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The scientific problems of calculating the transient processes that occur in three-phase
electric circuits with distributed parameters during normal and emergency changes in
throughput are among the most complex in modern electrical engineering. They are further
complicated by the presence of interphase electromagnetic and capacitive couplings, which,
in particular, occur in modern powerful three-phase power transmission lines [1-3]

Significant scientific results from studies of transient electromagnetic processes in
branched multiphase electric circuits with distributed parameters and interphase
connections (such as three-phase cable power transmission lines) were obtained by such
famous scientists as Uidi B., Shidlovsky A.K., Shcherba A.A., Podoltsev 0.D., Rezinkina M.M,,
Kucheryava .M., Yandulskyi O.S., Kyryk V.V, Bazhenov V.A,, Denisenko G.I., Lezhnyuk P.D.,
Pivnyak G .H. Levinstein M.L.,, Wedepohl L.M. , Welcox D.J., Anderson R.J., Nagoaka N.,
Heaton A.G. and other.

The analysis of numerical studies showed that the most expedient for solving research
problems of this type is the development of the theory of multipoles and numerical methods
of mathematical modeling implemented in well-known application programs. This
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significantly simplifies both conducting numerical calculation studies and obtaining
generalizing results. However, for a long time, the use of such an approach in the study of
transient electromagnetic processes in multiphase electric circuits with distributed
parameters and interphase connections has not received enough attention until recently
[4-7].

Usually, cable power lines, which are three-phase circuits with distributed parameters
and interphase connections, were represented by electric circuits with concentrated
parameters, and when transient electromagnetic processes were studied, the concepts of
functions of time and spatial coordinates were introduced. In mathematical models,
differential, integral and difference equations were used, the solution of which was
significantly complicated in the presence of heterogeneous elements (concentrated and
distributed), and if it was necessary to take into account interphase mutual inductances and
capacities and violation of the symmetry of the modes, it became practically impossible.

The topic of the work is aimed at the development of the theory of multipoles in the
direction of taking into account interphase connections in electric circuits with distributed
parameters for improving the methods of calculating steady and transient processes in
three-phase electric circuits with distributed parameters and interphase connections
represented by multipole elements, is relevant.

The purpose of the work is the development of methods for analyzing transient
processes in three-phase circuits with distributed parameters and interphase connections
based on the representation of such circuits by multipoles, finding their corresponding
concentrated parameters, and determining the boundary and initial conditions for the
occurrence of transient processes.

When solving the tasks set in the work, the following were used: scientific provisions
of the theory of analysis and synthesis of three-phase linear electric circuits, methods of the
theory of multipoles and their use for modeling electromagnetic transient processes in
circuits with distributed parameters and interphase connections, drawing up electrical
substitution circuits with concentrated parameters for calculation electromagnetic
processes in three-phase cable lines. Numerical modeling of electromagnetic transients is
implemented using the Matlab application program package [7-10].

The practical significance of the obtained results lies in the development of
engineering methods for the calculation and analysis of transient electromagnetic processes
in three-phase circuits with mutual electromagnetic connections, in particular in cable
power transmission lines.

The following results were obtained:

Based on the development of the theory of multipoles, the methodology for calculating
transient electromagnetic processes in three-phase cable power lines has been improved,
taking into account the given EMF of mutual induction between its sections with different
constituent elements.

Recommendations have been developed for the calculation of transient
electromagnetic processes in three-phase cable lines as in branched electric circuits with
concentrated parameters, by taking into account the features of mutual electromagnetic
connections between their sections with different parameters, which allows determining
the necessary transpositions of cable screens to realize permissible short-circuit voltages
and currents in cable lines.

A new methodology for calculating admissible and emergency electromagnetic
processes in three-phase electric circuits with distributed parameters and interphase
connections has been developed, in particular in three-phase cable lines using transposition
of cable shields.
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