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Automation of production processes is a priority area in the development of Kazakhstan's industry within
the framework of Industry 4.0 and economic digitalization. This article focuses on evaluating the economic
efficiency of implementing automation in the assembly sections of machine-building enterprises. The research
purpose is to justify the feasibility of automating assembly lines based on the assessment of economic and
production indicators. The article outlines methodological approaches to calculating economic effects such as
cost reduction, productivity growth, and improved product quality. The practical part of the research is based
on one of Kazakhstan's machine-building enterprises. The findings confirm the importance of a comprehensive
approach to automation as a tool for enhancing industrial competitiveness. Recommendations are provided
for integrating automated solutions in accordance with state programs supporting industrial modernization.
Special attention is given to the regional context using the example of Kostanay region, considering
infrastructure, employment structure, and technical capacity—thus ensuring the applied nature of the research
and the scalability of its results.
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MALLUMNHA XXACAY 3AYbITbIH KYPACTbIPY XENICIHAEN ©HAOIPICTIK MPOLIECTI
ABTOMATTAHAbLIPYAbIH 3KOHOMUKATDbIK TUIMAINITH BAFANAY

CaHlOy WU.C. — oKOHOMUKa fblfibiMOapbiHbiH O00KmMopbl, npogeccop, AOK fblnbIMU-MEXHUKaIbIK
OamybIHbIH 9KOHOMUKaJsIbIK Macerieniepi 6enimiHiH MeHaepywici, «A2papriblk 9KOHOMUKaHbI XoHe aybliiobIK
aymakmapObiH aneymemmik 0amyblH 3epmmey xeHiHOeai chedepanidbik FbinibiMU opmarnbik — bykinpeceurnik
ayblnl  wapyauwhblnbiFbl  9KOHOMUKAcChl  fbifIbIMU-3epmmey uHcmumymbl»  ¢hedeparnoblK MeMieKkemmik
brodxemmik rolnbiMu Mmekemeci, Mackey K., Pecel ®edepayuschsi.

Haypsbaesa K.b.* — « CapbiapkaAsmollpom» XKLLIC «Annop» 3aybimbiHbIH XaHa xobanapdbl icke Kocy
mobbiHbIH Xemekuwici, KocmaHal K, Kazakcma+ Pecriybrniukacsi.

OHOipicmik yOepicmepdi asmomammaHObipy — KasakcmaH PecrybnukacbiHbIH eHepKacibiH MHAycm-
pusi 4.0 xeHe 3KOHOMUKaHbI UugpriaHObIpy XardalibiH0a OambimyObiH 6acbiM barbimmapbiHbiH 6ipi. by
MaKarnia MaluuHa >acay KociMopbiHOapbIHbIH XUHaKmay ydyackenepiHoe asmomammaHObipyObl eHeidyliH
9KOHOMUKarbIK muimOiniaiH 6aranayra apHanraH. 3epmmeyOiH MaKcambl — 3KOHOMUKaIIbIK XXoHe eHOIpicmik
Kkepcemkiwmepdi baranay apKbifbl XUHaKmay xerninepiH asmomammarObipyObiH OPbIHObIIbIFbIH HE2i30ey.
Makanada wbirbiHOapdbl asalimy, eHbek eHiMmdinieiH apmmbipy XoHe 6HIM canachiH Xakcapmy cekinodi
9KOHOMUKarbIK muimdinikmi ecenmey adicmepi kapacmbipbinadbl. 3epmmeydiH npakmukansik 6enimi Kazak-
cmaHOarbl bip MawuHa xacay KoCimOpHbIHbIH Hezi3iHOe XypeaidinzeH. Hamuxenep asmomammaHObipyObiH
KeweHOi macini eHOipicmik bacekeze Kabinemminikmi apmmbipydbiH muiMOi Kyparbi ekeHiH danendeuloi.
Memnekemmik konday barlGaprnamanapbiH eCKepe OmbIpbif, asmoMammaHObipbiiFraH wewimoepdi eHzidy
bolibIHWwa ycbiHbicmap 6epinzeH. 3epmmeyde Kocmarali 0b1ibiCbiHbIH UHGPaKypbinibiMObIK Xardalibl, eHbek
HapbIfbl XXOHE MeXHUKalbIK a5ieyemi eCKepinin, eHip/iKk epekuwernikmepae epekuwe Hazap aydapbinfFaH. byn
3epmmeydiH KorndaHbaribl MeHIH apmmbIpbIr, anbiHFaH Homuxenepodi Mmacwmabmayra MyMKiHOIk 6epedi.
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TyliiiHOi ce3dep: asmomammaHObIpy, SKOHOMUKaIbIK muiMOinik, eHiMOINiIK, XyK kKemepail MexaHu3m,
bardaprnamanaHambiH 5102UKalblK KOHMPOEpep, MawuHa xacay canachl.

OLIEHKA 9KOHOMUYECKOW APPEKTMBHOCTU ABTOMATU3ALIUN NPOU3BOACTBEHHOIO
NPOLIECCA CBOPOYHOU JINHUN MALULMHOCTPOUTENBHOIO NPEAMNPUATUA

CaHly UN.C. — okmop 3KOHOMUYECKUX HayK, npogheccop, 3asedyrouwjuli omoerom 3KOHOMUYECKUX
rnpobnem Hay4Ho-mexHu4Yeckoz2o paszsumusi AlK, ®edepanbHoe z2ocydapcmeeHHoe brdXemHoe Hay4yHoe
yupexdeHue «®DedeparibHbili Hay4YHbIU UEHMP az2papHOU 3KOHOMUKU U CoyuaribHO20 pa3eumusi CerbCKUX
meppumopuli — Bcepoccutickuli Hay4yHo-uccredogamesibCKuli UHCMUMmMym 3KOHOMUKU CeJlbCKo20 X03silicm-
ea», e. Mockea, Poccutickass ®edepayusi.

Hayp3baesa K.bB.* — pykosodumersnb epyrnnbl 3arlycka HO8bIX Mpoekmos, 3asod «Anmwop», TOO
«CapblapkaAsemollpom», 2. KocmaHal, Pecrniybriuka Kazaxcmar.

Aemomamu3sauyusi npou3so0CcmMEeHHbIX MPOUECCO8 S8IIemcsl NpuopuUMemHbIM HarnpasieHuem pa3su-
musi npombiwieHHocmu Pecnybnuku KasaxcmaH 8 ycriosusix nepexoda k MiHOycmpuu 4.0 u yugposusayuu
9KOHOMUKU. Hacmoswass cmambes rnoceswieHa aHanu3y 3KOHOMUYeckol 3thghekmusHocmu 6HedpeHus
asmomamu3sayuu Ha c60pPOYHbIX yYacmkax MawuHocmpoumernbHbix npednpusmud. Llens uccrnedosaHus —
obocHosaHue yenecoobpazHocmu agmomamu3ayuu cO60pOYHbIX JIUHULU Ha OCHOBE OUEHKU 3KOHOMUYECKUX U
rpou3goOcmeeHHbIX nokazamerneu. B cmambe paccmMampusatomesi Memodorioaudeckue nooxoosbl K pacyémy
3KOHOMUYECKUX 3ghcheKmos, makux Kak CHUXeHuUe Uu30epXXeK, pocm npou3sodumesibHoCmu U MosbiueHue
Kadyecmsa npodykuyuu. lNpakmuyeckas Yyacmpe uccriedosaHus 8birosiHeHa Ha 6aze 00HO20 U3 MawUHOCMpPOou-
mernbHbIX npednpusmul KasaxcmaHa. Pesynbmambl modmeepxdarom 3Ha4uMOCMb KOMII/IeKCHO20 rnodxoda
K asmomamu3ayuu Kak UHCImpyMeHma MoebieHUsI KOHKYpeHmocrnocobHocmu. Takxe rpedsiox)eHbl peKko-
mMeHOayuu Mo uHmMeepayuu asmomMamu3upo8aHHbIX PeweHul ¢ y4émom 20cy0apCmeeHHbIX MpoepamMm
r1o00epKKuU npombiwieHHocmu. B pabome ocoboe sHuMaHue yderieHo pe2uoHailbHOMY acriekmy Ha rnpumepe
Kocmaratickoli obriacmu, ¢ y46mom uHghpacmpyKmypHbIX yCri08ul, CmpyKmyphbl 3aHSMoCmu U MexHuU4YecKoul
6a3bl, ymo obecrniequeaem npuknadHol xapakmep uccredosaHusi U 803MOXHOCMb MacwmabuposaHusi
MOMy4YeHHbIX pe3yibmanmos.

Knroyeeble cnoea: asmomamu3sayusi; 3KOHOMUYecKasi 3¢bgheKmueHOCMb; Mpou38o0UMesIbHOCMb;
2py30M00BLEMHLIU  MExXaHU3M; rpo2paMMupyemMble J102U4eCcKUe KOHMPOSIIePb!, MawuHOCmpoumesibHas
ompacrsib.

Introduction. The mechanical engineering industry plays a significant role in the economy of
Kazakhstan, providing jobs and promoting the industrialization of the country. In the context of growing global
competition, enterprises in this industry are faced with the need to increase efficiency, reduce costs and
improve product quality. Global trends indicate the widespread introduction of automation technology into
production processes, which allows achieving significant competitive advantages. For Kazakhstan's
mechanical engineering enterprises, automation is becoming not just a desirable, but a necessary step to
ensure sustainable development and competitiveness in the international market. The introduction of modern
automated systems can significantly increase labor productivity, reduce production costs by reducing the
influence of the human factor and optimizing the use of resources, and improve the quality of manufactured
products. Growing competition in global markets dictates the need for continuous improvement of production
processes.

According to the Ministry of Industry and Infrastructure Development of the Republic of Kazakhstan, in
2023, the volume of production of mechanical engineering products in Kazakhstan amounted to 2.3 trillion
tenge, while the growth compared to 2022 was 18.7%. The industry employs over 66 thousand people, and
the share of mechanical engineering in the manufacturing industry reached 15.4%.

Automation is increasingly recognized as a critical factor in increasing productivity and economic
efficiency in various industries, especially in the mechanical engineering sector. Automation of production not
only increases efficiency, but also contributes to the transformation of social structures and labor relations in
the context of the Fourth Industrial Revolution [1]. Automation is one of the key tools that allows Kazakhstani
companies in the mechanical engineering industry to meet international standards of quality and efficiency.
The introduction of advanced technologies allows not only to optimize current operations, but also to create a
basis for further innovative development. It is likely that government support for industrialization and
technological development initiatives can become an important incentive for the wider implementation of
automated systems in the mechanical engineering sector of Kazakhstan. Such support may include financial
incentives, training and development programs for qualified personnel, as well as the creation of a favorable
regulatory environment for the introduction of new technologies.

The integration of intelligent automated systems into production processes not only increases
productivity and reduces costs, but also transforms organizational structures and requirements for personnel
qualifications, which is especially relevant in the context of the transition to Industry 5.0. [2].
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Assembly lines are a key stage in the manufacturing process in mechanical engineering, where
individual components are assembled into finished products. Automation of this stage can lead to the most
significant improvement in productivity and quality, since manual labor on assembly lines is often associated
with monotony, a high probability of errors, and limited speed of operation.

Assembly lines are critical components of manufacturing, representing the planned and orderly
movement of goods through the shop floor. Automation of these lines can lead to significant changes in
production efficiency by reducing manual labor and speeding up production cycles.

Growing global competition in manufacturing is a powerful driver for automation, pushing companies to
seek greater efficiency through technological advances. In a globally competitive marketplace, manufacturers
are constantly under pressure to optimize their operations. Automation offers a direct path to achieving this
goal, enabling faster production, fewer errors, and the ability to meet growing market demand. Ultimately, this
leads to increased competitive advantage.

Assembily lines are vital components of production, representing the planned and orderly movement of
goods through the workshop [3]. Automation of these lines can lead to significant changes in production
efficiency by reducing manual labor and speeding up production cycles [4].

As noted in the textbook edited by V.A. Skryabin, reduction of time costs in production can be achieved
by attracting additional resources or intensifying production processes or by combining them. In this case,
intensification is considered the most effective way, which involves increasing labor productivity. The key tool
for increasing productivity is automation. In the conditions of developed countries, where up to 80% of pro-
duction costs are associated with wages, reducing the share of human participation in the production process
becomes the main factor in reducing costs. Which, in turn, requires further automation of production [5].

Kostanay region is one of the most important centers of the machine-building industry in Kazakhstan,
where a significant number of enterprises specializing in the production of a wide range of machines and
equipment are concentrated. The high concentration of machine-building enterprises in this region makes it an
ideal object for studying the impact of automation on production processes. Analysis of the economic efficiency
of assembly line automation in Kostanay region will provide valuable information that can be applied in other
industrial regions of Kazakhstan. Statistical data on the number of machine-building enterprises in Kostanay
region, their production volumes and the number of employees could confirm the importance of this region for
research.

The high density of mechanical engineering enterprises in the Kostanay region provides a unique
opportunity to study the impact of automation in a specific regional context. Such a regional focus allows for
taking into account local economic conditions and the specifics of the labor market and infrastructure, making
the study more relevant and applicable to stakeholders. The results of the analysis conducted on the example
of the Kostanay region can serve as a basis for developing recommendations for the implementation of
automated technologies in the mechanical engineering sector of both this region and the country as a whole.

Despite the obvious advantages of automation, comprehensive economic assessments of its
effectiveness in relation to assembly lines of mechanical engineering enterprises in Kazakhstan, especially in
the regional context of Kostanay region, remain insufficiently studied.

Objective, tasks. Kostanay region is defined as a significant center of the mechanical engineering
industry in Kazakhstan, which makes it a relevant object for this study. According to the statistics department
of Kostanay region, in 2024, more than 30 large and medium-sized mechanical engineering enterprises
operated in the region, providing jobs for over 5,000 people. The basis of the mechanical engineering sector
of the region is formed by enterprises assembling agricultural machinery (for example, Agromash Holding and
the car assembly Saryarka AvtoProm). This emphasizes the presence of large enterprises in the region
manufacturing cars and agricultural machinery, which once again emphasizes its importance. The government
of Kazakhstan is actively promoting industrial automation and robotics as key factors in achieving industrial
development and economic growth. The government's emphasis on increasing the share of the manufacturing
sector and its support for automation-related projects indicates a strategic direction. This support is likely to
include initiatives aimed at modernizing production capacities and increasing the competitiveness of domestic
enterprises.

The purpose of the study is to assess the economic efficiency and automation of assembly production
at a machine-building enterprise in the Republic of Kazakhstan, taking into account the regional characteristics
of the Kostanay region.

Objectives: To examine the challenges and potential drawbacks associated with automation, including
high initial investment, increased maintenance requirements2 and potential job losses; to assess the specific
context of the Kostanay region, including the current state of its mechanical engineering sector and the level
of automation implementation. To identify key factors influencing the cost-effectiveness of assembly line
automation in the target region.
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Drawing 1 — Allur Plant car assembly line without automated equipment [ 6]

Kazakhstan faces particular challenges in implementing automation technology due to its limited
infrastructure, highlighting the need for targeted research. Kazakhstan’s unique economic and industrial
landscape, as well as its specific development goals, require targeted research into the economic impact of
automation in its key sectors, such as mechanical engineering. Kazakhstan’s reliance on commodity industries
and its efforts to diversify its economy mean that the economic impact of automation in its manufacturing
sector, particularly in regions such as Kostanay with a strong mechanical engineering presence, will have
distinctive features that merit special study.

Materials and methods. This work proposes to use a set of modern methods aimed at studying and
increasing the economic efficiency of automation of assembly production in the machine-building industry of
Kazakhstan. The object of the study is the assembly line of a machine-building enterprise in the Kostanay
region, where a lifting mechanism is used that is not equipped with an automated control system (see Drawing
2-3).

Drawing 2-3 — 3D visualization of motion mechanics
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The methodological basis of the study includes: methods of technical monitoring and analysis of
engineering subsystems of the control object; principles of construction of automated systems based on
programmable logic controllers; use of principles of distributed intelligence to increase flexibility and
adaptability of systems; system approaches to development and implementation of automatic control systems
for production equipment; free programming methods for development of original PLC software; comparative
analysis of various equipment configurations and control algorithms based on simulation modeling.

It is envisaged to design several versions of the architecture of the automated system with different
degrees of integration of PLC, sensors, converters and other components, with subsequent comparison
according to the criteria of reliability, productivity and cost-effectiveness. In addition, it is planned to analyze
the existing technical and organizational conditions of the enterprise to identify restrictions affecting the
implementation of automation.

Results. As a result of the preliminary analysis, it was established that the current control system of the
GPM at the enterprise under study is based on manual control, which increases production risks and reduces
the overall reliability and efficiency of the assembly line. It is expected that the introduction of an automated
control system based on PLC will allow:

- improve the safety of the production process by eliminating the human factor;

- increase labor productivity by reducing the time it takes to move truck bodies.

- reduce the likelihood of emergency situations and defects during assembly operations.

- increase the energy efficiency of the system through precise control of electric motors.

- reduce equipment operating costs by reducing wear and tear and increasing the service life of
components.

The design simulation also includes testing several data transmission schemes - both wired and wireless
- to ensure stable communication between the elements of the automated system. In particular, it is planned
to implement a modified busbar adapted for work with PLC, as well as use a wireless data transmission channel
as a backup or parallel solution.
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Drawing 4 — Simple version of electrical circuit with PLC

Based on current productivity and downtime, the implementation of an automated control system is
estimated to reduce the overall assembly cycle time by 20-25%, equivalent to a savings of up to 480 hours per
month. This results in a reduction in unit costs by 9-12% and an increase in output per shift from 24 to 30 units.

Thus, the results of the theoretical stage indicate a high potential for automation of the assembly line
using standard industrial components and original PLC software adapted to the conditions of a specific
enterprise.

In order to determine the socio-economic context of the introduction of automation, it seems appropriate
to analyze the key industry indicators of mechanical engineering in the Republic of Kazakhstan and Kostanay
region (see Table 1).
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Table 1 — Key indicators of mechanical engineering in Kazakhstan and Kostanay region

No. Indicator Meaning

1 Volume of production of engineering products in the Republic of 4.6 trillion tenge
Kazakhstan

2 The share of mechanical engineering in the manufacturing industry of the 19%
Republic of Kazakhstan

3 Number of machine-building enterprises in the Republic of Kazakhstan 3800

4 Number of people employed in mechanical engineering in the Republic of 118,000 people
Kazakhstan

5 Volume of production of engineering products in Kostanay region 1 184.4 billion tenge

6 The share of mechanical engineering in the manufacturing industry of 58%
Kostanay region

7 Number of industrial enterprises in Kostanay region 917

8 Number of employees of industrial enterprises of Kostanay region 42,000 people

9 Number of machine-building enterprises in Kostanay region 4 large enterprises

10 Planned investments in mechanical engineering of Kostanay region by the 17.8 billion tenge
end of 2025

The given statistical indicators confirm the strategic importance of the mechanical engineering industry
both at the national and regional levels. In 2024, the volume of mechanical engineering production in
Kazakhstan reached 4.6 trillion tenge, which is almost a fifth of the entire manufacturing industry. These data
indicate the high contribution of the industry to the country's economy and emphasize the need for its
technological modernization.

Kostanay region deserves special attention, where mechanical engineering makes up 58% of the entire
volume of the region's manufacturing industry. Over one 1.1 trillion tenge of mechanical engineering production
and more than 40 thousand people employed in industry indicate a strong specialization of the region. This
makes the Kostanay region one of the centers of attraction for industrial investment and innovation.

It is also worth noting the high level of production concentration - only 4 large machine-building
enterprises provide the bulk of output, which, on the one hand, allows for focusing efforts on automation, and
on the other hand, increases the risks of failures in process chains. Therefore, it is here that automation of
assembly lines can provide the maximum economic effect and become a driver for increasing sustainability.

The planned investments in the amount of 17.8 billion tenge in the development of mechanical
engineering in the Kostanay region indicate a favorable investment environment and state support. Thus, the
region has all the prerequisites for the large-scale implementation of automated control systems, including
PLC, both within the framework of the modernization of existing production facilities and in the creation of new
capacities.

The combination of high industry significance, a high share of employment and an active investment
policy confirms the relevance of the research being conducted, and the Kostanay region is an optimal testing
ground for pilot testing of solutions in the field of automation of production processes.

Discussion: Automation of production processes at machine-building enterprises is a priority area for
increasing the efficiency and reliability of production activities. One of the key solutions in this area is the use
of programmable logic controllers (PLC), which provide flexible control of technological operations and
adaptation of systems to specific production conditions.

The technological implementation of automation is carried out by electronic engineers together with
scientific specialists, which facilitates the integration of advanced engineering solutions with scientific
approaches. Automation of production processes can be carried out both by creating new equipment and by
upgrading existing equipment. The latter involves equipping the equipment with loading and unloading devices,
interoperational transport and storage systems, as well as a single control system for monitoring diagnostics
and blocking. Both cases require a significant amount of capital investment and, as a consequence, there is a
need to calculate the conditions under which automation tools will be guaranteed to be effective. Production
practice shows that the implementation of expensive automated systems is not always economically justified.
The reason for this is often the desire for the maximum level of automation without taking into account the
economic feasibility of solutions [6]. The automated system is based on original software aimed at simplifying
the user interface and the transition from traditional programming to parameterization. This approach allows
us to significantly reduce the development and implementation time, reduce the risk of errors during integration
into the production process, and avoid significant costs associated with the implementation of expensive
robotic systems.

The key advantage of programmable logic controllers is their ability to perform large-scale computing
tasks in real time, which ensures high accuracy, stability and productivity of automated production complexes.

One of the key stages of the production process at the basic machine-building enterprise is the assembly
of cars, which in most workshops is carried out mainly in a mechanized manner. Of the seven operating
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assembly lines, only two are fully automated, while the rest continue to function with the active participation of
operators.

In the context of this study, assembly equipment is considered to be a lifting mechanism - a specialized
device designed to move large-sized and heavy objects in space. On the assembly line, the lifting mechanism
is used for the linear movement of car bodies along the production route on a crane beam. The mechanism
design includes two electric motors with a total capacity of about 3 kW, hoists and a crab used to grip and hold
the body during movement.

In the existing mechanized control mode, movement is carried out manually - the operator makes
decisions about the time and direction of movement. Such a control scheme, based on the human factor,
significantly reduces the reliability of the process and is accompanied by high production risks. The mass of
the moved load is approximately two tons, and any careless action of the operator can lead to serious
consequences from injury to damage to products and equipment. It is important to note that the type of GPM
under study has not been previously automated, while fully automated lines use devices similar in functionality,
initially adapted for integration with automatic control systems and not involving direct human intervention in
the process of operation.

The study considers automation of the GPM operation as the central concept. For this purpose,
widespread industrial automation technologies based on programmable logic controllers are used [7]. The
purpose of automation is to eliminate the human factor, increase the safety and reliability of the assembly
process, and minimize the risks associated with the operation of heavy equipment. Unlike a person, an
automated system is capable of functioning around the clock while maintaining stable productivity and without
the need for physiological breaks, while simultaneously reducing the likelihood of errors in normal operating
modes.

The automation system is developed from scratch. Complete PLC programming with the creation of
several program code options, as well as the selection of electrical components compatible with the technical
and electrical characteristics of the existing GPM. In addition, electrical diagrams are developed that describe
in detail the connections between the PLC and equipment elements. The electrical base includes: frequency
converters, encoders, circuit breakers, magnetic starters, control relays, various types of sensors,
transformers, power supplies and terminal blocks to ensure signal exchange between the controller and
system components.

Each version of the program code is developed based on a specific version of the electrical equipment
configuration, which allows for a comparative analysis of the performance and reliability of various automation
architectures. Calculations have shown that the cost of implementing a PLC system for one GPM is
approximately 5.2 million tenge, including equipment, programming and installation. At the same time, the
expected payback period of the project is 12-14 months at the current output volume and line load level. During
the experimental debugging process, the PLC program code will be repeatedly modified to achieve the optimal
result, taking into account risk factors and possible errors in the equipment operation.

The distinctive feature of the proposed approach is not the use of non-standard equipment, but an
innovative way of integrating standard industrial components, adapted to the characteristics of an already
functioning mechanism. The developed software solutions are original and unique, created in accordance with
the specifics of the automation object under study and have no ready-made analogues.

One of the key tasks in the implementation of an automated system based on a lifting mechanism is the
organization of an effective and stable process of data transfer between the elements of the system. This is
due to the need to coordinate actions between several automated ones in real time, which, in turn, ensures
the continuity and high dynamics of the production cycle. Reliable data exchange between mechanisms is the
basis for their synchronous operation, increasing overall efficiency, minimizing risks and ensuring the safety of
the production process.

However, when automating mobile equipment such as the GPM, traditional wired data transmission
methods - including twisted pair, coaxial or fiber optic cable — are technically inapplicable. This is due to the
need for a stationary support structure for laying cables, while the GPM is in constant motion along the line. In
similar cases, trolley busbars are often used in industry, but their use is incompatible with the selected control
architecture based on a programmable logic controller.

The study involves the use of an alternative, innovative data transmission method based on an adapted
busbar system modified for operation with a PLC. The development of this system will be carried out in stages
during experimental testing. In parallel, it is planned to implement a wireless data transmission channel with
the possibility of integrating both solutions to achieve maximum reliability, flexibility and performance.

For each of the communication systems under consideration, a separate version of PLC software will
be developed, ensuring correct operation with the corresponding equipment configuration. Conducting a
comparative analysis of various approaches to data transmission will allow us to determine the most effective
or combined version, optimal in terms of technical characteristics, reliability and cost-effectiveness.

The creation of an intelligent automated control system for lifting and cargo equipment of an assembly
line of a machine-building enterprise will help solve a number of urgent problems: increase energy efficiency
through rational use of electrical energy; increase labor productivity by eliminating manual control; increase
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the level of safety and reduce the likelihood of emergency situations; improve the quality of manufactured
products and technological operations in general.

Conclusion. Thus, the conducted analysis showed that the existing organization of control of lifting
mechanisms at the machine-building enterprise is not effective enough and requires modernization using
modern automation tools. The developed concept of an automated control system based on programmable
logic controllers using the principles of distributed intelligence and a systems approach has high potential for
increasing production efficiency, reliability and safety.

The proposed technical solutions are aimed at implementation using standard industrial components
and open source software, which makes the project economically feasible and adaptable to the conditions of
a specific enterprise. The implementation of such a system will not only optimize the assembly process, but
also create a basis for further digitalization and intellectualization of production lines.

The predicted reduction in accidents on the line after automation is estimated at 70%, which corresponds
to international practice in the transition from manual to automated control of heavy equipment. According to
calculations, the increase in energy efficiency will be up to 15% due to the use of frequency regulation of
electric drives and optimization of movement algorithms.

Further stages of the research will involve the development of a prototype system, experimental testing
of its operation and evaluation of the achieved economic and technological effect.
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