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XAPAKTEPUCTUKHU JATYUKOB
B CUCTEMAX ABTOMATHYECKOI'O KOHTPOJIA
CHARACTERISTICS OF SENSORS
IN AUTOMATIC CONTROL SYSTEMS

AHHOTanusi. B aHHON cTaTbe paccMaTpUBAOTCS XapaKTEPUCTUKU JAaTYMKOB B CHUCTEMAaxX
ABTOMAaTHYECKOI'0 YIIpaBJICHUA M KOHTPOJIA. B COBPEMECHHYIO J3IIOXY CTPEMHUTCIIBHOC pPa3sBUTHUC
MNPOMBINIJICHHOCTH, OHCPICTUKU U CHUCTCM ABTOMATU3UPOBAHHOTO YIPABJIICHHUA CIIC 0oJblIIe
ITOBBICUJIO 3HAYMMOCTDb CCHCOPHBIX TexHoaorui. TouHoe YIIPpaABJICHUEC, OIICPATHBHOC PCTYJIMPOBAHUC
W HaACXKHad 3aluTa BCEX IMPOHCCCOB, KaK B HOBCCI[HGBHOﬁ KN3HHU, TaK H Ha CJIOXHbIX
IPOMBIIUICHHBIX W 3HCPICTHYCCKHUX 06LCKTaX, 3aBHCIAT OT BO3MOJKHOCTEH AJaTYUKOB. I[aT‘{I/IKI/I
M3MEPSIOT pa3nyHble (PU3NYecKre, XAMHUYECKUE H TEXHOIOTHYECKHE TTapaMeTphl U Ipeodpas3yroT Ux
B OJICKTPHYCCKUC CUT'HAJIbI, Ha OCHOBC KOTOPBIX o0ecrieunBaeTcs KOPPCKTHas pa60Ta CUCTEM
ynpasieHus: 1 KOHTpoJis. CI0KHOCTH MPOLIECCOB B IHEPIETUUECKUX CHUCTEMAX, PEKUMBI BBICOKHX
Harpy3oK U pUCKH, CBA3AHHBLIC C aBapHAMHU, ACIIAOT POJIb JAaTYHHUKOB CIIC Oonee aKTyaHBHOﬁ. B
YaCTHOCTH, TOYHBIN KOHTPOJIb TAKMX [TapaMETPOB, KaK TEMIEPATypa, TOK, HAMPSKEHUE U BUOpaIs
B DJICKTPHUUYCCKUX CCTAX U CUIIOBBIX TpaHC(i)OpMaTOan, IMOBLIITACT SKCINTYAaTAIMOHHYIO HAJIC)KHOCTD
o0opy1I0BaHUs M TIPEAOTBpallacT aBapuu. B pe3ynbrare pa3BUTHS CEHCOPHBIX TEXHOJIOTHH CTaIo
BO3MOYKHBIM BKJIFOUEHHE JOMOJHUTEIBHBIX TapaMeTpoB B yrpasienue (1-14).

Abstract. This article discusses the characteristics of sensors in automatic control and
monitoring systems. In modern times, the rapid development of industry, energy and automated
control systems has further increased the importance of sensor technologies. Precise control,
operational control and reliable protection of all processes, both in everyday life and in complex
industrial and energy facilities, depend on the capabilities of sensors. Sensors measure various
physical, chemical and technological parameters and convert them into electrical signals, and based
on these signals, the correct operation of control and monitoring systems is ensured. The complexity
of processes in energy systems, high load modes and risks associated with accidents make the role of
sensors even more relevant. In particular, accurate monitoring of parameters such as temperature,
current, voltage and vibration in electrical networks and power transformers increases the operational
reliability of equipment and prevents accidents. As a result of the development of sensor technologies,
it has become possible to involve additional parameters in control (1-14).

KuaroueBbie caoBa: JlaTyuk, CUCTEMa YIpaBICHUS, AaBTOMAaTUYECKUN KOHTPOJIb,
XapaKTCPUCTHKA, ITApaMETpP, TOYHOCTh, MOACIINPOBAHUC, ITOTPCIIHOCTD, KpHTepHﬁ, nporpamma.

gMemz{yHapoz{Hmﬁ HayuHbIi xypHan "®narman Hayku' Nel(36) SAuBapsb 2026
www.flagmannauki.ru |  8(812)9052909 | info@flagmannauki.ru



PA3JIEJI: nxeHepHoe Ae10, TEXHOJIOTUHN U TEXHUYECKUE HAYyKH
Hanpasnenue: Texnuueckue Hayku

Keywords: Sensor, control system, automatic control, characteristic, parameter, accuracy,
modeling, error, criterion, program.

The relevance of the topic is closely related to the digitalization processes of modern energy.
"Smart Grids", automated distribution systems, telemechanics and SCADA technologies cannot
function without operational data from sensors. Therefore, the correct selection of various types of
sensors, the development of application methodologies and their integration into management and
control systems are of great importance both from a theoretical and practical point of view. The
reliability of modern control, monitoring and automation systems depends on the correct selection
and application methodology of sensor technologies. The sensor should be considered not only as a
measuring device, but also as a functional element of the information system. Therefore, the
methodological approach involves scientific justification of sensor selection, assessment of accuracy
and reliability, as well as proper integration of information flows [1-6]. The definition of the main
criteria, typical ranges and engineering significance of the sensors are summarized in Table 1.

Table 1.
Main criteria for sensor selection
Criterion Definition and Typical Significance
explanation range/example

measuring minimum—maximum quantity | 0...2000 A (current), - ensuring system

range received by the sensor 50...+250 °C compliance
accuracy the limit of deviation of the +0.1-1 % impact on steering

measurement from the real accuracy
value

resolution the smallest change that the 0.01 °C, 0.001 A detecting small changes

sensor can detect

response time | reaction time to signal change Ims—1s important in control and
automation
drift and signal changes during long- +0.1 °Cl/year, £0.5 reliability and
stability term operation %lyear predictability
reliability mean time between failures 50 000 — 200 000 ensuring system
clock reliability
energy energy required for sensor 1-100 mW important in autonomous
consumption operation and remote facilities
economic | price, calibration, maintenance 50 - 500 USD compliance with the
factor costs (typical) project budget

According to the methodological approach, sensor selection is based on a comparison of each
of these criteria with the system requirements. The reliability of the data provided by sensors is
determined not only by technical parameters, but also by the nature and size of errors. Even the
smallest errors in control and monitoring systems can lead to incorrect decisions. Therefore, accuracy
and error analysis constitute a special methodological stage in the application of sensors. An example
of an automatic control circuit is shown in figure 1.
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Figure 1. Diagram of an automatic control system
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Figure 2. Graphs of voltage, deformation and temperature in the automatic control system

Software is the most important component of automatic control systems. When selecting
software, it's important to consider functionality, versatility, compatibility with specific sensor types,
scalability, and other parameters, as software creates a unified information environment from
disparate hardware to ensure the continuity and integrity of measurements. All sensors are
automatically polled using specialized data collection systems, which transmit measurement results
and diagnostic information (figure 2).

The main function of sensor technologies in energy facilities is to ensure system reliability,
detect emergencies in a timely manner, and optimize management processes. The role of sensors in
electrical networks is particularly important. Here, current and voltage sensors measure the loading
of lines and transformers, record short circuits with millisecond accuracy, and transmit signals to the
SCADA system. In addition, power quality sensors monitor harmonic distortions, frequency
deviations, and voltage fluctuations, which ensures that the energy supplied to consumers complies
with standards. In recent years, fiber-optic sensors have also found wide application. They increase
the safety of lines by measuring the temperature and mechanical stress of long-distance high-voltage
lines. Sensor technologies in substations are more complex and multifaceted. Here, temperature
sensors monitor the heating of transformer windings and insulating oil, while gas analysis sensors
detect potential malfunctions before an accident occurs by determining the composition of gases
dissolved in the oil. Vibration sensors monitor the mechanical condition of circuit breakers and
transformer cores, while insulation monitoring sensors record leakage currents in cable lines and
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insulators. These technologies not only control substations in real time, but also provide pre-accident
diagnostics and increase the service life of equipment. One of the important conditions for the reliable
operation of electromechanical equipment is the correct design of their protection systems. In this
regard, one of the most widely used methods is maximum current protection [7-12]. In modern
operating conditions, the limitations of this approach are revealed, since additional factors that affect
the real state of the equipment — temperature and vibration — are not taken into account. To investigate
this problem in depth, an overcurrent protection system for electromechanical equipment is modeled
in the MATLAB/Simulink environment. The protection tripping process (Figure 3) shows that after
a short circuit occurs, the current exceeds the tripping threshold, and when the time delay is
completed, a trip signal is generated within 2.0-2.4 s and the electromechanical equipment is
disconnected from the network. This confirms the ability of classical overcurrent protection to protect
equipment in emergency conditions. When the presented modeling results are combined with the
integration of practical measurements of sensors, it becomes clear that the protection of modern
electromechanical devices should not be limited only to monitoring current limits. Temperature and
vibration signals obtained from sensors are included in the protection system, ensuring its adaptive
operation. As a result, the operational reliability of the equipment increases, and the probability of
accidents is significantly reduced. This approach is a real example of the transition from classical
protection to intelligent protection.
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Figure 3. Classic overcurrent protection trippihg process

Modeling shows that integrating sensor data makes classical protection more flexible and
effective. Modeling results conducted in the MATLAB/Simulink environment prove the practical
effectiveness of sensor integration, and simulations show that a protection system enriched with
sensor data protects electromechanical equipment from both electrical and mechanical risks faster
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and more reliably. In case of temperature increase, the starting current limit is automatically reduced,
and in case of vibration increase, the delay time is shortened. As a result, the protection system works
more flexibly and the electromechanical device adapts to the actual operating conditions (Figure 4).
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Figure 4. Adaptive overcurrent protection concept:
taking into account temperature and vibration parameters.

The main purpose of the presented work is to analyze the characteristics of sensors in
automation control systems, to substantiate their practical importance in energy and to demonstrate
their application possibilities based on modeling in the MATLAB/Simulink environment. For this
purpose, the study of the application areas of sensors, the analysis of the selection criteria, accuracy
and error parameters, reliability indicators of various sensors used in energy, the practical processing
of sensor signals, the development of methodological foundations for their use in control systems, the
modeling in the MATLAB/Simulink environment and the integration of sensor data into the adaptive
protection concept, the generalization of the results obtained and the identification of future
application possibilities were considered. The scientific significance of the work is that the systematic
analysis conducted on various types of sensors creates a theoretical basis for their integration in
modern energy, and the practical significance is related to the inclusion of sensor signals in protection
and control systems. This approach increases the reliability of electromechanical devices and
networks, reduces the risk of accidents and extends the life of equipment [10-14]. In addition, models
built in the MATLAB/Simulink environment allow for the replication of real conditions and the
testing of new technologies. The conducted analyses show that sensor technologies have become an
integral part of modern energy and automation systems. They enable more accurate and reliable
control, not limited to traditional current and voltage measurements, but also covering temperature,
vibration and other parameters. This increases the flexibility of control and management systems,
reduces the risk of accidents and extends the service life of equipment. The development of the correct
selection and application methodology of sensors directly affects the quality of the results.
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