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Abstract: This article presents the task of assessing the technical condition of electrical network equipment in power
plants and substations based on the analysis of the life cycle of electrical network equipment performed. The task of
determining the state of electrical network equipment as well as technical diagnostics and condition assessment has been
considered as the initial minimum set of various data that ensures sufficient reliability. The use of new technologies is
necessary in order to qualitatively and quantitatively assess the technical condition of electrical network equipment based
on the analysis of the type of situation that occurs in electrical energy. To assess the state of the equipment of power
plants and substations of electrical networks, a monitoring system of the Bayesian method was used using a complex of
hardware and software.

Key words: power plants, substation, power supply system, insulation, transformer, diagnostics, expert system, automation,
transformer, monitoring system, mobile portable motor, dielectric.

Annotatsiya: Ushbu maqgolada elektr stansiyalari va podstantsiyalardagi elektr tarmoglari uskunalarining texnik holatini
bajarilgan elekir tarmog'i uskunalarining hayot aylanishini tahlil gilish asosida baholash vazifasi ko'rsatilgan. Elektr
tarmog'i uskunasining holatini aniglash, shuningdek, texnik diagnostika va holatni baholash vazifasi etarlicha ishonchlilikni
ta'minlaydigan turli xil ma'lumotlarning dastlabki minimal to'plami sifatida ko'rib chiqildi. Yangi texnologiyalardan foydalanish
elektr energiyasida yuzaga keladigan vaziyatning turini tahlil gilish asosida elektr tarmog'i uskunasining texnik holatini
sifat va miqdoriy jihatdan baholash uchun zarurdir. Elektr stansiyalari va elektr tarmogqlari podstansiyalari jihozlarining
holatini baholash uchun apparat va dasturiy ta'minot majmuasidan foydalangan holda Bayes usulidagi monitoring tizimi
qo'llanildi.

Kalit so‘zlar: elektr stantsiyalari, podstansiya, elektr ta'minoti tizimi, izolyatsiya, transformator, diagnostika, ekspert tizimi,
avtomatlashtirish, transformator, monitoring tizimi, mobil ko'chma dvigatel, dielektrik.

AHHOTauus: B gaHHoOM cTaTbe npeacTaBneHa 3aJada OLEeHKU TEXHUYECKOro COCTOSIHIUSA 3NeKTpoceTeBoro 06opyaoBaHms
3MEeKTPOCTaHLMI U MOACTAHLMIA Ha OCHOBE aHanm3a X1U3HEeHHOTO LViKra BbINOIHEHHOIO 3MEKTPOCETEBOro 060pyaoBaHUS.
3afava onpefeneHus COCTOSIHUS 9NeKTPOCETEBOro 0bOpydoBaHusA, a Takke TexHMYeckas AMarHocTMka M OLeHKa
COCTOSIHUSI pacCMaTpPMBAIOTCS Kak MCXOAHBIA MUHMMATbHbIA HaBop pasnuyHbIX AaHHbIX, 06eCneYnBatoLLMii 4OCTATOYHYO
[OCTOBEPHOCTb. Mcnonb3oBaHne HOBbIX TEXHOMOrMi HeoBbXxoauMo AN KayeCTBEHHOW W KOMUYECTBEHHOW OLIEHKU
TEXHWYECKOTO COCTOSIHWUSA 3MEKTPOCETEBOr0 00OPYOAOBaHMS Ha OCHOBE aHanu3a Tumna CUTyauuu, BO3HMKAKLLeh B
arekTpoaHepreTuke. [ns OLUEHKU COCTOSIHMS 0BOpPYOOBaHUS 3MEeKTPOCTaHLMA U MOACTAHLUMIA SNIEeKTPUYECKUX CeTen
1Crosib30BaHa cUcTEMa MOHUTOPUHIA GaecoBCKOro MeToda C MUCMOMb30BaHWEM KOMIIIeKca annaparHo-nporpaMmHbIX
cpeacTs.

KritoueBble crnoBa: 9meKkTpoCTaHuuMW, MOACTaHUMS, CUCTEMA 3reKTPOCHabXeHus, wu3onauusa, TpaHcdopmaTop,
OmnarHocTuka, aKCcrnepTHasa cMctema, aBToMaTmnsaums, TpaHcopmMaTop, cuctemMa MOHUTOPUHIA, MOBUIbHbBIM NEPEHOCHOM
OBuUraTenb, AN3MNEKTPUK.
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INTRODUCTION

Today, issues of assessing the state of electrical equipment in power plants and substations are becoming
more relevant. This, in turn, is due to the fact that a significant part of the basic electrical network equipment has
developed a specified Park resource or a service life established by regulatory documents and is used within
its capabilities [1] ..., [2].

The power supply system is a set of electrical installations designed to supply electricity to consumers [3].
It contains voltage networks above 1 kV and 1 kV connected by transformer substations.

Monitoring is used using a complex of hardware and software to assess the state of the equipment of
power plants and substations of electrical networks. Such a complex is designed to register various information
about the parameters of equipment and its structural elements, the conditions of their operation, etc., as well as
to analyze the condition of the equipment based on the data obtained.

It should be noted that the cost of the basic equipment monitoring system is about 5-8% of the cost of
the electrical network object. Given the decrease in costs associated with planned and emergency equipment
repairs, the payment period of such systems does not exceed five years [4].

However, even with such a payment period and an average average average cost, the economic possibility
of installing a monitoring system on each substation facility is often absent (substations in small towns or
villages). A good alternative to the monitoring subsystem associated with assessing the condition of electrical
network equipment in such cases can be any information available about the technical diagnostics and test
data analysis system and/or electrical network equipment received during its operation.

In the diagnostic process, there are different definitions for monitoring electrical equipment.

In this article, it is advisable to use the definition of diagnostics as an intellectual group of consistent data,
which includes statistics of values and trends (changes) that are then processed by the expert system in order
to provide accurate information about the state of the equipment and the recommended measures. Monitoring
can be defined as the accumulation of basic information.

The main purpose of technical diagnostics is, first of all, to recognize the state of the object in conditions of
limited information and, as a result, to assess the residual resources of the system (equipment) and increase its
reliability [5]. Different technical systems have different structures and goals, so the same technical diagnostics
cannot be applied to all systems.

LITERATURE REVIEW ON THE TOPIC

J. Wang et al.[6] study analyzes the evolution of intelligent algorithms for transformer condition assessment.
The study covers DGA, sulfur gases and other online monitoring signal sources, as well as information fusion
methods for data integration and error reduction. The authors show the strengths and weaknesses of the
algorithms using statistical analysis, classifiers, data fusion and uncertainty model; as a result, big-data and
Al-based assessment schemes make transformer CBM (condition-based maintenance) more effective.

H. Zhi et al.[7] paper proposes a real-time digital-twin system for distribution networks: this system includes
a robust state-estimation and a deep learning-based bad-data identification module. The authors demonstrate
the accuracy and latency of the proposed approach in detecting and correcting incorrect/missing data by testing
scenarios through a simulation platform. Conclusion: Digital twin and advanced state estimation are reliable
tools for assessing the condition of network equipment.

A systematic review by J. Heluany and V. Gkioulos[8] provides a comprehensive overview of the application
of digital twin technology in the power sector (generation and distribution). The authors consider the issues of
DT architecture, two-way communication, virtual models and services, and security and stakeholders. As a
result, the highest potential of DT is identified mainly for control and fault diagnosis in the distribution process,
but the lack of specific security studies for DT itself is noted.

In the study by J. Garcia et al.[9], a review of the NLP-assisted literature analyzes signal-processing,
hybrid models, and practical challenges in the field of condition-monitoring and predictive maintenance of
industrial equipment. The authors show in which cases ML/DL methods work best, the possibilities of IoT and
big-data integration, and the need for XAl (explainable Al). Conclusion: Combined signal-based approaches
and interpretable models are effective in assessing power grid equipment.

M.Ismaeil[10] proposes an asset information model (AIMM) based on the integration of GIS and BIM,
demonstrating the possibilities of combining infrastructure and equipment data into a centralized repo
(spatial+non-spatial). The study shows through a practical example — asset management in campus facilities
— that GIS/BIM/SCADA integration creates the necessary information base for assessing the technical
condition of equipment and optimizing maintenance processes. This approach is an important infrastructure for
assessing the condition in power grid asset management.
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RESEARCH METHODOLOGY

In carrying out this research work, methods widely used in scientific research methodology were used. In
the process of scientific analysis, these scientific research methods were widely used, in particular, observation,
generalization, grouping, comparison, and in analysis, synthesis and analysis methods were widely used.

ANALYSIS AND RESULTS

In this work, the monitoring system is understood as an assessment of the technical condition of the main
electrical equipment, without taking into account the subsystems of system-wide controls (relay protection and
anti-accident automation, emergency recording and electrical quality control processes, etc.).

Of course, the monitoring system has a number of technical advantages over the technical Diagnostic Data
Analysis System:

- the ability to diagnose electrical appliances under the voltage of the circuit;

- control of the actual state of the equipment at the speed of the process of the circuit;

- high reliability of outputs;

- the ability to store output data (parameters and characteristics of equipment), which allows you to
determine the relationship and relationship between events [11].

For example, in terms of assessing the state of electrical equipment to determine the integral assessment
of the state of substations, the monitoring system has a number of disadvantages:

- very rarely does a monitoring system contain a comprehensive set of data on all electrical equipment of
an existing object. It is aimed at monitoring the main components-power transformers, switching (less often —
auxiliary) equipment;

- output data is a set of data on which analysis and processing form a separate problem, the solution of
which requires an appropriate mathematical apparatus with the implementation of software.

- In addition, there must be certain conditions for the installation of a monitoring system in power plants
and substations:

- the equipment should have a relatively high price;

- in the event of a failure of such equipment, the approximate damage caused by low discharge of electricity
should be noticeable;

- diagnostic testing of such equipment under load is not carried out quickly and reliably using mobile
portable devices and requires significantly more expensive diagnostic equipment [12]. For example, analyzing
the state of hydraulic units when it is necessary to ensure simultaneous control of temperature, electrical,
mechanical and other parameters.

It follows from the above that the use of monitoring systems for each unit of electrical network equipment
is not technically and economically justified, for example, in transitions carried out using simplified schemes,
and even more so in grid and dead substations. But since it is necessary to analyze the technical condition of
all objects of the electrical network complex, this work proposes a system based on the analysis of technical
diagnostic data as a system for assessing the technical condition of electrical network equipment of power
plants and substations and any available information about electrical network equipment obtained during the
operation of this equipment.

Today, technical diagnostic methods (based on non-destructive testing methods) and tests are actively
used to assess the condition of electrical equipment in power plants and substations.

The frequency and size of equipment diagnostics and testing are regulated. The number, type, meaning
and methods of data collection are different and depend on the diagnostic method and the purpose of the
equipment [13].

For almost any type of equipment, there is at least one non-destructive testing method, with which it is
possible to obtain information about the condition of the equipment with a frequency of control at least once a
year. According to the general classification, all methods of diagnostics of electrical equipment and its control
can be divided into two groups:

- non-destructive testing methods that do not require the destruction of samples of test materials (products)
of the circuit;

- destructive control methods that require the destruction of samples of test materials (products).

All methods of non-destructive control can be distinguished on the basis of the physical phenomena on
which they are based. The following non-destructive testing methods are most commonly used for electrical
equipment:

- magnetic of the moment;

- electric in the wind;
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- circuit current;

- radio waves of the moment;

- heat of the moment;

- optical;

- radiation;

- solo acoustic;

- penetrating substances (capillary and leakage).

Within each species, methods are also classified according to additional characteristics.

Consider the definitions for each unbreakable testing method used in regulatory documents.

Definitions for each non-perturbative test method used in regulatory documents include based on the
determination of magnetic properties.

Magnetic control methods are based on recording the magnetic scattering fields that occur on defects or
determining the magnetic properties of the controlled products.

Electrical control methods, in accordance, are based on recording the parameters of the electric field that
interact with the control object, or the area that appears on the controlled object as a result of external influence.

The method of radio wave control is based on the analysis of the interaction of the radio wave range with
the control object of electromagnetic radiation.

Thermal control methods, in accordance, are based on recording the thermal fields of the control object.

Visually, optical control methods are based on the interaction of optical radiation with the control object.

Radiation control methods are based on recording and analyzing penetrating ionizing radiation after
interacting with a controlled object.

Acoustic control methods are based on the application of excited elastic vibrations at the control object.

Capillary control methods are based, accordingly, on the capillary penetration of indicator fluids into the
surface and continuous spaces of the material of the object of observation and registration of indicator traces
formed visually or using a transducer.

It should be noted that according to the regulatory framework for analyzing the state of electrical network
equipment, all these methods are not mandatory, some of them are recommended.

Mandatory includes the following test methods:

measuring the DC resistance and suction coefficient of insulation;

measurement of insulation properties: dielectric loss angle tangent, insulation capacity;

high voltage insulation test;

oil Test (physico-chemical analysis);

assessment of the moisture content of solid insulation, etc.

Assessment of the application and effectiveness of modern information systems.

The system developed in this article is positioned as an expert system for assessing the oil-filled state of
equipment of various electrical networks. Therefore, the greatest interest of the existing expert systems is the
diagnostic+ system, which is designed to analyze the state of almost any substation equipment.

The method of Bayes’ theorem is to calculate the conditional probability. The traditional method of
calculating conditional probability (the probability that an event will occur when another event occurs) is to
use the conditional probability formula, calculate the probability that the first and second event will occur
simultaneously, and divide it by the probability that the second event will occur.

When calculating the conditional probability by Bayes’ theorem, you use the following steps:

Considering condition A to be true, one can determine the probability that condition B is true.

To determine the probability that a phenomenon is true.

Multiply two probabilities together.

To be in the probability of event B occurring.

This means that the formula of Bayes’ theorem can be expressed as follows:

PG =rQ) e

Calculating a conditional probability like this is especially useful when the inverse conditional probability
can be easily calculated, or when calculating the joint probability is very difficult.

In this process, the state of the power transformer was analyzed based on technical diagnostic data to
assess the possibility of implementing the system using the Bayesian method, such as the “Diagnostic+”
System [14].

https://yashil-iqtisodiyot-taraqqiyot.uz @

IQTISODIYOT 9KOHOMHUKA ECONOMY



IJKOHOMMUKA ECONOMY

fi\l/i' YASHIL IQTISODIYOT VA TARAQQIYOT 2025-yil, sentyabr. Ne 9-son.

Using the Bayesian method, the state of the D; object associated with this state and the K factor can be
expressed as the probability of the manifestation of the factor and the probability of the state:

P (%) =PD) % @

P ()
here is the Di probability of manifestation of the ki factor in an object in the i’ state;

P(Dij— Di aprior probability of State;
P(k) _k,
D.
P ()
kit K; the posterior probability of the D; state in the manifestation of the factor.

The basic idea of the Bayesian method is to evaluate the probabilistic properties of determining the state
Dy

the aprior probability of the manifestation of the factor in any object;

L ( )
of ki based on the factors available for analysis.
D

P (%)
In sequential consideration of different combinations of factors, an increase in the value of ki/ indicates

a high probability of the Di event, while a decrease indicates its practical impossibility.

To determine the state of an oil transformer with a voltage of 110 kv, it is advisable to include a classification
of electrical equipment States. Table 1 included four positions depending on whether the indicator’s condition
is consistent with its condition, or whether there is a defect (Table 1) [15], ..., [16].

Table 1. Possible cases of equipment

Position The indicator is in the normal range The presence of a flaw
D, Yes No
D, Yes Yes
D, No Yes
L
=
D, No No

IQTISODIYO

Next, with the help of expert assessments, the Apriori probabilities of the initial cases are determined.
We believe that the characters are independent. In this case, the state of the power transformer K is
characterized by a set of independent characters, each of which has two outputs:

K= (kp kg): (3)

where kl is a manifestation of the K Property, and kz is an invisibility.
Below (Figure 1), the probability of manifestation and/or invisibility can be expressed in
terms of distribution functions. The figure shows the functions of manifestation of status symbols:

JD1 - ﬂl(xl DE — M2 (xJ!DE —Ha (xj va D4 o 1["[4(‘1), they can be defined in the range
X=1{0..3}

The value of an independent variable describes the level of the state of the object of study.
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Figure 1. Functions of distribution of manifestations of state signs.

Generalized linear representations of strong ﬂl(x) and normal H2 (xj properties give probabilistic

properties of the manifestation of some character of JH'F’ (IJ while generalized linear representations of weak

manifestation functions of #2 (xJ and its absence give the probabilistic properties of Ha (x ) non-representation
Hy [I] symbols.

The characteristic functions of Hp (xj and Hn (x] allow determining the distribution of the probability of

manifestation of signs for a given Di diagnosis (Fig. 2). For each case of the object of study described in table
2, similar functions should be identified in all signs of diagnosis.

The probability of any state that can occur with different combinations of symbols can be determined by
the Bayesian formula:

p (Di.) P(D)P(5-
S, PP

(4)

where, K- {kl,kz,ka,...,kn} is a set of two-level characters in;
n-number of case diagnoses;

Initial probability of diagnosis of P(Dij point Di;

K
P(5)
( i4 is the probability of the manifestation of signs determined according to the expression in the

. d (DE) =F (%)P GT) P C;_) (5)

where, K- {kl’ LETL T kv} a set of two-level characters in the composition.

Such an analysis makes it possible to obtain a quantitative description of the combination of symptoms of
a diagnosed condition depending on a particular case.

For analysis of dissolved gas analysis in the garden of fat is carried out for gas xromatografik seven

(3-table): meta (CH-i), carbon dioxide (Cﬂz), etilen (C2H41 acetyl (Csz), back etan (CZHE), hydrogen (Hz)
, carbon oxide (o).

diagnosis of
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Figure 2. Characteristic functions of the manifestation of probability of properties.

To confirm the studies carried out, a data-based calculation of the probability of cases was carried out.
Chromatographic analysis using the appropriate functions, the dissolved gases of the power transformer, as
well as the probability of the manifestation and invisibility of the signs for each gas, are calculated separately.

CONCLUSION AND RECOMMENDATIONS

This article presents multi-criterion tasks of decision-making in conditions of limited information, the task of
assessing the technical condition of power plants and electrical network equipment in the substation, based on
the analysis of the life cycle of electrical network equipment performed. As an initial minimum set of data that
ensures sufficient reliability, it will be necessary to determine the state of electrical network equipment as well
as perform technical diagnostics.

It is necessary to create new tools for a qualitative and quantitative assessment of the technical condition
of electrical network equipment based on the analysis of the situation that has arisen in electricity. It carries
out a state analysis based on any collected data on the object of research, taking into account operational
experience, and on this basis consists in determining decisions on the further operation of the equipment [17],
. [19].
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