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The influences of cosmic radiation on atoms and molecules in the Earth’s atmosphere were
observed with subsequent transformation of atoms, molecules of gases, as well as development of
states of oxygen deficiency (hypoxic) in biological organisms, some recommended ways of such
disorders correction.

Purposes of this work were to study radiation effects in ionosphere with subsequent high-
energy transformations of atoms, molecules of gases at different heights above the Earth surface;
interaction of some high-energy atmospheric particles with biological objects at near Earth’s
heights up to 5.500 m above sea level, and oxygen roles in consequences of biological organisms’
irradiation.

Methods. Analysis of results of satellite and rocket observations of the Earth atmosphere gases
exploring at different altitudes above sea level. The investigations were done in mountain
conditions at EMBS research station of the National Academy of Sciences of Ukraine. The
comparative analysis of results of long-term observation of patients using standard laboratory
methods, complex of methodological techniquessuch asclinical, physiological studies of respiratory,
and cardiovascular systems. The research has been carried out concerning hematological,
immunological states; functional state of higher nervous activity, mental and neurotic state;
antihypoxants use, histochemical, biophysical methods, math modelling, others.

Results. The data obtained during the satellites atmosphere exploring were presented: studies
of influences on the structure of atoms, molecules in atmosphere, concentrations of gases from
ionosphere to the Earth surface, such phenomena as photochemical processes, photoionization. The
notion “information” was discussed basing on the phenomena, described in the article. Described
studies of gases particles modification, oxygen deficiency in organisms (hypoxic states) were
supplemented with the results of irradiated Chernobyl patients’ examinations, rehabilitation by
Ukrainian doctors, scientists in mountain conditions.

Conclusions. Phenomena of solar radiation influence on atoms, molecules and molecular
complexes in the Earth’s atmosphere was observed. The main attention was concentrated on the
studies of gases concentrations at different heights with linked effects of oxygen roles in
consequences of organisms’ irradiation and rehabilitation. Practical recommendations for patients’
medical care and rehabilitation were done.

Key words: radiation damage of organisms; hypoxia; high altitudes; high-energy particles; free
radicals.
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Humanity solves a number of
contemporary practical problems high above
the Earth’s surface. These are high-altitude
aviation flights, as well as space flights,
in which crewmembers and passengers are
exposed to significant doses of radiation as
well as molecules of oxygen or other gases
deficiency in case of contact of organism
with the surrounding atmosphere. Some
publications in this item were prepared
in Ukraine [1-4] and abroad [5-7]. Our
predecessors in science suggested the concept
of “environment conditionally suitable for
life” (approximately above 3 thousand m above
sea level (a.s.l.)) and “environment unsuitable
for life” (approximately above 5 thousand
m a.s.l.) of human and other higher living
organisms in mountains [3]. In our previous
works, we observed a number of physical
factors in the Earth atmosphere, like ones,
reveled during earthquakes studies that make
environment unsuitable for life [8, 9]. In
present publication, we consider briefly the
impact of cosmic radiation factors on atoms,
molecules and molecular complexes in the
Earth’s atmosphere [1, 10—15]. Consequently,
the first group of methods that had given the
data to present article included the results of
satellite observations and rocket observations
[1-4, 16—21]. Because of this influence, the
stay of humans and higher living organisms
above the indicated limits becomes impossible.
Today’s task is to diagnose the full range
of gas and electrodynamic parameters that
characterize the ionosphere. Such diagnostics
is possible only in situ, on spacecraft launched
into the ionosphere [1, 3, 22—-28]. For this
purpose, special low-orbit satellites and high-
apogee sounding rockets are used. Satellites
are good because they allow ones to place
solid instrumentation systems on board and
take measurements on a planetary scale [1—
4, 29-35]. During the space age, about 20
ionospheric satellites were launched, the last
of which, the Chinese Seismo-Electromagnetic
Satellite Mission (CSES), was realized in 2018
[1, 3, 36, 37]. The heights of satellite orbits are
strictly limited from below by the deceleration
factor against the atmosphere — at least
250—-300 km. Even then, if the orbit height is
maintained with the help of corrective engines
[838—41] this open the possibilities of novel
equipment usage for discoveries [42—-45], as
well as new methods development [46]. In most
cases, ionosphere satellites are launched to
altitudes of 500—-700 km, well developed for
the needs of remote sensing, into the outer part
of the ionosphere (Fig. 1) [47-53]. Thus, the D

and Eregions and thelower part of the F region,
which are so important for understanding the
ionosphere and space weather, are beyond
the capabilities of satellite sensing [47-
52]. Satellite and rocket experiments not
only complement each other, they must be
combined with each other [53—57]. This gives
the possibility for mathematical and program
modelling [58-61], as well as for theoretical
studies and conclusions [60]. Finally, all such
data basing today in science and technique are
the results of satellite observations as well as
obtained in process of rocket observations [1—
5, 7-62]. The second group of methods we used
for our studied was linked with investigations
in high-mountain conditions at research
station of the National Academy of Sciences
of Ukraine (EMBS). There are the comparative
analysis of the results of long-term
observation of patients in hospital conditions
using many standard laboratory methods of
their states examinations. The conducted
scientific research consisted of a complex of
methodological techniques and approaches
such as clinical and physiological studies
of respiratory and cardiovascular systems,
hematological and immunological states, and
functional state of higher nervous activity,
mental and neurotic state. Administration of
antihypoxants, histochemical, biophysical and
other methods were used to evaluate oxybiotic
processes. Mathematical processing of the
results, as well as methods of mathematical
modeling were applied. In addition, the next
question that we raised in the process of these
studies was: what measures should be taken in
order to secure the stay of people above such
limits. Our well-grounded suggestions to use
some specific pharmacological preparation
for the prevention of some biological system
damage were done previously [3, 62—65].

So, thesequenceof materialin presentarticle
is the following: 1) to observe briefly the impact
of cosmic radiation on atoms and molecules in
the Earth’s atmosphere. Further, to examine
subsequently a chain of interconnected natural
phenomena: 2) transformation of atoms and
molecules of gases in high-altitude atmospheric
conditions, 3)asaresult, damages of respiration
effectsin biological organisms and development
of oxygen deficiency (hypoxic) states in them.
Finally, 4) giving some recommendations of the
ways of possible correction of developed hypoxic
states and some other pathological states linked
with cosmic radiation influences. In parallel,
some information aspects of the organization
of substances at different altitudes will be
considered.
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The purposes of this observation were to
study deeply radiation effectsin theionosphere
of the Earth with subsequent high-energy
transformations of gases molecules at different
altitude levels above the Earth surface,
interaction of some high-energy atmospheric
particles with biological objects at near Earth’s
altitudes (up to 5.500 m a.s.l.), and the impact
on information processes in such complex
systems. In addition, the manifestation of
hypoxia phenomena was of our interest as
well as its study in living systems by scientific
groups of the National Academy of Sciences of
Ukraine with possibility of organisms’ further
rehabilitation.

Atoms and molecules in the upper
layers of the Earth’s atmosphere: their
transformation under the space radiation
and satellite methods of their research.
Research of the ionosphere with spacecrafts.
In this chapter we observe briefly some main
types of substances transformation in the
Earth atmosphere under the influence of
solar and galactic radiation [1, 3, 7-62]. Such
results were obtained in process of many-years
investigations of great groups of ionosphere
researchers [1-5] and others. So, under the
influence of the space factors (galactic and
solar radiation, some others), first, a change
in the chemical composition of the atmosphere
happens. Adapted such materials from [1, 57]
are on Fig. 1 (Chamberlain graph, 1981) and
Fig. 2 (Kelley graph, 1989). The main means
of ionosphere sounding have been and remain
remote radio physical means — networks of
ionosondes, incoherent scatter radars, systems
for radio translucence of the ionosphere with

GPS signals, etc. These tools make it possible
to control the electron density distribution in
the ionosphere with high accuracy. From the
standpoint of the science today, this knowledge
is not enough!

The ionosphere, as a material medium,
is a weakly ionized gas located in the
Earth’s magnetic field, in which variations
in the parameters of neutral and charged
components and the electromagnetic field are
closely related. In many cases, exactly these
connections are interesting. Moreover, the
study of a single ionosphere parameter (f. e.
electron concentration), can disorient the
researcher, for which the history of ionosphere
research knows a number of examples.

Today’s task is to diagnose the full range
of gas and electrodynamic parameters that
characterize the ionosphere. Such diagnostics
is possible only in situ, on spacecraft launched
into the ionosphere. For this purpose, special
low-orbit satellites and high-apogee sounding
rockets were used.

Satellites are good because they enable
to place solid instrumentation systems on
the board and do the measurements on a
planetary scale. During the space age, about 20
ionospheres satellites were launched, the last
of which, the Chinese Seismo-Electromagnetic
Satellite Mission (CSES), was commissioned
in 2018. Up to the last years, another similar
satellite, Mikrosat-M, was being prepared for
launching in Ukraine.

The ionosphere is formed because of solar
radiation absorption by the atmosphere at
altitudes of 100-200 km. In the region of
wavelengths less than 1000 A (extreme ultraviolet
and X-rays), the energy of photons exceeds the
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Fig. 1. Some wave phenomena in the Earth atmosphere
In the Schumann-Runge continuum (ShR), the flow of energy is: F ~ 15 erg/cm2s. In extreme ultraviolet
(EUF): F~2 erg/cm2s. For comparison: solar constant F* = 1.38 kW/m2 =1.38x10° erg/cm2s.
That is, F / F*~0.001% (adapted from [25])
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thresholds for dissociation and ionization of
atmospheric gases, which causes the phenomenon
of so-called “boiler of photochemical reactions”
in the atmosphere, and this radically changes all
properties of the atmosphere.

First, these processes cause a change in the
chemical composition of the atmosphere (Fig. 2).
If below 80 km the atmosphere consists of
nitrogen molecules N, (78%), oxygen O, (21%),
as well as small components — gases Ar, He,
etc. (1%), then photodissociation of molecules
occurs at high altitudes. Reactive atomic oxygen
becomes the main one. The ionosphere being
penetrated by solar radiation turns out to be
an aggressive environment, a space factor that
affects space-based systems.

Second, atmospheric gases are ionized, but
at ionospheric heights, the degree of ionization
is low. For example, in the region of ionospheric
maximum at a height of ~300 km, the ratio of the
concentrations of charged and neutral particles
is less than 0.1%. Only in the magnetosphere
does this ratio change in the opposite direction.

Thirdly, the ionosphere is colossally heated
by the Sun up to temperatures of about 1000 °K.
Since the brightness of the Sun in the short-
wavelength part of the spectrum is a variable
value, depending on the level of solar activity
and under the influence of individual flares,
the parameters of the ionosphere demonstrate
significant variations (Figs. 2, 3).

We see that the ionosphere is not a static
object, but a stationary process of circulation
of neutral and charged particles. Arising
under the action of solar ionizing radiation,
charged particles can recombine partially
with each other, returning to the mother’s

neutral atmosphere. Other charged particles
partially flow along the lines of force of the
Earth’s magnetic field upwards into the
magnetosphere. At night, the plasma stored in
the magnetosphere descends to the heights of
its birth and recombines. Thus, the ionosphere,
like a candle flame, retains its shape, despite
the fact that a new one continuously replaces
the substance that forms it (Fig. 3).

Consequently, we can subdivide the groups
of factors that influence on the content of
atmosphere at different levels above the Earth.
Being summarized, this information evidences
about the changes in chemical composition of the
air along the vertical line from the ionosphere to
the surface of the Earth. Consequently,

1) Below 80 km: N, — 78%, O, — 21%
(plus 1% — small components). Above 80 km:
separation of components is according
to individual barometric laws plus photo
dissociation of O,. At the heights of the F
region, atomic oxygen O becomes the main gas
component.

2) Plasma is formed, but it is a small
chemical admixture to the neutral gas (in
the maximum density of the ionosphere at
an altitude of 250-300 km, the degree of
ionization is < 0.1%).

3) The absorption of solar ultraviolet
causes a colossal heating of the atmosphere
(around 1000 K). Since the brightness of the
Sun in this part of the spectrum is variable,
the temperature and density of the upper
atmosphere undergo enormous variations.

Photoionization. Photoionization
phenomenon was described enough completely
in [60]. Photoionization of the neutral
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Fig. 2. The concentration of neutral and charged components of the atmosphere (horizontal axis)
as a function of height (vertical axis)
The upper atmosphere is a chemically active environment under the aggressive influence of solar radiation.
The upper atmosphere is a photochemical boiler. Plasma is born, drifts up and down and recombines.
In this way, the ionosphere is formed (adapted from [1, 57])
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components of the atmosphere by the extreme
ultraviolet and X-ray radiation of the Sun
is the primary reason for the ionosphere
existence and it is the main factor that define
gas content of it and atmosphere in general
[60]. The data about the ionization potentials
and the corresponding wavelengths for a
number of atmospheric components are known
for today. Respectively, it is known that for
the Earth’s atmosphere ionizing radiation is
with , and for the main components with [60].

The most significant photoionization
processes for the ionosphere are the following
[60]:

Ny, +hv >Ny, +e, (1)
O, +hv—>0,"+e, (2)
O+hv—>0"+e, (3)
In the D region:

NO+ hv > NO' +e, (4)
0?('D,)+hv >0, + e (5)

Dissociative ionization is also possible:
N+hv—->N"+N+e, (6)
0, +hv—>0"+0+e, )

whose contribution to the resulting
photoopization rate is small (q(6) = 0.02q(1);
q(7) = 0.15q(2), where q(6) — is the rate of
photoopization in the process (6)).

Less important, but noticeable processes are
[60]:

N+hv—>N"+e, (8)
He+ hv—>He +e, 9)
H+hv>H +e (10)

The rate of photoionization of the n*"

component of a neutral gas is ¢, (z) i.e., the
number of photoionization events per unit
of volume is determined by the following
expression:

qn(2) = np(2) z Li(2)Opa = Npjn , (11)

A=Am

where n, — is the concentration of gas
component of sort n; I,(z) — is a stream
of photons with a wavelength X at a
height z; o,,— is the cross-section of
photoionization of gas component of sort n.
Photoionization coefficient is for radiation
with wave length A < A,,. For I, {z) we have,
as in the case of dissociating radiation:

I.{z) = Iyexp(—1) )=
= Ioexp |-secy > ,,%| n,dz|,

where 1, — is the optical depth for radiation n;
wavelength X; ¢,;% — is the cross section of a
photon absorption with a wavelength X of a gas
component of type n; x — is the zenith angle of
the Sun. For x > 80€, the function sec y should be
replaced by the Chapman function Ch(y).

So, these equations describe the effects
of solar and galactic radiation on particles in
atmosphere: atoms of the lightest elements
and the simplest gas molecules. When
particles in the atmosphere (especially in upper
atmosphere — ionosphere) are exposed to solar
or galactic radiation, energy excited them.
Being in excited states, the simplest molecules
and atoms of elements of atmospheric gases
start their transformation. Such forms of the
matter as free radicals, ions, another types
of charged particles with high energies that
are able to damage biological organisms are
formed in these conditions. For example, at
600 km a.s.l., the concentration of particles
is ~10% cm™3, and in interplanetary space is
~10 cm™3. In our previous publication
[1-3] it was grounded, that for the processes
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Fig. 3. Variations in temperature and density of the upper atmosphere (adapted from [29])

52



Reviews

understanding in atmosphere and radiation
influences on the matter not only such
characteristic, as density of particles in
atmosphere (or particles concentration) is
important, but also the length (distance) of
the free path between the particles. The closer
to the Earth’s surface, the shorter the free
distances (paths) between the particles in
atmosphere. On the other side, the higher above
the Earth’s surface — the greater the free path
between these particles. These dependencies in
characteristics changes we had demonstrated
below in this chapter. It is necessary to mention
too, that above we had described the state
and processes in the upper atmosphere. But
according to Figs. 1-3 we can see “tail effects”
moving to the Earth’s surface: some processes
and particles characteristics became stronger
revealed, other — weaker revealed. In addition,
such regulations we had shown on Fig.4 with the
further explanations.

We tried to summarize natural effects
linked with two types of phenomena — 1) space
radiation (solar, galactic, other) by itself, and
2) excited atmospheric particles which can be
radioactive — can be the reasons of radioactive
transformations of the matter close to the
Earth’s surface and damages of biological
objects. The results of such theoretical
generalization for space electromagnetic
radiation (solar, galactic, others) we had already
published in the first article on this item
[62]. Doing this for our today continuation of
investigations — excited atmospheric particles
which can be radioactive — we had subdivided
also four groups of effects, and they are listed
below in similar manner. They are given on
Fig. 4, compare them with [62].

b -
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L

Dependencies in molecular particles
characteristics under the influences of space
radiation at different altitudes above the
Earth surface up to the ionosphere:

The vertical “ionosphere — Earth surface”
1, a,b).

1, a. Increasing the effects along the
vertical

1) The densities of matter particles at
different altitudes above the Earth surface
are increased (gases, microscopic dust
particles others — up to biomolecules and
solid matters). 2) Number of neutral particles
in atmosphere is increased. 3) Protective
properties of the atmosphere are increased.

1, b. Decreasing the effects along the
vertical

1) Various effects associated with high-
energy, radiative effects on substances
decrease. 2) The closer to the Earth’s surface,
the shorter the free distances (paths) between
atmospheric particles. 3) Radiation doses,
obtained by persons during the flight.
4) Radiation influences on the surfaces of the
aircrafts. 5) Number of charged particles and
free radicals in atmosphere decreases.

The vertical “Earth surface — ionosphere”
(2,a,b)

2, a. Increasing the effects along the
vertical

Numerous effects described in the point 1, b
demonstrate increasing: 1) Various effects
associated with high-energy, radiative
effects on substances are increased; 2) The
further from the Earth’s surface, the
longer the free distances (paths) between
atmospheric particles; 3) Radiation doses,
obtained by persons during the flight;

ionosphere

atmosphere

Fig. 4. Changes in characteristics of matter particles (gases, microscopic dust particles, free radicals, ions,
and other types of charged and neutral particles) at different levels above the Earth surface.
Adapted from [62]
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4) Radiation influences on the surfaces
of the aircrafts. 5) Number of charged
particles and free radicals in atmosphere is
increased.

2, b. Decreasing the effects along the vertical

Various effects listed in the point 1, a
demonstrate decreasing: 1) The densities of
matter particles at different altitudes above the
Earth surface are decreased (from biomolecules
and solid matters — to gases, microscopic dust
particles others); 2) Number of neutral particles
in atmosphere is decreased; 3) Protective
properties of the atmosphere is decreased.

Important general regularity was registered in
process of these investigations. With shortening
the free distances (paths) between atmospheric
particles, the densities of matter particles are
growing near the surface of the Earth and on its
surface. Respectively at such distances, where
the particles begin to “feel” each other (i.e.,
forces of attraction-repulsion arise between
them), one can speak of the origination of the
concept of information as a measure of the
ordering of these particles.

So, we can see, that atmospheric gases
particles in excited state (ions, free radicals,
radioactive isotopes of H", 07, N*, NO*, others)
can be registered and more close to the Earth’s
surface — up to a few kilometers above and even
at the a.s.l. In our previous publications [3, 62]
we had examined electromagnetic radiation
(solar, galactic), which also demonstrate its
“tail effects” close to the Earth’s surface. These
two types of phenomena — 1) radiation (solar,
galactic) by itself, and 2) excited atmospheric
particles, which can be radioactive — can be the
reasons of radioactive transformations of the
matter close to the Earth’s surface and damages
of biological objects. These natural phenomena
cause different effects associated with high-
energy, radiative effects on substances in the

Electron migration &
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atmosphere and at the surface of the Earth’s, as
well as on living organisms at different heights
above the Earth’s surface (Figs. 5, a, b; 6). The
atoms of elements in atmosphere, which we see
as the most damaged by radiation (C, O, N with
their ions, free radicals etc.) are involved as
well into the chains of biochemical reactions of
organism. Oxygen plays the leading role among
all other elements in subsequent scenarios.
F.e. changes in oxygen transportation and/or
utilization leads to hypoxic states development,
and so on). Therefore, modification of these
elements in atmosphere under the radiation
influence with further involving them in such
reactions causes notable effects on the organism
state (Fig. 6). General image of Krebs cycle
give us possibility to imagine great damages of
it functions in case of attacks by atmospheric
“hot particles” with high energies O, o7,
0,, 0,°, N, N,", NO", others (compare with
Figs. 1, 2). Such phenomena — radiation
influence on atoms and molecules in living
organisms will be explained and described in
details further in this publication.

Effects of the particles with high energies
that appeared in atmosphere as result of the
space radiation on condensed matter close
to the Earth’s surface and biological objects.
Condensed ordered matter and notion of
“information”. We have already described
above the effect of production of particles with
high energies in atmosphere as result of space
radiation, and the most usual among them
were H', 07, N, NO", “hot particles” with
high energies O, 0%, 0,, 0,", N*, N,", NO" and
some others. Being spread as the “tails” to the
Earth’s surface they interact with the matter
there, where matter densities is increased
more and more (sure, in such concentrated
(condensed) media free distances (paths)

hv

DONOR

ﬂannnp

ACCEPTOR

>

biomolecule

Fig. 5. Action of electron with high energy on biological macromolecule with migration
of its additional energy along the molecule:
a — the initial moment of attack of biological macromolecule by a high-energy quantum; b — hypothetic
scheme of capture of quantum of radiation energy by acceptor part of biomolecule and schematic representa-
tion of transfer of this energy along a helix of this biomolecule
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between “close—to—surface” matters particles
are shortening). In such conditions, the
crystals were formed — inorganic as well as
organic nature. Consequently, such condensed
forms of matter demonstrate an order in
their structures — the notion “information”
appears: “information is a property of the
orderliness of condensed systems (including
living systems)”. Such “crystals in organic
Nature” we usually call “biological objects” —
biological macromolecules, their complexes,
DNA, viruses, membranes... and further more
highly organized structures — living systems.

Well known, that listed above HY, O,
N, NO*, and some other elements and simple
fragments of molecules with high energies
from the atmosphere [60] can be captured
easily and incorporated into the structures
of such condensed media and more highly
organized structures. But they are “not
normal” — their inner energies are higher
than in structures in normal conditions. Such
great energies cause different effects in such
“inorganic” and “organic” crystals. Below
we observe some effects of such “high energy
particles” on biological objects, which captured
such particles. Main information below was
presented in [65] — excellent review, a book
with results and their analysis. So, phenomena
of interaction of simple fragments of molecules
with high energies from the atmosphere with
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biological objects and linked problems [66—85]
will be observed below.

Effects of oxygen on the matter at the
Earth’s surface and biological objects. In
the experimental studies, it was registered
that oxygen influences greatly on the effect
of irradiation of dry enzymes, nucleic acids,
dry seeds, spores, etc. This demonstrated
convincingly that the oxygen effect extends to
the direct action of radiation and, therefore, is
realized in other ways than in aqueous solutions
[65, 79, 84]. Further, it was shown that oxygen
can enhance the effect of radiation even being
added to biological object after irradiation,
i.e. in period, when the primary products of
irradiation, due to short time of their lives,
have already disappeared [60, 65, 78, 84].

General image of Krebs cycle give us
possibility to imagine great complex damages
of its functions in case of attacks by electrons
with high energies and atmospheric “hot
particles” with high energies O, 0%, 0,, O,
N*, N,", NO* others, see formulas (1)—(10)
and Fig. 6. Numerous links and elements
of the Krebs cycle can be changed due to
such influences. The arrows at the figure
indicate only some possible points of attack
of elements of the Krebs cycle and some
involved substances by such electrons or/and
high-energy particles, the possibility of some
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Fig. 6. One of the various natural phenomena that cause numerous effects associated with high-energy,
radiative effects on substances in the atmosphere and at the surface of the Earth
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atoms in compounds replacement (H, O, C, N,
others) with subsequent damage of the nearest
bonds, etc. Naturally, there are much more
such vulnerable points in the cycle, taking
into account equations (1-10, 13-16); atoms,
compounds of almost the entire cycle are
vulnerable. The numbers near the arrows are
linked with the numbers of photoionization
reactions above:

Reactions with high energy electrons
participation (3, 8, 10) — arrows 1, 2, 8.

Reaction with hydrogen with high energy
participation (10) — arrows 3, 5, 7, 9.

Reaction with oxygen with high energy
participation (3, 7) — arrows 4, 6.

Since tissues of human organism consist
on 65-70% of water, the primary radiation
chemical reactions develop primarily in the
aqueous phases. These reactions we had
described already in [62]; so, arrows 2, 8 point
also to locations in a cycle that can be damaged
due to the water radiolysis effects. Reactions
of free radical oxidation will be observed below
in the next sub-chapter.

Due to the basic investigations, there was
formed an idea about sub lethal and potentially
lethal radiation damages of the cells. Such
damages were possible to eliminate more or less
successfully by the work of enzymatic systems
of intracellular repair. With the development
of these ideas, it became clear that oxygen also
participates in the processes of realization
and repair of radiation damage. It was
found that these last processes are not only
energy-dependent, but they are also oxygen-
dependent. Thus, the main effect associated
with the presence of oxygen in the irradiated
biological environment. Due to its involvement
in the reactions of radiation the consequences
was the fixation of potentially lethal radiation
damages in cells, and these damages were
transformed into irreversible damages [65, 79,
83, 84].

Numerous studies have shown that a
decrease in the oxygen concentration in
the irradiated tissue volume reduces the
radiosensitivity of this tissue and reduces
the severity of its damage. Tissue hypoxia
can be achieved by reducing the oxygen
concentration in the inhaled air to 10-7-5%
immediately before and during the irradiation
[65], limiting oxygen transport by blood, and
other methods discussed below.

The role of free radical oxidation in the
pathogenesis of radiation damages. It was
shown above that free radicals were chemical
structures with specific properties formed under
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the influence of high energies in the Earth’s
ionosphere in great quantities. Their number
decreased noticeably with approaching to the
Earth’s surface. These rare remained radicals
from atmosphere can be captured by biological
structures with fatal consequences for them
(biostructures damages, destroying, etc.)

At the same time, free radicals can be
formed in living systems by themselves [65,
83, 84]. Free radicals in biological systems,
first of all, act as initiators of peroxidation
process. When free radical interacts with
a molecule of organic compound — a new
molecule and new radical are formed, and the
latter continue the chain of interactions. Thus,
peroxide oxidation proceeds as a chain process.
B.N.Tarusov and M.N. Emanuel demonstrated
that the kinetics of peroxidation of organic
compounds corresponded to the mechanism
of branched and degenerate-branched radical
reactions [60, 65].

Radicals—initiators of reactions of
peroxidation (PO) can appear under the
influence of radiation quanta — ionizing,
ultraviolet and even visible [84]. These quanta,
falling from outside or being produced inside
of organic substrate (due to the content of
natural radionuclides in it) predetermine PO.
The role of PO initiators can play radicals
formed during the electron transport chains
functioning during the interaction of iron ions
with oxygen and so on. Practically in the cells
of any organism at every moment of its life,
there are radicals of different structures that
can play the role of PO initiators [84—103].

The next stage of the process — continuation
of the chain — is a sequence of radical-molecule
reactions [65]:

RH + *OH — R* + H,0
or RH+HO*— R+ H,0 (13)
R+ + 0, > ROO- (14)

ROO* + RH —» ROOH + Re (15)
Re + 0, > ROO* and so on (16)

At this stage, a gradual increase in
numbers of active radicals continue to form
chain. Finally, in reality, the events of
opposite direction inevitably take place —
chain termination as a result of interaction
(recombination) of radicals with each other
[65, 84]:

R*+R*>R-R" >R > R+hv an

ROO* + ROO* — ROOR" + 0, —
— ROOR + O, + hv (18)
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The excited products formed during
such reactions give off excess of energy of
electronic excitation in the form of radiated
quanta. This phenomenon initiates the effect
of chemiluminescence.

Another variant of chain termination
occurs when the radical interacts with the
molecule of inhibitor substance [65, 83, 84]:

R+ Hin >RH + In° (19)

Outwardly, this reaction does not differ
from usual reactions of chain propagation
[65]. However, the fundamental difference is
that the radical formed in result of reaction
is relatively stable and does not continue the
chain.

If the frequency of circuits’ breaks
prevails over the frequency of branching, PO
process is terminated. With the reverse ratio
of these reactions, the rate of PO gradually
increases with the increasing of amount of
active products and increasing the substrate
molecules number involved in this process.
Hence, one of the most important features
of PO is the process develops even in the
absence of specific catalysts (enzymes),
self-accelerating, autocatalytically under
favorable conditions: temperature, free access
of molecular oxygen and sufficient amount of
radical initiators [65, 85—103].

The honor of free radical reactions of PO
discovering in tissues and liquid media of
organism belongs to B.N. Tarusov [65]. He
had discovered that PO reactions develop most
effectively in lipid-containing structures,
primarily in biological membranes, when these
objects were exposed to ionizing radiation.

Reactive oxygen species were found in
great variety of cellular organelles, although
in very low concentrations they were
approximately in 101! mol/L.

The superoxide anion radical has been
found in membranes (nuclear, plasma,
microsomal, and mitochondrial). Ability of
anion radical to penetrate easily through
biological membranes anion channels
without specific carriers in chloroplasts was
registered [65].

Experimental evidences of superoxide
anion radical ability to activate directly the
processes of lipid peroxidation were obtained
in 1982. The process of formation of lipid
peroxides is chain free radical process.
Peroxidation is initiated under the condition
when free radicals appear in lipid phase,
and they can interact with easily oxidized
lipid molecule (LH). For example, LH can
be unsaturated fatty acids of phospholipids

in biological membranes. In this case, a free
radical of lipid Le is formed. In presence of
oxygen, reaction between the Le radical and O,
molecule is going [65].

Ls+ O, —» LOO* (20)

Lipid peroxide radicals appear in result
of this reaction. The rate constant of this
reaction is 10’108 mol/L/s, activation energy
is close to zero. This means that at oxygen
concentrations above 107 M, all L radicals are
converted into LOO * radicals.

The peroxide radical can interact with new
molecules of unsaturated fatty acids with the
formation of hydroperoxide LOOH and the new
radical Le [65].

LOO" + LH —> LOOH + Le (21)

This reaction also has low activation energy
and high rate constant, which value depends on
the type of compound being oxidized.

More and more new LH lipid molecules
and molecules of oxygen are involved in the
process. As a result, LOOH hydroperoxides
are accumulated, but the number of Le and
LOO- radicals does not change (the principle
of indestructibility of free valence). Although
structurally radicals Le, L;*, L,*, etc., as well as
LOe, LO;°, LOy etc. can differ from each other.

In the presence of metals with variable
valence, the process described above acquires a
branched type due to the reaction [65]:

LOOH + Fe?" — LO* + *OH + Fe3"  (22)

So, new free radicals and ions were
produced, and hence new products of
peroxidation appeared too. Further course of
branched chain processes leads to the formation
of new products of lipid oxidation: peroxides,
epoxides, acidic compounds, aldehydes and
ketones, unsaturated fatty acids, which in
excess concentrations cause toxic effect.
Oxygenase systems, including cytochrome
P-450 play an important role in the inactivation
of lipid toxic substances in animals.

According to E.B. Burlakova and co-
authors [65], the intensity of free radical
lipid peroxidation processes (LPO) is linked
with the composition and physical state
of phospholipids (their fluidity), with
the structure and functions of biological
membranes, with their sensitivity to signals
and extreme influences. So, POL is extremely
important for the regulatory and informational
role of membranes in cellular metabolism (in
case if it is normal).

The participants of LPO reaction are
following [65]. Lipids (unsaturated fatty
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acids) of biomembranes, biological fluids
and molecular oxygen, the resulting lipid
peroxidation products (primary, secondary,
final). LPO catalysts (stimulators) are active
forms of oxygen (free radicals, peroxides) that
are formed in living systems as intermediates
in number of enzymatic reactions, products
of photo- and radiochemical reactions, and
free metal ions with variable valence and their
molecular complexes. Finally, there are variety
of antioxidant mechanisms that provide
structural-spatial and biochemical obstacles
on the way of lipid peroxidation and breakage
of chains of free radical oxidation.

The main indicators of the intensity and
dynamics of lipid peroxidation in living
systems are the products of lipid peroxidation
by themselves. They act also (at least, their
primary products) as catalysts for the process,
ensuring its self-accelerating autocatalytic
process. The second source of information is
the state of antioxidant systems — the amount
of antioxidants (AO) of different types, the
activity of antioxidant enzyme systems [65,
83-103].

LPO products. The primary products of
LPO are free oxidative radicals: superoxide,
hydroperoxide, and hydroxyl °<OH,
hydroperoxides, lipid peroxides, epoxides, and
diene conjugates. The secondary products of
lipid peroxidation are aldehydes, in particular,
malondialdehyde (MDA), determined in the
reaction with 2-thiobarbituric acid (TBA),
as well as gaseous products of oxidative
degradation of fatty acids (ethane, pentane);
they are formed when double bonds in the
carbon chain are broken. The final products
of lipid peroxidation are fluorescent products
of oxidative co-polymerization of lipids and
proteins — Schiff bases (lipofluorescent,
lipofuscin pigments), determined by the
methods of fluorescence analysis [65].

As a result of observation of complex of all
problems associated with the development of
LPO in living systems, following provisions
were stated [65]:

a) Objective prerequisites for the
development of non-enzymatic reactions of
free radical oxidation (LPO) exist in all living
systems, without exception. They are due
to the presence of easily oxidizable organic
compounds in their structure (primarily
in biomembranes). These compounds
can accumulate potential energy in their
molecules. Among organic molecules, the
most vulnerable to peroxidation reactions
are polyene molecules of fatty acids (linoleic,
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linolenic, and especially arachidonic), which
are part of the phospholipids of biological
membranes and blood lipoproteins.

b) The presence of free oxygen in the
biosphere, its use in the life of plant and
especially animal organisms, its presence in
biological fluids and extracellular space makes
constant contact of oxygen with membrane
lipids unpreventable. Therefore, the spheres of
LPO reactions are the areas of these contacts.

c¢) The use of oxygen in such important
intracellular processes as biological oxidation
and oxidative phosphorylation (the inner
membrane of mitochondria), oxidative
macrosomal destruction of xenobiotics,
presence and functioning of specialized electron
transport chains in these organelles, formation
of free radical intermediates in process of
enzymatic catalysis and due to the existence of
natural radiation background are accompanied
by the appearance of reactive oxygen species
such as radicals and peroxides, which play the
role of catalysts and products of non-enzymatic
lipid peroxidation. Their presence even in the
most negligible quantities ensures that the
activation barrier is overcome. This creates
conditions for processes of free radical lipid
peroxidation reactions, for realizing potential
possibilities listed above (a, b).

d) Ions of metals with variable valence (Fe,
Cu, Co, Mo, Mn, etc.) can act as branching
factors for free radical oxidation chains and,
consequently, for general increase of lipid
peroxidation.

e) The combination of listed prooxidant
factors determines the universal nature, the
ubiquitous distribution of LPO processes in
all living and actively metabolizing systems.
Moreover, the dual role of LPO intermediates,
their ability to act also as autooxidation
catalysts cause real danger of progress of
free radical chain reactions and, as a result,
complete destruction of membrane structures,
cells and organisms with oxygen access.
Only the presence of factors with opposite
action, antioxidant systems, keeps the lipid
peroxidation process at a stationary basal level,
which does not change normal life activity. The
resulting prooxidant-antioxidant balance is
the most important mechanism of homeostasis.

f) Any significant stress in living system
functioning, caused by unusual external
agents (in their strength, duration, quality)
is accompanied by the increase of oxidative
metabolism, an increase of production of
reactive oxygen species and activation of lipid
peroxidation process, which is able to overcome
the AO-protection barrier. Thus, external stress
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impacts, together with internal prerequisites,
act as components of causal complex that
determines the development of a wave of LPO
activation (“explosion”) in living systems.
Exposure to ionizing radiation is the most
impressive example of stress effect that causes
the activation of free radical lipid peroxidation
in the tissues of irradiated organism [65, 103].

Physiological antioxidant system of
biological organism under the influence
of radiation. All currently existing living
organisms have a number of inherited,
genetically determined adaptive means of
protection against toxic destructive action
of free molecular oxygen — this the most
universal poison. Means that help to overcome
the danger of oxidative destruction of complex
organic compounds and biological structures
[65, 79, 83—-105].

From one side, the oxidative capacity
of oxygen is used in animal and human
organisms to provide energy and use it for
new biosynthesis, to maintain organism
temperature, muscle work, oxidative
destruction of xenobiotics, harmful
microorganisms, etc. The material expression of
this way of solution of oxygen problem was the
creation of complex membrane-bound enzyme
ensembles — the systems of electron transport
of mitochondria, the endoplasmic reticulum,
the enzyme system of “oxidative explosion” in
the membranes of phagocytes, etc.

On the other hand, protection of biological
structures from oxygen excess, and, especially,
the most vulnerable membrane formations,
was solved in Nature, at least partially,
by creating specialized enzyme systems —
antioxidant enzymes (AO-enzymes), capable of
maintaining prooxidant-antioxidant balance
in intracellular and intercellular fluids and in
lipid structures of membranes. In such a way
appear the “order” in organization of molecular
consequences and biochemical pathways in
living Nature; further it was logically linked
with the notion of “information”.

It should be emphasized that both
problems — biologically necessary utilization
of free oxygen and AO—protection from it —
are solved in the most closely interconnected
way. The first line of cell defense from O,
toxic effects is to prevent the producing of
its active forms. The cytochrome C-oxidase
enzyme carries out a four-electron reduction
of O, to Hy,O without formation of active
intermediates. The second line of defense
is formed by AO-enzyme systems, localized
in the cell primarily in the most vulnerable

loci — mitochondria and microsomes —
organelles that implement the function of
electron transport systems. The stationary
level of O, and H,0, in intact mitochondria
changes from 10! to 10° mol/L,
respectively. AO—-enzymes prevent the
“leakage” of reactive oxygen species (radicals,
HO,, and hydrogen peroxide) from actively
functioning systems of biological oxidation,
preventing the danger of uncontrolled
oxidative destruction of biological structures
of cells.

AO-enzymes include superoxide dismutase
(SOD), which inactivates superoxide
radical anion; catalase, which decomposes
hydrogen peroxide H,0,, as well as enzymes
of glutathione system (GSH); glutathione
peroxidase (GPO), which decomposes
organic (lipid) peroxides (along with H,0,);
glutathione reductase (GR), which reduces
glutathione oxidized during enzymatic
(GPO) and non-enzymatic reactions, as well
as family of glutathione transferases (GT),
which alkylate by glutathione various toxic
metabolites and xenobiotics. Finally, to AO-
enzymes the ceruloplasmin belongs (main AO-
enzyme of the blood), as well as transferrin
(with some restrictions).

Superoxide dismutase (SOD) catalyzes the
reaction:

0, +0, +2H" >0, +H,0, (23)

As result of the reaction, hydrogen
peroxide is formed, which is capable to
inactivate SOD. Therefore, SOD is localized
and usually functions in collaboration with
catalase, which quickly and efficiently
decomposes H,0,. The rate of superoxide
dismutase reaction is very high; the second-
order rate constant reaches 2x10° mol s '[65].
The active center of the enzyme contains metal
atoms with variable valence.

Mn-SOD of mitochondria and Cu, Zn-
SOD of the cytosol are the most important
AO-enzymes that inactivate the superoxide
radical and, accordingly, reduce the overall
toxic effect of oxygen and its active forms.

Catalase is a hemeprotein that catalyzes the
reaction:

H,0, + H,0, — 0, + 2H,0 (24)

AQO-enzymes SOD and catalase, functioning
together, in the most cases timely inactivate
reactive oxygen species (ROS), O,-, H,0,,
which are formed both during normal cell
activity and under conditions of significant
LPO activation, including pathologically
conditioned. However, LPO activation
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develops most effectively in the lipid
(phospholipid) structures of biomembranes
and is accompanied by the formation of
lipid peroxides, which only slightly can be
eliminated by SOD-catalase system.

Glutathione peroxidase (GPO) — is
a selenoprotein. It is possible that, at
least in human serum, GPO is present as
selenoglycoprotein. The GPO molecule has
a molecular weight of about 74 kDa and
consists of four identical subunits. GPO
neutralizes not only H,0,, but also organic
peroxides (including lipid peroxides), formed
in organism during the activation of lipid
peroxidation [65].

Glutathione transferase (GT) is a whole
family of enzymes with polyfunctional activity
that mainly detoxifies various xenobiotics,
including peroxides. E- and S-GT destroy
organic (lipid) peroxides. GT unites at least
11 isoforms (A, B, C, etc.) [65].

The origin of antioxidant enzymes was
probably the oldest protective system. The
archaic origin of this mechanism can be
confirmed due to the discovery of AO-enzymes
or their simpler analogues in all living organisms
in contemporary World. Each of them is aimed
specifically at eliminating one of the dangerous
initiators of LPO or its products [65].

Methods of medical treatment and
rehabilitation of patients irradiated in
Chernobyl zone basing on the results of
hypoxia studies at EMBS NASU. The
pathological states we observed in this article,
associated with the action of various types of
radiation effects on organism and the role of
oxygen in these phenomena, just were within
the competence of scientists and doctors who
worked at the Elbrus Medical And Biological
Station (EMBS NASU) [3, 63-65]. A great
contribution to these works was made by Prof.
Komisarenko S.V.[104, 105].

These groups of professionals specialized
in the development of new methods of
treatment and rehabilitation of persons who
received various doses of radiation during
the accident at the Chernobyl nuclear power
station in 1986. Among them, there were
representatives of the civil population
“chernobyltsy”, as well as people who
worked for the liquidation of the accident
consequences “liquidators”.

At EMBS the concept of gradual
adaptation to hypoxybaria, oxygen regimes
of organism and their regulation, and
functional respiratory system were proposed
and substantiated; consequently, a number of
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mathematical models were elaborated. This
made it possible to characterize different types
of hypoxic states not only qualitatively, but
also quantitatively, to estimate their degrees,
to predict changes in the state of organism
under the influence of extreme factors, to
analyze the role of certain physiological
reactions in compensation of oxygen
deficiency, and to transform the science
of hypoxia from experimental-descriptive
sphere to an exact one. Research conducted at
EMBS revealed the destructive (pathogenic)
and constructive (cyanogenic) mechanisms
of development of hypoxic conditions in
organism, allowed for the first time in world
practice to justify and develop new highly
effective methods of treatment, prevention,
rehabilitation, increasing the organism’s
stability and performance — hypoxytherapy.
Hypoxytherapy can be implemented in
mountain conditions, pressure chambers or
using various hypoxicators. Hypoxytherapy
methods are widely used today in spa medicine,
cardiology, pulmonology, neurology,
psychiatry, pediatrics, gynecology, aviation
and space medicine, and training of athletes.

On the basis of many years of research, the
“Elbrus” classification of hypoxic conditions
was created [65], the terminology in this
field is formulated, which is widely used by
contemporary researchers.

New highly effective methods for medical
treatment and rehabilitation of patients
irradiated during nuclear accident in
Chernobyl. If to speak about the new highly
effective methods for medical treatment
and rehabilitation of patients irradiated
during nuclear accident in Chernobyl
(1986), that were developed at scientific
base EMBS in Caucasus it is necessary to
remember following data. Among such
methods there were the following: gradual
adaptation to high-altitude conditions,
training in pressure chambers, inhalation of
gas mixtures with low oxygen content, and
the effect of intermittent hypoxia. These
methods are successfully used in numerous
medical institutions, hospitals, and sports
centers in different countries.

For the first time, the method of gradual
adaptation to low pO, in inhaled air was used
in a pressure chamber for the treatment of
patients with bronchial asthma, and later —
children with whooping cough. In mountain
conditions, the method of gradual adaptation
was initially used to treat patients with
some mental illnesses (catatonic form of
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schizophrenia), bronchial asthma, and chronic
non-specific lung diseases [65]. Subsequently,
for the treatment of patients by methods of
adaptation to hypoxybaria at EMBS at altitude
of 2100 m a.s.l. special inpatient department
was organized for the recovery of patients
from areas with ecologically unfavorable
conditions — town Shevchenko (Kazakhstan)
and town Chornobyl (Ukraine).

The methods of medical treatment using
adaptation to hypoxic environment in Elbrus
were successful for many patients with various
diseases. There are: respiratory allergies,
anemia, hypertension, diabetes, coronary heart
disease, arrhythmias, neurodystonic and “post-
Chernobyl” syndromes, for girls with juvenile
dysfunctional disorders etc. [65]. In the process
of medical treatment, doctors deeply studied
the peculiarities of the genesis of hypoxic
conditions, the mechanisms of sanogenesis.
Important work for the treatment of people
injured during the Chernobyl accident and
the liquidators of the consequences of this
accident began immediately after the accident
in May 1986. As a result, the symptoms of the
liquidators’ diseases were determined, as well
as the characteristics of radiation-induced
diseases of children from Chernobyl zone.

At EMBS, it was shown that in the genesis
of the “Chernobyl syndrome” polyfunctional
disorders in the systems of oxygen transport
and utilization, which led to the development
of hypoxic conditions, are of primary
importance. The clinical picture of vegetative-
vascular dystonias, anemias, respiratory
allergies, dyscirculatory encephalopathies etc
manifested these conditions.

In the process of adaptation to the
mountain conditions, in process of usage of
developed methods of medical treatment,
people irradiated in Chernobyl nuclear accident
demonstrated following positive results [65]:

— the psycho-emotional state and
regulation of vegetative functions, indicators
of functional mobility and dynamism of
nervous processes were improved;

—indicators of breathing, hemodynamics,
immune status of blood, heart rate and its
electrical activity were normalized;

— degenerative changes in blood cells
decreased;

— regeneration processes were activated;

— aerobic and anaerobic enzymes in tissues;

—oxygen content in arterial blood
increased;

— activities of succinate dehydrogenase and
creatine phosphatase were changed in positive
for organism directions;

— increased lysosomal activity of white
blood cells;

—increased DNA synthesis;

— the economization of oxygen transport
systems took place.

So, in patients with listed disorders,
“mountain-treatment” or “mountain-therapy”
caused general condition and well-being
improvements, increase in the adaptation
reserve, transition to a new level of regulation,
So on.

Conclusions

In present article the impacts of cosmic
radiation on atoms and molecules in the
Earth’s atmosphere were analyzed.

1. The results of exploring of various
characteristics of the Earth atmosphere gases
content at different altitudes above the Earth
were suggested. The data obtained during
the atmosphere exploring by satellite were
presented. Concentrations of the gasesstarting
from the ionosphere to the Earth surface were
revealed and described.

2. Further, the chains of interconnected
natural phenomena were examined
subsequently. Phenomena of solar radiation
influence on atoms, molecules and molecular
complexes in the Earth’s atmosphere were
observed (including photochemical processes,
photoionization). Transformation of atoms
and molecules of gases in high-altitude
atmospheric conditions were described. Some
other natural phenomena that effect on the
structure of atoms, molecules and molecular
complexes in the Earth atmosphere were
observed.

3. Along with this, some information
aspects of the organization of substances at the
height of the ionosphere and near the Earth's
surface were considered.

4. The most attention was concentrated
on the studies of oxygen concentrations
at different altitudes, transformations of
oxygen molecules in ionosphere, lower levels
of atmosphere and linked with these effects
developments of hypoxic states in human
organisms.

5. As a result, some damages of
respiration effects in biological organisms and
development of oxygen deficiency (hypoxic)
states in them were examined.

6. Some recommendations of the ways of
possible correction of developed hypoxic states
and some other pathological states linked with
cosmic radiation influences were suggested.
Described studies of oxygen deficiency in
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organisms (hypoxic states) were demonstrated
on the results of the groups of Ukrainian
scientists who worked in high mountain
conditions at EMBS — scientific base of the
National Academy of Sciences of Ukraine.

Some data of hypoxic pathological states
studies were presented as well as some ways of
their corrections. On the base of these studies
practical recommendations for patients’
medical treatment and rehabilitation were
done. Some conclusions made on the basis
of works on the rehabilitation of the people
that were exposed to the consequences of the
Chernobyl accident “chernobyltsy” as well as
ones who liquidated consequences of accident
“liquidators” since 1986. The obtained
results can be spread on the treatment and
rehabilitation of the people from other
contingents of radiation risk.

General complete conclusions of such
studies with recommendations were published.
There are only a few in brief list below.

1. The symptoms of liquidators
disorders were studied and described at
EMBS. Radiation-caused morbidity of the
children from the “4th radiation zone” was
determined concerning different disorders:
gastrointestinal — 78.6%, respiratory —
58.9%, thyroid gland — 57.1%, vegetative-
vascular dystonia — 19%.

2. Disorders in oxygen transport system
and oxygen utilization system caused
hypoxic states development in irradiated
people; and these disorders were primary
for further development of “Chernobyl
syndrome”. Consequently, hypoxic states
were developed in irradiated people in the
result of anemias, vegetative-vascular
dystonias, dyscirculatory encephalopathies,
respiratory allergies etc.

3. Ten criteria of organism state were
defined at EMBS: efficiency of processes of
oxygen transport and utilization, organism’s
oxygen balance, degree of progressive action
of hypoxia, physical and mental capacity,
adaptability and level of adaptation, and

REFERENCES

1. Lizunov G. V., Korepanov V. E., Lukeniuk A. A.,
Piankova O. V., Fedorov O. P. Space
project “Ionosat-Micro”: readiness for
implementation. Space science and technology.
2022, 28(6), 3—11 [In Ukrainian]. http://
dx.doi.org/10.15407/knit2022.06.003

2. Lizunov G., Skorokhod T., Hayakawa M.,
Korepanov V. Formation of ionospheric pre-
cursors of earthquakes — probable mechanism

62

etc. These criteria were defined as the most
informative criteria for the estimation
of “mountain-therapy” or “mountain-
treatment” [62].

4. At EMBS there were registered
that persons, which chronically obtained
small doses of radiation, the organism’s
reserve capacities were reduced. There are:
indicators of oxygen consumption, efficiency
of oxygen transport systems, and activity of
respiratory enzymes responsible for urgent
adaptation.

The methods that were called at EMBS
“mountain-therapy” or “mountain-treatment”
of rehabilitation/treatment of the persons
from radiation risk contingents were found
as very effective. Their effectiveness was
based on the adaptation to the mountains
natural conditions (in Ukraine they can be
Carpathians now, or mountains in other
countries). Treatments, rehabilitation using
hypoxia simulation were also effective; there
were methods of hypoxytherapy (normobaric,
hypobaric, hypercapnic, pulsed, periodic
hypoxia, interval), as well as hypoxic states,
simulated in the conditions of hypoxicator,
barochamber, inhalation of hypoxic
mixtures, and etc.). These methods, as well
as hypobaric or normobaric interval hypoxia
were effective in the replacement of the
stepwise mountain adaptation. The Ukrainian
sciantists suggested the most effective
rehabilitation complex in which, together
with “mountaintherapy”, were united diet,
phytotherapy, thermobarotherapy, developed
complexes of breathing and physical
exercises, intake of silicon waters, bromine-
iodine waters, sulfate and dolomite natural
waters, and etc.

Financing

The study was funded under the themes
according the State registration 0107U002666
and No. 177-X04 (1.06.2004).

The authors declare no conflict of interests.

and its substantiation. Open Journal of
Earthquake Research. 2020, 9(2), 142-169.
https://doi.org/10.4236/0jer.2020.92009

3. Klyuchko O. M., Gonchar O. O., Lizunov G. V.
Pilots’ organisms: effects of radiation, hypoxia
and possible prospects of their pharmacological
corrections. Mater. XVI International
Congress “AVIA-23”, 18-20.04.2023, Kyiv,
Ukraine, 7.46-7.52



Reviews

.Chernogor L. F. Possible Generation of
Quasi-Periodic Magnetic Precursors of
Earthquakes. Geomagnetism and Aeronomy.
2019, 59, 374—-382. https://doi.org/10.1134/
S001679321903006X

. Brooks D. H., Yardley S. L. The source of the
major solar energetic particle events from super
active region 11944. ScienceAdvances. 2021, 7
(10). https://doi.org/10.1126/sciadv.abf0068

. Castellanos Duran d. S., Lagg A., Solanki S. K.,
van Noort M. Detection of the strongest
magnetic field in a sunspot light bridge.
Astrophys. J., 2020, 895, 129. https://doi.
org/10.3847/1538-4357/ab83f1

.Clancy W. James, Jaime Alvarez-Muiiiz,
Justin D. Bray, Stijn Buitink, Rustam D.
Dagkesamanskii, Ronald D. Ekers, Heino
Falcke, Ken Gayley, Tim Huege, Maaijke
Mevius, Rob Mutel, Olaf Scholten, Ralph
Spencer, Sander ter Veen, Tobias Winchen.
Overview of lunar detection of ultra-high
energy particles and new plans for the SKA.
Cornell University. arXiv:1704.05336 .
EPJ Web Conf., 2017, 04001. https://doi.
org/10.1051/epjconf/201713504001

.Yang S.-S.,Asano T., Hayakawa M. Abnormal
Gravity Wave Activity in the Stratosphere
Prior to the 2016 Kumamoto Earthquakes.
Journal of Geophysical Research: Space
Physics. 2019, 124, 1410-1425. https://doi.
org/10.1029/2018JA026002

.Hayakawa M., Asano T., Rozhnoi A.,
Solovieva M. Very-Low and Low-Frequency
Sounding of Ionospheric Perturbations and
Possible Association with Earthquakes. In:
Ouzounov, D., et al., Eds., Pre-Earthquake
Process: A Multidisciplinary Approach to
Earthquake Prediction Studies, Washington
DC: “AGU”, 2018. 277--304. https://doi.
org/10.1002/9781119156949.ch16

10. Yang Z., Bethge C., Tian H., Tomczyk S.,

Morton R., Del Zanna G., McIntosh S. W.,

Karak B. B., Gibson S., Samanta T., He J.,

Chen Y., Wang L. Global maps of the

magnetic field in the solar corona.

Science , 2020, 369, 694—-697. https://doi.

org/10.1126/science.abb4462

11. Stansby D., Baker D., Brooks D. H., Owen C. J.

Directly comparing coronal and solar

wind elemetal fractionation. Astron.

Astrophys., 2020, 640, A28. https://doi.

org/10.1051/0004-6361,/202038319

12. Miiller D., St. Cyr O. C., Zouganelis 1., Gil-

bert H. R., Marsden R., Nieves-Chinchilla T.,

Antonucci E., Auchere F., Berghmans D.,

Horbury T. S., Howard R. A., Krucker S.,

Maksimovic M., Owen C. J., Rochus P.,

Rodriguez-PachecodJ., Romoli M. Solanki S.K.,

Bruno R., Carlsson M., Fludra A., Harra L.,

Hassler D. M., Livi S., Louarn P., Peter H.,

Schiihle U., Teriaca L., del Toro Iniesta J. C.,

Wimmer-Schweingruber R. F., Marsch E.,

13.

14.

15.

16.

17.

18.

19.

20.

21.

Velli M., De Groof A., Walsh A., Williams D.
The Solar Orbiter mission. Science overview.
Astron. Astrophys., 2020, 642, Al. https://
doi.org/10.1051/0004- 6361,/202038467
Badman S. T., Bale S. D., Martinez J. C.
Oliveros, Panasenco O., Velli M., Stansby D.,
Buitrago-Casas J. C., Reéville V., Bonnell J. W.,
CaseA.W.,deWitT.D.,Goetz K., Harvey P. R.,
Kasper J. C., Korreck K. E., Larson D. E.,
Livi R., MacDowall R. J., Malaspina D. M.,
Pulupa M., Stevens M. L., Whittlesey P. L.
Magnetic connectivity of the ecliptic plane
within 0.5 au: Potential field source surface
modeling of the first Parker Solar Probe
encounter. Astrophys. J. Suppl. Ser., 2020, 246,
23. https://doi.org/10.3847/1538-4365/ab4da7
Stansby D., Green L., van Driel-Gesztelyi L.,
Horbury T. Active region contributions to the
solar wind over multiple solar cycles. Solar
Physics. 2021, 296 (8), pp.116. ££f10.1007/
$11207-021-01861-x

Lizunov G., Korepanov V., Piankova O.
Regarding the theory of power lines
emission propagation to the space. Journal
of Geophysical Research: Space Physics,
2023, 128, e2023JA031668. https://doi.
org/10.1029/2023JA031668

Fox N.d.,Velli M. C., Bale S. D., Decker R.,
Driesman A., Howard R. A., Kasper J. C.,
Kinnison J., Kusterer M., Lario D.,
Lockwood M. K., McComas D.dJ., RaouafiN. E.,
Szabo A. The Solar Probe Plus mission:
Humanity’s first visit to our star. Space
Sci. Rev., 2016, 204, 7-48. https://doi.
org/10.1007/s11214-015-0211-6

Yang Z., Bethge C., Tian H., Tomczyk S., Morton
R., Del Zanna G., McIntosh S. W., Karak B. B.,
Gibson S., Samanta T., He J.,ChenY., Wang L.
Global maps of the magnetic field in the solar
corona. Science, 2020, 369, 694-697. https://
doi.org/10.1126/science.abb4462

Lizunov G., Skorokhod T. On the selection of
wave disturbances against the background
of trends in satellite thermosphere
observations. Space Science and Technology.
2018, 24, 57-68. https://doi.org/10.15407/
knit2018.06.057

Reames D. V. Abundances, ionization states,
temperatures, and FIP in solar energetic
particles. Space Sci. Rev., 2018, 214, 61.
https://doi.org/10.1007/s11214-018-0495-4
Laming J. M., Vourlidas A. , Korendyke C. ,
Chua D.,Cranmer S.R., KoY.-K., Kuroda N.,
Provornikova E., Raymondd.C., Raouafi N.-E.,
Strachan L. , Tun-Beltran S., Weberg M.,
Wood B. E. Element abundances: A new
diagnostic for the solar wind. Astrophys. <.,
2019, 879, 124. https://doi.org/10.3847/1538-
4357/ab23f1

Kihara K., Huang Y., Nishimura N.,
Nitta N.V., Yashiro S., Ichimoto K., Asai A.
Statistical analysis of the relation between

63



BIOTECHNOLOGIA ACTA, V. 16, No 6, 2023

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

64

coronal mass ejections and solar energetic
particles. Astrophys. J., 2020, 900(1), 75.
https://doi.org/10.3847/1538-4357 /aba621
Desai M., Giacalone J. Large gradual solar
energetic particle events. Living Rev. Sol.
Phys., 2016, 13(1). https://doi.org/10.1007/
$41116-016-0002-5

Warren H. P., Reep J. W., Crump N. A.,Ugarte-
Urra I., Brooks D. H., Winebarger A. R., Sava-
ge S., De Pontieu B., Peter H., Cirtain J. W.,
Golub L., Kobayashi K., McKenzie D., Mor-
tonR., Rachmeler L., Testa P., Tiwari S.,
Walsh R. Observation and modeling of high-
temperature solar active region emission
during the high-resolution coronal imager
flight of 2018 May 29. Astrophys. J., 2020,
896, 51. https://doi.org/10.3847/1538-
4357/ab917c

Desai M. I., Mason G. M., Dayeh M. A.,
Ebert RW.,MccomasD.dJ.,LiG.,CohenC.M.S.,
Mewaldt R. A., Schwadron N.A., Smith C. W.
Spectral properties of large gradual solar
energetic particle events. I. Fe, O, and
seed material. Astrophys. J., 2016, 816(2),
68-87 https://doi.org/10.3847/0004-
637X/828/2/106

Korepanov V., Lizunov G., Fedorov O.,
Yampolsky Yu., Ivchenko V. IONOSAT-
Ionospheric satellite cluster. Advances in
Space Research. 2008, 42(9), 1515-1522.
https://doi.org/10.1016/j.asr.2008.02.022
Nickolaenko A. P., Hayakawa M. Schumann
resonances for Tyros: essentials of global
electromagnetic resonance in the Earth-
ionosphere cavity. Tokyo: “Springer”, 2014.
https://doi.org/10.1007/978-4-431-54358-9
Okamoto T. J., Sakurai T. Super-strong
magnetic field in sunspots. Astrophys.
J. Lett., 2018, 852, L16. https://doi.
org/10.3847/2041-8213/aaa3d8

Mareev E. A., Iudin D. I. Molchanov O. A.
Mosaic Source of Internal Gravity Waves
Associated with Seismic Activity. In:
Hayakawa M., Molchanov O. A., Eds., Seismo
Electromagnetics: Lithosphere-Atmosphere-
Tonosphere Coupling. Tokyo: “TERRAPUB?”,
2002. 335—-342.

Del Zanna G., Dere K. P., Young P. R.,
Landi E., Mason H. E. CHIANTI — An atomic
data- base for emission lines. Version 8.
Astron. Astrophys., 2015, 582, A56. https://
doi.org/10.1051/0004-6361,/201526827
Landi E., Hutton R., Brage T., Li W.
Hinode/ EIS measurements of active-
region magnetic fields. Astrophys. J., 2020,
904(2), 87. https://doi.org/10.3847/1538-
4357 /abbf54

Korepanov V., Hayakawa M., Yampolski Yu.,
Lizunov G. AGW as Seismo-Ionospheric
Coupling Response. Physics and Chemistry
of the Earth. 2009, 34, 485-495. https://
doi.org/10.1016/j.pce.2008.07.014

32.

33.

34.

35.

36.

37.

38.

39.

Li W., Grumer dJ., Y. Yang, Brage T., Yao K.,
Chen C., Watanabe T., Jonsson P., Lund-
stedt H., Hutton R., Zou Y. A novel method
to determine magnetic fields in low-density
plasma facilitated through accidental
degeneracy of quantum states in Fe’'.
Astrophys. J., 2015, 807(1), 69 https://doi.
org/10.1088,/0004-637X/807/1/69

Barnes W. T., Bobra M. G., Christe S. D.,
Freij N., Hayes L. A., Ireland J., Mumford S.,
Perez-Suarez D., Ryan D. F., Shih A. Y.,
Chanda P., Glogowski K., Heweitt R.,
HughittV. K., Hill A., Hiware K., Inglis A.,
Kirk M. S. F., Konge S., Mason J. P., Malo-
ney S. A., Murray S. A., Panda A., Park J.,
Pereira T. M. D., Rear- don K., Savage S.,
Sipocz B. M., Stansby D., Jain Y., Taylor G.,
Yadav T., Rajul, Dang T. K. The SunPy
project: Open source development and
status of the version 1.0 core package.
Astrophys. J., 2020, 890, 68. https://doi.
org/10.3847/1538-4357/ab4f7a

Tronin A. A. Atmosphere-Lithosphere
Coupling. Thermal Anomalies on the Earth
Surface in Seismic Processes. In: Hayakawa,
M. and Molchanov, O. A., Eds., Seismo
Electromagnetics: Lithosphere-Atmosphere-
Ionosphere Coupling. Tokyo: “TERRAPUB”,
2002. 173-176.

Brooks D. H., Winebarger A. R., Savage S.,
Warren H. P., De Pontieu B., Peter H.,
Cirtain J. W., Golub L., Kobayashi K.,
McIntosh S. W., McKenzie D., Morton R.,
Rachmeler L., Testa P., Tiwari S., Walsh R. The
drivers of active region outflows into the slow
solar wind. Astrophys. J., 2020, 894(2), 144.
https://doi.org/10.3847/1538-4357/ac7219
SiR.,BrageT., LiW.,Grumerd., Li M., Hutton R.
A first spectroscopic measurement of the
magnetic-field strength for an active region of the
solar corona. Astrophys. J. Lett. 2020, 898, L34.
https://doi.org/10.3847,/2041- 8213/abal8c

Li M., Parrot M. Statistical analysis of
an ionospheric parameter as a base for
Earthquakeprediction.Journalof Geophysical
Research. 2013,118, 3731-3739. https://doi.
org/10.1002/jgra.50313

Nakamura T., Korepanov V., Kasahara Y.,
Hobara Y., Hayakawa M. An Evidence on
the Lithosphere-Ionosphere Coupling in
Terms of Atmospheric Gravity Waves on
the Basis of a Combined Analysis of Surface
Pressure, Ionospheric Perturbations and
Ground-Based ULF Variations. Journal of
Atmospheric Electricity. 2013, 33, 53—68.
https://doi.org/10.1541/jae.33.53
Fedorenko A. Reproduction of the
Characteristics of Atmospheric Gravity
Waves in the Polar Regions on the Basis of
Satellite Mass Spectrometric Measurements.
Radio-Physics and Radio-Astronomy. 2009,
14, 254-265. [In Ukrainian].



Reviews

40.

41.

42.

43.

44.

45.

46.

47.

48.

Pulinets S. A., Ouzounov D. P., Karelin A. V.,
Davidenko D. V. Physical bases of the
generation of short-term earthquake
precursors: a complex model of ionization-
induced geophysical processes in the
lithosphere-atmosphere-ionosphere-
magnetosphere system.Geomagnetism and
Aeronomy. 2015, 55, 521-538. https://doi.
org/10.1134/S0016793215040131
Lizunov G., Leontiev A. Ranges of AGW
propagation in the Earth’s atmosphere.
Geomagnetism and Aeronomy. 2014,
54, 841-848. https://doi.org/10.1134/
S0016793214050089

Del Zanna G. A revised radiometric
calibration for the Hinode/EIS instrument.
Astron. Astrophys. 2013, 555, A47. https://
doi.org/10.1051/0004-6361,/201220810
Warren H. P., Ugarte-Urra I., Landi E., The
absolute calibration of the EUV imaging
spectrometer ONHINODE. Astrophys. J.
Suppl. Ser., 2014, 213, 11. https://doi.
org/10.48550/arXiv.1310.5324

Bray J. D., Williamson A., Schelfhout J.,
James C. W., Specer R. E., Chen H., Crop-
per B.D., Emrich D., Gould K. M. L., HaungsA.,
Hodder W., Howland T., Huege T., Kenney D.,
McPhail A., Mitchell S., Nitu I. C., Roberts P.,
Tawn R., Tickner J., Tingay S. J. The SKA
particle array prototype: the first particle
detector at the Murchison Radio-astronomy
Observatory. Cornell University. ArXiv-
Labs. 2020, 2. ArXiv: 2005.07273. https://
doi.org/10.1016/j.nima.2020.164168
Warren H. P., Ugarte-Urra I., Landi E., The
absolute calibration of the EUV imaging
spectrometer ONHINODE. Astrophys. J.
Suppl. Ser. 2014, 213, 11. https://doi.
org/10.48550/arXiv.1310.5324

Landi E., Hutton R., Brage T., Li W. SUMER
measurement of the Fe X 3p43d D5/2,7/2
energy difference. Astrophys.dJ., 2020, 902,
21. https://doi.org/10.3847/1538-4357/
abb2a6

Yampolsky Yu., Zalizovsky A., Litvinenko L.,
Lizunov G., Groves K., Moldvin M. Magnetic
Field Variations in Antarctica and the
Conjugate Region (New England) Stimulated
by Cyclone Activity. Radio-Physics and
Radio-Astronomy. 2004, 9, 130-151.
https://www.academia.edu/23674062/
Magnetic_Field Variations in Antarctica
and_the Conjugate Region New England
Stimulated by Cyclone Activity

Miiller D., Nicula B., Felix S., Verstringe F.,
Bourgoignie B., Csillaghy A., Berghmans D.,
Jiggens P., Garcia-Ortiz J. P., Ireland .,
Zahniy S., Fleck B. J Helioviewer —Time-
dependent 3D visualisation of solar and
heliospheric data. Astron. Astrophys., 2017,
606, A10. https://doi.org/10.1051/0004-
6361/201730893

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Buitink S., Corstanje A., Falcke H., Hare B. M.,
Hérandeld. R., Huege T.,James C., Krampah G.,
Mulrey K., Mitra P., Nelles A., Pandya H.,
Rachen J. P., Scholten O., ter Veen S., Thou-
dam S. , Trinh G. , Winchen T. Performance
of SKA as an air shower observatory.
Proceedings Of Science. 37th International
Cosmic Ray Conference (ICRC2021) — CRI —
Cosmic Ray Indirect. 2022, 395. https://doi.
org/10.22323/1.395.0415

Dudkin F., Korepanov, V., Dudkin D.,
Pilipenko V., Pronenko V., Klimov 8.
Electric field of the power terrestrial
sources observed by microsatellite Chibis-M
in the Earth’s ionosphere in frequency
range 1-60 Hz. Geophysical Research
Letters. 2015, 42, 5686-5693 https://doi.
org/10.1002/2015GL064595

Skorokhod T., Lizunov G.V. Localized packets
of acoustic gravity waves in the ionosphere.
Geomagnetism and Aeronomy. 2012,
52(1), 88-93. https://doi.org/10.15407/
knit2020.03.055

Walterscheid R. L., Hickey M. P. Group
velocity and energy flux in the thermosphere:
limits on the validity of group velocity in a
viscous atmosphere. Journal of Geophysical
Research. 2011, 116, D12101. https://doi.
org/10.1029/2010JD014987

Astafyeva E. I., Afraimovich E. L. Long
distance travelling ionospheric disturbances
caused by the Great Sumatra’ Andaman
Earthquake on 26 December 2004. Earth
Planets Space. 2006, 58, 1025-1031.
https://doi.org/10.1186/BF03352607
Vadas S. L., Fritts D. C. Thermospheric
Responses to Gravity Waves: Influences
of increasing viscosity and thermal
diffusivity. Journal of Geophysical
Research. 2005, 110, D15103. https://doi.
org/10.1029/2004JD005574

Lizunov G., Larkov S., Pipko S. Ionic blanket
of the Earth. UNIVERSE. Space Tech.
Popular Scientific Journal About Space,
Innovations and Technologies. 2020, 4 (179),
76—81. https://universemagazine.com/4-
179-2020/

Menzel W. P., Tobin D. C., Revercomb H. E.
Infrared remote sensing with meteorological
satellites. Advances In Atomic, Molecular
And  Optical Physics. 2016, 65,
193-264. https://doi.org/10.1016/
bs.aamop.2016.04.001

Ferencz Cs., Lizunov G., POPDAT Team.
Ionosphere waves service (IWS): a problem-
oriented tool in ionosphere and space weather
research produced by POPDAT Project.
Journal of Space Weather and Space Climate.
2014, 4, A17. https://doi.org/10.1051/
swsc/2014013

Fritts D. C., Lund T. X. Gravity wave
influences in the thermosphere and

65



BIOTECHNOLOGIA ACTA, V. 16, No 6, 2023

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

66

ionosphere: observations and recent
modeling. Aeronomy of the Earth’s
Atmosphere and Ionosphere. IAGA Special
Sopron Book Series. 2011, 2, 109-130.
https://doi.org/10.1007/978-94-007-0326-
18

Molchanov A., Hayakawa M. Seismo electro-
magnetics and related phenomena: history
and latest results. Tokyo:”’TERRAPUB”,
2008

Brunelli B. E., Namgaladze A. A. Physics of
the ionosphere.: “Science”. 1988. 528 p.
Vadas S. L., Fritts D. C. Thermospheric
responses to gravity waves: influences
of increasing viscosity and thermal
diffusivity. Journal of Geophysical
Research, 2005, 110, D15103. https://doi.
org/10.1029/2004JD005574

Klyuchko O. M., Lizunov G. V., Beloshits-
ky P.V. Radiation phenomena: some natural
sources, mechanisms of effects, ways
of biological organisms’ protection and
rehabilitation. Biotechnologia Acta. 2023,
16(3), 24-44 https://doi.org/10.15407/
biotech16.03.024

Biloshitsky P. V., Klyuchko O. M. Post-
radiation rehabilitation in mountainous
conditions. Modern Problems of Science and
Education: Mater. Of 11 Intl. Conference.
Yalta-Kharkiv: KhNU, 2011. P. 160-161.
[In Ukrainian].

Biloshitsky P. V., Klyuchko O. M., Onop-
chuk Yu. M. Radiation damages of organism
and their corrections in conditions of
adaptation to high-altitude meteorologi-
cal factors. Bull. of NAU. 2010, 1, 224-
231. https://doi.org/10.18372/2306-
1472.42.1839

Beloshitsky P. V., Baraboy V. A., Krasyuk A. N.,
Korkach V. I., Torbin V. F. Postradiation
rehabilitation in mountain conditions. Kyiv:
“VIPOL”, 1996. 230 p.

Klyuchko O. M., Klyuchko Z. F. Electronic
databases of Arthropods: methods and
applications. Biotechnologia Acta. 2018.
11(4), 28-49. https://doi.org/10.15407/
biotech11.04.028

Klyuchko O. M. Electronic expert systems
for biology and medicine. Biotechnologia
Acta. 2018. 11 (6), 5—28. https://doi.
org/10.15407 /biotech11.06.005

Klyuchko O. M., Pashkivsky A. O., Shere-
met D. Yu. Computer modelling of some
nanoelements for radiotechnic and television
systems. Electr. Contr. Syst., 2012, 33 (3),
102-107. https://www.researchgate.net/
publication/361313703

Klyuchko O. M., Hayrutdinov R. R. Modeling
of electrical signals propagation in neurons
and its nanotructures. Electr. Contr. Syst.,
2011, 28 (2), 120-124. https://www.
researchgate.net/publication/361510790

70. Klyuchko O. M. Method of application

71.

72.

73.

4.

75.

76.

7.

78.

79.

80.

81.

of biotechnical monitoring system for
bioindicators’ accounting with biosensor and
sub-system for optical registration. Patent
UA 129987 U. [In Ukrainian].

Klyuchko O. M. Electronic information
systems in biotechnology. Biotechnologia
Acta. 2018, 11 (2), 5-22. https://doi.
org/10.15407 /biotech11.02.005

Klyuchko O. M., Biletsky A. Ya., Navrotskyi D.
Method of application of biotechnical
monitoring system with expert subsystem
and biosensor. Patent UA 131863 U;
GO1N33/00, C12Q 1/02, C12N 15/00.
Priority: 27.04.18, u201804663, Issued:
11.02.2019, Bull. 3. [In Ukrainian].
Klyuchko O. M., Biletsky A. Ya., Navrotskyi D. O.
Method of bio-sensor test system application.
Patent UA 129923 U, GO01N33/00,
GO01N33/50,C12Q 1/02. Priority: 22.03.2018,
1201802896, Issued: 26.11.2018, Bull. 22, Tp.
[In Ukrainian].

Klyuchko Z. F. Family of moths, or cut-
worms, — Noctuidae. Pests of crops and forest
plantations. 1988, 2, 334—381. [In Ukrainian].
Klyuchko Z. F. To the study of moths
(Lepidoptera: Noctuidae) of the Sumy region.
Proceedings of the Kharkov Entomological
Society. 2004, 11(1-2), 86—88 [In Ukrainian].

Rishbeth H. Ionoquakes: Earthquake
precursors in the ionosphere. EoS.
2006, 87, 316-316. https://doi.

org/10.1029/2006E0320008

Gonchar O., Maznychenko A., Klyuchko O.,
Mankovska I., Butowska K., Borowik A.,
Piosik Ja., Sokolowska I. C60 Fullerene
Reduces 3-Nirtopropionic Acid-Induced
Oxidative Stress Disorders and Mitochondrial
Dysfunction in Rats by Modulation of
P53, Bcel-2 and Nrf2 Targeted Proteins.
International Journal of Molecular Sciences.
2021, 22(11), 5444-5468. https://doi.
org/10.3390/ijms22115444

Rothkaehl H., Parrot M. Electromagnetic
emissions detected in the topside ionosphere
related to the human activity. Journal
of Atmospheric and Solar-Terrestrial
Physics. 2005, 67, 821-828. https://doi.
org/10.1016/j.jastp.2005.02.003
Denisenko V., Pomozov E. Penetration of
an electric field from the surface layer of
the atmosphere into the ionosphere. Solar-
Terrestrial Physics. 2010, 16, 70-75. https://
doi.org/10.1016/j.jastp.2013.05.019
Skorokhod T., Lizunov G. V. Localized packets
of acoustic gravity waves in the ionosphere.
Geomagnetism and Aeronomy. 2012,
52(1), 88-93. https://doi.org/10.15407/
knit2020.03.055

Frenkel Ya. The theory of the atmospheric
electricity phenomenon. 2" Edition.
”KomKniga”, 2007. 160 p.



Reviews

82.

83.

84.

85.

86.

87

88.

89.

90.

91.

FengL.,Lid.,Qin L., Guo D., Ding H., Deng D.
Radioprotective effect of lactoferrin in mice
exposed to sublethal X-ray irradiation. Exp.
Ther. Med., 2018, 16(4). 3143-3148. https://
doi.org10.3892/etm.2018.6570

Gorgo Yu. P., Gretsky I.0., Demydova O. I.
The Use of Luminos Bacteria Photobacterium
phosphoreum as a Bioindicator of
Geomagnetic Activity. Innov Biosyst Bioeng.
2018, 2(4), 271-277. [In Ukrainian] https://
doi.org/10.20535/ibb.2018.2.4.151459
Halliwell B., Gutteridge J. M. C. Free
Radicals in Biology and Medicine, 3rd
ed. Oxford: “Oxford University Press”,
2015. https://doi.org/10.1093/acprof:o
$0/9780198717478.001.0001

Weiss J. F., Landauer M. R. Radioprotection
by antioxidants. Ann. N. Y. Acad. Sci. 2000,
899, 44-60. PMID: 10863528

Gonchar O. O., Maznychenko A. V., Bulgako-
va N. V., Vereshchaka I. V., Tomiak T.,
Ritter U., Prylutskyy Y. 1., Mankovska I. M.,
Kostyukov A. I. Modulation of Nrf2/ARE-
Antioxidant Pathway by Nanoparticles
Attenuates Oxidative Stress- Induced
Disturbance in Rat Tissues. Top 5
Contributions in Oxidative Medicine: 2nd
Edition. “Avid Science”, 2019, 2-43.

. Kopaeva M.Y., Alchinova I. B., Cherepov A. B.,

Demorzhi M. S., Nesterenko M. V., Zarayska-
yal.Y., Karganov M.Y. New properties of a
well-known antioxidant: pleiotropic effects of
human lactoferrin in mice exposed to gamma
irradiation in a sublethal dose. Antioxidants
(Basel)., 2022, 11(9), 1833. https://doi.
org/10.3390/antiox11091833

Brackett C. M., Greene K. F., Aldrich A. R.,
Trageser N. H., Pal S., Molodtsov I., Kan-
dar B. M., Burdelya L. G., Abrams S. 1., Gud-
kov A. V. Signaling through TLR5 mitigates
lethal radiation damage by neutrophil-
dependent release of MMP-9. Cell Death
Discov., 2021, 7(1), 266. https://doi.
org/10.1038/s41420-021- 00642-6

FengY. FengY. GulL., Liu P.,,Caod., Zhang S.
The critical role of tetrahydrobiopterin (BH4)
metabolism in modulating Radiosensitivity:
BH4/NOS axis as an Angel or a Devil. Front
Oncol., 2021, 11, 720632. https://doi.
org/10.3389/fonc.2021.720632

Eid A. M., Hawash M., Amer J., Jarrar A.,
Qadri S., Alnimer I., Sharaf A., Zalmoot R.,
Hammoudie O., Hameedi S., Mousa A.
Synthesis and Biological Evaluation of
Novel Isoxazole-Amide Analogues as
Anticancer and Antioxidant Agents. Biomed.
Res. Int., 2021, 9, 6633297. https://doi.
org/10.1155/2021/6633297

Khalil A., Al-Massarani G., Aljapawe A.,
EFRhtiarA., Bakir M.A. Resveratrol modulates
the inflammatory profile of immune
responses and circulating endothelial cells’

92.

93.

94.

95.

96.

97.

98.

99.

(CECs’) population during acute whole
body gamma irradiation. Front Pharmacol.,
2020, 11, 528400. https://doi.org/10.3389/
fphar.2020.528400

Ungurianu A., Margina D., Borsa C., Ionescu C.,
von Scheven G., Oziol L., Faure P., Artur Y.,
Biirkle A., Gradinaru D., Moreno-Villanueva M.
The radioprotective effect of procaine
and procaine-derived product gerovital
H3 in lymphocytes from young and
aged individuals. Oxid. Med. Cell.
Longev., 2020, 3580934. https://doi.
org/10.1155/2020/3580934

Antropova I. G., Revina A. A., Kurakina E. S.,
Magomedbekov E. P. Radiation chemical
investigation of antioxidant activity of
biologically important compounds from
plant materials. ACS Omega. 2020, 11(5),
5976-5983. https://doi.org/10.1021/
acsomega.9b04335

Pouri M., Shaghaghi Z., Ghasemi A.,
Hosseinimehr S. J. Radioprotective effect
of gliclazide as an anti-hyperglycemic agent
against genotoxicity induced by ionizing
radiation on human lymphocytes. Cardiovasc
Hematol. Agents. Med. Chem., 2019, 17(1),
40-46. https://doi.org/10.2174/187152571
7666190524092918

Mercantepe F., Topcu A., Rakici S., Tumkaya L.,
Yilmaz A. The effects of N-acetylcysteine
on radiotherapy-induced small intestinal
damage in rats. Exp Biol Med (Maywood ).
2019, 244(5), 372-379. https://doi.
org/10.1177/1535370219831225

Sharapov M. G., Novoselov V. I., Gudkov S. V.
Radioprotective role of peroxiredoxin 6.
Antioxidants (Basel). 2019, 5, 8(1), 15.
https://doi.org/10.3390/antiox8010015
Vukmirovic D., Seymour C., Rollo D.,
Mothersill C. Cytotoxic profiling of
endogenous metabolites relevant to chronic
fatigue immune dysfunction syndrome
(CFIDS) on pb53 variant human colon
carcinoma cell lines. Dose Response. 2018,
16(3), 1559325818790999. https://doi.
org/10.1177/1559325818790999

Fernandes A.M.M.,Vilela P.G.F.,Valera M.C.,
Bolay C., Hiller K. A., Schweikl H., Schmalz G.
Effect of bleaching agent extracts on murine
macrophages. Clin Oral Investig., 2018,
22(4), 1771-1781. https://doi.org/10.1007/
s00784-017-2273-1

Wang F., Gao P., Guo L., Meng P., Fan Y.,
Chen Y., Lin Y., Guo G., Ding G., Wang H.
Radio-protective effect and mechanism of
4-Acetamido-2,2,6,6- tetramethylpiperidin-
l-oxyl in HUVEC cells. Environ Health
Prev Med., 2017, 22(1), 14. https://doi.
org/10.1186/s12199-017-0616-9

100. Hofer M., Hoferovd Z., Falk M. Pharmaco-

logical modulation of radiation damage.
Does it exist a chance for other substances

67



BIOTECHNOLOGIA ACTA, V. 16, No 6, 2023

than hematopoietic growth factors 108. Antsiferova A. A., Kopaeva M. Y., Koch-
and cytokines? Int. J. Mol. Sci., 2017, kinV.N., Reshetnikov A. A., Kashkarov P. K.
18(7), 1385. https://doi.org/10.3390/ Neurotoxicity of silver nanoparticles
ijms18071385 and non-linear development of adaptive
101. Koohian F., Shanei A., Shahbazi-Gahrouei D., homeostasis with age. Micromachines
Hejazi S. H., Moradi M. T. The (Basel). 2023, 14(5), 984. https://doi.
radioprotective effect of resveratrol org/10.3390/mi14050984
against genotoxicity induced by 104. Komissarenko S.V., Zak K. P. Radiation and
y-Irradiation in mice blood lymphocytes. human immunity. Kyiv, 1994.
Dose Response. 2017, 15(2). https://doi. 105. Spirichev V. B., Komissarenko S.V., Donchen-
org/10.1177/1559325817705699 ko G.V., Blazheevich N.V., Aleinik S. I., Golub-
102. MacVittie T. J., Farese A. M., Parker G. A., kina N. A., Vrzhesinskaia O. A., Isaeva V. A.,
Bennett A. W., Jackson W. E. Acute Kodentsov V. M., Pereverzeva O. G., Alekse-
Radiation-induced lung injury in the non- eva I. A., Sokol'nikov A. A., Lakushina L. M.
human primate: A review and comparison To 20-years anniversary of Chernobyl
of mortality and co-morbidities using catastrophe: an attempt to study the
models of partial-body irradiation with vitamin, calcium, iron and selenium status
marginal bone marrow sparing and whole of children and adult population in Slavutich
thorax lung irradiation. Health Phys. 2020, and to correct elicited deficiencies. Voprosy
119(5), 559-587. https://doi.org/10.1097/ Pitaniia, 75 (1). P. 19-29.

HP.0000000000001346

JTOCJITKEHHA PAIIAIII TA T'IIIOKCIT: BILJIUB BUCOROEHEPTETUYHHUX YACTHHOK
ATMOC®EPH HA BIOJIOTTYHI OPTAHISMHU TA MOJKJINBOCTI IX PEABIJIITAIIIIL
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PoarisaHyTo BIINB KOCMIUYHOTO BUIPOMIHIOBAHHS Ha aTOMHM Ta MOJIEKYJM rasiB 3eMHOI aTmocdepu
3 MOJAJIBIIIUM JIAHIIOTaMU IXHiX IIepeTBOPeHb, a TAKOK PO3BUTOK BiMOBiIHUX cTaHiB He@iIlUTy KHCHIO
(rimokcii) y 6iosoriunmx opraHisamMax, peKOMeHJOBaHO IMIJIAXYU KOPEKI[ii TAKUX MOPYIIeHb.

Memoro poboTu 6yJsI0 HocaiguTu pagiaiiiini epekTy B ioHoCchepi 3 IOJaNBIITNM IEPETBOPEHHAM aTOMIB,
MOJIEKYJI Ta3iB Ha pisHUX BUCOTaX HAJ ITOBEPXHEI0 3eMJIi; B3aEMOil JeAKNX BUCOKOSHEPTeTUUHNX YaCTUHOK
aTmocdepu 3 6iomorivanMu 06’ €eKTaMu Ha BUCOTaX Bix moBepxHi 3emuri 1o 5500 M Hax piBEeM Mops (H.p.M.),
a TaKO K POJIb KMCHIO B HACJIiJOK OIIPOMiHEeHHS 6i0/IOTiUHIX OpraHisMiB.

Memodu. AHnanis pe3yJbTaTiB CyIIyTHHKOBUX i paKeTHMUX CIIOCTEPeKeHb rasiB 3eMHOI aTMocdepu Ha
pisHUX BucoTax Haj piBHeM MopdA. [LocCaifIKeHHA B ripCbKUX yMOBaX Ha HAaYKOBO-IOCJITHUIIBKIN cTaHILi]
EMBC HAH VxkpaiHu: mopiBHAJIBHUN aHaJi3 pPe3yJbTaTiB 06araTOPivyHOTO CIIOCTEPEKEHHA 3a XBOPUMU
3 BUKOPHUCTAHHAM CTAaHIAPTHUX JIAOOPATOPHUX METOIiB, KOMILJIEKC METOAWYHUX HPUHOMiB: KJIiHiuHi,
¢isiosoriuni mocimiKeHHA OUXAJbHOI, CEpPIEeBO-CYAMHHOI CHCTeM; IeMAaTOJIOTIYHUX, iIMYHOJOTiUYHUX
CTaHiB; DYHKI[IOHAJIBLHII CTaH BUIOI HEPBOBOI AiAJIbHOCTI, ICUXiYHNH i HEBPOTUYHUN CTAH; 3aCTOCYBaHHSA
aHTUTiNOKCAaHTiB, ricToximiuni, 6iodisuuni MmeToau, MaTeMaTUYHe MOJEIIOBAHHSA Ta iHIII.

Pesyavmamu. IlpencrasieHo gaHi, oTpuMaHi IIif yac JOCHiIKeHHA aTMOcdepy CyIyTHUKAMU: BIJIMB Ha
CTPYKTYPY aTOMiB, MOJIEKYJI B aTMoc(epi, KOHIleHTpallil rasiB Big ioHochepu mo moBepxHi 3emuti, omucaHi
Taki aBuIia, 9K (oroximiuui mporecu, ¢goroionizais. OGroBOPIOETHCSI MOHATTSA «iH(OpPMAIlis» Ha OCHOBI
denomeHiB, onucaHux y crarrti. Onucano BIIMB MOAU(pIiKAaIlil YaCTUHOK rasiB Ta BUHUKHEHHS y 3B A3KY 3
UM KHCHEBOI HeIOCTAaTHOCTI B opraHismax (rimoxkcmuHuii cran). IlpoananmizoBano pesysabratu peabimiTarrii
ocib, onpominenux yHacaizoxk YopuHoouabchbKoi aBapii (i3 oTpruMaHHAM HU3BKUX 03 pajiaiii) yKpailHCbKUMUI
JiKapAMU Ta HAYKOBIAIMHU B I'ipCHKMX YMOBaX i MOIaHO BiATIOBiHI peKoMeHAaIii.

BucHosku. PosriiaHyTO BILIMB COHAYHOI pajiarlii Ha aToMu, MOJIEKYJIH Ta MOJIEKYJIAPHI KOMILIEKCU B
armocdepi 3emuri. JociriasxeHO BILINB KOHITEHTPAIIi] ra3iB Ha Pi3HUX BUCOTAaX Ta POJIb KMCHIO ITPU OIIPOMiHEHH1
oprauismiB. Hamamo nmpakTuui pekoMeHaIlii om0 JiKkyBaHHA Ta peadisiTallii ompoMineHNX mailieHTiB.

Knawmouwosi cnosa: papniaiiiine ypaskeHHs OpPraHisMiB; TillOKcisi; BeJHKi BUCOTHU; BHCOKO-eHEPreTHUUHi
YACTUHKHU.
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