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The article investigates the influence of the weight of combat equipment of a security officer on his/her
manoeuvrability. It has been established that an increase in the weight of combat equipment negatively affects
the time of performance of tactical actions by a security officer, which are associated with the need for
manoeuvring and rapid movement in space. The dependencies of the time of performance of some tactical
actions by a security officer on the weight of combat equipment are obtained. The obtained results allow
rationally determining the quantitative indicators of tasks related to the need for manoeuvring and rapid
movement in space, and can also be used to optimise the distribution of physical activity to individual security
forces personnel of one unit in order to increase the efficiency of the unit's performance of its tasks as a whole.

Keywords: combat survivability, efficiency of task performance, manoeuvrability, combat equipment,

tactical actions, physical activity, security forces officer.

Statement of the problem. Ensuring a high
level of survivability of security forces personnel
(SFP) while performing assigned tasks is a
prerequisite for preserving their lives and combat
capability [1, 2]. The survivability of the SFP
depends on a combination of certain properties of
the employee, in particular manoeuvring.

Manoeuvrability should be understood as the
ability to change one's position in space or
movement parameters (speed, direction) within a
certain period of time [3].

The manoeuvrability of the SFP during the
performance of assigned tasks increases the chances
of avoiding visual or fire contact with the enemy,
and, if necessary, initiating such contact on their
own terms. The manoeuvrability properties of a SFP
affect the time a worker takes to leave the danger
zone and the accuracy of enemy fire [ 1, 4], and thus
its survivability in combat. The need to increase the
manoeuvrability of security forces personnel is also
evidenced by the ongoing work to improve the
efficiency of fire missions by operators of various
weapons [5] and the accuracy of weapons firing [6, 7].
In addition, the manoeuvrability of the SFP affects
the time of the task, which is associated with the
need to move in space.

Thus, improving the manoeuvrability of security
forces personnel has a positive impact on the
effectiveness of their assigned tasks.
© V. Pashchenko, O. Bilenko, 2024

An analysis of the factors affecting the
manoeuvrability of the SFP allows us to conclude
that it depends on the endurance, agility and speed
of the employee. In addition, an important factor
that affects physiological parameters and physical
qualities of the SFP, and therefore manoeuvrability,
is mass characteristics of combat equipment (CE)
elements. In this regard, in order to ensure the
required manoeuvrability of security forces
personnel, it is necessary to have data on the impact
of the mass characteristics of combat equipment on
the physical qualities of the SFP during the
performance of assigned tasks.

Analysis of recent research and publications.
The scientific interest in researching the impact of
exercise on the physiological parameters and
physical qualities of military personnel has
increased significantly worldwide.

For example, [8] published the results of
research on the impact of combat load on the
mobility of servicemen during an eight-hour march
and showed the dependence of the distance travelled
by a serviceman on the weight of the combat load.
Thesis [9] examines the impact of the load on the
performance of individual servicemen, where
performance is understood as the speed estimated
by a mathematical model. This model calculates the
speed considering a number of factors, including
body weight, load, and terrain characteristics.
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The scientific article [10] presents the results of a
study on the effect of external load on people while
they are performing a stair-climbing exercise. These
studies were based on measuring the amount of
oxygen absorbed, heart rate, and metabolic rate, and
their results showed a decrease in performance in the
scenario with additional load. The effect of the weight
of a loaded US Army backpack on the physiological
parameters of servicemen during its carrying is given
in [11]. The results of the study illustrate and quantify
the sharp decline in walking speed when soldiers have
to carry heavy loads in modern backpacks.

A systematic review of scientific sources was
conducted in [12], which raised the issue of the
impact of body armour on the performance of tasks
by law enforcement agencies. It was determined that
wearing body armour affects shooting accuracy and
various physiological parameters, but the
characteristics of this effect are still uncertain and
deserve further research. It has also been found that
body armour does have a significant biomechanical
and physical impact on law enforcement officers,
including: reduced performance, increased time to
perform functional tasks, reduced balance and
stability, and increased body temperature. The
impact of bulletproof vests on the service and
combat activities of police officers of the National
Police of Ukraine is discussed in the article [13].
The research has established the impact of body
armour on the performance of employees of the
Ministry of Internal Affairs, especially during
dynamic actions, as well as the main characteristics
of personal protective equipment that can
significantly affect the effectiveness of the tasks.

However, none of the works provides data on the
impact of the weight and size characteristics of the
SFP on the time indicators of performing the tasks
assigned to the SFP. Therefore, there is a need to
determine this influence in order to ensure the
necessary manoeuvrability of the SFP in conditions of
danger of enemy fire, as well as to develop practical
recommendations for the rational formation of a set of
combat equipment by security forces and tasking.

The purpose of the article is to obtain
dependencies of time of performance of tasks
assigned by a security forces officer on the weight
of combat equipment.

Summary of the main material. Combat
equipment of a security forces officer provides
individual protection of the officer, defeating targets,
controlling personnel during the performance of
assigned tasks, power supply of power-consuming
means of combat equipment, etc. but at the cost of

some reduction in the functional characteristics of
the combat equipment.

The combat equipment of security forces
personnel can be heavy, bulky and not sufficiently
ergonomic, which negatively affects the
manoeuvrability of the SFP due to an increase in
overall weight, restriction of joint mobility, and
difficulty in moving in confined spaces, in particular
in vehicles. Taken together, the mass, volume and
thermal load of the BE increase the fatigue of a
security officer and reduce his or her physical and
cognitive abilities, and therefore increase the time
required to perform the task intended by the SFP.

In order to obtain numerical characteristics of the
degree of influence of the mass of a worker's combat
equipment on the time of performing tactical actions
associated with movement, full-scale experimental
studies were conducted. The main task of this study
was to determine the time SFP of performing the same
tactical actions by an employee in different weight
SFP combat equipment.

Considering that the time of performing tasks
depends on many factors, including the characteristics
of equipment (weight, position of the centre of mass,
ergonomics, etc.) and the peculiarities of motor tasks
(Iength of the path, body position during movement,
presence of various obstacles), the experimental
studies used typical elements of combat equipment
and the most characteristic ways of moving in the
conditions of enemy fire.

The study involved two groups of employees
(cadets), each consisting of 25 people. Group 1
consisted of cadets trained in special purpose groups,
and Group 2 included cadets from regular training
groups. The research was conducted in the field on
rough terrain and on an obstacle course. During the
experiment, each employee performed three exercises
that corresponded to certain tactical actions (Table 1).

Within each exercise, the following levels of BE
mass were set: 5 kg [small arms (5.45 mm AK-74 rifle),
ballistic helmet]; 10 kg [small arms (5.45 mm AK-74
rifle), ballistic helmet, plate carrier], 20 kg [small arms
(5.45 mm AK-74 rifle), ballistic helmet, body armour,
belt and shoulder load bearing system]; 30 kg [small
arms (5.45 mm AK-74 rifle), ballistic helmet, body
armour with additional ballistic protection, shoulder
strap and shoulder load-bearing system].

To restore the physical condition of a person, a
period of at least 48 hours was allowed between
exercises and series of experiments. The time for
performing a tactical action was recorded from the
beginning of the first element of the relevant actions
to the end of the last.

As a result of the experiments, 25 values for each
load level for three exercises and two groups were
obtained, which are shown in Figures. 1, 2, 3. For
clarity, time values belonging to one person are
connected by lines.
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Table 1 — List of tactical actions and the content of the corresponding physical exercises

destroyed settlement

No.
of Tactical action Distance, m The content of the exercise
pars.
The movement is carried out by running from
Getting closer to the enemy for cover to cove.r.(40 m), then tqking the prone
1 offective fire 100 shootl.ng position and covering 20 m by
crawling in the Plast way, the rest of the
distance (40 m) is covered by running
Quick approach to the object Movement is carried out by intensive running
2 | (position) after rushing from the 600 from the boundary of haste to the object
equipment (position)
Pursuit on foot of an offender Movement is carried out by running with
3 | (enemy) on rough terrain and in a 1000 overcoming obstacles in the form of fences and

destroyed walls 1.1 m high (10 pieces on the course)
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Figure 1 — Time dependence of tactical actions by a security officer the weight of its combat equipment
during the approach to the enemy (exercise No. 1) for individuals: a — group No. 1; b — group No. 2

106 ISSN 2078-7480. Yecmn i 3axon Ne 3 (90)/2024




V. Pashchenko, O. Bilenko. The impact of the weight of the employee's combat equipment
security forces on its manoeuvrability

Ig s 305
285
265
245
225
205

185

Mg, kg

S 330
310
290
270
250
230
210
190

170
0 5 10 15 20 25 30 35
meg, kg

Figure 2 — Time dependence of tactical actions by a security officer on the weight of his combat equipment
when approaching an object (position) after dismounting from equipment (physical exercise No. 2)
for individuals: a — group No. 1; b — group No. 2
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a
Figure 3 — Time dependence of tactical actions by a security officer on the weight of his/her combat
equipment during the pursuit of the offender (enemy) on foot (physical exercise No. 3) for individuals:
a — group No. 1
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Figure 3 — Time dependence of tactical actions by a security officer on the weight of his/her combat
equipment during the pursuit of the offender (enemy) on foot (physical exercise No. 3) for individuals:
b — group No. 2

Figure 4 shows the results of processing the above data.
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Figure 4 — Dependence of the average time of tactical actions by an employee security forces from the
weight of its combat equipment: a — physical exercise No. 1; b — physical exercise No. 2
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Figure 4 — Dependence of the average time of tactical actions by an employee security forces from the
weight of its combat equipment: ¢ — physical exercise No. 3

Figure 5 shows the dependencies for Group 1 with confidence intervals for a significance level of 0.02.
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Figure 5 — Dependence of the average time of tactical actions by a member of the security forces of group
No. 1, depending on the weight of his/her combat equipment with confidence intervals for the significance
level of 0.02: a — physical exercise No. 1; b — physical exercise No. 2
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Figure 5 — Dependence of the average time of tactical actions by a member of the security forces of group
No. 1, depending on the weight of his/her combat equipment with confidence intervals for the significance
level of 0.02: ¢ — physical exercise No. 3
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Figure 6 — Dependence of the time of the "crawl" element of physical exercise No. 1 by a member
of the security forces of group No. 1 on the weight of combat equipment

The figures show that with increasing load, the
time of exercise increases. At the same time, the
curves have a concave shape, which is explained by an
increase in the ratio of the mass of the BE to the mass
of the SFP and a gradual approach to such a ratio when
the movement of the SFP becomes impossible, i.e. the
time tends to infinity. The S-shaped shape of the
curves describing the dependencies for Exercise 1 is
due to the specificity of the dependence of the time to
overcome the section on the load during crawling
(Figure 6), which requires further study. At the same
time, the dependence of the time of overcoming the
sections by jogging in exercise No. 1 does not differ in
nature from the corresponding dependences obtained
by the results of exercises No. 1 and No. 2.

The analysis of the dependencies shows that the
same workload affects different employees in
different ways. For example, during exercise No. 2,

110

the relative difference in the time taken to perform
tactical actions ranges from 22 % to 46 %. This
variation may be due to individual differences in
endurance under the same conditions and physical
fitness of employees.

The obtained dependencies show that an
increase in the mass of the UE negatively affects the
time of tactical actions by the employee, and
therefore the efficiency of performing the relevant
tasks, which can be critical in some situations where
the manoeuvrability and speed of the SFP are key.

It should be noted that the uneven impact of the
mass of the BE on different workers is explained not
only by the mass of the load, but also by other
factors, including individual physiological
characteristics of the body [14], the level of training
to withstand physical exertion [15], the physical
condition of the person at a certain time [16],
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ergonomic characteristics of combat equipment, etc.
However, the influence of these factors is not the
subject of this study, and their random combination
is considered by empirical dependencies and affects
only the scattering of the response function values.

The obtained results suggest the need for an
individual approach to both the training and
equipping of the airborne combat equipment and the
setting of specific tasks during the performance of
assigned tasks. Such an approach will allow, based
on the use of the obtained dependencies, to
rationally determine the quantitative indicators of
tasks related to the need for manoeuvring and rapid
movement in space, as well as to optimise the
distribution of physical activity on individual PSBs
of one unit and increase their efficiency in
performing assigned tasks.

Conclusions

1. It has been established that an increase in the
weight of combat equipment negatively affects the
time required for a security officer to perform
tactical actions related to the need for manoeuvring
and rapid movement in space.

2. The dependencies of the time of a tactical
action by a security officer on the weight of combat
equipment are obtained, which make it possible to
rationally determine the quantitative indicators of
tasks related to the need for manoeuvring and rapid
movement in space. These dependencies can also be
used to optimise the distribution of physical activity
among individual security personnel of one unit in
order to increase the efficiency of the unit's
performance of its tasks.

The direction of further research is to determine
the impact of the position of the centre of mass of
combat equipment, as well as its ergonomic
characteristics, on the manoeuvrability and speed of
movement of a security force member while
performing assigned tasks.
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BILJINB MACH BOMOBOT'O EKIINIPYBAHHS ITPAIIIBHUKA CHUJI BE3IIEKH
HA MOI'O MAHEBPEHICTb

Ha ocnosi awnanizy maykosux oOdicepein YCMAHOBIEHO, WO MAHEBPEeHICMb NpAyieHUKA Ccuil Oe3nexu
3anedxcums 6i0 11020 UMPUBALOCH, CNPUMHOCIT MA WEUOKOCTI, BANCIUBUM YUHHUKOM, SKUL 6NIUBAE HA
izionoeciuni napamempu ma Qizuyni AKOCMI NPAYIGHUKA CUL OE3NeKU, A Omdice, HA MAHEBPEHICM, € MACOBL
Xapaxmepucmuxuy eiemenmie 00108020 eKinipye8anisi.

Busnaueno enaug macozabapumuux xapaxmepucmuk 0OOU08020 eKIiNipy8aHHs HA HACO8i NOKAZHUKU
BUKOHAMHS 3A80AHD 30 NPUSHAYEHHAM 0COD0BUM CKIAOOM CUL De3neKu 3 Memoro 3abe3neyuents im HeoOXioHux
NOKA3HUKIE MAHEBPEHOCTI 8 YMOBAX B02HEB0T Hebe3neKy NPOMUBHUKA, A MAKOHC 0OIPYHMOBAHO PO3POOIEeHHS.
NPAKMUYHUX PEeKOMeHOayill woo0 payioHAIbHO20 (QOPMYBAHH KOMNIEKNy 001068020 eKInipyeanHs
npayieHuKa cun Oe3nexu ma NOCMAaHo8KY 3a60aHb.

Jocniosceno enaue macu 00106020 eKinipy8aHHs NPayiGHUKa cuil Oe3neku Ha U020 MAHeBpeHiCHb.
Yemanoeneno, wo niosuwenns macu 60106020 eKinipyGanms He2AMUBHO 6NAUBAE HA HAC BUKOHAHMSA
npayienukom cui Oesneku maxkmuyHux Oill, w0 noe s3aHi 3 HeOOXIOHICMIO MAHE8PY8AHHS MAd WEUOKO20
nepemiwenns y npocmopi. Ompumano 3a1edCHOCMI 4acy GUKOHAHHS OesIKUX MAKMU4HUX Oitl npayieHUKoM
cun beznexu 8i0 macu 601068020 exinipyganns. Ooepaiicani pe3yivmamu 0aioms 3mM02y PAYIiOHATLHO BUHAYAMU
KIMbKICHI NOKA3HUKU 3A680AHb, SKI NO8 S3aHI 3 HEOOXIOHICIIO MAHEBPYBAHHA MA WEUOKO20 NepeMilyeHHs Y
nPOCMOPI, @& MAKOIC MOACYMb OYMU BUKOPUCAHT 0151 OnmuMizayii po3nooiny (izutuHo20 HA8AHMANCEHHS HA
OKpeMux npayieHukie cuil 6e3neku 00H020 NIOPO30iNy 3 Memoio NiOSUWUMU epheKMUCHICMb GUKOHAHHS
NOCMABNIEHUX 3A80AHb NIOPO3OLIOM Y YIIOMY.

Knwuogi cnosa: 6otioga dcugyuicms, ONepamueHicmv GUKOHAHH 3080aHb, MAaHespeHiCmb, botioge
eKinipy8anHss, maxmuuHi Oii, (izuyuHe HABAHMAICEHHS, NPAYIGHUK CUTL De3NeKU.
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