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ECONOMIC EFFICIENCY OF DIGITAL MANAGEMENT SYSTEMS IN CROP PRODUCTION IN
KAZAKHSTAN

The article discusses the issues of economic efficiency of the introduction of precision farming elements and
production management systems in the crop-growing sub-sector of the agro-industrial complex of Kazakhstan.
Modern approaches to the digitalization of production process management are analyzed and the results of the
application of information and management technologies in farms in the northern regions of the country are
summarized. The scale of the introduction of precision farming elements in Akmola, North Kazakhstan and Kostanay
regions is considered, which made it possible to identify regional features and uneven distribution of digital solutions.
The study analyzed the economic effects of the introduction of key elements of precision agriculture, including
automatic and parallel driving systems, differentiated application of fertilizers and plant protection products, as well
as fuel consumption control systems. It is shown that the use of these technologies reduces production costs and
increases the resource efficiency of crop production. Based on economic modeling, the effectiveness of the
implementation of integrated production management systems in farms with different levels of technical equipment
has been determined. It has been revealed that digitalization of management helps to reduce costs regardless of the
scale and technical level of farms, with an acceptable payback period for investments. The methodological basis of
the research includes methods of comparative, economic and system analysis, as well as generalization of statistical
and analytical data. The results obtained confirm the importance of digital management solutions for increasing the
sustainability and competitiveness of the crop-growing sub-sector of the agro-industrial complex. The practical
significance of the study lies in the possibility of using the conclusions obtained by agricultural producers and
management bodies in substantiating investment decisions in the field of digitalization of agricultural production.

Keywords: crop production, agro-industrial complex, production management, precision agriculture,
digitalization, economic efficiency, regions of Kazakhstan.

Kinm co30ep: ocimOix wapyauvliviavl, acpoOHEpKaICinmiK KeuieH, OHOIpicmi backapy, HAKkmvl e2iHiiK,
yugpranovipy, sxoHomukanLly muimoinix, Kazaxcman oyipaepi.

Knroueevie cnosa: pacmenuesoocmeo, azponpomululieHHblli KOMIIEKC, YAPABIEHUE NPOU3EBOOCEOM, MOUHOE
semaedenue, yugposusayus, SKOHOMUYeckas s¢pghexmuenocms, pecuonvt Kazaxcmana.

Introduction. The modern development of Kazakhstan's agro-industrial complex is taking place in
the context of increased global competition, rising production costs, climate instability and increasing
demands on the sustainability of food systems. Under these conditions, improving the efficiency of
production process management in crop production is becoming one of the key scientific and practical tasks
directly related to ensuring food security, competitiveness of the agricultural sector and sustainable rural
development.

Traditional approaches to production management, based primarily on intuition and accumulated
experience, increasingly meet modern challenges and require transformation based on digital and
information technologies.

Of particular importance in this context is the introduction of precision farming elements and
integrated production management systems that ensure a differentiated approach to resource use, increased
transparency of production processes and the validity of management decisions. At the same time, despite
the active development of digital solutions in the agricultural sector, the level of their implementation in
Kazakhstan's crop production remains uneven, and issues of economic efficiency and payback of
management systems require additional scientific justification. This determines the relevance of the
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research aimed at analyzing and evaluating the effectiveness of digital production management tools in the
crop-growing sub-sector of the agro-industrial complex.

The purpose of this study is to substantiate the economic efficiency of using precision farming
elements and production management systems in crop production based on an analysis of their impact on
reducing costs and improving the manageability of production processes.

To achieve this goal, the following tasks have been solved:

- the scale of the introduction of digital technologies in crop production in the northern regions of
Kazakhstan is analyzed;

- the main directions of the economic effect from the use of precision farming elements have been
identified;

- an assessment of the effectiveness of production management systems is given, taking into account
the level of technical equipment of farms.

The methodological basis of the research consists of methods of comparative and economic analysis,
generalization and systematization of scientific data, as well as economic modeling. The materials of
regional agricultural management bodies, data from demonstration farms and the results of previous
scientific research were used as an information base. The use of these methods made it possible to ensure
reproducibility of the results and to form reasonable conclusions about the expediency of digitalization of
production management in crop production.

Literature review. The issues of digitalization of the agro-industrial complex and increasing the
efficiency of production management in crop production are widely represented in modern scientific
research, but remain highly relevant in the context of economic transformation and increasing demands on
the sustainability of the agricultural sector. A number of works emphasize that digital technologies are
considered as a key factor in modernizing agricultural production and increasing its competitiveness. For
example, in a study by Smagulova et al. It is shown that the digitalization of agro- and energy complexes
in Kazakhstan creates new opportunities for optimizing resources and increasing production efficiency, but
its development is hindered by institutional and technological constraints [1]

In the works of Kabdullina et al. The agricultural sector is analyzed in the context of food security,
which emphasizes the role of production efficiency and regional differences in ensuring sustainable
agricultural development [2,3]. These studies confirm that without the introduction of modern management
and technological solutions, cost reduction and productivity growth remain limited. The economic aspects
of the impact of production conditions on grain yields are discussed in detail in the work of Kussainov et
al., where the high sensitivity of crop production results to managerial and technological factors is proved

[4].

A separate area of research is related to the relationship between digitalization, sustainable
development and resource efficiency. In the works of Kurmanov et al. it is shown that technological
innovations and rational resource management are an important prerequisite for sustainable economic
growth and food security [5]. At the same time, Tsapova et al. they point to the industry specifics and
systemic problems of digitalization of the agro-industrial complex of Kazakhstan, including the uneven
introduction of technologies and the lack of managerial competencies [6]. The institutional aspects of the
functioning of the agro-industrial complex are also considered as a significant factor in the effectiveness of
management [7].

At the same time, despite the existence of a significant body of research, the issue of a comprehensive
assessment of the economic efficiency of production management systems in crop production based on the
integration of precision farming elements remains insufficiently developed. This necessitates further
research aimed at substantiating the economic effects of digital management decisions, taking into account
regional and industrial specifics, which determines the choice of the topic of this study.

Main part. The modern development of the crop-growing sub-sector of the agro-industrial complex
of Kazakhstan is increasingly determined by the introduction of digital and information technologies aimed
at improving the efficiency of production process management. In conditions of high dependence of
agricultural production on natural and climatic factors, fluctuations in yields and resource constraints, the
use of precision farming elements that provide a differentiated approach to managing agrotechnological
operations is of particular importance.

Digitalization of production management in crop production is aimed at optimizing the use of material,
labor and energy resources, increasing the transparency of production processes and the validity of
management decisions. At the same time, the level of implementation of modern technologies in
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agricultural farms remains heterogeneous and varies significantly by region, which requires an analysis of
the scale and specifics of their application in key grain-producing regions of the country.

In this regard, the study examined the northern regions of Kazakhstan - Akmola, North Kazakhstan
and Kostanay regions, which account for the bulk of grain production. The analysis of regional data makes
it possible to identify current trends in the introduction of precision farming elements and assess their
impact on production management efficiency.

A comparative description of the spread of precision farming elements in the northern regions of
Kazakhstan is presented in Table 1. The data reflect the number of farms using digital solutions, as well as
the area of agricultural land covered by the relevant technologies.

Table -1
Indicators of the introduction of precision farming elements in the northern regions of
Kazakhstan*
Region Number of farms, Share of farms, | Coverage area, thousand Share of the sown
units % hectares area, %

Akmola 106 2.4 1469.3 27.7

North 198 - 2407.9 55.2
Kazakhstan

Kostanay 78 1.5 9354 17.8

*compiled by the authors on the basis of data from regional departments of agriculture

An analysis of the data in Table 1 shows a significant differentiation in the levels of implementation
of precision farming elements between regions. The highest degree of coverage of acreage was recorded in
the North Kazakhstan region, where the use of digital technologies covers more than half of the region's
acreage (55.2%). This indicates a higher technological readiness of farms and the scale of agricultural
production, which make it possible to compensate for investment costs due to economies of scale.

In the Akmola region, the share of farms using precision farming elements remains relatively low
(2.4%), but the coverage area reaches 27.7% of the total sown area, which indicates the concentration of
digital technologies mainly in medium and large farms. A similar situation is observed in Kostanay region,
where, with a share of farms of less than 2%, digital technologies cover 17.8% of the acreage.

Thus, the regional analysis confirms that the introduction of precision farming elements in Kazakhstan
is of a focal nature and is primarily related to the scale of farms, the level of their technical equipment and
investment opportunities. This creates the prerequisites for a subsequent analysis of the economic feasibility
of using individual digital solutions in crop production management.

The economic feasibility of using precision farming elements in crop production management is
manifested primarily in reducing current production costs through more rational use of resources. Table 2
summarizes the results of the assessment of the economic impact of the introduction of key digital solutions
used in the farms of the northern regions of Kazakhstan.

Table — 2
Cost savings from the introduction of precision farming elements
The element of precision farming The main saving item Economic effect
Parallel driving system Labor, fuel, materials 170.7 tg/ha
Automatic driving system Labor, fuel, materials 1,041.4 tg/ha
Differentiated fertilization Material resources 1,079.3 tg/ha
Fuel consumption monitoring system Fuel and lubricants up to 3,460 tg/ha (=4% of
costs)
Differentiated application of plant protection Plant protection up to 3,500 tg/ha
products products

* calculations are based on data from demonstration farms

An analysis of the data in table 2 shows that the greatest economic effect is achieved through the
introduction of technologies that directly affect the reduction of consumption of material and energy
resources. Thus, the use of automatic driving systems provides savings of over 1,000 tenge per hectare by
reducing overlaps during agrotechnical operations, optimizing vehicle routes and reducing labor costs. A
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similar effect is demonstrated by differentiated fertilization, which makes it possible to adapt the standards
of use of agrochemicals to the actual state of the soil and the needs of plants.

A significant contribution to cost reduction is made by the introduction of fuel consumption control
systems, which reduce fuel costs by up to 30%, which in terms of KZT 3,460 per hectare and reaches about
4% of total production costs. The economic effect of the differentiated application of plant protection
products is also significant and is formed by reducing the volume of drugs used while maintaining the
technological efficiency of crop treatment.

Taken together, the results obtained indicate that the elements of precision farming form a stable direct
economic effect, expressed in reducing the cost of crop production. However, the degree of manifestation
of this effect depends on the level of technical equipment of farms and the complexity of the implementation
of digital solutions, which necessitates the transition from analyzing individual elements to evaluating the
effectiveness of production management systems as a whole.

To assess the integral effect of digitalization of production process management in crop production,
the study examines management systems adapted to farms with different levels of technical equipment. The
generalized results of economic modeling are presented in Table 3.

Table -3
The effectiveness of the introduction of production management systems in crop production
The level of technical equipment of the Lower production costs, Economy, Payback period,
farm % tg/ha years
Low 5.2 37479 3.0
Average 4.9 3 565.6 3.1
High 4.7 3417.0 3.0

* compiled by the authors based on the results of economic modeling

The data in Table 3 show that the introduction of production management systems based on the use
of digital and information technologies leads to a reduction in production costs in all groups of farms,
regardless of the initial level of their technical equipment. The largest relative cost reduction is observed in
farms with a low level of technical equipment (5.2%), which is explained by the "low base" effect and the
high sensitivity of such farms to the introduction of even basic digital solutions.

In farms with medium and high levels of technical equipment, the cost reduction is 4.9% and 4.7%,
respectively, while the absolute savings per hectare remains comparable and exceeds 3,400 tenge. This
indicates that as the production process becomes saturated with digital technologies, the additional effect
persists, but becomes more stable and systemic.

The payback period for investments in production management systems in all groups of farms is about
three years, which confirms their investment attractiveness and practical feasibility in modern agribusiness.
The results obtained allow us to conclude that integrated production management systems not only reduce
costs, but also form the basis for increasing the sustainability and competitiveness of crop farms.

Thus, the results of the analysis confirm that the introduction of precision farming elements and
integrated production management systems has a comprehensive positive impact on the efficiency of the
crop-growing sub-sector of the agro-industrial complex of Kazakhstan. The economic effect is manifested
both at the level of individual technological operations and on the scale of the entire production cycle,
ensuring cost reduction, increased process manageability and the validity of decisions.

The revealed patterns indicate the expediency of phased and differentiated implementation of digital
solutions, taking into account the scale of farms, their resource capabilities and the level of technical
equipment, which creates prerequisites for the further development of digital management in crop
production.

Conclusion. The article discusses the issues of economic efficiency of the introduction of precision
farming elements and production management systems in the crop-growing sub-sector of the agro-industrial
complex of Kazakhstan. The analysis showed that digitalization of production process management helps
to reduce production costs, make more rational use of resources and increase the resilience of farms to
external and internal risks. It has been established that the economic effect of the introduction of digital
solutions is manifested both at the level of individual technological operations and within the framework
of integrated management systems, regardless of the level of technical equipment of farms. The scientific
novelty of the study lies in a comprehensive assessment of the direct economic effect and systemic
effectiveness of production management in crop production. The results obtained can be used by
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agricultural producers and agricultural authorities to justify investment decisions in the field of
digitalization. Promising areas for further research are the development of regionally adapted digital
governance models and the assessment of the long-term socio-economic effects of digital technologies in
agriculture.
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Karanbaes b.T., Karan6aesa M.T., AnbimieBa A.A., Yrapoaesa I'.K.

KA3AKCTAHHBIH OCIM/IIK IAPY AIIBUIBIFBIHIAFBI IIA®PJBIK BACKAPY ) KYWEJEPIHIH
9KOHOMMKAJIBIK TUIMALJIIT'T

AHaaTna

Makanaga Ka3zakCTaHHBIH arpOeHEpPKAOCINTIK KEUIeHIHIH OCIMIK IIapyalibUIbIFbl Killli cajachlHa HAKTHI
eTIHIIUIIK 3JIEMEHTTEpiH XOHE OHJIpicTI OacKapy >KyHeNlepiH eHTri3yaAiH SKOHOMHUKAJIBIK THIMAUIrI Macenenepi
KapacThIpbUTFaH. OHIIPICTIK mpoIiecTep/i bacKapy/Ibl H(PIAHIBIPYABIH 3aMaHaYH TOCUTACP] TaIIaHIbI XKOHE CIIIH
COJNTYCTIK OHIPJICPIHIH MIapyalIbUIbIKTAPbIHIA AKIMAPATTHIK JKOHE 0acKapy TEXHOJIOTHSUIAPBIH KOJIaHY HOTIKENIEpi
skuHakTanael. Akmona, Conrtycrik Kaszakcran sxone Kocranaii 001bICTapbiH/Ia HAKTHI CTIHIIUTIK 3JIEMEHTTEPIH CHII3Y
ayKbIMBbI KapacThIPbUIIbI, Oy HUQPIBIK MEuiMIepaiH alMaKkThIK epeKIIeNiKTepi MeH OipKeNnki eMec TapaiyblH
aHBIKTayFa MYMKIHAIK Oepni. 3epTTey Aod eTiHIIUTIKTIH HETi3Ti 3JIEMEHTTEpiH, COHBIH INIiHAE aBTOMATTHI JKOHE
HapaJuIeNIbAl XKYPri3y KYHeNnepiH, THIHAWTKBIIITap MEH OCIMIIKTEpi KOpFay KypalgapblH capalaHFaH KOJITAHYIbI
JKOHE OTHIH IIBIFBIHBIH OaKplIay JXYHENepiH eHTi3y[iH SKOHOMHKAIBIK 9CepiH Tangalasl. byn TexHoIorusuapsi
nmaiiianany eHIipic MIBIFBIHIAPBIHBIH TOMCHICYIH JKOHE OCIMAIK IMapyamIbUIBIFBIHBIH PECYPCTHIK THIMIUIITIH
apTTBIPYJbl  KaMTaMachl3  €TETiHI  KOPCEeTINreH. OKOHOMHKANBIK  MOJENBACY  HETI3IHAE  TEXHUKAJBIK
JKapaKTaHIBIPYABIH OpTYpJi JeHreiiepi Oap IIapyallbUIBIKTapAa ©HAIpICTI OacKapyAblH HHTerpalysiaHFaH
JKYHeJepiH eHrizyniH THIMALI aHblKTanabl. backapynasl nudplianaplpy MHBECTHULMSUIAPIBI OTEYAIH KOJAMIIbI
Mep3imMiepi Ke31He MapyallbUIbIKTapIblH ayKbIMbI MEH TEXHUKAIBIK ICHIeiiHe KapaMacTaH IIBIFbIHAAP/IbI a3aiiTyFa
BIKITAJI €TETiHI aHBIKTAJIBI. 3ePTTEY/IIH 9{iCHAMAJBIK HET131 CABICTHIPMAJIbl, 3KOHOMHUKAJIBIK JKOHE KYUENIK Taaaay
dz1icTepi, COHJal-aK CTaTHCTHKAJIBIK JKOHE aHATUTHKAIIBIK JAEPEKTePAI KaIIbLIay 00kl AJbiHFaH HOTIXREIep AOK
OCIMJIIK IIapyallbUIBIFBl Killll CaJachIHBIH TYPAaKTBUIBIFEI MEH OoceKkere KaOUICTTLNIrIH apTThIpy YIUIH LHUQPIBIK
Oackapy HIeIIiMIepiHiH MaHBI3IBUIBIFBIH pacTaiiibl. 3epTTeyIiH MPaKTHKAIBIK MaHBI3IBUIBIFEl arpapiblK eHAIPIiCTi
dpraHappy canachlHAAFbl MHBECTHUIMSUIBIK IIENIIMIEpAl HeETi3Aey Ke3iHJe ajblHFaH KOPBITBIHABIIAPABI aybll
[IapyaIibUIBIFBl TayaphlH OHIIpYIIUIep MEH 0acKapy OpraHIapbIHBIH MaiifanaHy MYMKIHIITI OOJBIT TaObLTA B

Karanoaes Bb.T., Karan6aesa M.T., AnbimieBa A.A., Yrapoaesa I'.K.

IKOHOMUYECKAS DOOPEKTUBHOCTDb IM®POBbLIX CUCTEM YIIPABJIEHUS B
PACTEHUEBO/ICTBE KA3AXCTAHA

AHHOTAIUSA

B cratbe pPacCMOTPEHBI BOIIPOCHI YKOHOMUYECKOH 3(1)(1)CKTI/IBHOCTI/I BHEAPCHUA DJIEMEHTOB TOYHOT'O 3EMJICICIIUA
W CHCTEM YIpAaBJICHUS IPOHM3BOACTBOM B PACTEHHEBOAYECKOW MOJOTPACIH arpOIPOMBIIIICHHOTO KOMILIEKCa
Kazaxcrana. [IpoaHanm3upoBaHBI COBPEMEHHBIC IMOAXOABl K MHU(DPOBH3ANUHN YIIPABJICHHUS IPOU3BOICTBEHHBIMHU
mporieccaMi u 00OOIIEHBI Pe3yJbTaThl NPUMCHEHUS HWH(POPMAIMOHHBIX U YIIPABICHUYCCKUX TEXHOJOTHHA B
XO3SICTBaX CEBEPHBIX PETHOHOB CTpaHBI. PaccMoOTpeHsl MaciuTaObl BHEAPCHUS 3JICMEHTOB TOYHOTO 3EMIICICIIHS B
AxmommHckor, CeBepo-Kazaxcranckoit m KocraHalickodl 007acTsX, YTO ITO3BOJWIO BBISBUTH PETHOHAIBHBIC
0COOEHHOCTH ¥ HEPAaBHOMEPHOCTDH PAcpOCTpaHeHHsI IU(DPOBBIX PEIICHH.

B XO0J€ HCCIIEAOBAHUA MPOAHAIU3UPOBAHBI SKOHOMHUYCCKHUE Bq)q)eKTBI OT BHECAPCHUSA KIIHOYCBBIX J3JICMCHTOB
TOYHOT'O 3EMJICAC/INA, BKIIOYAsA CHUCTEMBI aBTOMATHYCCKOTO W MAapalJICJIBHOIO BOXICHHA, HH(i)(pepeHL[HpOBaHHOC
BHECEHHUE YIOOpEHUH U CPEJICTB 3aIIUThl PACTEHUH, a TaK)Ke CHCTEMbI KOHTPOJIS pacxojia Torumsa. [loka3aHo, 4To
HCIIOJIb30BAHUEC TaHHBIX TEXHOJIOT UM O6eCl’IC'—II/IBaCT CHWXXCHHUEC MMPONU3BOJACTBCHHBIX 3aTPaT U MOBBIIIICHUC peCprHOI\/’I
3¢ GEKTHBHOCTH pacTeHHEBOACTBa. Ha OCHOBE 3KOHOMHYECKOTO MOJENHMPOBAHUS ompesneneHa 3(pQeKTuBHOCTH
BHEJIDCHHUS HWHTECTPHUPOBAHHBIX CHUCTEM YIPABICHHS TPOWU3BOJCTBOM B XO3SCTBAX C PAa3IMYHBIM ypPOBHEM
TEXHUYECKOM OCHAICHHOCTH. BBIABICHO, YTO IHU(POBH3ANMUSA YIPABICHUS CIHOCOOCTBYET CHMIKCHHUIO H3IIECPIKEK
HE3aBHUCHMO OT MacIiTada ¥ TEXHUYECKOTO YPOBHS XO3SIMCTB, P MPUEMIIEMBIX CPOKAX OKYITaeMOCTH HHBECTHIIUH.

MeETOOIOTHYECKYI0 OCHOBY HCCICIOBAHUS COCTABHJIM METOABI CPAaBHUTEIBHOTO, JKOHOMHYECKOTO U
CHUCTEMHOTO aHaJin3a, a Takke 000OIIeHUEe CTATHCTUYCCKUX M aHAUTHYCCKUX JaHHBIX. [omydeHHBIE pe3yiabTaThl
MOJATBEPKIAIOT 3HAYMMOCTh [U(PPOBBIX YIPABICHYCCKHX pEIICHWH I TOBBIIICHHS YCTOWYMBOCTH U
KOHKYPEHTOCTIOCOOHOCTH pacTteHueBomdeckoi momorpacin AIIK. Tlpakthueckas 3HAYUMOCTh HCCIICIOBAHUS
3aKJIFOYAETCS] B BO3MOYKHOCTH MCTIOJIB30BAHUS ITOJTyYSHHBIX BBHIBOAOB CEITBX03TOBAPONPOM3BOIUTEISIMEA U OPTaHAMH
yHOpaBiIeHus IpH 000CHOBaHUH MHBECTUIIMOHHBIX PEIICHUH B chepe MU pOBH3aAN arpapHOTo IMPOU3BOICTBA.
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