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Introduction. Nonlinear dynamics approaches allow estimating the 
condition of the whole human organism by analyzing such integral 
characteristic as Heart Rate (HR) obtained within 24-36 hrs Holter monitoring.

The beginning of 21 century is characterized by high level of 
technological innovations, but it also causes many problems and stresses to our 
life: air/water/ground pollution, anthropogenic and ecological catastrophes 
(Chernobyl and others), car exhaust fumes, radiation, poisonous emissions, 
psycho-emotional stress and so on. Everyday stresses influence peoples life and 
their health. This year anomalous hot summer has completely exhausted 
everyone and decreased health reserve. This article is about health level 
estimation using new mathematical methods such as nonlinear dynamics and 
facilities of IT technologies. 

Methods. One of the possibilities for the estimation of the level of human 
health is to define the misbalances of biological systems in human organism in 
due time. This misbalance could be estimated if we develop the methods of 
human organism adaptive reserve estimation. Misbalance is described by
means of cardiovascular system characteristics changes. 

The condition of human cardiovascular system is estimated by the 
behavior of the HR for 24-hours which is registered using Holter monitor 
method. This is the method of the continuous electrocardiogram monitoring 
that registers data while the patient has normal and usual life. We propose to 
analyze the complexity of 24-hours HR behavior for the level of human 
organism adaptive reserves estimation, by using the approach of new 
interdisciplinary science Synergetics formulated by R. Usupov and R. 
Polonnikov in their Stochastic Homeostasis Theory [1].

Synergetics is the science about self-organization. This is the scientific 
area which describes behavior of such complex systems as cardiovascular 
system and self-organization of their features. Synergetics is also called 
nonlinear dynamics or nonlinear science. Nonlinear dynamics of complex
systems is involved in the study of their behavior from the point of view of
integral assessment. Synergetic methods are the best to describe the behavior of 
living and dynamic systems. 
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Such quantitative parameters as Approximation entropy, Kolmogorov 
algorithmic complexity, Fractal theory (fractal dimension), Flicker-noise theory
(parameter β), Poincare coefficients were used for the estimation of HR
complexity. While Standard deviation and (or) Normalized dispersion were 
used for the estimation of the HR variability. 

Combination of complexity and variability parameters is used in the              
R. Usupov and R. Polonnikov Stochastic Homeostasis Theory. By means of 
this theory the level of human organism regularity resources can be estimated
using HR complexity and variability dependence. The complexity is the value 
of oscillation of HR in a very low frequency band (VLF), it is also called 
flicker-noise (parameter β). The variability is the value of Standard deviation 
and Normalized dispersion. VLF components (0,004 - 0,04 Hz) could be 
activated by slow change of muscular vessels diameters, activation/deactivation 
of great capillaries groups, hypoxemia, hypoxia, changes of hormonal balance
and influence of toxic substances etc.

Faster oscillations could be observed after pressure changes, stresses etc.
Nonlinear dynamics parameters which we choose can characterize not only low 
and high frequency components but as well describe integral complexity of HR 
behavior which can be caused by different frequency components. 

That is why besides very low frequency (flicker-noise) values we also use
such nonlinear values as Approximate Entropy [2, 3], Kolmogorov algorithmic
complexity [4], fractal dimension [5], Poincare coefficients.

The Kolmogorov algorithmic complexity algorithm is a simple archivator 
that includes dictionary. This dictionary is necessary because HR for 24-hours 
include repeatable sequences with different lengths and durations. And it’s 
possible to use repeatable sequences for arrhythmia analysis as a clinical 
diagnostic sign. 

The aim of this study is the correlations of all Nonlinear values and the 
selection of values that in the best way characterize such states and syndromes
of human organism as stress, physical or physiological overloads, coronary
circulatory dysfunction, hyper functioning of heart, normal state etc. 

The method implementation is provided for groups of people with the risk 
of sudden death and also for practically healthy people for overloaded regimes 
estimation. 

Our main task is to analyze the influence of low regulation loop as well as 
high regulation loop. In Fig. 1 five phases that determine some of human 
organism regulatory states (state of regulation, state of integral regulation, etc.)
are shown. Complexity of HR behavior increases or decreases along vertical 
arrow, as well as the variability (amplitude parameter of process) increases or 
decreases along horizontal arrow. This increasing or decreasing are relative to 
the normal state.

The normal state of regulation corresponds to certain (nonzero) 
complexity and variability. Zone I is the so-called prodromal, “predisease” state
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(high complexity and low variability) and characterizes the transient processes 
presence. Zone II – both high complexity and variability describes acute 
regulatory state of the system. It means that disease is in an acute, active stage
with high probability of imbalancing. Zone III characterizes the chronic 
processes, disease with possibility of periodic acutions. And the last zone IV is 
the worst one: the system loses hierarchical complexity, regulatory redundancy,
regulatory reserves of the system are exhausted. This could cause the death. 
Different parameters of complexity, presented on vertical arrow characterize 
different aspects of regulatory changes of HR.

Fig. 1. Phases of the Stochastic        Fig. 2. Structure scheme of the software algorithm
             Homeostasis Theory

Software. According to all this methods special software for 24 hour HR 
analyze was developed using different methods of Nonlinear dynamics and 
some standard methods such as time and frequency analysis.

After analysis we can generate file of results and using methods of cluster 
analysis (K-mean method) we can develop expert system for estimation of
regularity reserves of human organism. The structure scheme is shown in             
Fig. 2. 

The following software was used to develop described system: NI 
LabVIEW 2009 [6], Borland C++ Builder, MatLab 6.0. The main interface    
as well as the integration of all system modules were developed in NI 
LabVIEW 2009. In Fig. 3 the example of graphic user interface is presented 
with the results of heart rate frequency analysis shown.

What is new in our research?
1. We use the components of cardiovascular regulation for the 

interpretation of dynamics properties of complexity and variability parameters
that allows the physiological interpretation (endothelial function, vasomotor 
activity of muscular arteries, state of capillary system, etc.).

2. Additionally, we use the different correlations between parameters 
pointed above at different patterns representing different organism states for 
generation of diagnostic conclusions.
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Fig. 3. Graphic user interface in NI LabVIEW of the Frequency analysis task
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The aim of this study is regulatory reserves of human organism estimation. To solve this 
problem we propose to analyze the characteristics of 24-hours Heart Rate behavior complexity
using new interdisciplinary science Synergetics (Nonlinear Dynamics) and R. Yusupov and R. 
Polonnikov Stochastic Homeostasis Theory.


