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A. BONDAR

ENERGY-ENTROPIC VALUE OF ORGANIZATION’S RESOURCES

The subject of the study are approaches and methods for determining the energy and entropy values of the organization’s resources.
The purpose of this study is to develop a concept and appropriate mathematical tools for determining and analyzing the dynamics of
the energy-entropic value of the organization’s resources. To achieve this goal, it is necessary to perform the following tasks:
determine the expression of energy entropy, formulate a model of the organization’s energy turnover, develop a system of indicators
to determine the entropy value of the organization’s resources. The following methods are used: system analysis, probability theory,
energy-entropy theory. Results. As a result of the study, it was found that in the process of the organization’s activity a cycle of
protoenergy and energy occurs: energy — protoenergy (resources) - protoenergy (product) — energy. The relationship between the
incoming and outgoing energy of the organization is established, which made it possible to generalize the concept of "efficiency"
within the framework of the energy-entropy approach. Unlike classical efficiency, it is proposed that the entropy be considered an
alternative measure of the "effective organization of the system". Based on this, the value of the organization’s resources is formed
from two components — energy and entropy. In the framework of the energy-entropic concept of the organization and the energy
turnover under consideration, the energy value of resources is defined as the ratio of the organization's incoming and outgoing energy
over a certain period of time. In this interpretation, the energy value of the organization’s resources is a kind of analogue of efficiency.
It has been established that the value of resources can be considered both integrally and separately for each type of resource. Also, the
paper proposes indicators reflecting the entropy value of resources in monetary terms. Conclusions. In this study, the category "value
of the resources of the organization" is considered in the framework of the energy-entropic concept of the organization. The model of
energy circulation of the organization is formulated and the value of the organization is considered from the point of view of energy
efficiency and energy entropy. A system of indicators has been developed that makes it possible to comprehensively evaluate the
entropy value of each resource individually and their total value. A tool for analyzing the dynamics of energy entropy is also
proposed, and a relative indicator of the dynamics of entropies is substantiated, which comprehensively assesses structural and
qualitative changes in the organization and makes it possible to identify problems of an energy-organizational nature that need to be

addressed.

Keywords: entropy; energy turnover; resources; value; organization.

Introduction

The evolutionary transformation of the conceptual
principles of the theory of organizations over the past
century has demonstrated the transition from a production-
oriented approach to managing organizations to a value-
oriented one. "Econophysics" and "energy entropics",
which are based on physical methods of analyzing
economic data, have spread in modern sciences. As a
result, priorities in theory and practice are shifting from
full determinism and certainty to the creation of verbal,
highly abstract models for describing the activities of
organizations. An example of such a methodological
approach is the energy-entropic theory of organizations.

Analysis of literature and research

The first fundamental work, which summarizes all
the knowledge about energy entropy that existed at that
time, and formulates the basic laws of “energy entropics"
as a universal methodology for studying various
phenomena and processes using entropy balances, is [1].
In [2], the authors proposed using the measurement of
entropy as a project management tool. Also, the work [3]
belongs to the number of scientific studies in this
direction, where the author draws attention to the
problems of managing the organization based on the
fundamental laws of dynamics of various macro-systems
based on energy conversion. Some types of "energy" of
the enterprise are considered in the works [4-7].

Entropy as a measure of one or another variant of the
organization’s development is considered in [8], where
certain guidelines for further theoretical developments in

this direction are given in the form of the "energy balance"
of organizations. The balance of energies and the
dynamics of entropy in an enterprise in the process of its
progressive development was identified in [5], by the
author the energy means the capital of the enterprise, and
commodity-money relations act as "quasi-energy".

In [6], two scenarios of free energy and the entropy
of a system (organization) in the context of its stability are
analyzed. The author considers the decrease in entropy in
the system as the result of an adequate reaction to changes
in the environment, but the regularity proposed by him is
conceptual in nature and requires further research. An
attempt to empirically study the organization's entropy is
presented in [9], the authors focus on the relationship
between entropy and business processes in the
organization and the need for further study. In a study
[10], the author defines economic value as a mathematical
decrease in entropy and explores the relationship between
physical entropy and economic value.

The purpose of this study is developing a concept
and appropriate mathematical tools for determining and
analyzing the dynamics of the energy-entropic value of
the organization’s resources.

This work is a continuation of the ideas of the
energy-entropic concept of organization [11] and the
concept of the value of resources presented in [12-16].

Research results

Let’s describe the conceptual model of energy
circulation and energy entropy of the organization. So, the
basic concepts of energy-entropy theory are "energy" and
"work". Energy is what is transformed into work. For

© A. Bondar, 2020
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organizations, work is done through resources. Thus,
resources act as an analogue of energy. This approach is
used in all modern works in this direction. In some
publications (for example, [5,6]), the authors use the term
"quasienergy"”, in the context of the fact that resources are
not “energy" in its true sense, but (according to the
meaning of "quasi") fake energy, almost energy, pseudo-
energy. This approach is, of course, correct, taking into
account the essence of energy as what is converted into
work [3].

Obviously, if an organization uses human resources
(for example, 20 employees) in the production process,
this does not mean that these resources are directly
converted into work. This means that the knowledge,
skills, experience and competencies of this personnel are
transformed into work. Therefore, a human resource is a
"protoresource" (proto-from protos first, primary). But for
the organization, the monetary equivalent of using the
knowledge, skills, experience and competence of this
personnel represents the expended "energy" (or "quasi-

energy" if you hold the opinion [5]). Thus, from an
organization’s point of view, energy is money.

In the simplest version of considering the essence of
"work" for an organization as fulfilling its main function
(for example, producing a certain product), the result of
the work is a "product” for which the organization
receives cash proceeds. Following the above reasoning,
the organization’s product is also proto-energy, and cash
receipts for the sold product form energy.

Given the fact that the energy-entropic theory of
organization is formed on the basis of the universal laws
of energy-entropics, in the framework of which "energy"
is considered as a broad concept, we will use the terms
"energy" and "proto-energy" in the future. Thus, the
protoenergy of both resources and the product "generates"
energy.

So, the following cycle of protoenergy and energy
arises: energy — protoenergy (resources) — protoenergy
(product) — energy (fig. 1).

ORGANIZATION

L

-

ORGANIZATION

ORGANIZATION

© N o
‘s N "

ENERGY

Resource/protoenergy

Fig. 1. Organization’s energy turnover

product/protoenergy
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Note that fig.1 shows examples of various options
for the energy turnover of organizations, while the
emphasis is on energy circulation as the integration of
incoming and outgoing energy flows in the process and
according to the results of work. Energy dissipation is
noted schematically, but its comparative assessment is not
presented in this figure.

We note that energy dissipation [11] occurs both for
outgoing and incoming energy. The main causes of
dissipation are:

- natural energy losses, for example, associated with
the aging of the material and technical base ([5, 11]) or
due to force majeure circumstances (for example, natural
disasters, etc.).

-energy losses due to inefficiency of business
processes.

Briefly describe the options presented in fig. 1 A)
and B) variants use a different amount of proto-energy of
the resources, but the same amount of energy to produce
the same amount of proto-energy of the product and
produce the same amount of energy. Thus, for
organizations A) and B), the same energy flows are
provided by a different amount of resources.

Organizations B) and C) have the same composition
of resources, but the energy spent on them is lower for
organization C), while with the same amount of product,
the energy received is higher for organization B).
Organizations B) and D) with the same energy spent on
resources, receive a different amount of both products and
energy from them.

A natural and logical continuation of these
considerations is the establishment of a certain
relationship between the incoming and outgoing energy of
the organization, which allows us to generalize the
concept of "efficiency” in the framework of the energy-
entropy approach. But, unlike classical efficiency, the

measure of "effective organization of the system" is
entropy. Therefore, the value of the organization’s
resources is formed by their two components - energy (a
kind of analogue of economic efficiency) and entropy
(comprehensively characterizing the value of resources).
So, the differentiation of the success of organizations
in terms of energy turnover arises, first of all, due to the
presence of energy entropy, inextricably linked with the
informational (structural) entropy of the organization. A
different combination of resources and their qualitative
saturation determines the level of dissipation Q, which

can be defined as the "value of the organization
structure”. That is why, with equal opportunities, some
organizations are more successful, and, conversely, with
less energy opportunities, other organizations are more
successful than those with an initially higher energy level.
Since energy entropy is determined by the structure
of the organization and the possibility of information
control over it, and that part of the external environment
that ensures the flow of energy into the organization, we
will consider the value of energy entropy:
_Q_U-(E"-E")

S e 1)

where U — total energy organization, E" — incoming
energy, E® —outgoing (free) energy, T — temperature. By
the temperature of the organization we understand the ratio

of its effectiveness to existing capabilities (fig. 2), that is,
as the temperature we take the value:

_H
T=1 @)

Options for the state (results of actrvities) ofthe
organization

(E{".Ef)

(Eén i :f.x')

(E¥ E&

Iy Py Hy || Py

ng | | Fx

a i

Actual efficiency L

Informationalentropy H

TEMPERATURE T

Fig. 2. Organization temperature formation diagram

H reflects the level of informational entropy of the
organization, evaluating in this case the possible options
for the state of the organization:

K
H ==Y p(4)- N(p(4), ®3)

k=1
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A4, — organization status options, p(4¢) - the
probabilities of these conditions. As indicators of the state
of the organization we take 4, = (E\", E&), k =1, K , since
it is precisely these indicators at a given level U for the
organization that reflect the results of its activities and the
efficiency of energy circulation. With an increase of K
(i.e., the number of predicted options for the state of the
organization) and equalization of their probabilities,
information entropy (3) grows. And, on the contrary, with
a decrease K and an explicit allocation of sufficiently
predictable (that is, with a high probability of options) (3)
it will decrease. Thus, in (2), informational entropy reflects
a measure of order in an organization:

n _U_Eex+Ein
n*

= _—’ 4
u ” U (4)
U-E®+EM
:—, 5
n T ()
where n* — benchmark performance indicator, n -

performance indicator, which reflects the "return” from the
total energy of the organization in the form of an increase
inenergy E" -E®.
Thus, the temperature reflects the state of the
organization, which was realized from the many possible.
In view of (3), (4), the expression for entropy takes
the form:

S U _(Ein _ Eex) B (U _(Ein _Eex).U TI*H ~

T U-E®+EM
in ex K (6)
(EM™-E®)-U)-U-n*3 p(4) - In(p(4))
- k-1
U-E®+E™

The energy value of the organization’s resources

The above examples illustrate the concept of "energy
value of resources" (which was introduced in [12,13]).
So, organization A) has less valuable resources than
organization B), since it provides the same outflows and
influxes of energy with more resources. Organization D)
has less valuable resources than C), despite the fact that
the number of products is greater than D).

Thus, within the framework of the energy-entropic
concept of the organization and the energy turnover under
consideration, the following definition of the energy value
of resources can be given: the energy value of resources is
the ratio of the organization's incoming and outgoing
energy for a certain period of time.

In this interpretation, the energy value of the
organization’s resources is a kind of analogue of
efficiency. The value of resources can be considered both
integrally (both in the comments on the examples in Fig.
1) and for each type of resource. The decisive role in the
formation of a certain level of energy value of the
organization’s resources belongs to human resources,
because it is the "person” who organizes, coordinates and

executes business processes, and energy dissipation and
entropy, as well as the ability of protoenergy (resources,
product) to generate, depend on them. a certain level of
energy.

So, given the differentiation of resources, the
organization can be allocated various types of resources.

Since each type of resources (protoenergy) can be
detailed (for example, human resources are distributed by
type — managerial, labor (directly involved in the
production process), etc.), we can distinguish n types of

protoenergy of the organization’s resources and,
accordingly, their number by type:
EP =(EP.ED,....EP). )

Thus, components (7) Eip,izl,_n are quantitative

rather than cost characteristics of resources.

The energy that the organization spends on the use of
protoenergy (resources) and the receipt of the product
(protoenergy):

n
E¥ = k-EP, 8)

i=1
where k;,i =1,n - coefficients of bringing various types
of protoenergy to a single estimated indicator - in this case,

to monetary units, E® — the outgoing energy of the
organization. After the release of the product (protoenergy)

in quantity WP, the organization receives an incoming

flow of energy Ei”, which is a certain function of the
product:

EM =E"(WP), ©)

and in the simplest version - linear:
EM=1.wP, ()
where | — the cost per unit of product that the organization

receives.

Note that £ represents the amount of energy in
which dissipation is not taken into account, since this is
what is actually "directed" to the completion of the work

(i.e., obtaining the product). In turn, £ is the incoming
energy, taking into account dissipation.

Then the integral energy value of the organization’s
resources can be represented as:

CEM™ P
Tpx o oan o

S (10)

As already noted, value in a similar way can be
determined for each type of resource. In this way:
E" 1P
EP k.EP’

Gi = (i=1n). 11)
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This value characterizes the value of each type of
resource.

Note that the numerator (6) contains the total input
energy, and not some part of it, since it is the integral
result that allows us to estimate the value of resources.

(10) and (11) imply obtaining dimensionless
quantities ¢,gj(i=1n), however, relative values that

characterize the "return” per unit of each type of resource
will be informationally useful:

Ein
EP

Si

(12)

Considering these indicators in dynamics, that is, for
successive periods of time t;, j =1m, it becomes
possible to draw a conclusion about the role of each type
of resource in obtaining incoming energy E™:

ing, NP (s .
) -t TP 7 g
E (lJ) Z ki(tj)'Eip(tj)
i=1
ing, NP (s
T P L G VL G i e P

TR EP) k) EPE)
EMeg) 1) WP ()

) J(i=1n, j=1m), (15)
i\t

where, ¢(tj), <i(tj). ¢'i(t;), WP(@t)), EP(t)). I(t;).
ki(t;) have the same meaning as before, but these values

are assigned to a specific time period t;, j=1,m.

Entropic value of organization resources and analysis
of its dynamics

As you know, the energy entropy of open systems
can only decrease due to the outflow of part of the entropy
into the external environment, or, in other words, due to
the influx of neganthropy [1]. In [5,9], it was substantiated
that energy entropy consists of two parts:

S = Sin + Sex: (16)

where S§;,,Sex — accordingly, two types of entropy

associated with the internal and external environment of
the organization. However, the S, component reflects not
just the entropy associated with the external environment,
but the entropy associated with the "controlled" part of the
external environment. As the "controlled"” part of the
organization’s external environment, we take a structure
related to marketing, logistics, information channels, which
is not directly included in the organization’s structure, but
the organization spends its energy (part Sey ) on this. Thus,

Sex IS connected, with a kind of “external structure™ of the
organization.

Nevertheless, despite the separation of the two parts
of the organization’s energy entropy, both of them are a
consequence of the "internal structure™ of the organization
and, above all, its labor resources, which ensure the
organization / ordering of all business processes. That is
why, in the expression for energy entropy (6),
informational entropy is used, which reflects the options
for the complex outcome of the organization’s activities.

By analogy with the previous reasoning, the entropy
value of an organization’s resources will mean their
ability to generate and reduce energy entropy. Such a
twofold attitude towards energy entropy is due to the fact
that in the classics of thermodynamics (where energy
entropy comes from), it is precisely its change that reflects
the state of the system. Given the specifics of
organizations, it is also important for them what level of
entropy is achieved, how its dynamics proceed, and due to
what.

Therefore, we introduce indicators that reflect the
entropy value of resources in monetary terms, that is, the
entropy per unit monetary equivalent of outgoing energy
as a whole, and for a particular type of resource, in
particular:

fe -5 an
£ > ki-EP
i=1
f=—>"(i=1n) (18)
ki -EP

We also introduce indicators reflecting the entropy
value of a unit of resources in their natural expression:

L _ S L
& =—p,(| =1,n). (19)
Ei
By analogy with the previous reasoning, we
introduce the dynamics of entropy value in dynamics:
S(ty) S(t;) R
5(t; =Eex(Jt )= n ] J=Lm; - (20)
, %ki(t,-)-Ef’(t,-)
1=
S(t;) o= —
Gt)=——2—(=lnj=1m), (@)
ki(t;)-E" (t;)
, Stt;)) . — . —
¢ilty)=—-—— (@(=lnj=1m) (22)
Ei" (t;)

where, &(tj), &(t;). &5(t;). EP(t;), ki(t;) have the
same meaning as before, but these values are assigned to a
specific time period t;, j =1m.

Then the absolute increase in the entropy value of
different categories will take the form:

AE(t)) = £(t)) - &(tj-1). (j = 2.m), (23)
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AGi(tj) =G (tj) =& (tj-1). (i=1n, j=2,m),

(24)

Ag(ty) =& () —&(tjg).(i=1n, j=2,m). (25)

A peculiar result of the analysis of the entropy value
of resources is its relative change. Since the dynamics
change not only the entropy of the organization, but also
its resources, the relative indicators of the dynamics of the
entropy value of the organization will also be useful for
analysis. To do this, we introduce the quantities:

AS(t) = S(t;) - S(tj_), (j = 2,m), (26)
increase in entropy over a period of time
l:tj—l! :|J_2m

AE®(6j) = E¥(6)) - E¥ (tj 1), (= 2m),  (27)

increase in outgoing energy over a period of time
l:tj—l! :| J_2 m;

AEP (1)) = EP (1)~ EP (t0). (=1, j = 2,m), (28)
growth of the i-th resource over a period of time
l:t] lv :| J_2 m,

Ak; (t5) =i (t))=K; (tj-0). (i =1n, j=2,m),
increase in the cost of the i-th resource over a period of
time [tj,l,tj], j=2,m.

Relative indicators of the dynamics of the entropy
value of resources are expressed as follows:

(29)

o(t; )_ ( )( =1,m), (30)
AS(t;) — =
Ui(tj):—J,lzl,n,J:Z,m), (31)
Aki (t;)-AEP (t)
A o Tnj-zm. @)
AEP(t))

A change in the organization’s energy entropy
occurs, among other things, as a result of a change in its
temperature, which, in turn, depends on informational
entropy and the organization’s effectiveness. Since the
analysis of efficiency was presented above and within the
framework of the energy-entropic theory is not a central
issue for its further detailing, we will dwell in more detail
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competencies and energy [13]). Note that, despite the fact
that energy entropy S(t;) depends on H(tj),

nevertheless, the ratio of their changes is quite useful for
analyzing the dynamics of the organization’s performance,
identifying problems and finding the necessary solutions
to eliminate them.

We also note that a positive change in information
entropy along with a decrease in energy entropy is the
main evidence of the high level of human resources of the
organization, demonstrating their ability to "cope" with
the entropy of both types.

Conclusions

In this study, the category "value of the resources of
the organization" is considered in the framework of the
energy-entropic concept of the organization. The
expression of the organization’s energy entropy is
presented, which is based on taking into account the
organization’s activity efficiency and its informational
entropy as a measure of order.

A model of the organization’s energy turnover is
formulated and the value of the organization is considered
from the perspective of two points of view - energy
efficiency (by analogy with economic efficiency) and
energy entropy.

A system of indicators has been developed that
makes it possible to comprehensively evaluate the entropy
value of each resource individually and their total value.
A tool for analyzing the dynamics of energy entropy is
also proposed and a relative indicator of the dynamics of
entropies is introduced, which comprehensively assesses
structural and qualitative changes in the organization and
allows you to identify problems of an energy-
organizational nature that need to be addressed.
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EHEPTOEHTPONIMHA IIHHICTH PECYPCIB OPTAHI3AIIII

Ipeamerom IOCTiKEHHS € MiAXOAN 1 METOIU BH3HAYECHHS CHEPreTHYHOI Ta EHTPOINHOI IIHHOCTI pecypciB opranizamii. MeToro
JAHOTO JOCHI/DKEHHs € po3po0Ka KOHILEMIIT Ta BiJAIOBIJHOrO MaTeMaTHYHOTO iHCTPYMEHTApil0 BH3HAYCHHS Ta aHaNi3y ITUHAMIKA
€HEeproeHTPOIiiHOI IIIHHOCTI pecypciB opranizaumii. J[Jis1 JOCSTHEHHs MOCTaBIeHO! METH HEOOXiJHO BUKOHATH HACTYIHI 3aBIAHHS:
BU3HAYUTH BHpPA3 EHEProeHTpomii, CHOPMYITIOBaTH MOJENb EHEeproodiry opraizauii, po3poOMTH CHCTEMY MOKa3HHKIB, IO
JIO3BOJIAIOTh BH3HAYaTH CHTPOMINHY IIHHICTH pecypciB oprasizaiii. BUKOPHCTOBYIOTBCS Taki METOIM: CHCTEMHHH aHaji3, Teopis
WMOBIPHOCTI, €HeproeHTporiiiHa Teopis. Pe3yabTatm. B pesymprari AOCHiIKEHHS BCTAHOBIECHO, IO B MPOIECi isUTBHOCTI
opraHizaiii BUHAKAE KOJOOOIr MPOTOCHEprii 1 eHepril: eHepris - MpOTOeHepris (pecypcH) - MpOTOeHepris (MPOIYKT) - EHepris.
BcTaHOBIIEHO CIIBBITHOIIEHHS MK BXIZHOIO Ta BHXIJHOIO €HEPri€l0 OpraHisamii, IO MO3BOJHMJIO Y3aralbHUTH IOHSTTS
"eekTHBHICTH' B paMKaX €HEeproeHTpomiiiHOro miaxoxy. Ha BimMiHy Big KiacH4HOi eQEKTHBHOCTI, 3alporOHOBaHO
aNbTEPHATUBHOIO Mipolo "e(eKTUBHOI OpraHi3aiii cucTeMu' BBaXaTH EHTPOMI0. BUXoasuu 3 1boro, IiHHICTh pecypciB opraHizamil
(OpMYETBCs 3 IBOX CKJIAZIOBHX - CHEPIeTUYHOI Ta SHTPOIIiiHOI. B pamkax eHeproeHTpomiiiHol KOHIEMii opraHizaiii i po3riisiHyTOro
€Heproo0iry, eHepreTHyHa I[iHHICTh pecypciB BH3HA4YCHA SIK CMIBBIAHOLICHHS BXiJHOI Ta BUXiAHOI eHepril opraHizaumii 3a MeBHHH
NPOMDKOK d4acy. Y Takiii iHTepmperarii eHepreTMuHa LiHHICTb PECypCiB OpraHizauii € CBOEpPIAHHM aHANIOroM e(eKTHBHOCTI.
BcTaHOBIIEHO, 110 [IHHICTh PECYPCIiB MOXKE PO3IIISAATUCS SK IHTErPAIBHO, TaK i Ul KOJKHOTO BHIY pecypcy okpemo. Takox B po6oTi
3aIpONOHOBAaHI MOKa3HUKH, IO BiJI0Opa)XaroTh CHTPOIINWHY LIiHHICT PECypCiB B TPOIIOBOMY €KBiBaJieHTi. BucHoBku. B manomy
JOCII/DKEHHI KaTeropis «IiHHICTh PECypCiB Oprasizamii» pO3IJIsIHyTa B paMKaX EHEProeHTPONiHHOI KOHIENii opraHizaii.
CchopMyTp0BaHO MOAENs EHEProodiry opraHizamii i po3risiHyTa WiHHICTH Oprasizamii 3 mo3mmii eHeproedeKkTHBHOCTI Ta
eHeproentporii. Po3po0ieHo cucteMy MOKa3HHKIB, 10 JA03BOJISIE B KOMILICKC] OLIHIOBATH €HTPOIMINHHY LiHHICTH KOXHOTO Pecypcy
OKpEMO 1 iX cyMapHy LiHHICTh. Takox 3alpOIIOHOBaHHI IHCTPYMEHT aHaNi3y JUHAMIKHA €HEPrOSHTPOIIi i 0OTPyHTOBaHMUIA BiTHOCHMI
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MOKA3HUK JAWHAMIKH SHTPOMiH, SIKMH KOMIUIEKCHO OIIIHIOE CTPYKTYpHI 1 SIKICHI 3MiHH B OpraHi3amii i 103BOJIs€ BUOUTUTH IPOOIeMHU
€HepreTHYHO-0praHi3aifHOTo XapakTepy, sKi HOTPeOyIOTh BUPIIICHHS!.
KumiouoBi ciioBa: eHTpoOIIis; €Heproodir; pecypcH; WiHHICTh; OpraHi3amis.

HEPIO3HTPOIIUMHAS IEHHOCTH PECYPCOB OPI'AHU3AIIUU

IIpeamerom ucciaenoBaHMs SIBISIOTCS MOAXOAbl M METOJbI ONPENENECHUS 3HEPreTHUECKOM M HTPONUNHON LIEHHOCTU PECypcoB
opram3anuy. lLleJbl0 MaHHOTO HCCIENOBAaHMS SIBIAETCS pPa3paboTKa KOHIENIMH M COOTBETCTBYIOIETO MAaTEMAaTHYECKOTO
HHCTPYMEHTApHs OIPE/CNICHUs] W aHajiW3a AWHAMHUKH SHEPrO’HTPONHMHHOM LEHHOCTH PecypcoB OpraHu3amud. [ NOCTIDKEHUS
TIOCTABJICHHOHN eI HEOOXOANWMO BBHINOJIHUTE CIIEAYIOIINE 3aJa4d: ONPENCeIUTh BBIPAKCHHE JHEPTOIHTPOIHH, CHOPMYIHpPOBATH
MOJIeTb SHEproo0OpoTa OpraHW3allMH, Pa3paboTaTh CHCTEMY MOKa3aTelel, MO3BOJLIIOIINX ONPENeITh IHTPOIMHHYIO IEHHOCTh
pecypcoB opraHm3anuy. Mcnone3yloTcs clemyrone METOIbl: CHCTEMHBIH aHalu3, TEOpHUs BEPOSTHOCTH, IHEPrOIHTPONHITHAs
Teopusi. PedyabTaThl. B pesynpTare HccIeNOBaHUS YCTAaHOBIEHO, YTO B MpOLECCE AEATEIBHOCTH OPTraHM3alUd BO3HHUKAET
KPYTOBOPOT MPOTOSHEPTHH U SHEPTHU: DHEPTHS - IMPOTOIHEPTHUs (pecypchl)— MPOTOIHEPTHs (IPOLYKT) — SHEPrHs. Y CTaHOBICHO
COOTHOILICHUE MEXIY BXOAALIEH M MCXOJIICH SHEeprueld OpraHuM3alliii, YTO MO3BOJIMIO 000OIIUTH MOHATHE '3((EKTUBHOCTL" B
paMKax SHEpPro3HTPONHUIHOTO Moaxoda. B oTauume OT KiIaccH4yeckoil 3(QEeKTUBHOCTH, MPEIUIOKEHO aJbTepPHATHBHOW Mepoi
"¢ pexkTHBHOI OpraHU3aIMy CUCTEMBI" CYMTATh SHTPONHIO. VIcXoas M3 3TOro, EHHOCTh PECypcoB OpraHuM3anuy Gopmupyercs u3
IBYX COCTABILIIOIIMX — DOHEPreTHMYeCKOil M »JHTPONMUHHONH. B pamkax 3HEprosHTPONMHHON KOHLENIMH OpraHW3alud U
paccMaTpHBaeMOro HEProo0opoTa, IHEPreTUUECcKas [IEHHOCTh PECypcoB ONpe/eleHa KaK COOTHOLIGHHE BXOIMICH M MCXonsmieit
SHEPIHU OpraHW3alliy 3a OINpEJCNICHHBIH NMPOMEXYTOK BPeMEeHH. B Takoil MHTepIpeTanuu sHepreTndeckas IEHHOCTh PECypcoB
OpTaHM3AIUH SBISIETCS CBOCOOPA3HBIM aHATOTOM 3((EKTHBHOCTU. Y CTAHOBJIEHO, YTO LIEHHOCTh PECYPCOB MOXKET PacCMaTpPUBATHCS
KaKk WMHTErpajbHO, TaK W JUI1 KaXIOT0 BHAA pecypca OTAeNbHO. Takke B paboTe MpEemIOKEeHBI ITOKA3aTeNH, OTPaKaroIIue
SHTPONHUHHYIO IEHHOCTh PECYPCOB B AEHEXKHOM SKBHBaJIeHTe. BbIBOABI. B JaHHOM HCClIeJOBAaHUH KaTETOpHsl «IIEHHOCTh PECYpCOB
OpTaHM3aIUI» PACCMOTPEHA B PaMKaX SHEPrOIHTPONUITHON KoHuenmu opraHusamuu. ChopMynupoBaHa MOJEIb HEProodopoTa
OpTaHM3aIMU M PAacCMOTPEHA LIEHHOCTh OPTAaHM3AIUH C MO3MIHH YHEPro3(eKTUBHOCTH M SHEpro’HTponuu. PaspaboTaHa cucrema
ToKa3areliel, MO3BOJIIONIasl B KOMIUIEKCE OI[CHMBATh SHTPOIMHHYIO IIEHHOCTh KKAOTO pecypca B OTACIBHOCTH M MX CyMMAapHYIO
LEeHHOCTh. Takke NpeIoKeH HHCTPYMEHT aHaiu3a JMHAMHUKH DSHEPrO’HTPONUHM M OOOCHOBAaH OTHOCHTENBHBIH IOKa3aTellb
JIMHAMUKY SHTPOIHUH, KOTOPBI KOMIUIEKCHO OICHHBAeT CTPYKTYypHbIE M KaueCTBEHHBIC M3MEHEHHs B OpraHM3allid M IO3BOJSET
BBIZIEJINTH IPOOJIEMBI SHEPreTHUECKO-OPTaHN3aMOHHOT0 XapaKTepa, TPeOyIoNHe pereH sl
KirodeBble c10Ba: SHTPOIHS; SHEPrOOOOPOT; PECYPCHI; IEHHOCTh; OPTaHU3aIIsI.
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PROJECT MANAGEMENT DURING INFODEMIC OF THE COVID-19 PANDEMIC

The subject of this article is the transformation of project management systems, programs and project portfolios in the context of the
interaction of the infodemic and pandemic in the COVID-19 environment. Infodemic, ahead of the pandemic, is filled with rumours,
conjectures and speculation at the first stage, creating an atmosphere of fear and panic. At the same time, Agile methodologies,
systems of knowledge and competencies of project and program managers come to the fore in project management. The basis of the
changes lies in changing the decision-making paradigm in the management of projects and programs in the "infodemic - pandemic"
system. The goal is to study the models of interaction and mutual influence of the pandemic (infodemic) information support during
the development of the COVID-19 pandemic for the application of modern methodologies of flexible methodologies in managing
projects and programs at all levels of the state and society. The key challenges to a successful project and program management are
Agile Transformation. Today there is an intuitive transition to the use of flexible project and program management methodologies,
which does not bring the expected results. The research results allowed the authors to build a model of interaction "infodemic -
pandemic). This model can be used to analyse the mutual influence of the information envelope in each country on the distribution of
the coronavirus and project management to minimize the negative consequences of the pandemic. Conclusions: This article explores
the phenomenon of "infodemic" that occurs during the global crisis of the COVID-19 pandemic. It is proposed to apply the Agile
transformation of the project management system and pandemic programs, taking into account the influence of informational "noise"
in the mental space of global society. The model can significantly improve project preparation by transforming Agile management
with a focus on stakeholder value systems. At the same time, it is important to use the opportunities to accelerate and increase the
effectiveness of project implementation using Agile umbrella tools such as Kanban, P2M, Kaizen and others. Disinformation, which
includes false claims about a "cure", conspiracy theory and misleading information about the spread of the virus will expand. The
effectiveness of the response to control this "infodemic" is likely to vary from country to country and will depend on public
confidence in the authorities. New developments, including the detection of outbreaks of the virus in almost all countries of the world,
the publication of epidemiological data and the start of clinical trials of the vaccine, are likely to lead to new misinformation, which

will hamper efforts to control the pandemic.

Keywords: infodemic; COVID-19; project management; Agile transformation; information; infection; SEIR model.

Introduction

Digital transformation and the fourth industrial
revolution, the global health and economic crisis, longer
human lifespans: the powerful dynamics of change and
complexity which have been explored by the projecting
the future status will drive profound changes like work in
the years ahead. The years ahead could see even more
rapid change in how work is carried out. Factors like
globalisation and the rise of virtual teams (now
dramatically brought to the fore by Covid-19), changing
relationships between employers, flexible organisational
structures, open innovation models, more diverse
workforces, and changing corporate cultures will all have
an impact on the skillsets expected of tomorrow's project
management professionals. Work is often increasingly
complex, carried out in uncertain and unpredictable
environments, demanding different behaviours and skills
from leaders, including project professionals.

At the announcement of the Coronavirus pandemic,
the World Health Organization (WHO) introduced the
new term "infodemia" in February 2020.

Infodemia arises in the information space by being
defined as an excessive amount of information about a
problem that complicates its solution.

Today the phenomenon of "infodemia" is formed in
the Ukrainian society, which creates a specific metallic
downtime for the implementation of projects and
programs. This is not a unique problem. The global mental
space has had to deal with the spread of misinformation
before. So, in 2014, during the WHO's fight against Ebola,
rumours of the disease became the engine of panic, when
many people rushed to buy protective clothing Kits in

online stores. The kits consisted of overalls and face
masks that were unnecessary to prevent the disease.

Many medical experts consider the greatest threat to
human life and health not panic as such, but the broadcast
of fakes that could provoke the so-called dangerous
behaviour. In the case of measles, this is "anti-vaccine"
propaganda. In the case of coronavirus, this is untrue
information regarding the rules of conduct during an
epidemic. "Examples of risky behaviour during outbreaks
of infectious diseases include not washing your hands,
sharing food with sick people, not disinfecting potentially
contaminated surfaces, and not being able to isolate
yourself," say British medical experts. Therefore, the best
response to coronavirus is antiviral hygiene along with
information hygiene. And then neither epidemics nor
"infodemic" will prevail against us. But this time the
misinformation blast came out many times more powerful
than before. The main reason is that doctors have long
been unable to determine where the disease originated in
China, how it is spreading, and how to deal with it. While
science was searching for answers, millions of views were
gaining anti-science posts, such as this one, that the
emergence of coronavirus bats soup, a deadly disease
spread through imported "infected" products, clothing and
smartphones from China, and that Chinese authorities hide
the true scale of the epidemic. It is the irresponsibility of
bloggers and journalists, their unwillingness to check the
facts, latent racism against the Chinese, and political
support for sensational news that distracts citizens from
the pressing problems that have accumulated in society.

In many countries, coronavirus misinformation
resurrected old prejudices about Asians and gave rise to
xenophobia and racism. In social networks, offensive

© S. Bushuyev, D. Bushuiev, V. Bushuiva, 2020



ISSN 2522-9818 (print)
ISSN 2524-2296 (online)

Innovative technologies and scientific solutions for industries. 2020. No. 2 (12)

language, humiliating jokes and caricatures have spread to
people with an Asian appearance. Along with the COVID-
19 coronavirus pandemic, another "- demia" is spreading
around the world — informational. This phenomenon has
already received its name — "infodemia". The WHO has
already warned that the “information epidemic" is
spreading faster than the viral one.

The theoretical background of infodemia

Let’s go from pandemic dimension to the infidemia
dimension.

Traditionally, three basic approaches are used to
simulate complex processes and phenomena: field,
analytical and simulation.

Full-scale models have the maximum adequacy and
informativeness, which, however, are very costly and not
always practicable. For example, for field simulation of
fakes, bugs and gossip trough the people, the spread of

computer viruses, a specially formed test network
consisting of a large number of computers is required [1].

The SEIR/SEIRS diagram below shows how
individuals move through each compartment in the model.
The dashed line shows how the SEIR model becomes an
SEIRS (Susceptible - Exposed - Infectious - Recovered -
Susceptible) model (fig. 1), where recovered people may
become susceptible again (recovery does not confer
lifelong immunity). The infectious rate g controls the
rate of spread which represents the probability of
transmitting disease between a susceptible and an
infectious individual. The incubation rate, o is the rate of
latent individuals becoming infectious (average duration
of incubation is 1/o0). Recovery rate y=1/D is
determined by the average duration, D, of infection. For
the SEIRS model, ¢is the rate which recovered
individuals return to the susceptible statue due to loss of
immunity.

_— -

Susceptible | B Exposed o}

&

Infections | Recovered

Fig. 1. The SEIRS (Susceptible - Exposed - Infectious - Recovered - Susceptible) model

The SEIRS model presented next differentiation
equations [20]:
ds__pst.
dt N

R _
a7
where N =S =E+1+Ris the total population.

Since the latency delays the start of the individual's
infectious period, the secondary spread from an infected

individual will occur at a later time compared with a SIR
model, which has no latency. Therefore, including a
longer latency period will result in the slower initial
growth of the outbreak. However, since the model does
not include mortality, the basic reproductive number,
RO = g/ y, does not change.

The complete course of an outbreak is observed.
After the initial fast growth, the epidemic depletes the
susceptible population. Eventually, the virus cannot find
enough new susceptible people and dies out. Introducing
the incubation period does not change the cumulative
number of infected individuals. Results of simulation
SEIR model presented in fig. 2.

SEIR

0.0

Fig. 2. Results of simulation by the SEIR model
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Infodemic model infected society by truth and fakes
takes place into global information space. Truth and fakes
can have a positive or negative impact on the emotional
status of society and projects. Infodemic processes are
going faster as pandemic and interrelated between.

The influence of Infodemic model to SEIRS model
presented next differentiation equations.

ds gl

> _ P2 1),
o N e®
dE Sl
EZ%—GE'Fa)e(t)
di

B GE—yl+a (),
g “CErra

drR
— =yl + '[7
dt rI+ax(t)

where awy(t) — is impact of infodemic processes to
susceptible population, based on the "panic”; @, (t) —is
the impact of infodemic processes to expose of infection,
based on the decreased immunity according to the
emotional status of the population; ;(t) — is the impact
of infodemic processes on infection, based on the
decreased immunity according to the emotional status of
the population; ,(t) — is the impact of infodemic
processes to recovered population, based on the decreased
immunity according to the emotional status.

Conceptual "infodemic vs. pandemic"
presented on the fig. 3.

model

SEIR

== susceptible
= infected
=—— recovered

Pandemic model

Panic zone

20 4
N 40

~__ The capacity of the health

60
Time (days) 80

Fig. 3. Conceptual model "infodemic vs. pandemic" system. Where {fﬁ?points on the infodemic model are defined by the impact

zone to pandemic model

In fig. 3. The links between the infodemic and
pandemic model are shown. These connections have two
directed effects between the critical points of the
infodemic model, which tries to be proactive and
anticipate areas of panic situations. Such zones are born
when the capabilities of the health system in the fight
against a pandemic are exhausted. This situation is shown
in a pandemic model with a line of health system

capabilities and the current infection situation. For
example, a panic zone was noted in the spring of 2020 in
Italy when the possibilities of hospitals were exhausted.
Shown in fig. 3 links, track the interaction and
interdependence of infodemia and pandemics. The
previously considered mathematical model determines
these relationships based on the influence factors @ 0 (t),
o e (1), o i (t), o r (t). These factors depend on the
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situation over time. Such a relationship will be identified
in Section 5 of this article on the Kuber-Ross Life Cycle
Model of a Community Pandemic Project.

In the algorithms of action of infected agents, three
main aspects can be distinguished: state, search for

©-.

Info about Covie-19 - _

targets, infection algorithm. This model presented in
iThink software (fig. 4) for simulating of system
dynamics [18, 19].

O

- Recovered info

_ _ . Infodemic Covid-19 -

O T

Input info

Info about status of Covid-19 !

i P Pandemic Covid-19

Info about the Dead

S

Recovered

Infected

Results

Dead

Fig. 4. System dynamic model for simulation of interaction "infodemic vs. pandemic"

Various models of the transition of an entity from
state to state have been studied for many decades (see, for
example, [15]), and the developed system should certainly
support both these and other, more sophisticated models.

Search for goals. An important aspect of modelling
the infection process is the algorithm for finding targets
(i.e., agents susceptible to infection). The search is
performed among available agents, that is, those that
correspond to the vertices of the subgraph incident to the
infect element. In [9, 16], a large number of search
strategies were considered, which can be reduced to five
main ones.

1. Linear search. Infectious agents sequentially
enumerate all (or a selected subset) of the agents available
to them, trying to infect them. This is the least effective
strategy, which, however, finds application in primitive
network worms.

2. Random search. Infectious agents randomly
enumerate all (or a selected subset) of the agents available
to them, trying to infect them. This is the most popular
and well-studied strategy used by many Internet worms.

3. Search the list. Infectious agents perform
sequential or random enumeration of a selected subset of
the agents available to them whose susceptibility to
infection is known in advance. This strategy is, for
example, an element of the suboptimal strategy of the
behaviour of a hypothetical Warhol worm [7].

4. Counterattack. The infectious agent only infects
those agents that, in turn, attempted to infect it. Such a
strategy is typical for network counter worms [9], but one
can find its analogies in life, for example, when a doctor
provides medical care only to patients sneezing at him.

5. Concurrent infection. A strategy that has
biological and natural analogies, for example, when the
spread of fire from a burning tree occurs immediately on

all closely located trees. In modelling, it can be
implemented as a special case of linear search or random
search with zero time spent on scanning.

It is clear that misinformation is not a deadly weapon
in itself — a fake cannot directly kill a person. But
receiving fake information instead of truthful information
can worsen the chances of humanity as a whole and
individually taken to overcome the existing threat in the
form of a new dangerous disease. In this case, Agile
transformation can be applied in pandemic for each
country.

Consider the key principles of Agile transformation
society in COVID-19 "pandemia+infodemia”.

1. Ignoring immunity to change. Transformation in
society occurs only when people in it change. But people
don't change, even if they want to. Remember your New
Year's Promises. Many do not even make plans because
they remember how bitter it was to realize that they had
not activated their gym subscription for the year or taken
up their English. People do not change, even if they are
threatened with death. It turned out that when
cardiologists warn patients that they will die if they do not
change their lifestyle (do not diet, exercise, quit smoking),
only one in seven patients change their life. We are
immune to change: we reject the new, the unknown, and
cling to our usual beliefs.

2. Immunity protects against fears. Fear of becoming
a useless country. Fear of losing authority and status. Fear
of losing yourself. When we try to change the mindset,
behaviour, culture in an organization, we are faced with
this immunity, and therefore any change is difficult,
painful and long. Let's do simple, don't do important.
Where will cross-functional teams come from if we have
1-2 independent professionals and an army of assistants in
each area? Where will self-organization come from, if we
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still have strict subordination? Where will teamwork come
from if motivation and reward are individual? Consider
common executives mistakes when creating a team:

i. Selection of the team on the principle of
"psychological compatibility”. In Agile projects, it is
much more important to unite a team based on a common
goal and teamwork.

ii. Reformation of the formed groups on the principle
of potential "psychological compatibility". "It destroys the
foundations of the team — the experience of interaction
and the experience of strengthening each other.” In the
new team, the resistance to the conscious and the
unconscious will be great. Much more effective use of the
interaction experience in the new environment.

iii. Underestimating the value of diversity. Groups
consisting of dissimilar personalities are more effective
than groups with similar perspectives. Understanding the
value of diversity contributes to enhancing relationships
between team members and, therefore, builds confidence
in a small group.

Infordemic going in parallel with Pandemic.
Infodemic has a much shorter lifecycle of action and
impact. In the competition of ‘infodemic vs. pandemic’
leadership become the key competence of programs teams
(fig. 5).

Strategic and operational trusts become the driver of
program Success.

&

Strategic trust

Pandemic

Infodemic

Operational trust

W

Fig. 5. Balancing of "infodemic vs. pandemic”

The cohesion of the Agile Project Management
Group is a measure of the mutual attraction of group
members to one another and the group. Cohesion is
expressed in the desire to remain in the group, in the
desire to cooperate in solving common tasks and to
preserve the group. The more cohesive a group is, the
tougher it is to control the views and actions of its
members. The close-knit group creates an atmosphere of
attentiveness and mutual support. The downside of over-
cohesion is the reluctance of its members to think
critically and make serious decisions as a result of the
process of groupthink. This tendency arises because of a
tendency to conformism. (Optional: On conformism: a
person with a higher intellectual level is less conformant
than a person with a low intellectual level. Also, an
educated person is usually confident in the accuracy of his
expression and does not feel the need for support from the
group).

When the Agile Project Management team becomes
too cohesive and has general expectations, the following
are disadvantages in the decision-making process:

1. Group decisions have a small number of options,
opportunities outside this row are rejected or not
considered at all;

2. Initially, the goals set are not reviewed or
contested;

3. Newly identified risks are not taken into account
in order not to challenge the initially chosen course of
action;

4. The courses of action rejected by the group from
the outset shall not be re-examined in the light of new
information;

5. The experience and knowledge of external experts
are not involved;

6. When new information is discovered, the group
prioritizes information that supports its original
hypotheses and ignores the conflicting information;

7. The group does not think how bureaucratic inertia
or resistance by organizations can impede the
implementation of the elected political line.

Existing models and methods of interaction emotion
infection in project and program management

Emotional and informational infection is a socio-
psychological mechanism of transmitting the mental
attitude to other people from one person or group of
people, emotional impact in conditions of direct contact
and the inclusion of the individual in certain mental states.

In the study of the emotional component of the
processes of managing innovative projects recognition
was created by the psychophysiology Simonov P.V. [4]
formula, in a short symbolic form represents a set of
factors that affect the emergence and nature of the effects
of emations.

E(t) = f (P()* (In()-1s(1))),

where E(t) — emotion, its degree, quality and impact; P(t)
— the power and influence of the actual need; (In(t)-1s(t)) —
assessment of the possibility of meeting the need based on
innate and ontogenetic experience; In(t) — information on
cost, meeting the need; Is(t) — information about existing
assets that the manager owns.

We used this formula to obtain specific quantitative
values and illustrate the formation principle of the positive
(stenic) or the negative (astenic) emotions of varying
strength.

The factors listed above are decisive, necessary and
sufficient, but a time factor should also be considered.
Emotion can be either short-lived or long-lasting. At the
same time, it is necessary to take into account the
peculiarities of emotions and individual-typological
features of managers of projects. From the formula, it
follows that the possibility of satisfying the need
influences the sign of emotion. A function that reflects
emotions is the same as an evaluation function.

Emotional infestation is a social and psychological
mechanism of transfer of mental mood to other people
from one person or group of people, emotional influence
in the conditions of direct contact and inclusion of a
person in certain mental states. The COVID-19 outbreak
has been associated with a wide and evolving range of
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misinformative content. In part, this is due to the different
motivations of those who are creating and disseminating
it; each form poses a distinct challenge.

Misinformation on treatments extends from high-
dose Vitamin C, boiled garlic and sesame oil massages
through to cocaine and the consumption of industrial-
strength cleaning products. Some of these are extremely
dangerous, while others pose a threat as they may lead
people to rely solely on them for protection or prioritise
them over evidence-based guidelines.

Conspiracies constitute a considerable portion of the
misinformation relating to COVID-19. A number centre
on the virus as a bioweapon, while others have claimed
that the Gates Foundation played a role in the outbreak.
Although they may not directly cause harm, they are
adding to a climate of distrust where the public is treating
official sources with growing scepticism.

A fundamental characteristic of the misinformation
seen during this outbreak has been its ability to change
tack at speed. Videos, pictures, interviews and articles, are
all being used to substantiate false claims.

Misinformation travels faster, deeper and more
broadly through social media networks compared to
accurate information. It has also been shown that
individuals are more likely to believe false information
after repeated exposure. In the face of overwhelming
amounts of information, people rely on information that
they are familiar within in this context, misinformation.

Misinformative content is frequently contained
within a xenophobic frame and, though it is commonly
quoted that coronavirus misinformation fuels racist
sentiment, the converse also appears to be true.

Social media platforms provide a rich ecosystem for
COVID-19 misinformation which can often gain
unchecked momentum within closed groups before
reaching a wider audience. Social media firms are now
working with the WHO to combat this. Strategies include
using existing fact-checking structures, promoting
accurate content and making inaccurate content harder to
find. For example, Facebook is running ads directing users
to local health authorities and Google promotes the
WHO's or local authorities' websites when a search is
performed using the virus's keywords. A notable feature

Denial
. Disbelief
AN Stenic | ooking for

of the outbreak is how the misinformative content is being
reported by mainstream outlets. This is giving
misinformation new reach and credibility.

Recent examples include a map illustrating global air
travel, which was broadcast by several popular news
companies under the guise that it showed the travel
patterns of Wuhan residents who had fled the city.
Besides, multiple articles cited a forecast of sulphur
dioxide emissions over China as evidence of mass
cremation of coronavirus victims.

The fact that these organisations are unable to
discern the truth serves to highlight the challenges facing
society.

The stakeholder infection model is based on an
understanding of the life cycle of the project manager,
which is presented as a Kuber-Ross curve for personal
changes of the manager of pandemic projects and
programs (fig. 6).

On the initial phase of project activity within the
virtual team defended the next steps — "shock, surprise,
reflection” and "denial". This is a short-term phase where
the wall and asthenic stains are infected. These infections
usually do not extend beyond the project management
virtual team.

The second phase is related to a significant drop in
performance. These are "blaming yourself and others,”
"panic and fear," "depression and danger.” At this phase,
an asthenic infection is formed that goes beyond the
project management team.

The third phase involves the transition from asthenic
to wall infection of society. In this phase, the following
factors are formed - "acceptance of ignorance”, "testing
and verification", "feeling of optimism, hope and restart",
"opening, learning”, "feeling of satisfaction” and
"integration and new understanding" of the project.

Emotional contamination occurs in large open
spaces, especially in unorganized communities, for
example, in a crowd that can spread certain emotional
states quickly. Most often, these conditions can be
markedly enhanced by multiple reflections in the chain
reaction scheme. However, unlike cognitive chain
reactions, emotional transmission is less conscious and
more automatic.
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Fig. 6. The curve of personal changes of the society. Whereg‘;ﬁ? infodemic critical points.
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Emotions are different in content, reflecting different
aspects of the significance of their situations. To apply the
psychophysiological formula for assessing the impact of
the emotional state of the stakeholders of innovative
projects, we transform these influences into a competent
dream model of managing innovative projects.

At the program level, the most important thing is to
set up interfaces for interaction between organizations and
program team members.

To form a harmonious community, the following
rules must be followed:

1) mutual trust in the realization of common tasks:
observance of social ethics norms, orientation to fruitful
cooperation and commitment in work;

2) defining the context and principles of the program
- a clear interpretation of the mission, tasks, roles and
professional terms within the program;

3) definition of program regulations — principles of
program implementation, common professional or
technical language, terms for communication and
standards of implementation of business processes;

engagement within the program, with a minimum set of
rules of engagement.

Conclusions

This paper investigates the phenomenon of
"infodemia" that occurs in crises. It is suggested to apply
the Agile transformation of the project management
system and pandemic programs taking into account the
effects of the layer of information "noise" in the mental
space. The model makes it possible to significantly
improve the project preparation process through Agile
management transformation with a focus on stakeholder
value systems, and accelerate project implementation
through the use of tools such as Kanban, P2M, Kaizen.
The misinformation, which includes false ‘cure' claims,
conspiracy theories and misleading information on the
spread of the virus, is set to expand. The efficacy of
responses to control this 'infodemic’ will probably vary
from country to country and depend on the public's trust
of the authorities. New developments, including the

4) the availability of professional skills that are
implemented in the work on the program;

5) space ("BA") — a common space used by
stakeholders to maintain their professionalism and

discovery of further cases outside China, the release of
epidemiological data and the commencement of clinical
trials for a vaccine, will likely trigger new misinformative
content, hampering efforts to bring the outbreak under
control.
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YIPABJITHHSA MTPOEKTAMM IIJ] YAC TH®OJIEMII TA TAHJIEMII COVID-19

IIpenmeTom cratTi € TpaHchopMallis cUCTEM YIPaBIiHHS MPOEKTaMH, NMPOrpaMaMy i MOpTQEnsIMH MPOEKTiB B yMOBaX B3aeMOii
inpomemii i maumemii B ymoBax COVID-19. Iudomemis, BUmepeKalOund MaHAEMII0, HAMOBHIOETHCS UYyTKAMH, 3[0TaJKaMH i
JIOMHCIIaMH Ha riepiioMy erari, Gopmyroun atmocdepy crpaxy i maniku. [Ipu npoMy Ha mepmimii miaH B yHpaBIiHHI NPOEKTaMU
BUXOJATH THYUKi (Agile) MeTononorii, cucremMu 3HaHB 1 KOMIETEHIII M KepiBHUKIB MPOEKTiB 1 mporpam. OCHOBHU 3MiH JIeXKaTh B 3MiHi
MapaJurMyd TPUHHATTS DIlIeHb B YNPaBIiHHSA MPOEKTAaMH Ta MporpamMaMu B cucTeMi "iHpoaemis - mangemis"'. MeTa — BUBUHTH
MOJIeNieil B3a€EMOIIi Ta B3a€MOBIUTHBY iH(GOpMaLiifHOTO cympoBoay maHnemii (iHpomemii) mpu po3BuTky manzaemii COVID-19 mns
3aCTOCYBaHHS CYYaCHHX METOJOJIOTiH THYYKMX METOZIOJIOTiH B yNpPaBIiHHI MPOEKTaMH Ta MporpaMaMH Ha BCiX PIBHAX JEpKaBH i
cycniibeTBa. Kiro4oBMMH TmpoGiieMaMM YCHILIHOTO YIpPaBliHHA THpoekTamu i mporpamamu € Agile tpancdopmariis. CroroaHi
CIIOCTepIraeThesl IHTYITMBHHMI INepexif 70 BUKOPUCTAHHS THYYKMX METOJOJIOTIH YIpaBIiHHS MPOEKTaMH i IpOrpaMamu, SIKHH He
MIPUHOCUTH OYiKyBaHHMX pe3yJbTaTiB. Pe3yJIbTaTH JOCITIIKEHb JO3BOJMIM aBTOpaM MoOyayBaTH MoJelb B3aeMogii "iHpoxemis -
nanaemist). Lls monmens Mo)ke OyTH BHKOpHMCTaHa JUIsi aHajli3y B3a€EMOBIUIMBY iH(OpMamiiHOro oO0OJOHKM B KOXHIM KpaiHi Ha
MIOIIMPEHHST KOPOHABipyca 1 yNpaBNiHHA MpPOEKTaMH MiHiMi3amii HETaTWBHUX HACHiAKiB maHmemii. BucHoBku: B maniit crarti
ocIipKyeThest peroMeH "iHdonemii", mo BuHUKAE mpu rnodansHiN kpusi manaemii COVID-19. [IponoHyeThes 3acTocyBaru Agile-
TpaHC(HOPMAIIII0 CUCTEMH YTPABIIHHS MPOEKTAMH Ta MaHAEMIYHUA TpOTpaM 3 ypaxXyBaHHSIM BIUIMBY iHQopMariiHoro "mrymy" B
MEHTAJILHOMY TIPOCTOpi TJIOOAIBHOTO CyCHinbcTBa. MOZENb [103BOJISIE 3HAYHO MOJIMIINTH MPOLEC MiATOTOBKH IPOEKTY 32
JIOTIOMOTOF0 TpaHC(oOpMaIii ympasmiHHsS Agile 3 ak[eHTOM Ha CHCTEeMH LIHHOCTEH 3alliKaBleHHX CTOpiH. [Ipu mboMy BakIHBO
BHKOPUCTOBYBAaTH MO>JIMBOCTI MPUCKOPEHHS 1 MiJBHIIEHHs e()eKTUBHOCTI peaisalii MPOeKTiB 3a JOIOMOIOI0 TaKHX iHCTPYMEHTIB
napaconbk Agile, sik Kanban, P2M, Kaizen i in. [e3indopmartis, sika BKIIOYae B cede HeMpaBaMBi 3asBU mpo "mikyBaHHI", Teopil
3MOBH i BBOJUTH B OMaHy iH(pOpMaLilo mpo MOLUIMPEHHs Bipycy , Oyne po3umproBaTucs. EQeKTHBHICTh 3aX0/iB /151 KOHTPOJIIO Haj
uiero "iHponewmier", iMoBipHO, Oyae BapiloBaTHCs BiJ KpaiHH [0 KpaiHM 1 3ayieaTH Bif IOBipH TpoMajachkocTi 10 Biaaau. Hosi
pO3pOOKH, B TOMY YHCII BHSBJICHHS CIalaxiB Bipycy HPaKTHYHO y BCIiX KpaiHax CBITY, IyOJiKamis emiIeMIiOJOTIYHHX JaHHX 1
MMOYAaTOK KIIHIYHUX BUMPOOYBaHb BAKIWHH, WMOBIPHO, MPUBEIYTH MO TOSIBH HOBOTO Je3iH(OpMamiiHOTO 3MICTy, IO 3aBajHTh
3yCHJUISIM 3 KOHTPOJIIO HaJl HaHJEMI€l0.

KmrouoBi cioBa: indomemis; COVID-19; ympasninas npoekramu; Agile tpaHchopmamis; iHdopmaris; indekmis; SEIR
MOJIEIb.

YIPABJIEHUE ITPOEKTAMMU BO BPEMSA UTH®OJAEMHUU U ITAHAEMHUN
COVID-19

IIpeameTom craTbu sABIsIETCS TpaHCHOPMALIU CHCTEM YHPABJICHHUS NPOSKTAMH, IIPOrPaMMaMH U IIOPTQEIAMHU IPOEKTOB B yCIOBHAX
B3aUMOJeHCTBUs uHpoAeMun U mangemun B ycnoBusix COVID-19. Nudonemus, omepexas MaHAEMHIO, HANONHIETCS CIyXaMH,
JIOTaJIKaMH ¥ JIOMBIC/IAMH Ha NepBoM 3Tane, GpopMmupyst atMocdepy crpaxa M nmaHukd. [Ipu 5TOM Ha nepBbli IUIaH B yNpaBICHUU
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MPOEKTaMHU BBIXOIAT T'mOKue (Agile) MeTONONOruM, CHCTEMbl 3HAHMH M KOMIICTCHIMH DPYKOBOIHUTENEH NPOEKTOB M IMPOTPaMM.
OCHOBBI M3MEHEHHH JIe)KaT B W3MEHEHHUM NapaJurMbl IPHHATHS PEIICHUH B YNpPaBICHUS MPOSKTaMH M NPOTpaMMaMHU B CHCTEMeE
"nadonemus — nmanmemus”. Ileqab — M3ydnTh Mojenel B3aMMOJEHCTBUS M B3aUMOBIMSHHSA WH()OPMAIIMOHHOTO COIIPOBOKICHHUS
naagemun (nHdonemun) npu pazsutun nanaeMud COVID-19 i npiMeHeHHsT COBpEMEHHBIX METOIOJIOTHI THOKHX METOJIONIOTHH B
YIpaBIeHUN ITIPOSKTaMH M IporpaMMaMH Ha BCEX YPOBHSX TrocyaapcTBa M oOmectBa. KimoueBbIMH IpoGieMaMH YCIEIIHOTO
yIpaBJIeHUs. NMPOEKTaMU M HporpaMmamu sBisitoTcss Agile tpanchopmarms. CeromHs HaOMIOAAeTCs HHTYWTHBHBIA TEpexXox K
HCTIONb30BAHUIO THOKUX METOMOJIOTHH yIpaBlIeHUs IPOEKTAMHU U MPOTrpaMMaMH, KOTOPBIH HE MPHHOCHUT OXKHAAEMBIX PE3yJIbTaToB.
Pe3yabTaThl HCCIEIOBAaHUN MO3BOJIMIM aBTOpaM IOCTPOUTH MOZETh B3aMMOAEHcTBUS "MHpomeMus — MaHAeMUs). JTa MOJelb
MOXXET OBITh MCIIOJIB30BaHA I aHAIM3a B3aWMOBIMSAHUA HH(GOPMAIIMOHHON OOONOYKM B KaXKIOH CTpaHe Ha pacHpoCTpaHCHUE
KOpOHAaBHpYyca W YIpPaBIEHHS INPOEKTaMH MUHHMMH3AIlMM HETaTHUBHBIX MOCIEICTBUH maHneMmuu. BepiBoabl: B manHO# cTathbe
uccienyerca ¢penomen "uHponemun", Bo3HUKaIOMEH npu riaodansHoM kpusuce mangemun COVID-19. Ilpemnaraercst npuMeHUTH
Agile-TpancdopManno CHCTEMBI YIPABICHUS MPOCKTaMH U MAHAEMHYECKHX MPOrPaMM C Y4YETOM BIMSHHS HH()OPMAIHOHHOTO
"oryma" B MEHTAIBHOM IIPOCTPAHCTBE IIOOAITEHOTO oO0miecTBa. MoJenb IMO3BOJSIET 3HAYUTENBHO YIyYIINTh IPOIECC ITOArOTOBKU
MIPOEKTa ¢ TIOMOIIBIO TpaHCOpMaLUH yIpaBieHHs Agile ¢ aKIIEeHTOM Ha CHCTEMBI IIEHHOCTEH 3aMHTEePECOBaHHBIX CTOPOH. [Ipu 3TOM
Ba)KHO MHCIIONB30BAaTh BO3MOMKHOCTH YCKOPEHHMS M TIOBBILCHHS 3()(EKTUBHOCTH pEATM3alliM IPOEKTOB C IOMOIIBIO TaKHX
uHCTpyMeHToB 30HTHKA Agile, kak Kanban, P2M, Kaizen u ap. J{e3unpopmanusi, KOTOpasi BKIIOYaeT B ceOs JIOKHBIC 3asBICHUS O
"H3neyeHnn'", TEOpPHH 3aroBopa W BBOMAIIYIO B 3a0dykIeHHE HH(YOPMAIMIO O PACIPOCTPAHEHUH BHUpYca, OyAeT pacIIUpATHCS.
D (PeKTUBHOCTh OTBETHBIX Mep UIsl KOHTpOJIsT Haj 3ToH "mHponmemueir", BeposTHO, OyleT BapbHPOBAThCS OT CTPAHBI K CTpaHE U
3aBHCETb OT JOBEPHs OOIIECTBEHHOCTH K BIacTsAM. HoBble pa3paboTky, B TOM Yucie 0OHApY KEHHE BCIIBIIIEK BIPYCa IPaKTHYECKU BO
BCEX CTpaHaxX MHUpa, IyOJIMKAIKS SMUISMUAOIOTHYECKUX JaHHBIX M HaYaJI0 KIMHUYECKHX HCIBITAaHUH BaKLUHBI, BEPOSITHO, IIPHBEIYT
K IOSIBJICHUIO HOBOTO JIe3NH(OPMAIIMOHHOTO COAEPIKaHMs, YTO IIOMEIIAET YCHINSAM IO KOHTPOJIIO Haj ITaHAEeMHUCH.

Kiwuesbie ciaoBa: nuupoaemus; COVID-19; ynpasienne npoekramu; Agile tpancdopmans; uadpopmanust; nadexuus; SEIR
MOJIETIb.

Bibniozpaghiuni onucu / Bibliographic descriptions
Bymyes C. [I., Bymyes [I. A., Bymyesa B. b. Yrpasninas npoekramu mig yac Inpoznemii Ta [langemii COVID-19. Cyuacnuii
cman Haykosux 00caiodcenb ma mexuonoeit ¢ npomucinosocmi. 2020. Ne 2 (12). C. 13-21. DOI: https://doi.org/10.30837/2522-
9818.2020.12.013.

Bushuyev, S., Bushuiev, D., Bushuieva, V. (2020), "Project management during Infodemic of the COVID-19 Pandemic",
Innovative Technologies and Scientific Solutions for Industries, No. 2 (12), P. 13-21. DOI: https://doi.org/10.30837/2522-
9818.2020.12.013.



https://doi.org/10.30837/2522-9818.2020.12.013
https://doi.org/10.30837/2522-9818.2020.12.013

ISSN 2522-9818 (print)

ISSN 2524-2296 (online) Innovative technologies and scientific solutions for industries. 2020. No. 2 (12)

YK 313-42 DOI: https://doi.org/10.30837/2522-9818.2020.12.022

A. B. BoroHIH, O. B. 'VHBKO, JI. M. AGAHAC €BA

TAHAMIKA THHOBAIIITHOI KOHKYPEHIIIT

[peamerom wi€ei poboTH € mpobieMa TUHAMIYHOI B3aeMOAll iHHOBaUiWHUX NMPOAYKTIB B yMOBaxX PHUHKOBOI KOHKypeHwii. Criiike
€KOHOMIYHE 3pOCTaHHA B JaHUI 9ac HE € MOXKJIMBUM 0€3 MiIBUIIEHHS KOHKYPEHTOCIPOMOXKHOCTI HIAMPUEMCTB 1 raiyseid, 6arato B
YOMY 3aIEKHUTh BiJ] NMOCHIEHHS KOHKYPEHTHOTO CepeloBHINA. B pe3yibraTi KOHKYpPEeHTHOI OOpOTHOM €KOHOMIYHHMX areHTiB 3a
JIOCSITHEHHS Pi3HUX IIepeBar Ha PUHKaX CTBOPIOIOTHCS 1 yIOCKOHATIOIOTHCS HOBI IMPOIYKTH 3 BiJITOBITHAM PO3BHTKOM TEXHOJIOTIH. B
aHa;i3i TIONepenHiX ITyOJiKalii Bif3HaYeHa pOJb HAIIOHAIHGHOI IHHOBAIIMHOI IONITHKH JEp)KaBH B CHCTeMi (OpMyBaHHS
NIPIOPHUTETIB IHBECTUNIHHOI MiSNIBHOCTI B PHHKOBUX yMoBax. MeTorw poOoTH € aHami3 ocobiamBocTedl moOynoBH Mojeneit
KOHKYpEHI1 iHHOBauiiHUX mpoueciB. [Ipu mpomy cmif HiIAKPECIUTH, [0 SKOHOMi4Hi CHCTEMH MAalOTh CKJIAJHY 1 HEOAHOPiAHY
CTPYKTYPY 3 i€papXidHOI CXEMOIO B3a€MOJIi €HIOTeHHHX i ek30reHHHX (akTopiB. CIiNbHOIO PHCOI0 OaraThboX OANaHCOBHX MOJENei
PUHKOBOi €KOHOMIKH € HasBHICTh aBTOKATATITUYHUX CKJIAJ0BHX, 10 BU3HAYAIOTH MEXaHI3MU 3POCTaHHs 1HHOBAIIIHOTO MPOIYKTY. Y
CTaTTi BUPINIYETHCS 3aBAAHHA MMOOYJOBM 1 aHaNi3y MOBEIIHKOBHUX BJIACTHBOCTEH MAaTeMaTHYHOI MOJAENI KOHKYPEHII ABOX
E€KOHOMIUHHX Cy0'€KTIB Ha 3araJIbLHOMY PHHKY. SIK POTOTHIT IJIsI MOJENi €HIOTeHHOT TOMEOAMHAMIYHOI CHCTEMH BUKOPUCTOBYETHCS
IIMPOKO BiZloMa B MOIMYJALIHOI JUHAMII MaTeMaTHYHa MOJeNb ''XiKak-kepTsa'. JlaHa MoJenb sBIS€ COOOI0 CHCTEMY IBOX
3BHYAHUX IUdepeHmialbHuX PIBHAHb 3 KBaJPAaTHYHUMH HENIHIHHOCTSAMM, W0 Mae€ KiTbKa IIOJIOKEHb PIBHOBAarM 1 BOJIOJIE
TOBENIIHKOIO 31 3MIHOIO Xapakrepy criiikocti. MeTtoam mociimkeHHS 0a3ylOThCs Ha MaTeMaTHYHOMY arapari eKOHOMIYHOI
CHHEPreTHKUA 1 Teopii CTIMKOCTI HEMHIHHUX IHHAMIYHHX CHCTeM. B pe3yabTraTi BKaszaHi yYMOBH, IpH SKHX PEATi3yETHCS
aBTOKOJIMBAJIbHUN PEXHUM B OKOJII CTaHy DPIBHOBard 3 IOSBOIO ONHOTO a00 [EKiIPKOX TPaHWYHUX LUKIIB. BcTaHOBIEHO, IO
MaKCHMalbHa KUTBKICTh TPAHWYHUX IUKIIB B JOCIIIKYBaHil CHCTEMi HAaBKOJIO TOJIOKEHHS PIBHOBAru JOPIBHIOE TphoM. BukoHaHo
mpeaMeTHHH aHaii3 6idypKaliifHuX BIaCTHBOCTEH IUKIIIYHOI JUHAMIKM KOHKYPEHTHOI B3a€MOJIi, BU3HAYEHO MEXi BTPATH CTIHKOCTL
cTaHOM piBHOBard. BucHoBku. [loBemiHKOBHMI XapakTep AWHAMIKM IHHOBaifHMX IPOLECIB CYTTEBO 3MIHIOETHCS 1 MOXKIIMBA
peadizailisi CTpUOKOMOAIGHOTO MEPEXO.TY BiJi MOHOTOHHOTO €KOHOMIYHOTO 3pOCTaHHS JI0 PeaKCaIliitHOT KOJIMBaHb.
Konrwouogi cioBa: iHHOBAITIS; KOHKYPEHITis; PHHOK; PIBHOBAra; CTIHKICTh; OidypKallisi; UK, aBTOKOJTMBAHHS.

Beryn

[MocTymoBuit PO3BUTOK HALIOHAIBHOI CKOHOMIKH
Jlep)KaBu HEMOXJIMBUIL 0e3 oOIpyHTyBaHHs BHOOpPY 1
peasizauii cTparerii PO3BUTKY cy0'exTiB
TOCHOIapIOBAHHS. InHOBaMIHA CIPSIMOBAHICTb
KUTTEMISTIBHOCTI MiIPUEMCTB TMOBHHHA 3a0€3MeYyBaTH
CTalli TIO3WTHBHI TEHMACHI] E€KOHOMIYHHX IIPOIeCiB Ha
KOHKYPEHTHOMY  PHHKY HOBOBBEJICHb. OcHoBY
IHHOBAIIIITHOT MOJITUKA HA TMPOMHCIOBOMY IiIIPHUEMCTBI
CTaHOBUTH YJOCKOHAJICHHS TPOAYKHii 3 ypaxyBaHHIM
3aIUTIB CIIO’KMBYOTO PHHKY.

VY mpami Apremenko [1] po3kpuTi ocoOamBOCTI
(GopMyBaHHS  KOHKYPEHTOCIIPOMOXKHOCTI  1HHOBAIIHO
aKTHUBHUX IIJIPHUEMCTB, JIOCHI/DKEHA CYTHICTH Ta
iepapxiyHi piBHI KOHKYPEHTHHUX UHHHUKIB y TMpoleci
BIPOBAKEHHS TEXHOJIOTYHUX 3MiH. IIpoGiemu
JIOCSITHEHHST JIOBI'OCTPOKOBOTO 3POCTaHHS €KOHOMIKH 3a
paxyHOK HapollyBaHHS IHHOBAaliHHOTO  IOTEHIIAITY
MIPOMHCIIOBUX MiJNPUEMCTB 3 NEPEXO0JIOM BiJl CHPOBHHHOI
MOJIeTIi eKOHOMIKH gociikyBanu bynees, bproxosenpbka
[2-4]. TlutaHHsM HaLiOHANBHUX CTpATeriii iHBeCTYBaHH:
Ta () iHAHCOBMX MEXaHI3MIB 1HHOBANIWHOI [iSUTBHOCTI
npucBsideHa podota JlaHmnenka [5].

IlocTanoBKa 3aBIAHHSA JOCTiIKEeHHS

BrumiB  iHHOBaliiHOTO (haKTOpy HA EKOHOMIiUHE
3poCTaHHs OyAeMO pPO3YyMITH SIK IPOLEC NEPEeTBOPEHHS
HAYKOBUX JOCSTHEHb Ta PO3POOOK Yy TEXHOJIOTIYHO HOBI
ab0 MOJIEepHI30BaHI MPOAYKTH Ta MOCIYTH, BIPOBAHKEHI
Ha pUHKY, a TakoX Yy HOBI abo yJOCKOHaJeHi
TEXHOJIOTIYHI  TIPOIECH, SIKi BHKOPHUCTOBYIOTHCA Y
MPAKTUYHINA JisUBHOCTI Ta 3a0€3MeYyIOTh JOBrOCTPOKOBE

3pOCTaHHsI HalliOHAIBHOTO IOXOY.

CraJie eKOHOMIYHE 3pOCTaHHS, SIK [TOKa3y€e CBITOBHI
JIOCBiJ, Y TEMEPIilIHii Yac HEMOXIIUBE 0e3 301IbIICHHS
KOHKYPEHTOCHPOMOJKHOCTI ~ MiJIPUEMCTB, —rajy3eil i
HAIIOHATFHOI €KOHOMIKH Yy IIOMY, IO 3a0e3MeYy€eThCs
MOCHJICHHSIM KOHKYPEHTHOI OOpOTHOM, SK BHYTPIIIHBOI,
Tak 1 MibkHapomHoi. 3 iHmoro OOKy, mporpec 0ararbox
HalliOHAIPHUX EKOHOMIK CTPUMYETBCSI OOMEXEHHSIM
KOHKYPEHIIIi Ta MOHOIOJICTUYHUMH TeHAeHLisMu. Came
KOHKYPCHIIiI € HaWOUIbII TOTYXXHHM IBHTYHOM, SKUH
3MYIIy€e SKOHOMIUYHHMX areHTiB MPUAUISATH BEIHUKY yBary
JIOCSITHEHHSIM HAayKOBO-TEXHIYHOT'O IMPOrpecy, BKIAAaTH
3HAYHI PECYpPCH y HayKOBO-JOCIIAHUIBKI PO3POOKH. Y
HACJiJKy  JOBrOCTPOKOBOi  0OpoThOM 3  pi3HUMHU
CyNepHHKaMH 3a JOCSTHEHHs KOHKYPEHTHHMX IlepeBar y
KOHKPETHHX CErMEHTaX PUHKY Ta Taiy3sX BUHUKAIOTh Ta
YIOCKOHAIOIOThCS ~ HOBI HPOJYKTH, 3aCTOCOBYIOTBHCS
NPUHIMIIOBO HOBI TEXHOJIOTIi, SKICHO OHOBIIIOIOTHCS
OCHOBHI (DOH/H, YIOCKOHAIIOETHCS JFOJCHKHAN KaIliTal.
[ToHATTS €eKOHOMIYHOT KOHKYPEHLIT sBJIsIE CO00I0 CKIIAIHY
Ta KOMIUIEKCHY KaTeropito, rmoOymoBaHy Ha B3aeMOJil
MHOXWHHU PI3HOMAHITHUX MiAXOAiB. 3Ha4yHa OiIbIICThH
JOCTITHUKIB  BHOUIAIOT I[HOBY Ta  CTPYKTYPHY
KOHKypeHIilo. Y  IepmioMy  MigXOAi  MeXaHi3M
KOHKYPEHIIii peali3yeThcs 3a paXyHOK I[IHOBHUX 3MiH, IPH
JPYroMy — KOHKYpPYIOTh YMOBH BHPOOHHIITBA TOBapiB.
Busnauaroun CyTHICTP KOHKypeHIii, Tpeba BpaxoByBaTu
HEeOOXiJIHI CKIIaJoBI NpOIECY, YMOBHO IOJAUIEHI Ha TpH
TPYTH: OBEIIHKOBI, CTPYKTYpPHI Ta (yHKIIOHAJIbHI.

IToBeniHKOBE pPO3YMiHHS KOHKYPEHLI TPakTyeThCS
AK TapHe CYNEepHHLTBO, sKe BigOyBa€TbCs  MiXk
npoJaBLsAMH (200 MOKYMISIMH) 32 HAHOUIBII CHPHUSTINBI
YMOBH npojaxy TtoBapy. IIpm 1poMy BBa)kaeThCs
OCHOBHMM METOJIOM KOHKYPEHTHOI OOpOThOM IIiHOBI
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3miad. CTpyKTypHa CKJIaJoBa KOHKYpEHINI € aHami3
CerMeHTiB ab0 ychOro PHHKY IS BU3HAYCHHS CTYICHS

ceobomm mpomaBms Ta mOKymis. DyHKIIOHAJIbHE
HaTllOBHEHHS  KOHKYpPEHIIII Mae  CBOIM  3MICTOM
IHHOBALI HICTB.

AmHanizytoun ocoOMMBOCTI MoJeneld KOHKypeHLil
IHHOBaLiHHUX  TpoleciB, Tpeda  3a3HAYMTH, 110
€KOHOMIYHI CUCTEMH, K NPABUJIO, € JTAICKHUMHU BiJl CBOTO
PIBHOB&XHOTO  CTaHy, BIIKPUTHMH JJIsI  TOBapHO-
IPOLIOBMX TMOTOKIB, MalOTh CKJIaJHy HEOIHOPIAHY
CTPYKTYPY Ta i€papXidHi CHCTEMH PEryJimii eHIOTeHHOI
cepeny i BIUIMBOM €K30TeHHHX (akTopiB. Tomy
MaTeMaTHdHa (QopMaiizamiss MporeciB  eKOHOMIYHOI
KOHKYPEHIIIi IpeCcTaBisie caMa 1Mo codi 3Ha4YHI TPYAHOII.
Ha Binminy Big ¢isukm, ximii, Oiomorii, ams sAKuX
MaTeMaTHKa € MOBOIO OITHCY CIIOCTEPIraeMHX IIPOIIECIB, y
3BSI3Ky 31 crenu(iYHUMUA OCOOIUBOCTAMH CKOHOMIUHHX
SIBHII] TOBOPSITh CaMe€ IMPO MaTeMaTH4HI MOJICNIi B
eKOHOMiIl. Mozenb TyT po3yMilOTh SIK JIOCTaTHBO IpyOy
a0cTpakiito Ta ineanizarito, MaTeMaTH4HY
(dbopmarizailiero He CcaMoOi CBOJIIOLIOHYIOYOI  CHCTEMH
€KOHOMIYHOTO MPOCTOPY, a TUIbKH 5K NESKUX SIKICHUX Ta
KUTBKICHIX XapaKTePHCTHK, ICHYIOUHX Y Hill TpOIeciB.
3aranpHOI0 PUCOI0 0araTboxX ()eHOMEHOJIOTIYHUX MOJEeH
PHHKOBOI €KOHOMIKH € HasBHICTh aBTOKATATITHYHHX II0
aHaJoril 3 XIMIYHOIO TEHETHKOO Ta 0i10(i3MKO0) WIICHIB,
II0 BU3HAYAIOTh MOXIIMBICTh 3POCTAaHHS, (PAKTIB MOSIBH
HECTIMKMX CTalliOHApHUX CTaHIB, AaBTOKOJMBAJIbHUX Ta
KBa3iCTOXaCTUYHUX PEXKUMIB.

CkJ1aJIHi POLIECH y CUCTEMaX CaMOpPEeryJIsLil pUHKIB
00yMOBJICHI HasBHICTIO Y CTPYKTYPHHX CXeMaX KOHTYDIB
3BOPOTHBOT'O 3B'A3KY SIK TOJIATHHX, TAK 1 BiI'€MHHUX, 1110, ¥
cBOIO uepry, (opMye TOCTAHOBKY 3a1adi JOCIIKCHHS
CTPYKTYPHOI CTIHKOCTI PO3TIISTHYTHX OO'€KTIB Ta CHCTEM.
Y pIBHAHHAX JIOKaJbHUX KOHKYPEHTHHX B3a€MOJIH
3BOPOTHI 3B'I3KM HAQJAaHHSA HENIHIHHUMA (YHKITISIMH,
XapakTep SIKMX J03BOJISIE IHILIIOBAaTH IOSABY CKIIAIHUX
OUHAMIYHHX PpEXHMIB 3 HASBHICTIO aTTPakTOpiB 1
peneruepiB BiqnoBiqHoro tuiry. @akT HastBHOCTI CYTTEBO
HEJTIHIHHKUX 3B'S3KIB Ta HECTIHKOCTEH, 1110 HAPOPKYIOThCS,
3000B’513y€ BUKOPHUCTOBYBATH CHHEPIeTUYHY Mapagurmy
SIK 3aCi0 OMUCY KOHKYPEHTHOI B3aEMOJIT Y €KOHOMIYHOMY
cepenoBuii. HeoOXiqHO BiA3HAYMTH, L0 TpPAAWLIHHHMA
JHIHHUNA TPUHLUI CYTIEPIO3UIIiT He3ae)KHUX PO3B'S3KIB
BTpayae CBOI BJIACTMBOCTI y HENIHIHHOMY CBITi, IKHUM €
pUHOK. Y TOAIOHOMY BHIIQJKy HEMOXXJIHMBO  IIijie
JIOPIBHIOBATH TPOCTIH CyMi CKJIaJOBUX MHOTO YacTHH.
Tpeba BBakaTh, MO €BOJIIOLISI E€KOHOMIYHHX CHCTEM
O3HaYae AesKy crenupiuHy TpaHCPOpMaIilo yCiX areHTiB
PHHOYHOT B3a€EMOII| LIJISIXOM BCTAHOBJICHHS
KOTEPEeHTHOTO  3B'SI3KY Ta B3AaEMHOTO  Y3TOJDKEHHS
mapameTpiB ix eBosomii. HemiHifiHWIA cHHTE3 y AaHOMY
BHIIAJIKy e 00'€qHAaHHS HE JKOPCTKO BCTAHOBJICHHX,

¢ikcoBaHHX 00'€KTiB, CTPYKTYyp, IIO PO3BHUBAIOTHCH,
BOJIOJIIOYMX  PI3HUMH  EKOHOMIYHMM  «BiKOM» Ta
«TaM'ATTIO» Ha PI3HUX CTAisX €BOJIOLIIT.

Jlost o0y 10BH CKJIaJHO1 IHHOBALIMHOT
KOHKYPEHTHOI ~ Oprasizamii  HEOOXiZIHO  KOTepeHTHe
3'€lHAaHHST MIACTPYKTYp YcepenuHi ii, CHHXpOHi3awis
YacoOBHX CTIMX IX eBojmoUii. Y HACHigKy Takoro
HENHIHHOTO CHHTE3y pI3HI EJNeMEHTH CTPYKTYpH

NOTPAIUISIIOTh Yy €AMHUN TemmnopexkuM. Lle o3nauae, mo
OTPUMYIOYH OIWMH 1 TOH K€ MOMEHT 3arOCTPEHHS, BOHH
MOYHMHAIOTh (YHKI[IOHYBaTH y €IMHOMY Y3TOMKCHOMY
4acOBOMY BHUMIpi.

I[Ipu po3BUTKY KOHIENIii MMOOYIOBH CHCTEMH
JIOBEPIICHOT KOHKYPEHIII HAcTa€ YCBIIOMIJICHHS (aKTy,
IO II¢ HE SIKi 3aBrOJHO CTPYKTYpPHU 1 HE SIK 3aBrOJHO
MOXYTh OyTH 3ajisHI y €IUHE CKJIaJieHe COLiaJbHO-
€KOHOMiYHe yTBOpPEeHH:. MalyTh icHye oOMexeHHui Habip
00'eqHaHHS, METOJIB CHUHTE3y CKJIAIHOTO EBOJIOLIHHOTO
ioro. BubipkoBicTs, KBAHTOBaHICTH 3ac00iB 00'e THAHHS
YacTOK Yy IIijie TOB'S3aHi 3 HAKJIAACHOI BUMOTOIO
icHyBaHHS y 3araimpHOMYy TeMmmopexumi. lle mpuponHa,
HaTypallbHa OCHOBA KBaHTYBAaHHS B yMOBax IHTEIpyBaHHS
CKIQAHUX  JAWCUNATHBHUX CKOHOMIYHMX CHCTEM. Y
BUNAIKY, SKIIO IIO€AHAHI Yy €AWHE KOHKYPECHTHE
cepeoBHIle IHHOBAILI{HI Cy0'€KTH, MalOTh pi3HI MOMEHTH
3aroCTpEHHs, TO Y OKOJIi JaHOi 0COOJIMBOCTI BOHU OyAyTh
PO3BUBATHUCS HE3PIBHAHHO MO iIHTEHCHBHOCTI, 110, Y CBOIO
4epry, MPOBOKY€e HeOaXKaHUi PUHKOBUI JucOaaHc.

3apaau  po30ynOBH  SPCKTHBHOI  IHHOBAIHHOT
KOHKYPCHIIli  HEOOXiJHO  JOTPUMAaHHS  BHU3HAYCHOI
TOTIOJNIOTIT "apXiTeKTypu' TepexpecHuX 3B'SA3KiB. [Hakmie
Ka)XKydH, SKIIO OO0JNacTh TEPEeKpPHUTTS € Majolo, TO
€KOHOMIYHI Ccy0'ekTH OyIyTh €BOIIOIIIOHYBATH, HE MAIOUH
ICTOTHOTO BIUIMBY OJIMIH Ha OAHOTO. 3 iHIIOTO OOKY, SIKIIO
B3a€EMHE TEPEKPUTTS IyKe BEIHUKE, TO CTPYKTYPH MOXKYTh
3MUTHCS Yy CTpaTeTiyHi ajdbSHCH HA [TAHOMY pHHKY, i,
MOXIIMBO, y €IUHY 3pOCTalo4y CTPYKTYpY 3 TIpaHHUIICIO
3pOCTaHHs, [0 TOPIBHIOE 00CATY PHHKY, 110 0€3yMOBHO,
MPUBOAUTH 0 BHUPOJPKEHHSI KOHKYPEHINT IHHOBAIlIHHIX
TOBapIB.

Tenep Bxke MOXIMBO MEPEUTH N0 XapaKTEPUCTUKU
MaTeMaTHYHOI CYTHOCTI E€KOHOMIYHOI KOHKypeHILii JuIs
JIEKUIBKOX ~ YYacHHWKIB  pHHKY. Jlis modaTtky Mu
00MeXHMMOCsI BUTTAZKOM KOHKYPEHIIT ABOX €KOHOMIYHHX
cy0'ekTiB Ha ofHOMY PUHKY. [l CKIaJaHHS KIHETHYHUX
pPIBHSHP KOHKYPEHTHOI B3a€MOJil HEOOXiTHO BBECTH
JEKiTbKa TiloTe3, SKi XapaKTepU3yKTh  SBHIIE, IO
BUBYAETHCSl HA SIKICHOMY piBHI. Byaemo BBaxaru, 1o
HaWOUIbIl 3HAYyNIMM JUII Hac € aHajii3 OajaHcy
HMIBUAKOCTEH mpoleciB Ta GpakTopiB, SIKi NEPENIKOHKAIOTH
MO3UTHBHOMY PO3BUTKY. [IpHIlycTHMO, 110 MIBHIKICTH
3pOCTaHHS KOXHOTO 3 KOHKYPEHTIB 3aJIe)KUTh BiX
MOTEHIIIHHOTO MPHUPOCTY KiJBKOCTI HOBOBBEJCHH JAHOTO
THUITy 1 Hepeasli30BaHOT MOXIIMBOCTI 3pOCTaHHS ISl IIbOTO
K THITY, IOJIOHO IO TOTO, SIKOM IIe MaJIo MICIIe Y KOXKHOTO
yY4acHMKa pUHKY 0e3 BIUIMBY KOHKypeHLii. Ale
HEBHKOPHCTaHa MO>JIMBICTH KUIBKICHOTO 3POCTaHHS JUIs
JAHOTO BHJY IHHOBAII TPW 3MIIIYBaHHI BiJMOBITHUX
MOTOKIB OyAe OB CKIAJHOI BEIMYMHOIO. BoHa
HaTJSITHO JI@MOHCTPYE, CKUTBKM MicHs Ha PHUHKY IIE €
BUIBHUM JJIsl IOTO BUAY TOBAapy 3a HAsIBHICTIO €KCIIAHCIT
IHITIOTO yY9aCHUKA PUHKY.

Y HacTymHOMY MJOCHIJDKEHHI PO3IJSIHEMO MOJIENb
KOHKYPEHTHOI B3a€MOJii JBOX IHHOBAIIIIfHUX IPOILECIB.
Hamanwit minxinm 0a3yeTbcsi Ha BHBYCHHI COIIaJIbHO
€KOHOMIYHOTO  O00'€KTy,  SIK  €HJIOTEHHOKEPOBAaHOI
TOMEOJMHAMIYHOT CUCTEMH, 3/110HOT ITyKaTH Pi3HI IUISIXU
EBONIONIT dYepe3 iepapxit0 HecTidikocTeir. Came Tomy




ISSN 2522-9818 (print)
ISSN 2524-2296 (online)

Innovative technologies and scientific solutions for industries. 2020. No. 2 (12)

MPOIIECH COMLiaJbHO-CKOHOMIYHUX 3MIiH MOXYTh OyTH
IHTEepIpPETOBaHI IK HEPiBHOBAXKHI.

Pimenns 3aBaanus Q0CTiIKeHHS

Y exoHOMIIi, N[O aHAJOrii 3 WOMYJAMiHHOO
IUHAMIKOIO [6], IPUIHATO BHIUIATH TPU TOJOBHHUX THITH
MDKBHIOBHX B3aEMO/IIN: KOoTIepartis, B3a€EMHE
KOHKYpEHTHE IpHUTHiYeHHS a0o  KOHKypeHUis 3a
3arajJbHUM pecypc, BiJHOIICHHS THUIY ''XMKak-KepTsa'.
OCTaHHBOMY THIy CYMICHOI MOBEIIHKM I1HHOBAaIIITHUX
MPOIIECiB 1 OyAe MPHUCBSUCHE MOJAJBIIE TOCIIIKCHHS.
[Mpouenypa po30ynoBM MaTeMaTHYHOI MOJEIN Ta aHali3
il MOBEmIHKOBHX SKOCTeH BKIOYae B cebe HACTYIHI
IOCIIiTOBHI €TallH.

1) Bu3HaueHHS 0a30BMX EKOHOMIUHHX (aKTOpIB Ta
3aKOHOMIpPHOCTEH, sSKuX Tpeba Opatm 1O yBaru mpu
MOJICIIOBAHHI CHCTEMH BIJHOIICHBb ''XIDKaK-KepTBa' 3
BiJNIOBITHAM OIIUCOM X (DYHKIIIl;

2) moOymoBa Ta TOCIIKCHHS HAOOpy MOJeei THITYy
"XmwKak-xeprea',  fAKi  BKIIOYAlOTh  PI3HOMaHITHI
KoMOiHaril 6azoBHX €KOHOMIYHUX (akTopiB,
BIUIMBAIOYHUX HA JIUHAMIKY CHCTEMHU;

3) BUsIBIICHHSI OCOOJIMBOCTEH, 3aralibHUX ISl PI3HUX
Mojenel i (OPMyJIFOBaHHS Y3arajbHIOIOUUX TBEPIKCHB
Npo MO3aiKy IMHaMiYHOI MOBEIIHKU y TAKHX CHCTEMaX.

MatemaTHyHO BH3HAuYeHy mporpamy ($opmaiizyemo
HACTYITHMM YHHOM. PO3riIsiHEMO THHAMIUHY CHCTEMY

o = F(x0) = By (%0, 70, (1)
Yo =—E(Yo) + B2 (%o, Yo),
me Xy =x(f) — KINBKICTb HOBOTO HPOAYKTY THILY
"xepTBa’, a Yy =Yg (t)—o6cxr IHHOBAIIHOTO MPOIYKTY

Flx) Ta E(Yo)
HIBUKOCTEH 3pOCTAHHS KOKHOTO HOBOBBEJICHHS, JOJIAHKH
Bi(xg,y9) Ta By(xg,)y) XapaxkrepusyioTb BIUIMB
KOHKYPEHTHOI OOpOThOM Ha JHHaMIKy mpoiiecy. byaemo
BBakatd, 10 cuctema (1) Mae, Sk MIHIMYM, OJIVH

"xmwkak". @OyHKMil MAaroTh CEHC

piBHOBaXKHUI1 CTaH X5, Yy 1 TOMY € JOLIILHUM ONepyBaTH
3 JOCIIPKYBaHOIO CHCTEMOIO, BHUKOPUCTOBYIOYM HOBI
3MiHHI X=Xy —Xg,Y =Yy — Vo, AKi € BiIXWIEHHAMHU Bij
PIBHOBa)KHOTO CTaHy.

IIpari wactunu (1) npeacraBumo y popmi posknamy

* *

%02 Y0
3aI0BOJIGHAIOYNCH WICHAMH CTYIEHI HE BHILNE IPYroi.
Toni 6epemo

F(x)=fix— fox*, E(y)=ey+ey’.

Toxni obumpaemMo pi3HI 3HaKM NPU KBAJAPATUIHHX
JOJTaHKaX MAaroTh BIACTHBOCTI MOBEIIHKH («OKEPTBH Ta
XHKAKa». Hami MIPUITYCKaeEMO MOJKIIUBICTh
IIPOTIOPLIHHOCTI GbyHKIIH KOHKYPEHII:
Bz(x,y):rBl(x,y),(O<r<1). Cama ¢ynkuis Oyze

y psag Tednopa B ManoMy OKOMNi TOYKH

MaTy JI0CTaTHBO 3arajibHy Gopmy

B (xvY) = 40(3‘:)’) =@xX+ ¢701y+g020x2 + Xy +¢02J’2-

3 ypaxyBaHHSM BHILE HaJaHUX 3ayBa)K€Hb CHCTEMA
(1) mae sBHHI Bupaz

X:(fl_(/’lo)x_(l’my—(fz +¢20)X2—ley—¢02y2,

(2
. 2 2
y= r€1’10X+(r‘/’01 —€ ) Y +TpyX” + o Xy +(rog, —)y*.
OnHicero i3 TONOBHHX  TpoOIeM  SKiCHOTO
JMOCTIDKCHHS OWHAMi4HOI cucTteMH (2) € TOMIyK

TPaHUYHUX IUKIIB, KO BOHU ICHYIOTh. J{JIsl TOCATHEHHS
TaKkol METH € S()CKTHBHUM IUIIX BUKOPUCTAHHS BiIOMOT
€KOHOMIYHOT MOJEi, I AKOi B)Ke BCTaHOBJIEHI 0a30Bi
pe3yJabTaTH TPO KUIBKICTh, BIMHOCHE PO3TAIIyBaHHS Ta
XapakTep CTIAKOCTI TpaHUYHUX [HKIIB. Y  SKOCTI
NPUKIAAY MOAIOHOT cUcTeMH MOXe OyTH BHKOpPHCTaHA

MOJENbHA KBaJpaTH4Ha MoJelb AHIpoHOBOi [7], y
HACTYITHOMY BUTJISI:

., 2 2

X=AX—Y+xx* +mxy+ny, 3

y = X+ax? +bxy.

[MopiBHIOIOUH BiMMOBiMHI KOe]ilieHTH cucTeM (2) Ta
(3), oTpuMmaeMoO CHIBBIOHONICHHS MK IapaMeTpaMu
JIIHIAHAX YaCTHH:

A=f -, on=Lrp,=1 rey=e. (4)

I3 (4), BoueBHAb, KOJIH TPUBIAILHUNA CTaH PiBHOBAru
€ cxmagHuM  QokycoM, mapamerp A CTae Majoro
3HAaKO3MIHHOIO BenuunHowo. Ilpu npomy, sxmo A =0

BukoHyethes €, =1. Jlnsg KBagpaTHYHHUX JOJIAHKIB

Ma€eMO HACTYITHI piBHOCTI:
k=—(fa+dy) M=-p, N=—gg, ®)

a=rpy, b=rey, rep=e,.

3a pomomoror ¢opmyn (4) i (5) BUILIMBAIOTH
CIIiIBBiHOIIIEHHS:
€.
_5
Doy =

&

BignocHO cucremu (3) Bimomi yMOBH OOEpHEHHS B
HyJIb JBOX NEPIIMX BeIW4MH JIsnmyHoBa [7], 10 BU3HAUaE
MOXJIMBICTh MaTH y OKOJIi TPUBIaJbHOTO PIBHOBA)KHOTO
CTaHy TpU TPaHUYHHUX LUKIW. Y TO3HAYCHHSX CHCTEMH
(3) nani yMmoBM MOXyYTb OyTH HaJaHi y BUIJISIAI :

b+2n=0, 3k+7n=0, m=>5a. (6)

I’=€l,

BuxopucTtoBytouu 38's13ku (5), OTpEMaEMO :
re =200 =0, 79g, +3py +3f, =0, Srey +¢y, =0.
)

Cucrema niHiitHEX piBHAHB (7) BIIHOCHO HEBIOMHUX
@20, P11, Po2 MAE BIIIOBIIHE PILLICHHS

15-r2f 2 7
——Z P11 =T Pooy (02o=—§¢02—f2 (8)
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[Ipu mpOMy icHYE 3B'SI30K MK TapaMeTpaMHu:

e _ 15-r%f,

- 9
e 35r2-6 ®)

. . 6
1 BUKOHY€ETBHCS HEPIBHICTH r2 > g .

Takum 9YMHOM, HaM BIAJIOCH 3HAUTH yCi mapameTpu
¢yHKIii KOHKYpPEHIIil, MpH SKUX MOXYTh ICHYBaTH TPH
TPaHMYHUX LUKIM HABKOJIO TPUBIaIBHOTO PiBHOBaXKHOTO
CTaHy.

Takoxk Tpeba BiI3HAYUTH 1€ OAHY BAXKIHMBY
oOcraBuHy. MonensHa cucrema (3) Mae 1me OJIUH
cKiIanHuil QOKyc y MajoMy OKOJIi  HETPHUBIaJbHOTO

. 1
piBHOBakHOTO crany x =0, y*==. 3a ymoBm
n

/I+%:0Ta BUKOHaHHI oOMexeHb (6) IOBKOJa
HETPHBIAILHOTO CTaHy cucTeMU (3) MOXYTh iCHYBaTH 1l
TPU TPaHWYHUX LUKIU. KpiM TOro, BHKOPHCTOBYIOYH
pe3yabpTat baytina [8] mpo HMUKIIYHICTE 0COONIHUBOT TOUKH,
ska nopiBHioe [3], 1 npuHuun 3axindeHHs [aiiko [9],
CTBEPKYIOUH, IO KPATHICTh TPAaHUYHHUX LUKIIB HE MOXKE
OyTH BHIIE KPATHOCTI OCOONHBOI TOYKH, B SKiH BOHH
3aKiHYYIOTBCS, Y KOXKHOMY OKPEMOMY BHIIAJKy JOBEICHO
BiJl TPOTHJISKHOTO HEMOXKIIMBICTH iCHYBaHHS YOTHUPBOX
TPaHMYHUX LUKJIIB HABKOJIO OJHOTO PiBHOBa)KHOTO CTaHY.

Tpeba Big3HauwTH, IO cUcTeMa (2) € MPHUKIAIOM
KBaJIpaTUYHOI anpokcuManii KOHKYPEHTHOI B3aeMOJii
JIBOX IHHOBAaIIfHMX TMPOIECIB 3 MIICThOMAa I'PAaHUYHUMHU
[UKIAMU Y CIIBBIAHOMICHHI 3:3 Ta BUCYHYTa TirnoTe3a mpo
Te, IO BKa3aHa KUIBKICTh IMKIIB € MaKCHMajabHO
MOKITHBOIO.

Jaxi posrisiHeMo OiblI 3arajibHi YMOBH ICHYBaHHS
MEPiOINIHAX TPOIECIB y MOCHIKyBaHii Mogmeni (2).
Martpuns niHIHHOI yacThHU (2) y CTaHi piBHOBarm Mae
BULJIAA

fi— o
Fog

—Po1
Fpo—€

A=

3 BIINIOBITHAM XapaKTEPUCTUIHUM ITOJTIHOMOM

A% —trA-A+detA=0, (10)

ne  trA=f—gg+rey—¢ cmin marpumi A,

det A= f, (rgpy;, —e; )+ e,y — BusHauHMK MaTpuLi A.

Y Bumagky, xomu trA<Q0, i detA>0 moxHa
CTBEpJUKYBAaTH, IO cucTeMa (2) crifika y JiHIHOMY
HaOmxeHHi. Tpeba 3'sicyBaTi OUIBII JETAIBHO CUTYaMilo

y MajJoMy OKOJI Ha MexXi oOJylacTi JiHIHHOI cTifiKocTi
trA=pu, me p— Mama 3Hako3MiHHa BenuuuHa. Lle

O3Havae, Mo BemuuMHH f; —@) Ta € —rg@y AOCTATHBO

OIIM3bKI.
Ockinbku det A> 0, mpummycTumMo, 1o

det A= o ()= "(Plo%l_(r%l_el)z +(roo —€ ) p

i fi—pg=rey—6 +u.

Toni (10) criponryeTscst 10 BUTISAY:
A% = - A+ oo — (v oy —) =0,

(11)
2 2
@ = rP10001 — (TP —€)

Sxmo npoandepenuitoBaru (11) mo mapamerpy u

npu u =0, orpumaemo

04 _1_.Tom—&

— 12
ou 2 2ay, (12)

I3 ¢dopmymu (12) BumimMBae, 1O BIAacHI YHUCIa
MEePEeTUHAIOTh YSBHY BICH 3 HEHYJIBOBOIO LIBHJKICTIO 1
CKJIaJHUH (POKYC € MOBUIHLHUM.

TakuM 4MHOM, MOKHA BB)KaTH BUKOHAHHUMHU YMOBH
OidypxamiitHoi Teopemu Xormda iy cuctemi (2) mpu 3MiHi
CTIMKOCTI PIBHOBaXXHOTO CTaHy THUIY CKJIATHOTO (pokycy
BiIOYBA€THCS HAPOKEHHS TPAHUIHOTO LUKy 3 TOSBOIO
BiIIOBITHOTO AaBTOKOJHBAJIHHOTO pEXKUAMY. Y SKOCTI
OidypxamiifHOTO TapaMeTpy €

fi=po—Ton+e.
Jlns  anamizy gaHoi Oidypkaiii 3a JOIMOMOTOMO
3aMiHH

X=X, Y = (8 — @y ) X +@pXy, T = ot

nobyayemo HopManbHy popmy cucremu (2) mpu u=0.

Y HacniKy HEOOXiTHHX IIepPEeTBOPEHb OTPUMAEMO
cucremMy

2 2
. Xq X5
X ==Xyt 8y —~t+a %X +85 -
2 13
) ) (13)
. X X3
Xo =X +byg ——+ 01X X, +g, =
2 2
Cuctema JBOX 3BHYAWHUX  JAudepeHLiaIbHUX

piBHsIHB € HOpMabHOK (hopmoto [lyaHkape i Moxe OyTH
Oe3rnocepesHbO 3acTOCOBaHa ISl OOYMCIICHHS 0a30BHX
XapaKTEePUCTHK TPAaHUYHOTO IMKIY, TAKHX SIK aMILITyJa
yacToTa Ta Nepiofg KOJNMBaHb, a TaKOX HANpPIMKy
CTIMKOCTI MepiOAMIHIX PO3B'SI3KIB.

Ilpp 1boMy HaWBaXJIMBIIIMM MHUTAHHAM TIpH
nociimkenHi 6idypkarii Xonda 3amumaerbes npobdieMa
MaKCHUMAaJIbHOI KiJIBKOCTI TPAHWYHHUX IHKIIB, SIKI MOXYTh
3'SIBUTHCS 13 CTaHy piBHOBarw Ipu 30ypeHHI mapameTpiB
JIOCITIHPKYBaHOT CUCTeMH. Y IbOMY MHUTaHHI MU OynemMo
cnmpaTHcs Ha pesynsTatd baytina [8], ski Bxke panime
OyJiM aHOHCOBaHI JJIsl KBaJIPATUYHUX CHCTEM.

Jns  BuU3HAYEHHS  MAaKCHUMaJbHOI  KpPaTHOCTI
IPaHUYHOTO IMKIY Yy cucTeMi JudepeHIiaIbHuX piBHIHD
(13) HEoOXigHO OOYUCITUTH 3HAYCHHS MEPIIUX TPHOX
JSIyHOBCBKUX BEJIMYMH. 3apaju JNOCSITHEHHS Ili€i MeTH
cucreMy (13) neperBopuMO y €IMHY KOMIUIEKCHO3HAUHE
audepeHiiiansae PIBHSHHS UL 3MIHHOI Z = X, +iX, mpu
u=0.

2 =2

L z _ Z
z:(|+y)z+gzo?+gllz-z+goz?, (14)
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fe 7=% —iX, O = 0 (aj.by ), i k=012 j+k=2,

OcobnuBa Touka (craH piBHOBarm) i3 ¢okyca
MepETBOPIOETBCST HAa LEHTP 3a JIOMIOMOTrOI0 HACTYIHHUX
YMOB :

H#=01 =0

H=0y+011 =0;

H=1m(gy0y) = |m(§131'902)= |m(g§o 'goz)zo?
1=0—40y =|902|—2|911| =0,

(15)

ne Im(-) — € ysABHOIO YaCTHHOI KOMIUIEKCHOTO YHCIIA.

Bupasun (15) Bu3Ha4alOTP yMOBH iCHYBaHHS
nepiroro iHterpany y cucremi (13). Lle o3nauvae, mo
cucrema (13) i3 JUCUMATHBHOI TEPETBOPIOETHCS Y
KOHCEpBAaTHBHY. Y TaKiil CHCTEMi Ma€ MICIle HECKIHUCHHA
KUIBKICTh ~ MEPIOAMYHHMX  TPAEKTOPiH,  HEMEPEPBHO
3aJ@KHUX BiJ IOYATKOBHX YMOB. 3po3yMmilo, IO
130JIbOBaHUX 3aMKHYTHX TPA€KTOPil (FPaHUYHUX IUKIIIB)
Y TaKiif KOHCEpPBATHUBHIH CHCTEMi HE MOXE Oy TH.

Y crarri Xomagexka [10] HaBemeHi dopmymu
oOuncneHHss TppOX BeMWYMH JIAMyHOBa U PIBHAHHS
(14):

1
L :—E|m(920911)v

1 _ _
l, = BT IM(dp0 —4011)(920 + 011)T11 - Go2,  (16)

25 a.
by =~ (401" ~[002/") IM(TE: - Gce).

Takum ywmHOM, 3a mqomomoroi Qopmyn (16) He
CKJIAJTHO BHSBUTH IHMKIIYHICTH OCOONHMBOI TOYKH (CTaHy
piBHOBaru):

1) twmk He icHye, ko 4 # 0 ;

2) € enuHWE rpaHudHAR WK, skmo u =0,

IM(g5 - 911) # O;
3) CHIBICHYIOTh JBO€ TPAHUYHHUX I[MKIIB, SKIIO
#=1m(g20011) =0, 9y #4T11;

4) icHye Tpo€ TpaHWYHUX IHKIIB, SKIIO
=0y —40;; =0.
3a paxyHOK 3B's3ky Mix (13) 1 (14), maemo:
1 .
U0 = — (80 — gy +2byy +1- (09 — by —2ay,),
4 (17)

_ 1 .
Ou1 = Z(azo +ag; —i-(y +bypy)).

BuxopuctoByroun ymoBy 4), 3 ypaxysaHHsaM (17),
OTPUMAaEMO TapaMEeTPU4Hi YMOBH ICHYBaHHS TPbOX
IpaHUYHUX OUKIIB y cucreMi (13):

{Zbu = 3ay, + S,

(18)
2y, =5hy, +3bg,,

BBaxxaemo cyrtreBuM, mo ymoBu (18) oTpumani
OpsSMUMH ~ OOYHCIIEHHAME ~ BeinduH JlsmyHoBa uis

KkBagpaTudHOi cucteMu (13) 3 micTeoMa mapameTpamu, He
3aCTOCOBYIOYH KaHOHIYHHMX cucTeM bayTiHa, AHIpOHOBOI
Ta iH. [8], SIKi BHKOPHCTOBYIOTH II ITHIIAPAMETPHIHY
(hopMy TIpencTaBICHHS TOCIIIKYBAaHUX MOJICIICH.

Otpumannii pesyiptar (18) MokHA mepeBipuTH 3
iHmoro 6oky. Y poborax bonina i Jlerara [11], a Takox
JIi [12,13] 6ibIn AeTaNbHIIIE PO3TIISHYTA CUCTEMA:

. 2 2
Uy =—Uy +ayUy +3ay;UiU; +3goU; (19)
. 2 2
Uy = Uy +byoUy +by5UiU, +bgou;

Cucrema (19) mae neski BigmiaHocTi Bix (13) 1 Tomy
cniBigHoImeHHs (18) TpaHchOPMYIOTBCS 10 BUIIISAY:

by, =3ay +5ag, (20)
ay; = 5by +3ag,

Jlnst cucremu (19) y BuIlcO3HAYCHUX TIpaIlsX HaaaHi
YMOBH MaKCHMAaJIbHO MOJIMBOI KiJTBKOCTI IIUKIIIB Y OKOIIi
0CcOOJIMBOI TOYKH 3 OOYHMCIEHHAM BiAMOBITHUX BEIWYNH
JlamynoBa. Kopucryrounce mo3HaueHHsmu Baw, Jli, Yoy
[14], chopmyemo BiAmoBinHI BUpa3u:

a) | = Aa—-Bp,

6) I, =[B(54-B)+a(5B—a)|y,axmo |, =0.
B) |, =(Aﬂ+Ba)}/5, skmo |, =1, =0,

e
A=ay +ag, B=D0y +by,, a=ay, +2by,, f=by +2ay),

y =y A° ~ (a0 —bu)AZBJ’(boz _all)ABz -ag,B°,

3 ypaxyBaHHsaM (20) BUKITIOYMMO MapaMeTpu &; Ta

byy . Tomi @ =5(byy +byy ), B=5(ay +ag, ) . Lle o3nauae,
mo « =5B, f=5A, 1m0 aBTOMAaTUYHO BUKOHYE YMOBY,
lL=1,=0
MIATBEP/DKEHHS] TOMY, L0 MAaKCHUMAJIbHO MOJKIJIMBHI
MOPSJIOK MOBUIBHOTO (OKYCY JUIsi KBaJIpaTHIHOI CUCTEMU
JIOPIBHIOE TPH, MO 30iraeTbes 3 mociimkeHHsM JKomaneka
[15].

Mu He BWIIQIIKOBO TaK PETENIBHO INPOaHaTi3yBalll
OidypxrarmiiiHi BJIACTHUBOCTI MUKJITIYHOT JMHAMIKHA
KOHKYpeHTHOI B3aemonii. Came TyT HaHOLIBII SICKpaBO
BUSIBISIIOTECA ~ BIACTHUBOCTI  HECTIMIKOCTI CHCTEM IO
BiTHOIICHHIO /10 MaJMX BiIXWJICHb mapamerpiB. TiNbKH y
HENHIHNX cucTeMax mobnu3y OidypkamifHUX TpaHUIb
Mo oOWIBI CTOPOHH SKHX HA JOCIIKYBaHOMY OO'€KTi
CIOCTEpIraeThCcs SKICHO PI3HMH XapakTep IOBEIIHKH.

i 3abe3neuye |3 #0. TakuM 4MHOM, MaeMoO

IMpukmamom Takoi mepeOyaoBH TOmMOJOTI € 3MiHa
CTIHKOTO  amepiofiMYHOrO  pPEXHUMY Ha  HECTIHKHMH
ABTOKOJIMBAIBHUN KaracTpodiunuM umHOM. Ha ¢azosiii
IUIOLIMHI 1€ UIIOCTPYIOTH CerapaTrpucu — JiHii, sKi

PO3MEKOBYIOTB Pi3Hi 001aCTi MPUTSTaHHs (aTTPaKTOPA).

BucHoBKkH

Hamu [ocraTHpO 3MICTOBHO JIOCIIDKEHI SIKICHI
OCOOJIMBOCTI JAMHAMIKK IHHOBAI[iIfHOTO PHHKY AJIS JIBOX
YYaCHHUKIB KOHKYpEeHTHOi 0opoThOU. 3po3ymino, IO Iie
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BCbOT'0-HA-BCOTO ~ YAaCTKOBO  BHIAJOK  CKJIAJHOI
OpraHi3amifHOi EKOHOMIYHOi CHUCTeMH. YIOCKOHAJICHHS
PUHKOBHUX BIZHOCHH, Ha HAIly IYMKY, HOBHHHO OyTH
CIPSAMOBAHO Ha 3POCTaHHS KITBKOCTI YYaCHHUKIB PHHKY

MOJKE IHII[IIOBaTH y CHUCTEMi XaOTHYHHH pEXKUAM 3
HapO/DKCHHSAM HOBOTO pIi3HOBHIY atTpakropy. Lleit
«IMBHUI» aTpakTOp CYTTEBHM YHHOM 3MIHHTH TUHAMIKY
KOHKYPEHTHHX B3a€MOBIIHOCHH Ta 3MEHIINTH TOPH30HT

igHoBamiii. JloOpe BimoMo, MmO TOsSBa Ha pPHHKY,
HAalpHKJIaJ, TPEThOro y4acHHKAa KOHKYPEHTHOI OOpOThOH

€KOHOMIYHOTO TIPOTHO3Y.
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JIMHAMMKA UTHHOBAIIMOHHON KOHKYPEHIIUU

IIpenmeTom HacTosimel paboThl ecTh mpoOiieMa JUHAMHYECKOTO B3aHMMOJCHCTBHMS WHHOBAMOHHBIX MHPOJIYKTOB B YCIOBHSX
PBIHOYHOM KOHKYPEHIMH. YCTOWYMBBI OKOHOMHYECKMH pOCT B HACTOSIIEe BpeMs HEBO3MOXKEH 0e3  ITOBBINICHHS
KOHKYPEHTOCIIOCOOHOCTH TPENpPUATHI W OTpacieil, BO MHOTOM OMpenelsieTcss yCHICHHEeM KOHKYPeHTHOH cpensl. B pesynbrare
KOHKYPEHTHOW OOpBOBI HKOHOMHYECKHX areHTOB 3a JOCTIDKCHHWs pa3M4YHBIX INPEUMYIIECTB Ha pBIHKAaX CO3JAloTCi U
COBEPIICHCTBYIOTCSI HOBBIE MPOAYKTHI C COOTBETCTBYIONIMM Pa3BUTHEM TEXHOJOTHI. B aHanmm3e mpeasiaymmx myOaukanuii oTMedeHa
pONb HAIMOHANBHONW WHHOBAI[MOHHON IONHTHKM TOCYAapcTBa B CHCTeMe (OPMHUPOBAHUS IPHOPUTETOB WHBECTUIIMOHHOM
JIEATeTbHOCTH B PBIHOUHBIX ycioBusiX. Lleablo paGoTel sBIsieTCs M3ydeHHE OCOOSHHOCTEH MOCTPOEHHs MOZENeH KOHKYpPEHINH
WHHOBAIIMOHHBIX TIporieccoB. [Ipu 3ToM ciemyeT MOM4epKHYTh, YTO SKOHOMHYECKHE CHCTEMBI HMEIOT CIO0XKHYIO0 M HEOZHOPOIHYIO
CTPYKTYpPY C MepapXHUYeCKON CXEMOil B3aMMOAEHCTBHS SHAOTEHHBIX M 3K30TeHHBIX (akTopoB. OOmIel yepToll MHOTUX OalaHCOBBIX
MoJiesiell PHIHOYHOW 3KOHOMMKM SBJISETCS HaJM4Yhe aBTOKATAIMTHUUECKUX COCTaBIIAIOIIMX, OMNPEAETSAIONIMX MEXaHU3Mbl POCTa
MHHOBALIMOHHOIO NMPOJAyKTa. B craThe pelaercs 3aaaya NOCTPOEHUS M aHAIM3a MOBEIEHUECKUX CBOICTB MaTeMaTHUYeCcKOil Mojenu
KOHKYPEHIIMM JIByX OJKOHOMHYECKMX CYOBEKTOB Ha o0O0mleM pblHKe. B KkauecTBe mNpoTOTHNA IS MOJEIH OHIOTESHHOMN
TOMEOJMHAMIUYECKOH CHCTEMBI HCIIONIB3YeTCs! MIMPOKO U3BECTHAS B MOMYISAIIMOHHON AMHAMHUKE MaTeMaTHIeCKast MOAENb «XHITHUK-
xepTBa». JlaHHAS MOJENb MpeaCTaBisieT co00i cucTeMy IBYX OOBIKHOBEHHBIX IH((EepeHINaTbHBIX YPAaBHEHUH C KBaAPaTHIHBIMU
HEITMHEWHOCTSIMH, WMEIONIYI0 HECKOIBKO IIOJIOKEHHH paBHOBECHS M 00Tamaromryio OucTaOMIBbHBEIM TIOBeAeHHeM. MeToabl
HCCIIeoBaHusl 0a3MpPYyIOTCS HA MATEeMaTHYeCKOM amlapaTre KOHOMHYECKON CHHEPreTHKH W TEOPHH yCTOHYHBOCTH HEIHMHEHHBIX
JMHAMUYECKHX CHUCTeM. B pe3yibTaTe yka3aHBI yCIOBHS, NIPH KOTOPBIX PEaIM3yeTcCs aBTOKOJIEOATENbHBIH PEXHUM B OKPECTHOCTH
IOJIOXKEHUS] PAaBHOBECHUS C IOSBIEHHEM OJJHOTO WM HECKOJBKUX MPEIeNIbHBIX [IUKIIOB. Y CTAHOBIICHO, YTO MaKCUMAaJIbHOE KOJIMYECTBO
IpEeAENbHBIX IIMKIOB B HCCIEIyeMOW CHUCTeMe BOKPYI IOJIOXKEHHs pPaBHOBECHS PABHO TpeM. BBINOJIHEH NpeiMEeTHBIH aHaIu3
61 ypKAMOHHBIX CBOMCTB LUKIMYECKON TUHAMHUKN KOHKYPEHTHOTO B3aUMOJICHCTBUSI, ONIPE/IeNICHbI TPaHHIBI TOTEPH yCTOHYMBOCTH
TIOJIO’KeHNEM paBHOBecHs. BeiBonsl. [loBeneHuecknil xapakrep IHHAMHUKH HHHOBAIMOHHBIX IIPOIIECCOB CYIIECTBEHHO MEHSETCS U
BO3MOJKHA peann3anysi CKaukooOpa3Horo IMepexo/ja OT MOHOTOHHOTO 9KOHOMHYECKOTO POCTa K pellaKCallMOHHBIM KOJICOAHUSIM.
KunroueBble c10Ba: HHHOBAIWS; KOHKYPEHIHS; PIHOK; pABHOBECHE; YCTOHUNBOCTD; OM(YpKAIHs; IIUKII; aBTOKOTIeOaHHsI.

DYNAMICS OF INNOVATIVE COMPETITION

The subject of this work is the problem of the dynamic interaction of innovative products in a competitive market. Sustainable
economic growth is currently impossible without increasing the competitiveness of enterprises and industries, largely determined by
the strengthening of the competitive environment. As a result of the competition of economic agents for achieving various advantages
in the markets, new products are created and improved with the corresponding development of technologies. In the analysis of
previous publications, the role of the national innovation policy of the state in the system of forming priorities of investment activity
in market conditions is noted. The purpose of the work is to study the features of building competition models of innovative
processes. It should be emphasized that economic systems have a complex and heterogeneous structure with a hierarchical pattern of
interaction of endogenous and exogenous factors. A common feature of many balance models of a market economy is the presence of
autocatalytic components that determine the growth mechanisms of an innovative product. The article solves the problem of
constructing and analyzing the behavioral properties of a mathematical model of competition between two economic entities in a
common market. As a prototype for the model of endogenous homeodynamic system, the widely known mathematical model
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"predator-prey" is used in population dynamics. This model is a system of two ordinary differential equations with quadratic
nonlinearities, which has several equilibrium positions and has a behavior with a change in the nature of stability. Research methods
are based on the mathematical apparatus of economic synergetics and the theory of stability of nonlinear dynamic systems. As a
result, the conditions under which the self-oscillating mode is implemented in the vicinity of the equilibrium state with the
appearance of one or more limit cycles are specified. It has been established that the maximum number of limit cycles in the system
under study around the equilibrium position is three. The subject analysis of the bifurcation properties of the cyclic dynamics of
competitive interaction is carried out, the boundaries of stability loss by the equilibrium position are determined. Conclusions. The
behavioral nature of the dynamics of innovation processes is changing significantly and it is possible to implement a leap transition
from monotonous economic growth to relaxation fluctuations.
Keywords: innovation; competition; market; equilibrium; stability; bifurcation; cycle; self-oscillations.
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HERMENEUTIC ASPECTS OF PROJECT MANAGEMENT

The subject of the article is to determine the hermeneutic aspects in the management of the project team. The hermeneutic aspects of
project management should enrich project management technologies and at the same time help relevant specialists to improve the
applied methods of project activities. The goal of the article is to determine the tasks of hermeneutics in the general system of project
management philosophy, to consider issues of understanding the essence, meaning of the project itself and the nature of the
relationship between the customer and the contractors. The objective of the work is to study the hermeneutic aspects of project
management, determine the value and place in the general system of behavioral competencies of the project manager, justify the need
for a hermeneutic approach in project management and analyze hermeneutic situations in project management practice. Research
methods include the principles of the hermeneutic circle, which are the basis of the philosophy of hermeneutics, the application of the
hermeneutic approach when using project management technology, approaches to the formation of high socio-psychological
competence and understanding of the essence of teamwork, its features and advantages using innovative pedagogical technologies.
Methods for solving hermeneutic situations in project management using system analysis technology. Results. At the present stage of
social development, design and development of a project management philosophy in general and in its hermeneutic aspects is of great
importance. Therefore, in the system of behavioral competencies of the leader, a deep role should be played by his deep understanding
of project management technology and the people with whom he has to collaborate. A special role is played by the staging of teaching
a behavioral competency course, primarily the clear practical orientation of lectures and an understanding of the degree of conflict and
responsibility of potential team members. Conclusions. The spread of project management technology and the constant complication
of the content and nature of project tasks put forward new, increased requirements for the quality of their implementation. In turn, this
requires a deep understanding by the performers of both the essence of their production functions and tasks, as well as the
requirements and expectations of the customer. The systematic application of the hermeneutic approach will allow the leader as a real

leader to understand people both in the formation of the team and in the process of team management.
Keywords: project management; aspects; understanding; hermeneutics; project team; team formation; team activities.

Introduction

Continuous expansion of areas and branches of
application of project management technology and its
sufficiently  high  efficiency necessitate a deep
philosophical understanding of the meaning, essence,
origins and capabilities of this technology. The relevant
project management philosophy should be a holistic
system of principles, norms and provisions, clearly aimed
at ensuring this understanding and defining the main
directions for further development of the very basics and
methodology of using project management technology
and tools used in it. First of all, it seems appropriate to try
to understand the nature and features, meaning and
essence of this management.

In the general structure of an extensive system of
philosophical disciplines, the problem of an extremely
interesting and rather complex and even somewhat
mysterious  phenomenon  of  understanding and
interpretation is investigated by hermeneutics. It helps not
only to get to the heart of a concept or object or
phenomenon characterized by it, but also to identify
appropriate ways and means of their possible use in the
practice of human activity, which would provide the
desired level of efficiency and compliance with
expectations.

This fully applies to the activities of the project team,
each of its members and the management activities of the
project manager. Indeed, each participant in the joint
activities of the project needs not only knowledge but also
a deep understanding of the content and purpose of their
functions and their place and role in the overall structure
of the project. The importance of this understanding
makes high demands on the system of professional

training of project management specialists. It is first of all
about ensuring a high level of their professional and social
competence.

The connection of the problem with important
theoretical and applied issues

The problem of understanding the very phenomenon
of understanding is quite complex. It is not limited to
knowledge and is not limited to knowledge of the object
of study. Although understanding, like knowledge, is also
a specific result of cognitive activity, but these results
differ from each other. As evidenced by life practice, in
the life of every person there are situations when he
knows something, although he does not understand the
essence and deep patterns of a phenomenon. Regarding
the wuse of project management technology, the
predominance of a pragmatic approach should be
emphasized. It fully corresponds to the realities and trends
of the market economy, but somewhat inhibits the
development of its theory and logical and methodological
principles. Thus, the study of hermeneutic aspects of
project management should enrich the theory of this
important and extremely effective way of human activity
and at the same time help relevant professionals to
significantly improve the methods and techniques used in
project activities and its management. This is actively
facilitated by a deep understanding of the essence of
project management technology and its patterns,
understanding of the logical and methodological
principles of its rational organization and implementation.

Analysis of the state of research on the problem
shows that project management as a truly innovative and
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highly effective management technology has emerged
long ago and has a history. V.V. Riznyk analyzes its
origin in detail as a separate branch of management.
According to him, "given the growing role of project
management, it is necessary to more thoroughly approach
the study of the history of project management as an
independent science, consider foreign experience in
project management and reveal the evolution of project
management techniques" [1]. However, neither he nor
other authors seek to develop extremely important and
interesting problems of the philosophy of project
management, including its hermeneutic  aspects.
Therefore, the system of training specialists in project
management limits its tasks to the formation of a certain
set of their technical and behavioral competencies, each of
which contains a system of knowledge and skills. There is
almost no question of understanding the deep content of
competencies, as it is believed that knowledge and
understanding are synonymous.

In general, the theory of project management is
characterized by clear pragmatics. Project management
founder Henry Gant proposed special diagrams as an
effective project management toolkit. Henri Fayol
identified five management functions that became the
basis of the theory of project and program management.
Both researchers were followers of Frederick W. Taylor's
theory of scientific management, including his work on
the decomposition of works and the allocation of
resources. In turn, Gant and Fayol made a significant
contribution to the development of modern project
management tools with their works.

Such researchers as A. Alyoshin, V. Babayev [2],
L. Batenko, S. Bushuyev [3], V. Voropaev, K. Gray,
R. Jimpel, O. Zagorodnykh, I Kononenko [4], A. Orr,
V. Rach [5], V. Trofimov and others should be mentioned
among modern researchers of project management
problems.

Domestic textbooks and textbooks on project
management are also appearing. As an example, we can
name the work of L.Ye. Dovgan, G.A. Mokhonko,
I.P. Malik [6], V.M. Priymak, N.O. Petrenko and others.
Educational and methodical literature on certain issues of
project management technology is also being developed.
Thus, V. Morozov prepared a textbook on the formation,
management and development of the project team [7].
O. Ponomarev published a textbook on behavioral
competencies in project management [8].

At the same time, unfortunately, this extremely
interesting field of human activity does not attract the
proper attention of philosophers, psychologists and
sociologists. Although there are works on the philosophy
of management prepared by V. Alyokhin, V. Burega,
S. Povazhny, etc., V. Kremen with co-authors [9],
L. Tovazhnyansky with co-authors and others.

Today, the world practice of performing both
extremely complex sets of works and projects, as well as
the usual tasks has led to the conclusion that project
management is not just a specific branch of management,
but also acts as a highly effective management
technology. The methodology of its use is accepted by the

majority of the enterprises in the leading technologically
developed countries.

Its capabilities attract significant attention from both
practitioners and researchers of theoretical and applied
management problems.

For example, expert of the Productivity Solutions
Management Co Ronald M. Jimpel and Executive
Director of Berren Group Limited Barbara L. Gray,
justifying the need for a project management
methodology, write that “most organizations whose
management is competent in production technology face
general problems when planning and implementing
projects to improve production activities. In any case, first
of all it is necessary to determine the areas of activity
within the project in contrast to the traditional daily
production activities. The authors provide the criteria used
to distinguish between these two activities, and the
functions within the competence of the project manager
[10].

A deep understanding by the project manager and
members of the project team of the essence and goals of
the project helps to select or even develop effective
technologies for managing projects and programs,
realizing the creative abilities of participants in joint
activities. The work of a well-known team led by
S.D. Bushuyev is devoted to these problems [11].

It is no coincidence that the editor of the
International ~ Journal  of  Project  Management,
Rodney Turner, confidently states that in the 21st century,
project management will take the place of traditional
functional management. And this situation requires a deep
philosophical understanding of the essence and features of
this technology and their understanding.

Insufficiently solved aspects of the problem are
directly related to the poorly developed general issues of
the project management philosophy, including issues of
understanding its essence, the meaning of the project itself
and the nature of the relationship between the customer
and the contractor. Interesting  philosophical,
organizational and managerial and socio-psychological
problems of the culture of interpersonal relationships and
mutual understanding in the project team and their impact
on the professional and personal development of
participants in joint project activities also require more
detailed research. Thus, the hermeneutic aspects of project
management in general remain a kind of white spot, which
to some extent slows down the development of this
technology.

The essence of hermeneutics and its role in human
activity

Hermeneutics is an interesting branch of
philosophical knowledge, the object of research is
understanding, interpretation, interpretation. It is believed
that hermeneutics got its name from the name of the
ancient Greek God Hermes, whose circle of functions was
to mediate between gods and people. He conveyed to
people and interpreted to them the will of the gods and
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conveyed to the gods on Olympus the needs and interests
of people, their intentions, aspirations and wishes.

At the same time, understanding is one of those
phenomena that seem to be quite intuitive, but instead it is
far from easy to understand its deep meaning.
Hermeneutics also deals with similar complex problems.
The main category of hermeneutics is the text. In fact, it
arose with the emergence of so-called hermeneutic
situations, or cases that required proper interpretation and
understanding of a particular text. Today, however, the
text can be considered anything, and therefore the
importance of hermeneutics for understanding any
situations, objects or processes inherent in human activity
is constantly growing.

This is due to the constant complication of the goals,
content and nature of activities, increasing potentially
dangerous industries and increasing the "price" of possible
losses arising from employees' lack of understanding of
the dangers caused by their erroneous and irresponsible
actions or inaction. By the way, these factors are not
excluded when using project management technology.
Moreover, the implementation of projects can often be
associated with such potentially dangerous objects or
technologies. Understanding their nature and the nature of
their danger helps to find ways to avoid fatal
manifestations or, at least, significantly reduce the
likelihood of their occurrence.

Modern philosophy and some other social sciences
and humanities consider hermeneutics a specialized
scientific field in which, as D.V. Mayboroda writes,
"understanding is seen as a condition for understanding
social life". And any government is one of the integral
existentials of social life. At the same time, paying tribute
to tradition, the author adds that hermeneutics "in a
narrow sense — a set of rules and techniques for
interpreting the text in a number of fields of knowledge -
philology, law, theology, etc." [12, p. 239]. In
philosophical hermeneutics, the process of understanding
is considered infinite, which is embodied in the principle
of the hermeneutic circle proposed by F. Schleiermacher.
It means that to understand a part requires a certain
knowledge of the whole, while to understand the whole
requires knowledge of the parts. Thus, in the continuous
process of cognition, there is a gradual deepening of
understanding of the object of this cognition.

By the way, in the practice of project management
technology, there are often situations that require the use
of the principle of hermeneutic circle. For example, at the
stage of project development, the general meaning and
goals of the project first become clear. Based on them,
certain details are considered, the understanding of which
allows to clarify the understanding of the meaning of the
project. It then analyzes the possible ways and means of
project implementation and the necessary tasks,
implementation of certain functions and operations. After
that, the general technology of the project implementation
becomes clear, which allows a deeper understanding of
the project as a whole and, perhaps, on the basis of this
understanding to make certain adjustments.

We believe it is necessary to highlight two
fundamental points. First, as liked to repeat one of the

famous philosophers of the second half of the last century
Merab Mamardashvili, to understand means to make what
is meant, its own possibility, the possibility of their own
opinions. In other words, understanding significantly
expands the possibilities of man in the first place,
enhances both cognitive and practical capabilities.
Second, we must recognize that even with the continuous
nature of cognition, objectively, there are limits to
understanding. There is something that philosophers and
theologians believe the incomprehensible. And an
understanding of the limits of understanding is not less
important because they not just limit the possibilities of
man, and tells her on the need to choose other ways and
means to meet those and other needs, or the impossibility
of meeting them at all.

For example, we cannot go back in time and correct
some of our erroneous decisions and actions. We also, in
principle, cannot know for sure, much less understand
what may happen in the future. After all, the existing and
significantly widespread assumption about the linearity
and unambiguity of causal relationships is also the result
of limited our cognitive abilities, the ability to understand.
We often cannot understand what the results and
consequences of some of our actions may be, especially
those that took place in conditions of information
uncertainty. This should be well mastered by people,
especially those who have to perform managerial
functions.

One of the most common applications hermeneutical
approaches stands psycholinguistics. It be usually
considered to be primarily the result of the semantic
perception of any verbal communication and
comprehension of its underlying meaning [13]. The
philosophy often emphasizes the dual sense of
understanding. First, it is interpreted as the search for and
discovery of meaning, and secondly, as the attribution of a
particular meaning because it appears to be the object of
understanding. The hermeneutics has long overcome their
theoretical limitations. She is interested in applied
problems of modern social life, including those associated
with innovative processes. Among the latter occupies a
prominent place and technology project management.
Researchers are also interested in hermeneutics and the
problem of education, since understanding is increasingly
perceived as one of the critical tasks of education
innovation day.

The complexity of the phenomenon of understanding
is largely due to the peculiarities of human psychology.
Thus, the degree of complexity of this phenomenon is
determined by the level of intellectual development of
man, his education and general culture. for hermeneutics
proceeds from the fact that understanding is in fact a
penetration into the deep essence of an object or
phenomenon and therefore requires objectivity. The
perception of this object or phenomenon by each
individual person is necessarily subjective, colored by his
individuality. It is no coincidence that in almost all
developed languages there is a saying that there are no
companions for color and taste.

Philosophical hermeneutics considers the process of
understanding as continuous and infinite, embodied in the
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principle of the hermeneutic circle. It consists in the fact
that the understanding of the whole presupposes a certain
understanding of its parts, which enriches and deepens it.
Understanding the whole, in turn, enriches and deepens
the understanding of its parts.

Hermeneutics in its historical development has come
a long way with changing the subject of research and
areas of application of its methods. As O.S. Ponomarev
clearly points out, "modern hermeneutics not only
consolidated the ontological status of understanding as its
central concept, but also separated understanding as the
search for meaning as a subject from understanding as a
procedure for attributing values, insisting on the original
"hermeneutics" of human existence. inherent in him
"intelligibility", which precedes any procedure for
assigning values"[8, p. 107].

For the philosophy of human activity in general and
for its hermeneutics is characterized by a tendency to shift
the emphasis from the analysis of the meaning of the
activity and its understanding of linguistic practices-
discourses that describe this activity as the main subject of
direct analysis. It seems obvious that such a shift is
inappropriate for project management, as this technology
is purely applied, and the task of hermeneutics here is to
analyze and understand the meanings of itself and its
components, rather than linguistic analysis of its
categories and definitions.

The need for a hermeneutic approach in project
management

Project management is a specific type of human
activity that determines the modern technology of
organization and implementation of complex sets of
works. In this case, the project is usually understood as a
unigue measure, for the implementation of which clearly
defines the time of its beginning and end and the budget
allocated for its implementation. Project management
technology provides high efficiency of complex works
due to their clear organization and high level of interaction
and mutual understanding between all participants in the
implementation of project tasks and representatives of
other stakeholders. However, as in any other joint activity,
in project management it is possible different (at least in
some nuances) understanding of the performers of certain
goals, provisions or features [14]. It is also possible that
they have a different understanding of the feasibility of
using certain methods and technologies to perform project
tasks. And even a small failure or a certain deviation from
pre-agreed conditions can seriously impede the effective
implementation of the project. And such deviations or
failures are quite possible due to insufficient clear
understanding of the essence of their tasks and functions
and their place and role in the overall structure of the
project by at least one of the executors.

In addition, as Alan D. Orr writes, "It is strange
enough, but after the decision to develop a project of
increased complexity, the first steps can be difficult. The
number of people involved in the project is growing
rapidly, and as a result the project is becoming
increasingly difficult” [15, p. 13]. It seems clear that the

more people are involved in joint activities, the greater is
the diversity of understanding of each of them on a
particular issue and the higher the probability of distortion
of information transmitted from one performer to another.

Characteristic features of the use of project
management technology are, first of all, a noticeable
predominance of team methods and a significant
dependence of the end result on the performance of their
tasks and functions by each team member. This
dependence necessitates a deep understanding of not only
the essence, content and purpose of its functions, but also
their place in the overall structure of the work provided by
the project. This understanding makes it possible to
adequately respond to possible deviations and thus ensure
the achievement of expected results in a timely and high-
quality manner without wasting time on situation analysis,
coordination and decision-making.

At the same time, we should also take into account
the fact that today the world science and practice of
project management have developed effective systems of
necessary knowledge and tools for the successful
implementation of fairly complex projects and programs
and continue to develop. This development requires not
only the development and targeted use of innovative
project management technologies, but also the mandatory
consideration of the need for a consistent hermeneutical
approach. On the one hand, it allows you to avoid many
annoying mistakes that can lead to significant material and
moral losses. On the other hand, the purposeful use of the
hermeneutical approach allows us to consciously
determine really appropriate and effective ways and
directions for the development of project management
technology, to deeply understand, consciously, fruitfully
and effectively use their advantages [16].

There is also such an interesting and extremely
important aspect of hermeneutics, which relates to human
life and society. It is related to the need to understand
other people and the conditions for achieving mutual
understanding with them. The very nature of man as a
biological and social being determines the possibility of
its normal existence only if it is to some extent active
participation in joint activities with other people. An
example is the activities of the project team.

The importance of mutual understanding in project
management is clearly illustrated by the well-known
biblical legend of the construction of the Tower of Babel,
which apparently serves as one of the first known
examples of project management. God did not like the
builders' intention to erect this tower to heaven, and He
mixed up their tongues so that they no longer understood
each other. Lack of understanding hindered their
coordinated activities, and they could not realize their
plan.

Finally, the importance of a hermeneutic approach in
the application of project management technology is due
to the desire of each executor to understand not only the
goals of the customer, but also the social significance of
the project, at least when the customer proceeds from the
principle of its provision. It is the employee's deep
understanding of the social significance of the project that
awakens in him a sense of pride for his participation in its
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implementation. And this feeling becomes another factor
in the desire to ensure the proper quality of its work and
production functions provided by the project.

Hermeneutic situations in project management
practice

Project management technology is characterized by
specific situations, usually related to the need for a deep
understanding of the interests and aspirations of the
various parties involved in the project. The analysis of
such situations is often complicated by the fact that their
true aspirations and interests can be hidden, while external
manifestations and demands and wishes expressed by the
parties do not immediately reveal the deep meaning of
these aspirations, interests and expectations.

Alan D. Orr notes in this regard that “the
requirements are the organization's requests for the
project, the implementation of which will satisfy the
parties involved in the project”. He emphasizes that
"unfortunately, the list of requirements for projects of
increased complexity is quite wide, which can
significantly complicate the process of their acquisition
and coordination” [15, p. 66].

Hermeneutic situations, typical for the systematic
application of project management technology, are far
from being limited to the sphere of relationships and
mutual understanding between project participants and
other stakeholders. Even the ability to identify and
understand the overt and covert manifestations of their
goals, aspirations and desires does not exhaust the full
range of hermeneutic situations. After all, they are
characterized by an extremely complex intertwining of not
only ontological, epistemological and hermeneutic
aspects, but also psychological, primarily personal and
even ambitious factors. Conflicts of interest may lead to
the promotion of certain proposals for methods and
technologies, based on the interests of a particular party,
despite their shortcomings and the real advantages of
other options and alternative ways of possible project
tasks.

The need for hermeneutic analysis of complex
situations in the practice of project management arises
from the very first contacts of the customer with a
representative of the contractor or directly with the project
manager. If the parties do not achieve a full understanding
of the objectives and content of the project, in the future
this can lead to serious complications. In particular, it is
extremely important that both parties clearly understand,
firstly, the expected results of the project and the quality
of work that ensures this quality. Second, that the parties
understand the validity of the agreed project budget.
Third, it is also extremely important to understand the
deadlines set by the project and the duration of the work
performed.

However, the parties should understand that the
project implementation process, especially complex, is
almost inevitably faced with various unforeseen
circumstances that require the availability of appropriate
reserve funds in its budget, as well as the ability to
mutually change the project completion date and even the

content of its individual works. Understanding the
inevitability of a difference, often quite significant, of a
coherent project and the results of its practical
implementation is also a typical hermeneutic situation.

In addition, hermeneutic should also be considered
purely production situations related to the understanding
and interpretation of individual performers of their tasks
and functions and their place and role in the overall
system of work provided for in this project. The reasons
for such situations can be both the inertia of thinking of
employees, and the fundamental novelty for them of those
works that have not occurred before and which they have
to perform for the first time. After all, for this they usually
need to master new technologies, new methods, tools and
technologies of project management.

According to S.D. Bushuyev and N.S. Bushuyeva,
the current stage of development of methods and tools of
project management in the world is characterized by a
general formula "from trust to understanding and active
use". The development of modern information systems
and technologies, the results of research in the field of
"soft components of project management" (project
leadership and building effective teams of managers) are
defined as the main areas of research™ [11, p. 4]. We argue
that today, in addition to their traditional functions,
leaders and managers must also help employees
understand the goals, meaning and essence of the tasks
and functions.

But for this, project leaders and managers must have
the appropriate level of professional and social
competence, a high general and professional culture [17].
As we have already written, "although project
management technology is mainly concerned with the
practical aspects of team management, its successful
application requires the manager to know its essence and
content, characteristics and appropriate conditions of use,
appropriate style of communication with people and their
own behavior"” [8, p. 14]. Today we consider it appropriate
to emphasize that in addition to proper knowledge of these
issues, the leader must also deeply understand their nature
and causes.

Indeed, only an understanding of them can help him
successfully resolve those complex situations, including
conflicts and crises, that arise from time to time in the
project team in the process of its implementation of the
relevant work and project management. First of all, the
project manager must have a good understanding of each
of its employees, understand their competence, education
and upbringing.

It's about their personal traits as well as their abilities
and capabilities. He should understand their real attitude
to their tasks and functions, to the team and to the leader
himself. However, he must actively promote the personal
and professional development of his project team
members and understand the ability of each of them to
learn and self-learn. This understanding allows to
rationally organize their training and retraining and to
ensure both their readiness for successful implementation
of fundamentally new projects, and activity in finding
effective innovative solutions in the process of this
implementation [18].
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Paradoxically, a separate group of situations, the
solution of which requires a hermeneutic approach,
consists of those related to innovation and creative
solutions. Objectively aimed at improving the quality and
efficiency of design work, the possibility of reducing the
time of their implementation and saving resources, these
factors and proposals based on them can often cause
distrust, especially on the part of the customer. Therefore,
the manager's deep understanding of the real possibilities
of the proposals coming from the employees provides
proper argumentation when trying to convince the project
customer and representatives of other stakeholders in the
feasibility of acceptance and consistent use of these
proposals.

At the same time, one of the typical hermeneutic
situations in the practice of project management should be
considered the discussion of work plans, ways and means
of their implementation with the involvement of project
team members. If, for example, brainstorming
technologies are used, proposals are put forward at the
first stage and criticism is prohibited. The next steps are to
select the best alternatives, and their authors must have a
deep enough understanding of the nature and benefits of
their proposals to argue for them. At the same time, they
must understand the nature, advantages and disadvantages
of alternatives proposed by other participants to prove the
feasibility of accepting their own version.

It seems that in the future the complexity of projects
will only increase, and therefore the number of situations
that will require a hermeneutic approach to their effective
solution will increase. This circumstance also requires a
certain revision of the goals, content and nature of
professional training of project management specialists in
order to teach them an understanding of the nature,
essence and manifestations of objects and phenomena that
will accompany their future activities.

Hermeneutic aspects of training project
management specialists are an extremely important
element in the formation of their worldviews, logical and
methodological provisions, moral principles and beliefs.
In other words, they make it possible to significantly
increase the level of their professional and social
competence, to ensure comprehensive professional and
personal development. Indeed, the very attempt of this
specialist to get acquainted with the project and its main
goals, objectives and features is an important prerequisite
for their proper understanding. Together with a deep
understanding of the goals, interests and expectations of
the customer, this effort is an important prerequisite for
the successful implementation of project tasks.

In this regard, the educational process of professional
training of these specialists should focus not on the
traditional acquisition of knowledge for the tasks of higher
education, but on a deep understanding of the educational
material. This is all the more relevant as the rate of
increase in scientific and technical information, including
in the field of project management, is constantly
increasing, and its life cycle is constantly shrinking, as
there is a constant improvement of technology and other
products and used for their production technologies. This

fully applies to technology and management. It is
therefore extremely important tasks of the system of
professional training in project management appear,
firstly, to instill in students the desire to deeply understand
the essence, meaning and nature of the project, the process
of analysis and implementation. Secondly, it is very
important to be able to combine theoretical knowledge in
the field of project management and a deep understanding
of this sector with a clear applied focus of their future
professional activity. Thirdly, the educational process of
training specialists in project management must be riddled
with logical and methodological principles for the
effective use of this technology and the formation in them
of the principles of logic activities that provide an
understanding of how to act in conditions of uncertainty
and risk.

In addition, the development of information and
communication technologies creates almost every person
a real opportunity to access endless information resources,
which puts a strain on the brain and memorize certain
information. It is much more valuable to understand both
what the specialist works with and where and how he can
get the necessary information. Thus, it becomes possible
to successfully perform tasks for the development and
implementation of creative abilities and creative potential
of the specialist.

Teaching students to understand something is not
easy. For this purpose, it is necessary to constantly apply
the dialogic mode of communication of the teacher with
each of them and original diagnosing of results of
educational and cognitive activity of each student and its
quality. At the same time, it seems expedient to use
special pedagogical technologies aimed at training
intelligence and deepening the process of understanding
the very essence of project management.

However, the situation is somewhat complicated by
the predominance of the technocratic type of thinking of a
large number of teachers and their lack of proper
psychological and pedagogical, philosophical and logical
and methodological training. In addition, they themselves
studied in the knowledge paradigm of education.
Therefore, they are not always ready to change it to a
paradigm of understanding. As evidenced by our own
experience of many years of teaching in higher education,
including the training of project management
professionals, often the students themselves are not ready
to study in a paradigm of understanding. At the same time,
the proper selection of educational material, techniques
and methods of its presentation, combined with the
opportunity to interest students, can help them overcome
the usual stereotypes and willingly participate in the
process of understanding this material.

However, this task is not as simple as it may seem at
first glance. The fact is that the phenomenon of
understanding is quite complex and even somewhat
mysterious, associated with knowledge, and intuition, and
sudden enlightenment (insight). That is why, acting as one
of the important elements in the system of categories of
pedagogy, the understanding has not received a clear
interpretation and an unambiguous comprehensive
definition. Many researchers mean a specific mental state,
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which is the correct perception or interpretation of a
certain event, phenomenon, fact or object, accepted in a
community. Therefore, it is obvious that in the
process of project management, understanding is
extremely important, because it is associated with many
objects and is always accompanied by a variety of events,
phenomena and facts, including often quite unexpected
and unusual.

An extremely important component of the process of
professional training of project management specialists is
the formation of high socio-psychological competence and
understanding of the essence of teamwork, its features and
benefits. As an integral part.

Used pedagogical technologies

Ways and means of developing people’s understanding
of the leader in the formation of the project team

The organization and implementation of the
educational process of professional training of project
management professionals should be based on the fact that
our knowledge and understanding cannot be complete.
This inevitably leads to wrong actions and decisions.
However, errors should be considered as one of the
effective ways of learning and in-depth understanding of
the objects and phenomena being studied, their properties
and patterns of their existence and evolution. Therefore, in
the process of studying each new topic of the discipline,
students should pay attention to those complex
contradictory points that can lead to wrong decisions. At
the same time, they need to be taught effective ways and
means to avoid and at least eliminate mistakes quickly. It
is appropriate to draw students' attention to the fact that
only a deep understanding not only of what the
customer wants, but also what can actually be done within
available resources and technologies, can ensure
successful project tasks in a timely manner and within the
budget.

For this, in addition to the mentioned technology of
dialogue learning, it is extremely important to pre-model
the process of project implementation. It is possible to
compare different options and analyze the possible
results and consequences of using each of these
alternatives. In the in-depth study of individual
disciplines and in the course and thesis work, it is
advisable to use the theory of fuzzy sets, in particular
methods of ranking and determining the non-dominant
alternative.

The technology of system analysis of specific
situations is no less effective. It is important that students
understand the essence of the situation, that they learn to
pay attention to those factors or circumstances that at first
glance seem insignificant.

It is important to acquaint students with the
techniques of team building, i.e. team building, and with
the methods of recruiting employees, which are quite
useful for understanding the meaning of the concept of
project team and team activities. It should be noted that
these methods and technologies can play a crucial role in
the project implementation, and hence in ensuring the
image of the project team, personal and business authority
of the project manager.

One of the most important and responsible task of
hermeneutics in the General system of the philosophy of
project management is the understanding of the head of
other people. Because of the depth and adequacy of
understanding of the goals and intentions of the
participants of the project, from understanding the
sincerity of their statements depends on the attitude to the
project, and therefore the nature of participation and the
tasks and functions foreseen by the project. The
understanding involved in the project people difficult a
number of circumstances. First, there are different
categories of these people: the customer and its
representatives; members of the project team; employees
of subcontractors; suppliers; representatives of other
interested parties. In varying degrees, the project manager
has to communicate also with the representatives of state
authorities and local self-government.

Secondly, a characteristic feature of many people is
that they do not always express their real goals and
intentions, plans and interests. In addition, it is possible
that people with their statements may deliberately hide
these goals and intentions, especially when they are at
least somewhat different from the goals of the project.
And the understanding of another person is mainly in the
process of communication and with its help. It is no
coincidence that the language is given to a diplomat in
order to hide his thoughts and intentions. But to one
degree or another, we all turn out to be diplomats under
certain circumstances.

Third, there are many people, even quite sincere
ones, who, due to insufficiently developed communicative
ability, find it difficult to express their opinion and reveal
themselves to their interlocutor. Interestingly, often such
people are deep, erudite, make appropriate proposals that
are far from easy to justify. The leader's knowledge of this
feature helps to ensure a proper understanding of both the
person and his proposals.

Understanding other people in general should be an
integral part of a leader. This property is especially
important in the process of forming its project team. At
the same time, he must take into account not only the level
of professional qualification and competence of the
candidate, but also his personal qualities: sociability,
tolerance, responsibility. Extremely important
characteristics are a person's conflict and his willingness
to accept and understand the norms of relationships and
interactions adopted in the team and the willingness to
strictly adhere to them.

The choice of approaches to team building is an
extremely responsible element of the personnel policy of
the leader, because it really depends on the further
success, prestige and authority of the team. Therefore, the
leader must be able to understand people well, their
abilities and purely professional capabilities, their life
values and moral principles, psychological characteristics
and ability to work in a team. It is extremely important to
understand the degree of principle, conflict and
responsibility of potential team members.
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The development of students as potential leaders in
understanding other people should become one of the
defining tasks in the process of mastering the discipline of
behavioral competencies. In particular, practical classes
include not only the demonstration of students'
understanding of the relevant educational material, but
also the analysis of problem situations, the purpose of
which is to further develop their communication skills.
This implies, in particular, the need to teach them to
understand the meaning of other students' statements.

In the future professional activity of project
management specialists, first of all leaders, it is necessary
to face difficult situations caused by violations of the
structure and logic of communication by individual
employees. Attempts to manipulate the leader will not be
ruled out. Insufficient understanding by a certain
employee of the goals and meaning of certain tasks and
functions, their misperception requires from the leader-
leader the ability to develop the ability to persuade such
people.

Therefore, the leader urgently needs to constantly
increase the level of communicative and psychological
competence. He needs to learn to attract people, to master
the principles and techniques of attraction, so that they are
revealed as much as possible. During the interview, he
needs to show his friendliness, positive attitude towards
the interlocutor and interest in him as a specialist and a
person. These qualities should be consistently and
purposefully developed in potential leaders in the
educational process of professional training of project
management specialists.
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general and professional culture. As a result, the
effectiveness of project management technology
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work on the ability to understand people both in the
formation of a team and in the process of joint activities
with them. At the same time, he should be concerned
about raising their understanding of their tasks.
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I'EPMEHEBTHUYHI ACIIEKTH YIIPABJIIHHSA ITPOEKTAMU

IIpeamer crarTi monsrae y BU3HAYCHHI FEPMEHEBTHYHHUX ACMEKTIB B YNPaBJIiHHI MPOEKTHOI KOMaHIO0W. ['€pMEHEBTHYHI aCHEeKTH
YIpPaBIiHHS MPOEKTAMU MAlOTh 30aradyBaTH TEXHOJIOTii YIpaBiliHHS MPOEKTAMM i BOJHOYAC AOMOMAraTH BiIMOBIIHMM (axiBIsMm
B/IOCKOHAITIOBATH BUKOPUCTOBYBAHI METOIH i CHOCOOM MPOEKTHOT AisIbHOCTI. MeToI0 po0OTH € BU3HAYCHHS 3aB/IaHHS [ePMEHEBTHKU
B 3arajbHiil cucreMi ¢inocodil ynpasniHHsS IPOEKTaMH, PO3TIIILY TMTaHb 3 PO3YMIHHS CYTHOCTI, CEHCY CaMOT0 MPOEKTY i XapakTepy
B32€MOBIJIHOCHH MK 3aMOBHHMKOM i BHKOHABISIMHU. 3aBIAHHSIM POOOTH € JIOCHTIIKCHHS T'ePMEHEBTUYHHUX aCIEKTH YIpPaBIiHHSA
MPOEKTaMH, BU3HAYCHHS 3HAYCHHS Ta MICLS B 3arajbHiil CHCTEMi MOBEJIHKOBHX KOMIIETEHIIiif MPOEKTHOTO MEHEDKEpa, IPUBEACHHS
00TpyHTYBaHHS HEOOXIHOCTI TepMEHEBTHYHOTO IMiIX0/Iy B YIIPABIiHHI MPOEKTAMH Ta aHAI3y FePMEHEBTUYHUX CUTYallill B MIPAKTUIIL
YOpaBIiHHS TpoekTamu. MeToaM IOCTIDKEHHS BKIIOYAIOTh MPHHIMIN TePMEHEBTHYHOTO KOJa, SKi € OCHOBOK (dimocodii
TePMEHEBTHKH, BHKOPHUCTaHHS TI€PMEHEBTHYHOIO MiJXOAy HPH 3aCTOCYBAaHHI TEXHOJOTII YNpPAaBIHHS MPOEKTaMH, MiAXOOH 0
(bopMyBaHHSI BHUCOKOI COLIaJIbHO-IICHXOJIOTTYHOI KOMIETEeHII1 # pO3yMiHHSI CYTHOCTI KOMaHIHOI AisSUIbHOCTI, ii ocoOimBocTeil Ta
nepeBar i3 3aCTOCYBaHHSIM iHHOBaLiHUX MEJaroriYyHuX TEXHOJIOTiH. MeToau po3B’si3aHHs TepPMEHEBTHYHUX CUTYaIliil B yIpaBiiHHI
MIPOEKTaMH 3 BUKOPUCTAHHSIM TEXHOJIOTIi CHCTeMHOro aHami3y. PesyabraTu. Ha cygacHoMy erari CycCITiIbHOTO PO3BHUTKY Ba)JIMBOTO
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3HaueHHs HaOyBae po3pobKa i po3BUTOK (inocodii yrpaBIiHHS MPOEKTAMH B3araii Ta 1l repMEHEBTHYHUX aclekTiB. ToMy B cHcTeMi
TIOBE/IIHKOBUX KOMIIETEHIIIH KepiBHUKa-JIiiepa ICTOTHY pOJb ITOBHHHE BiAIrpaBaTH INIMOOKE PO3YMIHHS HHM SK CaMOi TEXHOJOTii
YIpaBITiHHS IPOEKTAMH, TaK 1 THX JIOJed, 3 SKUMH HOMy JOBOIHUTHCS criBnpamioBatd. OcoONMBY poJIb Bifirpae IOCTaHOBKA
BUKJIQIAaHHS HaBYAJIBHOTO KYPCY 3 TIOBEIIHKOBUX KOMIIETEHIIIH, B IEPILy Yepry JiTka IIPAaKTHYHA CIPSIMOBAHICTh IPOBEICHHS JICKIil
1 pO3yMiHHS MipH NPHHIWIOBOCTI, KOHQIIKTHOCTI Ta BiJITOBIJATGHOCTI MOTEHIIHHMX WiIeHIB KoMaHIu. BucHoBku. ITommpenHs
TEXHOJIOT1] yHpaBIliHHA NMPOEKTaMH 1 MOCTiliHE yCKIagHEHHs 3MICTy W XapakTepy NMPOEKTHUX 3aBIaHb BHCYBAalOTh HOBI, MiJBUILCHI
BHUMOTH JI0 KOCTI iX BUKOHaHHSA. A IIe, y CBOIO Uepry, BUMarae rian00KOro po3yMiHHS BUKOHABIISIMHU SIK CYTHOCTI CBOIX BUPOOHHUYHX
¢GyHKUIH 1 3aBIaHb, TaK 1 BUMOT 1 O4YiKyBaHb 3aMOBHHKA. CHCTEMHE 3aCTOCYBaHHsS T€PMEHEBTUYHOTIO MiAXOAY AACTh MOXKJIUBICTDH
KEpIBHUKY K CIPaBXHBOMY JiJepy PO3YMITH JIOJeH K Ipu POpMyBaHHI KOMAaHAHM, TaK 1 B IPOIIECi YIPaBIiHHI KOMaHAOIO.

KnrouoBi cioBa: ynpaBimiHHSA NPOEKTaMH; acHEeKTH; PO3YMIHHS; FepPMEHEBTHKA; IPOEKTHA KOMaHAa; (JOPMYyBaHHS KOMaHIH;
KOMaH/IHA JisSIbHICTE.

I'EPMEHEBTUYECKHUE ACIHHEKTBI YIIPABJIEHUS ITPOEKTAMU

IIpeameT cTaTbu COCTOUT B ONPENENECHUH T€PMEHEBTHUECKUX acIEKTOB B YNPABICHUH NMPOEKTHOH KomaHmol. I'epMeHeBTHUECKHE
aCTeKThl YIPABICHUS] MPOEKTaMH MOIDKHBI 00Oramarh TEXHOJOTMM YINPaBIEHUS IPOEKTaMH M OJHOBPEMEHHO IOMOTaTh
COOTBETCTBYIOIIMM CIEIHAINCTAaM YJIydIlaTh INPHMEHSEMBIE METOIbl M CHOCOOBI TpOoeKTHOH naesTensHocTH. Lleabro paboTsl
SIBISIETCSL ONpeJeIeHHe 3ajad TepMEHEBTHKH B o0miel cucteMe (GMIOCO(GHHU YIIPaBICHUS IPOSKTaMH, PAacCMOTPEHHsS BOIPOCOB
MIOHUMAHUS CYIHOCTH, CMbICJIa CAMOT'0 IIPOEKTa M XapaKTepa B3aUMOOTHOLIEHUH MEXIy 3aKa3dMKOM U HCIOJIHUTEIIMU. 3aaadei
paboTHI SBISIETCS UCCIIENO0BaHHE T'ePMEHEBTUUSCKUX acCleKTOB YIPaBICHHS MPOEKTAaMH, OIpeaeeHHe 3HaYCHUsS W MecTa B OOIIe
CHCTEME IOBEICHYECKHX KOMIIETEHINI MPOEKTHOTO MEHeKepa, MPOBEeIeHUs] 000CHOBAHUA HEOOXOJMMOCTH Te€pPMEHEBTHYECKOTO
MOAXOAa B YNPaBICHUH NPOCKTAaMH M aHAIN3a TEePMEHEBTHUYECKHX CHTyallWii B IPaKTHUKE YMpaBIeHHS MpoeKkTaMu. MeToabl
HCCIIEAOBAaHNs BKJIIOYAIOT IMPHHIMIBI T'ePMEHEBTHYECKOTO Kpyra, KOTOpBIC SBISIOTCS OCHOBOH (DMIOCOGHHM TepMEHEBTHKH,
MIPUMEHEHHE TePMEHEBTUUECKOr0 MOAX0Aa IPH UCIOIb30BAHMN TEXHOJIOTHH YNPABICHUS IPOEKTaMHU, MOAXOABI K (hOPMUPOBAHUIO
BBICOKOH COIHATBbHO-TICHXOJIOTHIECKON KOMIETCHIINM W IMOHMMAaHUS CYIIHOCTM KOMAaHJHOW IEATEIBHOCTH, €¢ OCOOEHHOCTEeH u
MIPEUMYIIECTB C IPUMEHCHUEM HHHOBAIMOHHBIX MEJaroruuyeckux TeXHoIoruil. MeToasl pelieHus repMEHEBTUUECKUX CUTyaluil B
YOPaBICHUU IPOCKTAMU C HCIOJIb30BAaHHMEM TEXHOJIOTMM CHCTEMHOro asanu3a. PesyasTaThl. Ha coBpeMeHHoOM JTame
0O0IIECTBEHHOTO Pa3BUTHS BA)KHOE 3HAYEHHE NIPpHOOpeTaeT pa3paboTka 1 pa3BUTHE HHIOCOPHN YIPABICHUS IIPOSKTaMH B OOIIEM U B
ee TepMEHEBTHUYECKUX acmekrax. IIoaToMy B cucTeMe IOBEIEHUCCKHX KOMIIETCHLUH pyKOBOAMTENSI-IUJEpa CYILECTBEHHYIO pOJIb
JOJDKHO HWIparh TiIyOOKOEe IMOHMMAaHME WM TEXHOJOTUH YIPAaBICHHS IPOEKTAMH M JIIOAEH, C KOTOPBHIMH €My HPHXOAUTCS
cotpyaandaTts. OcoOyio posib UTPaeT MOCTAHOBKA MpENojJaBaHHs y4eOHOTO Kypca MO MOBEICHYECKHM KOMIICTEHLHSIM, B IIEPBYIO
ouepepb UeTKas MpPaKTHUECKas HANPaBICHHOCTh NMPOBENEHMS JIEKIUH M MOHHUMAaHHWE Mepbl KOH(IMKTHOCTH M OTBETCTBEHHOCTU
MOTEHIMAIBHBIX YIEHOB KOMaHIbl. BbIBOABI. PacmpocTpaHeHne TEXHOIOTHH YHPABICHHS NPOEKTAMU M MOCTOSHHOE yCIOKHEHHE
COJIep)KaHHUs M XapakTepa NMPOEKTHBIX 33/1a4 BBIIBUTAIOT HOBBIC, IOBBIIICHHbIE TPeOOBaHMs K KayeCTBY MX BBINOJNHEHHI. B cBoio
ouepe/ib, 3TO TpeOyeT IIyOOKOro MOHMMAaHUs MCIIOJHUTEISIMH KaK CYIIHOCTH CBOMX IPOM3BOJCTBEHHBIX (YyHKIHMH ¥ 3a7ad, Tak W
TpeboBaHMH W OXHAaHWN 3aka3unka. CHUCTEMHOE NPHMEHEHHE TePMEHEBTHUYECKOIO MOAXOAa IO3BOJUT PYKOBOJUTENIO Kak
HACTOSILEMY JIU/Iepy TIOHUMATh JIIoAei pH (GOPMUPOBAHUY KOMAHIbI U B IIPOIECCE YIPaBICHHS KOMaHIOM.

KnaioueBble cioBa: ympapieHHE IPOSKTAMH; acHeKTHl; ITOHMMAHHEe; TepPMEHEBTHKA; IMPOEKTHas KOMaHIa; (OPMHPOBAHHUE
KOMaH/[bl; KOMaH/HasI JIeITEIBHOCTD.
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G. ZHOLTKEVYCH

METRICS FOR EVALUATING CONSISTENCY IN DISTRIBUTED DATASTORES

The subject of the paper is metrics for evaluating consistency of distributed datastore as one of main CAP-guarantees, more precisely,
criteria for reliable distributed datastore. The goal of the research is investigation of the ability to develop such a program on the
earlier stage of building distributed network and build some components of decision-making algorithm, which purpose is to build
optimal network topology. This decision-making algorithm should be suitable for any business model and its requirements. To be
more detailed, for that purpose the following tasks had been done: mathematical model for stochastic metric for consistency in
distributed datastore is built; the conditions of consistency convergence time are investigated in initial perfect datastore environment.
Methods used are: theory of number partitions, basics from graph theory and probability theory, computer modeling and program for
running sets of experiments. As a result, it is established that in the conditions of data loss absence the consistency convergence after
first write request is equal or less than diameter of graph that represents topology of distributed network. Such convergence has the
same unit of measure as the link cost of each link in the network; the stochastic model is proposed for metric to evaluate consistency.
Making a final conclusion, this will give the opportunity to investigate or monitor the current state of the system in the given time
interval. This research is the base to form some elements of decision-making algorithm for building topology in a distributed network
and the elements of the algorithm for monitoring such a system. Also, based on trends of requests frequency of data modification and
reading, the strategy of nodes allocation in the topology is suggested, which can improve the response time and speed of convergence
of the distributed storage to the fully consistent or close to that state. The practical role of the components of the decision-making
algorithm is that the network architect could apply the algorithm at the stage of building the network for a distributed database, so that
CAP characteristics will be optimized in the context of specific business needs. The mathematical model for the stochastic metric of
distributed storage consistency can be applied both at the system design stage, for testing the satisfactory level of consistency, and at

the system operation stage, as a component of the network monitoring system.
Keywords: distributed datastore; response time; CAP-theorem; stochastic consistency metric; methods of building distributed

network.

Introduction

In the epoch of popular usage of IoT, Big Data,
Cloud Computing, the data become more and more
important thing and require larger, more reliable storage
[1]. This leads to increasing size of distributed storages.
They become bigger and require the huge network across
all the distributed nodes. But there are several unsolved
problems using large distributed datastores and some of
them tied to the CAP-theorem.

Given that the ACID strategy cannot be supported
for systems of this class, mechanisms for delivering data
across distributed storage still lack fast eventual
consistency convergence, reliability and tolerance to
network partitions (basic factors of the reliable datastore
that are defined in [2]).

In this paper we concentrate on efficient and widely
used consistency model - BASE (Basically Available, Soft
State, Eventual Consistency), specifically, on eventual
consistency as one of the component of this model.

Problem statement

For that we propose stochastic metric for eventual
consistency / inconsistency instead of binary one.

Also, we would like to know if it is possible to find
the optimal interval between writable operations occurring
on distributed systems so that system can eventually be
consistent in that interval. To achieve that, we develop
consistency model defined in the previous paper (analyzed
and referenced in the next section) and extend by the
formula of inconsistency metric for a distributed datastore.
Then we approximate the time that is needed for
consistency convergence — state of the distributed system
when all nodes have consistent replicas. Afterwards, we
conduct experiments that prove the correctness of metric
defined in previous section. Finally, we provide diagrams
of the implemented application that we use for carrying
out experiments and make some assumptions for decision-
making algorithm for building optimal network topology
for a distributed datastore that is the goal of the current
research.

Analysis of related research

Supporting replicas of an evolving distributed system
up-to-date in the conditions of BASE is important, but
hard problem. Thus, we need to provide a set of indicators
of main characteristics of the distributed data store to
assess the risk of a wrong decision because of the data
inconsistency or unavailability.

In this work, we focus our study on the problem of
metrics investigation for evaluating data consistency in a
distributed data store. We want to demonstrate the useful
concept of defining the consistency metric as stochastic
value and abilities that it gives so far.

During the latest decade the problem of scaling
distributed systems and their effectiveness is investigated
quite deeply. The evaluation of scaling such systems and
its reasonability is presented in [1]. But needs for storing
more data are growing fast and new research works are
needed.

In [3] mainly used models for such systems and its
comparative characteristics was considered (ACID and
BASE). But here appears some problem. Historically,
before final proof of CAP-theorem Eric Brewer had been
investigating the opportunity of strong consistent, highly
available and partition-tolerant distributed datastore and
made a CAP-hypothesis [4]. The formal proof of the

© G. Zholtkevych, 2020
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theorem had been presented
clarifications appeared in 2012 [6].
This theorem became one of important blockers on
the step of distributed datastores enhancement and the
theorem and BASE and ACID models has been deeply
investigated during 15 years [3]. Since lots of systems
have chosen BASE model, sacrificing strong consistency
and durability, eventual consistency was deeply analyzed
in [7]. The problem of that it is impossible to fulfill
consistency, partition tolerance and availability, is also
investigated in [8]. There it is considered if there is an
ability to reach a trade-off between AP (availability,
partition tolerance), CP (consistency, partition tolerance)
and CA. This work is mainly devoted to the analysis of
theorem, but it does not declare the formal model for
methods overcoming the problem. Microsoft came closer
and had developed algorithms for maintaining strong
consistency in [9]. But the problem is investigated in the
conditions of about 15 nodes in a system and scaling in
this paper seems to be for the future work. Also, in [10]
the problem of replicas conflicts is investigated in
conditions of parallel write requests to many nodes.
Methods of evaluating of consistency metrics have been
defined in [14] and the methods of improvement of
consistency state value have been proposed in [15].

in 2002 [5], some

Materials and methods

In the previous paper [11] we considered the metrics
for all three elements of CAP-theorem. Now our paper is
mainly devoted to consistency question and how fast it
can converge. From that paper we are taking the
developed mathematical model and expand it with
elements, needed for the current research. We specify this
model as

(N,L,0,D,r,N,,I(Ny).n.), (1)

where N — finite set of nodes in a datastore; L — finite set

of links in a datastore; 8:L — 2N — mapping where each
link is associated with two adjacent nodes; D — finite set

of stored data units; r:D—>2N - mapping that
associates each of data unit to a set of nodes that store the
replica of this data unit; Ny — finite set of nodes that store

the given data unit d; I(Ng) — the number of nodes that
store data unit d; n, — the number of nodes in a subset
Ng , where all the nodes have the same version of replica.

So, we expanded the model now with three last
assumptions above.

Our mathematical model for inconsistency | will be
able to define the inconsistency state of distributed
datastore (see (1)), and afterwards will focus on time
which distributed datastore require to become fully
consistent. Further we call it consistency convergence
time.

For this metric we created the probabilistic event
taking two random nodes from the set N, they can be

consistent with some probability. Carrying out this event

many times, we can obtain the average probability of that
two nodes will be consistent.
Thus, we have the following sample space:

0={0,0,1,0,1,0,1,1,0,1,1,...}, )

where 0 denotes the event when two nodes are consistent
and 1, on the contrary, when two nodes are inconsistent.
Also let's claim that p is the probability that two nodes
are consistent, and q=1-p - the probability that two
nodes are inconsistent. So, we introduce the stochastic
metrics for inconsistency/consistency instead of binary
ones. Carrying out experiments, we will "freeze" the
simulated distributed datastore and time of that "freezing"
we call time t. Thus, we will be able to investigate the
current state of the system. Let's denote | as a value
calculated by probabilistic formula. We are thinking that
having this formula will help us to eventually fully specify
the mathematical model for consistency, so let it be one of
mathematical model components. So, the probability of
that two nodes taken at random are from consistent subset
is

— N . n -1 — nc*(nc_l)
I(Ng) I(Ng)=-1 I(Ng)*(I(Ng) =D’

where n; is length of consistent subset in the system at

time t.
Obviously, inconsistency probability then is

n. *(n. —1)
I(Ng)*(I(Ng)-1)
Taking into account that minimum number of

consistent nodes will be equal to 1, and the maximum
number of consistent nodes is equal to I(Ny), we have
following consequences:

Two nodes are inconsistent if p;; =1.

Two nodes are consistent if p;, =0.

We developed the inconsistency formula for two
nodes. Let's now extend it to more general one. We still
suppose that a data unit is represented by replicas on Ny
servers. Let's denote it as temporary N .

Let we have K classes of mutually consistent
replicas. Then we denote by N, a number of replicas in

Pc @)

p=1-p=1- *)

k™ consistency class (1<k <K). It is evident that
Ny >0 for all k=1,...,K and N =N;+...+N,. Such

representations N =N;+...+ Ny are called integer
partitions. Thus, in this case any integer partition

describes some inconsistency state. We take integer
partitions well-known example from [12] book.
Example. All integer partitions for 5 (5) are
5 4+1
3+1+1 2+2+1
1+1+1+1+1

3+2
2+1+1+1
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into  account  this  consideration
inconsistency metric  for a data
term of the corresponding integer
partition. Let’s suppose that the studied data
unit d is  represented by N replicas,
which are being described by the integer partition
N=N;,...,Mg.

Then the inconsistency metric 1(d) is defined by the

formula

Taking
we define
unit in the

1(d)=1- g':l((;k D ®)

Let’s look at one more example:

Example. Let us suppose that a data unit U are
being stored on five servers. Then the corresponding
inconsistency states (see Example (5)) have the following

values of the inconsistency metric (6)
1(5)=0
2 3
1(4+) == 1(3+2)=—
(4+1) c 3+2) c

7
1(3+1+1)=— 12+2+1)=—
( ) 10 ( )

9 I1+1+1+1+1) =1
|(2+1+1+1):E

The meaning of 1(d) is the value of probability to

establish the fact of inconsistency by the way of
comparison two randomly chosen replicas.

Example (7) demonstrates that the proposed
metric is equal to 0 for the absolutely consistent
data unit (the case with 5 partitions) and is
equal to 1 for the absolutely inconsistent
data wunit (the case 1+1+1+1+1 partitions) in the
subset Ny .

Now we are interested to calculate the time that can

be taken for consistency convergence. We want to prove
the following:

Proposition. Let we have a distributed datastore
where all links are available and reliable (network
partitions do not happen in a datastore and nodes are
stable and respond in approximately equal time); the
interval between writing operations is t, . If and only if

such input conditions are met, then t, is less than the

diameter of network graph ensures eventual consistency of
the datastore.  (7)

Proof. Let us denote as T, time for consistency

convergence (time that is needed for the whole
system to become consistent). Let we have

the trivial network where all links have link
cost 1. Thus, as the input we have the connected graph G
with set of nodes N and set of edges E . Let us assume
now that weight of each edge eeE satisfies
the equality

w(e) =1. (8)

Let us take the nodes n; and n, that are at the
largest distance each from other. So we can count that the
time of delivering replica between n, and n, is the
shortest path from n; to n,. Extrapolating this to all the

system and taking into account that in the distributed
datastore nodes are broadcasting each to other in parallel,
we obtain the upper boundary of T, is the maximum of
shortest paths in the worst case. It is well-known that such
maximum is diameter of the graph satisfies the
definition of graph diameter. (see [13]). So, then we can
conclude:

T, = diameter (G) 9

Let us complicate the system introducing the
different link cost for links in distributed datastore that
means that now our graph G is weighted and w(e) e N

forall ecE.
Thus, the diameter is the path P =[e,....e,] where ¢
has own weight and

(10)

where w; is the weight of edge e; of the path P. T, is

the number of time slots that a datastore requires to
become fully consistent. This means that after T, time

points, all replicas become consistent. This also means
that a datastore is again available to accept writing
requests, so that datastore will be able to store all the
replicas passed before, and no accidental updating happen
in the meantime.

Case Study

The study in the previous section had
been checked by the following experimentation: we
implemented a code that allows to test the
accuracy of the inconsistency metric. Probability intervals
for different partitions are demonstrating that
the formula is correct — values obtained are around values
obtained  theoretically. To be more intuitive
we took the same number of nodes and same
partitions. It is obviously that we do not have exact
matching, because the experiment is based on number of
iterations where two nodes are taken from a given set of
nodes randomly, but all we need is that value should vary
slightly around theoretical value. Look in the figures
below:
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Fig. 1. Datastore is fully inconsistent and datastore is fully consistent

1(d)

Firstly, it can be seen that for one consistent partition
is equal to 0 and when the system is fully

inconsistent 1(d) is equal to 1 (see in fig. 1).

and

10

Let us compare now the situation when we have two
consistent partitions: the set which contains 2 and 3 nodes
that consistent in the own subset, and the set with 4 and 1-
length consistent subsets (see results in fig. 2).

1.0
o8 = 0.8
;;()‘2 %;0.2*
0.0 T T T T T T T T T 0.0 T
o 25 50 75 100 125 150 175 200 0 25 50 75 100 125 150 175 200
Fig. 2. The datastore has two consistent partitions: (1,4) and (2,3)
Then we can easily see that: and
|(3,2):1_£_£:§, (11) |(2,2,1):1_ﬂ_ﬂ_ﬂ:f. (14)
54 5.4 5 54 5.4 5.4 5
And the final one:
4.3 1.0 2
14)=1-——-—=—. (12) 21 1.0 9
. . 12,,1,)=1-—-3-=—=—. 15
54 54 5 @11 =1-c= =371 (15)

Following this procedure for three consistent

partitions (presented in fig. 3) in Ny :

GLy_1 32 10 10 7
5-4 54 5.4 10

| ek oo

10

b
w

0.6989999999999996
o
=)

o
i
L

10(1, 1, 3

©
]
N

0.0

[} 25 50 75 100 125 150 175 200

See results in fig. 4.
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o
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0.0

Fig. 3. The datastore has three consistent partitions: (1,1,3) and (1,2,2)
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So, we had easily shown on a simple subset, that our
inconsistency metric value corresponds to theoretical one.
Now we present the graphic that demonstrates the verity
of that claim about that consistency convergence time T,

for graph G will be no greater than diameter of G .

WAA PRV A AN, e

1.0

<
Y

0.61

0.9015250000000001

0.44

0.24

(1, 1,1 2N

0.0

I'_‘} 2|5 SID 7"5 160 155 150 11"5 260
Fig. 4. The datastore has four consistent partitions (1,1,1,4)

To be more intuitive, we carried out the set of
experiments on our simulation model: having simulated

distributed datastore, we easily could run the imitation of
one message broadcasting through the datastore and

calculate the number of time slots it is taking in the real
time. We have done it for graph with each edge of link
cost of 1. Below there are graphics for 100, 200, 1000
experiments respectively (see in fig. 5). We draw graphics
in the following manner: obtain the diameter of graph G
(ordinates) and calculated by the simulation T, (axis). We

can easily see that either we have the line demonstrating
that T, =D(G), or points that are showing that
T. <D(G).

So, now the case of an unweighted graph is
considered. But the general situation requires to consider
weighted one. In this case, weight of an edge means the
average time for delivering a message via the
corresponding link.

However, algorithms to simulate this case are more
complex. Therefore, this general case will be considered
in the future, expanding experiments for random regular
graph. Now we are able to present some results for
random regular graph, that substantiate our proposition
(1.8) in the general case (see in fig. 6). We can observe
that all points have a location in the graphics such that T,

is less or equal to D(G) for weighted random regular
graph.
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Fig. 5. Graphics for consistency convergence time on non-weighted graph
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Fig. 6. Graphics for consistency convergence time on weighted graph

Simulation Model to Estimate Inconsistency Ratio of
Data. To carry out experiments, we needed to implement
the simulation model that will do experiment and calculate
all needed values. This model is implemented as a
computer program in Python language and available our
project page. We assume that it would be useful to present
the short class diagram for the simulation model (see fig. 7
below).

Also, we would like to present the state machine
diagram for the algorithm that was implemented to carry

DDSs

Base class for all
simulations

out experiments of consistency convergence estimation on
a distributed datastore (see fig. 8).

For experiment simulation we had chosen random
regular graph. During simulation we could see that for
degree great than 2, calculating the time-slots taken for
consistency convergence for one iteration, we can take a
minimum between paths to neighbors and it will be the
correct choice.

Because for regular graph if the path to another
neighbor is greater, there will be another path with lesser
link cost that will take less time to converge.

Y| initialize common instances
for experiments

ConsistentPartitions

DDSMessaging

- runs experiment for partitions
for a given datastore
- does necessary calculations

- simulates a datastore
- controls messages broadcasting
- does necessary calculations

Visualisation
- animate_graph
- draw_graph
- draw_graphics

o _calls
draw_graphics 7

<&~~~ ~ ariimate_graph.
draw_graph and

1

Icall to control
:a-:.tions on graph
jto visualize

GraphControlling

call

draw_graphics

Fig. 7. Class diagram for simulation model of a distributed datastore
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message incoming

W

current node = random node;
TS = 0; processed =[]

W

{add random node to prucessed]
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length of processed <
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cumrent node

¥
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source node and neighbors)

[ add neighbors to processed 1

o

W

new neighbors = neigbors of \I
for each of current neighbors J

J total number of nodes

length of processed ®
reached total number of nodes Y

Fig. 8. State machine of simulation of message broadcasting through a datastore

Based on the research of current paper we can make
following recommendations for those who build the
network topology of the distributed datastore:

- in the case of your datastore is a system with a
domination of read operations, it must be sufficient to
choose such network topology where frequency of write
operations will be no greater than diameter of the graph
representing network topology of a distributed datastore;

- if frequency of write operations is greater than the
diameter of the graph, it may be useful to evaluate current
inconsistency state of the graph;

- if inconsistency state is close to 0 enough for
current requirements, it means that there are inconsistent
nodes that are far enough to not conflict with new replicas.
Thus, developer or administrator of a datastore can choose
as source available for writing that node that is in
consistent list and far enough for inconsistent ones. But
for that developer needs to provide such an algorithm for a
datastore so that he will be able to obtain the current list of
consistent nodes;

- if still more strict consistency needs to be satisfied
and inconsistency state is close enough to 0, a developer
or administrator of a datastore can choose as source node
for writing the node closest to the source node where
previous write operation occurred,;

-if replica’s history is not important for
requirements, it may be possible to solve the problem
fixing conflicts. This problem has been investigated in the
paper [10].

Also, we would like to notice that the ways of
improving routing on some types of networks has already
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METPHUKH AJI51 OBUMCJIEHHS Y3TrOJKEHOCTI Y PO3INOALIEHUX
CXOBHIIAX JAHAX

ITpeaMeTOM IOCTIKSHHS CTaTTi € METPUKU IJIsi OOYMCIICHHS CTaHy Y3TO/DKEHOCTI Y PO3MOALICHOMY CXOBHILI JaHUX SIK OJHOT 3
HAWBAKITMBIIINX KPUTEPIiB HAIIHHOTO PO3MOMIIEHOrO CXOBHIINA AaHUX. MeT0 pPOOOTH € MOCHTIHKEHHS MOKIHUBOCTI PO3POOIICHHS
nporpamu, sika Oy/ie IpaIoBaTH Ha paHHIX eTarnax MpoeKTyBaHHs PO3MOALICHOI Mepexki Ta HoOyAyBaTH KOMIIOHEHTH IS aJlTOPHTMY
NPUHAHATTS pillieHb, METOI0 SIKOTO € MOOYIyBaHHS ONTHMAIBHOI TOMOJOTII Mepexi. Takuil aIropuTM Mae 3aJ0BOJIBHATH OYyab-SKY
Oi3Hec-Mozenb Ta ii motpebu. s mporo HacTymHi 3agadi Oyiu BHpIiNIeHi: MOOyIOBaHA MaTeMaTUYHA MOJENb IS CTOXACTHYHOL
METPHUKH OIIHIOBAaHHS CTaHY y3TO/DKEHOCTi, COPMOBaHi YMOBH IS 301KHOCTI Yacy y3rOKEHOCTI B TIOYaTKOBUX YMOBAX 1/1€alTbHOTO
CepeIOBHIIa PO3IO/IICHOr0 CXOBHIA. BUKOPHUCTaHI METOAM: TEOpis YMCIOBHUX PO3JiJieHb, 0a30Bi MOHATTI Ta (GopMmynu 3 Teopil
rpadiB Ta Teopil HMOBIPHOCTI, KOMII'IOTEPHE MOJCIIOBAHHS Ta IMporpamMa s IPOBEJCHHS EKCIepUMEHTIB. Sk pe3yibTar,
BCTaHOBJICHO, 1110 B YMOBaX CepeJoBHILa 0e3 BTpaT AaHUX 3HAUCHHs 30DKHOCTI CTaHy y3rOJDKEHOCTI MiCHs MEpIIOro 3aluTy Ha 3aIic
MeHIIe abo JopiBHIOE niamerpy rpady, mo BimoOpaxae Ttomosorito Mepexi. Take 3HaueHHs Mae Taky K caMy OJMHHIIIO
puMiproBaHHs, o i "link cost" kokHOTO 3B’s13Ky B Mepexi. Takoxk, MPOMOHOBAaHA CTOXAaCTHYHA MOJENb JJISI METPUKH OI[IHFOBaHHS
cTaHy y3rojpkeHocTi. Lle 1acTh MOXKIINBICTE MOHITOPHHTY IMOTOYHOTO CTaHy Y3TrO/PKEHOCTI CHCTEMH Y 33/laHOMy YaCOBOMY iHTepBaJli.
Le mocmimkeHHs € 6a30t0 A (GOPMYBaHHS €EMEHTIB alTOPUTMY NPUHHSATTS PIlICHb JUIS MOOYIOBH TOIOJOTII B PO3MOALICHIH
Mepexi Ta eJEMEHTIB alrOpUTMY MOHITOPHHIY cHCTeMH. TakoK, Ha OCHOBI YacTOTH 3allMTiB Ha 3allUC Ta YHTAHHS [aHHX,
NPOTMOHOBAHA CTPATETisl PO3TAIlyBaHHs BY3JIB y MEpexi, II0 MOXKE 3MEHIINTH 4Yac Ha BiJMOBiJb CHCTEMH, MOPIBHIHO, SIKIIO HE
BHKOPUCTOBYBAaTH L0 CTpaTerio. PoOJsYM BHCHOBOK, NMPAaKTHYHA POJIb KOMIIOHEHTIB alrOPUTMY MPUHHATTS pillleHb — J0MOMOra
apXiTEeKTOpY BEJIHMKOI PO3MOALICHOT MEpeXi CXOBHINA Ha eTami NMpoeKTyBaHHs, i sk pe3yibrat, CAP-xapakrepucTuku OyIyTh
3a/I0BUIBHCHI ONTHMAJBHO 11 KOHKPETHHX Oi3Hec-moTped. MaTemMaTHdHa MOJENb Ul CTOXAaCTHYHOI METPUKM OLiHIOBaHHS
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Y3TOKEHOCTI PO3MOALTICHOTO CXOBHUINA MOKe OyTH 3aCTOCOBAHA SK 1 Ha eTali IPOCKTYBaHHS CUCTEMH, U1 TECTYBaHHS 3310BUILHOTO
PIBHS Y3rOo/UKEHOCTI, TaK i Ha eTali onepamiifHol MiATPIMKI CHCTEMH Y SKOCTI KOMIOHEHTa MOHITOPHHTY.

KmiouoBi ciaoBa: posnoxineHi cxoBumia; 4ac Ha BigmoBigs; CAP-Teopema; croxacTMUHa METpPHKa Y3TOMKEHOCTi; METOIU
o0y {yBaHHS PO3MOALICHOT MEpexKi.

METPUKH JIJI1 BRIYACJIIEHUA COTJIACOBAHHOCTH B PACIIPEJEJIEHHBIX

IIpeamerom uccienoBaHUs SBISIOTCA METPUKU U BBIYUCICHHSA COCTOSIHUS COIVIACOBAHHOCTU B PACHPEACICHHOM XpaHWIMIIE
JAHHBIX KaK OJHM M3 BAXHEHIIMX KPUTEPUEB HAAEKHOIO pachpeieneHHoro xpaHuiuima. ILleqb paboThl — HCCIETOBAHHA

BO3MOXKHOCTH Pa3pabOTKH MpOrpaMMbl, KOTopas OyneT paboTaTh Ha PaHHMX 3Talax HPOSKTHPOBAHHUS PACIPE/CTICHHON CeTH U
MOCTPOUTH KOMIIOHEHTBI JUISl alTOPUTMA NIPUHATHS PEIICHHS, KOTOPbI CTPOUT ONTHMAIIBHYIO TONOJIOTH0. TaKo# alrOpuT™ OIKEH
YAOBIETBOPATH TpeOOBaHMs JIt000i Om3Hec-monmenu. sl 3TOTo ClieAyromue 3aJa4yM ObUIM PELIeHBI: MOCTPOCHA MaTeMaTHYeCKast
MOJIEb JUISl CTOXACTHYECKOH METPUKH OIEHKH COCTOSHHMS COTJIACOBAaHHOCTH, C(HOPMHUPOBAHBI YCIOBHS JUII BPEMEHH CXOJIUMOCTH
COTJIACOBAHHOCTH B HAYaJbHBIX YCIOBHSAX HICATEHOTO OKPYXKEHHsS paclpelelIeHHOTO XpaHWIHNIIA. VICIoib30BaHbI ClieyIoIue
METOABI. TEOPHS YHCIIOBBIX Pa3JieNeHni, 6a30BbIe MOHATUS TEOPHUH rPpa)OB M TEOPUH BEPOSITHOCTH, KOMIBIOTEPHOE MOAEIUPOBAHNE
U KOMIIBIOTEpHasi IporpaMma JUisl NMPOBEAEHHs SKCIEPHMEHTOB. Kak pe3y/bTaT yCTaHOBICHO, YTO B YCIOBHSX OKpY)XEHHS Oe3
[OTEPh AHHBIX 3HAYCHUS BPEMEHU CXOJMMOCTH COCTOSHHUS COIVIACOBAHHOCTH IIOCJIE NEPBOTO 3alpoca Ha 3allUCh MEHBIIE HIH
paBHsIETCsI quaMeTpy rpada, KOTOphIi 0TOOpaKaeT TOMOJOTHIO ceTh. Takoe 3HaUueHHE UMEET Ty JKe eUHHIYY u3Mepenus, 4to u "link
cost" kaxmoit cBs3u B ceTu. Taroke, MPEeIOKEHA CTOXaCTHYECKash MOAEIb Ul METPUKH OLICHUBAHMS COCTOSIHUSI COTJIACOBAHHOCTH,
YTO JIaCT BO3MO)KHOCTh MOHHUTOPHHTIA TEKYLIEr0 COCTOSIHHUS COTJIACOBAHHOCTHU B 33JJaHHOM 4aCOBOM MPOMEXYTKE. DTO HCCIIEI0OBaHUE
sIBIIsIeTCsl 0a30H Il (POPMHUPOBAHHS DJIEMEHTOB aJTOPUTMA NPHHSTHS PEIICHU IS TOCTPOCHNUS TOTIOJIOTHH PACIIPEICIICHHON CeTH U
9JIEMEHTOB aJITrOPUTMa MOHHMTOPHHIA CHUCTEMBL. Takke, Ha OCHOBE YacTOTHI 3allPOCOB Ha 3aIliCh W YTEHHE JAHHBIX, NPEIJIOKEHa
CTpaTerust PacrojOKeHUsI y3JI0B B CETH, YTO MOXKET COKPAaTHTh BpeMs Ha OTBET OT CHCTEMBI IIOJb30BATENI0, B CPaBHEHHU C
CHUTYyaIMell HeHCIIOJIb30BaHUs 3TOH cTpaTeruu. /lenast BBIBOABI, IIPAKTHYECKas POJIb KOMIIOHEHTOB alTOpUTMa NPUHATHS PEIIeHHi —
TIOMOIIb apXUTEKTOPY OOJNBINON CeTH pacrpeneneHHOW 0a3bl TaHHBIX Ha JTale MPOCKTHpOBaHWS, B ciexctBun dero CAP-
XapaKTepUCTUKH OyayT ONTHMAJIbHO COaJaHCHUPOBAaHBI Ul KOHKPETHBIX OHM3Hec-TpeOoBaHMil. MaTemaTHueckas MOJAEIb UL
CTOXAaCTHYECKOH METPUKHM OLICHHBAHHUS PACIPEIECHHOTO XPaHWIMIA MOXET OBITh NPUMEHEHA KaK Ha JTale MPOCKTUPOBAHUS
CHCTEMBI, @ UMEHHO, JUIsl TECTUPOBAHMS Y/IOBJICTBOPUTEIBHOTO YPOBHS COTJIACOBAHHOCTH, TAK M HA 3Talle ONEPALMOHHO HOICPKKH
CHCTEMBI B Ka4eCTBE KOMIIOHEHTa MOHUTOPHHTa.

KiroueBbie ci10Ba: pacnpeselicHHble XpaHWIia; BpeMs oTkianka; CAP-Teopema; croxacTuueckas METpHUKa COTJIACOBAHHOCTH;
METO/IbI IOCTPOCHHUS PacpeeICHHOH ceTu.
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MODEL FOR FORMING AN INFORMATION SYSTEM OF PROJECT TEAMS IN A
SECURITY-ORIENTED SYSTEM

The subject of the study is the personnel management information system. Infrastructure design processes of the framework model of
complex socio-technical systems for project management and human resource management programs, formation of a database of
members of project BOS teams and their evaluation using the index method to optimize the selection of project team members in a
security-oriented system were studied. Purpose: to develop a model of an automated personnel management information system for
implementation in the projects of security-oriented system using the index method of team members’ evaluation. New models should
be designed with the features of a complex socio-technical system and a sequence of implementation and adaptation stages in the
project environment. This model should not be expensive to implement and take into account the life cycle processes of the
organization from the selection of personnel to their management. Task: the information system of human resource management in
projects of the security-oriented system is modeled. A set of software and hardware, telecommunications and organizational tools
needed by a security-oriented organization for the functioning and interaction of communication and information flows has been
worked out. Automation of selection and formation of project teams in complex socio-technical organizations is being developed due
to the index assessment of candidates. The following methods are used: human resource management using automated HRM systems,
expert information systems and index numerical indicators. The following results were obtained: a model of information expert
system was developed and the process of knowledge accumulation due to software was described, an index method was proposed on
the example of military formations in security-oriented systems. Conclusions: a generalized model-scheme of expert information

system for personnel selection in security-oriented systems based on the index method has been developed.
Keywords: information system; security-oriented system; index method; human resource management; database; project teams.

Introduction

Human resource management is an important
component for planning projects and programs, achieving
the goals of the organization, its strategy, and mission. In
the context of digitalization and turbulent changes, project
and program management tools are very important.
Modern methods of effective organization management
are used to combine the main management objects, such
as recruiting, team building, training, reporting and
analysis, and other important processes in a single
information  environment. The  development of
management models in organizations requires new and
individual approaches to the implementation and
development of information systems in organizations. In a
unified organization management system, it is the
information system of human resources management that
can provide high-quality and effective strategic planning
and forecasting in the need to select and form competent
teams, possible risks of internal and external project
environment. These methods and models should be
implemented in mega projects on civil protection of the
population for automation and optimization of personnel
processes.

In world practice, the most common information
systems are: Oracle HCP cloud, SAP, ADP, Personality
and others. However, the cost of implementing these
systems is high, and the testing and optimization period
can be years. In state-level projects, these systems are
difficult to implement, they require an individual approach
and taking into account the characteristics of all processes.

These methods and models should be implemented
in mega projects for civil protection of the population
where the number of employees is more than a thousand,
in order to automate and optimize personnel processes.
Socio-technical teams of complex security-oriented
systems (SOS) provide services to support vital social

functions that are important for industry, the economy, the
functioning of society, public safety, the well-being of
citizens and the environment. The information system
includes the whole range of providing the necessary
resources from the stakeholders of the state and private
institutions and organizations for their preparation,
development and support of the "product” of the life
cycle, namely the formation of SOS teams and civil
defense personnel.

Analysis of research and publications

The scientific works of the following domestic and
foreign scientists are devoted to the study of methods and
models of implementation of information systems in
personnel management: Lysenko D.E. [9],
Chumachenko 1.V. [3], Bushuyev S.D. [1],
Mikhnova A.V. [5], Mikhnov D.K. [5], Leli Yu. G. [6],
Gogot M.M. [7], Chuprina M.O. [7], Golovan D.V. [8],
Zachko O.B. [12], Makarova M.V. [13], Ruchka T.I. [13],
Tesla Yu. M. [4], Biloshitsky A.O. [4], Tesla N. Yu. [4],
Okhrimenko V.M. [10], Voronkova T.B. [10] and others.

Lysenko D.E. in his works [9] developed methods
and models for selection into project team members, using
the theory of precedents as a basis for experience to
implement new tasks. The developed structure of the
qualimetric model allows to mathematically calculate and
display the relationships between the input tasks, the base
of precedents and their evaluation, candidates for the role
in the project and other actors for the formation of the
project team. This model should be considered for
recruitment and integration of decision support system
(DSS) with the information system of human resources
management.

Bushuyev S.D. in his works [1] studied the processes
of project knowledge management and developed a
conceptual model that allows you to structure data,
information and turn them into knowledge. These

© 0. Zachko, D. Kobylkin, O. Kovalchuk, V. Markov, 2020
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developments should be taken into account when
developing new models of human resource management
information systems in the field of security - oriented
system for data presentation in the information
environment.

In the monograph of Chumachenko 1.V. [3] special
attention is paid to multi-projects, which are relevant in a
complex socio-technical system where projects are
constantly growing and require effective tools for
selecting and forming teams in a dynamic environment, as
well as interaction between stakeholders, distribution of
tasks and project resource management.

The scientific works of Tesla A.V. [4] reflect the
formalization of project management tools using an
information system based on the goals and strategies of
the organization, as well as on the means of project
administration. When analyzing software tools for
automation of project resource planning, the company
operates more efficiently and for implementation in a
particular area should analyze the features of the system,
which will be improved by the information system.

In his work Gogot M.M. [7] explored the use of
modern information technology in the context of human
resource management. To achieve success in the
organization, HR management must provide real-time
management of the ranks of strategy, tactics and
operational activities, which requires the development of
new information system models for megaprojects.

The article by Golovan D.V. [8] considerable
attention focuses on the improvement of automated
personnel management systems through the methodical
implementation of multifunctional expert systems for
career guidance, selection and certification of employees.

In his work Zachko O.B. [12] paid considerable
attention to the study of safety principles, security
management, as well as the management of information
systems in civil defense. A model of the information
system should be developed using the data of experience
and research.

Presentation of the main material

The choice of a human resources management
information system depends on a number of criteria, such
as the cost of implementing the system, the strategy and
specifics of the organizations, the implementation period,
the number of employees, operational features and the
need for additional modules, such as recruitment.

Outdated human resource management methods lead
to deteriorating performance and efficiency in general,
due to the difficulty of coordination, monitoring and
control of the accumulated organizational structure, as a
result: low feedback speed, inefficient performance of
tasks and lack of data analysis to manage and pursue the
chosen mission, strategy, achieving goals. Below is a
comparative table 1 of human resource management by
new and standard methods.

Table 1. Comparative analysis of human resource management between standard and new methods

1 | (HR standards): standard methods of human resource
management

(HRIS): implementation of a human resources management
information system

2 | Definition of system and document management
requirements

Project management tools are adapted to the goals, mission and
strategy of the system in the conceptual core

3 | Human resources for the management of the stages of
selection, adaptation, training are allocated to
individual projects

Management of human resources, recruitment and the main stages of
the life cycle of project team members is carried out in a single
information environment, which allows you to free up resources,
direct them to other tasks, quick feedback and more efficient
organization of work compared to manual administrative
management HR standards

4 | Salary, staff turnover, control and monitoring
management is entrusted to individual managers,
whose interaction slows down the speed of information
transfer

Remuneration management, staff turnover, monitoring and control
are interrelated in the information system, which allows you to
comprehensively evaluate and analyze the results and effectiveness
of management.

5 | Risk management is difficult to operate and analyze
the potential consequences on the basis of data that do
not reflect reality

Thanks to a single module of reporting and analysis of the
information space, it is possible to compare the planned indicators
with the planned ones, which allows to achieve the goals of projects
in complex socio-technical systems.

In complex socio-technical systems, such as civil
protection against emergencies, the management of
available resources is an important component that
influences the success of projects. Inefficient
management leads to disastrous consequences, for this
purpose it is necessary to analyze the current situation in
order to be able to automate and optimize personnel
processes through the introduction of an information
system. Rational redirection of human resources will
allow for more effective coordination with a security-

oriented system. Below here is fig. 1, which analyzes the
priority tasks for project implementation and monitoring
of the main tasks carried out through standard
management methods and HRIS information systems.

The implementation of the information system is
possible through five phases:

1. Planning (transition from the usual management
methods to the need for an information system);

2. Analysis (current situation — "bottlenecks" for
process optimization;
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3. Development of an information system based on

the selected model;
4. Implementation of HRIS with databases, selection

module based on the index method;

10—,
—»
Freeing up resources (R = =
— ~ human) allows to manage A7 | &
o projects more effectively %
to achieve strategy (S) g z
and mission (M).
(%] — — — e—— — — c— o— —
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5. System maintenance and testing.
HRIS actors need to be identified to develop an
information system. The prototype is shown in fig. 2.

Organizations with information system

system human resource management
Hﬁl | | HRIS 2
O X axis Resource management (R)

Fig. 1. Model of optimization of human resources management in SOS
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Fig. 2. Model-scheme of interaction of information system users in SOS

The input data should be information about the
candidates: name, surname, date of birth and other items

that with the flow of data will form the relationship of
databases (fig. 3) for the information system.
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Fig. 4. Database model for integration

The effectiveness of human resource management is
represented by formula 1

(E) = recruiting (R) + formation (F) + training (D) +

management (M) + control (C); 1)
HR=R+F+D+M+C=5; 2
HRIS=MC=2.5 (process optimization by 50%). (3)

The integration of the information system should

take into account the external and internal
design environment of the security-oriented system
(fig. 5).

An important factor in the functioning of the
information system is its constant adaptation to change
through cyclic testing (fig. 6).
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Index method

Thanks to index methods, it is possible to measure
the observed indicators and factors for further expert
evaluation. Index method (popular and powerful
informative toolkit), which is aimed at a general
quantitative study of the degree of influence of individual
factors on the overall result using relative values. This
method should be used for systematic analysis of the
performance of individual team members, which is the
amount of work performed per unit time (in our case — the
results of the competition, which will be taken into
account in evaluating participants) with a relative
comparison of the portrait of the "ideal candidate", that is:

Table 2. Index evaluation of candidates for SOS projects

Wn=Qn/ Qo,

where Wn is a relative indicator of the rating of the
candidate of the competition-selection to the project team
of the security-oriented system. The value of performance
Whn allows to expertly analyze and compare the evaluation
results with the selection criteria, which will be used in the
automated program of the optimized selection process and
the formation of a project team in a security-oriented
system; Qn is the result of the points scored at the stages of
the competition-selection by the n-th participant; Qo is the
relative quantitative value of the "ideal portrait of the
candidate" for the successful outcome of the project of
selection in the security-oriented system of the serviceman.

Rating-selection Number (ID) of the candidate for participation in the project on Qo wn
No. "'security-oriented system"'
1 1 <0,9 1 0,1-0,9
2 2 <0,9 1 0,1-0,9
3 3 <0,9 1 0,1-0,9
4 4 <0,9 1 0,1-0,9
0,6 1 0,1-0,9
n n 0,4 1 0,1-0,9

Table of initial and calculated data for expert
assessment of the rating of candidates in the information
system for decision support of DSS.

Conclusions

In this paper, we have analyzed information systems
for human resource management and selection criteria for
complex socio-technical systems. A model of information
system formation for its implementation in security —

oriented systems for automation and optimization of
personnel processes for human resources management has
been developed. A module for selection of candidates for
project teams of security-oriented systems based on the
index method for further formation of the project team has
been introduced into the information system. A model for
testing new information systems, as well as system
integration with databases that improve the efficiency of
process management at all levels of the life cycle of
employees and the organization.
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MOJEJIb ®OPMYBAHHS IH®OPMAIIIHHOI CACTEMHA IPOEKTHHUX
KOMAH/I B BE3IIEKO-OPIEHTOBAHIN CUCTEMI

IIpenmerom nociipkeHHs € iHdopMalliiiHa cHCTeMa YIpaBIiHHS MepcoHaioM. IIpoliecH HpPOEKTyBaHHS iHOPACTPYKTypH MOAENi
(GpeiiMBOPKY CKJIQMHHMX COLIIOTEXHIYHHX CHUCTEM 3 YINPABIiHHSA NPOEKTAMH Ta IPOrpaMaMy MEHEDKMEHTY JIOJICHKHX pecypciB,
¢dopmyBaHHS 6a3u maHWX WieHiB NpoekTHHX BOC komaHA Ta iX ONIHKM BHKOPHCTOBYIOYM IHIEKCHHH METOX Ul ONTHMi3amil
IporeciB  BiOOpYy WIEHIB IPOEKTHUX KOMaHX B Oe3leKo-opieHTOBaHii cucremi. Merta poOoTH: pO3poOIEHHS Mopei
aBTOMAaTH30BaHOI iH(pOPMAIIfHOT CHCTEMH YIPABIiHHS [IEPCOHAIOM ISl BIIPOBAPKCHHS B IIPOEKTaX 0€3MeK0-Opi€HTOBAHOI CHCTEMH
3 BUKOPHCTaHHSAM 1HIEKCHOI'O METOHy OIIHKHM 4JeHIB KoMaHid. HoBi Mopmermi ciif HpOEKTYBaTH 3 OCOONUBOCTSAMH CKJIQJHOL
COLIIOTEXHIYHOI CHCTEMH Ta MOCIIZOBHICTIO €TalliB BIPOBAPKEHHS 1 afanTalii B IPOEKTHOMY cepenoBuili. /laHa Mozenb MOBUHHA
OyTH HE AOPOTOI0 ISl BIPOBAPKEHHS 1 BPaXOBYBATH MPOLIECH JKUTTEBOTO LUKITY OpraHizalii MOYMHAI0YH 3 BiIOOpPY MEepCOHAIy 110 iX
yIpaBiiHHs. 3aBJaHHsI: MOACTIOEThCS iH(pOpMaNiiiHa cucTeMa YIPaBIiHH JIFOJACHKHM PECYPCOM B MPOEKTAX Oe3MeK0-0Opi€HTOBAHOT
cucremu. Kommiekc nmporpaMHo-TeXHIYHUX, TEITEKOMYHIKaTHBHUX Ta OpraHi3allifHUX 3aco0iB, HEOOXIMHMX 0e3neKko-opieHTOBaHIN
opranizamii a1 (GyHKIIOHYBaHHS W B3aeMOJil KOMYyHIKaTUBHO-iH(GOpPMAIIHHIX MOTOKIB. Po3pobisieThecss aBTOMaTm3amisi Impouecis
BimOOpy Ta (OpMyBaHHS NMPOEKTHHX KOMaHJ B CKJIAJHUX COI[OTEXHIYHHX OpPTaHi3allisX 3aBISIKH IHAEKCHIN OIIHII KaHAWAATIB.
BuKOpHCTOBYIOTECS Taki MeTOAM: YIPABIIHHS JTIOJCEKAMHI peCypcaMy 3 BUKOPHCTaHHAIM aBToMaTH3oBaHNX HRM cncrem, ekcriepTHi
iH(popMaLiiiHi CHCTEMH Ta 1HACKCHI YMCIOBI MOKa3HUKH. OTPUMAaHO HACTYNHI Pe3yJbTAaTH: po3poOIeHO MOAeNb iHpopMamiitHol
EKCHEepTHOI CHCTEMM Ta OIMCAHO MPOIEC HAKONMYCHHS 3HaHb 3aBISKH MPOrpaMHOMY 3a0e3NeYEHHIO, 3alPOIIOHOBAHO IHJICKCHUH
METOJ Ha TPHKIali BiiiCbKOBHX (OpPMyBaHb y O€3IEKO—OpIEHTOBAHHX CHCTeMaX. BHCHOBKM: PO3pOOJICHO y3aralbHEHYy MOJENb-
cXeMy eKCIepTHOI iHpOpMaIiifHOl ccTeMH AT BinOOpy KaapiB y Oe3meKo-OpieHTOBaHI CHCTEMH Ha OCHOBI iHAEKCHOTO METOY.

Knarwuoi cioBa: iHdopmariiiHa cucTeMa; O€3lEKO—OpIEHTOBaHA CHUCTEMa; I1HJACKCHHH METOJ; YNpPAaBIiHHS JOJCHKUMHU
pecypcamu; 6a3a JaHHUX; IPOEKTHI KOMaHJIH.

MOJIEJIb ®OPMUPOBAHHU A HH®OPMAIIMOHHON CUCTEMBI ITPOEKTHBIX
KOMAH/ B BE3OITACHOCTHU-OPUEHTUPOBAHHOMN CUCTEME

IIpenmeToM wccrnenoBaHusl sBisieTcsl WH(OPMAIMOHHAs CHCTEMa YIpaBieHWs HepcoHanoM. Ilporecchl HpPOeKTHPOBaHMS
HHQPacTpyKTypsl Mozpenu (GpelMBOpKa CIOXXHBIX COLHOTEXHHYECKHX CHCTEM II0 YNPAaBJICHHIO IPOSKTaMH U IIPOrpaMMaMH
MEHE/DKMEHTA YelIOBEUECKUX PecypcoB, (popMupoBaHHe 0a3bl JaHHBIX WIEHOB IPOeKTHBIX BOC KOMaHI M WX OLEHKH HCIIOJb3YS
MHJEKCHBI METOJ] ISl ONTHMU3ALUN IPOIECCOB 0TOOpA WICHOB MPOEKTHBIX KOMaHJ B 0€30MaCHOCTH-OPHEHTHPOBAHHON CHCTEME.
Henpb pabGoTsl: pa3paboTka MOIENN aBTOMATH3HPOBAHHOM MH(OPMAIIMOHHON CHCTEMBI yNPaBICHUS IEPCOHATIOM ISl BHEAPEHHS B
MIPOEKTaXx Oe30IIaCHOCTh-OPUEHTHPOBAHHON CHCTEMBI C HCIIOIb30BAHHEM HHAEKCHOTO METO/A OLEHKHM dWiIeHOB KoMmaHA. Hosble
MOJIETTH CIEAyeT IPOEKTUPOBATH C OCOOCHHOCTSMH CIIOKHOM COIMOTEXHHYECKONH CHCTEMBI M IIOCIIENOBATENFHOCTHIO ITAIOB
BHEJIPCHUS M aJIaNTallik B MPOEKTHOM cpene. JlaHHas MOJeib JO0JDKHA OBITH HE JNOPOTOil Ul BHEAPEHHS U YUYHUTHIBATH MPOLIECCHI
JKM3HEHHOTO IIMKJA OpraHM3allik HauuHas ¢ OTOOpa NepcoHaja K MX YIpaBlIeHHI0. 3agadyd: Mojenupyercs HH(pOpMaIlMoHHas
CHCTeMa YIpaBJICHHs YEIOBEYECKHM DPECypcOM B NMPOEKTax Oe30MacHOCTh-OPHUEHTHPOBAHHOW cHCTeMbl. KoMIulekc mporpamMMHO-
TEXHUYECKHX, TEJIEKOMMYHHKATUBHOW M OPraHH3al[IOHHBIX CPEJCTB, HEOOXOIMMBIX 0€30I1aCHOCTh-OPHEHTUPOBAHHOM OpraHNU3alny
Uit (QyHKIIMOHMPOBAHMS W B3aUMOJACHCTBHS KOMMYHHKATHBHO-MH(OPMAIMOHHBIX IIOTOKOB. VICHONB3YIOTCA Takue MeTolbl:
YIpaBIeHHE YEITOBEYECKIMH PEeCcCypcaMi C HCHONb30BaHHEM aBToMarm3mpoBaHHBIX HRM cucrem, skcriepTHbIe MH(OpPMAIOHHBIE
CHCTEMBI M HHJICKCHBIE UHCIIOBBIE TOKa3aTend. IlomydeHBl ciemyromue pe3ynbTaThl: pa3paboTaHa MOJENb HH(POPMAIMOHHOH
9KCIIEPTHON CHCTEMBI M ONHUCAH INPOIECC HAKOIUICHHS 3HAHWH Olaromaps MporpaMMHOMY OOECHEdYeHHIO, IMPEUIORKEHO MHICKCHBIN
METOJ] Ha NpHUMepe BOCHHBIX (OPMHUPOBAHMH B O€30I1aCHOCTH-OPUEHTHPOBAHHBIX CHCTeMax. BBIBOABI: pa3paboTaHa o0o0OIIeHHAs
MOJIEJb-CXeMY IKCIEPTHON MH(POPMAMOHHON CHCTEMBI Tl 0TOOpa KaJpoB B OE30MaCHOCTH OPHEHTUPOBAHHBIE CUCTEMbI HA OCHOBE
HH/IEKCHOTO METOoJa.

KnroueBbie cioBa: nHdopMalMoHHas cUcTeMa; 0€30IacCHOCTh-OPUEHTHPOBAHHAsI CUCTEMa; WHIEKCHBIH METOX; YIpaBieHHs
9YeJTOBEYECKHMH pecypcaMu; 0a3a JaHHBIX; TPOESKTHBIE KOMAH/IBL.
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MEANS OF IMPROVING THE QUALITY OF SERVICE OF THE COMPUTER
NETWORK OF THE FORENSIC INFORMATION SYSTEM

The relevance of research. In modern forensic practice, computer networks (CN) are an integral part of computer-technical
examination, therefore, ensuring their normal functioning becomes a vitally important task. In this regard, the theory of the
construction, modification and operation of digital telecommunication systems raises a fairly general problem of digital signal
processing, network synchronization and its stability. A solution to this problem was devoted to research, which analyzed the
characteristics of the stability of the network and proposed methods for measuring the physical parameters that determine it. Many of
the studies conducted were based on the use of frequency measurements in communication channels of computer networks for
transmitting information. Acousto-optic spectrum analyzers (AOSAs) are widely used in forensic information system networks
improving the QoS of forensic computer networks. The subject of the research: resolution of acousto-optical spectrum analyzers. The
purpose of the research to improve the quality of diagnostics of parameters of computer information transmission networks based on
the use of the developed signal processing technique in acousto-optic spectrum analyzers, which allows increasing the resolution of
AOSA by increasing the frequency resolution of two non-simultaneous long-duration radio pulses. The results of the research. The
research presents analysis of the influence of the frequency parameters of the computer network on the implementation of the relevant
requirements for quality of service. Studies have been carried out on possible ways to increase the resolution of AOAC in frequency.
The nonlinear characteristics of AOSA were studied, which made it possible to modernize methods for increasing the frequency
resolution. The classical method of processing radar signals is used, which allows determining the delay time of arrival of a
sufficiently long pulse with an accuracy significantly exceeding the pulse size. When analyzing the operation of AOSA, it is taken
into account that the signal photoelectron flux in the acousto-optical spectrum analyzer is known to be described by the Poisson
distribution. But one of the main properties of random variables distributed according to Poisson's law is the lack of cross-correlation
of the components of the Poisson stream. This assumption can significantly increase the frequency resolution of AOSA. Conclusions.
The research ascertains analytical relationship for the dispersion of the signal frequency measurement. The research proposes a
technique for processing signals in AOSA, allowing to increase the resolution of AOSA by increasing the frequency resolution of two
non-simultaneous radio pulses of long duration.

Keywords: computer system; telecommunication network; acousto-optical spectrum analyzer; quality of service (QoS)
indicators of computer networks.

Relevance of the research

Currently, decision support information systems and
control information systems are used in various areas of
human society: industry, business, science and education,
finance and infrastructure projects, construction and law
enforcement. Such information systems also occupy an
important place in the system of forensic examinations,
the operation of which can significantly improve the
quality of the examinations performed, reduce the
influence of the human factor on the adoption of expert
decisions, and significantly reduce the time required for
the examination.

A forensic activity of various forms and contents is
impossible without the involvement of information
resources, by which the legislator understands individual
documents and individual arrays of documents, documents
and arrays of documents in information systems (libraries,
archives, funds, data banks, other information systems).
Information support of forensic examination should be a
process that is defined by the legislator as the process of
collecting, processing, accumulating, storing, searching
and disseminating information. Thus, the information
support of forensics is necessary for solving forensic
problems.

For the exchange of information in information
systems of forensic science, both local computer networks
are used, for example, in the implementation of forensic
registration, and the global Internet. Many forensic
institutions, both state and non-state, have their own sites
where you can get very useful information.

One of the most important subsystems of this system
is the telecommunication information transmission
system. The telecommunication system is designed to
reliably transfer the data and information necessary in the
study of primary examination materials, and also plays an
important role in the decision-making process on
examination issues. Therefore, the telecommunication
system has very stringent requirements, and it must meet
the relevant restrictions. Only the fulfillment of these
conditions will allow the entire information system to
solve the tasks assigned to it.

In modern forensic practice, computer networks
(CN) are an integral part of computer-technical expertise,
therefore, ensuring their normal functioning becomes an
extremely important task. This forces users to question the
effectiveness of information control, protection and
transmission systems.

Computer-technical and telecommunication
forensics have features that are difficult to document by
means of the classical preservation of official information.
This situation is due to the rapid growth in the volume and
variety of storage devices in the world market that can be
used to store digital information by various users.
Hundreds of thousands of possible types of research
objects can be counted only in the expert specialty 10.9
"Research in computer hardware and software products",
most of which will require an individual approach,
because each of the objects is unique in terms of
manufacturing and use. Each of these research objects has
individual features that must be considered when
conducting expert research. So, two versions of the same
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software product can have different individual features
and, accordingly, create different artifacts. Increasingly,
forensic experts need to get super-fast access to
information — compiled and verified. The expert spends
considerable time searching for print and electronic
sources of information, which significantly increases the
time for performing examinations.

Based on the foregoing, specialists in the sector of
computer-technical and telecommunication research of the
Kharkov Research Institute of Forensics named after Em.
Prof. M.S. Bokarius developed the forensic "Automated
system for the accumulation of empirical data on the
practice of computer-technical expertise". The developed
system requires a dynamic, fast-filling, easy-to-operate
and easily accessible system, capable of storing the above
information in large volumes and organizing access to it.
Given the nature of the information, the access time to it
should be minimal, which can be done using high-speed
Internet.

Formulation of the problem

The widespread use of digital systems and
information transfer technologies, in addition to a
significant number of new opportunities that open up
using new communication principles, has created a large
number of problems caused by the peculiarities of digital
signal transmission. This also applies to the activities of
the expert community, which should monitor the current
state of communication channels, the possibility of
unauthorized access to them, as well as information
transmitted through these channels. In this regard, the
theory of the construction, modification and operation of
digital telecommunication systems raises a fairly general
problem of digital signal processing, network
synchronization and its stability.

Numerous studies have been devoted to solving this
complex and multifaceted problem, which analyzed the
characteristics of the stability of the functioning of the
network and proposed methods for measuring the physical
parameters that determine it. Many of the studies
conducted were based on the use of frequency
measurements in communication channels for the analysis
of processes in computer data transmission networks.
Indeed, increasing the accuracy of measuring the
frequency of the transmitter and receiver in the
communication channel will reduce information loss and
increase the speed and reliability of data transmission,
which will significantly increase the quality of service
(QoS) of computer networks.

Currently, there are several approaches to the method
of measuring the frequency of the studied signal. Despite
the fact that today, acousto-optical methods compete with
digital technology, the pace of development of which
allows one to efficiently solve a number of information
processing problems, there are problems in which digital
devices are inferior to acousto-optical. Digital technology,
unlike an acousto-optical device, is not able to provide a
wide instantaneous band of analysis of radio signals with
an acceptable frequency resolution.

Due to the high value of the simultaneously analyzed
frequency band, the resolution in frequency and signal
arrival time, acousto-optic analyzers are widely used in
electronic warfare systems, radar systems, for spectral and
correlation signal analysis and other information
processing tasks that require high speed of mathematical
transformations.

Acousto-optical spectrum analyzers (AOSA) can
also be used in information transmission networks,
including in the networks of the forensic information
system. The use of these devices will improve the QoS
performance of computer networks of the forensic system.
But in view of the rapid increase in the number of users of
the radio-frequency space and the limited frequency
resource, according to [1], the question arises of
modernizing the existing systems of spectral analysis. And
a special place among the spectral analysis technique is
given to acousto-optical spectrum analyzers. Existing
AOSAs have a fairly high frequency resolution, but still
they have not reached their theoretical limits.

Using the advantages of non-search spectral analysis
and expanding the band of simultaneously analyzed
frequencies in acousto-optical spectrum analyzers
necessitates a deeper analysis of their resolution.

Thus, improving the quality of QoS indicators of
computer networks of a forensic system by increasing the
resolution of an acousto-optical spectrum analyzer is an
urgent research task.

Literature analysis

The study of factors affecting the QoS of computer
networks has received much attention [4-21]. Studies of
the influence of the bandwidth of data transmission
channels were carried out in [4-6]. Analysis [7, 8] of the
influence of the architecture of computer systems and
computer networks was carried out in [4, 5, 7, 8]. The
papers [9-14] are devoted to the analysis of packet queues
and the development of an integrated approach for
diagnosing QoS of computer systems and networks. In
addition, there is a separate question about the relationship
of QoS indicators and the fulfillment of the requirements
for the transactions of a computer system [15-20]. In [21],
the basic parameters of the basic telecommunication
network that affect the quality of transaction execution of
a computer system are identified. In particular, it was
shown that when choosing special platforms with
centralized control (convergent and hyperconverged), the
synchronization of a computer system plays an
important role. To ensure the required level of
synchronization, it is necessary to control the
stability of the functioning of the generators of a computer
system. In [23], a method was developed for t
he on-line calculation of the jitter of a telecommunication
network based on a method for increasing the
resolution of acousto-optical spectrum analyzers, which
allows dynamic reconfiguration of network parameters. In
[28], a method was developed for diagnosing
synchronization disturbances in the telecommunication
network of a computer system of critical application by
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increasing the resolution of an acousto-optical spectrum
analyzer.

The aim of the article is to improve the quality of
diagnostics of parameters of computer information
transmission networks based on the use of the developed
signal processing technique in acousto-optic spectrum
analyzers, which can increase the resolution of AOSA by
increasing the frequency resolution of two non-
simultaneous long-duration radio pulses.

Main part

Quite relevant is the question of improving the
tactical and technical characteristics of radio frequency
analysis tools. One of the promising classes of radio
frequency monitoring tools are acousto-optic spectrum
analyzers.

A fairly large number of papers have been devoted to
optimizing the operation of acousto-optical spectrum
analyzers.

So, in [29], the possibility of increasing the accuracy
of measuring the average frequency of the signal spectrum
in acousto-optic spectrum analyzers with a spatially non-
invariant hardware function is analyzed.

The conditions for the formation of an optimal
estimate of the parameters of optical signals during their
acousto-optical conversion are considered in [30].

In [31], the problem of finding additional signal
processing to compensate for both a nonlinear dependence
of the acousto-optic conversion efficiency and a decrease
in the amplitude of the spectral components is
considered.

The possibility of reducing the time for obtaining a
spectrum estimate is considered in [32]. The authors
proposed methods for the formation of quadrature
components, which can reduce the time to obtain an
estimate of the spectrum in interference acousto-optic
spectrum analyzers, and also, if necessary, simplify their
implementation.

Among the advantages of acousto-optical devices in
comparison with purely electronic analogues, the
authors of [33] distinguish such as simplicity,
smaller dimensions, power consumption and cost.
Moreover, their disadvantages include a relatively low
dynamic range associated with the nonlinearity of AO
interaction.

Basic relationships and formulations

We assume that two pulses of the same duration 7, ,
the first in the time interval t, and t, , and the second in
the interval t, and t,, arrive at the radio engineering
complex, which includes an acousto-optical spectrum

D, . . .
analyzer, and 7, >> V—'Z , i.e. pulses of long duration, with

Y

filling frequencies o, and w,, such that o, —w, << @,
(fig. 1).

U, v A

—1 —1 >
LT ) sty T.s

Fig. 1. Input signal (two long pulses with close carrier
frequencies)

At the output of the acousto-optic spectrum analyzer,
the spectra of the analyzed pulses will have the form
shown in fig. 2 (solid lines show the spectra of each pulse
individually, and dashed lines show the resulting
spectrum). It is clear that the accuracy of the frequency
measurement will be determined by a value Jw,, that

depends on the parameters of the acousto-optical spectrum
analyzer. This dependence can be estimated as

s =27 , Where a is the parameter characterizing the
a

diffraction characteristics of the spectrum analyzer. Thus,
it is clear that two pulses arriving at different time
intervals with close values in frequency o, —®, < dw,,,

cannot be distinguished based on the Rayleigh criterion.

Ui, v A

—_—— —
- —_

Fig. 2. The output signals of the pulses with a small detuning
frequency

But, as noted above, such pulses often need to be
distinguished, i.e., to measure the frequency with an
accuracy significantly higher than the accuracy of
measurements by traditional methods.

To solve this problem, we use the methodology for
processing radar signals [34], which in radar allows us to
determine the delay time of the arrival of a sufficiently
long pulse with an accuracy significantly exceeding the
pulse size. It is based on the fact that when integrating a
pulse signal over a strobe of alternating sign and further
summing, it is possible to obtain the value of the
mathematical expectation of the time of arrival of the
signal with dispersion, significantly shorter than the pulse
duration.

In this paper, this approach will be extended to the
measurement of the spatial spectrum in acousto-optical
spectrum analyzers.
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Fig. 3 shows the simplest case when the strobe has
the form of two step functions: positive and negative. The
axes w,,s* and T, s are essentially identical, since the
count of the flow of photoelectrons is, generally speaking,
a function of time. The structural diagram of the device in
which the proposed technique is implemented is shown in
fig. 4.

U,V 4

A 4

A

T I:T,s

_ |
X1~ Tatr e — X X+ Ty

Fig. 3. Gating of spectrum distribution by two step pulses

B

Strobe shaping
i, | .
device

L ,

—| AOSA

—

f

—

Fig. 4. Block diagram of a spectral information processing
device for increasing the resolution of an acousto-optic spectrum
analyzer

As can be seen, in figs. 3 and 4, the processing of the
radar signal reduces to integrating the signal over a strobe
of variable sign and then the integral over the entire strobe
can be replaced by the sum of two integrals

L =1,+1,,

where the integrals |, and |, can be represented as:

I, = T rect(xl—rstféjﬁ(x) dx; (1)

XL -7str
X +zstr
I2=—J rect(x1+TS%jﬁ(x)dx, 2
Xl
where rect(x) is a rectangular impulse function;

n(x) =n,(x)+n, (x) is the density of the flux distribution
of photoelectrons; n, is the distribution density of the
signal photoelectron flux; n, is the distribution density of

the interference photoelectron flux.
For average photoelectron flux,
relation is valid:

the following

A(x)=N, +N,, (3)

where N, and N,— the average values of the count rate for

the frequency of signal and interference photoelectrons,
respectively.

As it is known [35], the distribution density of the
signal photoelectron flux in acousto-optical spectrum
analyzers obeys this distribution law:

n(x)=N

0 sin®a(x—x,) |
" La(xx)]

and the average value of interfering photoelectrons is
constant over the entire frequency measurement interval.
Integrals I, and I, in turn can be represented as the

sum of two integrals each, respectively:

IL=A+B,; 1,=A +B, where A are integrals
describing the behavior of the signal component of the
photoelectron flux, and B, — interfering:

4 = I n, (x)dx, Q)

str

B = [ n,(x)dx, (6)

Tstr

(4)

where the designation jnn(x) dx corresponds to the
str
integration of the photoelectron flux over the strobe.
Then we can compose an expression for the function
that  describes the  spectrum  processing  as

[l, = 1] =(x —%)Ny,. We introduce the value of the
deviation x, from x, as &. The processing algorithm can
be represented as

A-A+B B, =2¢N,,. O

Let the expression ¢ go to zero, then X, — X, , i.e.

the boundary of the strobe will correspond to the
mathematical expectation of the spectral line. Then the
value of the average deviation € in accordance with (7)
will take the form

A-A+B-B_,

2N, ®)

g:

Let us analyze the dispersion of the deviation x,

from X, at the conditions of the proposed processing of

spectral  information.  It’s  well known  that

D[¢]=DJI,—1|=DJ[l,]+D[l,] or, given the ratio (6,
7):

quo[ﬁ}+o{%}+o{%}+o[%}.@
2N,, 2N,, 2N, 2N,

S

If we assume that the form of the spatial spectrum is
symmetric, then to simplify the analysis, we can assume

that D[A]=D[A,] and D[B,]=D[B,].
Then the expression for dispersion ¢ can be
rewritten as
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_op| A B
D[g]_zD{ZNSO}zD{ZNSO] (10)

To find the dispersion of the quantity ¢, we analyze
each of the terms of expression (10). Given that constant
coefficients can be taken out from under the sign of
dispersion, raising them to the second power, we represent
the first term in the form (10):

p| A |2
2N, | 4Ng,

The expression (10) includes the dispersion of the
integral of the flow signal photoelectrons for the gate. For
further analysis of expression (11) it should be noted that
the flow of signal photoelectrons in acoustooptic spectrum
analyzer, as is known, is described by the Poisson
distribution. But one of the main properties of random
variables distributed according to the Poisson law is the
lack of correlation with compound Poisson stream, i.e.

n, (x), each value of the implementation is included in the

1
4N

D T n,(x)dx. (11)

2
sO x| -wstr

D[A]=

integral (11) can be considered independent from the
previous and subsequent. Given the above, the integral
can be represented by an infinite sum of mutually
independent  components of the flow signal
photoelectrons. Due to the fact that the dispersion of the
sum, though infinite, is equal to the sum of the
dispersions, then the dispersion can be made under the
integral sign

o| o, -, ], PO coee

0 x| -7str

(12)

We substitute expression (4) in (12) and obtain the
expression

ol o)
2N, | 4N

s0 x1-7str

[a(x—xo)]

The ratio Si“% in expression (13) is constant, i.e.

not changing from implementation to implementation and
therefore it can also be taken out of the sign of dispersion

Al 1 %
DLNSJ_4N2 J

s0 x| -7str

sin*a(x—x
( "4) D[n(x)]dx. (14)
[a(x=x,)]
Since the Poisson distribution is characterized by the
equality of mathematical expectation and dispersion, the

expression for dispersion (14) can be finally represented
in the form:

p|-A_|-_1
2N, | 4N

sO X1 -7str

1 sin[a(x-x,)]
[a(x—x, )]4

The resulting integral is easily reduced to a table one,
and as a result we get

N, dx, (15)

D{ A }: T (16)
2N, | 3aN,

Using the relation between a and da,, , expression
(16) can be represented as
D A — 5a)mes . (17)
2N, | 6N,

When multiplying the numerator and denominator in
the expression (17) and taking into account the equality of
the dispersions along the symmetric gate for the
dispersion of the signal component, we obtain the
corresponding expression

ol _A :&oéesl
2N, |~ 3w

S

(18)

where W, is a measured optical signal energy (W, is a

dimensionless quantity, since in our case the energy of an
optical signal means the total number of photons).

After similar reasoning, we can obtain the expression
for the dispersion € due to the interference component of
the photoelectron flux:

2

p| B |- Nu o (19)
2N50 NsO Ws

Thus, the dispersion of the signal frequency

measurement takes the form

o’ (1 N

Dlg|=—T¢ =+—2|. 20

[g] Ws [3 st ( )

It can be seen from (20) that the dispersion of the
signal frequency measurement is proportional to the width
of the measured spectrum and inversely proportional to

sin®a(x—x,) _ sely p
D|n,(x)————=F |dx. (13) the signal energy. But at the same time, it can be seen

from (20) that even in the absence of an interfering
component, the dispersion of the signal frequency
measurement will be nonzero due to the quantum nature
of the processes occurring in the acousto-optic spectrum
analyzer. Obviously, by increasing the energy of the

optical flow, one can achieve the ratio: D[e]<< o),

which will allow a much more accurate measurement of
the frequency of a radio pulse of long duration.

Thus, as a result of using the proposed signal
processing technique in acousto-optic spectrum analyzers,
their resolution can be significantly improved compared to
methods based on the use of the Rayleigh criterion.

Conclusions

The article analyzes the main reasons that affect the
quality of service (QoS) indicators of computer networks
of the forensic system. Features of using AOSA for testing
communication channels of a computer network of a ship
forensic information system are considered.

The article also proposes a technique for processing
signals in an acousto-optical spectrum analyzer. This
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technique makes it possible to increase the resolution of
AOSA due to the fact that when integrating a pulse signal
over a variable-sign strobe and further summing it is
possible to obtain the value of the mathematical
expectation of the arrival time of a signal with dispersion
much shorter than the pulse duration. In the proposed
case, this technique will be extended to the measurement
of the spatial spectrum in acousto-optical spectrum
analyzers. Taking into account the fact that the signal
photoelectron flux in the acousto-optical spectrum
analyzer is described by the Poisson distribution, the
accuracy of the frequency measurement is determined by

information transmission channel, which in turn provides
a significant increase in the QoS of computer networks of
the judicial system expertise

Existing hardware limitations of the resolution of
acousto-optic spectrum analyzers based on the Rayleigh
criterion are not limiting. Using a variety of signal
processing techniques, it is possible to significantly
increase the frequency resolution of acousto-optic
spectrum analyzers.

Further research should be directed to the
development of optimal algorithms for measuring the
frequency of an optical signal in acousto-optical spectrum
analyzers.

the ratio D[] << dwy,,, which can significantly increase

mes !
the frequency measurement accuracy in the CN
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3ACOBM ITOJIIIIEHHA AKOCTI OBCJIYI'OBYBAHHA KOMIT'IOTEPHOI
MEPEXI IHOOPMANINHOI CUCTEMU CYJAOBOI EKCIIEPTU3HU

AKTyaJIBHICTB JOCHI/DKEHHS. Y CydYacHIiH CynoBo-eKCIepTHill mpaktuui komm'torepHi Mepexi (KM) € HeBix'eMHOI0 4YacTHHOIO
KOMITBIOTEPHO- TEXHIYHOI EKCIIepTH3H, TOMYy 3a0e3ledeHHs iX HOPMAaJIbHOTrO (YHKLIOHYBAaHHS CTAa€ HaA3BHYaliHO Ba)KIUBOIO
3agadero. Y mpoMy 3B'SI3KY B Teopii o0y noBH, Moaudikalii i ekcruryaTamii uPOBUX TEICKOMYHIKAIIHHIX CHCTEM BUHHUKAE TOCUTD
3arajnbHa mpoOiema mo mupoBiii oOpodui cUrHamiB, CHHXpPOHI3aLii Mepexi 1 il crabimpHOCTI. Po3B'sa3Ky maHoi mpobiemu Oy
MIPUCBSIYEH] TOCTIHKEHHS, Y SKUX aHaTi3yBaIUCI XapaKTePHCTHUKH cTabLIbHOCTI (DYHKLIOHYBAaHHS MEPEKi i MPOMOHYBAIHNCS METOIU
BUMipy (i3MYHHX MapaMeTpiB, 0 BH3HAYAIOTH ii. barato i3 mpoBeaeHHWX MOCTIMKEHb IPYHTYBAINCS HAa BUKOPHCTAHHI YaCTOTHHUX
BUMIpIB y KaHajax 3B'3Ky KOMITIOTEPHHUX Mepex Iepenadi iHpopmarii. AxkycroonTHuHi aHamizatopu cnektpa (AOAC) mmpoko
3aCTOCOBYIOTHCS B Mepexax iH(pOpMaliifHO CHCTEMH CyJJOBOi €KCIIEPTU3H, [0 J03BOJISIE MiIBUIIUTH MOKa3HUKU QO0S KOMIT'TOTEPHIX
Mepe CUCTEMH CynoBoi ekcriepTr3u. IIpeameT NOCIiKeHHS: pO3aiibHA 3aTHICTh aKyCTOONTHYHHX aHaJi3aTopiB criekTpa. MeToro
CTaTTi € MiABHINCHHS SIKOCTI JMIarHOCTHKHM IapaMeTpiB KOMITTOTEpHHX Mepex Iepenadi iHdopmanii Ha 06a3i BHKOPHCTAHHS
Ppo3po0IIeHOT METOTUKH OOPOOKH CUTHAJIIB B aKyCTOONTHYHHIX aHANI3aTOPax CIIEKTPa, sika JO3BOJISIE MiIBUIIATH PO3ALUTbHY 31aTHICTD
AOAC 3a paxyHOK MiJBHIICHHS DPO3AUIBHOI 3[aTHOCTI IO HYacTOTI JBOX HEOJHOYACHUX DPAIiOIMITYJBCIB BETMKOi TPHBAIOCTI.
PesyabTaTu nocmimkenss. [IpoBeneHnii aHami3 BIUIMBY YacTOTHHX MapaMeTpiB KOMITIOTEPHOI Mepexi Ha 3a0e3NeueHHsT BUKOHAHb
BiJMIOBITHUX BUMOT MO SIKOCTi oOciyroByBaHHs. [IpoBeneHi NOCHIIKEHHS MOXIMBHX LUISXiB MiABHIICHHS PO3IUIBHOI 3aTHOCTL
AOAC mno gacrori. Buueni HemiHiitHi xapaktepuctuku AOAC, 10 J03BOJIAIOTH MPOBOAUTH MOAEPHI3AIi0 METOMIB ITiJBHIICHHS
PO3MiiBbHOT 371aTHOCTI O YacToTi. BUkopucTaHa KiacMyHa METOIiKa 0OpOOKH PaaiofoKaIliifHUX CHTHAMIB, 10 J03BOJISIE BU3HAYATH
Yac 3ali3HIOBaHHS IPUXOAY JOCHTH JAOBrOTO IMITYJIbCY 3 TOYHICTIO, IO 3HAYHO MEPEBHIIy€e po3MipH iMmyiiscy. [Ipu anamizi pobotu
AOAC BpaxoBy€eThCS, IO MOTIK CUTHATEHUX (OTOETEKTPOHIB B aKyCTOONTHYHOMY aHaNi3aTOpi CIIEKTpa, SK BiIOMO, OMHCYEThCS
posmnoxinom Ilyaccona. Ane OJHI€I0 3 OCHOBHHX BJIACTUBOCTEHl BHIIAJKOBHX BEJMYHMH, PO3MOJICHHX 3a 3akoHOM IlyaccoHa, €
BIJICYTHICTh B3a€MHOI Kopemnsmii ckiagoBux IlyaccoHiBcbkoro motoky. Lle momymieHHS H03BOJNSE CYTTEBO MiABHIIUTH PO3ILTBHY
3natHicTh AOAC mo dactoTti. BucHoBkuM. HaBeneHo aHamiTH4HI CHIBBIIHOIIEHHS Ui JAWCIEpCii BHUMIPY YacTOTH CHTHANY.
3amponoHoBaHa MeTonuka oOpoOkm curHaimiB B AOAC, ska m03BOJIsiE€ MiABHIIMTH po3autbHYy 3maTHicTe AOAC 3a paxyHOK
MTiABHIIEHHS PO3IUTFHOI 3AaTHOCTI MO YaCTOTi IBOX HEOJAHOYACHUX PaIiOiMITyIIECIB BETUKOT TPHBAIOCTI.

KmrouoBi ciioBa: xoMn'loTepHa cucTeMa; TeJEKOMYHIKalliiHa Mepe)ka; aKyCTOONTHYHMH aHali3aTop CIEeKTPa; MOKAa3HUKH
SAKOCTi 00cmyroByBanHs (Q0S) KOMITFOTEPHUX MEPEXK.

CPEACTBA YJIYYIIEHUA KAYECTBA ObCJIYKUBAHMS KOMIIBIOTEPHOM
CETU THO®OOPMALMOHHOU CUCTEMBbBI CYJAEBHOU SKCITEPTU3bI

AKTYyaJIbHOCTh HCclenoBaHMA. B coBpeMeHHOH CyneOHO-3KCIEepTHOW mpakTuke KommbioTepHble cetn (KC) sBnstorcs
HEOTHEMJIEMOH 4YacThI0 KOMITBIOTEPHO-TEXHHYECKON OSKCIEPTH3bl, MO3TOMY OOECleueHHe WX HOPMAaJbHOTO ()yHKIIMOHHPOBAHHUS
CTAaHOBHUTCSI UPE3BEYAHO BAKHOM 3amaueil. B 3Toi cBA3m B TeOopMM MOCTPOCHHS, MOAM(MUKAIMK M SKCIUTyaTalnd MH(POBBIX
TEJICKOMMYHHUKAIMOHHBIX CHCTEM BO3HHKAeT JIOCTATOYHO o0mias mpobiema mo mudgpoBoit 06paboTKe CHIHANOB, CHHXPOHH3AINN
ceTH M ee crabmiabHOCTH. PemieHmio maHHOHW mpoOneMbl OBUIM TIOCBSIIEHBI HCCIENOBAHHSA, B KOTOPHIX aHAIN3UPOBAIHCH
XapaKTePUCTUKN CTAOMIBHOCTH (YHKIMOHHPOBAHHS CETH M IIPeIarajuch METOABl H3MEpPEeHUs (HU3NYECKHX IapaMeTpoB,
onpenensomux ee. MHOTHe U3 MPOBEICHHBIX MCCIIEOBAHNI OCHOBBIBAIMCH HA MCHOJIb30BAaHMM YAaCTOTHBIX M3MEPEHHUH B KaHaIax
CBsI3M KOMIIBIOTEPHBIX CeTell mepeqadn MHPpopManuu. AKycToonTHueckue ananu3atopsl crekrpa (AOAC) mmMpoko NpUMEHSIoTCs B
ceTsiXx MH(OPMAIIMOHHON CHUCTEMBbI CyJeOHOW SKCIePTH3bl, YTO MO3BOJSIET MOBBICUTH MOKasaTenn QOS KOMITBIOTEpHBIX ceTel
cucTeMsbl cyneoHoi skcrieptu3bl. Ilpeamer uccnenoBaHus: pasperiaronias CliocOOHOCTh aKyCTOONTHYECKUX aHAM3aTOPOB CIIEKTpPa.
Lenblo cTaThy SBIAETCS TOBBINICHHE KayecTBA AMATHOCTHKH MapaMeTpoB KOMITBIOTEPHBIX ceTel mepenadn MH(GOpManuu Ha 0ase
HCTIONB30BAaHMS Pa3pabOTaHHOW METOTUKH O0OpabOTKHM CHTHAJIOB B aKyCTOONTHYECKHX aHAIN3aTOPaX CIEKTPa, KOTOpas ITO3BOJISET
MOBBICHTH  paspemaronryio crocodHocts AOAC 3a cuyeT MOBBIIIEHHS pa3pelleHHsi IO YacTOTe JIByX HEOJHOBPEMEHHBIX
PaIMONMITYJILCOB OOJIBINON UIHTENBHOCTH. Pe3yapTaThl HccnenoBaHus. IIpoBeneH aHanM3 BIMSHUS YacTOTHBIX I1apaMeTpOB
KOMITBIOTEPHOM CETH Ha oOecreucHUe BBIMONHEHUH COOTBETCTBYIOMIMX TpeOoBaHMiI 1Mo KauecTBY obOcmyskuBaHMs. IIpoBemeHbI
HCCIIeIOBaHUsT BO3MOXHBIX IIyTed MOBbILEHHUA paspewmaromieid crnocobHocth AOAC mo wactote. I3ydeHsl HenMHEHHBIE
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xapaktepucTiukn AOAC, MO3BONSAIONINE TPOBOJUTH MOJICPHHU3ALUIO METOAOB MOBBIICHNS pa3pellaromieil CIOCOOHOCTH MO YacToTe.
Vcnonp30oBaHa kiaccudeckas METOIMKa 00pabOTKH paJHoIOKallMOHHBIX CUTHAJIOB, TTI03BOJITIONIAsT ONIPEACIIATE BpeMsl 3ara3ibIBaHus
MIPUXO0Ja JOCTaTOYHO JUIMHHOTO MMITYJIbCA C TOYHOCTBIO, 3HAUHUTEIHHO IPEBHINIAIONIEH pa3sMepsl UMIynbca. [Ipu aHammuse paboTsl
AOAC y4nThIBaeTCs, 4TO MOTOK CHUTHAJIBHBIX ()OTODIEKTPOHOB B AaKyCTOONTHYECKOM aHAIM3aTOpe CIEKTpa, KaKk H3BECTHO,
omuckIBaeTcsl pacnpenenenueM Ilyaccona. Ho omHMM M3 OCHOBHBIX CBOWCTB CIIy4aiHBIX BENWYHMH, PACIPENENICHHBIX IO 3aKOHY
ITyaccoHa, sBisieTcs OTCYTCTBHE B3aMMHON KOPPEJSIMHM COCTaBHBIX IlyacCOHOBCKOTO IMOTOKAa. OTO JOMIYILIEHHE ITO3BOJIACT
CYIIIECTBEHHO MOBBICUTH paspemarontyto crnocodHocts AOAC mo yacrore. BoiBoabl. [IpuBeieHbl aHaNUTHYECKHE COOTHOLICHUS TS
IUCIIEpCHH M3MEpEeHUsl 4acToThl curHaia. llpemnoskeHa meroauka obpabotku currainoB B AOAC, koTopasi MO3BOJISET MOBBICUTH
paspematonyto crnoco6HocTs AOAC 3a c4eT MOBBIIEHHS PA3PELICHUs MO0 YacTOTE JBYX HEOIHOBPEMEHHBIX DPaIHOMMITYIHCOB
OOJIBIION UTUTEILHOCTH.

KnioueBble ciI0Ba: KOMITBIOTEpHAs CHCTEMa; TEJIEKOMMYHHKAIIMOHHAs CETh; aKyCTOONTHYECKUH aHaJM3aTop CIEKTpa;
ToKa3aresy kauecTBa oocyxuBaHus (QoS) KOMIIBIOTEPHBIX CETEH.
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YIPABJIIHHA BAPTICTIO IHHOBAIIIMHOI'O MPOEKTY Y NPOMUCJIOBIA
COEPI

IIpenmeToM NOCTKEHHS € YMOBM Ta IIPOIEAYpPH IIOJO YIPaBIiHHS BapTICTIO iHHOBamiiiHoro mnpoekty. Merta pobGotm —
(OpMyBaHHS MiJXOIB JIO YIPABIIiHHSA BapTiCTIO IHHOBALII{HOTO NPOEKTY HA IPOMUCIOBOMY IiIPUEMCTBI HA OCHOBI KOMIUICKCHOTO
migxony. s DOCSATHEHHS METH BHPILIYIOTBCS Taki 3ajJavi: aHali3 MpOLECiB BU3HAYCHHS BapTOCTi IHHOBAIIMHOTO IIPOEKTY,
MIPOBEICHHS OIVIAY METOMIB OLIHIOBaHHS BapTOCTI IHHOBAIIMHOTO MPOEKTY Ta BUAUIEHHS iX HEMOIIKIB 1 mepesar, po3poOJeHHS
aIropuTMy BHOOpPY METO/a AJI OLIHIOBAaHHSA BapTOCTI MPOEKTY, CTBOPEHHS MOJENi YIPAaBIiHHS BapTICTIO iHHOBAILIITHOTO MPOEKTY.
Cepen 3ampoNOHOBAHUX Y JITEpaTypi MeTOAIB MPUHHATO O yBaru: mapaMeTpUYHE OL[IHIOBAHHS, OLIHIOBAaHHS PEAIBFHHUX OIMIIIOHIB,
OLIHIOBaHHs "3HW3Y BBepX" Ta "3BepXy BHU3" I METOZ CIIBCTaBHHX OLIHOK (3a aHamoramu). OTpHUMaHO HACTYIHI pe3yJbTaTH:
MIPOAHATI30BaHO IIPOIEC OI[IHIOBAaHHS BapTOCTI IHHOBAIIHHOTO IPOEKTY Ta BHIUICHO (aKTOPH, SKI BIMBAIOTh HA BH3HAYCHHS
BapTOCTI, 3aIIPOIIOHOBAHO AJITOPUTM BHOOPY METOIY Ta MOJENb UL OLHIOBaHHS BAapTOCTi NMPOEKTY. [IpoBeneHO omuc CTPYKTYpH
YIpaBIIiHHS BapTiCTIO iHHOBAIiHHOTO MPOEKTY, KA CKIANAETHCS 3 JIOTIYHOI MOCTITOBHOCTI CTaAiN: OLiHKA BapTOCTi, 1 AeTaizaris,
IUTaHYBaHHA 1 OIO/KETyBaHHS BapTOCTi, KOHTPOJb BapTOCTI MPOEKTY, 3aBeplIajibHa OI[iHKA IPOEKTY. 3alpoNOHOBAaHO CXEMY
OIIIHIOBAaHHS BAapTOCTiI MPOEKTY HA OCHOBI NMOEIHAHHS BXIJHUX JaHWUX, IHCTPYMEHTIB Ta METOJIB OLIHIOBAHHS BAPTOCTI MPOEKTY i
BUXITHHUX JaHuX. Po3pobieHo rpadidHy MoJens MpOIEeCHOro MeXaHi3My YIPaBIiHHS BapTICTIO NPOEKTY. BHOKpeMIICHO MOKAa3HUKH,
10 BUKOPHCTOBYIOTH K BXiZHY iH(popMamiro [ BU3HAUYEHHs BapTOCTI MPOEKTY. BumineHO MeToau, 3a JOMOMOTOI0 SIKUX OLIHIOIOTH
BapTICTh TMPOEKTY 1, AK HACHINOK, OTPUMYIOTH iH(pOpMaIliro (aHi) 3aBepmialbHOTO eTamy. [IpoBeneHO aHami3 METO.IB, SKi
BUKOPHUCTOBYIOTh JUIsi BU3HAYCHHS BapTOCTI MPOEKTY 1 HA OCHOBI aHaJi3y po3po0JICHO alrOpuTM BHOOPY METOMY, KU 3a0e3medye
panioHaJbHE BHBa)KyBaHHS BapTOCTI MPOEKTY. 3alIPOIIOHOBAHO CXEMY IPOLIECHOTO IiJXO0AY O YIPABIiHHS BapTiCTIO MPOEKTY Ta Ha
OCHOBI IIPOAHaNI30BaHUX MOJIeJIel 0Oy JOBaHO BIAaCHY MOJEIb OLHIOBAaHHS BapTOCTI IHHOBALiIfHOTO IPOEKTY. BHCHOBKH: B cTaTTI
MiICYyMOBAHO PE3yJIbTATH AOCII/KCHHS 1 BU3HAYEHO, IO B MOJANBIIOMY IEPCIIEKTHBHOIO 33/1a4€l0 € ampoOarlist 3alpornoHOBaHUX
MiAXO0/IB, @ TAKOK PO3BUTOK KOTHITHBHOTO MiIXOAY IO YIPAaBIiHHS BapTiCTIO iIHHOBAI[IHHUX MPOEKTIB.

KuarouoBi cioBa: ympaBmiHHS; BapTiCTh; METOJ OLIHIOBAHHS; IHHOBAUiWHUHA TPOEKT; >KUTTEBHH LUK, NPOMHUCIOBE

MiATPHEMCTBO.
Beryn 3aBepINYIOTh B 3aIUIAHOBAaHI TEPMIHHM Ta B MeXax
3aIlJJaHOBAHUX BUTpAT.
BrnpoBajpkeHHss  iHHOBallid Yy TOCIOJApCHKY YV 2018 p. Ha Vkpaini 3 4733 npomucnoBux
I[i?[J'IBHiCTB IIPOMHUCIIOBUX HiJ_Il'IpI/I€MCTB crpuse MAIPpUEMCTB 33(1)1KCOBaHO 777 1HHOBAIIIMHO AKTHBHUX

OIWHHIE. 3  OCTaHHIX BHTpadamu Komru: 218
nianpueMcTB Ha BHyTpimHI H/IP, 66 — Ha 30BHimHI H/IP,

3pOCTaHHIO TPOTYKTHBHOCTI TIpaii, €KOHOMIl pecypciB,
CKOPOYCHHIO BHTpPAaT Ha BHPOOHHLTBO MPOMHUCIOBOI

NPOAYKI[ii Ta, AK HACHiJOK, 3HWKeHHIO coGiBaprocti 320 - Ha npuubaHHs MawmuH, OONaIHaHHA —Ta
HPOIYKIHi, IiJBHMIIEHHIO €KOHOMIYHOi e(EeKTHBHOCTI  IPOrPaMHOro 3abe3neueHHst, 40 — Ha MPUIOAHHS 1HIITHX
JIANIBHOCTI Y JIOBFOCTPOKOBIM IIEPCHIEKTHBI. 30BHINIHIX 3HaHb, 138 — Ha iHme. Butpatn Ha iHHOBAIT

3HauHa  KiIBKICTh  HAYKOBMX i BUpOOHMuUMX 3@ HalpsSMaMu iHHOBAIiMHOI JisIBHOCTI 3a PEriOHamMu y
nignpueMcTs  Ykpainu  3piiicHiOI0TE  cBoto ocHoHy 2018 poui cknanm 12 180,1 min. TpH., y ToMy 4ucli 3a
TiSUTBHICTh yepes yIIPaBIIiHHS HPOEKTAMHU Ta  PpaxyHok BimacHMX komTiB 10742,0 mmH. TpH., a 3a

YCBIIOMJIIOIOTh KOPHCTh BiJl 3aCTOCYBaHHsS CYy4acHHX
TexHoorii. O6csr peanizoBaHol IHHOBAIIHHOT MPOAYKIIT
3a 2018 p. cknaB 24 861 muH. rpH., mo Oinbme Ha 7146,9
MIJIH. TpH. y mopiBHsHHI 3 2017 p. [1]. Ana ycmimmoi
peanizamii CKIaAHMX HAYKOMICTKMX HPOEKTIB HEOOXiqHi
3yCWIISL TJNPUEMCTB, BUTpaTH 4acy, pecypciB i
(biHaHCOBUX KOIITIB. 3ayBa)X€HO, 1[0 TaKi IPOEKTH PIIKO

m. Kuis
XapkiBchka
Ilonrascbka
JIbBIBChKA
Kuiscbka
3amopi3bka

40

paxyHOK Jep)kaBHOTO Oropketry — 639,1 MuH. TpH Ta
KpenuTiB — 473, 9 MiH. TpH.

[Ipoctexxeno  obmacti  YkpaiHm, 1[I0  MaroTh
HaWOUIbIy KIJIBKICTh ITIPOMHCIIOBHX IiJIPHEMCTB 32
HampsMaMM  iHHOBamiiHOi xisutbHOcTi. Ha pume. 1

300pakeH0 iHpOpMAIlil0 MOA0 I SATH PETiOHIB Ta MicTa
KuiB y 2018 p.

140

100

KinbkicTs minnpaemMcTs

60 80 120

Puc. 1. KinbKicTh IPOMUCIIOBUX MiANPUEMCTB 3a HaIPsIMaMH iHHOBaNiifHOT MisIIBHOCTI 3a perioHamMu YKpainu
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KputepieM ycminiHOi iHHOBAIIHOI IisSIBHOCTI €
YacTKa iHHOBAI[IHHOT POAYKIIii, IO MOTpaIuIsIE Ha PHHOK
[2]. Bona Hapasi craHoBUThH B YKpaini Hebarato — 56 %.
Takox 3HWKECHHS TEMITIB €KCTIOPTY TOBApiB, 301IBIICHHS
IMITOPTY CIOKMBYUX TOBAPiB, 30BHIIIHIK Ta BHYTPIIIHIH

aucOanaHc B HallOHAJNBbHIW — €KOHOMII, mpoOiemu
BaJIOTHOTO PHUHKY, BIJICyTHICTB MeXaHi3MiB
KoMepuiamizarii HayKOBO-TEXHIYHHX PO3pO0OK,
MpoBeAcHHS (DiHAHCYBAaHHS IHHOBAIMHOI JiSUTEHOCTI

3ne0uIblIe 32 paXyHOK BJIACHUX KOIITIB IMIANPUEMCTB €
MIPOSIBOIO BIJICYTHOCTI CHCTEMHO{ 1HHOBAWIWHOI ITOJIITHKH
JepIKaBH.

3 iHIIOI CTOpPOHM, IHHOBAIliiHA MiSUTHHICTH €
HACTIIKOM TOIIYKY OiIBII MPUOYTKOBUX chep BKIAJICHHS
KammTany 3a YMOB MaJiHHS CEpeIHbOI HOPMHU MPHOYTKY
[3]. € ¥ iHImI YWHHUKH, SKi CHPHIIOTH PO3BUHEHHIO
IHHOBALIHHOTO TIPOLECY: Opi€HTAllisl KEepiBHUKIB Ha
JIOBI'OCTPOKOBY IIEPCIEKTHBY, PO3BUHEHA cucTeMa 30yTy i
MapKeTHHTy, Oe3lepepBHUII TOIIYK HOBHX PUHKOBUX
NPOMO3MLIHM, IHTENEKTyaJbHUH TOTEHIa]l BUPOOHHYMX
MiANPUEMCTB.  30BHILIHIMU  (paKTOpaMu  BWIHMBY €
CKOpPOYEHHS KMTTEBOTO IMKIY HAasBHOI MPOIYKIII,
BUHUKHEHHS HOBHX IOTPeO MOKYMIIB, 3MiHA MPIOPHUTETIB
CITO’KMBAYiB, MiABUINCHHS PiBHSA KOHKYPEHIII.

B cyyacHMX yMoBax BHHHKa€ 3aqada e(heKTUBHOTO i
SIKICHOTO  YIIPaBIiHHA  1HHOBAaliHHUMH  IPOEKTaMH,
30KpeMa, 3aJava YIpaBJiHHA BapTICTIO IHHOBAI[IHHOTO
MIPOEKTY, TOOTO IUIAHYBaHHA OFODKETYy Ta BHU3HAUYCHHS
BapTICHOI OIIIHKM TPOEKTY TPOTArOM BCHOTO HOTO
KHUTTEBOTO IIHUKITY.

ToMy Tema MOCHIIDKEHHS MPEJACTAaBICHOT POOOTH
Ha0OyBae 0coOIMBOT aKTyaJIbHOCTI.

AHaJi3 ocTaHHIX J10caifKeHb i myOaikanii

[Toka3HHUK BapTOCTi ABIAETHCS 3HAUYIIUM B TIPOIIEC]
IUTaHYBaHHS Ta Oe3rocepeHbo peatizamii iHHOBAIiHOTO
TIPOEKTY.

B cywacHmx yMoBax 3poCTa€ poib YIPaBIiHHI
MIPOEKTaMH Ha BCIX MiANMPUEMCTBAX B HE3AJICIKHOCTI BiJ
¢dbopMH BIACHOCTI 1 BHUAIB TOCHOJAPCHKOI JiSUTHHOCTI.
Haii6inbImii BHECOK y JIOCHIIPKEHHS MUTaHb YIPaBIiHHS
NPOEKTAMU BHECIM Taki BITYM3HSHI Ta 3apyOiXkHI
HayKOBIIi: IO. bperxen, H. M. Bnyxosa,
M. A. Tonbubepr, A. Hamonapan, A.O. €mnidanos,
B.M. Kaprnes, O.M. Kibix, O.M. Kotnyo6aii,
H. K. JIeb6ins, O. I'. Menapyn, C. B. Hikymnin, €. M. Cuy,
O. M. Crenanos, €. B. Illatamrox.

[Ticns mpoBeAcHOrO  aHamily BHU3HAYCHO, IO
ChOTOAHI ICHYE JOCTaTHA KUIBKICTh METOIIB IS
OIIHIOBAHHS BapTOCTI IHHOBAI[IHHUX TMPOEKTIB. Buoip
METOJy 3aJICKUTh BiJl BUMOT 10 (hJiHAHCOBOTO PE3yJIbTATy
IHHOBAI[IHHOT ~ MISJIBHOCTI. BiH  yTBOPIOETBCS  Bif
JIOZIATKOBOTO JI0XOJY, NEPEBUIICHHS (haKTUUIHOTO JOXOIY
B pe3ysibTari Oinbll e(eKTUBHOTO BUXOJLY Ha PHHOK,
CKOpOYEHHS OlepaliiHuX BUTpAT, MPUOYTKY OpraHizarii,
a TakoX Bif o0csry indopmarii, mo HeoOXimHa s
BH3HAYCHHS BapTOCTI MPOEKTY Ta iH.

BupinenHs HeBupilleHUX paHillle YACTHH 3arajabHOI
npodaemu

Huni cyvacHi TpaauiifiHi METOOM 3 TOJOJIAHHS
Kpuszu [4], OpU3BOIATH N0 HEAOCTATHHOI'O MPUTOKY
IHBECTHIIl B ICHYIOUHI CEKTOp, Ta B IOBHIA Mipi He
3a0e3neuyroTh IMOTpeOM KOPIOPAaTHBHOTO 3pOCTAaHHS 1
CTalOTh MCHIN IPHUBAOIMBAMHU JUII BEIUKOI KiTBKOCTI
T ATIPHEMCTB.

Bce me BmmBae Ha 301MBIICHHS POJIi BEHIYPHOTO
(iHaHCYBaHHSI B CTaHOBJIICHHI YKpaiHChKOI iHHOBalilHOT
€KOHOMIKH.

Icaye  cmemmdika
MIPOEKTIB, a caMe:

- IHHOBAIiliHI TIPOEKTH MOXYTh MAaTH CTpaTeTidyHe
3Ha4eHHSA JUII IMIANPHEMCTBA, aje MOXYTh OyTH He
IpuOyTKOBUMU;

- HACJHIJK{ BHUSBJISITUMYTHCS JOBIOCTPOKOBUMH 1
CyIepewINBUMUY;

- ICHYIOTb JIOCUTb BUCOKI PU3UKH;

- HeoOXi/THa THYYKICTh NIPH NPUHHATTI PilIEHb.

Jlo xro4oBUX Mpo0JieM iHBECTYBaHHS B iHHOBAITiHHI
MPOEKTH MOYXKHA BiTHECTH TaKe: BHUCOKI TEXHiYHI 1
KOMEpIIiiiHI PU3UKH, TPUBAIHMH MEpioj peaizalii, BUCOKI
3aTpaTu Ha HAYKOBO-JO0CHi/THI Ta IOCHIIHO-
KOHCTPYKTOPChKi poboTu. Sk mpaBwio, mi mpoOneMu
MIPU3BOJSTH o BHCOKOI HEOOX1aHOT HOPMU
puOyTKOBOCTI 1 BiJI’€MHOT YHUCTOI HOTOYHOI BapTOCTI.

OILIIHIOBAHHS  1HHOBALIHHUX

TakuM YHHOM, B YMOBaxX HEIOCTAaTHLOI iH(opmarii
PO  BapTICTh pecypciB, (iHAHCOBUX BKJIAACHb, IIPO
VCHINIHICTG ~ BIPOBADKCHHS  IHHOBAIIH  aKTyaJbHOIO
3aj1a4elo € OI[IHIOBAHHS BAPTOCTi IHHOBAIIIHOTO TIPOEKTY.
Jlo HeBupimieHMX TNPOOJEM  YIpaBIiHHA  BapTICTIO
IHHOBALlINHOTO ~ TPOEKTY Yy  TNPOMHCIOBIH  cdepi
BIZIHOCSATBCS: PO3POOJICHHST KPUTEPIiB KUIBKICHOT OI[HKH
e(peKTUBHOCTI TAKUX MPOEKTiB [4], METOIIB MiABUILEHHS
ehexkTHBHOCTI X  (piHaHCOBOrO  3a0e3medeHHS 3
ypaxyBaHHSIM B3a€EMHOTO BIUIMBY TPOIIOBHX ITOTOKIB
0a30BOr0 1 MPOEKTOBAHOTO BHUPOOHHITB, CIIOCOOIB
30UTBIICHHST OOCSTIB BIACHOTO (DIHAHCYBAaHHS, a TaKOXK
parmioHamizamnii CTPYKTYpH KalliTamry, IO 3alydaeTbes i
HOTro BUKOPHCTAHHS 110 THMYACOBHX IHTEpBaIax MPOEKTy,
MoJenell 1 MeTOHiB OIIHKH o0csAriB (iHaHCYBaHHS Ha
OCHOBI 3HaHb LI0/I0 PalliOHAIBHOI CTPYKTYPH BUPOOHHYOT
cHcTeMH, 10 3a0e3reuye peasi3alilo NporpaMH BUITYCKY
3a moTpedamMu pUHKY.

B momepennix pobGorax aBropiB [5] Oyno
JIOCTIJKEHO 3arajbHi IMIAXOMU IO YIPAaBIiHHA BapTiCTIO
IHHOBAI[ITHUX TIPOEKTIB.

MeToro naHoi cTarTi € GOpMyBaHHS MiJXO/IB MI0/I0
yIpaBIiHHS BapTICTIO IHHOBaLlIHNX MIPOEKTIB
MPOMUCIIOBUX MiANpHeMCTB. OCHOBHHMH 3aJad4aMHu JUIs
BUPIIICHHS € TaKi:

- IpOaHaJli3yBaTH IIPOLEC OI[IHIOBAaHHA BapTOCTI
IHHOBAI[ITHOTO TIPOEKTY;

- MPOBECTH OTJISII METOJIB OIIIHIOBAHHS BapTOCTI
IHHOBAI[IHHUX MPOEKTIB, X HEJOIKH 1 IEpeBarm;

- po3po0UTH  anropuT™M  BHOOpPY  MeToAa IS
OIIIHIOBAHHS BapPTOCTI MPOEKTY;
- CTBOPUTHU MOZEIb YIpaBIiHHS BapTICTIO

IHHOBAI[ITHOTO MPOEKTY.




ISSN 2522-9818 (print)
ISSN 2524-2296 (online)

Innovative technologies and scientific solutions for industries. 2020. No. 2 (12)

Pe3yabTaTH qocaigKeHHs Ta iX 00roBopeHHs

Buxoasun i3 CYTHOCTI TOHATTS METOAOJOTII Ta
BIMOBIAHO 10 00’€KTy Mi3HAHHA [6], a caMe: YIpaBIiHHS
BapTICTIO  IHHOBAlliHHOTO TMPOEKTy —  TIO3HAYUMO
JIOCITIJHKYBaHI 3aJIe)KHOCTI MiX BIACTHBOCTAMH O0'€KTa
ITi3HAHHS, 8 TAKOXX 30BHIMIHIMHU Ta BHYTPIIITHIMI YMOBaMHU
HOTO iCHYBaHHSI.

Ha pmanuii yac npuyMHAMHM TIOCHJICHOI yBard o0
PO3pO0IIEHHS Ta BIIPOBAPKEHHS IHHOBAIIIH € TaKe:

- iHHOBallli B CYYaCHHUX YMOBaX T'OCIIOJapIOBAHHS
COpPUAIOTh  CTBOPCHHKD  HOBHX  pOOOYHMX  MICIb,
e(peKTUBHOMY  PO3BHUTKY  TIPOLECIB  CYCIIJIBHOTO
BIITBOPEHHS Ha BCiX PIBHAX YIPABIIHHSI €KOHOMIKOIO;

- POBEICHHS HayKOBO-TCXHIYHHUX 3aXO0/IiB,
TOB'I3aHUX 3 BIPOBAHKCHHSM IHHOBAIH 1 3AIHCHCHHIM
MIPOEKTIB, nepenbavae 3a0e3neyeHHsa KIHIIEBOTO
€KOHOMIYHOTO €(eKTy, KW BiTOMBAETHCS B IiABUIICHHI
e(heKTUBHOCTI TOCMIOaPCHKOI TISUTBHOCTI MiAIPUEMCTBA.

Po3pobiienHss Ta 3acTOCyBaHHs IHHOBAIid €
TOJIOBHOO 33J[aucio IHHOBAIIHHOTO MPOEKTYBAHHS.

Sk BU3HAYeHO B MOMEpemHix mparpsx  [5],
IHHOBaLiHHUN TPOEKT — 1€ KOMIUIEKC poOiT 1 pecypcis,
sIKI TIOB’S13aHI 4acoM 1 MPOCTOPOM, KEPOBaHI 3 METOIO
yIIOCKOHAJICHHSI TOYHOCTI OLIIHOK BapTOCTI Ta CHPSMOBaHi
Ha JOCSATHEHHS KIHIIEBOTO DPE3YJIbTaTy — BIPOBAKCHHS
IHHOBAI¥M y IpaKTHIHY HisUTbHICTB [7].

[HHOBAMIMHI TPOEKTH y MPOMHUCIOBIH cdepi MarOTh
TaKi 0COOJIMBOCTI:

- MIBUINCHI PU3WKHA MPOMUCIOBHX TIPOEKTIB B
NOPIBHSHHI 3 IHIIMMH  TPOEKTaMU  CYO €KTiB
rOCIIOJIapIOBaHHS;

- TIpoIecH (biHaHCYyBaHHs Ta peaizawii
IPOMHCIJIOBOTO IIPOEKTY PO3ALNEHI Ha eTamny;

- aKTyaJi3aris po3poOKu IHHOBALIHHOTO

MIPOMHCIIOBOTO TPOEKTY BiZOYBA€ThCS TPU HASBHOCTI
IBOX OCHOBHHX YMOB: peaii3amis IHHOBAIliifHOT imel
CTBOpEHHs KOMIIaHii abo JOCHTh TpUBAJE 3a YacoM
(YHKIIOHYBaHHs KOMIAaHii Ha IIEBHOMY PHHKY.

VYnpaBiiHHA {HHOBAIlIfHUM TIPOEKTOM — IIe TPOIIEC
OpUHHATTA 1 peawmi3amii  ympaBIiHCHKUX  PIIICHB,
CIpSMOBAHHUX Ha pealli3allil0 iHHOBANIWHOI imei W ToMy
MOB'S3aHUX 3  BHU3HAYEHHSM  BIJMNOBIIHHUX  IIJICH,
IUIAHYBaHHSM 3aXOJIB 1 KOHTpOJEM 3a XOJOM iX
BHUKOHAHHSI.

OmvH 3 WOXOAIB 1O YIPaBIiHHA IHHOBAIliHUM
poexToM [8] posrisgae Tpu oOMexeHHA: diHaHCH, Yac Ta
moaceki  pecypcen. Lli  oOMmexeHHs 6e3mocepenHbO
NOB’sI3aHI 3  JOJEp)KAHHAM IPUHHATOTO  OIOJDKETY.
Hanpuknan, mo6 ckopotuTu 4ac (TepMiHH), 30UIBLIYIOTH
KUTBKICTh 3afHATHX JIOJCH IUis BUpimeHHs 3amadi. Lle
NPU3BONTE 70 30UbieHHss BaprTocTi (Oromxery). 11106
g 3ajaya BHpillyBajach IIBWALIE, aj€ 3pPOCTaHHA
OroKeTy MOXHA 0ysio O YHHKHYTH, 3MEHIIIYIOTh BUTPATH
Ha piBHY BEJIMYHHY B IHIIOMY CETMEHTI MPOEKTY [9].

Jns noxep)kaHHS B paMKax MPHHHATOTO OIOKETy

ICHYIOTh BIANOBIIHI CKJIQJOBI TIPOLECY YIPaBIiHHA
BapTICTIO TIPOEKTY.
VYropaBimiHHA BapTICTIO 1HHOBAIHHOTO IPOEKTY

MOXKHa pO3riiggaT 3 TPbOX HO3HHiﬁZ

1. VYmpaBmiHHA — 1e cuctema (QyHKIINA, 110
pearizyroThCs IMOIIJIOM IPOIIeCy YIPaBIiHHA Ha poOoTH U
oreparii.

2. YmpaBiiHHS BapTiCTIO IHHOBAIIITHOTO IPOEKTY
SIBJITE CO00I0 TIEBHY TIOCHTIJIOBHICTh B3a€EMO3aJICKHUX
€TaIB 3a/y1sl IPUHHSTTS YIPaBIIHCHKUX PillICHb.

3. VmpaBiiHHS XapaKTEepU3yeThCs OpraHi3aliifHOo
CTPYKTYPOIO, 1[0 BKJIFOYA€E CKJIaJ| 1 B3a€MO3B'SI3KM OpraHiB
YIpPaBJIiHHS, @ TAKOK TEXHOJIOTII0 YIPaBIiHHS.

Konkperusyemo 3aIpOIIOHOBaHY
VIPaBITiHHS BapTiCTIO iIHHOBALIfHOTO TIPOEKTY.

B mimoMy BHAUIAIOTE CiM CTafill KUTTEBOTO ITUKITY
IHHOBAIITHOTO TPOEKTY [2], sIKi BiqoOpakeHo Ha puc. 2.

KOHLEILI O

CTBOpeHHST KOHIIETIIIT

1HHOBAIIITHOTO IIPOEKTY
I

TlinTBepIsKeHH KOHLISIIIIT

IHHOBAINITHOTO IIPOEKTY
I

(]

IIpOEKTYBaHHA T IPUKIAIH]
JOCITLIKEHHS
I

BupoOHHIITBO IPHMIPHIKIB Ta
IUIOTHI IIPOJaKl HA PHHKY

\
L]

HapomyBanHs BUpOOHHIITBA Ta

0opoTrOa 3a MO0 pPUHKY
]

CradlibHe BUPOOHUIITBO Ta
OTPUMAHHS IPUOYTKY
]

Y

3aBepIneHHs IHHOBAIIHHOTO
HPOEKTY

Puc. 2. Cranii )KUTTEBOTO LUKITYy iHHOBAIIITHOTO MPOEKTY Y
MIPOMHUCIIOBIH cepi

B cydacHMX KpH30BMX yMOBax (yHKLIOHYBaHHS
MPOMUCIIOBAX  MIANPHUEMCTB  YIPaBIiHHA  BapTICTIO
MPOEKTY Ji€ K OOMEXCeHHS B IHHOBAIiHHOMY
npoekTyBaHHi [10]. Buxomsum 3 TOro, IO BapTicTh
MPOEKTY BHU3HAYAETHCS CYKYIHICTIO BapToCTed HOTro
pecypcis, BiJITIOBiTHE YIpaBIiHHS BapTiCTIO
IHHOBALIIHHOTO POEKTY MICTHTh TaKi MPOLECH:

- BapTiCHE OIIIHIOBAHHSI;

- OIO/KETYBaHHS TPOEKTY (pecypcHe IUTaHyBaHHS),
TOOTO BCTAaHOBJIEHHS MiJILOBHX ITOKA3HHUKIB BUTpAaT Ha
peaizariio IpoeKTy;

- KOHTPOJIb BAPTOCTI IIPOEKTY, MOCTIHHE OI[iHIOBAaHHSA
BUTpaT, TMOPIBHAHHSA 3  IUIAHOBMMH  BHTpaTaMH,
BUPOOJICHHS 3aX0/1iB KOPUTI'YBIBHOTO 1 IOTIEPEKYI0UOT0
Xapakxrtepy.

VYupaBiiHHS BapTICTIO TPOEKTY IPYHTYETHCS Ha
OyXxrantepcpkid cucTemi OOJIKYy aKTHBIB, 3000B’s3aHb,
cucTeMi 3a0OproBaHOCTi, pyXy MarepialiB, CIUIATH
MOJATKiB, HapaxyBaHHSA aMOpTH3alii, OYIKyBaHHX I
peampHUX TPHUOYTKIB, 3aKymiBmi W TNpomaxy, OOIIKy
BUTpAT iHHOBaIliitHOTO TIpoekTy [11, 12].

PozrnanyBmm cranii JKUTTEBOTO
IHHOBAITIMHUX  TIPOEKTIB, MPEACTABHMO
CTPYKTYPY YHIpaBJliHHS BapTicTio (puc. 3).

LUKy
CXEMaTHYHO
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KOHIIEIILis TIPOEKTY OOrpyHTYBaHH:

HPOEKTY

3a1a4l

301JIbIICHA OI[iHKA
BapTOCTI

JieTalbHa OLIIHKA BapTOCTI

IUIaHyBaHHS
HPOEKTY

peanizanis
HPOCKTY

3aBCPLICHHS
MPOEKTY

BapTicHE TIanyBaHHs 1 OIOIKEeTyBaHHA

KOHTPOJIb BAPTOCTI MPOEKTY

3aBepliiajibHa OLliHKA

MPOEKTY
qac
Puc. 3. Crpykrypa ynpaiiHHS BapTiCTIO iHHOBAIiHHUX HPOEKTIB
TakuMm 4MHOM JUIsi BUDILIEHHSI IOCTaBJICHHUX 3a/1a4 B
npolieci YnpaBJiHHS BapTICTIO IHHOBAIITHOTO IPOEKTY
BUKOHYEThCS KpiM OCHOBHOT (DYHKIIT 3 OIIHIOBaHHS BaaODHE ik 4 baprocr:
BapTOCT1 IPOEKTy M 1HII, a CaMe: YyIIPAaBJIIHHA 4acoM, - BUMOTH J10 (piHAHCYBaHHS NIPOEKTY; &
MePCOHANIOM,  3a0e3MEYeHHSIM  pPeCcypciB, pU3UKAMH - 3BITH PO BHKOHAHHs poOiT; E
KOMepIiiHOI mpono3unii (HampuKiai: HEeBiANOBiTHICTH - inopmauiz npo BuKoHaHHs podiT; =
[y . see . = CXBAJICHI 3AalTHTH 3MIHH =
KOMEpIiHHOT MIPOTIO3UIIIT PUHKOBOT cTparerii _ niirat yripannlinis BpGERToM. E.
MIPOMHUCIIOBOTO MiATPHEMCTBA, BiJICYTHICTB
MOCTavYaIbHUKIB HEOOXiTHIX pecypciB i
KOMILIEKTYIOUHX ). L J
Ha mouaTkoBHX eTamax MpPOEKTY OILIHKa BapTOCTi €
HEJIOCTaTHRO TOYHOIO, a Ha 3aBepUIAbHUX eTamax —
HaBmakd. ToOTO, BapTiCTh IHHOBAIIMHOTO TMPOEKTY € : . ,
6iHBIH OCTOBi HOIO. YUM 6J_H/I)K‘Ie MPOEKT TDSIMVE o = CHCTCMA YIpPaBJIIHHA 3MIHAMH BapTOCTI.
A p > p pAMye A - aHAaIli3 BUMipIOBaHH ¢()eKTHBHOCTI; E
3aBCPIICHHA. - IPOTHO3YBAHHSI: = =
. . ot =]
Ha puc. 4 npeacraBieHo cxemy 3B 3Ky BXITHHX Ta - aHajis e()CKTHBHOCTI BUKOHAHHS NPOCKTY: E =
pGSyJILTaTHI/IX MaHAX HpI/I BI/IBHaquHi BapTOCTi = NPpOrpamMHe 3a0C3MNCUCHHA UTA YIpPpaBJIlHHA ‘E g
. o MPOCKTY: =
IHHOBAL[IHHOTO MPoeKTy [13]. - YIPAaBJiHHS BiAXHUICHHIMH.
Jnst KOHKPETHOTO  iHHOBAIIfHOTO IIPOEKTY 3
ypaxyBaHHSIM KOHKPETHOTO iHHOBAI[IHHOTO IPOIYKTY I
BXI1JIHI Ta pe3yJIbTaTHI JjaHi YTOYHIOIOTHCS. \J
Takox mpH CTBOpPEHHI IHHOBALIHHOTO IPOEKTY I ] ]
BH3HAUCHHI JOr0 BaprocTi BPaxoBYIOTb MPOdeciiiHi - BapTicHa OuiHKa (OHOBJICHH) NPOCKTY;

. . o . . eq. RV - DaszoBHIi NnaH 3 BaApTOCTI1 (OIIOBJ'ICIIHSI):
MDKHApOJHI W HalioHanbHI KBamiikaliiHi craHzapTH ST TS SN S =
JUI KepiBHUKIB 1 (axiBIliB 3 yNpaBIiHHS IHHOBAIlIHHIMHU - MPOTHO30BAHE 3aBEPIICHHA; =
HpOCKTaMI/I [14’ 15] = 3amnuT Ilfl IMIHCHHS, S E_

. . . - pc}({].\'lcll,:l()lililll Kl}pcl'yliaJllslll Ji; =
Bracniok  3MiHGHHS — MapagurMHu - yUpaBJliHHS - AKTHBM Opratizauiiinoro npouecy g
lHHOBaI_Ilf/'IHO}O OUIJIBHICTHO  B1J (1)YHKH10H8.J'IBHOFO a0 (OHOBIIEHHS )
MIPOIIECHOTO HilIXOZIy [14] 3aMpPOTIOHOBAHO  MOJIETh - IJIAH YTIPABAIHHA NPOEKTOM (OHOBJICHHS ).
MIPOLIECHOTO MEXaHi3My YIIPaBIiHHS BapTICTIO IPOEKTY,

sIKa Mpe/ICTaBJICHA HA pUC. 5.

Puc. 4. Cxema OLiHIOBaHHSI BApTOCTI IPOEKTY




ISSN 2522-9818 (print)
ISSN 2524-2296 (online)

Innovative technologies and scientific solutions for industries. 2020. No. 2 (12)

BuxinHi gaHi

Bxigni gani
4-’ TInanyBaHHs H Opranizauis H MortuBaris H KonTpons

—

GIOJKET MPOEKTY

Tpusanicte
MIPOEKTY

. . dakTHuHa Burparu 3 TInanosi
Hepenix Beix BapTICTh BCIX KOPHI'yBaHHsI TOKa3HUKH
POOIT 10 IPOEKTY BUJIiB pOGIT BapTOCTi MPOEKTY BapTOCTI MIPOEKTY
CKOpoYeHHs
IIpoexTHa P .
. MMOKa3HUKIB IToka3zHUKH
i BapTICTh .. . .
[TranoBa BapTicTh - al;(oBaHé a TPHBAJIOCTI BCiX po30iKHOCTEH
MPOEKTY pospaxo BH/IIB pOOIT 3a BapPTOCTI IIPOEKTY
OCHOBI HOpM
MIPOEKTOM
) OrnruMmizartis
Hep@m( 4acOBHUX Ta
He06x1/:u-'mx BapTICHUX
pecypcis MOKa3HUKIB
. 3MeHIleHHs
IInanoBuit

MMOKa3HUKIB
BapTOCTi pecypciB

Puc. 5. Mozienb npoLecHOro MexaHi3My YIpaBIIiHHS BapTICTIO TIPOEKTY

[IporecHnit  migXig  pO3IJSIIAE  MPOEKTYBAHHS
KOMILIEKCHO. Monenb MPOLIECHOTO MeXaHi3My
YIPaBIiHHS OXOIUTIOE OCHOBHI (DYHKLIi yNpaBiiHHS Ta
3a0e3neuye IHTErpalil0 YYacHHUKIB 1 KOHIIEHTpaLilo
pecypciB, a ix periameHTallis mnepeadadae JTOTPUMAHHS
TEPMiHIB 1 MOXIJIMBICTH KOOpAWHAILII did B Tporeci
YIPaBITiHHS BapTICTIO iIHHOBALIHHOTO TPOEKTY.

Ha mpakTuIii BUKOPUCTOBYIOTh TaKi OCHOBHI METOIH
JUTA OIIIHIOBAHHS BapTOCTI iIHHOBAIMHUX MPOEKTIB [16]:

1. Meron mapameTpudHOi OIiHKHU. [Ipu omiHIOBaHHI
BapTOCTI BHKOPUCTOBYETHCSI CTATUCTHYHA 3aJIEKHICTh
MDK BapTiCTIO omepamii Ta IHIIMMH [apameTpamu

npoekty. Ilg 3ajgexHICTP OTpUMaHAa HAa  OCHOBI
CTaTUCTUYHOTO aHaJI3y AaHHX.
2.MeTtox  OWIHKM  peajbHUX  OINIIOHIB  Ja€

MOJXUIMBICTh 1HBECTOpPY (BJIaCHHKY 0a30BOr0 AaKTHBY
MIPOEKTY) IUIIXOM BBEJICHHS y BHPOOHHUITBO YCIIIIHUX
PO3po0OK Yepe3 MeBHUH MEPio Yacy OTPUMATH JTOXid Bij
iHHOBaIiitHOTO TpoekTy. TOOTO, 32 METOJOM pEaTbHOTO
OIIIOHY IHBECTOpP Ma€ NpaBoO KyITyBaTH abo NPOAaBaTH
aKTHB, aJjie [ie He € 000B’ I3KOBHM.

3. Meton ouiHku "3HM3y BBepx" — 1€ cCrocid
OIIHIOBAHHSI BEJIMKOTO O00CITy poOIT 3a JOMOMOTOI0
JTOJTaBaHHA OIIHOK, SKi OTPUMAHO JJIsI MEHIIOI KiJIBKOCTI
ckmamoBux. lle  MeTom  BBaXKawTh  OJHHM i3
HaWTOYHIIIHX.

4. Metox oOmiHKKM "3BepXy BHHU3" IPOTHICKHUIL
OIIIHIOBAHHIO "3HU3Y BBepx". e METO/I
BUKOPHCTOBYIOTh IIPU HEJOCTATHIN KUIBKOCTI iH(popmarii
Npo pecypcu 1 Mmarepiany, siki HEOOXimHI I peasizarii
poOoIT.

5.Meron  cmiBcTaBHHMX  OMIHOK  (OIiHKa  3a
agamoramu). [lpm  OWIHIOBaHHI  BapTOCTI  MPOEKTY
BUKOPHCTOBYIOTh J[aHi 3 paHillle BUKOHAHUX aHAIOTIYHUX
MIPOEKTIB.

6. Meton umcrtoi moTo9HOi BapTocTi NPV — MeTox

OLIIHIOBaHHS ~ MailOyTHhOT  BapTOCTI  NHPOEKTY 3
ypaxyBaHHsIM 1H(IIs1IT, BUHATOPOAX Ta PU3KKY.

IlepeBarn 1 HEZOJIKM MEPETIYCHUX  METO/IB
MpeJCTaBICHO y TabuI. 1.

I3 mepemiueHHX — 3arajJbHONMPUHHSITHX  METOJIB

OIIIHIOBAHHS BapTOCTI IHHOBAIIMHUX MPOEKTIB OOUPAIOTH
METO, SIKMH BIANOBIa€ yKe iCHYFOUUM MOXMIIUBOCTSIM,
OB’ s13aHUM 3 BUKOPUCTAHHSIM BapTICHOI OLIHKH MIPOEKTY,
Ta 3a0e3medye HaWOUTBII TOYHY oOmiHKY. i1 BHOOpPY
METOJy 3alpONOHOBAHO CXEMY-adroputMm (puc. 6), 1o
BKIIIOYAa€ TIepIIi II'STh METOMAIB, sKi 3abe3medyaTh
KOMIUICKCHMI  MiOXiJ MO0  BU3HAYCHHS  BapTOCTI
IHHOBAI[IHHOTO TPOEKTY B 3AJEXKHOCTI BiJ MOYATKOBHX
(BXiTHHX) JaHUX.

Taonuus 1. Ilepesacu ma nedonixu memoois 0Jist OYiHIO8AHHS 6APMOCI NPOEKMIE

Ne Meton IlepeBarn Henousixkun
1 Me.TOJI napaMeTpU4HOL [T Bmycuit miapaxyHoK HeBucoka TOYHICTb Ol_l.l.HKI/I (ame BHILE, HIK y
OLIIHKH BHITIQJIKY 3 METOJIOM CITiBCTABHHUX OL[IHOK)
HekpuTuuyHe  3acTOCYBaHHS  METOMOJOTIT
1. TlpuiiHATTS ONTHUMaNBHUX pilleHb B | Teopii OMI[IOHIB MOYKE HEraTHBHO BIUTMBATH
5 Merton OIIIHKA | MalOyTHHOMY. Ha Oi3Hec KoMmaHii Ta T KOHKYPEHTHY
peaNbHUX OMIIOHIB 2. BpaxyBaHHS MOXJIMBOCTI NPH3YNHHEHHS | IO3MLII0. 3aliBa THYYKICTh B PIIICHHSIX Bele
(hiHaHCYBaHHS HEBIAINX IIPOEKTIB 0 YacTOro Meperisiay IUIAHIB Ta BTPaTH
CTpATErivHOTO OPiEHTHPY
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3akiHueHHs Ta0auui 1.

Ne Meton IlepeBaru Hepnouikn
. HaiiBummit iBeHb  TOYHOCTi  OLiHIOBaHHA: | Bucoka TPUBAJICTh qac 0110
Merton oniHku "3HU3Y Lu P . H P . facy oA
3 Bepx” po3buBKa Ha JApiOHI  CKIaZoOBi Mpolecy | po3paxyHKiB B TIOpiBHAHHI 3 IHIIMMH
P HPOEKTYBAaHHS JO3BOJIUTH METOJaMH OLIIHIOBAHHS BapTOCTi IIPOEKTY
. o . Bucoxa TPUBAJICTH qac 0110
Merton ouinku "3Bepxy | Po3OuBka Ha  npiOHI  CKIagoBi  mpolecy P . acy - mon
4 " pPO3paxyHKIB B TIOPIBHAHHI 3 IHIINMH
BHU3 HPOEKTYBAHHS . .
METOJAMH OLIIHIOBAHHS BAPTOCTI IPOEKTY
1. lIIBuAKui migpaxyHOK. . .
JUCHH THApaXy . 1. Mama TOYHICTH OLIHIOBAaHHA B
. 2. He notpibHO Garato NOKYMEHTALil, JIETKiCTh . .
Merton CITIBCTaBHHX MOPIBHSHHI 3 IHITUMH METOIAMH.
. . BUKOPHCTaHHS. L . .
5 omiHOK  (oIiHKa  3a . . . . 2. HeoOximHicTh HasBHOCTI MyOIIYHHX
3. Bucokmii cTymiHb OOIDYHTOBAHOCTI OIIHKH . .
aHaJIOraMu) . . KOMIIaHii{-aHaJIOTiB Ha PUHKY 3 JIOCTaTHBOIO
BapTOCTI Ha OCHOBI 3aCTOCYBaHHS (AKTHYHUX | . .
ICTOPI€I0 PO3BUTKY.
PHHKOBHUX JIAaHUX
1. TTopiBHSHHS BEJIMYUHU ManiOyTHIX
HaJXOPKEHb 3 BEJIMUMHOIO IIOTOYHUX BUTPAT.
2. BpaxyBaHHS THMYacOBOI BAPTOCTI TPOIICH. YUy TiauBiCTh i(o) 3MiH CTaBKH
Meron guctoi | 3. OOIpyHTyBaHHSA TpPUHHATTS (HIHAHCOBOTO | AWCKOHTYBAaHHS;  BIAMOBIAHICTH  CTaBKU
6 MOTOYHOT BapTOCTi | pIlICHHS TIIBKM IIPH HEBII'€MHHX 3HAYCHHSX | JMCKOHTYBaHHS TPUBAJIOCTI nepioxy
NPV nokasuuka NPV. aHaJi3y Ta 4acy OTPUMAaHHs BiIIOBIIHOTO
4. 3pificHeHHs PO3PaxyHKIB Ul PI3HUX THIIB | €JIEMEHTa IPOIIOBOIO IMOTOKY.
TPOLIOBOTO TIOTOKY, HOPIBHSHHS IPOEKTIB Pi3HOT
TPUBAJIOCTI, CTPYKTYPH W NPUPOIH

Tonepenne 06pobneHHs
NOYATKOBUX (BXiJHHX) 1aHUX
1I0/10 BApTOCTi PObiT

Binoma crarucruuna TaK
3QICKHICT U1 OUIHIOBAHHS
BapTOCTi NPOEKTY?

3acTocyBaHHs METOLY
napamMeTpHUIHOT OLIHKH

Hi

£ . TaK
B],LlOMl OLIHKH BapTOCT1

CKJIAJIOBHX MPOEKTY?

3acTocyBaHHs MCTOLY
OUIHIOBAHHS «3HU3Y BBEPX»

Hi

Mo3K/IHBO pO3paxyBaTH
MaitOyTHIO eeKTHBHICTL

3acTocyBaHHS METOIY
OLHKHA PeaibHHX ONIIOHIB

npoeKTy?

Hi

Jlocratibo indopmartii npo
pecypeu?

3acTocyBaHHs METOLY
OLLIHIOBAHHSI «3BEPXY BHH3»

Hi

TaK
IcHyi0Th ananoru npoexty?

3acTocyBaHHS METOLY
CIIBCTABHUX OLIHOK

Hi

Komenrap npo
oOMeKeHICTh
MOYATKOBHX JaHUX L1010
OLIHIOBAHHS BapTOCTI

Peanizauis npoekty

3

Puc. 6. AnroputM BUOOpY METOY JUIS OLIHIOBAHHS BapTOCTI IIPOEKTY
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VY3aranbHUBIIM METOAHM OIIIHIOBaHHSI  BapTOCTI
IHHOBAIIIMHMX  TPOEKTIB,  3aIpPONOHYEMO  MOJCIb
VIPaBJIiHHSA BapTICTIO 1HHOBALIHHOTO MPOEKTY. 3 €O
MeTor0 OymyBaHHS Mojeni Oyae 3poOJeHO Ha OCHOBI
CHCTEMHOTO MiIX0AY B YIPaBIiHHI IPOEKTAMH.

VY cyyacHOMY BITYM3HSHOMY YHPaBIIiHHI IPOEKTAMHU
CHUCTEMHUIl TMiIXiJi PO3BHBABCI B HAYKOBUX MIKOIAX
O. B. Cugopuyka, C. JI. bymyesa, O. B. IlonkoBHUKOBA,
M. ®. [Tly6oBuka, I'. A. Moxonbka, A. B IOnenko [17].

NpaBWJ  aJaNTHBHUX 3MiH YOPaBIiHHA TIPOEKTOM B
3QJIEKHOCTI  BiA 3MiH 1 PYXJIMBOCTI 30BHIITHHOTO
cepengoBumia, Mp — koMmnoHeHta Habopy Mozenei
OLIIHIOBAHHS BapTOCTI INPOEKTY, BIAMOBITHO 10 Habopy
npasun A; Mygo — BepOanbHa MOJENb OHHUCY CTaHy
MpOLIECY YIPaBIIiHHS IPOEKTOM, IO MiANOPSIKOBYETHCS
HaOopy mpaBui A, a Takox M, — BepbanbHa Mozmenb

ONMCY HaBKOJMIIHBOTO cepemosmima; M, — BepOanpHa

' HiI_l 00’€eKTOM pra}}ﬂiHHﬂ Oynemo  posymiTtu Mojelb Habopy TpaBHII MOBEIIHKA OCOOH, IO MpUAMAae
iHHOBallfiHMi  mpoekT. Moro  cTaH  BU3HAYAETBCA  pimenns (iHKEHEPA-KOTHITONOrA, EKCIIEPTa, JOCTIHHKA).
BiHHOBiFHHM TIPOLIECOM B }fﬂpaBﬂiHHi BapricTio. Mozens B MOANBIIOMY OyIyTh PO3POOJICHI BiAMOBIIHOCTI MiX
YUPaB/IiHHA ~ BapTICTIO  iHHOBAUIHHOTO — TPOEKTY 3 KOMIOHEHTAMH MOJIEJI, a TAKOX PO3poONeHi mpasuia ii
ypaxyBaHHIM B3aeMOIi1 o0'exTa YUPaBImiHHSA  ByuKOpHCTAHHS.

(1HHOBaWiIHHOTO TIPOEKTY) 1 HABKOJIHIITHBOTO CEpPEIOBHINA

MOXKE 6yTI/I npeacTaBJICHAa TAKUM YMHOM: BucHoOBKH

MU={MOE'A’MDIMMO'MMEIMH}I 1) . . .
B crarri chopmoBaHO MiAXOMM O YIpPaBIiHHI

ne Mog — Mozens B3aemoxii 06'ekTa it cepenoBuma; 4 —  BAPTICTIO  IHHOBAIIHHMX  NPOCKTIB  NPOMUCIOBHX
. . . mianpueMcTs. IIpoaHanizoBaHo mporec  OLIHIOBaHHSA

npaBuino BUOOpY mporeciB 3MiHeHHA o0'ekta; Mp — o e
BapTOCTI 1HHOBALIIMHOTO IPOEKTY, ITPOBEAECHO OIJIA

Habip Mojenell OLiHIOBaHHS BapTOCTi 00’ €KTa BiJIIOBIIHO
o mpasuna A; Myg u My — Mozmeni BUMIpY cCTaHy

METO/JIiB OIIHIOBaHHS BapTOCTI iHHOBAILIMHOTO IMPOEKTY i
BHIICHO 1X TIIepeBarm Ta HEAONIKH. Po3pobieHo
aNrOpuT™M BUOOpPY METOAY MJs OIHIOBaHHSA BapTOCTI
MPOEKTY.

B nomanpmioMy MEpCHEKTHBHOK — 33/1a4€i0 €
ampoOariist 3aIpOMOHOBAaHUX IMIXO/IB, @ TAKOXK PO3BUTOK
KOTHITUBHOTO  MIiAXOAy JO  YNPaBIiHHSA  BapTICTIO
IHHOBAI[ITHUX TPOEKTIB.

00’€KTa Ta HABKOJHIIHBOTO CEPEIOBHINA 3TiTHO 3
npasuioM 4, M, — mozmens "crmocrtepiraga" (imxeHepa-

KOTHITOJIOTa, eKCIepTa, TOCIiTHUKA).
B mozens (1) BkirodyeHi HacTynHi ckaagoBi: Mge —

BepOalbHa MOJENb, SIKa OIUCYE B3aEMOJII0 IPOLECiB
VIOPaBIiHHA NPOEKTOM 3 YMOBaMH IiCHYBaHHSI Y
30BHIIIHBOMY cepenoBHIli; A — KOMIIOHEHTa Habopy
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YIIPABJIEHUE CTOMMOCTBIO HTHHOBAIIMOHHOI'O ITPOEKTA B
IMPOMBINIJIEHHON C®EPE

IIpenmeToM ucciemoBaHMS SIBISIFOTCS YCIOBHS M IPOIEYPH IO YIPABICHUIO CTOMMOCTBHIO MHHOBAIMOHHOTO Ipoekra. Ilean
paboTel — GOpMHPOBAaHKE ITOIXOJOB K YHPABICHHIO CTOMMOCTBIO MHHOBAIMOHHOTO IPOEKTY HA IPOMBIIIIEHHOM HPEIIpHUATHA Ha
OCHOBE KOMIUIEKCHOTO Moaxoma. JIist MOCTIKEHWs WeNH pPEeIIaroTcs CIeAyIoniue 3agadd: aHajlu3 IIPOIECCOB ONpeeTeHHs
CTOMMOCTH MHHOBaIlMOHHOTO IIPOEKTA, ITPOBeAeHHEe 0030pa METOI0B OLICHKH CTOMMOCTH MHHOBAI[OHHOT'O NTPOEKTa W BBIACICHUS UX
HEJOCTaTKOB M IPEHMMYILECTB, pa3pabOTKa ajropuTMa BbIOOpa METOJAa JUIS OLECHKH CTOMMOCTH IIPOEKTa, CO3JaHHE MOZIEINH
YIpaBlIeHHUS CTOMMOCTBIO HWHHOBAIIMOHHOTO MpoekTa. Cpemy INpEeNIOKEHHBIX B JIUTEpaType METOMOB IPHHATO BO BHHMAaHHE:
napaMeTpUyYecKoe OIICHUBAHUE, OIICHKA PEaJbHBIX OMLIMOHOB, OLIEHKAa "CHM3Y BBepX" M "CBepXy BHH3" M METOJ COIOCTaBUMBIX
oLeHOK (1o aHanoram). IToiydeHbl CIEIyIOLIMe Pe3yJbTaThl: NPOAHAIM3UPOBAH MPOLECC OLEHKH CTOMMOCTH HHHOBALlMOHHOTO
MIPOEKTa U BBIIEICHB! (haKTOPHI, BIVSIONIME HA OIpeneiieHHe CTOMMOCTH, INPEUIOKEH alrOpUTM BBIOOpa METoda W MOJENb UL
OLICHKH CTOMMOCTH IpoekTa. IIpoBeneHO ommcaHWe CTPYKTYypHl YIPaBI€HHsS CTOMMOCTBIO MHHOBALMIOHHOTO IIPOEKTa, KOTOpas
COCTOHT M3 JIOTHYECKOW IIOCIENOBATEIBHOCTH CTaJIVH: OLEHKAa CTOMMOCTH, €€ JAeTaln3auus, IUIAHUPOBAHUS M OIODKETHPOBAHUS
CTOMMOCTH, KOHTPOJIb CTOMMOCTH IIPOEKTa, 3aBEPILIAIONIAs OLCHKA MpoeKTa. IIpeojkeHa cxeMa OLEHKH CTOMMOCTH IIPOEKTa Ha
OCHOBE COYETaHHs BXOIHBIX JAHHBIX, HHCTPYMEHTOB M METOJIOB OLICHKH CTOMMOCTH HPOEKTa U BBIXOAHBIX JaHHBIX. PazpaboTaHa
rpadudeckasi MOJENb IPOLECCHOr0 MEXaHU3Ma YNPABJICHUS CTOMMOCTBIO IPOCKTA. BBINENCHBI MOKA3aTeNH, KOTOPhIE HUCIONB3YIOT
KaK BXOAHYIO HH(OpPMAIMIO U ONPEIENCHHS CTOMMOCTH IPOEKTa. BBIIENeHBl METOABI, C IOMOIIBIO KOTOPBHIX OIICHUBAIOT
CTOMMOCTH ITIPOEKTA U, KaK CJIEICTBHE, IOIy4YaloT MH(GOPMALMUIO (ZaHHBIE) 3aKIIOYUTENILHOTO dTama. [IpoBeleH aHaau3 METOJOB,
UCHOJIB3YEMbIX IJIs OINpENeCHUs] CTOMMOCTH IPOEKTa M Ha OCHOBE aHAIW3a pa3paboTaH airopuTM BbIOOpa METOJNA, KOTOPBIH
oOecrieunBaeT palMOHAIBLHOE B3BEUIMBAHME CTOMMOCTH IpoekTa. IIpeiokeHa cxema NPOLIECCHOrO MOAXOAa K YHPABICHHIO
CTOMMOCTBIO TPOEGKTA M Ha OCHOBE IPOAHAIM3UPOBAHHBIX MOJENCH MOCTPOSHO COOCTBEHHYIO MOJENb OLEHKH CTOMMOCTH
WHHOBAIIMOHHOTO NPOeKTa. BBIBOABI: B CTaThe MO/ABEICHBI HTOTH MCCICIOBAHMS U ONPEACNICHO, YTO B TAJIbHEHIIEM IePCIEeKTHBHON
3amadeil sABIsIeTCS anpoOalys NMPEIoKeHHBIX MOIXO0M0B, a TaKKe Pa3sBHTHE KOTHHTHBHOTO IOJXOJA K YNPABICHUIO CTOUMOCTHIO
WHHOBAIIMOHHBIX TIPOEKTOB.

Ki1oueBble cJI0Ba: yNpaBlIeHHE; CTOMMOCTB; METOJ OLICHKH; MHHOBALMOHHBIH MPOEKT; YXM3HEHHBIA LMKI;, MPOMBIIUICHHOE
HpEINpUsTHE.

COST MANAGEMENT OF AN INNOVATIVE PROJECT IN THE INDUSTRIAL
SPHERE

The subject of the study is the conditions and procedures for managing the cost of an innovative project. The purpose of the work is
to form approaches to managing the cost of an innovative project at an industrial enterprise on the basis of an integrated approach. To
achieve the goal, the following tasks are solved: analysis of processes for determining the cost of an innovative project, a review of
methods for assessing the value of an innovative project and highlighting their disadvantages and advantages, developing an
algorithm for selecting a method for assessing project costs, creating a cost management model for an innovative project. Among the
methods proposed in the literature, it is taken into account: parametric evaluation, evaluation of real options, a bottom-up and top-
down rating, and a method of comparable ratings (by analogs). The following results were obtained: the process of estimating the
cost of an innovative project was analyzed and the factors influencing the determination of the cost were identified, the algorithm for
choosing the method and the model for estimating the cost of the project were proposed. A description of the cost management
structure of an innovative project, which consists of a logical sequence of stages: cost estimation, its detailing, cost planning and
budgeting, project cost control, final project evaluation was done. The scheme of project cost estimation on the basis of a combination
of input data, tools and methods of project cost estimation and source data is offered. A graphic model of the process cost
management mechanism of the project has been developed. Indicators that are used as input to determine the cost of the project are
highlighted. The methods that are used to estimate the cost of the project and, as a result, get information (data) of the final stage are
identified. An analysis of the methods used to determine the cost of the project and based on the analysis developed an algorithm for
selecting a method that provides a rational weighing of the cost of the project was done. The scheme of the process approach to
project cost management is offered and on the basis of the analyzed models own model of estimation of cost of the innovative project
is proposed. Conclusions: the article summarizes the results of the study and determines that in the future a promising task is the
approbation of the proposed approaches, as well as the development of a cognitive approach to cost management of innovative
projects.
Keywords: management; cost; evaluation method; innovative project; life cycle; industrial enterprise.
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O. M. YUePHSIK, B. M. BYPAEIHA, C. M. APTIOX

YJIOCKOHAJIEHHS MATEMATHUYHOI MOJIEJII MOTJIMHYTOI 103U
CIIEHIAJIBHUM OJAT'OM, IO OITPOMIHIOE€THCA IPUCKOPEHUMHU
EJIEKTPOHAMMUA

I[Ipeamerom nOCHiIKEHHS B CTATTi € MaTeMaTH4HA MOJIEb HOTJIMHYTOI 03U CHelianbHIM osiroM. MeTa poOoTH — yIOCKOHATIUTH
MaTeMaTHYHy MOJENb IOTJMHYTOI /03U CIELiaIbHUM OJSrOM, IO OIPOMIHIOETBCS HPHUCKOPEHMMHM €JIeKTpOHaMH. B crarTi
BUPIIITYIOThCSl HACTYIIHI 3aBAAHHSI: TOCTIJUTH MOXIIMBICTb 3aCTOCYBAaHHS YJIOCKOHAJICHO! MaTeMaTHIHOI MOJENi MOTJIMHYTOI 031
CHEIiaTbHIM OISTOM B 3QJIEKHOCTI BiJl YaCTOTH NPOXOJDKEHHS IMITyJIbCIB ITydKa MPUCKOPEHUX EJIEKTPOHIB, IMIBUIKOCTI KOHBEepa i
TEOMETPUYHUX TIapamMeTpiB 00’ekTa, Uil pO3paxyHKYy TEXHOJIOTIYHMX pEXHMIB TPOIECy pagiamifiHol — cTepuimizariii.
BukopucroByroTecst MeToau: MaTeMaTHdHol (izuku. OTpHMaHO HACTYIHI Pe3yJIbTATH: 3a3HAUCHO PO BAKIMBICTH JOTILINY 32
CHeLialbHUM OJATOM pOOITHHUKIB; BH3HAYECHI IEBHI HENOJIKM CyYaCHMX METOAIB Ae3iH(dekiii i oOrpyHTOBaHO HEOOXiTHICTH
ne3iHdekUii CremiaJpbHOr0 OIATYy IMPHCKOPEHUMH EIEKTPOHAMH 3a JOIOMOTOI0 CIEHialbHUX NPHUCKOPIOBAYIiB EIEKTPOHIB;
BCTaHOBJIICHO, IO OCHOBHHUH KpuTepiil pamiamiitHoi nesiHdexuii € MOrMHyTa [03a Ta OOIPYHTOBaHO HEOOXiTHICTH BH3HAYEHHS
MaKCHMaJIbHO JIOITyCTUMOTO 3HAUCHHS 103U 3a JAOMOMOTOK MaTeMaTHYHOI MoJieNi. Y IOCKOHalleHa MaTeMaTH4Ha MOJIENb TOTJIMHYTOl
JO3U CHELiaJbHIM OJSITOM Ja€ MOJIIMBICTH PO3paxyBaTH PEXMMH ONPOMIHEHHS pI3HHX MaTepiayliB CHELiaJbHOTO OJATY, SKi
BIZIPI3HAIOTBECSL pO3MipoM, (OpMOIO 1 (i3MYHMMHM BIIACTHBOCTSIMH, IIO JIO3BOJIMTH PO3POOMTH CHUCTEMY HOPMATUBHHX DPEXHMiB
TexXHOJIOTil pajianiiHo-(iznuHoi Ae3iHdexnii pobodoro oniry Ta 3abe3meunuTH 3aKOHOAABUYI Ta HOPMAaTHBHI BUMOTH TiTi€HH Ipalii.
Po3paxoBaHO HOPMAaTHBHI PEKUMU MPOIIECY NE3iH(EKIIIT CIICIiaTbHOT0 OAATY Y BUTJISII 3aJI€KHOCTI MOTJIMHYTOI TO3H B 3aJIC)KHOCTI
Bi/l YaCTOTH MPOXO/PKECHHS IMIYJIbCIB ITy4Ka Ta MIBHIKOCTI KOHBEEpa. BHCHOBKM: yJOCKOHAJICHO MaTeMaTHYHY MOJEIb MOTJIHHYTO]
JIO3H CIICI[iaJIbHAM OJATOM B 3aJIGKHOCTI Bil YaCTOTH MPOXOKEHHS IMITyJIBCIB ITy4YKa MPUCKOPEHUX EJIEKTPOHIB IIBHIKOCTI KOHBEEPA
1 TeOMETPHYHHX IapaMeTpiB 00’ €kTa, Ta 3aCTOCOBAHO IS PO3PAaXYHKY HOPMATHUBHUX TEXHOJIOTIYHHX PEXHUMIB MMPOIecy Ne3iH(eKrmii
CHENiaTBHOTO OJISTY.
Knrwou4ogi ciioBa: MateMaTiHyHa MOJIeIb; MOTJIMHYTA 7103a; IPUCKOPEHI EICKTPOHU; CIICIIaTbHUI OJIAT; Ne3iH(EKITis.

Beryn HepoOounit yac (y BUXigHi AHI) a0 miJ yac MDK3MIHHHX

nepeps [2].
HaykoBo-TeXHIUHMH PO3BUTOK CYNPOBOKYETHCS

Oe3mepepBHUM yIOCKOHAICHHSIM TEXHIKM 1 TEXHOJIOT1I,
BHKOPHCTAHHSAM HOBHX MaTepialiB Ta [PKepel eHeprii, o
MPU3BOANTH IO BHHUKHCHHS HOBHX  ITOKa3HHKIB
HeOe3mekH, SKi OOyMOBIIOIOTH BCE3pOCTAIO¥e 3HAYCHHS
mpobimemu 3abe3rnedeHHs Oesrekd mparmi. Y cucTeMi
3ax0MiB 3 Oe3mekW Tmpari 3aco0H  iHAWBiITyaThbHOTO
3axXUCTy 1, 30KpeMa, CIIeHiaIbHUN OAar 3aiiMaroTh OIHE 3
OCHOBHHMX MiCIlb, OCKUIbKM X 3aCTOCOBYIOTh B THX
BUIMAJAKAX, KOJU IHIIMMH 33aX0JaMH  HEMOJXKJIHBO
3abe3neunTn Oe3meky mpari. Ha choromHimHiili JeHSb,
OJIHIEIO 3 TPOOJEeM eKCIUIyaTalii CHeIiabHOrO Oy
pOOITHHKIB € BTpara 3aXMCHHUX 1  Tiri€HIYHHX
BJIACTHBOCTEH 0 3aKiHYEHHS HOPMATHBHOTO TEPMiHY
HOCIHHS, [0 € HACIAKOM TEXHOTCHHUX KaTacTpod,
BIUIMBY IIKIUIUBUX BUPOOHMUYUX (AKTOPIB, KIIMATHYHUX
YMOB, HEIOTPHUMAaHHSAM pPEXHMY HOCIHHS 1 TpaBHII
JOTIISY 32 BUPOOAMH.

BimnoigHo mo crarri 163 Kopmekcy 3akoHiB TIpo
mpamfo  Ykpaian Ta crarti 8 3akony VYkpaiau "IIpo
oxopony mpami" [1] Ha poboTax i3 HIKIIUIMBUMH i
HeOe3MeYHNMH yMOBaMH IIpamli, a TaKoX poOoTax,
OB’ SI3aHUX 13 3a0pyAHEHHSM a0o, MO0 BUKOHYIOTHCS B
HECTIPUSTIMBUX METCOPOJIOTIYHMX yMOBaX, MPaIiBHUKAM
BHUIAIOTBCSA OE30IUIATHO 33 YCTAHOBJICHUMH HOPMaMH
CHCIiaNbHANA OJIAT, CIeIiaJbHEe B3YTTS Ta IHII 3aco0u
IHAMBIMyalbHOTO 3aXHCTy. 3rifHO 3 NyHKTOM 17
"MiHIManbHUX BUMOT O€3MEKH 1 OXOPOHM 3/10pOB’Sl IpHU
BHKOPUCTAaHHI TpaIliBHUKAMH 3ac00iB iHIHBIIyaTbHOTO
3aXMCTy Ha poOo4yoMy Michi" OUMIIEHHS, TNpaHHS,
00C3MUITIOBAHHS, Jlera3allisi, Ne3aKTHBAIlis, Je3iH(EKIis,
3HEIIKOPKEHHSI MaloTh 3IMCHIOBATHCH POOOTONABIIEM B

AHaJli3 0CTaHHIX J0CTiTKeHb i myOJikauin

AmHamiz 3aKOHOJABYMX 1 HOPMATHBHHX BHMOT
MoKa3aB, IO Cy4YacHI TapMOHI30BaHI  yKpaiHCBKIi
HOPMAaTHBHI JOKYMEHTH HE PerIaMEHTYIOTh YiTKUX BUMOT
OCHOBHHX TMOKa3HHKIB SKOCTI CIICI[IaIbHOI'O OAATY, SKi B
CBOIO 4Yepry NOBWHHI OyTH TapaHTOM O€3MeKH Ipaii Ha
BupoOHuUTBI [3, 4]. IlpoBeneHuii aHami3 TririeHIYHUX
BJIACTHUBOCTEH CIEI[iaIbHOTO OJATy, IOKa3aB, IO Bif
BIUIMBY ILIKIJJIMBUX Ta HeOE3NeYHUX UMHHUKIB TKaHUHU
OISITy 3MIHIOE CBOi BJACTHBOCTI BHACIIJOK 3HOCY 1
3a0pyaHeHHs. Omar KpiM MEXaHIYHOTO Ta XiIMIYHOTO

3a0pyIHEHHS, iAgaeThes 3a0pyAHEHHIO
MIKpOOpraHi3MaMH 1 TapasuTamMd. TKaHWHH OJATY,
3a0pyJHEHI TWIOM, BHIUICHHAIMH 3  HOCOIJIOTKH,

BUIIAPAMH, MOXYTb MICTUTH IIaTOTCHHI 30yAHUKH -
MikoOaKTepilo TyOepKysbo3y, MIKpoopraHiamMu TH]O-
napatugo3HOi I'pyNH, CTPENTOKOKH, cradinokoku. Yepes
3a0pyAHEHUH OZST MOXKYTh Iepe/laBaTHCs YepeBHUH TH(,
qu3eHTepis Ta iHmi iHdexmii. HeGesneka Takoi mepemadi
BHU3HAYAETHCS TPHUBAIICTIO BIDKMBAHHS MIKpOOPTaHi3MiB
Ha TKaHWHI. 3 ONIAIy Ha emijeMiuHy HeOe3leKky Ta
3a0e3mneueHHs TirieHu Tpalli CreIliaTbHUN OsT HEOOX1THO
nesingikysaru [5, 6].

[IpoBeneHo aHami3 iCHYyrOUMX METOMIB Je3iH(EKIIil
CHEeLiaIbHOTO OJIATY, SIKMH ITO0Ka3aB, 10 3araJbHOBIIOMI
METOIH Je3iH(eKnii MOXyTh BHKJIMKAaTH 3HOMICHICTH i
yCcaiKy TKaHWH, KpiM TOro, Juil JESKHX IIHPOKO
BUKOPHCTOBYBAaHHX BHIB CIELIaJILHOTO OJATY JesKi
MeTonu Je3iHdekuii B3araji HENpUHHATHI, TaK SK
MOTIPIIYETHCS  AKICTH CIIEIiadbHOTO omsry. Tomy B
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OCTaHHI AECATIIIITTS BCE OUTBIIOTO MOUIMPEHHS Ha0yBae
ne3iH(eKIis 103y oYUM BUITPOMIiHIOBaHHM [7, 8].

AHamiz poOiT, SKi TNPHUCBAYCHI BUKOPHUCTAHHIO
pamiaifHAX TEXHOJIOTiH, TMOKa3aB, MO0 B TOPIBHAHHI 3
TpaANIIHHAMHA TEPMITHIMH abo XIMIYHAMH
TEXHOJIOTISIMM, y PpajiallifHUX TEXHOJIOTISX 3HauHI
nepeBary, Taki sk 301JIbLIEHHS IPOAYKTHBHOCTI 00pOOKH,
3MEHIICHHS CHEPrOCIOKMUBAHHS, CKOHOMISl CHPOBHHHU 1
Marepiany, 3MEHIICHHS 3a0pyJHEHHS HaBKOJIHIIHBOTO
CepeNlOBHINA,  BINMOBIAHICTH  €KOJIOTIYHMM  HOpMawm,
MpEeNM3iiHIN  KOHTPOJb TpOIeCy 1 MPOAYKIii, Mo
00poONsIEThCA, OTPUMaHHS TMPOMYKIi BHUIIOI SKOCTI,
HU3bKI eKCIUTyaTalliifHi BHUTpaTH, BHUCOKI EKOHOMIYHI
MOKa3HUKH. Y TOM JKe dYac IWTaHHA, IOB'A3aHl 3
pamiamiifHOI0 AE3iH(EKI€l0 CIEeIialbHOTO OIATY, a
OCOONMBO OATY SIKUA Ma€ YTEIDTIOBadi HEIOCTAaTHBO
BHUBUYCHI i1 po3pobieni [9-11].

[IponoHy€eThCsI 3aCTOCOBYBAaTH METOX Je3iH(EKIIiT
ONIATY, 3aCHOBAaHUM HAa 3aCTOCYBaHHI 1OHI3YIHOYOIO
BUIpoMiHiOBaHHs. CyTHICTh crioco0y NOsrae B TOMY, IO
cHeuiaibHUH OJIr MiAJNAEThCsl 00pOOLI MPUCKOPEHUMHU
enexktponamu [12]. lns papianiiiHoro MoangikyBaHHS
MarepialiB, paiaiiHOi ToJiMepH3allii, CcTeprIizamii
MEIUYHHUX BHPOOiB, OOpPOOKHM Xap4oBHUX IPOIYKTIB, B
pamiamiifHO-(pi3HYHUX TEXHOJIOTISAX, a TaKOK B EKOJOTil
JUIS OYMINEHHS CTIYHUX BOJ, BUKHIHUX Ta3iB i 00OpoOKH
TBEPIUX BIAXOIIB IIMPOKO 3aCTOCOBYIOTHCS CICKTPOHHI
npuckoproBadi [13, 14].

OnmHMM 3 OCHOBHHMX KPHTEpiiB pajialiiiHoi 0OpoOKH
€ mornuHyTa ngo3a. Jloza B Oynab-sKii TO4I SIIMKa
3aJI©KHUTh BiJl €Heprii eJeKTPOHIB, CEpPEeIHbOrO CTPYMY,
LUIMPUHU PO3TOPTKH, UIBHIKOCTI KOHBEEpA, TOBLIMHU 1
LIJIBHOCTI 00'€KTa, a TaKkoK caMOro Martepiaiy, SKuii
3HAaXOIWTHCS MDK BIKHOM BHUBCICHHS IIy4Ka, 1 MI€I0
Toukor. Ha o3y Tako MoOKe BIUTMBATH HAasBHICTH
HEOJHOpiTHOCTEH B oOpoOmoBaHOMY — Matepiaii
BHACJNIZIOK PO3CIIOBaHHS EJCKTPOHIB HAa MeEXax PO3ILTY
[15]. BcraHOBiIEHHST  MakCUMalbHO  JIOIYCTHMOTO
3HAYCHHS TOTIUHYTOI O3W € OOOB'SI3KOBOIO, TOMY MIO
NpU  TEepPEeBHIICHHI JOIMYCTUMOIO 3HAuUeHHs MOJXKHA
3pydHHyBaTH Marepian  cremianbHo —omAry.  Skiio,
MaTepially JgaTH 3aBUIIEHY 103y, TO BiH Oyxe
PO3MOB3aTHCs, SKIIO e OUIbIIY, TO Oy/le po3CUIaTHCS.
SIkmo maTv Maiy o3y, TO Matepiai He Oyje MOBHICTIO
nesindpikoBannid.  IlormmHyTa 1032 BU3HAYAETHCSA
EKCIIEPUMEHTAIbHUM ~ IIUIIXOM, aJieé Taka Ipolexypa
BUTpaTHa 3a 4YacoM Ta pecypcamMd 1 HE 3aBXKIH €
MOXUIMBICTh 1 TIPOBEJNCHHA. Y TaKAX BHIIAAKAX IS
PO3paxyHKy IOTJIMHYTOI JJO3M MOXE 3aCTOCOBYBAaTHCS
MaTeMaTHYHA MOJICHb.

Meroto po0OTH € YAOCKOHAIUTH MaTeMaTHYHY
MOJIeNb TOTJIMHYTOI JI03M CIelialbHUM OJASTOM, IO
OTIPOMIHIOETHCS IPUCKOPEHUMH EJIEKTPOHAMH.

BupimeHnHsi 3aB1aHHs

Jns eeKTHBHOrO 3aCTOCYBaHHS OOYHCIIOBATBHUX
METOJIiB BUKOPHUCTOBYIOTh 3HAHHSI (I3UKK TIPOIECy
MIPOXO/KEHHS MPUCKOPEHUX EJIEKTPOHIB Yepe3 PEYOBHHY.
ToMmy, 1 po3paxyHKy HOTIIHHYTOI 103U De peuoBHHOIO

pu MPOXOKEHH1 TIPUCKOPEHUX
BUKOPHCTOBYETHCSI HACTYITHA (OpMyIIa:

D, =1, 63 ol @

P

EIIEKTPOHIB

ne ® — ¢moeHC eNeKTpOHIB (YHCIIO YAaCTHHOK, SIKi
[EPETHHAIOTH MOBEPXHIO oauHM4HOI Iuromi — @ = N/S),

M Seol
P
[IpoBenemMo  po3paxyHOK  OCiabJeHHS

NPUCKOPEHHUX EJIEKTPOHIB NpPH IMPOXO/DKEHHI uepe3

MOBITPSHUH TIPOLIAPOK MK JDKEPEIOM  EJIEKTPOHIB

(npuckoproBayeM) 1 00’€KTOM, IO ONPOMIHIOETHCS.

Hexaii MPUCKOPIOBaY CJICKTPOHIB BUIIPOMIHIOE

MOHOXPOMATHUYHE IIy4OK MNPUCKOPEHHX  EJICKTPOHIB.

Uucnmo B3aemopidi  (po3CissHHA 1 TOIVIMHAHHA) B

HECKIHYEHHO TOHKOMY Iapi PEeYOBHHHU moriuMHa4da dx

MPOMOpIIiiHE  KOHIIGHTpaIlii aroMiB B  pPEYOBHHI

MIOTJIMHAYA N, IHATEHCUBHOCTI Maiatovyoro my4ka N:

—dN = u'Ndx, (2)

— TaJIbMiBHA 3/IaTHICTL pe4oBMHU, MeB-cM?/T.

Iy4Ka

ne W — niniiEui koediuieHT ocnabaenns, cM™,

[Micns iHTerpyBaHHs BUpasy (2) OTPUMYEMO 3aKOH
OCJabJieHHs] TPUCKOPEHHX EJEKTPOHIB B  PEYOBHHI
noryinHaya (MoBiTPs):

N = Nge “*, ©)

Jie X — TOBII[MHA MOTJINHAYA, CM.

Jliniitan# Koe(imieHT ocimalieHHs ' 3aJIekKHUTH Bif
MaKCUMallbHOiI  €Heprii  BUNPOMIiHIOBaHHS  Emax 1
BJIACTHBOCTEH PEYOBHHM — TOrjiuHaya. [Ipu BU3HAYEHHI
€Heprii f—JacTHHOK B IMepIIOMYy HaONIMKeHHI ' 3aJIe)KHTh
BiJl YHCJa CNEKTPOHIB Ne B OIWHUII 00'€My PEUOBHHHU —
noryrHaya. OCTaHHIO BEJIMYKMHY, Ne, JISTKO BHU3HAYHTHU 3a
JornoMoror mapameTpis Z i A, ugucima Aporampo Na i

MIIIBHOCTI PEYOBHHHU P, BHUKOPHUCTOBYIOUH
CHIBBITHOIIICHHSI:
z
ne =N alP K . (4)

BBaxkaroun miHiiiHUE KoedimieHT ocmaOmeHHS P
MPOTOPLIHHUM YUCITY €JIEKTPOHIB Ne .

W=Kn, 5)
nme K — KoedillieHT MHpOMOPIIHHOCTI, OTPUMYEMO
CIIIBBIHOIIIEHHS:

, z

W=KNop (6)

Ockinbku BimHOmECHHsT Z/A mjs Pi3HUX PEUOBHH -
MOTJIMHAYIB 3MiHIOIOTHCS B JOCUTh BY3bKHX Mexax (0,5 —
0,4), mpakTUuHiIIE KOPUCTYBAaTHCA 3aMiCTh JIHIIHOTO
koedimieHTa ocnabiaeHHs L' MacoBUM Koe(ili€HTOM
ocnabnenns: p=u'lp (cm¥r), sxkuii  Mmoxke OyTn
3HaieHuil B [16]. TakuM YHHOM MU MOXXEMO 3HaiTh p'
JUISL TaHOT PEYOBUHH 3 TAOJIMYHMX JAHUX.

Tak sK ONpOMIHEHHS Marepialy CHeLiaJbHOTO
pobodoro omsry B HalIMX YMOBaxX MpPOBOAUTHCS Ha
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KOHBEEpi, TO HaM Tpeba BpaxyBaTH IIBUIKICTh KOHBEEPA,
TOOTO HEOOXiTHO BpPaxOBYBaTH 4Yac OINPOMiHCHHS.
PosrisiHeMo 3MiHH, sIKi BigOyBalOThCS 32 MPOMIKOK dacy
t. Tak sK, 3a BU3HAYCHHAM (DIIIOCHC NOPIBHIOE YHCITY
YaCTHUHOK, SIKi TIEPETHHAIOTH TOBEPXHIO TUIOMIEIO S:

D=—, (7
TO 3a yac t KOHBeep MPOIJIE NUIAX, O TOPIBHIOE TOOYTKY

IIBUIKOCTI KOHBeEpa Ha vac t, a rumoma S Oyae HopiBHIOE
MoOyTKy TpPOHACHOTO NUIIXY Ha IOBXHHY 0O0poOJIeHOT

IUISHKA ~ 00’ekTa  (OBXKHWHA  SIIWKA, HAIIOBHEHOTO
MaTepiaioM CIeniaJbHOTO poOoyoro onsary) l:
S=v-t-l. (8)

I xinmeBa ¢(opmyna MOTTHHYTOI JO3M PYyXOMOTO
00'eKTa, 110 OTIPOMIHIOETHCS IPUHMAaE HACTYITHUI BUTIISIL:

_/u’x
e ﬁ (9)

D, =1,6-10 N,
v-t-l p

BigmoBingHo no manux HaBenaeHwmu B [17], B8 HIK
"IIpuckoproBau” HHI] X®TI BumyckHe BIKHO Mae
po3Mmipu 2x30 cM. IS OLIHKH JgiaMeTp MydKa IpHAMEMO
piBHuM 1 cM. Yacrora NpOXOMKEHHs IMITyJbCIB ITydYKa -
12,5 - 300 ' (st po3paxyHKiB L0 BENUYUHY NPUIMEMO
piBuiii 100 I'y), wacrora ckaHyBaHHS nydka — 3 ['m.
[oryxnictk my4ka — 10 kBT, enepris — 10 MeB. Crpym
nyuka cknage — 1 MA, mo Bigmosimae NO = 6,24-10%
eNeKTpoHIB B iMmynibcei.  IllupuHa ~ BepxHBOTO
CIEIiabHOTO OITy (B cepelIHBOMY) HOpiBHIOE 50 cM,
noexuHa — 70 cM. BigcraHp MiX BHITyCKHHM BiKHOM i
00'€KTOM, IIIO OTIPOMIHIOETHCS - OMU3BKO 1 M.

Taxkox, Oynemo BBa)KaTH, 1110 Matepiain
CIEIiabHOTO OIATY — IIeN0N03a, TaK SK OaBOBHA
CKJIAJIAETHCSA 3 1eNroIo3u Ha 99,5%, 11 ximiuHa (opmyiia
[CeH100s] N i minbmicTs 1,5 r/cm®. TanbMiBHA 31aTHICTH
LIEJTFOJIO3H TIPE/ICTaBJICHA Ha puc. 1.

Cellulose

10° B e e ) e e e LJLALEEL m s

10'E N\

Stopping Power (MeV em™/g)
g
il P T

0 sl ol sl ol

10° 10 10 10 10° 10°
Energy (MeV)

10

— - Collision Stopping Power
— Total Stopping Power

Puc. 1. l'aibMiBHA 30aTHICTE LEJIFOJIO3H B 3AJIEKHOCTI Bij
eHeprii my4ka eJIeKTPOHIB

Tak sk IUIBHICTH TOBITPS BKpail Majia B MOPiBHAHHI
3 onpoMiHIOBaHHM 00’ckToM i cTanosuTs 0,00129 r/cM?, i

Ha MiACTaBi puc. 2 A Imapy MoBiTps B 1 M BeaWdYnHA B
po3mipHOCTi oci opmuHar mopismioBaTHMe 0,129 r/cM?
Bemmunny € %y dopmyni (9) mpuitmemo piBroi 0,9. 1
s 3amaHoi eHeprii 10 MeB rampmiBHAa 31aTHICTB
101034 AopiBHIoE 1,859 MeB cMm?/r.

N\ -

¥ 04 a6 08 X, z2/tm?

Puc. 2. OcnabneHHs iIHTEHCHUBHOCTI ITyYKa EIEeKTPOHIB B
3aJI€)KHOCTI Bi/l TOBIIMHH HOBITPS

Bbepyun no yBarm mepepaxoBaHi BHIIE HapaMeTpH
pO3paxyeMo TOPSJOK OOYKCIEHHS MapaMeTpiB, IO
samumucst 'y ¢opmyni (9), a came V-l 3a ommy
CeKyHJly NYYOK CKaHYETbCS TpPU pa3d IpH LbOMY
BunyckaeTbest 100 iMITysIbCIiB My4KiB €EKTPOHIB 1 3a 1iel
4ac KOHBEEpP IMPOXOJUTh V caHTHMeTpiB. [lnoma mydka
cranosuTh 0,7854 cM?. 3a 1 cekyHiy 3arajgbHa JOBXKHMHA
onpomineHoro Bupobu ckiage 300 cwm. Ilpuitmemo
IIBUJIKICTh KOHBeepa JopiBHIOe 1 cm/c. 3a 1 ¢
npuckoproBad  3poouth 100 IMITyNBCIB eNEKTPOHIB i
Oepyduu 110 yBarw, mo JiaMerp mydka — 1 cM i mmpuHa
MOBEpXHI, 10 00pobmseTscss — 50 cM, TO Ha KOXEH
CaHTHUMETP JI0BEJETHCS MO 2 IMITyJIbCa, TAKUM YHHOM No y
dbopmyai ) TIOJIBOIOETHCSI. Y3aranbHIOYH
BUIIICHABEACHI BUKIAAKU (Gopmyia (9) HabyBae Takoro
BUTJIALY 3 YypaxyBaHHSM  YacTOTH  INPOXOJDKEHHs
IMIYJIBCIB My4YKa, LIBHJKOCTI KOHBEEpAa 1 JOBXKUHU
o0'ekra, siKuii 00poOIsieThes (KpalioBuMH —edekramu
HEXTYEMO 1 NPUITYCKAEMO, 110 OOpOOISEThCS O0'€KT He
JIOBIIE ITUPUHN KOHBEEPA):

v-d Sy
o—

D, =16-10%7-N
vl

, (10)

Jie 7 — Koe(ilieHT ocaablieHHs NP MPOXOJUKEHHI ITydKa
MPUCKOPEHHX eNeKTpoHiB; No — KiJIbKICTh €JIEKTPOHIB B
IMITyJIBCI; V — YacToTa NPOXO/KEHHs IMITyJIbCIB ITydKa,
I'm; d — nmiamerp mydka, cM; V - IIBUAKICTH KOHBEEPA,

cMm/c; | — mmpuHa 00'ekTa, MO 0OPOOTIOETHCS, CM; Seol —

P
rajJbMiBHA 3[aTHICTh peYOBHHH, MeB-cm?/T.

BukoprcToByroun MareMaTHyHy MOJETh MOJXKHA
po3paxyBaTH HOPMATHUBHI PeXHMMHU Tpolecy ae3iHGexmil
CHENiaJbHOTO ONATY y BHUIJISNAI YaCTOTH HPOXOJKECHHS
IMIyJIBCIB MyYKa Ta IIBHAKOCTI KOHBeepa. B gxocTi
MPUKIaay MPHUBEICHO HOPMATHBHI PEXHMH Ne3iH(eKmil
CHELiaIbHOTO OAATY Yy BHIVISAI YAaCTOTH IPOXODKEHHS
IMITyJIBCIB TIy4Ka Ta mBHIKOCTI KoHBeepa 0,5, 1 ta 2 cm/c
JUIs IMIBEWHOI BaTH Ha puc. 3.
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Puc. 3. 3aexHICTh NOTIIMHYTOI T03H CHELiaIbHUM OJSITOM B 3aJISKHOCTI BiJl YACTOTH MPOXOKEHHS IMITYJIBCIB ITyYKa JUIs
MIBHIKOCTI KOHBeepa: a) - 0,5 cm/c; 6) - 1 cm/c; B) — 2 cm/c

BucHoBku MPUCKOPEHUX  EJEeKTPOHIB  IIBUAKOCTI KOHBeepa i
FEOMETPUYHHUX MapaMeTpiB 00’e€kra, s PO3PaxyHKy

3anponoOHOBAHO  YAOCKOHANEHY  MaTeMaTHuHy  TEXHOJOTIYHMX  PEXUMIB npouecy  pajianiiHoi
MOJENb MOMIMHYTOI 03U CHELialbHUM OISATOM B crepuiizamii. YIOCKOHalleHa MaTeMaTH4YHa  MOJIENb
3aJIe)KHOCTI Bijl YACTOTH MPOXOKEHHS iMITYIbCiB Myuka  IIOTIMHYTOI JI03M CHELIaJbHUM OZSIOM [a€ MOJKJIHMBICTH
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pPO3paxyBaTH PEKUMHU ONMPOMIHEHHS PI3HHX MarepialiB  3a0e3MeUrTH 3aKOHOJaBYi Ta HOPMATHBHI BUMOTH Tiri€HH
CIIEIiaIbHOTO ~ OJIATY, SKi BIAPI3HAIOTBCA PO3MIpOM,  mpari. BigxuieHHS MOKa3HUKIB pO3paxoBaHOi MOTIUHYTOT
¢opMor0 i (PI3UYHIMH BIACTHBOCTSIMH, IO JO3BOJIUTH  JO3M 3 EKCIEPHUMEHTAIFHO BUMIPSHOIO HE IEPEBHIIYE
PO3POOHUTH CUCTEMY HOPMATHBHUX PEXHUMIB TexHoJoTii  7%.

pamiamiitHo-di3uuHoi ne3iHdexmnii pododoro onsary Ta
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YCOBEPHIEHCTBOBAHI/[EuMATEMATI/I‘lECKOfI MOJEJIN HOTJIOIEHHON
A03bI CHEIMAJBHOHU OJEX/bl, OBJIYHAEMOHN YCKOPEHHBIMU
IJIEKTPOHAMU

IIpenMeToM HcclenOBaHUS B CTAaThe SBISIETCS MaTeMaTHYeCKasi MOJIEIb ITOTJIOIIEHHON O3B CIIEIMaIbHON onexk b, Llens paboTsr -
YCOBEPLIEHCTBOBATh MATEMaTHYECKYI0 MOJENb IOIVIOMICHHOH J03bl CHELHANIbHOW OAEXKABI, OOJIy4aeMoil yCKOPEHHBIMH
JNEKTPOHAMH. B cTaTbe pelaloTcs CleAyIoIMe 3aJa4ud: MCCIIeN0BaTh BO3MOXHOCTh IPUMECHECHHS YCOBEPLICHCTBOBAaHHOM
MaTeMaTHYeCKOH MOJIENH MOTJIOMICHHON 1035l CHELMaIbHOH OAEK/ABl B 3aBUCUMOCTH OT YacTOTBI NIPOXOXKICHHUS MMITYJIBCOB ITy4Ka
YCKOPEHHBIX 3JIEKTPOHOB, CKOPOCTH KOHBeWepa M T€OMETPUUECKUX MapaMeTpoB OOBEKTa, [UIS PacyeTa TeXHOJIOTHYECKUX PEKHMOB
Iporecca paJuanoHHOl CTepriIH3alyi. VICIonb3yIoTes ciueaylonye MeToabl: MateMaTnieckoil ¢usuku. [lomydeHs! crnemyromnrue
pe3yJbTaThl: OTMEUEHO O BAKHOCTH YXO[a 3a CIICIHAIBLHOW OJEXI0H pabodMX; ONpeiesieHbl HEJOCTATKH COBPEMEHHBIX METOJIOB
nesnHpekuu U 000CHOBaHa HEOOXOJUMOCTH NE3MH(EKIMH CIEHAITFHOH ONEXIbl YCKOPEHHBIMH SJIEKTPOHAMH C ITOMOIIBIO
CIEIUANBHBIX YCKOPHUTENEH OJJIEKTPOHOB; YCTAHOBJICHO, YTO OCHOBHBIM KPHTEPHEM pPAIMAlMOHHOW Ne3nH(EKIHy sBiIseTcs
MOTJIOLICHHAsT /1032 M O00OCHOBaHAa HEOOXOJMMOCTb OIPEJEICHUS MAaKCHMaJIbHO JIOIyCTHMOIO 3HAYEHUS O3Bl C IOMOIIBIO
MaTeMaTHYeCKOH MOJeNH. YCOBEpIICHCTBOBAHHAs MAaTEeMaTHyYeCKas MOJENb MOTJIOIICHHOH 03Bl CIEUUATIBHOW OASKIbl AaeT
BO3MOXKHOCTb PAaCCUHTATh PEXUMBI OONYYEHUS Pa3IM4HBIX MaTepUalIOB CHEHHAIBbHOI OAEXKbI, KOTOPBIE OTIMYAIOTCA Pa3MepoM,
dopmoii ¥ (PU3MYECKUMHU CBOICTBaMHU, YTO MO3BOJIUT pa3paboTaTh CHCTEMY HOPMATHUBHBIX PEKHUMOB TEXHOJOTHH PaAUallMOHHO-
¢bm3udeckoil nesuH(pexnnun pabodell oexIsl U 00ECIeYNTh 3aKOHOJATEeNbHbIE W HOPMAaTHUBHBIC TPeOOBAaHMS THUTHEHBI TpyJa.
PaccunTaHO HOpMAaTHBHBIE PEXHUMBI IpoLecca Ne3MH(EKINH CIeNHaTbHOW OAEXKIbl B BUJE 3aBUCHMOCTH IIOTJIOIIEHHOW /O3Bl B
3aBUCHMOCTH OT YacTOTHI CIICOBAaHUS UMITYJIbCOB IIy4Ka M CKOPOCTH KOHBelepa. BBIBOBI: yCOBEpIIEHCTBOBaHA MaTeMaTH4eCcKas
MOJICTb IOTJIOIIEHHON HO3BI CIELHMAIBHOW OJEKABI B 3aBHCHMOCTH OT YacTOTHI IPOXOJXKICHUS MMITYJbCOB ITy4YKa YCKOPEHHBIX
JJIEKTPOHOB, CKOPOCTH KOHBEiepa M TeOMETPHYECKHX IapaMeTpoB OOBEKTa, W MPUMEHEHBl Ui pacyeTa HOPMAaTHUBHBIX
TEXHOJOTHYECKUX PEKUMOB IIpoliecca Ae3UHPEKIMHU CIICHUAIbHOH O1eHKIbL.

KitoueBble cjI0Ba: MaTeMaTH4YecKas MOJENb; IOIVIONICHHAs /1032, YCKOPCHHbBIE JJICKTPOHBI; CIELHAlbHAs OASKIa;
Je3HHEKITHS.

IMPROVEMENT OF THE MATHEMATICAL MODEL OF THE DOSE ABSORBED
BY SPECIAL CLOTHING IRRADIATED WITH ACCELERATED ELECTRONS

The subject of the research in the article is a mathematical model of the dose absorbed by special clothing. The goal of the work is to
improve the mathematical model of the dose absorbed by special clothing irradiated with accelerated electrons. The following tasks
are solved in the article: to investigate the possibility of using the improved mathematical model of the dose absorbed by special
clothing depending on the frequency of the beam pulses of accelerated electrons, conveyor speed and geometrical parameters of the
object, to calculate the technological modes radiation sterilization process. The following methods are used — mathematical physics.
The following results have been obtained: the importance of caring for workers' special clothing was noted; the shortcomings of
modern disinfection methods were identified and the need for disinfection of special clothing with accelerated electrons using special
electron accelerators was justified; it has been established that the main criterion for radiation disinfection is the absorbed dose; the
necessity of determining the maximum allowable dose using the mathematical model was justified. An improved mathematical model
of the dose absorbed by special clothing makes it possible to calculate the irradiation modes of various materials of special clothing
that differ in size, shape and physical properties, which will allow us to develop a system of regulatory regimes for radiation-physical
disinfection of work clothes and ensure legislative and regulatory requirements for occupational health. The normative regimes of the
process of special clothes disinfection are calculated in the form of the dependence of the absorbed dose depending on the pulse
repetition rate and the conveyor speed. Conclusions: the mathematical model of the dose absorbed by special clothing was improved
depending on the frequency of the pulses of the accelerated electron beam, the conveyor speed and the geometric parameters of the
object. It was used to calculate the regulatory technological modes of the process of disinfection of special clothes.
Keywords: mathematical model; absorbed dose; accelerated electrons; special clothing; disinfection.
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A. SHAKHOV, V. PITERSKA

RISK MANAGEMENT MECHANISMS FOR PROJECT IMPLEMENTATION
WITHIN THE FRAMEWORK OF INNOVATIVE PROGRAMS

The subject matter of the article is the methods, models and mechanisms of risk-based management of innovative programs. The goal
of the work is to develop a risk management mechanism for innovation projects implemented as part of the innovative programs
implementation taking into account insurance methods. The following tasks were solved in the article: analysis of the innovation
management model of enterprises and organizations in Ukraine and abroad, the study of modern risk management methods for
innovative projects, the development of a risk insurance mechanism for innovative programs taking into account the project
management methodology. The following methods are user: project and program management methods, systems theory and systems
analysis, risk management methods. The following results were obtained: the definitions of innovation, innovation activity
management, innovation program, innovation project risk were clarified; the main types of risks arising from the implementation of
innovation programs were identified; a mechanism of risk-oriented innovation activity management based on the project management
methodology taking into account risk insurance methods was proposed. Conclusions: The paper analyzes the features of the
implementation of innovative activities. It is established that the peculiarity of the implementation of innovative projects is the
significant uncertainty of the results. It is indicated that during the initiation and implementation of an innovation program, it is
necessary to determine the probability of its successful implementation based on the use of risk management models and methods in
accordance with the 1SO 31000 standard. The paper shows the appropriateness of applying the insurance method when implementing
risk management mechanisms of the innovation program. Moreover, it was prescribed that the level of risk in the development and
commercialization of products of innovative projects is directly dependent on the degree of innovation of the innovation, that is, the
higher the novelty of the innovative product, the higher the risk level relative to its relevance. The use of insurance mechanisms in
managing the risks of the innovation program allows to transfer part of the risks of program participants to insurance companies in the
amount of a certain calculated insurance amount. It has been established that insurance of risks of the innovation program does not
change the existing risk parameters, but provides protection against possible adverse financial consequences of the implementation of
the risk, which is important in the conditions of implementation of products of innovative projects. To reduce the cost of insurance
and related expenses of organizations within the framework of the implementation of the innovation program, this tool should be used
in combination with other methods of risk management of organizations.
Keywords: project and program management; risk management; innovation program; insurance.
Introduction research or development through budget funding (direct
funding or taxation).
The level of uncertainty of the results of innovative

In the second half of the 1990s, the governments of

almost all Western European countries adopted programs
to stimulate and develop innovation aimed at spreading
innovation in countries. Efforts have been made in all
Western European countries to form structural elements
and mechanisms for implementing innovation policy.

The most favorable climate for the development of
innovative entrepreneurship was created in the countries
of Northern Europe, which allowed them to become
leaders in innovative development in the Western
European region. The countries of Northern Europe, as
well as Great Britain, Germany and France are the most
active participants in innovative cooperation through the
EU.

In the countries that are leaders in the field of
innovation, there is a concentration of the world's largest
financial flows, a significant concentration of the most
profitable industries of high-tech products with the highest
value added in the price of the product. In these countries,
the industrial and technological cycle of environmentally
friendly and resource-intensive production of innovative
products is made outside the state.

In the world literature, innovation is interpreted as
the transformation of potential scientific and technological
progress into real, embodied in new products and
technologies [1].

Stimulating the development of innovation cannot be
limited to a one-time stimulation of only one type of

activities is associated with the difficulty of attracting
sources of funding, lack of skills, the complexity of their
motivation, organizational aspects of the creation and
operation of knowledge-intensive enterprises, features of
the production cycle, imperfections [2].

However, high risk is accompanied by a significant
degree of compensation that is high profits from the
implementation of innovation results.

Research costs are certainly a necessary component
of successful development, but due to the increased risk,
most companies around the world are quite wary of
fundamentally new developments, preferring to go the
way of slightly improving existing products and
technologies. It should be clearly understood that a certain
part of innovation projects inevitably turns out to be
unrealized. This is evidenced by the fact that of the total
number of projects related to the development and
marketing of new products, about 40% of projects related
to the production of consumer goods, 20% of projects
related to the production of goods industrial purposes and
18% of projects related to the provision of services [3]. At
the same time, about 50% of the costs of creating and
promoting innovations fall on products that have not
found demand, and 30% of innovations that have gained
market recognition, are kept there for a very short time

[4].
For example, in the United States, about 60% of
research and development does not reach the market.

© A. Shakhov, V. Piterska, 2020
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According to US analysts, of the 11,000 innovative
products produced by 77 companies, only 56% remained
on the market five years later, only 1 in 13 promising
innovative projects is put into practice, 46% of the cost of
creating and promoting innovation is accounted for by
goods that have not been sold [5].

Analysis of recent research and publications

For enterprises involved in innovation, ignoring or
insufficient consideration of the risk of innovation can
lead to many undesirable economic results, including: the
formation of excess stocks of unsold products, reduced
profits compared to expectations, reduced investment
efficiency, unplanned labor costs, material or financial
resources, the emergence of lost profits as a result of
delays in the implementation of innovative solutions [6,
7].

Despite the potential danger of consequences and
losses caused by the realization of one or another type of
risk of innovation, innovation is a catalyst for progress, a
source of possible profit [8].

In [9, 10] the risk of innovation is defined as the
probability of losses that occur when an entrepreneurial
firm invests in the production of innovations that will not
be in demand in the market, as well as when investing in
the development of new management decisions that will
not give the expected result.

In [11-13] innovation risk means the measured
probability of loss of profit or loss of value of the portfolio
of financial assets, income from a venture (innovation)
project, a venture company as a whole when investing in
the production of new goods and services, in the
development of new equipment and technology, which
may not find the expected demand in the market, as well
as when investing in the development of management
innovations that will not bring the expected effect.

In [14] innovation risk is interpreted as a type of risk
that occurs in any activity related to innovation processes,
production of new products, goods, services, their
operations, commerce, implementation of socio-economic
and scientific and technical projects.

Innovation risk factors caused by uncertainty are all
risks that arise in the course of innovation, which can be
divided into two groups. External factors are related to the
state of the external environment in which the
implementation of innovative activities, and include risks
due to the activities of the state, the environment and the
environment. Internal factors are related to the internal
environment of the scientific organization, ie due to the
peculiarities of the implemented research project: the risks
of staffing associated with the staff of the organization,
and technical risks associated with the property [15].

Thus, the intensification of innovation activities of
domestic enterprises can be ensured only by developing
an effective mechanism for managing innovation risks,
which minimizes possible losses and maximizes profits
through the development and implementation of risk-
oriented management system taking into account certain
factors.

The project analysis should take into account risk
factors, identify as many types of risks as possible and try
to minimize the overall risk of innovation.

The purpose of this article is to develop a risk
management mechanism for innovative projects that are
implemented in the implementation of innovative
programs, taking into account the methods of insurance.

Presentation of the main material

One of the reasons for the failure to master many
innovative developments is insufficient consideration of
the risk factor. Failures related to the introduction of
innovative products on the market are 32% caused by
underestimation of market requirements, 13% — erroneous
sales policy, 14% — high price of goods, 10% — errors in
determining the time of entry into the market, 8% — high
competition and 23% - technical imperfections of new
products [16]. However, there are other statistics: in the
first place is the risk due to errors in determining
consumer demand (45% of failures), then - associated
with product defects (29%), insufficient advertising
(25%), overpricing (19%), competition (17%), erroneous
determination of time to market (14%) [17].

First, the concepts should be clarified [18].

Innovation is the result of innovative activities in the
form of goods, services or technologies that create new
value (added value) and contain signs of scientific and
technical novelty and the possibility of practical
application to obtain a socio-economic effect. Innovative
activity is the process of creating new scientific
knowledge and transforming it into new types of
competitive goods, services or technologies.

Innovation  management is a system of
organizational-economic and psychological-social models
and methods, forms and methods of creating innovations
based on the methodology of project, program and
portfolio management.

Innovation program is a set of projects combined
with a single goal that is to obtain a socio-economic effect
from the implementation of the results of innovation
(implementation of an innovative product).

An essential feature of innovation is its significant
uncertainty. The probability of successful implementation
of the program must be taken into account when initiating
and executing it. Risk management models and methods
in accordance with ISO 31000 should be used to address
this issue.

It is the presence of significant risks that forces
businesses to be very careful about participating in
innovative programs. Risk is the effect of uncertainty on
the goal [19, 20].

The level of risk that arises when developing and
promoting new products is directly dependent on the
degree of novelty of the innovation: the higher the
novelty, the higher the uncertainty of how the product will
be perceived by the market.

One of the factors of successful existence and further
development of an innovation-active enterprise is the
ability to manage innovation risks, ie the ability to
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anticipate the least costly financial costs necessary and
sufficient to reduce the likelihood of risk situations, and in
case of their occurrence - the ability to localize negative
events. The risk management system of innovations in the
enterprise should be built on a single methodological
basis, but should have a different degree of detail,
depending on the type of innovation.

The need to study the causal links and ways to
reduce the consequences of the risks of innovation is due
to the presence of many forms of risk of innovation with
different consequences that need to be prevented and
eliminated in a timely manner.

The main results of qualitative risk analysis of
innovation are:

- identification of specific risks of the research
project and the reasons that give rise to them;

- analysis and calculation of the cost equivalent of
the hypothetical consequences of the possible realization
of these risks;

- proposing measures to minimize damage;

- cost assessment of risks.

Additional, but also very significant results of the
qualitative analysis include the determination of the
boundary values of the possible change of all factors
(variables) of the project that are tested for risk.

The risks of innovative programs are proposed to be
divided into the following types [21]:

-the risk of investment unattractiveness of the
program;

- risk of lack of necessary resources;

- the risk of non-fulfillment of contractual terms
between the participants of the innovation program in
terms of quality and quality;

- scientific and technical risks;

- risk of deviation in terms of implementation of
stages of the innovation program;

- risk of deviation of parameters of design and
development developments;

- the risk of non-compliance of personnel with the
requirements of the program;

- negative results of the program (uncompetitive
innovative product);

- the risk of non-compliance of the technical level of
production with the technical level of the innovative
product;

- legal collateral risk;

- risk of patent protection (erroneous choice of the
territorial nature of patenting, non-receipt or delay of
patenting, restrictions in terms of patent protection);

- the risk of expiration of the license or certificate for
the manufacture and use of an innovative product;

- the risk of losing already developed technical
solutions;

- the risk of competitors having new technologies for
developing an innovative product;

- environmental risk;

- marketing risk.

If we consider the risk management system of
innovation, the methods of reducing their level can be
divided into the following: distribution method, hedging
method, limiting  method, reservation  method,

diversification method, risk transfer, insurance method
[22].

In addition to the listed risk management methods,
direct impact on managed risk factors is used to reduce the
negative consequences or reduce the level of innovation
risk, which includes:

- analysis and evaluation of the innovation project;

- verification of candidates for partners in the
innovation project;

- planning and forecasting of innovative activity;

- creation of innovative mood of management at all
levels of management, neutralization of resistance to
changes, stimulation of various initiatives.

The method of risk allocation is to transfer the
maximum responsibility for the risk of the participant who
can best control it. The distribution of risk between the
participants of innovation increases the reliability of
achieving results.

The method of diversification provides a reduction in
innovation risks through the distribution of research and
investment in multidirectional innovation projects that are
not directly related to each other. Diversification is the
dispersal of innovation risk [22].

The method of limitation involves limiting the
maximum amounts of costs, sales, and credits. This
method is used by banks to reduce the degree of risk when
lending to innovators, and to companies - when selling
goods on credit and determining the amount of capital
investment in various innovative projects [26].

At the enterprise limitation is realized by
establishment of the corresponding internal financial
specifications in the course of development of policy of
implementation of various aspects of financial activity and
does not demand high financial expenses.

The hedging method is an effective way to reduce
the risk of adverse changes in price conditions through the
conclusion of futures contracts (futures and options). This
method is mandatory for the seller and optional for the
buyer [22].

The method of redundancy ensures the reliability of
the system by forming a reserve, which compensates for
the loss due to the failure of one of the elements of the
system [22].

The amount of the reserve should be equal to or
greater than the amount of possible losses, but the cost of
maintaining reserves should not exceed the cost of
restoring system failure.

Reservation of funds is advisable in case of losses,
which is a consequence of:

- possible refusal of further development of products
and termination of the project due to the implementation
of a pessimistic scenario of project development;

- excess of total costs allocated according to the
project budget;

- exceeding the deadline for completion of the draft
directive. Such directive terms of product development
can be determined by contracts, orders and other
documents. For example, the directive period for the
development of small aircraft is determined by three
years.
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Transfer (transfer) of risk is a method of reducing
innovation risk by concluding appropriate contracts that
provide for the transfer of responsibility for the risk to
someone else.

This method is used in cases where the magnitude of
the possible risk is unacceptable for an innovative
enterprise.

Insurance as a method of risk reduction involves the
creation of a special fund and its use to overcome by
paying insurance compensation for various losses, losses
caused by adverse events (insured events) [22].

The peculiarity of insurance is the presence of two
parties: a special organization (insurer) that accumulates
the relevant funds, and legal entities and individuals
(insurers) who make the established payments to the fund.
Their mutual obligations are regulated by the contract.

Of all the forms of risk management, insurance most
fully meets the ideal conditions, as resources to cover the
losses of an innovative firm come from insurance
companies faster than from any other source.

Thanks to insurance, the state gets the opportunity to
relieve itself of the burden of costs on various payments.

The use of insurance as a method of risk sharing of
the innovation program allows you to transfer part of the
risks of program participants to insurance companies in
the amount of a certain sum insured. At the same time,
insurance does not change the existing risk parameters,
but provides protection against possible adverse financial
consequences of the risk, which is very important in the
implementation of innovations. To reduce the cost of
insurance and the corresponding costs of organizations in
the implementation of the innovation program, this tool
should be used in combination with other methods of risk
management of organizations.

Accordingly, the high risks of innovative projects
still remain without sufficient insurance protection, which
objectively reduces the opportunities for innovative
development.

However, the insurance method of risk minimization
has a number of limitations. First of all, it is a high
amount of insurance premium established by the insurance
organization when concluding an insurance contract,
especially when insuring innovation risks.

Another limitation of the use of the insurance
method is its unavailability: some risks are not accepted
for insurance. Thus, if the probability of a risky event is
very high, insurance companies either do not undertake to
insure this type of risk, or impose exorbitant payments.
Therefore, if the risk cannot be insured, the company
should resort to its own sources; use the accumulated
reserves and the method of self-insurance.

Insurance is not only a method of reducing
innovation risks, but also in itself helps to increase the
innovative activity of the economy. To stimulate
innovation, you can use such a method as benefits to
innovative enterprises for insurance premiums, including
mandatory pension, health and social insurance paid to
employees of enterprises engaged in innovative activities.

In Ukraine, insurance of scientific activity of higher
education institutions does not occur due to the
uncertainty of the results of the research project and the

high probability of obtaining a non-competitive innovative
product. However, according to international experience,
innovation insurance is considered appropriate.

When calculating the insurance rate for the
innovation program, we will use the insurance payment,
which determines the amount to be paid by the participant
of the innovation activity to the insurance company to
prevent possible losses in the event of a risk situation and
ineffective result.

The gross rate for insurance of the results of the
innovation program with the inclusion of innovative
projects in the portfolio is determined as follows:

1 |
g ZH*ZUNoi : 1)

i=1

U

where U, — net tariff rate for i-th project insurance in the

portfolio; f — share of load in the gross rate (administrative
costs of the insurance company).
The net rate is determined by the formula:

Unoi =Uss" +Ust s @)

where U)S® — one-time rate for completion of the i-th

innovation project for the insured payback period x years

with insurance period t years; U }° — one-time rate in case

of failure of the i-th innovation project for the insured
payback period of years with an insurance period of t
years.

Let’s calculate the rate in case of completion of the
innovation program:

N
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where g - rate of return (% per annum); S; — funds to be
received by the participant of the i-th innovation project in
case of an insured event (insurance amount) during the
implementation of the program; t — insurance period; N,

— the number of projects in the portfolio with a payback
period of t+Xx years; N, —the number of projects in the

portfolio with a payback period of x years.
The rate in case of a failed (unprofitable) innovation
program is determined by the formula:
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where Ng, — the number of unsuccessful innovation

projects in the transition from payback period x to
payback period x+1.

According to the mathematical transformation, the
formula for determining the gross tariff rate takes the
form:
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In this case, a fair statement for I-projects in the
portfolio when incurring costs in the amount S with a

probability P:

PiINV *SiINV " PiRES *SiRES " PiCONTR *SiCONTR 4 PiNTR *SiNTR N

2

i=1| +

| +PiTERM *S;I'ERM + PiDEV *SiDEV + PiPERS *SiPERS + PiNOT *SiNOT +

<S§

i (6)
PiTECH *S;I'ECH + PiLAW *SiLAW + PiPAT *SiPAT + PiLIC *SiLIC +

+PiLOST *SiLOST + PiKON *SiKON + PiEC *SiEC + PiMAR *SiMAR

where P™ sV _ probability and costs incurred in case
of risk of investment unattractiveness of the program,
respectively;

PRES | sRES _ probability and costs incurred in the

event of a risk of lack of necessary resources,
respectively;
PCONTR sCONTR _ probability and incurred costs in

case of risk of non-fulfillment of contractual terms
between the participants of the innovation program in
terms of quality and quality, respectively;

PNTR - sNTR _ probability and costs incurred in the

event of scientific and technical risk, respectively;
PTERM - sTERM - _ probability and incurred costs in

case of risk of deviation in terms of implementation of
stages of the innovation program, respectively;

PPV sPEY _ probability and incurred costs in case

of risk of deviation of design parameters, respectively;
PPERS | sPERS _ probability and costs incurred in

case of risk of non-compliance of personnel with the
requirements of the program, respectively;

PNOT  sNOT _ probability and costs incurred in case

of risk of negative program results (obtaining a non-
competitive innovative product), respectively;

PTECH  sTECH _ probability and costs incurred in

case of risk of non-compliance of the technical level of
production with the technical level of the innovative
product, respectively;

PLAW AW probability and costs incurred in the

event of a risk of legal security, respectively;
PPAT sPAT _ probability and costs incurred in case

of patent protection risk (erroneous choice of territorial
nature of patenting, non-receipt or delay of patenting,
limitation in terms of patent protection), respectively;

PHC sHC_ probability and costs incurred in case
of risk of expiration of the license or certificate for the

manufacture and use of an innovative product,
respectively;
PLOST - sLOST _ probability and incurred costs in

case of risk of loss of already developed technical
solutions, respectively;

RRON " sKON _ probability and incurred costs in case

of risk of competitors developing new technologies for the
development of an innovative product, respectively;

PEC  sF€_ probability and costs incurred in case of
environmental risk, respectively;
PMAR - sMAR _ probability and costs incurred in the

event of marketing risk, respectively.

Of course, to achieve more effective results, as a
rule, not one, but a set of methods to minimize risks at all
stages of innovation is used.

When forming an innovation risk management
system, it is necessary to take into account
that different projects and their different stages
have their own risks and potential profitability.
Therefore, one of the main tasks of innovation
is the mutual connection of the interests of
all actors involved in the implementation of innovative
projects.

Conclusions

An essential feature of the process of implementation
of innovative projects is its increased risk, which
forces business structures to be very careful
to participate in innovation programs. The probability of
successful implementation of the innovation program
must be taken into account when initiating and
implementing it, taking into account the use of risk
management models and methods according to ISO
31000.

The main types of risk situations that arise in the
process of implementing innovative programs are
identified in the work.

Also, a risk management mechanism for innovative
projects has been developed, which allows
to provide compensation for possible losses from the
occurrence of a risk situation during the implementation
of innovative projects on the basis of the insurance
method.

For more successful operation of innovation risk
insurance mechanisms, the methodology of project
and program management should be used, as
well as the introduction of comprehensive state
support and ensure the normalization of the economic

situation in the country. Despite all the problems
associated with the introduction of risk insurance
mechanisms in innovation, it seems rational that

the needs for this type of insurance are objective, given
the need to compensate for the costs incurred in case of
risk in the implementation of the results of innovation
programs.
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MEXAHI3MH YIIPABJIHHA PU3UKAMMU 1P PEAJII3AIIIL IPOEKTIB B
PAMKAX IHHOBAHIMHUX ITPOI'PAM

I[peamerom moCTiUKEHHS B CTATTi € METOIH, MOJIEN 1 MEXaHI3MU PU3UKO-OPI€EHTOBAHOTO YNPABIIHHS iHHOBaLIHHIMHU IPOTpaMaMu.
Meta poGoTu — po3poOKa MexaHi3My YNpPaBIiHHA PU3MKAMH IHHOBALIMHHUX HPOEKTIB, SIKi peali3ylOThCS B paMKaX BHKOHAHHSI
IHHOBAIIfHUX M[POrpaM 3 YpaxyBaHHSAM METOJIB CTpaxyBaHHS. B crTaTTi BUpINIYIOTBCS HACTYIHI 3aBJAHHA: aHAII3 MOJENi
YIpaBITiHHS {HHOBAIIHHOIO isIBHICTIO IMIANPHUEMCTB i opraHizamiii B YKpaiHi Ta 3a KOPJIOHOM, IOCIHI/UKEHHS Cy4acHHX METOJIIB
YIpaBIIiHHS PU3UKaMH {HHOBAalliHHAX TPOEKTIB, pO3po0OKa MEXaHi3My CTpaxXyBaHHS PH3MKIB iHHOBALIIHUX IIpOrpaM 3 ypaxyBaHHIM
METOJIOJIOTI] MPOEKTHOTO YIPABIIHHSI. BHKOPHCTOBYIOTBCS Taki MeTOAM: METOAW YIPABIiHHS MPOEKTAMH 1 MporpamMaMu, Teopis
CHCTEM 1 CHCTEMHOTO aHali3y, METOAM YIpaBIiHHSA pu3ukamMu. OTpHMaHO HACTYNHI pPe3yJbTATH: YTOUYHEHI MOHATTS iHHOBAILI,
YOpaBIiHHS 1HHOBAaLiHHOIO MisSUTBHICTIO, IHHOBAIIHOI POTpaMy, pU3UK iHHOBAIIHOTO MPOCKTY, BU3HAYCHI OCHOBHI BUAN PHU3HKIB,
SIKI BHHUKAIOTh TP peatti3allii iHHOBaIlifHUX MporpaM, 3allpOIIOHOBAHO MEXaHi3M PU3MKO-OPIEHTOBAHOTO YIIPABIiHHS 1HHOBAIIIHOIO
TISUTBHICTIO, SKUH 3aCHOBaHMH Ha METOJOJIOTIT MPOEKTHOTO MEHEMKMEHTY 3 ypaxyBaHHSAM METOIIB CTpaxyBaHHS pPH3HUKIB.
BucnoBku: B po0oTi mpoBeneHo aHanmiz 0coONMMBOCTEH 3IiMCHEHHS 1HHOBALiHOI MisUTBHOCTi. BCTaHOBIEHO, MO0 OCOONUBICTIO
peamizanii iHHOBaLiffHUX NPOEKTIB € 3HaYHAa HEBU3HAYEHICTh OTPHMAHUX pe3yibTaTiB. BkasaHo, mo mpwu iHimianmii i BUKOHaHHI
IHHOBaIIHOT MporpamMu NOTPiOHO BH3HA4YaTH WMOBIPHICTH il ycminmiHOi peasni3amii Ha OCHOBI BUKOPHUCTaHHS MoOJeNed 1 MeToxiB
YIpaBIIiHHA pH3UKaMu BinmoBigHo 1o cranaapty ISO 31000. B po6oTi moka3aHO IOIUIBHICTE 3aCTOCYBAHHS METOIY CTpaxyBaHHS
Ipy peaiizanii MeXaHi3MIB YHpaBIiHHS pU3UKaMH iHHOBauidHOI mporpamu. [Ipy 1bOMy BCTAQHOBIECHO, IO PIBE€Hb PH3UKY IIpU
po3po0i1i Ta KoMepuianizalii TPOAYKTiB IHHOBaLiHHIX MPOEKTIB 3HAXOAUTHCS B TPSAMill 3aJICKHOCTI Bill CTyIEHsI HOBU3HH 1HHOBAIL1,
TOOTO YUM BHIIEC HOBH3HA IHHOBAIIMHOTO MPOAYKTY, THM BHUINE PiBEHb PH3HKY CTOCOBHO HOTro 3aTpe0yBaHOCTi. 3aCTOCYBaHHS
MeXaHI3MIB CTpaxyBaHHS NPH YNPaBIiHHI pU3MKAMH IHHOBAWiHHOI HpOrpaMu [O3BOJIAE TEPEdAaTH YAcTHHY PHU3UKIB YYaCHHKIB
MPOTPaMU CTPAXOBHM KOMIIaHISIM B PO3Mipi AesKoi po3paxoBaHOi CTpaxoBOi CyMH. BcTaHOBIEHO, IO CTpaXyBaHHS PH3HKIB
iHHOBAIIfHOT TPOTrpaMU HE 3MIHIOE ICHYIOUI MapaMeTpH pHU3UKY, ajie 3a0e3ledye 3aXHCTOM Bill MOXKJIMBHUX HECTPHUSITIMBUX
(iHaHCOBMX HACHIAKIB peaiizamii pU3MKy, IO JOCUTH BOXIMBO B YMOBaX BIPOBADKEHHs NMPOIYKTIB iHHOBALIHUX MPOeKTiB. [l
3HWDKEHHsSI BapTOCTI CTpaxyBaHHs 1 BiJNOBIJHMX BHUTPAT OpraHi3aliii B paMKax BHUKOHAHHS IHHOBAI[IHOI NpoOrpamMu AaHH
IHCTPYMEHT JIOLIIbHO BUKOPUCTOBYBATH B KOMIUIEKCI 3 IHIIMMH METO/IaMH YIPaBIiHHS PU3UKOM OpraHi3ariil.
Kurouosi ciioBa: ynpaBiiHHS MPoeKTaMH Ta MporpaMaMy; YIpaBIiHHS PU3UKaMK; IHHOBalliiHa Iporpama; CTpaxyBaHHSI.

MEXAHUW3MBbI YIIPABJIEHUSA PUCKAMMU 11PU PEAJIN3ALIUU TPOEKTOB B
PAMKAX THHOBAIIMOHHBIX TPOI'PAMM

IIpenMeToM FWCCIEIOBAaHUS B CTAaThe SIBISIIOTCS METOJbBI, MOJENA W MEXaHH3Mbl PHCK-OPUCHTHPOBAHHOTO YIIPABICHHS
WHHOBAIIMOHHBIMU Tiporpammamu. Ilens paGoTel — pa3paboTka MexXaHHW3Ma YIPABICHHS PUCKAMH HHHOBAI[MOHHBIX MPOEKTOB,
peann3yembIX B paMKaX BBIIIOJHEHHUsI HHHOBAI[MOHHBIX [IPOrPAMM C yYETOM METO/OB CTPAXOBaHUS. B CTaThe PEmIatoTcs CIeMyoIne
3aJa4d: aHAM3 MOJENHU YMPAaBICHUS] WHHOBAIIMOHHOW AESITENPHOCTHIO TPSANPHUATHIA W OpraHu3anuii B YKpawHe U 3a pyOemom,
HCCIICTIOBAHNE COBPEMEHHBIX METOJOB YIPABICHHUS PUCKAMH WHHOBAIMOHHBIX TMPOCKTOB, pa3paboTKa MeXaHH3Ma CTPaxOBaHUS
PHCKOB MHHOBAIIMOHHBIX MPOTPaMM C YUETOM METOJI0JIOTHH MPOSKTHOTO yIpaBlieHus. VICoap3yroTes cieayomye MeToabl: METO/IbI
yl'lpaBJ'[eHHﬂ INpOCKTaMHU W IporpamMmMamu, TEOpUSd CUCTEM U CHUCTEMHOI'O aHaJiu3a, METOIbI yl'lpaBJ'[eHl/Iﬂ PUCKaMH. HOHy‘-[CHbI
cneﬂy}oume peSyJ’leaTLII yTO‘lHeHbI NOHATHA HWHHOBAIWUH, ynpaBneHI/m I/IHHOB&L{I/IOHHOP’I JACATCIIBHOCTHIO, PIHHOBaLLPIOHHOﬁ
MpOrpaMMBbI, PHCKAa HWHHOBAMOHHOTO MPOEKTa, OIpEeleHbl OCHOBHBIE BHAbI PHCKOB, BO3HHKAIOIINX MPH peaau3alii
WHHOBAIIMOHHBIX TIPOrPaMM, MPEUIONKEH MEXaHH3M PHCK-OPHEHTUPOBAHHOTO YIIPABICHHS WHHOBAIIMOHHON JESITENbHOCTHIO,
KOTOPBI OCHOBaH HAa METOMOJOTHH IPOEKTHOTO MEHE/DKMEHTa C YY4eTOM METOJOB CTpaxOBaHWs PHCKOB. BbiBoawl: B paGore
MPOBENICH aHAJM3 OCOOCHHOCTEW OCYIIECTBIICHHS WHHOBALMOHHOHN NESATEIBHOCTH. YCTAaHOBJIEHO, YTO OCOOCHHOCTBIO peali3alui
WHHOBALIMOHHBIX MPOCKTOB ABJIACTCA 3HAYUTE/IbHAA HEONPCACICHHOCTD l'lOJ'[y‘{eHHbIX pe3yJ’IbTaTOB. YKa3aHo, 4TO IPU UHULUALUUA U
BBITIOJIHEHHY MHHOBAIIMOHHOW MPOrpaMMbl HY>KHO ONPEIeNIATh BEPOSTHOCTh €€ YCIEIIHOM peann3aliy Ha OCHOBE HCIOJIb30BaHMUS
MOZeNeil U METO/IOB YNpAaBJICHUS] pHCKaMU B COOTBeTcTBHU co cranaaptoM [SO 31000. B pabore mokasaHa nenecooOpa3HOCTh
NPpUMCHEHUS METOJa CTPaxXOBaHHUA INPH pCalu3alluid MCXaHU3MOB praBJ’leHI/IH pUCKaMHn I/IHHOB&L{I/IOHHOP’I nporpaMmmal. l_[pl/l 35TOM
YCTaHOBJIEHO, YTO YPOBEHb PHCKAa MpH pa3paboTKe M KOMMEpPIHAIU3AIUH TPOJAYKTOB MHHOBAI[MOHHBIX MMPOEKTOB HAXOIWUTCS B
MPSMO# 3aBUCUMOCTH OT CTEIIEHH HOBHU3HBI HHHOBAIMH, TO €CTh Y€M BBIIIIE HOBH3HA HHHOBAIIMOHHOTO TIPOIYKTa, TEM BBIIIE YPOBEHb
PHICKa OTHOCHTENIFHO €ro BOCTpeOOoBaHHOCTH. [IpHMeHeHne MEXaHW3MOB CTPaXOBAaHHsS MPU YIPABIEHHH PUCKAMH WHHOBAIIMOHHOM
MpOrpaMMBl  TIO3BOJISIET IepeaTh YacTh PHUCKOB YYACTHHKOB IPOTPAMMBI CTPAXOBBIM KOMIIAHUSIM B pa3Mepe HEKOTOpPOi
paccUMTaHHOM CTPAaxOBOW CyMMBl. YCTAaHOBJIEHO, YTO CTPaXOBaHWE PHUCKOB HMHHOBAI[MIOHHON NpOrpaMMbl HE U3MEHSAET
CYIIECTBYIOIINE IapaMeTpbl pHCKa, HO OOECMeYHBAeT 3alMTON OT BO3MOXKHBIX HEOJIAarompHsATHBIX (DUHAHCOBBIX IOCICACTBHUN
peanu3anuy prcKa, YTO HEMaJOBAKHO B YCIOBHSAX BHEIPEHHUS MPOAYKTOB MHHOBAI[MOHHBIX MPOEKTOB. JlJIsi CHMXKEHUS] CTOMMOCTH
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CTPaxOBaHUs U COOTBETCTBYIOLIMX PACXO0B OPTaHU3aLUH B paMKaX BBINOTHEHUS] HHHOBAIIMOHHOM MpOrpaMMBbl JaHHBIH HHCTPYMEHT
1esIeco00pa3sHo UCIIOIH30BaTh B KOMILIEKCE C IPYTHMH METOAAMH YIIPaBIeHHs] PUCKOM OpraHH3aIii.

KnioueBble c0Ba: yIpaBiIeHHs MPOEKTaMH M IPOrpaMMaMHM; YIpaBICHHE pPHCKaMH, WHHOBAI[MOHHAs IpOrpaMMa;
CTpaxoBaHUeE.
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B. B. IIYKJIIHA, P. M. HABOKA

KPUTEPII IKOCTI ITEPéI.[IfI B IIUKJII ®OPMYBAHHSA IHOOPMAIIMHO-
KOMYHIKAIIMHOT'O TIOTEHIIAJLY HNIANMPUEMCTBA

I[IpeameroM pochmifKeHHS B CTaTTI € KpuUTepii AKocTi i MeToau (GopMyBaHHA 1H(GOPMALINHHO-KOMYHIKaiHHOTO MOTEHLIATY
MiATNPUEMCTBA, a TAKOXK TPOLECH HOTOo MOCIiZOBHOTO HAOMMKEHHS 10 OakaHOTO cTaHy. MeTOl0 € ONTHMI3allis CKIaay KpUTepiiB
sikocTi (popmyBaHHS iHPOPMAIIHHO-KOMYHIKAI[IHHOTO MOTEHIIaTy, BU3HAYSHHS iX BIAMOBIAHOCTI ICHYIOUMM METOJaM 3 YpaxXyBaHHSIM
MIBUAKUAX 3MIH CHTyalili (yHKI[IOHYBaHHS Ta HEOOXiTHOCTI 3aCTOCYBaHHS AalTOPHUTMIB SIKICHOTO YHOCKOHAJICHHS MeXaHi3My
YIpaBITiHHA MOTEHIiaJoM. B po6oTi BHpiNIyroThCS HACTYIHI 3ajadi: aHaI3 NMepeayMOB akTyamizamii sSIKICHHX KpUTepiiB Ha erari
PO3BUTKY iHpOpMaNiitHOT eKOHOMIKH Ta IX ONTHUMI3allis 3a MiCIleM BHHHKHEHHS O3HAaK SIKOCTi B mporeci GopMyBaHHS iH(opMariiHo-
KOMYHIKallifHOTO TIOTEHIlialdy; MPOBEIEHHS AaHANITUYHOTO OIJIIIy METOAIB iTepauii IMKIy #Horo ¢GopMyBaHHS; pO3poOKa
y3araJbHEHOI CXeMHU aJrOPUTMY SKICHOI iTepauii MKy ¢popMyBaHHS iH(OpMaLifHO-KOMYHIKAI[ITHOTO MOTEHIialy; BUSBICHHS YMOB
aBTOMaTH3alii mporecy (GpopMyBaHHA 3 BUKOPHCTaHHSM IIepeBar SKOCTI IMPOTPAMHOTO 3a0e3le4eHHs Ha eTamax HOro >KUTTEBOTO
nuKTy. Jns BUpilIeHHs 3a3HauCHHUX 3aBIaHb OyJM BUKOPHCTaHI 3arajlbHOHAYKOBI METOAM: CHCTEMHOTO i MOHOTPa()idYHOTO aHali3y,
CHHTE3y 1 aHamizy, iHmykmii i memykuii, abcrtpakuii depe3 mpocTy irepauito. OTpuMaHi HacTynHi pe3yJbTaTH. BcranopieHo
MepeyMOBH 3pOCTaHHS aKTYaJIbHOCTI SIKICHHX KpHTepiiB B mpoueci GpopMyBaHHs iH(OpMaIiiiHO-KOMYHIKaiHHOTO MOTEHIaNy; 3a
MiclleM BHHUKHEHHS O3HAaK IPOBEICHO I'PYIyBaHHS KPHUTEPilB SKOCTI CTaHy, KPHTEpiiB SKOCTI YMOB, KPHTEpiiB SKOCTI HpoOIECy,
KpHUTEpiiB SKOCTI pe3ynbTary (opMmyBaHHs iH(pOpManiiHO-KOMyHIKaliifHOTO moTeHLiany. Bu3HaueHo i OOrpyHTOBaHO IepeBaru
3aCTOCYBaHHA iTepauiiiHoro merony (opmyBaHHA iH(pOpMamiHHO-KOMYHIKALIHHOTO TOTEHIIaNy MiANPHEMCTBA, Ki 00'€KTHBHO
BifoOpakae HOro CIipaldbHUH LUK, KOJW HETOBHE 3aBEPUICHHS POOIT Ha KOXHIN CTafii Ja€ 3MOTy MEepEeXOIWTH Ha HACTYIHY, HE
YEeKal4H TMOBHOTO 3aBEPIIEHHS HAa MOTOYHIH; 3 MOMIIMBICTIO MPOXOHKEHHS MPOMYIIEHOI CTalil Ha HACTYNMHIN iTepamii 31 3MiHaMHU
SIKICHUX KpUTEpiiB. 3alpOIIOHOBAHO y3arajJbHEHY MOJEIb iTepaliifHOro aaroputMy (GopMyBaHHS iHPOpMAIiifHO-KOMYHIKaliifHOTO
MOTEHIliaTy, O JO3BOJISE SKICHO yIOCKOHAJINTH MEXaHi3M YIpPaBIiHHS ITOTEHIIaJIOM IiJIPHEMCTBA. APryMEHTOBaHO, IO KpUTepil
SIKOCTI MAIOTh MEPETIISATUCS 3 YpaXyBaHHSIM KOPIIOPATHBHUX IHTEPECiB 1 yMOB aBTOMATH3allii Mpouecy 3 BUKOPUCTaHHIM IepeBar
IIPOTPaMHOT0 3a0e3NeyYeHHs i INTYYHOTO IHTENeKTy. BHCHOBKHM: Ui CydacHOTO CTaHy iH(pOpMAIiHHMX TeXHOJIOTIH 1 oOcsriB
iH}opMariifHO-KOMYHIKAIIHHUX pecypciB OOIPYHTOBAaHO IPIOPHUTET SKICHUX KPHUTEpiiB 1 irepaniiiHoro Mmerony (OpMyBaHHS
iH(pOpMaLiHO-KOMYHIKAIlIHHOTO OTEHIIaNy HiANpHUEMCTBA.
KurouoBi cioBa: ympasmiHHS; iHGOPMAaLiHHO-KOMYHIKAIIIMHUA TOTEHINa], KPUTEepiil SKOCTi; METOA iTepalii; aJropuTM;
GyHKIIS GOpMyBaHHS; KUTTEBUH LUK, iHPOpMaLis; iHGopMaLiitHi pecypcH; IporpaMHe 3a0e3MeueHHs.
Beryn A. A. YepemHeBcbKa 3BepTall yBary Ha EKOHOMIKO-
MaTeMaTHYHeE MOJETIOBaHHS 1 OITUMI3Ali 0
YHPaBIiHCEKHAX MPOIIECIB, B TOMY YHUCII, iHPOPMAIiHHUX,
HaTpsSIMH  3aCTOCYBaHHS iTepamiifHIX MeTOo.iB B
IrOPUTMAaxX BHUPINICHHS EKOHOMIYHUX 3a1a4, 00’ €KTH

[HpopmaniiiHi TexHONOTIi 320e3MedyIoTh Mepexif
BiJl pyTHHHUX JI0 IPOMUCIOBHX METO/IB 1 3ac00iB poboTH
3 JaHUMH 1 3HaHHAMH, B TOMYy 4dHcIi, B cdepi

YIpaBIiHCHKOT IISIIBHOCTI, T By FOU U il
pamioHamBHICTE Ta  €(EeKTHUBHICTB. [pore, ix
KOHBEPI'€HIS 3 TEXHOJOTIIMH KOMYHIKAIiK 1 TPOTHPIuYs
3 yNpaBIiHCBKUMH,  CIPHUYMHSIOTH  HaKONHUYEHHS
HAJMIPHUX MAacHUBIB iH(oOpMaIli, sKi HE BIAMOBIAIOTH
SIKICHUM BUKJIMKaM il BAKOPUCTAHHS. Y XBaJICHHS PilLICHHS
B yYMOBax INBWJIKHX 3MiH 30BHILIIHBOTO CEpPEIOBHINA B
OUTBIIOCTI BUMAMKIB 3MIMCHIOETBCA HA TANPUEMCTBAX B
ymMoBax Hectaui iHdopmamii 1  HECIPOMOXKHOCTI
KOMYHIKalliii, —TOMy piBeHb SKOCTI  (OPMyBaHHSI
iHpOpMaLiHHO-KOMYHIKallitHOTO TOTeHLianry Oarato B
YoMy BH3Ha4a€ e(EeKTHBHICTb 1 pe3yJbTaTHBHICTH
IISUIBHOCTI.

AHaJni3 ocTaHHiX 1ocaigKeHb i mydJaikaniii

JocmimpkeHHI0O  Tpo0sieM SKOCTI (yHKIIOHATBHUAX
MPOIIECiB  YIPABIiHHS TOTEHINATIOM TMiANPUEMCTBA, B
ToMy uwncni, iH(opmariiiHoi i KoMyHikamiiHOi #oro
CKJIaJIOBHMH, IPUCBAYECHO MpAIli HAYKOBIIB, Cepea HHUX:
T. B. Binopyc, €. A. Bapdonomeena, K. O. Ipamenko,
C. M. TImmsmenko, I. H. Kamumkxosa, C. A. Jlapina,
I. B. YUymauenko, O. ®. [llanoBan Ta iHmi. Y HayKOBHX
npamsix BueHi O. O. €menp, O. €. Jlyrinin, B. B. Morao,
k. Tpayo, H.IO.VYcresn, B. M. ®owmimeHa,

SKICHOTO IJXOJy B CYKYITHOCTI PecypciB i MNpoLeciB
thopmyBaHHS iH(pOpMaIiifHO-KOMYHIKaI[l{HOTO
MOTEHINATY.

C. M. DLwissmenko [10] i HlamoBan O. @. [12]
aKIEHTYIOTh yBary Ha 3MicTi iHdopmauiiinol peasbHOCTI
SIK OCHOBH BUHHKHEHHS! EKOHOMIKH HOBOTO THUILY, a TAKOX
aHA3yIOTh 3aKOHOMIPHOCTI i TepeayMoBH (HOpMYyBaHHS
SKOCTI 1H(QOPMAIITHOTO TOTEHIIaTy, XapaKTepU3yIThCS
OCHOBHI KOMITOHEHTH 1 (yHKUii iHpopMaLiiiHUX cucTeM
mignpuemctBa. C. A. Jlapima, [. H. Kagukosa,
I. B. UymaueHnko [4] JIOCITIKYIOTh METOIU
MaTeMaTHYHOTO MOJIEIOBAHHS TPOIECIB B EKOHOMIII i
yHpaBiiHHI iHQOPMAIifHIMU IPOEKTaMH Ta MPOTPaMaMu
(hopmyBaHHs X SIKOCTi, 0OTOBOPIOIOTH OCHOBHI HATPSMKH
1 TIepCNEeKTHBH HAYKOBO-TEXHIYHHMX JOCHIKEHb 00
MOCTITHOTO TOJIMIIEHHS SKOCTi, TOCBiAY BIPOBAHKEHHS
cydacHUX iHQopMamiiHMX TEXHOJIOTIH B YIHpaBIiHHI
MOTEHIIaJIOM MiANPUEMCTBA.

BupnisienHs1 HeBHpilIeHUX paHille YaCTHH 3arajabHOI
npodJsemn. Mera podoTn

[Totpebye  BupimeHHS y  KOPOTKOCTPOKOBIH
MEepPCIIEKTHBI pan HarajabHUX npo0iiem, K1
MEePEeIKOPKA0Th (POPMYBaAHHIO sIKICHOTO iH(OpMariitHo-
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KOMYHIKaIlifHOTO TOTEHIialy, 34aTHOTO, HacamIepen,
BIJIMOBIATH BUKJIMKAM MPAKTHKA TOCHOAapIOBAHHS
CyYJacHUX TMiAnpueMcTB. Pa3oM 3 THM, NOTpeOYyIOTh
OCIIIKEHHSA NUTAHHS  CHCTEMAarm3allil  SIKICHHX
KpUTEPiiB 3 METOI IX TOMAIBIIOr0 3acTOCYBaHHS B
MeToax onTuMizarii mpolecy (dhopmyBaHH
iH(pOpMAaIIHHO-KOMYHIKaI[IHHOTO TOTEHIIATY.
MeTow [aHOi CTaTTi € ONTHMI3allis
KpuTEpiiB SIKOCTI (bopmyBaHHS iHdopmaniliHo-
KOMYHIKaIiifHOro MOTEeHIIAITY, BHU3HAYEHHS ix
BIMOBIAHOCTI ICHYIOYMM METOJaM 3 ypaxyBaHHIM
MBUAKAX  3MiH  CepeloBHINA  (YHKIIIOHyBaHHS i
HEOOXITHOCTI  3aCTOCYBaHHS  QJITOPUTMIB  SIKICHOTO
YIOCKOHAJICHHS MEXaHI3MY YIPaBIiHHSI NOTEHIIIaJIOM.

CKJIaIy

ITocTanoBKka 3aBIaHHA

ITepenyMoBH aKTyamizalmii SAKiCHUX KpHTEpiiB B
nporecax (GopMmyBaHHSA iHPOpPMAIiHHO-KOMYHIKAIIHHOTO
MOTEHLIaly Ha eTari po3BUTKY iH(popManiiHOT eKOHOMIKH

i CcHCTeMaTH3yBaTH CKJaJ KpUTEpPilB 32 MicleM
BUHHMKHEHHSI O3HAaK SKOCTi; MPOBECTH aHAJTITUYHHH
Oy  METOAIB  iTepamii Ha mpeAMeT  IepeBaru

BUKOPUCTAHHS 1 3alpoOIOHYBaTH Yy3arajlbHEHY CXEMY
aNropuUTMy itepaunii nukiay (opmyBaHHS iH(pOpMAaLiiHO-
KOMYHIKaI[ifHOTO MOTEHINialy MiIIpHEMCTBA 32 SKICHUMHA
KPUTEPIsIMH.

Pe3yabTaTn 10c/aigxKeHb Ta iXx 00roBopeHHst

[muOunHi  mpomecm  mepexoxy  Bim  cdepu
MaTepialbHOTO BHPOOHHIITBA B iH(popMaIiiHy
CYNPOBO/DKYIOTBCS ~ TEHICHLISIMH 1 SBHIIAMH 3

aKTyaTi3aIli€ero BiIOBITHIUX SKOHOMIUYHUX KaTeropii. J{s
yCIIIHOTrOo (PyHKIIOHYBaHHS MiJNPUEMCTBY HEJIOCTATHHO
MaTH MaTepianbHi, (IHAHCOBI, JIOACHKI pecypcu —
HEOOXiHI 3HAHHS TEXHOJIOTIH X BUKOPHUCTAHHS 1 METOIIB
ynpaeiinHs. Tomy  iHdopmauiiiHi  pecypcu — HHHI
pO3MIISIAIOTh  SIK  OKPEMY E€KOHOMIYHY  KaTeropito,
CYTHICTB SKOI1 y BUIOBUX OCOOJIMBOCTSIX, IPYHTYIOTHCS Ha
iIesx 1 3HAHHSAX, HAKOMMUYEHUX y Pe3yJbTaTi HAayKOBO-
TEXHIYHOI [IiSUIPHOCTI JIIOJeH 1 momaHux y Qopwmi,
MpUIATHIN U 30UpaHHs, peani3alii i BiITBOPEHHS, a HE
KJIaCHYHA CYKYITHICTh Pi3HUX MOBIIOMIICHB PO 3MiHH, SIKi
MIPOXO/SITh B CHUCTEMiI W HABKOJHMIIHBOMY CEpEIOBHIII
mianpueMcTBa.  [HQopMmariiiauii  pecypc  OinmbmmicTIO
HAYKOBLIIB BH3HAYAETHCSl K KOHLEHTPAISl HasSBHUX
(hakTiB, TOKyMEHTIB, JaHUX 1 3HaHb, IO BiAOOPaKAIOTH
peaspHI 3MIiHH CTaHy B 4Yaci, i BUKOPHCTOBYIOTHCS MpHU
MiArOTOBII  KajpiB, Yy HAYKOBUX JIOCHIDKEHHIX 1
MarepiansHOMy BHpoOHMITBI [1, 8]. Besmocepennbo min
iHdopmaniero (I) 3a teopieto Kiona Illenona po3ymitoTs
He Oyap-fiKi BIIOMOCTi, a JWIIe Ti, OO 3HIMAKOTh
MOBHICTIO a00 3MEHIIYIOTh iCHYIOUY JI0 iX OjepXaHHSI
HEBM3HAYEHICTh TOOTO 3HATA HEBM3HAUYECHICTh, IO MOXKeE
OyTn BimoOpakeHa Uil TOAIH 3 PI3HOI HMOBIPHICTIO
HACTaHHI. IX pOJIb HEOJHAKOBa JUIA PIi3HUX CTafiit
NpOLIeCy YNpaBIiHHS MPOMHUCIOBUM MiJAPUEMCTBOM: Ha
OJHUX Ba)UJIMBHM € 0OCSIT, Ha IHIMMX — pPyX, OOMiH,
MOXIIUBOCTI 00poOKHM, mepemadi, iHTerparii 3 Qaxramm,
1IeIMH, TOTISIAAMH, €MOIISIMH MK ABOMa 4M Oljblie

ocobamu abo IIbOBOTO  30epiraHHs B SIKOCTI
HalWBaXUTUBIIIOTO  €JIeMEHTY (QOpMyBaHHS TiepeBar i
MOXKITUBOCTEH PO3BUTKY. Tak, JIOTIYHOIO CTa€ TiNoTe3a,
0 TIpY BU3Ha4YeHIH QyHKIIT GOpMyBaHHS i CTpaTETIYHUX
OIIIX ~ ympaBimiHHA  iH(QOpMamiifHO-KOMYHIKAIiTHIM
MOTEHLIaJIOM MiINPUEMCTBA HA/IBXKJIMBUMH CTalOTh Came
gKicHI kpuTepil. Bummit piBeHb sKOCTi BimoMocTeit
00yMOBJIIO€ TX IPUIATHICTD 33/I0BOJILHUTH NIEBHI IOTPEOH
YIPaBIiHCHKOTO BILUIUBY BIJINIOB1/THO JI0
(YHKIIOHATBHOTO MIpU3HAYCHHS, 3a0e3mnevyeHHs
KOHKYPEHTOCIIPOMOKHOCTI. [IpHW OIIHIN yIpaBIiHCHKOT
cuTyarii HaHOUIbIIe 3HAYCHHS MalOTh BUAM iH(MOpMarrii,
0  BHM3HAYAIOTH  MOXIHUBOCTI  KOMIUIEKCHOTO 1
CHCTEMHOTO TiIXOOy A0 po3poOKH pilieHs, 0OpoOKH B
3aJIe)KHOCTI BiJl JOPMU TIPEACTABICHHS.

3 PO3BUTKOM CYCIITbCTBA, rio6aizaiieto
C€KOHOMIYHOTO  MPOCTOpY 1  3pOCTaHHSIM  0OCATY
BUKOPDHCTOBYBaHMX 3HaHb iH(opMmauiiHuii pecypc He
3MEHIIY€EThCS, a HaBmakw, 3poctae [2, c. 173]. Pazom 3
TUM, BHHHKA€ CYIIEPEYHICTh MDXK 3aCTOCYBaHHS HOBHX
3HAHb ~ Ta  3aCTapiiuX  TEXHOJOTIH  NPUHHATTA
YIPaBIIHCBKUX pillleHb, 30€piraHHs BEJUKUX MAaCHBIB
KpUTEepialbHO He 1JeHTH(IKOBaHOI iH(opMarlii, 0e3
MOXJIIUBOCTI 11 OOpOOJIeHHS y JIMITOBaHI 3a YacoMm
iHTepBaJI® ab0 B  IHMKMX OO'€KTUBHHUX  YMOBax
YIPaBIIHCHKOI CHUTyamii s BimoOpakeHHS peaJbHOTO

CTaHy  mpeAMeTHol  o0jacTi 1 MOXIJIMBOCTEH
porHO3yBaHHA (puc. 1).

®DopmyBaHHA iHpopMaiiHO-KOMYHIKaliiHOTO
NOTEHLaly  MiJNpHEMCTBA B  LHMKJII  YHpaBIJiHHA

XapaKTePU3Y€EThCSI PI3KHUM 3POCTAHHIM 1H(OpMAITHIX
MOTOKIB 3 PO3UIMPEHUMH TEXHIYHUMH 1 HPOrpaMHUMHU
MOXIIMBOCTSIMM ~ BMJIy4eHHs, OOMiHy, 30epiraHHs,
00poOkm Ta mpenctaBneHHs iH(opmarii [2]. ITIpore
o0csru iH(pOopMaIlii He BiAMOBINAIOTE OTpedaM CHTYaIIH,
TUM Oinbllle, HE HaJal0Th MOXKIMBOCTEH MPOEKTHOTO
MPOTHO3YBaHHS, HABIAKK 3a0e3Medyrour MOTJIHONeHHS i
MOBTOPEHHS TIOMMJIOK B YIIPaBIiHHI HiANPUEMCTBOM 3
YaCTOTOIO 3MIHM CUTYaIlil a00 1l OKpeMOi YMOBH.

HeBusHauenicts npu BUOOpPi KputepiiB (opMyBaHHS
iHpOpMaLiHHO-KOMYHIKaIiHHOTO MOTEHITiaTy
3aTUIIAETHCS CITA0KUM MicIieM, 00’ €KTUBHO IMOB'I3aHUM 3
TPyJZHOIIAMH OnHMCy 1 igeHTH(]IKalil HECKIHYEHHOTO
YHClla ANbTEPHATHBHUX PIllIEHb, O3HAKU ONTHMAJIbHOCTI
SKUX € CKJIagHO a0 B3araji HEBHUMIPHUMH, iM BaXKKO
JATH KUTBKICHY OLIHKY YM TPEICTABHTH iX Yy BUIJISII
nuteoBoi yHkmii [3—4, 7, 18]. Tomy cepen omiHOYHHX
KpHUTEpiiB aKTyalli3yeTbcsi poib sKicHUX. Kpim Toro,
TPY/IHOIII OLIHIOBaHHS MPOEKTHHX pillleHb B YIPaBJIiHHI
iHpopMali€el0 Ha MIANPUEMCTBI TOB'SI3aHI 3 PI3HOIO
YyTJIMBICTIO 1 9acoM Mii KpUTepiiB, B TOMY YHCIi, IJIs
0a3u jJaHuX 1 ix ckiamy.

CyTHiCTh HOHATTA "KpHUTepii" OLTBIIICTIO HAYKOBIIIB
[5, 8, 13] Bu3Ha"aeThCA y ABOX CYMDKHHX HampsMax, SK
O3HaKa, 3a KOO  (GOPMYETbCS  OIIHKA  SIKOCTI
E€KOHOMIYHOr0 00'€KTa, MpPOIECy, €TATOH TaKoi OLIHKH
abo sIK BMUMOTra BHIIPOOYBaHHs JUIl BH3HAUEHHS SIBUINA,
npeaMeTa. 3a TEOpi€ro YIpaBIiHHA KPUTEPiH po3yMiloTh
K 00’ €KTUBHY O3HAKY, 3a JIOTIOMOTOIO SIKOi 3/1IHCHIOETHCS
MOPIBHSUIbHA OLHKA JOCIIKYBAaHOTO SBHIIA, CTYHCHS
PO3BUTKY WOro y pi3HHX OOCTex)eHHX o0cib abo
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CYKYTHICTh TaKHX SKOCTEH SBHINA, IO BiloOpakaroTh
HOTO CYTTEBI XapaKTCPUCTUKH 1 caMe TOMY IIiISATalOTh
oriHIi [6, ¢. 67]. YacTHHA aBTOPIB PO3MIUPIOIOTH MOHSITTS
mo "KINBKICHOI  BEIMYMHM, IO BH3HAYA€  SKICHI
XapaKTepUCTUKU Tiporiecy abo sBuma" [8, c. 108];
KOHKPETHU3YIOTh SIK 03HAKY JUIS OIIHKH [15]; mpomoHyoTh
SIK KOMIUICKCHHUI OLIHHUIA OJIOK, 110 KOHKPETH3YETHCS B

MOKa3HUKAX 1 IHAUKATOpax — CYKYITHOCTI XapaKTEPHUCTHK,
0 JIO3BOJISIIOTH BiIOMTH PIBEHb JJOCATHEHHS METH.
Kputepiit ¢hopmyBanHs iHGOpMAIiTHO-KOMYHIKaI[iHHOTO
MOTEHIlialy IMJIPHEMCTBA € TIEPeayciM  SIKICHO¥O,
CYTHICHOIO XapaKTepHUCTHKOIO YIIPABIIHCHKOTO IPOIECY

[10].

Brnyuenns inbopuamii

S
Tnghopmayia wodo i ‘IE:
pop. .m,r u Tngpopmayia H
VAPAeTiHHA wodo g
: e [Mepenaua ivdonmanmii J _
nghopyaytino- FOEHIUIHEO20 E
KoMYHIKay R .. . cepedosu
. " 30epirangs igdooanii J P Ua
HOMENuiaToM B
] . =
Q6nodnenna inbooManii —g
E Ipencraenenss iEtopyanii Ef
= g 2
=2 52 — e =
= -
E S 1 OroexeEHA 1HGOpMAaIT rF:] E
¥ _ : |
E - Aman g '
. £ 13 g ﬁ .
= ‘
- IliaroToEKa pimeHs F E 5 o
E E =] . .. =] =
wE 2 'E Peanizamid pimeHs = E
HEEE = 2 5
& E E‘*E Kontpom:s pimens I— g
m o H =
3EODOTHIH 3B T30K I—
e —— L —

Puc. 1. BUuHUKHEHHS CynepedHOCTi B UK popMyBaHHs iHOPMAIiifHO-KOMYHIKAIIHHOTO OTEHIliay manpueMcTsa [3-4, 11, 17-

18]

MoHorpadiuyHe JOCTIKEHHS MiITBEPIIKYE, IO
MOHATTS SAKOCTI € 0araTOKOMIIOHCHTHUM, pPO3yMiHHS
CYTHOCTI SIKOTO 3aJIeKUTPH BiJl KATETOPii CIIOXKHMBAYIB: IS
pO3poOHUKA TMPOAYKIii — II¢ BIMMOBITHICTH MPOIYKIIT
(YHKIIOHANPHOMY  TPH3HAYCHHIO, ii  HAJIHHICTB,
MIIHICTB, TOBTOBIUHICTb; U KEPiBHUKA MiAMIPHEMCTBA —
I[e BHMOTa 3aMOBHUKAa ¥ KOHKYPCHTO3MATHICTH, IS
NPAIiBHUKIB CIYy’)KOM TEXHIYHOTO KOHTpPOJIO — TOYHA
BIZIMOBIHICTh TTapaMeTpiB MPOAYKIi KpecIeHHSIM i
CTaHIapTaM; Ui CIOXHBa4ya — 3JaTHICTh 3aJ0BOJIBHITH
moTpeOu CMOXXKMBaYa, 3PYYHICTH BHUKOPHCTAHHS, TOIIO
[16—17]. KputepissMu SIKOCTI JIOTICTUYHOTO CepBicy
paHillle BU3HAYAIKCS HAIIHICTh MOCTABKH, TOBHAUN Yac 3
MOMEHTY OTPUMAaHHsS 3aMOBJICHHS JO IIOCTaBKH,
MOXJIMBICTH BHOOpY cmocoOy JOCTaBKHM, 4Yac Ha
3MIIHCHEHHS] 3aMOBIICHHS, HAsBHICTH 3aIlaciB, TPUBAIICTh
BHKOHAHHS BaHTaXXHUX OIepamid i MpOCTOiB, iHTEepBaIU
npuOyTTs, HEoOXiZHA KiJIbKICTh TPAHCHOPTHHX 3aco0iB
tomro [9, c. 101]. Ha manuii yac HaiOiabII PIOPUTETHUM
€ TOCATHEHHSI BHCOKOI $KOCTi (PyHKI[IOHYBaHHS BCi€l
JIOTICTUYHOI ~CUCTEMH, OCKIJIbKH B HIA TEPiOJUIHO
BHHUKAIOTh MPOIECH, IO il 3HIKYIOTh. Y 3B'SI3KY 3 LM
3MIHIOIOTBECS IIAXOOM 1 A0 OLIHKHK SIKOCTI JIOTICTHYHOTIO
CepBicy 3 MOXJIMBICTIO OIIIHKH BCHOTO JIAHITIOTA
ITOCTaBOK, B3a€EMOJIi HOTO OKpEMHX JaHOK, BU3HAYCHHS
pomi ¥ BHECKY OKpPEMHX €JIEMEHTIB B pe3yJbTaTH
ISUTBHOCTI B 1iisioMy [16, ¢. 164]. OCHOBHUM €JIeMEHTOM
migxoay "JOTICTHKA CEpBICHOTO BIATYKY' € NPHHHATTS
3aMOBJICHb I MOHITOPHHT HaJaHHA TMOCIYr 4epe3

CHUCTEMHY KOOPAWHAIIIO OTepalii Hait0inpm epeKTHBHUM
crocobOM 3 TOTJSILy BUTPAT 1 SKOCTI 3aJ0BOJICHHS
3aIUTIB CITO’KUBAYIB.

Kpurepiit sixkocti iHQOpMarii geski Bueni [13, 15,
17] Bka3ylOTh y caMOMYy BH3HAYCHHI IMOHSATTSA "SKiCTh
iHpopMamii", BU3HAUAIOYM HOTO K  CYKYIHICTh
BJIACTHBOCTEMH, 10 BiZOOpPaXkaroTh, CTYMiHb MPUAATHOCTI
KOHKPETHOI iH(popMariii ab0 JaHuX mpo 00 ’€KTH 1 IXHIH
B3a€MO3B’SI30K, JJISl TOCATHEHHS I[iJICH, 10 CTOATh Mepe.

KOpHCTyBaueM. AOO MPONOHYIOYH SIK XapaKTePHCTUKH
iHhpOpMaIIHHOTO  MPOAYKTYy, IO  3yMOBJCHI 11
aKTYaJIbHICTIO,  PENPe3eHTATHBHICTIO, JIOCTOBIPHICTIO,

CTAJICTIO, 3MICTOBHICTIO, OCTATHICTIO, CBOEYACHICTIO,
TOYHICTIO. BaxnmuBuM € 3ayBaKeHHsS, DIO SKICTH 1
aKTyaJbHICTh 3HAHP 3aJIeKaTh, KPIM 1HIIIOTO, BiJl TOTO, XTO
MIOCTaBJIsI€ 3HAHHSA B CHCTEMY, OCKUIBKH 3MIHIOETBHCS BiX
JUKepesia /10 JKeperna, TOMy 4acTo BilOMparoTh 3HaHHS, 3a
KpuTepisiMM iX TOBHOTH 1 JocToBipHocTi [14, 19].
Haii6inpm momwpeHuMu MigxoJamMu J0 OIIHKH SKOCTI
iHbopmamii €  CTaTUCTUYHHH,  CEeMaHTUYHHH i
MparMaTUYHUN, 3 HAWOMBIINM PO3BUTKOM MEPIIOTO Y
BEJIMKOMY PO3[imi KibepHeTHKH — Teopii iHdopmarii, ska
3alMAETHCS MaTEMAaTHYHUM OIIMCOM 1 OLIIHKOIO METO/IB 11
nepenaui  (oOMiHy),  30epiraHHs,  BWIyYeHHS U
Ki1acudikanii 3 BHUKOPHCTAHHSAM METOIIB  JIiHIHHO]
anreOpu, Teopii KMOBIPHOCTI, MATEMaTHYHOI CTATHCTUKU
ta iHmmX. OcoOiMBe 3HAYeHHS IPH BHKOPUCTaHHI
iHpopMauii U1 ynpaBiiHHSA MiANIPUEMCTBOM, B TOMY
yucii, popMyBaHHS HOTO MOTEHILIATy, Ma€ IparMaTHIHUN
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maxig, 3a  SKAM OILIIHIOETHCS 3MICTOBHHMI acCHEKT
iHpopMarii, OCKUIbKH 11 KIJBKICTh TICHO TIIOB'S3aHE 3
e(EeKTUBHICTIO YTPABIiHHI B CHCTEMi, B TOMY YHCIIi,
pecypcamu [19].

HaykoBo 0oOTpyHTOBaHa MOJENb OIIIHIOBAHHS PiBHS
peamizamii  ¢yHKUi#  ynpaBiiHHA  iHpopMauiliHO-
KOMYHIKAI[iIfHAM TOTEHI[iaJIoM, B TOMY 4YHCIi HOro
(dopMyBaHH], Mae CHUCTEMY KpHUTEpiiB, npore, ix
BIOHOCHHIA XapakTep BiJIPi3HAETHCS TESTKUM
Ccy0’eKTHBHUM BinTiHKOM. ['OJIOBHE 3aBHaHHS, sKe
BHMAara€ BUPIIIEHHS Ha Cy4aCHOMY eTali CTaHOBJICHHS
iH(pOopMaIiHHOT EKOHOMIKH, e Mo30yTUCS HU3BKOI
SIKOCTI YITPABJIIHCHKOI TISITBHOCTI, KPIM 1HIIIOTO, 3 IPHYUH
nepeBakaHHs KilbKicHOro BUMIipy [6, c¢. 72]. Kpurepii
SIKOCTI  TIOBWHHI OYTH CEMaHTUYHO OJHO3HAYHUMH,
OJIHAKOBO PO3YMITHCS YYaCHHKAMH IPOIECIB BCiX PiBHIB
YIOpaBIiHHSA  TMOTEHWiaioM 3a  JudepeHuiioBaHM
MiXO0/IOM B JiaJeKTHYHIN €THOCTI I[IHHOCTI Pe3yJIbTaTy.

SIkmo 3acTocyBaTHM  THUMI3aIlil0  KOHICMILH, TO
Kputepii sikocTi mpouecy QopmyBanHs iH(bopMariitHO-
KOMYHIKaI[ifHOrO MOTCHIATY MiATPHEMCTBA
BU3HAYAIOTHCSA Ha OCHOBI BHPOOHHIITBA, CIIOKUBAYIB,
MPOXYKTY, 3Ha4CHHS abo iX TpaHCUEHAEHTHI. ABTOpH
OCTaHHIX TEOpid BiJICTOIOIOTH IYyMKY IO, XOYa JIOTIYHO
CKJIaHO BU3HAYUTH SIKICTh, BCI 3HAIOTH, IO II€ TaKe, KOJIH
Horo 6avarh "SKICTh HE € HI MaTepi€ro, Hi IyXOM, a
TPETHOIO CYTHICTIO, HE3JICXKHOIO BiJl MBOX iHIIKMX. HaBiTh
KOJIM SIKICTh HE MOXKe OyTH BH3HAUCHA, BU 3HA€TE, IO 1€
take" [13, 15]. Ii inTerpanis 3 BUCHOBKAMH HAyKOBIIiB, SKi
HAIoJISITal0Th Ha BH3HAYEHHI SIKOCTI Yepe3 BHUMIpIOBaHi i
KOHKPETHI XapaKTEePUCTHKU iH(POPMALIHHOTO MPOAYKTY,
BKa3ye Ha JIOLUIBHICTh 3aCTOCYBaHHS OCHOBHHX TEOpii
SIKOCTI Ta SIKICHUX Teopii iHdopmartii [13].

CyuacHi iHpopMamiifHi CHCTEMH €  CKJAIHO
IHTErpOBaHMMH KOMIUIEKCAMH, 1110 IPE/ICTABIAIOTH CO00I0
Ha0ip MeXaHi3MiB, METOMIB 1 alTOPUTMIB, CIIPIMOBAHIX
Ha MATPUMKY XUTTEBOTO HUKIY iH(opMarii. Peamizaris
MpaBWJI  Teopil  TPUHANLATH  OPHHIWIIB  BCiMa
MpaliBHUKAMH MIANPHEMCTBA, a HE TUIBKA BiAIUTY
iH}opManiHO-KOMYHIKaliHOTO 3a0e3neueHHs,
CHpUSTUME MIJBUILEHHIO e(QEeKTUBHOCTI i fKocTi
YIIpaBIiHHA NOTEHI[AOM B 1ioMy. 3a Teopiero Mocuma
MypaHa kpuTepii sikocTi nporecy GopMyBaHHS JOLIIBHO
BH3HAa4YaTH B M'STH IyHKTax [17]: Hebe3meka HU3BKOI
AKOCTi; NMPHUCTOCYBAaHHS [0 IyIel peaumizamii (yHUKaHHS
3aliBUX BHUTpAaT Ha OCOOJMBOCTI, $Ki HacmupasIi He
MIKaBUTHUMYTbh); aJanTamis 1O CTaHAAPTIB  SIKOCTI;
MIOCTIHHE TIOJINIIEHHS B aBTOMAaTH30BaHOMY pEXHMi;
SKicTb  (QOpMYBaHHS K IHBECTHIIS B  PO3BUTOK
iHpopManiitHO-KOMyHiKaliifHOTO MoTeHIiany. Baxmusum
€ PO3YMiHHA pOJIi KOMIIOHEHT iepapXii y J>KHUTTEBOMY
mukm  iHpopmanii  (maHi, iHGoOpMamis,  3HaHHA,
HaKOTMWYECHWH [IOCBi) Ta AaKTHBHOCTI BUKOPHUCTAHHS
koxHoi [8, 10]:

- naHi € 06a3or0 iHoOpMmariiiHOi iepapxii, HeCydoro
OCHOBOIO JUISL ¢dbopmyBaHHS iH(opMamiiHo-
KOMYHIKaI[IIfHOTO MOTeHIially, 0 31iCHIOETHCS IUIIXOM
300py, 30aradyeHHs i mepeaadi NaHuX;

- mepexij Bix iH(opMaIllii 10 3HaHb BiIOYBa€ThCS Ha
OCHOBI 11 0OPOOKH i BAKOPUCTAHHS IITYYHOT'O IHTEJIEKTY B
T.4. IPOrpaMHOrO 3a0e3NeUYeHHS;

- IHTEHCHBHE 3aCTOCYBaHHS 3HaHb Hazae
MOXKITUBOCTI PE3yJIbTATUBHOT B3a€EMOJIIi YIPaBIiHCHKUX 1
iH(pOpMAaIiHHO-KOMYHIKaIlIHHAX TEXHOJIOTIH, ix
HaOJIMKEHHS 10 pe3yNIbTATIB Ha NIIAXY JOCATHEHHS ITiTI
Ta (QopMyBaHHS [OCBiLy pO3B’s3aHHS KOHKPETHHX
CHUTYAIIIH.

3a  Teopi€l0  3arajlbHOrO  KOHTPOJIO  SIKOCTI
(dbopmyBaHHS iH(pOpMaIiifHO-KOMYHIKaI[IHHOTO
MOTCHINAly MOJXJIMBE 3a KUIBKOMAa TOBTOPIOBAHUMU
KpokamH (iTepari€ro), o A03BOJATH JOCSITTH HAHBUIIIOTO
SIKICHOTO PIiBHSA 3a KOHKPETHHM KpHUTEpieEM OakaHOTO
pe3yJIbTaTy B yMOBaxX Jit0490i €()eKTUBHOCTI KOMYHIKAIIiH.
Ha  mpaktumi  peanpHMii  mpomec  (GopMyBaHHS
iH(pOpMaIiHHO-KOMYHIKaIliHHOTO MTOTCHI ATy
KOHKPETHOTO ITIIPHEMCTBA MOXKEe HaOyBaTH pi3HOTO
BUTJISIYy — MOJIENEH 3 MPOMIDKHUAM KOHTPOJIEM, TOMY IO
KOPUTYBaHHS MDK CTauisiMu 3a0e3nedyroTh OuIbIly
HaIWHICTh, MPOTE 30UIBIIYIOTH BECh MEPION  MPOIECY.
HenomikoM oOCTaeTbcss BHUCOKWI  PU3BHMK  CTBOPEHHSA
CHCTEMH, 0 HE 33I0BOJILHSE MOTPedaM KOPUCTYBaUiB, 00
Ha MOYaTKOBIiil crajii TOYHO copMyiroBaTH BCi BUMOTHU
JI0 MaOyTHBOI cucTeMHu He BraeTbes [7]. Came B yMoBax
HEBHM3HAYEHOCTI CUTYyaIlii Ha MepIie MicIie BUXOAATh TaKi
SIKOCTI YIPaBIiHCBKOTO TEPCOHANy, SK MHCTEUTBO Ta
IHTYIIIis, 3 METOIO TIO/I0JIAHHS YMOB PIIICHHSM, SIKE YacTO
CYNepeuuTh BIIOMUM  JaHUM, T[POTE€ BHSBISETHCS
0COONHMBO I[IHHMM Ha €Tami BHOOPY NPIOPHUTETIB.
[Moganpumii pyx cepel HasIBHUX albTEPHATHUB, 10 MAOTh
HaBiTh CTOXaCTUYHHUH XapakTep, LIJIKOM MOXE BUKOHATH
nporpamMHe 3a0e3ledyeHHs Ha IIJICTaBi  pPO3pPOOJICHUX
AITOPUTMIB 32 YMOB TIpeJCTaBlIeHHs iHpopMaLlil Ha PiBHI
JIAHUX.

Iepexin Big iH(GOPMAIIHHOrO OMUCY MPEIMETHOT
oOyacti mo momaHHA i1 Ha pIBHI JaHWX, MOXJIHBO
3IIACHIOBATH Ha OCHOBI aOcTpakii [15], mo ckiagaeTses

3 Habopy oO'ekTiB 1 Habopy omepamiif, ki
XapaKTepPHU3yIOTh MOBENIHKY IIMX 00’ €KTIB. 3 TOYKH 30Dy
KOHKPETHUX MpOrpaM BHIAULIFOTH HACTYIHI  BHIH
a0CTpakmiii: TmpoueAypHYy aOcTpakiito, aOCTpakKIliio

JlaHuX, abctpakuito vepe3 irepauito. [Ipu itepauiiinomy
anroput™Mi GpopMmyBaHHs iHGOPMAIIHHO-KOMYHIKAI[IHHOTO
MOTEHLIay MiANPUEMCTBA NeBHA (YHKILSI BUKIMKAETHCS
MOCIIZIOBHO, 1 pU noTpeOi i MOBTOPHOrO 3aCTOCYBaHHS,
3aIlyCKa€ThCs 3HOBY 13 HOBUM apryMeHTOM (puc. 2).
Bararoznaunmii Tepmin "itepamis" 3a KOHTEKCTOM
JIOCJTIJPKEHHST 03HAa4Ya€e MOBTOPHE, IIUKJIIYHE 3aCTOCYBAaHHS
JAaHUX TPW pIlICHHI ONTHUMI3aIlifHUX 3amad it
MOCTYIIOBOTO HAOMMKEHHS JI0 MOTPIOHOTO  SIKICHOTO
pesynbrary B mpoueci QopmyBaHHA iHpOpMamiiHO-
KOMYHIKAI[IfHOTO TIOTCHIIaNy; KUIBKICTh HEOOXITHHUX
HOBTOPEHb (uk ) Bu3Ha4yae 30DKHICTD aJlrOPUTMY (uk —u,
k—o) — BHacTHBICTH JOCATaTH ONTHMYMY LiJTbOBOI
¢yHKIil abo MIXOAWTH AOCHTH OJIM3BKO /0 HBOTO 32
KIHIIEBE YHMCIIO KPOKIB (IIBHIKICTH 301KHOCTI alropuTMiB

— OIMH 3 HaWBaXJIMBIMX IIOKAa3HUKIB  SIKOCTI
aHamiTHaHUX Mozeneit) [11]. PesynbraroM 301kKHOCTI € Te,
o 4Yepe3 KIHIEBE YWCIO iTepaliii  aJropuT™m

3YIUHIETHCS, a aHAJITHYHA MOJEINb, sKa MOOyJOoBaHa 3
HOTO BUKOPUCTAHHSAM, OyJie BOJOIITH BUCOKOIO TOYHICTIO
(dhopmyBaHHS iH(hOpPMaIIHHO-KOMYHIKaIlITHOTO
MOTEHIAly 3a MependayeHuM KputepieM skocti. OmHak
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CIi 3a3HAYUTH, MO KiIBKICTh iTeparliii, HeoOXimHe IS
MOCATHEHHSI pE3yJlbTaTy B KOHTEKCTI JJIOCIIIKCHHS,
3JIe)KHUTh HE CTIJIBKU BiJl CAMOTO alTOPHUTMY, CKIJIBKH Bif
sskocTi gaHux [11]: 9uM BuIma iX BapiaTHBHICTh, THM
MIBUIIE AITOPUTM MOKE BUSBHUTHCS HECTIMKUM 1 B3araii
He 3a0e3MeunTh MPUHHATHY TOYHICTH, MCHII IIBHIKUH,
arne OUTbII CTIMKMH aNropuTM 3iHAeTbCs 3a NPUITHATHE
YHCIIO iTeparlii.

nepeBaru iTepamifHoTO METOIy PO3B’sI3aHHS
MpoOJIEMHOTO 3aBIaHHS IOJISTAI0Th B TOMY, IIO IIPOLEC
MOYMHAETBCS 3  JEIKOTO  MPOOHOTO  (JOBUIHLHOTO)
JIOTTYCTUMOTO ~ pIllICHHS, a TIOTIM  3aCTOCOBYIOTHCS
aJTOPUTMH, IO 3a0€3MeUyIOTh OCTiJOBHE HOTO PIillICHHS.
MeToa TOCTIMOBHUX HAOMMXKCHb [UIS  HAIXOJDKCHHS

Ay = U, —H, (Auf - 1)
V

PO3B’SI3KIB 32  PIBHSHHAM

peanizye B JeskoMmy iHQopmaniiHOMy mpocTopi

IIponec OpMYyBaHHS 1HpOopMaLiiTHO- . . .
P Qopny op MOCJIIIOBHICTh MHOKHHHHX BimoOpaxeHp A, @ V—V, 3a

KOMYHIKAI[IIfTHOr0 MOTEHIiady MiJIpPHEMCTBA TEPEBAKHO
Ma€e MHKIIYHUN XapaKTep: pe3ysbTaTH 4YeproBoi cTamii
BHKJINKAIOTh 3MiHH Y MPOCKTHHUX PINICHHSX, 110 IPHHHSATI
Ha TOTEpEJHIX CTaisfX; MOCTIHHO BHHHKA€E TMOTpeda B
MOBEPHEHHI J0 TOMEpPenHiX CTaiuid i yTouHeHHsS abo
MeperisiAy paHile npuiHATHX pimeHs [5, 12, 14]. Tomy

JOIIOMOTI'OIO SAKUX, 3 IT0YaTKOBO1 TOYKH

u® eV dopmyeTbes iTepamiiina MOCTiIOBHICT ukev,
ax Ut = Akuk,k =01..; ne H :V >V, b, d- geska

MOCTITOBHICTH OIIEPaTOpPiB 3a THHOM anroputmy [11, 15].
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Puc. 2. Y3araisHeHa OJIOK-cXeMa aJropuTMy METOLy POCTOi iTepaii B UK (opMyBaHHS iHPOpMaIiHHO-KOMYHIKaiifHOTO

noTeHIiany mixnpuemcrsa [7, 11, 13, 15]

ITepauiitiuii MeTon IMJIaHyBaHHS ¥ yIpaBJiHHI
mporiecaMu  (POSKTaMu) CTaB 0a30BOI0 TEXHOJIOTIEID
cygacHoro  Agile-MeHemKMEeHTYy, 1O  OOIPYHTOBYE
MOUUIBHICTE BHUAUICHHS KOPOTKHX IMKIIB PO3pOOKH
MPOJXYKTY YM peaii3amii mporuecy, Haaalo4H J0JaTKOBi
OHOBJICHHS B 3aJIS)KHOCTI BiJl 3MiHH CHTYAIliifHUX MOTpeO
CHOXKMBaya Ta 3aCTOCOBYETHhCA K €(DEKTHBHA MPaKTHKA
opraHizamii mpaimi HEBENMKHX TIpyn (sKi BHKOHYIOTbH
OMHOpPiMHY poOoTy) B 00'€mHaHHI 3  YIPaBIiHHAM
KoMOiHOBaHMM  (miGepanbHUM 1  JIEMOKPaTHIHHM)
MetozoM. Agile — raHyuka cucrema ympasiiHaA [14,18]:
3aMiCTh TOTO MO0 dYeKkaTHW, MOKM OyayTh MO depsi
3aBEpIIEH] BCi eTamy, 3amporOHOBaHWK (Ha30BHH IiaXif
TOOTO cIIOYaTKy 30MparoThCs BCi HEOOX1AHI BUMOTH, TICIIs
YOro 3aBepIIyeETbCsS BCS  apXiTEKTypa, CTBOPIOETHCS
JIM3alH 1 T.JI. Ul CTBOPEHHS KOMILIEKCY THYYKHX METO/IIB
pO3po0KH mporpaMHOTO 3a0e3meueHHs I 3aMiHU
CKIIaTHUX 1 TPyIOMicTKuX poOiT. el mimxim JouiiabpHO
BIIPOBAJKYBATH JJIsl TOTO, 10O ITiBUIYBaTH 3aJIy4eHICTh
KITIIEHTIB MiIPUEMCTBA, IPUIIMATH 3MiHHU, PE3yIFTATHBHO
B3aEMOJIATH 1 CHOPUSATH JOCSTHEHHIO KOHKPETHHX
pe3ysbTaTiB B yMOBax HIBHIKHX Ta HerepeadadyBaHHX
3MiH, JAug  TOro  Imo®  BHpPOOMTH  HaHOLIBII
e(ekTHBHY CTpaTeriio PO3BHTKY iH(popMaIIiifHO-
KOMYHIKAI[IfHOTO TIOTEHLiany, $Ky MOXKHa YCIIIIHO

BUKOPUCTOBYBATH W MIBUAKO 3MIHIOBATH IS BHPIIICHHS
CUTyaIlllfHUX mTpoOJieM ¥ TMiABUIINCHHS €(GEKTHBHOCTI

YIpaBITiHHS I ITPHUEMCTBOM Ta
KOHKYPEHTOCIIPOMOKHOCTI oro moteHIiany [18].
VYnpaBmiHCEKI pimeHHSs B cdepi  dopMyBaHHS
iH(pOpMaIiHHO-KOMYHIKAI[IITHOTO MTOTEHITiaITy
MiATIPHEMCTBA ~ HOCSTH  0araTOITLOBHHA  XapakTep,
OCKUJIBKM KpiM OCHOBHOI inei, TOBHHHI OJHOYAaCHO
3a0e3nmedyBaTd  NPUMHATHICTH  IHIIMX  MOKA3HUKIB.

Kpurepii sKOCTI yHpaBIiHCEKMX pIilIEHb B KOHTEKCTI
JIOCHIJDKEHHSI TOBUHHI JIO3BOJIITH 3aBYacCHO YyCyBarTH,
BUSABIIATA  HEJONIKH  TIOBEIIHKH iHopmariitao-
KOMYHIKaI[ifHO{ CUCTEMH 1 JOBOJMTH SKICTh PIIEHHS 10
MOMEHTY HOro NpHUHHATTS A0 HEOOXIAHOTO PIBHS; Mae
Oytu cBimomo "mpumatHuM" (sikocTi iHmEX) [17]. Takwuit
mizaxig 3a0e3neyeHHs AKocTi popMyBaHHs iH(OpMaLiiHO-
KOMYHIKaI[IfHOTO MOTEHIialy MOXe OyTH BHKOPUCTAHHH
i Ha eTam HoOro peamizamii, SK HEBiJI’€MHa YacTHHA
NpoLeCcy  YNpaBIiHHS 3BOpOTHi# 3B s130k  [6].
OriHrOBaHHA SKOCTiI YHPaBIiHCBKHUX PIIIEHs MOXe OyTH
3iiCHEHa Ha OCHOBI KpPHUTEpiiB — 3HAYMMUX O3HAK 1
BJIACTHUBOCTEH, 110 XapaKTePU3yIOTh METY 1 Y3TO/KEHICTh
IiJe, MpU3HAYEHHS, 3MICT, METOJAM 1 OpraHi3allio
MPOIIECiB, TEPMIHM BUKOHAHHS, BUTPATH iH(GOpMAIIiHHO-
KOMyHiKaliiiuux pecypcis  [13]. 3a  cykymnicTio
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BHKJIQJICHOTO, bi(s) CYKYITHOCTi KpHUTEPIiB
SIKOCTI  OopMyBaHHs  1H(POPMAIIHHO-KOMYHIKAIIHHOTO
MTOTEHIN Ay MiAMPUEMCTBA MOYKHA BiTHECTH: AOIIIbHICTD,
PO3pOOJICHICTh IPUYHUH 1 3aBJ1aHb, BU3HAYEHICTH OCHOBHOT
Iigi, BMOTHBAHICTh, BpaxOBYBaHICTh CHUTYaIlIHHUX
0cOONMMBOCTEH  IOBEAIHKHM CHCTEMH, IPABOMIpHICTB,
BiZOOpaKeHHS IHMKaTOPIB, pauioHanbHICTh
BUKOPUCTaHHS PECypCiB, OHOBIIOBAHICTh, TEXHIYHA
3a0€e3MeUeHICTh, BapiaTUBHICT, JUHAMIYHICTD,
iMiJKyBaHHSs, 3a0e3nedyBaHicTh. ICHyIOTh 1 1HII KpUTepil
SKOCTI  BIOCKOHAJIEHHS TEXHOJOTIYHOI CXEMH; SKOCTI
BHKOHAaHHA 1 O(OpMIJIEHHS  JOKYMEHTIB,  SIKOCTi
opraHizamiiHol CTPYKTYpH; palliOHATEHOTO PO3IOIUTY
€JIEMEHTIB KOMYHIKaIlii; MporpaMHOi oprasizarii poOoTH;
JMOTPUMAaHHS TEPMiHIB BUKOHAHHS €TAIlB PIlICHHS; PiBHS
KBamiikarii BHKOHABIIIB,; SIKOCTI MIPOrPaMHOTO
3abe3neuenHs Ta iHmi [5, 19]. He Bci 3 mepepaxoBaHux
BUKOPHCTOBYIOTHCS OJJHOYACHO, aji¢ BOHH JI03BOJISIOTH
chopMyBaTH IHTETPAIBHUN KPUTEPid SKOCTI Ha OCHOBI
Ti€l T IMHOXHHU, K1 HaNO1IBIIO0 MIpOIO
XapaKTepU3yI0Th BIACTHBOCTI NPUKIAJAHUX PillleHb MO0
(dbopmyBaHHS iHpOpMaIiiHO-KOMYHIKaliiHOTO
MTOTEHINATY ITiIPHEMCTBA.

[HIIOKO BaXJIMBOIO TPYMOK SKICHUX KPHUTEPIiB
(dhopmyBaHHS iH(OpPMaIHHO-KOMYHIKAIIHHOTO
MOTEHINAY MiIIPHEMCTBA € 00’ €KTOM TOCTIHHOI yBaru i
00roBOpeHHsI B 0araThOX rainy3sx Cy4acHHX 3HaHb — 1€
SIKICTh TPOIPAaMHOTO 3a0€3MeYeHHS, HI0 PO3YMIIOTh SIK
CYKYIHICTh MNPUHHATHX B YCTAHOBICHOMY MOPSAKY
MpaBWJl Ta YMOB, 32 JIONIOMOIOI0 SIKUX BCTaHOBJIIOETHCS

NPUIHATHICTD B LUIOMY  SIKOCTI  IPOTPaMHOTO
3abe3neueHHs, a came [15]:
- (byHKI[IOHATBHICTH BU3HAYAETHCS 3JATHICTIO

BHPIITYBaTH 3aBIAHHS, SIKi BiAMOBIAIOTH 3a(piKCOBAaHUM i
OUiKyBaHMM IIOTpebaM KOpHCTyBaua, IIpH 3aJaHUX
YMOBaxX CHUTYyallii BHKOPHCTAHHS;

- HANIWHICTh € 3[JaTHICTIO BHKOHYBaTH HEOOXimHI
3aBIaHHS B II03HAYEHWX YMOBaxX IPOTSATOM 3a/1aHOTO
MPOMDKKY dacy a0o BKazaHy KUIBKICTh OIIepariid,
3JIATHICTh CAMOCTIHHO 1 KOPEKTHO BiJIHOBJIIOBATHCS IICIIs
3001B B pOOOTI, BiMOBO CTIHKICTh;

- 3pYYHICTh BUKOPHUCTAHHSI — MOXJIMBICTB JIE'KOTO
PO3yMiHHSI, BUBYEHHS, BAKOPUCTAHHS 1 IPUBAOJIUBOCTI;

- eeKTUBHICT,  —  3/aTHICTh  3a0e3leuyBaTH
HEOOXiTHWHA PIBEHb MPOAYKTHUBHOCTI y BiANOBIAHICTH 3
BU/IIJICHUMH pecypcaMH, 4acoM 1 IHIIUMH TTO3HAYCHUMH

yYMOBaMu;
- 3pYYHICTb CYNpPOBOXY — JIETKICTh, 3 SKOIO MOXE
aHami3yBaTUCs,  TECTyBaTUCs,  3MIHIOBaTHCS  JUIs

BHIIPABIICHHS NEe(EKTIB, s peani3amii HOBUX BHMOT, IS

MOJIETIIEHHS MOJJAITBIIIOTO 00CITyTOBYBaHHS Ta
a/IanTyBaTHCS 70 HASBHOTO OTOYCHHS;
- MIOPTATUBHICTh — XapaKTepu3ye 3 TOUKH 30Dy

JIETKOCTI HOTO MEepEeHECeHHsI 3 OJJTHOT0 OTOYCHHS B iHIIIE.
[IpoTsirom XUTTEBOTO IHKIY 3ac00iB MPOrpaMHOTO
3abe3meueHHss Tporiecy (opmyBaHHSA iHGOPMAIIHO-
KOMYHIKAI[IfHOTO MoTeHmiany iX SKICTb 3MIHIOEThCS
BiJIIIOBIJTHO JIO CTAHJAPTIB 32 piBHAMU [15]:
- IIUIbOBA SIKICTH — HEOOXIIHA 1 JOCTaTHSA SIKICTb, IO
BIZINOBiIa€ peasibHil OTpeOi;

- HeOOXiHa SAKICTh — 3HAYCHHS XapaKTCPHUCTHK,
(haKTHYHO BHECEHUX B crenn(dikamii BUMOT IO SKOCT;

- SIKICTh TIPOEKTY — XapaKTePUCTUKH, TIPEICTABICHI B
OCHOBHHX KOMIIOHEHTaX (apXiTeKTypi, CTPYKTYpi KaHaiB,
MPOEKTYBaHHI MPU3HAYCHUX JUTst KOpHUCTyBava
iHTepdeiici);

- MPOTHO30BaHa SIKICTh — OLliHEHa abo mependavyeHa
SIKICTh Ha KOXKHI# CTaJii, 3aCHOBaHE Ha SKOCTI MPOIIECIB 1
TEXHOJIOTIi oro 3a0e3meueHHs;

- AKICTh ~ TIOCTAaBJICHMX  3aCO0IB  IPOTPaMHOI0
3a0e3neueHHs — Ha0ip XapaKTEePUCTHK SKOCTi TOTOBUX JIO
3aCTOCYBaHHS, 1[I0  OPOWIUIM  BUOPOOYBaHHS B
MOJICIbOBAHOMY ~ CEpEIOBHINI 3  iMiTOBaHHUMH  abo
peasbHUMHU IaHUMU;

- IKICTh Y BUKOPHUCTaHHI — SIKICTh 3 TOYKH 30py METH

1 TepMiHy pe3ynpTaTy peamizamii (He BHYTPIIIHIX
BIIACTHBOCTEN).

Jns  momonaHHs  OUIBIIOCTI  MpoOjeM  aBTOpHU
peKOMeHAyIoTh  Juis  (GopMyBaHHS  iHpOpMaliliHO-

KOMYHIKaI[IIfHOTO IOTEHIlially 3aCTOCOBYBATH CIipajJbHY
MOJIETIb KHUTTEBOTO IMKJIY IMPOrPaMHOrO 3a0e3NeyeHHs,
sKa IPYHTYETbCA Ha KiacuyHoMy 1ukm Jleminra PDCA
[13, 17], mae irepamiiiHuii XapakTep i PyXaeTrbcs IO
cripaisi, TPOXOIMYM CTajii, J¢ Ha KOXXHOMY BHTKY

YTOYHIOKOTHCS XapaKTEePUCTUKU MaiibyTHHOTO
iHQOpMAIIHHOTO MPOIYKTY (B TOMY YHCII 3a SKICHUMH
KPUTEPISIMH). CrmipanbpHa MOJCITh o30aBJIsie

KOPHUCTYBaJiB BiJ HEOOXITHOCTI IMOBHOTO W TOYHOTO
(GhopMyJIFOBaHHS BUMOT [0 CHCTEMH Ha TOYaTKOBI# cTaii,
OCKUJIBKM BOHHM YTOYHIOIOTBCS Ha KOXHIH iteparii
¢dbopmyBaHHS iHpOopMaLiiHO-KOMYHIKaIiHHOTO
MOTEHINAMY I MOXJIMBOCTI YTOYHEHHS 1 IOCIIiTOBHOT
KOHKpeTu3auii KputepiiB (IHIIMX €JIEMEHTIB) 1 3pEeIITO0
BHOOpPY OOTPYHTOBAHOT'O BapiaHTY, KU i peai3yeThCs.

Jo rpynu sKicHHX KpuTepiiB iHpopMarii BUYeHi [5,
10, 12, 16] BigHOCATH Ay’Ke pi3HI BapiaHTH IX IMOE€THAHHS,
mpoTe OUTHINICTIO BHW3HAYCHI HACTYIHI: THYYKICTB,
aIalTHUBHICTh, JOCTYNHICTH JUIA HOBHX KOPHUCTYBadiB,
CYMICHICTP 3 IHOIIMH CHCTEMaMH, MOJXJIHBICTh
KOHBEPTYBaHHS B IHIIE OOYMCIIOBAJIFHE CEPEIOBUIIE,
MOXIIMBICTh ~ BIJIHOBJICHHS JaHHMX, IX pO3MOALTY 1
posummpenns. Takuit  mepenik  BiAmoBigae  3micry
KJIACUYHUX SIKICHUX Teopit iHdopmaii [10—11]:

- MOXJIMBICTh OIIIHIOBAHHS iHpopmarrii 3a
30iIBIICHASIM 00CATY 3HAHb Y JIIOAWHU IiJ BIUTUBOM
iHpopManiiiHoro nosizomieHHs (teopis 1O. Llpeiinepa);
noOysyBaB Teopito ceMaHTH4HOI iH(opmamii Ha OCHOBI
KOHIICIIiT Pi3HOMAHITHOCTI, a HE KOHIEMIi 3HITTS
HEBHM3HAUEHOCTI;

- BUMIPIOBAaHICTh  3MICTOBHOCTI  iH(popMmalii 3a
30iIBIICHHSIM HMOBIPHOCTI JTOCSATHEHHS METH IICIA
oTpuMaHHs iHdopmamii JIIOAWHOIO a0 TEeXHIYHHM
npucTpoeM (Teopis A. XapkeBHWda); IOB’s[3aB I[iHHICTh
iHbopMmamii 3 METOI JiSUTBHOCTI, 3alpONOHYBAaBIIN
posrisimatu  eHTpomiiiHy Mipy IlleHHOHa Ak  Mipy
WMOBIPHOCTI TIOMagaHHS B IIiJib, TOOTO SK Mipy Ifijie
BiAMOBIAHOCTI;

- pisHOMaHITTs iH(opManii e ii KUIbKICTb, 1110 MOXKe
OyTH mepenaHo0; 3aKOH "HEOOXiIHOro pi3HOMaHITTA" —
JUISl yNPaBJISIHHS CUCTEMOIO MOTPEOY€eTbCS PETYJISTOP,
KA OOMEXye pI3HOMaHITTS 30ypeHb, W0 MOXYTh Il
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3pyHHYBATH; PETYISTOP JOMYCKA€E TaKe PI3HOMAHITTS, SKE
€ CHCTEeMHO KOpHCHUM (Teopis Y. Em6i);

- "iHpopMaIlis € MO3HAYSHHIM 3MICTY, OTPUMAaHOTO
13 30BHIIIHFOTO MUPY B MPOIIECi TPUCTOCYBAHHS 10 HHOTO
W MPHUCTOCYBAaHHA O HBHOTO Hammx MmogyTTiB" (popmyna
sKocTi po3yMinHs iHpopmanii H. Binepa).

ABTOMAaTH30BaHi iHpopMaIiiHi CUCTEMU
miAnpueMcTBa  3a0e3meuyroTh  HOIIYK,  30MpaHHS,
30epiraHHs, HAKOIIMYEHHs1, 00pOOKyY, 0OMiH iHpOpMAIl 3a
JIOTIOMOTOI0  BUKOPHCTaHHSI OOYHCIIIOBAIBHOI TEXHIKH,
3aco0iB 1 KaHaJliB KOMYHIKaIlil 1 3B’S3Ky, KOMITIOTEpHHUX
iHhOpMaLIHHAX MEpEK, BUKOHYIOUH POJIb 3'€THYBaIbHOL
JAaHKA MK oO'ektaMu 1 cyO'ekTamMH  yNpaBIiHHS
iH(pOpMaIiHHO-KOMYHIKaIliHHAM TTOTCHITIAJIOM i
BHKOHYIOTh TaKi BYKJIMBI QYHKII: CIPUHAHATTS BUXITHUX
JIaHUX 1 3aIMTIB, SKi BBOAATHCS KOPHUCTYBadYaMH; 00OpoOKa
JAaHWX, SIKi BBEICHI 1 30epiraloThCst B CHCTEMI BiIIOBITHO
0 TEBHUX aIrOpUTMiB; (QOpPMyBaHHS HEOOXimHOI
BuxigHoi iHpopmanii. Ha IX 0CHOBI CTBOPIOIOTHCS YMOBH
JUIi  BHKODHCTaHHS  HaiHOBIIMX  iH(opManiiHuX
TEXHOJOTiH Ha 0a3l MEpPCOHAIBHHX  EJIEKTPOHHO-
00YHCITIOBAIbHUX MalIMH 1 aBTOMAaTH30BaHUX POOOYMX
MicCIlb, PO3MOAUICHNX 0a3 MaHWX 1 3HaHb, 3aC00IB 3B'I3KY
i1 e(QeKTHBHOTO BHpIIICHHS OCHOBHHX 3aBAaHb
YIpaBIiHHS MOTEHIIAIOM mignpuemcTsa [18].

3 mormsAny KOPIOpaTHBHHMX iHTepeciB y cdepi
YIPaBIIiHHS iH(pOpMaIIHHO-KOMYHIKaIi THIM
MTOTCHINIAJIOM KPHUTEpii AKOCTI HOro (opMyBaHHS MalOTh
OyTH cUCTEMaTH30BaHI y YOTUPU TPYyNu 3a MicCLEeM
(GbopMyBaHHS O3HAK SKOCTi, a caMe: KpHUTepii SKOCTi
CTaHy, KpUTepii SKOCTi YMOB, KpuUTepii sSIKOCTi mpolecy,
KpuTepii SIKOCTI pPe3ysibTaTy Ta BIOCKOHAJIOBATUCS 3
ypaxyBanHsM [5, 7, 14, 17]: cryneHs BiJIOBIIHOCTI
TaKTUYHUM 1 CTPATETIYHUM IIUIIM PO3BUTKY, ITOB'I3aHOTO
13 30BHIIIHIMY 1 BHYTPIIIHIMH BHUKJIMKAMH, HEOOXiTHICTIO
BHYTpIilIHBOi TpaHchopMmalii Ta amekBaTHOI [ii s
YCHIITHOTO pearyBaHHS Ha HUX; (PAaKTUIHOTO i Oa’kaHOTO
piBHA cucTemMaTh3alii 1 mapamerpu3anii iHpopMarii, mo
MONAETHCS NS TPUHHATTSA pilleHb, 11 Bizyami3arii;
MOXITMBOCTEI CyMICHOCTI CTapHX 1 HOBHX TEXHOJIOTIH 3a
paxyHOK BUKOPHCTaHHSI HOBUX €KOHOMIKO-MaTeMaTHUYHHX
Mojienel, po3poOKK 1 BIOPOBAIKCHHS HOBHX CTaHIAPTIB
Ha METOJOM, MOJelli Ta 3aco0M [yl IOCTYNOBOTO
HaONMKEHHS 10 MOTPIOHOrO  pe3ysbTaTy;  piBHA
aktyamizamii  iHpopmarii, 1O 0OpoOOMSETHCS IS
MOCTIHHOTO HAOJIM)KEHHS JI0 MOTPIOHOTO pe3ynbTary;
OTIEPaTHBHOCTI OJEp)KaHHS TOTPIOHUX Ui PO3BUTKY
3HaHb, IX AaKTyaJbHOCTI; JIOCTYHNHOTO mJIsi E€KOHOMIKH
HIANIPUEMCTBA PiBHS BUTPATHOCTI Iporuecy (GopMyBaHHS i
il CHIBBIAHOIIEHHS 3 EKOHOMIYHOK e(CKTHBHICTIO
3M00yTHX pE3yJbTaTiB; CIIBBIAHOMIEHHS HOBOTO i
TPaTUIIHOTO B iH()OPMAIiITHO-KOMYHIKalliHHOMY HOTOIII
IS TOCTYMOBOTO  HAONFDKEHHS 0  TOTpiOHOTO
pe3yibTarty; BHKOPHUCTAHHS IEPEBIPEHHX IMPAKTHUKOIO
3M100yTKIB K KpPWUTEpiiB JOCTOBIPHOCTI HOBHX JaHUX,

Cnucok JiTepatypu

iHdopmarii, 3HaHb, HaKOITMICHOTO JIOCBiY;
HiOTBEPIKCHHS pe3yjbTaTy B IOTrOUKCHHI  HOBHX
HampsIMiB ~ TIOIIYKy  iH(pOpMaIiiHO-KOMYHIKaIiHHAX
pecypciB 3 BHPOOJEHOIO IOTMEpPEAHIMH  IepiogamMu
JIOTIKOIO YTPaBIIHCHKOI IisSUTBHOCTI; TpaHChopMaIiiHol
0COOJIMBOCTI €BOJIIOLIT BJIaCHE YNPABIIHCHKOTO MHpOLECY,
OB’ SI3aHOTO 3 TEXHOJIOTIYHOI0 KOHBEPICHIIIEIO0.

Ilppy u©poMy Te3a mpo Te, WO PO3BUTOK
iHpOpMaLiHHOTO CYyCIIILCTBA BiOYBAEThCS B HampsMax
Halle()eKTUBHIMIOrO  BUKOPHCTaHHS  iH(opMauiitHo-
KOMYHIKaI[ifHUX pecypciB, € 0COOIMBO aKTyaJIbHOIO caMme
IUTSL YOPaBIiHCHKOI MisUTBHOCTI, SK HAHOUTBII Ji€BOT B
nporieci GyHKIIOHYBaHHS i PO3BUTKY ITiAIPHEMCTBA.

BuCHOBKH Ta nepcneKTHBU NOAATBIION0 PO3BHTKY

[Ipouecu YIPaBIiHHS iH(dopMalIIiiHO-
KOMYHiKaI[itHUM MOTEHIIIAJIOM T ITPHEMCTBA
nependadaloTh OaraTOKpUTEPIaIbHUN IMiAXiM OINIHKH i
¢yHkioHanpHoi peanmizanii. Curyarliss HEeBH3Hau€HOCTI
XapaKTepU3YEThCS TUM, 1110 BUOIp KOHKPETHOT'O IIaHy Aii
MOX€ 3yMOBHUTH OyJb-IKHH pe3ysibTaT 13 HEBHOL
MHOXXMHH BapiaHTIB NPU HEBIJIOMil IMOBIPHOCTI BILUIUBY
BUNAJKOBUX (akTopis. [IpoTe, 3a iHIIMX yMOB JIOIUHA HE
Oyna © B3arani moTpiOHa JuIsl NPUHHATTS yNPaBIIHCHKUX
pimerb B chepi  ympaBmiHHA  iHPOpMAIHO-
KOMYHIKAI[ifHAM ~ TIOTEHIliaJioM, JO0CTaTHIiM Oyio ©
nporpamHe 3abesmedyeHHs. [lng  cydacHOro  CTaHy
iHQOpMAaIIHHAX TEXHOJOTIH 1 00cATIB iH(pOpMaLiiHO-
KOMYHIKaI[ifHUX ~ pecypciB  OOIpYHTOBaHO TIIPiOPHUTET
SAKICHMX KpuTepiiB (kpuTepii SKOCTI cTaHy, KpuTepii
SKOCTI YMOB, KpUTepii SKOCTI mpolecy, Kpurepii sIKOCTi
pesynbTaty) 1 irepamiiiHoro Mertoay  (OpMyBaHHs
iHpOpMaLiHHO-KOMYHIKaIiHHOTO MOTeHILaTy
MiANPHEMCTBA. Bu3HaueHO 1 OOIPyHTOBAaHO IepeBaru
3aCTOCYBaHHS ITEepamiiHOrO METomy, SIKi O00'€KTHBHO
BiOOpakaloTh HOTO CHIpANBHUN IMKI 3 MOKIJIHBICTIO
MPOXO/KCHHST TPOIYIICHOI CTail Ha HACTYIHIH iTeparil
31 3MIHOK KpHUTEpiiB. 3amporOHOBaHO Yy3arajlbHEHY
MOJIEITH iTepariifHoro AITOPUTMY dhopmyBaHHS
iH(pOpMaiHHO-KOMYHIKAI[IITHOTO MMOTEHIiaNy, o
JIO3BOJISIE SIKICHO YJOCKOHAIWTH MEXaHi3M YIIPaBIiHHS
MOTEHIaJIOM  MIiAMPUEMCTBA.  APryMEHTOBAaHO, IO
KpHTepil SIKOCTI MaloTh MEperyisiiaTuCs 3 ypaxyBaHHIM
KOPITIOPAaTUBHUX iHTEPECiB i yMOB aBTOMAaTH3AIli] pOIIeCy
3 BUKOPUCTaHHSIM IepeBar MpOrpaMHOro 3a0e3redeHHs i
IITYYHOTO {HTEJEKTY.

[lepciekTHBa MOAANBIIMX JOCHIDKEHh B  IIiH
o0uacTi, mepi 3a BCe, CTOCYETHCS MiATPUMKH IUKITIYHHAX
iTepaniii, a TakoX pO3poOKM BIJNOBIAHUX ITOKa3HUKIB
SKOCTI (dopmyBaHHS B cucTeMi yIpaBIiHHS
iHpopManiHHO-KOMYHIKalitHIM MOTEHIIaIOM
MiATPHIEMCTBA.
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KPUTEPUU KAUYECTBA UTEPAIIUHI B IIUKJIE ®OPMUPOBAHUS
NHO®OPMAIMOHHO-KOMMYHHUKAIIMOHHOTI'O IOTEHITUAJIA
HNPEAIIPUATUSA

IIpenmeToM wccrnenoBaHMS B CTaThe SIBISIOTCS KPUTEPUH KadecTBA ¥ METOAbl  (hOPMHPOBAHUS HH(GOPMAIMOHHO-
KOMMYHHKAI[MOHHOTO TIOTEHIHANa MPEINpHATHSA, a TaKXKe MPOILECCH ero IOCIeOBAaTeIbHOTO TNPHOMMKEHHS K >KeITaeMOMY
coctostHUIO. Llesblo SIBIsIETCS ONTHMU3AIMSA COCTaBa KPUTEPUEB KadecTBa (OPMHUPOBAHUS HH(POPMANMOHHO-KOMMYHHKAIMOHHOTO
MOTEHIMANIA, ONpEeAeNeHHe MX COOTBETCTBUS CYLIECTBYIOIIMM METOJaM C y4YeTOM OBICTPBIX W3MEHEHWH CHUTyalui
(YHKIMOHHPOBAHUS U HEOOXOMMMOCTH IPHMCHEHHS! aITOPUTMOB KayeCTBEHHOTO COBEPIICHCTBOBAHMS MEXaHHW3Ma YIpaBIICHUS
noTeHuuaaoM. B pabote pemarorcs ciieayronye 3aia4u: aHalIu3 NPeANOChIOK aKTyaln3allMi KaueCTBEHHBIX KPUTEPUEB Ha 3Tare
pa3BuTHS HMH(QOPMALMOHHONW SKOHOMHMKM M HUX ONTHMH3ALMM [0 MECTy BO3HHKHOBEHHS MPU3HAKOB KadyecTBa B Ipoliecce
(dopmupoBaHUs HHGPOPMANHOHHO-KOMMYHHUKAIMOHHOTO MOTEHIMANA; aHATUTHIECKHH 0030p METOMOB HTEpalMy IHKIA €ro
¢dopmupoBaHUs; pa3paboTKa CXEeMBl alNrOpUTMa KadeCTBEHHOW WTepanuyu IHUKIa  (HOPMUPOBAHUS  HH(OPMAIIOHHO-
KOMMYHHKAI[IOHHOTO  ITOTCHIHANA; BBIBICHHE YCIOBHH aBTOMATH3allMM IIpolecca (OPMHPOBaHUS HHGPOPMAIHOHHO-
KOMMYHHKAI[HIOHHOTO TIOTEHI[MaNa C HCIOJB30BAaHNEM IPEHMYIIECTB KadyecTBa IPOTPAMMHOTO OOECIIEUeHHs Ha JTalax €ero
KM3HEHHOro 1ukna. JIns pelleHus yKa3aHHBIX 3aJad  ObUIM  HCIIOJIb30BaHbl OOIICHAyYHbIE METOABI: CHCTEMHOTO U
MOHOTpaM4YecKoro aHajinM3a, CHHTE3a M aHaliu3a, WHAYKUMH W ACAYKUWH, aOCTpakIHMU IMOCPEACTBOM uTepauuu. IlomydeHs
ClIeyIOIINe Pe3yJabTAThl. YCTaHOBJIEHBI MNPEINOCHIIKM aKTYalbHOCTH KaueCTBEHHBIX KPHTEpHEB B Ipollecce (HOpMHUpPOBaHHUS
MH(OPMAIMOHHO-KOMMYHHKAIIMOHHOTO MOTEHIIMAIIA; T0 MECTY BO3HUKHOBEHHMSI IPU3HAKOB BBIACIICHBI IPYIIBI KPUTEPHUEB KauecTBa:
KPUTEPHN KadecTBAa COCTOSIHUS, KPUTEPHH KadeCTBa YCIIOBHII, KPUTEPHM KadecTBa Mpolecca, KPUTEPHH KadecTBa pe3yibrara
(dopMupoBaHUS HHPOPMAIMOHHO-KOMMYHUKAIMOHHOTO NoTeHnuana. OmpeneneHbl W 00OCHOBAHBI IPEUMYINECTBA IMPUMEHEHUS
UTEpaIMoOHHOTr0 MeTona (opMupoBaHus WH(OPMAIIMOHHO-KOMMYHHKAIIHOHHOTO MOTEHINANA MPEIIPHUATHS, KOTOPBIH OOBEKTHBHO
OTpakaeT €ro CIHUpAIbHBINA IMKJI, KOTAA HEMOJHOE 3aBepIIeHHe paboT Ha CTaJuy MO3BOJAET IEPEeXOJUTh Ha CIEMYIONyro, He
JIO’KMIAsICh TIOJIHOTO 3aBEpIIEHHs Ha TEKyllel; ¢ BO3MOXKHOCTBIO NMPOXOXKACHUS MPOIMYIIEHHON CTaAuu Ha CIeXyIoUleld UTepalu ¢
BO3MOXKHOCTBIO HM3MEHEHMs KpuTepueB. IIpeanoskeHa o006oOmmieHHas MOJENb HTEPALHOHHOTO alropuT™Ma (HOPMUPOBAHUS
nH()OPMAIMOHHO-KOMMYHHUKAI[IOHHOTO MOTEHLMAaa, MO3BOJIIONIAs KadeCTBEHHO YCOBEPIIEHCTBOBAaTh MEXAHM3M YIPaBJICHHS
MOTEHIMAIOM TPEANPUSITUS. APryMEHTHPOBAHO, YTO KPUTEPUU KauecTBA JOJDKHBI MEPECMATPUBATHCS C YUETOM KOPIOPAaTHBHBIX
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HMHTEPECOB U YCIOBHUI aBTOMAaTH3aLUK MPOLIECcca, C HCTIOIb30BAHIEM MPEUMYILECTB IPOTPAMMHOTO 00ECIIeUeHUsT U HCKYCCTBEHHOTO
UHTEIUICKTa. BBIBOABI: UII COBPEMEHHOTO COCTOSIHUS HH(OPMAIMOHHBIX TEXHOJIOTMH W 00BeMOB  HMH(OPMalMOHHO-
KOMMYHHKAI[HOHHBIX PECypCcOB OOOCHOBaH IIPHOPHUTET KadyeCTBEHHBIX KPHTEPHEB M HTEPAIOHHOTO MeTona (hOPMHPOBAHUS
nH(OPMAIMOHHO-KOMMYHHUKAIIHOHHOTO NOTEHINANA TIPEIIPUSITHS.

KnioueBbie ciioBa: yrnpasiieHHe; HHOPMAIMOHHO-KOMMYHHUKAIMOHHBINA MOTEHIMAN; KPUTEPHH KaduecTBAa; METO] UTEpallHHy;
anroput™; GyHKIH GOPMUPOBAHNS; )KU3HSHHBIN LUKIT; MH(OpMaLus; HHGOPMaLMOHHEIN pecypc; MPpOorpaMMHOe OOecIieueHHeE.

CRITERIA FOR THE QUALITY OF ITERATIONS IN THE CYCLE OF FORMATION
OF INFORMATION AND COMMUNICATION POTENTIAL OF THE ENTERPRISE

The subject of the research in the article is the quality criteria and methods of forming the information and communication potential
of the enterprise, as well as the processes of its consistent approach to the desired state. The goal is to optimize the composition of the
quality criteria for the formation of information and communication potential, determine their compliance with existing methods,
taking into account the rapid changes in functioning situations and the need to use algorithms for qualitative improvement of the
potential management mechanism. The following tasks are solved in the work: analysis of the prerequisites for updating the quality
criteria at the stage of development of the information economy and their grouping at the place of occurrence of quality signs in the
process of forming information and communication potential; analytical review of methods of iteration of the cycle of its formation;
development of a scheme for a qualitative iteration of the cycle of formation of information and communication potential;
identification of conditions for the automation of the process of forming information and communication potential using the
advantages of software quality at the stages of its life cycle. To solve these problems, general scientific methods were used: systemic
and monographic analysis, synthesis and analysis, induction and deduction, abstraction through iteration. The following results are
obtained. The prerequisites for the relevance of quality criteria in the process of formation of information and communication
potential are established; groups of quality criteria were identified at the place of occurrence of the signs: quality criteria of the state,
criteria for the quality of the conditions, criteria for the quality of the process, quality criteria for the result of the formation of
information and communication potential. The advantages of applying the iterative method of forming the information and
communication potential of an enterprise, which objectively reflects its spiral cycle, when incomplete completion of work at the stage
allows moving to the next without waiting for complete completion at the current one, are identified and justified; with the possibility
of passing the missed stage at the next iteration with the possibility of changing the criteria. A generalized model of an iterative
algorithm for the formation of information and communication potential is proposed, which allows to qualitatively improving the
mechanism of enterprise potential management. It is argued that the quality criteria should be reviewed taking into account corporate
interests and the conditions of process automation, using the advantages of software and artificial intelligence. Conclusions: for the
current state of information technology and the volume of information and communication resources, the priority of qualitative
criteria and an iterative method of forming the information and communication potential of an enterprise are substantiated.

Keywords: management; information and communication potential; quality criterion; iteration method; algorithm; formation
function; life cycle; information; information resource; software.
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T. B. MoMOT, K. C. CABEHKO, b. b. KPAIBCbKUI, TAH JITHJIIH

TH®OPMAIIMHO-AHAJITUYHE 3ABE3IIEYEHHS EKOHOMIYHOI BE3NEKH
CIIO’KUBAYIB )KUTJTOBO-KOMYHAJIBHUX ITOCJYT 13 BUKOPUCTAHHAM
IHTET'POBAHOI 3BITHOCTI

CrarTsi mpUCBSYECHA NOCHIHKEHHIO MUTaHb KOHLENTYAIbHUX OCHOB (opMyBaHHs iH(pOpMaLiiiHO-aHATITHIHOTO 3a0e3MeueHHs
CIOXMBAYiB KUTIOBO-KOMYHAIBHUX IOCIYT Ha 3acafax IMIUIEMEHTAlii iHTerpOBaHOI 3BITHOCTI y OOJIKOBY HMPAKTHKY IiIIPUEMCTB
KHUTIIOBO-KOMYHAJIBHOTO rocrogapcra. [IpeaMeToM IOCIiKEHHS € CyKYIHICTh TEOPETHYHNX, METOANIHHX 1 MPAaKTHYHUX acHeKTiB
moa0 GopMyBaHHS iHPOPMAIIITHO-aHATITHYHOTO 3a0€3MeUCHHs CKOHOMIYHOT OE3IEeKN CIIOKUBAYIB KUTIOBO-KOMYHAIBHUX MOCIYT.
Mertolo crarTi € po3poOka TEOPETHUKO-METOIMYHNX ITOJIOKEHb Ta OOIPYHTYBaHHS IPAKTUYHHX peKOMeHMIamil mono ¢opmyBaHHS
iH}opMariifHO-aHATITHIHOTO 3a0e3NeUeHHs] EKOHOMIYHOi O€3NeKH CHOXXHBAYiB JKUTIOBO-KOMYHAIBHHX IIOCIYT Ha 3acajgax
IMIUIEMEHTalii 1HTerpoBaHOi 3BITHOCTI y OOJIIKOBY MPAKTUKY MiANPHEMCTB >KHUTIOBO-KOMYHAJIBHOTO TOCHONApCTBA. 3aBJaHHS
poboTH: OOIpYHTYBaTH MJOULIBHICTh IMIUIEMEHTAmii IHTETPOBAHOI 3BITHOCTI Yy OONIKOBY MpPAKTHKY MiINPUEMCTB >KUTIOBO-
KOMYHAJIBHOTO TOCIOJApCTBa, MPOAaHATI3yBaTH MIKHAPOJHI CTAaHAAPTH COLIANbHOI 3BITHOCTI, HA OCHOBI MIKHApOIHOTO JOCBiIY
3aMpoONIOHYBAaTH TUMOBY CTpyKTypy Annual Report s MyHinumamirery, y3araibHHTH TEOPETHKO-METOAMYHI IAXOMH 110
(dopmyBaHHs iH(GOpPMAIIHHO-aHATITHYHOTO 3a0€3MCUCHHSI CKOHOMIYHOT OE3MEKH CIOXKHBAYIB KUTIOBO-KOMYHAIBHHUX IMOCITYT Ha
3acajax IMIDIEMEHTAIl IHTerpoBaHOl 3BITHOCTI Y OOJIKOBY NMPaKTHKY HiIIPHEMCTB KUTJIOBO-KOMYHAIEHOTO TOCIIOAapcTBa. Y Xoui
JIOCITI/KEHHs] BUKOPUCTAaHO MeTOAW: aOCTPaKTHO-JIOTIYHMI aHaji3, TEOPETUYHOTO y3aralbHEHHs Ta cucreMmaTusanii. B po6oti
y3arajJbHEHO TEOPETHKO-METOANYHI IiAX0Iu N0 (GOopMyBaHHS COLanbHOI 3BITHOCTI 3a MIDKHApOJHMMH CTaHAAPTaMH Ta CKIak
HediHaHCOBOI iH(pOpMaLii, 0 HAZAETHCA i3 BU3HAYCHHSAM BIIMIHHOCTEH LIOZO iHTEpIpeTamii CHCTeMH MOKa3HUKIB. JloBeneHo, mo
TS 320€3MeYCHHS] eKOHOMIYHOT O€3MEeKH CIIOKHUBAYiB JKUTIOBO-KOMYHAIBHUX ITOCTYT BKIMBUMH € OOHMIBA BUIU iHPOpMAIIi moo:
3a0e3MmedYeH s HaJaHHS JKUTIOBO-KOMYHAJbHUX MOcIyr — 3akoH Ne 887 Ta mpoBeieHHSA MOCTIHHOTO MOHITOPHHTY SIKOCTI TaKUX
MOCIIYT — JOJAaTKOBa iH(pOPMAILis, 10 BXOJUTh Y CKJIAJ IHTETPOBAHOTO 3BiTY KOMYyHAJIBHUX MIANPHEMCTB BUCHOBKH. 3alIPOTIOHOBAHO
METOOMYHUH miaxin no QopmyBaHHs iH(OpMaIiHO-aHATITUYHOTO 3a0e3NedYeHHsT SKOHOMIYHOi Oe3NeKH CIOXKHBAdiB JKHTIOBO-
KOMYHQJIBHUX IIOCIYI Ha 3acajax IMIUIEMEHTalii iHTerpoBaHOi 3BITHOCTI y OOJIKOBY MpPAaKTUKY IiANPHUEMCTB HKHUTIOBO-
KOMYHQJIBHOTO ToCrofapcTBa. IIOKa3HUKH, IO XapaKTEepU3YIOTh B3a€MOMII0 SKUTIOBO-KOMYHAIBHUX IIINPUEMCTB 32 BHAAMHU
IUSUTBHOCTI 31 CTEHKXONIepaMy CHCTEMaTH30BaHO B YOTHUPH IPYIIH.

KurouoBi ci10Ba: XKUTIOBO-KOMyHaJ bHA IMOCIYTa; JKUTIOBO-KOMYHaJbHE TOCHOIAPCTBO; €KOHOMIYHA Oe3IeKa CI0)KHBAdiB
KHUTIOBO-KOMYHAIBHUX TOCIYT; IHTETPOBaHA 3BITHICTh; iH(OpMaliiiHO-aHAITHYHE 3a0e3MeueHHsT; M>KHAPOIHI CTaHJapTH 3BITHOCTI;
KOPHCTYBaui 3BITHOCTI.

Mmicra.
Hapiline 1 sKicHe KOMyHalbHE OOCITyrOBYBaHHSI

Beryn

Kutn0Bo-KOMyHaIbHE rocrmojapctBo  MOTPed HACENEHHS Ta MOMIMBOCTI HOro IMOBHOTO
aJIMiHICTPAaTHBHO-TEPUTOPIAIBHOTO YTBOPEHHS € 33/I0BOJICHHS MalOTh OCOOJIMBE COIialIbHO-€KOHOMIYHE
CaMOCTiffHOI0 ~ ray33l0  HApPOJHOrO  rocHojapcTBa, 3Ha4YeHHA. Y wifi  chepi  HallGinbur  oveBHIHO
TOJIOBHOIO METOI0 (DYHKIIIOHYBaHHS sIKOI € 3a0e3rneueHHs  MPOCTEKYEThCS B3a€MO3B'30K EKOHOMiYHO]
HOPMAIIbHUX YMOB JKHTTS i POGOTH MeNIKaHIiB uepe3 C(PEKTUBHOCTI JIAIBHOCTI KOXKHOTO IiANPHEMCTBA i3
GesnepeliliHe HAJAHHA HACENEGHHIO Ta INANPUEMCTBAM  COLIAIBHMUMH  PE3yNbTaTAMU  HAJAHHS  HACEJICHHIO
AKUTJIIOBO-KOMYHAJIbHUX MOCIHYT. JIOCTYyNHICTb Ta Hajles)kHa ~ KOMYHAQJIBHUX IIOCITYT.

SAKICTh MyOJIUHMX MOCHYr 3a0e3MedyeThesl IUIIXOM Henockonamicts HAYKOBOTO OOIPyHTYBaHHS
ONTHMABHOTO PO3MOMiNy MOBHOBAKEHb MiK OpraHamMu  CTPATEri4HOro PO3BHUTKY JKUTIIOBO-KOMYHAJIBHOTO

MICIIEBOIO CaMOBDSIyBaHHS Ta OpraHamMd BUKOHABYOi
BIAIU Ha  pi3HHX PiBHAX a/IMiHICTPATHBHO-
TEPUTOPIAILHOTO YCTpPOIO 3a NPUHIUTIAMHI
cyOCHIIIapHOCTI Ta JeIeHTpai3alii.

OCHOBHOI0 METOIO JISUIBHOCTI OpraHiB MiCIEBOTO
CcaMOBpsAYBaHHS y cdepi  KHUTIOBO-KOMYHAJILHOTO
TOCIIOJIapCTBa € HE JIMIIe HajiliHe Ta Oe3mepebiliHe Horo
(GYHKIIOHYBaHHA, a ¥ MiABUIIEHHS e(EeKTUBHOCTI,
cTifikocTi Ta HamiHHOCTI (QYHKIIOHYBaHHA Taiy3i, TOOTO
HaJlaHHSl CII0)KMBA4YeBl J>KUTIOBO-KOMYHAIBHUX MOCIYT,

o0  BIiAMOBIZAIOTH  CTaHAApTaM  SKOCTi, PO3BUTOK
KOHKYPEHTHHX BIZHOCHMH 1 3alydyeHHS NPUBATHOTO
CeKTopa 10 yOpaBliHHA 00'€eKTaMH  KOMYHaIbHOL

IHQPACTPYKTYpH Ta KUTIOBOTO (OHIY, 3HWKEHHS BUTpAT
npu  omiari mociyr. JloTpUMaHHA JaHMX BHUMOT €
3aMo0pyKoI0 3a0e3MedyeHHsT BUCOKOTO PIBHS €KOHOMIYHOL
O€3NeKN CIOXHMBAYiB JKHTIOBO-KOMYHAIIBHUX —IOCIYT

KOMIUIEKCY MpPOTArOM YCBOTO Iepiofy pedopMyBaHHS
rajgy3i  HEraTMBHO  IIO3HAYWIach Ha  (PIHAHCOBHX
pesynbTaTtax Horo rocrofapcbkoi misipHOCTI. OcoOnuBy
COLiaJIbHO-€KOHOMIYHY Halpyry 3a OCTaHHI POKHM Halyia
mpobieMa He30aJTaHCOBAHOCTI PHHKOBOI BaPTOCTI MOCIYT

KHUTIOBO-KOMYHAIBHUX  MIAIPHEMCTB 3  IUIATIXHOIO
CIIPOMO’KHICTIO HACEJICHHS.

OpHiel0o 3 TPUYMH  BHHUKHEHHS KpPH3  SK
HaI[ioOHaJTbHOTO  MacmTaly, Tak 1 Ha OKpeMoOMYy

MiIIPUEMCTBI € HETOCKOHANICTh OOJIIKOBOI CHCTEMH, IO
NPOSIBISIETHCS: Y BIJICYTHOCTI MOXJIMBOCTI BinoOpasuTn
BUHHMKHEHHSI PU3UKIB Ta 3arpo3 JIisUIbHOCTI MiINPUEMCTB;

METO/I0JIOTIYHO HEOoOTIpyHTOBaHIH OLiHII
IHTENIEKTYaIbHOTO, COMiaNbHO-PEMyTaliHOTO,
JIOJICBKOTO ~ Ta IPUPOJHOTO  KamiTamiB;  ICHYyIOYii

PO3PI3HEHOCTI KOPIOPATHBHOI 3BITHOCTI, SIKa HE HAJAE
IMITICHOTO  YSABIEHHS PO  3JaTHICTh  CyO’eKTa
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rOCIOIAPIOBaHHS CTBOPIOBATH LIHHICTh SIK YISl BIACHOTO
PO3YyMiHHA, TaK ®W JUIA yCiX CTEHKXONIEpiB B
JIOBTOCTPOKOBIH TEpCIEKTHBI. C€BpOIHTErpamiiHANA Kypc
Ykpainu BHMAarae JIOTPUMaHHS cy0’exTamMu
rocriogapoBants  JlupektuB €Bpomneiickkoro  Coro3y.
BinTak, po3BHTOK OpraHi3aliifHO-METOJUYHUX 3acaja Ta

MPaKTHYHOTO IHCTpyMEHTapito BIPOBAJPKEHHS
IHTErpoBaHOI 3BITHOCTI B  YKpaiHi SK  €JIEMEHTY
iH(pOpMaIiHHO-KOMYHIKaIliHHOTO 3a0e3nedeHHs
(iHaHCOBO-EKOHOMIUHOT Oe3nexu cy0’€eKTiB

TOCTIOAAapIOBaHHA € aKTyaJIbHOKO 1 CBOE€YACHOIO.

AHaJi3 ocTaHHIX T0oCaiTKeHb i myOrikanii

IMIUTEMEHTAaIlii 1HTeTpOBaHOiI 3BITHOCTI Y  OOJIKOBY
MPaKTHKY MATTPUEMCTB KHUTIIOBO-KOMYHAJIBHOTO
rOCIOIapCTBA.

Martepiajim Ta MeTOAM J0CTiTKEeHHS

Baromuif BHECOK y PO3BUTOK TEOPETUYHUX OCHOB Ta
MPaKTHYHHUX ACTEKTIB (HOpMYBaHHS OKPEMHUX CKIIaJOBUX
IHTETPOBAaHOI 3BITHOCTI Ta I BIPOBAKECHHSI 3POOHIH
YKpaiHCBhKi Ta 3aKOpJIOHHI BUeHi, 30kpeMa KpyTtoBa A.A.,
B.B. €BagokmmoB Ta iH.,, JI. loamn Ta T. Anpiaa,
I'I. Pobeprc Ta IL.K. Maiikn, |. Codian, M. Hdamitpy,
C. Cwmic , X.-®. Jliy ta X.-JI. By , B. Kyk, C. Bymmen Ta

E. Topuxayr.

[lpore, Kpu3M HOBOTO THCSYOJNITTS  BUSBHIH
HECIIPOMOJXKHICTh ICHYIOUHX OOJIIKOBO-3BITHHX CHCTEM
BUKOHYBaTH poJib reHeparopa iH(pOopMaLiiiHO-

KOMYHIKaIliiHOT MATPUMKHA 3a0e3nedeHHs (iHaAHCOBO-
€KOHOMIYHOT Oe3Ieku cy0’ €KTiB roCIIoAapiOBaHHs.
Bifrak, akTyanbHAM Ta CBO€YACHUM € PO3pOOKa
HayKOBO-METOJWIHMX 3acaa (GopMyBaHHS iHQOpMAIIHHO-
AaHANMITHYHOTO  3a0e3ledeHHs EKOHOMIYHOI — Oe3meKH
CIIOXKMBAYIB JKUTIIOBO-KOMYHAJIBHHX IMOCIYr Ha 3acajax

IMIUTEMEHTAIlil IHTErpOBaHOi 3BITHOCTI y OOIKOBY
MPaKTHKY HIANPUEMCTB KHTIIOBO-KOMYHAaJIBHOTO
rOCII0/IapCTBA.

OmHuM i3 [UIAXiB  MOOYAOBM — MApTHEPCHKUX

BimHocHH Mik mignpuemcrBamu JKKI' Ta crmoxuBauamu
KOMYHQIBHUX TIOCIYT € IMIDIEMEHTAIlisl iHTEerpOBaHOI
COIIaTbHO-OPIEHTOBAHOI 3BITHOCTI, sfKka O MiCTHIIA HE
TITBKH CyXi U(PHU pe3ynbTaTiB ASTBHOCTI KOMYHAITBHIX
MIATPHEMCTB Ta OOCSTIB HAaJaHUX HUMH TOCIYT, aje i
ONHCYyBajla KOPIIOPAaTHBHI IIHHOCTI TaKUX CYO €KTIB
TOCHOJApIOBaHHsA, iX 3YCHIUII B MOKpAIIEHHI SKOCTI
HaJlaHHS KOMYHaJIbHUX MOCIyT, €KOHOMIYHOI CHTYyaIll B
MiCTax, a TaKOXK MPOBEACHHI poboTu 3
nepegopMaTyBaHHS TpaauiiHOT TEXHOJIOT11 ix
(GyHKIIOHYBaHHSI B  Cy4yacHy Oi3Hec-MOJenb, IO
CIIpSIMOBaHAa B TOMY YHCJII W Ha pecypco30epexeHHs 3
METOI0 3HIDKEHHS Tapu(piB Ha KHUTIOBO-KOMYHAIBHI
TIOCITYTH.

TakuMm 4HHOM, TEOPETUKO-METOIUYHE Ta MPUKIIATHE
3HAQUEHHS BUPIIIEHHS OKPECIEHUX NpoOJieM 3yMOBHIIO
aKTYaJIbHICTh OOpaHOi TEMHU, BU3HAYMIIO METY, 3aBIaHHS i
HATIPSM JTOCIIKCHHS.

Iisi Ta 3aBAaHHA T0CJiZKEHHS

TeopeTHKo-MeTOINYHOI0  OCHOBOKO  JOCII/IKCHHSI
CTaJIM HAYKOBI TpaIli MPOBIIHUX BITYM3HAHUX YUCHHX 1
3apyOKHUX YYEHHX CKOHOMICTIB, 3aKOHOAaBui I
HOpPMaTHBHI ~ akTW  YKpaiHH, 10 perjJaMeHTyIOTh
JIOBE/ICHHS JI0 CIIOXHBayiB 1H(opMaii B cdhepi KUTIOBO-
KOMYHaJIBHOTO TOCHOAApcTBA. Y XOAI JOCIIJKEHHS
BUKOPDHCTaHO TakKi METOAM SIK: aOCTPaKTHO-JOTIYHUH
aHaJli3, TEOPETUIHOTO y3araJlbHeHHS Ta CHCTEMAaTH3AIlii.

Pe3yabTaTh 0caigkeHb Ta iX 00roBopeHHs

MeTo010 JOCTiPKeHHST € PO3poOKa TEOPETHKO-
METOJMYHHX TIOJIOKEHh Ta OOTPYHTYBAaHHS NPAKTHIHUX
pexkoMeHmanii  momo  QopMyBaHHSI  iH(OpMaIifHO-
aHAMITHYHOTO  3a0e3ledeHHsT EKOHOMIYHOI  Oe3meKu
CHOXKMBAUIB JKUTIOBO-KOMYHAIIbHUX TMOCIYTI Ha 3acajiax

Exonomiuna  0Oe3meka  CHOXHBAaYiB  KUTIIOBO-
KOMYHAJIBHUX TOCIYT PO3MNISAIAEThCS K 3abe3rneueHHs
3aXHCTy OJKHTTEBO BaXJIMBUX IHTEpECiB Ta MpaB
CIHOXKMBAUiB TOBapiB, MOCIYr y cdepax CeHEpreTHKd Ta
KOMYHQJIbHUX TIOCHYr BiJl BHYTPINIHIX Ta 30BHINIHIX
3arpo3 Ipu OTPUMAaHHI UX TOBAPIB 1 MOCIYT HAJICKHOT
SAKOCTI B JOCTaTHIM KUIBKOCTI Ta 3a OOIPYHTOBAaHHMH

minamu [1].
JKWTI0BO-KOMYHANIBHI  MOCIYTH €  PE3YJbTaTOM
TOCHOIAapCHKOL JISUTBHOCTI, CIPSMOBAHOT Ha

3a0e3neueHHs] YMOB POXKHMBAHHS Ta TepeOyBaHHs 0oci0 y
JKWIMX 1 HOKWINX MPUMIIICHHSX, OyJUHKaX 1 CIopyaax,
KOMIUIeKcaX OYAWHKIB 1 CHOpPYA BigNOBIZHO OO
HOpPMATHBIB, HOPM, CTaHIAPTIB, MOPSAAKIB 1 TpPaBUIL
OCHOBHI  3acaly  OpraHi3alifHAX, TOCIIOJAaPCHKHIX
BiTHOCHH, 1IN0 BHHUKAIOTh y cdepi HamaHHI Ta
cnoxuBanns  JKKII Mk  iXHIMH  BHpOOHHKaMmH,
BUKOHABIIIMHU 1 CLIOXKMBAaYaM¥ BH3HA4Yae 3aKOH YKpaiHu
"IIpo »xuTIOBO-KOMYHaJbHI nocayru" [2].

OCHOBHUMH CYy0’€KTaMH CKOHOMIYHHX BIIHOCHUH Yy
chepi KHUTIOBO-KOMYHAIBHHX MOCIAYr €. CIOXHBaY,
BHKOHAaBEIlb, BUPOOHUK Ta opranu Biaau. Ha punxy JXXKII
CHOXWBAY € IOMIHYFOUUM (TOJIOBHUM) YYACHUKOM, PiBEHb
HOro 3a/JI0BOJICHHOCTI 3aJIe)KUTh BiJ] TapaHTOBAHOTO
3a0e3neueHHss B TOBHOMY 00CsS31 KOMYHAIBHUMH Ta
JKUTIOBUMH  TIOCIyTaMH  HaJeXHOi sSKOcTi. Bixrak,
MIPIOPUTETHICTH IHTEPECIB CIIOKUBAYIB € OUYCBHTHOIO.

Cucrema BimHocuH y cdepi XKKI' € cxianHoto,
HEO/IHOPITHOI0 Ta XapaKTEePU3yeThCS HEAJAUTHBHUMU
BJIACTUBOCTSIMH 11 CKJIAJJOBUX CJIIEMCHTIB, HasSBHICTIO
MOHOIIOJII3MY, BIJICYTHICTIO JOCKOHAJOi KOHKYpPEHIIii,
HEeNaCTUYHICTIO MOMHTY Ta MPOMO3HUIIii, HETOCKOHAIICTIO
TapudHOi MONITHKH. ['0JOBHUMH OCOOIUBOCTSAMH IOCITYT
SK CIIeI[iaJIbHOTO BHUJy TOBapy € iX HEBIIUYTHICTb,
HEBIITUTBHICTH BUPOOHMIITBA 1 CIIOXKMBAHHS, HE3/IaTHICTh
o 30epiraHHs W BUCOKa CTYyNiHb HEBHM3HAueHOCTI abo
MIHJIMBOCTI. 332 CBOEIO NPHPOJOI0 IOCIYyTH HE MaroTh
TapaHTOBAaHHWX CTaHNAPTIB SKOCTi. [HaKmie Kaxyuw,
nociyram  JKKI'  BiacTuBMi ~ BHCOKMH  CTyHiHB
HeBHU3HAuYeHOCTi. Il oOCTaBMHA CTaBUTh CIOXUBa4a
MOCIYr y HEBUTIJHE IOJOXXEHHS TOMY, IO pe3yJbTar
MOCITyTH, 1i KOPUCHHUN e(heKT MOXe OYTH OIIHEHO TUTHbKH
micnsa il HamawHA. KpiM TOTO, B3a€MOBITHOCHHH MiX
yyacaukamu puHKy JKKII hopmyroTh Hempo3opi yMOBH
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3MIHCHEHHS JiSUTBHOCTI, IO JO3BOJSE TOCIIONAPIOIOTHM
cy0’€eKTaM 3JI0BKMBAaTH CBOIM CTaHOBHINEM Ha PHHKY.
3aKoH MOMUTY Ta MPOMO3UIli B MICBKOMY TOCIOJapCTBi
MTOCTYTAEThCS MicleM €KOHOMIYHUM iHTEepecaM
i ITPHEMCTB-MOHOIIOJICTIB, IO IUKTYIOTh CBOI YMOBH
cnoxuBauamM nocayr [3]. 3a Takux YMOB IHMTaHHS
3a0e3reueHHss  eKOHOMIYHOi  Oe3leKd  CHOXHBadiB
KOMYHAJBHUX IOCTYT HabyBa€e 0COOIMBOIO 3HAYCHHS.

Y nmaHOMy JIOCHIi/DKCHHI EKOHOMIUHa —Oe3meka
CIOXXKUBaYiB YKHUTIOBO-KOMYHAJIbHUAX MOCITyT
PO3TIANAETHCS K CTaH 3aXHUIIEHOCT] JKUTTEBO BasKIMBHX
IHTepeCiB CIOXKMBAUIB B peaNbHAX 1 TOTCHITIHHUX
JoKepen HeOe3nekn abo eKOHOMIYHHX 3arpo3 y Mporeci
BUpOONEHHA a00 CTBOPEHHS Ta HaJaHHSA IKHUTJIOBO-
KOMYHAQJIbHUX TOCIYT.

[Topsiok JOBEACHHS 10 CIIOXKUBAYiB iHPOpMAITT TIpo
Hepesik  JKUTJIOBO-KOMYHAIBHUX — IOCIYT, CTPYKTYpY
uin/Tapudis, 3MiHy uiH/TapudiB 3 0OIpyHTYyBaHHAM ii
HEOOXITHOCTI Ta NPO BpaxyBaHHS BIAMOBIIHOT MO3UINT
TEPUTOPIAILHUX ~ TpoMaj,  3aTBEpP/UKEHO  HAaKa30oM
MiHicTepcTBa pPerioHaJbHOTO PO3BHUTKY, OyJIIBHHLTBA Ta
KHUTJIIOBO-KOMYHAJIBHOTO TOCHOAapcTBa YKpaiHu Bij
05.06.2018 Ne 130 i 3apeectpoBano B MiH'FOCTI YKpaiHH
26.06.2018 3a Ne 753/32205 [4]. 3 MeTor0 3a0e3MeUeHHS
CIOXHBAYiB IPYHTOBHUMH Ta JCTAIGHUMH MOSCHCHHIMU
moa0 HeoOXiMHOCTI 3MiHM Tapu(diB, iX CTPYKTypH
TIPOBOIATHCS BIJKPHUTI TPOMAJICHKI OOTOBOPEHHS MPOCKTIB
pIlICHb HA 3acaiaX IIaCHOCTI, MPO30POCTi Ta BITKPUTOCTI,
BIZIMOBITHO /IO TpPOLEJAYPH, BH3HAUYEHOI IIOCTAHOBOIO
HKPEKIT Ne 866 Big 30.06.2017 "Ilpo 3aTBepKEHHS
[MopsiaKy MpoBeNeHHs BiIKPUTOrO 0OTOBOPEHHS MIPOEKTIB
pimenp HamionanpHoi kowmicii, mo 3iiicHIOE nepkaBHE
peryimoBaHHS y cdepax EHEpPreTMKH Ta KOMYHAJIbHHX
mocayr" [5]. KpiM Toro, 3 MeTor0 mpoBeIeHHS MPO30PHX
HapaxyBaHb 3a CIIOKUTI KOMYHAaJbHI IMOCIYTH YXBaJICHO
moctanoBy HKPEKII Big 30.03.2017 Ne 464 '"IIpo
mopigHe  3a0€3MeYCHHS  CIOKUBAdiB  KITFOYOBOIO
iHpOpMaLi€l0 TPO TOCIYTH y cdepaXx EHEpreTHKHA Ta
KOMYHQIBHUX TOCTYT", B3TiJHO 3 SKOK CyO'eKTH
rocroJiaproBaHs y cepax eHepreTMKH Ta KOMYHAJIbHUX
MOCIYT, JEpXKaBHE pEryJIOBaHHs SKHX 3J1ICHIOETHCS
HKPEKII nmns HagaHHA  CHOXKHMBAyaM  KIIFOUOBOI
iHdopmarlii Mpo CHOKUBAaHHS HUMH CHEPropecypciB Ta
HaJlaHi KOMYHJIbHI MOCIYyrd, IopiuHo 10 1 TpaBHs
JIOBOZSTH JI0 BifioMa CIIOXKMBadYiB iH(OpMaIito, 30Kpema,
PO CTPYKTYpH TapU]iB Ha MOCIYTH 3 HEHTPATiI30BAHOTO
ONMAJIEHHS Ta LEHTPATi30BaHOTO IIOCTaYaHHS Trapsaoi
Bomy, (akTHYHMH ~ 0o0cAr  HAJAHHA  NOCIYr 3
LEHTPAII30BAHOTO  OMNAJieHHS Ta LEHTPalTi30BaHOTOo
MOCTa4YaHHsI raps4oi BOJM, MOPIBHAHHS 0OCATIB Ha/JaHHSA
MOCITyT 3 LEHTPaJII30BaHOTO OTAJICHHS Ta
LEHTPaIi30BAHOTO IMOCTAYaHHS Taps4ol BOAU 3 IHIIUMH
croxuBadamu) [6].

OmanM 13 1DBIXiB  TMOOYZOBH — MapTHEPCHKUX
BimHOCWH Mix mignpuemctBamu JKKI' Ta cnoxuBauamu
KOMYHQJIBHUX TIOCIYT € IMIDIEeMEHTAIlisl iHTEerpoBaHOl
COIIabHO OPIEHTOBAHOI 3BITHOCTI, siIkKa O MicTWiIa He
TUIBKK CyX1 IM(PU pe3yNbTaTiB AiSIIBHOCTI KOMYHAIBHUX
MiAIPUEMCTB, OOCSTIB HaJ@HUX HHUMH IIOCIHYT, ane W
onucyBajla KOPHOPaTHBHI LIHHOCTI TakuX Cy0 eKTiB
rOCIIOJIapIOBaHHs, iX 3yCWUIs B IOKpAIIeHHI SKOCTI

KOMYHJIHUX TIOCIYT, CKOHOMIYHOI CHTYyaIlii B MicTax, a
TaKOX TMpoOBeleHHI poboTm 3  mepedopMaTyBaHHSI
TPaJNIIHHOT TEXHOJOTIl iX (YHKI[IOHYBaHHS B CYYacHY
Oi3Hec-MoJleNb sIKa CHpsSMOBaHA B TOMY 4YHCII HE
€KOHOMIIO pecypciB 3 METOI 3HIDKEHHS TapudiB Ha
JKUTIOBO-KOMYHalbHI ociayru. Tak, JloxaHOBa po3risigae
IHTErpoBaHy 3BITHICTb SIK MPOJXYKT LUIICHOI 0OJIKOBO-
aHamitiyHoi cuctemu [7]. C. Amamc ta P. Cimuerr
BiIMIYaOTh, MO "...IHTETpOBaHA 3BITHICTh € HOBOIO
MapajurMo0 3BITHOCTI, sIKa € ITIICHOI, CTPaTEriYHOIO,
aJaNTUBHOIO, CYTTEBOIO 1 aKTYaJIbHOIO 0 Pi3HUX YAaCOBHX
BuMipiB" [§].

OmHuM 13 NDIAXiB  MOOYJOBH  MapTHEPCHKHX
BimHocwH Mix mignmpuemctBamMu JKKI' Ta cnoxuBadamu
KOMYHQJILHUX TIOCIYT € IMIDIEMEHTAIlisl 1HTErpoBaHOI
COIliaJTbHO-OpiEHTOBaHOI 3BITHOCTI. Y KpaiHax 3axony
MIATOTOBKa IHTETPOBAHOI 3BITHOCTI MYHILUIIATITETY,
KOMYHaJIBHUX MIANPUEMCTB 1 Oprasizaniii B Qopmari
Annual Report € omHUM 3 KIOYOBHX EJIEMEHTIB
miciieBoro camoBpsimyBanas. Annual Report rmopiuno
CKJIQIa€ThCSl MICTaMM, pPErioHaMH 1 HaBiTh OKPEMHUMH

palioHaMu.
Annual Report — me mMOKyMEHT, IO MICTHTh
MUPOKUH  criekTp iHdopmamii 1po KommaHii  abo

oprasi3zalii 3a MUHYJIMH (hiHaHCOBUH pik. Ha BimMiHYy Bix
kiaacuyHoi  (imancoBoi  3BiTHocti, Annual Report
po3kpuBae sk (iHaHCOBI, Tak 1 HediHAHCOBI JaHi.
Hanpukmnan, ommc cTpaterii po3BUTKY, CHIBHHX CTOPIH
BUPOOHMIITBA | MEHEJDKMEHTY, KOPIIOPATUBHOI COLiaIbHOT
BIJIMIOBIAILHOCTI TOIIO. TakoX B TAKOMY 3BITi MICTAThHCS
TUIAHHM 1 LI, SIKi OpraHi3ailis IUIaHy€e JA0CAITH B KOPOTKO-
1 CepeIHbOCTPOKOBIi MEPCIIEKTHBAX.

B Vkpaini uei TpeHn 3'SIBUBCS MOPIBHSIHO HEIABHO.
I[Mokm 1o OumpOIiCTE  OpraHiB  MicleBOi  BIamu
O0OMEXYIOThCS 3BITOM TIPO BUKOHAHHS JIEPXKABHOTO
Oromxkery. Ase TomiOHI 3BiTH, MO-TIEpIe, € HETIOBHIMH.
Boun wictate QinaHCOBY iH(poOpMaIio, a IBOrO HE
JIOCTaTHBbO, 100 B TOBHIA Mipi OINHUTH MisTIBHICTH
MicrieBoi Bimagu. [lo-gpyre, MHPOKIA TpoOMaIChKOCTI
JIOCUTh YacTO CKJIQJHO 1 HEI[IKaBO B HHUX DPO30MpaTHCS.
Iurerposanuii 38iT B popmari Annual Report ctpykrypye
Bclo iHdopmanito, cynpoBo/ukyroun il 3po3ymMuUMHu i
HAOYHMMHU MOsSCHeHHsIMU. CaMe MpocToTa i BCEOCSHKHHUN
Xapaktep mojaHol iH(popMalil J03BOJISIOTH CYTTEBO
MiIBUIIATA HOTO eQeKTuBHiCTh. [lpu 1bOMY, THIOBA
crpykrypa Annual Report mas MyHinUnmamiTeTy MOXe
OyTH Takor:

- 3aranpHa iH(GOpMalis PO MICTO Ta OpraHu
MICIIEBOT'O CAMOBPSITyBaHHS;

- "Micto B ocobax": 3BepHEHHsS MiCBKOTO TOJIOBH,

iHQopmalisi PO  KIIOYOBUX  KEPIiBHUKIB  OpraHiB
MiCIIEBOTO CaMOBpsITyBaHHS abo HaHOTBIITHX
KOMYHAQJIbHHUX I APUEMCTB;

- CTpareris po3BUTKY MicTa Ta 1 KITIOYOBI
MMOKAa3HUKH;

- ComiaibHO-€KOHOMIYHI ~ TOKa3HUKH  PO3BUTKY
(memorpadiyna  cuTyalis, CKOHOMIYHHHA  PO3BHTOK,

iHppacTpyKTypa, OXOpOHA 3[J0POB'sI, COLIAILHUNA 3aXHCT,
OCBiTa, TYpH3M, KyJIbTypa, HayKa, TEXHOJIOTI, IHHOBAI],
€KOJIOTisl Ta Oe3neKa HaBKOJIUIIHLOTO CEPeOBHIIA);
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- AHaji3 BUKOHaHHS MYHIIUIIAJIHHOTO OIODKETY 3a
3BITHHH Tmepiof (KJIIOYOBI TOKA3HUKH, BIJOMOCTI MpoO
JNOXOIM Ta BUTPATH, MicueBui Oopr, iHdopmaris mpo
rapaHToBaHe 00pr);

- KoncoumimoBana (hinaHCcOBa iHbopMarist
CICIaJbHOTO  TPU3HAYCHHS 32  3BITHHHA  MeEpiof,
MiZTOTOBJICHA BIIMOBIAHO 10 MIiXHApPOJHHUX CTaHIAPTIB
¢inancoBoi 3BITHOCTI TPOMAJICHKOTO ceKkTopa
(MCDOOC/IPSAS);

- [Ipumitkrn 10  KOHcomimoBaHOi  (hiHAHCOBOL
iHpOopMaii crenianbHOTO MPU3HAYCHHS;

- Hamanust  pexomeHmamid  moao  MPiOPUTETIB

PO3BUTKY MicTa (KOMYHaJBHOTO IIANMPHEMCTBA) Ha
CepeIHbOCTPOKOBHUI MEPioz.

Bceoxormmrorounii XxapakTep iHTErpoBaHOI1 3BITHOCTI
nepenbadae BKpal IMUPOKHH CIEKTp 11 aapecaTiB — sK
cepell caMoro TePUTOPIAbHOTO 00'€JHAHHS, TaK 1 3a Horo
Mexxamu. HalOinpuioro nepemkonon maas (opMyBaHHS
IHTETPOBAaHMX  3BITIB  BITYM3HSHUMH  Cy0 €KTaMu
TOCIIOJIAPIOBAHHS € BiACYTHICTh 200 HEMOBHE PO3yMiHHS
3MICTY Ta (GOpMH NpeAcTaBieHHs iHpOpMaIii B HbOMY.
Komiter 3 MixkHapoiHOi iHTErpOBaHOI  3BITHOCTI

(International Integrated Reporting Committee, IIRC)
OTOJIOCHB CBOEI0O METOIO CTBOPCHHS MOJem, IO
00’eHy€e 1 B3aEMO TMOB’S3y€ JBa BHAW 3BITHOCTI,

(iHaHCOBY 1 He (iHAHCOBY, B OJIHY IHTETpOBaHy Oi3Hec-
3BiTHiICTh. Taka MoJenp HE O03HAa4Ya€ MEXaHIYHOTO
00’e¢HaHHA JBOX 3BiTiB, a € pPE3yJIbTaTOM OLIBII
CKJIaJIHOTO TIPOILECY, SIKUH BUSIBIISIE B3a€EMO3B 30K MiXK
nBoma "makeramu" iHdopmarlii; 3ade3neuye HEOOXiMHUI
JUIsl pO3yMiHHSI, ajie He 3aiiBuil piBeHb ayONIOBaHHS 1
KpOC-TIOCHJIaHb 1 TrapaHtye crpateriunuii doxyc" [9].
Iliquac JOCHIKEHHS 3MICTy CHCTEMH [OKa3HHKIB
BIIMIOBITHO JO MDKHAPOMHUX CTaHAAPTIB BUHHUKAIOTH
pi3HI iHTeprperanii cucteMn nokazHUKiB. Tak ['impopme
T. BBaxae, mo "cyO’€KT TOCHOHAPIOBAHHS, SKUH
JOTPUMYETBCS B KOpPIOpaTHBHINA 3BiTHOCTI BUMOr GRI,
MTOBHHEH PO3KPUTH I’ATh CKIAJOBUX: CTPATETIIO 1 aHAI3;
ONHC Oprasizaiii, mapaMeTpd 3BITHOCTI, YIpPaBIiHHSA,
3000B’s13aHHS 13 3alliKaBJICHUMH CTOPOHAMHM; MOKa3HUKH
Pe3yJIbTaTUBHOCTI (€KOHOMIYHI PE3yJIbTaTH, EKOJOTIUHI
pe3yJbTaTH, OpraHi3ailis Mpaii Ta BIiAMOBIAAIBHICTH 3a
npoaykii)" [10, €.674-675].

JHupexktuBu €C CTOCOBHO IHTErpoOBaHOI 3BITHOCTI
pO3po0IieHI B HEPETYJIATOPHOMY CTHJI, TOMY Ma€ Micle
BUCOKHI CTYyIiHb THYYKOCTI B MUTaHHI BUOOPY HAMOUIBII
BIINOBITHOT ~ MoOIeNi Ui PO3KPUTTA  HEOOXITHOT
¢inancoBoi Ta HediHaHcoBoi iHpopmamii. Cy0’exTn
TOCIOJapIOBAaHHI MOXKYTh BHKOPHCTOBYBATH HAIliOHAIBHI
PaMKOBI TiIXoau, a00 3aralbHOEBPONCHCHKI (HATIPUKIIAT
CHCTEMY EKOJIOTIYHOTO MEHEeIKMEHTy Ta ayauty EMAS
(Eco-Management and Audit Scheme)), ane st BU3HAHHS
3BITIB B YChOMY CBIiTi, JOIIJIHO BHKOPHCTOBYBAaTH
MDKHAPOIHI MiAXOAW O SKHUX 1 BiTHOCUTHCS iHTETpOBaHA
3BITHICTb.

Ha renepimmii wdac B VYkpaiHi MiATOTOBKA
iHTerpoBaHoi 3BITHOCTI € 100poBUIbHOIO, a ii (opma
HIYMM HE perjaMeHTyeThcs. He3Bakarouu Ha Te, 11O I
MiATPUEMCTB-JIAePIB, MiATOTOBKA IHTETPOBAHOI 3BITHOCTI
€ YaCTUHOK KOPIOPATUBHOI KYJIBTYpH, 3MICT Ta SKICTh
iHpopmaiii cyTreBo pisHUTBCA. Cepen  YKpaiHCBKHX

KOMITaHi  iHTErpoBaHy 3BITHICTh CKJIAaNalOTh  Taki
koMmmaHii sk Acrapra, Boms, T[amnagroras, JTEK,
Kuiscrap, Mertinsect, O6omons, CKM, Lifecell, Platinum
Bank Ta in. [11]. Y He(hiHaHCOBIi 3BITHOCTI BITYM3HAHOIO
Oi3HeCy, SK TIPaBWJIO, TIEPEBAKAE KOHCTATyBaHHS
3araipHOI 1H(OpMaNii o0 HeperysIpHUX iHiliaTHB 0e3
BKa3aHHSA KUIBKICHAX IOKAa3HHKIB, III0 BHUMIipIOIOTh
pe3yJbTaTUBHICTh peayizalil MNpOeKTiB. 3a JYMKOIO
JaBumiok T. "y BITYM3HAHOMY Oi3HEC-CIIBTOBapHCTBI
BIZICyTHE €IMHE PO3YMIHHS TOTO, SIKHM YHHOM JIOHOCHUTH
iHpopMamito  TPO  CBOIO  COLIaNbHY  TiSUTBHICTH
cycrinbeTBy" [12, c.64].

BincyTHICTh €IMHHX METOAOJOTIYHHX 3acaa Ta
HampamboBaHOT TPAaKTUKA (OPMYBaHHS IHTErPOBAHOL
3BITHOCTI BITYM3HSAHUMH ITiTIPHEMCTBAMH, TPHU3BEIO IO
TOTO, IO B 3BiTaX, fAKi ACSIKi Cy0 €KTH TOCHOJapIOBaHHS
iMeHyIOTh "iHTerpoBaHuMH" abo0 "3BITHICTIO CTaNoro
po3BuTKy", iH(OpMallisi HABOJUTHCS HE IMOB’s3aHa, B
JIesIKMX BUIIaJIKaxX HENpo3opa abo B3aralli He 3po3yMina.

OCHOBHOI MPUYMHOK TaKUX HEIOJIKIB, € Te, IO
cy0’exTH rOCHOapIOBaHHS npu (dbopmyBaHHi
IHTErpoBaHoi  3BITHOCTI: BUKOPHCTOBYIOTh  Di3HI
CTaHJApTH,; HE JOTPUMYIOTHCS NPUHIMIIB CKIAJaHHI
IHTETPOBAHOTO 3BiTYy; 3HA4YHA KIUIBKICTh IMOKAa3HHKIB Ta
YUHHUKIB 30BHIINTHHOTO CEPENOBUINA 3aJHMIIAIOTHCS HE
PO3KPUTHUMH, OCOOJIUBO THX, SKi CTOCYIOTHCSI HETaTUBHIX
HACIIAKIB [MISUTPHOCTi, EKOJOTIYHOi CKJIagoBOI 3BITY,
PU3HKIB TOIIO.

Haiipo3mnoBcropxeHimmumMu MIXKHAPOTHUMHU
cranjapramu 3BiTHOCTi €: crtanaaptu Canmaitn; GRI;
AA1000; I1SO 26000, SA8000. Haiibimpm BigOMHUM
MepesikoM KiJbKICHUX TOKa3HHUKIB y CBITOBIH NMpPaKTHII
He(iHAHCOBOI 3BITHOCTI € cucrema moka3HukiB GRI,
3aCTOCYBAaHHS SKHX PEKOMEHOYETHCS 1 mpu (HOpMyBaHHI
COMIaNbHOT 3BITHOCTI JOBUTBHOTO QoOpMary, a TaKoK
3BitiB mpo [Iporpec [13].

[opiBHsANEHUI  aHaAMi3 [OHX  CTAaHIAPTIB  Ta
BiIMIHHOCTEH, SKi ICHYIOTh y BH3HAYCHHI Ta MEPEIiKy
He(iHAHCOBHX IMMOKA3HUKIB MOJaHo y Tabu. 1.

Haii0inpm npuBaOIMBOIO 3 TO3UIIH 3a0e3meueHHs
€KOHOMIYHOI O€3MeKH, Ha Hall IOTJIAd, € KOHIIEMIis
3pitHOCcTI mpo Bapricte (Value Reporting), sxa Gyna
3anmovatkoBana B mpamsax C.A. Jlimasu ta P.JI. Exkiza
[14]. T{ xmouoBOX0 imeer0 €  JOCATHEHHS  GiNBIIOL
iH(OPMATUBHOCTI OYXTaNTepChKUX IOKA3HUKIB IUITXOM
KOpPIOPaTHBHOTO 3BITyBaHHS Ta pPO3POOKM CTaHAAPTIB
HedinancoBoi iHdopmanii, mo  BigoOpakae raiy3eBy
cnerudiky mixnpueMcrsa. Buxoasuu 3 nporo, aBropamu
3alpONIOHOBAHO  TPHUPIBHEBY  MOAENb  IHTETPOBAHOI
3BITHOCTI, 10 BH3HAYa€ B3a€MOIII0 Ta BiIMOBIJAIbHICTE
yCiX yJaCHHUKIB IIPOIIECY CKJIaJaHHS.

[IpakTnyHe BHPOBAaPKEHHS TPUPIBHEBOI Mojemi
3BITHOCTI OOYMOBJIIOE TIEpEXij BiJi KOHIEMIii piHaHCOBOT
3BITHOCTI 0 KOHIEMIIl iHTErpOBaHOi 3BITHOCTI, METOIO
Kol € moemHaHHA iHpopMmanii mpo QiHAHCH, BIUTUB
OTOYYIOUOTO CEPEIOBUINA Ha TisUTbHICTh MIAMPUEMCTBA Ta
colialbHI acleKTH B OJMH YiTKWI{, B3a€MOIIOB’s3aHUHN Ta
npuAaTHUH [Uis TopiBHSHHS Qopmart[15].

OpHOYACHO CIIiJ 3a3HAYUTH, LIO IS JKUTIOBO-
KOMYHaJIBHUX  HIJANPUEMCTB  BAXIMBHM €  TIPOLEC
MiZATOTOBKYU 1HTEIPOBAHOI 3BITHOCTI.
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Tabauns 1. Ananiz miscnapoonux cmanoapmie coyianbHoi 36imHocmi

Crangaprt Po3po0HuK, 1aTa NPpUIHATTA Ckaap ingopmanii, n110 HaxaeTbes
MixHapoHu# MixnaponHa paga mo  iHTerpoBaHuil | Oryisg  opradizamii  Ta  30BHINIHE — CEPEIOBUINE;
CTaHIApPT 3 | 3BitHOCTI (IRC) 2013 p. yHOpaBiiHHS; Oi3HEC-MOJeNnb, PU3UKH Ta MOKIHUBOCTI;
IHTerpoBaHOI 3BITHOCTI cTparerist 1 pO3NOAUIEHHS pecypciB;  pe3yibTaTH

IISUTBHOCTI; IEPCIEKTHUBH HA MaiOyTHE;
OCHOBHI IIPUHIIMIIY MiIFOTOBKK M PE3CHTAIII1.

GRI I'mobanpaa Paga i3 crammaptiB B o6xacTi | 3BITHICTH 31 CTajJoOro PO3BUTKY OJHOYACHO OXOILIIOE
cTanoro po3-Butky, 2000 p. E€KOHOMIYHiI, CKOJNOTi4HI Ta  COLIAJbHI  ACMEKTH
SUIBHOCTI.
AA 1000 IHctutyT couianbHOi Ta eTnyHOi 3BiTHOCTI | CoLiaNbHUN, €KOJOTIYHMA Ta EKOHOMIYHHMH  BIUIUB 1
(Istitute of Social and Ethical Account | BiamoBigHiI MOKa3HUKH CBOET isJIBHOCTI, a TAKOK yMKa
Ability), 1999 p. Ipo 1€ 3alliKaBIeHHX CTOpIiH; 3aluTH 1 TOTpedn
3aIliKaBJICHUX CTOPIH 1 BIMOBITHUM YHHOM pearyBaHHS
Ha HUX B IOJIITHIII Ta MPaKTHYHOI TisUTBHOCTI OpraHi3aiii.
1SO 26000 MiskHapo1Ha oprasizartis i3 | MictuTh iH(pOpMAILiIO PO Te, K IiIIPHEMCTBA MOXYTh
crargapTuzanii, 2010 p. MpaIloBaTH COLaJbHO BiANOBiZaJbHUM YHHOM. Lle
O03Haya€ MpO30py 1 eTHYHYy MOBEAIHKY, fAKa CHpHUSE
3JI0POB'I0 Ta A0OPOOYTY CYCIiIBCTBA.
SA 8000 MixkHaponHa opraHizanis i3 couniambHOi | OXOpoHa 310pOB'SL CIIBPOOITHHKIB, TEXHIKH O€3IeKH;

BINOBINAIBLHOCTI SAI
Accountability International) 1997 p.

(Social

MUTAaHHS ~ JUCKPUMIHAIT, BHKOPHCTaHHS  TPYIOBOI
TSUTBHOCTI  JiTell; TpHMycoBa Tpais; poOoYHid dac;
MUCLMIUTIHAPHE  CTATHEHHS; CHCTEMH  YIPAaBIiHHS,
KOMIIEHCAIlisl ITpalli.

Crannaptu CaHmaitn

AnpsiHC creiikxonaepiB (CILIA) —1996 p.

[ndopmamis, Hamana ximieHTaM (PO MPOAYKLIO Ta
MOCIyTH); iH(OpMaIlis, MpU3HAYCHA JUIS CIiBPOOITHHUKIB
(rapaHTist 3a{HATOCTI, O€3MEKM Ta OXOpOHA 310POB’S,
piBHI MOXIMBOCTI TIpH HaiMi); iHpopMamis s
MICLIEBOTO  CHIBTOBapucTBa (CTPYKTypa  BIJIACHOCTI,
(hiHaHCOBI IMOKa3HWUKH, BIUIUB Ha 30BHIIIHIO Cepeny,
00CAT TONATKOBHUX BWIUIAT, KIUIBKICTh CTBOPEHHX
pobounx Mmicp, iHBeCTHLil Ta OnaromiiiHa NisSUTBHICTB);
iHpopMaIlis Uil IIUPOKOi TPOMAICHKOCTI (TOPTiBIA 3

BOPOXUMHU Kpa‘l’HaMI/I, BHMKOHaHI }lep)KaBHi 3aKasHu,
mrpadu ToIo).
Ha nymky C. Koposnb amst 3a0e31eueHHs PO30POCTi BucHoBku
HediHAaHCOBHX 3BITIB, L0 CKIIAJAIOTHCS y BiIbHIN (opmi,
MO’KHA PEKOMEH/LyBaTH TaKi 3aXO/H: IIpoBenena  oOIiHKAa 3MICTOBHOIO  HAMOBHEHHS

- TPOBOJMTH ONHMTYBAaHHS CTEHKXOJAEPIB, Ha SKHX
po3paxoBaHa I 3BITHICTb, 3 METOI0 BHBYEHHS iX
3ayBa)KCHB;

- CKJAJaTH IUIaH COILiaJbHUX 3aXO[iB 3 OIJIALy Ha
KOHKPETHI 3aITUTH CTEHKXOJ/IePiB;

- ONepaTHBHO iHGOPMYBATH CTEUKXONIEPIB MPO Xij
BHUKOHAHHS IXHIX 3aMUTIB Ta BUABJICHI mopymienus" [16, C.
111].

Takum uymHOM, Tpouec (OPMYyBaHHS IHTETPOBAHOI

3BITHOCTI  JOLUTBHO  TMOYHHATH  ICIOA  CKJIaJaHHS
¢inarcoBOi 3BITHOCTI KUTJIOBO-KOMYHAJIBHUX
MIAMPUEMCTB, IO HAJACThb MOXIHUBICTE (PiIHAHCOBO

OoOIpyHTOBaHO BHW3HAYATH CTpATErilo MiANPHEMCTBA 3
BpaxyBaHHSAM  JOCSATHYTHMX B  3BITHOMYy  Iepioai
(hiHaHCOBHX pe3yJIbTaTIB.

[Nonanpuinii po3BUTOK IHTErpOBaHOI 3BITHOCTI Ha
KHUTIOBO-KOMYHAJIbHUX TiJIPHEMCTBAX MNOBHUHEH OYTH
CIIPSIMOBAHMI HA TaKi BaXKJIMBI acMeKTH, K po3poOka Ta
YAOCKOHAJCHHS CHCTeMH (hiHAHCOBUX 1 He(hiHAHCOBUX
MTOKa3HHKIB, METOAU OTpUMAaHHs iHbopmaii,
y3araJpbHEeHHS PI3HHX CHCTeM 3a0e3NeueHHs YIpaBIiHHS
(ympaBiiHCBKOTO  OO0JIIKy,  MOHITOPWHTY,  aHAJi3y
(¢iHaHCOBOi  CTIWKOCTI) B Tpomleci  MiATOTOBKH
BHYTPIIIHBOI IHTETPOBaHOI 3BITHOCTI.

3BITHOCTI HU3KM BITUM3HSIHMX MiJNPUEMCTB [I0Ka3aja, 110
3arajJloM CTPYKTypa 3BIiTiB (OPMYEThCS BIANOBIAHO 0O
KepiBaunrBa mo 3BiTHOCTI y cdepi CTaIoro po3BUTKY
I'mobGanpHOi imimiaTuBu 31 3BiTHocTi (GRI), mo €
JIOMIHYFOUMM CTaHIAPTOM JUT HaBeJeHHs iH(popMaIlii mpo
€KOHOMIYHI, €KOJOriYHI Ta COIL{albHI IMOKAa3HHUKH, SKi
XapaKTepU3ylTh  CTAMWid  poO3BHTOK.  JlocwmimkeHHsS
CTPYKTYpH Ta 3MICTOBHOTO HAllOBHEHHs 3BITIB 3a
crangapramu GRI mokasasa, 110 3BiTHICTE, CKIageHa 3a iX
BHMOTaMH, € Pi3HOCIIPSIMOBAHOIO0, 0a3y€THCS B OCHOBHOMY
Ha HaBeJIeHHI iHopMmamii Mpo BIUIMB HA HABKOJHUIIHE
CepeloBHIIe Ta 3aC00M HOTO 3MEHIIICHHSI, Ta PI3HOMAaHITHI
comianbHi TOKa3HUKH AiSTBHOCTI MiAIPHEMCTBA.

Ha mam mormsn, 1o ckiamy iHTETpoOBaHOI 3BITHOCTI
JKUTIOBO-KOMYHAJIbHAX — IIANIPUEMCTB  CIIiZI  BBOAMTH
CHUCTEMYy TIOKa3HHKIB, SKi HE TUIBKA CTOCYIOTBCS
6e3nocepeHbO Oi3HEC-MOIENi CY0’€KTa TOCIOIAPIOBAHHS
Ta MPOILECY CTBOPEHHS HUMH BAapTOCTi, aje i MOKa3HUKH
OLIIHKH SKOCTI HaJIaHHS KUTJIOBO-KOMYHAIBHHX TTOCIYT, Y
BUIJISAII MOJIENTI 30aJIaHCOBAHOI CHCTEMH TMOKa3HHKIB [3].
Came HasBHICTH IIMX TOKA3HUKIB 3MICTOBHO BiJpi3HSE
KOMYHQJIBHI MiAIPHEMCTBA SK CYCHUIBHO Ta TPOMAACHKO
OpPIEHTOBAaHHUX CYO’€KTIB TOCIOAAPIOBAHHS BiJl 1HIIUX
MiIIPUEMCTB Ta OpTaHi3amii.
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3a pe3ynbTaTaMy JOCITIDKEHHS YCi TOKa3HUKH, IO
XapakTepu3ylTh  B3aEMOJII0  KHUTIOBO-KOMYHAIBHHX
MIIOPUEMCTB 32 BHJAAMH ASUTBHOCTI 13 TpymHamu
CTEHKXOJIIepiB IPOIIOHYETHCS CHCTEMATH3YBAaTH y YOTHPH
TpyIH:

1) binancoBi, sSKi XapaKTEepU3YIOTh CTBOPCHHS i
BUKOPHCTaHHS (DIHAHCOBHX PECYpCiB Yy Trairy3i *HTJIOBO-
KOMYH&JIBHOTO TOCIIOJapcTBa, (piHAHCOBE CTAHOBHUILE Ta

pe3yipTaTd  TOCHONAPCHKOI  TIsSUTBHOCTI  MiJIPUEMCTB
rajysi;
2) TEeXHIKO-€KOHOMIiYHi, K XapaKTepU3yIOTh

MaTrepialbHO-BUPOOHNY1 aCMeKTH [isIBHOCTI JKHUTIOBO-
KOMYHAJIbHUX IiIPHEMCTB,;

3) pyHKIiOHAIbBHI, SIKI Bi10OpaXkaroTh
CITPOMO>KHICTh T ITPHEMCTB rarysi JKUTIIOBO-
KOMYHAJIBHOTO TOCIIOIApPCTBA BUKOHYBATH CBOI (pyHKIIi
I07I0 BHPOOHHIITBA 1 HAMAaHHSA >KATIIOBO-KOMYHAJIBHHX
MOCITYT;

4) iHCTUTYMIiHI, sAKi BigOOpakarOTh IHCTUTYMiiHI
MEPETBOPEHHS, IO BiAOYBAIOTHCS y Taily3l KHTJIOBO-
KOMYH&JIBHOTO TOCIOJApCTBa, Ta KIOYOBI 3MIHH, IO
CTaJIUCS BHACIIIIOK 3/IIHCHEHUX B rajy3i peopm.

MOCTYT 3 YpaxyBaHHAM SK KUIBKICHHX, TaK 1 SKICHHX
mapaMeTpiB.

TakuM 4YHHOM, 3a pe3yJbTaTaMd JOCIIHKECHHS
OOTPYHTOBAaHO JONUIBHICTH TIPOBEJACHHS IOCTIHHOTO
MOHITOPHHTY 3a3HAYCHHUX MTOKa3HUKIB UITXOM
(dbopMyBaHHs THPOPMALIHHO-aHATITHYHOTO 3a0e3MeueHHs

€KOHOMIYHOT Oe3mnexu CIOXKUBaUiB AKHUTIIOBO-
KOMyHaJIbHUX TIOCAYr Ha 3acajax IMIUIeMeHTauii
IHTErpoBaHoi  3BITHOCTI y  OOJNIKOBY  NpPaKTHUKY

MiANPUEMCTB JKATIOBO-KOMYHAJIBHOI'O TOCHOIapCTBA, L0
cripusTEMe (HOPMYBaHHIO HEOOXimHOI 0a3W TOKa3HUKIB
IUTSL 1HTETPabHOI OINIHKH PIiBHA EKOHOMIYHOI Oe3NeKn
crioxkuBauiB JKKII. TlimcymoByroun Ta 0a3yrounch Ha
MDKHapOIHOMY JOCBiJli, JUIS 3a0e3MEeYCHHS] MOKIHBOCTI
cTefikxonepaM  (BKIIIOYAIOYHM  CIIOKHMBAYiB)  OTPUMATH
iHbopMamifo I OIHKKM e(EKTUBHOCTI Ta SIKOCTI
HaJJaHHA JKWUTJIOBO-KOMYHAJIbHUX TIOCJIYI' Ha OCHOBi
IHTErpoBaHOI 3BITHOCTI y Tally3i XHTJIOBO-KOMYHAJILHOTO

rocHoAapcTBa 3aIIPOIIOHOBAHO CHCTEeMaTH3yBaTH
MOKa3HUKH 332 TAaKUMH Tpymnamu: (iHaHCOBI, TEXHIKO-
€KOHOMIYHI, (byHKIIOHABHI, IHCTUTYIIHHI.

3anpornoHoBaHa Kiacuikalis IMOKa3HUKIB CHPUATHME

3anponoHoBaHa Kiacu(ikallis TMOKa3HUKIB TO3BOJIAE  301IBIICHHIO SIKOCTI iH(hOopMaIHHO-aHATI THYHOTO
BIICTIIKYBaTH B3a€MOJIII0O CIIOKMBAYiB 13 JKHTIOBO-  3a0€3MeUeHHSA JUIS IIJABUINCHHS pIiBHA  (piHAHCOBO-
KOMYHAJIbHUMHU MiJNPUEMCTBAMH 32 BHAaMH HAJAHUX  EKOHOMIYHOT Oe3nexu CITO’KHBAYiB JKHATIIOBO-

KOMYHAJIBHHX TOCIIYT.
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HH®OPMAIIMOHHO-AHAJIMTUYECKOE OBECHIEYEHHUE 3KOHOMMYECKOHN
BE3OITACHOCTHU NIOTPEBUTEJIEHN ) KUWINIIHO-KOMMYHAJIBHBIX YCJIYI C
HCIOJb30BAHUEM UHTETPUPOBAHHOM OTYETHOCTH

Craresi TOCBsIEHA pa3pabOTKe KOHIENTYaJbHBIX OCHOB (opMHpOBaHHs HWH(POPMAINOHHO-aHATUTHIECKOTO O0eCIedeH s
MOTpeOuTeNIeH KUINIIHO-KOMMYHAJIBHBIX YCIYT HAa OCHOBE MMIUIEMEHTAI[MM MHTETPHUPOBAHHON OTYETHOCTH B YUETHYIO NPAKTUKY
TIPEANPUATHH KWINITHO-KOMMYHAIEHOTO Xo3siicTBa. IlpeqMeToM mncciemoBaHMsl SIBISIETCS. COBOKYIIHOCTh TEOPETHYECKHX,
METOAMYECKUX ¥ MPAKTUYECKHX ACHEKTOB MO (HOPMHUPOBAHHIO HMH(OPMALMOHHO-aHATMTHYECKOIO O0ECIICYCHHSI SKOHOMHYECKOH
6€30MaCHOCTH NOTpeOuTeNeil JKUIMITHO-KOMMYHAIBHBIX yCiIyr. Lleablo CTaTbu SIBISETCS pa3pabdoTKa TEOPETHKO-METOAMYECKHX
MOJIOXKECHUI U OOOCHOBaHME MPAKTUUECKUX PEKOMEHAAIMK 10 (POPMUPOBAHUIO HWHPOPMAIMOHHO-AaHATUTHIECKOTO OOeCIIeueHHs
9KOHOMHYECKOH O€30IIaCHOCTH MOTpeOUTENel JKHINIHO-KOMMYHAIBHBIX YCIYI Ha OCHOBE MMILUIEMEHTAILIMH HWHTETPHPOBAHHOIL
OTYETHOCTH B YYETHYIO NPAaKTUKy MPEANPUIATHH O KIIMIIHO-KOMMYHAIBHOTO XO3siHcTBAa. 3amauM paboOTh:: 00OOCHOBAaTh
LeNIeco00pa3sHOCTh UMIUIEMEHTAIMN HHTETPUPOBAaHHOW OTYETHOCTH B YUETHYIO NMPAKTHKY HMPENIPHATHH JKHIHUIIHO-KOMMYHAIBHOTO
XO35CTBA, INPOAHAIM3UPOBATh MEXKIYHApPOAHBIE CTAHIAPTHl COLMANBHOM OTYETHOCTH, Ha OCHOBE MEXIYHapOJIHOTO OIIBITa
NIPE/UIOKUTh THUIOBYIO CTPYKTypy Annual Report mis MyHunmunamurera, 0OOOLIIMTH TEOPETUKO-METOAWYECKHE MOIXOABI K
(dopMupoBaHHI0 MH(DOPMAIIMOHHO-aHAJTUTHYECKOTO OOECIeUeHHsT HKOHOMUYECKOW Oe30MacHOCTH MOTPeOHTeNeH  KHIUITHO-
KOMMYHAJIbHBIX YCIyr Ha OCHOBE HMIUIEMEHTAIIMM WHTETPHPOBAHHOI OTUYETHOCTH B YYETHYIO MPAKTHKY MPEINPUSATHH KUIHIIHO-
KOMMYHaJIbHOTO X03siiicTBa. B Xoze HcclnenoBaHUs HCHOJIB30BaHBI METOAbI: a0CTPAKTHO-JIOTMYECKHMI aHAIU3, TEOPETHYECKOTO
0000meHns u cucreMaTm3anuu. B pabore 0000IIEHBI TEOPETHKO-METOAMYECKUE TMOAXOABI K (HOPMHPOBAHHIO COLHUAIBHOM
OTYETHOCTH 10 MEXIyHAapOJHBIM CTaHAApTaM M COCTaB MPEJOCTaBIsIeMOi He(HHAHCOBOH MH(OPMAIMU C ONIPE/IeNICHUEM pa3IHIHil
[0 HMHTEpPIpPETAlMH CHCTEeMbl MNoKazaTened. [lokazaHo, 4TO Juli OOECHEYeHUs SKOHOMHUYECKOH 0e30macHOCTH moTpebuTenei
JKWINITHO-KOMMYHAJIBHBIX YCIYT BaKHBI 00a BHIa MH(GOPMALMK I0: OOECICUSHUIO IPEJOCTABICHUS JKUIHIIHO-KOMMYHAaJIbHBIX
yeayr - 3akoH Ne 887 v mpoBeieHUs TOCTOSIHHOIO MOHHMTOPHHTA KayecTBa TaKUX YCIyr — JOINOJHUTENbHAs nH(OopMaIms, KoTopas
BXOJUT B COCTaB HMHTEIPHPOBAHHOIO OTYETa KOMMYHAIBHBIX MNpeAnpustuil. BuiBoasl. IlpemnokeH MeTOAWYECKHil MOIXOJ K
¢dbopMmupoBaHHI0 WH()OPMAIIMOHHO-aHAJUTHYECKOTO OOECIeUeHHsT IKOHOMHUYECKOW Oe30MacHOCTH TOTpeOHTeNeil KHIIHIHO-
KOMMYHAaJIbHBIX YCIyr Ha OCHOBE HMIUICMEHTAIIWM WHTETPHPOBAHHOI OTYETHOCTH B YYETHYIO MPAKTHKY MPEANPHATHH JKUIHIIHO-
KOMMYHaJIbHOTO X03siicTBa. [lokasarenn, XapakTepH3yoIiie B3auMOISHCTBHE JKIIMIHO-KOMMYHAIBHBIX MPEANPUATHH IO BHAAM
JESATENIBHOCTH CO CTEHKXOJIEpaMH CHCTEMAaTH3HPOBAHBI B YETHIPE TPYIIIIBI.

KnroueBble ci10Ba: >XHIMIHO-KOMMYHAJIBHAS YCIIyTa; JKHIMIIHO-KOMMYHAJIBHOE XO3SHCTBO; SKOHOMHYECKas 0e30MacHOCTb
MOTpeOuTeNIel JKUITHITHO-KOMMYHAIIBHBIX YCIIyT; MHTETPHPOBAaHHAs OTYETHOCTh, MH(OpPMAIMOHHO-aHAJIUTHYECKOE OOecreyeHue;
MEXKTyHapOIHbIE CTAHAAPTHI OTYETHOCTH; TI0JIb30BATENIN OTYETHOCTH.

INFORMATION AND ANALYTICAL SUPPORT OF ECONOMIC SECURITY OF
HOUSING AND MUNICIPAL SERVICES CUSTOMERS ON THE BASE OF USING
INTEGRATED REPORTING

The article is devoted to the development of the conceptual foundations for the formation of information and analytical support for
consumers of housing and communal services based on the implementation of integrated reporting in accounting practices of housing
and communal services enterprises. The subject of the study is a set of theoretical, methodological and practical aspects for the
formation of information and analytical support for the economic security of consumers of housing and communal services. The aim
of the article is to develop theoretical and methodological provisions and substantiation of practical recommendations on the
formation of information and analytical support for the economic security of consumers of housing and communal services based on
the implementation of integrated reporting into the accounting practice of housing and communal services enterprises. Objectives: to
justify the feasibility of implementing integrated reporting in the accounting practice of enterprises of housing and communal
services, to analyze international standards of social reporting, based on international experience, to propose a typical structure of the
Annual Report for the municipality, to generalize theoretical and methodological approaches to the formation of information and
analytical support for the economic security of housing consumers — communal services based on the implementation of integrated
reporting in accounting practice of housing and communal services enterprises. During the research were used methods: abstract-
logical analysis, theoretical generalization and systematization. The paper summarizes the theoretical and methodological approaches
to the formation of social reporting according to international standards and the composition of the non-financial information provided
with the definition of differences in the interpretation of the system of indicators. It is proved that in order to ensure the economic
security of consumers of housing and communal services, both types of information are important: ensuring the provision of housing
and communal services - Law No. 887 and conducting continuous monitoring of the quality of such services - additional information
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that is part of the integrated report of utilities. Conclusions. A methodological approach to the formation of information and analytical
support for the economic security of consumers of housing and communal services based on the implementation of integrated
reporting into the accounting practice of housing and communal services is proposed. The indicators characterizing the interaction of
housing and communal enterprises by type of activity with stakeholders are systematized in four groups.

Keywords: housing and communal services; housing and communal services; economic security of consumers of housing and
communal services; integrated reporting; information and analytical support; international reporting standards; reporting users.

bibnioepaghiuni onucu / Bibliographic descriptions

Mowmot T. B., Casenko K. C., Kpaiscekuii b. b.,Tan JI. Indopmariiino-anamiTuuHe 3a0e3MeUYCHHSI SKOHOMIYHOI Oe3MeKH
CIOXMBAYiB KHUTIOBO-KOMYHAIbHUX IOCIYT 13 BUKOPUCTAHHAM IHTETPOBAHOI 3BITHOCTI. CyuacHuil cman HayKosux 00CHiodceHb ma
mexnonociti 6 npomucnosocmi. 2020. Ne 2 (12). C. 100-108. DOI: https://doi.org/10.30837/2522-9818.2020.12.100.

Momot, T., Savenko, K., Kraivskyi, B., Tang, L. (2020), "Information and analytical support of economic security of housing
and municipal services customers on the base of using integrated reporting”, Innovative Technologies and Scientific Solutions for
Industries, No. 2 (12), P. 100-108. DOI: https://doi.org/10.30837/2522-9818.2020.12.100.



https://doi.org/10.30837/2522-9818.2020.12.100

109

ISSN 2522-9818 (print)

CyuacHuii cman HayKko8ux 0ociiodcenb ma mexnonoeitl 6 npomuciosocmi. 2020. Ne 2 (12) ISSN 2524-2296 (online)

UDC 332.1:711 DOI: https://doi.org/10.30837/2522-9818.2020.12.109

YE. MURAEV

URBAN DEVELOPMENT BASED ON THE CONCEPT OF "SMART CITIES" IN THE
DIGITAL ECONOMY: THEORETICAL AND METHODOLOGICAL PRINCIPLES OF
IMPLEMENTATION

The article is devoted to the study of the theoretical and methodological foundations of the implementation of urban development
based on the concept of "smart cities". The subject of the study is a set of theoretical, methodological and practical aspects to ensure
balanced management of urban development based on the concept of "smart cities” in a digital economy. The purpose of the article is
to develop theoretical and methodological provisions and substantiate practical recommendations for the formation of a model of
balanced management of the development of smart cities in a digital economy. Objectives: to analyze the key problems of the
development of the concept of "smart cities” in Ukraine; to study and systematize the conceptual apparatus of ensuring the formation
of a model of balanced management of the development of smart cities in a digital economy; to generalize the international standards
of formation of information support of the development of smart cities; to offer strategic directions of formation of organizational
maintenance of management of development of smart cities on principles of partnership in the conditions of the digital economy. In
the course of the research, the following methods were used: abstract-logical analysis, theoretical generalization, and systematization.
The paper summarizes the problems of development of the concept of “"smart cities” in Ukraine; based on the systematization of
approaches to the definition of the concept of "smart cities”, an approach to the definition of the conceptual model of "smart city" in a
digital economy is proposed. It is proved that information and analytical support of balanced management of the development of
smart cities in the digital economy should be carried out based on international standards of management of Smart Cities. The
strategic directions of the formation of organizational maintenance of management of the development of smart cities on the
principles of partnership in the conditions of the digital economy are proved. Conclusions. Based on the systematization of the
conceptual apparatus to ensure balanced management of smart cities in a digital economy, an approach to defining a conceptual model
of "smart city” with the allocation of such areas as smart economy, smart mobility, smart environment, smart people, quality of life
and smart management; the expediency of introduction of the international standards of management of Smart Cities for information
support of the development of the long-term strategy of development of smart cities in the conditions of the digital economy is
proved; According to the results of the study of international experience, the need for its application in the process of improving the
organizational support of smart city development management on the principles of partnership to improve the quality of local
government and public services by involving citizens in active cooperation.

Keywords: smart cities; digital economy; smart city development management; international standards of Smart Cities
management; digital transformations; co-production models; municipal councils.

Introduction Analysis of recent research and publications

The growing level of urbanization in the world
determines the feasibility of transforming municipal
governance on the basis of the concept of "smart cities"
by integrating systems and data, modernizing
urban infrastructure, implementing effective municipal

management, increasing innovation and human
capital.
To make such decisions, cities need reliable

background information to measure their effectiveness,
which determines the feasibility of implementing
international standards of the XXI century for the
management of smart cities.

However, today Ukrainian cities are not able to fully
use the potential and capabilities of the technology "smart
city", primarily due to lack of understanding of this
concept and strategic vision of municipal governance in a
digital economy.

Thus, in the modern realities of mobile, continuously
transforming, information-rich urban environment, the
search for new models of management influence is
relevant and timely, taking into account the speed of
information  dissemination, the  complexity  of
communication flows, digitalization of the urban
environment.

It is worth noting that the model of "smart cities" is
becoming more widespread in the world. According to
the United Nations (UN) 2018 Revision of World
Urbanization Prospects, more than half of the world's
population lives in cities, and that number is expected to
grow to almost 70% by 2050. In this regard, the European
organization "European Smart Cities" notes that
globalization is leading to economic changes that have a
large-scale impact. In particular, globalization and the
growth of urbanization are forcing cities in both
developed and developing countries to look for new ways
to ensure competitiveness.

However, the generally accepted definition of the
concept of "smart cities" has not yet been established. One
of the most cited concepts was developed by European
Smart Cities, an initiative of the Vienna University of
Technology in Austria. According to the European model
of Smart Cities, a smart city is characterized by six key
"smart" features: smart economy, smart mobility, smart
environment, smart people, smart life and smart
governance. In this context, "smart" refers to a
progressive, inclusive, sustainable and forward-looking
policy based on the wuse of information and
communication technologies, human capital and social
responsibility [1].

© Ye. Muraev, 2020
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Given the importance of implementing a balanced
management of urban development in the context of
comprehensive digitalization, the problems of its
implementation are devoted to the research of a wide
range of scientists, especially foreign ones. Thus,
theoretical and methodological approaches to the
implementation of the concept of "Smart Cities" are
comprehensively covered in the works of such foreign
scientists as L. Buys, D. Genari, J. Graham, |. Zubizarreta,
T. Ygitkanlar, P. Evans, G. Eckowitz, M Kamruzzaman,
L. Costa, L. Leidesdorf, J. Lazaroy, R. McQuide,
M. Marshall, G. Maske, C. Oberg, D. O'Brien,
S. Osborne, M. Roskia, T. Savaris, A. Seravalli,
K. Strokos, B. Hutchinson, P. Hennelly and many others.
The work of A.O. Andrienko is devoted to the study of the
prospects for the introduction of "smart” (SMART)
approaches to the development of large cities. The
research of O.S. Korepanov is devoted to substantiation of
theoretical and methodological bases of statistical support
of management of development of "smart" sustainable
cities in Ukraine caused by wide introduction of
information and communication technologies and
informatization of a society.

Many authors study the problems of sound
management of modern urban development in the context
of public management of economic development of cities.
However, in practice, the introduction of balanced
governance for cities that choose the path of smart
development remains for many cities, especially
Ukrainian, only a long-term perspective, which led to the
feasibility of this study.

Goals and objectives of the study

Materials and methods of research

The theoretical and methodological basis of the
study were the scientific works of leading domestic
scientists and foreign economists, international standards
of the XXI century for the management of "smart cities".
The study used such methods as: abstract-logical analysis,
theoretical generalization and systematization.

Results of the studies and their discussion

The purpose of the article is to develop theoretical
and methodological provisions and substantiate practical
recommendations for the formation of a model of
balanced management of smart cities in a digital economy.
Achieving this goal led to the solution of the following
tasks: to analyze the key problems of the development of
the concept of "smart cities" in Ukraine; to investigate
and systematize the conceptual apparatus of ensuring the
formation of a model of balanced management of the
development of smart cities in a digital economy;
generalize international standards for the formation of
information support for the development of smart cities;
to offer strategic directions of formation of organizational
maintenance of management of development of smart
cities on the basis of partnership in the conditions of
digital economy.

The "smart cities" model provides an understanding
of urban space (both real and virtual) as an open platform
for interaction between government, business structures
and the urban population. In a "smart city" information
becomes the main resource and basis for the regulation of
"smart” urban systems, the creation of projects based on
open data wusing information and communication
technologies (ICT) for city management.

With the process of decentralization in Ukraine, the
topic of urban development is being actively discussed on
the basis of the concept of "smart cities” (Smart Cities),
which is rapidly spreading around the world. However,
among the key problems in the development of the
concept of "smart cities" in Ukraine are the following:

- lack of a holistic approach both in cities and at the
national level requirements for ICT - architecture, security
systems, identification and compliance with international
standards "smart cities” - technical and management;

- non-conceptual vision of development and
fragmented approach to decision implementation;

- under the brand "smart cities" are implemented
solutions and projects that are only the automation of
current processes in the city, but do not ensure the
transformation of management, improving the quality of
services and quality of life in accordance with XXI
century standards (1SO-37120, 37101);

- risks of disintegration of the national digital model
- through the creation of autonomous ICT - architectures -
own data centers, identification systems, data collection
and exchange, approaches to cybersecurity and more;

- unequal access of citizens to digital technologies
and new opportunities (digital gaps).

Taking into account these problems, the
systematization of theoretical and methodological
principles of ensuring balanced management of urban
development on the basis of the implementation of the
concept of "smart cities" is relevant and timely. The study
systematized approaches to defining the concept of "smart
cities" with the identification of key areas that characterize
the areas of smart urban development (table 1).

Table 1. Systematization of approaches to defining the concept of “smart cities"

No. Source / authors

The essence of the concept

Sphere

Ukrainian Institute of

the Future "Ukraine
2030E - a country
with a developed
digital economy" [2]

The concept of "smart city" is a model of the city based on the full-
scale use of digital technologies to address the current problems of
the city, its sustainable development and improve the quality of life
of citizens.

Digital technologies,
sustainable
development, quality of
life
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A.O. Andrienko [3]

A smart city is a city of knowledge, a digital city, a cyber city or an
eco-city in which communal systems are organically coordinated.
This is a system that allows the most efficient use of available
resources of city services and ensure maximum security of city life.
Such a city is constantly increasing the number and quality of
services provided to the population, providing a sustainable
environment that promotes the well-being and health of citizens,
improving comfort and quality of life.

Digital city, security,
quality of services,
quality of life

0.S. Korepanov [4]

A conceptual model of statistical support for the management of the
development of "smart" sustainable cities, based on an integrated
system of urban functioning and contains six components: "“smart"
people, "smart" life, "smart" mobility, "smart" environment, "smart"
management, "smart" economy. This made it possible to determine
the system of indicators of "reasonableness"” of cities and
communities in accordance with the needs of municipal government.

"smart" people, "smart"
life, "smart" mobility,
"smart" environment,
"smart" management,
"smart" economy

T. Ygitkanlar,
L. Buys,
M. Kamruzzaman [5]

The ideal model of urban construction of the XXI century, which
provides a systematic approach and sustainable and balanced
development in the economic, social, environmental and institutional
spheres.

Communications,
technology, innovation,
sustainability, planning

D. Genari, Smart cities are cities that invest in social and human capital, urban Urban mobility, smart

L. Costa, mobility, modern communications infrastructure and technology, people, smart

T. Savaris, including smart natural resource management based on participatory | environment,

G. Maske [6] governance. participatory
management

K. Oberg, Smart cities are those developed settlements that are characterized by | Smart economy, smart

J. Graham, at least one of the following features: smart economy (innovation, mobility, smart people,

P. Hennelly [7]

productivity, private initiative), smart mobility (accessibility,
sustainable transport system), smart environment, smart people, skill
level, creativity, flexibility), smart life (quality of life), intellectual
management (public and social services, institutional transparency).

quality of life,
intelligent management

|. Zubizarreta,
A. Seravalli,
S. Arrizabalaga [8]

Smart cities are characterized by factors such as citizens who are
fully involved in public life; quality of life and participatory
management; transparency in the use of public resources.

Citizens, quality of life,
participatory
governance,
transparency in the use
of state resources

ITU [9] A smart sustainable city is an innovative city that uses information Technology,
and communication technologies (ICTs) and other tools to improve productivity,
the quality of life, efficiency and services in cities and innovation, community,
competitiveness, while meeting the needs of present and future prosperity,
generations in economic, social and environmental aspects. sustainability
A. Alcandari, A smart city is a city that uses a smart system, characterized by the Technology,
M. Alnashit, interaction between infrastructure, capital, behavior and cultures, productivity,
1. Alshaikhli [10] achieved through their integration. community,
management
J. Lazaroy, An ecological environment and an efficient urban center of the Technology,

M. Roskia [11]

future, equipped with developed infrastructure such as sensors,
electronic devices and networks that stimulate sustainable economic
growth and a high quality of life.

productivity, resilience,
prosperity

Caragliu, Del Bo, Reasonable manifestations as a result of investment in human and Community,
Nijkamp [12] social capital, as well as due to traditional transport infrastructure technology,
and modern IT technologies that contribute to sustainable economic | management,
growth and high standards of quality of life. sustainability,
accessibility

British Standards
Institution (BSI) [13]

A smart city is the effective integration of physical, digital and
human systems in an artificial environment in order to ensure a

Technology, smart
people, resilience,

sustainable, prosperous and comprehensive future for citizens. community
IBM Smarter City IBM defines smarter city as making the best use of all the Information,
Assessment Tool [14] | interconnected information available today to better understand and management,

manage its operations and optimize the use of limited resources. technology
Business Dictionary The developed urban area, which creates sustainable economic Economic development,
[15] development and a high quality of life, is noted in several key areas: | quality of life,

economy, mobility, environmental protection, people living, and
government. High levels of expertise in these key areas can be
achieved through strong human capital, social capital and / or ICT
infrastructure.

economy, mobility,
environmental
protection, smart
people, government
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F. Scorrano [16]

management.

and recovery.

hospitality.

bringing them to management.

P. Neirotti, The concept of Smart cities as a means of improving the quality of
A. De Marzo, life of citizens is becoming increasingly important on the agenda of
A. Tsagliano, politicians. The main components of smart city is:

G. Mangano, (1) The use of ICT to provide energy, improve entrepreneurship and

ensure the exchange of information about consumption between
providers and users to reduce costs and increase reliability and
transparency of power supply systems.

(2) Public lighting, natural resources and water resources

(3) Waste management: using innovation to manage people,
enterprises and city services. This includes removing trash, recycling

(4) Environment: technology used to manage environmental
resources and related infrastructure This is done with the aim of
improving sustainable development.

(5) Transportation: use of sustainable public transport based on clean
fuel and innovative propulsion systems.

(6) Health: use of ICT and remote assistance to prevent and diagnose
diseases. Improved access to health care.

(7) Public safety: using ICT to assist in matters of security, such as a
fire. ICT can also help the police Department.

(8) Education and culture: using ICT to create opportunities for
students and teachers, and promotion of cultural events, tourism and

(9) Public administration and management: promoting digitised
public administration, e-ballots and transparency of government
activities through ICTs to enhance empowerment of residents and

TIC, public lighting,
natural resources and
water management,
waste management,
environment, transport,
health, public safety,
education and culture,
public administration
and management

Thus, the concept of "smart city" should be
considered as a model of the city based on the full use of
information and communication technologies by
integrating physical, digital and human systems in an
artificial environment to solve current problems of the
city, ensure its sustainable and balanced development and
improving safety, comfort and quality of life in cities.

Urban expert B. Hutchinson described a smart city as
"a city where doctors are called by video, where there is
no corruption, and cars drive without drivers" and
proposed a classification of smart cities according to
versions 1.0, 2.0 and 3.0., namely [17]:

- In the "smart city" 1.0 there is no general strategy,
automation has affected individual, unrelated components.

- Version 2.0 combines and interconnects previously
independent initiatives and as many different sources of
information as possible.

- Version 3.0 assumes that the integration of all
components is complete, and the entire infrastructure is
literally imbued with intelligent technology.

As evidenced by the analysis of digital technology
has become the basis for the creation of new products,
values, properties, and, accordingly, the basis of
competitiveness of modern cities. The development of the
Internet of things (Internet of things, 10T, lloT), that is, a
network consisting of interconnected physical objects (or
things) or devices that have built-in sensors and software
that enables the interaction of physical things with
computer systems and networks, particularly the Internet,
plays an increasingly prominent and important role in the
development of smart urban spaces. The obtained data
about the inhabitants of cities become an asset. However,
international experience shows at the end of 2010-ies
there was a question about data protection, cyber security.

Digital transformation leads to the emergence of new
unique systems and processes (e-commerce and business
infrastructure, cashless economy, etc.), which constitute
their new value essence and helps to increase the
competitiveness of sectors of the economy of smart cities.

Transformations in industry are taking place
according to the concept of "Industry 4.0" and with the
advent of cyber production, cybersystems and cyber
machines. Thus, a "smart economy" is seen as an
economy based on high-tech industries, including ICT,
and those industries that use ICT at different stages of the
production cycle.

"Smart mobility" involves sustainable, innovative
and safe transport systems based on ICT infrastructure
that improve urban traffic and the mobility of urban
residents in everyday urban life.

A barrier to urban development based on the
concept of "smart cities" is the lack of sufficient
competences of citizens to work with data (digital skills),
relevant education, professions, etc. Therefore, an
important feature of a smart city is "smart people" that is
the residents of the city who have a high level of
education and skills and are actively integrated into the
social life of the city. It is worth noting that in the context
of digital transformations, the principle of learning "know
everything" changes to "know how to learn throughout
life and become self-fulfilling and competitive”, which
makes it appropriate to reform education in all areas,
including high school and higher education. In this
context, T. Nem and T. Pardo (2011) emphasize that
really smart solutions are those that put people at the
center of smart cities, not technology [18].

The ability to innovate also provides cities with a
competitive advantage, so investing in human and social
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capital are also important elements for the development of
smart cities.

An important area of smart cities is the "smart
environment", which includes attractive natural conditions
for life, as well as the implementation of environmental
measures.

Most smart city concepts also focus on sustainability,
with information and communication technologies being
seen as one of the main means of achieving this goal.

Some models emphasize the importance of civic
participation in governance and the need for equitable use
of available resources by city dwellers and businesses.
"Smart management" is seen as diversified management.
Delegation of functions and diversification of power is the
basis of social interaction of social institutions in the
"smart city"”, because for the transition of individual and
group cognitive and value attitudes to the intersubjective
sphere is important common (general) social context
formed by various practices of institutional and personal
interaction between the state and citizens.

The transition to the concept of a smart city provides
new opportunities to improve law and order, comfortable
and safe life of city citizens. "Smart living" means a high
level of development of the various components of the
phenomenon of quality of life (safety, health, housing,
tourism, culture, etc.). In this context, important areas of
public safety are digital projects in the field of road safety,
ensuring the protection of life and health of everyone
through specialized web services, improving public access
to emergency services, etc.

In the field of healthcare, the quality of life in a
smart city is ensured through the development of digital
medicine, which allows for online interaction between
patients, healthcare professionals and institutions through
digital technologies.

To make smart decisions, cities need reliable
information support to measure their effectiveness, which
determines the feasibility of implementing international
standards of management of Smart Cities (ISO-37120,
ISO-37101 and others). The 1SO 37100 series of standards
defines the basic indicators for achieving the Sustainable
Development Goals (SDGs) at the regional level, which is
a guideline for developing a long-term strategy for smart
urban development aimed at building public relations
based on trust, solidarity, equality, and a safe
environment.

The standards are part of the 1ISO 37100 series. The
international standard 1SO 37100 (Sustainable Cities and
Communities - Vocabulary). The International Standard
ISO 37120 (Sustainable Urban and Community
Development. Indicators for City Services and Quality of
Life in Communities) is the first standard with a set of
international standardized indicators and guidelines for
assessing urban development that provides a single
approach to measure and compare relevant indicators. The
standard was first published in 2014. For the first time,
cities began to compare achievements with each other,
using globally standardized comparative data, which
allowed them to gain best practices. In 2018, the standard
was updated to offer even more indicators to help city
administrations effectively improve the quality of life of

their citizens and plan for a more sustainable future. It
updated a number of new and relevant indicators,
including indicators for assessing culture, urban
agriculture and food. The standard contains effective
leadership methods, the latest technologies and practices
that will help improve the quality of life of citizens and
achieve environmental goals, while promoting innovation.

According to the representatives of ISO/TC 268,
almost 100 cities are currently implementing or have
already implemented the ISO 37120 standard. and so on).

In addition, two additional international standards for
smart and sustainable cities are being developed,
providing a comprehensive set of internationally agreed
guidelines for urban development, namely: 1SO 37122
(Sustainable Development in Communities - Sustainable
Development in Communities - Indicators for Smart
Cities), ISO 37123 (Sustainable Development in
Communities - Indicators for Resilient Cities). In addition,
another new standard has already been published, which
provides all stakeholders with recommendations for
developing an effective model of work for a specific city -
1SO 37106: 2018, (Sustainable Cities and Communities - a
guide to creating intelligent models of urban work for
sustainable communities - Sustainable Cities and
Communities - Guidance on Establishing Smart City
Operating Models for Sustainable Communities). The
standard offers a toolkit consisting of "smart" methods for
managing public services, data, and systems across the
city through collaboration and digital technology [19].

Therefore, the international experience of
standardization development for smart and sustainable
cities testifies to the constant development of information
and analytical support for the implementation of balanced
management of smart city development in a digital
economy.

However, the implementation of digital
transformation in cities is not possible without ensuring
changes in the public administration through the
introduction of digital technology for the public sector,
including the creation of digital jobs, ensuring multi-
channel awareness and engagement of citizens,
developing the open data system, the creation of a digital
public platform, the introduction of electronic
identification of citizens (e-ID), development of
decentralized blockchain systems, allowing to provide an
unprecedented level of data protection and gives the
opportunity to use them in such sensitive areas as e-
Finance, procurement, electronic budgets, and the like. In
this context, the most important is the concept of the smart
city by D. Gennari, L. Costa, T. Savaris, J. Mask [6],
which stands for participatory management (participatory
governance) or management based on partnership of all
interested groups of stakeholders. The results of the study
found that one effective way of providing public services
is a partnership with private companies and public
organizations, as well as the involvement of citizens
directly. Here are the different interpretations of the
concept of partnerships [20]. Thus, by the approach of
MacQuaid G. (2000) partnership is characterized by a
relationship of interdependence in the use of resources to
achieve common goals [21]. D. Lewis (1998) links the
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partnership with an exchange of ideas and values to
establish long-term relationships [22]. In addition, it is a
form of unity between different groups of stakeholders to
achieve the objectives associated with the management of
shared resources [23], the fight against poverty, or for
solving more urgent problems of development [24].

In this study, the concept of partnership is seen as the
voluntary cooperation of different groups of stakeholders
involved in joint affairs, projects, programs by combining
different resources to achieve common goals and solve
social problems. Thus, it should be noted that in the urban
space “"smart city" there are several interest groups
(stakeholders) that play an important role in the
implementation of specific areas and initiatives "smart
city" in partnership. First, it is the city government, which
possesses enormous administrative, managerial resource
in the field of regulation of urban life. Secondly, that
prominent representatives of the business environment of
enterprises, which carry out the development and
introduction into the urban environment "smart solutions",
i.e. solutions that allow systematic use of innovative
digital technologies in all spheres of urban life. Thirdly, it
is the urban community of citizens who act as (should be)
an important source of initiatives in the field of decision-
making problems of the urban environment. What the
community act as catalysts for change from below.
However, it should be noted that this requires specific
prerequisites (a real possibility to participate in decision-
making, development of civil consciousness of citizens,
high level of civic engagement). V. Castelnovo (2016)
believes that the citizens are users of intelligent
infrastructure and services, therefore, the willingness and
ability of citizens to innovate is the most obvious means
of influence on the success or failure of smart city
initiatives [25]. D. O'Brien (2016) believes that the
citizens are "the eyes and ears of the city, which identify
problems and report them to the government" [26].

Continuous communication of each of the
participants with other stakeholders, the search for
common interests and mutually beneficial solutions to
emerging problems through cooperation and pooling of
available resources (primarily intellectual) are the basis
for the formation of a smart urban space. An important
resource is digital platforms as sources of value formation
in the digital economy, the application of which involves
the transition from an emphasis on the quality of internal
business processes to improving external communications
between users of the platform; from maximizing consumer
value alone to the overall value of the entire digital
ecosystem.

Continuous communication of each of the
participants with other stakeholders, the search for
common interests and mutually beneficial solutions to
emerging problems through cooperation and pooling of
available resources (primarily intellectual) are the basis
for the formation of a smart urban space. At the same time

Table 2. Models of co-production

an important resource is digital platforms as sources of
value formation in the digital economy, the application of
which involves the transition from an emphasis on the
quality of internal business processes to improving
external communications between users of the platform;
from maximizing consumer value alone to the overall
value of the entire digital ecosystem [18].

In modern conditions of dissemination of business
models belonging to the ideology of the sharing economy,
which works on the basis of digital technologies,
conditions are created for more effective development of
joint production (coproduction) of public services. In the
process of joint production of public services of the city,
the leading role belongs to the public or socially active
part of society, which on a voluntary basis participates in
the life of the city, acts both directly and through various
associations of citizens. In this case, public services are
considered as the activities of public authorities,
associations of citizens, individuals and other entities of
different levels, carried out at the expense of public and
private funds for the provision (transfer) to individuals
and legal entities of certain tangible or intangible benefits
that are socially significant and benefit society and the
state [29].

In international practice, the joint provision of public
services can be defined as a strategy for the provision of
public services on the basis of general responsibilities and
powers. Entities sharing responsibilities and powers may
be public authorities and private organizations and citizens
[30].

S. Osborne and K. Strokosh (2013) distinguish three
types of co-production: consumer co-production, which
improves the quality of public services; co-production,
which improves the planning of existing public services
and, in many cases, involves citizens; expanded co-
production that combines consumer experience,
participation and innovation planning, creating new
approaches to public service delivery [31].

According to M. Marshall (2004), joint production
occurs only when there is an opportunity and willingness
of the citizen to take an active part in this process [32].

Thus, the commitment to co-production in the
context of smart cities relies on providing opportunities
for citizen participation in an accessible and simplified
format, especially as co-production is a topic still
unknown to much of society. It is important to create
strategies both for the dissemination of joint production
projects and for persuading, involving and encouraging
citizens to cooperate in the public sphere, including by
disseminating information on social networks and holding
public hearings.

D. Salm and M. Menegasso (2010), based on a study
of different types of public participation, proposed five
models of joint production of public goods, which are
summarized in table 2 [33].

Model

Description

Nominal coproduction

Strategy for the provision of public services through the division of
responsibilities between the community (mostly volunteers) and public
authorities and local governments to improve the efficiency of public services
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Symbolic coproduction

Strategy to involve citizens in the provision of public services in order to
demonstrate the presence of public authorities

Functional coproduction

A strategy used by public authorities to provide more efficient and effective
public services to individuals, groups or communities

Representative coproduction with
sustainability

This is the result of synergy in the provision of public services with the
participation of citizens, NGOs, public authorities in order to work together to
achieve a common result

Coproduction of public services using
community mobilization

It is a strategy for the provision of public services with the participation of the
whole community on the basis of ethical norms and democracy to ensure the
constant mobilization of cooperation.

According to the data obtained, the functional model
of co-production is quite effective to ensure an effective
partnership, where citizen participation can occur with
mutual benefits, expressed through both functional and
material incentives [34].

In order for functional co-production to become
viable, it is necessary to ensure interaction between the
public and public authorities [35]. One way to stimulate
this process is to create a common environment between
public authorities and citizens. In this process, in addition
to traditional formats, it is advisable to use new
technologies, including social networks and incentives
using educational or training content or training.

The strategy of municipal councils is used in
international practice to ensure the direct involvement of
citizens in active cooperation with local self-government
bodies in order to realize the possibilities of joint
production. Municipal councils are the most democratic
way to create conditions for cooperation, as they allow to
create a space for dialogue. Municipal councils are state
bodies that are created not as a legal organization, but as a
space where citizens, civil servants and government
officials discuss mediation in the interests of the
population and local authorities. Municipal councils are an
arena for developing public policies that meet local needs.

Thus, in a volatile business environment
characterized by variability, uncertainty, complexity and
ambiguity (the environment of VUCA - volatility,
uncertainty, complexity, and ambiguity), the search for
smart solutions in a digital economy should be based on
partnership through joint efforts and resources of public
authorities, business and the public to solve the city's
problems, ensure its sustainable and balanced
development and improve safety, comfort and quality of
life in cities.

Conclusions

According to the results of the study, digitalization is
one of the main factors of growth of the world economy in
the next 5-10 years, which will be the main tool for
achieving the Sustainable Development Goals of the
country and its regions. Therefore, the development of
Ukrainian cities on the basis of the concept of "smart
cities" is a priority. However, the analysis of key issues in
the development of the concept of "smart cities” in
Ukraine shows that there are a number of problems of
institutional, infrastructural and ecosystem nature, which
determines the feasibility of research and systematization

of international experience of urban development based on
the concept of "Smart Cities".

Analysis of the conceptual apparatus to ensure the
formation of a model of balanced management of smart
cities in a digital economy, their key areas and features
showed that the concept of "smart city" should be
considered as a city model based on full use of
information and communication technologies by
integrating physical, digital and human systems in an
artificial environment in order to solve the current
problems of the city, ensure its sustainable and balanced
development and improve safety, comfort and quality of
life in cities. According to existing approaches, the
concept of "smart city" on the basis of digital technologies
combines areas of activity such as smart economy
(innovation, productivity, private initiative), smart
mobility (accessibility, sustainable transport system),
smart people (skill level, creativity, flexibility), smart
environment, quality of life, security, intellectual
management (public services, participatory management,
institutional transparency).

The generalization of international management
standards Smart Cities 1SO 37120 indicates the feasibility
of their implementation in Ukraine to provide information
for the development of long-term strategy for smart cities
by identifying blocks of indicators adapted to existing
sources of information, improving their calculation, which
expands statistical analysis of sustainable urban
development and territorial communities based on their
structuring. Information support based on international
standards is the basis for the development of effective
programs for the implementation of world best practices
in a wide range of urban services and facilitates the study
of community experience aimed at building public
relations based on trust, solidarity, generational equality,
safe environment.

The generalization of foreign experience indicates
the need for its comprehensive application and use in the
process of improving the organizational management of
smart urban development in partnership in the digital
economy to improve the quality of local government and
public services to local communities by involving citizens
in active cooperation with local governments and making
management decisions.

In this context, the analysis of the best world
practices of smart city management to identify problems
and develop proposals for the development of digital
technologies in the cities of Ukraine is promising.
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PO3BUTOK MICT HA OCHOBI KOHIIEITLII "SMART CITIES" B YMOBAX
HUP®POBOI EKOHOMIKHU: TEOPETUKO-METOANYHI 3ACAIN
BITPOBAI’KEHHSA

CraTTa MpHCBSIYEHA NOCHTIIHKEHHIO TEOPETUKO-METOIUYHUX 3acaj] BIPOBAKCHHS PO3BUTKY MICT Ha OCHOBI KOHIEMIIi "po3yMHi
Micra". IIpemMeToM MOCTIIKEHHS € CYKYIHICTH TEOPETHYHHX, METOJWYHUX 1 MPAKTUYHHX AacHeKTiB Mmoxo 3abe3nedeHHs
30aJ1aHCOBAHOTO YIIPABIiHHS PO3BUTKOM MICT Ha OCHOBI KOHIIENIT "po3yMHi MicTa" B yMoBax IH(ppoBoi eKOHOMIKH. MeToI0 CTaTTi €
po3po0Ka TEOPETHKO-METOAWYHUX IIOJIOKEHb Ta OOIPYHTYBaHHS IPakTHYHUX pEKOMEHAalid mono (opMyBaHHS MoJeli
30aJJaHCOBAHOTO YIPABIIHHS PO3BUTKOM PO3YMHUX MICT B YMOBaxX IHU(POBOI €KOHOMIKHM. 3aBAaHHsI PoOOTH: IpOaHANi3yBaTH
KIIFOYOB1 TpOOJIeMH PO3BUTKY KoHUeNmii "po3ymHi Micta" B VYKpaiHi; AOCHIOWTH Ta CHUCTEMATHU3yBAaTH NOHATIMHUKA amapaT
3abe3mnedeHHs (OpPMyBaHHS MOZENi 30alaHCOBAHOTO YNPABIIHHS PO3BUTKOM PO3YMHHX MICT B yMOBax IH(POBOi €KOHOMIKH;
y3araJbHUTH MDKHAPOIHI CTAaHIAPTH IIOI0 (GOpMyBaHHS iHPOpMAaIiiHHOTO 3a0€3NeYeHHs] PO3BUTKY PO3YMHHX MICT; 3aIIPOIIOHYBATH
CTpaTeriuHi HampsSMKA (GOPMyBaHHS OpraHi3alliifHOro 3a0e3mevueHHs YIpaBIiHHS PO3BUTKOM PO3YMHHX MICT Ha 3acajiax IMapTHEPCTBA
B yMOBax IH(poBOI EKOHOMIKHA. Y XOJi MOCTIMKCHHS BHKOPUCTAHO METOIM: aOCTPAKTHO-TOTIYHHUN aHami3, TCOPETHYHOTO
y3araJbHEeHHs Ta cHcTeMaru3alii. B po0oTi y3aranbHeHO MpoOieMH PO3BHTKY KOHIENIil "po3ymHi micta" B YKpaiHi; Ha OCHOBI
cUCTEeMAaTHU3aIlil MiIX0/IiB 10 BU3HAUYCHHS KOHIICMIIIT "po3yMHi MicTa" 3amponoOHOBaHO MiIXi/l 10 BU3HAUYCHHS KOHIIEITYyalIbHOT MOEITI
"po3ymMHe MicTO" B yMOBax HU(POBOi ekoHOMikH. JloBeaeHo, 1m0 iHpOpMAIliiiHO-aHATITHYHE 3a0e3MeUeHHsT 30aJaHCOBAaHOTO
YOpaBIiHHS PO3BHUTKOM PO3YMHHX MICT B yMoOBaxX HH(POBOi €KOHOMIKM Mae€ 3[iHCHIOBAaTHCS Ha 0a3i MDKHAPOIHWX CTaHIApTIB
ynpasminas Smart Cities. OOTpyHTOBaHI CTpaTeriyHi HanpsMKH (GopMyBaHHS OpraHi3alliifHOro 3a0e3NeueHHs yIPaBIiHHS PO3BUTKOM
PO3YMHHX MiCT Ha 3acajax MapTHEpCTBa B yMOBax Iu(poBoi ekoHOMikH. BucHoBKM. Ha 6a3i cucTemaTn3alii MOHATIHHOTO amapary
3abe3mnedeHHs 30aJaHCOBAHOTO YIIPABIiHHS PO3BUTKOM PO3YMHHX MICT B YMOBaxX HU(POBOI €KOHOMIKH 3allpOTIOHOBAHO MiIXin J0
BU3HAYEHHSI KOHIIENTYyalbHOI MozeNni "po3yMHe MICTO" 3 BHOKPEMIJICHHSAM TakKHUX cep AISUIBHOCTI SIK po3yMHa €KOHOMiKa, pO3yMHa
MOOITBHICT, PO3yMHE CEpPENOBHINE, PO3YMHI JIFOMH, SKICHE JXHTTSA Ta IHTENEKTyalbHE YIMPAaBIiHHS; JOBEICHO IOIIIBHICTH
BIPOBA/KEHHsT MDKHApOIHHUX CTaHIApTiB ympasininHsa Smart Cities 1t iHpopMamniiiHOro 3a0e3nedeHHs1 po3poOKH JOBrOCTPOKOBOL
cTparerii po3BUTKYy PO3YMHHX MICT B yMOBax HU(POBOi €KOHOMIKM; 3a pe3yJbTaTaMH IOCIIPKEHHS MDKHApOJHOTO IOCBiTy
JIOBEJICHO HEOOXITHICTh HOro 3acTOCyBaHHsS Y MNpOILECI BIOCKOHAJICHHsS OpraHi3alifHOro 3a0e3NeyeHHs YHpPaBIiHHS PO3BUTKOM
PO3YMHHX MICT Ha 3acaJax IapTHEPCTBa LIOJ0 MOKPAIICHHS SKOCTI 3/1if{CHEHHS MICIIEBOr0 CaMOBpPSAyBaHHS i HaJaHHS MyOTi4HHX
MOCIYT LIISXOM 3ay4eHHs I'POMaJisiH JI0 aKTUBHOI CIiBIpaIli.

Kawuosi ciaoBa: "pozymHi Micta"; mudpoBa eKOHOMIKA; YNPaBIiHHS PO3BUTKOM PO3YMHHX MICT; MIDXHAPOJIHI CTaHIApTH
ynpasminas Smart Cities; nudposi TpaHchopMarii; Moerni CHiIEHOTO BUPOOHUIITBA; MyHIIUITANBHI pajan.

PA3BUTHE I'OPOJOB HA OCHOBE KOHIHENINH "SMART CITIES" B
YCJIOBUAX HUPPOBOU SKOHOMUKU: TEOPETUKO-METOANYECKHUE
OCHOBbBI BHEJIPEHU A

Craths TOCBSIIEHA UCCIIEA0BAHUIO TEOPETHKO-METOJMIECKHX OCHOB BHEAPEHMS PA3BHTHUSI TOPOJOB Ha OCHOBE KOHIIETIIMH "yMHBIE
ropona". IlpeamMeTom WCCIEOBAHUS SIBISETCS COBOKYITHOCTh TEOPETHYECKHX, METOAWIECKHX U IPAKTHIECKHX AaCIEeKTOB IO
obecnedeHno cOaNaHCHPOBAHHOTO YIPABICHUS Pa3BUTHEM TOPOIOB Ha OCHOBE KOHIEIIUH "yMHBIE ropoja" B yCIOBUSIX IMU(POBOI
skoHOMHKH. llejbl0 craTthu sBisieTCS pa3pabOTKa TEOPETUKO-METOAMYECKMX TIOJIOKEHHH U 00OCHOBaHHE TPAKTHUECKHX
pexomeHanui mo (GOPMHUPOBAHUIO MOJETH COANAHCHPOBAHHOTO YIPABICHHUS PAa3BHUTHEM YMHBIX TOPOJOB B YCIOBHUSIX LH(POBOI
9KOHOMHKHU. 3amaum paboThl: MPOAHAIM3UPOBATh KIIOUEBBIE MPOOJIEMBI pa3BUTHs KOHLEMIMHM "yMHbIe ropoaa" B YKpauHe;
MCCIIeIOBaTh U CHCTEMATH3UPOBATh TMOHATHHHBINA anmapar obecriedeHus (GopMHUpOBaHHs MOAETH COATaHCHPOBAHHOTO YIPaBICHUS
pPasBUTHEM YMHBIX TOPOJOB B YCIOBUAX LHU(POBOH SKOHOMHKH; OOOOLIMTH MEXIyHapoAHble CTaHAApThl (HOPMHPOBAHUS
nH(OPMAIIMOHHOTO O00ECIeUeHNsI Pa3BUTUSI YMHBIX TOPOJOB; IPEMIOKHTh CTpAaTerHYeCKHe HamlpaBiIeHus (GopMHpoBaHHS
OpTaHM3AIMOHHOTO OOECIICUCHUs YIPABJICHUS] PAa3BHUTHEM YMHBIX TOpOJOB Ha NPHHIMIAX NAPTHEPCTBA B YCIOBHAX IM(PPOBOH
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9KOHOMMKH. B Xozme uccnenoBaHMs HCIONIBb30BaHBI METOIBI: aOCTPAKTHO-JIOTUYECKUI aHANN3, TEOPETHYECKOro 0000IIeHHs U
cucreMaru3anuy. B paboTte 0600mmeHEl IpoOIeMBl pa3BUTHs KOHIENINH "yMHBIE ropoja” B YKpanHe; Ha OCHOBE CHCTEMaTH3alln|
MO/IXOJIOB K OMNpEJEIICHUI0 KOHIENIUH "yMHBIE TOpoja" MPEeAokKeH MOAXOJ K ONpeAeTeHUI0 KOHUENTYaIbHOW MOAeNnH "yMHBIH
ropon" B YCIOBHSX LU(POBOH >KOHOMHUKH. Jloka3aHO, YTO HMH(OpPMAIMOHHO-aHAIUTHYECKOe obecnedeHne cOaTaHCHPOBAHHOTO
YIpaBIeHHs] Pa3BUTHEM YMHBIX TOPOJIOB B YCIOBHUAX IU(POBOI IKOHOMHKH JIOJDKHO OCYIIECTBIIITHECS Ha 0aze MEKTyHApOIHBIX
cTaHAapToB ynpasieHus Smart Cities. OO0CHOBaHBI CTpaTeTHYecKue HapaBieHUs! (OPMHUPOBAHUS OPTraHU3AIMOHHOTO 00ECTIeYeHUs
yIpaBlIeHHUs Pa3BUTHEM YMHBIX TOPOAOB Ha TPHHIMIAX MapTHEPCTBA B YCIOBHAX LU(POBOH 3KoHOMHKH. BeiBoabl. Ha Oaze
CHCTeMaTU3alluy MOHATUIHOTO anmnapara obecrieyeHus cOanaHCHPOBAaHHOTO YIPABICHHS PA3BUTHEM Pa3yMHBIX TOPOJIOB B YCIOBHIX
H(POBOI SKOHOMHKH TPEUIOKEH MOAXO0] K OMPEeICHHI0 KOHIIENTyalnbHOi MoJenn "yMHbIH ropon" ¢ BbieieHHEeM Takux chep
JIeITeTbHOCTH KaK yMHas SKOHOMHKA, yMHas MOOWIBHOCTb, YMHasl Cpeia, yMHBIE JIOAM, Ka9eCTBO XXM3HH U HWHTEIUIEKTYyaJbHOE
yIOpaBiIeHHe, JOKa3aHa IeJIecOOOpPa3HOCTh BHEAPEHHs MEXIyHAapoAHBIX CTaHAapToB ymnpaeieHws Smart Cities s
nH(pOpPMaIMOHHOTO O0ecIeueHnsT pa3padOTKH JOJITOCPOYHON CTPAaTeTHMH pPa3BHTHA YMHBIX TOPOJOB B YCIOBHSAX IHM(pPOBOH
9KOHOMHMKH; TI0 pPe3yjibTaTaM HCCIISOBAaHMS MEXITyHApOJHOTO OIbITa JOKa3aHa HEOOXOMMMOCTh €ro INMPHUMEHEHHs B IIpoliecce
COBEpIIEHCTBOBAHHS OPTaHM3AIlMOHHOTO OOECHeYeHHs YNPaBIEHUS Pa3BUTHEM YMHBIX TOPOAOB Ha MPHHIMIIAX MapTHEPCTBA IO
YIIYYIIEHHI0 KauecTBa OCYIIECTBICHUS] MECTHOTO CaMOYIPABICHUs U IIPEAOCTABIEHMS IMyONUYHBIX YCIyT IyTeM HpHBICUEHHUS
rpak/iaH K aKTHBHOMY COTPYAHHYECTBY.

KuroueBbie cioBa: "ymHBIE Topona"; mudpoBas 3KOHOMEKA; yNPaBICHUE Pa3sBUTHEM YMHBIX TOPOJOB; MEXIYHapOIHBIC
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THEORETICAL AND PRACTICAL ASPECTS OF INTRODUCING INNOVATIONS
IN THE ENTERPRISE'S MARKETING ACTIVITY

The subject of this study is a new direction in the marketing activities of the enterprise - neuromarketing, which uses the latest
developments in the field of psychology, neurobiology and behavioral economics in the analysis of consumer behavior. The goal of
the study is to determine the definition of "neuromarketing”, provide a comparative analysis of traditional marketing and
neuromarketing, to identify strengths and weaknesses, opportunities and threats of neuromarketing, and create a new information
component of the system for scanning strategic information of business entities of the country. Further development of certain
theoretical and practical aspects of the use of neuromarketing as an effective modern toolkit for product promotion in commodity
markets has been studied. The following tasks are solved in the article: analysis of the theoretical and practical aspects of the use of
neuromarketing, analysis of the main methods for obtaining and processing relevant information. The following methods are used:
theoretical generalization, comparative analysis, analytical, analysis and synthesis, SWOT analysis. The following results were
obtained: descriptive model of neuromarketing was proposed; the principles of neuromarketing were formulated; the comparison of
neuromarketing and traditional marketing was done; the main ethical problems of neuromarketing research were considered; the
SWOT-analysis of neuromarketing, which will contribute to a clearer understanding of the nature was carried out, advantages and
disadvantages of the new innovative marketing technology were studied, assessment of the prospects for the development of
neuromarketing in the country was considered; proposals for the further development of the marketing information system of the
enterprise by supplementing its primary information obtained in the process of applying neuromarketing — an innovative marketing
technology were developed. Conclusions: It has been established that neuromarketing is an innovative modern instrument of
traditional marketing, a promising method of product promotion. A study of neuromarketing has shown that this area today is one of
the marketing technologies of the future; the functionality of it has not yet been fully formed and explored. However, today
neuromarketing is a powerful innovative marketing tool that, over the quarter century of its existence, has made a significant
contribution to both the development of business structures and the science of traditional marketing.

Keywords: marketing activity; neuromarketing; innovative technology; consumer; neuromarketing formula; relevant
information; SWOT analysis.

Introduction

Analysis of recent research and publications

In today's changing economic conditions, the market
for goods and services is constantly undergoing
drastic changes. The marketing activity of an industrial
enterprise is the direction of its production and
commercial activity, which is aimed at identifying and
meeting the needs of market consumers in products
through exchange for profit. In a competitive
environment to develop effective strategies for
the sale of goods and services, marketers are forced to
look for modern, innovative means of conducting
marketing research on consumer behavior. Recently,
researchers, scientists, experts note that the use of
traditional marketing methods, which are not always
effective and are quite common, does not provide the
desired results [1].

In the period of active development of
neurophysiological and psychological Sciences, the
conclusion of market researchers becomes
logical. In order to study consumer behavior
and their wishes, it is necessary to ensure
the direct participation of consumers themselves in
conducting relevant research [2]. As a result,
many manufacturers have started using neuromarketing in
their marketing activities in order to activate
the process of promoting their products and
services in foreign and domestic markets. A significant
amount of research conducted in this area
indicates that neuromarketing is becoming a tool of the
future, the use of which opens up wide opportunities for
marketers.

Many foreign and domestic scientists have been
engaged in research of theoretical issues of
neuromarketing, namely: J. Saltman [3], A. Trindle [4],
B. Oyeman, M. Lindstrom [5], D. Lewis [6], P. Dooley
[7], E. Plessie, P. Glimcher [8], R. Solso [9]; M. Borodin
[2], 1. Astakhova [10], O. Kurban, S. Kurban [11],
N. Skrygun [12], A. Krasilnikov [13], A. Figun [14],
M. Chernova, O. Klepikov [15] and others. However, the
analysis of the professional literature on the selected topic
of the work showed that some issues of theoretical
orientation require further research, which led to the
relevance of the research topic.

Selection of previously unsolved parts of the overall
problem

An analysis of the professional literature on the
chosen research topic revealed that, despite the significant
amount of theoretical work and the number of applied
research, neuromarketing is a new area that requires the
use of expertise and more thorough research to study a
particular business problem. It was also found that not
only the essence of the definition of "neuromarketing”, but
also some theoretical and practical aspects of
neuromarketing as an effective modern tool "promotion
tool" have not been studied enough. There has been no
complete analysis of the strengths and weaknesses,
opportunities and threats of neuromarketing in order to
use it effectively. This is what determined the relevance of
the research topic.

© L. Sokolova, G. Veriasova, M. Zinchenko, 2020
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Formulation of the purposes of the article (task
statement)

The purpose of the research is to define the
definition of the concept of "neuromarketing”, conduct a
comparative analysis of the concepts of traditional
marketing and neuromarketing, conduct a SWOT analysis
of neuromarketing in order to identify its strengths and
weaknesses,  opportunities and  threats, develop
recommendations for improving the system of scanning

strategic  information  of  business  entities by
supplementing it with  primary  neuromarketing
information.

Results of the research

The concept of "neuromarketing”™ has emerged
relatively recently in the world economy, but, despite this,
is already of great interest to both marketers and potential
consumers. The new way of influencing the market
behavior of buyers of goods opens up the new promising
opportunities to researchers, specialists - representatives
of business entities for improving the effectiveness of both
the whole marketing complex and its important
communication component. That is why neuromarketing,
as a tool for influencing consumer behavior, is gaining
more and more popularity among practicing marketers, is
becoming a necessary condition for launching successful
advertising campaigns, creating and promoting a new,
innovative product. Neuromarketing research allows to
obtain unique primary information about the preferences
of the target audience (potential consumers) about the
features of the product, its characteristics, "soft and hard"
parameters of competitiveness, which together have the
maximum impact on the human subconscious in deciding
to buy a product on the market [13].

An example of the use of neuromarketing is a study
by Frito Lay; a company that produces chips Lays [12]. It
showed that the use of natural and matte colors, as well as
photos of healthy products do not motivate to buy.
Therefore, the company began to use a shiny package of
bright colors with the image of fried chips. Google once
studied which ad formats YouTube users liked best. The
choice was between overlays (small banners at the bottom
of the screen) and prerolls (commercials that run before
the main video). It turned out that viewers prefer overlays,
so the company delved into the development of this area
[27].

It should be noted that the concept of
neuromarketing, as scientists believe, was developed by
psychologists at Harvard University in the last century.
However, the founders of this direction is traditionally
considered to be General Director Retail branding AG
Arndt Traindl and Director at the store branding Retail
branding Bart Aamana. General method for the
neuromarketing was developed in the late 1990-ies,
Harvard Professor Jerry Zaltman, immediately patenting it
called ZMET (Zaltman Metaphor Elicitation Method, i.e.
a method for retrieving metaphors Saltmen) [3]. The
technique ZMET consists in the recognition of the human
unconscious with specially selected sets of images that

cause a positive emotional response and activate hidden
images, metaphors stimulating the purchase of [16].
Marketing technology, which is based on the technique
ZMET quickly, gained popularity among hundreds of
major companies-customers, among which can be noted
Coca-Cola, Pepsi, Nestle, General Motors, and Procter &
Gamble etc. The term "neuromarketing” was suggested by
Professor Smids in 2002, and the first international
conference devoted entirely to neuromarketing study was
conducted in 2004 in the United States. According to F.
Kotler, today, neuromarketing has evolved to a full-
fledged marketing direction [17]. The technology of
neuromarketing put the model, according to which more
than 90% of human mental activity, including emotion,
takes place in the subconscious area that is below the
levels of controlled awareness. The concept of
neuromarketing is based on the recognition that a potential
user primarily perceives the stimuli of the market
environment at the level of neurophysiological signals.

The concept of "neuromarketing” in the Great
Glossary is interpreted as follows: one of the modern
concepts of marketing influence in retail, which is based
on the study of consumer psychology, using the
technology of "scanning™ the brain of potential consumers
to determine which images the target group responds most
actively and relies on the feelings and emotions of
customers [18].

Thus, neuromarketing can be defined not only as a
new direction, but also as a new field of marketing
research, which studies the sensory, cognitive and
emotional responses of consumers to marketing incentives
that influence their decision-making about purchasing a
specific product [19], which will contribute to the growth
of sales volumes of industrial enterprises or distributors,
jobbers, dealers-independent large market intermediaries.

Neuromarketing, as a new type of science
"marketing”, is based on the achievements of
neurobiology, neurophysiology, psychology, behavioral
economics and, of course, traditional (classical)
marketing. This opens up new possibilities not only for
determining the consumer's attitude to products, which is
characteristic of traditional marketing, but also for the
impact on his subconscious. The proposed descriptive
model of neuromarketing is shown in fig. 1.

Neuromarketing is an innovative tool of marketing
science, in the modern sense - innovative marketing. The
condition for implementing the strategy of advanced
development of industrial enterprises today is the
introduction of the concept and technologies of innovative
marketing, production and sale of innovative products,
which directly affects the high level of competitiveness of
the enterprise in foreign and domestic markets [20-22].
Let’s formulate the basic principles of neuromarketing as
follows:

a) the impact on consumer behavior by methods of
neuroscience to form in them a positive perception of
supply;

b) the use of unexpected, non-standard stimuli of
potential consumers;

c) the effective use of all human senses as a
condition for victory in the struggle for the buyer;
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d) the use of tools of all types of neuromarketing in
conducting neuromarketing research;

e) the permanence of the process of studying
opinions and stimulating behavioral reactions of
consumers.

[ NB — Neurobiology ]

I

[ PS - Psychology

I

[ BE - Behavioral Economics ] =

I

NB+PS+BE+NP+CM=NM

NM
NEUROMARKETING

[ NP - Neurophysiology ]

I

[ CM - Classic marketing ]

Neuromarketing allows to answer the following
questions:
a) what motivates buyers to make irrational and
impractical purchases or vice versa;
b) why some brands become cult, while others remain in
oblivion;
¢) the influence of what factors can increase sales of
expensive goods;
d) how does the design of the product or site affect the
desire of consumers to use them?

Fig. 1. Descriptive model of neuromarketing. Source: author's development for [2, 13-15].

Adherence to these principles will contribute to the
development of sales strategies of industrial enterprises,
increase the efficiency of their marketing activities, and
increase sales of goods (services). All this indicates that
the introduction of the latest innovative neuromarketing

technology in the system of traditional marketing is a
relevant and promising area of modern domestic
enterprises. Comparative characteristics of traditional
marketing and its new type — neuromarketing are
presented in fig. 2.

Analysis of respondents' opinions and reactions
after their acquaintance with the researched
material

The basis for further research is the answers of
the respondents

A

A

Low research
costs

Research methods:

questionnaire, survey, observation,
experiment, interview, content analysis, focus

group

Subjective expert
assessment

?

ﬁ

[ TRADITIONAL MARKETING ]

[ NEUROMARKETING ]
High research PosesrShimathois Objective
costs ' formalized
measurement of electrical resistance of the assessment

skin, monitoring of the cardiovascular system,
registration of facial muscle contraction,
analysis of evoked potentials, eye tracking

A 4

A 4

Registration of the respondents' reaction at the
moment of acquaintance with the researched
material

Processing of data sets (BigData) about
respondents' reactions

Fig. 2. Comparative characteristics of traditional marketing and neuromarketing. Source: author's development
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According to the results of neuromarketing research,
the company receives adequate, relevant specific primary
information, on the basis of which the array (bank) of Big
Data is formed. The received information about the
reactions of the respondents becomes a new source of
replenishment of the marketing information system (MIS)
of the enterprise, part of a continuous system consisting of
procedures and methods for continuous receipt, analysis
and interpretation of both primary and secondary
information needed to provide, integrate, support and the
transfer of information to the managers of the enterprise in
a form suitable for them to make informed management
decisions [23].

Since neuromarketing is a fairly new concept of
marketing research, it increases the interest of researchers
and practitioners in a more thorough study, analysis of the
peculiarities of its application. One of the most common
and effective methods of analysis is the so-called SWOT-
analysis, which is known to involve the identification and

Table 1. Strengths and weaknesses of neuromarketing

assessment of strengths, weaknesses, as well as
opportunities and threats. It studies the internal strengths
and weaknesses of the object of study, evaluates the
prospects for further development of its capabilities,
taking into account the manifestation of risks and effective
ways to protect against them, provided by the market [20,
21]. As practice shows, currently SWOT-analysis is used
in various fields. Its versatility allows it to be used at
different levels and for different objects [24, 25]. All this
became an objective basis for conducting a SWOT-
analysis of neuromarketing, which allows a more
thorough understanding of the current state of
neuromarketing and future prospects for its development
in Ukraine. Strengths and weaknesses of the use of
neuromarketing, i.e. its advantages and disadvantages are
presented in table 1.

Opportunities and threats of neuromarketing are
presented in table 2.

Strong side

Weak side

More effective study of various consumer inquiries regarding
the impact on them of individual components of a set of
marketing activities, which allows you to quickly get hidden
information about the specific benefits of brands, products of
different manufacturers

The need for both the use of specific equipment required for
research, and the need to involve highly qualified specialists who
are able not only to obtain specific information, but also to process
it correctly, competently

Evaluation of the appearance of the object using biometric
tools

High cost of neuromarketing research

The use of certain psychological tools to assess the perception
of the brand of the enterprise or its product

The duration of the collection of neuromarketing information and
the duration of its special processing

Focus on the marketing concept, which is formed on the basis
of consumer data

The need for additional study of the ethics of neuromarketing
research

High quality of neuromarketing information, the effectiveness
of the impact of marketing incentives on consumers, the lack

of subjectivity in research, the clarity of the obtained primary
data

Insufficient attention from scientists to a more detailed study of
the problems of the spread of practical use in the country of
methodological tools of innovative technology - neuromarketing

Overcoming a number of barriers in the process of conducting
marketing research using traditional methods

Quite a complex procedure for conducting neuromarketing
research in terms of choosing a room equipped with special
medical devices

Variety of used special instrumental methods used in
neuromarketing research

The need for highly qualified interviewers and respondents who
are a priori positive about participating in experiments

Increasing the company's profit and increasing the efficiency
of promoting its brand, product, provided the use of
neuromarketing tools

The emergence of a negative synergistic effect due to the shortage
in the country of scientists, researchers, specialists in the field of
neuromarketing

The uniqueness of the information obtained from the results of
neuromarketing research, which is based on a combination of
certain aspects of the theory and practice of marketing,
psychiatry and neurophysiology

Private results obtained from conducting neuromarketing research
on the basis of a small sample do not always provide a high level
of representativeness of the obtained primary information

Source: developed by the authors taking into account [14, 16, 24, 25].

Table 2. Opportunities and threats of neuromarketing

Opportunity

Threat

1

2

Formation of a new direction of research in marketing,
interesting for the study of human neural activity at the time
of purchase of goods

State reduction of planned funding for sectoral applied research in
the fields of psychiatry, neurophysiology and marketing

Increasing the sample size several times when conducting
neuromarketing research compared to traditional provides a
higher level of adequacy of the information obtained

Over time, the likelihood increases that in the near future a person
may and will be completely deprived of the ability to make
reasonable independent decisions about the choice of a particular
product

Study of the reaction of many people (potential consumers of
market products) both in the natural environment and in the
laboratory

Impossibility to fully predict the social consequences of the
introduction of the achievements of neuroscience in the marketing
activities of enterprises
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The end Table 1

1 2

Correspondence of the developed methodology of collection Outflow of qualified personnel in the field of marketing and

of primary neuromarketing information to the set purposes of | medicine due to insufficient funding and reduced attention from
research for the decision of concrete problems of commodity | managers to the conduct of fundamental, exploratory and applied
producers - subjects of market relations research in the country

Carrying out of neuromarketing researches on various The presence of demographic, financial, political, economic
organizational forms: external, internal, mixed instability in the country

Development of products that best meet consumer demand Conscious use of the mechanism of manipulating the
consciousness of consumers

Obtaining primary, exclusive, reliable, relevant, targeted
marketing information, the use of which will strengthen the
market position of the enterprise in a competitive
environment

There is an urgent need for both marketers who have the
necessary knowledge and have certain skills in the field of
marketing, and the need for highly qualified specialists in the field
of neuroscience, who are able to solve applied marketing issues.

Source: developed by the authors taking into account [14, 15, 24, 25].

The unambiguous advantage of neuromarketing is
the use of many methods to identify the consumer's
subconscious attitude to products/design/advertising and
their components. These methods vary according to the
tools used, but they all have a common goal - to create a
set of techniques that affect the subconscious of
consumers and ensure their loyalty, turning loyalty into a
desire to own a product, and this desire - a regular need.
In addition, the use of neurobiology methods to study
consumer reactions allows you to see more objective
reactions and emotions of the buyer to advertising or
product than those that can be learned from the customer,
who often gives already processed, interpreted and
rational, and therefore incomplete and insufficiently
objective information.

Neuromarketing methods in accordance with [12, 14,
26] include such as: monitoring the human cardiovascular
system (measuring heart rate, pressure and vascular tone);
measuring the electrical resistance of the skin (to detect
increased sweating); recording facial muscle contractions;
analysis of evoked potentials (analysis of the brain's
response to certain stimuli); eye tracking (recording the
direction of the gaze, pupil size and duration of gaze
delay). Eye tracking allows to determine the degree of
concentration of a person on a particular object and the
change in his emotional state. It should also be noted that
increasing the sample size several times will improve the
quality of information obtained as a result of
neuromarketing studies, and this will improve statistics
and forecasts.

As well as strengths and capabilities, neuromarketing
has weaknesses and threats. One of the important
weaknesses of neuromarketing is the question of research
ethics. This is a problem that needs further study, as there
are new tools for research, new schemes of processing and
application of the results [10, 15]. In fact, firms,
companies have gained access to the subconscious of their
customers, that is, acquired the ability to control the
decision-making process to purchase a particular thing or
service. However, due to the ability to observe the brain in
high spatio-temporal resolution and receive information
about events in it in real time, in the last one and a half to
two decades, significantly increased opportunities to
understand consumer behavior in purchasing decisions
and this trend will eventually only intensify.

Deep awareness of the secrets of the human psyche
makes it possible not only to diagnose various diseases,
determine the capacity and judgment of intellectual
abilities or gain accurate knowledge about the benefits of
shopping, but also allows you to use the information to
control the processes occurring in these cases. In addition,
neuroscanning is "armed" by forensic and government
agencies to identify specific behaviors of a particular
person. Today, against the background of a revolutionary
breakthrough in neuroscanned technologies, the question
of awareness of the possible consequences of the
uncontrolled application of these methods is more relevant
than ever. Against this background, the creation of an
effective comprehensive neuroethical approach, both in
theory and in practice, is significantly delayed. It can be
assumed that any attempts to determine the extent and
limitations in the use of neuromarketing will currently
encounter barriers related to the inability to fully predict
the development of neuroscience and social consequences.

As for the main existing ethical problems of
neuromarketing today, they include: the omission of the
main objectives of the experiment (researchers interfere in
the private opinions of the consumer, which he cannot
hide, and use them for their own purposes); discrimination
of individuals by influencing the psychophysiological
vulnerabilities of the consumer; the use of remote images
in advertising or product design that do not correspond to
its essence; lack of funds for supervision and control of
neuromarketing research [10]. In addition, there is a
danger that in the near future a person may be deprived of
a reasonable choice, as the emotional component of
personal consumer decision-making will be leveled by
experts in the field of neuromarketing. As a result, the
potential buyer will not be able to refuse the goods offered
to him. Nevertheless, it can be stated that the level of
awareness of the need to accelerate the process of
formation of neuroethics and, as a consequence, a positive
attitude to neuromarketing as an innovative technology of
marketing research has recently increased.

Conclusions

The study of theoretical and practical aspects of the
application of innovations in marketing activities of
enterprises revealed that today neuromarketing is
definitely an innovative, promising technology to
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stimulate market demand, increase the effectiveness of
measures to promote the product, brand, and website. As
traditional marketing and sociological methods of
collecting information are not always reliable, as the
consumer is influenced by many factors, it should be
expected that the frequency of neuromarketing research in
the near future will only increase. Therefore, the task of
conducting a SWOT-analysis of neuromarketing and the
use of the obtained results in the marketing activities of

innovations in the marketing activities of enterprises
requires the joint efforts of both marketers and specialists
in the field of neuroscience to carefully study the
mechanism of influence on consumer behavior with the
ultimate goal to ensure the effective promotion and sale of
goods in markets. Today, neuromarketing is a powerful
innovative marketing tool, which for a quarter of a century
of its existence has made a significant contribution to the
development of business structures and the science of

enterprises became important. The introduction of traditional marketing.
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TEOPETUYHI TA TIPAKTUYHI ACHEKTH BIIPOBAIKEHHS ITHHOBAIIIA ¥
MAPKETHHI'OBY AIAJIBHICTD IIIAITPUEMCTB

Ipeamerom mociimkeHHS AaHOI POOOTH € HOBHII HaNpsMOK Y MapKETHHTOBIN AisUTBHOCTI MiJNPHEMCTBAa — HEHPOMApPKETHHT, KU
BHUKOPHCTOBY€E HOBITHI po3poOKH y cdepi rcuxoiorii, HelpoOionorii Ta MoBeAiHKOBOI €KOHOMIKHM B aHaNi3i ITOBEAIHKM CHOXHUBAYiB.
MeTtoro nocmipkeHHsT € BH3Ha4YeHHs JediHiuii MoHATTS "HeifipoMapKeTHHI", IpPOBEAEHHS IOPIBHAJIBHOTO aHai3y MOHATh
TPAaAMIIHHOTO MAapKeTHHTY Ta HEHpPOMapKeTHHIy, BHSBJIEHHS CHJIBHHX Ta CJIA0KUX CTOpiH, MOXJIMBOCTEH Ta 3arpos
HEWpOMapKeTHHIY, [0 CTBOPUTh HOBY IH(OpMaLiifHy CKIaJOBY CHCTEMM CKaHyBaHHsS CTparteriuHol iHdopmanii cy0’eKTiB
rocrofaproBaHHs kpainu. [lomanpimmii po3BUTOK OKPEMHX TEOPETHIHO-TPAKTUYHHUX ACHEKTiB 3aCTOCYBAaHHS HEHPOMAapKETHHTY SIK
e(eKTHBHOTO CYy4acHOTO iHCTPYMEHTApil0 CHCTEMH MPOCYBaHHS MPOAYKIii HAa TOBApHUX pUHKaX. B cTaTTi BUPINIYIOTHCS HACTYITHI
3aBJaHHS: TIPOBEJCHHS aHAJi3y TEOPEeTUYHHX Ta NMPAKTUIHHUX ACHEKTiB 3aCTOCYBAaHHS HEHPOMApKETHHTY, aHANi3 OCHOBHUX METOJIIB
OTpUMaHHA Ta OOpOOKH penieBaHTHOI iH(popMarlii. BUKOPHCTOBYIOTECS Taki MeTOAW: TEOPETUYHE y3aralbHEHHS, NMOPIBHAIBHUI
aHaJ3, aHANITHYHHUHN, aHami3 Ta cuHTe3, SWOT-anani3. OTpruMaHO HACTYIHI pe3yJbTaTH: B pOOOTI 3alPOIIOHOBAHO AECKPUIITHBHY
MOZeNb HEHpOMapKeTHUHTY; C(OpMYyIbOBAHO NPUHIMIN HEHPOMAapPKETHHTY;, TPOBEACHO IOPIBHAHHA HEWPOMapKeTHHTY Ta
TPAAMIIIHHOTO MapKETHHTY; PO3IJSIHYTO OCHOBHI €THYHI MpPOOJIeMH HEHPOMapKeTMHIOBHX AOCITIKeHb; nmpoBeneHo SWOT-aHami3
HE{POMapKEeTHHTY, W0 CHPUATHME OUIBII YITKOMY DO3YMIHHIO CYTHOCTI, IepeBar Ta HEJOJIKIB HOBOI iHHOBALiHHOI TEXHOJNOTIi
MapKeTHHIYy, OI[HI[ TMEepCIeKTHB PO3BUTKY HEWPOMapKeTHHIY Y KpalHi; po3poOieHO MpOMOo3MIii M0N0 MOJAIbLIOTO PO3BUTKY
MapKeTHHI0BOi iH(OpMamiiHOi CHCTEMH MiANPHEMCTBA HIIIXOM JOMOBHEHHS ii MEPBHHHOIO 1H(POPMAIli€l0, OTPIMAHOIO B MPOIIEC]
3aCTOCYBaHHS HEWPOMApKETHHTY — I1HHOBAI[ifHOT TEXHOJOTii MapkeTHHTY. BucHOBKHM: BusHaueHo, 1m0 HEWPOMAapKETHHT €
IHHOBAaIIHUM CyYacHHM IHCTPYMEHTOM TPAIHI[IHHOTO MapKeTHHTY, HEepPCHEKTUBHUM METOJOM IPOCYBaHHS ToBapy. BuBueHHs
HeWpOMapKeTHHTY N0Ka3ajo, Mo el HalpsM Ha ChOTOHIIIHIH IeHb € OHI€I0 3 TEXHOJIOTiH MapKeTHHTY Maii0yTHbOT0, (QyHKI[IOHAT
SKOTO Iie i moci He 10 KiHI cdopmoBaHO 1 mociimkeHo. [IpoTe chOrojgHi HEHPOMAPKETHHI € TMOTY)XHHM IHHOBAI[iiHUM
IHCTPYMEHTOM MapKEeTHHTY, SKWH 3a 4BEpPTh CTOJITTS CBOTO ICHYBAaHHS 3pOOMB CyTTE€BHH BHECOK K y PO3BHUTOK Oi3HECOBHX
CTPYKTYP, TaK i B HAyKy TPaJHL[iiHOr0 MapKEeTHHTY.

KiiouoBi cjioBa: MapKeTHMHrOBa MisUIbHICTh, HEWPOMAapKETHHI; iHHOBALiffHA TEXHOJIOTiS; CIOXKHMBad; (opmyna
HeWpOMapKeTHHTY; peneBaHTHa iHpopmartis,; SWOT-anamis.

125



http://slaidik.com.ua/nejromarketing-abo-yak-zavoloditi-mozkompokuptsya
https://geniusmarketing.me/lab/6-priemov-nejromarketinga-ot-paypal-netflix-i-red-bull-kotorye-vy-mozhete-vnedrit-v-svoj-biznes/

126

ISSN 2522-9818 (print)
ISSN 2524-2296 (online) Innovative technologies and scientific solutions for industries. 2020. No. 2 (12)

TEOPETUYECKHUE U IPAKTUYECKHUE ACIIEKTHI BHEAPEHWS NTHHOBAIIUI
B MAPKETHHI'OBYIO JEATEJBHOCTbD IIPEAIIPUATHUA

IIpenmeToM mccrnenoBaHUsl DaHHOM pabOTHI SBISAETCS HOBOE HAIPABICHWE B MAapKETHHIOBOM AEATENbHOCTH MPEANPHUATHI —
HEWPOMapKeTHHI, KOTOPBIH HCIOJIB3yeT HOBeimMe pa3paboTK B 00JAacTH IICMXOJOTHH, HEHpOOHMONOTMM M IOBEICHYECKOi
SKOHOMHMKM B aHanu3e TIoBeaeHHs mnortpeOureneld. Ilesqblo unccienoBaHMsl SIBISICTCS oOmNpeneieHHe NIeDUHUNNHN ITOHATHS
"HepoMapKeTHHT", IPOBEACHNE aHAIN3a ITOHATHH TPAJAUIIMOHHOTO MapKEeTHHIa M HeHPOMapKEeTHHTa, BEISBIICHHE CHIIBHBIX U CITa0bIX
CTOPOH, BO3MOKHOCTEH U YTpo3 HEHPOMAapKETHHTa, YTO CO3/1aCcT HOBYIO HH(GOPMAIMOHHYIO COCTABIISIONIYIO CHCTEMBI CKAaHHPOBAHHS
CTpaTeruyeckoii MHQpopManuu CyObEKTOB XO3SHCTBOBaHHMSA CTpaHbl. JlanbHelllee pa3sBUTHE OTICIBHBIX TEOPETHYECKHX U
NPaKTHYECKUX AacIeKTOB MNPHMEHEHHs HeflpoMapkeTHHra Kak 9S({EKTUBHOrO COBPEMEHHOTO HWHCTPYMEHTApUS CHCTEMBI
MPOJBIKEHHS NMPOAYKINH HAa TOBAPHBIX PHIHKAX. B cTaThe pemaroTcs cIeyrole 3afaqM: IPOBeICHNE aHAIN3a TEOPETHUECKUX U
MPaKTUYECKUX AaCMEeKTOB INpPUMEHEHUs HEeHpOMapKeTHWHTra, aHalu3 OCHOBHBIX METOJOB IONy4eHUS U 0OpabOTKH peleBaHTHOM
nHpopmarmy. Mcnone3yroTcs Takine MeTOAbl: TEOpeTHYeckoe 00OOIIeHHe, CPaBHUTENBHBIN aHAIN3, aHAINTHYECKWH, aHAIN3 U
cunTe3, SWOT-ananmu3. [lomydeHsl cremyromme pe3ynbTaThl: B paboTe MpeUIOKeHA JECKPHITHBHAS MOJAENb HEeHpOMapKeTHHTa;
cOpMyIUPOBAaHbl NPUHIUIEI HEWpPOMapKeTHWHra; IPOBEACHO CpaBHEHHE HEHPOMApKeTHHTa M TPaAUIMOHHOTO MAapKEeTHHIA;
paccMOTpeHB! OCHOBHBIE ITHYECKHE MPOOIeMbl HeHpPOMapKeTHHIOBUX HcclieoBanuil; mpoeneH SWOT-ananu3 HelpoMapKeTHHTa,
qr0 OymeT crnocoOcTBOBaTh Ooee YETKOMY IIOHHMAHUIO CYIIHOCTH, HPEMMYINECTB M HEIOCTaTKOB HOBOH WHHOBAIIMOHHOM
TEXHOJIOTHH MapKeTHHIA, OLICHKE MEePCIIEeKTUB Pa3BUTUS HEHPOMapKETHHTA B CTpaHe; pa3pabOTaHbI MPEUIOKEHHS 110 JaTbHEHIIeMy
Pa3BUTHIO MAapKETHHTOBOW MH(MOPMALMOHHOW CHCTEMBI MPEANPHUATHS MONOIHEHHWEM €€ IEePBUYHON HMH(pOpMaIyy, MOTydeHHOH B
IpolLecce TNPUMEHEHHUs HEWpPOMapKeTHHra - WHHOBAalMOHHOW TEXHOJOIMM MAapKeTHHra. BbIBOABI: YCTaHOBIEHO, 4TO
HeHpOMapKETHHT SIBJISICTCS HHHOBALMOHHBIM, COBPEMEHHBIM UHCTPYMEHTOM TPaJULIMOHHOTO MapKETHHIa, IEPCIEKTUBHBIM METOZ0OM
MIPOABIKEHUs ToBapa. M3yueHue HelpoMapKeTHHra IOKa3ajo, YTO 3TO HalpaBICHUE Ha CETOJHSIIHMHA JEHb SBISETCS OJHOW W3
TEXHOJOrHH MapKeTuHra OyayIero, ¢pyHKIIMOHAI KOTOPOTO €lie 10 CHX IIOp He 10 KOHLA copMHUpOBaH U HcciaenoBaHsl. OJHAKO
CeroJHs HEHPOMAPKETUHT SBJSIETCSI MOIIHBIM HHHOBAI[MIOHHBIM HHCTPYMEHTOM MAapKeTHHIA, KOTOpBIH 3a 4EeTBEPTh BEKa CBOETO
CYIIECTBOBAHHS CAENA CYyIIECTBEHHBIN BKJIA( KaK B pa3BUTHE OM3HEC-CTPYKTYP, TaK ¥ B HAYKy TPaJUIIIOHHOTO MapKETHHTa.

KniodeBble c10Ba: MapKeTHHIOBasl AEATEIbHOCTh;, HEHPOMApKETHHI; WHHOBAIIMOHHAS TEXHOJIOTHSA; MOTpeduTens; (Gopmyna
HelipoMapKeTHHTa; peaeBaHTHas uHpopmanus; SWOT-ananus.
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O. AVRUNIN, A. TRUBITCIN, O. ISAEVA, V. KLYMENKO

POSSIBILITIES FOR ASSESSING THE EFFECTIVENESS OF TREATMENT OF
ATOPIC DERMATITIS BASED ON ANALYSIS OF COLOR CHARACTERISTICS OF
VIDEO DERMATOSCOPIC IMAGES

The subject of the article is the study of the color characteristics of video dermatoscopic images of affected skin areas of children
with atopic dermatitis and the development of an automated diagnostic system for processing and analysis of dermatoscopic images.
The aim of the work is to develop an objective method for assessing the skin condition of children with atopic dermatitis based on
numerical analysis of images of affected skin areas. The objectives of the work were to collect a life history of children with atopic
dermatitis, study the color characteristics of video dermatoscopic images of affected skin areas and further develop an automated
diagnostic system for processing and analyzing dermatoscopic information. Research Methods. During the diagnostic examinations
of children with atopic dermatitis, a history of life was collected and the initial dermatological status of patients was described. A
comprehensive assessment of the severity of the disease was performed using the SCORAD index. Image registration was carried out
using a UMO039 digital video dermatoscope with optical magnification up to 200 times, resolution of the receiving matrix 2880 x 1800
image elements, equipped with a built-in block of adjustable LED lighting, a tripod and a rotary 3-inch display. The images were
captured on a microSD card with subsequent transfer of data to the database on the computer. The results of the study, based on the
data obtained, allowed us to assess the intensity and dynamics of the inflammatory processes of the affected areas of the skin of
children with atopic dermatitis and to formulate the principles of the automated diagnostic system for processing and analysis of
dermatoscopic images. Conclusion. At the end of the study, the authors conclude that to monitor the skin condition in the treatment of
atopic dermatitis, the analysis of the color components of the affected areas on the HSV scale can be used, which allows the specialist
to intuitively observe the results of the therapy in a natural color space for human perception. As prospects for the development of the
work, the authors substantiate the prerequisites for the development of a complete automated system for the comprehensive diagnosis
of atopic dermatitis and its clinical trial. Such a system can make it possible to form a preliminary diagnosis and determine the

severity of the disease based on the evaluation of color channels of images of affected skin areas and additional diagnostic data.

Keywords: atopy; dermatitis; brightness; HSV; color.

Formulation of the problem

Atopic dermatitis (ATD) is one of the most common
skin diseases that affects up to 20% of children and 2-8%
of the adult population [1].

The disease has a significant impact on the quality of
life of the patient and his family, causing sleep
disturbance, decreased productivity, emotional and mental
problems, impaired physical activity and social life [2]. It
can be a cause of disability.

Atopic  dermatitis (ATD), a multifactorial
inflammatory-immunopathological disease, is
characterized by a relapsing course, accompanied by
intense itching, more often in infancy and early childhood.
Atopic dermatitis is currently one of the most common
chronic diseases. For many years, it was believed that the
first manifestations of atopy, such as a hereditary
predisposition to IgE-associated environmental allergens
and atopic march, ultimately lead to the development of
asthma and allergic rhinitis. In support of this, all studies
of past years were focused on the study of the humoral
and T-cell immune response, and the results cast doubt on
the main role of allergic mechanisms in the development
of atopy, although they did not reduce the importance of
immune responses. Modern molecular studies increasingly
indicate the important role of the epidermis and its barrier
function as the main link in the development of atopic
processes.

One of the most important risk factors today is
considered a hereditary predisposition to atopic diseases,
in particular to AD. Various studies show that with an
existing atopic disease in family members, the probability
of manifestation of an atopic condition in the next

generation exceeds 80%. The hereditary predisposition to
AD is realized under the influence of environmental
factors and the lifestyle of the individual. Among them are
the so-called Western diet with a high content of sugar
and polyunsaturated fatty acids; Other factors include
living in urban areas and regions with weak exposure to
ultraviolet radiation and low humidity, as well as the small
composition of the family with a high level of education
of its members.

One of the fundamental genetic risk factors for the
development of atopic dermatitis is considered to be a
zero mutation in the filaggrin gene. This protein is formed
from profilaggrin through proteolysis in keratogialin
granules and plays a role in the aggregation of keratin
filaments in the upper layers of the epidermis, holding
lipids and proteins together between keratinocytes of the
stratum corneum. In addition, filaggrin affects the
differentiation of cells and promotes the formation of
components of a natural moisturizing factor, which are of
great importance for skin hydration. Recently, it has also
been found that by inhibiting the generation of house dust
mite antigen, filaggrin can directly affect allergens. There
is evidence that the absence of filaggrin breakdown
products contributes to transepidermal water loss, allergen
penetration and skin colonization of Staphylococcus
aureus. This explains why a higher level of total IgE, more
pronounced sensitization, a more severe course of AD,
and the development of asthma are associated with a
filaggrin mutation and loss of its function.

For a long time, these features were considered as
secondary effects of immunological ~mechanisms.
Nevertheless, the insight of genetically determined
epidermal defects, which contribute to the development of
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atopic dermatitis, has shifted the focus of the problem
toward breaking the epidermal barrier. It is important to
note that the violated epidermal barrier is not limited to
defects in the structural proteins of the skin and is found
not only in carriers of the filaggrin protein gene mutation.
Other hereditary factors, environmental factors, such as
the use of soap, detergents, exposure to exogenous
proteases (for example, house dust mites), as well as
repeated damage to the integrity of the epidermis
(excoriation) worsen the condition of the skin. Thus,
various combinations of hereditary and exogenous factors
are involved in violations of the epidermal barrier.
Important data presented by T. Werfel et al. Indicate that
dysfunction of the barrier properties of the skin of
newborns is also a prognostic factor in food allergy, which
confirms the theory of percutaneous sensitization to
allergens. The detected changes that affect the
deterioration of the skin, mainly in open areas exposed to
aeroallergens, increase sensitization in patients with AD
and suggest that due to epidermal barrier dysfunction,
prolonged exposure of the agent is accompanied by direct
penetration of allergens into the skin.

A distinctive feature in the development of AD is
inflammation in the skin, which is characterized by
consistent and progressive models of inflammatory cell
infiltration, in particular CD4 + cells. Signs of subclinical
inflammation with an increase in the number of T helper
cells (Th2 and Th22 and to a lesser extent Th17) and a
pro-inflammatory cytokine environment are already
detected on the visually unaffected skin of children with
AD. Enhanced T cell infiltration expresses various skin
adhesion molecules, such as cutaneous lymphocytic
antigen, chemokines, and lipid chemotactic receptors that
penetrate various layers of the skin. In addition, an
increase in the number of Th2-cytokine-producing
lymphocytes in the affected areas with atopic dermatitis
leads to increased inflammation in the skin. In a
systematic review of 113 studies, no clear evidence was
found of the relationship between the role of specific
infections or vaccination in the manifestation of AD, but
the dependence of the development of AD on the use of
broad-spectrum antibiotics during pregnancy and the
postpartum period was found [3].

Sometimes a person can suffer from AD throughout
life — from infancy to death. During the year, periods of
exacerbation and hyperemia are also periodically
observed, manifested by a change in the color of the skin.

In children with the initial stage of AD, subject to the
timely appointment of a hypoallergenic diet and
elimination measures, external therapy and drug
treatment, in many cases it is relatively easy to achieve the
reverse development of skin rashes, whereas with
untimely and inadequate therapy, the transition from the
initial stage of AD to the stage of pronounced changes is
noted on the skin.

At the stage of marked changes in patients, along
with eczematous changes and peeling of the skin, the
appearance of lichenization was noted. Around the foci,
the appearance of papular elements or plagues was noted.
Patients were worried about severe itching of the skin. In
unaffected areas of the skin, 73% of the observed

patients showed red, and in 27%, white dermographism

[4].

In conditions of a prolonged chronic course of the
disease, the problem of an objective assessment of the
severity of skin lesions at each particular moment of the
disease becomes particularly relevant. Both the volume of
therapy for stopping a particular exacerbation and the
development of a patient management strategy will
depend on this assessment [5, 6].

Currently, one of the most informative methods for
assessing the condition of the skin during dermatological
studies is considered to be dermatoscopy. The modern
market of dermatoscopes is represented by a wide
selection of samples, distinguished by their functionality
and price range.

The VEOS DS3 dermatoscope (fig. 1) is a portable
digital dermatoscope with a touch screen, an improved
lighting system, which allows the study of skin,
subcutaneous  structures and  vascular  pattern.
Dermatoscopy can be performed by contact and non-
contact methods (non-polarizing and polarizing methods).
Focus adjustment can be carried out both in manual and
automatic modes. The design features of the optical
system make it possible to avoid optical aberrations, as
well as to carry out high-quality focusing and scaling. The
device is equipped with 2 contact boards (immersion and
cross-polarized).

Fig. 1. Digital dermatoscope VEOS DS3

Dermatoscope (trichoscope) irefly DE330T (fig. 2)
has an optical magnification up to 165x; digital up to
495x. Allows you to take pictures with a maximum
resolution of 2 mps (1600 x 1200). Equipped with a three-
layer glass - 650 nm. and a built-in polarizer with 12
gradations. There is the possibility of video recording. The
backlight is represented by a system of 8 ultra-bright
LEDs with adjustable brightness.

The device has a size of 13x3.6 cm. The diameter of
the chamber is 4 cm.
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Fig. 2. Dermatoscope (trichoscope) irefly DE330T

The DELTA 20 dermatoscope (fig. 3) has a color
rendering coefficient CRI> 87. The color rendering
system is represented by 4 LEDs. Two LEDs can be
turned off for side lighting.

The optics of the device allows a 10-16-fold
increase; undistorted all over the plane. The adjustable
eyepiece has individual focusing with a correction range
from —6 to +6 diopters.

Fig. 3. Dermatoscope DELTA 20

The Eurolight D30 dermatoscope (fig. 4) has a
contact glass with a diameter of 25 mm, a backlight
system with an illumination intensity (12,000 Lux) with a
service life of up to 50,000 hours, focusing range: from —6
to +3.5 D, tenfold optical zoom, scale for early detection
of pigmentation changes in the skin.

Fig. 4. Dermatoscope Eurolight D30

Visual analysis of the medical image allows the
doctor to make a preliminary conclusion about the
condition of the skin in a specific period of the disease.
However, this method of obtaining information does not
allow to extract the entirety of the data necessary to clarify
the diagnosis and predict the further development of the
disease. Methods of digital processing and analysis of
dermatological images based on instrumental methods of
data recording allow constructing an objective picture of
the course of the disease, which allows the clinician to
reasonably choose a strategy for further treatment of a
patient with AD with a minimal subjective factor.

Purpose of work. The aim of the work is to develop
an objective method for assessing the condition of the skin
with AD based on numerical analysis of images of
affected skin areas.

Materials and methods

Studies of children with AD were conducted at the
Department of Propaedeutics of Pediatrics No. 2 of
KhNMU.

All patients and their parents voluntarily consented
to participate in the study.

Among the children there are 5 girls, 5 boys.
Children age - from 2 to 12 years.

The researchers collected an anamnesis and
described the initial dermatological status of patients.
Clinical monitoring involved determining the severity of
the following symptoms: skin edema, erythema, papular
elements, excoriation, itching, dryness.

Patients received systemic therapy, which included
taking antihistamines. Outwardly, basic therapy with
emollients and  anti-inflammatory  therapy  with
corticosteroids were used.

The dynamics of the skin process was evaluated on
the 3rd, 14th, 17th and 28th day of treatment.

A comprehensive assessment was performed using
the SCORAD index (ScoringofAtopicDermatitis - Atopic
Dermatitis Scale) [5].

The criteria for the effectiveness of therapy was the
reduction or disappearance of dryness and signs of skin
inflammation.

The condition of patients on the background of the
therapy was evaluated: as a clinical recovery - full
resolution of the skin inflammatory process; significant
improvement - a decrease in the SCORAD index by 75%
compared to the original data; improvement - a decrease
in the SCORAD index by 25-50%; no change - decrease
in the SCORAD index by less than 25% or no change.

The images were recorded using a digital video
dermatoscope UMO039 with optical magnification up to
200 times [7], the resolution of the receiving matrix was
2880 x 1800 image elements, equipped with a built-in
block of adjustable LED lighting, a tripod and a rotary 3-
inch display. The images were captured on a microSD
card with subsequent transfer of data to the database on
the computer.

The appearance of the device and an example of a
diagnostic video dermatoscopic image are shown in fig. 5
and fig. 7 (a - e), respectively.
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Fig. 5. Digital videodermatoscope UM039

The automated diagnostic system for processing and
analyzing dermatoscopic information is presented in
fig. 6.
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As a device for recording graphic information, a
digital video dermatoscope UMO039 was used; the
interface module, which is a means of transmitting
information to the database, can be implemented in the
form of wired or wireless channels for transmitting
information. The information preprocessing module
includes means for monitoring data entered by a doctor for
their correctness and consistency, as well as algorithms for
eliminating image defects and improving its quality
(methods for suppressing noisy components, correcting
brightness and contrast). The image analysis module
includes algorithms for evaluating color components and
image segmentation. The preliminary diagnostic
conclusion module includes various data classification
algorithms.

The main research material. The article examined
cases typical of the studied patient groups.

Clinical case 1. The patient is 8 years old. Registered
by a dermatologist about ATD fig. 7. On examination,
against the background of minor erythema, a few papular
elements were noted in the neck fig. 8.

For the studied dermatoscopic images, the average
values of the brightness channels in the RGB color model
of the table were obtained 1.
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Fig. 6. Automated diagnostic system for processing and analysis
of dermatoscopic information

a) b)

Fig. 7. Localization of AtD lesions

c) d)

Fig. 8. Localization of ATD manifestations for clinical case No. 1: a) skin condition on the third day of the examination; b) skin
condition on the fourteenth day of the examination; c) skin condition on the seventeenth day of the examination; d) skin condition

twenty-eighth day of examination

Table 1. The values of the brightness channels of the RGB color model, the studied images

N fig.
1 2 3 4 1|normal
channel
R 249.7958 248.0176 241.3805 248.4456 240.786
G 170.9561 142.7206 157.2449 160.5349 154.344
B 168.7385 134.5160 135.6566 138.7161 138.76
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Given (according to the data in table 1) the low V-min(R,G,B) .
visibility when displaying changes in color coordinates in Ty ifV #0
the RGB space when observing the color of the skin S « (2
surface during ATD in dynamics, it is advisable to switch 0,elso
to the HSV color space to study color changes using the
perceptual color model.
For analysis, the images were converted to the HSV 60(G - B) iV =R
color model according to formulas (1-3) [8] and the S ’
values of the brightness channels of table 1 were 60(B-G) .
determined. H « <120+ itV =G
S ®)
V < max(R, G, B) (1) 240+GO(RS G),if\/=B

if H<0, then H=H+360

Table 2. The values of the brightness channels HSV color model of the studied images

Figure 1 2 3 4 1jnormal
H 355+4,2 1+4,2 18+4,2 19442 18+3,6
S 50+4,6 47+£3,2 45+3,4 40422 40+2,8
V 93+9,3 9948, 1 94+8,7 99+7,2 98+8,5

From the analysis of color channels according to
table 2 it is obvious that in patients with atopic dermatitis,
the skin tone of the affected areas changes significantly
when observed in dynamics. So, in the acute stage (at the
beginning of treatment), the skin of the affected areas has
a purple tint and, under the influence of therapy, shifts to
the area of orange tones by an anticlockwise angle of
about 20 degrees. The saturation of the skin in this case
decreases in dynamics by 10 units. There were no
significant differences in the brightness component of the
images of the skin during AT in dynamics. It is also
necessary to take into account individual anatomical
variability and to bind to the patient’s skin color in
unaffected areas to increase the reliability of diagnosis
under conditions of uncertainty [9, 10]. Additional
methods aimed at analyzing video dermatoscopic images,
for example, using Mueller-matrix transformations [11],
can expand the possibilities of the proposed colorimetric
diagnostics.

The method and system proposed in the work allow
non-invasive instrumental diagnostics of the skin
condition [12-18], which is very important in modern
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MOXKJ/IMBOCTI OIHKU ECEKTUBHOCTI JIKYBAHHSA ATOIIIYHOI'O
JAEPMATHUTY HA OCHOBI AHAJII3Y KOJIBOPOBUX XAPAKTEPUCTHUK
BIJEOJAEPMATOCKOIIIYHUX 306PA’KEHD

IIpenMeToM cTaTTi € TOCTIIKEHHS KOJIIPHUX XapaKTePHCTHK BiIe0JepMATOCKONIYHIX 300paKeHb ypayKeHUX AUITHOK IIKIpH AiTeH 3
aTOMIYHUM JEPMATUTOM 1 po3poOKa aBTOMATH30BAaHOI AIarHOCTHYHOI CHCTEMH OOpOOKH 1 aHami3y AEPMATOCKOIIYHUX 3HIMKIB.
MeTto10 poboTH € po3poOKka 00'€KTMBHOTO METOMYy OLIHKM CTaHy IIKipH AiTeil 3 aTONIYHMM JAEPMaTHTOM Ha OCHOBI YHCEIHFHOTO
aHaJi3y 300pakeHb ypakeHHX IUISHOK MIKipu. 3aBAaHHAMH poOOTH Oyio 30ip aHaMHe3y JKUTTA AITEH 3 aTONMIYHUM JEpPMaTUTOM,
JOCHI/PKEHHS. KOJIIPHUX XapaKTePHCTHK BiJ€OJEPMATOCKOMIUHMX 300paKeHb ypPaKeHHX MiISHOK IIKIpH 1 MOAanblia po3podka
aBTOMAaTH30BaHOI JIarHOCTHYHOI CHCTEMH OOpoOKkM 1 aHamizy naepmarockomiyHoi iHdopmamii. Meroam mocmimkeHHs. B xomi
MIPOBEACHHUX MIarHOCTUYHHMX OOCTEXEHb MiTel 3 aTOIYHMM JepMaTHTOM OyB 3i0paHHMii aHaMHE3 JKHTTS 1 ONMHCAHMI BUXITHHI
JIePMATOJIOTIYHUH CcTaTyc manieHTiB. KOMIUIEKCHY OINIHKY CTYIeHS TSDKKOCTI 3aXBOPIOBaHHS IIPOBOJAMIIM 3a JOIIOMOTOIO iHAEKCY
SCORAD. Peecrparito 300pa’keHb IPOBOJIIIIN 32 JOIIOMOT0I0 IH(poBoro Bineoaepmarockorry UMO039 3 onTHIHUM 301IBIICHHSIM 10
200 pasziB, no3BosoM cnpuitMaemoi marpuui 2880 x 1800 enemeHTiB 300pakeHHs, OCHAIIEHIM BOYJOBaHHM OJIOKOM PETrYJIbOBAHOTO
CBITJIOIOJHOTO OCBITJICHHS, LITaTHBOM 1 MOBOPOTHUM 3-X mroiMoBuUM auciieeM. Pikcaiis 300pakeHb BUKOHYBalacsi Ha KapTy
microSD 3 mopanbIIMM nepeHeceHHsIM JaHuX B 0a3y Ha KOMIT'FOTepi. Pe3ynpTatu mpoBeAeHOro 10CiKEeHHS, Ha MiICTaBl OTPUMaHUX
JAHUX, JO3BOJIJIM OIIHUTH IHTEHCHBHICTb 1 JAWHAMIKY 3alajJbHUX MPOIECiB YPAXKECHHUX AULTHOK IIKIpH AiTedl 3 aTOMiYHUM
JIEPMATUTOM 1 CHOPMYITIOBATH MPUHIUIK POOOTH aBTOMATHU30BaHOI JialrHOCTUYHOI CHCTEMH OOPOOKH 1 aHali3y JepMaTOCKOMIUHIX
3HIMKIB. BucHOBKH. B KiHIi JOCHiI)KEHHS aBTOPHM NPHUXOMATH O BHCHOBKY, IO JJIS CIIOCTEPEKEHHS 3a CTaHOM MIKIpH IIPH
JIKyBaHHI aTOIIYHOTO JEpMAaTHTY MOXKHA 3aCTOCOBYBATH aHAJII3 KOJIPHHX KOMIIOHEHT ypaKeHHX IUITHOK B mmkaimi HSV, mo nae
MOXJIMBICTE (axiBIEBi IHTYITHBHO CIIOCTEpiraTH 3a pe3yjbTaTaM{ IPOBEIEHOI Teparii B IPUPOIHOMY JUISl JIFOJICHKOTO CIIPUIHATTS
KOJIIpHOMY TpocTOpi. SIK IEepCHeKTHBOIO PO3BUTKY pPOOOTH aBTOPH OOIPYHTOBYIOTH IIEPEIYMOBH pPO3POOKH 3aBepLICHOT
aBTOMATH30BaHOI CUCTEMH KOMIUIEKCHOI J1arHOCTHKH aTOIIYHOTO JAEPMATHTy Ta ii kiiHiuHOrOo BHIpoOyBaHH:. [lomiOHa cucrema
MOJKE JO3BOJMTH Ha OCHOBI OIIIHKH KOJIPHHX KaHATIB 300pakeHb YPAXCHUX NUISHOK LIKIPW 1 JOAATKOBUX NIarHOCTHYHHX JAHHUX
chopMyBaTH ONEPeHiH AiarHO3 1 BU3HAYATH CTYIIHb TSHKKOCTI 3aXBOPIOBAHHSL.
KurouoBi ciioBa: aTomiss; nepmartur; sickpasicTb; HSV; kouip.

BO3MO’KHOCTH OHEHKH 3PPEKTUBHOCTHU JIEYEHUA ATOIIMYECKOI'O
JAEPMATHUTA HA OCHOBE AHAJIN3A IBETOBBIX XAPAKTEPUCTHK
BUAEOJEPMATOCKOIIMYECKUX N30bPA’KEHUU

IIpenmeToM cTaThy SBISIETCS WMCCIEAOBAHHS LBETOBBIX XapaKTEPHUCTUK BHUJCOAEPMATOCKOMMYECKHX H300paXKEHWH MOPaKEHHBIX
YYacTKOB KOXKH JIETeH ¢ aTONMMYECKUM JEPMATHTOM M Pa3padOoTKa aBTOMAaTH3UPOBAHHON AMATHOCTHYIECKOH cHCTEeMBI 00paboTKu H
aHanm3a JepMaToCKomuiecknx CHUMKOB. llenablo paGoTsl sBisteTcss pa3paboTka OOBEKTHBHOTO METO/A OIEHKH COCTOSHHS KOXH
JeTel ¢ aTONMMYECKUM JePMaTUTOM Ha OCHOBE YHCIIEHHOTO aHAIN3a M300pakeHnit MOPaKEHHBIX yIaCTKOB KOXKH. 3agadaMu paboTsI
SBISUIOCH cOOp aHaMHe3a OKM3HM JeTeil ¢  aTONMYeCKUM  JEepMaTUTOM, HCCIENOBAaHHME I[BETOBBIX  XapaKTEPUCTHK
BUJICOIEPMATOCKOITMYECKUX HN300paKEHUH TOPaKEHHBIX YYaCTKOB KOXHM M JajbHeWInas pa3paboTka aBTOMAaTH3MPOBAaHHOU
JMAarHOCTUYECKOW CHCTeMBl O0OpabOTKM ¥ aHamM3a JepMaToCKoNuueckoil wuHdpopmamuu. Metoabl wuccienoBanus. B xoxe
MIPOBEACHHBIX JUArHOCTHYECKUX OOCIEZOBAHMH JeTeil C aTONMYEeCKUM JepMaTUTOM ObUI coOpaH aHaMHe3 JKU3HM U ONHUCaH
HCXOMHBII AepPMaTOJIOTUYECKUil CTaTyc ManueHToB. KOMIIEKCHYIO OLEHKY CTEHEHH TSDKECTH 3a00J1eBaHUS MPOBOJMIN C IIOMOIIBIO
nanekca SCORAD. Peructpanuio n3o0pakeHHid MPOBOIIIN C IMOMOIINBI0 IdpoBoro Buaeoxepmarockona UMO039 ¢ onrnueckum
yBemmueHneM 1o 200 pas, paspemieHneM BocmpHHUMamomeid wmarpuisl 2880x1800 siaeMeHTOB W300pakeHUs, OCHAIICHHBIM
BCTPOCHHBIM OJIOKOM PETYyIHPYyEeMOTO CBETOAMOMHOTO OCBEIICHMS, INTATHBOM M MOBOPOTHBIM 3-X MIOWMOBBIM auciuieeM. Duxcarms
N300paKeHUH BBINONHIACH Ha KapTy microSD ¢ mocienyromuM IMepeHocoM JaHHBIX B 0a3y Ha KoMmbloTepe. Pe3yabraThl
MIPOBEACHHOIO HCCIIEIOBAHMS, Ha OCHOBAaHUM TIOJYYEHHBIX JAHHBIX, ITO3BOJWJIM OLGHHUTh HWHTEHCHBHOCTh W JWHAMHKY
BOCHAJMTEIBbHBIX INPOLECCOB MOPAKEHHBIX YYAaCTKOB KOXH JIeTeH C aTONMMYECKUM JAEpPMAaTUTOM M c(HOPMYJIHPOBATH MPUHIMIIEI
paboTHI aBTOMAaTH3MPOBAHHOW INATHOCTHYECKON CUCTEMBI 00pabOTKH U aHaIM3a IEpPMAaTOCKOIIMYECKUX CHUMKOB. BbIBoabI. B KOHIIE
HCCIIEOBAHNS aBTOPHI TIPUXOMAT K BBIBOJY, UTO JUIS HAOJIOJCHUS 32 COCTOSIHUEM KOXKH IPH JICUCHHH aTOIMHYIECKOTO AepMaTHTa
MOXHO TPUMEHSTh aHAJIM3 IIBETOBBIX KOMIOHEHT IMOPaXKEHHBIX ydYacTKOB B mkame HSV, 4To maeT BO3MOXHOCTH CIIEIHAIHCTY
WHTYNTHBHO HAOIIONATh 3a Pe3yNbTaTaMH INPOBOAMMON Teparmiy B E€CTECTBEHHOM JUIS UEIOBEUECKOTO BOCIIPHATHS I[BETOBOM
MIPOCTpaHCTBE. B KadecTBe mepcHeKkTHB pa3BUTHS pabOTHI aBTOPHI OOOCHOBBIBAIOT IIPEATIOCBUIKM Pa3pabOTKM 3aBEepHICHHOH
aBTOMaTI/ISI/IPOBaHHOI\;I CUCTEMBI KOMIIICKCHOM JUArHOCTUKU aTOIMUYECKOTO ACpMATUTA U €€ KIMHUYCCKOTO MCIHbITAaHHUA. HOJIO6H3.${
CHCTEMA MOXET IMO3BOJIMTh HA OCHOBEC OIICHKH IIBETOBBLIX KaHAJIOB n306pa>1<eﬂm}i NOPAXXCHHBIX YYaCTKOB KOXH U JOIOJHUTEJIbHBIX
JIMarHOCTUYECKUX JAHHBIX CQOPMHPOBATH MPEIBAPUTEIBHBIIN UATHO3 M ONPEEISITh CTENCHb TSHKECTH 3a00IeBaHMs.
KaoueBble cjIoBa: aTonus; qepMaThT; apkocTh; HSV; 1Ber.
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A. KOVTUN, V. TABUNENKO, S. NESTERENKO

THE MECHANISM OF VIBRATIONAL MOVEMENT OF TANGENT STRUCTURES
IN CLOSED VOLUMES

The subject of research in the article is the process of vibratory movement of tangent structures in closed volumes (pipes). The
purpose of this work is to investigate the mechanism of vibrational movement of tangent structures in closed volumes (pipes). The
following tasks are solved in the article: to study the oscillating motion of a tangent structure consisting of a cantilever rod with a
fixed end at the base, and by means of supports connected by dry friction with two parallel rough planes; the experimental method
confirms the possibility of vibrational movement of the inner element of the tangent structure along the cylinder. The following
methods are used: mathematical modeling and experimental study. The following results were obtained: a mathematical model of
motion of a tangent structure is proposed, consisting of a cantilever rod with a fixed end, which by means of supports is connected by
the force of dry friction with two parallel rough planes when applying a vibrating force perpendicular to the longitudinal axis of the
structure; confirmed the possibility of vibration movement of the inner element of the tangent structure (cantileverly mounted rod in a
cylindrical basis) along the outer element of the tangent structure (cylinder) when applying a vibrating force perpendicular to the
longitudinal axis of the rod. Conclusions: 1) the effect of forced oscillations on tangent structures with structural asymmetry of the
inner element of the tangent structure may cause the effect of vibrating movement of the inner element of the tangent structure relative
to the outer element; 2) possible vibration movement of the inner element of the tangent structure (cantileverly mounted rod in a
cylindrical basis) along the outer element of the tangent structure (cylinder) at an angle between the longitudinal axis of the inner
element and the direction of external vibration force, which is equal to 900; 3) possible stopping of the inner element of the tangent
structure, in the absence of the action of external vibrating force, in the place of the outer cylinder, in which the effect of the external

vibrating force has stopped.

Keywords: vibration displacement; effect; frequency; fluctuation; tangent construction, friction force; internal element; external

element; cylinder.

Introduction

Modern multi-series production in various industries
is based on the current method with extensive use of
automatic transport lines [1]. The current method of
production and operation of the automatic line are based
on the conveyor transfer of products from one
technological operation to another, while the necessary
operations are performed sequentially on a moving
conveyor. One of the types of production lines is vibrating
conveying machines. The advantages of transporting
vibrating machines are the possibility of complete sealing
during transportation of sawdust, toxic and hot cargo, the
ability to perform other technological operations in
conjunction with transportation, low wear of the load-
bearing body. Vibrating conveyors are one of the main
means of complex mechanization, automation of transport
and loading and unloading operations, with a combination
of other technological operations. The operation of
vibrating conveyors is based on the effect of vibrating
movement. Under the effect of vibrational movement
means the emergence of directed in the average movement
due to undirected in the average (oscillating) effects [2, 3].

To obtain vibrational movement, one or another
asymmetry of the system is required. We can distinguish
the following types of asymmetry: force, kinematic,
structural (constructive), gradient, wave and initial (ie
associated with the initial conditions of motion). It is also
possible to combine several types of asymmetry [3, 4].

The vibrating conveyor in general is an open or
closed sealed gutter or pipe suspended or supported on a
supporting structure. The gutter or pipe with the help of
the oscillator is reported reciprocating motion, as a result
of which the load in the gutter, one after another short
movements forward at a certain speed. The nature of the

movement of the load depends on the mode of movement
of the gutter, which is determined by the design and
performance of the drive, the type of support devices,
external loads and internal resistances of the oscillating
system [2].

The process of vibratory movement of the product
consists of a number of alternating stages: acceleration,
joint movement of products with the gutter (pipe), free
flight and braking. Vibration displacement modes are
determined by the amplitude of oscillations, the frequency
of oscillations, the angle of inclination of the working
body and the angle of inclination and the shape of the
trajectory of oscillations, and so on. As a result, the
product moves on the working body by micro throws
under the action of directed oscillations (at an angle of
20... 35°) to the axis of the working body (gutter, pipe,
etc.) in a given direction [1-3].

The main advantages of the vibrating conveyor are
[1]:

- simple design;

-no contamination of the moved material
foreign substances;

- no material losses;

- the load-bearing body is practically not prone to
wear even when transporting abrasive materials;

- the ability to combine the process of moving
material with technological operations.

At the same time, the vibrations of mechanisms and
machines have a negative impact on the operation of
equipment and devices, reduce the durability of technical
systems, and create dangerous working conditions for
maintenance personnel. In general, the area of
manifestation of vibrational interactions can be attributed
to a fairly developed direction of modern machine
dynamics.

with
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These machines have already become widespread in
a number of industries [1]. However, the flow of new
ideas and proposals for the development of vibrating
transport devices is not exhausted. Vibrating transport
devices began to be used in the food industry in the
purification of food and seed grains, as well as in mining
and processing enterprises in the separation of ore from
waste rock, etc. [4-7].

Of interest is the device for vertical movement of the
product, proposed by R.M. Brumberg (fig. 1) [8].

d
I f
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Fig.1. Device for vertical movement of the product

The vibrating body is made in the form of a tube,
which is given longitudinal and transverse oscillations,
and the frequency of longitudinal oscillations is twice the
frequency of transverse oscillations. When the oscillations
are properly phased, the longitudinal force of inertia
acting on the product in its relative motion is directed
upwards precisely at the time intervals when the product is
least pressed against the pipe walls by the action of the
transverse force of inertia. During the time when the
longitudinal force of inertia is directed downwards, the
product is most strongly pressed against the walls of the
pipe. As a result, a vibrating force arises, which provides a
directed upward movement against the action of gravity.

However, the disadvantage of these designs is that
the vibration is applied to the entire gutter (pipe) with the
products, at an angle of 20 to 400, and in the device for
vertical movement of the product (at an angle of 900),
after excluding the vibrators, the product (internal body),
under the action of gravity, falls down.

Analysis of recent research and publications

The theoretical basis of the direction of application
of vibration to the movement of products is formed at the
junction of theoretical mechanics, theory of mechanisms
and machines, theory of oscillations, theory of vibrational
movement, theory of vibrational processes [1-3, 8].
Significant sections of the theory of vibrational processes
relate to the field of nonlinear mechanics, nonlinear theory
of oscillations and waves [9, 10]. Attention to the issues of
vibrational displacement is emphasized when considering
individual problems of machine dynamics [11, 12].
Vibration processes are diverse, as well as forms of
influence on the dynamic state of technical objects. The

emergence of new design and technical solutions, the
development of new classes of machines, which include
robotic devices for wvarious purposes, initiate the
expansion of research. In this regard, the processes of
contact interaction of solids are important [13]. Such
processes are studied as vibro-shock, which find
expression in the development of technical applications
related to improving the reliability of parts operating
under conditions of intense dynamic loading.

In addition, the processes of optimal control of a new
class of mobile mechanisms (robots) that can move in
environments that resist without special propellers
(wheels, tracks) are promising. Such robots consist of a
body that interacts with the external environment, and
products that are movably connected to it. The movement
of these products relative to the body characterizes the
internal degrees of freedom of the robot. Such products
are called internal, although they can be placed
structurally inside the case. Internal products interact with
the housing using forces generated by the drives. Adding
force to the internal product causes a reaction force that
acts on the housing, changing its speed, which causes a
change in the resistance force of the medium to the
movement of the housing. Thus, by controlling the
movement of internal products, you can control the
external force acting on the body and, as a result, the
movement of the system as a whole. This principle of
movement is suitable for mobile mini and micro robots.
The body of these robots can be made sealed and smooth,
does not contain protruding parts, which allows them to be
used for non-destructive inspection of miniature technical
objects, such as thin-walled pipelines of small diameter.
Mobile systems that move and resist in the environment
due to the movement of internal products attract the
attention of not only specialists in robotics, but also
researchers and engineers in the fields of vibration and
precision mechanics [14-17]. In many cases, the vibration
effect is considered as a factor of influence on the state of
interacting parties. To a lesser extent, the features of
friction bonds that are characteristic of technological
processes of  vibration displacement, vibration
strengthening, and vibration transportation, associated
with the contact of touching products and the resulting
effects, have been studied.

The purpose of the article is to investigate the
mechanism of vibrational movement of tangent structures
in closed volumes (pipes).

Problem solving. (Presenting main material)

The study of the effect of vibration load on the
dynamic properties of the elements of tangential structures
will be carried out taking into account the fact that tangent
structures are nonlinear mechanical systems in which
nonlinearity is due to the presence of forces such as dry
friction. Therefore, despite the fact that a number of
applied problems of the theory of mechanical oscillations,
under certain assumptions, can be solved in a linear
formulation, for the study of the dynamics of tangential
structures linear formulation is unacceptable. The main
difficulty in solving problems of the theory of oscillations
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in the presence of forces such as dry friction is not due to
the analytical nature of their characteristics, the
differential equations of motion at individual stages are
written in different analytical forms. As a rule, at each
stage the equations are quite easily integrated. The main
difficulty is the search for moments of transition from one
stage of movement to another. The general laws of the
influence of vibration on the dynamic behavior of
nonlinear mechanical systems must be reflected in the
oscillations of tangent structures.

Fig. 2 shows a diagram of a single-mass model of a
tangent structure placed between two rough planes: the
upper 1 and the lower 2.

The mathematical model of the motion of the mass
m in the projections on the axis 0X and 0Y associated
with the vibrating planes will be as follows:

Y +

S

h1

| /q,

h2

R

0 - X

Fig. 2. Scheme of vibrational displacement of a single-mass
model of a tangent structure
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where F; is the friction force between the upper support
and the upper plane, H; F, is the friction force between
the lower support and the lower plane, H; N, - normal

reaction between the lower support and the lower plane,
H; N, is the normal reaction between the upper support

and the upper plane, H; X — acceleration of the mass m
along the X axis, m/s2; § — acceleration of the mass m

along the Y axis, m/s?; g — acceleration of gravity, m/s?; x

— velocity of mass m along the x-axis, m/s; o — frequency
of external force F, Hz; g — angle of action of external

force F, Grad.; t — time, s; A — amplitude of forced
oscillations, m; f; is the effective coefficient of dry

friction between the mass supports m and the rough
planes; fyq is the effective coefficient of dry friction at

rest between the supports of mass m and rough planes.
The written system of equations is a nonlinear
system of ordinary differential equations with periodic
coefficients, which allows numerical integration. System
analysis allows you to describe the process that is
happening. Let's consider the action of forces, starting
from t=0, when the force of inertia is zero, and then begins
to increase in absolute value, being directed forward (in
the direction of the X axis) up (the force F acts). During
the first half of the period, while 0 < t< /@, the horizontal
component of the inertia force is directed along the X axis,
tends to shift the mass m to the right. This is facilitated by
the vertical component of the force of inertia, which,
subtracting from the weight, reduces the normal response
of N, to the value m-A-@’-sinwt-sing and, thus,

reduces the modulus of friction force F, . In this case, the

friction force F; increases by the same amount. Normal
reactions in this case are determined by expression:

—f-N, mpu x>0
FZZ fl'NZ npu x<0 . (1)
fig:No npu x=0

N, =k-(Ay,—y)+m-g-m-A-@’ -sinet-sin g; @)
N, =k-(Ay,—y)+m-A- o -sinet-sin S,

where Ay,, Ay, is the value of the pre-compression of the

upper and lower elastic elements of the model, m; k is the
stiffness of the elastic elements of the model, N/m.

As a result, the horizontal component of the force of
inertia m-A-w”-coswt-cos 8 on the shoulder h will
create a moment that is directed counterclockwise. The
force of friction F, on the shoulder (h, + h,) will create

a moment that prevents the rotation of the inner element
of the structure. If the condition

Fz~(hl+h2):hl-m-A-a)z-sina)t-cosﬂ is met, the

lower (2) support will be displaced in the positive
direction of the X axis.

During the second half of the period, when w/w <t <
2n/w, the force of inertia is directed in the opposite
direction and its horizontal component tries to shift the
mass m to the left. In this case, the vertical component of
the inertia force reduces the normal reaction N; and

increases the normal reaction N, . The friction force F
decreases, the friction force F, increases. The horizontal
component of the force of inertia Ig on the shoulder h,

creates a moment that is directed clockwise. The friction
force F; on the shoulder (h, + h,) creates a moment that

resists the rotation of the inner element of the structure. If
the condition F -(h1+h2): h,-m-A-@”-sinwt-cos g is

met, the upper (1) support will be displaced in the
negative direction of the X axis.

As a result, the directional movement of the tangent
structure in the form of mass m on the elastic supports
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relative to the rough planes will not occur. Thus, in
contrast to the classical problem of body motion on a
vibrating rough plane, a necessary and sufficient condition
for vibration is the presence of friction between a point
and a plane obeying Coulomb's law and excitation
asymmetry (difference of vibration angle from n/2 and
from 0), these conditions do not lead to vibrational
displacement of the elementary tangent structure (mass
connected by elastic supports with two rough parallel
planes). To carry out the process of vibrational movement
of the elements of tangent structures relative to each other,
a prerequisite is the presence of structural asymmetry of
the model.

Consider the process of vibrational movement of a
tangent structure, the scheme of which is shown in fig. 3.
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Fig. 3. Scheme of the tangent structure of the cantilever type

Fig. 2 presents a tangent structure that consists of a
cantilever rod 1 with the end fixed in the base 2. The base
of the beam 2 is connected by means of supports 3 by the
force of dry friction with two parallel rough planes. Let's
link the core of the rod to the XOY coordinate system. Let
the rod be affected by a harmonic force F, which is
directed perpendicular to the rod, applied at a distance X;
from the base. Consider the first half of the period when
the force F is directed towards the negative values of the Y
axis (down). In this case, the rod starts moving in the same
direction. As the rod moves down, the friction force
between the lower support and the lower plane F; will

increase, and between the upper support and the upper
plane F, will decrease. The force F on the shoulders of
X1 will result in a pair of friction forces F; and F,. The
force F, is directed toward the negative X-axis value
(left), and the force F in the direction of the positive X-
axis (right). Since | F, | < | F |, the resultant of these forces

will be directed towards the positive values of the X axis
and is not equal to 0. The resulting friction force on the
shoulder r will result in a moment relative to the axis that
passes through the lower support, which will lead to a
micro-rotation of the rod base in the XOY plane relative
to the axis that passes through the lower support. At the
change the direction of the force F (the second half of the

period) the direction and magnitude of the friction forces
F, and F, also changes. The force F; is directed toward

negative values of X-axis and the force F, in the

direction of the positive x-axis. Since the rod is moving
up, | Fo | > | F|. In this case, the resulting friction force is

directed towards the positive values of the x-axis. The
resulting friction force on the shoulder r will lead to a
micro-rotation of the rod base relative to the axis passing
through the upper support. Therefore, for any direction of
action of the force F along the Y axis, the resulting friction
force will be directed in one direction. The action of this
force on the shoulder r leads to the process of vibrational
movement of the rod base along parallel planes.

Based on the considered process of vibrational
movement of elements of tangent structures, the following
mathematical model of motion of inner element of tangent
structure relative to outer element (in the form of two
parallel rough planes) under the action of forced
oscillations directed perpendicular to outer planes is
proposed (fig. 2). The harmonic force F acts on the rod,
which is directed perpendicular to the longitudinal axis of
the rod.

The equation of motion of the inner element of the
tangent structure relative to the outer is represented in the
form:

m-¢g=M,+M, 3)
Ax=d-tg(t), 4)
X +1=X%, +AX, (5)

where m, is the mass moment of inertia of the base,
kg-m2; M, — the moment created by the force F on the
shoulder X, , relative to the axis, n-m; ¢ is the angle of
rotation of the base, at the plane XOY, Grad.; M, —
moment of friction forces, n-m; Ax, — change in the

movement of the base along the X axis, m; d is the distance
between the outer planes, m

M,=X - (6)
2
M,=f-d- Z-L k- Ay, (7
((»"-o") ]

where p — natural oscillation frequency of the cantilever
rod.
If M, <M, then x=0, there is no movement of the

rod base along parallel planes.
And if M, >M,,, then the process of vibrational

movement of the internal element of the tangent structure
relative to the external one takes place.

Experimental studies carried out on the experimental
setup shown in fig. 4 confirmed the possibility of
vibrational movement of the inner element of the tangent
structure (cantilevered rod in a cylindrical base) along the
outer element of the tangent structure (cylinder) when
applying vibration perpendicular to the longitudinal. In
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this case, the inner element of the tangent structure was
subjected to vibration. Experimental studies have shown
that it is possible to change the direction of motion, both
by changing the forced frequency of oscillations, and by
changing the coordinates of the point of application of
external harmonic force. As for the magnitude of the force

under which the movement of the inner element of the
tangent structure relative to the cylinder, it is about 20%
of the dry friction force between the supports of the inner
element of the tangent structure and the cylinder in the
absence of oscillations of the tangent structure.

Fig. 4. General view of the experimental model of the tangent structure

In addition, experimental studies have revealed the
possibility of vibrating movement of the inner element of
the tangent structure (cantilevered rod in a cylindrical
base) along the outer element of the tangent structure
(cylinder) with the vertical placement of the experimental
installation. But in contrast to the device of R.M.
Brumberg, when the external vibrating force stops, the
inner element of the tangent structure, due to the friction
force of rest, stops in the place relative to the cylinder in
which the external vibrating force stopped (the base with
the rod does not fall down the pipe).

Conclusions

Analysis of research results allows us to draw the
following conclusions:

1) under the action of forced oscillations on tangent
structures with structural asymmetry of the inner element
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MEXAHI3M BIEPAIIMHOI'O MEPEMIIIEHHA JOTHUYHUX KOHCTPYKIII B
3JAMKHYTHUX OB'€EMAX

Ipeamerom IOCTiKEHHS B CTATTI € MpOIeC BiOpamifHOTO MEepEeMIleHHs TOTHYHIX KOHCTPYKIIN B 3aMKHYTHX 00'eMax (Tpy0ax).
Meta poOOTH — TOCTITUTH MEXaHi3M BiOpaIiiHOTO MEepeMIlleHHs] JOTHYHUX KOHCTPYKIA B 3aMKHYTHX 00'eMax (Tpy0Oax). B crarti
BUPILIYIOTHCS HACTYNHI 3aBJAHHfA. MPOBECTH JOCITI/PKEHHS KOJMBAJIBHOTO pYXy HOTHYHOI KOHCTPYKIIl, IO CKJIAJAETHCS 3
KOHCOJIBHOTO CTPIJKHSI 3 3aKpIIUICHUM Ha OCHOBI KiHIIEM, i 3a JONOMOTrOI0 ONOp MOB'S3aHHH CHJIOK CyXOro TepTs 3 JBOMa
napajielbHIMH IOPCTKUMH TUTOLIMHAMHE; €KCIIEPUMEHTAIbHIM METOZOM MiATBEPAXKYETHCS MOXKIIMBICTH BIOpaI[ifHOTO MepeMilleHHs
BHYTPILIHEOTO EJIEMEHTY JOTHYHO! KOHCTPYKILii B3JOBX LWIIHIAPY. BHKOPHUCTOBYIOTBCS Takd MeTOAM: MaTEMaTHYHOTO
MOJICIIOBAHHS Ta EKCIIEPUMEHTAIBHOTO TOCIi/KeHHsI. OTpHMaHO HACTYIHI pPe3yJbTAaTH: 3a[PONOHOBAHA MaTeMaTH4YHa MOJIENb PYXY
JOTHYHOI KOHCTPYKIII, sSIKa CKJIQJA€ThCsl 3 KOHCOJBHOTO CTPWIKHS 3 3aKpIiIUICHHM Yy OCHOBI  KiHIIEM, IO 32 JOIOMOTOI0 OHop
[OB’s13aHa CHJIOK0 CYXOro TepTs 3 JBOMa MapaliebHAMU LIOPCTKMMH IUIOIIMHKAMH TIPH TNpUKIafaHHI BiOpauiitHoi cuim
MEPICHNKYIISIPHO MOB3IOBKHIA OCI KOHCTPYKIIIT; MiITBEpAKEHA MOXIIUBICTE BIOPAIiifHOTO MepeMillleHHs BHYTPIIIHBOTO €IEMEHTY
JOTHYHOI KOHCTPYKIii (KOHCONBHO 3aKpIIICHOTO CTPWXKHS B IIMJTIHAPWYHIA OCHOBI) B3JOBX 30BHINIHBOTO E€IIEMEHTY IOTHYHOL
KOHCTPYKUIT (IMJTIHAPY) NPH MPUKIAAaHHI BiOpaIiifHO CHIIM MEPIeHUKYISIPHO MOB3I0OBKHIHM oci cTprkHs. BucHoBkm: 1) mpu mii
BUMYILICHUX KOJMBAHb HAa JOTHYHI KOHCTPYKIIi 3 KOHCTPYKTHBHOIO aCHMETPi€l0 BHYTPIIIHBOTO €IEMEHTa JOTHYHOI KOHCTPYKIii
MOXJIMBE BHUHUKHEHHS e(eKTy BiOpaliifHOro mepeMilieHHss BHYTPIIIHBOTO €1eMEHTa IOTUYHOI KOHCTPYKIIT BiTHOCHO 30BHIIIHBOTO
eleMeHTa; 2) MOXKJIMBE 3/iHCHEHHs BiOpAliiHOrO MEpeMillleHHs BHYTPIIIHBOTO EIeMEHTY IOTHYHOI KOHCTPYKLIl (KOHCOJBHO
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3aKpIIICHOTO CTPWKHS B LIIIHIPUYHIA OCHOB1) B3[JOBX 30BHIIIHBOTO €IEMEHTY AOTHYHOI KOHCTPYKUIl (UMIIHAPY) NPH KYTi MiX
TIOB3/IOBKHBOI0 BICCIO BHYTPIIIHBOTO €IEMEHTY Ta HAmpsIMKOM [ii 30BHIIIHBOI BiOpamiiiHoi cwum, skuil nopiBHioe 900 ; 3)
MMOJIMBa 3yIIMHKA BHYTPINIHBOTO €JIEMEHTa JOTHYHOI KOHCTPYKIII, MpH BiACYTHOCTI Aii 30BHIIIHBOI BiOpamiiHOI crin, B TOMY
MICIIi 30BHIITHBOTO IWIIH/APA, B SKOMY TPUITHHIIIACK JTis 30BHINTHBOT BiOpAIliiftHOT CHITH.

KmiouoBi cioBa: BiOpamis; mepeMilieHHs; e(eKT; YacTOTa; KONMBAHHS; AOTWYHA KOHCTPYKIis, CHJIAa TEpTs; BHYTPIIIHIH
€JIEMEHT; 30BHIIIHIN eJIeMEeHT; IUIIHAP.

MEXAHHW3M BUBPAIMOHHOT'O HEPEMEIEHUST CONPUKACAIOIIUXCS
KOHCTPYKIHMHU B 3BAMKHYTBIX OB bEMAX

IIpeameTroM wucclneoBaHUS B CTaTbe SBISETCS IPOLECC BHOPALMOHHOTO MEPEMEIICHHs CONPUKACAIOIMXCS KOHCTPYKLHH B
3aMKHYTBIX oObeMax (TpyOax). Lleabp paboThl — wHcClenoBaTh MEXaHM3M BHOPAIIMOHHOTO TIEPEMELICHUS COMPUKACAIOUIMXCS
KOHCTPYKIHHA B 3aMKHYTHIX 00beMax (TpyOax). B cTaThe permaroTcs cienyroniue 3agayu: IPOBECTH UCCIEIOBAHUS KOJIeOATEIbHOTO
JIBIDKEHHSI KacaTeJbHOH KOHCTPYKIHUH, COCTOSIIEH M3 KOHCOJBHOTO CTEP)KHS C 3aKpEIUICHHBIM Ha OCHOBE KOHIIOM, M C IIOMOIIBIO
OIIOp CBSI3aH CHJIOM CYXOro TpEHHs C ABYMs MNapaJUICIbHBIMH IIEPOXOBATHIMH IUIOCKOCTSIMH; 3KCIEPUMEHTAIBHBIM METOIOM
MOATBEP)KAACTCSI BOSMOKHOCTh BHOPAIMOHHOTO IIepEMEIIeHHsT BHYTPEHHET0 JIeMEHTa KacaTelbHO KOHCTPYKIIUH BIOJIb IMIIMHIPA.
HUcnonp3yroTest  ciaenyronpe MeTOAbI: MaTeMaTHYeCKOr0 MOJEIHMPOBAHUS M OSKCIIEPUMEHTAIBHOTO HccienoBaHus. [loxydeHs
CleIyIolINe Pe3y/abTaThl: NPEJIOKEHa MaTeMaTH4YecKas MOJEb ABIKCHHS CONPUKACAIOIICHCS KOHCTPYKIHMH, COCTOSIICH H3
KOHCOJIBHOTO CTEp)KHS C 3aKpPEIUVICHHBIM Ha OCHOBE KOHIIOM, C IIOMOINBIO ONOp CBf3aHa CHJIOH CyXOro TPEHUs C JBYMs
HapaJuleIbHBIMU  LIIEPOXOBATHIMH IUIOCKOCTAMHM HPH HPHIOKEHUH BHOPALMOHHOW CHJIBI TNEPICHAMKYJISIPHO IPOJOJIBHOI ocH
CTEp)KHS; HOJITBEP)KIACHA BOSMOXKHOCTH BHOPAI[MOHHOTO IIEPEMEIICHUS BHYTPEHHETO 3JIEMEHTA COIPUKACAIOIIECHCS KOHCTPYKLIUH
(KOHCOJIBHO 3aKpETUICHHOTO CTEPXKHS B HWJIMHAPHIECKOM OCHOBAHHUH) BJIOJIb BHEIIHETO JJIEMEHTA CONpPHUKAcAoIeiicss KOHCTPYKIHN
(LnnuHOpa) TpH MPUIOKEHHH BUOPAIIMOHHOH CHIIBI IEPHEHANKYJSIPHO NPOJONBHOM ocu crepkHS. BwIBoabl: 1) mpu neiictBun
BBIHY)KJICHHBIX KOJEOaHMH Ha COINpHKAcaromelcs KOHCTPYKIMH C KOHCTPYKTMBHOW acHMMETpHEH BHYTPEHHEro JJIeMeHTa
COIpHUKacaomeiics KOHCTPYKIMH BO3MOXKHO BO3HHKHOBEHHE 3(dexTa BHOPaIMOHHOTO IePEeMEIIeHHs] BHYTPEHHETO DSJIeMEHTa
COIpHKacaromeiicss KOHCTPYKIIMU OTHOCHTEIBHO BHEIIHETO JJIEMEHTa; 2) BO3MOXHO OCYILIECTBICHHE BUOPAIIMOHHOTO MepeMeIeHHUS
BHYTPEHHETO JIEMEHTa COIPHUKAacarouieiicss KOHCTPYKIHN (KOHCOJIBHO 3aKPEIUICHHOTO CTEPXKHS B IMIMHAPHYCCKON OCHOBE) BIOJb
BHEILTHETO 3JIEMEHTA CONPHUKACAIOIIEHCS KOHCTPYKIMH (LMIMHIpA) IPH yriie MEeXIY HPOJNOIBHON OCBI0 BHYTPEHHETO SJIEMEHTA U
HampaBleHHEM JAEHCTBUS BHEIIHEW BHOpamuoHHOW cmibl, paBHOM 900; 3) BO3MOXKHAa OCTaHOBKA BHYTPEHHETO OJIIEMEHTa
COIPHKACAIOIICHCS KOHCTPYKIMH, IPH OTCYTCTBHH JeHICTBUS BHEIIHEH BHOPALMOHHOMN CHIJIBI, B TOM MECTE BHEUIHErO LMINHIPA, B
KOTOPOM HpeKpaThiiach IeUCTBHE BHEIIHEH BHOPAIMOHHON CHIIBL.

KunioueBsie cioBa: BuOpanus; nepemenieHue; 3p¢GeKT; 4actora; KojaeOaHHs; CONPHKACAIOMAsICS KOHCTPYKIUS, CHIa TPEHUS,;
BHYTPCHHHH 2JIEMEHT; BHEIIHHI JIEMEHT; LIWIHHIP.
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B. M. KPuBOHOC, O. O. KilIMIIIIEH, O. B. IIEMMA, P. B. BACUJIEHKO

BJAOCKOHAJIEHHSA CUCTEM YCYHEHHSA JIbOJOYTBOPEHHS HA
EJJEMEHTAX KOHCTPYKIIII BEPTOJIBOTY

IIpenMeToM HOCTIPKCHHS B CTaTTi € IIAXOAW IIOMO BIOCKOHAJICHHS CHCTEMH 3aXHCTy €JIEMEHTIB KOHCTPYKIII BiHCEKOBO-
TPaHCIOPTHOTO BEPTOJBOTY B JHOJOYTBOpPEeHHA. MeTa poOOTH — po3poOKa IPOIMO3HILIH CTOCOBHO BIOCKOHAJICHHS HaHOiNbII
C€HEeProeEMHOI CHCTEMH 3i CKJIaoy aBial[iifHOro oOJaJHAHHS BiCHKOBO-TPAHCIIOPTHOTO BEPTONBOTY, @ CaMe IMPOTHU3JICACHUIBHOI
CHCTeMH Ha MiJCTaBi aHaNi3y SK MOXJIHMBO OLIBIIOr0o Ymcia il KOMIIOHEHTIB. B CTaTTi BUPIIIYIOTHCS HACTYMHI 3aBJAHHS: aHAII3
CY4acHMX CHCTeM OOpOTBOM 3 OONeNeHIHHAM (Hacammepel THX, IO BHKOPHCTOBYIOTBCS B HPOMHCIOBHUX YCTaHOBKaxX, Ta Ha
3aKOPIOHHHUX BEpPTOJIbOTAX), Po3poOKa AyOIi0I0Uu0i cucTeMu 00IrpiBy ckia kaOiHM ekimaxy, po3pobka Ge3KOHTAKTHOTO CIOCcO0y
nepenadi eJNeKTPOeHepTii Ha HarpiBajJbHI €IEMEHTH JIoNaTed TBUHTIB, PO3pOOKa CTPYKTYPHOI CXEMH aBTOMAaTHYHOTO YIPAaBIIHHS
MPOTH3JIEICHIIBHOK CHCTEMOK. BHKOPHUCTOBYIOTBCS TaKi METOAM: MOPIBHMUIBHUN aHaji3, METOJH HPHUKIATHOI TiJPOJHHAMIKH Ta
enexTpomMexaHiku. OTpUMaHO HACTyNHI pe3yJabTaTH. chopMynboBaHi crenudidHi BUMOTH JO BEPTOJITHUX CHCTEM 3aXHCTy BiJ
JIbOJy, 3aIPOTIOHOBaHA PiIMHHA CHCTEMa OMHBAHHS CKJIa KaOiHH eKillaXy Yy SKOCTI IyOJIOI04ol CHCTEMH Ul eleKTpooOirpimy,
3allpOIIOHOBAaHA CXeMa CHCTEMH YIPABIiHHA O-Ti CEKIIHHOIO MPOTU3JICACHIIHHOK CHCTEMOIO 32 JIOTIOMOTOK KOMOIHOBAaHOTO
CHTHAJI3aTopa JIbOJOYTBOPEHHS. BHCHOBKM: BIIPOBA/UKCHHS IIOBHICTIO aBTOMAaTHMYHOI CHCTEMM YCYHEHHS JIbOLY Yy CKJIaji
aBialifHOr0 00JagHAHHS BEPTOJIBOTY, KA 3HAYHO PO3BAHTAXKUTH €KillaXX, 000B’SI3KOBO Mependayae BUKOPUCTAHHS Y CBOEMY CKJIAJ1
KOMILIEKCHOTO JATYUKY (Ipynu BuMiproBadiB). Lle 7acTh MOXKIMBICTH CHCTEMI pearyBaTd HE TUIBKU HA MOSABY MEBHOTO IIAPY JIHOIY
Ha YyTJIMBIN MOBEPXHi, a IIe i Ha MapaMeTpH HAaBKOJMIIHBOIO CEPEOBHUILA, IPH SKHX MOXKIMBO BHHHUKHEHHS TAKOrO HEGE3MEYHOTO
SIBUINA SIK OOJIC/ICHIHHS eJIEMEHTIB KOHCTPYKIII BepTOIb0Ty. MozaepHi3amisi cuCTeMH GOpOTHOM 3 JIOIOYTBOPSHHSIM Ha eJIeMEHTax
KOHCTPYKIIT BepTONbOTY Oy epeKTHBHOIO JIMIIE IIPH KOMIUIEKCHOMY IiXOi JI0 BAOCKOHAICHHS YCIX 1 CKJIQ[IOBUX YaCTHH Pa3oM 3
PO3pOOKOIO AyOIFOFOUYNX CHCTEM YCYHEHHS JILOIY.

KurouoBi ciioBa: mpoTu3neneHUIbHA CHCTEMa; JHOJOYTBOPEHHS; 3JICICHIHHS, JIOMaTi TBUHTIB; OE3KOHTAaKTHAa Mepenada;
0e3Ieka MoJIbOTIB; Pe3ePBYBaHHS; PiMHA; CKJIO KaOiHM; KOMIICKCHUH JaTYHK.

Beryn YTBOpPEHHS JIHOy Ha JIOMATSX TBUHTIB BEPTOIHOTY

MIPU3BOJNUTH JIO CYTTEBOTO TOTIPIICHHS KEPOBAHOCTI, IO
3HAYHO BiJYyBa€THCS WICHAMH EKilaXy Ta Maca)KUPaMH.
3a CTaTHCTHKOI0 METEOCIIOCTEPEKEHb Ha TEPUTOPIl
VYxpainu 80 % 3aranbHOro 4acy y 3MMOBO-OCIHHIH mepio]
CHOCTEPIraeThes TEMIIEpaTypa HABKOJIMIIIHBOTO
cepenopuiia Hmwkue 00 C, mpu siKid yTBOPIOETBCS
CIOYaTKy BOJIOTa, a MOTIM INPH MOJAJbLUIOMY 3HMKEHHI
TEMIIEpaTypu — JIbOJ, HAa METaIeBUX IOBEPXHAX

KoskeH nosmiT MoBiTpsIHOTO CyiHAa MOYKHA PO3IIIAIATH
3 TOYKH 30py 3a0e3ledyeHHs Horo Oe3meKw IIiJ dYac
BUKOHAHHS TOJBOTHOTO 3aBJaHHA. be3meka moJbOTY
3abe3nedyeThes, SKIIO MPH BiIMOBI SIKOT-HEOY b CHCTEMH
BEPTOJBOTY MOXe OyTH 3[iiicHeHa mocaaka xouya 0 Ha
HAHOMKIOMY  aepoapomi. BHKOHAHHS  MOJBOTHOTO
3aBJaHHs MOKe OYyTH TapaHTOBaHO TUIbKH Y BHIAJKY,

SIKIIIO BCI JKATTEBO BAXIJIMBI CHUCTEMH OYIyTh MiATH Ha
NPOT#3i MOJILOTY OE3BIIMOBHO.

Bupimennss mnuraHb O€3MEKW  IMOJBOTIB  TICHO
3B’S13aHO 3 BHUPIIICHHAM 3aJadi 3axHUCTy JITaJIbHOTO
amapary Bix oOJeJeHIHHS, TOMY 110 BOHO NPHU3BOJIUTH JI0
BaromMoro HOTipPIIEHHS foro aepoANHAMIYHUX
XapaKTEepUCTHUK, TOTIPIICHHIO CTIMKOCTI Ta KEPOBAHOCTI.
Kpim Toro, 00ne/ieHiHHSI MOXe BUKJIUKATH BIIMOBH PSIILY
HaBa)XJIMBIIINX arperariB Ta MPHUIagiB i, HA caM KiHelb,
10 HAWO1ITBIIT HEOE3MEeYHO, TOPYIIUTH POOOTY ABUTYHIB.

OOsieieHiHHS CKJIa KaOiHH IJIOTIB MPH3BOIUTH 10
MIOTipIIIEHHS OTJIAAY 3aKa0iHHOTO MPOCTOPY.

MOBITPSHUX CY/ICH.

3a manumu EASA 3a ocranHi 10 pokiB oOneneHIHHS
BusIBIJIOCS TmpuunHOI0 80 aBiamifiHMX TOAiH y CBiTI i3
3arubentro 263 gomnosik [1].

Bce me oOymoBimoe HEOOXigHICTH pPO3POOKH Ta
BCTaHOBJICHHsI Ha OOPTY Cy4acHHX BEPTOJILOTIB CHCTEM
3aXUCTy BIiJ JIbOJOYTBOPEHHS, a TaKOX JOCIIKCHb
HUISIXIB TIOJIMIIEHHS! XapaKTepUCTHK ICHYIOYMX CHCTEM
3aXHCTy BiJl JHOJOYTBOpeHHs (puC. 1), TOPIBHIHHSI

PI3HOMAHITHHX TEXHIYHUX PIIIEHb Ta MMiIXOMIB CTOCOBHO
o0y I0BH CHCTEM OOpPOTHOM 3 OOJICACHIHHSIM €JIEMEHTIB
KOHCTPYKIIii BEPTOJIBOTY.

Puc. 1. Yinyxk apwmii CILIA mozentoe xmapy 3/eIeHIHHS U151 IepeBipKH epeKTUBHOCTI (QYHKLIOHYBAaHHS CHCTEMH 3aXUCTY BiJl JIbOLY

renikonrepa AW139 Agusta [2]
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KpiM TOro, XapakTepHOW PHCOI  Cy4YacHOi
aBialliifHOT TEXHIKM BHCTYIA€ B3a€EMO3B 30K pPa3oM 3
B32EMO3AISKHICTIO PI3HOMaHITHUX CUCTEM BEPTOJILOTY.

[IpoTusneacHIbHI CUCTEMH MPEACTaBIAIOTE CO00I0
CKJIJIHUIl KOMIUIEKC €JIEMEHTIB, IO€JHAHHS  SKUX
YTBOPIOE TIJICUCTEMH, IO BXOMAATh, B CBOIO Yepry, y
MiJICUCTEMH OUTBINOI CKIaIHOCTI. 3a3HA4YeHE MPU3BOIUTH
0 HEOOXIAHOCTI pO3MIALy mNpoOjeMu HaIiHHOCTI
MOBITPSHOTO CyJHa HE TIJIBKM 3 TOYKM 30py 3MiH 1i 3
4acoM eKCIIyaTalii, a me # 3 BpaXyBaHHSIM BIUIMBY
BiIMOB Ha BHHUKHEHHA aBapiiHOi cHUTyamii Ta Ha
6e3mocepeHIo OE3MeKy MONbOTIB.

AHaJi3 ocTaHHIX JOCSATHEHb Ta My0aikamiit

[IpoTusneneHIIbHI CHUCTEMH, SIKi BCTAaHOBJICHI Ha
BITYH3HSIHHUX MOBITPSTHUX CyJTHaX BiICEKOBOTO
MpU3HAYCHHS, Oy po3poOiieHHi 35-45 pokiB TOMY.
3polOileHuii  aHami3 Cy4YaCcHHX CHCTEM OOpoThOM 3
oOeieHIHHAM (HacamIIepes THX, 1[0 BUKOPHCTOBYIOTBCS
B IPOMHUCIOBUX YCTaHOBKaX, Ta Ha 3aKOPJOHHHUX
BEpTOJbOTAX) IMOKa3zye, IO Yy paMKax 3arajbHOi
MOJICpHI3allii BICHKOBHUX IOBITPSHHUX CYACH HEOOXimHa
rm0oKa MOJEpHI3allis MNPOTU3NIEACHITBHUX CHCTEM, a
0CO0JHBO 1X AaT4mKiB [3].

Y pobGoti [4] OmUCYyeThCA CHCTEMa 3axXUCTY Bif
JHOJOYTBOPEHHS  Cy4YacHOTO  TeJKOoNTepa,  SKHH
IUIAHYETHCSI 3aJyIUTH U1 BUKOHAHHS 3aBAaHb IOJIMIT y
TIOBITPI HaJl BEMUKNM MicTOM. BkazaHa cucrema mpargroe
TIOBHICTIO Y aBTOMAaTHYHOMY PEXHMI.

Y pobGori [5] BHU3HAYCHI HEIOMIKH ICHYIOYOI
MPOTU3NIEACHIILHOT CUCTEMH BEPTONBOTY Mu-8, cepen
SIKUX aBTOP BHUJUISE BiJCYTHICTH AyOJIOBAaHHS KaHAIB,
BIZICYTHICTh KOHTPOJIFO TEXHIYHOTO CTaHy CKJIaJOBUX
YaCTHH 3a3HaY€HOI CUCTEMH Y IOJIBOTI.

OuiHka MOXIIMBOCTEll eKcIulyaralii MOBITPSHUX
CyleH 3IeOiIbIIoro JTakiB B YMOBax OOJCICHIHHS,
3TiIHO OKpeMHuX cepTH(dikamiiHUX BHMOT, Oyna 3po0ieHa
y poborax [6, 7, 9, 10], Takox omwmcaHi crmocodu
BU/IQJICHHS KPIDKaHMX BiJKJIAJEHb 3 HECYUHX HMOBEPXOHb
mitakiB. Y pobotax [11, 12] 3pobmeHo aHamiz 3MiH
AepOJMHAMIYHUX XapaKTepUCTUK TOBITPSIHUX CYyJEH
BHACJIJIOK BIUIMBY OOJIEICHIHHS Ta TIPONOHYIOTHCS
MPOrpaMHi KOMIUIEKCH JUIsi PO3paxyHKy (opM KpIKaHUX
BiIKJIaJeHb Y BUMAAKy ABoMipHUX [14, 15] Ta TpuMmipHHX
Mozeneit [16].

ABTOpamMu poOOTH [8] mpOBEIEHO PEeTENbHUIN OTIIs
JTaTYUKIB-CUTHAIII3aTOPIB 37eICHIHHS, BH3HAYEHI
HEJIOIKH Ta NepeBark PisHOMaHITHUX TEXHIYHUX PillICHb.

V npaui [13] po3risHyTO NHTaHHS BIUTUBY B'SI3KOCTI
Ha BHMHUKHEHHS B TYIHKOBIH o00JacTi Temmeparypu

rajbMyBaHHS  BHIIE  TEMIEpaTypu  TaJlbMyBaHHS
Ha0iraloyoro TMOTOKYy Ta3zy, TaKk 3BaHOro edekry
Iaptmana-Illnperrepa,  0OIPYHTOBY€ETHCS MOXKIHMBICTH
pPO3pOOKH  CHCTEMH 3aXHCTy Bl  JIbOJOYTBOPEHHS

JITATBHOTO amaparty, o OyAy€eThCsl Ha BKa3aHOMY e(eKTi.

AHai3 BKa3aHHUX Npalb CBiAYUTH MPO T, IO Y CBITI
3HayHa yBara TPUOUIIETBCS  BHUPIMICHHIO IHTaHb
3a0e3neueHHs Oe3MeKy IOJIFOTIB Yy CKJIaJHUX ITOTOJHUX
yMOBax, a came IpH OOJICCHIHHI, IPOXOBKYIOTHCS
MOUIYKH HOBUX TIJIXOJIIB 10 CTBOPEHHS Ta BIIOCKOHAJICHHS

MPOTU3ICACHUIBHUX CHCTEM JIITATBHHUX amapaTiB. Aue
OULTBIIICTh TIpalhb i3 HABEICHUX IPHCBIYCHA CHUCTEMaM
3aXHCTy BiJ JHOJIOYTBOPEHHS JiTaKiB IHMBUILHOI aBiarlii.
SIKImo PO3rIAAaOTECS BEPTONBOTH, TO M€ IEPEBAXKHO
3aKOPJIOHHI  3pa3KW. BiJbIIiCTh aBTOPIB MPOTNOHYIOTH
PI3HOMaHITHI CXEMH CHTHAJi3aTOpiB JIbOJOYTBOPEHHS,
BU3HAYAIOTH, 110 Ty)KE BAXKJIMBUM € BU3HAUYCHHSI MOMCHTY
MOYATKY JbOJOYTBOPEHHS, TOOTO MiJKPECITIOIOTh OKPEMY
puCy 3a3HaueHHMX CHUTHAII3aToOpiB — 4yTiauBicTb. Lle
Oe3mepeyHo € IyKe BaXKIUBUM, aje MPOTU3JICICHUIbHI
CHUCTEMH BITYM3HSIHHX BEPTOJLOTIB TTOBHUHHI
BJOCKOHAJIIOBATHCA KOMIUIEKCHO. BOHH € cKiagHuMHu
€HEPrOEMHUMH CHCTEMaMU e(EeKTHUBHICTh POOOTH SKUX
3ICKUTH K BiJl HAIIHHOCTI CUTHAII3aTOPIB OO ICHIHHS
Tak ¥ Bil poOOTH CHCTEMH KEPYBaHHS KaHAJIaMH OOIrpiBy
€JIEMEHTIB KOHCTPYKIIi BepTONbOTy. bynmp sika ckiamHa
TEXHIYHA cucrtema MIOBUHHA 3a0e3mneuyBaThUCs
JTyOJIFOBaHHSAM CBOIX KaHAJIB.

CTOCOBHO BepTOJBOTY Mu-8 KO po3riIsaaTé
3aXMCT BiJ JIbOJY BXIAHUX TPAKTIB [BUTYHIB, TO Tam
BUKOPHCTOBYETHCS SIK €ICKTPUYHHUN OOIrpiB Tak i 001yB
rapsyiM IOBITPSM, IO BiAOMpaeThCs BiJ KOMIIpecopa
JIBUTYHA. AJie YaCTWHHU MPOTHU3JICICHIIFHOI CHCTEMH, IO
BiJNIOBIAIOTh 3a 3aXUCT B YTBOPCHHS JBOAY JIOMATEH
HECYYOTo Ta PYJIBOBOI'O TBHHTIB Ta CKJa KaOiHH eKilmaxy
HE MalOTh TyOIIOI0UNX CHCTEM.

[Mo-neprre, HEOOXigHO OyII0 BH3HAYUTH CHEUU(ITHI
BHAMOTH JI0 IPOTH3IICACHITBEHAX CUCTEM:

- HE3aJIOKHICTh Al  Big  3MiHM  mapamerTpiB
aTMoc(epHOro TOBITPsS, OCOOJMBO TMpH TeMIepaTypi
MOBEpXHi, mo 3axumaerbes 268-273 K (-5°C - 0°C) i
BiTHOCHOI BoJiorocTi 85-100%, mpu SKUX CIIOCTEPIra€ThCs
MaKCUMaJIbHa MOKJIUBICTh 3JICICHIHHS;

- MiHIMYM CIIOXMBaHO{ €HEepril;

- IBUAKA TOTOBHICTH 1O Mii 1 MO MOIJIHUBOCTI
aBTOMAaTHYHE BMHUKAHHA 1 BIIKIIOYEHHS BiJ CIENiajIbHUX
CUTHAJII3aTOPIB OYATKY 1 KiHIIS 3JI€ICHIHHS.

[lo-npyre, BuOpaTm  cydacHi  JNaTYUKH  SKi
BUKOPUCTAIOTh Pi3HI (I3WYHI TPHHIUNM Mdii, Taki sK
TEIUIOMIpHI  CHUTHaIi3aTOpu (BUMIPIOBAHHS CHTAJIbIIIN),
BiOpamliifHi CHrHANI3aTOpH, ONTHYHI (ONTOENEKTPOHHI)
CHUTHAJII3aTOpH, aKyCTHYHI Ta KOHJIGHCATOPHI
CHUTHAJTI3aTOPH.

[To-Tpere pPO3pOOMTH CTPYKTYpHI Ta NPHHIUIIOBI
CXeMHU MEePCTIeKTUBHUX cucTeM [3,5].

TakuMm YHHOM, MeTa CTaTTi MOJATaE y po3poOIi
MPOTO3UIIIl  CTOCOBHO  BIOCKOHAJICHHS  HAMOLIBII
E€HEProEMHOT CHCTEMH 31 CKJIay aBialliifHOTO O0JIaHAHHS
BiICPKOBO-TPAHCIIOPTHOTO  BEPTOJIBOTY, a  came
MPOTH3JICACHUTBHOT CHCTEMH Ha IMHICTaBl aHami3y sIK
MOJKITUBO O1JIBIIIOTO YKcCa i KOMITOHEHTIB.

BukJiag 0CHOBHOT0 MaTepiaJy

YV BIiAMOBIZHOCTI 3 BUMOTaMHU KEpPIiBHHUX JOKYMEHTIB
o0 3abesneyeHns Gesneku moapotie [11, 12, 15, 16]
3aKOPJIOHHI TEJTIKONTepH OOJAAHYIOTHCS BiAMOBITHUMHU
cHCTEeMaMH 3aXHCTy BiJl JIbOJIOYTBOPEHHSI Ha eJleMEHTax
KOHCTPYKIIii, K1 000B’I3K0BO nependavaroTh
JIyOJIIOBaHHS yCiX KaHaNiB 3a3HAYCHUX CHCTEM Ta MaloTh
y CBOEMY CKJIali MOJyNi, SIKI ~ MOXYTb 3HIMaTHCS.
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Hampukman, 3HIMHI TeHepaTOpH, SKi MPAMIOIOTH TiIBKH
JUTS JKUBJICHHSI €JICKTPOHATPiBaJIbHUX EJIEMEHTIB Pi3HHX
THITIB Ta TOTpeda y HASBHOCTI SIKMX Ha OOPTY IMiJ 4ac
HOPMAaJBHUX TOTOJHHX YMOB (BJITKY) 3HHKA€E, a TaKOXK

CIeKTPOHHI OJOKM 3 TMPOTpaMHUMH  MEXaHi3MaMHu
KepyBaHHS Ta MiJCUII0BAYi CUTHAIB.
Po3poOku  myOnroroumMx  CHUCTEM  3aXUCTy  Bif

JBOJJOYTBOPEHHST CYTTEBO IJIBUINATH pPiBEHb O€3MeKU
MOJILOTY Y CKJIaJHUX METCOPOJIOTIYHMX YMOBax M Jis
BepTONILOTY THIa Mu-8.

SIKIO  pO3TIIAHYTH €NEKTPOOOIrpiB  Cckila KaOiHU
eKillaKy, TO CJiJ 3a3HA4YWTH, M0 JJIS 3armoOiraHHs
YTBOPEHHIO JIbOAY Ha CKJIiHHI KaOiH HeoOXimHO, MO0 Ha
KOYXHOMY KBaJIpaTHOMY CAaHTHMETPi MOBEPXHI BUILISLIOCS
He ™enme 0,76 Jx/c eHeprii abo TOTYXHICTh, IO
MIIBOJUTHCS IO CKJIa cTaHOBWIA mpubausHo 0,65 Bt/cwm.

JbkepenaMu  Temla B CTeKJIax KaDiHM  CIIyKaTb
HarpiBaJibHI €JIEMEHTH 3 MOBEPXHEBHMH a00 APOTSIHUMHU
OIOPaMH.

[Mix wac TpuBanoi ekcruryaramii cucTeMu OOIrpiBy
J000BOTO  CKJIa JIbOTYMKA Ha  BEPTONBOTI  Mu-8
CHOCTEpIrajocsi HacTylHE HEraTWBHE SBHINE: IMijJ dYac
BHXOIy 3 JaJy HarpiBaJbHOrO €JIEMEHTY O0O0irpiBy,
BiIOyBaJocs pyiHYBaHHS CKJIa, IO NPHBOIJWIO JIO
HOTIPLICHHS SIK OIVISY JIbOTYMKA TaK 1 XapaKTePUCTHKH
MIIHOCTI CKJa, IO MOIJIO TPHUBECTH 10 HOr0 IMOBHOTO
pYWHYBaHHS B IOJIBOTI (puC. 2).

—

Puc. 2. Po3TpickyBaHHs CKJIa TbOTYMKA — HACTIZOK BUXOIY 3
JlaJly HarpiBaJbHOTO EIEMEHTA

KpiM TOrO, OCKINTBKH KOJHA 3 CKJIAJOBHX YacTHUH
MIPOTH3NIEACHIIBHOT cUCTeMH BepTosibory Mu-8MT He
IyOroeThCs [5], TO MPOMOHYETHCS BCTAHOBUTH PiUHHY
CHCTEMY OMHBY CKJa KaOiHM eKimaxy SK IyOJIFOBaHHS
EJIEKTPUYHOT YaCTHHHU CUCTEMH 3aXHCTY BiJI JIbOJLY CTEKOJI
KabiHM  ekimaxy. 3a3HaueHa CHCTEMa JIOJaTKOBO
3HQIO0UTECSL y pa3i 3acTOCYBaHHS OKYJISIpIB HIYHOTO
O0auenns tuny PNL-3 "Bielik" Bim xommanii PCO SA
(puc. 3).

Takum dYHHOM, 3aXUCT BiI IBOLY CKJIA KaOiHH
ekimaxy Oyzme 3IilicHIOBaTHCS SK 3a JIOIOMOTOIO
€JIEKTPOOOITPIiBY Tak # 3a JOMOMOTOK PiAWHHOI CHCTEMHU
OMHUBY CKJa. 3BicHO 1Il¢ TOTpeOye BCTAHOBJICHHS
JI0JIATKOBOTO 00JamHaHHs (0aKy 3 piMHOIO Ta HACOCY) Ha
CTeNi BaHTaXHOI KabiHM, a TakoX TPyOOIpPOBOLY,
TYMOBUX IIUIAHTIB, KJamaHiB Ta KpaHy. Pimuna Oyxe
MOTPAIIITH Ha CKJIO 3 BEpXy Yepe3 pO3MpHCKyBad Ha
CKJIOOYHIITyBaY.

1 — 6ak 3 piTUHOIO, KA MA€ MPOTHU3ICICHITIbHI BITACTHBOCTI; 2 —
HACOC MiJKa4YKH; 3 — TpyOOmpoBi; 4 — 3BOPOTHIH KiamaH; 5 —
KpaH MEepeMUKaHHS; 6 — PO3MPUCKYBaY MPOTU3IICICHITBHOT
piavHY; 7 — CKIOOYHIYBaY.

Puc. 3. Cucrema oMUBaHHsI CTEKOJ KabiHM eKimaxy

Tako)k MOXIMBO BCTaHOBJICHHS 3aCIOHKH 3
CJIEKTPUYHUM IIPUBOJOM, sika OyJie CIpalbOBYBAaTH IS
nojia4yi piIMHM Ha PO3NPUCKYBau 32 CUTHAJIOM Bij
JaT4uKa OOJICICHIHHS Y aBTOMAaTUYHOMY PEXKHUMI pa3oM 3
BMHUKaHHSIM y po0Ooty Hacocy. Ilpu mpomy 30epiraerbces
MOXIIMBICTh PYYHOI'O BMHKaHHSI B pOOOTy BKa3aHOI
MPOTH3JICACHIIPHOT CHUCTEMH CKJa KaOiHH JIbOTYHKIB,
KO (akTop 3anmoTiBaHHSA 4 OOJIENEHIHHS CKia Oyne
BU3HAYCHO Bi3yalbHO.

00’em 0aky 3 TPOTIWIHOAOTBIPHOI PITUHOIO OyIe
ckiamaTa 15 miTpis.

Ha nmanmii Wac icHye 3HayHa KiNBKICTh PIAMH, SKi
MAalOTh MPOTHUINICACHUIBHI BIACTHBOCTI, Bil 3BHYAHHOTO
e€TWJIOBOTO  CIMPTY O  HIPONUICHIIMKOJIO  abo
crieliayibHUX cyminied. BapricTe Takux piguH TakKoX
3HAYHO BapilOeThCss — Bia 3 rpH 3a jitp mo 300 rpH 3a
nitp (piauHa ¢ipmu Killfrost).

Jist  yCyHEeHHs yTBOpPEHHs JIbOJY Ha JIOMaTsIX
HECy4YOoro Ta pYJbOBOTO TBHUHTIB TaKOX 3aCTOCOBYETHCS
EJNIEKTPUYHHUN Croci® 00irpiBy, CcJIa0KMM eJIeMEeHTOM
SIKOTO BHCTYTIA€ I TKOBO-KOJIEKTOPHUH BY3011
CTpyMO3HIMaua, yepe3 sIKMi MOAAETHCS HAalpyTra Ha CeKii
HarpiBaJIbHUX  €NIEMEHTIB  Jomaredi  rBUHTIB. [{o
CTpyMO3HIMa4a MiIBOAUTECS TpH(a3Ha HAIpyra 3MiHHOTO
ctpymy 208 B Bing OoproBux reneparopis. [loTykHicTb,
0 BUTpAdYa€eThCs Ha 00irpiB ckianae 6au3pko 60 kBT. 1le
CTBOPIOE BEJHMKE TEIJIOBE HABAHTAXKCHHS Ha IIITKOBO —
KOJIGKTOpHUH By30s. HarpiB Ta TepTs B CBOIO dYepry
NPU3BOJATh 10 3HOCY KUIEIb Ta IMITOK [BOTO BY3IY.
3a3HaueHWd  BY30J ~ BITHOCHTBCA  JO  €JIEMEHTIB
KOHCTPYKIii  €JIeKTPHYHOI MAaIlWHH, 1[I0  [IBHAKO
3HOUIYETHCS Ta SIKMH BUMarae CUCTEMaTHYHOTO KOHTPOJIIO
i perymoBanHs. [lopsa 3 MexaHiYHUME (paKTOpaMu 3HOCY
0COOJIMBY POJIb B IPOIIECi iX pOOOTH Ipae THII i BEJIMYHHA
CTPYMOBOT'O HaBaHTaXeHHs. B mpoueci pobotu By3my iz
HAaBaHTAXKECHHSM IPOSIBISIETBCS  SBUILE  EJIEKTPUIHOTO
3HOCY, K€ MOJATae B IIEPEHECeHHI Marepiany OIHOTO
€JIeMEeHTa Ha {HIIWii, ICKpiHHi, TyrOyTBOPEHHI, [0 3HAYHO
MOTIpIIy€E SKICTh TOBEPXHI, 30UIBIIYIOUYN IIBHIKICTH
MEXaHIYHOTO 3HOITYBaHHS. TOMY B IpOIleCi eKcIuTyaTamii
HEOOXiZTHO KOHTPOJIIOBATH CTAaH IIITOK Ta KiJelb Ta
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CBOEYACHO 3aMiHIOBaTH. HecTabimbHICTH  pO3MOALTY
CTpyMy MO  MapalelbHO  TMPALIOYUM  I[ITKaM
TIOSICHIOETHCSI HEPIBHOMIPHUM 3HA4YCHHSM IEPEXiTHOTO
OMmopy  IIITKA-KONEKTOp, [0  BHMAara€  4acToro
MEePIOJUIHOTO KOHTPOJO 3 OOKy O0OCIyrOBYIOUOTO
MEPCOHATY 3 BUKOPHUCTAHHSM JOPOTHUX CHCTEM KOHTPOIIO
Ta giarHocTHKH. [Ipu YoMy 3a3Ha4YeHUN BUI KOHTPOIIO 3
BUKOPHCTAHHSAM BKa3aHUX CHUCTEM 3IIHCHIOETHCS JIUIIIC Ha
semii. OKpiM  IOTO, 3aMiHa 3HOIICHHUX JeTajei

TpaHcGopMaTop 3 MAarHITHHUM IIOJIEM, IO OOEpTaEThCS
[17]. Takuit TpanchopmMaTop MICTHUTH y c00i poTop Ta
cratop. Y Tma3zax craTopy po3MINIyeThes TpudasHa
00MOTKa, 70 sIKOi TIOJAEThCsl Hampyra Bix OOpTOBOTO
JoKepera 3MiHHOTO cTpyMy. Ha potopi, mo obGepraeThes
pa3oM 3 BTYJKOIO T'BUHTA, PO3MIIIY€EThCS OOMOTKA 3 SKOT
3HIMAETBCS  CJICKTPUYHA  CHEpris s SKUBJICHHS
HarpiBaJbHUX €JIEMEHTIB Jlonarteil.

TakuM 4YHHOM, BHKOPUCTaHHS TaKOTO MPUCTPOIO

3a3HAUCHOTO BY3Ily € CKJIaHUM BHIOM PEMOHTY. JIO3BOJIUTH  3a0e3neyuT  OE3KOHTaKTHY  Iepenady
Hus T ABUIIICHHS HaJIHHOCTI poOOTH  eNeKTpoeHeprii 3HAaYHOI TOTYXHOCTI UIs  OOIrpiBy
CTpyMO3HIMada, IPOIOHYETHCS 3aCTOCOBYBAaTH 3aMICTh  JIOMATEH BEpTONBOTY (puc. 4).
IIITKOBO-KOJIEKTOPHOTO BY3IIY Oe3KOHTaKTHHIHA
R, L
_AAA'._JYYY\

1 — oO6MoOTKa 3 SIKOT 3HIMAETHCS EIEKTPOCHEPTisl, 2 — 00MOTKA [0 SIKOT ITiIBOJJUTHCS HAIPYTa 3MiHHOTO CTPYMY

Puc. 4. [TpuHumn 6e3KOHTAKTHOI MepeIadi eIEKTPOCHEPTii Ha HAarpiBaJbHI €JIEMEHTH JOIaTei

s KepyBaHHS 6-Ti CEKIIIHHOIO
MIPOTH3IIEACHITBHOIO CHUCTEMOIO BEPTONHOTA
MPOIIOHYEThCS MOOYAyBaTH HACTYIIHY CXeMy ab0 aBTOMAT
KEepyBaHHS Ha OCHOBI KOMOIHOBaHOrO BHUMiproBaya
JIBOJJOYTBOPEHHS (BiOpawiiiHoro JaT4nKa Ta
TepMmopesucTopy) (puc. 5).

Ha nanwmit wac Ha BepTosbOTaX Mu-8 TOCTYHOBO
3MIACHIOETBCS ~ 3aMiHa  PajiOi30TOMHUX  JaTYUKIB-
curHamizaropis PUO-3 wa BiOpamiiiai matankn CO-121.
HesBaxaroun Ha Te, MO CTaTUCTHKAa  BiIMOB
Pamioi30TOMHUX NATYMKIB HE3HaYHa, BHUOIp BiOpaIiiHUX
JATYUKIB-CUTHANII3aTOPIB OOYMOBIICHHI  SK BUMOTaMH

€KOJIOTIYHOT Oe3MeKH, TaK ¥ THM M0 BiOpamiiHi JaTINKH
BKa3aHOTO TUITy MalOTh HE3HAYHI TabapHTHI pO3MipH, aje
JIOCTAaTHBO BIOPOCTIHKI, 1110 JO3BOJISIE BCTAHOBJIIOBATH iX Y
MICISIX ~ HAaOJMKEHHMX  J0  JBUTYHIB, TOOTO Yy
noBiTpo30ipHukax. KpiM TOoro, mnepeBaraMm Takux
JATYMKIB € Te€, 110 BOHU BHUKIIOYAIOTh I[TOMMIKOBE
CIpalbOBYBaHH MPH BILUIMBI JIOLLY, CHITY uM BiTpy. Ha ix
po0OTYy He BIUIMBAa€E MaHEBPYBaHHS JITAIBLHOTO amapary,
TOOTO Ppi3Ki 3MIHH BHCOTHO-IIBHIKICHUX MapaMeTpiB
MoNbOTY.  BumpoOyBaHHS TOKazanm 1m0 BiOpamifiHi
JATYUKH 30epiraroTh Mpame3aTHICTh IPU Pi3HOMAHITHUX
THITaX 00JIEAECHIHHS.
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YTBOPEHHA Nboay

CurHan Ao KOHTaKTiB

Kanan HarpisanbHUX ceKLil
ABTOMATHHAOLO CvrHan Temnepatypm
KEPyBaHHH [0 IHLWMX COXMBadiB

CurHan Ha 3acniHKky
PiANHHOT CUCTEMM OMUBAHHSA
cKna

Puc. 5. Cxema ynpaBniHHs 6-Ti CeKIIHHOT CHCTEMOIO BEpPTOJIHOTA 32 IOIIOMOT 00 KOMOIHOBAaHOTO CHTHaji3aTopa (BibpawiitHuii

JIaTYHUK Ta TEPMOPEZUCTOP

ITpunuun it KOMIIJICKCHOTO BHMipIoBaua
3aCHOBaHMH Ha 3MiHI YacTOTH BJIACHHX KOJINBAaHb
YyTIMBOTO €JIeMEHTa JaT4yruka - MEMOpaHH, MpH MOSABI Ha
Hill TpOAY (YacToTa KOJMBAaHb MEMOpaHH € (yHKIi€o il
KOPCTKOCTi) pa3oM 31 3MIHOIO €JIEKTPUYHOTO OIOpPY
TEPMOUYTIUBOTO €JIeMEHTY BiJ TeMIlepaTypu
30BHIIIHBOTO TMOBITPS 3 MOAAJBIIUM ITEPETBOPEHHIM M€l

3MiHM, MIACWICHHAM Ta BHAAYCI0 Ha MPOrpaMHHI
MexaHi3M kepyBaHHs Tuy [IMK-21.

Kanan curnanizamii oOneneHiHHS MPU3HAYCHUN IS
MEPeTBOPEHHS CHUTHAJIB, M0 NPAMYIOTh 3 JAaTYWKa Ta
BUAa4i curHamy "3meneHiHHA" IPH HapOIIEHHI TOBIIMHU
mapy JbOJy Ha TIIOBEpXHI JaTyMKa  BIJIIOBIAHO
noporoBomy 3HaueHHO 0,4+0,1 MM, 3aTpuUMIl CUTHAITY
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"3neneHinHa" Ha wac 115 ¢ micnd yCyHEHHS JIbOAY 3
JMaTYMKA, a TAKO)K CHTHAJI3aMi] 11010 BIAMOBH JaT4YHKA.

KaHan aBTOMAaTMYHOrO KepyBaHHS BMHUKaHHAM Y
poboTy cCcHCTeMH TpPH3HAYEHHWH [UIsi  TEPETBOPEHHS
TeMIIepaTypy 30BHINIHBOTO TMOBITPS (3MIHH  OIOpY
TEPMOPE3iCTOPY) y YaCOBi IHTEPBAIM y 3aJCKHOCTI BiJ
TEMIEpaTypy Ta CHUTHAI3aIlil YIeHaM €Kilmaxy CTOCOBHO
3HWKCHHS TEMIICPATypHd MCHII HIX Ta, NPU SIKUA HE
3abe3neuyeThess eeKTHBHA poOOTa CHUCTEMU YCYHEHHS
JIBOJTY 3 JIONaTei TBUHTIB BEPTOJIBOTY.

Iei xaHan TakoX 3a0e3medye BUAAYy CHUTHAIIB Ha
BMHKaHHSI y poOOTy HarpiBaIbHUX CEKIH JomaTei
HECy4Oro Ta pPyJbOBOI'O TBUHTIB BEPTOJBOTY.

YCYHEeHHS ~ JbOAYy  Ha  E€IEMEHTax  KOHCTPYKIT
BITYM3HSHOTO  BIHCHKO-TPAHCIIOPTHOTO  BEPTOJIBOTY.
3a3HaveHo, IO MOJCPHI3AIs ICHYIOUMX CUCTEM YCYHCHHS
mpony Oyne €QEeKTUBHOIO JIMIIE Y pa3i KOMILICKCHOTO
MIXOAY 1010 PO3TIAAY BCIX CKIIAOBUX
MPOTHU3JIEACHIIBHOT cUcTeMH. BuHsBiIEHO, 110 Ha BigMiHY
Bix BeprosboTiB kpaiH HATO Ha Bepromboti Mu-8MT He
MOXITBO 3poouTH 3’€MHOIO YaCTHHY
MPOTHU3JIEACHUIBHOTO 00JagHaHHA, OCOOJMBO JKepen il
JKUBJICHHS (T€HEpaTopiB), aje Iie HHUTaHHA MOXe OyTH
aKTyallbHUM TP PO3IIIsl  MEPCIEKTHBHUX — CHCTEM
3aXHMCTy BiA JIbONOYTBOPEHHS Ha IHIINX THIAX
BITYM3HSHUX BEPTOJHOTIB.

3aTpuMka curHaimy U, Ha BUKIIOUCHHS OOIrpiBY Ha mizacTaBi po3risily HU3KM TEXHIYHHUX DiIlIEHBb, 110

JlaTINKa TOTPiOHA [T 3a0€3MeUCHHS MOBHOTO yeyHeHHs — POTOHYIOTBCS,  MOXKHA  3pOGHTH BHCHOBOK, 1O

MbOJY 3 uyTAMBOI TOBepXHi. 3aTpumka curpamy ~ BUPOBAKCHHS  MOBHICTIO — aBTOMATHYHOI  CHCTEMH

"Sneneninns"  HeoOXimHa s 3aGesmevenHs foro YCYHEHHA JbOZY 'y CKIaii aBiauiiHoro obmajHammHs

GesmepepBHOCTI  TpM  LMKMiuHiE poGoti y somi  BEPTONBOTY,  SKa  3HAYHO  PO3BAHTAKMTH eKinam?

061eIeHiHHS. 000B’43K0BO nependayae BUKOPUCTAHHS y CBOEMY CKJIaJi

KOMIUIEKCHOTO JaT4uKy (rpynu BumiproBauiB). Lle macte

BHCHOBKH MOXIIMBICTh CHCTEMI pearyBaTd HE TIJIbKM Ha HOSBY

CTBOpPEHHS IIEBHOTO IIapy JIbOAY Ha YyTJIMBil OBEPXHI, a

Taxum  wmEOM  ommparoumcs  Ha  mocein  C i Ha mapaMeTpH HAaBKOJHIIHBOTO CEPEIOBHIUA, MPU

BIIPOBADKEHEST HOBIHX CHCTEM 60poTHGH 5 KHX MOXJIMBO BHHHKHCHHS —TaKoro He6esneqH0rg

JTBOJOYTBOPEHHSAM Ha remikomrepax kpain HATO ABUILA  AK  OONC/ICHIHHA  CNEMCHTIB  KOHCTpYKIi
3aIpONOHOBAHI  LWISXM  BIOCKOHANEHHS  cuctemu  DoP OPOTY:
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COBEPIIEHCTBOBAHUE CUCTEM YCTPAHEHMUS JIEJOOBPA30BAHUS HA
SJIEMEHTAX KOHCTPYKIIUU BEPTOJIETA

IIpenMeToM ¥ucciieOBaHUS B CTAaThe SBILSIIOTCS ITOJXOJBI MO COBEPIICHCTBOBAHHIO CHCTEMBI 3aIIUTHI DJIEMEHTOB KOHCTPYKIHU
BOCHHO-TPAHCIIOPTHOTO BepTosieTa OT oOpa3zoBaHusi Jbaa. Lledab paboThl — pa3paboTKa MPEATIOKSHUH MO0 COBEPIICHCTBOBAHHIO
Hanboliee JHEProeMKOil CHCTEMBI M3 COCTaBa AaBHAIIOHHOTO OOOPYMOBaHUS BOCHHO-TPAHCIOPTHOTO BEPTOJETa, a HMEHHO
MPOTUBOOOJICACHUTEIHHON CHCTEMbl Ha OCHOBE aHAlM3a KaK BO3MOXKHO OOJIBIIEr0 YMciia ee KOMIIOHEHTOB. B cTaThe pemiarorcs
CIEeAyIOIINE 3aJa4Yd: aHAIN3 COBPEMEHHBIX CHUCTeM OOprOBI ¢ oOJeneHeHHeM (IpeXIe BCEro TeX, HYTO HCIONB3YIOTCS B
MIPOMBIIIIEHHBIX YCTAaHOBKAX, M Ha 3apyOeXHBIX BepTojeTrax), pa3paboTka TyOnupylomeil cHcTeMbl 00orpeBa CTeKsa KaOWHBI
9KHIIaXKa, pa3padoTKa OECKOHTAKTHOTO crocoba Iepefadyd SJIEKTPOSHEPrHMH Ha HarpeBaTelbHBIC JJIEMEHTHI JIONAcTeldl BUHTOB,
pa3paboTKka CTPYKTYPHOU CXEMbI aBTOMAaTHUCCKOTO YIPABJICHHS MPOTHBOOOICICHUTECIHLHON cucTeMo. Mcnosb3yroTes cleayromue
METOJIbI: CPaBHUTEIBHBIN aHAM3, METObI IIPUKIATHON THAPOIUHAMUKY H AJIEKTpoMeXaHHuKH. [lomydeHs! cienytomye pe3yJabTaThbl:
chopmyupoBaHbl creiduueckue TpeOOBaHHsS K BEPTONCTHHIM CHCTEMaM 3allUThl OT JIba, MPEAJIO)KeHa JKHIKOCTHAsI CHCTeMa
OMBIBKM CTEKOJ KaOWHBI JKHIaXa B KayecTBe AyONHPYIOIIEH CHCTEMBI Ul AJIEKTPOOOOrpeBa, MPeIyIOKEHHAs] CXeMa CHCTEMBI
yopaBieHuss 6-TH CEKIHOHHOW MPOTHBOOOIIEICHUTENPHON CHCTEMOW C IMOMOLIbI0 KOMOWHHPOBAHHOTO CHTHAIH3aTOPa
nénoobpa3oBanus. BpIBOAbI: BHEIAPCHHE IOJHOCTHIO aBTOMATHYECKOH CHCTEMbl YCTPAHEHHsI JbJa B COCTaBe AaBUALIMOHHOTO
000pyIOBaHMS BEPTOJIETa, KOTOpasl 3HAUYUTENBHO PasTPy3HT SKHUIIAX, 00s3aTENbHO NPEAIojaraeT UCIONb30BaHHE B CBOEM COCTaBe
KOMIUTEKCHOTO JIaTYHKa (TPYHITBI U3MEpUTEeif). DTo MO3BOJIMT CUCTEME PearnpoBaTh He TOJIBKO Ha MOSBICHHUE ONPEIEICHHOTO CIIOs
JIbJIa Ha YyBCTBHUTEIILHOW IMOBEPXHOCTH, HO M Ha MapaMeTphl OKPYKaromel cpeibl, IPH KOTOPHIX BO3MOXKHO BOSHUKHOBEHHE TaKOT'O
OIIACHOTO SIBJICHHS KaK OOJIeICHeHNE AJIEMEHTOB KOHCTPYKIMH BepToiieta. MonepHH3anus cucTeMsl 00pbObI ¢ 00pa3oBaHHEM JIbJa
Ha JJIeMEHTaX KOHCTPYKIHMU BepTosera OymeT 3EeKTHBHON TOIBKO MPU KOMIUIEKCHOM IIOIXOJE K COBEPIICHCTBOBAHUIO BCEX €€
COCTaBHBIX 4acTed BMecTe ¢ pa3paboTKO# AyOIUPYIOMINX CHCTEM YCTPAHEHUS JIbIA.

KunroueBbie ¢j10Ba: IPOTHBOOOIIEICHUTENbHASI CHCTEMA; BOSHUKHOBEHHE JIb[a; 00JIe/IeHEeHNe; JIONACTH BUHTOB; OECKOHTAKTHAS
nepeada; 6€30MacHOCTh MOJIETOB; PE3ePBUPOBAHNKE; KUAKOCTh; CTEKIO KAaOWHBL, KOMILIEKCHBIH TaTUYHK.

IMPROVEMENT OF ICE REMOVAL SYSTEMS ON HELICOPTER
CONSTRUCTION ELEMENTS

The subject of study in the article is approaches to improving the system of protection of structural elements of a military transport
helicopter from ice formation. The goal of the work is to develop proposals for improving the most energy-intensive system of the
aviation equipment of a military transport helicopter, namely, an anti-icing system based on an analysis of as many of its components
as possible. The following tasks are solved in the article: analysis of modern anti-icing systems (primarily those used in industrial
plants and foreign helicopters), development of a backup system for heating the cockpit glass, development of a non-contact method
of transferring electricity to the heating elements of the propeller blades, development of block diagram automatic control of the anti-
icing system. The following methods are used: comparative analysis, methods of applied hydrodynamics and electromechanics. The
following results were obtained: specific requirements for helicopter ice protection systems were formulated, a liquid cockpit glass
washing system was proposed as a backup system for electric heating, a control system scheme for a 6-section anti-icing system using
a combined ice formation warning device was introduced. Conclusions: the introduction of a fully automatic ice removal system as a
part of the helicopter’s aviation equipment, which significantly relieves the crew, necessarily involves the use of an integrated sensor
(group of meters). This will allow the system to respond not only to the appearance of a certain layer of ice on a sensitive surface, but
also to environmental parameters at which such a dangerous phenomenon as icing of helicopter structural elements may occur.
Modernization of the anti-ice formation system on the elements of the helicopter structure will be effective only with a comprehensive
approach to the improvement of all its components together with the development of duplicate ice removal systems.

Keywords: anti-icing system; ice formation; icing; propeller blades; contactless transmission; flight safety; redundancy; liquid;
cockpit glass; integrated sensor.
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M. I1. CBUTA, H. M. 3AILETNIKIHA

EKCIIEPUMEHTAJIBHE BU3BHAYEHHSA KOE®IHIECHTIB HAIIIPHUX TPYBOK

IIpenMeToM NOCTIKEHHS B CTATTI € HaMipHI TPyOKH, IO CIIYXKaTh AATYNKAMH IJISI IPUIIAJIIB, SIKI BUMIPIOIOTH IIBUIKICTH TA BUTPATy
raziB ITHEBMOMETPHUYHHM MeTonoM. MeTa poOOTH - YIOCKOHAJICHHS METOAY 3HAXOPKCHHsS KOe(iIlieHTIB HamipHUX TPYOOK IS
TIiABUIIICHHS TOYHOCTI BUMIPIOBaHHS IIBUIKOCTI Ta BUTPATH Ta3iB. B cTaTTi BUpIlICHO 3aBJAaHHS €KCIIEPUMEHTAILHOTO BU3HAYCHHS
Koe(iIli€HTIB TOYKOBHX Ta YCEPEAHIOIOUMX HamipHUX TpyOOK B fiama3oHi mBuakocted Bim 2 mo 20 m/c. PospaxoBani cepemHi
koe(illi€eHTH HaMipHUX TPYOOK Ta MOXHOKa, 1[0 CIPUYNHEHA 3MII[EHHSIM OpieHTaii HamipHoi TpyOKH 3 Bici MOTOKY Ha miBUAKOCTI 10
M/C TIpH CepeIHbOMY 3Ha4deHHi KoedilieHTa HamipHOT TPyOKM misi TPYOOK SIKi AOCTIIKYBAaIMCh. Y MOCIIKEHHSIX BHUKOPHUCTaHI
METOAM aHANli3y Ta CHHTe3y, aHAJITHMYHOI Ta HApUCHOI reoMeTpii, Teopii MMOBIPHOCTi, MAaTEMAaTUYHOI CTATUCTUKU Ta YHCEIbHI
METOJY 3 BHKOPHCTAHHSAM KOMII'IOTEPHUX TexHoJoTid. Pe3yiasTaTm poOoTH mpencraBieHi y BUIIIAAI TpadidHUX 3aJIeKHOCTEH
koe(ilieHTy HaripHOI TpyOKH SIK (yHKINT IMIBUIKOCTI Ta30BOT0O IMOTOKY. Takox mokasaHa rpadidHa 3aJIeKHICTh IIBUIKOCTI IIOTOKY
BiZl KyTa IOBOPOTY Bici HamipHOi TpyOKHM BiZHOCHO Bici NOTOKy Ha mBHakocTi 10 M/c mpum cepeqHbOMY 3HadeHHI KoedilieHTa
HaMipHOT TPYOKH Ui TPYOOK, sIKi Opajiy yyacTh y CKCIIEPUMEHTI. BUCHOBKH: yIOCKOHAJICHO METOJ JJIsl BU3HAYCHHS KOCQIII€HTIB K
TOYKOBHX TaK 1 YCepeAHIOIOUHMX HaMipHUX TPyOOK. BusiBieHO, mo y OLTBIIOCTI TPYOOK SIKi JOCHIIKYBAINCh, KOe(IlieHT HamipHOT
TpyOKH He cTalinpHUH B Aianma3oHi mBuAkocTed Bix 2 mo 20 m/c. Takum YWHOM, BUHHKAE JONATKOBA MOXHMOKA, SKa CIPHYMHEHA
HecTaOUIbHICTIO KoedillieHTa HamipHOi TpyOKH, Tak SK KoedilieHT HamipHOI TPyOKH MPONOPLIHHMN MIBUAKOCTI Ta30BOTO MOTOKY.
Haii6inpin crabinpHi koedimientn MaoTh TpyOku ITito Ta "THY-8-6". Tpy6xka Ilito mMae cepenniit koeditienT sikuit nopisaioe 1,009,
cTabuibHICTh KoedillieHTy TpyOKH BiTHOCHO cepeiHboro 3HaueHHs ckiana +0,8%. Tpybka "THY-8-6" mae cepenniii xoediuieHT
sikuid ropiBHIOE 0,6683, cTabiIbHICTh KOCDIlliEHTY TPYOKH BITHOCHO cepeHboro 3HaueHHs +1,3%. Takox mAaHi peKOMEHMIAIT 00

MIPOrpaMHOTro 3a0e3NeYeHHs BUMipIOBayiB MIBUAKOCTI Ta BATPATOMIPIB ra3iB s 3MEHIIECHHS iHCTPYMEHTAJIBHOI IIOXHUOKH.
Kunrouosi ciioBa: HanipHa TpyOka; THEBMOMETPHUYHHI MeTO]; KOe(illieHT TpyOKH; MIBUAKICTE; BUTpATa.

Beryn

OnHUM 13 PI3HOBH/IB METOIY 3MIHHOTO IEpEray
TUCKY INIPH BUMIPIOBaHHI HIBHIKOCTI Ta BUTPATH ra3iB €
[THEBMOMETPUYHMN  METOA. 3a  LUM  METOJIOM
[THEeBMOMETpHYHI  (HamipHi)  TpyOKM  BHCTYIAIOTh
JaTYMKaM¥ Uil TPWIAAiB, SIKI BHUMIPIOIOTH INBUJKICTH
ra3oBOro MoToky. [IpuHIMN Aii: JUHAMIYHUNA THCK, SIKUH
MPOTIOPIIIHHIKA IIBUAKOCTI Ta3y BHHUKAE 32 PaxyHOK
Ha0Iraro4oro TOTOKY, INO OOTIKae HamipHY TpPYOKy.
JluHaMiYHHN THCK B HAIipHIN TpyOILi po3paxOBYETHCS SK
PI3HMII MiX ITOBHUM i CTATHYHUM THCKOM.

Hamipui TpyOkm MarOTh HH3KY IepeBar Imeper
"rpaauuiiHuMK”  pilIEHHSAMHM, sKi  0a3yloTbcs  Ha
3aCTOCYBaHHI 3BY)KYIOUHMX MPUCTPOIB (Iiadparm), TpyOok
Benrtypi ta in. [1, 2, 3]. Hamipai TpyOKH yTBOPIOIOTH
3HAYHO MEHIIMU Omip B TPYOONPOBOJI ra30BOMY IOTOKY
MOPIBHSHO 13 3BYXXYIOUHUMHU TIPHCTPOSIMH, IO J03BOJISIE
3MEHILIUTH BTPATH TUCKY IPH TPAHCIOPTYBaHHI rasy Ta
3aomaautu enepropecypcu [4]. llle ogniero nepeBaroro €
IPOCTOTa BUT'OTOBJICHHS BHMIpIOBaua MIIBHIKOCTI Ta
BUTpatu ra3iB Ha 0a3i Hamipuux TpyOoOK, ioro
00CIIyrOBYBaHHS 1 MOHTaX Ha 00’€KTax, MOXJIUBICTh
BUTOTOBJICHHS HAIIPHOT TPYOKH JUIsl OyAb-SIKUX AiaMeTpiB
razoxony. IcHye Bennka KUIbKiCTh MoAM(IKaLii HamipHUX
TpyOOK Ui PI3HWX yMOB 3aCTOCYBaHHSI TOB’S3aHUX i3
TEMIIEPaTypor0, CTaTUYHHUM THCKOM Ta  PIBHSAMH
3aIMIJICHOCTI BUMIPIOBAHOTO CEPEIOBHIIIA.

Hamipui TpyOku TOAUIAIOTE Ha TOYKOBI Ta
ycepenntotoui. ToukoBi TpyOkm — Taki, IIO MJalOTh
3HAYCHHS JWHAMIYHOTO THCKYy B ofHii Toumi. Ile
JIO3BOJISIE BUMIPSTH MIBUAKICTH TIOTOKY a3y B KOHKPETHIHM
TOYIl  Ta30Xony. BukopucroByroun  KoediuieHT
ycepeqHeHHs LMIBHIKOCTI 1Mo IepeTHHy rasoxony Ky npu
TOYKOBOMY BHMMIpIOBaHHI MOKHa PO3paxyBaTh CEPEIHIO
IIBUJKICTh Tra3oBoro moToky [5]. Takoxk, MoxHa

pO3paxyBaTh TOYKY CEPEIHBOI NMIBUAKOCTI B ra30Xoji Ta
BCTaHOBUTH B II€ MicClle TOYKOBY HAIipHy TPYyOKy, TaKHM
YMHOM OTPUMAaTH CEpEeIHE 3HAUCHHS IIBUIKOCTI IOTOKY
[6].

YcepenHiowdi TpyOKH — JI03BOJSIOTH OTPUMATH
cepelHE  3HAYEHHS  JAWHAMIYHOTO  THUCKY  YCHOTO
MOTNIEPEYHOTO epepi3y ra3oxomy, o JA03BOJISIE BUMIPATH
Yy HbOMY CEpEHIO HIBHIKICTH MOTOKY. 3HAIOUM CEPETHIO
MIBUAKICTH Ta30BOI0 IIOTOKY B Ta30XO0Ji, PO3PaxOBY€eThCS
00’eMHa 91 MacoBa BUTpaTH rasy [7].

MertpoJioriuHoro XapaKTePUCTHKOIO HarmipHOi
TpyOKH € Ti koedinient Kt — Ge3po3MipHa BeIMYHHA, IO
XapaKkTepu3y€e BIJIMIHHICTh MK ICTHHHUM JUHaMIYHUM
TUCKOM Ta TaKUM HOTO 3HAYECHHSM, L0 CIPUHAMAETHCS
HAIMIPHOO TPYOKOIO.

AHani3 ocTaHHIX JocaizxeHb i mydaikaniii

B BimoMux po0oTax 1Mo 3HaXOHKEHHIO KOe(dilli€HTiB
HamipHuX TpyOok [8, 9], xoediuienr K pospaxoBanuii
yepe3 00’eMHy BHUTpPaTy Tasy 3a JOIOMOIOI0 MEXaHIYHHX
ra3oBUX JiYMIbHUKIB. O0’€eMHa BUTpaTa rasy € 100yTKOM
cepenHbol IIBHJKOCTI Tra3oBOrO MOTOKY 1  IUIOII
MOTNIEpEeYHOTo Tepepizy rasoxoxay, Tomy koedimieHr K
PO3paxoBaHUil TAKUM YMHOM 3JISKUTh BiJl IBOX BEJIMYUH
K=f(KT, Ky), a came Bix xoedinienty Hamipaoi Tpyokn Kt
1 KoedimieHTy ycepeaHEHHS MIBHIKOCTI ra30BOTO IOTOKY
mo nepetuHy razoxoay Ky. Tomy B momepenHix pobortax
koedimienT K BuHEceHHMH 3 mig KBagpaTHOTO KOPEHS
dbopmMynu 3HAXOMKEHHS IIBHIKOCTI Ta30BOTO TIOTOKY
ITHEBMOMETPHYHAM METOJ/IOM, IO BiAnoBimae Gopmynam
SKi BUKOPHCTOBYIOThCSI B KpaiHaX €Bponu Ta AMEpHKH

[11]. Bu3HaueHHs  KoeQili€HTIB  yCEepEeTHIOIOUYHMX
HamipHUX TpyOOK MOXKIMBE 3a JaHUM METOJOM, aie
TaKUd  MiOXig  HENpUIOYCTHUMHH Ul BH3HA4YEHHS

KOE(IIIEHTIB TOYKOBHX HamipHUX TpPyOOK, TOMYy IO

© M. II. Cura, H. M. 3amenkina, 2020
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Bil KOHCTPYKTHBHHX OCOOJIMBOCTEH HamipHOI TPyOKH i

XapakTepy PpO3IOAUICHHS IIBHAKOCTEH M0 TEPeTHHY JlocmipkeHHS TPOBOIMIIKMCS B OJHOPIMHHUX yMOBax

ra3oxofly BIIHOCHO MiCHS BCTaHOBJIEHHS TOYKOBOi 33 momomoroio AT, 1BOX IH(MPOBHX MaHOBAKyyMETpiB
HamipHoi TpyO6ku. B mamiii poGoti 3ampomonoBammd  "MMII[-200" Ta BHMipIoBaya IapaMeTpiB  TOBITPA
YIIOCKOHAIIEHUH ~ METOJ  3HAXO/UKEHHS  KOoedillieHTiB  "ATmochepa-1". Jliama3oHn BUMipIOBAaHHS THCKY OJJHOTO i3
TOUKOBHX Ta YCEPEJHIOOYMX HANpHUX TPyOOK 33  mmdposux mMaHOBaKyymerpiB "MMII-200" 6yB 3ByKeHHmit
monomororo aepoaunamiynoi Tpy6u (AT) "IIpo6a-25" Ta i3 GazoBoro miamasory +200 MM BOA. CT 10 AianazoHy +20
uupposux  maHoBakyymerpiB  cepii  "MMIL", saxi  mwm Boa. cr. mami Gynemo ioro mazusatu "MMII-20". Lle

po3pobneni Ta Hanexuts TOB "HB® "IIPOBA". TIO3BOJIHJIO i BUILATH PO3iIBHY 3IaTHICTb
BUMIpPIOBaHHS JuUHaMidHOTO THCKY P i3 0,1 mo 0,01 mm

Meta podoTu. V nockoHajaeHHS METOLY  BOJI. CT.
3HaXOMKEHHsA Koe(ilieHTiB HamipHUX TPYOOK I Texuiyni XapakTEpUCTHKM NpWIALiB s[Ki Opanu

Mi/IBUIICHHS TOYHOCTI BMMIDIOBaHHS WIBHIAKOCTI T4  yyacTh B eKCIIEPUMEHTI MOKa3aHi B Tabm. 1-3.
BHTpATH Ta3iB.

Ta6auus 1. Texuiuni xapakmepucmuru AT "[Ipo6a-25"

Jliana3oH BiATBOPEHHs MIBUIKOCTI MOBITPsI, [M/c] 0,1-25

AOcomoTHa moxuoka, [M/c] +(0,05+0,015-V), ne V — yucenbHe 3HAYCHHS UIBUAKOCTI
MOBITPSIHOTO MOTOKY, BUPAXKEHE B METPAX 3a CEKYHIY.

JiameTp po6odoro mepeTuny, [Mm] 300

Ta6auus 2. Texuiuni xapaxmepucmuxu "MMIJ-200"

Jiana3ox BUMiprOBaHHs THCKY/pO3piuKeHHs, [MM BOjL. CT.] +200

Mesxi 0OCHOBHOT a0COIIOTHOT OXKOKH, [MM BOJ. CT.] +(0,1+0,08-P), ne P — uncenpHe 3HaYeHHS BUMIpIOBAaHOTO
TUCKY, BUPAKEHE B [MM BOJ. CT.].

Iina OMUHMIII MOJIONIIOTO PO3PSAY BiMTiKOBOro mpuctporo, [mM | 0,1
BOJI. CT.]

Tabmuus 3. Texniyni xapaxmepucmuxu sumiprosaua napamempie nogimps "Ammocgepa-1"

Jiamazon BUMiptoBaHHS aTMOC(EPHOTO THCKY, [MM PT. CT.] 489 - 812
AOGcommoTHa TOXHOKa BUMIPIOBaHHS aTMOC(HEPHOTO THCKY, [MM PT. CT.] +0,8
I{ina oauHMII MOJOAIIOrO PO3psAY BiJIIKOBOIO MPUCTPOIO BHMIpIOBaHHS aTtMocgepHoro Tucky, | 0,1
[MM pT. cT.]
Jiama3oH BUMipIoBaHHS TeMueparypu mnoitps, ["C] +5 - +40
AbcomoTHa MoxubKa BUMIpIOBaHH: TeMnepatypu nositps, ["C] +0,5

[ina OMUHHUIII MOJIOJIIOTO PO3PSAY BiUTIKOBOTO MPUCTPOI0 BHMIPIOBaHHS Temmepatypu moBitps, | 0,1
[C]

IMpunag "MMII-20" 6y HamamroBanuii 3a  250". OCHOBHI TeXHIUHI XapaKTEPUCTHKH MPUIALY
JIOTIOMOTOI0 TPEIU3iHHOr0 MikpoMaHoMeTrpa pimuuaHoro  “"MKB-250" mpencrasieno y Taou. 4.
KOMIICHCAIIHHOTO 3 MikpomeTrpuyHuUM rBuUHTOM "MKB- TexHiuHi XapaKTePUCTUKU MaHOBaKyyMeTpy
"MMII-20" moka3aHi y Tabm. 5.

Ta6anus 4. Texniuni xapakmepucmuxu npuiaoy "MKB-250"

Mexi BUMipIOBaHHsI, [MM BOJ. CT.] 0-250
Merka moxuOKH Bijl BEpXHbOT MeXi BUMipIOBaHHS, He Oinblue, [Y%] 0,02

Tabmuus 5. Texniuni xapaxmepucmuxu "MMIL]-20"

Jiana3oH BUMipIOBaHHS THCKY/pO3pimKeHHs, [MM Bo. cT.] +20

Mexi 0OCHOBHOT aOCOTFOTHOT MMOXHOKH, [MM BOJI. CT.] +(0,03+0,08-P), nme P — wuucenbHe 3HaAuUEHHS
BUMIpPIOBaHOTO THUCKY, BUPAKEHE B [MM BOJ. CT.].

[liHa OMHUIII MOJIOJIIOrO PO3psLy BiATIKOBOTO HpHCTporo, [MM Box. | 0,01
cT.]




ISSN 2522-9818 (print)
ISSN 2524-2296 (online)

Innovative technologies and scientific solutions for industries. 2020. No. 2 (12)

MatemMaTHYHUH BUpa3 A BU3SHAYEHHS KOe]iIlieHTy
HamipHoi TpyOku KT, Mae Burisin, BiH orpumanwmii 3 [10,
11]:

2
5, @
2gP,

Ky

ne, V — MBHUIKICTh MOTOKY moBiTps cTBopeHa AT, [m/c];
Pp — WIIBHICTb MOBITPs B poOo4MX ymMOBax, [Kr/M3]; g —

NIPUCKOPEHHs BiJbHOrO mafinusA, g = 9,81 [m/c2]; Px —
JUHAMIYHUN THCK, KU CTBOPIOETHCS IMOTOKOM TOBITPS B
HamipHii TpyOui, [MM Boz. cT.].

HlinbHicTh  HOBITP B pobOYMX yMOBaxX  pp

BH3HAYAETHCS BiIMOBITHO 10 BHpasy [12]:

, )

T,P
Pp = Pu—t

" P,T,

Ie, p, — LWIIbHICTb MOBITPS 32 HOPMaJIbHUX yMOBax (P =
760 mm pr. ct., t = 0 °C) p, = 1,293, [kr/m3]; T, —
TeMmIepaTypa B HOpMalnpHUX yMmoBax, I, = 273,15 [K];

T, — remmeparypa B pobounx ymosax, [K]; P, — THck B
HOPMaJbHUX yMOBax, P, =760 [mMMm pT. cT.]; P, — THCK B

poOoUnx yMOBax, [MM pT. CT.].
PobGoua ¢opmyna mis 3HAXOIKEHHS KOeQiIlieHTy
i3 BpaxyBaHHSM BCiX KOHCTaHT, Ma€ BUPa3:

K

T

2369-10°V 2P,

Py ®)

T

CyTp MeToAy MNOJArae y po3paxyHKy KoeQillieHTy
Hamipaoi TpyOoku K, 3a Bupazom (3) Ha pi3HHX

MMBUAKOCTAX IMOTOKY. 3HaueHHS THUCKY B pO60‘II/IX yYMOBax

—
#1 6 omb.
A-A
|
|
a)

Pp Tta Temmeparypu B pobounx ymosax T

p
BHMIpIOBAJIUCH 3a OTIOMOTOI0 Tpmiamy "ATtmocdepa-1".
Hunamiueuit THCk P,  BHMipioBaBCs 3a JIOMOMOTOIO

npwiagie "MMII-200" Ta "MMII[-20". B niama3oni
BUMIpIOBaHb JAWHAMIYHOTO THCKYy 10 20 MM BOX. CT.
3acTocoByBaBcst MaHoBakyyMmetp "MMII-20" i3 3ByeHuM
Jiarma3oHOM BHMIipIOBaHb, a moHanm 20 MM BOJ. CT.
BUKOpHCTOBYBaBcsl mpuiany "MMII-200". [BunkicTs
MOTOKY TOBITPS 3amaBaiach 3a jgomomoroto AT,
BHMIpIOBaHHS MIPOBOAMIN Ha MBUAKOCTAX 2, 5, 10, 15 Ta
20 m/c. ToukoBi HamipHi TPYOKH BCTAHOBJIIOBAIH B IIEHTP
nepetnHy AT, 3Ha4YeHHS WIBUIKOCTI IJIS PO3PAXyHKY
Koe(illieHTy HaIipHOI TPYOKH 3UHTYyBaIH 3 IU(GPOBOTO
tabno AT. It po3paxyHKy KOSQIIiEHTIB yCepEIHIOIOUNX
HaripHUX TPYOOK BHKOPHUCTOBYBAIIM CEPEIHIO IBUIKICTD
B AT. Cepenns mBuakicte s AT "IpoGa-25"
PO3paxoBYeThCs SIK AOOYTOK IIBHAKOCTI Ha HHUGPOBOMY
Tabno 1 KoeQillieHTy yCEepeOHEHHs IIBHJIKOCTI IO
nepeTuHy TpyOu, sikuii nopiBHioe 0,965. Ycepennene
3HaueHHsA KoedimieHty K, BH3Ha4aloch SK CepenHe

apu(pMEeTHYHE MK MaKCUMaJIbHAM 1 MiHIMaJIbHHM

3HaueHHsM BuMipiB K .

Pe3yabTaTh 10CaifKeHHs Ta iX 00roBOpPeHH

Jns mpoBeneHHS eKCHepUMEHTANBHUX IOCHTiKEHBb
Oynu BHUTOTOBJICHI HAIpHI TPYOKH IS TOYKOBOTO
BHMIpIOBaHHS IMBUIKOCTI Ta30BHX IOTOKIB KOHCTPYKIIii
Ilito, HIIOI'A3 Ta Ipo6a. Ix xomcTpykmii mpencrapneni
Ha puc. 1.

0) B)

Puc. 1. Hamipni TpyOK#u 11 TOYKOBOTO BUMIPIOBaHHS IIBHIKOCTI Ta30BUX MOTOKIB - a) KoHcTpykuis [Tito, 6) konctpykiis HIIOT'A3,

B) KoHCTpYKIist [Ipoba
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3a KOHCTPYKTUBHUMH PIIICHHAMH — II¢ 3'€JHaHI MiX
c00010 CTPOTOo 3aJ]aHAM YHHOM JBi MeTajeBi TpyOku [13].
Uepes oaHy TpyOKy Ha MIKpOMaHOMETP IE€pPEaaeThCs
MTOBHUH THCK ra3y (i3 3HakoM "+"), a yepe3 iHITy TpyOKy —
craTucTHuHUR THCK (i3 3HakoMm "-"). Hamipna tpyOka
koHcTpykuii Ilito (puc. 1, a) mpu mnpoBeAeHHI
HEMepepBHUX BUMIPIOBaHb, 3aCTOCOBYETHCS MPHU POOOUNX
TemrepaTtypax B razoxoni mo 600°C rta 3amuieHocTi 10
1 r/m3. TIpu KOpPOTKOCTPOKOBOMY BHUMIpIOBaHHi ii MOXHa
3aCTOCOBYBaTH MPHW 3aIMICHOCTI Ta30BOr0 IOTOKY [0
10r/m%. OcHoBHa cdepa 3acTocyBaHHS  TPYOOK

JaHol KOHCTPYKIi TpHW BUMIpIOBaHHI IIBHUAKOCTI Ta

+M—

a)

BUTpAaT Ta3iB —  BEHTHIALINHHI
MPU3HAYCHHSI.

Hamipai tpyOoku konctpykmiii HIIOT'A3 Ta IlIpo6a
(puc. 1,06, B) 3aCTOCOBYIOTHCSA TIPH BUMIPIOBAHHAX
MIBUAKOCTI Ta3iB B 3alWJICHUX IOTOKAaX, HAMPUKIAJ, B
MOTOKAaX, IO BIIXOMATh BiM CTALlIOHAPHHUX JDKEPEI
3abpynHeHHss armocdepu. TemneparypHuit aiana3zoH

3aCTOCYBaHHHA pr60K JaHuX KOHCprKIliﬁ CTaHOBHUTH 10

CHUCTEMH  Di3HOTO

800°C, 3zanmieHiCTh TOTOKY @pU  HEHNEpepBHOMY
BMMIpIOBaHHi /10 5 /M3, npu nepioauunHoMy 10 50 /M3,
Jlnst  mpoBeleHHS — MOJANBIINX  BUMIpIB  Oynn

BHUTOTOBJICHI EKCIIEPUMEHTANIbHI yCEepenHIOYl HamipHi
TpyOKH. [X KOHCTPYKIIiT IpeacTaBICHI HA puC. 2.

‘ M -

6) B)

Puc. 2. ExcriepumenTansHi ycepeqaiodi HanipHi Tpyokn — a) "THY -mocka”, 6) "THY-pomb6iyna”, B) "THY-8-6"

VYcepenHioloui HamipHi TpyOKM MaroTh IO BCid
JIOBXHHI KiJTbKa OTBOPIB U IPUHAOMY IIOBHOTO THUCKY (i3
3HaKoOM "+") 1 AeKiTbKa OTBOPIB JJIsl IPUHOMY CTAaTHIHOTO
TUCKY (i3 3HaKoM "-") [14, 15]. Pe3ynpTyrounii moBHHUI Ta
pEe3YJIbTYIOUMH CTATMYHUI THUCK B  YyCEepeIHIOOYiil
HaripHii TpyOLli YyTBOPIOETECS K anreOpaiuHa cyma BCiX
MOBHUX Ta CTATHYHHMX THCKIB KOXKHOTO 3 MNPHUIMArOunx
oTBOpIB [16].

Hamipua tpy6ka "THY-mmocka" (pume. 2, a)
CKIIAJIA€TBhCA 13 JBOX IUIOCKMX (OBaJBHHUX) TPyOOK
rabaputHux posMipiB 10x3x] MM cmasHEX MiX CcO060I0.
[MoBHmii THCK cripuiiMaeTbest 14 OTBOpamMH JAiaMeTpoM
1 MM, mpu Bincrani Mix orBopamu 20 mMm. CraTtHyHMi
THUCK CIIPUIMAETHCSl IBOMa OTBOpPaMHU Ha OOKOBiil rpani
HamipHOi TpyOKHM IiamMeTpoM 1 MM, IO 3HaXOJUTHCS MO
LEHTpPY, BiACTaHb MiX sSKuMH ckiazae 20 mm. TpyOka
"THY-pomb6iuna" (puc.2, 6) siBisie coboro ABI TPUKYTHI
TpyOKH 31 CTOpOHaMH 7 MM TOBIIMHOIO 1 MM CHasHUMH
Mix coboro. [loBHmI THCK cnpuitmMaeTscs 17 oTBOpaMu
nmiametpoM 1 MM, BimcTaHb MiDK OTBOpaMH 16 MM.
CraTU4HHIA THCK CIPUAMAETBCS JBOMa OTBOpPAMH Ha

OOKOBili TpaHi miaMmeTpoM | MM TO HEHTpY TpyOKH.
Tpyoka "THVY-8-6"" (puc.2, B) cKiagaeTscs i3 IBOX
KpyIJIUX TPpyOOK AiaMeTpamMu 8 i 6 MM, TOBIIMHOIO 1 MM
cnassHUX Mix coboro. [loBHWI THCK crpuiiMaeTbes 3
0TBOpaMHu, JliaMeTpoM 4 MM, BiICTaHb M OTBOpamu 98
MM. CratuyHuil THCK cHpuilMaeTbcsl 3  OTBOpaMu
JliaMeTpoM 3 MM, BIACTAaHb  MIX OTBOpamMu
Takox 98 MM.

Hamipni Tpy6ku "THY-mnocka"” ta "THY-pomObivyna”
MOXYTb 3aCTOCOBYBATHCS JIJIsl BUMIPIOBAHHSI IIBHIKOCTEH
Ta BUTpPAT YMCTHX Ia3iB, TOMYy L0 BOHH MalOTh MaJIeHbKI
OTBOPH JJIsl CHPUMMaHHS TIOBHOTO THCKY I'a30BOTO IIOTOKY
miamerpom 1 wmm.  Tpybka "THVY-8-6"  moxe
BUKOPHCTOBYBaTHCSl B 3alIMJICHUX ITOTOKaX — BOHA Mae
BEJINKI OTBOPM ISl CHPUMMaHHSA IIOBHOTO  THCKY
nIiaMeTpoM 4 M.

Pesyneratu BuMiproBaHb koedimientiB K,  mms

TOYKOBUX TPYOOK PIi3HMX KOHCTPYKIIiM NpeaCcTaBieHI Ha
puc. 3. 3a pe3ynbraraM BUMIpIOBaHb NOKa3aHUX Ha (pHC.
3-4) BuzHaueHo Mexi 3MiHM Koediuienty Kt B miamazoni
IIBUAKOCTEH ra3oBOro NOToKy B razoxoui Bix 2 no 20 m/c.
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Jlnst HamipHOi TpyOKmM KoHCTpyKIii [liTO miama3oH 3MiHH
koepinienty K, cramous 1,017 — 1,0015 mnpu

-~ Kt

1_» ——

cepenapoMy 3HadeHHi 1,009.

0.91
0.8+
0.71

0.6+

¢¥_‘>_;*——J;k—/%

0.51
0.4
03t
02t

0.1+

0

: A% [M/Cl

d 1 2 32 4 5 6 7 8 9

10 11 12 13 14 15 16 17 18 19 20 21

Puc. 3. PesynpraT BUMiproBaHb KOe(illieHTIB 11 TOUYKOBUX HamipHUX TpyOok. 1 - [Tito, 2 — [TIPOBA, 3 — HIIOI'A3

Hns  HamipHoi TpyOkm koHcTpykmii  HIIOT'A3
koedinienT K, 3MiHIO€THCA B Aiamasoni 0,6096 — 0,5721

ckiaaB it TpyOku Ilito +0,8%, amsa tpyoxum HIIOT'A3
+3,2% ta Tpyoxu [TPOBA £3,6% BinmoBiaHo.

npu  cepeauboMy 3HauenHi 0,5908. Jlna  TpyOku Pesynbratn BUSHATCHHA Koed’luleHT“?
Kouctpykiii [TPOBA mianason svinu KT cranosus 0,7647 Ky YCEPE/HIOIOUNX  HamipHUX  TPYOOK  MpencTaBieHi
— 0,7115, cepenne 3nauyenns 0,7381. Jliama3on 3MiH  Ha puc. 4.
koedimienTy K, BIJHOCHO HOro cepemHbOro 3HAYCHHA
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Puc. 4. Pesynpratn Bu3HaueHHs KoedimieHTiB Kt ycepenniorounx Hamipaux Tpy6ok. 1 - "THY — mnocka”, 2 - "THY — 8-6", 3 -

— pomGiuna"

Hnsa  ycepennrorodoi HamipHoi TpyOokm "THY -
miocka" miana3on 3minu Kt cranosus 1,0002 — 0,9108,
cepenHe 3HaueHHs 0,9555. 3mina koedimienty Kr
BiTHOCHO CEpPEeIHBOTO 3HA4YCHHA ckiama +4,7%. s
HamnipHoi TpyOoku "THY-8-6" nianazon 3miH KT cranoBuB
0,6766 — 0,66 npu cepennpomy 3HaueHHi 0,6683. 3miHa
koedimienTy KT BiIHOCHO cepeqHhOrO 3HAUCHHS CKIIajia
+1,3%. Jns tpy6xm xoucTpykmii "THY — pomGiuna
mianazon 3miH K, ckmaB 0,639 0,5818, cepenne

3nauenHsa 0,6104. Koedinienr K, BigHOCHO cepemHboro

3HAYCHHS 3MIHIOBABCS B Jiama3oHi +4,7%.

10 11 12 13 14 15 16 17 18 19 20 21

"THY

Ha (puc. 5-6) HaBenmeHi pe3ysbTaTH BU3HAYCHHS
MOXMOOK BHMIPIOBaHHS HIBHJIKOCTI IIOTOKY IOBITpS BiX
3MilleHHs opieHTalii HamipHoi TpyOku. BumiproBaHHS
npoBoawy npu ¢ikcoBaHii mBuakocti B AT — 10 M/c Ta
cepenHiX 3HaueHHAX Koedinienty K, mma TpyOku neBHOL

koHcTpyKuii. HamipHi TpyOkn Oyim BCTaHOBIIEHI i3 KyTOM
0 xyT. rpagyciB BiZHOCHO BiCi NOTOKYy B Ta30xoii Ta
3MINIyBajKcCs B IPaBo i B JTiBO BiAMOBiAHO Ha £5, £10 KyT.
IpagyciB BiJHOCHO IIEHTPAJIBHOI BiCi Ta30BOTO ITOTOKY.
KyT BcraHOBNEHHS HamipHUX TPyOOK KOHTPOJIOBABCS 3a
JIOTIOMOTOI0  T€O0JIE3UYHOT0  TPAHCIOPTUPY, IOXHOKa
BCTAaHOBJICHHSI KyTiB CKJana +1 KyT. Tpajyc.
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Puc. 5. Pe3ynpraTé BUMipIOBaHb MIBH/KOCTI IIOTOKY MOBITPS B aepOIMHAMIYHIHM TpyOl pH 3MillleHH] Opi€HTalii TOYKOBUX HaIiPHUAX

Tpy6ok. 1 — Ipoba, 2 — Iito, 3 — HIIOT'A3

3 puc. 5 BUAHO, W0 HAaWMEHIy IOXHOKY NpHU
3MIIIICHHI Opi€HTAIll 3 Bici MOTOKY Mae HamipHa TpyOKa
koHcTpykuii [lito. JIiHis 3HaYEHHS! MOXUOKM CUMETPUYHA
BiTHOCHO TMO3MTHUBHUX Ta HETaTUBHHUX KYTiB Opi€HTAIll
IpYU MaKCUMaJbHOMY 3HaueHHi nmoxuOku 1,6%. Hamiphi
TpyOoku koHcTpykmidn HIIOT'A3 Ta Ilpoba BHSBHIHCH
OUThII YYTIIMBUMH [0 3MIIIEHHS Opi€HTalii TpyOKH

-

131

BITHOCHO BiCi MOTOKY, MOXHOKa HE CHMETpHYHA IS
MO3UTHBHUX Ta  HETaTMBHUX  KYyTIB  BIAXHMJICHHS.
MakcumanpHa BigHocHa moxubka it Tpyoku HIIOI'A3
npyu  3MilleHHI  +5  KyTOBHX  TpajycCiB  BIZHOCHO
LHEHTPaIbHOI Bici MOTOKy B rasoxoxai ckimama 2%.
MakcumMasbHa BiTHOCHA MoxuOKa st TpyOku [Ipoba mpu
3mimierHi B +10 KyT. rpagyciB ctaHoButs 9%.

MV [m/c]

Q9 @

U Y

—

KYT. Ipajt,
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Puc. 6. Pe3ynpraTi BUMipIOBaHb MIBHJKOCTI MTOTOKY MOBITPst B AT

NIpH 3MillleHH] Opi€HTAaIli] eKCIIepUMEHTAIBHUX YCEePEIHIOI0UNX

HamipHuX Tpy6ok. 1 - "THY — mocka", 2 - "THY-8-6", 3 — "THY — pombiuna"

Puc. 6 goBoguTh, 1O  EeKCIIEPUMEHTAJbHI
yCepenHIodl TpyOKM MaioTh Maibke CHMETpHYHi
XapaKTEePUCTUKU BIJIHOCHO MO3WTHBHUX Ta HEraTHBHUX
KyTiB TIpM Opi€HTalii BiJHOCHO BiCi ra3oBOro IOTOKY.
MakcumanbpHa —BITHOCHAa IIOXMOKa 3aCTOCOBAaHMX B
EKCIIEPUMEHTI YCepeIHIOIUNX TpyOok, a came "THY-8-
6", "THY — pomOiuna" Tta "THY-mutocka" npu Kyti
BIZIXMJICHHSI BiJJHOCHO BICi ra3oBoro motoky +10 KyT.
rpaxyciB cranoBmna 1,7%, 1,6% ta 11,6% BixmoBimHO.

[THeBMOMeTpHUHI TpyOKH MOXYTh OyTH
BUTOTOBJICHI  Pi3HMMH  crmocobaMy  BIATMOBIIHO 0
KOHKPETHHUX yMOB 3aCTOCYBaHHS Ta MICTSTh LIMPOKHUIA
nepesik KOHCTPYKTHBHUX pimeHb. Koedimientr K,

HamipHOl TpPYOKM NpPONOPLIHHUNA IIBUAKOCTI Tra3oBOro
MIOTOKY, TOMY CTaOUIbHICTh KOe(iLi€eHTy B Jiama3oHi

BHUMIPIOBaHHS BaXITUBA IS O17BII TOYHOTO BUMIpPIOBAaHHS
IIBUJIKOCTI Ta BUTPATH rasiB.
Koedimient K, BBOaMTbCS sSIK  KOpHIyloua

KOHCTaHTa y NporpaMHe 3a0e3NeyeHHs BHMIpIOBAdiB
IIBUJIKOCTI Ta30BOTO MOTOKY Ta 00’€MHHX BUTpAT rasiB.
TakuM 4MHOM, NPHU BUMIPIOBAHHSAX MPUCYTHS JI0JAaTKOBa
moxubka CIpHYMHEHAa HecTaOLTbHICTIO Koedimienty Kt
IIPH 3aCTOCYBaHHI HaIipHUX TPyOOK i3 HecTabiIbHUM
KoedimieHToM. 3HaI0UN XapaKTepUCTHUKY HAIlipHOT TPYOKH
K,;=f(V) MoxxHa mnporpamMHO 3MiHIOBaTH KOeQilli€HT,
TaKUM YHHOM, 0100 MIHIMI3yBaTH IHCTPYMEHTAJIbHY
MOXHOKY CIIPHYMHEHY HECTaO1IbHICTIO KOediIlieHTy.
Toukosi HamipHi TpyOKH 371e01IBIIIOTO
BHKOPHUCTOBYIOTKCS TIPH MEPiOAMIHOMY BHMIipIOBaHHI, IO
BUKJIMKA€ JOAATKOBY IHCTPYMEHTalbHy IOXHOKY IIpH
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3MIIIEHHI Opi€eHTaIil HamipHOi TPyOKHM BiIHOCHO Bici
ra3oBOTO MTOTOKY. VYcepennioroui TpyOKH
BHKOPHUCTOBYIOTh TIPH HETIEPEPBHOMY BHUMIPIOBaHHI, aje
BOHH TaK0XX MOXXYTh OyTH BCTaHOBJCHI 3 JCIKAM KyTOM
3MIIIEHHS BiJHOCHO IIEHTPaJbHOI Bici Ta30BOTO IMOTOKY
abo0 caM TOTIK MOXE MaTd 3MileHHS BIZHOCHO
LEHTPAIBHOI Bici HamipHOT TPyOKH.

ExcrieppuMeHTanbHO BU3HAYEHA JOAATKOBA MOXHOKA
IpY 3MiLICHH] opieHTanii HamipHoi TpyOKHM 3 Bici HOTOKY
JUIl TOYKOBHMX 1 YycepenHrorounx TpyOok. HaiOinbm
YyTAUBUMH BUSBIIIHCH TpyOku [Ipoda ta "THY-miocka",
iX TOXMOKH CTaHOBJIATH BimmoBimuo 9% Ta 11,6% mpu
BimxmieHHi Ha +10 KyT. TpamgyciB IpH MIBHAKOCTI
razooro motoky 10 w™/c. IloxuOka mnpu 3MileHHI
opieHTartii HaIipHUX TpyOOK CIIpHYMHEHA
KOHCTPYKTUBHUMH OCOOIUBOCTSMH Ta HEJOCKOHAIICTIO 1X
BUIOTOBJIEHHS. TakKMM YHMHOM, HEOOXIJHO B TEXHIYHMX
XapaKTEepUCTUKaX MHEBMOMETPUYHOI TPYOKH BKa3yBaTH
MaKCHUMaJIbHUH KyT 11 BIOXWJICHHS BiJl Bici Tra3oBOro
MOTOKY Ta HaMaraTHCh BCTAHOBJIOBATH HAMIpHI TPYOKH
IIPY BUMIPIOBaHHI SIKOMOT'a TOYHIIIIE 32 BICCIO MOTOKY.

Cepen BUTOTOBJICHUX B paMKaX €KCIIEPUMEHTAIbHUX
JIOCITIKCHD HaIIpHUX TpyOOK HalKpaIyuMH
XapaKTepUCTHKaMH BOJIOIIIOTH ToukoBa TpyOka Ilito Ta
ycepennioroua "THY-8-6". HamipHi TpyOKH KOHCTPYKITil
[Tito Ta "THY-8-6" mMaroTh OinbIl CTaOIIBLHUI KOSOIIIEHT
KT B mopiBHsIHHI 3 TpyOKaMH CBOiX I'pYII, a TAKOXK MEHIITY
MOXUOKY CHPUYHMHEHY BIIXWICHHAM TPYOKH Bim Bici
ra30BOro MOTOKY.

['0JIOBHUM HEIOJIIKOM NPH BHUKOPUCTAHHI HAMIPHHUX
TpyOOK € HeNoCTaTHS YyTJIHMBICTh JudepeHIiHHIX
MIKPOMaHOMETPIB TPH MIBHIKOCTSIX I'a30BOr0 MOTOKY IO
2 wm/c. B ToOif e 4Yac, PO3BHTOK HOBHMX TEXHOJIOTiH
moOynoBH MUGEPEHIIITHAX TaTYMKIB THUCKY A€ XOPOIIi
MEPCIICKTHBH  3aCTOCYBaHHS HAMIPHUX TPYOOK TIpH
BAMIPIOBaHHI IOBUAKOCTEH Ta30BUX TIOTOKIB, IO
CTaHOBJIATH MeHIle 2 M/c. BusBiieHo, 1o 31 301IbIIEHHIM
koedimieaTy KT 3MeHIIyeTscs TMHAMIYHIHA TUCK HAIiPHOT
TpyOKH, SKH BOHa CTBOpIOE. TakuM YHHOM, HaWipHI
Tpyokn HIIOI'A3 Tta "THY-pomGiunHa" cTBOpPIOIOTH
HAMOLIBIINI TUHAMIYHAN THUCK.

Cnucok JiTepatypu

BucHoBkH

BHroToBIeHO eKCIepUMEHTAIbHI HAIpHI TPYOKH
JUTSI BAMIPIOBaHHS TOYKOBOTO 1 CEPEAHBOTO JMHAMIYHOTO
THUCKY, SIKHA B CBOIO Yepry MPOMOPIIHHUIN IIBHIKOCTI
ra3o0BOr0 IIOTOKY.

3anponoHOBaHO  yNOCKOHAICHHMIl  MeToxm  Juis
3Haxo/KeHHs Koedinienty K, HamipHHX TpyOOK pi3HHX

KOHCTPYKIIH. ExcnepumenTanbHO BU3HAYCHI
xapakrepuctuku K, =f(V) B miamasoni mBugkocreit Bix 2
no 20 m/c. BusBneno, mo y Oumemocti TpyOOK sKi
JOCTIKYBaIHUCh Koe(illieHT He CTalOiIbHUN B Jiama3oHi
mBuakocte Big 2 g0 20 M/c. TakuM 4YMHOM, BHHHUKAE
JIOZIATKOBa TOXMOKa, sKa CIPUYMHEHA HECTaOUIbHICTIO
koedimienta K, Tak, gk koedimienT K, mpomopriiHui
MIBUAKOCTI TIOTOKY.

BuznaueHo niana3oH 3MiH KoeQillieHTy Ta cepeHiii
koedimient K, mra toukoBux HamipHuX TpyOok Ilito,

HIIOT'A3, TIpoba Ta ycepemHIOIYUX HaIipHHX TPYyOOK
"THY-mocka", "THY-8-6", "THY-pom6iuna". HaiGinpur
CTaOUTEHUMHU XapaKTepUCTUKaMU MatoTh TpyOku IliTo Ta
"THY-8-6". TpyOxka Ilitro mae cepenniii K, = 1,009,
CTablIbHICTh KOe(illieHTY TPYOKH BiJHOCHO CEpPEIHBHOTO
3HayeHHs ckmana =+0,8%. Tpyboka "THVY-8-6" wmae
cepenniii K, = 0,6683, cTabinbHICTh KOCDIIliEHTY TPYOKH
BIZIHOCHO CepeqHbOro 3HayeHHs +1,3%.

ExcrieppuMeHTanbHO  BU3HAYECHO NOXHUOKH TpU
3MIlIEHHI Opi€eHTalii HamipHol TPyOKHM 3 BiCi ra3oBOTO
MOTOKY JUist TpyOOK Ha mBuakocTi 10 m/c.

3a pesynbraraMH €KCHEPHUMEHTY, PEKOMEHIOBAHO
xapakTepucTuky HamipHoi TpyOkm K, =f(V) BHectn mo

MIpOorpaMHOIo 3a0e3neYeHHS BI/IMip}OBa‘Ia Ta aBTOMaTH4YHO

3MiHIOBaTH  KoedimieHT K, B 3aJiexHOCTI  BiA
BUMIipIOBAHOT LIBUIKOCTI Biti:| 3MEHIIEHHS
IHCTPYMEHTAJIBHOT IOXUOKHU CHPUYHHEHOT
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IKCIHEPUMEHTAJIBHOE ONIPEAEJIEHUE KOY®OPUIIMEHTOB HAITIOPHBIX
TPYBOK

IIpeameToM HccieIOBaHHS B CTAaThe SIBILSIETCS HANOPHBIC TPYOKH, CIyXKalllue AATYUKaMH Ul IPHOOPOB, H3MEPSIOLINX CKOPOCTh U
pacxoa razoB ITHEBMOMETpHYECKMM MeToqoM. Ilejb paboThl — COBEPILIEHCTBOBAaHME METOZA OIpeAeneHHs Ko3(hUINEHTOB
HaIOPHBIX TPYOOK JUIs HOBBILICHUS TOYHOCTH H3MEPEHHUsI CKOPOCTH M pacxo/ia ra3oB. B craThe pelieHa 3aa4a 3KCIepUMEHTAIBHOTO
ornpezneneHns: KO3 (GUIMEHTOB TOUYSUHBIX U YCPEAHSIONIMX HAOPHBIX TPyOOK B AuamasoHe ckopocteil ot 2 mo 20 m/c. Paccunrans
cpenHre K03(h(UIUESHTHl HAOPHBIX TPYOOK M MOTPEIIHOCTD, BI3BaHHAs CMEICHHEM OPUEHTAIMH HAIIOPHOH TPYOKH C OCH IOTOKA
Ha ckopoctd 10 M/c pu cpeaHeM 3HaYeHUH Kod(duIeHTa HaopHoi TpyOKH. B McciienoBaHnsIX UCIIONBE30BaHbl METO/IBI AaHAIN3A U
CHHTE3a, aHAJIMTHYECKON U HauepTaTeIbHOH TeOMETPHH, TEOPHH BEPOSTHOCTEH, MAaTEMAaTHYECKON CTATUCTHKH U YUCIEHHBIE METOIBI
C HCIOJB30BAaHUEM KOMIBIOTEPHBIX TEXHOJOTHH. Pe3yabraThl pabOTHl MNpEICTAaBICHBI B BHAC TpapUUYECKUX 3aBUCHMOCTEH
kod(ddurreHTa HaMOpHOH TPyOKU Kak (HYHKIMH CKOPOCTH Ta30BOTO MOTOKA. Taroke Mmoka3aHa rpaduueckas 3aBUCHMOCTh CKOPOCTH
[OTOKa OT yIJla NOBOPOTa OCH HANOPHOW TPYOKH OTHOCHTENBHO OCH IIOTOKa Ha ckopocTH 10 M/c mpH cpelHeM 3HAuYeHHH
ko3 dunyenTa HaropHOH TpPyOKH i TpyOOK, y4acTBOBaBLIMX B O3KCIIEPUMEHTE. BBIBOABI: YCOBEPIICHCTBOBAH METOX JUIL
ornpeneneHns] Kod(QUIMEHTOB KaK TOYEYHBIX, TaK M YCPEIHSIONINX HANOpPHBIX TPyOOK. BhIIBIEHO, YTO B OOJNBIIMHCTBE TPYOOK,
KOTOPBIC HUCCICIOBATUCH KOAP(HUIIMCHT HAOPHOM TpyOKH He cTabHIeH, B Auama3oHe ckopocteid ot 2 go 20 m/c. Takum o6paszom,
BO3HHUKAET JOMOJIHUTENbHAS IOTPEIIHOCTD, BEI3BaHHAs HECTAaOMIBLHOCTBIO KO3 (QUIMEHTa HAITOPHOH TPpyOKH, Tak Kak KoddduuueHt
HATOPHOW TPYOKH MPOMOPIIMOHATICH CKOPOCTH ra3oBoro notoka. HauGonee crabuibHble KOA(POHUIHUEHTH UMEIOT TpyOku [luto u
"THY-8-6". TpyOka Iluto mmeer cpemumii xod¢pdunmeHT paBHbI 1,009, crabmibHOCTH KOd(QQHIHEHTa TPYOKH OTHOCHTEIHHO
cpenHero 3HadeHws cocraBmina * 0,8%. Tpybkxa "THY-8-6" mmeer cpemmmii kosddurment pasubii 00,0683, cTabmibHOCTH
ko3¢ duIreHTa TPyOKH OTHOCHTENBHO cpemHero 3HaueHus * 1,3%. Taxxe maHBI peKOMEHJAUH MO MPOrPaMMHOMY OOECIIeUeHHIO
u3MepuTeneit CKOPOCTH U PACX0JOMEPOB I'a30B JUISl YMEHBUICHUS! HHCTPYMEHTAIBHO OTPEIIHOCTH.
KunroueBsbie ci10Ba: HarnopHas TpyOKa; MHEBMOMETPHUYECKUH MeTO/T; KOAQduUIMeHT TpyOKH; CKOPOCTh; PacXo.

EXPERIMENTAL DETERMINATION OF PRESSURE TUBES COEFFICIENTS

The subject of this research is pressure tubes, which serve as sensors for instruments measuring the velocity and flow rate of gases by
the pneumometric method. The purpose of the work is to improve the method of determining the coefficients of pressure tubes in
order to increase the accuracy of measuring the velocity and flow rate of gases. The article solves the problem of experimental
determination of the coefficients of a point and averaging pressure tubes in the velocity range from 2 to 20 m/s. The average
coefficients of the pressure tubes and the error caused by the displacement of the orientation of the pressure tube from the flow axis at
a speed of 10 m/s were calculated at the average value of the coefficient of the pressure tube for the studied tubes. The studies used
methods of analysis and synthesis, analytical and descriptive geometry, probability theory, mathematical statistics, and numerical
methods using computer technology. The results of the work are presented in the form of graphical dependencies of the pressure tube
coefficient as a function of gas flow rate. The graphical dependence of the flow velocity on the angle of rotation of the axis of the
pressure tube relative to the axis of the flow at a speed of 10 m/s at the average value of the coefficient of the pressure tube for the
tubes that participated in the experiment is also shown. Conclusions: the method for determining the coefficients of a point and
averaging pressure tubes has been improved. It was found that in most of the investigated tubes, the pressure coefficient of the
pressure tube is not stable at the velocity range from 2 to 20 m/s. Thus, an additional error arises due to the instability of the pressure
tube coefficient, since the coefficient of the pressure tube is proportional to the gas flow rate. The most stable coefficients are Pitot
tubes and TNU-8-6. The Pitot tube has an average coefficient of 1.009, the stability of the coefficient of the tube relative to the
average value was +£0.8%. The TNU-8-6 tube has an average coefficient of 0.6683, and the tube coefficient stability for the average
value is +1.3%. Also included are recommendations for velocity meter software and gas flowmeters to reduce instrumental error.
Keywords: pressure tube; pneumometric method; tube coefficient; velocity; flow.
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10. C. loiruit

OIIHKA PE3YJIBTATIB MOJAEJIIOBAHHA IIEPEJJAYI JAHUX 110 KAHAJLY 3
BHUITAJKOBHUM JOCTYIIOM

I[Ipeamerom cTaTTi € OLIHKA PE3yJIBTATIB MAaTEMaTUYHOI MOJEINI, KA CKJIAJAETHCS 3 CUCTEM PIBHSAHb, AKi OMHMCYIOTH PI3HOMAaHITHI
CTaHH CHUCTEMH Ta 3aKOHHM PO3MOJALTY Yacy OOCIYrOBYBaHHS MAakKeTiB, L0 JO3BOJISAE IOCTIOUTH OCHOBHI HMOBIpHICHO-4acoBi
XapaKTePUCTHKH Ta TMpOaHali3yBaTH pPOOOTY OKPEMOro MPUCTPOI0 CHcTeMH. MeTa CTAaTTi MONSATra€e B OILIHII pe3yJbTaTiB
MaTeMaTHIHOI MozelNi (yHKIIOHYBaHHS Mepexi mepeadi JaHUX 3 KOHKYPYIOUMM JOCTYIIOM Ha OCHOBI KOMYTYIOUOTO NPHUCTPOIO 3
KiHIIEBUM po3MipoM Oydepa. s MOCATHEHHS MaKCHMalIbHOI HMOBIPHOCTI HEOOXIMHO BHKOPHCTOBYBATH KOMYTAaTOpH 3
ONTHMAJILHUM po3MipoM Oydepa, mo6 i 3arpumka Oyna HeBenmKka, 1 Oydep He 3aHAATO MIBHIKO IIEPEIIOBHIOBABCS NPH BHCOKIi
3aBaHTaXEHHI KOMYTAaToOpa, IO SBISIETHCS 3aBHAHHSM JAHOI CTAaTTi. 3alpoOIIOHOBAaHAa MaTeMaTHYHAa MOJENb, SIKa CKJIAJAEThCs 3
CHCTEM PIBHSHB, II0 OIMUCYIOTH Pi3HI CTaHW CUCTEMH Ta 3aKOHIB PO3IOALTY Yacy 0OCIyroBYBaHHS ITaKeTiB, IO JTO3BOJISIE JOCIITUTH
OCHOBHI HMOBIpHICHO-4aCOBl1 XapaKTEpUCTUKM Ta MPOAHAII3YBaTH POOOTY OKPEMOIrO NPHCTPOIO CHCTEMU Ta HOTO B3aEMOIIIO 3
IHIIAMU MIPUCTPOSIMHU MEPEXi Ha OCHOBI IIITBHOCTI PO3MOALTY HMOBIPHOCTI Yacy oOcIyroByBaHHS makeTy. KiHIIeBUM pe3y/IbTaToM €
OTpUMaHi MIIBHOCTI PO3MOILTY Yacy IOCTaBKH IAKETIB Ul PI3HUX PEXHMMiIB pOOOTH CHCTEMH MOYKHA allpOKCUMYBATU BiAIOBITHAM
AHATITHYHAM 3aKOHOM po3moaity. Moaens H03BoJIsi€e po3paxyBaTH KMOBIPHICTh OCTAaBKH JaHHUX 3 ypaxXyBaHHIM KiHLIEBOTO PO3MIipy
Oy(hepiB BUKOPUCTOBYBaHUX KOMYHIKAI[IHHUX. BHCHOBKOM MOXHa BBaKaTW TC IO, JJISI JOCSATHCHHS MaKCHMAalTbHOI HMOBIPHOCTI
HEOOXIZIHO BUKOPHCTOBYBATH KOMYTAaTOPH 3 ONTHMAILHUM po3MipoM Oydepa, mo0 i 3aTpuMka Oynia HeBeHKa, i Oydep He 3aHaITO
IIBUJIKO TIEPEIIOBHIOBABCS IPH BUCOKIM 3aBaHTa)KeHHI KOMyTatopa. TakuM YHMHOM, 3a JOIIOMOTOI0 pO3po0IIeHOT MoJeni MO)KHa
BUPIITYBaTH 3aBJaHHS BHOOPY ONTHMAJIBHOTO po3Mipy Oydepa KoMyTaTopa i OLIHKM Yacy JOCTaBKH JaHUX. Tak sIK MEpeItoBHEHHS

OyepiB IpU3BOIUTH 0 BTPAT iHGOPMALIHHUX KaJpiB, 110, B CBOIO YEPTy, IPU3BOAUTH O 301IBIICHHS Yacy TOCTaBKH ITaKETiB.
KurouoBi cjioBa: cTaxOCTHUHICTB; Mepeka; IMaKeT, KOMyTaTop; Oydep; dncenbHI METOAM; Tpad CTaHiB; CHCTEMa PiBHSIHB;

nepefavya JaHUX; IMOBIPHICTb.

Beryn

Jnis po3poOKM MaTeMaTHYHOI MOJETIl B CHCTEMI
peaTbHOrO Yacy Ha OCHOBI IPOTOKOJIB 3 BHIAJKOBUM
JOCTYIIOM HEOOXiJHO TIPOBECTH 1i IMapaMeTpUIHYy
izeHTHdikamifo. Jnd po3paxyHKIB IO MaTeMaTH4Hii
MoJeni HEOoOXiHO BH3HAYEHHS BCiX mapaMeTpiB. Bci

mapaMeTpd  MOJeNi, KpiM  MPOMYyCKHOi  3aTHOCTI
KOMYTaTOpa, BU3HAYAIOTHCS PEKUMOM POOOTH.
ITotpeOye  yTOYHEHHS  TPOIMYCKHA  3/JaTHICTh

KOMyTaTopa. IMOBIpHICTh YCHILIHOTO OTPUMAaHHS B CBOE
PO3MOPSIIDKEHHST 3arajIbHOrO CEPEeIOBHINA 3aJIEKUTh Bil
3aBaHTAXEHOCTI MEPEKi, BHU3HAYAETHCS IHTCHCHBHICTH
HAQJICWJIaHHS JaHUX [0 Mepexi, Big po3Mipy Oydepa
KOMYTAaTOpa i HOro MpOITycKHOI 3/1aTHOCTI. |HTeHCHBHICTD
HAQJICWJIaHHS JaHWX O MEPEeXi 3aJeXKUTh BiJ KiJTBKOCTI
MPUCTPOIB SIKi BINMPABIAIOTh MAKETH 1 IX PO3MIpY.
Buytpimas  OydepHa mam'sTh  NOpH3HAYCHA IS
3MJIAJKYBaHHS KOPOTKOYACHHX ITyJIbcallil Tpadiky. Amxe
HaBiThb  sKmO Tpadik goOpe  30amaHCOBaHMU i
MIPOIYKTUBHICTH TPOIECOPIB MOPTiB, a TaKOX IHIIUX
00pOOHUX €JIeMEHTIB KOMYyTaTopa IOCTAaTHS ISl Tiepeaadi
cepenHix 3HadeHb Tpadiky, TO Il He rapanrye, Mo iX
MPOJYKTUBHOCTI BHCTAYHUTh IIPU JYyXKE BEIMKHX MIKOBUX
3HAYEHHSIX HABAHTAXKCHb.

IBunkicTh (inpTpanii BUSHaYa€ MWBUIKICTD, 3 KOO
KOMYTaTOp BHKOHYE HACTYIHI eTanmu OOpOOKHM KajapiB:
npuiiom Kazapy B cBiit Oydep, neperisn agpecHoi TadbmuLi
3 METOI0 3HAXOJPKEHHS MOPTY JUIS afpecH NpH3HAYEHHS
KaJpy, 3HUILIEHHS KaJpy, TaK sK HOro MOpT NMpH3HAYEHHS
30iraeThCs 3 MOPTOM-IKEPEIIOM.

[[IBuaKicTe TpPOCYBaHHA BH3HA4YA€ INBUAKICTH, 3
AKOI0 KOMYTaTOp BHKOHY€ eTamu OOpOoOKHM KajapiB, Iie
TIpUOM Kaapy B cBiit Oydep, meperisia aapecHoi Tadmnii
3 METOI0 3HAXOIPKCHHS MOPTY VI afpecH NPHU3HAYCHHS

Kaapy, repefada Kajapy B MEpeXy depe3 3HaiaeHuil 1mo
aZpecHii TabNHIli TOPT MPU3HAYCHHS.

B sKOCTI OCHOBHOTO IIOKa3HHMKa 3aCTOCOBYETHCS
MIBUIKICTE POOOTH KOMyTaTropa, Ieperada KalapiB
MIHIMQJIBHOI JIOBXHHH MOSICHIOETBCS THUM, IO TaKi KaJph
3aBXK/IM CTBOPIOIOTH ISl KOMYTaTropa HalOuIbII Ba)KKHH
PEeXUM POOOTH B MOPIBHSHHI 3 KaJpaMU iHIIOTO GopMmary
Opu  piBHIM  NPOIYCKHOT  34aTHOCTI  HEPEHOCATHCS
NpPU3HAYCHUX [UI KOPHCTyBaya JAaHUX. ToMy mpu
NPOBEJICHHI TECTYBaHHS KOMYTaTOpa pPEXHM Iepenadi
KaapiB MiHIMaJbHOI JIOBKMHM BHUKOPHCTOBYETHCS SIK
HAWOUTBPII CKIATHUHA TECT, SKHH IMOBHHEH IEPEBIPUTH
3JaTHICTh KOMYTaTopa INpamioBaTH IPHU HaWTipmoMy
MOEIHAHHI [Tl HBOTO TiapaMeTpiB Tpadiky [16].

[MporryckHa 31aTHICTH KOMYTAaTropa BHMIpPIOETHCS
KIJIBKICTIO TIepeJaHuX B OJMHUIIIO Yacy depe3 Horo mopTtu
NPU3HAYCHUX JJIsI KOPUCTYyBaya aHuX. Tak sk KOMyTaTop
MpAIlO€ Ha KaHAJbHOMY pIiBHI, TO JJii HHOTO OJHUMH
JIaHUMHU € Ti JIaHi, SKi IePEeHOCATHCS B MOJI€ TaHUX KaJpiB
mpoTokoiiB KaHanpHOTOo piBHA FEthernet, Token Ring,
FDDI i 1.1

AHani3 JiTepaTypHUX JaHHUX TA MOCTAHOBKA
npoodJaeMn

[TuTaHHAM MOJENIOBAHHS CHCTEM PEAIBHOTO 4acy 3
BUKODHCTaHHSIM KaHANIB 3 BHIAJKOBUM JOCTYIIOM
npucssiyeni  pobotn  A.Il.  Xapkesuua, JI. @minra,
I. Beprcekac, P. Tanarep i in.

MopenoBaHHS CHCTEM 3 KOHKYPYIOUHM JIOCTYIIOM
IO cepelloBHINA Iepeadi JaHUX PO3IIHYTO B poboTax
A.A. Hazaposa, I'.l. @amina i iH. AHami3 iCHyIOYHX
MaTeMaTUYHUX MOJIeNeil, 10 OIKCYIOTh HPOLECH B
CHCTEMaxX peaJbHOTr0 4acy 3 BHKOPHCTaHHAM KaHANIiB 3
BHUIIQJIKOBUM JOCTYIIOM, IOKa3aB, 110 BOHHM HE B NOBHIH
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Mipi BpaxOBYIOTh MOXJIMBI TPHYHMHH 3aTPUMOK y daci
noctaBku iH(popmamii. KpiM TOro, BOHHM JT03BOJISIOTH
BH3HAUUTH JIMINE CepeaHi abo TpaHWdIHI TapaMeTpH
repenadi JaHUX, ajie He JNaloTh MOJKJIMBOCTI JTOCIHITUTH
3aKOH PO3IOJAUTY dYacy JOCTaBKH iHQopmarii. PimeHHs
JMAHUX  3aBAaHb  JIO3BOJNIUTH  PO3MHUPUTH  chepy
BHUKOPHUCTAHHS 1 3MCHIITUTU TEPMIiHU MPOCKTYBAHHS TaKHX
cucrem [5, 8].

ise Ta 3apa4i KocaizKeHHA

Merta crarti nojsrae B OLIHII  Pe3yJIbTATIB
MaTeMaTU4HOI Mojeni (QYHKIIOHYBaHHSI MEpexi rnepeaadi
JaHUX 3  KOHKYPYIOUMM  JOCTYIIOM Ha  OCHOBI
KOMYTYIOUOTO TIPHUCTPOIO 3 KiHIIEBUM po3mipom Oydepa.

JI1s TOCSITHEHHS MOCTABJICHOI METH B JIOCIIUKEHHI
c(hopMyIHOBaHI HACTYITHI 3aBIaHHS:

- aHaJmi3 MaTeMaTHYHOI MOJAeNi  Mepexi, sKa
BUKOPHCTOBYE KOHKYPYIOUMH IOCTYN IO CEpelOBHIIA
nepesayi TaHux;

- aHajJi3 BIUIMBY pO3MIpy IIaKeTa JaHUX Ta
IHTCHCUBHOCTI iX BIANPaBKH HA IMIJIBHICTH PO3MOILTY
HMOBIpHOCTEH 1 HMOBIPHICTb JIOCTaBKH JaHUX.

OcHoBHUIT MaTepiaj

B pesympTari J0OCHiKEHHS OyJNOo  po3poOJICHO
MaTeMaTuiHy MOJCJb 3 BUKOPHUCTAHHAM KOHKYPYIOUOTO
IOCTYIly 1O CepeloBHINA Meperadi MaHHX B CHCTEMI
pearsHoOro  gacy

JTOCITIPKEHHS TIOTPIOHO OI[IHUTH aJIeKBaTHICTh OTPUMAHOT
MateMaTHaHOi Mogem. [Ipm moOymoBi MaTeMaTWIHOL
MOJIeNi JOCITIKYBaHOTO 00'€KTa 3a3BHYail IPUHMAIOThCS
MIPUIYIICHHS, BUKOHAHHSA KOKHOTO 3 SIKHX € HeOOXiITHOIO
YMOBOIO  TPABOMIPHOCTI ~ 3aCTOCYBaHHS  OTPHUMAaHOI
MaTeMAaTUYHOT Mojedi, TOOTO aJIeKBaTHOCTI
JOCTIIKYBaHOI TpoOJieMU. ANEKBaTHICThP MaTeMaTHYHHIX
MOJIeJICH TEepeBIPUMO IIJISIXOM TOPIBHSIHHS PE3yJIbTATIB
TEOPETHYHOTO MOJICTIOBAHHS Ta EKCIEPUMEHTAIBHUX
BUNpoOyBanb. OAnH 3 HaWOLIBII TOIIMPEHHUX CIOCOOIB
TaKoro  JOCTDKEHHS —  BUKOPUCTAaHHSI  METOMIB
MateMaTHaHOi ctaTucTuku [7]. CyTh NHX METOJIB
MOJIATaE B TIEPEBipIll BHUCYHYTOI Timore3w (B JaHOMY
BHITQJKy - TIPO aJICKBaTHICTh MOJENi) Ha OCHOBI JESIKUX
CTaTUCTHYHUX KpuTepiiB Ilpn 1ipoMy citig 3ayBaXkuTH, 110
Mpy  TEpeBipIi  TimoTe3 METOJaMH  MaTeMaTHYHOI
CTaTHCTHKK HEOOXIJIHO MaTu Ha yBa3i, IO CTAaTUCTHYHI
KpuTepil HE MOXYThb JOBECTH >KOJIHOI TilOTE€3U - BOHH
MOXYTh JIMIE BKa3aTH Ha BIICYTHICTb CIPOCTYBaHHS.
JocmimxenHs YHCEIBHOTO pileHHs 3
€KCIIEPUMEHTAIIbHUMU pe3yabTaraMu (puc. 1)
NPOBOJMIIMCS TP HACTYIHUX 3HAUCHHSX IapaMeTpiB
CHUCTEMHU:

- KUTBKICTB MPUCTPOiB B Mepexi — 10;

- po3mMip maketa — 400 Gaiit;

- iHTCHCUBHICTh ~ BIATIPaBKHA —
CeKyHIY;

- IHTCHCUBHICTh 00pOOKH — 6215 makeTiB B CEKyHIY;

- po3mipy Oydepa komyTatopa — 2560 OaiiT;

550 maketiB B

2200,

2000]

1800)

1600)

1400]

1200)

()

1000}
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200)

[16]. Tlepex 3acTOCOBYBAaHHAM -posmip  Oydepa B  makerax —  6553.
OTPUMAHOI MaTeMaTHYHOI MOJETi I KOMILICKCHOTO
0 0.00088 0.00176 0.00264 0.00332 0.0044
t, cex
Puc. 1. Il{inpHicTh po3noniny IMOBIpHOCTI Yyacy mepenadi nakery iHdpopMarii, OTpUMaHe eKCIIEPUMEHTANBHO i B Pe3yJIbTaTi
MOJICITIOBaHHSA, | €KCIIEpUMEHT, 2 - MaTeMaTUYHa MOJIENb
s mepeBipku anekBaTHOCTI Moxeni Bukopucrano  0,2483009. IlpoBemeHuit B 1bOMY DO3IiIi  aHami3

KpHUTEpii Kommoroposa-CmipHoBa: Dm=0,07514,
D=0,2483009, Dm<D=>, rinote3y miaTrBepaKeHo [4].
Tak, Hanpukiajg, PO3PaxyHKOBE 3HAYCHHS CKJIAJIO
0,07514 mpu BimmpaBmi maketiB posmipom 300 OalT 3
inTeHcuBHICTH 800 mMakeTiB B CEKyHIy, a KpPUTHYHE

(hyHKIIOHYBaHHS CHCTEMH PEAJTBHOTO HYacy 3 Meperavuero
iH(opMaii Mo KaHaJTy 3 BUITQAKOBHUM JIOCTYIIOM JIO3BOJIHB
PO3pOOUTH MAaTEMAaTHIHY MOJIEINb, KA aJCKBATHO OIHCYE
MIPOIIECH, SIKi pealbHO BiOYBAIOTHCS B TAKUX CHCTEMax.
OTpuMaHi pe3ysbTaTu A03BOJIHIN 3pOOUTH BUCHOBOK IPO
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aJeKBaTHICT,  MareMaTHyHol  mozeml 1
BHCOKY €(QEKTHUBHICTh 3allPOIIOHOBAHOTO

Moamdikarii  MOCaOYHMX  MiCllb. TaKuM
po3polbiieHa MaTeMaTHdHa MOJENb MEpexi mepemadi
JaHUX 3  KOHKYPYIOYHM  JIOCTYIIOM  JI03BOJISIE
BpPaxOBYBaTH HeJETEPMiHIPOBAHHICTh IE€peaadl JaHUX He
TITBKM CHUCTEMH B IUIOMY, a ¥ BiJl KOHKPETHOIO

HPHCTPOIO.

JIOBECTH
TIPUHITAILY
YHHOM,

AHaJi3 MaTeMaTHYHOT MOJIeJIi Mepexi, sika
BHKOPHCTOBYE KOHKYPYIOUMii JOCTYII 10 CEpeI0BUIIA
nepeaavi 1aHux

[IpoBeneMo aHali3 BIUIMBY KIUTBKOCTI MEPEKEBHX
MIPUCTPOiB Ha HMOBIPHICTh JOCTABKU MAKETiB B Mepexkax
peaIbHOTO Yacy Ha MIUTBHICTH PO3MOITY Yacy JOCTaBKH
TIaKeTiB.
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Puc. 2. lLlinpHICTS pO3MOALTY Yacy JOCTaBKH MakeTiB: 1 — 8 mpuctpois; 2 — 16 mpuctpois; 3 — 20 npuctpois; 4 — 24 npuctpois

OmHuM 3  HafBOXJMBINIMX  TapameTpiB, IO
BIUIMBAIOTh HAa Yac JOCTaBKM JaHHX 1€ KUIBKIiCTb
MEpeXKEeBUX TMPHUCTPOIB HAa IUIAHIII Mepexi. AHami3
pe3yibrariB MozetoBanHs st 5, 10, 15 1 20 npuctpois
NpU  BHUKOPHUCTaHHI TNakeTiB po3Mipom 1000 Oait 3
inTeHcuBHicTIO BianpaBku 1000 nakeriB B CeKyHOy i1
po3mipom Oydepa 512 xbaiit (puc. 2 i puc. 3) mokasas,
IO NpH 30UIBIIEHH] KUIBKOCTI MPHUCTPOIB, 301IBIIY€ETHCS
HIBUKICTh JOCTABKH MAKETIB 1 3MEHIIIYEThCS HMOBIPHICTh
ix nmocraBku. Lle MOSCHIOETbCA THM, HIO 30LTBILCHHS

1

0.8

0.6

0.4

o0csary mepemaHoi iHpopmarii Beme g0 30UTBIICHHS
MPOITYCKHOI  37]aTHOCTI KOMYTaropa, TaK sK. IIHHA
KOMYTaTOpiB OiNbII MPOAYKTHBHI, Hi’xk Mepexka Ethernet.
Cnig  3BepHYTH yBary Ha 3HWKCHHS HMOBIPHOCTI
JIOCTaBKM TIAKeTiB MpH 30UIbIICHHI 3aBaHTaXXKEHOCTI
Mmepexi. Tak 110 BCTaHOBMIIACS HWMOBIPHICTH JIOCTaBKH
npu poboti 5 npuctpoiB Giusbka o 1, a npu poboti 20
npUCTpoIiB HMOBIpHICTH cTaHoBUTH 0,92, puc. 2 Ta puc. 3

[16].
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Puc. 3. ImoBipHicTb focTaBKy nakeTiB: 1 — 8 mpucTpoiB; 2 — 16 npuctpois; 3 — 20 npuctpois; 4 — 24 npucTpois
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Po3pobiiena  maremMaTMyHa ~ MOJENb  JO3BOJISIE
pO3paxoByBaTH IapaMeTpd Mepeki abo HakIagaTH
OOMEXEHHSI Ha MHapaMeTpH Ui JOCSITHEHHS 3aJaHoro
gacy pgoctaBkwm [9]. Jng  JocATHEHHS HEOOXigHOT
HMOBIPHOCTI TOCTABKM MAKETiB B 33/TaHUI IPOMIXKOK dacy
MOJKHA PO3paxyBaTH OCHOBHI MapaMETPH MEPEKi.

B po3mipy nakera JaHMX Ta IHTeHCHBHOCTI iX
BillIpaBKH HA WTBHICTH po3noainy iiMoBipHOCTeid i
HMOBIpHICTb 10CTABKH JAHUX

Ha wdyac pjocTaBKM JaHUX CYTTEBO BIUTUBAIOTH
pO3MIpH TAaKeTiB, MO0 TNEPEeHalThCs B MEpexi B

Oydepa xomyTaTopa, TAKMM YHHOM MOXKHa CKa3aTH, IO
BHKOPHCTOBYIOUH PO3MIp IMakeTa HAaHMEHINO1 JOBXHHH,
MOXKHA 3MEHIINTH 3aTPUMKH. Tak camo, po3Mmip makery
CYyTTEBO BIUIMBAE 1 Ha EQPEKTHUBHICTH POOOTH MeEpeKi.
3aHanTo BENWKI pO3MipH TMAKETIiB HAOIMKAIOTh Mepeka 3
KOMYTAIlI€I0 TTaKeTIB JI0 MEpeki 3 KOMyTali€lo KaHaiB,
TOMy e(EeKTUBHICTh MEpeXi HpH LbOMY MNajgae. 3aHaATO
MaJieHbKi ~ MakeTd TIOMITHO  30UIBLIYIOTH  YacCTKY
ciry)k0oBoi iH}opMmanii, Tak sK KOXEH MaKeT Hece 3
co0O0r0 3aroJIoBOK (PIKCOBAaHOI JIOBXKUHH, a KUIBKICTh
MaKeTiB, Ha SIKi PO3OMBAIOTHCA MOBiTOMIIEHHS, Oye pi3ko
3poCTaTH MIpH 3MEHIIIEHHI po3Mipy makera [15].

Ha puc. 4 BigoOpakeHa 3aJIeXKHICTh NIITBHOCTI

peanbHOMy uaci. B maHOMYy BHTIAAKy 3aTpHMKH I yac ~ PO3MOAUTy d9acy JOCTaBKM TMAKETIB  Bil  po3mipy.
JIOCTABKM TIAKETy CTBOPIOIOTHCA uepe3 3aroBHEHHS
3600,
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Puc. 4. I'padik migpHOCTI pO3MOILTY Yacy JOCTABKH MAKETiB pi3HOrO po3mipy makeTiB: 1 — 1000 GaiT, 2 — 512 6aiit; 3 — 1256 Gaii;

4 — 128 Gait

IcHye pesixka 3010Ta cepenuHa, fAka 3a0es3medye
MaKCHUMallbHY €(QEeKTHBHICTH pPOOOTH Mepexki, OJHAK Il
Ba)XKO BH3HAUUTH TOYHO, TaK SK BOHA 3aJIEKUTH Bij
Garatbox (hakToOpiB, NESKI 3 HUX IO TOTO X IOCTIHHO
3MIHIOIOTBCSL B Tporieci pobotn Mepexi. HeobOximHo
BIZI3HAYMUTH, IO 30UIBIICHHS pO3MIPY IaKeTiB MOXke
30UIBIINTH MPOITYCKHY 3IaTHICTh MEPEXi TUIBKH B TOMY
BHIIA/IKy, KOJMW JaHi B MeEpexXi CIIOTBOPIOIOTHECA abo
BTPavyarOThCsA, NMPH CTiKiH poboti Mmepexi. B iHmomy
BHITA/IKY 301TBIIEHHS pO3Mipy MaKkeTa MOKe TIPU3BECTH HE
0 MiJBHIICHHS, a /O 3HWKEHHS  [POIyCKHOI
CIPOMOXHOCTi, TaK sSK Mepexa Oyne IIOBTOPHO
nepesiaBaTé BEIMKHUH oOcsr paHux. [l KOXKHOTO piBHS
CHOTBOPEHb JaHMX MOXHA MiAiOpaTH pamioHaIbHUH
pO3Mip TakeTa, JUIsl SKOTO MPOIyCKHA 3/aTHICTh MEpexi
Oyne MakcuMaibpHOIO [13].

BrumB po3mipy makera Ha WMOBIPHICTB JOCTaBKH
JTAaHUX 300pakeHa Ha puc. 5.

Po3pobiiena  maremartMuHa ~ MOJENb  JIO3BOJISE
pO3paxoByBaTH NapaMeTpd Mepexi abo HakiIagaTé
OoOMeXeHHs] Ha NapaMeTpH JUIsl IOCSTHEHHsS 3aJaHoro
qacy JocTaBKu. [ TocATHEHHST He0OXiJHOT HMOBIpHOCTI
JIOCTaBKM TAKETiB B 3aJlaHMi NPOMDKOK Yacy MOXKHa
pO3paxyBaTu OCHOBHI IIapaMeTpH MEPExKi.

MakcumanbpHUE po3Mip MakeTa TUIBKH CTBOPIOE
neperyMOBU JUISt I IBUIIICHHS MPOITY CKHOT
CIIPOMOXKHOCTI, Ta 3aJIeXUTh BiJ AOAAaTKiB, 4u Oymae
BUKOPHCTaHa Il MakCHMallbHa BEJIMYMHA J@HUX Y Hi.
S0, HANPUKIIAT, TOJATOK Bejie poOOTH 3 623010 TaHUX i
nepecunae  Ha cepBep SQL-3amuTH, OTpUMyIOUH Yy
BIANOBIIL MO  OJHOMY KOPOTKOMY  3amHcy, TO
MaKCHMaJIbHUH pO3Mip 1ol JaHuX B 4 abo 16 kOalT HisK
HE JIOTIOMOXKE MiJBHIINTH NPOIYCKHY 31aTHICTH MEPEXi.
HanamryBanHst po3mipy mepelaHnX MAaHUX 3a3BHYal
BiZI0YBA€THCSl HA TPAHCIIOPTHOMY PiBHI CTE€Ka MPOTOKOJIIB
i, MOXIHMBO, Ha MpPHUKIAJHOMY, SKIIO PO3POOHUK
MIPOrpaMH Tiepe0adnuB TaKy MOXKIHBICTB [6].
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Puc. 5. I'padix HIMOBIpHOCTI Yacy JOCTaBKHU MAKeTiB pi3HOTO po3Mipy makeTis, 1 — 1000 Gaiit, 2 — 512 Gaiit, 3 — 1256 Gaiit; 4 — 128

Oait

PoGoTa 3 makeraMu BEIHKHX PO3MIpIB IiBHIINYE
NPOXYKTUBHICTh MEpEeXi HE TIIBKM 32 PaxyHOK
3MEHIIICHHS HAKJIQJHUX BUTPAT Ha CIIyKO0BY 1H(QOpMAITito
3aroyioBka. [Ipy  BHKOPHUCTaHHI  BEIUKHX  IAKETIB
T IBUTITY €THCSI MPOTyKTUBHICTH KOMYHIKaI[iiHOTO
00JaiHaHHS, IO MPAIOE 3 KAJAPaMHU Ta MakeTaMH, TOOTO
MOCTIB,  KOMYyTaTtopiB 1  mapmpyrtuzaropiB. Lle
BiOyBa€THCS Uepe3 Te, M0 IpH Iepenadi OJHOTO i TOTO XK
00csary iH(popMallii YUCI0 BHUKOPHCTOBYBAHHX BEIHKHX
MMaKeTiB ICTOTHO MEHIIE, Hi’K YHCIIO MaJCHbKHX, a TakK SK
KOMYyHiKalliiiHe 0O0NaJHaHHS BHUTpauae MNEBHUII 4ac Ha
00pOOKY KOXXKHOTO TMaKeTa, TO ¥ THUMYAcOBI BTpaTH
MPOCYBaHHS  MAKETIB
MapIIpyTH3aTOPaMH MPH BHKOPUCTAHHI BEJHKUX MAKETIB

Menme [2]. Hampukman, MakcuMmaibHa 1MOBIPHICTH
JIOCTABKHU TMAaKeTiB 3a mpoMixkok yacy to 0,001 mo 0,002
CeKYHJIM JOcCsraeTbcss NpH po3mipi makeriB 100 GaidT.
HactymHuM napameTpoM, IO BIUIMBA€E Ha 3aTPUMKH IIij
Yac JIOCTaBKU ITAKETIB € IHTCHCHBHICTH iX BIIIPaBKH B
Mepexy (puc. 6). Jnsg mpencTaBieHHX IapameTpiB
IITBHICTE PO3MOMALTY WMOBIPHOCTI TpPH IHTEHCHBHOCTI
BignpaBky naketiB MeHmre 1000 makeTiB B CeKyHIy depr
TaKOX HE YTBOPIOETHCS.

IMpn  30inpLIeHHS ~ 3HA4Y€HHS  IHTEHCHBHOCTI
HaBaHTAXXCHHSI, BiIOYBa€ThCS 3HMKEHHSI ITPOJTYKTUBHOCTI
Mepexi, MoB'a3aHe 3 301LIbLICHHSIM YaCTKH HECBOEYACHO
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MOCTaMH, KOMyTaropamMH 1  JOCTaBJICHUX JaHWX. BIUIMB iHTEHCHBHOCTI BiAIPAaBICHHS
JAaHUX Y  Mepexy  300paxkeHo Ha  puc. 7.
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Puc. 6. I'padik minpHOCTI po3Moily HMOBIPHOCTI Yacy JOCTaBKH ITaKeTiB IIPH iIHTEHCHBHOCTI ix Bimmpasku 1 — 1000 nakeTiB B
cexyHny; 2 — 900 maketiB B cekyHay; 3 — 600 makeriB B cekyHay; 4 — 300 maketiB B cekyHay. 4 — 1500 makeTiB B ceKyHIy

161




162

ISSN 2522-9818 (print)
ISSN 2524-2296 (online)

Innovative technologies and scientific solutions for industries. 2020. No. 2 (12)

I —

0.%

0.8 FiR
i

R
I

0.0004 0.0008

0.0012 0.0016 0.002

t. cex

Puc. 7. I'padik iMOBIpHOCTI Yacy AOCTaBKU MAKeTiB MPU iHTEHCUBHOCTI 1X BimmpaBku: 1 — 1000 nakeriB B cekyHay; 2 — 900 makeriB B

cekyHay; 3 — 600 makeTiB B cekyHay; 4 — 300 makeTiB B CEKyH[

PosrnstHeMo aHaIi3
MaTeMaTH4HOI Mouxeni
po3noainy iMOBipHOCTEH

BaxnuBumu YHCIIOBUMU XapaKTepUCTUKAMH
pO3MOALTYy WMOBIPHOCTEH € MaTeMaTHYHE OYiKyBaHHSI,
JcIiepcist 4acy oOCIyroByBaHHsSI 3asiBKH. Po3risiHeEMo,
SKMHA BIUIMB Ha HUX CIPAaBJIAIOTH 3MIHM IapaMeTpiB
MOJICTIFOBaHHS: KUIBKICTh TNPHUCTPOIB y MEpexki, po3Mip
MaKeTiB, IHTCHCUBHICTH BiIIPaBKH JaHUX B Mepexy [14].

AHani3 MaTeMaTHYHOTO OYiKYBaHHS IPOBOJUTHCS
IpH JOCHIPKCHHI BIUTMBY 1HTCHCHBHOCTI BiATIPABKA
MaKeTiB 1 po3Mipy MakeTiB Ha Yac JOCTABKH IMakeTiB [1].
st aHami3y THMYacOoBi XapaKTePUCTUKH OyJia poBeeHa
cepis eKCHEepUMEHTIB, SKi peali3yloTh OOMiH HakeTaMu

BIUIMBY
Ha YHCJIOBI1

rapameTpiB
XapaKTEePUCTUKU

JaHUX MK TPUCTPOSIMU Mepexi. B sSKocTi cucteMu
peaybHOrO Yacu po3risijanacs JIoKajdbHa iH(pOpMaliiHa

Mepexa, II0 BHKOPHUCTOBYE IPOTOKON BHIIAAKOBOTO
nocrynmy  Ethernet.  [lns  3aBaHTaXXeHHS  Mepexi
BHUKOPUCTOBYBAJIOCS JIECSITh KOMIT'TOTEPIB, 10

oOMiHIOIOThCs Takeramu po3mipom 800, 1200 i 1500
OaiiT; wacrora oOMiHy 3amaBaiocs piBHiit 800, 1000 i
1200 mnax/c. IHTEHCHBHE 3pOCTaHHS MaTEeMaTHYHOTO
OUIKyBaHHSA TIPH Pi3HIA IHTEHCHBHOCTI BiATIPaBKHU MaKETiB
MOYMHAETHCS 3 3POCTAaHHSIM #oro po3mipy 3 800 xOauT
(puc. 8).

Ha puc. 9 BioOpakeHa 3aJICKHICTh
CepeHbOKBAIPATHYHOTO  BIAXWJIICHHS 4Yacy JIOCTaBKH
MaKeTiB BiJl IHTEHCUBHOCTI X BiAIIPaBKH.
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Puc. 8. 3anexxHicTh MAaTEMaTHIHOTO CHOAIBAHHS Yacy JOCTABKH MAKeTIiB BiJ po3Mipy makeTy: 1 — iHTeHCHBHiCTS Biampasku 100
MIaKeTiB y CEKyHIy; 2 — IHTeHCUBHICTH BixnpaBku 1000 makeTiB B cekyHAy, 3 — IHTeHCHBHICTb BinmpasieHHs 1200 makeTiB B CeKyHIy
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Puc. 9. 3aiexHICTh cepeIHbOKBAAPATHYHOTO BIIXUJICHHS Yacy TOCTABKH MAKETIB BiJ pO3Mipy MakeTy: | — iIHTEHCHBHICTh BiAPaBKU
800 makeTiB B ceKyHAY, 2 — iHTeHCUBHICTh BinnpaBku 1000 makeTiB B CeKyHAY; 3 — iHTeHCHBHICTD BianpasieHHs 1200 makeTis B

CEKYHIY

TakuMm 4YuHOM, 3HaYHE BIAXWJICHHS IHCIEpCii dacy
JOCTaBKM TIAKETIB CIIOCTEPITa€ThCSl TPH  BiINIPaBKH
nakeTiB po3MmipoM Oinbie 800 kOaiT. [ OIIHKH BILTUBY
IHTEHCUBHOCTI  BiJNpaBKM MaKkeTa HA MaTeMaTH4YHE
CITOJIBaHHS 1 JHUCIEPCII0 3MOJCIIOEMO pOOOTY Mepexi
Ethernet mpu mocrifiHOMY po3Mipi IakeTa i iHTCHCHBHICTh
BignpasieHHs Big 900 makeriB cexyHay mo 2000. Takum
YHHOM, Tpadik 3aJIeKHOCTI i MAaTEMaTHYHOTO OYiKyBaHHS
BiJl IHTCHCHBHOCTI BIAMpPABICHHS IAKETIB Y MEPEKY
npencrasieHuit Ha puc. 10.

0.003

Brus IHTCHCUBHOCTI
CepeHbOKBAIpATHYHE  BIAXHMJICHHS
MakeTiB BioOpaxkeHo Ha puc. 11.

AHaJi3 BILTUBY po3Mipy o0csary OydepHoi mam'sTi ma
MaTeMaTHYHE OYiKyBaHHS HMOBIPHOCTI JOCTaBKH IAKETiB,
MPOBOJIUTHCS TIPH MOJICITIOBAHHI CHCTEMHU PEAbHOTO Yacy
31 3MiHOIO 00csTy OydepHoi mam'sti Bim 4 mo 24 kOaiir,
po3mip makera 500 OaliT i iHTCHCHBHICTh BiJIpaBKU
¢aiiniB y mepexy Bia 500 no 1500 nakeriB B cekyny. Ha
puc. 16 BigoOpakeHa 3aJEKHICTh MaTEMaTHYHOTO
CHO/IiBaHHS BiJl po3MipiB o0csry OydepHol mam’sTi.

Ha
J0CTaBKHU

BiJIIIPaBKU
yacy

0.00238

000175

Mit)
!

0.0011%

D.DDD%
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Puc. 10. 3anexHicTh MaTEeMAaTHYHOTO CIOIBAHHS Yacy JOCTaBKH MTAKeTIiB BiJl IHTEHCUBHOCTI iX Bixnpasku. 1 — po3mipy makera 1000
Gaiit; 2 — po3mipy nakera 1200 Gaiit; 3 — po3mip makera 1500 6aiir
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Puc. 11. 3anexHicTh cepeJHbOKBAIPATUYHOTO BIIXMICHHS Yacy JOCTABKH MAKETIiB Bijl iHTEHCHBHOCTI iX BiAmpaBku: 1 — po3mipy
nmakera 1000 GaiiT; 2 — po3mipy makera 1200 Gaiit; 3 — po3mip makera 1500 GaiT
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Puc. 12. 3anexHicTs MaTEMaTHYHOTO CIIOJ[IBAaHHS Yacy JOCTaBKHU MAKETiB Bif po3MipiB Oydepa komyraropa 1 — inTeHcHBHICTE 500
MAKeTiB B CEKyHIy, 2 — iHTeHCcHBHICTh 1000 makeTiB B ceKyHIy, 3 — iHTeHCHBHICTH 1500 makeTiB B CEKyHIY

Takum ymHOM, po3poOieHa MaTeMaTHYHA MOJEIb
JIO3BOJISIE OLIIHIOBATH BIUIMB Pi3HHX IapaMeTpiB repeaadi
JITaHNX Ha JIUCTIEPCi0 1 MaTeMaTHYHOTO OYiKyBaHHS 4acy
3aTPUMKH JaHWX B MepexXax 3 Pi3HUMH TMapaMeTpamu i

IIPOTOKOJIAMH JOCTYITy, SKHAN BHUKOPHCTOBYE
KOHKYPYIOUMH  JOCTYH [0 CepelJoBHINa mepemadi
inpopmamii. OTpuMaHi maHi CIiI BpaxoBYBaTH NpH

MIPOEKTYBaHHI Ta MoOEpHi3alii iHGopMaIifHUX Mepex
peaybHOro yacy
Posrisinemo BmMB oOcsry OygepHoi mam'siTi Ha
IMOBIPHICHI XapaKTEpPUCTHKH MEpexi, 3 KOHKYPEHTHHM
JIOCTYTIOM JI0 CEpeIOBUINA Iepenayi Janux [3].
MHOXHUHHUI KOHKYpyHOUHUH METOA JOCTYIy [0
Cepe/IOBHINA MEpeiavi JaHMX, Ha SIKOMY IPYHTYIOTbCS

MPOTOKOJIM, BHOCHUTH HEBU3HAYCHICTh 4Yacy Iepeaadi
JIaHWX, 110 BIUIMBA€ Ha SIKICTh MNEPEXiJHUX MpOLECiB
CHCTEMH YNpaBIiHHA 1 Ha 11 crifikicTs B mistomy. OnuH 3
(akTopiB, MO BIUIMBAIOTh HA CTaXOCTUYHICTH JOCTaBKH
MaKeTiB, € HAABHICTh YEPT MPH Mepeaadi JaHUX M0 Mepexi
yepe3 KOHLEHTpAaTopu 1 KomyTartopu. Ilpu wmanmx
po3Mipax Oydepa BHHUKAIOTh, AyXKe BEIHUKI 3aTPUMKH TTiJ]
yac JIOCTaBKH, a IIpH BEJIMKHX 3HAUEHHSX, 4Yeprd
MpaKkTU9HO BincyTHi [11].

Jns anamizy BIuMBY posMmipy Oydepa komyraropa
Ha 4Yac JIOCTaBKH IIaKeTiB, IIPOBEIEMO MOJICIIOBAHHS
po6otn Mmepexi Ethernet mpu posmipi Oydepa 4,8 i 16
kOaiiT, BUOIp naHoro po3mipy Oydepa o00yMoBIEHHI
MOJICTIFOBAHHS CHCTEMHU 3 0Oe3lepepBHHM 3allOBHEHHIM
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OydepHoi mam'sti. CymMapHa HaBaHTRXCHHS Ha MEPEXY
MIPOBOJUTHCS BiIIPABKOIO MAKeTiB 3 iHTeHCHBHICTIO 300
MakeTiB B CeKyHOy po3mipom 500 6aiiT, BChOTO
npamoroTs 10 cranmiid. OmiHKa Yacy JOCTaBKH IaKeTiB
BHKOHAaHA HAa OCHOBI OOYHCIICHHS PI3HUII IITaMIIB dacy
JOCTAaBKH 1 TMOYalia BIAMPABICHHS MAKETIB IS Hapu
B3a€EMOIIIOUNX TepMiHATBHUX MIPUCTPOIB. Jnst

ineHTHdIKAIi Kaapy BHUKOPUCTAHWHA HOTO TOPSIKOBHIMA
HOMEp, VYHIKaJIbHUM i1 KOXHOTO MepelaBalibHOTO
TEPMIHAIBHOTO TPHUCTPOIO. 301IBIICHHS HaBaHTaKEHHS
Ha MEPEXY MOXKE MPHU3BECTH [0 KPUTUIHNUX HABAHTAXKEHb.
B po3mipy Oydepa ma TpOAyKTHBHICTE MEpexi
300paxxeHa Ha puc. 13.
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Ha BenuuuHy 3aTpUMKH BIUIMBa€E TaKoX i po3Mip

3aTpUMKa Npy nepeadi qanux. Skio x Oydep manuid, To

BXIJTHOTO Ta BUXifgHOTO Oy(epa komytaTopa. Uum Oinbmie 1 3aTpuMka Mana, ane Oydep MoXe  IIBHJIKO
po3mip Oydepa, THM MeHmA WHMOBIPHICTH, IO BiH  IEPETIOBHIOBATHCS npu BHCOKIH 3aBaHTaKCHHI
MIEPETIOBHATHCS TIPH BHCOKIH 3aBaHTaXXEHHI KOMyTaTopa.  Komyraropa (puc. 14).
Opnak 49uMm  Oimpme po3Mmip Oydepa, Tum Oinbiie
0.9
08
07
0.6
~ 05
0.4 K
0.3
o
/. — 1
L 2
0.1} — 30
- 4
] 0.0003 0.001 0.0015 0.002 0.0023 0.003

t, sec

Puc. 14. 3anexHicTs IMOBIPHOCTI Yacy AOCTaBKHU MakeTiB BiJ 00'emy Oydepa komyraTopa nakeris: 1 — 4 kbaiit; 2 — 8 k0aiit; 3 — 16

KOaiiT; 4 — 32 xOaiit; 4 — 64 kOaiiT

165




166

ISSN 2522-9818 (print)
ISSN 2524-2296 (online) Innovative technologies and scientific solutions for industries. 2020. No. 2 (12)

BucHoBku gac TpaH3aKIlii iCTOTHO 3aJIGKUTh Bil po3Mipy Oydepa. B

0o05acTi BETMKWX 3aBaHTAXEHb IOPTIB KOMYTATOPIB
IIpy  HeBeNMKMX po3Mipax o0'eMy Oydepa Mammii po3mip Oydepis MOXKe IPU3BOIUTH IO 301TbIICHHS
IPOIYKTUBHICTh Mepeski 30LIbIIyeThCs, e 00yMOBIeHO  4acy JOCTaBKH IIAKETiB B KinbKa pasis. Lle, B cBoo uepry,
OUIBIION IBHAKICTIO 0GPOOKM TAKeTiB y MPHMCTPOi, ale ~ MOKE  BHKIMKAaTH  OJOKYBaHHA  Ta  NPHINHCHHS
WMOBIPHICTDh JAOCTaBKH 3HHXKYETHCSA, TaK K 13-32 MaJIOTO (yHKIIOHYBaHHS ~ JONATKiB, 4Yac BHKOHAaHHS SIKHX
o6'eMy OybepHOro mpocTopy BimOyBaeThcs ifforo  KPMTHYHO JIO 3aTpMMOK. TakuMm 4MHOM, 3a JONOMOIOKO
NEpEeNOBHEHHs | UacTHHA TIAKETiB BTpadaeThcss 1me ~ PO3POONIEHOI MOZENi MOXHA BHPIUIyBaTH  3aBJaHHs
HPHU3BOAUTH [0 MOBTOPHOTO iX BiAIPaBKH. BUOOPY ONTHMAJBLHOrO pO3Mipy Oydepa komyraTopa i
Takd YMHOM, JUIS JOCATHEHHS MaKCHMajibHOi  OLIHKM dacy JOCTaBKM JaHMX. Tak fK IEpPErOBHEHHS
HWMOBIPHOCTI HEOOXiJTHO BUKOPUCTOBYBATH KOMYTATOPH 3 OydepiB mpu3zBogUTH 10 BTpar iH(pOpMamiiHUX Kaapis,
ONTHMANLHUM pO3MipoM Gydepa, 106 i 3aTpumka Gyma 11O, B CBOIO 4epry, NPU3BOAMTH 10 30LIBLICHHS 4acy
HeBeNuKa, i Gydep He 3aHAATO MIBUIKO MEPENoBHIOBAaBCA ~ AOCTaBKM makeTiB. Mozens  103Bossie  po3paxyBaty
OpH  BHCOKiH 3aBaHTAXKECHHI KOMyTaTopa. AHami3 HMMOBIPHICTH NOCTaBKM JAHHX 3 ypaxyBaHHAM KiHIEBOTO
3QI€KHOCTI Yacy JOCTAaBKM IIAKETIiB Bin po3Mipy 6ydepa  Po3mipy Oy(epiB BHKOPHCTOBYBaHMX KOMyHiKalliHHHX
nokasye, 1o s Mepex Ethernet Ha 6asi komyTatopis — BY3IiB.
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OLEHKA PE3YJIbTATOB MOJAEJIUPOBAHUA IIEPENAYA JAHHBIX 11O
KAHAJY CO CJIYYAUHBIM JOCTYIIOM

IIpeamMeToM CTaTbU SIBJISETCS OLICHKA PE3yJbTaTOB MAaTEMAaTHYECKOW MOJEIH, KOTOpash COCTOMT M3 CHCTEM YpaBHEHHIl,
OIKMCHIBAIOLIMX PA3JIMYHBIC COCTOSIHHS CHCTEMBI M 3aKOHBI PAClpeleNicHHs BpPEMEHH OOCITy)KMBaHHS IaKeTOB, II03BOJISCT
UCCIIEJOBATh OCHOBHBIE BEPOSTHOCTHO-BPEMEHHBIC XapPaKTEPUCTUKU M MPOAHAIM3UPOBATH PaOOTy OTIAEIBHOTO YCTPOICTBA CUCTEMBI.
ILlens craTby 3aKiIO¥acTCs B OLEHKE PE3yJbTaTOB MaTeMaTHYeCKOW Mojend (yHKIMOHMPOBAHMS CETH Iepeiayd TaHHBIX C
KOHKYPHPYIOIMM JIOCTYIIOM Ha OCHOBE KOMMYTHPYIOIIETO YyCTPOWCTBA C KOHEYHBIM pasMepoM Oydepa. s mocTinkeHus
MaKCUMAJIbHOI BEpOSTHOCTH HEOOXOIMMO HCIIOJIb30BaTh KOMMYTATOPHI C ONTHMAIILHEIM pa3MepoM Oydepa, uToObI 1 3a/iepiKKa Obu1a
HeOonpIast, ¥ Oydep He CIUIIKOM JH OBICTPO MEpPEroNHSIICSA NPU BBICOKOH 3arpy3ke KOMMYTATopa, SIBIISIETCS 3agadell JaHHOW
crateu. IIpe/ioxkeHHas MaTeMaTHieckas MOJeIb, KOTOpasi COCTOUT M3 CHCTEM YPaBHEHHH, OMHCHIBAIONIMX PA3IMYHBIC COCTOSHUS
CHCTEMBI M 3aKOHOB PACIpe/ie/IeHHsI BpeMEHH 00CITyKUBaHHS MTAKETOB, MTO3BOJISAET HCCIIEIOBATH OCHOBHBIE BEPOSTHOCTHO-BPEMEHHBIC
XapaKTePUCTUKK M TPOaHATU3UPOBATh PaboTy OTIENBHOIO yCTPOWCTBA CHCTEMBI M €r0 B3aMMOJCHCTBHE C IPYTUMH YCTPOWCTBAMU
CeTH Ha OCHOBE IUIOTHOCTH pacHpelIeNieHHs BEPOSTHOCTH BPEMEHH OOCIy)XKMBaHMS Takera. KOHEUHBIM Pe3yabTATOM SBISCTCS
MOJTyYeHHBIE IUIOTHOCTH paclpeNeNieHdss BPEMEHHM JOCTaBKM IAaKeTOB JUIL Pa3IMYHBIX PEKHUMOB pPabOThl CHCTEMBI MOYKHO
aNMpOKCUMHUPOBATh COOTBETCTBYIOIIMM AHAIUTHUECKUM 3aKOHOM pacnpeseneHus. Mojenb MO3BOJSEeT PacCYMTaTh BEPOSTHOCTH
JOCTaBKH JJaHHBIX C YYETOM KOHEYHOro pasmepa Oy(hepoB HUCHONB3yeMbIX KOMMYHHKAIIMOHHBIX. BEIBOAOM MOXHO CUMTATH TO, JUIS
JOCTVDKEHHUS] MAaKCUMAIBHOI BEpOSTHOCTH HEOOXOIUMO HCIIOIb30BaTh KOMMYTATOPhI C ONTHMAIIBHBIM pa3smepoM Oydepa, 4TtoObl n
3aqeprkka Obuta HeOombIast, 1 Oydep He CIHIIKOM JIA OBICTPO MEPENOTHSIICS MIPU BBICOKOH 3arpy3ke KoMMyTaTtopa. TakuM oOpazom,
C MOMOIIBI0 pa3paboTaHHOH MOIETH MOXKHO pPElIaTh 3aJady BBIOOpa ONTUMAIBHOTO pazMepa Oydepa KOMMyTaTropa M OLEHKH
BPEMEHH JIOCTaBKHU JaHHBIX. Tak Kak nepenosiHeHue Oydepa IPUBOAUT K HOTEpsiM HHPOPMALMOHHBIX KaJpOB, YTO, B CBOIO OYepe/p,
MPUBOJIMT K YBEIHYCHHIO BPEMEHH JOCTaBKH MAKETOB.

KiioueBble €JI0Ba: CTOXaCTUYHOCTB; CETh, MAKeT; KOMMyTarop; Oydep; 4YMCIeHHbIE METOABI; rpad) COCTOSHHI; cHcTeMa
ypaBHEHUI; Ilepefaya JaHHbBIX; BEPOSITHOCTb.

EVALUATION OF SIMULATION RESULTS OF DATA TRANSMISSION
MODELING ON A CHANNEL WITH RANDOM ACCESS

The subject of the article is the evaluation of the results of a mathematical model consisting of systems of equations that describe the
various states of the system and the laws of distribution of packet service time, which allows to investigate the main probability-time
characteristics and analyze the operation of a single device. The purpose of the article is to evaluate the results of a mathematical
model of the operation of a data network with competing access based on a switching device with a finite buffer size. To achieve the
maximum probability, it is necessary to use switches with the optimal size of the buffer, so that the delay was small, and the buffer did
not overflow too quickly at high load of the switch, which is the task of this article. A mathematical model consisting of systems of
equations describing different states of the system and packet service time distribution laws is proposed, which allows to investigate
the main probability-time characteristics and analyze the operation of a single system device and its interaction with other network
devices based on the density of the probability distribution of packet service time. The final result is the obtained distribution
densities of packet delivery time for different operating modes of the system that can be approximated by the corresponding analytical
distribution law. The model allows to calculate the probability of data delivery, taking into account the final size of the buffers used
by the data. The conclusion can be considered that, for achievement of the maximum probability it is necessary to use switches with
the optimum size of the buffer that both delay was small, and the buffer is not overflowed too quickly at high loading of the switch.
Thus, with the help of the developed model it is possible to solve the problem of choosing the optimal size of the switch buffer and
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estimating the data delivery time. Since buffer overflow leads to loss of information frames, which, in turn, leads to increased packet
delivery time.

Keywords: stochasticity; network; package; switchboard; buffer; numerical methods; state graph; system of equations; data
transmission; probability.
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O. B. JIEMELIKO, M. O. €BJJOKUMEHKO

METO/, IEPAPXIYHOI MDKJOMEHHOI MAPIIPYTU3ALILL Y IPOTPAMHO-
KOH®II'YPOBAHIN TEJTEKOMYHIKAIIMHIN MEPEXKI I3 3ABE3IIEYEHHSIM
MIKKIHIEBOI SIKOCTI OBCJIYTOBYBAHHSI

IIpeamerom nociiPKEHHS B CTATTI € MPOIIECH MDKIOMEHHOT MapUIpyTH3alii i3 3a0e31eueHHsIM MDKKIHIIEBOT IKOCTi 00CITyrOByBaHHSI.
MeTta poGOTH — pO3pOOHUTH METOA i€papXiuyHOT MKIOMEHHOI MapLIpyTH3aLii 13 3a0€31eUeHHAM MIXKKIHIIEBOT IKOCTI 0OCITYTOBYBaHHS
10 TIOKAa3HUKY CeperHbOi MIKKIHIIEBOI 3aTPUMKH IAKeTiB B MYJIBTHIOMEHHIH NPOrpaMHO-KOH(IrypoBaHIH TeleKOMYyHIKaI[iHHIH
Mepeski. Y CTaTTi BUPINIYIOTECS HACTYIIHI 3aBJAaHHS: po3poOKa Ta JOCIIHKESHHS METOY iepapXiyHol MDKIOMEHHOI MapuIpyTH3alii i3
3a0e3neYeHHsIM MDKKIHIIEBOI SKOCTI 0OCIyroByBaHHSA. BHKOPHCTOBYIOTBCS Taki METOOH: Teopis rpadis, Teopis TEH30piB, Teopis
iepapXiyHUX 0araTopiBHEBHX CHCTEM, TEOpis MacoOBOTO OOCIyTrOBYBaHHS Ta METOAM MaTeMaTHYHOTIO NporpamyBaHHsS. OTpuMaHO
HACTYIIHI pe3yJabTaTH: PO3pO0IEHO Ta JOCIIAXKEHO METOJ i€papXiuHOi MIXXKIOMEHHOT MapIIpyTH3aLii y IporpaMHO-KOH(IrypoBaHiit
TEIEeKOMYHIKaliiHii Mepexi 13 3a0e3nmeueHHsIM MIDKKIHIIEBOI SKOCTI OOCIYrOBYBaHHS, KM JO3BOJISIE Ha MiACTaBi OajaHCyBaHHS
HABaHTa)XEHHS B JOMEHAX TEIEKOMYHIKalifHOT Mepeki 3a0e3lmeunTH 3aJaHuil piBeHb QOS 3a MOKAa3HUKAMH IMPOAYKTHBHOCTI Ta
cepeHpOi MDKKIHIIEBOI 3aTPUMKH MakeTiB. BucHoBku: B po0oTi 3anmpomnoHoBaHO METO i€papXidHOi MXKIOMEHHOI MapIIpyTH3awLii y
MPOTrpaMHO-KOH(ITYpOBaHIN TeICKOMYHIKaIIHHIIT Mepexi i3 3a0e3MeYeHHIM SIKOCTI 00CITyrOBYBaHHS 3a MMOKa3HUKaMH MPOITYCKHOT
3IATHOCTI 1 CepelHbOi MIKKIHIICBOI 3aTpUMKH MakeTiB. HOBH3HOIO MeTona € Te, M0 BUKOHaHHS QOS-BHMOT MIOJO CEpPeaHBOT
MDKKIHIIEBOI 3aTPHMKH IaKeTiB 3MiHCHIOEThCS HE Ha MiACTaBi MOIEPEAHHOr0 HOPMYBaHHS I 3HaueHb 3a JOMEHaMH, a IULIXOM
BBEJICHHS Ta peaji3alil JBOpiBHEBOI KOOPIMHALII MapIIpyTHHX PillleHb BiIIOBIIHO 1O NMPUHIMITY IiIbOBOI KoopauHaLii. B ocHOBY
3alPOIIOHOBAHOTO METOJY IMOKJIAJIECHO JCKOMIO3MI[IHHY OTOKOBY MOJENb MiKIOMEHHOI MapuIpyTH3alii, a i OTpUMaHHS B
AHATHYHOMY BWIJIAI yYMOB 3a0e3MedeHHS MDKKIHIEBOI SIKOCTI OOCIYrOBYyBaHHS BHKOPHUCTAHO TEH30PHHH OIMUC KOKHOTO 3
MEpEKHUX JIOMEHIB. BHUKOpHCTaHHS 3alpONOHOBAHOTO METOAY i€papXiyHOi MDKIOMEHHOI MapHpyTH3alii [Io3Boisie 0e3
Mepepo3nOIiy KaHATBHOTO Pecypcy, a JIHIIe Ha MiAcTaBl OalaHCyBaHHS HaBaHTaXEHHA B AomeHax TKM 3abesneuntn 3amaHuid
piBeHb QO0S 3a MOKa3HWKaMU MPOIYKTHBHOCTI Ta CEpeAHbOI MIXKKIHIIEBOT 3aTPUMKH NaKeTiB. JleneHTpanizanis 004HCIeHb MapIIpyTiB
B KOXXHOMY 3 JIOMEHIB Mepexki Ha IIiJICTaBi BUKOPUCTaHH JOKaJIbHOI iHpopMaIlii Ipo X cTaH JO3BOJISIE MiIBHIIUTH MacIITA0OBaHICTh
MapIIpyTHHX PillleHb, a BBEJCHHS NPOIEAYp KOOPANHALIT J03BOIISIE 3a0€3EeUUTH ITOTOPKEHICTh Y po6oTi SDN-KOHTpOIIepiB foMeHIB
3 TOYKH 30py 3abesneueHHs QoS. JIOCHiKeHHS 3alIpPONOHOBAHOTO METOIY Ha DSl pO3paxyHKOBUX MPUKIAIIB MiATBEpAMIa HOTO
30DKHICTD JI0 ONTHMAIIBHHX PIllICHb 32 KiHIEBY KiJbKICTh iTepaliii KOOpAWHALIWHOI IpOLEeaypH.

KnawuoBi caoBa: mporpamHO-KOH(DIrypoBaHa TeJeKOMYyHiKamiiHa Mepeka; MiKIOMEHHa
00CITyroByBaHHS; cepeqHs MKKIHIIEBA 3aTPUMKH MaKETiB.

MapuIpyTH3alis; SKICTh

Beryn 3aBIaHHA MIOAO0 BU3HAUCHHS Ta MIATPUMKH OJHO abo

MHOXHMHH IUIAXIB Tepefadi MaKeTiB, B3OBX SKHX OU

[TinBuenHs piBHSI raobamizamii comiaJibHUX Ta 33663H€‘IyBaJ’II/ICL 3aJaHl 3HAYE€HHS OCHOBHUX QOS'
€KOHOMIYHHMX  BiJHOCHH NpU3BEJIO OO  3POCTaHHSI HOKa3HUKIB: IIPOIY CKHOT 3[aTHOCTI, CepeaHbBOl
TepHTOpiaHBHO.l. pOSHOZ[iJ'IGHOCTi Cy4acHHUX Mi)KKiHI_[eBO.l. 3aTPUMKH, JOKUTEPY Ta piBHfI BTpar MaKeTiB.
TeHeKOMyHiKa].[iI\/‘IHI/IX CUCTEM Ta MEPEXK. HpOTe BI/IpiHIeHHH I.Iiéf 1 TaKk JIOCHUTH HerOCTOT 3az[a‘1i

TemexomyHikaliiiHa iHQPACTPYKTypa IIUIEHO OXOILTIOE
BCIO IUIaHETy, 3abe3leuyroud JIOJCTBY Oe3lepepBHHIA
JOCTYI 10 iH(GOKOMYHIKAIHHUX CEPBICIB, MEPETK SKHX
MOCTIHHO PO3IIMPIOETHCS, a BUMOTH MIOJO  SIKOCTI
obcmyrosyBanns (Quality of Service, Q0S) HeBmuHHO
3pOCTarOTh. AJIGKBATHOIO PEAKINEI0 TeJIeKOMYHIKaIliHHOT
rajysi, K CKJIaJHOI OpraHi3alilfHO-TEXHIYHOI CHCTEMH,
Ha TpoOJsieMH, OB’ A3aHi 3 MacIITa0OBaHICTIO MEPEXHUX
pillleHb, € BHKOPHCTaHHS NPUHLUIIB 1€pPApXidHOTO
migxony. BBeneHHs wiTkoi iepapxii B OCHOBY CTPYKTYpHO-
¢dyHKIiOHATBHOT MOOYZIOBH TENEKOMYHIKAIIHHUX Mepex
(TKM) mae Ha MeTi peari3amnilo epesar HeHTpalTi30BaHuX
Ta PO3MOAUIEHUX PillleHb 3 MiHIMI3aIli€ro iX HeAOMIKiB [1-
3]. Lle moBUHHO, TEpII 3a BCE, MPOSIBUTHCH B MiHiMizaIii
006’emy cimyx)60Boro Tpadiky, SKHH ITUPKYIIOE B MEPEXI,
MiBUIIICHHIO OMEPAaTHUBHOCTI MEPEXHHUX PIllIeHb MI0J0
yOpaBIiHHA TpadikoM Ta Mepexer B  IiJIOMY,
3a0€3MeYCHHI0 OUIBII BUCOKHMX IOKA3HHUKIB HaJIHHOCTI,
BIZIMOBOCTIHKOCTI Ta SIKOCTi OOCIIyrOBYBaHHS B LILJIOMY.
OmHMM 3 Ha/BaXJIMBHUX TEXHOJOTIYHUX 3ac00iB
11010 320€3MeUeHHs IKOCT1 00CIIyTOBYBaHHS € TPOTOKOJIH
mapmpytuzanii B TKM. Came Ha HUX NOKJIaaaloThCs

CYTTEBO YCKJIQJHSETBCS B yMOBax TI'€TOPOTEHHOCTI Ta
teputopiaibHOi  posnozginieHocti TKM. Sk mokasanu
pe3ynbTatd  JochijkeHHs [4-6], mocuTh edeKTHBHUM
BapiaHTOM BHPIIICHHS Mi€l 3ama4i € BHUKOPUCTAHHSI
MPOTPaMHO-KOH(DITypOBaHUX MYJIBTHIOMEHHAX MEpex,
SKi peaNi3yloTh 1€papXigyHWA TPHUHIUI BBEICHHA Ta
B3aeMoJii koHTposepis ynpaeninas TKM (puc. 1).
Jexommosunis TKM Ha qoMeHH — 1 pillleHHS, sSKe
cebe 10oOpe 3apeKOMEHIyBalo Ha PpiBHI  BIIOMHX
MIPOTOKOJIIB iepapxiuyHoi MapmpyTtu3anii BGP, PNNI,
OSPF Tta IS-IS [7, 8]. Ilpore opranizamis sKiCHOTO
GbyHKIIOHYBaHHS i€papXii KoHTposiepiB gomeHiB Ta TKM
B IIUIOMy Ha TEXHOJOTiYHOMY (TPOTOKOJIHHOMY) PiBHI
OaraTo B 4OMy 3aJIeKUTHh BiJ] €()EeKTUBHOCTI PoOOTH iX
MaTeMaTUYHOTO Ta ITOPUTMIYHO-IIPOTPAMHOTO
3a0e3MeUeHHs, OCHOBY SIKOTO CKJIaJal0Th MaTeMaTH4Hi
Mojeni Ta Meroau Mapmpytusanii. [Ipm  mpomy
OCHOBHMMH BHMOT'aMH JI0 TOAIOHNX MOAENed Ta METOMIB
€, To-Tepuie, BpaxyBaHH: iepapxigHoi Ta
MYJIBTHIOMEHHOI TOOYIOBH IPOrpaMHO-KOH(IrypoBaHoi
mepexi (Software-defined Network, SDN) Ta posmnoziny
GYHKITIH MiX KOHTpOJIEpAMH Pi3HUX i€papXidHUX PIiBHIB;
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TO-JIpyTe, Opi€HTAIlisl Ha TTIOTOKOBUH XapakTep Cy4acHOTO
MepeKHOTO Tpadika; mo-TpeTe, 3a0e3rmedeHHs SKOCTi
00CITyTOBYBaHHS 32 MHOXHHOIO (QOS-TIOKa3HHWKIB; IIO-

YeTBepTe, 3a0e3NEeYCHHS ONTHMAJIbHOIO BHUKOPUCTAHHS
JOCTYITHOT'O MEPEKHOTO pecypey.

SDN-koHTpoJiep Mepexi

Homen 2

KaHaJ 3B’ 3Ky MEpexi

KaHaJIM YIPaBJIiHHS MEPEKEI0

MapIIpyTH3aTop
Mepexi

Puc. 1. Bapiant moOyxoBu mynstigomentoi SDN

AHaJi3 pilmeHb 3a1a4 iepapxiuHoi MmapupyTu3auii B
MYJIbTUAOMEHHUX TeJeKOMYHIKaliHHUX Mepexkax

Sk Toka3aB MPOBEACHUI aHai3, IO €IXHOI IepeBaru

KOMOiIHATOPHHX piteHs o0 PO3paxyHKy
HaWKOpOTIIOrO0 HUIIXy Ha rpadi, NOpeacTaBIeHUX
anroputMamu  benimana-®opna  Tta  Jlefikerpu,  ski

BUKOPHCTOBYIOTHCS B ICHYIOUHX MPOTOKOJIAX i€papXidyHOl
mapupytusanii PNNI, OSPF rta IS-IS [1, 7, 8], Bapro
BIIHECTH  JIMIIE  KOHTPOJBOBaHY  OOYHCIIOBAJbHY
cknaguicte. OpHAK II0BHA HEBIANOBINHICTE  BHILE
c(hOpMyITLOBAaHUM BHMOTaM HPAKTHYHO YHEMOXKIHMBIIOE
BUKOPHCTAaHHS MOJIOHMX aJITrOPUTMIB y NEPCHEKTUBHUX
mpoTokoynax Mapmpytuzanii B SDN 3 iepapxigyHOIO
CTPYKTYPOIO.

VY poborax [9-11] npexcTaBieHi eBpUCTUYHI METOIN
opraHizanii MDKJOMEHHOI MapHIpyTH3amii, SKi TaKoX
OpIEHTYIOTh Ha MiHIMIi3amif0o CKIaJHOCTI iX MPOTrpaMHO-
amapatHoi peamzarii. Ili Meromn HOCUTH OOMEXEHO
BPaxoBYIOTh (DYHKIIOHAJBHI MapaMeTpy MyIbTHIOMEHHOT
TKM, a BiACYTHICTP HaJEKHOTO  TEOPETHIHOTO
OOTpYHTYBaHHA OTPHUMAaHHX MAapIIPYTHUX PIIIeHb HE
JIO3BOJISIE BECTH MOBY PO 3a0e3NeueHHs 3aaH0T0 PiBHA
SIKOCTI 00CITyrOBYBaHHSI.

Haii0inpmr  eekTUBHUMH 3 TOYKH 30Dy
3a0e3reueHHs] ONTHMAIBHOTO BHKOPHCTAHHS MEPEKHOTO
pecypcy € MOTOKOBI MOJENI i METOJIW MaplIpyTH3alii B
mynbtugoMeHHux TKM [12-20]. B unpoMmy Bumaaky
3aja4a 1I0JI0 BU3HAYCHHS MHOXWHHM MIXKIOMEHHHUX
NUIAXiB TIepeadi MakeTiB Pi3HUX MOTOKIB (hOPMYITIOEThCS
SIK omTHMizariitHa. Y mpargx [12-17] 3ampomoHOBaHO
MapmIpyTHI pPIilIeHHS, SKi CTOCYIOTBCS MIKIOMEHHOT

Mapmpytrsanii B TKM 3 TOCHiIOBHOIO CTPYKTYpOIO
JIOMEHIB, a y poborti [18] — 3 HOBiIBHOIO KOH(DIrypamieto
JoMeHiB. Y poOoti [19] 3ampomoHOBaHO IaKONTHYHUN
METOJl PO3PAaXyHKY MDKJOMEHHUX MapUIPYTIB, B SKOMY
MOKPAIIyBaBCSI BEPXHIM MOPIr 3aBAaHTAKEHOCTI KaHAJIB
3B’s13ky TKM, 110 onocepenkoBaHo MOKpallyBajlo piBeHb
QoS B MmynbrHaOMeHHIH Mepexi. [Ipu npomy B nux
poboTax  MPOMOHYETHCA  MIiAXiA, 3aCHOBAaHHH  Ha
BUKOPUCTaHHI  Teopil iepapxidHuX OaraTopiBHEBHX
cucteM [20, 21], Koau MapIIpyTHI pilleHHs, OO0 OTPHUMAaHi
B JOMEHax, KoopauHyloTbcsi  SDN-KoHTponepom
BEPXHBOTO PIiBHSA YNPaBIIHHSA Ui HAONMKEHHS SKOCTI
PO3IOAICHHUX PillleHb IO PIBHS LEHTPali30BaHHX.

VY crartax [16-19] meToro koopamHAIii JOMEHHHX
pilieHsr € 3a0e3Me4YeHHsT 3B’S3HOCTI  MIKIOMEHHHUX
MapIIpyTiB, KOIW TPAaHHUI JOMEHIB IPOXOIUTH HE depe3
OJMH, a uYepe3 JeKibka MapuIpyTH3aTOpiB, MIO
YCKIIQJIHIOE TOPSIIOK OallaHCYyBaHHS HABAHTAKEHHS Ha
MDKIOMEHHiH ninsami. B po6orti [22] po3ristHyTO BapiaHT
oprasizarii iepapxigHoi MIKIOMEHHOI MappyTH3aIii i3
3a0e3NeueHHs M HOPMOBaHOI 3a JOMEHaMM  SIKOCTI
00CIIyroBYBaHHS 32 IOKa3HUKAMHM IPOIYCKHOI 34aTHOCTI
Ta ceperHbol MDKKIHIEBOI 3aTpuMKH. HopmyBaHHS
3HaYeHb OCHOBHHX ITOKAa3HHUKIB SIKOCTI 00CIIyrOByBaHHS 32
JIOMeHaMH (TiMepekaMHu) OKpEMUX OTIePaTOPiB 3B SI3KY €
JIOCHTh PO3MOBCIOJKCHUM SIBHUIIEM, HAIPaBICHHUM Ha
CHPOIIEHHS OTPUMAaHHS PillleHb o0 3abe3nedeHHs QoS.
[Tpore BCTaHOBJIEHHS YKOPCTKUX BHMOT, HallpUKIaJ, Ha
3HAYeHHS CepelHboi MDKKIHIIEBOI  3aTpuUMKH  abo
WMOBIPHOCTI BTpaT IMakeTiB B JOMEHaX MOXKE HETaTHBHO
BIUIMHYTH Ha THYYKICTb PillICHb 1010 3a0e3medeHus QoS,
0COOJIMBO B YMOBax, KOJNU € HEOOXiJHICTh TUHAMIYHO
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MIEPEPO3NMOIUTHTA HOPMH BIATIOBITHO A0 3aBaHTaKEHOCTI
JIOMEHIB TOIIIO.

B 3B’sa3ky 3 mmM y gaHid poboti Oynme
3apOTIOHOBAHUM ~ METOJ  i€papXigyHOi  MiKIOMEHHOT
MapIipyTH3arii y MIPOrpaMHO-KOHQITypoBaHii
TEJICKOMYHIKAIIMHIN ~ Mepexi, SKHH € TOoAaNbIIuM

PO3BUTKOM pillICHHS, 3alpoNOHOBAHOTO y poboti [22].
OnHak Ha BIAMIHY BII BiOMOTO aHAJOTy METOIO
KOOpAMHAIIIT y 3aIPONIOHOBAHOMY METO/Ii € 3a0e3MeUeHHS
BUKOHaHHS Qo0S-yMOB 100 3Ha4YeHb CEPEIHBOI
MIDXKKIHIIEBO1 3aTPUMKH MAaKeTiB B MyIbTuAOMeHHIH TKM.

IMoTokoBa MoeJIb MiZKIOMEHHOT MapIIpyTU3aLii B
NporpaMHo-KoH(pirypoBauiii TeaexkomyHikamiiinii
Mepexi

[lpumycTrMO, IO  CTPYKTYpa MYJIBTHIOMEHHOI
TEJIEeKOMYHIKAaIiHOI MepeKi MPeCTaBIAEThCA y BUTIIAAL
opieHTOBaHOTO rpada

r=(R, W), (1)

ne R — wHoxuHa BepmiuH rpada, MO0 ONHUCYE
MapiipyTuzatopu, a W — 1ie MHOXKHHA YT, sIKa MOJICITIOE
kaHanu 3B’s13ky B TKM.

Hexait K — MHOXHHA TIOTOKIB, IAKETH SKHX
nepefarotbess B TKM, Toami 3araibHe YHCIIO IMOTOKIB B

TKM MoXHa TpeICcTaBUTH BHPa30OM |K|: K. s

kokHOro k-ro mortoky (ke K) 3amaerscs cepemHs

<6u.M>

IHTEHCHBHICTh TIAKETiB Ay , SKa BHMIPIOETBCS B

makerax 3a cekyHay (l/c). ®aktuuHO T 3HAYCHHS
BU3HAYa€ MiHIMalbHi BHMOTH MIOAO  IIPOITyCKHOT
smatHOoCcTi TKM, sika BUAIIAETHCS IIHOMY MTOTOKY.

SIkmo TKM ckmamaerses 3 N B3aeMONOB’ sI3aHUX MK
co00r0 JIOMEHIB, TO KOXKEH OKpeMuil p-ii momeH B TKM

omucyethest 3a poromororo migrpada I'P =(RP, WP)

rpapa ', ne VP = {Rip; i=1, mp} —  MHOXHHa
MapUIpyTH3aTOPIB p-TO JIOMEHY,
wP :{Win; i,jzl,mp, i# j} — MHOXXMHA KaHaJiB,

SKi  3’€IHYIOTb ~ MaplIpyTH3aTOpu  P-TO  JIOMEHY.
[apamerpn My Ta N, BH3HAYAKOTH 3arajlbHy KiIKICTh

MapHIpyTH3aTOpiB Ta KaHATIB 3B 53Ky y P-My JOMeHi
BignoBigHo. O0OymoBuMO Toi (akt, mo B TKM rpanuts
MDK JOMEHaMH IPOXOAWIa caMe depe3 MapUIpyTH3aTOpH

Mepexi, SK I[Ie peaji3oBaHO, HANPHUKJIAA, y HPOTOKOJII
OSPF [17, 22]:

RpﬂRq¢0TaWpﬂWq=0,p¢q- 2)

Jnst KOXKHOTO P-TO JIOMEHY BH3HAYMMO MHOXKHHY
npurparnunnx mapmpytusatopis BP (BP € RP). Bes
MHOXXHHA NPUTPAaHUYHUX MapIIpyTH3aTOPiB P-TO JTOMEHY
pO3IIAETHCS HA BI TiAMHOXUHU: Biﬁ’k — MOiIMHOXHHA
NPUTPaHUYHHUX MapLIPYTH3ATOPIB, 4epe3 ki maketu K-ro
MOTOKY HAaAXOZSTh A0 P-TO IOMEHY; Bopljtk — MiAMHOXXHHA

NPUTPaHUYHUX MapLIPYTH3aTOPiB, Yepe3 sKi maketu K-ro

MMOTOKY BHOYBAIOTh 3 p-ro aomeHy [17, 22]. dua kaHamy
3B’SI3KY Wi,pj yepes ‘/’i?j MO3HAYUMO HOTO MPOIYCKHY

3MIATHICTh, IKa BUMIPIOETHCS B MaKeTax 3a cekyHmay (1/¢).
Y  pesynbraTi pO3B’A3aHHS 33ja4i  1€papXiduHO-

KOOpJHMHALIHHOT ~MDKIOMEHHOI ~MapuipyTH3amii s

KO>KHOTO P-TO JIOMEHY HEOOXiJHO BU3HAYMTH MapLIPyTHI

3MIiHHI X-plk

i SIKI XapaKTepH3YIOTh IONI0 i1HTEHCHBHOCTI

K-ro moToKy makeriB, 110 MPOTIKae B KaHAMi Wipj ewP:

0<xPf <1, A3)

Sk mokazaHo y pobortax [17, 22], mis KOXHOTO
MapiipyTu3aropa pP-ro JOMEHa HEOOXiTHO BHUKOHATH
YMOBH 30€epexeHHst K-ro moToky 3 Meroro 3abe3rnedeHHst
3B’SI3HOCTI BHYTPIIIHBOJOMCHHHX TUISHOK MIKIOMEHHHUX
MapuipyTiB. SIKmo P-ii TOMEH € TpaH3UTHUM A K-To
MOTOKY MAKETiB, TO MOMIOHI YMOBH MAalOTh BUTJISIII;

k k .
)y )y Xi‘,)j_ )y ij,i =1

K
Bh eBP Wif’jewp Wfiewp
K K _q
> o - X X =0 4)
w;Pew P wPewP

1] 1l

K K|
> )y Xi?j - 2 ij,i =-L
BopdtkeBp Wif’jewp Wj’ieWp

Skmo k-i morik maketiB Hagikmos 1o TKM uepes
p-ii noMeH, a HOro mKepejoM BUCTYIA€, HAINPUKIAI,

MapIIpyTU3aTop Rip , TO JUIs L€l Mepexi mepiia ymoBa
cucremu (4) HaOy e BUTIISIITY

2 =L

p
ElijEp

Komu mapmpytuzaTtop Rip 3 p-TO JOMEHa €

OTPUMYBAYEM MAKETIB K-ro TOTOKY, TO CIIPOCTHTHLCSI JIHIIIE
OCTaHHE PiBHAHHSA cucTemH (4):

z XEik =1.

EPicEP
Mertoro 3amo0iraHHs IepeBaHTAKCHHS KaHANIB
3B’S3Ky P-TO JIOMEHa MeEpexi BaJIMBO BHUKOHATH
HACTYIIHI yMOBH:
BUM p,k p TN
> PR <Pl p=TN. ©)
keK
pk _ 5 jleum) pk
IlosHaunMo TakOXK depes A = 2 A X j
‘ keK '

CEpEeHIO IHTEHCHUBHICTH K-r0 IOTOKY IaKeTiB, IIO

NPOTIKAaE B KaHai Wipj ewP.
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Pk
1]
BIAMOBIMHUX  MAapUIIPYTHUX  BEKTOPiB, SKi  3TiAHO
NpoBeJeHOi CTpYKTYpHOI nexomnosuiii TKM Ha mepexHi
JIOMEHHU, MIISATA0Th (PYHKIIOHATBHIA JEKOMITO3HUIIIT:

MapupyTHi  3MiHHI X €  KOOpAMHAaTaMu

r k
oo =1 —‘ Xpr
% Xp 1,2
- ) Xp,k
X2 Xp 1,3
_ - : ok :
X= 5(‘ ] Xp - *k ] Xp - Xp’k 1 (6)
p Xp i,
g SK p.k
LXN | Xp | Xmpmp-1

ne X — BEKTOp MapUIPyTHUX 3MIHHHX, SIKMH BH3HAUYa€
nopsiok MapmpyTusanii motokis B TKM Bsarami; X, —

MapmpyTHHH  BEKTOp, SKHH  BH3HA4Ya€  MOPSIOK

MapuIpyTH3amii BCiX IOTOKIB B [P-My JOMEHi; 7('5 —

MaplIpyTHUH BEKTOP, SKUI BCTaHOBIIIOE PE3YJbTaT
PO3B’sI3aHHS 331a4i MapuIpyTH3arii came K-ro moToky B p-
My OMEHi.

Ilpu pospaxyHKy BekTopiB X, Ta T(E y Mexax

KOXKHOTO OKPEMOro p-ro JoMeHa Tpeba 3a0e3NmeqnuTH
3B’SI3HICTh MDKJIOMEHHHX MapuipyTiB. Jlns 3abe3nedeHHs
3B’SI3HOCTI MIXKIOMEHHOTO Mapiipyty B Mozens (1)-(6)
BBOJATHCS YMOBH MKIOMEHHOI B3aemoii [17, 22]:

cX p,g=1LN, p=q, keK, (7)

-k _ ~k =k
p’qxp—C X,

q.p"q"

ne C Iqu — MaTpHIs B3aEMOZIl P-To Ta (-TO AOMEHIB, SKa

k

Mae po3mip mp’quf' » Mg :‘Rpﬂ Rq‘ — KiNbKiCTB

MapIIpyTH3aTOPiB, Yepe3 sIKi MPOXOJUTh TPAHUI MIX P-

Pk

— YHUCJIO KOOpAWHAT XIJ

M i (-M JOMEHaMmu; mf‘k
sk
BEKTOPY Xp.
YMoBH 3a0e3ne4eHHs Mi’KKiHIIEBOT IKOCTI

00C/IyroByBaHHSI B MYJIbTUAOMEHHI
TeJeKoMyHikaniiiHii Mepexi

Ie TKAP — 3HauenHs CM3II B mynsrumomennii TKM;

k

T<()0n> BUMOId MOJA0 MAaKCUMAJIbHO JOOITYCTUMHUX

3Hagenb CM3I1 8 TKM. 3HaueHHS TKAP 3aMipSETHCS MK
BXiIHUM  MapuipyTH3aTOPOM  JIOMEHa-IDKepela  Ta
BUXIJHHUM MAapIIpyTH3aTOpOM B JIOMEHi-OTpHMYyBada
nakeTiB k-ro mMoTOKy. 3 BpaxyBaHHSIM MYJIBTHIOMEHHOI
crpykrypu TKM Ta aquTUBHOT MPUPOAU YaCOBUX METPUK

N

‘[K/Ip =y r,@l’l,; , T100rto  QoS-ymoBH  (8)  MokHa
p=1

MpeacTaBuTH B hopMi

N ok _ k

E <

p:1TMP = “{oon)” ©
e T,&IFE — 3HAaYeHHs CepelHbOI 3aTPUMKH NaKeTiB K-ro

MOTOKY y P-my AoMeHi TKM.
3abe3nedeHHs: BUKOHaHHS QO0S-ymoB (9) nmos’s13ane 3
HEOOXIJTHICTIO ~ aHAJTITUYHOTO  PO3PaxyHKy  3HAueHb

1,6”5 nome"is TKM 3

BpaxyBaHHIM TOIIOJIOTIi JOMEHY, XapaKTePUCTHK MOTOKIB,
MPOIYCKHUX 37IaTHOCTEH KaHaTiB 3B’s3Ky Ta peaizoBaHol
crparerii Mapupyrtuzanii. s po3s’si3aHHs wiei 3amadi
CKOPUCTAEMOCh ~ METOJIOJIOTIEI0  TEH30PHOTO  aHAIli3y
Mepex, OCHOBH fkoi po3pobuB I'. Kpon [23] Ta ska
3rojoM Oyjia ajanToBaHa IiJ PO3B’S3aHHS MEPEKHHX
3aj1a4 B Taiy3i TenekoMyHikariiii [24-31].

3aTPUMOK y KOXHOMY 3

TeH30opHa MoJeJIb JOMEHY TeJIeKOMYHiKauiitHOl
Mepexi

g K0>XKHOro mOTOKy, sikui nupkymoe B TKM, Ha
WOTO MBUAKICTH Tepenadi, CepemHi0 MiXKKIHIEBY
3atpuMKy naketiB (CM3II) ta iiMOBipHiCTH BTpaT MakeTiB
BCTAHOBJIOIOTHCSI TIEBHI OOMEKEHHS IOJ0 iX I'PaHWYHUX
(MiHIMaJIBHUX Ta/a00 MAaKCUMAaIbHUX) 3HAYeHb, SIKI 1
BHU3HAYaI0Th piBeHB SKOCTI 00CITyroByBaHHS
kopuctyBaua. Toxi yrodHeHi ymMoBHu 3abe3nedeHHs QoS
32 CepelHbOI0 MIKKIHIIEBOIO 3aTPUMKOIO IIAKETIB JUIA
KOYKHOTO KOHKPETHOTO K-TO MOTOKY B MYJIBTHIOMCHHIH
TKM npuiiMaroTh BUIJISIZ

WP < 2o ®)

s 3abe3nedeHHs po3paxyHKY 3HA4YeHb 3aTPUMOK

p.k
™mP

k-ro moroky y p-my nomeni. [lpore s Hao4YHOCTI
OTPUMAaHUX Pe3yJbTaTiB HOMEPH JOMEHY (p) Ta MOTOKY
(k) B manomy po3aimi OyayTh omyiueHi. Toai BiAmoBigHO
JIO Pe3yINIbTATiB JIOCIIKEHHS, OTPUMaHUX y poboTtax [24-
31], BBememo HacTymHI mo3HaueHHs. Hexall momocamu
JIOMEHY € MapIIpyTU3aTOPH, 4Yepe3 sKi TOH uM IHIIUN
MOTIK MakKeTiB HAJXOAUTh Ta BUOyBae i3 Hporo. BBegemo
HACTYIHI TO3HA4YeHHs: K — KIJIbKICTh Oa3MCHUX
MDKIOJIOCHUX HUISIXIB B IOMEHi; § — YHCIIO BHYTPILIHIX
BY3JIOBUX Tap Yy JIOMEHI, III0 BKIIOYA€ B ceOe BCi BY3JIOBI

Oyzne po3mIsgaTHCh MpOoLEC MapupyTH3amii came

napu, KpiM MOJIIOCHOT. Beeneni CTPYKTYpHI
XapaKTepUCTUKA  TOB’S3aHI MK  COOOK  TaKUMH
BUpa3aMH:

K=n-m+2;%=m-2, (10)

e M Ta N BU3HAYAIOTH 3arajbHY KUTBKICTH BiJMOBiTHO
MapIIpyTH3aTOPiB Ta KaHATIB 3B’S3Ky y oOpaHOMY it
anamizy momeni TKM.

Toni Ha cTPYKTYpi TOMEHY BBOIUTHCS AUCKPETHUI
N -BUMIpHUH TE€OMETPUYHUHA TIPOCTIP, B AKOMY JI0 YBard
OyIyTh MPUHHATI Taki Ba THIH OPTOTOHAILHUX CHUCTEM

koopmunat (CK) [27, 30, 31]:
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- CHCTeMa KOOPJAMHAT TiIOK JIOMEHY {VZ,Z:l,n},

MIPOEKIIi] TEH30PiB B sKill OyAyTh MO3HAYATHCSA iHICKCOM
2
MIXKIIOJIFOCHUX — TUIAXIB

- CUCTEMA KoopAauHaT

{yi,i =1,_K} Ta BHYTPILIHIX BY3JIOBHX Map {8 jo ) :1,_19}

JOMEHY, TPOEeKIii TEeH30piB B sKiif OyxyTh MO3HAYATHCS
IHIEKCOM J¢ .
Bukonanus ymoBu N=x+.9 3 ypaxyBanusam (10)
BH3HA4Ya€ OPTOTOHAIBHICTh BBEACHUX CHCTEM KOOPAUHAT.
VY BBeIEHOMY N -BHUMiIpHOMY HPOCTOPI JOMEH MOXE
OyTn  ommcyBaTucb  3a  JOIOMOTOI  3MIIIAHOT'O
JBoBaneHTHOTO TeH3opa [30, 31]:

Q=T®A; (11)
ne ® — omepaTop TEH30PHOTO MHOXEHHA, | —
ONHOBAJICHTHUH  KOBapiaHTHMH  TEH30p  CepeAHiX
3aTPUMOK MaKeTIB,; A - OJIHOBAJICHTHUHN
KOHTpaBapiaHTHUH TEH30p CEPeAHIX IHTCHCHUBHOCTEH
MOTOKIB Y KOOPAMHATHHX MUIAXaX MEPEIKi.

B3aeM03B’s130Kk  TpOeKIii  TEH30piB  CEepeaHix
3aTpuMoK (T, ) Ta cepelHIX IHTEHCUBHOCTEH IIOTOKIB

(Ay) B CK rinok MoxHa IPeICTABUTH TAaKUM BEKTOPHO-
MaTPUYHHUM PiBHAHHIM:

Ty =EAy; (12)

ne E, = ei‘j — TIpencTaBlieHa MiarOHANBHOI NXN -

MaTpPHULEI0 MPOEKILis JBiUi KOBapiaHTHOIO METPUYHOTO

teazopa E B CK rimok. Y Bumamky MOJAETIOBaHHS
pobotu  iHTepdeiiciB  MapHmIpyTH3aTOPiB  JOMEHY
CHUCTEMOIO MacoBOTO 00cITyrOBYBaHHS M/M/1,

KOOpAMHATH JiaroHajpHOi MaTpuii E, MmatumyTts BuA
[29-31]:

v 1
& =————
(g =2p)

ae A', — IHTEHCUBHICTb CaMe TOTO IIOTOKY IaKeTiB, SKuii
PO3TIISIAETHCSI 3 TOUKY 30pY MOOYI0BU TEH30PHOT MOJEdi,
B | -My KaHaui 3B’3Ky; A;j — CyMapHa iHTEHCHBHICTH BCiX
MOTOKIB MAKeTiB, 10 TPOTIKAIOTh B | -My KaHAIi 3B 3Ky
obpanoro nomeny (i = Ln ).

Y 0a3uci MIKIONIOCHUX NUIAXIB 1 BHYTPIIIHIX
BY3JI0BUX Hap piBHAHHA (12) MaTumMyTh Takuit Burisf [30,

31]:

T,.=E,A

re = Eplyes (13)

e A, Tta T,
MDKIOJTIOCHUX IUIAXIB 1 BHYTPIIIHIX BY3JIOBUX Hap, sKi

ve

MPEACTABICHA AIarOHAIBHOI0 N XN -MAaTPULEIO MPOEKIIis

JBiul KoBapianTHOro MerpuyHoro TeHszopa E B CK
MDKIOJFOCHUX IUISIXiB 1 BHYTPILIHIX BY3JIOBUX Hap.

— mpoeknii TeHsopiB A 1a T y CK

IPEACTAaBJICH1I N -BUMIPHUMHU BEKTOpPAMMU, E},g Z‘

3akoH KOHTpPaBapiaHTHOTO KOOPJIUHATHOTO
MEePEeTBOPEHHSI KOOPAMHAT TeH30pa A OMNUCYEThCS

HECHHTYJSIPHOIO NX N -MaTPHUIICIO C}Yg [30, 31]:

Ay =ClA,.; (14)

Jie N -BUMIPHUI BEKTOp A, , IKUH € MPOEKII€l0 TeH30pa

ye>
A B CK MIKINOJIOCHUX HUISXIB i BHYTPIIIHIX BY3JIOBHX
nap, Ma€ TaKky CTpYKTypy:

% A
A, . .
A =|==[i A=A A=28|5 (29)
A, : :
N
ze A, — Kk -BUMIPHMH BEKTOp IHTCHCHBHOCTCH IOTOKY

B3/I0BK 0a3HCHHMX MIKIONIOCHHX HIIAXiB Mepexi; A,

9 -BUMIpHMH BEKTOp IHTEHCHUBHOCTEH IIOTOKY MIiX

BY3JIaMH, SIKi YTBOPIOIOTH BHYTPIIIHI BY3JIOBi MMapH; /1; -

IHTCHCHUBHICThP ~ TIOTOKY  B3JOBXK j-ro  0asucHOro

MDKIONIOCHOTO  muisixy (7 ); igp (t) — IHTEHCUBHICTh
MOTOKY, IO HAIXOIOHTh Y MEPEXKY 1 BUXOIHUTH 3 Mepexi
4epe3 BY3JH, SIKi CTBOPIOIOTh P -Ty BHYTPILIHIO BY3JIOBY
napy (&p ).

3aKOH MepeTBOPEHHS MPOEKIIii JBiUi KOBapiaHTHOTO
teH3opa E npu mepexoxi Bijg Oasucy rinok mo Oasucy

MDKIOJIOCHUX LUIAXIB 1 BHYTPIIIHIX BY3JOBUX Iap Mae
TaKuW BUTIISA;

Eye = (C;\//e )t Evc;\)ls ; (16)

t . .
e [] — o1riepaulsd TpaHCIIOHYBAaHHA MATPUIIL

Marpumio  E,.  MOXHa mpeactaButH Yy Takii
JIEKOMITO3UIIHHINA PopMmi:
1 2
TN
-—— + ———=E,,
3 4
T

ze Eﬁ? — KBaJpaTHa MiAMaTPHUIA PO3MIpY K XK ; E7<,§> -

£

posmipy Ix9; ye

KBaJipaTHa  IiIMaTPHIIS

migMaTpuLs po3Mipy kK x9 ; E}g) — MiAMaTpHL PO3Mipy

IxK.

Bimomo, mo cepeaHs MiXKiHIIEBa 3aTPUMKA TIAKETIB,
SKi TIepeIaloThCS MIXK 3a1aHOI0 TApOI0 MapUIPyTH3aTOPiB
3a JIONIOMOT0I0 MHOKMHM MapuipyTiB P, po3paxoByeThcs
3a Takoro (hOPMYJIOIO
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TMP = z xpr y (17)
p=l
ae Xp = ip / l<gw> — YacTKa IOTOKY TMIaKeTiB, SKi

nepeaar0TbCA a0 MapumpyTusaTopa-oTpuMyBayda 3a

<6’u}l/l>
OTIOMOTOI0 P -TO  Mapupyty; A
IHTCHCHBHICTh MOTOKY makeTiB (1/C) Ha BXOIi IOMEHY;

Ap ~— IHTCHCHBHICTP NOTOKYy makeriB (l/c), ski

nepeaaroTbCs a0 MapuipyTusaTopa-oTpuMmyBada 3a
JOIIOMOIOK0 P -TO MapuUIpyTy, ‘L'p — CEepCaHsd 3aTpuUMKa

cepenHs

TAKeTiB, SIKi EPENAIOTECA B3IOBXK P -ro MapmpyTy; |P| —

3arajbHa KiJTbKICTh JOCTYNHHX JUISI MapIupyTh3arii
MIUIAX1B MK 0OpaHOIO TTapOI0 MapIIPyTHU3ATOPIB.

Tomi, sx mokazano B poborax [30, 31]
CHPaBEUIMBOIO € HACTYITHA PIBHICTS:
ted)
VP =M, (18)
i(em)

sgKa BHU3HA4Ya€ IIyKaHy (OpMyITy MId pPO3paxyHKY
cepenHbOl MIKKIHIIEBOT 3aTPUMKH MAKETiB 00paHOTO st
aHaJi3y IOTOKY B 3aJJaHOMY MepexxHoMmy gomeHi TKM.

o ocHoBHuX mnepesar Bupasy (20) i QoS-ymos (21)
BapTO BIJHECTH BpaxyBaHHS OCHOBHUX CTPYKTYpHHX 1
¢ynkiionanpHnx mapamerpie  IKM, xapakrepuctuk
Tpadika Ta AUCIUILTIH 00CITyrOByBaHHS MAKETIiB, a TAKOX
aHATITHYHY (HOPMY YMOB, IIO J103BOJISIE 3a0€3MEUUTH IXHE
BUKOPUCTAHHSA TP ONTHMIi3amii Pi3HOPITHUX IIPOLECIB
yOpaBimiHHA TpadikoM: MapHipyTH3allii, po3IoAiTy Ta

pe3epBYBaHHSA  KAaHAIBHUX 1

OydepHHUX pecypciB.
Metona iepapxiuHoi Mizk1oMeHHOI MapIpyTU3ailii B
nporpaMHo-KoH(pirypoBaniii TejexkomyHikauinnii
Mepe:ki i3 3a0e3meyeHHAM MizKKiHIeBOT AKOCTi
00CJIyroByBaHHA

IpyHrytounck Ha Matematwunii momeni (1)-(18) B

OCHOBY MeTony iepapxiyHoi MbkaomeHHoi QoS-
MapHIpyTH3aLii Oyne MOKJIaJICHO PO3B’s13aHHS
onTHMi3aliifHOl 3amayl MO0 PpO3PaxyHKY BEKTODIB

k

MapuwpyTHAX 3MiHHHX X, (p= 1N,

notpuMmanHi oomexeHnb (3)-(5), (7), (9) i1 (18) mursixom
BUKOPHUCTAHHS KPUTEPIIO0 ONTUMAIBLHOCTI:

keK) mnpu

- Skt k ok
minF, F= 3 > (X5)HpXp,
peN keK

(19)

K . L
e Hp — JliaroHajJbHA MAaTpPHUIsl BaroBuX KoedillieHTiB,

KOOpAWHATaMHU $KOi, K TpaBwio [22], € MapmpyTHi
METPHKH KaHaliB 3B’ 513Ky P-ro nomeny TKM.

Jlnst 3abe3neueHHs] BIACTHBOCTEH 1€papXidHOCTI Ta
KOODJMHYEMOCTI ~ MapIIpyTHUM pINICHHSAM B  XOJi
po3B’s3aHHA  c(HOPMYIHOBAHOT ONTUMI3AIlHOT 3amadi
OyJe BUKOPHCTAHO MPHUHIIMII I[IILOBOI KoopauHamii [20,
21]. Tomi, mepexomsfun a0 3amadi Ha OE3yMOBHHUI
EKCTPEMYM

min F =maxL,
X Z

HEOOXiTHO MAKCUMI3yBaTH M0 /i JIArpaHKiaH BUIY:

N N N N
L=Y X KOHERE+ S 3 3 (a5 ) (Ch o35 —cgypx§)+sz fk(zlfhaé —12‘00@), (20)
e p=

p=lkeK p=1g=1 keK
a=p
Ae [ — BekTop MHOXHHUKIB Jlarpamxka; [ipq
MiJIBEKTOPU  BEKTOPY  [i, BiJHECEHI 10 KOXHOI 3

BEKTOPHO-MAaTPUYHUX YMOB B3aemojii qomenis (7); f k_
MHOXHHKH JlarpaHxka, siKi BiTHECeHi 10 KOXKHOi 3 QoS-
ymoB (9).

3a TPHUHIUIOM IJIFOBOI KOOPIMHAILII BEKTOPH
MHOXHUKIB JlarpaKy [ po3paxoBYIOThCS Ha BEPXHBOMY

piBHI Ta JUIS HIDKHBOTO PIiBHS € BIJOMHUMH 3HA4YEHHSIMH,

Tomy BUpa3 (20) MOKHA TIPEICTAaBUTH B JIEKOMITO3UITIHHIN
hopmi:

N
L=> Lp,
p=1
e KOXEH 3 JlarpamkiaHiB JOMEHIB Moxe Oytu

NPE/ICTaBICHUM Y cripolueHii ¢popwmi [17, 22]:

N N
Ktk ok Ktk ok KNtk K k_pk
Lo= 2 ) HpXp+ X X (ipg) Cpgip—2 X (ligp) Cpgip+ X S i - (21)
keK g=1 keKE g=1 keK= keK
pzq P pzq P

3ajgaui iepapXi4HUX pIBHIB METOLY MDKIOMEHHOI
QoS-mapmpyTHzanii B nporpamao-koHpiryposaniit TKM
OylyTh MaTH HacTynHe HanoBHeHHs. Ilepmmii (HykHIiN)
iepapXiyHMi piBeHb MapIIpyTH3alii, SKHH OXOIUII0E
SDN-KkoHTpOJIepH JOMEHIB, BIANOBiJae 3a PO3pPaxyHOK

. sk
MapIIPYTHUX 3MiHHHX, NPEACTABICHNX BEKTOpamu X,
(p=1,N, keK), B xoai minimizaii narpamxkiaais (21)

npu  obomexeHHsx (3)—(5). Pesynbratm po3paxyHKiB

nepesatoThCsl Ha BepxHiM piBeHb — Ha SDN-koHTposep
nporpamMHO-KoH(irypoBanoi ~ mepexi  B3arami. Ha
BepxHbOMY piBHI SDN-KOHTpojep Mepexi 3.iicHIoe
KOOp/JMHAIIiI0 pillleHb, OTPUMAaHUX Ha HIKHBOMY DIBHI
SDN-konTponepamu nomeniB. [To-niepiie, ai1st BAKOHAHHS
yMOB MikaoMeHHOi B3aemomii (7) SDN-koHTposiep
MEpEexi pealtizye iTepariiiny rpaJieHTHY TIpoIenypy

1 q(a+1) = i o (@) + Vs g, (22)
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Je a — HoMep iTeparii; Vﬁlélq — rpazgient QyHkuii (20),

SKHH pPO3PaxOBYEThCS BIAMOBIAHO 10 OJEPKaHUX Ha
HIDKHBOMY  pIBHI  pe3yibTaTiB  pO3B’s3aHHS  3a/1ad

k* ey
Xp (p:11N|

KOHKPETHOMY TOMEHi:

MapIIpyTH3aLii keK) y xkoxHOMY

=C -C

q’p?cg . (23)

K
Viip (%) p.g¥ p

[Mo-npyre, nHa SDN-KOHTpoJiep MepexXi TaKOX
MOKJIAJAIOTECS 3a/mavi 3a0e3leycHHs BUKOHAHHS QoS-
ymoB (9), (18) mnwuiaxoM Momudikamii MHOXHHKIB

Jlarpanxa fk (ke K) B xomi BUKOHAHHS II¢ OJHIi€T

rpajlieHTHO] iTepauiiHoi MpoLeaypH:

fK@+1) = K@) +vfX, (24)

e vik

BIIOBITHO

— rpanieHT ¢yHKUii (20), SKUi PO3PaXxOBYETHCS
10

pe3yibTaTiB  poO3B’sI3aHHS 33Jady  MapuIpyTU3auii

Ha HIKHBOMY PiBHI

k*
p

oJIepIKaHUX
X
(p= 1N, kekK ) Y KO’)KHOMY KOHKPETHOMY TOMEH:

viK(x)
X

(25)

X

N p.k k
= Tap — 7T .
. pz:l MP ~ %/oon)

MoandikoBaHi 3Ha4eHHS BEKTOPIB MHOXKHHUKIB

Jlarpanxa ﬁl;,q ta f mnepemaroTbes Ha HWXKHIN piBEHB

(ma SDN-KOHTpOJIEpH JOMEHIB) AJsI PO3paxyHKY HOBHX

J¢ KOOpIHMHATU ik

K
Xp,

BEKTOPY  MHOXHHUKIB

MapIIpyTHUX BEKTOPiB

K-BumipHOTO Jlarpamxa

BU3Ha4yany 3HaueHHs QoS-merpuk. Unum Oinble nmotoyHe
3HAYCHHS MDKKIHIEBOI 3aTPUMKH MAaKeTiB K-ro moToky

k
Z TMP MEePEBUIILYBATI0 JOMYyCTUME 3HAUYECHHS r< don)’

TAM BiamoBigHO 10 (24) Ta (25) OlLIBIIOIO cTaBaja
BignoBigHa (QOS-meTpuka, TOOTO KOOpIMHATA fk

IIpomec pos3paxyHKiB 3HOBY HaOyBae iTeparliifHoOro
Xapaktepy. 3B’S3HICTh MDKJIOMEHHHUX MapuipyTiB (7) Ta
BukoHaHHsA QoS-ymoB (9), (18) Oyme 3abe3neuyBatucs
MPY TaKMX 3HAYCHHSIX TpaieHTiB (23) ta (25):

V,upq() 0 Ta ka(X)zO.

3anponoHOBaHUN METOX i€papXidHOi MiKIOMEHHOT

MapHIpyTH3aLii B NpOrpaMHO-KOH(DIrypoBaHii
TENICKOMYHIKaliiHIiE ~ Mepexxi i3 3a0e3neyeHHsIM
MIXKKIHIIEBOI ~ SKOCTI  0OCIyroByBaHHs Oyme  MaTu

CTPYKTYPY, HaBeICHy Ha pHC. 2.

BepxHiit piBeHb — piBeHb SDN-KOHTponepa mepexi

KoopauHauiiHi npoueaypu

OcHoOBHa 3agava:
KOOPJHHALis pillieHb, OTPUMAaHUX

fipg (@ +1) = ipg (@) + Viigg
P,q=LN pzq keK |

fAa+1)= f @)+ VF*

OcHOBHa 3agava:

PO3DaxyHOK MapiupyTis YMmoBw 36eperkeHHs

Ha SDN-KoHTpoJIepax JOMeHiB, 3 k ok k pk K
! \Y% X =C -C_ X VIR (x L= Tup — T,
METOI0 BUKOHaHHS QO0S-yMOB Ta Hia )X ® p pap ) X=X pzzll MP = *{gon)
YMOB MIDXKIOMEHHOT B3a€MOJIi1 — . T
A - 3 -
1k s
T f ook f. Nk f
HWKHi piBeHb — leIBGHb SDN.-KOHTponepIB % u Xp I %, I
LOMEHIB Mepexi v v v
LinboBa 1-ii tomen p-ii nomen N-it jomen
byHKuUia . - -
min Ly minL, minLy
X X X
O6MmesKeHHA |
YMmoBM peaniszauii 6araTownaxosoi mapLupyTmsauii: 0< Xipjk <1.

B OKPEMHX JIOMEHAX,
nepeBaHTaXKeHHA
NPECTaBICHUX .
pea _K > xf’ﬁk— > ]”; =1, sxmo R =RP; KaHanis 38'A3Ky:
BekTOpaMi X, et et
& & (eun) pk o p
> xlp. - X xf,i =0, sKIIo RpiRm,Rf;w; Z }“k X|’J S(DI’J.
EP eEP EP eEP keK
1] i
y Py x], =-1, sxmo RI'=RF,,.
E . cEP BV eEP
i, i

NOTOKY: YmoBu 3anobiraHHA

Puc. 2. CrpykTypa IBOPiBHEBOIO METOLY i€papXiuyHOi Mi>KIOMEHHOI MapIIpyTH3aLii y mporpaMHO-KOH(IrypoBaHii
TEeJICKOMYHIKaI[iHIi Mepexi i3 3a0e3neueHHsIM MXKKIHIIEBOT SIKOCTi 00CITyroByBaHHS
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TakuM 9YUHOM, TPEICTABJICHUN METOJ i€papXidyHo-
KOOpJIWHAIIIMHOT ~ MDKIOMEHHOI  MapumipyTusamii B
MIPOrpaMHO-KOH(ITypoBaHiil TeIeKOMYHIKaIlIHHIN Mepexi
JI03BOJISIE  320€3MEUUTH JOMYyCTHUMY MDKKIHIIEBY SKICTh
obcnmyroByBaHHs 3a mokazHukoM CMB3II makeriB 0e3
MOMEPEeIHHOr0 HOPMYBaHHsS ii 3HAYEHh 3a JOMCHAMU
TKM. Ile n03Bois€ MiABUIIUTH THYYKICTH yIPABIiHHS
MEpPEKEI, OCOONMBO y BUMNANKAX, KOJU BCTAHOBJICHHS

k
HOPM Ha 3HAYCHHS r,&P € CKJIQJHOK 3aauero
nporHo3yBanHs ctaHy TKM. Ilpote edekTuBHICTD
3alpPOMOHOBAHOTO  METOMYy, SAKHH  TAaKOX  CIpHSE

MiIBUICHHIO MacIITabOBAaHOCTI MapLIPyTHHUX pIllIeHb B
TKM, 6arato B 4OMy 3aJICXKHTh BiJl 3QJIC)KHUThH IIBUIKOCTI
301KHOCTI KOOpAMHALIHHUX mpouenyp (22), (23) ta (24),
(25). Bix ximpkocTi iTepauid LUX MpOLEAYp HAIPsMY
3aJeXaTh  OIEPATUBHICTh NPHUHAHATTS  MapUIPYTHHX
pimerbr Ta  00’€eM  CIOy)KOOBOTO  HaBaHTAKEHHS
(iHdopMartis mpo cTaH Mepexi, MapIIPyTHI TaOJHUII), K
nupKyoe Midk SDN-KOHTpoJiepaMH Pi3HUX 1€papXiqHUX
piBHiB. ToMy OKpeMOIO BaXKJIHMBOK  337a4ei0 €
JIOCHI/DKCHHST  3alPONIOHOBAHOTO  METOMY  i€papXiuHol
MiKAoMeHHOT QoS-MapmipyTh3amii 3 METOI  OIIHKH
MIBUAKOCTI 301KHOCTI KOOpAMHALIHHUX mpouenyp (22),
(23) Ta (24), (25) Ta amamizy BIIHBY (akTopiB, SKi
BIUIMBAIOTh HA LIEH MpoIEC.

JlocimipkeHHS 3aIpOIIOHOBAHOT'0 METOTY 1€papXiqHOT
MikIoMeHHOi QOS-mapmpyTuzamii mpH  KOOpAHWHAI]
pilIeHs 3a cepeqHbpOI0 MIKKIHIIEBOIO 3aTPUMKOIO

[MutaaHsAM aHami3y 301KHOCTI METOMIB i€papXidHOT
MapIIpyTHU3alii 10 ONTUMAIBLHUX PINICHb 3 BUKOHAHHSIM
YMOB B3a€EMOJIi JIOMCHIB Ta 3a0e3leucHHs 3B’S3HOCTI
MIKIOMEHHUX WDUIIXiB (7) TPHUCBSYCHI JOCHIKCHHS,
npexacTasieHi y poborax [17, 18, 22]. Tomy B nmaniid
poboTi po3risigaBcs BUNAAOK Oprasizamii iepapxivyHoi
MiKaoMeHHOi QoS-MapmipyTusamii Tpu  KOOpIWHAIIL
pIIlICHh JIMIIIE 33 CEPEeIHBOI0 MIXKKIHIIEBOIO 3aTPHUMKOIO
naketiB (24), (25). 3a ocHOBy Oyna B3iTa CTPYKTypa
TKM, ska ckiamagach 3 JIBOX JIOMEHIB, sKi Oynu
OB’ sI3aH1 Yyepe3 €TUHUA MPUTPaHUIHUN MapIIpyTH3ATOP.
[TomiOuuii BapianT ¢iznyHOi abo JOTIYHOI MOOYIOBH
TKM mMpoKko BUKOPHUCTOBYETHCS NpU OpraHizamii
aBTOHOMHHUX cucTeM IP-mepex Ta JAOMEHIB, HAIPUKIA,
npu BukopuctaHHi nporokony OSPF. Tak Ha puc. 3
nokazano mnpukiany TKM, ska CKIagaeTbes 3 JABOX
CUMETPUYHHX 33 CBOEID CTPYKTYPOIO TOMEHIB, KOXKEH 3
MICTUB JIeB’SITh MaplupyTu3aTtopis. Ha oMy puCYHKY B
po3puBaxX KaHAJIB 3B’SA3Ky HAaBEACHO IiX TIPOIYCKHY
3maTHicTh (1/c). ['parnIs JoMeHIB MPOXoamiIa yepe3 OIuH

CHUTBHUHN JI1 HUX MapUIpyTH3aTOP Ré ( Rlz ).

Hexaii B Mepeki IepedaBaliCh ITaKETH OBOX
MOTOKIB, XapaKTePUCTUKH SKHX Ta BUMOTH IMOJO PiBHS
QoS, HaBeneHi B Tabm. 1.

Ry

Ry
2504@—180
170

RS
250 300
210

2-it nomMeH

Puc. 3. [Ipuxnag ctpykrypu neogomerHoi TKM, sika miassirana 1ocmipKeHHIO

Tabmuus 1. Xapaxmepucmuxu nomoxie naxemis, sxi nionseanu Q0S-mapwpymuzayii ¢ myaomudomenniti TKM (puc. 3)

Howmep notoky (k) Maprupytuzarop-mpKepesno

MapupyTtusarop-oTpumyBad

A (1) ZLoon) MO)

Ri

R2 150 105
9 180 90
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3acTocoByoun 3aIpOINOHOBAHUI METOJ
MapuIpyTH3aIii, Ha iICTaBl OaJlaHCyBaHHS
HaBaHTaXCHHSI B KOXKHOMY 3 noMeHiB TKM HeoOXimHO
Oy0 3a0e3MeunTH 3a/1aHni piBEeHb SIKOCTI

00CITyroBYBaHHS I KOKHOTO 3 JIBOX ITOTOKIB ITaKETiB

(Ta6n. 1) i 3a OpPOMyCKHOIO 3IATHICTIO (/1<WM> ), 1 3a
CepeHbOI0 MDKKIHIIEBOIO 3aTPUMKOIO IAKETiB (r<00n>).

IIpomec koopawHaIii 3pydyHO MPOJEMOHCTPYBAaTH Ha
npukiani (puc. 4), KOMW I OTPUMAHHSA IITyKaHOTO
pillleHHs 3HaMOOWIIOCH NECATh iTepalliii KOOpIUHALIHHOT
npoueaypu (24), (25).

Ha puc. 4a diTko BHIHO, IO ABTOHOMHUI
PO3paxyHOK MapIIPyTiB B JOMEHAX Ha MEPIIUX iTeparrisx
He Tpu3BOAUB 10 BuKOHaHHA QoS-Bumor 3a CM3II B
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KiNbKICTb iTepaLiil koopanHaLiiHoT npouesypu

a) 3arpumku naketiB B TKM B 1iiomy

TKM st mpyroro mMOTOKY ITaKeTiB, X04Ya YIS TEPIIOro
MOTOKY IIi BHMOTH 3aJOBOJBHINCH 3 ICSIKHAM 3allacoM
MIIIHOCTi.  3aBASKH  3aCTOCYBaHHIO  KOOPJMHAITIHHOT
npouenaypH (24), (25) Baamocs mepepo3moaiIATH MOTOKH 1
mepimomy, i B Apyromy jaomeHi (puc. 4 6) TakUM YHHOM,

00 3MEHIITUTH rf,lp 3a paxyHOK AESKOTO IiIBUIICHHS

rjl\,lp, mpote 6e3 mopymeHHs QOS-BUMOT IS MEpUIOro

MOTOKY TakeTiB. SIKk mokazaHo Ha puc. 4, Ha gecsATid
KOOpJMHALINHIA iTepauii rpagieHTHOi mpouexypu (24),
(25) QoS-Bumord BKE 3aJOBONBHLIMCH Ui 000X
MIOTOKIB.
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KiNbKiCTb iTepauii KoopAvHauiiHOT npoueaypu

6) 3aTPUMKH TIAKETiB B OKPEMHX JIOMEHAX MEPEexi

Puc. 4. [lunamika 3MiHH cepeHiX MKKIHIIEBUX 3aTpuMOK makeTiB B TKM B 11ioMy (a) Ta 3a toMmeHamu (0) Ui KOKHOTO 3 TBOX
MOTOKIB BIJIIOBIJTHO JI0 iTepaliii koopAnHaLiiHOT mpouenypu (24), (25)

[IBuAKICTh 301KHOCTI KOOPIMHAIINHOI MPOIeaypH
(24), (25) ™MoxHa 3HaYHO MIABUIIUTH  LUISIXOM
BJOCKOHAJICHHSI 11 TMapameTrpiB, HANpUKIaZ 3pOOHMBIIN
3MIHHMM KpOK MOUIYKY, aJanTyBaBII{d HOro 3HAYESHHS JI0
yMoB 3anaui. Toxi, sIK MOKa3aHO Ha pHC. 5, OTpUMATH

106 T T

CKOOPJIMHOBaHE pileHHs 3ajaui iepapxiyHo-
KoopauHaIiiHOT  MikaomMeHHOT  QoS-mapriupyTtu3sariii
MOXIIMBO 32 TPH iTeparlii, 110 TO3UTHBHO BIUIMBAE Ha 4ac
pilieHHsT MapupyTHOi 3amadi Ta 00’€M CIIy»KOOBOTO
HaBaHTaxeHHA B TKM.
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KiNbKICTb iTepauiit koopAnHaLiiHOi npoLeaypu

a) 3arpuMku naketiB B TKM B minomy

cepegHs MiKKiHLEeBa 3aTpyMMKa NakeTiB B JOMEeHax, MC
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6) 3aTPUMKH TAKETiB B OKPEMHUX JOMEHAX MEPEKi

Puc. 5. [lunamika 3MiHN cepeiHiX MDKKIHIIEBHX 3aTpHMOK IakeTiB B TKM B minomy (a) Ta 3a soMeHam# (0) [uIs KOXKHOTO 3 ABOX
TIOTOKIB BIJIIOBIHO 0 iTepalliif koopAuHAILIHHOI mponexypu (24), (25)
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BucHoBku

1.V poboTi 3ampomoOHOBAHO METOJ i€papXidHOl
MDKIOMEHHOT MapIIpyTH3aIlii y MIPOrpaMHO-
KOH(IrypoBaHiii  TeNeKOMyHIKaIlidHIA  Mepexi i3
3a0e3MmeueHHsIM SKOCTI 00CIYTrOBYBaHHS 3a MOKa3HUKAMH
MIPOITYCKHO{ 3IaTHOCTI 1 CepeTHbOT MKKIHIIEBOT 3aTPUMKH
nakeTiB. MeToj KW € MONaJbIIINM PO3BHTKOM PilllCHb,
mpeAcTaBIeHuXx y poborax [14-19, 22]. HosusHoro
MeTona € Te, mo BukoHaHHS QoS-Bumor mozo CM3IIL
3MIACHIOETHCS HE HA MiJICTaBi MOMEPEIHHOr0 HOPMYBAHHS
il 3Ha4YeHb 3a JOMEHaMH{, a IUIAXOM BBEIEHHSA Ta
peasizanii 1BOpiBHEBOI KOOPAMHALT MapIIPyTHUX PillIeHb
BIMOBIAHO JI0 WPHWHIMITY IIJIHOBOI KoopauHaiii. B

Mepepo3Moaiy KaHAIBHOTO pecypcy, a JIMIIEe Ha IiAcTaBi
OajlaHCyBaHHS  HaBaHTaXCHHA B JoMeHax TKM
3a0e3meunTy 3amaHuil piBeHh QOS 3a MOKa3HWKaMHU
MPOIYKTUBHOCTI Ta CEPEAHBOI MIXKKIHIIEBOT 3aTPUMKH
makeTiB. JlemeHTpamizamisi OOYMCICHb MAapIIpyTiB B
KO>)KHOMY 3 JIOMCHIB MEpEXi Ha MiJICTaBi BUKOPUCTAHHSI
JIOKaJbHOI 1H(pOpMaIii Mpo IX CTaH A03BOJISE MiABHUIIUTH
MaciITabOBaHICTh MApPIIPYTHUX pIlICHb, a BBEICHHS
TpoIeTyp KOOpAMHAIIIT JIO3BOJISIE 3a0e3neunuTi
MOTO/KEHICTE 'y poboTi SDN-KoHTposiepiB AOMEHIB 3
TOYKH 30py 3abe3neueHHs QoS.

3. B xoxi mocmikeHHS 3alpOoIIOHOBAHOTO METOIY
MDKIOMEHHOT QoS-mapmpyTu3artii Ha psmi
PO3paxXyHKOBUX MPHUKJIAAIB MiATBEpHKEHA HOTO 301KHICTh
0 ONTHUMAJILHUX PIMIeHb 3a KiHIEBY KUIBKICTh iTepartii

OCHOBY 3aMpPOIIOHOBAHOTO METOY MTOKJIAZICHO

JIEKOMIIO3MIIIHHYy ~ NOTOKOBY  MOJENb  MiDKIOMEHHOi  KOOpIMHamifHOi mpouexypu (24), (25) — B cepennboMy 3a

mapmpytusamii (1)-(7). Jiis oTpuManHs B aHamitmaHomy — 3-4.  MiHimisanis 4Yucna  KOOpIMHAUIWHMX — iTepaniii

BUIIS  yMOB  3a0e3MedeHHs MDKKiHIEBOI SIKOCTi ~ CHPHAE 3HUIKEHHIO 00CATY CIly’OOBOTO HABAHTaXCHHS B

obcmyroByBanHs (9), (18) BHKOPHCTAaHO TEH30pHHIA ormHc — MEPEXKi, AKE HHUPKYJIIO€ B MepeKi MiXK

KOKHOTO0 3 MepexxHux qomeHis (10)-(18). MapipyTtuzaropamu  1a  SDN-KOHTpoJiepaMu  Pi3HHX
2. Bukopucranus 3aIIPOIIOHOBAHOTO MeToly ~ DIBHIB, a TaKkOX MNPONOPUIHHOMY 3MEHIICHHIO Yacy

iepapxiuHoi MikIOMEHHOT MapmIpyTH3alii 103Bonse Ge3  PO3B’A3aHHS 3a1adi MiKAOMeHHOI QOS-MapipyTh3aLii.
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METO/]I HEPAPXUYECKOM ME)KJ;[OMEHHOFI MAPIIPYTU3ALINU B
INPOI'PAMMHO-KOH®UT'YPUPYEMOMU TEJJEKOMMYHUKALIMOHHOU CETHU
C OBECIIEYHEHUEM MEXKOHILIEBOI'O KAYECTBA OBCJIY’KUBAHUA

IIpenmeToM mccite0BaHUS B CTAaThe SBISIFOTCS MPOIECCH MEKIOMEHHOH MapIIpyTH3aU: ¢ 00eCIIedeHIeM MEKKOHIIEBOTO KauecTBa
obcimyxuBanus. Ileab paboTsl — pa3paboTaTh METOJ MEPAPXUUECKOH MEXIOMEHHOH MapIIpyTH3aluuH C oOecredyeHHeM
MEKKOHIIEBOTO KayecTBa OOCIY)KMBAaHHS I10 IIOKa3aTeNI0 CpenHell MEKKOHIIEBOW 3aJep)KKH MaKeTOB B MYJIBTHAOMEHHON
MIPOrpaMMHO-KOHQHUTYPUPYEMOH TEIeKOMMYHHKAIMOHHONH ceTH. B cTaThe pemraroTcs criepyromue 3agadyd: pa3paboTka u
HCCIIeI0BaHNE METONA UEePApXUIECKON MEXITOMEHHOW MapUIpyTH3alMU ¢ oOecredeHneM MEXKOHIIEBOTO KauecTBa OOCITYKHMBAaHUSL.
Hcnionp3yroTest creayIomye MeTobl: TeopHs rpadoB, TEOpUsl TEH30POB, TEOPHS HEPAPXHUECKIX MHOTOYPOBHEBBIX CHCTEM, TEOPHUS
MaccoBOTO OOCIY»KMBaHUSI U METOJBI MaTeMaTHYECKOTO MporpaMMHupoBaHus. IlomydeHsl crexylomue pe3yibTaTsl: pa3paboTaH U
HCCIIEIOBaH METOJ HMepapXHUueckod MEXIOMEHHOH MapIIpyTHU3allH B MPOTrpPaMMHO-KOH(GUTYPHPYEMOH TeleKOMMYHHUKaIMOHHON
CeTH C OOEeCIeUYeHNEeM MEXKOHIIEBOTO KadecTBa OOCTY>KMBaHMs, KOTOPBIA IO3BOJISET HAa OCHOBAaHMH OalaHCUPOBKU HAarpy3kd B
JOMEHaxX TEeJICKOMMYHHUKAIIHOHHON CeTH 00eCIednTh 33/JlaHHBI ypoBeHb QOS 1o moka3zarelsiM HMpPOU3BOJMTEIBHOCTH M CpelHel
MEKKOHIIEBOH 3aJepKKH IakeToB. BeiBoabl: B paboTe mpeasyiokeH MeToJ HMepapXUUeckod MeXJOMEHHOH MapIIpyTH3aluu B
MIPOrpaMMHO-KOHQHUTYPUPYEMOH TETeKOMMYHHKAIIMOHHOM CeTH ¢ o0OecreueHneM KadecTBa OOCIY)KMBAHHA MO IIOKa3aTelsM
MIPOIYCKHOH CHOCOOHOCTH U CpelHedl MEXKOHILIEBOW 3aaep)KKH ImakeToB. HOBH3HOW MeTona sBIsSETCA TO, 4TO BBINONHEHHE QOS-
TpeboBaHMI N0 CpeJHell MEeKKOHIIEBOH 3aIepiKKe AKETOB OCYIIECTBISICTCS HE HA OCHOBAHUH NPEBAPUTEIFHOTO HOPMHUPOBAHHS €€
3HAUCHUH MO0 JOMEHaM, a IyTeM BBEICHHS M PealH3allii JBYXypPOBHEBOH KOOPAMHALMK MApLIPYTHBIX PEIICHUH B COOTBETCTBUH C
MIPUHIUIIOM 1IeJeBOM KOoOpAMHANMu. B OCHOBY mHpeuioskeHHOro MeToja IOJ0XKEHa JAEKOMIIO3MLIMOHHAs IOTOKOBas MOJEb
MEKJIOMEHHONH MapIIpyTH3alliK, a Uil IOJYyYeHHS B AHAIUTHYECKOM BHJE YCIOBHII oOecHedeHHs MEXKKOHIIEBOTO KadecTBa
00CITyKHMBaHHS HCIOJIb30BAaHO TEH30PHOE ONMCAHME KAXKIOrO U3 CETEBBIX JOMEHOB. lcronp3oBaHME MeTola HEpapXU4ecKon
MEXJOMEHHOH MapIIpyTH3alUK MO3BOJIsAET Oe3 IepepacrpesiesieHnss KaHaIbHOIO pecypca, a JIMIIb Ha OCHOBAHMH OallaHCUPOBKH
Harpy3Kd B JIOMEHaX TEIEKOMMYHHKAIIMOHHOI ceTH o0ecneunTh 3adaHHbl ypoBeHb Q0S Mo MoKa3aTesM IPOM3BOIUTEILHOCTH U
cpemHel MEXKOHIIEBOH 3aJIep)KKH IMaKeToB. JlereHTpaan3anys BBIYUCICHHI MapIIpyTOB B KaXJOM M3 JOMEHOB CETH Ha OCHOBE
HCTIONB30BAHUS JIOKATbHON HMH(pOpMamu 00 MX COCTOSIHHM ITTO3BOJISIET ITOBBICHTH MAaCIITaOMpPyeMOCTh MAapIIPyTHBIX pEIIeHHH, a
BBEJICHNE MIPOLELyP KOOPIHMHALNH MO3BOJISIET 00ECTICUNTh COTJIACOBAHHOCTH B paboTe SDN-KOHTPOIUIEPOB JOMEHOB C TOYKH 3PEHHS
obecneqenns QoS. MccrmemoBaHue mHpeuIoKEHHOTO METOJA Ha psifieé PAacdeTHBIX IPHMEpPOB IMOATBEPAMIO €ro CXOANMOCTh K
ONTUMAJIBHBIM PELICHUSIM KOHEYHBIM KOJIMYECTBOM UTEPALUI KOOPIMHALIMOHHOTO MPOLEAYPBbI.

KuiroueBsbie cjioBa: mporpaMMHO-KOH(GHUTYpUpyeMasi TeJIeKOMMYHHKAIMOHHAS CEeTh; MEKIOMEHHAs MapIIpyTHU3aLHs; Ka4eCTBO
00CITy)KUBaHUSL; CPEHSST MEKKOHIIEBasI 3a1€PXKKA ITAKETOB.

THE METHOD OF HIERARCHICAL INTER-DOMAIN ROUTING IN A SOFTWARE-
DEFINED TELECOMMUNICATIONS NETWORK WITH ENSURING END-TO-END
QUALITY OF SERVICE

The subject of research in the article is the processes of inter-domain routing with ensuring the end-to-end quality of service. The aim
of the work is to develop a method of hierarchical inter-domain routing with ensuring the end-to-end quality of service in terms of
average end-to-end packet delay in a multi-domain software-defined telecommunications network. The following tasks are solved in
the article: development and research the hierarchical inter-domain routing method with ensuring the end-to-end quality of service.
The following methods are used: graph theory, tensor theory, theory of hierarchical multi-level systems, queuing theory, and
mathematical programming methods. The following results were obtained: the method of hierarchical inter-domain routing in a
software-defined telecommunications network with the provision of end-to-end quality of service has been developed and
investigated, which allows, based on load balancing in the telecommunication network domains, to provide a specified level of QoS in
terms of performance and average end-to-end packet delay. Conclusions: The paper proposes a method of hierarchical inter-domain
routing in a software- defined telecommunications network with ensuring the quality of service in terms of bandwidth and average
packet end-to-end delay. The novelty of the method is that the implementation of QoS requirements for the average end-to-end packet
delay is carried out not on the basis of preliminary normalization of its values by domain, but through the introduction and
implementation of two-level coordination of route solutions in accordance with the principle of target coordination. The proposed
method is based on a decomposition flow-based model of inter-domain routing, and to obtain in an analytical form the conditions for
ensuring the end-to-end quality of service, a tensor description of each of the network domains is used. Using the hierarchical inter-
domain routing method allows to reassign the channel resource, but only on the basis of load balancing in the telecommunication
network domains, to provide the specified level of QoS in terms of performance and average end-to-end packet delay.
Decentralization of route computations in each of the network domains based on the use of local information about their state makes it
possible to increase the scalability of route decisions, and the introduction of coordination procedures ensures consistency in the work
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of telecommunication domain controllers in terms of QoS. The investigation of the proposed method on a number of computational
examples confirmed its convergence to optimal solutions with a finite number of iterations of the coordination procedure.

Keywords: software-defined telecommunication network; inter-domain routing; quality of service; average end-to-end packet
delay.
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