
technologies in irrigation management [7, 9, 10].

Statistical methods and time-series analysis techniques were used to investigate the variability of
water resources. Hydrological observations were analyzed with consideration of the stochastic nature
of river runoff formation, which made it possible to assess the influence of climatic and hydrological
factors on water supply processes [4, 5, 6]. Descriptive statistics, correlation analysis, and variability
assessment methods were applied during data processing.

The coefficient of variation was used to quantify the degree of variability in water resources (1):

vV = (%)x 100, (1)

where

CV — denotes the coefficient of variation (%),

o represents the standard deviation,

X is the mean value of the analyzed indicator.

To determine the strength of the relationship between water losses and the efficiency of water
distribution, the Pearson correlation coefficient was applied (2):
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VEG; -022@ - 92T

where

r is the Pearson correlation coefficient;

x, and yi are the observed values of the analyzed variables;

X and ¥ denote their corresponding mean values.

The efficiency of water distribution was evaluated using the following expression (3):

E= (&) ®

W

where

E is the water distribution efficiency coefficient;

W _ represents the volume of effectively utilized water;

W _ denotes the total volume of supplied water.

The empirical basis of the study consisted of official statistical information and analytical reports
issued by the water management authorities of the Republic of Kazakhstan. These data characterize
trends in water consumption, the efficiency of water allocation, and the operational condition of irrigation
systems. The use of long-term observation records ensured the reliability and representativeness of the
obtained results.

The empirical dataset included annual observations for the period 2010-2024 (n = 15), covering
indicators of water withdrawal, irrigation water losses, river runoff, and water distribution efficiency
in the Almaty region. Statistical processing and regression analysis were performed using IBM
SPSS Statistics 27 and Microsoft Excel 365. Prior to model estimation, the data were examined for
completeness, consistency, and the absence of significant outliers. The assumptions of linear regression
were evaluated through residual analysis, including tests for linearity, homoscedasticity, normality of
residuals, and multicollinearity. Model adequacy was assessed using the coefficient of determination
(R?), adjusted R?, F-statistic, p-value (<0.05), and mean approximation error. Internal validation was
performed by comparing predicted and observed values and analyzing residual distributions, confirming
the robustness and reliability of the developed regression model.

The assessment of water distribution management efficiency was carried out within the framework
of contemporary concepts of integrated water resources management and adaptive management

208



EYPA3VISIABIK ATPOTEXHVIKA/BIK JKYPHAA / EURASIAN AGROTECHNICAL JOURNAL / EBPASUVICKVIA ATPOTEXHYECKII JKYPHAA
No 2 (130)/2026 ISSN 3135-243X, 31352448

approaches [1, 9]. In addition, probabilistic analysis methods were employed to account for uncertainties
associated with water resource formation and to evaluate potential risks of water shortages under varying
hydrological conditions [5, 8].

A distinctive feature of the study is the application of an integrated approach that combines stochastic
analysis techniques with advanced digital technologies for water management. Particular attention
was given to the potential use of geographic information systems (GIS), supervisory control and data
acquisition (SCADA) systems, decision-support systems (DSS), Internet of Things (IoT) technologies,
artificial intelligence tools, machine learning methods, and digital twin technologies to improve the
efficiency of water distribution processes [10-15].

The proposed methodological framework is reproducible and relies on widely accepted analytical
approaches recommended in contemporary studies on water resources management and the digital
transformation of water systems. The integrated digital-stochastic model developed in this study enables
the incorporation of water resource variability into the decision-making process and provides a scientific
basis for management strategies aimed at improving the operational performance of irrigation systems.

By combining stochastic analysis with modern digital technologies, the proposed approach makes it
possible to account for uncertainties in water availability, support adaptive water allocation, and enhance
the resilience of irrigation systems under changing climatic and hydrological conditions.

Results

The conducted study made it possible to identify the principal patterns of water use development and
the efficiency of water distribution in the Almaty region. The findings indicate increasing pressure on the
regional water management system, considerable variability in water availability, and the growing need
for the implementation of digital management technologies.

To evaluate long-term trends in water use, an analysis of water withdrawal dynamics in the Almaty
region was carried out. The results of this assessment are presented in Table 1.

Table 1 — Dynamics of Water Withdrawal in the Almaty Region

Year Water intake, mln m3 Growth rate, %
2010 5200 100.0
2014 5680 104.2
2018 6150 103.9
2020 6030 98.0
2022 6280 104.1

Note: data compiled based on source [17]

As shown in Table 1, the volume of water withdrawal increased from 5.200 to 6.280 mIn m? during
the study period, representing an overall growth of 20.8%. This upward trend reflects the increasing
demand for water resources associated with agricultural development in the region.

The growth in water withdrawal volumes was accompanied by the expansion of agricultural
production and a rising demand for irrigation water. At the same time, a gradual improvement in water
use efficiency was observed.

One of the key indicators of water use efficiency is the amount of water consumed per unit area of
irrigated land. During the study period, specific water consumption decreased from 9.100 to 7.100 m*/ha,
corresponding to a reduction of approximately 22%.

The decline in unit water consumption indicates improvements in water use efficiency and the
implementation of water-saving measures. Assuming that the irrigated area remained relatively stable,
the achieved reduction in water consumption corresponds to annual water savings of approximately
640 mln m°.

An important outcome of the study was the assessment of water distribution efficiency. The results
revealed that water losses within the irrigation network decreased from 38% to 25%, while the water
distribution efficiency coefficient increased from 0.62 to 0.77 (Table 2).
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Table 2 — Indicators of Water Distribution Efficiency

Indicator 2010 2024
Water intake, mln m? 3750 4360
Water loss, % 38 25
Efficiency coefficient 0.62 0.77
Efficiency increase, % - 24.2

Note: data compiled based on source [17]

The statistical analysis revealed a strong inverse relationship between water losses and the efficiency
of water distribution. The calculated correlation coefficient reached r = —0.89, indicating that the
performance of the irrigation system is highly dependent on the magnitude of water losses within the
distribution network.

The analysis of the stochastic behavior of water resource formation in the Ili River basin demonstrated
considerable year-to-year fluctuations in river discharge. The maximum runoff volume reached 15.400
mln m3, whereas the minimum value amounted to 10.900 min m3. The coefficient of variation was
estimated at 11.8%, indicating a moderate level of hydrological variability within the observed series.

To assess the stochastic variability of water resources, an analysis of the interannual dynamics of
river runoff in the Ili River basin was performed. The results of the analysis are presented in Figure 1.
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Figure 1 — Interannual variability of river runoff in the Ili River basin

Asillustrated in Figure 1, river runoff in the Ili River basin exhibits substantial interannual fluctuations.
The lowest recorded runoff volume was 10.900 mln m?, whereas the highest value reached 15.400 mln
m?. The calculated coefficient of variation of 11.8% indicates a moderate degree of variability in the
available water resources.

These findings demonstrate that effective water distribution management cannot rely solely on long-
term average standards and fixed allocation schemes. The occurrence of low-water periods significantly
increases the probability of water shortages within irrigation systems and creates additional challenges
for sustainable water management.

To quantitatively evaluate the influence of the investigated factors on water distribution efficiency,
a linear regression model was developed (4):

E=a+bL+bQ+¢ 4)

where
E denotes the water distribution efficiency coefficient;
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L represents water losses within the irrigation network;

Q is the volume of water withdrawal,

a is the intercept of the regression model;

b, and b, are the regression coefficients;

¢ denotes the random error term.

The correlation and regression analyses revealed statistically significant relationships among
the investigated variables, confirming the influence of the selected factors on the efficiency of water
distribution (Table 3).

Table 3 — Results of regression analysis

Indicator Meaning
Coefficient of Determination (R?) 0.86
Adjusted R? 0.83
F-statistic 27.4
Mean Approximation Error, % 5.8
p-value <0.05

The obtained values of the coefficient of determination indicate a strong explanatory capability of the
developed model. The value of R> = 0.86 demonstrates that approximately 86% of the variation in water
distribution efficiency can be explained by the factors included in the regression model. Furthermore,
the relatively low approximation error confirms the adequacy and reliability of the proposed model.

Particular attention was given to evaluating the impact of digital technologies on water resources
management. The analysis showed that the implementation of geographic information systems, SCADA
platforms, Internet of Things technologies, and digital twin solutions contributes to improved operational
performance and increased efficiency of irrigation systems.

To estimate the potential benefits of management digitalization, a comparative assessment of
contemporary digital technologies was conducted. The corresponding results are presented in Figure 2.

GE I 15
scAaDA I s
IoT —— 22
Digital Twin [E— 2
AT | ——— 32

1] 3 10 15 20 25 30 33

Figure 2 — Impact of digital technologies on water distribution efficiency

According to the results presented in Figure 2, the greatest improvement in water distribution
performance was observed under the scenario incorporating artificial intelligence and digital twin
technologies. Model simulations indicate that these approaches could improve the operational efficiency
of irrigation water distribution by approximately 28-32% compared with conventional management
practices.

The findings indicate that the digital transformation of irrigation management can substantially
reduce water losses, improve the timeliness and quality of operational decision-making, and increase the
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adaptability of water allocation under changing hydrological conditions. Unlike conventional rule-based
management, digital approaches enable adaptive water distribution based on continuous monitoring,
real-time data processing, and predictive analysis.

The proposed framework can be implemented through the development of a digital twin of irrigation
systems that integrates hydrological observations, IoT sensor networks, geographic information
systems, remote sensing data, and artificial intelligence algorithms. Such an integrated platform would
provide real-time monitoring, scenario simulation, and adaptive decision support, thereby increasing
the resilience and efficiency of irrigation management under conditions of stochastic water availability.

Discussion

The obtained results are consistent with previous studies demonstrating the effectiveness of digital
technologies in water resources management. Recent research has shown that machine learning, artificial
intelligence, and integrated digital platforms improve the accuracy of hydrological forecasting, optimize
water allocation, and enhance decision-making in irrigation systems.

The obtained results are consistent with recent international studies demonstrating that digital water
management technologies can significantly improve irrigation efficiency under conditions of increasing
climate variability. Recent research indicates that artificial intelligence enhances operational water
management by improving forecasting accuracy, optimizing water allocation, and reducing water losses.
In addition, digital twin technologies enable continuous monitoring, scenario simulation, and adaptive
decision-making, thereby increasing the efficiency and resilience of irrigation systems under changing
hydrological conditions.

Similar findings have been reported in studies conducted in China, Australia, and several European
countries, where the implementation of intelligent decision-support systems and digital monitoring
technologies reduced irrigation water losses by approximately 15-30% and improved operational
efficiency and the reliability of water distribution. These international experiences indicate that advanced
digital technologies can be successfully adapted to the irrigation systems in Kazakhstan, taking into
account regional hydrological variability and increasing uncertainty associated with climate change.

Compared with previous studies, the present research contributes to the field by integrating stochastic
analysis of water availability with a comprehensive assessment of digital technologies within a single
methodological framework. While many published studies investigate individual technologies such as
GIS, 10T, or artificial intelligence separately, the proposed approach combines statistical modelling,
uncertainty assessment, and digital decision-support tools within an integrated irrigation management
framework. This integrated methodology provides a more comprehensive basis for adaptive water
allocation under conditions of hydrological uncertainty and climate change.

Unlike many existing studies that focus on individual digital technologies or specific components
of irrigation management, the proposed approach integrates stochastic assessment of water availability,
statistical modelling, and multiple digital technologies within a unified decision-support framework.
This integration improves the adaptability of water allocation to hydrological uncertainty and provides a
more comprehensive basis for operational water management. Furthermore, the proposed methodology
can support the development of national digital water management platforms aligned with current
priorities for water sector modernization in Kazakhstan.

Overall, the study confirmed a consistent trend toward improving water distribution efficiency in the
Almaty region, identified the stochastic characteristics of water resource formation, and demonstrated
the significant potential of digital technologies for enhancing irrigation management. The proposed
framework provides a scientific basis for developing digital water management platforms and decision-
support systems aimed at increasing the sustainability, efficiency, and resilience of irrigation water
allocation under conditions of growing climate uncertainty.

Conclusion

The present study assessed the efficiency of water distribution management under conditions of
stochastic variability in water resources in the Almaty region. The findings demonstrated that interannual
fluctuations in river runoff significantly affect the reliability of water supply and the operational
performance of irrigation systems. Statistical analyses revealed strong relationships among water
withdrawal volumes, water losses, and indicators of water distribution efficiency.
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The developed regression model demonstrated high explanatory power (R? = 0.86), confirming the
robustness of the results and indicating the potential applicability of the model for predicting water
distribution performance under different water availability scenarios.

The study also showed that the implementation of geographic information systems, Internet of
Things technologies, automated control systems, digital twin technologies, and artificial intelligence
methods can significantly improve water resources management, reduce water losses, and increase the
efficiency of operational decision-making.

The proposed digital-stochastic framework can serve as a methodological basis for introducing
digital decision-support systems into the activities of water management organizations in the Republic
of Kazakhstan. Its implementation may improve the operational planning of irrigation water distribution,
enhance monitoring of water-use efficiency, reduce water losses, and support adaptive management
under conditions of increasing climate variability. The proposed approach may also be integrated into
national programs aimed at the digital transformation of the water sector and modernization of irrigation
infrastructure.

The study has several limitations. First, the empirical analysis is based on statistical data from the
Almaty region, which may limit the direct transferability of the results to other river basins with different
hydrological and institutional conditions. Second, the proposed digital management framework was
evaluated using statistical modelling and analytical assessment, whereas its full-scale implementation
within operational irrigation systems requires additional pilot testing under real-world conditions.

Future research should focus on validating the proposed framework in other irrigation regions
of Kazakhstan and Central Asia, integrating real-time sensor networks and remote sensing data, and
developing operational digital twin platforms supported by artificial intelligence. Further investigations
should also evaluate the economic efficiency and scalability of digital water management technologies
under different climatic and hydrological scenarios.
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Cyapy xyiiesepinjaeri cy 0esayai 6ackapyra Hu@pJbIK TEXHOJOTHSAIAP/Abl HHTErpalusiiay
ManukoB C.C., Kaungusp E.I'., AnnusipoBa A.E., becniaesa P.C., Xycannosa X.C.

Tyiiin

AnFplmiapTTap MeH MakcaT. KimMMaTThIH e3repyi, ¢y pecypcTapbiHa TYCETiH KYKTEME KOHE aybul
LIapyallbUIBIFBIHBIH CyFa JETeH CYPaHBICBIHBIH apTybl cyapylsl THiMaI Oackapynasl Tanan ereai. Cy
MapyambUIBIFBIH  UPPIBIK TpaHchopManusiay Cyapl THaimamaHy THIMIUITIH apTTBIPBI, cyapy
JKYWeepiHiH OPHBIKTBUIBIFBIH KYIIEHTe Ii. 3epTTeyAiH MaKcaThl — ATMaThl OOJIBICBIHIAFH CYy OOTyIiH
TUIMAUIITIH Oarajay jKoHE Cy pecypCTapbIHBIH CTOXACTHKAIIBIK ©3TE€PMENIUTIr JKaFIaibIHaa OJapabl
Oackapyzaa UQPIIBIK TEXHOJOTHSIApAbI KOIJaHyAbl HETi31ey.

Martepuanmgap meH apictep. 3eprrey 2010-2024 xpunnapaarsl ATMaTh OOJBICHIHAAFHI CY Al 1aTaHy
KOHIHJIET] CTATUCTUKAIBIK AepeKTepre, lie o3¢eHi anaObIHBIH THAPOIOT USUIIBIK OaKblIay MaTepHaiiapblHa
xoHe Kaszakcran PecrmyOnuKachblHBIH Cy IIapyalllbUIbIFBI CaJIACBIHAAFbI YOKIJIETTI OpraHAapbIHBIH
pecmu  MomiMeTrTepiHe Herizmenmmi. JKylemik Tanmgay, calbICTBIpMaibl Oaranay, CTaTHCTHKAIBIK
TaJfay, KOPPESIIMSUIIBIK TaJlay KOHE PErpecCHsUIbIK MOJebAey oaicTepi Konganbuiabl. Cy Oeirynin
TUIMUTITIH OaFanay YIIiH BapHanus, KOPPEIAus KoHe JeTepMHUHAINS KO (UITHSHTTEP] ecenTeIi.
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ConbIMeH KaTap, cyapy/sl 0ackapyna reoaknapatTsik xyienepaid (GIS), 3arrap nnatepuetiniyg (IoT),
SCADA sxyiienepinis, HUPPIBIK eri3AepIiH *KoHE KacaH (bl MHTEIUICKTTIH KOJJIAaHBLTYbI OaraiaH]Ibl.

Hotmxenep. AJbIHFaH HOTHXKEIIEp Cy pecypcTapblH OacKapy THIMIUIITIHIH apTKaHbIH KepceTTi. Cy
airy xenemi 20,8%-ra ynraiibin, cy OemyaiH THIMIUTIK kodddunuenTi 0,62-gen 0,77-re aeliin ocrti, an
cy wbIFbHAaps! 38%-nman 25%-ra neiiin azaiinel. CyapMmaibl xKep/iH OIpiiK ayjaHblHA IAKKaHIaFbl
Cy TYThIHY 22%-Fa TOMEHJETI, Kbl CailblH mamamed 640 MuH M® cy YHeMaeyre MYMKIHTIK Oep/i.
Cy mIBIFBIHAAPEI MEH JKYHe THIMILIITI apachlHAa KYIITI Tepic Koppensus aHelKTamasl (r = —0,89).
Perpeccusiibik Mol JKOFaphl TYCiHAIPY KadineTin kepcerTi (R? = 0,86), Oyt anbiHFaH HOTHKEIEPIiH
CeHIMINITriH pacTagsl. L{ndpiablk TeXHOIOTHIIApAbl €HI13y Cy pecypcTapblH THIMAIpEK Oeiyre, cy
LIBIFBIHIAPBIH KBICKAPTYFa JKOHE Cyapy KYHeJepiHiH OPHBIKTBUTBIFBIH apTTHIPYFa BIKIIAT ETeIi.

Kopeiteiaapl. Ludpisik TexHonorusiap ¢y 0enyi KeTUIipy, Cy IIBIFBIHAAPBIH a3aiTy KOHE
TUAPOJIOTHSUTBIK  ©3TepMENTIIK KaFmaiblHaa cyapy >KyHenepiHiH Oeiimaeny KaOUIeTiH apTTBIPY
apKBLUIBI Cy pecypcTapbiH OacKapyIbIH THIM/IUTITT MEH OPHBIKTBIIBIFBIH KAMTaMacChI3 eTeli. ¥ ChIHBUIFaH
IU(DPIIBIK-CTOXaCTUKAIBIK TCIT Cy pecypcTapblH OacKapyAblH HUMPIBIK IIaTgopMaliapbiH, HIeimMm
KaObUIAaY bl KOJIJIAY KYHENIepiH a3ipiieyre ®oHe cyapyAbl Oackapyaa cyabl OeiimuenreH Typae oeiry
TEXHOJIOTUSJIAPBIH MTPAKTUKAJIBIK CHII3yTe FHUIBIMU-9JIICTEMEIIIK HET13 KaJlalIbl.

KiaT ce3nep: nudpnanapipy; cy 6eiy; mudpibik TEXHOIOTHIIAP; Cyapy KYHelnepi; Cy pecypcTapsl;
AnMaTbl 00JIBICHL.

HNHaTerpanus nn@poBbIX TEXHOJIOTHII B yIpaBJIeHHE
BOJ0OpacIpeIe/IeHHEeM HA OPOCUTEIbHBIX CHCTEMAX

Mamukos C.C., Kaumusp E.I'., Anmusposa A.E., becmmaesa P.C., Xycannosa X.C.

AHHOTALUA

[Ipeanoceuikn u 1enb. V3MeHeHHe KiInMMara, BO3pacTalollas Harpy3ka Ha BOJHBIE PeCypChl
U YBEIUYCHHUE IMOTPEOHOCTH CENBCKOIO XO3SHCTBA B BOJAE TPEOYIOT MOBBIMICHUS 3(PPEKTUBHOCTH
yrpasieHus opoieHueM. Ludposas tpancopmaryst ynpasieHUs] BOJHBIME PECypcaMy CIIoCOOCTBYET
HOBBILEHUIO (QGEKTUBHOCTH BOAOIOIB30BAaHUS M YCTOHUMBOCTH OpPOCHUTENbHBIX cucTeM. llenbio
HCCIIEIOBAHUs SIBJISIETCSl OLeHKa 3(P(EeKTHBHOCTH BOAOpACHpEACiICHUsI B AJIMATHHCKOM o0jacTu u
000CHOBaHUE MIPUMEHEHUS HTU(POBBIX TEXHOJOTHH IJ1s1 YIPABJICHUS BOAHBIMUA PECYPCAMU B YCIIOBHAX
CTOXaCTHYECKOH M3MEHYNBOCTH BOAOOOECIICUEHHOCTH.

Marepuansl 1 MmeTobL. MccaeroBanue OCHOBaHO Ha CTaTHCTUYECKUX JAHHBIX 10 BOJIOTIONIE30BAHUIO
B AnmaTtuHCcKoH obsactu 3a 2010-2024 rr., THAPOIOIHYSCKUX HAOMIOACHUAX 110 Oacceiny peku Wiu
u opuIHaTHFHON WH(DOPMAITNN YITOTHOMOYECHHBIX opraHoB Pecryonukm Kaszaxcran B cdepe BOIHOTO
xo3sicTBa. [IpuMeHsIIMCh METOIbl CHCTEMHOTO aHAJIN3a, CPABHUTEIBHOM OLIEHKH, CTATHUCTHYECKOIO
aHaJM3a, KOPPEJISIHUOHHOI0 aHAJIM3a U PErPECCUOHHOI0 MoienupoBanus. st oueHKU 3G GEeKTUBHOCTH
BOJIOpacIIpeieSIeHHsI PACCUNTBIBAINCH KO3(D(PUIMEHTH Bapuauuu, KOPPEISIUMU U JIeTEPMHUHALHH.
OneHNBAINCH BO3MOKHOCTH NpHMeHeHus1 reorH(opmannonneix cucteMm (GIS), MHTepHeTa Bemei
(IoT), cucrem SCADA, tudpoBbIX ABOWHHUKOB W TEXHOJOTHH HCKYCCTBEHHOTO HHTEUIEKTA B
yIPaBJIEHUH OPOIICHUEM.

Pesynprarel. [lomy4yeHHble pe3yibTaTbl CBUACTEILCTBYIOT O IOBBILEHHH 3()(EKTUBHOCTH
ynpasiieHHs BOAHBIMU pecypcamu. O0beM Bogozabopa ysenuumiics Ha 20,8 %, npu 3ToM K03 uument
s dexTBHOCTH Bogopacnpeaeienus soipoc ¢ 0,62 no 0,77, a moTepu Boabl cokpaTuiuch ¢ 38% mo
25 %. YnenbHOE BOJIOMOTPEOJICHHE YMEHBIIMIOCH Ha 22%, 00ECleUnB €XKEeTOHYH SKOHOMHIO
okoio 640 muiH M* Bonbl. BriABneHa cuiibHAs OTpUIATENbHAS KOPPEISLUS MEXAY MOTEPSIMH BOJIBI
u s dexTuBHOCTRIO cucTeMBbl (r = —0,89). PerpeccrnonHas Moaenb MPOIEMOHCTPUPOBATIA BBHICOKYIO
oOBsicHsTONIYyI0 criocobHocTh (R? = 0,86), moaTBepAMB HAAEKHOCTH ITONYYCHHBIX DPE3YIbTAaTOB.
Bueapenne nu@poBbIX TEXHOJOTHH crocoOcTByeT Oosiee 3PPEeKTUBHOMY pacrpelesieHHI0 BOAHBIX
PECYpPCOB, COKpAILEHNIO TIOTEPh BOABI M OBBIILIEHUIO YCTOWYUBOCTH OPOCUTEIILHBIX CUCTEM.

3akmroueHue. L{uppoBbie TEXHOIOTUH MOBBIIAIOT YPPEKTUBHOCTh U YCTOHYMBOCTD YIIPABICHHUS
BOJIHBIMHU PECypCaMH 3a CUET COBEPIICHCTBOBAHUS BOJIOpACIIPEIe/ICHHsI, COKpAILIEHHS TOTEePh BOBI U
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MOBBIILICHHS AAAITUBHOCTH OPOCUTEIBHBIX CUCTEM K THIPOJIOTHUecKoi n3MeHuuBocTy. [Ipeanoxennas
nudpoBas CTOXaCTHUECKast MOJIEJIb CO3JaeT HAyYHO-METOANYECKY IO OCHOBY /15 pa3padOTKU U (POBBIX
1aT$OPM yNpaBiIeHHs BOTHBIMH PECYpCaMU, CUCTEM IOAACPKKH IPUHATHS PELICHUH U IPAaKTUYECKOT0
BHEPEHHUS TEXHOJIOTUH aJaliTHBHOTO BOJOPACIIPEACIICHNS B YIIPABICHUE OPOCUTEIbHBIMU CUCTEMaMH.

KiroueBble ciioBa: mudposusanus; BogopacnpeaeacHne; Tu(poBble TEXHOIOIUH; OPOCUTEIbHBIC
CHCTEMBbI; BOAHbIC PECYpChl; AIMAaTHHCKAsL 00JIaCTb.
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