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Abstract. The purpose of the study is to analyze the necessary conditions for the successful
application of artificial intelligence in the digitalization of agriculture. On the example of the list of the most
significant developments of artificial intelligence offered by the market in the industry, these conditions and
the problems of their successful application are analyzed, since the intensity and coverage of the
directions of development of technologies and methods of artificial intelligence turned out to be so great
that the introduction of these technologies can radically change not only the economic, but also the social
situation. The most important resource for these applications is data, so much attention is paid to the
formation of a structured space for them. It is shown that Russian agriculture is not ready for a full-scale
digital transformation due to the lack of necessary conditions for the introduction of innovations. For
example, 90% of all data at Russian enterprises is recorded on paper or entered manually into Excel, it is
impossible to use them for artificial intelligence technologies. It is shown that the solution to this problem
can be the formation of a single digital platform for managing the economy, consisting of two specialized
subplatforms: an aggregator subplatform for collecting and accumulating primary information and an
applied subplatform for production management tasks. At the same time, the widespread introduction of a
single digital control platform in any production leads to a more efficient system for applying artificial
intelligence technologies. It is shown that the applications of these technologies must undergo integration
transformations into the standards of the proposed unified digital platform for agricultural management,
obtained by mathematical modeling. The used original model for the formation of a digital platform for
agricultural management is based on the experience of informatization of agro-industrial enterprises of the
Kuban with the introduction of artificial intelligence elements in the cultivation of tomatoes and sugar beets.
This digital control platform will become an integrator of scientific and industrial information systems. And
artificial intelligence technologies in this case will determine the structure of IT specialists, restructure
education at universities, significantly increase the efficiency of digitalization of agriculture, and lead to a
significant reduction in environmental hazards throughout the agro-industrial complex.
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AupaTna. 3epTTeyaly MakcaTbl -  aybll  lWapyawbibirblH - LupaaHabipyaa  xacaHgbl
UHTEeNNeKTTi caTTIi KongaHy YuWiH kakeTT/ xargainapra Tangay xacay. Canaga HapblK yCbIHATbIH
XacaHbl MHTEeNNeKT T/l ey, Maubi3abl 33/ pneMenep/H/'Ly MbicasnblHAa OCbl Xarjainap MeH onapgbl C3TTi
KongaHy macenenepi TanjaHafpbl, eliTKeHi acaHabl UHTeNNekTT/'y, TexHonorusnapbl MeH 34CT epH
[ambI Ty 6arbl T TapblHbIL, KAPKbIHABILIFEI MEH KaMTbllyblHAA UHTENNeKT T/'U peni COHWanblKThbl YIKEH
60MbIN WbIKTbI, 6yN TexHonorusanapgbl eHr/'sy 3KOHOMMWKanbIK Xarpalhiabl raHa emec, aneymeTT/'K
Xarpaiigbl ga TY6ereini esrepTe anagbl. byn kocbiMwanap YWiH el Maubl3abl pecypc - 6yn gepekrep,
COHAbIKTaH onap YLWiH KypblNbIMAbIK Kew/'cT/'KTi KanbinTacTbhipyra ken keun 6en/'Hegi. Pecelin/'k aybin
Lwapyalbinbirbl MHHOBaUMsinapAbl eHr/'3y YuwiH uaxeTT/' xargaiinapgbiy 6onmayblHa 6ainaHbiCThbl
TONbIK ayKbiMAbl UMAIPAbIK TpaHchopmaumnam aablH eMec eKeHfiri kepceTinreH. Mbicanbl, pecein/'k
Kac/'nopbiHgapgarbl 6apnbik gepekTepaiy, 90 %-bl karasra asbliafbl Hemece Excel-re KO/IMEH eHrisi-
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nepi, onappl XacaHabl MHTENNeKT TexHonorusnapsl y" ih nainganaHy mymkih emec. bByn maceneH/H
wew/m" ek MamaHfaHAbIpbliraH uUocasiubl nnaTdopMajaH TypaTbiH 3KOHOMMKaHbl 6acuapysbil,
6lpbiuraii unmdpabiy naaTdopMachkiH LanbinTacTbipy 601ybl MYMKIH ekeHglrl kBpceTlnreH: 6acTanubl
aunapaT Thl XUHayra XaHe XuHauTayra apHasiraH arperaTop bl Locasupl naaTdopMa XaHe BHA/'p/'cTi
6acuapy M/'HgeTTepi YWwiH wongaHbansl uocanusl nnaTdopma. CoHbIMEH LaTap, Ke3 KenreH BHg/'p/'cTe
61lpbiHraii undpnbly, 6acyapy nnaTgopMacblH KeLHEeH eHr/'3y XacaHabl UHTEeNeKT TexHonorusnapbiH
uongaHyabil, Tw'mMai xYiieciHe akeneal. Byn TexHonorusnapApil UocbiMWanapbl MaTeMaTWKabll
MoZenbAey apublibl anbiHraH aybln wWapyalwbliblifblH 6acuapyably, 6lpbiurain uudpasiy nnaTdopma-
CblHbIL, CTaHAapT TapbliHa MHTerpaunansiy TYpneHgipynepaeH BTyl kepek ekeHalrl kspceT1lareH. Aybin
WwapyawblibifblH ~ 6acuapyabll,  UMdpabily, nnaTdopMacbiH  UanbinTacThipyAbll, nadjanaHbinrad
TYnHycua mogenl upi3aHal NeH UaHT Ubl3blWwacbiH BC/'py Ke3/'HAe XacaHAbl UHTeNnekT afneMeHTTeplH
eHrlse oTbIpbin, KybaHbHlL, arpoBHEpPKIC/NT/'K K3c/MopbiHAAPbIH aynapaT  TaHAablpy TaxlpubeclHe
Her/'3genreH. byn undpneiy 6acuapy nnaTdopmMacs! rbiibiMU XaHe BHE/'P/'CT/'K aunapaT Thiy XYinenepaiH
UHTerpaTopbl 6onagpl. byn xarpgaga xacaHibl MHTENNEKT TexHonorusnapbl AT mMamaHAapbiHbIL,
LypbINbIMbIH @HbILTaibl, yHuBepcuTe T Tepae 6lnlv 6epyai uannbiHa kenTlpeal, aybin wapyaubiibirbiH
undpnanablpyabit, TwW'MAT/T/'H epdy/'p apTTbhipadbl X3He 6apnbil arpoBHepKac/nT/'K kKeweHaepae
skonorunansiy yaylnTly aiTapnbiyTali TBMeHaey/'He akeneal.

TYIiiH cB3gep. XXacaHibl MHTENNEKT; LMdp/bil, 9KOHOMMKA; aybln LWapyallblibirbl; ajaMmy KanuTan,
MaTeMaTu Kanbll Mogenbaey.

AHHOTauusa. Uenb wuccnefoBaHua - npoaHannsMpoBaTb HEO6XOAVMMbIE YCNOBUS A5 YCMNELHOro
NPYMEHEHNs1 UCKYCCTBEHHOrO0 WMHTEeNNeKkTa npu LupoBM3aLMu CenbCKoro xossiicTea. Ha npumepe
nepeuyHsi Hanbosiee 3HaAUYUMbIX Pa3paboTOK WCKYCCTBEHHOr0 WHTENNEKTa, npea/siaraembiX PbIHKOM B
oTpacny, aHanM3npyrTCca 3TU YCNOBUS U NPOGAEMbl MX YCMELWHOro NpPUMEHEHWs!, MOCKO/bKY WHTEH-
CUMBHOCTb M OXBaT HanpaBfeHUA pa3BUTUS TEXHONOrUiA M MeTOAOB WCKYCCTBEHHOrO WHTENnekTa
MHTEeNNeKT oOKasancsd HacTO/IbKO BeMVK, YTO BHeApeHWe 3TUX TEXHONOruiA MOXeT pajgukaibHO
M3MEHNTb HE TO/IbKO 3KOHOMUYECKYI, HO U COLMasbHY cUTyauul. BaxHelwum pecypcoMm ans aTux
NPUIOXEHU ABNAIOTCA AaHHble, NO3TOMY (DOPMMPOBAHMIO CTPYKTYPUPOBAHHOIO MpoCTpaHcTBa ANs
HUX yaenseTca 60nbloe BHUMaHWe. [lokas3aHo, YTO POCCMICKOE CenbCKOoe XO03SAWCTBO He FoTOBO K
nonHoMacw TabHol uncpoBoii TpaHcopMauunm u3-3a OTCYTCTBUS HeOOXOAMMbIX YCNOBWIA ANA
BHeZpeHusi NHHoBauuiAi. Hanpumep, 90 % Bcex AaHHbIX HA POCCUIACKMX NPeanpuaTHAX 3anicbiBaloTCA Ha
6ymare munavM BBOASATCA BPy4Hyt B Excel, ucnonb3oBaTb UX AN TEXHOMNOruWiA UCKYCCTBEHHOrO UHTEN-
NleKTa HEBO3MOXHO. NokasaHo, YTO pelleHneM JaHHol Npo6neMbl MOXeT cTaTb (DOPMUPOBAHUE eAVHOM
undpoBoli  NAaTOPMbl  yNpaBneHUs 3KOHOMWKONM, COCTOsIWeid u3 [ByX Chleunann3npoBaHHbIX
cybnnaTdopm: arperaTopHoi cybnnaTdopmbl Ans cbopa M HaKoOMeHUs NepBUYHON MHOpMauUn u
npuknagHoi cybnnaTdopMbl Ana 3ajady ynpasneHust Npon3BoAcTBOM. [pu 3TOM noBcemMecTHOe BHejpe-
HMe efuHOW UuupoBoii nnaTopMbl yhnpasneHus Ha A60M NpPou3BOACTBE MNpuUBOANT K 6Gonee
3(PeKTNBHON cUCTEeMe MNPUMEHEHUSI TEXHOMOMMIA WMCKYCCTBEHHOrO WHTennekTa. [lokasaHo, 4YTO
NPUIOXKEHUSI 3TUX TEXHONMOrUA [OMKHbI NPOATW WHTErpauuoHHble Npeo6pa3oBaHusi B CTaHAapThl
npegnaraemol eauHoli UMpoBoi NnaTdopMbl YNpaBneHns CenbCKNM X035CTBOM, NOJTyYEHHble Ny TeM
MaTeMaTuW4yeckoro MofenMpoBaHus. lcnonb3yemas opuruHanbHas mofenb (opMyupoBaHusi LMdpoBoi
nnaTgopmbl ynpaBieHnss CelbCKMM X03ACTBOM OCHOBAHa Ha OMnbliTe MHpopmaTusauuy arponpomblLL-
NeHHbIX NpeanpusTuii KybaHu ¢ BHeApPeHMEM 3/1EMEHTOB WCKYCCTBEHHOro MHTEe/IeKkTa Npu Bbipallyu-
BaHMM TOMAaTOB U CaxapHoi cBeknbl. 3Ta undposas nnaTdgopma ynpaBneHuss cTaHeT WMHTerpaTopom
Hay4HbIX Y NPOMbILWAEHHbLIX MHPOPMALMOHHbIX CUCTEM. A TEXHONOrMN UCKYCCTBEHHOIO MHTENNeKTa B
3TOM cflyyae onpegensaT cTpPykTypy UT-cneunanicTos, nepecTposiT o6pa3oBaHMe B YHUBepcUTeETaXx,
CYLLECTBEHHO MOBLICAT 3(PPEeKTUBHOCTb LU(pOBM3ALMN CEMNbCKOTO XO03siicTBa U npuBegyT K
CyLLLeCTBEHHOMY CHIKEHWI0 3KO/TOrMYeCcKoil onacHOCTU BO BCEM arpornpoMbILLIEHHbIM KOMIIeKcaMm.

KntoueBble cnoBa. VICKyCCTBEHHbIi MHTENNeKT; LMdpoBasi 3KOHOMWKA; CeNbCKoe XO035IMCTBO;
yenoseyeckuii KanuTasn, MaTemaTnyeckoe MogenmposaHme

Introduction. Amid the ongoing digital transformation (DT), the world has recently seen a
significant increase in the scientific and practical interest in the problems of human capital
(HC). This interest is due to the understanding of its key role in the social and economic life and
the society development with a drastic change in the technological patterns at all hierarchical
levels: national, sectorial, regional, corporate, and individual.

However, digital economy (DE) requires pivotal modernization of production processes,
personnel retraining, from workers to top managers, transition to modern management methods
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corresponding to new opportunities of information and communications technology (ICT). Such
an economy needs highly qualified specialists who have necessary competencies and are able to
invest their HC in the production and to develop themselves.

HC being realized as a key factor in the development of modern society has predictably set
the task of assessing its transformation depending on the economy digitalization. Such an
assessment, if based on a scientific integral approach, on sufficient and reliable information,
allows for selecting the most effective ways to use this capital and the entire DE.

Serious research in the field was described in the paper by [1], which shows that the
company’s ICT economic efficiency hinges not only on investments in ICT, but on the so-called
complementary changes driven by DT. According to the authors, complementary assets are
those assets that should be developed together. Only well-coordinated changes in all production
factors enable company to gain maximum profit. Later, this hypothesis was proved by other
authors [2]. Thus, it was concluded that investment in ICT is more efficient with investment in
other complementary assets: human and organizational capitals in certain proportions.

Therefore, this paper considers the dynamics of social transformation of human resources in
the field of applying of artificial intelligence (Al) methods, the technology of which drastically
influences the process of complementary changes in economy, as exemplified by the Russian
agro-industrial complex (AIC).

Materials and methods of research. A huge attention gained by the DE program, that was
adopted in 2017 in Russia, resembles the similar interest that arose during the approval of the
Integrated Scientific and Engineering Program (ISEP) in 1985 by member countries of the
Council for Mutual Economic Assistance (CMEA), a subprogram of which was
electronification, namely, that of agriculture. Just as now, the national government have high
hopes for electronification. By the moment of adopting the ISEP, the greatest problem in our
country was its ineffective agriculture; therefore, considering electronification as one of the
growth drivers, they established the Research Institute for Cybernetics in AIC (VNIIK) with a
strong team of informatization experts (about 50 graduates of the Moscow Institute of Physics
and Technology) engaged. VNIIK became the head organization in the task of
"Electronification of Agriculture" in the CMEA.

In view of the expected growing numbers of personal computers, VNIIK faced an important
scientific and engineering challenge: selecting an informatization strategy for the coming
decades. For this purpose, the corresponding concept was developed. The concept involved
informatization of the sector in the following closely interconnected areas: informatization of
production (informatization of technological and managerial processes), education, social
sphere in rural areas, and agricultural science. At the same time, informatization, like
mechanization, chemicalization, etc., should become an integral part of agricultural production
systems and, like other industries, should have its own scientific support, technical base,
organizational infrastructure, and staff.

As a resource-saving strategy, VNIIK chose the path of comprehensive informatization of
reference facilities in the Kuban and the Stavropol Territory with the development of standard
information systems (IS) modules to be further replicated throughout the country. Such an
approach would make it possible to transfer the existing spontaneous process of informatization
into the monitored and regulated mode, to involve many farms on a single methodological basis,
with uniform requirements for the composition of the hardware and software used, as well as for
personnel. The experience of individual subsytems introduced into about 1,000 farms has
proven this approach to be correct.

However, the informatization of technological processes was faced precisely with the
limitations of complementary interdependencies of various assets. Thus, a farm head rejected the
proposal to introduce unmanned technology using expert systems, being the prototype of modern
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Al methods, for cultivation of sugar beet using precision seed drills, combine harvesters, new
varieties of seeds placed in a shell of chemical plant protection products against diseases and
pests, to be paid out ofpublic funds, claiming that he had employed 700 women to thin and weed
crops, so, with DT introduced, these workers would have no job to do. On the other hand, they
could introduce this scheme for growing tomatoes in a farm covering 200 hectares. However,
there were problems here, too. One of them was that the tomato farming technology presupposed
their simultaneous ripening followed by harvesting using an appropriate combine harvester, unlike
their manual harvesting as they ripen throughout the season. With simultaneous harvesting, neither
the retail chain nor the processing factories were able to accept all the harvested products at the
same time. Another problem was the lack of the necessary data for the reliable operation of the
expert system and the ontological incompatibility and inconsistency of existing systems.
Introducing a microclimate control system in a large pig farm could not be completed due to the
need to reconstruct the premises, which required significant investment.

To develop standard IS modules and to solve the problem of ontological incompatibility of
data circulating at reference facilities, a technology for the synthesis of optimal IS at farms was
developed on the basis of the corresponding mathematical model [3]. Its deployment improved
the 1S quality and reliability, reduced their implementation cost, in particular, due to uniform
training of specialists for their deployment. Based on calculation, ontological (conceptual) and
logical models of technological databases (digital standards) were obtained and developed in 19
types of farms existing at reference facilities, that were common for all of them. In addition, for
the same farms, management tasks were identified through ontological modeling with uniform
agreed algorithms. These developments were implemented by a creative team from various
leading sectorial research institutions and VNIIK on a single methodological basis.

The further development of the digitalization of agriculture has confirmed the correctness of
this approach. The area of the most significant application of DE in agriculture is precision
farming (PF), currently booming. It involves integrating the new agricultural technology and
high-precision positioning based on remote sensing ofthe Earth (RSE), as well as differentiated,
highly effective, and environmentally friendly agritech measures in the fields based on detailed
information on the chemical and physical parameters of each land plot. Intensive research is
underway around the world to improve this technology [4-13]. PF requires integrating a huge
amount ofinformation, which can only be processed by Al technology that requires a sufficient
amount of structured and reliable data. Thus, among the Al-related problems, the lack of
structured and reliable data was put in the first place by experts in this area [14].

Since almost all known technologies of precise farming cannot go without the use of Al
applications, we will mention the most significant ones offered by the Al development market [15].

1 Machine learning in field monitoring. Taranis, an Israeli startup, provides accurate infor-
mation on the state of plants, based on the readings of field sensors, weather stations, and aerial
photography, which allows for timely identification of such negative factors as diseases and
pests, nutrient deficiencies, followed by developing the recommendations for on-the-spot
intervention.

The Watson Decision Platform for Agriculture by IBM provides advice concerning the
doses, type of pesticides, and the optimal timing of their application in case of corn lesions
risks, based on Earth remote sensing data (HD-NDVI index). Farmers get yield forecasts, etc.

Health Change Maps and Notifications, an Al platform, be Farmers Edge promptly informs
the farmer on the efficiency of the equipment, the condition of plants, the appearance of pests or
diseases, the lack ofnutrients, etc.

The Field Manager mobile app from Bayer gives the user information on possible risks of
crops and recommendations on how to prevent them based on the processing of Earth remote
sensing data and a large amount of other data from the database.
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The Hummingbird Technologies platform provides farmers with information on the current
state and volume of plant mass, the presence of weeds, nitrogen deficiency in plants, etc. — not
only based on the Earth remote sensing data but also due to the use of ground-based monitoring
tools and UAV images.

2. Al technologies for weeding. Nowadays, the use of Al for weed and pest control expe-
riences active development. Thus, Bayer and Bosh are developing a Smart Spraying technology,
which will recognize a weed and determine the type and required amount of pesticide. The
Weed Killer by EcoRobotix is capable of moving through the field independently, recognizing
detected weeds, and applying treatment thereto. It is claimed that the technology will yield a 20-
fold reduction in the use of herbicides. WeedSeeker, an autonomous system, by Trimble
performs spot spraying of weeds. The system identifies weeds by using LEDs that scan the
surface in the red and infrared range. The reflected light is analyzed automatically, and when a
plant is detected, a signal is sent to the nozzle to trigger it exactly above the weed.

3. Al technologies for identifying plant diseases. Al is currently helping farmers to choose
treatment methods with the calculation of economic indicators after identifying a plant disease.
The process is based on photos of the affected part of the plant. A similar mobile app Plantix by
Peat - Plantix - provides farmers with the ability to identify over 60 plant diseases. The app con-
tains an extensive database of images with identification by plant varieties, types of bacteria,
diseases, etc. Scouting, an application by Bayer-BASF, also helps to diagnose diseases, develop-
mental disorders, and the degree of nitrogen availability for plants - through photo processing.

4. Al technologies in the digitalization of cattle breeding. Foreign experience in cattle
breeding digitalization shows that almost all process operations are suitable for digital
transformation using Al. Here are the main directions of this transformation.

- Improving the quality of animal housing conditions through smart control systems for light
conditions, microclimate, feeding, and manure removal, since the comfort of animals affects
their productivity.

- Breed selection. Selection will allow for accurate breeding according to the specified
requirements and properties (lack of genetic predisposition to certain diseases, meat and dairy
qualities, growth and maturation rate). Currently, great hopes are placed on Al methods, for
example, on the development of methods for analyzing genomic information to assess
the breeding value of an animal at an early age. Currently, research is being conducted on
selecting the sex ofthe animal, milk productivity, and the thickness of a steak cut.

- Analysis of milk quality; diagnosis and prevention of animal diseases; compliance with
sanitary and hygienic standards.

Results and discussion. The informatization experience at reference facilities made it possible
to identify the following four evolutionary stages in the IS development, each of which was
marked by significant transformation of data and software storage, transfer, processing, and
integration methods. At the first IS development stage, almost all application software was usually
developed by corporate specialists. It was focused either on the needs of a specific farm or those
of a narrow group of similar farms, which required significant costs to support it. It was a
traditional, the so-called task-oriented approach. At the second stage, with ICT improvement
resulting in software standardization, cooperation, integration and lower cost, the functional
capacities of systems were expanded. This process allowed to optimize managerial functions and
information processing methods. The third stage was associated with the emergence of local area
networks (LAN) and data base management system (DBMS). At this stage, placed at virtual
computer nodes in a LAN, both software and data were physically and logically separated from
specific computing facilities. The fourth IS evolution stage was about the digital era. Meanwhile,
starting from the second stage, there was an economic expediency in replicating ISs to a certain
group of farms; that is, the IS design space of each farm should be subjected to an important IS
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designing procedure - ontological modeling, in other words, the process of integrating hetero-
geneous data and knowledge of specialists from various businesses. As a result, international
management standards - MRPII, ERP, CSRP - were developed to serve as a mere methodology
for managing finance, material flows, production, projects, service, quality, and staff.

Introducing standards for information resources (IRs) was not that urgent, because, on the one
hand, ISs could be comprehensively tailored to specific farms and, on the other hand, they were
replicated to relatively homogeneous farms. However, standardization was necessary in the
transition to the fourth IS evolution stage, when the Internet emerged, enabling an unlimited
number of users to access various I1Ss. At the same time, it was possible to integrate various ISs
and IRs not only in individual companies, but also across industries, countries, and across the
world community. Under these conditions, accounting and monitoring of the maximum possible
number of agricultural processes becomes the priority in developing a digitalization strategy for
the largest agro-industrial firms worldwide. For instance, while in 2014, 190,000 measurements
were made at smart farms to inform farmers, the number of measurements will grow to 4.1 million
per day by 2050. It is almost impossible to independently navigate this information flow [15], and
Al technology should help there, since one of the tasks of Al is generalizing, analyzing,
processing data from various monitoring tools, and giving recommendations based on the same.

Since the transition to each next stage was accompanied by the growing number and
complexity of automated tasks, there should be a change in both the organizational structure of
IS development, implementation, and operation, the system for retraining Al app specialists and
users and other DE tasks, as well as a change in the nomenclature of IT specialties, which needs
subsequent restructuring ofuniversity education.

In this regard, it is of interest to consider a change in the composition of executors
responsible for implementing ISs. At the second stage, due to the insolubility of the problem
of ontological incompatibility of data and an increase in the number of automated tasks,
software customization units were added to standard solutions for the needs of an individual
user. Due to this fact, company managers, based on business considerations and the prospects
of the new area, started sending their children to study at ICT departments to further develop
and deploy software in their companies, which later made it difficult to switch to boxed
solutions. At the third stage, boxed solutions became widespread, which, nevertheless,
required competent implementation specialists due to the lack of standards for IRs and
management functions. According to 1C managers, about 300,000 programmers are employed
for implementing their accounting automation systems, which is due to the need to customize
the software for a specific user. As a result, the accounting and reporting system in our
country is unmanageable and expensive, which significantly increases the cost of accounting
in Russia and, consequently, reduces business profitability. These trends are confirmed by the
results of monitoring the informatization of 300 best agro-industrial businesses [16]: at the
time of the study, mainly accounting software was being implemented; even these solutions
were developed by several companies (23% by own efforts, 16% by 1C, 45% by a regional
organization, 6% by a federal organization, 6% by an individual, 3% by a tax service); this
software is informationally, ontologically, and ergonomically incompatible. Therefore, a task-
oriented, original approach to the design and development of IS still prevails in Russia today.
Although, before the DE era, it was still possible to put up with such a situation due to the low
penetration of informatization into the business management system, haphazard
implementation of ICT in the era of total economy digitalization will lead to huge expenses.
Thus, following this approach, with the number of problems solved in crop production
estimated as 150, the number of various process operations in the industry estimated as 20,
the number of regions estimated as 80, and the number of crops estimated as 20, we get
potentially 4,800,000 different versions of ISs. However, as stated above, most of the farms
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today still use solutions independently developed within a company; however, the lack of
qualified specialists in data science and in the development and implementation of Al in rural
areas leads to a shift in demand towards boxed solutions.

Since the transition to each next stage was accompanied by the growing number and
complexity of automated tasks, there should be a change in both the organizational structure of
IS development, implementation, and operation, the system for retraining Al app specialists and
users and other DE tasks, as well as a change in the nomenclature of IT specialties, which needs
subsequent restructuring of university education.

In view of the above, the optimal IS synthesis model mentioned mentioned above was
modified into a model for creating a digital platform (DP) to manage the AIC economy [17]. A
digital platform is understood as a set of ordered digital data based on ontological modelling;
mathematical algorithms, methods and models, software, and hardware tools for collecting,
storing, processing and transmitting data and knowledge, optimally integrated into a single
information and control system designed to manage the target subject area with the organization
of rational digital interaction of stakeholders.

In this section, we present an abbreviated version of the core of the model so as not to go
into the details of cluster analysis, semantic adjacency matrices, and the theory of automatic
classification, which are required for the correct determination of optimum DP in the future. A
digital platform is understood as a set of ordered digital data based on ontological modelling;
mathematical algorithms, methods and models, software, and hardware tools for collecting,
storing, processing and transmitting data and knowledge, optimally integrated into a single
information and control system designed to manage the target subject area with the organization
of rational digital interaction of stakeholders.

By the structure of a control system, we mean the organizational set of its interrelated
elements that determine their place both in a purely physical and technological sense (the level
and specific location of an element in space and the technological scheme of decision-making
and information processing). The design of digital platforms' structure is understood as building
relationships between the elements of the management structure under the specified
performance criteria as a whole.

We consider a system consisting of a set of control nodes|j (for example, a ministry, regional
agricultural bodies, enterprises, departments), a set of tasks K associated with processing data
located in data centres, situational centres, data clusters L, communication types R. The control
process is assumed periodically with a period of T. All operations of calculations, data
transmission, etc. averaged over time. We will assume that any task can be solved at any node,
including breaking along these nodes. To solve the problems, some generalized technical means
are used. The set of formalized model's parameters includes:

K - task number, Kk e K ;

| - group information item number, lelL ;
j - control unit number, j eJ ;

f j - average characteristics (amount of information; time, frequency requirements, etc.)

for the information ofthe | -th group, necessary for the task K, arising in the nodej, ee E ;
Xjk =1, ifthe task Kk is solved at nodej, 0 - otherwise;

alj =1, ifthe I-th group arises at the j-th node for the task k , 0 - otherwise;
yir =1, if information from the I-th group is transmitted from the j 1-th node to the j2-th

by the r-th means ofcommunication;
d j - necessary resources ofthe m-th type to solve the task k at the j-th node;
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M m - m-th equipment resources;
Sjj* =1, ifthe r-th link type is used to transfer the I-th group from the j J-th to the J2-th node;

Grl - communication characteristics; cJ- the cost of a piece of equipment in the/-th node;

gj - the cost ofthe r-th means of communication when transferring information from j
to j2; ¢ m - the cost oftransferring a unit of information from j to j2;

c) - the cost of the m-th resource for solving the task k in the j-th node; ck - generalized

cost ofthe k-th task; co - funds allocated for the development of a digital platform.
Restrictions on the placement of tasks by nodes and technical means:

Zxjk>J) keKsek, @)
J
that is, the k-th task must be solved at least in one node;
xk >J,jeld,keKdeK, 2

i.e., some task from the set K must be solved at some nodes j e J J.
The conditions for transferring information from node jJto node j 2 are as follow:

2yiir =z akiixiik , Jj*Jj. 3)
Information is transferred from the node jJ to the node j2 when it occurs at the node jJ and
is used at the node j 2for task k.
Equipment load limitations:
v7kdnjkxjk -Mm. 4
Restrictions on communication channels:
ﬁ(y ijjj2rf 2 - GrSjjjer. 5)
Financial restrictions on investments:

: caxjx T Z en o 2rsjjjer TZ ckxjk = c . (6)

J.k JJ,J2.,r J.k

Efficiency criterion:

2 cdxjk + oz cjj2rsijjjer + z ci2rfjyjj2r + Z  cAmjkd mjkXjk + Z Ckxjk A min
Jk 302, 332, m. 3k

The model made it possible to scale up the ontological and logical models of technological
databases, as well as unified management tasks developed for reference facilities, to the entire
AIC. In addition, this model allowed to develop another digital standard. It is an IR axis
standard with far-reaching implications for the effective development of Al technology. All
primary accounting information can be generated in a general form (standard): operation type,
operation object, location, the person who conducted the operation, date, time interval, means of
production involved, volume of operation, type of resource consumed, amount of resource
consumed, operation quality.

Another important result of the synthesis of the optimal DP in AIC is a scientifically based
calculation of the need for specialists necessary for DE. Let us describe the main groups of
these specialists. Firstly, they include ontologists. Secondly, specialists in creating databases.
Thirdly, specialists in the development of large IS architecture. Fourthly, programmers who
are able to develop such ISs with various information processing modes. Fifthly, information
security specialists. And, of course, the largest group is IS implementation and support
specialists.
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Based on the mathematical model and the available experience in implementing individual ISs
in one thousand farms, let us present some data on specialists necessary for the development of
DP for AIC management. In crop production, an ontological model was developed by a creative
team of 10 people from various industry research institutes and VNIIK. The database project,
architecture, and software were developed by a laboratory of 15 people. A similar work in animal
husbandry was done by 10 specialists. The rest of the industries were computerized by a team of
12 people. The need for specialists in information security is estimated as three people. To deploy
ISs, implementation centers were created in each region, similar to the once existing machine and
tractor fleets. Currently, there are about 1,800 such regions in Russia. To update information
support and train specialists, at least two IT specialists per farm are needed at the first stage.
According to the 2016 agricultural census, there were 36,048 agricultural businesses in Russia. Let
us assume that farmers and other small businesses will be served by regional implementation
centers; then these centers need about 10 IS implementation and support specialists. Therefore,
assuming that all businesses will use ISs (although this is far from reality), the need for specialists
is as follows: 50 developers, 90,000 IS implementation and support specialists (about 18,000
people in regional implementation centers and about 72,000 people at farms).

As you can see, in our country, the concept of a single DP of economic management AIC,
where Al technologies would work most effectively, was tested both theoretically and
experimentally. However, the Ministry of Agriculture is in no hurry to develop this approach.
Small farmers, who are the overwhelming majority in the market, lack financial resources,
strategically minded specialists, and effective cases of a systematic approach. It is difficult for
them to predict the trends of the digital transformation integration processes in the economy,
since they are limited to only a small part ofthe global production chain. Therefore, they mainly
use a task-oriented original approach to the design and development of digitalization systems,
where the maximum possible digital transformation of the industry will not exceed 17%,
according to mathematical modeling [18].

At the same time, in the agriculture of developed countries [19], two specialized similar plat-
forms are gradually emerging: agrarian data aggregator platforms, otherwise, platforms for primary
data collection and accumulation (IR in our understanding) and applied platforms (applications).
These DPs are being gradually integrated with intensive mutual data exchange through the
development of appropriate cloud platforms and services, because only this type of cloud
technology makes them available to businesses ofall sizes, notjust for some ofthe largest farms.

J’son & Partners Consulting also believes that using the technology of two types of the
above cloud platforms in the value added chain of agricultural products (wholesalers, logistics,
retail chains) will enable transition to direct sales, where the farmer monitors the end consumer,
the size and structure of the consumer’s demand, and through the use of mathematical models,
Al in particular, the farmer produces exactly those products that the consumer needs at the right
time, whereas the product delivery is managed by the automatic exchange of information
between participants in the supply chain through a cloud service with the minimum use of
warehouse and logistics infrastructure of wholesale intermediaries. Such digitalization will
make it possible to exclude the numerous unnecessary intermediaries from the chain, who now
account for up to 80% ofthe value in the retail price of goods.

Conclusions. The paper shows that the main problem, without taking into account the
economic and political, successful application of Al technologies and methods is the formation
of a single digital platform for managing the economy, consisting of two specialized
subplatforms: a subplatform-aggregator for collecting and accumulating primary information
and an applied subplatform for production management tasks . In this case, the transition ofany
production to it allows you to move to a new type of production enterprises: from the quality
control phase after the production phase to the principle of current control of all production
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operations, which should affect the entire economic and social system in the country. In
addition, such a digital economic management platform will free up a large number of IT
specialists from financial and accounting departments with their reorientation to the introduction
of new digital technologies in the form of mathematical models, Al and will give an additional
impetus to accelerating the digitalization of Russia.
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