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MODEL FOR EXECUTING A FIRE MISSION BY A SECURITY FORCES SNIPER
WITH RESTRICTIONS ON COLLATERAL INJURY TO BYSTANDERS

To take into account the specifics of use of weapon by security forces, a model of execution a fire mission
with restrictions on harming bystanders by a security forces sniper has been developed. This model links the
parameters of the weapon, the target and the fire mission conditions with indicators of firing effectiveness,
specifically the probabilities of hitting the target and a bystander and the probabilities of damaging the target
and a bystander, and the probability of execution the fire mission in general. The proposed model is intended
for calculating the indicators of execution fire mission by a security forces sniper, to determine the indicators
of execution fire mission that ensure a predetermined or maximum probability of success, and assessing the
suitability of specific weapon samples for execution corresponding fire mission with a given probability.
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Statement of the problem. In recent times, the
significance of the security forces (SF) has
increased; they are tasked with a variety of
missions, including those involving the use of
weapons. Thus, the security forces are expected to
conduct operations to stop the illegal activities of
armed or paramilitary formations not provided for
by law, criminal groups and organizations, and
armed criminals; participate in measures to stop
unlawful actions of groups of persons who are
convicted or in custody; restore law and order
during  inter-confessional and inter-ethnic
conflicts; halt unlawful actions in cases where
particularly important state facilities are seized and
unblock them; and conduct counter-terrorist and
other activities that involve the use of firearms.

At the same time, the specifics of SF missions
impose certain restrictions on the results of their
activity. In particular, when firearms are used in the
presence of hostages or bystanders (BS) in the
firing direction, SF personnel must maximize their
safety.

Thus, while executing SF missions, situations
arise in which it is necessary to damage the target
with much higher reliability than is anticipated by
typical defense missions. Such situations include
neutralizing armed terrorists who have taken
hostages and offenders who attack protected
persons in the presence of bystanders in their
surroundings. In this case, injuring BS surrounding
the offender or located in the likely line of fire is
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not allowed. Therefore, there is a need to perform
fire missions with high indicators of firing
effectiveness. Specifically, the probability of
damaging the target should approach unity as
closely as possible, while the probability of
damaging BS should be minimized.

Analysis of recent research and publications.
Currently, the issue of firing effectiveness has
received attention in a significant number of
scientific works.

The authors of [1] focus on the experimental
evaluation of aiming error, considering its
contribution to overall dispersion when firing from
different positions at ranges of 100-500 m. They
show that changing the shooter's position can lead
to increased dispersion due to increased aiming
error, which becomes particularly critical at greater
distances.

According to the study [2], a methodological
approach for assessing accuracy using simulation
models is proposed. This approach makes it
possible to simultaneously account for the random
nature of deviations of impacts from the control
point, changes in firing rate and their influence on
the distribution of impacts, as well as the individual
variability of the shooter between series and
exercises.

Extending the ideas of using simulation models
for assessing accuracy, [3] transfers the analysis
from the “exercise” level to interpreting shooting
data in the context of combat application. The
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article presents the advantages of combat
modelling for evaluating and explaining the results
of shooting exercises. A model of "small arms
combat" is proposed, regarded as a tool that
translates shooting results into more applied
indicators and allows the data to be interpreted not
only as a fact of "hit/not hit" but as a probabilistic
characteristic of firing effectiveness for a set of
conditions.

The author of [4] proposes an approach in which
the distribution of impact points is formed by
introducing random components and repeatedly
simulating the firing scenario for given conditions.
The practical value of that work lies in the fact that
the model allows the probability of damaging the
target to be evaluated depending on distance, type
and size of the target and shooting conditions, and
it can be used as a basic module for further
complexity of input data.

Using statistical control charts for monitoring
and controlling the quality of sniper training is
proposed in [5]. The idea is to regard firing results
as a process that should remain statistically stable
over time. The control limits allow one to
distinguish random fluctuations from significant
changes associated with systematic causes,
enabling the detection of indicator "drift" and
timely adjustment of training.

The monograph [6] systematizes statistical
models of dispersion (two-dimensional
distributions, parameter estimation, interpretation
of spread) in external ballistics. It summarizes
approaches to describing dispersion as a random
process on a plane, introduces and explains typical
characteristics, and considers principles for
estimating parameters from experimental data.

In the articles [7, 8], the need to increase the
safety of using small arms by law-enforcement
forces is substantiated and ways to solve this
problem are identified. Criteria for assessing the
safety of firearm use are developed; it is established
that effective ways to improve the safety of weapon
use are reducing the energy characteristics of the
bullet to minimally sufficient levels and
minimizing the distance at which it retains lethal
effect.

In [9], an algorithm is developed to justify
rational values of the technical characteristics of
kinetic weapons with a limited range, allowing the
necessary tactical characteristics to be ensured —
specifically, the specified effect of the damaging
element on the target with given parameters within
a specified distance range, with reliability and
safety not lower than required.

The problem of ensuring a given muzzle
velocity of damaging elements for non-lethal
kinetic weapons is considered in [10]. A method is
proposed to increase the stability of the muzzle
velocity of damaging elements that is not
associated with tightening tolerances for the
manufacture of cartridge components, enabling
increased reliability of executing a fire mission.

By the authors of the articles [11, 12, 13]
highlight the peculiarities of fire missions
performed by a law-enforcement sniper and
identify ways to improve their effectiveness, in
particular by  determining the  rational
magnification of the optical sight and reducing the
bullet launch angle and coordinating its magnitude
with the sight's field-of-view angle.

In the study [14], a list of technical
characteristics of weapons and functional
characteristics of the shooter that jointly and
significantly affect fire mission results is identified,
as well as the structure of the connections between
them. Tasks are formulated whose solution will
allow achieving specified firing effectiveness by
formulating requirements for the weapon's
technical characteristics while accounting for the
shooter's functional characteristics.

However, the cited works do not consider
models of executing fire missions that account for
the impact of protecting bystanders on firing
effectiveness. Thus, there is a problem: a
contradiction between the need to evaluate the
effectiveness of sniper fire missions with
consideration for bystander safety and the absence
of appropriate models.

The purpose of the article is to develop a
model for executing a fire mission by
a security-forces sniper with a restriction on
injuring bystanders.

Summary of the main material. The use of
firearms by security forces personnel can take
place within quite diverse fire missions — from
eliminating armed offenders detected during search
operations in areas outside settlements and other
crowded places to neutralizing dangerous
offenders in the presence of BS in the firing
direction. The most difficult fire missions can be
considered those requiring neutralizing an offender
who shields himself with a hostage. In this case, the
size of the target is minimal and the hostage's
position is the least convenient for the sniper.

To evaluate the effectiveness of executing such
fire missions there are specific indicators and
criteria — namely, the probability of executing the
fire mission We,, and the minimum permissible
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value of this indicator W,,;,, [15]:

me = Wd ) andb ) (1 - Ppndb) . (1 - deee) =

= [1 - (1 —KP"’ )n] : (1 —%)n “(1=P) (1= Pyaee), (1)

nhd nhd

VVp 2 Wp mins (2)
where W, is the probability of damaging the target;

Whnap is the probability of not damaging a
bystander;

Py qei is the probability that the effect of the
damaging element on the target will be insufficient;

P, e is the probability that the effect of the
damaging element on the target will be excessive;

P, is the probability of damaging the target;

P,qp is the probability of damaging a
bystander;

Kyna 1S the the number of hits on the target
that to its damage;

Ky np 1S the the number of hits on a bystander
that lead to their injury;

Wy min i the minimum permissible
probability of not damaging a bystander.

The quantities Ppgee 1 Ppge; are important in
cases involving the use of Kkinetic non-lethal
weapons, which is not typical for a sniper fire
mission. Therefore, formula (1) can be simplified:

Knhd Knhb

Wi = Wy Wnap = (1 - (1 __ta )n>-(1 —@)n.(B)

The quantities K4 1 Ky,pp are meaningful in
cases involving weapons with multiple damaging
elements or where the target is protected by
individual amour. If such circumstances are absent,
then formula takes the following form:

Wi = Wa* Wynap = (1 = (1 = P - (1= Pygp)". (4)

The probabilities P; and P,q), are calculated
according to the well-know formula [16]:

P =

<t e e (5)

where P is the probability of hitting the target;

oy is the root mean square deviation
of the coordinates of the impact points from the
dispersion axis in height;

o, IS the root mean square deviation
of the coordinates of the impact points from the
dispersion axis in the lateral direction;

M, is the mathematical expectation of the
vertical coordinates of the bullet impact points;

M, is the mathematical expectation of the
coordinates of the bullet impact points in the lateral
direction;

Y is the height of the target;

Z is the width of the target.

From this follows:
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Py = fe 2954 gdy| x
0

V2mayg
1 7 _(J’_I‘;zd)z
d 207,
X [\/ﬁazd fo € ¢ dz]’ (6)

LT )
2
de = f e Zo-ypdb dy X

VZTTO'ypdb o
—(y-szdb)2
1 Zpdb 202
X loe e al. ™

The probabilities of damaging the target W,
and the bystander W,q, depend on the
probabilities of hitting P; and P4, Which in turn
depend on the target dimensions Y; and Z; the
bystander-zone dimensions Y4, and Z,q;, , the
distances to them X, and X4, the coordinates of
the mean point of impact M4, M4, Mypap, Mzpap
and the dispersion parameters of impacts in the
plane of the target ay4, 0,4 and oypap, Ozpan -
Furthermore, the probability of damaging the target
depends on the number of shots at the target n,
whether fired sequentially by a single sniper or
simultaneously by several snipers on command.

During shooting with sniper rifles equipped
with modern optical sights, the aiming point
usually coincides with the position of the control
point and the ideal position of the mean point of
impact. However, there are always errors in aiming
the weapon at the target, caused by the peculiarities
of the sight, the shooter's skills, the quality of
zeroing the weapon, the accuracy of taking into
account the firing conditions (distance to the target,
wind direction and speed, etc.), and other factors.
These errors are random, so they are appropriately
regarded as a source of reduced shot grouping,
characterized by the quantities oy4, 0,4, Oypap
0,zpap. Each corresponding root mean square deviation
o is calculated using the following formula [16]:
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o= ’at2+a,§, (8)

where g, is the root mean square deviation of the
coordinates of the impact points attributable
to the technical shot grouping;

o, is the root mean square deviation of the
coordinates of the impact points attributable
to the error in aiming the weapon at the target.

So:
Oyq = /Utzyd + 54 9)
Ozd = ,Utzzd + 0% (10)

— 2 2
Oypdb = _|Otypdb + Opypdb » (11)

Ozpdb = atzpdb t+o pzpdb (12)

It is obvious that within the scope of the single
fire mission under consideration, oy = 0yapp,
and 0,4 = 0pqp- However, there may be cases
when several targets are present at different
distances in the line of fire. Then the equalities
mentioned above will no longer hold. In the context
of performing a fire mission with restrictions on
injuring a bystander SF, it is not always appropriate
to aim at the centre of the target, because in such
cases the probability of not damaging the target
may exceed the specified minimum value Wy, ..
To reduce Wy, i, COrrections can be introduced in
the aiming point along the vertical axis 4Y,; and the
lateral axis 4Z, relative to the target centre. In this
case, the expected-value positions of the impacts in
the target plane will not coincide with its center, but
instead will be calculated by the following
formulas:

Myq =24+ A, (13)
My =2+ 424, (14)
Mypap = Yaa — Yapan 4 ey AY,, (15)
Mypap = Zaa — Zapap + % +4Z,, (16)

where Y4 1 Z44 are the coordinates of the centre of
the target in height and in the lateral direction,
respectively;

Yapap 1 Zapap are the coordinates of the
centre of the SF in height and in the lateral
direction, respectively.

It is worth noting that all the considerations
presented above apply to targets of rectangular
shape. For targets of complex shape, shape
coefficients should be used (for typical targets), or
the target should be divided into rectangular
elements (for atypical targets). In the latter case, the
probability of hitting the target will be equal to:

pP= Z{‘c=1 P, (17)

where P; is the probability of hitting in i-th
rectangular section of the target.

For ease of reducing the amount of preliminary
calculations and simplifying the input of source
data, it is advisable to use the angular dispersion
parameters of impact points during firing, ¢’y and
o', while calculating the corresponding linear
values as a function of the distances to the target
X4 and to the bystander X4, using the following
formulas:

Oyq = tg (17;2:_’;2, Xa, (18)
020 = 19 (Fess) X (19)
Oypab = tg (T;Oyzzb) pdb» (20)
oaman = 9 (G55 e Koo - (21)

Therefore, a model for executing a fire mission
with restrictions on harming bystanders by a
security forces sniper has been developed. This
model consists of the input data [Y;, Z4, Ypap,
Zpav Xa+ Xpav+ Yaar Zaa» Yapav  Zapav AYa
AZ4, Kq, Kpap, M Oyas Ozas Oypany Ozpab (Otya,
Otzd> O-typdbi atzpdbv Upyda O-pzdi O-pypdby Jpzpdb)
o'y 1a0’; (0'ty, 0"tz 0'py, 0'pz)] and expressions
(3), (6), (7), (9)—(16), and, for specific cases,
additionally expressions (17)—(21).

The model links the above input data with the
indicators of firing effectiveness, namely
the probabilities of hitting the target P; and the
bystander P,4, the probabilities of damaging
the target W, and the bystander W4, as well as
the overall probability of executing the fire
mission Wep,.

A specific feature of the model is the presence
of formulas that relate M,,4, M,4 and to the target
dimensions Y,, Z,;, the coordinates of its centre
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Yiq, and Z;4 and the deviations 4Y,, 4Z;, while
My pap, Mypap — are related to the dimensions of
the bystander damage zone Y4y, Zpqp, are related
to the dimensions of SF damage zone Yy, ap, Zapan
and target Y;4, Z;4 and the deviations 4Y,, 47 ;.
As a result, the input of source data is substantially
simplified, their number is reduced, and the
probability if errors caused by additional
calculations if decreased.

In addition, in order to reduce the amount of
preliminary calculations and the number of input
data to be entered, the possibility of using angular
dispersion parameters of impacts during firing is
provided, while the corresponding linear values are
calculated automatically depending on the distance
to the target.

The application of the proposed model may be
advisable for such cases as:

— calculating the probability of executing a fire
mission by a security forces sniper with restrictions
on harming bystanders, corresponding to given
input data;

— determining the parameters of fire mission
execution that ensure a specified or maximum
probability of its successful execution;

— assessing the suitability of weapon samples
for executing the corresponding fire mission with a
specified probability, as well as for other similar
tasks.

Conclusions

1. Known models of firing effectiveness, due to
their insensitivity to the factors that determine the
safety of weapon use for bystanders, prove to be
unsuitable for assessing the effectiveness of fire
mission execution by security forces.

2. To account for the specifics of weapon use by
security forces, a model of execution a fire mission
with restrictions on harming bystanders by a
security forces sniper has been developed. This
model links the parameters of the weapon, the
target and the fire mission conditions with
indicators of firing effectiveness. Unlike known
models, the proposed model takes into account not
only the parameters affecting the probabilities of
hitting the target and damaging the target, but also
those determining the probabilities of hitting a
bystander and damaging a bystander. This makes it
possible to study the influence of the weapon
parameters, the target parameters and the fire
mission conditions on the probability of execution
the fire mission with restrictions on harming a
bystander in general.

3. The developed model is advisable to use for
calculating the indicators of execution a fire
mission by a security forces sniper, for determining
the fire mission parameters that ensure a
predetermined or maximum probability of success,
and for assessing the suitability of specific weapon
samples for execution the corresponding fire
mission with a given probability.

The direction of further research is to determine
the influence of individual parameters of the
security forces sniper's fire task on the indicators of
the effectiveness of its execution.
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MOJIEJIb BAKOHAHHSA BOTHEBOI'O 3ABJIAHHSI CHAHMITEPOM CHJI BE3ITEKH
3 OBMEXXEHHAM OO0 YPA’)KEHHSA CTOPOHHIX OCIb

Ilpoyec eymanizayii cycninbcmea HAKIA0ae cymmesi 0OMeNCEHHSA HA NPUNYCMuMi pe3yiomamu Ol CUl
beznexu. 11i0 uac 3acmocysanns 30poi y HaAcCeNeHUX NYHKMAX, y X00I 8U3B0AEHHS 3APYUHUKIE Md BUKOHAHHS
iHWuUx 3a60amb 0e3n0cepedHbo OaU3bKO 00 CMOPOHHIX O0CIO CUNU OXOPOHU NPABONOPSOKY MAIOMb
ypaxogyeamu iHmepecu yux ocio i MakCUMAanbHo ix yoesneuysamu.

1lio uac euxonanHa 3a680aHb cunamu 6Oe3neKu BUHUKAIOMb CUMYayii, KOau HeoOXIOHO ypasumu yilb 3
BUKTIIOYHO BUCOKOIO HAOTIIHICMIO. [0 makux cumyayitl ciio 8i0Hecmu 3HeUKOONCEHH 030POEHUX MePOPUCMIE,
Wo YMpumyloms 3apy4HUKie, ma npagonopyWHUKIG, o 30IUCHIOI0Mb 3AMAX HA 0CIO, SIKI OXOPOHSIOMbCS, 3d
HAABHOCMI 6 IXHbOMY OMOYeHMI CMOPOHHIX ociO mowo. [lpu yvbomy HAKIAOAIOMbCS 0OMENCeHHs U000
HEOONYU|eHHSL YPANCEHHS 3APYUHUKIG | CMMOPOHHIX 0CIi0, AKI 0MOUYIOmMb NPABONOPYUHUKA AOO 3HAXOOAMbCA Y
HanpsamKy tMogipHoi cmpinbou. Omoice, GUHUKAE HEOOXIOHICb Y BUKOHAHHI B0CHEBUX 3A80AHb 3 GUCOKUMU
NOKA3HUKamMu eghexmugnocmi. 30Kpema, UMOBIDHICNG VPAJICEHHA YiNi NpU YbOMYy MAE MAKCUMATbHO
Habauxcamucs 00 0OUHUYL, A UMOGIPHICIb YPANCEHHS CIMOPOHHIX 0CIO — MIHIMI3Y8AMUCS.

Bioomi modeni eghexmusrnocmi 8UKOHAHHSA 802HEB020 3A80AHHA 30€0iNbUL020 He NPUOAMHI 018 OYIHIOBAHHS
ehexmugHOCMI GUKOHAHHS CHEeYUDIYHUX 602HEGUX 3A80AHb CUNAMU Oe3neKu yepe3 Heuymausicms 00
be3neunocmi 3acmocy8ants 30poi 01 CMOPOHHIX 0Cib.

lna epaxysanus cneyughiku 3acmocysauHs 30poi cunamu Oe3neku po3poOieHO MOOelb BUKOHAHMSA
B02HEB020 30A80AHMA 3 0OMEIICEHHAM WO000 YPAICEHHs CIMOPOHHIX ociO cHatinepom cun Oesnexku. Modenw
38’A3y€ napamempu 306poi, Yini ma ymMo8 GUKOHAHHS B02HE8020 3A60AHHS 3 NOKAZHUKAMU eheKmusHOCmI
cmpinvou, 30Kkpema, UMOBIPHOCMAMY GNYHUEHHA Y Yillb MA CMOPOHHIO 0CO0OY, UMOBIPHOCMAMU YPANCEHHS Yii
Ma CMopOHHBOL 0COOU, A MAKOIC IMOBIPHICIO BUKOHAHHS B0CHEB020 3A60AHHS 8 YITOMY.

3anpononosany mooens MOAICIUBO BUKOPUCTIIOBYEAMU OISl PO3PAXYHKY HOKAHUKIE UKOHAHHS B02HEB020
3a60aHHA CHalinepom cuil 6e3nexku, 01 BUHAYEHHS NAPAMEMpIi8 BUKOHAHHS 602HEB020 3A80AHHS, AKI
3abe3neyyroms 3a0aHy ab0 MAKCUMATIbHY UMOBIPDHICMb 1020 BUKOHAHHA, A MAKONC Ol OYIHIOBAHMSA
npudamHocmi 3pasKie 30poi 00 6UKOHAHHS GIONOBIOHO20 B0SHEB020 3A60AHHS I3 3A0AHOI UMOGIDHICTIIO.

Knrouosi cnosa: socnese 3a80anHs, UMOGIPHICIb YPAJICEHHS, eeKmusHicms cmpinbou, cuiu besnexu,
CHatinep, CMOPOHHI 0COOU.
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