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FORMALIZATION OF THE PROBLEM OF TRANSPORT LOGISTICS
OPTIMIZATION NETWORKS AT THE STAGE OF REENGINEERING

The subject of research in the article is the process of supporting decision-making in the tasks of optimizing closed logistics networks
at the stage of reengineering. The goal of the work is to improve the efficiency of technologies for the automated design of closed
logistics networks due to the improvement of mathematical models of multi-criteria problems of reengineering their topological
structures. The following tasks are solved in the article: review and analysis of the current state of the problem of supporting
decision-making in the tasks of optimizing logistics networks at the stage of their reengineering; decomposition of the problem of
optimization of logistics networks at the main stages of their life cycles; selection of a logical scheme of the reengineering process of
the logistics network as a territorially distributed object; development of a mathematical model of the general problem of multi-
criteria optimization of logistics networks according to indicators of economy, efficiency, reliability and survivability; selection of
models for scalar multi-criteria evaluation of reengineering options, taking into account factors that are difficult to formalize,
knowledge and experience of the decision-maker. The following methods are used: system approach, theories of systems, theories of
usefulness, theories of decision-making, system design, optimization and operations research. Results. Decomposition of the
reengineering problem was carried out on the following tasks: determination of the purpose of reengineering and the principles of
network reconstruction; network structure optimization; optimization of the topology of network elements; selection of functioning
technology; determination of parameters of elements and vehicles; assessment and selection of the best network construction option.
The general mathematical model of the multi-criteria task of reengineering the topological structures of centralized three-level
logistics networks based on the indicators of costs, cargo delivery time, reliability and survivability has been improved. Universal
functions of general utility and utility of local criteria are proposed to obtain scalar estimates for multiple indicators. Exclusion of part
of local criteria and restrictions from the general model allows obtaining models of practically all interesting problems of optimization
of logistics networks. Conclusions. The developed complex of mathematical models expands the methodological principles of
automating the processes of designing logistics networks, allows for the correct reduction of a set of effective options for their
construction for the final choice, taking into account factors that are difficult to formalize, the knowledge and experience of designers.
The practical use of the proposed complex of mathematical models will reduce the time and capacity complexity of project decision-
making support technologies, and due to the use of the proposed options selection procedures, increase their quality based on a
number of functional and cost indicators.
Keywords: logistics network; design technology; optimization; reengineering; multi-criteria evaluation; decision support.

Introduction

The efficiency of production and sales processes of
modern companies is largely determined by the quality of
their logistics, which traditionally covered the processes
from the development of sources of raw materials to the
supply of finished products to the final consumer [1 - 3].
The next stage in the development of logistics was the
management of material, financial and information flows
in supply chains. At the same time, one of the more
fundamental planning frozen in supply chain management
(SCM) is the supply chain network design (SCND) [4].
Under increasing environmental constraints, logistics
activities have encompassed the entire cycle from optimal
use of raw materials to the disposal of waste activities.
The methodology of environmental ("green™) logistics is
aimed at reducing the risks of environmental degradation
and improving the environmental and economic efficiency
of companies [5 - 6]. The reversible and closed-loop
logistics, which cover the tasks of optimization of reverse
inventory, information, money flows, are rapidly
developing within the environmental framework [4 - 7].

Changes in the nomenclature and demand for
products, location of production facilities and recycling or
disposal centers (containers, waste, substandard products,
etc.), used vehicles, expansion of the consumer network at
a certain stage leads to the need to reengineer existing
logistics networks [8]. In general, logistics reengineering
involves solving a set of tasks: determining the objectives
of the reorganization of the logistics network;

identification of operations subject to reengineering;
system analysis and development of the reengineering
option; evaluation and comparative analysis of the
proposed reengineering option; implementation of the
reengineering project. At the same time, design and
management decisions on reengineering of supply chains
(SC) in dynamic business environments should be
sufficiently flexible and viable. This, as well as the need
to take into account the reverse flows in the processes of
closed logistics, generates many new tasks that require
system formalization and development of effective
methods for their solution [9-10].

Analysis of the current state of the problem and
methods of its solution

Reverse and closed-loop logistics are considered one
of the effective means of reducing environmental
pollution and resource consumption through the recycling
and recovery of used products [11 - 13]. At the same time,
the theory of optimization of logistics networks with both
single and multiple options for recycling or recovery of
goods is being developed [14 - 15]. Regardless of the type
of structures, networks of both traditional and closed
logistics systems usually cover significant areas. Their
structural, functional and cost characteristics are largely
determined by their topology (location of production,
processing, recycling, hubs, and consumers). This feature
allows us to classify closed logistics systems into the class
of territorially distributed objects [16]. The problem of
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optimizing such objects belongs to the poorly structured.
It contains a set of tasks not fully defined in terms of goals
and data, for which no technologies for effective solutions
have been designed. The methodology of structural
synthesis of such objects is based on the ideas of
aggregate-decomposition and block-hierarchical
approaches. This involves dividing the description of
closed-loop logistics systems into hierarchical levels and
aspects, and the optimization process — into groups of
procedures related to obtaining and transforming
descriptions (solutions) on the selected levels and
aspects. Subsequently, the descriptions obtained are
combined to receive generalized solutions at the
appropriate level.

Traditionally, the optimization problem for such
objects is considered as a meta-problem MetaTask e
decomposition of which establishes a set of interrelated
local problems:

Metalevel

Macrolevel

MetaTask ={Task'}, Task' ={Task'}, i=1i, I =1,n,, (1)

where Task' — set of tasks of the I-th decomposition

level; Task/ — i-th local task of the I-th level; i —
number of local tasks at the I -th level; n, — number of

levels of problem decomposition.

At the three-level decomposition scheme (fig. 1), the
tasks of system optimization of the logistics network as a
territorially distributed design object are distinguished at
the macro level [8, 10, 16]. They reflect the features of the
main stages of its life cycle and differ only in terms of

constraints: Task] — formation of network creation goals
and development of the terms of reference for its design;
Tasks — system design; Task; — network development
planning; Task; — network modernization; Tasks —
network reengineering.

Fig. 1. Decomposition scheme of the logistics network optimization problem as a regionally distributed object [16]

Optimization of transport logistics networks in the
process of reengineering at the lower level involves

solving a set of interrelated tasks (fig. 1): Taskf -
determination ~ of  reengineering  objectives and
principles of network reengineering; Task22 -

optimization of network structure; Task§ — optimization
of network elements topology (production,
processing or recycling points, hubs); Taskf — choice of

functioning technology; Task52 determination of

elements and transport means parameters; Task? —

evaluation and choice of the best option of network
construction.
In this case, each of the allocated local problem tasks

Task! , i=1,i is considered as a transformer of its input

data IniI into its output data Ou'[iI :

Task! : Inl >out], 1=1,n, i=1] .

@)

For an estimation of design decisions the
methodology of the functional-cost analysis which
assumes a maximization of efficiency of variants of

network construction P(s)— max (where S” is a set of
seS

admissible variants of network reengineering) is used. For
an estimation of efficiency in practice, the ratio of the
received effect from use of a network Q(s) and expenses

for its achievement C(s) is used [10]:

Q(s)=F(E, R,G), ®)

where E, R, G — respectively the set of network elements,

links between elements and their topologies, determining
the locations of the elements; F,, F, — some mappings

establishing the dependencies of effect and costs on the
characteristics of the network s=<E, R, G >.

Under the given constraints on the scalar
effectQ(s)>Q" and (or) cost C(s)<C" indicators, the

C(s)=F,(E, R,G),
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problem of reengineering the logistics network is formally

s” =argma{[P(s)=Q(s)/ C(s)] : O(s)> 0, C(s)<C}.

Under the condition of a single constraint on the
effect Q(s)>Q" or cost C(s)<C" indicators, problem

(4) is transformed into the problem of maximizing the
effect of using the network under given constraints on
resources:

s°:argma§1§(Q(s): C(s)<C ), (5)

or cost minimization under given constraints on the effect
of using the network:

s° =argmin(C(s): O(s)>Q"). )

Based on the decomposition of the problem (1) and
reengineering goal setting and network reengineering

principles Taskf (4), a network model of the basic

problem is created [17]. Based on this model, a logical
scheme for obtaining a design solution is created, which

will determine the order of solving local tasks of network
reengineering Task?, i =1,6 . For its construction, a tuple

of sets is defined:

presented in the following form:

(4)

where Tasks ={Task?}, i=1,6 — ordered set of network
reengineering tasks; In — set of task tuple input data
Tasks; Res — set of task constraints; DesDec — set of
options for reengineering the network; ProcDec - a
problem-solving  procedure  that  establishes a
correspondence between tuples < In,Res> and sets of

corresponding design solutions DesDec .
At that, the models of each of the logistics network

reengineering tasks Task?, i=1,6 are presented in the
following form:

ModTask? : { In%,Inj ,Res? } — DesDec?, i=16, (8)

where InZ,Ini — respectively the sets of external and
internal with respect to the set of tasks of reengineering of
the input data-network TaskZ of the i -th local task.

For the correct solution of the problems Task?,

Task?, Task?, Task? i TaskZ and information on the

solutions of previous problems is used. To obtain it, it is
proposed to use an iterative logical scheme that provides

CirDes =<Tasks, In,Res,DesDec,ProcDec >,  (7)  for cyclic implementation of procedures for generation,
analysis of reengineering options and selection of the best
among them (fig. 2).
In?, Res? In2, Res? In2; Res? InZ; Res? InZ; Res?  InZ; Res’
DesDec? DesDec DesDec? DesDec DesDec DesDec? |
1 : i 1
InDats ProcDec ProcDec ProcDec ProcDec 2 ProcDec 2 ProcDec ? iDesDec5
. In3, In 2, In2, InZ, InZ,
Fig. 2. Iterative logical scheme of reengineering a logistics network as a regionally distributed object [17]
Assessment of the properties of options for - network reliability (availability factor):

reengineering the logistics network is carried out using a
set of local cost and functional criteria (cost of goods
delivery, time of goods delivery, reliability, survivability
of the system, etc.) K(s)=[ki(s).ky(s),...kn(S)]
[8, 10]:

- costs involved ki (s)— gngrl :

ky(s)— max;
seS*

- network survivability (share of consumers who
receive cargo when its components are damaged):
ky(s)—> max.

seS*

Taking into account the constraints on cost and
functional indicators of options mathematical model of
multi-criteria problem of optimization of the logistics
network is represented in the following form:

- cargo delivery time: ky(s) — misn ;
seS*

ky(s)— min: ky(5) <Kj; Ko(s) — min:ky(s) <ky; Ks(s)— max: ky(s)>kz; k,(s)— max: k,(s)>ky, (9)
seS* seS* seS* seS*
where ki, k;,

indicators, responsiveness, reliability and survivability o
the logistics network.

k;, kZ — limit acceptable values of cost To choose the best option of network reengineering

§ from the set of admissible s°eS” in the process of
problem solution utility theory models are applied with
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the use of methods of quantitative or qualitative
estimation [18 - 20]. At the same time, it is recommended
to remove a subset of dominant (inefficient) variants of
network S construction from the set of admissible ones
[21]. After that, the choice will be made only from the set
of effective (Pareto-optimal) options:

sf=s"\s, s¥Ns=@, sfUS=S". (10)

The procedure of compilation and selection on small
sets of effective network S® reengineering options is
carried out by decision makers (designers) using methods
of multicriteria analysis, the most common among which
include AHP, MAUT, TOPSIS, PROMETHEE,
ELECTRE [22 - 23]. Each of the methods uses a different
technology to evaluate decisions, so different variants of
reverse engineering can be established as the best.
Recently, the comparator identification method, which
allows to synthesize a function for quantitative
scalar evaluation of the whole set of reengineering
variants on the basis of some revealed order on
the set of effective variants P(s), seS® has become
popular [21, 24].

The most widespread for scalar multicriteria
evaluation of options is additive convolution of local
criteria using relatively simple functions of their utility
[21, 24]:

P(S):Zijé:j(s)l
=1

&(s)={Ik;(s)—kj 1/ [k} —kj Iy, (11)

where 4; — coefficients of local criteria importance
_ m

ki(s), j=Lm, 4;20, > 2, =1; &;(s) — value of the
j=1

utility function of the j-th local criterion for the network

reengineering option s; ki, kj+ , j=1,_m — the worst

and the best value of the j -th criterion on the admissible

Hi

particular kind of function &;(s): concave, convex or

set of variants S*; — the parameter defining a

linear.

According to the results of the review of the current
state of the problem of optimization of transport logistics
networks at the stage of reengineering, it was found that:

- the existing models of the problems of
reengineering of logistics networks (1) - (8) determine
only the relationship of the tasks by variables and
parameters and do not allow to obtain quantitative
estimates of the options by a variety of functional and cost
indicators;

- problems of structural and topological optimization
of logistic networks refer to the class of multi-criteria,
have combinatorial nature, and the vast majority of
options for building networks, analyzed in the process of
their solution, are ineffective;

- there is a need to improve mathematical models of
structural and topological optimization problems of

logistic networks for quantitative assessment of network
reengineering options on the set of functional and cost
indicators.

In this regard, the aim of the article is to improve the
efficiency of automated design technologies of closed
logistics networks by improving the mathematical models
of multi-criteria problems of reengineering their
topological structures.

Research results

Let us consider the problem of optimizing a closed
logistics network with integrated centers (production and
processing points) according to the four local criteria of
economy, efficiency, reliability, and survivability. The
indicators of economy and efficiency are traditional in
solving the problems of optimization of logistics
networks, and the indicators of reliability and survivability
are important for military logistics and logistics of critical
systems [25].

The problem of reengineering the topological
structure of a centralized three-level logistics network is
considered in the formulation [8, 10]. Given: the set of

elements of the existing network 1 ={i: i:1,_n}; the
existing variant of the topological structure of the

network s’ € S”, specified by the locations of consumers,
nodes, center (coincides with the location of the element
i =1), as well as the links between consumers, nodes and

center [si'j] i,j=1,_n (si’jzl if there is a direct
connection between the elements i and j and si’j =0 -
if not); the costs of creation (upgrading), operation of
nodes ¢, i=1n implementation of transportation
Cj, I,J= 1,n , the cost of resources that can be re-used (or

sold) after the dismantling of equipment nodes and
transport means.
It is necessary to determine the best option in terms

of cost, efficiency, reliability and survivability
of the topological structure of the logistics network
°eS” (7).

The set of admissible variants of topological
structures of the centralized three-level network can be
represented in the following way:

[sil s;€{0.1} i,j=1Ln, ;=1

S={s}= (12)

The main constraints for a three-level centralized
network, presented in conditions (12): each consumer in
the network must be connected to one of the nodes or
directly to the center; more than one consumer must be
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directly connected to each node; each consumer i is
connected to terminal j by an indicator of minimum
reduced costs; each of the nodes in network j has a direct
connection to the center; the number of nodes in the

n
network is in the range 1< Y 's; <n/ 2 ; total number
i=]

of direct connections in the network structure is

n n n
> Zsij =N+Xs;.
j=Lli=j i=1

The local criterion for the cost of reengineering the
logistics network in the above designations can be

represented in the following form:

ki (s',8)= i [ci(1-sfi) s +disis; +e(1-5;) s -9i(1-5; ) sii 1+
i1

(13)

n n i
+30 > [o(1-5f ) s+ i s +e(1-55) Sf - 95 (L-5) 57 1 — min,

j=li=j
where ¢; — the cost of creating a i-th consumer-based
node; i=1n; si,
connections between elements in the existing network
s'=[s;] and in the network structure after

reengineerings = [s;; ] ; d; — given the cost of upgrading a

S;j— elements of the matrices of

i -th consumer-based node; ¢; — the cost of removing a i -
th consumer-based node in the existing network; g; — the

n n n n
ky(s)= [m?Xi;lTliSli +mi‘7~x§lfisii +max 3 > Tys; [ — ?le'*l

where t,; — time of cargo transportation from the
production center to the node at the base of the i-th
consumer; t; — time of cargo handling at the node at the

base of the i-th consumer;

from the node at the base of the i -th consumer to the j -th
consumer.

When assessing the reliability of logistics network
options, we take into account the reliability of production
equipment, node equipment, and vehicles in use. We will
assume that the equipment of the nodes of the logistics
network and the vehicles used have the same reliability. In
the local reliability criterion, we propose to use the
coefficient of network availability for the full performance
of the function of cargo delivery:

— time for cargo delivery

ky(5)=hyx (0, )@ (g )" (h, )" - max,  (15)
se

where h;, h,, hy, h, — availability coefficients of the

equipment of the center, node, transport means used

between the center and nodes, as well as between the nodes
n

and consumers; U(S)= >"S; — number of nodes in the
i=1

network.

When estimating the survivability, we will assume
that the consumers of the logistics network receive
approximately the same amount of cargo (have

&(s)=

5+(1—5)(b2+1)[1

cost of resources that can be reused after the removal of
i -th consumer-based node equipment; C; — the given
cost of transporting goods between elements i and j,
i,j=21n.

The local efficiency criterion for a three-tiered
centralized network defines the maximum delivery time to
the entire set of consumers:

i oi—ti-1 " " (1)
approximately the same weight for the sender). While
estimating the survivability of the network, we can use the
value of the share of consumers receiving cargoes in case
of single damage of its components. In this case

irrespective of the topological structure of the network,
when the center equipment is damaged k,(s)=0, and
when a single vehicle is damaged between the nodes and
the end users k,(s)=(n-1)/n. From the point of view of

survivability, the damage of a node causes the same
network losses as the damage of the vehicle between the
center and the node. Considering this, the survivability
maximization criterion, taking into account the damage of
the vehicle between the center and the nodes, as well as
the node equipment, can be represented in the following
form:

k,(s)=1 min (n-injis-isii)/n —max. (16)
1<j<n j=2i=j ! €S

To estimate the values of local criteria, we use the
most effective in terms of the complex indicator
"accuracy-complexity" function that allows to reproduce
not only linear, but also non-linear, including S- and Z-
shaped approximations. [21]:

5(b1+1)[1—[b1 / [bl +@mo <k(s)<Kka;
Ka
—{bz /(b2 +Mm,§a <k(s)<1,
1-Ka

(17)
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where §(s)=E(s); ka,a — coordinates of the glue point

of the function, O<ksa<1, 0<a<1; byb,

parameters determining the type of dependence on the two
segments of the function

To quantify the overall usefulness of options for
reengineering logistics networks on the four indicators, we
will use a universal function constructed using the
Kolmogov-Gabor polynomial [21, 24]:

4 1 4 4 4 4 4 4 4 4
P(s)=2 Z&(s)+ ZZ jG(8)(8)+ 2.2 > A&i(s)i(s)é(s)+ ZZZZ Zii&i(8)51(8)&1(8)éc(s), (17)
1 j=i i=1 j=il=j k=l

i=1 i= i i=1 j=il=j

where 4, Aj, Ay, A — weighting coefficients

assessing the mutual importance of the criteria k;(s),
kj(s), ki(s), ke(s) and their products; 0<¢&(s)<1,
i =1,m — value of the utility function of the local criterion
ki(s), i=1,m (17) for the option s SF.

It is proposed to solve the problem of optimizing the

logistics network using the combined method [21].
In the framework of this method, it is proposed not

to form a set of admissible options for reengineering S,
but in the process of generation using modifications of the
directed search method to form a subset of effective

options S® at once. The total number of possible variants

where n — the number of places of possible placement of
nodes (network consumers).

Thus, the quantity of effective variants is essentially
less and their share decreases with the growth of
dimensionality of the problem (tab. 1, fig. 3 - 4). Due to
the significant reduction of variants, subject to the
analysis, it allows to significantly  reduce
the time of solving the problem. Next, on the set of
effective variants S®, let us define a subset of variants
S’ < SF for preliminary estimation by designers [21]. On
it with the wuse of comparator identification
technology we will carry out a structural-parametric
synthesis of the function of the total utility
of the variants P(s). This will allow based on the values

of topological structures in the reengineering of a three-  p(s) to carry out the ranking of options
level centralized network for the number of . . .
terminals1<u <n/ 2 is [8]: from the set of effective S and provide the necessary
N number of them for the final choice of the
1& 1 n! decision maker.
N(n)==>Cy == —_2 12, (16)
2 u=1 2 u=1 u l( n- )
Table 1. Capacities of a subset of effective logistics network reengineering options for m=4
s 10000 20000 30000 40000 50000 60000 70000 80000 90000 100000
‘S E ‘ 151 195 216 253 268 281 298 302 329 342
|S E 0,0151 0,0098 0,0072 0,0063 0,0054 0,0047 0,0043 0,0038 0,0037 0,0034
W 400
=
2 Ne=81,937In(N) - 614,93
E 350 E . n(N) ; ®
9 300 ‘.
S 250 et
5 200 X
£ 150 ' 3
=
=
100
50
0
0 20000 40000 60000 80000 100000 120000

Fig. 3. Relative number of effective network options for m=4

Number of valid options N
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Fig. 4. Relative number of effective network options for m=4

Based on the dimensionality of the network using the
obtained approximation of the dependence of the power of
the multiple number of effective options on the number of
valid options (fig. 3), taking into account relation (16), we
can choose the best method for solving the problem of its
reengineering. This will allow to obtain the most effective
options for reengineering of logistics networks, taking into
account the available time and computing resources
involved in design automation systems.

Conclusions

In the framework of the methodology of the system
approach, closed logistics networks are considered as
typical territorially distributed objects, the design tasks of
which are combinatorial in nature and are solved by a
variety of cost and functional indicators in conditions of
incomplete certainty of goals and data. Significant costs of
creation and operation of logistics networks need a perfect
methodology of their optimization. In order to expand the
capabilities of existing models of the problem of
optimization of logistics networks, their improvement is
proposed. The decision of the problem is made with the
use of methodology of aggregative-decomposition
approach that allows to carry out its analysis on meta-,
macro- and microlevels. The optimization procedures,
defined in this way, have been formalized for the
complexes of tasks, related to the main stages of the life
cycles of networks. They allow to obtain and transform
task descriptions with their subsequent aggregation to
obtain the best option of network reengineering.

On this basis, to optimize the network at the stage of
reengineering, an iterative logical scheme of reengineering
is chosen, which allows to jointly solve the entire set of
problems and cyclically refine the data for subsequent
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®OPMAJIZALIA MTPOBJEMU ONTUMI3ALII MEPEXK TPAHCIIOPTHOI
JIOTTICTUKU HA ETAIII PEIH’KUHIPUHI'Y

IIpeameToM OCTiIKEHHS B CTATTI € IPOLEC MiATPUMKHU IPUIAHATTS PillleHb B 33/{a4axX ONTHMi3alii 3aMKHEHHX JIOTICTHYHHX MEpex Ha eTari
peimxuHipuHaTy. MeTa poOOTH — MiIBUIIECHHS ¢()eKTHBHOCTI TEXHOJIOTIH aBTOMATH30BaHOIO IPOCKTYBAHHS 3aMKHCHUX JIOTICTHYHHX MEpPEx
32 PaxyHOK YJOCKOHAJICHHS MaTeMaTUYHHUX MOjeNed OaraTOKpUTepiadbHUX 3a/a4 PEIHKUHIPHHTY X TOMOJIOTIYHUX CTPYKTYp. Y CTaTTi
BHPILIYIOThCS HACTYIHI 3aBJAaHHA: OIS 1 aHaNi3 Cy4acHOrO CTaHy MpoOJeMH MIATPUMKH TPHHHSATTS pIillleHb B 3ajJavax OMNTHUMi3aLil
JIOTICTHYHHMX MEpeX Ha eTami iX peiHKUHIPUHTY; IEeKOMIO3HMINs MPOOIeMH ONTHMi3amil JIOTICTHYHHX MEpEX Ha OCHOBHHX eTamax ix
KUTTEBHUX LUKIIB; BUOIp JIOTIYHOT CXEMH IIPOLECY PEIHKUHIPHHTY JIOTICTHYHOI MEPEKi K TePUTOPiaIbHO PO3IOIIICHOr0 00 €KTa; po3podKa
MaTeMaTH4YHOI MOJENi 3arajbHOi 3ajadi OaraToKpUTepiaibHOI ONTHMI3alli JIOTICTHYHMX MEpPeX 3a MOKa3HHKAMU EKOHOMIYHOCTI,
OMEePaTHBHOCTI, HAIMHOCTI Ta KMBYYOCTI; BUOIp MOJENEH [UIsi CKASIPHOTO 0araTOKPUTEpPialbHOTO OLIHIOBAHHS BapiaHTIB PEIHXKUHIPHHTY 3
ypaxyBaHHAM (aKTOpiB, 0 BaXKKO MiAJaroThes (opMalrisalii, 3HaHb 1 JOCBify ocoOu, IIo mpuiiMae pilleHHS. BHKOPHCTOBYIOTBCS Taki
METOJY: CUCTeMHHMH MHinxin, Teopil cucTeM, Teopii KOPHUCHOCTI, Teopil MPUHHATTS pillleHb, CHCTEMHOrO IPOEKTYBAaHHS, ONTUMIi3alii Ta
JIOCHiKeHHS onepaliil. Pe3yiabraTn. BukoHaHna 1eKoMo3uIlisi mpoOIeMHu PeiHXUHIPHHTY Ha 3a/ladi: BH3HAYCHHS METU PEIHXXUHIPHHTY Ta
HOPUHIOUNIB NepeOyfoBH Mepexi; ONTUMI3alil CTPYKTypH Mepexi; ONTHMI3alii TONONOTil eleMEHTiB Mepexi; BHOOpY TeXHOIOril
(YHKITIOHYBaHHS; BU3HAYCHHS [IAPaMETPIiB €IIEMEHTIB i TPaHCIIOPTHUX 3ac00iB; OLIHKU Ta BUOOPY HaHKpamioro BapiaHTy HOOYIOBH MEPEKi.
VY I0CcKOHANIeHO 3arajibHy MAaTEMaTHYHY MOJIENlb 0araTOKpUTEpiaNbHOI 33[adl PeiHKUHIPHUHTY TOIMOJOTIYHMUX CTPYKTYpP LEHTPaTi30BaHHUX
TPHUPIBHEBUX JIOTICTHYHUX MEPEX 3a MOKa3HHKAMHU HABEJCHHX BUTPAT, 4acy AOCTABKH BAaHTAXKIB, HAAIMHOCTI Ta )KUBYYOCTi. J{Jst OTpUMaHHS
CKaJSIPHUX OLIHOK 32 MHOXXHMHOIO IOKAa3HHKIB 3aIpONIOHOBAHO YHIiBepcanbHI (yHKIIl 3araabHOi KOPHCHOCTI 1 KOPHCHOCTI JIOKAIBHUX
KpUTepiiB. BUKIIIOUEHHS 4acTHHHU JOKAIBHUX KPUTEPiiB Ta 0OMEKEHb i3 3arajJbHOI MOJEII HO3BOJISE OTPUMYBATH MOJENI BCIX IPAKTUYHO
LIKABUX 3a/1a4 ONTUMi3allii JOTICTHYHUX MepeK. BuCHOBKH. Po3po0ieHuii KOMIJIEKC MAaTeMaTHYHUX MOJEICH PO3LUIUPIOE METOAOIOTIYHI
3acajid aBTOMATH3aLil MPOIECIB MPOEKTYBAHHS JOTICTHYHAX MEPEK, JO3BOIISIE 3AIMCHIOBATH KOPEKTHE CKOPOUCHHS MHOKHUHU €(EKTUBHUX
BapiaHTiB iX MOOYJOBM aJI OCTaTOYHOrO BHOOpPY 3 ypaxyBaHHSAM (aKTOpiB, IO BAXKKO MiAJgaioThest (opmainizauii, 3HaHb 1 JOCBiLY
HPOEKTYBAIBHUKIB. [IpakTHYHE BUKOPHUCTAHHS 3aIPONIOHOBAHOI0 KOMIUIEKCY MaTeMaTHYHHUX MOJICIICH JO3BOIUTh 3HU3UTH YacOBY i €MHICHY
CKJIaTHOCTI TEXHOJOTH MiATPUMKH MPUAHATTS MPOEKTHHUX PIillIeHb, a 3a PaXyHOK BHKOPUCTAHHS 3alPONOHOBAHHMX MPOLEAYp BimOOpy
BapiaHTIB — MIJBUILUTH iX SAKICTb 32 MHOKHHOIO (DYHKIIOHAIBHUX 1 BUTPATHUX IOKA3HUKIB.

KnrouoBi cjoBa: JoricTiyHa Mepeka; TEXHONOTIS INPOEKTYBaHHS;, ONTHMI3alisl; PpeimKUHIPHHT; OaraToKpHUTepianbHe
OLIIHIOBAHHS; MIATPUMKA IPUHHSTTS PillIeHb.

®OPMAJIM3ALMA TPOBJIEMBI ONITUMHU3AILIAU CETEI TPAHCIIOPTHOM
JIOTUCTUKU HA OTAIIE PEUH/)KUHUPUHI A

IIpenmeTomM wmcciieioBaHUS B CTAaThe SBISICTCS MPOLECC NOAJCPKKM IPHUHSATHS pPEUICHWH B 3a7adax ONTHMHU3AIMU 3aMKHYTBIX
JIOTHCTHYECKUX CETe Ha dTarne pewmkuHUpHHTa. Lleqs paboTel — moBbimieHHE 3(PQPEKTUBHOCTH TEXHOJIOTHH aBTOMATH3MPOBAHHOTO
MIPOEKTUPOBAHUS 3aMKHYTHIX JIOTHCTHUECKHUX CETEH 3a CUeT yCOBEPIICHCTBOBAHMSA MaTEMaTHYECKUX MOJENell MHOTOKpUTEPHAIbHBIX 3a/1a4
PEMH)KMHHPHHTA MX TOIOJOTHYECKHX CTPYKTYyp. B craThe pemiatorcst ciemyromue 3ajaqu: 0030p M aHAIM3 COBPEMEHHOTO COCTOSHHS
MIpOOJIEMBI TTOIAEPKKU MIPUHSATHS PELICHUH B 3a/1aukaxX ONTHMH3ALNK JIOTUCTUYECKUX CETeH Ha 3Tale UX PEMHXHMHUPUHTA; JEKOMITO3HIIUH
Mpo0JIEeMBl ONTHMHU3AIMHU JIOTHCTHYECKUX CETe Ha OCHOBHBIX JSTallaX WX JKM3HCHHBIX IMKJIOB; BBIOOp JIOTHYECKOW CXEMBI Ipolecca
PEMH)XHHUPHHTA JIOTHCTUYECKOH CETH KaK TEPPUTOPHAIBLHO PACIPEACICHHOT0 00beKTa; pa3paboTKa MaTeMaTHYECKON MOIeNH o0Lel 3a1a4un
MHOTOKPUTEPHAIBHON ONTHMHU3AINK JIOTHCTHYECKUX CETEH MO MOKa3aTelsiM SKOHOMHUYHOCTH, OIEPaTUBHOCTH, HAJIC)KHOCTH U JKUBYYECTH,
BBIOOp MoOgeIell U CKaIsIPHOW MHOTOKPHUTEPHAIBHON OLEHKH BapHAaHTOB PEHHXHHUPHHIA C YYETOM TPYAHO(POPMAIN3yeMBIX (PaKTOPOB,
3HAaHUH W OMBITAa JIMIA, IPHHUMAIOMIETO pemeHus. Vcrmonap3yroTes clieayrolniue MeTOoAbl: CHCTEMHBIH MOJXOJ, TEOPUH CHCTEM, TEOPHHU
MOJIE3HOCTH, TEOPHM TNPHUHATHS pEIIEHWH, CHCTEMHOTO TNPOCKTHPOBAHMA, ONTHMHU3AIMM M HCCIEAOBaHUS omnepanuil. Pe3yJabTarsl.
BeimonHeHa nekoMmo3unus mpo0ieMpl peMH)KUHUPHHTA Ha 3a/1a4y: ONPEJCNICHNs e PeMH)XUHUPHHTA ¥ MPUHIUIIOB IIEPECTPONKH CETH;
ONTUMM3AIMHA CTPYKTYPHl CETH; ONTHUMM3AIMU TOIIOJIOTHH 3JIEMEHTOB CETH; BHIOOpPAa TEXHOJIOTHHM (YHKIMOHUPOBAHUS, OIPEACICHUS
[apaMeTpoB JJIEMEHTOB U TPAHCIIOPTHBIX CPEACTB; OLIEHKH M BHIOOpA HAMITYHIIEro BapUaHTa MOCTPOCHMS CETH Y COBEPLICHCTBOBaHA 00IIas
MaTeMaTH4ecKasl MOJENIb MHOTOKPUTEPHANBHOMN 3aJaull PEHH)KUHUPUHTA TOMOJOTMYECKUX CTPYKTYpP HEHTPAIN30BAaHHBIX TPEXYPOBHEBBIX
JIOTHCTHYECKHUX CETeH 110 TOKa3aTelsM IPUBEICHHBIX 3aTpaT, BPEMEHH JIOCTaBKH TIPy30B, HAJE)KHOCTH W XHBydecTH. s monydeHus
CKaJIPHBIX OIIGHOK IT0 MHOXKECTBY ITOKa3aTelied MpeaIoKeHbl YHHBEpCAIbHbIC (YyHKIMH OOIIEH MMOJIE3HOCTH U TOJIE3HOCTH JIOKAJIBHBIX
KpHuTepHeB. VICKITIOUeHHEe YacTH JIOKAIBHBIX KPUTEPUEB M OTPAaHUUCHUH U3 OOIIeH MOJENN HO3BOJISIET MONYYaTh MOJEIH BCEX HMPAKTHYECKH
WHTEPECHBIX 33Ja4 ONTUMM3ALMH JIOTUCTUYECKUX ceTeil. BbIBoabl. Pa3paboTaHHBIM KOMIUIEKC MaTeMaTHYECKHX MOJENICH paclIupseT
METOJOJIOTMYECKUE OCHOBBI aBTOMATH3aLMK IPOLECCOB MPOEKTHPOBAHMS JIOTHCTHYECKUX CETEH, MO3BOJIIECT OCYLICCTBISITH KOPPEKTHOE
COKpaIlleHHe MHOXKecTBa A(P(EKTHBHBIX BAPUAHTOB HX IOCTPOCHHS Ui OKOHYATEIHFHOTO BBHIOOpA C YYETOM TPYAHO IOJJAIOLIHXCS
(bopManm3anmK 3HaHUH U OTBITAa MPOSKTHPOBIINKOB. [IpakTHYEeCKOe HUCIIOIb30BaHUE TPEIIaraeMoro KOMIUIEKCa MaTeMaTHUECKUX MOJICNIeH
MTO3BOJIUT CHU3HUTh BPEMEHHYIO U EMKOCTHYIO CJIOKHOCTH TEXHOJIOTHH MOJICPIKKH MPUHSTHUS MIPOCKTHBIX PEIICHHH, a 32 CYET UCTIOJIb30BAHUS
MIPEUI0KEHHBIX MPOLEeyp 0TOOpa BAPUAHTOB — IMOBBICUTH UX KAaU€CTBO MO MHOXECTBY (DYHKIIMOHAIBHBIX U 3aTPATHBIX ITOKA3aTeINCH.

KuroueBble cjioBa: TOTUCTUYECKAS CETh; TEXHOJOTHUS MPOEKTUPOBAHUS; ONITUMH3ALMS; PEUHKUHUPHHT; MHOTOKpUTEpUAIbHAs
OIIEHKA; MOAJIEP)KKA IPUHATHUS pEIeHUH.
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