
Control processes

97

Copyright © 2026, Authors. This is an open access article under the Creative Commons CC BY license

DEVISING A METHOD 
FOR DETERMINING THE 

LENGTH OF A SERIES OF 
ARTILLERY FIRE BASED ON 
PROBABILITY-ANALYTICAL 

MODELING AND FUZZY 
MULTI-CRITERION 

EVALUATION
M a k s y m  M a k s y m o v

Doctor of Technical Sciences, Professor*
ORCID: https://orcid.org/0000-0002-7536-2570

O l e k s i y  K o z l o v
Corresponding author

Doctor of Technical Sciences, Professor
Department of Intelligent Information Systems

Petro Mohyla Black Sea National University
68 Desantnykiv str., 10, Mykolaiv, Ukraine, 54003

E-mail: kozlov_ov@ukr.net
ORCID: https://orcid.org/0000-0003-2069-5578

O l e k s i y  M a k s y m o v
Doctor of Philosophy (PhD), Associate Professor

Department of Radio Engineering Armament, 	
Communications and Robotics

Institute of Naval Forces of the National 	
University "Odesa Maritime Academy"

Didrikhsona str., 8, Odesa, Ukraine, 65029
ORCID: https://orcid.org/0000-0003-2504-0853

R u s l a n  R i a b o s h a p k a *
ORCID: https://orcid.org/0009-0004-2068-0290

*Department of Computer Technologies of Automation
Odesа Polytechnic National University

Shevchenko ave., 1, Odesa, Ukraine, 65044

This study investigates artillery fire con-
trol processes under conditions of uncer-
tain disturbances when using the "shoot-
and-scoot" tactic. The task addressed is to 
increase the efficiency of artillery fire and 
reduce the time for performing fire tasks by 
optimally choosing the number of shots in 
a series.

To assess the efficiency of firing, the time 
for performing tasks, and the risk of hitting 
an artillery installation for different values 
of the length of the firing series, probabilis-
tic-analytical modeling methods have been 
used. To select the best solution according to 
a set of contradictory criteria, a fuzzy logic 
apparatus was applied, which makes it pos-
sible to formalize the decision-making pro-
cess under conditions of uncertainty.

A method for determining the rational 
length of firing series has been devised, which 
involves the formation of a generalized cri-
terion, the search for a set of local maxima, 
and their further evaluation using a fuzzy 
model. The proposed approach makes it pos-
sible to take into account the influence of 
random disturbances, in particular, a pos-
sible sudden increase in barrel wear during 
firing series.

The results of computational experiments 
have confirmed the effectiveness of the pro-
posed method. It was found that the firing 
efficiency increased by 11.6–20.8% compared 
to the fixed-length firing series approach, 
as well as the reduction in the time to com-
plete firing tasks by up to 31.6%. In addition, 
in most cases, a decrease in the total time 
spent by installations at firing positions was 
observed, which indicates a decrease in the 
risk of damage by counter-battery means.

The devised method could be applied in 
control systems for modern artillery instal-
lations to increase the effectiveness of their 
combat use under conditions of uncertainty
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1. Introduction 

Armed conflicts of the last decade are characterized by 
a rapid growth in the role of advanced technologies in the 
conduct of military operations. First, this is manifested in the 
widespread use of unmanned aerial vehicles of various classes, 
high-precision weapons, as well as intelligent military control 
systems operating in real time [1]. The use of such technol-
ogies significantly changes the nature of modern combat, 
increasing its dynamics, accuracy, and ability to adapt to rap-
idly changing conditions. At the same time, despite the active 

evolution of unmanned and missile weapons, artillery, both 
field and long-range, retains its important role as an effective  
means of fire [2].

Modern approaches to the use of artillery systems have 
undergone significant changes, moving away from the con-
cept of area fire to the implementation of precise fire tasks on 
individual targets [3]. Since such targets can be located both 
in the tactical and operational depth of the enemy’s defense, 
the requirements for accuracy of fire are significantly in-
creased. Also, the importance of making operational decisions 
and increasing the efficiency of fire correction is growing [4].
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In addition, the use of artillery systems and complexes 
under conditions of full-scale high-intensity combat opera-
tions requires additional consideration of a number of specific 
factors and limitations. These include constantly acting dis-
turbing influences of a random or uncertain nature, including 
gradual and abrupt deterioration of the technical condition of 
guns, as well as the shortage and unstable quality of ammu-
nition. Another very important factor is the significant risk 
of detection and subsequent defeat of artillery installations 
by enemy counter-battery fire, which imposes additional re-
strictions on the time spent at firing positions. In this regard, 
there is a particularly acute need for new approaches to artil-
lery control, which should include procedures for optimizing 
parameters and firing modes taking into account random and 
uncertain disturbances. These approaches should be aimed at 
increasing fire efficiency, reducing the time spent in positions 
and the total time of completing tasks, as well as minimizing 
the risks of damage and destruction of artillery installations. 

Therefore, studies aiming at devising methods for con-
trolling artillery systems based on optimizing parameters and 
firing modes under the influence of random disturbances and 
the limitations of modern high-intensity combat operations 
are relevant.

2. Literature review and problem statement

Increasing the efficiency of artillery systems under current 
conditions is achieved through comprehensive improvement 
of both technical and algorithmic solutions [5]. One of the 
important directions is the use of intelligent optimization and 
control methods that make it possible to improve the charac-
teristics of various artillery systems and their components. In 
particular, hybrid approaches have been proposed that com-
bine neural networks with radial basis functions and genetic 
algorithms to determine rational design parameters of artillery 
installations [6]. Also, multi-agent heuristic methods have been 
devised, focused on optimizing the parameters of guidance 
mechanism control systems, which ensures increased accu-
racy and speed of the corresponding processes [7]. However, 
studies [6, 7] do not take into account the effects of random 
and uncertain disturbances, which significantly affect artillery 
systems when used under real firing conditions.

The existence of these limitations necessitates the improve-
ment of the mathematical description of the firing processes 
by taking into account various types of disturbing influences 
and external factors that affect the firing result. In particular, 
simulation and analytical models have been built that take into 
account variable weather conditions [8], as well as errors asso-
ciated with the discreteness of aiming angles and the influence 
of the Coriolis force on the projectile flight trajectory [9]. Also, 
the use of more detailed motion models (in particular, with 
five degrees of freedom) provides an additional increase in the 
accuracy of trajectory prediction [10]. At the same time, a sig-
nificant drawback of those models is the lack of consideration 
of the possibility of deviation in the parameters of the technical 
condition of the guns from nominal ones. In addition, they are 
focused on simplified model scenarios that do not fully reflect 
the features of the use of artillery under combat conditions, 
associated with counter-battery combat and limitations on the 
time of execution of fire tasks.

To take into account the features of real combat, significant 
attention is paid to the development of tactical approaches to 
the organization and conduct of fire, which make it possible 

to increase the capabilities of artillery systems under current 
conditions [11]. Within the framework of this direction, 
methods of combining artillery with unmanned systems and 
radar networks are considered. In particular, new solutions 
for conducting counter-battery combat based on the use of 
unmanned aerial vehicles [12], as well as approaches involv-
ing the use of distributed radar surveillance systems [13], have 
been proposed. 

However, the approaches reported in [11–13], as well as 
the vast majority of other advancements discussed above, 
have significant limitations when applied under conditions of 
large-scale and protracted high-intensity war. These conditions 
are characterized by a significant load on the existing artillery 
systems, the lack of serviceable guns, and a large number of fire 
missions that require operational execution [14]. Additional 
complicating factors are limited ammunition supplies and their 
unstable quality, as well as active enemy resistance in the form 
of counter-battery fire and advanced aerial reconnaissance. 

The combined effect of the above factors leads to a signifi-
cant decrease in the effectiveness of artillery units, and in some 
cases to the impossibility of completing the assigned tasks [15]. 
First, the limited number of guns suitable for use, together with 
the high intensity of combat operations, determines the need to 
fire a large number of shells in a short time. This, in turn, leads 
to rapid wear of the barrels, which is a significant disturbance 
in the firing process. An increase in its degree leads to a de-
crease in the initial velocity of the shell and a deterioration in 
ballistic characteristics, which negatively affects the probability 
of damage even under nominal all other firing conditions [16].

In parallel, the shortage of ammunition leads to increased 
requirements for its rational use, especially the number of shots 
required to hit one target. At the same time, the unstable qual-
ity of ammunition introduces new random disturbances that 
affect the result of individual shots. For example, the use of am-
munition with characteristic deviations can lead to a significant 
decrease in the effectiveness of a particular shot. In addition, 
the presence of advanced reconnaissance and counter-battery 
effects of the enemy limits the permissible time for an artillery 
installation to remain in a firing position. This increases the risk 
of its destruction even after the first shots and also increases the 
requirement for the speed of execution of the fire task. 

Thus, under the conditions of the above-mentioned fac-
tors and disturbances, the most appropriate is to use the 
"shoot-and-scoot" tactic [17]. It involves firing in small series 
with subsequent operational change of firing positions. The 
artillery installation fires a limited number of shots, after 
which it immediately leaves the position and moves to another 
one [18]. An important advantage of this tactic is that all 
the necessary calculations, settings, and corrections of the 
firing parameters for the next series are carried out during 
the movement. This make it possible to minimize the time 
the installation is in the firing position, which is extremely 
important from the point of view of its survival under condi-
tions of active counter-battery resistance. In addition, to take 
into account the effect of barrel wear, during the last shot of 
each series it is advisable to assess its current state. The data 
obtained can be used to calculate the appropriate corrections 
during the movement to the next position. This would ensure 
proper accuracy of fire in the next series without additional 
delays. In [19], a method was proposed that provides a fairly 
accurate determination of the degree of barrel wear, which 
makes it possible to effectively introduce adjustments to the 
firing parameters. However, in that study, the wear of the gun 
barrel was considered in isolation without taking into account 
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different firing modes and conditions of combat use of the 
artillery system.

Typically, when using the "shoot-and-scoot" tactic, a fixed 
length of a series of shots is used, which is previously set 
as a parameter of the fire task or a resource limit, as given 
in [20, 21]. However, this approach has significant limitations, 
since with different initial data of the fire task (the required 
number of hits, rate of fire, etc.), a fixed length of the series 
leads to instability of the quality indicators of the obtained re-
sults. In work [18], several heuristic optimization algorithms 
were developed that make it possible to reduce the time of 
moving an artillery installation between positions by compil-
ing optimal routes. However, due to the use of a fixed length 
of the series at each position, which is a given unchanging 
parameter of the optimization task, the overall efficiency of 
the fire task will be reduced, regardless of the chosen route. 
On the one hand, the use of too short series, despite the opti-
mization of the route, requires significant time losses due to 
frequent changes of positions, which increases the total time 
of the fire task. On the other hand, increasing the length of 
the series leads to an increase in the duration of the installa-
tion’s stay in one position, which significantly increases the 
risk of its detection and destruction by enemy counter-battery 
fire. Therefore, to overcome the considered limitations when 
applying the "shoot-and-scoot" tactic, it is necessary to solve 
an important and rather complex problem, which is to deter-
mine the most rational length of the series of shots.

In [17], an approach to determining the optimal dura-
tion of the installation’s stay in position is proposed, which 
partially makes it possible to solve the problem of choosing 
the length of a series of shots. However, this approach does 
not consider the presence of internal disturbing influences 
associated with changes in the technical condition of the 
artillery system. In particular, during the execution of a se-
ries of shots, a sudden increase in barrel wear is possible (for 
example, due to a rupture of the shell belt and damage to the 
rifling). In such a situation, all subsequent shots of the cur-
rent series are executed with reduced characteristics until its 
completion, after which the barrel condition will be assessed 
and adjustments made. Thus, the use of too long series leads 
to a decrease in the overall efficiency of fire due to an increase 
in the number of ineffective shots after the appearance of the 
specified disturbances, which is not taken into account in the 
approach reported in [17].

Therefore, there is a need to devise an improved method 
for determining the length of a series of shots, which could 
provide a rational compromise between three criteria: fire 
efficiency, duration of the fire task, and the risk of damage 
from enemy counter-battery fire. In this case, it is advisable 
to evaluate the specified criteria for different firing scenarios 
and initial conditions based on the probabilistic-analytical 
modeling approach, which was used in the development of 
artillery control methods in [22]. Since in this case it is as-
sumed to determine the rational value of the length of a series 
of shots based on several conflicting criteria, the task acquires 
an obvious multi-criteria nature. In the optimization process, 
several alternatives can be obtained that provide close values 
of target indicators, but differ in the ratio of fire efficiency, 
task execution time, and risk level. In such a case, the use 
of artillery system control methods proposed in [22] will not 
make it possible to find an adequate compromise solution. 
Therefore, there is a need to apply mathematical tools that 
allow for flexible and informed decision-making under condi-
tions of uncertainty and incomplete information.

Thus, in this case, it is advisable to use fuzzy logic in the  
process of choosing optimal solutions [23]. The mathematical 
apparatus of fuzzy logic allows for fairly effective processing 
of heterogeneous data that may be specified inaccurately or 
contain noise [24]. The use of linguistic variables and mem-
bership functions makes it possible to formalize qualitative 
assessments and approximate complex nonlinear depen-
dences between the parameters of the object [25]. Repre-
senting existing knowledge in the form of a set of logically 
transparent rules contributes to better interpretability of the 
decision-making process [26]. In addition, the construction 
of a fuzzy-logical system based on expert knowledge makes 
it possible to take into account practical experience in the use 
of artillery installations and complexes, which ensures the 
validity of the selected solutions [27]. 

Our review of the literature showed that existing models 
and methods for controlling artillery systems have a number 
of significant limitations when used under conditions of 
large-scale and protracted high-intensity war. Namely, the 
methods in [5–7] do not take into account random and un-
certain disturbing influences that are present in real firing 
conditions. The models constructed in [8–10] make it possible 
to take into account only individual external influences and 
do not reflect internal disturbances associated with random 
changes in the technical condition of guns and the quality of 
ammunition. The approaches reported in [11–13] consider the 
features of real combat use of artillery, but internal disturbing 
influences characteristic of prolonged high-intensity combat 
operations are also not taken into account. In study [19], inter-
nal disturbances in the form of gun barrel wear are evaluated, 
but this is considered in isolation without taking into account 
different firing modes and conditions of combat use of the 
artillery installation. Also, the methods reported in [22] take 
into account different types of external and internal disturb-
ing influences, but do not provide a simultaneous increase in 
the contradictory indicators of the effectiveness of the artillery 
installation. In addition, existing methods of artillery control 
when using the "shoot-and-scoot" tactic are based on a fixed 
series length [18, 20, 21] or on its change without taking into 
account internal disturbing influences [17]. Thus, in total, the 
above approaches do not make it possible to adequately take 
into account the influence of random disturbances and do not 
provide a coordinated increase in the contradictory indicators 
of the efficiency of the artillery installation when performing 
a fire task. 

Therefore, a scientific problem arises consisting in the lack of 
a method for determining the rational length of the firing series 
under the conditions of the action of random disturbances when 
using the "shoot-and-scoot" tactic. Such a method should pro-
vide a simultaneous increase in the efficiency of artillery firing 
and a reduction in the time of performing fire tasks by combin-
ing probabilistic-analytical modeling of uncertain disturbances 
and fuzzy multi-criteria evaluation of alternative solutions.

3. The aim and objectives of the study

The aim of our research is to devise a method for determin-
ing the rational length of a series of shots under conditions 
of random disturbances when using the "shoot-and-scoot" 
fire tactics based on a combination of probabilistic-analytical 
modeling and fuzzy multi-criteria evaluation. This will allow 
for a well-founded choice of the length of the series of shots, 
taking into account the conflicting requirements for firing 
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efficiency, the time of execution of the fire task, and the risk of 
hitting the artillery installation by enemy counter-battery fire.

To achieve the set goal, it is necessary to solve the follow-
ing tasks:

– to propose a formalization procedure and the basic steps 
of the method for determining the rational length of a series 
of artillery shots under conditions of random disturbances;

– to build a fuzzy model for evaluating and selecting the 
best alternative for the length of the series based on a set of 
conflicting criteria;

– to conduct a series of computational experiments to 
study the effectiveness of the proposed method for determin-
ing the rational length of a series of shots.

4. The study materials and methods

The object of	 our study is the processes of fire control 
of artillery installations under conditions of uncertain distur-
bances when using the "shoot-and-scoot" tactic.

The principal hypothesis assumes that in the presence of 
limiting factors there is a certain set of permissible values of 
the length of the firing series, within which the most rational 
value is located. When the length of the series increases, the 
limiting factors are a decrease in the effectiveness of firing as 
a result of the action of disturbing influences and an increase 
in the risk of hitting or destroying the artillery installation 
by enemy counter-battery fire. When the length of the firing 
series is reduced, the limitation is an increase in the total time 
for completing the fire task due to the addition of unnecessary 
movements between positions and procedures for deploying, 
aiming, and folding at positions. It is also assumed that the in-
dicators of firing effectiveness, task completion time, and the 
risk of defeat can be combined into one universal criterion, 
which will have local extrema (maxima), depending on the 
value of the series length. In turn, one of the given local max-
ima will correspond to the best compromise solution, which 
will provide a significant increase in the efficiency of artillery 
fire and a reduction in the time of execution of fire tasks at an 
acceptable risk. In addition, probabilistic-analytical modeling 
will ensure proper consideration of the influence of such 
random disturbances as abrupt wear of the gun barrel, the 
use of poor-quality charges and the possibility of damage to 
the installation. In turn, the fuzzy-logical model will provide 
an adequate multi-criteria assessment of existing alternative 
options for choosing the most rational series length.

The study adopts the following system of assumptions. 
The artillery firing is considered with a single installation 
using the "shoot-and-scoot" tactic, which is a characteristic 
feature of the modern use of artillery systems in high-inten-
sity combat. This approach involves performing fire missions 
in short series of shots with subsequent operational change 
of firing positions. At the same time, all firing positions are 
predetermined and fully prepared for conducting aimed fire. 
Such an organization of fire makes it possible to significantly 
reduce the probability of detection of an artillery installation 
by the enemy and increase its survivability in the counter-bat-
tery counteraction zone [17]. When using this tactic, a key 
advantage is the transfer of computational procedures related 
to the preparation of the next series of shots outside the firing 
position. In particular, the calculation of corrective settings for 
aiming before the next series is performed when moving the 
installation to a new position. This makes it possible to min-
imize the time spent at the firing position and, accordingly,  

reduce the risk of being hit by enemy counter-battery fire. 
To ensure high accuracy of firing, the above calculations are 
carried out on the basis of adequate ballistic models, taking 
into account the topographic reference of the new position, 
current meteorological data, and other available parameters.

An additional element of ensuring accuracy of firing is 
taking into account the technical condition of the artillery 
system, in particular the degree of barrel wear. For this pur-
pose, the current wear value is assessed on the last shot of 
each series. The information obtained is used to refine the 
calculations of aiming parameters during movement before 
the next series. In particular, corrections are introduced that 
compensate for the decrease in the initial velocity of the pro-
jectile under other nominal firing conditions. This ensures 
increased accuracy of target engagement without increasing 
the time the installation spends at the firing position.

During firing, the installation may be subject to disturb-
ing influences in the form of wear of the gun barrel, hit of 
a low-quality charge and damage to the installation by enemy 
counter-battery fire. Under nominal operating conditions, bar-
rel wear has the character of a controlled disturbance, which 
accumulates gradually and relatively slowly [28]. Within one 
series of fire, such a process, as a rule, does not cause significant 
changes in the initial velocity of the projectiles and, accord-
ingly, does not have a significant impact on the effectiveness 
of the fire. At the same time, during firing, random jump-like 
disturbances associated with a sharp increase in barrel wear 
may appear [29]. Such a situation may arise, in particular, as 
a result of a rupture of the projectile belt and local damage 
to the rifling. In the event of such a disturbance occurring on 
a certain shot within the series, this shot and all subsequent 
shots will most likely have deteriorated ballistic parameters and 
low effectiveness. At the same time, detection and consider-
ation of such a sharp increase in wear is possible only after the 
end of the current series, which limits the possibilities of oper-
ational correction of fire parameters. If a poor-quality charge 
appears, only the current shot will have low efficiency, and this 
disturbance will not affect the subsequent shots of the series. 
In turn, the probability of a disturbance in the form of damage 
to the installation by enemy counter-battery fire exponentially 
depends on the time the installation is in the firing position 
after the first shot of the series.

A shot is considered effective if the projectile hits within 
the permissible dispersion circle around the target, which is 
taken as 1% of the firing range.

In this study, methods of probabilistic-analytical modeling 
were used to determine the main criteria for the effectiveness 
of artillery fire under conditions of random disturbances. In 
particular, the appropriate approach was used to formalize 
the influence of stochastic factors on the effectiveness of fire, 
the duration of the fire task, and the risk of damage to the 
artillery installation while it was in position. The obtained cri-
teria estimates were used to form a set of rational alternatives 
regarding the length of the series of shots. Further selection of 
the optimal solution is carried out using fuzzy logic methods, 
which allow for multi-criteria assessment under conditions of 
uncertainty and inconsistency of input data. The use of the 
fuzzy logic apparatus provides the possibility of integrating 
quantitative and qualitative indicators, as well as forming 
a generalized solution based on a system of linguistic rules.

When conducting computational experiments, a personal 
computer with an Intel Core i7 3.6 GHz processor, 16 GB  
of RAM, and a 512 GB SSD drive was used as hardware. 
MATLAB R2026a (trial version) with standard computational 
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tools and Fuzzy Logic Toolbox was employed as software. The 
simulation was carried out for a generalized self-propelled 
artillery installation, the parameters of the rate of fire, move-
ment speed, deployment and retraction of which correspond 
to the characteristics of modern 155 mm class systems (in 
particular CAESAR, M109, Archer), which are given in open 
sources. The initial data for the simulation were given as the 
values of the probabilities of the emergence of disturbances in 
the form of a projectile belt failure and the use of a low-quality 
charge in one arbitrary shot of the series. Also, the desired 
number of hits to destroy the target, the rate of fire, the prob-
ability of hitting in the absence and presence of appropriate 
disturbances, the value of the time of movement between po-
sitions, deployment, guidance, and closing were set. To calcu-
late the probability of defeat of the installation, the values of 
the intensity of the threat increase and the critical time of the 
installation’s stay in position after the first shot were given.

In addition, when performing calculations, the same val-
ues of the time of movement of the installation between all 
available firing positions and the same rate of fire for all firing 
series were accepted as simplifications.

5. Results of investigating the method for determining 
the rational length of a series of shots under conditions 

of random disturbances

5. 1. The formalization procedure and the main steps 
of the method for determining the rational length of 
a series of artillery shots

Determining the effectiveness of firing a series of shots 
when using the "shoot-and-scoot" tactic is reduced to the fol-
lowing. Given the probability of a projectile belt failure in one 
random shot psa0, the probability of such a stepwise disturbance 
occurring at least once in one series of shots psa1 is defined as

p psa sa
n

1 01 1� � �� � , 	 (1)

where n is the number of shots (length) of the current series.
Moreover, if such an event occurred, then it could have 

happened on any k-th shot of the series (k = 1, …, n) with 
the same probability 1/n. In this case, the mathematical ex-
pectation of the number of successful shots (hits) ECa1 when 
a given stepwise disturbance appears at least once in the firing 
series is determined from the following dependence (2)

E
n

k p n k pCa wa a
k

n

1 1 1
1

1 1 1� �� � � � �� ��� ��
�
� , 	 (2)

where pwa1 is the probability of hitting for shots before the 
projectile belt rupture occurs; pa1 is the probability of hitting 
for the shot in which the projectile belt rupture occurred and 
for all subsequent shots of the current series.

In this case, the probability of hitting pa1 is quite low and 
is set, for example, in the range of 0.05…0.2. In turn, the cal-
culation of the probability of hitting pwa1 (before the projectile 
belt rupture occurs) is carried out as follows. In the absence 
of a projectile belt rupture, one of two mutually exclusive 
states may occur: firing a shot without disturbances and firing 
a shot with another type of random disturbance – the use of 
a poor-quality charge. In the first case, the probability of hit-
ting pwa is quite high, for example, in the range of 0.8…0.95. 
In the second case, the initial velocity of the projectile is sig-
nificantly reduced, which with a high probability corresponds 

to the low efficiency of the current shot. Therefore, the proba-
bility of hitting pa2 of such a shot has approximately the same 
low value as pa1. The probabilities of the occurrence of the two 
states are given as pswa and psa2 (pswa + psa2 = 1), respectively. 
Therefore, the probability of hitting pwa1 is given on the basis 
of the total probability formula as the sum of the products of 
the probabilities of the occurrence of the considered states by 
the corresponding probabilities of hitting

p p p p pwa swa wa sa a1 2 2� � . 	 (3)

For the convenience of calculating the mathematical ex-
pectation ECa1, formula (2) is simplified using the following 
simple transformations. For this purpose, the sum in expres-
sion (2) is represented as two separate sums

E p
n

k p
n

n kCa
wa a

k

n

k

n

1
1 1

11
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��
�� . 	 (4)

Next, using the formula for the sum of an arithmetic pro-
gression and simple transformations, we shall represent the 
individual sums from expression (4) as follows:

k
n n

k

n
�� � � �� �

�
� 1

1
21

; 	 (5)

n k
n n

k

n
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�
� 1
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21
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After that, expressions (5) and (6) are substituted into 
equation (4) and a simplified expression for calculating the 
mathematical expectation ECa1 is obtained

E n p n pCa wa a1 1 1
1

2
1

2
�

�
�

� . 	 (7)

If the shell belt rupture did not occur in any shot of the 
firing series, then the mathematical expectation ECwa1 of such 
a series is determined by the product npwa1. The probability 
of such an event, respectively, is 1 – psa1. Therefore, based on 
the above equations and statements, an expression has been 
constructed to calculate the general mathematical expectation 
EC(n) of the firing series under the action of the two consid-
ered random disturbances. This expression is represented as 
a function of EC(n) on the number of shots n in the series

E n p np p n p n pC sa wa sa wa a� � � �� � �
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21 1 1 1 1 . 	 (8)

After dividing expression (8) by the number of shots n in 
the series, a formula was obtained for calculating the firing 
efficiency ηs(n) in the current series as a function of the num-
ber of shots n
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After certain simple transformations, dependence (9) is 
represented in a simplified form
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Fig. 1 shows dependences of the firing efficiency of 
a  series ηs on its length (number of shots n), which are con
structed using expression (10) at different values of the prob-
ability psa0. In this case, the values of the hit probabilities for 
all curves were pwa1 = 0.82, pa1 = 0.1.

0.5

0.55

0.6

0.65

0.7

0.75

0.8

1 2 3 4 5 6 7 8 9 10 11 12 13
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n
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psa0 = 0.15

psa0 = 0.2

Fig. 1. Dependences of the firing efficiency 	
of a series ηs on its length n

As can be seen from Fig. 1, under the action of the two 
above-mentioned types of random disturbances in the process 
of artillery firing, an increase in the length of the firing series 
n leads to a significant decrease in its efficiency ηs. On the 
one hand, this justifies the expediency of using shorter series 
when firing and more frequent movement between positions. 
However, on the other hand, splitting the fire task into a large 
number of short series causes additional time costs for per-
forming the processes of movement, deployment, aiming, and 
closing. This, of course, leads to a significant increase in the 
total time of task execution.

Next, the determination of the time of execution of the 
fire task when using the "shoot-and-scoot" tactic is considered.

When establishing the desired mathematical expectation of 
the number of hits EΣD required to destroy the target, the min-
imum required number of series mmin(n) is determined as the 
ratio of EΣD to EC(n), rounded up to the nearest integer. In turn

m n E
E n

D

C
min .� � � � �
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�
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�

�

�
�
�

� 	 (11)

Next, using expression (12), the time ts(n) required to exe-
cute one firing series is determined

t n t t n
v

ts dp ep
fr

dpp� � � � � � , 	 (12)

where tdp is the average time of moving the installation be-
tween positions; tep is the time of deployment and aiming of 
the installation; vfr is the rate of fire; tdpp is the time of closing.

After that, the total time of execution of the fire task tΣ(n) 
is defined as the product of the minimum number of series 
mmin(n) and the time of execution of one series ts(n)

t n m n t ns� � � � � � � �min .	 (13)

When analyzing expressions (11) to (13), it is obvious that 
the total time of movement, deployment, aiming, and closing 
(tdp + tep + tdpp) is always much greater than the time of direct 
fire n / vfr. This means that an increase in the length of the 
firing series n leads to a decrease in the total time of execution 
of the fire task tΣ.

When determining the optimal length of the series n, in 
addition to the firing efficiency ηs and the total time of exe-
cution of the fire task tΣ, another very important aspect must 
also be taken into account. When conducting fire and further 
staying at firing positions, the risk of being hit or destroyed 
by enemy counter-battery fire for an artillery installation is 
constantly increasing [30]. The probability of hitting or de-
stroying the installation pds is determined by the exponential 
dependence on the time of stay at the firing position after the 
start of firing tps

p eds
tds ps
kcr

� � �1 � , 	 (14)

where λds is the intensity of threat growth; kcr is the critical 
threat growth coefficient.

In turn:
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where tcr is the critical time of being in the firing position after 
the start of firing.

The values of parameters λds, tcr and kcr after time tcr are 
determined and set empirically.

Since the above indicators (firing efficiency, task comple-
tion time and hit risk) are contradictory, partially uncertain, 
and do not have clear limits of acceptability, their formaliza-
tion is carried out on the basis of fuzzy logic. This mathe-
matical apparatus allows for quite effective use of linguistic 
assessments and degrees of membership without rigid thresh-
olds [31]. Unlike traditional convolution methods, fuzzy-logi-
cal models make it possible to operate with expert rules in the 
form of "If-Then" and adequately take into account nonlinear 
dependences among compromise criteria [32]. This makes the 
use of a fuzzy model the most appropriate for solving the task 
of evaluating and choosing the optimal value of the length of 
a series of shots.

When evaluating various alternative options correspond-
ing to certain numbers of shots n in a series, the input of 
the fuzzy model is given the values of their efficiency ηs(n),  
time tΣ(n), and the probability of destruction of the installa-
tion pds(n). In turn, the variable tΣ is previously normalized 
by its maximum value tΣmax ( / ).*

maxt t t� � ��  A certain num-
ber of linguistic terms (LTs) with certain membership func-
tions (MFs) are used to fuzzify each of these input variables. 
Moreover, in this case, the most suitable are Gaussian MFs 
of the first and second kind, which are described by equa-
tions (17) and (18), respectively:
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where xin is a certain input variable of the model (ηs, tΣ*  or pds); 
a, b, c and d are adjustable coefficients.
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The suitability of the alternative Sa, which has a working 
range from 0 to 1, is chosen as the output variable of this 
fuzzy model. Linguistic terms with triangular membership 
functions are used for this variable:
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where a, b, and c are the vertices of the term that are subject 
to adjustment.

For fuzzy inference procedures, it is most appropriate to 
use Mamdani [33] or Larsen [34] mechanisms, which make 
it possible to build intuitive rule bases (RBs) and easily in-
terpret the drawn conclusions. In turn, the RB of this model 
is constructed as a set of certain rules composed of anteced-
ents (conditions) and consequents (consequences), which 
make it possible to reproduce the logic of rational choice of 
the best alternative according to the values of its criteria. Each 
rule within this RB has a construct represented by the follow-
ing generalized expression (20)
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AND THEN
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where LT1ini, LT2inj, LT3inl – i-th, j-th, and l-th LT of the corre-
sponding input variables of the model; LToutk – k-th term of 
the output variable.

The total number of rules in this RB depends on the num-
ber of LTs for each input variable and is determined by their 
product. This RB reproduces the following logic in the process 
of selecting the best alternatives. Variants with a high risk of 
defeat or destruction are unacceptable, since in addition to the 
potential loss of the installation, their selection jeopardizes 
the overall possibility of completing the task. If the alternative 
has high efficiency and short duration, but also, at the same 
time, a high risk of defeat, then most likely the task will not 
be completed at all as the installation can be destroyed during 
the execution of this fire task. Also, among the variants with 
low risk or below average, those that have a certain balance 
between efficiency and speed should be selected.

To narrow down the set of alternative options for the 
series length, the proposed method introduces a universal 
criterion Jf (n) and finds the values of n corresponding to its 
maxima. This criterion combines the firing efficiency, the 
normalized total time of the firing task, and the probability of 
hitting the installation as follows

J n
n p n

t nf
t ds� � � � � � � �� �

� ��

� 1

�
. 	 (21)

Moreover, for better generalization, this criterion does not 
use the efficiency of one series ηs(n), but the actual efficiency 
when performing the entire task ηt(n) for a certain value of 
the series length n. To calculate this firing efficiency, expres-
sion (22) is used

�t
Dn E

m n n
� � � � �

�

min
. 	 (22)

So, the best value of the number of shots in the series nbest 
can be found as

n J nbest f� � �arg max . 	 (23)

However, given the multi-extreme (multimodal) nature 
of the Jf(n) dependence, direct selection of the nbest value 
corresponding to the global maximum will not always be ap-
propriate. Therefore, this method provides for the analysis of 
all found local maxima with the evaluation of their individual 
indicators (ηt, tΣ* ,  pds) based on a fuzzy-logical model. The 
value n that corresponds to the highest fitness value Sa will be 
selected as the best series length. This will significantly reduce 
computational costs since the evaluation based on the fuzzy 
model will not be carried out for all possible options n, but only 
for those that correspond to the maxima of the Jf (n) function.

Thus, based on all of the above, a method has been de-
vised for determining the rational length of a firing series 
taking into account the effectiveness of firing, the time of 
execution of the fire task, and the risk of damage to the instal-
lation. The basic steps of this method are given below:

Step 1. Initialization. In this step, the values of all parameters 
necessary for determining the criterion Jf and individual indica-
tors ηt, tΣ*  and pds are set. In particular, the maximum possible 
value of shots in a firing series nmax, the values of the probabili-
ties of occurrence of disturbances psa0, psa2 and the probabilities 
of hits pwa, pa1, pa2 are set. Also, the desired mathematical expec-
tation of the number of hits EΣD, the values of time tdp, tep, tdpp 
and the rate of fire vfr are set. In addition, the values of the threat 
growth intensity λds, the critical time tcr and the value of the coef-
ficient kcr when the critical time tcr is reached are set.

Step 2. Calculation of efficiency values ηt(n) for all possi-
ble values of the series length n. In this step, for each possible 
value of the number of shots in the series (n = 1, …, nmax), the 
value of the actual efficiency when performing the entire task 
ηt (n) is calculated. For this purpose, expressions (1), (3), (8), (11), 
and (22) are used.

Step 3. Calculation of normalized values of the total time 
of execution of the firing task t n�

* � �  for all possible values of 
the series length n. In this step, first for each possible value 
of n (n = 1, …, nmax) the absolute value of the total time tΣ(n) 
is calculated according to formulae (12) and (13). After that, 
their normalization is carried out by the maximum tΣmax value. 
Accordingly, t n t n t� � �

*
max/ .� � � � �

Step 4. Calculation of the values of the probability of de-
feating the installation pds(n) for all possible values of the series 
length n. In this step, for each possible value of n (n = 1, …, nmax), 
the value of the probability of defeat or destruction of the instal-
lation pds(n) is calculated using formulae (14) to (16).

Step 5. Calculation of values for the universal criterion Jf(n) 
for all possible values of the series length n. In this step, for each 
possible value of n (n = 1, …, nmax), the value of criterion Jf(n) is 
calculated using expression (21).

Step 6. Finding local maxima of function Jf (n). In this step, 
all existing local maxima of function Jf (n) are found. For this 
purpose, the value of the criterion Jf (n) for each value of n, start-
ing from n = 2, is checked for compliance with condition (24)

J n J n J nf f f�� � � � � � �� �1 1 . 	 (24)

If for a certain value of n, condition (24) is fulfilled, then 
this value is selected as the local maximum of function Jf(n). 
After that, the found values of n are selected for further eval-
uation using a fuzzy model in the next step.



Eastern-European Journal of Enterprise Technologies ISSN-L 1729-3774; E-ISSN 1729-4061	 3/3 ( 141 ) 2026

104

Step 7. Evaluation of local maxima of function Jf (n) based 
on a fuzzy logic model. In this step, based on the indicators 
ηt, tΣ*  and pds obtained for all n corresponding to the local 
maxima of function Jf (n), the fitness value Sa is calculated 
using a fuzzy model.

Step 8. Selection of the best value of the series length nbest. 
In this step, the most rational number of shots in the series 
nbest is selected according to the highest fitness value Sabest 
among the calculated values in the previous step.

Below is the construction of a fuzzy logic model, which 
is used in the proposed method for evaluating the values of 
length of the firing series corresponding to the local maxima 
of function Jf (n).

5. 2. Construction of a fuzzy logic model for 
estimating values of the firing series length

The Mamdani mechanism was chosen as the 
fuzzy logic inference mechanism for the constructed 
model. In turn, this fuzzy logic model is built ac-
cording to the traditional structure of Mamdani-type 
models (Fig. 2).

The input variables ηt, tΣ* ,  pds and the output vari-
able Sa of the fuzzy model have working ranges [0, 1]. 
For the first two input variables ( , ),*�t t�  4 linguistic 
terms are selected, and for the input variable pds, 
3 LTs are set. For the output variable Sa, it is advis-
able to set 7 terms. In turn, Table 1 gives the types of 
membership functions and the values of their param-
eters for all selected LTs.

After setting LT parameters, a rule base of a fuzzy 
logic model was synthesized, which reproduces the 

basic logic of determining the suitability Sa of the found local 
maximum, depending on the corresponding indicators ηt, tΣ*  
and pds. Each rule in this RB is formed in the form of expres-
sion (20). In turn, the synthesized rule base is represented in 
matrix form in Table 2.

In the cells of the leftmost column, the top row and the 
rightmost column, the LTs for the corresponding input variables 
are given, the combinations of which form the antecedents of 
the rules. In the inner cells of Table 2, the LTs of the output 
variable are given, which act as the corresponding consequents.

Three-dimensional diagrams of dependences of fitness 
Sa on the efficiency ηt and the normalized time tΣ*  are given  
in Fig. 3, a–c.

Fuzzy model

Fuzzification

Fuzzy 
inference

engine

Rule base

Aggregation

Activation

Accumulation

 Antecedents Consequents

ηt

tΣ*

pds

Defuzzification

Sa

 
Fig. 2. Structure of a fuzzy logic model for estimating 	

firing series length values

Table 1

Parameters of linguistic terms for the fuzzy-logical model

# LT MF Parameter value

Input variable ηt (shooting efficiency)

1 L – low Gaussian of the 2nd kind a = 0.04; b = 0; c = 0.04; d = 0.4

2 A – average Gaussian of the 1st kind a = 0.04; b = 0.5

3 AA – above average Gaussian of the 1st kind a = 0.04; b = 0.6

4 H – high Gaussian of the 2nd kind a = 0.04; b = 0.7; c = 0.04; d = 1

Input variable tΣ*  (normalized time of task completion)

1 S – short Gaussian of the 2nd kind a = 0.04; b = 0; c = 0.04; d = 0.2

2 M – medium Gaussian of the 1st kind a = 0.04; b = 0.3

3 L – long Gaussian of the 1st kind a = 0.04; b = 0.4

4 VL – very long Gaussian of the 2nd kind a = 0.04; b = 0.5; c = 0.04; d = 1

Input variable pds (probability of damage to the installation)

1 L – low Gaussian of the 2nd kind a = 0.06; b = 0; c = 0.06; d = 0.2

2 A – average Gaussian of the 1st kind a = 0.08; b = 0.35

3 H – high Gaussian of the 2nd kind a = 0.06; b = 0.5; c = 0.06; d = 1

Output variable Sa (suitability of the alternative)

1 VL – very low triangular a = 0; b = 0; c = 0.167

2 L – low triangular a = 0; b = 0.167; c = 0.333

3 BA – below average triangular a = 0.167; b = 0.333; c = 0.5

4 A – average triangular a = 0.333; b = 0.5; c = 0.667

5 AA – above average triangular a = 0.5; b = 0.667; c = 0.833

6 H – high triangular a = 0.667; b = 0.833; c = 1

7 VH – very high triangular a = 0.833; b = 1; c = 1
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Table 2
Fuzzy logic model rule base matrix

LT for tΣ*
LT for ηt LT for pdsL A AA H

S A H VH VH

L
M BA AA H VH
L VL L L BA

VL VL L L L
S BA AA H H

A
M L A AA H
L VL VL VL L

VL VL VL VL VL
S VL L A A

H
M VL VL L BA
L VL VL VL VL

VL VL VL VL VL

In turn, these diagrams were constructed for different val-
ues of the probability of damage (pds = 0.1; pds = 0.5; pds = 0.8) 
based on the constructed model using Fuzzy Logic Toolbox, 
MATLAB R2026a (trial version).

To investigate the effectiveness of our method and the 
constructed fuzzy model, computational experiments are de-

scribed in the following subsection with a detailed discussion 
of the results.

5. 3. Conducting computational experiments to con-
firm the effectiveness of the method for determining 
the rational length of a firing series

To confirm the effectiveness of the proposed method, 
computational experiments were conducted in this work that 
simulated the performance of three different firing tasks.  
To simulate each of the considered tasks, different values of 
the desired number of hits EΣD and the probability of a pro-
jectile belt failure in one arbitrary shot psa0 were set. Namely, 
for the first task EΣD = 7, psa0 = 0.1; for the second – EΣD = 10, 
psa0 = 0.12; for the third – EΣD = 14, psa0 = 0.07. Also, for all 
three experiments, the same values of other adjustable param-
eters were set, which are given in Table 3.

When applying the proposed method during computa-
tional experiments, the following results were obtained.

For the first experiment, the dependence of change in the 
universal criterion Jf (n) on the values of the series length n is 
shown in Fig. 4.

From Fig. 4 it is seen that the local maxima of func-
tion Jf (n) in this case are the points at which n is 2, 4, 6, and 14.  
In turn, Table 4 gives indices Jf(n), ηt, tΣ*  and pds for given  
n values, as well as the corresponding fitness values Sa, calcu-
lated using the constructed fuzzy model.

a b

c

Fig. 3. Three-dimensional diagrams of dependence of suitability Sa on the efficiency ηt and normalized time tΣ*  at different 
values of the probability of damage: a – pds = 0.1; b – pds = 0.5; c – pds = 0.8

Table 3
Values of adjustable parameters for conducting experiments

Parameter nmax, shot psa2 pwa pa1 pa2 tdp, min tep, min tdpp, min vfr, shot/min λds tcr, min kcr (tps ≥ tcr)

Value 25 0.1 0.9 0.1 0.1 7 1 1 4 0.25 5 1.3
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Fig. 4. Dependence of change in the universal criterion Jf (n) 
on the values of series length n (1st experiment)

Table 4

The Jf (n), ηt, tΣ* ,  pds and Sa indices for the values 	
of n corresponding to the local maxima of function Jf(n) 	

(1st experiment)

n, shot Jf (n) ηt tΣ* pds Sa

2 0.937 0.7 0.513 0.313 0.111
4 1.091 0.583 0.324 0.393 0.527
6 1.375 0.583 0.227 0.465 0.565

14 1.201 0.5 0.135 0.675 0.193

As can be seen from Table 4, the most rational value of 
the series length determined using the proposed method  
is nbest = 6. In this case, this value also corresponds to the 
global maximum of function Jf (n).

For the second experiment, the dependence of change in 
Jf (n) on the values of n is shown in Fig. 5.

In this case, the local maxima of function Jf (n) are the 
points at which n is 4, 6, 10, and 21. Table 5 gives the Jf(n),  
ηt, tΣ*  and pds indices, as well as the corresponding fitness 
values Sa for these n.

0

0.2

0.4

0.6

0.8

1

1.2

1 4 7 10 13 16 19 22 25n

Jf (n)

Fig. 5. Dependence of change in the universal criterion Jf (n) 
on the values of series length n (2nd experiment)

Table 5

The Jf (n), ηt, tΣ* ,  pds and Sa indices for values 	
of n corresponding to local maxima of function Jf (n) 	

(2nd experiment)

n, shot Jf (n) ηt tΣ* pds Sa

4 1.227 0.625 0.309 0.393 0.56
6 1.225 0.555 0.243 0.465 0.495

10 1.174 0.5 0.178 0.583 0.211
21 0.289 0.476 0.11 0.933 0.165

As can be seen from Table 5, the most rational value of se-
ries length is nbest = 4. In this case, this value also corresponds 
to the global maximum of function Jf(n).

Similarly, for the third experiment, the dependence of 
Jf (n) on n and the Jf (n), ηt, tΣ* ,  pds, Sa indices for local maxima 
are shown in Fig. 6 and Table 6.

In this case, the local maxima of function Jf (n) are the 
points at which n is 4, 6, 8, and 12.
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Fig. 6. Dependence of change in the universal criterion Jf (n) 
on the values of series length n (3rd experiment)

Table 6

The Jf (n), ηt, tΣ* ,  pds and Sa indices for values 	
of n corresponding to local maxima of function Jf (n) 	

(3rd experiment)

n, shot Jf (n) ηt tΣ* pds Sa

4 1.492 0.7 0.284 0.393 0.677

6 1.307 0.583 0.239 0.465 0.521

8 1.467 0.583 0.188 0.528 0.484

12 1.571 0.583 0.137 0.632 0.441

As can be seen from Table 6, the most rational value of 
series length is also nbest = 4. In this case, this value does not 
correspond to the global maximum of function Jf(n).

In addition, when conducting computational experiments, 
the devised method was also compared with the traditional 
approach that uses a fixed length of the firing series. In partic-
ular, the quality indicators for the nbest values obtained using 
the proposed method were compared with the corresponding 
indicators for 2 other fixed values of series length: n = 5; n = 8.

Tables 7–9 give the ηt, tΣ* ,  pds indicators obtained in three 
experiments for the corresponding values of n.

Also, in Tables 7–9, the absolute values of the total time tpsΣ 
of the installation’s stay at all firing positions after the start of 
firing at each were additionally compared.

Table 7

Comparison of quality indicators for different values 	
of n (1st experiment)

Method  
for determining n n, shot ηt tΣ

* pds tpsΣ, min

Proposed method 6 0.583 0.227 0.465 5

Fixed series length 
approach

5 0.467 0.332 0.43 6.75

8 0.438 0.238 0.528 6
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Table 8

Comparison of quality indicators for different values 	
of n (2nd experiment)

Method  
for determining n n, shot ηt tΣ* pds tpsΣ, min

Proposed method 4 0.625 0.309 0.393 8

Fixed series length 
approach

5 0.5 0.317 0.43 9

8 0.417 0.255 0.528 9

Table 9

Comparison of quality indicators for different values 	
of n (3rd experiment)

Method  
for determining n n, shot ηt tΣ* pds tpsΣ, min

Proposed method 4 0.7 0.284 0.393 10

Fixed series length 
approach

5 0.56 0.292 0.43 11,25

8 0.583 0.188 0.528 9

6. Discussion of results based on investigating  
the method for determining the rational length  

of a series of artillery shots

Analysis of the results given in Tables 7–9 reveals a signif-
icant advantage of the proposed method in terms of the firing 
efficiency criterion compared to the traditional approach of  
a fixed series length, which was used in [20, 21]. In all three 
experiments, the ηt values obtained for the best value found 
nbest exceed the corresponding values for fixed series lengths. 
This confirms that the adaptive selection of the number of 
shots in the series used in the devised method allows for better 
consideration of changes in the initial data and existing lim-
itations when performing a fire task. Also, an increase in fir-
ing efficiency is achieved by taking into account the influence 
of internal random disturbances acting on the artillery in-
stallation, which is not used in the approach reported in [17].

Comparison by normalized time shows that the proposed 
method also provides a reduction in the time to complete 
the firing task compared to the option of a fixed value of the 
series length n = 5. At the same time, for a fixed length n = 8, 
in some cases a smaller time value is observed, but this is 
achieved at the expense of a significant increase in the prob-
ability of hitting the installation. Thus, reducing the time at 
large values of the number of shots n leads to an unacceptable 
increase in the risk of hitting, which limits the practical feasi-
bility of using too long series.

Also, special attention should be paid to the values of the 
probability of defeat or destruction of the installation pds in 
the conducted experiments. Our experimental results show 
that for the series length n = 8 this indicator is the highest 
in all considered cases, which is due to the longer stay of the 
artillery installation at one firing position, while the proposed 
method makes it possible to provide lower values of pds, 
maintaining a balance between the effectiveness of firing, the 
time of execution of fire tasks, and the safety of the use of the 
artillery system. Additional confirmation of the risk reduction 
are the calculated absolute values of the total time of stay of 
the installation at all firing positions tpsΣ. In most cases, when 
using the proposed method, this indicator is lower than for 

options with fixed values of n, which also indicates a reduc-
tion in the risk of potential defeat after the first shot. This 
certainly increases the survivability of the artillery installation 
in the presence of counter-battery combat.

In general, the results from all computational experi-
ments confirm that the proposed method makes it possible to 
eliminate existing limitations of current approaches, which 
are associated with the lack of adaptive determination of the 
length of the firing series taking into account the influence of 
random disturbances. This is achieved by combining proba-
bilistic-analytical modeling of random disturbing influences 
and fuzzy multi-criteria evaluation of the found alternative 
solutions. The use of the devised method ensures the im-
provement of the most important indicators of the quality of 
functioning of the artillery system by ensuring a compromise 
between firing efficiency, task completion time, and the risk 
of damage, which confirms the achievement of the set goal. 
From the point of view of practical application, the devised 
method could be effectively used in decision support systems 
and artillery installation control during preliminary planning 
and fire control under conditions of uncertain disturbances.

The limitation of our method is the need to specify spe-
cific values of the probabilities of disturbances (projectile belt 
rupture and the use of a poor-quality charge), as well as the 
probabilities of hitting in the absence and presence of these 
disturbances.

The disadvantages of the proposed method for deter-
mining the length of the series include the dependence of 
accuracy of the results on the specified parameters of the 
probabilistic-analytical models used and the reliability of the 
initial data. In particular, with significant uncertainty in the 
parameters of the external environment and in the presence of 
significant errors in the initial estimates of the characteristics 
of the disturbances, it is possible to reduce the accuracy of 
determining local maxima and, accordingly, the effectiveness 
of the decisions made. This disadvantage can be further elim-
inated by adaptive evaluation and identification of the prob-
abilistic parameters of the models based on experimentally 
measured and accumulated statistical data in the process of 
functioning of the artillery system.

In further studies, increasing the reliability of the method 
can be achieved by using modern approaches to solving the 
problems of identifying model parameters based on exper-
imental data under noise conditions [35]. Along with this, 
a promising direction for the development of the method is 
the construction of a fuzzy-logical model of multi-criteria 
evaluation using parametric optimization procedures to ad-
just membership functions [36], as well as structural optimi-
zation to form an effective rule base [37]. This could increase 
the accuracy of management decisions and the adaptability of 
the method to the changed conditions of artillery use.

7. Conclusions

1. A formalization procedure and basic steps of the method 
for determining the rational length of a series under the 
action of random disturbances when using the "shoot-and-
scoot" tactic have been proposed. This method is based on the 
assessment of three indicators for the quality of functioning: 
firing efficiency, time to complete the firing task, and the risk 
of damage to the artillery system. In the process of imple-
menting the main steps of the method, probabilistic-analyt-
ical modeling was used to form a generalized criterion and 
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determine the set of local maxima that correspond to potential 
rational values of the series length. That has made it possible 
to take into account the influence of random disturbances, in 
particular, a sharp increase in barrel wear, on the efficiency of 
firing within one series.

2. A fuzzy multi-criteria evaluation model has been built, 
which makes it possible, when applying the considered method, 
to choose the best version of the series length among the 
obtained set of local maxima. The model provides a combi-
nation of contradictory quality indicators based on a system 
of linguistic rules and membership functions, which makes it 
possible to formalize the process of making management de-
cisions under uncertainty. This allows one to choose a series 
length value that corresponds to a reasonable compromise 
between firing efficiency, task duration, and the level of risk 
of damaging the installation.

3. A number of simulation experiments were conducted, 
the results of which confirm the effectiveness of the proposed 
method compared to the approach using a fixed series length. 
It was found that in all our experiments, an increase in firing 
efficiency was observed, which is 11.6–14.0% compared to the 
fixed value of n = 5 and 11.7–20.8% compared to n = 8. Also, 
the total time for completing the firing task is significantly 
less than in the case of the n = 5 variant, which indicates an 
increase in the speed of using the artillery installation. In par-
ticular, in the first experiment, a decrease in the time spent by 
31.6% is observed. At the same time, although for a fixed value 
of n = 8 in some cases the task completion time is somewhat 
shorter, a noticeable increase in the probability of hitting the 
installation is observed. Namely, the probability of hitting 
reaches the level of 0.528, which is significantly higher than 
the corresponding values (0.393–0.465) obtained when using 
the proposed method. This fact demonstrates the obvious lim-
itations and inexpediency of using too long series. In addition, 
it is shown that when using the proposed method, the total 
time the installation is at all firing positions is in most cases 

less, namely up to 25.9%, which confirms the reduction in the 
risk of counter-battery damage.
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