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Adaptation is a fundamental phenomenon ensuring biological organisms’ survival in changing
environmental conditions.

Studying this and related phenomena is critically necessary for people not only in conditions of
peaceful life but also in conditions of war.

Aim. Description of some research technologies and results of their application to study the
adaptation of various organisms to stressful extreme mountain conditions.

Methods. Comparative analysis of a large number of the data from experiments and observations
of phylogenetically different organisms under the changed stressful conditions of hypoxia and
other factors of the highlands. Standard methods of laboratory analysis of some vital indicators of
biological organisms. Day and night collection methods using a light trap were used to collect
insects. In some cases, pheromones were used. Mathematical and program modeling.

Results. Modern concepts of physiological adaptation based on Ukrainian and foreign classical
studies were observed. The evolutionary aspects of adaptation studies were observed, taking into
account two main strategies of biological organisms adaptation, as well as evolutionary aspects of
adaptation to hypoxia were considered using the examples of insects and mammals (gophers). The
research technologies and obtained results were described in detail — both the results of field
observations and those registered in laboratory conditions. The primary attention was focused on
the results of contemporary works of Ukrainian scientists. In this way, various directions of
research were characterized in detail for insects and mammals (gophers). Special attention was
paid to the problems of human adaptation to stressful conditions. The effects were registered on
volunteers from special groups (rescuers, pilots, others).

Conclusions. The results of numerous long-term studies of adaptation on examples of vertebrates
and invertebrates were described. A comprehensive analysis of the obtained results was made. A
number of general theoretical conclusions that were made on the basis of presented results were
given as well. Functional adaptation was put in the base of hypoxytherapy methods.
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The ability to adaptation is an essential
characteristic and property of biological
organisms. Human tries to penetrate areas
that are initially beyond their habitation,
where the environment around them becomes
“conditionally suitable” for life — highlands,
sea depths, or completely unsuitable - space.
To realize such aspirations, knowledge of the
phenomenon of adaptation becomes especially
important. Adaptation is a fundamental
phenomenon that ensures biological organisms’
survival in changing environmental conditions.

Environmental extreme stressful conditions
cause the adaptation; they and related effects
are in focus of interest of contemporary
researchers in the theoretical and practical
aspects [1, 2]. Numerous investigations are
devoted to studies of organisms’ adaptation
to adverse environmental conditions and
stressful influences on organisms. Studying
modern sources of scientific literature,
one can distinguish several areas in which
researchers of the adaptation phenomenon of
living organisms are currently publishing their
results. Let us consider just a few of these areas.

Phenomenon of biological adaptation
in extreme conditions: some areas
of current researchs

Adaptation for the conditions of space
flights [3—8]. Many such studies were carried
out linked with space exploration: manned
space flights and the problems of biological
organisms survival and functioning on board
spacecraft during space exploration missions.

Adaptation for the polar conditions of
the Earth [9-11]. Biological organisms’
adaptability to the polar and sub-polar
conditions form another great group of
studies linked with the missions of Antarctic
and Arctic exploring, human work, and other
activities in these geographical regions.

Adaptation for the conditions of high
mountain altitudes [12—29]. Adaptation to
the conditions of the high mountain altitudes
was characterized by higher levels of ionized
radiation (solar, galactic, etc.) and oxygen
deficiency (causing hypoxia) [17-19]. Life
in these conditions initiates the processes
of adaptation in biological organisms, too.
Reliable, long-term physiological adaptation
(PhA) is a necessary factor in expanding spheres
of human activity. In extreme environmental
conditions, it increases humans’ stability and
efficiency of their work [24—-26]. Numerous
researches were done for the solutions of some
of the above mentioned problems being modeled

previously at the Earth highlands conditions
[28—26]. In the process of performing work
within the framework of such projects, the
authors developed the latest information
systems [19-21] and applied specific
mathematical methods [22, 23].

Adaptation of biological organisms in
water basins [30—32]. The literature most
often considers the issue of adaptation at
great depths [30]. Much attention is paid to
the study of the mechanisms of adaptation of
organisms under the influence of pollution of
water basins with chemicals, with research
carried out on the examples of fishes and
microorganisms [31, 32].

Adaptation of biological organisms to
extreme stress conditions caused by chemical
pollution of the environment [33—36]. These
studies of adaptation to stressful conditions
are linked with environmental pollution
in industrial centers and territories with
chemical or radioactive pollution (including
heavy metals pollution) as the result of
accidents, armed conflicts, etc. [33—35].
During long years, the authors carried out
the investigations in these directions [17, 18,
20, 36]. In the framework of these projects,
some novel devices for biotechnology, and
information systems were developed [20, 36].
Below, some results of the author’s works will
be represented. Special attention such works
attract in war conditions when significant
numbers of people suddenly find themselves
in stressful extreme conditions [19], and
primarily theoretical knowledge becomes
essential to preserve the health and sometimes
even the life of the people.

Adaptation and changes of genome [37-52].

Extreme factors of chemical pollution
often cause changes in the genome of biological
organisms, and these studies are widely
represented in scientific publications [37—52].
The most significant number of such studies
were carried out with microorganisms [38, 39,
41, 42, 46, 49] and fishes [44, 45].

Adaptation of various biological organisms
[63—70]. A) The most significant number
of such studies were carried out with
microorganisms of different types [563—70].

B) Some publications were devoted to studies
of adaptation to unfavorable conditions of other
biological organisms — rodents [61, 62], birds
[63], marine organisms [64], and others.

C) A significant number of publications
is devoted to studying those animals whom
people use in their economic activities —
guanaco lamas, and camelids [65—70]. Sure,
the results of genetic studies of these animals
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are presented in publications, too. In the
result of such studies appears the possibility
of carrying out comparative analysis of results
of various organism investigations.

Such work attracts particular attention in
wartime, when a significant number of people
suddenly find themselves in stressful extreme
conditions [19]. To preserve the health and
sometimes the lives of people, such theoretical
and practical knowledge is essential.

In Ukraine, significant contributions to
the study of PhA were made by such great
scientists as I. Mechnikov, V. Vernadskyi,
D. Grodzinskyi, and M. Syrotynin, who
developed the concept of gradual step-by-step
active PhA to hypoxia to increase endurance,
work capacity, sports results, as well as
medical treatment, prophylaxis of disorders
and rehabilitation [17-19]. The tasks of the
present paper were to represent the results of
some studies of the problems of PhA, which
were carried out by Ukrainian scientists in
mountain conditions — Carpathian Mountains
(areas in regions of Lviv, Ivano-Frankivsk.
and Transcarpathian). Besides these results,
there were analyzed ones obtained at the
scientific base of the National Academy of
Sciences of Ukraine — Elbrus Medical and
Biological station (EMBS, located at Elbrus
slopes, vil. Terskol, RF) until 2013, the
mechanisms of hypoxia influence [17, 19],
and high levels of radiation [17, 18] there
where studied profoundly, forming the base
for future understanding of mechanisms of
adaptation. Such studies were carried out
with phylogenetically different organisms
using various methods. Also, we would like
to demonstrate the contribution of Ukrainian
members of the M. M. Syrotynin scientific
school and their contribution to adaptation
medicine and the theory of adaptation for
further continuing of these critical studies.

Methods used. Comparative analysis of a
large number of the data from experiments
and observations of phylogenetically different
organisms under the changed stressful
conditions of hypoxia and other factors of
the highlands. Some standard methods of
laboratory analysis of some vital indicators of
biological organisms. Day and night collection
methods using a light trap were used to collect
insects; in some cases, pheromones were used.
Mathematical and program modeling.

The purposes of the present study were the
description of some research technologies and
the results of their application to study the
adaptation of various organisms to stressful
extreme mountain conditions.
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Contemporary understanding
of the notion and concept of adaptation

Modern knowledge of physiological
adaptation (PhA) is primarily based on many
years of research in many countries of the
world, which is a complex, multifaceted concept
that united a broad spectrum of phenomena.
Below, there are some formulations of the
concept and notions of adaptation, which the
scientists did, classifications of some adaptation
phenomena regularities, etc.

The notion of adaptation. Physiological
adaptation is the process of adaptation of animal
or plant organisms to changed environmental
conditions.

Each factor that influences an organism
causes a response of adequate quality and force
of irritation. However, each of such protective
reactions includes a non-specific component of
the organism’s reactivity, which characterizes
the general state of the stress and the degree
of activation of homeostasis preservation
systems. Exactly this non-specific response
component can be described as general
adaptation syndrome (stress). Physiological
adaptation to extreme factors can be realized
in the form of an “activation” or “training”
reaction. Below are some conclusions of known
pathophysiologists who studied adaptation
phenomena in stressful extreme conditions.

Adverse environmental effects on
organisms can be compensated by appropriate
behavior or technological inventions (f.e.,
using sealed cabins for experiments).

Dr. Kaznacheev V. distinguishes between
“sprinters” and “stayers” according to their
responses to stress. “Sprinters” have powerful
physiological reactions to stress, but they are
able to maintain them only for a short time.
“Stayers” can maintain homeostasis for a long
time but under medium physical loadings [19].
Physiological adaptation can be active (due to
the hyperfunction of biological systems) as
well as passive (due to their hypofunction), for
example, in winter hibernation. A distinction
can also be made between the immediate
(urgent) and long-term PhA. The latter occurs
gradually as a result of prolonged or repeated
exposure to certain irritants.

The PhA concept unites the process and its
result (the state to which the adaptation leads).

Dr. F. Meyerson [17-19] subdivided the
genotypic adaptation (the organism’s acquisition
of resistance to the external environment in the
process of long-term evolution, which is fixed
genetically and inherited) as well as phenotypic
adaptation (the process of acquisition of
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resistance to certain environmental factors that
develops during individual’s life).

Dr. Mirrakhimov M. proposed to distin-
guish the initial, transitional and stable stages
of adaptation [19]. Adaptability is characterized
by a set of structural and physiological features,
quantitative and qualitative changes, reactions,
properties, and indicators that are manifested
at all levels of an organism’s functioning:
submolecular, molecular, biochemical,
membrane, cellular, tissue, organ, systemic,
and the whole organism, as well as at the level
populations, species, biogeocenoses, ecosystems.

There are several degrees of adaptability
can be distinguished:

— insufficient degree, when the level of
functioning of an organism decreases in new
conditions;

— satisfactory degree, when an average,
usual level of functioning is ensured by
uneconomical energy consumption;

— optimal degree when the required level
of functioning is ensured by minimal energy
consumption.

Intermediate qualitative states between
them can also characterize adaptability.
Intermediate qualitative states between them
can also characterize adaptability. Therefore,
mountain climbing, space flights, Antarctic
and sea expeditions, desert crossings, sports
competitions, and other extreme practices
attracted significant attention from researchers.

Functional adaptation was put in the base
of hypoxytherapy methods [19].

Evolutionary aspects
of adaptation phenomena

These aspects had already focused on
investigators’ attention in the early 20th
century [19]. Further multifaceted, long-
term studies of PhA problems in comparative-
physiological, evolutionary elements at all
levels of an organism with the use of adequate
modern methods [19-21], mathematical
modeling [23-26], other mathematical
methods [22, 23] became a broad general
biological approach to the disclosure of
adaptation mechanisms, changes of functions,
development of mountain sickness, reliability
of organism functioning in extreme conditions.

The widespread use of phylogenetic
and ontogenetic approaches to the study
of resistance and reactivity in animals of
many species allowed to establish a familiar
regularity. With the complication of
organization in the process of phylogenesis,
resistance to a sharp decrease of the partial

pressure of oxygen decreases too. At the same
time, reactivity increases, which provides
highly organized animals and humans with
more fantastic opportunities to compensate for
an oxygen deficiency and maintain an average
level of vital activity along with a moderate
decrease in the partial pressure of oxygen in
inhaled air. Due to these studies of scientists
of M. M. Syrotynin school [19], the doctrine of
reactivity as property of changes in the vital
activity of a whole organism as a result of the
influence of various factors of the external
environment was formed in its finished form.
The concept of changes in reactivity and
resistance in phylogeny and ontogeny was
substantiated. This concept, consequently,
contributed to the development of the hypoxia
doctrine. Concerning mammals, such studies
helped to formulate the central imaginations
about the adaptation to hypoxybaria as a process
of establishing a new steady state that ensures
the reliability of the organism’s functioning in
changed environmental conditions.

Comparative and evolutionary aspects
of adaptation to hypoxia — insects studies.
Two strategies of adaptation

The study of insects has attracted attention
throughout the history of the development of
natural sciences. One of the most important
reasons for this is the large number of insects
of various species in extreme conditions, for
example, in the mountains. Another side of
this phenomena — there two main types of
adaptation strategies were discovered for multiple
biological organisms. The higher organisms
are more inclined to adapt by maintaining their
homeostasis at a constant level (f.e., mammals,
including humans). Contrary, insects demonstrate
an explosive increase in their numbers under
stressful extreme conditions, and at the same
time, a number of their external characteristics
change (colors of wings, bodies, etc.).

However, studying the mechanisms of
insect adaptation to mountain conditions is
not only of theoretical interest in the case of
modeling the situations of living organisms
transferring in conditions of space flights or
conditions on other planets. The insects are
significant objects as organisms with high
levels of protection and survival in extreme
conditions.

Below are the results of studies of changes
in the adaptive characteristics of insects
carried out by Klyuchko E.M. and Klyuchko
Z.F. in the Caucasus Mountains in 2003—-2007.
The night insects — Noctuidae (Lepidoptera),
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or moths, became the objects of the study.
Along with them, there was also such insect
group as zygens (Zygaenidae) at mountain
altitudes 2100 m a.s.l. and higher. Other insect
species were collected as well. It is necessary
to mention that all these listed insect groups
were small in numbers of their representatives
at mountain heights, and these numbers
decreased dramatically up to 3100 m a.s.l. Day
and night collection methods using a light trap
were used to collect insects. In some cases,
pheromones were used.

The collections were carried out at three
altitudes: 2100 m a.s.l. (Baksan Gorge in the
area ofmountain Cheget, a zone of mountain
forests), 2800 m a.s.l. (Cheget, subalpine
meadows), 3100 m a.s.l. (Terskol peak, the
upper part of the subalpine meadows, where
the snow line was in summer 2004). For each
height, the species composition, total number
of collected insects, behavioral differences,
and differences in color and pattern were
analyzed.

Forest species of Noctuidae that were
common in the Caucasus were also expected
to the most regions of the Palearctic:
Apamea illyria, Euchalcia variabilis, Xestia
ohreago, Diachrysia chrysitis, Syngrapha
interrogationis, and many others. Some
species were registered only in the Caucasus:
Cucullia propingua, Autographa aemula. There
were representatives of the steppe species,
although in small numbers — some species of
Cucullia, Acronicta euphorbiae. At the same
altitude, some species of Zygaenidae were well
represented Z. lonicerae, Z. filipendulae, and
others).

Above 2800 m a.s.l., the single specimens
of Macrolepidoptera were found. Primarily,
representatives of Microlepidoptera were
recorded there; the number of them also
noticeably decreased. At the altitude of
3100 m a.s.l., it was possible to collect only
representatives of Muscidae (including
M. domestica) and several specimens of
Microlepidoptera.

Analyzing the total number of insects
collected at different altitudes, we can make
a preliminary conclusion that the number of
Noctuidae, which varies depending on the
altitude, can be described by a curve with a
maximum at the altitude of about 2100 m a.s.l.
Above this mark, the number of Noctuidae
decreased gradually to zero at the altitude of
3100 m a.s.l. The curves of number decrease for
Microlepidoptera and Muscidae to the right side
of this maximum (for higher altitudes) were
flatter than for Noctuidae, i.e., representatives
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of these groups of insects were registered at
such altitudes, where Noctuidae was no longer
present. These data are in good agreement with
the data of other authors obtained for different
regions of the Earth [17, 18].

According to the theory [27-29], the
organism reacts to unfavorable conditions,
for example, high altitudes. These reactions
can cause changes in insects’ behavior and/or
hormonal changes (changes in color shades of
insect bodies, wings, and tissues).

For today, only behavioral differences
in insects (Noctuidae, to a lesser degree
Muscidae) with changes in altitudes in studied
locations of the Caucasus Mountains have been
reliably registered.

Individual insects, which demonstrated
highly active behavior at 2100 m a.s.l., were
passive at 2800 m a.s.l. Most often, they
either “froze” motionless on plants or crawled
sluggishly on them. Such behavior was also
characteristic of a sunny, warm summer
afternoon. Therefore, it can be assumed that
the lack of oxygen can cause such behavior.

Flying insects, in the case of trying to
catch them or unexpected gusts of wind, the
most often “simulated death”: they “frozen”
suddenly, fall, and get lost among the plant’s
vegetation. Such a reaction was shown by the
vast majority of insects at altitudes above 2800
m a.s.l., while only a few individuals showed it
when it decreased to 2100 m a.s.l.

Adaptive capabilities of gophers

Studies of animals in states of natural
winter hibernation were carried out at the
scientific base of the National Academy of
Sciences of Ukraine — EMBS (Elbrus Medical
and Biological Station, before 2007). The aim
was — including them in closed ecological
systems during space exploration. The obtained
results demonstrated that such organisms
functioned in a balanced way, and their tissues
were sufficiently supplied with oxygen. It was
established that adequate oxybiotic relations in
conditions of natural winter hibernation were
ensured. Such a situation happened against the
background of a significant decrease in oxygen
demand of organism tissues, an increase in the
number of erythrocytes and hemoglobin in the
blood, oxygen content in arterial blood, and
especially carbon dioxide (up to 49.2+1.7 vol.
% against 29.4*1.4 vol.% in active
individuals), maintaining of oxygen tension
in the muscles equal to 141 mm Hg (18=*1
hPa), a uniform decrease in the intensity of
oxygen consumption in various tissues — the
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same for the brain, heart, and muscle tissues
(Qq0=1.37), etc.

Fulfilled research made it possible to
identify some specificities of heterothermic
animals in comparison with homoothermic
ones. Therefore, the question arose of studying
the mechanisms of adaptation to hypoxic
environmental conditions in animals capable
of minimizing vital activity.

Observations with further analysis
were done with the spotted gophers of the
Ukrainian steppes that were moved to the
Caucasus Mountains and settled at different
heights. It was found that in the process of
gradual (staged) adaptation, as well as after an
extended stay in the mountains at the altitude
of 3000 m a.s.l. under the conditions of natural
stay, the power of the systems responsible
not only for supply but also for oxygen
consumption increases.

When comparing the functional indicators
of gophers brought to the heights of the
Caucasus and gophers aboriginal of the
highlands, significant differences were
also noticeable. These facts evidenced the
differences in the mechanisms of adaptation of
these two groups of animals. In steppe gophers,
in the process of adaptation to conditions of
mountain heights, the number of erythrocytes
increased, the hemoglobin content increased
and remained at a high level for a long time.

In aboriginal gophers of the highlands,
these values are relatively low despite the
increased erythropoietic activity of the bone
marrow, which is probably associated with an
increase in the volume of circulating blood.

In aboriginal gophers, high-altitude
adaptation was characterized by an increase
in the volume of circulating blood with a
slight increase in the hemoglobin content
per unit of blood volume. Obviously, this
type of adaptation was fixed genetically in
the process of long evolution; it is optimal in
terms of energy consumption. But with the
increase in the volume of circulating blood
and the need to maintain the speed of blood
flow at a constant level, the increased work
of the heart is required, and indeed - in such
gophers, the ratio of heart weight to body
weight is more significant than in those living
on the plain.

In gophers adapted to the conditions of
mountain heights, the intensity of oxygen
consumption is high, with a tendency to
decrease in the case of an increase in the
duration of stay in the mountains. In mountain
gophers, it is relatively low (a tendency to
decrease with increasing altitude).

A decrease in the intensity of oxygen
consumption, which ensures the preservation
of the mountain population, is associated
with a specific reduction in the general level
of functioning of the organism’s systems.
However, the registered fact of low intensity
of oxygen consumption in mountain gophers
cannot be explained by the reduced oxygen
demand of vitally important organs. The
state of adaptation of hibernating animals
to the conditions of a hypoxic environment
is favorable for winter hibernation since its
period is more extended in mountain animals
than in plains ones.

Therefore, the genotypic adaptation of
heterothermic animals to the conditions
of the hypoxic environment, in contrast to
phenotypic adaptation, is characterized by
relatively low levels of hemoglobin content, the
number of erythrocytes (with an increase in the
volume of circulating blood), and the intensity
of oxygen consumption by the organism.

The mechanism of development of
phenotypic adaptation to hypoxybaria in
homeothermic animals does not differ from
that in active heterothermic animals [19, 62,
65-70]. Therefore, adaptation processes can
be considered not only at the level of the whole
organism of insects and gophers but also at
the level of organism systems. Thus, a lot of
attention to EMBS was paid to the study of
the adaptation of the respiratory system in
mammals and humans.

Mathematical model of short-term
adaptation to hypoxia in mammals

As mentioned at the beginning of this
article, the primary strategy of adaptation
for humans (and mammals as a whole) differs
from one for insects. The primary strategy
for these evolutionary high organisms is to
maintain metabolism levels for their organs
and tissues. Physical, mathematical, and
program modeling are potent techniques for
a theoretical understanding of adaptation
phenomena; the authors use them all [23—-26].

Natural characteristics of living
organism functioning measured in laboratory
conditions on the plain (control) and the
conditions of the mountains (EMBS) were
put in base of developed mathematic models.
This Table presents the data on changes in
some physiological indicators that occur in
the human body (men) during the process of
adaptation to mountain conditions (2100 m
a.s.l.); the recorded changes evidenced that
the phenomenon of physiological adaptation
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Table. Organism regulatory reaction and tension of oxygen and carbon dioxide
under the various types of perturbations (short-term adaptation)

Tissues
e of Parameter Skeletal Other
perturbation Brain Heart | Liver Kidney :
muscles tissues
Physical load 1)
600 kgfom /min Pr, 26.2 15.7 | 43.8 60.5 13.0 37.2
pp,® 51.1 57.2 50.2 45.0 54.0 47.8
Qcj 23.5 20.5 | 42.6 16.0 298.8 11.4
Hypoxybaria Py, 32.2 20.8 | 38.1 44.0 26.0 36.1
P4 =10,
Pp,® 30.0 33.5 | 30.4 28.2 40.5 44.1
P4® =30)
Qi 14.5 5.6 24.5 21.5 21.0 10.5
Hyperoxia Py, 43.0 27.5 46.0 62.1 29.5 38.0
P4 =205,
Pp,? 47.0 38.0 | 47.0 45.0 50.0 48.0
P,® =42)
Qcj 13.6 4.0 20.5 14.5 17.5 8.5

Note. The values PTj(l), PTJ-(Z), PA(I), PA(2), are given in millimeters of Hg, ch in milliliters per second.

occurs during the observation period.
Therefore, the process of breathing, during
which transportation and mass exchange of
respiratory gases takes place, was supposed
to be a controlled dynamic system, and it
was described using a system of differential
equations and algebraic relations.

Control (self-regulation) parameters are:

anaQCjaj :L_m-

They are given in the mathematical
model of the functioning of the respiratory
system [283—-26]. Thus, it is supposed that
the executive organs of breathing process
regulation are the respiratory muscles, heart
muscles, and smooth muscles of blood vessels
in the tissues.

Perturbations that influence the functional
respiratory system are divided into external
perturbations (changes in the composition of
the respiratory mixture, barometric pressure
of environment) and internal ones (changes
in the intensity of metabolic processes in
organs and tissues); the indicators of them are

utilization rates of oxygen (q%), j= I,_m) and

release of carbon dioxide (qﬁ), J =1, m) .
The role of short-term adaptation of the

respiratory system to hypoxia is to transform
the disturbed dynamic system of transport

22

and mass exchange of respiratory gases to a
specific stationary state, which will be stable
for the formed conditions of the organism’s
vital activity.

For formal recording and solution of this
problem, it is essential to set:

— the initial state of the system that is
characterized by phase variables:

O p@ ph) p2 pd p@2 p0h p@
PY.PD PY PP PY P PO P

RP>"RP >"AL>" AL > " LC>" LC >

2 p p@ ;_ 1 p@)
PCj ’PTj ’PTj ’J_lamapv 9P\/ D

p(l)

>'Cj °

at the time 1, of the start of disturbing

factors;
—the area of changes of control parameters:

Vmin < V S Vmax 2

Qmin < Q < Qmaxa

QCj,min < QCj < QCj,max ’ J = 1’ m’

ZQC] <Q;
j=1

M

J

— the terminal set of states determined by
the relations:

(0 (1) m ;_

|GTj _qu |<8-|-j . ) —1,|||, (2)
(2) (2) 2(2) & _

|GTJ. —qu |<aTj ,)=1m,
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Where &f,ell,j=1,m are enough small

positive values.

The solution to the problem of short-term
adaptation formulated in this way is any set of
values of the control parameters from equation
(1) because, after some time, it transfers
the disturbed system to the state, which is
characterized by conditions (2). At the same
time, the level of hypoxia and degree of carbon
dioxide accumulation in organisms will be
more or less significant.

In this regard, the problem of short-term
adaptation is represented as a problem of
optimal self-regulation. It is supposed that
the following set of control parameters from
equation (1) is optimal, which ensures the
minimum functional on the trajectories of the

disturbed dynamic system:
To+T

= [ o ey
1=1

To

AN
I=1

where pM, p® — are coefficients of the

organism’s sensitivity to hypoxia and

hypercapnia, respectively;

XTJ-) — coefficients that characterize morpho-

functional characteristics of each organ or

tissue region and their “vital significance”.
During the calculations, it was assumed

that:
V.. _
A= =2 |, j=1,m.
Tj (P(VTJ] J

Usually, the quadratic function ¢ of the
given in relation (3) characterizes the blood
filling of a unit volume of the tissue reservoir.
A series of computational experiments
were carried out with the model of short-
term adaptation, the results of which are
given in the Table. Self-regulation of the
respiratory system is going too at the stages
of medium-term and long-term adaptation,
when disturbances that affect the system are
repeated constantly or periodically for a long
time (weeks, months). Described phenomena
cause the development of additional adaptive
mechanisms; they allow more efficient
organization of metabolic functions in tissues
in response to disturbances.

Thus, adaptation is based on a significant
number of complicated phenomena, and studies
of them are essential for people not only in

peacetime but also in even more in conditions
of contemporary war in Ukraine. In the present
review, numerous investigations of adaptation
phenomena done by Ukrainian scientists
were described for various species of living
organisms. In the modern world, problems of
adaptation have begun to cause great interest,
too, in connection with global climate change.
The results described in the article are in
agreement with the results obtained by other
authors, both for invertebrates [30, 32, 53—-60]
and vertebrates [61—-70].

Conclusions

1. The first studies of the adaptation
mechanisms of insects and their ecological and
faunal analysis in the high mountain regions
of the Ukrainian Carpathians and Caucasus
Mountains revealed certain regularities.
The most characteristic species of Noctuidae
(Lepidoptera) from their list for the fauna of
the Elbrus region were suggested; in it both
forest and steppe species were determined.
Preliminary data on the differences in species
compositions for Noctuidae ( Lepidoptera) and
Microlepidoptera depending on altitude were
obtained, which reflects the realization of
adaptation mechanisms of these organisms at
different altitudes. The distribution of insects’
number’ with height can reflect their adaptive
properties, too, as it is the realization of one
of the classic adaptation strategies for this
group of organisms. The distribution curve
of insects’ numbers with height (supposed by
the authors), coincides in main features with
similar results of other authors obtained for
other regions of the world. Such distribution
curves can reflect the most general regularities
of insects’ adaptation at different heights and
the influence of mountain factors regardless of
their geographical location.

2. Registered differences in the mechanisms
of gophers’ adaptation to the conditions of
mountain heights can be explained as follows.
Oxygen supply to the tissues is determined by
the partial pressure of oxygen in the inhaled
air, the volume of pulmonary ventilation,
the total diffusion surface of the lungs, the
oxygen capacity of the blood, the volumetric
velocity of blood flow in the lungs, and tissues,
the gradient of oxygen tension at all stages
of its transport to the tissues, the rate of
oxygenation and deoxygenation, the contact
time of erythrocytes with oxygen in the lungs,
the volume of capillary blood flow to the
volume of tissues, and other parameters. These
parameters and ratios are not constant. They
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can be changed depending on the functional
needs and environmental conditions. Some of
them (pulmonary ventilation volume, blood
flow rate) increase even during short-term
oxygen insufficiency, while others (oxygen
capacity of blood) - during long-term one.
However, the increase of these parameters
has limits determined by functional
capabilities, the “cost” of adaptation, inverse
interdependencies (when an increase in one
indicator leads to a decrease in another), etc.
Therefore, it is not surprising that species and
individual characteristics of the organism,
interdependence of functional indicators,
degree of hypoxia, and duration of adaptation
determine the colorful picture of functional
changes during adaptation to the highlands.

3. It was confirmed that, unlike the
adaptation of organisms of higher mammals,
the adaptations of insects were realized
by another strategy, which differs from
mammals’. The primary strategy for humans
(and mammals in general) is in maintaining of
metabolism level for their organs and tissues.
Reproduction increasing for invertebrates
was not studied. According to the theory, it
was registered more often for the first way of
adaptation (for organisms at lower levels of
evolution). Still, some noticed phenomena for
mammals (and humans) evidence that such
effects are more complicated and need more
detailed investigation.

4. As a result of analyses of obtained data
mathematical model was developed — a model
of short-term adaptation of the respiratory
system in mammals; this model was described
in the present article.

5. Adaptation of human organisms to
hypoxybaria, taking into account the age-
related changes in organism’s reactivity,
increases their work capacity and stability,
protects against premature aging, and
contributes to longevity. With age, the
organism’s ability to adapt to hypoxia
decreases, but it is not entirely lost — older
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ATAIITANISA B EKCTPEMAJIBHUX CTPECOBUX YMOBAX:
AEAKRI TEXHOJIOI'II JOCJIAMREHD
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Apnanrania € QyHIaMeHTAJIbHUM SBUIIEM, 1110 3a0e3meuye BUIKMBAHHSA 0ioJoTiuHMX OopramisMmiB y
MiHJIMBUX YMOBaX CePeIOBUINA; BUBUEHHS I[HOT0 i MOB’ I3aHUX 3 HUM ABUII KPUTUYHO HeoOXigHe JII0aaM He
TiJIBKY 32 YMOB MUPHOTIO JKUTTS, ajie I BiliHH.

Mema. Oniuc geAKNX TeXHOJIOTiH JOCTi»KeHb Ta pe3yJIbTATH 1X 3aCTOCYBAHHS AJIS BUBUEHHSA agarTalii
pi3HUX OPraHi3MiB A0 CTPECOBUX €eKCTPEeMAaJbHUX IipChKUX YMOB.

Memodu. IlopiBHANBRHUI aHANi3 BeJMKOI KiIBKOCTI ZaHWX EKCIEPHUMEHTIB i CIOCTepe’KeHb
(ismoreHeTMYHO Pi3HUX OPraHi3MiB y 3MiHEHUX CTPECOBUX YMOBAX TiMOKCii, iHIMTUX (akTOpiB BUCOKOTIpP 4.
CraHgapTHi MeTOoM JJa00OPATOPHUX aHAI3iB JeAKNX MOKA3HUKIB JKUTTEAIAIBHOCTL 6i0JI0TiUYHIX OpraHisMiB.
st 360py KoOMax 3aCTOCOBYBAJM MeHHUI i HiUuHUE MeToaM 300pYy 3 BUKOPUCTAHHAM CBIiTJIOBOI ITACTKHU; B
IeAKUX BUMAAKaX BUKOPUCTOBYBaIUC (hepomonu. MaTeMaTuuHe Ta IporpaMHe MOJeTIOBaHHS.

Pezyavmamu. PoaruanyTi cyuacHi yaBieHHA 1po (Qisiosoriuny afanTaliiro Ha OCHOBLI yKpaiHChKUX Ta
3apyOisKHUX KJIACUUYHUX Ta CYUACHUX MOCJiAKeHb. ByJ0 PO3TIIAHYTO €BOJIIOIiliHI aCIeKTH JOCTiIKeHb
amanTaiii 3 ypaxyBaHHSM ABOX OCHOBHHUX CTpaTeriit agamrarii Giosoriuamx opramisaMiB, a TakoX
POSTIAHYTI €BOJIOIIITiHI acTieKTH aganTallii 1o rinmokcii Ha mpuKJIani komax i ccaBiiB (xoBpaxiB). [leTanabHO
OomHrcaHi BUKOPHUCTAHI TEXHOJOTiI JOCHiIKeHb Ta OTPUMAaHi pe3yJbTaTu — AK Pe3yJbTaTU II0JIbOBUX
cIoCcTepe:keHb, TaK i 3apeecTpoBaHi B slabopaTopHUX yMoBax. OCHOBHY yBary 0yJio CKOHIIEHTPOBaHO Ha
pes3yJbTaTax Cy4yacHHUX POOIiT YKpaiHChKMX BUEHUX. TaKMM UMHOM JeTaJbHO OXapaKTepU30BaHO PisHI
HaIPAMKY JOCIiJKeHb — JIJId KOMaxX i 114 ccaBILiB (xoBpaxiB). OcobsmBy yBary 0yJio mpumijieHo mpobeMam
ajarnTarlii JJIOAWHYT A0 CTPECOBUX yMOB; edeKTu OyJiu 3apeecTpOBaHi HA BOJOHTEpAaX 3i crelialbHUX T'PYI
(pATYBaAJIBbHUKIB, JbOTUUKIB TOI0). [IpoieMOHCTPOBAHO MaTEeMAaTUUYHY MOJeJIb KOPOTKOYACHOI ajanTairii
JIIOAUHU I0 rinokcii.

Bucnosku. HaBeneHo pe3yabTaTi 0araTopiuvHuX AOCJIiAMKeHDb afganTarii Ha IpuKJaagax xpebeTHuX Ta
06e3xpebeTHUX opraHisMmiB. [IpoBeleHO KOMIIJIEKCHUI aHAJIi3 OTPUMAaHUX PE3yJabTaTiB. 3alIPOIIOHOBAHO
TAKOXK PAJ 3araJbHOTEOPETUUYHUX BUCHOBKIB, 3pO0JIEHMX Ha OCHOBi IpEACTABJIEHUX PE3YJIbTATiB.
dyukIioHaabHY aJanTallioo 0yJIo MOKJIAaLeHO B OCHOBY METO/IiB riImoKcuTepaii.

Katouosi ciosa: aganrailisi, eKCTpeMaibHi YMOBH, CTPECOBi YMOBH, YMCJIOBI ITIOKAa3HUKHU (pisiostorivuamx
byHKIIil, MaTeMaTUYHE MOJEJTIOBAHHS.
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