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NPOCHO3Y6AHHA — CROJICUBAHHA — pe3yibmamie — MoOepizayii  opeanizayiiino-
mexnonoziunux cucmem. Hayxogo-wemoouuna cmamms.

OnHUM 3 HallBa)CIMBINIMX 3aBJaHb, IO 3’SIBJISIOTHCS IiJ 4ac OYiKyBaHHS
CIIOXKHMBAYiB PE3yNbTaTiB MisUTLHOCTI Cy4aCHHX OpraHi3alliiHO-TEXHOJIOTIUHHX
CHCTEM Y HPOMHCIOBOMY BHPOOHHITBI B Me)KaX BH3HAYCHOTO TEPHTOPIaIbHOIO
YTBOPEHHS, € TPOTHO3YBaHHS PIiBHS CINOXHMBAHHS Pe3yJbTaTiB JisIBHOCTI
BHCOKOTEXHOJIOTIYHUX MiJIMPHEMCTB, IO MOJAEPHi3ytoThcs. Choromsi akrop
mepeBarn BUMOI CIIOKHBA4iB BIifirpac NOCTATHBO 3HAUMMY poib y cdepi
BHCOKOTEXHONIOTIYHMX TPOAYKTiB i mocmyr. HeoOXimHicTe BHpilIEHHS IHOTO
3aBJaHHS OOYyMOBJICHO THM, IO B CHIY PIi3HHX NPHYHH BHCOKOTEXHOJOTIYHI
MiANpHEMCTBA  PO3TAlIOBaHi  BKpail  HepiBHOMipHO. Bumumkae mpobnema
paLliOHaILHOTO  IPOCTOPOBOro iX mepeposnoainy. Jis BHPILIEHHS TaKoro
3aBJaHHS BHKOPHUCTOBYIOThCS KilacuuHa ab6o moxubikoBaHa Mmogmem Peiimi, ski
YABISIOTH CO0OI0 TpaBiTaliliHi aHaloOTH BH3HAYEHHs MepeBar croxkupaua. Ilpu
uboMy BIUIMB (akTopy Bimcrani Ha BHOIp crHoxkuBaua BigoOpaxaeTbest 3
BHKOPHCTAaHHS TiMOTe3: y KIaCH4Hii MOzesi — IpOoNopuiifHOro KBaapaTy BiicTaHi
MDK LEHTPaMH, TOOTO OpraHi3auifiHO-TEXHOJIOrIYHOK CHCTEMOIO Ta CIOKHBAYCM;
y Momu¢ikoBaHiii Mozeni — y BiANOBIAHICTE 3 EKCHOHEHIANEHUM 3aKOHOM.
3anponoHoBana MoJenb TIPOTHO3YBaHHS TOBEIHKI CIOKHBaYa
BHCOKOTEXHOJIOTIYHOT POYKIIii, sKa I03BOJISIE BUPIIIYBAaTH 3aBJAHHS: 32 BIIOMOIL
(iHaHCOBOI JOCTATHOCTI CIOXHMBa4a Ta 3ajaHoi «TeoMeTpil» TepHTOpiadbHOI
OCBITM MOXIIMBO pO3paxyBaTH ONTUMAIbHI TOYKH pPO3MILICHHS LEHTPIB
CIIO)KMBAHHS 3 HEOOXiTHMM piBHEM SIKOCTi TIOCIYT; JUIS HasBHHX IiANPHEMCTB Ta
Horo opraHi3auiifHO-TEXHOIOITYHUX CTPYKTYp PO3POOHTH pPEKOMEHAALii 010
I ABUILECHHS HEOOXIMHOI SKOCTI IIOCIYT, LIO J03BOJIAIOTH 3aJlydaTH CIIOXKUBAYIB; 32
BIZIOMOIO SIKICTIO Ta PO3MILIEHHSM LEHTPIB CIOKUBAHHA IMOOIYHO BU3HAYMTH
(hiHAHCOBY OCTATHICTD CIOXKHBAYiB JAaHOT TEPUTOPIAIBHOT OCBITH.

Kuniouosi cnosa: cucrema, iHQpacTpyKTypa, MOJENb, CIOXHBAHHS, LEHTP,
6aiiyKiCTh, TATOTIHHS, KOOPAHHATA, QyHKIIIsL

Zakharchenko V.l., Oneshko S.V. Information and Analytical Support
Consumption Forecasting of Results for Organizational and Technological Systems
Modernization. Scientific and methodical article.

One of the most important challenges that appear when consumers expect the
results of modern organizational and technological systems in industrial production
within a certain territorial formation, is to forecast the level of the results
consumption of high-tech enterprises that are being modernized. Today, the
advantage factor of consumer requirements plays a significant role in the field of
high-tech products and services. The need to solve this problem is due to the fact
that due to various reasons, high-tech enterprises are located very unevenly. There
is a problem of rational spatial redistribution. In order to solve this problem classic
or modified Reilly models are used, which are gravitational analogues to determine
consumer preferences. The influence of the distance factor on the consumer's
choice is reflected in using the hypotheses: in the classical model is a proportional
square of the distance between the centres, i.e. the organizational and technological
system and the consumer; in the modified model is in accordance with the
exponential law. The proposed model for predicting consumer behaviour of high-
tech products, which allows to solve the problem: according the known financial
sufficiency of the consumer and a given “"geometry" of territorial education it is
possible to calculate the optimal location of consumption centres with the required
level of service quality; for existing enterprises and its organizational and
technological structures to develop recommendations for improving the required
quality of services to attract consumers; by known quality and location of
consumption centres indirectly determine the financial sufficiency of consumers of
this territorial education.
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he National Economic Strategy for the

period until 2030 declares the vision of the

mission of this Strategy as "... creating an

opportunity to realize the available
geographical, resource and human potential of the
country to ensure the appropriate level of welfare,
self-realization, security, rights and freedoms of every
citizen of Ukraine through innovative, anticipatory
economic growth..." [1, p. 8]. It was also emphasized
that according to direction 13 — Transport and
infrastructure — the vision of this direction is that
Ukraine is a logistics and production hub that
provides the economy needs and enables the export
and transit potential realization [1, p. 23].

In the context of this Strategy implementation, the
authors consider the task for industrial enterprises in
the creation of modern organizational and
technological systems capable of producing
competitive high-tech products and services with
great added value.

One of the most important challenges that appear
when consumers expect the results of the activities of
modern organizational and technological systems
(OTS) within the defined territorial formation is
forecasting the level of the results consumption of
newly implemented or modernized high-tech
enterprises. The factor of consumer preference plays a
fairly significant role in the field of high-tech
services. Talking about the consumer, one should not
mean a single individual, but rather a whole group of
modern enterprises. The analysis of the field of
domestic high-tech production which was carried out
within the framework of numerous research works of
the creative team of the Institute of Business,
Economics and Information Technologies of Odesa
Polytechnic National University (see the portal
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"Economics: time realities" — https://economics.net.ua
/journal), including on request of the Ministry of
Education and Culture of Ukraine, proved that due to
various reasons, high-tech enterprises are located
extremely unevenly. The issue of their rational spatial
redistribution arises.

Analysis of recent research and publications

When conducting this study, the authors relied on
the works of such scholars as: P.Voronzhak and
S. Filyppova [2], S.Yermak [3], A.Zahorodnii i
Z. Koval [4], S. llliashenko ta O. Bilovodska [5], Yu.
Lysenko [6], O. Malin [7], A. Usov and H. Oborskyi
[8], N. Chukhrai, R. Patora [9], B. Yukhymenko [10].

Thus, B. Yukhymenko understands the economic
model as ".. a schematic representation of an
economic phenomenon or process, obtained as a
result of scientific abstraction of the characteristic
features of the surrounding economic reality and
economic mechanism” [10, p. 11]. Many scientists,
for example, Yu. Lysenko, A. Usov, H. Oborskyi,
warn that it is not necessary to consider the modeling
results as a final result, as some algorithm, by
substituting numerical values corresponding to this or
that real situation, it is possible to get a
comprehensive answer on the question of how to
manage innovative development [6, 8].

S. llliashenko and O. Bilovodska considers in
detail "... the main organizational forms of the risky
innovative business ..." and make a conclusion "...
that using the specific organizational structures is
determined by the specifics of the enterprise itself and
the peculiarities of the market or industry" [5, p. 265].

S. Filyppova and P. Voronzhak discovered "the
growth  of information and communication
capabilities of enterprises in terms of management
information support technologies and intellectual
needs regarding the organizational and economic
management tools for the strategy of innovative
development in terms of smart management
technologies™ [2, p. 230]. In his study, S. Yermak
conducts a generalization and systematization of
inclusive business models which create potential for
enterprises both in the form of profit and for the
satisfying social interests [3, p. 353].

O. Malin, in turn, conducts changes systematic-
zation in the innovative environment of public-private
partnership, which allows to group the accumulation
of quantitative and qualitative changes of digitization,
innovative and sustainable development [7, p. 397].
N. Chukhrai and R. Patora develop "... models for
distribution optimization, selecting the
implementation option, optimal distribution of types
of products according to the channels of its
implementation, the reliability assessment of the
relationship between the enterprise and consumers
and intermediaries, a model for the enterprise
relationships organization with product consumers, a
network model of comparing the advantages of the
company product distribution channels, and a model
of comparing the importance of the contribution of
each of the company product distribution channels
based on the results of approbation of economic-

mathematical modeling methods for evaluating
relations with consumers” [9, p. 282]. A. Zahorodnii
and Z. Koval emphasize: "A prerequisite for the
successful implementation of the product innovation
policy at the enterprise is the effective management of
the enterprise technological development” [4, p. 202].

The aim of the article is to develop a mathematical
model for predicting consumer behaviour as a result
of the organizational and technological system
operation with the purpose of determining the optimal
placement points of consumption centres with the
required level of service quality.

The main part

In order to solve the above-mentioned objective it
is possible to use classic or modified Reilly models,
which are gravitational analogs of determining
consumer preferences [11].

At the same time, the influence of the distance
factor on the consumer choice is reflected using the
following hypotheses: in the classical model it is
proportional to the square of the distance between the
centre and the consumer; in the simulated model is in
accordance with the exponential law.

Thus, let there be two consumption centres. One
of them (A) has a high quality service, a large range
of services and fairly reasonable prices. Another
consumer (B) implements harder pricing policy on a
small range, but is located closer to the client. To
solve the problem of choice, Reilly used the
gravitational model of "attractive centres of gravity".

According to the model proposed by Reilly, the
attraction F created by the consumption centre is
directly dependent on this centre attraction and
inversely on the distance between the centre and the
point under consideration. At the same time, the
centres attractiveness is determined by the level of
quality, which is determined by the coefficients ka
and kg, where kn > kg, and the distance between the
centres and the consumer is S, and Sg, respectively.

In the classical model, the system of dependencies
reflecting the centres attraction has the following
form: ,

F1=Ka/(Sa)’,
F1=kg/ (SB)Z! @)

From the condition of indifference F, = F, we get:

(Sa)*= K/(Sw)* @

where k:Z—A — is a coefficient reflecting the
b

quality of services. In this case k>1.

Let the distance between the centres be 2a. In the
Cartesian coordinate system, with the known
coordinates of the points A(—a,0), B(a,0), P(x,y), we
obtain from the equation (2):

(x+a)’+y =k [(x-a)* +y’]. @)

After the described transformations and the

. k+1 .
variables replacement m=.-— we arrive at the
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equation of a circle shifted relative to the origin by the
amount am:

(x —am)? + y* = a’(m* - 1). (4)

When adopting the modified Reilly model, the
system characterizing the centres attraction has the
form:

F1 = KaeXp(=Sp), (5)
F2 = keexp(Sg).

From the condition of indifference F, = F,, after
logarithmization we get:

k
SA_SB= lnﬁ (6)

The expression (6) is a hyperbola equation.

We note that in the classic Reilly model, the result
of the decision is a circle (Fig. 1, a), called the line of
indifference advantages. The decision interpretation
the is as follows: for any point P located inside the
circle, the attraction of the enterprise B will exceed
the attraction of the enterprise A, so the customer will
prefer the enterprise B. In the event that the customer
(point P) is outside this circle, he will choose the
enterprise A.

0)

Figure 1. Graphic Proposal for the Application of the Classic (a) and Modified (b) Reilly models
Source: authors’ own development

When using a modified model (the attraction
decrease with increasing distance from the consumer
to the enterprise with its newly created OTS
according to the exponential law), the result of the
solution is the line of indifference in the form of a
hyperbola (Fig. 1, b). The second hypothesis
application significantly expands the scope of the
enterprise that is less attractive from the viewpoint of
the consumer.

As a rule, there is an opportunity to consider some
territorial entity (not necessarily a region, city or
other) from the viewpoint of researching the
consumer behaviour in the presence of some
infrastructure centre. Such a centre can be a local
transport junction, a stop of traffic flow, etc. In this

A
y

hS)

case, it is possible to distinguish the average flow of
the consumer from the location to the infrastructure
centre or back. Then the consumer preferences are
determined taking into account the average flow.

The Figure 2 shows a calculation scheme that
allows to determine in a general way the limits of
indifference of consumer preferences in the presence
of the infrastructure centre. Here, the angle ¢
characterizes the direction of the consumer average
flow to the infrastructure centre relative to the
location of the two consumption centres. Shown in the
Figure 2, the calculation scheme for determining the
preferences indifference lines allows to apply
coordinate transformation formulae and obtain a
solution in a more general form.

A

Figure 2. The Determination Scheme of General Form of Indifference Boundaries of Consumer Preferences in
the Presence of the Organizational and Technological System
Source: authors’ own development
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Thus, the connection of coordinates is described
by the expression:

X' =xcos@ + ysing; 0
y' = —xsin¢@ + ycos .

Solving the problem according to the given
methodology and taking into account (7), to
determine the preferences indifference line we have:

(x —amcos ¢)* + (y — amsin ¢)® = ®)
=a’(m?-1).

The formula (8) makes it possible to construct the
preferences indifference line with an available centre
of infrastructure and an average flow of consumers
directed to it.

When ¢=0, we get the dependence used in the
classic model of Reilly preferences. Thus, the
classical model of Reilly preferences is a special case
of expression (8). Similar considerations are applied
to the modified R model.

Further it should be noted that the approaches to
determining preferences are quite "static”. As a rule,
even if the consumption is necessary, the consumer is
limited by the influence of a number of factors. The
most important, in our opinion, are the time factor,
which appears during the consumer movement from
the location to the infrastructure centre or back, and
the  financial sufficiency  factor  (budgetary
restrictions).

In this case, solving the problem of preferences
should be considered from the viewpoint of dynamics,
namely, solving the motion equation. For this, that is,
taking into account the consumer movement, we will
also use a physical analogy, namely, the movement of
a material point in the field of gravitational forces.
Here, the consumer acts as a material point. As in the
problems of physics, a material point is characterized
by the so-called "mass"”, which can be interpreted as
some expertly determined function of the consumer’s
financial sufficiency and the degree of consumption
necessity. The gravitational field in this model is
created by the service sector enterprises, based on the
newly created OTS, each with its own levels of
supply of products, services, nomenclature, etc. the
The local infrastructure centre affects, but to a lesser
extent.

It is known if the consumer is considered as a
material point, his movement is described by a system
of differential equations. In the projections on the axis
of fixed Cartesian coordinates, the axes have the

form:
n n
mX = Z FkX' my = Z Fky'
k=1 k=1

where x, y — are acceleration projections;

Fiww Fi, —are the projections of the generalized
force on the corresponding axes of Cartesian
coordinates.

©)

In consequence of differential equations of a
material point motion, it is possible to solve two main
problems of dynamics, i.e. direct and inverse: the
direct problem is a problem in which its movement is
determined by the given movement and mass of the
material point. In our opinion, the most obvious
analogy is the inverse problem for consumption
forecasting. In this case, given the known (predicted)
coordinates and the attractiveness degree of
consumption centres, as well as the financial
sufficiency of the consumer (“mass"), it is possible to
determine the consumer flow trajectory from the point
of the conditional centre of residence to the
infrastructure centre of the region or other territorial
formation.

The equation that models the consumer's
movement in the force field of consumption centres
will be taken as:

_ d%p;

g2

= }\l=1 Fi + Fu ) (10)

where m,, —is the consumer’s financial sufficiency
(budget restrictions);

p;i — position vector from consumption to i-
consumption centre;

YL Fi are
consumption centres;

F, — is the "attraction” force of the infrastructure
centre;

N — is the number of consumption centres of a
specific type.

Let’s consider the quantities entering the equation.
As it has been mentioned, the consumer financial
sufficiency the must be determined by an expert way.
Here, statistical data on the consumer demand of the
region can be used as a starting point, correlation
dependences with the average cost of products in the
given region can be used.

The "attraction™ forces of consumption centres can
be determined (as from the Reilly model):

the “attraction" forces of

_ ki
N CHE

(1)

where  Kk; is the centres
attractiveness;

p; — Iis the distance from the centre to the
consumer.

The attractioin force of the infrastructure centre
can be neglected when solving. However, it is used as
a value that determines the average movement
direction of the consumer flow, and indirectly allows
to determine the time of movement. Thus, the
minimum time is the ratio of the distance between the
infrastructure centre and the consumer to the average
pedestrian speed. Such a marginal option is possible
in the case of the consumer’s movement from the
place of permanent deployment to the consumption
place of the OTS results. For our calculations, this
option is unacceptable, because even if there is a

need, it is impossible to meet the requirments.

consumption
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When solving inverse problems of the material
point dynamics, it is customary to adhere to the
following sequence of actions:

1) select a coordinate system;

2) record the initial conditions of motion;

3) make differential equations of motion;

4) integrate the system of differential equations of
motion. Using the initial conditions of motion,
determine constant integrations;

A

Mt

5) using the equations of the material point motion
obtained in the previous point, determine the required
values.

Taking into account the defined sequence, let’s try
to get the desired solution to the given task. When
choosing a coordinate system, let’s stop at a simple
Cartesian coordinate system with the centre at the
initial point of the consume location (Figure 3).

v

Xt

Figure 3. The Cartesian Coordinate System with the Centre (initial point) of the Consumer Location
Source: authors’ own development

In this case, the basic enabling equation is the type
expression (10):

d?p,

m, = dt2 = Fil + F2

or
. (12
X

{mn=F=Fi‘+FX;
d2

(m, = d—tZ =F" +F}.

where m,; = f — is the function of the consumer’s
financial sufficiency;
Fo=— X p ook
(x1=x0)%+(y1-y)? ' (X2=%t)?+(y2-yt)?
attraction forces of the consumption centres during
the the consumer movement to the infrastructure
centre with coordinates (Xic, Yc);
ki, ks are coefficients reflecting
attractiveness level of the consumption centres;
(X4, Yy — are the consumer current coordinates
while moving to the infrastructure centre;
F%,,F%,F),F)— are the attraction forces
projections of consumption centres on the coordinate
axes.
As a result of the integration of system (12), the
consumer movement law in Cartesian coordinates is
determined:

F, —are

the

Xn = fl(t)v le = fZ(t) (13)

Let’s assume that the attraction forces of
consumption centres depend only on their coordinates

and characterize the need for consumption, which
allows us to obtain a solution to the problem in an
analytical form.

Since system (12) consists of two equations of the
second order, its integration results in four arbitrary
constants: Cy, C,, C3, C4. In order to determine them,
the conditions of the task must include the initial
conditions of the consumer movement, which
determine his position and speed at a certain moment
in time

In our case, the initial conditions have the form:

=0x=0y=0 (14)
X' =V, Y = vy

At the same time, it should be noted that the
minimum travel time is determined by the ratio of the
distance from the consumer to the infrastructure
centre to the average pedestrian speed (5 km/h).

After the expression integration (13) we will get:

X' =Ft+ Cl,

yI = Fyt + Cz. (15)

The constants C;, C, are at the initial conditions
(15), whence:

Cl = Vy, CQ = Vy. (16)

Substituting expression (16) into (15), we get:

X'=Ft+v,,
y' =Ft+yv,. (17)

The law of motion is determined by integrating the
expression (17):
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X'= P + vyt + Cs,
y' = P2+ vt +C, (18)

The constants C;, C4 are found after substituting in
(18) the initial conditions of motion at the zero
moment of time, that is, we have C; = C, = 0. By
substituting these ranges in (18), we obtain the
consumer motion equation:

X' = P+ vy,

Y = P2+t (19)
The obtained equations (19) make it possible to

construct the indifference trajectory of the consumer

Conclusions

Thus, it should be noted that the proposed model
of forecasting the consumer behaviour of high-tech
products can allow solving the following tasks: given
the known consumer financial sufficiency and the
given "geometry" of the territorial formation, it is
possible to calculate the optimal placement points of
consumption centres with the required level of service
quality; for existing enterprises and their
organizational and technological structures, develop
recommendations for improving the necessary quality
of services that allow attracting consumer; based on
the known quality and placement of consumption
centres, indirectly determine the consumers financial

preferences as he moves to the infrastructure centre,  gyfficiency of the particular territorial education.
that is, the modernized OTS.

Abstract

One of the most important tasks that appear when consumers expect the results of modern organizational and
technological systems in industrial production within a certain territorial formation, is to forecast the
consumption level of the results of high-tech enterprises that are being modernized. Today, the excellence factor
of consumer requirements plays a significant role in the field of high-tech products and services. The aim of the
article is to develop a mathematical model for predicting consumer behaviour as a result of the organizational
and technological system operation with the purpose of determining the optimal placement points of
consumption centres with the required level of service quality. The need to solve this problem is due to the fact
that high-tech enterprises are located very unevenly because of various reasons. There is a problem of rational
spatial redistribution. In order to solve this problem, classic or modified Reilly models are used, which are the
attraction analogues to determine consumer preferences. The influence of the distance factor on the consumer
choice is reflected in the use of hypotheses: in the classical model it is a proportional square of the distance
between the centres, i.e. the organizational and technological system and the consumer; in the modified model —
in accordance with the exponential law. The proposed model for predicting consumer behaviour of high-tech
products, which allows to solve the problem: with the known financial sufficiency of the consumer and a given
"geometry" of territorial unit it is possible to calculate the optimal location of consumption centres with the
required level of service quality; for existing enterprises and its organizational and technological structures to
develop recommendations for improving the required quality of services to attract consumers; by known quality
and location of consumption centres indirectly determine the financial sufficiency of consumers of this territorial
education.
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