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ABSTRACT  

Military computer games are an important segment of the world media culture and media business. In addition to the 

entertainment aspect, military simulators play an important role in the training of future military specialists. However, quite often the 

scenario component of military gaming lags behind the rapid development of real military equipment. World experience of military 

conflicts of the 21st century shows that the most intensively developing segment of ground forces weapons is its artillery component. 

In this paper, a model of combat use of a new generation artillery system is developed. The model is intended for modification of the 

military game ARMA 3. The new generation artillery system is a large-caliber gun with a high level of automation. It has a high rate 

of fire, maneuverability, and shooting accuracy. Due to these qualities, the new generation artillery system is comparable in combat 

power to a unit of traditional guns and can carry out combat operations in single mode. A technique has been developed for 

dynamically assessing the current combat capability of an artillery system, taking into account the resource costs during fire activity, 

including indirect hits by the enemy. It is shown that in addition to traditional tactical counter-battery tasks, an artillery system can be 

used to destroy a suddenly emerging high-risk target. A high-risk target is a non-artillery system capable of causing very large 

damage in a short period of time. Based on the method of dynamically assessing the current combat capability, a tree of artillery 

system states is constructed. It includes the most probable states of the artillery system and the corresponding design parameters. A 

ratio is obtained that allows, for a known state of the artillery system, to estimate the number of shots needed to hit the target with the 

required guaranteed probability. Calculated examples show that a new-generation artillery system is capable of destroying a high-risk 

target, sometimes even at the cost of its own loss. The developed model is implemented and is being tested as a mod for the war 

game ARMA 3. 
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INTRODUCTION 

Computer gaming is rapidly developing as a 

segment of global media culture and media 

business. [1, 2]. A special place in computer 

gaming is occupied by military simulation games. 

The importance of military games is considered 

today in two aspects. On the one hand, it is a means 

of entertainment; on the other hand, military games 

are successfully used as a tool for training future 

military specialists. They help develop decision-

making skills and strategic thinking [3, 4]. The 

success of the educational and training purpose of 

military simulation games is largely determined by 

how quickly the latest achievements of real military 

equipment and its tactical use in modern combat 

are introduced into the scenario component of the  
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game [5, 6] . This is especially true for advanced 

equipment of ground military operations. Here, 

artillery systems are developing most intensively as 

the main striking force of ground forces. Combat 

experience of local conflicts of the twentieth 

century and the liberation war in Ukraine showed 

the successful use of a new generation of large-

caliber self-propelled artillery systems. However, 

the scenario side of war games today does not take 

into account the intensive real modification of the 

artillery component of gaming [7] . In this aspect, 

the modification of the scenario side of the artillery 

component of the war game for using real combat 

tactics of the new generation of self-propelled 

artillery in the simulation modeling is an urgent 

scientific and practical task.  
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ARMA 3 was chosen as the basic simulator for 

solving this problem. Certain modifications of it are 

discussed in [8]. The next modification of this 

game may be the use of new generation artillery 

systems capable of hitting not only enemy artillery 

targets, but also more dangerous objects that can 

cause huge damage and losses. New generation 

artillery systems can act as a single combat unit and 

at the same time solve combat tasks at the level of 

an artillery battery. This article is dedicated to the 

development of this modification. 

LITERATURE REVIEW 

The tactics of combat use of large-caliber 

artillery today are based on the concept of “shoot 

and scoot” [9]. The literature has examined in 

sufficient detail various aspects of the tactics of 

using artillery systems based on this concept for 

traditional counter-battery missions [10, 11]. 

Much less attention is paid to the consideration 

of another important aspect of the modernization of 

the artillery component of modern combat. Over the 

past decade, the world's leading manufacturers of 

artillery weapons have created new-generation self-

propelled artillery systems, hereinafter self-propelled 

artillery systems (SAS) [12]. One of the features of 

SAS is the transition to a wheeled self-propelled 

chassis. Self-propelled artillery systems on a 

wheeled chassis have several key features. 

– Mobility: The wheeled chassis provides high 

speed on roads and good maneuverability on terrain, 

allowing for quick changes of position and 

avoidance of detection. 

– Cross-country ability: Although wheeled self-

propelled guns are less cross-country than tracked 

ones, modern models often have improved cross-

country ability. 

– Ease of operation: Wheeled chassis typically 

require less maintenance and are easier to operate, 

which reduces ownership costs. 

– Weight and dimensions: As a rule, self-

propelled guns on a wheeled chassis are lighter and 

more compact, which allows them to be used in 

urban conditions and in confined spaces. 

– Speed of deployment: Rapid setup and 

readiness for firing allows for effective response to 

changes in combat situations. 

These features make self-propelled artillery 

systems on wheeled chassis attractive for modern 

armed forces, especially in highly mobile operations. 

Another feature of the SAS is the loading 

system with a fully automatic magazine and a 

modular charge system that allows for automatic 

charge build-up. The SAS is equipped with a 

computer fire control system. All this data is loaded 

into the onboard computer automatic fire control 

system. 

Another feature of the SAS is the ability to fire 

in the mode MRSI (multiple rounds simultaneous 

impact) or “pseudosalpa” (or stonk). In this mode, 

the SAS fires a series of successive shots at one 

target with different barrel elevation angles. The 

shells fly to the target along both flat and high 

trajectories with almost simultaneous arrival at the 

target location. It can be considered that firing by the 

SAS in MRSI mode is equivalent in firepower to 

firing at a target with a battery of guns with 

successive shots. 

The listed features of SAS make them the most 

effective artillery weapon of today's battle. This is 

confirmed by combat experience of their use in the 

liberation war in Ukraine [12, 13], [14, 15], [16, 17]. 

However, there is no data in the literature on tactical 

models of SAS use and their effectiveness. 

The methods for assessing the effectiveness of 

combat use of artillery available in the literature are 

based on theoretical prediction of the characteristics 

of target destruction [18, 19], [20]. At the same time, 

the dynamic assessment of the effectiveness of the 

combat use of artillery systems, taking into account 

the consumption of resources during fire operations, 

is of interest. 

GOAL AND OBJECTIVES OF THE 

RESEARCH 

The goal of the study is to develop a combat 

model of a single self-propelled artillery system of 

the new generation using the ARMA 3 game as an 

example. 

To achieve the set goal, the following tasks 

were solved: 

– a methodology for dynamically assessing of the 

combat capability current state of a single SAS has 

been developed; 

– a state tree of a single SAS has been developed; 

– the dependence of the number of SAS shots 

required to hit a particularly high-danger target 

within a given time interval was obtained, 

– demonstration calculations were carried out, 

confirming the adequacy of the model. 

MAIN PART 

New game unit 

It is proposed to introduce a new game unit 

into the ARMA 3 game – a new generation self-

propelled artillery system (NGAS). The NGAS 

characteristics are given in Table 1. The Archer 

NGAS, manufactured by BAE Systems (Sweden), 

was chosen as the NGAS prototype [21, 22]. 
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Table 1. Tactical and technical indicators of 

the game units of the NGAS 

Characteristic Significance 

Chassis Wheeled 

Wheel arrangement 6 x 6 

Caliber 155 mm 

Firing range 30 km 

Rate of fire 8 rounds per 

minute 

Maximum speed 

on the highway 

80 km/h 

Maximum speed 

cross-country 

60 km/h 

Source: compiled by the authors 

Methodology for dynamic assessment  of the 

combat capability current state of a single SAS 

Let the general scheme of combat use of a 

single SAS look as follows. In the process of SAS 

targeting, N targets are designated from the upper 

control level and their coordinates are 

communicated for sequential destruction. According 

to the intensively implemented NATO standard 

STANAG 2934, targeting is understood as a 

reasoned determination of the priority of enemy 

targets, the sequence of their destruction and the 

issuance of commands to destroy [23]. In the context 

of this article, we will consider the terms “targeting” 

and “target designation” to be synonyms. Fire 

destruction of targets is carried out from prepared 

firing positions , 1,FP i Ni  , each of which is within 

the firing range of the corresponding target. After 

firing at the target iT at the i-th position of the SAS, 

in accordance with the “shoot and scoot” concept, 

the SAS moves to position number i + 1 to fire at 

the target 1iT  (Fig. 1). 

1FP 2FP iFP

t

...
1i

F P


Fig. 1. Scheme of movement of the SAS 

according to the “shoot and scoot” concept 
Source: compiled by the authors 

After completing a combat mission at the i-th 

position, a dynamic assessment of the current 

combat capability of the SAS can be carried out. 

Since combat capability can be assessed by various 

indicators, the following practical criteria were 

selected for its assessment. 

1. Current shot efficiency 

According to the definition [24], a shot is 
effective if the wear of the SAS barrel does not 
exceed the permissible value. This in turn means that 

the initial velocity of the projectile 0
tv due to barrel 

wear 0 0 0( ) /table t tablev v v at the time of evaluation t is 

not less than 0.95 of the table value 0
tablev In the 

proposed methodology, the level of correct 
assessment of the current effectiveness of a shot is 
assessed according to the criterion of the following 
rank assessment. 

1 0 0 0 0( ) /t table t tableСrit Lv v v v   .  (1) 

1 0

1, 25,

1/ 2, 26 40,

1/ 3

t
shots

t t
shots

if n

Сrit L v if n

else

 


    



(2) 

where 0
tv is the deviation of the initial velocity of 

the projectile from the tabular one, t
shotsn is the 

number of shots fired from the barrel from the time 
of the last instrumental assessment of the initial 

velocity 0v until the moment of firing t . 

2. Shooting accuracy reduction factor 

This criterion takes into account fire damage 

(indirect hits) of the SAS by the enemy attacsn . These 

damages reduce the probability of a shot hitting the 

target factp compared to the probability of a SAS 

hitting without damage p . 

2 /factСrit SARF p p  ,  (3) 

2

1, 0,

1/ 2, 1,

1/ 3, 2

attacs

attacs

attacs

if n

Сrit SARF if n

if n




  
 

(4) 

3. Residual ammunition stock 

The assessment of the remaining ammunition at 

time t 
tAS is carried out according to the criterion 

3 ( ) / ,t
t full shots fullСrit AS AS n AS   (5) 

where fullAS is the full ammunition load of the SAS. 

We consider * 3tAS  the criterion value to be 

critically low 3Сrit (at 21fullAS  ). 

4. Possibility of shooting in MRSI mode 

The ability to fire in MRSI mode as a result of 
an indirect hit by an enemy projectile may become 
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impossible due to the failure of the vertical barrel 
movement mechanism or the control system for this 
mechanism.  

Accordingly, the ability to fire in MRSI mode is 
assessed by the criterion 

5

1, 2,

0, 2,

attac

attac

Сrit MRSI

if n MRSI is  possible

if n MRSI is  impossible

 


 



. (6) 

5. Rate of fire 

The rate of fire of the SPG may decrease due to 

indirect hits from enemy shells. The current rate of 

fire tRF It is proposed to evaluate by the following 

criterion 

4

1 (1 ),

1/ 2 (2 ),

1/ 3 (3 )

t

level

Сrit RF level

level




  



(7) 

The 1st level of rate of fire corresponds to the 

situation max 8tRF RF  of shots per minute, where 

maxRF is the maximum rate of fire, the 2nd level of 

rate of fire corresponds to the situation 

max 2,tRF RF  , the 3rd level of rate of fire 

corresponds to the situation max 3.tRF RF 

6. Residual mobility 

The movement of the SAS from each firing 

position to the next can be carried out both by road 

and over rough terrain. Despite the adaptability of 

the new generation SAS to movement over rough 

terrain, during such movement the tires of the wheel 

chassis can be damaged, which reduces the speed of 

movement at time t and maneuverability of the SAS.  

The residual maneuverability RM at time t is 

proposed to be assessed by the criterion 

6

1 (1 ),

1/ 2 (2 ),

1/ 3 (3 )

level

Сrit RM level

level




  



(8) 

here maneuverability corresponds to the 1st level, if 

max ,tv v where maxv is the maximum speed of 

movement, to the 2nd level, if max / 2,tv v to the 

3rd level, if max / 3.tv v

The six proposed criteria can be integrated into 

the overall assessment of current combat capability 

by convolution using the ideal point method 

according to the norm 2L : 

 
6

2
_ _

1

6

1

,

1,

ideal point ideal point

t k k k

k

k

k

Crit w Crit Crit

w





 






(9) 

where 
_ideal point

kCrit is the maximum possible value of 

the corresponding criterion; kw are weights of the 

relevant criteria corresponding to the combat 

situation. 

Thus, the proposed methodology consists of 

assessing the specified criteria of current combat 

capability according to the ratios (1-8) and, if 

necessary, calculating the integrated assessment (9). 

It is important to note that the movement of the 

self-propelled gun between firing positions can 

occur both on roads and over rough terrain (Fig. 2). 

iFP

1iFP

Fig. 2. Movement of the SAS from one position 

iFP to the next 1iFP

(yellow – road; black – rough terrain) 
Source: compiled by the authors 

When the SAS moves along a road, the high 

speed significantly saves travel time. However, as a 

rule, roads are intensively shelled by the enemy. In 

this regard, the probability of the SAS being hit 

while moving is high. When moving over rough 

terrain, the SAS speed is lower, the wear of the 

chassis is higher, but the probability of shelling is 

significantly lower. In addition, when moving over 

rough terrain, the trajectory of movement is a vector 

connecting the points of the initial and final position 

of the SAS. Therefore, the length of the trajectory in 

this case is minimal.  

systems and technologies
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If there are several possible routes of movement 

from position iFP to position 1iFP , the optimal one 

can be selected as a result of solving a two-criteria 

transport problem with minimization of the objective 

functions – travel time t and losses Q [25]: 

1
1

2
1

min ( ), 1,

min ( )

tr i i

tr i i

F t FP FP i n

F Q FP FP





  

 
.  (10) 

In this case, losses are estimated as the product 

of the probability of hitting and the cost of the SAS. 

It is proposed to consider the probability of hitting as 

proportional to the time of movement along a road 

under enemy fire. The two-criterion transport 

problem is easily reduced to a linear programming 

problem. The time to solve it on a computer of 

average performance does not exceed 5 s [26]. 

Model of combat use of SAS in a special 

tactical situation 

The methodology presented above makes it 

possible to construct a model of combat use of SAS 

in a special tactical situation. 

The main combat mission of the SAS is 

counter-battery warfare. The SAS, using the “shoot 

and scoot” tactic, sequentially fires at N targets iT , 

moving to the appropriate firing positions 

, 1,iFP i N . 

A more complex tactical situation is simulated 

below. Let us assume that suddenly after the target 

has been fired upon iT from the firing position, iFP

the SAS receives information from the upper 

targeting level about the appearance of an high-

danger target (HDT) and the need to destroy it with 

fire.  

The especial danger target is not an artillery 

battery. This target can cause serious damage and 

therefore its game value is tens of times greater than 

any of the targets iT . The peculiarity of this target is 

that it represents an especial danger and must be 

destroyed during a short period of time – the 

“window of high danger” (WHD) WHDt . The HDT 

coordinates are transmitted to the SAS. The HDT is 

considered destroyed if at least two SAS shells hit it 

with a probability of *р . The HDT is covered by 

artillery assets with an unlimited fire resource. 

Targeting for the HDT is received at the moment the 

SAS moves from the firing position iFP to the 

position 1iFP . After receiving the HDT targeting, 

the SAS stops moving and fires from a short stop 

from the temporary firing position TFP . The spatial 

and temporal pictures of the described tactical 

situation are presented in Fig. 3 and Fig.4, 

respectively. 

iT

1iT 

HDT

iFP

1iFPTFP

Fig. 3. Spatial picture of shooting at high-danger target  
Source: compiled by the authors 
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1FP 2FP iFP

t

...
1iFP

WHD

WHDt

TFP

Fig. 4. Time picture of shooting at high-danger 

target 
Source: compiled by the authors 

Let's assume that after the shooting ended, a 

raid iFP was carried out at the position adynamic 

assessment of the current state of combat readiness 

of the SAS in accordance with the above-formulated 

methodology. This makes it possible to construct a 

tree of states of the SAS (Fig. 5) [27]. The tree of 

states differs from a more typical decision tree in 

that it considers not the complete system of events, 

but the most probable events. The tree of states of 

the SAS is constructed on the basis of the above-

formulated methodology of dynamic assessment of 

the current state of combat readiness of the SAS. 

The first level of branching 1, …, 5 corresponds to 

the criteria 1 5,...,Сrit Сrit . The next level of 

branching determines the possibility of performing 

combat operations or the values of numerical 

parameters corresponding to the rank assessments 

used further in the calculations. 

SAS state

2Сrit = SARF

3 tСrit AS

4 tСrit RF

1 0
tСrit Lv

25t
shotsn 

26 40t
shotsn 

40t
shotsn 

0,1p

0,2p

0ehn 

1attacn 

2attacn 

0,2p

p

t need
shots shotsn n

t need
shots shotsn n

Enough

shells

Not enough

shells

5Сrit MRSI

0attacn 

0attacn 

MRSI fire

Single shot

fire

1 (1 )level

1/ 2 (2 )level

1/ 3 (3 )level

maxRF

max 2RF 

max 3RF 

1.1

 1.2

  1.3

  2.1

2.2

  2.3

3.1

  3.2

 4.1

 4.2

5.1

  5.2

    5.3

5

4

3

1

2

0,4p

p

Fig. 5. The tree of combat readiness states of the SAS at the time of the start of the  

high-danger target shelling 
Source: compiled by the authors 
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The current state of combat readiness of the 

SAS can be clearly represented by a yuple 

1, 1;2, 2;3, 3;4, 4;5, 5tState n n n n n  , 

where 

     

   

1 1.1,1.2,1.3 , 2 2.1,2.2,2.3 , 3 3.1,3.2 ,

4 4.1,4.2 , 5 1,5.5.2,5.3

n n n

n n

  

 

are the numbers of the terminal branches of the 

state tree. 

The next sequence of evaluation of the 

possibility of defeating the HDT is as follows. Let 

the probability of hitting the target with one SAS 

shot in an ideal state be equal to p . 

Taking into account the current state of the 

SAS, the values of the probability of hitting the 

target with one SAS shot are determined in 

accordance with the state tree. The number of shots 
*n required by the SAS in the current state to hit a 

high-dangerous target with K hits with probability 

is estimated *р . The probability *( )n K of misses 

is equal to 
*

(1 )n Kp  , and the probability of K hits 

is equal to 
*

1 (1 )n Kp   . According to the 

conditions formulated above, the inequality must 

be satisfied 

*

*

*

*

1 (1 ) ,

1 (1 )

n K

n K

p р

р p





  

  
.   (11) 

Assuming *1, 1p p  and moving to strict 

equality, we obtain the dependence: 
* *log(1 ) / log(1 )n р p K    .  (12) 

Rounding the value obtained from the 

expression (12) 
*n up to the nearest integer 

** *n n    ,  (13) 

it is possible to obtain the number of shots required 

to hit the target with probability *р . Visualization 

of dependence (12) is presented in Fig. 6. 

It should be noted that due to the discrete 

integer nature of the variable, 
**n when using Fig. 

12 it is necessary to use only the nodal values of 

the grid applied to the surface. 

The obtained value 
**n is compared with the 

available ammunition according to criterion 3. If 
**n > t

shotsn , the task is impossible. If there is 

sufficient ammunition, the condition of criterion 4 

is checked. If firing in MRSI mode is impossible , 

firing can only be done with single shots at a rate of 

fire determined by criterion 5. 

Fig. 6. Graphical representation of the dependence (12) 
Source: compiled by the authors 
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Next, the time budget for hitting a particularly 

dangerous target is estimated. 

Time to complete combat mission to defeat 

HDT 
*t includes the time of preparation of the SAS 

for firing from a short stop _prep firet , the time of fire 

activity * /fire tt n RF and the flight time of the 

projectiles up to EDT flightt : 

*
_prep fire fire flightt t t t   .  (14) 

This time should not exceed the duration of the 

window of particular danger WHDt : 

*
WHDt t  .    (15) 

If condition (15) is not met, it is not practical to 

perform the task. 

A special issue is the safety of the SAS when it 

is detected by enemy artillery covering the HDT . 

Let us assume that the SAS is detected by enemy 

artillery after four shots [11]. Then, after a while, 
enemy
firet an enemy salvo can hit the SAS with a high 

probability. 

4 /enemy enemy
fire t prep flightt RF t t   ,  ` (16) 

where enemy
firet is the time for the enemy to evaluate the 

TFP coordinates and prepare for firing. Here it is 

assumed that the enemy's covering artillery is 

located close to HDT, so the flight time of the shells 

is approximately the same as from TFP to HDT. 

If ** enemy
fire flight firet t t t   , then the combat 

mission of destroying a particularly dangerous target 

can be accomplished at the cost of losing the SAS. 

However, given the many times higher cost of the 

HDT, in this case the player gains a large gain. If, 
** enemy

firet t the residual maneuverability 6Сrit

criterion comes into force, and the SAS must leave 

the temporary firing position at maximum speed. 

Examples of calculations of the effectiveness 

of SAS for hitting a particularly dangerous target 

Below are some examples of the SAS 

effectiveness evaluation for EDT defeat for different 

SAS states at the time of targeting. The target is 

considered to be destroyed if it is defeated by K =3 s 

probability *р = 0.95. In this case, p = 0.9. Duration 

of the window of particular danger WEDt = 300 s. 

We assume that the distance TFP–HDT is such that 

the flight time of the projectile flightt = 60 s. We also 

assume the flight time of the projectiles fired by the 

enemy's covering artillery to be the same.  

Example 1. The SAS is in the state 

1,1.1;2,2.1;3,3.1;4,4.1;5,5.1tState   according to 

the results of the dynamic assessment . The current 

state of the system corresponds to the cortege: the 

initial velocity of the projectile is tabular; the SAS 

has not been damaged by enemy fire; the 

ammunition is sufficient; the MRSI firing mode is 

available; the rate of fire is maximum (the state 

corresponding to the "ideal point"). To hit the target 

with a probability of *р =0.95 according to (12-13), 

**n =4 shots are required. These 4 shots are fired in 

the MRSI mode. in firet =30 s. After this, the SAS 

can leave the TFP after a time _prep fire firet t of =50 

s. If the SAS is detected by the enemy after the 4th 

shot, then during the flight time of the enemy shells 

flightt =60 s, it will move at a speed of 60 km/h to a 

distance of 1 km from the TFP. The total time to 

complete the combat mission 
*

_prep fire fire flightt t t t   =20 s +30 s + 60 s = 110 s 

does not exceed the duration of the special danger 

window WEDt =300 s. 

Example 2. According to the results of the 

dynamic assessment, the SAS is in the state 

1,1.1;2,2.2;3,3.1;4,4.2;5,5.2tState   . The current 

state of the system corresponds to the cortege: initial 

projectile velocity – tabular; fire damage to the SAS 

by the enemy – one fire impact has been made; 

ammunition – sufficient; MRSI firing mode –

unavailable; rate of fire – 6 rounds per minute. Then 

p = 0.7. To hit the target with a probability *р of = 

0.95 according to (12-13), 
**n = 7 shots are required. 

Shooting is carried out in the normal mode with a 

rate of fire of 6 rounds per minute. Then firet = 70 s. 

The SAS can leave the TFP after a time 

_prep fire firet t of = 90 s. If the SAS is detected by the 

enemy after the 4th shot (after 40 s), then during the 
enemy
prep flightt t arrival time of the enemy shells 20 s + 

60 s = 80 s it will move at a speed of 40 km/h to a 

distance of approximately 0.8 km from the TFP and 

will avoid direct fire damage. The total time to 

complete a combat mission 
*

_prep fire fire flightt t t t   = 20 sec + 70 sec + 60 sec 

= 150 sec does not exceed the duration of the high-

danger window WEDt = 300 sec. 

Example 3. According to the results of the 

dynamic assessment, the SAS is in the state 
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1,1.1;2,2.2;3,3.1;4,4.2;5,5.3tState  The current 

state of the system corresponds to the cortege: 

initial projectile velocity is tabular; enemy fire 

damage to the SAS – two fire impacts were made; 

ammunition is sufficient; MRSI firing mode is 

unavailable; rate of fire is 5 rounds per minute. p = 

0.5. To hit the target with a probability *р of = 0.95 

according to (12-13), 
**n = 10 shots are required. 

Shooting is carried out in the normal mode with a 

rate of fire of 5 rounds per minute. Then firet = 120 

s. After the 4th shot, the SAS will be detected by 

the enemy, the enemy's projectiles will reach TFP 

in a time of 20 s + 60 s = 80 s from the moment of 

the 4th shot, i.e. at 138 seconds from the beginning 

of the fire activity . The time reserve for moving 

the SAS is 18 seconds. This is not enough for 

movement, and the SAS will be hit. However, by 

this time it will have fired 10 shells, which 

guarantees the destruction of the high-danger target 

with a probability of 0.95. The total time to 

complete the combat mission 
*

_prep fire fire flightt t t t   = 20 s + 120 s+60 s=200 s 

does not exceed the duration of the high-danger 

window WEDt =300 s. This example demonstrates 

that at the cost of losing the SAS, the high-danger 

target can be guaranteed to be destroyed. 

The examples provided demonstrate that the 

developed four-component model of combat 

operations of a single self-propelled artillery 

system in a complex tactical situation (Fig. 7) 

allows us to evaluate the combat capability of the 

SAS when performing the task of destroying a 

suddenly discovered target of particular danger. 

The proposed model can also be used in a 

different formulation of the problem. The 

application of the model allows one to estimate the 

probability of hitting a high-danger target for a 

known ammunition supply and the state of the 

SAS. If this probability is not high, then performing 

the combat targeting task is inappropriate and is 

fraught with the loss of the SAS. The input data for 

the proposed model is the current state of the SAS 

at the time of the appearance of a high-risk target, 

estimated according to the criteria system described 

above. 

Results and conclusions 

A combat model for a new generation single 

self-propelled artillery system has been developed. 

During the research the following tasks were 

solved: 

Methodology for dynamic 

assessment of the current state  of 

a single SAS

SAS state tree

Calculating the 

required number of 

shots

Calculation of the

time budget

1 6,...,Сrit Сrit

**n

Input data:

Current state of the SAS

1, 1; ...;5, 5tState n n 

Fig. 7. Four-component model of combat 

operations of a single self-propelled  

artillery system 
Source: compiled by the authors 

– a methodology for dynamically assessing the  
combat capability current state of a single SAS has 
been developed; 

– a state tree of a single SAS has been 
developed; 

– the dependence of the number of SAS shots 
required to hit a particularly dangerous target within 
a given time interval was obtained, 

– demonstration calculations were carried out, 
confirming the adequacy of the model. 

The possibility of using a new generation self-
propelled artillery system to hit a suddenly 
appearing target of particular danger is shown. The 
developed model is intended for modification of the 
military computer game ARMA 3. Currently, a mod 
implementing the developed model is being tested. 
The mod will be presented in the ARMA 3 
community. 

Thus, the goal of the study has been achieved, 
all set tasks have been completed. 
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АНОТАЦІЯ 

Військові комп'ютерні ігри є важливим сегментом світової медіа культури та медіа бізнесу. Окрім розважального 

аспекту, військові імітатори відіграють важливу роль у підготовці майбутніх військових фахівців. Проте досить часто 

сценарний компонент військового геймінгу відстає від стрімкого розвитку реальної військової техніки. Світовий досвід 

військових конфліктів ХХІ століття показує, що сегментом озброєння сухопутних військ, що найбільш інтенсивно 

розвивається, є його артилерійська компонента. У цій роботі розроблено модель бойового застосування артилерійської 

системи нового покоління. Модель призначена для модифікації військової гри ARMA 3. Артилерійська система нового 

покоління є знаряддям великого калібру з високим рівнем автоматизації. Вона має високу скорострільність, маневреність, 
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точність стрілянини. Завдяки цим якостям артилерійська система нового покоління з бойової могутності підрозділу 

традиційних знарядь і може здійснювати бойові дії в одиночному режимі. Розроблено методику динамічної оцінки поточної 

боєздатності артилерійської системи з урахуванням витрат ресурсів у процесі вогневої діяльності, включаючи непрямі 

влучення супротивника. Показано, що крім традиційних тактичних завдань контрбатарейної боротьби артилерійська 

система може застосовуватися для знищення мети, що раптово проявилася, особливої небезпеки. Під метою особливої 

небезпеки розуміється неартилерійська система, здатна протягом короткого проміжку часу завдати дуже великої шкоди. На 

підставі методики динамічної оцінки поточної боєздатності збудовано дерево станів артилерійської системи. До нього 

включені найбільш ймовірні стани артилерійської системи та відповідні цим станам розрахункові параметри. Отримано 

співвідношення, що дозволяє відомого стану артилерійської системи оцінити кількість пострілів, необхідні поразки мети з 

необхідної гарантованою ймовірністю. На розрахункових прикладах показано, що артилерійська система нового покоління 

здатна знищити мету особливої небезпеки, іноді навіть власної втрати. Розроблена модель реалізована та тестується у 

вигляді моди для військової гри ARMA 3. 

Ключові слова : гра ARMA; артилерійська система нового покоління; динамічна оцінка боєздатності; мета особливої 

небезпеки 
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