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Abstract

Study of electrical activity of the heart according to the signals of standard electrocardiographic leads remains one of
the fundamental problems of theoretical and practical electrocardiography. The activity of the heart is an autowave,
oscillatory in nature, associated with the spontaneous occurrence of excitation impulses in the sinus node. Analysis
of the model of the electrical activity of the heart and the formation of an analytical approach for its analysis. The
signals of the standard leads of the patient's electrocardiogram record three waves of electrical activity of the heart:
two waves of excitation in the atria and ventricles and one wave of relaxation of the ventricles. Prognosis in medicine
is an actual question for increasing the predictability of treatment of patients. Modeling the electrical activity of the
heart is of great importance, since diagnostic signs are extracted by a cardiologist both directly in the analysis of the
patient's cardiographic information and in the analysis of indirect parameters determined on the basis of a model of
electrical processes in the myocardium. Using the results of modeling the electrical activity of the heart is a condition
for improving the efficiency of diagnosing the cardiovascular system. The main aim of this paper is to analyze the
model of the electrical activity of the heart and develop an analytical approach for its analysis.

Keywords: Muscle contraction, Electrical activity of the heart, Model of process, Prognosis of process, Patient's
cardiographic information, Analytical approach for analysis.

1| Introduction

Study of electrical activity of the heart according to the signals of standard electrocardiographic leads remains
one of the fundamental problems of theoretical and practical electrocardiography [1-8]. The activity of the
heart is an autowave, oscillatory in nature, associated with the spontaneous occurrence of excitation impulses
in the sinus node. Analysis of the model of the electrical activity of the heart and the formation of an analytical
approach for its analysis. The signals of the standard leads of the patient's electrocardiogram record three
waves of electrical activity of the heart: two waves of excitation in the atria and ventricles and one wave of
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relaxation of the ventricles. Prognosis in medicine is an actual question for increasing the predictability of
treatment of patients [9-19]. Modeling the electrical activity of the heart is of great importance, since
diagnostic signs are extracted by a cardiologist both directly in the analysis of the patient's cardiographic
information and in the analysis of indirect parameters determined on the basis of a model of electrical
processes in the myocardium. Using the results of modeling the electrical activity of the heart is a condition
for improving the efficiency of diagnosing the cardiovascular system. The main aim of this paper is to analyze
the model of the electrical activity of the heart and develop an analytical approach for its analysis.

2| Method of solution

In this section, we consider a model based on the solution of the following differential equations.
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The considered model takes into account excitation in the heart muscle. The considered model includes two
dimensionless functions: quickly changing u (x,t) corresponding to membrane potential; slowly changing v
(x,t), characterizing the properties of the environment. At the same time, the connections between the cells
of the myocardium (i.e., the points of the auto wave environment: heart muscle) are described by diffusion
terms of the above equations, and the dynamics of a separate myocardial cell are described by reactionary
nonlinear terms of the above equations. Also, Eg. (7) includes the coordinates of the point of observation x;
current time t; € M (X,1), M2 (X,t), K (Xt), a (x,t) are the parameters of the considered model. Initial and

boundary conditions for the considered functions u (x,t) and v (x,t) could be written as

u(0,t) = ul,u(lL,t) = u2,u(x,0) = 0,v(x,0) = 0. 2)

We solved Eg. (1) by the method of averaging of function corrections [6], [7]. In the framework of the
considered method, we replace the above functions u (x,t) and v (x,t) on the right sides of Eg. (7) with their
not yet known average values o, and a1y. The substitution and integration of the obtained relation on time

t gives a possibility to obtain the following relations to determine the first-order approximations of the

required functions.
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Average values o1, and oy were determined by the following standard relations [20], [21]
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where O is the continuous observation on the considered process. Substitution of Relations (3) into Relations
(4) and solution of the obtained equations gives a possibility to obtain the following relations to determine

the required average values alu and alv
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The second-order approximations of solutions of Eg. (7) were calculated in the framework of the standard
procedure of method of averaging of function corrections [20], [21], i.e. by replacement of the required
functions in right sides of Eg. (7) on the following sums: u (x,t)—=>0Outui(x,t) and v (x,t) =02y +vi(x,t). The
replacement and future integration of the obtained relations for the required approximations of the

considered functions over time gives a possibility to obtain relations for the considered approximations in
the following form
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Not yet known average values o2, and 0oy were determined by the following average values [20], [21]
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Substitution of Relations (5) into Relation (6) and solution of the obtained equations gives a possibility to obtain

relations for the required average values oz, and o, in the following form.
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The third-order approximations of solutions of Eg. (7) were calculated in the framework of the standard
procedure of method of averaging of function corrections [20], [21], i.e. by replacement of the required
functions in right sides of Eg. (7) on the following sums: u (X,t)—=>03uFua(x,t) and v (x,t)—=>0s,+va(x,t). The
replacement and future integration of the obtained relations for the required approximations of the

considered functions over time gives a possibility to obtain relations for the considered approximations in
the following form

g t t

u, (x,t) =%ju2 (x,r)dr—jk(x,r)[ o, +u, (x,r)—a(x,r)][aSu +u, (x,r)—l} X

0 0

X [ o, +u2(x,r)1dr—j.[oc3u +u2(x,’t)1[oc3v +v, (x,r)]dr

1 - 6p2(x,t) 1 t aVz(X’T) _ 8)
pz(x,t)'([[o%v +V2(X,T):| . dt pz(x,t)'([[asu +u2(x,r)]—aT dt

VS(X,t)Z

t

—H e+u, (x,’t)[oc3V +v, (X,’L’):I }{ k(x,‘lz)[oc3u +u, (X,T):I[OC3V +v, (x,r)—a(x,t)—1]+

0

+v, (x,7)+ ocSv} dr.
Not yet known average values o3, and 03y were determined by the following average values [20], [21]

3u :é.!‘:[[%(x,t)—uz(x,t)]dxdt, a,, =é!![v3(x,t)—vz(x,t)]dxdt. &)

Substitution of Relations (8) into Relation (9) and solution of the obtained equations gives a possibility to obtain

relations for the required average values 0oy and 0oy in the following form.
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Comparison of the second-order and the third-order approximations of the considered functions is presented
in Fig. 1. The obtained difference between these approximations is a few percent. In this situation, spatio-
temporal distributions of functions u (x,t) and v (x,t) were analyzed analytically by using the second-order
approximations in the framework of the method of averaging of function corrections. The approximation is
usually a good approximation for making qualitative analysis and obtaining some quantitative results. All
obtained results have been checked by comparison with results of numerical simulations.

u(x.t), v(x.r)

Fig. 1. Typical profile of an excitation impulse.
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3| Discussion

In this section, we analyzed spatio-temporal distributions of the functions u (x,t) and v (x,t). Changing the
values of the parameters of the considered model leads to changes in the considered profile of an excitation
impulse. Figs. 2 and 3 show a typical profile of an excitation impulse. Increasing the values of the parameters
L (x,t) leads to a decrease in the values of the considered functions u (x,t) and v (x,t). In an analogous situation,
one can find that when changing the values of the above functions with increasing the parameter k (x,t).
Increasing the values of the parameter a (x,t) leads to the opposite result.

u(x.t), vix.0)

Fig. 2. Typical profile of an excitation impulse. Increasing the

values of the parameter |; (x,t) leads to a decrease in the values of
the considered functions u (x,t) and v (x,t).

u(x.r), v(x.0)

Fig. 3. Typical profile of an excitation impulse. Increasing the
values of parameter a (x,t) leads to an increase in the values of the
considered functions u (x,t) and v (x,t).

4| Conclusion

In this paper, we consider a model of the electrical activity of the heart. We introduce an analytical approach
to analyze the considered model. Based on this model, we obtain a typical profile of the excitation impulse
with account of possible changes in the conditions of the considered activity of the heart.
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