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Aim. Description of some technologies of many years of research and their results in the age
aspect in extreme situations (such as hypoxia), application of these technologies to improve the
survival of organisms in stressful situations, their treatment and rehabilitation, as well as longevity.

Methods. Numerous observations on changes in biometric indicators in the comparative-age
aspect of individuals in extreme highland conditions using standard methods of laboratory analysis
of bioindicators in mountain conditions were analyzed. The digital indicators input to databases;
mathematical, program modeling were used.

Results. The data on observations and measurements of various physiological characteristics of
people, presented in a comparative age aspect, are presented. The influence of high-altitude factors on the
longevity of bioorganisms, as well as some problems in aging physiology and hypoxic states, is described.
The results of examinations of veteran climbers regarding adaptation to hypoxic barium, active gradual
(stepwise) adaptation, the hypoxic therapy method, and combinations of these methods are discussed. A
mathematical model of ischemic heart disease is presented, and technologies for the survival of people of
different ages under extreme, stressful conditions are developed.

Conclusion. During the study of age-related aspects of adaptation to hypoxybaria, it was found that it
increases the organism’s performance, its resistance, protects against premature aging, and promotes
longevity. With age, the organism’s ability to adapt to hypoxia decreases but is not entirely lost — older people
can adapt up to 5000 m a.s.l. The results of a survey of veteran mountain climbers regarding adaptation to
hypoxic media using a number of developed technologies are presented. The results of mathematical modeling
are demonstrated. Obtained results are essential for the further development of technologies for the survival
of human of different ages in extreme, stressful conditions, their treatment, and rehabilitation.

Keywords: hypoxia, adaptation, extreme stressful conditions, numerical indices of physiological
functions, long-livers, mathematical modeling.

The problems linked with aging and [1-4]. In parallel, nowadays, significant
longevity were in the focus of attention of attention in the world is paid to studying the
scientists for many years, different sides of stress influences on human organisms under
these problems were studied [1-9], and some extreme conditions, and numerous publications
mechanisms of these phenomena were disclosed have been devoted to this topic[3, 7, 10—-39].
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During long years in the National Academy
of Sciences of Ukraine (NASU), numerical
researchers studed the problems linked with a
person’s stay in mountains and the influence of
extreme stress mountain conditions on human
organisms [40—47]. Since human organisms
react to all external influences, a person’s
stay in the mountains consequently leads to
significant physiological changes.

Such influences of hypoxia could be
characterized by constructive as well as
destructive manifestations [40, 44]. A
hypoxic environment, as well as high levels
of radiation at altitudes and other extreme
factors [41-49], can cause destructive
influences. It was characterized phenomena
of hypoxia influences in mountain conditions
[40, 42], as well as organism adaptation to it
[44—46]. In the present article, we would like
to “add the third dimension” to this study —
aging, i.e., to study the development of
the first two processes over time. The
more interesting since the phenomenon
of longevity is often recorded specifically
for mountainous highlands. The positive
effect of staying in the mountains can help
in the medical treatment of some diseases,
rehabilitate lost functions of disabled people
who were injured as a result of war, as a
result of the Chernobyl accident, or other
disasters, etc. [40]. Due to the positive
effects of mountain climate conditions, it is
possible to increase an organism’s resistance
to extreme influences; these effects were
used for the training of rescuers, pilots, and
special forces and improved sports results
during the training of athletes [40]. In
contemporary Ukraine, such programs can
be realized in the Carpathian Mountains, for
example, at low highlands in traditionally
known Ukrainian resorts like Truskavetz,
and Skhidnytsia, or in resorts, sportive
bases at higher altitudes of Transcarpathia
(Yasinya, Kvasy, etc.), Ivano-Frankivsk
region, and others. Investigations in the
highlands of effects mentioned above
were supported by the development of
novel methods of mathematical simulation
[48—50]. A set of other novel information
technologies for these and linked tasks was
developed in the highlands in the process of
the works [61—-54].

The phenomenon of long-living
mountain aborigines attracted the most
excellent attention of NASU scientists
ever, but their reasons have not yet been
thoroughly studied. The researchers of the
Ukrainian scientific school headed by Prof.
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M.M. Syrotinin worked for many years in
the highlands of the Caucasus, first in
expeditionary conditions, and since 1973,
in stationary conditions at the Elbrus
Medical and Biological Station (EMBS)
NASU. This Ukrainian scientific school
was the first who comprehensively study
the mechanisms of adaptation to oxygen
deficiency in evolutionary, comparative-
physiological, and age-related aspects —
thereby it laid the foundation for the
development of such branches of science as
comparative and age-related physiology of
hypoxic conditions.

Representatives of +this school
studied the mechanisms of the reliability
of organism functioning [40, 49] in
extreme conditions at the submolecular,
molecular, cellular, organ, and systemic
levels, tried to understand the patterns
of interdependencies at all levels because
the organism is complex, unified,
integral, integrated, multilevel, balanced,
coordinated, ordered, multifunctional,
organized system with interdependent
relationships.

The objective of the article is to outline
briefly some of the results of research by
Ukrainian scientists on health and longevity
in high altitude conditions.

Peculiarities of the influence of highland
factors on biological organisms

The meaning of the term “mountain
climate”. Conditions in the mountains are
characterized not only by low barometric
pressure and associated hypoxybaria.
According to numerous investigations, the
following indicators are changed with the
height [40—-44, 48, 55]:

— temperature;

—air humidity;

— physical and chemical characteristics of
air;

— wind speed and intensity;

— Earth’s electric and magnetic field
strengths;

— intensity of the flow of cosmic particles;

— solar radiation in the range from infrared
to ultraviolet;

— radiation exposure in the range from
X-ray to UV radiation.

These factors cause changes in
the environment in which a person is
located. They change the properties of
water molecules, cause dissociation and
ionization of oxygen molecules, and
increase their level of excitation. Features
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of the mountain climate have a significant
physiological effect on organisms. It was
supposed that the transport of oxygen was
changed in mountain’s conditions, and its
utilization in tissues occurs in ways that
differ from processes involving oxygen
in normal conditions. As a result, there
may be changes in the methods of oxygen
diffusion, its solubility in water, binding to
hemoglobin, skin permeability, etc.

In addition, it excludes the direct influence
of changed electric and magnetic fields of the
Earth on the hemoglobin molecule itself, on
the system of erythrocytes transfer (because
they are electrodynamically active charged
particles), which causes the appearance
of convection currents and changes in the
rheological properties of blood. The effect of
highland conditions on organisms also contains
an information component [40—44]. Thus, the
altitude has its specifics in the processes of
heredity, adaptation, evolution, and changes
in structures in ontogenesis and phylogenesis.

The analysis of the conducted research
allowed us to formulate the concept of
“information” diseases and related methods of
“information” treatment and rehabilitation.
These methods include climatotherapy
methods, the effectiveness of which increases
in the mountains [40, 44].

Problems of the physiology of aging and
hypoxic states

A significant contribution has been made
at EMBS in the field of age-related physiology.
The research was based on the observation
that organisms of different ages demonstrate
different capacities for adaptation to hypoxic
environments, in particular, in mountain
conditions.

Newborn mammal cubs demonstrated high
resistance in a hypoxic environment; they
maintained a high level of activity. Newborn
rats, cats, dogs, and rabbits could survive at
very low levels of p02 in the atmosphere. In
the pressure chamber, this corresponded to
values of altitudes of 14,000—-16,000 m above
sea level (m a.s.l.), at which the life of adult
organisms is no longer possible without special
defense.

During such experiments, no
degenerative changes in the neurons of
the higher brain regions, cerebellum, and
cerebral cortex were recorded in newborn
mammals. In addition, they studied the
peculiarities of adaptive reactions of
newborn mammals to oxygen deficiency.
For example, the heart of a newborn dog

without perfusion of the coronary vessels
can contract in physiological solution for
4—5 hours. The survival period of the heart
after clinical death is much shorter. Reflex
mechanisms for regulating the breathing
of newborn human babies are not formed
in the same way as in adults. Still, their
respiratory center can function in conditions
of oxygen deficiency for up to 20 minutes.
Clinical and experimental studies have
shown that higher values of compensatory
and adaptive parameters of newborns under
hypoxia, compared to adult organisms, were
registered due to the activation of anaerobic
glycogenesis in them and higher tissue
oxygen utilization capacity. If, based on
such studies, medications with appropriate
directions and mechanisms of action to
introduced into therapeutic complexes, this
will contribute to a significant reduction
in newborn mortality and their normal
postnatal adaptation (for example, it is
possible to recommend ethymisole, sodium
oxybutyrate, etc.).

Investigation of the role of hypoxia in the
pathogenesis of diseases and pathological
states in the perinatal period has revealed
a correlation between the specificity of gas
exchange, oxygen mass transfer in pregnant
women with late-stage gestosis, inherited
heart disease, and rheumatic diseases,
and the states of embryos and newborns. A
comprehensive study of oxybiotic parameters
in comparison with indicators of central
and regional (local) hemodynamics and
microcirculation allowed us to register
chronic hypoxia of mixed type in this group
of pregnant women. It demonstrated the
existence of correlational dependencies
between detected hypoxic conditions in
the mothers’ organisms, the frequency
of complications during pregnancy and
childbirth, and perinatal pathologies in
embryos and newborns. All obtained data are
essential for obstetrics and gynecology.

Complex studies of people of five age
groups were conducted at EMBS:

— children of preschool age;

— schoolchildren of young age (7—11 years
old);

— schoolchildren in the pubertal period;

— middle-aged people;

— older adults.

The obtained results revealed that at
mountainous altitudes (3—4 km above sea
level), the activity of the higher nervous
system is most vulnerable in older adults and
puberty.
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In the latter group, childhood
characteristics are already disappearing,
but the levels of development of adult
compensatory mechanisms have not yet been
reached. For example, when the level of p02
in the air was reduced to 115 mm Hg, it was
registered that the oxygen saturation of
arterial blood in young men was 84-86%,
and in middle-aged men, 87-90% . However,
despite their high sensitivity to hypoxybaria,
young men can adapt to it quickly and very
well. Consequently, children at a young age
need special attention from pediatricians,
teachers, and coaches.

Older people can often be diagnosed with
arterial hypoxemia. In addition, their oxygen
transport systems are less efficient.

In the mountains, respiratory volume per
minute (RVM) for elderly persons increases
dramatically, while alveolar ventilation (AV)
almost does not improve, and the ratio AV/
RVM decreases. Older adults have relatively
low levels of RVM and AV, lower respiratory
efficiency, and the lowest level of blood oxygen
saturation not only under normal conditions
(at sea level) but also under conditions of
reduced p02. However, older people are able
to adapt themselves to the conditions of
highlands up to 5000 m a.s.l.

Some results obtained in the framework
of these projects are given in Tables 1-3.
They reflect the data registered at various
stages of adaptation in highland conditions at
an altitude of 2100m a.s.l. At the scientific
base of EMBS NASU, Caucasus, Terscol [44].
In Table 1, the results of an examination of
middle-aged people from the t. Chernobyl is
represented (men and women who obtained
low doses of radiation after the Chernobyl
accident on April 26, 1986. In Tables 2 and
3, the results of medical observations of
schoolchildren in the pubertal period are
given (boys and girls from c. Kyiv, Ukraine).

Results of examinations of veteran climbers
in adaptation to hypoxybaria

The problems of older people, in
particular, sports veterans, attract special
attention. The studies of limits of their
capabilities, levels of physical and mental
capacity, adaptation, adaptability, etc.,
were conducted at the EMBS in order to
develop optimal ways to extend the duration
of active, creative life, in particular, using
the numerical method of hypoxytherapy and
combinations of techniques. The proposal of
researchers to organize sports competitions at
the EMBS, taking into account different age
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categories, was supported by the International
Union of Mountaineering Associations.

Ukraine became the first country to
officially start mountaineer competitions in
the high-altitude and age class. This enabled
scientists to identify factors that ensure the
high stability and work capacity of older
people. Japanese rock climbers proved that
a person aged 70 can climb even to the top
of Mount Everest and at 102 — to the top of
Mount Fuji[40].

In Ukraine, we have registered the same
achievements, too. Ukrainian veteran climber
Volodymyr D. Monogarov was regularly
trained and examined at EMBS. At the age
of 75 years, he was able to climb the top of
Mount Elbrus in the Caucasus (5641 m a.s.l.)
four times in one season, and being 80 years
old, he celebrated his birthday on this peak
again in 2007. Another Ukrainian mountain
climber, Rafail D. Vilenkin, celebrated his
90th birthday by climbing to the top of Mount
Hoverla in 2008 (Ukrainian Carpathians, 2060
m a.s.l.). These achievements may qualify for
inclusion in the Guinness Book of Records.

A group of veteran climbers aged 50 to 78
years was examined at the EMBS.

Among the symptoms of diseases in
veterans, the first place was taken by:

— changes in the cardiovascular system —
vegetative-vascular dystonia, mainly of the
hypertensive type;

— extrasystoles;

— partial blockade of the pedicle of the
bundle of His (mainly the right one);

— disorders of the gastrointestinal tract
(dyskinesias, chronic inflammatory processes).

Veterans were diagnosed with:

— arterial hypoxemia;

— less efficient and economical oxygen
transport systems;

— relatively low hemoglobin content
(114=+4 g/1);

—slight hypochromia of erythrocytes;

— high variability in platelet count and
increased tendency to aggregation.

Gradual adaptation to mountain conditions
most often led to the improvement of
physiological parameters and reduced the
degree of these listed deviations. It was found
that mountaineering veterans who train
themselves annually in the mountains have a
greater reserve of safety during exposure to
hypoxic environments and cold. They have less
pronounced stress reactions, a wider range
of gas transport and hemodynamic reactions,
and more economical and faster recovery
after physical loads of the gas exchange and
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Table 1

Changes in central hemodynamic parameters in the process of adaptation of middle-aged people
“chernobyltsy” to mountain altitude conditions on the 2nd (A) and 20th (B) days (2100 m a.s.l.) [44]

Patient Ds,mm | Dd,mm | PWD,mm | LVET, msec | SV, ml | Q, I.min -1 HR, b/min | EF,%
1.P1 A 35.0 48.0 9.0 270 56.8 4.4 76 52
B 35.5 48.5 9.1 360 54.0 3.6 64 56
2. P2 A 34.0 45.0 8.9 290 62.4 4.6 75 53
B 33.0 46.0 8.7 296 56.0 3.7 76 58
3.P3 A 34.0 48.0 10.5 286 60.3 4.4 73 56
B 34.5 44.0 15.0 302 40.2 3.4 60 59
4.P4 A 35.0 45.0 10.0 260 55.0 4.9 72 54
B 32.0 45.0 12.5 312 51.0 4.5 70 56
5.P5 A 30.0 45.0 10.0 255 58.0 4.0 70 51
B 35.0 47.0 14.5 307 51.5 3.3 66 54
6.P6 A 36.0 49.0 11.5 285 61.0 4.28 71 48
B 34.0 48.0 14.5 323 60.3 3.7 63 56
7.P7 A 34.0 47.0 11.0 276 63.9 4.9 72 54
B 32.0 48.0 12.0 280 60.0 4.1 68 58
P8 A - - - - - - -
B 35.0 47.5 13.0 296 51.5 3.2 63 50
M A 34.0 46.7 10.1 274 59.6 4.5 73 52
B 33.8 46.8 12.4 310 53.0 3.6 66 67

G A 1.9 1.7 0.96 13 3.2 0.3 2.1 2.6
B 1.4 1.6 2.41 24 6.3 0.4 5.0 1.7

m A 0.7 0.6 0.36 5.1 1.2 0.12 0.8 0.9
B 0.4 0.5 0.85 8.4 2.2 0.15 1.7 0.6

Cv A 0.05 0.04 0.09 0.05 0.05 0.07 0.03 0.05

B 0.04 0.03 0.19 0.07 0.12 0.11 0.07 0.03

t 0.25 0.13 2.49 3.66 2.63 4.69 3.73 4.62

P >0.03 >0.03 <0.05 <0.05 <0.03 <0.05 <0.05 <0.03

Note. Ds — anteroposterior dimension of the left ventricle in systole, Dd — anteroposterior dimension of
the left ventricle in diastole, PwD — myocardial thickness in diastole, LVET — contraction time of the poste-
rior wall of the left ventricle, SV — stroke volume, Q — minute blood volume, HR — heart rate, EF — ejection

fraction

circulatory systems.

Methods of medical treatment based on
adaptation to a hypoxic environment

The attention of M. M. Syrotinin and his
followers was focused on the development of
methods in which adaptation to hypoxybaria
was used to treat diseases in which hypoxia
plays a significant role in the pathogenesis.

A set of highly effective methods was
developed at EMBS: active stepwise adaptation
to high-altitude concentrations, training in
pressure chambers, inhalation of gas mixtures
with low concentration of oxygen, and the

method of intermittent hypoxic training have
been successfully implemented in numerous
clinical institutions, hospitals, and sports
centers in Ukraine and neighboring countries.
Initially, the process of gradual (stepwise
adaptation) to a low level of p02 in inhaled
air in a pressure chamber (barochamber) was
developed to treat patients with bronchial
asthma. When this method proved to be
effective, it was also used for the treatment of
children with whooping cough.

In mountain conditions, the method of
gradual (stepwise) adaptation was used to treat
patients with some mental disorders (catatonic
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Table 2

Indicators of hemodynamics and hypoxic state obtained during examination under the conditions of basic
metabolism on the third (1) and twentieth (2) days of adaptation in children aged 10—13 years, (M = m) [44]

MBY, OECC, BOC, Ca0,, CvO,,
Num- . HE, < oxygen con-
Groups Exa- minute oxygen effect blood arterial .
- | ber of : hemo- . tent in
of chil- . mina- blood . of cardiac oxygen | blood oxygen .
child- : dynamic - . mixed
dren tion volume, X contraction, capacity, content,
ren I/min | eduivalent ml /bt vol.% vol.% venous
: : : blood, vol.%
1 3.8 0.2 37.0+9.1 1.6 =0.1 18+1.1 15.5+1.4 11.2+2.0
Boys 14
2 3.3 0.3 29.1 £7.2 1.5 +0.1 20 =1.2 15.8+1.8 12.0 #1.8
1 3.3 +0.2 28.1 +5.3 2.3+0.3 17.6+0.4 | 15.28 =0.53 | 9.62%+0.83
Girls 12
2 3.3 +0.3 26.3 £3.7 1.9 0.2 18.7+0.4 | 12.18 =0.37 | 12.18 =0.28
Table 3

Hemodynamic and blood parameters obtained during examination under conditions of basic metabolism
on the third (1) and twentieth (2) days of adaptation in children aged 10—13 years,( M + n) [44]

—_ o iy
- o e z iﬂ é é ERS g
£ |2 8 g 2% : . 5 | %
S 28| 5. | | 28| B | B | B2 oS
< - S 9« s ~ T8 9] 0 S b =
3] o < = =l s &) QO o - . SR =
o | 8| E .EE’E k) m«é&g %gén Egéo %gso % %
e | | E Eo> = oo = = now )
& | 8| ¢g s 2 =S 8 3 = S
o = M 19) + 2 it £ 59 &
S |z = s 38 >, & =2 it
S 'g = 0 = n Q é
1|4.13+0.17 | 51.9+1.6 | 78.4+3.4 | 98.5 2.2 | 62.5 1.8 | 88.5+0.8 [ 129 =4.2|7.32 =0.01
Boys | 14
2 | 3.35+0.14 | 50.6+1.9 | 67.2 =2.7 | 104.0+2.6 | 68.0=2.8 | 89.7 0.7 |141 £2.3|7.35 =0.01
1 (4.50+0.14| 48 +2.8 | 68=+2.5 | 106 4.2 | 67.9+2.4 | 88.2+1.1 |125 +£3.3| 7.35+0.01
Girls | 12
2 13.70=0.30 | 48 +3.3 69+3.7 109 3.4 | 71.4+2.6 | 87.0 0.7 138 2.9 | 7.36*+0.14

schizophrenia), bronchial asthma, and chronic
nonspecific lung diseases.

In the last quarter of the 20th century,
the EMBS organized a clinical unit to
provide health improvement, rehabilitation,
and medical treatment of patients from
environmentally disadvantaged areas. There
were patients from t. Chornobyl (Ukraine)
and t. Shevchenko (Kazakh Republic).
Developed methods of medical treatment
were based on the phenomena of adaptation
to the hypoxic environment in the Elbrus
mountain region. These methods were later
successfully used for the treatment of many
patients with respiratory allergies, anemia,
hypertension, diabetes, coronary heart disease,
arrhythmia, neurodystonia, “post-Chernobyl
syndrome”, juvenile dysfunctional bleeding,
etc. During the treatment process, for its
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successful implementation, doctors first had
to research thoroughly the peculiarities of the
genesis of hypoxic states, and mechanisms of
sanogenesis.

A lot of work was done to develop methods
of treatment and rehabilitation of the
population from the Chernobyl zone, as well as
liquidators of the consequences of the accident
at the Chernobyl nuclear power plant. Works
in this direction were started immediately
after the Chernobyl accident in May 1986. As a
result, the symptoms of diseases in liquidators
were identified, and the mechanisms of
diseases caused by radiation in children from
the “fourth zone of radiation contamination”
were investigated. It was revealed and
registered that multifunctional disorders in
the systems of oxygen transportation and
utilization play a crucial role in the genesis
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of the “Chernobyl syndrome”, resulting in
the development of hypoxic states with such
clinical manifestations as vegetative-vascular
dystonia, anemia, respiratory allergies,
discirculatory encephalopathy, etc. It has been
reported that as a result of the adaptation of
Chernobyl victims (“chernobyltsy”) to the
mountain climate, they demonstrated (see also
Table 1):

— improved psycho-emotional state, levels
of functional mobility, and dynamics of
nervous processes;

— states of oxygen utilization and transport
systems were improved;

— regulation of vegetative functions
was changed: the parameters of breathing,
hemodynamics, and immune status of the
blood were normalized, as well as for heart —
modes of contraction and electrical activity
were normalized too;

— degenerative changes in blood cells were
reduced, and the process of their regeneration
was activated;

— following indices were increased:
oxygen content in arterial blood, the activity
of succinate dehydrogenase and creatine
phosphate, the lysosomal activity of white
blood cells;

— DNA synthesis was increased;

— aerobic and anaerobic tissue enzymes
were activated.

Models for the estimation of the
development of hypoxia in case of ischemic
heart disease

Ischemic heart disease (IHD) is one of
the most common and dangerous diseases
for human health, which occurs for various
reasons. It causes oxygen deficiency in body
tissues and organs. This prompted Profs.
Onopchuk Yu., Aralova N., with colleagues,
to develop a mathematical model of THD
development in connection with the study of
the problems of hypoxia, in particular in the
age aspect, within the framework of studies
at EMBS. Ischemic heart disease is a well-
studied pathology, and therapeutic and radical
methods of its treatment are relatively well-
developed. However, its impact on the behavior
of the entire organism and its functional
systems is still to be studied [45, 48, 49, 51].

A mathematical model of the functional
respiratory system (FRS) that describes the
transport and mass exchange of respiratory
gases and nitrogen in the respiratory tract,
alveolar space, and blood of the pulmonary
capillaries. The FRS model can become a tool
for researching the process of oxygen delivery

to metabolizing tissues and organs functioning
with THD. Arterial blood, tissue capillary
blood, and mixed venous blood during the
respiratory cycle.

The FRS model is essentially a multi-
criteria problem of optimal control of a
nonlinear dynamic system for variable
structure, with the right-hand sides in the
equations changing during the phases of
inhalation, exhalation, and pause. Therefore,
its solution is objectively complex.

The results of computational experiments
provide evidence of the adequacy of the
description of the breathing process for
various conditions of the human body’s vital
activity. The clinical symptomatology of THD
is mainly determined by the presence and
degree of expressiveness of fibro-atheromatous
plaques in epicardial coronary arteries.

According to foreign and domestic
literature [40, 44], from 10 to 30% of patients
with clinical and instrumental signs of THD
after selective coronary angiography have
unchanged or little changed coronary arteries.

There are several hypotheses of
pathogenesis to identify the causes and
mechanisms of ITHD with intact coronary
arteries. The following mechanisms
of IHD syndrome development are
discussed: generalized microvascular
endothelial dysfunction, hypoestrogenism,
hemorheological disorders, hyperactivity
of the sympathoadrenal system, potassium
pump dysfunction in cardiomyocytes,
increased pain receptor sensitivity, left
ventricular hypertrophy, etc. The lack of
a unified and clear understanding of the
etiology and pathogenesis of THD complicates
the development of reliable criteria for the
diagnosis and treatment of this disease.

The purpose of the conducted research was
not to identify the causes of IHD development,
but to study the hypoxic states of the entire
organism, its organs and tissues, in particular
the heart muscle, during IHD. The mathematical
model of FRS describes in the dynamics of the
respiratory cycle the transport of respiratory
gases in organisms, their mass exchange,
tissue respiration, the work of self-regulation
mechanisms of the primary function of
breathing — adequate and timely delivery of
oxygen to metabolizing tissues, and removal of
carbon dioxide formed in tissues as a result of
metabolic processes [44]. Myocardial muscles are
one of the executive organs of self-regulation.

The FRS model is quite structured.
Depending on the goals of modeling, it is
possible to present any organ or system in the
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form of its interdependent components under
the condition that it is possible to decompose
the function of the organ. In particular, the
pumping function of the heart is determined
by the work of the right, and left atrium right
and left ventricle.

The heart muscle, as the executive organ
of regulation of the primary respiratory
function, is the most vulnerable link in the
system of self-regulation mechanisms. Its
regulatory resources are minimal. In untrained
(non-adapted) individuals, the heart muscle is
able to increase its activity by five to six times.
In extreme situations, the respiratory muscles
(intercostal and diaphragmatic) can involve
the muscles of the forearms, chest, and back to
strengthen their regulatory functions.

In some tissue reservoirs, in particular,
skeletal muscles, the vascular system is able to
develop in conditions of constantly occurring
hypoxic conditions, increasing the density of
the capillary network.

The heart muscle can increase the intensity
of its activity only at a high level of adaptation
of the whole organism to hypoxia or in some
conditions of life by increasing its mass, which
has both positive and negative significance for
human health and work capacity.

Whatever the cause of the IHD development,
a diseased heart cannot generate the volume
rate of systemic blood flow necessary for these
conditions of vital activity. Coronary vessel
lesions and “necrosis” of the myocardial areas
adjacent to them reduce the contractility of
the heart and, as a result, cannot provide the
necessary blood output. Thus, IHD is the cause
of circulatory hypoxia in the body. Of course,
the reason for the development of circulatory
hypoxia in the body can be the loss of elasticity
of the smooth muscles of tissue vessels, the loss
of the ability to undergo massive vasodilation,
and vasoconstriction.

The FRS model is easily modified to the
conditions when IHD is present, or it develops
in the body. When simulating organism
hypoxic states in conditions with THD, the
following can be assumed:

— oxygen tension in arterial blood has
normal values for the state of rest or exercise,
that is, the external respiration system and its
regulatory mechanisms operate normally;

— there are no deviations of the basic
metabolism in tissues;

— the degree of decrease in the volumetric
velocity of blood circulation is directly
proportional to the degree of development of
THD and the decrease in the contractility of the
heart.

48

Of course, in the case of ITHD, the problem
of individualizing the FRS model arises. The
FRS model was developed for a healthy average
person, and its individualization for a specific
subject consists of determining the main
parameters of the external respiration and
blood circulation system at rest and exercise.
On the FRS model, the experiment was
simulated, and the coefficients of sensitivity
to hypoxia and hypercapnia were selected so
that the experimental data and those obtained
by mathematical modeling coincided. There
is no sense in conducting experiments with
patients in order to individualize the model.
Experimental data will correspond to the state
of a sick person. If the examinee’s data are
stored when he was still healthy, the problem
of individualization of the FRS model is solved.
Otherwise, the FRS model is individualized
only by determining body weight, growth, and
the structure of muscle tissue. It is possible
to take into account the age data. Usually,
the modeling process takes into account the
mechanisms of compensation for hypoxic
conditions and develops recommendations for
correction. In the case of patients with THD,
suggestions and corrections of compensatory
mechanisms can be made by comparing the
data of mathematical analysis of the results of
patients and healthy ndividuals.

The procedure for investigating hypoxic
conditions in patients with IHD using the FRS
model is quite simple

The ventilation rate and the volume rate of
systemic blood flow @ are determined on the
basis of the FRS model with anthropometric
data of the patient, which is distributed to
organs and tissues according to a simplified
method. At oxygen and carbon dioxide tensions
in all structural parts of the respiratory system
are determined. Experimentally determined
minute blood circulation in IHD patients is
distributed by the organs and body tissues. The
data @ and are input into the model as given
(stated), and the oxygen and carbon dioxide
regimes in a patient with IHD are calculated.

By comparing the data of these
calculations, it is possible to recognize the
degree of development of hypoxia in each
organ and tissue area.

For an average healthy person in a
normoxic, undisturbed environment at rest, the
oxygen profile is determined by oxygen tension:

—alveolar air — 105 mm Hg;

— arterial blood — 90.5 mm Hg;

— brain tissues — 38.1 mm Hg;

— heart — 28.7 mm Hg;
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—liver — 42.4 mm Hg;

—kidneys — 66.7 mm Hg;

— skeletal muscles — 31.8 mm Hg;

—skin — 37 mm Hg;

— other organs — 37 mm Hg;

— mixed venous blood — 39.9 mm Hg.

These data were obtained using a
mathematical model for = 8.0 1/min:

@ =5.11/min;

q¢ = 0.258 1/min.

If we assume that the level of minute
blood volume in the IHD patient decreases
to 4.1 1/min (by 20% ), then according to the
ratio established using regression methods,
Q1em = 0.0022@Q + 0.121

The rate of oxygen consumption in the
heart muscle should be 0.27 ml/s instead of
0.33 ml/s in an average person. Since the
state of rest is simulated and the rate of
oxygen consumption in each region does not
change (except one for the heart muscle),
cardiac output and minute blood volume that
are inadequate for this state will lead to a
significant change in the oxygen and carbon
dioxide tensions in them.

Oxygen tension will decrease in almost all
organs (except for the kidneys) by 5—6 mm Hg,
and the tension of carbon dioxide will increase
by 4-5 mm Hg. Such a decrease in oxygen
tension and an increase in carbon dioxide
tension should cause damage to the functions
of organs and tissues. In the case of physical
activity, even of moderate intensity, the stress
gradient is slightly higher, and this does
not lead to tissue dysfunction. However, in
contrast to the temporary effects on the body
of disturbances such as physical activity, in the
case of IHD, the inadequacy associated with a
decrease in minute blood volume is long-term.
Undoubtedly, when the body is exposed to
severe hypoxia for a long time, this can cause
changes in functions and the development of
pathologies in tissues and organs.

It seems that under IHD, the heart
muscle feels quite comfortable in regard to
oxygen supply. Thus, in a healthy person,
the hemodynamic equivalent (HE), which
characterizes the efficiency of the circulatory
system, for the heart muscle is 14.4, while in a
patient with ITHD (at a volume blood flow rate of
4.1 ml/s) it is 15.3. In reality, this is not true.

Heart failure leads not only to secondary
tissue hypoxia but also to excessive
accumulation of carbon dioxide in the blood
and tissues. This causes acidification of the
blood (pH in the blood and tissues decreases)
and, as a result, a shift of the hemoglobin
oxygenation curve to the right.

The leading transporter of oxygen in the
body is hemoglobin, which moves with the
circulating blood. A decrease in the degree of
its oxygenation reduces the oxygen capacity of
the blood, and as a result, one volume unit of
blood contains less oxygen. Although it moves
in the capillary channel of the heart muscles,
it would seem to move quite efficiently.
Therefore, hypoxia in the heart muscle will be
well visible at IHD. The mathematical model
of FRS in IHD demonstrates that there are
two ways to overcome such a mismatch of the
factor due to passive regulation mechanisms:

— due to an increase in oxygen capacity
of the blood with an increase in the number
of erythrocytes in the blood (initiation of
erythropoiesis);

— as a result of an increase in the
concentration of buffer bases in the blood
(increase of blood pH).

Both of these processes are associated with
the risk of thrombocytosis because they cause
an increase in blood density. And of course,
both of these mechanisms are involved in work
at THD, but they cannot effectively prevent
the oxygen starvation of tissues, including the
heart muscle.

To a greater extent, the mitigation of
oxygen deficiency in the body is possible due to
increased activity of the external respiratory
system.

The selection of optimal modes of the
external breathing system for a given
situation can increase the oxygen content in
arterial blood and thereby slightly increase
the oxygen capacity of the blood and improve
the delivery of oxygen to the tissues. The
selection of optimal modes of the external
breathing system for given situation can
increase the oxygen content in arterial
blood and thereby slightly increase the
oxygen capacity of the blood and improve
the delivery of oxygen to the tissues. In this
case, the respiratory muscles fulfill the work
that the heart muscle cannot do. It is due to
a significant increase in the rate of oxygen
consumption in them. Let’s take into account
that with heart failure, the volumetric rate
of blood flow in them is inadequate to the
rate of consumption. The acute hypoxia that
develops in them cannot compensate for the
heart failure for an extended period.

Therefore, there is a new task of choosing
the optimal modes of the external breathing
system in case of IHD, which maximally helps
to reduce the level of tissue hypoxia.

In the case of IHD, it is challenging
to give a holistic and unified view of the
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oxygen tension in the heart structures (right
atrium and right ventricle, left atrium and
left ventricle). Much will depend on those
disorders that caused an THD development,
in particular, damage to the coronary arteries
and hypertrophy of the left ventricle. The
degree of coronary artery damage can be
partially simulated on the model of partial
occlusion of the arterial vessels of the heart
muscle or their branches.

The case of partial occlusion of the artery
supplying blood to the heart, which is divided
into arterial vessels of the right and left
parts of the heart. With partial occlusion of
a coronary artery, the equations describing
changes in oxygen tension will be as follows.

This is due to a significant increase in the
rate of oxygen consumption in them. Let’s
take into account that with heart failure,
the volumetric rate of blood flow in them is
inadequate to the rate of consumption. The
acute hypoxia that develops in them cannot
compensate the heart failure for an extended
period.

Therefore, there is a new task of choosing
the optimal modes of the external breathing
system in case of IHD, which maximally helps
to reduce the level of tissue hypoxia.

In the case of THD, it is challenging to
give a holistic and unified view of the oxygen
tension in the heart structures (right atrium
and right ventricle, left atrium and left
ventricle). Much will depend on those disorders
that caused an IHD, in particular, damage to
the coronary arteries and hypertrophy of the
left ventricle. The degree of coronary artery
damage can be partially simulated on the model
of partial occlusion of the arterial vessels of
the heart muscle or their branches.

The case of partial occlusion of the artery
supplying blood to the heart, which is divided
into arterial vessels of the right and left
parts of the heart is of interest. With partial
occlusion of a coronary artery, the equations
describing changes in oxygen tension will be as
follows [40, 44]:

dplcti' _ 1 %
dr (V::tz' - _E:(Qta - Qta')df) (0' + YupHb E)‘J;;'m- )

a leti
X (aléti‘na + }{Hbethina - Glta’ - al@ti‘ncti + }'HbeQr“cti)
d‘chti 1

W (@ y M

(Gie: — G1es)
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where i =r, ] — right and left parts of the heart;
Q; — is the volume velocity of coronary
blood flow determined by the FRS model;

50

Qti — is the actual blood flow velocity in
the case of heart damage.
Obviously, it makes sense to examine the

case when (J,; < Q,;.

One of the possible assumptions is that the
coronary vessels of the right and left parts
of the heart are not affected. With partial
occlusion of the blood-supplying artery, the
gradients of oxygen tension will be greater in
absolute value than the corresponding gradients
of the unaffected vessel. And, depending on the
degree of occlusion, hypoxia in the heart muscle
will be more or less pronounced.

According to another assumption, the
arterial vessel of the right or left part of the
heart is affected, or the degree of their damage
is different.

In the first case, hypoxia occurs due to
partial occlusion in one of the parts of the
heart muscle. In the other, the volume blood
flow rate will be higher than necessary and
will lead to an increase in oxygen tension. This
will create an asymmetry in the distribution of
oxygen tension in the intact heart muscle.

In the second case, when the degree of
damages to the arterial vessels supplying
blood to the right and left parts is different,
hypoxia develops in the muscles of both
parts/ This hypoxia is caused by the partial
occlusion of vessels of varying severity, and
the distribution of oxygen tension will be
asymmetric.

The model can be a tool for analyzing
situations when a complete occlusion of the
capillary flow bed occurs in an elementary
tissue region of the heart muscle.

In the initial period, there is a sharp
depletion of oxygen from the blood, a mismatch
between the oxygen delivery and the needs
of the tissue surrounding the capillary. As a
result, in this tissue region, p0, enters the zone
of critical values, and the tissue region cannot
participate in the work of the whole heart in
case of ensuring the pumping function.

So, if the coronary vessels are affected, the
oxygen portrait of the heart muscle is built
depending on the degree of damage and on
where, and in which part of the capillary bed
of the heart muscle, the damage occurred.

The authors of the model believe that
the conclusion that hypertrophy of the
left ventricle can be the reason for IHD
development is quite controversial. Let’s
suppose that the muscle mass of the left
ventricle of the heart has increased by the
value of AV. Then the equation for the change
in oxygen tension can be given in the form:
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Since is determined mainly by the intensity
of the work of the left ventricle rather than
by its mass, the average oxygen tension in the
hypertrophied ventricle at Gy; — ¢; < 0 will
change less than in other parts of the heart
muscle. Similarly, the gradient of changes
in Py; at Gy; — q1; < 0 will be less than in the
nonhypertrophied heart ventricle. The model
shows that left ventricular hypertrophy is a
factor in stabilizing oxygen tensions in the
event of various perturbations. At the same
time, there is a pronounced asymmetry in
the distribution of p0, in the structures of
the heart. At ITHD, there is a decrease in the
minute blood volume in a person compared to
the expected value in an average person under
certain types of perturbations. However, if
such a decrease is recorded, this in itself does
not indicate that this person has IHD.

In many cases, a reduced level of minute
blood volume indicates sufficient adaptation of
organism to disturbing factors. There are three
periods (phases) of the organism adaptation to
hypoxia — short-term (instant), medium-term
and long-term.

With a change in external and internal
conditions of vital activity, associated with
oxygen deficiency in the breathing mixture
or intense muscle activity, the FRS self-
regulation system will develop the following
modes of functioning of the external
respiratory system, cardiovascular system

(parameters V', @, Qu.i=1,m), which can
provide compensation for hypoxic states.
According to our assumptions, there is a
“decision-making center” in the organism to
regulate the parameters of its vital activity
in case of deviations from the norm in the
environment.

Usually, hypoxia develops in organs and
tissues because the regulatory decision-making
center is forced to resolve the compromise
conflict situations that arise in the organism
between the tissues of executive regulatory
organs and all other organs and tissues that
consume oxygen.

In conditions of decreasing partial pressure
of oxygen in the breathing mixture, a conflict
situation is added to ensure the balance of
oxygen delivery and carbon dioxide removal
systems. However, the resulting tissue
hypoxia is not as severe as it would be if there
were no short-term adaptation mechanisms.
The reaction of these mechanisms is almost

instantaneous and leaves no structural traces
of adaptation. These mechanisms of self-
regulation have evolved evolutionarily way
and are characteristic of healthy or sick human
organisms of any age. Repetitive perturbations
of the system and continuous disturbance for a
long time require a more efficient organization
of the self-regulation process. In other words,
the executive mechanisms of self-regulation,
especially of the heart muscle, whose resources
are minimal, will be constantly stressed, which
can lead to disruption of the regulatory system,
significant deterioration in the quality of its
functioning, and, as a result, to the decrease
of productivity of all functional organs and
tissues of organism. Suppose the sensitivity
coefficients decrease with prolonged exposure
of the system to disturbing factors. In
that case, the results of solving the self-
organization model of the problem of choosing

optimal V., @, Q,i=1m, parameters will
have smaller values. Thus, the dynamic system
control resource increases. Naturally, the
oxygen tension in the tissue blood and tissues
decreases, and the carbon dioxide tension
increases. It is imperative that, in the case of
getting used to oxygen deficiency, the oxygen
sensitivity coefficient does not decrease to
the value at which p0, in the tissues will fall
to a critical level, when the tissues will not be
able to perform their assigned functions. At
such a threshold value, it can (and actually
it happens), FRS deregulation. Under the
conditions when the system is periodically
and constantly affected by perturbations
of a specific nature, simultaneously with
the change in the organism’s sensitivity to
hypoxia, there is an economization of the
process of functioning of organs and tissues.

Oxygen utilization releases not only the
energy required for the functions of individual
organs and tissues, but also other types of
energy, primarily thermal ones. Therefore, it
can be assumed that

h -
Qm' = qgtl: + QIta"‘i' = l'm

where Qit; is the part of the oxygen
consumption rate that provides the function;
@1t; is the thermal component of the oxygen
consumption rate.

Experimental and research data allow us
to confirm that for each type of activity of a
certain intensity

iy =C =const,i=1m

whereas, after experience is gained, better
organization of functions can lead to a
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significant reduction of q73;,I = 1,m | This
stage of adaptation will be referred to the
medium-term adaptation period.

Reducing the coefficients of sensitivity
and oxygen demand of tissues and organs qlti
contributes to the decrease of tensions in the
work of executive elements of self-regulation
and increasing their resources.

Let’s suppose that under such assumptions:

m _ Mo Mepx ,—0g;
Qit: =014 T Qqg; €

p= JO,rm;:r +pm{xe—Rn-r

where qf;‘: is the rate of oxygen utilization
required to ensure the thermal balance of the
organism;

o;, R, 1is the rate of the organization
(economy) of metabolic processes in tissues;

p"P is the limit value of the sensitivity
coefficients p.

If these assumptions are correct, then the
stage of medium-term adaptation in coronary
artery disease cannot eliminate (compensate)
tissue hypoxia, but only mitigates its degree
of severity by changing the organism’s
sensitivity to hypoxia and more efficiently
organizing metabolic processes in tissues.

In the process of long-term adaptation
to hypoxia, this stage is observed in IHD
patients. At the same time, structural changes
in the body must necessarily occur because the
function of oxygen delivery and carbon dioxide
excretion has changed due to damage to one of
the executive organs of self-regulation (the
heart). Such structural changes, according
to the analysis of the FRS model, can occur
primarily due to changes in the volumes of
tissues and organs.

An increase in I-"t!. leads to a decrease in the
ratio of V,;/V,; and, the sensitivity coefficient,
which further reduces the sensitivity of this
organ to hypoxia. This significantly affects
the solution of the optimal choice problem V,
Q and Q; for a given level of perturbation.
Since compensation for hypoxic conditions is
carried out mainly by the intensive activity
of respiratory muscles and vascular smooth
muscle, at this stage, first of all, their volumes
should increase.

However, in necessary cases for lung
ventilation, the respiratory muscles can
involve the efforts of the muscles of the
forearms, chest, and back muscles . Hence, an
increase in their volume is not necessary.

The volume of vascular smooth muscle
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usually does not change, and during the
formation of new capillary ducts, if it does
change, then the value of these changes is
relatively small.

Only hypertrophy of the heart muscles,
in particular, the left ventricular muscles,
can help reduce the organism’s sensitivity
to hypoxia and thereby improve oxygen
supply. Hypertrophy of the heart muscle is an
adaptive mechanism to hypoxia that develops
in an organism in case of long-term effects
of disturbances on the system. Of course,
hypertrophy of the heart muscle does not occur
in everyone and not always.

Thus, in the process of age-related aspects
of adaptation to hypoxybaria studying
(taking into account age-related changes in
the organism’s reactivity), it was found that
it increases the organism’s performance,
its resistance, protects against premature
aging, and promotes longevity. With age,
the organism’s ability to adapt to hypoxia
decreases, but is not entirely lost — older
people can adapt to mountain altitudes up to
5000 meters.

It is well-known the fact, that there was a
large number of long-lived people among the
native population in some regions of Ukraine
with healthy ecological conditions and good
conditions for life. It was possible in locations
with a favorable climate and ecology the use
natural products; also, due to the traditions
in culture and religion, a satisfactory level
of public medicine. The number of geronts
was high enough in our country in the past
peaceful years. In the 20th century, it was so
in peaceful decades between the Second World
War and the contemporary war, with enemy
troops’ invasion of the territory of Ukraine
since March 2014, and more since February
23, 2022. The last caused the mass extinction
of the peaceful population of all ages, from
newborns to older adults, who were helpless
in contact with armed contingents. Trying to
help in this situation, we turned to the
experience of Ukrainian scientists from NASU
[40—-46, 50].

In the conditions of the highlands, it was
possible to obtain the following characteristics
of the reactions of organisms in natural
conditions and to track such regularities
that cannot be obtained at sea level. And
put them in the base for the development of
new, highly effective methods of medical
treatment, which were widely used later in
many resorts, hospitals, and other medical
and health facilities. We would like to hope
that these findings will contribute to further
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development of the knowledge about the
influences of different extreme conditions
on living objects and will be added to other
ideas in this sphere [41-50]. The obtained
results and conclusions correlate well with the
domestic as well as foreign findings in this
sphere [54—70].

Within the framework of above above-
described research, a model of IHD was created,
which became a theoretical generalization
of previously obtained results, enriching
the understanding of the mechanisms of
this disease, in particular in the age aspect.
Further development of algorithmic and
software analysis of the results of computer
research will allow clarifying some of the
provisions included in the construction of the
model, confirming or refuting formulated
assumptions and hypotheses.

Conclusions

The process of building up the heart
muscle develops mainly in people who are
constantly engaged in intensive physical
work, in highly qualified athletes, in people
who are often exposed to stressful situations
in their professional activities, and perhaps in
the inhabitants of the highlands. The process
of hypertrophy of the heart muscle is not so
positive for human health. Still, it is a necessary
adaptation process to severe hypoxia, regardless
of the reasons for its occurrence.

The negative consequences of heart
hypertrophy are usually found in conditions
where the organism is not affected by such
intense functional loads over a long period
of life that previously caused an increase in
heart weight. The high activity of the heart
muscle is no longer required; the muscles are
overtrained, they lose their elasticity and
contractility, which causes heart failure under
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BuBuenHsa MexaHi3MiB agamnTailii 1o ekcTpeMaIbHUX (PAKTOPIiB cepenoBuIna (Timokcii, ToIo) € BasKIn-
BOIO 3aJlauelo, IKY TaK0K HeoOXiJHO aHaai3yBaTH i 3a BIKOBUM ACIIKTOM.

Mema. Onuc 1essKuX TeXHOJIOTiN 6araTopivHuX AOCJIiAMKeHb Ta IXHi pesyJIbTaTH 1100 BIKOBOT'O aCIIeKTy
3a eKCTpeMaJbHUX YMOB (TiIIOKCiA TOI0), 3aCTOCYBaHHSA I[UX TEXHOJIOTiH AJIs MOKpPAIIeHHS BUMKUBAHHSI
OpraHi3MiB 3a CTPECOBUX YMOB, JiKyBaHHdA, peabiiiTaliii Ta JOBroaiTTs.

Memodu. IIpoaHaizoBaHo gaHi YUCIEHHUX CIIOCTEPEKEHb IT10/I0 3MiH 0i0OMeTPUUHNX TOKA3HUKIB y IIO-
PiBHAJIBHO-BIKOBOMY acIleKTi 0ci0 3a eKCcTpeMaJbHUX BUCOKOTIPHUX YMOB 3 BUKOPUCTAHHAM CTaHIAPTHUX
MeTOIiB 1abopaTOPHOTO aHAIi3y 6i0IHAMKATOPIB Ta BBEJeHHAM IIN(PPOBUX ITOKA3HUKIB 0 6a3 JaHUX, 3aCTO-
COBaHO MaTeMaTUUYHe, IporpaMHe MOJeJI0BaHHA.

Pesyavmamu. Po3riiaHyTO pe3yabTaTu YNCJIEHHUX 0araTopiuHuX JOCJisKeHb Ail Ha OpraHisMu Joaei

BUCOKOTIpHUX (PAKTOPiB, AKi BIJIMBAIOTH HA 3M0POB ’d Ta MOBTOJITTA (Timokcisd, pamgiamifinuii BB
Torro). HaBeneHo naHi cnocTepeskeHb Ta BUMipIOBaHb PisHUX (Pi3i0I0TiUHMX XapaKTEePUCTUK JIOAEH Y 1O-
PiBHAJIBHO-BiKOBOMY acmekTi. Onmcano ocob6JMBOCTI BIIMBY BUCOKOTIpHUX (paxTOpiB Ha Giosoriuui opra-
Hi8MU, IX TOBTOJIiTTH, AedaKi mpobsemu (isiosorii crapinHs Ta riMOKCHUYHUX CTaHiB, pe3yIbTaTH 00CTEKEeH-
HA BeTepaHiB-cKeJIeaasiB om0 aganTailii o rimokcubapii (akTuBHA mocTyIoBa (CTyIIiHUACTA) aganTallis,
YnCceJbHUI MeTOoJ rimoxkcuTeparii Ta KomoOiHallii metomiB Ta ix.). IIpogeMoHCTPOBAaHO Pe3yJIbLTATH MaTeMa-
TUYHOTO MOJEJI0BAHHSA PO3BUTKY iIleMiuHOI XBOPOOU cepIid y 3B sA3KY 3 BUBUEHHAM HpPOOJieM rimokcii Ta
iHdopMaIio om0 po3podIeHol TeXHOIOTII Ta JiKyBaJbHI METOUKH.

BucHosok. ITig uac BUBUeHHS BiKOBUX aCIIEKTiB afamnTallii 1o rimoxcubapii BCTAaHOBIEHO, IO afalTallid mij-
BUIIY€E TIpale3JaTHiCTh OpraHisMy, 0ro CTifKicTb, 3aXHUIITae Bij] IepeIuacHOr0 CTAPiHHSA Ta CIIPUIE JOBTOJIITTIO.
3 BiKOM 3aTHICTh OPraHidaMy aJalTyBaTHCS 0 TIOKCil 3HMIKYEThCS, ajie He BTPava€ThCA IIOBHICTIO — JIiTHI
JIIOAU MOXKYTH afganTyBaTucs 1o 5000 m p.m. HaBegeHo pesyibTaT 00CTEIKeHHS BeTePaHiB ripChbKUX CXOIKEeHb
11010 afanTarii go rimokcubapii i3 sacTocyBaHHAM PALY PO3POOJIEHUX TeXHOJIOTIiH. IIposeMOHCTPOBaHO PesyIib-
TaTH MaTeMaTUYHOT0 Moe ioBaHHA. OTpuMaHi pe3yJIbTaTH € BaIKJINBUMU IS TTOAAJIBIIIOT0 PO3POOIEHHA TeXHO-
JIOTi# BUsKMBAHHS JIIO/Ieli PiSHOTO BiKy 3a eKCTpeMaJbHUX CTPECOBUX YMOB, IX JiKyBaHHA i1 peabitiTarrii.

Knwou4oséi cnosa: OBroJIiTTs, TillOKCidA, aganTallis, eKCTpeMaabHi CTPECOBi YMOBHU, UKCJIOBI TOKA3HUKHU
¢isiosoriuEmx PyHKIIiIN, MaTeMaTUYHe MOJEJI0OBAHHS.
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