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The article addresses the challenge of determining priorities for the implementation of digital
technologies in agro-industrial enterprises, particularly in the crop production sector, under
conditions of limited resources, finances, and personnel. Modern agricultural businesses face
increasing pressure to enhance operational efficiency, making the adoption of digital solutions
ever more relevant. However, in light of limited resources and a lack of experience with such
technologies, selecting priority areas for their implementation is critical.

The authors propose using a fuzzy expert evaluation methodology based on linguistic variables.
This approach enables the consideration of uncertainties and ambiguities that are characteristic
of the early stages of digitalization in the agro-industrial complex. An expert group, comprising
specialists in agriculture and digital technologies, was involved in assessing the most promising
areas for implementing digital solutions. Through the use of fuzzy set theory, the expert evaluation
results were processed, allowing for an objective determination of digitalization priorities.

The study found that, from the perspective of digital technology application goals, the highest-
rated areas were crop monitoring and programming, informatization, and the creation of a
digital agronomist model. The introduction of these technologies would significantly improve the
management of production processes, increase yields, and ensure more rational use of resources,
while minimizing losses.

Ultimately, the research outlines concrete priorities for the implementation of digital
technologies in crop production, which promise to provide substantial benefits to the agro-
industrial sector. The findings suggest that strategically targeted digital solutions can drive
productivity improvements and ensure more sustainable practices, reinforcing the importance
of adopting advanced technologies in modern agriculture. This study underscores the need for
careful consideration of resource allocation and expert guidance to maximize the potential of
digitalization in agricultural enterprises.

Key words: digital technologies, expert assessments, linguistic variables, management
decisions, autonomous information management systems, enterprise programming.

Jo6ooa O. M. Busnauenna npiopumemHux HANPAMI6 eKCHEPMHUX OUIHOK 04
6NPOGAOICEHHA YUPPOBUX MEXHON02IN 8 AzPONPOMUCTIOEOMY KOMNIEKCE

Y ecmammi posenadacmuvca npobnema eusHauenHs npiopumemis SUKOPUCIAHHS YUPDPOBUX
MEXHON02Il HA NIONPUEMCTNEAX AZPONPOMUCTIOBO20 KOMNILEKCY, 30KpeMa y cghepi pocaunHuymea,
6 ymogax obmedcenocmi pecypcis, inancie ma xaopis. CyyacHi cilbCbKoeoCno0apcobKi nio-
NPUEMCMBA CIMUKAIOMBCSL 3 HEOOXIOHICMIO NIOBUWEHHS e(heKMUBHOCMI C80€EL JisibHOCI, WO
pobums guxopucmanhs yugposux piwens dedani axmyanvhivium. OOHAK 8 YMOBaxX 0OMedICeHUX
pecypcie ma Opaky 00C8idy BNPOBAONCEHHS MAKUX MEXHONO2I 8ANCIUBUM CINAE BUOIp npiopu-
MemHnux Hanpsamis 0zs ix peanizayii.

Asmopamu 3anpononoeano GUKOPUCHOBYBAMU MEMOOONO02II0 HEUIMKUX eKCNEPIMHUX OYiHOK,
3ACHOBAHY HA BUKOPUCAHHI TEHeGICMuUYHUX 3minHuX. Taxutl nioxio 0036015€ 8paxysamu Heu-
SHAYEHOCMI Ma HEOOHO3HAYHOCMI, XapakmepHi 01 NOYamKo8ux emanie yugposisayii azponpo-
MUucnosoeo komnaekcy. Excnepmua epyna, sixa ckradanacs 3i cneyianicmis y 2any3i CiibCbKo20
20cnodapcmea ma yudposux mexHono2it, 6yia 3anyiena Ons OYiHKY Haubibul nepcneKmueHUX
HAnpsmi6 6npo6aAONCEHHS YUPPOBUX PiteHb. 3a O0NOMO2010 Memodi6 Meopii HeUimKUX MHONCUH
6ynu 00pobeHi pe3yibmamu eKCnepmHUX OYIHOK, U0 00360UL0 00'€EKMUBHO BUSHAUUMU NPIO-
pumemu yugposizayii.

3a pezynemamamu 0ocnioNHceHHs 6CMAHOBLEHO, WO 3 MOUKU 30PY Yinell GUKOPUCIAHHA Yug-
POBUX MEXHONO02IU HAtlGUWT OYIHKU OMPUMATY MAKI HANPIMU, K MOHIMOPUHE I NPOSPAMYBAHHS
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8podKCalo, iHhopmamusayis ma cmeoperus yudposoi modeni pobomu azporoma. Bnposadicernms
YUx mexHono2iu 003601UMb CYMmMeESO NOKPAWUMU YIPAGLIHHA SUPOOHUYUMU NPOYecaMU, Nio-
BUWUMU 8POJICATIHICTG, A MAKOJIC 3a0e3neuumu Oilbl payionanvshe UKOPUCTNANHA pecypCié
1 MIHIMI3QYilo 6mpam.

YV pesynomami docnioscennss 6ynu 6uHaueHi KOHKpemHi npiopumemu npo8adNCeHH Yugp-
POBUX MEXHONO02IU Y POCTUHHUYMEI, AKI MONXCYMb NPUHECU 3HAUHY KOPUCb A2PONPOMUCTO-
60MY CEKMOP).

Knrouoei cnosa: yupposi mexnonozii, excnepmui oyinku, IiHeGICMUYHI 3MIHHI, YIPAGIIHCHKI
pilents, agmoHOMHA IHGOpMayitina cucmema YNpasiinHs, NPOcpamy8anHs NIONPUEMCING.

Problem solving. One of the key drivers of the overall development of a nation's
economy, and particularly its agricultural sector, is the implementation of digital tech-
nologies. On farms, these technologies enable the maximization of resource efficiency
by applying data-driven, step-by-step solutions based on extensive information flows
in complex systems. The integration of digital tools leads to higher productivity while
significantly reducing costs and environmental impact by allowing for more targeted
use of fertilizers, machinery, and other resources. However, the adoption of digital
technologies in agriculture remains limited, often advancing through a process of trial
and error. This highlights the need for further development of both the economic and
organizational frameworks to support the successful integration of such innovations
into crop production.

A critical challenge in this process is establishing clear priorities for the implemen-
tation of digital technologies, given their vast variety. The range of available devices,
software, and technologies is highly diverse and must be systematically organized and
prioritized for effective use. It is practically unfeasible to implement digital solutions
across all problem areas in a single region or within a single enterprise simultaneously.
Therefore, identifying the most effective digital technologies that can deliver the high-
est impact at the early stages of farm digitalization is a pressing scientific and practical
challenge.

Analysis of recent research and publications. Several researchers have employed
expert opinion methodologies in their studies, including B.E. Hrabovetskyi, H.M. Hna-
tienko, and V.E. Snityuk. Key aspects of optimal corporate management have been
explored in the works of V.K. Zbarskyi, V.I. Matsybori, V.V. Morosanova, and A.A. Roan.
Meanwhile, discussions on the digital economy and its directions can be found in the
publications of T.L. Mesenburg, V.V. Klochan, and M.F. Nettle. Given that the integra-
tion of digital technologies into agriculture is still in its nascent stages, their economic
aspects have been sparsely studied. Most of the available data remains non-formalized,
which makes the expert opinion method particularly relevant for such cases [1, p.43].

Consequently, the task of identifying the key areas for introducing digital agricul-
tural technologies [2,3 p.122] hinges on expert evaluations of existing options [4 p.234].
Ranking the potential uses of digital technologies by application priority falls under
the category of optimization problems in uncertain conditions [5 p.48, 6 p.64-68]. In
instances where formalized quantitative data is insufficient, these problems are addressed
not with traditional mathematical approaches (such as probability theory or optimal pro-
gramming theory [7 p.130-134]), but with fuzzy expert assessments expressed in natural
language, processed using fuzzy set theory and linguistic variable methods [3 p. 156].

Purpose of the article. The goal of this article is to tackle the issue of prioritizing
the implementation of digital technologies on farms, particularly in crop production,
amid financial, personnel, and resource constraints. Given the improbability of simulta-
neously introducing the full spectrum of digital technologies, it is essential to identify
the most effective solutions that can enhance farm efficiency.
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Presentation of the main material of the study. Identifying the key areas for
implementing digital agricultural technologies involves several important steps: setting
critical goals and objectives for their use, selecting the most efficient and reliable equip-
ment suited to the agricultural sector, and determining the most rational organizational
structures and mechanisms for facilitating their adoption.

One of the main advantages of using fuzzy sets is their ability to process a wide
range of expert opinions expressed in natural language, such as terms like «highly effec-
tiven, «ineffectiven, or «unacceptable». This enables the generation of a comprehensive
evaluation of both the practicality and effectiveness of a particular digital agricultural
technology. The evaluation is based on the function of a specific technology's member-
ship within the fuzzy set of priority areas for effective implementation.

A fuzzy set A for any element X is defined by a membership function i; X — [0;1] .
The value belongs i (X} to the interval and captures the degree of membership of the
element X to the set A. In the case of a conventional crisp set, the membership degree
of any element is either 0 or 1 (meaning an element can either belong to the set or not
belong to it at all). However, in the case of a fuzzy set, the membership probability is
assessed, for example, as 0.3, 0.5, or 0.8. This approach aligns more closely with the
tasks of expert evaluation in poorly formalized cases where there is a lack of informa-
tion [1, p. 76].

A fuzzy set is typically expressed as a collection of ordered pairs, with each pair
consisting of elements X and their corresponding membership functions i, (X). An
example of a fuzzy set notation is as follows: A = {(x,, 0.1), (x5, 0.5}, (x4, 0.4)}.

To work with fuzzy sets, various mathematical tools such as U-shaped and S-shaped
fuzzy numbers are utilized to process data and derive precise evaluations. These fuzzy
numbers serve as a mathematical representation of expert judgments, translated into a
formalized mathematical language. Specifically, triangular membership functions can
be defined by expression (1):

0, x=a
lj ", a=x=bh
pala;a,b,c) = ::g €))
—, b=c=x
IL‘—.'J
0, c=x

where a, b, and c are large real numbers @ = b < c. that correspond to the combined
S-shaped functions of the functions F associated with them, represented in the following
manner (2):
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Expert judgments articulated in natural language enable the construction of mem-
bership functions. In this process, each expert selects a linguistic term that reflects their
assessment of the effectiveness of the technology being evaluated. The set of linguis-
tic variables, denoted as A(X), is expressed as follows: A(X)={high, very high, fairly
high, relatively high, above average, average, relatively low, fairly low, low, almost
very low}.

This approach illustrates how fuzzy sets can be utilized to formalize and generalize
vague verbal information, allowing for a more comprehensive and precise aggregation
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of informal expert opinions. It facilitates the transition from a series of qualitative assess-
ments to a quantitative ranking of the efficiency and priority of digital technologies.

To form the expert group, a total of 13 experts were selected, as research indicates
that a panel of 12-13 individuals achieves over 80% accuracy in results. Increasing the
number of experts beyond this point does not substantially enhance the accuracy of the
assessment and may even diminish the average level of competence due to the lim-
ited pool of specialists focused on digital technologies within the agro-industrial sector.
The distribution of experts by professional background is as follows: five individuals
from management and specialist roles within agricultural enterprises; three from spe-
cialized organizations that provide services related to digital technologies; three officials
involved in the development of the agro-industrial sector; and two academic and peda-
gogical professionals.

For each category of digital agricultural technologies applicable to crop production,
experts evaluated their effectiveness in the Kherson region using a linguistic scale. The
scale is defined as follows: A(X)={very high efficiency, high efficiency, moderate effi-
ciency, average efficiency, low efficiency}.

For instance, when assessing the efficiency of autonomous technologies (classified
by their degree of localization), the results of the expert survey were recorded (Table 1).
These findings indicate that experts perceive the effectiveness of autonomous technol-
ogies to be relatively low. Several key factors contribute to this assessment: autono-
mous devices that are not integrated into a cohesive control system tend to produce only
marginal results in practice. Based on the data gathered, a spline function graph was
constructed, which serves to evaluate whether these technologies can be classified as
highly efficient.

Table 1
Example of expert assessment of the efficiency of autonomous technologies
Linguistic
characteristics Low Moderate | Average High Very high

(fuzzy assessment) efficiency | efficiency | efficiency | efficiency | efficiency
of the technology

Number of expert
. . 6 2 4
responses in the interval

Share of responses in
the interval

Total number of

0,4615 0,1538 0,3077 0,0769 0,0000

6 9 10 13 13
responses
Cumulative share of 04615 | 06923 | 07692 | 10000 | 1.0000
reSpOnseS

The figure illustrates spline-functional diagrams that encapsulate the final evalua-
tions made by experts regarding the effectiveness of digital agricultural technologies
across three classifications: purpose of application, equipment utilized, and degree of
localization (denoted as 1-3). Specifically, Figure 1 depicts the efficiency of digital pre-
cision agriculture technologies, differentiated by their level of detail. The graph presents
monotonically increasing spline functions that demonstrate the cumulative value of the
membership measure throughout the transition.
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Fig. 1. Results of Expert Assessment of the Efficiency of Digital Agricultural Technologies
Based on the Classification of «Location»

The significance of the transition in the middle of the horizontal axis inversely cor-
relates with the efficiency rating assigned to the corresponding technology by experts.
As illustrated in Fig.2, autonomous digital technologies receive an «average» efficiency
rating or lower in 84% of assessments. In contrast, digital technology divisions achieve
this rating in only 38% of cases. However, more than 60% of expert evaluations confi-
dently indicate that these technologies are rated as highly efficient or even exceptionally
efficient. Additionally, the ranking of technologies, derived from expert assessments,
reveals that the most efficient technologies are those employed by large farms, whereas
the least efficient are found within single-company autonomous farms.

Additionally, all agricultural technologies can be implemented following the princi-
ples of collective usage. Therefore, the primary values associated with the implementa-
tion of digital technologies, as evaluated by experts, can be categorized as either distrib-
uted within a single company or across multiple companies.

Let’s examine the ranking of agricultural technologies based on their purpose
(Fig. 2).

The data presented clearly indicates that experts have considered and ranked the
following technologies according to the membership measure at the transition point:

1. Analysis, evaluation, and feedback technologies.

2. Information generation technologies.

3. Modeling and productivity programming technologies.

4. Decision-making technologies and precise agricultural interventions.

5. Management technologies for agricultural enterprises.

The ranking of these agricultural technologies by purpose is influenced by the oper-
ational conditions, as higher efficiency is achieved through the systematic digitalization
of all facets of an agricultural company's operations. However, the assessments pro-
vided indicate that the initial digitalization priorities for crop production should focus
on informatization, monitoring, and programming of crops-essentially creating a digital
model of the agronomist's work. In this scenario, decision-making can still be performed
«manually» and the application of targeted impact technologies may remain localized.
Therefore, the expert assessment of application becomes particularly intriguing when
overlaid with the results of the technology ranking (Fig. 3).
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Fig. 2. Results of the Expert Assessment of the Efficiency of Digital Agricultural
Technologies Based on the Classification of «Purpose»
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Fig. 3. Results of the Expert Assessment of the Efficiency of Digital Agricultural
Technologies Based on the Classification of «Applied Devices»

It is important to note that certain peripheral and under-researched digital technolo-
gies, such as virtual and augmented reality as agricultural tools, were excluded from the
expert assessment. Accurate evaluation of these technologies is challenging due to the
practical uncertainties surrounding them.

The results of the expert assessment reveal a clear differentiation among digital agri-
cultural technologies, as illustrated in the graph. Technologies currently recognized for
their high efficiency in the region-approximately 50% or more of expert opinions clas-
sify them as high or very high in effectiveness-include: remote monitoring and control
systems, technologies for the collective use of common pool resources, autonomous
control technologies for ground equipment, geoinformation technologies, unmanned
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aerial vehicles, and agricultural aircraft. These technologies should be prioritized for
implementation.

Conversely, technologies assessed as having relatively low efficiency, with over
70% of expert evaluations rating them as average or below, include automatic control
systems, blockchain, sensors, big data analytics, and satellite navigation. As previously
stated, the maximum benefits of digitalization are achieved through the integrated appli-
cation of various technologies. Therefore, it is essential to utilize all or most of these
technologies in crop production moving forward. However, during the initial training
phase, especially under conditions of significant resource constraints, efforts should
focus on the most effective technologies that promise the greatest returns.

Conclusions. This study conducted an expert assessment to evaluate the effective-
ness and prioritize key areas for the implementation of digital technologies specifically
tailored for crop production in the Kherson region. As a result, the following areas were
identified:

1. Tools for Collective Use and Shared Access: Enhancing collaboration through
the provision of shared digital resources and technologies.

2. Monitoring and Analysis Technologies: Implementing technologies for assessing
the condition of plantings and crops.

3. Geographic Information Systems (GIS): Expanding the utilization of GIS to
enhance decision-making processes.

4. Yield Programming: Developing advanced techniques for yield forecasting and
management.

5. Digital Accounting and Control Systems: Establishing comprehensive systems
for financial and operational management.

6. Unmanned Agricultural Ground Equipment: Integrating autonomous machinery
for increased efficiency in farming operations.

7. Unmanned Aerial Vehicles (UAVs): Employing drones to address various agri-
cultural challenges.

Based on these findings, it is recommended to initiate steps toward the digitalization
of crop production at the foundational stage. The expert assessments reveal the follow-
ing priority areas for the implementation of digital technologies in crop production:

1. Establishment and Promotion of Collaborative Institutions: Creating and ensur-
ing the effective operation of organizations and platforms that support collective access
to digital technologies, including the necessary equipment, specialized software, and
computing resources.

2. Widespread Adoption of Monitoring Technologies: Promoting the mass imple-
mentation of technologies that monitor and analyze agricultural land and crops, particu-
larly through the extensive use of unmanned aerial vehicles.

3. Enhanced Information Development: Continuing to gather detailed information
on field conditions, vegetation, terrain, and other critical data necessary for crop pro-
duction within current and future GIS frameworks. This will broaden the application of
geographic information technologies by regional agricultural producers.

4. Dissemination of Yield Programming Technologies: Promoting and replicat-
ing complex yield programming systems that facilitate the partial automation of deci-
sion-making and operational execution.

5. Implementation of Digital Accounting Systems: Introducing digital systems for
logistics and production process control, ensuring physical security, and optimizing
resource conservation in agricultural enterprises.
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6. Initiation of Autonomous Equipment Projects: Launching, expanding, and rep-
licating projects that utilize unmanned agricultural ground equipment in regions where
digital models of agricultural producers are already established and significant work-
loads are managed.

7. Expansion of UAV Applications: Replicating successful projects and broadening
the application of unmanned aerial vehicles for agricultural tasks, including data collec-
tion and specific agro-technological interventions.

It is important to acknowledge that progress in some of these areas has already com-
menced; however, further expansion and replication are necessary. The first, fourth, and
fifth areas are currently underrepresented in practice and must essentially be developed
from the ground up. Notably, the fifth area—automated control and accounting-appears
to be a feasible implementation for agricultural producers themselves. Evidence from
domestic management practices indicates that various technological tools designed for
monitoring property safety and personnel behavior hold considerable interest for enter-
prises.
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