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USE OF TECHNOLOGIES OF HIGHER NERVOUS 
ACTIVITY AND PSYCHO-PHYSIOLOGICAL HUMAN 
FUNCTIONS STUDYING IN EXTREME CONDITIONS 

Key words: hi gher nervous activity, psychophysiological functions, extreme conditions, high 
altitudes.

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.
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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 

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 
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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 electro ence-
phalo graphy (EEG, brain activity record) is 
well known [53–59]. 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 -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 (- and 
-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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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 re la-
tion ship). 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 

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. l.

No.
Type of 

the 
rhythm

Phase of 
hypoxia 

development
Registered effects Nature of effects and their development

1 -rhythm 1st phase 
high-frequency 

oscillations of -rhythm 
were strengthen

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 

hypoxia increasing, conditioned reflexes become 
unstable and decrease. Latent period of motor 
reactions increases markedly; appearance of 

compensatory and paradoxical phases is registered; 
motor activity decreases; lethargy, drowsiness 

appear, etc.

2 -rhythm 2d and 3d 
phases 

slow oscillations of 
-rhythms dominated 

initially in EEG

Further, the oscillations gradually become episodic, 
and then disappear in course of development of 

extremely severe hypoxic states

3 -rhythm 2d and 3d 
phases 

slow oscillations of 
-rhythms dominated 

initially in EEG

Further, the oscillations gradually become episodic, 
and then disappear in course of development of 

extremely severe hypoxic states
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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 func tions 
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. 

For this the adapted questionnaire scheme (QS) 
based on Cattell’s 16-factors personality tests 
was applied.

Concerning the adapted 16-factors per-
sona lity scheme-questionnaire by Cattell (QS) 
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 (QS). 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 



Reviews

11

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 neuropsychological 
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 values on 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 values on 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 values on the depression scale 
are perceived by others as gloomy, withdrawn, 
silent people. Low values on 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 
values on 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. Com bined 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 vulnerability, 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 values 
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. 

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 Рf, the probability of failure-free 
(trouble-free) operation is Рtf = 0,95operation 
Рtf = 1 – Рf; the range of operations is [0;1]. 
Based on these parameters, the failure time 
Тf. 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 Рtf = 0.95, 
probability of failure is Рf = 0.05);

– pre-stress working state (simulation at the 
level of maximum mobilization of forces with 
25% errors (Рtf = 0.75, Рf = 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 (Рtf = 0.5, Рf = 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 і  increases the speed of 
presentation of stimuli Vi+1 from the next serie 
i + 1 by a certain increment V:

Vi+1 = Vi + V

and in the case of an error, the speed decreases:

Vi+1 = Vi – V.

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

V = (kV)100, 

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

– kpfw  = 5%;
– kpmm = 2%;
– kpc = 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 V = 
const. The number of signals for a series of 
stimuli is calculated by the formula:

N = ( 2P tf)
–1.

For each FOS, this number has its own 
value:

– Npfw = 10,
– Npmm = 2,
– Npc = 1.
The initial speed of V0 signals repre-

sentation is set depending on the spe ci fic task.  
For each examinee it is selected individually. 
The value of V0 is set much lower than the 
theoretical level of functioning of the FOS 
Vp.fws 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 V0 = Vp.FWS

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

Vp.FWS = (Тp.c., Тsr)

where Тp.c. — latent period of the reaction of 
a choice; Тsr — is the latent period of a simple 
reaction.

The difference between the latent periods 
of these reactions (Тp.c. – Тpr) 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 
V0 signals for each examinee, providing all the 
examinees with the same conditions. The initial 
speed V0 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:

V0 = Vp.fws ( 1 – k / 1 0 0 ) n,

where п — is  calculated number of iterations:
n = log(1–k/100)(N/(30Vp.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:

(Тrc.– 3G) < Т1 < (Тrc + 3G) 
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and

Т2 < (Тrc – 3G), 

where G — is a root mean square deviation 
of the selection reaction; T1 and T2 — 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 Тlag = (Тrc – 3G) analyzed, which is 
called lag time. In other words, the time period 
Тlag 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 Тlag 
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 Tlag  cannot exceed the duration of 
the current signal.

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 Tlag 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/Vj 
(in the case of a false response), where Vj  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 

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 (Тsr, Тrc, 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:

FL = Nm/30, 

where FL — is indicator of lability of 
neuromuscular apparatus (a property of 
the nervous system that characterizes the 
speed of occurrence and termination of 
nervous processes); Nm — 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.

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. Bu zu nov, 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; 

– 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 
psycho phy siology, 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 using multiple 
regression equations, allowed predicting 
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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-
phy sio logical 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. 

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 
person

MBV, l/
min–1 HE OECC, ml/

beats OCB, vol% OCAB, 
vol% OCVmB, vol% OSVmB, %

P1 1
2

3.5
3.3

20.0
23.0

2.6
2.2

19
20

16.25
18.84

11.10
14.59

58.4
72.9

P2 1
2

4.1
2.6

23.0
23.0

2.4
1.9

18
21

15.21
14.70

10.82
10.46

60.1
49.9

P3 1
2

4.3
3.1

23.0
18.0

3.1
3.1

21
19

18.06
13.33

13.64
7.84

71.8
71.2

P4 1
2

4.3
4.2

44.0
29.0

3.2
2.2

19
19

16.82
15.96

14.56
12.39

44.2
65.2

P5 1
2

3.5
3.8

28.0
37.0

2.4
1.5

19
19

14.15
17.48

11.20
13.57

65.2
78.2

P6 1
2

4.4
4?4

32.0
32.0

2.0
2.0

18
19

15.84
16.15

12.66
12.97

70.3
68.3

P7 1
2

3.0
2.7

34.0
24.0

1.5
2.0

14
16

11.90
13.60

8.97
9.53

49.8
59.5

P8 1
2

4.7
3.8

28.0
23.0

2.4
2.4

18
18

15.48
16.20

11.86
11.99

65.9
47.4

P9 1
2

4.8
3.4

29.0
24.0

2.4
2.1

14
16

13.13
13.60

9.80
9.19

70.0
57.4

P10 1
2

4.2
4.3

23.0
40.0

3.0
1.5

15
18

12.00
14.49

9.62
11.93

64.1
66.3

P11 1
2

3.6
4.6

22.0
24.0

2.6
2.8

16
19

14.16
16.91

9.44
12.78

59.0
67.3

P12 1
2

3.9
3.6

46.0
38.0

1.4
1.6

16
18

13.84
14.40

11.63
11.76

72.7
65.3

P13 2 2.8 21.0 1.9 19 17.77 11.34 59.7

М 1
2

4.03
3.58

29.3
27.3

2.4
2.1

17.3
18.5

14.73
15.65

11.27
11.56

62.3
63.7

m 1
2

0.15
0.18

2.4
1.9

0.2
0.1

0.64
0.38

0.54
0.49

0.50
0.52

2.5
2.4

Note. Minute blood volume (MBV, l/min–1), 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, %)
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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 

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 

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 MBV, l/min–1 HE OECC, ml/
beats OCB, vol% OCAB, vol% OCVmB, 

vol% OSVmB, %

PA1
1
2

4.6
3.9

12.9
15.0

5.3
4.13

19
19

16.59
18.12

8.84
11.46

46.08
59.78

PB2
1
2

4.3 29.7 2.4 18 16.62 13.25 72.18

PC3
1
2

4.6
3.6

18.5
17.0

3.6
4.19

18
22

13.75
20.60

8.35
14.69

46.17
68.35

PD4
1
2

4.5
3.4

18.7
12.7

3.3
4.1

19
19

18.03
17.74

12.69
9.85

66.16
52.46

PE5
1
2

4.0
3.7

18.9
20.8

3.2
2.8

20
21

17.53
18.28

12.22
13.47

62.41
64.39

PF6
1
2

5.0
4.6

20.0
19.0

3.4
3.4

20
20

18.21
19.28

13.22
14.87

67.51
68.15

PG7
1
2

4.2
5.5

10.5
21.2

5.1
4.0

22
21

18.05
19.81

8.55
15.08

39.77
72.02

PH8
1
2

4.1
3.1

18.9
10.3

2.7
5.0

23
22

19.07
21.39

13.79
11.64

61.45
51.86

PI9
1
2

4.3
4.6

14.5
16.7

3.9
5.3

23
22

20.42
20.84

13.53
14.87

60.3
67.91

PJ10
1
2

4.3
4.8

20.5
18.0

3.0
4.3

20
19

18.6
17.9

13.73
12.38

70.12
65.95

PK11
1
2

4.8
4.5

11.3
16.0

5.95
5.1

23
22

20.53
20.9

11.66
14.66

51.94
66.97

PL12
1
2

5.2 21.7 2.8
21
21

19.69
20.11

15.08
10.72

71.99
51.2

PM13
1
2

3.8
2.8

27.9
21.0

2.0
1.9

19
22

17.64
21.0

14.08
16.23

73.22
74.1

М
1
2

4.4
4.0

18.8
17.1

3.6
4.0

20.0
21.0

18.05
19.62

12.23
13.56

60.72
64.72

m
1
2

0.1
0.2

1.5
1.0

0.3
0.3

0.5
0.4

0.50
0.42

0.62
0.59

3.12
2.18

Note. Minute blood volume (MBV, l/min–1), 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, %) 
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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;

– the functional state of the systems: 
vegetative, cardiorespiratory, hematopoietic, 
immunological, and hormonal ones.

6) Physical, mathematical, and software 
models of the reliability of the functioning of 
the human nervous system in these conditions 
were proposed. 

7) Research in the process of adaptation to 
hypoxia made it possible not only to estimate 
objectively the state of health and working 
capacity of the subject, but also to increase 
simultaneously his functional capabilities and 
resistance to various harmful effects.
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ЗАСТОСУВАННЯ ТЕХНОЛОГІЙ ВИВЧЕННЯ ВИЩОЇ НЕРВОВОЇ ДІЯЛЬНОСТІ 
ТА ПСИХОФІЗІОЛОГІЧНИХ ФУНКЦІЙ ЛЮДИНИ ЗА ЕКСТРЕМАЛЬНИХ УМОВ
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Описано застосовані методи та деякі результати досліджень вищої нервової діяльності (ВНД) 
людей, та результати вивчення їхніх психофізіологічних функцій (ПФФ) українськими вченими 
та лікарями, зокрема наслідки впливу екстремальних факторів на ВНД.
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Мета. Показати результати впливу на ВНД людини екстремальних гірських умов на 
великих висотах (гіпоксія, ін.), дослідження змін психофізіологічних функцій головного мозку 
за цих умов та описати розроблені методи професійного відбору.

Методи. Порівняльного аналізу великої кількості даних експериментів та спостережень. 
Моделювання фізичне, математичне, програмне. Методики досліджень головного мозку, ВНД: 
електроенцефалографія, діагностика особистісних нейродинамічних особливостей тощо. Три 
методи досліджень ПФФ: параметрів нейродинамічного рівня; параметрів нервово-психічного 
рівня; особистісної специфіки. Застосовано адаптовану схему опитування (СО) на основі 
16-факторних тестів особистостей за Кеттеллом. 

Результати. Було досліджено вплив гіпоксії, інших факторів гірських умов на ВНД. 
Також наведено результати змін ЕЕГ, зареєстрованих у таких екстремальних умовах. 
Показано вплив низки стресових факторів за екстремальних умов (гіпоксія та ін.). Описано 
деякі основні методи дослідження ВНД, що були застосовані за таких умо в, а також результати 
дослідження індивідуальних типологічних особливостей нервової системи. Описано методи 
дослідження психофізіологічних функцій людини. Детально описано дослідження особистісних 
характеристик людини. Для діагностики особистісних нейродинамічних особливостей 
взято дані, зареєстровані приладом ПНН-3. Параметри нервово-психічного рівня визначали 
методиками: «трикутників» (рівень розвитку короткочасної зорової пам’яті); «шкали приладів» 
(оперативна пам’ять, функції уваги та ін.), «червоно-чорні таблиці» (розподіл та переключення 
уваги). Структури особистості, особливості, типи поведінки операторів у стресових ситуаціях 
оцінювали, базуючись на адаптованій СО за Кеттеллом. Розроблені математичні моделі 
надійності функціонування нервової системи людини за екстремальних умов.  

Висновки. Отримані результати було покладено в основу розроблених методик професійного 
відбору спецконтингентів, пілотів, операторів для роботи в екстремальних умовах. Запро по-
новано фізичні, математичні та програмні моделі надійності функціонування нервової системи 
людини за цих умов.

Ключові слова: вища нервова діяльність, психофізіологічні функції, екстремальні умови, великі 
висоти. 


