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UNDER ENEMY FIRE INFLUENCE

The article addresses the issue of determining the probability of a security forces officer sustaining
a combat injury under conditions of enemy fire.

An improved method for determining the probability of a security forces officer sustaining a combat injury
under enemy fire has been developed. This method involves decomposing the target into elementary areas,
calculating the probability of a striking element hitting each of these areas, estimating the probability of
damage to each area considering the ballistic resistance diagrams of protective elements and the number of
shots from a specific weapon, and determining based on this the probability of sustaining a combat injury from
one or several types of weapons used simultaneously by the enemy. Unlike existing methods, this approach
takes into account qualitative changes in the protection level of security forces employee provided by protective
elements depending on the characteristics of the enemy's weapons and the distance at which they are used.

Using the improved method, probabilities of security forces employee sustaining combat injuries during
task execution were calculated based on the protective characteristics of individual protection equipment,
as well as the characteristics and number of the enemy's firearms in a developed scenario.

The calculations revealed that incorporating individual body armor in combat equipment may be
impractical in situations where enemy fire conditions involve simultaneous use of multiple weapons against
a single target. In certain operational conditions, individual body armor loses its significance in providing
a specified level of survivability for security forces employee. To assess the survivability of security forces
employee during task execution, it is essential to forecast the enemy's firearms and ammunition to identify
critical distances for selecting protective elements of individual body armor with optimal protective
characteristics, as well as the ratio of enemy weapons to designated targets.

Keywords: combat trauma, bullet resistance, probability of hitting the target, protection, protective

element, personal protective equipment.

Statement of the problem. Today, security
forces are entrusted with a wide range of tasks,
including participation in special operations aimed
at neutralizing armed criminals, suppressing illegal
activities of paramilitary or armed groups, as well
as organised criminal groups and groups on the
territory of Ukraine. In addition, they are involved
in activities aimed at countering terrorist activities
and repelling armed aggression against Ukraine,
which is becoming increasingly important in the
context of current threats to national security [1].

The fulfilment of these tasks is inextricably
linked to the potential threat of the enemy using
various types of destruction means, which requires
a certain level of protection that ensures an adequate
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level of survivability of security forces employee
(SFP).

The most likely reasons for the loss of
survivability of an SFP under enemy fire are combat
injuries caused by various munitions. On the other
hand, the survivability of the SFP is affected by
other factors, including, in particular, the level of
fatigue [2, 3]. Given that the protection class
of personal protective equipment (PPE) affects the
security of the SFP directly, and its functional
properties — inversely [4, 5], there is a need to
determine the rational characteristics of PPE. At the
same time, there is a need to determine
the probability of combat injury to the SFP under
enemy fire.
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Analysis of recent research and publications.
In general, domestic publications pay sufficient
attention to the issue of calculating the probability
of damage to manpower by various means of
destruction.

Thus, work [6] considers the relevance of
defeating protected enemy targets in combat
operations. The interdependence of the energy and
force characteristics of typical bullets of domestic
and foreign manufacturers at the distance of firing
from firearms (within a direct shot) was investigated
in order to find the optimal effective firing distance
at protected targets. The known mechanisms
of target destruction are evaluated, and it is
determined at what firing distance a particular
mechanism of destruction dominates.

The scientific research [7] presents the results of
studies of changes in the expected humber of rounds
required to hit a protected target depending on the
type of weapon and type of cartridge at the distance
of effective firearms fire. An overview of
the dependence of the probability of hitting
a protected target and the expected number of
rounds on the class of the protective structure of the
body armour is provided. The relevance of defeating
enemy targets protected by personal armoured
protection made of high-quality polymeric materials
"Arus" and "Rusar" is considered.

The assessment of the protective capability of a
target wearing SFP at a firing distance within the
range of a direct shot is described in [8]. It is carried
out on the basis of an assessment of the penetrating
effect of the PPE bullet and the severity of injury to
the serviceman equipped with this means. It also
determines the change in the protective effect of
PPE depending on the range of fire and the type
of firearm. However, the authors of articles [6, 7, 8]
consider the defeat of protected targets when firing
from a single firearms type. In addition, the
assumption that there is no safety margin of
the body armour at the standard test distance is
guestionable.

Paper [9] defines the main criteria by which the
effectiveness of firearms firing can be assessed,
and [10] analyses and defines the indicators of
firearms firing effectiveness. The authors consider
the impact of scattering parameters on the
probability of a hit and on the effectiveness of
shooting in general. However, these works do not
study the probability of hitting a target when several
samples of firearms are used simultaneously.

However, these research results do not reflect
approaches to calculating the probability of hitting
individuals (military personnel, employees, police

officers) in PPE in the event of firing at them from
several firearms simultaneously. Therefore, there is
a need to improve the method of calculating the
probability of hitting a target, taking into account its
protection, to determine the probability of combat
injury to a SFP in combat equipment (CE) in
the event of simultaneous use of different types of
firearms by the enemy in order to ensure a certain
level of protection in the face of the danger
of enemy fire.

The purpose of the article is to improve the
method of calculating the probability of hitting
a target, taking into account its protection, to
determine the probability of a combat injury to a
security forces officer in conditions of danger
of enemy fire.

Summary of the main material. The task of
determining the probability of combat injury to
a SFP under enemy fire is reduced to calculating the
probability of hitting a target with firearms. To
solve this problem, analytical methods for
determining the probability of hitting a target are
widely used [11, 12, 13]. These methods are based
on mathematical analysis of physical parameters of
firing, characteristics of weapons, conditions
of firing and provide an acceptable accuracy of the
probability of hitting the target. Therefore, in order
to determine the probability of a combat injury to a
security officer, it is advisable to apply an analytical
method for determining the probability of hitting a
target, taking into account the peculiarities of the
enemy's use of weapons. Such features include
the possibility of simultaneous firing at the target
from several different types of firearms and the
unequal degree of protection of the body parts of
the security personnel.

In the case of the enemy's use of one type of
firearms, the task of determining the probability
of combat injury to a SFP P is solved using a well-
known method [11, 12], which involves three stages
of calculations.

At the first stage, the silhouette of the SFP is
divided into k elementary areas and the probability
of a bullet hitting each of the k areas of the body of
the Py, worker is calculated [11, 12]:

) z ()
1 b o 1 % e (1)
— y d o7 d )
P, l:\/Zﬂay;[e yix{\/ﬁaz z.[e Z]
where Yi,, Zi, are the positions of the lower left corner
of the i-yi section of the body of the SFP;

Yi, Zi are position of the upper right corner of the
i-yi section of the body of the SFP;
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y, z are mathematical expectation of the
coordinates of the hit in the target plane (SFP)
in height and lateral direction, respectively;

oy, o; are root mean square deviation of the
coordinates of the target plane hit points (SFP) in
height and lateral direction, respectively.

At the second stage, the probability of damage
to the i-yi part of the body is determined SFP pi:

n
P =1-(1-22), )

K;

where K — is the number of hits required to destroy
the i-yi part of the body of the SFP;

n — the number of shots fired (striking element
(SE) in ammunition with several SE).

The K; value depends on the bullet resistance of
the protective elements (PEs) that protect the body
parts of the SFP. At the same time, the bullet
resistance of the protective elements to a particular
destruction system is affected by the firing distance.
To graphically depict the distances at which
qualitative jumps from "no protection to protection”
occur, bullet resistance diagrams are used [14].
Therefore, to take into account the qualitative
changes in the protection of the SFP by the relevant
PEs depending on the characteristics of the enemy's
destruction systems and the distances of their use,
it is advisable to use the corresponding diagrams
of the PEs bullet resistance.

At the third stage, the probability of combat
injury Py of a SFP is determined in the event of the
enemy's use of a certain j — type of weapon as the
probability of one of the compatible events (damage
to any part of the SFP body by any shot fired) [15]:

Pcwj :1_f[(l_ pci)' (3)

In the case of simultaneous use of different types
of firearms by the enemy, it is proposed to carry out
calculations for each type of weapon according to
formulas (1), (2), (3), and then determine the
probability of combat injury to a SFP P as
the probability of at least one of the compatible
equivalent events (damage to any part of the SFP
body from any type of weapon) [15]:

P, =1—1j1(1— P.) @

where m is the number of samples of firearms used
simultaneously.

The proposed approach to calculating the
probability of combat injury to the P of a SFP under
enemy fire takes into account the heterogeneity of
the protection of different parts of the SFP body,

the possibility of simultaneous use of different types
of firearms by the enemy and their number.

Formulas (1)-(4), together with the diagrams
of bullet resistance of protective elements,
constitute a method for determining the probability
of a combat injury to a security force member under
enemy fire. The method consists in decomposing
the target into elementary areas and calculating the
probability of SE hitting each of them, calculating
the probability of hitting each of the areas, taking
into account the diagrams of bullet resistance of
protective elements and the number of shots from
the relevant weapon type, as well as determining on
this basis the probability of a security force member
receiving a combat injury from one or more
weapons in the event of their simultaneous use by
the enemy.

In contrast to the known methods, the presented
method takes into account the presence of
qualitative changes in the protection of the SFP by
the corresponding protective elements depending
on the characteristics of the enemy's destruction
means and the distance of their use.

As an example, the probability of a combat
injury to a SFP during the performance of a mission
is calculated depending on the protective
characteristics of PPE, as well as the characteristics
and number of enemy firearms samples for the
developed scenario.

Obijective. To replace the security forces at the
observation post in front of the enemy's front line.

Situation. The front edge of the enemy's defence
runs along the hillsides between settlements. The
platoon moved to the defensive and set up a system
of observation posts located at distances of 900 m
from our front line and 200 m from the enemy's
front line. The routes to the observation posts may
be subject to enemy fire.

The enemy. The enemy unit organisationally
consists of three motorised infantry divisions. The
enemy personnel are armed with firearms for each
squad: AK 74 (PP cartridge) — 4 units; AKM
(PS cartridge) — 4 units; RPK 74 (PP cartridge) —
1 unit; PK (LPS cartridge) — 1 unit.

Additional conditions of the task. The task is
performed during daylight hours. The routes of
advance are rocket routes with natural and artificial
shelters located at a distance of 30...40 m.

Composition of combat equipment. Destruction
subsystem: firearms (AK 74); ammunition for
weapons (PS, PP); hand grenades (F-1, RGO).
Protection subsystem: modular body armour with
UARM SA3 Ranger Green main body armour
[protection class (PC) Il (according to
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DSTU 8782:2018)]; UKR TAC side armour
(PC llaccording to DSTU 8782:2018); TOP
ballistic  helmet (PC | according to
DSTU 8835:2019). Control subsystem: a small-
sized radio station with an encrypted signal and
a special headset (Motorola MotoTRBO DP4400g).
Power supply subsystem: power sources (for
communication, reconnaissance and surveillance
equipment). Life support subsystem: medical
supplies, dry rations, water.

Procedure of the task. A group of 3 security
personnel moves along a defined route to the
observation post. During the movement,
the personnel move by running or crawling from
one shelter to another.

Before making the calculations, a number of
assumptions must be made that determine the scope
of the calculations.

Firstly, the air defence system will be positioned
in front of the enemy during firing.

Secondly, the enemy will shoot at us in short
bursts.

Thirdly, the mean point of impact (MPI)
corresponds to the centre of the target.

The following calculations are proposed to
determine the probability of combat injury to the
P. of a SFP in conditions of danger of enemy fire:

— determining the probability of a bullet hitting
a SFP at different distances for each type of enemy
firearms;

— determination of the probability of combat
injury to the SFP at different distances from each
type of enemy firearms;

— determination of the probability of combat
injury to the SFP at different distances in the event
of simultaneous use by the enemy of different types
of firearms.

Using formula (1), the probabilities of a bullet
hitting the elementary parts of the SFP body were
calculated. For this purpose, the silhouette of the
SFP in the CE was divided into 38 sections
(Figure 1) and the integration limits for each of them
were determined.

In Figure 1, figures 17 and 22 show the body
parts protected by the UARM SA3 Ranger Green,
figures 1-6 by the TOP ballistic helmet, figures
8-16, 18-21, 23, 24, 25, 28, 33 by the UKR TAC
side armour, and the rest of the figures show
the unprotected body parts of the SFP.

Using formulas (1), (2), (3), we calculated the
probability of combat injury to a SFP on the route
of movement if the enemy uses one of the firearms
samples at different distances (Table 1) and
obtained the  corresponding  dependencies

(Figure 2). The calculations were based on the
results of studies of the impact of firing distances on
the bullet resistance of PPE, in particular, the critical
distances [14].
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Figure 1 — Silhouette of a security officer
in combat gear, which is divided into elementary
sections

In this case, the distances at which qualitative
jumps from "no protection to protection" are made
are considered critical.

The dependencies shown in Figure 2 show that
the probability of combat injury to a SFP at
distances exceeding critical ones is reduced by
1.2-1.6 times. This is due to the protection of certain
parts of the body of the SFP by the protective
equipment.

The dependence of the probability of combat
injury on the AKM — PS weapon system has
a certain peculiarity: at a distance of up to 170 m,
it increases and then decreases. This change can be
explained by the fact that when firing from the
AKM - PS system at the UARM SA3 Ranger
Green, the critical distance is 10 m, and
the probability of hitting the target is almost equal
to one, which corresponds to the maximum
probability of combat injury to the SFP. In case of
exceeding the distance of 10 m, due to the high
accuracy of shooting, almost all hits fall within the
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protected area, and the PE provides reliable
protection of the target, which corresponds to
almost zero probability of defeat.

As the distance to the target increases, the
scattering area increases and at some point extends
beyond the protected area of the target. In this case,
the probability of hitting the unprotected areas of
the target gradually increases and then decreases
due to the excessive scattering area of hits in the
target plane. Thus, the probability of hitting
the target first increases, reaching its maximum, and
then decreases. The next jump in the Py value is
observed at a distance of 650 m, which is critical
when firing from the AKM — PS complex at the

UKR TAC side protection devices, which have a
lower protection class than the UARM SA3 Ranger
Green.

To illustrate the reasons described above for the
change in the probability of combat injury from
the AKM — PS weapon system, a number of
dependencies Pcy (X) were obtained for two
positions MPI [the centre of the target, centre of the
upper part (head) of the target] and three
combinations of the average deviation of hits to the
target plane in height By and lateral direction By
(Figure 3).

Table 1 — Probability of combat injury to a security force member in combat gear on the route
of movement if the enemy uses one of the firearms at different distances

Distance to the enemy Probability of combat-related injuries to the SFP in the CE Pgy
X, m AK 74 — PP AKM - PS RPK 74 — PP PK - LPS
5 0.999 0.999 0.999 0.999
10 0.999 0.005 0.999 0.999
50 0.999 0.006 0.999 0.999
100 0.981 0.371 0.999 0.998
150 0.916 0.049 0.998 0.997
200 0.855 0.496 0.997 0.989
250 0.493 0.468 0.099 0.978
300 0.487 0.431 0.979 0.767
350 0.482 0.392 0.719 0.763
400 0.464 0.356 0.717 0.753
450 0.442 0.323 0.716 0.747
500 0.419 0.293 0.709 0.074
550 0.396 0.266 0.707 0.724
600 0.374 0.243 0.699 0.709
650 0.352 0.114 0.688 0.706
700 0.332 0.106 0.684 0.687
750 0.313 0.099 0.675 0.667
800 0.295 0.093 0.066 0.647
850 0.278 0.086 0.641 0.634
900 0.262 0.081 0.628 0.617
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Figure 2 — Dependence of the probability of combat injury to a security forces officer in combat gear
on the distance to the enemy and in the case of using one type of destruction system
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Figure 3 — Dependence of the probability of a combat injury to a security officer in combat gear
on the distance to the enemy when using the AKM — PS weapon system with different indicators
of the number of rounds and accuracy of fire: 1,4 —-Br=5cm, Bs=8cm; 2, 5— By =8 cm, Bg = 11 cm;
3,6-Bn=11cm, B4 =14 cm
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Figure 4 — Dependence of the probability of a combat trauma to a security force member in combat gear
on the distance to the enemy and in the case of simultaneous use of several types of destruction systems:
1- AK 74 — PP (1 unit), AKM — PS (1 unit); 2 — AK 74 — PP (2 units), AKM — PS (2 units);
3 — AK 74 — PP (4 units), AKM — PS (4 units), RPK 74 — PP (1 unit), PK — LPS (1 unit)

The obtained dependences (Figure 3) show that
at distances of 10..50 m, the value of Pcy is
significantly affected by the position of the centre
of the upper part of the target. This is due to the fact
that in the centre of the target almost all hits fall
within the protected area, but in the top position of
the target, they fall within the unprotected area. At
distances greater than 200 m, the effect of the centre
of the top of the target on the P,y value decreases.
At the same time, the influence of firing rate
increases. Thus, in the case of defeating a protected
target, the probability of its defeat at short distances
depends mainly on the accuracy of firing, and at
medium and long distances — on the rate of fire.

For the cases of simultaneous use of several
firearms by the enemy, which are given in the
scenario, the probability of combat injury to the SFP
on the route of movement was calculated using
formula (4) and the corresponding dependencies
were obtained (Figure 4).

Figure 4 shows that with an increase in the
number of samples of the engagement system,
the impact of PPE on reducing the likelihood of
combat injury to the SFP decreases, and if the
enemy uses all available firearms (according to the
scenario), the effect of PPE practically disappears.

The results of the calculations (dependence 3 in
Figure 4) suggest that in conditions when the enemy
uses a large number of samples of the destruction
system against one target, the expediency of using
PPE is not indisputable. At the same time, reducing
the likelihood of combat injury is possible by
increasing the manoeuvrability of the SFP
by reducing the total weight of the CE (for example,
by excluding PPE, which can make up up to 50 %
of the total CE weight) [2]. This approach can be
justified in cases where the time for preparing the
first shot or for firing subsequent shots is
comparable to the target exposure time [16, 17],
which inversely depends on the maneuverability
properties of the SFP.

Consequently:

— the use of PPE as part of combat equipment
may not be appropriate in cases where the
conditions of fire from the enemy provide for
the simultaneous use of several types of weapons
against the same target;

— in some conditions of performing assigned
tasks, personal armour protection means lose their
significance for ensuring a certain level of
survivability of the SFP;

ISSN 2078-7480. Yecmo i 3axon Ne 1 (92)/2025 103



V. Pashchenko, O. Bilenko. Method of determining the probability of receiving a combat injury
by a security force employee under enemy fire influence

— in order to assess the survivability of the SFP
during the performance of assigned tasks, it is
necessary to predict the enemy's firearms and
ammunition in order to determine the critical
distances for the selection of protective elements of
PPE with rational protective characteristics, as well
as the ratio of the number of enemy weapons
and the targets intended for it.

Conclusions

1. The method for determining the probability of
a combat injury by a security officer under enemy
fire has been improved.

2. This method makes it possible to increase the
reliability of the forecast of combat trauma by a
security officer under enemy fire by taking into
account qualitative changes in the security officer's
protection by appropriate protective elements,
depending on the characteristics of the enemy's
means of destruction and the distance of their use.

3. In the conditions of simultaneous use of
several types of weapons by the enemy against the
same target, the importance of personal armour
protection can be significantly reduced. In such
cases, the indicators of security and maneuverability
of a security officer become significantly
contradictory, which requires a separate study.

The direction of further research is to develop a
methodology for determining the survivability
of a security officer under enemy fire.
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B. B. Ilamenxo, O. 1. Biienko

METO/J BUSHAUEHHSI UMOBIPHOCTI OTPUMAHHA BOMOBOI TPABMHA
INPAIIBHUKOM CHUJI BE3IIEKHA B YMOBAX BOI'HEBOT O BIIVIMBY ITPOTUBHUKA

Pozensanymo numanus eusnauenus UMOGIPHOCMI OMPUMAHHA OOU0BOI MpaeMu NPAYIGHUKOM Cul be3nexu
8 YMOBAX B02HEB020 6NIUEY NPOMUBHUKA.

Yoockonaneno memoo eusnauenns timosipnocmi ompumanna 60t080i mpasmu npayieHUKOM cun 6esnexu
8 YMOBAX 802HE8020 GNAUBY npomuenuka. Lleii memoo nouasieae y oekomnozuyii yini Ha enemenmapui OiNAHKU
i pO3PAxyHKY UMOGIPHOCMI GIYUEHHS NOPANCAIOU020 elleMeHMd 8 KONCHY 3 HUX, 0OUUCTIeHHI LUMOBIPHOCHI
VPAOHCEHHSL KOJNCHOI OINAHKU 3 YPaXyeauHam oOiazpam KyJIeCmilkoCmi 3aXUCHUX eleMeHmié ma KilbKocmi
nocmpinie 3 8i0nogioHo20 3paska 30poi, a Mmaxodc y GUSHAYEHHI HA Yill OCHOGI UMOBIPHOCII OMPUMAHHS
0011060 mpasmu npayieHuKom cun 6e3nexu 6i0 00HO20 MaA KilbKOX 3pa3Kié 30poi’ y pasi ix 00HOYACHO20
3acmocyeants npomueHuxom. Ha 6iominy 6i0 eidomux memooie 3a3naueHuii Memoo ypaxoeye HAsIGHICIb
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SAKICHUX 3MIH 3aXUUWEHOCMI NPAayieHUKa Cuil Oe3neku GIONOGIOHUMU 3AXUCHUMU eNeMEHMAMU 3ATIeHCHO IO
Xapaxmepucmux 3aco0ie ypajceHHsi nPOMUGHUKA Ma 6i0CMAaHi ix 3aCMOCy8aHHSL.

3a 0onomozoio 600CKOHANEH020 MEMOOY PO3PAXOBAHO UMOBIPHOCMI OMPUMANHA 00U080I mpasmu
NpayieHUKOM cun 6esnexu Ni0 4ac BUKOHAHHS 3AB0AHHA 34 NPUSHAYEHHSIM 3QNENCHO 6i0 3aAXUCHUX
Xapaxmepucmux 3aco0ie iHOUBIOVAILHO2O 3aXUCHY MA XAPAKMEPUCMUK [ KIIbKOCMI 3pasKie cmpiieybkoi
36poi nPOMUGHUKA 0151 PO3PODOIIEHO20 CYEHAPIIO.

3a pesynomamamu npogedeHux po3pAxyHKi6 YCMAHOGLEHO, WO BUKOPUCIAHHA Y CKAAdi 001068020
eKinipyeanms 3aco0is iHOUGIOYaIbHO20 OPOHE3AXUCTY MOdce OYymu HeOOYLIbHUM Y GUNAOKAX, KOAU YMOBU
602HEB020 6NIUBY 3 DOKY NPOMUBHUKA Nepeddayaioms 00HOYACHe 3ACMOCY8AHHS KIIbKOX 3pA3Kie 30poi no
OOHII Yini; ¥ 0esaKux yMoeax GUKOHAHHS 3A60aHb 3d NPUSHAUEHHIM 3ACO0U THOUBIOYATbHO2O OPOHE3aXUCHY
8MPAYAOMb C80I0 HAYYWICMb 0151 3a0e3neYelHs NeGHO20 PIGHSL JCUBYHOCI npayisnuxa cun oesnexu. s
OYIHIOBAHMHS JICUBYYOCE NPAYIBHUKA CUL De3neKU Nid Yac GUKOHAHHS 3a680AHb 3d NPUSHAYEHHAM HeO0OXIOHUM
€ NPOZHO3YBAHHS HASBHOT Y HPOMUBHUKA CMPIiNeYbKoi 30poi ma O0EnpUNacie 3 Memoro 6U3HA4eHHs KpUMUYHUX
gidcmaneli 011 6UOOPY 3AXUCHUX eNeMeHmie 3aco0ié THOUBIOYAIbHO20 OPOHe3axucmy 3 payiOHATbHUMU
3AXUCHUMU XAPAKMEPUCMUKAMU, A MAKOXNC CNIBBIOHOUEHHS KIIbKOCMI 30pOi npOMUSHUKA Ma NPUSHAYEHUX
ons Hel yineil.

Knrouoei cnosa: 6oiiosa mpasma, Kyrecmiikicmo, IMOBIPHICIb YPAXCEHHSL Yil, 3AXUUYEHICMb, 3AXUCHULL
enemenm, 3acoou iHOUBioyaIbHO20 OPOHE3AXUCTY.
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