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MODELING OF SUPPLY LOGISTICS AND TRAINING OF MILITARY PERSONNEL

FOR THE SUCCESSFUL USE OF WEAPONS IN A COMBAT AREA

The problem of multivariate nature is formed and solved, which is related to the modeling of logistics actions
regarding various military equipment and weapons that enter the zone of military conflict. The relevance of the
research is related to the comprehensive solution to the problem of the logistical nature of the supply and mas-
tering modern various weapons by the military to create parity of forces in the military conflict zone. The cur-
rent study creates a complex of logistic methods and models that allow analyzing training of the military, sup-
ply of weapons, ammunition and spare parts to the zone of military conflict, for the successful implementation
of the goals of the military operation. This article analyzes the problem of using modern and diverse military
equipment, which needs to be solved by systematically presenting military training in logistics, supplying vari-
ous weapons from various manufacturers to the area of combat operations. The optimization model has been
created to select and justify the composition of suppliers of weapons, spare parts and ammunition, in the con-
text of risks that arise in the production and transportation of military cargo in a heterogeneous transport net-
work. Optimization is performed in conditions of conflicting criteria: the number of new weapons; time and
costs for the production and supply of military equipment; logistical risks. To study dynamic processes in the
logistics of supplying weapons, spare parts and ammunition, a model has been created that allows, with the
help of simulation agents, the investigation of the paths of movement of military cargo under the conditions of
military threats and possible excitation of critical vulnerabilities in the heterogeneous transport supply net-
work. An algorithm for forming the optimal delivery route at the minimum time under risks has been devel-
oped. Simulation modeling is used to estimate the movement time of military cargo, delays in supply, accumu-
lation of risks in cargo transportation, consequences of threats and vulnerabilities in supply logistics, etc. This
study examines the process of training the military by mastering new competencies for the use of various mod-
ern weapons in combat conditions. Simultaneously, the short terms of training of military personnel and the
logistics of their transportation to training centers are considered subject to the threats and risks of wartime.
The effectiveness of the proposed approach is ensured by a systematic representation of the logistics of supply-
ing various weapons, spare parts and ammunition to the conflict zone, and a comprehensive solution to the re-
search tasks set. The scientific novelty of the conducted research is associated with the development of new
methods and models based on system analysis. The following methods were used: simulation modeling, models
for optimizing, competence model for acquiring new knowledge by the military personnel. The results of the
study should be used to select and justify suppliers of new diverse weapons and military equipment, train the
military to use modern kinds and types of weapons, plan routes and schedules for the supply of military cargo
to the area of combat operations, in conditions of wartime threats.

Keywords: combat area; supply logistics; threats and critical vulnerabilities; various military equipment;
weapons suppliers; military competencies; agent simulation modeling; optimization.

sufficiently covered in papers on the topic of this article:
1. Small batches of various weapons coming from

Introduction

Establishment of military parity of forces in a
combat zone requires the use of various kinds and types
of weapons, which are supplied by different manufac-
turers in different countries of the world. This causes
great logistical difficulties and leads to problems related
to the effective use of various kinds and types of weap-
ons in the zone of military conflict. The analysis con-
ducted by military specialists on the use of various mili-
tary equipment revealed the following issues, that aren't

different suppliers to the zone of military conflict. The
existing papers don’t consider a diversity of sources for
the supply of various military equipment [1, 2].

2. Difference in ammunition that comes from dif-
ferent suppliers and which can only be used for specific
types of weapons. In the papers, this problem isn’t con-
sidered in detail [3, 4].

3. Insufficient number of spare parts and repair kits
or unsatisfactory number of spare parts supplied sepa-
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rately from weapons. This problem isn’t considered in
published sources [5, 6].

4. Difficulties associated with the repair of military
equipment and routine maintenance in the zone of mili-
tary conflict. In existing papers, the issue of remoteness
of military equipment repair bases isn’t reflected in de-
tail [7, 8].

5. Necessity to conduct short-term training of the
military to acquire knowledge using various kinds and
types of new weapons. The problem of accelerated mili-
tary training of military personnel in a short time with
the conditions of military threats isn’t considered in
existing papers [9, 10].

6. The problem associated with long logistics sup-
ply chains of weapons and military equipment [11-13],
in conditions of threats of martial law [14, 15], in a het-
erogeneous transport network with transshipment, tem-
porary storage and storage of military cargo. In existing
papers, the issues of supplying military equipment in the
conditions of a heterogeneous transport network and
military threats aren’t reflected [16, 17].

The analysis of existing research on the topic of
this article showed that there is no systematic represen-
tation of the logistical problem of supplying military
equipment to the zone of military conflict. Insufficient
attention has been paid to the impact of military threats
on logistics chains with critical vulnerabilities of
transport systems. The papers don't consider the model-
ing of military competencies, which are necessary for
mastering various modern weapons [18-20].

Hence, the relevance of the topic of the proposed
publication. The paper considers the modelling of a
complex of logistical actions related to the supply, mas-
tering and use of various kinds and types of modern
weapons in the area of combat operations.

There is a contradiction between the need to estab-
lish military parity of forces in the area of combat op-
erations, due to the use of modern diverse weapons, and
the failure of existing methods of studying the logistics
processes of supplying, mastering and effective use of
military weapons in the area of combat operations,
which is eliminated in this research paper.

The research aims to create a complex of methods
and models that will allow planning the supply of
weapons, spare parts and ammunition to the zone of
military conflict, and the military training for the use of
modern weapons. In accordance with the established
purpose of the study, it is necessary to solve the follow-
ing tasks:

1. Analysis of supplies of various weapons from
different manufacturers to the zone of military conflict.

2. Create an optimization model to justify and se-
lect suppliers of military equipment.

3. Develop a simulation model for studying the lo-
gistics supply chains of military equipment.

4. Form a set of military competencies required to
use new systems weapons.

5. Provide an example of choosing the composi-
tion of competencies to use a new combat system.

1. Analysis of supplies of various weapons
from different manufacturers
to the zone of military conflict

Further, a systematic representation of logistics
processes will be formed, which are related to the sup-
ply of various kinds and types of weapons to the zone of
military conflict in order to establish military parity of
forces.

Fig. 1 shows a diagram of the logistics process of
supply, which includes the supply of the main compo-
nents of weapons by manufacturers: weapons; ammuni-
tion; spare parts.

Suppliers of various kinds and types of military
equipment may be located in different countries and at a
long distance from the conflict zone. As an example, it
can be cited the geography of suppliers of various artil-
lery weapons: M777 towed howitzers (USA, Austria,
Canada), self-propelled howitzers (Caesar (France),
Panzerhaubitze (Germany), M109 (USA), AHS Krab
(Poland)).

Spare parts suppliers have limited capacity in
terms of production and delivery volume (small batch-
es).

Ammunition is not always interchangeable, so it
can only be used for specific kinds and types of weap-
ons. For example, different calibers 105, 152, 155.

Spare parts and repair Kits are not always delivered
in the right quantity along with weapons and military
equipment. The lack of spare parts can lead to the de-
commissioning of weapons in the conflict zone. To re-
pair military equipment, it is necessary to send it to the
weapons manufacturer.

Supply logistics is carried out in long logistics
chains of a heterogeneous transport network (aviation,
railway, road, sea modes of transport), which leads to
transshipments from one transport route to another, as
well as temporary storage of military cargo.

This nature of the logistics of supplying weapons,
spare parts and ammunition to the area of combat opera-
tions leads to the following:

- long tangled logistics supply chains;

- occurrence of delays when moving across state
borders and switching from one mode of transport to
another;

- occurrence of delays related to the temporary
storage of weapons and military equipment;

- emergence of threats to the transportation of mili-
tary cargo related to the actions of the aggressor;
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Fig. 1. Logistics scheme for the supply of weapons and military equipment

- necessity to assess the risks that arise in elements
of a long logistics supply chain in wartime. In case of
breakdowns and failure of weapons, there are difficul-
ties in repair, which requires specialists who are not in
the area of combat operations. Therefore, it is necessary
to transport damaged military equipment to manufactur-
ers located at a great distance from the zone of military
conflict.

In addition to the logistical problems of supplying
weapons and military equipment, there is the problem of
the military's assimilation of new, diverse kinds and
types of weapons in wartime conditions. The solution to
this problem is related to the accelerated training of mil-
itary personnel in training centers. In the course of train-
ing, it is necessary to add new, special competencies to
the existing basic competencies of the military, which
are related to modern kinds and types of weapons to be
used in the zone of military conflict. At the same time, it
is necessary to carry out logistical actions related to the
transportation of military personnel to training centers
in the face of wartime threats.

Thus, a systematic representation of logistics ac-
tions for the supply of weapons and training of the mili-
tary for their use is formed, which is the basis for solv-
ing the problems of the proposed study.

2. Development of an optimization model
to justify and select suppliers
of military equipment

The formation of multiple suppliers of weapons,
ammunition and spare parts to create military parity of
forces in the conflict zone requires analyzing the capa-
bilities of each of the suppliers and taking into account
logistics actions related to the transportation of military
cargo in the face of wartime threats. To assess the ca-
pacity of manufacturers of weapons, ammunition and
spare parts, it is necessary to take into account the for-
mation of groups of suppliers of the same kind and type
of weapons, because one supplier cannot supply the
required amount of weapons due to limited production
capabilities and financial conditions that are associated
with the formation of new defense orders. The for-
mation of a set of possible compositions of the group of
suppliers for the i-th kind and j-th type of weapons is a
combinatorial task of sorting through the options, taking
into account the limited capabilities of each weapons
manufacturer. Assume, as an example, military special-
ists (experts), after analyzing manufacturers for the i-th
kind and j-th type of weapons, three possible suppliers
of weapons were identified. Then, the number of possi-
ble variants for the composition of suppliers in the
group of suppliers for n=3 will be K=2"-1=7. For n=3,
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all variants of the composition of weapons suppliers in
the supplier group can be conditionally represented as:

. 001
.010
.011
. 100
101
. 110
C111

~N o U~ W N R

where 1 corresponds to engagement of the manufacturer
to the supplier group; 0 — to no engagement.

Here, the variant 1 corresponds to engagement of
only one third possible weapons supplier to the supplier
group, the variant 3 corresponds to engagement of the
second and third suppliers, whereas the variant 7 corre-
sponds to engagement of all weapons suppliers.

Integer (boolean) variable Xk are introduced,
which takes the following values:

Xij =1, if for i-th kind of weapons

of j-th type the k-th variant of composition
of suppliers group is selected;

Xjjx =0, in another case,

Xijk =

P
where injk =1, which means mandatory selection of
k=1
a specific group of suppliers for the i-th kind and j-th
type of weapons, P; is the number of possible variants
for suppliers of the j-th type of weapons.
The following indicators for evaluating options for
the composition of a group of suppliers are introduced:
N is the number of weapons to be sent to the zone
of military conflict:

where njj is the number of weapons of the i-th kind and
j-th type to be used in the zone of military conflict;
m; is number of types of weapons of the j-th kind;
M is the number of kinds of weapons used in the
zone of military conflict.
Given the variable Xij, the following is obtained:

Pi
njj = Znijkxijkv
k=1

where nji is the number of weapons of the i-th kind and
j-th type to be supplied by the k-th variant of the com-
position of the group of suppliers;

T is the time spent on the production and logistics
of transporting weapons to the zone of military conflict:

M m;

T=2 2

i=l j=1

tii is the time costs associated with the production
and logistics of delivery of the k-th variant of the group

of manufacturers of the i-th kind and j-th type of weap-
ons;

t}jk is the production time of a batch of weapons of

the i-th kind and j-th type of weapons of the k-th com-
position of manufacturers;

t'i'jk is the time spent on logistics of transportation of

a batch of weapons of the i-th kind and j-th type of
weapons of the k-th composition of manufacturers.
Given Xij:

P
t; = Z(tijk + tijic) Xijic -
k=1

W is the expenses for the production and supply of
weapons:

M m;

W=D D wi

i=1 j=1

where wij is costs of production and logistics of supply
of weapons of the i-th kind and j-th type for the k-th
variant of the supplier composition:

Wijk = Wijk + Wijk

where W'ijk is the expenses for the production of weap-

ons of the i-th kind and j-th type for the k-th variant of
the supplier composition;

W'i'jk is the logistics costs for the supply of weapons

of the i-th kind and j-th type for the k-th variant of the
supplier composition.
Then, given Xij:

Pi
Wi = Z(Wijk + Wi )X -
k=1
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R is the risks of production and supply of weapons
to the zone of military conflict:

M m;

R=2 2t

i=1 j=1

where ri is the risks of supplying the k-th variant of the
supplier composition of the i-th kind and j-th type of
weapons:

fijk = lijk + er ,

where rk is the production risks of the i-th kind and
j-th type for the k-th variant of the supplier composition;
,Jk logistics risks of delivery of the i-th kind and

j-th type for the k-th variant of the supplier composition:

fij —Z( ik T jk)xijk'

Taking into account all kinds and types of weapons
to be sent to the zone of military conflict, the following
presentation of indicators for evaluating possible weap-
ons suppliers will be obtained:

'M—3 ‘M

To ensure military parity of forces in the military
conflict zone, it is necessary to:

M m P

max N, N = Zzznﬁkxijk’

i=1 j=1 k=1
subject to the following restrictions:
M m P

T<T'T= ZZZ(t}jk + t;}k)xijkv

i=L j=1 k=1

M m; P . .
W<W' W= ZZZ(WUK + Wi ) Xijic

i=1 j=1 k=1
M m

P
R<R'R= ZZZJ:(riljk +ri}k)xijk'

i=1 j=1 k=1

where T' is the permissible time allocated for the pro-
duction and logistics of the supply of weapons to the
zone of military conflict;

W' is the permissible expenses related to the pro-
duction and logistics of arms supplies to the zone of
military conflict;

R" is the permissible risks associated with the pro-
duction and logistics of the supply of weapons to the
zone of military conflict.

It is known that new types of weapons (for exam-
ple, HIMARS), due to their tactical and technical char-
acteristics (range, accuracy, etc.), can affect the effec-
tiveness of the use of weapons in the zone of military
conflict, by creating an asymmetry of military parity of
forces (advantage of quality of weapons over quantity).
Therefore, it is necessary to take into account the effec-
tiveness of each type of weapon on the battlefield.

Assume that military specialists (experts) evaluate
the effectiveness ejj of each sample of the i-th kind and
j-th type of weapons.

Subsequently, for all the weapons that will be sent
to the zone of military conflict, the effectiveness will be
presented in the following form:

M m P

E= Zzznijkeijxijk'

i=L j=1 k=1

To successfully fulfill the goals of a combat opera-
tion in a zone of military conflict, it is necessary to cal-
culate the following:

M m; P
i=1 j=1 k=1
subject to restrictions:
M m; P
T<T'\T= ZZZ(tijk + i )Xo
i=L j=1 k=1
M m P
W<W', W= ZZZ(Wijk +Wijie ) Xijic»
i=1 j=1 k=1

M m J

R<R'R= ZZZ( ]k+rljk)xljk’

i=1 j=1 k=1
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note that the estimates for ej, ty., tij, Wik, Wi
hik: T Military specialists must present all kinds and

types of weapons in advance to solve the optimization
problem set.

3. Development of a simulation model
for studying the logistics supply chains
of military equipment

To study the dynamic processes in the logistics of
supply of weapons, ammunition and spare parts to the
zone of military conflict, a simulation model was creat-
ed, which allows, in the conditions of wartime risks,
formation of supply routes, estimation of the time re-
quired for the transportation of military goods and the
risks that arise due to threats of wartime. Supply routes
are formed by military specialists in the field of logis-
tics. If it is necessary to optimize the time or risks of
supply, an algorithm has been created that allows mini-
mization of the time of supply in a heterogeneous
transport network, formation of a rational route taking
into account the risks of wartime. The Any Logic sys-
tem was used for modeling, with the help of which an
agent simulation model was created. The simulation
model agents include the following (Fig. 2):

2. Weapons 1. Formation 10. Threat
supplier of the
transport
network 11. B/illliltnera-
structure y
3. Transport
" 12. Destruc-
tion of mili-
tary cargo
4. TR sec-
fon 9. Area of
combat op-
5. Time v v
deley 18. Model ,  13. Risks
—¥ ing man-
6. Time agement 14._R!sk
restrictions

restrictions

7. Tempo-
rary storage

16. Supply
time optimi-
zation

17. Supply
risk optimi-
zation

8. Tempo-
rary stop

v

19. Model-
ing results

15. Supply
route

Fig. 2. Block diagram of the agent model

1. Agent "forming the structure of the transport
network™ (transport hubs and sections of the transport
route);

2. Agent "supplier of weapons";

3. Agent "transport hub";

4. Agent "transport route section” (TR);

5. Agent "time delay"”;

6. Agent "time restrictions";

7. Agent "temporary storage";

8. Agent "time delay"”;

9. Agent "area of combat operations" (ACO);

10. Agent "threat";

11. Agent "vulnerability";

12. Agent "destruction of military cargo”;

13. Agent "risks";

14. Agent "risk restrictions";

15. Agent "supply route";

16. Agent "optimization of supply time";

17. Agent "supply risk optimization";

18. Agent "modeling management";

19. Agent "modeling results".

Further, the modeling algorithm is described in
brief.

First, the transport network is established using the
"forming the transport network structure" agent. Fur-
ther, to model the delivery path, the route using the
"supply route" agent is set. With the help of the agent
"supply of weapons", a batch of military cargo of weap-
ons is formed in the application form in simulation
modeling. Further, in accordance with the specified
supply route, the sequence of applications is formed
through all transport hubs (agent “transport hub”) and
sections of the transport network (agent “section of the
transport route”), taking into account time delays (agent
“time delay”), as well as temporary stops (agent "tem-
porary stop") and the time required for temporary stor-
age (agent "temporary storage™). When transporting
military cargo, logistics risks accumulate with the help
of the "risks" agent. To study the impact of threats on
the logistics of military cargo supplies, the "threat"
agent is used. The emergence of a threat leads to the
excitation of a critical vulnerability (agent "vulnerabil-
ity"), which is associated with critical hubs and sections
of the transport route, which leads to temporary stops of
military cargo (agent "temporary stop"), as well as the
possible destruction of military cargo (agent “destruc-
tion of military cargo™). To solve routing optimization
problems in a heterogeneous transport network, the de-
veloped route optimization algorithms are used to per-
form the following tasks:

1. Search for the minimum route time, in condi-
tions of wartime risks.

2. Search for the minimum risk value of the route,
in conditions of limited supply time.
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To find the minimum route time, taking into ac-
count risks, the developed optimization algorithm gen-
erates "waves" of application movement and their
clones, which are formed in transport hubs of the supply
network. When forming a minimal route in terms of
supply risk, the supply risk is used as the main factor.
Supply route optimization algorithms use the "supply
time optimization" and "supply risk optimization"
agents, taking into account the constraints that are set
using the "time restrictions" agent and the "risk re-
strictions" agent.

The following research results are generated using
the "modeling results" agent:

1. Time of movement of military cargo (batch of
weapons) for a given supply route to the ACO.

2. Time of delay of military cargo due to the sup-
ply period to the ACO.

3. Accumulated logistics risks of military cargo
supply.

4. Time-optimum supply route of military cargo.

5. Risk-optimum supply route of military cargo.

6. Term of supply of military cargo to the ACO, in
the event of a threat.

7. Military cargo delayed due to threats.

8. Military cargo destroyed due to threats.

4. Formation of a set of military
competencies required to use new
systems weapons

For the successful implementation of the objec-
tives of a military operation in the area of combat opera-
tions, it is necessary to form a set of weapons, which, in
terms of their effectiveness, in general, exceeds the ef-
fectiveness of the enemy's weapons, due to the use of
modern combat systems (for example, HIMARS
MLRS). This can lead to asymmetry and superiority of
forces in military parity in a zone of military conflict
(advantage of quality over quantity). The use of new
high-tech weapons systems requires the acquisition of
new competencies in the military. The structural repre-
sentation of the competencies associated with the use of
a new type of weapon is shown in Fig. 3. Here, the core
competencies are related to known types of military
equipment and are part of the set of competencies that
the military has.

Special new competencies arise when using mod-
ern weapons. The acquisition of new competencies re-
quires training of military personnel in training centers,

Armament sample architecture

Compo%

1. Fire 2. Radar subsys- 3. Control N. Subsystem...
subsystem tem subsystem cee
Military specialties
C C, Cs cee Cn
Core compgtencies
Cu Cun Ca Can Ca Can Cr Cn
Special copnpetencies|of new weapons
Cinn Cunp Con Conp Cann Canp Crus Crp

e

Fig. 3. Structure of competencies for the military to master new weapons
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for acquiring new knowledge (K), formation of new
skills (S) and consolidation of abilities (A). Training
centers are located at a distance from the area of combat
operations, which requires the transportation of military
personnel, in conditions of military threats. Training
centers need to provide new knowledge in a short time,
using modern training methods (automated training sys-
tems, using simulators, conducting practical classes at
special training grounds, etc.). Given the martial law
and the active conduct of combat operations in the con-
flict zone, in order to train the military on new weapons
systems, it is necessary to reduce the training time, as
well as minimize the risks of martial law.

Assume that the difference Ay in the knowledge

of the military and the competencies required when us-
ing modern weapons is determined. This difference
must be eliminated during the training of the military. It
is necessary to choose the possible composition of com-
petencies to be used for effective training. Ay, will be

measured for the i-th kind of j-th type of possible k-th
composition of competencies using military expert as-
sessments. For example, A =0 means that there is no

difference between competencies, Ay, =10 corre-

sponds to a complete discrepancy of competencies (new
competencies that the military did not have before).
Military experts believe that after conducting military
training, a difference in competencies will be obtained

A'Uk SAijk,A'ijk —0, for all i, j, k. Integer (boolean)

variable xij is introduced, the value whereof is Xi=1,
that for the k-th composition of competencies, it is nec-
essary to conduct training to master a new type of
weapon of the i-th kind of j-th type. And for Xix= 0, no
training required, because that composition will not be
used.

As a target optimization function, the total number
of Q points will be used, which should be minimized
when choosing the possible composition of competen-
cies for the military to learn new types of weapons. Tak-
ing into account all kinds and types of weapons to be
used in the zone of military conflict, the following is
obtained:

M m; S

Q= ZZZA;ijijk*

i=L j=1 k=1

where s; is the number of possible variants of the com-
position of competencies, from which it is necessary to
choose one for training new weapons of the j-th type of
i-th kind;

mi is the number of types of i-th kind of weapons;

M is the number of kinds of weapons used in the
Si
zone of military conflict. At the same time injk =1,
k=1
which means the mandatory selection of one k-th vari-
ant of the composition of competencies for conducting
training on mastering the i-th kind of j-th type of weap-
ons.
When carrying out the process of training the mili-
tary, it is necessary to minimize the total difference in
competencies:

M m; S

minQ,Q = ZZZA;ijijk'

i=1 j=1 k=1

When optimizing Q, it is necessary to take into ac-
count the restrictions, first of all, in terms of time — T,
then in terms of wartime risks — R, and finally in terms
of the costs of training centers during training — W:

M m S
T<TT=) 3"ty

il 1 kel
M m; S
il 1 kel
M m S
weww- 35w,
il 1 kel

where tij is the time to prepare the k-th possible compo-
sition of competencies for mastering a new type of
weapon of the i-th kind of j-th type;

rij is the risk of preparing for the assimilation of
the k-th composition of competencies, regarding new
weapons of the i-th kind of j-th type;

wijk IS the expenses for training the military and
mastering the k-th composition of competencies for a
new type of weapons of the i-th kind of the j-th type.

T,R'W" is the permissible time, risks and costs
for military training.

If, due martial law, it is necessary to conduct ac-
celerated training of the military, then, in this case, it is
necessary:

M m S
minT,T= Zzztijkxijk‘

i=L j=1 k=1

subject to compliance with restrictions:
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M m; S
Q=QQ=2.2 > A, X

i=1 j=1 k=1
M m; S
R<RYR=D"D" i
i=1 j=1 k=1
M m;

N
W<W' W= ZZZJWWXU«:

i=1 j=1 k=1

where Q' is acceptable difference in the competencies
required for the use of new weapons systems and the
competencies that the military will receive through
training in training centers.

The logistical problem of delivering military per-
sonnel to training centers in the face of wartime threats
is solved by using the developed method of agent simu-
lation modeling (see point 3).

When using and mastering new weapons by the
military, the attention shall be paid, first of all, to the
effectiveness of kinds and types of weapons, which will
allow, in the future, increase of the effectiveness of
weapons, in general, in the zone of military conflict.
Then, in the formulation of the optimization problem of
military training, it is necessary to take into account the
efficiency ej; of each sample of the i-th kind of j-th type
of weapons. At the same time, it is necessary to normal-
ize the efficiency value ej:

M m;
e” !

G = m >
i=1 j=1
226

i=1 j=1

e'ij will be used as a value indicating the need for

military training, first of all, on the use of the most ef-
fective modern weapons in general.

Therefore, taking into account the effectiveness of
weapons in the training of the military, it is necessary to
calculate the following:

M m; 5
minQ= > 36 (3", i)
i=1 j=1 k=1
subject to the following restrictions:

M m; S
T<T =23t

i=1 j=1 k=1

41
M m; S
R<RYR=D"D" i
i=l j=1 k=1
M m S
WWI W=D Wiy
i=l j=1 k=1

5. Example of choosing the composition
of competencies to use a new combat system

Consider an illustrated example of training the mil-
itary to use, in combat conditions, a new multiple
launch rocket system (HIMARS type).

Modern MLRS includes three main subsystems:

- control,

- radar;

- fire.

For each of the subsystems, it is necessary to train
military personnel, relevant specialties, for mastering
new competencies, for the use of modern MLRS. For
the convenience and simplicity of comparing possible
variants of the composition of competencies, for train-
ing the military, qualitative assessments are used in the
form of values of linguistic variables: training time — x;,
risks associated with logistics of military training — Xa,
and costs necessary for the operation of the military
training center — Xs:

A —minimum training time;
B —satisfactory training time;

X, =
1 7] C - permissible training time;
D — maximum training time.
A —minimum training risk;
« B —satisfactory training risk;
, =

C —permissible training risk;
D — maximum training risk.

A —minimum costs;

B —satisfactory costs;
“le- permissible costs;

D — maximum costs.

The difference in competencies will be estimated
as a percentage.

Three main types of competencies that the military
needs to master in order to use the new MLRS are dis-
tinguished in the form of knowledge, skills and abilities:

1. Core principles of operation of the subsystem
(knowledge).
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2. Detailed representation of the functioning of
the subsystem (skills).

3. Instructions for use and operating conditions of
the subsystem (abilities).

Table 1 presents assessments of military specialists
(experts) regarding possible variants of competence
compositions for studying the main military MLRS sub-
systems.

Table 1
Assessment of variants of the composition
of competencies for military training

Competencies &
IS (5} %] i}
gl o sg | E| 2| B
2| £ s8| g2l 2| 2
g1 5|12 3 | 58] §| | 5
» g“ e = =
o
1 - - + 35 A A A
2 - + - -
sl |-+ + 20 [Cc[B|D
§ 4 |+ | - - -
o 5 + - + 25 B B C
6 + + - -
7 + + + 10 D D C
1 - - + 30 A A A
2 - + - -
b 3 - + + 20 D| C B
]
o 4 + i} ' '
N 5 + - + 25 B B B
6 + + - -
7 + + + 10 D D C
1 - - + 25 A A A
2 - + - -
o 3 - + + 10 D C B
i 4 + - - -
© 5 [+ | - + 15 B|B|B
6 + + - -
7 + + + 5 D D D

Analysis of the results of experts' assessment of
possible versions of the composition of competences
will be conducted for the justification and selection of
the best version of the composition necessary for the
training of the military.

Experts, when analyzing the variants of the com-
position of competencies for the three main subsystems
of MLRS, excluded variants 2, 4, 6 from consideration
for all subsystems, taking into account the absence of a
third competence in the composition of competencies
related to the skills of using the subsystem in combat
conditions.

Further, due to low and unacceptable D scores, ac-
cording to experts, which are present in some variants of

the composition of competencies, the following variants
of the composition of competencies were excluded from
further consideration:

In the control subsystem:

Variant 7, due to unacceptable cost values (D);

Variant 7, due to unacceptable time values (D) and
risks (D).

In the radar subsystem:

Variant 3, due to the long training time (D);

Variant 7, due to unacceptable time values (D) and
training risks (D).

In the fire subsystem:

Variant 3, due to unacceptable values of training
time (D);

Variant 7, due to unacceptable values of time (D),
risks (D), and training costs (D).

Further, the experts drew attention to a large unsat-
isfactory difference in competencies:

Variant 1 of the composition of competencies in
the control subsystem (35%)

Variant 1 of the composition of competencies in
the radar subsystem (30%)

These variants were also excluded from further
consideration. As a result, the following options remain
for the possible composition of competencies for the
military to study the main subsystems of the new
MLRS:

5,51
5,55

These variants have the following scores (see Ta-

ble 1):

55,1

25%, B, B, C;
25%, B, B, B;
25%, A A A

5,5. 5:

25 %, B, B, C;
25 %, B, B, B;
15 %, B, B, B.

Finally, variant 5, 5, 5 was chosen to train the mili-
tary for the use of MLRS.

6. Discussion

As a result of the research, new results were ob-
tained, which, unlike the existing ones:

- take into account the diversity of kinds and types
of military equipment entering the zone of military con-
flict;

- the heterogeneity and long length of logistics
chains in the transport system for the delivery of goods
to the zone of military conflict are taken into account;
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- the remoteness of the repair base from the zone
of military conflict is taken into account, which is repre-
sented as a reverse logistics chain for the delivery of
military equipment for repair;

- the problem of accelerated training of military
personnel under conditions military threats was re-
searched and resolved.

Conclusions

The conducted research is related to modeling the
logistics process of supplying and mastering new types
of weapons by the military, for the successful imple-
mentation of goals of a military operation in the area of
combat operations. As a result of the preliminary analy-
sis, the problems of using a variety of weapons. A sys-
tematic representation of the logistics of the supply of
weapons to the military conflict zone was created,
which is subsequently used to solve the main tasks of
the research. The task of the optimal selection of suppli-
ers of weapons, spare parts and ammunition for con-
ducting combat operations in the zone of military con-
flict is set and solved, taking into account the efficiency
of using weapons, time, costs and logistics risks. This
takes into account the use of several possible manufac-
turers of military equipment for one kind and type of
weapon. The agent simulation model has been created
in the Any Logic environment, which takes into account
the main components of the logistics supply process: the
transport supply network, time delays, and supply
routes. Optimization of the selection of supply route
was carried out, in the face of threats and the occurrence
of critical vulnerabilities, when supplying in a heteroge-
neous transport network. Using the simulation agent
model, a rational route for the supply of weapons and
military equipment is formed, the time and cost of sup-
ply are estimated, and the impact of threats on the sup-
ply time is taken into account. For the effective use of
new weapons and military equipment, the process of
training the military is studied using a set of competen-
cies to be learned in training centers for reduced time, in
conditions of threats of martial law and logistical risks.
An example of training the military to use modern
MLRS weapons is provided.

Mathematical methods and modeling methods are
used: system analysis, expert evaluation methods, inte-
ger optimization, simulation modeling, multi-criteria
decision-making methods, agent modeling.

The proposed approach allows planning the supply
of new diverse weapons to the zone of military conflict
and to select a rational composition of manufacturers of
military equipment.

Contribution of the authors: a systematic repre-
sentation of the logistical problem of supplying military

goods — Oleg Fedorovich; justification of the supply of
weapons and military equipment — Igor Chepkov;
formation of military competencies for the use
of modern weapons — Mikhail Lukhanin; optimization
of logistics supply chains of military goods — Yurii
Pronchakov; development of an agent simulation mod-
el of supply with an example — Kseniia Rybka, Yuliia
Leshchenko.

All authors have read and approved the published
version of the manuscript.
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MOJEJIOBAHHSA JIOI'ICTUKHU TIOCTAYAHHSA TA IIAI'OTOBKHA BIfIC])!(OBOFO IEPCOHAJIY
J0 YCHIITHOI'O BUKOPUCTAHHS O35PO€HHSA B 30HI BOMOBUX AU

0. €. ®eooposuu, 1. b. Uenkos, M. 1. Jlyxanin, 0. JI. IIponuakos, K. O. Puéoka, IO. O. J/leujenxo

DopMy€eTHCS Ta BHPINIYETHCS 3a]jada OaraToBapiaHTHOTO XapaKTepy, sSKa IMOB’sA3aHa 3 MOAEIIOBAaHHAM JIOTicC-
TUYHUX JIifl, TIOB’SI3aHUX 3 Pi3HOMAaHITHOIO BiICHKOBOIO TEXHIKOIO Ta 030pOEHHM, SIKE HATXOIUTh Y 30HY BOEHHOTO
KOH(DITIKTY. AKTyalIbHICTh JOCIHIIKCHHS, OB’ s13aHa 3 KOMIDIEKCHUM DIIICHHSAM MPOOIEMH JOTiCTUIHOTO XapaKTepy
MTOCTavYaHHS Ta 3aCBOEHHS BiICBKOBUMH CY4acHOI Pi3HOMaHITHOI 30poi sl CTBOPEHHS MAPUTETY CHIJI Y 30HI BOEH-
HOTro KOH(}ITIKTY. MEeTOr0 HOCIiPKEHHS € CTBOPEHHS KOMIUIEKCY JIOTICTHYHHX METO/IB Ta MOJENeH, sIKi TO3BOJSIOTH
MPOAaHaII3yBaTH MiATOTOBKY BIMCHKOBHX, TIOCTa4aHHSA 030pO€HHS, OO€TpPHUIACIB Ta 3aI4acTHH B 30HY BOEHHOTO
KOH(IIIKTY, A YCIITHOTO BUKOHAHHS ITiJIeH BificbKOBOI omepartii. B craTTi aHami3yeTsCs mpobiieMa BUKOPHCTaHHS
CyYacHOi pi3HOMAaHITHOI BiliCEKOBOI TEXHIKH, sIKa MOTPEOYIO€ PIIIEHHS MUITXOM CHCTEMHOTO TIPEICTaBIICHHS B JIOTi-
CTHIII TMATOTOBKH BIHCHKOBHX, TIOCTaYaHHI PI3HOMAaHITHOTO 030pPOEHHS, BiJl Pi3HUX BUPOOHUKIB, B 30HY OO OBHX
niii. CTBopeHa onTuMizaliiHa Mozens 1l BUOOPY Ta OOTPYHTYBAHHS CKIIay IOCTadyaJIbHUKIB 030pOEHHS, 3amyac-
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THH Ta OOENpHIAciB, B yMOBaX PU3HUKIB, SIKI BUHUKAIOTh Y BUPOOHHUIITBI Ta TPAHCIIOPTYBAaHHI BIICBKOBHUX BaHTaXiB
B PI3HOPIAHINA TpaHCIIOPTHIN Mepexi. OnTUMi3alisi IPOBOANTHECS B YMOBaX MPOTUPIYYSl KPUTEPIIB: KiJIbKICTH HOBO-
ro 030pOEHHS; Yac Ta BUTPATH HA BUPOOHMIITBO Ta ITOCTAYaHHs BiHCHKOBOI TEXHIKH; PU3HUKH JIOTICTUYHOTO Xapak-
Tepy. Jns qociipKeHHsT IMHAMIYHUX TIPOLIECIB Y JIOTICTHII TTOCTadaHHS 030pOEHHS, 3aIm4acTHH Ta OOenpHIIacis,
CTBOPEHO MOJIENb, KA JJO3BOJISIE, 32 JJOMIOMOT'OI0 areHTIB iMITallifHOrO MOJIGNTIOBAHHSL, TOCIIANTH IUISIXH PYXY Biii-
CHKOBUX BaHTaXiB B yMOBaX BOEHHHUX 3arpo3 Ta MOXIIMBHX 30y/KeHb KPUTHYHHUX Bpa3IMBOCTEH B Pi3HOPiAHIHN
TPaHCIIOPTHIN Mepexi nocrayanHs. Po3pobieHo anroputM GopMyBaHHS ONTUMAIBHOTO MapIIpyTy ITOCTa4aHHs 3a
MiHIMQJIEHUM YaCOM B YMOBaX PH3HKIB. 3a JIOMIOMOTOK iMIiTaIlifHOIO MOJICITIOBAHHSI OITIHFOETHCSI Yac PyXy BIHCHKO-
BHX BaHTAXIB, 3alli3HEHHS B ITOCTaYaHHI, HAKOMWYEHHS PU3MKIB B TPAaHCIIOPTYBAaHHI BaHTaXiB, HACIIJKH BHHUK-
HEeHHS 3arpo3 Ta Bpa3JIMBOCTEH JIOTICTUKHM MOCTa4aHHS, TOIO. J{OCTiHKYeThCs IMPOLEC MiATOTOBKM BiHCHKOBHX
LIJISIXOM 3aCBOEHHS HOBUX KOMIIETEHTHOCTEH IS BUKOPHUCTAHHS CYy4acHOIO Pi3HOMAHITHOIO 30po€r0 B 0OHOBHX
ymoBax. [Ipu npomMy, BpaxOBYIOTHCS CTUCII CTPOKH MIATOTOBKHM BIHCHKOBHX Ta JIOTICTHKA X TPAaHCHOPTYBaHHS JI0
LEHTPIB MiArOTOBKH, 3 ypaxyBaHHSIM 3arpo3 Ta PU3UKIB BOEHHOTO Yacy. EQeKTHBHICTb 3alIpONOHOBAHOTO MiIXONY
3a0e3MeuyeThCsl CHCTEMHHM MPEICTABICHHSM JIOTICTUKH MOCTayaHHs pi3HOMaHITHOI 30poi, 3amyacTiH Ta Ooenpu-
MaciB y 30Hy KOH(TIKTY, KOMIUIEKCHUM PillIEHHSIM ITIOCTaBJIEHUX 3aBJaHb JOCHTipKeHHs. HaykoBa HOBHM3HA JocCii-
JDKEHHSI, SIKe MPOBOJUTHCS, OB s13aHa 3 PO3POOKOI0 HOBMX METOJIIB Ta MOJeNel, 3aCHOBaHUX Ha CUCTEMHOMY aHa-
Ji3i. By BUKOpHCTAaHHI Taki METOIM: IMITAIIHHOTO MOJCITIOBAHHS, MOJENI ONTHUMI3allii, MOJEIb IS 3aCBOEHHS
HOBUX 3HaHb BIMICHKOBUMH, SKa 3aCHOBaHa Ha KOMIIETEHTHOCTSX, IO 3a0e3redye YCIIIIHICTh BUKOHAHHS LijIeid
BIlICHKOBOI orepallii. Pe3ynbTaT 10CIiIKEHHS TOLUIBHO BUKOPUCTOBYBATH JUIsl BHOOPY Ta OOIPYHTYBaHHS MOCTa-
YaJIbHUKIB HOBOT'O Pi3HOMAaHITHOIO 030POEHHS Ta BIMCHKOBOI TEXHIKH, MPOBEICHHS MiArOTOBKU BIHCHKOBHX IS
BHUKOPHCTaHHS Cy4aCHHX BHJIIB Ta THITIB 030pOEHHS, IUIaHYBAaHHS MapUIPYTiB Ta IUTaH-TpadikiB MmocTayaHHs BilCh-
KOBUX BaHTaXIiB B 30HY OOHOBHUX Jiii, B yMOBax 3arpo3 BOEHHOI'O 4acy.

KurouoBi ciioBa: 30Ha G0iOBHX J1il; JIOTICTHKA MMOCTaYaHHs; 3arPO3U Ta KPUTHYHI BPa3JIMBOCTI; pi3HOMaHITHa
BIIChKOBa TEXHIKa; MOCTAYaJbHHKH O30POEHHS; BIMCHKOBI KOMIIETCHTHOCTI; arceHTHE iMiTaliliHe MOMCITIOBaHHS;
OITUMI3allisl.
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