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OPTIMIZATION OF TOPOLOGICAL STRUCTURES OF CENTRALIZED
LOGISTICS NETWORKS IN THE PROCESS OF REENGINEERING

The subject of research in the article is the topological structures of closed logistics networks. The purpose of the work is to create a
mathematical model and methods for solving problems of optimization of topological structures of centralized logistics networks in
the process of reengineering, taking into account many topological and functional constraints. The article solves the following tasks:
analysis of the current state of the problem of system optimization of logistics networks and methods of its solution; formalization of
the problem of system optimization of logistics networks as territorially distributed objects; development of a mathematical model of
the problem of optimization of centralized three-level topological structures of logistics networks at the stage of reengineering;
development of a method for solving the problem of optimization of centralized three-level topological structures of logistics
networks at the reengineering stage; estimation of time complexity of the method of optimization of centralized three-level
topological structures of logistics networks. The following methods are used: methods of systems theory, methods of utility theory,
optimization and operations research. The following results were obtained: analysis of the current state of the problem of system
optimization of logistics networks and methods of its solution; the problem of system optimization of logistics networks as
territorially distributed objects has been formalized; developed a mathematical model of the problem of reengineering three-level
topological structures of logistics networks in terms of cost and efficiency for the case of combined production and processing points;
methods of directed search of variants of construction of a logistic network which use procedures of coordinate optimization and
modeling of evolution on the basis of genetic algorithm are developed; estimates of the accuracy and time complexity of optimization
methods of centralized three-level topological structures of logistics networks are obtained. Conclusions: Based on the results of the
study of methods for solving the problem, an approximation of their accuracy and time complexity was performed. In practice, this
will allow you to choose a more efficient method for solving large-scale practical problems, based on the required accuracy, available
computing and time resources. The method based on the coordinate optimization procedure has a significantly higher accuracy, but it
is more complex from a computational point of view. The accuracy of the evolutionary method based on a genetic algorithm can be
increased by increasing the number of iterations. The practical use of the proposed mathematical model and methods of reengineering
the topological structures of centralized closed logistics systems by jointly solving problems for direct and reverse flows will reduce
the cost of transport activities of companies.
Keywords: closed logistics; logistics network; optimization; reengineering; structure; topology.

Introduction

The processes of optimization of anthropogenic
objects provide for the establishment of causal
relationships and laws characteristic of the processes of
movement of heterogeneous flows in them. This is done in
order to identify and implement effective organizational
forms and methods of object management. The
effectiveness of such processes is largely determined by
the quality of the relevant logistics [1]. One of the
problems in managing the SCM supply chains (Supply
Chain Management) is the design of SCND supplies
networks (Supply Chain Network Design) [2]. Such
networks are inherently facilities with significant
territorial dispersal. The structural, cost and functional
characteristics of logistics networks are largely
determined by the topology (placement) of their elements
(manufacturers, terminals, consumers). The topology of
network elements, in turn, determines the topology of the
corresponding flows.

Logistics networks operate in constantly changing
conditions. This is due to the emergence of new
consumers, changes in supply volumes, the introduction of
environmental restrictions [3-4] and the like. As a result,
at some stage, existing networks become inefficient or no
longer meet new conditions. Attempts to upgrade them by
solving traditional optimization problems do not guarantee
efficient options. For more effective adaptation of such
objects, a reengineering approach is increasingly used,
which involves a fundamental analysis of existing options
for their construction (modes of transport, structure,

topology, parameters, technology) and radical redesign
[5]. This requires solving a set of problems of
technological,  structural,  parametric,  topological
optimization, multifactorial evaluation and selection of
system solutions taking into account their connections at
all stages of the network life cycle [6]. At the same time,
the principles of building a network are radically revised,
which can lead to profound changes in the technology of
its functioning, structure, parameters of elements, means
of transport, topology. Given that logistics networks use a
relatively small variety of alternative technologies, node
(terminal) types and vehicle types, the main problem from
a computational point of view is the optimization of their
structure and topologies.

Analysis of the problem and methods of its solution

Traditionally, logistics are macro and micro logical
systems [7]. The first species systems operate within the
interaction of several property objects are not related to
territorial distribution and are used by international
transcontinental companies or intermediary organizations.
The second species system solves the problems of
interaction of one or more enterprises with one economic
interest or a separate enterprise [8]. In this case, in the
transport micro logical of a large enterprise allocate
systems of global and local transportation. The task of
global transportation in the general case is reduced to the
optimal placement of intermediate truck units to minimize
cargo transportation costs [9].

Increasingly, the tasks of environmental logistics are
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increasingly relevant, which are aimed at reducing the
level of risk of economic losses due to deterioration of
environmental quality and enhancing ecological and
economic efficiency of enterprises [10-11].

The subject of reversal logistics is the ordering and
systematization  of  reverse = commodity-material,
information, cash flows [12-17]. Usually, tasks of direct
and reversing logistics are considered as conditionally
independent, which does not allow to receive effective
global solutions to the logistics problem as a whole. Their
joint solution generates a plurality of new tasks that
require the development of new mathematical models and
effective research methods [18].

One of the stages of synthesis of the system of global
transportation of products of one manufacturer is
structural and topological optimization of the centralized
transport and warehouse system [19]. It is considered as
set: the location of the supply center, set of consumers

I ={i: i=1,n}, for each of which is determined by the
matrix of the distance location, supply volumes and
transport tariffs for the delivery of goods. It is necessary

to determine the optimal number of 1° and location of
terminals, as well as subsets of consumers serviced by

={i}, j=1lI°.
global transportation systems, it can be assumed that
terminals are located near consumers of products.

Target function of the task shows the cost of delivery
of products to consumers:

| n_ |
ng cj+E E gitidijvij — min, )
r

dyv

each of the terminals IJ- In this case, in

j=1 i=1 j=1

where ¢; — the costs of creation and use of the j-th

terminal (including delivery and storage costs); | -
number of terminals; n — number of consumers of

products; g; — volume of cargo for the i -th consumer; f
— transport tariff for the delivery of cargo to the i-th
consumer; d;; — distance between the i-th consumer and

if the

i -th consumer is serviced by the j -th terminal, v;; =0 —

the j-th terminal; v; — Boolean variable: v;; =1,

otherwise.

To solve the problem with the target function of the
type (1), approximate methods of directed interruption in
the direction of increasing the number of terminals of the
network are quite effective [19]. Their time complexity

has an order O[nz] r, and the error of solutions for tasks
with the number of consumers n <50 is less than 5%.

The tasks of structural and topological optimization
of closed logistics networks differ consideration of
reversible flows from consumers to centers of production
or processing (utilization). They predict the optimization
of the network, in which, in the first level are centers of
production and processing, on the second - terminals, on
the third - end consumers. The cost of the network in this
case consist of the cost of delivery of a direct flow from

the center of production to terminals Cp; , processing in
the terminals of direct C;, and reverse Cp, flows, the

delivery of a direct flow from terminals to consumers
Crg, the delivery of a return flow from consumers to

terminals Cg; and the backflow delivery from terminals
to the center [18]:

C=Cpp+Cr+Cpg+Csp +Cry +Cpp. 2

The mathematical model of such a task with the
target function (2) in the case of coincidence of production
and processing points can be presented in this form:

C= ZC X +ZZC”X- — min, (3)

i=1 j=1

x; €{0.1}i,j= zn: Vj=1,n;
X=[x]= n o - 4

D% =2(n—l)+2xii,

j=1i=] i-1

where ¢; — the costs of the terminal are organized on the
base (in the immediate vicinity of) i-th consumer; n —
number of network elements; X =[x;] — Matrix of

- Boolean variable: x; =1, if there
is a direct link between i -th and j-th elements of the
network; X; =0 — in other case; c; — shipping costs flow

from the network item i to the item.

The system of restrictions in the problem (3) - (4)
describes the entire set of permissible three-level
centralized structures with direct and reverse flows.

The basic task in the network of local transportation
is the problem of optimizing ring routes, which is reduced
to the classical sales problem (SP) or its varieties. The
most effective precise algorithms for solving the SP
without additional restrictions are based on the method of
branches and limits, and heuristic methods use different
search schemes in the vicinity of a basic solution [21-22].

The peculiarity of routing tasks in closed logistics
systems is that the direct stream can be delivered to the
network points and the reversible stream may be collected
from the network items by one and the same vehicle.
Consideration of this feature requires changes to
mathematical models and methods for solving problems of
optimization of networks of ring routes [18].

In modern conditions there are relatively rapid
changes in flows in all chains of logistics networks. With
relatively minor changes in flows, adaptation of existing
structures, which requires decision-making in the context
of part-time data [23-24]. At the level of micro logistics,
this is reduced to the operational solution of the problem
of optimizing the network of ring routes at a minimum of
costs [25]. With significant changes in flows, there is a
need for reengineering macro logistic networks. One of
the most important tasks in this case is the problem of
optimizing their topological structures in terms of
efficiency and expenses. This determines the relevance of

network elements; x;
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tasks of developing mathematical models and methods for
solving problems of reengineering of topological
structures of logistics networks.

The purpose of this article is the development of a
mathematical model and the method of solving the
problem of optimizing the topological structures of
logistics networks at the stage of reengineering, taking
into account the set of structural, topological and
functional constraints. To achieve the goal, the following
tasks are solved:

- formalization of the problem of systematic
optimization of logistics networks;

- development of a mathematical model of the
problem of optimizing centralized three-level topological
structures of logistics networks at the stage of
reengineering;

- development of the method of solving the problem
of reengineering of topological structures of centralized
three-level logistics networks;

- evaluation of the time complexity of the method of
optimizing centralized three-level topological structures of
logistics networks.

Results of the study

Due to a significant territorial dispersion of elements
of logistics networks, they are included in the class of
territorially distributed objects [18]. Each of these objects
as a system formally be submitted in the form of a tuple:

s=<E,R,G >, (5)

where E is a set of network elements; R =[r;] — the set

of bonds between elements, which traditionally set the
matrix of adjacency: f; =1, if there is a direct connection
between the i -th and j -th network elements, - otherwise;
r; =0 —otherwise; G —a set of places where the network

elements are located.
Based on a set of admissible locations of terminals of

a system G, each of the variants of the network
structure < E,R > may have different topologies G C G .
Each of the network <E,R,G> topologies
G =< Gg,Gg,G, > (where Gz — topology of elements;
G — topology of connections between elements; G, —
topology of movement of flows) will correspond to its set
of functional and consumables:

P=¢(E,R,G), (6)

where ¢ — a certain reflection.

&(s)=

where Ea ,6_1 —normalized values of the coordinates of the

a-(b, +1)-[1—[b1/(b1

According to the results of the analysis of the
purpose of creating a network s, the conditions for its

functioning and desirable properties P’ that are evaluated
by a plurality of local criteria k;(s), i=1,m , a subset of
elements E’(P’), connections between elements R’(P’)

and topologies on which it can theoretically be
implemented can be determined. Taking into account
economic, environmental, other restrictions are

determined subsets of permissible elements E- C E'(P’),
connections R* C R(P’) and topologies G’(P’) that
provide the possibility of obtaining necessary properties.

Further the most effective variant must be determined on
the permissible set of network construction options

S" ={s}:
s® =arg max P(s). @)

Due to the incomplete certainty of the requirements
for the properties of the logistics network as an efficiency
assessment (a function of general utility) P(s) in (2), itis

proposed to use the function of belonging to the fuzzy set
"Best Network Option" [26]:

«Best Network Option» ={<s,P(s)>, 8)

where s€S” — network construction option; P(s) — the

value of the function of the total utility of the option s,
which assesses the degree of its belonging to a fuzzy set
(8).

For quantitative evaluation of the efficiency of the
variants of network construction, we use the most versatile
additive-multiplicative model, built using Polynoma
Kolmogorov Gabor:

m m m
P(s)= D i -&i(s)+ D D Ajj -&i(8)-&i(8)+...,(9)
i=1 i=1j=i

where m — is a number of local criteria characterizing
network properties; 2j,%jj — weight coefficients of local

criteria and their yields Aj 20, 2jj 20, & (s) — local

criterion utility function kj(x), I=1,j .

To assess the usefulness of individual partial criteria
values, it is proposed to use the gluing function, which has
advantages in terms of accuracy and number of computer
operations for its calculation compared to the Gauss,

Harrington and logistics functions [27]:
+@B , 0 sE(s)sEa;
Ka
a+(1-a)-(b, +1)-{1—{b2 / [bz +k(s)—jkam ka <k(s)<1,
1-Ka (10)

gluing point of the components of the function,
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0<ka<1, 0<a<1; b,b, — parameters, nonlinearity

of the initial and final components of the function.

The task of reengineering the topological structure of
a centralized three-level closed logistics network with the
united items of production and processing is considered in
such a statement. Are specified:

- set of elements of the existing
I={i:i=1n};

- an existing version of the topological structure of
the network s’'€S” given by places of consumers,
terminals (coincide with places of location of elements),
center (coincides with the place of location of the element
i =1), as well as connections between elements, terminals

network

and the center [si’j 1. i,j= 1,n (si’j =1 if there are direct

connections between elements i and j , and si’j =0

otherwise);
- costs of creation (modernization), operation of

terminals [ci 1. i=1n, implementation of transportation

i=1,n [Cij 1. cost of resources that can be reused (or

realized) after dismantling of equipment of terminals or
vehicles.

It is necessary to determine the best of the set of
functional-cost indicators option of the topological

structure of the logistics network s° € S* .

Basic restrictions that are taken into account when
optimizing topological structures of three-level centralized
networks:

- each consumer of the network i, i=1,n must be

1 n
connected to one of the terminals: Y s; +»s; =1 for all

j=1 j=1
i for which s;=0,i=1n  or directly to the
manufacturer (center) s;; =1, i=1,n

- more than one consumer must be directly

1 n
connected to each terminal »"s; +»_s; >1, for all i, for
=1 =
which s; =1,i=1,n ;
—each consumer i connects to terminal j by
minimum of resulted expenses:

i<j<n

—each of the terminals of the network j has a direct
connection with the center sj; =1— s;; =1;

—the number of terminals in the network is in the
range 1§isii <nl/2;
i=1

—the total number of direct links in the three-level
n n n
network structure is equal to > >"s; =n+s;; .
j=li=j i=1
Formally set of permissible variants of network
constructing can be shown in this form:

[sij], Sij e{0,1}, i,j=1n, s, =1

n _
2 Sij 21, vj=1n;
i=]

n n n
S={s}=1 3% -Z-Sij =N+ 3 Si; (10)
j=1li=] =1
Sii :1—>si1=1 Vi=1,n;
Sii =1/\Sij =1-ij=arg igmjlgncji vi,j=1n.
Target Function for reengineering of logistics

network in the above designations may be shown in the
form:

n
ki(s',8)= AC= 2 [6(1-sij ) sii +djsijsii + € (L-5ij ) i - 6 (1-5if ) s 1+

n n
+j§1izzj [Cij (l-Si/j )sij +dij5i/j Sjj +eij(l-5ij )Si/j - jj (l-Sij )SIIJ 1—

where c¢; — costs for creating the i-th terminal in a new
structure, i=1,_n ; si’i, Sij — elements of matrices of

adjacency (connections) between elements in existing
network x’:[x{j] and network after reengineering

x:[xij]; d; -

g — costs of dismantling the i-th terminal of the existing

the cost of upgrading the i-th terminal ;

network; g; — cost of resources, which can be reused (or

implemented) after dismantling of equipment i-th
terminal; Gij — the given costs of transportation between

the elements i and j, i,j=1n .

(11)
mirl,
seS

It is considered that the cost of modernization,
dismantling and the cost of reused resources do not exceed
the expenses of new terminals and the sale of
transportation between the elements of the network:

e<c, d<¢, g<c, i=1n;
(12)

& <C, dj<¢;, g;<c, i,j=1n

Given the desire to minimize the maximum
time of delivery of goods to consumers, the
criterion of maximizing speed can be submitted in the

form of:

ko (8)= 7(s) = tpr () + 77 () + 715 5) — min, - (13)
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where 7p7 (s) — maximum time of transportation of goods

from the center of production to terminals;
71 (s) — maximum goods handling time in terminals;

Trs (s) — maximum time for delivery of goods from
terminals to consumers Cry .

Determination of weight coefficients of model (9) is
proposed using technology of comparator identification of
advantages of decision-making person [26].

In practice, for some types of cargo, the change in
delivery time (13) z(s) is uncritical when changing the
options for building a logistics network. Based on this, the
two-criterion task (10) - (11), (13) is reduced to single-
criterion (10) - (11) with an additional restriction on the
maximum delivery time of the cargo:

max t;(s) < T,
2<i<n

(14)

where 7;(s) — time of delivery goods to the i -th consumer;

7 — permissible time of goods delivery.

Analysis of the reported expenditure (11) provides
the following conclusions.

If reengineering results in a topological structure that
does not contain terminals and connections of a previously
existing network, it requires maximum additional costs
AC . Such a topological structure can be obtained by
solving a traditional network design problem. In this case,
the cost function of the number of terminals in the
network AC(I) is unimodal [28-29].

In the general case of reengineering, the cost
function of the number of nodes AC(I) can be multi-
extreme. Analysis of the components of the function (11)
showed that the most significant are the costs of delivering
goods between elements of the network. At the same time,
in the process of reengineering, situations are possible
when different parts of the existing topological structure
are used with a change in the number of terminals
1<1<n/2 at each step, which leads to the appearance
of local extremes in the function determination interval
(12).

The delivery time of the goods z(l), which is
determined by the ratio (13), increases with the number of
terminals 1<1<n/2. To solve the problem of
reengineering the topological structure, it is necessary to
use methods that allow you to obtain effective solutions
taking into account the monotonicity of the function (1)
(13) and the multi-extremity of the cost function (11)
depending on the number of terminals in the network
l1<l<n/2.

Total number of topological network reengineering
options for number of terminals 1<1<n/2 is:

B o T L o N | L)
N(n)_2§cn_2§ll(nfl)! 2" /2, (15)

where n — number of possible locations of terminals
(system elements).

The solution of the problem by the method of
complete search of all possible options for building a
network for the number of consumers n>50 is
impractical due to the high time complexity of such a
method.

To simplify the procedure for finding a global
optimal solution of the problem (10) -(11) we use the idea
of a method of directed variance proposed for
reengineering of territorially distributed objects in the
work [28]. Its essence lies in the previous definition of the
boundaries of the number of network terminals
Inin <1 <lqax, Which guaranteed corresponds to the

optimal solution of the problem. As the lower limit of the
number of terminals, we choose I,;, =1, that corresponds

to the hypothetical situation when
the only terminal is located on the territory of the
manufacturer. To determine the upper limit, it is necessary
to determine the minimum of maximum additional
costs (11):

AC i (8,1) — miln . (16)
S,

With this aim, it is necessary to solve the problem of
synthesis of optimal topology of the network (10) — (11)
without taking into account existing terminals. Search for
optimal task solution is offered to be carried out on a
segment 1<I <l , by changing the number of network

terminals by rule 1:=1+1.

Thus, to solve the problem by the proposed method,
it is necessary to find solutions of two auxiliary
tasks to find a minimum of maximum expenses and search
for a minimum additional cost of reengineering. Each of
the tasks has approximately the same computing
complexity as a classical problem of propyling the
topological structure. In view of this, the timing
of the proposed method has an order 20[t(n)] (where

t(n) is the timing of the method of solving the

classical problem of structural and topological
optimization).

The accuracy of the proposed method is determined
by the accuracy of methods for solving problems
determining the number of terminals and places of their
placement.

In order to implement a directional selection of
options for optimizing the placement of terminals, we use
a coordinatewise optimization method (COM) and an
evolutionary method built on the basis of a genetic
algorithm (EM-GA).

Coordinatewise optimization method (COM) [28,
29]. The essence of the method is to improve the initial
variant of the network by alternating optimization of
places of possible location of one terminal in fixed placed.
This procedure is cyclically repeated until the local
extrema of the target function is reached (11).

Algorithm

1. Incoming data settings: a set of places for possible
terminal locations; number of terminals |:=1; index of
the current terminal — j:=1; current iteration value -
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i:=0; the value of the full pass count for all network
elements u; an initial value for the best arrangement of

the terminals w°; best current criterion value
uy .
AC(W ) =o00.
2.To form an initial version of placement of
terminals w;', distribute consumers between terminals for

the minimum transportation costs

i,j=arg.min c.. Vi,j=1,n and calculate the value of
i<j<n I

the criterion AC(w!') (11).

3. Increase the value of the meter of iterations
i:=i+1; for aterminal j at w!' to change its location at
fixed terminal 1 -1 placement.

4, Calculate the value of the criterion AC(w}') (11).
If AC(w')<AC(wl), to save AC(w'):=ACW'),
w® == w; and go to step 5.

5. Increase the index of the current terminal
j=J+1.1f j<I,gotostep 3, otherwise go to step 6.

6. If u=0, to save W™ =w', u=u+1, j=1
and go to step 3, otherwise - to step 7.

7. 1f AC(w')<ACW'™!), to save w'™ =
u=u+1, j:=1 and go to step 3, otherwise - to step 8.

8. End of the algorithm operation: a decision was
made to place terminals w° with the minimum of the
considered cost values AC(w°).

u
Wi’

Evolutionary method based on genetic algorithm
(EM-GA). This method iteratively implements

Table 1. Results of experimental research of methods

the procedures of inheritance, mutation, selection,
crossingover [29-30]. Each chromosome of the genetic
algorithm displays a plurality of terminal w, locations on

the iteration i. The terminal index code is used as the
gene, and the function is used as the adaptability function
(112).

Algorithm

1. Incoming data settings: a set of possible locations
of terminals; chromosome population size; probability of
mutation p; number of iterations (populations) i:=0; the

quantities of iterations i"; the best current criterion value
AC(W; ) i=00.

2. Transition to next iteration i:=i+1. Population
formation.

3. Calculate the value of the adaptability function
(11) for all chromosomes of the population and choose the
best chromosome by the minimum value of the
adaptability function AC(w; ); w° == w; .

4.1F AC(W,_;) > AC(W, ), then w°® :=w; .

5.1f i>i",then go to step 9, otherwise go to step 6.

6. Chromosome selection.

7. Perform crossing operations and (with a given
probability) mutation.

8. Form a new population and go to step 3.

9. End of algorithm operation: the decision to locate
terminals with minimum cost considered w° with the
minimum of the considered cost values AC(w°).

The results of the experimental study of accuracy
and time of solving problems of optimization
of topological structures of logistics networks
with the number of elements n=15+40 are given in
table 1.

; ; n Relative error of the decision, 6C(n) , % Time to solve the problem, t(n) ,C
Dimension of the task,
COM EN-GA COM EN-GA
15 0.17 1.86 0.52 0.22
20 0.32 2.54 3.03 0.71
25 0.56 3.12 5.24 1.86
30 0.72 3.61 11.86 3.91
35 0.88 4.81 21.35 8.13
40 0.99 6.84 35.26 14.01
Average value 0.61 3.86 12.88 481
In order to predict the assessments of the proposed — EN-GA: S6C(n) =0.0066n> —0.1786n +3.2418 ;
methods in solving large-size tasks, approximation of data R® 09823

in table 1 is carried out.

Functions of errors for the proposed modifications of
the method of directional selection of options are
approximated by polynomials with reliability R”:

— COM: §C(n) =0.0339n+0.3268, R* =0.9892;

The functions of time complexity for the proposed
modifications of the method of directed variants are

approximated by polynomials with reliability R”:
— COM: t(n) = 0.0615n? —2.0388n +17.939,

R? =0.9969 ;
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— EN-GA:

R? =0.9966 .

Approximations obtained according to table 1 data 1,
allow to choose a more effective modification of the
method for solving practical problems of large dimension,
based on the necessary accuracy, available computing and
time resources.

The method based on coordinate optimization
procedure COM has substantially higher accuracy, but it is
more complex from a computing point of view. The
accuracy of the evolutionary method based on the genetic
EN-GA algorithm can be increased by increasing the
number of iterations.

S5C(n) =0.028n* —0.0083n +9.2995 ;

Conclusions

As a result of the study, the state of the problem of
optimization of global and local transportation routes in
macro and micro logistics in systems of ecological and
reversing logistics is analyzed. It is established that the
tasks of direct and reversing logistics are considered as
conditionally independent, which does not allow to
receive effective global solutions as a whole. In addition,

In the first stage using a methodology for the
synthesis of territorially distributed objects and the
adoption of multicriteria decisions, formalization of the
problem was performed. On this basis, a statement is
formulated and a mathematical model of the problem of
reengineering three-level topological structures of
logistics networks according to cost and efficiency
indicators for the case of combined production and
processing points. Due to the combinatorial nature of the
problem to reduce the time for its solution to the proposed
method of directed selection of options for building
the network. In the modifications of the method for
solving the problem of placement of terminals, it is
proposed to use procedures for the coordinate
optimization and modeling of evolution using a genetic
algorithm.

The method based on the procedure for
coordinatewise optimization has substantially higher
accuracy, but it is more complex from a computing point
of view. The accuracy of the evolutionary method based
on the genetic algorithm can be increased by increasing
the number of evolutions.

According to the results of research, the
approximation of indicators of their accuracy and time

because of the emergence of new consumers, the change
in delivery volumes, the introduction of environmental
restrictions there is a need to re-engine the logistics
networks, which provides for their radical redevelopment.
As a result of decomposition, problems are allocated tasks
that require the development of new mathematical models
and effective methods for solving their solutions.

complexity is performed, which in practice will allow a
more effective modification of the method to solve
practical problems of large dimension, based on the
necessary accuracy, available computing and time
resources.
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OIITUMIBALIA TOIMOJIOTTYHUX CTPYKTYP HEHTPAJII3OBAHUX
JIOTICTUYHUX MEPEX Y ITIPOLUECI PEIH) KUHIPUHI'Y

IIpeamMeToM JOCTIDKEHHST B CTaTTi € TOMOJIOTIYHI CTPYKTYPU MeEpex 3aMKHYTOi JOTricTHKH. MeTta poOOTH — CTBOPEHHS
MaTeMaTH4HOI MOJIeNi Ta METO/IiB BUPIIICHHS 3aBJaHb ONTHMI3aLli] TOMOJOTIYHUX CTPYKTYP LIEHTPATi30BaHUX JIOTICTHYHUX MEPEX y
npolueci IXHbOro PeiHKUHIPUHTY 3 ypaxXyBaHHAM MHOXXHHHU TOIOJIOTIYHHX 1 (pyHKIIOHAJIbHUX OOMEXKEHb. Y CTaTTi BUPILIYIOTbCS
HACTYIIHI 3aBJAHHS: aHAJi3 Cy4aCHOTO CTaHy MPOOJIEeMH CHCTEMHOI ONTHMi3alii JOTICTHYHHX MEpPEeX Ta METOIIB ii BUpIIICHHS;
(dopmamizamis MPoOIEMH CHUCTEMHOI ONTUMi3amii JIOTiICTHYHHX MEpPEeK SK TEPUTOPIANbHO PO3MOMUIEHHX 00’€KTiB; PO3poOKa
MaTeMaTHYHOT MOJEINi 3aJadi ONTUMi3amii HEeHTPaTi30BaHUX TPHPIBHEBUX TOIOJOTIYHUX CTPYKTYp JOTICTHYHHX MEpEeX Ha eTari
PEIHKHHIPHHTY; pO3po0Ka METOAY PO3B’SI3aHHS 33/1a4i PEiHKWHIPUHTY TOIOJOTIYHHX CTPYKTYp MEHTPATi30BaHUX TPUPIBHEBHX
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JIOTICTUYHUX MEPEX; OLIHKa YacoBOi CKIAAHOCTI METOAY ONTUMi3alii LEHTPaTi30BaHUX TPHUPIBHEBUX TOIOJIOTIYHUX CTPYKTYpP
JIOTICTUYHUX MepeX. BHKOpHUCTOBYIOTBCS Taki MeTOAM: METOIM Teopil cHUCTeM, METOAM Teopii KOPHCHOCTI, omTuMmizamii Ta
JOCHipKeHHs omepaiiif. OTpuMaHi Taki pe3yJbTaTH: BUKOHAHO aHANi3 Cy4YacHOTO CTaHy HpOOJIeMH CHCTEMHOI OmTuMi3amii
JIOTICTHYHUX MEPEXX Ta METOJIB i BUPIIICHHS; BUKOHAHO (hopMai3allifo NpoOIeMHy CHCTEMHOI ONTHMI3alii JIOTICTHIHUX MEpex SK
TEPUTOPIaTbHO PO3IONUICHUX 00’€KTiB; pO3pOOJIEHO MaTeMaTHYHy MOJENb 3aladi PeiHKHHIPUHTY TPHPIBHEBHX TOMOJIOTIYHHX
CTPYKTYp JIOTICTUYHHX MEpeX 3a IIOKa3HMKaMH BHTpAT Ta OIEPAaTHUBHOCTI UIS BHIAAKYy OO0 ’€JHAHMX IyHKTIB BHPOOHHITBA i
nepepoOKy; po3po0IICHO METOOM  CHPSIMOBAHOTO Iepebopy BapiaHTIB MOOYMOBH JIOTiCTHYHOI MepeXi, sSKi BHKOPHCTOBYIOTBH
MPOLEAYPH MOKOOPAMHATHOI ONTHMIi3allii Ta MOJCIIOBAHHS E€BOJIONIl Ha OCHOBI TE€HETHYHOIO AITOPUTMY; OTPUMAHO OLIHKH
TOYHOCTI Ta 9acOBOI CKJIQTHOCTI METOJIB ONTUMi3allii HEHTPali30BaHUX TPUPIBHEBUX TOMOJOTIYHUX CTPYKTYP JOTICTHYHHX MEPEX.
BuchHoBku: 3a pesynbTaTaMH JOCIHIIKEHHS 3alPOIIOHOBAHMX METOIIB PO3B’SA3aHHS 3aJadi BUKOHAHO AaMpPOKCHMALII0 MOKA3HHUKIB
iXHBOI TOYHOCTI Ta 4YacoBoi ckiamgHocTi. Ha mpakTumi 1e m03BOJIMTH oOupaTé Oinbln eQEeKTHBHHH METON Uil PO3B’SI3aHHSI
MIPAaKTHYHUX 33714 BEIUKOi pO3MIPHOCTI, BUXOASYH 3 HEOOXITHOI TOYHOCTI, HASIBHUX OOUMCIIOBAIBHMX 1 9aCOBUX pecypciB. Meton
Ha OCHOBI MPOIICTYPH TTOKOOPIMHATHOI ONTUMI3allii Mae CyTTEBO BHIIY TOYHICTh, MMPOTE BiH € OLTBII CKIAJTHUM 3 OOYHCITIOBATEHOL
TOYKH 30py. TOYHICTH €BOJIIOMIHHOTO METOAYy Ha OCHOBI I'€HETHYHOTO AITOPHUTMY MOXKE OYTH IiJBHINEHA IUIIXOM 301IbIICHHS
KijbKocTi itepaniii. [IpakTndHe BHKOPUCTAHHS 3allpOIIOHOBAHMX MAaTEMaTHYHOI MOJENi 1 METOMIB PEiHKHHIPUHTY TOIIOJIOTIYHUX
CTPYKTYP LIEHTPaTi30BaHUX MEPEX 3aMKHYTO1 JOTICTHKH 33 PaXyHOK CIIJIBHOTO PO3B’SA3aHHA 33a7a4 U1 NPSAMUX 1 3BOPOTHUX MOTOKIB
JIO3BOJIUTH CKOPOYYBATH BUTPATH HA peaji3alilo TPAaHCIIOPTHOI MisSUTBHOCTI KOMIIAHIH.
KniouoBi ci1oBa: 3aMKHEeHa JIOTiCTHKA; JOTICTHYHA MEPEKa; ONTUMI3allis; peIHKUHIPUHT; CTPYKTYpa; TOIOJOTIS.

ONTUMM3ALUS TOHOJOI'HYECKUX CTPYKTYP HEHTPAJIM3OBAHHBIX
JJOTUHCTHYECKUX CETEU B ITPOHECCE PEMHXXUHUPUHI' A

IIpeaMeTOM HCCIIENOBAHUS B CTAaThE SBISACTCS TOMOJIOTHYECKHE CTPYKTYPHI ceTeil 3aMKHyTOH Jloructiky. Ileas paboTel — co3nanue
MaTeMaTHYeCKOH MOJEIN U METOJOB PELICHHs 3a7a4 ONTHMH3AINU TOIOJIOTHYECKUX CTPYKTYP LEHTPAIN30BAaHHBIX JIOTUCTHYECKUX
ceTeil B Ipomecce MX PEHMH)KMHUPUHIA C yYEeTOM MHOXKECTBAa TOIOJIOTHYECKHX M (DYHKIMOHAIBHBIX OrpaHHYeHUHd. B craTbe
penraTcs CIeayrone 3aauM: aHaJU3 COBPEMEHHOTO COCTOSHHUS MPOOJIEMBI CHCTEMHON ONTHMH3ALMH JIOTHCTUYECKUX CeTeH M
METOJIOB €e¢ pelIeHus; (opMamu3anus INPoOJIeMbl CHCTEMHOH ONTHMH3AIMM JIOTHCTHYECKHX CeTed Kak TeppUTOPHAIBHO
pacnpesieNieHHbIX O00BEKTOB; pa3pabOTKa MaTEMaTHYECKOH MOJENIM 33/aud ONTHMH3ALUMH IIEHTPAJM30BaHHBIX TPEXYPOBHEBBIX
TONOJIOTUYECKHUX CTPYKTYp JIOTUCTHYECKUX CeTeil Ha 3Tane peHHKMHUPHUHTA; pa3paboTKa METO/a PEIICHHs 3a/ladi PEHH)KUHHPHUHTA
TONOJIOTUYECKUX CTPYKTYP LEHTPAIU30BAHHBIX TPEXYPOBHEBBIX TOIOJIOTUYECKHX CTPYKTYp JIOTHCTHYECKHX CETCH; OLCHKa
BPEMEHHOH CJIO)KHOCTH METOZA ONTHMH3AlMHM LEHTPAIH30BAHHBIX TPEXYPOBHEBBIX TOMOJOTHYECKUX CTPYKTYpP JIOTHCTHYECKHX
cereil. Vconp3yloTes cieyomue MeTOABI: METOIbI TEOPHUH CUCTEM, METOJIBI TEOPUH MOJIE3HOCTH, ONTUMHU3ANNH M UCCIIETOBAHUS
onepanuii. [ToydeHs! cienyromue pe3yabTaThl: BHIIOJHEH aHAIN3 COBPEMEHHOTO COCTOSIHUS TPOOIIEMbI CHCTEMHON ONTHMHU3AUH
JIOTHCTUYECKUX CeTed M METOJOB €¢ PEIICHHs; BHINONHEeHa (opMmann3anus mpoOiieMbl CHCTEMHOW ONTHMM3AIMU JIOTUCTHYECKHX
ceTeil Kak TEepPUTOPHAIBbHO pAacIpeleleHHbIX O00BeKTOB; pa3paboTaHa MaTeMaTHdecKas MOJAENb 3aJadyd PEeUHKMHHPHHIA
TPEXYPOBHEBBIX TOMOJOTHYECKUX CTPYKTYp JIOTHCTHYECKHX CeTed IO TMOKa3aTelsM 3aTpaT M ONEepaTHBHOCTH JUIS  Clydas
00BeJMHEHHBIX ITYHKTOB MPOM3BOJCTBA M HepepaboTKU; pa3paboTaHbl METO/B! HAIPABICHHOTO Nepebopa BapHAaHTOB MOCTPOCHUS
JIOTHCTHYECKON CETH, KOTOPBIE MCIOJIB3YIOT MPOLEAYPhl HOKOOPAMHATHOW ONTUMHU3ALMU M MOJICIMPOBAHHUS SBOJIIOLMU HA OCHOBE
TEHETHYECKOTO0 aJIrOPUTMA; IOJYYESHBI OLEHKM TOYHOCTH M BPEMEHHOH CIOKHOCTH METOJOB ONTHMH3AIMH LEHTPAIH30BAHHBIX
TPEXYPOBHEBBIX TOIMOJOTHYECKHX CTPYKTYp JIOTHCTHYECKHX ceTeid. BbIBoabl: ITo pe3ynbraTtaM HCCIIENOBaHHS HPEIOKEHHBIX
METOJIOB pELIeHNs 33/1aud BBIIOJHEHB! alMpOKCHMAIUs TOKa3aTeleil HX TOYHOCTH M BPEMEHHOW ciokHocTh. Ha mpakThke 31O
TIO3BOJIUT BEIOMpATh Gostee 3h(HEKTUBHBIH METOJ| AJIsl PEIICHUs IPAKTHYECKUX 3a1ad OONBIIONH Pa3MepHOCTH, CXOJs U3 TpeOyemMoii
TOYHOCTH, MMEIOIINXCS BBIYHCIUTENBHBIX M BPEMEHHBIX pecypcoB. MeTo Ha OCHOBE MPOLEAypbl HOKOOPANHATHOTO ONTHMHU3ALNH
HMEeT CYLIECTBEHHO 00Jiee BBICOKYIO TOYHOCTb, O/THAKO OH SIBJISIETCS 00JIee CIIOKHBIM C BBIYMCINTEIBHON TOUKU 3peHHs. TouHOCTh
9BOJIFOL[MOHHOTO METO/Ia Ha OCHOBE I'€HETHYECKOTO AITOPUTMa MOXKET OBbITh MOBBIIICHA MYTEM YBEJIHYCHHUS KOJHYECTBA HUTEPAIIMil.
ITpakTH4ecKoe HCIONB30BaHUE MPEIOKEHHBIX MaTeMaTHYECKOH MOJEIN M METOJOB PEHH)KHMHUPUHIA TOTOJOTHYECKHUX CTPYKTYD
LIEHTPAIM30BaHHBIX CETEH 3aMKHYTOMH JIOTHCTHKH 3a CYET COBMECTHOTO PEIICHHS 3a/1a4 VISl MPSIMBIX U 0OPaTHBIX MOTOKOB ITO3BOJIUT
COKpAIIaTh PacXOIbl Ha PEaM3aLHI0 TPAHCIIOPTHON JEeATEIbHOCTH KOMITaHUH.
KunroueBsbie ci10Ba: 3aMKHYTast JIOTUCTHKA; JIOTHCTUYECKAs CETh; ONTUMU3AIINS; PEHHXMHUPHHT; CTPYKTYpPa; TOMOJIOTHSI.
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