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MATHEMATICAL MODELS OF CONFLICT CONTROLLED
PROCESSES UNDER FUNCTIONAL SELF-ORGANIZATION
OF THE RESPIRATORY SYSTEM

Introduction. Modern human life imposes more stringent requirements for ability to adapt to
increasingly complex conditions, such as unfavorable environmental conditions, potential
danger, increased responsibility, extreme physical exertion and their combined effect. This
leads to a decrease in exercise tolerance, unfavorable changes in hemodynamic parameters,
and disorders in the functional activity of other body organs and tissues. The decisive role in
the adaptation of the organism to physical and psycho-emotional stress belongs to the oxygen
transport system. However, at present, the possibilities of instrumental methods are rather
limited, moreover, they can only characterize the state of the body at the current moment, and
not predict its reserve capabilities in case of disturbances in the internal and external envi-
ronment, in the process of recovery and rehabilitation.

Partially, this gap can be filled by mathematical models of the functional respiratory system,
which allow to imitate disturbances of the internal and external environment of an organism
in the dynamics of the respiratory cycle and, thus, predict possible controlling actions of the
organs of self-regulation of the organism when adapting to these disturbances.

The purpose of the paper is to build a mathematical model of a functional respiration
system that simulates resolving a conflict situation between executive and managing bodies of
self-regulation in the conflict for oxygen, which allows predicting the parameters of self-
organization of the respiratory system under internal and external disturbances.

Results. A mathematical model of mass transfer and mass transfer of respiratory gases in
the human body is presented in the form of a system of non-linear differential equations, which
is a controlled dynamic system, the state of which is determined at each time point by oxygen
and carbon dioxide stresses in each structural link of the respiratory system (alveoli, blood and
tissues). The control (self-regulation) of the condition under permanent or at a given time inter-
val of the current disturbance (high functional activity of certain groups of tissues) is carried
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out by the self-regulation organs — respiratory muscles that form the necessary level of ventila-
tion to compensate for the resulting hypoxic states, cardiac muscle providing the minute blood
volume, and smooth muscles, vessels, vasodilation and vasocostriction which contributes to the
distribution of systemic blood flow through the organs and tissues. There are also passive
mechanisms of self-regulation: the concentration of hemoglobin in the blood, myoglobin in
skeletal and cardiac muscles, their ability to oxygenate, the concentration of buffer bases in the
blood etc. It is assumed that the decision on the choice of the values of compensating influences
is made by the decision center based on the information activity and degree of oxygen defi-
ciency, excessive accumulation of carbon dioxide in all tissue regions of the body, is transmitted
to the executive bodies of self-regulation, increases their functional activity, which ensures the
implementation of the main function of respiration.

Conclusion. The per-set mathematical model of the FRS allows the researcher to ana-
lyze the oxygen and carbon dioxide regimes of body in dynamics at various levels of func-
tional load and under various environmental conditions, to form such regimes of the external
respiration system, which contribute to an increase in the oxygen supply in the body and
thereby increase the resource of the cardiac muscle during the regulation of hypoxic states
that occur when the combined effects of hypobaric hypoxia and hypermetabolic hypoxia;
predict the state of the body during various physical efforts and evaluate the effectiveness of
the preparation process; plan and distribute heavy loads, taking into account the functional-
ity of the individual and depending on the prevailing situations. The work presents the results
of numerical experiments with a model for simulating internal (physical activity) and external
(hypoxic hypoxia) disturbances on the human body.

Keywords: conflict-controlled processes, a functional system of respiration, functional self-
organization of the respiratory system, adaptation to stress.

INTRODUCTION

It is known that the human body adapts to the changing conditions of vital
activity, no matter how extreme they are. All human activity is carried out under
certain environmental conditions and in certain neuromuscular stress,
characterized by human exposure to a number of factors that alter the
physiological and functional parameters.

Body functions can be performed only when the environment meets its
needs, can normally be carried out only under the condition that the environment
meets their needs. If environmental conditions become unfavorable and
complicate human activity, it leads to reduced exercise tolerance, adverse
changes in hemodynamic, functional disorders of the activities of other organs
and tissues. Combined with such factors as increased responsibility, the potential
danger of surprise, novelty, increased intellectual complexity, these conditions
due to the large load on the psyche can cause excessive stress adaptation systems
of the organism, various reactions and adverse psychological state.

It is known that a decisive role in the body's adaptation to physical and
emotional load belongs to oxygen transport system [1]. Comprehensive study of
oxygen supply systems of human body in the process of adaptation to the new
conditions of life and new activities reveals the leading units in the cascade of
compensatory reactions and evaluate the functional reserves of the organism.

Currently, however, the possibility of only instrumental methods are rather
limited, besides, they can only characterize the condition of the body only in the
moment, not possible to predict its reserve under perturbations of internal and
external environment, in the process of recovery and rehabilitation.
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Partially fill this gap may mathematical model of the respiratory system
[2,3,4] allowing to simulate the dynamics of the respiratory cycle perturbation
internal and external environment, and thus possible to predict the reaction of the
organism to these disturbances.

All of the functional systems of the body somehow react in response to the
disturbing internal or external influences, trying to stabilize. Naturally, they
interact with one another, despite the contradictions between the goals and
interests. Development of the theory of dynamic games, optimal control theory
and numerical optimization methods have created the preconditions for the
creation of mathematical, algorithmic and software for simulation of various
disturbances. Mathematical models of functional systems and simulation
complement system experimental and clinical data obtained by the tool.

MATHEMATICAL MODEL

Presented model describes the transport and mass exchange of respiratory gases
in various respiratory system links — airway, alveolar spaces of the lungs, the
blood of lung and tissue capillaries, arterial and mixed venous blood, tissue
vessels and organs (brain, heart, respiratory and skeletal muscle, and other
tissues and organs) and compensating feedback mechanisms of self (the quantity
of ventilation, cardiac output and systemic organ (tissue), blood flow, stabilizing
the functional state of the organism and given the level of its functional activity.
As the phase variables by which the estimated state functional breathing and
circulation system selected oxygen partial pressure of respiratory gases, carbon

dioxide and nitrogen in the respiratory tract ( P, O,, PriwCO,, Py N,) and
alveolar spaces ( p ,0,, p,CO,, p ,N,) and the voltage in the arterial ( p,0,,
p,CO,, p,N,), mixed venous ( p,O,, p,CO,, p,N,), blood pulmonary
capillaries (p,0,, p,CO,, p,N,), tissue blood capillaries (p,O,,
P CO,, p, N,)andtissue fluids ( p, O,, p, CO,, p, N,).

Depending on mathematical modeling purposes, for evaluating the functional
status of the system the apparatus of the differential equations with lumped or
distributed parameters is used. In this case the mathematical model functional
respiratory system is used to study the mechanisms of self-regulation and adaptation to
internal and external disturbances, the dynamic partial pressures and respiratory gases
stresses in the organism described by a system of ordinary differential equations. They
are based on the principles of mass balance and flow continuity.

The parametric form can be written as follows:

dp,0 .
- 2 _ (p(PiOpP,-COz,’L-,V, Q’Qt, ,th 02,qt102)
(D
dp,CO .
pldt 2 _ o( p;O,, p;iCOH MV, Q’Qti ’GtiC02’qtl~C02) ’
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where the functions ¢ and ¢ described in detail in [3,4], vV ventilation,
11— the degree of oxygen saturation of hemoglobin, J — the space velocity of the
system and Q,l_ — local blood flow, ¢, O, — rate of oxygen consumption
i — the tissue reservoir ¢, CO,— the rate of release of carbon dioxide in 7 - st
fabric reservoir. Velocity Gt‘_ O, oxygen from the blood stream into the tissue and

G, CO, carbon dioxide from the tissue into the blood is determined by the relation:

Gti - Dti Sti (pai - pti ) ’ (2)

where Dtl_— gas permeability coefficients throe the air-blood barrier,

S, — surface area of gas transfer.

The purpose of the control [5] is output perturbed system in a stationary
mode in which the relations

|Gt, 02 _Qt, 02 |S & |Gt, COZ +qt,. COz |S &y, 3)

where ¢,. &, predefined sufficiently small positive number. Thus on the control

parameters are imposed restrictions

0<V<V,,,0<0<0,..0<0 <0, 0, =0, 4)
i=1

where m — the number of vessels in the body tissue.

In addition, to resolve a conflict between the executive regulation (respiratory
muscles, cardiac muscles and smooth muscles of blood vessels), which are at the same
time oxygen consumers and other tissues and organs [5] introduced ratios

Drespm. O = T V) s Qegyan Or = 9(0D), 4., 0, = 9(O) . (5)

As a criterion for considering the functional regulation

T
I= min J‘[plz//”t, (Gz,Oz -4, 02)2 +pzz/1;, (Gz, o, +4q, COz)z]dT’

0<V <V,
020, <Oy, 70 fi t (6)

i=lm
where 7,— the beginning of the impact of disturbance on the system, 7'— the
duration of the exposure, p, and p, — coefficients characterizing the particular
sensitivity to hypoxia and hypercapnia, /Li— the coefficients reflecting the

morphological features of a particular tissue reservoir i .

This control minimizes the total cost of the oxygen in the body and in every
region of the tissue, as well as the accumulation of carbon dioxide.

Essentially, the model FSD is a controlled dynamic system whose state is
determined at each time point voltages oxygen and carbon dioxide in each structural
unit of the respiratory system (alveoli, blood and tissue). Control (autoregulation) state
at constant or at a predetermined time interval of the current perturbation (high
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functional activity of the individual groups of tissues) is carried out by executive
bodies selfregulation — respiratory muscles, forming the desired ventilation level to
compensate for emerging hypoxic states, cardiac muscle, providing minute volume of
blood and smooth muscles vascular tissue, vasodilatation and vastostriction which
facilitates flow distribution system for body and tissues.

In addition to these active mechanisms of self-regulation in the model there are
passive mechanisms: concentration of hemoglobin in the blood, myoglobin in
skeletal and cardiac muscles, their ability to oxygenation, concentration of the buffer
bases in the blood, etc. It is expected that the decision on the choice of the quantities
of compensating actions taken center of decision-making on based on information
about the level of functional activity and the degree of oxygen deficiency, excess
accumulation of carbon dioxide in all parts of the tissue of the organism, is
transferred to executive bodies of self-control, increasing their functional activity,
which ensures the implementation of the basic functions of breathing.

MATHEMATICAL MODEL OF THE SHORT-TERM ADAPTATION

Short-term adaptation is almost instantaneous formation of functional systems of
response to changing conditions or type of activity. Typically, the change of
activity, the conditions under which flows human activity associated with a
change in the level of metabolism, the metabolic processes in the tissues, the
saturation level gases (oxygen, carbon dioxide, nitrogen and other trace gases) of
blood and tissue fluid. Therefore a mathematical model of functional respiratory
system sequentially describing the dynamics of oxygen stress, nitrogen, carbon
dioxide in the body structures — the airway, the alveolar space, pulmonary
capillary blood, arterial blood, blood tissue capillaries, tissue fluid and mixed
venous blood to the respiratory cycle — becomes an effective tool for studying
the state of the organism to various conditions of its activities. Especially it
makes it possible to assess the development of hypoxia, acidosis in various
structures of the body — blood, organs and tissues, which is not always possible
to determine by experimentation in the laboratory or clinic.

As noted above, a functional respiratory system is seen as a controlled
dynamic system. Each of nonlinear differential equations in the system,
describes the changes in oxygen tension, carbon dioxide or nitrogen in these
links the structure of the respiratory system in the respiratory cycle. All
equations combined in describe mass transport and mass transfer of respiratory
gases are controlled by the dynamic part of the respiratory system. The change
in the respiratory gas in the respiratory system voltages structures significantly
affect the magnitude of alveolar ventilation?” (and its defining — the value of
the respiratory lung volume, duration of inhalation, pause and exhalation), the
volume flow rate of the system Q and the volumetric flow rate in the capillary

beds of organs and tissues Q, , i = 1,_m . Therefore V' QO Q, can be regarded

as control parameters of the model. It is known that /' formed as a result of the
work of the respiratory muscles, (0 determined by the work of the heart muscle,

and Q,, i =1,m is the work of the smooth muscle tissue vessels. Therefore, it is
reasonable to assume that the management of the operation of the respiratory
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system includes mechanisms for decision-making, forming structures of the
brain, the executive bodies of the regulation — the respiratory muscles, heart
and vascular smooth muscle tissue.

Perturbation acting on the respiratory system function can be subdivided
into external — changing the composition of the breathing gas, the ambient
pressure and the internal — changes in the intensity of metabolic processes in the

tissues and organs, which are indicators of oxygen utilization rate (g, O, ) and

carbon dioxide gas (g, CO, ). Regulation problem (self-, shortadaptation) of the

respiratory system function is to derive the mass transfer of gases perturbed
dynamical system in a new steady state which is stable to the conditions
prevailing living organism.

Thus, the mathematical model of the short-term adaptation of functional
respiratory system is a dynamic system management task. You must specify:

- the initial state of the system, characterized by phase variables:

r,0,,r,C0,, p.0,, p.CO, p,0,,p,CO, p,O,, p,CO,, p,O,,
P, CO,, p;0,, p;CO,, in the moment 7, the start of exposure of disturbing
factors on the system, the external and / or internal;
- the range of the control parameters:
Vi SV V.
Onin <O =<0
O, <0 <0q ,j=1,_m > (7

min max
m
z ch =0
j=1

- terminal region, a region of stable conditions for new living conditions,
defined by the relation:

G,0,-4,0,|<¢,0,,i=1,m

— ()
G, CO, +q,C0,|<¢,CO, i=lm,

where &,,,¢&,, — sufficiently small positive value.

Fulfillment of the conditions (8) ensures the stabilization of the oxygen
pressure and carbon dioxide in the blood and tissues of the washer, which leads
to the establishment of a new steady state.

Easy to see [6], so that the problem formulated short adaptation unit has a

plurality of solutions. Any set V', Q, Qt,. i= I,_m , (7), sooner or later leads to a

state of a dynamic system, characterized by the condition (8), but the level of
hypoxia and the degree of accumulation of carbon dioxide in the tissue will be
more or less pronounced. We assume that the optimal set of control parameters

V, 0, Q,l_ i= I,_m , Z Q,l_ = Q is a set of (7), which provides motion on the

trajectories of the perturbed dynamical system minimizes the function:
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T

I = J'(,o1 (z 4, (G, 0,-q,0, N +(p, z/l, (G,CO, +4,CO, N dr, 9)
7, t t

where p, and p, sensitivity coefficients to hypoxia and hypercapnia,

respectively, and ﬂti factors which characterize the functional — morphological

features of each organ or tissue in the region. In this model it is assumed that

14
1 = ct;
, =9( ” ) (10)

t

which means that the recorded blood fullness unit volume of the tissue container. Thus
modeled prevailing in the evolutionary process a vital importance of organ and tissue.
Upper limit 7 in functional (9) is usually given a sufficiently small time
(hundredths of seconds), since the short-term adaptation takes place almost
instantaneously. If the condition (8) will occur in the 7 < T, the value

I = [(p (Y 4, (G, 0,-4,0,)) +(p, 2. 4, (G, CO, +q,CO,)))dz (1)

7, t;

is almost equal to 0 and has little effect on the final value 7 .

It should be noted that the sensitivity coefficients p, and p, (9) are
individual. For their establishment for a particular organism it is necessary to
determine experimentally in a state of rest gO, and gCO, the whole organism,

V' and Q, measure p, O, and p CO,. Then the model with the parameter
values established solves the problem of identification of functional (6) by
changing the procedure p, and p, to obtain values p"*.0,, p"*.CO, set

equal to the experimentally p, O, and p, CO, respectively.

Computational experiments conducted with short-term adaptation of the
mathematical model allow us to establish the specificity of the regulatory body's
reactions to specific types of disturbances. Table 1 shows the data of oxygen and
carbon dioxide stress calculations, the values of the flow rates of blood flow in
the tissues during exercise and hypoxic hypoxia.

Analysis of the results of computational experiments with short-term adaptation
model shows that under various conditions of vital activity required some kind of
reaction of the circulatory system. Thus, in the simulation exercise volumetric blood
flow velocity rises more than five times, increasing the value of volumetric blood
flow in vital organs, although as a percentage of relations are not changed, except for
the working skeletal muscles. Almost all organs and tissue oxygen tension regions
stabilized at a lower level, and the carbon dioxide pressure — at a higher, indicating
the development of the body hypoxia and hypercapnia.

Otherwise, short-term adaptation mechanisms to respond to the conditions
when a person inhales hypoxic mixture. The volumetric flow rate under these
conditions increases by about 5 — 10 ml / s, although a huge increase in reserve.
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Table 1. Regulatory body reaction and oxygen tension, and carbon dioxide
at various perturbation types (short-term adaptation)

Type of Tissues (pO2 and pC02 in mm Hg, O in ml/s)

. Parameters
perturbation Brain heart liver | kidneys skeletal ?ther
muscles | tissues
02 26,2 15,7 43,8 60,5 13,0 37,2
Exercise stress | O, 5L | 572 | 502 | 450 | 540 | 47.8
600 kgm / min
o, 235 | 295 | 426 | 160 | 2088 | 114
hypoxic 02 32,2 20,8 38,1 44,0 26,0 36,1
hypoxia
paO2 =70 . COz 30,0 33,5 30,4 28,2 40,5 44,1

p,CO,=30 0,

i

14,5 5,6 24,5 21,5 21,0 10,5

The explanation of this fact (which coincides with the actual measurements) so
that a substantial increase in the volumetric flow rate of the system, of course,

would stabilize. p, O,,i = 1,_m at a higher level, but it would lead to a drop in

p,CO, i=1,m in tissues, to wash out the carbon dioxide in the body. The
structure of the functional (11) takes into account both the hypoxic and
hypercapnic stimuli regulating and determination(Q, O, i=1,m conducted on

the basis of a compromise. Hypoxia develops in the body, but there is no
significant leaching of carbon dioxide.

MATHEMATICAL MODEL OF THE MEDIUM-TERM ADAPTATION

The mathematical model of the process of medium-term period of adaptation
occurs when the disturbing factors act on the functional respiratory system either
continuously or intermittently for a sufficiently long period of time (weeks,
months). At this stage, except for short-term work arrangements to adapt,
develop additional adaptive mechanisms that allow in response to outrage the
best organization of metabolic functions in the tissues. It is known that the
oxygen utilization in tissue reservoirs released the energy needed to do the work
of muscles, supporting — motor system, maintain the basic functions of the
organs. Part of the energy is released as heat and other species. Therefore, the
rate of oxygen consumption in the tissues can be represented as:

qtl.OZ 243)02”]2"02 (12)
where q;fb O, — rate of consumption of oxygen necessary to perform a
predetermined level functions of organs and tissues; qtrin O, — ate of oxygen

consumption, providing the allocation of heat and other forms of energy.
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We can assume that for the work of a certain intensity

20, = const,i=1,m
9, > >, while the second component may be reduced due to

better organization of functions in the tissue region. We assume that

—kt m
02)*6 +q, O,, i=1m

ar, 0.(z)=(a,, 0:=a;

adapt; ‘nadapt; crit; ( 1 3)

m

q, 0,<q; O,,

critj ‘nadapt;
"0 : : o
where 4i,,,,"2— constituent rate of oxygen consumption, which is used to
m
extract thermal energy in the adapted organism; 9., — non-adapted to the

m
body; 4., O, _ rate of consumption of oxygen required to isolate the minimum

amount of power while maintaining the heat balance in the adaptation.

The mechanism of medium adaptation presented by the relations (12) — (13)
similar to person learning a certain type of work. The longer person performs the
same kind of work, the better he does it with less effort.

Another mechanism is the adaptation medium change mechanism sensitivity

coefficient to hypoxia P1 and to hypercapnia P, .
It can be assumed, that
(14)

P, =(p1 -p, )e‘k" +p,

nadapt crit crit

L VNN (15)

adapt
s

where £, and P>, minimum sensitivity coefficients to hypoxia and hyperoxia

Kpum Kpum

providing hypercapnic hypoxia and stimulation with the short adaptation mechanisms;
k, and k, — ndividual coefficients of the adaptation for a particular organism. Note

that if q,:” 0,, qtr:,,{,,,,,. 0, , qt,rzdu,,,,. O, __ the value of the biophysical, the p, and 0,

have a purely mathematical sense, but in a real organism clearly manifested their
expression ensured by a system of different physiological mechanisms.

The mechanisms of medium-term adaptation in certain conditions of vital
activity (impact of hypoxic hypoxia, hyperbaria) include erythropoiesis inclusion
process — production of red blood cells by the bone marrow and release them
into the blood or sequestration of erythrocytes, reducing them in the unit of
blood volume. Mathematical model adaptation medium-term is the adaptation
medium-term model for hypoxia supplemented by (13) — (15). As noted above,
the short-term adaptation to hypoxia model is an optimal control problem
dynamic system whose solution objectively difficult — a large number of
differential equations governing parameters. It is possible to solve the
optimization problem for such a system only at short time intervals (minutes).
The medium-term adaptation occurs at longer intervals (days, weeks). Therefore,
the use of simulation model of the system becomes ineffective. For this purpose,

ISSN 2663-2586 (Online), ISSN 2663-2578 (Print). Cyb. and comp. eng. 2019. Ne 3 (197) 73



Aralova N.I., Aralova A.A.

Table 2. Regulatory body reactions and the oxygen pressure and carbon dioxide
at various perturbation types (medium-term adaptation)

Type of Parameters Tissues (pO2 and pC02 in mm Hg., O in ml/s)
perturbation Brain heart liver | kidneys skeletal ?ther
muscles | tissues
02 28,1 16,1 44,2 62,3 13,3 37,0
Exercise stress
600 kgm / min co, 50,0 55,7 50,0 44,1 52,8 46,5
Q”. 223 28,0 41,8 15,8 287,7 10,8
hypoxic O2 33,0 22,6 39,2 45,1 27,0 36,4
hypoxia
pa02 =70,5 . C'O2 30,0 32,8 28,9 28,1 38,8 42,8
2,C0O,=30 0, 13,5 5.4 23,1 206 | 205 | 981

and has developed a new system of algebraic relations to predict the behavior of
the respiratory system function at a sufficiently large time intervals.

Analysis of the mathematical model adaptation medium-term shows that the
inclusion into the model relationships (13) — (15) increases the resource

executive bodies regulation, in many cases, return values ¥, O, Qtl. to levels

they accepted the change to the life conditions.

Results of computational experiments with the mathematical model
adaptation medium shown in Table 2.

Note that the results of the modeling process medium adaptation to physical

exercise performed under conditions at which ¢; O, was 5% of the level in the
non-adapted organism. Similarly, data obtained by simulation under conditions
of hypoxic hypoxia ( Padep: = 0)95pnadapt ). The simulation results suggest that

hypercapnia and hypoxia occurs in both cases, the values of pO, in tissues at a

higher level than in the short-term adaptation, although levels Q,,.,l' =1,m

Decreased compared with calculated by short adaptation.

Returning to the same conditions of life, i.e. readaptation process, it
proceeds at a significantly larger time interval and, in essence, is a process of
long-term adaptation to a situation in which the influence of hypoxia is reduced.

MATHEMATICAL MODEL OF THE LONG-TERM ADAPTATION

Undoubtedly, the structural trace in the body’s long-term adaptation leaves to
the existing and effects on the body conditions of life. Regular high-intensity
exercise, long-term stay in the mountains leads to a change in the mass of organs
and tissues, especially those of the executive regulation of bodies such as the
respiratory muscles and the heart muscle. Therefore, it can be assumed that the
presence of functional (9)
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Ve, —

A=l ——1|,i=1m. 16
= Ay (16)

Accordingly, the change of the equation describing the changes in oxygen
tension, and carbon dioxide in the tissue regions:

dp, O, 1

[i B (Gt-OZ _q[.Og) 5
d 5 ’ ,
’ (Vz +AV, ) a, +;/Mbe677: (17)
dp CO
P, U, _ 1 (Gt,.COZ +q,’_C02). (18)

dr (v, +AV,)a,,

The analysis of equations (17), (18) and functional (9) shows that the reaction
mechanisms of regulation, as a result of short-term adaptation, during long-term
adaptation will be directed to oxygen stress stabilization and carbon dioxide in the
tissue reservoirs at a higher level than it was during adaptation medium. In this case,
the resources of the executive management bodies are significant, which allows to
increase the volume and intensity of physical activity.

CONCLUSIONS

The model, which describes the mass transfer and mass exchange of respiratory
gases in various parts of the respiratory system and the compensating effects of
blood flow self-regulating mechanisms that stabilize the functional state of the
body at a given level of its functional activity, is a controlled dynamic system,
the state of which is determined at each moment by the stresses of oxygen and
carbon dioxide in each structural link of the respiratory system (alveoli, blood
and tissues). Regulation (self-regulation) of the state at a constant or at a given
time interval of the current disturbance (high functional activity of individual
tissue groups) is carried out by the executive bodies of self-regulation - the
respiratory muscles, which form the necessary level of ventilation to compensate
for the occurring hypoxic conditions, the heart muscle, which provides the
minute volume of blood and smooth muscles tissue vessels.

This approach has been used on practice to calculate the self-organizatory
respiratory system of functional parameter of persons at internal and external
disturbances and can be used in the practice of occupational medicine and sports
(athletes skilled in cyclic sports and combat sports, mountaineers, the operators of
continuous interaction between systems) to predict functional status of persons
engaged in extreme kinds of activities, the process of fatigue and recovery.

ISSN 2663-2586 (Online), ISSN 2663-2578 (Print). Cyb. and comp. eng. 2019. Ne 3 (197) 75



Aralova N.I., Aralova A.A.

REFERENCES

1.

2.

The secondary tissue hypoxia. Ed. A.Z. Kolchinskaya. Kyiv: Nauk. Dumka. 1983.
(in Russian).

Kolchinskaya A.Z., Missyura A.G., Mankovskaya 1. Breathing and oxygen regimes dol-
phins. Kyiv, 1980. (in Russian).

. Onopchuk, Yu.N., Gritsenko V.I., Vovk M.L., Kotova A.B., Belov V.M., Mincer O.P.,

Kiforenko S.I., Kozak L.M., Ermakova I.I. Homeostasis of the functional respiratory sys-
tem as a result of intrasystemic and systemic-environmental information interaction.
In Bioecomedicine. Single information space. Kyiv: Nauk. Dumka, 2001, pp. 59-81
(in Russian).

. Onopchuk, Yu.N., Gritsenko V.I., Vovk M.IL., Kotova A.B., Belov V.M., Mincer O.P.,

Kiforenko S.I., Kozak L.M., Ermakova I.I. Homeostasis of the functional circulatory sys-
tem as a result of intrasystemic and systemic-environmental information interaction.
In Bioecomedicine. Single information space. Kyiv: Nauk. Dumka, 2001, pp.82—-104
(in Russian).

. Polinkevich K.B., Onopchuk Yu. M. Conflict situations during the regulation of main

function of organism respiratory system and mathematic models for their solution.
Cybernetics. 1986, no 3, pp. 100—104. (in Russian).

. Aralova N.I. Mathematical model of the mechanism short- and medium-functional adap-

tation of breath of persons work in extreme conditions high. Kibernetika i vycislitelnaa
tehnika. 2015, no 182, pp. 15-25. (in Russian).

. Aralova N.I., Beloshitsky P.V. The change of the parameters of athlete's respiratory sys-

tem during adaptation to the mountain meteorological factors. Research based on the
mathematical models. Sports Medicine. 2016, no 1, pp. 111-116. (in Russian).

Received 20.05.2019

JIITEPATYPA

1.

2.

76

Bropuunas TkaneBas rumokcus / moj o6l pea. A. 3. Komumnckoit. K.: Hayk. mymka.
1983.253 c.

Komuunckas A.3., Muctopa A. I'., Manbskosckas V. H. JlpixaHue u KUCIOPOIHBIE PEKUMBI
nenbhuHoB. Kuis.: Hayk. mymxa, 1980. 332 c.

. Onomuyk O.H., I'punienxo B.U., Bosk M.U., Korosa A.b., benos B.M., Munuep O.I1.,

Kudopenko C.1., Kozak JI.M., EpmakoBa .. T'omeocra3 QpyHKIIMOHAIBLHOH CUCTEMBI
JBIXaHMS KaK pe3ylbTaT BHYTPUCHUCTEMHOTO M CHCTEMHO-CPEA0BOTO HH(POPMALMOHHOTO
B3anMoielicTBUs. bruoskomenunuua. ExnHoe mHpoOpMaimoHHoe mpocTpaHcTBo. Kues,
2001. C. 59-81.

. Ononuyk IO.H., I'punenko B.M., Bok M.U., KoroBa A.b., benos B.M., Munuep O.IL,

Kugopenko C.1., Kozak JL.M., EpmakoBa N.1. I'omeocTas HyHKIMOHATBEHOMH CHCTEMbI KO-
BOOOpAIIEHHs KaK Pe3yJIbTaT BHYTPUCUCTEMHOTO M CUCTEMHO-CPEJIOBOTO MH(OPMAIIMOHHO-
ro Bi3auMojeictBusi buoskomenuimHa. EnunHoe uHQOpMaimoHHOEe mpocTpaHcTBO. Kues.
2001. C. 82-104.

. TTonuukeBuu K.b., Ononuyk FO.H. KoH(nuKTHBEIE cUTyaIMu Ipy peryIMpOBaHUH OCHOBHOM

(YHKIMH CHCTEMBI IBIXaHHs OpraHM3Ma M MaTeMaTHUeCKHe MOJIENH UX pasperneHus Kube-
pretuka. 1986. Ne 3.C. 100-104.

. ApanoBa H.1. Maremarmdeckasi MOJIeNIb MEXaHU3MOB KPaTKOCPOYHOW M CPEITHECPOUHOM

azanTaiyy  (QYHKIMOHATGHOM CHUCTEMBl JbIXaHWs JIMI, PaOOTAIONMX B 3KCTPEMAIbHBIX
ycrnoBusix. KubepHernka u BeranciurenbHas TexHuka 2015. Bei. 182. C. 15-25.

. Apanosa H.I., Binommekuii I1.B.3miHa napaMerpiB QyHKI[IOHYBaHHSI CUCTEMH JWXaHHS B

TpoIeci aanTarii CHopTCMEHIB JI0 Tipcbkux MereodakropiB. JlocmikeHHs: HA MaTeMaTHd-
Hiit Moneni. CrioptuBHa Memununa. 2016. Ne 1. C. 111-116.
Otpumano: 20.05.2019

ISSN 2663-2586 (Online), ISSN 2663-2578 (Print). Cyb. and comp. eng. 2019. Ne 3 (197)



Mathematical Models of Conflict Controlled Processes Under Functional Self-Organization

H.I. Apanoea, xauj. TeXH. HayK, CTapIil. HAyK. CIiBPOO.,
CTapIll. HayK. CIiBPOO. Bi/iJ. ONTUMI3allii KePOBAaHKX MPOIECIB
email: aralova@ukr.net

A.A. Apanoea, xana. ¢i3.-MaT. HayK,

HayK. CIiBpOO. BiJ/I. METO/IIB TUCKPETHOI ONTHMi3allii,
MaTeMaTHYHOTO MOZAENIOBAHHS Ta aHAJi3y CKJIQJHUX CHCTEM.
email: aaaralova@gmail.com

InctuTyT KibeprHeTuku iM. B.M. I'nymkoBa HAH VYkpainwu,
mp. Akan ['mymkoBa, 40, m. Kuis, 03187, Ykpaina

MATEMATHWYHI MOAEJII KOHOJIIKTHO-KEPOBAHUX ITPOLIECIB
V PA3I®OYHKIIIOHAJIbHOT CAMOOPT AHIBALIIT CUCTEMU JIMXAHHA

Beryn. CydacHa sKUTTENISIBHICTD JIFOJIMHE BUMArae BiJl Hel BUCOKOT CITPOMOXKHOCTI JI0 aja-
nTamii y pa3iyCKiIaJHeHHI YMOB 30BHIIIHBOTO Ta BHYTPILIHBOTO CEPEOBHUINA, TAKUX SK I10-
TeHIlHA HeOe3neKa, MiIBHUIIeHA BiAMOBIIANbHICTb, TyKe BUCOKI (Di3WYHI HABAHTAKEHHS Ta
ixHs cymicHa nist. Lle mpu3BOaUTE 10 MOTipIICHHS MOKA3HUKIB FeOMHAMIKH, PO3JIaIiB (ByHK-
LIOHAJIBHOI AiSJIPHOCTI 1HIIMX OpPraHiB Ta TKaHUH. BupimanbHa ponp B afanTamnii opratismy
110 Gi3MYHUX Ta MCUXOEMOIIMHIX HABAHTAXKECHb HAJIGKUTh KHCHEBO-TPAHCIOPTHINA CHUCTEMI.
[IpoTe Hapasi MOXKIMBOCTI IHCTPYMEHTAJIBHUX METOJIIB JOCIIHPKEHHS €JOCUTh OOMEKECHUMH,
JI0 TOTO  BOHH JAIOTH3MOTYJIMILE OXapaKTepPU3yBaTH CTaH OPraHi3My B IIOTOYHHH MOMEHT,
a He MPOTHO3YBaTH HOTro pe3epBHI MOKIMBOCTI Y pa3i 30BHIIIHIX Ta BHYTPIIIHIX 30ypeHb, B
MpoIieci BiIHOBIICHHS Ta peadimiTaitii.

Lo mporaiuHy MOXYTh YacTKOBO 3allOBHUTH MAaTeMAaTH4HI MOjeNi (YHKIIOHATbHOI
CHUCTEMH JMXaHHS, AKi Jal0Th3MOTYB JMHAMILll TUXaJIbHOTO MKy iMITYBaTH 30ypeHHS 30B-
HIITHBOTO Ta BHYTPINIHHOTO CEPEAOBHIIA | TAKUM YHHOM MPOTHO3YBATH MOKIIUBI KepyBaJbHi
BIUIUBY OPraHiB caMOperyJisauii A1 ajanranii 10 Hux 30ypeHb.

Merta. [ToOynyBatu MaTreMaTH4Hy MOJIeNb (GYHKIIOHAIBHOI CUCTEMH JMXaHHS, sKa iMi-
Ty€ pO3B’s3aHHS KOH(QUIIKTHOI CUTYyalii MiX KepyBaJbHUMH Ta BHUKOHABYMMHU OpraHaAMH
camoperysiii y 60opoTh0i 3a KHCEHb, SKa HAJa€ MOJMJIMBICTh MPOTHO3YBATH MapaMeTpu
camooprasizaiii CuCTeMH TUXaHHs 32 BHYTPILIHIX Ta 30BHILIHIX 30ypeHb.

Pe3yabTaTn. Hanano MaTeMaTu4Hy MOJENb MAacOIIEpeHOCY Ta MacOOOMIHY pecriparo-
PHUX Ta3iB B OpraHi3Mi JIIOJMHHU K CUCTeMY AUGEPEHIINHUX PiBHAHB, SKa € KEPOBAHOIO
JUHAMIYHOIO CHCTEMOIO, CTaHH SIKOi BU3HAYAIOTHCS Y KOXKEH MOMEHT HaNpyXEHHSIMH KUCHIO
Ta BYIJICKHCJIOTO T'a3y B KOXKHIM CTPYKTYpHIH JIaHIII CHCTEMU IUXaHHs (ajabBeoiaX, KpOBi,
TkaHuHax). KepyBaHHs (caMOperysisiilis) CTAHOM Ha IMOCTIHHOMY 4YM Ha 3aJlaHOMY BiJIpi3Ky
yacy 3ajii 30ypeHHs (BHCOKa (DyHKIIIOHAJIbHA aKTHBHICTH OKPEMHUX IPYIl TKAHHMH) 3iHCHIO-
€TBCSl BUKOHAaBUMMHU OpPraHAMHU CaMOPETYJLILii — AWXaIbHUMH M’si3aMH, sIKi (GopMyroTh
HeoOX1THUH piBeHb BEHTWJIAILII JUI KOMICHCAIi TIMOKCHYHUX CTaHiB, IO BUHUKAIOTh, CEp-
LEBUM M’s30M, KU 3a0e3neuye XBWIMHHHNA KPOBOOOIT Ta IJaJeHbKHUMU M S3aMHU CyJIIUH,
Ba30JMJIATAllil Ta BA30KOHCTPHKINS SKHUX CHPHUSE PO3MOAUTY CHCTEMHOTO KpPOBOOOIry Mo
opraHax Ta TKaHMHaX. TakoX € MacUBHI MEXaHi3MH CaMOpPETYJISIIl — KOHIICHTpAIlisl TeMO-
r1o0iHy B KpPOBi, MiOIJIOOIHY B CKEJIETHHX Ta CEPILEBOMY M’s3aX, IXHS 3[aTHICTh 0 OKCHIe-
HaIlil, KOHIeHTpallis Oy(depHUX OCHOB B KpoBi Tomlo. [lepenbayaerscs, M0 TPUIAHATTS pi-
IEHHS 0A0 BUOOPY BEIWYWHH KOMIIEHCYBAJIHHOTO BIUIMBY IPHUAMAETHCS LEHTPOM TIPHIH-
ATTS pillleHb Ha OCHOBI iH(MopMalii mono piBHI (QYHKIIOHAIHHOI aKTHBHOCTI Ta CTYTCHS
KHCHEBOI HEJOCTATHOCTI, HAJUIMIIKY HAKOMMYCHHsS BYIJICHIO yV BCiX TKAHHMHHHUX PETiOHaX,
nepeaeThCsl Ha BUKOHABYI OPraHH CaMOPETYJISLil, MiABUIILY€E IXHIO (yHKIIOHATBHY aKTHB-
HICTB, 1110 3a0e31e4yy€e BUKOHAHHS OCHOBHOI (DYHKIIIi CHCTEMH JMXaHHS.

BucnoBku. 3anpornoHoBaHa MatemMatHuHa mozenb OCJl nae nOCHiqHUKY MOXIUBICTD
MpOaHaTi3yBaTH KUCHEBI Ta BYTJICKUCIOTHI PEKHUMHU OpraHi3My B JIMHAMIIIl 33 PI3HUX PiBHIB
(DYHKIIIOHATIBHOTO HABAHTAXKEHHSI 1 32 PI3HUX YMOB Cepe/ioBHINA; CHOPMYBATH TaKi PEKUMHU
CHCTEMH 30BHIIIHBOIO JMXaHHS, AKi CIPHUAIOTH 30UIBIICHHIO 3alaciB KHCHIO B Opraismi i
TUM CaMMM MiIBUILYIOTb PECYpC CEPLEBOrO M’s3a y peryisuii IiMOKCUYHHUX CTaHiB, sKi
BHUHUKAIOTh 32 CyMICHOIT Aii TiMOKCUYHOI TiMOKCIi Ta TrinoKcii HaBaHTaXEHHS; CIIPOTHO3yBaTH
CTaH OpraHi3My y pasi pi3HUX (i3UUHHX 3yCHIIb Ta OLIHUTH €(EKTUBHICTh NPOLECY MiArOTO-
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BKH; CIUIaHYBAaTH Ta PO3MOAUTHUTH Ba)KKi HABAHTAXKCHHS 3 ypaxXyBaHHAM (DyHKIIOHAIBHHX
MOXJIMBOCTEH KOHKPETHOTOIHAUBIIyMY Ta B 3aJIEXHOCTI BiJ] HASIBHUXYMOB. Y poOOTi OAaHO
TaKOX Pe3yJIbTaTd OOUUCIIOBAJIBHUX EKCIIEPUMEHTIB y pasi imitamii BHyTpimHiX (¢pizuune
HABaHTa)KCHHS) Ta 30BHIIIHIX (TIMOKCHYHA TiMOKCis) 30ypeHb Ha OpPraHi3M JFOIUHH.

Kntouosi cnosa. Kongnixmno-xeposani npoyecu, Qynxyionanvha cucmema Ouxamus, camo-
opeaHizayis cucmemu OUXAHHSA, A0ANMayis 00 HAGAHMAICEHHSL.

H.U. Apanosa, xanj. TeXH. HayK, CTapIl. Hayd. COTP.,

CTapll. Hayd. COTP. OTA. ONTHMH3AIMH YIPABISEMBIX POLECCOB
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Wncturyt xubepuerrkn nmenn B.M. ['mymkoBa HAH YxpauHsr,

mip. Akan. ['mymxoBa 40, . Kues, 03187, Yxkpanna.

MATEMATUYECKUE MO/IEJI KODJIUKTHO-YIIPABJISIEMBIX [TPOLECCOB
TP @YHKIHUOHAJIBHOU CAMOOPT' AHU3ALINI CUCTEMBI JIbIXAHM A

Beenenne. CoBpeMeHHas KH3HECITEIBHOCTh UYEIOBEKA MPEIBSBISICT BCe OOJiee JKECTKHE
TpeOOBaHUS K €ro CIIOCOOHOCTSIM aalTHPOBATHCS K YCIOKHSIIOIIUMCS YCIOBHSIM, TAKMM KaK
HEeOIaronpUsATHBIC YCIOBHS OKPYIKAIOIICH CPEbl, MOTCHIMAIbHAS OMAaCHOCTh, MOBBINICHHAS
OTBETCTBEHHOCTb, 3aIpe/ielibHble (PU3NUECKUE HArpy3Ku U UX cOUeTaHHOe Bo3jeicTBHe. DTO
MPUBOIUT K IOHIKEHHIO TOJIEPAHTHOCTH K (DU3MYECKUM Harpy3kaMm, HeOJaronpusTHBIM
W3MEHEHUSIM IoKa3aTeneld reMOJMHAMHKH, PacCTPONCTBaM (YHKIMOHAILHON NESTeIbHOCTH
JIPyTUX OpPraHoB U TKaHe#. Pemaromas poss B afantanuu opraHu3ma K (pU3N4ecKuM U IcH-
XO3MOIMOHATILHBIM HArpy3KaM MPHHAICKUT KHCIOPOA0-TpaHCHOpTHOW cucteme. OJHAKO B
HACTOsIIEe BPeMs BO3MOKHOCTH TOJIbKO MHCTPYMEHTAJIBHBIX METOJIOB JOCTATOYHO OTPaHH-
YEHBI, K TOMY JK€ OHH MOTYT JIHIIb XapaKTepHU30BaTh COCTOSIHUE OpraHW3Ma TOJBKO B TEKY-
M MOMEHT, a He IIPOrHO3MPOBAThH €r0 pe3epBHBIE BOZMOXKHOCTH IPH BO3MYILICHUSX BHYT-
pEeHHEeH U BHEIIHEW Cpe/Ibl, B IPOIeCCe BOCCTAHOBJICHUS U PeaOMIIATAIIH.

YacTraHO 3TOT Mpo0OesT MOTYT 3aIlOIHATh MaTeMaTHYeCKUe MOJIeN (PYHKIMOHAIBHOM CHCTe-
MBI JBIXaHUS, TIO3BOJISIIOLIME B JIMHAMUKE JBIXATEIBHOTO IUKJIA KIMUTHPOBATH BO3MYILICHHSI BHYT-
PEHHEW W BHEIIHEW Cpeflbl OpraHu3Ma U TakkuM 00pa3oM IPOrHO3UPOBATH BO3MOXKHBIE YIPABIISIO-
1K€ BO3/ICHCTBHSI OPraHOB CAaMOPETYJISILIMK OpraHU3Ma IPH aIaNTalli| K STUM BO3MYIICHUSIM.

Heab. [TocTponTh MaTeMaTHYECKYIO MOJICNb (DYHKITHOHATIBHON CHCTEMBI JIBIXaHHS, HMH-
TUPYIOIIYIO pa3peiieHne KOHGIUKTHOW CUTYAI[MH MKy MCIOIHUTEILHBIMUA U YIIPABJISIOIIHN-
MH OpraHaMH CaMOperyJisiiui B OoppOe 3a KHUCIIOPOA, KOTOpas MO3BOJISIET MPOTHO3UPOBATH
rapaMeTpbl CaMOOPraHU3aluK CUCTEMBI JAbIXaHUS MIPU BHYTPEHHUX M BHELIIHUX BO3MYIICHHSX.

PesyabTathl. [IpencraBneHa mMaTemMaTHueckass MOJENb MaccolepeHoca M MaccooOMeHa
PECIIPATOPHBIX Ta30B B OpPraHU3ME YEJIOBEKA B BUJIC CHCTEMbI HEJTMHEHHBIX TU(PQepeHIIaIb-
HBIX YPaBHEHH, SBIISIONIYIO COOOH yNPaBiIIeMyI0 TUHAMAYECKYI CHCTEMY, COCTOSHHE KOTO-
poO¥i ompenernsieTcss B KaXKIblii MOMEHT BPEMEHH HANpPSDKCHUSIMU KHCIOPOJa U YIJICKUCIIOTHI B
Ka)XJIOM CTPYKTYPHOM 3BEHE CHCTEMbI JbIXaHUs (aJbBEOJaX, KPOBU U TKaHSX). YTIpPaBJICHHE
(camoperynsuus) COCTOSHUEM TIPH ITOCTOSHHOM WJIM Ha 3aJJaHHOM BPEMEHHOM OTpe3Ke JIeHCT-
BYIOIIIEM BO3MYILEHHUHU (BBICOKas (DYHKIMOHAIIbHAS aKTHBHOCTH OTAENBHBIX TPYI TKaHEi)
OCYIIECTBIISICTCS] UCTIOTHUTEIBHBIMI OpraHaMH CaMOPETYJISALUH — AbIXaTeIbHBIMU MBIIIIIAMH,
(hopMupyOIMMH HEOOXOIMMBIA YPOBEHb BEHTWIALMU Ul KOMIICHCAIIMH BO3HHKAIOUIUX TH-
MOKCHYECKUX COCTOSHHM, CeplieuHoi MbliiieH, ooecrnieunBaromerd MOK, U riiaIkKuMu MBbIIi-
[[AMH TKAaHEBBIX COCY/IOB, B30 IMJIATALIUS U Ba30KOCTPHUKIIUS KOTOPBIX CIIOCOOCTBYET pacrpe-
JIEJICHUIO CHCTEMHOI'O KPOBOTOKA MO OpraHaM W TKaHsM. Tarke MPHUCYTCTBYIOT MACCHUBHBIC
MEXaHU3MbI CAMOPETYJISIIMU: KOHIIEHTpALUs TeMOrIo0MHa B KPOBH, MHOTJIOOMHA B CKEJIETHBIX
U Cep/ICYHON MBINIIAX, UX BO3MOXKHOCTH K OKCHTCHAIMH, KOHIIEHTpanus Oy(pepHbIX OCHOBa-
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HUI B KpoBH M 1p. Ilpemmomaraercs, 4yTo pemieHre O BBHIOOpE BENMYHH KOMIICHCHPYIOLIUX
BO3JICHCTBHI NPUHUMAETCS LEHTPOM INPHHATHSA pEIIeHHs Ha OCHOBAaHWMHM HH(pOpMaruu 00
YpOBHE (PYHKIMOHAJIBHOW aKTHMBHOCTU M CTEIEHH KUCIOPOJHON HEZOCTATOYHOCTH, W30BITOY-
HOCTH HAKOIUICHHs YTJIEKHCIIOTHI BO BCEX TKAHEBBIX PETHOHAX OpraHU3Ma, Neperaercs Ha
UCIIOJIHUTEJIBHBIE OPTraHbl CAMOPETYJISIMHY, OBBIIAET UX (YHKIMOHAIBHYIO aKTHBHOCTD, YEM
00€eCreunBaeTCsl BBIIOJHEHNE OCHOBHOM (DYHKIUH JBIXAHUSL.

BriBoasl. [lpencraBnennas marematnueckas moznens OCJI maer mccnemoBaTeno BO3-
MOYKHOCTP TIPOAHATM3UPOBATH KHCIOPOAHBIE M YTIIEKHCIOTHBIE PEKIMBI OpraHU3Ma B JIHHA-
MHKE MPU Pa3NIUYHBIX YPOBHIX (YHKIMOHAIBHOW HArpy3KH W TPH PasIHYHBIX YCIOBHSIX
OKpYXKaIOIIeH cpeibl; CHOPMHUPOBATH TAKUE PEKHMBI CUCTEMBI BHEITHETO JIBIXaHHs, KOTOPhIC
CIOCOOCTBYIOT YBEJIMYECHHIO 3aIlacoB KHUCIOPOJa B OpraHM3ME M TEM CaMbIM ITOBBILIAIOT
pecypc CepieYHOM MBILIIBI [TPU PETYJIALUN THIIOKCHYECKUX COCTOSIHUN, KOTOPBIE BO3HHKAIOT
MIPYU COYETAHHOM BO3JICHCTBUU IMII00AapUYECKON TUIIOKCUU U TUIIEPMETa00INYEeCKONW THIIOK-
CHH; CIIPOTHO3MPOBATh COCTOSHHE OpraHM3Ma IIPU Pa3IHYHBIX (QU3HYECKUX YCHIMAX H OlLe-
HUTH 3 (EKTHBHOCTH Mpolecca MOATOTOBKH; CIUIAHMPOBATH M PACIIPEAEIUTH TSDKENbIe Ha-
TPY3KH C YIeTOM (DYHKIHOHAIBHBIX BO3ZMOKHOCTEH TAaHHOTO HHAWBHIYYMA H B 3aBUCHMOCTH
OT CKJIa/IBIBAIOLINXCS CUTyauuii. B pabore npezacraBieHsl pe3yIbTaThl YHUCICHHBIX KCIIEPH-
MEHTOB C MOJICJIBIO TIPH UMHUTAIIUU BHYTPEHHHX ((U3HUecKas Harpy3Ka) U BHEIIHUX (THITOK-
CHYECKasl TUIIOKCHS) BO3MYIICHH Ha OPraHU3M YeJIOBeKa.

Kniouesvie cnosa: Kongruxmno-ynpansiemvie npoyeccol, QyHKYUOHANbHAS CUCHEMA OblXa-
HUSL, CAMOOP2AHU3AYUSL CUCTEMbL ObIXAHUS, A0ANMAYUs K HASPY3KAM.
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