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Abstract: This paper analyzes three important elements for improving logistics per-
formance in supply chains. The first important component of the supply chain refers to the
reduction of traffic, correspondence and communication lines, the second refers to the
process of balancing by layers of the activities and the third important component relates to
micro processes of differently balanced states of units to generate the best compositions.
Factors in terms of control are of strategic, tactical and operational level, the application of
which increases the effectiveness and efficiency of logistic systems. This paper pays atten-
tion to the factors of efficiency in logistics centers, i.e. in processes and operations as a
function of compositional equilibrium of status and location changes of loading units.

Keywords: supply chain management, processes and operations, composition, bal-
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1. INTRODUCTION

From the point of view of logistical research
based on multidisciplinary and interdisciplinary
knowledge aimed at implementing the generated
legality in the field of planning, organization, tech-
nology, control, modeling and simulation of material
flow, energy and information, a special emphasis is
placed on supply chain management [1,2]. In prac-
tical terms, the logistics has a role in creating the
environment and giving support to increase the ef-
fectiveness, efficiency and propulsion of materials,
energy and information in the functional organiza-
tion of life and work [3]. In the logistics and trans-
portation services market, there are usually demands
in terms of the flow of material goods and transport
units that formally represents a graph ,.tree” [4,5,6].
The carrying out of the process and operations in
graph form the ,,tree” has its own characteristics that
can be used to balance the classes of activities, to
achieve efficient solutions. A logistics center, as a
relevant link of supply chain aimed at the flow of
material, energy and information, in general, has a
good feature to reduce the number of traffic lines
(exchange of information, correspondence, materials
flow) between the sender — receiver [9]. As at the
entrance in a logistics center transport and cargo
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units of different manifestation in concentration and
classification arrive, under the influence of process
and operations they change a status and micro loca-
tions in the logistics center, thus generating various
compositions and diversify and decompose at the
exit [10]. The different composition and decomposi-
tion of the status and location changes of loading
units in the logistics center results in either lower or
higher efficiency.

2. LOGISTICS CENTERS IN MEDIATION
FUNCTION

In order to understand more clearly the role of
the logistics center, the requirements at the entrance
are given on a simple example, through one request-
scope attribute. Scope means the level of distribution
requirements between the potential participants in its
implementation, i. e. distribution requirements in
multiple implementers, organizers and distributors.
In case that a customer (user) makes a request to-
ward only one participant, then this request is consi-
dered simple and comprehensive. In this case, com-
munication, exchange of information and correspon-
dence relating to the application are single line, and
if we have ,,N,,” (X—sender and Y-—recipient and
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implementer) participants then multiple independent
lines may appear of information, communication and
correspondence sharing.

Figure 1 represents a formalized partial net-
work communication, correspondence and traffic
between senders, and facilitators, where there are no
logistical nodes, follows: X1 — {Y1I, Y2 ... Y12}, and
x12 - {Y1, Y2... Y12} and YI — {x1, x2 ... xI12 and
vi2} — {x1, x2 ... x12} [11-13]. It is easy to see that
the network of traffic lines ("everyone with every-
one") between the sender-receiver is very compli-
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Figure 1. Partly illustrated connection (traffic, corres-
pondence and communication) sets X and Y

With complicated networks, during the reali-
zation of technological processes and operations,
intermediaries (providers) are introduced [8, 12, 13],
Figure 2. When introducing a set of intermediaries
(denoted by), the P number of traffic lines between
X <> Y is conditionally reduced and amounts to:

Np: XPu/i + Pu/i 'Pi/u + Pi/u Y (2)

Where:

N, — Number of traffic, corresponding and
communication lines,

Py — the number of input/output and inter-
mediaries,

Pix — number of output/input intermediaries.

Number of lines is reduced under the condi-
tion N, <N. In order to meet the above-mentioned,
by incorporating or replacement of values from (1.1)
and (2.2) it should be:

X'Pu/l' + Pu/i 'Pi/u +Pi/u Y<XY (3)

By introduction of stricter variants i.e.
P =max (P,;; P;,) should be:

XP+P+YP<XY 4
X-P +P°+ Y-P- X- Y<0 (or) P’+P(X+Y)-XY<0

(x+Y) J(xX+7) +axy
2
It is logical to take only the integer values. If, for

P<—

)

cated. [7,8,10]. Formally written, when we have a
set of X senders and Y recipients (and vice versa),
the number of lines N,, is:

nyzzxi'zyj

or simpler:
Ny=X-7Y.
input/output Input/output
nodes P, nodes P;,

Figure 2. Complete connection of X and Y generated
using logistic nodes (centers)

example: X = 10 and Y = 10, maxP (P, ,i, P i) < 4.
However, in practice, the number of intermediaries in
relation to the number of clients in the correspondence
and communication is many times smaller, so that the
number of communication lines is smaller by about
the same number (due to linear dependence). When
senders among themselves perform the exchange of
information (X <> X, Y <> Y) then the full coverage of
the number of lines in interactive exchanges is:
e between senders

Nx-X=(X-1)/2 (6)
and by analogy
e between the organizers and executors
Ny=Y-(Y-1)/2 @)
Therefore, the full coverage line of informa-

tion exchange, by summing up the equations (1), (6)
and (7), amounts to

N=X-Y+X(X-1)/2+Y (Y-1)/2 (8)

These attributes, in practical terms have gen-
erated a network of logistics centers (nodes) as the
relevant agents in the international flow of materials.
With the reduction in the number of traffic, corres-
ponding lines and communication, the introduction
of intermediaries, several objectives are achieved
[10,12]:

e reducing the number of roads and easier



Pantelija Daki¢, Boro Daki¢, Relevant factors for improving the logistics performance in supply chains

Contemporary Materials, VI-1 (2015)

Page 46 of 54

maintenance of the existing ones,

e generating more alternatives with synergetic
transactions,

e reduction of energy consumption, especially
fragmentation of cargo,

esimpler and easier manageability levels of
noise and pollution,

e savings in correspondence and communica-
tions.

The classified concentration is advantageous
from the point of view of generating multiple alter-
natives and selecting the most suitable on for the
requirements of ,,just in time” and implementation in
accordance with the requirements of modern trans-
port, decomposition and diversification.

3. LOGISTICAL BALANCING ON THE
NETWORK AND INTRODUCTION OF
THE CONCEPT OF COMPOSITION

3.1. Balancing on an example of the distribu-
tion of empty freight units between logis-
tics centers in the graph form ,,tree”

In formulating the function of objective by as-
signing the criteria of distance and time and the ne-
cessary limitations with the use of appropriate algo-
rithms optimal solutions are obtained, but only for
the given criteria. Such solutions certainly raise the
level of efficiency by implementing the processes
and activities, but must be improved by using the

a) Network
LEGEND:
o location of empty units
e location of required load

logistical balancing by engagement of layers in order
to have a practical application [7—8].

For a better illustration of the case, Figure 3
represents a network a) and b) an extract of one op-
timal solution of the transport task of distribution of
empty transport units from logistics centers A, B and
C in logistics centers D, E and F in the graph form of
a ,tree” [4—6,10]. The extract shows that 20 empty
transport units (of equal technical and technological
characteristics) are dispatched from the logistics
centers A, B and C to logistics centers D, E and F
for loading. Each realization of the above extract
from the optimal plan gives a minimum function
value of the objective with respect to the given crite-
ria. In the middle of the arches are given the values
of distance between adjacent nodes.

On graph image in Figure 3b it is easy to con-
clude that any given realization (model) of distribu-
tion in the objective function according to the crite-
rion of distance generates the same values (units x
kilometer). Also, if the chosen criterion is time, the
same values of the objective function will be rea-
lized (units x hours). The minimum objective func-
tion of this network is 4300 (units x criterion). In
available algorithms (given with software) this set-
ting is often ignored, but frequently in practical lo-
gistic application of a variant (alternative), distribu-
tions are not effective. As 9 alternatives exist, it is
often necessary to seek the most balanced approach.
For the purpose of balancing in Table 1 the distance
between corresponding points and the shaded most
balanced correspondence is presented.

40

b) Excerption from graph network ,.tree”

Figure 3. The network as a function of distribution of empty units at the required location of loading

Table 1. The mutual distance of dispatch and receipt

Therefore, it is necessary to establish the ap-
proximate (logistic) balance when in the points A, B
and C there are empty loading units of different
companies to be transported to the points of loading,
provided that they all are equally (fair) loaded with
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empty runs [13]. Given the fact that the flow of units
A, B and C to destination D, E and F are often inde-
pendent and different in the ownership structure, but
are dependent on a stretch of road B — D, the for-
malization of criteria and constraints is not easy.
Also, when on the front it takes approximately the
same time to deliver empty transport units (buses,
trains) for the withdrawal of men and material from
the front or around the same time to occupy points
D, E and F and others, it is essential to proceed to
balancing.

The best solution of balancing is the one with
the smallest fluctuations around the average value of
the length (time) i. e. 4300/60 = 71.667.

So, if in logistics balance is required, then the
optimal objective function with the use of criteria for
route and time constraints (available algorithms)
generate alternatives that should be improved again,
in terms of logistics, by recomposition of the graphs
Htree”.

3.2. Abstraction processes and operations in
the logistics center and the introduction
of the concept of composition

For Logistics centers as logistics nodes, most

important compositions of functions are considered
by the direction of movement of materials (energy,
information). During functioning of the logistics
center different units appear at its entrances (ship-
ment of different levels of concentration and classi-
fication, vehicles, integrated and intermodal units,
etc.) where various forms of functional organized
and planned combination in order to generate a
composition of units of different events at the output
(picking, manipulation, sorting etc.) are performed.
In Figure 4 with the input devices in the logistics
node are abstracted by way of dices of different col-
ors, which, to the entrance to the logistics node go
through the processes and activities of concentration
and classification. Cubes can be quantified so they
are considered (analyzed) by using a predicate. If the
dices are qualified (qualitative), then they are ob-
served (analyzed) from the attributive and characte-
ristic point of view. For example, one color is ob-
tained by combining two or more colors. In the lo-
gistics node, employing a variety of hardware and
software input devices are transformed in the com-
position of the function outputs that will eventually
generate decomposition and diversification. Opera-
tions (activities) are discretized in the implementa-
tion of the types of classes and processes are discre-
tized by column of layers. [8].

Concentration and
classification

Composition

Decomposition and diversification

Figure 4. Abstracted compositions of functions of logistics center

The abstraction made in this way, of inputs
and outputs, allows the processing of important
processes and activities of compositional structure.
The function of objectives and the optimization of
processes and operations in the system as a logistics
center depend on the input classification and the
concentration and of the required output for the pur-
pose of later decomposition and diversification.

In the mathematical modeling, the composi-
tion of function as the term is most easily explained

by Venn diagrams and bijective mapping. [11,12]
Injection represents the input and a surjection a lo-
gistics center,_and as it only stops the continuous
flow of units,_it shows s surjection in order for next
surjection -output. Mapping f: A — B is said to be
bijective or both unambiguous if and only if it is at
the same time, injective and surjective mapping of
set A into a set B. For a mapping f: A — B is said to
be bijective or unambiguous on both sides if and
only if it is the injective mapping of A to the set B.
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Thus, every element of B is the image of one and
only one element of A.

In this case the transfer functions are the
processes and operations that lead to this kind of

/ Processes £
N BE \ /

A > Operations b

‘: [ | D.D @] " H/ FEE

mapping. It is necessary, therefore, to study the ac-
tivity and processes (operations), as a function of
transmission, Figure 5.

i e T
P o \\
b Processes
- '||
| EN |
|
,..«"! (T
A Operations y
- \\‘xx ,,»/
B C

Figure 5. Venn diagrams and mapping activities of processes and operations

The analogy of the case (logistics center) re-
minds of generating musical compositions, where
the units represent tones; tones are placed in harmo-
ny (chords), a combination of harmony on some
tact’s (criteria) in the composition. Harmonies in
short intervals have to change (transform) per tacts,
in order to generate a composition. The composition
can be performed with a variety of instruments, so
the compositions are performed with a variety of
orchestras (output elements). The result can be a
good composition, but poor orchestra performance,
or good composition well performed by the orches-
tra. Processes and activities to the functioning of the
system (logistics center) are consequences of the
functional organization of life and work. Theoretical
analysis of the processes and activities in the 2D
area is described, i.e. quantified and qualified, usual-
ly on the discretized sections and activities, because
the analysis is easier with a random variable rather
than with transitional status and location- change
over time (by random processes). Deciding as a con-
trol element is performed on the basis of information
and data, for example on the basis of information
from one course of action or one overview of situa-
tion. In this theoretical setting the composition can
be analyzed vertically, diagonally, circular, pyrami-
dally and freely.

3.3. Quantification and formalization of struc-
tural elements in the function of status
and location changes

As previously indicated, the composition of
the cargo units on 2d area can have a free (random)
and compositional (non-random) schedules. With
random arrangement, there is no composition and no
technological processes were applied on the units or
the operations in terms of logistics to generate com-
positions.

Let us analyze the flow of units within the
node to the exit. For ease of conclusion analyzed are
three types of units (different weight) in particular
order 3 x 3 and a (micro) flow toward the exit calcu-
lated. In Figure 6 presented are three cases: two ex-
treme ones and one balanced. Also, number 1
represents the lowest weight, and number 3, the
highest. It is understood that they may have a value
of 1.1, 1.2 and 1.3, respectively, and so on.

The requirements for stacking on the output
can be also one of the aforementioned sequences. [12]
In this case, there are several variants. By comparing
the size of invested work that needs to be carried out
to convert the initial state to the desired state it is easy
to conclude that the extreme differences of the fi-
nished work visually appear, as shown in Figure 7.

A B
1 1
1 1
1 |
Building block of 3 units in order 3 x 3 from Building block of 3 units in order 3 x 3 Building block of 3 units of ba-
heavier to lighter from lighter to heavier lanced order 3 x 3

Figure 6. Building block of 3 units in order 3 x 3
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a) The maximum work to establish order
from the initial state to the required output

b) Minimum work to establish order
from the initial state to the required output

Figure 7: Overview of the work invested to transform the initial state in the given order at the exit

For the purpose of quantification the criterion
weight x distance can be used. If the weights are
marked with label ¢i, and unit distance with i (unit
step) to n-1 steps made, or cells, then the maximum
and minimum function of the objective is calculated:

Fmax,min =n- éqi [I’l - (2l - 1)] (9)

[weight x distance] according to the order of unit
weight by types. So, if ¢gi is a monotonically decreas-
ing series of the initial state and monotonically in-
creasing in the desired output, we get the maximum
objective function (uptime), and if it is monotone
increasing in the initial state and monotonically de-
creasing by desired output, then minimum objective
function is obtained. It is obvious that in the transla-
tion of system in such a setting there is the mean
value of the objective function. Other variations of
the ranking of work invested from the initial state to
the desired output are within these intervals and they
need to be logistically adjusted at the output.

-
[ 5]
L
o
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4. BALANCING FEATURES AS A RELE-
VANT FACTOR OF EFFICIENCY IN
LOGISTICS

4.1. Features of balancing units

If we analyze the case of the three units in the
order of 3 x 3 in 2D area. [6] With the arrangement
by height or weight so that block stacking is ba-
lanced in the 2D area (without repetition), it is ne-
cessary to proceed as follows. Respectively, the
units are labeled with numbers 1, 2, 3 and the matrix
(3 x 3) of balanced arrangement is observed. Num-
bers (scalars) are arranged so that the sum of the
columns and types are equal. In this way a regular
pattern is obtained, which is called balanced due to
properties of equal marginal values (height, weight)
in the 2D area. Marginal values of matrix A is in
particular case 6, while the marginal value of its in-
verse gives the reciprocal value of the marginal val-
ues of the matrix A. This is shown in Figure 8.

A

D277 0055 0,388 | 4/
0,055 0388 0277 | 4/

0388 0277 0085 | 4/8

16 16 116

Figure 8: The matrix A and its inverse marginal values

It is argued that any regular balanced matrix
i.e., with equal marginal value of column and type
has a balanced inverse matrix whose marginal values
are equal to the reciprocal marginal values of the
original matrix.

Lema. Lete,; = (1,0, ...,0), ..., e, = (0,0, ..., 1)
canonical base and v = e; + ... + e,. Then a square
matrix A of order » has the property that the sum of
the elements of each of its type is equal o if and only
if Av = av, i.e. if o eigenvalue of matrix A, and v
promissory vector.

Proof. Denote with ,” scale product. If
A = (aj)), then a;; = Aevei, and the sum of elements of
the i-type

T T
o= E Qij = € - E Ae; =e; - Av.

On the other hand, o = av ¢ ¢;, so from the
above relation it follows that for all i the following
applies:

e; - Av — g; - av,
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Where we conclude that Av =
proof of Lemma.)

Theorem. Let A be a regular matrix with the
property that the sum of the elements of each of its
Type equals to a, different from zero, and the matrix
A" has the property that the sum of the elements of
each of its Type equals to o .

From the previous lemma Av = av, and mul-
tiplying by A" we get v=aA"'v, or A v= o 'v. Fi-
nally, the assertion is obtained using the previous
equality and the opposite direction in Lemma.

This above evidence makes balancing (i. e.
the formation of additional equations) much easier
when on the 2D surface some elements are fixed, or
in determining the number of dependent and inde-
pendent variables in the process of balancing. It
should be noted that in logistics there are two types
of balancing weight (height, etc.) in 2D area - block
stacking and freestyle stacking. Therefore, it is ne-
cessary to analyze the quadratic form of stacking. If
the number of blocks is marked with x, the number
of units of different sizes with n and matrix that
needs to be balanced with My, then the block-type

av. (End of

of stacking of a square matrix with the aim of ba-
lancing implies x = n'? blocks per type, x = n" ?
blocks per column (where the roots are positive in-
tegers greater than 2) whereby the number of blocks
in the matrix is equal to the number of different
units. Thus, a square matrix M, has n’ cells, n dif-
ferent layers (rows and columns), and x* = n blocks.
The number of blocks and the various units within
the matrix is, respectively: 4, 9, 16, ... or x> . In order
to analyze in the static and dynamic sense, one block
and one free way of stacking in equilibrium is shown
in Figure 9 (a and b). As shown in Figure 9, the sizes
are balanced by looking at the marginal totals. Since
this is a regular pattern its inverse patterns are shown
in Figure 10. It is observed that the sum of the in-
verted sizes are arranged in the block stacking sums
of inverted size, by the blocks, equal to each other
and also equal to the reciprocal value of the marginal
values of the inverse matrix (1/45), but not for each
block complex matrix. So, with block stacking to
balance the sum of the blocks it is equal to the sum
of the marginal values of the matrix, which is not the
case for the free stacking for balance purposes.

9 6 8 7 1 4 S 3 2 1 2 3 7 8 9 4 5 6
5 2 4 8 3 6 1 7 9 2 3 4 5 6 7 8 9 1
1 3 7 2 5 9 6 4 8 3 4 5 6 7 8 9 1 2
3 4 5 1 2 8 7 9 6 4 5 6 1 2 3 7 8 9
6 7 1 9 4 3 2 8 5 5 6 7 8 9 1 2 3 4
2 8 9 6 7 S 4 1 3 6 7 8 9 1 2 3 4 5
4 9 2 3 6 7 8 5 1 7 8 9 4 5 6 1 2 3
8 5 6 4 9 1 3 2 7 8 9 1 2 3 4 5 6 7
7 1 3 5 8 2 9 6 4 9 1 2 3 4 5 6 7 8

a) Balanced ,block” stacking
by sudoku principle

b) Balanced free stacking

Figure 9. Two types of balancing of the matrix 9 x 9

0,0433 | 018882 0,1767 0,0212 0,1982 0,056 | 013579 | 008924 0,0252
0,04209 -0.2538 | 0,19083 -0,0342 | 024716 -0,0626 -0,0541 | 003254 -0,0856
0,0076 | 007537 01773 | 014817 0,1326 0,1578 0,063 | 001053 0,0098
0,04455 00482 | 013307 | -0,1392 | 013733 | 0,00731 0, 0609 0,1084 | 005664
-0.1443 02726 03002 | 006866 -0.2667 | 014752 0.1449 00573 | 004238
0,037 | 036722 0,2129 | 0,00233 03304 | 003743 | 024839 0,013 0,0398
011457 03984 042868 01446 033231 00,1528 0,1533 00795 007525
01072 | 017134 03325 | 02431 -0,1392 | 014532 | 001155 0,001 002888
0,07378 0,3527 | 046927 01442 | 037263 0,2018 0,1872 | 003247 0,0401

The inverse of the original matrix a)

-0.0716 | 000247 | 000247 | -0.0716 | 000247 I 0,00247 | 0,03951 | 000247 | 0,11358 02
0,00247 | 000247 | 0,00247 | 000247 | 0.00247 | 000247 | 000247 | 011358 | -n.1086 || ©0222
~0.0346 | 000247 | 0.00247 | 007654 | 0,00247 | 0.00247 | 007654 | -0,1086 | 000247

0,03951 | 0,00247 | 0,00247 | -0,0716 | 0,00247 | 011358 | -0.0716 | 0,00247 | 0,00247

000247 | 000247 | 0.00247 | 0.00247 | 0,11358 | -0.1086 | 0.00247 | 0,00247 | 000247

007654 | 000247 | 0,00247 | -0,0346 | -0,1086 | 0,00247 | 0,07654 | 0,00247 | 0,00247

-0.0716 | 000247 | 0,11358 | 0,03951 | 0,00247 | 0,00247 | -0.0716 | 0,00247 | 0,00247

000247 | 011358 | -0.1086 | 000247 | 0,00247 | 0.00247 | 0.00247 | 0.00247 | 0.00247

007654 | -0,1086 | 0,00247 | 007654 | 0,00247 | 0,00247 | -0.0346 | 0,00247 | 0,00247

00222 00222 0,022 00332 ), 0222 0,0222 0,0222 L0222

The inverse of the original matrix b)

Figure 10. The inverse of the original matrix a) and b)
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4.2. Influence of different elements balanced
in static and dynamic sense — cycle
through trajectory

As far as multimodal transport is concerned
i.e. during stacking containers on ships, cargo in wa-
gons and road vehicles, it is known that one must
take into account that cargo has to be uniformly dis-
tributed. In a dynamic sense if you compare the two
cases and assume that the values of the cells of the
matrix have a certain weight, with a footprint of unit
area in 2D space. Also, the assumption is that it is a
mobile unit on which the goods are loaded according
to the order of weights shown in the matrix (palle-
tized goods in a wagon, road vehicle or container on
board). For ease of inspection in Figure 11, graphi-
cally displayed is a mobile object that moves along
the displayed trajectory. The sum of the coefficient
of moments of inertia of the columns is shown in the
graphs in Figure 12. For better illustration, the min-
imum value r; = 501 is selected (distance of center of
gravity of the first kind to the center of rotation),
with increments between adjacent gravity being 1,
so the center of gravity of the last piece is away from
the center of rotation r; = 509.

Moments of inertia are given with the form:

._|
5

| e

g

45 & 45 ,

Legend

It was assumed that this is a system of inde-
pendent finite element where the weight is evenly
distributed per unit area, their weight is in the mid-
dle (at the intersection of the diagonals of unit area)
and taking into account that:

sinx _

lim =1
x—=0 X

it is easy to conclude that the center of gravity of the

types are equally distant from the center of the circular

movement of the trajectory given that the square of the

radius of rotation is much larger than the radius and

growth (the distance between the balanced units).
H C

Figure 11. movement of the mobile object on trajectory

In static terms, in Figure 12, for two different
types of balanced complex units from Figure, 9 the
distribution of the centers of gravity by rows and
columns is shown.

I

‘. e ®
. o
L ] -
~ EC
®
45 . 45 i

¢ Distribution center of gravity by type
e Distribution center of gravity by columns

Figure 12. Moments of inertia

The standard deviation of the center of gravity
of the mean values by ,.block® of complex units is
smaller than the free-balanced units. In dynamic
terms, in these conditions, that is effected by approx-
imation values of moments of inertia / are calculated
for two variants of a balanced system, and shown in
Figure 13.

Also, as in the static sense, the circular
movement of the trajectory, in the dynamic sense the
standard deviations are higher in free-balanced unit.
It is clear that the best balance in dynamic terms is
achieved by the constants inertial moment of col-
umns, so that the heaviest units are positioned in the
middle (for balance of centrifugal and centripetal
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forces) that by columns monotonically decreases
towards the end. However, in practice this is some-
times not feasible. In terms of the dynamic process
of balancing it is very important and interesting. If
cargo stacking is simultaneously observed (contain-
ers on the ship, pallets cargo on train, vehicle) to
obtain the stability of movement in the direction and

4 ™\

/\

S \/

7

The distribution of moments of inertia of the columns
in the block complex unit

curves, the influence of wind, bumps, etc., if not
properly balanced it leads to accidents. In this re-
gard, one can imagine which damage can
occur by imbalance of containers on board with
9000 containers or train of 1500 tons of gross
weight.

4 ™\

/
/

o S

The distribution of moments of inertia of the
columns in complex units in the free layout.

Figure 13. Sums ratio of moments of inertia by columns

4.3. Influence of differently balanced ele-
ments in a dynamic sense-central rotation

Analyzed is the case during the injected mate-
rials of different specific weight and unit volume in
the material of a disc shape. Injected were block ba-
lanced units and free-balanced units in identical or-
bits as well as the repercussions when centrifuging

Legenda

©

O NoNON N N N N ]
PNWAOIO N®

a) Insertion of unit volume,
by the ,,block” principle stacking

the disk. The block of a complex balanced unit is
separated by red lines in Figure 14 a), while in 14 b)
there are freely balanced units. Results of inertia
moments (a vector position), in a number of experi-
ments have shown that block matching of balanced
units is better in both the static and dynamic sense.
For the purpose of total balance, interventions are
less complicated for block units.

Legenda

(O NoNOoN N N N N )
P NWAUIO N O

b) Insertion of unit volume,
by freely principle stacking

Figure 14. Injected (incorporated) balanced composite materials of unit
volume and different specific weight
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F 3

R §
v

a) The resultant moment of inertia /, the intensity and

direction of the action (block-balanced units)

F 3

a) The resultant moment of inertia 7, the in-
tensity and direction of the action (free-
balanced units)

Figure 15. inertial moments of composite materials in unit volume
and different specific weight

5. CONCLUSION

Optimum solutions for the given objective
function are found by formalization, introduction of
variables, constraints and criteria with appropriate
algorithms. However, the optimal solution with re-
spect to the set criteria logistically are quite difficult
to find to meet the requirements of equilibrium
processes and operations, which are expected to im-
prove in the post optimization if one wants to
achieve a high level of efficiency. Since there is a
functional relationship of processes and operations,
where operations are considered as layers, and
processes as discretization (cross-sections) of status
and location changes in time and space, we conclude
that the balance in the composition of processes and
operations makes a significant contribution to post
optimization procedure. They are solved afterwards
and contribute to greater efficiency and effectiveness
in logistics.
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FOR

PEJIEBAHTHHN ®AKTOPU 3A IIOBOJBITAKBE JIOTUCTUYKUX ITEPOOPMAHCH
YV JIAHIIMMA CHABINJEBABA

AfctpakT: Y pagy ce aHanu3Wpajy TpPH BaKHa eJeMeHTa 3a I000JbIIamke
JIOTUCTHYKHX MeppOpMaHCH Yy JTaHIUMa cHabaujeBara. [IpBa BakHa KOMIIOHEHTA 32 JIAHIE
cHa0OnujeBaa OJHOCH C€ Ha penykuujy caoOpahajHuX, KOMYHHKAaIMOHMX U
KOPECIIOHJCHTHHUX JIMHKja, IPyra Ce OJHOCH Ha MPOLECe YpPaBHOTEKEHa MO CIOjeBUMa
aKTUBHOCTH M Tpeha Ha MHKpoIpoLece pa3In4uTO YPAaBHOTSKEHUX CTama jeIUHULA Y
MWbY TeHepHcama Hajoospux Kommosuiuja. DakTopu y yIpaBbAYKOM CMHCIY CY
CTpATEIIKOT, TAKTHYKOT W ONEpaTHBHOT HHWBOA, YWja MpuMjeHa moBehaBa e(eKTUBHOCT U
e(pMKAaCHOCT JIOTHCTHYKHX cHCTeMa. Y pany ce npuiaje 3Ha4aj pakropuma epukacHOCTH y
JOTUCTUYKMM  LEHTPUMA, OJHOCHO IMIpollecMMa M onepaudjaMa y  (yHKUUjH
KOMIIO3MLIMOHHX YPAaBHOTEKEHA CTATYCHUX M JIOKAIIMOHUX IIPOMjeHa TePETHUX jeANHHMIIA.

Kibyune pujeum: ympaBibame JaHIMMa CHaOjMjeBama, MPOIIECH U OIepaluje,
KOMITO3HILIH]ja, YPaBHOTEKEHE.



