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Summary. The methods of analysis of transients in three-phase circuits with distributed parameters
and interphase connections are considered on the basis of representation of such circuits by
multipoles, finding their corresponding concentrated parameters and determination of boundary
and initial conditions of transients. The formulation of this scientific problem is justified by the
current trend in theoretical electrical engineering to consider multiphase circuits as a series-parallel
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connection of different n-poles, which improves the calculation of transient electromagnetic
processes in multiphase circuits with distributed parameters and interphase connections. Using the
theory of multipoles allows us to represent the elements of the electric circuit by macromodels that
reflect their external connections and the impact on the rest of the circuit. The main difficulty in
applying this principle is to resolve emerging electromagnetic bonds.
Keywords: distributed circuits, multipole, three-phase electric circuits, transients, interphase
connections, cables.

Calculation and prediction of transient electromagnetic processes is not an
easy task. Transients that occur in multiphase electrical circuits with concentrated
and distributed parameters require in-depth study. In addition, this problem is static,
which requires consideration of a large number of options in which different factors
and their combinations change. Consideration of such problems and bringing them
to a technical solution is not always possible without the use of modern computing
tools. The use of computer modeling is an understanding and interpretation of the
results that can be obtained if you first solve the problem in a simplified form, which
allows you to bring it to an analytical solution [1–114].
In modeling and analysis of a complex multiphase electric circuit, a set of
algorithms and software techniques is used, in which the electric circuit is
represented by a set of multipoles, the outputs of which, called the branches of the
electric circuit, are connected in nodes. The branches of the electric circuit with
numbers 1, 2, … are matched with the vector of currents iT = (i1, i2, iM), the nodes of
the electric circuit with numbers 0, 1,…, N are the potential vector uT = (u1, u2, uN ).
The vector V = (u,i) is called the vector of variables of the electric circuit or coordinate
basis. The sum L = M + N + 1 is determined by the dimension of this electric circuit.
The mathematical model of the component of an electric circuit is an open
system of equations that connects the variables on the conclusions of this
component. The mathematical model of an electric circuit is a closed system of
equations that define the topological law and the relations of mathematical models
of the components of an electric circuit. The task of modeling an electric circuit is to
summarize all equations into one system, the task of analysis is to determine the
vector of variables of an electric circuit.
In this approach, Kirchhoff's law for currents is chosen as the topological law.
It is known that the set of Kirchhoff's laws for all nodes forms a linearly dependent
system, so Kirchhoff's law for currents applies to all nodes except zero. In the general
case, the number of this node does not matter. As a reference point for voltages, a
zero node is selected, the potential of which is equal to zero. Then the mathematical
model of the electric circuit is represented by a system of equations:

u0 = 0,
 A   i = 0,
 du di

F  , ,u,i, t  = 0
 dt dt


(1)

where [A] – dimensional incidence matrix M x N.
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u0т+1 = 0,

 A   i т+1 = 0,

(2)

 Bn   u n +1 + Cn   i n +1 = D n
 
 

 Bn   C n 
 ,   , Dn – parametric matrices and vectors, respectively.
where 
Multiphase circuits are characterized by the presence of electromagnetic and
electrostatic relationships between the elements of the individual phases of the
components of the electrical circuit. A discrete mathematical model of such a
multipolar component can be represented in the form
u n +1 + Cn   i n +1 = D n
(3)





has a symmetric matrix [Cn] with non-zero diagonal and non-diagonal terms. If we If
you make the matrix diagonal the matrix [Cn], then system (3) can be represented by
a set of independent equations.
Go to the diagonal matrix is associated with the problem of finding eigenvalues.
The diagonal matrix is a matrix of eigenvalues of the original matrix, and the
transformation matrix will be a matrix of eigenvectors. Denoting the matrix of the
corresponding linear transformation by [Λ], we can represent system (3) as a system
of independent equations:
u n +1 + Cn   i n +1 + D n
(4)





where the relationship of the converted variables with the phase is represented by the
relations
−1
−1
(5)
u n +1 =   u n +1, i n +1 =   i n +1

 

 

Cn 
 is defined by the expression
and the diagonal matrix 
Cn  =   −1  Cn    
 
 

(6)

Thus, the multipolar component of an electric circuit, the mathematical model
of which (3) is an interdependent system of equations for variable circuits in phase
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The equations that determine the mathematical models of the components of
an electric circuit are generally nonlinear differential and algebraic equations. The
sampling of ordinary differential equations is carried out by implicit Euler or
trapezoidal methods. A linearized system of equations is compiled for each
component of the electric circuit and connects the variables u and i at the terminals
of this component only. Partial derivatives, which are elements of the Jacobi matrix,
are calculated by analytical expressions selected from a mathematical model of the
components of an electric circuit. The initial approximation of the decision vector is
its value in the previous time step, which ensures the convergence of the iterative
process with quadratic velocity.
The discrete form of the system (1) has the form:
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coordinates, can be replaced by a set of bipolar components whose mathematical
models in the transformed coordinate systems are independent of equations (4),
and additional multipolar components described by equations (5). Analysis of the
electrical circuit including such components is performed in the extended
coordinate basis

SECTION XIII. ENERGY AND POWER ENGINEERING

V = ( u ) ,u,i, i

which increases the dimension of the electric circuit. However, with the help of a
limited set of basic components, the converters allow to form schemes of the original
multipoles and to include components, the mathematical description of which is the
most rational in the non-phase coordinate system.
When calculating transient electromagnetic processes in three-phase electric
circuits, phase (A, B, C) coordinates are used, modal (α, β, 0) coordinates are used,
and rotating (d, q, 0) coordinates are used.
Information about the topology, component composition of the electrical
circuit and the values of the parameters can be set by the components of the
subroutines, indicating the numbers of branches and nodes of the component, as
well as their parametric data. In matrix form, system (2) has the form

 F  V=W

(7)

For circuits that contain complex mathematical models with a high relationship
between the elements (for example, the inductive relationship), the matrix [F] may
appear complete.
The model method is a kind of topological methods of circuit analysis, which
include methods of contour currents, nodal potentials, state variables. Their
difference is determined by the choice of coordinate basis. The dimension of the
electric circuit L in the model method exceeds the dimension of the coordinate basis
in such methods as the method of nodal potentials or state variables. Accordingly,
the calculation speed is reduced. However, the advantages of the model method are:
no restrictions on the type of components of the electrical circuit (bi- and multipolar,
linear and nonlinear, controlled by current and voltage); simplicity of modeling an
electric circuit due to the use of Kirchhoff's law for currents, the application of which
does not require the concepts of a closed circuit and voltage drop in the circuit;
algorithmic simplicity of mathematical models of electric circuit components, which
consists in filling the matrix [F] and the vector W with data according to the topology
and parameters of linearized equations.
The waveguide method is used to analyze electrical circuits consisting of long
lines. The presence of a coordinate converter and a single-phase (single-channel)
line allows the calculations of transients in multi-wire lines, which consist of any
number of phase wires. In a separate case, a three-phase symmetric line is
represented by a transformation from phase (A, B, C) coordinates into modal (α, β, 0)
and a system of three single-channel lines with parameters in straight and zero
sequences [15].
To analyze the transients in three-phase electrical circuits with distributed
parameters, various methods are used, presented in Fig. 1 [16].
All rights reserved | Creative Commons Attribution 4.0 International License
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The analysis of these methods shows that: an experimental approach based
on monitoring and observation of over voltages that occur in cable transmission
lines. These methods are typical for different ways of selecting protective devices and
monitoring the level of insulation. But they do not take into account the duration, the
amplitude of the overvoltage at different switching modes.
Consider a method of physical modeling that has limitations for high voltage
cable lines. It allows you to accurately analyze the processes in the full-scale models
of cable lines and to study the physical phenomena occurring in the cable. However,
there are a number of difficulties associated with the implementation of full-scale
models in practice, which are associated with technical conditions and financial
costs.
The method of mathematical modeling is to implement a scheme for replacing
a three-phase cable line with known parameters, which limits its application.
The statistical method is based on the statistical planning and processing of a
large number of experiments and the development of recommendations for the
assessment of over voltages and the choice of protection against their
consequences. However, it is not always possible to generate the necessary
statistical arrays.
Calculation and statistical method, using a cable line is a homogeneous long
line or circuit diagram, and the parameters of the substitution circuit are calculated
by simple engineering formulas. Similarly, this includes statistical parameters of over
voltages that occur in mathematical experiments, with multiple calculations of
modes in mathematical models of the system, taking into account different values of
parameters and switching.
In calculation methods based on the study of a mathematical model of a threephase circuit with distributed parameters, in all cases the coefficients included in the
equation are determined by the parameters of the substitution scheme, which are
either experimentally or by calculating design data, which is not always possible.
The frequency method is based on the fact that in its application, the
expression of the transfer function is composed in the circuit substitution scheme
and then (through the Fourier integral) expressions for voltages and currents in the
2021
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Fig 1. Methods of research of electromagnetic transients
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transient mode are constructed. For the practical calculation of the Fourier integral
it is necessary to know the dependences of the parameters in a wide range of
frequencies, starting from =0.
The Fourier method (ie standing waves) involves the use of a solution in the
form of an infinite sum of harmonics - standing waves. The disadvantage of this
method is the production of orthogonal eigenfunctions, as a result of which it is
impossible to determine the Fourier coefficients independently of each other. Since
the initial voltage and current functions that satisfy the boundary conditions of the
mode before switching, are decomposed into series by their own functions, which
satisfies the boundary conditions of the mode after switching. Practical calculation
in the presence of such a phenomenon can be performed by summing the series by
arithmetic mean or the method of Lanzosh factors. The advantage of the method is
the relatively fast determination of the natural frequency spectrum of the system,
the value of which is necessary for further calculation of the amplitude of over
voltages.
When using the Fourier method to calculate transients, it is sufficient to have
the value of the discrete natural frequency spectrum and the value of the wave
parameters of the system at these frequencies.
In particular, the method of D'Alembert (traveling waves). This method reflects
the physical content of transients in circles with distributed parameters. The
application of this method is usually used for lossless lines and for non-distorting
lines. In other cases, the shape of the propagating wave is strongly distorted when
moving. In these cases, proceed to the calculation in modal channels, each of which
is characterized by its own speed of propagation, which allows to take into account
the dependence of the wave parameters of the line on the frequency. This method
can calculate the amplitude of over voltages during the first wave path, as taking into
account the reflected and refracted waves leads to the complexity of algorithms and
increase the amount of calculations.
A common disadvantage of numerical integration methods is the complexity
of the step-by-step analysis of the results and the three-dimensional formulation of
the original data in programming tasks. In the presence of the oscillatory nature of
the processes under consideration, these methods are unstable.
The finite element method allows you to divide the areas of integration into
identical finite elements with simplified properties. In the considered problems the
method of finite elements on the physical maintenance corresponds to
representation of a line by the chain scheme. Similarly, numerical methods include:
finite difference method and Z transformation method, which allow constructing the
original and do not requiring determination of roots (natural frequencies), by
replacing the exact image of the voltage and current functioning by pulse.
The operator method is the most effective method of obtaining solutions, as
its use does not need to take into account the sequential obtaining of coefficients of
series, and therefore the accuracy of this method does not depend on the
orthogonality of eigenfunctions.
The solution by this method can be represented in the form of forward and
reverse waves. To obtain the original by the decomposition theorem, it is necessary
to determine the natural frequency spectrum. When solving problems, a mandatory
All rights reserved | Creative Commons Attribution 4.0 International License
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u
i
= R0i + L0 = 0
x
t
i
u
= G0u + C0
=0
x
t

(8)

where R0, L0, G0 ,C0 – linear primary parameters, assigned per unit length.
Fragments of an electric circuit with concentrated parameters, described by
ordinary differential equations, can in turn be multi-element circuits with a rather
complex structure. Thus, the mathematical description of such a circle with dissimilar
elements combines two groups of differential equations – in partial derivatives of
type (8) and groups of ordinary differential equations.
When developing a mathematical model of transient electromagnetic
processes, the reduction of a system of equations in partial derivatives to a system
of differential equations in complete derivatives is usually used. In this approach, the
line with distributed parameters is replaced by a circuit substitution circuit, the
number of links which is determined by the required accuracy of the solution. As a
result, a mathematical model is built in the form of a system of ordinary differential
equations, which is then solved by any numerical or numerical-analytical method.
The difficulty in obtaining a mathematical model of a circle with dissimilar
elements is that the fragments of the circle, described by different types of
equations, are calculated separately - specific to each type of equation methods and
then agree solutions for individual fragments of the circle. To solve the system of
ordinary differential equations, one of the numerous or numerical-analytical
methods is used. For the analysis of fragments of a circle with distributed parameters
can be used or classical methods for calculating long lines, or one of the finitedifference methods for solving equations in partial derivatives. Traditionally used
classical methods of studying electric circuits with distributed parameters are of two
2021
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recording of the entire image is required, this leads to an increase in the amount of
calculated data. The operator method allows you to automatically take into account
the initial and boundary conditions.
Given the methods of studying electromagnetic transients, it is concluded that
for the calculation of transient voltages and currents in multiphase electrical circuits,
the most appropriate is the use of calculation methods. These methods allow to
increase the accuracy of the results of the calculation of transients, which requires
in some practical cases to abandon the assumptions of line symmetry and move on
to the development of methods for calculating transients in asymmetric modes
[17–21].
In the analysis of dynamic processes in electric circuits with concentrated and
distributed parameters, considerable attention is paid to the choice of the
mathematical model that best meets the requirements.
Currents and voltages in circles with distributed parameters are functions of
two independent variables – time t and spatial coordinate x. Accordingly, the
equations describing the processes in circles with distributed parameters can be
represented as equations in partial derivatives:
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main classes: methods based on the wave representation of the solution (wave
methods) and methods that do not take into account the wave nature of the
processes in the line. Both of these approaches have their pros and cons. Thus, wave
methods (for example, methods of characteristics, traveling waves) well represent
the physical nature of the transition process, but do not allow considering it for a
long time. Wave methods do not make it possible to present solutions in analytical
form at a certain interval. Methods that do not take into account the wave character
(for example, the method of standing waves), allow you to represent analytically or
numerically-analytically the transition process in the line, without considering the
propagation of waves. In addition, both approaches require significant simplification
of the original data (for example, by replacing the real line without distortion with a
line or a line without loss).
The problem of reconciling the calculations of sections of the electrical circuit
with concentrated and distributed parameters can be solved in different ways. For
example, the sequential transition from fragment to fragment of the circle in a stepby-step solution, or the organization of parallel calculations using the diacoptic
approaches.
Coordinating solutions for heterogeneous sections of a circle is a rather
difficult task, and does not always have a solution. When forming a model of a
heterogeneous electric circuit, the same mathematical description of its elements
must be used. The elements of an electric circuit, which are considered as multipoles,
can be both lines with distributed parameters and sections of the circuit with
concentrated elements. The relationship between the input u(t) and the output i(t)
values of the multipoles in this case are integral operators, the transient
conductivities of which g(t-τ) are completely determined by the internal properties of
the system elements:

t

d
i(t ) =  g (t −  )u ( )d
dt

(9)

0

In classical theory of electric circuits, this approach is applied to a circuit with
concentrated parameters, which is known as the Duhamel integral method. The
application of integro-differential equations (9) to the description of circuit elements
allows obtaining a mathematical model in the form of a system of integral equations
describing transients in circles containing both elements with concentrated and
distributed parameters.
If the scheme of the section of the circuit is quite complex, then its transient
conductivities can be determined through the transient conductivities of its
individual parts. The intrinsic and mutual transient conductivities of a line with
distributed parameters can be obtained through the transient conductivities of
infinitely long lines. In this case, they are expressed through relatively simple and
well-studied transcendental functions. The transient conductivities of the lines are
carriers of information about the wave nature of the process, naturally reflecting the
physical features of the transient process, inherent in the circles with distributed
parameters.
The use of integral equations for the analysis of dynamic modes allows solving
the problem of heterogeneity of the mathematical description of different elements
All rights reserved | Creative Commons Attribution 4.0 International License
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included in the electric circuit, because in this case the elements with concentrated
and distributed parameters are described equally.
There are a number of significant advantages to using a transition from a line
with distributed parameters to circuit substitution circuits. Since elements with
different properties are described uniformly, the proposed approach allows you to
build a single numerical scheme for the analysis of objects containing segments of
long lines and fragments of a circle with concentrated parameters.
Explicitly expressed circuits with distributed parameters are three-phase cable
power lines. Many years of research at the Department of Theoretical Electrical
Engineering of the National Technical University of Ukraine "Kyiv Polytechnic Institute
named after Igor Sikorsky" (Kyiv, Ukraine), Institute of Electrodynamics of NAS of
Ukraine (Kyiv, Ukraine) and "Yuzhcable" plant (Kharkov, Ukraine), showed that to
make optimal decisions that ensure efficiency and high operational reliability of cable
lines. For this purpose it is necessary to consider as much as possible the greatest
number of factors (sometimes mutually exclusive to each other) which will allow to
realize the maximum reliability, throughput and resource of such lines.
[7,10,11,17,22,23].
However, the relatively high cost of modern cables with cross-linked
polyethylene (SPE) insulation requires the selection of the optimal design of the cable
line, as well as a systematic approach to these operating conditions, which must take
into account all factors affecting efficiency, operational reliability and cases and
environmental friendliness of the cable line. Since these factors are interdependent
(sometimes with negative feedback), along with the optimal choice of cable design
(adapted to a specific project) for rational design decisions, a certain compromise
should be found between the individual factors.
During operation, the insulating design of cables with SPE insulation is exposed
not only to the electric field of industrial frequency and high-frequency over voltages,
but also the thermal field and electromechanical forces arising in the normal mode
and overload modes.
The high demand for ultra-high voltage (UHV) cables has determined the
relevance of scientific research to improve the design of UHV cables to meet the
growing demands of consumers. The Ukrainian "Yuzhcable" plant has especially
succeeded in mastering the industrial production of world-class UHV cables.
Improving and manufacturing cable power lines for different voltages
(including ultra-high) requires solving a number of scientific problems, from which
we can distinguish:
- increasing the safety and reliability of cable lines by determining the
conditions that prevent the occurrence of unacceptable currents and voltages at a
given level of transmitted power;
- determination of conditions for ensuring the required quality of transients in
cable lines in the occurrence and disappearance of short-term allowable currents
and voltages;
- analysis of features of long-extinguishing currents and voltages, in particular
long and quasi-steady over voltages, the source of which is the electricity
accumulated in the cable.
UHV cables are now increasingly used to strengthen the connection of local
power systems with the unified European one. To increase the resilience of the UK
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power system in London and Nantorpe, two cable lines with a total length of 125 km,
with a capacity of 1600 MVA for 400 kV.
In Berlin, Bewag has built a 380 kV overhead cable transmission line, the main
purpose of which is to create a reliable external power supply system in the central
part of the city, taking into account the future prospects for the development of
urban cable networks. Another purpose of cable transmission is to strengthen the
380 kV connection of the Berlin area with the main network of power systems in
Central Europe, as the constructed line is an element of this network.
The existing electricity grid in central Sydney is no longer able to cover loads with
the required reliability. Therefore, the Haymarket substation (3 x 400 MBA 330/132 kV)
and the 330 kV cable lines that supplies this substation were built and put into operation.
The parameters of the largest cable facilities built in recent years are shown in
Table 1 [24, 25].
Improvements in design and manufacturing technology have made it possible
to create more advanced cables of the traditional type and actively pursue new
developments. So, now European manufacturers of cable products have developed,
tested and created industrial samples of cable UHV record bandwidth voltage:
• up to 1000 kV, oil-filled, with a cross section of the conductive part of 2500
mm2, having a capacity of 3 million kW;
• up to 550 kV with cross-linked polyethylene (XLPE) insulation with a crosssection of current-carrying parts of 2500 mm2, having a capacity of 1.9 million kW.
Table 1
Number of lines, voltage,
type of cable insulation,
cross section
Denmark,
2 х 400 kV, XLPE,
Aarhus-Aalborg
1 х 2000 mm2
2 х 230 kV, XLPE,
USA, Sun Jose
1 х 1267 mm2
Great Britain,
1 х 420 kV, XLPE,
Nunthorpe
1 х 2000 mm2
Great Britain,
2 х 420 kV, XLPE,
London
1 х 2500 mm2
2 х 400 kV, XLPE,
Spain, Madrid
1 х 2500 mm2
Republic of
1 x 400 kV, ХLРЕ,
Singapore
1 х 2000 mm2
Germany, Berlin
2 х 400 kV, XLPE,
1 х 1600 mm2
Arab Emirates,
2 х 400 kV, XLPE,
Abu Dhabi
1 х 800 mm2
2 х 400 kV, ХLРЕ,
Qatar
1 x 1600 mm2
Denmark,
1 х 420 kV, ХLРЕ,
Copenhagen
1 х 1600 mm2
1 х 500 kV,
China, Guangzhou
oil filled insulation,
800 mm2, 1600 mm2
data generated from [24,25]
Country,
Project name

Type of cable
laying

Length, km (in singlephase calculation)

in the ground

84

in the pipes

57

in the ground

65

in the pipes

60

in the pipes

72

in the ground

51

in a deep
tunnel
in a deep
tunnel

75
16
141
104

tunnel, height
difference
200 m
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Ukraine has already created 330 kV ultra-high voltage cable transmission line
[26], which ensures the continuity of electric steel production.
At the same time, the design of ultra-high voltage cable transmission lines
requires a large amount of preliminary scientific and technical developments,
electrical calculations, development of special technical solutions related to the route
of the line, the construction of cable structures. It is also necessary to follow the
electrical calculations by choosing the cross section of the conductors of the cable
to ensure the required capacity of the cable, voltage losses in the cable, the
allowance of long loads under heating cable in normal and emergency modes,
grounding parameters, etc.
Cost-effectiveness, operational reliability and the actual service life of the cable
with SPE insulation depend on the thermal mode of operation of cables, which is
determined by the method of laying cables, the scheme of grounding screens, the
presence or absence of transposition of screens.
Available publications on modeling and analysis of transients occurring in cable
transmission lines do not fully describe the features of their occurrence. The
obtained models are mainly designed to analyze only the current values of currents
and voltages of steady state, which does not allow analyzing and studying transients
at different commutations. In addition, most often the calculation of longitudinal and
transverse asymmetry, is based on symmetrical components, where due to
assumptions, many factors are not taken into account.
The task of calculating transients in three-phase cable transmission lines is
complicated by the lack of available methods for its solution, taking into account the
peculiarities of power switching. Currently, the solution, the task of calculating the
transients in the CL should be carried out using software and hardware-software
systems, such as Matlab / Simulink, PS-CAD, COMSOL Multiphysics and others. When
modeling cable lines, simple substitution schemes are usually used, as the tasks of
calculating transients require the adaptation of existing application packages. Most
often, the task of modeling ultra-high voltage cable lines is to calculate the steady
state to determine the voltage level and power losses.
In the domestic and foreign literature there are models of individual elements
of cable lines, which are usually considered as cables in single or three-phase design
without taking into account the mutual inductances and capacitances between
conductors, which does not give accurate results and does not fully analyze the
processes.
At the same time, the transient modes of the cable are due to load switching
and emergency modes. The presence of mutual induction and capacitance between
the wires of the phases leads to the complexity of the calculations, which leads to
difficulties in the analytical description. Widely used in practice methods of
calculating transients in cable transmission lines do not allow with sufficient accuracy
to obtain the shape of the curves of current and voltage transients in complex types
of switching and manifestations of nonlinearity.
Usually when calculating transients is either qualitative or quantitative analysis
of process parameters, such as current values of currents and voltages, symmetrical
components, harmonic components of current and voltage signals, and does not
consider the whole picture of the transient process as a whole, taking into account
the mutual influence of phases for one.
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The study of electromagnetic transients in cable lines is devoted to works in
which the solution of problems of ensuring the reliability of objects at the design
stage is considered. The solution of such problems is associated with the study of
transients in three-phase circuits with distributed parameters that occur during
operational and emergency switching.
Switching overvoltage is a dangerous phenomenon that leads to equipment
failure, danger to service personnel and economic losses. They have a gradual
destructive effect on the cable insulation. The need to ensure high quality of the
cable transmission line requires measures to limit switching over voltages.
The need to anticipate possible levels of switching over voltages is especially
emphasized in the works, which emphasize the difficulties that arise when using the
designed cable, up to the complete impossibility of ensuring its reliable operation. A
large number of works is also devoted to the experimental study of switching over
voltages in cable lines. There are many theoretical works in the calculations of which
the experimental frequency characteristics of the system are used, which increases
the accuracy, but does not allow studying the object at the stage of its design.
In the study and analysis of overvoltage curves, the task of determining the
characteristics of the transient process (multiplicity, steepness of the front,
frequency spectrum). As well as the geometric parameters of the designed line are
particularly difficult [7, 11 17].
Thus, despite significant advances in theoretical and experimental studies, the
scientific problem of calculating the transients of three-phase circuits with
distributed parameters is especially relevant.
Such researches are more convenient to carry out on mathematical models of
transients in three-phase electric circuits which further give the chance to integrate
the received settlement models into packages of computer application programs,
such as Matlab / Simulink.
Conclusions. Based on the analysis of known specialized publications, the need
to improve the methods of analysis of steady-state and transient processes in threephase power lines and their mathematical models is scientifically substantiated,
based on the development of multipole theory in the direction of interphase
interconnection in cable lines.
From the analysis of known methods for the study of electromagnetic
transients in electric circuits with distributed parameters such as long cable lines, the
most appropriate is the use of classical and operator methods and the theory of
multipoles. The convenience of these methods lies in the possibility of automatic
accounting of initial and boundary conditions. But when solving this class of a
problem requires a mandatory record of the entire image, which leads to an increase
in the amount of calculated data.
When modeling electrical circuits, which consist of a cable, containing disparate
elements – with both concentrated and distributed parameters - there is a need to
choose the form of the model, analysis methods adapted to the selected model, and
build a numerical procedure for computer implementation of the method.
Using the theory of multipoles allows us to represent the elements of the
electric circuit by macromodels that reflect their external connections and the
impact on the rest of the circuit. The main difficulty in applying this principle is to
resolve emerging electromagnetic bonds.
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Despite significant advances in theoretical and experimental research, the
calculation and analysis of transients in three-phase circuits with distributed and
concentrated parameters remain relevant. Such studies are more conveniently
carried out on mathematical models of transients in three-phase electrical circuits,
represented by circuit substitution circuits, the links of which are modeled by
multipole equivalents, which further makes it possible to adapt the obtained
calculation models into computer application packages.
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