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Abstract. The article investigates the theoretical and practical principles of using digital
technologies in the management of agricultural enterprises. The dynamics of Ukraine’s position in
the world ranking of digital competitiveness is analyzed, the leading countries in digital
transformation of economic systems are identified in order to study the progressive experience of
digitalization of the economy, its spheres, agriculture in particular. The evolution of technologies
and business ideas in agriculture, which can be represented as a two — factor model of
development, is studied. The comparative analysis of approaches to conducting agrarian business is
carried out. It is noted that almost all large holdings in Ukraine are now actively investing and
implementing digital solutions, it can also be seen that at all levels of agricultural production the
country already has its leaders with extensive experience in implementing digital technologies. It is
hypothesized that an important indicator of the development of digitalization are digital
technologies formed with world experience. They can be divided into eight main areas of activity:
FMS (farm management systems); data collection and aggregation (for precision farming),
forecasting; marketplaces; robotic equipment and drones; sensors; reasonable irrigation; animal
husbandry; next generation farms. Based on world experience, the peculiarities of the application of
certain digital technologies in certain areas of agriculture are considered and assumptions are made
about the possibility of their use in the realities of domestic agricultural production. It is concluded
that the path or vector of digitalization in agriculture can be represented as three stages for
agricultural holdings and two stages (without the last) for relatively small farmers: the first stage
characterizes the agricultural company with efficient business processes (here must be implemented
and fully integrated internal accounting systems). and a single digital back office); the second stage
of development is a digital technology company (it uses innovative technologies such as precision
farming, artificial intelligence (Al), computer vision (CV), machine learning (ML), etc.); the third
stage is the ecosystem of the agricultural holding (a whole infrastructure of innovations has already
been built here).
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LA®POBI TEXHOJIOT'Ii B YIIPABJIIHHI
CIJIbCBKOT'OCINIOJAAPCBKUM MIAITPUEMCTBOM

AHoTanis. JIOCHIPKEHO TEOpeTHYHI Ta MPAaKTUYHI 3acaid BUKOPUCTAHHSA IHM(PPOBHUX
TEXHOJIOT1M B YHpaBiiHHI CUIBCHKOIOCHOJAPChKUM MiAnpUeMCTBOM. IIpoaHani3oBaHO IHMHAMIKY
no3uii YKpaiHu y CBITOBOMY PEHTHHrY LU(POBOI KOHKYPEHTOCIPOMOXHOCTI, BU3HAUYEHO KpaiH
— migepiB 13 mudpoBoi TpaHchopmallii EKOHOMIYHMX CHCTEM 3 METO JIOCHIKEHHS
MPOTPECUBHOTO JOCBiAy IUGpOBi3alii eKOHOMIKH, ii cdep, CUTBCHKOTO TOCMOAapCTBa 30KpeMa.
JIOCIiPKEHO €BOJIIOLII0 TEXHOJIOTIH 1 Oi3Hec-iiell y CUIbCBKOMY TOCIOAAPCTBi, SKy MOXKHA
npeacTaBuTH y Gopmi 1BO(HaKTOPHOT MOEINI PO3BUTKY. 3A1MCHEHO TOPIBHSUIBHHUM aHaJI3 MiAXOIIB
JI0 BEJIEHHS arpapHoro 6i3Hecy. 3ayBa)K€HO, 110 MPAKTHUYHO BCl BEJIMKI XOJIJMHIU YKpaiHu 3apa3
AKTUBHO 1HBECTYIOTh 1 BIIPOBA/KYIOTh MU(PPOBI pIlICHHS, TAKOX MOYKHA CBIIYUTH TPO Te, IO Ha
BCIX PIBHSX CLJIIOCIIBUPOOHMIITBA KPAiHHM BXKE € CBOI JIIJIEPH 3 BEIIMKUM JIOCBIZIOM YIIPOBAKEHHS
digital-rexnomnoriii. BucyHnyto rinmore3y, M0 BaXJIMBUM I1HAWKAaTOPOM PpO3BUTKY LU(POBi3aril
€ udpOBi TeXHONOTri, Mo chOopMyBaIUCh i3 CBITOBUM JOCBIZOM. IX MOXHA PO3IINMTU HA BiciM
OCHOBHUX HampsiMiB AisuibHOCTI: FMS (cuctemu ympasniHHA ¢epMoro); 30ip Ta arperauist JaHUX
(ms TouHOTO 3eMiIepoOCTBA), MPOTHO3YBAHHS; MapKETIICHCH; pOOOTH30BaHAa TEXHIKA 1 JPOHHU;
CEHCOPH; PO3YMHE 3pOIICHHS; TBAPUHHHUIITBO; (hepMH HACTYITHOTO MOKOJIiHHSA. Ha 0CHOBI CBiTOBOTO
JOCBiJly PO3TJISHYTO OCOOJIMBOCTI 3aCTOCYBaHHS OKpEeMHUX HU(POBUX TEXHONOTIH B OKPEMHUX
cdepax CLIBCHKOTO TOCIOAAPCTBA 1 3AIHCHEHO MPHITYIIEHHS 1100 MOXJIMBOCTI BUKOPUCTAHHS iX
y peanisiXx BITYM3HSHOIO CUIBCBKOrOCHOJapchkoro BHpoOHHUITBa. [lincymoBaHo, mo nuigx ado
BekTop 1udposizauii B AIIK mMoxHa npeactaButu y Ggopmi TpbOX CTYTIEHIB JJISl arpOXOJIJIMHTIB Ta
JIBOX CTymNeEHIB (0€3 OCTaHHbBOI) NIl BIAHOCHO HEBEIIMKHUX CLIBTOCIIBUPOOHHMKIB: MEPIINN CTYIIiHb
XapaKTEPHU3y€e arpOKOMIIaHI0 3 e(heKTUBHUMHU Oi3HEC-TIpoliecaMu (TyT MOBHHHI OyTH BIIPOBAKEHI
1 MOBHICTIO IHTETPOBaHI BHYTPILIHI CUCTEeMM OOJiKy 1 enuHuid nugpoBuil Oek-odic); Apyruii
CTYHiHb PO3BUTKY — II€ BK€ IMU(POBA TEXHOJIOTIYHA KOMIIaHisl [BOHA BUKOPUCTOBY€E iHHOBAIiiTHI
TEXHOJIOT1i, Taki K TouyHE 3emyiepoOcTBO, mTyuyHud iHTENeKT (Al), xomm’rorepHuit 3ip (CV),
MamuHHe HaB4yaHHs (ML) Ta iH.); TpeTiii CTymiHb — II€ €KOCHCTEMa arpoXOJAHHTY (TyT YyKe
30y0BaHa 1is1a iHppacTpyKTypa iIHHOBAIIH].

Knrouosi cnosa: nudposizaiis, tudpoBi TEXHOJOTI{, CLTCHKE TOCTIOIAPCTBO, MU POBI3allis
CLIIbCBKOTOCIIOAAPCHKOTO  BUPOOHMIITBA, LHU(poBa iH(GPACTPYKTypa CUILCHKOTOCIIOIAPCHKOTO
MiIPUEMCTBA.

®opmy: 0; puc.: 3; Tabdmn.: 0; 6i6:.: 13.

Introduction. The state and development of agriculture in domestic economies was
significantly influenced by the revolution of technological systems, each of which increased the
level of efficiency, productivity, and, accordingly, profitability to a previously unattainable level.
Experts’ forecasts for the coming years converge on the point that the digital revolution in
agriculture will be a catalyst that will allow the agricultural sector to meet the needs of future
generations. In other words, the digital revolution of agriculture will fully meet the requirements of
sustainable development. Digitization will have the ability to transform all parts of the value chain
of agricultural products. The resource management of any element of this chain can be built on the
principles of optimization, individual approach, reasonableness and predictability. The operation of
the system in real time will be ensured by establishing a hyper-connection with the information
system.

Within the production and distribution chains it will be possible to ensure full control and
coordination, to create optimal models of management of agricultural lands, crops and animals.
Digital agriculture will be an environment for creating systems that are characterized by high
productivity, predictability and the ability to adapt to change, including those that provoke a
changing climate. This, in turn, can help increase food security, profitability and the resilience of
the national economy.

In the context of the goals of sustainable development, digital agriculture is able to provide
society with economic benefits by increasing productivity, efficient use of financial resources and
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market opportunities, by expanding communications and greater inclusion — social and cultural
benefits, by optimizing resource use and adapting to change. climate — environmental benefits.

Analysis of research and problem statement. Issues of conditions, models and principles
of digital transformation of business process management are covered in studies of both foreign and
domestic scientists, including S. Veretyuk [4], O. Dannikov [6], L. Kit [7], S. Kolyadenko [8],
O. Pizhuk [13], V. Pilinsky [4], K. Sichkarenko [6] and others.

Unsolved aspect of the problem. At the same time, the issues of digitalization of business
processes of certain spheres of the national economy, in particular agriculture, use of modern
advanced progressive world experience of digital transformation of business models of business
structures management remain in the field of scientific interests.

The purpose of the article. The aim of the article is to study and systematize the
progressive experience in the digital transformation of business models of agricultural enterprises in
order to increase the efficiency of their activities.

Research results. Characterizing the current state of digitalization of Ukraine’s economy, in
particular in the field of agriculture, experts use analytical data from international rankings. One of
the indicative authoritative international rankings that characterizes the digital competitiveness of
countries is the Digital Competitiveness Index — IMD (WDC) analyzes and evaluates the ability of
countries to adopt and study digital technologies that lead to transformation in government practice
and business models. society as a whole. As in the case of IMD’s global competitiveness ranking, it
is assumed that the digital transformation takes place primarily at the level of enterprises (private or
public), but it also occurs in government and society. Based on research, the WDC ranking
methodology determines digital competitiveness based on three main factors [1]:

1) knowledge (know-how, the need to discover, develop, understand and build new
technologies), in turn, is revealed through: talent; training and education; scientific concentration.

2) technology (general context that allows the development of digital technologies), in turn,
is revealed through: regulatory framework; capital; technological framework.

3) future readiness (the level of readiness of the country to use the results of digital
transformation), in turn, is revealed through: adaptive attitude; business agility; IT integration.

The assessment of the dynamics and place of Ukraine in the Digital Competitiveness
Ranking is shown in Fig. 1.
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Fig. 1. Assessment of the dynamics and place of Ukraine
in the Digital Competitiveness Ranking

Source: based on data [1].

The total number of countries included in the digital competitiveness ranking is 64 in 2020.
The maximum value of the index of this rating in the last rating year is 100.00, the minimum —
23.99. Ukraine’s rating position is below the average value, amounting to 48,807, which
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corresponds to a rating of 58. At the same time, the rating position rose by 2 points compared to
2019.

According to the latest rating in 2020, the top five leading countries in digital
competitiveness include: the United States (100.00), Singapore (99.37), Sweden (96.07), Denmark
(95.23) and Switzerland (94.65), while the rating score of Ukraine is 48.81. According to the
average rating indicator of the studied period, the leading position is occupied by Singapore. The
fastest rate of increase in digital competitiveness in 2020 compared to 2018 according to the rating
is observed in Ukraine (excluding other rating positions). In other words, Ukraine’s digital
competitiveness is inferior to other countries. In order to increase the level of digital
competitiveness of Ukraine, it is advisable to study the experience of digitalization of economic
systems and models of the leading countries in the ranking, in particular, this applies to the
development of solutions in the field of digitalization of agriculture.

Digital solutions are increasingly penetrating all segments of agriculture. To achieve growth
in the profitability of agribusiness, it is extremely important to make maximum use of innovative
technologies. The same companies that in the near future will be able to combine their business into
a single system based on a digital platform, will become the undisputed market leaders.

The evolution of technologies and business ideas in agriculture can be represented as a two-
factor model of development (Fig. 2). The horizontal axis is time, and here we can conditionally
distinguish three stages-approach to agribusiness: the traditional way, digital agriculture and
ecosystems of market participants. The vertical axis is a complexity of technological development,
it can be used mainly for breeding and seed production as the main drivers of yield growth [2; 5].
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Fig. 2. Evolution of the technological basis of business models of agricultural enterprises
Source: compiled according to data [2; 5].

In traditional agriculture, a high dependence on the human factor is clearly expressed. There
are such factors as relatively low yields with relatively high production costs. And the factor of
success, as a rule, is a good price situation.

In digital agriculture, there is a clear focus on the efficiency of each operation. Digitalization
of agricultural machinery, sensors, unmanned aerial vehicles and other digital elements help to
achieve this. Thus management of production processes is automated. Production shows a relatively
high yield at a relatively low cost [13].

The third approach in Ukraine is just beginning to emerge — the creation of ecosystems of
market participants, new businesses and partnerships. It is expressed not just in the use of certain
digital solutions, but in the cooperation of entire digital platforms of many market participants. In
this case, we are talking about the sale of not only products but also services (eg, transport,
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logistics, sales, etc.). Not only classic agricultural holdings, but also IT giants will be included in
the competition here.

Domestic farmers are mastering digital technologies by leaps and bounds. Almost all large
holdings in Ukraine are now actively investing and implementing digital solutions. It is also safe to
say that at all levels of agricultural production the country already has its leaders with extensive
experience in implementing digital technologies, and we see a clear upward trend. This process is
mutual: on the one hand, new solutions for various areas of agar activity regularly appear, and on
the other hand, enterprises come to understand that the introduction of digital technologies is
necessary for sustainable development. The scenario that in 10 years, other things being equal, more
than 80% of domestic agricultural enterprises will use digital solutions in their work [5, p. 36].

In Ukraine, there is an active development of almost the entire range of elements of
precision farming, but at the moment the most popular are satellite positioning technologies,
GIS-systems and systems for monitoring and control of equipment and quality of work performed.
The market of ERP-systems for agriculture, control and accounting systems in various branches of
agricultural production, the market of specialized data and programs for their storage and
processing for making the right and timely decisions is also rapidly developing.

Changing demand is a difficult issue, because domestic farmers are forced to learn new
technologies abruptly, rather than smoothly and progressively. Such rapid development does not
always allow to competently adapt new digital solutions, to understand the applied aspects and to
determine their practical benefits. However, everything goes to the fact that over time, the decision-
making process and the equipment itself in agriculture will be even more automated — the farmer
will become the operator of various monitoring systems.

Another important indicator of the development of digitalization is digital technologies
formed with world experience. They can be divided into eight main areas of activity: FMS (farm
management systems); data collection and aggregation (for precision farming), forecasting;
marketplaces; robotic equipment and drones; sensors; reasonable irrigation; animal husbandry; next
generation farms (mostly vertical greenhouses).

A large number of technology companies that have grown from startups respond to the main
demand of farmers — data collection, aggregation and analysis. The decisions of American
companies declare the use of new and very effective technologies — artificial intelligence,
computer vision and machine learning. Some domestic companies are also trying to use these
technologies, especially on an industrial scale — to analyze NDVI images (map of photosynthetic
active biomass) of tens of thousands of hectares of arable land, counting the number of apples on
thousands of hectares of orchards. This allows you to timely and accurately address the problems of
poor seedlings, insufficient green mass, identify foci of disease and pests, predict with a high degree
of accuracy the harvest and, as a result, more accurately plan harvesting, transport, storage and / or
work.

Digital technologies in animal husbandry are based on the analysis of data from sensors and
sensors. However, these are probably the least «useful» of the technologies: they often work only
with a certain set of data, while dairy complexes have a common practice of using system
integrators that cover all areas of digitization that work with the entire set of farm-generated data.

In the United States, urban vertical greenhouses are being actively developed, allowing
developers and farmers to find synergies and meet the demands of the western urban population for
greening. Soon the new generation of digital technologies will include not only vertical production,
but also new methods of growing live ingredients (aquaculture, insects, algae, microbes) [2; 3].

Irrigation is an effective way to increase yields, and smart irrigation is even more effective.
Therefore, this area of digital technology is also not left out. Of course, the greatest demand for
them is observed in areas with arid climates, but in Ukraine, smart irrigation technologies, albeit
«self-written», without the software of Western startups, are already used.

Such a group of digital management technologies as agromarketsplaces on a global scale is
still poorly developed, except, perhaps, one case — Indigo — a biotechnology company that
organized agromarketplace in the United States, through which transactions worth hundreds of
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millions of dollars. The situation is that agromarkets are not created by farmers themselves, but by
other market players. In many countries, including Africa, such as Kenya, there are large enough
electronic platforms for trade in agricultural products. In India, the online food trading platform
(eNAM) has been launched by the Ministry of Agriculture. However, this is a new trend, as
agricultural products, in contrast to industrial and consumer goods, generally have less clear
specifications and pricing system. But it is worth remembering that marketplaces have other
positive effects. For shareholders and top management it is first of all transparency and efficiency of
receiving data on structure, volume, sales prices, optimization of document flow, convenience for
buyers. Currently, none of the largest domestic agricultural producers has a full-fledged
marketplace, although many of them make purchases through their own electronic platforms.

Decision makers need more data. If digitization is properly implemented, it can be used to
capture data collection and analyze results throughout the production cycle. The collection of this
data is due to the automation of process registration, which, in turn, partially replaces manual labor.
And the first obstacle to the development of these trends is the human factor, as employees often
show resistance and fears associated with the transition to digital solutions. However, over the past
few years, demand for them has grown by about 25% [11, p. 202].

For example, in pig farming, genetic companies are increasingly using accurate digital data
to ensure the most accurate genetic selection. But before you start implementing certain solutions,
you need to determine why you need it, what can be changed using these technologies, and what
data will be most interesting. For example, to regulate feed consumption during gestation, sows can
be switched to group housing instead of individual cells, and then electronic feeding systems can be
a means of data collection. They will provide an opportunity to collect information on the weight of
the animal, the amount of food consumed, which will allow daily analysis of the dynamics of
changes that will occur with each animal.

Thus, the path or vector of digitization in the agro-industrial complex can be represented as
three stages for agricultural holdings and two stages (without the latter) for relatively small farmers
(Fig. 3).

Level 3 «Agl‘OhOlding ecosystem» Jinnovation infrastructure

agro-technologies

Level 2 «Digital Technological use of innovative
Agricultural Company»

Level 1 «Agricultural company integration of accounting
with efficient business processes» system and digital back

Fig. 3. Vectorization of digitalization in the agro-industrial complex
Source: compiled according to data [2; 5].

1. The first stage characterizes an agricultural company with efficient business processes.
Internal accounting systems and a single digital back office should be implemented and fully
integrated here. The construction of dashboards (info panels showing the values of the most
important business indicators in real time) and the accumulation of a database of production
performance indicators should be used.

2. The second stage of development is already a digital technology company. It uses
innovative technologies such as precision farming, artificial intelligence (Al), computer vision
(CV), machine learning (ML) and others. Supply chains in such production are built online, sales
are omnichannel (carried out both offline and online). Various innovations are constantly being
implemented.

3. The third stage is the ecosystem of the agricultural holding. A whole infrastructure of
innovations has already been built here. Market participants are integrated into a single system
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based on the digital platform of the agricultural holding. And the sale of digital solutions / services
in the agro-industrial complex exists as a separate business.

Conclusions. Thus, in the coming years, the digitalization of the agricultural sector will
cause significant changes in agriculture and production of this industry. It can ensure the production
of economic, environmental and social benefits, but at the same time provoke a number of
problems. Uneven access to digital technologies and services means the risk of a digital divide.
Small farmers and other rural people run the risk of not keeping up with the transformation, not
only in terms of computer literacy and access to digital resources, but also in terms of productivity
and various aspects of economic and social integration. To get the result, the introduction of
technology is not enough. Social, economic and political systems will have to provide the basic and
accompanying conditions that will enable the digitization of agriculture. To achieve an increase in
business profitability, it is highly desirable for agricultural enterprises to fully master the second
step of the path proposed above. For true leadership in the industry in 7—10 years should strive to
take the third step. But right now, many domestic agricultural companies are facing the tasks of the
first two stages of development. However, not all industry representatives are confident in the
positive economic effect of digitalization. In this regard, it is extremely difficult to find evidence or
convincing calculations of the economic effect of certain measures related to it.
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