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The article examines the application of mechatronic principles using scraper conveyors as an example,
which are among the key mechanisms for transporting bulk materials in the agro-industrial sector and
industry. The authors propose the structure of a scraper conveyor as a mechatronic module that integrates
mechanical, electromechanical and electronic components, which ensures high reliability, productivity and
flexibility of the system as a whole. Special attention is paid to the use of two-speed induction motors, which
makes it possible to implement a staged start-up of the conveyor: first at low speed for smooth acceleration
and reduction of inrush currents, and then at the rated high speed to provide the required throughput and
optimize energy consumption. This approach significantly reduces overloads of the mechanisms, increases the
energy efficiency and service life of the equipment, and also reduces the likelihood of emergency situations.

The paper provides a detailed analysis of functional control schemes for the conveyor drive and start-
up algorithms, including adaptive solutions that take into account variable load, material type and operating
conditions. The interaction between the electronic control system and the mechanical components of the
conveyor is analyzed, which ensures optimal load distribution on the gearbox, traction elements and drive
mechanisms, and also enables in-depth diagnostics of the equipment condition and planning of preventive
maintenance. Such integration increases the productivity, reliability and durability of the scraper conveyor
and contributes to the efficient use of energy resources with minimal operator involvement.

The abstract emphasizes the interdisciplinary nature of the research: the combination of knowledge in
power supply, electrical technologies, automation, electronics, digital circuitry, information technologies and
application software makes it possible to create a comprehensive mechatronic control system that can be
implemented in modern agro-industrial and industrial production processes. The proposed solution
demonstrates the possibility of integrating automated and information-controlled components into transport
systems to increase their adaptability, energy efficiency and operational safety. The obtained results may be
useful for engineers, researchers, developers and technical specialists involved in the design, implementation
and operation of automated bulk-material conveying systems in agriculture, the agro-industrial sector and
industry in general. They provide practical recommendations on the integration of mechanical,
electromechanical and electronic components within a single mechatronic module, as well as on the
optimization of start-up algorithms and control of conveyor drives. In addition, the research findings can be
used to improve the energy efficiency, productivity and reliability of transport systems, reduce maintenance
costs and extend equipment lifetime.

They are also of considerable value to university lecturers and students who study mechatronics,
automated power systems, modern methods of controlling electrical equipment, as well as digital and
information technologies in industry. Using the obtained results in the educational process makes it possible
to develop practical competencies in the design of integrated automated systems, in the analysis of their
dynamic characteristics, and in the development of algorithms for adaptive control and equipment diagnostics.
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In addition, the results may be useful for research groups and scientific laboratories involved in
improving transport equipment, implementing intelligent control systems, and optimizing energy consumption
in production processes. The interdisciplinary approach makes it possible to combine knowledge of power
supply, electrical technologies, automation, electronics, digital circuit design, information technologies and
application software, which contributes to increasing the efficiency and innovation potential of industrial and
agro-industrial systems.

The research results not only enhance the scientific and technical level of knowledge in the field of
mechatronics and automation, but also create a practical foundation for the development of modern, integrated
and highly efficient automated material transportation systems.

Key words: two-speed conveyor, mechatronic module, functional diagram, start-up algorithm,
adaptive control, electronic control system, staged start-up, integrated automated systems, energy efficiency,
mechanism condition diagnostics.

Eq. 2. Fig. 3. Ref. 15.

1. Problem formulation

Scraper conveyors are widely used for transporting bulk materials in agro-industrial and industrial
processes, but conventional drive systems and first-generation control devices do not ensure optimal start-up
and operation under variable loads and changing operating conditions. In practice, the transition from low to
high speed in two-speed conveyor drives is often implemented by a purely time-based criterion, without
considering the actual loading of the conveyor, which can cause untimely switching, increased dynamic loads
in the gearbox and traction elements, and overloads (up to motor stalling). As a result, energy losses,
accelerated wear, unplanned downtime and the risk of emergency situations increase.

Therefore, the engineering problem is to develop and justify a scraper conveyor drive as an integrated
mechatronic module that combines mechanical components, a two-speed induction motor, and an electronic
control system with adaptive start-up and operating algorithms. The solution must (1) reduce inrush currents
and mechanical shock loads during start-up, (I1) provide reliable switching from low to rated speed based on
informative criteria (time/current/speed and other monitored parameters), (I11) enable diagnostics of the
technical condition of key assemblies, and (IV) improve energy efficiency, reliability and service life of the
conveyor under real operating conditions.

2. Analysis of recent research and publications

Recent publications confirm the growing role of intelligent and automated power-engineering
solutions in agro-industrial systems, including approaches to increasing reliability and efficiency of electric
power complexes and autonomous energy supply systems for agricultural facilities. In particular, studies
address hybrid and autonomous power supply architectures, as well as intelligent control concepts aimed at
improving reliability and operational efficiency of energy systems in agriculture. [1-5]

A separate direction is the optimisation of electricity generation and management in combined power
systems, along with comprehensive educational and methodological works that systematise approaches to
electrification, automation, and energy security in the agro-industrial sector. These sources provide a
methodological basis for integrating electric drives, automation and power-engineering subsystems into
unified architectures. [6-9]

Mechatronics as an interdisciplinary field has expanded the practical toolkit for integrating mechanical
systems with electronic, microprocessor and information-control components. Modern textbooks and studies
describe principles of mechatronic system design, digital control, diagnostics, and integration of sensors and
protective elements, which are directly applicable to conveyor drives. [10,11]

In the scientific literature, increasing attention is paid to parametric synthesis and substantiation of
operating modes for mechatronic (and adaptronic) functional modules in conveying and dosing systems. These
works emphasise the importance of modelling, parameter selection, and control algorithm design with feedback
based on measured process variables—an approach aligned with adaptive conveyor drive control. [12,13]

International research also presents developments of innovative conveying equipment and analyses of
how drive modes affect dynamic behaviour of scraper conveyors. Such studies support the relevance of staged
start-up and advanced control to reduce dynamic loads and improve reliability, especially in short-distance and
on-board scraper conveyor configurations. [14,15]

At the same time, the reviewed sources show that, despite the progress in intelligent energy systems
and mechatronic design, the practical problem of implementing an integrated mechatronic module for scraper
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conveyors—where a two-speed induction motor, protective sensors, and an electronic control system jointly
realise an adaptive start-up and operating strategy with diagnostics of key assemblies—requires further
development and system-level substantiation. This determines the need for the research presented in this
article. [10-15]

3. The purpose of the article

The aim of this work is to develop and substantiate the concept of a scraper conveyor as an integrated
mechatronic module that combines mechanical, electromechanical and electronic components in order to
increase the productivity, reliability and energy efficiency of transport systems. Special attention is paid to the
implementation of two-speed induction motors and adaptive start-up algorithms for the drives, which makes it
possible to optimize conveyor operation under variable loads and different operating conditions [4].

The research is focused on creating a comprehensive control architecture that ensures real-time
monitoring of drive operating parameters, prediction of the technical condition of the equipment, and planning
of preventive maintenance. An important task is the integration of automated and information-controlled
components to enhance the adaptability, durability and operational safety of the scraper conveyor.

The aim also includes the development of practical recommendations on the integration of mechanical,
electromechanical and electronic components into a single system, as well as on the optimization of start-up
and drive control algorithms, which can be used both in research activities and in industrial and agro-industrial
practice.

4. Results and discussion

The control systems of the first-generation scraper conveyors were capable of providing basic
electrical protection of the electric drives, monitoring their operating state, and interlocking in the event of
fault conditions. However, with regard to the optimization of start-up and operation of two-speed conveyors,
these devices had a number of significant limitations. The main drawback of such systems was that the criterion
for switching from low to high speed was solely time-based. The actual loading of the conveyor was not taken
into account, which led to untimely switching to the rated speed and the occurrence of overloads in the
transmissions and electric drives, up to the potential stalling of the motors. In addition, overcurrent protection
of the motors was activated only after the current reached its maximum threshold level, which substantially
reduced the reliability of the electrical equipment. A number of essential protections for monitoring the
parameters of the drive gearboxes and electric motors were also lacking, and the indication functions of the
devices were limited and provided low information content.

In this regard, the need arose to develop new control systems whose principal functions, in addition to
ensuring standard protections and interlocks for the electric drives, would include providing a maximally
rational and optimal start-up of the conveyor. This can be achieved by employing a dedicated switching
algorithm for the drives based on both time and current magnitude, which makes it possible to reduce dynamic
loads on the conveyor elements during start-up and to increase the service life of the equipment.

The study of the interaction between the mechanical, electrotechnical and electronic components of
the conveyor drive belongs to a new interdisciplinary field of science—-mechatronics. Mechatronics, which has
been intensively developing in recent years, is based on the synergetic integration of mechanical systems with
electronic and computer components. It enables the design and manufacture of qualitatively new machines,
modules and systems featuring intelligent control of their functional motions. One of the key aspects of
mechatronics is the integration of informational and diagnostic capabilities into the mechanical part of the
controlled object, which allows the condition of assemblies to be monitored and their behaviour to be predicted
in real time.

In the design of two-speed electric motors for scraper conveyors, it is advisable to employ two-level
PTC-type thermal sensors: the first level providing emergency and interlocking functions, and the second level
providing warning and corrective functions. This makes it possible to form a protective current-time
characteristic of the motor and to prevent its start-up in an overheated state. The controlled parameters also
include deviations of the drive sprocket speed from its nominal value and the current drawn by the drive
motors. Information on these parameters makes it possible to assess the condition of the conveyor drive and
its working element.

The application of mechatronic principles in the design of a scraper conveyor as an integrated module
makes it possible to transfer a substantial share of functional tasks to an electronic control system implemented
on the basis of microprocessor technology. This, in turn, enables operating modes of the conveyor to be
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modified without significant financial costs by means of programming, taking into account the length of the
transport line, installation angle, magnitude of the material flow and the number of drives. Such an approach
reduces dynamic loads in the transmission, increases the reliability and service life of the conveyor’s
components and mechanisms, and lowers the probability of fault conditions, which is particularly important
for safe and stable operation under agro-industrial production conditions.

The start-up algorithm for the two-speed scraper conveyor is shown in Figure 1.
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Fig. 1. Start-up algorithm for the two-speed scraper conveyor:
I — speed switching of the tail conveyor drive; 11 — speed switching of the head conveyor drive;
H — operation of the electric drive at low speed; B — operation of the electric drive at high speed

Let us consider the functional relationship between the control system of the mechatronic module, the
other components and the feedback elements (sensors) during the start-up period of the conveyor.

The following quantities are used as information signals:

e temperature sensors of the limit level of the head (z./) and tail (¢, 7) electric drives;
temperature sensors of the warning level of the head (¢.H) and tail (z.7) electric drives;
temperature sensors of the limit value of the drive gear units of the head (tRH) and tail (tRT) drives;
flow rate of the cooling liquid for the head (PH) and tail (PT) conveyor drives;
current consumed by the head (IH) and tail (IT) drives;
angular velocity of the drive (wr);

e monitoring of the traction element performed by a sensor (S), whose output-signal frequency (f) is
proportional to the conveying speed.

If we conventionally denote:

VHL - switching on the head drive at low speed:;

VHH — switching on the head drive at high speed;

VTL — switching on the tail drive at low speed;

VTH — switching on the tail drive at high speed;

then the functional dependence describing the switching-on of the conveyor at low speed will have the
form:
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The functional dependence of the conveyor transition to high speed has the form:
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The structural diagram of the scraper conveyor considered as a mechatronic module can be represented
as shown in Fig. 2.

The structural diagram of the scraper conveyor drive as a mechatronic module demonstrates the
integration of mechanical, electromechanical and electronic components into a single system that provides
efficient conveyor control under various operating conditions. The main purpose of constructing such a
diagram is to increase the productivity, reliability and service life of the equipment and to minimise dynamic
loads that occur during start-up and shutdown of the conveyor [12].

The central element of the diagram is the control unit CU, which generates the control voltage for the
head and tail drive motors. The CU processes information flows S1 and S2 coming from the control blocks
CB2 of the head drive and CB1 of the tail drive, as well as the start command signal S3. On the basis of these
data, the CU adjusts the operation of the electric drives, ensuring an optimal distribution of torque to the drive
sprockets and minimisation of overloads in the mechanisms.

The conveyor drive motors are two-speed induction machines, which makes it possible to implement
a staged start-up. At the first stage the motors operate at low speed, providing smooth acceleration of the
conveyor and a reduction of inrush currents. This avoids significant impact loads on the gearboxes and
mechanical components. After the system parameters have stabilised, the electronic circuitry automatically
switches the motors to the rated high speed, which ensures the required capacity and energy efficiency.

The gearboxes of the head and tail drives transmit torque from the motors to the conveyor drive
sprockets. Their design allows operation under variable load caused by fluctuations in the material flow or
changes in material type. Integration of the gearboxes into the mechatronic module makes it possible to reduce
dynamic overloads and to ensure stable drive operation regardless of conveyor length, inclination angle or
number of drives.

The structural diagram includes sensors of drive operating parameters that monitor critical indicators
of the electric drives and mechanisms. These include current sensors of the motors, temperature sensors of
windings and bearings, rotational-speed sensors of the drive sprockets, and sensors of conveyor position or
material volume. The information flows from the sensors are fed to the CU and used for adaptive real-time
control of the electric drives.

The control blocks CB1 and CB2 perform local monitoring of the electric drives, controlling such
parameters as current, temperature, speed and deviations from nominal values. When the permissible limits
are exceeded, protection signals are generated that disconnect the motors from the supply until the fault is
eliminated. This provides comprehensive protection and reduces the risk of emergency situations.

A key feature of the proposed structural diagram is the synergistic integration of all components into
a single mechatronic system. [13]. The mechanical assemblies, gearboxes, electric drives and electronic control
system operate as a unified entity, enabling adaptive response to changes in material flow, conveyor inclination
and other operating conditions. This approach significantly reduces dynamic overloads and increases
equipment life.

The diagram provides real-time monitoring and diagnostics of equipment condition, which makes it
possible to plan preventive maintenance and to prevent failures. The information flows allow tracking of motor
temperature, gearbox condition, current consumption and rotational speed, as well as adjusting control
algorithms to ensure stable conveyor operation.

The proposed structure also allows external influences to be taken into account, such as non-uniform
material flow, changes in material volume, conveyor length and inclination angle. This is achieved through the
use of adaptive control algorithms that adjust motor voltage and rotational frequency, ensuring smooth
conveyor operation and minimising mechanical overloads.

Practical tests have confirmed the high efficiency of the proposed system. The use of an integrated
mechatronic module increases conveyor reliability, reduces energy consumption and shortens downtime in
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emergency situations. The adaptability of the system ensures stable operation even under variable operating
conditions, which makes it suitable for use in the agro-industrial sector and in industry.

Thus, the structural diagram of the scraper conveyor drive as a mechatronic module provides a
technical basis for the development of modern automated conveying systems. It ensures optimal drive control,
a high level of protection and diagnostics, the ability to adapt to changing operating conditions, and a
substantial increase in conveyor service life and productivity. The proposed diagram demonstrates the potential
for integrating mechanical, electromechanical and electronic components into a single system to enhance the
efficiency and safety of industrial and agro-industrial processes.

Integration of the electronic control system into the structural diagram of the scraper conveyor drive
makes it possible to implement flexible software tuning of operating modes depending on different operating
conditions. The system can take into account such parameters as transport-line length, conveyor inclination
angle, material type and volume, and variations in feed rate. This allows the rotational speed of the motors, the
value of the torque and the drive-switching algorithms to be adjusted so as to minimise dynamic loads on the
gearboxes, traction elements and mechanical components of the conveyor. As a result, the durability and
reliability of all parts of the mechanism are significantly increased, bearing and gear wear is reduced and the
probability of failures during operation is decreased.

In addition, the electronic control system enables remote real-time monitoring of drive condition. The
operator can obtain information on motor temperatures, current consumption, rotational speed of the drive
sprockets, loads on the gearboxes and other critical parameters. If deviations from the normal operating mode
occur, the system automatically generates alarm signals or blocks conveyor operation until the fault is
eliminated, which improves safety and reduces the likelihood of equipment damage.

An important element of the system is the staged start-up of the drive, which makes it possible to avoid
sharp impact loads on the mechanics and electric drives. At the first stage the conveyor accelerates at low
speed, which reduces inrush currents and provides a smooth start. The system then automatically switches the
drives to the rated high speed, maintaining the required capacity and stable operation. In combination with
adaptive control algorithms that take into account variable load and the physical properties of the conveyed
material, this ensures efficient, energy-saving and safe conveyor operation even under demanding conditions.

Owing to the integration of electronic control with mechanical and electromechanical components, a
comprehensive mechatronic module is formed that operates as a single system. This approach not only
increases reliability and productivity, but also provides flexible adjustment of operating modes in accordance
with specific operating conditions. It opens up new possibilities for implementing automated conveying
systems in industry and the agro-industrial sector, where adaptability, energy efficiency and operational safety
are of crucial importance.

Furthermore, the use of an integrated electronic system enables preventive and predictive maintenance
of the equipment. Data on the condition of motors, gearboxes and mechanical assemblies can be analysed
automatically, allowing early detection of wear or overheating and the scheduling of repair work without
stopping the conveyor. This not only reduces maintenance costs, but also increases the overall efficiency of
the production process.

Consequently, the proposed structural diagram of the scraper conveyor drive as a mechatronic module
represents a fully integrated system that effectively combines mechanics, electromechanics and electronics. It
ensures a high level of reliability, stability and safety, adapts to different operating conditions, extends
equipment life and reduces energy consumption. The use of such a system opens up wide prospects for the
development of modern automated conveying lines in industry and the agro-industrial sector, providing
efficient, safe and energy-efficient transportation of bulk materials.

For a clear representation of the operating principles and organisation of the mechatronic scraper-
conveyor drive, the study presents structural diagrams illustrating the interaction of the main mechanical,
electromechanical and electronic components of the system. They reflect the drive-operation logic, signal-
transfer channels, staged start-up and adaptive-control algorithms, and include monitoring and protection
elements that ensure stable and safe operation of the conveying equipment.

The diagrams show how the electronic control system is integrated with the drive motors, gearboxes
and mechanical assemblies of the conveyor, providing optimal load distribution, remote monitoring of
equipment condition and adaptive adjustment of operating modes as a function of external factors such as
material flow and operating conditions.

By visually representing the relationships between the mechanical part and the control system, the
diagrams make it possible to understand the operating principles of the conveyor as a single mechatronic
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module and highlight the role of information-controlled components in ensuring the energy efficiency,
reliability and durability of the conveying equipment.

Z Gears | ADrive motor |A Transitional trough |

Chains

Fig. 2. Structural diagram of the scraper conveyor drive as a mechatronic module. The diagram
illustrates the integration of electromechanical and electronic components, the staged start-up of the
drive, signal paths from sensors, adaptive control algorithms and protective functions, and represents the
operating principle of the conveyor as a unified automated and information-controlled system

Description of the diagram

1. In atypical configuration, the conveyor drive system includes an electric motor — gearbox — drive
sprocket — scraper chain or belt element.

2. The drive is often complemented by a control block (current, temperature and speed sensors) and
an automatic control system that provides monitoring and protection.

3. When modernising the system, two-speed induction motors or variable-frequency drives are used
to implement staged start-up and adaptive load control [14].

4. Sensor information channels transmit signals to a controller (microprocessor or PLC), which
supplies the control voltage/frequency to the motor, adjusts the operating mode, performs diagnostics and
generates control actions for the gearbox.

5. The diagram takes into account an external factor-the material flow fed to the conveyor.
Monitoring and correction of these parameters make it possible to reduce overloads of the chain, gearbox and
motor.

6. Protection blocks (overload prevention, temperature monitoring, emergency shutdown) are
integrated into the control system and operate in real time.

How this relates to the proposed module.

. In our scheme, the central element is the control unit (CU), which receives the information
flows S1, S2 and S3 (sensor signals and the start command) and generates the control voltage U for the head
and tail drive motors.

. This concept clearly corresponds to the typical scheme in which a controller governs the
motors on the basis of sensor signals and the start command.
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. The use of two-speed motors and staged start-up is also consistently reported in the literature
(see item 3 above) [14, 15].
. The transition from the classical “mechanics + motor” configuration to a “mechatronic

module” is clearly manifested through the inclusion of the electronic control system, sensors and adaptive
interaction with the load conditions.
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Fig. 3. Structural diagram of the scraper conveyor drive as a mechatronic module

The control unit (CU), by monitoring the information flows S1 and S2 coming from the control blocks
CB2 of the head drive and CBL1 of the tail drive, as well as the start command S3, generates the control voltage
U supplied to the electric motors of the tail (ED_T) and head (ED_H) drives. Through the gearboxes G_T and
G_H these drives create torque on the drive sprockets of the scraper conveyor. The conveyor is also affected
by an external factor-the material flow, which determines changes in the incoming mass volume V. Using
signals from various sensors, the CU adapts the operating modes of the conveyor to specific operating
conditions, ensuring optimal torque distribution among all drives and minimising overloads.

The introduction of two-speed induction motors into the conveyor drive makes it possible to implement
a staged start-up. The first stage—low speed—provides smooth acceleration of the mechanism and a reduction
of inrush currents, which substantially decreases the load on the transmission and the power network. The
second stage—the transition to the rated high speed-is performed after the actual load of the conveyor has been
assessed and the torque parameters have stabilised, which makes it possible to achieve the required throughput
and to increase the energy efficiency of the system. The information flows S1 and S2 provide continuous
monitoring of the drive parameters, including motor current, rotational speed and temperature, which enables
real-time detection of deviations from nominal values and adjustment of the control action.

An important function of the CU is adaptive control, which implements algorithms for adjusting the
voltage and frequency of the electric drives depending on the variable material flow. When the material volume
V changes, the control unit responds instantaneously by decreasing or increasing the torque on the drive
sprockets so as to avoid impact loads and excessive wear of the transmission elements. This function increases
the reliability and service life of the conveyor and reduces maintenance costs.

The system also provides in-depth diagnostics of the condition of the mechanisms. Using the
information flows S1 and S2, the CU analyses the operating modes of the drives and identifies potential
anomalies such as overcurrent, excessive heating and uneven load distribution. On the basis of these data, the
system can generate warning signals and automatically adjust the operating modes, which significantly
improves operational safety and prevents emergency situations.

Practical testing of the proposed solutions has confirmed the effectiveness of the integrated approach.
Owing to the use of the CU as a central control element interacting with the mechanical, electromechanical
and electronic components of the conveyor, it has been possible to achieve optimal load distribution between
the drives, to reduce dynamic overloads on the gearboxes and to increase the overall stability of the system. In
addition, the implementation of adaptive-control algorithms has ensured flexible response to changes in
material flow, maintenance of the required throughput and improvement of energy efficiency [15].

Special attention has been paid to the integration of informational and diagnostic functions into the
operation of the mechanical elements of the conveyor. Current, temperature and speed sensors enable
continuous monitoring of the condition of the drives and assessment of gearbox performance. This creates
opportunities for scheduled maintenance and prevention of premature equipment failure, which is essential for
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industrial production and agro-industrial complexes with high reliability requirements for conveying
equipment.
Thus, the control unit CU, by monitoring information flows and adapting the operation of the scraper
conveyor drives to variable operating conditions, acts as the key element of the mechatronic module. Its

implementation increases conveyor productivity, reliability and service life, reduces energy consumption and
creates the prerequisites for automated and safe operation of the conveying equipment.

5. Conclusion

The conducted research has confirmed the effectiveness of applying mechatronic principles to the design
of the scraper conveyor drive as an integrated module. The proposed architecture makes it possible to combine
mechanical, electromechanical and electronic components into a single system that ensures optimal torque
distribution to the drive sprockets and minimises dynamic overloads during conveyor start-up and operation.

The use of two-speed induction motors and staged start-up reduces inrush currents, eliminates impact
loads on gearboxes and mechanical units, and thus increases the energy efficiency and service life of the
equipment. Adaptive control algorithms provide a flexible response to changes in material flow, conveyor
inclination angle and material type, thereby enhancing the reliability and stability of the system.

Integration of the electronic control system enables remote monitoring of drive parameters, preventive
and predictive maintenance, reduction of repair costs and a lower probability of emergency situations. The
implementation of such a system promotes the development of highly efficient, energy-saving and safe
automated conveying lines in industry and the agro-industrial sector.

The research results are of interdisciplinary significance and can be used in the educational process for
training specialists in mechatronics, automation and power engineering, as well as in scientific and practical
developments in the field of bulk-material conveying. The proposed concept forms the basis for further development
of modern integrated control systems and enhances the innovation potential of production processes.
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MEXATPOHHUI ITPUBOJ] CKPEBKOBOI'O KOHBEEPA SIK IHTETPOBAHUI MOJY.JIb
EHEPTOTEXHIYHUX, ABTOMATH30BAHUX TA IHOOPMAIIMHO-KEPOBAHUX CUCTEM

Y cmammi posensnymo 3acmocyeanms npunyunie MexampoHixu Ha npuxkiadi cKpeoKosux KOHEeepis,
WO € OOHUM 3 KIHOYOBUX MEXAHIZMI8 MPAHCNOPMY8AHHS CUNKUX MAMePIanie y azponpoMUciosoMy KOMNIEKCE
ma nPoMUCIO80CHi. ABMOpU 3aNPONOHY8aAIU CIMPYKMYPY CKPEOK0B020 KOHBEEPA AK MEXAMPOHHO20 MOOYA,
AKUU [HMe2pye MeXauiumi, eleKmpOMEXaHiuHi ma eNeKmpOHHI KOMHOHEHMU, W0 3a0e3neuye GUCOKy
HAOIUHICMb, NPOOYKMUBHICb MA 2HYUKicmb cucmemu 6 yinomy. Ocobauea yeasa npudiieHa UKOPUCTIAHHIO
080UBUOKICHUX ACUHXPOHHUX eNIeKIMPOOBULYHIB, W0 00380JIA€E peanizysamu NOemanHull 3anycKk KOH8eeEpa —
CROYamKy Ha HU3bKIL WEUOKOCTNI O/ NAABHO20 PO320HY | 3MEHULEHHSL NYCKOBUX CIMPYMIB, A NOMIM HA poOOUil
BUCOKIT WBUOKOCMI 0/l 3a0e3neyenHs HeoOXIOHOT NPOOYKMUBHOCME MA ONMUMI3aYil eHepPeOCnONCUBAHHS.
Taxuti nioxio cymmeso 3MeHULYE NepesaHmadtCeHHs MEeXAHI3MIB, NIOBUWYE eHepeoedheKmUBHICmb i pecypc
00IAOHAHHS, 4 MAKONC 3HUNCYE LIMOBIPHICMb ABAPIUHUX CUMYAYITL.

Y pobomi Oemanvno po3zensinymo @GYHKYIOHAAbHI cXemu YAPAGIHHA NPUBOOOM KOHGeEpa ma
aneopummu nycKy, 6KIOUANYY AOANMUGHI DIlUleHHs, WO 8pPaxo8ylomv 3MiHHe HABAHMAIICEHHS, MUN
mamepiany ma ymosu excniyamayii. Ilpoananizogano 63aemooiio Mis eleKmpoHHOK CUCIEMOI0 Kepy8aHHs
Ma MeXaniyHUMU 8Y31AMU KOHBEEPA, W0 3a0e3neuye OnmumMaibHUll pO3n00il HAGAHMANCEHHS HA PeOYKMOp,
MA2061 eneMenmu ma APUBOOHI MEXAHIZMU, A MAKONHC 003605€ NPOBOOUMU 2TUOOKY OIAZHOCIUKY CHAHy
001a0HanKA ma naanysamu npoghinakmuure oociayeogyeanns. Taxka inmezpayia nioguwiye npooyKmueHicmo,
HaOTliHiCMb | 0068208IUHICINb CKPEOK0BO20 KOHBEEPA MA CNPUSE eheKMUBHOMY UKOPUCTNIAHHIO eHeP2emMUYHUX
pecypcie npu MiHIMAanbHil y4acmi onepamopa.

B anomayii nioxpecneno migcoucyuniinapuuii xapakmep OOCAIONCEHH: HOEOHAHHA 3HAHb 3
eNeKMPONOCMAYaHHS, eleKMPOMEXHON02Il, asmomamuzayii, eleKmpoHiKy, Yuppoeoi cxeMomexHixu,
iH(hopMmayilinux mexHono2itl | NPUKIAOHO20 NPOSPAMHO20 3aDe3NneyenHs 00380ISE CMEOPUMU KOMNLEKCHY
MEXamponHy CUCeMy KePYBAaHHs, IKA MOdce OYmu 6NPo8a0IICeHa y CYyYacHi acponpoMuciosi ma npoMuciosi
BUPOOHUYT npoyecu. 3anponoHosane PiuieHHs OeMOHCPYE MONCIUGICIb THmMe2payii agmomMamu308anHux i
iHOPMAYTIHO-KEPOBAHUX KOMNOHEHMIE Y MPAHCNOPMHI cucmemu 015 NiOGUWEHHS IX a0anmueHOCHi,
eHepeemuynoi echexmusrnocmi ma oeznexu pooomu. Ompumani pe3yrbmamu MoKHCymv 6ymu KOPUCHUMUY OJisL
iHJiCeHepis, HAYKO8Yi8, pO3POOHUKIE ma MeXHIYHUX haxieyis, sAKi 3aUMArOMbCs  NPOEKMYBAHHAM,
BNPOBAONCEHHAM [ eKCNILYamayicro asmoMamu308anux CUCeM MPAHCNOPMYGAHHSA CUNKUX Mamepianie y
CiIbCbKOMY 20CNOOAPCMEBI, A2PONPOMUCTIOBOMY KOMNIEKCI Mad NPOMUCIOB0CMI 3azaniom. Bonu nadarome
NPaAKmuyHi pekomeHoayii wo0o inmezpayii MexaniyHux, eneKmpoOMexaniyHux ma eieKmpoHHUX KOMNOHEHMI8
Y CKAA0I €OUHO20 MEXAMPOHHO20 MOOYIISA, A MAKOIC W00 ONMUMIZAYIT A2OPUMMIE 3aNYCKY MA YAPAGIIHHS
npusooamu kousecpie. Kpim moeo, pezyromamu 00CHiOAHCEHHA MOACYMb OYMU BUKOPUCMAHT 0151 NIOBUWEHHS
eHepeoedexmueHocmi, NPOOYKMUGHOCMI mMa HAOIUHOCIMI MPAHCROPMHUX CUCTIEM, 3HUIICEHHS. 8UMPAM HA
MmexHiuHe 00CY208Y6aHHs MaA 30iIbUEHHS PecypCy 0ONA0HANHS.

Bonu maxooc cmanosname 3naumy yiHHiCMb 018 GUKIAO0AYIE | CMYOeHmi8 SUWUX HABUATbHUX
3aKAA0i8, AKI BUBHAIOMb MEXAMPOHIKY, ABMOMAMUZ08AHT eHep2emMUYHI CUCTeMU, CYUACH] Memoou YNpasiiHHsl
eeKMPOmMexHiYHUM 00NAOHAHHAM, YUPposi ma ingopmayiini mexnoaoeii y npomucinogocmi. Buxopucmanns
OMPUMAHUX OAHUX Y HABYATLHOMY NPOYeci 0038015€ PopMy8amu NPAKMU4Hi KOMReMeHYil Y NPOEKMYBaAHHI
IHMe2POBAHUX ABMOMAMUZOBAHUX CUCTEM, AHANIZE IX OUHAMIYHUX XAPAKMEPUCIUK, PO3POOYL ANcOpUmMMIs
a0anmueHO20 Kepy8aHHs ma 0ideHOCMUKU 001a0HAHHSL.

Kpim moeo, pezynomamu moocymv Oymu KOPUCHUMU Ol OOCTIOHUYLKUX 2SPYR 1 HAYKOBUX
aabopamopii, AKi  3aUMAOMbCsl  YOOCKOHANEHHIM — MPAHCHOPMHO20  00NAOHAHHSA,  BNPOBAONCEHHIM
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iHMeneKmyanbHUxX CUcmeMm KepyBaHHs mMa ONMUMISAYIEID eHEeP2OCHONCUBAHHA Y BUPOOHUYUX NpOYecax.
Bukopucmanusa migcoucyuniinapnozo nioxody 0036015€ HOEOHY8AMU 3HAHHA 3 el1eKMPONOCMAYAHHA,
eNeKMPOMEXHON02IH, A8MOMAMuU3ayii, e1eKmpOoHIKUY, YUPPOBOT CXeMOMEXHIKU, THHOPMAYIIHUX MeXHOA02T |
NPUKIAOHO020 HPOSPAMHO20 3a0e3NneueHHs, Wo CHpusic NiOGUWEHHIO eeKxmugHOCmi ma IHHOBAYIIHO20
NOMEHYIANY NPOMUCTIOBUX T AZPONPOMUCTOBUX CUCTEM.

Pesynomamu  O0ocniooicennss e auute niOGUWYIOMb HAYKOBO-MEXHIYHUL DIGeHb 3HAHL Y cghepi
MexampoHiKu ma agmomamuzayii, a 1 Cmeopioms NPaAKmuyny 6a3y 015 po3GUMKY CYyYACHUX, IHMEeSPOBAHUX
i 8UCOKOEGheKMUBHUX ABMOMAMUZ0BAHUX CUCTNEM MPAHCIIOPHLY8AHHA Mamepianis.

Knrouoei cnoea: 060wu6uoKicHULl KOHBEED, MEXAMPOHHUL MOOYIb, PYHKYIOHATbHA CXeMda, ANI2OPUMM
3anycKy, adanmueHe Kepy8aHHs, eNeKMPOHHA CUcCmemMa YNpaelinHi, HOemanHuul 3anyck, iHmezpo8aHi
asmMoMamu308ani cucmemit, eHepeoeheKmusHicms, 0ia2HOCMUKA CIAHY MeXAHIZMIB.

@. 2. Puc. 3. Jlim. 15.
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