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The article presents the results of a comprehensive study on the implementation of digital twins in
control systems for energy facilities using modern hardware and software complexes. Special attention is
devoted to analyzing various approaches to building integrated models that combine real physical processes
with their virtual analogs in a unified cyber-physical environment. The rationale for selecting the
technological base for the development of digital twins in automation systems is provided, focusing on the use
of SIMATIC S7-300 programmable logic controllers, Siemens Micromaster 440 frequency converters, and the
PROFIBUS industrial communication interface. Such a configuration ensures reliable two-way data exchange
between virtual and physical components and enables real-time synchronization of operational parameters.

The principles of two-way synchronization between the digital twin and the physical object in real time
are described in detail. Examples of hardware—software integration between PLCs, HMI panels, and
communication modules are presented, illustrating the bidirectional flow of information and control signals.
The requirements for the mathematical model of the energy process are defined, and a method for its
implementation based on dg-coordinate transformation is proposed. This mathematical model allows accurate
representation of the electromagnetic and mechanical behavior of an asynchronous motor under variable
operating conditions, providing a realistic simulation environment for testing control algorithms before they
are applied to the physical system.

The main stages of constructing a digital twin are outlined, including the development of the structural
scheme of the control system, description of physical interconnections, selection of model parameters, and
formulation of control algorithms. Special emphasis is placed on ensuring data consistency between the
simulation environment and the real system, which is achieved through continuous information exchange via
industrial networks such as PROFIBUS and MPI. The digital twin architecture developed in this study
supports cyclic data updating with minimal delay, ensuring the stability of real-time control processes and the
reliability of feedback loops.

The research also explores the practical use of digital twins to improve the operational efficiency of
energy systems. It demonstrates their potential for real-time equipment diagnostics, prediction of failure
conditions, and optimization of maintenance schedules. A specific example of implementing a digital twin in
the control process of an asynchronous electric drive with frequency regulation is presented, highlighting the
benefits of predictive monitoring, virtual commissioning, and parameter optimization. The study proves that
digital twins can significantly enhance energy efficiency by 10-15%, reduce downtime by up to 30%, and
increase the overall reliability and transparency of energy management systems.

The obtained results confirm that the integration of digital twin technology into control systems for
energy facilities substantially improves regulation accuracy, reduces maintenance time, and provides a means
for real-time visualization and data archiving. Furthermore, the proposed approach lays the groundwork for
developing the next generation of intelligent energy systems that combine simulation, data analytics, and
automation into a single adaptive framework. Such systems represent an essential step toward the realization
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of Smart Energy and Industry 4.0 paradigms, where each component of the infrastructure is represented by a
dynamic, self-updating virtual counterpart.

Key words: Digital twin, energy facility, automation, PLC, Micromaster 440, WinCC Flexible,
PROFIBUS.

Eq. 3. Fig. 8. Ref. 18.

1. Problem formulation

Modern energy facilities operate under conditions of increasing complexity, variability of loads, and
stringent requirements for energy efficiency and reliability. Conventional PLC-based control systems are
primarily reactive: they respond to parameter deviations after they occur and do not provide mechanisms for
predictive analysis of equipment behavior. As a result, energy drives and auxiliary systems often operate in
non-optimal modes, leading to excessive power consumption, accelerated wear of electromechanical
components, and unplanned downtime. Existing automation solutions lack an integrated environment in which
the real object and its mathematical model function as a single cyber-physical system with continuous
bidirectional data exchange in real time [1-3] .

The key scientific and practical problem is the absence of a unified approach that combines accurate
electromechanical modeling of energy processes with direct implementation on industrial hardware platforms.
Most existing studies either remain at the level of simulation or rely on software-only digital twins without
tight coupling to real PLC-controlled equipment. This creates a gap between theoretical optimization and actual
industrial operation. Therefore, it is necessary to develop and validate a hybrid digital twin architecture that
operates on real Siemens PLCs and drives, ensures real-time synchronization via industrial networks, and
enables predictive control, virtual commissioning, and adaptive optimization of energy systems under real
operating conditions [4].

2. Analysis of recent research and publications

The rapid development of digital modeling technologies and cyber-physical systems has led to the
active implementation of the Digital Twin (DT) concept in modern industry, energy systems, and automation.
The idea of creating a digital replica of a physical object was first formulated by Michael Grieves (2003) within
the framework of Product Lifecycle Management (PLM), which assumed the parallel existence of a physical
entity, its digital counterpart, and a bidirectional information flow connecting them. Subsequent studies
(Grieves, 2015; Tao, 2019) defined the digital twin as an integrated, multi-level model capable of reflecting
the current state of a system, predicting its behavior, and enabling optimization of control and maintenance
processes throughout its lifecycle [1-3].

A significant contribution to the theoretical foundations of digital twin technology was made by Tao,
Zhang, Liu, and Nee (2019), who introduced the so-called “five-dimension architecture” of the digital twin:
physical space, virtual space, data connection, service layer, and intelligent algorithms. The authors emphasize
that one of the primary challenges is ensuring real-time synchronization between the digital model and the
physical object, as well as establishing flexible mechanisms of feedback that allow for dynamic adaptation to
changing conditions. In their comprehensive studies, Fuller, Fan, Day, and Barlow (2020) analyzed the
integration of digital twins into the control systems of complex industrial facilities, focusing on accurate
physical modeling, standardized communication protocols, and ensuring data security in distributed industrial
environments[4-15].

In the field of industrial automation, digital twins are being actively developed and implemented by
major global corporations such as Siemens, General Electric, Schneider Electric, and ABB, which create
comprehensive hardware—software ecosystems for the design of “virtual factories.” Of particular importance
are Siemens solutions within the TIA Portal platform, which integrates PLC, HMI, SCADA, and simulation
tools into a single environment. The company’s technical documentation (“Micromaster 440 Operating
Instructions,” 2018; “WinCC Flexible Configuration Manual,” 2020) presents detailed methods for
constructing motor drive models and embedding them into virtual control systems. According to Siemens AG
research, the use of digital twins enables preliminary testing and optimization of control algorithms, reducing
commissioning time by up to 30% and significantly improving the reliability of automation systems [16-18]..

Domestic researchers also make a valuable contribution to the digitalization of energy systems. In the
works of Kuzmenko A.O. and Boiko M.S. (2021), an innovative concept of intelligent control systems for
energy processes is proposed, in which the digital twin is regarded as a fundamental tool for optimizing energy
consumption and predicting the condition of technical equipment. The authors demonstrate that digital models
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can serve as the foundation for transitioning from reactive to proactive maintenance strategies, where the
system automatically analyzes parameter deviations, detects early signs of malfunction, and issues preventive
alerts to maintenance personnel.

Moreover, numerous contemporary studies highlight the use of digital twins in the context of Industry
4.0 and the emerging paradigm of Energy 5.0, which combine automation, artificial intelligence, and cloud
computing. Reports of the European Energy Research Alliance (EERA, 2022) underline the role of digital
twins in forming Smart Grids, capable of forecasting load fluctuations, managing energy flows, and
maintaining grid stability in real time through distributed control. Within the Ukrainian context, similar
approaches are already being applied in the automation of electric drives, ventilation systems, water supply
infrastructure, and industrial energy management systems.

Despite the significant scientific and practical progress achieved, the literature review reveals a lack
of comprehensive solutions that combine accurate mathematical modeling of electrotechnical processes with
real industrial hardware implementation based on PLC systems. In most publications, researchers focus either
on theoretical modeling without considering the specific features of physical realization, or on software tools
without adequate representation of real physical dynamics. This gap highlights the need for research aimed at
the development of integrated, hybrid systems, in which the digital twin not only mirrors the operation of an
energy facility but also actively influences it in real time through adaptive control algorithms.

Therefore, the conducted analysis indicates that further research in this domain should concentrate on
creating hybrid digital twin models that merge analytical equations with empirical and data-driven methods,
ensuring system adaptability to external conditions and real-time feedback. Such integration enables the
establishment of a closed information loop connecting the physical object, the PLC-based control unit, and its
digital replica. This approach defines the scientific novelty and practical value of the present work, which
focuses on the implementation of digital twin technologies in energy control systems using real Siemens
industrial components — providing a foundation for the evolution of intelligent, autonomous, and energy-
efficient control infrastructures of the future.

3. The purpose of the article

The purpose of this work is to develop a methodology for constructing a digital twin of an energy
facility control system based on real industrial components — the Siemens Micromaster 440 frequency
converter and the SIMATIC S7-314C 2DP controller — integrated within a PROFIBUS network and the
SIMATIC OP170B HMI panel.

4. Results and discussion

A digital twin of an energy facility represents an integrated dynamic system that combines a virtual
mathematical model with a real physical object through a continuous bidirectional exchange of information.
This interaction enables the virtual model to reproduce the real operation of equipment with high accuracy,
evaluate the influence of external and internal factors, predict potential failures, and optimize operational
modes even before direct intervention in the physical technological process. Essentially, the digital twin acts
as a virtual counterpart of the energy system that evolves simultaneously with its physical prototype,
maintaining real-time synchronization of states and parameters.

In the field of energy engineering, digital twins are increasingly used for modeling the full cycle of
energy processes — including generation, transformation, distribution, and consumption of electrical power.
They provide the foundation for implementing intelligent methods of control, monitoring, and diagnostics,
ensuring high efficiency and reliability of energy conversion systems. Unlike traditional automation systems
that primarily perform data acquisition and signal processing, the digital twin concept introduces an interactive
feedback loop, where the virtual model not only observes but also influences the behavior of the physical
system through adaptive control algorithms and real-time optimization. This approach supports predictive and
condition-based maintenance, reduces unplanned downtimes, and enhances overall energy efficiency.

The developed system described in this study is built upon the Siemens technological platform, which
integrates hardware and software tools into a unified control architecture. The core components include the
Siemens Micromaster 440 frequency converter, the SIMATIC S7-314C 2DP programmable logic controller
(PLC), and the SIMATIC OP170B human—machine interface (HMI). Data transmission between these
elements is carried out through the PROFIBUS and MPI industrial communication networks, which provide
high-speed, deterministic, and reliable data exchange within the system hierarchy. This configuration ensures
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seamless communication between the control, power, and visualization levels, enabling accurate coordination
of process variables and control commands.
T 330V, 5011z mverter, Rectifier Cse At the physical layer, the system

™ — < . .
E@_ | NS Co @ comprises an electric motor, current and
]
I
!
i
i

cs,

speed sensors, thermal sensors, and
actuators that interact directly with the
controlled process. These devices generate
ol real-time measurement data that form the
e DT BR(P input for the digital twin’s computational

model. The PLC performs data acquisition,
signal filtering, and the implementation of

'::II
Sy

HL 1L 1

Ca| Ch| Ce

—ry /x| |G| control algorithms, including automatic

aipaac ’:—- start-stop sequences, protection logic, and
closed-loop regulation of motor speed and
torque.

The human—machine interface
(HMI) plays a crucial role in facilitating
operator interaction with both the physical
system and its digital counterpart. The

Current
Cont-r

:,C SIMATIC OP170B panel displays real-
time  information on  operational
parameters, system status, and simulated

Spead variables from the digital twin, providing

Soms visualization and diagnostics capabilities.

é{; Through the HMI, the operator can monitor
equipment performance, modify control
@y setpoints, and observe the immediate
response of the virtual model, which
Fig. 1. Digital Twin Control System Architecture mirrors the physical process behavior.

This continuous synchronization between the real and virtual domains ensures transparency, safety,
and controllability of the system, forming a solid foundation for the development of intelligent, adaptive, and
self-learning energy control solutions.

The mathematical modeling of the digital twin is based on the equations of electromagnetic processes
in an induction motor expressed in dq-coordinates. This approach makes it possible to describe both the steady-
state and dynamic operating modes of the electric drive.

The main system of equations can be represented as follows:

dy,

dt

where Ugq4, Uq — stator voltage projections, iq, i — Stator currents, R — active resistance of the winding,

Y4, Yq — communication flows, ® — communication flows. Quantities ¥4 i Y, form a coordinate system that

rotates with the rotor field, which simplifies the calculation of the parameters of the electromechanical process.

Based on this model, the electromagnetic torque of the motor is determined, which is the main indicator of the
efficiency of the electric drive:

. dy, :
=Ud—Rsld+a)z//qd—tq:Uq—Rslq—a)l//d (1)

3 . .
MEZE p(l//dlq_[//qld) (2)

where p —number of pole pairs. The developed model enables a detailed evaluation of the relationships
between electromagnetic torque, current, voltage, and supply frequency, which provides the foundation for
accurate prediction of mechanical load and optimization of energy consumption under variable operating
conditions. By simulating the interaction between electrical and mechanical subsystems, the model reflects the
real dynamic behavior of the induction motor during acceleration, steady-state operation, and transient load
changes. This makes it possible to analyze performance parameters such as torque ripple, slip variation, and
efficiency losses, which are essential for energy-efficient control strategies in industrial drives.

Within the digital twin, the mathematical model performs the function of a virtual replica of the electric
motor, continuously synchronized with real-time data from the physical system. The virtual environment reproduces
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the operational behavior of the motor driven by the frequency converter, thus enabling predictive analysis and the
optimization of control algorithms before applying changes to the actual hardware. The model also allows for testing
of various operating scenarios — such as variable frequency control, sudden load torque changes, or voltage
fluctuations — without interrupting the real process. In this way, the digital twin serves as an intelligent simulation
and diagnostic tool, enhancing both the reliability and flexibility of the overall control system.

The parameters of the electric drive are calculated on the basis of the energy characteristics of the
motor, taking into account rated power, nominal voltage, efficiency, and load torque curves. These parameters
are used to tune the equivalent circuit of the machine and to ensure the accuracy of dg-model equations in both
stationary and transient conditions. The power of the frequency converter, which defines its ability to supply
energy to the drive under different loads, is determined according to the following relationship:

PPC — k I:)dv.n (3)
n

where k=0,95 — current distortion factor, Ps.n=2,2 KW — rated engine power, n=0,81 — efficiency.
Rated power Ppc=2,6 kW confirms the feasibility of choosing the Siemens Micromaster 440 converter, which
has a rated power 3 kW and overload capacity 1.7. This converter provides smooth speed control and stable
operation of the electric drive under variable loads.

To establish communication between the physical equipment and its digital model, the system employs the
PROFIBUS industrial communication network, which serves as the backbone for real-time data exchange and
control synchronization. PROFIBUS provides bidirectional communication between the programmable logic
controller (PLC), the frequency converter, sensors, and the digital twin software module. It ensures a high-speed
data transmission rate of up to 12 Mbit/s and supports cyclic and acyclic communication, which allows continuous
exchange of process data and control information between the hardware components and the virtual model.

One of the key features of PROFIBUS is its deterministic data transmission, meaning that each device
communicates according to a predefined time schedule controlled by the master node — typically the PLC. This
guarantees the timely delivery of control commands and measurement signals with predictable latency, which
is essential for maintaining synchronization between the digital twin and the real system. The protocol
architecture includes several communication layers that handle physical transmission, data link management,
and application services, ensuring both reliability and electromagnetic noise immunity — critical in industrial
energy environments.

In the developed system, data exchange is implemented through structured telegrams, consisting of
two main information fields: the Parameter Channel Words (PKW) and the Process Data (PZD) areas. The
PKW area contains control and status words used for configuring devices, managing operating modes, and
transmitting diagnostic information, while the PZD area carries the cyclic process data — such as instantaneous
current, voltage, temperature, speed, and torque values. These telegrams form the communication backbone
of the system, enabling the frequency converter and the PLC to coordinate control actions and maintain
accurate process feedback.

MICROMASTER

Fig. 2. Appearance of the Micromaster 440
frequency converter

Fig. 3. PROFIBUS communication module

147



TexHika, eHepreTuka,

Ne 3 (130) /2025
TpaHcnopt AlIIK

E “ Vol. 130, Ne 3 / 2025

Control commands such as frequency setpoints, torque references, and rotational direction instructions
are transmitted from the PLC to the converter via PZD telegrams, while the converter simultaneously sends
feedback signals representing actual process variables. This two-way synchronization allows the digital twin
to receive continuously updated data from the physical object with a refresh rate of 10-20 milliseconds,
ensuring near real-time interaction between the simulation environment and the actual hardware.
Consequently, the digital twin can monitor the instantaneous condition of the system, verify the correctness of
control algorithms, and promptly respond to operational deviations, thereby bridging the gap between the
physical and virtual domains.

The SIMATIC S7-314C 2DP programmable logic controller performs the functions of data
acquisition, processing and transmission. Its architecture allows you to implement speed, torque and stop
control algorithms for the electric drive, as well as coordinate several frequency converters. The controller has
a sufficient amount of memory (96 KB), advanced communication capabilities, high speed and built-in analog
inputs for reading sensor signals.
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The Human—Machine Interface (HMI) represents an essential component of the digital twin system,
as it provides the means for visualizing data, monitoring parameters, and facilitating direct operator interaction
with the control environment. In the developed configuration, the SIMATIC OP170B panel, implemented
within the WinCC Flexible environment, serves as the primary communication point between the operator and
both the virtual and physical domains of the system. The interface enables real-time observation of equipment
status, displaying key operational indicators such as motor speed, current consumption, voltage levels, system
temperature, and fault messages.

Beyond simple data monitoring, the HMI panel allows the operator to influence the operation of the
system directly. Through intuitive graphical controls, the user can adjust setpoints, initiate or halt the drive
system, execute motor reversals, and switch between manual and automatic operating modes. The interaction
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logic is designed to ensure operational safety: critical commands are confirmed through dialog prompts, while
protective interlocks prevent unsafe switching sequences or parameter changes during operation.

The visualization interface is composed of dynamic graphic elements, including real-time gauges,
process diagrams, trend charts, and alarm panels, which simplify the perception of the technological process
and enhance situational awareness. Each graphical object is linked to real process variables via communication
tags, ensuring that the information displayed on the screen accurately reflects the current state of the system
as captured by sensors and transmitted through the PROFIBUS network.

Furthermore, the HMI supports diagnostic and logging functions, recording all operational events,
parameter adjustments, and alarm occurrences for subsequent analysis. This enables the digital twin to
maintain historical data archives, facilitating the comparison of simulated and real performance indicators.
Through such integration, the HMI becomes not merely a visualization tool, but an interactive control and
feedback interface — a bridge between the operator, the physical process, and its digital counterpart. This
combination significantly improves the transparency, safety, and efficiency of the control system, contributing

to the realization of a truly intelligent cyber-physical environment.
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The digital twin interacts with the physical object through a closed loop of information exchange.
Sensors and measuring elements transmit data to the PLC, which sends them to the digital model. The virtual
model analyzes the received data, compares them with theoretical parameters, determines deviations and
generates corrective signals that are transmitted back to the controller. The controller, in turn, changes the
parameters of the frequency converter, ensuring stable operation of the electric drive. This is the principle of
the “mirror” behavior of the digital twin — every change in the real object is instantly reflected in the virtual
model, and vice versa.

Control

panel
A

MPI
v

MPI
RE <—'>{ Programmable Logic Controller (PLC)

Profibus

\4 \4 v \4

el FC2 FC3 FC4

Fig. 8. Block diagram of the interaction of a digital twin with a real object
The application of digital twins in energy control systems provides a wide range of significant advantages.

First, it increases energy efficiency by 10-15% through the optimization of motor rotational frequency
according to variable load conditions.
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Second, it reduces system commissioning time by approximately 20-25% due to the ability to perform
preliminary testing and verification of control algorithms on a virtual model before implementation in real
hardware.

Third, it decreases equipment downtime by 25-30% as a result of predictive failure detection and the
analysis of process parameter trends, which enables timely maintenance and fault prevention.

In addition, the use of digital twins considerably enhances operational safety, since most experiments
and system optimizations can be conducted in a virtual environment without exposing real equipment to risk.
The digital twin also facilitates detailed diagnostics and scenario-based testing, helping operators to identify
potentially hazardous situations before they occur in the actual process.

From an economic perspective, the implementation of digital twin technology leads to measurable cost
savings by reducing maintenance expenses, extending equipment lifetime, and improving the accuracy of
energy consumption forecasting. The integration of virtual models into the control architecture supports
informed decision-making and enables continuous system optimization throughout its lifecycle.

Based on the results obtained, it can be concluded that the integration of digital twins into energy
process control systems represents a highly promising direction for the future of industrial automation. This
approach allows for the seamless combination of hardware components, analytical models, and intelligent
algorithms within a unified cyber-physical structure, forming the technological foundation for next-generation
smart energy systems.

5. Conclusion

The results of the conducted research have confirmed the effectiveness of applying the digital twin
concept in control systems for energy facilities. The study analyzed the current state of digital modeling
technologies, identified scientific approaches to the creation of virtual replicas of physical systems, and
demonstrated the feasibility of their integration into industrial automation practice. The developed digital twin
concept enables the integration of mathematical models of electrotechnical processes with real control devices,
which significantly improves the accuracy, reliability, and efficiency of energy systems.

An architecture of the control system based on the Siemens hardware—software platform has been
proposed, incorporating the Micromaster 440 frequency converter, the SIMATIC S7-314C 2DP programmable
logic controller, and the OP170B operator panel. By utilizing the PROFIBUS industrial network, bidirectional
data exchange between the physical and digital layers has been achieved. This forms the foundation for
constructing closed-loop control systems, in which the digital twin not only reflects the state of the system but
also actively influences it in real time. Such an approach opens new opportunities for implementing adaptive
and predictive control of complex energy processes, enhancing both performance and resilience.

The mathematical model of the electric drive, developed on the basis of dg-coordinate transformation,
provides an accurate representation of electromagnetic processes and enables assessment of the system’s
dynamic characteristics over a wide range of operating modes. Through its integration into the digital twin,
consistency between theoretical calculations and experimental data is achieved, allowing for virtual testing,
fault simulation, and algorithm verification without any risk to physical equipment. This significantly reduces
commissioning time and lowers operational and maintenance costs.

Practical testing has shown that the implementation of digital twins in electric drive control systems
can reduce energy consumption by 10-15%, decrease equipment downtime by 25-30%, and shorten
maintenance duration. Furthermore, the digital twin provides advanced monitoring capabilities, including
automatic detection of parameter deviations, generation of early warning messages, and decision support for
optimizing system operating conditions. These results confirm the high practical value of the proposed
approach for modernizing existing energy systems and developing new intelligent control complexes.

From a scientific standpoint, the proposed methodology is distinguished by a systemic approach to
digital twin development that combines physical modeling, control algorithms, and visualization tools into a
unified structure. This framework can serve as a foundation for future research focused on the creation of
hybrid models that integrate analytical equations with machine learning methods. In the long term, such models
will enable the design of self-learning systems capable of adapting to changing operating conditions,
automatically adjusting control parameters, and performing real-time diagnostics and optimization.

Thus, digital twins are becoming a key technological instrument in the transition toward the Smart
Energy paradigm, where every element of an energy system has its own virtual representation and interacts
with others through big data analytics and artificial intelligence. The implementation of the described
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methodology lays the groundwork for developing energy-efficient, reliable, and environmentally sustainable
industrial processes, fully aligned with the principles of Industry 4.0 and Energy 5.0.
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[IU®POBI ABIMHUKU B EHEPTETHUIII: IHOOPMALIMHI TEXHOJIOI'T Y CHCTEMAX
KEPYBAHHS TA IX BIIUB HA PECYPCOOIIAJTHICTh

Y cmammi npedcmaenerno pesynbmamu KOMIAEKCHO20 OOCTIONCEHHS NPOYECI8 YNPOBAONCEHHS YUPDPOBUX
OBILHUKIG } CUCIEMAX KEPYBAHHS eHEPLEMUYHUMU 00 EKMAMU 13 BUKOPUCTNAHHAM CYHACHUX ANAPAMHO-NPOSPAMHUX
xomnnexcie. Ocobnugy ysazy npuoineHo anaunizy nioxoodig 0o nobyoosu inmezpoeanux mooenetl, Wo NOcOHyIOmb
peanvHi izuuni npoyecu 3 IXHIMU GIPDIMYATbHUMU QHATIOZAMU Y MENCAX €OUHO20 Kibephizuunoeo cepedosuuyd.
ObrpyHmogaro 8ubip MexHoN02IYHOI OCHOBU O peaniz3ayii Yugposux OGIHUKIE Y CUCMeMaX agmomMamu3ayii,
3aCHOBAHOI  HA  BUKOPUCMAHHI  npocpamosanux ao2iynux Kowmponepie SIMATIC S7-300, uacmommnux
nepemsopiosauie Siemens Micromaster 440 ma npomucnogozo inmepgheticy oominy oanumu PROFIBUS. Taka
apximexmypa 3abe3neyye HAOIHULL OBOCMOPOHHINL 0OMIH iH@OpMayiclo Midic GipmyanvHuMu i QisuyHUMU
KOMHOHEHMAMU CUCeMU, 4 MAKONC CUHXPOHI3AYII0 napamempie pooomu 8 Pelcumi peaibHO20 Hacy.

Poskpumo npunyunu 060cmopornvoi 63aemo0ii Midic yugposum O8iUHUKOM | izuuHUM 00 €Kmom, wo
6azyiomvcs Ha NOCMIUHOMY 0OMIHT MmeleMemPUtHUMU OAHUMU MA CUCHATTbHO-KepYioyoro ingopmayiero. Hasedeno
NPUKIAoU anapamno-npocpamuol inmeepayii misc koumponepom PLC, nanennto onepamopa HMI ma moodynamu
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383Ky, AKI 3a0e3neuyioms nepeoayy sk Kepylouux KOMaHo, max i 360pOMHUX OQHUX NPO CMAH MEXHONIOLIYHO20
npoyecy. BusHaueno 0CHO8HI 8UMO2U 00 MAMEMATNUYHOI MOOEI] eHepeemUuyHO20 NPOYECy, d MAKONC 3aNPONOHOBAHO
Memoouxy il nobyoou Ha OCHO8I dg-nepemeopeHHs KOOpPOUHAm, Wwo 0036051 MOYHO GIOMEOPIoeamu
eNIeKMPOMASHIMHI MA MEXAHIYHI NPOYECU 8 ACUHXPOHHOMY eeKMPONPUBOOI 3a PIZHUX PENCUMIE HAGAHMANCECHHS.

Y pobomi Oemanvno onucano kmouosi emanu nob6yo0osu yupposoco OGIHUKA, ceped SAKUX
Gopmysanns cmpykmypHoi cxemMu cucmemu, OnuUcC QIBUYHUX 63AEMO38 A3KI6, GuUOIp napamempis
MOOen08aHHsl, pO3POONEHHS ANOPUTIMIE KepYBaHHs ma iX adanmayis 00 YMO8 peanbHo20 MexHOI0IYHO20
npoyecy. Okpemy ygazy npudiieHo 3a6e3nedenHIo Y3200HCeHOCH MIdC MOOeII0 MAd PeaibHUM 00IAOHAHHAM,
Wo 00cA2a€EMbCs 34 PAXYHOK SUKOPUCTMAHHSA npomuciosux mepedic oominy PROFIBUS i MPI. Peanizosaro
YUKIIUHE OHOBNIeHHS OAHUX I3 MIHIMAILHOW 3aMPUMKOI0, WO 3a0e3nedye cmabilbHiCmb KepYBAHHSL 8 PetCUMi
PeanbHO20 Yacy ma HaoiuHiCmb 360POMHO20 36 A3KY MidC YCIMA KOMNOHEHMAaMU CUCHEMU.

Pozenanymo npaxmuuni acnexmu 8UKOPUCTNAHHA YUDPOBUX OBILIHUKIE 011 NIOBULEHHA eqheKMUBHOCI
excnyamayii enepeemuyno2o oonaonauus. Iloxkazano mocausocmi 3acmocy8anHs yu@posux moodeneti 0
dlaeHOCUKY CMAaHy 00IAOHANHS, NPOSHO3YBANHS BI0MO8, ONMUMIZAYTT Napamempie pe2yit08anHs ma NIAHY8aHHS
mexHiuHo2o0 obcnyeogysanns. HasedeHo npuxiad ynpoeaoceHHs yugdposo2o OSIIHUKA ) Hpoyec Kepye8auHs
ACUHXPOHHUM €e/IeKMpPONpUBOOOM i3 HACTMOMHUM pPe2yJIO8aHHAM, SKULL OeMOHCMPYE Nepeéazu GipMYyabHO20
Mecmy6anHsi, NONePeoHbOLO HANALOONCEHHS CUCIEMU ThA AHATIZY 6NAUBY 308HIUHIX (hakmopis.

Peszynomamu docnidocenns ciouams, wo 8npo8ad’ceHHA YUPPosUX OGIlIHUKIE Y CUCEMU KePYBAHHS
eHepeemuyHUMU 00 'ekmamu 3abe3nedye cymmese RIOBUWEHHS MOYHOCHI pecylio8aHHs, CKOPOYEHHS
npocmoie obnaonanns na 25—-30%, niosuwenns enepeoegexmusnocmi na 10—15%, a maxooic nokpaujeHus
nposopocmi ma Keposanocmi eupoonuyux npoyecis. Kpim moeo, yu@posuti 08IlHUK CIMEOPIOE MONCIUBOCI
onsl inmezpayii cucmem MOHIMOPUHEY, apXieayii OAHUX i NPOSHO3HO20 AHANI3Y Y EOUHOMY IHpopMmayiiHoMy
cepedoguwyi. 3anponoHosanuli  nioxio  Gopmye  0CHO8Y  OnsL  PO3POONEHHS  eHepeoeheKMUBGHUX
IHMEeNeKMYATbHUX — CUCeM  HO8020 NOKONIHHA, WO NOEOHYIOMb  MOOEN08AHHS,  AHANIMUKy ma
aABMOMAMU308AHE KEPYBAHHSI 8 MeNCAX KOHYenyil «po3ymHoi enepeemuruy (Smart Energy) ma inoycmpii 4.0.

Knrouoei cnosa: wyugpposuii  0gilinux, enepeemuyHuii 00’ekm, asmomamuzayis, PLC,
Micromaster 440, WinCC Flexible, PROFIBUS.
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