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This study was conducted to determine the influence and assess the impact of specific factors of working
conditions on the psychophysiological functions of Unmanned Aircraft Systems (UAS) operators. The
research involved 41 military personnel (men aged 20-35 years old) who operated the I class “Light” UAS
and were engaged in a varied range of professional tasks. The aim was to understand the complex impact of
these distinct factors on operators during the execution of their duties. To examine their psychophysiological
status, we employed modified methods using the PFI-2 hardware/software complex. The following indicators

were determined: accuracy of reaction to a moving object, strength of nervous processes, functional mobility
of nervous processes, simple visual-motor reaction, complex visual-motor reaction, orientation in space,

and visual memory. The role of climatic and microclimatic factors in professional activity was studied using
a questionnaire, where their influence on functional status was assessed on a 100-point scale. To facilitate
further theoretical development and practical application, we determined the investigated factors integral
impact on shaping operators’ subjective perception and specific psychophysiological qualities that are
professionally significant for military personnel. The preliminary analysis showed the heterogeneity of
feelings the influence of various components of the external environment factor. To correct this heterogeneity,

we used the non-linear correction method (logarithmization of analyzed data, when large values of an
analyzed parameter could be reduced due to the properties of logarithmic function). Then, a correlation
(Spearman correlation coefficient) and regression analysis of studied parameters has been carried out with
a preliminary check of the structure of operator perceptions for normality using the Shapiro-Wilk test. As a
result, a list of psychophysiological qualities that change under the influence of the external environment
factor in individuals with different perceptivity to its components has been selected.

Key words: remote pilots; unmanned aircraft complex; working conditions; occupational suitability;

functional state; perception.

INTRODUCTION

In recent years, the development of unmanned
aircraft systems (UAS) has undergone significant
progress, constantly expanding their capabilities,
they are becoming an integral part of modern
airspace. Due to their automated capabilities
and high efficiency, they have found wide
application in various fields, including search
and rescue operations, the agricultural sector,
scientific research, logistics service, and also
have a huge potential in military operations
becoming more and more popular and available
in various fields of activity [1, 2].
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However, with the growing role of UAS in
various spheres of activity, there is a need to
study the impact of working conditions on the
psychophysiological functions of operators who
manage these systems [3, 4]. Since UAS can
carry out missions in dangerous, hard-to-reach
and remote areas, operators are in different
working conditions than those associated with
conventional piloting [5]. Such conditions can
affect the physical and psychological condition
of operators, as well as their cognitive abilities
and decision-making [6, 7].

Among the factors that researchers pay a lot
of attention to, one can highlight the level of
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stress, the length of the working day, fatigue, and
monotony of work. Undoubtedly, these factors
can affect the mental state of operators, as well
as their cognitive and psycho-motor abilities
[8, 9]. In addition, the increased load on the
visual and cognitive human systems can lead
to a decrease in work quality and an increase in
the error risk [10, 11].

The influence of individual parameters of
working conditions and their complex effect
on the psychophysiological functions of UAS
operators in the process of performing their
occupational duties remains insufficiently
studied. In this article, we will consider
the results of research on the influence of
environmental factors on the functional state
of UAS operators, the assessment of the
degree of influence of the components of
the external environment on their emotional
state, and the level of connection between the
evoked emotions and certain occupationally
important psychophysiological qualities. In
addition, a comprehensive understanding of
these mechanisms can help to develop new
possible approaches to occupational selection
and measures that will help reduce the negative
impact of working conditions and improve the
work of UAS operators.

METHODS

41 servicemen, men aged 20-35 years old,
who had experience in managing I class UAS
“Light” and were involved in the performance
of a wide range of occupational tasks, have
been studied. Using a specially developed
questionnaire that included questions about the
influence of climatic and microclimatic factors
on occupational activity, their perceptions of
functional status were assessed on a 100-point
scale. The questionnaire took into account 13
main climatic and microclimatic factors that
may affect the reliability of the functional duties
performance of UAS operators.

To study the psychophysiological status of
UAS operators, modified methods have been
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used using the PFI-2 hardware and software
complex [12]. With its help, the following
indicators were determined: the accuracy of the
reaction to a moving object (RMO), the strength
of nervous processes (SNP), the functional
mobility of nervous processes (FMNP), simple
visual-motor reaction (SVMR), complex visual-
motor reaction (CVMR), orientation in space
(0S), visual memory (VM). In order to take
into account the possible influence of different
experiences of using the computer keyboard
on the results of the study, we applied the
same technique of performing simple motor
actions while solving tasks that differed in
tempo and content. This allowed us to assume
that the reaction of the research participants
depends mainly on the component related to the
perception and processing of information. Thus,
we excluded the possible influence of computer
keyboard skills on the obtained results.

At the Ukrainian Military Medical Academy,
the materials of this research were reviewed
by the ethics commission. These materials do
not pose a high risk to the research participants
and were conducted in accordance with the
ethical norms and standards for conducting
research, Protocol dated 06.11.2021 No. 212.
The Spearman correlation coefficient was
applied, as well as regression (the Shapiro - Wilk
test was applied) and factor analysis using the
STATISTICA 13.3 software package, license
AXA9051924220FAACD-N [13].

RESULTS AND DISCUSSION

First of all, it should be emphasized that the
perception of the external environment is a
complex systemic process. This system consists
of many components: the state of the human
body, the emotional state of a person and its
perceptivity to the influence of harmful external
environmental factors, and the structure and
level of harmful environmental factors. From
this thesis, it can be concluded that the influence
of environmental factors on the human body
consists of several important components: the
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level of influence on the emotional state of a
person by the components of the external en-
vironment and the level of connection between
the evoked emotions and certain occupationally
important psychophysiological qualities of
servicemen.

Data on the impact of various hygienic
factors on the functional state of UAS operators
were previously published in [14]. In this work,
the proposition about the heterogeneity of the
perception of certain external environment
factors by different groups of operators has
been substantiated. A group of conditionally
“hypo-perceptive” and a group of “hyper-
perceptive” operators to the action of harmful
factors of the external environment have been
identified. However, in order to carry out
further theoretical developments and practical
application, it is necessary to determine (perhaps
with less accuracy) the integral influence
of the studied factors on the corresponding
subjective formation of operators’ perceptions
and its effect on certain occupationally impor-
tant psychophysiological qualities of military
personnel.
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The graph regarding the average group effect
of individual factors of the external environment
on the body of UAS operators is presented in
Fig. 1. It should be specified here that the effect
of each studied component was very different
from each other and did not exceed 45% of the
possible maximum effect of this component
on the operator’s body. The greatest impact
can be seen in the presence of a thunderstorm.
Perhaps such a phenomenon was caused by
many reasons, among which it was necessary
to note the increased risk of destroying the
drone and harming the operator’s health, as
well as a complex of meteorological phenomena
accompanying a thunderstorm.

The second place in terms of the intensity of
negative emotional shifts in the operator, which
exceeds 40%, was the “level of exposure to
polluted air.” This phenomenon interfered with
the accurate performance of a combat mission,
as this requires good visibility of surveillance
objects. The third most important, in terms of
negative impact on the human body, was the
impact of low temperatures on it, the average
estimate of which reaches 40%. The intensity
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Fig. 1. Perceptions of the external environment factors’ components among UAS operators (in % of the possible maximum effect

of this component influence on the human functional state)

14

ISSN 2522-9028 ®ision. scypu., 2024, T. 70, Ne 2



V.V. Kalnysh, A.V. Shvets, O.V. Maltsev

of the effect of this component of the environ-
mental factor indicated the insufficiency of the
available clothing to ensure comfortable work
in the natural environment.

The following three factors affected the
operators’ perception of somewhat weaker, the
intensity of their influence varied between 35-
40%. These included the following components:
“level of influence of precipitation”, “level of
influence of insufficient lighting” and “level of
adaptation to air drafts”. From the listed fac-
tors, it was clear that weather conditions were
the biggest obstacle when the “operator-drone”
system performed combat missions.

The intensity of other perceptions from the
influence of the components of the external
environment factor was also sufficiently large,
which emphasized the importance of their re-
search for the development and implementation
of measures to rationalize the process of using
drones in combat conditions.

Additional valuable information was con-
tained in the parameter of variation of indica-
tors of perception intensity in operators from
the influence of the external environment. The
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diagram containing this information is presented
in Fig. 2. The fact was that the investigated
group of operators (as emphasized earlier) was
not homogeneous. The dispersion of each of the
studied indicators allowed us to roughly estimate
the degree of heterogeneity of each of the studied
indicators, which allowed us to see the degree of
instability of the operators’ perceptions from the
action of each studied component of the external
environment factors.

The indicator of perception from the thun-
derstorm turned out to be the most unstable. It
exceeded 1000 u.o. It can be assumed that the
complex of dangers caused by the factor of the
thunderstorm presence had great importance for
some operators and lead to the collision of two
behavioral strategies: to quickly hide from the
thunderstorm in a dangerous place or to perform
the assigned task in these dangerous conditions.
As a result of the collision of these opposite
strategies, high neuro-emotional tension was
formed, and occupational efficiency decreased,
which was the basis for the emergence of a circle
of feedback loops that increased and continu-
ously maintained a high level of this tension.
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Fig. 2. Dispersion of perceptions due to the influence of the components of the external environmental factors on the UAS operator
(in % of the possible maximum effect of this component on humans)
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The level of adaptation to air drafts was also
the source of the appearance of high heterogene-
ity of perceptions in the studied group. One got
the perception that the operator’s adaptability to
the action of this external environment compo-
nent largely depends on his personal perceptiv-
ity, which differed significantly among different
people. Weather conditions had a considerable
influence on the quality of the drone’s flight.
This was due to the relatively small size and
low power of aircraft of this class. However,
the skill of the operator significantly affects
the quality of the combat mission. Therefore,
a possible double source of the appearance of
high variability of the impact of precipitation
on the operator’s performance was the weather
conditions during the flight and the skill of the
operator’s occupational activity. For the same
reasons, there was a fairly significant variability
of operators’ perceptions of the effect of other
weather components: “level of influence of
strong wind”, “level of influence of cloudy sky”
and “level of influence of insufficient lighting”.

Here, it was appropriate to discuss three
analyzed parameters, which had a high level
of perceptions of their action and a high level
of variability: “level of influence of thunder-
storms”, “level of influence of precipitation”
and “level of adaptation to air drafts”. In this
phenomenon, a big role was played by “hyper-
perceptive” operators, which made the distribu-
tion structure of each among these significantly
asymmetrical perceptions. It could be thought
that the presence of such operators in the group
significantly reduced the quality of the perfor-
mance of combat tasks, possibly due to their
low stress resistance and impulsivity. However,
this hypothesis needs to be carefully examined.

The conducted analysis once again showed
the presence of heterogeneity of perceptions
to the action of various external environment
factors’ components. A particularly important
role of this heterogeneity was played by “hyper-
perceptive” individuals, who distorted the struc-
ture of the distribution of many components of
the environmental factors. This significantly
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complicates the search for correlations between
the components of the working environment
and the psychophysiological qualities inherent
in each operator due to the formation of the
so-called “false correlation”. To eliminate this
shortcoming, it makes sense to formulate a hy-
pothesis according to which the perception of
the external environment factors’ components
in “hyper-perceptive” persons is overestimated,
which does not reflect the real state of affairs. In
order to “linearize” the operators’ perceptions,
it was necessary to reduce the level of detection
of the perceptions of “hyper-perceptive” persons
by applying the techniques of non-linear correc-
tion of their values. One of the popular methods
of such “linearization” is the logarithmization
of the analyzed data, when large values of the
analyzed parameter will be reduced due to the
properties of the logarithm function. Thus, each
of the analyzed parameters was changed accord-
ing to the formula y, = In (x,), wherei=1,2,3,...
This transformation gave hope to correct the
structure of each indicator and made it “normal”.

Subsequently, a correlation (Spearman cor-
relation coefficient) and regression analysis of
each studied parameter was carried out with a
preliminary check of the structure of the op-
erator’s perceptions for the “normality” of the
distribution structure using the Shapiro-Wilk
test. As a result, the following correlation pairs
were selected.

Elevated temperatures (according to the cri-
terion of normality of the structure of their dis-
tribution Shapiro-Wilk P = 0.00006) determined
the effect on FMNP by d=11.6% (P <0.05). The
constructed regression line based on these data
had the following form (Fig. 3). It can be seen
that an increase in the temperature of the exter-
nal environment contributed to the deterioration
of the number of completed tasks when testing
FMNP in individuals who were characterized by
hyper-perceptivity to the effect of this charac-
teristic of the external environment. Therefore,
it can be assumed that increased perceptivity to
the action of high temperatures was somehow
correlated with human reactions to the appear-
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ance of excitatory and inhibitory stimuli.

The following correlation of the influence of
the level of human perceptivity to elevated ambi-
ent air temperatures was found with the indicator
of orientation in space — the delay time (the coef-
ficient of determination shows what proportion
of the variance of the resulting characteristic is
explained by the influence of another variable —
d = 10.8%; P < 0.05). The constructed regres-
sion line based on these data had the following
form (Fig. 3). In this case, increasing the level
of perceptivity to the temperature of the external
environment contributed to the deterioration of the
indicator of orientation in space - the delay time.
That was, the accuracy of the response to a moving
object decreased, which lead to a more noticeable
chaos of the operator’s corresponding reactions.

Another significant correlation of the in-
fluence of the level of human perceptivity to
elevated temperatures was found according to
the indicator of orientation in space, namely the
anticipatory time (d = 20.9%; P < 0.05). The
constructed regression line based on these data
had the following form (Fig. 3). That was, an
increase in the level of human perceptivity to
elevated temperatures of the external environ-
ment contributed to an increase in the delay of
the indicator of orientation in space — the antici-
patory time. In the described case, the accuracy
of responding to a moving object decreases.
Taking into account the previously presented
information about the decrease in the level of
the anticipatory time of reaction with increased
perceptivity to the effect of high temperatures

functional mobility of nervous processes
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Fig. 3. Regression lines of psychophysiological indicators depending on the individual perceptivity to elevated air temperatures
of the external environment. Along the abscissa axis is the logarithm of perceptions from the level of human perceptivity to

elevated air temperatures of the external environment, u.o.
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and the ascertained increase in the delay time
of the discussed reaction in these conditions,
the conclusion was suggested that the increased
perceptivity to the effect of high temperatures in
the operator’s working area caused a significant
decrease in the reliability of his occupational
activity, namely contributed unpredictable de-
crease in the accuracy of his reactions.

Another significant correlation of the in-
creased perceptivity effect from environmental
high temperature was found with the short-term
memory indicator, namely the time of correct
pointing (d = 12.1%; P <0.05). The constructed
regression line based on these data had the fol-
lowing form (Fig. 3). In this case, it could be
seen that perceptivity increasing among opera-
tors to the high temperature of the external en-
vironment entailed a deterioration of the quality
of short-term memory and increasing the object
reproduction time.

Reduced temperatures (according to the cri-
terion of normality of the structure of their dis-
tribution, Shapiro-Wilk P=0.00002) determined
the effect on SVMR by d = 10.5% (P < 0.05).
The regression line based on these data had
the following form (Fig. 4). That was, reduced
levels of the external temperature contribute to
the deterioration (increase in the level) of the
SVMR. This indicated the deterioration of the

operator’s reactions to different signals and the
appearance of different color signals.

The comfort of work was also transformed
at low temperatures if it was evaluated by the
index of orientation in space (time of delay)
d=18.3% (P <0.05). The regression line based
on these data had the following form (Fig. 4).
That was, reduced levels of the temperature of
the external environment contributed to the de-
terioration (increase) of the delay in determining
the sides of the world when testing orientation
in space. This indicates the deterioration of the
quality of the operator’s orientation in space
(one of the key indicators of task performance).

The work of the operators was influenced not
only by the temperature factor. This state was
additionally influenced by the presence of wind
gusts. This state was additionally influenced by
the presence of wind gusts. By its nature, it had
both a direct effect on the operator’s body and
a side effect, due to the difficulty of controlling
the drone in conditions of strong gusts of wind.
Since this mode of drone operation is not
unique but occurs quite often, the determination
of the effect of this factor on the operator’s
psychophysiological functions seems very
relevant. Significant wind gusts (according to
the criterion of normality of the structure of their
distribution Shapiro-Wilk P=0.001) determined

The time of a complex visual-motor reaction, ms
B £ 8 8 8 &8 B 8 &8 8§ 8
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Fig. 4. Regression lines of operators’ perceptivity to reduced temperatures of the external environment with separate
psychophysiological indicators. Along the abscissa axis is the logarithm of the perceptivity to reduced temperatures of the

external environment, u.o.
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the influence on the SVMR by d = 17.1%
(P < 0.05). The regression line based on these
data had the following form (Fig. 5).

Strong gusts of wind also affected the
number of completed tasks when testing FMNP
(d=12.7%; P <0.05). The direction of the shift
of the regression line shows (Fig. 5) that as the
operator’s perceptivity to the action of strong
wind gusts increases, the number of completed
tasks decreases. Such an effect indicated a
decrease in the concentration of attention and
speed qualities of operators’ responses.

High humidity also affected the operators’
performance. Such humidity (according to the
criterion of the normality of their distribution
structure Shapiro-Wilk P=0.00021) determined
the effect on the SVMR by d =13.7% (P <0.05).

The regression line based on these data had the
following form (Fig. 5).

It can be seen from the figure that with
an increase in perceptivity to air humidity, an
increase in the level of SVMR was observed,
which indicated a decrease in the speed
capabilities of the operator in the conditions of
a changing modality of his response.

It was established that the discussed indi-
cator of perceptivity also affected the psy-
chophysiological indicator of short-term
memory — the time of correct reproduction
of the information memorized during testing.
Significant air humidity determined the effect
on short-term memory (time of accurate
information reproduction) by d = 11.4%
(P < 0.05). The regression line based on these
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data had the following form (Fig. 5).

Analysis of the figure shows that an increase
in perceptivity to air humidity corresponds to an
increase in the time of correct reproduction of
memorized information. It is possible to think
that the uncomfortable working conditions
associated with high air humidity indirectly have
a negative effect on short-term memory.

It was unlikely that the cloudiness of the
sky significantly affected the functional state
of the operators. However, apparently, the
corresponding cloudiness of the sky could
strongly influence the flight parameters of the
drone, which significantly worsened the quality
of the combat mission, which contributes to the
development of stress in the operator controlling
the drone. Significant cloudiness of the sky
(according to the criterion of normality of
their distribution structure Shapiro-Wilk P =
0.0018) determined the effect on the number of
tasks in the assessment of FMNP by d = 13.8%
(P < 0.05). The regression line based on these
data had the following form (Fig. 6). Here it could
be stated that with the increase of the operator’s
perceptivity to the overcast sky, the number of
solved tasks in the implementation of the FMNP
assessment decreases, which indicated a decrease
in the speed of multimodal information proces-
sing, including both excitatory and inhibitory
processes occurring in the operator’s body.

Probably, the presence of precipitation
further interferes with the flight of the drone,
disrupting the quality of its control by the
operator. Thanks to this, the informational and
emotional load on the operator greatly increases.

Assessment of the impact of the fact of
precipitation by the logarithm of its impact on
the effect of this harmful factor according to
the criterion of normality of the structure of its
distribution Shapiro-Wilk P = 0.00006. That
was, such a distribution of perception levels
in the group should be considered normal. The
correlation of this indicator with SVMR has been
established. It was established that the mutual
determination of these indicators was d =20.9%
(P<0.05). The regression line from the analyzed
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data had the following form (Fig. 6).

It can be seen here that with the increase in
the perceptivity of the operator to the presence
of precipitation, the level of the SVMR indicator
increased, which indicates a decrease in the
speed of multimodal information processing.

Since 80% of persons perceive information
with the help of vision, any deterioration in
the ability to see well, in particular, when the
air is polluted with dust, causes a permanent
deterioration of working capacity. Therefore,
the presence of air pollution with dust can affect
certain operator’s psychophysiological qualities.
In the considered case, the assessment of the
impact of the presence of air pollution with
dust (by the logarithm of perceptions from the
action of this harmful factor) corresponded to
the criterion of normality of the structure of its
distribution (Shapiro-Wilk P = 0.000001). That
was, such a distribution of impression levels
in the group should be considered normal.
The correlation of this indicator with the
indicator of short-term memory — the time of
false reproduction has been established. It was
established that the mutual determination of
these indicators was d = 12.1% (P < 0.05). The
regression line from the analyzed data has the
following form (Fig. 6).

It can be seen from the figure that as the
operator’s perceptivity to the presence of air
pollution with dust increased, the level of the short-
term memory indicator increased, namely the time
of false reproduction, which indicated a decrease in
the reliability of short-term memory use.

The fact that the presence of a thunderstorm
did not correlate with a change in any psycho-
physiological qualities of the operator was also
interesting. This was probably due to the fact
that drone flights did not take place in these
cases. Otherwise, if the task must be performed
under these conditions, experienced stress-
resistant operators were assigned to control the
drone.

Noise is an integral part of aircraft operation,
especially in combat conditions. Therefore,
it is necessary to take into account its effect
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Fig. 6. Regression lines of operators’ perceptivity levels to climatic factors depending on other psychophysiological indicators
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on the functional state of the operator. It was
previously shown that drone operators had a
rather uneven attitude to noise in the course of
their occupational activities.

In order to “linearize” of the perceptions the
operators from the effect of noise, as in previous
cases, the levels of the strongest perceptions were
“muted” by logarithmizing the perceptions data.

The distribution of the obtained results was
close to normal - the structure of the obtained
distribution according to the Shapiro-Wilk
criterion P = 0.00941. Further correlation
analysis revealed the existence of a reliable
correlation between the level of noise exposure
with the indicator of the number of solved tasks
when testing FMNP (d = 11.2%; P < 0.05). The
regression line constructed from the analyzed
data had the following form (Fig. 6).

It can be seen from the given figure that the
increase in perceptions from the effect of noise
was accompanied by a decrease in the number
of tasks that were performed during the fixed
time of testing the FMNP. The presence of this
regularity indicated a decrease in the operator’s
concentration of attention and a decrease in his
ability to make quick decisions when processing
signals of various modalities.

The presence of noise caused negative
changes in another psychophysiological indi-
cator. This was the delay time reaction when
testing orientation in space. The coefficient of
determination, which shows the explanatory
power of this relationship d = 18.3% (P < 0.05).
The regression line describing the obtained
relationship is presented in Fig. 6. The given figure
illustrates a regularity: an increase in the level of
perceptions from noise exposure corresponded to
an increase in the delay reaction time when testing
the operator in three-dimensional orientation. The
invented feature can be interpreted as follows:
an increase in perceptivity to noise caused an
increase in the braking properties of the operator’s
nervous system.

Further analysis shows that the operator’s
perceptivity to the influence of vibration
(the structure of the obtained distribution
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according to the Shapiro-Wilk criterion
P = 0.0005) also leads to negative changes in
some psychophysiological functions of the
operator, in particular, the delay time when
testing the operator for successful orientation
in space. At the same time, the coefficient of
determination, which shows the explanatory
power of this connection, was d = 19.1%
(P < 0.05). The regression line describing the
obtained relationship is presented in Fig. 6.

This figure shows that when the perceptivity
of the operator to the effect of noise increases,
there is a simultaneous increase in the delay time
of his reaction during orientation in space, which
indicates a decrease in the level of activation of
the central nervous system.

An important parameter of the surrounding
work environment is the level of insufficient
lighting. As was shown earlier, the level of
insufficient lighting has a strong impact on
the operator’s performance. The study of
this phenomenon shed light on the source
of the indicated deterioration of working
capacity. Linearization of the perception level
from insufficient lighting was carried out by
logarithmizing the initial data (the structure
of the obtained distribution according to the
Shapiro-Wilk criterion P = 0.00099). It was
found that the logarithm of perceptions from
insufficient lighting was reliably correlated with
an indicator of psychophysiological function
- SVMR (the coefficient of determination,
which shows the explanatory power of this
relationship d =9.9%; P <0.05). The regression
line describing the obtained relationship is
presented in Fig. 6. It can be seen from the figure
that the increase in the level of perceptions
due to the effect of insufficient lighting
contributes to the deterioration of the CVMR,
i.e. complications in the operator’s work caused
by the deterioration of the lighting reduce the
operator’s speed capabilities in developing
reactions to multimodal signals.

It was established that the number of hours
of the operator’s working time in the external
environment was reliably correlated with the
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psychophysiological indicator of the number
of completed tasks when testing FMNP (the
coefficient of determination, which shows
the explanatory power of this relationship
d = 13.6%; P < 0.05). The regression line
describing the obtained relationship is presented
in Fig. 6.

The analysis of this figure shows that an
increase in the number of hours of drone control
in the external environment contributed to the
activation and mobilization of the operator’s
body, which caused an increase in the number
of performed tasks when performing the FMNP
testing. This was the only indicator among
studied that improves operator performance.
However, this improvement could only occur
within certain operating hours. An excessive
increase in working time will necessarily cause
the formation of an overfatigue state, which,
in turn, will have a negative, harmful effect.
Another explanation for the described effect
is that operators who worked a lot with drones
had better occupationally important qualities, in
particular, as a result of their increased training.

Summarizing the obtained results, it should
be noted that in most cases, various compo-
nents of the external environment, which were
evaluated subjectively and reflect the feelings
(perceptions) of the action of these components
by the operators, worsen the manifestation of
some psychophysiological functions: CVMR,
the number of tasks (when testing FMNP), delay
time (orientation in space). This small number
of psychophysiological indicators reflects the
speed characteristics and the level of attention
concentration. Sometimes the listed indicators
were supplemented with the following char-
acteristics: anticipatory time (orientation in
space), time of correct reproduction (operational
memory), and time of false reproduction (opera-
tional memory). As could be seen, these indica-
tors were related to the speed of information
processing. A small list of psychophysiological
parameters, which were related to feelings from
the action of the working environment, possi-
bly shows that these characteristics reflect the
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process of stress formation in operators. Here
it is necessary to pay attention to the fact that
stress reactions are non-specific and increase
the perceptivity of people to the influence of
harmful environmental factors.

Of course, when carrying out the profes-
sional activities of drone operators, they are al-
ways affected not only by one factor but also by
a whole set of harmful factors. This was due to
different weather conditions, the specifics of the
combat mission being performed, etc. Therefore,
in each case, objectively, there was a specific set
of active harmful factors of the external environ-
ment. To determine such an external load on the
operator, it is necessary to carry out appropriate
calculations each time, which is quite a difficult
task in field conditions. A palliative way out of
this situation is to determine the upper limit of
the indicated load. This operation can be carried
out in the following way.

First, it is necessary to aggregate the char-
acteristics of the operators’ perceptions under
the influence of all investigated components of
the external environment factors. Such assess-
ment will provide information on the maximum
harmful effect that all components of the en-
vironmental factor can have at the same time.
This procedure can be carried out using factor
analysis. The performed factor analysis (method
of principal components) made it possible to
single out only one factor, which explains 52.8%
of the variance of the initial data. The peculiarity
of the connections of individual indicators with
this factor was that the vast majority of them
were very strongly related to the selected factor.
Factorial values of each investigated operator
can be used as integral estimates of the power
of this factor.

Secondly, to identify the list of psychophysi-
ological qualities that change under the influ-
ence of the environmental factor in individuals
with different perceptivity to its components.
To specify this list under the influence of all
studied components, a step-by-step multiple
correlation analysis was applied. With the help
of this analysis, a list of psychophysiological
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qualities was obtained, which correlates with
the integral factor of perceptivity to the influ-
ence of components of the external environment
factor (R=10.77; P=0.0314). This list included:
number of correct answers (short-term memory),
reaction accuracy time (RMO), anticipatory time
(orientation in space), number of correct marks
(corrective test of attention), the critical flicker
fusion frequency (both eyes), time of correct re-
production (short-term memory), FMNP, testing
time (corrective test of attention), time of incor-
rect reproduction (short-term memory), number
of incorrect answers (short-term memory). The
given list of psychophysiological qualities does
not include some of them, which are separately
correlated with the corresponding components
of perceptivity to the influence of the external
environment. But this list reflects the influence of
the maximum possible number of these compo-
nents and therefore reflects a completely different
picture of the interaction of perceptivity to the
action of the working environment and psycho-
physiological qualities of operators. A different
set of components of the working environment
will give different psychophysiological qualities
and a different degree of their determination.
Thus, it must be stated that the conducted
analysis showed the presence of heterogeneity of
perceptions to the effect of various components
of the external environment factor. A particu-
larly important role in the emergence of this
heterogeneity was played by “hyper-perceptive”
individuals, who distorted the structure of the
distribution of many components of the environ-
mental impact factor. It was found that increased
perceptivity to the action of components of
the external environment factor increased the
negative impact of these components on the
psychophysiological functions of operators.
Therefore, it can be assumed that the extremely
high perceptivity to the effects of the factors of
the working environment can serve as a sign of
the occupational unsuitability of the UAS opera-
tors. It has been established that the profession
of the UAS operator is burdened by the action
of a large complex of various components of
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the external environment, which causes certain
negative shifts in the psychophysiological, occu-
pationally important qualities of these operators.
The list of these psychophysiological qualities
was small, related to the speed characteristics
and concentration of attention of UAS operators.
Moreover, the harmful effect of these compo-
nents of the external environment determined the
change in psychophysiological qualities in the
range from 9.9% to 20.9%. The maximum inte-
grated effect of all investigated components of the
environmental factor (the integral factor explains
52.8% of the data on the perceptivity of operators
to the influence of all components of this factor)
reached D = 59.6%, i.e. it was much greater than
the determination of individual components.

CONCLUSIONS

1.The list of psychophysiological qualities that
vary under the influence of the environmental
factor in persons with different perceptivity to
its components has been highlighted.

2. It was shown that an increase in the level
of perceptions due to the action of insufficient
lighting reduced the operator’s speed capabilities
when emerging reactions to multimodal signals.

3. It was revealed that increased perceptivity
to the level of the external environment tem-
perature in the operators’ working area corre-
lated with their reactions to the appearance
of exciting and inhibitory stimuli, contributed
to the deterioration of the short-term memory
quality and caused a significant decrease in the
reliability of their occupational activity.

4. It was established that an increase in the
level of noise exposure was accompanied by
a decrease in the operators’ concentration of
attention, a decrease in their ability to make
quick decisions when processing signals of
various modalities, and a decrease in the level
of activation of the central nervous system.
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HA IICUXO®I3IOJIOTTYHI ®YHKIIIT
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e-mail: vkalnysh@ukr.net

Jlnist BUSIBJICHHS BIUIMBY Ta OL[IHKM IIMTOMOI Baru OKpPEeMHX
rapaMeTpiB YMOB Ipami Ta iX KOMIUIEKCHOI i Ha IcuXo-
¢izionoriuni GyHKUii onepaTopiB OE3MUIOTHHUX aBiamiiftHUX
kommutekciB (BrAK) y mponeci BUKOHaHHS HUMH CBOIX
npodeciiHuX 000B’s3KiB 00cTeKEHO 41 BIHICHKOBOCITYX-
0OBIIiB — 4OJIOBIKiB BikoM 20—35 poKiB, sIKi Malld JOCBiJ
ynpasininas BnAK I xmacy «Jlerki» ta 3amydanucs 10
BUKOHAHHS IIMPOKOI0 CIEKTpa NpoQeciiHUX 3aBIaHb.
Jlnst BUBYEHHs IX mcuxodi3ionoriyHoro cratycy Oyiau
BHUKOPUCTaHI MOJU(IKOBaHI METOAMKH 3 BHKOPHCTAHHSIM
porpaMHo-anaparHoro kommiekcy «II®I-2». Byau Bu3z-
Ha4eHl Taki MOKAa3HWKHU: TOYHICTH peakuii Ha PyXOMHH
00’€KT, CHJIa HEPBOBHX IIPOIIECIB, (PYHKI[IOHAIbHA PYXJIUBICTH
HEPBOBUX MPOIECIB, MPOCTa 30pPOBO-MOTOPHA pEaKIIis,
CKJIAJIHA 30pOBO-MOTOpHA PeaKilis, Opi€HTAallisl B IPOCTOPI,
30poBa mam’siTh. Posib KIIIMAaTHYHUX Ta MIKPOKITIMaTHIHHX
(haxTopiB y npodeciiiHiil AisUTEHOCTI BUBUCHO 3a JOIIOMOT'0I0
AQHKETYBaHHs, SIKE MICTHJIO IMHUTaHHS IIOJO OIIHIOBAHHS IX
BILTHBY 32 100-0a1bHO0 IIKAIOK0 Ha (PYHKI[IOHATBHHUN CTaH.
Jlnsa 3aifiCHEHHS MTOJANbIIUX TEOPETHYHHUX PO3POOOK Ta
MPaKTHYHOTO 3aCTOCYBaHHs BU3HAYEHO IHTETPAIbHUH BIIMB
JOCTiKyBaHUX (haKTOpiB Ha (OPMYBaHHS BiANOBIIHOTO
cy0’€KTHBHO 3a0apBJIEHOTO BiIYYTTS BIUIMBY HA OpraHi3M
orepaTopiB Ta HOro Ai0 Ha OKpeMi IMpodeciiiHO BaKINBI
ncrxo(}izioNoriuHi SIKOCTI BiiChbKOBOCTYk00BIiB. [Torepe-
Hill aHaITi3 TOKa3aB HAsIBHICTh HEOJHOPIAHOCTI BIIYYTTIB JI0
Ii1 pi3HUX KOMITOHEHTIB (pakTopa 30BHINIHBOTO CEPETOBHINA.
3acToCOBaHO NPHHOMH HEJIHIFHOTO BUTIPABIICHHS 1X 3HAUCHB
TOOTO JIoTapru(MyBaHHS aHAI30BaHUX PE3yNbTATIB, KOJIH
BEIHMKI 3HAaUCHHsI aHAIII30BaHOTO IIapaMeTpa OyayTh 3MEHINeH]
3aBJSIKM BJIACTHBOCTAM (yHKIII sorapudmy. [lorim Oyio
NPOBE/ICHO Kopelsiuiitauii (koedinieHT xopessinii CriipmeHa)
Ta perpeciiHui aHai3 KOKHOTO JOCIIIJDKYyBaHOTO IIOKa3HUKa
3 TIOTIEPETHBOIO IEPEBIPKOIO CTPYKTYPHU BPAKEHB OIlepaTopa
Ha «HOPMAJIBHICTB» CTPYKTYPH PO3IOALIY 3 AOIOMOIOIO
kputepiro [lamipo-Yinka. B pe3ynbrari 3a 1onomororo xope-
JSIIIHHOTO aHalIi3y BUAUICHUH NeperiK NCUXo(hi3ionoriaHux
SIKOCTEH, SIKi 3MIHIOFOTBCSI I111 BILTUBOM (haKTOpa 30BHIIIHBOTO
CEepENIOBUINA Y 0Ci0 3 PI3HOI YYTJIUBICTIO IO HOTO CKIIAIOBUX.
Kitto4oBi ¢c10Ba: 30BHIIIHI MIJIOTH; OE3MUIOTHUAN aBlal(iiiHui
KOMILJIEKC; YMOBH IIpalli; mpodeciiiHa IpuaaTHICTh; QyHKITO-
HaJIbHUH CTaH; BIIIYTTS BILUIUBY.
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