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MODELING THE IMPACT OF THREATS AND VULNERABILITIES
IN TRANSPORT LOGISTICS OF A DEVELOPING ENTERPRISE

A scientific and applied problem of modeling the impact of threats and vulnerabilities in the logistics of trans-
portation of goods of a distributed production system was posed and solved. The relevance of the research top-
ic is associated with the identification of significant threats and the emergence of vulnerabilities, which can
lead to deterioration in the main indicators of a developing enterprise. The research solves of the task of in-
creasing of logistic processes effectiveness of goods transportation in a distributed manufacturing system in
emerging threats and manifestation of vulnerability conditions. A set of possible threats is analyzed and
formed, which influence goods transportation in a heterogeneous transport system of distributed manufacture.
A virtual experiment method is proposed for using the experts’ opinions regarding the identification of threat
factors using a developed multifactorial and multi-response experimental plan, where lines represent the fac-
tors and a combination of threat factors, and the columns are associated with possible threats. A manifestation
of vulnerabilities risks and emerging threats is used as responses. A regressive dependence to identify the most
important threat factors is formed. The cost indicators are used for solving optimization problems, which con-
nected with vulnerability removal, the time of events to vulnerabilities neutralization and risks of threat emer-
gence. The cost minimization associated with the removal (neutralization) of vulnerabilities that may appear
when threats emerge. The agent model for simulation and event modeling of a logistic of transportation in a
distributed manufacture in conditions of threat factors and vulnerability emergence is proposed. Agent-based
modeling allows you to determine the time of goods movement without vulnerability emergence and time of
goods movement with vulnerability emergence using possible risk generator. Mathematical methods used sys-
tems analysis, the theory of experiments planning, integer (Boolean) programming, agent-based and event
modeling.
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Introduction

The globalization of the economy has contributed
to the development of logistics methods as the main tool
that ensures the optimal movement of material flows in
a distributed production system (aerospace, shipbuild-
ing, automotive, etc.) [1, 2]. Nowadays the implementa-
tion of logistics processes is carried out using different
types of interconnected transport systems with their
characteristics and requirements for goods [3, 4]. The
remoteness of manufacturing facilities and sources of
supply leads to high costs, transportation time, and,
most importantly, increasing various risks (transport
breakdowns, failures, and accidents in transport sys-
tems, climatic changes, political and economic factors,
terrorist acts, etc.) [5, 6]. Analysis of transport logistics
publications [7, 8] showed the questions connected with
possible threats impact on goods transportation were not
reflected enough:

- analysis of heterogeneous transport systems of
goods delivery with the goods transition (transshipment)

from the one type of highway to another one (for in-
stance, a goods transshipment from sea transport to
rail);

- the factor of logistics globalization associated
with routes crossed the state borders is not fully taken
into account;

- the impact of terrorist threats on transport sys-
tems is not considered in detail;

- the impact of critical weather conditions factors
(floods, extreme temperatures, fire, etc.) connected with
global warming on the transport system and transporta-
tion logistics is not fully taken into account;

- the long and sometimes confusing transportation
logistics chains, their impact on management and plan-
ning, which lead to failure of a goods transportation, are
not reflected enough.

Therefore, the research of the impact of threat fac-
tors and the risks of vulnerability manifestation, in the
form of restricted and critical places in the logistics of
goods transportation of a distributed developing produc-
tion, is relevant.
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Formulation of the problem

Nowadays one of the main problems in logistics
systems of goods transportations is sharply increasing
risks connected with remoteness manufacturing objects
and supply sources as well as using of mixed (heteroge-
neous) transport systems in long transit logistics
chains [9]. Goods transfer from one transport system to
another requires additional costs, increasing transporta-
tion time and risks regarding the emergence of new pos-
sible vulnerabilities.

In transport systems appearing of threats and the
manifestation of vulnerabilities are associated with:

- obsolescence of transport systems (for example,
obsolete roads and rails which are not corresponded to
requirements of modern standards and transportation
conditions with intensive transport flows);

- physical obsolescence (wear of materials and
buildings, deterioration of strength over time);

- errors in project and design works, as well as dur-
ing construction, installation, and routine maintenance;

- outdated methods of management and dispatch-
ing of transport flows.

The manifestation of vulnerabilities leads to fail-
ures and accidents, the occurrence of losses in the form
of material losses, as well as emergencies, accidents,
and catastrophes in transport systems.

An increasing of political and economic vulnera-
bilities, climate changings and possible terrorist acts and
vandal acts lead to risks increasing connected with vul-
nerabilities implementation in logistics systems. The
goal of the research is a solution to the problem of ef-
fectiveness increasing of goods transportation logistics
processes in a distributed manufacturing system of de-
veloping enterprise in conditions of emerging threats
and vulnerabilities.

The following tasks of the research are proposed to
solve for the goal achievement:

a) identification of significant threat factors and a
vulnerabilities manifestation in a transport logistics;

b) costs minimization, which is connected with the
vulnerabilities removal (neutralization);

c) modeling of goods transportations taking into
account threats and vulnerabilities.

The main indicators of the impact of threats and
vulnerabilities in transport logistics are:

- an indicator of losses associated with the imple-
mentation of measures to eliminate possible manifesta-
tions of vulnerabilities and threats;

- an indicator of the time spent on measures to
eliminate possible manifestations of threats and vulner-
abilities;

- an indicator of the risk of vulnerability manifesta-
tion after taking measures of its elimination.

Identification of significant threat factors
which implement to a vulnerabilities
manifestation in a transport logistics

An important moment of a proposed research is an
analysis and forming of a probable threat set which im-
pact to goods transportation in a heterogeneous
transport system. If the considered goods movement
route was used for many times, there is statistics allows
you to separate the certain threats as well as possible
ones which may emerge when the j-th threat occurs.
Difficulties arise in the formation of new transport
routes for which there are no statistics. In this case, it is
advisable to use an experts experience specializing in
transport logistics. In this article for purposeful using of
experts’ opinions the method of virtual experimentation
using the theory of an experiment planning is proposed.
In a plan of virtual experimentation, the following com-
ponents will be separated:

- rows (i) of an experiments plan are factors and
combination of factors x; of threats;

- columns (j) of an experiments plan connect with
possible threats v;;

- columns of responses (k) are implementation
risks of separate vulnerabilities and the impact of
emerging threats.

A virtual experimentation with using of experts’
evaluations consists in the task of combining of possible
threats factors for each i-th row of the experiment plan.
The proposed virtual experiment is multifactorial and
multi-response, which allows you to purposefully eval-
uate the impact of identified threats and the risks of vul-
nerabilities in the supply chains of goods transportation.

As an illustrated example, the use of a full factorial
experiment (FFE) plan for threats and vulnerabilities
studying in logistics chains of goods transportations is
considered. Supposed after research a set of threats ex-
perts identified three important threats: an accident on a
transport highway, a vehicle breakdown, a climatic in-
fluence. As columns of responses for threat factors im-
pact evaluation the following vulnerabilities were used:
critical part of a transport highway (1), critical transport
node (l2). The full factorial experiment involves the
conduct of many experiments which corresponds to a
complete enumeration of threats factors values. Sup-
posed there are two possible values for each factor
which associated with the j-th threat:

1, if the j—th treat emerges
in the i —th virtual experiment, (1)
0, otherwise.

Xij =

Further it is necessary to carry out a complete
enumeration of factors N =2". For this example, the
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number of experiments is N=23=8. In table 1 the full
enumeration of values for three factors of threats is rep-
resented.

where b; — coefficient that indicates the significance of
the influence of the i-th threat factor and the manifesta-
tion of appropriate vulnerabilities;

bij, bijk — coefficients that indicate the significance of
the influence of the threats combination and the certain
vulnerabilities responses values |1 Ta 1.

Table 1
A full enumeration of three threats factors values
Ne of an Threats
experiment V1 2 Y3
1 0 0 0
2 0 0 1
3 0 1 0
4 0 1 1
5 1 0 0
6 1 0 1
7 1 1 0
8 1 1 1

To change the values of table 1 to the PFE plan
representations, it is necessary to replace "1" with "+1",
and "0" with "-1", which means the use of the upper and
lower values of the factors of threats. In addition, it is
need to add columns that are related to a combination of
threat factors, as well as response columns I, and I,. In
table 2 FFE for three factors of threats is represented:

Vii, Viik — correspond to combinations of threats fac-
tors I, j, k and vulnerabilities manifestation in the logis-
tics of goods transportation;

lij — values of responses associated with vulnerabil-
ities emergence Iy and .

As the response values, we will use the values of
risks (scale 0...10), which lead to the manifestation of
vulnerabilities and threats emergence. After carrying out
virtual experiments using experts’ assessments the fol-
lowing table was obtained (ta6ur. 3).

Table 3
Experts’ evaluations

Ne Threats Responses
Tyl Y2 | V3| Yi2 | Vi3 | Vo3 | Yizs Iy P
1 |-1|-1]-1 |41 |+1]|+1]| -1 0 0
2 | -1 (-1 |+1|+1|-1]|-1]|+1 1 1
3|1 |+1|-1|-1|+1]-1] +1 4 3
4 | -1 | +1|+1|-1|-1]|+1| -1 6 5
5+ |-1|-1|-1)]-1]|+1| +1 3 3
6 [+1| -1 |+1|-1|+1]|-1] -1 4 3
7 |+ |41 -1 |+1]-1]-1] -1 7 6
8 |+1 | +1 | +1 | +1 | +1 | +1 | +1 9 8

Table 2

The FFE plan
N Threats Responses
Ty | Yo | Y3 | Y2 | Vi3 | Y3 | Yz | b I2

-1 -1 1| +1 | 41| +1 -1 l11 log

-1 1 +1 | +1 -1 -1 +1 l1o loo

T e O s T I P lo3

o N I o A ¢ R A -1 +1 -1 l14 loa

T T T I O A T P B P

+1 (-1 (+1|-1|+1]| -1 -1 lis l2s

+1 [ +1 | -1 +1 -1 -1 -1 l17 lo7

0N DWW N
+
[
1
[N

+1 | +1 [ 41| +1 | 41| +1 | +1 lig log

Based on the results of the experiments, using the
FFE, it is possible to construct an incomplete quadratic
regressive dependence:

O]

+b13X X5 + DygXo X5 + Doy XX,

Coefficients b;, bjj, bij values are quite simple cal-
culated using FFE. For instance,

by = (Xy1h1 +Xpplp +Xqghs +Xyglg +

+X15l15 + X4l + X17l7 + X1ghg) / N =1.5.

Values of the other coefficients: b,=2.25, b3=0.75,
b1,=0, b13=0, b123=0.25.
As the result of calculations will obtain:

[1=4.25+1.5x1+2.25Xo+0.75x3+0.25X1X2Xs. 3)
Similarly, after calculations for I,:

1,=3.63+1.38%;+1.88x%2+0.63x3+
+0.13X1X2 -0.13x1X3+0.38X,x3+0.13X1X2X3. (4)

The following conclusions can be received from ob-
tained regressive dependences. The most significant
threat factor is a vehicle breakdown (b,=2.25 for Iy,
b,=1.88 for I,). The less significant threat factor is a
climatic influence on a transport system (b3=0.75 for Iy,
b3=0.63 for I,). An average value of impact of vulnera-
bilities has an accident in a transport highway. A medi-
um-significant impact on vulnerability is exerted by an
accident on a transport highway (b.=1.5 for Iy, b,=1.38
for I5). When a combination of threats occurs, all three
threats have the most impact on the response l;. The
value bip; =0.25 is small, compared to alone emerging
threats because of the low probability of a threats com-
bination. For response I, the combination of the second
and third threats (b2s) is the most important, but, as for
response I, its simultaneous emergence is unlikely.
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Costs minimization associated with removal
(neutralization) of vulnerabilities

Measures associated with removal (neutralization)
of vulnerabilities in transportations logistics of distrib-
uted manufacturing is the most important for developing
enterprise.

It is necessary to minimize the costs of removal of
possible vulnerabilities with a large number of possible
vulnerabilities in logistics chains. The optimization task
in terms of integer (Boolean) programming will be for-
mulated. The following Boolean variables will be used:

1, if for the j-th threat measures are
taken to removal of the k - th threat, (5)
0, otherwise.

Xij

When solving the problem, the following indica-
tors will be used: W — costs; T — time of measures re-
garding removal (neutralization) of vulnerabilities;
R — risk of vulnerabilities manifesting after measures.
Then, taking into account variables X, will obtain:

nj

M
WZZZijXjk,
=L k=1
M N
)

J
X (6)
i1

=

=
N

n

=1

P

where Wik, tik, Ik — costs, time and risks associated with
measures regarding removal (neutralization) of the k-th
vulnerabilities manifestation and emergence of the j-th
threat.

It is necessary to minimize costs associated with
removal (neutralization) of vulnerabilities manifestation
and emergence of threats:

n

minW,Wziszij,—k- (7

=1 k=1

Taking into account the following limit:

M Nj

T<T =)D tiXi,

=1 k=1

®)

J

M N
j=1 k=1

where T'— allowable time allotted for measures associ-
ated with removal (neutralization) of vulnerabilities
which can manifest and emergence of threats;

R'— allowable risks remained after measures asso-
ciated with removal (neutralization) of vulnerabilities.

Modeling of goods transportation
taking into account threats
and vulnerabilities

For studying of dynamic processes in transportation
logistics of distributed manufacture in this paper the
agent based and event simulation method is used [10].
The studying was carried out using the follow agents:

1 — agent “architecture of a TS”, the network struc-
ture of the transport system (TS) for goods transporta-
tion is being set;

2 —agent “source of goods”, nodes of TS from
which the goods movement begins are being set;

3 — agent “consumer of goods”, nodes of TS asso-
ciated with receipt of goods are being set;

4 — agent “time delay at a TS node”, used to simu-
late delays associated with interim storage or transship-
ment of goods;

5 —agent “time delay at a part of a highway”, used
to simulate a movement time of a good at a part of
transport highway;

6 — agent “vulnerability”, used to simulate possible
failure (stop) in a movement of a good at a node or at a
part of highway. Formed using the generator of proba-
bilistic risk values;

7 —agent “time delay because of vulnerabilities”,
used in case of vulnerability manifestation and influence
of emerging threats, to take measures to removal (neu-
tralize) of vulnerabilities;

8 —agent “a threat”, used to inject vulnerabilities
and the appropriate threat;

9 — agent “a monitor”, used for planning and man-
agement of events associated with goods movement;

10 — agent “results”, used to obtain the modeling
results (time of goods transportation without threats,
time of goods transportation with emergence of threats
and vulnerabilities, percent of time of goods idle be-
cause of manifestations of vulnerability, violation of the
goods delivery time).

The modeling is performed multiple times to statisti-
cally average the results.

In fig. 1 the structure scheme of the agent-based
model is represented.
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1. Agent 3. Agent
“architecture “consumer 5. Agent “time delay in
ofaTs” of goods” a part of a highway”
2. Agent \ 6. Agent “vul-
“source 9. Agent | nerability”
of goods” “a monitor” \
: 7. Agent “time delay
4. Agent “time :
dela%/ inaTS 1gesAlies?t because of \{,ulnera-
node” bility
8. Agent
“a threat”

Fig. 1. The structure scheme of the agent-based model

The illustrated example of agent based modeling
of a transport network in conditions of threats and
emerge of vulnerabilities is considered. The architecture
of TS is set using the agent “architecture of a TS”

(fig. 2).

Fig. 2. An example of modeling
with threat factor impact

The agent “source of goods” forms from a node 1
request as a good, which is carried forward in a
transport network. The node 5, in which the freight is
received, is set using the agent “consumer of goods”.
All delays in TS are formed in hours using the agent
“time delay in a TS node” and the agent “time delay in a
part of a highway” (fig. 2). Vulnerability in the form of
a bad state of a road cover in a part 3 — 5 was formed
using the agent “vulnerability”. Threat in the form of
weather conditions decreasing was formed using the
agent “threat”, which leads to the manifestation of vul-
nerability in a 3 — 5 part. Time delay in 2.5 hours (aver-
aging the delay value) due the emerging of threat and
the manifestation of vulnerability is formed using the
agent “time delay because of vulnerability”. Using the

developed method of rational routes searching ina TS
[12] the possible routes of good’s movement from the
first node to the fifth were formed and the duration T in
hours was calculated:

1.1-3-5, T1=9
2.1-3-4-5, T,=10

3. 1-2-4-5, T5=11
4.1-2-3-5, T4,=13
5.1-3-2-4-5, Ts=14
6. 1-2-4-3-5, T=20.

Because of the emerging of threats and the mani-
festation of vulnerability in a 3 — 5 part the routs’ time
characteristics changed:

1.1-3-5, T1=12,5
2.1-3-4-5, T,=10
3.1-2-4-5, T3=11
4.1-2-3-5, T4=15,5
5.1-3-2-4-5, Ts=14
6. 1-2-4-3-5, Tg=22,5.

We sort the obtained routes according to the values
of the movement time:

2.1-3-4-5, T,=10
3.1-2-4-5, T5=11
1.1-3-5, T:=12,5
5.1-3-2-4-5, Ts=14
4, 1-2-3-5, T4=15,5

6. 1-2-4-3-5, Tg=22,5.

The following results of the modeling were formed
using the agent “results”:

1. The shortest route of goods’ delivering with ab-
sence of threat is 1-3-5 with time delay in hours T;=9.
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2. The shortest route with emerging of threat and
the manifestation of vulnerability is 1-3-4-5 with time
delay in hours T>=10.

Conclusion

In the paper, the research of logistics processes asso-
ciated with goods transportation in a distributed manu-
facturing system was carried out. The research of threats
impact on a transport logistics of developing enterprise
was paid attention mostly. The analysis of possible
threats as well as vulnerabilities was carried out. The
method of determining significant factors and the emer-
gence of the appropriate vulnerabilities in a heterogene-
ous transport system is represented. Costs optimization
associated with measures regarding removal (neutraliza-
tion) of vulnerabilities taking into account time limits
and possible risks is carried out. The simulation model
of goods movement in a heterogeneous transport system
taking into account emerging threats and vulnerabilities
was created. A scientific novelty of the carried out re-
search associated with approach development directed
in removal (neutralization) of threats impact and emerg-
ing vulnerabilities in a logistics of manufacturing goods
transportation which, in opposite to existing, allows
your system and complexity research the problem of
transport logistics in a distributed manufacturing sys-
tem.

References (GOST 7.1:2006)

1. Lytvynenko, D. Analyzing the interests and
interaction of the participants of a transport system
development project [Text] / D. Lytvynenko,
A. Dorokhina, R. Artiukh // Innovative Technologies
And Scientific Solutions For Industries. — 2019. —
No.1(7). - P. 69-74. DOI: 10.30837/2522-
9818.2019.7.069.

2. Lyapina, Svetlana. Problems of analyst compe-
tency formation for modern transport systems [Text] /
Svetlana Lyapina, Valentina Tarasova, Marina Fedoto-
va // Transport problems. — 2020. — Vol. 15, Iss. 2. — P.
71-82. DOI: 10.21307/tp-2020-021.

3. Mindur, M. Logistics in Shaping Competitive
Edge of Enterprises [Text] / M. Mindur, A. Jezierski //
Logistics and Transport. — 2018. — Vol. 40, No. 4.
—P. 67-72. DOI: 10.26411/83-1734-2015-4-40-9-18.

4. Asenov, Asen. Methodology for expert
evaluation of multimodal cargo transportation routes
[Text] / Asen Asenov, Velizara Pencheva, Boril Ivanov
/I Transport problems. — 2021. — Vol. 16, Iss. 2. — P.
167-178. DOI: 10.21307/tp-2021-032.

5. Studying the quality of logistics in the life cycle
of innovative technology creation: monograph [Text] /
O. Fedorovich, V. Kosenko, Yu. Leshchenko,

Yu. Pronchakov. — Riga : ISMA, 2020. — 177 p.

6. Stopka, Ondrej. Application of the chosen multi-
criteria decision-making methods to identify the auton-
omous train system supplier [Text] / Ondrej Stopka,
Maria Stopkova, Viadimir Lupta // Transport problems.
—2020. — Vol. 15, Iss. 2. — P. 45-57. DOI: 10.21307/tp-
2020-019.

7. Jarmuz, Dominika. A review of approaches to
the study of weather’s effect on road traffic parameters
[Text] / Dominika Jarmuz, Jerzy Chmiel // Transport
problems. — 2020. — Vol. 15, Iss. 4 Part 2. — P. 241-251.
DOI: 10.21307/tp-2020-063.

8. Lyapina, Svetlana. Problems of analyst compe-
tency formation for modern transport systems [Text] /
Svetlana Lyapina, Valentina Tarasova, Marina Fedoto-
va // Transport problems. — 2020. — Vol. 15, Iss. 2. — P.
71-82. DOI: 10.21307/tp-2020-021.

9. Beczkowska, Sylwia. Risk and human factor in
carriage of dangerous goods by road [Text] / Sylwia
Beczkowska, Wiodzimierz Choromanski, Iwona Graba-
rek // Transport problems. — 2020. — Vol. 15, Iss. 4
Part 1. — P. 19-28. DOI: 10.21307/tp-2020-044.

10. Kpaseyv, II. O. Juuamiuna roopoinayisi
cmpamezuti  mynomiacenmuux —cucmem [Texcm] /
11. O. Kpaseyw // Bichux Hayionanvroeo yHieepcumemy
«JIvsiscoka nonimexuixay. — 2011. — No. 699. — P. 134—
144,

11. A software module for multi-criteria suppliers’
selection with respect to the spare parts logistic [Text] /
Irina Makarova, Ksenia Shubenkova, Polina Buyvol,
Eduard Mukhametdinov // Transport problems. — 2020.
—Vol. 15, Iss. 1. — P. 105-116. DOI: 10.21307/tp-2020-
010.

12. Dedoposuu, O. €. Memoo ¢opmysanns
JOCICMUYHUX MPAHCHOPMHUX 83AEMOOIU 01 HOB020
nopmeento 3aMO081eHb PO3NOOIIEHO20  BIPMYATLHO2O
supobnuymsa [Texcm] / O. €. Dedoposuu, [O. JI.
Iponuaxos // Padioenexmponni i komn'tomepHi cucme-
mu. — 2020, — M 2 (94). — C. 102-107. DOI:
10.32620/reks.2020.2.09.

References (BSI)

1. Lytvynenko, D., Dorokhina, A., Artiukh, R. An-
alyzing the interests and interaction of the participants
of a transport system development project. Innovative
Technologies And Scientific Solutions For Industries,

2019, no.1(7), pp. 69-74. DOI: 10.30837/2522-
9818.2019.7.069.
2. Lyapina, Svetlana., Tarasova, Valentina.,

Fedotova, Marina. Problems of analyst competency
formation for modern transport systems. Transport
problems, 2020, vol. 15, iss. 2, pp. 71-82. DOI:
10.21307/tp-2020-021.

3. Mindur, M., Jezierski, A. Logistics in Shaping
Competitive Edge of Enterprises. Logistics and



Modelling and digitalization

35

Transport, 2018, vol. 40, no. 4, pp. 67-72. DOI:
10.26411/83-1734-2015-4-40-9-18.

4. Asenov, Asen., Pencheva, Velizara., lvanov,
Boril. Methodology for expert evaluation of multimodal
cargo transportation routes. Transport problems, 2021,
vol. 16, iss. 2, pp. 167-178. DOI: 10.21307/tp-2021-
032.

5. Fedorovich, O., Kosenko, V., Leshchenko, Yu.,
Pronchakov, Yu. Studying the quality of logistics in the
life cycle of innovative technology creation
monograph. Riga, ISMA Publ., 2020. 177 p.

6. Stopka, Ondrej., Stopkova, Maria., Cupta, Vla-
dimir. Application of the chosen multi-criteria decision-
making methods to identify the autonomous train sys-
tem supplier. Transport problems, 2020, vol. 15, iss. 2,
pp. 45-57. DOI: 10.21307/tp-2020-019.

7. Jarmuz, Dominika., Chmiel, Jerzy. A review of
approaches to the study of weather’s effect on road traf-
fic parameters. Transport problems, 2020, vol. 15, iss. 4
Part 2, pp. 241-251. DOI: 10.21307/tp-2020-063.

8. Lyapina, Svetlana., Tarasova, Valentina., Fedo-
tova, Marina. Problems of analyst competency for-

9. Beczkowska, Sylwia., Choromanski, Wiodzimi-
erz., Grabarek, Iwona. Risk and human factor in car-
riage of dangerous goods by road. Transport problems,
2020, vol. 15, iss. 4 Part 1, pp. 19-26. DOI:
10.21307/tp-2020-044.

10. Kravets, P. O. Dynamichna koordynatsiya
stratehiy mul'tyahentnykh system [Dynamic coordina-
tion of multi-agent systems strategies]. Bulletin of the
National University "Lviv Polytechnic", 2011, no. 699,
pp. 134-144,

11. Makarova, Irina., Shubenkova, Ksenia., Buy-
vol, Polina., Mukhametdinov, Eduard. A software mod-
ule for multi-criteria suppliers’ selection with respect to
the spare parts logistic. Transport problems, 2020, vol.
15, iss. 1, pp. 105-116. DOI: 10.21307/tp-2020-010.

12. Fedorovich, O., Pronchakov, Yu. Metod for-
muvannya lohistychnykh transportnykh vzayemodiy
dlya novoho portfelyu zamovlen' rozpodilenoho virtu-
al'noho vyrobnytstva [Method to organize logistic
transport interactions for the new order portfolio of dis-
tributed virtual manufacture]. Radioelektronni i
komp'uterni sistemi — Radioelectronic and computer

systems, 2020, no.2(93), pp. 102-107. DOI:
10.32620/reks.2020.2.09.

mation for modern transport systems. Transport prob-
lems, 2020, vol. 15, iss. 2, pp. 71-82. DOI: 10.21307/tp-
2020-021.

Haoitiwna 0o pedaxyii 10.08.2021, posensnyma na pedxoneeii 23.09.2021

MOJIEJIMPOBAHME BJIMSHUS YT'PO3 U YSI3BUMOCTEN
B JIO'UCTHUKE NEPEBO3OK PA3ZBUBAIOHETI'OCSA IIPEATIPUATHA

O. E. ®eooposuu, 10. JI. Ilponuaxos, I0. A. Jlewenxo, A. B. Enuzesa

ITocTaBiieHa U penieHa HAy4HO-IIPUKJIAHAs 3a/la4a MOJAEIMPOBAHUS BO3JCHCTBUS yIPO3 U YSI3BUMOCTEN B JI0-
THCTHKE TPAHCIIOPTUPOBKU TPY30B PACHpPEACICHHON MPOU3BOACTBEHHON CHCTEMBI. AKTYalnbHOCTh TEMBI HCCIIEN0-
BAHMUs CBSI3aHA C BBIJCIICHUEM CYLECTBEHHBIX YIPO3 U NOSBJICHUEM YSA3BUMOCTEHN, YTO MOKET IIPUBECTU K yXYALLIE-
HUIO OCHOBHBIX ITOKa3aTelIed pasBUBAIOILETOC MpeanpusTus. Llenpto uccne10Banus, KOTOPOE PacCMaTpUBAETCS B
JIAaHHOH MyOJIMKaIMy, SIBISIETCSl PEllieHNe 3a/lauil MOBbIeHNs 3P (HEKTUBHOCTH JIOTMCTHYECKUX MPOLIECCOB TPaHC-
NIOPTUPOBKY I'PY30B B PacCHpEIENCHHON IIPOU3BOICTBEHHOM CUCTEME B YCJIOBUSAX BO3HUKAIOIIMX YIPO3 M IIPOsBIIE-
HUSI ySI3BUMOCTEH. AHaIM3upyeTcs U popMHpyeTcss MHOXKECTBO BO3MOXKHBIX YIPO3, BIUSIONIINX Ha TIEPEBO3KY I'PY-
30B B Pa3sHOPOAHON TPaHCIIOPTHOM CHCTEME paclpeieNeHHOro npousBojcTea. [Ipeanaraercsa MeTon BUPTYalbHOTO
9KCTIEPUMEHTA ISl HCIIOJIb30BaHUSI MHEHHMI 9KCIIEPTOB 110 BBISBICHHIO (PaKTOPOB Yrpo3 ¢ IOMOIIBIO pa3paboTaHHO-
IO MHOTO(AKTOPHOTO M MHOTOOTKJIMKOBOI'O IUIaHA JKCIIEPUMEHTa, TA€ CTPOKH IUIaHA MPEACTABISIOT (PaKTOpBI U
KOMOMHAIHIO (paKTOPOB YIpo3, a CTOJIOIBI CBSI3aHbI C BO3MOXKHBIMH YIpo3aMu. B KadecTBe OT3bIBa HCIIOJIB3YIOTCS
PUCKH HPOSIBJICHUS ySI3BUMOCTEH M BO3ZHUKAIOIIME MPH 3TOM yrpo3bl. DopMupyeTcs perpeccuBHasi 3aBUCUMOCTb
JUTS BBIIBJICHHS HanOosee BaXXHBIX (pakTopoB yrpos. IIpu pemeHnn onTHMU3aIlMOHHON 3a/1a9M UCTIOJIB3YIOTCS MO-
Ka3aTeJld PacXxoJl0B, CBSI3aHHBIX C YCTPAHEHUEM YSA3BUMOCTEH, IPOBEACHUE MEPOIPHUATHI 110 HEUTpAIU3aLUU ysI3-
BUMOCTEN M PUCKHU NpOsBIEHUS ysA3BUMOcTeld. IIpoBoauTcs MUHMMM3ALUS PACXOLO0B, CBSI3aHHBIX C YCTPAHEHUEM
(mefiTpann3anueil) ysa3BUMOCTEH, KOTOPhIE MOTYT IPOSIBUTHCS ITPH BOSHUKHOBEHHUH yrpo3. [Ipeanaraercs areHTHas
MOJIeNb IS IMATAIlHOHHOTO COOBITHITHOTO MOZEITHPOBAHMUS JIOTUCTHKH MEPEBO30K B PACIIPENEICHHOM MPOU3BO -
CTBE, B YCJIOBHUSAX (aKTOPOB YIpo3 U MPOSBICHHUSA YI3BUMOCTEH. ATEHTHOE MOICITHPOBAHHME IO3BOJISET BBIIBUTH
BpEMs JIBIDKCHHUS TPY30B 0€3 NPOSBICHUS ySI3BUMOCTEH U BpeMs ABUKEHHS I'PY30B C IPOSIBICHUSIMH YSI3BUMOCTEH C
HCTONB30BaHUEM BEPOATHOIO I'eHepaTopa PUCKOB. Mcronb3oBaHbl MaTeMaTHYECKHE METOJbl: CUCTEMHBIN aHamu3,
TEOpHs IUIAHUPOBAHMS SKCIIEPUMEHTOB, IIeJ0YnciieHHoe (OyJIeBO) MpOrpaMMHpPOBAHKE, aréHTHOE MMHTAIMOHHOE
COOBITHITHOE MOJIETIMPOBAHHE.

KiroueBble coBa: pacrnpeneneHHOE TPOU3BOJICTBO; JIOTHCTHUECKUE MPOLECChl TPAHCIIOPTUPOBKY; YSI3BUMO-
CTH B JIOTHCTUYECKHX IETIAX; (PaKTOPHI yrpo3; ONTUMHU3AIMS PACXOI0B; aTeHTHOE HMUTAIIMOHHOE COOBITHIHOE MO-
JeTMPOBAaHHUE.
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MOJIEJIIOBAHHS BILIMBY 3AI'PO3 I BPA3JIMBOCTEM
Y JOTI'ICTHUII TEPEBE3EHD HNIAITPUEMCTBA, IO PO3BUBAETHCSA

0. €. ®eooposuu, 10. JI. IIponuaxos, 10. O. Jlewienko, A. B. €nizeea

[ocTaBneHo Ta BUPIMIEHO HAYKOBO-TPHKIAIHY 3aJady MOJCNIOBAHHS BIUIMBY 3arpo3 Ta BpaslIMBOCTEH B
JIOTICTHIII TPAaHCHOPTYBaHHS BAHTAXKIB PO3MOIINEHOI BHPOOHMYOi CHCTEMH. AKTYalbHICTH TEMH JOCIIIKEHHS
IOB’s3aHa 3 BHAUICHHAM CYTTEBUX 3arpo3 Ta IOSBOI BPA3IUBOCTEH, IO MOXE HPU3BECTH OO IOTIPIICHHS
OCHOBHHX IIOKa3HUKIB MiANPHEMCTBA, IO PO3BUBAETHCSI. METOI0 MOCHiKEHHS, SKa PO3TILNAETECA y HaHId
myOmiKamii, € BUpIMIEHHS 3aJadi MiABHUIICHHS ¢(QEeKTHBHOCTI JIOTICTUYHUX MPOIECiB TPAHCIIOPTYBaHHS BaHTaXIB Y
po3mnojineHii BUpOOHUYIH cHUCTeMi B yMOBaxX BHHHMKAIOUMX 3arpo3 Ta MPOSBH BPa3IMBOCTEH. AHaN3yeThCs Ta
(opMyeThcss MHOKMHA MOXKJIMBUX 3arpo3, siKi BIUIMBAIOTh Ha IEPEBE3CHHs BAHTAXIB y PI3HOPIAHIN TpaHCHOPTHii
cUCTEMI PO3NOAICHOTO0 BUPOOHMITBA. [IpONOHYETHCSI METOA BIPTYaJbHOTO EKCHEPHUMEHTY [UIsi BUKOPUCTAHHS
JYMOK €KCHEpTiB IOJO0 BHSBJIEHHS (AaKTOpiB 3arpo3 3a JONOMOTOI pPO3pOOJICHOTO OaraTto(akTOpHOTO Ta
0araToBiKIIMKOBOTO TUIAHY E€KCIIEPUMEHTY, JIe CTPOKH IUIaHy SIBISIOTH (pakTopu Ta KoMOiHalito (aKkTopiB 3arpos, a
CTOBOLI TOB’s13aHi 3 MOKJIMBIUMH 3arpo3aMi. B sSKoCTi BIIKIMKIB BUKOPHUCTOBYIOTHCSI PU3HKH IIPOSIBY BPa3IMBOCTEH
Ta BHHHKAIOYi NMpH IBbOMY 3arpo3u. DopMyeThCs perpecuBHa 3aJIC)KHICTh Ul BHSBJICHHS HAMOIMBII BaKIMBUX
¢akTopiB 3arpo3. [Ipm BupimeHHI ONTHMi3amiiHOI 3a7adi BHKOPHCTOBYIOTHCS IMOKAa3HUKH BUTPAT, 3B’S3aHUX 3
YCYHEHHSIM Bpa3NMBOCTEeH, Yac MPOBEACHHS 3aXOXiB IIONO HeiTpanizauii Bpa3NHBOCTEH Ta PH3UKH HPOSBH
Bpa3nuBocTeil. [IpoBoauTECS MiHIMI3aIlisl BUTpAT, OB SI3aHUX 3 YCYHCHHsIM (HEWTpali3alli€ro) Bpa3inuBOCTEH, sKi
MOXXYTh TPOSIBUTHCS NPH BUHUKHEHHI 3arpo3. [IpomoHyeTbcs areHTHa MOJENb U IMiTauifHOro MHOAIHHOTrO
MOJICIIOBAHHS JIOTICTHKH II€PeBE3C¢Hb y PO3NOAIICHOMY BHPOOHHLTBI, B yMoBaX (haKTOpIB 3arpo3 Ta IpPOSBH
Bpa3MBOCTEil. ATEHTHE MOJICIIIOBAHHS J03BOJISE BUSBUTH 4Yac PyXy BaHTaXiB Oe3 MpOSBU BPazIMBOCTEH Ta yac
PYXy BaHTaXIiB 3 NpOsiBaMH BPa3lIMBOCTEl 3 BHKOPHCTaHHSIM BIpOTIIHOTO TeHepaTropa pH3MKiB. Bukopucrano
MaTeMaTHYHI METOIM: CHUCTCMHHN aHali3, Teopis IUIaHYBaHHS CKCICPUMEHTIB, IiouncensHe (OyseBe)
MporpaMmyBaHHs, arcHTHE IMiTaliiHe MO IiHEe MOICTIOBAHHS.

KoarouoBi ciioBa: posmojinieHe BHPOOHUITBO; JIOTICTHYHI IPOLIECH TPaHCIOPTYBAaHHS, BPa3IMBOCTI Y
JIOTICTUYHHX JIAHIOTaX; (PaKTOPH 3arpo3; ONTHMi3alis BUTPAT; areHTHE iMiTaIliiiHe TIoIiifHe MOJeTFOBaHHS.
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