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MODELING OF LOGISTICS OF WAR RESERVE STOCKPILING
FOR SUCCESSFUL COMBAT OPERATIONS

This paper formulates and solves a multivariate problem related to modeling the logistics of war reserve
stockpiling for successful combat operations in the armed conflict area. The relevance of the study is related to
a comprehensive solution to the problem of war reserve stockpiling to fulfill the objectives of a military opera-
tion, considering the capabilities of materiel suppliers, complex logistics of war materiel transportation to
armed conflict areas, and military threats arising from the martial law in the country. The study creates a set
of models that allow: prioritizing war materiel types for reserve stockpiling; formulating requirements for the
size of reserves; selection of a rational structure of logistics supply chain, considering the risks of military
threats; ensuring the success of combat operations in the armed conflict area. The article analyzes the existing
problems of war reserve stockpiling under martial law, which arose due to: the variety of war materiel; small
supply batches; different materiel manufacturers and suppliers located at a great distance from the armed con-
flict area; heterogeneous transport environment of supply; risks associated with military threats during war
materiel reserve stockpiling. A method of presenting the importance of certain war materiel types for supply to
the armed conflict area is proposed, considering the combat capability of individual weapons and assessments
of military experts. The requirements for the amount of war materiel reserve in the interval representation,
from the minimum to the maximum value of the inventory, have been formed. The minimum war materiel re-
serve to be used in the armed conflict area provides the necessary parity of military forces. Simultaneously, the
nature of hostilities does not change, but the risks associated with the enemy's actions to destroy the war mate-
riel reserve (war of reserves) may manifest themselves. The maximum war materiel reserve provides confi-
dence in achieving the objectives of a military operation in the armed conflict area, but is difficult to imple-
ment due to the limited capabilities of weapons and materiel suppliers and existing military threats. An optimi-
zation model for the war reserve stockpiling was created, considering the limited capabilities of suppliers,
permissible time for reserve stockpiling, and the risks that may arise from military threats and their impact on
the logistics of war materiel supply (war of logistics). An optimization model for the war reserve stockpiling
was developed, considering the combat capability of certain types of weapons, which makes it possible to cre-
ate asymmetry in the military parity of forces due to the increased combat characteristics of modern weapons
(quality over quantity). Due to the multitude of materiel manufacturers (possible suppliers) and various vari-
ants for the formation of supply chain, the task of enumeration of possible variants for the composition and
structures of the logistics supply chain for war reserve stockpiling was formed and solved. The number of
warehouse variants and logistics supply chain structures is estimated using the methods of enumeration theory,
and a set of variants is formed for subsequent comparison and selection of a rational option. An optimization
model for the formation of logistics links in the supply chain was created to form the necessary war reserve
stocks in the armed conflict area. The example of HIMARS MLRS stockpiling illustrates the effectiveness of the
proposed approach for successful combat operations in the armed conflict area, using both quantitative and
qualitative assessments when comparing possible stockpiling variants. The scientific novelty of the study is re-
lated to the development of a set of original optimization models, models of the variant enumeration for the
structures of the logistics supply chain, which allows scientifically sound formulation of requirements for the
size of the war reserve stock for successful fulfillment of the objectives of a military operation in the armed
conflict area, considering the capabilities of materiel suppliers, long supply chains in a heterogeneous
transport environment, short delivery time, and the risks of military threats. It is advisable to use the results of
the study for planning war reserve stock, for their effective use in the combat zone, justifying the composition
of materiel manufacturers and suppliers, forming a logistics supply chain, which will ensure the success of
combat operations in the armed conflict area.

Keywords: armed conflict area; war reserve stock; optimization of war reserve stock; logistics of war materiel
supply; enumeration of supply variants; risks of military threats.
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1. Introduction

The escalation of hostilities in the armed conflict
area requires constant replenishment of materiel re-
serves, which ensures effective military operations
against the aggressor [1-4]. The existing inventory theo-
ry, whose methods are used in the production of com-
plex equipment, is associated with the planned replen-
ishment of components, stocks, and raw materials to
fulfill the orders of enterprises and ensure the continuity
of the production cycle [5-8].

1.1. Motivation

Under martial law, the availability of materiel re-
serves is one of the key requirements for ensuring effec-
tive combat operations. The enemy's counteraction to
the war reserve stockpiling (war of reserves) is a mani-
festation of the so-called hybrid warfare [9]. The lack of
the necessary amount of materiel reserves can lead to
the death of military personnel, disruption of defensive
and engineering structures, and transition from offen-
sive to defensive actions, etc. Therefore, the require-
ments for the war reserve stockpiling, replenishment,
and materiel size differ from the requirements in peace-
time [10]. Hence, the relevance of the topic of the pro-
posed publication, which sets and solves the problem of
stockpiling in the context of modern hybrid warfare,
which uses the most advanced types of materiel aimed
at destroying the stockpiling logistics (war of logistics
and reserves).

1.2. State of the Art

A number of problems associated with the stock-
piling and management of the logistics for the materiel
supply are reflected in existing publications on this top-
ic:

1. A large number of manufacturers (suppliers),
who can supply weapons in small batches, form a war
reserves. This complicates the management of logistics
for the materiel supply. Existing publications consider
the materiel supply in peacetime for the formation of the
planned reserves in case of war, and not during military
operations [11-13].

2. When supplying materiel to the armed conflict
area, long logistics chains arise in a heterogeneous
transport environment, which require a lot of time for
supply and stockpiling. In existing publications, plan-
ning and stockpiling are often considered when devel-
opers located at a short distance from the armed conflict
area supplied arms, which does not require long logis-
tics chains [14, 15].

3. In long logistics supply chains, the war reserve
stockpiling creates much possible vulnerability that can

be triggered by military threats. Existing publications
address logistical vulnerabilities that occur mainly in
peacetime. Little attention has been paid to the study of
the impact of military threats on logistical vulnerabili-
ties in the arms supply to the armed conflict ar-
ea [16, 17].

4. In the state of martial law, many supply risks
arise due to military threats, which disrupt war reserve
stockpiling volumes for use in the armed conflict area at
the right time. The increase in the number and variety of
risks associated with martial law has received little at-
tention in existing publications [18, 19].

5. In the heterogeneous environment of supplying
materiel to the armed conflict area, there is a large num-
ber of transshipment of military cargo, which leads to
delays and increased time for the materiel supply. In
existing publications, transshipment is considered for
peacetime, without the influence of military threats that
arise during martial law [20-22].

6. Reserve and planned stockpiling in peacetime
differs from the war reserve stockpiling for use in the
armed conflict area during martial law. In existing pub-
lications, reserve stocks are associated with peacetime
arms production plans in accordance with the state's
military doctrine [23-25]. The size of the reserve mate-
riel stock in the armed conflict area and its replenish-
ment in wartime depends on the situation at the front
and the objectives of the military operation [26].

1.3. Obijectives and methodology

A contradiction arises between the requirements
for successful operational and tactical actions by the
military in the armed conflict area, using existing mate-
riel reserve and its operational replenishment and the
imperfection of existing methods of planning and man-
aging was reserve stockpiling, which requires the devel-
opment of a set of models and applied information tech-
nology aimed at studying the reserve stockpiling and
replenishment.

The study creates a set of models that will allow
analyzing the logistics of stockpiling with regard to the
required volume, justification of the logistics supply
chain in a heterogeneous transport environment, in the
context of military threats and martial law, to ensure the
effectiveness of combat operations and the objectives of
a military operation in the armed conflict area. In ac-
cordance with the research objective, the following
tasks need to be addressed:

1. Analyze the priority of types of weapons in the
materiel stockpiling (Section 2).

2. Develop an optimization model for the materiel
stockpiling, considering the capabilities of manufactur-
ers and suppliers (Section 3).
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3. List the set and justify the structure of the logis- Table 1
tics supply chain in the materiel stockpiling (Section 4). Full factorial experiment to assess
4. Stockpile the necessary materiel in the armed the combat capability of weapons types
conflict area, considering the combat capability of indi-
vidual samples (Section 5). No Factors Ratings
5. Provide an example of modeling the logistics of T ox X2 X3 (combat capability)
materiel stockpiling, considering the risks of wartime 1 - - - 0
(Section 6).
The following mathematical and modeling meth- 2 ) ) * 3
ods have been used: system analysis; methods of expert 3 - + - 2
evaluation of variants; methods of the theory of plan- p - n n 6
ning experiments; integer (Boolean) optimization;
methods of the enumeration theory of Pdlya and De 5 + - - 5
Bruijn; method of lexicographic arrangement of vari- 6 + R + 8
ants; method of qualitative evaluation of variants.
7 + + - 7
2. Analysis of the priority 8 | * * " 10

of types of weapons
in the materiel stockpiling

Requirements for war reserve stockpiling related to
the plans of operational and tactical actions of the mili-
tary, as well as the current situation at the front. There-
fore, the nomenclature of materiel, its number, and the
ability to train military specialists for the use of weap-
ons will be determined on each specific sector of the
front, depending on the requirements for establishing
military parity of forces [15].

Given that modern weapons systems with high
combat capability (e.g., HIMARS, NASAMS, etc.) can
be used in this area of the front by creating an asym-
metry in military parity of forces (quality over quantity),
it is possible to conduct successful combat operations
with fewer weapons.

Therefore, it is important to identify the most ef-
fective samples for war reserve stockpiling for success-
ful use in a particular combat zone.

Furthermore, the method of experiment planning
will be used as it allows the identification of the most
effective weapons for combat zone by using expert (mil-
itary) assessments and conducting virtual experiments.

Table 1 presents the plan of a full factorial experi-
ment (FFE), in which the factors are the types of weap-
ons that can be used in the armed conflict area.

Each line of the plan represents a possible combi-
nation of weapons used.

In Table 1, "-" means the factor absence, "+"
means the factor presence.

Total number of variants of the factor composi-
tion: N=2" where n is the number of factors.

Expert ratings are generated in the far-right col-
umn of the FFE (points or %).

As a result of the virtual experiment, using expert
ratings, regression dependence is formed in the form
(n=3):

y =Dy +byX; +byX, +byXs +
+D15X1 X5 4+ Dy3X X5 + DygXoXg +
+D153 X X5 X5,

Value of the coefficient by, jzl,_n indicates the

significance of factor x;. Further, the series in descend-
ing order of significance of the coefficient bj is formed.
Thus, it is possible to form the highest priority types of
weapons to be used in a particular combat zone. For
instance, assume the factor x; refers to HIMARS
MLRS, x, refers to JAVELIN anti-tank system, xs refers
to the CAESAR Self-Propelled Gun.

After the experts' assessment, using the scores of
possible weapons composition variants, the following
simplified linear regression dependence can be ob-
tained:

= 5.1+ 2'4Xl +1.1X2 +1.6X3.

After analyzing the obtained dependence, it can be
concluded that the most important factor for use in the
combat zone is x; (use of HIMARS), less important is
X3 (use of CAESAR), and the least important is factor x,
(use of JAVELIN).

Thus, considering the received priorities of types
of weapons, it is necessary to stockpile war reserve in
the armed conflict area.
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3. Optimization model
for the materiel stockpiling,
considering the capabilities
of manufacturers and suppliers

In peacetime, the reserve stockpiling is carried out
in accordance with the state order plans for the devel-
opment of materiel. For the successful implementation
of weapons production plans, stocks of components,
materials and raw materials (CMRM) are formed in the
Z range:

where Zmin corresponds to the reserve stocks of the
CMRM, the current value of Z corresponds to the
planned CMRM stock, considering the reserve stocks,
and Zmax corresponds to the stock, the value of which is
associated with minimizing various risks (including
logistics ones) that can lead to possible failures or stop-
ping the production cycle.

In wartime, the materiel stockpiling is carried out
in the context of military threats, in accordance with
tactical plans and operational actions in the armed con-
flict area. Simultaneously, it is necessary to consider the
limited capabilities of suppliers (manufacturers) of ma-
teriel (small batches of weapons produced, long produc-
tion cycle, small production stocks, etc.), which leads to
difficulties in supplying the required quantity in the re-
quired time frame. These difficulties can lead to losses
in the form of deaths of military personnel, changes in
hostilities, disruption of defense and engineering struc-
tures, etc. Therefore, it is important to solve the problem
of the necessary level of materiel stockpiling, consider-
ing the requirements for types of weapons, volume of
supplies, and delivery time. Given that for each j™ type
of materiel, when forming inventory, not one supplier
but a set of n; suppliers can be used, which is associated
with their possibility of producing and supplying mili-
tary products, the problem arises of choosing a rational
composition of suppliers to form the desired level of Z
stock, where Z,, <Z<Z_. . Here, the value of the
Zmin Stock corresponds to the reserve stocks level during
martial law, which guarantees the establishment of mili-
tary parity of forces in the context of military threats.
Stock value Zmax minimizes the risks associated with
military threats and creates possible asymmetry in the
military parity of forces, which ensures the successful
implementation of the goals of the planned combat op-
eration. When forming a Zmax stock, it is necessary to
consider the limited capabilities of manufacturers and
suppliers of weapons (small batches).

Possible variants of the composition of materiel
suppliers can be formed by a complete search of

N=2"-1, where n is the possible number of materiel sup-
pliers.
Enter the Boolean variable Xi:

1, if k™ variant of supplier
composition is used for j" materiel type;
0, in other case.

The following indicators will be used in Z materiel
stockpiling, Z., <Z<Z,, considering the risks of
wartime:

Z is the value of materiel reserve in the armed con-
flict area;

T is the total time spent on the war reserve stock-
piling in the armed conflict area;

R is the risks of military threats arising from the
war reserve stockpiling in armed conflict area during
martial law.

There may be not one, but several combat zones in
the combat zone. Therefore, the value of Z stock:

where z; corresponds to the materiel reserve for the it"
armed conflict area;

M is the number of combat zones in the armed
conflict area.

Considering all the combat zones in the armed
conflict area, as well as the types of weapons that come
to the armed conflict area, the following expression is
obtained:

m; N

Z:iz

i=1l j=1 k=1

lijic Mijic Xijic

where Z;, £Z<Z

lij is the size of the delivery batch, which is associ-
ated with the k™ composition of suppliers for the j type
of materiel for reserve stockpiling in the i combat
Zone;

mijk is the number of delivery batches, which is re-
lated to the limited capabilities of materiel suppliers for
the k™ warehouse of suppliers of the j™ type of materiel
for the it" combat zone.

Enter the variable Xij:

max?

1, if k™ supplier warehouse is selected
for j'" materiel type, for i" combat zone;
0, in other case.

Xijk =
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Then:
Total time for war reserve stockpiling in the armed
conflict area:

M m n

T= ZZZ Mk i Xiji,

i=L j=1 k=1

where tjj is the time spent on the delivery of one batch
of materiel by the k™ warehouse of suppliers for the jt"
type of materiel, for the i'" combat zone.

Risks of war reserve stockpiling associated with
possible military threats to martial law:

M m;

ni
R= Zzzmijkrijkxijk,

i=1 j=1 k=1

where rij is the risks of delivery of one batch of materiel
by the k" warehouse of suppliers for the j type of ma-
teriel, for reserve stockpiling in the i combat zone.

It is necessary to maximize the level of materiel
reserves in the armed conflict area:

max Z,

M m; N

Z:zzzlijkmijkxijk,

i=L j=1 k=1

subject to the implementation of restrictions:

min max
TLT,
M m
T= Z ik Lijic Xijic
i=L j=1 k=1
R <R/
M m; n;
R= Z Zmuk ijk Xijk
i=1 j=1 k

where R’ is the permissible total risk;
T’ is the permissible time for the materiel delivery
and stockpiling.

The problem can be solved by a complete search
of all variants for the composition of the warehouse of
the materiel suppliers, or, for a large dimensionality of
the problem, by using one of the methods of branches
and bounds in integer optimization (with Boolean varia-
bles).

4. Listing of the set and justification
of the structure of logistics supply chain
in the necessary war reserve stockpiling

4.1. Structural analysis of materiel supply
chains for war reserves stockpiling in the armed con-
flict area

To form a sufficient level of materiel reserves in
armed conflict area, Z;, <Z<Z,,, possible structur-

min —
al logistics elements are used:

- materiel manufacturers and suppliers;

- vehicles;

- supplier warehouses;

- intermediate warehouses for temporary storage of
materiel;

- transshipment centers;

- distribution centers;

- consolidation centers for the formation of arms
batches;

- materiel warehouses in the armed conflict area;

- and others.

Given the long length of the front line and the war
reserve stockpiling, there are many possible structures
for organizing the logistics supply chain, which requires
solving the combinatorial problem of enumeration of
possible variants. To analyze the set of variants for lo-
gistics supply chain structures, the following actions are
required:

1. Conduct a quantitative analysis of possible vari-
ants for creating logistics chain for the materiel supply
to the armed conflict area.

2. Form (generate) variants for further analysis and
comparison.

To solve this problem, the combinatorial method
and enumeration theory are used [27].

In enumeration theory, variants arise when one set
(e.g., A) is mapped to another (B). In our case, the set of
logistics elements A is mapped to the set of vertices of
the graph of the logistics structure of supply chain G.
When listing, it is necessary to form the so-called cycle
indices (CI), which characterize the peculiarities of the
composition of logistics elements A and the peculiari-
ties of the structure of logistics supply chain G in the
following form:

Z(G) = ﬁZ(t?t‘éz t2..t)g,
g

where ¢; is the number of cycles of the i length that
arise from mapping one set to another;

ti is the auxiliary variable associated with ci;

g is a separate component of ClI.
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The CI generation for the logistics supply chain
structure graph is associated with the analysis of the
structure of G graph. Substitution groups for vertices of
G graph are used as analysis. The most commonly used
substitution groups are the following:

- symmetric Sp;

- cyclic Cy;

- dihedral Dy,

- single E,
where n is the number of vertices of the G graph.

The obtained Cls for the groups of substitutions of
the vertices of G graph are used to quantitatively ana-
lyze possible variants of logistics supply chain struc-
tures. In this case, formulas for recalculating variants
are used in the form of the results of the Polya enumera-
tion theorem and De Bruijn's theorem [27, 28].

For the simplest cases of enumeration, when pos-
sible variants of the composition are of interest, the
problem is simplified and transformed into a separate
case, in the form of a combinatorial analysis. For in-
stance, assume three possible logistics elements for
forming a supply chain for war reserve stockpiling:

- warehouse for temporary storage of military
equipment;

- materiel distribution center;

- a point of consolidation of various types of mate-
riel for further transportation to the armed conflict area.

Number of possible variants for compositing ele-
ments in the logistics supply chain:

K=LM-1,

where L is the number of types of logistics elements
(L=3);

M is the number of possible supply chains (e.g.,
M=2).

In our case, the number of possible composition
variants: K= 32- 1=8.

The L™ counter can be used to form (generate) var-
iants of the composition of logistics chain for the supply
of materiel to the armed conflict area.

For instance, this is a triple counter. Then the set
of variants for the composition of logistics chain for the
supply of materiel to the armed conflict area can be giv-
en in the form:

.01
.02
.10
11
.12
.20
.21
.22

00N O WN PR

When using G graph of logistics supply chain
structure, it is necessary to consider possible types of
structure topologies that are used quite often (Fig. 1).

£

a b

YR

Fig. 1. Typical system topology structures:
a —radial structure; b — tree structure;
¢ — iterative structure;
d —radial-annular of the same type;
e — radial-annular of the second type;
f —radial-annular of the third type

In practice, mixed structures are often used, which
are a combination of the types of topologies that have
been discussed. For any considered type of topologies, it
is possible to form a group of substitutions of the verti-
ces of the G graph according to the type of structure,
and then build a CI. The Cycle Index is the basis for
enumerating logistics chain variants, considering the
possible set of logistics elements. Here, one of the pos-
sible theorems of the enumeration theory is used [28].

As an example, it was determined the number of
variants related to the mapping of possible logistics el-
ements to the vertices of the radial structure of the logis-
tics supply chain in G graph (Fig. 1, a).

The group of vertex substitutions of G graph can
be represented as:
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H=E;+S,,

where E; is the unit group of substitutions associated
with the vertex of the radial structure;
S is the symmetric substitution group that is associ-
ated with two bottom vertices of the G graph.
The cyclic index of G graph consists of a composi-
tion of two cyclic indices:

Z(H)=Z(E1)Z(S2).

Assume the number of types of logistics elements
equals 3. Then:

1
Z(H) = Exl(xf +X7),

where the variables X1, X, are related to the vertices of G
graph.

To enumerate the variants of the structure of the
logistics chain for the supply of materiel to the armed
conflict area, the result of the second theorem of Pdlya
and De Bruijn will be used [28]:

K:{Z(G‘;i,i,...)Z(H,l+zl,l+22,...)} ,
0z, 0z, 2,=Z,=..=0

where G' is the vertex substitution group of G graph;
H is the substitution group associated with the com-
position of logistics supply element types;

ii is differential operators (partial deriva-
0z, 0z,
tives) acting on the group of substitutions of the vertices
of the G graph.
In this case, the condition is met that all auxiliary
variables z; =z,=... =0.
For our example:

K:3~1(32+3):£:18.
2 2

The obtained variants of the structures of logistics
chain for the supply of materiel to the armed conflict
area will be further evaluated and compared to select a
rational option depending on the values of the selected
logistics indicators.

4.2. Justification and selection of the rational
composition of logistics links for the supply of mate-
riel to the armed conflict area

It is assumed that each logistics supply chain is as-
sociated with a specific combat zone. It is necessary to
form logistics supply chains considering the require-

ments of war reserve stockpiling in armed conflict area
Z: Zyin $Z<Z,, to successfully perform combat
operations.

Individual links in the logistics chain are:

- transport sections of the highway;

- transport hubs;

- transport interchanges.

To solve the problem of choosing the rational
composition of logistics links of weapons supply chain
in the armed conflict area, to stockpile war reserve, in-
teger programming with Boolean variables yix were
used:

1,if k™" composition of links of logistics
supply chain for war reserve stockpiling
in the armed conflict area is selected

Yie = for i™ chain is used for materiel type
in combat zone;
0, in other case.
|
where Zyik =1

k=1
Then, the time spent on the materiel supply for re-
serve stockpiling in the armed conflict area:

Lol
T :z tiYik:

i=1 k=1

where L is the number of combat zones in the armed
conflict area;

li is the number of possible variants for the composi-
tion of the logistics chain for the materiel supply for
reserve stockpiling in the i combat zone;

tik is the time spent on the materiel delivery by the
k" warehouse of logistics links in the supply chain for
the i combat zone.

Risks of military threats related to the materiel
supply and stockpiling in the armed conflict area:

Mik Yik

L
=1 k=1

-3

where rix is the risks of military threats associated with
the use of logistics supply links by the k™ warehouse for
the i chain of materiel supply during war reserve
stockpiling in the armed conflict area.
Logistics costs associated with the materiel supply
for war reserve stockpiling in the armed conflict area:
I

W= Z ‘ WikYik:

L
i=1 k=1
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where wi is logistics costs associated with the choice of
the k™ variant of the composition of logistics links of the
materiel supply chain in the i armed conflict area.

The following formulations of the problem related
to the formation of logistics links in the materiel supply
chains to the armed conflict area are possible:

1. Minimize the delivery time for war reserve
stockpiling in the armed conflict area:

L |
m|n T,T = zztikyik’
i=1 k=1
subject to possible restrictions:

Zyin SZ<Z

m

Lo
R<R'R :erikyikv

i=1 k=1

Lo
W<WH W = Zzwikyikv

i=1 k=1

max !

where R',W'" are acceptable values of risks and costs.
2. Minimize supply risks for war reserve stockpil-
ing in the armed conflict area:

L |
i=1 k=1
subject to restrictions:

Zyin SZ<Z

max !

Lo
T<T 7= twYi

i=1 k=1

Ll
WSWIW =" wiyi.

i=1 k=1

3. Minimize logistics costs that are associated with
delivery during war reserve stockpiling in the armed
conflict area:

L
min W, W = zzwikyik'

i=1 k=1

subject to restrictions:

Lo,
T<T.T= zztikyikv

i=1 k=1

Lo
R<RYR=D"hyi.

i=1 k=1

5. Stockpiling of the necessary materiel
in the armed conflict area,
considering the combat capability
of individual samples

Modern weapons have high combat capability (ac-
curacy, range, zone of destruction, etc.), which allows
for an asymmetry in the military parity of forces in a
particular combat zone (quality over quantity) in the
process of materiel stockpiling. Therefore, it is relevant
to study war reserve stockpiling in the armed conflict
area, considering the combat capability of weapons.
Let's consider the formulation and solution of the prob-
lem of distributing a batch of weapons in the armed con-
flict area, in which war reserve stockpiling is carried out
considering the combat capability of individual types.

Assume N is the number of combat zones in the
armed conflict area. When a materiel batch arrives at the
armed conflict area, it is necessary, considering the
types of weapons received, j( j =1P ), to distribute them
to individual combat zones, subject to their combat ca-
pability. Simultaneously, it is necessary to consider the
total combat capability of all weapons in the combat
zone, including the current one.

Enter an integer variable;

1, if reserves are formed by jth materiel type
k™ combat zone warehouse;

0, in other case.

Xjk =

nj
where ijk =1, which means that the materiel batch
k=1
that has arrived will necessarily be used for war reserve
stockpiling of the j™ materiel type in the armed conflict
area. Then:
1. War reserves in the armed conflict area:

P PN
WE ijkxijZw}k :
j=1 k=1 j=1 k=1
where P is the quantity of materiel types;

n;j is the number of possible variants for the distribu-
tion of materiel around the combat zone for stockpiling
of j™ type of weapons;
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Wik is the quantity of j" materiel type used for war
reserve stockpiling;
wij' is the number of ji" type of weapons that are cur-
rently available in k™ warehouse of the combat zone,
where war reserve stockpiling is taking place.
2. Combat capability of materiel in the armed con-
flict area:

PN
Q= ZZWJKQJXJK +ZZWJKQJXJK '
=1 k=1 =1 k=1

where g is the combat capability of a separate sample of
the j™" materiel type.

3. Time spent on war reserve stockpiling in the
armed conflict area:

]

T ZZZtIKXJk ,

=1 k=1

where tj is time spent on war reserve stockpiling of the
j" type for the k™ composition of war reserve in the
armed conflict area.

4. Logistical risks of war reserve stockpiling in the
armed conflict area, which are associated with wartime:

R=3 .

=1 k=1

where rj is the risk of military threats associated with
the logistics of war reserve stockpiling of the j" type of
materiel for the k' warehouse of the combat zone in the
armed conflict area.

To create military parity of forces (as well as the
possibility of creating asymmetry), it is necessary to
maximize the combat capability of the use of materiel,
considering the war reserves currently available in the
armed conflict area:

max Q = ZZWJKqJXJk +ZZWJKqJXJk ,

=1 k=1 =1 k=1

subject to restrictions:

W <W<W, W= ZZkax]k +ZZW

min =
j=1 k=1 =1 k=1

where Whin is the war reserves that ensure that the na-
ture of combat operations in the armed conflict area is
not violated, considering military threats;

Winax IS the war reserves that will ensure the success-
ful implementation of the goals of the military operation
due to the possible creation of asymmetry in the military
parity of forces.

T<T' T= ZZt,kak,

=1 k=1

R<R'R= Zznkx,k,

=1 k=1

where T',R" are acceptable values for the time and risk
of war reserve stockpiling.

6. Example of modeling the logistics
of materiel stockpiling, considering
the risks of wartime

Furthermore, the logistics of war reserve stockpil-
ing for conducting effective combat operations will be
considered in an illustrated example of the supply of the
HIMARS multiple launch rocket system using four pos-
sible suppliers (n=4). Here, the number of possible vari-
ants for compositing suppliers for HIMARS MLRS
stockpiling in the armed conflict area is
N=2"-1=2%-1=15.

Table 2 shows the variants of compositing suppli-
ers for HIMARS stockpiling. The following indicators
are used to compare and eliminate unnecessary variants
for compositing possible suppliers:

- number of shipments of HIMARS supplies from
the it supplier for war reserve stockpiling — n;;

- HIMARS delivery batch size for i supplier — Ii;

- HIMARS MLRS stockpile size formed when us-
ing weapons of the k™ supplier warehouse in the supply
of weapons — W;

- time spent on the supply of weapons of k" sup-
pliers of HIMARS MLRS — T;

- logistical risks of wartime related to the supply
of HIMARS weapons to the k™ warehouse of suppli-
ers — Rx.

Quantitative estimates are used to assess the
HIMARS reserve formed in the armed conflict area,
and, for the convenience of military experts, qualitative
estimates will be used to assess time and risk [29]:

A— minimum time;
B — satisfactory time;
C— permissible time;
D — maximum time;

K=
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A — minimum risk; A preliminary enumeration of variants for
B satisfactory risk: HIMARS MLRS stockpiling (see Table 2) has the fol-
7 lc- permissible risk; lowing form:
D — maximum risk. 1.6,B, A
2.4 A A
Table 2 3.10,C,B
Evaluation of variants for the composition 4.3, A A
of HIMARS suppliers 5.9,C,B
Composition of w, T, R, 6.7,B,B
No suppliers stock stockpiling logistics 7.13.C. C
1 2 3 | 4 | volume time risks 8.3 ,B A
1 -+ 6 B A + 9 By
2 + | - 4 A A 9.9,C,C
3 -+ ]+ 10 C B 10.7,C, B
4 + - 3 A A 11.13,D,D
R EA R A B
=TT+ T+ = 13 C C 13.12,C,D
g | + | - N 3 B A 14.10,C,C
9 | + - |+ 9 C C 15. 16, D, D.
10 | + + | - 7 C B
E : . bl s 163 '; '; After lexicographic ordering of variants for
TR S A - B 5 HIMARS MLRS stockpiling, we obtain:
U |+ | + | + - 10 C C
15 [ + |+ | + | + 16 D D 15.16,D, D
7.13,C,C
For the example under consideration: 11.13,D,D
13.12,C,D
mp=1, |1=3, 3.10,C, B
my=3, |2=1, 14.10,C, C
ms=2, |3=2, 5.9,C,B
ms=2, 1,=3. 9.9,C,C
6.7,B,B
As a result of the military experts' assessment of 10.7,C,B
possible variants for HHIMARS MLRS stockpiling, Ta- 1.6,B, A
ble 2 was constructed. 12.6,B,B
To analyze the obtained results, it shall be as- 2.4, A A
sumed that the most important indicator of the reserves 4.3,A A
stockpiling is W, 8.3,B, A

Win S W S W, Where Win=6,
which corresponds to the reserve stocks of the HIMARS
MLRS, and Wmax=20, which ensures the successful im-
plementation of the goals of military operation due to
the asymmetry in the military parity of forces. The val-
ues of Win and Wiax Were determined by experts in the
field of military logistics.

The next most important indicator is the time T,
which is necessary for the timely HIMARS MLRS
stockpiling. Possible risks in the context of military
threats in the HIMARS MLRS stockpiling are consid-
ered using the R indicator, which, according to military
experts, will be the third most important stockpiling
indicator.

To compare and select the best variants for
HIMARS MLRS stockpiling, the ordering of the vari-
ants obtained in Table 2 will be used, considering the
importance of indicators.

After analyzing the resulting list of variants, mili-
tary experts decided that the indication of D delivery
time and D risk values were unacceptable for HIMARS
MLRS stockpiling. Given the value of the restriction

Wi, =6, the following list of variants for HIMARS
MLRS stockpiling is obtained:

7.13,C,C
14.10,C,C
59C,B
.9,C,
.7,B

o ©
W O

0.7
. 61 1
12.6, B, B.

[EEN

B

[ERN
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As a result of analyzing the list of variants and
comparing them with each other, military experts con-
cluded that the seventh variants for HHIMARS MLRS
stockpiling is the best. This variant corresponds to the
HIMARS MLRS stockpiling in 13 units, is character-
ized by an acceptable value of the time and risk of
stockpiling.

7. Conclusions

The conducted research is related to modeling the
logistics process of war reserve stockpiling for the suc-
cessful implementation of combat operations in the
armed conflict area. The article analyzes the existing
problems of war reserve stockpiling, which differ from
stockpiling in peacetime: a large number of materiel
suppliers located at a great distance from the armed con-
flict area; small batches of arms supplies; long supply
chains in a heterogeneous transport environment; mili-
tary threats and vulnerabilities; and martial law risks.
The analysis of war reserve stockpiling showed that the
value of stocks is formed in the interval
Zin SZ<Z s, Where Zmin corresponds to the war
reserve stocks, which ensures a non-violation of military
operations in the context of military threats and logisti-
cal risks of the country's martial law, whereas Zmax en-
sures the successful implementation of the goals of a
military operation by creating asymmetry in the military
parity of forces. This paper analyzes the effectiveness of
the use of certain types of weapons in the combat zone
depending on military threats. For this purpose, the
method of the theory of planning experiments is used,
which forms a priority list of weapons to form the nec-
essary reserve.

This paper proposes an optimization model for war
reserve stockpiling, considering the limited capabilities
of manufacturers and suppliers and wartime logistical
risks. Simultaneously, small batches of weapons sup-
plies, the time of delivery, and the possible composition
of suppliers are considered. A systematic analysis of
logistics supply chains is carried out, and variants of the
composition and structure are enumerated using the
methods of enumeration theory.

An optimization model for selecting logistics links
in weapons supply chains has been created, considering
the costs and risks of martial law. The paper provides an
optimization of the size of war reserves considering the
combat capability of individual types, which allows
creating possible asymmetry in military parity of forces
for the successful achievement of the goals of a military
operation.

An illustrated example is given to confirm the ef-
fectiveness of the proposed approach. The example ana-
lyzes possible variants for compositing suppliers for

HIMARS MLRS stockpiling. Simultaneously, both
quantitative estimates of war reserves and qualitative
estimates of the time and logistical risks of supply under
martial law are used. To select the best variants for
compositing suppliers, the composition of weapons
suppliers, their capabilities and the amount of required
reserve stocks are analyzed when forming the HIMARS
stocks. For this purpose, a lexicographical ordering of
variants for war reserve stockpiling is used.

The main contribution of the research is the devel-
oped set of original optimization models, models of the
variant enumeration for the structures of the logistics
supply chain, which allow scientifically sound formula-
tion of requirements for the size of the war reserve
stock.

The proposed approach makes it possible to con-
sider the diversity of weapons, small batches of sup-
plies, a large number of variants for compositing suppli-
ers, limited capabilities of suppliers, size of reserve
stocks, delivery time, and logistics of war reserve stock-
piling in the context of military threats in the armed
conflict area.

Authors' contribution: system analysis, enumera-
tion of variants for the composition of weapons suppli-
ers — Oleg Fedorovich; analysis of combat capability
characteristics of weapons — Mikhail Lukhanin; analy-
sis of multiple suppliers for war reserve stockpiling —
Oleksandr Prokhorov; assessment of logistics risks in
war reserve stockpiling — Yurii Pronchakov; time op-
timization for war reserve stockpiling — Oleksandr
Leshchenko; example of supplied war reserve stockpil-
ing — Valeriy Fedorovich.

All authors have read and agreed to the published
version of the manuscript.
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MOJE/IIOBAHHSI JIOTICTUKA ®OPMYBAHHSI 3AITACIB O3BPOEHHS
TA BIMCbKOBOI TEXHIKH JJIA YCINIIIHOT'O BUKOHAHHA BOUOBUX AN

Onez @eooposuu, Muxaiino Jlyxanin, Onexcanop Ilpoxopos, IOpin Ilponuaxos,
Onekcanop Jlewjenxo, Banepiii @eooposuu

CoopmynboBaHa Ta BUPIIIYETHCA 3a7a4ya OaraToBapiaHTHOI'O XapakKTepy, sSKa 0B sS3aHa 3 MOJEIIOBAHHAM JIO-
ricTuku (opMyBaHHS 3amaciB 030poeHHs Ta BikicbkoBoi TexHiku (OBT) mist ycminiHOro BUKOHAaHHS OOMOBHX i B
30HI BoeHHOro KOH(QuIiKTY (3BK). AKTyanpHiCTh MOCIHIPKEHHS TOB’s3aHa 3 KOMIUIEKCHHAM PIIIEHHSAM MPOOIeMu
¢dopmyBanns 3anacieB OBT yis BUKOHaHHS 1iiJiel BIHCBKOBOI omepallii, 3 ypaxyBaHHIM MOXIHUBOCTEH MOCTa4Yalb-
HUKIB 030poeHHsI, CKiaaHoi jorictuku tpancnoptyBanHs OBT B 3BK Ta BilicbkoBHX 3arpo3, siki BUHUKAIOTh 3-32
BOEHHOTO CTaHy KpaiHW. MeTOro JNOCIIDKEHHS € CTBOPEHHS KOMIUIEKCY MOJeleH, AKi DO3BOJSIOTH: BH3HAYHMTH
npiopureTHicTh BuaiB OBT npu ¢opmyBanHi 3anacis; chopMyBaTH BUMOTH [0 BETUYHHHU 3aIaciB; BUOPATH pallio-
HAJIBHY CTPYKTYPY JIOTICTUYHUX KaHAJiB IOCTaYaHHSA, 3 YPaXyBaHHSAM PU3HKIB BIHCHKOBUX 3arpo3; 1o 3abesmnedye
yeminmicts 0oioBux aiit B 3BK. IIpoananizoBani icHyroui npodnemu popmyBanns 3anaciB OBT B yMoBax BOEHHO-
TO CTaHy, SIKi BUHUKIJIX 3-3a: pizHOMaHiTTS OBT; Manux mapTiif mocTadaHHs; pi3sHUX BHPOOHUKIB Ta IMOCTAYaTHHUKIB
OBT, ski 3HaXOOAThCSA Ha BeNWKid BiacTaHi Big 3BK; pi3HOpiIHIM TpaHCIIOPTHUM CEpEIOBHIIEM MTOCTAYaHHS, PHU-
3WKaMH, TI0B’SI3aHAMHU 3 BOEHHHMH 3arpo3amu mpu (opmyBaHHI 3amacie OBT. 3amponoHOBaHO MeTOn YSIBICHHS
BakimBocTi TuX 4n iHmmX BUAiB OBT, mma mocradanns B 3BK, 3 ypaxyBanHsAM 00HOBOI €eKTHBHOCTI OKPEMHUX
3pa3KiB 030pOEHHS Ta OIIHOK BiChKOBUX ekcrepTiB. CpopmoBaHi BUMoru fo BennmanHu 3amacie OBT y inTepBanb-
HOMY TIpeICTaBIICHHI, BiJi MiHIMAJIBHOIO 0 MaKCHIMAaJBFHOTO 3HA4YeHHs 3amacy. MiHIMampHUIA (CTpaXxOBUI) 3armac
OBT, mns Bukopuctanas B 3BK, 3a0e3neuye HeoOXimHWI mapuTeT BiCHKOBUX cwil. [Ipm 1ipoMy, HE 3MIHIOETHCS
xapakTep OOHOBUX [ilf, ale MOXIIMBO TPOSIBICHHS PHU3WKIB, SIKi MOB’S3aHi 3 MiSSMHU MPOTHBHUKA IIOJ0 3HUIICHHS
3amaciB OBT (BiitHa 3amaciB). Makcumanpauit 3atac OBT 3a0e3nedye BIIEBHEHICTh MO0 TOCATHEHHS I BIHCH-
koBoi oneparii B 3BK, ane TspKKo peamizyeTbes 3-3a 00MEKSHHX MOKIHBOCTeH mocradansHUKiB OBT Ta icHyrounx
BilichkoBHX 3arpo3. CTBopeHa onrumizariitna Moxens GopmyBanHs 3amaciB OBT, 3 ypaxyBaHHSIM 0OMEKEHHX MO-
JKIIMBOCTEH TIOCTaYaNbHUKIB, TOIMMYCTUMOrO 4acy (GOpMYyBaHHS 3aIaciB, PU3HKIB, sIKI MOYIINBI 3-32 BHHUKHEHHS BO-
€HHHX 3arpo3 Ta ix aii Ha jgorictuky nocradanas OBT (Biitna norictuk). ChopmoBana onTuMizamiiina Moaens ¢o-
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pmyBanHs 3anaciB OBT, 3 ypaxyBanHsIM 00iOBOi e()eKTHBHOCTI OKPEMHUX BH/IB 030pPOEHHS, IO JIA€ MOXJIUBICTH
CTBOpPEHHSI acUMETpii y BIHCHKOBOMY MapHUTETI CHJI 3-32 MiJBUIIEHUX OOHOBHX XapaKTEPUCTHK CYYaCHHX BHIIB
030poeHHS (TIepeBara SIKOCTI HaJ KiUTBKICTIO). 3-3a MHOXXKMHH BHPOOHHKIB (MOXJIMBHX HocradanbHuKiB) OBT Ta
pi3HUX BapiaHTIB pOpMyBaHHS KaHATIB ITOCTa4aHHs, c(h)OPMOBAHA Ta BHpIIIEHa 3a/1ada IePeNiKy MOXIIMBHUX BapiaH-
TiB CKJIaJly Ta CTPYKTYp JOTICTUYHUX KaHAJIIB IMOcTa4aHHs Uit popmyBanHs 3amacie OBT. 3a mormomororo MerosiB
Teopii mepelniKy OLIiHIOETHCS KUIBKICTh BapiaHTIB CKJIQAY Ta CTPYKTYP JOTICTHYHUX KaHaJiB MOCTadyaHHs, (opMy-
€THCS MHOXXKMHA BapiaHTIB JJIsl HACTYITHOTO TIOPIBHSHHS Ta BHOOpY palioHajbHOro BapiaHTy. CTBOpeHa onTuMmiza-
uiitHa Mozens (POpMYBaHHS JIOTICTHYHHX JIAHOK B KaHajax ImocTadanHs it popmyBaHHs HeoOXiaHuX 3amacis OBT
B 3BK. EdexTuBHiCTh 3aIpOnoHOBaHOrO MiIX04y LmocTpye Ha npuknazni ¢opmysanns 3anacie PC3B HIMARS s
BUKOHAHHs ycHimHuX OoiioBux it B 3BK, 3 BUKOpUCTaHHAM SIK KiJIbKICHHUX, TaK 1 SIKICHUX OLIHOK MPH IOPiBHSIHHI
MOXIIMBHX BapiaHTiB (opMmyBaHHs 3amaciB. HaykoBa HOBHM3Ha JOCHIIKEHHS MOB’s3aHa 3 PO3POOKOI0 KOMILIEKCY
OpHTiHAJIBHUX ONTHUMI3aIliHHIX MOJIENIeH, MOJIeNell Mepeltiky BapiaHTiB CTPYKTYP JIOTICTUYHUX KaHATIB IOCTa4daH-
HS, SIKMH TO3BOJISIE HAYKOBO-OOTPYHTOBAaHO c(hOpMYBaTH BUMOTHU 10 BenmuuuHu 3anacie OBT s ycninHoro BUKo-
HaHHS 1ijed BiiickkoBoi onepanii B 3BK, 3 ypaxyBanusm MoximBocteli nocrayansHukie OBT, moBrux norictid-
HUX JIAHIIOTIB MOCTA4YaHHS B PI3HOPITHOMY TPAHCIOPTHOMY CEpENIOBHIL, CTUCIIONO TEPMIHY Yacy MOCTa4yaHHs, PU-
3WKIB BICHKOBHX 3arpo3. Pe3yibpraTu JOCIiIKEHHS IOIUILHO BUKOPUCTOBYBATH ISl TIJIaHYBAHHS 3aI1aciB 030poeH-
HS Ta BIHCHKOBOI TEXHIKH, /IS €(DEKTUBHOT'O BUKOPUCTAHHS 1X B 30HI BOEHHOTO KOH(MJIIKTY, OOIPYHTYBaHHS CKIaTy
BUPOOHHMKIB Ta nocTadanbHuKiB OBT, ¢hopMyBaHHS JIOTICTHYHHUX KaHAIIB TIOCTauYaHHs, 10 3a0€3MeYHTh YCIIIIHICTh
000BHX [Iiif B 30HI BOEHHOT'O KOH(IIIKTY.

Kiro4oBi cJioBa: 30Ha BOEHHOTO KOH(IIIKTY; 3amaci 030pO€HHS Ta BiCHKOBOI TEXHIKH; ONTHMi3allis 3amaciB
030pOEHHST; JIOTICTHKA ITOCTa4YaHHsI 030pOEHHS; TIEPENTiK BapiaHTIB MOCTaYaHHs;, PU3UKNA BOEHHHX 3arpo3.
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