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The object of research is a naval landing operations and interactions between anti-ship missiles and naval forces in a variety of
simulation scenarios. Computer simulation is an essential tool for modeling and evaluating complex processes. Strategy-oriented video
games allow model and interact with multi-layered systems in a modern warfare, in a variety of scenarios. This research presents
a framework for modeling naval landing operation in a strategic wargame. The model focused on the interactions between attacking
player using transport ships for naval landing, fire-support ships, minesweepers, electronic warfare units, and interceptor aircraft, and
defending player which using anti-ship missile launchers and naval minefields. A key objective is to identify optimal defensive strategies
under resource constraints, calculation possible unit interactions, to estimate possible outcomes, which can help that determine the best
tools to prevent or execute successful naval landing operation.

The methodology was implemented using stochastic mathematical model to estimate the effectiveness of anti-ship missiles against
different types of ships with different defensive setups. The methodology proposes different approaches, for the defending side player,

targeting the most vulnerable or most important parts of attacking player convoy to ensure the most effective way to prevent naval

landing operation.

Experiment results show the importance of dynamic targets prioritization for the defending player, and allows increase the efficiency
of the provided resources up to two times compared to the basic targeting algorithm.

The given framework allows to improve realism of naval combat simulations in a video game and offers a scalable foundation for
game balance adjustments or potential application in tactical training environments.
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1. Introduction

Within the spectrum of simulation games, the wargame genre rep-
resents a specialized field that focuses on the emulation of military
systems, vehicles, and equipment. Wargames are distinctive in their
capacity to recreate historical conflicts as well as to construct hypotheti-
cal scenarios.

The present research concentrates on naval operations, with par-
ticular attention to the interactions between anti-ship missile platforms,
and naval forces in the context of naval landing operations. Realistic
modeling of such scenarios, within video game engine, requires creat-
ing efficient frameworks which can be used in real time and required
to create interactive and data-driven simulation for the players.

The literature introduced two guidance strategies based on differen-
tial game theory [1]. These strategies are developed from the attacker’s
point of view in a scenario with three main players: the attacker, the de-
fender, and the target. The goal of these approaches is to let the attacker
avoid the defender while keeping a safe distance from the target. An
important feature is that the attacker does not need to know exactly how

the defender or target are controlling their movements, which makes
the strategies useful even when information is limited. This approach
highlights how game theory can be combined with practical guidance
methods to improve offensive operations in complex environments.

Another work describes an improved guidance method that helps
groups of anti-ship missiles coordinate their strikes so they hit naval tar-
gets at the same time [2]. By synchronizing arrival times, the technique
raises the missiles’ chances of getting past ship defenses.

Studies provide mathematical models that describe how a combat
ship behaves in both normal and damaged conditions [3]. The approach
used is called Estimation-Before-Modeling, which first looks at indi-
vidual state variables and parameters before analyzing overall patterns
of hydrodynamic forces. The research compares the ships performance
when fully intact versus when it has sustained damage, focusing on how
damage changes its ability to maneuver.

Another study argues that simulation games can go beyond en-
tertainment or training to become valid tools for analyzing dynamic
systems that involve human behavior, technology, and uncertainty [4].
Simulation games allow to build interactive, rule-based environments
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where players act, make decisions, and receive feedback, allowing them
to explore more complex interactions and improve strategy.

The authors of another paper proposed a way to manage the
growing complexity of modern engineered systems through a unified,
model-based, and collaborative design methodology. And describe
how mathematical models, sampling and sensitivity analysis can iden-
tify which parameters most influence outcomes [5].

To build foundation for the model, study uses various literature
sources. Analyzing technical capabilities and effectiveness of anti-
ship missiles allows to build better baseline for each variable in our
model [6].

The proposed game framework has been structured to enable the
simulation of a wide range of scenarios. At the core of the framework is
a game engine database that contains all required parameters for each
active variable in game scenarios. In addition, the framework provides
the tools to enable evaluation of possible interactions between every
active variable inside the scenario settings.

In this research, the framework provides models to describe inter-
actions between anti-ship missiles and different types of ships and types
of anti-missile tools to increase the simulation accuracy.

The object of research is a naval landing operations and interactions
between anti-ship missiles and naval forces in a variety of simulation
scenarios.

The subject of research is structured around a two-player confronta-
tion. The attacking player is tasked with escorting a convoy of trans-
port ships into the defending player landing zone in order to execute
a landing operation. This offensive force typically consists of multiple
categories of units, including transport ships (responsible for delivering
ground forces), defense ships (providing defensive cover for the con-
voy), missile cruisers (capable of delivering retaliating fire), fire-support
and minesweepers (which providing support during the landing opera-
tion), electronic warfare (EW ) ships (specialized in jamming anti-ship
missiles), and interceptor aircraft (designed to counter incoming enemy
missiles). The defending player forces primarily centered on coastal
missile launchers and, in some scenarios, defensive minefields that
protect the designated landing zones.

The aim of this research is to decrease the success probability of the
landing operation by strategically neutralizing transport ships and their
support ships with anti-ship missiles, using the given number of resources.

To achieve this aim, the following tasks were accomplished:

1) to build a stochastic model which defines all interactions be-
tween each variable of the naval landing operation, such as defense
ships and fire support, and calculate possible damage from a missile
strike to rival player ships;

2) to identify an optimal strategy for the defending player to decrease
the success change of the landing operation, and find the most optimal
targets, and trying to use the given resources in a most effective way.

2. Materials and Methods

First player has the convoy of ships. Based on established strategies
and tactical guidance from the literature, it is important to identify
and define the core elements of a naval convoy for the landing opera-
tion [7]. It consists of 3 types of ships: transport, fire support, defense,
and minesweepers. Lets assume that if full convoy will successfully
reach the landing zone without any losses, then the success chance
of the landing operation will be Py,,. Each type of group of ships has
different impact on success of landing mission. The main factor is
a transports ships, if none survives then the success chance is zero. For
the minesweepers and fire-support groups the main task is to protect
the transport ships during the landing. So, if convoy will lose the fire
support or minesweepers, then without them the first player will lose
some transport ships during the landing, and the chance for the landing
success will be decreased.

For each task the defending player is assigned the specific number
of missile launchers and anti-ship missiles. To effectively accomplish
the given task, the player must find the most optimal use of the given
resources and prevent the attacking player landing operation.

Lets assume that there is a one type of missile launcher which can
load and launch only 4 missiles at a time, after that it has to be reloaded
which takes some time. The baseline scenario also assumes that the at-
tacking player doesn't have information about the first missile launch from
the defending player, and will be ready to retaliate, by trying to destroy
the missile launchers, only at the time of the second launch, and so on.
So, from the defending player standpoint, there is increasing chance
after each launch to lose some missile launchers. If defending player
will lose all missile launchers before destroying the required amount
of attacking player’s transport ships, then it can be accepted that the
landing operation was successful and defending player will lose a match.

Literature sources were used to define baseline parameters for all
components inside the model, such as ships characteristics, missiles
range and damage capabilities, anti-air systems and aircraft stats [8].

In the base version of proposed model, the exponential distribution
formula will be used to determine all interactions in the simulation.
Model is using similar but simplified version of a structure proposed
in a paper [9].

To make a calculation for a potential damage of a missile strike to
the defined target group, it is required to calculate the possible impact
for each element of attacking player forces [10]:

- calculate the number of missiles that were destroyed by anti-air,

interceptor jets and EW systems of attacking player ships;

- calculate the impact on a success chance of landing operation by

each type of ships in naval convoy, such as transport ships, escort

ships and minesweepers;

- calculate the chance of destroying the missile launchers by en-

emy missile cruiser after the retaliation strike.

To calculate the amount of the missiles which can evade intercep-
tor jets with the formula

QﬁOnm)=1—P[1—eM:J, (1)

where P — the probability for interceptor to strike down a missile;
m — a number of interceptors; n — the total number of missiles;
- acoefficient which defines effectiveness of a interceptor jet.

Formula to find the number of missiles, which will avoid the land-
ing convoys total anti-air systems, could be defined similarly to inter-
ceptors. To do so, it is required to find a coethicient which will define
anti-air capabilities of each ship group.

The anti-air capabilities of each group of ships inside the attacking
player convoy could be calculated with a formula

N
1=K )
k=1

where N — the number of ships inside the defined group; g 4qx — a coef-
ficient that defines an anti-air potential of ships in a selected group;
K — combat efficiency coefficient for the respective type of ships.

For each group of different types of ships, it is necessary to calculate
the probability for a missile to avoid anti-air systems with a formula

Q. (m=e ", 3)

where 1 — the total number of missiles fired in a single launch.

If there is a ship with active EW systems in the attacking convoy,
then there will be used the coeflicient Q,,, to define the effectiveness of
this systems against the anti-ship missiles.

o
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Probability to destroy a ship in a targeted group could be calculated
with the formula

Qg (1)Quy Qe
W (m,n)=1-¢ “ , 4)

where P, — the probability for a missile to successfully target a ship
inside the group; Qe — the coefficient which defines number of mis-
siles without technical issues; o — number of hits needed to fully dis-
able one ship.

The total mathematical expectation for the estimated number of de-
stroyed ships inside the targeted group will be calculated with a formula

N=Sw. 5)

The missile cruiser role in a convoy to provide the retaliation fire
against the anti-ship missile launcher of the defending player.
Probability of retaliation fire

§=8,ml, (6)

where §,, — a basic retaliation fire hitting chance of a missile cruiser
ship; my is number of missile cruiser ships in a convoy; [is a number of
missile launcher which defending player has.

After calculating the results of each strike, model will update the
status for every ship in the order, depending on the total number of de-
stroyed ships. And it is required to recalculate the potential changes for
the chance of success for the landing operation for the attacking player.
Model will use the simplified approach proposed in aliterature [11] to
calculate changes for the landing operation success.

In a convoy there are three types of ships which actively involved in
naval landing and have a direct impact on a mission success: transport
ships (7)), which carry the troops and equipment for the landing; fire-
support ships (F), which provide fire support to suppress defending
player retaliation means; minesweepers (M), which will clear the way
to the landing site for other ships, in case if defending player planted
naval mines near the landing sites.

To calculate the probability of mission success chance, it is neces-
sary to take into account the number of surviving ships at the beginning
of the landing operation:

t —_ —_
L Ve

where ¢, fand m — the number of survived ships after approach.
Transport ships are essential, if none survive, success chance is zero

G =x,. (7)

t t

Fire-support reduces losses of transports during landing. If de-
graded, the success probability suffers a bounded penalty

G (x,)=1-B,(1-x,), 8)

where coeflicient Bydefines the maximum penalty for the landing suc-
cess chance if all fire-support ships are destroyed.

Minesweepers protect transports against mines around the landing
site; the formula penalty is similar to fire-support ships

G, (x,)=1-B (1-x,), )

where coeflicient B,, defines the maximum penalty for the landing suc-
cess chance if all minesweeper ships are destroyed.

The overall landing probability is

rP=P_G,G,G,, (10)
where P,y — a maximum chance for the landing mission success,
in case if all ships in the convoy will reach the landing zone.

This model assumes independent multiplicative contributions from
each class of ships.

The quantitative coefficients assigned to different ship attributes,
and missile specifications were systematically derived through a com-
prehensive review of multiple literature sources and openly available
technical specifications. These values were processed and incorporated
into the game engines internal database, forming the foundation for
scenario calculations.

The given framework is purely mathematical, so it could be imple-
mented in any type of simulations, such as warfare simulation games,
similar to ARMA 3, or any other software.

3. Results and Discussions

3.1. Experiments

For future experiments and model test, for different scenarios, cal-
culations will use simplified values for all coeflicients. One missile hit
is enough to fully disable a ship.

1. The first setup for a rival player force will contain 12 ships in the
transport group, 4 ships in defense group and 4 minesweepers. The
defending player forces will include 3 launchers and 24 total number of
anti-ship missiles. Attacking player forces don't have active air support
and no active EW.

Base chance of naval landing operation success Pyyq = 0.95.

Coeflicient for minesweepers loses B, = 0.4.

Qg and Qe coefficients will be equal to 1, because in the current
setup there is no air support and EW.

In current scenario, anti-air means are present only on defense
ships and in a smaller amount on transport ships.

For the ships in transport group, the coefficient defining their anti-
air capabilities z2,, = 0.1, which is taken from the game database. Main
purpose of ships in the transport group in to transport personnel, be-
cause of that they have relatively small anti-air damage capabilities.

Anti-air damage coefficient for fire support ship z,, = 1, because
ships of this type have better anti-air capabilities.

Anti-air coefficients for the transport and defense groups can be
calculated using formula (2):

u,=12-01=12, p,=4-1=4

Coefhcient of ships combat efficiency, which are stored in a game
database:

K =045, K; = 0.55.
Resulting total anti-air coefficient
1, =045-12+4-055=2.74

With formula (3) can be calculated the probability of missiles to
evade core group ships anti-air systems

274

Q,(n)=e 2 ~07959.

After each strike it is required to recalculate the anti-air probability
and coefficients, because of changes in number of each type of ships and
possible amount of missile launched.
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For simplicity, calculation of the probability of a missile to success-
fully capture designated target P,y value will be with an assumption
that missile always targets the designated type of ships

where 1 — a number of ships in a targeted group.
Let’s define coefficients for the missile reliability and the number of
successful hits to disable targeted ship:

Q,,=095, w=1.

Math expectation of destroying ships in each group will be calcu-
lated with formula (4)

1

W,.(m,n):l—e{ R

m-1-0,795‘)-1-U,95J
n

where m — a number of missiles in a salvo; n — a number of ships in the
targeted ships group.

After each strike on designated target ships group, can be recalcu-
lated the new potential chance of success for landing operation, which
can define the estimated effectiveness of our decision to prioritize the
chosen ship group, using formula (10). Current convoy setup is missing
the fire-support ships, so only losses to transport ships or minesweepers
will impact the resulting landing success chance

P=0951] 1-04[ 1= 1|,
T M

Let’s make calculations for the first launch of 12 missiles targeting
the different types of ships and calculating the resulting possible success
chance for the landing mission of attacking player.

Current example has 24 missiles and 3 launchers. Assuming that
it is required to use all resources, defending player can make 2 strikes,
using 12 missiles in each. Math expectation for each targeted group after
the first launch of 12 missiles:

- for transport group:

12-1.07959-1.095
12

1

1—e

W = J =0.51,

i

N,=12-051=6.13~6,

P=O.95-£- 1-04 1—é =0.475.
12 4

The loses of half of the transport ships will decrease the success
chance oflanding operation by half;
- for defense group:

12%-0.7959- 1-095

1

W:I—e[ }=0.883,

N, =4-0883=353~4,

P=O.95-2- 1-04 l—é =0.95.
12 4

Because ships from defense group aren't directly involved in naval
landing operation, the loses of defense ships don't decrease the success

chance of landing mission. But it will decrease the anti-air capabilities
of the convoy against the future strikes for minesweepers group:

12:X.07959-1.095
4
1

W =1-e [ }=0.883,

i

N,=4-0.883=3.53~4,

P=0.95~E- 1-04 l—9 =0.57.
12 4

The loss of full minesweeper group will decrease the success chance
of landing operation by ~ 40%.

Next step is to calculate the second launch of 12 missiles. For the
second launch defending player will always prioritize transport ships,
but will make calculations from the different states which was calculated
after targeting the transport group in a first strike:

12108141095
46
1

W =1-e J=0.76,

N, =6-0769=4.613~5,

P=0.95~L- 1-04 1—é =0.109.
12 4

The total chance of a mission success is reduced to 11% from 95%
after targeting the defense ships:

12-L.0956-1-095
412
1

Wzl—e[ }=0.577,

N,=12:0577=692~7,

P=0.95~i- 1-04 1—é =0401.
12 4

The results show that after destroying the defense ship group, the
anti-air capabilities of a convoy have decreased, but the difference is
pretty small after targeting the minesweeper ships:

12~L-0.795941 -0.95
| 12
1

W,.:l—e[ J=0.51,

N, =12-051=6.13%6,

P=O.95~£~ 1-04 1—9 =0.278.
12 4

By targeting minesweepers ships and transport ships, defending
player can reduce the mission success rate to ~28%, and it also can be
very effective way to decrease chances of success for the attacking player
naval landing operation.

2. For the second setup let’s include all the possible variables for
a naval landing group, except for the minesweepers. The convoy will
contain 20 ships in the transport group, 8 ships in defense group, 4 ships
in fire-support group, 2 ships with EW systems and 4 interceptor jets.

The defending player forces will include 4 launchers and 48 total
number of anti-ship missiles.

Base chance of naval landing operation success Py, = 0.95.

;94
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Coeflicient for fire-support ships loses Br = 0.35.

Coefhicient for EW systems will be equal Q,,, = 0.5.

Anti-air coefficients for transport and defense ships g4 = 0.1,
Maad = 1.

To calculate the interceptor jets defense against the anti-ship mis-
siles will be used formula (1). Using the coefficients from the game
database for a given type of jets, P = 0.75, = 2.5

25t
Qfa(m,n)=1—0.75[l—e_ “’J:O.65.

Because many possible variations in the given example, to simplify
our experiment, it is assumed that attacking interceptors will be active
only during the second missile launch.

Similarly to previous example, next steps will calculate the possible
changes in landing operation success chance after prioritizing different
groups of ships in the convoy. It is assumed that defending player is
using all available missile launchers and missile ammunition during
each strike.

To make calculation after the first strike (Table 1), similar to first
example, it is required to calculate the math expectation to destroy
a ship for each targeted groups, the total estimated number of destroyed
ships in the group and updated chance for landing operation success

After analyzing given results, it is proven that decision to target
EW ships during the first launch is more effective than targeting
the Defense group, even accounting for active interceptors of at-
tacking player.

Now let’s continue our calculation, from a state, after targeting EW
ships during the first launch (Table 3) and make same calculations after
targeting each group of ships in the convoy: after targeting the transport
ships (Table 4), defense ships (Table 5) and fire-support ships (Table 6)
to find the most effective way to decrease enemy chances of successful
landing operation.

after calculated damages.

Table 1
Calculations after the first strike
Target group Transport Defense Fire-sup- EW (2)
(number of ships) (20) (8) port (4)
w; 0.227 0.475 0.725 0.92
N 4.55 3.8 2.9 1.84
P 0.73 0.95 0.708 0.95

Looking at the results after the first launch, defending player can

see that the most impactful target is the fire-support ships. Targeting
defense and EW ships seems non impactful, but if defending player
decide to destroy them, it should drastically increase the power on our
next strike.

Let's make calculations for the second strike, to analyze which type
of anti-air defenses defending player should target to maximize the ef-
fectiveness of given resources. Calculations will start from 2 different
states, based on which ships were targeted during the first launch, after
targeting defense group, and destroying 4 ships (Table 2) and after
targeting and destroying full group of 2 EW ships (Table 3). During the
second launch enemy interceptor jets will also be active.

Table 2
Calculations after targeting the defense ships
Target group Transport Defense Fire-sup- EW (2)
(number of ships) (20) (4) port (4)
W; 0.175 0.618 0.618 0.855
N 3.5 2.48 248 1.71
r 0.78 0.95 0.74 0.95
Table 3
Calculations after targeting the EW ships
Target group Transport Defense Fire-sup- EW (0)
(number of ships) (20) (8) port (4)
W; 0.285 0.569 0.814 -
N 5.72 4.55 3257 -
r 0.678 0.95 0.679 -

Table 4
Calculations after targeting the transport ships
Target group Transport Defense Fire-sup- EW (0)
(number of ships) (14) (8) port (4)
w; 0.528 0.731 0.92 -
N 7.39 5.85 3.71 -
P 0.313 0.678 0.455 -
Table 5
Calculations after targeting the defense ships
Target group Transport Defense Fire-sup- EW (0)
(number of ships) (20) (3) port (4)
W, 0.459 0.98 0.95 -
N 7.39 29 3.81 -
r 0.514 0.95 0.455 -
Table 6
Calculations after targeting the fire-support ships
Target group Transport Defense Fire-sup- EW (0)
(number of ships) (20) (8) port (1)
w;; 0.458 0.98 0.99 -
N 9.17 29 0.99 -
Y 0.379 0.95 0.6175 -

The results show that during the third launch it is absolutely useless
to target defense group of ships, because defending player used all its
resources and defense ships do not impact the actual landing operation.
And the most effective way for the defending player to decrease the
landing operation success chance is to target fire-support and transport
ships in any combination, after decreasing as much as possible convoy’s
anti-air capability during the first launch.

In the given example, the most effective strategy for the defending
player is to target EW ships during the first launch, then target transport
ships and fire-supports during the second and third launches.

Lets make calculations using only basic targeting logic, targeting
only transport ships (Table 7) to compare the results and effectiveness
of both algorithms.

Table 7
Calculations after targeting only transport ships on each launch
(nl?xifjrt f;:ﬁliaps) Transport (20) | Transport (16) | Transport (13)
w; 0.227 0.191 0.333
N 4.55 3.06 433
P 0.73 0.614 0.457

After using algorithm which targets only transport ships, the overall
success chance of naval landing operation for attacking player is ~ 46%

higher than if defending player used adaptive targeting algorithm.
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3.2. Limitations of research and directions for its further de-
velopment

This research proposes a model which calculates possible interac-
tions between different variables of naval landing operations, from
both player sides. Using game engine database with all specification
of many types of ships, missile, interceptors, which different types of
provided utility, it is possible to create and predict many outcomes
for the players decisions in any scenario, which could be presented
in the simulation.

Given stochastic model is not fully covering all the possible nu-
ances of naval interactions, but it allows to increase the realism and
accuracy for calculations for each type of interactions between dif-
ferent types of units which required more attention for the players. It
is easily scalable to account for much more complex states and situa-
tions in the simulation scenarios, such as technical wear of ships and
missile launchers, possible weather effects, more complex calculation
of ship damage, etc.

Also, given models, allows to use much more complex algorithms,
which can calculate and estimate much more precise targeting from the
defending player for each active missile launcher separately targeting
different types of ships in succession. Such algorithms will allow to find
the most efficient strategy for the defending player, and allows attacking
player to better counteract it with different setups for landing forces.

4. Conclusions

1. Build a framework for the computer simulation for analyzing
two-player naval landing scenario, by integrating anti-ship missiles,
ships anti-air capabilities, EW systems, fighter jets and other variables.
The model covers all possible interactions between forces from each
player side in a context of given scenario. The model allows to calculate
all possible outcomes for each of the possible strategies used by the play-
ers. This type of simulation gives an advantage on a preparation step for
the expected scenario of the upcoming naval operation.

2. Using the presented model, this research proposes a new algo-
rithm to find the optimal strategy for each player in a multiple scenarios
of naval landing operation. For the defending player, model allows the
real-time calculations for each state of the simulation, to find the best
targets to minimize the attacking player landing operation success rate.
Experimental calculations confirm the effectiveness of this algorithm,
and for some scenarios demonstrate an increase in the efficiency of us-
ing the defending player’s resources up to two times. From the attacker’s
perspective, this algorithm allows for calculations to be made for a vari-
ety of possible outcomes prior to the landing operation. Which allows
to find the most optimal naval convoy setup to increase the operation
success rate.

With the possible extensions for each part of the model and fu-
ture empirical calibration, this model and algorithms can evolve into
a robust tool for both game balance tuning and even tactical training
simulations.

Conflict of interest
The authors declare that they have no conflict of interest in relation

to this research, including financial, personal, authorship, or any other,
that could affect the research and its results presented in this article.

Financing
The research was conducted without financial support.

Data availability

The paper has no associated data.

Use of artificial intelligence

GPT-40 was used to help find relevant literature sources based on
main topics of research, such as naval warfare, computer simulations
and military video games.

The authors carefully checked and verified the reliability and rel-
evance of the provided literary sources.

Authors’ contributions

Oleksii Neizhpapa: Conceptualization, Methodology, Validation, In-
vestigation, Writing; Maksym Maksymov: Conceptualization, Method-
ology, Formal analysis, Investigation, Supervision; Oleksandr Toshev:
Conceptualization, Methodology, Validation, Investigation, Writing.

References

1. Sun, Q, Zhang, C,, Liu, N., Zhou, W,, Qi, N. (2019). Guidance laws for at-
tacking defended target. Chinese Journal of Aeronautics, 32 (10), 2337-2353.
https://doi.org/10.1016/j.cja.2019.05.011

2. Hull, D. G, Radke, J. ], Mack, R. E. (1991). Time-to-go prediction for homing
missiles based on minimum-time intercepts. Journal oquidancc, Control, and
Dynamics, 14 (5), 865-871. https://doi.org/10.2514/3.20725

3. Gao, P, Du, Z,, Zhang, L., Zhao, P, Liu, H., Yan, M. (2021). Damage assess-
ment for large-scale surface warship systems using a dynamic location damage
tree model quantified based on the multilevel Monte Carlo simulation. Ocean
Engineering, 237, 109597 https://doi.org/10.1016/j.0ceaneng.2021.109597

4. Lukosch, H. K., Bekebrede, G., Kurapati, S., Lukosch, S. G. (2018). A Scientific
Foundation of Simulation Games for the Analysis and Design of Complex
Systems. Simulation & Gaming, 49 (3), 279-314. https://doi.org/10.1177/
1046878118768858

5. Ridolfi, G., Mooij, E., Corpino, S. (2012). Complex-Systems Design Method-
ology for Systems-Engineering Collaborative Environment. Systems Engineer-
ing - Practice and Theory. https://doi.org/10.5772/32186

6. Palumbo, N, Blauwkamp, R., Lloyd, J. (2010). Basic Principles of Homing
Guidance. Johns Hopkins Apl Technical Digest, 29, 25-41. Available at: https://
www.researchgate.net/publication/292646184_Basic_Principles_of_Hom-
ing_Guidance

7. Vego, M. (2020). General Naval Tactics; Theory and Practice. Annapolis: Naval
Institute Press, 464.

8. Perelman, A, Shima, T, Rusnak, I. (2011). Cooperative Differential Games
Strategies for Active Aircraft Protection from a Homing Missile. Journal of Guid-
ance, Control, and Dynamics, 34 (3),761-773. https://doi.org/10.2514/1.51611

9. Maksimov, M. V,, Pelykh, S.N., Maslov, O. V., Baskakov, V. E. (2009). Model of
cladding failure estimation for a cycling nuclear unit. Nuclear Engineering and
Design, 239 (12), 3021-3026. https://doi.org/10.1016/j.nucengdes.2009.08.025

10. Ranajit, D, Sirisha, Ch. V., Kumar, C. M. (2018). Homing Guidance Design
Challenges for Tactical Missile. IFAC-PapersOnLine, 51 (1), 36-41. https://
doi.org/10.1016/j.ifacol.2018.05.007

11. Pelykh, S.N., Maksimov, M. V. (2013). A method of fuel rearrangement
control considering fuel element cladding damage and burnup. Problems of
Atomic Science and Technology, 87 (5), 84-90. https://www.researchgate.net/
publication/289947830_A_method_of_fuel_rearrangement_control_con-
sidering_fuel_element_cladding_damage_and_burnup

Oleksii Neizhpapa, Vice Admiral, Commander of the Ukrainian Navy, Odesa,
Ukraine, ORCID: https://orcid.org/0009-0007-0037-0166

Maksym Maksymov, Doctor of Technical Sciences, Professor, Chief Researcher,
Scientific Research Center of the Armed Forces of Ukraine "State Oceanarium”
of the Institute of the Naval Forces of National University "Odesa Maritime
Academy’, Odesa, Ukraine, ORCID: https://orcid.org/0000-0002-3292-3112
>4 Oleksandr Toshev, PhD Student, Department of Computer Technolo-
gies of Automation, Odesa Polytechnic National University, Odesa, Ukraine,
e-mail: toshev.oleksandr@outlook.com, ORCID: https://orcid.org/0009-0000-
4093-2556

DA Corresponding author

;96

TECHNOLOGY AUDIT AND PRODUCTION RESERVES — No. 6/2(86), 2025



