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Due to progress in the fields of electrical engineering and power engineering,
there is a constant complication of problems related to the analysis and design of
electrical devices. This necessitates the improvement of modern methods of
mathematical modeling, numerical analysis and computer calculation of electrical
circuits. Problems related to the study of dynamic processes in such circuits remain
particularly difficult from an analytical point of view.

A typical example, common in practical applications, is electrical circuits with a
complex structure, which contain elements with both lumped and distributed
parameters. Such structures are an integral part of many modern electrical and
electronic systems, which imposes increased requirements on their models, in
particular, the need to use non-traditional approaches to modeling that can take into
account the heterogeneity and complexity of such circuits.

In addition, in cases where the initial information for calculation or design is
presented in the form of experimentally obtained dynamic characteristics (for example,
transient or impulse functions), traditional parametric models built on the basis of
differential equations in some cases turn out to be insufficiently effective. Under such
conditions, the most appropriate is the use of non-parametric models that are formed
directly on the basis of dynamic characteristics. Such models include, in particular,
mathematical structures in the form of integral operators or integral equations.

The classical approach to the construction of algorithms and software for the
analysis of transient processes in electrical circuits is based on the numerical
implementation of systems of differential equations. This approach is the basis of most
modern universal and specialized serial application software packages that provide the
ability to perform the corresponding calculations.

Despite the high degree of development and widespread implementation of
numerical methods implemented in the specified software, they have a number of
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qualitative limitations. In particular, difficulties arise when solving problems related to
complex electrical circuits of large dimensions, systems with impulse disturbances, as
well as circuits with a variable structure. These features significantly complicate the
application of traditional algorithms in specific engineering problems and require the
development of alternative methodological approaches.

One of the promising directions for overcoming these difficulties is the use of
computational algorithms built on the basis of non-traditional dynamic models
presented in the form of integral or integro-differential dependencies. Such models are
analytically equivalent to classical systems of differential equations, but are
implemented by fundamentally different numerical methods that take into account the
specific features of nonparametric descriptions. The numerical methods used within
this approach have a pronounced specificity and are able to provide high efficiency in
solving problems with atypical characteristics - in particular, in cases of variable
topology, impulse effects or high dimensionality of electrical circuits. It is worth noting
that although the areas of application of traditional and alternative methods may
partially overlap, they differ significantly in the principles of model construction and
approaches to numerical implementation.

In addition to traditional problems related to the analysis of dynamic processes in
systems known by their structure, considerable attention is paid to the class of problems
in which the study of dynamics is carried out without prior knowledge of the laws of
the functioning of objects. These include, in particular, inverse problems of analysis —
identification, synthesis of control systems, diagnostics of the state of electrical and
electronic circuits, etc.

A significant contribution to the development of the methodology for the analysis
of dynamic systems was made by the formalized interpretation of their properties
through the concept of aftereffects, as well as the further development of the structural
approach to research. This contributed to the introduction of integral operators as an
effective mathematical tool for describing the elements and structures of systems in
general. As a result, integral equations have been widely used in solving a wide range
of problems related to the modeling of dynamic objects and systems of various natures.

Integral calculation methods are characterized by a number of important
advantages, including the compactness and convenience of the mathematical
formalism for describing electrical circuits, high versatility of models, and increased
stability of the numerical implementation of integral relations [1]. One of the key
properties of such methods is the ability to smooth errors in experimental data, which
is especially important when using empirical information [2].

Within the framework of the integral approach, the relationship between input
influences and output reactions of the system is given by integral operators. In this
case, their kernels play a dual role: on the one hand, they fully determine the internal
characteristics of the corresponding mathematical model, and on the other hand, they
are interpreted as the reactions of the system to typical input signals, which gives them
direct physical and engineering significance [3].
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One of the promising directions of such expansion is the development of
specialized methods and algorithms for numerical analysis of transient processes in
electrical circuits, built on the basis of dynamic models in the form of integral
equations. The implementation of these approaches can significantly increase the
accuracy and flexibility of modeling complex electrical systems, especially in
conditions of limited a priori information about their parameters and structure.

In the general case, the behavior of an arbitrary electrical circuit can be formalized
in the form of a system of integral equations of the Volterra-Urison type

v () + Zn:IHif [t,s,yj(s)]ds = i_[qu [t,s,fq(s)]a’s, (1)
J=1t, q=l¢,

y,(t)(i = 1,7n) unknown quantities (currents, voltages); (g = 1,m) — functions

depending on external sources and initial conditions;  H;i G;,, — transforming

iq
characteristics of elements.

For linear electric circuits, the corresponding dynamic properties are described
using the system of Volterra linear integral equations, which is a simplification of the
general nonlinear formulation given in expression (1).

WO+ Y [Hy.s)y s = 3 [Gy (t.5) 1, (5)ds, ?)

f:1t0 q:]fo
the kernels H;(t,s) i G, (¢,5) have the meaning of weight functions.

Analysis of existing applied software indicates an obvious lack of tools capable
of providing effective modeling of a wide range of electrical circuits, the dynamics of
which are described by integral and integro-differential equations. This situation
emphasizes the relevance and scientific and practical significance of the task of
expanding the functionality of existing open software packages.
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