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ABSTRACT

Context. The task of determining a generalized parameter characterizing a comprehensive assessment of the action of criteria af-
fecting the sequence of execution of orders for the manufacture and delivery of products to the customer.

Objective. The purpose of the work is to develop an algorithm for calculating priorities when solving the problem of transport
services in conditions of uncertainty of choice.

Method. When considering the problem of the efficiency of order fulfillment, the reasons are given that affect the efficiency of the
tasks being solved for the delivery of paving slabs to the customer in the shortest possible time. In order to select a scheme that reflects
the main stages of decision-making, a justification was carried out and a comparative analysis of existing models was carried out. The
criteria for the requirements for describing such models have been determined. It is indicated that the objective function depends on a
group of reasons, i.e. represents a composite indicator. The stochastic nature of such factors led to the use of statistical analysis methods
for their assessment. The limits of variation of the parameters used in the calculations are established. The solution to the multicriteria
problem consists in bringing the role of the acting factors to one unconditional indicator, grouping and subsequent ranking of their val-
ues. The decision-making and the choice of the indicator will depend on the set threshold and the priority level of the factor. The indices
that form the priority of the factor are determined analytically or expertly. The sequence of actions performed is presented in the form of
an algorithm, which allows automating the selection of a model and the calculation of indicators. To assess the adequacy of the proposed
solutions, tables of comparative results for the selection of the priority of the executed orders are given.

Results. The method allows a comprehensive approach to taking into account the heterogeneous factors that determine the order
in which the order is selected when making managerial decisions, ensuring the achievement of a useful effect (streamlining the
schedule for the delivery of paving slabs to the customer) by ranking the values of priority indices.

Conclusions. The proposed scheme for the transition to a complex unconditional indicator (priority index) makes it possible to
quantitatively substantiate the procedure for choosing the next order when performing work. A special feature is that the list of oper-
ating factors can be changed (reduced or supplemented with new criteria). The values of these parameters will improve and have a
higher reliability with the expansion of the experimental design, depending on the retrospective of their receipt, the accuracy of the
data. As a prospect of the proposed method, the optimization of the process of selecting applications using queuing methods (for the
type of the corresponding flow — homogeneous, without consequences, stationary, gamma flow, etc.) can be considered.

KEYWORDS: decision making model, factor, priority, ranking, order sequence, algorithm.

ABBREVIATIONS
MM — mathematical model,
MED — multidimensional experimental data.

NOMENCLATURE

$ — cost of the order;

t — time of delivery of a tile to the consumer;

tgay — delivery within a day;

toweek — order delivery within 2 weeks;

L — the distance of the location of the object from the
supplier;

Ly — minimum delivery distance (self-pickup);

Lger — distance traveled by transport when delivering
the goods;

p — type of work;

s — terms of performance of work (order);

w — weight of the delivered tile;

Wearry — carrying capacity of the transport unit;
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g — work schedule;

m — weather conditions at the time of the order;

e — availability of products in stock;

Lgeneral — priority factor;

Z — number of calls / orders for the accounting period
of time;

f — frequency of customer appeals;

Is — order value index;

I;— product delivery time index;

I, — index of remoteness of the customer’s location;

I, — index of the type of work, which may include
only delivery, or delivery and installation of tiles;

I, — order volume index;

Is — index, taking into account the urgency of the order
(delivery);

Iy — index, which provides for coordination with other
works;

D — priority coefficient;
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Im — index determined by the action of meteorological
conditions;

le¢ — index, taking into account the availability of
goods (tiles) in stock;

j — number of customers for the reporting period (for
example, a year);

r — correlation coefficient;

O, — error rate;

¥ — Pearson distribution with f degrees of freedom;

N — sample size;

V — number of sample elements where the sign
matches;

W — number of sample elements where the sign does
not matches;

v —number of sample rows;

n —number of parameters;

Ceonting — contingency coefficient.

INTRODUCTION

The efficiency of the production and related processes
depends on many factors. Among them are the availability
of a financial backlog, and the provision of the necessary
means of production, technological and raw material base,
the solution of personnel problems, and supply issues.

However, this kind of data is presented in a different
format, does not reflect the presence of connections, the
specifics of the work performed, and can vary widely. This
makes it difficult not only to control potential costs, but
also the very process of planning work. Therefore, model-
ing of possible situations is of particular importance [16].

The development of such models is a difficult task due
to the multi-criteria conditions and the uncertainty of the
boundaries of their action. The main thing, probably, will
be what models form the basis of such an analysis, how
effective they are and how close they are to the working
conditions of a real enterprise. If they are logical, thought
out from different angles (financial, technical, organiza-
tional, etc.), then their implementation will give the de-
sired effect.

All this fully applies to such an area as the production
of building materials. In particular, the manufacture of
paving slabs and the provision of related services (deliv-
ery to the customer and installation work). However, the
demand for such materials (as well as services) is unstable
and subject to seasonal and temporal fluctuations and
changes.

The object of study is the process of a comprehensive
assessment of the criteria that affect the manufacture and
sale of construction products (paving slabs) by an enter-
prise.

The subject of study is the task of determining the
priority of orders to form the order of their execution. It is
planned to implement it based on modeling the change of
factors that affect the timing and quality of work per-
formed based on the results of a passive experiment.

The purpose of the work is the development of an
algorithm for the complex accounting of parameters based
on the analysis of thematically related statistical data.
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1 PROBLEM STATEMENT

Operational provision of the customer with building
materials has always been distinguished by the complex-
ity of its implementation, which is due to a number of
reasons and conditions for the performance of work. This
is confirmed, for example, in one of the areas that have
been actively developing in recent years — the delivery
and laying of paving slabs. Consider what complicates the
execution of such orders.

Firstly, this is a variety of operating schemes for the
delivery of tiles and bulk materials. Differences depend
on the number and type of tiles, the distance of the buyer,
the timing of the order.

The heterogeneity of the existing conditions before the
fulfillment of orders causes the use of different supply
schemes, the choice of different-tonnage freight transport
and the variation in schedules for the delivery of raw ma-
terials.

Secondly, there are problems in planning shipments
that arise due to the limited transport fleet, the presence /
absence of a stock of products in the warehouse and the
effect of force majeure situations (equipment breakdown,
traffic jams, worsening road conditions). This should also
be taken into account in delivery planning. In addition,
they require the adoption of adequate organizational
measures.

Thirdly, seasonality and volumes of work performed.
There is no permanent component here. Although ini-
tially, especially for large contracts or subcontractors,
special conditions are negotiated in advance.

The actions of other manufacturers also affect the
planning of work, as they in turn increase competition in
the market. Applying sometimes unpopular measures
(dumping, anti-advertising) to worsen the reputation of a
competitor.

All these factors are important in the choice of man-
agement decisions. In addition, no one has canceled the
effect of market, sometimes market conditions.

Therefore, at the input we have a number of variable
parameters — $, t, L, p, w, m, e, Z. Depending on the pro-
duction possibilities, certain limitations apply. For in-
stance: tgay<t<tweex; L€[Lo,Lqel]l; P accepts one of 3 out-
comes: pickup, delivery, delivery + laying tiles;
We[50,Wearry]; €€[1,2,...,10] shows the presence of a ware-
house stock of products; Z varies widely Ze[0,15].

It is necessary to find a solution to the objective func-
tion, at which the maximum reduction in the order lead-
time is achieved, with the achievement of maximum
profit and ensuring the schedule.

At the initial stage of solving problems of this kind, it
is necessary to single out a number of factors under study.
Then the MM of the adopted decision D will have a com-
plex form, and will be determined by the dependence of
the form:

D= f($,t,L,n,s,w,g,m,e) . (1)

Let us add some to the factors given in (1).
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Therefore, the cost of an order, although it is the
dominant factor, may lose its original priority if this order
is difficult to implement. For example, unrealistic dead-
lines are set, or the object is far enough from the supplier.

Its implementation can become problematic if a num-
ber of conditions are met.

There are time limit, lack of free heavy vehicles to de-
liver a large batch, violation of the schedule of planned
work or lack of the required number of tiles of a given
type in the warehouse. No one has canceled the influence
of weather conditions, the deterioration of which can vio-
late the terms of the contract.

Thus, the created model should take into account the
impact of heterogeneous factors, according to the follow-
ing conditions:
$ > max
T — min
S — min

Whin <W < Whax (2)
g — optimum

ex0

m — min.

2 REVIEW OF THE LITERATURE

In connection with the action of a number of factors, a
comprehensive analysis of their influence is necessary,
which will make it possible to establish the order of execu-
tion of a particular order. The search for a solution requires
taking into account DER and involves a model experiment
with the choice of appropriate models. Therefore, we con-
sider which models have been used in practice.

As follows from [1], each of the models has its own
purpose. The classification is shown in table 1 and is de-
termined by the area of application where they give the
greatest effect.

Table 1 — Models in the decision-making

Based on the approach used to obtain data

descriptive normative
By the way of data processing
inductive deductive
By purpose
problem-oriented | formal
By way of action

static dynamic

Specialists [16] note that the use of descriptor models
is justified by the presence of experimental data, i.e. field
of observation. Such models [17] are local, selective in
nature, since they are formulated because of numerical
indications of particular object/objects and are based on
identifying patterns in existing data. Possessing high reli-
ability, accuracy, they, however, are not universal. This
limits their application in practice.

Normative [18] models, which include those given in
[19], are built on the observance of predetermined
boundaries, certain rules. Their actions may not be so
precise, but they are universal, easily transferable from
one object to another. Within the framework of use, they
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are better prone to automating the control of parameters
and their further comparison with the standards.

Now regarding the way data is processed when look-
ing for patterns. There are two approaches here. The first
is inductive, which involves obtaining selective readings
(they will become key for making generalizing manage-
rial decisions).

Deductive, on the contrary, is built on the collection of
the maximum possible information about the object of
study. Further, it is analyzed, and certain conclusions are
drawn. Then they make the required decisions based on
them. Examples of such models are the situations de-
scribed in [17, 20].

An important aspect at the stage of choosing a model
is the determination of its effectiveness (adequacy) taking
into accounts the given restrictions. Based on the fact that
in some cases it is required to comply with formal condi-
tions, the so-called formal models, examples of which are
presented in [6,18].

In another situation (in the presence of specific condi-
tions), the construction of models with high reliability and
accuracy is required. They are aimed at solving well-
defined, pre-set problems. That is why they are called
problem-oriented. Examples of such models used in
transport problems are given in [7, 19].

The effectiveness of the constructed model, in addi-
tion to its adequacy to the given conditions, also depends
on the duration and frequency of practical application.

Therefore, models of this type are those that provide
for changes in conditions (therefore, they are not con-
stant). This is the so-called dynamic models.

Others, on the contrary, are based on the processing of
a pre-known numerical data array. The construction of
such models is based on the statistical processing of indi-
cators that are pre-selected, ordered, normalized.

Regression analysis methods are applied to them, and
the models themselves are called static (most of which
require the processing of statistical data, i.e. collected and
constant for a given period of time data) [5].

3 MATERIALS AND METHODS

Based on the properties listed above, let us consider
which models can be used for the tasks set. In addition,
given that there are many criteria that affect the fulfill-
ment of orders, and the conditions themselves are subject
to change, the goal will be to find the best option when
they are taken into account together.

The solution of such a multicriteria problem is seen in
the reduction of individual characteristics to unconditional
numerical indicators and the grouping of these values in
the form of a single parameter [7].

Then they can be ranked, ordered by the degree of de-
creasing priority. The choice taking into account the rat-
ing will serve as the basis for the order of execution of
this or that order when working with an array of such ap-
plications [8].

Conventionally, the entire process of operations per-
formed can be represented as the following diagram on

Figure 1.
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In the practical implementation of the attached model,
the question arises of quantifying the factors influencing
decision-making under conditions of demand uncertainty
[9, 10]. The priority coefficient D can serve as such a cri-
terion. To calculate it, it is proposed to use a dependence
that takes into account significance indices and has the
form:

1
D:Igeneral:Ezi:1|$|tlllplslwlglmle‘ 3)

1. There are a number of restrictions on:

2. Order cost index (0.1< 1g<1);

3. Product delivery time index (0.2< I;<1);

4. remote location of the customer (0< I; <1);

5. Index of the type of work, which may include only
delivery, or delivery and laying tiles (0< I,<1);

6. Order volume index, and |,=f(lg),
0.1 1, <1);

7. Index that takes into account the urgency of the or-
der 0< I <1,

8. An index that provides for coordination with other
works (for example, preparatory ones) lg=f(ls). Thus:
0.1< 1y <I;

9. Index from the influence of meteorological condi-

therefore

The quantitative determination of indices (3) can be
done in two ways:
1. Analytically, according to the formula:

k
L Zplif @)

general K

2. Expertly [10].

With this approach, a questionnaire is developed and a
survey of experts is conducted. Customers who have pre-
viously been provided with tile delivery services use
them. Of course, this is done on condition of anonymity
and the formation of presentable samples. These data
serve as the basis for setting up and conducting a passive
experiment.

Now let us look at its practical implementation.

4 EXPERIMENTS
For the approbation of complex accounting, 54 re-
cords of the last period were selected from the received
applications and a data table was formed in Table 3.
The original sample data were scaled down to num-
bers using a substitution scale in Table 4.

Table 3 — Initial data on the execution of orders

tions on the day of delivery of the order 0< I, <0.5; Order | DS| Km0 | piier or Order | Receipt | Product
10. An index that takes into account the availability of cost | Tom | the -\ llation | Weight |day of the availabil-
. . . order| place (kg) order ity
goods (tiles) in stock. It mostly depends on the size of the 20317 | 14 | 17 |Del. + laying 130262 | 211121 | 1 week
order. 95000 | 52 14 |Del. +laying 45163.5 | 19.11.21 | 9 days
So, I=f(ly) and is in the range 0.1< I, <1. 22078 | 15 11 Delivery | 11401 |[13.11.21 | 3 days
7560 4 19.2 Delivery 2775 10.11.21 | 4 days
Ascaptance of.order 33900 | 2 | 735 | Delivery | 14520 [28.1021| ™
stock
l 5120 1 13.7 Delivery 2563 27.10.21 In
stock
Entering a value Choice of criterion 11384 5 273 Delivery 4644 25.10.21 3 days
. In
l 320 0 —  [Self-delivery| 200 22.10.21 stock
M, toorrd - Det inati . In
Nor values lgenera = D et 2158 1 | 192 | Delivery 716211021 o
. In
1684 5 4.5 Delivery 468 16.10.21 stock
i . In
Ewaity Desicion-making 23875 | 0 | 183 | Delivery | 11830 |14.1021| _°
. In
Figure 1 — Order prioritization scheme 16082 7 21.5 | Delivery | 77265 | 11.10.21 stock
o . 5910 | 1 | 46 | Delivery | 1120 |08.1021 tlnk
The existing database of orders for the delivery of AR STERT 1335 1081030 1s oc c
tiles, bulk materials and the performance of related work : e — Vlv:e
form a sample. 18600 | 1 | 107 | Delivery | 8600 |07.1021| "
In the course of it, records are divided into groups, 17271 | 8 | 84.3 | Delivery | 7283 |02.10.21 | 1 week
converted into a numerical format, and, having estab- 15015 | 0 | 843 [Self-delivery] 803 | 06.10.21 In
. . . . . . . N N N * StOCk
lished significance indices, they are included in the calcu- i
lation of D (3) 19851 2 107 [Del. + layingl 9517 30.09.21 stoI::k
The obtained values of D form a series of data, which 20129 | 2 | 106 ISelfde e525 | 300021 In
are normalized according to the ranges (ranks) of Table 2, ‘ o perdeivery ' o stock
as well as the correlation ratios in [25] 7019.4 0 11.2 Delivery 2446 29.09.21 In
Table 2 — The rank of factor signifi ' : | tock
able 2 — 1N€ rank of ractor Signiticance 1905 | 5 — [Selfidelivery] 975 | 29.09.21 | 3 days
Ne Criterion (Igenerat) Rank In
1 Dominant 0.75< enerat <1 5558 0 9.2 Delivery | 2903.5 | 28.09.21 stock
2 Important 0.5 generar<0.75 22331 | 13 | 16.2 |Del. + laying| 12088 | 21.09.21 | 8 days
3 Having a value 0.2<] yenerar<0.5 ] In
4 Less significant 0<I geperar<0.2 23705 5 14.1 |Del. + laying 17209 |20.09.21 stock
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Table 4 — Scale substitutions of natural values

Receiv-
Price Type of work Weight ing Backlog
an order
0-Self- 1= Day of
1=<10000 Delivery <4500 we):/ek 10-stock
oot | ipelivery | g | 1.7 | 19days
2-Del.+laying
9=<80000.
AND. 10<
<90000 10000
10=
<100000

After substitution of values in the fields of records, the
data table acquired the following form in Table 5.

Table 5 — Fragment of the initial normalized data

Count 8?;}; Dl(itflgce Works | Weight | Date | Epsent
3 14 17 2 3 7 10
10 52 14 2 10 5 9
3 15 11 1 3 6 3
1 4 19 1 1 3 4
4 2 74 1 4 4 10
6 1 14 1 1 3 10
2 5 27 1 2 1 3
1 0 0 0 1 5 10
1 1 19 1 1 4 10
1 5 5 1 1 6 10
3 0 18 1 3 4 10
2 7 22 1 2 1 10
1 1 46 1 1 5 10
4 7 0 0 5 5 7
2 1 107 1 2 4 10
2 8 84 1 2 6 7
1 0 84 0 1 3 10
2 2 107 2 3 4 10
1 2 11 0 1 4 10
1 0 11 1 1 3 10
1 5 0 0 1 3 3
1 0 9 1 1 2 10
3 13 16 2 3 2 8
3 5 14 2 4 1 10

For the assessment, the software system of statistical
modeling MathModel [24] was used, which is used in a
number of mathematical studies.

A comprehensive assessment involves knowing the
rank of the factor being investigated. In this case, the tar-
get function is the delay in order execution, and the rest
will be used as influencing factors. Their list is given in
Table 3.

The investigated factors were tested for the presence
of a pair wise correlation of the available data. The result
of checking in MathModel is shown in Figures 3-8.

The number of individual fields is characterized by a
large difference in values. Therefore, this sample was
checked for normal distribution.

Of the available arrays, the Gaussian distribution was
noted only for 6 factors (day of the week), which is re-
flected in Figure 2.

di. Distribution law — b
Factors_
X= -
Specifications
N 54 o -0.0945
Xep 3778 1 -2
Mn 1 Error 70,333
Max 7 522,516

Distribution law

Law  Normal

%2 1m o 9.456
P T

R 118

Figure 2 — Graph and parameters of the distribution of the factor
“day of the week of receipt of the order”
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Figure 5 — Table of distribution “distance-timing”

For pairs of other factors (“Terms-type of work”,
“Terms-date of order fulfillment” and “Terms-availability
of backlog in stock™), it was not possible to find a stable
relationship, which led to the need to use other methods
of analysis.

One of them, which has shown its effectiveness in
practice, was the method of calculating the contingency
coefficient with the construction of pleiades and nuclei.
Its detailed description is given in [23].
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Figure 6 — Graph of the regression equation “distance-timing”
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Figure 8 — Graph of the regression equation
“cargo weight-terms”

Let us dwell on the key points of its application in the
framework of solving the problem.

The calculation of the contingency coefficient is based
on establishing the presence of an associative relationship
between features.

Directly to calculate the Pearson contingency coeffi-
cient [23.25], an expression of the form:

2
X

X2+N

©)

Cconting =

In this case, the parameter f is the Fechner index and
determines the presence of gross blunders. Index f is de-
termined by the formula:

V—-W
f:V+W:(v—1)(w+1). ©)
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Let us see how this technology is implemented using
the MathModel program.

In the menu of the Correlation Pleiades and Nuclei
Method group, activate the Contingency coefficient
method. This will open a table window with data
in Figure 9.

iﬁ Method of correlation pleiades and kernels — a x

Il Table l Contingency factor

5]

17
14
15 n 1 3
4 19 1 1
2 74 fl 4 o

) Figure 9 — Table data for calculation contingencif
coefficient

Opening the contingency coefficient will display the
formula with the calculation of the quintile of the x2 dis-
tribution and the obtained value of the coefficient
on Figure 10.

The bottom line shows the magnitude of the error that
determines the significance of the correlation coefficient.

So, if it is significant, then according to [9], the rela-
tion.

r>3c,,
C1-r? @)

Oy = m

i& Method of correlation pleiades and kernels - m] X

Table [ Contingency factor ||

2]

X'ecalc = 146240 X"Ztable = 360,59

Product allocation factorused = [J 1

fr= 002
Figure 10 — Calculation of the contingency coefficient
Next, we start the process of calculating the correla-
tion pleiades and nuclei [26] by selecting the appropriate
menu line. A tabular data window will open on Figure 11.

il Method of correlation pleiacies and kernels = [m] X

| Table | Pleiades and nuclei

23

0095 0332

1.000 0.146 0.502 0.564
0,146 1.000 0,045 0112
0.502 -0.045 1.000 0330
0.564 012 0330 1.000 v

Figure 11 — Window with data for calculating
correlation pleiades and nuclei
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In the tab Pleiades and kernels, set the threshold value
for the calculation for the separation of the pleiades 0.5 on
Figure 12.

i& Method of correlation pleiades and kernels == O X
Table | Peiades and nucle

Specify pleiades separation criteria (0,3-0,7)
05

Figure 12 — Setting the threshold for constructing
the pleiades

After clicking on the icon |g@ and moving along
the vertical scroll bar, the window will display a table on
Figure 13 with the calculated pleiades, kernels according
to the correlation ratios of the factors under study and
pairs with maximum connections.

The graphical interpretation of the magnitude of the
connection between individual factors is the length of the
edges of the pleiades graph.

The factor numbers are shown in circles. Correlation
coefficient values are indicated above the edges connect-
ing the circles. The shorter the lines, the stronger the con-
nection. The formed constellations are highlighted with
frames.

il Method of correlation pleiades and kemels — O X
Table

Bm

Pleiades and nuclei

Specify plelades separation ¢riterfa (0.30.7)

[os

Pledades by comelation cocfficients, critcrion 0.5

Pleiades #1

Parameters 1:8 R=0817
Parameters 1:2 R = 0578
Parameters 2:4 R = 0.502
Ploiades #2

Parameters <7 R=-0289
Ploiades §2

Parameters 7:6 R=0181

Pleiades #4

Paramcter s 7:3 R=0108

Kemels by correlation coefficients, criterion 0.5

Cone #1

Patameters 105 R=0917
parameters 102 F = 0578
Parameters 2. 4 R = 0.502
Core #2

Parameters 2] R=-0289
Core#3

Parameters 76 R=0181

Coe #4

Paramelers  2: 3 R= 0148

Maximum rennections

R=0M71 1. 2IR=0572|
R=05841 2: 4IR = 0502]

1. %1
2: 5]

]

Figure 13 — The window with the results of calculation
by the method of correlation and pleiades nuclei
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The graph constructed according to the recommenda-
tions of [24] can be represented in the following form on
Figure 14.

(3)
Pleiades 4 T
|

0,108

Pleiades 2

:"7 -0,28¢8 750,578 i

o - A 0.564 o
L5 fo917
0502 5 )
" N
0,181 \2)
Pleiades 3 Pleiades 1
i_i B .\.I
=,

Figure 14 — Graph of pleiades and kernels
of correlation of factors

5 RESULTS

Because of the study of the sample, the normal nature
of the data distribution was revealed only for the days of
the week on which the order was received.

To assess the degree of connection with other signs of
performance, check for the presence of pair correlation
according to the “factor-cause-factor-effect” scheme. The
target function, according to the task, is set — the terms of
the order. Of the six factors for which the analysis was
carried out, a correlation was established with 3: costs,
distance to the customer and the weight of the supplied
products.

This is reflected in the graphs (Fig. 4, 6 and 8) and re-
gression equations reflecting:

— cost-time relationship

Y =0.617X2g1s —2.95X +8.2 (8)

with a range of + 19.48;
— the relationship “distance-timing”

y =—0.0464Xgiqt +8.85 )

with a range of + 22.68;
— dependence “weight of cargo-terms”

Yy :6'7zxweight —0.681 (10)

with a range of = 21.38.

It was found that the correlation is weak [25], at which
the coefficient re [0.136 ... 0.456].

In addition, if for indicators of cost and weight, the
trend curve shows a growth, and then an increase in the
distance of delivery of goods reflects a decrease in terms

[22].
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The study of pair wise correlation for other factors did
not reveal the presence of a connection and made it possi-
ble to programmatically build models.

Therefore, to study the overall relationship between
factors, the contingency coefficient was calculated and a
graph of the pleiades and correlation kernels was formed.
Because of the construction, as the size of the bonds de-
creases, 4 pleiades are formed. The greatest relationship is
determined between 1, 2 and 5 factors (cost, lead time and
cargo weight, respectively).

6 DISCUSSION

The use of statistical analysis of data reflecting the ful-
fillment of orders for the delivery of paving slabs made it
possible to study the factors based on a passive experi-
ment.

According to experts, mistakes made when planning
transportation schemes can lead to significant costs (up to
50% of those declared in advance).

The difference between this approach and the solu-
tions proposed by other authors is that the key calculation
parameters are formed based on empirical data, i.e., ac-
cording to the results of natural observations.

What does not cancel the existing planned activities
(based on logistics [3], normative indicators), but only
increases their accuracy, in accordance with the actual
traffic conditions along the routes during the delivery of

building materials.
Launch /

—
Mode
£ l 3
Choice Record Report
/ .
. | Open [ / . )
Conditions / / Period
| database/ .

/ N

Index
calculation
— T,
Rank . ~
calculation @'te dw

Report

=

Figure 15 — Block diagram of the decision-making
program
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Of course, the methods of expert analysis, which pro-
vide for a questionnaire and data processing, are left out-
side the scope of the study.

This circumstance is caused by objective reasons for
the change in the staffing and reorganization measures in
the work of the construction company.

Therefore, such an assessment under current condi-
tions cannot be recognized as possible, and the results
cannot be final.

Nevertheless, the main goal of such a study is to ob-
tain grounds for assigning the weights of the significance
indices, the calculation of which is carried out according
to the scheme on Figure 1 and formulas (1-4).

To automate the execution of such procedures, a pro-
gram can be used, the algorithm of which is given below
on Figure 15.

CONCLUSIONS

The urgent problem of developing mathematical mod-
els using small samples to make adequate management
decisions on the delivery of building materials to the cus-
tomer is being solved.

The scientific novelty of the results obtained lies in
the fact that mathematical models have been developed to
assess the complex action of various factors influencing
the achievement of the target function — the delivery of
building materials. At the same time, the samples were
systematized and analyzed for normality of distribution,
weights were determined, and a graph of correlation gal-
axies and kernels was formed to assess the relationship
between factors. The calculation of the contingent coeffi-
cient determines the degree of such a connection and al-
lows us to establish stochastic patterns in the form of
mathematical models. The use of programs allows you to
automate the analysis of samples and speed up the con-
struction of such models, which makes the data process-
ing process unified, excluding criteria that are not critical
for achieving the target function.

The practical significance of the results obtained lies
in the fact that the developed technology makes it possi-
ble to use various software that allows processing statisti-
cal data. The field of experiment can be expanded, which
will increase the quality of the resulting models and the
ability to use other factors that are not included in the list
of those studied, but can be considered additionally. The
results of the conducted research make it possible to nar-
row the list of factors, eliminating unimportant parameters
and increase the efficiency of management actions taken
to solve related problems (planning raw materials re-
serves, delivery dates and schedules, etc.).

Prospects for further research are in study the capa-
bilities of the proposed set of parameters for assessing
other economic indicators that affect the operation of an
enterprise (financial, material, energy, labor).
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MOJEJII NPUAHATTA PIIUEHD TA iX 3ACTOCYBAHHSI
B 3AJTAYAX TPAHCIIOPTHOI JOCTABKH BY IMATEPIAJIIB
BamxaroB O. M. — kaHA. TexH. HayK, goueHT kadenpu «IIporpamue 3abe3nedeHHs 0OYHCIIIOBAILHOI TEXHIKH Ta aBTOMATH30-
BaHMX cucTeM», [IpunHicTpoBchkuii nepkaBuuii yHiBepcuret im. T. I'. IlleBuenka, Tupacnins, Monnosa.
FOapamoBa O. O. — cryaeHTka kadepu eKOHOMIYHOT KiOEpHETHKH IHCTUTYTY Oi3HECy, eKOHOMIKH Ta iH(pOpMaLiiiHUX TeXHO-
JIOTii eprkaBHOTO yHiBepeuteTy «Onecbka mojitextikay, Oneca, Ykpaina.

AHOTAUIIA

AKTyaJbHicTb. Y cTaTTi 300pakeHO, 10 BU3HAYECHHS KPHUTEPIiB, [0 BIUIMBAIOTH HAa YEProBICTh BUKOHAHHS 3aMOBJIEHB IO JIO-
CTaBIIi MPOAYKIIIT 3aMOBHHKY € TOJIOBHOIO 33/1a4cto. MeTa Takoi poOOTH MICTHTBCS Y pO3pO0Ii alroOpuTMy MIOA0 BUOOPY MpiopuTe-
TIB IIPY BUPIIICHHI 3aBJaHHS TPAHCIIOPTHOTO 0OCIYroByBaHHS B yMOBaX HEBH3HAYCHOCTI.

Meta po6oTH — po3poOKa aNrOPUTMy PO3pPaxyHKY MPIOPUTETIB MPHU BUPIIICHHI 3a/1a4i TPAHCIIOPTHOTO 0OCITyrOBYBaHHS B yMO-
BaxX HEBU3HAYEHOCTI BUOOPY.

Mertoa. B koHTEKCTI TpobiieMH ONEepaTUBHOCTI BUKOHAHHS 3aMOBJICHb HaBECHI IPUYMHY, 1110 BIUIMBAIOTH HA JIOTICTHKY PO3B’s-
3yBaHOI 3a/1a4i — MMOCTaBKK Oy IiBeJIBHOI MPOAYKIIii 32 MiCIIeM BUMOTH. 3 METOI0 BHOODPY CXEMH, L0 BiJOMBAa€ OCHOBHI €Tany MpuitH-
SITTS PilICHb TI0 JOCTABII TPOTYapHOI IUIMTKHA 3aMOBHHKY, BUKOHAHO OOTPYHTYBAaHHS 1 IMPOBEACHO MOPIBHSUILHUIA aHANI3 iCHYIOUHX
Mozeneil. BusnaueHo kputepii, o mpea’ IBISIOTHCS BUMOTH IS OMTUCY TaKUX MoJeseil. 3a3HaueHo, M0 HiThoBa (QyHKIIS 3aJIeKHUTh
BiJl Pi3HUX HPHYUH, TOOTO € KOMIUIEKCHUM IOKa3HUKOM. CTOXaCTHYHHI XapakTep Takux (akTopiB 3yMOBHB BHKOPHCTaHHS JUIsl iX
OLIIHKM METOJIB CTAaTHCTHYHOTO aHalli3y. BcTaHOBIEHO MeXi 3MIHM BUKOPHUCTOBYBAHHX B PO3paxyHKax IapamerpiB. Pimenns Gara-
TOKPHTEPIaTBHOI 33/1a4i YKIIaJeHO B 3BEJCHHI JIOUNX (aKkTOpiB 10 0e3yMOBHUM ITOKAa3HUKAMH, iX yrpylOBaHHS i MOJANBIIOMY pa-
H)KUPYBaHHI. YXBaJICHHs PIllICHHS Ta BUOIp MOKa3HHKA OyJie 3aJIe)KaTH BiJ BCTAHOBJICHOT'O IOpOTa i PiBHS MPIOPUTETY (aKTOpy.
Innexcy, mo (GpopMyIoTh npioputeT GakTopy, BU3HAYAIOTHCS aHAIITHYHO ab0 EKCHEePTHUM HUIIXOM. UeproBicTh BUKOHYBAHUX Jiif
NpEICTaBlICHA Y BUIIISAI ajJrOPUTMY, IO JO3BOJISIE AaBTOMATU3yBaTH BHOIp Mozeni i BU3Ha4YeHHs npiopuTeTiB. [lis OIiHKK aneKBart-
HOCTIi HPOIIOHOBAHHX PillleHb HaBe/ICHI TAOHIII MOPIBHUIBHUX PE3yJbTATIB 32 BHOOPOM MPiOPUTETHOCTI BHKOHYBAaHUX 3aMOBJICHb.

PesysabTaTu. Meton 103BoJsie KOMIUIEKCHO MIAIATH 10 BpaXyBaHHS Pi3HOPIOHWX YMHHHUKIB, IO BIUIMBAIOTh HA MPIOPUTETH BU-
0opy IpY MPUUHATTI YIPaBIIHCHKUX PillleHb, 3a0€3MEUNBINN JOCSITHEHHS KOPUCHOTO e(eKTy (YmopsAKyBaHHA rpadika BHKOHAHHS
poOIT 3 JOCTaBKH TPOTYyapHOI INTUTKH 3aMOBHHUKY).

Bucnoskun. [IpononoBana cxema Io nepexoay A0 KOMIUIEKCHOTO 0€3yMOBHOMY MOKa3HHKOM (IHIEKCOM IPiOPHUTETY) TO3BOJISIE
KIIBKICHO OOIPYHTYBATH HPUUHSTTS YIPABIiHCHKUX pimieHb. OCOOIUBICTIO € Te, 110 CIHCOK Aif0unX (akTopiB Moke OyTH 3MiHEHUI
a00 ONOBHEHMI HOBMMH NapaMeTpaMy. 3HAUSHHS IMX [TapaMeTpiB MOXKYTh YTOYHIOBATH 1 MaTH OLIBII BHCOKY BIpOTiHICTB 3 PO3-
IIMPEHHAM IUIaHy NaCHMBHOI'O €KCIIEPUMEHTY, OCKUIbKH 3aJIeKaTh BiJl pETPOCIIEKTHBY OTPHMAHHS, @ TAKOXK TOYHOCT] HAasBHUX JaHUX.
SIK mepcreKTyB, Npy BU3HAUCHHI MPIOPUTETIB, MOXKIIMBA ONTHUMI3aLlisi BHOOPY 3as1BOK i3 3aCTOCYBAHHSM METO/IIB MacOBOTO 00CIyro-
BYBaHHS (U1 TUIY BiAIIOBITHOTO MOTOKY — OJHOPIAHOTO, O€3 HACTIIKIB, CTAIlIOHAPHOTO, TAMMA-TIOTOKY Ta iH.).

KJIFOYOBI CJIOBA: Mozens IpUHHATTA pillieHb, GakTop, IpiOPUTET, PAHKyBaHHS, YEPTOBICTH 3aMOBIICHHS, aJITOPUTM.
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