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ABSTRACT

The problems of relocation of high-tech enterprises, cargo and people under martial law, as well as
optimization of supply of components after changing the location of production, are studied.

Logistics planning models are proposed that take into account the risks caused by military actions,
disruptions of transport chains and resource shortages.

The key stages of relocation are identified: selection of a safe location, adaptation of logistics infra-
structure, establishment of new supply channels.

Factors affecting the supply of components are analyzed, in particular the availability of transport
corridors, ensuring the stability of supplies and minimizing transportation costs.

It is determined that effective modeling of relocation processes and supply logistics is an important
factor for maintaining the competitiveness and stability of high-tech enterprises during crisis situations.
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51 MODELING OF RELOCATION LOGISTICS OF HIGH-TECH ENTERPRISES IN THE CONDITIONS OF MARTIAL
LAW IN THE COUNTRY

The special legal regime of the country forced to review the logistics processes of transportation [1-6].
New directions in logistics have appeared, which need to be explored for effective planning of transporta-
tion in conditions of military threats.

The logistics of transportation of industrial cargo to the rear has its own characteristics [7, 8], which
are associated with the movement of enterprises from the frontline zone to a relatively safe location, to es-
tablish the production of high-tech products, including weapons and military equipment. Transport routes
are formed in advance and are associated with the choice of the location of the enterprise. The choice of
location depends on the availability of supporting infrastructure, energy supply, remoteness of suppliers
of components, as well as the availability of qualified personnel [9]. Therefore, it is necessary to take into
account a number of factors when locating an enterprise in conditions of military threats [10, 11]. Transport
logistics should contribute to the efficiency of the enterprise relocation and the formation of new routes for
the supply of components for the stable functioning of high-tech production, in conditions of martial law.
To assess the possible and rational routes for moving goods of a high-tech enterprise, it is necessary
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5 MODELING OF TRANSPORT LOGISTICS DURING THE PERIOD OF SPECIAL LEGAL REGIME

to form logistics indicators of transportation taking into account the risks of military threats [12]. It is
advisable to use the following logistics indicators:

1. The time required to move the enterprise from the frontline zone to the rear (transportation of tech-
nological equipment, building structures, etc.) — T.

2. Costs for relocation of the enterprise to the rear — V.

3. Risks of transporting goods, with the enterprise’s technological equipment, in conditions of military
threats — R.

When modeling the relocation of the enterprise, from the frontline zone to the rear, it is necessary to
take into account the available opportunities for choosing a relatively safe location for the enterprise, as
well as possible routes for transporting technological equipment, in conditions of military threats.

To form optimization models regarding the relocation of an enterprise under martial law, let's introduce
a Boolean variable x,;:

1, if for the relocation of the enterprise

to e-th possible location the p-th way for transportation of
goods with technological equipment is chosen

e~ | with I-th possible composition of logistics components
(temporary storage city, transshipment, parking areas, etc.);

0, otherwise.

Then, taking into account the variables x,

o 1et's present the logistics indicators of the enterprise to the
rear in the form:

m, My

M
=33 Yt (51)

e=1 p=1 I=]

where | —the number of possible location of the enterprise when it is relocated to the rear; m, — the number
of possible ways of moving the enterprise to e-th new location; n, — the number of possible compositions of
logistics components that can be used on the p-th way of moving the enterprise; t,, — the time required to
relocate the enterprise to the rear when choosing the e-th location, the p-th way of movement and the I-th
composition of logistics components.

MmNy
V=
e=1 p=

zvep!xepl' (5.2)
=

1 p=1

where v, — evaluation of the costs that are necessary for the realization of the enterprise with moving it to
e-thlocation, taking into account the choice of the p-th path of movement and the I-th possible compasition
of logistics components.
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mz

i}
R=D"D"> X (5.3)

e=1 p=l I=1

where r,, — the risk that is associated with the possible occurrence of a military threat in the relocation of
the enterprise, taking into account the choice of the e-th location of its location, the p-th way of movement
and the selected I-th composition of logistics components.

In the state of martial law, it is extremely important that the enterprise’s relocation to the rear is carried
out in the shortest time, which is related to the passible actions of military threats and the need for faster
production of weapons and military equipment (WME).

Therefore, as the main logistics indicator let's use the time of movement of the enterprise (T), which
must be minimized. Let's optimize with the use of integer (Boolean) programming. It is necessary to find:

mnT, T= ingitep,xep,. (5.4)

e=1 p=1 I=]

It is necessary to take into account the possible risks of action of military threats that arise when
moving the enterprise to a new location:

MmNy

RSRR=D23 D X (5.5)

e=1 p=1 I=]

where R — the permissible risk of military threats in the relocation of the enterprise.
Also, it is necessary to consider the possible cost of relocation of the enterprise:
. Hom, My
VSV V=33 Wk (5.6)
1 1=

e=1 p=

where V' — the permissible (planned) costs of moving the enterprise to the rear.

5.2 MODELING THE SUPPLY OF HIGH-TECH COMPONENTS AT THE NEW LOCATION OF THE ENTERPRISE

When moving the enterprise to the rear, it is necessary to form the composition of suppliers of com-
ponents required for the production of high -tech products, including WME. Also, it is necessary to choose
rational ways of supplying accessories to a new location of the enterprise.

Therefore, let's form a logistics indicators for analyzing the process of supplying components in
the form:

1. The cost of supplying components that depend on the new location of the enterprise, the composition
of suppliers and the selected delivery routes — W.
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2. The time required for the formation of inventories of components that will ensure a stable function-
ing of the enterprise at a new location — T.

3. Risks related to the supply of components in martial law — R.

Let's introduce Boolean variable x,:

Xefy -

_ | I if for e-th new location of the enterprise f-th composition of suppliers and
y-th composition of ways of supplying components are chosen, otherwise.

Taking into account variables x,;, logistical indicators of supply components look like:

Mo Se O

W= WXy, (57)

e=1 f=1 y=1

where w,, — the costs of formation of inventories of components, taking into account the e-th location of
the enterprise, the f-th composition of suppliers and the y-th composition of supply routes; M — the number
of possible location of the enterprise in the rear; s, — the number of possible compositions of suppliers of
components; g, — the number of possible compositions of ways of supplying components.

MoSe G

T= ZZZte,yxe,y, (5.8)

e=1 f=1 y=1

where t,, — the time required to form the inventories of components to ensure the sustainable functioning
of the enterprise at a new e-th location, taking into account the f-th composition of suppliers and the y-th
selected composition of the ways of supplying components to the enterprise.

Mo Se O

R=D"D" D 1 XM, (59)

e=1 f=1 y=1

where r,, — the risk of supplying components in the face of military threats, taking into account the choice
of the e-th location of the enterprise, f-th composition of suppliers and the y-th composition supply routes.

In the state of martial law, it is extremely necessary to quickly adjust the work of a high-tech enterprise
at a new location. Therefore, as the main, most significant, logistics indicator, let's use the time (T) required
to form the inventories of components, to ensure the restoration of the enterprise at a new location.

It is necessary:

Mo Se O

mn T, T=>">">"t, X, (5.10)

e=1 f=1 y=1
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taking into account the restrictions:

Se O

W<w, w= ZM:ZZWWXW, (5.1

e=1 f=1 y=1

where W — the permissible costs for the formation of inventories of components for the sustainable func-
tioning of the enterprise at a new location.

Se O

R<R', R= zn“zz@yxe,y, (5.12)

el f=1 y=1

where R — the permissible risks of supplying components in the face of military threats.

Multicriterial problem is possible to find the rational composition of suppliers and ways of supply-
ing components at the new location of a high-tech enterprise. Let's introduce a comprehensive logistics
supply indicator:

0=c, Wt T+o,R, (5.13)
where oy, o, o — «scales» of indicators W, T, R.
o, +o,+o,=1 (5.14)

where lZ/ % , }v? — normalized values of the indicators W, T, R.

W= o (5.15)
W _Wmin

where W_,, — the minimum cost value.

v T
T=——"0, (5.16)

Rzl (5.17)

where R_— the minimum value of supply risks.

min

In order to solve the multicriteria task of searching suppliers and ways of supply is required:
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min{ = aWW+(x T+OLRR—

DN AT B N IR

min e=1 f=1 y=1 min e=1 f=1 y=l

Op . a ap
F T Ky ~ 7 e — (5.18)
R _Rmin BZ:W: f=1 y=1 el W —W- T —T. R _Rmin

5.3 DISCUSSION OF THE MODELING RESULTS OF TRANSPORTATION LOGISTICS IN THE PERIOD OF SPECIAL
LEGAL REGIME

The study of logistics processes of transportation during the martial law of the country has been con-
ducted. Separate relevant areas of study related to the relocation of high-tech enterprises in the country
of martial law, as well as the supply of high-tech components at the new location of the enterprise, have
been determined.

The basic logistics indicators have been formed for the necessity of evaluation of the transportation
processes in the conditions of military threats (the time required to move the enterprise from the frontal
zone to the rear; the cost of relocating the enterprise to the rear; the risks of transportation of goods, with
technological equipment of the enterprise, in the conditions of military threats for supply; formation of
stocks of components that will ensure the stable functioning of the enterprise at a new location).

Optimization models have been created to choose rational relocation and the supply of high-tech com-
ponents. Local optimization of logistics indicators, taking into account restrictions, has been carried out.
A multicriterial model has been created to find the rational composition of suppliers and ways of supplying
accessories at the new location of a high-tech enterprise.

The proposed approach is the basis for the creation of applied information technology for planning lo-
gistics of transportation, taking into account possible military threats during the martial law of the country.
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