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Introduction

Parallels between the cardiovascular system and systems of
automatic control have been established several decades ago by
numerous scientists [1,2]. This results in several problems, the

main of which can be formulated in the following way:

a)  Automatic control systems with a carrier frequency are
mostly belong to non-linear and non-stationary systems, i.e.
those systems, whose characteristics depend significantly on
external conditions and this carrier frequency.

b)  Such systems should possess optimal states [3]. These
states adjust the system to certain conditions and tasks with

respect to the optimality criterion.

Materials and Methods

Comparing CVS and a non-linear automatic control system,
it should be noted that one of the most effective and descriptive
tools of the study for such systems is the method of phase space or
phase plane. It consists of the analysis of synchronous diagrams of
any variable (ECG) and its first time derivative (speed ECG). One
of the examples of such methods is the analysis of the Speed of
Ventricular Activation (SVA). According to the definition proposed
by Volkova et al. [2], SVA is considered as the ratio of the maximum
ECG derivative (speed ECG) to the ECG value now corresponding to
this maximum derivative
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The authors of the SVA method, while working with ECG signals
from simple electrocardiographs with standard scales, could not
register the moment of time corresponding to the maximum deriv-
ative and its ECG value. Therefore, they calculated SVA as the ratio
of the maximum derivative to the maximum ECG value (R-wave).

0
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For a non-linear system of automatic control both parameters
could be important. Calculated and synchronized with ECG and
HR they could be a multi-loop diagram of the functional state of
the cardiovascular system, which will help to identify the system
and indicate the ways of its optimization [3]. SVA and SVA* were
measured in athletes under ergometric load using detailed R-wave
electrocardiogram of high precision, which was obtained with the
help of the continuous ECG monitoring developed in SUSU [4-6]. In
the first athlete SVA* value was changing together with HR under
increasing and decreasing loads, however his HR value was no
more than 120 bpm, while other athletes demonstrated HR of 150
bpm or even 180 bpm under similar load.
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Results

These observations allowed us to state a hypothesis on the
optimal compensation of long-term loads, which results in the
lowest HR increase and in the greatest SVA* growth. As follows
from the diagram of SVA*, its maximal growth is registered in the

points corresponding to HR = 68-70 bpm both under increasing

d(SVA)
and decreasing load, i.e. 5(zg) has its maximum under HR ~ 68-

70 bpm. It means that under these frequencies load compensation

in the athlete’s body occurs with a minimum HR growth. For other

d(SVA)

(IR under HR =

SVA* trends we can define maximum values of
90-95 bpm.

Summary

The experiments and their analysis revealed that CVS can be
close to non-linear automatic control systems and particularly, to
the systems with carrier frequency, whose role is performed by
HR. Optimal criteria can be formulated for optimal HR in certain
conditions for the performance under long-term physical load.
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