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SIMULATION OF ARMS DISTRIBUTION STRATEGIES BY COMBAT ZONES
TO CREATE MILITARY PARITY OF FORCES

The problem of researching weapons distribution strategies to ensure effective combat operations in a military
conflict zone is being formed and solved. The relevance of the study is related to the solution of the task of an
operational-tactical nature in order to establish the military parity of forces in the conditions of the introduc-
tion of various equipment into the combat zone (CZ), which has different characteristics of combat capability
from the set of warehouses and suppliers, with long supply chains. The problems that arise when establishing
military parity of forces with the help of various weapons with different indicators of combat capability, the
limited capabilities of suppliers, and the complications of supply logistics are analyzed. It is shown that asym-
metric solutions, according to military equipment, are possible because of the use of technological innovations
and high indicators of the combat effectiveness of weapons. It was concluded that the establishment of military
parity of forces is possible thanks to the use of rational strategies for the distribution of weapons, which is an
urgent problem in the conditions of modern hybrid warfare. Thus, this paper proposes a study of possible
strategies for the distribution of weapons by CZ in conditions of threats of martial law of the country. The cur-
rent study creates models that allow for the evaluation of possible arms distribution strategies, considering the
diversity of military equipment, limited capabilities of suppliers, and risks associated with long logistics supply
chains. Using set-theoretical analysis, methods of combinatorics, and enumeration theory, a systematic
presentation of the distribution process of weapons is created. Possible strategies for the distribution of weap-
ons by CZ to establish military parity of forces are formed and analyzed. Optimization models have been cre-
ated for the rational distribution of military equipment under conditions of limited capabilities of manufactur-
ers in terms of costs, production terms, and risks of arms supply. A simulation model is being developed to
study the dynamics of the logistical process of distribution and supply of weapons in agent representation us-
ing the AnyLogic platform. Modeling allows you to analyze the impact of threats to the main indicators of the
distribution and supply of weapons. An illustrative example of the distribution of weapons by CZ of a military
conflict is presented. The scientific novelty of this research is related to the solution of the actual problem of
the rational distribution of various military equipment by CZ in the conditions of modern hybrid warfare. The
results of this study should be used for operational-tactical planning of the logistical process of distribution
and supply of weapons to solve the problem of establishing military parity of forces in the CZ.

Keywords: military parity of forces; various weapons; distribution of weapons; system model of distribution;
optimization of distribution; supply logistics; simulation model; agent model.

1. Introduction 1.1. Motivation

Modern hybrid warfare is associated with innova-
tions and new technological solutions that contribute to
effective combat operations [1, 2]. The use of various
types of military equipment, which is produced and
supplied by various manufacturers, requires a rational
distribution to create military parity of forces in the
zone of military conflict [3, 4]. Therefore, a study is
proposed in which the modeling of possible strategies
for the rational distribution of military equipment by CZ
is carried out, considering the combat capability of cer-
tain types of weapons.

The variety of modern military equipment used in
the military conflict zone leads to difficulties in creating
military parity of forces in individual local CZ [5, 6].
However, the indicators of the combat capability of
modern weapons (range, accuracy, zone of damage,
etc.) allow, due to the superiority of quality over quanti-
ty, to create military parity of forces through asymmetry
in the use of certain types of weapons (for example, the
use of modern systems HIMARS, NASAMS, etc.) [7,
8]. Therefore, the relevance of the topic of the proposed
publication, which analyzes and models possible strate-
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gies aimed at creating military parity of forces through
the rational distribution of weapons by local CZ of a
military conflict, is important.

1.2. State of the art

There are many problems that are associated with
the creation of military parity of forces through the use
and rational distribution of various weapons, but have
partial solutions in the conditions of modern war, which
are analyzed in publications [9, 10]:

1. Variety of weapons [11, 12]. Modern types of
weapons have different indicators of combat capability,
which complicates the distribution of military equip-
ment by CZ [13, 14].

2. Establishing military parity of forces in different
CZ has objective difficulties [15, 16]. These difficulties
are related to the set of suppliers, limited capabilities of
manufacturers and long supply chains of military
equipment from warehouses [17, 18].

3. Distribution of weapons under wartime condi-
tions [19, 20]. Strategies for the distribution of military
equipment must be adapted to its diversity, multiple
indicators of combat capability, and the military poten-
tial of the enemy in the military conflict zone under
wartime conditions [21, 22].

4. Complexities of military transport logistics
[23, 24]. For the distribution and supply of weapons to
CZ, a heterogeneous transport environment is used,
which in the conditions of threats of martial law is criti-
cal due to long supply chains [25, 26].

5. The modern nature of hybrid warfare requires
the use of innovations and high-tech weapons, which
makes it possible to establish military parity of forces
due to asymmetric solutions [27].

6. Dynamics of changes in the nature of combat
operations [28, 29]. This requires constant monitoring
and analysis of the enemy's military potential, for the
timely distribution and supply of weapons, which con-
tributes to the creation of military parity of forces.

Thus, the manifestations of modern war in the
form of a hybrid with the use of various weapons, dif-
ferent manufacturers and suppliers, and long logistics
chains require the formation and analysis of a strategy
for the rational distribution of military equipment by CZ
to create military parity of forces.

1.3. Objectives and methodology

A contradiction arises between the requirements
for creating military parity of forces in the zone of mili-
tary conflict, in the conditions of military threats, and
the lack of improvement of existing methods and a sys-
tematic analysis of problems related to the study of the
strategy of distribution of weapons in the changing con-

ditions of modern war. This contradiction is the object
of research in the proposed publication, which presents
methods and models for creating a methodology for the
rational distribution of weapons in hybrid warfare.

The purpose of this study is to analyze and model
possible strategies for the rational distribution of various
weapons to ensure the creation of military parity of
forces in CZ considering the enemy’s military potential.
In accordance with the research objective, the following
problems must be solved:

1. Create a systemic set-theoretic representation of
the logistics of the distribution of military equipment
across CZ during a military conflict.

2. Analyze possible strategies for the distribution
of weapons, considering the military potential of the
enemy.

3. Develop optimization models for the rational
distribution of military equipment.

4. Develop an agent simulation model to study the
logistics of arms distribution and supply under military
threat conditions.

5. Present an illustrative example of the distribu-
tion of weapons by CZ.

Mathematical methods and models are used to
study strategies for the distribution of weapons and mili-
tary equipment: system analysis, enumeration theory,
integer optimization, multivariate selection, and agent
simulation modeling.

2. A systemic set-theoretic representation
of the logistics of distribution
of military equipment across combat
zones of a military conflict

The presence of multiple types of weapons used in
modern hybrid warfare, as well as the conduct of com-
bat operations not in one but in a whole number of local
military conflict zones, requires a set-theoretic represen-
tation for the decision on the distribution of weapons.
Therefore, it is advisable to use combinatorics and enu-
meration theory methods to evaluate possible options
for the distribution of military equipment by CZ [30].
The following stages were selected for evaluating set
options for the distribution of weapons:

1. Assessment of the number of options for the dis-
tribution of weapons by CZ.

2. Formation of a set of distribution options for
further analysis and optimization.

When enumerating the options for the distribution
of military equipment, various tasks are possible:

1. Distribution of one type of weapon according to
the local CZ.

In this case, the enumeration task is related to the
use or non-use of the i-th CZ in the distribution of a
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specific j- th type of weapons, i =1,M, where M is the
number of CZ in a military conflict, j=1,N, where N is
the number of types of weapons.

Boolean variable x;; €{0,1}, where X;i = 1, if i-th

CZ is used to place the j-th type of weapon, x; = 0, in
the other case. Then the number of distribution options:

K=2M

Options can be formed using a binary counter. For
example, M = 3, then K = 8 (the option 000 is rejected
as fictitious). Options are presented in the following
form:

001,
010,
011,
100,
101,
110,
111,

No g k~wDdE

where option 011, for example, means that the weapons
are distributed in the second and third CZ, and in the
first CZ — they aren’t used.

2. Distribution of various types of weapons.

In this case, we will use an integer variable
X;i €{0,1,2,3..}, where X = p, means that the p-th
weapon will be sent to the i-th CZ.

In this case, the number of weapons distribution
options is equal to:

K=LM,

where L is the number of types of weapons that will be
used in a specific CZ.

The L-th counter can be used to form a set of dis-
tribution options. For example, where L = 3, is ternary
counter. Then the set of options for the distribution of
weapons: 32 = 9, and the options themselves have the

form:

11,
12,
13,
21,
22,
23,
31,
32,
.33,

©® Nk~ wDdDPRE

where 1 is weapons of the first type;
2 is weapons of the second type;
3 is weapons of the third type.

3. Consider a possible case in which the planning
of the distribution of one type of weaponry is carried out
in advance, and the finite set of weapons of mass de-
struction in the CZ has not yet been formed. In this case,
we use the main results of enumeration theory [30]. By
applying this theory, it is possible to count the number
of options when mapping the set of weapons A into the
set of CZ V. This formulation of the problem is equiva-
lent to the problem of dividing the number A into V
parts (A>V,V=12,..).

4. Consider the case where the distribution of sev-
eral types of weapons is planned when the finite set of
CZ is not yet formed.

In this case:

N
A= P
n=1

where p,, is the number of p-th type weapons;

N is the number of types of weapons.
Then, the sum of the symmetric groups of substitu-
tions acts on a set of weapons of different types [30]:

Ha =S, +S,, +.+S;, -

After using the results of enumeration theory, we
obtain the number of options [30]:

Kl 3 2Hp e 30 -

heSy ili

1 . .
=i Z Z(S,, +Sp, +--+Sp, ,...,chj,,,_)_
“heSy, i

5. Consider the case when it is necessary to dis-
tribute several types of weapons according to the al-
ready formed set of CZ (V is fixed with a specific val-
ue) in the zone of military conflict. In this case, the
number of options [30]:

K=Ky -Ky,=
1 . .
=i Z Z(Sy, +Sp, +.+Sp ""’ZJCJ'"")‘
“hes,, i
l . .
_mh; Z(Spl +Sp, +.. Sy, ,...,chj,,,,),
9V ili
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3. Analysis of possible strategies
for the distribution of weapons
in combat zones

A complex military situation changes quickly dur-
ing combat operations and requires the formation of
possible strategies for the distribution of weapons by
local CZ in a military conflict. Therefore, it is necessary
to present and analyze the possibilities of the distribu-
tion strategy, considering the military potential of the
enemy in the CZ (their number can be changed). We
offer the following possible distribution strategies that
can be used depending on the operational situation in
Cz:

1. The existing military equipment in the CZ of the
military conflict is sufficient to create a military parity
of forces and conduct successful combat operations.

In this case:
j=1N,

ni; =m

ji = Miji»
where nj is the number of weapons of the j-th type in
the i-th CZ;

m;i is the number of weapons of the j-th type at the
enemy in the i-th CZ;

N is the number of types of weapons used in the CZ.

In this case, the distribution of weapons is carried
out taking into account the established plans for opera-
tional-tactical actions. The supply of weapons is neces-
sary, first of all, for those CZ that are a priority for con-
ducting combat operations, including those of an offen-
sive nature.

These strategies are associated with the emergence
of a shortage of weapons by individual types, which
requires a rational distribution to create military parity
of forces.

2. Not all types of weapons are available in suffi-
cient quantity to establish military parity of forces.

In this case:

an ijk,nje <mje,

where k is CZ in which the military balance of forces
has been established by the j-th type of weapon;

e is the absence of military parity of forces in
the j-th type of weapon.

At the same time, it is necessary to perform a ra-
tional distribution of weapons to create combat parity of
forces, first of all, for those CZ in which violations of
the nature of combat operations are possible (for exam-
ple, the transition from offensive to defensive actions)
due to an insufficient number of individual types of
weapons.

3. Actual CZ, where there is a shortage of all types
of weapons. In this case:

where g refers to those CZ in which there is a shortage
of all types of weapons; p refers to those CZ in which
there is a shortage of several types of weapons.

In this case, it is necessary, as soon as possible, to
perform the distribution of weapons, first of all, for the
CZ, which are critical (a complete shortage of all types
of weapons), since there is a possibility of changing the
nature of the combat operations.

4. A strategy that uses combat capability indicators
for distribution. In this case, at the expense of modern
high-tech weapons and with increased indicators of
combat capability (range, accuracy, zone of damage,
etc.), it is possible to establish military parity of forces
with a smaller number of weapons (advantage of quality
over quantity). This is considered when distributing
weapons by CZ.

5. A strategy based on an integral indicator of
combat capability for all types of weapons in the zone
of military conflict. In this case, the distribution of
weapons is carried out taking into account the integral
indicator of combat capability:

N
W=D wing, W= W, +W,, W, > W,
=L

N N
- n. = "m.
Wl_Z:WJnJ,W2 ijmj,
j=t =1

where W; refers to the integral indicator of combat ca-
pability, which considers all types of weapons in a mili-
tary conflict;

W, refers to the integral indicator of the enemy's
weapon;

n;j is the number of weapons of the j-th type in the
zone of military conflict;

m; is the number of weapons of the j-th type of the
enemy's weapon.

In this case, successful combat operations are con-
ducted at the expense of a greater number of existing
weapons and the use of high-tech weapons with in-
creased combat capability characteristics for all CZ of
military conflict, where w; is the combat capability in-
dicator for the j-th type of weapon.

6. It is possible to use a mixed strategy in which
strategies 2, 3, 4 are implemented.
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4. Optimization models
for the rational distribution
of military equipment

The use of distribution strategies requires optimiz-
ing the choice of suppliers for each j-th type of weapon
that will be sent to the CZ to create a military parity of
forces. We will use the integer (boolean) programing
method to create optimization models.

Given a boolean variable Xi:

Xjki =1, if weaspons of the j-th type
will be supplied to the i-th CZ,
k-th composition of suppliers;

Xji =0, in another case.

Xiki

For the supply of weapons, it is necessary to take
into account the limited capabilities of suppliers for the
j-th type of weapons (nj is the amount of weapons of
the j-th type that can be sent to the zone of military con-
flict by the k-th composition of suppliers).

Suppose that a possible group of suppliers can be
formed using a binary counter:

I =2% -1,

where p; is the number of suppliers of the j-th type of
weapon;
lj is the number of options for forming the possible
composition of suppliers for the j-th type of weapon.
When distributing weapons, it is necessary to con-

sider the production time t;, and costs v;, for the j-th

type of weapons for the k-th composition of suppliers,
as well as the time t;, and costs v;, for the logistics of

supplying weapons to the i-th CZ.

In a state of war, the country must consider mili-
tary threats and the risks of their occurrence; therefore,
we will use the following risks:

r, is the risk of military threats associated with

j
the production of the j-th type of weapons by the k-th
possible composition of suppliers;

r. is the risk in the logistics of supplying the j-th

j
type of weapons by the k-th warehouse of suppliers for
the i-th CZ.

We will create an optimization model for the ra-
tional distribution of weapons, considering time, costs,
and risks.

If, as the objective function of the optimization
model, the time required for the production and supply

of weapons is used. Therefore, when distributing weap-
ons, it is necessary:

M N

minT,T = ZZZ(th +t}ki)xjki,

i=1 j=1 k=1

where Xji = 1, if the supply in the i-th zone uses the k-th
warehouse of suppliers for the j-th type of weapons,0 is
another case.

At the same time, to fulfill the requirements of
strategy 2, 3, it is necessary that the number of weapons:

nji = M,

for all j=1 N and for all CZ, where mj is the number
of weapons of the j-th type, which is present in the ene-
my's i-th CZ.

In addition, it is necessary to fulfill the limitation
on costs V, which is related to the capabilities of suppli-
ers:

M N .

i=1 j=1 k=1

where V is the permissible cost.
It is also necessary to consider the military risks
that are in the production and supply of weapons:

Iy

M N
R 222 (T + )X R <R,

i=1 j=1 k=1

where R is the permissible risk in the distribution of
weapons.

In the presence of a high risk of the appearance of
military threats, we will use risks as an objective func-
tion:

M N |

minR,R = ZZZ(G" + rjlki)xjki'

i=1 j=1 k=1

In order to use 2, 3 strategies for the distribution of
weapons, it is necessary to nj>m; for all j=1,N and
for all CZ i=1,M, and to comply with time and cost
constraints:

lj

_ M N
T<TT=>>

i=l j=1 k=1

(i + i )X ji
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- M N .
V<V,V= ZZZ(vjk + Vi )X ji
i=1 j=1 k=1

In order to use the 4 strategy of weapons distribu-
tion, which takes into account its combat capability, it is
necessary that the combat capability:

for all types of weapons:

j=LN andforallCZ i=1 M,

where w'j is combat capability of the j-th type of weap-
on;

wJ is combat capability of the j-th type of enemy's

weapon.

If the costs of production and supply of modern
high-tech types of weapons with increased combat ef-
fectiveness are used as the objective function. Then, it is
necessary:

M N |

minV,V=2>">"> (Vi + Vi) Xjki

i=1 j=1 k=1
subject to compliance with the following restrictions:

!

Z( jk +t]kI)X]kI’

M N
TT=22
1 j=1 k=1

J

_ M N
<R,R :ZZZ( jk +rjk|)xjkl

i=1 j=1 k=1

Thus, to use the 5 strategy, which has an integral
combat capability indicator, it is necessary:

N N
Swin >y wim;
=t =

If it is necessary to quickly create a parity of forc-
es, considering asymmetry, using the values of the com-
bat capability indicators of weapons in the zone of mili-
tary conflict. Therefore, as an objective function, it is
necessary to take time to produce and supply high-tech
weapons:

M N

minT, T = ZZZ(th +t}ki)xjki,

i=1 j=1 k=1
subject to the following restrictions:

l.
J

p— M N ' "
<,V =ZZZ(ij + Vi )Xji»

i=1 j=1 k=1

M N |

R<R,R= ZZZ(rik +rj"ki)xjki'

i=1 j=1 k=1
5. An agent simulation model

To assess in detail the results of the distribution of
military equipment from the CZ, it is necessary to con-
duct simulations in the conflict zone, considering the
dynamic process of distribution. For this purpose, an
agent simulation model was created on the AnyLogic
platform. These agents are in the model:

1. An agent that describes a heterogeneous
transport environment (TE) for the supply of weapons to
the CZ (transport routes, temporary storage sites, trans-
shipment sites from one highway to another, etc.).

2. Agent of military threats (generator of threat oc-
currence).

3. An agent that describes vulnerabilities (triggered
after the occurrence of threats in critical places of the
transport network).

4. An agent that describes the damage (results in
downtime in the transportation of weapons).

5. Agent of the route (trajectory of the route in the
transport environment).

6. Agent of vehicles (the number of weapons is
formed for the transportation of one batch of weapons).

7. Agent of supplier (arbitrary position in the
transport network from which weapons are delivered to
the CZ

8. Agent of CZ (the final position of the transport
network for the supply of weapons).

9. Agent of statistics (formation statistical data and
modeling results).

10. Agent of management (management of agents
2 — 9, considering the time scale and sequence of agents'
actions).

In Fig. 1 the structural diagram of the agent model
is represented.

Because of the simulation modeling, the following
is formed:

- the trajectory of the route for the supply of mili-
tary equipment, considering the time of supply and the
number of weapons;
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- movement delays associated with warehousing,
temporary storage, and overloading are estimated;

- delays in supply due to the emergence of military
threats;

- supply schedule.

2. Agent
of military 5. Agent of
threats 1. Agent of the route
description TE
3. Agent of 6. Ag_ent of
vulnerabilities 10. Agent of / vehicles
management
7. Agent of
4. Agent of v .
supplier
damages PP
9. Agent of
statistics
\ 4
8. Agent of CZ

Fig. 1. The structural diagram
of the agent model

The simulation was performed multiple times for
statistical averaging of the results.

6. An illustrative example
of the distribution of weapons
in combat zones

To demonstrate the proposed approach to the dis-
tribution of weapons in a CZ, an illustrated example of
the use of a distribution strategy for two CZ and three
types of weapons used for combat operations is given.
Through the conducted analysis, a set of possible sup-
pliers for the first type of weapons was determined, as
well as the number of these suppliers ny = 3. For the
second type of weapon n, = 2, and for the third — nz=3.
Then the number of possible variants of the composition
of the suppliers of weapons (see point 2): K;= 23-1 =7,
Kz = 22-1 = 3, K3: 23-1 =7.

Further, for each possible k-th composition of the
suppliers of weapons, it is necessary to evaluate the lo-
gistical possibilities of supply: quantity (nj), time (tj),
costs (Vi), and risks (rj), which are subsequently used
to choose an option for the distribution of weapons.

Tables 1, 2, and 3 show options for the supply of
weapons for the first, second, and third types of weap-
ons, which were obtained using a binary counter (see
point 2). In order to estimate logistics indicators in
terms of time, costs and risk, averaging was carried out
for different suppliers' warehouses to estimate their val-
ues per one unit of weapons: tj is estimated in days, v; is

estimated in points (0 — 100), r; is estimated in points
(0—100).

Table 1
Variants in the composition of suppliers
for the 1 type of weapons
No. Composition N
warehouse of suppliers 1k
1 001 3
2 010 4
3 011 7
4 100 2
5 101 5
6 110 6
7 111 9
Table 2
Variants in the composition of suppliers
for the 2™ type of weapons
No. Composition 0
warehouse of suppliers 2
1 01 2
2 10 4
3 11 6
Table 3
Variants in the composition of suppliers
for the 3" type of weapons
No. Composition 0
warehouse of suppliers 3
1 001 2
2 010 4
3 011 7
4 100 4
5 101 5
6 110 8
7 111 10

In the Table 4 presents the values of logistic indi-
cators for one weapon unit for each type of weapon.

It is necessary to assess the possible military po-
tential of the enemy to choose the composition of sup-
pliers that will be used in the distribution of weapons in
two CZ. For this purpose, while conducting reconnais-
sance operations (namely, with the help of UAVS), up-
to-date data on the number of mji weapons of the j-th
type in the i-th CZ were obtained (Table 5).
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Table 4 To choose distribution options considering the re-
Logistics indicators of supply quirements of the second strategy, it is necessary that:
No. type nji = m;; for all j and i. _ _
of weapon t; Vj I Therefore, the following options were c_hosen:
1. For the 1% type of weapons, there is a second
1 8 15 6 distribution option:
2 2 10 4
3 4 20 N121 = 2, N122 = 3, N12 = N121+N122 = 5,
where ni is the number of weapons of the 1% type for
Table5 4o ond variant of distribution.
The number of enemy weapons For the 2" distribution option, the requirements of
No. My Myi M the 2" distribution strategy are as follows:
! 2 2 ! N121 = Ma1, N122 = Mg,
2 2 3 5

We will use for distribution strategy No. 2
(see point 3) for the distribution of weapons in two CZ,
considering the following requirements:

Njki = Mij,

where ny is the number of weapons of the j-th type
supplied by the k-th warehouse of suppliers and directed
to the i-th CZ.

The set of suppliers is analyzed and presented in
Tables 1 — 3. The following sets of suppliers were cho-
sen that satisfy the inequalities ny>m;. For my = 4, it
will be nis =5, for my =5 it will be ny; = 6, and for ms =
6 it will be mgz=7.

Further, to analyze options and form nj values, it
is necessary to divide the nj value into two parts, which
is equivalent to dividing the nj number into two com-
ponents (two CZ). Based on the results of the enumera-
tion theory (see point 2), the number of distribution op-
tions: ki = 2, ko = 3, ks = 3. The distribution options
have the following form (the first number corresponds
to the first CZ, and the second to the second CZ):

For the 1% type of weapon:

1. 14,
2.23.

For the 2" type of weapon:

where mi1 =2, my; = 2 (see Table 5), m = my;+myp = 4.
2. For the 2" type of weapon, the 3" distribution
option is selected:

N231 = 3, N232 = 3, N23 = N231+N232 = 6.

For the 3" distribution option, the requirements of
the 2" distribution strategy are as follows:

N231 = M21, N232 = My,

where mz; = 2, my; = 3, mz = mar+my2 = 5 (see Table 5).
3. For the 3" type of weapon, the 2" distribution
option is selected:

N321 = 2, N3z2 = 5, N33 = N321+N3z2 = 7.

For the 2" distribution option, the requirements of
the 2" distribution strategy are used:

N321 = M31, N322 = M3y,

where m3; = 1, m3; = 5, mz = ma;+ms2 = 6 (see Table 5).

Considering the data in Tables 1 — 3, as well as the
data in Table 4 and the distribution results for all three
types of weapons in two CZ, Tables 6 and 7 were
formed.

Table 6
The results of the distribution of weapons
for the 1% CZ
No. Distribution

type of option Nj1 ti1 Vit 1
weapon number

1 2 2 6 30 12

2 3 3 6 30 12

3 2 2 8 40 16
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Table 7
The results of the distribution of weapons
for the 2™ CZ
No. Distribution

type of option Nj2 ti2 Vj2 li2
weapon number

1 2 3 9 45 18

2 3 3 6 30 12

3 2 5 20 | 100 | 40

The Tables present the values of the indicators of
the quantity of weapons, time for delivery, and costs
and risks of weapons delivery.

Discussion

The given example, which analyzes the distribu-
tion of weapons and military equipment by CZ in the
conditions of a military conflict, demonstrates the effec-
tiveness and practicality of the proposed approach in
choosing strategies for the distribution of military
equipment, assessing risks, and determining the time
required for the timely delivery of weapons in condi-
tions of martial law. The analysis of possible strategies
for the distribution of military equipment allows the
creation of conditions for the formation of military pari-
ty, considering the combat capability indicators of cer-
tain types of weapons, which affect the nature of hostili-
ties and possible losses from the actions of the enemy.

Formal formulation in the form of combinatorics
models, optimization and simulation modeling, usually,
includes the following stages:

1. Analysis of a set of possible CZ in a military
conflict.

2. Assessment of the availability of weapons and
military equipment in the CZ.

3. Choosing a weapon distribution strategy from a
set of possible ones to create military parity of forces.

4. Assessment and optimization of the main indi-
cators related to the choice of a rational strategy for the
distribution of weapons.

5. Modeling of logistic methods for supplying mil-
itary equipment.

The proposed set of strategies is not final, which
allows for the formation of new strategies for the distri-
bution of weapons and military equipment, considering
the characteristics of hybrid warfare. This is a new area
of research and requires new approaches to the for-
mation of military parity of forces.

Further research is planned to be related to innova-
tions and technological aspects of combat weapons,
which can change the nature and effectiveness of com-
bat operations, as well as the conditions for the for-
mation of military parity of forces.

Conclusions

The conducted research is related to the modeling
of weapon distribution strategy to create military parity
in the CZ. An analysis of existing problems related to
the creation of military parity was conducted. On the
basis of set-theoretical analysis, methods of combinator-
ics, and enumeration theory, a systematic presentation
of logistical actions related to the distribution of weap-
ons was created. During the formation of the distribu-
tion strategy, the variety of military equipment and the
set of suppliers and supplies in the conditions of mili-
tary threats are considered. Optimization models have
been developed to estimate the costs, time, and risks of
weapons distribution, which allow the analysis of the
use of distribution strategies and their comparison with
each other. An agent simulation model was created to
study the dynamic process of the distribution and supply
of weapons under the conditions of the emergence of
military threats. An illustrative example of the distribu-
tion of weapons according to the proposed model is
presented.

The proposed approach makes it possible to ana-
lyze strategies for the distribution of weapons in a mili-
tary conflict zone, to form a set of suppliers considering
their limited capabilities, and to develop plans for the
supply of weapons.

Contribution of the authors: a systematic repre-
sentation of the logistics process of distribution of
weapons — Oleg Fedorovich; analysis of weapons —
Mikhail Lukhanin; analysis of weapons distribution
strategy — Oleksandr Prokhorov; creation of optimiza-
tion models — Oleg Slomchynskyi; development of an
agent simulation model — Oleksii Hubka; an illustrative
example of the distribution of weapons — Yuliia Lesh-
chenko.

All authors have read and approved the published
version of this manuscript.
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MOJEJIIOBAHHA CTPATETTIA PO3NOJLITY O3bPOEHHSI
3A 30HAMU BOMOBUX JIN JJiIs1 CTBOPEHHS BIMCBbKOBOI'O ITAPUTETY CHUJI

Onez @eooposuu, Muxaiino Jlyxanin, Onexcandp Ilpoxopos,
Onez Cnomuuncwkuii, Onekcin I'yoka,
HOnia Jlewenko

dopMyeThCs Ta BUPILIYETHCS 3a/jaua JOCIIKEHHS CTpaTeriil po3noainy 030poeHHs Jist 3a0e3neueHHs edek-
TUBHHUX OOWOBHUX Jifi B 30HI BOEHHOTO KOHQUIIKTY. AKTYaJlbHICTh JOCII/PKEHHS TIOB’si3aHa 3 BUPIIICHHSIM 3aBJIaHHS
OIIePaTUBHO-TAaKTHYHOTO XapakTepy, Ui BCTAHOBIICHHS BilCHKOBOIO IAapHUTETy CHJI, B YMOBaX HaIXOKEHHS pi3-
HOMAaHITHOT TEXHIKHA B 30HY BOEHHOTO KOH(MIIKTY, 3 PI3HUMH XapaKTepPUCTUKaMH OO€31aTHOCTI BiJl MHOKUHHU CKJIa-
JIB Ta MOCTa4YaJbHUKIB, 3 JOBTMMH JIAHIIOTAMH MMOCTaYaHHsS. AHAII3YIOThCS MPOOIEMH, SIKi BUHUKAIOTh MPU BCTa-
HOBJICHHI BICBKOBOT'O MAPUTETy CHUII 32 IOMIOMOTOK0 PI3HOMaHITHOTO 030pOEHHS 3 PI3HMMH MOKa3HUKaMH 00€e3/1at-
HOCTi, OOMEXEHUMH MOXJIMBOCTSIMHU ITOCTAYAJIbHUKIB, YCKJIQIHEHHAM JIOTICTHKH IocTadaHHA. IlokazaHo, 1o acu-
METpHUYHI PIllIeHHs, 32 BiIChKOBOIO TEXHIKOI, MOMJIMBI 332 PaXyHOK BHKOPUCTaHHs TEXHOJOTIYHMX 1HHOBAIli Ta
BHCOKHX MOKa3HHUKIB 60€31aTHOCTI 30p0oi. POOUTHCSI BUCHOBOK, III0 BCTAHOBJIEHHS BICHKOBOTO TAPUTETY CHJI MOXK-
JIUBO 32 PAXYHOK BHKOPHCTAaHHS PalliOHAJHHUX CTPATETid PO3MOALTY 030pOEHHS, IO € OAHIEI0 3 aKTyalbHUX MPO-
61eM B yMOBax cy4dacHOI riOpuanoi BiftHU. TakuM 9iHOM, y pOOOTi MPONOHYETHCS TOCITIIKEHHS MOXIINBUX CTpaTe-
Tiil po3noaiy 030pO€Hb 32 30HaMU 0OHOBHX il B yMOBaX 3arp03 BOEHHOTO CTaHy B KpaiHi. MeTOr0 IOCIiIKEeHHS €
CTBOPEHHS MOJIENIEH, SIKi JO3BOIISIOTH OIIHIOBATH MOMUIMBI CTpATErii po3Mmoainy 030pO€eHH, 3 YpaXyBaHHIM pPi3HO-
MaHITTS BIICBKOBOI TEXHIKH, 0OMEXEHIX MOXKIHMBOCTEH MTOCTAYaJIbHHUKIB Ta PU3UKIB, MTOB’S3aHUX 3 JTOBTUMH JIOTIC-
TUYHUMH JIAHIFOTaMH TocTayaHHs. CTBOPIOETHCS CHCTEMHE NPEACTABICHHS MPOLeCy PO3NOALTY 030pOEHHS 3a pa-
XYHOK T€OPETHKO-MHOKHHHOT'O aHai3y, 3 BHKOPHUCTAHHSAM METO/iB KOMOIHATOPUKH Ta Teopii mepepaxyBanHsI. Do-
PMYIOTBCS Ta aHANIZYIOTHCS MOXIIMBI CTpaTeTii Po3MOALITy 030pOEHHS 32 30HAMH OOHOBHX Iii JJISI BCTAHOBJIICHHS
BilicbKOBOTO MapuTeTy cril. CTBOPIOIOTHCS ONMTUMIi3aIliifHI MO IS paIliOHAIEHOTO PO3TIONLTY BiiChKOBOI TE€XHi-
KA B YMOBaX OOMEXKEHHX MOKIMBOCTEH BHPOOHHKIB 3a BUTpPaTaMH, Yacy BUPOOHHIITBA Ta PU3UKAMHU IIOCTAYaHHS
030poeHHs. Po3pobmroeTses iMiTalliitHa MO A JOCHTIHKEHH TUHAMIKH JIOTiCTUYHOTO TPOIECy PO3IMOILTY Ta
mocTavyaHHsA 030pPOEHHSA, Y areHTHOMY TIPECTaBJIeHHI, 3a monoMororo matdopmu Anylogic. MoapenroBaHHS /10-
3BOJISIE AHATI3YBATH BIUTMB 3arpo3 HAa OCHOBHI TIOKAa3HHKIB PO3IOJIUTY Ta MOCTadaHHA 030poeHHs. HaBemeHo imocT-
pOBaHMIT PUKITAT PO3MOIITY 030pOEHHS 3a 30HaMK OOHOBHX Hilf BoeHHOTro KOoH(pikTy. HaykoBa HOBH3HA moCITi-
JUKEHHS TI0B’S13aHa 3 BUPILICHHSAM aKTYaJIbHOI MPOoOIeMH parlioHaIbHOTO PO3MOALTY PI3HOMAHITHOI BIHCHKOBOI TEX-
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HiKM 32 30HaMu OOHOBUX Jil, B yMOBax cydacHoi riOpuaHoi BifiHN. Pe3ynbTaTi MOCHiKeHHS JOUTBHO BUKOPHUCTO-
BYBATH YIS ONIEPATUBHO-TAKTHYHOTO TUIAHYBAHHS JIOTICTHIHOTO MPOIIECY PO3IOALTY Ta OCTaYaHHs 030POEHHS IS
BHPIIICHHS 3aBJIaHHS 31 BCTAHOBJICHHS BiCHKOBOT'O MMAPHUTETY CHJI B 30HI BOEHHOTO KOH(QITIKTY.

Konrouogi ciioBa: BiliCbKOBHI TAPHUTET CHJI; pi3HOMaHITHE 030pO€HHS; PO3IIONLT 030POEHHS; CHCTEMHA MOAENb
PO3TONLTY; ONITUMI3aIlisl PO3IOLTY; JIOTICTHKA ITOCTAaYaHHs; IMiTalliiffHa MOJIEIb; areHTHA MOJICITb.
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