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Abstract

In the modern power industry, the increase in the volume of wear and tear of
electrical equipment and the lack of the ability to restore it increases the risk, puts not
only electrical equipment, but also automatic control, relay protection and emergency
management systems in the zone of technological failures and accidents. The economic
necessity of solving the problems arising from electrical equipment has led to the
development and implementation of scientific and technical programs, in which the
operation, repair, maintenance and modernization of worn-out electrical equipment and
electrical devices are allocated as a priority direction for the development of the power
complex.

The high wear and tear of electrical equipment and electrical devices operating in
power plants requires solving the issue of their diagnostics under load in order to improve
the efficiency of operation, as well as extend their service life and ensure trouble-free and
effective operation of power plants by creating the necessary operating modes.

The need for accurate knowledge of the current state of electrical installations and
electrotechnical devices of power substations under load and the need to predict their
technical condition is due to economic realities associated with the urgent need to extend
the service life of existing equipment, the lack of financial resources required to replace
electrical installations and electrotechnical devices, and the need to economically spend
funds on repairs.

Therefore, the study of changes in oil temperature, transient electromagnetic and
electromechanical processes, harmonic components of current and voltage, active,
inductive and capacitive resistances and the regularities that affect the electrical elements
of power substations under load is an urgent scientific task.

The first chapter of the work presents the results of a literature review. In particular,
methods for diagnosing and controlling electrical installations and electrotechnical
devices of power substations, analysis of structural schemes of electrical systems for
diagnosing the condition of electrical installations and electrical devices of power
substations under load, and physical processes occurring in power transformers and their
impact on the control and prediction of the technical condition of transformers.

Based on the conducted literature analysis, the relevance of this dissertation work
was determined. In particular, the study of changes in oil temperature, transient
electromagnetic and electromechanical processes, harmonic components of current and
voltage, active, inductive and capacitive resistance, and changes in the regularities that
affect the electrical elements of power substations under load.

The second chapter of the work presents the structure of functional connections of
electrotechnical devices and the determination of the level of reliability indicators of the
operation of a complex system for diagnostics, monitoring and control of operating modes
of power substations under load, modeling of aging processes occurring in the current-
carrying parts of electrical equipment and electrotechnical devices of power substations
under load, issues of modeling an object with distributed parameters to determine the
formation of a temperature environment during the operation of electrical equipment of
power plants, methods for calculating the parameters of generation system elements,
issues of working out the structure of functional connections of a complex system for
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diagnostics, control and management of electrical equipment and electrical devices of
power substations under load.

Energy consumption by insulation is caused by various reasons. Damping of
insulation and other defects lead to an increase in dielectric losses and the active
component of tgd current. Since at this time the active component of the current increases
significantly faster than the capacitive component, the indicator tgd reflects the change in
state and losses in it. With a small volume of insulation, the development of local and
concentrated defects is observed. Therefore, the measurement of tgd in transformers
should be accompanied by the determination of other insulation characteristics
(insulation resistance, absorption coefficient, etc.).

The value of tgd increases sharply with increasing insulation temperature.
According to the created concept, the aging of current-carrying parts of electrical
installations and electrotechnical devices is thermal and is mainly reduced to the
breakdown of their insulation.

The third chapter of the work is devoted to the determination and calculation of the
parameters of the replacement schemes for diagnosing and predicting the state of the
power transformer, the construction of the replacement scheme of the power transformer
in the operating mode, the determination of the parameters of the replacement scheme,
the calculation of the parameters of the magnetizing branch of the power transformer, the
construction of the total replacement scheme of a multi-winding power transformer in the
normal state, the multi-winding power transformer.
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