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Applied techniques and some results of studies the higher nervous activity (HNA) of the people,
their psychophysiological functions (PFF) by Ukrainian scientists and doctors were described, as well
as influences of extreme conditions on HNA.

Purpose. To show the results of the influence of extreme mountain conditions at high altitudes
(hypoxia, etc.) demonstration and further research of changes in the psychophysiological functions
of the brain under these conditions; description of the developed professional selection methods.

Methods. Comparative analysis of a large number of the data from experiments and observations.
Physical, mathematical, and program modeling. Methods of HNA, brain research: electro-
encephalography, diagnosis of personal neurodynamic features, etc. Three methods of PFF research:
parameters of the neurodynamic level, parameters of the neuropsychological level, and personal
specifics. The adapted questionnaire scheme (QS) based on Cattell’s 16-factor personality tests was
applied.

Results. The influence of hypoxia and other factors of mountain conditions on HNA was studied
deeply. The results were presented. Also, results of registered changes of EEG were presented in such
extreme conditions. The influence of a number of stress factors in extreme conditions (hypoxia, etc.)
has been demonstrated. Some basic methods of HNA research used in such conditions were described,
and the results of investigations of individual typological features of the nervous systems were
presented. Methods for studying human psychophysiological functions were described. Studies of
human personal characteristics were described in detail. Data recorded by the PNN-3 device were
taken for the diagnosis of personal neurodynamic features. The parameters of the neuropsychological
level were determined using the following methods: “triangles” (the level of development of short-
term visual memory), “instrument scales” (working memory, attention functions, etc.), and “red and
black tables” (allocation and switching of attention). Cattell estimated personality structures,
features, and types of behavior of operators in stressful situations based on adapted QS. Mathematical
models of the reliability of human nervous system functioning under extreme conditions were
developed.

Conclusions. The obtained results were taken as the basis for the developed professional selection
methods for special contingents, pilots, operators, etc. Physical, mathematical, and program models
of the reliability of the human nervous system functioning in these conditions were proposed.

Key words: higher nervous activity, psychophysiological functions, extreme conditions, high
altitudes.
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Studies of higher nervous activity (HNA)
were in focus of attention of the Ukrainian
physiologists in the last decades, along with
the interest of professionals all over the world
[1-8]. The works of researchers at the National
Academy of Sciences of Ukraine (NASU) that
were done in extremely stressful conditions
contribute to our understanding of the human
brain functioning in such critical extreme
conditions, at high altitudes, in stressful
situations, in case of hypothermia, oxygen
deficiency, overloads. They are important for
training and organizing of the work of pilots,
astronauts, operators, climbers, rescuers,
representatives of other special forces. The
spectrum of such research of human HNA
reactions under stressful conditions, done by
Ukrainian scientists, was extremely wide —
from the improvement of professional
selection methods and study of the nervous
system functioning reliability at high altitudes
to the deciphering of changed speech of pilots
in emergency conditions or the treatment of
patients with some forms of schizophrenia.
HNA studies form the theoretical base for
the improving of the system of training,
distribution, and placement of personnel
in various branches of the economy. They
stimulate the development of new methods and
criteria for evaluating success of a person’s
professional activity, as well as the system of
professional selection.

Special precision techniques were developed
for HNA studying in the 20-th—21-th centuries
[9-15]. Great numbers of researches in
neurophysiology are devoted to studying of
molecular bases of registered HNA phenomena
[16—21]. Some novel methods, technologies
were possible to develop only along with the
progress of computer-based techniques [7,
10-13]. Brain research, further studies if
HNA stimulated the development of the novel
theoretical directions of brain investigations
that are also linked with the progress in
information and computer technologies [22-
29]. Special, close attention was paid to the
phenomena of HNA functioning in extreme
conditions, when human organisms are in
environment “conditionally suitable for life”
— in Antarctica [30, 31], in conditions of
space flights [32—42]. In such conditions, all
the forces of organism are concentrated on
preserving its life and functions of numerous
organs and systems are changed consequently.
A person’s stay in the mountainous conditions,
at high altitudes, precisely creates the
preconditions for the development of changed
states of the organism [43—-48], and the works
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of many Ukrainian scientists, researchers
in the whole world were devoted to these
and linked problems [32, 33, 36, 41-43, 47,
48-52]. Such experience is rather valuable
for Ukraine today, in war reality, when
many people often (and sometimes suddenly)
find themselves “between life and death.”.
Currently, such studies theoretically can be
carried out in special baro-chambers for pilots
and sportsmen training in c¢.Kyiv condition,
as well as at the mountains of Ukrainian
Carpathians (altitudes more than 1500 m above
sea level (a.s.l.)) [43].

The scientific novelty of this article is in
the fact that the authors justify the importance
and effectiveness of the developed methods
application in our present days, in the situation
of real war in contemporary Ukraine. Never
before these results and developed methods
have been analyzed from the point of view of
performing such functions in war conditions in
Ukraine [43, 44, 46, 47]. The article describes
unique experiences, series of results of many
years researches of NASU scientists in extreme
conditions, which, for some reasons, was not
widely known. But it is exactly in our days these
knowledge is new and valuable in Ukraine. We
believe that for the professional selection of
pilots, persons in special contingents, military
personnel of various specialties, rescuers, etc.,
such knowledge is of great practical importance
and novelty. This also can be told about the
restoration and rehabilitation of health of
the above-listed groups of people. For the
fulfillment of some activities in conditions of
modern war, the scientific methods, studies,
and observations described in this article
should be put in basis. They can also be used in
combination with other well-known methods,
including foreign ones.

The scientific and technical developments
described in the article, the original developed
methods are quite specific, taking into
account the closed circle of people for whom
they were developed. Thus, works on the
topic were carried out by various scientific
groups in different countries of the world
too, and observation of all such works is much
larger than the scope of this article [1-43].
The authors set themselves the task to make
overview of some methods developed by groups
of Ukrainian professionals — scientists,
doctors, engineers who worked before 2013
at EMBS (ICAMER) scientific base of NASU
(Caucasus Mountains, altitudes 2100 m a.s.l.
and above) [43, 44, 46, 47].

Below, we would like to present developed
techniques and some obtained results for the



Reviews

study of changes in HNA that occur at high
altitudes in highlands, with the influence of
hypoxia on HNA. Accordingly, the authors
would like to describe the results of the
research of human brain psychophysiological
functions changes in extreme mountain
conditions, and to describe some methods of
professional selection developed by Ukrainian
scientists, especially for the people who fulfill
an operating work, for professionals who work
in extreme conditions.

Influence of hypoxia, other factors
of mountain conditions on higher nervous
activity

Well-known that high mountain conditions
are very specific, they influence greatly on
all human organism, and these influences
cause their impact both in positive as well
as in negative directions [43, 44, 46]. The
central nervous system is phylogenetically the
youngest formation of the brain of humans
(as well as all mammals), especially the higher
structures of the brain, are the most sensitive
to the oxygen deficiency (hypoxia), which
is a specific characteristic of mountains
conditions. — and exactly in these conditions
the humans live in the high mountains.

The influences of hypoxia of various nature
on the HNA causes disturbances and disorders
in functions of a central nervous system, which
were described in [36, 38, 41, 43, 44, 47]:
changes in the fine histological structure of
nervous tissues, activity of individual neurons,
in reactions of HNA, disorders of human psyche
changes in electroencephalograms (EEG).
Numerous works by domestic and foreign
authors [43, 46, 47] were devoted to studies of
hypoxia effects on nervous system. Physical,
mathematic and program models of hypoxia
effects on humans, other biological organisms
and linked effects also were created by the groups
of some Ukrainian researchers [43, 48—52].

Well-known the point of view that the
phase changes in functional state of the central
nervous system (CNS) happens during acute
hypoxia. The observed level of changes in HNA
is determined by a degree of oxygen starvation.
Thus, in case of hypoxybaria, which occurs
during mountain climbing or can be artificially
done in a pressure chamber at low altitudes
(2,000—-3,000 m above sea level (a.s.l.)), there
are registered:

— violation of differentiations;

— increase of positive conditioned reflexes;

— reduction of latent periods of motor
reactions;

— acceleration of solving of the tasks on the
strength of conditioned reactions, but delayed
execution of the same tasks on inhibition,
increase of general motor and speech activity.

The listed phenomena may indicate that
in the case of slight oxygen deficiency, first
of all, internal inhibition is damaged [43, 44,
47]. The excitation processes are, probably,
influenced in a lesser extent. That is why of its
some domination appear.

Use of some traditional methods
for HNA studying in extreme conditions

The method of analysis of electroence-
phalography (EEG, brain activity record) is
well known [563—59]. Sure, it was applied too
as the method for brain investigations and
diagnostics at Caucasus mountains’ conditions
above the 2100 m a.s.l. [43]. Recordings of
EEG in the first phase of hypoxia development
evidence about some brain functions changes
that happen in mountain conditions. In the
EEG, high-frequency oscillations of B-rhythm
were strengthened due to the influences
on the cortex of large hemispheres, and
on the reticular formation, which were
activated, consequently, by the stimulation of
chemoreceptors of the sinocarotoid zone.

In the case of increased hypoxia,
conditioned reflexes become unstable and
decrease. The latent period of motor reactions
increases markedly. Velocity of the work
for correction slows sharply, force relations
between stimuli are disturbed, appearance
of compensatory and paradoxical phases is
registered, motor activity decreases; lethargy
and drowsiness appear.

The nature of these described reactions
indicates that along with significant oxygen
deficiency, the excitatory process become
more complicated too; consequently, both
main nervous processes are disturbed. In
case of oxygen deficiency — increasing of the
inhibition processes progress too [43—47].

During hypoxia development (phases 2
and 3 of hypoxia), the slow oscillations (6- and
A-rhythms) dominated initially in the EEG.
Further, they gradually become episodic,
and then disappear during the development
of extremely severe hypoxic conditions [47]
(Table 1).

Many authors note [47] that although the
general nature of HNA changes in different
people caused by oxygen deficiency are
the same, but the degrees of these changes
manifestation differs for various persons at
the same altitudes (Tables 2, 3).
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Table 1

Changes in EEG rhythms in extreme mountain conditions, starting from the third
to the twentieth day of person’s stay at altitudes of 2100m a. s. 1.

Type of Phase of
No. the hypoxia Registered effects Nature of effects and their development
rhythm | development
Due to the influences on the cortex of large
hemispheres, and on reticular formation, which
were activated, consequently, by the stimulation of
. chemoreceptors of the sinocarotoid zone. With
high-frequency hypoxia increasing, conditioned reflexes become
1 |B-rhythm | 1st phase |oscillations of B-rhythm i -
unstable and decrease. Latent period of motor
were strengthen : - ;
reactions increases markedly; appearance of
compensatory and paradoxical phases is registered;
motor activity decreases; lethargy, drowsiness
appear, etc.
9d and 3d slow oscillations of Further, the oscillations gradually become episodic,
2 | A-rhythm A-rhythms dominated and then disappear in course of development of
phases C O . .
initially in EEG extremely severe hypoxic states
2d and 3d slow oscillations of Further, the oscillations gradually become episodic,
3 | 6-rhythm 0-rhythms dominated and then disappear in course of development of
phases LY . .
initially in EEG extremely severe hypoxic states

These two tables are logically related
with HNA studying at high altitudes. They
illustrate the registered facts of observations
(groups of facts), the logic of which is as
follows. Low partial pressure of oxygen in
the environment (1) leads to corresponding
changes in blood composition (2), which are
presented in Tables 2, 3. The blood oxygen-
transporting functions, accordingly, undergo
changes (3). At the same time, oxygen
deficiency in organism, changes in the blood’s
performance of its oxygen transport functions
cause changes in  psychophysiological
functions and HNA (4). So, the tables illustrate
the logical sequence of groups of events that
lead to the changes in psychophysiological
functions and HNA described in the article
(1) — (2) — (3) — (4) (cause-and-effect rela-
tionship). At the household level, the follo-
wing effects of hypoxia on the HNA and
psychophysiological functions of a person are
familiar to the general public. Well known
such phenomena that when climbing the
mountains, a person often demonstrates a
number of behavioral and psychophysiological
changes: “clouding of consciousness”,
hallucinations, inadequate and/or inhibited
behavior, euphoria or sudden depressive states
development, etc. Similar phenomena were
registered for pilots under certain conditions
during aircraft accidents at altitudes (changes
in speech, language of communication, etc).
In extreme conditions, when quick and
adequate reaction is necessary — the above
effects can lead to the impossibility of a person

(pilot, military, rescuer, climber, etc. ) to
perform necessary functions, or even cause his
death or the death of persons dependent on his
activity.

Reduced oxygen content is more easily
endured by people and animals with strong,
mobile, balanced nervous processes. Examined
ones with weak nervous processes endured
hypoxia conditions are worse. Oxygen content
in the arterial blood of such people (and
animals) in the last cases decreased more
significantly with a decrease of oxygen partial
pressure in the inhaled air than in the other
tested subjects.

The different nature of response to
oxygen deficiency is explained as genetically
determined individual organisms’ sensitivity
to oxygen deficiency due to organisms’
biochemical individuality, as well as features
of vegetative regulation, and other factors.

The majority of researchers associated
the phase nature of changes in conditioned
reflex activity during the development
of acute hypoxia (various degrees) on the
large hemispheres cortex [43]. However,
some authors emphasized the significant
importance of functional changes that happen
in hypothalamus at hypoxia in case of its close
interaction with reticular formation [43].

The results of numerous studies indicate
that changes that occur in organism under the
influence of mountain hypoxia disappear upon
further adaptation to the highlands [43—45].
Reactions that occur in organism in process of
adaptation to mountain heights can be quite
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useful for this organism. Adaptation to the
high-altitude climate trains the activity of all
body systems, in particular the nervou system,
increases the organism’s resistance to oxygen
deficiency [43—45].

Due to these results, the methods for
increasing of organism’s functioning
reliability in various extreme situations were
grounded. There were substantiated to the
methods of adaptation to mountain climate for
the treatment of many disorders and diseases
associated with hypoxia (blood diseases,
bronchial asthma, schizophrenia). It was found
that the most optimal regimen of high-altitude
training was the method of active stepwise
high-altitude adaptation. It was substantiated
that this method is a very useful tool for
health strengthening for the great numbers
of population, increasing labor productivity,
improving sport indices, and some diseases
treating [43—47, 60].

Some basic methods of higher nervous
activity researches used in extreme
conditions. Investigations of individual
typological features of the nervous system

The problem of similarities and differences
between various individuals attracted inte-
rest of researchers for a long time. But
only after I.P. Pavlov’s discovery of the
individual-typological properties of HNA
(strength, mobility and balance of nervous
processes), a real scientific investigations
of psychophysiological characteristics of
mammals and humans started.

The studies of individual typological
features of the nervous system has been
carried out during long years, as well as their
significance for the work, sports, education
and other types of human activity under the
conditions of various environmental factors
affecting organisms. There were also studies of
characteristics at neurodynamic level. PNN-3 -
one of the original devices developed by NASU
engineers. It was for the diagnostics of personal
neurodynamic features. With PNN-3 help it
was possible quickly (in 6—7 min.) to obtain
quantitative characteristics of functional
mobility of nervous processes and working
capacity of a brain (strength of nervous
processes). In the base for determination of
these typological features was the principle
of the maximal speed of differentiation of
positive and inhibitory stimuli accounting
that were set in the “feedback” mode, and the
maximal amount of processed information
in a given time. In addition, with the help of

this device, it is possible to determine simple
sensorimotor reactions and reactions to choose
one of three, and two of three light signals.

Quantitative estimation of two main
properties of HNA using PNN-3 data. To
obtain a quantitative estimation of two main
properties of HNA, we will describe the
calculations of the test results. Determinations
of functional mobility of persons’ nervous
processes characteristics were done in such
a way. 120 signals of red, yellow, and green
“flowers” (four series of 30 stimuli) were
showed to the tested person. During the
performance of this task, the three-digit
counter of the device registers the current
value of exposure to stimuli (with an accuracy
of 0.01s), and a single-digit counter records
their minimum exposure (with an accuracy
of 0.1s). During the test, the experimenter
records the current and minimal exposure
values every 15s, and at the end of the test -
the total time of the task in seconds. Obtained
results were input into the research protocol to
calculate characteristics of functional mobility
level for nervous processes.

To determine the working capacity of the
brain, the tested person was offered a task,
that was similar to the above described ones.
However, the numbers of offered signals
were not fixed. The duration of the task was
normalized.

Description of some methods for human
psychophysiological functions studying

For the research of human psychophysio-
logical functions the scientists in extreme
mountains conditions used three methods of
research of psychophysiological functions:

— research of neurodynamic level para-
meters;

— research of the parameters of the neuro-
psychic level;

— research of personal specificity.

The study of the parameters at neuro-
dynamic level is important informative method
of a person’s psychophysiological functions
research.

A. When researching the parameters of the
neuropsychic level, the “triangles” technique
was used to determine the level of development
of short-term visual memory. Examined person
is successively offered four variants of the task
card. Each card is exposed for 10 s, after which
the tested person has to find the specified
figures in the unit “cash”. 30 seconds are given
for recognition and selection. The indicator
of short-term visual memory capacity is the
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average arithmetic value of the number of
recognized triangles in four samples.

B. The “scale of devices” technique is
intended for the study of operating memory,
visual perception of instrument information,
and the function of attention. Examined
person is asked to evaluate and summarize
the values of 3—4 arrow devices according to
special schemes and to write the value of the
sum of the readings from device indicators,
taking into account the sign and price of
division. The results of the examination were
determined by the number of correct answers
and time interval necessary to complete the
task; consequently the coefficients of useful
work and productivity were calculated.

C. The “red and black tables” technique was
designed to study ability to allocate and switch
attention. The principle of the method was
based on finding black numbers from 1 to 24
in ascending order, red numbers from 24 to 1
in descending order (the examined person has
to find and name numbers of different colors
in mixed order). Indicators of the ability to
concentrate and switch attention are the time
spent by the examined person on the test.

Study of human personal characteristics

The study of examined persons’
characteristics permits predicting the success
in his professional activities [43, 48, 50, 51,
60—62]. Sure, in our cases the main attention
was paid to such professions as rescuers,
pilots, alpinists, astronauts, operators of
complex technical systems, others — so much
professions that are linked with the work in
extreme conditions. Extreme conditions for
the person — his brain and organism in whole.
Personal characteristics were put in base of
different methods of professional selection; we
will tell about this briefly below.

Examination of individual personal
characteristics of a person, which are manifested
in the style, temper, and direction of his activity,
are of great importance. Characteristics of
personality determine professional suitability
less than special inclinations and preferences.
A personal approach to the estimation of
professional suitability permits to study
individual personal characteristics of the
candidate, characteristics of his temperament,
character, motives and direction of his activity,
which are taken into account in complex for the
predicting of professional suitability [43, 48,
50, 51, 60—62]. In this regard, the personality
structure of operators, features, and type of their
behavior in stressful situations were studied.
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For this the adapted questionnaire scheme (QS)
based on Cattell’s 16-factors personality tests
was applied.

Concerning the adapted 16-factors per-
sonality scheme-questionnaire by Cattell (@S )
that was used to estimate the peculiarities
of temperament and character features of
individuals, it is necessary to explain the next
items. This QS contained 187 questions and
statements, for each of which the examined
person is offered three options for answers,
one of which is the best for reflection of his
opinion. The examined person noted the results
of the survey on a special form, putting “+”
marks in the corresponding cell of the answer
sheet. Integral indicators formed from the
averaged value of the point estimates made
it possible to use them to forecast the success
of this operators’ professional activity. The
study of the dependence between several
variables (that is, between the indicators
of success of operators’ work, on the one
hand, and the whole complex of a number
of psychophysiological, physiological, and
personal functions, on the other), were
carried out using the methods of correlation
and multiple correlation analyses. Predicted
employment success can be calculated using
linear regression equations.

Description of scheme-questionnaire of
Cattell (®@S). Survey schemes contain a list
of questions or statements, each of which
examined person has to answer by choosing one
of the proposed options. The certainty of the
answers allows you to standardize strictly the
processing of survey, increases its reliability,
and creates a basis for processing the received
data using methods of mathematical statistics.
The adapted version of QS based on Cattell’s
16-factors personality tests contains 600
statements from the first person that relate
to the examinee’s well-being, his relationships
with others, the presence of neurotic
symptoms, and other issues.

The processing of the examination results
consists of a computer comparison of the
answers with special “keys” - a set of answers
characteristic of people with the maximum
degree of expressiveness of a certain personal
quality. The more the examined person answers
coincide with the “key”, the more pronounced
the close personal quality is.

The results of the study were evaluated by
three rating scales, ten main scales, and seven
additional scales. The degree of expressiveness
of each personal quality was estimated according
to the formula and expressed in standard units.
The answers were truthfulness, reliability
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of obtained results, and examined person’s
attitude to the examination were measured using
rating scales. The scale of “untruth” consists of
statements to which a candid testee usually gives
a completely certain answer.

The value on the scales of “untruth”
corresponds to the number of answers
characteristic of examined persons trying to
create a favorable impression about themselves
with their answers. Thus, it allows for
estimating the truthfulness of the examined
person in the case of test performance.

The probability scale makes it possible
to estimate how non-standard, unusual,
compared to the majority of the examined
persons, the test’s answers to the statements
of the QS were. The probability scale increases
when the main scales are raised:

— hypochondria;

— depression;

— hysteria;

— psychopathy;

— interests;

— paranoia;

— psychasthenia;

— schizophrenia;

— mania;

— social introversion.

In this way, it is associated with the
overall height of the QS profile, with the
expressiveness of many psychopathological
tendencies, and therefore, can be considered
an integral index of mneuropsychological
instability. An increase in the probability
is observed in persons with difficulties
in personal contacts, in persons with
psychopathic features. A moderate increase in
the probability may reflect internally tension,
and dissatisfaction with the situation. Very
high valueson the probability scale indicate
the improbability of obtained results.
This may be the case when the examined
person, without reading the content of the
statements, randomly answers “correctly” and
“incorrectly”.

1) The adjustment scale is designed to
adjust the statements on some basic scales,
taking into account the testee’s openness.
Individuals with high scores on this scale
tend to deny personal inadequacy, difficulties
in controlling their own behavior and
interpersonal relationships, tend to comply
with socially accepted norms and demand
the same as others. Individuals with very
low valueson this scale tend to exaggerate
the degree of interpersonal conflicts and
the complexity of existing symptoms of
neuropsychological instability.

2) The hypochondria scale estimates the
expressiveness of hypochondriac tendencies,
which are manifested in the subject’s anxiety
about the state of his health. The statements
of the scale refer to basic somatic functions.
In people with high values on the scale, their
somatic condition becomes an object of long-
term anxious observation. Even a slight disease
causes a strong reaction of anxiety of such
people. Properties of hypochondriacs limit
their activity and breadth of interpersonal
contacts. Low values on the scale indicate
a lack of concern about one's bodily health.
Such persons are more active, energetic, and
sociable.

3) The depression scale estimates the
presence of signs of depression in the examined
person, consisting of pessimism, anxiety,
feelings of helplessness and uselessness,
futility, slowing down of thinking and actions.
People with high valueson the depression scale
are perceived by others as gloomy, withdrawn,
silent people. Low valueson this scale are
characteristic of cheerful, active, sociable
persons with a sense of their importance.

4) The hysteria scale measures the degree
of expressiveness of hysterical features,
which are manifested in egocentrism, the
desire for demonstrative behavior, increased
suggestibility, the desire to do anything to
attract the attention of others. Very high
valueson the scale may raise suspicions about
the presence of hysterical neurosis. People
with low indicators are withdrawn, not active
enough in interpersonal contacts.

5) The psychopathy scale is designed
to estimate the psychopathization of an
individual in which elements of antisocial
behavior prevail. Individuals with high values
on this scale disregard generally accepted social
norms, moral and ethical values established by
the rules of behavior. Combined with a high
activity level, this contempt can manifest in
angry and aggressive reactions. The behavior
of such persons is poorly predictable, they
are not afraid of possible punishment.
Individuals with low values on the scale tend
to follow generally accepted rules and norms of
behavior.

6) The scale of interests estimates the
degree of identity of the examined person’s
interests and attitudes with the traditional
social role of men and women. High values on
the scale for a man testify to the expressiveness
of some female features of the examined
person (sentimentality, sensitivity, sensitivity
to shades of interpersonal relationships, etc.)
Low values correspond to the expressiveness of
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such masculine features as initiative, activity,
tendency to competitions, etc.

7) The paranoia scale is used to estimate the
effectiveness of rigidity, which is manifested
in wvulnerability, suspiciousness, mistrust,
hostility to others, and ill-will. Such people
are selfish, self-loving, tend to overestimate
of their own personality.

8) The psychasthenia scale is designed to
estimate anxiety. Individuals with high scores
on the scale are characterized as anxious,
restless, indecisive, and careful. In their
behavior, they try to anticipate and avoid
possible dangers and difficulties in advance.
Such persons usually think carefully about
their actions. Individuals with low wvalues
on the scale are characterized by the absence
of unreasonable anxiety, decisiveness, and
flexibility of behavior.

9) The schizophrenia scale is used to
measure schizoid tendencies. Examined
persons with high values on the scale are
characterized by emotional coldness and
inadequacy of emotions, originality of
judgments and actions, autistic nature, so,
by immersion in their inner world. They are
closed, eccentric, their behavior is unnatural.
At very high values on the scale, one can
suspect the presence of schizoid accentuation
or psychopathy. Examined persons with low
scores have the opposite characteristics.

10) The mania scale estimates the
expressiveness of hypomanic phenomena
(tendencies). With high indicators, inappro-
priate behavior can be observed:

— excessive and poorly directed activity;

— emotional excitement;

—irritability;

— intemperance.

Small values corresponded to low activity.
In the case of minimal values on the scale, the
signs of depression may be registered.

11) The scale of social introversion
estimates the degree of personal inclusion
in the social environment. Individuals with
high values on the scale are characterized
by isolation, difficulties in interpersonal
contacts, and the emergence of an anxiety
reaction in case of a need for communication.
Examined persons with low scores have the
opposite characteristics. When interpreting
the profile of the main scales, with particular
attention should be paid to the scale that
has the greatest importance. If it exceeds a
critical level, it can be considered probable
that the examined person has corresponding
psychopathic tendency, which takes the form
of neurotic personality.

12

In addition, it is necessary to take into
account for the values of other scales that can
strengthen the expressiveness of the main
psychopathic syndrome or weaken it.

Additional scales are designed to assess the
test subjects’ emotional stability, ability to
make decisions and perform actions in extreme
situations, as well as the degree of expression
of willpower and leadership qualities in them.

Modeling of the reliability of the human
nervous system functioning in extreme
conditions

Several researchers studied the reliability
of the functioning of the human nervous
system in extreme conditions of hypoxybaria
at EMBS NASU [43, 47-51]. The results
of modeling — physical, mathematical,
program — of the functioning of human
nervous system in conditions of hypoxybaria,
were obtained by Yu.V. Kravchenko, and also
were mentioned in [43].

The concept of reliability is widely used
during the development and operation of
technical systems, expressing the relationship
between the object (examined person) and the
process of its functioning. Reliability has a
probabilistic nature and is evaluated by the
parameters of the probability.

The descriptions of original developed
machine tests are given below. Explanations
of the used designations are given below too
in the course of the description of the machine
testing; the first required values and their
reduction are as follows. The probability of
failure P, the probability of failure-free
(trouble-free) operation is P,; = 0,950peration
P,; = 1 — Py; the range of operations is [0;1].
Based on these parameters, the failure time
T,. is calculated. The outward parameters for
calculating the reliability of technical systems
are the characteristics of their elements,
from the relationships of which the integral
indicator of the reliability of the entire system
is calculated, as well as such parameters as
reliability, maintainability, and durability.
However, there is a discrepancy between
technical and biological reliability, which was
taken into account in process of simulation.

Forced rhythms of the central nervous
system (CNS) were provided due to the strong
informational influence and minimization of
the influence of natural factors that ensure
free oscillations. This condition is satisfied by
the method developed by Yu.V. Kravchenko —
the method of recording of sensomotor self-
oscillations under dosed mental load and
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hypoxia. The method permits modeling of
any mode of discrete-information load, from
tense to stressful ones. It is also permits to
register corresponding function of forced
psychodynamic self-oscillations. Of the six
functional working states of the nervous
system, three states are the main ones for the
simulation:

— concentrated working state (simulation at
the level of nervous processes (NP) functional
mobility), during which the maximum
possible stable mode of the work (operation)
occurs with 5% errors (probability of reliable
work (trouble-free operation) is P,; = 0.95,
probability of failure is P; = 0.05);

— pre-stress working state (simulation at the
level of maximum mobilization of forces with
25% errors (P, = 0.75, P; = 0.25);

— stressful working state or neurodynamic
stress (simulation at the level of the maximum
possible functioning of the NP or stress level)
with 50% errors (P,;= 0.5, P;= 0.5). The latter
is informational stress, which together with
emotional stress are united into psychological
stress, which together with physiological stress
make up the general category of “stress”.

The principle of feedback is the basis of
a universal algorithm for modeling a given
functional working state of the brain when
the correct differentiation of all signals of
the current series i increases the speed of
presentation of stimuli V,,; from the next serie
i + 1 by a certain increment AV:

and in the case of an error, the speed decreases:
Vi =V, —AV.

The speed increase AV is non-linear and
depends on the presentation speed V; of the
current series of stimuli:

AV = (EV )x100,

where k£ — is the percentage of the change
in the speed of a given functional operating
(working) state (FOS). Experimentally
determined values of k¥ for three (FOS):

- kpfw: 50/0;
—kppm = 2%
— Ry =1%.

In the case of non-linear increase in speed,
there is a smooth change in the frequency of
signals in the entire operating range and stable
operation at high frequencies of stimulus
presentation, in contrast to the case of AV =
const. The number of signals for a series of
stimuli is calculated by the formula:

N=(2xP, ).

For each FOS, this number has its own
value:

_prwz 10,
“Nym =2,
~Npe=1.

The initial speed of V|, signals repre-
sentation is set depending on the specific task.
For each examinee it is selected individually.
The value of V|, is set much lower than the
theoretical level of functioning of the FOS

V,.tws during the estimation of the dynamics of
nervous processes (property, that characterize
the speed of formation of temporary
connections and conditioned reflexes). If
the initial load corresponding to the level of
functioning is used, then Vo =V, pyg

The theoretical level of functioning is pre-
calculated from the regression equation:

pFWS f( p.c2 sr)

where T,. — latent period of the reaction of
a choice; T, — is the latent period of a simple
reaction.

The difference between the latent periods
of these reactions (T,. — T,,) characterizes
the time of central switching and is related
to the speed of NP. Thus, by determining the
functional relationship between this indicator
and the level of functioning of the NP, it is
possible to set individually the initial speed of
V, signals for each examinee, providing all the
examinees with the same conditions. The initial
speed V,, for a specific functional working state
is calculated based on the assumption that the
examinee did not make any mistakes in 30s
from the start of work:

Vo= x(1-k/100)",

where n — is calculated number of iterations:
=log- k/lOO)(N/(3O p.fws))-

The serial signal is a meander (the durations
of the exposure and extinction periods are the
same), which removes the upper limit on the
speed of presentation of stimuli, when the
speed were changed only due to the variation
of the exposure time.

The main difficulty in the development
of the FOS model is to determine correctly
the quality of the responses, since when the
maximum speed of the presentation of signals
is reached, the response is often obtained
during the presentation of subsequent stimuli.
Diagrams of signals passage and responses
under extreme conditions of information
processing were constructed. A response signal
is a response to the first stimulus because it
satisfies the conditions:

(T,,—3G)<T; <(T,.+3G)

p fws
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and
T2 < (Trc - 3G),

where G — is a root mean square deviation
of the selection reaction; T; and T, — are the
time from the beginning of the presentation of
the first and second signals to the appearance
of the leading front (the first front) of the
response.

The time interval that satisfies the
condition T, = (T,. — 3G ) analyzed, which is
called lag time. In other words, the time period
T),, during which the responses to the previous
first stimulus during the current second
stimulus are analyzed is called the “lag time”.

In some techniques that use feedback
mode (50% correct responses and errors), the
limiting rate of stimulus presentation is almost
not reached due to the lack of “lag time” or
insufficient effective use of it.

For example, a correct motor response
that began at the end of the current stimulus
was actually a response to the previous signal
because it coincided with the latency period of
the choice response to the previous stimulus.
In fact, it was processed as a response to
the current signal, which in most cases was
considered an incorrect reaction. This lowered
the working threshold at which neurodynamic
stress should be detected, and reduced the
range of possible variations in individual
differences among subjects. If the onset of the
response falls within the lag time period T,,
and ends after its completion, then the residual
motor response should not be considered when
analyzing the response to the current stimulus.
The value of T),, cannot exceed the duration of
the current signal.

400
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Current speed of infor-
mation processing

The response is analyzed by the leading
front of neuromuscular contraction (pressing
a button). If the previous period of signal was
less than or equal to T, then the current lag
time value should not exceed the current signal
period, assuming the response to the previous
stimulus was correct. In this case, after the end
of the lag period, the response to the previous
stimulus is analyzed. Depending on its quality,
either the next exposure is illuminated (in
the case of a correct response), or the current
extinguishing time is increased by 60/AV;
(in the case of a false response), where AV; is
the increase speed reduction for the current
series of signals j. The researchers paid their
attention to the systematic error caused
by the delay in outputting the signal to the
monitor [43, 47-49]. Even with direct access
to the screen memory, the time to display the
image is a random value that lies in the range
of 0—14 ms at a vertical sweep frequency of
60 Hz. This error can be enough significant
to change (distort) sometime parameters of
the test. Therefore, to eliminate this lack, the
researchers refused from a display as a means
of stimuli indicating; and finally, independent
information display panel with a high-speed
semiconductor indicator was used.

During the simulation of the FOS, a signal
reception speed curve is constructed depending
on their number N (Fig. 1). The average speed
of information processing was 320 signals per
minute.

A detailed analysis of the quality of
erroneous reactions during the simulation of the
focused working state permitted to reveal that
at the limit speeds, when two positive stimuli
addressed to the same hand are presented in a

A,
Vo M, o,
-:hy\. . ) 5‘::_!' - \

0 100 200

300 400 500

Fig. 1. Modeling of neurodynamic stress, depending on current speed of information processing
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row, a phenomenon of summation was observed,
when the reaction to the second stimulus
developed against the background of residual
excitation and was summed up with it.

If the time of neuromuscular contraction
becomes longer than the period of passage of
the current signal, then one response to two
consecutive positive stimuli addressed to the
same hand is recorded. But when the second
positive stimulus is addressed to the second
hand, the summation of neuromuscular
contraction is not observed, and the probability
of correct response to the second positive
signal increases. Thus, the heterogeneity of
the test material was observed.

“Trigger type” of reaction. “Trigger type”
of reaction was proposed in order to harmonize
this methodology and give homogeneity to
the test material. In contrast to the reaction
of choosing two signals out of three, when
the response to two types of positive stimuli
is addressed to the left or right hand, in the
trigger reaction, the response to only one type
of positive stimulus is addressed to both hands
in turn. To reduce the oriented reaction and
obtain primary data (T,,, T,., G) for modeling
the FOS, the set of the following tests are
performed. Complexity of the tests increased
gradually.

A) Trigger-tapping test: the examinee is
asked to press buttons in turn with high-speed
for 30 seconds. During the test, curves of
neuromuscular contractions are constructed
separately for each hand. This test permits us
to determine the maximum number of pulses
that the functional studied structure can
transmit per unit of time:

400
375
350
325
300
275
250
225
200

Current speed
of information processing

F,=N,/30,

where F; — 1is indicator of lability of
neuromuscular apparatus (a property of
the nervous system that characterizes the
speed of occurrence and termination of
nervous processes); N,, — is the number of
neuromuscular contractions in 30 seconds.

B) Simple visual-motor trigger response
(SVMTR). The examined person is asked to
press the left and right buttons as quickly as
possible, in the case of appearance of a vertical
signal. If the latency period of the SVMTR
is fixed at less than 100 ms, then the screen
displays “Premature reaction!” With repeated
pressing of the same button, “Disrupted hand
queue!” is displayed.

C) Choice trigger reaction (CTR). The
examinee is asked to press the left and right
buttons as soon as possible, only in the case of
vertical line appearance. If a horizontal signal
appears — do not press the buttons.

During the first 30 seconds of the
technique, the main load is linked with the
central nervous system. Subsequent work
reveals only physical muscle fatigue, which
determined the testing time.

The warning about the error of premature
reaction and violation of order of hands
alternation is similar to SVMTR. But the
following warning messages may appear in the
case of a brake reaction “The next button was
not pressed!” and motor response to the brake
stimulus “On the horizontal - do not press the
button!”. The experimenter must loudly warn
about the violation of motor reactions during
the SVMTR and CTR.

0 300 600

900 1200 1500

Fig. 2. The curve of the speed of signals reception depending on the numbers of presented ones
The average speed of information processing is 326 signals per minute, the average duration of
the signal is 185 ms, the average exposure frequency is 5.43 Hz
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At the end of each test, the results are
processed statistically. Time data, latent
periods, and response quality were recorded in
computer memory.

The final schedule of neurodynamic
stress modeling during 5 minutes is shown in
Fig. 2, on which time compression along the
abscissa axis is performed, and the slow-wave
component of sensorimotor oscillations is
clearly-observed.

Solution of the problem of professional
selection based on psychophysiological per-
sonal characteristics

The significant volume of investigations
that were carried out in extreme mountain
conditions, studying of hypoxia and other
factors influences on psychophysiological
personal characteristics, their changes in these
conditions formed the complex knowledge that
were put in base of important direction —
solution of the professional selection problems.
Psychophysiological selection is an integral
part of professional selection. It is aimed at
identifying of persons who, by professional
abilities and individual psychophysiological
qualities meet the requirements of specific
specialties. Such people are the most suitable
for training in the prescribed period and the
next successful professional activity [43, 47—
51]. Researchers Yu.L. Maidykov, M.V. Ma-
karenko, A.O. Navatikian, V.A. Buzunov, A.V.
Karpenko, V.V. Kalnysh [43] devoted long
years of investigations into these problems
studying. Their findings convince us that,
from a practical point of view, the problem of
predicting the success in professional activity
depends on two main aspects:

— determination of the requirements
offered to a person by this or that activity;

— estimation of the state of his (her)
respective abilities that limit this activity.

Already  known, and some new
methodological techniques were included in
the basis of the creation of diagnostic complex,
which made it possible to characterize the level
of development and state of professionally
significant psychophysiological characteristics
of person [43]:

— functional mobility of nervous processes
and working capacity of the brain, which were
determined according to the method by M.V.
Makarenko, N.V. Kolchenko, Yu.L. Mai-
dikova;

— short-term memory, which was
determined by the number of memorized
geometric shapes, symbols;
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— ability to concentrate and switch an
attention — according to the Schulte-Platonov
tables;

— ability of visual information processing
according to the tables of A.O. Navatikian,
Z.V.Kryzhanovska;

— motor reactions to a light signal;

— ability to operational, technical thinking
and spatial imagination;

— muscle strength and endurance to static
effort;

— features diagnosed with the help of
adapted personality survey schemes.

During the examination, it was revealed
that the contingent of operators united
people with different psychophysiological
characteristics. It was necessary to take into
account the age, gender, type of nervous
activity, state of the autonomic nervous
system, peculiarities of cardio dynamics,
breathing and oxybiotic processes in general,
as well as typological features, sensorimotor
and autonomic characteristics, adaptability
and adapting of organism, and ability to
recover. So, the need for special and individual
approach to solving the problem will become
obvious. Therefore, in order to estimate the
reliability of the operation of the “operator
machine” system, a multiparametric study
of the organism in various conditions with
subsequent mathematical modeling is
necessary.

In the process of work, a high degree
of correlation was shown between a set of
indicators characterizing:

— the efficiency of operators;

— the ability to make an operational account;

— the level of development of technical
thinking and spatial perception.

This circumstance permits us to recommend
the use of these tests, together with predicting
the success of labor activity based on regression
equations at the stage of accepting a person
for work, when it was not possible yet to take
into account for the impact of a particular
production load on his organism.

Much attention was paid during the work
to the methods of research of individual
characteristics applied in  differential
psychophysiology, physiology of work and
sports, physiology of the CNS of a person.
Experimentally confirmed criteria for their
estimation, development and interpretation of
rating scales for indicators of neurodynamic
and neuropsychic functions, characteristics
of personal characteristics, as a result
of mathematical analysis wusing multiple
regression equations, allowed predicting
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Table 2

Calculated indicators of the hemodynamic system and hypoxic state obtained in Terskol during
an examination under basal metabolic conditions on the third (1) and twentieth (2) days of adaptation [46]

Tested MBV.1/ | gg | OECCml/ \4ep vor0| OCAB. | 60vmB, vol% | OSVmB, %
person min beats vol%

P1 1 3.5 20.0 2.6 19 16.25 11.10 58.4
2 3.3 23.0 2.2 20 18.84 14.59 72.9

P2 1 4.1 23.0 2.4 18 15.21 10.82 60.1
2 2.6 23.0 1.9 21 14.70 10.46 49.9

P3 1 4.3 23.0 3.1 21 18.06 13.64 71.8
2 3.1 18.0 3.1 19 13.33 7.84 71.2

P4 1 4.3 44.0 3.2 19 16.82 14.56 44.2
2 4.2 29.0 2.2 19 15.96 12.39 65.2

P5 1 3.5 28.0 2.4 19 14.15 11.20 65.2
2 3.8 37.0 1.5 19 17.48 13.57 78.2

P6 1 4.4 32.0 2.0 18 15.84 12.66 70.3
2 4?4 32.0 2.0 19 16.15 12.97 68.3

P7 1 3.0 34.0 1.5 14 11.90 8.97 49.8
2 2.7 24.0 2.0 16 13.60 9.53 59.5

P8 1 4.7 28.0 2.4 18 15.48 11.86 65.9
2 3.8 23.0 2.4 18 16.20 11.99 47.4

P9 1 4.8 29.0 2.4 14 13.13 9.80 70.0
2 3.4 24.0 2.1 16 13.60 9.19 57.4

P10 1 4.2 23.0 3.0 15 12.00 9.62 64.1
2 4.3 40.0 1.5 18 14.49 11.93 66.3

P11 1 3.6 22.0 2.6 16 14.16 9.44 59.0
2 4.6 24.0 2.8 19 16.91 12.78 67.3

P12 1 3.9 46.0 1.4 16 13.84 11.63 72.7
2 3.6 38.0 1.6 18 14.40 11.76 65.3

P13 2 2.8 21.0 1.9 19 17.77 11.34 59.7
M 1 4.03 29.3 2.4 17.3 14.73 11.27 62.3
2 3.58 27.3 2.1 18.5 15.65 11.56 63.7

m 1 0.15 2.4 0.2 0.64 0.54 0.50 2.5
2 0.18 1.9 0.1 0.38 0.49 0.52 2.4

Note. Minute blood volume (MBV, 1 /minfl), hemodynamic equivalent (HE), oxygen effect of the cardiac cycle
(OECC, ml/beats), oxygen capacity of the blood (OCB, vol% ), oxygen content in arterial blood (OCAB, vol%),
oxygen content in mixed venous blood (OCVmB, vol% ), oxygen saturation of mixed venous blood (OSVmB, %)

integral estimation of the success of a person’s
work as an operator, taking into account the
criteria of studied functions.

Thus, some methods and obtained by the
authors’ results of HNA studies, psycho-
physiological functions of a person in
extreme conditions were described; they are
reliable, were modified and used in extreme
conditions.

1) Obtained results were taken as a basis
for the developed methods for professional
selection of special contingents, pilots,
operators for work in extreme conditions, etc.

2) In consequences of these research we
obtained better understanding of the nature
of hypoxia influence on humans, other living
organisms, the mechanisms of their action
and adaptation to it; deep understanding
of chemical and biochemical processes and
phenomena that were initiated in the organism
in hypoxic conditions. The processes of self-
regulation and “self-correction” of states of
the organism in extreme conditions, which is
adaptation (at the level of organs, tissues, cells
through changes in the relevant biochemical
reactions) were studied.
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Table 3

Indicators of the hemodynamic system and hypoxic state obtained in Terskol during an examination under
basal metabolic conditions on the third (1) and twentieth (2) days of adaptation [46]

Tested person MBYV, l/min_1 HE OECC, ml/ OCB, vol% |OCAB, vol% OCV{)nB, OSVmB, %
beats vol%

PA1 1 4.6 12.9 5.3 19 16.59 8.84 46.08
2 3.9 15.0 4.13 19 18.12 11.46 59.78

PB2 ; 4.3 29.7 2.4 18 16.62 13.25 72.18
PC3 1 4.6 18.5 3.6 18 13.75 8.35 46.17
2 3.6 17.0 4.19 22 20.60 14.69 68.35

PD4 1 4.5 18.7 3.3 19 18.03 12.69 66.16
2 3.4 12.7 4.1 19 17.74 9.85 52.46

PE5 1 4.0 18.9 3.2 20 17.53 12.22 62.41
2 3.7 20.8 2.8 21 18.28 13.47 64.39

PF6 1 5.0 20.0 3.4 20 18.21 13.22 67.51
2 4.6 19.0 3.4 20 19.28 14.87 68.15

PGT 1 4.2 10.5 5.1 22 18.05 8.55 39.77
2 5.5 21.2 4.0 21 19.81 15.08 72.02

PHS 1 4.1 18.9 2.7 23 19.07 13.79 61.45
2 3.1 10.3 5.0 22 21.39 11.64 51.86

PI9 1 4.3 14.5 3.9 23 20.42 13.53 60.3
2 4.6 16.7 5.3 22 20.84 14.87 67.91

PJ10 1 4.3 20.5 3.0 20 18.6 13.73 70.12
2 4.8 18.0 4.3 19 17.9 12.38 65.95

PK11 1 4.8 11.3 5.95 23 20.53 11.66 51.94
2 4.5 16.0 5.1 22 20.9 14.66 66.97

1 21 19.69 15.08 71.99

PL12 2 5.2 2L.7 2.8 21 20.11 10.72 51.2
PM13 1 3.8 27.9 2.0 19 17.64 14.08 73.22
2 2.8 21.0 1.9 22 21.0 16.23 74.1

e e ) I ) I

M 1 4.4 18.8 3.6 20.0 18.05 12.23 60.72
2 4.0 17.1 4.0 21.0 19.62 13.56 64.72

m 1 0.1 1.5 0.3 0.5 0.50 0.62 3.12
2 0.2 1.0 0. 0.4 0.42 0.59 2.18

Note. Minute blood volume (MBV, 1/ minfl), hemodynamic equivalent (HE), oxygen effect of the cardiac cycle
(OECC, ml/beats), oxygen capacity of the blood (OCB, vol% ), oxygen content in arterial blood (OCAB, vol%),
oxygen content in mixed venous blood (OCVmB, vol% ), oxygen saturation of mixed venous blood (OSVmB, %)

3) This made it possible to invent and
develop such methods of human rehabilitation
and recovery, such as the method of interval
hypoxia, pharmacological correction of
disorders that can occur with negative hypoxic
effects, etc. [43—47]. That is, the knowledge
of the mechanisms of the processes stimulated
the invention of possibilities for their
correction (by selecting lifestyles, medication
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and pharmacological correction, etc.). The
invented methods were successfully applied for
the training of pilots and cosmonauts, training
groups of Antarctic researchers, soldiers,
rescuers, athletes — winners of the Olympic
Games, etc. The issues of organisms’ resistance
to various harmful influences in extreme
conditions were dealt those scientists of the
NASU, who were engaged in these specific
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areas of investigations, and these results were
reflected in their numerous publications. More
than 300 people were examined according to
methods described above. Among them were
testers, climbers, candidates for astronauts,
drivers, operators of different systems,
including power unit operators who mainly
control technological process, remotely
identify and eliminate violations in the
equipment’s operating mode.

4) The importance of studying problems
related to the brain’s functional states, level of
health of operational staff, including operators
of various energy-intensive, highly dangerous
complexes, etc., are apparent. This is due to the
facts that the error of a human operator can
cost not only his life. Therefore, the operator’s
work requires composure, endurance — errors
are impossible. In order to estimate effectively
the degree of operators’ efficiency, the
authors proposed a comprehensive method that
evaluates:

— quality and quantity of a health;

— special operator capabilities for a certain
moment;

— work capacity in extreme environmental
conditions;

—recovery after fatigue;

— hidden functional reserves;

— the ability to adapt to new conditions and
increased loads.

5) To estimate the psychophysiological
state of the examinees, various functional tests
and physical loads were used, to determine:

— individual and typological properties of
HNA;

— functional mobility of the nervous
system;

— brain workability;
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OmnucaHo 3aCTOCOBaHI METOAU Ta NesAKi pesyJabTaTHu NOCJiAKeHb BUIOI HepBOoBOi HidabHOCTi (BH]I)
JI0feii, Ta pe3yJabTaTy BUBUEHHA IXHiX ncuxodiszionoriuaux Gpyurnii (IIPD) ykpaiHCHKUMU BUEHUMU
Ta JiKapAMU, 30KpeMa HaCJiJKMU BILJINBY eKcTpeMaabHUX (parTopiB Ha BH]I.
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Mema. Ilokaszatu pesyabTatu BujauBy Ha BH]I nrogmHU eKCTpeMajlbHUX TipChbKUX YMOB Ha
BeJIMKUX BucoTax (rimokcia, iH.), gocaigkeHHsa 3MiH ncuxodisiomoriuamx GyHKITiH TOJTOBHOTO MO3KY
3a [[UX YMOB Ta OIIKMCATH PO3P0o0JIeHi MeTonu npodecilinoro Bigbopy.

Memoou. IlopiBHAIBLHOTO aHAJiI3y BEJIMKOI KiJIBKOCTI JaHUX €KCIEPUMEHTIB Ta CIIOCTEePesKeHb.
MogenoBanHAa QisuuHe, MaTeMaTu4YHe, IporpaMHe. MeTOAUKY OOCIIi»KeHb I'OJIOBHOTO MO3KY, BH]L:
emexkTpoeHmnedamorpadia, giarHocTUKa 0COOMCTIiCHUX HeWpoAMHaMiuHUX ocobamBocTeil ToIio. Tpu
MeTonu mocaimykeHb IID®: mapamMeTpiB HelipofUHAMIUHOIO PiBHA; IapaMeTpPiB HePBOBO-IICUXIUYHOTO
piBHA; ocobucticHOl cmemu@pikm. 3acTocoBaHO amamToBaHy cxemy omutyBaHHa (CO) Ha ocHOBI
16-parkTopHUX TecTiB ocobucTocTeii 3a Kerremmom.

Pesyavmamu. Byno pocaimskeHo BOauB rimokcii, immwmx ¢darxtTopiB ripcbkux ymoB Ha BHII.
Taxko'x HaBegeHo peayabratu 3MiH EEID, 3apeecTpoBaHUX y TaKUX eKCTpeMaJbHUX YyMOBaX.
IToxasaHo BIJMWB HUBKHU CTPeCcOBUX (paKTOPiB 3a eKcTpeMaJbHUX YMOB (rimokcia rta im.). OnucanHo
neAaki ocHOBHI MeToau mocaimsxenua BH]I, 1o Oyau 3acTocoBaHi 3a TAKMX YMOB, a TAKOK Pe3yJabTaTU
OOCHiIKeHHSA iHAMWBiAyaJbHMX THUIIOJOTIUHMX ocobamBocTeli HepBoBOi cucremu. OmmcaHo MeTOLU
mocaimkeHHA nmcuxodisiosorivaux QyHKILiN JloguHu. [leTaabHO ONMMCAHO MOCHiIMKEeHHA 0COOMCTiCHUX
XapakTepucTuK JioauHu. JJas [iarHOCTUKU OCOOMCTiCHMX HeHpOAMHAMIUHMX 0CO0JMBOCTEI
B3ATO JaHi, sapeectpoBaui npusagom ITHH-3. [lapameTpu HepBOBO-NCUXiUHOTO PiBHA BU3HAUAJIU
METONUKaMU: «TPUKYTHUKIB» (PiBeHBb PO3BUTKY KOPOTKOUYACHOI 30POBOI maM’ATi); «IIIKAJIU MPUJIALTiB»
(omepaTtuBHaA maM’ ATk, PYHKIiI yBaru Ta iH.), «4epBOHO-UOPHI TabauIi» (PO3MOLINI Ta IEPEKIIOUEHHS
yBaru). CTpyKTypHu 0COOMCTOCTi, 0COOJIMBOCTi, TUIIX MOBEJiHKU OMEPaTOPiB Y CTPECOBUX CUTYyAIlisdXx
omiHoBaau, Oasymoumch Ha azanToBamiii CO 3a Kerremnom. Pospobieni maremarmuHi mopmesi
HaxiiHOCTiI QYHKIIIOHYBAaHHA HEPBOBOI CUCTEMU JIIOJUHU 34 eKCTPEMAJbHUX YMOB.

Bucnosrxu. OTpuMani pes3yJabTaTu 0yJI0 IOKJaJeHO B OCHOBY PO3p006JeHNX MEeTOAUK IpodeciiiHoro
BimOOpPY CHEIIKOHTUHIEHTiB, HiJIOTiB, omepaTopiB AJA POoOOTH B €KCTPEMAaJbHUX YMOBax. 3alpoIio-
HOBaHO (pisuuHi, MaTeMaTHUYHi Ta IporpaMHi Mogesi HafiiHOCTI QYHKIIIOHYyBaHHSA HEPBOBOI cUCTeMU
JIOAVHY 34 MUX YMOB.

Katouosi ciosa: BuIilia HEpPBOBA AiAJAbHICTD, IIcuX0(didiosoriuni GyHKILii, eKcTpeMabHi YMOBH, BeJIUKi
BHCOTH.
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