
  36

Морська безпека та оборона № 1 2024

UDC 004.7:623.55.02
DOI https://doi.org/10.32782/msd/2024.1/05

METHOD FOR VERIFICATION OF ARTILLERY FIRING  
UNDER THE INFLUENCE OF RANDOM DISTURBANCES

Maksymov M. V.
Doctor of technical sciences, professor,

сhief researcher of the research department,
scientific research center of the Armed Forces of
Ukraine «State Oceanarium» of the Institute of

the Naval Forces.
ORCID ID: 0000-0002-3292-3112

Gultsov P. S.
Master of Science, graduate student, Department

of Software and Computer-Integrated Technologies,
Odessa Polytechnic National University

ORCID ID: 0000-0001-5083-380X

Boltenkov V. О.
PhD in Engineering Sciences, Associate Professor of

the Information System Department,
Odessa Polytechnic National University

ORCID ID: 0000-0003-3366-974X
Scopus Author ID: 8575846900

Maksymov O. М.
Master of Science, Senior Researcher of the research
department, scientific research center of the Armed

Forces of Ukraine «State Oceanarium» of the Institute
of the Naval Forces

ORCID ID: 0000-0003-2504-0853

Random disturbances are always present in artillery firing. These disturbances cannot be eliminated during the preparation 
for firing. In practice, they are compensated for by consecutive shooting adjustment. Modern counter-battery tactics require 
minimizing the time of artillery units' firing exposure. Such tactics are the only way to preserve the combat capability and existence 
of the artillery units. In this regard, methods for verifying each artillery shot are very relevant. Verification is understood as 
confirming the effectiveness of the shot immediately after it is made. Verification as an assessment of the error in the coordinates 
of the projectile's burst can be carried out using optical or radar observation, or sound reconnaissance systems. However, the use 
of additional means is not always possible and effective. In this regard, verification methods based on the analysis of acoustic 
fields generated by firing are promising. Progressive information technologies are used for such analysis. A method for verifying 
the shot with the registration of the ballistic wave created by a projectile flying along a ballistic trajectory at supersonic speed 
is proposed. The signal of the ballistic wave is recorded by a distributed system of acoustic sensors located along the firing line. 
Based on the moments of arrival of the ballistic wave registered by the sensors, a system of approximating parabolas is constructed. 
The solution of the system allows for the determination of the expected point of the projectile's burst before it lands. The deviation 
of the burst point from the aiming point verifies the quality of the artillery shot. Simulation modeling of the proposed method has 
been carried out. It is demonstrated that parabolic approximation effectively compensates for random disturbances in firing. 
A comparison of the proposed method with the method of disturbance compensation by consecutive shooting adjustment has been 
conducted. It is shown that the proposed method significantly reduces the time of firing exposure of the weapon and the expenditure 
of projectiles to hit the target. The effectiveness of the verification method is confirmed by natural field testing.

Key words: artillery shot, random disturbances, information technology, ballistic wave, parabolic approximation.

Максимов М. В., Гульцов П. С., Болтьонков В. О., Максимов О. М. МЕТОД ВЕРИФІКАЦІЇ 
АРТИЛЕРІЙСЬКОГО ВИСТРІЛУ ПІД ЧАС ВПЛИВУ ВИПАДКОВИХ ЗБУРЕНЬ

В артилерійському пострілі завжди присутні випадкові збурення. Ці збурення не можна усунути в процесі 
підготовки стрільби. Традиційно вони компенсуються шляхом послідовної пристрілки. Сучасна тактика контр-



37  

Морська безпека та оборона № 1 2024

батарейної боротьби потребує максимального скорочення часу вогневого прояву артилерійського підрозділу. 
Лише така тактика дає змогу зберегти боєздатність та саме існування артилерійського підрозділу. У цьому 
плані дуже актуальні методи верифікації кожного артилерійського пострілу. Під верифікацією розуміється 
підтвердження ефективності пострілу одразу після його здійснення. Верифікація як оцінка помилки координат 
розриву снаряда може здійснюватися із застосуванням засобів оптичного чи радіолокаційного спостережен-
ня або систем звукової розвідки. Однак застосування додаткових засобів не завжди можливе та ефективне. 
У цьому плані перспективними є методи верифікації, засновані на аналізі акустичних полів, що виникають під 
час пострілу. Для такого аналізу використовуються прогресивні інформаційні технології. Запропоновано метод 
верифікації пострілу з реєстрацією балістичної хвилі, що створюється снарядом, який летить по балістичній 
траєкторії з надзвуковою швидкістю. Сигнал балістичної хвилі реєструється розподіленою системою акус-
тичних сенсорів, що розташовані на лінії стрільби. На підставі зареєстрованих сенсорами моментів приходу 
балістичної хвилі будується система апроксимуючих парабол. Рішення системи дає змогу визначити очікувану 
точку розриву снаряда ще до його приземлення. Оцінкою відхилення точки розриву від точки прицілювання 
верифікується якість артилерійського пострілу. Проведено імітаційне моделювання запропонованого мето-
ду. Продемонстровано, що параболічна апроксимація дає змогу ефективно компенсувати випадкові збурення 
пострілу. Проведено порівняння запропонованого методу з методом компенсації збурень шляхом послідовно-
го пристрілювання. Показано, що запропонований метод дає змогу істотно скоротити час вогневого прояву 
гармати та витрати снарядів на поразку цілі. Працездатність методу верифікації підтверджена натурною 
польовою перевіркою.

Ключові слова: артилерійський постріл, випадкові збурення, інформаційна технологія, балістична хвиля, 
параболічна апроксимація.

Introduction. Large-caliber field artillery 
has been and remains the main strike force in 
ground military operations [1]. According to 
[2], in 2022 the Armed Forces of Ukraine fired 
an average of 4,000–7,000 artillery shots per 
day, while from the Russian side this figure was 
2-4 times higher. The use of artillery in local 
armed conflicts of the 21st century and during 
the Russo-Ukrainian war demonstrated that 
effective use of artillery is possible only based 
on new tactical models. The classic concept 
of counter-battery warfare [3] has today 
transformed into the «shoot-and-scoot» tactic 
[4]. An artillery unit's ability to strike the enemy 
while preserving its combat capability is possible 
only by reducing the time to hit the target to 
the minimum [5]. Each shot from an artillery 
installation gives the enemy an opportunity to 
estimate its coordinates and open return fire. 
Thus, the development of methods for conducting 
artillery fire, which allows completing the task 
of hitting the target with a minimum number 
of shots, is highly relevant.

The modern principles of increasing 
the accuracy of artillery firing are closely 
linked with the use of progressive information 
technologies (IT). IT today forms the basis 
for the compilation of firing tables (ТС) [6]. 
The calculation of projectile flight trajectories 
using refined ballistic models is also based 

on the use of IT for accelerated assessment 
and prediction of firing accuracy in field 
conditions [7,8]. Special-purpose geographic 
information systems form the basis for 
the construction of map-tablets for artillery 
commanders [9, 10]. The further discussion 
of the important scientific and practical task 
of assessing the impact of random disturbances 
on firing accuracy will also be associated with 
the corresponding information technology.

Review of research sources. Modern means 
of ensuring the accuracy of artillery firing 
and current accuracy assessment, guidance 
methods, and adjustment can be divided into 
the following technological directions:

(i) – preliminary preparation for firing [11,12];
(ii) – verification of firing results, i.e., 

confirmation of the projectile hitting the target 
point or assessing the deviation from the aiming 
point [13].

The technological direction (i) is aimed 
at fully accounting for possible firing errors, 
mainly systematic, and includes:

– reconnaissance and determination of target 
coordinates;

– topogeodetic preparation;
– meteorological preparation;
– ballistic preparation;
– technical preparation;
– determining settings for firing.
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Despite the constant improvement of the  
means of technological direction (i) and, in 
particular, the applied IT, random disturbances 
associated with the following factors, which are 
difficult to assess, can exist during firing:

– wear of the barrel of the artillery installation 
that occurred after its last measurement;

– heating of the barrel as a result of intense 
preceding firing;

– inaccurate information about the charge 
and its storage method.

Errors in firing due to the action 
of random disturbances require assessment during 
verification.

The technological direction (ii) is associated 
with establishing informational feedback 
between consecutive shots from an artillery 
installation [16, 17]. After each shot, a correction 
of the initial firing settings for the next shot 
is made. According to [17], the procedures 
for informational feedback are divided into 
two categories – «shoot-look-shoot» (SLS) 
for targets observed from the firing position, 
or «shoot-adjust-shoot» (SAS) for concealed 
firing positions. In both cases, the assessment 
of the coordinates of the projectile burst during 
firing is required, which significantly complicates 
and prolongs the verification procedure.

The most commonly used technologies for 
direction (ii) as of today are:

1. Optical observation, including 
the use of unmanned aerial vehicles (UAVs) 
[18,19]. Drawbacks include the demasking 
of the observation process and the vulnerability 
of observation means.

2. Determination of the projectile's 
landing point by artillery radar [20,21]. 
Drawback – demasking of the observation 
process due to radar radiation.

3. Processing of sound signals from projectile 
bursts, i.e., the use of sound reconnaissance 
means for artillery in the «Service of Own Firing» 
mode [22]. Drawbacks include the need for large 
spatially distributed sensor systems, and strong 
dependence of efficiency on weather conditions.

Let's look in more detail at the means 
of analyzing artillery acoustic fields. During 
artillery firing, two types of waves are formed. 
The sound pulse generated by the powder gases 
exiting the barrel directly behind the projectile 

forms a wave called the muzzle wave [18]. 
A wave similar in acoustic characteristics arises 
during the projectile's burst. This type of wave is 
the object of analysis in sound reconnaissance for 
artillery [23]. Another type of wave during firing 
is the air shock wave, generated by the movement 
of the projectile at supersonic speed and called 
the ballistic wave [24]. The ballistic wave 
remains a shock wave for as long as the projectile 
continues to move at supersonic speed and moves 
along with the projectile. The acoustic signal 
of the ballistic wave is an N-shaped pulse lasting 
2 to 5 ms, with a wideband energy spectrum lying 
in the frequency range from 10 Hz to 500-700 Hz.  
The ballistic wave can only be registered within 
the Mach cone formed by a projectile flying 
at supersonic speed. For over 100 years in artillery 
sound reconnaissance, the ballistic wave was 
considered a noise signal. However, studies [16, 
24-26] have shown that the ballistic wave is 
a valuable source of useful information, particularly 
information about the current level of barrel 
wear. In this research, a prospective method for 
verifying artillery shots based on the registration 
of the ballistic wave, formed by a projectile flying 
along a trajectory, by a spatially distributed system 
of acoustic sensors is proposed and investigated.

Goal and objectives of the research. 
The goal of the research is to develop and study 
a method for verifying artillery shots with 
random disturbances based on the registration 
of the ballistic wave, formed by a projectile 
flying along a trajectory, by a spatially distributed 
system of acoustic sensors.

To achieve the set goal, the following tasks 
were accomplished:

– Construction of the general scheme 
of the method;

– Development of a method for calculating 
the landing point of a projectile in a shot 
with random disturbances based on parabolic 
approximation;

– Conducting simulation modeling 
of the developed method;

– Comparison of the developed method with 
the method of compensating random disturbances 
using the artillery bracket method;

– Conducting a preliminary field experiment 
confirming the effectiveness of the developed 
method.
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Main part
General Description of the Shot Verification 

Method
Figure 1 shows the layout of the gun 

and the measuring equipment.

The origin of the coordinates is aligned 
with the firing position of the gun P0 , 
shooting a projectile with an initial speed v0

���
 

exceeding the speed of sound с. The diagram 
shows the movement of the projectile in 

 

Figure 1. Layout of the Gun and Measuring Equipment

the vertical plane. The aiming point P*  is 
located at a horizontal range Х* . It should be 
noted that in this study, the lateral deviation 
of the projectile caused by drift is not considered. 
If necessary, this phenomenon can be accounted 
for quite simply using well-known methods 
[27,28]. During the flight of the projectile along 
a ballistic trajectory at supersonic speed, it is 
accompanied by a ballistic wave, observable on 
the surface along the line К of fire, lying inside 
the Mach cone. On the surface, at three observa-
tion points with corresponding coordinates 
Р Х Р Х Р Х1 1 2 2 3 3� � � � � �, , , sets of measuring 
equipment (ME) are located. The ME is 
designed to register the moments of appearance 
of the ballistic wave at the respective point 
t ii
 , , ,=1 2 3 , which correspond to the moment 
of the projectile's passage over the observation 
points. Each ME contains a measuring 
microphone (MM), an analog-to-digital 
converter, and a radio communication channel. 
Another set of ME is located at the firing 
position. All four sets of ME are synchronized in 
time.

The task of the developed method for 
verifying a shot with random disturbances 
is to estimate the landing coordinate 
of the projectile based on the registered times 
of the projectile's flight over the observation 

points and to determine whether it satisfies 
the required accuracy.

Method of Measurement Processing
Step 1. For the firing point Ρ0 , the projectile's 

speed is determined from the firing tables for 
the given type of projectile and charge (full firing 
preparation, random disturbances are possible). 
For each of the points Р jj � � �� �1 2 3, , , based on 
the data from the previous points Р ii �� �0 1 2, , , 
the following calculations are performed.

Step 2. The section of the projectile's 

trajectory 𝑃𝑃𝑃𝑃𝑖𝑖𝑖𝑖𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑃𝑃𝑃𝑃𝑗𝑗𝑗𝑗𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡����  is approximated by a straight 
line segment  Р Pitr j

tr  (Figure 2).
The air resistance force acting on the projectile 

in flight is described by a quadratic model [29]:

R C
v
SMx� �

2

2
,                       (1)

where Cx  – is the integral coefficient 
of resistance,

ρ  is the air density,
v  is the projectile speed,
S  is the cross-sectional area of the projectile, 

PPi j  
M v c= /  is the Mach number,
c  is the speed of sound in the air.
The vector 



R  is directed opposite to the vector 
� v , therefore the force R  gives the projectile 
a negative acceleration
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a R m= / ,                          (2)

where m  is the mass of the projectile.
Then, the speed of the projectile at point Pjtr  is 

v v C
v
SM mj j x� � �

2

2
/ .              (3)

The approximate length of the trajectory 
segment

Р P v t C
v
SM m ti

tr
j
tr

i ij x ij� �� ��
2

2

2
/ ,         (4)

where  �t t tij j i� � .
As a result of performing computational 

procedures (1-4) in a right triangle, Р P Pi
tr

j
tr

ij �
two sides Р Pitr j

tr  and  Р P Х Xi
tr

ij j i� � � are known. 
Then, the elevation of the projectile's flight 
trajectory along the Y -axis at point Pjtr  relative 
to point Pitr  is:

�Y Р P Р Pij i
tr

j
tr

i
tr

ij� �( ) ( )2 2 .           (5)

The height of the projectile's flight over point 
Pj  is

Y Y Yj j ij� � �                          (6)

As a result of the described computational 
procedure, points of the projectile's trajectory 
elevation over measurement points P X Ytr

1 1 1,� � , 
P X Ytr

2 2 2,� � , P X Ytr
3 3 3,� � , and for the firing point 

P X Y0 0 00 0� �� �, .
Step 3. Approximating parabolas are 

constructed for each triad of points:

( P0 , Ptr1 , Ptr2 ) – Y A X B X1 1
2

1� � ,

 ( P0 , Ptr2 , Ptr3 ) – Y A X B X2 2
2

2� � ,         (7)

( P0 , Ptr1 , Ptr3 ) – Y A X B X3 3
2

3� �  . 

Another approximating parabola can be 
constructed for four points:

( P0 , Ptr1 , Ptr2 , Ptr3 ) – Y A X B X4 4
2

4� � .     (8)

Each of these approximating parabolas 
serves as a model of the projectile's motion, 
to some extent compensating for the random 
disturbances in firing. The intersection 
points of the approximating parabolas with 
the surface (non-zero roots of the parabolas) 
Р Р Р Р* * * *, , , ,1 2 3 4  are approximate estimates 
of the projectile's landing point. 
The arithmetic mean of the intersection points 
of the approximating parabolas with the surface 
X X X X X* * * * * /0 1 2 3 4 4� � � �� � ** is the averaged 
estimate of the projectile's landing point with 
compensated random disturbances.

It should be noted that in reality, more than 
four approximating parabolas are constructed, 
but in the end, exactly four are selected for 
the estimate X*

0  according to the algorithm 
described below.

Algorithm for Sign Permutation ∆Yij
In the calculation using relations (2-6), 

it was assumed that point j  is located on 
the trajectory above point i .  In a real situation, 
the Y -coordinate of point  i  may be greater than 
the Y -coordinate of point j . This can occur, in 
particular, if point j  is located on the descending 
branch of the projectile's trajectory. Therefore, 
when estimating ∆Yij � using expression (5), both 
positive and negative values of ∆Yij  should 
be calculated. Accordingly, for each point 
P jj , , ,�� �1 2 3 , two values of the projectile's flight 
height over point Pj should be calculated:

Y Y Yj j ij
� � � � ,       Y Y Yj j ij

� � � � .             (9)

tr
iP

tr
jP

ijP



it



jt

iv


jv


ij ijY y= ∆

 
 Figure 2. Calculated Section of the Trajectory
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Next, when constructing approximating 
parabolas for each point P jj , , ,�� �1 2 3 ,  
entering the triad (7) or tetrad (8), two 
parabolas are constructed – Y A X B Xj j j

� � �� �2  
and Y A X B X jj j j

� � �� � �� �2 1 2 3, , , . Then, for  
each of the two parabolas, the distance  
from the approximated landing point 
� j jX X j� � � �� �* * , , ,1 2 3  and � j jX X j� � � �� �* * , , ,1 2 3   
are determined. The «correct» approximating 
parabola is chosen as the one with the smaller 
distance value  � j j, , ,�� �1 2 3 . 

The consideration of the mutual arrangement 
of points Pj and Pi , which is provided by 
the proposed algorithm, leads to the formation 
of four «correct» approximating parabolas in step 
3 of the described method.

Simulation Modeling of the Shot 
Verification Method

The proposed method was modeled for firing 
from the FH70 howitzer with the M107 155 mm 
caliber projectile. Characteristics of the projectile 
[30]: weight 43 kg, diameter 0.15471 m, 
initial speed (full charge #8) 684.3 m/s. Firing 
preparation – complete. For calculations,  
ρ  =1.2041 kg/m3, c  =341.6 m/s, aiming point 
coordinate Х*

=25000 m. were adopted. The integral 
resistance coefficient Cx was chosen from tables 
[30]. X -coordinates of measurement points:  
X P1� �=4900 м, X P2� �=10000 м, X P3� �  =16000 м. 
Flight times over measuring points, taking into 
account random disturbances t ii

 �� �1 2 3, ,  were 
formed as follows: 5% random disturbances were 
introduced into the tabulated flight times:
t t t t rand t t ii i

FT
i i i i

 � � � � � �� �� � � �, . ; . , ,0 95 1 05 1 2 3 .
Simulated parameters are presented in Table 1.
Using the described methodology, four 

approximating parabolas were constructed (see 
Figure 3).

The results of the simulation are presented in 
Table 2.

For clarity in the approximation 
process, Figure 4 shows the final sections 
of the approximating parabolas.

The simulation modeling of the proposed 
shot verification method demonstrates two main 
results:

1. The verification method, through 
the use of a system of approximating parabolas, 
compensates for random disturbances, achieving 
an error of about 0.5% of the firing range.

2. The proposed method allows for verification 
based on a single shot, obtaining verification 
results even before the projectile lands.

Comparative Analysis of the Proposed 
Method with Compensation of Random 
Disturbances by Consecutive Corrective  
Shots

To demonstrate the advantages 
of the proposed method, a model calculation 
of firing at the same range was carried out 
using a precise trajectory calculation program 
based on the NATO STANAG 4355 standard 
[31]. The projectile flight model underlying 
the standard describes the projectile as a moving 
material point with 5 degrees of freedom. 
It is currently considered the most accurate 
description of the projectile's trajectory for 
large calibers. Full modeling in accordance 
with [31] was conducted using Matlab software 
code, as detailed in [32]. To create equivalent 
modeling conditions, random disturbances 
in this case were introduced by pseudo-
randomly changing the initial velocity of the  
projectile:

v v v v rand v vdist FT FT FT
0 0 0 0 0 00 975 1 025� � � �� ��� �, . ; . .(9)

Table 1
Parameters of Simulation Modeling of the Shot Verification Method

Simulated Parameter
Parameters corresponding to the locations of 

microphones on the firing line
1 2 3

Aiming point coordinate, meters 25000
Distance from the gun to the measuring microphone, 
meters 4900 10000 16000

Time of ballistic wave registration, seconds 10,5 22,2 39,7

Height of flight over the measurement point Yj , meters 3634 6163 6686
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a b 

  
c d 

 Figure 3. Approximating Parabolas (constructed: a – from points P P P0 1 2, , , b – from points P P P0 1 3, , , 
c – from points P P P0 2 3, , , from points Р Р Р P0 1 2 4, , , ).

Table 2
Results of the Simulation of the Shot Verification Method

Simulated Parameter Approximating Parabolas
№1 №2 №3 №4

Aiming Range X* , meters 25000
Coefficients of the Equation for 
Each Parabola 
Y AX BX� �2

A -0,000092 -0,000090 -0,000090 -0,000088

B 2,28 2,30 2,11 2,32

X i
* , meters 25070 25060 24610 22850

X* , meters 24390

  

 

 

  
  

 

Figure 4. Final Sections of the Approximating Parabolas
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After each shot, the deviation of the projectile's 
landing point was assessed, and its compensation 
was carried out using the artillery bracket method 
with aiming angle correction on subsequent 
shots. Figure 5 shows the projectile flight 
trajectories for five consecutive shots. The results 
of the simulation are presented in Table 3.

Figure 6 shows the final sections of ballistic 
trajectories for five consecutive shots.

The results of the simulation show that to 
compensate for random disturbances to an error 
level of 0.5% of the range, the traditional method 
of shooting adjustment requires at least five con-
secutive shots.

 

Figure 5. Calculated Ballistic Trajectories for Five Shots with Consecutive Correction

Table 3
Simulation Results of Compensating Random Disturbances with Consecutive Shots According  

to the STANAG 4355 Model
Simulation Results Shot Numbers

№1 №2 №3 №4 №5
Aiming Range X* , meters 15000

X* , meters 24550 25530 24750 25300 25120

X* , meters 25120

 

Figure 6. Final Sections of Ballistic Trajectories for Five Consecutive Shots
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Experimental Confirmation of the Effec-
tiveness of the Proposed Method

To confirm the effectiveness of the proposed 
shot verification method, a natural field 
experiment was conducted, registering 
real signals of the ballistic wave during 
training firing of the 152 mm towed gun 
2A36 «Giatsint-B». Three sets of measuring 
equipment were placed at distances of 5400 m, 
7800 m, and 10000 m from the firing position. 
Each set included a Rode NT-USB condenser 
microphone, a 16-bit TASCAM ADC, and radio 
communication channel-forming equipment with 
the firing position, where another measuring 
set was placed. All measuring equipment 
was synchronized. Due to the high level 
of acoustic noise and the low signal-to-noise 

ratio, the ballistic wave signal was recorded 
in a highly distorted form (see Figure 7). 
Determining the moment of arrival by 
the threshold method under such conditions 
was difficult, so the estimation of the times 
of arrival of the ballistic wave at the measuring 
microphones was carried out by determining 
the maximum of the cross-correlation 
function of the signals at the measurement 
point s ti � �  and the signal at the firing  
position s t0 � �  [33]:

t R s t s t ii i
 � � � � �� � �� �max , , , ,0 1 2 3 .      (10)

The appearance of the cross-correlation 
function is shown in Figure 8.

The results of the field experiment are 
presented in Table 4. It should be noted that in 

 

Figure 7. Signal of the Ballistic Wave Recorded at Measurement Point #1

 

Figure 8. Appearance of the Cross-Correlation Function of the Signals 
 at Point 1 and the Firing Position
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this case, only three approximating parabolas 
were constructed, three points each.

During field trials, the proposed method 
provided compensation for random disturbances 
to a level of 3.5% of the range. This figure 
noticeably exceeds the result obtained in 
the simulation experiment. However, considering 
that it was obtained from a single shot, this result 
demonstrates an acceptable quality of verification.

Advantages and Disadvantages of the  
Proposed Shot Verification Method

The proposed verification method with 
parabolic approximation, as demonstrated by 
simulation modeling and a natural experiment, 
enables compensation for random disturbances 
to entirely acceptable error values of firing 
based on a single shot. The calculations related 
to the construction of approximating parabolas 
are relatively simple and can be performed on 
an artillery commander's tablet. The proposed 
method reduces the time of firing exposure 
of the weapon and decreases the expenditure 
of projectiles. In this regard, it opens new 
possibilities for preserving the combat 
capability of the weapon in counter-battery 

warfare. The main disadvantage of the proposed 
verification method is the need for specialized 
equipment to register sound fields and its 
placement along the line of fire. However, there 
is information about the development of such 
equipment and its pilot application [34,35].

Conclusions. A method for verifying 
artillery shots with random disturbances has 
been developed and studied. The method is 
based on registering the ballistic wave, formed 
by a projectile flying along a trajectory, by 
a spatially distributed system of acoustic sensors.

The developed method allows for 
the verification of a shot even before 
the projectile lands and bursts.

The computational simulation experiment 
demonstrated that the developed method 
significantly limits the time of firing 
exposure of the weapon and the expenditure 
of projectiles in compensating for random 
disturbances compared to traditional shooting 
adjustment. The natural field test confirmed 
the correctness of the main scientific 
and technical solutions underlying the studied 
verification method.

Table 4
Parameters of the Experimental Verification of the Shot Verification Method

Parameter
Parameters corresponding to the locations of microphones on 

the firing line
1 2 3

Aiming point coordinate, meters 15000
Distance from the gun to the measuring 
microphone, meters 5400 7800 10000

Time of ballistic wave registration, seconds 8,5 14,8 19,7

Height of flight over the measurement point Yj ,  
meters

3634 6163 6686

Table 5
Results of the Experimental Verification of the Shot Verification Method

Simulation Results Approximating Parabolas
№1 №2 №3

Aiming Range X* , meters 15000
Coefficients of the Equation for Each 
Parabola
Y AX BX� �2

A -0,000096 -0,000088 -0,000080
B 1,32 1,28 1,19

X i
* , meters` 13790 14550 15100

X* , meters 14480
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