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MODELING OF THE RELOCATION OF HIGH-TECH ENTERPRISES
FOR THE RELEASE OF INNOVATIVE PRODUCTS

A multivariate task related to the modeling of high-tech enterprises relocation under new challenges and threats
is described and solved. The relevance of the study is related to the complex solution of the complex task of
moving a high-tech enterprise to a new location for the production of competitive products. The purpose of the
publication is to present the created set of models that allow: to justify the choice of the location (locations) of
the enterprise; to form a set of suppliers of components, considering long logistics chains; and to research the
relocation of a high-tech enterprise in a special period related to martial law. The existing problems of the
relocation of high-tech enterprises are analyzed: the change in the political and economic conditions of global
and local production; existing long logistics supply chains of components that have vulnerabilities and are trig-
gered when threats appear; the problem of the location of distributed production in a large area; economic
losses due to complex distributed logistics of supply of components; many manufacturers of components that
provide the main production process; the problem of relocation (evacuation) of enterprises in a special period,
in the conditions of martial law. The model for choosing a new location for the enterprise is proposed, consid-
ering contradictory indicators: the cost (rent) of land plots for the location of the enterprise; territory prepara-
tion for the location of the enterprise; logistics costs for the enterprise moving; expenses for training (retraining)
of workers; relocation project risks; etc. Taking into account the combinatorial nature of the task under consid-
eration and the complexity of the location of the distributed enterprise (not in one, but in several locations), a
model of rational placement of production was created. A method of choosing a set of suppliers of components
for high-tech enterprises is developed; this method considers the length of logistics chains, the time spent on
delivery, the quality of components produced by suppliers, and supply risks. A multi-criteria optimization model
for choosing suppliers is created, considering some contradictory indicators. The model of relocation (evacua-
tion) of a high-tech enterprise in a special period, in the conditions of wartime threats and risks of moving
technological equipment, is proposed. A simulation model is developed to study the logistics of enterprise relo-
cation in the form of an agent-based representation; this model simulates the events associated with the sequence
of relocation actions: dismantling of technological equipment, transportation of equipment, and installation of
enterprise subsystems. The emergence of threats and the consequences of their actions, which are associated
with a violation of the logistics of moving the enterprise, are simulated. An illustrated example of the study of
enterprise relocation in the conditions of the emergence of threats and the cessation of technological equipment
movement, which leads to the search for new routes with minimal transportation risks, is given. The scientific
novelty of the study is associated with the development of a complex of original optimization models, an agent-
based simulation model, which allows for a scientifically justified forming requirements for the relocation of a
high-tech enterprise to a new location, for ensuring the reduction of long logistics chains for the supply of com-
ponents, for minimization logistics costs, for the formation of relatively dangerous logistics channels and supply
routes, for minimization of risks in the conditions of new challenges and threats of a political and economic
nature. The results of the study should be used for planning the relocation project of a high-tech enterprise, for
the formation of measures and actions related to the relocation of a high-tech enterprise, for the creation of new
safe logistics supply chains, and for the evacuation of the enterprise in a special period.

Keywords: enterprise relocation; long logistics chains; enterprise location; logistic risks; cost optimization for
enterprise relocation; agent-based simulation modeling.

1. Introduction emergence of possible threats (climatic, terrorist,
transport systems aging, etc.) as well as the occurrence of
Globalization of the economy has led to the creation  new political and economic conditions have led to the in-

of distributed enterprises, the logistics of which produc- itiation of the process of relocation of high-tech enter-
tion requires the timely supply of components to create  prises to new locations to ensure sustainable production
products relevant to market needs. However, long (some-  with economic benefit.

times entangled) supply chains, increased risks due to the

© Oleg Fedorovych, Oleksandr Prokhorov, Yurii Pronchakov, Andrei Popov, Myroslav Momot, 2023



Information technologies for business, program and project management

181

1.1. Motivation

In the context of globalization and the systemic
transition of the industrialization process to the principles
of Industry 4.0, the digital transformation of production
ensuring stability and sustainability of the functioning of
high-tech enterprises is associated with minimization and
possible neutralization of the impact of negative environ-
mental factors on the planned nature of production [1, 2].
The negative impact factors include: changing political
and economic conditions in the world, increasing risks of
military and terrorist threats, global climate change, and
long logistics supply chains with possible vulnerabilities
and bottlenecks [3]. Therefore, the topic of the proposed
research is relevant; this research models the logistics of
relocation of high-tech enterprises in conditions of lim-
ited opportunities, challenges, and threats from the exter-
nal environment.

1.2. State of the Art

There are several problems related to the relocation
of high-tech enterprises to create conditions for reliable
and sustainable production of competitive products; these
problems are reflected in existing publications on this
topic:

1. Changes in political and economic conditions of
a local and global nature have led to the necessity of re-
location of enterprises [4, 5]. Relocation requires a num-
ber of costly actions [6]. In the existing publications, the
development of production is considered in the condi-
tions of a stable economy with low risks of possible
threats [7, 8].

2. Long logistic supply chains have become criti-
cal [9]. Challenges and threats lead to an increase in risks
(political-economic, climatic, terroristic and military
threats, etc.) [10, 11]. In conditions of a stable economy;,
long logistics chains are economically profitable due to
small threats [12, 13].

3. The distributed location of the enterprise in a sta-
ble economic environment provided a high value for the
technical and economic indicators of the enterprise.
Changes in the external political and economic environ-
ment and the emergence of global challenges and threats
to the functioning of distributed production have led to
the need for a new localization of enterprises with a re-
duction in logistics chains and the number of suppli-
ers [14, 15].

4. In modern conditions of distributed production,
the activities of enterprises become economically unprof-
itable due to large logistics costs (economic costs, time,
risks) [16]. In existing publications, more attention is
paid to the attractiveness of enterprises when transferring
production to other countries [17, 18].

5. Several publications are devoted to the relocation
of enterprises in peacetime [19, 20]. Threats of a military
nature are local and do not lead to disruption of logistics
chains [21]. Large-scale military threats can disrupt the
process of enterprise relocation [22, 23]. The analysis of
relocation in a special period, in the conditions of martial
law, aroused interest among researchers in the logistics
of distributed production [24, 25].

6. There is a problem of ensuring the resilience of
the enterprise in changing political and economic condi-
tions by giving it priority in strategic development goals
[26]. However, new challenges and threats, including
those of a military nature, require, in order to ensure the
resilience of the enterprise, the solution of relocation
problems to minimize vulnerable logistics chains and the
formation of relatively safe and reliable production sites,
which are not considered in modern publications [27, 28].

Thus, the emergence of new threats, primarily of a
political and economic nature, led to the economic feasi-
bility of the localization and relocation process of enter-
prises.

1.3. Obijectives and methodology

A contradiction arises between 1) the requirements
for ensuring the reliability and stable functioning of high-
tech enterprises in the conditions of the variability of the
external environment, and 2) the imperfection of existing
methods and the lack of a systematic analysis of the prob-
lems related to the study of enterprises relocated to a new
location for the production of innovative products. Thus,
there is a relevant problem for high-tech enterprises to
ensure the resilience of their functioning despite modern
challenges and threats by moving to a new, relatively safe
location and shortening long vulnerable logistics supply
chains.

The purpose of the study is to increase the effi-
ciency of production logistics of high-tech enterprises by
modeling the relocation process for the location of the
enterprise in a new place, considering contradictory indi-
cators of relocation (costs, time, risks) in the conditions
of possible threats from the external environment. In ac-
cordance with the research objective, the following tasks
should be solved:

1. To create a model for choosing a place of reloca-
tion for a high-tech enterprise for the production of com-
petitive products.

2. To develop a model for selecting component sup-
pliers to ensure the production process at the new loca-
tion of the enterprise.

3. To form a model of relocation of a high-tech-log-
ical enterprise in a special period.

4. To develop an agent-based simulation model of
high-tech enterprise relocation.
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5. To give an example of enterprise relocation mod-
eling.

The following mathematical methods and methods
of modeling enterprise relocation were used: system
analysis, multicriteria optimization, multivariate selec-
tion, and agent-based simulation modeling.

2. The model of choosing a place
for high-tech enterprise relocation
for the production of competitive products

The choice of a new location for the production of
innovative products is one of the main tasks of relocation
because its solution fulfills the strategic goal of the de-
veloping enterprise associated with the release of new
competitive products. To choose a new location for the
enterprise, it is necessary to analyze and evaluate contra-
dictory relocation indicators:

1. The cost of the land plot (plots) where the enter-
prise is located (rent or purchase) — W.

2. Costs for the formation of supporting infrastruc-
ture for the production process organization (power sup-
ply, and water supply) — V.

3. Costs for works related to territory preparation
for the placement of technological equipment and admin-
istrative buildings — E.

4. Logistics costs for moving the enterprise to a new
location — L.

5. Costs for the organization of logistics for the sup-
ply of components at the new location of the enterprise —
F.

6. Costs for the organization of the product sale lo-
gistics — Z.

7. Costs for the training (retraining) and the recruit-
ment of new personnel — P.

8. Costs associated with the fulfillment of environ-
mental requirements at the new location of the enterprise
-Q.

9. Risks of enterprise relocation project implemen-
tation — R.

10. The time spent on transferring enterprises to a
new location —T.

Modern high-tech enterprises consist of a set of sep-
arate divisions (branches) that require not one location
but many, which complicate the task of relocation. There-
fore, the solution to the problem of transferring the enter-
prise to new locations is combinatorial in nature, associ-
ated with the placement at multiple possible locations of
the dislocation - M. Therefore, it is necessary to pre-se-
lect possible locations of the enterprise, and then form the
number of dislocation options:

N=2M-1,

For example, if the possible number of placements
is M=4, then the number of options is: N=2%-1=15. A set
of options for placing the enterprise in new locations can
be formed using a binary counter:

1. 0001 9.1001
2.0010 10. 1010
3. 0011 11.1011
4.0100 12. 1100
5. 0101 13.1101
6. 0110 14. 1110
7.0111 15. 1111
8. 1000

Here, ‘1’ means the enterprise placement on the j-th
possible site (j=1,...,4), ‘0’ means no placement.

For high-tech enterprises that have several divisions
(for example: machining, plastics, composites, electron-
ics, etc.), one placement site may not be enough. In this
case, specialists should indicate the number of territories
required for relocation, considering the specifics and na-
ture of the high-tech enterprise production process.

Table 1 presents the possible options for the enter-
prise location (M=4) for a different number of possible
locations. Here, nj indicates the number of possible place-
ment options with the j-th number of plots needed for the
placement of the enterprise, "+" means using the option
with the j-th specified number of placements.

Table 1
Enterprise location options

Placements | n1=4 | n;=6 | n3=4 | ns;=1

0001 + - - -
0010 + - - -
0011 - + - -
0100 + - - -
0101 -
0110 -
0111 - - + -
1000 + - - -
1001 -
1010 -
1011 - - + -
1100 - + - -
1101 - -
1110 - -
1111 - - - +
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Each of the possible placement options corresponds
to its set of indicators values: W, V, E, L, F, Z, P, Q, R,
T. Due to the possible contradiction of the indicators, the
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task of choosing a new place (places) for the enterprise
location is of a compromise nature and depends on the
priority of certain indicators.

Therefore, before choosing the location(locations)
of the enterprise, it is necessary to prioritize indicators
using the opinions of experts (relocation specialists).

If there is a lack of consistency in the opinions of
specialists, several steps should be taken to reconcile
them (for example, using the ELECTRA method). At the
initial stages of the formation of the enterprise relocation
project, expert assessments for some indicators may have
quantitative values, and for others — to be qualitative.

Therefore, to use mixed estimates, it is recom-
mended to introduce linguistic variables whose value can
be both quantitative and qualitative. Let the values of the
indicators W, E, P, and T be represented quantitatively
(in points) and be in the range from 0 to 10, where the
best value of Xw, Xg, Xp, and Xy corresponds to an ap-
proximation to 0, and the worst one corresponds to an ap-
proximation to 10. For qualitative assessments of indica-
torsV, L, F, Z, Q, and R, linguistic variables Xv, X., X,
Xz, Xq, and Xr are used, which take the following values
(in the form of letters of the Latin alphabet) A, B, C, D,
where A - corresponds to the best value and D - corre-
sponds to the worst value:

A — minimum costs;
B — satisfactory costs;
C — allowable costs;
D — maximum costs,

XV=

(A — minimum logistics costs for moving
| the enterprise to a new location;
XL { B — satisfactory costs;
| c — allowable costs;
kD — maximum costs,

A — minimum costs;
B — satisfactory costs;
C — allowable costs;
D — maximum costs,

A — minimum costs for sales logistics;
B — satisfactory costs;

C — allowable costs;

D — maximum costs,

(A — minimum costs for the fulfillment
of environmental requirements;

B — satisfactory costs;

C — allowable costs;

D — maximum costs,

XQ:

A — minimal risks of relocation;
B — satisfactory risks;

C — allowable risks;

D — maximum risks.

XR=

Let's consider an example of choosing a new loca-
tion for an enterprise dislocation. Let the set of possible
locations of the enterprise be M=4, and the importance of
relocation indicators, which was assigned by experts, has
the form of a priority series: W, V,E, L, T, F, Z, P, R, Q.
Let two placement sites be needed to place the enterprise.
In this case, using the Table 1, the following options are
obtained for n,=6:

1.(0011)-8,C,5,B,4,B,B,9,C, B
5.(0101)-5,D,8,C,6,A C, 6B B
6.(0110)-7,B,6,D, 4, B, D, 4, C, D
9.(1001)-6,C, 4,B,5,C,B,5A,C
10. (1010)- 4, D, 8,A,3,D,C,3,B, C
12.(1100)-4, B, 9, C, 4, B, C, 5, C, B.

Using lexicographic ordering of possible placement
options, considering the priority of indicators and values
of linguistic variables: Xw, Xv, Xg, Xr, X1, Xg, Xz, Xp,
Xr, Xo, an ordered set of options for placing the enter-
prise at new locations was obtained:

12.(1100)- 4, B, 9,C, 4,B, C, 5,C, B
10.(1010) -4, D, 8, A, 3,D, C, 3, B, C
5.(0101)-5,D,8,C, 6, A C, 6,B, B
9.(1001) -6, C, 4, B, 5, c B,5 A, C
6.(0110)-7,B,6,D,4,B, D, 4, C, D
1.(0011)-8,C,5,B,4,B,B,9,C, B

Preferred placement options are at the top of the or-
dered list. Option 12 (1100) was used as the final place-
ment option, in which two sites were selected for place-
ment: the first and the second. This option is character-
ized by a relatively low cost of land (4), satisfactory costs
for supporting infrastructure (B), not very high costs for
preparing territories for placement (9), allowable logistic
costs of relocating businesses to a new location (C), rel-
atively not long time of transfer of the enterprise to a new
place (4), satisfactory delivery logistics organization
costs (B), allowable sales logistics organization costs (C)
relatively low costs for retraining of personnel (5), allow-
able risks of implementation of the enterprise relocation
project (C).

3. The model of the components suppliers
choosing to ensure the production process
at the new enterprise location

Modern high-tech products contain a large number
of components, which complicates the task of organizing
and managing supplies from multiple components manu-
facturers, which may be located at a great distance from
the final assembly production. The relocation process in
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modern political and economic conditions is aimed at re-
ducing long logistics chains associated with high costs
and risks of transportation. Choosing new components
suppliers, relocating an enterprise, in addition to shorten-
ing logistics chains, it is necessary to take into account
the quality of components supplied for the production of
high-tech products. Choosing a set of new suppliers is a
multivariate task, taking into account the values of con-
tradictory indicators. Let's use the method of integer
(Boolean) programming to select suppliers of compo-
nents, using the following optimization indicators:

1. The total length of components suppliers' logis-
tics chains is L. Reducing the value of L affects both lo-
gistics costs and supply risks.

2. Logistics costs of components supplied are W.

3. The time required for the logistics of the required
number of components delivery is T.

4. The quality of products of components manufac-
turersis Q.

5. Logistics risks of components supply is R.

When relocating an enterprise, it should be consid-
ered that part of the suppliers of components continue to
supply for several reasons (absence of other suppliers,
high quality of components, sustainable supply logistics,
etc.). Therefore, the set of necessary components suppli-
ers can be entered in the form of two components: M =
M1 U My, where M; corresponds to the set of new com-
ponent suppliers, M, to the set of previous suppliers that
remained after the relocation.

Let's introduce the following variables to solve the
optimization problem of choosing components suppliers:

1, if the k — th warehouse of suppliers
is selected for delivery of the
j — th type of components;

0, in another case.

Xjk =

Let's present the indicators of the choosing of com-
ponents suppliers after the high-tech production reloca-
tion in the form of:

1. Total length of components suppliers' logistics
chains:

L=L,+L,=
m, M m,

=2 2 X+
=1 k=1 i-1

where L; - corresponds to the set of new component sup-
pliers;

L, — corresponds to a set of former suppliers;

m; — the number of possible warehouses of suppliers
of the j-th type of components;

lijk — the length of logistics chains for the k-th ware-
house of suppliers of the j-th type of components;

li — the length of logistics chains for the i-th type of
components that are connected to former suppliers.

my =|M,|,m, =|M,|.

2. Logistics costs:

W=W,+W, =
m, My m,

=D D Wiyt Wi,
j=L k=1 i=1

where wj — the supply logistics costs for the k-th ware-
house of suppliers selected for the supply of the j-th type
of components;

w; — the supply logistics costs for the i-th type of
components produced by former suppliers.

3. Time spent on the supplying components logis-
tics:

T=T+T, =
m, M, My
=1 k=1 i1

where tjx —the time spent on the supplying components
logistics for the k-th warehouse of suppliers which pro-
duce the j-th type of components;
ti — the time spent on the supplying logistics of the
i-th type of components produced by former suppliers.
4. Components suppliers’ product quality:

Q=0,+Q, =
m, M, m,

= qukxjk+zqi,
=1 k=1 i=1

where gjk — the product quality of manufacturers of the j-
th type of components for the k-th supplier warehouse;
gi — the quality of components of the i-th type,
which are produced by former manufacturers of compo-
nents.
5. Logistical risks associated with the supplying of
components:

m,

m, M;
353
=L k=L

i=1

where rjx — logistics risks associated with the k-th ware-
house of suppliers for the j-th type of components;
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— logistics risks of former manufacturers of the i-
th type of components.

These formulations of the problem of the optimiza-
tion of logistics chains associated with the choice of com-
ponent suppliers when relocating a high-tech enterprise
to a new location are possible:

1. Optimization of separate indicators in the condi-
tions of fulfillment of restrictions on other indicators.

2. Multicriteria formulation of optimization of lo-
gistic indicators.

As an example of the optimization of separate lo-
gistics indicators, let's consider the task of optimizing the
total length of logistics chains for the supply of compo-
nents while transferring a high-tech enterprise to a new
location:

min L,
m, M m,
DS ¥
=1 k=1 i=1

considering the limitations on the allowable values of
other indicators:

W<W' W = ZZWJKX k+ZW|,

j=1 k=1

T<T'T= ZZthxJk+Zt,,

j=1 k=1

Q>Q.Q= ZZq,kx,qu.,

=1 k=1

R<R'R= ZZerXJk +Zr,,

=1 k=1

where W', T', Q', R'- allowable values of indicators W,
T,QR.

To solve the problem of multi-criteria optimization
and search for a compromise, in the conditions of contra-
dictory indicators L, W, T, Q, R, let’s use a simple, addi-
tive representation of the complex criterion:

K=GL£+GWW+(XTT+(XQQ+(XRR,

where o, aw, ar, 0g, ar—"weights" (importance) of cri-
teriaL, W, T, Q, R (assigned by experts).

L-L" L* N wW-w*
W =

L= L'-L* ’ Tw-wr !

185
A_T-T" & Q-Q
T - T/ —T* 1 Q - Q*_QI '
R R
R'-R*

where L*, W*, T*, Q*, R* are the values of indicators L,
W, T, Q, R, which were obtained as a result of solving
the problem of optimization of separate indicators.

It is necessary to find min K, considering the fulfill-
ment of the restrictions:

LSLYWSWITLSTQ>2Q R<R".

To solve the given task of optimizing logistics indi-
cators of high-tech enterprise relocation, it is possible to
use one of the versions of the branch and bound method,
which is often used to solve this type of optimization
problem with Boolean variables.

4. The model of a high-tech enterprise
relocation in a special period

Under martial law conditions, it becomes necessary
to evacuate enterprises from the front-line zone to the
rear to establish the production of current products (mil-
itary equipment, components of critical infrastructure,
etc.). The relocation of the enterprise occurs due to a mil-
itary threat (enemy attack and occupation of the territory
of the enterprise location, artillery fire and missile at-
tacks, air raids, etc.). Factors associated with military
threats include:

- violation of the components supply;

- the destruction of supporting infrastructure (for
example, energy one);

- a threat to the workers of the enterprise;

- failure of technological equipment.

Therefore, it is relevant to develop and solve the
problem of researching the logistical process of a high-
tech enterprise evacuating to the rear. The main indica-
tors of evacuation are: the time spent on enterprise relo-
cation, the risks of moving, and the organization of pro-
duction in conditions of war threats. To evacuate the en-
terprise, it is necessary to choose the safest location. To
choose the location of a high-tech enterprise in the rear,
it is necessary to analyze the main stages of evacuation
to a new place, time, and risks associated with it. The
main stages include:

1. Dismantling of the company's technological
equipment (time ty, risk ry).

2. Preparation for the process of transporting the
company's technological equipment (time t,, risk ry).

3. Logistics of transportation of high-tech equip-
ment (time ts, risk rs).



186

Radioelectronic and Computer Systems, 2023, no. 2(106)

ISSN 1814-4225 (print)
ISSN 2663-2012 (online)

4. Preparation of the site for the location of the com-
pany's technological equipment at a new location (time
ta, risk r4).

5. Installation of the enterprise's technological
equipment on the new territory (time ts, risk rs).

6. Commissioning (time te, risk rg).

7. Release of the first batch of products (time ts,
risk r7).

Let the military specialists and specialists of the en-
terprise, after considering the possible enterprise loca-
tions in the rear, mean N alternative places for the enter-
prise evacuation. Each i-th evacuation location is charac-
terized by its set of values tj, rij, where tj is the time spent
for the j-th stage of evacuation, considering the possible
i-th location; rjj is the risk associated with the j-th stage
of evacuation considering the i-th possible enterprise lo-
cation. To choose a rational option for the high-tech en-
terprise location in the rear, under conditions of military
threats, let's form an optimization model in which the
Boolean variable x; is used as variables:

1, ifi— th place of enterprise
evacuation is selected;
0, in another case.

Xi =
For the i-th possible location, the time spent on
evacuation is:
Ti=typ+lip+ g+, +

7
+ti5 + ti6 + ti7 = Ztu
=L

The risk of locating and establishing the enterprise
in the i-th possible place for the production of current
products:

Ri=fy+hia +hig+his+
7
+I’i5 + I‘i6 + I’i7 = Z I‘IJ
j=L
Let’s present indicators of time T and risks R of the

enterprise evacuation, taking into account the Boolean
variable xi, as:

N 7
T= Zztiixi'
i=1 j=1
N 7
R = erﬁxi‘
i=1 j=1

It is necessary to minimize the evacuation time:

minT,T = ZN:itijxi,

i=1 j=1

considering the acceptable level of risks R":

RSR',R:ZN:irijxi.

i=1 j=1

5. Agent-based simulation model
of high-tech enterprise relocation

To analyze the dynamic process of a high-tech en-
terprise relocation an agent-based simulation model was
developed using the AnyL ogic platform. The sequence of
the agent's actions in the model corresponds to the logis-
tics process of a high-tech enterprise relocation (dis-
cussed in Section 4), considering the time and risks of
separate stages of relocation. The agent-based simulation
model includes:

1. Agent for describing the sequence of high-tech
enterprises relocation stages (action sequence agent).

2. Threats emergence agent (threat agent).

3. Statistics collection agent (statistics agent).

4. Agent for forming technological equipment
transportation routes (route agent).

5. Transport network agent for technological equip-
ment transportation (transport network agent).

6. Agent of enterprise technological equipment dis-
mantling (dismantling agent).

7. Agent of preparation for technological equipment
transportation (agent of preparation for transportation).

8. Enterprise technological equipment transporta-
tion agent (transportation agent).

9. Territory preparation agent for the enterprise lo-
cation (territory preparation agent).

10 Technological equipment installation agent (in-
stallation agent).

11. Commissioning agent.

12. Agent for the release of the first production
batch at the enterprise’s new location (product release
agent).

13. Management agent (management of agents).

Figure 1 presents the structural diagram of the agent
model. The goods transportation route with technological
equipment in the transport network can be set by special-
ists in the field of transport logistics. For the automated
formation of rational routes of technological equipment
transportation, considering the action of possible threats,
an original algorithm for finding safe routes was devel-
oped.

The sequence of actions in the safe route search al-
gorithm:
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1. Theinitial transport node of the transport network
is specified using the transport network agent, from
which the process of transporting the enterprise's techno-
logical equipment begins.

4. Route 1. Action 5. Transport 2 Threat
agent sequence network .agent
agent agent
6I._ Disman- 9. Territory
tling agent reparation

\ 13.Manage P Sgem
ment of
/ agents
10. Installa-
7. Agent of tion agent
preparation
for trans-
portation
v 1_1. _Cor_n-
- missioning
3. Statistics agent
agent

8. Transpor- ¥
tation agent

12. Product

release
agent

Fig. 1. Structural diagram of the agent-based model

2. All possible transport routes of the request to
neighboring transport nodes are formed, requests
(clones) leave the initial transport node and are distrib-
uted to neighboring ones.

3. Requests (clones) are received at the neighboring
transport node (nodes), which is (are) labeled considering
the accumulated risks that arise on the transport route
sections and the transport node (nodes) itself (them-
selves).

4. If requests with a higher risk value than previous
requests arrive at the transport node, they are rejected and
stop moving. It is considered that they are not promising
for the use of their transport routes, due to the high value
of the risks.

5. A request (clone) with the minimum value of the
accumulated risk is received at the transport node, which
is associated with a new possible location of the enter-
prise.

6. Next, the safest route is formed: the route from
the final node to the initial node with minimal risk of
technological equipment movement (transportation
agent).

Simulation modeling is carried out for all batches of
the enterprise’ technological equipment. In the event of a
military threat (threat agent), the movement of the re-
quest (batches of technological equipment) is stopped
during actions until the consequences of the threat are
avoided (transportation agent). Next, after the transport

route is restored, the transportation process continues. If
the threat leads to the failure of the transport route section
or node, then they disappear in the description of the
transport network (transport network agent), this leads to
the search for new rational routes for the company's tech-
nological equipment transporting. The process of model-
ing the technological equipment transportation is re-
peated many times for statistical averaging of the simu-
lation results. The values of the following relocation in-
dicators are used as simulation results (statistics agent):

1. Relocation time (without considering the emer-
gence of threats, and taking it into account).

2. The time of moving separate batches of techno-
logical equipment to the new enterprise location.

3. Accumulated time is associated with the emer-
gence of threats and elimination of their consequences.

4. The average time of execution of individual
stages of enterprise relocation, taking into account possi-
ble threats.

5. Time spent eliminating the consequences of
threats to the relocation of the company's technological
equipment.

6. The magnitude of the lag in the implementation
of the company's relocation plan due to the emergence of
possible threats.

6. The example of modeling
the enterprise relocation

Let's consider an illustrated example of the logistics
of transporting technological equipment of an enterprise
that is evacuated during a special period. Figure 2 shows
the transport network (railways) of the possible transpor-
tation of the enterprise's technological equipment during
the evacuation process. Transport node 1 corresponds to
the beginning of technological equipment transportation,
and transport node 12 corresponds to the place where the
enterprise should be located after evacuation. Intermedi-
ate transport nodes 2-11 can be used as much as possible
in the process of the enterprise's technological equipment
transporting. The possible time of technological equip-
ment transportation between nodes 1-12 is presented in
days: t1,2 :2, t2,3 :l, t3,4 :2, t4,e :2, te,lz :2, t3,5 :2, ts,e :1,
t27 =1, trg =2, tsg =1, tog =2, tg.10 =2, t10,11 =2, t11,12 =2.

With the help of the developed routing algorithm
and the agent- based simulation model (discussed in Sec-
tion 5), the optimal route for the transportation of the en-
terprise's technological equipment is found without the
manifestation of possible threats. Optimal route: 1, 2, 3,
5, 6, 12. At the same time:

T*=tio+ o+ las+ 6+ t612 =
= 2+1+42+1+2 = 8 (days).
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Let the emergence of military threats and the mani-
festation of their action in the transport nodes (TN) of the
railway network be possible: 2, 3, 5, 7 (they are indicated
in Fig. 2 as risks ry, r3, Is, r7). The action of threats leads
to the emergence of the necessary time to reconstruct a
damaged transport node. The time for reconstructing the
transport node leads to the stop cargoes transporting and
corresponds to (in days): t2=2, t3=3, ts=2, t;=2. Let's as-
sume that the simultaneous manifestation of military
threats in nodes 2, 3, 5, 7 is unlikely (the probability of
such an event tends to zero).

Fig. 2. Transport scheme
for the enterprise evacuation

Then:

1. If the action of a military threat emerges and man-
ifests itself in TN2, then considering the time delay due
to the action of the threat t,=2, the optimal route 1, 2, 3,
5, 6, 12 does not change, but the time of technological
equipment moving along this route changes

To=ty o+t 33 sHts 6+t 12 =
= 2+2+1+2+1+2=10 (days).

2. If the action of a military threat emerges and man-
ifests itself in TN3, then considering the possible delay
in the movement of transport equipment due to the threat,
t3=3, the optimal route changes and two possible routes
of movement with the same time for moving the equip-
ment appears:

1,2,7,8,9 11, 12,
1,2,7,8,96, 12

Transportation time of technological equipment:

Ta1=ty o+ 7+t7 g Hg o Hg 11H11,10=
=2+1+2+1+2+2=10 (days),

Tao=t1 o+t 7417 g Hg o Hg 616 10=
=2+1+2+1+2+2=10 (days).

3. If the action of a military threat emerges and man-
ifests itself in TN5, then considering the possible delay
of ts=2, the optimal route changes and becomes:

1,2,3,4,6,12.
Transportation time of technological equipment:

Ts=ty2+to3+t3 4+t 6+t 12 =
= 24+1+2+2+2 = 9 (days).

4. If the action of a military threat emerges and man-
ifests itself in TN7, t;=2, then the optimal route of cargo
movement does not change:

1,2,3,5,6,12.
Transportation time of technological equipment:

T7=T1 2+t stz 5H5 6 H6 12 =
= 2+142+1+2=8 (days).

Conclusions

Conducted research related to the modeling of the
complex logistics process of a high-tech enterprise relo-
cation to anew location for the production of competitive
products, which is associated with changing political and
economic conditions and globalization. The existing
problems related to the relocation of enterprises were an-
alyzed: reduction of logistics supply chains of compo-
nents; search for favorable locations of the enterprise;
formation of a set of new components suppliers; minimi-
zation of logistics costs and risks for moving the enter-
prise. One of the important tasks of relocation is search-
ing for a new location for the enterprise, this choice de-
pends on some contradictory indicators (costs, time,
risks, etc.). The formation of a set of locations is consid-
ered as a combinatorial problem, which is proposed to be
solved considering the composition of the company's di-
visions and possible locations, using both quantitative
and qualitative assessments. By a lexicographic ordering
of possible options, a rational location (locations) of a
high-tech enterprise is (are) formed. High-tech enterprise
transfer to a new place of production requires the for-
mation of a new composition of component suppliers,
with the reduction of logistics supply chains. At the same
time, it is necessary to consider the quality of component
manufacturers and their ability to supply them in the re-
quired quantity. In the conditions of contradictory indi-
cators of the choosing of suppliers, the optimization
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problem of substantiating the set of components manu-
facturers is solved, using integer (Boolean) program-
ming. Conducted research on high-tech enterprises relo-
cation in a special period, when the main indicators of
evacuation are the time and risks of moving the enterprise
to a new location. A simulation model was created for the
analysis of dynamic processes in the logistics of a high-
tech enterprise relocation. With the help of the developed
simulation agents, using the AnyLogic platform, an
agent-based simulation model is formed for the analysis
of the high-tech enterprise relocation plans. An illustrated
example of enterprise relocation in a special period is
presented to confirm the effectiveness of the proposed
approach. The example analyzes the possible routes of
transportation of the company's technological equipment
to a new location under conditions of threats of martial
law.

The special scientific contribution of this research
is related to the development of a complex of original op-
timization models of enterprise location, a model of the
list of enterprise relocation options, and a simulation
model for the study of the dynamic process of enterprise
relocation. This complex of original optimization models
allows scientifically substantiating the processes of high-
tech enterprise relocation in conditions of possible chal-
lenges and threats. The proposed approach allows at the
initial stages of planning the enterprise relocation project
to justify the enterprise location (locations), to form a set
of new suppliers of components, to reduce long logistics
supply chains by using simulation modeling, and to jus-
tify the terms of moving a high-tech enterprise to a new
location.

Future research directions:

- the formation of a modern model of enterprise re-
silience due to the inclusion of the relocation process,
which contributes to the reduction of long logistical and
vulnerable supply chains to ensure the sustainable devel-
opment of production despite new challenges and threats;

- development of a company relocation model using
geoinformation technologies.

Contribution of the authors: system analysis of
the relocation process of a high-tech enterprise — Oleg
Fedorovych; simulation modeling of the logistics of
moving the enterprise — Oleksandr Prokhorov; optimi-
zation of supplier selection — Yurii Pronchakov; for-
mation of enterprise relocation indicators — Andrei
Popov; an example of enterprise relocation modeling —
Myroslav Momot.

All authors have read and approved the published
version of the manuscript.
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MOJIEJIIOBAHHS PEJIOKAIII BACOKOTEXHOJIOT TYHUX ITIIIIPUEMCTB
JIJISI BUITY CKY THHOBAIIMHUX BUPOBIB

Onez Dedoposuu, Onexcandp Ilpoxopos, FOpii Ilponuaxos,
Anopii Ilonoe, Mupocnae Momom

CoopmynboBaHa Ta BUpILIYEThCS 3a/a4a OaraToBapiaHTHOTO XapakKTepy, sSKa MOB’si3aHa 3 MOJIEIIIOBAaHHSIM pe-
JIOKanii BUCOKOTEXHOJOTIYHHUX IMiAMPHEMCTB B YMOBaX HOBHMX BHKIHMKIB Ta 3arpo3. AKTYalbHICTb JOCTiKSHHSI
OB’ s13aHa 3 KOMIUIEKCHUM DPIllICHHSAM CKJIaTHOI 3a/1aui MepeMillleHHs BACOKOTEXHOIOTIYHOTO MiNPUEMCTBA HA HOBE
Miclle pO3TAallyBaHHsI [Tl BAPOOHHUIITBA KOHKYPEHTOCIIPOMOXKHOT MPOAYKIii. MeToro myOmiKaliii € HaBeleHHs CTBO-
PEHOTO KOMITICKCY MOJIEIICH, sIKi JO3BOJIAIOTh: OOTPYHTYBATH BHOIp MicIs (MICIb) PO3TAIlyBaHHS IiAMPUEMCTBA;
copMyBaTH MHOKHHY TIOCTAYaIbHUKIB KOMIUIEKTYIOUHX, 3 YPaXyBaHHSIM JIOBIUX JIOTICTUYHHX JIAHITFOTIB; POBECTH
JIOCTTi [UKEHHS peJIoKallii BUCOKOTEXHOIOTTYHOTO TiIMPUEMCTBA B OCOOTMBHIT MTEPiOj1, OB’ I3aHHUMN 3 BOEHHUM CTAHOM.
[IpoanamnizoBaHi iCHYIOYi MPOOIEMHU PEIOKAIlil BUCOKOTEXHOJIOTIUHUX MiAMIPUEMCTB: 3MiHA MOJITHKO-SKOHOMIYHHUX
YMOB BUPOOHUIITBA INTOOATBHOrO Ta JIOKATBHOTO XapaKTepy; ICHYIOUi TOBIi JIOTICTHYHI JIAHIFOTH MOCTAYaHHS KOM-
TUIEKTYIOUHMX, SIKI MarOTh BPa3JIMBOCTI Ta 30y/KYIOThCS IIPH TPOSIBi 3arpo3; nMpodiieMa po3TallyBaHHs pO3IOiJIEHOTO
BUPOOHMIITBA Ha BENWKIH TEPUTOPii; EKOHOMIYHI BTPATH 3-3a CKIJIIHOI PO3IO/IIIEHO] JIOTICTUKY MOCTa4aHHs KOM-
IJIEKTYIOUNX; BEIHMKA KiTbKICTh BUPOOHMKIB KOMILIEKTYIOUHX, SIKi 3a0e3MeuyroTh OCHOBHUH BHUpPOOHMYIN Ipolec;
npobieMa penokailii (eBaKyaiii) mianpueEMCTB B OCOOIUBHI NIEPiO/, B YMOBAaX BOEHHOT'O CTaHy. 3alporOHOBaHa MO-
JIe7Ib BUOOPY HOBOT'O MICIIsl pO3TAIlyBaHHS i IIPUEMCTBA, 3 ypaXyBaHHAM CyNepewINBUX MMOKAa3HUKIB: BapTiCTh (Ope-
HJIa) 3eMETbHUX AUISTHOK MiJl pO3TallyBaHHS i IIPUEMCTBA; MiJrOTOBKA TEPUTOPIi 10 PO3TALTYBaHHSI MTiAIPUEMCTBA;
JIOTICTHYHI BUTPATH HA MEPEMIIIeHHsI TiAPUEMCTBA; BUTPATH HA MiATOTOBKY (IIEpPeriroTOBKY) POOITHHKIB; PU3UKU
MPOCKTY peroKariii; Toro. BpaxoByroun KOMOIHATOPHHI XapakTep 3a1adi, SKa PO3TIIAAAETHCS, Ta CKIATHOCTI po3Ta-
IIyBaHHS PO3IOICHOTO MiJNPUEMCTBA, HE B OJJHOMY, a B JICKUTLKOX MICI[SIX PO3TAlllyBaHHs, CTBOPEHO MOJEIb pa-
LIOHAJILHOTO PO3MIllleHHsI BUPOOHUITBA. P03p0o0iaeHo MeTo1 BUOOPY MHOKHMHU MOCTAYAJIbHUKIB KOMILICKTYIOUHX
BHCOKOTEXHOJIOTIYHUX ITiAIIPUEMCTB, SIKMI BPAaXOBYIOE€ JIOBXKMHY JIOTICTUYHUX JIAHIIOTIB, Yac, BATPAYCHHI Ha MOC-
Ta4aHHs, SIKICTh KOMIUIEKTYIOUHX, SIKi BUPOOJISIOTh OCTAa4aIbHIKH, PU3UKH NocTadanHs. CTBOpeHa OaraTokpurepi-
aJbHa ONTHMI3alliiiHa MOJIeNIb BUOOPY MOCTA4aIbHUKIB, 3 yPaxyBaHHSIM MHOXHHH CYyINEpewIMBUX MOKa3HHKIB. 3a-
MIPOITIOHOBaHAa MOJENb peliokallii (eBaKyallii) BUCOKOTEXHOJIOIYHOr0 MiIIPHUEMCTBA B OCOOJIMBUIA 1EpioJl, B yMOBaX
3arpo3 BOEHHOT'O Yacy Ta PU3MKIB MEPEeMIlleHHs TEXHOIONYHOro obyiajHanHs. Po3pobiieHa iMiTalliiiHa MoJeb Juist
JOCITIJDKEHHSI JIOTICTHKY PeIOKaIil minpreMcTBa y (JOpMi areHTHOT'O MPEACTaBIICHHS, 32 JOIIOMOT0I0 SIKOT MOJIEITIO-
I0ThCsI TTOMIT, SIKI MOB’sI3aHi 3 MOCIIIOBHICTIO Ml peoKailii: IeMOHTaK TEXHOJIOTIYHOrO 00JIaIHAHHS, TIEPEBE3CHHS
o0J1aJIHAHHS, MOHTaX MIJCUCTEM IIiIIPHEMCTBA, TOIIO. MOJEII0EThCS BUHUKHEHHS 3arp0o3 Ta HACTIIKH iX JiH, sKi
OB’ sI3aHi 3 MOPYIIEHHM JIOTiCTHKH MepeMillieHHs MmianpueMcTBa. HaBeqeHo 11rocTpoBaHuid TPUKIIAA JOCIIHKEHHSI
peroKariii manpueMCTBa B yMOBaX BUHHKHEHHS 3arpo3 Ta MPUIMHEHHsI PYXY MEPEMIIIEHHS TEXHOIOTIYHOTO 00Ja1-
HaHHA, 110 MPU3BOAUTH JI0 ITOLNTYKY HOBHX MapLIPYTiB 3 MiHIMaJbHUMHU PU3MKaMH TpaHCIOPTyBaHHA. HaykoBa Ho-
BH3HA JIOCIIDKEHHS TT0B’s13aHa 3 pO3POOKOI0 KOMIUIEKCY OPUTIHABHUX ONTUMI3allifHIX MOJENEeH, IMITalliiHOI areH-
THOT MOJIEI1, SIKUi JI03BOJISIE HAYKOBO-00IPYHTOBAHO C(OPMYBATH BUMOTH JIO PEJIOKAI[IT BUCOKOTEXHOJIOTIYHOTO MijI-
NPUEMCTBA Ha HOBE MICIIE PO3TallyBaHHS, Ul 3a0e3MeUeHHs] CKOPOYEHHS HOBIHX JIOTICTUYHMX JIAHLIOTIB MOCTa-
YaHHS KOMIUIEKTYIOUHX, MiHIMI3aIlii JIOTICTHIHUX BUTPAT, (popMyBaHHS BiTHOCHO HEOE3MEUHUX JIOTICTUIHHX KaHAJIiB
Ta IUIAX1B IOCTaYaHHs, MiHIMI3aIlil pU3MKiB B YMOBaX HOBHMX BHKITHKIB Ta 3arp03 MOJIITHKO-E€KOHOMIYHOT O XapaKTepy.
PesynbpraTi DOCTIIKEHHS JOLITBHO BUKOPHCTOBYBATH JUIA IUIAHYBAHHS IPOEKTY PENIOKALii BHCOKOTEXHOJIOITYHOTO
mianpueMcTBa, (OPMYBaHHS 3aXOJIB Ta Jiif, OB’ A3aHUX 3 MEPEMIICHHSIM BUCOKOTEXHOJIOTIYHOIO MiIPHEMCTBA,
CTBOPEHHS HOBHUX O€3MEYHHX JIOTiCTUYHUX JIAHITIOTIB TIOCTaYaHHs, IPOBEICHHS €BaKyallil MiAMpPHEMCTBA B 0COOIH-
BHH TIepiof.

Ki1o4oBi cj10oBa: penokaris miampueMCcTBa; TOBTi JOTiCTUYHI JAHIIOTH; PO3TAIIyBAaHHS IIiAMIPUEMCTBA; JIOTiC-
TUYHI PU3UKH;, ONTUMIi3allis BUTPAT MEPEMIIIeHHS MiAMPHUEMCTBA; areHTHE iMiTalliifHe MOJICITIOBaHHS.
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