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INTERNATIONAL LOGISTICS SYSTEMS DESIGN
AND EFFECTIVENESS EVALUATION

Purpose. In the paper the question of the development of a methodological approach to the determination of lo-
gistics systems’ performance and grounding of the most effective goods’ delivery schemes, based on the theory of
functions and sets of multiple objects, vector optimization approaches and discrete maximum principle for multi-
stage processes (phase method) is considered. Methodology. To achieve the goals of the research, the model of lo-
gistic system is represented by the multiple object, it is defined by the structure and content. The object is repre-
sented by hybrid superposition, composed of sets, multi-sets, ordered sets (lists) and inhomogeneous sets (se-
quences, corteges), which at each stage of cargo delivery present sets of technological operations of their processing,
choices and decisions algorithms. Multiple structure of objects is constructive three, consisting of the carrier, signa-
tures and axiomatic. To determine the effective scheme of delivery, discrete maximum principle using vector opti-
mization criterion is applied. Findings. In this article logistics system of delivery is presented in the form of a multi-
stage (phase) of the process. Each stage reviews a plurality of discrete activities sets, which includes the possible
technology cycles of operations in goods handling. At each stage of a multi-phase delivery process from the supplier
to the consumer, these sets are different. A model example solving the problem of vector optimization options for
delivery of goods by the road in the international logistics system for the five-step process is considered. Optimiza-
tion is performed on the basis of three indicators. Originality. In this paper, the choice of the most effective way of
delivery goods is produced using the theory of functions and sets of multiple objects, using the discrete maximum
principle for multi-stage processes, based on the vector optimization criterion. At each of its stages are formed
a plurality of valid solutions as discrete sets of technological cargo handling operations cycles. Practical value. The
proposed approach to the modeling of logistic delivery goods systems on the basis of the theory of functions and
sets of multiple objects, vector optimization approaches and discrete maximum principle for multi-stage processes
(phase method) makes it possible to assess the efficiency of delivery in logistic system’s modeling. The choice of
the most effective delivery option, based on vector optimization criterion becomes more possible.

Keywords: efficiency of logistics systems; discrete maximum principle; multiple objects; vector optimization;
efficiency of delivery

monitor all phases of the product moving through
Introduction modern communication technologies. There is an ac-
tively developing field which provides services in the
field of logistics. Conceptual provisions of logistics, its
integration role become recognized of the majority of
logistic processes participants. It takes holistic set of
conductive-material subjects.

The current stage of logistics development is char-
acterized by the appearance of fundamental changes in
the organization and management of market processes
in the global economy [7]. There is an opportunity to
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The process of globalization is one of the major
trends in the development of macrologistical sys-
tems in the world today and is manifested in the
interdependence and interpenetration of national
economies [8]. The development of macro logistics
is under influence of the regional economy charac-
teristics. Regionalization is manifested at the level
of individual countries as well as international
scope. Formation of numerous integration ties be-
tween the regions of the country, as well as with
foreign countries necessitates logistics manage-
ment of interregional numerous material, attendant
financial and information flows.

The diversity and complexity of the processes
were shown in the modelling of foreign economic
activity macrologistical system [10]. Meeting the
challenges in macrologistical system is done by
simulation of a set of tasks that are qualitatively
and quantitatively characterize each of the stages —
providing material resources; production, storage,
transportation, distribution of material resources,
information management; flow control at border
crossings and logistics services; targeted use of
material resources. In a globalized world economic
processes appeared the necessity to include into the
model tasks of customs logistics and consideration
in conjunction with other areas of international
activities.

Logistics system can be considered, dividing it
into three levels [4]. The first, spatial one is mani-
fested through connection between the elements of
the system and goods flow and belong to the task
of logistical chain localization, places to demand
creation, communication networks between these
units. The second, organizational level covers me-
thods of organization and supply chain manage-
ment for the purpose of mutual coordination func-
tions of the individual elements of the logistics
system in the scope of the operational, financial
and marketing management functions. The third,
information level, is defined as the flow of funds
and information. At each level, there are streams,
as well as the relationships between the elements
of the corresponding structures. These tightly in-
terconnected elements together form a single con-
glomerate, which reflects the multidimensional
nature of the logistics system. This equally applies
to the macro and micro logistics.

Among the fundamental principles of logistics
stand out the principle of logistics system total
costs optimization, which include operational lo-

gistics costs (costs of transportation, warehousing,
materials handling, etc.), Transaction and other
administrative costs [6].

Goals of macrologistical systems creating sig-
nificantly differ from the objectives and criteria of
micrologistical systems synthesis. In most cases,
the criterion of minimum total logistics costs was
used in the synthesis of macrologistical systems.
However, the most common criteria for the forma-
tion of macrologistical systems are determined by
environmental, social, military, political, and other
objectives [9].

Successful supply chain management requires
cross-functional integration of key business processes
within the firm and across the network of firms that
comprise the supply chain. It is focused on the man-
agement of key relationships and the improvements
in performance that can be achieved [14].

The contribution of research [13] lies in the de-
velopment of a new decision support approach that
is flexible and applicable to logistics service pro-
viders, in selecting multimodal transportation route
under the multi-criteria in term of cost, time, risk
and importantly the environmental impact.

Tasks associated with the movement of mate-
rial flow in logistics can be considered as a multi-
stage (phase) process. However, they belong to
different functional areas and require a comprehen-
sive review on the basis of many criteria for ra-
tional and (or) optimal use of resources throughout
the logistics system. Thus, the task of analyzing the
international logistics system can be formulated as
a problem of vector optimization [3].

Purpose

We represent the logistic system of cargo de-
livery in the form of several successive stages
(phases). At each stage, we consider the multiplic-
ity of discrete activities sets, which includes possi-
ble technological cycle of operations in cargo han-
dling. At each stage of multi-phase delivery proc-
ess from the supplier to the consumer, these sets
are different and form a multiplicity of sets (lists)
technological operations W =[W,,W,,...W,],
available to the alternative or joint selection at each
stage. Each stage comprises a set of technological

operations W, :{[0)1‘_((”;)]}, I=I,N , where: N —

the number of phases, which are determined by the
index /. Index j(/) indicates possible sets of ac-
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tions on stage /. Each of the operations of the se-
lected process cycle is indicated by the index k().

Process operations are subject to selection, based
on algorithms =, ={0,},i=1, N for each of the

stages /. Logistics system / consists of many
supply chains, which are formed based on lists
YIj'k :[[VV]:El]a[VV]]aEz]a'--a [WNaaN]] and are

options of cargo delivery.

The theoretical approach to the definition of lo-
gistics systems performance — based on theory of
functions set and multiple objects, vector optimiza-
tion approaches and application of the discrete
maximum principle for the processes that contain
series of successive phases, proposed in [11].

To determine the most effective option, we
formulate a vector criterion, where each of the
chains y from " corresponds the time of delivery

T (x ), delivery expenses C (xj ), which should
be as small as possible. Assessment of additional
factors (environmental, social, military, political,
etc.) that characterize macrologistical system, we

present by indicator P (xjv ), which can be ex-

pressed in costs or points according to expert esti-
mates and minimize it. We write a criterion as:

X (y)
x3' (y) |- min (1

X3 (1)

where ye .

Methodology

Considered indicators are functions of multiple
objects [1, 2, 12, 15, 16]. At each stage of material
flows, promotion of multiple objects composition
may vary, depending on selected set of operations
in the process of storage, transportation, customs
clearance, and others. A set of technological opera-
tions at each step may depend on the adopted at the
previous step solutions and lead to changes in lo-
gistics circuit at later stage, which affects the as-
sessment of overall delivery efficiency.

We  introduce a  topological  space
(I',R(I'), n(-)) . We introduce the function R(/")
on the sets. In the case where these sets contain the

one point, they will be x;" (y), x; (y) and xJ' (v) .

Mathematically the variation of process steps in
the formation of the supply chain at each stage of
the movement, expressed by the operation of sym-
metric difference of two sets, which includes «nee-
dle variation» by McShane [15]. Then, to determine
the optimal value of the logistic system, considered
the task of function set optimization [3].

For the introduced topological space with
measure we use the derivative of the function sets
as:

dF (A)
dp

_ F(4AB) - F(4)
H(AAB) —p(A4)

{B,}>B#

Vector optimization problems can be formu-
lated in such way. We consider that the chain is
«7, better than v, » on the indicators, presented by

the vector criterion (1), which refers to the ratio of
Pareto if

T(y)<T(y,)
B(y,) < B(y,) (2
P(y,) < P(v,)

Solution of the problem (1) is a set of incompa-
rable by Pareto chains ', cT".

Two sets y, and y, e R(Q,-) are incompara-

ble, if among the inequalities (2) there is at least
one strict reverse inequality.

According to (1) determine the rule of selection
(criterion) of «best» sets. This is known as the
Pareto ratio [3].

Due to the discreteness of the multiple stages
I, the task of vector optimization (1) has a solu-
tion.

During the formation of the supply chain, the
following variation of the set may be possible:

1) wvariations at certain stages in the sets of
technological operations. The purpose of such
modifications is to enhance the system’s efficiency
or to optimize technological cycle. Such changes
do not affect the effectiveness of the following
steps in the selected supply chain of goods and
cargo.

2) variations, which occur in decision making
on specific stage, which affect all the subsequent
steps and should be considered for evaluating the
effectiveness for each of the subsequent stages, as
well as the whole chain in general. An example of
such a variation is, for example, the choice of
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transportation mode for delivery or logistical in-
termediary etc.

Formation of the supply chain is shown in fig.
1, where a comparison of each W eQ of W, ; set

is a multi-valued mapping. It is firstly shown the
formation of all the system’s elements based on
decision-making (design): selection of the

—
—
—_

cargo type for transportation, packaging, choice of
route, customers, suppliers and intermediaries, the
definition of the border crossing checkpoints be-
tween states etc. Next shown phases (process
steps) W, which passes the cargo, moving from the
supplier to the consumer, displaying cycles of
technological operations at each stage, elected on
the basis of decision-making =, .

Circles highlight selected in accordance to the
algorithm elements of multi-stage freight
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(goods) delivery system without additional techno-
logical operations selection. Squares outline ele-
ments of the system, the selection of which by the
algorithm E. entails the relevant manufacturing

:l
operations execution on selected objects, shown as
the lists W, ={[m’fff}], I=LN.
J

Fig. 1 line vy,, which connects the objects
shows one embodiment of the formation of the
supply chain in the logistics system /7 in a result of
decision-making Z! . Possible variations in the per-
formance of a specific set of technological cycle
indicated by the line y;. Line y,shows another
embodiment of delivery chain which is formed as
a result of decision Z/ .

Wy

Wy Wi

I

Fig. 1. Geometric representation of a multivalued mapping
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Transformation equation for loads delivery in
phases [5]

X=T" (xn—l , en)’ n= 19_]\[ (3)

where x" =(x/,...,x]) characterizes the state at
each stage, and 0" =(67,...,07) — admissible con-
trols.

Acceptable controls

0"eE, n=

LN “

The initial state x° =x".
It is necessary to find 0", n=1,N which sat-
isfy (4) to

J =d(x") - max ()

We introduce the Hamiltonian function

ZznTn (xn -1 en) N (6)

and conjugated system

w1 OH"

z; ——,lzl,_s;nzl,_N 7
e (7

with the boundary conditions
N
N _ 0D(x7)

i N
Ox;

1

,i=1ls (8)

Possible variation of the Hamiltonian function

H(e)

SH(0) = Z (10)

l

where 6 and 0+090 belongs to the domain of ad-
missible controls.

Terms of optimal control and application of the
maximum principle for discrete processes are de-
scribed in [5] and given in [11].

Let the delivery of cargo from point A to point
B occurs in N phases. Accept that a multistep
process is simple, consists of stages with one input
and the output.

Justification of the generalized maximum prin-
ciple for the case where at each stage of cargo

movement / =/, N formed its own range of feasi-
ble solutions W,, shown in [11]. The evaluation
was conducted based on three indicators.

Transformation equations have the form

X' =x" (") ;
Xy =xy" +e(e");
x=x" + p(a”).

where x — the time for completion of the first
phase; x; — the cost of the passage of the first
phase; xj — assessment of additional factors (eco-

logical, social, military, political, etc.) during the
passage of the first n phases, presented by costs or
points according to experts; (") — passage of
n-th phase, if the event ®" is accepted; c(®") —
cost of funds for the #-th phase if the event ®" is
accepted; p(w") — values for an additional factor

in n-th phase, if the event ®" is accepted; W" —
set of activities in 7 -th phase.

The initial values x) = x) =xj =0.
The problem of vector optimization

(an

We introduce a measure
_ N N N
JEx ARy Xy g X

where pn, =1, b, ZO,i:ﬁ.
The Hamiltonian function is follow

H" =z (x" + (")) + 25 (X3 + (") +

+z3 (3 + p(e™)).

where the conjugate variables z', z; and zj de-
termined from the equations

n-1 aHn n
ol = 0 n-1 =4 ’
X,

1
n—1 aHn n
zZ = =Z,5 .
2 -1 2
ox,

2
n-1 _ aH'l __n
Zy = axn_l =2Zz.
3

doi 10.15802/STP2015/49222

146

© N. V. Khalipova, 2015



ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayka ta nporpec Tpancropty. Bicauk J[HinponeTpoBcskoro
HAL[{OHAJIBHOTO YHIBEPCHTETY 3aJIi3HUYHOr0 TpaHcmnopty, 2015, Ne 4 (58)

MOJEJITOBAHHA 3AJAY TPAHCIIOPTY TA EKOHOMIKH

With final values
7 = % =M
z = ai—‘gv =1,
Z3N = aéjc_Jév =Hs.
In this way,

zy =1, zy =q,, z; =|.t3,n=1,_N.
The Hamiltonian in this case takes the form
H" = xln_l +LU, x;_l + U, x;H +(t(o] )+

+, c(@] )+ 1y p(e))).

minimal value at decisions which are taken, de-
fined as follows

HO)) + 1, ¢(@) + 1 p(©]) =

= min (1(e]) + 1, (@) +p; p(e))).

Thus, brute p, >0,i=2,3, we obtain a para-
metric representation of the vector optimization
problem solution, and excluding p,,i=2,3, we

get the relationship between x;', x; and x3 .

Findings

Consider the example of a model for solving
the task of vector optimization for case of interna-
tional container shipping by truck from the sup-
plier A to the consumer B with one conciliator —
international automobile checkpoint (IAC) at the
border. Accept that the delivery of the goods is
carried out in five phases: service provider; deliv-
ery to the border by a car; service at border cross-
ings; delivery to the consumer and the consumer
service.

We assume that the number of technological
cycles of operations in each phase determined by

the vector M =(3 2 5 1 4). Amount of time
(quantity of days) for performing each of the tech-

nological cycles given in the matrix 7 . Expenses
(thous. $) to perform the corresponding operations

are given in the matrix C. The matrix P shows
expenses (thous. $) To ensure environmental safety
of transport:

35 0 0]
70 0 0
C=|6 8 10 20 50
170 0 0 0
12 5 9 15 0]
0 6 5 0 0]
4 2 0 0 0
T=|6 5 4 3 25
17 0 0 0 0
|3 25 21 15 0|

(11 7 5 0 0
30 0 0

P:= 5 4 3 25
27 0 0 0 O
|4 35 21 15 0|

Realization of the phase method is imple-
mented in Maple-7 environment. Calculations were
carried out by changing parameters p,, p, from 0
to 10 in increments of 0.01. Thus were obtained
nine different selectors vy, of cargo delivery from
A to B.

Table 1 shows the selectors y,,i=1,9 that
represents the sequence of selected in each of the
phases technologies, as well as the costs for ship-
ping C;, delivery time 7; and environmental costs

1

P, for each of selectors.

Two of the resulting solutions of vector optimi-
zation task shown in fig. 2 (a, b, ¢), 2 (d, e, f). On
the axes of graphs displayed parameters (run-time
of operations, the expenses and environmental
costs) for the selectors to ensure the fulfilment of
the vector criterion (11). Axis identifiers corre-
spond to the serial number of the selector given in
the table 1. Selectors, beginning from the vertical
axis directed upwards, are taken in that order
(clockwise) that with increasing delivery costs pa-
rameters characterizing the time of delivery and
the costs of environmental safety, reduces.
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a Selector, number d Selector, number
1
80
8 2
1 4
7 LA 3
6 4 5
° 6
—&— Expenses for delivery, —&—Expenses for delivery,
Thousands of $ Thousands of $
b e
Selector, number Selector, number
1 9
3!‘\
8 20 2
7 3
6 4
5

6
©—Time for delivery, days ——©——Time for delivery, days

¢ Selector, number Selector, number
1
2L 9
TR 20
8 52 20
71 15 RSN
1 \ 8 ~10 S
M ' ) 5 (I
7 3 : 0 "
. JI "
L~ 4 4
6 4 -
) 6
- - #- - Expenses for environment - - - - Expenses for environment
safety, thousands of $ safety, thousands of $
Fig. 2. Solutions to the vector optimization problem: axis identifiers «1» ... «9»
indicate the number of selector from tab. 1.
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Table 1

Options for delivery from the supplier A to the consumer B

The set of technological operations in phases Expenses for Time for Expenses for
Selector delivery C;, delivery T;, environment safety P, ,

! I - v M Thousands of $ days thousands of $
Y W, Wy, Wi, Wi, W, , 30 24,7 28,7
Y2 W, Wy Wi Wy s Wy, 32 20,7 24,7
T3 Wi | Wy | Wiy | Wiy | Wy, 35 18,7 22,7
Y4 W, Wy Wi Wy s Wy, 37 17,7 20,7
Ys W5 Wiz | Wins Wi, Wy, 41 15,7 18,7
Yo Wis |\ Waa | Wis | Wia | Wi 44 15,2 18,2
iz Wis | Wao | W | Woa | Wos 48 14,8 16,8
Vs Wis | Wia | Wia | Wira | Woa 64 13,2 15,2
Yo W, 5 Wy Wi Wy s Wy, 32 20,7 24,7

The effective solutions area, obtained thus way,
considered by the decision maker (DM), to take the
necessary option. For example, the axis of the
identifier «1» in fig. 2 (a, b, ¢) corresponds to the
selector vy, with sequence of technological cy-

clesW, ,, Wy Wiyrys Wiyi» Wy, and the follow-
ing values of parameters: C;= 30 thousand. §;
T;= 24.7 days; P,= 28.7 thousands. $. The axes
with identifier «2» — selectory,. Thus, we have
a sequence of selectorsy,, ¥,, Y35 Ya» Vs> Yos V7»
Ys, Which represent the solution of vector optimi-

zation. On separate diagrams represented each of
the three indicators: for the first option — in fig. 2
(a, b, ¢) and to the second — in fig. 2 (d, e, f).

Originality and practical value

In this paper the choice of the most effective
way of delivery goods produced using the theory
of functions and sets of multiple objects, using the
discrete maximum principle for multi-stage proc-
esses, based on the vector optimization criterion.
At each of its stages are formed a plurality of valid
solutions as discrete sets of technological cargo
handling operations cycles.

The proposed approach to the modeling of lo-
gistic delivery goods systems on the basis of the
theory of functions and sets of multiple objects,
vector optimization approaches and discrete
maximum principle for multi-stage processes
(phase method) makes it possible to assess the effi-
ciency of delivery in logistic system’s modeling
and choose the most effective delivery option,
based on vector optimization criterion.

Conclusions

The paper shows the application of the discrete
maximum principle for evaluating the effective-
ness of the goods delivery in logistical system of
delivery modelling in the form of a multi-stage
(phase) process, where at each stage of cargo

movement [ =1/, N, formed its own range of fea-
sible solutions W, , representing a plurality of dis-

crete sets of activities, which includes possible
technological cycle of operations in cargo han-
dling.

The logistic system model presented as multiple
object that contains a set of technological operations
of cargo handling, as well as the algorithms of
choice and decision-making at every stage.
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IHPOEKTYBAHHS TA ONIHKA EOEKTUBHOCTI MI'KHAPOJIHUX
JIOI'ICTHYHUX CUCTEM

Meta. B po0oTi po3riissHyTO MHUTaHHS (OPMYBaHHS METOMOJIOTIYHOTO MiIXOAY IO BHU3HAYCHHS IMOKA3HHKIB
e(peKTUBHOCTI JIOTICTUYHUX CHCTEM Ta OOIPYHTYBaHHS HaWOLIbII e()EKTHBHUX CXEM JIOCTAaBKH BAaHTaXiB (TOBapiB)
Ha OCHOBI Teopii QyHKLIH MHOXXWH 1 MHOXKHHHUX O0'€KTIB, MiXO/IB BEKTOPHOI ONTUMI3alii i AMCKPETHOTO IPHH-
UMYy MaKCUMyMYy Juis OaratoeranmHux mporecis (y meroni ¢a3). Meroguka. s TOCATHEHHS LIJICH JTOCIIIKESHHS
MOJIETIb JIOTICTUYHOI CHCTEMH Npe/ICTaBIeHa MHOKHHHUM O0'€KTOM, SKMH BU3HAYA€THCS CTPYKTYPOIO M 3MiCTOM.
O0’€KT TaKOX MPEICTABISAETHCS TIOPUIHOIO CYEPIIO3HII€I0, CKIAICHOIO 13 MHOKHH, MYJIbTUMHOKHH, YIOPSIKO-
BaHUX MHOXHH (CIIMCKIB) Ta HEOTHOPITHIX MHOXKHH (IIOCIIIOBHOCTEH, KOPTEXKIB), AKi MPEICTABISAIOTH Ha KOKHOMY
3 eTamiB JOCTaBKM BaHTAXIB HAOOPH TEXHOJIOTIYHHX OIepalliii iXx 0OpoOKH, alrOpUTMH BHOOpPY ¥ MPUHAHATTA pi-
ieHb. MHOXHHHA CTPYKTYpa 00'€KTiB IMPEACTaBISIETHCS KOHCTPYKTUBHOIO TPIHKOIO, IO CKITAJA€THCS 3 HOCIS, CHT-
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MOJEJITOBAHHA 3AJAY TPAHCIIOPTY TA EKOHOMIKH

HaTypHu ¥ akciomatuku. [y BU3Ha4YeHHS e(DeKTUBHOI CXEeMH JOCTaBKH BaHTAXKiB 3aCTOCOBAHUI AUCKPETHUI NpPUH-
IIUT MAKCUMYMY 3 BUKOPHCTaHHAM BEKTOPHOTO KpUTepito onTuMizaiii. Pe3yabTaTu. Y CTaTTi JIOTiCTUYHA CHCTEMa
JIOCTAaBKM BaHTAXIB MpeICTaBlieHa y BUIIAAI OaratoetanHoro ((pasoBoro) mpouecy. Ha koxxHOMY ertari po3risga-
€TBCS MHOXKHMHA JIMCKPETHUX HAOOpIB 3aX0/iB, L0 BKIIIOYAE MOXIIMBI TEXHOJIOTIUHI LUKIM onepauiii mpu odopooui
BaHTaxy. Ha koxkHOMY 3 eramiB 6araTto)a3HOro mpoIecy JAOCTaBKH BAaHTAXY BiJ MOCTaYalbHUKA JO CIIOKHBAYA IIi
MHOXXUHH Di3Hi. PO3MIIsIHYTO MOAENbHUI NPHKIIAA PillleHHs 3a/1a4i BEKTOPHOI ONTUMI3alii Juisl BapiaHTa JOCTaBKU
BaHTa)Xy aBTOMOOIUJIbHUM TPaHCIIOPTOM y MDKHApOIHIN JIOTICTHYHIA CHCTEMI Ul I’ siITHeTaIrtHoro npouecy. OnTu-
Mi3allis 31 ICHIOETHCS] HA OCHOBI TPHOX MOKa3HUKIB. HaykoBa HoBH3HA. Y naHiit poOoTi BuOip HalO1IbII eheKTHB-
HOTO BapiaHTa JOCTaBKM BaHTaXIB 3/IMCHIOETHCS 3 BUKOPHUCTAHHSIM Teopil (DyHKLIN MHOXHH Ta MHOXHHHHX
00'€KTiB, i3 3aCTOCYBaHHAM ITUCKPETHOTO HPWHIMIY MAKCHUMyMy Ui OaraTOETAITHUX IIPOILIECiB Ha OCHOBI BEK-
TOpHOTO KpuTepito omrmMizarii. Ha koxxHOMY 3 eramiB BigOyBaeThCs (OPMYBaHHS CBO€I MHOXHHH MOXKIIHBHX
pillleHs y BUTISNAI JUCKPETHUX HAOOPIB 3aXOMdiB TEXHOJOTIYHMX LHUKIIB OmMepamiii mo oOpoOIli BaHTaXy.
IIpakTHyHa 3HAYUMICTh. 3aPOTIOHOBAHUH MiAXiA 10 MOACIIOBAHHS JIOTICTUYHUX CUCTEM JOCTABKM BAHTAXIB Ha
OCHOBi Teopii (YHKLIH MHOXHH Ta MHOXHHHHUX OO'€KTiB, MigXOMIiB BEKTOPHOI ONTHUMI3alii W AMCKPETHOTO
MPUHIITY MaKCUMyMy Ui OararoeTamHux mporeciB (y meroni ¢a3) mae MOXIHMBICTH OIHIOBAaTH €(PEKTHBHICTH
JIOCTaBKM BaHT@XKIB IPU MOJEIIOBaHHI JIOTICTUYHOI cUCTeMH. MOXIMBHM TaKoX CTa€ BHOIp HaWOUIBII
e(peKTUBHOTO BapiaHTy OCTABKM Ha OCHOBI BEKTOPHOT'O KPUTEPIIO ONTHUMI3aLlii.

Kniouosi cnosa: epekTUBHICTD JIOTICTHMHUX CUCTEM; AMCKPETHUH NMPUHLIMI MAaKCUMYMY; MHOXHHHI 00'€KTH;
BEKTOPHA ONTUMI3allis; €)EeKTHBHICTh JOCTAaBKH BaHTaXIB

H. B. XAJIUIIOBA""

"Kad. « TpaHCIOPTHBIC CHCTEMBI M TEXHOIOTHI», Y HHBEPCHTET TAMOXKCHHOTO 1eNa U (PMHAHCOB, yiI. JI3epKHHCKOTO, 2/4,
JuenponerpoBck, Ykpauna, 49000, ten. +38 (0562) 46 95 98, an. nmouta khalipov@rambler.ru, ORCID 0000-0001-5605-6781

IMPOEKTUPOBAHUE U OHEHKA 29OPEKTUBHOCTHU
MEXKAYHAPOIHBIX JOI'NCTHYECKHUX CUCTEM

Heas. B paborte paccMorpeH Borpoc GOpMUPOBAHUS METOOIOTHUECKOTO MOAX0AA K ONPEACICHHUIO TIOKa3aTe-
neit 3 PEeKTUBHOCTH JIOTHCTUIECKUX CHCTEM M 000CHOBaHUIO HanOoee 3()(HEeKTUBHBIX CXeM JOCTaBKH TPY30B (TO-
BapoB) Ha OCHOBE TEOPUH (DYHKIMI MHOKECTB M MHOXKECTBEHHBIX OOBEKTOB, IIOAXOA0B BEKTOPHOW ONTHMHU3ALNHI
W JUCKPETHOTO IIPUMHIMIA MaKCHMyMa Uil MHOTO3TalHbBIX IpoueccoB (B merone ¢(a3). Meroamka. s
JOCTHKCHUSI LIeNIeH MCCIEOBAaHMS MOJENb JIOTHCTHYECKOM CHCTEMBI MPEACTABICHA MHOXECTBEHHBIM OOBEKTOM,
KOTOPBII OpenenseTcs: CTPYKTypoil u coaepxanneM. OOBEKT TakKe MPeICTaBIIeTCS THOPUIHON CYIIepIIO3UIIHNEH,
COCTaBJICHHOM M3 MHOXKECTB, MYJIbTUMHOKECTB, YIOPSI0OYEHHBIX MHOXKECTB (CITUCKOB) U HEOJJHOPOHBIX MHOXKECTB
(moce0BaTeIbHOCTEH, KOPTEKEH), KOTOPhIC MPEJACTABISIOT HA KAKOM U3 3TaloB JOCTaBKH TPy30B HAOODPHI
TEXHOJOTMUECKHX Omepauuii ux o0paboTKH, alropuTMbl BbBIOOpAa M NPUHITUS pelieHnil. MHOXecTBEeHHas
CTPYKTypa OOBEKTOB IMPEACTAaBISIETCS KOHCTPYKTHMBHOW TPOWKOW, COCTOSIIEH W3 HOCUTENS, CHTHATYpPbI
n akcuoMatuku. s ompeneneHus >PQPEKTUBHON CXEMBbl JOCTaBKM TI'Py30B NPUMEHEH AWCKPETHBIM NpPUHLUI
MaKCHMMyMa C HCIOJIb30BaHHEM BEKTOPHOIO KpHTepus ontumuzanuu. PedyabtaTel. B crarhe norucrudeckas
CHCTEeMa JOCTaBKH TpPYy30B TIpeJCTaBlieHa B BHIE MHorosrtamHoro (¢asoBoro) mpormecca. Ha kaxmgom stame
paccMaTpuBaeTCsi MHOXECTBO JAWCKPETHBIX HAOOpOB  MEpONpUSTHH, KOTOpOE BKJIIOYAET BO3MOXKHBIE
TEXHOJOTUYECKHE LUKJIBl Omepauuil mpu oOpaboTke rpysa. Ha kaxmgom u3 3TamoB MHOrodasHoro mpouecca
JOCTaBKH Tpy3a OT IOCTaBIIMKA K IMOTPEOMTENI0 3TH MHOXECTBA pa3Hble. PacCMOTpeH MOJIEIbHBIH IIpUMEp
peleHusl 3aJadd BEKTOPHOW ONTHMHU3AIMU JUIi BapHaHTa JOCTaBKM Ipy3a aBTOMOOMJIBHBIM TPAHCIOPTOM
B MEXJIyHapOJIHOH JIOTHCTHYECKOH CUCTeMe JUIsi IATHITArHOro mnpouecca. ONTHMH3aLus OCYILECTBISETCS Ha
ocHOBe Tpex mnoka3areineil. Hayunass HoBu3Ha. B Hacrosieit pabore BbiOOp Haubosee 3((eKTHBHOrO BapuaHTa
JOCTaBKH TI'py30B IMPOU3BOAUTCA C HCIIOJIB30BAHUEM TCOPUUN (byHKLlI/lﬁ MHO>XKECTB U MHO>XCCTBCHHbIX O6'I)€KTOB,
C IPUMEHEHHWEM JMCKPETHOTO IPHHIMIIA MaKCHMMyMa JJIsi MHOTOATAIHBIX IPOLIECCOB HAa OCHOBE BEKTOPHOTO
KpUTepusl onTHMHU3anuu. Ha KaxIoM n3 3TaroB NPOMCXOAWUT (OPMUPOBAHHE CBOETO MHOXECTBA JIOITYCTHMBIX
pelIeHuil B BUJIE TUCKPETHBIX HaOOPOB MEPONPHUATHI TEXHOJIOTMYECKHMX IMKIIOB Olepanuii mo o0paboTke rpysa.
IIpakTHyeckas 3HAYMMOCTb. [IpemIOXEeHHBIH IOAXOA K MOJECIMPOBAHHIO JIOTUCTHYECKHX CHCTEM JOCTaBKH
Tpy30B Ha OCHOBE T€OpHH (YHKINH MHOKECTB M MHOKECTBEHHBIX OOBEKTOB, ITOIX0/I0B BEKTOPHON ONTUMH3ALUH U
JIMCKPETHOTO MPUHIIMIIA MaKCUMyMa JJIsI MHOTOSTAIHbIX MpOoLeccoB (B MeToze (a3) 1aeT BO3MOXKHOCTD OILICHUBATH
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MOJEJITOBAHHA 3AJAY TPAHCIIOPTY TA EKOHOMIKH

3¢ (GEKTHBHOCTH JOCTABKH I'PY30B IPH MOACIHPOBAHUH JOTHCTUIECKON CHCTEMBI. BO3MOXKHBIM TaKk)ke CTAHOBUTCS
BbIOOp HaunOosee S(PPEKTUBHOTO BapuaHTa JOCTABKKM Ha OCHOBE BEKTOPHOTO KPUTEPHSI ONITHMHU3AIINH.

Kniouesvie crosa: 3p(eKTUBHOCTD JIOTUCTHYECKUX CHUCTEM; MUCKPETHBIN MPUHIMI MAaKCHMyMa; MHOXECTBEH-
HbIE 00BEKTHI; BEKTOPHAsI ONTHMHU3aIKs; 3)(HEKTUBHOCTD JOCTABKH IPY30B
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