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influence of the human factor, which also contributes to increased productivity. Electrification and hybridisation
of agricultural machinery, which has been actively implemented in countries such as Denmark and Germany,
has proved economically beneficial, contributing to a reduction in carbon dioxide emissions and a reduction in
operating costs. The introduction of artificial intelligence for monitoring and diagnostics of equipment has allowed
minimising downtime and increasing the service life of equipment due to timely detection of malfunctions. In
general, it has been established that the use of these technologies contributes to the sustainable development of
agricultural enterprises, optimisation of production processes, and reduction of operating costs. The transition to
more environmentally friendly production of agricultural machinery contributes to improving the environmental
situation in regions with a high degree of agricultural mechanisation. The introduction of sustainable technologies
in mechanical engineering has shown its effectiveness in reducing resource consumption, which makes agricultural

enterprises more competitive in the global market

Keywords: precision agriculture; automation; GPS technology; electrification; artificial intelligence

INTRODUCTION

Modern agriculture is undergoing an active technologi-
cal transformation aimed at increasing the productivity
and efficiency of agricultural enterprises. Innovations
in mechanical engineering open up new opportunities
for automation, optimisation, and sustainable develop-
ment, providing the agricultural sector with machinery
capable of coping with the growing challenges of the
industry, such as climate change and lack of resources.
The introduction of advanced solutions such as preci-
sion farming systems, automated tractors with auto-
pilot and electric installations allows farmers to use
resources efficiently and reduce costs. These changes
contribute to the improvement of production processes
and make agricultural enterprises more environmen-
tally friendly and competitive. The importance of such
technologies increases in the context of the need for
environmental sustainability and increased efficiency
of agricultural activities, especially in the light of global
trends towards sustainable development and concern
for the environment. Thus, the introduction of innova-
tive technologies becomes a key factor in ensuring sus-
tainable growth and prosperity of the agricultural sector.

The problem of introducing innovative technol-
ogies into agricultural engineering remains relevant.
This is conditioned by the need to increase the produc-
tivity and sustainability of agricultural enterprises in
the face of modern challenges. A. Monteiro et al. (2021)
emphasised the importance of precision farming for
optimising resource use and increasing yields, noting
that the introduction of such technologies has signif-
icantly reduced the cost of fertilisers and irrigation.
U.Ahmad and L. Sharma (2023) focused on the impact
of GPS technologies and sensors on real-time process
management, arguing that these tools have contribut-
ed to improving the efficiency of agricultural enterpris-
es by more precisely monitoring the condition of crops.
F. Mocera et al. (2023) investigated the possibilities of
electrification of tractors, contributing to the reduction
of carbon dioxide emissions, and demonstrated that
electric machines can not only reduce the environmen-
tal burden, but also reduce operating costs. M. Merz et

Scientific Horizons, 2025, Vol. 28, No. 5

al. (2022) highlighted the advantages of automated au-
topilot systems for reducing labour costs and improv-
ing field accuracy, pointing out that such systems have
allowed farmers to focus on more complex aspects of
farm management. J. Jung et al. (2020) examined the
role of artificial intelligence in monitoring and diagnos-
ing agricultural machinery to prevent downtime, show-
ing that the use of Al can significantly improve equip-
ment reliability and service life.

Y. Guo et al. (2020) investigated methods for opti-
mising production processes using new technologies,
believing that modern approaches can significant-
ly improve the efficiency of agricultural enterprises.
K.S. Uralovich et al. (2023) focused on sustainable de-
velopment, linking it with the introduction of environ-
mentally friendly solutions in mechanical engineering,
and showed that environmental innovation has become
an important factor in competitiveness. A. Subeesh and
C. Mehta (2021) examined the impact of automation
on cost reduction in the agricultural sector, arguing
that process automation has helped not only to reduce
costs, but also to improve product quality. P. Rambe and
P. Khaola (2021) reviewed the competitiveness of agri-
cultural enterprises through the introduction of inno-
vative technologies, emphasising that modern develop-
ments have allowed farmers to successfully compete in
the global market. Y. Zhu et al. (2022) emphasised that
the transition to more sustainable technologies has
significantly improved the environmental situation in
highly mechanised regions, showing that such chang-
es can lead to improved quality of life in rural areas.
However, despite significant achievements in this field,
gaps remain that require further study. In particular,
insufficient integration of various technologies in ag-
ricultural enterprises may limit their effectiveness and
sustainability. In addition, it is necessary to investigate
the impact of innovations on small and medium-sized
agricultural enterprises, and develop strategies for
adapting existing equipment to modern requirements.

Thus, the purpose of the study was to systematically
investigate and evaluate innovative technologies used




in agricultural engineering, with a focus on their impact
on the productivity of agro-industrial complexes.

MATERIALS AND METHODS

In the course of the research, the method of complex
analysis was used, which allowed comprehensively as-
sessing the impact of various innovative technologies
on the efficiency of enterprises in the field of agricultur-
al engineering. This method covered many aspects, in-
cluding technical, economic and environmental factors,
which helped to create a complete picture of how new
technologies affect the agricultural sector. The compre-
hensive analysis examined key elements such as the
introduction of digital technologies, including GPS,
sensors, and data analysis systems. These components
played an important role in the modernisation of agri-
cultural machineryand process optimisation,which con-
tributed to increased overall productivity and efficiency.

A comparative analysis method was used to analyse
automation using autopilot in agricultural machinery.
This approach allowed comparing the performance of
tractors and combines equipped with autopilots, such
as models from John Deere (2025) and Fendt (2025),
with conventional means. The comparative analysis
identified the advantages and disadvantages of each
technology, assessed their impact on production pro-
cesses, and determined how automation can reduce la-
bour costs and improve the accuracy of operations. This
method also helped to identify the factors contributing
to the successful implementation of new technologies
in the agricultural sector. In addition, the study used
a systematic approach to analyse the introduction of
electric and hybrid tractors. This method provided a
deeper understanding of how these technologies can
help to reduce carbon dioxide emissions and reduce
operating costs. The systematic approach ensured the
integration of various aspects such as economic feasi-
bility, technical characteristics, and environmental ben-
efits. This enabled a comprehensive analysis, which was
necessary to make informed decisions about the intro-
duction of electric and hybrid tractors into the practice
of agricultural enterprises.

Precision farming systems were studied using the
method of applied analysis, which helped to examine
in detail their effectiveness in managing irrigation, fer-
tilisation, and tillage. The applied analysis allowed as-
sessing how specific technologies and techniques can
be applied in the real working conditions of agricultural
enterprises. This approach also helped to identify prac-
tical recommendations for farmers and agronomists to
optimise production processes.

The data analysis method has also been used to
study the application of artificial intelligence technol-
ogies in the diagnosis and monitoring of agricultural
machinery. This method analysed how artificial intel-
ligence can help to identify malfunctions at an early
stage and adjust the operation of equipment. Data
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analysis helped to understand how the introduction of
artificial intelligence technologies can improve the re-
liability and efficiency of machinery, which was impor-
tant to reduce the risk of breakdowns and increase the
service life of equipment. In addition, the sustainability
assessment method was used to analyse new models of
agricultural machinery, which were developed consid-
ering environmentally friendly materials and reduced
fuel consumption. This method allowed evaluating
how such practices can be implemented for effective
resource management and compliance with the prin-
ciples of sustainable development. The assessment of
sustainable development included an analysis of social,
economic, and environmental aspects, which contribut-
ed to the development of a comprehensive view of the
future of agricultural engineering and its interaction
with the environment.

RESULTS

Modern agricultural machinery is undergoing signifi-
cant changes due to the integration of digital technol-
ogies. The introduction of technologies such as GPS,
sensors, and data analysis systems allows automating
many processes, significantly increasing the efficiency
of agricultural enterprises. With the help of GPS sys-
tems, farmers can accurately determine the location
of equipment and effectively manage field operations.
This helps to avoid unnecessary expenditure of time
and resources (Gabriel & Gandorfer, 2023).

The use of sensors installed on agricultural ma-
chines plays an important role in monitoring the
condition of crops and soil. These devices can collect
information about humidity, temperature, and other im-
portant indicators, which allows farmers to make more
informed decisions about irrigation and fertilisation. As
a result, optimising resource allocation becomes not
only more accurate, but also less costly, which helps
to reduce financial costs. Data analysis systems based
on modern algorithms and machine learning methods
help to process and interpret huge amounts of infor-
mation received from sensors and GPS. This allows ag-
ricultural enterprises to identify patterns, predict yields,
and minimise risks associated with changing weather
conditions or other factors. Thus, the integration of
digital technologies into agriculture not only improves
production processes, but also ensures a more sustain-
able development of the agricultural sector in the face
of the growing challenges of our time.

The integration of digital technologies into the
agricultural sector opens up new horizons for improv-
ing the productivity and sustainability of agricultural
enterprises (Wrzecinska et al., 2023). Farmers can use
resources efficiently, reduce losses, and increase work
efficiency, which is the key to the successful develop-
ment of agriculture in the future. Automation of agri-
cultural processes is becoming an important aspect of
modern agricultural production. The introduction of
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tractors and combines with autopilot, such as models
from John Deere and Fendt, is fundamentally chang-
ing the approach to field operations (Table 1). These

machines are capable of performing tasks with high
accuracy, which significantly reduces the likelihood of
errors and increases overall work efficiency.

Table 1. Comparison of John Deere and Fendt tractors by key characteristics

Characteristics John Deere

Fendt

Main purpose

Universal and specialised operations

Universal and high-precision operations

Available models 6M, 7R, 8RX, 9RX

500 Vario, 900 Vario, 1000 Vario

Autopilot technologies StarFire, AutoTrac

VarioGuide, FendtONE

Autopilot accuracy £2.5 cm with RTK

£2 cm with RTK

Resource management

AutoPowr system (up to 15% fuel economy)

Fendt Efficient Technology (up to 17% fuel economy)

Electrification options

Limited models with electric motor up to 30 kW

Hybrid models with electric motor up to 50 kW

Environmental friendliness

Compliance with Tier 4 and Tier 5 standards

Compliance with Tier 4 and Tier 5 standards

Noise level in the cabin 70 dB

68 dB

Technical maintenance

Oil change interval is every 500 hours.

Oil change interval is every 600 hours.

Price

USD 100,000-550,000

UsD 120,000-600,000

Source: created by the authors based on John Deere (2025) and Fendt (2025)

Tractors with autopilot are equipped with ad-
vanced navigation and control systems, which allows
them to accurately follow set routes, minimising the
risk of crossing rows and losing crops. This not only im-
proves the quality of work, but also reduces fuel costs,
as the machines work more efficiently. Automation
also optimises time costs, allowing farmers to focus
on more complex aspects of farm management, such
as data analysis and planning. Using combine har-
vesters with autopilot during the harvesting process
also brings significant benefits. Such machines can
operate in low visibility conditions, which makes them
indispensable in difficult weather conditions. Automa-
tion of the cleaning process helps to avoid excessive
wear and tear of equipment and extend its service life.
This, in turn, helps to reduce operating costs and in-
crease the profitability of the agricultural enterprise.

However, the introduction of autopilot in agriculture
requires certain personnel training and maintenance
costs. Despite this, the benefits of automation, such as
reduced human resource costs and increased produc-
tivity, far exceed the possible costs.

Automation using autopilot in agriculture has
brought significant benefits to agricultural enterprises
(Table 2).The introduction of autopilots in tractors and
combines has significantly reduced labour costs and
made the distribution of labour more rational. Auto-
pilots also help to improve seeding accuracy by mini-
mising skips and repeat passes, which improves yields
and reduces losses. Reducing field processing time and
reducing the number of mechanical errors highlights
the importance of these technologies for reducing
the impact of the human factor, and for more efficient
fuel consumption, which reduces operating costs.

Table 2. Automation using autopilot in agriculture

Indicator Before the introduction of autopilot  After the introduction of autopilot Change
Labor costs (thousand USD/year) 130 90 -31%
Seeding accuracy (%) 85 98 15%
Processing time of one field (hours/ha) 3.5 2.3 -34%
Fuel consumption (litres/ha) 12 -25%
Mechanical error rate (%) 10 -70%

Source: created by the authors based on I. Beloev et al. (2021)

Thus, automation using autopilot is becoming not
only a trend, but also a necessity for agricultural en-
terprises seeking to increase their competitiveness and
stability in the market. Investments in modern technol-
ogies open up new horizons for agriculture, ensuring its
effective development in the face of modern challeng-
es. Electrification of agricultural machinery is becoming
a key focus for countries seeking to reduce carbon di-
oxide emissions, such as Denmark and Germany (John-
stone et al.,2021). In the context of global warming and
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environmental crises, the introduction of electric and
hybrid tractors is becoming particularly relevant. These
innovative solutions not only help to minimise the neg-
ative impact on the environment, but also prove to be
economically beneficial for agricultural enterprises.
High-efficiency electric tractors are characterised
by low noise and vibration levels, which makes their
operation more comfortable for both operators and
farm animals. Such machines are capable of operat-
ing on the basis of renewable energy sources, which




significantly reduces dependence on fossil fuels and
reduces the carbon footprint of the agricultural sector.
In addition, many agricultural machinery manufactur-
ers are actively developing technologies that allow
the use of solar panels to charge electric machines,
which further increases their environmental friendli-
ness (Wen et al., 2022). Hybrid tractors that combine
both electric and diesel systems provide the necessary
power and productivity, allowing farmers to work in dif-
ficult conditions and over large areas. These machines
can reduce operating costs, as electric energy is often
cheaper than conventional fuels, and also requires less
maintenance. This makes them attractive to many agri-
cultural enterprises seeking to optimise their costs and
increase profitability (Pascuzzi et al., 2024). Neverthe-
less, the transition to electrical technology is fraught
with certain challenges. The need to develop charging
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infrastructure and support the maintenance of electric
machines can represent significant costs at the initial
stage. However, long-term benefits such as fuel savings
and lower carbon emissions make these investments
worthwhile.

Electrification of machinery contributes not only to
cost savings, but also to improving the environmental
situation in agricultural areas (Table 3). The transition to
electric and hybrid models has allowed agricultural en-
terprises to reduce carbon dioxide emissions and reduce
operating costs for equipment maintenance. Electric
models provide a lower noise level, which increases the
comfort and safety of working in the fields. In addition,
the energy efficiency of these machines is higher com-
pared to conventional models, which makes their use an
economically and environmentally sound step towards
the sustainable development of the agricultural sector.

Table 3. Electrification of machinery in agriculture

Indicator Conventional diesel models Electrified models Reduction, %
Fuel costs (thousand USD/year) 180 120 -33%
CO, emissions (tonnes/year) 45 10 -78%
Maintenance cost (thousand USD/year) 70 50 -29%
Noise level (dB) 85 65 -24%

Source: created by the authors based on E. Scolaro et al. (2021)

Electrification of agricultural machinery is an im-
portant step towards more sustainable and efficient ag-
ricultural production.In countries seeking to reduce CO,
emissions, such technologies open up new opportuni-
ties to enhance the competitiveness and environmental
sustainability of agricultural enterprises. Investments
in electric and hybrid tractors not only contribute to
improving the environment, but also provide long-term
economic benefits for farmers. Precision farming sys-
tems are an important tool for improving the efficien-
cy and sustainability of agricultural enterprises. With
global climate change and increasing demand for food
resources, precise management of irrigation, fertilisa-
tion, and tillage is becoming a necessity. These systems
allow farmers to use available resources more efficient-
ly, minimising losses and significantly increasing yields.

One of the key aspects of precision farming systems
is the ability to accurately monitor soil and plant con-
ditions. With the help of sensors and GPS technologies,
farmers can obtain data on humidity, nutrient levels,
and other important characteristics (Raj et al., 2022).
This allows farmers to adapt their actions to specific
conditions, ensuring optimal conditions for the growth
and development of crops. For example, automated irri-
gation systems can adjust the water supply in real time
depending on the current needs of plants,which reduces
the risk of both waterlogging and drying out of the soil
(Askaraliev et al., 2024). In addition, precision farming
systems help to optimise fertiliser application, which
contributes not onlyto higheryields,but also to reducing

the negative impact on the environment. The use of
differentiated fertilisation technologies allows accu-
rately calculating the required doses for each specific
area of the field, which reduces the risk of overuse and
leaching of nutrients into reservoirs. This not only im-
proves product quality, but also reduces resource costs,
which makes agricultural enterprises more competitive.

However, the introduction of precision farming sys-
tems requires initial investments and some knowledge
on the part of farmers. Farmers must be prepared to
learn and adapt to new technologies in order to take
full advantage of all the benefits they offer. Neverthe-
less, despite the possible difficulties, the long-term
benefits associated with increased productivity and
reduced costs make these technologies attractive to
agricultural enterprises. Precision farming systems are
therefore an important step towards more efficient
and sustainable agriculture. They open up new hori-
zons for farmers, allowing them not only to increase
yields, but also to take care of the environment. The
introduction of these technologies contributes to the
creation of more sustainable agricultural enterprises
capable of successfully coping with modern challeng-
es and ensuring food security. The introduction of arti-
ficial intelligence (Al) technologies in agriculture has
become a real breakthrough, allowing agricultural en-
terprises to improve equipment diagnostics and mon-
itoring (Shaikh et al., 2022). These technologies help
to identify malfunctions at an early stage and adjust
the operation of machines, which significantly reduces
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the risk of breakdowns and increases the service life of
equipment. Artificial intelligence is capable of process-
ing large amounts of data and analysing them in real
time, which makes it an indispensable tool in managing
modern agricultural production.

One of the main applications of Al is predictive an-
alytics, which allows predicting possible malfunctions
based on the analysis of equipment condition data.
Sensors installed on the machines collect information
about vibration, temperature, and other parameters
that may signal problems. Using machine learning al-
gorithms, Al-based systems can quickly and accurately
determine when maintenance needs to be performed,
preventing more serious breakdowns and, as a result,
downtime. In addition, Al can also optimise the oper-
ation of agricultural equipment by controlling its set-
tings depending on specific operating conditions. For
example, automatic systems can adjust the operating
modes of tractors and combines depending on the soil
condition or yield, which increases overall productivi-
ty and work efficiency. This allows farmers not only to
reduce maintenance costs, but also to achieve better
production results. Nevertheless, the introduction of
Al technologies in agriculture requires certain invest-
ments and changes in the organisational structure
of enterprises. Farmers should be ready to learn and
adapt to new technologies, which can be a challenge
for many of them. However, the long-term benefits as-
sociated with longer service life and lower repair costs
make these technologies very attractive.

Artificial intelligence for diagnostics and moni-
toring is becoming an important tool in modern agri-
culture (Zelisko et al., 2024). It not only increases the
efficiency of the equipment, but also contributes to
the sustainable development of agricultural enter-
prises. Based on Al, farmers can focus on more com-
plex aspects of managing their business, confident in
the reliability and performance of the equipment they
use. Sustainable production is becoming one of the key
principles of modern agriculture, and new models of
agricultural machinery are playing an important role in
this. The development of machines based on the use
of environmentally friendly materials and reduced fuel
consumption contributes to the implementation of the
principles of sustainable development in agricultural
enterprises. Such technologies not only help to reduce
the negative impact on the environment, but also con-
tribute to saving resources, which is beneficial for farm-
ers in the long run.

Modern agricultural machinery manufacturers are
actively researching and implementing eco-friendly
materials such as recycled plastics and composites that
reduce the overall carbon footprint of machine man-
ufacturing (Cenci et al., 2021). These innovations not
only reduce the amount of waste, but also improve the
operational characteristics of machinery. For example,
lightweight materials reduce the weight of machines,
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which reduces fuel consumption and increases ma-
noeuvrability, especially in difficult field conditions.
In addition, new models of equipment are being de-
veloped with an emphasis on energy efficiency. Tech-
nologies aimed at reducing fuel consumption provide
significant savings both at the level of individual farms
and across the entire agricultural sector. This is espe-
cially true in the context of rising fuel prices and global
efforts to reduce greenhouse gas emissions. The use of
alternative energy sources such as solar panels and bi-
ofuels also contributes to more sustainable production
and reduces dependence on traditional fossil resources.

Nevertheless, the transition to sustainable produc-
tion and the introduction of new technologies requires
farmers to make certain investments and changes in
their usual approaches to farming (Melchior & New-
ig, 2021). Many farmers may face difficulties in mas-
tering new technologies and integrating them into
production processes. However, the long-term benefits
associated with saving resources and improving envi-
ronmental sustainability make these changes necessary
and justified. Thus, sustainable production and resource
conservation are becoming important aspects of mod-
ern agriculture. The development of new machinery us-
ing environmentally friendly materials and energy-ef-
ficient technologies opens up new opportunities for
agricultural enterprises. These changes not only help
to reduce the negative impact on the environment, but
also ensure that farmers are more competitive in the
face of growing demand for environmentally friendly
products. Investments in sustainable production are
becoming an important step towards creating a more
responsible and efficient agricultural sector capable of
meeting modern challenges.

DISCUSSION

The study found that the introduction of innovative
technologies in the production of agricultural machin-
ery has significantly increased the efficiency of agricul-
tural enterprises. An analysis of the results showed that
the use of precision farming systems and automated
machines allowed farmers to significantly reduce the
cost of resources such as water and fertilisers, while in-
creasing yields. The introduction of new models of trac-
tors and combines with autopilot function also helped
to reduce labour costs and minimise the influence of
the human factor on production processes. This prob-
lem was also investigated by Y. Liu et al. (2021), where
the results confirmed that innovative technologies play
a key role in increasing the productivity of agricultural
enterprises, allowing them to optimise processes and
reduce costs. The use of modern information systems,
such as geoinformation technologies and the Inter-
net of Things, allows farmers to obtain up-to-date in-
formation about the state of fields and plants, which
contributes to more efficient resource management. In
addition, automation of the processing and distribution




of agricultural products reduces labour costs and mini-
mises the risks associated with the human factor.

D.M.K.S. Hemathilake and D.M.C.C. Gunathila-
ke (2022) also showed that modern agricultural tech-
nologies, including precision farming and the use of ge-
netically modified organisms, significantly contribute to
increasing crop yields. These technologies ensure more
efficient use of resources such as water and fertilisers,
which reduces costs and improves product quality. The
introduction of new methods of tillage and pest man-
agement also contributes to crop resistance to diseas-
es and adverse weather conditions, which ultimately
leads to an increase in the total yield. The integration
of innovative technologies into the agricultural sector
requires not only significant investments, but also the
willingness of agricultural enterprises to make changes
in the production process (Bulgakov et al., 2017). It is
important that employees are trained in new working
methods, which will allow them to effectively use new
tools and systems. In addition, it is necessary to consid-
er the possible risks associated with the introduction
of technologies, such as dependence on high technolo-
gies and potential failures in the system, which under-
lines the importance of an integrated approach to the
modernisation of agricultural enterprises. In addition,
the results of the study demonstrated that electric and
hybrid tractors, which are actively being introduced in
countries such as Denmark and Germany, not only con-
tributed to reducing carbon dioxide emissions, but also
proved economically beneficial for farmers. Farmers us-
ing such technologies noted a reduction in operating
costs and an improvement in the environmental situa-
tion in regions with a high degree of agricultural mech-
anisation. This indicates that eco-friendly technologies
can become an important tool for achieving sustaina-
ble development of agricultural enterprises.

M. Beligoj et al. (2022) concluded that electric and
hybrid tractors represent a significant step towards re-
ducing the carbon footprint in the agricultural sector,
as they significantly reduce greenhouse gas emissions
compared to conventional diesel models. The use of
such tractors helps to reduce air and soil pollution,
which contributes to improving the quality of the en-
vironment and preserving ecosystems. In addition, the
low noise level generated by electric and hybrid ma-
chines contributes to a more comfortable working en-
vironment for operators and minimises the negative
impact on wildlife. The study by H. Dzwigo et al. (2021)
revealed that the introduction of environmentally
friendly technology, such as electric and hybrid tractors,
can lead to significant cost savings in the long term
due to lower fuel and maintenance costs. Although the
initial investment may be high, the operating costs be-
come significantly lower, which makes such technol-
ogies economically attractive for agricultural enter-
prises. In addition, the use of environmentally friendly
technology can open access to subsidies and tax
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benefits, which further increases the economic efficien-
cy of its implementation.

These results confirm the above study, as they
demonstrate a clear correlation between the introduc-
tion of environmentally friendly technology and the im-
provement of both economic and environmental per-
formance of agricultural enterprises. This shows that
switching to electric and hybrid tractors not only helps
to reduce their carbon footprint, but also allows farmers
to optimise their costs, making them more competitive
in the market. Thus, investments in sustainable technol-
ogies not only contribute to environmental protection,
but also represent a reasonable step towards economic
stabilityand growth of the agricultural sector.Diagnostic
and monitoring systems based on artificial intelligence
have also shown their effectiveness in increasing the
service life of equipment and reducing the risk of break-
downs. Due to the timely detection of malfunctions and
adjustment of equipment, farmers were able to mini-
mise downtime and reduce maintenance costs. The use
of Al in the agricultural sector has become an integral
part of successful management, allowing farmers to fo-
cus on the more important aspects of doing business.
Noteworthy is the study by N. Gupta et al. (2020), who
also found that artificial intelligence plays a key role
in the diagnosis of agricultural equipment, allowing
for more accurate and rapid identification of possible
malfunctions and their causes. Machine learning-based
systems can analyse data on the operation of machin-
ery in real time, identifying deviations from normal
operation and predicting potential failures before they
occur. This significantly reduces equipment downtime
and increases its efficiency, which is especially impor-
tant in conditions of seasonal agricultural production.

In turn, A. Abid et al. (2020) concluded that early
detection of malfunctions in agricultural equipment
brings significant benefits, including reduced repair
and maintenance costs. By knowing about potential
problems in advance, farmers can plan maintenance
and replacement of parts, which minimises unexpected
breakdowns and increases the reliability of machinery
during critical periods such as harvest. In addition, sta-
ble operation of the equipment helps to increase the
overall productivity of agricultural enterprises, allowing
them to use resources more efficiently and efficiently
(Bulgakov et al., 2019). These data are consistent with
the theses given in the previous section, as they em-
phasise the importance of using artificial intelligence
to improve the reliability and efficiency of agricultur-
al equipment. As already noted, the introduction of Al
technologies not only optimises diagnostic processes,
but also significantly reduces equipment downtime,
which is critical for successful farming. Thus, the results
confirm that early detection of malfunctions, provided
by modern technologies, is a key factor in improving the
overall productivity of agricultural enterprises and the
sustainability of their operations.
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However, despite significant achievements, there
are still gaps in this area that require additional study.
One of the key problems was the lack of integration of
various technologies, which limited the ability of agri-
cultural enterprises to maximise the use of all availa-
ble resources. The impact of innovations on small and
medium-sized agricultural enterprises also requires a
more detailed analysis, as they often face difficulties
in adapting new technologies due to limited financial
resources. N. Khan et al. (2021) also conducted a study,
the results of which confirmed that the integration of
new technologies into the agricultural sector faces
many challenges, including lack of funding and limited
access to educational resources for farmers. Many agri-
cultural enterprises, especially in developing countries,
are experiencing difficulties in implementing modern
technologies due to high initial costs and a lack of
qualified personnel capable of effectively using new
tools. These barriers can lead to an uneven distribution
of innovations, which affects the overall competitive-
ness of the sector. D. Radicic and S. Petkovich (2023)
also found that innovations can significantly change
the work of small and medium-sized agricultural en-
terprises, providing them with access to modern tech-
nologies that were previously available only to large
agricultural companies. However, small businesses
may face difficulties in implementing innovative solu-
tions due to limited financial resources and lack of
experience in managing new technologies. Neverthe-
less, successful integration of innovations can increase
their competitiveness, improve production efficiency,
and ultimately lead to higher incomes, which makes
supporting such initiatives an important task for the
state and agricultural policy.

Comparing the data obtained during the research,
it is possible to identify a clear trend that the success-
ful integration of new technologies into the agricultur-
al sector directly depends on the level of training and
support of small and medium-sized agricultural enter-
prises. This confirms that without proper training and
access to finance, many agricultural enterprises may
not take advantage of the benefits offered by modern
innovations. Therefore, to achieve sustainable develop-
ment of the sector, it is necessary to create conditions
conducive to the introduction of technology and pro-
fessional development of employees, which will ulti-
mately have a positive impact on the entire industry.
In addition, there were many questions regarding the
adaptation of old equipment to new requirements and
technologies. This became a serious obstacle for many
farmers who were unable to upgrade their machines
and use advanced solutions. The need to introduce new
approaches to maintenance and modernisation of ma-
chinery also highlights the importance of supporting
and training farmers so that they can adapt to changing
conditions and effectively use innovative technologies
(Karaiev et al., 2021).
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M.A. Ibrahim and M. Johansson (2021) concluded
that adapting outdated equipment to modern require-
ments is becoming a necessary step for agricultural
enterprises seeking to remain competitive in a rapidly
changing market. This practice includes upgrading ex-
isting machines and technologies, which reduces the
cost of new equipment and extends the life of old as-
sets. However, for successful adaptation, it is necessary
to consider the technical characteristics and capabilities
of the equipment, and meet new safety standards and
environmental requirements. A. Fleming et al. (2021)
revealed that in the context of technological change,
improving the skills of farmers is becoming a key factor
for the effective use of new technologies and equip-
ment. Modern agricultural enterprises require knowl-
edge in the fields of information technology, agrono-
my, and resource management from employees, which
makes training and retraining vital. By investing in the
education of their employees, farmers not only increase
productivity, but also contribute to the sustainable de-
velopment of the agricultural sector, which ultimately
affects the economic stability of the entire industry.

When analysing the results of the study, it becomes
clear that the successful adaptation of outdated equip-
ment and advanced training of farmers are interrelat-
ed processes that contribute to the overall efficiency
of agricultural enterprises. Modernisation of machin-
ery requires not only financial investments, but also
awareness of new technologies on the part of employ-
ees, which underlines the need for an integrated ap-
proach to the development of the agricultural sector. To
achieve sustainable results, it is important to simulta-
neously invest in equipment upgrades and staff train-
ing, which will effectively respond to the challenges of
modern agriculture and improve its competitiveness.
Thus, the results of the study confirmed the importance
of introducing innovative technologies in the produc-
tion of agricultural machinery to improve the efficien-
cy of agricultural enterprises. These technologies open
up new opportunities for automation, optimisation and
sustainable development of the agricultural sector.
Nevertheless, to achieve maximum effect, it is neces-
sary to continue studying emerging issues to ensure
the harmonious and sustainable development of agri-
culture in the modern world.

CONCLUSIONS

The results of the study confirmed that innovative
technologies in the production of agricultural ma-
chinery play a key role in improving the efficiency of
agricultural enterprises. The introduction of precision
farming systems, process automation, and the use of
electrified machinery has led to significant reductions
in resource costs such as water and fertilisers, and in-
creased yields. This indicates that farmers can use their
resources more efficiently, which is especially impor-
tant in the context of global climate change and the




growing need for food. The analysis showed that trac-
tors and combines with autopilot function not only re-
duced labour costs, but also minimised the influence of
the human factor, which increased the accuracy of op-
erations. Automation of processes allowed optimising
the allocation of resources and improving production
performance. The use of modern technologies, such as
artificial intelligence for diagnostics and monitoring,
has provided farmers with the opportunity to detect
malfunctions in a timely manner, which has helped
to increase the service life of machinery and reduce
maintenance costs. This, in turn, has improved over-
all productivity and reduced the risks associated with
unforeseen breakdowns. However, despite the results
achieved, the study also revealed gaps that require fur-
ther investigation. For example, insufficient integration
of various technologies limited their full use, especial-
ly in small and medium-sized agricultural enterprises
facing financial difficulties. These enterprises often do
not have the opportunity to invest in new technologies,
which makes it difficult for them to compete in the
market. Adapting old equipment to new requirements
also remained an urgent problem, as many farmers use
outdated machines, which hinders their development.
In general, the results obtained emphasise the
need for further implementation and development of

Ismayilzada et al.

innovative technologies in agriculture. These changes
not only contribute to increased productivity, but also
create a sustainable and competitive agricultural sector
that can effectively respond to modern challenges and
market demands. To achieve these goals, it is impor-
tant to continue studying emerging issues and support
farmers in the process of implementing new solutions,
which, in turn, will contribute to the creation of a more
efficient and environmentally sustainable agricultural
system. The limitation of the study is the lack of data
on the long-term effects of the introduction of innova-
tive technologies on the production processes and eco-
nomic performance of agricultural enterprises. It is nec-
essary to study the impact of innovative technologies
on small and medium-sized agricultural enterprises to
better understand how they can adapt to new condi-
tions and effectively use available resources.
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AHoTauia. [daHe [oOCNifKeHHS  CNpsAMOBAHE HA  aHani3  iHHOBALiMHMX  TEXHONMOrM Yy  BUPOOHMUTBI
CiNbCbKOroCcnoAapcbkoi TeXHIKM Ta iX BMAMBY HA NiABULLEHHS edeKTMBHOCTI poboTu arponignpuemMcTs. Y
[OCNiAKeHHI Byn0 3aCTOCOBAHO Pi3Hi HAyKOBi METOAM AN BCeBIYHOro aHanisy BMAMBY iHHOBALiMHWUX TEXHOOTIiH
Ha edeKTUBHICTb arponiANpUEMCTB y Cdhepi CinbCbKOrocnoaapcbKoro MawmHobynyBaHHs. [ig yac focniokKeHHs
BCTAHOBNEHO, WO 3aCTOCYBAaHHA iHHOBALIMHMX TEXHOMONA Y CiNlbCbKOroCnofapcbkoMy MalMHOOYAYBaHHI
3HaYHO NiaBuULYE eeKTUBHICTb pOBOTH arponiaAnpueMCTB. AHani3 3acBifumB, WO BMKOPUCTAHHS CUCTEM TOUYHOIO
3eM1epo6CTBa, OCHAWEHUX faTumkamu i GPS-TexHonoriaMu, 4a€e 3MOry OnNTUMI3yBaTU PO3MOLIN pecypciB, TakMX
SK BoAa i Ao6pMBa, WO NpM3BOAMTL A0 30iNblUEHHS BPOXAMHOCTI Ta 3HUXEHHS BMTpaT. ABTOMATU3aLis onepaLin
3a JOMOMOroK aBTOMINOTIB Ha TpakTopax i koMmbaiHax, sk y moaensax John Deere i Fendt, npogemMoHcTpyBana
3HWXKEHHS TPYAOBUTPAT | 3MEHLEHHS BNMBY NOACBKOr0 GaKTopa, L0 TAKOX CNPUSE NiABULLEHHIO MPOAYKTUBHOCTI.
Enektpudikauia Ta ribpuamsauis CinbCbkorocnoaapcbkoi TeXHiKM, akTUBHO BMPOBAaAXyBaHa B TakMX KpaiHax, sk
[aHig Ta HiMeyunHa, BUSBUANUCS €KOHOMIYHO BUFIAHUMU, CPUSOYM 3MEHLUEHHIO BUKMAIB BYINEKMCAOro rasy Ta
CKOPOYEHHIO eKCnayaTauitHMX BUTpaT. BnpoBaaXXeHHS LTYYHOro iHTENeKkTy AAS9 MOHITOPUMHIY Ta AiarHOCTUKM
obnafHaHHg [Jano 3MOry MiHiMi3yBaTW MpoCTid i 30iNblMTK TepMiH CNyXOM TexXHiKM 3aBASKM CBOEYACHOMY
BMSIBIEHHIO HECNPABHOCTEN. 3aranoM BCTAHOBMEHO, WO BUKOPUCTAHHS LUUX TEXHONOTIM CMPUSE CTaNOMYy PO3BUTKY
arponianpuveMCTB, OMTMMIi3aLii BMPOOHMUYMX MNPOLECIB | CKOPOYEHHH eKCnayaTauiiHux BuTpat. [lepexig Ha
6inbll ekonoriyHe BMPOOHULTBO CislbCbKOrOCMOAAPCHKOI TEXHIKM CNPUSE MOMIMWEHHIO eKOMoriYHoi 06CTaHOBKM
B perioHax i3 BMCOKMM CTyMeHeM MeXaHi3aLii CinbCbKOro rocnofapcrea. BnpoBamkeHHS CTIMKMX TEXHONOTIN y
MalUMHOOYAYBaHHI MOKA3an0 CBOK ePEKTUBHICTb Y CKOPOUYEHHI PECYPCOCMOXMBAHHS, WO pOobUTb arponignprueMCTBa
6iNbll KOHKYPEHTOCMPOMOXHUMU HA CBITOBOMY PUHKY
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