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STRUCTURAL OPTIMIZATION
IN A MULTI-CHANNEL DISTRIBUTED MASS SERVICE SYSTEM

Abstract. Problem of structural optimization in a distributed service system is solved by the example of system
"Production - delivery - consumption" for mass market product. In this regard, the purpose of work is to develop a method
for structural optimization of "Production - delivery - mass consumption" system, by introducing and rational placement of
intermediate production points based on solving clustering problems with taking into account the peculiarities of
calculating distances between city objects. To achieve the goal of the work, it is necessary to solve the following tasks:
clustering of city objects, using the metric of city blocks, for a given number of groups for selected location of production
and grouping centers; finding the best location for a given number of clustering centers; determination of a rational number
of clustering centers. Task was solved in three stages. First stage - clustering a set of consumption objects for given
intermediate delivery centers locations. The second stage - finding the best locations for a given number of intermediate
delivery centers. The third stage - determination of the rational number of intermediate centers. Formulated problem is
solved according to two criteria: combined length of delivery routes product consumers and the probability that a random
delivery time exceeds the critical value. The numerical value of the second criterion is calculated on the assumption that for
each path may be estimated value of the mean and variance delivery time. The appropriate number of production centers is
determined by a simple comparison of system efficiency for several realistically possible options. An example of clustering

problem solving in the metric of "city blocks" on a directed graph by both criteria is given.
Keywords: distributed system "production - delivery - consumption”; clustering; directed graph; shortest path.

Introduction

Consider one of the many, important in practical
sense, management tasks, come up in system
"production - delivery - consumption". Let the city has
| production centers of some consumer product. This
product must be delivered to n its consumers. The
natural desire to make this system as efficient as
possible leads to the expediency of dividing the entire
set of objects into groups, each of them can be serviced
by the "nearest" production center.

This problem is solved by the methods of cluster
analysis [1-4].

Cluster analysis is one of the central positions
among data analysis techniques and is a set of methods
and algorithms, designed to find some partition of the
studied set of objects into subsets similar objects. In this
case, the following requirements are usually imposed on
the clustering results:

—each cluster must contain objects with similar
values of properties or attributes;

— the set of all clusters must be exhaustive, that is,
contain all objects of the studied population;

—none of the objects should belong to different
clusters at the same time.

The position of each object is specified, in the
simplest particular case, a point in a two-dimensional

Cartesian coordinate system by vector X' =(x,X;).

Distance between a pair of points ¥ and X, measured,
for example, in the Euclidean metric

R(X1:X2)=\/(X11—X21)2+(X12—X22)2 @

In practice, other measures of points proximity are
also used in [5, 6]:

— metric of "city blocks"

R(%1,Xp ) = X1 = Xo1| +[¥12 — X2, 2
— metric P.L. Chebyshev
R(X1, %) = max{|x; - Xp1|+ %2 = Xp2|},  (3)

— Minkowski metric

R(lexz):((xll—xzﬂp+(X12—X22 (4)

Metric (4) in special case when p=q, is
converted to metric (2). But if p=2, then the

Euclidean metric will be obtained (1). Solving a specific
clustering problem for each of points to be grouped
using one of the formulas (1) — (4), found distance to the
grouping centers is calculated and selected closest of
them.

Returning to formulated task of structural
organization in system “production - delivery -
consumption”, it should be noted that this task has a
fundamental feature that distinguishes it from standard,
traditional grouping tasks.

Difference lies in the method of distance
calculating between grouping objects, and the distance
for any two points of the city can not be correctly
calculated in any of metrics shown above. It is
determined by total length of the route, consisting from
relevant sections of urban highways.

In this regard, the purpose of work is to develop a
method for structural optimization of "Production -
delivery - mass consumption” system, by introducing
and rational placement of intermediate production
points based on solving clustering problems with taking
into account the peculiarities of calculating distances
between city objects.

)p)l/q.
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Formulation of the problem.

To achieve the goal of the work, it is necessary to
solve the following tasks:

— clustering of city objects, using the metric of city
blocks, for a given number of groups for selected
location of production and grouping centers;

—finding the best location for a given number of
clustering centers;

— determination of a rational number of clustering
centers.

Main results

Let's start by solving the first task from the list. An
adequate mathematical model of this problem can be
obtained using the graph, containing a set of vertices
and arcs connecting these vertices. Moreover, for an arc
connecting directly a pair of vertices i and j, its length

is indicated by r;;, the totality of which all the arcs of

the graph shows the matrix rRY = (rij ) In solving the

clustering problem of vertices there is a need to
calculate the distance between any pair of vertices. To
calculate these distances, it is natural to use algorithm
Floyd - Warshall [7], the essence of which is as follows.
If the transition from the top i to the top j possible
through one of the many intermediate vertices
ke{L2,..,1}, then shortest route from i to ]

determined by relation

. li1+Ri, o +hi,..,
fj = min ! I ! . 5)
k f'ik+rkj,,...,,|'ie+rej
Let introduce a matrix generalization of relation (5):
R - rW eRr® (6)

where the operation ®
formula (5), i.e

implements calculation by

SCTRUIC I

r-(-z) =min
O

] K

@)
Tk
The matrix R(z):(riEZ)) defines the set of

shortest two-step paths between the graph vertices.
Further, to find the matrix of shortest three-step paths,
we use a matrix relation similar to (6)

R = rW @R (®)
where
g ]
k rik(l)+rkj(2),..., rie(l)"'rej(z)

Note that relation (9) essentially embodies the
well-known principle of dynamic programming [8],
according to which the optimal multistep control is
determined by the best choice of options set: { initial
step + optimal continuation of state, occurring after the
initial step }.

Consider an example of introduced relations using
to solve the following simple clustering problem. Let
the locations of two certain production centers, of a
product, and nine centers of its consumption be
determined in the city, as well as the highways of the
city along with their intersections (Fig. 1).

Fig. 1. Transport network configuration
(2 suppliers, 9 consumers)

The collection of all these points defines a graph
with 20 vertices along with a set of arcs, connecting
some of them. The lengths of these arcs are defined by
the matrix (Tabl. 1). In this matrix the symbol M,
located in i -th line and j -th column, corresponds to a

situation where points i and j are not interconnected
directly.

Table 1 — Matrix of distances between transport network points

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
1 0 M M M M 15 15 M M M M M M M M M M M M M
2 M O M M M M 14 16 M M M M M M M M M M M M
3 M M O 36 M 38 M M M M M 08 M 24 M M M M M M
4 M M 42 0 23 M 41 M M M M 28 09 M M M M M M M
5 M M M 23 0 M M 51 M M M M 16 M 44 M M M M M
6 M M 37 M M O0 31 M 49 M M M M 14 M 32 M M M M
7 15 14 M 41 M 31 O 30 M 42 M M M M M M M M M M
8 M 16 M M 51 M 30 O M M 33 M M M 09 M M 13 M M

©
~



ISSN 2522-9052

CyuacHi inpopmariitai cuctemu. 2021. T. 5, Ne 2

End of Table 1

9 M M M M M 49 M M 0 43 M M M M M 17 14 M 29 M
0 /M M M M M M 42 M 43 0 51 M M M M M 30 M 12 14
1 M M M M M M M 33 M 51 0 M M M M M M 20 M 34
2 M M 08 28 M M M M M M M 0 M M M M M M M M
3 /M M M 09 09 16 M M M M M M 0 M 33 M M M M M
4 M M 24 M 14 M M M M M M M M 0 M M M M M M
5 M M M M 44 M M 09 M M M M 33 M 0 M M M M M
66 M M M M M 32 M M 17 M M M M M M 0 M M M M
7 M M M M M M M M 14 27 M M M M M M 0 M 17 38
8 M M M M M M M 13 M M 20 M M M M M M 0 M M
9 M M M M M M 14 M M 12 M M M M M M 17 M 0 M
20 M M M M M M M M M 14 34 M M M M M M M M 0
We calculate the matrix of two-step shortest paths r(2) _ r(2) _ r(2) — M _since there are no
between points using (7). We have: 117 — 118 — 118 —
) O .0 0. corresponding two-step paths;
S’ =minine’ +rs, 65+ =
12 {16 62 17 T2 } ) _ mindr® O @) @] 2
fy  =mMining + 1), g +1g7 1=
=min{15+M, 1.5+1.4} =2.9;
= min{1.4+1.5, 1.6+ M}= 2.9;
2) _ il ® O @), )] 2
3" =MiMNe +lg3s 7 +1737 (= (2)
Ry =M
=min{l1.5+3.8, 1.5+M}=5.3;
{ } 0D e D D)
(2) . (1) (1) (1) (1) 24 27 74 0 '28 84
N4 :m'n{rle Ftleq» 7 Ty }: .
=min{l.4+4.1, 1.6+M} =55;
=min{l5+M, 1.5+4.11 =56;
{ } ) _in [ @) ()] 2
) g’ =MiNir7 + g, g+
rl(s) =M, since there is no two-step path between
points 1 and 5 =min{1.4+M, 1.6+5.3} =6.9;
2 1 2 1 . 2 . (@ 1) (1 1)) _
rl(ﬁ) = rl(e) =15, r1(7) = r1(7) =15; r2(6) = mln{r2(7) +r7(6), r2(8) +r8(6) }—
2 =mi”{r1(é)+fe%)v e 4 ) }: —min{1.4+30, 1.6+ M} =4.4;
—min{l5+M, 15+30} =45 r2(72)=r(l)=1.4, 2o 16, dd=m;
2 (@ 0 1 @ (1)
rl(g) :m'”{rl(s)”ég)’ r1(7)+r7(9) }: { ”710’ r28 +ig, o}
=min{l5+4.9, 15+M} =6.4; mln{14+42 16+M}=5.6;
. (1)
—min{L5+M, 15+4.2} = —m'”{14+'\" 16+33}=49;

@ _,0_

11 =12 =13 =M, since there are no

corresponding two-step paths;

rl(ﬁ =min {rl(é) + ré?

4

(2)

s =M

rl(’lzG) = min{rl(é) + ré&, r1(71) + r7(’11)6 } =

=min {l.5+3.2, 15+M}=47;

CROAR

=min {1.5+1.4, 1.5+M } =29;

(2)

2 _(2) _ i
12 =113 =T34 =M, since there are no
corresponding two-step paths;

O, 0 0,0

(2) _ -
15 =MINE L +17 15, g +1g15 (=

=min{l.4+M, 1.6+0.9} =2.5;

=l -m
rz(’zlzg\ =min {rz(%) + r7(’11)8, rz%) + rs(,ll)s }:

=min{l.4+M, 1.6+1.3} =2.9;
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(2) _ (2 . Continuing similarly for the remaining possible

)
5 =TIy 59 = M, since there are no
219 = 12,20 ' _— .
. paths, we fill in the matrix R (Table 2).
corresponding two-step paths.

Table 2 — Matrix of the lengths for shortest two-step paths

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
1 0 29 53 56 61 15 15 45 64 57 M M M 29 M 47 M M M M
2 29 0 M 55 69 44 14 16 M 56 49 M M M 25 M M 29 M M
3 53 M 0 36 67 38 68 M 87 M M 08 45 24 M 70 M M M M
4 56 55 36 0 25 80 41 78 M 83 M 28 09 60 69 M M M M M
5 61 69 67 25 0 M 66 53 M M 86 53 16 M 44 M M 66 M M
6 15 44 38 80 M O 30 60 49 72 M 46 M 14 M 32 63 M 80 M
7 15 14 68 41 66 30 O 30 79 42 63 69 50 44 39 62 71 43 54 56
8 45 16 M 79 53 60 30 O M 72 33. M 69 M 09 M M 13 M 67
9 64 M 87 M M 49 79 M O 43 91 M M 63 M 17 14 M 31 57
10 |57 56 M 83 M 72 42 72 43 0 48 M M M M 60 29 68 12 14
11 M 49 M M 86 M 63 33 91 48 0 M M M 42 M 77 20 60 34
12 M M 08 28 53 46 69 M M M M O 37 32 M M M M M M
13 M M 45 09 16 M 50 69 M M M 37 0 M 60 M M M M M
14 29 M 24 60 M 14 44 M 63 M M 32 M O M 46 M M M M
15 M 25 M 69 44 M 39 09 M M 42 M 60 M O M M 22 M M
6 47 M 70 M M 32 60 M 17 60 M M M 46 M O 31 M 48 M
7 M M M M M 63 71 M 14 29 77 M M M M 31 0 M 17 43
8 M 29 M M 66 M 43 13 M 68 20 M M M 22 M M O M 54
9 M M M M M 80 54 M 31 12 60 M M M M 48 17 M 0 2,6
20 M M M M M M 56 67 57 14 34 M M M M M 43 54 26 O

From the resulting matrix analysis it follows, that
using of shortest two-step paths from production points
(Nel and Ne2) most consumption points (12-20) is
unattainable.

Continuing of procedure, we calculate three-step

=min{1.5+M, 1.5+6.3} =78,

() = min{eld) + 2 (@ p2) 1o
113 13* 17t

=min{1.5+M, 1.5+5.0{ =65,

:mln{l 5+M, 1.5+4.3}=5
@, (2

min

{
. 5 min r ) r@) (@ 2) Lo
matrix paths using the formula (9). 615’ 17157715
We get: :mln{15+M 15+3.9}=5
() _.(2 (3 _ ()
" =Ny hy =h3", 2
r116 = m'”{rls + r616' r17) + r7(123 }
(B3 (2 B) _(2)
14" =hg s N5" =hg"s =min{1.5+32, 1.5+6.2} =4
() _.(2) 3)_.()
e =he + 7 =y r117 _mm{rlﬁ ”617’ r17)+r7(i)7}
3 2 3 2 3 2
'&(s) = rl(S)' r1(9) = rl(9)' rl(,l()) = rl(,l(g' =min{1.5+6.3, 1.5+7.1} =78,
2
r111 = {r16 ”611’ r17)+r7(1)1} n{r +r618’ r17) fﬁ% }:

@) (2)}

r111 =mining ”611’ 7 +711

ey
=min{1.5+M, 1.5+6.3} =78,
2
%z n{r ”612’ r17)+r7(1)2}

=min{1.5+4.6, 15+6.9}=6.1,

719}

=min{1.5+8.0, 1.5+5.4} =6.9,
@, 2

r120 —mm{r ”620’ 7 +r720}

=min{l.5+M, 15+56} 7.1.

r ”619’ 7

86



ISSN 2522-9052

CyuacHi inpopmariitai cuctemu. 2021. T. 5, Ne 2

Continuing in the same way, we get:

@, (2)
r212 —m'”{rﬂ ”712’ g +1312

=min{1.4+6.9, 1.6+M} =83,

n{r ”713’ rzs) é%}
:mln{14+50 1.6+6.9} =

e

14—m|n{r ”14* r28+814}
—min{l.4+4.4, 16+M}=58,

n{r el r)+r(2)}
27 715’ 28 Tlg15

=min{1.4+39, 1.6+0.9}=25,

n{r ”716' rzs) ”s(igs }
{

=min{1.4+6.2, 1.6+M} =76,

@, (2
”717' g +1517

=min{l.4+7.1, 1.6+M}=85,

~=min I"

(3 2

1)8 n{r27 ”718' r28)+r8(1&)3}
=min{l.4+43, 16+13}=29,

(3

1)9 n{r ”719' rzs) 8(%}
=min{l.4+54, 1.6+M}=6.8,

r2 20° _mln{r27 ”7 20’ rzs thg 20}
=min{1.4+56, 1.6+6.7}=7

Performed calculations show us that for each of
consumption points there is exists and is found the
shortest three-step route from each of production
centers.

The respective paths lengths are calculated,
summarized in Table 3 and can be used for comparison
for clustering purposes.

Table 3 — Lengths of the shortest routes from production
centers to consumption points

Production Consumption points
centers
12 (13 (14 |15|16 |17 |18 |19 | 20
61|65(29(54(47|78|58(69|7,1
2 83|64(58(25(76|85|29(6,8|7,0

Distances comparison from production centers (1
and 2) to delivery points (12 - 20) makes it possible to
form clusters as follows:

Cluster 1: points 12, 14, 16, 17,

Cluster 2: points 13, 15, 18, 19, 20.

Solution obtained.

In delivery system of perishable products (or
products of immediate use), another criterion is more
important than distance to the delivery points - delivery
time. The values calculation of this parameter must be
carried out taking uncertainty into account, arising due
to differences in some section’s throughput of
highways, dynamics of the flow density for transport
units, road surface quality, depending on weather
conditions, time of day, etc. In suppose that according to
results of preliminary processing of the corresponding
data for all transport network sections, shown in Fig. 1,
average values of the duration in overcoming these
sections and their variance have been determined. Then,
using this data for any route, the probability that random
duration of the delivery time will exceed a critical value
can be calculated. Moreover, if for some specific route,
the average time to overcome it is m, and the variance

is —02, then, assuming a normal distribution of this
time, probability of exceeding the critical value is
calculated by formula
(T-m)*
——dT .

e 2
= lkp Tk_p G ZGZ

Calculation results are summarized in Table 4.

Table 4 — Probabilities of critical value exceeding
by the random delivery time

Production

Consumption points
centers

12 113 |14 | 15|16 |17 | 18 | 19 | 20
0,45|0,41|0,16(0,47|0,43/0,61(0,44|0,47(0,51
2 0,72|0,54|0,51(0,13|0,68{0,79(0,19|0,59(0,68

Data comparison presented in table 4 leads to the
following clustering of consumption points:

Cluster 1: points 12, 13, 14, 16, 17, 19, 20,

Cluster 2: points 15, 18.

Thus, the result of clustering by the time criterion
is radically different from the previous one, obtained
taking into account only the distances between the
centers of production and points of consumption.

The considered clustering problem becomes more
complicated if the proximity measures of objects are
determined indistinctly [9-12]. Application methods of
fuzzy mathematics in this case, is absolutely justified,
since practical tasks, similar to the above, are solved in
a situation where actual available initial data is
insufficient to obtain a correct theoretical and
probabilistic description of them. Methods of the fuzzy
mathematics theory are less demanding and are better
suited for constructing adequate mathematical models in
a small sample of these data, since they do not need to
correctly reconstruct the unknown distribution density
of the corresponding random variables. Consider a
possible approach to clustering problem solving in
terms of fuzzy mathematics. We will assume that the
duration measures of overcoming network sections are
determined by fuzzy numbers (L-R) type with their own
membership functions. Consider the technology for
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fuzzy value calculating of the integral metric for a
fragment of a route composed from two consecutive
sections. We introduce two corresponding fuzzy
numbers 11 2 @(L-R) type, that determine performance
of these two sections in the network:

ny =(my,ay,B1), o = (M, a,B2)- (7

Here: mi, my — modal values of the numbers F1
and F2, aq,0, —left fuzziness coefficients values of the

membership functions in numbers F1 and F2 ; B;,B, -

right fuzziness coefficients values of the membership
functions in numbers F1 and F2.

To calculate integral metric that determines the
level of preference for a network fragment, consisting of
given two sections, it is necessary to define the rules for
performing the following operations on fuzzy numbers
(L-R) type: addition, multiplication, selection of the
minimum value, division. We define these rules by
formulas justified in [13]:

— addition:

(m, o, B) = (my, 0, By ) +(Ma, 02,2,

M=y +Mp; o= oy +0tp; B =Py +PB2; ©
— multiplication
(m,a,B) = (my, 0, Br)- (M2, c2,B2),
Mm=my -My; o =MoLy +Myoy —040ls; 9
B =mBy +myPy +B1Bo;
— division

(m, o, B) = (my, o, By )1 (Mg, ct,B2),

mo M. Mooy +MiPy o Moy + Moy . (10)

my' my(my+By) T my(my—ay)’
— selection of the minimum value
(m, o, B) = min{(my, aq, By ), (M, a2, B2 )}

A natural and easily interpreted rule for choosing
the lesser of two numbers is formulated as follows: if
the difference between these two numbers is positive,
then the subtracted is the smaller; if the difference
between these numbers is negative, the minuend is
smaller..

Define a rule perform the subtraction operation:

(m, o B) =(my,ag,B)—(my, a2, B2),

m=my —my;a =0y +P;p=Py+ay.

Thus, the problem of determining the smaller of

two fuzzy numbers is reduced to analyzing subtraction

result. In accordance with this, a simple and

understandable rule for comparing two fuzzy numbers is
formulated as follows.

For numbers being compared n; u n, calculate

values of the left (by,by) and right (c;,cp) their
carriers borders:

by =my—oy, ¢ =my+y,
by =my —aip, Cp =My +By.

(11)

Now comparing rule is formulated as follows:
a) if min{(b, —by), (¢, —¢,)}>0,then F > F,,

b) if max{(b, —b,), (c;—Cy)}<0,then F < F,,

c) if min{(b —by), (¢, —¢,)} <0 and
Imin{ (b, —b,), (¢, — )} > max{(b, —by), (&, —¢5)},
then F < F,,

d) ifmin{(b, —b,), (¢, —¢»)}<0 and

Imin{(by —by), (¢, —¢2)} < max{(by —by), (c; —¢2)},
then F > F,.

The above ratios provide a calculation by the
formula (7) values of fuzzy measures of the distance for
each point to the clusters centers. These values are used
when performing clustering procedure.

Problem of clustering is even more problematic if
the initial data are specified inaccurately in the sense of
Pavlak. [14-16]. Real way to solve problem in this case
is to use the method of constructing fuzzy models for
objects that are determined inaccurately [17].

Method for solving the second problem for a given
number | clusters uses an iterative procedure consisting
of preliminary and subsequent stages. At the
preliminary stage, the initial location of grouping
centers is found. To do this, a Cartesian coordinate
system is applied to the city map so that the abscissa of
the leftmost of the grouping objects and the ordinate of
the lowest of the objects are equal to zero. Then a
rectangle is constructed, the lower left vertex of which
is placed at the origin. (0,0), and the upper right vertex
is chosen so that all the objects of the city lie within this
rectangle, and he had a minimum area. Now we find the
center of the rectangle at the intersection of its
diagonals, from which we draw | rays with an angle

o =360°/I between them. Then we find point of rays

intersection with the rectangular sides and segments
midpoints formed in this case. The resulting points are
used to determine the initial grouping centers by finding
the nearest point on the nearest highway. Each of the
subsequent iterations consists of two steps. At the first
step, according to the method described above,
clustering problem is solved. According to results of
this task is calculated clustering quality criterion, equal
to sum of the distances from grouping objects to
corresponding grouping centers.
Let be:

(Xko.Yko) — grouping center coordinates K -th
cluster, K=1,2,..,1,
(Xks.Yks ) —coordinates S -th object from K -th

cluster.
Then

k=2, \/(XKO—XKS)2+(YK0—YK5)2 —(12)
SeNgk

sum of distances from grouping center K -th cluster to
objects of this cluster, S e Ny,
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Nk - many numbers of objects that fall into the K -th
cluster;

I

n= ng - (13)
K=1

sum of all routes lengths, which were obtained as a

result of clustering.

It is clear that criterion (13) value is lower, the
higher quality of clustering. In the second step, the
grouping results are used to correct the positions of the
grouping centers. To do this, within each cluster, it is
necessary to find a point, the sum of distances from
which to the objects of this cluster is minimal. This task
can be solved as follows. From center of the cluster will
hold K myueii rays (for example K =4) with an angle

between them f =360° / K . Then, for each of objects in

each of resulting sectors, we find the shortest distance to
grouping center (by formula (7), we sum them up and
among the resulting sums we find the greatest. Correction
of cluster grouping center position consists in its
movement along bisector of the sector with greatest sum
of distances to intersection with nearest highway. New
positions of the grouping centers obtained in this case are
used at the first step of next iteration. Effectiveness of this
clustering is estimated by formulas (12), (13). The
procedure continues if new value of criterion (13) is
better than the previous one. As a result of solving this
problem, the best position of clustering centers for a
given number of clusters will be obtained.

Finally, let's move on to the third task. Simplest for
implementation and a reliable way to solve it is to solve
the complex of first and second problems sequentially,
first for two clusters, then for three, etc. Comparison of
criterion calculated values (13) for these options
provides choice of the best.

Conclusions

1. Problem of structural optimization in the
distributed system  “production - delivery -
consumption" is considered and solved. The problem is
solved in three stages.

2. At the first stage, problem of distributing a set
of consumers into clusters was solved. Optimization
criterion - is total length of delivery routes in the city
blocks metric. To solve the problem, proposed method
that implements the technology of dynamic
programming.

The method is generalized for case when the initial
data is not clearly specified. An alternative approach to
solving problem of clustering according to criterion is
also considered - minimum probability that the delivery
time will exceed a given threshold value.

3. At the second stage, problem of rational location
finding a for a given number of production points was
solved. To solve that problem, a procedure for
sequential improvement of initial plan is implemented.

The appropriate number of production centers is
determined by a simple comparison of system efficiency
for several realistically possible options.
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CTpyKTypHa onTHMi3anis y 6araTrokaHajbHiil po3noaineniii cucremi MacoBoro 00cJ1yropyBaHHs
JI. T'. Packig, O. B. Cipa, 1O. JI. [Tapdentok, JI. B. Cyxommun

AHoTanisi. 3agaya CTpyKTypHOI ONTUMI3allii B PO3MOAUICHIN CHCTEMi 00CIIyroBYBaHHs BUpIIIEHA Ha MPUKIIAJi CUCTEMH
«BUPOOHHMIITBO - JIOCTaBKa - CHOXKMBAHHS» MPOJYKTY MacOBOTO MOMMTY. Y 3B'A3KYy 3 UM METOI0 POOOTH € po3poOKa METOIUKH
CTPYKTYpHOI onTuMi3amii cucreMu « BUpOOHHUIITBO - JOCTaBKa - MACOBE CHOKUBAHH» IIUIIXOM BIPOBAKEHHS 1 PalliOHAIBHOTO
PO3MILIEHHS NPOMDKHHX TOYOK BHPOOHMIITBA HAa OCHOBI DIMICHHSA 3ajad KiacTepus3amii 3 ypaxyBaHHAM OCOOIHMBOCTEH
PO3paxyHKy BiacTaHedl. MK MichbkuMH 00'ekTamu. IlocraHoBka 3anmadi. i AOCSTHEHHS METH POOOTH BHPIIICHI HACTYIIHI
3aBIaHHS: KJIACTEpH3allii MICHKHX OO'€KTIB MO METPHIll MICBKMX KBapTaldiB MO 3aJaHid KUTBKOCTI TPym Juis OOpaHOro
po3TanryBaHHS BHPOOHMYMX i IPYMOBHUX LEHTPIB; MOUIYK HAWKPAIIOrO MICHs pO3TAallyBaHHsS IS 33JaHOI KiTBKOCTI LEHTPIB
KJIacTepu3anii; BU3HAYeHHsS ONTUMABHOI KiBKOCTI LEHTPIB KiacTepu3aumii. 3agaya BupilieHa B Tpu erand. [lepimii eram -
KJIacTepu3alliss MHOKHHH 00'€KTIB CIIOKMBaHHS I 33JJaHUX MICIIb PO3TAIIyBaHHS MPOMDKHHX LEHTPIB J0ocTaBKU. Jpyruii eram
- BINIIYKaHHS HaWKpalIMX MiCI[b PO3TALIYBaHHS 3a/1aHOi KUTBKOCTI MPOMDKHUX IIEHTPIB AOCTAaBKU. TpeTiil eram - BU3HAYCHHS
ONTUMAJIBHOI KUTBKOCTI pOMiXKHUX HeHTpiB. CPopMyapoBaHa 3a/ada BHPIIIYETHCSA 332 JBOMA KPUTEPISAMH: CyMapHa TOBXKHHA
MapuIpyTiB JOCTaBKH MPOJYKTY CIIOXKMBayaM; BipOTiAHICTH TOTO, HIO BHNAJKOBHMIl Yac JOCTaBKU IEPEBHIIUTH KPUTHYHE
3Ha4YeHHs. YuceabHe 3HAYEHHS IPYroro KPUTEPilo OOYHCIIOETHCS 32 MPUITYIIEHHSM, 110 IS KOKHOTO MapIIpyTy MOXYTh OYTH
OLIiHEeH] 3HAYEeHHsI CePeJHbOTO 3HAUSHHS 1 JucHepcii 4acy AocTaBKH. BimoBigHa KinbKiCTh BUPOOHUYNX LIEHTPIB BU3HAYAETHCS
MIPOCTHM TIOPIBHSHHAM €()EeKTHBHOCTI CHCTEMH I NEKiJIbKOX pealbHO MOXJIMBUX BapiaHTiB. HaBeneHo mpukian pimieHHs
3ajadi KIacTepH3allil B METPHIli «MICBKHX KBapTaJliB» Ha OpieHTOBaHOMY rpadi 3a 06oMa KpUTEpisiMH.

Kaw4doBi cioBa: posmoxineHa cucreMa «BHPOOHHITBO — JOCTaBKA - CIIOKMBAHHS»; KIACTepi3alis; Opi€HTOBaHUI
rpad; HAHKOPOTIIUI IISIX.

CTpyKTypHasi ONTHMHU3ANHsI B MHOTOKAHAJIBHOI pacnpeie/ieHHONH cCTeMe MacCOBOT0 00CTyKUBAHMSI
JI. T. Packum, O. B. Cepas, 1O. JI. [Tapdenrok, JI. B. Cyxommun

AHHOTanmus. 3afgada CTPYKTYPHOH ONTHUMHU3AIUH B PACIPEIENEeHHONH CHCTeMe OOCIY)KHBAaHHS pelleHa Ha IpuMepe
CHCTEMBI «IIPOM3BOJCTBO — JIOCTABKa - MOTPEOICHNE» IPOAYKTa MAacCOBOTO crpoca. B ¢Bs3M ¢ 3TUM 1enbio paboTHI SBISIETCS
pa3paboTKa METOIWKH CTPYKTYPHOH ONTHMH3AIMU CHCTeMbI «[IpoM3BOACTBO - JOCTaBKa - MaccoBOE MOTpeOICHHE» IIyTeM
BHEJIPCHUS ¥ PAIIMOHATIBHOTO Pa3MEIIeHHs TPOMEXYTOUHBIX TOYEK IIPOM3BOICTBA HA OCHOBE PEIICHHS 33a1a4 KJIACTEpU3aLUH C
y4eToOM OCOOEHHOCTEW pacueTra PacCTOSHMH. MEXAY ropoackumu oObekramu. [locTaHoBka 3amaud. st TOCTHIKEHHS LEIH
paboThI penieHsl CIeAyore 3a0a4un: KIacTepu3anusi TopoJICKUX 0OBEKTOB 10 METPHUKE TOPOJICKHX KBapTajoB IO 33JaHHOMY
KOJIMYECTBY TPYIN A BBIOPAHHOTO PACHOJIOKCHHS MPOU3BOACTBEHHBIX M TPYIIIOBBIX IEHTPOB; IMOUCK HAWIYYLIErO
MECTOIIOJIOKEHUS AJIs 33JaHHOTO KOJMYECTBA ILIEHTPOB KJIACTEPU3ALUHU; ONpelesieHHe PALUOHAIBHOIO KOJMYECTBA LEHTPOB
KJIacTepu3aluy. 3ajjaua peleHa B Tpu 3tana. [lepBblil aTan — KnacTepu3anns MHOKECTBA 00bEKTOB MOTPEOICHUS AT 3alaHHBIX
MECT PaCIOJIOKEHUSI HPOMEXYTOUHBIX IIEHTPOB IOCTaBKH. BTOpo#l STam — OTBICKaHWE HAWIYUIINX MECT PaCHOJOKECHHS
3aaHHOTO YHCIIa NMIPOMEKYTOUHBIX IIEHTPOB AOCTaBKH. TpeTHil 3Tam — ompeseseHre pPalroHAILHOTO YHCIA TPOMEXYTOTHBIX
nenTpoB. ChopMynupoBaHHas 3ajada peMIaeTcss MO IBYM KPHTEPHSIM: CyMMapHas JUIMHAa MapIIpyTOB JIOCTaBKH IIPOJYKTa
MOTPEOUTEIISIM; BEPOSITHOCTH TOTO, UTO CIIydaifHOE BPEeMs JOCTaBKH MPEBBICUT KPUTHUYECKOe 3HaueHme. UNCIeHHOe 3HaueHHe
BTOPOTO KPHUTEPUS BBIYMCISIETCS B MPEIOJIOKEHUH, YTO AJIS KaXIOT0 MapLIpyTa MOT'YT ObITh OLICHEHBI 3HAYEHHUS CPEIHEro
3HAa4eHUs U AUCIEPCUU BpeMeHHU aocTaBku. [logxonsinee KOMMYECTBO MPOU3BOACTBEHHBIX LIEHTPOB ONpEAENAeTCS MPOCTHIM
cpaBHeHHEM d()()EKTUBHOCTH CHCTEMbI JUIsl HECKOJIbKHX PealbHO BO3MOXHBIX BapHaHTOB. [IpHBeNeH MpuMep pelieHHs 3a1aun
KJIaCTepPU3aLMH B METPUKE «TOPOJICKUX KBAPTAJIOBY» HA OPUEHTUPOBAHHOM rpade o 060MM KpUTEPHSM.

KnwueBblie ciioBa: pacnpefelicHHas CHCTEMa <«IPOU3BOACTBO — JOCTaBKa - MOTpeONeHHe», KiacTepu3anus,
OpPHEHTUPOBaHHBIN rpad; KpaTIalIIHii yTh.
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