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Introduction

In the conditions of war, the problem of maintaining a high level
of physical state of military personnel who perform complex com-
bat tasks becomes even more urgent. Stress, which is formed by a
complex of harmful factors acting on servicemen, has a synergis-
tic nature and accumulates in the body of servicemen over short
periods of time. Therefore, it is important to diagnose the physical
condition of military personnel before performing difficult and re-
sponsible tasks.

One of the contingents, whose representatives perform com-
bat tasks, are operators of unmanned aircraft systems, which are
now united in Ukraine into a new type of military - the Forces of
Unmanned Systems. These operators have a number of functions:
tracking the dynamically changing situation at the front, extermi-
nation defense centers and neutralizing enemy offensive actions,
destroying distant military targets, participation in the evacuation
of wounded, injured and sick servicemen etc. [1]. Along with the in-
tense mental load, the operators of unmanned aircraft systems are
affected by a complex of external harmful factors: weather, work-
place factors, constant movement in space to avoid the enemy’s fire
response, and psychological ones related to personal danger, re-
sponsibility for the loss of equipment and poor performance of the
task [2,3]. The emotional and physical stress caused by these fac-
tors can significantly shift the psycho-emotional state and working

capacity of military personnel in a negative direction [4]. Therefore,
for this contingent of servicemen, the assessment of their physical
condition is extremely important.

Case Presentation

Taking into account the nature of the professional activity and
location of the operators of unmanned aircraft systems, it is neces-
sary to develop such a mechanism for assessing their physical state,
the use of which would be acceptable in field conditions and in the
absence of high-quality specialists such as psychophysiologists.
Under these conditions, the following requirements should be ap-
plued for the physical condition assessment method:

a) Theused device must be compact, light in weight and easy
to move in space;

b)  The device must have autonomous power supply;

c) Assessment of the physical state should be quick and have
a graded scale of the quality of this condition for the commander to
make decisions as soon as possible;

d) It is necessary to ensure the absence of overlap of any
electrodes;

e) Assessment of physical condition should be non-specif-
ic to manifestations of various health disorders, severe fatigue or
stress-associated diseases [5];
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f)  Assessment should be individual, and its interpretation
should depend only on changes in the physical condition of the test-
ed person.

The analysis of the above group of requirements for testing
methods led to the opinion that the testing method can be stabi-
lometry. This method of estimating the degree of displacement of
the center of pressure of the serviceman’s body, regulated by the
vestibular apparatus and the cerebellum, i.e., it is sensitive to inte-
gral centralized changes in the operator’s physical condition and
state of health [6,5]. It takes into account all the formulated require-
ments for the methodology of assessing the physical condition of a
serviceman. In addition, it should be noted that individualization
of the assessment is necessary to take into account the age of the
operator and the physiological characteristics of his body.

For the practical use of the discussed approach to the assess-
ment of the physical condition of the operator, a special stabilo-
graphic platform developed in Ukraine, which is controlled by a
computer, was used [7]. The active medical product “Device for
research of vestibular functions “STABILIS” TU U 26.6 37366104-
002:2020” with software package “StabiliS” version v2.00 intended
for the study of the function of equilibrium and balance of the hu-
man body during procedures for assessing the physical condition of
the human vestibular system, monitoring professionally important
psychophysiological qualities, conducting various types of control
of a person’s condition, for example, before shifts or before per-
forming complex tasks. The device is intended for operation in the
range of ambient operating temperatures from 10 to 35°C and rel-
ative humidity up to 80% at a temperature of 25°C. The device con-
sists of a horizontally placed rectangular metal plate, to which four
strain gauges are attached on the lower side along the diagonals.
From above, the plate is covered with two layers of non-conduc-
tive material and forms the upper resistance surface. Each sensor
is rigidly connected to the plate at one end with the help of screws,
and at the other end of each sensor, the resistance legs are fixed in
such a way that their axis forms an angle of 90° with the plane of
the plate.

During research, the device is installed horizontally with the
legs on the floor. It should be noted that the device must stand on
a flat surface and approximately the same load must be applied
to each of its legs. The test subject is placed on the upper support
surface of the device in a vertical position. Since the position of a
person’s center of gravity is physically related to the center of pres-
sure of his feet on the supporting surface, the analysis of the record
obtained in this way makes it possible to evaluate the equilibrium
and balance functions of the human body in statics and dynamics in
combination with various functional tests.

It is known that the balance function is provided by the com-
bined action of a number of systems: vestibular, visual, somato-sen-
sory. But it is generally accepted that the vestibular contribution to
the implementation of the balance function is the most significant.
Under the conditions of exclusion or leveling of systems alternative
to the vestibular analyzer, the function of balance is practically re-
alized at the expense of the vestibular analyzer and the cerebellum
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[8]. Research were performed in the position with closed eyes. The
examinee is asked to weigh himself before conducting the study for
the possibility of calibrating the device, if the difference in body
weight on the scales and on the platform is more than 200 grams.
After that, the examinee stands on the platform in the position
“heels together - toes apart” with an angle of 30°. For convenience,
landmarks are marked on the platform in order to take the correct
position. Then the examinee stands in a vertical position, hands are
lowered along the body and closes the eyes. After that, the record-
ing is turned on and the process of “zeroing” begins in order to lev-
el out excess movements to obtain better quality information. The
research time in each is 2,5 minutes (30 seconds - zeroing and 120
seconds of the actual research).

Classical stabilometric parameters, as well as parameters char-
acterizing the frequency spectrum of pressure center fluctuations
in the frontal and sagittal planes, were used for the analysis. Ac-
cording to our previous studies in the position with closed eyes [6]
4 indicators, which were later used in the construction of solving
rules, turned out to be the most informative.

Solving rules are used to obtain the test result, which allow
determining the degree of suitability to control unmanned aircraft
systems according to the following scale: fully meet the require-
ments of the operator’s profession and can be recognized as suit-
able without restrictions (1), generally meet the requirements of
the operator’s profession and can be recognized suitable (2), condi-
tionally meet the requirements of the operator’s profession and can
be recognized as suitable for a period of 6 months, followed by an
extra-ordinary psychophysiological examination (3):

“1"=-2705,36+48,62xKFR+185,25xAvgSpeed+0,18xLengthX;
“2"=-2576,32+47,25xKFR+181,59xAvgSpeed+0,19xLengthX;
“3"=-2685,71+47,94xKFR+185,93xAvgSpeed+0,20xLengthX;
Where:

KFR: Indicator of the quality of the equilibrium functions;
AvgSpeed: The average velocity of the center of pressure;

LengthX: The length of the trajectory of pressure center oscilla-
tions in the frontal plane.

Based on the obtained parameters, you need to make calcula-
tions on all three equations. The assessment of physical condition is
determined by the equation that gives the greatest result.

It should be noted that the given equations are not calculated
based on individual data of the operator, but based on parameters
obtained during testing of a group of operators (50, under 40 years
of age). In this case, 54% of operators were assigned to group “1”
using cluster analysis, 34% to group “2”, and 12% to group “3”. Solv-
ing rules were obtained using a step-by-step discriminant analysis
(reliability of discrimination 98%) and their results were verified
during the practical application of the proposed method. In addi-
tion, it turned out that the representatives of group “3” suffered
from corresponding, mainly stress-associated diseases [6,5].

The proposed method of using the stabilographic platform
gives a quick and high-quality result, and its analysis will allow its
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use not only for the express assessment of professionally import-
ant psychophysiological qualities, and conducting various types of
control of the operator’s condition, but also as a training of psycho-
physiological functions or for the purpose of determining the effec-
tiveness of preventive and rehabilitation measures.

Discussion

In addition to the proposed method of express assessment of
the physical condition of military personnel, other methods of re-
cording human reactions can be used, for example, heart rate vari-
ability analysis, etc [9]. Such equipment is quite compact, and also
has its advantages and disadvantages when assessing physical con-
dition. For example, multiple (necessary to obtain a reliable result)
testing of human reactions by several methods takes a lot of time
and requires a separate room.

Registration of the rhythmogram should be carried out for a
sufficiently long time while the operator is at rest. The proposed
stabilographic technique excludes these defects and satisfies all the
presented requirements for conducting an express analysis of the
physical state of the operator. This technique must be applied in
conditions close to field conditions for a quick and sufficiently ac-
curate determination of the physical condition of the operator, on
the basis of which a decision will be made regarding the determi-
nation of the degree of suitability for controlling unmanned aircraft
systems.

Conclusion

Therefore, the stabilometry method allows for a quick and
high-quality assessment of the physical condition of operators in
the field without the involvement of narrow specialists (psycho-
physiologists). The used indicators of the stabilographic platform
and the obtained solvers can be useful for other authors as well,
because a complex of informative indicators was used to improve
the result. In the perspective of further research, the proposed
method of express assessment of physical condition will be used as
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psychophysiological stress resistance training of military person-
nel, as well as for the purpose of determining the effectiveness of
preventive and rehabilitation measures.
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