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TRAINING OF THE ATHLETES WITH USE
OF HYPOXIC CONDITIONS

Introduction. High performance mountain training as a means of improving the functionality
of the athletes and sports results in all sports-related display of endurance athletes, proven by many
researchers in the field of sports physiology.

Purpose. Analyze and summarize the literature on the issues connected with training of the
athletes with use of hypoxic conditions.

Methods. Analysis of special scientific and methodical literature, which considers the
physiological mechanisms of the athletes adaptation to hypoxia.

Results. Generalization of the results of many studies on the problem of human adaptation to
high-altitude hypoxia, possible to distinguish between a number of coordinated adaptive mechanisms:
1) mechanisms, mobilization of which can provide sufficient oxygen to the organism, despite the
deficiency in the medium: hyperventilation,; hyperfunction of heart, enabling the movement of the
lungs to the tissues of an increased amount of blood; 2) polycythemia corresponding increase oxygen
capacity; 3) the mechanisms that make possible a sufficient supply of oxygen to the brain, heart and
other vital organs, despite the hypoxemia, namely the expansion of arteries and capillaries of the
brain, heart, etc .; 4) decrease the diffusion distance for oxygen between the capillary wall and the
mitochondria of cells by formation of new capillaries and changes the properties of cell membranes;
5) increasing the ability of cells to dispose the oxygen concentration due to the increase of myoglobin;
increasing the ability of cells and tissue disposed of oxygen from the blood to form ATP, despite the
lack of oxygen, 6) increase anaerobic resynthesis of ATP by activation of glycolysis.

Conclusion. It has been shown that as a result of athletic training and continuous training
actions load of hypoxia in the body athlete occur various morphological and functional changes,
which determine the state of fitness of the athlete. It is very urgent is the need for continuous
improvement all around athlete training.

Keywords: athletes, training hypoxic, performance aerobic and anaerobic, morphological and
functional changes.

The posing of the problem. Modern sport is a type of human activity that poses extreme
stresses on the body systems and there is always a demand for development of the training tools
and methods to extend the functional capabilities of the functional body systems [1, 2].

There have been many advancements in athletics achievements around the world,
mainly due to: 1 — a sharp increase in the total amount of training hours; 2 — a sharp increase
in the volume of support and especially special training; 3 — increase in the percentage of high
intensity load with regards to the total load; 4 — the use of non—traditional means that increase
human performance [3-5].

The increase in the volume of high—intensity loads ensures maximum development of
the functional breathing system, aerobic and anaerobic capabilities [5, 6], but this possibility
is almost exhausted in the modern era of ultra high achievements.

More recentaly, unconventional methods have been used to allow athletes to fully
reveal the functional reserves of the organism and to surpass the previous levels of
achievements. This is achieved via: 1)use of equipment that allows for a combined
development of both physical strength and technique; 2) creation of conditions for use of
organisational forms of training, contributing to a more complete development of functional
resources and ensuring intense competition and psychological stress in training sessions;
3) adaptation to hypoxia and training in mid—mountain [7-9].

One of the main results of sports training is an increase in the overall physical and
specialised working capacities of the athlete to allow them to achieve high sports results. At the
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same time, certain qualities and abilities, especially physical ones, can be more effectively
developed using non—specific means and methods related to general and auxiliary training [2, 3].

At the same time, it has been shown that the successful construction of modern
training programs, including the use of non—specific means and conditions, can be ensured
only when taking into account the general biological patterns of adaptation and individual
approach to the development of various aspects of physiological functions corresponding to a
particular athlete’s characteristics [2, 10, 11].

A high level of functional readiness for a particular type of activity is not necessarily
accompanied by a high level of achievement in other areas. To improve general fitness
requires understanding of various factors of efficiency, which is optimal for a particular sport
specialization, and taking into account the individuality of the athlete. [2].

Often, the leading factors are defined as power indicators of functions, their
economization and effective mobilization. In some cases, only two main mechanisms of
increasing the capacity for work are distinguished: an increase in the upper redistribution of
the functions of various systems of the organism and the degree of their coordination, in
particular motor—visceral interactions. It is emphasized that it is the coordination of the
activity of the motor apparatus and visceral systems that plays a key role in the process of
long—term adaptation to the changing factors of the external environment and, in particular, to
intense muscular activity of a different nature [2, 12, 13].

Thereby, the process of adaptation to the load is defined as improvement and
adjustment to the physiological mechanisms of regulation leading to the increase in the ability
to use the body’s functional reserves. Therefore, the physiological essence of adaptation can
be generalized as the achievement of such a level of the organism’s state that is characterized
by the improvement of the mechanisms of regulation, the increase of physiological reserves
and the readiness for their mobilization [2, 9].

Therefore, during the analysis of regulatory mechanisms of adaptation attention is
focused on taking into account the sensitivity and stability of the body’s reactions to internal
environment shifts (homeostatic regulation) and external perturbing factors (for example,
functional tests). At the same time, the assessment of adaptation to physical exertion
concentrates on the intensity and severity of such reactions.

The high efficiency of high altitude training as a means of increasing the functionality
of athletes and results in all sports associated with the manifestation of athletes’ endurance
has been proved by many researchers working in the field of sports physiology [7, 14-16].
Therefore, studies of the effect of hypoxia on the athlete’s body in the face of intense
muscular activity have become very important in the modern era of ultra high sports
achievements.

Aim of the article is analyze and summarize the literature on issues related to hypoxic
exposure in the system of training athletes.

Methods
We preformed analysis of specialised scientific literature, which addresses the
problems of hypoxic exposure in the system of training athletes. The information files of the
search engines have been analyzed: Google, Yandex (www.yandex.ru) — 20 sites, the Catalog
of Russian Resources (www.aha.ru) — 30 sites, Alta Vista (www.alvista.com) — 40 sites.

Results and discussion
Training for hypoxia in sports is achieved through staying in mountainous
conditions or simulating similar conditions. At present, several variants of hypoxic
training are scientifically founded and introduced into practice. Two types of methods
should be distinguished: 1) for mountain conditions (low, medium and high mountains,
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altitude pressure chamber); 2) for conditions of normal atmospheric pressure [15]. In this
case, the method of cyclic hypoxic conditinos is often used, also known as interval
hypoxic training [17-21].

The success in numerous sports associated with endurance is determined by the
condition that arises when the body’s tissues are not sufficiently supplied with oxygen and the
effectiveness of the processes of adaptation to this state. Athletes of cyclic sports are faced
wiith the problem of hypoxia when performing at medium, long and super long distances.
Lack of oxygen significantly affects the quality of performances in such sports as figure
skating, rhythmic gymnastics and others.

In sports games, mainly at the end of half times, periods or matches, mistakes made by
players become too frequent and unexplained. However, these errors can be explained by oxygen
starvation of working muscles and depression of CNS players. Therefore, the main focus of
training athletes in many sports is on development of the training regimes aimed at improving the
structure of the body and providing oxygen delivery to working muscles [15, 22, 23].

Adaptation of the athlete to the conditions of high altitude hypoxia is a complex
integral reaction, in which virtually all the functional systems of the body are involved. At the
same time, integrated and coordinated reorganization of functions at the subcellular, cellular,
organ, systemic and organism levels is possible only through the reorganization of the
function of systems regulating integral physiological reactions [7, 24].

It is obvious that such adaptation is impossible without an adequate restructuring
of the nervous and endocrine systems that provide fine regulation of the physiological
dispatches of various systems [25]. Immediately after moving to the mountains, the
compensatory protective mechanisms are mobilized in the athlete’s body. The main
adaptation reactions are: increased pulmonary ventilation; increased cardiac output;
increase in hemoglobin; increase in the number of red blood cells; increase in erythrocytes
2,3—diphosphoglycerate (DPG) contributing to the removal of oxygen from hemoglobin;
increase in the amount of myoglobin facilitating the consumption of oxygen; increase in
the size and quantity of mitochondria; increase in the number of oxidative enzymes [7,
17]. Noticeable changes in the activity of various body systems are already observed from
an altitude of 1000—1200 m above sea level.

In particular, at an altitude of 1000 m VO2max is 96-98% of the maximum level
recorded at the sea level. With an increase in altitude, VO2 max systematically decreases by
0.7-1.0% for every 100 m. At an altitude of 2500 m, aerobic power is reduced by 10-12%,
3500 m — by 18-20% from the level recorded at the sea level. At the summit of Mount
Everest, the IPC level is only 7-10% of the maximum at the sea level. Staring at an altitude of
1500 m, a rise of every 1,000 m leads to a 9.2% reduction in oxygen consumption [26].

For people, who are not adapted to mountain conditions, the heart rate at rest and,
especially, when carrying out regular tasks can increase already at an altitude of 800-1000m
above sea level. Compensatory reactions are manifested clearly when performing regular
tasks. This is evidenced by the dynamics of increasing lactate concentration in the blood when
performing regular tasks at different heights. If a regular task at an altitude of 1500 m leads to
an increase in lactate by only 30% compared to the data obtained in the plain, then at an
altitude of 3000-3500 m it reaches 170-240% [7, 17].

Adaptation to the medium— and high-mountain conditions happens in phases. There
are short-term and long—term adaptive reactions of functional systems and mechanisms that
are of primary importance for the sport of high achievements.

In the first phase (immediate adaptive reactions) hypoxic conditions lead to the
development of hypoxemia, which causes disruption of homeostasis and a number of related
reactions. First of all, the functions of the systems responsible for oxygen transport and its
distribution in the body are activated: hyperventilation of the lungs, an increase in cardiac
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output, expansion of the vessels of the brain and heart, narrowing of the vessels of the
abdominal cavity organs and muscles, etc. [13, 27]. In addition, in the first phase of
adaptation to hypoxic conditions, there is an increase in cardiac reactions and an increase in
pulmonary arterial pressure as a result of spasm of pulmonary arterioles, which provides locan
redistribution of blood and reduction of arterial hypoxemia [28].

Along with the increase in pulmonary arterial pressure, there is a significant increase
in heart rate and cardiac output, which is especially pronounced for the first days of stay in the
mountains. At an altitude of 2000-2500 m, the heart rate rises by 4-6 bpm, and the cardiac
output by 0.3-0.4 1 / minl. At an altitude of 30004000 m, these changes can reach
respectively 810 bpm and 0.6-0.8 1/ min [7].

After several days of stay in mountain conditions, the cardiac output returns to that at
the sea level, which is a consequence of the increased ability of the muscles to utilize oxygen
from the blood manifesting itself in an increase in the arteriovenous oxygen difference [10].
The volume of circulating blood also increases: during the first days of stay in the mountains
— as a result of reflex ejection from the depot and redistribution of blood, and after the first
few days — as a result of increased hematopoiesis [7].

In parallel with hemodynamic reactions, pronounced changes in external
respiration and gas exchange occur. The increase in pulmonary ventilation is noted
already at an altitude of about 1000 m, mainly due to a slight increase in the depth of
breathing. Physical loads make this reaction much more pronounced: standard loads at an
altitude of 900-1200 m above sea level lead to a significant increase in comparison with
the plain conditions of pulmonary ventilation due to both depth and respiration rates. The
increase in pulmonary and alveolar ventilation leads to an increase in pO; in the alveoli,
which increases the saturation of the arterial blood with oxygen. With an increase of an
altitude the reactions are clearly pronounced even among athletes trained and adapted to
the conditions of the mountains (Table 1).

Table 1
Indicators of the oxygen transportation system in trained men with maximum aerobic work
at sea level and after 2 weeks of stay in the mountains (Bulatova MM, 2008)

. Height, m
Variables Sea level 2300 4000
02 partial pressure, mmHg:
in the inspired air 144 112 87
in the alveolar air 120 95 72
in the arterial blood 107 80 55
The difference between alveolar air and arterial blood 13 15 17
External respiration:
pulmonary ventilation, I/min, BTPS 165 175 200
02 ventilation equivalent 33 39 57
Blood:
blood volume, 1 6,42 6,19 5,77
volume O2 content
in the arterial blood, % 15,5 16,8 13,5
in the mixed venous blood, % 1,8 1,8 1,8
Circulation:
cardiac output, n x min’! 34,2 31,0 27,5
heart rate, bpm. x min ' 190 180 170
systolic volume, ml 180 172 162
oxygen pulse, ml O2 x min’ 27 24 18
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The maximum aerobic capacity in the initial phase of adaptation is significantly
reduced and then remains low, despite a rapid and significant increase in hemoglobin
concentration. This is explained by two factors: 1) an increase in hemoglobin concentration is
accompanied by a decrease in the total volume of circulating blood due to a decrease in the
volume of plasma, which causes a decrease in the systolic volume; 2) the decrease in the
maximum heart rate in the mountainous conditions does not allow raising the level of
maximum oxygen consumption, despite the possibility of normalizing the volume of blood
plasma after 3—4 weeks of stay in the mountains [13].

The Ilimitation of the maximum level of oxygen consumption is also largely
determined by the development of myocardial hypoxia, which is the main cause of a decrease
in cardiac output and an increase in the load on the respiratory muscles, which requires
additional oxygen [29].

One of the most acute initial reactions mountain conditiona is an increase in the
number of erythrocytes and hemoglobin (polycythemia). The intensity of this reaction is
determined by the altitude, the rate of ascent to the mountains and the individual
characteristics [24]. A few hours after the ascent, an increase in the concentration of
erythrocytes due to a decrease in the volume of blood plasma is observed because of the
increased fluid losses caused by low humidity.

Reticulocytosis begins the day after the ascent to the mountains, which is a consequence
of the increased activity of the bone marrow. On the second day of stay in the mountains, the
erythrocytes from the blood depots decay the formation of erythropoietin takes place, a
hormone that stimulates the formation of hemoglobin and the production of erythrocytes. In
addition, lack of oxygen in itself stimulates the release of erythropoietin [10]. The maximum
release of erythropoietin is achieved after 24-48 hours of stay in the mountains and then
stabilizes at a new level [30]. At very high altitudes, a significant increase in erythrocyte mass
can increase the blood viscosity so much that it will limit cardiac output [31].

Along with the above—described changes in the body systems that perform the oxygen
transport function, activation of the adrenergic and pituitary—adrenal systems develops in the
first phase of the stay in the mountains. This nonspecific component of adaptation plays a role
in the mobilization of external respiration and circulation, but at the same time it manifests a
pronounced catabolic effect, i.e. negative nitrogen balance, loss of body weight, atrophy of
adipose tissue, etc. [7, 13].

In addition, acute hypoxia, limiting the resynthesis of ATP in the mitochondria, causes
a direct depression of the functions of a number of body systems, primarily the higher
functions of the brain, which is manifested by impaired intellectual and motor activity [7].

The above—described combination of system mobilization constitutes a syndrome that
characterizes the first phase of an urgent but in many respects unstable adaptation to mountain
conditions [25].

In the first days of stay at medium altitudes, when performing standard physical
activities, an increase in anaerobic glycolysis and an increase in the level of lactate in blood
and muscle tissue were noted [32]. Two to three weeks after being in the mountains, the
intensity of glycolysis and the formation of lactate under the same loads decreases and
approaches the conditions at the sea level. Simultaneously, an increase in free fatty acids in
muscle tissue is observed [33] and metabolic regulation of energy supply processes is
improved [26].

In this transitional phase, sufficiently pronounced and stable structural and functional
changes in the athlete’s body are also observed. In particular, the adaptive polycythemia
develops and the oxygen capacity of the blood increases; the respiratory surface of the lungs
increases as well as the power of adrenergic regulation of the heart, the concentration of
myoglobin, the capacity of the coronary bed increases, etc. [7].
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The second phase of adaption (long—term adaptation reactions) is associated with the
formation of a stable adaptation, a specific manifestation of which is an increase in the
capacity and, at the same time, the more efficient utilisation of the respiratory and
cardiovascular systems, the growth of the respiratory surface of the lungs and the power of the
respiratory musculature and increase in the oxygen utilization rate from the inhaled air. There
1s an increase in the mass of the heart and the capacity of the coronary bed, an increase in
myoglobin concentration and the number of mitochondria in the myocardium, an increase in
the power supply capacity, etc. [7, 17]. It is important to take into account that adaptation in
all phases is faster and more effective for people who have experience in mountain and
artificial hypoxic training [3].

Biopsy studies have made it possible to establish the basic reactions characteristic of
the stable adaptation of muscle tissue. Just a 4-5 weeks stay in the highlands leads to
pronounced changes in the muscles of the participants of the alpine climbing: decrease in the
area of the muscles and the area of the BS fibers, and especially the MC fibers and increase in
the number of capillaries per I mm2 of muscle tissue [10]. This promotes the extraction of
oxygen from the blood by working muscles. This adaptation reaction manifests itself for a
fairly long time after returning from the mountains, facilitating the transport of oxygen to the
muscle tissue. Athletes, who specialize in sports of speed—strength types, should know that in
the mountains there is a certain degree of risk of reducing muscle mass [7, 13].

An important manifestation of sustainable adaptation is the significant economization
of body functions. There are two independent adaptaions. The first is due to the
economization of functions due to an increase in the functional reserve of the heart, an
increase in the oxygen capacity of blood and the ability of tissues to utilize oxygen, etc. The
second adaptaion is due to a decrease in the basic metabolism and use of oxygen by tissues, as
well as a decrease in the consumption of oxygen by the heart, Highlander—Aboriginal, but
inherent in the inhabitants of the plains, adapted to mountain hypoxia [7, 34].

In the transitional and third (stable) adaptation phases, the response of the circulatory
system to hypoxia decreases as other adaptive mechanisms develop: erythropoiesis
strengthening, shifting the hemoglobin dissociation curve to the right, increasing ATP
synthesis, increasing the activity of respiratory enzymes in tissues, increasing tissue
vascularization, increasing the permeability of peripheral capillaries, and increasing the
density of capillaries and mitochondria in skeletal muscles [7].

The stay of the inhabitants of the plains in the mid—mountain and high mountains
conditions leads to an increase in the number of erythrocytes and the concentration of
hemoglobin, which underlies the substantial improvement in the supply of oxygen to tissues
[35]. The oxygen capacity of the blood increases with increasing altitude. At sea level, it is
17-18.5%, at an altitude of 1850-2000m — 20-22%, at an altitude of 3500-4000 m —
25-27.5% [25]. The dissociation curve of oxyhemoglobin shifts to the right, which is
primarily due to a decrease in the affinity of hemoglobin to oxygen with a decrease in the pH
of the blood. Oxygen from oxyhemoglobin is released more easily, and despite the reduced
oxygen gradient between arterial blood and tissues, oxygen content in tissues rises [36].
A few weeks of stay at an altitude of 40004500 m can cause an increase in these indicators
to a level characteristic of permanent inhabitants of the areas located at an altitude
0f 3000—-3500 m above sea level [37].

Among the factors that ensure an increase in working capacity and maximum oxygen
consumption as a result of stay and training in the mountains, vascularization and the
associated increase in capillary blood flow in the muscles are among the most important [13].

Similar changes occur in the brain, which has the highest sensitivity to lack of oxygen.
Long stay in the mountains leads to a significant increase in the number and extent of cerebral
capillaries, contributing to increased blood supply to the brain [7].
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The adaptive reactions of respiratory function and gas exchange in the second and
third stages are as follows: breathing becomes less frequent and deeper than the reactions
noted in the first phase of adaptation. 1-minute breathing volume also decreases somewhat,
but does not exceed the normal rate; Respiratory alkalosis is eliminated; there is an increase in
chest excursion and there is a steady increase in all pulmonary volumes and capacities, as well
as in the proportion of alveolar ventilation in the 1-minute respiration volume [26].

Stable adaptation to hypoxia is also associated with significant changes in the
capabilities of the central and peripheral parts of the nervous system. At the level of the
higher sections of the nervous system, this manifests itself in increasing brain resistance to
excessive stimuli, conflict situations, increasing the stability of conditioned reflexes,
accelerating the transition of short-term memory to long—term memory [7].

At the level of vegetative regulation, stable adaptation is manifested, for example, in
the increase in the power of adrenergic regulation of the heart, expressed in hypertrophy of
sympathetic neurons [38], an increase in the number of sympathetic fibers in the myocardium,
as well as an increase in intensity and a decrease in the duration of inotropic response of the
heart to noradrenaline [39]. This phenomenon is combined with a decrease in the myogenic
tone of the vessels and a decrease of their reaction to noradrenaline [25].

Such changes in adrenergic regulation of the heart and vascular bed provide a situation
in which the increase in cardiac output during behavioral reactions is, firstlu, more quickly
realized and completed, and secondly, accompanied by a smaller increase in blood pressure,
1.e. in general, it is more economical [7].

Training in mountain conditions helps to increase the body efficiency. Just 5-8
hours of active load during the first three days of stay at an altitude of 2500 m lead to an
increase in the oxygen capacity of the blood, as well as the diffusion of oxygen into
muscle tissue [40, 41]. This is clearly evident in the analysis of the heart rate when
performing standard test programs on different days of training in the mountains. In the
first 3—4 days of the acclimatization period, the heart rate is increased by 3—8% compared
to the conditions of the plain.

By the end of the first week, the acclimatization process is completed and the heart
rate is set at a level close to that noted in the plain conditions. However, after a week of
training, despite the increase in the speed of movement, athletes have a decrease in heart rate,
and ventilation and oxygen consumption [7, 42]. The fact that training in mid—mountain
conditions is a powerful factor in increasing the efficiency of the functioning of the body of
athletes is evidenced by data on a reliable decrease in the oxygen cost of passing the marathon
distance with standard speed after a 12—week training in the mountains [43].

The generalization of the results of numerous studies carried out on the problem of
human adaptation to the conditions of high altitude hypoxia made it possible to single out a
number of coordinated adaptive mechanisms: 1) mechanisms whose mobilization can ensure
sufficient supply of oxygen to the body despite its deficiency in the environment:
hyperventilation; hyperfunction of the heart, providing movement of an increased amount of
blood from the lungs to the tissues; 2) polycythemia and a corresponding increase in the
oxygen capacity of the blood; 3) mechanisms that make possible the sufficient supply of
oxygen to the brain, heart and other vital organs, despite hypoxemia, namely: the expansion
of the arteries and capillaries of the brain, heart, etc.; 4) reduction of the diffusion distance for
oxygen between the capillary wall and mitochondria of cells due to the formation of new
capillaries and changes in the properties of cell membranes; 5) increase in the ability of cells
to utilize oxygen due to the increase in myoglobin concentration; increase the ability of cells
and tissues to utilize oxygen from the blood and form ATP, despite the lack of oxygen; 6) an
increase in the anaerobic resynthesis of ATP due to the activation of glycolysis, evaluated by
many researchers as an essential mechanism of adaptation [25].
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Incorrectly constructed training in mid-mountain and high—-mountain conditions
(ultra—high loads, irrational alternation of work and rest, etc.) can lead to excessive stress, in
which summation of the effects of mountain hypoxia and hypoxia load can lead to reactions
characteristic of chronic mountain sickness [7].

Especially the risk of mountain sickness increases with excessive physical loads in
high altitude conditions at an altitude of 2500-3000 m and more [44, 45]. It should not be
thought that a high level of adaptation of athletes to mountain conditions and their frequent
stay in the mountains are a powerful preventative against the occurrence of mountain
sickness. The disease can also occur in high—qualified athletes with extensive training in the
middle and high mountains, as they tend to begin intensive training without the necessary
preliminary adaptation [40, 46].

Prevention of mountain sickness is facilitated by preliminary artificial hypoxic
training, stay in the pressure chamber and stepwise ascent to the highlands. To eliminate the
symptoms of mountain sickness, it is possible to use special medicine (according to the
doctor’s indications) or move to a lower altitude.

It should be noted that the time needed to achieve sustainable adaptation is determined
by many factors. Other things being equal, adaptation occurs more quickly in people who are
regularly under conditions of artificial or natural hypoxia. Athletes, adapted to the endurance
load, adapt to the mid—mountain and high—mountain conditions faster than those who are not
physically active.

Increasing the altitude (within certain limits) stimulates adaptive reactions and
accelerates the adaptation process; The process of adaptation is much faster for people who
are physically active [47]. To achieve the maximum values of the volume of circulating blood
and the mass of circulating erythrocytes at an altitude of 3200 m, about 40 days are necessary
without special training [48]. However, depending on the factors listed above, this period can
be reduced by a factor of 1.5-2.

The same factors determine the length of the period during which the achieved level of
adaptation is preserved. Athletes well adapted to hypoxic conditions, with a certain training
regime and the use of artificial hypoxia sessions are able to maintain the level of reactions
achieved in the mountains 30—40 days or more after moving to the conditions of the sea level.
With a one—off training g in the mountains, the number of red blood cells, for example,
returns to the baseline level after 9-12 days. When hypoxic training is carried out regularly
for many months, its effect persists after 40 days or more after the termination of such
training. This also applies to such indicators as maximum oxygen consumption, oxygen
consumption at the level of anaerobic metabolism, etc. [49].

Moving athletes to the mountains dramatically affects their physical performance and
leads to a more pronounced reaction of the body’s functional systems to standard loads. For
example, a decrease in working capacity under standard loads in hypoxic conditions causes an
unequal reaction from the power supply of highly skilled cyclists. In some of them, a sharp
decrease in the speed of work at an altitude of 3000 m is accompanied by a significant
increase in the concentration of lactate in the blood (up to 67 mmol / I). This indicates the
need to take into account the individual characteristics of the athlete and, on this basis, the
individual approach is needed when planning training in the mountains.

The duration and effectiveness of acclimatization of athletes to the conditions of
mountains depends on a large number of factors and can vary within fairly wide limits,
depending on the age and qualifications of the athletes, the specifics of the sport, the
experience of hypoxic training, and the characteristics of the training process preceding the
ascent to the mountains. Of great importance is a full preliminary rest: starting training in the
mountains is necessary in a state of complete recovery of the physical and mental capabilities
of the athlete after previous training and competitive loads. In the event that mountain training
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begins in conditions of under—recover, the process of adaptation to hypoxia slows down
considerably, therefore, as a rule, 5-7 day—old recover microcycles are planned before
moving to the mountains [7, 47].

The process of acclimatization also slows down in the event of the mountain training
regime being significanlty different from a training regime at sea level. The acceleration of
the accilimatisaion process is facilitated by a variety of aerobic exercises, including non—
specific ones [7, 47].

The period of acclimatization varies in a wide range — from 3-5 days and 1012
hours of active load to 10—12 days of active load. These fluctuations are due to a number
of reasons. First, the amount of total mountain training accumulated by athletes who
regularly train in the mountains enables them to develop the ability to adapt quickly to
new conditions and be able to enter the usual training mode 1.5-2 times faster than
athletes of the same qualifications who arrived in the mountains for the first time [50].
Equally important for accelerating the processes of acclimatization is the practice of
applying artificial hypoxic training conducted in sea level conditions during the weeks
immediately preceding training in the mountains. Two—week of such pre—training in
conditions of artificial hypoxia with a total load of 20-30 hours can dramatically
accelerate and facilitate the process of acclimatization [7].

There are data indicating the need for much longer acclimatization of athletes
specializing in sports requiring endurance [51-53]. If the altitude i1s 1200-1500 m above sea
level, acclimatization requires at least a week, 2000 m — a month. However, the experience of
mountain training of high—class athletes indicates that these terms are clearly overstated.
Sportsmen of the highest qualification pass the acclimatization period much easier compared
to athletes who are significantly inferior to them in their skills, training and competitive
experience [7].

Recovery processes for young athletes, as well as for non—adapted adult athletes, are
much slower in comparison with older high—qualified athletes who regularly train in
mountains [7]. For example, after a standard load, the duration of restorative reactions
according to HR, oxygen consumption, oxygen debt repayment in adult athletes adapted to
the mountains, is 25-35% shorter compared to older athletes not adapted to mountains, and by
30-45 % — compared with young athletes. Such significant differences are largely due to the
different reaction of the athletes of these groups to the respective standard loads. However,
even when the athletes are offered absolutely identical loads (increasing the concentration of
lactate in the blood to 6.5 mmol / 1 in all groups), the adapted adult athletes recover by 15-20
and 25-35% faster than the unadapted adults and young athletes, respectively [54].

When it comes to the appropriate altitude at which training should be conducted, it is
necessary to take into account the tension existing between the effect of mountain hypoxia on
the respiratory, circulatory, blood systems and, in general, the body’s ability to provide
energy for aerobic and aerobic—anaerobic work and conditions for effective improvement of
technical-tactical, speed—strength and special mental components of preparedness. While
mountain training can be highly effective for improving the capabilities of the various links in
the energy supply system, in relation to the most important components of technical and
tactical skill and a number of important components of physical and mental fitness, a
significant reduction in the intensity of training and its total volume inevitable in high
mountain conditions is a negative factor [7].

Therefore, the choice of optimal altitudes for training in mountain conditions should
be determined to a large extent by the specifics of the sport. Experience, as well as results of
scientific research show that runners for long distances and marathon runners can periodically
train at an altitude of 53004000 m. For rowers, swimmers, runners for medium distances and
skaters the most appropriate altitude lies in the range of 1600-2200 m. Athletes specializing
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in speed—power, hard—coordinate and game types, can use bases for mountain training located
at altitudes of 1200-1600 m [47, 55, 56].

In practice, training in mountain conditions is most often carried out at altitudes of
2000-2700 m above sea level for at least 2-3 weeks, which allows athletes to achieve high
results in competitions held on the plain. Modification of this type of training is a technique
that reflects the concept of "living on top — to train below" when athletes are constantly in
medium or high mountains, and train at an altitude of 1000 m or less [15, 57].

Continuous stay of athletes who are well acclimatized to mountain conditions at the
sea level gradually leads to the disappearance of structural and functional adaptive changes in
the body. First of all, there are changes in the respiratory system: breathing adaptation
reactions disappear within a few weeks. The changes in the blood system last a little longer —
an increased amount of erythrocytes and hemoglobin content, an oxygen capacity of the
blood. Increased vascularization of tissues can persist for 2-3 months [25].

The duration of acclimatization at sea level after a stay in the mountains, as well as re—
acclimatization to mountain conditions, depends on many factors and can fluctuate widely.
For some individuals, the process of readaptation to mountain conditions may not be
completed even after 6 months after moving to sea level. For others, at the end of the second
month, the main effects of staying in the mountains disappear altogether [7].

The positive impact of mountain training on the functionality of athletes and their
athletic performance is not immediately apparent after returning from the mountains. Perhaps
this is due to the need to adapt the muscular system, that is the training of muscles in new
(with higher atmospheric pressure) conditions [15]. A certain period of re—acclimatization is
required, the duration of which depends on the individual characteristics of the athlete’s body.
Approximately 50-60% of athletes in the first few days (no more than 3—4) are able to show
high results and demonstrate high performance in special tests. After this, a fairly long phase
(5-6 days) of reducing the functional capacity of the athletes’ organism may occur. In the
remaining 40-50% of athletes, this phase occurs immediately after returning to the sea level
conditions, which can last up to 6-8 days or more [8]. During this time, participation in
important competitions, exercises with extreme loads and exercises of a special-preparatory
character, which demands the maximum capacity of the athletes’ organism, are not
recommended [7].

After the end of the phase of reduced functionality, a lagged effect of mountain
training manifests itself, which depending on an individual can develop over the next 812
days. The maximum values of oxygen consumption are usually recorded 3—4 weeks after
returning to sea level conditions [13]. Depending on the features of the construction of the
training process during these days, the peak of the functional capabilities and performance of
athletes falls on 20-25 days after returning from the mountains [8].

After 30-35 days after returning from the mountains, the first signs of de—daptation
are noted, which primarily affect the functions of blood circulation, breathing, blood, the
system of oxygen utilization by tissues, etc. [8]. It is noted that the more pronounced the
effect of the mountain preparation is, the earlier signs of deadaptation appear [7].

The timing of deadaptation and the intensity of the weakening of the functional and
structural rearrangements in the athlete’s body, achieved as a result of moutains training
largely depend on the specific nature of the sport, the experience of hypoxic training and the
nature of the training after returning from the mountains. Athletes who specialize in sports
associated with endurance (stray run, cycling (highway), skiing and biathlon) retain the level
of adaptation achieved in the mountains 20-40% longer compared to athletes specializing in
martial arts or games. Adaptive reactions persist significantly longer (in 1.5-2 times) among
athletes using hypoxic training (natural and artificial) regularly, compared with athletes using
training in the mountains occasionally. Using training exercises of a hypoxic nature can
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significantly postpone the process of de—adapting. The same effect follows from the inclusion
of artificial hypoxic training in the training process [50, 58].

Conclusions

1.1t is shown that as a result of hypoxia training there are various morphological
and functional changes that influence the athlete’s fitness. At the same time, it is very
important to constantly improve all aspects of the athlete’s training. Along with the
further development of traditional methods for the comprehensive training of athletes, the
development and use of non—traditional means and methods aimed at expanding the
boundaries of the athlete’s body, its aerobic and anaerobic productivity, which largely
determine the level of efficiency, is becoming increasingly important.

2.The problem of training and competition of athletes in mountain conditions
attracts wide attention of specialists in the field of sports. Modern sport of higher
achievements has become a field of activity in which studies of the influence of hypoxia
on the athlete’s body in the conditions of intense muscular activity are being carried out
most intensively. The high efficiency of moutain training as a means of improving the
functionality of athletes and results in all sports associated with endurance has been
proven by many researchers working in the field of sports physiology. However, much
less work has been devoted to the training of non—endurance athletes (power, speed—
power, complex coordination sports, martial arts) in mountainous conditions. In addition,
insufficient attention is paid to the studying of individual characteristics of adaptation to
hypoxic conditions, in particular, characteristics related to the type of central nervous
system and vegetative homeostasis.
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Pe3ztome. Invin B. H., @ininnoe M. M., Ilacmyxoea B. A., Cocnoecvkuii B. B. Iliozomoeka

cnopmcmenis 3 GUKOPDUCMAHHAM 2INOKCUYHUX ymoe

Axmyansuicmos. Bucoxa egexmusnicmes 2ipcokoi nideomosku sK 3aco0y  niOSUWEHHS

DYHKYIOHATLHUX MOJMCIUBOCIIEL CHOPMCMEHIE | CNOPMUGHUX Pe3yIbMamis y GCix uoax cnopmy,
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N08 SA3aHUX 3 NPOSBOM GUMPUBANOCHI CHOPMCMEHI8, 008edeHa bazambma OOCIIOHUKAMU, WO
npayiorms 6 2any3i CHOpmueroi Qizionoaii.

Mema cmammi. [Ipoananizyeamu i y3aeanoHumu OaHi aimepamypu 3 RUMAHb, N08 SA3AHUX 3
ni020MOBKOU CHOPMCMEHIB 3 BUKOPUCHAHHBIM 2INOKCULHUX YMOS.

Memoou. Ananiz cneyianvbHoi HAYKOBO-MeMOOUYHOI nimepamypu, 8 SKill po3210arombCs
hizi0n02IUHT MeXaHI3ZMU 3 GUKOPUCTHAHHAM 2INOKCUYHUX YMOB.

Pe3ynomamu ma 002060peHHA. Y3acanvHenHs pe3yibmMamie  UUCIEHHUX OO0CHIONCEHb,
npogedeHux 3 npobiemu adanmayii 10OUHU 00 YMO8 GUCOMHOI 2INOKCIL, 00360UL0 SUOLTUMU P50
KOOPOUHOBAHUX MIdC CODOIO NPUCMOCYSANbHUXMEXAHIZMIE. 1) mexanizmu, MOOIni3ayis aKux modice
3abe3neyumu OOCMAMHE HAOXOOJICEHHs KUCHIO 8 Op2aMi3M, He3sadxcaiouu Ha oOegpiyum 1ioeo 8
cepedosuwyi. cinepeeHmuisayis, 2cinep@ynkyis cepys, wo 3abesnedye pyx 6i0 Ne2eHié 00 MKAHUH
30inbuenol Kinbkocmi Kpoei, 2) noauyumemusi i 6i0n06ioOHe 30iNbUIeHHs KUCHEBOI EMHOCMI KPOGI,
3) mexanizmu, AKi poOAsIMb MONCTUBUM OOCTHAMHE HAOXOONCEHHS KUCHIO 00 MO3KY, Cepys ma iHuux
JHCUMMEBO  BANCIUBUX OP2AHIB, HE38ANCAIOUU HA 2INOKCeMilo, a came. pPO3WUPEeHH apmepill i
Kaniisapie Mo3Ky, cepys ma iH.;, 4) 3menuieHHs: Ou@y3itino2o 6i0cmani 015 KUCHIO MIdC KANIISAPHOL
CMIHKOIO T MIMOXOHOPIAMU KIIMUH 30 PAXYHOK YMEOPEHHs. HOBUX KANLAPIE | 3MIHU 61acmueocmell
KATMUHHUX MeMOpan, 5) 30ibuier s 30amHOCME KIImuH YMuizyeamu KUCeHb 6HACAIO0K 3DOCMAHHS
KoHyenmpayii Mio2no0iny, 30inbueH s 30amHOCMi KIIMUH i MKAHUH YMUIi3y8amu KuceHsb 3 Kpogi i
ymeoprosamu AT®, nessadcarouu Ha bpaxk Kucuio, 6) 30invuenns anaepobrnoco pecurmesy AT® 3a
PAXYHOK aKmueayii 2iKonizy.

Bucnoeku. Iloxaszano, wo 6 pe3yibmami CHOPMUBHOI Ni020MOGKU 1 NOCMIUHOZO0
MPEHy8anIbH020 Oil 2INOKCII HABAHMANCEHHS 8 OP2AHIZMI CNOPMCMEHA 8I00Y8AIOMbCS PISHOMAHIMHI
Mopghonoziuni ma QYHKYIOHAAbHI 3MIHU, SKI 6UBHAYAIOMb CMAH MPeHosanocmi cnopmemena. Ilpu
YbOMY GellbMU AKMYATbHUM € He0OXIOHICMb NOCMIUHO20 800CKOHANICHHSL 6CIX CMOPIH NIO20MOSKU
CnopmcMmena.

Knrouoei cnosea: cnopmcmenu, mpeny8aHHa 2UnoOKcuuMe, npaye3oamuicms aepoona i
anaepoora, sMiHU MOPGONOSIUHT MA YYHKYIOHATBHI.
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